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PAL  A chain cable in which each link is characterised by being formed from a
      bar .[.bent into a.]. .Iadd.of .Iaddend.U-shape bridged at the extremities
      by a cylindrical pin of length substantially equal to its diameter which
      mates under load with the U-shaped bar of a next adjacent link to give a
      substantial bearing area between links so that bearing failure may be
      eliminated as a first-occurring manner of failure of the chain cable when
      it is subjected to a tensile load.
BSUM
PAR  The present invention relates to chain cable, for example: chain cable as
      used for mooring ships, floating drilling rigs, barges, and the like.
PAR  In the past, heavy chain cables, such as used for mooring ships, have been
      fabricated from round section bar forming links wherein each link has had
      three orthogonal modes of rotational freedom with respect to a next
      adjacent mating link. Generally, each link is formed from round section
      bar bent and welded to form a closed oval loop which may be braced across
      a minor diameter by a strut known as a "stud." A joined sequence of such
      links in standard lengths coupled by special joining links comprises
      conventional chain cable.
PAR  A disadvantage of such chain cable lies in the fact that, owing to the
      linking of curved round-section bars, only point contact initially occurs
      between links bearing one against the other when the cable is in tension
      under the action of a load. This point contact gives rise to enormous
      bearing pressure between links, even under relatively light loading, which
      causes the metal of the link to fail locally in bearing and be extruded
      away form the high pressure locality until the bearing area has increased
      sufficiently to carry the applied load. As the tensile load in the cable
      increases, bearing failure occurs again and metal is extruded from the
      bearing zone progressively until the cross-sectional area of the round
      section bar of the link is so reduced in the region of bearing failure
      that terminal shear failure occurs and the cable parts suddenly.
PAR  Failure in bearing thus constitutes the first-occurring manner of failure
      in present day stud-link chain cable and, coupled with consequentially
      precipitated failure in shear, commonly results in chain cable failing at
      less than half the tensile load capacity of the material from which the
      cable is formed.
PAR  An object of the present invention is to provide a chain cable which does
      not have bearing failure as the first-occurring manner of failure and
      which provides high strength relative to the weight of material in the
      cable.
PAR  According to the present invention, a chain cable comprises a plurality of
      links, joined together in sequence, characterized in that each link
      includes a bar member .[.bent into a.]. .Iadd.of .Iaddend.U-shape and a
      cylindrical pin member bridging the inside surfaces of the extremities of
      the bar member and attached thereto such that under load the curved inside
      surface of the U-shaped bent bar member of a next adjacent link mates
      against a surface of the pin member whereby the pin member is restrained
      to have only one mode of rotational freedom relative to the said next
      adjacent link, the radius of curvature of the cylindrical mating surface
      of the pin member being substantially equal to half the distance
      separating the inside surfaces of the extremities of the bar member.
PAR  Preferably the cross-sectional area of the pin member is at least equal to
      the least cross-sectional area of a limb of the U-shaped bar member so
      that the shear stress in the pin member does not exceed the tensile stress
      in the bar member.
PAR  Preferably the bar member is of rectangular cross-section.
PAR  Preferably the pin member is a hollow circular cylinder.
PAR  Preferably where the pin member is a hollow circular cylinder, the internal
      diameter of the pin member is substantially equal to 0.707 times its
      external diameter.
PAR  Preferably the overall length of a link of the chain cable lies in the
      range 4 to 6.5 times the external diameter of the link pin.
DRWD
PAR  Embodiments of the present invention will now be described by way of
      example with reference to the accompanying drawings in which:
PAR  FIG. 1 shows a sectioned perspective view of a three-link sample of the
      chain cable;
PAR  FIG. 2 shows a sectional side elevation of a link of the chain cable having
      a hollow pin;
PAR  FIG. 3 shows a plan view of the link shown in FIG. 2;
PAR  FIG. 4 shows an exploded perspective view of a special joining link for
      joining lengths of chain cable formed of links as shown in FIGS. 2 and 3.
DETD
PAR  Referring to FIG. 1, a chain cable includes a number of similar links each
      comprising a length of rectangular cross-section bar 1 bent into a U-shape
      with parallel limbs joined at their extremities by a circular cylindrical
      pin 2. The radius of curvature of the inner surface of bar 1 remote from
      pin 2 equals or just slightly exceeds half the width of bar 1 measured
      parallel to the axis of curvature. Pin 2 is welded in position and has a
      diameter equal to its length which, in turn, is equal to the distance
      separating the opposed inner surfaces of the extremities of bar 1.
PAR  Each link encircles the pin of the next adjacent link such that, when under
      tension, the curved inner surfaces of bars 1 mate against the surfaces of
      pins 2 whereby each link is restrained to one mode of rotational freedom
      relative to a next adjacent link and whereby a bearing area equal to the
      square of the pin diameter is obtained when measured as projected on a
      plane orthogonal to the axis of the chain cable.
PAR  The cross-sectional area of pin 2 measured across its axis is at least 10
      per cent greater than the cross-sectional area of a limb of bar 1 and the
      said width of bar 1 so that the shear stress in the pin is always
      appreciably less than the tensile stress in the bar for a given tension of
      the cable and is just sufficiently less than the diameter and length of
      pin 2 to allow bar 1 to swing freely within the limbs of the corresponding
      bar 1 of the next adjacent link. The overall length of each link lies
      typically in the range 4 to 6.5 times the diameter of pin 2.
PAR  In a length of chain cable formed by a number of joined links constructed
      as described, each link is angularly orientated at right angles to the
      previous link. The cable thus can form curves in two planes at right
      angles to each other but, owing to the constraint of each link pin to one
      mode of rotational freedom, the cable remains rigid in torsion.
PAR  Referring to FIGS. 2 and 3, in a preferred embodiment of the present
      invention, pin 2 is shown hollow and having an internal bore co-axial with
      the pin axis. The internal diameter of the hollow pin 2 is equal to 0.707
      times the external diameter so that the cross-sectional area of the bore
      equals the cross-sectional area of the material of the hollow pin.
PAR  Referring to FIG. 4, a modification of the preferred embodiment of FIGS. 2
      and 3 is shown which forms a joining link for joining lengths of cable
      together and which comprises a U-shaped bar 3, a cylindrical pin 4, a
      tubular sleeve 5, and a taper pin 6. The U-shaped bar 3 is similar to the
      previous bar 1 but has an increased depth of section at the extremities of
      its limbs. These deepened extremities carry co-axial bore holes 7 through
      which may be fitted the cylindrical pin 4. The tubular sleeve 5 is
      dimensionally identical to the hollow link pin 2 shown in FIGS. 2 and 3
      and is removably located in the link pin position of bar 3 by passing pin
      4 through sleeve 5 and bore holes 7. Pin 4 has a cross-sectional area
      equal to that of the bore of sleeve 5 and is locked in position by a taper
      pin 6 locating in hole 8 in bar 3 and in hole 9 in pin 4.
PAR  Joining of two cable lengths formed of hollow pin links is effected by
      assembling a joining link, as shown in FIG. 4, through an end link of each
      cable length. The joining link has equal strength with that of a common
      hollow pin link so that no weak link is present in the cable formed from
      the two joined lengths of chain. Where twisting forces must be
      accommodated, a swivel piece can be included between lengths of the cable.
PAR  A chain cable, constructed as hereinbefore described, can provide a
      considerably higher tensile strength relative to the weight of material in
      the cable than that of conventional cable with links formed from round
      section bars.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chain cable comprising a plurality of links, joined together in
      sequence, characterised in that each link includes a uniform bar member
      .[.bent into a.]. .Iadd.of .Iaddend.U-shape and a cylindrical pin member
      bridging the inside surfaces of the extremities of the bar member and
      attached .Iadd.integrally .Iaddend.thereto .[.by welding.]. such that
      under load the curved inside surface of the .[.bent.]. U-shaped bar member
      of a next adjacent link mates against a surface of the pin member whereby
      the pin member is restrained to have only one mode of rotational freedom
      relative to the next adjacent link, the radius of curvature of the
      cylindrical mating surface of the pin member being substantially equal to
      half the distance separating the inside surfaces of the extremities of the
      bar member and the cross-sectional area of the material of the pin member
      being not less than 1.1 times the cross-sectional area of a limb of the
      uniform bar member.
NUM  2.
PAR  2. A chain cable, as claimed in claim 1, characterised in that the bar
      member of each link is of rectangular cross-section.
NUM  3.
PAR  3. A chain cable, as claimed in claim 1, characterized in that the pin
      member of each link is a hollow circular cylinder.
NUM  4.
PAR  4. A chain cable, as claimed in claim 3, characterised in that the hollow
      pin member of each link has an internal bore diameter substantially equal
      to 0.707 times its external diameter.
NUM  5.
PAR  5. A chain cable, as claimed in claim 1, characterized in that the overall
      length of each link lies in the range 4 to 6.5 times the external diameter
      of the pin of each link.
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ABST
PAL  A method and apparatus for engraving characters by the use of numerically
      controlled machine tools. The characters are engraved by moving a first
      machine tool about the outline of the desired character. Where the
      character has inside corners, a second numerically controlled machine tool
      is moved about the outline at the inside corner at a plurality of depths
      to reduce the radius of the curvature at the inside corner.
BSUM
PAR  This invention relates generally to a method and apparatus of engraving and
      more particularly to a method and apparatus for engraving characters with
      numerically controlled machine tools.
PAR  There are many applications in which characters and designs must be
      engraved with extreme accuracy. In many of these cases, hand-controlled
      tools are not accurate enough in that the variations in size and shape as
      between a plurality of similar characters or designs cannot be tolerated.
PAR  For example, numerical printing wheels which each include the numbers zero
      through nine which are used in consecutive numbering of tickets or
      currency, must have consistent as well as uniform characters on each of
      the decade printing wheels which are used.
PAR  Numerically controlled machine tools have been employed for engraving the
      characters on these wheels. However, it has been found that numerically
      controlled machine tools cannot provide a small enough radius on the
      inside corners of characters or designs. That is, on numbers like the
      number two and the number four wherein there are inside corners in the
      character, the provision of a large radius on the inside corner causes the
      character to look irregular. In order to make the character look right,
      there must be a small radius at the inside corner so that the corner looks
      sharp.
PAR  Even with a very fine cutting tool, numerical control machines cannot make
      the radius of the inside corners small enough. Moreover, when extremely
      fine cutting tools are used the cutting tools wear out quickly and the
      time required to engrave a character is too long because the cutting tool
      is too small to quickly remove the large areas of excess material about
      the character.
PAR  It is therefore an object of the present invention to overcome the
      aforementioned disadvantages.
PAR  Another object of the invention is to provide a new and improved method of
      engraving characters by numerically controlled machine tools.
PAR  Another object of the invention is to provide a new and improved method of
      engraving of embossed characters with a numerically controlled machine
      tool device which includes the engraving of the character with a first
      cutting tool to remove the major portions of excess material about the
      character and a fine cutting tool to clear the excess areas in the inside
      corners of the characters.
PAR  Still another object of the invention is to provide a new and improved
      method for engraving the inside corners of embossed characters with a
      numerically controlled machine tool which comprises the steps of
      successively lowering the cutting tool with respect to the land of the
      character and following the outline of the character at each of the
      depths.
PAR  Still another object of the invention is to provide a new and improved
      apparatus for engraving characters.
PAR  Yet another object of the invention is to provide a new and improved
      apparatus for engraving characters which includes a large cutting tool and
      a fine cutting tool and a movable support for the member in which the
      character is to be engraved.
PAR  Yet another object of the invention is to provide a new and improved
      apparatus for engraving embossed characters which includes a plurality of
      cutting tools of a first size and a plurality of cutting tools of a second
      size and a plurality of supports for members to be engraved.
PAR  These and other objects of the invention are achieved by providing a new
      and improved method and apparatus for engraving the inside corners of
      embossed characters which consists of providing a cutting tool;
      positioning the tip of the cutting tool at a plurality of successive
      depths with respect to the land of the character; moving the tool with
      respect to the character about the desired outline of the character so
      that the axis of the tool at each of the depths is spaced from the
      borderline of the character a distance equal to the radius of the tool in
      the plane of the land of the character. In this manner, the radius on the
      inside corner is reduced to the radius of said tool in the plane of the
      land of the character when the tip of the tool is at a depth with respect
      to the land of the character which is the smallest of the successive
      depths of the tool.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a numerically controlled machine tool
      device embodying the invention;
PAR  FIG. 2 is an enlarged diagrammatic side elevational view of the indexing
      device providing the support for the wheels which are to be engraved;
PAR  FIG. 3 is an enlarged perspective view of a printing wheel having engraved
      numerals thereon;
PAR  FIG. 4 is an enlarged perspective view taken in the area designated 4 in
      FIG. 1;
PAR  FIG. 5 is an enlarged top plan view of an idealized embossed character
      numeral 4;
PAR  FIG. 6 is an enlarged top plan view of an embossed character numeral four
      engraved by a conventional numerically controlled machine tool procedure;
PAR  FIG. 7 is a top plan view of an embossed character numeral four engraved
      with the method and apparatus embodying the invention;
PAR  FIG. 8 is an enlarged top plan view taken in the area 8 designated in FIG.
      4 after a first cutting tool has been utilized to engrave the embossed
      character numeral four;
PAR  FIG. 9 is a sectional view taken along the line 9--9 in FIG. 8;
PAR  FIG. 10 is an enlarged top plan view taken in the area 8 designated in FIG.
      4 after a fine cutting tool has followed the outline of the character
      numeral four at a first depth;
PAR  FIG. 11 is a sectional view taken along the line 11--11 in FIG. 10;
PAR  FIG. 12 is an enlarged top plan view taken in area 8 designated in FIG. 4
      after the fine cutting tool has followed the outline of the character
      numeral four at a second depth;
PAR  FIG. 13 is a sectional view taken along the line 13--13 in FIG. 12;
PAR  FIG. 14 is an enlarged top plan view taken in the area 8 designated in FIG.
      4 after a fine cutting tool has followed the outline of the character
      numeral four at a third depth;
PAR  FIG. 15 is a sectional view taken along the line 15--15 in FIG. 14;
PAR  FIG. 16 is an enlarged top plan view taken within the area 8 designated in
      FIG. 4 after the fine cutting tool has followed the outline of the
      character four at a fourth depth;
PAR  FIG. 17 is a sectional view taken along the line 17--17 in FIG. 16;
PAR  FIG. 18 is an enlarged top plan view taken in the area 8 in FIG. 4 after
      the fine cutting tool has followed the outline of the character numeral
      four at a fifth depth;
PAR  FIG. 19 is a sectional view taken along the line 19--19 in FIG. 18;
PAR  FIG. 20 is an enlarged top plan view taken in the area 8 designated in FIG.
      4 after the fine cutting tool has followed the outline of the character
      numeral four at a fifth depth;
PAR  FIG. 21 is a sectional view taken along the line 21--21 in FIG. 20;
PAR  FIG. 22 is an enlarged top plan view taken within the area 8 designated in
      FIG. 4 after the fine cutting tool has followed the outline of the
      character numeral four at a seventh depth;
PAR  FIG. 23 is a sectional view taken along the line 23--23 in FIG. 22; and
PAR  FIG. 24 is a sectional view taken along the line 24--24 in FIG. 22;
DETD
PAR  Referring now in greater detail to the various figures of the drawing
      wherein similar reference characters refer to similar parts a numerically
      controlled machine tool device is shown generally at 20 in FIG. 1.
PAR  Machine tool device 20 basically comprises a housing 22 for supporting and
      rotating eight pairs of cutting tools. The machine tool device also
      includes a support member 24 which supports a housing 26 which includes a
      plurality of indexing devices (FIG. 2) each of which supports a printing
      wheel 30.
PAR  As set forth above, the housing 22 includes eight pairs of cutting tools.
      Each pair of cutting tools includes a heavy duty cutting tool 32 and a
      fine cutting tool 34. A console 36 is also provided which houses the
      punched tape or other form of numerical control program. The console 36
      also includes conventional equipment for reading out the instructions from
      the program and providing the necessary signals via lines 35, 37 and 39 to
      the machine tool device 20 which cause the support member 24 to be moved
      in accordance with the instructions provided in the numerical control
      program.
PAR  As diagrammatically denoted by arrows 38 in FIG. 1, the support 24 moves
      three dimensionally. That is, it is movable in both the x and y
      coordinates horizontally as well as the z coordinate vertically. In
      addition, the indexing devices 28 rotate the printing wheels 30 after each
      character has been engraved.
PAR  As best seen in FIG. 2, the indexing device 28 basically comprises a
      circular disc 40 which has a plurality of indexing notches 42 which are
      equally spaced about the periphery of the disc. A pivotable latching
      finger 44 is also provided. Latching finger 44 is pivotably mounted about
      a pin 46 which is secured to a fixed member 48. The latching finger 44 is
      pivoted in a counterclockwise direction, as seen in FIG. 2, after a
      character has been engraved on one surface of the engraving wheel 30. An
      indexing finger 47 is mounted in a stationary member 49 having an opening
      for slidably securing the indexing finger 47. The indexing finger is moved
      downwardly out of the slot 42 after a character has been completely
      engraved.
PAR  As soon as the latching finger 44 and the indexing finger .[.46.]. .Iadd.47
      .Iaddend.are moved out of the slots 42, the disc 40 is driven in a
      clockwise direction by a gear drive bar 50 which is moved in the direction
      of arrow 52. Secured to the rear side of disc 40, as seen in FIG. 2, is a
      concentrically mounted gear 54 having teeth 56 spaced about the periphery
      thereof. The teeth 58 on gear drive bar 50 are aligned with engaged teeth
      56 so that when the bar is drawn in the direction of arrow 52, the index
      disc 40 is rotated in the direction or arrow 60.
PAR  As soon as the disc 60 starts to rotate, finger 44 is again urged against
      the periphery of the disc 40 until the next notch 42 is reached. As soon
      as the next notch 42 is aligned with the end 62 of finger 44, the end is
      inserted into the notch 42 thereby stopping the motion of the index disc
      40. As soon as the movement of the disc 40 has stopped, the finger 47 is
      reinserted into the notch 42. The finger 47 is substantially equal in
      width to the indexing notch 42, and thereby causes an accurate placement
      of the indexing disc each time.
PAR  The disc 40 includes on its forward surface, as seen in FIG. 2, a shaft 64
      upon which is mounted the printing wheel 30. The shaft 64 projects
      transversely from the surface of disc 40.
PAR  The printing wheel 30 includes a circular opening 66 at the center thereof.
      Opening 66 is substantially the same diameter of shaft 64 so that the
      printing wheel may be press fit over the shaft 64 and stationarily mounted
      onto the rod 64. As set forth above, the housing 26 includes eight
      indexing devices 28 so that eight printing wheels 30 can be mounted onto
      the housing 26 for simultaneous engraving.
PAR  It should also be understood that fingers 44 and .[.46.]. .Iadd.47
      .Iaddend.are controlled by the numerical control program in the console
      36. After a character has been completely engraved by the cutting tools 32
      and 34, the control automatically causes each of the fingers 44 and 47 of
      each of the indexing devices 28 to be unlatched from the notches 42. The
      bar .[.70.]. .Iadd.50 .Iaddend.is then moved in the direction of arrow 52
      to cause rotation of the indexing devices 28 which are each linked to the
      bar. Similarly, the same program causes the latching and indexing fingers
      44 and 47 to be released from the notches 42 after all of the characters
      on a printing wheel have been printed.
PAR  The notches 42 on each of the indexing devices enable the shafts 64 to each
      be rotated the same angular distance each time the bar 50 is actuated. The
      latching fingers 44 stop the rotation of the shafts 64 by engaging the
      next notches 42. The indexing fingers 47 are then urged into the notches
      42 causing an exact positioning of the shaft 64.
PAR  The operation of the device 20 is automatically terminated after an entire
      wheel 30 has been engraved. The device is out of operation until such time
      as all of the engraved printing wheels have been removed and blank
      printing wheels placed on each of the shafts 64 of the indexing devices.
      The printing wheels 30 are aligned on the shaft 64 by nipples 68 which are
      provided about shaft 64 on the front surface of disc 40. The nipples are
      provided to engage detents 70 which are provided in the rear face of the
      printing wheels 30. The alignment of the printing wheel 30 on the shaft 64
      insures that the surface of the wheel 30 which is being engraved is
      substantially horizontally disposed at the time that the cutting tool is
      engraving a character thereon.
PAR  As best seen in FIG. 4, a pair of cutting tools 32 and 34 are provided
      above and adjacent each of the printing wheels 30. The cutting tools 32
      and 34 are each utilized in a similar manner. That is, each of the tools
      32 and 34 are rotated in the direction of arrows 72 and 74, respectively.
      Cutting tool 32 is of a larger diameter than cutting tool 34 so that
      larger areas may be cut out of the top surface of the printing wheel 30 to
      engrave the characters. The cutting tool 32 is substantially cylindrical
      and includes at its lowermost surface a tip which is comprised of a
      tapered end 76. The end 76 comprises a semicylinder as a result of the
      cutting tool having a planar vertical surface 78 along the diameter of the
      cutting tool 32. The end 76 of the cutting tool 32 is frustoconically
      shaped. The edge 79 is the cutting edge of the tool and extends at an
      angle with respect to the vertical longitudinally extending axis of the
      shaft 32 which is desired as the slope on the sidewalls of the character
      to be engraved on the horizontal platform 80 of the printing wheel 30.
PAR  As set forth above, the cutting tool 34 is of a smaller diameter than
      cutting tool 32. The end 81 of the cutting tool 34 is substantially
      semicylindrical as a result of the planar diametrically extending vertical
      surface 83 which includes a cutting edge 85. The cutting edge 85 is
      inclined with respect to the axis of the cutting tool 34 at the same angle
      as cutting edge 79 of tool 32. The lower portion of end 81 is thus also
      frustoconically shaped.
PAR  As indicated in phantom, the desired character to be engraved on the
      platform 80 is the numeral 4. The dotted line 82 thus represents the
      idealized or desired borderline of the character numeral 4. As best seen
      in FIG. 5, an ideal numeral 4 would be made exactly in accordance with the
      character shown therein with the borderline of the engraved character
      following the borderline 82 exactly.
PAR  However, as best seen in FIG. 4, when the cutting tool 32 is utilized to
      engrave the numeral 4 so that it is embossed from the surface of platform
      8, all of the material in the platform 80 outside of the borderlines 82 of
      the character 4, is removed down to a predetermined depth by the cutting
      tool 32. Thus, the lowermost surface 84 of the cutting tool 32 is lowered
      to a predetermined depth with respect to the platform 80 of the printing
      wheel 30 and then the cutting tool 32 is moved with respect to the
      character four about the entire platform 80 until all the material outside
      the borderline 82 is removed from the platform 80.
PAR  The excess material 85 which lies within the triangle in the character
      numeral four is removed by elevating the cutting tool 32 with respect to
      the character above the top surface thereof and then lowering it within
      the triangle. The cutting tool 32 is then moved along the internal portion
      of the borderline 82 with respect to the character being engraved on the
      platform 80.
PAR  It should be noted that the cutting tool is only rotated and not moved
      linearly. Rather the platform 24 which supports the printing wheel 30 is
      moved and the cutting tools are actually stationary. The movement of the
      cutting tool with respect to the printing wheel 30 is therefore caused in
      the preferred embodiment by the movement of the support member 26.
PAR  The embossed numeral four that is engraved on platform 80 by cutting tool
      32 is best seen in FIG. 6. Whereas the inside corners 86, 88, 90, 92 and
      94 of the ideal numeral four, shown in FIG. 5, are defined as the
      intersections of straight lines, the inside corners of the numeral four
      seen in FIG. 6 are rounded at 98, 100, 102, 104, 106 and 108. The reasons
      that the inside corners 86, 88, 90, 92, 94 and 96 cannot be squared off as
      the intersections of two straight lines is due to the fact that the
      closest that the cutting tool 32 can come to the borderline at the corners
      is limited by the radius of the cutting tool in the plane which coincides
      with the plane of the land (top surface) of the character.
PAR  Thus, after cutting tool 32 has engraved the character numeral four, as
      shown in FIG. 6, the platform 80 of the printing wheel 30 is moved in the
      direction of arrow 110 in FIG. 4. The printing wheel 30 is then placed
      below the finer cutting tool 34. The cutting tool 34 is then positioned at
      various depths with respect to the land of the character and follows the
      borderline 82 of the character at each of the curved portions 98, 100,
      102, 104, 106 and 108 in the inside corners of the embossed character
      four.
PAR  The cutting tool 34 is lowered to a first depth with the lowermost point or
      surface 114 of the end 81 of the cutting tool 34 intermediate of the depth
      of the lower surface 112 of the platform 80. The lowermost point 114 of
      the finer cutting tool 34 is, however, below the land 116 of the
      character. In the first operation, the cutting tool 34 follows the outline
      82 adjacent each of the corners 88 through 108. The cutting operation is
      then repeated at successive depths. The result is illustrated in FIG. 7.
      The radius of the inside corners have been substantially reduced. The
      numeral four engraved in accordance with the invention has become almost
      identical to an ideal number four.
PAR  The exact sequence of operations in accordance with the invention is best
      seen in connection with FIGS. 8 through 24 which show the progressive
      steps of the engraving of one of the inside corners of the resulting
      character.
PAR  FIG. 8 shows the platform 80 after the cutting tool 32 has passed adjacent
      corner 88 of the character numeral four. The cutting tool 32 as it follows
      the borderline 82 of the character travels in lines parallel to the
      borderlines 82. The axis 118 of the cutting tool 32 is depicted in phantom
      in FIG. 9. The axis of the cutting tool 32 follows a line parallel to the
      borderline 82. The line of the travel of axis 118 is along path 120 which
      is shown in phantom in FIG. 8.
PAR  Because the cutting tool 32 is rotated in order to cut away the excess
      material on a platform, the cutting path of the tool 32 is therefore
      frustoconically shaped. Since it is the shape of the cutting path that
      determines the material cut out of the platform, the cutting path of the
      tool 32 is illustrated in FIG. 9 in phantom at 32'. Similarly, the cutting
      path of the cutting tool 34 is illustrated in phantom at 34' in FIGS. 11,
      13, 15, 17, 19, 21, 23 and 24. It should also be noted that the radius of
      the cutting tools 32 and 34 at various points along the ends thereof is
      determined by the cutting edges 79 and 85. Thus, the cutting paths of the
      tools are a locus of the rotation of the cutting edges of the tools.
PAR  As best seen in FIG. 9, the axis 118 is displaced from the borderline 82 in
      accordance with the radius of the cutting tool 32 in the plane of the land
      116 of the character. Consequently, the radius of curvature which remains
      at portion 98 of the character four is equal to the radius of the cutting
      tool in the plane of the land 116 of the character. The character includes
      a sloping sidewall 121 which is an angle with respect to the vertical
      equal with the angle of the cutting edge 79 of the cutting tool 32.
PAR  The cutting tool 32 engraves an embossed character at only one depth. That
      is, the lowermost point 84 of the tool is moved to the plane of the
      lowermost surface 112 of the platform. Therefore, as the cutting tool is
      moved about the borderline 82 of the character, the lowermost surface 112
      is formed about the periphery or sidewall 121 of the character.
PAR  After the cutting operation utilizing the cutting tool 32 has been
      completed, the fine cutting tool 34 is positioned with respect to the
      platform 80 so that it moves along the borderline 82 of the desired
      character. As best seen in FIGS. 10 and 11, the cutting path of tool 34
      which is depicted in phantom at 34' is lowered to a depth with respect to
      the platform 80 which is intermediate of the lower surface 112 but lower
      than the land of the character 116. The axis 122 of the cutting tool 34
      therefore moves parallel to the desired borderline 82 of the character.
      The path of the axis 122 is shown in phantom at 124 in FIG. 10. It can
      therefore be seen that the path 124 of the axis is spaced from the
      borderline 82 in accordance with the radius of the cutting tool 34 in the
      plane of the land of the character 116. Therefore, although the cutting
      tool cannot exactly approach the desired corner 86 of the character
      numeral four, the radius of curvature at portion 124 has been
      substantially reduced. The slope of the depending sidewall 126 at portion
      124 is identical to the slope of sidewall 122. This is so because of the
      fact that the slope of the cutting angle of both cutting tools 32 and 34
      are substantially equal.
PAR  It should also be noted that the lowermost surface 114 of the cutting tool
      34 leaves a horizontally disposed platform at 128 as the axis 122 of the
      cutting tool travels along path 124. Where there is a substantial
      difference in the radius of the cutting tools 32 and 34, as the cutting
      tool moves along line 124, not all of the material at the level of
      platform 128 is removed from the corner of the character. As best seen in
      FIGS. 10 and 11, a projection 130 remains along the bisecting line of the
      angle of the inside corner 86.
PAR  After each of the inside corners have been passed by the cutting tool 34,
      the cutting tool 34 is lowered to a second depth which is again
      intermediate of the lower surface 112 but lower than the plane of platform
      128. As best seen in FIG. 12, the axis 122 of the cutting tool 34 is
      spaced from the borderline 82 of the character in accordance with the
      radius of the cutting tool 34 in the plane of land 116 with cutting tool
      34 at the second depth.
PAR  As best seen in FIGS. 12 and 13, as the axis 122 is moved parallel to lines
      82, the path of which is indicated in phantom at 130, a platform 132 is
      engraved into the corner of the character leaving only a small portion of
      platform 128 remaining. It can also be seen that as the cutting tool 34
      travels along the line 132, it also causes the projection 130 to be
      removed.
PAR  Therefore, only a small portion of the platform 128 remains which to the
      naked eye can hardly be seen. Also, at the second depth, a small
      projection 134 remains. After each of the corners that are inside corners
      of the character have been passed by the engraving tool 34 at the second
      depth, the cutting tool is again lowered to a depth intermediate of the
      lower surface 112 but lower than platform 132.
PAR  As best seen in FIG. 14, the cutting tool 34 is again moved parallel to the
      borderline of the character along the path which is illustrated in phantom
      at 136. The lowermost surface of the cutting tool 34 causes the engraving
      of a platform 138 at the third depth. Again, it should be noted that the
      axis 122 is spaced from the borderline 82 of the character by the radius
      of the cutting tool 34 in the plane of the land of the character 116.
      Thus, since the radius of the cutting tool is tapered, as the cutting tool
      is lowered, the radius of the cutting tool in the plane of the land 116 of
      the character is increasingly enlarged. Consequently, the path of movement
      of the axis of the cutting tool is increasingly spaced from the borderline
      as the cutting tool 34 is lowered.
PAR  It should be noted that the cutting tool 34 at the third depth removes most
      of the platform 132 including the projection 134 which remains on platform
      132 after the cutting tool 34 has been moved along path 130 at the second
      depth.
PAR  After the cutting tool 34 has completed its path along the line 136,
      cutting tool 34 is lowered again to a depth below the platform 138 but
      intermediate of the lower surface 112. The path of movement of axis 122 of
      the cutting tool 34 is parallel to the borderline 82 of the engraved
      character as indicated in phantom at 140 in FIG. 16. The lowermost surface
      114 of the cutting tool 34 causes a fourth platform 142 to be engraved at
      the inside corner of the character.
PAR  After the cutting tool 34 has completed the engraving of each of the
      corners of the character at the fourth level in the plane of platform 142,
      the cutting tool 34 is then lowered to a fifth depth intermediate of lower
      surface 112 as best seen in FIGS. 18 and 19. When the cutting tool 34
      reaches the corner shown in FIGS. 18 and 19, the axis 122 of the cutting
      tool 34 follows the path which is indicated in phantom at 144 parallel to
      the desired borderline 82 of the engraved character. The lowermost surface
      of the engraving tool 34 also causes a fifth platform 146 and thereby
      causes a large portion of the platform 142 to be removed. Again it should
      be noted that the axis 122 is spaced from the borderline 82 in accordance
      with the radius of the cutting tool 34 in the plane of the land of the
      character 116.
PAR  It should also be noted that the remaining portions of platforms 128, 132,
      138 and 142 are crescent shaped and remain only at the apex of the corner.
      That is, as best seen in FIG. 18, the platform 146 prior to the next
      cutting operation extends along a significant portion of the corner.
      However, the platforms at 128, 132, 138 and 142 that remain, remain only
      at the apex of the corner.
PAR  After each of the corners of the character has been engraved by the cutting
      tool 34 at the level of platform 146, the cutting tool 34 is lowered to a
      still deeper level intermediate of lower surface 112 as best seen in FIGS.
      20 and 21. The cutting tool 112 again is moved parallel to the borderline
      82. That is, the axis 122 is moved parallel to the borderline 82 along the
      path shown in phantom at 148 in FIG. 20.
PAR  The lowermost surface of the cutting tool 34 engraves a platform 150 in the
      corner of the character. When the cutting tool 34 moves along the platform
      150, the major portion of platform 146 is removed as best seen in FIG. 20.
      Platform 146 is thus crescent shaped after the movement of the cutting
      tool 34 and is aligned with platforms 128, 132, 138 and 142.
PAR  Again it is noted that platform 150 is larger than the remaining platforms.
      After each of the inside corners of the character has been engraved at the
      level of the platform 150, the cutting tool is then lowered so that the
      lowermost surface of the cutting tool is substantially in the plane of the
      lower surface 112.
PAR  The axis 122 of the cutting tool 34 then follows a path parallel to the
      borderline 82 which is indicated in phanatom at 152 in FIG. 22. As the
      cutting tool 34 is moved at the depth of the plane of the lowermost
      surface 112, the cutting tool removes a major portion of the platform 150
      and leaves the crescent-shaped platform 150 as shown in FIG. 22.
PAR  At this lowest depth, the axis 122 is spaced from the borderline 82 in
      accordance with the radius of the cutting tool 34 in the plane of the land
      116 of the character.
PAR  The lowermost surface 114 of cutting tool 34 continues in the plane of the
      lowermost surface 112 until each of the corners has been engraved in the
      character. After the cutting tool 34 has followed the path indicated in
      phantom at 152 in FIG. 22, the sidewall 121 of the character 116 is
      substantially planar with the exception of the apex of the corner at which
      the platforms 128, 132, 138, 142, 146 and 150 have a stepped
      configuration.
PAR  As best seen in FIG. 24, which is taken along a straight length of the
      character, the cutting edge of tool 34 remains parallel to the sidewall
      121 of the character at each of the depths.
PAR  That is, although the cutting tool 34 was lowered to the plane of platform
      128 which is shown in phantom at 128' in FIG. 24, the axis was spaced from
      the top surface of the character 116 by an amount equal to the radius of
      the cutting tool 34 in the plane of the land 116 of the character.
      Consequently, since the cutting tool 34 has the same gradient of cutting
      surface as the cutting tool 32, the cutting surface of the cutting tool 34
      is parallel and tangent to the straight portion of the character at the
      surface 122.
PAR  As the cutting tool 34 is lowered to each of the succeeding depths which
      are illustrated in phantom at 132', 138', 142', 146', and 150' in FIG. 24
      which are in the planes of the platforms 132, 138, 142, 146 and 150,
      respectively, the axis 122 of the cutting tool 34 is spaced from the top
      surface of the character 116 in accordance with the radius of the cutting
      tool in the plane of the land of the character.
PAR  Thus, as seen in FIG. 24, at each of the depths, the cutting tool 34 has
      its lateral surface tangent and parallel to the sidewall 121 of the
      character.
PAR  After the cutting tool 34 has engraved the final platform into lowermost
      surface 112 at the inside corners of the character, the cutting tool is
      moved to the apex of each corner so that the axis 122 is coincident with
      point 154 along the path 152 shown in FIG. 22. The cutting tool 134 is
      then moved so that the lower left-hand corner of the cutting tool, as seen
      in FIG. 23, moves along the path shown in phantom at 156 in FIG. 23. That
      is, the tool is lifted vertically and the axis moved horizontally towards
      the apex of the corner simultaneously. This movement of the cutting tool
      34 acts to completely remove the steps caused by the platforms 128, 132,
      138, 142, 146 and 150, respectively. The remaining lateral surface at the
      apex of the inside corner thus coincides with line 156 shown in FIG. 23
      after this final operation has been performed. After the final operation
      in each of the corners of the character numeral four, the numeral four
      appears as shown in FIG. 7. The corners have been substantially reduced in
      radius thereby very closely resembling the idealized numeral four shown in
      FIG. 5.
PAR  As seen in FIG. 24, the cutting tool 34 was lowered one-seventh of the
      distance between the land 116 of the character and the lowermost surface
      112 of the platform 80 after each step. However, it should be noted that
      the number of lowering steps may be varied as well as the spacing between
      each step without departing from the spirit of the invention.
PAR  In a preferred embodiment, the cutting tool 34 has a lowermost surface, the
      radius of which is approximately 0.003 inch. The land 116 of the character
      is spaced from the lowermost surface 112 of the platform approximately
      0.021 inch and the cutting surface of the cutting tool is sloped at an
      angle which tapers 0.001 inch each 0.003 inch.
PAR  It can therefore be seen that the cutting tool 34 causes the inner radius
      of the inside corners to be reduced to a radius of 0.004 inch after the
      cutting tool has been lowered to the depth of platform 128. That is, the
      radius of the cutting tool 34 is 0.004 inch in the plane of the land of
      the character when the lowermost edge of the cutting tool has been lowered
      to the depth in the plane of platform 128. However, as seen in FIG. 23,
      when the cutting tool 34 is moved along the diagonal path 156 at the apex
      of the inside corner of the character, the lowermost edge of the cutting
      tool crosses the plane of the land 116 of the character at the
      intersection of the path line 156 and the land of the character at point
      152. Since the lowermost surface of the cutting tool 34 is 0.003 inch in
      radius, the radius of the inside corner of the character is reduced to
      0.003 inch at the land of the character or the printing surface of the
      character.
PAR  As set forth above, the depth of the character in the preferred embodiment
      is approximately 0.021 inch. Therefore, were the fine cutting tool 34 used
      in the conventional manner at only a single depth, the smallest that the
      radius at the inside corners of the character could be made is equal to
      the radius of the cutting tool 34 in the plane of the land 116 of the
      character with the lowermost end of the cutting tool at the lowermost
      surface 112. The radius of the cutting tool at a height of 0.021 inch from
      the lowermost end is 0.01 inch. It can therefore be seen that the use of
      the successive depths enables a considerable reduction of the radius at
      the inside corners of the character.
PAR  There are many characters and patterns which do not require the use of the
      smaller cutting tool 34. That is, the character zero has no inside corners
      which are less than a radius of 0.03 inch or approximately the radius
      produced in the land of the character by a preferred cutting tool 32.
      Consequently, the second cutting tool 34 is not necessary in the engraving
      of the character zero. therefore, the program in the control console of
      the numerical control device automatically starts the next character
      without using the second cutting tool 34.
PAR  However, in each character requiring an inside corner having a radius of
      less than 0.03 inch, the cutting tool 34 is moved around the periphery of
      the idealized character outline at the various successive depths shown in
      the preferred embodiment in FIGS. 8 through 24.
PAR  After the character has been engraved, the indexing device 28 shown in FIG.
      2 rotates the cutting wheel 30 so that the next platform is moved to a
      horizontal disposition and can then be engraved by cutting tool 32.
PAR  Each of the printing wheels 30, since they are moved by the platform 24
      simultaneously and in the same positions with respect to the various
      cutting tools 32 and 34, are engraved simultaneously. Consequently, each
      of the eight printing wheels have the character numeral four engraved
      therein simultaneously and are indexed simultaneously to the next
      character. Consequently, the character numeral five is then engraved into
      the next platform after the indexing devices 28 are rotated to the next
      position.
PAR  It can therefore be seen that a new and improved method of engraving
      characters by numerically controlled machine tools has been provided. The
      numerical control machine includes a plurality of pairs of cutting tools
      and a plurality of indexing devices so that a plurality of engravable
      members can be engraved simultaneously with the use of only a single
      control console.
PAR  A numerical control program is therefore provided in the console which
      enables moving a first cutting tool with respect to the desired borderline
      of a desired character. The program then causes a second cutting tool to
      automatically move with respect to the inside corners of the character.
      The second cutting tool is thus made to pass the corners at various
      successive depths to reduce the radius of the inside corners.
PAR  In addition, the large portions of area which must be removed in order to
      provide an embossed character are removed by a large cutting tool which is
      capable of long wear. When an inside corner remains in the character which
      is not reduced in radius enough to make the character look sharp, a second
      cutting tool having a smaller radius is utilized in successive steps at
      successive depths to reduce the radius at the apex of the inside corner.
PAR  It should be understood that this invention is not limited to numerical or
      alphabetic characters. This invention can be utilized to engrave
      characters of any shape or pattern. Moreover, as used in the specification
      and claims, the term "character" is generic to any pattern that may be
      embossed into a surface.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. A method of engraving inside corners of embossed characters with a
      numerically controlled machine tool device comprising the steps of:
PA1  providing a rotatably mounted cutting tool having a tapered cutting
      portion;
PA1  rotating said cutting tool;
PA1  .Iadd.moving said cutting tool to an apex of an inside corner; .Iaddend.
PA1  positioning .[.the.]. .Iadd.a .Iaddend.tip of said cutting tool at a
      plurality of successive depths with respect to .[.the.]. .Iadd.a
      .Iaddend.land of said character .Iadd.at the apex of the inside
      corner.Iaddend.;
PA1  moving said cutting tool with respect to the land of said character about
      .[.the.]. .Iadd.a .Iaddend.desired outline of said character .Iadd.at the
      apex of the inside corner .Iaddend.so that .[.the.]. .Iadd.an
      .Iaddend.axis of said tool .Iadd.is moved vertically and horizontally
      .Iaddend.at each of said depths .Iadd.so that the tool .Iaddend.is spaced
      from .[.the.]. .Iadd.a desired .Iaddend.borderline of said character a
      distance equal to .[.the.]. .Iadd.a .Iaddend.radius of said tool in
      .[.the.]. .Iadd.a .Iaddend.plane of said land of said character;
PA1  whereby the radius on said inside corner is reduced to the radius of said
      tool in the plane of said land of said character when said tip of said
      tool is at a depth with respect to the land of said character which is the
      smallest of said successive depths.
NUM  2.
PAR  2. A numerically controlled device for engraving; said device comprising a
      pair of rotatable cutting tools mounted closely together, said cutting
      tools each having a tapered cutting portion, a support member for an
      engravable member and control means for moving said support means with
      respect to said cutting tools, said control means causing said cutting
      tools to follow a desired pattern with respect to said engravable member,
      the first of said cutting tools having a larger diameter and being moved
      by said control means for removing large areas of excess material about
      said desired pattern, said second cutting tool and said engravable member
      being moved with respect to each other by said control means to remove the
      excess material at inside corners of said pattern not accessible by said
      first cutting tool, said cutting tools being positioned by said control
      means so that .[.the.]. .Iadd.an .Iaddend.axis of each cutting tool is
      spaced from .[.the.]. .Iadd.an .Iaddend.outline of said pattern in
      accordance with .[.the.]. .Iadd.a .Iaddend.radius of the cutting tool in
      the plane of the top surface of the engravable member, said second cutting
      tool being positioned at a plurality of depths so that the radius at the
      inside corners of said pattern can be reduced to the radius of said second
      cutting tool adjacent its tip.
NUM  3.
PAR  3. The invention of claim 1 and further including the step of placing said
      cutting tool at .[.the.]. .Iadd.said .Iaddend.apex of said inside corner
      at the largest depth of said tool with respect to the land of the
      character and moving said cutting tool both vertically and horizontally
      towards the apex of .[.the.]. .Iadd.a .Iaddend.desired character so that
      .[.the.]. .Iadd.an .Iaddend.inside corner of the character is smoothed.
NUM  4.
PAR  4. A method of engraving embossed characters with a numerically controlled
      machine tool comprising the steps of:
PA1  providing a first rotatably mounted cutting tool having a tapered cutting
      portion;
PA1  rotating said first cutting tool;
PA1  positioning said cutting tool at a first predetermined depth with respect
      to .[.the.]. .Iadd.a .Iaddend.top surface of said character equal to
      .[.the.]. .Iadd.a .Iaddend.depth of said character;
PA1  moving said cutting tool with respect to said character about .[.the.].
      .Iadd.a .Iaddend.desired outline of said character so that .[.the.].
      .Iadd.an .Iaddend.axis of said tool is spaced from .[.the.]. .Iadd.a
      .Iaddend.borderline of said character by a distance equal to .[.the.].
      .Iadd.a .Iaddend.radius of said tool in .[.the.]. .Iadd.a .Iaddend.plane
      of the top surface of said character;
PA1  providing a second rotatably mounted cutting tool .Iadd.mounted adjacent
      said first cutting tool and .Iaddend.having a tapered cutting portion with
      a smaller radius than said first cutting tool;
PA1  .Iadd.moving said second tool with respect to said character so that said
      character is disposed below said second cutting tool; .Iaddend.
PA1  positioning said second cutting tool at a second predetermined depth
      intermediate of said first predetermined depth; and
PA1  moving said second cutting tool with respect to said character about the
      desired outline of said character wherein excess material outside said
      desired outline remains so that the axis of said second tool is spaced
      from said borderline of said character by a distance equal to the radius
      of said tool at the top surface of said character.
NUM  5.
PAR  5. The invention of claim 4 wherein said second cutting tool is positioned
      at a plurality of successive depths between said second predetermined
      depth and said first predetermined depth and said second cutting tool is
      moved at each of said depths about the desired outline of said character
      with said axis of said second tool being spaced from said borderline of
      said character by a distance equal to the radius of said cutting tool in
      the plane of said top surface of said character at each of said depths.
NUM  6.
PAR  6. .[.The invention of claim 5 and further including the step of.]. .Iadd.A
      method of engraving embossed characters with a numerically controlled
      machine tool comprising the steps of:
PA1  providing a first rotatably mounted cutting tool having a tapered cutting
      portion;
PA1  rotating said first cutting tool;
PA1  positioning said cutting tool at a first predetermined depth with respect
      to a top surface of said character equal to a depth of said character;
PA1  moving said cutting tool with respect to said character about a desired
      outline of said character so that an axis of said tool is spaced from a
      borderline of said character by a distance equal to a radius of said tool
      in a plane of the top surface of said character;
PA1  providing a second rotatably mounted cutting tool having a tapered cutting
      portion with a smaller radius than said first cutting tool;
PA1  rotating said second cutting tool;
PA1  positioning said second cutting tool at a second predetermined depth
      intermediate of said first predetermined depth;
PA1  moving said second cutting tool with respect to said character about the
      desired outline of said character wherein excess material outside said
      desired outline remains so that the axis of said second tool is spaced
      from said borderline of said character by a distance equal to the radius
      of said tool at the top surface of said character, said second cutting
      tool being positioned at a plurality of successive depths between said
      second predetermined depth and said first predetermined depth and said
      second cutting tool being moved at each of said depths about the desired
      outline of said character with said axis of said second tool being spaced
      from said borderline of said character by a distance equal to the radius
      of said cutting tool in the plane of said top surface of said character at
      each of said depths; and .Iaddend.
PA1  positioning said second cutting tool at .[.the.]. .Iadd.a .Iaddend.center
      of any excess material remaining and simultaneously moving said cutting
      tool upwardly and towards the desired borderline of said character so that
      additional excess material may be removed.
NUM  7.
PAR  7. The invention of claim 2 wherein said device includes a plurality of
      said pairs of cutting tools, said support member extending adjacent each
      of said pairs of said cutting tools so that a plurality of engravable
      members may be engraved simultaneously.
NUM  8.
PAR  8. The invention of claim 7 wherein said support members include a
      plurality of indexing devices and said engravable members comprise wheels
      having a plurality of engravable platforms about .[.the.]. .Iadd.a
      .Iaddend.periphery thereof, said indexing devices adapted to rotate said
      wheels, said indexing devices being caused to rotate by said control means
      after a character has been engraved in each of said wheels.
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ABST
PAL  A baler having an improved hydraulically driven toggle mechanism for
      operating a baler pressing platen, improved bale ejector, and improved
      baler door latch. The toggle mechanism includes opposed pairs of first and
      second arms .Iadd.foldably joined together at their ends with their other
      respective ends joined to a pressing box and a pressing platen. The
      opposed sets of arms are mutually oriented so that as the platen is moved
      to a withdrawn position, the first and second arms of one set interfold
      compactly and without interference across the respective first and second
      arms of the opposed set .Iaddend. .[.and second arms, each first arm of
      which is a generally C-shaped bell crank arm. The first arms are
      connected.]. to provide a pressing mechanism which is compact but
      nonetheless has a long pressing stroke to facilitate production of a large
      bale in only a few pressing strokes. The bale ejector comprises a lifting
      plate having a hook which when engaged by a finger secured to the platen
      lifts the underside of a bale from the rear of the box as the platen is
      raised to cant the bale onto its forward edge permitting its easy removal
      from the baler. The lifting plate hook travels in a slot in the baler rear
      wall and is disengaged from the platen finger by a stop across the slot to
      drop the lifting plate to the bottom of the box in position for
      commencement of pressing of a new bale. And, the door latch comprises a
      rotatable pin and pivotal catch having arced and arcuate surfaces
      respectively which roll against each other during opening of the door
      latch to provide an easy opening door latch even when under heavy pressure
      from a compressed bale.
BSUM
PAC  BACKGROUND AND FIELD OF THE INVENTION
PAR  The present invention relates in general to anti-pollution devices and in
      particular to refuse balers.
PAR  Air pollution has long been a problem. In large cities in particular the
      problems is especially acute. It is recognized that many deaths of the
      elderly and of those afflicted with respiratory diseases are attributable
      to air pollution. It has been noted that the death incidence of such
      people is markedly higher during high-pollution periods.
PAR  One source of air pollution is discharge from incinerators in which refuse,
      particularly paper and cardboard, is burned. Enormous quantities of
      shipping containers, alone, are disposed of daily by businesses of all
      types. Many food stores, for example, have long disposed of the cardboard
      boxes in which their canned and dry goods are delivered by burning them in
      incinerators.
PAR  Incineration as a form of disposal is objectionable on the further ground
      that it precludes recycling the material incinerated and is thus wasteful
      of natural resources. In the case of paper products disposed of by
      burning, new timber must be cut to product papers that could otherwise
      have come from the burned paper. An exploding population whose consumption
      per capita of combustible materials continues to rise, places an ever
      increasing demand on our natural resources.
PAR  An alternative to incineration which is nonpolluting and which permits
      recycling is baling. Devices which compact refuse such as paper and
      cardboard into a bale and secure the bale with some form of tie such as
      wire have long been known.
PAR  According to my invention I provide a baler which makes it economically
      practical to dispose of refuse by baling. I provide a baler which is
      inexpensive to construct and operate. It can be lightweight and small
      enough to be easily portable while nonetheless providing a large pressing
      force throughout a long pressing stroke to produce large, compact bales.
      My baler, besides being easy to operate, incorporates other labor and
      operating cost saving features including a specially designed,
      long-wearing door latch which operates with a minimum of friction to have
      a long life and require a minimum of maintenance. Another labor saving
      feature is a bale ejection mechanism which facilitates easy and quick
      removal of a completed bale.
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  A baler having an improved hydraulically driven toggle mechanism for
      operating a baler pressing platen, improved bale ejector, and improved
      baler door latch. The toggle mechanism includes opposed pairs of first and
      second arms, each first arm of which is a generally C-shaped bell crank
      arm. The first arms are connected to provide a pressing mechanism which is
      compact but nonetheless has a long pressing stroke to facilitate
      production of a large bale in only a few pressing strokes. The bale
      ejector comprises a lifting plate having a hook which when engaged by a
      finger secured to the platen lifts the underside of a bale from the rear
      of the box as the platen is raised to cant the bale onto its formed edge
      permitting its easy removal from the baler. The lifting plate hook travels
      in a slot in the baler rear wall and is disengaged from the platen finger
      by a stop across the slot to drop the lifting plate to the bottom of the
      box in position for commencement of pressing of a new bale. Also, a part
      of my invention is a baler door latch which includes a rotatably mounted
      pin and a pivotally mounted catch for engaging the pin. The catch includes
      a concave arcuate surface which partially encircles and contacts an arced
      surface of the pin to latch the pin and catch. The pin also includes a
      projection which contacts the catch as the pin is rotated during opening
      of the door. As the pin is rotated, the pin arced surface rolls on the
      catch arcuate surface free or nearly free of sliding friction and the
      projection contacts the catch to pivot the catch out of engagement with
      the pin and unlatch the door.
DRWD
PAC  BRIEF DESCRIPTION OF FIGURES
PAR  Having thus briefly described my invention, I will now describe how to make
      and use a preferred embodiment of the invention with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a front perspective view of a baler according to my invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1 illustrating the
      baler door latch;
PAR  FIG. 2A illustrates a door latch according to FIG. 2 but with the positions
      of the latch pin and catch reversed;
PAR  FIG. 3 is a front plan view of a first and of a second arm of the baler
      pressing mechanism shown in FIG. 1; and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 1 illustrating the
      baler bale ejection mechanism and interconnection of the various
      components of the baler pressing mechanism.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, a baler according to my invention is shown as 10.
      The baler is shown to comprise a pressing box 12 in which a pressing
      platen 14 is disposed for reciprocable movement along the vertical axis of
      the box. The box 12 has a pair of side walls 16 and 18, a rear wall 20, a
      bottom 22 and a charging door 24 and lower door 26. The box 12 tapers from
      front to back by having the rear wall 20 narrower than doors 24 and 26.
      The bottom 22 is provided with a pair of grooves 28 and rear wall 20
      includes a pair of corresponding slots 30, one of which is hidden from
      view by side wall 18. Rear wall 20 is partially cut away to show a curved
      guideway 32 which runs from the bottom to the top of the lefthand slot 30;
      there is a similar guideway for the righthand slot. The grooves 28, slots
      30, guideways 32, and grooves 34 (in the underside of platen 14) cooperate
      to facilitate securing ties around a completed bale held in a compressed
      state by platen 14. Platen 14 is provided on each side with a vertical
      combination of rollers, the lefthand combination of which is shown as 36.
      A similar combination of rollers is mounted in a like fashion to the
      righthand side of the platen but is hidden from view by side wall 18.
      Either the diameter of each of the rollers varies across the roller width
      at a rate corresponding to the taper of the wall against which it rolls,
      or the axis of rotation of the rollers are set parallel to the wall
      against which they roll. The features described thus far are not
      considered a part of the present invention.
PAR  What is considered to be my present invention, still referring to FIG. 1,
      are the door latch, bale ejection mechanism, and bale pressing mechanism
      shown generally as 38, 40, and 42, respectively. Three door latches are
      shown, they comprising a single elongate rotatably mounted pin 44 common
      to all three latches and three identical pivotably mounted catches 54.
      Throughout this detailed description it is to be understood that where
      specific dimensions, angles, shapes, or the like are recited, they are not
      given by way of limitation but instead are given to facilitate making and
      using a preferred embodiment of my invention and to illustrate the
      principles underlying my invention in general. For example, pin 44 in the
      preferred embodiment shown in FIG. 1 is a 5/8 inch diameter steel rod.
      However, it will be readily appreciated by one of ordinary skill in the
      art upon a reading of the following description of the door latch that pin
      44 need not have a circular cross-section, but rather, need only have an
      arced surface in its circumference for rolling engagement with the catch.
PAR  Pin 44 is mounted for rotation to side wall 18 by mounting sockets, one of
      which sockets is designed 46. Pin 44 rests on a pad 50 which is welded to
      side wall 18. Also included in each door latch is a catch 54. Each catch
      is pivotably mounted by pivot 58 to a bracket 56 which in turn is secured
      to door 26. Bracket 56 is drilled and tapped for insertion of pivot 58
      which is a 3/8 inch machine bolt; the bolt is screwed into the bracket and
      locked with a lock washer and nut. The center of the hole in bracket 56
      for pivot 58 is about 1 inch outside the center of pin 44.
PAR  Further details of a door latch are evident from FIG. 2 wherein an engaged
      catch and pin as viewed along line 2--2 of FIG. 1 is shown. A view of the
      catch pivoted to a disengaged position is shown in dashed lines. Pin 44 is
      shown to be also provided with a projection 48 and to be connected to one
      end of a spring 68 which is connected at its other end to wall 18. Spring
      68 acts as a pin positioning means in cooperation with the pin handle 67
      and the side wall reinforcement tube 69. Spring 68 biases pin 44 in a
      "latching" position, and, although the spring alone could position the pin
      in latching position, the bend of handle 67 is made to even more precisely
      position the pin projection 48 just out of contact with the catch 54 when
      the pin and catch are engaged.
PAR  Turning now to consideration of catch 54, it is seen in FIG. 2 to have an
      indentation in its side which faces toward pin 44. The catch 54 is
      fabricated from a blank which is a 51/4 inch long piece of 1/2 inch
      mild-steel plate. The catch indentation includes a concave arcuate surface
      60 which faces toward the catch pivot to partially encircle and contact
      the arced surface of pin 44. Surface 60 has the radius of a 3/4 inch
      diameter hole; this hole and the 3/8 inch diameter pivot hole are spaced
      about 21/2 inches center to center. The center of the concave surface
      radius and the 3/8 inch hole center are 3/16 and 3/4 inch from the side of
      the blank towards the pin. The foregoing dimensions and relationships
      insure positive engagement of the pin and catch. To further protect
      against the catch sliding off and disengaging from the pin, the catch
      pivot point is placed about one inch outside the pin center so that the
      catch angles back towards the pin. During opening of the latch, as pin 44
      is rotated in a clockwise direction, the arced circumference of the pin
      rolls on the catch arcuate surface free or nearly free of sliding friction
      as the projection strikes against the catch strike surface 61 to pivot the
      catch out of engagement with the pin and unlatch the door. Also included
      in the catch is a spring 64 which biases the catch towards a closed
      position. The spring 64 is held in a hole drilled about 3/4 inch deep into
      bracket 56 by an L-shaped strip 66 secured to catch 54. In FIG. 2, catch
      54 and bracket 56 are partially cut away to show the spring. Strip 66 in
      cooperation with a side and an end edge of bracket 56 limits pivoting of
      catch 54 to between, respectively, one position away from the pin slightly
      more than necessary to disengage the catch and pin and another position
      towards the pin slightly past the position at which the pin and catch are
      engaged. These positions are not critical, but are only selected to
      provide a freely operating door latch while avoiding excessive catch
      movement. With the door latch closed, spring 64 is under slight
      compression. As the catch is pivoted during opening or closing, spring 64
      becomes progressively more compressed to provide a force for returning the
      catch to a closed position when the door reaches either an open or a
      closed position. Catch 54 is also provided with a beveled end formed by
      surface 62 which is a continuation of the arcuate surface and which angles
      away from both the side of the catch including the indentation and the
      catch pivot. During latching, the beveled end slidably contacts the pin to
      pivot the catch from the closed position towards the open position until
      the beveled end slides by and the indentation reaches the pin whereupon
      the spring 64 returns the catch to a closed position. In view 2A of FIG. 2
      the pin 44 and catch 54 are shown in their alternate position; namely,
      with pin 44 mounted by mounting socket 46 to door 26 and catch 54 mounted
      by bracket 56 to side wall 18.
PAR  Returning now to FIG. 1, the baler pressing mechanism 42 shall now be
      described. The force producing means of the pressing mechanism comprises a
      hydraulic system which includes a hydraulic cylinder 70 and piston 72
      which telescope in a conventional manner to produce a force in a direction
      always normal to the box vertical axis and along the two opposite
      directions of the piston travel. For the preferred embodiment shown, a 4
      inch diameter cylinder with a 10 inch stroke which produces a force of
      25,000 pounds is employed.
PAR  The remainder of the hydraulic system includes pumps, hoses connecting the
      pumps to the cylinder, and switches for controlling the fluid flow between
      the pumps and cylinder. These latter components of the system are mounted
      on the exterior of the box and may be constructed of commercially
      available, standard components in a well known manner. These components
      and their connection are incidental to the present invention.
PAR  A force translation means which converts at least a portion of a force
      produced by the hydraulic system to a re-directed force in a direction
      along the box vertical axis includes front and rear sets of opposed arms
      comprising a front pair of opposed first arms, 80 and 82, a rear pair of
      opposed first arms, 84 and 86, a front pair of opposed second arms, 88 and
      90, and a rear pair of second arms, 92 and 94. These arms 80-94 are all of
      equal length; their construction shall be described later. The first arms
      80-86 are each a bell crank arm .Iadd.and each is foldably and rotatably
      secured at its end to an end of a second arm with opposing first arms
      being thus secured to different ones of a pair of opposing second arms.
      The first arms .Iaddend..[.and.]. are each rotatably secured .Iadd.at
      their other ends .Iaddend.to one or the other of support members 96 and 98
      which in turn are secured to the side walls of the pressing box. Support
      members 96 and 98 are formed of 2 by 3 inch rectangular box tubing. .[.The
      other end of each first arm is rotatably secured to an end of a second arm
      with opposing first arms being connected to different ones of a pair of
      opposing second arms..]. The other end of each second arm is rotatably
      secured to a leg of the pressing platen. The forward ones of these legs
      are visible in FIG. 1 and are designated as 100. All the axes about which
      the first and second arms 80-94 rotate are parallel to each other but
      normal to the box vertical axis. The legs 100 are secured to the channel
      irons which form the pressing platen and to front and rear reinforcement
      members 102 and 104 which span the width of the platen. The hydraulic
      system force producing means is coupled to the force translation means by
      a pair of cross-members each of which is pivotally connected between
      corresponding (front and rear) first arms .Iadd.adjacent the attachment of
      their other ends to the box through support members 96, 98.Iaddend.. The
      piston 72 is shown connected to one of the cross-members, designated 106.
      midway between the cross-member ends. The force translation means provides
      a large mechanical advantage to in turn permit use of a low pressure and
      thus inexpensive hydraulic system. The force translation means also
      permits of a wide and deep pressing box in addition to providing a long
      pressing stroke even through it also provides a highly compact pressing
      mechanism when the pressing platen is fully withdrawn. .Iadd.As shown in
      FIG. 1 and as will be evident from the exemplary dimensions given below,
      the arms 80-94 are of sufficient length and are mutually oriented so that
      when the platen is moved to its withdrawn position, the arms interfold to
      cross one another without interference, the first arms 80, 84 at one side
      of the box crossing and being received between the opposed first arms 82,
      86 and the second arms 90, 94 at one side of the box crossing and being
      received between the opposed second arms 88, 92. In this collapsed,
      interfolded position, the arms take up little vertical space and are
      received in a relatively small area at the upper end of the pressing box.
      .Iaddend.The result is a large charging area which produces further
      economies as a large quantity of refuse can be loaded into the pressing
      box to produce a large bale in only a few pressing strokes. The
      compactness of the pressing mechanism is due in part to the bends in the
      first and second arms, particularly those of the first arms. Although the
      bend in each second arm may also contribute to a compact pressing
      mechanism, for reasons which will be explained later, for the embodiment
      shown, it is possible to achieve the same compactness with straight second
      arms. In FIG. 1, the end of arm 90 is partially cut away to illustrate
      that the end of arm 80 connected to the second arm is bent, as are all
      similar first arm ends; the cut away view makes it apparent that the first
      arms are folded between side pieces of the second arms as the arms
      approach a position parallel to the box vertical axis. For the embodiment
      shown, the degree of parallelity achieved is dependent upon the
      construction of the first arm in a manner to be described in greater
      detail hereinafter.
PAR  The shapes of a first and a second arm of the illustrated preferred
      embodiment of FIG. 1 are more clearly shown in FIG. 3 wherein a first and
      a second arm are shown drawn to scale. .Iadd.With reference to FIGS. 1 and
      3, .Iaddend..[.A.]. .Iadd.a .Iaddend.first arm 150 is shown to have a
      first straight segment thereof, designated as dimension F.[.,.].
      .Iadd.(FIG. 3). As shown in FIG. 1, this segment extends
      .Iaddend..[.extending.]. .Iadd.generally downwardly .Iaddend.between the
      end for connection with a side wall of the baler and the point for
      connection with a cross-member.Iadd., the arm thence extending obliquely
      inwardly of the box for attachment to the second arm and crossing the
      opposed first arm when the arms are in their folded position. .Iaddend.The
      other end segment is also straight and is dimensioned as G. Both segments
      F and G form angles, 25 and 15 degrees respectively, with the middle
      segment, which middle segment is likewise straight and is dimensioned E in
      FIG. 3. The end segments are approximately one-third and one-twelfth the
      length of the middle segment. The shorter segment and the bend angles are
      chosen to minimize the pressing mechanism heighth yet provide a lever arm,
      C, which will start the platen moving downward readily with the platen in
      a fully withdrawn position. The second arm 152 comprises only two segments
      which form a bend of about 58 degrees. The length of the shorter segment
      and the bend angle are chosen relative to the platen leg 100 heighth so
      that dimension B is as long as possible while dimension A approaches the
      heighth of platen leg 100. The first arm 150 is thus seen to have a
      generally C-shape and the second arm a generally L-shape. As shown in FIG.
      1, the C-shapes face each other and conversely the L-shapes face away from
      each other when the platen is in an extended position. Each of the bends
      serves to improve the baler pressing mechanism heighth to stroke ratio. In
      the preferred embodiment of FIG. 1, for a box width of 36 inches, by
      utilizing curved arms having dimension as given below, a platen stroke of
      40  inches for a linkage mechanism heighth of only 12 inches is provided.
      By contrast, the stroke and heighth for a mechanism with straight arms
      having lengths equal to dimensions B and D would be 30 and 22 inches
      respectively.
TBL  ______________________________________                                    
     arm 150              arm 152                                              
     C       23/4 in.     A         43/4 in.                                   
     D       243/8"       B         243/8 in.                                  
     E       18 in.       H         6 in.                                      
     F       61/8"        R         58.degree.                                 
     G       11/2 in.                                                          
     S       15.degree.                                                        
     T       25.degree.                                                        
     ______________________________________                                    
PAR  Because the first arms fold between the side pieces of the second arms,
      Dimension H should be as small as possible; the shorter this dimension,
      the closer the second arm approaches to normal to the box vertical axis
      when the platen is fully withdrawn. I have found that this H dimension can
      be reduced to 4 inches if the second arm 152 is straight instead of bent.
      However, no overall heighth eduction is realized as the additional amount
      which the first arm folds into the second arm is offset since the
      reinforcement members 102 and 104 are not brought above any part of the
      second arm. Nonetheless, some advantages are realized as when straight
      arms are used it is not longer necessary to cut away any of the vertical
      edges of the channel irons of platen 14.
PAR  The construction and interconnection of a first and second arm and their
      connection with the pressing box 12, platen 14, and cross-member 106 are
      shown in FIG. 4, a sectional view taken through the middle of rear wall 20
      looking along line 4--4 of FIG. 1. As shown, the first arm 84 is of single
      piece construction and is connected to spacer pad 132 and support member
      98 by a pin 134. First arm 84 is also connected to cross member 106 by a
      pin 108. Second arm 94 is of multi-piece construction, consisting of a
      pair of identical side pieces 136 and 138 which sandwich an end of the
      first arm 84 and a connecting member 140. A pin 133 connects first arm 84
      and second arm 94, while the second arm is connected by its connecting
      member 140 with a pin 134 to leg 100 and reinforcement member 104.
      Although they have been omitted for the sake of clarity, it will be
      appreciated that each bearing surface of pins 108, 133, and 134 is
      supplied with a lubricant through grease fittings. An anti-seize and
      lubricating compound such as that sold under the Trade Name of Never-Seez
      by the Never-Seez Corporation of Broadview Illinois has been found to be
      an acceptable lubricant.
PAR  Returning again to FIG. 1, the bale ejection mechanism 40 shall now be
      described. It is shown to include a lifting plate 110 which normally rests
      flat on the bottom of the baler next to the rear wall. The depth of the
      plate 110 is important and should be about 1/8th the box depth. It has
      been found that when this dimension is increased to about 1/6th the box
      depth the plate tends to lift the entire bale instead of canting the bale
      onto its forward edge. Lifting plate 110 is secured by a spacer 111 to a
      bar 112. Spacer 111 is slightly thicker than the thickness of rear wall 20
      to permit free vertical movement of plate 110 as well as a slight pivoting
      of bar 112 in a manner as will be explained later. The upper end of bar
      112 terminates in a hook 114 which extends through a slot 116 in the baler
      rear wall and has a lower surface 117 and an upper surface 118 each of
      which slope from the rear wall towards the bottom of the box. The bar 112
      is similarly sloped for about one-half on its width. A slot 120 in rear
      wall 20 permits vertical movement of plate 110. The remainder of the
      ejection mechanism includes a finger 122 secured to platen 14 and movable
      by a handle 124 into position for engagement by hook 114. Finger 122 and
      handle 124 are mounted to platen 14 by pipe 126 and are off-angle so that
      there are as a practical matter only two stable positions for the finger,
      one being an upright "neutral" position as shown in FIG. 1 wih the handle
      resting on the upright flange of the platen and the other being an
      "engagement" position with finger 122 lying horizontally on the platen. A
      stop 128 having the same slope as surface 118 is affixed across slot 116
      at the point at which the hook and finger are to be disengaged.
PAR  The manner in which the bale ejection mechanism operates and further
      details of its construction shall now be described with reference to FIG.
      4. It will be appreciated that during compensation of a bale, finger 122
      is in the neutral position to permit platen 14 to descend below hook 114
      by virtue of a cut-out in the platen which is wide enough to permit
      passage by hook 114 but narrow enough that finger 122 bridges the cut-out
      when in the engagement position. The far surface of the cut-out is shown
      in FIG. 4 as 121. With finger 122 in position for engagement, hook 114 is
      engaged by the finger as platen 14 is raised to in turn lift plate 110.
      Lifting of plate 110 continues until surface 118 slidably contacts stop
      128 whereupon hook 114 is forced out of the slot to disengage the hook
      from the finger and drop the lifting plate to the bottom of the baler. As
      plate 110 drops, a wedge shaped projection 129 on bar 112 slides against a
      U-shaped strap 130 to force hook 114 into the box. During the next
      downward stroke of platen 14, finger 122 is still in the engagement
      position. As platen 14 moves downward past hook 114, finger 122 upon
      striking the upper surface 118 of the hook is rotated towards its neutral
      position. Because of the angle between handle 124 and finger 122, a finger
      122 is rotated towards its neutral position, the center of gravity of the
      finger, handle and their connecting piece passes to the right of center
      whereupon the handle flips over against the platen to return the finger to
      its neutral position.
PAR  As is apparent in FIG. 4, the under surface 117 of hook 114 which contacts
      finger 122 slopes gradually from the rear wall downwards towards the
      bottom of the box. It has been found that without this slope, the hook
      tends to disengage prematurely. A slope for surface 117 of about 8.degree.
      has been found acceptable when used with a surface 118 having a slope of
      about 60.degree.. If this latter angle becomes appreciably less than
      60.degree., such as about 50.degree., I have found that there is excessive
      friction between the stop 128 and hook surface 118. Returning to the
      description of lifting plate 110, it is shown to be joined by a spacer 111
      to bar 112. For the embodiment shown, side and rear walls 16, 18 and 20
      are 3/16 inch sheet steel. Spacer 111 is 1/4 inch thick; this thickness
      has been found sufficiently wide to permit pivoting of bar 112 as hook 114
      is forced out of slot 116.
PAR  In a version of the foregoing described preferred embodiment used for
      compressing corrugated cardboard, the following was found suitable for
      producing bales weighing in excess of 150 pounds:
     side walls 16 & 18                                                        
                    3/16 inch sheet steel,                                     
                    80 inches high by 24                                       
                    inches deep;                                               
     rear wall 20   3/16 inch sheet steel,                                     
                    80 inches high by 36                                       
                    inches wide;                                               
     pin 44         5/8 inch dia. hot rolled                                   
                    steel rod                                                  
     mounting socket 46                                                        
                    1/2 by 11/2 inch bar stock                                 
                    with a 5/8 inch dia. hole                                  
                    for accepting pin 44;                                      
     projection 48  21/2 inch long piece of 1/4                                
                    by 3/8 inch cold rolled                                    
                    bar stock;                                                 
     bracket 56     1/2 by 11/2 inch bar stock;                                
                    0.055 in. dia. spring                                      
                    wire would into 12 coils                                   
                    11/4 in. long with an O.D.                                 
                    of 0.295 in.;                                              
     strip 66       1 inch length of 11/2 by                                   
                    11/2 by 1/8 in. angle iron;                                
     hydraulics (70 & 72)                                                      
                    an Energy Manufacturing                                    
                    Inc. CTR series 4 in. dia.                                 
                    and 10 in. stroke,                                         
                    Monticello, Iowa;                                          
     first arms 80-86                                                          
                    1 in. plate steel;                                         
     supports 96 & 98                                                          
                    7 gauge, 2 by 3 in. box                                    
                    tubing;                                                    
     leg 100        5 in. piece of 1/2 by 21/2 in.                             
                    bar stock;                                                 
     members 102 & 104                                                         
                    7 gauge, 11/2 by 3 in.                                     
                    box tubing;                                                
     cross-member 106                                                          
                    11/8 by 3 in. bar stock;                                   
     pin 108        5 in. length of 11/2 in.                                   
                    dia. cold rolled rod;                                      
     plate 110      13 in. piece of 3 by 3 by                                  
                    3/16 in. angle iron;                                       
     bar 112        34 in. piece of 3/4 by                                     
                    3/4 bar stock;                                             
     hook 114       cut from 1/2 by 2 in.                                      
                    bar stock;                                                 
     slot 116       3/4 in. wide by 11 in. long;                               
     slot 120       one in. wide by 15 in. long;                               
     finger 122     5/8 in. dia. hot rolled                                    
                    steel rod;                                                 
     stop 128 and wedge 129                                                    
                    1 by 2 by 1/4 in. angle iron;                              
     strap 130      1/4 by 11/4 bar stock                                      
     spacer 132     3 in. piece of 1/2 by 21/2 in.                             
                    bar stock                                                  
     pin 133        1 in. dia. cold rolled                                     
                    steel rod;                                                 
     pin 134        11/4 in. dia. stress proof pin;                            
     side pieces 136 & 138                                                     
                    1/2 by 21/2 in. bar stock                                  
     connector 140  1 by 3 in. bar stock                                       
PAR  Having thus described a preferred embodiment of my invention, it will be
      readily apparent that numerous variations and modifications thereof are
      possible. For example, the hydraulic cylinder and piston are shown
      connected to the first arms to form a second class lever; connections
      which form first and third class levers are of course possible. Likewise,
      it would be possible to connect the force producing means between the
      second arms to form first, second, or third class levers.
PAR  Although my invention has been shown as having four first and four second
      arms connected as two sets of arms on each side of the box, a single set
      of arms on each side, preferably centered between the front and back of
      the platen, would suffice. Similarly within my invention is a baler having
      two additional sets of arms on each side of the piston and cylinder
      connected in tandem with the existing arms to cross-members connected to
      extensions of the piston and cylinder and to extensions of support members
      96 and 98; such an arrangement would facilitate construction of a wider
      baler.
PAR  While the invention has been described with reference to a preferred
      embodiment, it is to be understood that the above modifications and
      variations and others not specifically mentioned are within the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A baler comprising a pressing box having a rear wall, a pair of side
      walls, a door hinged to a side wall; a platen mounted for reciprocable
      movement within the pressing box; and a door latch which includes a
      rotatably mounted pin and a pivotally mounted catch for engaging the pin,
      either the pin or the catch being mounted to the baler door and the other
      being mounted to a side wall of the baler, the side of the catch which
      faces the pin when the door is closed having an indentation for partially
      encircling and engaging the pin, the indentation including a concave
      arcuate surface which faces toward the catch pivot and the pin having an
      arced surface in its circumference on a radius of the pin axis of
      rotation, which arced surface faces away from the catch pivot when the
      catch and pin are in position for engagement, the concave arcuate surface
      having a radius greater than the arced surface radius and partially
      encircling and contacting the arced surface when the pin and catch are
      engaged, and which pin includes a projection for contacting the catch as
      the pin is rotated in a direction to pivot the catch out of engagement
      with the pin during opening of the door, as the catch pivots the pin arced
      surface rolls on the catch arcuate surface to pivot the catch and unlatch
      the door.
NUM  2.
PAR  2. A baler according to claim 1 wherein the pin is of circular cross
      section and wherein the arcuate surface has a length greater than the pin
      radius to accept more than one-half of the pin in the indentation when the
      pin and catch are engaged.
NUM  3.
PAR  3. A baler according to claim 2 wherein the catch further comprises means
      for limiting pivoting of the catch to between an open position away from
      the pin slightly further than necessary to disengage the pin and catch and
      a closed position towards the pin and just past the position at which the
      pin and catch are engaged.
NUM  4.
PAR  4. A baler according to claim 3 wherein the catch further comprises catch
      positioning means which biases the catch towards the closed position.
NUM  5.
PAR  5. A baler according to claim 4 wherein the catch has a beveled end formed
      by a surface which is a continuation of the arcuate surface and which
      angles away from both the side of the catch including the indentation and
      the catch pivot, which beveled end slidably contacts the pin as the door
      is being closed to pivot the catch from the closed position towards the
      open position until the beveled end slides by and the indentation reaches
      the pin whereupon the catch positioning means returns the catch to a
      closed position with the arcuate surface partially encircling and
      contacting the pin.
NUM  6.
PAR  6. A baler according to claim 5 wherein the pin further comprises pin
      positioning means which biases the pin in a latching position at which the
      projection will contact the catch upon slight rotation of the pin in a
      direction to disengage the pin and catch.
NUM  7.
PAR  7. A baler according to claim 6 wherein the pin positioning means comprises
      a spring coupled to the baler and to the pin to exert a torsional force
      against the pin as the pin is rotated from the latching position.
NUM  8.
PAR  8. A baler according to claim 7 wherein the catch positioning means
      comprises a coil spring held between the baler and the catch, the spring
      acting against the catch during opening and closing of the door latch and
      the spring returning the catch to a closed position when the door is in
      either an open or a closed position.
NUM  9.
PAR  9. A baler according to claim 7 wherein the spring is in relatively low
      compression when the catch is in the closed position but which becomes
      increasingly more compressed as the catch pivots during opening and
      closing of the door.
NUM  10.
PAR  10. A baler having a pressing box having a bottom, a rear wall, a pair of
      side walls, a platen, a door hinged to one side wall, and a door latch for
      latching the door to the other side wall and a bale ejection mechanism
      which comprises:
PA1  in the rear wall, a first slot in and extending upwardly from the bottom of
      the wall and a second slot in vertical alignment with the first slot and
      extending upwardly from slightly above the top of a completed bale;
PA1  bale lifting means including an angle iron having one side which normally
      lies flat against the baler bottom and which is of a dimension sufficient
      to provide canting of a bale upon raising the lifting means and the other
      side of which angle iron normally abuts the baler rear wall; and
PA1  releasable bale lifting engagement means including a hook which normally is
      at the bottom of and extends through the second slot, which hook has an
      upper surface and an under surface which both slope from the rear wall
      toward the bottom of the box, the upper surface sloping steeply at an
      angle of about 60.degree. and the under surface sloping gradually at an
      angle of about 8.degree., a bar connected to the hook and extending
      downwardly to the bottom of the baler in alignment with the first slot, a
      spacer of a thickness slightly greater than the rear wall disposed in the
      first slot and connecting the bar and the angle iron, a finger on the
      platen moveable into position for engagement by the hook when the platen
      is holding a completed bale in a compressed state, and a stop across the
      second slot at a heighth at which the hook is to be disengaged from the
      finger.
NUM  11.
PAR  11. A baler comprising a pressing box having a rear wall, a pair of side
      walls, a bottom, and a door hinged to one of the side walls;
PA1  a door latch including a rotatably mounted pin and a pivotably mounted
      catch for engaging the pin, either the pin or the catch being mounted to
      the baler door and the other being mounted to a side wall of the baler,
      the side of the catch which faces the pin when the door is closed having
      an indentation for partially encircling and engaging the pin, the
      indentation including a concave arcuate surface which faces toward the
      catch pivot and the pin having an arced surface in its circumference on a
      radius of the pin axis of rotation, which arced surface faces away from
      the catch pivot when the catch and pin are in position for engagement, the
      concave arcuate surface having a radius greater than the arced surface
      radius and partially encircling and contacting the arced surface when the
      pin and catch are engaged, and which pin includes a projection for
      contacting the catch as the pin is rotated in a direction to pivot the
      catch out of engagement with the pin during opening of the door, as the
      catch pivots the pin arced surface rolls on the catch arcuate surface to
      pivot the catch and unlatch the door;
PA1  a pressing platen for reciprocable movement parallel to the box walls
      between a withdrawn position near the top of the box and an extended
      position toward the bottom of the box;
PA1  a pressing mechanism comprising front and rear sets of opposed arms, each
      set of arms having a pair of facing, C-shaped first arms each of which is
      rotatably connected at one end to a support member near the top of the box
      and rotatably connected at an opposite end to an end of a second arm the
      opposite end of which is rotatably connected to the pressing platen, a
      first cross-member connected between one pair of front and rear first arms
      and another cross-member connected between the other pair of front and
      rear first arms, the cross-member being connected equal distances from the
      ends of the first arms connected to the support members and a hydraulic
      cylinder and piston having the piston connected to one cross-member and
      the cylinder connected to the other cross-member; and
PA1  a bale ejection mechanism comprising a lifting plate which normally rests
      flat on the bottom against the rear wall, a spacer connected to the plate
      and disposed in a first vertical slot in the rear wall, a bar connected to
      the spacer and extending upwardly to the bottom of a second vertical slot
      in the rear wall at a height slightly above the top of a completed bale, a
      hook connected to the bar and extending through the wall and into the
      baler, the hook having an upper and an under surface both of which slope
      from the rear wall toward the bottom, the upper surface sloping steeply at
      an angle of about 60.degree. and the under surface sloping gradually at an
      angle of about 8.degree., a finger on the platen and moveable from a
      neutral position into a position for engagement with the under surface of
      the hook when the platen is holding a bale in a compressed state, and a
      stop across the second slot at a heighth at which the finger and hook are
      to be disengaged.
NUM  12.
PAR  12. A baler having a .[.pressed.]. .Iadd.pressing .Iaddend.box, a pressing
      platen and a pressing mechanism comprising
PA1  a toggle mechanism for reciprocally moving the pressing platen between a
      withdrawn and an extended position and which includes at least a pair of
      opposing sets of arms, each set including a generally C-shaped first arm
      and a second arm, each of which C-shaped first arms comprises a straight
      middle segment between a pair of straight end segments and is rotatably
      connected at one end to a side wall of, and near the top of, the pressing
      box to face each other when the platen is is an extended position, which
      second arms are rotatably connected at one end to the pressing platen, and
      the other end of which first and second arms are connected to each other,
      which first arms are equal length and which second arms are equal length,
      and all axes of rotation of all first and second arms are parallel to each
      other but normal to the box axis; and
PA1  a hydraulic system which includes a piston and a cylinder, which piston and
      cylinder are connected between corresponding ends of a pair of opposing
      arms whereby expansion and contraction of the hydraulic system rotates the
      toggle mechanism first and second arms from a position approaching normal
      to the box axis to a position approaching parallel to the box axis to
      provide a compact pressing mechanism and a large charging area when the
      platen is in a withdrawn position, thereby facilitating production of a
      large bale in only a few pressing strokes.
NUM  13.
PAR  13. A baler according to claim 12 in which the baler pressing box has a
      bottom and a rear wall and has a bale ejection mechanism including a
      lifting plate which normally lies flat on the pressing box bottom next to
      the rear wall, and an engagement means for releasably engaging the lifting
      plate with the pressing platen during an upward movement of the platen,
      which engagement means comprises:
PA1  a hook secured to the lifting plate and extending through a vertical slot
      in the rear wall at a position above a completed bale, the hook having a
      beveled upper surface which slopes from the rear wall towards the bottom
      of the box;
PA1  a finger secured to the platen and adapted to be moved into position for
      engagement by the hook as the platen is raised from a completed bale; and
PA1  a stop across the slot at a position at which the hook is to be disengaged
      from the finger, the platen when the hook and finger are engaged during an
      upward stroke of the pressing platen drawing the lifting plate upwardly
      until the beveled edge of the hook slidably contacts the stop to force the
      hook out of the box and disengage the hook and finger to drop the lifting
      plate to the bottom of the box.
NUM  14.
PAR  14. A baler according to claim 13 having a door hinged to one side of the
      pressing box which is closed and latched to confine and permit compression
      of refuse in the baler but which is unlatched and opened to permit removal
      of a completed bale, further comprising a door latch which includes a
      rotatably mounted pin and a pivotably mounted catch for engaging the pin,
      either the pin or the catch being mounted to the baler door and the other
      being mounted to a side wall of the baler, the side of the catch which
      faces the pin when the door is closed having an indentation for partially
      encircling and engaging the pin, the indentation including a concave
      arcuate surface which faces toward the catch pivot and the pin having an
      arced surface in its circumference on a radius of the pin axis of
      rotation, which arced surfaced faces away from the catch pivot when the
      catch and pin are in position for engagement, the concave arcuate surface
      having a radius greater than the arced surface radius and partially
      encircling and contacting the arced surface when the pin and catch are
      engaged, and which pin includes a projection for contacting the catch as
      the pin is rotated in a direction to pivot the catch out of engagement
      with the pin during opening of the door, as the catch pivots the pin arced
      surface rolls on the catch arcuate surface to pivot the catch and unlatch
      the door.
NUM  15.
PAR  15. A baler according to claim 12 wherein each segment of each generally
      C-shaped first arm is connected to the pressing box at one end and the
      other of said end segments is connected to a said second arm, and said
      first and other end segments are joined to the middle segment at angles
      respectively of 25.degree. and 15.degree. and have lengths respectively
      one-third and one-twelfth the middle segment length.
NUM  16.
PAR  16. A baler according to claim 12 wherein:
PA1  each second arm is generally L-shaped and is connected to the platen by a
      leg on the platen, each second arm comprises a pair of straight segments,
      a first segment of which has a length less than the length of and is
      connected to the platen leg, and the L-shaped arms face away from each
      other when the platen is in an extended position.
NUM  17.
PAR  17. A baler according to claim 16 wherein each said generally L-shaped arm
      comprises a pair of straight segments joined at an angle of about
      60.degree..
NUM  18.
PAR  18. A baler according to claim 16 wherein the toggle mechanism comprises
      two sets of opposing pairs of arms, one set connected towards the rear and
      the other connected towards the front of the pressing box and wherein the
      hydraulic system further comprises a cross-member pivotally connected
      between front and rear arms on one side of the box and another
      cross-member connected between front and rear first arms on the other side
      of box; the piston of said hydraulic system being connected to one and the
      cylinder of said hydraulic system being connected to the other of the
      cross members. .Iadd. 19. A baler for baling refuse and the like and
      having a large charging area into which refuse is received, the baler
      comprising:
PA1  a pressing box;
PA1  a pressing platen movable axially within the box to compress refuse into a
      bale;
PA1  a toggle mechanism for moving the platen axially of the box in a long
      stroke between a withdrawn position permitting refuse to be charged to the
      pressing box and an extended position for compressing refuse in the box
      into a bale, the toggle mechanism comprising a pair of opposed sets of
      arms, each set including first and second arms foldably joined at their
      ends and having their other ends pivotally attached adjacent a side of the
      box to the box and to the platen, respectively, the other ends of one set
      of arms attached adjacent one side of the box and the other ends of the
      opposed set of arms attached adjacent an opposed side of the box, the
      first and second arms of each set being foldable inwardly of the box and
      being of sufficient length and mutually positioned so as to cross the
      respective first and second arms of the other set without interference as
      the arms are simultaneously and compactly folded inwardly of the box into
      a position approaching normal to the box axis; and
PA1  a hydraulic cylinder and piston connected transversely between opposing
      arms adjacent their other ends and oriented to provide force in a
      direction normal to the axis of the pressing box to cause folding and
      unfolding of the arms between positions approaching normal to the box axis
      and approaching parallel to the box axis. .Iaddend. .Iadd. 20. A baler for
      baling refuse and the like and having a large charging area into which
      refuse is received, the baler comprising:
PA1  a. a pressing box having upright front, rear and side walls and a bottom;
PA1  b. a pressing platen movable parallel of the upright box walls between an
      upper, withdrawn position and an extended position toward the bottom of
      the box;
PA1  c. a pressing mechanism comprising spaced front and rear pairs of opposed,
      foldable sets of arms, each set including first and second arms foldably
      joined at their ends and having their other ends pivotally attached
      adjacent a side wall of the box respectively to the box adjacent its top
      and to the platen; the other ends of one set of arms attached adjacent one
      side wall and the other ends of the opposed set attached adjacent the
      opposed side wall, the first and second arms of each set being foldable
      inwardly of the box and being of sufficient length and mutually positioned
      so as to cross the respective first and second arms of the opposed set of
      arms without interference as the sets of arms are simultaneously and
      compactly folded inwardly of the box into a position approaching normal to
      the box axis, the parallel, spaced front and rear sets of arms adjacent
      one side wall of the box being received between the opposed front and rear
      sets of arms adjacent the other side wall of the box;
PA1  d. a pair of confronting cross members respectively joining front and rear
      first arms at points adjacent but spaced from the pivotal connections of
      the latter to the box; and
PA1  e. a hydraulic cylinder and piston mounted between the cross members to
      force the same away from and toward each other to respectively extend and
      withdraw the platen. .Iaddend. .Iadd. 21. A baler for baling refuse and
      the like and comprising a pressing platen for compressing refuse and a
      toggle mechanism above the platen for driving the latter up and down; a
      pressing box having front, rear and side walls and within which the platen
      moves between an upper, withdrawn position and a lower, refuse-compressing
      position, the pressing box having a large, lower, refuse charging area and
      a relatively small, upper area within which the platen and toggle
      mechanism are received when the platen is in its withdrawn position; the
      toggle mechanism comprising a pair of opposed, inwardly foldable sets of
      arms mounted adjacent opposed side walls of the box, each set including
      first and second arms foldably joined at their ends and having their other
      ends rotatably joined respectively to the pressing box and platen, the
      first and second arms of the sets being of sufficient length and
      positioned with respect to the other arms so as to extend into positions
      approaching parallel to the vertical box axis when the platen is moved
      downwardly in a long pressing stroke, and being foldable compactly
      inwardly across one another without interference into positions
      approaching normal to the box axis within the upper area of the box as the
      platen is moved to its upper, withdrawn position; the baler including a
      hydraulic cylinder and piston mounted between opposing first arms at
      points spaced from but adjacent the rotatable joints between the first
      arms and the box for extension and retraction in a transverse direction to
      respectively unfold the arms in a long pressing stroke and to fold the
      arms compactly across each other as the platen assumes its withdrawn
      position. .Iaddend. .Iadd. 22. The baler of claim 21 wherein the first
      arms of each set of arms is configured to project generally downwardly
      from its pivotal connection to the box and then generally inwardly at an
      oblique angle when the platen is in its withdrawn position, the hydraulic
      cylinder and piston being attached to the first arms at vertices of the
      oblique angles, whereby the platen easily may be started downwardly from
      its withdrawn position by extension of the piston from the hydraulic
      cylinder. .Iaddend. .Iadd. 23. A baler for baling refuse and the like and
      comprising a pressing box having front, rear, side and bottom walls; a
      pressing platen movable vertically within the box between an upper,
      withdrawn position and a lower, refuse-compressing position; a pressing
      mechanism above the platen and comprising spaced, front and rear pairs of
      opposed, inwardly foldable sets of arms, each set including first and
      second arms foldably joined together at their ends and having other ends
      rotatably secured respectively to the box and platen adjacent a side wall
      of the box, the first and second arms of each set of arms being of
      sufficient length and being positioned with respect to the arms of other
      sets as to fold compactly inwardly across the respective first and second
      arms of opposed sets of arms with the front and rear sets of arms adjacent
      one side wall passing between the front and rear sets of arms adjacent the
      opposed side wall when the platen is moved into its withdrawn position;
      each first arm extending generally downwardly from its pivotal connection
      to the box and thence generally inwardly at an oblique angle for folding
      connection to its associated second arm when the platen is in its
      withdrawn position; the pressing mechanism including a pair of cross
      members respectively joining front and rear arms at the vertices of the
      oblique angles, and a hydraulic cylinder and piston extending transversely
      between the cross members to force the latter apart and together for
      lowering and raising the platen. .Iaddend.
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ABST
PAL  A versatile coin controlled circuit for use in vending and other coin
      operated machines, said circuit including relatively simple means for
      establishing a vend price and for simultaneously controlling the amount
      refunded for each deposit in excess of the vend price. The subject
      improved control circuit also includes novel logic circuitry operable
      under control of coin actuated switches, .[.novel means.].  .Iadd.a novel
      accumulator circuit .Iaddend.for accumulating amounts deposited including
      use of integrated circuits, .[.novel means.].  .Iadd.a novel timing
      circuit .Iaddend.for timing certain circuit and machine operations, and
      novel circuitry in the input, vending, and change pay-out portions of the
      circuit. The subject circuit represents a new generation of coin
      controlled circuits and is simpler and more compact than known circuits
      used for the same or similar purposes, and it contains far fewer parts and
      components.
BSUM
PAR  Many vending control circuits have been devised and constructed heretofore
      including vend control circuits capable of providing price selection,
      refunding of amounts deposited in excess of a selected vend price, and the
      known circuits have also included various electronic and other types of
      accumulator means in their vending and refunding portions. There are also
      known vend control circuits which employ logic circuitry for various
      purposes. No known control circuit, however, includes gate type logic
      circuits which prevent the loss of inputs which may occur due to
      overlapping of the operations of the various of the circuit switches
      including the coin actuated switches, none have included reset means
      similar to those included in the present circuit, none consume as little
      power as the present circuit and none has a simple yet effective means for
      establishing the vend price. The price selection means in the subject
      circuit also include means that automatically establish a proper refund in
      most situations where an amount deposited is in excess of the vend price
      of the selected article.
PAR  As stated, there are numerous known vend control circuits of varying
      capabilities. However, the present control circuit while performing many
      functions performed by known control circuits, constitutes a new
      generation of such circuits which substantially enlarges the operating
      capability and flexibility of such circuits and includes features
      including particularly logic circuit features which are different from
      anything known in the prior art. Several embodiments of the present
      control circuit are disclosed in this specification.
PAR  It is therefore a principal object of the present invention to provide
      improved and more versatile control circuit means for vending and other
      coin controlled machines.
PAR  Another object is to provide improved price selection means for vending
      machines and the like.
PAR  Another object is to provide relatively simple and inexpensive means for
      simultaneously establishing a vend price and a proper refund for every
      deposit which equals or exceeds the established vend price.
PAR  Another object is to provide improved logic circuit means under control of
      impulses produced when coins of various denominations are deposited in a
      vending machine, said logic circuit means including means to make sure
      that a proper amount is entered for each coin deposited, prevent false
      impulses from being produced and entered, initiate a vend and a proper
      payback operation, and perform other circuit functions.
PAR  Another object is to provide a relatively inexpensive yet versatile vend
      control circuit.
PAR  Another object is to substantially reduce the number of circuit components
      required in the construction of a circuit for controlling the operation of
      a vending machine and the like.
PAR  Another object is to teach the construction and operation of a novel
      versatile control circuit using integrated circuit elements.
PAR  Another object is to reduce maintenance and downtime problems in vending
      machines.
PAR  Another object is to provide means to reset a vend control circuit to a
      predetermined reset condition whenever the power thereto is restored after
      an interruption.
PAR  Another object is to teach the construction and operation of a coin
      controlled circuit that can operate to refund nickels and/or dimes.
PAR  Another object is to minimize the possibility of a vending machine being
      out of order for lack of change for refunds.
PAR  Another object is to prevent loss of input signals when the operation of
      several coin switches overlap in time.
DRWD
PAR  These and other objects and advantages of the present circuit will become
      apparent after considering the following detailed specification which
      describes several embodiments of the present control circuit in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic diagram of a control circuit constructed according to
      one embodiment of the present invention;
PAR  FIG. 1A is a block diagram of the circuit of FIG. 1;
PAR  FIG. 2 is a schematic diagram showing a modified embodiment of the present
      control circuit;
PAR  FIG. 2A is a block diagram of the circuit of FIG. 2; and,
PAR  FIG. 3 is a schematic circuit diagram of a typical NAND gate circuit for
      use in the present control circuits.
DETD
PAR  Referring to the drawings more particularly by reference numbers, number 10
      refers generally to a control circuit constructed according to one
      embodiment of the present invention. The circuit 10 has an input portion
      12 which includes coin actuated nickel, dime and quarter switches 14, 16
      and 18, respectively. A cam activated payback switch 20 is also provided
      and is usually located elsewhere in the vending machine near the payback
      motor. The coin switches may be of conventional construction and are
      located in a coin receiving unit which is mounted on the vending machine
      at some convenient location close to or remote from the subject control
      circuit. The coin switches 14, 16 and 18 are connected to input terminals
      of associated logic circuits, and in the circuit as shown in FIG. 1, the
      coin switches when actuated by a coin operate to ground certain gate
      circuit input terminals and to remove the ground connections from others,
      as will be explained. The operation of the logic circuitry associated with
      the coin switches as well as the other circuits will be described in
      detail.
PAR  The nickel coin switch 14 has a movable switch contact which is in its
      normally closed position when engaged with a stationary switch contact 22.
      When activated by a nickel, dime or quarter the movable contact of the
      nickel switch moves out of engagement with the contact 22 and into
      engagement with another stationary contact 24. The movable nickel switch
      contact is connected to ground, the stationary contact 22 is connected to
      one of two inputs of NAND gate 26, and the stationary contact 24 is
      connected to one of three inputs of another NAND gate 28. The gate 26 has
      its output 30 connected to the other input terminal of the gate 28 by a
      lead 32, and output terminal 34 of the gate 28 is similarly
      cross-connected to the second input terminal of the gate 26. In other
      words, the NAND gates 26 and 28 are cross-connected or cross-coupled to
      each other for reasons which will be explained.
PAR  The NAND gates 26 and 28, as well as the other NAND gates included in the
      present circuits, may all be of the same or of a similar construction and
      all operate substantially the same way. It is assumed that the usual types
      of binary inputs and outputs to the various gate circuits are used wherein
      a high voltage input or output signal is considered to be a logical or
      binary 1, and a low or grounded input or output is a logical or binary 0.
      A typical truth table for a two input NAND gate will show that when the
      two inputs are different, that is when one has a logical 0 and the other a
      logical 1, the gate output will have a logical one. If both inputs are
      logical zeros, the output will also be a logical one, but if both inputs
      are logical ones then the output will be a logical 0. This is a standard
      truth table format for a NAND gate and can be expanded to cover NAND gates
      having any number of input terminals. Regardless of the number of input
      terminals, the output will be a logical 0 only when all of the input
      terminals simultaneously have logical ones except when the output is
      pulled down by some other external circuit such as a ground. Some of the
      NAND gates used in the present circuit may have their internal circuitry
      modified for some reason and when this is done it will be explained, but
      even in these cases the truth table information will be the same. A
      typical NAND gate circuit is shown in FIG. 3 and it is not deemed
      necessary to describe its operation in detail since such circuits are well
      known in the art.
PAR  When the nickel switch 14 is actuated so that its movable contact moves out
      of engagement with the contact 22 and into engagement with contact 24,
      contact 22 goes from a logical 0 condition to a logical 1 condition and
      the contact 24 goes from a logical 1 condition to a logical 0. This means
      that the output of the gate 26 which originally had a logical 1 before the
      switch 14 was actuated will not be changed when the switch moves out of
      contact with the terminal 22. However, as soon as the movable switch
      contact engages the contact 24, the gate 28 which up to that time had a
      logical 1 on both inputs and a logical 0 on its output, will be changed so
      that its output will become a logical 1. This is so because the grounding
      of the contact 24 in turn causes a logical 1 to be on both of the inputs
      of the gate 26 and hence changes the output of the gate 26 to a logical 0.
      Up to this point we have only considered what happens to the gates 26 and
      28 when a coin actuates the nickel switch 14.
PAR  The output of the gate 26 is also connected by other leads 36 and 38 to
      input terminals, respectively, of other NAND gates 40 and 42. The NAND
      gate 40 together with another NAND gate 44 are in the logic circuitry
      associated with the dime switch 16 and the gates 40 and 44, like the gates
      26 and 28 are cross-connected or cross-coupled each having one input which
      is connected, respectively, to the normally closed and normally open
      stationary contacts 46 and 48 of the dime switch 16, and the movable
      contact of the dime switch 16 is grounded. The NAND gate 44 has an output
      terminal 50 which is connected to the second input of the gate 40, and the
      output 52 of the gate 40 is connected by lead 54 to the second input of
      the gate 44. The same output terminal 52 is also connected by other leads
      56 and 58, respectively, to a second input of the NAND gate 42 and to one
      of four inputs of another NAND gate 60. The NAND gate 60 is the nickel
      payback logic portion of the circuit 10 and will be described later.
PAR  The NAND gate 40 in the dime logic circuit is modified somewhat by being
      provided with an expander connection which is connected to a grounded
      capacitor 62. The expander connection and the capacitor 62 are provided so
      that when all of the inputs to the gate 40 become logical ones at the same
      time, a delay will occur before the output of the gate 40 can change to a
      logical 0 due to the time required to charge the capacitor 62. This delay
      feature is a safety provision to make sure that the circuit is in its
      proper condition following each actuation of the switch 16 before an
      output is available from the gate 40. The logic circuit associated with
      the dime switch 16 operates in a manner similar to the logic circuit for
      the nickel switch 14 except that acuation of the nickel switch 14, which
      takes place before actuation of the dime switch 16, inhibits the dime
      logic circuit during the time that the nickel switch is operating. This
      same logical zero which is produced when the nickel switch is operating is
      also applied to one of the inputs of the gate 42 in the vend logic
      circuit. The return of the nickel switch 14 to its inoperative condition
      is necessary to condition the dime logic circuit by establishing a logical
      1 on the input thereof that is connected to the output 30 of the gate 26,
      and as stated, is not available until the nickel switch returns to its
      normally closed or inoperative condition.
PAR  The vend logic cicuitry includes four series connected NAND gates 42, 64,
      (or 91), 66 and 68 connected as shown. The inputs to the NAND gate 42, as
      already explained, come from the outputs of the nickel NAND gate 26 and
      from outputs of the dime NAND gate 40. Before any coins are deposited in
      the machine the outputs of both of the NAND gates 26 and 40 will be
      logical ones, and after the nickel anad dime switches have been actuated
      they will both have been changed to logical zeros. When a deposit equals
      or exceeds the established vend price, the gate circuits 42, 64 (or 91),
      66 and 68 will operate to momentarily energize a vend relay circuit 70
      which is shown as including a vend relay coil 72 connected in parallel
      with a diode 74. The vend relay circuit 70 operates contacts at other
      places in the vending machine which cause a vend cycle to take place. The
      construction and operation of the means under control of the vend relay
      which cause a vend operation may be of known construction and are not as
      such parts of the present control circuit.
PAR  The present circuit as shown, can be adjusted to accommodate a 15 cent, a
      20 cent and a 25 cent vend price and it will be apparent that with slight
      modification it can also be made to accommodate other vend prices as well.
      The price selectivity obtainable with the present circuit is also easy to
      obtain simply by setting the positions of two two-position switches as
      will be explained. The price selectivity feature in combination with other
      features including the manner in which the gate circuits operate, the use
      of integrated circuits, the means including the cross-coupling of gates
      which prevent entry of false entries due to noise signals and so forth
      while assuring proper entries, the unique accumulator reset feature, the
      anti-jackpot feature, and the novel way refund and reset operations take
      place, all distinguish the present control means. In connection with the
      refund means it should be noted that all refunds being made by the circuit
      of FIG. 1 are made in the lowest denomination coinage acceptable while the
      embodiment of FIG. 2 makes refunds in either of the two lowest
      denomination coins depending on the amount of each refund. It is also
      significant that the subject control circuit embodiments are designed
      specifically using integrated circuit (ICS) which represents a new
      generation of vending control circuits. Such circuits are relatively
      inexpensive, highly reliable, and can be made very compact and of fewer
      components. For example, practically the entire circuit 10 can be
      constructed of a very few IC chips, some, if not all of which are
      available as off-the-shelf items.
PAR  When using the 15 cents, 20 cent and 25 cent embodiment shown in FIGS. 1
      and 2, the customer can deposit any combination of nickels, dimes or
      quarters to equal or exceed the established vend price, and regardless of
      the order of his deposits he will receive a vend and the correct change,
      if any. It is never possible with the circuits as disclosed, however, to
      require more than two nickels to be refunded, and in some cases only one
      nickel will be refunded. For example, for a 15 cent vend price it is
      possible to deposit one dime and one nickel, three nickels, two dimes, two
      nickels followed by a dme, or a quarter. For a 20 cent vend price the
      deposit possibilities are two dimes, two nickels followed by one dime, a
      nickel followed by two dimes, or a quarter; and for a quarter vend price
      the possibilities include any combination of nickels and dimes or a
      quarter, as well as a nickel or dime followed by deposit of a quarter or a
      deposit of three dimes. The present circuit can accommodate any of these
      deposit combinations for any of the three possible selected vend prices
      and cause a vend operation to take place as well as make a proper refund.
PAR  The present circuit also includes simple means for changing the vend price
      to any of the three named prices using in the circuits as disclosed two
      simple, two position switches 76 and 78 which are preferably simple two
      position slide switches, each having two sets of transferable contacts.
      The price selection switch contacts for the switch 76 are labeled in FIG.
      1 as contacts 76a and 76b, and for the switch 78 are labeled 78a and 78b.
      The switches 76 and 78 are shown with their contacts in the positions they
      are in when set to establish a 15 cent vend price. If the movable contacts
      76a and 76b of the switch 76 are transferred from the positions as shown
      to their alternate positions, the circuit will establish a 20 cent vend
      price; and if the movable contacts 78a and 78b of the switch 78 are
      transferred, leaving the movable contacts of the switch 76 as shown, the
      circuit will establish a 25 cent vend price.
PAR  When coins are deposited in the coin unit on the vending machine, they fall
      on wires which actuate the respective nickel, dime and quarter coin
      switches 14, 16 and 18 momentarily transferring their movable coin switch
      contacts. Nickels, dimes and quarters all will actuate the nickel switch
      14 during movement through the coin unit, dimes and quarters will also
      actuate the dime switch 16, but only quarters will actuate the quarter
      switch 18. Coin units of this general type and having these requirements
      are well known in the vending machine art.
PAR  Whenever the nickel switch 14 is actuated, the NAND gates 26 and 28, which
      have inputs connected to the normally closed and normally open contacts 22
      and 24, respectively, operate together as a set-reset flip-flop and in so
      doing prevent the possibility that switch bounce might adversely effect
      the operation and make an erroneous entry. At the same time, the NAND
      gates 26 and 28 allow a single pulse to be delivered to the accumulator
      circuit indicated generally by number 80 by way of the NAND gate 42. The
      cross connection between the output of the gate 26 and the input to the
      gate 40 described above, also operates to inhibit an output from the dime
      switch 16 at this time from being entered in the accumulator 80 at least
      until after the nickel switch 14 has returned to its normal or nonactuated
      condition which is the condition of the switch 14 as shown. The capacitor
      62 as aforesaid, delays changing the condition of the output of the gate
      40 for some predetermined time interval such as 10 microseconds after the
      nickel switch has returned to its normal deactuated condition. The circuit
      provisions just described prevent false entries due to switch bounce and
      also prevent false entries in situations when both of the switches 14 and
      16 are simultaneously actuated. This assures that proper entries are made
      in the accumulator 80 from the coin unit 12 and that no inputs are lost.
PAR  The accumulator circuit 80 is shown constructed of three similar stages 82,
      84 and 86, each including a j-k flip-flop which is part of an integrated
      circuit (IC). Each stage has a clear (C) input, a transfer (T) input, a
      set (S) input, a Q output, a Q output and j and k inputs. It is to be
      understood that when the state of a binary flip-flop changes, the
      conditions of the outputs at its Q and Q terminals by definition reverse,
      that is if the Q terminal is at binary one and Q terminal is at binary
      zero, these conditions will reverse when the flip-flop is actuated. The
      same is true in the reverse sense. The transfer (T) inputs to the first
      and second stage flip-flops 82 and 84 are connected to the output terminal
      90 of the NAND gate 42, and the clear (C) inputs of all three of the
      flip-flops are connected to a reset circuit which will be described later.
PAR  Entries into the accumulator 80 from the nickel and dime switches 14 and 16
      are made through the gate 42 and are made in a binary form. These entries
      are decoded by the gate 64 and by another companion gate 91 depending on
      the selected vend price as determined by the setting of the switches 76
      and 78.
PAR  For a 15 .cent. vend price with the switches set as shown in FIG. 1, the
      closed side of the switch contacts 78a selects the gate 91 over the gate
      64 for decoding, and the gate 64 has no effect on the operation.
      Furthermore, with switch contacts 76a open, the Q.sub.0 input from
      flip-flop 82 to the gate 91 is disconnected and the open circuit condition
      of this input acts as though it were a binary 1. After two counts or 10
      cents is accumulated in the accumulator 80, either by the deposit of two
      nickels, one dime, or by the deposit of a nickel followed by a dime, which
      has only just cleared the nickel switch 14 but not yet operated the dime
      switch 16, the Q.sub.1 output of the second stage flip-flop 84 will be in
      a binary 1 condition and the Q.sub.2 output of the flip-flop 86 will
      remain at a binary 1 condition. At this time all of the inputs of the gate
      91 except the input that is connected to the output of gate 42 will be
      binary ones. This means that when next the nickel or dime switch 14 or 16
      closes, the output of the gate 42 will go from a binary 0 to a binary 1
      thereby making all of the inputs to the gate 91 simultaneously binary ones
      causing the output of the gate 91 to go to a binary 0. This change is
      applied through the switch contacts 78a and through the NAND gates 66 and
      68 to energize the vend relay circuit 70 to initiate a vend operation. The
      vend relay circuit 70 will remain energized for as long as the last closed
      nickel or dime switch remains closed and thereafter when the nickel or
      dime switch returns to its normal deactivated condition, the output of the
      gate 42 will return to a binary 0 condition, causing the output of the
      gate 91 to go back to a binary 1. This in turn deenergizes the vend relay
      circuit 70. Furthermore, when the gate 91 goes from binary 0 to binary 1,
      the positive transition is coupled through a circuit which includes the
      lead labeled R in the output of the gate 91 to the input of a reset
      circuit which includes series connected capacitor 92 and resistor 94. This
      series circuit is connected to the input of another NAND gate 96 in reset
      circuit 98 and produces a change at output terminal 100 of the gate 96
      which is applied to one of the inputs of another NAND gate 102 in the
      reset circuit 98. This input produces a change at output terminal of the
      gate 102 and at an input of another NAND gate 104 which in turn has its
      output 106 connected to several places in the accumulator circuit
      including to the clear (C) inputs of the flip-flops 82, 84 and 86. When
      the binary one output of the gate 91 on the R lead is coupled through the
      capacitor 92 to the input of the gate 96 it produces a change in the
      states of the gates 102 and 104 and causes the output of the gate 104 to
      go to a binary 0 condition which operates to reset the flip-flops 82, 84
      and 86. Hence, when the circuit as described is set to vend 15 cent items
      and the vend price has been deposited, the circuit will operate to
      energize the vend relay circuit 70 and to clear or reset the accumulator
      flip-flops 82, 84 and 86. Up to this point the description has only been
      concerned with producing a vend and an accumulator clear or reset
      operation. The operation of the refund or payback means, when an amount
      greater than the vend price is deposited, will be described later.
PAR  As stated, it is a simple matter to change the vend price from a 15 cent to
      20 cent by changing the setting of the switch 76 and its contacts 76a and
      76b so that the switch contacts 76a and 76b are closed. In this case the
      setting of the switch 78 does not change. Under these changed conditions,
      the switch contacts 78a still select the gate 91 over the gate 64, and the
      switch contacts 76a control at least in part when the gate 91 produces an
      output for decoding. The gate 64 will still have no effect on the
      operation. With this situation the Q.sub.0 output of the first stage
      flip-flop 82 will be applied as one of the inputs of the gate 91 through
      the now closed switch contacts 76a. The Q.sub.1 output of the flip-flop 84
      will also be applied to an input of the gate 91 as will the Q.sub.2 output
      of the flip-flop 86. After 15 cents has been deposited and accumulated in
      the accumulator circuit 80 the Q.sub.0 output of the flip-flop 82 will be
      in a binary 1 condition, the Q.sub.1 output of the flip-flop 84 will be in
      a binary 1 condition, and the Q.sub.2 output of the flip-flop 86 will also
      be in a binary 1 condition. Hence, after a 15 cent deposit for a 20 cent
      vend price, there will be binary ones on all but the lower input to the
      gate 91 and on the next closure of the nickel or dime switch 14 or 16, a
      binary 1 will also be present on the lower input of the gate 91 causing
      the output of the gate 91 to change from a binary 1 to a binary 0. This,
      in turn, will cause the vend relay control circuit 70 to be energized
      through the gates 66 and 68 as aforesaid, and will also initiate a reset
      operation by a signal present on lead R similar to the reset operation
      described above in connection with a 15 cent vend.
PAR  When the present circuit is set to a 25 cent vend price, the switch 76 will
      be set with its contacts 76a and 76b as a shown in FIG. 1, and the switch
      78 will be set in its alternate position with its contacts 78a and 78b
      moved to their transferred positions from those shown. In this case, the
      switch contacts 78a will be set to select the outputs of the gate 64 over
      the outputs of the gate 91, and the gate 91 will have no effect on the
      operation of the circuit. After 20 cents is deposited and accumulated in
      the accumulator 80 for a 25 cent vend, the output Q.sub.2 of the binary
      flip-flop 86 will be at a binary 1 condition and the output Q.sub.1 of the
      flip-flop 84 will be at a binary 0 condition thereby causing the output
      Q.sub.1 of the same flip-flop to have a binary 1. Under these conditions
      the gate 64 will be set to produce a vend output the next time a signal is
      received from the coin unit through the gate 42 to cause the output of the
      gate 42 to become a binary 1. The operation will be the same as for the
      vend and reset functions described aboe in connection with the 15 cent and
      20 cent vends.
PAR  Whenever the amount accumulated in the accumulator means 80, in nickels and
      dimes, is one nickel less than the vend price and a dime is inserted into
      the coin unit 12, it will be required that the circuit operate to return
      on nickel in change to the customer. With the circuit in the condition
      just described, that is one nickel away from the vend price, regardless of
      the vend price, all of the inputs to the gate circuit 91 or 64 depending
      on the established vend price, except the inputs from the gate circuit 42
      will have logical ones on them. Thereafter, when a dime is deposited it
      will first actuate the nickel switch 14 causing the output of the gate 42
      to go from a logical zero to a logical one causing a vend and a reset
      operation. The vend output signal, as already mentioned, is produced
      whenever there is a logical zero at the output of the gate 91 or the gate
      64. The reset output occurs on lead R when the nickel switch 14 returns to
      its normal or deactivated position which is the position as shown in FIG.
      1. At this time the dime will have left contact with the nickel switch 14
      and will be about to make contact with and actuate the dime switch 16. By
      the time that the dime switch 16 has been actuated, the reset pulse on
      lead R will have been applied to the clear (C) inputs of the counter
      flip-flop circuits 82, 84 and 86 to reset them, and all of the Q outputs
      thereof will now be at binary zeros and the Q outputs will be at binary
      ones.
PAR  Thereafter, when the dime actuates the dime switch 16, it will cause the
      output of the gate circuit 40 to go to a binary 0 condition and this makes
      the output of the gate 42 go to a binary 1. When the dime moves out of
      contact with the dime switch 16, the output of the gate 40 will return to
      a binary 1 condition and this couples a positive pulse, or a momentary
      binary 1 pulse, to the lower input terminal of the gate 60 through a
      circuit which includes capacitor 110 and grounded biasing resistor 112.
      For a short time all of the inputs to the gate 60 including the inputs
      Q.sub.0, Q.sub.1, Q.sub.2 as well as the remaining input will be at binary
      ones because all of the Q outputs of the flip-flop circuits at this time
      have binary ones due to being in their reset conditions. This causes a
      logical zero of relatively short duration to occur at the output of gate
      60, and thereafter also at the set (S) inputs to the flip-flop circuits 84
      and 86. This in turn causes the Q.sub.1 and Q.sub. 2 outputs of the same
      flip-flops 84 and 86 to go to binary ones. The return of the dime switch
      16 to its deenergized condition after the coin has moved by causes the
      output of the gate 42 to return to its binary 0 condition which causes the
      first stage counter flip-flop circuit 82 to change state so that its
      Q.sub.0 output goes to a binary 1 condition.
PAR  Another NAND gate 114 which is in the payback portion of this circuit has
      five separate input connections, one of which is connected to the Q.sub.1
      output of the flip-flop 84, a second to the Q.sub.2 output of the
      flip-flop 86, the third to several different locations in the circuit
      including a connection to the quarter coin switch 18, a connection through
      a diode 116 to the movable contact of the price switch 78b, and a
      connection to the movable contact of the price selection switch 76b.
      Whenever there are binary ones on all three inputs to the NAND gate 114,
      the output of the NAND gate 114 become a binary 0 and energizes the
      payback motor control circuit 118 which includes relay coin 120 connected
      in parallel with a diode 122. When the payback motor circuit is energized,
      it energizes a payback motor (not shown) which operates to return a nickel
      to the customer. Each time the payback motor operates it also rotates a
      cam which actuates the payback switch 20 causing its movable contact to
      move from its normally closed to its normally open position. During
      operation of the switch 20, gate 124 associated therewith has binary ones
      on all of its three inputs, the input at Q.sub.2 being a 1, as explained,
      because this is a necessary condition to initiate a payback operation, it
      being also connected to one of the inputs of the gate 114. This same
      connection also prevents false accumulations in the accumulator 80 when a
      payback operation is taking place under control of external means such as
      an operator's inventory switch (not shown) commonly used to remove
      excessive accumulations from the coin tubes.
PAR  When the payback mechanism completes its cycle, a binary one is again
      present on the output of the NAND gate 124 which gate is cross-coupled to
      the nickel switch gate 28 and operates in conjunction therewith to prevent
      noise and other signal trash produced by the closing of the switch 20 from
      causing errors. Also by cross-coupling the gate 124 to an existing circuit
      gate 28 which is then a shared gate in the manner shown saves the expense
      of providing another gate. The output of the gate 124 is connected to a
      corresponding input of the gate 42 making all the inputs thereto have
      binary ones. This produces a binary 0 at its output and at the transfer
      (T) input of the first stage counter flip-flop circuit 82 and causes all
      of the flip-flop circuits 82, 84 and 86 to return to their reset or binary
      0 states. When this happens, the Q.sub.1 and Q.sub.2 outputs of the
      flip-flops 84 and 86 return to their binary 0 states and this deenergizes
      the payback circuit 118 thereby stopping the payback motor. It is possible
      to produce a payback cycle for each selectable vend price depending on the
      setting of the price selection switches 76 and 78 and operation of the
      quarter coin switch 18. All of these three switches have contacts
      connected to the same input of the NAND gate 114, as described above. Up
      to this point the circuit of FIG. 1 has been described only in connection
      with the deposit of nickels and dimes. Consideration will now be given to
      the operation when a quarter coin is deposited and where the vend price is
      established at 15 cents, at 20 cents and finally at 25 cents.
PAR  When the switches 76 and 78 are set for a 15 cent vend price as shown in
      FIG. 1, the deposit of a quarter actuates the nickel, dime and quarter
      switches 14, 16 and 18 sequentially. The actuations of the nickel and
      dimes switches 14 and 16 leave the flip-flop circuit 84 in its binary 1
      state which means that its Q.sub.1 output will be at binary 1. Thereafter,
      actuation of the quarter switch 18 causes a vend signal to energize the
      vend control circuit 70 by applying a binary 0 to the lower input of the
      NAND gate 66 when the quarter switch 18 is closed. This causes the output
      of the NAND gate 66 to go to a binary 1 and in turn causes the output of
      the NAND gate 68 to go to a binary 0 to initiate the vend cycle. The vend
      control circuit will be energized for the duration of the time that the
      quarter switch 18 remains closed plus an additional time delay that will
      be described later.
PAR  The actuation of the quarter switch 18 also causes a binary 0 to be applied
      to the set (S) inputs of the flip-flop circuits 84 and 86 through a
      circuit which includes the price switch contacts 78b, setting both of
      these flip-flops to binary 1 conditions. When the quarter switch 18 is
      released by the quarter moving out of engagement with the quarter coin
      switch 18, all of the inputs to the gate 114 will have binary ones on them
      and this will operate to energize the payback control circuit 118 which
      then energizes the payback motor in order to return a nickel to the
      customer. The delivery of the first nickel change, causes an input to be
      applied to the first stage flip-flop 82 through a circuit which includes
      the payback switch 20 and the gates 124 and 42 thereby causing all of the
      Q outputs of the flip-flop circuits 82, 84 and 86 to have binary ones on
      them.
PAR  All of the inputs to the NAND gates 114 will still be at binary one at this
      time, two of them being connected respectively to the Q.sub.1 and Q.sub.2
      outputs of the flip-flops 84 and 86 and the third input being connected to
      one of the inputs of the quarter switch 18 which is now open. The same
      circuit is also connected to one input of the gate 66 and to the switch
      78b through the diode 116. Since a 15 cent vend price is established, the
      switch 78b will be in the position show. Under these conditions there will
      still be a binary 1 on the third input to the gate 114 and this will cause
      a second nickel in change to be delivered to the customer. It will also
      cause another pulse to be applied to the first stage flip-flop 82 thereby
      setting all of the Q outputs of the three flip-flop circuits to binary
      zeros and deenergizing the payback control circuit 118 and the payback
      motor. It can be seen therefore that when a quarter is deposited at a time
      when the circuit is set to vend at 15 cents, that two nickels will be
      refunded to the customer and in the process a vend operation will be
      performed and the counter means will be reset to their initial condition
      in preparation for the next operation.
PAR  When a quarter is deposited and the machine is set to vend at 20 cents, a
      vend operation should take place together with a single nickel refund
      operation. For this situation the switch 76, including the switch contacts
      76a and 76b, are in their transferred positions from the positions shown
      in FIG. 1. The quarter deposit again actuates the nickel, dime and quarter
      switches 14, 16 and 18 in that order as in the case of the 15 vend leaving
      the flip-flop 82 and the flip-flop 86 in the binary 0 states the flip-flop
      84 in its binary 1 state after the quarter has left the dime switch 16.
      Thereafter, when the quarter actuates the quarter switch 18, a vend signal
      is delivered as aforesaid and a binary 0 output is fed to the set (S)
      inputs of the flip-flops 84 and 86 through the contacts of the price
      switch 78b. A binary 0 signal is also delivered to the set (S) input of
      the flip-flop circuit 82 through the price switch contacts 76b. All three
      of the flip-flops 82, 84 and 86 are now set to binary 1 outputs and
      thereafter when the quarter releases the quarter switch 18 the payback
      motor circuit 118 will be energized thereby also energizing the payback
      motor to payback one nickel. As the nickel is paid back the cam operated
      payback switch 20 will be actuated and will cause a pulse to be delivered
      to the transfer (T) input of the first stage flip-flop circuit 82 thereby
      causing all of the flip-flops 82, 84, and 86 to be restored to their
      binary 0 output conditions thus preventing reenergization of the payback
      circuit 118 and preventing a section payback operation. Hence it can be
      seen that when a quarter is deposited in the machine at a time when the
      machine is set to vend at a 20 cent price, the machine will operate to
      return one nickel to the customer and will produce the desired vend
      operation.
PAR  When the machine is set to vend at a 25 cent vend price the contacts of the
      price switch 76 are as shown in FIG. 1 and the contacts 78a and 78b of the
      switch 78 are in their transferred positions which are opposite from the
      positions as shown. In this condition, the quarter again actuates the
      nickel, dime and quarter switches sequentially as in other cases, and
      actuation of the nickel and dime switches again causes the flip-flop 84 to
      be set of a binary 1 condition leaving the flip-flops 82 and 86 at binary
      0. Thereafter, when the quarter actuates the quarter switch 18, a vend
      signal is produced but this time a binary 0 is applied to the clear (C)
      inputs of the flip-flops 82, 84 and 86 through the now transferred
      contacts 78b of the switch 78. This resets the three flip-flops and no
      change is paid back.
PAR  In the reset circuit which includes the gates 96, 102 and 104, the lower
      input to gate 102 is shown connected to a parallel circuit which includes
      capacitor 128 and resistor 130. These elements and the associated gates
      form the reset circuit for the subject control means. When no power is
      applied to the subject circuit, the capacitor 128 discharges through the
      resistor 130 and after power is applied the capacitor 128 begins to charge
      through the internal circuit of the gate 102. From the time the capacitor
      128 begins to charge until it reaches a threshold voltage usually in a
      range between from about a volt to 2 or 3 volts, it acts like a binary 0
      connected to the lower input of the gate 102. This makes the output of the
      gate 102 and the input of the gate 104 a binary one. The output of the
      gate 104 then becomes a binary 0 and this is applied to the clear (C)
      inputs of the flip-flops 82, 84 and 86 to reset them. However, when the
      capcitor 128 charges up to a voltage greater than about 2 1/2 or  3 volts,
      the associated input to the gate 102 becomes a binary 1 and remains so
      until power is again removed from the circuit at which time it discharges
      through the parallel connected resistor 130. This feature is important to
      the present circuit because it automatically resets all of the flp-flops
      each time the power is restored to the circuit after it has been
      disconnected or interrupted. This prevents the circuit from retaining a
      count in the counter means 80 when the plug is pulled out or the power
      otherwise interrupted.
PAR  Another improvement feature of the subject circuit is in the transistorized
      coupling means 132 connected between the output of the gate 66 and the
      input to the gate 68. These coupling means include a transistor 134 which
      has its collector electrode connected to the output of the gate 66, its
      emitter electrode connected to the input to the gate 68 and its base
      electrode grounded through a circuit formed by parallel connected
      capacitor and resistor 138. The collector electrode is also connected to a
      positive voltage source through a biasing resistor 140. The coupling means
      132 are included as a precaution against short duration coin switch
      operation by providing some additional time for energizing the vend
      control circuit 70 in addition to the time provided by the closure of a
      coin switch. In the static condition, the input on the gate 68 is held at
      a relatively low voltage condition (binary zero) through the transistor
      134 because of the low voltage on the base electrode thereof. However,
      when the output of the gate 66 goes high it causes the capacitor 136 to
      charge relatively rapidly through a circuit which includes the resistor
      140. This in turn causes the input to the gate 68 to go high because the
      collector is no longer grounded as long as the coin switch is closed.
      Thereafter, when the coin switch reopens the output of the gate 66 will
      return to a low or binary 0 condition but this cannot cause the input of
      the gate 68 to simultaneously become low because of the charge on the
      capacitor 136 which temporarily maintains a relatively high voltage on the
      base electrode of the transistor 134. This condition is maintained until
      the charge is dissipated through the resistor 138. This circuit means 132
      therefore extends the energizing time of the vend circuit for some short
      period after the coin switch has lost control such as for 50 milliseconds
      or so.
PAR  Another improvement to the subject circuit is provided by lead 142 (FIG. 1)
      which is connected between the normally open input connection to the gate
      circuit 44 in the dime coin circuit and one of the inputs to the NAND gate
      circuit 114 which is in the circuit that controls the energizing of the
      refund or payback circuit 118. This connection prevents the payback motor
      from being energized in the event that either the dime or quarter switch
      should remain closed or should short out. This is an anti-jackpot feature
      and as such operates to maintain a binary zero on the associated input of
      the gate 114.
PAR  Another anti-jackpot feature is provided by connection 144 and diode 146
      which are connected between the output of the nickel NAND gate 26 and
      another input, shown as an expander input, to the gate 114. This circuit
      operates the same as the above described circuit but to prevent
      jack-potting should the nickel switch 14 remain closed or short out.
PAR  Another circuit connection 148 is provided between the input to the reset
      gate 102 and the input to the vend control circuit gate 68. This
      connection causes the reset circuit to override any false vend impulses
      that might be caused by momentary power interruptions or transient circuit
      conditions due to line jiggle and other like conditions. This connection
      operates by holding the associated gate 68 input at a low condition until
      the capacitor 128 recharges to a relatively high static condition.
PAR  FIG. 1A is a block diagram of the circuit of FIG. 1 with the blocks named
      and numbered to correspond to the corresponding components in FIG. 1.
PAR  FIG. 2 shows another embodiment of the subject control circuit which is
      similar to the circuit of FIG. 1, but modified in certain respects
      particularly to enable it to refund both nickels and dimes rather than
      being limited to only refunding nickels as is the case in the circuit of
      FIG. 1. There are also other distinguishing features of the circuit of
      FIG. 2 and these will be pointed out in the description which follows.
      Insofar as possible, components in the circuit of FIG. 2 will have parts
      numbers similar to corresponding parts numbers in FIG. 1 but increased in
      each case by "200." For example, the circuit of FIG. 2 includes a coin
      unit and associated circuitry 212 which includes a nickel switch 214, a
      dime switch 216, a quarter switch 218 and a payback switch 220 which is
      operated by a payback motor (not shown). The nickel switch 214 has a
      movable contact which is actuated each time a nickel, dime or quarter is
      deposited as in FIG. 1, and its movable contact moves between a normally
      closed terminal 222 and a normally open terminal 224.
PAR  Before describing the rest of the circuit of FIG. 2 it should be noted that
      it is particularly constructed to vend at 15, 20 and 25 cent vend prices
      and will produce a vend operation whenever an amount deposited equals or
      exceeds the vend price. The circuit will also refund a dime change
      whenever it is set to vend at 15 cents and a quarter is deposited, and it
      will return one nickel whenever two dimes are deposited for a 15 cent
      vend. It will also return one nickel when a quarter is deposited and the
      machine is set to a 20 cent vend price or when a nickel is deposited
      followed by two dime deposits. Also, a nickel will be refunded whenever
      three dimes are deposited for a 25 cent vend price. As will be explained,
      separate means are provided in the circuit of FIG. 2 for refunding dimes
      and nickels. It is also anticipated that the dual coin refund capabililty
      of the circuit of FIG. 2 may prevent the machine from going out of service
      in some cases. Also, the circuit of FIG. 2 is designed so that the vend
      price can be changed by the operator or repair or maintenance person
      simply by having him change the setting of two simple two-position
      switches, preferably slide switches, located inside of the vending machine
      on or adjacent to the subject control circuit in a manner similar to the
      circuit of FIG. 1. The slide switches are shown in the drawing in the
      positions they would be in for establishing a 15 cent vend price, and the
      same combination of switch positions as in FIG. 1 can be used to change to
      the different vend prices. In the circuit of FIG. 2 the refund switch 220
      is also actuated by cam means driven off of the payout motor so that when
      either a nickel or a dime is refunded as the case may be, the payback
      switch will be cam actuated to reset the circuit in a manner similar to
      that described in connection with FIG. 1.
PAR  Referring again to FIG. 2 the normally closed nickel switch contact 222 is
      connected to one of the inputs of a NAND gate 226, and the normally open
      contact 224 is connected to an input of another NAND gate 228. The NAND
      gates 226 and 228 are cross-connected to form a set-reset flip-flop
      circuit which, as in the circuit above, prevents a bouncing nickel switch
      from making false entries into the accumulator circuit. The gate circuits
      244 and 240 perform the same function for the dime switch 216 which has
      its normally closed contact 246 connected as one input to the gate 240 and
      its normally open contact 248 connected as an input to the gate circuit
      244. The gates 240 and 244 are cross-coupled as aforesaid and have output
      terminals 252 and 250, respectively, and the output 252 of the gate 240 is
      connected by lead 254 to one of the inputs of the gate 244. The output 230
      of the gate 226 is also connected to one of the inputs of the gate 240 by
      lead 236 and this connection in combination with capacitor 262 assures
      that unique pulses will be fed to and reach the accumulator circuit
      through a gate 242 even under circumstances where the closing or actuation
      of the nickel and dime switches 214 and 216 may overlap. If the operation
      of the nickel and dime switches overlap by some amount, each pulse
      produced by their separate closures will produce its own separate output
      pulse from the gate 242 due to the action of the capacitor 262 which
      operates to separate the outputs of the gate 242 so that neither pulse is
      lost. This is an important advantage and one which has not been used
      heretofore in any known construction.
PAR  The signals produced by the actuations of the nickel and dime switches are
      registered and accumulated in the accumulator circuit 280 in a normal
      binary fashion, and the outputs of the accumulator 280 are decoded through
      the switch contacts 276a and 278a which are connected in the input
      circuits to the gate 264. When the accumulated value of nickels and dimes
      is 5 cents less than the established vend price as controlled by the
      setting of the switches 276 and 278, the upper two inputs to the gate 264
      will be at logical ones and therefore receipt of the next impulse caused
      by the actuation of the nickel or dime switch will cause the output of the
      gate 242 to become a logical one, and the output of the gate 264 to be
      changed to a binary 0 and remain so for as long as the last actuated coin
      switch remains in its actuated condition. The signal thus produced then
      passes through the gates 266 and 268 to energize the vend control circuit
      270 which includes the relay coil 272 and the diode 274 connected
      thereacross. This in turn energizes the vend circuit which is in the
      vending machine and produces a vend operation.
PAR  The binary 0 output of the gate 264 is also coupled to the reset circuit
      through the lead labeled "R" which is connected to one side of capacitor
      292 in the input of another gate circuit 296 in the reset circuit. This in
      turns feeds other gates 302 and 304, the output of the latter of which is
      applied to reset all of the accumulator flip-flop circuits 282, 284 and
      286. This is accomplished through the connection between the output of the
      gate 304 and the respective clear (C) inputs to the flip-flop circuits. If
      the amount deposited had exactly equaled the vend price as establisihed by
      the setting of the switches 276 and 278, no refund would be required and
      the circuit for causing a vend and being reset would be restored to a
      condition ready for the next vend cycle.
PAR  If the last coin deposited is a dime coin and it is only necessary to
      deposit 5 cents to reach the vend price, then a nickel refund operation is
      required. This condition can occur when two dimes are deposited for a 15
      cent vend and when three dimes are deposited for a 25 cent vend. Other
      combinations such as two nickels followed by a dime for a 15 cent vend or
      four nickels followed by a dime for a 25 cent vend and so on are also
      possible. In the case where two dimes are deposited for a 15 cent vend,
      after the first has passed through the coin unit, two inputs to the gate
      264 operating through the switch contacts 276a and 278a will have logical
      ones on them. When the second dime closes the nickel switch 214, the other
      input to the gate 264 from the gate 242 also has a logical one and this
      causes the output of the gate 264 to go to a binary 0 condition, the
      condition necessary for energizing the vend control circuit 270 to cause a
      vend cycle to take place. When the second dime moves out of engagement
      with the nickel switch 214 the output of the gate 264 will return to a
      high or logical one condition and this will operate to reset the
      accumulator 280 through the reset circuit already described which includes
      the capacitor 292 and the gate circuits 296, 302 and 304. At this time,
      the Q.sub.0, Q.sub.1 and Q.sub.2 outputs of the counter flip-flops are at
      logical zeros and the complementary flip-flop outputs Q.sub.0, Q.sub.1 and
      Q.sub.2 are at logical ones. Immediately thereafter, the dime will actuate
      the dime switch 216 thereby causing the input side of a capacitor 330 to
      go to a binary 0. When the dime thereafter moves out of engagement with
      the dime switch 216 the positive charge on the capacitor 330 is applied to
      one of the inputs of the gate 260 in the nickel payback logic circuit.
      With the Q.sub.0, Q.sub.1 and Q.sub.2 outputs of the flip-flop circuits
      all at binary ones and connected to the respective inputs to the gate 260,
      the output of the gate 260 will be at binary 0 for the duration of the
      pulse from the capacitor 330, and this will set all of the flip-flops of
      the accumulator 280 to binary ones at their Q outputs. This condition is
      decoded by another gate 332 which has its output connected to energize a
      first or nickel payback control circuit 334 which includes refund coil 336
      and diode 338 connected in parallel. When the circuit 334 is energized it
      energizes a nickel payback motor (not shown) which in turn actuates the
      cam operated payback switch 220. As soon as the payback switch 220 is
      actuated it establishes a circuit for charging another capacitor 340 which
      is then connected to a positive source through a biasing resistor 342.
      After the payback motor has refunded a nickel, the payback switch 220
      returns to its deactivated position which is the position shown in FIG. 2,
      and the capacitor 340 then discharges through a circuit which includes
      another resistor 294. In so doing, it supplies a positive pulse to the
      input of the gate 296 which then produces an output which operates through
      the gates 302 and 304 to reset the several stages of the accumulator
      circuit 280. Up to this point consideration has only been given to those
      situations where nickels, dimes or combinations thereof are deposited in
      the vending machine. Under these situations it is never necessary to
      refund more than one nickel in order to reach an established vend price.
PAR  When a quarter is inserted for a 15 cent vend, the nickel and dime switches
      are operated in sequence and the outputs produced are registered in the
      accumulator circuit 280 in the usual manner. This is not necessary for the
      deposit of a quarter, however, because as soon as the quarter actuates the
      quarter switch 218 the lower input terminal to the gate circuit 266 (FIG.
      2) is grounded and goes to a binary 0 thereby also enabling the gate 268
      to energize the vend control circuit 270 and cause a vend cycle to take
      place. In other words, the deposit of a quarter more directly initiates a
      vend through operation of the gates 266 and 268 than for the situations
      described above. With the vend price selection switches 276 and 278 in the
      positions shown in FIG. 2 which are their positions to establish a 15 cent
      vend price, the closing of the quarter switch 218 applies a binary 0
      condition through the price switch contacts 278b and diode 346 to all of
      the set (S) inputs of the accumulator flip-flop. This causes the Q.sub.0,
      Q.sub.1 and Q.sub.2  outputs to become binary ones, two of which are then
      applied to associated inputs to the gate 332 which is in the circuit to
      energize the nickel payback motor control circuit 334. The same signal is
      also applied through the switch contacts 278b and 276b to the set input
      terminal of another flip-flop circuit 348 causing it to have a binary one
      on its Q.sub.3 output. Thereafter, when the quarter switch 218 is released
      by the quarter and returns to its deactivated condition, both of the
      inputs of another gate 350 will have binary ones on them and this will
      cause the gate 350 to energize another payback circuit 352 which is the
      dime payback circuit and includes coil 354 and parallel connected diode
      356. The closing by actuation of the quarter switch 218 also places a
      binary 0 on the middle input (FIG. 2) to the gate 332 and this has the
      effect of preventing the nickel payback circuit 334 from being energized
      until after the quarter switch 218 has been released and its contacts
      reopened. When this happens the circuits 334 and 352 will be energized
      simultaneously and thereafter released. The situation in which both the
      circuits 334 and 352 are simultaneously energized causes a dime to be paid
      back instead of a nickel, and this is under control of mechanical parts of
      the coin changer mechanism which are not part of the present invention but
      which can be energized only by the simultaneous energizing of the circuits
      334 and 352. During the dime payback operation the payback switch 220 is
      actuated by a cam under control of the payback motor, as before, and this
      again causes the charge which is established on the capacitor 340 to be
      discharged through the resistor 294 in order to reset the flip-flops 282,
      284 and 286. The same signal also resets the flip-flop 348 to thereby
      deenergize the payback mechanism.
PAR  When the price switches 276 and 278 are set to establish a 20 cent vend
      price, the switch contacts 276a and 276b are moved to their alternate or
      transferred positions from those shown in FIG. 2 and the switch contacts
      278a and 278b remain as shown. Under these circumstances operation of the
      quarter coin switch 218 causes a vend to take place as in the above case,
      and in the process sets all of the stages of the accumulator circuit 280
      to binary ones. This takes place through a circuit which includes the
      switch contacts 278b and the diode 346 in the manner already described.
      The binary ones on the output Q.sub.1 and Q.sub.2 terminals of the
      flip-flops 284 and 286 are applied to the gate 332 and also as before the
      other input terminal to the gate 332 is under control of the quarter
      switch 218. Therefore, when the quarter switch 218 is released as the
      quarter moves past, the payback circuit 334 is energized and energizes the
      payback motor. However, with the price switch contacts 276b now open
      instead of closed in view of the established 20 cent vend price, the
      Q.sub.3 output of the flip-flop circuit 348 can no longer go to a binary
      one condition to energize the circuit 352 and only a nickel payout
      operation can take place. This is because, as stated above, both of the
      circuits 334 and 352 must be simultaneously energized to produce a dime
      payout, and under the situation just described only the circuit 334 is
      energized and not the circuit 352.
PAR  When the machine is set to vend at a 25 cent price, the switch contacts
      278a and 278b are transferred from the conditions shown in FIG. 2 and the
      contacts 276a and 276b are as shown. For this condition, the vend takes
      place as before but now when the quarter switch 218 is in its transferred
      or actuated condition the pulse produced passes through the normally open
      side of the switch contacts 278b and through a diode 358 to the clear (C)
      inputs of the flip-flop circuits 282, 284, 286 and 348 to reset them.
      Inasmuch as no change is required for the deposit of a quarter when the
      vend price is 25 cents, after the vend operation is completed and the
      reset takes place, the circuit is in condition for another operating
      operation cycle.
PAR  The only portion of the circuit of FIG. 2 that has not been described is
      the second input circuit to the gate 302 in the reset circuit 298. This
      circuit includes a capacitor 324 and a resistor 326 and is provided to
      form an initial reset circuit which causes all of the flip-flop circuits
      to go to an initial reset condition when power is applied as is also true
      of the similar parts of the circuit of FIG. 1. Further explanation of this
      feature is not required.
PAR  It is also contemplated in the construction of FIG. 2 to include
      anti-jackpotting features similar to those included and described in
      connection with FIG. 1 and also to include a transistorized coupling
      circuit between the gates 266 and 268 in the vend control circuits to
      extend the time duration that the vend control circuit 270 is energized.
      Noise immunity can also be achieved by adding capacitors at various
      locations similar to those included in FIG. 1 and in some cases also to
      prevent premature reset.
PAR  FIG. 2A is a block diagrma of the circuit of FIG. 2 with the blocks named
      and numbered to correspond to the corresponding components of FIG. 2.
PAR  FIG. 3 shows a NAND gate of the type used in much of the circuitry of FIGS.
      1 and 2. The NAND gate of FIG. 3 may be of a more or less well known
      construction and operates in a manner typical of such circuits and it is
      not deemed necessary to describe the NAND gate circuit and its operation
      in detail except to note that it may have one but it usually has more than
      one input terminal such as the terminals A and B and an output terminal C.
      Included in FIG. 3 is a typical truth table for a NAND gate wherein the
      symbol 0 represents a binary 0 condition and the symbol 1 represents a
      binary 1. While the NAND gate shown in FIG. 3 is a typical NAND gate
      various modifications of this circuit are possible and can be used, and it
      is contemplated to use certain of the modifications for some of the NAND
      gates. For example, buffer NAND gates which are similar to the gate of
      FIG. 3 but modified to be used to drive a large number of other gates or a
      capacitor circuit are contemplated for some of the gates, and power NAND
      gates which are modified to be able to handle greater output current
      variations can also be used. Well known expander gate input connections
      for some of the NAND gates can also be incorporated in certain of the
      gates including particularly the gates which accommodate the attachment of
      additional input diodes. The additional inputs to expander gates are
      usually made externally and increase the number of available inputs.
PAR  The accumulator flip-flop stages employed in the present circuits can also
      be of known construction preferably being constructed using integrated
      circuit chips. For example, the flip-flops can be gated j-k flip-flop
      circuits of a commercially available construction and it is not deemed
      necessary to describe them or their operation in detail for a full
      understanding of the present invention.
PAR  Thus there has been shown and described several embodiments of a novel
      control circuit for use on vending machines and the like which circuits
      fulfill all of the objects and advantages sought therefor. Many changes,
      modifications, variations and other uses and applications of the present
      circuit will, however, become apparent to those skilled in the art after
      considering this specification and the accompanying drawings. All such
      changes, modifications, variations and other uses and applications which
      do not depart from the spirit and scope of the invention are deemed to be
      covered by the invention which is limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a control circuit for a vending machine having a coin unit capable of
      accepting coins of more than one denomination and including a plurality of
      coin switches one of which is actuatable by all acceptable coins, a second
      of which is actuatable only by coins greater in value than the lowest
      acceptable denomination, the improvements comprising means to prevent
      false entries due to faulty coin switch operation including a first pair
      of NAND gates each having an input operatively connected to the first coin
      switch, means cross-connecting another input of each of the gates of said
      first pair to the output of the other gate of said first pair of NAND
      gates, a second pair of NAND gates each having an input operatively
      connected to the second coin switch, means cross-connecting a selected one
      of the inputs of each of the NAND gates of the second pair of NAND gates
      to the output of the other gates of said second pair, and means connecting
      the output of one of the gates of said .[.second.]. .Iadd.first
      .Iaddend.pair to one of the inputs of said .[.first.].  .Iadd.second
      .Iaddend.pair whereby outputs of said .[.second.]. .Iadd.first
      .Iaddend.pair are applied to the input of said .[.first.]. .Iadd.second
      .Iaddend.pair.
NUM  2.
PAR  2. A coin controlled circuit for use on vending machines and like devices
      which have coin units capable of accepting coins of at least two different
      denominations and including first and second coin actuated switches one of
      which is actuatable by the deposit of each coin of the lowest acceptable
      denomination, both said first and said second coin actuated switches being
      actuated in sequence by the deposit of coins of higher value, said circuit
      comprising a first pair of gate circuits associated with the first coin
      switch each of which includes at least two inputs and an output connection
      means cross-connecting selected input connections of each of said first
      pair of gate circuits to the outputs of the other of said pair, a second
      pair of gate circuits associated with the second coin switch, each of the
      gate circuits of said second pair having at least two inputs and an output
      connection, means cross-connecting a selected one of the inputs of each of
      said second pair of gate circuits to the output of the other of said pair,
      means connecting an output of one of said pair of gate circuits to an
      input of the other of said pairs, a pair of two position price selection
      switches the combined settings of which establish a desired one of three
      possible vend prices, accumulator means operatively connected to selected
      outputs of the first and second pairs of gates to respond to changes in
      the conditions thereof when coins are deposited to accumulate an amount to
      represent the value of coins deposited in the coin unit during each vend
      operation, other means operatively connecting said two position price
      selection switches to the selected outputs of said first and second pairs
      of gates and to the accumulator means, means energizeable to initiate a
      vend operation whenever the amount accumulated in the accumulator means at
      least equals the established vend price, and means for resetting the
      accumulator means simultaneously with the initiation of a vend operation.
NUM  3.
PAR  3. The coin controlled circuit defined in claim 2 including means
      energizeable to refund amounts deposited in excess of the vend price, said
      refund means including a refund gate circuit having a plurality of input
      connections at least one of which includes an operative connection to the
      accumulator means, another of which includes an operative connection to
      one of the output connections of said first and second pairs of gates,
      said refund means including means to refund coins of the lowest acceptable
      denomination.
NUM  4.
PAR  4. The coin controlled circuit defined in claim 2 including means
      energizeable to refund amounts deposited in excess of the vend price, said
      refund means including first and second refund gates circuits each having
      a plurality of input connections and an output connection, at least one of
      the input connections to the first refund gate circuit having an operative
      connection to the accumulator means and at least one other input
      connection thereto being operatively connected to the output of one of
      said first and second pairs of gates, a refund accumulator having a first
      input connection to the accumulator means, a second input connection to
      one of the outputs of the first and second pair of gates, and an output
      connection operatively connected to an input connection to said second
      refund gate circuit, energizing of the first refund circuit only causing
      refund of a coin of the lowest acceptable denomination, and simultaneous
      energizing of the first and second refund gate circuits causing refund of
      a higher value coin.
NUM  5.
PAR  5. Improvements in means for controlling the operations of a vending
      machine that includes a coin unit capable of accepting coins of more than
      one different denomination and producing output responses to represent the
      value of each coin deposited, accumulator means for totaling up the value
      of coins deposited in the coin unit during each vend operation, vend
      producting means causing a vend to take place whenever an amount
      accumulated in the accumulator means at least equals an established vend
      price, and a payback control energizeable to refund coins equal to any
      amount deposited in excess of the established vend price, the improvements
      comprising gate circuit and means coupled between the coin unit and the
      accumulator means, said gate circuit means including at least two
      cross-coupled NAND gates each having at least one input connected to
      receive responses produced when coins of a selected denomination are
      deposited in the coin unit and an output operatively connected to the
      accumulator means, a third NAND gate operatively connected to control the
      energizing of the vend producing means, said third NAND gate having a
      plurality of input connections and an output connection, means operatively
      connecting selected locations in the accumulator means to selected inputs
      of said third NAND gate, means for applying outputs from said
      cross-coupled NAND gates produced when coins are deposited in the coin
      unit to at least one of the inputs to the third NAND gate, an output being
      produced on the output connection of said third NAND gate to initiate a
      vend operation whenever all of the inputs thereto are simultaneously in a
      predetermined condition.
NUM  6.
PAR  6. The improvements defined in claim 5 wherein the accumulator means
      include a plurality of serially connected bi-stable j-k flip-flops, each
      capable of being in a set or a reset condition.
NUM  7.
PAR  7. The improvements defined in claim 5 wherein the payback control includes
      a payback NAND gate having a plurality of input connections and an output
      connection, means connecting one of the input connections to the payback
      NAND gate to means in the accumulator means, means connecting another one
      of said connections to a preselected location in the coin unit, an output
      signal for initiating a payback operation being present on the output
      whenever all of the input connections are simultaneously at a
      predetermined condition.
NUM  8.
PAR  8. The improvements defined in claim 5 including means to prolong the
      duration of the output from the third NAND gate.
NUM  9.
PAR  9. The improvements defined in claim 5 including accumulator reset means,
      said reset means having an input operatively connected to respond to the
      outputs from the third NAND gate and an output connected to the
      accumulator means.
NUM  10.
PAR  10. The improvements defined in claim 9 wherein said reset means includes
      other means to reset the accumulator means whenever power is initially
      applied to the vending machine and to the improvements thereto.
NUM  11.
PAR  11. The improvements defined in claim 5 including means for establishing a
      vend price including a price selection switch having at least one contact
      connected in the circuit to one of the plurality of the input connections
      to said third NAND gate.
NUM  12.
PAR  12. The improvements defined in claim 11 wherein said third NAND gate is
      connected in parallel with a fourth NAND gate, said price selection switch
      having contacts which operate to select between operation of the third and
      the fourth NAND gates.
NUM  13.
PAR  13. The improvement in claim 11 wherein the payback control includes means
      for selecting between the refund of coins of different denominations
      including first and second payback NAND gates and respective first and
      second payback means in the vending machine under control thereof, said
      first payback NAND gate having a plurality of input connections at least
      one of which is connected to a preselected location in the accumulator
      means and at least one of which is operatively connected to a preselected
      location in the coin unit, said second payback NAND gate having a
      plurality of input connections at least one of which has an operative
      connection to the same preselected location in the coin unit as the first
      payback NAND gate, said one input connection being under control of the
      setting of the price selection switch, and second bi-stable accumulator
      means having an input operatively connected to the coin unit under control
      of the setting of the price selection switch and an output connection to
      one of the input connections of said second payback NAND gate.
NUM  14.
PAR  14. Improvements to circuits to control the operations of vending machines
      that have coin receiving units capable of accepting coins of more than one
      denomination, said coin units having a plurality of coin switches
      corresponding respectively to the value of each acceptable coin
      denomination, accumulator means for accumulating the value of coins
      deposited in the coin unit during a vending operation, means for
      establishing a selected vend price for the vending machine, means to
      initiate a vend operation whenever an amount deposited at least equals the
      established vend price, means to refund amounts deposited during a vending
      operation in excess of the established vend price and means for resetting
      the accumulator means to a predetermined reset condition whenever an
      amount deposited at least equals the established vend price, the
      improvements comprising means associated with at least two of the coin
      switches in the coin unit to prevent the possibility that faulty coin
      switch operation will be able to make false entries into the accumulator
      means said means including a pair of crosscoupled NAND gates associated
      with each of said two coin switches each having an operative connection to
      the associated coin switch, each of said NAND gates having input and
      output connections and producing an output response at its output
      connection whenever a coin actuates the associated coin switch, means
      connecting the output of one of said pair of cross-coupled NAND gates to
      an input to the other pair of cross-coupled NAND gates, other means to
      prevent the vending machine from jackpotting due to faulty operation of
      one of the coin switches, said anti-jackpot means including a circuit
      connection between one of the cross-coupled NAND gates associated with the
      coin switch and the refund means, a refund switch actuatable whenever an
      amount deposited in the coin unit exceeds the established vend price, and
      a pair of cross-coupled NAND gates operatively connected to the refund
      switch.
NUM  15.
PAR  15. The improvements defined in claim 14 wherein one of said coin switches
      is a nickel switch, one is a dime switch, and one is a quarter switch,
      said nickel switch being actuated by the deposit of each nickel, dime and
      quarter in the coin unit, said dime switch being actuated by the deposit
      of each dime and each quarter, and the quarter switch being actuated by
      the deposit in the coin unit of each quarter only.
NUM  16.
PAR  16. The improvements defined in claim 14 wherein the accumulator means
      includes a plurality of j-k flip-flop circuits each capable of being in
      one of two distinct operating states, said j-k flip-flops being
      constructed as parts of an integrated circuit.
NUM  17.
PAR  17. The improvements defined in claim 14 wherein the means for establishing
      the vend price include a plurality of two position switches operatively
      connected to the accumulator means, the refund means and the coin
      switches, the combined settings of said two position switches establishing
      the vend price.
NUM  18.
PAR  18. The improvements defined in claim 14 wherein said refund means include
      gate circuit means operatively connected to the accumulator means and the
      coin switches in the coin unit, said gate circuit means including means
      operable to select between refunding coins of two different denominations.
NUM  19.
PAR  19. The improvements defined in claim 14 wherein at least one of the
      circuit NAND gates includes an expander input connection.
NUM  20.
PAR  20. The improvements defined in claim 14 wherein at least one of the
      circuit NAND gates includes means connected thereto for delaying its
      operation.
NUM  21.
PAR  21. The improvements defined in claim 14 including means associated with at
      least one of the circuit NAND gates to extend the operating time duration
      thereof.
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ABST
PAL  The specification describes a valve assembly for and a method of
      manufacturing a pressurized spraying container. The body of the valve is
      provided with an external tubular extension or sleeve in which is
      temporarily located the valve member. The sleeve is used to guide fluid
      under pressure into the container and may also be used during the blow
      molding of the container. When the container is filled, the valve member
      is forced through the sleeve into engagement with its valve seat, where it
      is retained by an already positioned spring, and the sleeve is detached.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my application Ser. No. 3,817,818, filed
      Apr. 21, 1969 and now U.S. Pat. No. 3,605,791 issued Sept. 20, 1971.
PAR  The present invention relates to a .Iadd.re-issue of U.S. Pat. 3,694,534,
      issued Sept. 26, 1972, matured from U.S. Pat. application Ser. No. 87,362,
      which is a .Iaddend.valve assembly and a method of filling a pressurized
      spraying container of the type presently known as "aerosol sprays."
PAR  In particular, the invention is concerned with a valve permitting the
      filling of the container, and also permitting the blow molding of the
      container if the latter is formed of thermoplastics material.
PAR  It has already been proposed to form a valve which permits the container to
      be filled and also permits blow molding of the container through the valve
      body. In this construction, the nozzle of the valve is placed in position
      after the blow molding and preferably after the filling of the container.
PAR  According to the present invention, there is provided a valve assembly for
      pressurized spraying containers, such assembly comprising a valve body
      having a passageway therethrough, an annular valve seat within said
      passageway, a detachable sleeve mounted on said body and coaxial with said
      passageway, a valve member releasably located by retainers within said
      sleeve, movable therefrom into said passageway and beyond said valve seat
      to form an openable seal on said valve seat, and openings in said
      retainers to permit the free passage of fluid under pressure, past said
      valve member into said passageway, when the valve member is held in the
      sleeve by the retainers.
PAR  With such a construction, it is possible to insert an injection tube for
      supplying a material to be filled into the container, into the detachable
      sleeve, the valve member being located therein. Thus, if the valve is
      mounted in the container already, it is easy to inject the material into
      the container.
PAR  According to a further aspect of the present invention therefore there is
      provided a method of manufacturing a filled pressurized spraying container
      in which the valve assembly of the invention is mounted in a container,
      with the valve body sealed to the container walls, and a passageway
      communicating with the container interior, fluid being injected through
      the sleeve, past the valve member, through the openings and passageway and
      into the container interior, the valve member then being forced from the
      sleeve into the passageway beyond the valve seat to seal on the valve
      seat, the sleeve then being detached from the valve body.
PAR  If it is desired to blow mould the container itself, the valve assembly is
      first introduced into a parison in an open blow mold, the blow mold is
      closed to seal the parison onto the valve body, blowing fluid is injected
      through the sleeve, past the valve, through the openings and passageway,
      into the interior of the parison, to blow mould a container. Next the
      container is filled as above said, and the valve member is forced from the
      sleeve into the passageway beyond the valve seat to seal on the valve seat
      and the sleeve is then detached from the valve body.
PAR  In order that the invention may more readily be understood, the following
      description is given merely by way of example, reference being made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary cross-section through one embodiment of valve
      assembly according to the invention, shown positioned in the neck of a
      container;
PAR  FIG. 2 is a view similar to FIG. 1 of a second embodiment of assembly
      according to the invention;
PAR  FIG. 3 is a fragmentary view illustrating a modification of the
      construction of FIG. 2;
PAR  FIG. 4 is a fragmentary section through a modified form of the valve
      member;
PAR  FIG. 5 illustrates the valve member of FIG. 4 in place in its valve body;
PAR  FIG. 6 illustrates a further embodiment of valve assembly; and
PAR  FIG. 7 is a similar view illustrating a valve assembly according to the
      invention secured in the neck of a metal container.
DETD
PAR  Referring to FIG. 1 of the drawings, there is illustrated a pair of blow
      mold halves 10 and 11, in the closed position, these being movable to an
      open position by movement in the direction of the two arrows. Located
      within the mould halves in a parison which has been blow moulded to the
      shape of a container. Secured in the neck 12 of said container during
      molding is a valve body 13 which includes an upper part 14 and a lower
      part 15. It will be appreciated that in the Figure the whole assembly is
      shown in its actual inverted position.
PAR  A passageway 16 extends through the body 13 and this includes a widened
      portion 17, which accommodates a spring 18 and an annular resilient valve
      seat member 19. An extension 20 to the body, which is connected to the
      passageway 17, serves to support a dip tube 21, intended to extend into
      liquid to be contained within the container (of which only the neck
      portion is shown) when the filled container is in the upright position.
PAR  Integral with the upper member 14 of the valve body is a sleeve 22 which is
      only connected to the upper member by a thinned zone 23. The sleeve
      includes a widened portion 24 in which are located parallel spaced apart
      axially extending fingers 25 having, at their free ends, radially inwardly
      extending lugs 26.
PAR  Supported by the lugs 26 is a valve member 27 having an annular portion 28
      which nerves, finally, as will be described later, to abut the annular
      valve seat 19, to close the valve. The valve member has a thickened
      portion 29 which is of substantially the same diameter as the portion of
      the passageway 16 in the upper part 14 of the valve body to guide the
      latter, and at its upper end the valve 27 is formed with a slightly
      narrower portion 30. As can be seen, a blind bore 31 extends axially along
      a substantial part of the valve 27 and is connected to the exterior by an
      orifice 32. The space 33 between the fingers 25 is sufficient to
      accommodate both the annular portion 28 and the thickened portion 29 on
      the valve 27, when the latter is subsequently moved longitudinally of the
      sleeve 22.
PAR  An annular projection 34 on the outer surface of the sleeve 22 is
      positioned to be held by grippers 35, associated with the moulding
      apparatus, and a shoulder 36 is arranged to be supported on a support 37.
PAR  The blowing tube 38 is arranged so that a cup 39 at the end thereof extends
      within the sleeve 22 and is engaged by the portion 30 of the valve member
      27. An axial blind bore 40 in the tube communicates with the interior of
      the sleeve 22 by way of lateral orifices 41.
PAR  In order to guide the tube 38 axially, the tube is surrounded by a guide
      tube 42 having a internal lining 43 formed of a self-lubricating polymer,
      such as polytetrafluoroethylene. At its end, the guide tube is provided
      with an annular seal 44 secured by a clamping ring 45, while the free end
      of the sleeve 22 is tapered at 46 to seal on the ring 44.
PAR  In use of the above described assembly, the sleeve 22 is mounted so that
      the shoulder 36 engages on the top of the support 37, with the portion 30
      of the valve member 22 located in the cup 39 on the tube 38. This
      arrangement is positioned below an extruder for producing a tubular
      parison. With the mould halves 10 and 11 open, a suitable parison is
      extruded and the mould halves are closed to the position illustrated in
      the Figure, so that the neck 12 of the parison is clamped into engagement
      with the annular ribs and grooves formed on the outer surfaces of the two
      valve body members 14 and 15. The position of the various components is
      then as illustrated in FIG. 1 and the gripping members 35 are moved to
      engage the annular projection 34.
PAR  Blowing fluid is injected through the tube 38 and passes out through the
      lateral orifices 41 into the sleeve and then through the openings between
      the fingers 25 to pass into the passageway 16, into the enlargement 17
      thereof, into the dip tube 21 and thence into the parison. The presence of
      the fluid expands the parison to the shape of the mold halves to form a
      container, e.g., a bottle. Then the fluid with which it is intended to
      fill the thus formed container may be injected until the container is
      filled.
PAR  Subsequently, the tube 38 is moved axially, upwardly as seen in FIG. 1, and
      takes with it the valve member 27 which is guided by the fingers 25. The
      valve member continues to move forward and passes through the annular
      valve seat 19, which is sufficiently resilient to permit this, and abuts
      the spring 18 in the enlarged portion 17 of the passageway.
PAR  The tube 38 may then be withdrawn, leaving the valve member 27, so that the
      enlarged portion 28 thereof is engaged above the valve seat 19, and is
      urged thereagainst by the spring 18. The sleeve 22 may then be detached
      from the valve body 13 cutting at the thinned zone 23.
PAR  The thinner portion 30 of the valve member 27 will then project beyond the
      free surface of the valve body 13, and a spray cap (not shown) can be
      fitted thereon. The filled container is then ready for use, depression of
      the spray cap removing the annular portion 28 from the valve seat to allow
      fluid to escape via the orifice 32 and the bore 31 in the valve member.
      When the cap is released, the spring 18 will again urged the annular
      portion 28 to close the valve.
PAR  It will be appreciated that with the contruction described it is easy to
      fill and/or to form the container rapidly, since the free passage for
      fluid through the various components is considerable. After this has been
      done it is relatively easy to fit the valve member into the valve body. If
      the blow moulding is not to be followed by filling on the same apparatus,
      the tube 38 may be integral with the tube 42, since it does not have to
      push the valve member beyond the valve seat.
PAR  FIG. 2 illustrates a construction which is generally similar to that of
      FIG. 1, and like parts have been given like reference numerals with the
      addition of the letter A. The main difference of the embodiment of FIG. 2
      from that of FIG. 1 is that the fingers 25A do not have the radially
      inwardly extending lugs 26A thereon. Radially inwardly extending lugs 26A
      are however formed on a ring member 47, integral with the valve member 27A
      and which is retained against axial displacement by a shoulder 48 on the
      sleeve 22A.
PAR  FIG. 3 illustrates a similar construction in which a ring 47B has its outer
      surface double tapered to provide a rib 49 which engages in a
      corresponding annular V-section groove in the sleeve 22B.
PAR  FIGS. 4 and 5 show a similar ring 47C with a valve 27C formed integrally
      therewith. The lugs 26C are integral with both the ring 47C and the valve
      member 27C, a weakening 50 being formed in each lug adjacent the valve
      member. With such a construction a pusher-cutter arrangement, similar to
      the cup 39 of FIG. 1, first presses against the lugs 26C, so that these
      lugs are cut at the weakening, and then forces the valve 27C through the
      resilient annular valve seat 19C (FIG. 5) until it is engaged by the
      spring 18C in the chamber 17C. A composite spray head-nozzle 60 is then
      inserted as shown and is then depressible to a position in which an
      orifice 61, corresponding to orifice 32 of FIG. 1, is within the chamber
      17C, to permit fluid under pressure to discharge.
PAR  In the construction of FIG. 6, the sleeve 22E is formed in two parts, one
      part having radially inwardly extending spaced apart parallel axial ribs
      52. The other part 51 is provided with the spider 53 which serves to
      support the valve member 27E. The surfaces 54 and 55 of the part 51 and
      the part 22E of the sleeve are correspondingly shaped to engage in one
      another in a sealing tight manner. Such a part 51 may be reused many
      times.
PAR  The construction of FIG. 7 is extremely similar to that of FIG. 2. In this
      construction, however, the container is not a blow molded thermoplastic
      container, but an already formed metallic container 56 such as a can,
      provided with a closure member 57. The valve body in this construction
      includes a thermoplastic portion 13F and a recessed part 58 of the lid 57.
      Between these components is inserted a spring 18F and an annular valve
      seat member 19F. The sleeve 22F which is integral with the part 13F of the
      valve body, accommodates a ring 47F to support the valve member 27F. In
      this construction the valve assembly is inverted, since it is not
      necessary to extrude the parison downwardly.
PAR  It will be appreciated that a thermoplastic container may be used other
      than the one which is blow moulded in the manner indicated, with a valve
      assembly according to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of manufacturing a filled, pressurized spraying container,
      comprising the steps of:
PA1  a. forming a valve assembly comprising, in combination:
PA2  aa. a valve body;
PA2  bb. means defining a passageway through said valve body;
PA2  cc. an annular valve seat within said passageway;
PA2  dd. a detachable sleeve mounted on said body externally thereof and coaxial
      with said passageway;
PA2  ee. a valve member releasably located within said sleeve;
PA2  ff. retaining means locating said valve member in said sleeve; and
PA2  gg. means defining openings in said retaining means;
PA1  b. providing a container;
PA1  c. mounting said valve assembly on said container, with said valve body
      sealed thereto and said passageway communicating with the container
      interior;
PA1  d. injecting filling fluid through said sleeve, past said valve member,
      through said openings and said passageway, into said container interior;
PA1  e. forcing said valve member from said sleeve into said passageway beyond
      the valve seat to form an openable seal on said valve seat; and
PA1  f. detaching said sleeve from said valve body.
NUM  2.
PAR  2. A method of manufacturing a filled, pressurized spraying container as
      claimed in claim 1, wherein said container is provided and said valve
      assembly is mounted thereon by the steps of mounting a parison in an open
      blow mold; introducing said valve assembly into said parison; closing said
      blow mold to seal said parison on said valve body; and injecting blowing
      fluid through said sleeve, past said valve member, through said openings
      and passageway, into the interior of said parison effective to blow mold
      said container.
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PAL  The invention relates to an X- and Gamma-ray sensitive image
      intensification tube for use in a so-called gamma camera or the like,
      which tube preferably has a single crystal input phosphor.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  1. Application Ser. No. 578,617, filed Sept. 12, 1966, by Carl W. Hansen
      under the title "Method and Apparatus for Producing an Amplified Image of
      the Distribution of Gamma Radiation or the Like."
PAR  2. Application Ser. No. 594,083, filed Nov. 14, 1966, now U.S. Pat. No.
      3,543,384, by Carl W. Hansen under the title "Collimators and Methods of
      Collimator Fabrication."
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Radioactive isotopes are used in a variety of medical diagnostic
      techniques. With some of these techniques, a radioactive isotope is
      administered to the patient. Later, a study is made of the distribution
      and concentration of the isotope in the patient. This type of study is of
      benefit in diagnosing tumors and other ailments.
PAR  Prior to this invention and the gamma camera of the first referenced
      copending application, scintillation scanners were used in the usual
      techniques employed for the visualization of the spatial distribution of
      the radioactive material selectively absorbed in the tissues of the
      subject. In the usual scintillation scanning technique, a scintillation
      probe is moved along a series of parallel paths over the portion of the
      subject's anatomy that is being studied. Radiation from an administered
      radioactive isotope causes the probe to impart electrical impulses to a
      recording apparatus. This recording apparatus produces a graphic image of
      the spatial distribution of detected radiation. Typically, images are
      produced on paper by various types of recorders and on film by techniques
      known in the art such as those disclosed in U.S. Letters Pat. No.
      3,159,744, entitled "Scintillation Scanner Photorecording Circuit" and
      U.S. Letters Pat. No. RE 26,014 entitled "Scintillation Scanner."
PAR  Because the probe is moved along these parallel paths, the time for
      conducting a complete scan is relatively long which results in a number of
      disadvantages. These include:
PAR  1. Relatively few patients may be examined with one apparatus;
PAR  2. The protracted period of time required results in discomfort of the
      patient; and
PAR  3. The image does not show the total distribution of radioactive substance
      in the subject matter at any one time.
PAR  Another type of proposed image system is sometimes referred to as a
      stationary scanner. This scanner uses a matrix of scintillators positioned
      over the area to be studied. Each scintillator within the matrix is
      associated with a specific location in the area to be studied. Light
      impulses generated by different scintillators in the matrix are read out
      by photomultiplier tubes. Impulses emitted by these tubes may then be used
      to reproduce the image formed by the radiation in a manner similar to that
      used in the scanning system described in the referenced patents. Although
      the matrix system is faster than scanning methods prior to it, the system
      is limited by the number of scintillators and photomultiplier tubes which
      can practically be used. Accordingly, resolution is poor.
PAR  A variation of the scanner using a matrix of scintillators is one with a
      scintillator positioned behind an apertured collimator. A plurality of
      photomultiplier tubes are positioned on the side of the scintillator
      opposite the collimator. Each time the scintillation appears on the
      scintillator it is viewed by a plurality of the photomultiplier tubes. The
      resulting impulses from the photomultiplier tubes are passed through a
      computer which determines the spatial location of the scintillation on the
      scintillator according to the relative strengths of the plurality of
      electrical pulses resulting from the scintillation. A graphic reproduction
      of the scintillations is then produced on the oscilloscope. Such devices
      are obviously complex and susceptible to some error due to variations such
      as from one multiplier tube to another. The spatial location of each
      scintillation is uncertain because of the poor statistical accuracy of
      each electrical signal. For these and other reasons such devices tend to
      fail to accurately demonstrate the true spatial distribution of
      radioactivity in the subject under study.
PAR  In the first referenced, copending application, another type of stationary
      scanner known as a gamma camera is described. There an image
      intensification tube is stimulated by photons emitted by the radioactive
      material administered to the patient. The image tube has an input phosphor
      which is stimulated by these photons and which emits light in response to
      them. The light emitted by the input phosphor stimulates an
      electroluminescent layer which emits electrons. These electrons are
      accelerated electronically against an output phosphor. The intensified
      image produced by the output phosphor then passes through a light
      amplification stage into a closed-circuit television system.
PAR  2. Description of the Prior Art
PAR  Image tubes in the prior art generally comprise an evacuated envelope with
      an input "sandwich" at one end of the tube, an output phosphor at the
      other end, and a means to electronically accelerate electrons emitted by
      the sandwich against the output phosphor.
PAR  This input sandwich typically includes a dishlike aluminum member which
      serves multiple purpose of: (1) filtering the input energy; (2) preventing
      external light from stimulating the input phosphor; (3) mechanically
      supporting the balance of the sandwich; and (4) a physical barrier against
      migration of molecules from the front of the input phosphor layer into the
      vacuum within the envelope.
PAR  The typical input phosphor is made up of many discrete particles of a
      phosphorescent material admixed in a suitable bonding and sealing vehicle
      such as an epoxy resin material. This admixture forms a slurry which is
      deposited in a thin layer on the inner surface of the aluminum dish to
      provide a phosphorescent layer of substantially uniform thickness with the
      phosphorescent material sealed off by the bonding agent or other barrier
      layer to prevent its migration into an electron-emissive layer or into the
      vacuum in the tube.
PAR  An electron-emissive layer is then deposited on this input phosphor and
      barrier layer. Typically, a microscopically thin film of metal will be
      interposed between the barrier layer and the electron-emissive layer to
      provide replenishment of electrons for the emissive layer. The metal layer
      is microscopically thin so that it does not materially inhibit the passage
      of light from the phosphor layer to the electron-emissive layer.
PAR  Electrons emitted by the emissive layer are accelerated by a suitable means
      such as electrostatic rings or a metal "jacket" which surrounds the
      acceleration path and which carries an electrical charge.
PAR  While image tubes of this type have been satisfactory for so-called bright
      fluoroscopic studies where an X-ray source provides the stimulating energy
      they severely limit the use of a gamma camera, especially when that gamma
      camera is utilized for conducting medical studies on human beings.
PAR  One reason image tubes of this type have limited the use of gamma cameras
      is that they have a very low so-called conversion efficiency. That is, a
      relatively low percentage of photons of energy entering the image tube are
      actually converted to light signals. One reason for this is that the
      typical input phosphor is relatively thin and much of the gamma energy
      passes through the phosphor without causing the emission of light.
PAR  The expedient of making the input phosphor thicker by prior known
      techniques has not been a satisfactory solution for gamma cameras. One
      reason it has not been a satisfactory solution is that each phosphorescent
      particle used to build up a fluorescent screen by this described technique
      has reflective surfaces. When enough particles are used to make a screen
      of a thickness which is efficient in converting the input energy to light,
      there are many reflective surfaces. Because there are so many surfaces,
      the stimulated light may reach the electron-emissive layer at a location
      which is, in a plane parallel to the plane of the input phosphor, a
      substantial distance from its source.
PAR  Obviously, this diversion of light will result in very poor resolution with
      the result that a produced graphic image will not provide an accurate
      indication of the true spatial distribution of the isotope in the subject
      under investigation.
PAR  While it has been known that halogens are efficient phosphors, they have
      not been accepted for use in image intensification tubes and the like
      because the halogens tend to disassociate relatively easily. This is
      especially true with iodides. A disassociated halogen atom tends to
      "poison" the vacuum by chemically interacting with the photo cathode;
      i.e., the electron-emissive layer, and even the output phosphor to cause
      deleterious effects and early tube failure.
PAR  Another problem has been how one can provide an input phosphor of the size
      requisite for a gamma camera or the like which produces accurate and
      dependable results with the relatively low stimulating energy available
      from a radioactive isotope. The above-described input phosphor layer is in
      reality a mosaic of discrete phosphorescent particles. Proposals have been
      made to develop a mosaic of larger pieces by adhering together a series of
      relative large crystals. According to these proposals, the crystals in the
      mosaic are positioned and adhered in a dishlike configuration which is
      generally parabolic in shape in order for the input "sandwich" to be
      focused relative to the electron accelerating field. These proposals also
      call for encapsulation of the mosaic to prevent poisoning of the image
      tube.
PAR  One major shortcoming of any mosaic is the conversion efficiency of each
      element of the mosaic is different from the others. The result is that a
      given light output of one crystal of the mosaic is not reflective of the
      same amount of incident energy as is the same light output from another
      crystal of the mosaic. This is true even where all crystals of the mosaic
      are cut from the same original crystal. The reason this is true is that
      the surfaces on each crystal cleaved from the large crystal is different
      from the surfaces on the other crystals, with different reflective
      indices. This results in a different light output in one crystal as
      compared to another for any given amount of incident energy.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that all of the above-described difficulties can be
      overcome and that it is possible to produce an image tube with good
      resolution in which there is conversion of a high percentage of input
      gamma photons to light. This is accomplished through the provision of an
      input phosphor which;
PAR  1. Is transparent to its own light.
PAR  2. Is a good absorber of the ray energy to which it is exposed;
PAR  3. Is photoluminescent;
PAR  4. Mates well chemically with the electron layer such as the well-known
      layer sold commercially under the designations S-11 (monoalkalis) and S-20
      (trialkalis). Present preference, based on test data available and because
      of its stability and efficiency is S-20 which is a trialkali of antimony
      and three alkaline metals, potassium, sodium and cesium, which have been
      simultaneously vaccum-deposited in place;
PAR  5. Emits light energy which stimulates the electron layer efficiently and
      thus the phosphor must mate well in terms of the level of its light energy
      with the electron-emissive layer;
PAR  6. Is capable of being made into a dish shape so that the emitted electrons
      are focused with respect to the accelerating field;
PAR  7. Withstands the vacuum well without poisoning the interior of the image
      tube;
PAR  8. Withstands bake-out temperatures used to clean the tube before it is
      sealed without distortion or other degradation of the crystal. Typical
      bake-out temperatures may be as high as 300.degree. F.; and
PAR  9. Is a unitary sheet with uniform energy converting properties over its
      entire area and preferably a single crystal.  This permits the phosphor to
      be considerably thicker (i.e. .060 inch) than the prior art while
      reasonably good resolution is maintained. The increased thickness and
      absorption coact to produce a phosphor that is preferably capable of
      absorbing about 30 percent of gamma energy emitted by a 150 kev.
      (kiloelectron volts) source and proportional percentages of other
      so-called low energy isotopes, as compared with the 3 percent at 150 kev.
      on a typical prior phosphor. As used here, the term "low energy" means 250
      kev., or less.
PAR  It has been discovered that cesium iodide is ideal for this purpose, fits
      all of these criteria, and does not, as has been feared with respect to
      all halogens, poison the tube. In fact, the requirements for physical
      barriers to prevent migration of molecules within the tube are actually
      reduced as compared with conventional prior art phosphors such as zinc
      cadmium sulfide which has most commonly been employed in the prior art.
      This further improves the performance of the tube, especially as compared
      with prior art devices that employed glass as a barrier layer, because
      energy losses due to absorption of violet and ultraviolet light by the
      barrier are substantially if not completely eliminated.
PAR  Rolled sheets of cesium iodide are available which, although in reality a
      type of mosaic, are unitary sheets which produce improved results. The
      best results, however, are obtained with a single crystal of cesium iodide
      which is transparent as compared to the somewhat yellow color of the
      rolled sheet and which has uniform light converting efficiency throughout.
      Thus, a single crystal of cesium iodide fits all of the above criteria.
PAR  A limited number of additional phosphors substantially fit these criteria
      generally but provide other disadvantages. For example, sodium iodide is
      available in large single crystals but to provide the dishlike shape it
      must be machined as compared with cesium iodide which may be heat softened
      and molded. Further, sodium iodide is highly hygroscopic and therefore
      must be dried and sealed carefully. Further, it is so active chemically
      that it must be isolated carefully within a surrounding vacuum envelope.
      Potassium iodide, while not of the hygroscopic nature of sodium iodide,
      has, in other respects, the same drawbacks as sodium iodide. These
      phosphors which achieve the criterion set out above and are utilized with
      the present invention may be collectively referred to as single
      crystalline sheets. Thus, as used herein the term "single crystalline"
      encompasses the described unitary sheets such as the described roll sheet
      of cesium iodide and the described single crystals as distinguished from
      prior image tube input screens such as those made up of small particles
      adhered in place with an epoxy adhesive.
PAR  Accordingly, the object of this invention is to provide a novel and
      improved gamma camera and more particularly a novel and improved image
      intensification tube which is especially suited for use in a gamma camera.
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims taken in conjunction
      with the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic representation of a gamma camera including the
      improved image tube with the image tube being shown in cross section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, a subject under investigation is shown
      generally at 10. The subject, in the case of a medical study, might for
      example be a thyroid gland. With a gamma camera, the administered isotope
      is preferably a so-called low energy isotope, such as iodine 125.
PAR  Gamma radiation emitted by the source 10 passes through a parallel hole
      collimator indicated diagrammatically at 11. Preferably, the collimator is
      of the type described in the second above-referenced copending
      application. After the gamma radiation passes through the collimator 11,
      it enters an image tube shown generally at 12. The image tube will be
      described in greater detail below.
PAR  The output of the image tube 12 is focused by a suitable optical lens 13
      onto input end 14 of a light amplifier 15. The diagrammatically disclosed
      light amplifier 15 is a two-stage amplifier. Because of the very high
      efficiency of the image tube of this invention, in many studies the light
      amplifier may be single stage or eliminated entirely. The output of the
      amplifier passes through a further optical lens 17 which focuses the light
      amplifier output onto input end 18 of a television pickup tube 19. The
      disclosed pickup tube 19 is an orthicon connected to an orthicon chain 20.
      The orthicon chain includes the usual video amplifier and sync and
      blanking generators.
PAR  The output of the orthicon chain 20 may be transmitted to a storage device
      22 and then to a television monitor 23. The components of this structure
      which converts the light output of the image tube to an image tube on the
      television monitor and other suitable allied structure is disclosed in a
      more detailed manner in the first referenced copending application.
PAR  The image tube 12 includes a typical glass envelope 25 composed of two
      sections clamped together at 26, 27. The glass envelope is equipped with
      vacuum nipples, not shown which, in manufacture, are used to evacuate the
      tube and then sealed. The glass envelope 25 has an enlarged input end
      window 29. An input phosphor layer 30 is provided near the input window
      29.
PAR  As noted above, this phosphor layer 30 is a single crystalline sheet,
      preferably a single crystal of cesium iodide molded to the desired
      substantially parabolic configuration. Because of its relative thickness
      and because the input phosphor is a unitary sheet rather than a series of
      particles bonded together by a plastic material or the like, and because
      of its relatively stable characteristics in vacuum, the input phopshor of
      this invention does not require the dishlike aluminum element used in the
      prior art.
PAR  Thus, of the four purposes of the aluminum dish described above, all but
      barring the entrance of light have been omitted. Obviously, the window 29
      of the envelope 25 may be darkened if desired or the device may be used in
      a darkened room to prevent adverse effect on the image tube by ambient
      light.
PAR  Since the reasons for the aluminum dish are eliminated, it can be
      eliminated. With the present device, the input phosphor is supported by a
      mounting and support member in the form of a ring 32 at the perimeter of
      the input phosphor. The ring 32 may be supported by suitable studs 33, 34
      suitably secured to the input window.
PAR  An electron-emissive layer 36 is provided. The electron-emissive layer 36
      may be, as noted above, a trialkali. As disclosed, the unitary phosphor
      layer 30 and the electron-emissive layer 36 are shown separated by a
      suitable transparent barrier layer 37. As noted above, one may be able to
      omit the barrier layer with this particular combination of a single
      crystal cesium iodide input phosphor and a compatible electron-emissive
      layer, however, longest tube life appears to be assured by providing a
      very thin, clear, light transparent barrier layer of the plastic.
      Obviously, the manufacturing requirements for the barrier layer are
      considerably reduced as compared with the prior art because a flaw in the
      barrier layer will not result in the usually relatively abrupt tube
      failure which may be experienced with prior art barrier layers.
PAR  Electrons emitted by the emissive layer 36 are accelerated by an
      electrostatic field established by a conductive wall coating 38 on the
      interior of the envelope 25. This coating 38 accelerates and focuses the
      electrons through an anode thimble 39 onto an output phosphor 40. Light
      emitted by the output phosphor 40 is focused by the lens 13 onto the light
      amplifier 15 and results in an image in the monitor 23 in the manner
      described above.
PAR  Although the invention has been described in its preferred form with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred form has been made only by way of example and
      that numerous changes in the details of construction and the combination
      and arrangement of parts may be resorted to without departing from the
      spirit and the scope of the invention as hereinafter claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an image-forming device including an image intensification tube,
      .Iadd.said tube including an evacuated envelope, .Iaddend.and .Iadd.said
      device further including .Iaddend.means to reproduce an image output from
      said tube, an improved image tube input phosphor layer comprising:
PA1  a. a single crystalline sheet .Iadd.of cesium iodide, said sheet being
      .Iaddend.of substantially uniform thickness .Iadd.and being located within
      said evacuated envelope; .Iaddend.
PA1  b. said sheet having the following physical properties:
PA2  i. photoluminescent and transparent to its own light;
PA2  ii. efficient in absorption of ray energy;
PA2  iii. of sufficient thickness and absorption to convert to light energy
      substantial percentages of gamma energy emanating from a source of energy
      of 250 kev. or less;
PA2  iv. of high resolution characteristics; and
PA2  v. dish-shaped in configuration and focused to an accelerating electron
      field in said tube. .[.2. The image device of claim 1 wherein said sheet
PAR   is cesium iodide..].3. The image device of claim 1 wherein said sheet is a
PAR   single crystal. .[.4.  The image device of claim 1 wherein said sheet is a
PAR   single crystal of cesium iodide..]. 5. An image intensification tube
      responsive to stimulation by gamma energy or the like comprising:
PA1  a. an evacuated envelope having an input end and an output phosphor spaced
      therefrom;
PA1  b. a dish-shaped light-emissive layer near said input end and composed of a
      single crystalline sheet of photoluminescent material;
PA1  c. an electron-emissive layer deposited near an inner surface of said
      light-emissive layer such that light photons emitted by said
      light-emissive layer stimulate said electron-emissive layer and cause the
      latter layer to emit electrons;
PA1  d. means for accelerating electrons from said electron-emissive layer
      against said output phosphor;
PA1  e. said dish shape of said light-emissive layer and said electron layer
      being substantially contoured to the shape of an accelerating electron
      field produced by said acceleration means so as to be focused therewith,
      and
PA1  f. a mounting means supporting said light-emissive layer and
PAR   electron-emissive layer near said input end. 6. The tube of claim 5
      wherein said photoluminescent material is a single crystal of cesium
PAR   iodide. 7. The tube of claim 5 wherein said photoluminescent material is a
PAR   single crystal. 8. The tube of claim 5 wherein said photoluminescent
PAR   material is cesium iodide. 9. The tube of claim 5 wherein said
      photoluminescent material is of sufficient thickness to absorb about 30
      percent of source energy of 150 kev. or less and is transparent to its own
PAR   light. 10. The tube of claim 5 wherein said photoluminescent material can
      withstand temperatures of 300.degree. F. without distortion or other
PAR   degradation. 11. The tube of claim 5 wherein said mounting means is open
      at a central portion whereby entering energy passing through said central
      portion is not filtered or otherwise obstructed by said mounting means.
PAR       The method of forming an input gamma ray sensitive structure for an
      image intensification tube comprising the steps of:
PA1  a. heat softening a single crystal of cesium iodide;
PA1  b. molding the single crystal of cesium iodide while heat softened to a
      dish-shaped configuration having a concave output surface to form a
      photoemissive layer;
PA1  c. depositing an electron-emissive layer on the output dish of said formed
      dish-shaped cesium iodide crystal with the electron layer and crystal in
      sufficiently close juxtaposition that light energy emitted by the crystal
      stimulates said electron-emissive layer and causes the emission of
      electrons when in use; and
PA1  d. securing a mounting means to the periphery of said photoemissive layer
      and mounting said layers in an envelope with the convex surface of the
PAR   photoemissive layer oriented toward an input end of said envelope. 13. The
      method of claim 12 wherein the depositing steps is on a barrier layer and
      including the step of providing a barrier layer between the
      electron-emissive layer and the crystal. .Iadd. 14. The image-forming
      device of claim 1 wherein said sheet is of sufficient thickness to absorb
      approximately thirty percent of source energy at 150 kev. or less.
      .Iaddend.
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ABST
PAL  The invention discloses various embodiments of an ultrasonic kit adapted to
      be used in the home or for industrial purposes, as well as a variety of
      ultrasonic motor constructions and ultrasonic converter designs to be used
      either individually or in combination with each other. The ultrasonic
      motor is generally of a piezoelectric material having a removable tip or
      of a design in which the complete motor is contained in a housing, which
      housing has electrical contact means adapted to be plugged into an adapter
      which, in turn, is connected to a converter. The motor may be designed
      such that frequency sensing is provided therein and the feedback signal is
      utilized by the generator to adjust itself thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an ultrasonic unit adapted to be used for
      home, professional and industrial applications to perform a variety of
      functions, as wall as motor designs and power sources available therefore.
PAR  Heretofore, the use of ultrasonic energy has been directed towards the
      medical and industrial markets without any major attempt to enter the home
      consumer field via products incorporating an ultraonsic motor adapted to
      be hand held with a complimentary converter for increasing the normal
      60-cycle per second house current to an ultrasonic range, of say 40,000
      cyles per second, to energize the motor.
PAR  Applicants have now discovered that it is possible to produce home oriented
      products, by supplying to the consumer a basic kit that permits the user a
      major degree of flexibility in the application of ultrasonic energy to a
      number of areas. Accordingly, the present invention comprises one or more
      kits which may be variously designated as:
PAR  1. An ultraonsic hobby kit.
PAR  2. An ultraonsic multi-duty home service kit.
PAR  3. An ultrasonic universal chores kit.
PAR  4. An ultrasonic home workshop and the like.
PAR  5. An ultrasonic cosmetic kit which may include a razor, water pick,
      toothbrush, or prophylaxis unit.
PAR  An essential aspect of the ultrasonic motor technology today requires an
      electrical converter to increase the frequency of the normal house current
      to an ultrasonic rate, which rate for purposes of this invention is
      defined within the range of approximately 5,000 to 1,000,000 cycles per
      second. Accordingly, the present invention in each of its various forms
      provides a converter, either adapted to be plugged directly into an
      electrical outlet through an electrical cord or connected to a battery.
      The converter is electrically connected to the motor which is designed to
      convert the electrical energy into mechanical vibrations at an ultrasonic
      rate. The present invention provides various converters adapted to be used
      in connection with variously housing motors adaptable for a number of
      applications.
PAR  In connection with the home consumer market particularly, the cost to date
      of the ultrasonic motor-converter systems has hindered the introduction of
      ultrasonics into the consumer field in any sizeable scale. This invention
      provides a way for producing the ultrasonic system with the versatility
      necessary for practical application thereof on an economical basis.
PAC  OBJECTS OF THE INVENTION
PAR  A primary object of the present invention is to provide a variety of
      ultrasonic kits adaptable for consumer and commerical use both in the home
      and industry.
PAR  Another object of the present invention is to provide a series of
      accessories for use with an ultrasonic motor adaptable to be
      interchangeable so as to produce a series of effects therewith.
PAR  Another object of the present invention is to provide a kit including a
      number of items that may be assembled with ultrasonic energy.
PAR  Another object of the present invention is to provide a new and novel
      ultrasonic motor.
PAR  Another object of the present invention is to provide a new and novel
      ultrasonic motor converter system for multi-purpose use.
PAR  Another object of the present invention is to provide a new and novel
      ultrasonic converter.
PAR  Other objects of the invention will be apparent as the description
      proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus, in accordance with one aspect of the invention, includes a
      home consumer unit adapted for use for cosmetic purposes, having a
      plurality of interchangeable accessories to permit the user to carry out
      various functions with the ability of quick interchangeability and
      replacement so that various members of the household may have access to
      the ultrasonic energy imparted to the accessory with a single power source
      or converter being employed.
PAR  In accordance with another aspect of the invention, the ultrasonic
      instrumentation is contained within a wall unit such that the accessory
      may be manually withdrawn therefrom during usage and then returned to the
      wall cabinet when the user has completed such usage.
PAR  In accordance with another aspect of the invention, an ultrasonic kit is
      provided to permit the user to use ultrasonic energy for various hobby
      purposes; and the kit includes the ultrasonic motor, converter, and a
      series of interchangeable acceessory elements that function in various
      manners to carry out the hobbycraft functions. The word "hobbycraft" is
      used to include various household functions, and is not limited to hobbies
      per se. The kit further may include various plastic, wood, or metallic
      parts of various shapes and configurations to be assembled by, or used
      with, the ultrasonic instrument.
PAR  In accordance with another aspect of the invention, a novel ultrasonic
      motor is disclosed, which provides for the first time an
      interchangeability within the ultrasonic field of an entire motor that may
      be plugged or otherwise quickly coupled to a power source such that quick
      interchangeability is available for various uses.
PAR  In accordance with another aspect of the invention, a novel converter
      design is disclosed that is battery powered so as to be able to drive an
      ultrasonic motor for a variety of functions.
PAR  In accordance with another aspect of the invention, a novel motor-converter
      system is disclosed in which driving crystals are utilized for powering
      the motor and a sensing crystal is utilized for monitoring the frequency
      of the motor.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Although the characteristic features of this invention will be particularly
      pointed out in the claims, the invention itself, and the manner in which
      it may be made and used, may be better understood by referring to the
      following description taken in connection with the accompanying drawings
      forming a part hereof, wherein like reference numerals refer to like parts
      throughout the several views and in which:
PAR  FIG. 1, is a perspective view of an ultrasonic hygienic kit in use;
PAR  FIG. 2, is a perspective view of the ultrasonic kit as adapted for use;
PAR  FIG. 3, is a side elevational view of ultrasonic instrument means for use
      in the present invention;
PAR  FIG. 4, is a side elevational view in cross-section of the instrument means
      in assembled relationship taken along a medial plane;
PAR  FIG. 5, is a view in cross-section taken along the plane indicated by the
      line 5--5 in FIG. 4;
PAR  FIG. 6, is a view in cross-section taken along the plane indicated by the
      line 6--6 in FIG. 4;
PAR  FIG. 7, is a perspective view of an ultrasonic hygienic kit in use;
PAR  FIG. 8, is a side elevational view in section of the kit illustrated in
      FIG. 7;
PAR  FIG. 9, is a side elevational view of ultrasonic instrument means for use
      in the present invention;
PAR  FIG. 10, is a side elevational view in cross-secion of the instrument means
      in assembled relationship taken along a medial plane;
PAR  FIG. 11, is a view in cross-section taken along the plane indicated by the
      line 11--11 in FIG. 10;
PAR  FIG. 12, is a view in cross-section taken along the plane indicated by the
      line 12--12 in FIG. 10;
PAR  FIG. 13, is a view in cross-section taken along the plane indicated by the
      line 13--13 in FIG. 10;
PAR  FIG. 14, is a side elevational view of ultrasonic instrument means for use
      in present invention;
PAR  FIG. 15, is a side elevational view in cross-section of the instrument
      means is assembled relationship taken along a medial plane;
PAR  FIG. 16, is a view in cross-section taken along the plane indicated by the
      line 16--16 in FIG. 15;
PAR  FIG. 17, is a view in cross-section taken along the plane indicated by the
      line 17--17 in FIG. 15;
PAR  FIG. 18, is a view in cross-section taken along the plane indicated by the
      line 18--18 in FIG. 15;
PAR  FIG. 19, is a form of kit that is primarily intended for the hobbyist;
PAR  FIG. 20, illustrates the instrument means of the kit used for assembly of a
      plastic model;
PAR  FIG. 21, illustrates an ultrasonic system having a converter adapted to be
      plugged into a wall outlet;
PAR  FIG. 22, illustrates the system for use in another hobbycraft;
PAR  FIG. 23, illustrates another form of hobby kit;
PAR  FIG. 24, illustrates the instrument means of the kit in FIG. 23 in
      assembled relation;
PAR  FIG. 25, is an enlarged view partially in section, of a removable element
      for use in assembly of component parts;
PAR  FIG. 26, is a view similar to FIG. 25 showing the completed assembly
      operation;
PAR  FIG. 27, is a view similar to FIG. 25 of a novel fastener being assembled;
PAR  FIG. 28, is a view illustrating the removal of the head formed on the
      fastener; and
PAR  FIGS. 29-32 illustrate various electrical schematics of converters that can
      be used to drive the various ultrasonic motors described herein.
DETD
PAR  PREFERRED EMBODMENTS OF THE INVENTION
PAR  Turning now to the drawings and particularly to FIGS. 1 and 2 thereof, we
      have disclosed an ultrasonic system or kit generally indicated by the
      reference numeral 10, for use by one or more users 11, seen to include a
      cabinet 12, on table 19, which contains therein an ultrasonic converter
      15, as well as a tray or reservoir 16 forming a reservoir on the top 13
      thereof, and containing a supply of liquid 18, which, in a conventional
      manner, is pumped from the reservoir 16 by pumping means 20 contained
      within the cabinet 12 and connected to the tray 16 to permit the flow of
      liquid 18 through the pumping means 20. Ultrasonic instrument means 22 is
      coupled to the converter means 15 and pumping means 20 by cable means 24
      which contains a current supply line and a liquid supply line. The
      ultrasonic instrument 22 is comprised of accessory or implement means 25,
      that may have various shapes and configurations, and adapted to be
      removably secured to adapter or coupling means 26. The cabinet 12 contains
      power control means in the form of a switch 28 having an "On" and "Off"
      position and a variable switch 30 to regulate the power of converter 15. A
      liquid means regulator includes a switch 32 that contains a dial to vary
      the rate of the pump 20, which pumps the fluid from the reservoir 16
      through the cable 24 in a manner which is well known in the art.
PAR  The cabinet 12 is seen to include support means 35 which may extend from
      the side wall thereof in the form of bent arms 36 to support the adapter
      26 when not in use. The upper surface 13 of the cabinet 12 includes
      retaining means in the form of a plurality of recesses 33 adapted to
      receive therein in vertical relationship a plurality of accessories 25,
      each adapted to be interchangeable with and readily connected to the
      adapter 26 as hereinafter more fully described with respect to FIGS. 3-6
      and FIGS. 9-18. The actual accessory 25 may consist of an ultrasonic
      toothbrush 38, an ultrasonic water-pick 40, or an ultrasonic prophylaxis
      unit 41; said water-pick, toothbrush and prophylaxis unit may be made in
      accordance with U.S. Pat. No. 3,547,110 issued Dec. 15, 1970, by Lewis
      Balamuth and entitled, "Methods and Apparatus for Maintaining Tooth and
      Gingival Structures with Ultrasonic Energy," and which patent is assigned
      to the assignee of the present invention. Another accessory in the form of
      and ultrasonic razor 42 may also be interchangeable with the adapter 26
      and said razor may be of the type disclosed in U.S. Pat. application Ser.
      No. 872,927, filed Oct. 31, 1969, now U.S. Pat. No. 3,610,080, issued Oct.
      5, 1971, by Arthur Kuris and entitled, "Ultrasonic Method and Apparatus
      for Shaving," and assigned to the assignee of the present invention.
      Another accessory 25 may be in the form of a container 43 adapted to
      receive therein a fluid which accessory may be used by the user by
      inserting their finger therein for doing their nails, to perform a
      cleansing or other operation thereon. Another accessory 44 may be in the
      form of a polishing head for polishing and performing other beauty care
      treatments.
PAR  The ultrasonic kit 10, as seen with respect to FIG. 1, and for which the
      user 11 is using an ultrasonic toothbrush in the mirror 17 on wall 14,
      permits each family to have their own accessory 25 available to them such
      that it may be readily interchangeable and connected to the adapter 26 so
      that when the connection is made electrical energy is transmitted to the
      working end of the accessory which, as indicated above, may take various
      shapes and forms and there is disclosed herein are only a sampling of
      those that might be used in accordance with the present invention. The kit
      illustrated in FIGS. 1 and 2 is seen to include an electrical plug 46
      which is in a conventional manner plugged into a wall outlet and connected
      by cable 45 to the generator or converter 15 that converts the normal
      60-cycle house current to an ultrasonic rate, which as herein designed, is
      to include the frequency range of 5,000 cycles to 1,000,000 cycles per
      second. Obviously, the converter 15 may be battery powered as hereinafter
      described, or the type in which it is battery powered, as hereinafter
      described, or the type in which it is battery powered for traveling but
      having a feature in which case a plug would still be utilized.
PAR  Accordingly, FIGS. 1 and 2 illustrate a new and novel ultrasonic
      instrumentation that affords the user, for the first time, to have a
      variety of ultrasonic implements 25 available to him in a compact manner,
      to be useable with minimum effort by an entire family in the home. In use,
      the user 11 merely selects the particular accessory 25 desired for a
      particular need and then sets out to manually insert the accessory 25 into
      the adapter 26 in a simple easy manner. The power may then be energized by
      the "On" and "Off" switch 28 and the amount of liquid 18 from the
      reservoir 16, if any is desired, may then be selected by the variable
      switch 32, and the power level selected by variable control switch 30.
      When the user has completed the use of the accessory 25, he or she may
      then remove the accessory 25 from the adapter 26, replacing it in the
      selected retaining means 33 provided therefor and return the adapter to
      its support means 35.
PAR  FIGS. 4-6 illustrate one form of accessory 25, and adapter 26, construction
      that may be utilized in accordance with the embodiments of the invention
      illustrated in FIGS. 1 and 2. The accessory 25 includes an ultrasonic
      motor or transducer means 50 contained in a tubular housing 52 having a
      front end 54 and a rear end 56 with the outer wall 58 of the housing 52
      having any desired contoured shape or configuration to facilitate it being
      handled by the user, and a tapered section 59 terminating at the front end
      54 of the housing 52 with a chamber or cavity means 60 extending from the
      rear end 56 of the housing 52 and connected to an axial opening 62 which
      in turn terminates at the front end 54.
PAR  As seen with respect to FIG. 4, the ultrasonic motor 50 is contained within
      the housing cavity 60 and the hand piece housing 52 may be of plastic or
      any other suitable material.
PAR  The ultrasonic motor 50 includes a transmission member 65 terminating at a
      working output end or tip 66 at one end thereof and having a rear surface
      or face 68 at its opposite end. The transmission member 65 may be designed
      in the form of an acoustical impedance transformer so that there is an
      increase in the amplitude of mechanical vibration from its rear face 68 to
      its front tip 66. The actual variations of cross sectional area to obtain
      the amplitude magnification is well known in the art. The transmission
      member 65 may be made of a metallic or plastic material depending upon its
      desired use, for example, if the implement as shown in FIG. 4 has a water
      feed associated therewith then the unit may be used for dentistry in the
      form of a dental prophylaxis unit by the dentist or in turn may be of a
      home consumer design to be used by the user in the home for maintaining
      tooth and gingival surfaces free of deposits normally contained on the
      teeth of the user. Essentially, the motor construction, as hereinafter
      described, for professional and home use, may be of similar design except
      that the relative power for a home consumer unit would be less than that
      of a prefessional unit which is used by the dentist since in the home the
      user is in a sense doing over a 6-month period what the dentist might be
      doing at one sitting in the dentist's office. Accordingly, the tip 66 may
      be of a plastic or metallic material depending upon the use thereof and
      the magnitude of ultrasonic mechanical vibrations to be imparted thereto.
PAR  The transmission member has a circular rear section 70 and front section
      75, with an internally threaded bore 71 extending from its rear face 68
      and terminating in a seat 72 adapted to contain therein sealing means as
      in the form of an o-ring 74 as hereinafter explained. Communicating with
      the bore 71 is a longitudinally extending passageway 76 that extends to
      the front tip 66 of the transmission 65 through the front section 75,
      which is illustrated to have a curved or contoured portion 78 to permit
      ready access within the oral cavity. Obviously, the shape, contour and
      cross sectional area of the passageway 76 may be designed to obtain
      various spray patterns or flow rates and further, the tip 66 may be
      designed so as to obtain flexural, lateral, torsional, elliptical, linear
      or longitudinal motion, by proper control of the shape of the front
      section 75 of the transmission member which has the bent tip portion 78
      formed therewith.
PAR  The transmission member 65 has a contoured radius 79 connecting together
      the front section 75 and the rear section 70 of the transmission member
      65, which sections may be both of circular cross sectional area such that
      the front section 75 extends out beyond the front end 54 of the housing 52
      a sufficient distance and through the opening 62 provided therefor. The
      transmission member 65 may contain an annular depression 80 for motor
      mounting means, illustrated to be in the form of an o-ring 81, but it may
      take other forms and shapes as desired. Extending from the rear face 68 of
      the transmission member 65 is a support member or shaft 82 having a
      threaded portion 84 which engages the threaded portion 71 of the
      transmission member 65 and an axially extending passageway or opening 83.
      The rear end of the support member 82 also has a threaded portion 86 which
      receives locking means in the form of a nut 85 threaded thereon and
      adapted to sandwich therebetween under a selected compressive static load
      a pair of piezoelectric crystals 88 and 89 that may be of a lead zirconate
      or lead titanate ceramic crystal material, formed so as to be capable of
      ultrasonic vibrational acitivity in its longitudinal direction when
      activated by high frequency electrical impulses delivered to it as will be
      described. The crystals have an external diameter 92 and 93 respectively,
      which is smaller than the internal diameter of the chamber 60 such that
      sufficient clearance therebetween is obtained. The internal diameters 94
      and 95 of the respective crystals 88 and 89 have a diameter which permits
      an insulating tubular sleeve 96 to be positioned in surrounding
      relationship over the support member 82, and extends the length from the
      front face 98 of crystal 88 to the rear face 101 of the crystal 89. The
      sleeve 96 is made preferably from an insulative material such as plastic
      so as to isolate the crystals from the electrode 90 that extends between
      the rear face 99 of crystal 88 and the front face .[.of crystals.]. 100 of
      crystal 89.
PAR  To permit wiring of the motor, wire lead 104 extends through the passageway
      83 with the support member 82 having a longitudinally extending opening
      102 through the support member wall and through an opening 105 in the
      insulator sleeve 96 and terminating in a pocket 106 within the disc shaped
      electrode 90. The wire 104 is soldered or otherwise attached to the
      electrode 90 for electrical purposes. The rear member 91 fits in
      telescopic relationship to the support member 82 and has an external
      diameter 108 which is less than the internal diameter of the chamber 60.
PAR  The mounting means for the motor 50 in the housing means 52 consists of
      spaced apart-o-rings 81 and 110 such that the vibrational energy of the
      motor when energized, remains substantially isolated therein without the
      energy being transmitted to the housing 52. A peripheral o-ring seat 109
      is provided for o-ring 110 in the housing 52.
PAR  Locking means in the form of a nut 85 is secured to the rear threaded
      portion 86 on shat 82 and is tightened to the point where an axial
      compressive force is sufficient to compress the crystal 88, electrode 90,
      crystal 89, and rear section 91 with a predetermined amount of torque.
      Depending upon the size of the crystals and power of the motor, an epoxy
      material may be used to bond the parts and crystals together and form the
      locking means.
PAR  As part of the electrical connecting means, a ground lead or conductor 112
      is connected to a lug 114, a portion of which extends beneath the nut 85,
      such that the power leads 104 and 112 are in turn connected to a power
      source as hereinafter explained.
PAR  The ultrasonic motor 50 although shown as piezoelectric may be one of a
      variety of electromechanical types, such as electrodynamic, piezoelectric
      or magnetostrictive, and designed for effecting ultrasonic vibrations
      through hand directed tools of suitable configuration, or larger ones,
      which are readily replaceable or inter-changeable with other work
      performing tools or accessories such as for use as acoustically vibrated
      material treating devices. The motor 50 has components rigidly joined, in
      end-to-end relationship to form a unit or assembly which is removably
      supported in a housing containing electrical coupling means to the
      transducer and receiving alternating current.
PAR  The ultrasonic motor 50 is longitudinally dimensioned so as to have lengths
      which are generally whole multiples of half-wavelengths of the
      compressional waves established therein at the frequency of the combined
      longitudinal length of the components so that longitudinal loops or other
      components of motion occur at the end 66 of the output surface of the
      transmission member 65. Thus, the optimum amplitude of longitudinal
      vibration and hyper-accelerations of transmission or coupling member 65 is
      achieved, and such amplitude is determined by the relationship of the
      masses of the rear section 70 and front section 75 which may be made
      effective to either magnify or reduce the amplitude of the vibrations
      received from the transducer crystals. The front section 75 may be
      permanently attached to the rear section 70, or the front section 75, or
      part thereof, may be provided with a threaded stud adapted to be screwed
      into a tapped hole in the end of the transmission member 65 for effecting
      rigid connection of a removable element thereto.
PAR  The rear end 56 of the casing of housing 52 has an electric connector or
      plug 115 connected thereto by means of a bushing 116, which extends beyond
      the rear end of the housing 52 and may be secured thereto in any
      conventional manner. The connector 115 is seated at one end of the bushing
      116 and adapted to mate with an opposite type connector 120; i.e., female,
      such that electrical energy may be transmitted to the motor 50.
PAR  The adapter 26 is designed to match the rear end of the housing 52 and
      includes a cavity 121 having a front end 122 which abuts the rear end 56
      with a wall portion 123 having an external diameter 124 that may be of the
      same outside diameter as the housing 52. The female connector 120 is
      contained within a counterbore 125 having electrical contacts 126 and 128
      and may be seated therein by a press fit such that the electrical
      terminals or prongs 129 and 130 and water feed 131 of the connector 115,
      as seen in FIGS. 5 and 6, are adapted to mate with the female receptacle
      120 having receiving prongs or contacts 133, 134 and 138. The terminals
      129, 130 and 131 extend from the front of the connector 115 and the two
      power leads 104 and 112 are connected to 129 and 130 respectively and, in
      turn, to prongs 133 and 134 which connect to contacts 126 and 128
      respectively. The sleeve 116 extends in telescopic relation to the adapter
      26 and by a frictional fit extends within a seat 132 on the front of
      adapter housing 26. The present embodiment of the ultrasonic motor system
      is adapted to have a fluid pass therethrough such that the instrument may
      be used as a water pick or dental prophylaxis unit and accordingly, fluid
      supply means 135 is provided in the form of a flexible tube or conduit 136
      that extends through the sleeve 116 and is coupled to the receptacle 115
      which in turn has its prong 131 that mates with prong 134 in receptacle
      120 in a conventional manner. The conduit 136 extends from the receptacle
      115 and through the axial bore 83 in the shaft 82 to be in axial alignment
      with the passageway 76 extending from the bottom surface or seat 72 to the
      tip 66 of the transmission member 65. The conduit 136 may abut the bottom
      of the seat 72 and be retained in place by sealing means in the form of an
      o-ring 137 to afford a structurally fluid tight seal. Other means of
      coupling the front to the fluid connecting member 136 may be utilized in
      order to have a continuous flow of fluid, such as water, from a desired
      source, which may be from a tap or a mechanical pump as discussed with
      respect to FIGS. 1 and 2, for maintaining a stream of fluid on a
      continuous or intermittent basis. The vibratory mechanical energy
      generated in the motor is in turn transmitted to the fluid through the
      front member as discussed in accordance with U.S. Pat. No. 3,547,110.
PAR  The contacts 126 and 128 have wires 140 and 141 connected thereto and
      liquid conduit 142 connects to terminal 134, with all being contained
      within a flexible sheath 145 and together forming cable 24. A stop member
      146 firmly grips the sheath 145 and members therein.
PAR  FIGS. 7 and 8 illustrate an ultrasonic kit 10a of a similar nature to that
      illustrated in FIGS. 1 and 2, except that the entire kit 10a is situated
      within a cabinet 12a that is built within the wall 14a of the home of the
      user 11a and access to the accessories 25a as well as the power On-Off
      switch 28a, power regulation 30a and fluid regulator switch 32a are
      obtained by opening the door 150a to the cabinet 12a. As seen in
      particular with respect to FIG. 8, the cabinet 12a contains a lower shelf
      13a or wall having a plurality of openings 33a and each opening adapted to
      receive therein an accessory 25a which may be of the type discussed above
      with respect to FIGS. 1 and 2. The upper portion of the cabinet 12a
      contains an upper wall 151a and a front panel 152a through which the knob
      control switches 28a, 30a and 32a extend with the converter 15a positioned
      on the upper wall 151a and connected to the normal house current via cable
      45a and plug 46a. An electrical power cable 154a extends from the
      converter 15a through the upper wall 151a and through a middle wall 155a,
      which latter wall supports the reservoir 16a which, as seen in FIG. 3 may
      be readily removed for replenishing the supply of liquid therein. The
      bottom of the reservoir 16a is coupled to a fitting 156a in which the
      power cable 154a is connected to, and fluid supply and power supply merge
      into cable 24a, and are then wound on a spring loaded or other
      commercially type available take-up or retracting means in the form of a
      reel 160a such that the adapter 26a from its retracted position as seen in
      FIG. 8 is retained in place by supporting means 35 with support arms or
      clips 36a, mounted on panal 161a to its extended position as seen in FIG.
      7 so that it is ready for use by the user 11a. The manner of operation is
      similar to that described in FIGS. 1 and 2, and by supplying a spring
      loaded take-up reel 160a, the problems of a loose cable 24a are
      eliminated.
PAR  FIGS. 9-13 illustrate another form of accessory 25b and adapter 26b that
      may be utilized in accordance with the embodiments of the invention
      illustrated in FIGS. 1 and 2, and 7 and 8, and having an added feature of
      a removable element 165b. The accessory 25b includes an ultrasonic motor
      or transducer means 50b contained in a tubular housing 52b having a front
      end 54b and a rear end 56b with the outer wall 58b of the housing 52b
      having any desired contoured shape or configuration to facilitate it being
      handled by the user, and a tapered section 59b terminating at the front
      end 54b of the housing 52b with a chamber or cavity means 60b extending
      from the rear end 56b of the housing 52b and connected to an axial opening
      62b which in turn terminates at the front end 54b.
PAR  As seen with respect to FIG. 10, the ultrasonic motor 50b in contained
      within the housing cavity 60b and the hand piece housing 52b may be of
      plastic or any other suitable material. The ultrasonic motor 50b includes
      a transmission member 65b terminating at a working output end or tip 66b
      at one end thereof and having a rear surface or face 68b at its opposite
      end. The transmission member 65b may be designed in the form of an
      acoustical impedance transformer so that there is an increase in the
      amplitude of mechanical vibration from its rear face 68b to its front tip
      66b. The actual variations of cross sectional area to obtain the amplitude
      magnification is well known in the art. The transmission member 65b may be
      of a metallic or plastic material depending upon its desired use with the
      removable element 165b having a water feed through as shown in FIG. 4;
      then the unit may be used for dentistry in the form of a dental
      prophylaxis unit by the dentist or in turn may be of a home consumer
      design to be used by the user in the home for maintaining tooth and
      gingival surfaces free of deposits normally contained on the teeth of the
      user. Essentially, the motor construction, as hereinafter described, for
      professional and home use, may be of similar design except that the
      relative poser for a home consumer unit would be less than that of a
      professional unit which is used by the dentist, since in the home the user
      is in a sense doing over a 6-month period what the dentist might be doing
      at one sitting in the dentist's office. Accordingly, the removable element
      165b may be of a plastic or metallic material depending upon the use
      thereof and the magnitude of ultrasonic mechanical vibrations to be
      imparted thereto.
PAR  The transmission member 65b has a contoured radius 79b connecting together
      the front section 75b and the rear section 70b of the transmission member
      65b, which sections may be both of circular cross sectional area such that
      the front section 75b extends out beyond the front end 54b of the housing
      52b a sufficient distance and through the opening 62b provided therefor.
      The transmission member 65b may contain an annular depression 80b and
      casing 52b with an annular depression 166b, for motor mounting means,
      illustrated to be in the form of an o-ring 81, positioned in each of said
      depressions. Extending from the rear face 68b of the transmission member
      65b is a support member or shaft 82b that may be integrally formed
      therwith, and having an axially extending passageway or opening 83b. The
      rear end of the support member 82b has a threaded portion 86b which
      receives locking means in the form of a nut 85b threaded thereon and
      adapted to sandwich therebetween under a selected compressive static load
      a pair of driving piezoelectric crystals 88b and 89b and a third crystal
      168b forming part of the sensing means, that may be of a lead zirconator
      or lead titanate ceramic crystal material, formed so as to be either
      capable of ultrasonic vibrational activity in its longitudinal direction
      when activated by high frequency electrical impulses delivered to it, or
      detecting the frequency of the motor as will be described. The driving
      crystals have an external diameter 92b and 93b respectively, which is
      smaller than the internal diameter of the chamber 60b such that sufficient
      clearance therebetween is obtained. The internal diameters 94b and 95b of
      the respective crystals 88b and 89b have a diameter which permits an
      insulating tubular sleeve 96b to be positioned in surrounding relationship
      over the support member 82b, and extends the length from the front face
      98b of crystal 88b to at least the rear face 101b of the crystal 89b. The
      sleeve 96b is made preferably from an insulative material such as plastic
      so as to isolate the crystals from the electrode 90b that extends between
      the rear face 99b of crystal 88b and the front face of crystal 100b of
      crystal 89b.
PAR  To permit wiring of the motor, wire lead 104b extends through the
      passageway 83b with the support member 82b having a longitudinally
      extending opening 102b through the support member wall and through an
      opening 105b in the insulator sleeve 96b and terminating in a pocket 106b
      within the disc shaped electrode 90b. The wire 104b is soldered or
      otherwise attached to the electrode 90b for electrical purposes. The rear
      member 91b fits in telescopic relationship to the support member 82b and
      has an external diameter 108b which is less than the internal diameter of
      the chamber 60b.
PAR  A peripheral o-ring seat 109b is provided on the support member 82b and an
      o-ring seat 169b is provided in the cavity 80b for o-ring 110b such that
      the mounting means for the motor 50b in the housing means 52b consists of
      spaced apart o-rings 81b and 110b such that the vibrational energy of the
      motor when energized, remains substantially isolated therein without the
      energy being transmitted to the housing 52b. By providing o-ring seats in
      the housing 52b as well as on the motor 50b axial movement of the motor
      relative to the housing is substantially prevented when a force is applied
      to the removable element 165b.
PAR  The motor 50b illustrated in FIG. 10 has frequency sensing means in the
      form of a third crystal 168b which abuts the rear member 91b on one side
      thereof and an electrode 170b on its opposite side with an insulating
      washer 172b between the electrode 170b and locking nut 35b. A tubular
      sleeve 174b of insulating material extends on the support member 82b at
      least the axial length of the crystal 168b, electrode 170b and washer
      172b. A wire lead 171b is connected within a pocket 173b and in turn is
      connected to the connector 115b.
PAR  The nut 85b forming the locking means is secured to the rear threaded
      portion 86b on shaft 82b and is tightened to the point where an axial
      compressive force is sufficient to compress the crystal 88b electrode 90b,
      crystal 89b, rear section 91b, crystal 168b and electrode 170b, with a
      predetermined amount of torque.
PAR  As part of the electrical connecting means, a ground lead or conductor 112b
      is connected to a lug 114b, a portion of which extends beneath the head of
      a screw 175b that is screwed into nut 85b, such that the power leads 104b
      and 112b are in turn connected to a power source as hereinafter explained.
PAR  The accessory 25b in this form of the invention is seen to include element
      means 165b that is designed to be removable from the front section 75b of
      the motor 50b. Various forms of the attachment may be employed so that the
      user may conveniently and quickly replace the element 165b with minimal
      effort. One such form is shown in FIG. 10 in which the element means 165b
      includes a neck portion 177b terminating in a head portion 178b, with the
      neck portion illustrated in the form of a cone. The neck portion may take
      various forms and shapes to permit the user to perform various jobs with
      them--such as a knife for cutting materials, a bent tip for various modes
      of vibration and permitting access to various areas, etc. The neck portion
      117b merges with a body portion 179b, illustrated in the form of a hexagon
      nut to permit it to be gripped for tightening and loosening it relative to
      the motor 50b. The fastening portion 180b may be integrally formed with
      the body portion 179b and may be in the form of threads to threadably
      engage a tapped portion in the front section 75b.
PAR  To assist in tightening and loosening the removable element 165b, securing
      means 181b may be employed in the form of a pair of flats or slots 182b to
      be gripped by a wrench. In this manner one wrench is applied at body
      portion 179b and another at the slots 182b and turned relative to each
      other until firmly secured in place.
PAR  To aid in assembly of the motor 50b positioning means 185b may be provided
      as seen in FIGS. 10 and 11 to prevent angular rotation, but not
      longitudinal displacement, of the rear member 91b relative to the support
      member 82b when the nut 85b is tightened. The positioning means 185b
      includes a transverse opening 186b in the support member 82b dimensioned
      to accept the lip 187b, of a screw 188b which is threadably engaged in the
      rear member 91b, with a minimum of clearance. In this manner, the rear
      member 91b moves in the longitudinal direction to compress the crystals
      88b and 89b when the nut 85b is rotated. At the completion of the assembly
      of the motor 50b, the screw 188b may be removed or held permanently in
      place by an epoxy (not shown).
PAR  The rear end 56b of the casing or housing 52b has an electric connector or
      plug 115b connected thereto by means of a bushing 116b, which extends
      beyond the rear end of the housing 52b and may be secured thereto in any
      conventional manner. The connector 115b is seated at one end of the
      bushing 116b and adapted to mate with an opposite type connector 120b;
      i.e., female, such that electrical energy may be transmitted to the motor
      50b.
PAR  The adapter 26b is designed to match the rear end of the housing 52b and
      includes a cavity 121b having a front end 122b which abuts the rear end
      56b with a wall portion 123b having an external diameter 124b that may be
      of the same outside diameter as the housing 52b. The female connector 120b
      is contained within a counterbore 125b having electrical contacts 126b and
      128b and may be seated therein by a press fit such that the electrical
      terminals or prongs 129b, 130b, and 189b of the connector 115b, as seen in
      FIGS. 12 and 13, are adapted to mate with the female receptacle 120b
      having received prongs or contacts 133b, 190b, and 138b. The terminals
      129b, 130b, and 189b extend from the front of the connector 115b and the
      three power leads 104b, 112b, and 171b are connected to 129b, 130b, and
      189b respectively and, in turn, to prongs 133b, 134b, and 189b, which
      connect to contacts 126b, 128b, and 191b respectively, as seen in FIG. 10.
      The sleeve 116b extends in telescopic relation to the adapter 26b and by a
      frictional fit extends within a seat 132b on the front of adapter housing
      26b. The present embodiment of the ultrasonic motor system may be adapted
      to have a fluid pass therethrough such that the instrument may be used as
      a water pick or dental prophylaxis unit and accordingly, may be of the
      design as illustrated in FIGS. 3-6.
PAR  The contacts 126b, 128b and 191b have wires 140b, 141b and 192b connected
      thereto, with all being contained within a flexible sheath 145b and
      together forming cable 24b. A stop member 146 firmly grips the sheath 145b
      and members therein.
PAR  The motor 50b may have the current thereto controlled from either the
      convertor as illustrated in FIGS. 1 and 2, or switching means 195b may be
      provided on the instrument means on either the accessory 25b or on the
      adapter 26b as illustrated in FIGS. 9 and 10. The switching means 195b may
      include a switch 196b contained within the adapter housing 26b with a push
      button 197b extending through the wall 123b and externally of the adapter.
      Electrical leads 198b and 199b extend from the switch 196b and are
      connected to the converter. The switch may be one of a variety of types
      commercially available.
PAR  FIGS. 14-18 illustrate another form of accessory 25c and adapter 26c that
      may be utilized in accordance with the embodiments of the invention
      illustrated in FIGS. 1 and 2; and 7 and 8, and having an added feature of
      the electrical coupling means 200c contained within the housing 52c so
      that the motor 50c is coupled to electrical contacts without any wires
      extending from the motor 50c. The accessory 25c includes an ultrasonic
      motor or transducer means 50c contained in a tubular housing 52c having a
      front end 54c and a rear end 56c with the outer wall 58c of the housing
      52c having any desired contoured shape or configuration to facilitate it
      being handled by the user, and a tapered section 59c terminating at the
      front end 54c of the housing 52c with a chamber or cavity means 60c
      extending from the rear end 56c of the housing 52c and connected to an
      axial opening 62c which in turn terminates at the front end 54c.
PAR  The transmission member 65c has a contoured radius 79c connecting together
      the front section 75c and the rear section 70c of the transmission member
      65c, which sections may be both of circular cross sectional area such that
      the front section 75c extends out beyond the front end 54c of the housing
      52c a sufficient distance and through the opening 62c provided therefor.
      Extending from the rear face 68c of the transmission member 65c is a
      support member or shaft 82c that may be integrally formed therewith. The
      rear end of the support member 82c has a threaded portion 86c which
      receives locking means in the form of a nut 85c threaded thereon and
      adapted to sandwich therebetween under a selected compressive static load
      a pair of driving piezoelectric crystals 88c and 89c, and a third crystal
      168c forming part of the sensing means, that may be of a lead zirconate or
      lead titanate ceramic crystal material, formed so as to be either capable
      of ultrasonic vibrational activity in its longitudinal direction when
      activated by high frequency of the motor, as will be described. The
      driving crystals have an external diameter 92c and 93c respectively, which
      is smaller than the internal diameter of the chamber 60c such that
      sufficient clearance therebetween is obtained. The internal diameters 94c
      and 95c of the respective crustals 88c and 89c have a diameter which
      permits an insulating tubular sleeve 96c to be positioned in surrounding
      relationship over the support member 82c, and extends the length from the
      front face 98c of crystal 88c to at least the rear face 101c of the
      crystal 89c. The sleeve 96c is made preferably from an insulative material
      such as plastic so as to isolate the crystals from the electrode 90c that
      extends between the rear face 99c of crystal 88c and the front face of
      crystal 100c of crystal 89c. The rear member 91c fits in telescopic
      relationship to the support member 82c and has an external diameter 108c
      which is less than the internal diameter of the chamber 60c.
PAR  The transmission member 65c may contain an annular depression 166c, for
      motor mounting means, illustrated to be in the form of an o-ring 81c,
      positioned in each of said depressions. A peripheral o-ring seat 169c is
      provided in the cavity 60c for o-ring 110c such that the mounting means
      for the motor 50c in the housing means 52c consists of spaced apart
      o-rings 81c and 110c such that the vibrational energy of the motor when
      energized, remains substantially isolated therein without the energy being
      transmitted to the housing 52c. By providing o-ring seats in the housing
      52c, as well as on the motor 50c, axial movement of the motor relative to
      the housing is substantially prevented when a force is applied.
PAR  The motor 50c illustrated in FIG. 15 has frequency sensing means in the
      form of a third crystal 168c which abuts the rear member 91c on one side
      thereof and an electrode 170c on its opposite side with an insulating
      washer 172c between the electrode 170c and locking nut 35c. A tubular
      sleeve 174c of insulating material extends on the support member 82c at
      least the axial length of the crystal 168c, electrode 170c and washer
      172c.
PAR  The nut 85c forming the locking means is secured to the rear threaded
      portion 86c on shaft 82c and is tightened to the point where an axial
      compressive force is sufficient to compress the crystal 88c electrode 90c,
      crystal 89c, a rear section 91c, crystal 168c and electrode 170c with a
      predetermined amount of torque.
PAR  To aid in assembly of the motor 50c positioning means 185c may be provided
      as seen in FIGS. 15 and 16 to prevent angular rotation, but not
      longitudinal direction, of the rear member 91c relative to the support
      member 82c when the nut 85c is tightened. The positioning means 185c
      includes a transverse opening 186c in the support member 82c dimensioned
      to accept the lip 187c of a screw 188c which is threadably engaged in the
      rear member 91c, with a minimum of clearance. In this manner, the rear
      member 91c moves in a linear path to compress the crystals 88c and 89c
      when the nut 85c is rotated. At the completion of the assembly of the
      motor 50c, the screw 188c may be removed or held permanently in place by
      an epoxy (not shown).
PAR  The adapter 26c is designed to match the rear end of the housing 52c and
      includes a cavity 121c having a front end 122c which abuts the rear end
      56c with a wall portion 123c having an external diameter 124c that may be
      of the same outside diameter as the housing 52c. The female connector 120c
      is contained within a counterbore 125c and may be seated therein by a
      press fit such that the electrical terminals or prongs of the connector
      115c are adapted to mate with the female receptacle 120c having receiving
      prongs or contacts. The connector 115c extends in telescopic relation to
      the adapter 26c and fits within a seat 132c on the front of adapter
      housing 26c. The present embodiment of the ultrasonic motor system may be
      adapted to have a fluid pass therethrough.
PAR  In this embodiment of the invention, electrical coupling means 200c is
      utilized such that the motor 50c is merely placed within the cavity 60c
      and held in place by the o-rings, or other mounting means; and complete
      electrical contact is accomplished such that no actual wiring of the motor
      takes place. In this manner, for high production quantities particularly,
      the problem of a soldered lead breaking due to the vibratory stress
      generated is eliminated. In addition, by molding in the electrical
      contacts within say a plastic housing, further savings are obtained in
      manufacturing costs. Essentially the wire leads are incorporated within
      the housing 52c as seen in FIGS. 15, 17 and 18.
PAR  The contact lead to the electrode 90c is a filament 104c that has a front
      hooked or bent section 202c contained in a pocket or recess 204c that is
      adapted to engage and transmit pressural contact thereagainst to couple
      the electrical energy thereto. The filament 104c may have a rectangular,
      circular or other cross-section, and extends substantially the length of
      the housing 52c and terminates openly in a rear recess 206c with a
      contoured portion 208c contained therein. The rear electrode 170c has
      electrical energy coupled thereto by means of filament 171c embodied in
      the casing 52c and having a front contoured portion 208c contained in a
      front recess 210c with a rear portion 211c in a rear recess 212c.
PAR  Switching means 195c is contained in the accessory 25c and adapted to be
      engaged by the user when operation of the motor is desired. The switching
      means 195c includes a switch 196c having a push button or contact 197c
      that extends beyond the housing for finger engagement and is coupled to a
      contact element 214c with its free end, contained within a cavity 215c
      contained within the housing 52c.
PAR  The switch 196c has the contact element 214c embedded within the housing
      wall and extending therethrough and terminating in a rear cavity 216c
      which has therein the bent portion 217c of the contact element 214c such
      that a certain degree of rigidity is provided as hereinafter discussed.
      The other electrical contact of the switch is provided in the form of a
      similarly contained electrical element 218c that terminates in the cavity
      215c in a contoured section 219c such that, upon depression of the push
      button 197c, contact is made between the element 214c and the curved
      portion 219c, such that in a normal conventional manner the circuit is
      closed and current from the converter is transmitted to the ultrasonic
      motor 50c. The rear of the element 218c similarly has a curved section 220
      which terminates in a pocket on cavity 221c. The switch may obviously take
      many forms and is positioned for ready access between the user's finger
      when in those instances it is desirable to first obtain the output end of
      the ultrasonic motor and the member to which the ultrasonic energy is to
      be transmitted. This permits an easier positionment of the motor tip
      since, upon energizing, there is immediate movement between the tip and
      the work piece; and, accordingly, there are those instances where the
      switch is desired to be positioned as illustrated in FIGS. 14-18. The
      electrical coupling means 200c as herein described may be encapsulated
      within the plastic housing in the manufacturing process thereof, such that
      in actual assembly the motor 50c is pre-assembled and need merely be
      positioned within the housing in a keyed manner. In this manner upon the
      o-rings being positioned in the seats provided, the electrodes 90c and
      170c are in relative axial position for contact with electrical elements.
      This is an important feature of this embodiment of the invention in that
      it permits mass production of ultrasonic motors in a housing where there
      is no wiring or solder joints on the respective motor or housing, or
      therebetween.
PAR  Once the motor is contained within the housing 52c, then the connector 115c
      is positioned within the cavity 60c as disclosed and in this embodiment of
      the invention electrical contacts are provided to engage the respective
      electrical contacts described above. Accordingly, electrical contact 223c
      meets with electrode 171c, contact 224c meets with electrode 104c, contact
      225c meets with the element 218c, and contact 226c meets with 214c. In
      turn, the respective contacts are pre-wired or otherwise molded so that
      their respective pins of connector 115c meet with the connector 120c in a
      conventional manner.
PAR  In order to assure proper orientation of connector 115c relative to the
      housing 124c, positioning means 230c is provided in the form of a keyway
      or depression 231c on the connector 115c and a complimentary nib or tooth
      232c is provided, as seen in FIG. 15, on the casing 124c, such that the
      user may easily orient the connector 115c relative to the casing 124c.
PAR  The connecting pins on the connector 115c are wired via 120c. Five of such
      connections are shown in that nut 85c similarly has an electrode portion
      connecting it via element 222c partially seen in FIG. 15. Accordingly, the
      contact 104c, through contact 224c, is wired to contact 128c and in turn
      to wire 141c. Contact 171c is wired through 223c to contact 191c and in
      turn through wire 192c. Contact 222c is wired to contact 126 and in turn
      to wire 140c. Contact 225c is in turn wired to contact 233c and in turn
      wire 198c. Contact 226c is in turn wired to contact 234c and in turn 199c.
      Accordingly, all the wires fit through sleeve 145c and are in turn wired
      to their respected designated positions within the converter.
PAR  FIGS. 19-22 illustrate a kit 10d that includes instrument means 22d with a
      plurality of interchangeable elements 165b adapted to be removably secured
      to the output section of the accessory 25d and having a converor 15d
      which, as seen in FIG. 21, is of a size in that the male prongs 235d will
      extend outwardly from one edge of the converter 15d and are adapted to be
      plugged into a wall outlet 236d. In this manner the user essentially does
      not have to position his convertor on a table or other working area but
      may merely plug into the wall outlet 236d the ultrasonic convertor and by
      means of the cable 24d operated by switching means 195d, on the accessory
      25d, may readily perform whatever function he desires. As seen in FIG. 20,
      we have a model plastic airplane 238d that may be included as part of the
      kit 10d such that the user 11d, upon purchase of the kit 10d, has
      contained therein one or more models, or other items, to be worked upon
      utilizing the ultrasonic instrument means 22d packaged with the kit.
PAR  As seen in FIG. 20, the ultrasonic element 165d is interposed between the
      mating joints of the airplane and by moving same at the joint a flow of
      plastic occurs which is sufficient to cause a fusion of the plastic parts.
      The kit 10d further includes in its carton or other packaging means 240d,
      with cover 241d, a number or removable elements in various shapes and
      forms. Those illustrated are with a pointed tip element 178d as in FIGS. 9
      and 10, for use as in FIG. 20 for plastic assembly, a knife element 242d
      as seen in FIG. 21, and a round pointed element 244d as seen in use in
      FIG. 22. Accordingly, the kit is adaptable for use in a great variety of
      hobby-craft applications and as such a supply of disposable parts 245d may
      be contained in a container 246d in the kit 10d. The disposable parts 245d
      may be of plastic, metal or other material.
PAR  Accordingly, all types of plastic, glass, metal, wood, leather, and other
      materials may be worked upon with the kit 10d. As seen in FIG. 20 the
      instrument means 22d is used by the user 11d to assemble a plastic model
      and control the power by the finger tip switching means 195d.
PAR  FIG. 21 illustrates the removable element 165d in the form of a knife
      element 242d. Accordingly, a number of accessories 25d may be purchased by
      the user, such that even if the elements are removable, the user may have
      the ones he uses most often already assembled to an accessory 25d which is
      quickly and easily removed from the adapter 26d. This type of system gives
      the user maximum flexibility between interchangeability of the accessory
      and the removable elements to be used. Further, the convertor 15d is
      plugged directly into the wall outlet 236d for the convenience of the
      user.
PAR  FIG. 22 illustrates yet another application in which the instrument means
      22d, connected to the power cable 24d and in turn to the convertor 15d, is
      plugged within the wall outlet 236d. In operation the finger switching
      means 195d is used to vibrate the removable element 244d which is in
      contact with a wood member 248d such as for wood burning or other
      applications.
PAR  FIGS. 23 and 24 illustrate another form of kit 10e that may be used by the
      hobbyist to perform a series of applications, some of which are
      hereinafter illustrated in FIGS. 25-28. In contrast to the kit illustrated
      in FIG. 19, the present kit as seen in FIG. 23 includes a container 15e
      that could be battery powered or plugged in a wall outlet and having an
      on/off switch 28e contained on the cabinet as well as a power control
      adjustment knob 20e such that the power to perform a special application
      may be properly adjusted by the user 11e as seen in FIG. 25
PAR  The kit includes a converter 15e contained within packaging means or
      cartion 240e having a cover 241e for shipment. The instrument means 22e is
      seen to include an adapter 26e having the power cord 24e adapted to be
      plugged in the convertor 15e as seen in FIG. 24. The accessory 25e is of
      the type to be removed from the adapter 26e and designed to accept a
      plurality of interchangeable, removable elements illustrated in the form
      of a bent or shaped tip 252e, an assembly element 253e for use as seen in
      FIGS. 25-27, an element 251e which may have a rounded tip, the element
      250e which may be in the form of a thin spatula for mixing, welding or
      other applications.
PAR  To facilitate the use of the kit 10e by the user, a number of peripheral
      items may be provided so that the user, upon purchase of the kit may be
      able to begin use thereof with what is provided in the kit. For example,
      the container 246e is provided having a number of clips 245e that may be
      in the form of plastic or other type fasteners such as illustrated with
      respect to FIGS. 25-27. In addition, plastic sheet material or even wood
      members or elements 257e may be provided such as for wood burning or other
      uses. Container 259e is provided for various plastic or leather strips or
      filaments to be used for artistic craft work or other uses that the
      hobbyist may find.
PAR  It will be noted that a finger switch is also provided on the accessory 25e
      such that once the user places the power on by switch 28e the convertor
      may be in the on position such that instantaneous power will be available
      at the removable element 252e upon engagement of the finger switch by the
      user.
PAR  FIGS. 25-28 illustrate further usage of the ultrasonic apparatus. At the
      present time, erector sets normally utilize metallic nuts and bolts to
      assemble the respective components thereof. As seen with respect to FIG.
      25, metallic components 254e and 255e of the erector set are assembled by
      using a plastic rivet 256e having its head at one end thereof in a nest
      258e and the ultrasonic instrument 22e held by the user 11e with a
      removable element 253e having a pocket for containment of the shaft of the
      rivet 256e. In this manner the energy is applied with a static force in
      the direction of the arrows 259e, and the kinetic energy imparted to the
      rivet by the ultrasonic mechanical vibrations effects the flow of the
      plastic and a head 260e is formed as seen in FIG. 26.
PAR  FIGS. 27 and 28 illustrate a novel fastener adapted to be jointed with
      ultrasonic energy and including a first fastening element or portion 261e
      having a head portion 262e in a nest 258e, and a tubular shaft 263e with
      an axial bore 268e contained therein and a second fastening element 265e
      having a head portion 266e and a shank shaft 267e adapted to be contained
      within the axial bore 268e of the shaft 263e. As seen, the two elements
      261e and 265e are to be assembled with one head 262e resting in the nest
      258e and the second head 266e coupled to the ultrasonic motor tool with
      ultrasonic vibrations applied thereto by the instrument 22e in the
      direction of the doubleheaded arrow 269e to assemble parts 254e and 255e.
      The dimensional relationship between the inner bore 268e and the outer
      diameter of the shaft 267e is such that there is a minimal spacing of
      0.0005 inches for the diameters of the shaft 267e in the range of diameter
      of 0.032 inch to 1 inch such that a flow of the plastic first occurs to
      form a molecular bond between the respective circular of other
      cross-sectional areas of the fastening elements 261e and 265e.
PAR  FIG. 28 shows the removal of a head 266e of a rivet, either as formed in
      FIGS. 25 and 26, or FIG. 27 with an ultrasonic tool 252e that permits the
      user to quickly disassemble his erector set by shearing off the heads of
      the plastic rivets and separate the parts 254e and 255e.
PAR  FIG. 29 illustrates one form of electronic converter circuit 15f that is
      designed to be used with the type of motor 50f having two crystals 88f and
      89f with the electrode 90f therebetween, and generally illustrated in
      FIGS. 3-6. The motor 50f further includes a rear portion 91f and locking
      means in the form of a nut 85f with a wire 112f extending from the motor
      to point of ground or reference potential and a wire 104f extending from
      the electrode 90f and wired to the converter 15f as hereinafter discussed.
PAR  More particularly now, the converter 15f includes a transistor 280 arranged
      in a driving circuit to provide an output oscillatory signal coupled to
      the motor 50f to drive or induce ultrasonic vibrations in the
      piezoelectric crystals 88f and 89f. The transistor 280 which is shown as
      an N-P-N type, has its collector electrode 281 connected through an R.F.
      choke 282 to the junction of a fixed value resistor 283 and a variable
      resistor 284. The other end of the resistor 283 is connected to the base
      electrode 298 of the transistor 280 and one end of a secondary winding 285
      of a transformer 286. The other end of the winding 285 is grounded. A
      capacitor 287 is connected in parallel with the transformer secondary
      winding 285 to provide a tank circuit resonant at the desired frequency of
      oscillation. An output coupling of the developed oscillatory signal is via
      the transformer primary winding 288 connected between the transistor
      collector electrode 281 and the motor driving electrode 90f. The collector
      electrode 281 is coupled to ground through an isolating capacitor 289. The
      emitter electrode 290 of the transistor 280 is coupled to ground through a
      bias resistor 291. Resistor 291 is bypassed to ground by a capacitor 292.
PAR  D.C. operating power for the oscillator may be provided by a standard type
      half wave rectifier power supply circuit, as shown for example in FIG. 29
      as comprising a resistor 293 in series with a diode 294 and connected
      across the secondary winding of a transformer 295. A filter capacitor 297
      is connected across the resistor 293. The transformer primary is connected
      through a suitable on-off switch 296 to an A.C. voltage source D.C.
      voltage is supplied to the oscillator circuit via a lead connection from
      the variable resistor 284 to a tap on the resistor 293.
PAR  Operation of the driving circuit of FIG. 29 is as follows. The variable
      resistor 284 is adjusted to provide a suitable operating potential for the
      transistor collector electrode 281. When switch 296 is closed to apply
      power to the driving circuit, piezoelectric crystals 88f and 89f start
      oscillating at the desired frequency and a plurality of harmonic and
      subharmonic frequencies of said desired frequency. These oscillations are
      applied through transformer primary winding 286 to the resonant tank
      formed by capacitor 287 and transformer secondary winding 285. This
      resonant tank is designed so as to pass only the desired frequency and to
      switch transistor 280 "on" and "off" at said desired frequency. In this
      manner, a driving signal is applied to crystals 88f and 89f to sustain the
      oscillations thereof and the ultrasonic vibrations of motor 50f at the
      desired frequency.
PAR  FIG. 30 is similar to FIG. 29 except that in the electronic circuit 15g the
      A.C. to D.C. power supply circuit has been replaced by a battery 298 or
      straight D.C. power supply.
PAR  Turning now to FIG. 31, there is illustrated an electronic circuit 15h
      adapted for use with the ultrasonic motor 50h which may be of the type
      illustrated in FIGS. 9-18, inclusive, and which includes a pair of driving
      crystals 88h and 89h, with the electrode 90h therebetween, with a rear
      member 91h coupled to an electrode 170h and a feedback crystal 168h with a
      rear locking nut 85h. Electrode 90h is connected by wire 104h to the
      circuit and electrode 170h by wire 171h. The unit is grounded by wire
      112h.
PAR  The oscillator circuit for driving the motor 50h includes a transistor 300,
      having its base electrode 301 connected to the junction of a capacitor 302
      and resistors 303 and 304. Resistor 304 is returned via the primary
      winding 305 of a transformer 306 to the collector electrode 307 of the
      transistor 300. The emitter electrode 308 of the transistor 300 is
      connected to ground through a resistor 309. The other end of resistor 303
      is also connected to ground. The capacitor 302 is series connected to a
      variable inductor 310 which is tuned with the capacitor 302 to be series
      resonant at the desired frequency of vibration for the motor driving
      crystal 90h. A signal attenuating resistor means 311 series connects the
      inductor 310 to a feedback crystal 170h in the motor 50h. Operating
      potential for the circuit is supplied from an A.C. to D.C. power supply
      312, similar to that shown in FIG. 29. Connection of the power supply D.C.
      output voltage to the oscillator circuit is via lead 313 to the
      transformer primary winding 305 and ground lead 314. The oscillator output
      drive signal is coupled to the motor 50h and electrode 90h via the
      transformer secondary winding 315.
PAR  Operation of the circuit is as follows:
PAR  When the circuit 15h is energized, as by closing of the power supply on-off
      switch, the sudden surge of current therefrom will drive the crystals 88h
      and 89h into a vibratory mode of operation. The vibrations of crystal 88h
      and 89h will in turn induce vibrations in the feedback crystal 168h and
      the vibrations or oscillatory output of crystal 168h is fed back to the
      base input of the transistor 300 via the inductor 310 and capacitor 302
      network. Since the induced vibrations in the crystal may be harmonic
      and/or subharmonic of the crystal fundamental frequency, the
      inductor-capacitor feedback network is turned to be series resonant at the
      desired frequency of vibration for the motor 50h. The transistor 300
      operates as an amplifier so that at this series resonant frequency, the
      feedback signal to the base input of the transistor 300 will be at a level
      to provide a sufficient signal output from the transistor 300 for coupling
      via the transformer 306 to the crystals 88h and 89h to sustain the crystal
      vibrations at the desired or tuned frequency of the series resonant
      circuit.
PAR  FIG. 32 is similar to FIG. 31 except that in the circuit 15j the A.C. to
      D.C. power supply circuit has been replaced by a battery 316. Operation of
      the circuit is the same as was heretofore described with respect to FIG.
      31.
PAC  CONCLUSION
PAR  Applicants have herein disclosed new and novel apparatus and kits to be
      utilized for the home consumer, professional and industrial markets. The
      kits of the present invention are multi-functional and provide a major
      breakthrough into the home consumer field on an economical basis.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawing, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein without
      departing from the scope or spirit of the invention, except as defined in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ultrasonic system including
PA1  A. a cabinet;
PA1  B. driving circuit means for providing an electrical driving signal of a
      desired ultrasonic frequency including tuned circuit means tuned to said
      desired frequency for controlling the frequency of said driving signal;
PA1  C. adapter means including a first connector coupled to said driving
      circuit means for transmission of said driving signal;
PA1  D. a plurality of means each adapted to be interchangeable with each other
      and releasably connected to said adapter means and forming part thereof to
      permit a variety of applications to be performed, said adapter means and
      interchangeable means when assembled being adapted to be hand held by a
      user and including:
PA1  1. a housing means capable of being hand held,
PA1  2. an ultrasonic motor capable of vibration at more than one frequency
      including said desired frequency mounted within at least a portion of said
      housing means and having a portion extending outside of said housing means
      portion for transmission of high frequency mechanical vibrations, said
      ultrasonic motor including:
PA1  a. a transmission member having a rear section and a front section with an
      output end for transmitting the generated mechanical vibrations,
PA1  b. transducer means connected to said rear section, said interchangeable
      means being in the form of an accessory .[.forming part of said instrument
      means when assembled therewith and.]. including said motor, said housing
      means portion, and a second connector mounted on said housing means
      portion adapted to be releasably connected to said adapter means first
      connector for electrically coupling said driving circuit means and said
      transducer means when in its assembled position through said connectors,
PA1  E. means for applying to said tuned circuit means a detected signal
      representative of the frequencies of vibration of said motor, said tuned
      circuit means responding to the desired frequency portion of said detected
      signal to cause said driving signal means to produce a driving signal of
      said desired frequency; and
PA1  F. a support means associated with said cabinet for holding said assembled
      adapter means and interchangeable means in fixed position relative to said
      cabinet when not in use.
NUM  2.
PAR  2. An ultrasonic system as defined in claim 1, including a plurality of
      interchangeable elements adapted to be removably secured to said
      transmission member front section of at least one of said interchangeable
      means for transmission of the ultrasonic mechanical vibrations.
NUM  3.
PAR  3. An ultrasonic system defined in claim 1, wherein at least one of said
      interchangeable means includes a razor connected to said motor for driving
      said razor at an ultrasonic rate.
NUM  4.
PAR  4. An ultrasonic system as defined in claim 1, wherein at least one of said
      interchangeable means includes a toothbrush connected to said motor for
      driving said toothbrush at an ultrasonic rate.
NUM  5.
PAR  5. An ultrasonic system as defined by claim 1, wherein at least one of said
      interchangeable means includes an applicator having a passageway extending
      therethrough for a stream of liquid and adapted for use in the oral cavity
      for treating the gingival and tooth structures for hygienic control
      thereof.
NUM  6.
PAR  6. An ultrasonic system as defined in claim 1, and further including liquid
      reservoir means in said cabinet communicating with said adapter means to
      provide a supply of liquid to the accessory connected to said adapter
      means.
NUM  7.
PAR  7. An ultrasonic system as defined in claim 1, wherein
PA1  A. said transmission means is elongated, said front section having a
      smaller cross-sectional area then said rear section to act as an
      accoustical impedance transformer to amplify the mechanical vibrations
      transmitted to said rear section and transmitted by said front section,
PA1  B. said ultrasonic motor including support means extending longitudinally
      from said rear section,
PA1  C. said transducer means being piezoelectric, positioned on said support
      means and electrically connected to said first connector,
PA1  D. said ultrasonic motor further including a rear member mounted in
      telescopic relation to said transducer means, and
PA1  E. locking means to maintain said transmission means, transducer means, and
      rear member under compression.
NUM  8.
PAR  8. An ultrasonic system as defined in claim 7, wherein said locking means
      includes a nut threadably engaged on said support means to compress said
      transmission means, transducer means and rear member to maintain said
      compression.
NUM  9.
PAR  9. An ultrasonic system as defined in claim 8, and further including
      mounting means for said motor to maintain said motor in fixed position
      relative to said housing means.
NUM  10.
PAR  10. An ultrasonic system as defined in claim 7:
PA1  a. wherein said transducer means includes a pair of piezoelectric discs
      mounted on said support means,
PA1  b. a disc-shaped electrode mounted between said crystal discs, and
PA1  c. means for insulating said piezoelectric discs and said electrode from
      said support means.
NUM  11.
PAR  11. An ultrasonic system as defined in claim 1, wherein said driving
      circuit means includes a power supply for producing a power signal; switch
      means for controlling the transmission of said power signal as a driving
      signal to said transducer means; and transformer means having a primary
      and a secondary winding; said tuned circuit means including capacitor
      means connected in parallel with said secondary winding; said means for
      applying said detected signal including said primary winding and means for
      electrically coupling said power supply through said primary winding to
      said transducer means.
NUM  12.
PAR  12. An ultrasonic system as defined in claim 1, wherein said means for
      applying said detected signal includes sening means mechanically coupled
      to said motor for detecting the frequencies of vibration thereof and
      producing said detected signal, and electrical conductor means for
      transmitting said detected signal through said first and second connectors
      to said driving circuit means, said driving circuit means including
      amplifier means having an input and an outut, said tuned circuit means
      being connected intermediate said conductor means and said amplifier means
      input and being adapted to filter said detected signal and pass to said
      amplifier means input the component of said detected signal of said
      desired frequency, said driving circuit means further including means
      operatively coupling said amplifier means output and said first connector
      for transmission of said driving signal.
NUM  13.
PAR  13. An ultrasonic system as defined in claim 1, and further including power
      switching means contained on said housing means and adapted to be engaged
      by a user during operation of the system.
NUM  14.
PAR  14. An ultrasonic system as defined in claim 13, wherein said swithcing
      means is contained on the interchangeable means.
NUM  15.
PAR  15. An ultrasonic system as defined in claim 13, wherein said switching
      means is contained on the adapter means.
NUM  16.
PAR  16. An ultrasonic system as defined in claim 1, and further including
      electrical coupling means extending between said motor and said second
      connector, said coupling means being at least in part embedded within said
      housing means wall and exposed at at least one end thereof to engage said
      motor to make electrical contact therewith.
NUM  17.
PAR  17. An ultrasonic kit, including:
PA1  A. ultrasonic instrument means adapted to be hand held by the user thereof
      and having an ultrasonic motor capable of vibrating at more than one
      frequency;
PA1  B. driving circuit means for providing an ultrasonic driving signal of a
      desired frequency for energizing said ultrasonic instruments means, and
      adapted to be connected to said motor, said driving circuit means
      including tuned circuit means tuned to said desired frequency for
      controlling the frequency of said driving signal;
PA1  C. means for applying to said tuned circuit means a detected signal
      representative of the frequencies of vibration of said motor, said tuned
      circuit means responding to the desired frequency portion of said detected
      signal to cause said driving circuit means to produce a driving signal of
      said desired frequency;
PA1  D. interchangeable means each adapted to be removably secured to the front
      end of said ultrasonic instrument means to permit a variety of
      applications of ultrasonic mechanical vibrations to selected objects for
      various results, and
PA1  E. a container for retaining said ultrasonic instrument means, driving
      circuit means, and interchangeable means.
NUM  18.
PAR  18. An ultrasonic kit as defined in claim 17, including electrical plug
      means for connection to an electrical outlet, said driving circuit means
      being mounted in said plug means.
NUM  19.
PAR  19. An ultrasonic kit as defined in claim 17, including a battery for
      powering said .[.converter.]. .Iadd.driving circuit means, .Iaddend.said
      battery being mounted in said container.
NUM  20.
PAR  20. An ultrasonic kit as defined in claim 17, and further including plastic
      parts to be assembled by said ultrasonic instrument means.
NUM  21.
PAR  21. An ultrasonic kit as defined in claim 20, wherein said plastic parts
      form a plastic hobby model.
NUM  22.
PAR  22. An ultrasonic kit as defined in claim 20, wherein said plastic parts
      are in the form of fasteners.
NUM  23.
PAR  23. An ultrasonic kit as defined in claim 17, wherein said ultrasonic
      instrument means includes manual control switch means for selectively
      actuating said motor.
NUM  24.
PAR  24. An ultrasonic kit as defined in claim 17, wherein said interchangeable
      means includes a cutting tool.
NUM  25.
PAR  25. An ultrasonic kit as defined in claim 17, wherein said interchangeable
      means includes a heating tool.
NUM  26.
PAR  26. An ultrasonic kit as defined in claim 17, wherein said driving circuit
      means includes a power supply for producing a power signal; switch means
      for controlling the transmision of said power signal as a driving signal
      to said motor; and transformer means having a primary and a secondary
      winding; said tuned circuit means including capacitor means connected in
      parallel with said secondary winding; said means for applying said
      detected signal including said primary winding and means for electrically
      coupling said power supply through said primary winding to said motor.
NUM  27.
PAR  27. An ultrasonic kit as defined in claim 17, wherein said means for
      applying said detected signal includes sensing means mechanically coupled
      to said motor and electrically coupled to said driving circuit means for
      detecting the frequencies of vibration thereof and producing said detected
      signal, said driving circuit means including amplifier means having an
      input and an output, said tuned circuit means being connected intermediate
      said sensing means and said amplifier means input and being adapted to
      filter said detected signal and pass to said amplifier means input the
      component of said detected signal of said desired frequency, said driving
      circuit means further including means operatively coupling said amplifier
      means output and said motor for transmission of said driving signal.
NUM  28.
PAR  28. A system for use in the home for hygienic purposes, comprising:
PA1  A. a housing adapted to be mounted on a wall in the home having an access
      opening;
PA1  B. a door connected to said housing and adapted to close the access opening
      and being movable to open the access opening;
PA1  C. driving circuit means in said housing for converting conventional home
      electrical current to an electrical driving signal oscillating at a
      desired ultrasonic frequency, including tuned circuit means tuned to said
      desired frequency for controlling the frequency of said driving signal;
      and
PA1  D. ultrasonic instrument means in said housing adapted to be hand held by
      the user, and having an electrical cable connected to said converter, said
      ultrasonic instrument means being removable through the access opening
      when said door is opened to permit use of said ultrasonic means with the
      inner end of the cord being retained within said housing, said instrument
      means being adapted to be used for hygienic purposes, and having a motor
      capable of vibrating at more than one frequency including said desired
      frequency.
NUM  29.
PAR  29. The system as defined in claim 28, and further including a reel on
      which said cable is wound to provide retractable means therefore.
NUM  30.
PAR  30. The system as defined in claim 28, wherein said instrument means
      includes an adapter having said cable connected thereto and an accessory
      removably connected to said adapter and having one end thereof for said
      hygienic purpose, said accessory including:
PA1  A. an ultrasonic motor for producing mechanical vibrations;
PA1  B. an output section coupled to said motor for transmitting the generated
      mechanical vibrations;
PA1  C. housing means enclosing said motor; .[.and.].
PA1  D. electrical connecting means mounted on said housing means and connected
      to said motor, said connecting means being adapted to be releasably
      connected to said adapter for the transmission of electrical energy to
      said motor, when in its assembled position .[...]. .Iadd.; and .Iaddend.
PA1  E. means for applying to said tuned circuit means a detected signal
      representative of the frequencies of vibration of said motor, said tuned
      circuit means responding to the desired frequency portion of said detected
      signal to cause said driving circuit means to produce a driving signal of
      said desired frequency.
NUM  31.
PAR  31. A system as defined in claim 30, wherein said accessory is in the form
      of a razor and includes an ultrasonic motor electrically connected through
      said adapted to said driving circuit means for driving said razor at the
      ultrasonic rate.
NUM  32.
PAR  32. A system as defined in claim 30, wherein said accessory is in the form
      of a toothbrush and includes an ultrasonic motor electrically connected
      through said adapter to said driving circuit means, for driving said
      toothbrush at an ultrasonic rate.
NUM  33.
PAR  33. The system as defined in claim 30, and further including reservoir
      means contained in said housing for containing a liquid, said reservoir
      means being coupled to said cable, said cable and adapter including a
      passageway to supply liquid to said accessory, and pumping means in
      communicating relationship to said reservoir means for supplying said
      liquid to said instrument means, said accessory being in the form of an
      applicator having a passageway extending therethrough for a stream of
      liquid and adapted for use in the oral cavity for treating the gingival
      and tooth structures for hygienic control thereof, said accessory
      containing an ultrasonic motor electrically connected through said adapter
      to said driving circuit means to inpart vibratory energy to said
      applicator.
NUM  34.
PAR  34. The system as defined in claim 28, and further including power
      switching means on said instrument means for manual operation by the user
      during use.
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ABST
PAL  A fluid-filled amplifier cell for laser generation comprises an elongated
      housing wherein at least one end contains, within the cell, a window
      supported at the Brewster angle and wherein such end is plugged with a
      mirror.
BSUM
PAR  This invention relates to a fluid laser generation cell. In one aspect, the
      invention relates to a laser generation cell for producing a linearly
      polarized output in a simple and relatively inexpensive manner by
      providing a cell having an internal Brewster window aligned with a
      mirrored end closure.
PAR  Laser generation cells currently available fall generally into two classes,
      viz, a relatively inexpensive cell having mirrored end closures which does
      not produce a linearly polarized output, and a relatively expensive cell
      having window end closures, set at the Brewster angle, in conjunction with
      external mirrors to obtain laser action; the latter type cell is more
      versatile and useful because of its linearly polarized output but, as
      noted, is substantially more expensive.
PAR  It is accordingly an object of the present invention to provide a simple
      and relatively inexpensive fluid laser generator cell capable of producing
      a linearly polarized output.
DRWD
PAR  Other aspects, objects, and the several advantages of this invention will
      become apparent upon study of this disclosure, the appended claims, and
      the drawing, in which:
PAR  FIG. 1 illustrates one type of cell of the prior art;
PAR  FIG. 2 illustrates a second type of cell of the prior art;
PAR  FIG. 3 illustrates a cell according to one embodiment of the present
      invention; and
PAR  FIG. 4 illustrates a cell according to a second embodiment of the present
      invention.
DETD
PAR  Referring now to the drawings, and to FIG. 1 in particular, there is
      illustrated a cell of the prior art which is of simple construction and
      accordingly is relatively inexpensive. Such a cell comprises an elongated
      body tube 10 having offset portions 11 for positioning of electrodes 12,
      which provide means for the input of energy to the cell, as is known in
      the art. Tube 10 is made fluid-tight by end closures 13 which are made
      reflecting at their inner faces 14. The only optical criticality of such a
      cell is the parallel alignment of faces 14. This cell, however, generates
      an output which is not linearly polarized, and should it be desired to
      polarize such output, it must be directed through some polarization device
      where it will lose theoretically at least 50 percent of its power and, as
      a practical matter, more. This type cell has the additional disadvantage
      of mirror deterioration because of electrical currents.
PAR  The prior-art cell of FIG. 2 is of the type more expensive to manufacture,
      and comprises a tube 10, portions 11, and electrodes 12 similar to those
      of FIG. 1. In this cell, the ends of tube 10 are closed by windows 15
      which are set at the Brewster angle (that angle whose tangent equals the
      index of refraction of the material of which window 15 is made) with
      respect to the longitudinal axis of tube 10. Further, where two windows
      are used as shown, they must be oriented properly about the longitudinal
      axis of the tube with respect to each other. Laser action is provided by
      mirrored faces 14 on substrates 16. Because of the windows 16 being set at
      the Brewster angle, the output of this cell is linearly polarized, but the
      cell is more expensive to build than that of FIG. 1.
PAR  According to the invention, I have discovered that a cell having a linearly
      polarized output can be built more simply by incorporating Brewster
      windows within the cell of the type of FIG. 1, as shown in FIG. 3. Here,
      the cell of FIG. 1 is modified by inserting within tube 10 a window 15'
      which is oriented at the Brewster angle, but which does not additionally
      serve as a closure for tube 10. Thus, window 15' need only be easily and
      inexpensively beveled so as to slide within tube 10; closeness of fit is
      not critical, since window 15' does not serve as a closure. Further, the
      window does not need to be rotated to any particular position about the
      longitudinal axis of the tube unless two windows are used. There is no
      theoretical power loss caused by polarization in this device, and the
      mirror surfaces are sealed from environmental deterioration while being
      shielded from the electrical current. The embodiment of FIG. 4 is similar
      to that of FIG. 3, with the addition of a stop 16, which can comprise
      simply a larger bore diameter in the end portion of tube 10. In this
      embodiment, beveled window 15' is held in position against stop 16 by end
      closure 13, which is again provided with a reflective inner face 14.
PAR  The various materials of construction of the cell, the working fluid within
      the cell, and the method of excitation of the cell are all within the
      skill of the art, and do not form a part of the present invention.
PAR  It will be understood that various changes in the details, materials,
      steps, and arrangement of parts, which have been herein described and
      illustrated in order to explain the nature of the invention, may be made
      by those skilled in the art within the principle and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fluid-filled laser generator cell:
PA1  a. an elongated hollow body having first and second ends;
PA1  b. means for imparting energy to a fluid to be contained within said body;
PA1  c. .Iadd.non-closure .Iaddend.window means within said body at a position
      intermediate said ends, said window means being oriented with respect to
      the longitudinal axis of said body at an angle about equal to its Brewster
      angle; and
PA1  d. closure means .Iadd.at .Iaddend.at least one of said ends in association
      with means for reflecting oriented about perpendicularly to said
      longitudinal axis.
NUM  2.
PAR  2. The device of claim 1 wherein said body is substantially cylindrical and
      said window means comprises a translucent disc having opposed
      substantially planar parallel faces and having an edge beveled to
      substantially conform with the interior surface of said body.
NUM  3.
PAR  3. The device of claim 2 wherein said interior surface of said body is
      further provided with stop means for engaging said edge at about the
      location thereon most remote from said closure means.
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ABST
PAL  A condition responsive circuit for generating an output signal upon the
      opening of a switch. An FET draws nominal current when the switch is
      closed. When the switch is opened the FET conducts to generate an output.
      The output may include an audio alarm, an oscillator and a transmitter to
      generate an alarm at a distant location, or a visual indicator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to condition responsive circuits and, more
      particularly, to a condition responsive circuit which may be utilized in
      environments such as hospitals and the like for signalling the departure
      of a patient from a hospital bed.
PAR  One of the common hospital accidents occurs when a patient climbs off a
      hospital bed and injures himself such as by falling or stumbling. This
      will frequently occur when a patient who is too weak to walk unaided
      deliberately attempts to climb off the bed. It may also occur when the
      patient is not totally aware of his physical acts for one reason or
      another.
PAR  The departure of a patient from a hospital bed results in the removal of
      pressure (weight) from the bed. Therefore, the present invention is
      responsive to a change in conditions, namely, changes in pressure.
PAR  While various systems have been developed for detecting the pesence or
      absence of pressure, it must be appreciated that in a hospital environment
      it is undesirable to have a hospital bed connected to a source of electric
      power. Not only is there a psychological problem when the bed itself is
      connected to a source of power, but there is always a danger of shock if
      liquids are spilled on the bed.
PAR  Therefore, it any current is to be supplied to the bed it must be nominal.
      However, if a self-contained battery system is utilized, the useful life
      of this system is quite short if the battery is always in an on condition.
PAR  It is therefore a principal object of the present invention to provide a
      condition responsive circuit which normally draws only a nominal current.
PAR  It is a further object of the present invention to provide a hospital bed
      alarm system which signals the departure of a patient from a bed.
PAR  It is yet another object of the present invention to provide a
      self-contained signal circuit responsive to a change in a physical
      condition, such as the presence or absence of pressure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects of the present invention together with other objects
      and advantages which may be attained by its use, will become more apparent
      upon reading the following detailed description, taken in conjunction with
      the drawings.
PAR  In the drawings, where like numeral identify corresponding parts:
PAR  FIG. 1 is a schematic circuit diagram of one embodiment of a condition
      responsive circuit;
PAR  FIG. 2 is a partial schematic illustration of a second embodiment of the
      present invention;
PAR  FIG. 3 is a schematic illustration of an alarm signalling circuit which may
      be utilized with the condition responsive circuit of the present
      invention; and
PAR  FIG. 4 is a schematic diagram of a circuit for remote transmission of an
      alarm signal.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown a field effect transistor or FET
      10 having source, drain and gate electrodes. A normally closed switch 12
      having a plunger 14 is connected to the gate electrode of the FET 10. The
      junction of the switch 12 and the gate electrode are coupled through a
      resistance 16 to ground and the source electrode is coupled through a
      resistance 18 to ground.
PAR  A transistor 20 has its base electrode connected through a resistor 22 to
      the source electrode of the FET 10. The emitter of the transistor 20 is
      coupled through a resistor 24 to ground. Signal means 25 is coupled
      between the collector of transistor 20 and the drain electrode of the FET
      10.
PAR  A source of voltage, such as -9 volts available from a small dry cell, is
      connected to one side of a normally closed switch 28. The other side of
      switch 28 is coupled to one pole of a double pole single throw switch 30
      which serves as an on/off switch. The other side of the on/off switch is
      connected to switch 12.
PAR  The other pole of switch 30 connects a source of +9 volts, also from a dry
      cell, to the drain electrode of FET 10. Two separate dry cells are
      preferred for reasons to be explained.
PAC  OPERATION
PAR  In the use of the circuit of FIG. 1 in the environment of a hospital bed,
      it is important that only a nominal current be present to avoid a drain on
      the two batteries. Since it is desired to determined when a patient
      departs from the bed, the switch 12 having a plunger 14 may be a switch
      such as that manufactured by Packard Electric of Ohio, bearing Part. No.
      82A5A-1216876 which is a pressure sensitive switch. Thus, the pressure or
      weight on the switch is equivalent functionally to pressing and releasing
      on the plunger 14 shown schematically in FIG. 1.
PAR  With the on/off switch or double pole single throw switch 30 closed, there
      is a path from the -9 volt battery through the switch 12 to the gate of
      the FET 10 and through the resistor 16 to ground. Switch 12 is the type
      which is normally closed, that is, the plunger 14 is normally in. If the
      pressure sensitive switch is utilized, this represents the presence of a
      patient in a hospital bed. Under this condition, virtually no current
      flows through that portion of the circuit including the switch 12. The
      high voltage drop across resistor 16 which appears at the gate of the FET
      10, biases the source to drain junction of the FET in an off condition.
PAR  Upon the departure of the patient from the bed, equivalent to the plunger
      14 of the switch 12 being released, the circuit therethrough is opened
      removing the voltage source from the gate electrode of the FET 10. At this
      time, current will flow from the +9 volt source through one pole of the
      switch 30 and from the drain to the source electrode of the FET 10. This
      current flow turns on the transistor 20 permitting current to flow from
      the nine volt source through the signal means 26 to generate an output
      signal.
PAR  When the patient gets back into bed and his weight depresses the plunger 14
      of the pressure sensitive switch, the signalling portion of the circuit is
      turned off.
PAR  An optional capacitor 32 coupled across resistor 16 provides a time delay.
      Thus, once the patient departs from the bed, the voltage at the gate of
      the FET 10 drops as the capacitor discharges. Once the capacitor has
      discharged, then the FET conducts to permit the alarm or signal to be
      given. The purpose of this optional capacitor 32, shown connected with
      dotted leads, is to prevent an immediate signalling if the patient
      momentarily moves clear of the switch while rolling over in bed.
PAR  The test or push button switch 28 is a normally closed switch which may be
      deliberately opened to test the operation of the system. Thus, opening the
      switch 28 is equivalent to opening the switch 12.
PAR  It must be appreciated that the portion of the circuit from the +9 volt
      battery across the FET and oscillator to ground normally draws no current.
      That is, no current flows to that portion of the circuit because the FET
      is biased off.
PAR  The current which flows through the portion of the circuit from the -9 volt
      battery and through the switch 12 is nominal because of the high
      resistance of resistor 16. However, since there is some nominal current,
      there is always the possibility that the -9 volt battery will lose power.
      However, the particular circuit of this invention has the additional
      feature that upon the loss of power of the -9 volt battery, the effect is
      the same as the opening of the switch 12. That is, the voltage at the gate
      of the FET 10 is removed and a signal is sounded.
PAR  As an alternate embodiment for the present invention, reference is made to
      FIG. 2 wherein there is illustrated a silicon controlled rectifier or SCR
      34 having its cathode grounded and its anode connected to one side of a
      normally closed pushbutton switch 36. The embodiment of FIG. 2 replaces
      the portion of FIG. 1 shown in a dotted block 37 including the transistor
      10 and the resistor 24. Thus, the gate of the SCR is connected to the
      resistor 22 and the side of the switch 36 not connected to the SCR is, of
      course, connected to the signal means 26.
PAR  The purpose of this embodiment is based upon the property of an SCR that
      once it fires or conducts it is necessary to actually remove the current
      from the anode to the cathode rather than taking away the signal from the
      gate. This provides the increased benefit of requiring a deliberate
      turn-off of the alarm by resetting switch 36.
PAR  With reference to FIG. 3, the first embodiment of an alarm is illustrated.
      This circuit may be utilized as the signal means 26 to generate an alarm
      at the hospital bed.
PAR  The audio alarm of FIG. 3 which is coupled between the drain electrode and
      the +9 volt source on one side and either the switch 36 of FIG. 2 or the
      transistor 20 of FIG. 1 on the other side includes an .Iadd.UJT
      .Iaddend..[.FET.]. 38 which is normally biased off and which has its
      .[.source.]. .Iadd.base.sub.2 .Iaddend. electrode connected to a voltage
      divider comprising two resistors 40 and 42. The junction of resistors 40
      and 42 is coupled to the base of a transistor 44. The emitter of the
      transistor 44 is coupled back to the main circuit of FIGS. 1 or 2 and the
      collector of transistor 44 coupled to one side of a speaker 46. The other
      side of the speaker 46 is coupled back to the .[.drain.]. .Iadd.base.sub.1
      .Iaddend. electrode of the .Iadd.UJT .Iaddend..[.FET.]. 38.
PAR  Also included in the alarm means of FIG. 3 is a resistor 48 .[.to provide a
      bias to the gate of the FET 38, a capacitor 50 coupling the gate of the
      FET back to the circuit of FIGS. 1 or 2 and a.]. .Iadd.and a capacitor 50
      which form an RC timing network. The emitter of UJT 38 is connected to the
      common point between resistor 48 and capacitor 50. A .Iaddend.second
      capacitor 52 across the bias resistor 48 and the capacitor 50 .Iadd.serves
      as a by-pass capacitor. .Iaddend.
PAR  In operation, when the patient leaves the bed thereby removing the bias
      from the FET 10, the conduction of the transistor 20 (or the SCR 34) as
      previously explained permits current to flow through the alarm or signal
      means of FIG. 3. This current flow .[.cuts off the bias to the FET 38
      normally provided by the voltage drop across the resistor 48, and.].
      .Iadd.biases on the UJT 38. The voltage across the resistor 48 and
      capacitor 50 is time varying and when the UJT conducts, a current pulse is
      fed to .Iaddend.the voltage divider of resistors 40 and 42 .Iadd.which
      .Iaddend.turns on transistor 44 to conduct the current through the speaker
      46. The .Iadd.UJT 38, .Iaddend.capacitor.[.s.]. .Iadd.50 .Iaddend.and
      resistor.[.s.]. .Iadd.48 .Iaddend.provide a .[.resonant.]. .Iadd.time
      varying signal .Iaddend.circuit which provides the alarm to be driven
      through the speaker 46.
PAR  Since the alarm going off at the patient's bedside might startle the
      patients or otherwise create a disturbance, especially in the evening,
      another embodiment of the present invention contemplates the transmission
      of an alarm system to a remote area such as a nursing station. FIG. 4
      discloses one such circuit which may be utilized as the signal means 26.
PAR  FIG. 4 includes a conventional unijunction oscillator to frequency modulate
      a radio frequency transmitter. The conventional unijunction oscillator
      includes an .[.FET.]. .Iadd.UJT .Iaddend.54 having its .[.source.].
      .Iadd.base.sub.2 .Iaddend. electrode coupled through a resistor 56 back to
      the circuit of FIG. 1 or 2 and being .[.normally biased.]. in an off
      condition .[.by a voltage developed across a resistor 58 between the +9
      volt source and the gate electrode..]..Iadd.. .Iaddend.When the transistor
      20 of FIG. 1 or the SCR 34 of FIG. 2 conducts, current flows .[.through
      the resistor 58.]. and turns on the .[.FET.]. .Iadd.UJT .Iaddend.54. This
      functions as a .[.Colpits oscillator.]. .Iadd.unijunction oscillator
      .Iaddend.to FM modulate a .Iadd.Colpits oscillator .Iaddend.transmitter
      which includes a voltage divider network of resistors 60 and 62 having
      their junction coupled to the base of a transistor 64. The emitter of the
      transistor 64 is coupled by a parallel combination of a resistor 66 and a
      capacitor 68 back to the circuit of FIG. 1 and having the collector
      coupled to a parallel LC circuit comprising inductor 70 and variable
      capacitor 72. The transmitter of FIG. 4 operates in a conventional
      fashion.
PAR  Thus, there has been described a circuit for generating an output signal
      upon a change in condition, namely, a change in pressure. The output
      signal may generate an alarm at the location of the switch or by a radio
      frequency transmitter generating a signal at a remote station. The circuit
      is battery operated and draws essentially no current when the patient is
      in bed, thereby providing greater useful life for the batteries.
PAR  Various modifications may be made to the present invention. For example,
      the signal means may include a light or other signalling devices as are
      well known in the art. Furthermore, the pressure responsive switch 12 may
      be replaced by other condition responsive switches such as those which
      respond to the presence or absence of moisture. In that case, the circuit
      may be utilized to detect if a patient spills liquids in his bed or may be
      further utilized to detect the presence or absence of fluid flowing in a
      tube being utilized for intravenous feedings.
PAR  In the preferred embodiment of FIG. 1, FET 10 is a type 2N5653 and
      transistor 20 is a NPN-2N4400. Resistor 16 is 15M ohms, resistors 18 and
      22 are 10K and 4.7K ohms, respectively, and capacitor 32 would be 0.22 uf
      for a two-second delay. In FIG. 2, the SCR 34 is a 2N5060.
PAR  The component values for the signal means of FIG. 3 are: .[.FET.].
      .Iadd.UJT .Iaddend.38, 2N4871; transistor 44, 2N4400; resistors 40, 42 and
      48, 470 ohms, 4700 ohms and 6.8K ohms, respectively, and capacitors 50 and
      51 0.1 uf and 100 uf.
PAR  In FIG. 4, .[.FET.]. .Iadd.UJT .Iaddend.57-MU4894, transistor 64, 2N3294,
      resistors 56, 58, 60, 62 and 66; 47K, 500K, 33K, 10K and 1K, respectively,
      capacitor 68; 10pf and variable capacitor 72, 1.5-7p would provide
      suitable operation.
PAR  Therefore, the foregoing is a description of the preferred embodiment of
      circuitry only and should not be interpreted in a restrictive sense but
      only as exemplifying the underlying concepts of the present invention. The
      invention may be further developed within the scope of the following
      claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A condition responsive circuit for signalling the departure of a patient
      from a bed or the like by generating an output signal upon the opening of
      a switch, comprising:
PA1  a switch being normally closed by the weight of a patient in a bed;
PA1  an FET having source, drain and gate electrodes, said gate electrode
      connected to said switch for normally drawing only a nominal current and
      for continuously biasing said gate electrode to render said FET
      non-conductive;
PA1  a normally off output means coupled to said at least one of .Iadd.said
      .Iaddend.source and drain electrodes for generating an output signal when
      said FET is rendered conductive;
PA1  the opening of said switch to remove the continuous bias from said gate
      electrode;
PA1  delay means coupled to said switch and said gate electrode for maintaining
      a bias at said gate electrode to prevent said FET from being rendered
      conductive for a predetermined time interval after the opening of said
      switch; and
PA1  said output means including an SCR, an SCR switch, and a signal means, all
      connected in series;
PA1  said SCR being rendered conductive by said FET being rendered conductive to
      thereby generate an output signal from said signal means, and said SCR
      being thereafter rendered non-conductive only by operating said SCR
      switch.
NUM  2.
PAR  2. A condition responsive circuit for signalling the departure of a patient
      from a bed or the like by generating an output signal upon the opening of
      a switch, comprising:
PA1  a switch being normally closed by the weight of a patient in a bed;
PA1  an FET having source, drain and gate electrodes, said gate electrode
      connected to said switch for normally drawing only a nominal current and
      for continuously biasing said gate electrode to render said FET
      non-conductive;
PA1  a normally off output means coupled to at least one of said source and
      drain electrodes for generating an output signal when said FET is rendered
      conductive;
PA1  the opening of said switch to remove the continuous bias from said gate
      electrode; and
PA1  delay means coupled to said switch and said gate electrode for maintaining
      a bias at said gate electrode to prevent said FET from being rendered
      conductive for a predetermined time interval after the opening of said
      switch.
NUM  3.
PAR  3. The circuit of claim .[.1.]. .Iadd.2 .Iaddend.and further including:
PA1  second switch means connected in series with said normally closed switch
      for testing the operation of said circuit by removing said continuous bias
      from the FET gate.
NUM  4.
PAR  4. The circuit of claim .[.1.]. .Iadd.2 .Iaddend.wherein said output means
      includes a normally non-conductive electronic switch rendered conductive
      when said FET is rendered conductive.
NUM  5.
PAR  5. The circuit of claim 4 wherein said output means further includes an
      oscillator coupled in series to said electronic switch, said oscillator
      being energized when said FET and said electronic switch are rendered
      conductive.
NUM  6.
PAR  6. The circuit of claim 4 wherein said output means further includes a
      normally off transmitter which is turned on by said FET and said
      electronic switch being rendered conductive, the frequency of the
      transmitter being modulated by said oscillator.
NUM  7.
PAR  7. The circuit of claim 4 wherein said electronic switch is an SCR.
NUM  8.
PAR  8. The circuit of claim 7 and including third switch means in series with
      said SCR for rendering said SCR non-conductive after said SCR is rendered
      conductive by said FET being rendered conductive.
NUM  9.
PAR  9. The circuit of claim .[.1.]. .Iadd.2 .Iaddend.wherein said switch is
      pressure sensitive.
NUM  10.
PAR  10. The circuit of claim .[.1.]. .Iadd.2 .Iaddend.wherein said output means
      includes an audio alarm.
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ABST
PAL  A safety helmet for vehicular use constructed of two superimposed shells to
      take advantage of the physical properties of each of the materials for the
      shells and cancel out any disadvantages. The shells preferably are
      constructed of different plastic materials such as a fiberglass reinforced
      plastic and a tough plastic such as a polycarbonate.
BSUM
PAC  DISCLOSURE OF THE INVENTION
PAR  This invention relates to an improved safety helmet particularly adapted
      for use with vehicles such as motorcycles and the like.
PAR  Present day safety helmets for vehicular use are generally constructed of a
      single shell shaped to be worn on the head and having an energy absorbing
      or shock absorbing liner secured to the shell. The helmet shells presently
      being manufactured for vehicular use are constructed of either a
      reinforced plastic such as fiberglass or a molded tough plastic such as
      polycarbonate plastics. It has been found that from a practical
      standpoint, a helmet shell constructed with either of these materials is
      not optimum for use as a vehicular helmet. A fiberglass reinforced plastic
      shell is generally more expensive to manufacture than an injection molded
      plastic shell such as one constructed of a polycarbonate material.
      Polycarbonate plastics are the toughest plastics presently known for
      manufacturing helmets. Fiberglass resins are thermosetting and by virtue
      of inherent cross linking of the resins are generally stable and inert.
      The glass fibers form a mesh that is difficult to separate. As a result,
      the advantage of a fiberglass shell is that even though the resin matrix
      may shatter under impact the glass fibers hold the shell together in one
      piece. Fiberglass shells, however, are relatively brittle and tend to
      fracture under even minor impacts. After a substantial impact, the
      thermosetting resin in the fiberglass fractures. Despite the advantages of
      the fiberglass shells, the polycarbonate helmet shells are usually lighter
      in weight than one constructed of fiberglass leading to more comfort for
      the wearer. Polycarbonate shells are very tough and are not generally
      affected by repeated impacts either in use or in testing. A polycarbonate
      shell will stand up to repeated impacts without change. Polycarbonate
      resins, however, tend to be unstable and subject to stresses. The
      polycarbonate shell will not hold together upon a catastrophic impact that
      fractures the shell. Despite the aforementioned advantages the above types
      of prior art helmets and other presently known prior art types all have
      been found to be extremely inefficient in meeting the needs relative to
      the practical and realistic production of helmets.
PAR  Shock liners that are presently used for such safety helmets are basically
      of two types -- resilient and nonresilient. Most nonresilient liners are
      constructed of an expanded polystyrene (EPS) and are of a relatively low
      density. The resilient liners are of a higher density and vary with
      respect to their dynamic crushability. The selection of a resilient or
      nonresilient shock or energy absorbing liner is a design compromise based
      on the advantages and disadvantages of the various types of material. At
      the present time, the expanded polystyrene (EPS) is the least expensive
      material commercially available and in use and is lightweight and has a
      high stiffness to weight ratio. Expanded polystyrene is relatively
      unaffected by temperature variations relative to impact forces and is not
      affected by rate of strain. The expanded polystyrene generally suffers
      from lack of recovery and as a result may be completely crushed and
      permanently deformed by a single impact that greatly reduces its ability
      to attenuate an impact blow, absorb energy or reduce energy transfer in
      the event the subsequent blows to the liner are in the same area as the
      first impact.
PAR  The resilient energy absorbing liners are generally constructed of
      materials selected from the urethane elastomers, rubbers and some foamed
      thermo-plastics such as foamed polyethylene. The resilient shock liners
      tend to recover after receiving impact forces thus making them more
      suitable for helmet use. Some urethane materials, for example, are
      extremely sensitive to rate of strain. This characteristic can be used to
      advantage since the strain sensitivity is in the form of viscose damping
      that is usually associated with a hysteresis property which is also
      beneficial as far as the total energy that may be dynamically absorbed.
      The resilient materials, however, are fairly more expensive, heavier and
      more sensitive to temperature variations than the nonresilient materials.
PAR  The present invention provides an improved safety helmet that
      advantageously combines the advantages of shells constructed of prior art
      materials such as fiberglass and polycarbonate material through the
      utilization of the combination of such materials so that the physical
      characteristics of these materials complement one another under impact and
      provide an improvement in efficiency not heretofore known. The novel
      helmet of the present invention is constructed of two shells of different
      materials and arranged in a preselected relationship so as to virtually
      eliminate the problems of present day helmets by combining the
      advantageous features of materials such as fiberglass and polycarbonate
      while cancelling out the negative features of both of these materials. The
      safety helmet is constructed with an inner shell made of a polycarbonate
      plastic material to take advantage of the toughness of this material so as
      to provide a safety helmet that is virtually break proof by providing a
      primary shell that suffers no permanent damage under impact. The improved
      safety helmet includes the advantages of a fiberglass shell by arranging
      such a shell on the outside of the polycarbonate shell so as to serve as a
      relatively inert environmental barrier for the primary or polycarbonate
      shell with the two coacting to distribute impact forces to which the
      helmet is subjected. The fiberglass outer shell also provides a structure
      that will contain the polycarbonate shell in the event this primary shell
      were to suffer a catastrophic failure during a severe impact.
PAR  Specifically, from a structural standpoint the present invention comprises
      a molded plastic primary shell shaped to be worn on the head of a user and
      having a relatively thin reinforced plastic material secured to the
      outside of the plastic primary shell in a preselected fashion so as to
      function as a relatively inert environmental barrier for the molded
      plastic inner shell. An energy absorbing liner which may be of either
      resilient or nonresilient material, or both, is secured to the inside of
      the molded plastic shell. The two shells are arranged together so as to
      function to distribute any impact forces impinging on the outer reinforced
      plastic shell. In one specific embodiment of the invention, the primary
      plastic shell may be a polycarbonate material while the reinforced plastic
      is a fiberglass resin, the polycarbonate shell having a thickness on the
      order of three to four times that of the fiberglass reinforced shell. A
      thin layer of abrasion and chemical resistant material may also be applied
      to the outer surface of the outer fiberglass shell.
DRWD
PAR  These and other features of the present invention may be more fully
      appreciated when considered in the light of the following specification
      and drawings, in which:
PAR  FIG. 1 is a cross-sectional view through a midsagittal plane of a safety
      helmet embodying the present invention;
PAR  FIG. 2 is an enlarged, partial sectional view of the helmet structure
      illustrated in FIG. 1 taken through the area 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged, partial, sectional view similar to FIG. 2 but
      illustrating a modified helmet construction;
PAR  FIG. 4 is a diagrammatic illustration of the effect of a concentrated
      impact force on a shock absorbing liner per se;
PAR  FIG. 5 is a diagrammatic illustration of the effect of a concentrated
      impact force on the combination of a helmet shell and an energy absorbing
      liner; and
PAR  FIG. 6 is a graphical illustration of the impact forces vs. deformation for
      energy absorbing liners, taken alone or in combination.
DETD
PAR  Now referring to the drawings, the improved safety helmet of the present
      invention will be examined in detail. With reference to FIGS. 1 and 2 in
      particular, it will be noted that the safety helmet 10 of the present
      invention is constructed of two dissimilar plastic materials formed into
      helmet shells to be worn on the head of a user. The primary shell 11 which
      may be constructed of an injection molded polycarbonate material is shaped
      to be worn on the head of a user so as to rest over and cover the entire
      upper and back portion of the head of a user. Along with the primary shell
      11, a secondary shell 12 is provided and arranged on the outside surface
      of and in a closely spaced relationship with the primary polycarbonate
      shell 11. The secondary or outer shell may be constructed of a reinforced
      plastic material such as fiberglass reinforced resin by any of the various
      methods of manufacture known to the prior art. The outer shell 12 contains
      the entire outer surface of the primary shell 11 but also extends around
      the ear areas of the head of a user in a conventional fashion. The shells
      11 and 12 may be press fitted together so as to be spaced apart by an air
      gap, such as the air gap 9 so as to allow the shells 11 and 12 to slide
      upon one another upon impact. The outside surface of the outer shell 12
      may be provided with a thin, protective coating of a paint for decorative
      purposes and/or spraying a film for having abrasion and chemical resistant
      properties. Films of urethane are commercially available, and are suitable
      for the latter purposes. As is known in the art, a "jell coat" will form
      on the outside surface of a fiberglass shell which has a tendency to break
      off upon impact and the provision of the urethane coating will also
      prevent this from occurring. This outer film is identified by the
      reference numeral 12f.
PAR  The energy or shock absorption system of the present invention may comprise
      a one-piece foamed energy or shock absorbing liner 13 having a friction
      seal with the entire inner surface of the inner or primary shell 11 so as
      to protect the user's head. The shock liner 13 may be of conventional
      construction and comprises physical properties having a 70-80 percent
      compression factor and be of the viscous damping type. Such liners may be
      molded by using a viscoelastic (elastomer) thermoset polymer with a
      blowing agent. A shock absorbing layer 13 constructed in this fashion has
      inherent recoverability and memory allowing it to be used for multiple
      impacts. If the layer 13 includes viscous damping properties, its recovery
      from impacts will be static in nature and it tends to be dynamically
      nonresilient.
PAR  A crown piece or fitting pad 14 constructed of a soft resilient material
      may be secured to the liner 13 so as to extend over the top or crown
      portion of the user's head to further absorb energy and closely fit the
      helmet 10 to the particular configuration of the user's head when worn. A
      fabric-covered fitting pad 15 is also arranged and adhesively secured to
      the liner 13 below the crown piece 14 so as to encircle the inside of the
      shell 11 around the outer periphery, as illustrated. The fitting pad 15
      encircles the wearer's head around the side and back of the head for
      closely mating the head to the shell 11 by means of the resilient
      properties of such a fitting pad. The exposed ends of the shells 11 and 12
      are enclosed by means of an edge beading 16 that may encircle the entire
      periphery of the shell edges as illustrated in FIG. 1. The edge beading 16
      may be constructed of a fabric-covered, ductile metal. A chin strap 17 may
      be secured in a suitable fashion to the inside surface of the portion of
      the outer shell 12 extending adjacent the wearer's ears as shown. The
      strap 17 may be secured by means of a swivel fastener 19 for custom
      fitting the chin strap to the user. The chin strap may be secured to the
      wearer's head in a conventional fashion by the provision of conventional D
      rings (not shown) for the chin strap 17. Ear paddings 18 may also be
      provided for energy absorbing purposes and are secured to the dependent
      portion of the two shells 11 and 12 so as to closely fit to the head of
      the wearer.
PAR  In accordance with the teachings of the present invention, the
      super-position of the two shells 11 and 12 in the manner described
      utilizes the advantages of the two different materials from which the
      shells 11 and 12 are constructed and to negate the disadvantages thereof.
      For this purpose, the interior or primary shell for receiving the impacts
      may be constructed of a polycarbonate material. The outer shell 12 may be
      constructed of a reinforced fiberglass resin having interlocked glass
      fibers contained with a thermal-setting matrix as is conventional. The
      polycarbonate shell 11 is constructed so as to have a thickness
      approximately three to four times the thickness of the outer shell 12. In
      one embodiment of the invention, the two shells 11 and 12 are pressed fit
      together in a closely spaced relationship with an air gap 9 therebetween.
      When the two shells are secured in this fashion, the relationship of the
      two shells 11 and 12 is such that it allows the shells to be movable
      relative to one another upon impact and slip over one another in a
      shearing action and thereby absorb some of the dynamic energy as a result
      of the flexure caused by impacts. The two shells are employed so as to
      distribute any impact loads over the shock liner or the energy absorbing
      liner 13 of the helmet 10. For this purpose the construction is such that
      the two shells 11 and 12 function together for distributing impact forces
      so as to reinforce each other as distinguished from acting independently
      and in a sequential relationship as in prior art helmets. The force
      distribution function of a single helmet shell with an energy absorbing
      liner and with the liner alone are best appreciated from examining FIGS. 4
      and 5. The shell forces more of the energy absorbing liner to react to an
      impact thereby reducing the maximum stress to the wearer's head. With this
      type of construction, the fiberglass shell 12 will contain the
      polycarbonate shell 11 and in the event of catastrophic impact tending to
      sever the shell 11, it will be contained by the fiberglass shell 12. It
      has also been found that because of the relative thickness of the two
      shells 11 and 12 and the loading effects due to impact that the fiberglass
      shell 12 will not suffer any appreciable permanent damage. As a
      consequence, the helmet of the present invention can take repeated blows
      with no significant damage yet the energy upon impact is absorbed with the
      same efficiency as the prior art helmets that "self destruct" upon impact.
PAR  It should be noted that the shells 11 and 12 may be bonded together with an
      adhesive bonding agent or in any suitable fashion rather than provide the
      air gap 9 between the two. When the helmet 10 is constructed in this
      fashion the two shells 11 and 12 support each other by increasing the
      section modulii of the shell system over that which is obtainable by
      adding the individual modulii of two shells independently. This results in
      an increased load or force distribution capability for the two shell
      systems comprising the helmet 10.
PAR  Now referring to FIG. 3, another embodiment of the helmet 10 will be
      described. This helmet structure is similar to the one illustrated in
      FIGS. 1 and 2 in respect to the shell system or structure -- the
      difference lies with the energy absorbing liner system. The energy
      absorbing system illustrated in FIG. 3 is a dual stage type comprising the
      liners 21 and 22. The crushability, recoverability, viscous damping and
      hysteresis properties of the first liner 21 and the second liner 22 are
      different. The intended purpose of this is to provide a system that
      performs well during a variety of range of different impact loadings. For
      relatively low energy level impacts, the first stage liner 21 primarily
      acts in deformation to provide a viscous cushioning effect to protect the
      head. Because the inner liner 21 is selected to be softer than the outer
      line 22, it is forced to yield first and thus absorb energy that the outer
      liner 22 simply transmits. If the liner 21 were homogeneous as in the
      previous embodiment, it would not yield as much under low energy impact
      stress. The higher energy impacts will tend to "bottom out" the inner
      liner 21 so that the forces become high enough to deform the outer, second
      stage liner 22. The result of employing the two-stage liners 21 and 22 is
      graphically illustrated in FIG. 6 wherein the area under the curves
      represent energy absorbed. From reviewing this graphical representations
      in FIG. 6 it should be seen that the combination of the two energy
      absorbing layers results in providing a system that combines the
      advantages of the two selected layers. The forces for the low energy
      impacts are reduced while protection is also afforded to the higher level
      impact forces.
PAR  It should now be evident to those skilled in the helmetry art that the
      present invention has advanced the state of the art through the provision
      of a two-shell helmet system of the type described and claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety helmet comprising a primary shell constructed of a preselected
      material having tough impact resistant properties and yet fractures upon
      substantial impact shaped to be worn on the head of a user,
PA1  a relatively thin shell constructed of a different material from said
      preselected material arranged in a preselected relationship on the outside
      of the primary shell to contain the primary shell and having physically
      brittle properties to fracture upon minor impacts but to hold together in
      one piece to thereby contain the primary shell including upon substantial
      impacts to thereby complement the properties of the inner shell, whereby
      the materials coact to cancel out the negative features of each of the
      materials and making use of the advantages of both materials so as to
      provide a helmet that is virtually indestructible, and
PA1  a shock absorbing liner secured to the inside of the primary shell.
NUM  2.
PAR  2. A safety helmet as defined in claim 1 wherein the primary shell
      comprises a polycarbonate material and the outer shell is a fiberglass
      reinforced plastic, the two shells functioning together to distinguish any
      impact forces impinging on the reinforced plastic shell over the shock
      absorbing liner so as to reinforce one another.
NUM  3.
PAR  3. A safety helmet as defined in claim 2 wherein the inner shell is on the
      order of three to four times the thickness of the outer shell.
NUM  4.
PAR  4. A safety helmet as defined in claim 1 wherein the shock absorbing liner
      comprises a resilient shock absorbing liner.
NUM  5.
PAR  5. A safety helmet as defined in claim 1 wherein the shock absorbing liner
      comprises a nonresilient shock absorbing liner.
NUM  6.
PAR  6. A safety helmet as defined in claim 3 including a thin layer of abrasion
      and chemical resistant materials covering the outer surface of the outer
      shell.
NUM  7.
PAR  7. A safety helmet as defined in claim 1 wherein the two shells are pressed
      fit closely together with an air gap therebetween to allow the shells to
      slip upon one another upon being impacted and thereby absorb some of the
      impact energy.
NUM  8.
PAR  8. A safety helmet as defined in claim 1 wherein the two shells are
      adhesively secured together.
NUM  9.
PAR  9. A safety helmet as defined in claim 1 wherein said shock absorbing liner
      comprises a first layer of energy absorbing material secured to the inner
      surface of the inner shell and a second layer secured to said first layer
      and being harder than the first layer so that low energy level impacts are
      absorbed by the first layer without deforming the second layer and so that
      high energy level impacts are absorbed by both layers.
NUM  10.
PAR  10. A safety helmet comprising a primary shell constructed of a preselected
      material having tough impact resistant properties and yet fractures upon
      substantial impact shaped to be worn on the head of a user,
PA1  a relatively thin shell constructed of a different material from said
      preselected material arranged in a preselected relationship with the
      primary shell and having physically brittle properties to fracture upon
      minor impacts but to hold together in one piece including upon substantial
      impact to thereby complement the properties of the primary shell, whereby
      the preselected materials coact to cancel out the negative features of
      each of the materials and make use of the advantages of both materials,
PA1  a shock absorbing liner secured to the inside of the thus defined safety
      helmet,
PA1  the shells functioning together to distribute any impact energy to the
      shock absorbing liner.
NUM  11.
PAR  11. A safety helmet as defined in claim 10 wherein the primary shell
      comprises a polycarbonate material and the thin shell is a fiberglass
      reinforced plastic.
NUM  12.
PAR  12. A safety helmet as defined in claim 10 wherein said shock absorbing
      liner comprises a first layer of energy absorbing material secured to the
      inner surface of the inner shell and a second layer secured to said first
      layer and being harder than the first layer so that low energy impacts are
      absorbed by the first layer without deforming the second layer and so that
      high energy level impacts are absorbed by both layers.
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PAL  A helmet visor to be attached to the front of a crash helmet to protect the
      user's face and comprising a stiff support comprising a curved transparent
      plate covered by an antifriction layer and a movable film material
      extending across the user's field of sight. A supply roll of the movable
      film is rotationally mounted at one side edge portion of the support and a
      continuously or intermittently driven take-up roll is mounted at the other
      side edge portion of the support. When the film section within the user's
      field of sight has received sight restricting deposits the user actuates
      the driven take-up roll to draw the dirty film section out of the field of
      sight and introduce a fresh film section into the field of sight.
BSUM
PAR  The present invention refers generally to a device for automatically
      removing sight restricting deposits from the sight field of a user, and
      the invention refers especially to a helmet visor for horse-drivers,
      motorcycle-drivers (especially motocross-drivers) and other persons being
      exposed to sight restricting dirtying during their work.
PAR  Especially horse-drivers and motocross-drivers are during their activity
      exposed to sight restricting dirtying caused by splashing of dirt from the
      horses and motorcycles next ahead respectively, especially during rain and
      on a wet track. Persons participating in such activities have previously
      tried to wipe dirt away from the used protective goggles by a wet towel,
      but such an operation has only resulted in dirtier goggles and sometimes
      the sight has been so heavily decreased that the driver has been forced to
      leave off his participation in the race since the sight has become too bad
      through the dirtied goggles. Some horse-drivers have sometimes been forced
      to refrain from starting due to irritated eyes. Some previous attempts
      using a plurality of protective transparent layers in connection with
      goggles wherein one layer after the other successively could be removed in
      order to eliminate sight restricting deposits have not been successful,
      mainly because the user's both hands are occupied during the driving and
      thus, he can not manage to carry out further operations requiring manual
      work. Complicated and expensive devices having water impinging on flat
      goggles and dried by wiper blades have also been tried giving a similar
      negative result. These drawbacks have resulted in the fact that no
      operating device for this purpose is available. Thus, there is an apparent
      need of a device according to the present invention, the aim of which is
      to provide a reliable device for eliminating the above mentioned
      drawbacks.
PAR  The present invention provides a helmet visor for horsedrivers,
      motorcycle-drivers and the like for automatical removement of sight
      restricting deposits from the user's field of sight, said helmet visor
      eliminating the previous drawbacks by the specific features described and
      defined in the attached claims.
DRWD
PAR  A preferred embodiment of the general invention defined in the claims will
      be described in detail in the following description and with reference to
      the attached drawings wherein
PAR  FIG. 1 is a perspective view of the device according to the invention
      having a portion of the film material and a portion of a central
      antifriction layer broken away for the illustration of the layers behind,
PAR  FIG. 2 is a sectional view (seen from underneath in FIG. 1) of the
      invention in a plane normal to the longitudinal axes of the rolls and
      substantially at the level wherein the eyes of the user normally are
      located, and
PAR  FIG. 3 is a sectional view of a bite contact according to the invention for
      starting and stopping the power supply.
DETD
PAR  The embodiment of the invention illustrated on the drawings is intended to
      be releasably attached to a crash helmet 1 either directly or, preferably,
      via a helmet peak 2 attached to the visor according to the invention. In
      FIG. 1 the peak 2 is shown attached to the helmet 1 by screws 3 or the
      like, and the peak 2 is attached to the visor by screws 5 or the like. A
      protective strip 17 is provided outside the upper contact surface between
      the visor and the peak 2, said protective strip preventing water, dirt or
      the like to enter into the space between the layers of the visor.
PAR  The visor 4 comprises a transparent plate 11 made by a stiff resin
      material. A supply roll 6 provided with a thin transparent film material 9
      is attached at one side edge portion of the plate 11, and a take-up roll 7
      is attached to the other side edge portion of the plate 11. The
      transparent film material 9 is extended between these two rolls 6, 7 in a
      path from the supply roll 6 to the take-up roll 7, and this path is
      defined by the configuration of the stiff plate 11. In the shown
      embodiment the stiff plate 11 is bent to a configuration corresponding to
      the curved configuration of the front edge of the peak 2. However, the
      plate 11 may have other configurations, it may e.g. be flat, but in such a
      case a different attachment to the crash helmet 1 must be used.
      Additionally, the transparent film material 9 can be modified to move in
      another preferred path e.g. by way of vertically provided rods contacting
      the film material. In such a case the plate 11 as well as the below
      described antifrictional layer 10 may be deleted.
PAR  The supply roll 6 is provided in a surrounding casing and the film material
      9 is discharged through an opening in said casing. The film 9 then extends
      over the transparent plate 11 and into a casing enclosing the take-up roll
      7. An anti-frictional layer 10 is provided on the plate 11 in order to
      protect the plate from scratching or the like. Said layer may be a thin
      transparent protective film of a suitable resin material having low
      coefficient of friction.
PAR  The supply roll 6 is an idler roll but it is preferably provided with a
      brake, e.g. a rubber disc provided in the fixed casing of the supply roll,
      said rubber disc constantly contacting the cylindrical inside surface of
      the supply roll 6, and hence, the film material 9 will be tensioned in its
      path along the stiff plate 11 and pressed against the antifrictional layer
      10. Any suitable type of brake for the supply roll 6 may of course be
      used.
PAR  The turning direction of the rolls have been indicated by arrows (FIG. 2)
      and the film material 9 is moving in FIG. 1 from the left side, i.e. from
      the supply roll 6, to the right side, i.e. to the driven take-up roll 7.
PAR  The take-up roll 7 is driven preferably by a motor 8, which in the
      presently preferred illustrated embodiment is a small electrical motor
      powered by an accumulator or a battery. The motor may either continuously
      operate to continuously feed the film material 9 from the supply roll 6,
      through the user's field of sight and onto the take-up roll 7, or the
      motor may be actuated upon demand to start the feeding of a new portion of
      the film material 9 into the place in front of the visor. In the
      embodiment shown on the drawings the motor may be actuated to start and
      stop the feeding. Leads 13 are at one end connected to terminals of the
      motor and at the other end to a bite contact 14 shown on the drawings to
      comprise contact plates or strips 15 connected to the leads 13. The
      contact plates or strips of the contact are in their non-activated
      condition spaced apart by distance means 16, said distance means being
      e.g. spring pieces, an O-ring or the like. A protective resilient casing
      is preferably provided around the bite contact 14, said casing being a
      portion of a rubber or resin pipe or the like.
PAR  A remover blade 12 is provided in front of the entrance opening of the
      casing enclosing the take-up roll 7 for removing a portion of the dirt
      deposited on the foil before the foil is wound onto the take-up roll.
PAR  An improtant feature of the invention is that the film material 9 extends
      to a predetermined distance below the transparent plate 11. By this
      feature the risk for drawing moisture by adhesion into the space between
      the film 9 and the plate 11 having the antifriction layer 10 is
      eliminated, which otherwise could occur. If moisture could enter into said
      space the moisture would expand and make the film 9 fasten onto the
      protective layer 10 and seriously effect the proper feeding of the film 9
      and decrease the sight. The same effect, i.e. to prevent moisture to enter
      into contact with and be drawn into the space between the film and the
      plate is achieved at the upper edge by the protective strip 17 and at the
      side edges by side strips (the remover blade 12 of which being the only
      one indicated on the drawing).
PAR  The device according to the invention may preferably be manufactured and
      distributed as an auxiliary means for mounting on presently used helmets,
      since the visor is preferably mounted on a helmet peak being easy to
      attach to the helmet by the user himself. The used film material is so
      cheap that it is preferably disposable, i.e. when the supply roll 6 is
      emptied the take-up containing the used film material may be thrown away
      and a new roll provided with fresh film material may be mounted.
PAR  While the function of the device is extremely simple the operation thereof
      will be only briefly explained. When e.g. a horse-driver has received a
      visor according to the present invention he mounts it on his own helmet by
      the mounting screws 3 being present in every standard helmet for the
      mounting of the usual peak. Then the helmet is placed on the head of the
      user and the device is ready for operation. Before the start of the race
      the user puts the bite contact into his mouth in order later to be able to
      start and stop the motor without using his hands, which are occupied
      during the driving. When the sight after a while is decreasing due to
      deposition of sight restricting dirt upon the section of the film material
      positioned in front of the user's face, the user bites against the bite
      contact and the contact plates are brought into contact with each other
      and the electrical circuit is closed and the motor starts the feeding of
      the film material. When a sufficient amount of clean film has been drawn
      into the field of sight the user let the contact plates go apart and the
      motor stops. This operation is repeated whenever the section of the film
      material in the user's field of sight has become dirty and should be
      replaced.
PAR  In spite of the fact that a preferred embodiment of the invention has been
      described above and illustrated on the attached drawings, it is recognized
      that variations and modifications thereof can be made by the man skilled
      in the art within the scope of the invention as defined in the attached
      claims. Hence, the visor can be foldable in front of the user by any
      suitable means, the visor may be flat instead of curved, the supply roll
      and the take-up roll may be placed above and below respectively, the visor
      wherein the film material will extend mainly vertically instead of
      horizontally on the drawing, the feeding of new sections of film material
      can be manually operated instead of by a motor, and in case a motor is
      used it can drive the film either continuously or intermittently by
      starting and stopping the feeding by any suitable contact means. The
      embodiment shown and described is however considered to be the one
      presently fulfilling the requirements in the best way and also in the best
      way eliminating the previous drawbacks and difficulties.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A visor apparatus for mounting to a helmet comprising:
PA1  a transparent support having a configuration corresponding to the shape of
      said helmet and located on said helmet in a field of a wearer of said
      helmet,
PA1  a transparent movable film material extending in front of said wearer's
      field of sight,
PA1  a supply roll mounted on one side of edge of said support and containing a
      new supply of movable film, and
PA1  a take-up roll mounted on the other side edge of said support for receiving
      said film material after it has accumulated sight restricting deposits
      thereon and wherein an anti-frictional layer is provided between said
      transport film material and said support to avoid scratching of said
      support and/or said film material.
NUM  2.
PAR  2. A visor apparatus as recited in claim 1, wherein said transparent
      support comprises a transparent plate of stiff resin material.
NUM  3.
PAR  3. A visor apparatus as recited in claim 1, wherein said transparent film
      material extends a distance below said support.
NUM  4.
PAR  4. A visor apparatus as recited in claim 1, wherein said take-up roll is
      driven and said supply roll is an idler roll.
NUM  5.
PAR  5. A visor apparatus as recited in claim 1, wherein said takeup roll is
      driven by a motor upon demand by said wearer.
NUM  6.
PAR  6. A visor apparatus as recited in claim 5, further comprising:
PA1  a contact means adapted to be placed in the mouth of said wearer and,
PA1  a lead means connecting said contact means to said motor whereby said motor
      for feeding said transparent film material is actuable by said contact
      means.
NUM  7.
PAR  7. A visor apparatus as recited in claim 1, wherein said transparent film
      is disposable.
NUM  8.
PAR  8. A visor apparatus as recited in claim 1, wherein said helmet includes a
      peak and said transparent support is located directly below said peak said
      peak further including a protective strip depending from said helment peak
      in order to eliminate the risk for penetration of moisture, dirt or the
      like into the space between said film material and said support.
NUM  9.
PAR  9. A visor apparatus as recited in claim 1, wherein a fixed wiper blade is
      provided in front of said take-up roll in order to scrape away deposits on
      said film material before said film material is wound onto said take-up
      roll.
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ABST
PAL  A disposable rain garment, adaptable to be dispensed from a continuous
      sheet which is storable on a roller, prior to use.
PAL  The garment is formed of a double layer of waterproof material such as
      plastic sheeting, and pre-cut to form leg sections and arm sections, with
      a hood section which encloses the wearer's shoulders and head. Each leg
      section is fitted with straps at the bottom ends so as to tie about the
      undersoles of the shoes of the wearer.
PAL  The garment may be dispensed from rollers hung in stores immediately prior
      to and during a rainstorm, and the garment is readily disposed of after
      the need has passed.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a disposable rain garment which may be dispensed
      in continuous sheet form from rollers, when required, The garment encloses
      all of the outer clothes of the wearer, including the hair or a hat, and
      ties about the undersoles of the wearer's shoes.
PAR  The advantage of this invention is that the inexpensive nature of the
      garment and the ready means of storage prior to sale will make the garment
      available for purchase when required, immediately prior to, or during a
      rainstorm. The garment encloses all of the outer apparel of the wearer,
      and is readily disposed of after it has served its purpose.
PAR  The garment is in the form of a double sheet of waterproof material that is
      storable in continuous sections on a roller. Sections are fitted with tear
      lines for arm sleeves and for forming pants legs which are tied about the
      undersoles of the wearer's shoes.
PAR  The top section of the garment is formed of two panels which form a hood
      for fastening over the back and sides of the wearer's head, and over the
      shoulders and front of the wearer's neck.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an elevation view of the garment, as dispensed from a continuous
      sheet;
PAR  FIG. 2 is an elevation view of the front of the garment and wearer;
PAR  FIG. 3 is an elevation view of the back of the garment and wearer;
PAR  FIG. 4 is a perspective view of the garment being prepared for wearing; and
PAR  FIG. 5 is a fragmentary perspective view of a leg of the garment fastening
      about the undersole of the wearer's shoe.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates the garment 10 as it is removed from a roll, being formed of a
      double layer of waterproof sheeting, preferably of plastic material, with
      the two layers of sheeting joined together along the outer sides 31 of the
      pants section 13, the outer sides 32 of the sleeve sections 23, the inner
      seam line 17 of the pants section, the inner seam line 11 separating the
      sleeve sections 23 from the waist section 34, and the seamed shoulder
      lines 15 which partially separate the waist section 34 from the hood
      sections 21 and 22.
PAR  The shoulder seams 15 are each perpendicular to the sides 32 which they
      join, but each shoulder seam 15 is terminated short of the neck section
      37.
PAR  Tear lines are formed consisting of perforated holes or other easily torn
      means with pants tear line 14 lying perpendicular to the sides of the
      sheeting separating the pants section 13 completely from the waist section
      34, and sleeve tear line 11A separating sleeve seam line 11 so as to
      retain seam line 11 on both sides of the torn tear line 11A. Strap tear
      lines 18 delineate the straps 16 at the bottom of each pants leg 12, and
      tear line 17A separates the pants legs sections 12.
PAR  When initially formed, there is no seam nor joint between the front hood
      sheet 22 and the rear hood sheet 21 save for the two shoulder seams 15.
PAR  As shown in FIG. 1-5 the garment is worn by initially separating the pants
      section 13 from the waist sections 34 along tear line 14, and separating
      the pants legs 12 and leg straps 16 along their adjoining tear lines 17A
      and 18 respectively.
PAR  The pants section 13 may then be put on by the wearer over his clothing
      pants and straps 16 tied together in a knot 19 under the shoes. The arm
      sections 23 are separated from the waist section 34 along tear lines 11A,
      and the waist section put on by the wearer, with the attached front hood
      22 and the rear hood 21, which are separate from each other. The rear hood
      section 21 is tied about the back and over the head or hat 27 of the
      wearer, with corners tucked under the hat 27. The front hood section 22 is
      tied about the neck and fastened together with a knot 28 about the back of
      the neck, leaving the face free.
PAR  The entire garment is inexpensively produced and may be discarded by the
      wearer after one-time use.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A disposable outergarment to be worn over the customary clothing as a
      protection from rain and splatter, which is adaptable for storage prior to
      use and prior to dispensing on a roll, comprising two layers of plastic
      sheeting of generally uniform width which is formed with a lateral tear
      line so as to separate a pants section from a waist section, with shaped
      tear lines and shaped seams joining both layers in the pants section to
      form two separate leg sections of the pants section, and with shaped tear
      lines and shaped seams joining both layers in the waist section to form
      two separate arm sections in the waist section.
NUM  2.
PAR  2. The combination as recited in claim 1 in which tear lines at the bottom
      of each of the leg sections of the pants section form straps which may be
      tied together under the soles of the wearer's shoes.
NUM  3.
PAR  3. The combination as recited in claim 1 in which a hood section is
      delineated from the attached waist section by two seams joining the two
      layers which form two shoulder borders, and with a neck section, between
      the two shoulder borders connecting the waist section to each attached
      hood section, remaining unseamed.
NUM  4.
PAR  4. The combination as recited in claim 3 in which each of the layers of the
      two layers of plastic sheeting forming a hood section is independent of
      the other layer of sheeting which forms the other hood section, save for
      the shoulder seams.
NUM  5.
PAR  5. A plurality of outer garments described in claim 1, joined together, end
      to end, and formed in a roll.
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ABST
PAL  A method of tying a necktie of a modified four-in-hand type and having a
      narrower portion to go around the neck of the wearer and a wider portion
      to hang down the front of the wearer and at least two small openings
      through the necktie spaced lengthwise thereof and bound, as with grommets,
      near the zone where the knot would appear in a regular four-in-hand tie.
      The narrower end of the tie passes through the openings with a snug
      sliding fit. In use of the method, the narrow end of the tie is threaded
      up and down through the openings, after which the narrower end of the tie
      is tightened by pulling the narrow end more or less through the openings,
      after which the wider end of the tie is brought upwardly through the loop
      on the side toward the neck of the wearer and then forwardly over and down
      to hang in display fashion in front of the wearer.
BSUM
PAR  An object of the present invention is to provide means whereby to avoid
      tying and untying a knot as in a four-in-hand necktie and to provide a
      more or less permanent loop in a narrower part of the necktie intended to
      go around the neck of the wearer so that the tie may be easily slipped
      over the head of the wearer and the loop is quickly loosened or tightened
      by a sliding movement of the hand of the wearer. This invention also
      preserves the good appearance of the tie over a long period of use without
      the display portion of the tie becoming wrinkled.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      accompanying drawings and specification and the essential features thereof
      will be set forth in the appended claims.
PAR  In the drawings,
PAR  FIG. 1 is a plan view of a modified four-in-hand tie embodying this
      invention;
PAR  FIG. 2 shows the tie of FIG. 1 with a neck loop formed in the same by
      passing the narrower end of the tie threaded in and out of plural openings
      through the tie;
PAR  FIGS. 3 and 4 are different views of the tie in its final position on the
      neck of the wearer, with FIG. 3 showing a generally side elevation with
      the parts in position, while FIG. 4 is taken from the left-hand side of
      FIG. 3 and with the neck loop slightly raised to more clearly disclose the
      position of the parts;
PAR  FIG. 5 is a partial plan view, enlarged, of another modified four-in-hand
      tie similar to FIG. 1 but with the small bound openings through the tie in
      a slightly different arrangement;
PAR  FIG. 6 is a plan view of another tie, the "Stroller" or Ascot type,
      embodying this invention;
PAR  FIG. 7 is a fragmental view of the narrower end of a tie as shown in FIGS.
      1 or 6 and showing a retainer fixed in the tie to prevent the same from
      being disassembled from the position shown in FIG. 2; while
PAR  FIG. 8 is a fragmental plan view of the mid-portion of a tie like FIG. 6
      showing another manner in which the small openings may be bound by the use
      of stitching.
DETD
PAR  FIGS. 1 through 4 show a long necktie, approximately 48 inches or so long,
      modified from the type usually used as a four-in-hand tie which in the
      known manner is looped around the neck of the wearer and a knot formed at
      the wearer's neck which is then pulled up tight, leaving two ends
      generally parallel extending downwardly in front of the wearer. To avoid
      the continued knotting and unknotting of such a tie, the method of this
      invention utilizes at least two small bound openings, which extend through
      the tie near the zone where the narrower neck loop portion 10 joins the
      wider display portion 11. Here three of such openings, 12a, 12b and 12c,
      are shown which are bound by fastening brass grommets 13a or 13b in the
      openings. These openings are progressively spaced longitudinally of the
      tie. An alternative manner of binding the openings is shown by the
      stitching of FIG. 8 in the same manner as eyelets are usually bound. While
      these openings are shown as circular, it should be understood that they
      might be made more like ordinary buttonholes, if desired. One form of tie
      used in the method of the invention is a necktie 48 to 50 inches long with
      the wider portion 11 tapering from over 21/2 inches in width at its wider
      end in a regular manner, in this case from a width of 4 inches to a width
      of one inch in a regular manner for a length of about 32 inches. Then the
      narrower portion of the tie tapers from about one inch or a little more to
      about 3/4 inches wide at the narrower end of the tie, this extending for a
      length of 16 or 18 inches along the tie. In this one embodiment, the
      grommet 13b, nearest the broad end of the tie, was about 18 to 24 inches
      from the lower end of the tie as seen in FIGS. 1 and 2. In this
      embodiment, the grommets were placed about 13/4 to 11/2 inches center to
      center and the grommets had openings between about 1/4 inch to 3/8 inches
      in diameter. The essential point is that the narrower end of the tie at
      10a should have a thickness to provide a snug sliding fit in the openings
      12a, 12b and 12c.
PAR  In using the tie according to the method of this invention, the wearer
      threads the narrower end 10a from one face of the necktie, the lower face
      in FIG. 2, upwardly through the opening 12a and then in the opposite
      direction, downwardly, through another opening 12b so as to form a loop
      10b in the narrower portion of the tie, which loop is sufficiently large
      to pass over the head of the wearer. It should be understood that the
      narrower end 10a might first be passed from the upper surface of the tie
      through and underneath the tie and then up through the second opening 12b,
      if desired. The loop 10b is formed as described either before or after the
      loop is around the neck of the wearer. The wearer then manipulates the tie
      from the position of FIG. 2 by grasping the narrower end of the tie at 10a
      with one hand while relatively moving the broader portion of the tie
      upward and the narrower portion of the tie downward through the opening
      12a and 12b until the loop 10b is snug around the wearer's neck. He then
      takes the wider end of the tie 11 and pushes a portion upwardly at 11a
      through the loop 10b and nearer the neck of the wearer, then passing
      forward over the loop 10b at 11b and then folding the same downwardly in
      display fashion in front of the wearer as at 11c in FIGS. 3 and 4. As seen
      in FIG. 3, the wider display portion then hides the narrower portion where
      it passes through the openings 12a or 12b or 12c. This causes no wrinkling
      of the tie material at the portions 11b and 11c which are the display
      portion of the tie seen by others.
PAR  It should be obvious that when three or more small openings as at 12a, 12b
      and 12c are provided, it permits the wearer to adjust the length of the
      tie as for instance by using the openings 12b and 12c to provide a large
      opening 10b rather than using the openings 12a and 12b as just described.
      This invention also includes a row of four, five or more small openings,
      if desired, in the use of this invention.
PAR  A modification of the openings through the tie is shown in FIG. 5 where the
      wider portion of the tie is indicated at 11', the tie otherwise being like
      that described in FIGS. 1 and 2 except for the small openings. Here, the
      openings are not shown in line but are in a staggered arrangement as shown
      at 14a, 14b and 14c. Here again, each opening is bound by fastening a
      grommet of brass or the like through the tie as shown at 15a, 15b  and
      15c. In one embodiment, the three openings were respectively on 1/2 to
      11/4 inch centers, but so arranged that the centers of the openings 14a
      and 14c were spaced approximately 21/4 inches. The tie of FIG. 5 can be
      utilized in the same manner as the first embodiment by threading the
      narrower end of the tie either starting up or down through the tie and
      using any two of the openings shown in FIG. 5. Here again, the selection
      of the opening varies the length of the tie displayed by the wearer.
PAR  FIG. 6 shows a different style of tie where the display portion is
      generally rectangular and the narrower portion of the tie is similar to
      that shown in FIGS. 1 and 2. This kind of tie in one form is known as a
      "Stroller" tie, commonly about 4 to 5 inches wide, or where it is of the
      Ascot type, then it may be as much as eight inches or so in width. In both
      of these cases, a square lower end of the tie is preferred. Here the
      broader portion of the tie is indicated at 110 and the narrower portion is
      indicated at 100. Two small openings 101 and 102 are shown extending
      through the tie and protected by suitable grommets 103. The openings 101,
      102 are near the zone where the narrower portion of the tie joins the
      wider portion. The spacing and number of such holes may be as previously
      described. Here the holes are shown bound with metal grommets 103. This
      tie is manipulated as described in connection with FIGS. 2, 3 and 4 of the
      first embodiment.
PAR  In some cases it may be desirable to assemble the tie as shown in FIG. 2
      and then provide means whereby the narrow end 10 is never removed from the
      openings 12a and 12b. In FIG. 7, there is shown a grommet 16 firmly fixed
      in the distal end of the narrower portion 10 of the tie, this grommet 16
      being of a size which will not pass through the openings 12a, 12b or 12c.
      Thus, the tie is permanently assembled in this fashion and can be placed
      over the user's head, when worn, and removed thereafter and hung up,
      suspended from the loop 10b so that the tie receives a minimum of handling
      and remains clean and fresh for a long period of time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of tying a long necktie wider at one end and narrower at the
      other around the neck of a wearer, said tie having at least two
      longitudinally spaced bound small through openings in its mid-portion,
      comprising threading the narrower end of said tie up and down through said
      openings forming a loop to pass around the wearer's neck, tightening said
      loop by pulling said narrower end through said openings, and passing the
      wider end of said tie upwardly through said loop on the side toward the
      neck of the wearer and then forward over the loop and downward to hang in
      display fashion in front of the wearer with said wider portion covering
      said narrower portion in said openings.
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ABST
PAL  An endoprosthetic replacement for the metacarpophalangeal joint has two
      components, each with a rounded bearing body and integrally projecting
      intramedullary stem. The metacarpal component body provides two concave
      grooves separated by a concave rib, and the phalangeal component body
      provides two convex ribs and a convex groove, these ribs and grooves
      intermeshing for component engagement. The concave and convex
      configurations respectively subtend angles less and greater than
      180.degree. to allow longitudinal sliding, and the convex groove widens
      towards one end to allow lateral rocking. The stems lie in the planes of
      their grooves and ribs, but are respectively inclined and parallel to the
      arcuate bisectors of such configurations. This allows the central rib and
      groove to limit the sliding abutment at their ends, with the stems
      parallel at one limit and angled at the other. The metacarpal component
      body overhangs its concave rib end further from its stem to provide, with
      the rounded bodies, knuckle simulation, and the convex groove is widened
      at the corresponding end.
BSUM
PAR  This invention concerns prostethic devices and more particularly
      endoprosthetic bone joint devices.
PAR  The invention has in fact been developed in respect of the
      metacarpophalangeal joint and will be described with reference to the
      same. However, the invention may be suitable for application to other
      joints, particularly the interphalangeal, toe, and elbow joints.
PAR  Various proposals have been made for endoprosthetic bone joint devices, and
      some of these proposals have been followed by commercial production and
      clinical use. However, those of the latter proposals which have been
      directed to use in fingers are not without disadvantage. Much of this
      disadvantage stems from providing a device of a mechanically constrained
      form which inherently provides only a part of the articulation capability
      which normally is present in the natural joint to be replaced. For
      example: use has been made of mechanically-linked hinges which allow only
      pivotal rotation about a single axis and in a single planar direction
      perpendicular to that axis, but such hinges are inappropriate for
      application to the metacarpophalangeal joint which has both
      flexion-extension and abduction-adduction capability and such hinges are,
      in any case, disadvantageous in the resultant transmission therethrough of
      forces which tend to weaken the hinge fixation to the relevant bones.
      Disadvantage also arises in such hinges from a previously common objective
      of close fits between mutually articulatory component parts, which
      objective leads to difficulty in manufacture and often a reduced range of
      flexion compared to the natural joint. Other previously proposed finger
      joint devices are in the form of a single component and these suffer the
      disadvantage of requiring undue effort to flex the same.
PAR  The present invention derives from the initial consideration that the
      articulation capabilities of bone joints are not determined by the
      geometry of the relevant bone surfaces alone but also, to a large extent,
      by the structure of the joint capsule and related ligaments. As a second
      consideration, account is to be taken of the fact that provision of an
      endoprosthetic bone joint device is most common to relieve the effects of
      arthritic conditions, when the natural capsule will often not be fully
      normal and, in practice, is usually slightly stretched. A related
      consideration is that the surgery necessary to implantation of the device
      cannot be guaranteed to restore the full function of a normal capsule.
PAR  With these considerations in mind, it seems appropriate to provide a device
      which is of an indirectly-linked, multi-component form to be held in
      articulating relation by the natural capsule, and being geometrically
      constrained to limit the range of articulatory movement between the
      components without unduly constraining the freedom to move within that
      range.
PAR  To this end the present invention provides an endoprosthetic bone joint
      device comprising: a first component having a bearing surface defined by
      two similar, generally parallel, longitudinally concave, arcuate grooves
      laterally separated by a longitudinally concave, arcuate rib; and a second
      component having a bearing surface defined by two similar, generally
      parallel, longitudinally convex, arcuate ribs laterally separated by a
      longitudinally convex arcuate groove; said concave grooves and rib
      subtending angles not greater than 180.degree., the arcuate lengths of
      said convex ribs and groove exceeding those of said concave grooves and
      rib, and the cross-sectional dimensions and profiles of said grooves and
      ribs being such that said concave grooves and rib and said convex groove
      and ribs are respectively engageable for mutual articulation by sliding
      between said grooves and ribs in the longitudinal direction thereof over
      an angular range of greater extent and, for at least part of said range,
      by rocking therebetween in the transverse direction thereof over an
      angular range of lesser extent.
PAR  It is, of course, appropriate that the components of the proposed device be
      respectively adapted remotely from their bearing surfaces for securement
      to the bones of the relevant joint. It is presently preferred that this
      adaptation be effected by the provision of a respective intramedullary
      stem projecting integrally from the `rear` of a bearing part in which the
      associated bearing surface is formed, such stem being intended for
      securement in association with acrylic cement or other gap-filling medium.
DRWD
PAR  For a fuller understanding of the present invention, the same will now be
      described, by way of example, with reference to the accompanying drawings,
      in which:
PAR  FIGS. 1 to 4 diagrammatically illustrate the first component of one
      embodiment of the invention in respective plan, side, end and part
      cross-sectional views, and
PAR  FIGS. 5 to 8 similarly illustrate the associated second component of the
      same embodiment.
DETD
PAR  The illustrated first component comprises a bearing part in the form of a
      rounded body 10 from which an elongate member 11, of smaller
      cross-sectional dimensions than the body 10, extends. The body 10 is
      relieved remotely from the member 11 to define a bearing surface
      comprising two similar, generally parallel, grooves 12 laterally separated
      by a rib 13.
PAR  As shown in FIG. 2, each of the grooves 12 and the rib 13 is of
      longitudinally concave arcuate form with the direction of the bisector 14
      of this arcuate form being inclined relative to the longitudinal direction
      of the member 11. Also, as shown in FIG. 2, the rib 13 extends
      longitudinally in the direction from the member 11 to the bisector 14 to a
      lesser distance than the adjacent part of the body 10 so that the latter
      overhangs the relevant end of the rib. FIG. 2 also shows the radial depth
      of the rib 13 to be more uniform than that of the outermost side wall
      portions of the grooves 12, these portions becoming progressively
      shallower towards their longitudinal ends.
PAR  The section of FIG. 4 is taken generally in a plane of the member 11 to
      show the transverse profile of the grooves 12 and rib 13. In this
      connection it will be seen that the rib 13 is more rectangular than the
      grooves 12 in so far as the former has relatively flat sides whereas the
      latter have curved base and transversely outermost side wall portions.
      There are, however, no sharp corners in this profile.
PAR  The illustrated second component comprises a bearing part in the form of a
      rounded body 20 from which an elongate member 21 of smaller
      cross-sectional dimensions than the body 20, extends. The body 20 is
      relieved remotely from the member 21 by the provision of a groove 22
      whereby the adjacent parts of the body 20 form two generally parallel ribs
      23 laterally bounding the groove. Each of the groove 22 and ribs 23 is of
      longitudinally convex arcuate form with the bisector direction of this
      form being generally parallel with the longitudinal direction of the
      member 21.
PAR  While the ribs 23 are generally parallel, they are not precisely so and, as
      shown in FIGS. 5 and 7, the groove 22 is progressively widened towards one
      longitudinal end. As shown by FIG. 6, the groove 22 has end wall portions.
PAR  Also, as shown by FIG. 8, of which the section is taken in a similar plane
      to that of FIG. 4, the groove 22 has relatively flat side wall portions
      while the ribs 23 each have a curved radially outer periphery and
      transversely outermost side. The profile of FIG. 8 is, in fact, generally
      complementary to that of FIG. 4, but not precisely so in that the rib 13
      is narrower than the groove 22 at least at the widened end of the latter.
PAR  Turning to the inter-relation of the two illustrated components; it has
      just been noted that the cross-sectional profiles of the two bearing
      surfaces are generally complementary, and this allows mutual engagement
      between the corresponding grooves and ribs providing that the longitudinal
      extent of the convex groove and ribs exceeds that of the concave grooves
      and rib, and that the latter subtend an angle not greater than
      180.degree.. Given such engagement, the two components have a capability
      for mutual articulation by sliding in the longitudinal direction of the
      arcuate formations. The angular range of this sliding will be determined
      by the extent to which the convex formations exceed the concave formations
      longitudinally, this range being limited by abutment of the ends of the
      rib 13 with the end wall portions of the groove 22. This range will
      normally be at least 90.degree.and in the case of a metacarpophalangeal
      device will preferably be about 100.degree. - 110.degree. to accord with
      the flexion-extension range in the normal finger.
PAR  Also, in so far as the groove 22 is widened towards one end, the two
      components have a capability, when engaged with the rib 13 in the wider
      end portion of the groove 22, for mutual articulation by rocking in the
      transverse direction. More specifically, the cross-sectional profiles of
      the bearing surfaces have transversely outermost curved forms which can be
      subjected to mutual sliding at one side of the engaged device during this
      secondary articulation but, whether or not this occurs, the groove 12 and
      rib 13 at the other side of the device separate. The angular range of such
      articulation is limited by engagement of the side wall portions of the
      groove 22 with the rib 13. This range will normally be much smaller than
      that for the longitudinal sliding and in the case of a metacarpophalangeal
      device will preferably be about 10.degree. - 40.degree. to accord
      generally with maximum abduction-adduction of about 60.degree., 45.degree.
      45.degree. and 50.degree. in the first to fourth fingers respectively. It
      is, in any case, to be noted that this secondary articulation capability
      is only available towards one end of the range of primary articulation
      corresponding to the widened end of the groove 22, and this accords with
      progressive decrease of abduction-adduction capability with increasing
      volar flexion in the normal finger.
PAR  This last point leads to another factor in the inter-relation of the above
      first and second components, namely, that they are respectively adapted
      for fixation to the relevant metacarpal and proximal phalangeal bones such
      that the rib 13 is engaged with the wider end, and abutted with the
      corresponding end wall portion, of the groove 22 when the bones are
      disposed for zero flexion. In this particular instance such fixation
      adaption is effected by the provision of elongate members 11 and 21 as
      intramedullary stems and formation of the respective grooves and ribs at
      appropriate angular dispositions relative to the longitudinal axes of
      these members.
PAR  A remaining point to note regarding application of the illustrated
      components to a metacarpophalangeal device is that the rounded bodies 10
      and 20 afford a simulated knuckle when engaged, this simulation being
      enhanced by the earlier-mentioned overhang of the body 10 relative to its
      rib 13, which overhang is intended to be located in the dorsal aspect and
      lend continuity between the surfaces of the bodies 10 and 20 in this
      aspect.
PAR  Regarding manufacture of the illustrated embodiments, these are preferably
      of integral construction from material of suitable biological and
      mechanical properties. Currently the tendency is to employ a metal such as
      stainless steel or chromium-cobalt alloy, and a plastics material such as
      high density polyethylene, for the respective components of an indirectly
      linked endoprosthetic articulatory bone joint device, and such a choice is
      clearly a possibility for the present invention. However, the bearing
      surfaces of the two components involve re-entrant formations which may
      present difficulty in respect of manufacture from metal. Indeed, in a
      recently developed modification a first component similar to that of the
      drawings has the outer side walls of its grooves flattened to facilitate
      manufacture from metal. This modified first component has been used with a
      plastics material second component as illustrated and the resultant device
      has proved stable in use.
PAR  An alternative possibility is the use of plastics materials for both
      components. Such a possibility may not be appropriate to a device
      subjected to higher order loading in use, but can be adequate in the case
      of the lower order loading of a finger joint.
PAR  Turning lastly to a more general consideration of the invention: the
      provision of the secondary articulation capability involves a reduction of
      constraints which might otherwise require undue effort to employ the
      primary articulation capability. More specifically, the rocking action
      necessarily involves a freedom for partial separation of the bearing
      surfaces, and this freedom is not consistent with undue friction or
      stiffness in the primary sliding action. Also, this freedom suggests the
      possibility, notwithstanding the above comments on manufacturing
      difficulty, of manufacture with reduced tolerances compared to other
      devices of a similar nature.
PAR  However, this freedom is not so extensive that the device can be regarded
      as unstable. The inter-engagement of grooves and ribs serves to track the
      components during mutual articulation in the sense that the desired
      articulation cannot be distorted by significant translation movements, and
      also serves to limit the extent of such articulation.
PAR  Also, while the invention has been described with reference to the
      illustrated embodiment, it is not intended to be limited thereby.
CLMS
STM  We claim:
NUM  1.
PAR  1. An endoprosthetic bone joint device, comprising:
PA1  a first component including a first rounded body partially recessed to
      define a first bearing surface consisting of two similar, generally
      parallel, longitudinally concave, arcuate elongate portions, and a
      longitudinally concave, arcuate rib laterally separating said portions;
PA1  and said first component further including a first stem projecting
      integrally from said body, remotely from said bearing surface, in the
      plane of said rib, and in an inclined direction relative to the arcuate
      bisector of said rib;
PA1  and a second component including a second rounded body partially recessed
      to define a second bearing surface consisting of two similar, generally
      parallel, longitudinally convex, arcuate ribs, and a longitudinally convex
      groove laterally separating said convex ribs;
PA1  and said second component further including a second stem projecting
      integrally from said second body, remotely from said second bearing
      surface, in the plane of said convex groove, and generally parallel to the
      arcuate bisector of said convex groove;
PA1  said first and second bearing surfaces being of generally complementary
      form in mutual engagement, with said concave rib received in said convex
      groove, and with said convex ribs received on said concave portions;
PA1  said concave portions and rib, and said convex ribs and groove,
      respectively subtending angles less and greater than 180.degree. to allow
      longitudinal arcuate sliding between said components;
PA1  and said convex groove being widened towards one end thereof to allow
      lateral rocking between said components.
NUM  2.
PAR  2. A device according to claim 1 wherein said widened end of said convex
      groove engages the end of said concave rib further from said first stem.
NUM  3.
PAR  3. A device according to claim 1 wherein said first body overhangs the end
      of said concave rib further from said first stem.
NUM  4.
PAR  4. A device according to claim 1 wherein said convex groove and concave rib
      have generally rectangular cross-sectional shape, and said concave
      portions are grooves having a common innermost side wall formed by said
      concave rib and outermost side walls having laterally concavely curved
      inner surfaces.
NUM  5.
PAR  5. A device according to claim 4 wherein said outermost side walls reduce
      in height towards their longitudinal ends.
NUM  6.
PAR  6. A device according to claim 4 wherein said components are each of
      integral, plastics material construction.
NUM  7.
PAR  7. The use of a device according to claim 1 which comprises respectively
      implanting said first and second components, by way of said stems, in the
      metacarpal and proximal phalangeal bones to replace, by said first and
      second surfaces, the natural articulation surfaces of said bones.
PATN
WKU  039464466
SRC  5
APN  5192064
APT  1
ART  335
APD  19741030
TTL  Prosthetic bone joint
ISD  19760330
NCL  9
ECL  6
EXP  Frinks; Ronald L.
NDR  1
NFG  3
INVT
NAM  Schofield; Jack
CTY  Wirral
CNT  EN
ASSG
NAM  National Research Development Corporation
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19731031
APN  50594/73
CLAS
OCL    3  191
XCL    3  1911
XCL    3 22
XCL  128 92C
EDF  2
ICL  A61F  124
ICL  A61F  104
FSC    3
FSS  1;1.9-1.913;2;22-29
FSC  128
FSS  92 C
UREF
PNO  3728742
ISD  19730400
NAM  Averill et al.
OCL    3  1.911
FREF
PNO  267,810
ISD  19500700
CNT  CH
OCL    3 22
FREF
PNO  169,586
ISD  19511100
CNT  OE
OCL    3 22
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A prosthetic bone joint device, developed initially for the knee but
      applicable to other joints, has first and second components each with a
      laterally-spaced pair of respectively convex and concave bearing surfaces,
      and each with a seating surface bridging the respective bearing surfaces,
      the seating surface being of V-shaped profile longitudinally of the
      component. The components are disposed with their bearing surfaces in
      mutual articulatory engagement, and with the V-apices of their seating
      surfaces in closely-spaced parallel relation, and have at least two
      elongate flexible linkage members extending with their opposite ends
      connected to respectively different ones of the components in a crossed
      configuration seated on the seating surfaces.
BSUM
PAR  This invention concerns prosthetic devices and more particularly prosthetic
      bone joint devices.
PAR  In fact the invention has been developed in relation to the knee joint and,
      while it is applicable to other joints, such as the ankle, it is
      convenient to discuss the invention in relation to knee joint devices.
PAR  Until recent times the latter devices have involved the use of a mechanical
      hinge interconnecting the femur and tibia for mutual pivoting movement
      about a fixed axis of rotation. This movement is an extremely simplified
      approximation to the more complicated movement during extension and
      flexion of the natural knee joint, and the hinge devices in question have
      normally involved removal of significant amounts of bone and also the
      ligaments involved in the movement of the natural joint.
PAR  More recently, various proposals have been made for devices having
      respective separate femoral and tibial components which are intended to be
      held in mutual bearing engagement only by the capsule of the natural
      joint. These devices have been associated with a wish to reduce the need
      for bone and ligament removal, and also to provide bearing surfaces which
      co-operate to simulate the movement of the natural joint more closely.
      However, these more recent devices have yet to be subjected to use over a
      sufficiently long period to properly assess their relative advantages
      compared to the earlier hinge-form devices.
PAR  Also, the condition of a knee joint of which the bearing function is to be
      replaced by a prosthesis will not always be suited to use of the more
      recent forms with their reliance on natural capsule elements.
PAR  Accordingly, an object of the present invention is to provide a further
      form of device which affords a closer approximation to the movement of the
      natural knee joint than does a simple hinge device, while at the same time
      employing a prosthetic femoral/tibial linkage to simulate the role of the
      natural ligaments.
PAR  To this end the invention provides a prosthetic bone joint device
      comprising first and second bearing components each having a pair of
      respectively convex and relatively concave bearing surfaces in
      side-by-side spaced disposition for mutual bearing engagement of the
      components for rotational movement at least about a direction bridging the
      respective bearing surfaces, and at least two elongate flexible linkage
      members connected at opposite ends to respectively different ones of said
      components in a diagonally crossed configuration extending transversely
      relative to said direction.
PAR  In the case of a knee joint device the convex and concave bearing surfaces
      preferably take the form of respective pairs of ribs and grooves having
      profiles which are curved both longitudinally and laterally and serve to
      respectively simulate the femoral and tibial condyles. This simulation is
      preferably taken further by the provision of lateral profiles of similar
      curvature for both the ribs and grooves, while the grooves have
      longitudinal profiles of low curvature and those of the ribs have similar
      low curvature towards one end but increasing curvature towards the other
      end. The consequence of this profiling is that the ribs can engage at
      their first-mentioned ends with the grooves in a relatively stable manner
      involving a large bearing contact area and little freedom for rotation
      about a direction generally orthogonal thereto, and the ribs can rotate by
      a combination of rolling and sliding relative to the grooves with a
      changing centre of rotation towards a position in which they are engaged
      at their other ends with the grooves in a less stable manner involving a
      reduced bearing contact area and some freedom for rotation about said
      orthogonal direction. These positions of the device correspond, or are at
      least compatible with, those of the natural joint at about zero flexion
      and when approaching full flexion. At zero flexion the natural joint is
      relatively stable for purposes of standing, in that it has little freedom
      for rotation about the longitudinal axis of the leg and it is also subject
      to higher bearing loading in the most frequent activity involving this
      position, namely, walking. As the natural joint moves towards full
      flexion, the capability for rotation about the longitudinal axis of the
      leg increases, the centre of the principal rotation progressively changes
      with that rotation, and the bearing loading is reduced in the normal
      activities, such as sitting, which involve such a position. The
      relationship of bearing loads in the natural joint and bearing contact
      area in the device are, of course, relevant to the question of wear.
PAR  Regarding the linkage members, these preferably co-operate with two seating
      surfaces each of generally convex V-shaped profile and respectively
      located between the convex and concave bearing surfaces with the V-apices
      extending along the direction bridging the latter areas. More
      particularly, it is preferred that these seating areas follow the
      diagonally crossed configuration of the linkage members at least in one
      limiting position of bearing engagement between the two bearing
      components.
PAR  In the case of a knee joint device this limiting position is advantageously
      chosen as that corresponding to zero flexion to enhance the possibility of
      simulating natural knee joint functions. Thus, in the limiting position in
      question, substantially the whole lengths of the linkage members between
      the bearing components seat along the seating surfaces and act against any
      orthogonal rotation between the bearing components. However, the bearing
      surfaces and linkage arrangement can be chosen so that, as the bearing
      components rotate in a flexion increasing manner, the linkage members lift
      from one pair of opposed corresponding V-arm portions of their seating
      surfaces (namely those portions nearer the convex bearing surface area
      portions of greater curvature) and rotate about the V-apices. This
      facilitates the possibility of orthogonal rotation between the bearing
      components, and also allows a relative sliding component as well as
      rolling to figure in the flexional rotation. Then, in a final phase of
      rotation towards a position of full flexion, the linkage members again
      seat on their seating surfaces to act against sliding while allowing
      orthogonal rotation between the bearing components. This overall situation
      is compatible with the natural joint in which orthogonal rotation
      capability increases with flexion, and in which initial flexion involves
      both sliding and rolling with subsequent termination of the sliding
      component.
DRWD
PAR  For a fuller understanding of the present invention, a prosthetic knee
      joint embodiment thereof will now be described with reference to the
      accompanying drawings, in which:-
PAR  FIGS. 1 and 2 diagrammatically illustrate the relevant embodiment in side
      view and end elevation, respectively, and
PAR  FIG. 3 illustrates a preferred form for the linkage members of such an
      embodiment.
DETD
PAR  The illustrated embodiment comprises a femoral component denoted generally
      at 10, and a tibial component similarly denoted at 20.
PAR  The femoral component comprises two similar rib portions 11 integrally
      connected in laterally-spaced, generally parallel disposition by a bridge
      portion 12. The ribs 11 define respective convex bearing surfaces 13 of
      which the longitudinal and lateral profiles are seen in FIGS. 1 and 2
      respectively. The longitudinal profile is of a first, lower order of
      curvature over one end portion and increases to a second, higher order
      over the other end portion, while the lateral profile is of a third order
      of curvature which will normally be higher than said second order.
PAR  The bridge portion 12 is relieved between the rib portion surfaces 13 and
      itself defines a convex V-shaped seating surface 14 of which the apex
      extends laterally relative to the longitudinal direction of the rib
      portions.
PAR  The remaining feature of the femoral component 10 is the provision of a
      securement facility configuration remote from the bearing surfaces 13 and
      the seating surface 14. This facility involves the provision of two
      relatively short intracondylar stems 15 formed integrally with and located
      behind the ribs 11. These stems project through respective apertures in a
      plate 16 and are individually bored, as shown in broken outline at 17, to
      emerge in the surfaces 13 in countersunk manner. The component 10 is
      securable to a suitably prepared femur by passage of bone screws through
      the bores 17 in association with acrylic cement, and the plate 16 held
      against the bone can be perforated or porous to allow ingrowth of bone
      material.
PAR  The tibial component 20 comprises two similar grooved portions 21
      integrally connected in laterally-spaced, generally parallel disposition
      by a bridge portion 22. The grooved portions 21 define respective concave
      bearing surfaces 23 of which the longitudinal and lateral profiles are
      seen in FIGS. 1 and 2, respectively. These profiles are of respective
      first and third orders of curvatures as applied to the femoral component
      ribs.
PAR  The bridge portion 22 is similar to that of the femoral component in
      defining a convex V-shaped seating surface 24 of which the apex extends
      laterally between the grooved portions 21. However, in the tibial
      component the seating surface 24 is not wholly relieved relative to the
      grooved portions 21: in fact, the apex of the former is at a higher level
      than the adjacent bearing surfaces 23.
PAR  Also, the tibial component is formed with a securement facility similar to
      that of the femoral component, this facility comprising two short
      intracondylar stems 25 behind the surfaces 23, an apertured plate 26, and
      bores 27 through the stems 25 and grooved portions 21.
PAR  In practice the components 10 and 20 are employed in mutual articulating
      relationship by engagement of their bearing surfaces 13 and 23, and this
      engagement and the nature of the articulating relationship involves
      elongate flexible linkage members extending between the components as
      described above. There are three such members denoted at 31, 32 and 33,
      and each is connected at its respective opposite ends to the components 10
      and 20, by clamping between the bridge portions 12 and 22 and the
      respective plates 16 and 26 to extend over the seating surfaces 14 and 24.
      More specifically, the members 31 and 33 are connected between one
      longitudinal end of component 10 and the diagonally opposite longitudinal
      end of component 20, and the member 32 is connected between the remaining
      two ends of these components and is located intermediate the members 31
      and 33.
PAR  In a particularly convenient arrangement the members 31, 32 and 33 can be
      provided by a single member formed to a shape and self-linked
      configuration such as shown by FIG. 3.
PAR  The disposition of the illustrated device corresponds to that of zero
      flexion and it is to be noted that substantially the whole lengths of the
      members 31, 32, 33 between the components 10, 20 are seated on the
      surfaces 14 and 24. However, this disposition changes with flexional
      movement between the components 10 and 20, this movement involving
      relative sliding and rolling in the longitudinal sense between the bearing
      surfaces 13 and 23, lifting of the linkage members from their seating
      surfaces, a changing capability for relative rotation between the
      components about a vertical axis in the plane of FIGS. 1 and 2, and a
      varying area of surface contact between the bearing surfaces, as described
      in the introductory passages above. Clearly, these features of flexional
      movement are not determined by the geometry of the bearing surfaces alone,
      but are also at least partly determined by the linkage members which
      additionally serve to link the components in the sense of stabilizing
      their relationship. In this sense the linkage members simulate the
      cruciate ligaments of the natural knee joint.
PAR  While the invention has been described with more particular reference to
      the illustrated prosthetic knee joint device, it is not intended to be
      limited in this way. For example, the illustrated device is symmetrical to
      the extent that it can be used for a left of right hand knee, but in other
      forms the geometry of the bearing surfaces can more closely simulate the
      natural condyles and require left and right hand devices. The invention
      is, in any case, not confined to application in a knee joint device but
      can, as noted earlier, be applied to an ankle joint device in which case
      the longitudinal geometry of the bearing surfaces can be uniform for each
      of a talar and tibial component. Application may also be made to those of
      other joints such as those of the finger and elbow. Also, while the
      primary interest of the invention is for application to endoprosthetic
      devices, application to endoprosthetic devices for artificial limbs is
      also possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A prosthetic bone joint device comprising:
PA1  first and second bearing components;
PA1  and at least two flexible members linking said components;
PA1  said first and second components each having a pair of respectively convex
      and relatively concave bearing surfaces in side-by-side spaced
      disposition;
PA1  said bearing surface pairs being mutually engaged for rotational movement
      at least about a direction bridging the respective bearing surfaces;
PA1  said components each having a seating surface with a generally convex
      V-shaped profile located between the respective bearing surfaces and with
      the V-apex of said seating surface extending along said bridging
      direction;
PA1  and said flexible members seating on said seating surfaces and being
      connected at opposite ends to respectively different ones of said
      components in a diagonally crossed configuration extending transversely
      relative to said bridging direction.
NUM  2.
PAR  2. A device according to claim 1 wherein, in at least one position of
      bearing engagement between said components, the V-apices of said seating
      surfaces are in closely adjacent parallel disposition with each of said
      elongate members having respective end portions thereof substantially
      wholly seated on diagonally-opposed sides of different ones of said
      seating surfaces.
NUM  3.
PAR  3. A device according to claim 2 wherein said first component seating
      surface is wholly relieved between said convex bearing surfaces, and said
      second component seating surface projects, towards its apex, beyond said
      concave bearing surfaces.
NUM  4.
PAR  4. A device according to claim 3 comprising three of said elongate members,
      with two of said members connected similarly between said components in
      laterally-spaced parallel manner and the third one of said members passing
      intermediate said two members.
NUM  5.
PAR  5. A device according to claim 1 wherein at least one of said components
      has a plate separably engageable therewith remotely from the respective
      bearing surfaces to clamp portions of said elongate members therebetween.
NUM  6.
PAR  6. A prosthetic bone joint device comprising:
PA1  first and second bearing components each having a pair of respectively
      convex and relatively concave bearing surfaces in side-by-side spaced
      disposition, said bearing surfaces being mutually engaged for rotational
      movement at least about a direction bridging the respective bearing
      surfaces;
PA1  at least two elongate flexible members connected at opposite ends to
      respectively different ones of said components in a diagonally crossed
      configuration extending transversely relative to said direction;
PA1  and at least one plate separably engaged with one of said components
      remotely from the respective bearing surfaces to clamp portions of said
      elongate members therebetween, said plate spanning said one component in
      said direction, and said plate and said one component having aligned bores
      therethrough to afford screw securement to a bone.
NUM  7.
PAR  7. A device according to claim 6 wherein said one component has a portion
      thereof dimensioned to project through a bore in said plate, said one
      component being bored through said projecting portion.
NUM  8.
PAR  8. A device according to claim 7 wherein said one component has two of said
      projecting portions associated with respective bores in said plate, said
      projecting portions having individual bores which open into respective
      ones of said one component bearing surfaces.
NUM  9.
PAR  9. A device according to claim 6 wherein said plate is perforated or porous
      to afford bone in-growth.
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ABST
PAL  The amount of water used in evacuating the bowl of a water closet is
      substantially reduced by an auxiliary device that is installed in the
      conventional closet water tank and which forms an open ended column around
      the valve so that water stored in the base of the tank and around the
      column is prevented from being discharged during flushing.
PARN
PAC  CROSS REFERENCE TO THE RELATED APPLICATION
PAR  This application relates and constitutes an improvement over copending
      application Ser. No. 105,032, entitled "Water Saving Apparatus and Method
      for Water Closets" by the same inventor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to water closets and particularly to the type having
      a relatively deep rectangular water storage tank. More specifically, the
      invention relates to devices which may be installed in such water closets
      for the purpose of reducing the amount of water consumed during flushing.
PAR  2. Description of the Prior Art
PAR  A common type of water closet in widespread household, hotel, motel and
      institutional use employs a relatively deep, rectangular tank in which the
      valve mechanism is mounted. Water closets have heretofore been adapted to
      save water in effecting bowl evacuation by various modifications of the
      water tank. Prevalent modifications comprise multiple water compartments
      in series as in U.S. Pat. No. 2,715,228, or in alternative arrangements as
      in U.S. Pat. No. 3,344,439. Additionally, the mechanical flush controls
      have been modified to provide choices of flush such as full and
      watersaving. A recent example of the latter is found in U.S. Pat. No.
      3,538,519. While achieving the objective of saving water in accomplishing
      an adequate flush the prior art requires modifications beyond the
      capability of the ordinary home owner, such as tank fabrication or quite
      precise mechanical arrangements to achieve mechanically actuated and
      controlled flushes utilizing less than all of the water in the water tank.
      As a result, the prior art is practically and economically restricted to
      practice by water closet and plumbing manufacturers.
PAR  The majority of water closets found in homes and in many hotels, motels,
      institutions, etc., whether old or new are of the standard deep
      rectangular tank model variety of any given manufacturer due to their
      lower costs. Home owners desiring to effect water savings in accordance
      with the objects of this invention must therefor incur the expense of
      purchasing and having installed new plumbing or new water closets
      manufactured in accordance with the prior art. However, the prior art does
      not provide an inexpensive, easily and quickly installed water saving
      device for previously installed water closets which maintains the quality
      of water flow during flush and thereby maintain the quality of bowl side
      washing per unit of water utilized.
PAR  In the referred to copending application Ser. No. 105,032,  there is taught
      the concept of providing a flexible, four walled, rectangular, box having
      open ends and which can be assembled within a water tank to provide an
      open ended column surrounding the valve. Various means are taught to
      retain the box in place once installed and to accomodate to trade
      variations in the specific style of water tank. With such a box in place,
      when the tank is flushed the box prevents the volume of water within the
      tank and surrounding the box from being discharged thus causing a very
      substantial savings in the amount of water consumed. While the device and
      method of the copending application are believed to be unique and to have
      been the first teaching of a method and auxiliary apparatus of this kind
      which adapts to an existing tank a need for improvement has been revealed
      and such is the object of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  In the preferred embodiment of the invention the apparatus of the invention
      comprises a rectangular sheet of flexible, plastic material having fold
      lines adapted to form a U-shaped, five wall structure. This structure once
      formed into five walls is in turn adapted to be secured by a pair of
      spring loaded plunger rods to an interior vertical wall surface of the
      closet water tank and in a position such that the five walls sit on the
      bottom of the tank and surround the water valve. An open ended column is
      thus formed by the U-shaped five walls of the structure and the vertical
      tank wall surface which completes the column wall and sealing strips are
      provided around the contacting edges of the structure walls with the tank.
      When the tank is flushed by opening the valve the water level drops
      essentially to the level of the top of the column and all water
      surrounding the column and stored within the tank is saved. As a
      modification of the apparatus, means are provided whereby the structure
      can have a semi-circular portion of one of the walls knocked out so as to
      accommodate to the type of tank having an interior ridge.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a conventional water closet with a portion
      of its water tank cut away to reveal internal plumbing, its full flush
      water line and its valve seating water line.
PAR  FIG. 2 is a front elevation view of the wall structure of the invention.
PAR  FIG. 3 is a rear elevation view of the wall structure of the invention.
PAR  FIG. 4 is a partially cut away top view of one of the plunger rods used to
      retain the wall structure within the tank.
PAR  FIG. 5 is a perspective view of a conventional water tank with a portion of
      the tank cut away, with the plumbing simplified for purpose of
      illustration and with an apparatus made according to the invention
      installed.
PAR  FIG. 6 is a top view showing the wall structure in position.
PAR  FIG. 7 is a top end view of the wall structure showing the details of the
      notches and plunger rod supports.
PAR  FIG. 8 is a perspective cut away view of a second embodiment accommodating
      to tanks having an internal ridge.
PAR  FIGS. 9 and 10 are top views of alternate edge seals having flaps.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a typical conventional water closet having a deep rectangular
      shape and consisting of a bowl 20 and a water tank 21 connected to a water
      supply, not shown. Water tank 21 contains a volume of water controlled by
      the usual internal water supply plumbing and the surface of which, when
      the tank is full, is typically from eight to ten inches above the tank
      bottom as represented by full flush water level 22. A valve 26 seats
      adjacent the tank bottom in one end of the tank exit pipe or conduit, not
      shown. The water surface reaches level 28, the normal valve seating water
      level, during a normal flush at which time the valve 26 becomes seated. As
      is well known in the art, the flush itself is initiated by depressing
      handle 23 which pivots upwardly rod 24 to which is attached a chain 25.
      Chain 25 is also attached to ball valve 26 and causes its unseating
      whenever handle 23 is sufficiently depressed. As is also well known in the
      art the draining water interfacing valve 26 and the tank exit pipe, not
      shown, retains valve 26 in an unseated position until the water level
      reaches level 28. The water exiting tank 21 through the tank exit pipe
      enters bowl 20 and forms a head of water therein sufficient to cause bowl
      evacuation by siphonic action.
PAR  It is to be noted that this invention recognizes that not all of the water
      normally exiting tank 21 is actually needed in bowl 20 to accomplish
      siphonic bowl evacuation in standard water closet tanks having a full
      flush water level of from eight to ten inches. That is, siphonic bowl
      evacuation has been observed to begin before valve seating. The invention
      also recognizes that if the valve is caused to be seated nearer the time
      bowl evacuation is initiated, less water will be utilized than will be the
      case when water is allowed to be substantially depleted from tank 21 after
      a sufficient head is created in bowl 20 to cause the siphonic evacuation.
      The term "head", as used herein, simply refers to a height or vertical
      column of water as is commonly employed in hydrostatic terminology. The
      head of water in the water closet tank is directly related to the velocity
      of draining water through the tank exit pipe since the water closet is an
      "open" system; that is, exposed to atmospheric pressure on both sides of
      the body of water. Therefore, to simply adjust the water closet mechanics
      to achieve a lower full-flush water line below level 22 would not meet the
      objectives of this invention in that a lesser head of water would produce
      a smaller exiting velocity through pipe 27 and less turbulent water flow,
      therefor, for any given water closet configuration. This would diminish
      the quality of bowl side washing per unit of water utilized because the
      more turbulent the flow the more sporatic the path of travel for the water
      and the more vigorous the washing effect. The method and apparatus of this
      invention employs the normal, full-flush head of water for any given water
      closet of the conventional deep, rectangular tank type thereby maintaining
      the aforementioned qualities of flush while saving a substantial portion
      of the water in tank 21 normally used in the flush.
PAR  The preferred and first embodiment of the invention apparatus consists of a
      five-walled rectangular structure formed from a moderately flexible,
      scored and notched, thin rectangular sheet of plastic as shown in FIGS. 2,
      3, 5, 6 and 7 and a pair of retaining plunger rod members as shown in
      FIGS. 4, 5 and 6. The sheet of plastic is scored along lines 31, 32, 33,
      34 and 35 dividing the sheet into the five walls A, B, C, D and E. The
      scorings are such that when walls A and E are folded toward one another,
      until they are essentially parallel, walls B, C and D are positioned as
      shown in FIGS. 5 and 6. With the walls A, B, C, D and E so folded they may
      be introduced into tank 21 around valve 26 so as to have the bottom end
      edges rest on the tank bottom 36 and the vertical end edges against the
      inside tank wall surface 37 so as to achieve in effect a six-walled
      rectangular open ended, box or column configuration as shown in FIGS. 5
      and 6, having, as indicated in FIG. 8, an approximate depth X of six
      inches, a width Z of six inches and a height Y of six inches.
PAR  The described column configuration is maintained by use of two spring
      loaded plunger rods 29, 30 respectively positioned as shown in FIGS. 5 and
      6. Rods 29, 30 each have a spring 40 enclosed in a housing 41, a movable
      rod 42 tensioned by spring 40 and a rubber cup 43. Each respective housing
      41 inserts in a molded receptacle 45 and a clip 46 formed on the
      respective sides of the wall structure. The device is placed on the tank
      bottom about both overflow pipe 38 and valve 26 will wall E adjacent pipe
      38 and plunger rods 29, 30 positioned as shown in FIGS. 5 and 6.
PAR  As thus retained, the water saver effectively divides the volume of water
      under surface level 22 into two volumetric portions. One portion is in
      communication with the exit drain pipe when valve 26 is unseated and
      includes the water above the level shown by dotted line 50 of FIG. 5 and
      also includes the water within the water-saver column thus insuring
      utilization of the normal fullflush level water head and maintenance of
      normal flush water flow qualities. The other portion consists of the water
      confined below level 50 and outside the water-saver structure walls A, B,
      C, D and E. During flushing the water within the wall structure appears to
      descend at a faster rate than water outside the wall structure and in
      order to prevent leakage a suitable sealing strip 60 is employed on the
      edges of the wall structure contacting the tank surfaces. From this it can
      be seen that the amount of water saved during each flushing approximates
      that around the wall structure and between the tank bottom surface 36 and
      the surface level 50.
PAR  Since some tanks are built with a ridge 65 (FIG. 8) in the surface area of
      the bottom on which the wall structure of the invention is intended to
      rest, the wall C is made with a knock-out piece 70 defined by the core
      line 35. As best shown in FIG. 8 when piece 70 is knocked out and the
      sealing strip 60 rearranged as shown in FIG. 8 the wall structure readily
      adapts to the ridge 65 in the same manner as with tanks having smooth
      bottom wall surfaces. In both the ridge and non-ridge installations the
      device of the invention is normally installed between the front and back
      side walls of the tank.
PAR  From the foregoing, it can be seen that the invention provides an extremely
      simple method and auxiliary apparatus for modifying the water flow of the
      water closet having the type of tank described in such a way that very
      substantial quantities of water are saved. Considering the extremely
      critical shortage of water in many areas of the world in which the type
      water closet is employed, the advantages of a simple method and apparatus
      of this kind can be seen. Of particular advantage is the fact that the
      invention lends itself to being installed without tools, without requiring
      modification of the water closet, without requiring any skill and at
      absolutely nominal expense compared to the cost of water saved.
PAR  The size of the wall structure may vary with specific tank constructions
      and which normally have 0.5 to 1.0 cubic foot capacity. In one embodiment
      a 1/8 inch thick light flexible plastic is used. Walls A and E are made
      33/4 .times. 51/4 inch. walls B and D are made 23/4 .times. 51/4 inches
      and wall C is made 2 .times. 51/4 inch. The edges which contact the tank
      wall are molded in a "T" configuration (FIG. 7) and a soft rubber cushion
      (i.e. seal 60) having a mating molded configuration and a cross section
      size of 3/8 .times. 5/8 inch is secured by stapling to the plastic. Other
      materials may be employed through plastic offers many advantages from the
      viewpoint of economy and durability. While shown bent into a U-like form
      it is obvious that any shape form in which the walls of the invention
      device are bent and partially closed on themselves and which uses an
      internal tank wall surface to complete the column effect will operate. The
      term "U-like" is therefore to be interpreted in this sense and includes
      semi-circular, V and similar forms.
PAR  Note should also be taken of FIGS. 9 and 10 showing alternate forms of
      sealing in which the contacting edges are sealed by flaps. FIG. 9 shows
      the cross-section form of a sealing strip 60'  having an integral tapered
      flap 60" which can be pressed against the tank wall surface as a means for
      sealing. FIG. 10 shows a top view of a modified wall structure, as another
      embodiment, in which the wall structure itself is molded with integral
      tapered edges 70, 71, 72 which are adapted to serve as seals and which
      eliminates the need for an added sealing strip such as strip 60. From the
      foregoing, it can be seen that the edge seal may either be molded to snap
      on the edge as in the FIG. 7 T-slot and edge configuration or it may be
      molded or fused as part of the wall structure itself. In all cases the
      wall structure of the invention preserves the original water head,
      maintains the same Venturi and syphonic like actions of the flushing
      water, causes the ball valve to be buoyed as in the original tank and
      plumbing construction and operates in the original manner by gravity flow.
      Nevertheless, while maintaining these forces and characteristics only
      about one-half as much water is used.
PAR  Each flushing requires that the bowl 20 be refilled while the tank is being
      refilled. This is accomplished by a small feeder pipe, not shown, which
      passes water into the overflow drain pipe 38 while the tank is being
      refilled. When the main tank supply valve is cut off by the usual rising
      float ball the feeder pipe supply is also shut off. Substantial amounts of
      water are wasted merely by reason of using more than is necessary to
      refill the bowl 20. Therefore, another very important advantage of the
      present invention is that since the tank refill time is reduced
      approximately one-half the bowl refill time is reduced about one-half
      which in turn means that about 50% of the bowl refill water is saved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a water closet of the type having a tank formed by bottom and side
      walls and providing a hydraulic head and storage of predetermined height
      and capacity, having a movable flush valve mounted in the bottom wall of
      the tank and seated in one end of a conduit connecting the tank to a lower
      positioned bowl, having manual handle means to open the valve to empty the
      tank and cooperative water supply means for refilling the tank upon the
      valve returning to a closed position, the opening of the valve normally
      causing initiation of flushing and bowl evacuation followed by substantial
      emptying of the tank and then closing of the valve, the improvement
      comprising, in combination:
PA1  a. an auxiliary thin rectangular wall member adapted to be vertically
      positioned and bent within the tank into a U-like form whereby the end
      edges of the wall member contact an interior vertical wall surface of the
      tank and one of the side edges of the wall member contacts the interior
      bottom wall surface to form in effect an open top column extending above
      and around the valve and closed at the bottom by the bottom wall of the
      tank and closed at the sides by said interior vertical wall surface
      forming a continuation of the wall area of said wall member; and
PA1  b. spring retainer means adapted to retain said wall member in said column
      form and with the respective contacting wall member end and side edges and
      tank wall surfaces in relatively tight engagement to minimize water flow
      therebetween, said wall member and retainer means thereby being effective
      upon said valve being opened to prevent emptying of said tank below a
      level substantially equal to the level of said column top end and to cause
      said valve to seat and said tank to start refilling substantially
      immediately after said evacuation.
NUM  2.
PAR  2. In a water closet as claimed in claim 1 wherein said wall member
      comprises a thin rectangular plastic sheet folded along lateral scored
      lines to form said column as a five walled tubular structure.
NUM  3.
PAR  3. In a water closet as claimed in claim 1 wherein said wall member on one
      side and at opposite ends is provided with a pair of receptacle
      configurations adapted to releasably receive a mating pair of said spring
      retainer means and each said spring retainer means comprises a spring
      loaded rod structure having a vacuum cup on one end adapted to engage an
      internal vertical wall surface opposite the internal vertical wall surface
      engaged by the ends of said wall member and with the opposite end of said
      rod structure being adapted to nest in one of said receptacle
      configurations whereby when a pair of said structures are installed within
      the tank said wall member is held in said U-form and said wall members end
      and side edges engaged.
NUM  4.
PAR  4. In a water closet as claimed in claim 3 wherein said respective end and
      side edges of said wall member are provided with a deformable sealing
      strip.
NUM  5.
PAR  5. In a water closet as claimed in claim 1 wherein said tank side walls
      include front, back and end side walls and said interior wall surface
      engaged by said wall member end edges constitutes one of said front and
      back tank side walls.
NUM  6.
PAR  6. In a water closet as claimed in claim 3 wherein said tank side walls
      include front, back and end side walls and said interior vertical wall
      surfaces engaged by said wall member end edges and by said vacuum cups
      constitute internal surfaces of said front and back side walls.
NUM  7.
PAR  7. In a water closet of the type having a tank formed by bottom and side
      walls and providing a hydraulic head and storage of predetermined height
      and capacity, having a movable flush valve mounted in the bottom wall of
      the tank and seated in one end of a conduit connecting the tank to a lower
      positioned bowl, having manual handle means adapted to open the valve to
      empty the tank and cooperative water supply means for refilling the tank
      upon the valve returning to a closed position, the opening of the valve
      normally causing initiation of flushing and bowl evacuation followed by
      substantial emptying of the tank and then closing of the valve, the
      improvement comprising, in combination:
PA1  a. an auxiliary thin wall member adapted to be vertically positioned and
      bent within the tank whereby selected edges of the wall member contact
      selected interior wall surfaces of the tank and said wall member forms in
      effect a tubular open top column extending above and around the valve and
      closed at the bottom by the tank bottom wall, said column having a
      predetermined volume and configuration selected such that said wall member
      adapts to being installed and to form said column in said tank without
      disturbing the normal functioning of the handle and water supply means or
      reducing the hydraulic head above the valve;
PA1  b. retainer means adapted to retain said wall member in said column and
      with the respective contacting wall member edges and tank wall surfaces in
      relatively tight engagement to minimize water flow therebetween, said wall
      member and retainer means thereby being effective upon said valve being
      opened to prevent emptying of said tank below a level substantially equal
      to the level of said column top end and to thereafter cause said valve to
      seat and said tank to start refilling; and
PA1  c. sealing means in the nature of a thin flap formed integral with each
      respective contacting wall member edge adapting each such edge upon its
      respective thin flap being relatively tightly engaged against a selected
      said interior wall surface to form a hydraulic seal during said flushing.
NUM  8.
PAR  8. Water saving apparatus for use with a toilet flush tank of the type
      having side and bottoms walls providing a relatively deep water chamber
      providing an adequate head for flushing a toilet and formed with a flush
      outlet and flush valve in its bottom wall and with a handle for operating
      the flush valve, said water saving apparatus comprising:
PA1  an elongated member formed of imperforate sheet material and having bottom
      and end edges formed with a substantially continuous seal, said bottom
      edge being sealingly engageable with the bottom wall of the flush tank and
      the end edges being sealingly engageable with one of the side walls of the
      flush tank in surrounding relationship to the flush outlet and flush valve
      so as to extend upwardly for only a portion of the height of the water
      chamber in the flush tank forming a substantially watertight compartment
      around the flush valve and closed at the bottom by the tank bottom wall
      with a portion of the water in the chamber of the tank being disposed
      above the said compartment and a portion of the water in the chamber being
      disposed below the top of the compartment so that when the flush valve is
      opened, substantially only the water above the compartment will flow
      outwardly through the flush outlet and the remainder of the water will
      remain within the flush tank.
NUM  9.
PAR  9. Water saving apparatus as set forth in claim 8 including a pair of
      brackets formed on the outer surface of the sheet material adjacent
      opposite ends thereof and a pair of telescopic rods shiftable between
      contracted and extended position with spring means for normally urging
      them into extended position and formed with suction cups at one end
      thereof, said rods being engageable with the brackets on the sheet
      material member with the suction cups engageable with the side wall of the
      tank opposite the wall engaged by the end edges of the sheet material
      member for retaining said sheet material member in position assembled
      around the flush outlet and flush valve with the edges in sealing
      engagement with the bottom and side wall of the flush tank.
NUM  10.
PAR  10. Water saving apparatus as claimed in claim 8 including retainer means
      adapted to engage a selected interior surface of said tank and maintain
      said bottom and end edges sealably engaged with said respective bottom and
      side walls.
NUM  11.
PAR  11. In a water closet of the type having a tank formed by bottom and side
      walls and providing a hydraulic head and storage of predetermined height
      and capacity, having a movable flush valve mounted in the bottom wall of
      the tank and seated in one end of a conduit connecting the tank to a lower
      positioned bowl, having manual handle means to open the valve to empty the
      tank and cooperative water supply means for refilling the tank upon the
      valve returning to a closed position, the opening of the valve normally
      causing initiation of flushing and bowl evacuation followed by substantial
      emptying of the tank and then closing of the valve, the improvement
      comprising, in combination:
PA1  a. an auxiliary thin rectangular wall member adapted to be vertically
      positioned and bent within the tank into a U-like form whereby the end
      edges of the wall member contact an interior vertical wall surface of the
      tank and one of the side edges of the wall member contacts the interior
      bottom wall surface to form in effect an open top column extending above
      and around the valve and closed at the bottom by the bottom wall of the
      tank and closed at the sides by said interior vertical wall surface
      forming a continuation of the wall area of said wall member; and
PA1  b. resilient retainer means adapted to retain said wall member in said
      column form and with the respective contacting wall member end and side
      edges and tank wall surfaces in relatively tight engagement to minimize
      water flow therebetween, said wall member and retainer means thereby being
      effective upon said valve being opened to prevent emptying of said tank
      below a level substantially equal to the level of said column top end to
      cause said valve to seat and said tank to start refilling substantially
      immediately after said evacuation.
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ABST
PAL  Apparatus for disinfection and chemical purification of toilet bowls,
      comprising a storage container spaced from the bowl and containing a
      purifying and disinfecting liquid, and a valve capsule mounted in the
      cavity of the bowl edge near the water inlet opening of the bowl. The
      valve capsule is provided with a check valve and a flap actuated by the
      flush flow so as to open the check valve under the pressure of the flush
      flow. Fluid conveying means is provided for feeding the disinfecting and
      purifying liquid to the valve capsule from the storage container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates as indicated to an apparatus for disinfection
      and chemical purification of toilet bowls.
PAR  Toilet bowls have hitherto usually been disinfected and chemically purified
      by feeding a certain amount of a granular or liquid agent, intended
      specifically for purifying and disinfecting such toilet bowls, directly
      from bottles or other containers into the toilet bowls. This method of
      chemical purification and disinfection has the disadvantage that
      cleanliness and deodorization of the bowls can be achieved only by regular
      purification at intervals of a few hours. A person who continually carries
      out this purification must be available.
PAR  In order to overcome this disadvantage, another procedure proposed
      consisted in placing at the edge of the toilet bowls disinfecting and
      purifying agents in solid form which, when surrounded by the flush flow,
      dissolved at their surface and thus at each flushing, discharging
      materials into the toilet bowl. These suspended devices are not only of
      unsightly appearance but also obstruct the mechanical purification of the
      toilet bowls. These disinfecting lumps must be kept small, which leads to
      the result that the available quantities of disinfectants are too small to
      yield disinfectants for any substantial length of time. With progressive
      consumption of the disinfecting lump and thus diminishing surface, the
      amount of disinfectant discharged per flush becomes smaller and smaller,
      and therefore the disinfection becomes less and less sufficient. The
      suspended disinfecting devices are thus to be considered merely
      supplemental to manual purification and disinfection.
PAR  More than half a century ago it was proposed to introduce the disinfecting
      and purifying liquid directly into the flush water supply pipe from a
      device rigidly mounted thereto and consisting of a storage container with
      a valve. For opening the valve a small lever, one end of which protrudes
      into the feed pipe, is provided. To install this device, a special
      construction of the feed pipe, or at least the insertion of a pipe element
      with the device fastened thereto, was necessary. This proposal accordingly
      has not been used in practice since to alter the existing pipe lines would
      be very expensive. Even when such toilet installations were newly built,
      the device would have caused considerable additional expense. When repairs
      were required, abstention from using the toilet had to be taken into
      account as well as the repair expenses.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The invention aims at producing an apparatus moderate in price by means of
      which disinfection and chemical purification of the toilet bowl without
      attendance is carried out for a considerable time, and causes no
      disturbance in the use of the toilet.
PAR  The solution provided by the invention is characterized in that the passage
      or outlet device consists of a valve capsule provided with a clamp strap
      which can be clamped in from the bottom into the cavity of the bowl edge
      near the intake of the bowl, the valve capsule having a flap actuated by
      the flush flow, which flap opens under such action the automatically
      closing check valve. The disinfecting and purifying liquid is fed from a
      storage container separated from the bowl and mounted at a suitable place,
      preferably at one of the room walls behind the bowl, through a thin hose
      to the valve capsule.
PAR  This embodiment of the invention entails the special advantage that,
      without alterations on the existing installation, the part to be fastened
      to the bowl, that is, the valve capsule, is entirely held in the cavity of
      the bowl edge and therefore impairs neither the looks nor the mechanical
      purification of the bowl.
PAR  Moreover, the invention provides that the lever or flap is constructed as a
      distributing element for holding and distributing the disinfecting and
      purifying liquid, in order to feed through this element and liquid
      preferably first to the inner wall of the bowl.
PAR  With this structure, it is advantageous to add foamforming materials to the
      disinfecting and purifying liquid so as to promote the said distribution
      through the distributing flap and thus disinfection and purification. The
      foam formed moistens first the inner wall of the bowl as deodorizer and
      then comes to rest as a white cap floating on the surface of the water in
      the bowl.
PAR  The objects and advantages of the invention will become more readily
      apparent as the description proceeds in particular reference to the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE APPLICATION DRAWINGS
PAR  FIG. 1 is a vertical sectional view through the bowl edge, illustrating the
      connecting pipe for the water feed pipe and the inserted valve capsule, as
      well as the distributing flap to be actuated by the flush flow, all of
      which are shown in elevation;
PAR  FIG. 2 is a partially fragmentary front view of the bowl edge, illustrating
      the valve capsule with the laid-open valve cone and valve spring, and the
      distributing flap, and
PAR  FIG. 3 is a partially fragmentary front view similar to FIG. 2,
      illustrating a modified form of a shaped valve capsule with two valve
      cones and the distributing flap.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  When the flushing mechanism is actuated, the flushing water, flowing under
      pressure through the terminal pipe connection 1 for the water supply into
      the cavity 2 defined by the bowl edge 3, acts upon the left side, as
      viewed in FIG. 2, of the top surface of a distributing flap 4 which is
      thereby pivoted about a hinge 6 which is positioned at the right end of
      the distributing flap 4 and secured to the casing of a valve capsule 5.
      The downward pivoting movement of the flap 4 is against the bias of the
      spring pressure of valve spring 7 mounted in the valve capsule. In this
      process the valve cone 8, rigidly connected to the distributing flap 4,
      moves downward and therefore away from its seat in the bottom wall of the
      casing of valve capsule 5. When the valve cone 8 is unseated, purifying
      and disinfecting liquid is discharged through the valve opening, with the
      liquid being continuously fed, under light pressure, through a thin hose 9
      communicating with the upper area of the valve capsule from the storage
      container (not shown), preferably arranged at a higher level for gravity
      flow of the liquid. As long as the flushing process continues, valve flap
      4 remains in its bottom position thereby unseating the valve cone, and
      during this time disinfecting liquid is discharged from the opening of the
      valve capsule and is mixed, in uniform distribution, with the flushing
      water which surrounds this opening and which is under turbulence. When the
      flushing process is terminated and consequently the water pressure upon
      distributing flap 4 discontinued, valve cone 8 is biased upwardly by
      spring 7, the upper end of which engages a disc 10 positioned around the
      threaded shaft portion of the valve. Nuts are threadedly engaged around
      the shaft above the disc 10, with the spring pressure bearing upon the
      valve through such nuts. The seating of the valve cone 8 terminates the
      supply of purifying and disinfecting liquid to the bowl until a subsequent
      flushing operation.
PAR  A mounting spring member 11 envelops the casing of the valve capsule 5 from
      the top and is fixed to the cover thereof, with the bottom of the spring
      member resiliently engaging the opposed walls of the toilet bowl. The
      spring member 11 permits easy installation and removal of the apparatus
      and makes it possible, while the apparatus is sufficiently firmly fixed,
      to move it slightly to the side and back to its place for the purpose of
      cleansing the cavity of the bowl edge mechanically.
PAR  FIG. 3 shows a modification of FIG. 2. In addition to valve cone 8, a
      second valve cone 12, facing in opposite direction, is spaced above valve
      cone 8 on the valve shaft. When distributing flap 4 is lowered in response
      to the flushing action as described, the descending movement of valve cone
      8 at first opens the valve. However, disinfecting and purifying liquid is
      discharged only until upper valve cone 12 recloses the valve opening. This
      makes it possible to discharge a proportioned amount of liquid and
      thereafter to reclose the valve capsule. This results in the advantage
      that only the predetermined amount of liquid is discharged corresponding
      to the liquid required for one flushing process. When the flushing flow
      stops, the distributing or valve flap 4 moves upward again, valve cone 12
      is unseated thereby permitting liquid flow from the capsule until the
      lower valve cone 8 is reseated.
PAR  The amount of liquid that is in each case discharged when the valve opens
      and until it closes again, is prespecified by the distance between the two
      valve cones 8 and 12. Hinge 6 about which distributing flap 4 is movable,
      may also be arranged at a suitable distance from the valve in order to
      achieve the best inclination possible.
PAR  Distributing flap 4 is provided with an upper surface particularly designed
      for holding the liquid and distributing it to the inner wall surface of
      the bowl. When the flap 4 is actuated by the flush flow as described it
      assumes a prespecified inclination, whereby the liquid discharged from the
      valve is distributed over the entire surface. For this purpose it is
      advantageous to shape the holding surface in a particular way, e.g. with
      grooves, so as to make the water that strikes it whirl and to atomize it,
      thus producing the foam formation of the foam materials added to the
      disinfecting and purifying liquid. The grooves or the like may
      particularly serve for directing in a controlled manner the liquid from
      the valve opening to the other end of the holding or distributing flap
      after the inclined position has been assumed. It is advantageous to impart
      to the holding surface an inclination in the direction to the bowl wall 3,
      in order to avoid that the flushing water, which strikes under pressure,
      spatters off in the opposite direction.
PAR  Instead of the aforementioned shaping of the holding surface or in addition
      thereto, the distributing flap may be provided with a sponge support 14
      which is also useful for holding the renewed liquid amount when the
      flushing process has ended, in accordance with the FIG. 3 form of the
      invention. The grooves on the flap surface can in this case be
      particularly advantageous for directing the liquid and distributing it
      into the supported sponge. The sponge support may be kept wider than the
      distributing flap and abut in places to the inner wall of the bowl, or the
      distributing flap itself can be shaped in such a way that it abuts the
      wall at least in places.
PAR  Besides the hinge 6 which permits the opening and closing of the valve in a
      vertical direction, a second hinge, extending in a horizontal direction
      may be provided which serves to hinge the distributing flap to the inner
      wall of the bowl.
PAR  Any number of valve capsules may be provided at the existing openings for
      the flushing water, such capsules being fed from a common storage
      container. The arrangement of the distributing flaps or valve capsules can
      be such that they are detachable, e.g. by means of clamp straps or
      suspension links, in which structure the distributing flaps and valve
      capsules are preferably mounted invisibly in the edge cavity of the bowl.
      In this structure the individual distributing flaps are preferably
      constructed in such a way that they are shaped according to the adjacent
      wall area of the bowl, so that they abut thereto at least in places.
PAR  The sponge supports may be kept wider toward the inner wall of the bowl
      than the distributing flap and may abut, at least in places, to the
      adjacent area of the inner wall of the bowl, and may be shaped to
      correspond to the shape of the bowl. Furthermore, the liquid absorbed by
      the sponge can be discharged, e.g. in the form of foam, not only above the
      sponge but also below it.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for disinfection and chemical purification of toilet bowls,
      comprising a storage container spaced from said bowl for a purifying and
      disinfecting liquid, and an automatically closing passage and outlet
      device which opens under the action of a flush flow, said passage and
      outlet device consisting of a valve capsule mounted in the cavity of the
      bowl edge near the water inlet opening of the bowl, said valve capsule
      being provided with a check valve and a flap actuated by the flush flow so
      as to open said check valve under the pressure of the flush flow, and
      fluid conveying means for feeding the disinfecting and purifying liquid to
      said valve capsule from said storage container.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said flap is provided with a holding
      and distributing surface for controlling the distribution of the water and
      liquid directed thereto.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said holding surface of the
      distributing flap for the distribution of the liquid is shaped, over a
      certain inside area of the bowl, so as to correspond to the wall shape of
      such area.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said flap, under the action of the
      flush water which is discharged into the bowl, assumes a prespecified
      inclination so as to hold, pass on and distribute the liquid flowing from
      the opened valve to said distributing flap.
NUM  5.
PAR  5. The apparatus of claim 2 further characterized in that the surface of
      the distributing flap is formed with grooves so that the discharged flush
      water is atomized thereby promoting foam formation.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said distributing flap is provided with
      a surface which is inclined with respect to the wall of the bowl.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said distributing flap is provided with
      a sponge support for holding the liquid directed to said flap.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said sponge support is wider that the
      distributing flap and abuts, at least in places, the inner wall of the
      bowl.
NUM  9.
PAR  9. The apparatus of claim 1 further including resilient clamp means for
      removably mounting said valve capsule and distributing flap within the
      edge cavity of the bowl.
NUM  10.
PAR  10. The apparatus of claim 1, wherein said check valve is provided with two
      spaced valve cones facing in opposite directions, which, when the two
      terminal positions of the distributing flap are reached, alternatingly
      open and close the valve, in which process a prespecified amount of liquid
      is discharged upon the distributing flap, and spring means associated with
      said valve for automatically effecting return movement of the valve
      thereby terminating liquid discharge.
NUM  11.
PAR  11. The apparatus of claim 10, wherein said distributing flap has
      positioned thereon a sponge layer which absorbs specific amount of liquid
      by means of the return movement of the distributing flap when the flush
      flow ends and the distributing flap returns to its original position, so
      that the apparatus is ready to discharge liquid in a subsequent flush.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said flap is mounted for pivotal
      movement about a horizontal hinge means mounted on said valve capsule
      adjacent the bottom and at one side thereof, said check valve being
      mounted on said flap for seating on and unseating from an opening formed
      in the bottom of said capsule, and spring means for moving said valve into
      a seated position at the termination of the flush flow.
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ABST
PAL  A whirlpool jet for bathtubs having a water outlet extending through a
      circular opening in the bathtub wall and threadedly connected to a
      housing. The outlet has an annular radial flange abutting against the
      inside of the bathtub wall. The flange has a pair of diametrically spaced
      openings for use in rotating the water outlet in mounting the jet on a
      bathtub by using a circular wrench having a pair of pins which fit within
      the openings. The periphery of the wrench has knurling for manually
      rotating the wrench and a square central opening for receiving the square
      head of a driving tool. A jet outlet control which is rotatably mounted
      within the outlet has a concave area surrounding the inner end of a water
      passage in all rotational positions of the control, so that the water flow
      into the passage is constant. An extension for poured concrete
      installations is adapted to protrude beyond the edge of the concrete, the
      protruding portion being discardable.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending applications,
      Ser. No. 392,046 filed Aug. 27, 1973 now U.S. Pat. No. 3,890,655 and Ser.
      No. 470,369 filed May 16, 1974 now U.S. Pat. No. 3,890,656.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a whirlpool jet outlet for bathtubs which may
      also be used in therapy tanks, therapy pools, swimming pools and the like.
PAR  2. Description of the Prior Art
PAR  There are a number of whirlpool jet outlets and outlet structures on the
      market at the present time, all of which are relatively complex in their
      structure, installation and operation. They are not readily adaptable to
      various types of installations and environments. The water outlets of such
      devices customarily protrude a substantial distance into the bathtub,
      which is unsightly, is likely to result in accidents and injury and is
      generally undesirable.
PAR  Previous devices which have directional outlets for directing the water
      flow in different directions have the disadvantage that when the outlet is
      moved to some angles, particularly extreme angles, the body of the
      directional outlet member is disposed in the path of the water flow. The
      body member accordingly tends to block the outgoing water and to created
      undesirable turbulence in the area of the entrance to the directional
      outlet.
PAR  Existing devices are also difficult to install and customarily require an
      attaching means connected directly to the wall of the tank or tub.
PAR  If devices of the type now on the market are used with poured concrete, it
      is necessary to hold the thickness of the poured concrete to extremely
      rigid tolerances, which is both difficult and costly.
PAR  Water outlets of the type now in use are not convertible between individual
      and interconnected air supplies.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a whirlpool jet for bathtubs and the like
      which is an improvement over the prior art.
PAR  It is an object of the invention to provide a whirlpool jet which can be
      tightly installed on the wall of a tub or tank without any screws, bolts
      or other fastening members extending into the wall of the tank or tub.
PAR  It is a more particular object of the invention to provide such an outlet
      which can be mounted quickly and simply with a special tool to provide a
      tight, waterproof connection between the outlet and the wall on which it
      is mounted.
PAR  A further object of the invention is to provide a water outlet in which the
      direction of the water flow into the tub may be varied over an entire
      360.degree. range without any interference with the water flow in any
      rotational position of the directional outlet.
PAR  Another object of the invention is to provide a water outlet which is
      adapted to be converted for use with either an individual or an
      interconnected air supply.
PAR  A further object of the invention is to provide a water outlet which is
      adapted to be used with a poured concrete wall within an extension which
      does not require the thickness of the poured concrete wall to be held to a
      specific dimension with limited tolerances. This avoids the difficulty and
      expense involved in attempting to rigidly control the thickness of the
      poured concrete wall.
PAR  Another object of the invention is to provide such an extension which is
      adapted to selectively receive a water return cap for converting it to a
      water return instead of an outlet.
PAR  A further object of the invention is to provide a water outlet which is
      adapted to be manufactured economically and conveniently of molded plastic
      material.
PAR  The invention also comprises such other objects, advantages and
      capabilities as will later more fully appear and which are inherently
      possessed by the invention.
PAR  While there is shown in the accompanying drawings a preferred embodiment of
      the invention, it should be understood that the same is susceptible of
      modification and change without departing from the spirit of the invention
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a whirlpool jet installed on a
      bathtub;
PAR  FIG. 2 is a top plan view of the same;
PAR  FIG. 3 is an enlarged longitudinal sectional view of the same, taken on
      line 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevational view of the wrench, with a portion of a
      driving tool connected thereto;
PAR  FIG. 5 is a front elevational view of the wrench;
PAR  FIG. 6 is a sectional view showing the water outlet being mounted on the
      bathtub wall with the assistance of the wrench and driving tool;
PAR  FIG. 7 is an enlarged sectional view similar to FIG. 3, showing the
      extension and extended nozzle, with the device mounted on a wall;
PAR  FIG. 8 is a side elevational view, partly in section, showing a water
      return in use with an extension;
PAR  FIG. 9 is a side elevational view of the special wrench used to install and
      remove the extended nozzle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment which has been selected to illustrate my invention
      comprises a main body member or housing 10, which may conveniently be
      formed of polyvinyl chloride or other suitable material. Extending
      transversely through the back of the housing 10 is a water inlet opening
      11 which is circular in cross-section. A divider 12 of lesser diameter
      disposed adjacent to the center of the water inlet opening 11 provides a
      pair of shoulders or abutments on its opposite sides against which the
      ends of a pair of sections of water supply pipe 13 abut. The pipe 13 may
      also be conveniently formed of polyvinyl chloride. The walls of the pipe
      13 are preferably substantially equal in thickness to the thickness of the
      divider 12. The inner diameter of the water inlet opening 11 is only
      slightly larger than the outer diameter water supply pipe 13, so that they
      can be cemented together to form a permanent connection.
PAR  Disposed upwardly and outwardly from the water inlet opening 11 is an air
      inlet opening 14, which also extends tranversely through the housing 10.
      The air inlet opening 14 is circular in cross-section and has a divider 15
      of lesser diameter against which the opposite ends of a pair of sections
      of an air supply pipe 16 are disposed in abutting engagement. Both
      sections of the air supply pipe 16 are preferably cemented to the interior
      of the air inlet opening 14.
PAR  The housing 10 is provided adjacent its front portion with an internally
      screw threaded opening 17, in which is mounted the externally screw
      threaded shank 18 of a water outlet 19. The water outlet 19 has internal
      screw threading 20. Rotatably mounted within the outer portion of the
      outlet 19 is an externally screw threaded substantially cylindrical jet
      outlet control 21. The outer end of the control 21 is provided with a
      diametrical slot 22 which may be used to rotate the control within the
      outlet 19.
PAR  The jet outlet control 21 is provided with an angularly directed water
      passage or channel 23, which extends completely through the control 21.
      Rotation of the control 21 by means of the slot 22 results in changing the
      orientation of the channel 23 and thereby changes the direction of flow of
      water into the tub.
PAR  The inner end of said jet outlet control 21 is provided with a concave open
      area 100 which surrounds the inner end of the channel 23. Rotation of the
      outlet control 21 to vary the direction of the channel 23 does not affect
      the concave open area 100, so that there is no interference with the water
      flow into the inner end of the channel 23 in any rotational position of
      the outlet control 21. There is likewise no undesirable turbulence
      resulting from interference with water flow into the channel 23.
PAR  The end of the outlet 19 has a wide annular radial flange 24. The wall 25
      of the tub 38 is provided with an opening through which the outlet 19
      extends, with the edges of the wall 25 being held between the flange 24
      and the adjacent end of the housing 10. The flange 24 is provided with a
      pair of diametrically spaced openings 50 for receiving a wrench for use in
      installing or removing the device on a tub.
PAR  A flat circular washer 30 is mounted directly adjacent to the inner side of
      the flange 24. The washer 30 preferably covers substantially all of the
      area of the flange 24. The washer 30 is adapted to be compressed between
      the flange 24 and the adjacent portion of the wall 25 to provide a
      watertight seal between the outlet and the tub.
PAR  A special tool is designed to provide extremely tight mounting of the water
      outlet on the tub. The tool comprises a body member 101 which is circular
      in shape. A pair of pins 102 project tranversely outwardly from one side
      of the body member 101. The pins 102 are shaped and spaced from each other
      so that they fit into the openings 50 in the flange 24. The outer
      periphery of the body member 101 is provided with knurling 103 to assist
      in manual rotation of the tool.
PAR  In installing the water outlet, the tool is placed over the face of the
      flange 24 with the pins 102 extending into the openings 50. The tool is
      then manually rotated as far as possible in a clockwise direction. The
      square lead 104 of an appropriate driving tool such as a ratchet wrench or
      speed wrench is then inserted into a square opening 105 which extends
      through the center of the body member 101. This provides the added power
      which is required to make an extremely tight fit of the flange 24 and
      washer 30 against the wall 25.
PAR  An air passage 32 extends vertically downwardly from the air inlet opening
      14 to the rear of a mixing chamber 33 which is disposed within the housing
      10 behind the outlet 19. A water passage 34 extends horizontally from the
      water inlet opening 11 into the mixing chamber 33. The outlet end of the
      water passage 34 is in the form of a nozzle 35 which may be fixedly or
      threadedly mounted in the housing 10.
PAR  In use, water is forced by pressure from the pump 36 through the water
      supply pipes 13, water inlet openings 11 and water passages 34 into the
      mixing chamber 33 of the housing 10. Air is drawn into the mixing chamber
      33 through the air passage 32 by venturi action.
PAR  The top of the housing 10 which is disposed above the midportion of the air
      inlet opening 14 is provided with a vertically directed inlet 110, which
      is adapted to receive the lower end of a vertically directed air supply
      pipe for converting the outlet to an individual air supply rather than an
      interconnected air supply. A cap 111 is removably mounted on the opening
      110 when the outlet is used with a horizontally directed air inlet pipe
      16.
PAR  To adapt the outlet for use with a poured concrete vertical wall 112, the
      outlet is connected to the externally threaded inner end 113 of an
      extension 114. The extension 114 has an octagonal flange 15 disposed
      between its inner end 113 and an outer end 116 of somewhat larger
      diameter. The outer end 116 is provided with internal screw threading
      which is adapted to receive the shank 18 of the water outlet 19.
PAR  The outer end 116 should preferably be somewhat longer than the shank 18 so
      that a portion of the outer end 116 will always protrude beyond the
      concrete after the concrete has been poured. This protruding portion is
      then cut away after the concrete is dry and before the outlet is
      installed. This avoids the necessity of holding the thickness of the
      concrete wall to extremely close tolerances, which is difficult and
      costly.
PAR  The outer end 116 of the extension 114 is provided with internal screw
      threading 117 which is adapted to receive a water outlet 118 identical to
      the water outlet 19. The outlet 118 is internally threaded to receive a
      jet outlet control corresponding to the control 21. It may also receive an
      externally threaded return 119 to convert the unit to a water return
      instead of a water outlet.
PAR  The device can be used in any tank or tub wall through which an opening
      such as one inch diameter can be drilled, with room on the opposite side
      of the wall to accommodate the housing 10.
PAR  It should be noted that no faucets, balls, jets, or other devices protrude
      into the bathtub or tank. The only portion of the device which extends
      inwardly from the wall 25 is the flange 24 of the outlet 19. It is flat
      and only a small fraction of an inch thick. It cannot cause any personal
      injury and is not unsightly.
PAR  It should be noted that the device of the present invention requires no
      screws or other fastening members to be attached to the tube.
PAR  When the extension 114 is used, it is preferable to use an extended nozzle
      35a, so that the discharge end of the nozzle will not be spaced too far
      away from the entrance to the channel 23. The nozzle 35a is accordingly
      comparable in length to the extension 114. If the extension 114 is
      shortened, the nozzle 35a is shortened approximately the same amount.
PAR  In order to install and remove the extended nozzle 35a, it is provided with
      diametrically spaced recesses 120 for removably engaging tabs 121 formed
      on one end of an elongated hollow wrench 122, which is shown in FIG. 9.
      The wrench 122 fits around the portion of the extended nozzle 35a which is
      diposed outwardly from the recesses 120. Instead of the recesses 120, the
      nozzle 35a may alternatively be provided with bosses or projections which
      engage complementary openings formed in the end of the wrench 122.
PAR  When the water return 119 is used, as shown in FIG. 8, the return 119 may
      be used as both an inlet and an outlet.
CLMS
STM  I claim:
NUM  1.
PAR  1. A whirlpool jet for bathtubs and the like comprising a housing, a
      chamber formed within said housing, a water inlet connected at one end
      thereof to a source of water supply under pressure and at the opposite end
      thereof to the inner end of said chamber, a Venturi air inlet extending
      through said housing to the inner end of said chamber, whereby the
      movement of water through said chamber is speeded by a Venturi effect, a
      water outlet extending through a circular opening in the wall of the
      bathtub, said water outlet being threadedly mounted within the outer end
      of said chamber, said water outlet having an annular radial flange, said
      flange having an inner surface abutting against the inside of the bathtub
      wall, said housing having a flat outer end abutting against the outside of
      the bathtub wall, said flange having a pair of diametrically spaced
      circular openings extending inwardly from its outer face for use in
      rotating said water outlet with respect to said housing in mounting said
      jet on a bathtub, and a circular wrench having a pair of transversely
      directed pins dimensioned and spaced to fit within said openings, the
      periphery of said wrench having knurling formed thereon for manually
      rotating said wrench to rotate said water outlet when said pins are
      mounted in said openings, said wrench having a square opening at the
      center thereof, said opening being adapted to receive the square head of a
      tool to rotate said wrench further and bring said flange into tighter
      engagement with said wall.
NUM  2.
PAR  2. The structure described in claim 1, and a flat resilient washer disposed
      directly adjacent to the inner face of said flange, said washer covering
      substantially the entire area of said flange, said washer being adapted to
      make sealing engagement with the inner wall of said tub surrounding the
      opening through which said outlet extends.
NUM  3.
PAR  3. The structure described in claim 1, and a jet outlet control rotatably
      mounted within said water outlet, said control having a straight angularly
      directed water passage extending therethrough, said control being
      rotatable with respect to said outlet to change the direction of water
      flow from said jet into said bathtub, and a concave area formed in said
      control surrounding the inner end of said water passage, said concave area
      extending transversely to the inner end of said jet outlet control in all
      rotational positions of said control and passage, so that the amount of
      water flow into the inner end of said passage is constant for all
      rotational positions of said control and passage.
NUM  4.
PAR  4. The structure described in claim 3, said jet outlet control having
      external threading and being threadedly mounted in said water outlet.
NUM  5.
PAR  5. The structure described in claim 1, and an extension threadedly
      connected between said water outlet and said housing, said extension
      having an externally threaded inner end adapted to fit within the water
      outlet receiving opening in said housing and an internally threaded outer
      end adapted to receive said water outlet, said outer end being somewhat
      longer than the portion of said water outlet which fits therein so that
      said outer end is adapted to protrude beyond the edge of concrete poured
      around said extension, the protruding portion of said outer end being
      discardable so that the thickness of said concrete may vary without
      affecting the installation of said water outlet in the outer end of said
      extension.
NUM  6.
PAR  6. The structure described in claim 5, said water outlet being adapted to
      receive an externally screw threaded water return cap to change said
      outlet to a water return inlet.
NUM  7.
PAR  7. The structure described in claim 5, and an elongated nozzle threadedly
      mounted in said housing, said nozzle being comparable in length to said
      extension, the outer end of said nozzle being discardable to adapt the
      length of said nozzle to the length of said extension.
NUM  8.
PAR  8. The structure described in claim 1, and a vertically directed inlet
      extending into the top of said housing above said air inlet opening, said
      inlet being adapted to receive the lower end of a vertically directed
      individual air supply pipe.
NUM  9.
PAR  9. The structure described in claim 8, and a cap adapted to be removably
      mounted on the upper end of said inlet to close off said inlet when said
      device is used with a horizontally directed interconnected air supply.
NUM  10.
PAR  10. A whirlpool jet for bathtubs and the like comprising a housing, a
      chamber formed within said housing, a water inlet connected at one end
      thereof to a source of water supply under pressure and at the opposite end
      thereof to the inner end of said chamber, a Venturi air inlet extending
      through said housing to the inner end of said chamber, whereby the
      movement of water through said chamber is speeded by a Venturi effect, a
      water outlet extending through a circular opening in the wall of the
      bathtub, said water outlet being threadedly mounted within the outer end
      of said chamber, an extension threadedly connected between said water
      outlet and said housing, said extension having an externally threaded
      inner end adapted to fit within the water outlet receiving opening in said
      housing and an internally threaded outer end adapted to receive said water
      outlet, said outer end being somewhat longer than the portion of said
      water outlet which fits therein so that said outer end is adapted to
      protrude beyond the edge of concrete poured around said extension, the
      protruding portion of said outer end being discardable so that the
      thickness of said concrete may vary without affecting the installation of
      said water outlet in the outer end of said extension, and an elongated
      nozzle threadedly mounted in said housing, said nozzle being comparable in
      length to said extension, the outer end of said nozzle being discardable
      to adapt the length of said nozzle to the length of said extension.
NUM  11.
PAR  11. The structure descibed in claim 10, the inner end of said elongated
      nozzle having means for removably engaging the inner end of an elongated
      wrench for installing and removing said elongated nozzle, said wrench
      being hollow and fitting around the portion of said extended nozzle
      disposed outwardly from said wrench engaging means.
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ABST
PAL  A bed-making device is operative to automatically prepare a bed for use by
      removing a bedspread from a top surface of a mattress and placing a bottom
      sheet and top sheet and a pillow or pillows on the top surface of the
      mattress and to remove same and replace the bedspread on the top surface
      of the mattress when the bed is not in use. The bed-making device includes
      a support structure having a head chamber and a foot chamber positioned
      adjacent respective ends of the mattress. A first or head roller is
      positioned in the head chamber and a second or foot roller is positioned
      in the foot chamber. A web is in sliding engagement with a top surface of
      the mattress and is operably associated with the head and foot rollers.
      The bedspread has an end thereof connected to the web, and the bottom
      sheet and top sheet each have one end thereof removably connected to the
      web adjacent the one end of the bedspread, whereby the bedspread is moved
      onto the mattress and the sheets are moved into the head chamber when the
      head roller is rotated to move the web in one direction, and the sheets
      are moved onto the mattress when the foot roller is rotated to move the
      web in an opposite direction. Pillows may also be moved into and out of
      storage as the sheets are moved.
BSUM
PAR  The present invention relates to bed-making devices and more particularly
      to a bed-making device operative to automatically prepare a bed for use by
      removing a bedspread from a top surface of a mattress and placing a bottom
      sheet and a top sheet on the top surface of the mattress and to
      automatically remove same and replace the bedspread on the top surface of
      the mattress when the bed is not in use.
PAR  The principal objects of the present invention are: to provide a bed-making
      device operative to automatically prepare a bed for use and to
      automatically replace a bedspread when the bed is not in use; to provide
      such a bed-making device operative to remove a bedspread from a top
      surface of a mattress and place a bottom sheet, top sheet, and pillow or
      pillows on the top surface of the mattress and to automatically remove
      same and replace the bedspread on the top surface of the mattress when the
      bed is not in use; to provide such a bed-making device operative to place
      the bottom sheet, top sheet, and a blanket or blankets on the upper
      surface of the mattress substantially free of wrinkles; to provide such a
      bed-making device operative to fluff a pillow or pillows during replacing
      same on the sheets on top of the mattress; to provide such a bed-making
      device having a headboard adapted to support a pillow or pillows when in
      use and operative to retract to permit pillow or pillows, sheets, and a
      blanket or blankets to move into a head cavity or chamber; to provide such
      a bed-making device wherein the sheets and blanket or blankets and
      bed-spread are each respectively removably connected to a web extending
      between a head roller and a foot roller whereby same may be removed and
      replaced with clean and fresh items; and to provide such a bed-making
      device which is attractive in appearance, durable in construction,
      positive in operation, and particularly well adapted for the proposed use.
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PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of this invention.
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the bed-making device.
PAR  FIG. 1 is a perspective view of a bed-making device embodying features of
      the present invention.
PAR  FIG. 2 is a side elevational view of the bed-making device with portions
      broken away to show operative components thereof and shown with a
      bedspread in place on a mattress.
PAR  FIG. 3 is a side elevational view of the bed-making device with portions
      broken away to show the operative components thereof and shown with sheets
      and pillow or pillows in place on the mattress.
PAR  FIG. 4 is a top plan view of the bed-making device.
PAR  FIG. 5 is a longitudinal sectional view of the bed-making device and taken
      on line 5--5, FIG. 4.
PAR  FIG. 6 is a side elevational view of a modified bed-making device with an
      endless web.
PAR  FIG. 7 is a longitudinal sectional view of the modified bedmaking device.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a bed-making device which is operative to
      automatically prepare a bed 2 for use by removing a bedspread 3 from a top
      surface of a mattress 4 and placing a bottom sheet 5, top sheet 6, and a
      pillow or pillows 7 on the top surface of a mattress 4 and to remove same
      and replace the bedspread 3 on the top surface of the mattress 4 when the
      bed 2 is not in use. The bed-making device 1 includes a support structure
      8 having a head chamber 9 and a foot chamber 10 positioned at respective
      opposite ends 11 and 12 of the mattress 4. A first or head roller 14 is
      positioned in the head chamber 9 and a second or foot roller 15 is
      positioned in the foot chamber 10. A web 16 is in sliding engagement with
      a top surface of the mattress 4 and has respective opposite ends thereof
      in operative engagement with the head and foot rollers 14 and 15 and the
      bedspread 3 has respective opposite ends thereof removably connected to
      the web 16 and the bottom and top sheets 5 and 6 have one ends 17 and 18
      thereof respectively connected to the web 16 adjacent one end 19 of the
      bedspread 3 whereby the bedspread 3 is moved onto the mattress 4 and the
      sheets 5 and 6 and pillow or pillows 7 are moved into the head chamber 9
      when the head roller 14 is rotated to move the web 16 in one direction and
      the sheets 5 and 6 and pillow or pillows 7 are moved onto the mattress 4
      when the foot roller 15 is rotated to move the web 16 in an opposite
      direction.
PAR  The support structure 8 has longitudinally spaced and upstanding head and
      foot support walls 20 and 21 respectively with a deck 22 extending
      therebetween for supporting and retaining box springs 23 thereon. The
      mattress 4 is positioned on the box springs 23 in the conventional manner.
PAR  The head chamber 9 of the support structure 8 includes a base wall 24
      extending from the head support wall 20 and in engagement with a floor
      surface. An upstanding head wall 25 extends upwardly from the base wall 24
      and is spaced outwardly from the head support wall 20 and the head end 11
      of the mattress 4. The head chamber 9 includes opposite end walls 26 to
      close opposite ends of the head chamber 9 and to enclose operative
      components therein, as later described. A top wall 27 extends from the
      head wall 25 and has one edge 28 thereof substantially aligned with the
      head end 11 of the mattress 4.
PAR  A headboard 29 is movably mounted on the head wall 25 and includes suitable
      extensible means which is power operated for extension and retraction of
      the headboard 29. In an extended position, as best seen in FIG. 2, the
      headboard 29 has a lower edge 30 positioned adjacent the head end 11 of
      the mattress 4 and an upper edge 31 positioned adjacent the one edge 28 of
      the top wall 27 to thereby close the head chamber 9 and provide a support
      for the pillow or pillows 7.
PAR  The foot chamber 10 of the support structure 8 includes a base wall 32
      extending from the foot support wall 21 and engaging the floor surface. An
      upstanding foot wall 33 extends upwardly from the base wall 32 and is
      spaced outwardly from the foot end 12 of the mattress 4. End walls 34
      close opposite ends of the foot chamber 10 and enclose the operative
      components therein, as later described. The top wall 35 extends from the
      foot wall 33 and has one edge 36 substantially aligned with and slightly
      above the foot end 12 of the mattress 4. The spacing between the one edge
      36 of the top wall 35 and the foot end 12 of the mattress 4 is preferably
      a minimum spacing to permit movement of the web 16 and the bedspread 3
      thereon between the edge 36 and the foot end 12.
PAR  The head and foot rollers 14 and 15 are positioned in the head and foot
      chambers 9 and 10 respectively and the web 16 extends therebetween. In the
      illustrated structure, the head and foot rollers 14 and 15 are positioned
      below a top or upper surface of the mattress 4, therefore, direction
      changing rollers 37 and 38 are positioned adjacent the head end and foot
      end 11 and 12 respectively of the mattress 4. In order to conserve space,
      the head roller 14 is positioned below the box springs 23 and the mattress
      4 and, therefore, a second direction changing roller 39 is positioned in
      the head chamber 9 to direct the web 16 toward the head roller 14. As
      illustrated in FIGS. 1 and 4, the head chamber and foot chamber and the
      rollers 14, 15, 37 and 38 are of lengths greater than the width of the
      mattress 4 and such that they accommodate the width of the web, sheets and
      bedspread.
PAR  The bottom sheet or second web 5 has the one end 17 thereof connected to
      the web 16 adjacent the one end 19 of the bedspread 3. An other end 40 of
      the bottom sheet or second web 5 is removably connected to the upstanding
      head wall 25 of the head chamber 9 at a position substantially coplanar
      with the top or upper surface of the mattress 4. A pillow or pillows 7 on
      the top sheet 6 and on the second web or bottom sheet 5 will be moved into
      the head chamber 9 with the sheets when the head roller 14 rotates to move
      the web 16 in one direction and the sheets and pillows will be moved onto
      the mattress 4 when the foot roller 15 rotates to move the web 16 in the
      opposite direction, as later described.
PAR  The second web 5 has a width at least equal to the width of the mattress 4
      and preferably greater so that side portions thereof cover the sides of
      the box springs 23 and the mattress 4. Each of the ends 17 and 40 of the
      bottom sheet 5 are removable whereby the bottom sheet 5 may be removed and
      laundered for replacement in the bed-making device. Zippers 17' and 40'
      have been found to be particularly effective for attaching and removing
      the bottom sheet 5.
PAR  The bedspread 3, as best seen in FIG. 2, is on the mattress 4 when the bed
      2 is not in use. The bedspread 3 has opposite ends thereof removably
      connected to the web 16 and in the illustrated structure, the one end 19
      of the bedspread 3 is adjacent the one end 17 of the bottom sheet 5. An
      other end 41 of the bedspread 3 is positioned adjacent the foot roller 15.
      The bedspread 3 has a length sufficient to position the other end 41
      thereof under the top wall 35 of the foot chamber 10 while the one end 19
      thereof is positioned under the top wall 27. The bedspread 3 has a width
      at least equal to and preferably greater than the width of the mattress 4
      to thereby cover the upper or top surface of the mattress 4 and side
      portions of the box springs 23 and mattress 4. The side portions of the
      bedspread 3 are also preferably in covering relation with edge portions of
      the web 16. The connections of the bedspread 3 to the web 16 at the ends
      19 and 41 thereof are each preferably removable, as by zippers 19'  and
      41', whereby the bedspread 3 may be removed for laundering and
      replacement.
PAR  The top sheet 6 has the one end 18 thereof removably connected to the web
      16 between the one end 17 of the bottom sheet 5 and the one end 19 of the
      bedspread 3, as by a zipper 18'. The other end of the top sheet 6 is free
      and is positioned adjacent the head end 11 of the mattress 4 when
      positioned on the mattress. The top sheet 6 has a width at least equal to
      and preferably greater than the mattress 4 so that side edge portions
      thereof cover respective side edge portions of the box springs 23 and the
      mattress 4.
PAR  The bed-making device 1 may have one or more blankets 42 each having one
      end 43 removably connected to the web 16, as by a zipper 43', between
      adjacent ends of the sheets and bedspread. The blanket 42 has the other
      end thereof free and is also positioned adjacent the head end 11 of the
      mattress 4 when in position on the mattress 4. The blanket 42 has a width
      at least equal to and preferably greater than the width of the mattress 4
      so that the side portions of the blanket 42 cover respective side portions
      of the bottom sheet 5, top sheet 6, and the box springs 23 and mattress 4.
PAR  Suitable drive means are operatively connected to the head roller 14 and
      the foot roller 15. In the illustrated structure, suitable electric motors
      44 and 45 are positioned in the head chamber 9 and the foot chamber 10
      respectively. The drive motors 44 and 45 preferably have suitable clutch
      means to disengage one drive motor when the other drive motor is in
      operation. The bed-making device 1 includes a suitable switch or switches
      on the support structure 8 operative to complete respective portions of an
      electrical circuit (not shown) to selectively energize one of the motors
      44 or 45 or disengage both motors.
PAR  The bed-making device 1 includes means in the head chamber 9 and positioned
      adjacent the head end 11 of the mattress 4 for shaking the bottom sheet 5
      and thereby the top sheet 6 to permit the bottom sheet 5 and the top sheet
      6 to move onto the upper surface of the mattress 4 substantially
      wrinkle-free. Shaking of the bottom sheet 5 is effective to shake and
      fluff the pillow or pillows 7 retained on the second web or bottom sheet
      5.
PAR  In the illustrated structure, a planar member 46 is positioned in the head
      chamber 9 between the head roller 14 and the upstanding head wall 25. The
      planar member 46 is positioned below the direction changing roller 37 and
      the second direction changing roller 39. The planar member 46 is generally
      vertical or near vertical and has opposite ends thereof preferably
      resiliently supported on the end walls 26 of the head chamber 9.
PAR  Suitable means are operatively connected to the planar member 46 to shake
      same or move the planar member 46 toward and away from the head end 11 of
      the mattress 4. A suitable drive motor 47 is positioned in the head
      chamber 9 and is operative to rotate a crankshaft 48 having a pair of
      links 49 each having one end 50 thereof pivotally connected to the
      crankshaft 48 at respective positions spaced from the axis thereof. The
      other ends 51 of the links 49 are pivotally connected to suitable brackets
      52 mounted on and extending from the planar member 46 whereby rotation of
      the crankshaft 48 is effective to move the planar member 46 toward and
      away from the head wall 25 thereby moving same into and out of engagement
      with the bottom sheet 5 during movement of the web 16 to place the sheets
      5 and 6 and blanket 42 on the mattress 4.
PAR  Use of the bed-making device illustrated and described herein is extremely
      simple and positive. When the bedspread 3 is in place on the mattress 4
      and use of the bed is desired, the drive motor 45 is energized to rotate
      the foot roller 15 to move the web 16 toward the foot roller 15 thereby
      moving the bedspread 3 onto the foot roller 15. The bottom sheet 5, top
      sheet 6, blanket 42, and the pillow or pillows 7 are simultaneously moved
      onto the mattress. The bottom sheet 5 is moved to a position as shown in
      FIG. 3. The headboard 29 is retracted upon energizing the drive motor 45
      to permit the pillow or pillows 7 to be moved onto the mattress 4 and then
      the headboard 29 is extended to permit the pillow or pillows 7 to be
      placed in engagement therewith. The drive motor 47 is energized to effect
      movement of the planar member 46 during movement of the web 16 and the
      bottom sheet 5, top sheet 6, blanket or blankets 42, and the pillow or
      pillows 7 onto the mattress to thereby remove the wrinkles in the bedding
      and to fluff the pillow or pillows 7.
PAR  When the bedspread 3 is to be replaced on the mattress 4, the drive motor
      44 for the head roller 14 is energized to move the web 16 toward the head
      roller 14 thereby moving the pillow or pillows 7, bottom sheet 5, top
      sheet 6, and blanket or blankets 42 into the head chamber 9 and moving the
      bedspread 3 onto the upper or top surface of the mattress 4. The headboard
      29 is retracted upon energizing the drive motor 44 to permit the pillow or
      pillows 7 and the sheets 5 and 6 and the blanket or blankets 42 to move
      into the head chamber 9 then the headboard 29 is extended after the head
      roller 14 stops to thereby provide a completed appearance for the
      bed-making device 1.
PAR  FIGS. 6 and 7 illustrate a modified bed-making device 55 wherein a support
      structure 56 therefor has longitudinally spaced head and foot support
      walls 57 and 58 respectively. The support walls 57 and 58 each have a
      suitable aperture therein adapted to permit an endless web 59 to pass
      therethrough.
PAR  The modified bed-making device 55 includes upper and lower head rollers 60
      and 61 respectively positioned adjacent a head end of the mattress 4.
      Upper and lower foot rollers 62 and 63 respectively are positioned
      adjacent the foot end of the mattress 4. A suitable drive motor 64 is
      operatively connected to one of the lower head roller 62 or lower foot
      roller 63 to move the endless web 59 in one direction only, such as toward
      the foot roller.
PAR  A bedspread 65 is removably connected to the endless web 59 at opposite
      ends 66 thereof, as by zippers 66'. A bottom sheet 67 is removably
      connected to endless web 59 at opposite ends thereof as by zippers 67'. A
      top sheet 68 and one or more blankets 69 each have one end thereof
      removably connected to the endless web 59, as by zippers 68' and 69'
      respectively and each positioned adjacent the one end of the bedspread 65
      and extending therefrom. The pillow or pillows 7 are manually removed and
      replaced on the modified bed-making device 55 adjacent or in engagement
      with a headboard 70.
PAR  Use of the modified bed-making device 55 is substantially similar to use of
      the bed-making device 1 except that the web 59 moves in only one direction
      and the bedspread 65 is only connected at one end thereof. The drive motor
      64 is energized to move an upper portion of the endless web 59 toward the
      foot end of the mattress. The drive motor 64 is selectively stopped to
      position the bedspread 65 at a desired location on the mattress 4 when the
      bed is not in use. The drive motor 64 is energized to move the bedspread
      65 to a storage position below the box springs 23 and the drive motor 64
      is selectively stopped to position the sheets 67 and 68 and the blanket or
      blankets 69 at a desired location on the mattress 4. The pillow or pillows
      7 must be manually removed and replaced when using the modified bed-making
      device 55.
PAR  It is to be understood that while I have illustrated and described certain
      forms of my invention, it is not to be limited to these specific forms or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by letters patent is:
NUM  1.
PAR  1. A bed-making device comprising:
PA1  a. a support structure having a head end and foot end, said support
      structure being adapted to support thereon a mattress;
PA1  b. spaced connected walls adjacent the head end defining a head chamber
      wider than the mattress;
PA1  c. spaced connected walls adjacent the foot end defining a foot chamber
      wider than the mattress;
PA1  d. a first roller in the head chamber and a second roller in the foot
      chamber, said rollers each having a length greater than the width of the
      mattress;
PA1  e. a web having respective opposite ends thereof operatively associated
      with said first roller and said second roller and extending longitudinally
      over the mattress;
PA1  f. a bedspread having opposite ends thereof removably connected to said web
      at respective longitudinally spaced apart locations, said bedspread having
      a greater width than the mattress to hang over sides thereof when
      overlying the mattress; and
PA1  g. at least one sheet having one end thereof removably connected to said
      web adjacent one end of said bedspread and movable into the head chamber
      when said first roller rotates in one direction and longitudinally onto
      the mattress when said first roller rotates in an opposite direction, said
      bedspread moving into the foot chamber as said one sheet moves onto the
      mattress.
NUM  2.
PAR  2. A bed-making device as set forth in claim 1 including a second web
      having one end thereof connected to one of said spaced walls defining a
      head chamber and the other end thereof removably connected to said first
      named web adjacent the connection of said sheet to said first named web
      whereby a pillow on said sheet and on said second web will be moved into
      the head chamber with said sheet when said first roller rotates in the one
      direction and onto the sheet and mattress when said first roller rotates
      in the opposite direction.
NUM  3.
PAR  3. A bed-making device as set forth in claim 1 including:
PA1  a. a second web having one end thereof removably connected to one of said
      spaced walls defining a head chamber and the other end thereof removably
      connected to said first named web adjacent the connection of said sheet to
      said first named web, the connection of the one end of said second web to
      said one of said spaced walls defining the head chamber being at a
      location spaced from a head end of the mattress and substantially parallel
      thereto; and
PA1  b. means in the head chamber and adjacent the head end of the mattress and
      including an elongate member movably engaging said second web
      substantially across the width thereof for shaking said second web and
      thereby said sheet to permit said second web and said sheet to move onto
      the mattress substantially wrinkle free.
NUM  4.
PAR  4. A bed-making device as set forth in claim 2 including a headboard
      movably mounted on said spaced walls defining the head chamber and movable
      between a retracted position to permit movement of the pillow into the
      head chamber and an extended position adjacent a head end of the mattress
      to permit the pillow to be positioned on the sheet and in engagement with
      said head board.
NUM  5.
PAR  5. A bed-making device as set forth in claim 2 including:
PA1  a. shaker means mounted in the head chamber and adjacent the head end of
      the mattress and including a motor driven oscillating member movably
      engaging said second web for shaking said second web and thereby said
      sheet to permit said second web and said sheet to move onto the mattress
      substantially wrinkle free, shaking said second web being effective to
      shake the pillow retained on said second web; and
PA1  b. a headboard movably mounted on said spaced walls defining the head
      chamber and movable between a retracted position to permit movement of the
      pillow into the head chamber and an extended position adjacent a head end
      of the mattress to permit the pillow to be positioned on the mattress and
      in engagement with said headboard.
NUM  6.
PAR  6. A bed-making device as set forth in claim 1 wherein:
PA1  a. said spaced walls defining the head chamber includes one wall spaced
      outwardly from a head end of the mattress and substantially parallel
      thereto;
PA1  b. a second web has one end thereof removably connected to said one wall of
      said head chamber and the other end thereof removably connected to said
      first named web adjacent the connection of said sheet to said first named
      web;
PA1  c. the connection of said second web to said one wall of the head chamber
      is substantially coplanar with a top surface of the mattress; and
PA1  d. a headboard is movably mounted on said one wall of the head chamber and
      movable between a retracted position to permit movement of a pillow into
      the head chamber and an extended position adjacent a head end of the
      mattress to permit the pillow to be positioned on the mattress and in
      engagement with said headboard.
NUM  7.
PAR  7. A bed-making device as set forth in claim 6 including means in the head
      chamber and adjacent the head end of the mattress and including an
      elongate planar member movably engaging said second web substantially
      across the width thereof and motor means operatively connected thereto for
      shaking said second web and thereby said sheet to permit said second web
      and said sheet to move onto the mattress substantially wrinkle free.
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ABST
PAL  A limb support and the like is formed from a block of polyurethane foam
      having resilient characteristics, capable of permitting the passage of air
      and being of such configuration as to include a continuous open topped
      arcuate groove extending longitudinally along the length of the block for
      receiving, cradling and resiliently gripping the limb of a hospitalized
      patient to avoid rotation of the limb supported thereby.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, foam rubber padding has been used to support the limbs of
      hospitalized patients to prevent the formation of decubitus ulcers or
      bedsores on the heel which often result when the heel is allowed to
      contact the bed surface for prolonged periods of time. Such a limb
      supporting device is shown in United States letters Pat. No. 3,345,656.
      However, such a support does not maintain a resilient gripping engagement
      with the limb and is, therefore, ineffective to prevent rotation or
      turning of the limb when placed in the support.
PAR  Accordingly, an important object of the invention is to provide a support
      for gripping a lower limb in such a manner so as to prevent turning of the
      limb in the support providing therapy and comfort in the case of minor
      sprains, fractures, muscle pulls, etc. which do not otherwise require a
      cast.
PAR  Another important object of the invention is to provide a cast support that
      will maintain the heel above the bed surface to prevent heel ulcers and
      that will grip a limb and cast combination to prevent the limb from
      turning.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a limb support can be constructed of a resilient,
      deformable polyurethane foam block having an open arcuate groove extending
      along the entire length of the block so that the limb is readily received
      when placed therein and the support will deform over its entire length,
      resiliently gripping the limb to prevent turning of the limb in the
      support. The support also maintains the heel of the limb above the bed
      surface to prevent heel ulcers and can further be used to secure a limb
      with a cast to prevent turning of the limb.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawings
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a perspective view illustrating a limb support constructed in
      accordance with the present invention,
PAR  FIG. 2 is a side elevation of the limb support illustrating a reverse flex
      position,
PAR  FIG. 3 is a side elevation of a limb support in accordance with the present
      invention with the limb support in a normal flex position, and
PAR  FIG. 4 is a sectional elevation taken on the line 4--4 of FIG. 2 showing
      the placement of a limb illustrating the grasping action thereof.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawing illustrates a cast or a limb support and the like for
      supporting a limb of a patient and for gripping the limb in such a manner
      as to prevent turning of the limb.
PAR  An elongated support block, broadly designated at 10, is made of a
      resilient deformable polyurethane foam material which is lightweight and
      air-permeable. The block has the advantage of being inexpensive and
      suitable for one-patient use so that it does not have to be reused. The
      support block 10 may be used to support a freshly applied plaster cast
      without hindering the drying process of the plaster since air may readily
      circulate through the porous foam material. The elongated block 10 may be
      formed as by cutting or sawing a block to provide a pair of substantially
      vertical spaced side surfaces 11 and 12. Each of the sides 11 and 12 is
      joined respectively to top substantially horizontal planar surfaces 13 and
      14 respectively. The planar surfaces 13 and 14 slope upwardly over the
      entire length of block 10 from a first end surface 15 to a second end
      surface 16. Interposed between the top planar surfaces 13 and 14 is an
      arcuate groove 19 extending over the entire length of the block 10 and
      inclined to a bottom base surface 17 for cradling a limb 18 of a bed
      patient. The arcuate groove 19 is most advantageously formed as
      substantially semicircular in cross-section for gripping the patient's
      limb 18 as the weight of the limb deforms block 10 as is best shown in
      FIG. 4. The flat bottom surface 17 provides a base surface for the support
      block 10 when placed on a bed.
PAR  In use, the limb support block 10 may be used to support the limb 18 of a
      bed patient in either one of two positions. First, as illustrated in FIG.
      2, the limb support block 10 may be placed at the foot of the bed with the
      end surface 16 in a forward-most position facing toward the patient's
      head. In this position, the limb is supported in the block in a reverse
      flex position providing for a slight bending of the knee joint as the
      patient lies in a supine position. In the reverse flex position, more of
      the weight of the limb is supported at the end surface 16 which results in
      a greater deformation of the flock at that end than towards the end
      surface 15 causing the knee portion of limb 18 to be gripped tighter with
      a tapering off of the gripping action toward end surface 15. In the
      reverse flex position of FIG. 2, the knee portion is supported in the
      groove 19 at the highest elevation of the groove in the block 10. The
      remaining portion of the limb slopes downwardly following the contour of
      the groove to the lowest elevation thereof at the end surface 16. This
      positioning of the limb creates less pressure on the lower ankle portion
      providing increased blood circulation in the limb while supported and
      cradled in the groove.
PAR  In FIG. 3, the support block 10 is shown in a second position wherein the
      block 10 is placed at the foot of a bed with first end surface 15 in a
      forward-most position facing towards the head of the patient. In this
      position, the limb 18 is supported in groove 19 of block 10 in a normal
      flex position providing a substantially even distribution of the weight of
      the limb along the length of the groove. In the normal flex position, the
      knee portion of the limb is supported in the groove at the lowest
      elevation of the groove located in end surface 15 and the remaining
      portion of the limb slopes upwardly following the contour of the groove to
      the highest elevation of the groove located in end surface 16. Thus, the
      groove 19 of block 10 provides a cradle for the limb which uniformly grips
      the limb over the entire length of the groove to prevent turning of the
      limb in the support block 10.
PAR  The gripping action of the groove 19 is best illustrated in FIG. 4 which
      shows the deformation of the entire support block 10 upon placement of the
      limb in the groove. The weight of the limb exerted on the central lower
      portion 19a of the groove causes the entire inner surface of the groove to
      deform the grip the contour of the limb placed therein. The top edges 19b
      of the groove flexibly deform inwardly towards each other to grip around
      the top of the limb.
PAR  While the use of the support block 10 has been described as supporting the
      limb 18 of the bed patient, the block 10 may also be advantageously used
      to support the limb when placed in a cast. The support block 10 may be
      used to support the limb in a cast in both the reverse and normal flex
      positions in the same manner described above. In the event the plaster of
      the cast is wet when placed in groove 19 of block 10, the porous foam
      material of the block will enhance the drying of the cast. While the block
      10 is primarily used to prevent turning of the limb, either with or
      without a cast, the support block 10 also provides the expedience of
      keeping the heel of the patient elevated above the bed surface to prevent
      the formation of heel ulcers or bedsores when the patient is confined to
      bed for prolonged periods of time.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A support device for a patient's lower limb for use when the patient is
      confined to a bed to prevent turning of the limb comprising:
PA1  A. an elongated block of resilient deformable polyurethane foam material;
PA1  B. a flat bottom surface providing an elongated base for placement upon the
      bed surface:
PA1  C. a pair of spaced substantially vertical side surfaces;
PA1  D. a top planar surface inclined with respect to said bottom surface, and
PA1  E. an open continuous elongated arcuate groove of uniform cross section
      formed in said top planar surface along the entire length thereof defining
      first and second spaced inclined planar top portions extending the entire
      length of said block, said groove being inclined with respect to said
      bottom surface and being substantially semicircular in extent for
      providing a cradle for supporting and gripping a limb from a portion
      thereof adjacent the ankle to a portion thereof adjacent the knee;
PA1  whereby when a limb is placed in said central groove of the support, the
      support will deform over its entire length under the weight thereof
      exerted on a central lower portion of the groove causing depression of the
      resilient material therebeneath and inward flexing of upper portions of
      the groove tending to bring together said first and second top portions
      with resilient gripping of the limb within the entire length of said
      groove, thus avoiding turning of the limb while supporting the limb in an
      elevated position.
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ABST
PAL  An adjustable head and shoulder rest is disclosed which is intended
      primarily for supporting the upper body while lying face down with the
      head vertically positioned or turned to either the left or right side to
      any degree up to approximately forty five degrees. A head or face rest
      consisting of either two or three separate members providing a variation
      of open areas for the eyes, nose and mouth, together with movable right
      and left shoulder support members permitting adjustment to differing body
      dimensions and allowing proper weight distribution, ease of unrestricted
      breathing and body comfort.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to a support for the upper part of the body. More
      particularly it relates to a device which enables one to lie comfortably
      face-down wherein the head and shoulders are cradled in a manner providing
      for a comfortable distribution of weight and which enables easy,
      unrestricted breathing.
PAR  Many individuals have difficulty in sleeping or resting comfortably in a
      face-down position. This may be required during surgery or in post
      operation recovery. This mode of repose is helpful to ladies who have had
      their hair coiffeured and wish to preserve the results of their visit to
      the beauty parlor as long as possible. Likewise, sleeping face-down would
      avoid any discomfort due to the presence of hair curlers. In addition,
      sunbathers will find this invention useful.
PAR  2. Description of Prior Art
PAR  A number of devices have been patented which are stated to enable one to
      lie face-down in comfort. While these devices do enable one to lie
      face-down in a greater degree of comfort than they would have in their
      absence, they are either not adjustable to take care of differing body
      dimensions or the desires of the occupant, or are adjustable in a limited
      manner, or else do not properly support the head and shoulders in the best
      possible manner.
PAC  SUMMARY OF THE INVENTION
PAR  This invention consists of a base support having attached thereto a pair of
      spaced apart resilient shoulder supports which may be adjusted laterally
      and longitudinally relative to each other and to the head support,
      allowing the distance between the head support and the shoulder supports
      to be varied. Fastened to the base and spaced longitudinally from the
      shoulder supports and equidistant therefrom is a resilient face support
      consisting of three separate rests or movable members providing a number
      of variations of open areas for the eyes, nose and mouth. The face support
      may be tilted about an axis parallel to the base and may be raised and
      lowered. Also, the face support may be rotated about an axis parallel to
      the base which will allow the user to rest their face on the right or left
      side.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of one embodiment of the adjustable head and shoulder
      rest.
PAR  FIG. 2 is a sectional view of forehead rest 3 along line A--A of FIG. 1.
PAR  FIG. 3 is a sectional view of forehead rest 3 along line D--D of FIG. 2.
PAR  FIG. 4 is a sectional view of left and right cheek rests 4 and 5 and
      support members 2, 8, 9, 12 and 13 along line B--B of FIG. 1.
PAR  FIG. 5 is a sectional view along line E--E of FIG. 4 showing structural
      support members.
PAR  FIG. 6 is a sectional view along line C--C of FIG. 1 showing attachment of
      supports 8 and 9.
PAR  FIG. 7 is a plan view of the lower left portion of base 2 with shoulder
      rest 6 omitted, showing attachment thereto.
PAR  FIG. 8 is a plan view of support 9.
PAR  FIG. 9 is a plan view of another embodiment of the adjustable head and body
      rest.
PAR  FIG. 10 is a sectional view along lines F--F and G--G of FIG. 9.
PAR  FIG. 11 is a sectional view along line I--I of FIG. 9.
PAR  FIG. 12 is a sectional view along line J--J of FIG. 9.
PAR  FIG. 13 is a sectional view along line H--H of FIG. 9.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a head and shoulder rest designated generally as 1, which has
      a base 2. Base 2 is made of flat and relatively thin material having a
      sufficient rigidity to serve as a support for the head support elements to
      be attached thereon. Suitable materials for this purpose may be aluminum
      or other sheet metal, plywood, composition board, various resin-fiber
      glass laminates, etc. Attached to base 2 at it's rearward portion are
      shoulder rests 6 and 7, attached by fastening tape 17, such as Velcro
      tape. Near the middle of base 2 are mounted resilient face supports 3, 4
      and 5 and fastened to their undersides are rigid and relatively thin bases
      10, 18 and 18 respectively, shown in FIGS. 2 and 4 and may be of the same
      composition as base 2. Shoulder rests 6 and 7 as well as face rests 3, 4
      and 5 are made from a resilient material such as foam rubber, polyurethane
      foam or padding, for example, and may be covered by cloth or plastic.
      Alternately, they may be made of inflatable bladders of suitable
      configuration which can be inflated with air or hot or cold liquids to the
      desired firmness and temperature prior to use.
PAR  FIG. 2 is a sectional view along line A--A of FIG. 1 showing the forehead
      rest 3, thin base 10 and stiffener 11 which forms forehead resting surface
      noted with letters "a" through "g". Segments "a" to "b" and "f" to "g" are
      straight, approximately one and one half inches long and on an
      approximately twenty degree angle from the vertical. Segments "b" to "c"
      and "e" to "f" form approximately 2 inch radii. Segment "c" to "e" forms
      an approximately 6 inch radius. The horizontal distance from "a" to "g" is
      approximately 6 inches and the depth from that horizontal line to the
      lowest area at "d" is approximately 21/2 inches. At the lower left and
      lower right is shown how support 9 mates with head rest structure and can
      be fastened permanently together as with an adhesive or made removable by
      adding thumb screws to threaded holes through the outside portions of the
      left and right sides of support 9. (Alternate method of fastening with
      thumb screws not shown). Mounting slots in support 9 are shown in FIG. 8
      as "j" and "j."
PAR  FIG. 3 is a sectional view along line D--D of FIG. 2 showing a downward
      taper toward cheek rests 4 and 5 and of an approximate angle of eight
      degrees. Said taper extends from point "c" to "e" shown in FIG. 2.
PAR  FIG. 4 is a sectional view along line B--B of FIG. 1. Resting surfaces of
      rests 4 and 5 are approximately ninety degrees to each other and the
      lowest portions are approximately two inches apart. Taken in conjunction
      with FIG. 1 and FIG. 8 it is apparent that rest 4 is located in slot "k"
      and rest 5 is located in slot "L" of support 9 and may be fastened thereto
      as by an adhesive or may be secured at a variation of locations by a thumb
      screw at each side, in one of a series of threaded holes through outside
      portions of support 9 along the length of slots "k" and "L." (Thumb screws
      omitted for clarity). Locations for optional threaded holes shown in
      Figure by dots. Such embodiment allows rests 4 and 5 to be secured in a
      position touching forehead rest 3 or any distance up to one and one half
      inches away from forehead rest 3 as is shown in FIG. 1. FIG. 4 makes
      apparent also that the user may place his face vertically, mouth down, or
      rest on either the right or left side of his face at any angle up to
      approximately 45.degree. by rotating support 8 clockwise or
      counter-clockwise.
PAR  FIG. 5 is a sectional view along line E--E of FIG. 4 showing supports 8, 9
      and 12 and clamp 13 mounted on base 2. Support 9 is shown broken and tab
      beneath rest 4 is omitted for clarity. Support 9 may be rotated about a
      horizontal axis raising rest 3 while simultaneously lowering rests 4 and
      5, which assures proper distribution of head weight between forehead and
      cheek rests. Surface of support 8 indicated by "h" allows rest 3 to be
      horizontal to or higher than rests 4 and 5 at all times. Also shown,
      support 8 is approximately 8.degree. from vertical to allow weight of head
      to be applied properly (90.degree.) to the support. This is desireable as
      the user's head and shoulders are elevated on an approximately 8.degree.
      incline.
PAR  FIG. 6 is a sectional view along line C--C of FIG. 1 showing attachment of
      supports 8 and 9. Thumb screw 14 can be placed as shown into lower hole 16
      in support 9 to raise rests 3, 4 and 5. To lower rests 3, 4 and 5 place
      thumb screw 14 into higher hole 16 in support 9. Also, the support point
      can be moved closer to or further from rest 3 by choosing one of a pattern
      of holes, not shown, along the length of the legs of support 9 in the
      solid portion between slots "j" and "k" and slots "j" and "L", in FIG. 8.
      Considering FIG. 4 in conjunction with FIG. 6 it becomes apparent that by
      threading in right and left thumb screws 14, rests 4 and 5 move closer
      together. By threading said thumb outward, the spring character of support
      9 forces the rests 4 and 5 apart, allowing the user to adjust the distance
      between cheek rests 4 and 5 for optimum comfort according to his/her
      facial features. The right side is typical for shown left side.
PAR  FIG. 7 is a plan view showing the lower left portion of base 2 with
      fastening tape 17, such as Velcro, attached by adhesive to an
      approximately 2 inch by 3 inch rectangular area. To the bottom area of
      shoulder rest 6 is attached, where shown in FIG. 1, a 2 inch by 3 inch
      rectangular piece of mating tape. When removed, shoulder rests can be
      positioned or rotated as desired and with use of moderate pressure mating
      tapes engage and hold rest 6 firmly. Right rest 7 is typical.
PAR  FIG. 8 is a plan view of support 9 showing slots into which head rests 3, 4
      and 5 are positioned.
PAR  FIG. 9 is a plan view of another embodiment of the adjustable head and
      shoulder rest with which the head is supported at approximately a forty
      five degree angle to the right or left. This embodiment is designated
      generally as 18 and has a base 19 made of similar material as base 2 and
      with same shoulder rest attachment provisions as shown in FIG. 1. Forehead
      rest 20 and lower face rest 21 are mounted on thin bases 24 and 26
      respectively and are made of approximately one sixteenth thick material
      similar to bases 10 and 18 of FIG. 1. Said bases are supported and
      uniquely configured by frame 24 as outlined in descriptions of and shown
      in FIGS. 10, 11 and 12.
PAR  FIG. 10 is a sectional view along lines F--F and G--G of FIG. 9 showing the
      forehead rest 20, thin base 24 and frame 25. The forehead resting surfaces
      configure as noted with letters "m" through "s". Along lines F--F and
      G--G, segments "m" to "n" and "r" to "s" form a radius of approximately 6
      inches; segments "n" to "o" and "q" to "r" form a radius of approximately
      2 inches; segments "o" to "p" and "p" to "q" are straight lines and on an
      angle of approximately 20.degree. from the horizontal formed by points
      "m," "p" and "s." The straight line segments are approximately 1 inch long
      along line F--F and 11/2  inches long along line G--G resulting in an
      overall horizontal length from "m" to "s" along line F--F of approximately
      81/2 inches and along line G--G of 91/2 inches. From the same horizontal
      line "m" to "s", the depth to "n" and "r" is approximately 11/2 inches.
PAR  FIG. 11 is a sectional view along line I--I of FIG. 9 showing the left
      upper corner of the face rest 21, thin base 26 and frame 25 which
      configures a resting surface same as "n" to "p" of FIG. 10, allowing a low
      area from point indicated by "t" to the outside edge of the face rest.
      This produces a depressed area into which the cheek bone of the user is
      nested. Right upper corner is typical of shown upper left corner.
PAR  FIG. 12 is a sectional view along line J--J of FIG. 9 showing lower left
      corner of the lower face rest 21, thin base 26 and frame 25 which
      configures a resting surface at an approximate angle of fifteen degrees
      below the horizontal thereby producing a relatively raised area to nest
      the side of the user's chin. The right lower corner is typical of the
      straight surface shown of the left lower corner.
PAR  FIG. 13 is a sectional view along line H--H of FIG. 9 showing base 19,
      right side support 27 and frame 25. A pattern of unthreaded one sixteenth
      diameter holes exist in frame 25 as indicated by dots and two one
      sixteenth diameter holes exist in support 27, also indicated by dots. By
      inserting two snug fit pins through supports 27 and frame 25, one on the
      left and one on the right side, face rests 20 and 21 will be suspended at
      a desireable heighth and will rotate as indicated by arrow, allowing
      weight of the head to be equalized between the forehead and lower face
      rests. Support point can be moved closer to or further from rest 20 and
      choice of a proper combination of holes will raise or lower head rests 20
      and 21 as desired by user.
PAR  Fore head rests 3 and 20 are approximately three inches wide. Cheek rests 4
      and 5 measure approximately three by 4 inches and lower face rest 21
      measures approximately 4 inches by 6 inches. The thickness of all face
      rests may vary from approximately 1 to 2 inches and the thickness of all
      shoulder rests may vary from 3 to 6 inches. As shown, shoulder rests may
      be shaped differently but generally, each contain approximately 55 square
      inches of resting surface.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An adjustable rest for the head and shoulder portion of the human body
      comprising:
PA1  a. a base member,
PA1  b. a pair of laterally adjustable spaced apart resilient shoulder members
      attached to, but not resting on said base member adapted to support the
      shoulders and upper chest of a human body in facedown position on the said
      rest,
PA1  c. a face member having three distinctly separate, movable and removeable
      members, a larger one for the forehead, a smaller one for the left cheek
      extending below the left side of the chin, and a similar smaller one for
      the right cheek extending below the right side of the chin,
PA1  d. the face member being spaced longitudinally and generally about
      equidistant from each of the shoulder members, so that the head and
      shoulders of the human body in face-down position may be comfortably
      supported by said face and shoulder members,
PA1  e. said face member having three separate and moveable portions providing a
      near unlimited number of variations of open areas adaptable to receive the
      eyes and/or nose and mouth portion of a human face when in face-down
      position on the face member,
PA1  f. means for adjustably raising and lowering the face member,
PA1  g. means for permitting rotational motion of said face member about a
      transverse axis parallel to the base member,
PA1  h. means for varying the distance between the two cheek members of the face
      rest providing capability to support different face widths,
PA1  i. means for rotating the face member about a longitudinal axis (from cheek
      rests to center of forehead rest) allowing user to rest on the left or
      right side of the face at any angle up to approximately 45.degree..
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ABST
PAL  A combination tool of the plier type which includes a screwdriving blade at
      one plier jaw point and wrench means presenting a smooth pressing surface
      at the end of both of the arms connected to the screw-driving blade. The
      other arm of the plier may be held at a right angle and serves as a lever
      arm when the tool is used for driving or loosening screws. The wrench
      means may be a pair of coaxially aligned different sized box wrenches
      formed unitarily, or a unitarily formed pair of open wrenches opening to
      the side and may be formed at the ends of each plier arm to provide four
      different sized wrenches.
BSUM
PAC  Field of the Invention
PAR  The present invention is an improvement in combination tools and is
      especially concerned with combination tools of the plier type.
PAC  BACKGROUND OF THE INVENTION
PAR  Combination tools have been known for some time. One plier type combination
      tool is described in U.S. Pat. No. 1,321,777 which issued in 1919. That
      tool combined a plier screwdriver and adjustable wrench. Other such tools
      are shown in U.S. Pat. Nos. 1,739,658, 1,802,666, 2,271,680 and the
      recently issued U.S. Pat. No. 3,760,473.
PAR  Although combination tools of the plier type ahve been known for many years
      and have the advantages of convenience and lighter weight over separate
      tools to do the same jobs, they have generally achieved these advantages
      at the cost of efficiency for one or more of the specific tasks for which
      they are adopted. That is, in attempting to be jacks of all trades, they
      are rarely able to master even one. For example, the tools shown in U.S.
      Pat. Nos. 1,321,777 and 1,739,658 feature a screwdriver blade at the end
      of one of the handles of a plier. Now, as anyone who has used such a tool
      as shown in U.S. Pat. No. 1,739,658 as a screwdriver will attest, this
      arrangement is far from satisfactory. The main drawback is the requirement
      that the user grip the sharp jaws of the plier when applying pressure down
      on the screw to be driven. The U.S. Pat. No. 1,321,777 tool overcomes this
      disadvantage to some extent but only at the cost of added provisions and
      inconvenient extra operations in setting up the tool for use.
PAR  Further, when trying to extract a stubborn screw with non-combination
      tools, it is often convenient to use pliers or a wrench to grip the
      screwdriver shaft to apply more torque to the screw than is easily done
      through the screwdriver handle alone. If one has only a combination plier
      tool, this dual use of plier and screwdriver can either not be done or not
      be done well.
PAC  SUMMARY OF THE INVENTION
PAR  In overcoming these disadvantages of the prior art and in achieving other
      advantages, a combination tool made in accordance with the present
      invention includes a first and second plier member, each having a jaw
      section and a handle section. The members are pivotally attached together
      to allow the jaws to move together in the conventional manner. However at
      least one of said jaw sections includes a screwdriver blade formed at its
      point end and its associated handle section has a wide smooth end portion
      to aid in gripping it when used as a screwdriver.
PAR  This novel arrangement has the advantage that the other plier member may be
      used as a lever arm which, as it is already affixed to the screwdriver
      blade bearing member near the blade, is ideally located for this
      application. Alternatively, in accordance with a second feature of the
      invention, the screwdriver blade point extends slightly more than the jaw
      of the other plier section so that both handle sections may be held
      together and the tool used in that configuration as a screwdriver.
PAR  Yet another feature of the invention involves the use of, as the smooth end
      portion, a piece of fixed opening wrenches (box or opening to the side)
      formed one above the other with their openings continuing into each other
      and both with approximately superimposed central axes. This arrangement
      provides for an increased lever arm or torque for at least some
      applications.
DRWD
PAC  BRIEF DESCRIPTIONS OF THE DRAWINGS
PAR  The invention, together with further advantages thereof, may best be
      understood by reference to the following descriptions taken in connection
      with the accompanying drawings, in the separate figures of which like
      reference numerals identify like elements, therein which:
PAR  FIG. 1 is a perspective view of a combination tool constructed in
      accordance with the present invention;
PAR  FIG. 2 is a perspective view of the combination tool of FIG. 1 shown in use
      as a screwdriver capable of exerting increased torque;
PAR  FIG. 3 is a sectional view of a portion of the tool of FIGS. 1 and 2 as
      seen from the plane indicated by 3--3 in FIG. 1 when looking in the
      direction there indicated;
PAR  FIG. 4 is a perspective view of a modified portion of the tool of FIGS.
      1-3;
PAR  FIG. 5 is a sectional view of the portion shown in FIG. 4 as seen from the
      plane indicated by 5--5 in FIG. 4 when looking in the direction there
      indicated.
PAR  FIG. 6 is an elevational view of another embodiment of the invention; and
PAR  FIG. 7 is a perspective view similar to FIG. 4 of another modification to
      one portion of the tool.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is depicted one embodiment of a combination
      tool, generally indicated by the numeral 10, and constructed in accordance
      with the present invention. The tool 10 includes a pair of pivoted, at 12,
      plier members 14 and 16 each of which includes in a conventional manner a
      jaw section 14J, 16J and handle section 19H, 16H formed together into a
      unitary structure.
PAR  The tool 10 is preferably, but not necessarily, also provided with wire
      cutting jaws 15. In accordance with one feature of the present invention
      the jaw section 14J has a novel screwdriver point ending 18 which may
      serve, as shown in FIG. 2, as a screwdriver. FIG. 2 illustrates one
      advantage of this construction in that it permits the member 16 to be used
      as a lever arm greatly increasing the torque that may be applied in
      extracting or driving a machine screw 20.
PAR  In accordance with the present invention, the tool 10 includes a relatively
      large end 22 at the handle section 14H of the screwdriving member 14. This
      large end 22 presents a relatively smooth surface to the gripping hand 24
      and thus overcomes one of the disadvantages of some prior plier
      combination tools which place their screwdriving point at the end of a
      handle and require the user to grip and apply pressure against the
      relatively sharp jaw section.
PAR  Note should also be made of the fact that the lower plier member 16 is
      connected (at 12) at a point relatively close to the screwdriving point
      18. This results in the advantage, when applying torque as shown in FIG.
      2, of applying it close to the point 18.
PAR  In accordance with another feature of the present invention, the end
      portion 22, and the corresponding end 26 of the member, is formed, as best
      seen in FIGS. 1 and 3, of two differing sized box wrenches which in the
      case of end 26 are designated 26W and 26R. These are preferably formed
      together in a unitary manner for greater strength and the larger sized
      wrench 26R is preferably of a greater depth so as to allow it to fit over
      a nut more easily. Although, if made of a sufficient depth such a
      relationship need not be adopted. However, this preferred arrangement
      allows for both box wrenches to be effectively used and yet form a small
      unit with a savings of metal and weight. Note should be taken that the box
      wrenches have their openings aligned and opening into each other so as to
      allow a bolt protruding from a nut gripped by the larger wrench section,
      to extract through the opening of the smaller wrench section. Although the
      wrenches 26W and 26R are preferably aligned about a common central axis as
      shown, they may be slightly offset, for example, the smaller wrench having
      its axis more outward. This would allow some saving of metal and weight,
      and still present a relatively smooth outer end. However, they should not
      be so far offset that the protruding bolt portion from a nut may contact
      the smaller wrench's inside surface.
PAR  As a concrete example, a prototype of the invention employed box end
      wrenches 26W and 26R of 7/16 inch and 3/8 inch sizes and box wrenches 22W
      and 22R of 9/16 inch and 1/2 inch. Although the wrench segments of units
      22 and 26 are preferably made unitarily, in at least its broader aspects,
      the present invention could also be practiced by forming them by two
      separated wrench segments secured to the handle so as to present the
      functional equivalent of the depicted unitary structure. The unitary
      construction however has the advantages of greater strength and of
      providing a smoother end surface for gripping the tool.
PAR  Also, although a slight offset of the wrenches may be employed, their axes
      should be arranged so as to provide clearance for a protruding bolt and
      thus avoid the disadvantages of such prior art combination wrenches such
      as those of U.S. Pat. Nos. 1,571,580 and 1,584,422.
PAR  In at least its broader aspects, this feature of the invention is not
      limited to box wrenches but may also include open wrenches such as is
      shown in the alternative construction of FIGS. 4 and 5. In this
      alternative embodiment of a combination tool 10' the end 22' has a pair of
      open wrenches 26W' and 26R' connected to open to the side so as to present
      a smooth outer end surface to the hand 24 of a user.
PAR  FIG. 6 illustrates a further modification of this feature of the invention
      whenever the wrench pair 26' is formed so as to be detachable from the
      handle section 16H' so that an even greater variety of wrench sizes may be
      available to the user by selecting any one of a number of selectively
      detachable units such as the wrench unit 26'. In this arrangement the unit
      26' is preferably detented on the handle 16H' in a conventional manner and
      the handle 16H' may include a scraping or chisel edge 16E.
PAR  FIG. 7 illustrates another embodiment of the invention and how it may be
      used. In this case the tool is designated 10" and differs from the tool 10
      by virtue of the fact that the screwdriving blade 18 is extended slightly
      from the end of the conforming jaw so as to allow it to be easily gripped
      and used by one hand 24. Of course, as in the illustration of FIG. 2, this
      tool 10" may also have its member 16 used to supply greater torque.
PAR  When the tool 10 is used as a wrench by inserting the member 26 or 22 about
      a bolt it may be turned by applying pressure against the relatively smooth
      surface of the jaw handle area when the tool is in the arrangement shown,
      for example, FIG. 1. The torque may be increased in certain cases by
      opening the handles to their maximum position, where they lock naturally.
      If desired, a locking mechanism such as that shown in the aforementioned
      U.S. Pat. No. 1,321,777 may be employed so as to provide this leverage arm
      in all cases.
PAR  It should now be apparent that a convenient and easy to carry combination
      tool has been provided which tool allows each separate function to be done
      effectively and with little or no loss of efficiency. In the illustrated
      embodiment at least seven tools are combined: pliers, wire cutters,
      screwdriver, and four fixed sized wrenches. This combination tool can find
      convenient application in the home, the automobile or in the factory.
PAR  It should also be apparent that a unique combination tool of great
      versatility has been described. Although the several embodiments and
      alternative constructions have been detailed, it should here be emphasized
      that these are for illustrative purposes only and that the inventive
      features may find expression in a great variety of forms. It is thus the
      intention of the appended claims to encompass the inventive contribution
      to this art, limited only by the prior art, and it is desired that these
      claims be so construed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination tool comprising:
PA1  a first and second plier member having a jaw section and a handle section,
      said plier members being pivotally attached together to allow the jaws to
      be pivotally displaced toward and away from each other by moving the
      handle sections to and away from each other; and
PA1  the jaw section of one of said plier members having its end formed into a
      screwdriver blade with the extreme end of the handle portion of said one
      plier member having a wide smooth portion for aiding in gripping and
      applying pressure when the tool is used as a screwdriver.
NUM  2.
PAR  2. The invention of claim 1 wherein said wide smooth portion of said handle
      is formed of at least one wrench means.
NUM  3.
PAR  3. The invention of claim 2 wherein both handle end portions of said plier
      members have smooth surface wrench means.
NUM  4.
PAR  4. The invention of claim 3 wherein said wrench means is a pair of
      different sized interopening wrench sections.
NUM  5.
PAR  5. The invention of claim 1 wherein said screwdriver blade extends beyond
      the end of the other jaw so as to allow the tool to be used as a
      screwdriver when the jaws are closed.
NUM  6.
PAR  6. The invention of claim 4 wherein said pair of interopening wrench
      sections are of the box end type and are formed together in a unitary
      manner.
NUM  7.
PAR  7. The invention of claim 4 wherein said pair of interopening wrench
      sections are of the open end type, with their open ends opening to the
      side and not the rear and are formed together in a unitary manner.
NUM  8.
PAR  8. In a combination tool of the type having a pair of pivotably
      interconnected handle members, each of which serves to move a forwardly
      positioned jaw member with both such handle members having rearwardly
      positioned wrench members coupled to them, and at least one of the pair of
      handle members and its associated jaw member and wrench member being
      substantially aligned with each other, the improvement comprising in
      combination therewith of:
PA1  a screwdriver blade point provided at the forward end of the jaw member
      associated with said one of said handle members, and
PA1  a substantially smooth and broad rearward facing surface provided at that
      handle member's wrench member,
PA1  whereby when the tool is used as a screwdriver and said screwdriver blade
      point is in use, the user's hand may conveniently and safely be pressed
      against the smooth rearward surface of said associated wrench member to
      apply pressure through the tool and to the blade point.
NUM  9.
PAR  9. The improvement of claim 8, further characterized in that the other
      handle member from said one handle member is pivotable to a position
      substantially perpendicular to the said one handle member and handle
      members are interconnected so that when the screwdriver point of the jaw
      associated with said first handle member is in use, the second handle
      member may be used by the user to more easily apply torque to the
      screwdriver point.
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ABST
PAL  There is provided a brushing apparatus useful for cleaning of PC Cards,
      comprising at least one pair of coaxially arranged brushes. The brushes
      are rotated and the bristle surfaces of a pair of brushes face each other.
      The PC cards are fed in a plane between the opposing brushes. The pairs of
      brushes may be arranged in one or more rows. In the case of one row, the
      row may extend at an angle to the transport direction of the PC cards. In
      the case of two parallel rows, the pairs of brushes of one row may be
      displaced longitudinally half a brush diameter, relative to the pairs of
      brushes of the other row.
BSUM
PAR  The present invention relates to an apparatus for cleaning the surface of
      plate-shaped objects by means of at least two brushes.
PAR  It is known to use one or more pairs of roller brushes for cleaning thin,
      plate-shaped objects, the objects being driven through the nip between the
      brushes, possibly while some type of cleaning liquid is supplied.
PAR  The brush fibres move then in paths which are substantially parallel to the
      direction of travel of the objects and the surfaces of the objects are
      thus brushed by the fibres in substantially parallel lines.
PAR  If the surface of the objects is rough or has irregular grooves, the
      cleaning will be unsatisfactory since the brushes fibres cannot reach all
      the recesses, particularly those extending at right angles to the
      direction of travel. This drawback can be partially remedied by turning
      the objects 90.degree. and allowing them to pass through this known brush
      arrangement once more. However, this requires duplication of operations
      and thus also of the costs of the cleaning operation.
PAR  These drawbacks are eliminated according to the invention with a means of
      the type described in the introduction which is characterized in that the
      brushes are arranged coaxially in pairs with the bristle surfaces facing
      each other and that the objects are arranged to be conveyed by a feeding
      means in a plane between the opposing brushes to be treated thereby on
      both sides. The pairs of brushes may be arranged in at least one row, the
      brushes being located symmetrically in relation to said plane, the
      circumference of the bristle surfaces of brushes facing the same way being
      arranged with substantially equal mutual spacing, preferably touching each
      other, and that the row extends at an angle, preferably perpendicular, to
      the direction of movement of the objects. the pairs of brushes are
      preferably arranged in at least two substantially parallel rows with
      substantially equal spacing between adjacent brush pairs and adjacent rows
      of brush pairs are displaced longitudinally a distance corresponding to
      about half the distance between the centres of rotation of adjacent brush
      pairs of a row. The brushes in each pair are suitably arranged to be
      driven in opposite directions. The brushes may be provided at the
      periphery with teeth or the like so that only one of the brushes in each
      row located on one side of the feeding plane need be driven, the other
      brushes thus also being caused to rotate.
PAR  The brush fibres are suitably arranged in an annular zone on the brushes
      and these may be fitted on tubular shafts. A cleaning agent, for example
      some type of chlorinated hydrocarbon in liquid or gaseous form, may then
      be directed through the tubular shafts and sprayed onto the objects being
      brushed.
PAR  The tubular shafts may be stationary and the brushes be fitted rotatably on
      these shafts. The tubular shafts for all the brushes on one side of the
      feedingplane in each row are then preferably connected to a feed pipe for
      cleaning agent, said pipe also forming a suspension frame for said tubular
      shafts.
PAR  The brushes used according to the invention may be called axial brushes as
      distinct from roller brushes which come into tangential contact with the
      objects being brushed and may therefore be known as tangential brushes.
      Rotation of the brushes in each pair in opposite directions in accordance
      with the invention causes scarcely any torque on the objects being treated
      if the contact surfaces of the brushes exert substantially equal torque on
      the objects.
PAR  The brushes in each pair should be placed with respect to each other so
      that the brush fibres do not come into contact during rotation of the
      brushes, in order to avoid unnecessary wear on the brush fibres when the
      brushes are being rotated with no load. The brushing result is best if the
      brush fibres are held substantially perpendicular to the surface of the
      object and when objects of known thickness are being brushed, the distance
      between the operative surfaces of the brushes can therefore be adjusted to
      the thickness of the objects. If the brush fibres tend to become
      permanently bent in the direction of rotation after a while, the direction
      of rotation can easily be reversed so that the fibres gradually return to
      their normal position during operation.
PAR  Particularly if the means according to the invention comprises only one row
      of brush pairs, it may be advantageous to arrange the row inclined with
      respect to the direction of travel of the objects so that adjacent brushes
      facing the same way overlap and can treat the objects even if adjacent
      brushes are arranged somewhat spaced from each other.
PAR  Furthermore, particularly if opposing brushes rotate in the same direction,
      it may be advisable for the path of travel of the objects to be
      determined, or at least limited by guide strips or the like. In each pair
      of opposing brushes the brushes may be driven in opposite directions so
      that the objects are not subjected to any great torque. Furthermore, the
      brushes in each pair are preferably arranged at such a distance from each
      other that their brush fibres do not come into contact.
PAR  Of course, if the objects may be subjected to a slight torque, the brush
      fibres may be arranged in concentric zones having different radii so that
      the fibre rings of two opposing brushes never come into contact with each
      other even when the fibre rings engage between each other.
PAR  Furthermore, if the fibre ring is composed of bundles of fibres distributed
      along a circle arc, the outer fibre bundles of adjacent brushes facing the
      same way may be permitted to mesh in the manner of meshing gears, in order
      to ensure that all parts of the objects will be treated.
PAR  The feed pipes are also preferably vertically adjustable to permit
      adjustment of the distance between the brushes in each pair or row of
      brush pairs to the thickness of the objects to be treated, and to the wear
      on the brushes.
PAR  Otherwise the brush fibres may be arranged over substantially the entire
      surfaces of the brushes facing each other, especially if the apparatus
      according to the invention comprises only one pair or one row of pairs of
      opposing brushes. It should also be mentioned that the brushes in a pair
      or in a row need not necessarily have surfaces of equal area nor need they
      exert equal torque on the PC cards since the drive rollers can take up the
      resultant torque. The drive rollers may be provided with a
      rubber-elastomeric coating partly to take up said remaining torque and
      partly to remove cleaning liquid remaining on the PC boards due to the
      clamp action.
PAR  The means according to the invention is primarily intended for cleaning
      newly etched PC cards of the type used in electronic applications which
      have innumerable narrow, shallow grooves running in arbitrary directions.
DRWD
PAR  The invention will be further described in the following with reference to
      the accompanying drawing.
PAR  FIG. 1 shows a section through a means according to the invention and
PAR  FIG. 2 shows a view taken along the line II--II in FIG. 1.
DETD
PAR  FIG. 1 shows in section and side view two pairs 1 and 2 of coaxially
      opposing brushes 3a, 3b, the surfaces facing each other being provided
      with a ring 9 of brush fibres. The brushes, which are identical, are
      arranged symmetrically with respect to a plane 4. Pairs of drive rollers 5
      are located on each side of the brush pair 1, 2. These pairs of rollers
      are driven by power means and are arranged to convey plate-shaped objects
      6, for example PC cards, in the plane 4 between the brushes 3a, 3b. The
      objects 6 are transported to the right in FIGS. 1 and 2. This transport
      direction is indicated by the arrow 21 in FIG. 2. The objects 6 are
      supported outside the brushes 3a, 3b by tables 7.
PAR  The brushes 3a, 3b are rotably mounted on hollow shafts 103a, 103b, and
      203a, 203b,  respectively. The facing ends of the hollow shafts 103a,
      103b, 203a and 203b are provided with spray nozzles 8. The hollow shafts
      103a, 103b, 203a and 203b are connected to a feed pipe 10, 11, 12 and 13,
      respectively. The brush pairs 1, 2 are arranged over troughs 14 and 15,
      respectively, for cleaning liquid, for example a chlorinated hydrocarbon.
      A third trough 30 is arranged to the left of trough 14. Above the trough
      30 there is a screen-like table 7a, and two pairs of drive rollers 5.
      Further, there are distributor tubes 31 above and under the table 7a. The
      tubes 31 are each provided with several spray nozzles which are directed
      towards the table 7a. A pipe 16 is connected to the lower part of each
      trough. The pipe 16 is connected to branch pipes 17, 18. In the troughs 14
      and 15, the branch pipes 17 and 18 are connected to the feed pipe 10, 11,
      12 and 13, respectively. A pump 19 in the pipe 16 pumps liquid from
      respective troughs 14, 15, 30 through pipes 16-18. At the troughs 14 and
      15, the liquid will flow from the pipes 17 and 18 via the tubes 10, 11, 12
      and 13, respectively and the tubular shafts 103a, 103b, 203a, 203b to the
      nozzles 8. At trough 30, the liquid will flow from the pipes 17 and 18 via
      the distributor tubes 31 to the nozzles fitted thereon. The trough 15 is
      provided with an inlet 32 for cleaned cleaning liquid supplied from a
      destillator (not shown). The trough 30 is provided with an outlet 33 for
      the cleaning liquid. The outlet 33 is connected to said destillator. The
      trough 14 separated from troughs 15 and 30 by means of spillways. As
      shown, the spillways and the inlet and the outlet are arranged to permit
      the liquid to flow over a spillway in the opposite direction to the
      direction of transport 21 of the objects 6. This system optimizes the use
      of the cleaning liquid.
PAR  Each brush 3a, 3b is provided with an outer toothed ring 20. The external
      diameter of the brush fibre rings 9 is preferably at least as great as the
      diametrical pitch of the toothed ring 20.
PAR  It can be seen from FIG. 2 that the brush pairs 1 and 2 are arranged in two
      substantially parallel rows, the toothed rings 20 of adjacent brushes 3a
      and 3b, respectively, being in engagement with each other.
PAR  The tooth ring 20 of a brush 3a meshes with a gear 40 which is fitted on
      the output shaft 41 of a gear box 42, which is driven by a motor 43. This
      means that only one brush 3a of a row of brushes 3a need be driven, the
      other brushes 3a being rotated by said driven brush.
PAR  The rows of brushes 3b can be driven in similar manner by similar sets of
      motors, gear boxes and gears (now shown).
PAR  The lower roller of each pair of rollers 5 has a chain wheel 50. An endless
      chain 51 is laid over the chain wheels 50. One of the lower rollers has a
      second chain wheel 52, which is driven by a motor 53 via a second endless
      chain 54. The upper roller of each pair of rollers 5 is vertically movable
      so as to accomodate for the objects 6.
PAR  Besides this, transverse to the direction of travel of the objects as
      indicated by the arrow 21 in FIG. 2, the brush pairs 1 in one of the rows
      are displaced half a brush diameter in relation to the row of brush pairs
      2. This ensures that every part of the objects 6 will be passed over by
      the brush fibres in two perpendicular directions. The direction of
      rotation of the brushes is indicated by blocked-in arrows in FIG. 2.
PAR  The hollow shafts 103a, 103b, 203a, 203b, are permanently secured to
      respectively feed pipes 10-13 which thus also form suspension frames for
      the brushes 3a, 3b.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for cleaning the surfaces of flat planar objects, particularly
      newly etched printed circuit cards, comprising a plurality of brush pairs,
      each of said brush pairs including two coaxially arranged brushes having
      bristle surfaces which face each other, means for conveying said planer
      objects through said apparatus along a plane extending between said facing
      bristle surfaces, said brush pairs being arranged adjacent each other in
      at least one row with the circumferences of the bristle surfaces of each
      adjacent brush pair in a row being arranged with substantially equal
      mutual spacing therebetween, said row of brush pairs being arranged to
      extend transversely of the direction of conveyance of said planar objects
      whereby the brushes of said row cover the entire path of movement of said
      objects through said apparatus, means for rotating adjacent brushes
      located in said row on one side of said plane in opposite rotational
      directions, and means for introducing a solvent into at least some of said
      brushes and for spraying said solvent against said objects in the area
      thereof covered by said brushes.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said row of brush pairs is
      arranged to extend substantially perpendicularly to the direction of
      conveyance of said objects through said apparatus.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the bristles at the periphery of
      said brushes are arranged in angularly distributed bundles such that
      bristle bundles of adjacent brushes mesh to provide an overlapping
      brushing area thereby to avoid unbrushed paths in the transport direction
      of said objects.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said brush pairs are arranged in
      at least two rows, with the brush pairs of each of said rows being
      displaced longitudinally along said row relative to the brush pairs of a
      next adjacent row, a distance corresponding to substantially half the
      centre-to-centre distance between adjacent brush pairs of said rows.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein each of said brushes has mounted
      thereon a toothed gear, with the gear of each of the brushes in a row
      being in meshing engagement with the gear of each next adjacent brush,
      said apparatus further including means for driving the gear of at least
      one of said brushes of each of said rows located on each side of said
      plane whereby each of the brushes of said row on said side of said plane
      are driven through the intermeshing engagement of said gears by said
      driving means.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein the bristles of each of said
      brushes are arranged in an annular configuration extending peripherally
      about said brushes, and wherein said apparatus further comprises tubular
      shaft means having said brushes fitted thereon, said tubular shaft means
      being in flow communication with said means for introducing a solvent and
      being arranged to deliver said solvent upon said planar objects within an
      area enclosed by said annular configuration of said bristles.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said tubular shafts are
      stationary with said brushes being fitted to rotate upon said shafts, with
      each of the tubular shafts for all of the brushes located on one side of
      said plane in each of said rows being connected to a feed pipe for said
      solvent, said feed pipe also forming a suspension frame for said tubular
      shafts.
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ABST
PAL  A cleaning device for heat exchanger tubes comprising a rubbing body
      consisting of a hollow casing member of elastomeric material with
      diametrical openings, and an encased check ball. A thickened band extends
      intermediately around the casing member for rubbing against the tube wall
      and is provided with slots enhancing the flexibility of the band. The
      overall density of the device approximates that of the liquid with which
      it is to be used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heat exchanger tube cleaning bodies consisting of balls of sponge rubber
      which may or may not have abrasive surface treatment, are known in the
      prior art. These balls are inserted into the liquid which circulates
      through the exchanger tubes, for instance, in the condenser or first stage
      cooler of an air conditioning system, for rubbing against and thereby
      cleaning the tube inner walls of the tubes. However, these devices, being
      of relative soft material, soon wear to an ovoid shape such as to reduce
      their cleaning effect and must be replaced after a relatively short period
      of use. Also, these devices do not uniformly clean the tubes of a
      horizontally arranged tube bundle, for instance, in a system utilizing
      water for cooling or heating, since they, after absorbing the carrier
      liquid, are not of a density equivalent to that of the circulating liquid
      so that they tend to float or sink in the headers connecting the tubes of
      a tube bank. Accordingly, there is inadequate cleaning of the tubes at the
      bottom or top of the bundle. Finally, such prior art devices do not
      incorporate any self-orienting feature, which would be unimportant when
      the devices are new and spherical, and provide no means for enhancing the
      scrubbing engagement of the device with the tube wall, after the device
      becomes worn.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Accordingly, an object of the present invention is to provide a cleaning
      device for heat exchanger tubes which has a much longer useful life than
      devices for a similar purpose heretofore in use.
PAR  Another object is to provide such a device which will easily enter the
      tubes of a bundle from a header at the end of the bundle and which will be
      self-orienting when inserted in a tube.
PAR  Another object is to provide a self-orienting tube cleaning device having
      rubbing surfacing more resistant to wear than previous devices yet
      sufficiently flexible to enter and move along the tubes with the
      circulating fluid.
PAR  These objects and others hereafter appearing are attained by the
      herein-described device which comprises a hollow casing member of
      elastomeric material, for instance, synthetic or natural rubber, having
      diametrical holes forming opposed valve seats. A check ball, conveniently
      of polypropylene, is movably received between the seats. Intermediately
      surrounding the casing member is a cleaning band in which there are
      provided annularly spaced slots. The material of the band is more wear
      resistant and, in a preferred embodiment, somewhat stiffer than the end
      portions of the casing, but the slots assure adequate flexibility to
      permit the casing to readily enter the tubes. When inserted within a tube
      the device moves along with the liquid therein and the differential
      pressure thereacross causes the check ball to seat at the front end of the
      casing member so as to cause the wear band to rub uniformly against the
      tube wall. The higher fluid pressure in back of the device presses the
      cleaning band outwardly against the tube wall so as to maintain efficient
      cleaning contact therewith over a long period of time, notwithstanding
      wear at the surface of the band. The assembled device is of substantially
      the same density as the liquid with which it is used so as to move with
      the liquid current in the headers and, thereby, by random selection over a
      certain period of time, insure uniform passage through the tubes of a
      bundle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which illustrate the invention,
PAR  FIG. 1 is a vertical longitudinal section through a portion of a
      horizontally disposed heat exchanger;
PAR  FIG. 2 is a side view and longitudinal section of the novel cleaning
      device;
PAR  FIG. 3 is a transverse cross section taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a more or less schematic view showing a novel cleaning device
      entering a heat exchanger tube from a position disaligned with the tube;
      and
PAR  FIG. 5 is a cross-sectional view of the device cleaning position within a
      heat exchanger tube.
DETD
PAC  DETAILED DESCRIPTION OF AN EXEMPLARY EMBODIMENT
PAR  FIG. 1 illustrates a portion of a horizontally oriented shell and tube type
      heat exchanger, including a cylindrical casing 10 having an end flange 11
      bolted in the usual manner to the flange 12 of a header 13. Flanged
      nipples 14 and 15 constitute liquid tube and shell fluid connections,
      others (not shown) being provided as required. A tube sheet 16 is secured
      between flanges 11 and 12 and traverses the end of casing shell 10. A
      multiplicity of tubes 16, forming a tube bundle, extend longitudinally
      through shell 10 and are secured at their ends in and open through tube
      sheet 16. Baffles as at 18 and 19, cause the shell fluid to follow a
      serpentine path through shell 10.
PAR  The novel cleaning device, generally designated 32, comprises a hollow
      casing member 20, in this instance of ovoid shape, with end openings 21
      and 22 forming with the hollow interior 23 a passage extending
      longitudinally through the casing member. The casing member, conveniently
      and satisfactorily, is formed of synthetic rubber. Extending centrally
      around the casing member is a wear band 25 which is somewhat thicker than
      the curved end portions 26 and 27 so that the material of the band is
      stiffer than the end portions. To compensate for such added stiffness the
      band is provided with circumferentially arranged slots 28. The wear
      resistance of the band as well as its cleaning and polishing properties
      may be enhanced by frictional material applied thereto or incorporated
      therein, for instance, carbon black conventionally incorporated in rubber.
PAR  Received within the hollow interior of the casing member is a check ball 30
      which is somewhat larger in diameter than the end openings 21 and 22 of
      the casing member so as to seat against the peripheries of these openings
      which, in effect, form internal shoulders or valve seats at the ends of
      the passage through the casing member. Yet the ball can be readily
      inserted in the casing member by stretching one or the other of these
      peripheries. The check ball, in an embodiment intended for use in water,
      may be made of polypropylene plastic having a specific gravity of
      approximately 0.90. The casing member, being of natural rubber or
      synthetic rubber compound, then, should have a buoyancy compensating
      specific gravity of approximately 1.2 or so that the overall density of
      the assemble device is approximately 1. The purpose of this feature is to
      cause the tube heat exchange fluid, in circulating through header 13, to
      carry with it the cleaner device or devices.
PAC  OPERATION
PAR  A multiplicity of the rubbing bodies 32 will be inserted in the tubing
      fluid stream for circulation through tubes 17 and header or headers 13 at
      the ends of the tube bundles. Where the heat exchanger has hundreds or
      even thousands of individual tubes, as is frequently the case, we have
      found that the provision of about one-twentieth as many of the devices as
      there are tubes will result in exemplary cleaning action. Assuming that
      the liquid and rubbing bodies enter heater 13 through the connection 14,
      the bodies will rise in the header, with the liquid current, as indicated
      in FIG. 1. Where a particular tube has already received a rubbing body, as
      at 33 or 34, the fluid flow through other tubes, necessarily, will be
      faster and the tendency of rubbing bodies in the header will be to enter
      such other tubes. Thus, there results a random selection whereby, over a
      certain period of time, all of the tubes will receive a substantially
      equal number of passes of the rubbing bodies. Such uniform action results,
      in a large measure, from careful selection of the materials of the rubbing
      bodies so that the composite density of the devices closely approximates
      the density of the liquid with which the bodies are to be used and are
      being used.
PAR  In case one of the bodies approaches the mouth of a tube, with the device
      disaligned with respect to the tube at an acute angle thereto (FIG. 4) as
      will usually be the case, the pliable end portion 26 or 27 will easily
      distort to permit initial entry into the tube. When a position obstructing
      the tube opening is reached, as in FIG. 4, ball 30 will be impelled
      fowardly to seat against the periphery of forward opening 22. Of course,
      the body may enter a tube with either end forward. Thereupon, the
      differential across the body will be increased and the body will be
      rapidly pushed into and in alignment with the tube, as in FIG. 5. The body
      then will pass through the tube with its intermediate wear band 25 in
      rubbing engagement with the inner surface of the tube. Since the outer
      diameter of the casing member and particularly the band 25 thereof will be
      somewhat greater than the I.D. of the tube, this band will be somewhat
      compressed, when in cleaning position, the slots 28 assisting in such
      compressive action. However, the slots 28 may continue to remain open far
      enough to provide for bypassing of some of the upstream liquid past the
      check ball for agitating the liquid immediately downstream of the body.
PAR  Of special significance in connection with the operation of the novel
      cleaner device or body is the fact that the upstream fluid pressure bears
      not only against the back of the check ball, but radially outwardly
      against cleaner band 25, as indicated by the arrows 36. This insures the
      exertion of substantial outward pressure by the device upon the tubing
      wall, due to a fluid pressure as well as the resilience of band 25, with
      resultant effective cleaning and polishing action over a long period of
      time, even after some wear has occurred on the outer surface of the
      rubbing band 25. For further enhancing this cleaning action, the material
      of the casing member, and more particularly the surface of band 25, may be
      provided with applied or incorporated carbon black, a very hard but fine
      abrasive substance, or other abrasive material. However, the rubber,
      itself, has superior frictional properties.
PAR  Accordingly, we have provided a cleaning device for heat exchanger tubes
      which will operate effectively over much longer periods of time than prior
      art devices. This is particularly important in connection with heat
      exchangers, as illustrated, for instance, in FIG. 1, in which the most
      fouling fluid customarily is directed through the tubes, which are easier
      to clean than the shell due to obstructions such as the baffles 18 and 19
      in the latter. The devices may continuously operate without change or
      disturbance for many months, whereas available prior art devices,
      customarily, have required replacement within a matter of a few weeks, and
      even during part of this period have produced inefficient cleaning due to
      wear and the nonuniform distribution of the cleaners among the tubes. For
      the latter reason, these prior art devices are not very effective when
      used with horizontal tube bundles. While the device has been used
      effectively with water tubes, it may be used with tubes carrying other
      liquids by adjusting the density of the device in accordance with the
      density of the particular liquid contemplated. Of particular advantage is
      the possibility of constructing the casing, and particularly, the wear
      band 25 of material best adapted to serve the tube cleaning and/or
      polishing function, while the check valve is constructed of material of
      the proper density so that the composite specific gravity of the device
      approximates that of its carrier fluid. Moreover, the making of the device
      of impervious material permits accurate adjustment of its buoyancy in the
      carrier fluid and, of course, avoids the absorption of the fluid by the
      rubbing body as occurs with the sponge bodies of the prior art, causing
      them to tend to sink. The device may be outwardly spherical, rather than
      ovoid as shown, but in cross section should match the shape of the tubing
      for which it is intended, while being somewhat larger to insure cleaning
      and polishing action against the tube walls. Various features may be
      modified as will occur to those skilled in the art, and the exclusive use
      of all modifications as come within the scope of the appended claims is
      contemplated.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cleaner device for heat exchanger tubes and the like comprising a
      casing member with a generally cylindrical outer wall and of yielding
      material and having a passage extending therethrough with spaced internal
      shoulders at an end of said passage forming a valve chamber and a check
      valve in said chamber, the terminal portions of said wall being more
      pliable than intermediate portions thereof to facilitate entry of the
      device into a tube when the device is oriented at an acute angle in
      relation to the mouth of a tube.
NUM  2.
PAR  2. A cleaner device for heat exchanger tubes and the like comprising a
      casing member of yielding material and circular cross section and having a
      passage extending therethrough with spaced, internal valve seat forming
      shoulders, a check valve between said shoulders, said casing member having
      an external intermediate band adapted for rubbing against an encompassing
      tube wall, said band being expansible by internal fluid pressure to
      enhance its cleaning engagement with the tube walls, there being annularly
      spaced longitudinal slots in said band to facilitate circumferential
      compression and expansion thereof.
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ABST
PAL  A battery post and terminal cleaner includes a hollow base with a hollow
      mandrel in the base with a space around the mandrel. A scraper element is
      disposed in the space between the mandrel and the outer surface of the
      base. The outer portion of the base houses the scraper blade. A reamer
      extends from and above the base and a cap is provided removably connected
      to the base and covers the reamer. The cap has a ribbed surface to provide
      a friction surface which is engaged by the hand for operating the scraper.
      The base is ribbed and provides a friction surface for the hand when the
      cap is removed, for performing a reaming operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to devices for the cleaning of the posts of electric
      storage batteries and terminals of battery cables.
PAR  2. Description Of The Prior Art
PAR  Various types of tools have been provided for the cleaning and/or shaping
      of the posts of electric storage batteries. Many of these, such as shown
      in U.S. Pat. Nos. 1,658,502; 1,692,911, and 1,741,531; have been combined
      with pliers or wrenches, which make them cumbersome to handle. They
      included scraper blades, secured to the handles or the jaws, to be pressed
      into engagement with the post being cleaned and then rotated to scrape the
      verdigris or other foreign matter from the posts. Plier-like devices, such
      as in Pat. No. 1,913,606, had the jaws made as scrapers or had scrapers
      attached to the jaws as in Pat. No. 2,405,680, or scraper blades attached
      to the handles as in Pat. No. 2,003,629.
PAR  Other types of tools such as shown in Pat. Nos. 1,710,127; 1,774,567;
      2,204,516; 2,475,514; 2,562,136; 3,284,833 and 3,717,895, involved tools
      which could be placed over the posts and rotated, without the use of
      levers to exert pressure, to scrape the battery posts. Pat. 1,710,127 used
      brushes to do the cleaning. The others largely used a scraping action.
PAR  Pats. 2,562,136 and 3,717,895 in particular used a scraping action and
      these tools were used solely for cleaning the posts and therefore were not
      encumbered with parts which were used for other purposes.
PAR  Among the problems of the prior art was the fact that the tools had exposed
      scraping edges and required two different sized scrapers for the positive
      and negative posts. These devices were relatively large, taking up
      considerable space in a tool box and were so shaped that they did not fit
      in with the other tools and could not readily be placed in the pocket
      because of their shape and sharp exposed edges.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention includes a generally cylindrical base housing of
      plastic material which houses a single scraper element or blade so mounted
      therein that it may scrape posts of different sizes and wherein the
      scrapings are largely retained until the device is cleaned. Extending
      upward from the base housing is a stem coaxial therewith in which blades
      are embedded for scraping or reaming the material from the inner surface
      of the battery cable terminals which are used to engage the battery posts.
PAR  The upper end of the base housing is provided with a groove adjacent the
      periphery in which the base of a cap may be inserted, the cap covering the
      reamer and provided with a ribbed outer surface which may be grasped by
      hand to rotate the base when placed over a post. The cap and the groove in
      the base are provided with inter-engaging splines which prevent the cap
      from rotating relative to the base.
PAR  Inasmuch as all the scraping or reaming parts are enclosed there is no
      danger of cutting or abrading the hand when the device is used. The device
      is much smaller than the prior art, thus eliminating storage problems when
      placed in the tool chest. Being smaller it may be carried in the users
      pocket, with no sharp edges to tear the pocket and the reaming and
      scraping parts are enclosed, thus there is less chance of the scrapings
      falling off in the pocket or the tool box and causing contamination of the
      other tools or enabling the acidic scrapings to attack the material of the
      clothing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the device, assembled;
PAR  FIG. 2 is a top plan view thereof;
PAR  FIG. 3 is a bottom plan view thereof;
PAR  FIG. 4 is an exploded view showing the cap removed from the base;
PAR  FIG. 5 is a bottom plan view of the cap;
PAR  FIG. 6 is a top plan view of the base with the cap removed;
PAR  FIG. 7 is a top plan view of a scraper element removed from the housing;
PAR  FIG. 8 is a developed elevational view thereof;
PAR  FIG. 9 is an enlarged fragmentary section taken on the line 9--9 of FIG. 3;
PAR  FIG. 10 is a top plan view of a modified form of scraper element; and
PAR  FIG. 11 is a developed view of the element of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention contemplates the use of a two part housing which
      houses the working elements. FIG. 1 shows the housing parts assembled
      together and FIG. 4 with the top removed from the bottom to expose the
      terminal reamer. The bottom is open and houses the post scraper. The
      bottom includes a base 10 of cylindrical formation and a skirt 12 which
      has a ribbed exterior surface to provide a good surface for gripping by
      the hand when used as a reamer.
PAR  The base 10 has a groove 10a extending downward into the base, the inner of
      the groove walls being provided with splines 10b. The opposite wall also
      slants inward slightly in the downward direction to provide surfaces for
      wedging engagement with a skirt on the cap.
PAR  The center portion of the base at 10c projects slightly above the upper
      edge of the part 10, and, centrally thereof has an upwardly projecting
      tapered post 10d in which the reamer blades 10e are mounted. There is thus
      provided a tapered reamer which is used to clean the inside of the battery
      cable terminal and which is rotated by gripping the ribbed or knurled
      surface of the skirt 12.
PAR  The cap, FIGS. 2, 4 and 5, includes a cylindrical skirt 14, the outer
      surface of which is a sliding fit with the outer wall of the groove 10a in
      the base and the inner surface of which is provided with a plurality of
      splines 14a which are so spaced that when the cap is assembled with the
      base the splines on the cap extend between the splines on the base to
      prevent turning of the base relative to the cap. The skirt 14 is so
      tapered that when inserted in the groove 10a on the base a friction fit is
      realized, holding the cap to the base. A frusto-conical flange 14b is
      provided just above the skirt 14, the underside providing a shoulder that
      engages with the top of the base and limits the distance the skirt can be
      inserted into the groove 10a.
PAR  Extending upwardly from the flange 14b of the cap, is a bullet-shaped part
      14c having ribs 14d extending longitudinally and vertically. The cap is
      hollow and when assembled with the base covers the reamer 10d. The ribs
      14d provide a friction surface whereby turning movement by the hand to the
      cap is transmitted through the interengaging splines 14a and 10b.
PAR  The scraper element is housed in skirt 12 of the base. As best seen in
      FIGS. 9 and 3, a generally cylindrical-shaped hollow mandrel or projection
      12a, coaxial with the skirt 12, extends downwardly toward the open end of
      the skirt. The mandrel is provided with a gap defined by the walls 12b and
      12c, the wall 12b being aligned with a radius to the axis and the wall 12c
      being at an angle slanting from the outside to the right. The mandrel is
      spaced from the inner wall 12d of the skirt 12 to provide a generally
      ring-shaped recess between the mandrel and the wall. Near the wall 12b of
      the gap in the mandrel the skirt is provided with two or more inwardly
      extending spaced apart ribs or bosses 12e which extend toward the mandrel
      with a small gap between their inner edges and the mandrel.
PAR  The scraper element 20 is generally "C" shaped, FIG. 7, spring steel member
      formed to be smaller than the mandrel so that, when installed on the
      mandrel, it is held against the mandrel under spring tension. The one end
      is provided with a radially inwardly extending scraper blade portion 20a,
      best seen in the developed view of FIG. 8, which is bent from the element
      body on the dash-dot line 20b. The free edge of the blade is slanted at an
      angle corresponding to the taper of the battery post. The lower end is
      formed with a radius 20f, which enables the tool to be more easily placed
      over the battery posts and enables the cleaning of the base of the post
      leaving a cleaned fillet at the post base. The other end portion is forced
      into the gap between the ribs or bosses 12e and the outer surface of the
      mandrel which holds the blade in place and with the blade 20a spaced from
      the wall 12c in the gap in the mandrel. A pair of tongues 20d which may be
      of keystone shape are struck from the material of the element 20, both
      tongues extending in the same direction and with the wider parts being on
      the outer end and of such a width that they are slightly wider than the
      gaps between the ribs 12e so that when the element is inserted with the
      tongues between the ribs and the element 20 forced into position, the ends
      of the tongues displace some of the material on the opposing walls of the
      ribs to hold the element securely in place.
PAR  In this position the scraper is used when the cap 14c is in place to
      provide a good gripping surface, the hollow mandrel being placed over the
      battery post and pressed downward until the bottom edge of the mandrel
      engages with the post base. At this time the blade portion due to the
      spring action is forced outwardly, the element body moving away from the
      surface of the mandrel except where it is engaged between the ribs 12e and
      the mandrel.
PAR  it will be noted that the scraping part of the element 20 is spaced from
      the wall 12c to allow clearance space for chips or the material scraped
      from the post.
PAR  An alternative and preferred method of operation is to rotate the tool as
      it is being forced over and down on the post to gradually scrape the post
      as it is forced down until the desired part of the surface of the terminal
      post has been scraped clean.
PAR  It is pointed out that the ribs 12e could be one solid semi-ring shaped
      boss extending toward the mandrel and the end of the scraper blade,
      between the boss or ribs, held in place by a suitable cement. Since the
      scraper element extends from the ribs or boss, slightly more than
      180.degree. and the element is resilient, the blade 20a can move outward
      fairly freely but not free enough to interfere with its scraping action.
PAR  The blade may be made of heavier material and its resiliency in the portion
      thereof between the place where it is held and the scraper blade enhanced
      by providing one or more elongated slots 20e extending lengthwise of the
      element 20e shown in dotted lines in FIG. 8. Thus the end portion may have
      greater stiffness than the body part.
PAR  It is also contemplated that the scraper element may be formed as shown in
      FIGS. 10 and 11. In this instance, the one end of the blade 30 is formed
      with an inturned end 30a which extends radially inward for a distance
      slightly less than the wall thickness of the mandrel and hooks over the
      wall 12b to prevent the element from sliding around the mandrel during the
      scraping action. A detent 30b may be formed in the material to displace
      the material of the element which will in turn displace the material of
      the boss or ribs when it is pressed into the body of the housing to
      prevent it from falling out, although under ordinary circumstances the
      friction of the ribs 12e or the boss will prevent such from occurring.
PAR  It will be apparent that because of the resiliency of the scraper element a
      single element will suffice for scraping either the positive or negative
      terminal post. Inasmuch as the greater corrosion occurs on the positive
      post and is harder to remove, the device because of its design and
      construction automatically exerts greater pressure thereon although there
      is still sufficient pressure to scrape the negative post.
PAR  It will also be appaprent that the ribbed cap provides a good gripping
      surface for the hand when being used as a scraper, preventing injury from
      the reamer portion, and that the base 12 provides a good gripping surface
      when the cap is removed and the device being used as a reamer to clean the
      terminals. The length of the reamer and the taper is such that only one
      reamer is needed to clean both sizes of terminals since the negative
      terminal engages with the outermost portion of the reamer and the positive
      terminal is engaged by that portion closer to the base.
PAR  The hollow mandrel is easily kept clean from the scrapings, as also is the
      reamer. When the cap is in place it may be placed in the pocket without
      tearing the same or easily stored in a tool box where it utilizes a
      minimum of space.
PAR  I am aware of post cleaners made with mandrel only and a scraper blade held
      onto the mandrel with one or more screws which extend through the mandrel
      wall. Such cleaners were generally X-shaped requiring two scraper blades
      and one or more reamers. Due to the X-shape, injury to the hands could
      occur and they could not be carried in a pocket and took up much more room
      in the tool chest.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tool of the class described comprising a housing, a scraper element
      disposed in the housing, said housing being formed with a mandrel and a
      scraper element being disposed partially around the mandrel, the wall of
      the housing being spaced from the mandrel and at least one projection
      extending from the wall into close proximity to the mandrel and one end of
      said scraper element being held by being disposed around the projection
      and the mandrel, said scraper element being of C shape and made of
      resilient metal, the mandrel having an axial opening defining a wall for
      disposal around a post, and being formed with a gap and said scraper
      element having a blade portion extending through said gap into said
      opening.
NUM  2.
PAR  2. A tool as described in claim 1 wherein said blade portion has a scraping
      edge slanting inward toward the axis of the tool to conform to a battery
      post taper.
NUM  3.
PAR  3. A tool as described in claim 2 wherein one corner of said blade is
      rounded for engagement with the battery post near the bottom thereof.
NUM  4.
PAR  4. A tool as described in claim 1 wherein there are at least two spaced
      projections extending toward said mandrel and said scraper element is
      formed with at least one tongue engaged between a pair of said
      projections.
NUM  5.
PAR  5. A tool as described in claim 2 wherein said scraper element is formed
      with at least one slot in the body to increase the resiliency thereof.
NUM  6.
PAR  6. A tool as described in claim 5 wherein said housing includes a base with
      said scraper element disposed therein and a reamer is secured to and
      extends above the base, a removable cap disposed in interlocking
      engagement with the base and enclosing said reamer.
NUM  7.
PAR  7. A tool as described in claim 6 wherein the housing has a skirt which is
      formed with a friction surface whereby it may be turned by hand.
NUM  8.
PAR  8. A tool as described in claim 7 wherein said cap is provided with a
      friction surface whereby it may be turned by hand to rotate the base.
NUM  9.
PAR  9. A tool as described in claim 8 wherein said interlocking engagement is
      provided by splines on the inside of said cap and said base is provided
      with a groove to receive said cap and the inner wall of said groove is
      provided with splines engaging with the splines of said cap.
NUM  10.
PAR  10. A tool as described in claim 9 wherein the outer wall of said cap which
      goes into the groove in the base is tapered to provide wedging engagement
      therewith, when assembled.
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ABST
PAL  A mop wringer for cotton and like mops, the wringer being a tubular member
      adapted to slide on the mop handle, and having a pair of rollers mounted
      in inclined slots at the lower end of the tubular member so that as the
      tubular member is moved downwardly up over the mop the rollers engage the
      mop to roll thereon and move along the slots so that the rollers move
      towards each other to squeeze the liquid from the mop.
BSUM
PAR  This invention relates to a wringer for a mop and more particularly to a
      wringer which is light and easy to use.
PAC  BACKGROUND OF THE INVENTION
PAR  The purposes of a mop made with strands or lengths of twisted cotton,
      viscose, nylon or other suitable fibre, natural or synthetic, are mainly
      the washing of surfaces usually floors and/or the absorption or taking up
      of fluids including those perhaps accidentally spilt. For these purposes
      it is necessary continuously to remove by wringing out the suds, water or
      other fluid previously absorbed or taken up.
PAR  Various devices are known for these purposes with the object of eliminating
      wringing out by hand and these devices include a wringer mechanism on a
      bucket so that the mop can be squeezed between rollers while being removed
      from the bucket. Another device includes a sleeve-like member on the mop
      itself and into which the mop can be drawn so that the mop is compressed
      by the surface of the sleeve.
PAR  However not all such devices are completely successful and it is an object
      of this invention to provide a mop wringer which is light, easily
      operated, and yet effectively removes water from the mop.
PAR  A further object is to provide a wringer which will squeeze the mop to
      effectively remove water from the mop and yet while being permanently
      attached to the mop does not inconvenience the user in the normal use of
      the mop.
PAR  Thus the invention includes a wringer adapted to be fitted to a mop, the
      wringer being adapted to slide along the mop and having means to engage
      the mop during movement in the direction of the mop head to squeeze the
      water therefrom.
PAR  Also the invention can include a combination mop and wringer, the wringer
      being slidable along the mop and being tubular with roller means to engage
      the brush and apply a squeezing action to the mop as the wringer moves to
      and over the mop.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side view of the wringer.
PAR  FIG. 2 is a further side view.
PAR  FIG. 3 is a perspective end view, and
PAR  FIG. 4 is a part sectional view showing the action of the wringer on a mop.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In its preferred form the wringer 1 can comprise a basically tubular
      member, having at one end a sleeve-like portion 2 to loosely slide along
      the handle 3 of the mop 4. The tubular portion 5 at its lower or open end
      is provided with squeezing means in the form of rollers 6 which engage the
      mop, and as the wringer is moved downwardly the rollers apply a squeezing
      action to the mop. Preferably, the rollers can comprise a pair of rollers
      which move towards each other as they pass over the mop.
PAR  By providing the rollers with stub axles 7 or the like which can move in
      inclined slots 8 the action of the mop on the rollers cause the rollers 6
      to roll along the slots 8 and towards each other. Thus the slots 8 when
      looking at the wringer from the side diverge from each other in a downward
      direction or in other words towards the open end of the tubular member.
      Thus the rollers would be in the lowermost ends of the slots when the
      wringer is positioned upwardly along the handle, and when moved downwardly
      the rollers would engage the mop. On further downward movement the rollers
      by rolling on the mop itself will move along the slots and thus towards
      each other so providing an increasing squeezing action on the mop to
      effectively remove excess water from the mop.
PAR  The open end of the tubular member is preferably flared at 10 and to form a
      basically rectangular opening, so that the sides 11 of the member in which
      the slots are provided are substantially planar and parallel to each
      other.
PAR  Although the sleeve portion of the tubular member slides along the handle
      and thus guides the mop in its upward and downward movement, preferably
      there on the handle further guide means in the form of a tapered sleeve 12
      adjacent the top of the mop 1 so that when the member is moved downwardly
      the rollers do not come into contact with the solid portion 13 of the top
      of the mop.
PAR  The rollers can be smooth or if desired small ridges, corrugations or
      flutes may be provided on the rollers so that a more positive action
      occurs to cause the rollers to rotate and thus move up the rollers to each
      other.
PAR  When the rollers move over the end of the mop on downward movement of the
      wringer away from the mop, inertia and/or gravity causes the rollers to
      jerk and drop to the lower ends of the slots so that the wet compressed
      mop can readily be moved downwardly to pass through the now spread apart
      rollers.
PAR  Thus in this way there is provided a self-squeezing action whereby it is
      merely necessary to move the member down over the mop and the rollers
      automatically squeeze the mop by moving up the slots to the innermost
      position.
PAR  The mop itself can be a known cotton mop, or can be formed with a socket
      moulded of suitable plastics material the socket having pairs of holes
      into which a staple or staples can be fixed, the staples passing through
      and over the strands of the mop so that by simply fixing the staples the
      mop strands are affixed to the socket to form the mop head.
PAR  Preferably the socket is moulded from one of the plastics materials
      possessing high strength and moisture resistance suitable for moulding,
      preferably nylon and and also the tubular member rollers forming the
      wringer are also formed of a suitable plastics material. Thus the tubular
      member when the mop is in use is light and does not appreciatively add to
      the weight of the mop and also it does not inconvenience the user in the
      use of the mop. If desired a stop may be provided to limit the sliding
      movement of the tubular member upwardly along the handle while the
      downward movement can be limited by the rollers resting on the mop itself
      or by a detent or the like to limit downward movement until the user
      pushes the wringer downwardly to cause the squeezing action.
PAR  As shown there is provided a sliding button 14, having a tongue adapted to
      be pressed against the handle by sliding over a guide or abutment so that
      the tongue can grip the handle to hold the wringer in the inoperative
      position. Vents 15 can be provided, if desired, so that air and possibly
      water can pass therethrough to allow easier operation of the wringer.
PAR  Although one particular form of the invention has been described it will be
      realized that various modifications and alterations thereof could be made
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mop wringer comprising a flared, open ended tubular member having
      guide means adjacent its smaller end to guide the tubular member along the
      handle of the mop, and a pair of opposed substantially parallel rollers
      mounted in opposed guide slots in the tubular member, the slots being
      inclined to each other and situated at the larger end of the tubular
      member, the slots being more widely spaced from each other toward the
      larger end of the member whereby as the wringer is moved downwardly over
      the mop, the rollers engage the mop and due to the position of the slots
      the rollers move along the mop and automatically move along the slots to
      apply an increasing pressure to the mop.
NUM  2.
PAR  2. A mop wringer as in claim 1, for a strand type mop and where each roller
      includes axle means movably mounted in the slots whereby the rollers drop
      down to the lower ends of the slots as the mop is pulled above the rollers
      when the tubular member is positioned on a substantially vertical axis,
      and the wet compressed mop can be passed downwardly between the rollers.
NUM  3.
PAR  3. A mop wringer as defined in claim 1 wherein the tubular member has at
      its smaller end a sleeve member to slide along the mop handle, the slots
      being formed in parallel side portions of the larger end.
NUM  4.
PAR  4. A mop wringer as defined in claim 1 wherein the mop head has a tapered
      portion to engage the rollers and to allow the rollers to ride over the
      mop head to engage the mop.
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ABST
PAL  Apparatus for drawing liquid by suction from a surface and into a reservoir
      including intake and exhaust conduits communicating with the reservoir.
      The intake conduit has an inner end which is shaped to provide a
      continuous change in the path of flow of the liquid flowing therethrough
      to thereby avoid impact of the liquid with adjacent structure and thereby
      minimize aeration of the liquid. The apparatus can be in the form of an
      attachment for a conventional vacuum cleaner or can be self-contained. It
      is constructed to provide assurance that the suction force produced is
      such as to prevent liquid from passing out of the reservoir through the
      exhaust conduit.
PARN
PAR  This is a continuation of application Ser. No. 872,790, filed Aug. 22,
      1969, now abandoned, the latter application being a division of
      application Ser. No. 820,175, filed Apr. 29, 1969, now U.S. Pat. No.
      3,562,846, issued Feb. 16, 1971.
BSUM
PAR  This invention relates to improvements in vacuum pick-up devices and, more
      particularly, to an improved apparatus for picking up liquids by suction
      from a floor or other supporting surface.
PAR  The present invention is directed to an improved liquid collecting device
      which operates by sucking liquids up from a floor or other surface with
      the use of a fluid flow of relatively low velocity to create the requisite
      suction force. This force is of a value to cause the liquid to be
      effectively collected without causing aeration of the liquid. Thus, the
      liquid can be trapped and be effectively prevented from reaching and
      damaging a vacuum device defining the source of the suction force. The
      apparatus includes a reservoir having an intake conduit and an exhaust
      conduit, with the conduits being configured and disposed relative to each
      other such that the liquid entering the reservoir through the intake
      conduit will be trapped and retained in the reservoir, yet the exhaust
      conduit allows the outward flow of fluid used to create the suction force
      at the inlet end of the intake conduit.
PAR  Another feature of the invention is the way in which the intake conduit is
      shaped adjacent to its outlet end to provide a liquid flow path which
      gradually changes in direction to assure that the liquid is effectively
      directed into the reservoir without substantial impact with adjacent
      structure to thereby minimize or substantially eliminate aeration of the
      liquid which ordinarily might cause structural damage to a vacuum device
      defining the source of the suction force for the intake conduit. To this
      end, the inner end portion of the conduit is provided with a converted
      J-shaped configuration which effectively changes the direction of flow of
      the liquid by about 180.degree. with the open inner end of the end portion
      facing away from the exhaust conduit. Thus, liquid is effectively
      prevented from being directed into the exhaust conduit and is directed
      toward the bottom of the reservoir.
PAR  The apparatus can be used with conventional vacuum cleaners as an
      attachment thereto or it can be self-contained, i.e., have its own suction
      source. When used as an attachment, the apparatus is provided with vent
      means which is adjustable to vary the suction force created within the
      intake conduit by an external vacuum source. In this way, assurance is had
      that the suction force will not be so great as to cause the liquid to
      leave the exhaust conduit and enter the vacuum source so as to damage the
      same. In addition, means is provided to block off the exhaust conduit if
      the suction force is too great so that the operator of the apparatus will
      know that adjustment of the vent means is required to achieve proper
      operation of the apparatus. Such adjustment is sufficient to lower the
      suction force to a value below which liquid will be caused to flow into
      the exhaust conduit. Means may also be provided to indicate when the
      proper adjustment and thereby the optimum value of suction force has been
      reached. This force will be essentially constant for a given vacuum
      source; thus, if the attachment is used with the same vacuum source at all
      times, the proper vent position need be determined only once.
PAR  If the apparatus is a self-contained unit, the vacuum source will create a
      known suction force so that the intake and exhaust conduits can be
      designed and constructed to provide the proper suction force sufficient to
      prevent the liquid from passing into the exhaust conduit. Thus, the vent
      means used with the apparatus when the same is in the form of an
      attachment is not needed.
PAR  A further feature of the apparatus is the means coupled with the intake
      conduit to prevent overfilling of the reservoir beyond a safe liquid
      capacity. Thus, if the liquid volume becomes too great in the reservoir,
      the intake conduit is closed off from the source of suction to thereby
      require emptying of the reservoir before additional liquid can be drawn
      thereinto. A suitable drain can be provided on the reservoir to dispose of
      the liquid therein.
PAR  Other features of the invention include a filter which can be put in the
      exhaust conduit to trap liquid particles as they enter the exhaust conduit
      itself, and a telescopic wand-like conduit which can be used as the
      exhaust conduit with the reservoir or can be used with a conventional
      vacuum cleaner generally to allow the suction force to be applied in
      hard-to-reach places, such as along beamed ceilings. The conduit is formed
      from a number of relatively telescoped, tubular sections, at least one of
      which may have a tapered outer surface so that it can provide a universal
      fit for hose connectors of different internal diameters, and standard
      vacuum tools.
PAR  With the foregoing features, the present invention provides a lightweight,
      safe device for use in picking up water and other liquids from a floor or
      other supporting surface wherein the device is simple in construction and
      economical to use and if, in the form of an attachment, can be used with a
      standard household vacuum cleaner by any operator. Generally, a housewife
      is not so much concerned with the rate at which liquid is picked up from
      the floor as much as with the fact that the liquid itself is taken up with
      a minumum expenditure of labor. The present invention meets this need by
      providing a means to accomplish liquid pick-up by the use of relatively
      low fluid velocities to avoid causing structural damage to a vacuum source
      itself but large enough to assure proper liquid pick-up.
PAR  The primary object of this invention is to provide an improved liquid
      pick-up device of the type using a suction device wherein the liquid
      pick-up is accomplished at a relatively low fluid velocity to prevent
      sucking of liquid into the suction device to thereby permit it to be
      safely used with a household vacuum cleaner as an attachment thereto.
PAR  Another object of this invention is to provide an apparatus of the type
      described which can be provided in the form of an attachment for use with
      a standard vacuum cleaner or can be self-contained to incorporate its own
      suction device and, in either form, the invention is constructed to
      provide for the optimum suction force at the liquid inlet thereof to
      efficiently draw liquids by suction into a reservoir forming a part of the
      apparatus.
PAR  Another object of this invention is to provide an apparatus of the
      aforesaid character which is simple and rugged in construction, economical
      to produce and operate, and can be used in substantially the same manner
      as a conventional vacuum cleaner.
PAR  A further feature of the present invention is to provide a wand-like
      conduit for use with a conventional vacuum cleaner wherein the conduit is
      provided with a number of relatively telescoped sections which, when
      extended end-to-end, allow penetration into hard-to-reach areas such as in
      corners of rafters and along ceiling beams or the like to thereby provide
      more versatility for a vacuum cleaner than is capable with conventional
      equipment.
PAR  Other objects of this invention will become apparent as the following
      specification progresses, reference being had to the accompanying drawings
      for illustrations of a number of embodiments of the invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view, partly in section, of one form of the
      invention when used as an attachment for a vacuum cleaner;
PAR  FIG. 1a is an enlarged, fragmentary, cross-sectional view of the exhaust
      conduit of FIG. 1;
PAR  FIG. 1b is a fragmentary, cross-sectional view of the apparatus of FIG. 1,
      showing the closure means for the intake conduit thereof;
PAR  FIG. 2 is a view similar to FIG. 1 but showing a second embodiment of the
      invention as an attachment;
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 but partly in section and showing
      a third embodiment of the invention as an attachment;
PAR  FIG. 4 is a side elevational view, partly in section, of an embodiment of
      the invention when the latter is in the form of a self-contained unit;
PAR  FIG. 5 is another embodiment of a self-contained unit;
PAR  FIG. 6 is still a further embodiment of a selfcontained unit;
PAR  FIG. 7 is a side elevational view looking along the lines 7--7 of FIG. 6;
PAR  FIG. 8 is a perspective view of the wand-like conduit for use with a vacuum
      cleaner;
PAR  FIG. 9 is a modified end section for the conduit of FIG. 8; and
PAR  FIG. 9a is a view of a tube connecting sleeve.
DETD
PAR  The first embodiment of the present invention is shown in FIG. 1 and FIG.
      1a and is comprised of an assembly which includes a tank or reservoir 10,
      an intake conduit 12 and an exhaust conduit 14. Tank 10 may be of any
      configuration but, for purposes of illustration, it is cylindrical and is
      provided with a bottom 16 through which intake conduit 12 extends. A
      suitable drain 18 is provided to permit liquids in the tank to be removed
      therefrom at a disposal point.
PAR  Conduit 12 has an outer open end for receiving liquids and is shaped so
      that a fluid pick-up attachment 20 can be releasably connected thereto.
      The inner end of conduit 12 is curved to present an inverted J-shaped
      configuration to provide a liquid flow path which progressably changes in
      direction from the main part of the conduit to the inner open end 22
      thereof. To this end, the conduit has a arcuate inner surface 24 which has
      essentially no discontinuities so that liquid particles flowing upwardly
      through conduit 12 will progressively be changed in direction as the
      particles engage the inner surface 24. Finally, the liquid particles will
      exit from the conduit from open end 22 and be directed downwardly toward
      the bottom of tank 10 along a path which is substantially reverse to the
      direction of the incoming path through the major portion of intake conduit
      12. The liquid enters the tank along a path extending away from the inlet
      opening 26 of exhaust conduit 14. This feature provides a means for
      preventing flow of liquid or aerified liquid to and through exhaust
      conduit 14 since the arcuate path presented by the inverted J-shaped
      configuration causes the liquid flow to enter the tank in a direction away
      from the exhaust conduit yet there is no substantial impact of the liquid
      against adjacent structure, such as inner surface 24, so as to cause
      aeration of the liquid.
PAR  The embodiment of FIG. 1 is adapted to be used as an attachment with a
      standard vacuum cleaner (not shown) of the type having a flexible hose 28.
      Exhaust conduit 14 may have a tapered outer surface as shown in FIG. 1 to
      permit it to be universally used with hoses of different inside diameters.
      Thus, a small diameter hose will engage the outer surface of conduit 14
      near the outer end of the latter; whereas, a large diameter hose will
      engage conduit 14 at a location nearer to tank 10.
PAR  A filter 30 in the form of a plug can be placed within exhaust conduit 14
      to trap liquid particles that may be carried by the exhaust fluid. To this
      end, this conduit can be formed of two parts if desired, to permit
      insertion and removal of the filter plug. Such plug can contain fibrous
      material, absorbent crystals or a combination of both with the filter
      having a density sufficient to allow air to pass therethrough but to
      effectively trap liquid particles.
PAR  Vent means 32 is provided to vent either tank 10 or exhaust conduit 14 to
      the atmosphere to thereby permit control of the suction force at the inlet
      end of intake conduit 12. For purposes of illustration, vent means 32 is
      on conduit 14 (FIG. 1a) and may be of any suitable construction. Again,
      for purposes of illustration, it includes a shiftable member 34 carried by
      a pair of spaced guides 36 with member 34 having an opening 38 therein for
      adjustable alignment with an opening 40 in the sidewall of the conduit.
      Thus, the position of member 34 can be adjustably set with a greater or
      lesser amount of opening 38 in alignment with opening 40 to thereby vent
      the interior of the conduit to the atmosphere by greater or lesser degree.
      Thus, for a greater degree of venting, the suction force at the inlet end
      of intake conduit 12 will be relatively small and for a lesser degree of
      venting, this suction force will be relatively large. With no venting at
      all, the suction force will be a maximum value.
PAR  If the suction force is too great, liquid may be accidentally sucked into
      the exhaust conduit and then into the vacuum source coupled thereto so as
      to cause structural damage to it. To prevent this from occurring, a valve
      member 42 is shiftably carried by an arm 44 pivoted on the inner surface
      of reservoir 10 by pivot means 46. Valve 42 is normally in the full line
      position of FIG. 1, out of blocking relationship to exhaust conduit 14 and
      between conduit 12 and vent means 32, assuming that the suction force is a
      minimum or, at least, less than the maximum value, i.e., when there is no
      venting of the tank. If the suction force is too great, the suction at the
      inlet 26 of exhaust conduit 14 will draw valve member 42 into the dashed
      line position of FIG. 1 to thereby close inlet 26. Thus, the operator will
      know that some venting is required and will take steps to adjust member 34
      so that suction again is established at the inlet end of intake conduit
      12. This will occur when the suction force at opening 26 is such as to
      cause valve member 42 to return to its full line position or at least
      shift away from opening 26 so as to unblock the same.
PAR  Indicator means 48 can be provided to indicate when the proper value of
      suction force has been achieved, i.e., when the proper setting of the vent
      means has been found. Any form of indicator can be used but, for purposes
      of illustration, a movable strip 50 carried in some suitable manner on the
      inner surface of tank 10 can be provided so that it is responsive to the
      fluid flow into exhaust conduit 14. A suitable window 52 can be provided
      on the tank to view one end of strip 50 when the latter has moved to a
      position corresponding to the proper value of suction force. Thus, the
      operator of the apparatus, with valve 44 and indicator means 48, will know
      when and by how much to adjust the vent means. This feature assures that
      liquid will be effectively trapped in the reservoir and will be prevented
      from passing into the exhaust conduit to a location at which it can cause
      structural damage to the vacuum source itself.
PAR  In FIG. 1a, a closure 54 is carried by intake conduit 12 in some suitable
      manner, such as by a flexible connector link 56. Closure 54 operates to
      move into closing relationship with inner end 22 of conduit 12 when the
      liquid level within the tank goes above a safe level, such as level 58
      denoted by the dashed lines of FIG. 1a. In this way, suction force will be
      removed from the interior of conduit 12 and it will be necessary to empty
      the tank before the apparatus can again be used. Drain openings 60 can
      also be provided in the sidewall of tank 10 to guard against overfilling.
      Liquid will flow through openings 60 and out of the reservoir if the level
      of the liquid rises above level 58.
PAR  In use, the apparatus of FIG. 1 is coupled by hose 28 to a vacuum source
      and can be provided with a suitable attachment 20 at the inlet end of
      conduit 12. If the vacuum source has not been used with the apparatus
      before, the vent means is initially adjusted to provide the proper suction
      force at the inlet end of conduit 12. This is accomplished by first
      actuating the vacuum source with the vent means in a full open position
      and then by moving member 34 so that the vent is progressively closed
      until liquid pick-up from a floor or surface is accomplished. This can
      also be achieved by noting the position of strip 50 with respect to window
      52. Once the vent means has been set, it will not have to be changed if
      the same vacuum source is used with the apparatus.
PAR  The operator can then grasp hose 28 or conduit 14 and move attachment 20
      over the floor or surface containing the liquid and the suction force at
      the inlet end of conduit 12 will suck up the liquid and cause it to pass
      into reservoir 10 from conduit 12. The progressive change in the direction
      of the liquid flow due to the configuration of the inner end of conduit 12
      will substantially prevent aeration of the liquid, such as ordinarily
      occurs when liquid carried by an air flow splashes against an abutment.
      The liquid will then pass into the tank while the air will again reverse
      direction and travel upwardly and into and through conduit 14 for exit
      outwardly therefrom through hose 28 and to the vacuum source. At any time
      or when it is full, the tank can be emptied by opening valve 18 at a
      suitable disposal station. Also, closure 54 operates to prevent liquid
      from overflowing back into conduit 12. The liquid can flow through
      openings 60 if the liquid level rises above level 58 (FIG. 1a).
PAR  Another embodiment of the invention as an attachment is shown in FIG. 2 and
      includes a tank or reservoir 110 which, for purposes of illustration, is
      transversely square. Reservoir 110 has a bottom 116 and a top 117 and is
      provided with an intake conduit 112 and an exhaust conduit 114. Conduit
      112 has an irregular shape so that a portion of it extends along the outer
      surface of bottom 116, a second portion extends along the outer side
      surface of reservoir 110 and a third portion extends into the reservoir to
      top 117. The third portion has an inverted J-shaped configuration for the
      same purpose as that of conduit 12 of FIG. 1. The open inner end 122 of
      intake conduit 112 is below and faces away from the inlet end of exhaust
      conduit 114 to thereby cause liquids to be directed immediately downwardly
      and away from conduit 114. Thus, liquid particles will be projected
      downwardly toward the bottom of the tank rather than being carried
      upwardly with the flow of air as the air flow changes direction and flows
      upwardly toward and into conduit 114. A suitable attachment 120 may be
      provided on the lower end of intake conduit 112 for engaging the floor or
      other surface having liquid to be sucked up into the reservoir. A suitable
      drain (not shown) can be used with the reservoir to permit emptying of the
      same. Also, the other features of the FIG. 1 embodiment, such as the
      adjustable vent means, the indicator means, and the valve means can be
      provided for the embodiment of FIG. 2. Moreover, the outer surface of
      conduit 114 is tapered for the purpose described above with respect to
      conduit 14. The embodiment of FIG. 2 is used in essentially the same
      manner as that of FIG. 1.
PAR  A third embodiment of the invention as an attachment is shown in FIG. 3 and
      includes a tank or reservoir 210 having a pair of opposed sides. An intake
      conduit 212 extends through one of the sides and an exhaust conduit 214
      extends through the opposite side with both conduits communicating with
      the reservoir. Conduit 212 has an open outlet end 222 which faces away
      from the open inlet end 226 of conduit 214. Also, conduit 212 has an
      inverted J-shaped configuration adjacent to its outlet end for the same
      purpose as that of the embodiments of FIGS. 1 and 2. The embodiment of
      FIG. 3 will also have all of the additional structural features shown in
      FIG. 1, namely, the vent means, the valve for closing the inlet end of the
      exhaust conduit, the indicator means, and the closure for the inner end of
      the intake conduit 212. Also, the embodiment of FIG. 3 is used in
      essentially the same way as the embodiments of FIGS. 1 and 2.
PAR  The apparatus of this invention can be in the form of a self-contained
      unit, as shown in FIG. 4, wherein a tank or reservoir 310 is provided with
      an intake conduit 312 having an attachment 320 on the liquid inlet end
      thereof. Conduit 312 extends into reservoir 310 and has an inverted
      J-shaped upper portion terminating in an open outlet end 322, the J-shaped
      configuration being for the same purpose as that described above with
      respect to the other embodiments.
PAR  Exhaust conduit 314 is essentially the neck of reservoir 310. Thus, opening
      322 is facing in the opposite direction from the inlet end of conduit 314
      to thereby assure that liquid particles will be prevented from passing
      into the exhaust conduit and will be directed downwardly into the
      reservoir.
PAR  Conduit 314 is in fluid communication with a duct 315 which communicates
      with the fluid intake of a suction device, such as a blower 317 having an
      outlet end 319 communicating with a tubular handle 321 whose outer surface
      can be tapered as shown in FIG. 4. A variable speed motor (not shown) for
      operating blower 317 is provided with electrical power by means of a
      suitable line cord 323. Variable speed switch means 325 is provided on
      handle 321 and is coupled with the motor to provide controlled operation
      thereof at different speeds. This variable speed feature allows the
      embodiment of FIG. 4 to be of the type which can be converted from a
      liquid pick-up device to a dust or dirt pick-up device. To this end,
      reservoir 310 is releasably connected by fasteners 329 to the housing 327
      which houses duct 315, blower 317 and the motor for actuating the blower.
      Another attachment, such as a housing containing a dust bag, can be
      connected to housing 327 by means of fasteners 329 after reservoir 310 has
      been separated from housing 327. Generally, a greater suction force will
      be utilized with a dust bag attachment than is used with reservoir 310.
      Thus, by selection of the proper switch of switch means 325, variations in
      the suction force can be achieved. This is accomplished by varying the
      operating speed of the motor coupled to the blower to thereby provide a
      suction force at the inlet end of intake conduit 312 of greater or lesser
      value.
PAR  The unit of FIG. 4 is used in the same way as the embodiments previously
      described. The self-contained unit does not need vent means; hence, switch
      means 325 and the construction of the reservoir and conduits can be such
      as to provide the proper suction force at the inlet end of the intake
      conduit 312 for the operating characteristics of a given motor. A suitable
      drain can be provided to discharge liquid from the reservoir and also
      suitable closure, similar to closure 54 (FIG. 1a), can be provided with
      conduit 312 to prevent reverse flow of liquid through this conduit in the
      event that reservoir 310 is filled beyond a safe level.
PAR  Another embodiment of the self-contained unit is shown in FIG. 5 wherein a
      housing 409 is divided into a reservoir 410 and an upper compartment 411
      for containing a motor 412 and a blower 413 which defines means for
      creating a suction at the inlet end of an intake conduit. The positive air
      pressure outlet of blower 413 is connected to one end of a U-shaped tube
      414 having a side section 415 which terminates in an inverted J-shaped
      configuration as shown in FIG. 4, such configuration being for the same
      purpose as that described above for the other embobiments. Section 415 is
      in communication with a curved tubular section 416, sections 415 and 416
      defining an intake conduit whose inlet end exteriorly of housing 409 is
      coupled to an attachment 420 for engaging a floor having liquids thereon
      to be sucked up into reservoir 410. The configuration of section 416 is
      such as to create a suction force therein in response to the forced air
      flow from blower 413 through tube 414 and into section 415. A pair of
      openings 417 through reservoir 410 define an exhaust conduit means for air
      entering the reservoir from intake conduit 408.
PAR  The self-contained unit of FIG. 5 will have a constant suction force at
      inlet end of suction 416 if motor 412 is of the single speed type. Thus,
      the configuration of various components and the size of the blower are
      selected to provide the necessary recovery of liquids from the pick-up
      from the floor so as to prevent the flow of the liquid out of the
      reservoir through openings 417. A suitable drain plug can be used to empty
      the reservoir and a suitable closure can be provided on the inner end of
      section 415 to prevent reverse flow of liquid in the event the reservoir
      410 becomes too full. The embodiment of FIG. 5 is used in essentially the
      same way as the embodiment of FIG. 4.
PAR  A further embodiment of a self-contained unit is shown in FIGS. 6 and 7 and
      includes a housing 509 having an upper compartment 510 defining a tank or
      reservoir and a lower compartment 511 providing an enclosure for a motor
      512 and a blower 513 coupled to the motor. A U-shaped tube 514 is coupled
      to the air outlet of the blower and is connected to a pipe section 516
      having an inverted J-shaped configuration for the same purpose as that
      described above with respect to the other embodiments. Section 516 extends
      through a partition 515 separating the compartments and into reservoir
      510. A pair of openings 517 provide exhaust conduit means for exhausting
      air entering the reservoir to the atmosphere. The open inner end of
      section 516 faces away from openings 517.
PAR  Tube 514 has an elongated slit 518 near its lower end to define a liquid
      inlet end therefor. Thus, section 516 and the portion of tube 514 between
      opening 518 and section 516 presents an inlet conduit for reservoir 510.
      The liquid entering the slit passes upwardly by suction through section
      516 and into the reservoir. The position of slit 518 relative to the
      forced air flow in tube 514 is such as to create a partial vacuum in the
      vicinity of this slit. This suction force is due to a Venturi effect and
      is selected to assure that liquids sucked up into the tube will be
      deposited into the reservoir without passing out of openings 517 with the
      air flow itself.
PAR  The embodiment of FIG. 6 is used in essentially the same manner as the
      embodiments of FIGS. 4 and 5. To facilitate movement of housing 509 over a
      floor, suitable anti-friction means, such as rollers or the like, can be
      attached to the housing near opening 518 to thereby facilitate movement of
      the housing over the floor or other surface. A suitable drain 519 can be
      provided to permit draining of reservoir 510 when the need arises. Also, a
      closure can be provided in the same manner as that shown in FIG. 1a for
      the inner end of section 516 to prevent reverse flow of liquid from
      reservoir 510 when the reservoir is too full.
PAR  FIG. 8 illustrates an improved wand-like conduit for use with a vacuum
      cleaner and includes a body having a number of interconnected, relatively
      telescoped, tubular sections 610, 612 and 614 which can be moved relative
      to each other from the expanded, end-to-end positions shown in FIG. 8 to
      collapsed positions with sections 612 and 614 within section 610. Section
      614 is shown with a gently tapered outer surface so that it can be coupled
      to different types of accessories, such as hoses and floor-engaging dust
      pick-up devices. Seal means is provided at the junction of each pair of
      adjacent tubular sections to prevent fluid leakage at the junction. The
      outer end of section 610 is tapered for receiving connecting hoses of
      different diameters. The conduit of FIG. 8 can be used with a conventional
      vacuum cleaner for increasing the effective length of an extension hose so
      as to permit cleaning in hard-to-reach areas, such as along beamed
      ceilings or in recesses of rafters or the like. The sections of the
      conduit can be made of any suitable material, such as metal, plastic or
      the like.
PAR  FIG. 9 illustrates how the outer end of section 614 can be modified so as
      to provide an end capable of passing over the top of high surfaces. To
      this end, section 614 has a pair of relatively angularly disposed portions
      616 and 618, the latter having a tapered end 620 for universal attachment
      to various accessories.
PAR  FIG. 9a shows a means of connection for the end of a tube 622, wherein a
      flexible sleeve carried by tube 622 can be moved from the position shown
      in the figure to a position surrounding the end of a second tube. Thus,
      the tubes will be interconnected and be in fluid communication with each
      other. Also, sleeve 624 will provide an effective seal at the junction of
      the tubes.
PAR  The telescoping character of the conduit of FIG. 8 can be used with each of
      the embodiments of FIGS. 1-3. Thus, to provide a greater distance between
      the exhaust conduit and the vacuum source of each of these embodiments, a
      telescoping exhaust conduit can be used, such conduit being collapsed when
      the apparatus is to be stored.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for use in removing a liquid from a surface comprising: an
      assembly including a reservoir, an intake conduit, and means defining an
      exhaust conduit, said intake conduit having an open inlet and exteriorly
      of the reservoir and an open outlet end in fluid communication with said
      reservoir, the inlet end being disposed to permit liquid to enter the same
      by suction and to flow through said intake conduit when a flow of fluid is
      established therein, whereby liquid flowing through said intake conduit
      will exit therefrom through said outlet end and will enter the reservoir,
      said exhaust conduit being disposed to exhaust said fluid from the
      reservoir and adapted to be coupled to a vacuum source; means on said
      assembly for adjustably venting said reservoir to the atmosphere to
      thereby permit variations in the suction force at said inlet end; and a
      valve carried by said assembly for blocking said exhaust conduit against
      fluid flow therethrough when the fluid mass flow rate therethrough is
      above a predtermined volume.
PATN
WKU  039464598
SRC  5
APN  4900472
APT  1
ART  242
APD  19740719
TTL  Self-propelled pipe cleaner
ISD  19760330
NCL  7
ECL  1
EXP  Roberts; Edward L.
NDR  2
NFG  10
INVT
NAM  Armstrong; Jack W.
CTY  Baldwinsville
STA  NY
ASSG
NAM  Lipe Rollway Corporation
CTY  Syracuse
STA  NY
COD  02
CLAS
OCL   15377
XCL   151042
XCL   15395
EDF  2
ICL  B08B  902
FSC   15
FSS  104.05;104.09;104.16;104.2;104.3 R;377;395
FSC  118
FSS  DIG. 10
UREF
PNO  2917762
ISD  19591200
NAM  Xenis
OCL   15104.05
UREF
PNO  3144240
ISD  19640800
NAM  Connell
XCL   15104.05
UREF
PNO  3446666
ISD  19690500
NAM  Bodine
XCL   15104.16
LREP
FRM  Stonebraker, Shepard & Stephens
ABST
PAL  A self-propelled pipe cleaner uses a body shaped to conform to the inside
      of a pipe with the axial extent of the body covered with a bristle pile
      material extending outward from the body to engage the inside of the pipe.
      The pile has resilient bristles uniformly inclined rearwardly relative to
      a forward direction of motion of the body. A vibrator is mounted within
      the body and energized for vibrating the body reciprocally and axially so
      the bristles engaging the inside of the pipe move the cleaner forward
      through the pipe for cleaning the pipe.
BSUM
PAR  Cleaning the insides of pipes has long been a problem, and many suggestions
      have been proposed. However, there remains a need for a self-propelled
      cleaner that can enter one end of a pipe and travel for a considerable
      distance while cleaning the inside of the pipe, and the invention involves
      recognition of a simple, low-cost, and efficient way that this can be
      done. The invention aims at economy, reliability, and practical
      effectiveness in a simple pipe cleaner that is self-propelled to travel
      through and clean lengths of pipe in a wide variety of circumstances.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive self-propelled pipe cleaner has a body with an axial extent
      shaped to conform to the inside of a pipe and to have a predetermined
      uniform clearance around the inside of the pipe. Pile material
      substantially covers the axial extent of the body and extends outward from
      the body far enough to engage the inside of the pipe, and the pile
      material has resilient bristles of uniform length uniformly inclined from
      a plane transversely perpendicular to the axial extent of the body
      rearwardly relative to a forward direction of motion of the cleaner. A
      vibrator is mounted within the body and is energized reciprocally and
      axially so the bristles engaging the inside of the pipe move the cleaner
      forward through the pipe for cleaning the pipe.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a partially schematic, longitudinal axial crosssectional view of
      a preferred embodiment of the inventive cleaner in a pipe;
PAR  FIG. 2 is a cross-sectional view of the cleaner of FIG. 1 taken along the
      line 2--2 thereof;
PAR  FIG. 3 is a partially schematic, longitudinal axial cross-sectional view of
      another preferred embodiment of the inventive cleaner;
PAR  FIG. 4 is a partially schematic, end-elevational view of another preferred
      embodiment of the inventive cleaner in a pipe;
PAR  FIG. 5 is a partially schematic, plan view of the cleaner of FIG. 4 removed
      from the pipe;
PAR  FIGS. 6 and 7 are partially schematic, longitudinal axial cross-sectional
      views of another preferred embodiment of the inventive cleaner shown as
      expanded to operating position in FIG. 6 and collapsed for rearward
      withdrawal in FIG. 7;
PAR  FIGS. 8 and 9 are partially schematic, end-elevational views of another
      preferred embodiment of the inventive cleaner shown as expanded to
      operating position in FIG. 8 and collapsed for rearward withdrawal in FIG.
      9; and
PAR  FIG. 10 is an enlarged, fragmentary, cross-sectional view of the cleaner of
      FIG. 8 taken along the line 10--10 thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIGS. 1 and 2, cleaner 10 has a body 11 that is generally
      square in cross section to conform to the inside of generally square
      cross-sectioned pipe 12 with a uniform clearance around the inside of pipe
      12. Body 11 extends axially inside of pipe 12, and the axial extent of
      body 11 is covered with a bristle pile material 13. Pile bristles 13 are
      resilient and extend outward from body 11 far enough to engage the inside
      surface 14 of pipe 12. Bristles 13 are uniform in length and are uniformly
      inclined from a plane transversely perpendicular to the axial extent of
      body 11 rearwardly relative to a forward direction of motion of body 11 as
      indicated by the arrow.
PAR  A vibrator 15 is mounted in body 11 and vibrates reciprocally in the
      direction of the axial extent of body 11 as indicated by the arrow, and as
      preferred for best operation. Vibrator 15 is pneumatically powered from a
      pneumatic power source 16 outside of pipe 12 through a flexible conduit 17
      coupled to vibrator 15 through a preferably quick release coupling 18. A
      liquid spray nozzle 19 is also mounted on body 11 and is arranged for
      directing a liquid spray 20 against the inside surface 14 of pipe 12.
      Cleaning liquid from a liquid supply 21 outside of pipe 12 is fed through
      a flexible conduit 22 joined by a coupling 23 to a pipe 24 leading to
      nozzle 19.
PAR  The inclination of pile bristles 13 cooperates with the motion of vibrator
      15 to drive body 11 forward in pipe 12 so that cleaner 10 can travel as
      far as pipe 12 and flexible conduits 17 and 22 will allow. As cleaner 10
      advances, spray 20 cleans the inside surface 14 of pipe 12, and pile
      bristles 13 help by brushing and abrading inside surface 14. A nozzle 19
      can be on either or both ends of body 11 so that a liquid spray 20 can
      precede or follow the brushing action of bristles 13. Many different
      liquids can be used for spray 20, including cleaning fluids, acids,
      surfactants, lubricants, etc. Cleaner 10 can pass through pipe 12 once
      with a first liquid spray 20 and again with another liquid spray 20, and
      different liquids can be sprayed from different nozzles mounted on body 11
      in a single passage through pipe 12.
PAR  Bristles 13 can include abrasive material formed within bristles 13 so as
      to abrade and scrub inside surface 14 as cleaner 10 advances. Bristles 13
      can be formed of resilient resin material of various types and can have
      various lengths and thicknesses, and can also be formed of metallic wire.
      Bristles 13 can also be inclined at various angles, but a 5.degree. to
      25.degree. inclination is preferred.
PAR  Vibrator 15 can be made in different ways and can be powered other than
      pneumatically, and electric and hydraulic drives for vibrator 15 can be
      used. Also, batteries within body 11 can supply energy for powering
      vibrator 15 to eliminate the need for flexible conduit 17 if desired.
PAR  Cleaner 25 of FIG. 3 is similar to cleaner 10 in having bristle pile 13
      fitting within pipe 12 and a nozzle 19 directing a liquid spray 20 against
      the inside surface 14 of pipe 12. Cleaner 25 differs from cleaner 10 in
      adding a vacuum nozzle 26 and a vacuum line 27 connected by a coupling 28
      to a pipe 29 leading to nozzle 26 so that when a vacuum device 30 outside
      of pipe 12 is turned on, conduit 27 and pipe 29 are evacuated to draw air,
      liquid, and dirt into nozzle 26 as cleaner 25 advances. Vacuum nozzle 26
      can also be arranged at the rearward end of cleaner 25 and can be used
      with or without a spray nozzle 19.
PAR  The inventive cleaner can be shaped to fit any cross-sectional shape of
      pipe, and cleaner 31 as shown in FIGS. 4 and 5 is generally cylindrical to
      fit a cylindrical pipe 32 with pile bristles 13 engaging the inside
      surface 34 of pipe 32. The body 35 of cleaner 31 is also generally
      cylindrical and carries a vibrator 36 that is pneumatically powered
      through a flexible line 37 for driving a ball 38 around an internal
      channel 39 so that ball 38 is an unbalanced rotary element driving
      vibrator 36 in a rotary pattern. The reaction effect of the unbalanced
      rotor 38 drives body 35 in a rotary pattern in a plane transversely
      perpendicular to body 35 and pipe 32 to flex pile bristles 13 against the
      inside surface 34 of pipe 32 repeatedly and cause the desired forward
      motion of cleaner 31. An unbalanced rotary wheel or arm can also be used,
      and an unbalanced rotor can be electrically driven. There are many ways a
      vibrator can be arranged to drive body 31 in a rotary orbit within pipe 32
      to flex pile bristles 13 and advance cleaner 31, and many different pipes
      including gun barrels that can be cleaned with the inventive cleaner.
PAR  As shown in FIG. 5, pile bristles 13 can be angled relative to the axial
      extent of cleaner 31 as indicated by the arrows so that cleaner 31 rotates
      as it advances inside of pipe 32. This requires a rotatable coupling 40
      joining flexible line 37 to cleaner 31. A rotational advance of cleaner 31
      helps brush and clean the inside 34 of pipe 32 evenly and can be
      advantageously combined with abrasive material in bristles 13.
PAR  If the inventive cleaner meets an obstruction in a pipe or for some reason
      cannot advance further, considerable force may be required to withdraw the
      cleaner rearwardly from the pipe it entered, and to make a rearward
      withdrawal easier, the inventive cleaner can be made expansible and
      contractable as shown in FIGS. 6 and 7. This can be done in many ways, but
      one simple expedient as illustrated uses toggles 41 biased by a spring 42
      connected to a fixed rod 43 for normally pulling toggles 41 to a braced
      overcenter position against stop 44 as shown in FIG. 6. This separates
      semi-cylindrical body portions 45 and 46 each carrying pile bristles 13
      engaging the inside surface 34 of pipe 32. A retrieval cable 47 is
      connected to the rearward pair of toggles 41 which are connected by a rod
      48 to forward toggles 41, and when retrieval cable 47 is pulled backwards
      as shown in FIG. 7, both toggles 41 are pivoted backward against the
      tension of spring 42 for bringing body portions 45 and 46 together to
      collapse the cleaner and move pile bristles 13 slightly out of engagement
      with the inside surface 34 of pipe 32 so that the cleaner is easily
      withdrawn. Body portions 45 and 46 can be made flat to fit two opposite
      surfaces of a square pipe 12 such as shown in FIGS. 1 and 2 with two
      passes of the cleaner through a square pipe being required to clean all
      four interior surfaces of the pipe.
PAR  Many other expansible and contractable devices can be used for the
      inventive cleaner, and another form of contractable cleaner 50 is shown in
      FIGS. 8-10 for fitting in a square pipe 12. Cleaner 50 has axially
      extending corner hinges and axially extending central wall hinges 52 so
      that each of the four body walls 53 are hinged along longitudinal
      mid-regions and at the corners of the cleaner body. Walls 53 carry bristle
      pile material 13 along their axial extents for engaging the inside surface
      14 of pipe 12 and cleaning pipe 12 as cleaner 50 advances.
PAR  Connecting rods 54 extend between disk 55 and central wall hinges 52 so
      that when disk 55 is rotated to the position of FIG. 9, central wall
      hinges 52 are drawn inward by connecting rods 54 for collapsing cleaner 50
      to the illustrated position clear of pipe 12 for easy withdrawal. Rotation
      of disk 55 is accomplished by cam followers 56 extending into grooves 57
      in a cam 58 that is movable axially of cleaner 50 by a retrieval cable 59.
      Cam 58 is biased forward by a spring 60 to the normally assumed position
      shown in FIGS. 8 and 10 where cam 58 rests against a stop 61. In such a
      position, connecting rods 54 are braced in an over-center position to hold
      walls 53 fully outward so pile bristles 13 can engage the inside surface
      14 of pipe 12. When cable 59 is pulled rearwardly, cam 58 is moved axially
      rearwardly against the bias of spring 60 so that cam grooves 57 turn cam
      followers 56 on disk 55 to the position shown in FIG. 9 for collapsing
      cleaner 50 for easy withdrawal.
PAR  Other expansible and contractable cleaners using other operating mechanisms
      can be devised for various shapes of pipe and various operating
      conditions. The cleaners of FIGS. 6-10 schematically illustrate the
      expanding and collapsing devices and for simplicity of illustration leave
      out vibrator devices, spray nozzles, vacuum nozzles, abrasive bristles,
      and other components that can be used with such cleaners.
PAR  The features shown in the drawings and described above can be combined in
      many different cleaners, and the combinations illustrated are merely to
      show some of the many combinable possibilities. Those skilled in the art
      will appreciate the many different vibrators, pile bristles, power
      supplies, couplings, and other components of the inventive cleaner that
      can be assembled for various pipe cleaning operations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-propelled pipe cleaner comprising:
PA1  a. a body having an axial extent shaped to conform to the inside of said
      pipe and to have a predetermined uniform clearance around said inside of
      said pipe;
PA1  b. pile material substantially covering said axial extent of said body and
      extending outward from said body far enough to engage the inside of said
      pipe and support said body within said pipe;
PA1  c. said pile material having a multitude of resilient resin bristles of
      uniform length uniformly inclined from a plane transversely perpendicular
      to said axial extent of said body rearwardly relative to a forward
      direction of motion of said cleaner;
PA1  d. a vibrator mounted within said axial extent of said body; and
PA1  e. means for energizing said vibrator to vibrate said body reciprocally in
      the direction of said axial extent of said body so said bristles engaging
      said inside of said pipe move said cleaner in said forward direction
      through said pipe for cleaning said pipe.
NUM  2.
PAR  2. The cleaner of claim 1 wherein said pipe and said axial extent of said
      body are generally cylindrical and said bristles are inclined relative to
      the axis of said body for rotating said body as said cleaner advances.
NUM  3.
PAR  3. The cleaner of claim 1 including a spray nozzle mounted on said body to
      direct a liquid spray onto said inside of said pipe.
NUM  4.
PAR  4. The cleaner of claim 3 including a liquid supply outside said pipe and a
      flexible conduit extending from said liquid supply to said cleaner to
      conduct said liquid to said nozzle.
NUM  5.
PAR  5. The cleaner of claim 1 including a vacuum nozzle mounted on said body to
      be near said inside of said pipe and vacuum means for operating said
      nozzle to clean said inside of said pipe.
NUM  6.
PAR  6. The cleaner of claim 5 wherein said vacuum means includes a vacuum
      source outside said pipe and a flexible conduit extending from said vacuum
      source to said vacuum nozzle.
NUM  7.
PAR  7. The cleaner of claim 1 wherein said body is radially collapsible and a
      cable extending rearwardly of said cleaner is operable for collapsing said
      body for rearwardly withdrawing said body from said pipe.
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PAL  The embodiment of the invention disclosed herein is directed to a door stop
      assembly for a bidirectional swinging door to permit opening the door in a
      first direction during normal use and to permit selective opening of the
      door in a second direction during an emergency. The stop is employed in an
      assembly which includes a face or strike plate having an opening for
      receipt of a strike member, a housing formed on one side thereof, all
      adapted to be set in a mortise of a door frame. The door stop assembly has
      a floating body member which moves linearly inwardly into the housing and
      then engages the back wall thereof and rocks about a sloping inclined
      surface of the body portion so that the stop engaging surface of the stop
      assembly is displaced from engagement with the door, thereby permitting
      the door to be opened in the opposite direction of its normal use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in the structure of stop
      assembly mechanisms for use with bidirectional swinging doors such as
      those used in hospitals, and more particularly to a stop assembly
      mechanism and its combination with a striker plate for a door lock that
      provides substantial useful improvements over existing stop assemblies
      which are now commonly used. While the stop assembly of the invention
      disclosed herein is intended for use primarily in hospitals and other
      areas where it is desirous to obtain access to rooms, such as wash rooms
      and the like, during an emergency condition, it will be understood that
      the stop assembly may be used for other purposes.
PAR  Heretofore, stop assembly devices for bidirectional swinging doors have
      been provided so that doctors and nurses can gain access to wash rooms
      wherein patients may have collapsed, as shown in U.S. Pat. Nos. 3,172,168
      and 2,899,571. Such bidirectional swinging doors have been devised so that
      actuation of the stop mechanism releases the door so that it can be opened
      in the opposite direction from its normal use during this emergency
      condition. The need for such bidirectional operation of doors is readily
      apparent when considering, for example, elderly patients who may have an
      attack while in the wash room and collapse against the inside of the door.
      Therefore, even if the lock mechanism was released, pushing the door open
      in its normal direction might be precluded and could cause further injury
      to the patient as the door would push against the patient. Therefore, it
      is advantageous to pull the door open in the opposite direction.
PAR  Door stop assemblies for bidirectional swinging doors as disclosed above
      generally include a pivotal element which protrudes from the door frame
      opposite that receiving the door hinges so that the edge of the door
      engages the stop element. Should access to the wash room or other room be
      desirous from the outside, a stop element is pivoted into the door frame
      and the door is then readily opened in the opposite direction. One problem
      of stop elements which are pivotally mounted to their support units is
      that actual use of the bidirectional feature of the door is relatively
      infrequent, and these may freeze or bind before they are ever used. In
      fact, some bidirectional swinging doors utilizing the stop elements may
      never be operated during their entire life. Because of the high degree of
      cleanliness required in hospitals, soap and water washing of the walls,
      ceilings and doorways is a relatively frequent occurrence. While the
      components incorporated in the door stop assembly may be of stainless
      steel or some other non-rusting metal, they still may corrode or otherwise
      oxidize. Should the pivot pin rust in position, it would be extremely
      difficult to depress the stop mechanism into the door frame so that the
      door can be opened in the opposite direction. As mentioned above, even if
      the components of the stop mechanism are made of substantially rustproof
      materials, the pivot pin to which the door stop is secured may stick due
      to dirt or other gummy substances which may accumulate therein as the
      result of detergent or soap and water cleaning.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved stop assembly device for bidirectional swinging doors which
      cannot rust or stick in the stop position, thereby insuring that the stop
      device will be operable at all times.
PAR  Another object of this invention is to provide a new and improved stop
      assembly for bidirectional swinging doors which has a floating body member
      forming the stop element which moves linearly inwardly and then rocks
      about an inclined surface, thereby eliminating the need for pivotal
      movement or pivot connections or the like.
PAR  Still another object of this invention is to provide a door stop assembly
      for bidirectional swinging doors which includes an opening formed therein
      to receive the door latch mechanism, thereby providing a striker plate in
      combination therewith.
PAR  Briefly, the door stop assembly of this invention includes a face plate
      adapted to be fastened to the doorway frame opposite that carrying the
      bidirectional hinges for the door. The face plate includes an aperture
      formed therein and means are provided to secure a housing opposite the
      aperture to retain a floating member which functions as the stop element.
      Also formed on the face plate is an opening which receives the door latch
      mechanism and thereby forming a striker plate for the door. The floating
      body member is biased outwardly so that oppositely directed flanges formed
      thereon engage the inner surface of the plate member and prevent the body
      member from coming out of its housing position. The floating body member
      is spring-biased and mounted in such a manner so as to allow only linearly
      inwardly depression or movement initially, until the body member bottoms
      against an opposite wall of the housing. Once the body member is in this
      position it is rocked forward so that an inclined surface then engages the
      wall of the housing completely removing the stop element from position for
      engagement by the door. The door can then be opened in the opposite
      direction.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a door, door frame and stop
      assembly constructed in accordance with the principles of this invention;
PAR  FIG. 2 is an exploded view of the stop assembly constructed in accordance
      with the principles of this invention;
PAR  FIG. 3 is a top sectional view of the stop assembly of this invention as
      taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a top sectional view similar to that of FIG. 3 and shows the
      initial linear inward movement of the floating body member forming the
      stop element; and
PAR  FIG. 5 is a top sectional view similar to that of FIG. 4 illustrating the
      floating body member rocked about an inclined surface formed thereon.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1, there is seen a door stop assembly constructed in
      accordance with the principles of this invention and designated generally
      by reference numeral 10. The door stop assembly 10 is adapted to be
      fastened to a door frame designated generally by reference numeral 11 by a
      plurality of screws 12 located near the four corners of a face plate
      element 13.
PAR  Most advantageously, the face plate element 13 has an opening 14 formed
      therein to receive a latch mechanism 16 when the door is closed, as seen
      in phantom lines. Thus, in one installation there is provided an emergency
      release stop and the strike plate.
PAR  The stop assembly 10 further includes a floating body or stop member 17
      which has a portion thereof 17a extending through an aperture 18 formed in
      the face plate 13 and a second portion 17b positioned within a housing 19,
      as seen in FIG. 2. The floating body member 17 moves freely inwardly
      within the housing 19 without any type of pivotal mounting.
PAR  The housing 19 is secured to the back side of the face plate 13 by one or
      more screws 20 and 21 passing through openings 22 and 23, respectively, to
      engage threaded portions 24 and 25, respectively, of the housing 19. In
      the illustrated embodiment the opening 22 is formed in a struck-out
      bend-over portion 27 formed of the same material formed on the face plate
      13.
PAR  The floating body member 17 has diametrically opposed flange portions 29
      and 30 formed as part of the second portion 17 to extend beyond the edges
      of the aperture 18 and engage the rear surface of the face plate 13. These
      flange members maintain the floating body member within the housing 19. To
      provide outward bias of the floating body member 19 a pair of coil springs
      31 and 32 are positioned within the housing and engage recesses within the
      movable body member 17 and protuberances within the housing 19. The
      recesses and protuberances maintain the spring members 31 and 32 in their
      desired position while allowing free movement of the floating body member
      inwardly within the housing.
PAR  Most advantageously, an adjustable resilient stop element 34 is threadedly
      adjustably secured to the portion 17b and angled outwardly therefrom to
      provide a flat parallel stop surface against which the door engages. This
      is best seen in FIG. 3. The stop element 34 has a front face 35 formed on
      a bias, so as to engage the door in flush, face-to-face engagement. The
      purpose for this will become apparent from the preceding description.
PAR  FIG. 3 illustrates the door stop assembly of this invention in its normal
      position having the stop bumper element 34 with the front face 35 thereof
      engaging the surface 15a of the door 15. As can also be seen in FIG. 3,
      the stop element 34 is received in a recess 36 in the floating body member
      17 and is attached thereto by a screw element 40 threadedly engaged
      therewith. A retainer ring 41 is carried by the stop element 34 and is
      engaged in a groove 42 formed adjacent the head of the screw 40, thus
      fixing the relative position of screw 40 and stop element 34. Operation of
      the screw 40 will thus produce movement of the stop 34 inwardly or
      outwardly of the recess 36, permitting adjustment of the relative position
      of said stop.
PAR  The above-mentioned adjustment is advantageous from a number of
      standpoints. First, should the element 34 become worn, it can be moved
      outwardly to maintain engagement with the door surface 15a. Where no
      adjustment is provided, the stop may become worn in service and result in
      rattling of the door. Secondly, this adjustable feature aids in the
      initial installation. In this regard, it is not necessary that precise
      positioning of the stop device be effected initially, as the position of
      the bumper 34 can be adjusted to accommodate variances.
PAR  It will be recalled that the stop element 34 is provided with a flat
      surface 35 engaged against the door surface 15a in flush, face-to-face
      engagement. As such, in the position illustrated in FIG. 3, the floating
      member 17 can only move linearly inward of the aperture 18 due to this
      flush engagement of the stop element 34 with the door.
PAR  Also seen in FIG. 3 is an alternate form of fastening the housing portion
      19 to the face plate 13. In this instance a protuberance 44 is provided on
      a side wall 46 of the housing 19, which protuberance engages an aperture
      47 formed in the struck-out bend-over portion 27.
PAR  The housing 19 has a back wall 50 thereof positioned a predetermined
      distance behind the aperture 18 through which the floating body member 17
      extends. When it is desirous to open the door 15 in the opposite direction
      from its normal use, the floating body member 17 is pressed inwardly into
      the housing 19 until the flat surface 51 thereof engages the wall 50. This
      initial movement will produce the condition as illustrated in FIG. 4. As
      mentioned above, due to the flush engagement of stop surface 35 with the
      door only linear movement is possible upon depression of the floating body
      17 to the position of FIG. 4. When the surface 51 bottoms on wall 50, all
      or the major portion of stop element 34 is disengaged from the door
      surface 15a, as seen in FIG. 4. Even if a slight degree of engagement
      remains as seen in FIG. 4, the portion of stop element 34 still engaged
      with the door is quite flexible and will permit operations as discussed
      hereinafter.
PAR  Once the body member 17 is seated on the wall 50, the entire element 17 is
      rocked forward, as shown in FIG. 5. This movement will bring the inclined
      surface 52 into engagement with wall 50 while depressing the remainder of
      the body 17 interiorly of the aperture 18. When the above occurs, the door
      15 may be opened in the aforesaid opposite direction and safely operated.
PAR  With further reference to FIG. 5, when the stop element is rocked forward
      to engage surface 52 with the wall 50, the tapered surface 54 on the stop
      is brought to a generally flush position relative to plate 13.
      Accordingly, during opening of door 15 in said opposite direction, there
      is no danger that the operator's finger will become pinched between the
      door edge and the edge of opening 18.
PAR  Further, once the emergency is over, resetting of the door 15 is quite
      easy. As the door swings back to its original position it will engage
      aforementioned tapered surface 54. This engagement will produce the
      operation essentially as shown in FIGS. 4 and 5, in that the body 17 will
      move inwardly and then will rock to permit the door to pass the stop and
      arrive at its original position.
PAR  Thus, it is believed clear that there is provided an emergency release stop
      which is not subject to becoming inoperative or stuck during long periods
      of non-use, yet this device of the present invention provides a safe,
      reliable stop that can be easily operated.
PAR  While a single specific embodiment of the invention has been disclosed
      herein, it will be understood that variations and modifications may be
      effected without departing from the spirit and scope of the novel concepts
      as defined in the following claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A door stop assembly for a bidirectional swinging door to permit opening
      of said door in a first direction during normal use while enabling
      selective opening of said door in a second direction during an emergency
      situation, said assembly comprising, in combination: a face plate adapted
      to be fastened to a doorway frame and having an aperture formed therein;
      housing means associated with said face plate in registry with said
      aperture for insertion into a mortise formed in a doorway frame, said
      housing means having an inner wall opposite said aperture in said face
      plate; a stop member movably carried within said housing means, said stop
      member being free from pivotal mounting on said housing means or said face
      plate, thereby constituting said stop member a free floating member, said
      free floating stop member having a first portion extending through said
      aperture of said face plate to provide a stop surface for a door being
      closed in the normal direction of movement, said first portion further
      including an inclined surface facing oppositely of said stop surface, and
      a second portion within said housing; means for maintaining said free
      floating stop member in assembly with said housing; biasing means
      positioned between said free floating stop member and said inner wall of
      said housing means to urge said first portion outwardly of said housing in
      blocking relation to said door; the surface of said second portion facing
      said inner housing wall being configured such that upon manual depression
      of said free floating member, said surface will first bottom on said inner
      housing wall, with said free floating stop member then rocking forward to
      dispose said stop surface entirely within said aperture, thereby
      permitting opening of said door in said second direction, said rocking
      movement positioning said inclined surface on said first portion at
      substantially the level of said aperture to preclude pinching the finger
      of the operator between said door and said aperture when said door is
      moved past said free floating stop member.
NUM  2.
PAR  2. A door stop assembly for a bidirectional swinging door to permit opening
      of a door in a first direction during normal use and to permit selective
      opening of the door in a second direction during an emergency, comprising
      in combination: a face plate adapted to be fastened to a doorway frame
      having an aperture formed therein, housing means associated with said face
      plate in registry with said aperture for insertion into a mortise formed
      in the doorway frame receiving the same, said housing means having an
      inner wall opposite said aperture in said face plate, a stop member
      movably carried within said housing means, said stop member being free
      from pivotal mounting on said housing means or said face plate, thereby
      constituting said stop member a floating member, said floating stop member
      having a first portion extending through said aperture of said face plate
      to provide a stop surface for a door when being closed in the normal
      direction, and a second portion within said housing including means
      overlying the periphery of said aperture to maintain said floating stop
      member within said housing, and biasing means positioned between said
      floating stop member and said inner wall of said housing means to urge
      said first portion of said floating stop member outwardly, said surface of
      said portion of said floating stop member facing said inner housing wall
      has a first flat surface substantially parallel to said inner wall and
      leading into and contiguous with a second flat surface inclined with
      respect thereto, said first flat surface engaging said inner wall upon
      linear movement of said floating stop member into said housing partially
      to displace said stop surface with said stop member rocking about the
      juncture of said contiguous flat inclined surfaces to bring said second
      surface into engagement with said inner wall, thereby completely to
      displace said stop surface from the path of said door.
NUM  3.
PAR  3. The door stop assembly for a bidirectional swinging door as set forth in
      claim 2 wherein said biasing means includes a pair of coil springs each
      having one end inserted into a recess formed in said first flat surface of
      said second portion of said floating stop member.
NUM  4.
PAR  4. The door stop assembly for a bidirectional swinging door as set forth in
      claim 2 wherein said first portion of said floating stop member has a
      sloping surface extending in the opposite direction of said stop surface
      to allow the door freely to swing back to its normal position when opened
      in the second direction during an emergency.
NUM  5.
PAR  5. The door stop assembly for a bidirectional swinging door as set forth in
      claim 1 wherein said face plate has a second opening formed therein to
      receive the spring latch element of the door to provide a striker plate
      therefor, said second opening being offset vertically relative to said
      first opening such that it can receive said latch element when said door
      is engaged against said stop surface.
NUM  6.
PAR  6. A door stop assembly for a bidirectional swinging door to permit opening
      of a door in a first direction during normal use and to permit selective
      opening of the door in a second direction during an emergency, comprising
      in combination: a face plate adapted to be fastened to a doorway frame
      having an aperture formed therein, housing means associated with said face
      plate in registry with said aperture for insertion into a mortise formed
      in the doorway frame receiving the same, said housing means having an
      inner wall opposite said aperture in said face plate, a stop member
      movably carried within said housing means, said stop member being free
      from pivotal mounting on said housing means or said face plate, thereby
      constituting said stop member a floating member, said floating stop member
      having a first portion extending through said aperture of said face plate
      to provide a stop surface for a door when being closed in the normal
      direction, and a second portion within said housing including means
      overlying the periphery of said aperture to maintain said floating stop
      member within said housing, and biasing means positioned between said
      floating stop member and said inner wall of said housing means to urge
      said first portion of said floating stop member outwardly, said floating
      stop element having a recess formed therein angled outwardly in the
      direction of the door and terminating in said first portion and including
      a resilient bumper element inserted in said recess, said resilient bumper
      element forming said stop surface, and having a retainer formed therein
      which receives a reduced diameter portion of a threaded shaft, the
      threaded end of said shaft being engaged with a threaded passage within
      said recess to provide adjustment of the position of said resilient
      bumper.
NUM  7.
PAR  7. A door stop assembly for a bidirectional swinging door to permit opening
      of a door in a first direction during normal use and to permit selective
      opening of the door in a second direction during an emergency, comprising
      in combination: a face plate adapted to be fastened to a doorway frame and
      having an aperture formed therein, said face plate having an opening
      formed therein to receive the spring latch element of the door to provide
      a striker plate therefor, housing means associated with said face plate in
      registry with said aperture for insertion into a mortise formed in the
      doorway frame receiving the same, said housing means having an inner wall
      opposite said aperture in said face plate, a stop member movably carried
      within said housing means, said stop member being free from pivotal
      mounting on said housing means or said face plate, thereby constituting
      said stop member a floating member, said floating stop member having a
      first portion extending through said aperture of said face plate to
      provide a stop surface for a door when being closed in the normal
      direction, and a second portion within said housing and including means
      overlying the inner periphery of said aperture to maintain said floating
      stop member within said housing, said second portion of said floating stop
      member has a first flat surface substantially parallel to said inner wall
      and leading into a contiguous with a second flat surface inclined with
      respect to said first surface, said first flat surface being brought into
      engagement with said inner wall upon initial linear movement of said
      floating stop member inwardly of said housing partially to displace said
      stop surface and said stop member rocking about the juncture of said flat
      surfaces to bring said second flat surface into engagement with said inner
      wall completely to displace said stop surface from engagement with the
      door, said floating stop member having a recess formed therein angled
      outwardly in the direction of the door and terminating in said first
      portion and including a resilient bumper element inserted in said recess,
      said resilient bumper element forming said stop surface, said resilient
      bumper element having a retainer formed therein to receive a reduced
      diameter portion of a threaded shaft and wherein said threaded shaft
      engages a threaded passage within said recess to provide adjustment of the
      position of said resilient bumper, and spring bias means positioned
      between said floating stop member and said inner wall to urge said first
      portion of said floating stop member outwardly, whereby emergency opening
      of the door is accomplished by manually depressing said floating stop
      member into said housing and effecting rocking thereof thereby removing
      the stop surface from engagement with the door.
NUM  8.
PAR  8. The door stop assembly as defined in claim 2 wherein said first portion
      of the floating stop member includes a surface extending in a direction
      opposite of the stop surface, such that when the stop member is rocked to
      bring the second surface into engagement with the inner wall of the
      housing, said oppositely facing surface will be disposed proximate said
      face plate aperture to prevent an operator's finger from being pinched
      between the door and said aperture periphery, when said door is opened in
      said second direction.
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ABST
PAL  A machine designed to automatically section poultry breast members by means
      of reciprocally operated rotating circular knife blades which respectively
      engage and selectively section a poultry breast member indexed to and
      clampably held in cutting position at the respectively selective knife
      stations in one of three ways; a two-way cut comprised of a single
      longitudinal severing of a poultry breast member into two halves, or a
      three-way cut comprised of an initial keel cut of the breast member at one
      knife station followed by a longitudinal severing into halves of the
      remainder of the poultry breast member at another knife station, or a
      four-way cut comprised of an initial transverse severing of the poultry
      breast member followed by a longitudinal cut at yet another knife station
      of the two laterally severed breast member sections into halves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is to be understood that the instant invention pertains to a machine for
      severing the breast members of fowl, including old and young chickens, at
      least small turkeys, ducks and guineas, but for simplicity, the same are
      hereinafter defined by the generic term "poultry."
PAR  The advent and growth of the convenience food market has given rise to the
      need for machinery which provides high-speed automatic cutting
      capabilities for various foodstuffs, particularly poultry, and more
      particularly chickens, into pieces which are easily prepared and served,
      as well as providing pieces which comprise a practical portion in terms of
      amount to be served, in addition to also providing specialty pieces such
      as all thighs, legs, wings, breasts or the like for commercially prepared
      food service or restaurant menu features, or retail sales features of
      loose or packaged fresh or frozen pieces, or packaged pre-cooked
      convenience meal preparations.
PAR  Traditionally, mechanical devices for accomplishing the dissecting of
      poultry members into multiple pieces for the aforementioned purposes,
      whether it be the poultry breast member or an eviscerated whole bird
      carcass, has generally been comprised of relatively simple pivotally
      mounted shear cutting blade devices, either hand operated as shown in U.S.
      Pat. No. 1,687,663 to Goldfinger dated Oct. 16, 1928, or foot-treadle
      operated severing devices as shown in U.S. Pat. No. 2,310,881 to Swanson,
      dated Feb. 9, 1943. Other poultry carcass and breast splitting means
      employ rotary disk knives such as those exemplified by the disclosures
      shown in U.S. Pat. No. 2,169,951 to Hannan, dated Aug. 15, 1939, U.S. Pat.
      No. 2,957,198 to Cianciolo et al, dated Oct. 25, 1960, U.S. Pat. No.
      3,284,846 to Reeves, dated Nov. 15, 1966, and similar rotary disk knife
      machines disclosed by others wherein a poultry carcass or breast member is
      severed into component pieces by means of hand manipulating said poultry
      members, one at a time, into severing engagement with the rotary disk
      knife.
PAR  The most pertinent prior art as regards the instant invention is set forth
      in the disclosures of Cannon in U.S. Pat. No. 3,564,644 dated Feb. 23,
      1971, and Gasbarro in U.S. Pat. No. 3,625,863 dated Dec. 7, 1971, both of
      which teach machines having the means to automatically and selectively
      sever poultry breast members into multiple pieces. Albeit, the instant
      invention is patentably distinguishable over both the Cannon and Gasbarro
      disclosures, as well as the other disclosures cited hereinbefore in that
      the instant invention has utility features and new and useful advantages,
      applications, and improvements in the art of poultry breast splitting not
      heretofore disclosed, as set forth hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the instant invention to provide a machine
      which may be selectively set to automatically cut poultry breast members
      into halves, thirds, or quarter sections.
PAR  It is another object of the instant invention to provide a poultry breast
      cutting machine incorporating breast holding, clamping, and indexing means
      whereby said breasts are held and advanced to respective cutting stations
      for accurate predetermined automatic sectioning into uniform sized pieces.
PAR  A further object of the instant invention is to provide a high-speed
      poultry breast cutting machine which mechanically consolidates breast
      splitting operations which have heretofore been relatively time-consuming,
      separate, mechanically or manually accomplished cutting operations.
PAR  It is still another object of the instant invention to provide a poultry
      breast cutting machine which is safe and simple in operation, as well as a
      machine which requires a minimum of make-ready time in addition to a
      machine which may be set and operated by an average employee not possessed
      of special skill or training.
PAR  Yet another object of the instant invention is to provide a poultry breast
      cutting machine which is sanitary in operation and, further, includes a
      self-contained spray assembly for ease of cleaning and lubricating the
      knife blades before, during, and after breast cutting operations.
DRWD
PAR  Details of the foregoing objects and of the invention, as well as other
      objects thereof, are set forth in the following specification and
      illustrated in the accompanying drawings comprising a part thereof.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective elevation view of a poultry breast splitting
      machine embodying the principles of the present invention.
PAR  FIG. 2 is an enlarged fragmentary top plan view of the rotary indexing
      table, cam, poultry breast-carrying saddle members, and Geneva gear
      indexing drive means as seen generally along the line 2 -- 2 of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary side elevation of a poultry
      breast-carrying saddle member as seen along the line 3 -- 3 of FIG. 2,
      showing an exemplary poultry breast member in phantom with respective
      blade members also shown in relative respective position with regard to
      the breast and saddle members whereby a 3-way cut of said breast member is
      made.
PAR  FIG. 4 is an enlarged fragmentary side elevation similar to the view seen
      in FIG. 3, except taken along the line 4 -- 4 of FIG. 2 and showing a
      4-way cut of an exemplary poultry breast member.
PAR  FIG. 5 is an enlarged fragmentary side elevation similar to the views seen
      in FIGS. 3 and 4, except taken along the line 5 -- 5 of FIG. 2 and showing
      a 2-way cut of an exemplary poultry breast.
PAR  FIG. 6 is a top plan view of an exemplary poultry breast showing the
      component breast pieces obtained from a 2-way cut.
PAR  FIG. 7 is a top plan view of an exemplary poultry breast showing the
      component breast pieces obtained from a 3-way cut.
PAR  FIG. 8 is a top plan view of an exemplary poultry breast showing the
      component breast pieces obtained from a 4-way cut.
PAR  FIG. 9 is an enlarged fragmentary front section elevation of the poultry
      breast-carrying saddle members, indexing stations, rotating circular knife
      blade stations, and Geneva gear indexing drive means as seen along the
      line 9 -- 9 of FIG. 2, with the knife blades of all three stations shown
      in retracted positions as well as additionally, being shown in phantom, in
      extended position.
PAR  FIG. 10 is an enlarged side elevation of a poultry breast carrying saddle
      member as seen along the line 10 -- 10 of FIG. 2 showing details of the
      component assembly with the poultry breast clamping members being shown in
      the open position and the extension clamping members being shown in
      phantom.
PAR  FIG. 11 is a top plan view of a poultry breast carrying saddle member
      corresponding to the enlarged side elevation shown in FIG. 10.
PAR  FIG. 12 is an end view of a poultry breast carrying saddle member also
      corresponding to the enlarged side elevation shown in FIG. 10.
PAR  FIG. 13 is a top plan view of a pair of extension clamping members.
PAR  FIG. 14 is a side view of the extension clamping members shown in FIG. 13.
PAR  FIG. 15 is an end view of the extension clamping members shown in FIG. 13.
PAR  FIG. 16 is an enlarged side elevation of a poultry breast-carrying saddle
      member similar to the one shown in FIG. 10, but, however, showing an
      exemplary poultry breast secured to said saddle member with the poultry
      breast clamping members thereof in closed position.
PAR  FIG. 17 is a top plan view of the poultry breast-carrying saddle member
      shown in FIG. 16.
PAR  FIG. 18 is an end view of the poultry breast-carrying saddle member shown
      in FIG. 16.
PAR  FIG. 19 is a fragmentary side elevation of the rotary indexing table
      showing the cam torque retention bar assembly in torque retention position
      as well as, in phantom, being shown in retracted position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the present invention is shown which comprises a
      poultry breast splitting or slitting machine 10 having a support frame
      structure comprised of a base member 12 that has affixed thereto a rear
      support member 14 to which, at the upper end thereof, is affixed a motor
      and cutting assembly support cabinet 16; a Geneva gear drive 17 which for
      purposes of drawing clarity, is shown in FIGS. 2 and 9, to drive a rotary
      indexing table 18 having mounted thereon a plurality of poultry
      breast-carrying saddle members 20 by which means poultry breasts are
      retained and indexed sequentially to a plurality of knife stations 22
      which are selectively operated by automatic control to section poultry
      breasts into a predetermined number of uniform sized pieces which are
      either halves, thirds or quarter sections; a dual purpose saftey guard and
      tray member 24 in which cut poultry breast pieces are collected and moved
      by transport blades 26 to a delivery chute 28; and, for operator
      protection, a transparent safety shield 30.
PAR  Referring again to FIG. 1 to explain the details of operation of the
      present invention, prior to which it should be noted that the lot of
      poultry breasts to be cut and sectioned will have been obtained from fowl
      of the same species of relatively uniform weight, thereby providing also a
      relatively uniform breast size to which the machine is set. Normally,
      although provided with a capability for adjustment, the knife stations 22
      are initially set to the maximum cut extension by means of slidably
      adjusting and locking the knife station limit switches 32 of each
      respective knife station at the appropriate location along the limit
      switch adjustment bar 34, thus, practically speaking, eliminating the
      requirement for any further extension adjustment of the knife stations.
      Therefore, it becomes not so much the size of the poultry breasts, so long
      as they are relatively uniform, that is so much determinative of the
      machine 10 setting procedure as it is the number and type of sectioning
      cuts to be made.
PAR  Controls for the machine 10 are primarily housed in base member 12, but
      said controls are not shown, the same being well known in the art. Said
      controls are set to automatically activate the appropriate knife stations
      depending upon whether the poultry breasts are to be sectioned into two,
      three, or four pieces. Also, the number of pieces into which the poultry
      breasts are to be sectioned will determine whether the integral
      cam-operated poultry breast clamping members 36 will be adequate for
      retaining poultry breasts upon the poultry breast-carrying saddle members
      20 during cutting operations, or whether the extension clamping members
      38, which are not shown in FIG. 1 but are illustrated in part in FIG. 2
      and certain other subsequent Figures, must be employed. Generally, if the
      poultry breasts are to be sectioned into thirds, the poultry breast
      clamping members 36 are employed only; if, however, the poultry breasts
      are to be sectioned into halves or quarters, the extension clamping
      members 38 are additionally employed.
PAR  Upon setting the machine 10 in accordance with the procedures heretofore
      described, the operator is ready to commence with sectioning of the
      poultry breasts to be cut. For purposes of further illustration, the
      employment of machine 10 to section poultry breasts into thirds will
      initially be described, which is as follows: The machine 10 is turned on
      by a master switch, not shown, and the rotary indexing table 18
      automatically indexes in a counterclockwise direction so that all poultry
      breast-carrying saddle members 20 are advanced and located at the next
      succeeding station position, after which there is an automatic pre-timed
      indexing stop of said table 18, and the appropriate knife stations 22
      thereafter automatically index in extension with the rotary knives 40
      thereof extensibly positioned to accomplish the appropriate sectioning cut
      when a poultry breast is clampably held upon a poultry breast-carrying
      saddle member 20 by the closed cam-operated poultry breast clamping
      members 36. Upon completion of the simultaneously occurring cutting cycles
      of the respective knife stations 22, said knife stations thereafter
      function to simultaneously retract the respective rotary knives 40 thereof
      and the rotary indexing table 18 indexes all poultry breast-carrying
      saddle members 20 counterclockwise successively to the next station
      position, whereupon another automatic pre-timed indexing stop and cutting
      cycle is automatically performed as heretofore described, all of which is
      more clearly illustrated in FIG. 9.
PAR  In the actual operation of machine 10, preferably precooked poultry breasts
      are manually positioned by an operator upon the poultry breast-carrying
      saddle member 20 at Station 1, which hereinafter as appropriate is
      indicated on the respective drawings included herewith by the designation
      (1) -- as will other operational station hereinafter described be likewise
      respectively designated by an appropriate number symbol, while the
      cam-operated poultry breast clamping members 36, pivotally connected to
      the poultry breast-carrying saddle member mounting bracket 50 located at
      Station 1 (seen only at Stations 3 and 4 in FIG. 1), are in the open
      position.
PAR  Operation of the respective poultry breast clamping members 36 is effected
      by engagement of a spring-loaded cam-follower 42 with cam 44, the details
      of operation of which will be more fully explained in the description of
      FIG. 2, said cam 44 being supported by a removable cam support assembly 46
      which is held in operational position by a retractable cam torque
      retention bar assembly 48, said retractable cam torque retention bar
      assembly 48, for purposes of drawing clarity, not being shown in FIG. 1,
      but seen in FIG. 19. The manner of positioning poultry breasts upon
      poultry breast-carrying saddle members 20, although not illustrated in
      FIG. 1, but shown in FIG. 3 and subsequent Figs. is with the so-called
      "keel" end of said breasts pointing toward the operator side of the
      machine 10 with the tip end of said keel in vertical alignment with the
      end of said breast carrying saddle members 20 nearest the operator and the
      longitudinal vertical dimension of said saddle member 20 bisecting the
      interior opening of said breast with the uppermost longitudinal horizontal
      surface of said saddle member 20 in contiguous supportable contact with
      the uppermost longitudinal interior surface of the breast cavity and the
      respective sides thereof depending along the respective longitudinal
      vertical side surfaces of said saddle member 20.
PAR  The aforementioned automatic pre-timed indexing stop of the poultry
      breast-carrying saddle member 20 at Station 1 is of sufficient duration to
      enable an operator to position a poultry breast upon said saddle member 20
      as heretofore described. The rotary indexing table 18 then automatically
      indexes in a counterclockwise direction so that all saddle members 20 are
      re-positioned at the next successive counterclockwise Station location,
      i.e., the poultry breast which was manually positioned upon saddle member
      20 at Station 1 is advanced to Station 2, and the operator positions
      another poultry breast upon the vacant saddle member 20 advanced to
      Station 1 from Station 8 as a result of the indexing cycle. Each time the
      rotary indexing table 18 completes a counterclockwise indexing cycle, the
      operator positions a poultry breast upon the vacant saddle member 20
      advanced to Station 1 from Station 8.
PAR  The Station 2 location is a staging position, being that Station
      immediately before the first knife station, i.e., Station 3, which is the
      initial knife station to automatically complete the first poultry breast
      cut during the following automatic pretimed indexing stop when the machine
      10 is set to section poultry breasts into thirds. The mechanical
      configuration of the poultry breast clamping members 36 as well as the
      poultry breast previously positioned upon the saddle member 20 at Station
      1 is the same at Station 2, i.e., the spring-loaded cam-follower 42
      remains in compressible contact with the cam 44 and the poultry breast
      clamping members 36 remain in the open position. However, upon the next
      succeeding counterclockwise indexing cycle, as the poultry breast-carrying
      saddle member 20 is indexed to Station 3, the spring-loaded cam-follower
      42 rides off the cam 44 and the saddle member compression spring 52, not
      seen in FIG. 1, but, however, seen in FIG. 2 and certain of subsequent
      Figs. extends, causing spring tension on the angled clamping member lever
      arms 54 resulting in the poultry breast clamping members 36 respectively
      pivotally rotating about pins 56 towards the saddle member 20 and
      clampably engaging the respective depending sides of the poultry breast
      positioned thereon prior to the automatic pre-timed indexing stop
      occurring at Station 3 where the first automatic sectioning cut is
      accomplished when said poultry breast is being sectioned into thirds.
PAR  At this point it should be explained that the poultry breast-carrying
      saddle members 20 contain three slots, the angled saddle member slot 58
      receiving the rotary knife 40 of Station 3 as said knife passes through
      the poultry breast clampably held upon saddle member 20 and completes a
      "keel cut," the lateral saddle member slot 60 receiving the rotary knife
      40 of Station 4 as that knife passes through the poultry breast clampably
      held upon saddle members 20 and completes a transverse halving cut, and
      the longitudinal saddle member slot 62 receiving the rotary knife 40 of
      Station 5 as that knife passes through the poultry breast clampably held
      upon saddle member 20 and completes a longitudinal halving cut. By means
      of the aforementioned saddle member slots, the rotary knives 40 at the
      respective knife stations 22 automatically complete poultry breast
      sectioning cuts without engaging any surfaces of the saddle members 20 as
      is best illustrated in FIG. 9.
PAR  Upon counterclockwise indexing of the poultry breast-carrying saddle member
      20 from Station 2 to Station 3, as heretofore described, poultry
      breast-clamping members 36 clampingly engage and securely hold the poultry
      breast positioned on saddle member 20 during the indexing transit of the
      same between Stations 2 and 3 and prior to the initiation of the keel cut
      cycle by rotary knife 40 located at Station 3. It will be noted that the
      Station 3 as illustrated in FIG. 1, but more clearly shown in FIG. 9, is
      positioned to make an approximate 45.degree. sectioning cut, being the
      keel cut as earlier mentioned and also illustrated in FIG. 3. When the
      last mentioned counterclockwise indexing cycle of rotary indexing table 18
      has been completed, and during the interim automatic pre-timed indexing
      stop prior to the next indexing cycle of rotary indexing table 18, the
      rotary knive 40 of Station 3 is automatically extended by means of
      pneumatic cylinder 64 affixed to the upper motor mount member 66 of motor
      68 until the lower motor mount member 70, also affixed to motor 68,
      engages the lower limit switch 32 which is securely affixed to the limit
      switch adjustment bar 34, as earlier explained, at which time the cutting
      of the poultry breast section known as the keel cut is completed. The
      rotary knife 40 is retracted by pneumatic cylinder 64 to the start
      position, at which time the keel cut section of the breast falls into the
      safety guard and tray member 24 and is thereafter engaged by a transport
      blade 26 during subsequent counterclockwise indexing cycles of rotary
      indexing table 18 and thereby moved to the delivery chute 28 for delivery
      to subsequently accomplished separate grading and packing operations. It
      should be noted that a water spray nozzle 74 is provided at each
      respective knife station 22, and a fine water-mist spray is directed
      therefrom onto the rotary knives 40 for purposes of lubricating said
      knives 40 during cutting of poultry breasts, as well as for cleaning said
      knives between cuts.
PAR  The balance of the pountry breast, namely that which remains after the keel
      cut is clampably retained upon saddle member 20 by clamping members 36,
      and upon the next automatically intiated counterclockwise indexing cycle
      of rotary indexing table 18 the subject saddle member 20 is indexed to
      Station 4. Since the Station 4 knife station 22 accomplishes a lateral
      transverse halving cut of a poultry breast, which is not a cut involved in
      the sectioning of a poultry breast into thirds, the Station 4 knife
      station 22 cutting function is excluded from the operational sequence
      during the previously described setup procedure. Therefore, in the cutting
      function programming of machine 10 to section a poultry breast into
      thirds, the Station 4 knife station 22 does not operate, and under this
      circumstance the Station 4 location serves as a staging position for the
      Station 5 location. It should be pointed out, however, that during the
      staging positon pretimed indexing stop of the subject saddle member 20 at
      Station 4, another keel cut sectioning of a poultry breast is being
      automatically accomplished at Station 3.
PAR  Upon the next counterclockwise indexing cycle of rotary indexing table 18,
      the subject saddle member 20 is positioned at the Station 5, and during
      the automatic pre-timed indexing stop at said Station, the knife of the
      same functions in a mechanically similar manner to that previously
      described for the knife operation at Station 3, to complete a vertical
      longitudinal cut and section the balance of the poultry breast into two
      equal longitudinal halves. After retraction of the rotary knife 40 of
      Station 5, and completion of the automatic pre-timed indexing stop
      duration, the subject saddle member 20 is carried by rotary indexing table
      18 through another counterclockwise indexing cycle to Station 6. Again, it
      should be pointed out that simultaneous with the sectioning operation at
      Station 5 during the automatic pretimed indexing stop another keel cut
      sectioning operation is being accomplished at Station 3.
PAR  As the subject saddle member 20 affixed to rotary indexing table 18
      advances counterclockwise to Station 6, the spring-loaded cam-follower 42
      of said saddle member 20 engages cam 44 and in so doing compresses the
      saddle member compression spring 52, thereby causing the angled clamping
      member lever arms 54 to be forced towards the subject saddle member 20 and
      respectively pivotally rotate about pins 56 to open the poultry breast
      clamping members 36 and release the halved sections of the balance of the
      poultry breast for deposit in the safety guard and tray member 24, said
      halved sections to therafter also be engaged by a transport blade 26
      during subsequent counterclockwise indexing of rotary indexing table 18
      and thereby be moved to the delivery chute 28 for delivery to subsequently
      accomplished separate grading and packing operations. Thus the sectioning
      of a poultry breast into thirds by means of employing machine 10 is
      completed, the resultant product of which is illustrated in FIG. 7. It
      will be noted that the poultry breast clamping members 36 remain in an
      open position during indexing of the subject saddle member 20 through
      Stations 7 and 8, said saddle member 20 thereafter being indexed to
      Station 1 where the operator manually positions another poultry breast
      upon the saddle member as heretofore described.
PAR  The cutting of a poultry breast into quarter sections, as illustrated in
      FIG. 4, with the resultant product thereof being illustrated in FIG. 8, is
      accomplished in the same manner as described for sectioning a poultry
      breast into thirds, except that extension clamping members 38 are
      additionally employed to hold the keel half of the poultry breast upon the
      poultry breast carrying saddle member 20 after the first transverse cut by
      rotary knife 40 at Station 4 which sections the poultry breast into
      transverse halves prior to the longitudinal quartering cut of the
      transverse halves by rotary knife 40 of Station 5. At Station 6 the
      quartered sections are released from being clampably held upon saddle
      member 20 and are deposited in the safety guard and tray member 24 for
      movement by means of a transport blade 26 to delivery chute 28. It will be
      noted that in the machine 10 setup for accomplishing quartering cuts the
      cutting function of Station 3 would have been earlier excluded from the
      operational sequence during the setup procedure.
PAR  The cutting of a poultry breast into longitudinal half sections, as
      illustrated in FIG. 5, with the resultant product thereof being
      illustrated in FIG. 6, is also accomplished in the same manner as
      previously described for sectioning a poultry breast into quarters, i.e.,
      the extension clamping members 38 are employed, except that the rotary
      knife 40 of Station 5 is the only knife station employed. Therefore, in
      the setup procedure of machine 10 for accomplishing a longitudinal halving
      cut of a poultry breast, both the Station 3 and Station 4 cutting
      functions would have been earlier excluded from the operational cutting
      sequence.
PAR  The machine 10 as disclosed in FIG. 1 preferably is constructed of metal
      and plastic, but any other suitable materials of combinations thereof may
      be used.
PAR  Referring to FIG. 2, which is an enlarged fragmentary top plan viw of
      machine 10, as seen along the line 2 -- 2 of FIG. 1, it shows in greater
      detail the rotary indexing table 18 and the component mechcanically
      functional elements thereof. Also shown are component elements of machine
      10 heretofore described and explained, but which were not readily or
      easily illustratable in FIG. 1, as well as showing in more particular
      detail the plan relation of the respective poultry breast-carrying saddle
      members 20 one to the other and the positional functioning of the poultry
      breast clamping members 36 with regard to the cam 44.
PAR  In FIG. 3 an examplary poultry breast 76 is shown in phantom positioned
      upon an enlarged fragmentary side elevation of the poultry breast-carrying
      saddle member 20 as seen along the line 3 -- 3 of FIG. 1, and also shown
      in phantom is rotary knife 40 of Station 5, whereby the illustration shows
      how the respective knife stations 22 located at Station 3 and Station 5
      cooperate to section a poultry breast into thirds, with the keel cut
      section being designated by the letter "K." The poultry breast sections
      resultant from cutting a poultry breast into thirds with machine 10 are as
      illustrated in FIG. 7.
PAR  In FIG. 4 an exemplary poultry breast 76 is shown, in phantom, positoned
      upon an enlarged fragmentary side elevation of the poultry breast-carrying
      saddle member 20 as seen along the line 4 -- 4 of FIG. 1, and also shown
      in phatnom is rotary knife 40 of knife station 22 at Station 5, whereby
      the illustration shows how the respective knife stations 22 located at
      Station 4 and Station 5 cooperate to section a poultry breast into
      quarters. It will also be noted that FIG. 4 shows a transport blade 26
      affixed to the underside of the poultry breast-carying saddle member
      mounting bracket 50. The poultry breast sections resultant from cutting a
      poultry breast into quarters with machine 10 are as illustrated in FIG. 8.
PAR  In FIG. 5 an exemplary poultry breast 76 is shown in phanatom positoned
      upon an enlarged fragmentary side elevation of the poultry breast-carrying
      saddle member 20 as seen along the line 5 -- 5 of FIG. 1, whereby the
      illustration shows how the knife station 22 located at Station 5 sections
      a poultry breast into halves. The poultry breast sections resultant from
      cutting a poultry breast into longitudinal halves with machine 10 are as
      illustrated in FIG. 6.
PAR  Although there is no apparent current commercial demand or market for
      poultry breasts sectioned laterally into transverse halves, as
      accomplished at Station 4 as previously described, it should be noted that
      machine 10 of the instant invention has the mechanical and setup
      capabilities to automatically accomplish a lateral cut and deliver
      transverse poultry breast halves.
PAR  The view seen in FIG. 9 is an enlarged fragmentary front sectional
      elevation as seen along the line 9 -- 9 of FIG. 1, and shows in greater
      perspective detail the respective knife stations 22 located at Stations 3,
      4, and 5. Also shown in phantom are the extensions of rotary knives 40 of
      the respective knife stations 22, illustrating how said knives 40
      respectively enter saddle member slots 58, 60 and 62 of poultry
      breast-carrying saddle members 20 during poultry breast cutting and
      sectioning operations. Also shown in greater detail in FIG. 9 is the
      exemplary Geneva gear drive 17 as well as the respective knife station 22
      water spray nozzles 74, but it is to be understood that other comparable
      driving means may be employed to perform the indexing movements of table
      18.
PAR  The series of illustrations seen in FIGS. 10, 11, and 12 respectively show
      enlarged fragmentary side, top, and end views of a poultry breast-carrying
      saddle member 20 with the poultry breast clamping members 36 shown in the
      open position, and extension clamping members 38 shown in phantom.
      Particularly shown in these views is the means for installing detachable
      extension clamping members 38 to the poultry breast clamping members 36,
      i.e., by inserting the extension clamping member leg 78 through the slot
      of the stationary poultry breast clamping member bracket 80 until the
      opening 82 in said extension clamping member leg 78 engages the poultry
      breast clamping member detend 84, after which the slidable poultry breast
      clamping member collar 86 is moved over the detent/opening connection.
      Also shown in FIGS. 10, 11, and 12 is the saddle member compressison
      spring retention dog 88.
PAR  The series of illustrations seen in FIGS. 13, 14, and 15 respectively show
      top, side, and end views of a pair of extension clamping members 38.
PAR  The series of illustrations seen in FIGS. 16, 17, and 18 respectively show
      enlarged fragmentary side, top, and end views of a poultry breast-carrying
      saddle member 20 with an exemplary poultry breast 76 clampably held
      thereon by poultry breast clamping members 36 which are shown in the
      closed position.
PAR  In FIG. 19 there is seen a fragmentary side elevation of the retractable
      cam torque retention bar assembly 48, the function of which is to prevent
      rotation of the removable cam 44 and cam support assembly 46 during
      employment of machine 10 in performing poultry breast cutting and
      sectioning operations. The retractable cam torque retention bar assemby 48
      is comprised of a cam torque retention bar 90 which depends from a cam
      torque retention bar mounting bracket 92 and retainably engages the cam
      support assembly lugs 94 of the cam support assembly 46 by means of
      retaining pin 96. When not in use, or during cleaning of machine 10, the
      cam torque retention bar 90 is lifted vertically to desengage the
      retaining pin 96 from the cam support assembly lugs 94, and said bar 90 is
      pivotally swung to a horizontal position, as also shown in phantom, and is
      there retained by bracket 98, thereby also allowing removal of the cam
      support assembly 46 during cleaning operations.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for selectively sectioning the breasts of poultry into
      multiple pieces, said machine comprising in combination, a supporting
      frame structure having a loading station and a plurality of cutting
      stations and a discharge station, a horizontal supporting table mounted
      upon said frame for rotation about a vertical axis, a plurality of saddle
      members connected to said table at circumferentially spaced positions in
      position respectively for receiving at said loading station a poultry
      breast in a draped manner with the sides of said breast draped downwardly
      and automatically supported thereby for sequential indexing to said
      plurality of cutting stations, said saddle members each having a plurality
      of slots therein extending downward from the upper surfaces thereof and
      intersecting each other and corresponding to patterns of pieces into which
      said breasts may selectively be cut, said saddle members each having
      additionally affixed thereto a set of clamping members aligned with
      unslotted areas of said saddle members and respectively pivotally attached
      to each saddle member adjacent opposite sides thereof and mounted operably
      to engage said opposite draped sides of a breast and secure the same on
      said saddles during cutting operations, a cam fixed to said supporting
      frame, cam-followers on said clamping members engageable with said cam at
      said loading station to space said clamping members from said saddle
      members to permit mounting breasts thereon and said cam-followers
      disengaging said cam to permit movement of said clamping members against
      the draped sides of said breasts when said table moves toward said cutting
      stations, means engageable with said clamping members to move the same
      automatically as aforesaid, a plurality of angularly positioned rotatable
      knife blades respectively mounted above said table at said cutting
      stations cirumferentially spaced about said vertical axis of said table
      and each supported and selectively operable sequentially and respectively
      for reciprocating movement toward and from one of said slots in said
      saddle members in selectable sequence with each other, and means operable
      sequentially to move said table to carry said saddle members in registry
      with said cutting stations respectively adjacent said knife blades,
      whereby a poultry breast thereby is automatically and accurately
      positioned for cutting into either halves or thirds or quarters.
NUM  2.
PAR  2. A machine for selectively sectioning the breasts of poultry into
      multiple pieces in accordance with claim 1 in which said means engageable
      with said clamping members to move the same against the draped sides of
      said breasts comprise spring means automatically operable to close the
      same against said draped sides of a poultry breast member when positioned
      upon said saddle member prior to the first cut being made and said cam
      being engaged by said cam-followers to automatically move said clamping
      members to open position after the last cut has been completed.
NUM  3.
PAR  3. A machine for selectively sectioning the breasts of poultry into
      multiple pieces in accordance with claim 3 in which said clamping members
      have pivoted ends and toggle members on said pivoted ends have said cam
      followers thereon slidably engaging said stationary cam and thereby
      automatically being operable to close and open said clamping members.
NUM  4.
PAR  4. A machine for selectively sectioning the breasts of poultry into
      multiple pieces in accordance with claim 2, wherein said clamping members
      additionally have extension clamps detachably connectable thereto to
      engage and hold said breasts when the same are to be severed
      longitudinally into halves or longitudinally and transversely into
      quarters.
NUM  5.
PAR  5. A machine for selectively sectioning the breasts of poultry into
      multiple pieces in accordance with claim 4, wherein said extension clamps
      respectively are spaced from one end of said clamping members to provide
      an unobstructed passage for the transverse cutting knife blade
      therebetween.
NUM  6.
PAR  6. A machine for selectively sectioning the breasts of poultry into
      multiple pieces in accordance with claim 1, wherein the rotatably-operable
      knife blades operably mounted respectively at said cutting stations
      comprise a first knife to slit said breasts transversely and at an angle
      to the longitudinal axis of said breasts, a second knife to slit said
      breasts longitudinally along the central axis thereof, and a third knife
      to slit said breasts transversely and intermediately the ends of said
      breasts, and further including control and actuating means at each of said
      three cutting stations operable to cause reciprocating movement of said
      knives toward and from said breasts for selectively performing said
      aforementioned cutting operations.
NUM  7.
PAR  7. A machine for selectively sectioning the breasts of poultry into
      multiple pieces in accordance with claim 6, wherein each respective
      cutting station further includes a piston member and power means operable
      reciprocally to advance and withdraw said piston member relative to said
      saddle members, said rotatably-operable knife blades respectively being
      supported rotatably by said piston member adjacent the outer ends thereof,
      whereby said blade cuts through a breast positioned and clampably retained
      upon an indexed saddle member and is received within a complementary slot
      in said saddle member.
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ABST
PAL  In accordance with the invention, the breaking and stretching machines have
      pressure heads, each one being essentially constituted by two opposed
      complexes, upper and lower, each one of which includes at least two
      transmission chains of the Renold type which are meshed with two chain
      pinions (double, triple, etc) fitted on two strong parallel shafts that
      are supported by appropriate bearings attached to the lateral elements of
      the machine bedplate; those corresponding to the lower complex are fixed,
      while those corresponding to the upper complex are moveable, so that the
      latter complex may adopt, with respect to the other complex, two limiting
      positions; one of separation, which permits the introduction of the layer
      of fibres, and the other, where the elements approach one another, to be
      utilized during the work and in which the pressure can be adjusted.
BSUM
PAR  The present invention refers to improvements introduced into machines for
      breaking and stretching textile fibres, particularly artificial plastic or
      thermo-plastic fibres, the novelty of which invention represents an
      evident and substantial improvement with respect to all that is known in
      the present state of the art.
PAR  It is a fundamental object of the present invention to provide machines for
      breaking and stretching fibres with the aim of recovering continuous or
      discontinuous waste fibres proceeding from the processes of spinning.
PAR  The machines for breaking and stretching fibres to which we refer are
      utilized in the textile industry for the treatment of threads of
      considerable length, and are essentially constituted by a succession of
      pressure heads separated by appropriate distances, through which there
      circulates the layer of fibres to be treated which, progressively are
      stretched at the same time as there is produced the breakage by traction
      of the excessively long threads which are retained by one head and are
      passed to the following head in accordance with the order of working,
      which is achieved by means of the known solution that the said pressure
      heads increase their speed according to their place of work in the complex
      as the output of the machine is approached.
PAR  In the machines at present in use, and with the exception of their working
      speed (which can be regulated in accordance with the material of the
      textile fibres being treated), all the pressure heads are equal and are
      constituted by a roller which is supported tangentially on two other
      rollers of smaller diameter, below the main roller, with a pressure that
      can be regulated, and with possibilities of separating the rollers in
      order to permit the introduction of the layer of fibres, which is caused
      to pass between the rollers so that the fibres are held in the two
      above-mentioned tangential lines between the cylinders.
PAR  In practice, different mechanical solutions are known for the functioning,
      operation and regulation of these pressure heads, but in any case their
      work is not satisfactory when the fibres concerned present high resistance
      to breakage by traction since two simple tangential lines of pressure are
      insufficient to retain all the fibres in the thick layer that circulates
      between the rollers of the head, there being produced among them slipping
      instead of breakages, for which reason many of them arrive unbroken at the
      outlet of the machine. It must also be taken into account that the two
      above-mentioned tangential lines of pressure are not situated side by
      side, but that one is situated before and the other after the gripping of
      the layer of fibres on the roller of greatest diameter, which produces the
      result that, in the majority of cases, the retention of the fibres is
      effected only by the second tangential line of pressure for the reason
      that the ends of the fibres in circulation have already passed over the
      first line, the only effect of such circumstance is to favour slipping
      between the fibres of the layer.
PAR  Other disadvantages presented by the existing machines are the frequent
      stoppages that they suffer because of the takeup of fibres produced by
      adherence to the rollers of the head, both in the pressure roller and in
      the support rollers, and this disadvantage acquires greater importance as
      the number of heads in the machine increases, which has been one of the
      solutions which has been applied in an endeavour to overcome the problem
      of the slipping of fibres mentioned above.
PAR  For the moment, the only effective solution consists in causing the
      material emerging from a breaking and stretching machine, such as that
      mentioned, through another complementary machine which carries out a
      function of repetition that completes the stretching of the layer and the
      breaking of the fibres, even though they are entire or with a length
      greater than than appropriate for the process of spinning.
PAR  The increase in the number of heads gives rise to the formation of
      stretching and breaking machines whose length exceeds all suitable
      dimensions, both mechanical and spatial, in which, although in a slightly
      inferior proportion, there are also produced the long unbroken fibres
      because of the slipping, and in which there are produced with greater
      frequency interruptions because of the takeup of fibres on the rollers of
      which such machines have a greater number. Again, the utilization of the
      repetition machine to which we have referred increases the manufacturing
      cost.
PAR  The improvements in accordance with the present invention provide a
      complete and perfect solution to the problem stated since, with their
      introduction into a machine for breaking and stretching fibres, there is
      achieved in a single operation the breakage of all the fibres whose length
      is superior to the distance established (and regulated) between the
      pressure heads, which latter, instead of each one being constituted by
      three rollers in contact, determining two tangential lines of pressure
      separated by a certain distance, now have a completely different
      organization in which the layer of fibres is transported by a complex of
      elements which move in a straight line, without rotating, preventing
      takeups, which elements apply to the layer of fibres, and with an
      adjustable pressure, a plurality of parallel lines of retention which
      cover the whole width of the layer, and which, because of being very near
      to one another, cooperate efficiently in the total retention of the fibres
      between which slipping movements can no longer be produced.
PAR  The achievement of an operation of breakage by traction of the fibres, and
      of stretching and thinning the layer of fibres in circulation in a
      completely correct manner has the immediate and advantageous consequence
      that with only three or perhaps four heads, in accordance with the
      improvements introduced by the invention, there are substituted the six or
      more heads with pressure produced by rollers with which the existing
      machines are fitted, a circumstance which implies the creation of a
      machine for breaking and stretching which is much smaller than those at
      present in use, which are much easier to handle and have a much lower cost
      price, since their working elements are reduced by practically one half.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the purpose of the invention may be better understood, and
      merely by way of example, some sheets of drawings are attached in which:
PAR  FIG. 1 shows a lateral view of the essential elements that constitute an
      improved pressure head in accordance with the invention.
PAR  FIG. 2 shows the transverse section through the broken axis II--II of FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As may be seen in the above-mentioned illustrations, the new pressure head
      is essentially constituted by two opposed complexes, each one of which
      includes at least two transmission chains of the Renold type (1) (three in
      the example that we present) which mesh with two chain pinions (2)
      (double, triple, etc), fitted on strong parallel shafts (3) which are
      supported by suitable bearings attached to the lateral parts of the
      bedplate of the machine; those corresponding to the lower complex are
      fixed, while those corresponding to the upper complex are moveable, so
      that this latter complex may adopt with respect to the previously
      mentioned complex two limiting positions: one of separation, which permits
      the assembly of the layer of fibres, and another of drawing near to be
      utilized during the work and in which the pressure can be adjusted. In
      order to bring about these results, various mechanical combinations can be
      utilized, cooperating with hydraulic and/or pneumatic cylinders.
PAR  The essential elements of the new head are bars or cross members (4) whose
      section is circular with the exception of a segment that determines a
      longitudinal plane with which each of the said elements is seated on the
      two fins which, forming a square, extend laterally and in a direction
      contrary to each one of the links of the chains (1), where they are fixed
      by means of screws (not shown). These bars or cross members (4) accompany
      the said chains (1) in their circulating movements and, as can be seen in
      FIG. 1, have diametral dimensions which are greater than the separation
      that exists between each two adjacent elements.
PAR  In the assembly, the two complexes (the lower fixed complex and the upper
      moveable complex) are vertically super-imposed, but in such a way that
      each upper cross member is inserted between two lower cross members, and
      vice-versa, so that there is produced a large number of tangential lines
      (5) which, in the example of FIG. 1, as may be seen, are 22, and which are
      very near to one another since there are produced two on each one of the
      cross members (4) which are meshed.
PAR  In order to avoid the opposing stretches of the chains (1) carrying the
      cross members (4) becoming curved and thus producing a partial separation
      of these stretches which would annul the tangential lines (5), the rollers
      (6) of the chains (1) are sliding, each one being supported on a shoe (7)
      which is supported by a plate (8) which, in the lower complex, is fixed to
      the lateral elements of the bedplate of the machine (9), while in the
      upper complex the said plate (8) is moveable and subsidiary to another
      supporting plate (10) which is that which is fixed to the bedplate (9).
PAR  Between one and another of the upper plates (8,10) there are arranged the
      elements that permit the adjustment of the working pressure, that is to
      say the pressure that is applied on each one of the tangential lines (5)
      on the layer of fibres that is situated between the two batteries of bars
      or cross members (4). These elements may vary from a set of springs or
      pre-compressed elastic plates to a set of hydraulic or pneumatic cylinders
      (11) which, with the backing of the supporting plate (10) transmit their
      action, through the moveable plate (8) which joins the shoes (7) to the
      chains (1) of the upper complex and, consequently, to its cross members
      (4). The relative movements between the two plates (8), (10) are conducted
      by sliding column guides (12) or those of any other type that maintain the
      correct alignment of the upper cross members (4) with respect to those of
      the lower complex.
PAR  A pressure head, such as that described, situated in the machine for
      breaking and stretching, in alignment before or after another similar
      machine, but rotating at a different speed, constitutes a highly improved
      element of multiple pressure that retains the layer of fibres if it
      functions more slowly than the following head, or pulls and breaks the
      fibres by traction if it operates at a higher speed than the previous
      head, thus achieving the objectives proposed.
PAR  The troublesome takeups of fibres which, up to the present, represented an
      important negative factor in the performance of the machines for breaking
      and stretching, are now completely eliminated by the fact that the layer
      of fibres circulates in a straight line, both between the batteries of
      bars or cross members (4) and between the spaces existing between two
      heads, where the layer is stretched by the greater speed of movement of
      the second of the heads in accordance with the order of circulation in the
      whole of the machine.
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STM  What is claimed is:
NUM  1.
PAR  1. A machine for breaking and stretching textile fibers comprising
PA1  at least one pressure head,
PA1  said pressure head including first and second chain assemblies each having
      at least two parallel shafts,
PA1  at least one endless transmission chain mounted for movement around said
      shafts in each of said chain assemblies,
PA1  first and second shoe means for supporting each of said chains with a run
      thereof in direct facing relation with a run of an opposite chain,
PA1  a fluid cylinder movably secured to one of said shoe means,
PA1  means supporting one of said shoe means in fixed relation to a facing shoe
      means supported for movement relative thereto from said cylinder,
PA1  each of said chains having pairs of links with interconnecting transverse
      cross members each having portions of substantially circular cross-section
      for contacting, intermeshing relation between a pair of said portions on
      cross members of the other chain providing a plurality of tangential lines
      intermeshing between said chains at the lines of contact of said portions
      whereby fibers traveling between said chains are engaged by said cross
      members moving linearly without rotation for subjecting said fiber to a
      variable meshing pressure at said tangential lines,
PA1  said portions of circular cross-section of said cross members have a
      diameter greater than the closest spacing between pairs of adjacent
      portions on each chain.
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ABST
PAL  An improvement in a process for preparing a tampon having a withdrawal
      string or tape positioned against the withdrawal end of the tampon, the
      improvement comprising forming the tampon body by winding a batting
      material strip to which is attached a withdrawal string or tape while
      maintaining said string or tape disposed away from said material strip and
      in containing it coaxial with respect to the roll axis of the batting
      material strip disposing the same in a cavity disposed at the withdrawal
      end of the so formed tampon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a method and apparatus for the attachment of the
      free end of a withdrawing tape joined to a strip of batting to one end of
      a tampon roll formed by rolling the strip of batting and constituting a
      semi-finished product for tampons serving especially for feminine hygiene.
PAR  2. Discussion of the Prior Art
PAR  It is in the prior art through DT Patent No. 915,382 to press the free end
      of a withdrawing tape spiral-wise during the production of the roll so
      that the free end of the withdrawing tape, which is joined to the batting
      strip, will remain adhering to the roll when the roll is transported from
      the rolling station to the pressing station and while the roll is being
      pressed to form the tampon. This application of the free end of the
      withdrawing tape to the roll in spiral form was reliable at the production
      rates commonly used hitherto and was therefore satisfactory.
PAC  OBJECTS OF THE INVENTION
PAR  The object of the invention is the creation of a method and an apparatus to
      assure that even at substantially higher production rates the free end of
      the withdrawing band of a tampon or similar article will be perfectly
      applied to one end of a roll and will adhere so tightly that it will
      remain securely in this position when the batting roll is then transported
      to the tampon pressing station and when the roll is thereafter pressed to
      form the tampon, and also when the tampon is wrapped and when the wrapping
      is removed, but will nevertheless be able to be detached from the tampon
      by the user prior to insertion, without the raising of nap.
PAC  SUMMARY OF THE INVENTION
PAR  The invention achieves this object by the fact that the free end of the
      withdrawing tape is placed in a position wherein it extends away from the
      batting strip before the batting strip is rolled and it is applied
      adheringly to the one end of the roll after the rolling process has been
      completed. In this manner, very high rolling speeds can be set up without
      having to pay heed to the free end of the withdrawing tape joined to the
      batting. This is because the position of the free end of the withdrawing
      tape extending away from the batting strip assures that the free end will
      remain completely unaffected by the winding process. It has been found
      that the application of the free end of the withdrawing tape to the end of
      the roll can be performed at very high production speeds if it is not done
      until after the rolling process has been completed.
PAR  It is recommended that the free end of the withdrawing tape be brought into
      a position extending coaxially with the roll axis before the batting strip
      is rolled. This creates more favorable conditions for the rolling of the
      batting strip, especially when, in accordance with a further development
      of the method, before the rolling of the batting strip begins, the free
      end of the withdrawing tape is aspirated into the position extending away
      from the batting strip.
PAR  The invention relates to an improvement in a process for preparing a tampon
      having a withdrawal string or tape spirally wound and positioned within a
      cavity in the withdrawal end of the tampon, the improvement comprising
      forming the tampon body by winding a batting material strip to which is
      attached a withdrawal string or tape while maintaining said string or tape
      disposed away from said material strip and maintaining it coaxial with
      respect to the roll axis of the batting material strip, disposing same in
      a recessed cavity disposed at the withdrawal end of the so formed tampon.
PAR  This invention also relates to an improvement in an apparatus for winding a
      batt of material in strip form carrying a free end of a withdrawal tape to
      form a rolled body thereof having said withdrawing tape attached thereto
      which comprise a forked shaped rotatable winding mandrel having fork
      lines, means for moving said winding mandrel back and forth in the plane
      of movement of said roll of materials, said fork lines positioned so as to
      straddle the longitudinal side of said batting material which carries the
      free end of the withdrawal tape with it, the improvement residing in that
      said winding mandrel contains an interior bore lengthwise thereof which
      bore is connected to a vacuum source, means for transporting said batt of
      material in rolled form from said winding mandrel to a subsequent work
      station disposed on the side of the so-formed roll that carries the free
      end of the withdrawal tape.
PAR  An advantageous further improvement is based upon pulling the withdrawing
      string or tape out of its holder as the roll is advanced to a withdrawing
      tape application station in which the withdrawing tape is aspirated into a
      cylinder and is then pressed in a random state against the end of the
      roll. The advantage of this procedure lies in the fact that no special
      measures need be taken to carry the withdrawing ribbon along from its
      extended position in the direction of the rolling station, while on the
      other hand the re-aspiration of the free end of the withdrawing tape in
      the area of the withdrawing tape application station can take place in the
      necessary short time, and furthermore, it offers the appreciable advantage
      that the free end is pressed in a random, i.e., jumbled, state against the
      end of the roll. It has been found that if the free end is in a random
      position it will adhere better to the end of the roll because the number
      of points of contact between different lengths of the free end of the
      withdrawing tape and the tampon batting material of the roll is
      considerably increased and the contact between the withdrawing tape and
      the tampon batting material takes the form of slight intermeshing of the
      fibers of the withdrawing tape with those of the roll.
PAR  It is desirable to use for the practice of the abovedescribed method an
      apparatus which is provided with a forkshaped, rotatable winding mandrel
      which is movable back and forth in the plane of movement of a fiber
      batting strip, transversely of the latter, the fork tines of the winding
      mandrel straddling the longitudinal side of the batting strip which
      carries the free end of the withdrawing tape with it, the apparatus being
      characterized by the fact that the winding mandrel is bored through
      lengthwise and can be connected to a vacuum source, while the winding
      mandrel is followed, in the direction of transport of the roll, by a
      withdrawing tape application station which is disposed on the side of the
      roll that carries along the free end of the withdrawing tape.
PAR  To facilitate the aspiration of the free end of the withdrawing tape, the
      fork slot of the winding mandrel is cut deeper into the wall of the
      mandrel on one side in the direction away from the end of the fork. The
      result of this is that this deeper fork web is located at an axial
      distance from the opposite longitudinal side of the batting strip
      extending through the fork slot of the winding mandrel and thus forms a
      clear, exposed aperture for the aspiration of the free end of the
      withdrawing tape, which consequently is more effectively and rapidly
      aspirated into the hollow winding mandrel. Here, the free end of the
      withdrawing tape is in a position coaxial with the winding axis, in which
      the winding of the batting strip on itself takes place without regard for
      the free end of the withdrawing tape.
PAR  According to a desirable embodiment, a pinion is fastened on the winding
      mandrel to mesh with a gear on the shaft of an intermittent drive
      connected by a flexible drive member to a motor.
PAR  In a further development of this embodiment, a shaft is affixed to a cam
      engaging one end of a lever whose other end cooperates with a yoke which
      straddles the pinion and through which the winding mandrel passes in a
      freely rotatable manner, and which is displaceably carried upon a guide
      rod parallel to said mandrel.
PAR  The station for the application of the free end of the withdrawing tape
      consists of a cylindrical housing whose bore is located opposite and
      approximately coaxially with the rolls and receives a sliding piston
      consisting of two heads joined together in an axially spaced relationship,
      said heads being provided with apertures, and the cylinder being provided
      with a connection for a vacuum source.
PAR  The desired reliability of the aspiration of the free end of the
      withdrawing tape in the area of the withdrawing tape application station
      is increased considerably if the approximately perpendicular edge of the
      orifice of the cylinder facing the free end of the withdrawing tape is
      made to slant downwardly away from the roll. An aspiration opening is
      thereby created which is aimed in the direction of the free end of the
      withdrawing tape extending away from the end of the roll, so that the free
      end of the withdrawing tape can be rapidly and effectively aspirated into
      the cylinder.
PAR  It is furthermore recommendable that the one head of the sliding piston
      which faces the roll be provided with a plurality of through bores of
      small diameter, while the other head facing the floor of the cylinder
      contains bores of a larger diameter in comparison. The large bores in the
      piston head facing away from the roll permit its movement within the
      cylinder in the direction away from the roll, because the air between the
      piston head and the bottom of the cylinder can escape through the large
      bores and into the vacuum connection, while the small bores in the piston
      head facing the roll assure that the aspirated free end of the withdrawing
      tape will remain lying randomly on the end face of the other piston head.
PAR  Preferably, the clear axial distance between the two piston heads
      corresponds approximately to the inside diameter of the suction
      connection, which extends outwardly from approximately the longitudinal
      center of the cylinder.
PAR  A blocking means provided at the end of the roll that faces away from the
      cylinder housing serves to counter the pressure applied to the other end
      of the roll when the free end of the withdrawing tape is pressed against
      it.
PAR  It is advantageous to use an apparatus in which an upper and a lower
      endless flexible member can be driven stepwise in synchronism, one
      clockwise and the other counter-clockwise in a common plane of rotation
      and is equipped with tension jaws and gripping jaws, a severing bail that
      can swing transversely to the batting, and with approximately semicircular
      winding cups mounted laterally on the associated endless flexible member,
      into which cups the plane of rotation and straddling the batting strip, a
      curved lever being articulated upon each winding cup of the lower flexible
      member so as to be able to pivot over the winding station is situated
      which is followed in the direction of rotation of the lower flexible
      member in the area of the cam by an ejector plunger which can plunge into
      the winding cups transversely of their direction of movement, the appartus
      being characterized in that the cylinder housing of the withdrawing tape
      application station is disposed in each case coaxially with the winding
      cups in the area of the lower section of the lower flexible member and of
      the surface of the cam, and the surface of the cam extends approximately
      over the entire area in which the lower flexible member moves from its
      roll processing section to its bottom section, as well as along the bottom
      section beyond the roll ejection station formed by the ejector plunger, to
      a point beyond which the lower flexible member passes back into the roll
      processing section.
PAR  The pressing head of the sliding piston is preferably outside of the
      cylinder housing and in the winding cup at the end of its working stroke.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, there is shown diagrammatically, by way of example, an
      apparatus for the practice of the method of the invention. Referring to
      such drawings,
PAR  FIG. 1 is a front elevational view of the apparatus with the rolling
      station, the withdrawing band application station and the ejection
      station;
PAR  FIG. 2 shows a sectional elevation taken along lines II--II of FIG. 1;
PAR  FIG. 3 represents the withdrawing tape application station in a
      cross-sectional view taken along line III--III of FIG. 1, in the position
      of aspiration;
PAR  FIG. 4 represents the withdrawing tape application station of FIG. 3 in the
      pressing position, and
PAR  FIG. 5 is a perspective view of a finished roll with the free end of the
      withdrawing tape pressed against the end thereof.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  In the drawings there is shown an apparatus for applying the free end 6 of
      a withdrawing tape 8 joined to a batting strip 7 to one end 9 of a tampon
      roll 10 formed by rolling up the batting strip and serving as a
      semi-finished product for a tampon to be used especially in feminine
      hygiene. A rotatable, forked winding mandrel 11 shown in FIG. 2 is adapted
      for movement back and forth in the plane of movement of the fiber batting
      strip 7, transversely of the latter, the tines 12 and 13, of the fork of
      the mandrel straddling, in their working position, the batting strip of
      the longitudinal side thereof, which carries the free end 6 of the
      withdrawing tape 8. The winding mandrel has a bore 14 passing through it
      longitudinally and is connectable to a vacuum source 15 identified by an
      arrow. One fork slot 16 of the winding mandrel 11 is cut deeper into the
      wall of the hollow winding mandrel on a side facing in the direction of
      movement of the batting strip. In the direction away from the fork end,
      there is formed an aspiration aperture 17.
PAR  The winding mandrel is rotatably and axially displaceably mounted in bushed
      bearings 18 and 19 of a housing 20, the rear end of the winding mandrel
      opening into a tubular connection 21 on the housing to which a suction
      line 22 is connected.
PAR  To the winding mandrel there is keyed a pinion 23 which meshes with a gear
      24. The gear 24 is mounted on a shaft 25 of an intermittent drive 26 whose
      driving shaft 27 carries a V-belt pulley 28 outside of the housing, said
      pulley being connected by a V-belt 29 to another V-belt pulley 30 which is
      fastened on the shaft of a driving motor 31.
PAR  A cam 95 is also affixed to the driving shaft 27 and its groove 32 is
      engaged by the roller 33 on a two-armed lever 34 which is pivoted on a
      shaft 35. A roller 36 located on the opposite end of lever 34 movably
      engages a notch 37 in a yoke 38 which extends around both ends of the
      pinion 23 in close engagement therewith. The winding mandrel passes
      through the yoke with clearance so that it is freely rotatable in relation
      therewith. The yoke 38 is displaceably carried by a guide block 39 on a
      guiding rod 40 fastened parallel to the winding mandrel within the
      housing.
PAR  In the position shown in FIG. 2, the winding mandrel 11 is thus in the
      starting position for the winding operation, wherein it straddles the
      batting strip 7, the tines of the fork being located over or in the
      vicinity of the withdrawing tape which is slung about the batting strip
      and drawn into a loop, and the free end 6 of the withdrawing tape is
      sucked through the aspiration aperture 17 into the longitudinal bore 14.
      Thus slot 17 actually provides an orifice which joins the interior bore of
      the winding mandrel with the outside, whereby air can be aspirated
      throughout the winding mandrel and the withdrawal string can be brought
      therethrough. The batting strip is held in a horizontal outstretched
      position and can now be wound upon itself by the rotation of the winding
      mandrel, without any need for consideration of the presence of the
      withdrawing tape and its free end 6. The winding speed therefore is not
      dependent upon the behavior of the free end of the withdrawing tape.
PAR  In the winding operation the ends of the fiber batting strip 7 may be drawn
      into a winding cup 41 and there they can be applied to the roll, as will
      be described further on. Such a winding cup may be wholly or partially a
      component of a conveyor chain 42 by means of which the roll may be carried
      to the withdrawing tape application station shown in FIG. 3. In FIG. 3 the
      winding cup 41 assumes a momentary position coaxial to a cylinder housing
      43, the side 9 of roll 10 which carries the free end of the withdrawing
      tape being located on the side facing the withdrawing tape application
      station. The withdrawing tape application station consists of a cylinder
      housing 43 whose cylinder orifice 44 is coaxially opposite the roll. The
      approximately perpendicular margin of the orifice of the cylinder slants
      downwardly away from the roll towards the free end of the withdrawing
      tape, so that the free end 6, which at first is hanging down from the
      roll, can easily be sucked into the cylinder housing.
PAR  For this purpose the cylinder housing is provided at approximately the
      middle of its length with a connection 46 to which a line 47 is connected
      which leads to a vacuum source, which is not shown, as indicated by the
      arrow 48. In the cylinder housing 43 there is displaceably mounted a
      sliding piston 49 consisting of a pressing head 50 and a guiding and
      pressure-relieving head 51 which is connected therewith and spaced axially
      therefrom. The pressing head 50 is provided through bores 52 of relatively
      small diameter, while the pressure-relieving head 51 has passages 53 of
      greater diameter in comparison. The clear distance between the two heads
      50 and 51 corresponds approximately to the inside diameter of the
      connection 46. The connecting rod 54 of the sliding piston 49 passes
      through a cylinder head 55 and a housing wall 56 and its extremity is
      connected by a pin-and-slot joint 57 to a lever 58 which can pivot about a
      pivot point 59. On the lever 58 there is rotatably mounted a roller 60
      which follows a cam 62 rotatable about a shaft 61. A tension spring 63
      provides for constant application of the cam follower 60 to the cam.
PAR  On the side of winding cup 41 facing away from the cylinder housing 43
      there is provided a block 64 which is provided in the area of the orifice
      of winding cup 41 with a convex contact surface 65.
PAR  In the operating position shown in FIG. 3, the sliding piston 49 is in the
      final position of its back stroke in which the two piston heads 50 and 51
      are astride the orifice of the vacuum connection 46. The vacuum source is
      turned on, so that the free end 6 of the withdrawing tape 8 has been
      aspirated through the downwardly flaring interstice between the orifice of
      the cylinder housing and the winding cup 41 and against the face of piston
      head 50. The small bores 52 in piston head 50 provide not only for a
      certain throttling of the vacuum but also for a random arrangement of the
      free end of the tape against the face of the piston head.
PAR  In FIG. 4 is shown the final position of the working stroke of the sliding
      piston, in which the latter presses the free end 6 of the withdrawing tape
      in the described random arrangement against the end of the roll 10, piston
      head 50 entering into the winding cup 41 so that the roll 10 contacts at
      its other end the convex contact surface 65 and a secure adhesion of the
      free end of the withdrawing tape to the end of the roll is assured. This
      is achieved by the fact that, as a result of the random arrangement,
      numerous sections of the free end of the withdrawing tape lie against the
      tampon batting material of the roll, the fiber material of the free
      withdrawing tape intermeshing partially with that of the roll such that a
      secure adhesion of the end of the tape to the end of the roll after the
      pressing process is assured. The roll, which in FIG. 4 has been compressed
      axially, resumes approximately its original length after the return of
      piston head 50.
PAR  The rear edge 66 of piston head 50, in the instant in which the folded tape
      ends encounter the end 9 of roll 10, leaves the housing cylinder 43, so
      that air now passes from without through the larger bores 53 of the
      pressure relief head 51. The suction is therefore no longer acting on the
      face of the pressing piston head, and the aspiration of filaments or the
      raising of fuzz is prevented.
PAR  The random arrangement of the free end 6 of the withdrawing tape is
      represented more clearly in FIG. 5, in which it extends over the entire
      end surface 9 of the roll 10, which is now ready for pressing and which
      upon the next advancing step of chain 42 will move in the roll cup 41 to a
      station where it will be transferred to another chain system and will then
      move on to a pressing station as will now be described.
PAR  In FIG. 1 there is represented an apparatus in which the above-described
      winding station is at A, the withdrawing tape application station is at B,
      and a transfer station leading to a tampon press is indicated at C. This
      system, with which extraordinarily high operating speeds may be achieved,
      consists of the lower conveyor chain 42 shown in FIGS. 3 and 4 and also of
      an additional endless upper conveyor chain 67, these chains being driven
      step-wise in synchronism in a common perpendicular plane of rotation, one
      clockwise and the other counterclockwise as indicated. In the position
      represented in FIG. 1, in which the roll 10 is located in the application
      station B with the conveyor chains stopped and the winding mandrel 11 is
      just beginning the winding process, the interacting sections of the two
      conveyor chains 42 and 67 have attached to them, from left to right in the
      figure, the cooperating tension jaws 68-69, and three successive pairs of
      gripping jaws 60-71, 72-73 and 74-75. The last pair is adjoined by a
      winding cup 41 on chain 42 with a wiping arm 76 disposd above it on chain
      67. Winding cup 41 is then followed by another pair of tension jaws 68-69.
PAR  The associated tension jaws 68-69 are offset from one another such that the
      bearing strip 7 is slightly kinked when these jaws are in the engaged
      position, as shown at 77 in the right pair of tension jaws. These tension
      jaws are provided on both sides with raised margins serving for the
      precise guidance of the batting strip. On the other hand, the gripping jaw
      pair 70-71 consists of elements whose engaging surfaces are opposite one
      another and are provided with teeth or grooves to improve their gripping
      action. The gripping jaws of the next two pairs are each provided with a
      roller 78, these rollers running onto cam rails 79-80 in the area where
      the section of batting is severed, so that in this area of the apparatus
      the jaws of these two pairs will be forced tighter together so as to grip
      the batting strip more tightly. The upper cam rail 79 is supported
      yieldingly, by means of a spring which is not shown, on a beam which is
      fastened to a wall of the structure. In like manner the lower cam rail is
      supported on a beam fastened to a wall of the housing.
PAR  A severing bail 81 is additionally pivoted on gripping jaw 75, and its
      relatively blunt arm extends over the width of the batting strip 7. On
      this severing bail there is provided a slanting surface 82 which during
      the forward movement of the conveyor chains runs up upon a roller 83
      mounted on the lower cam rail 80. In this manner the severing bail is
      swung transversely of the batting strip to the position indicated by the
      broken lines, in which the adjacent pairs of gripping jaws are forced
      together by the cam rails. In this manner the fibers of the batting strip
      are pulled apart and substantially separated by means of the severing
      bail. In the position represented in FIG. 1, this procedure has just been
      completed, so that the rollers 78 of the pair of gripping jaws 74-75 have
      already been released again by the cam rails, so that the winding mandrel
      can easily pull the piece of batting out of this pair of gripping jaws.
PAR  With the conveyor chains stopped, the winding mandrel is pushed forward by
      the control cam 95 (FIG. 2) substantially concentrically with the
      approximately semicircular winding cup 41, and with its upper and lower
      fork tines straddles the batting strip. Thereupon the intermittent drive
      26 starts the rotatory movement of the winding mandrel, so that the
      severed section of batting is wound up approximately from its center. The
      winding cup 41 cooperates with a wiping arm 76 on the upper chain 67,
      which extends over the width of the batting strip and applies itself with
      adjustable spring force against the batting material so that the desired
      outside diameter of the roll is achieved. The pair of tension jaws 68-69
      which is disposed after the winding cup 41 serves in this operating
      position mainly for the purpose of kinking the batting strip to exercise a
      certain tension on the one end of the severed section of batting so as to
      counteract the tension resulting from the complete parting of the
      substantially separated fibers at the point of severance.
PAR  After completion of the winding process and the withdrawal of the winding
      mandrel 11, the roll 10 at first continues to be held in the winding cup
      41 by the wiping arm 76 during the following transporting movement of the
      conveyor chain passing around the sprockets 87 and 88. As the circulatory
      movement of the conveyor chains continues, the wiping arm is lifted so
      that the roll would lie free in the winding cup 41 and would fall out as
      it passed around the drive sprocket 86. To prevent this a curved lever 89
      is articulated to the winding cup and is pivoted by means of a cam
      follower 90 running on a cam 91 in such a manner that the free end of the
      lever, which is bent to fit the roll diameter, combines with the winding
      cup 41 to form a more or less closed transport chamber for the roll, as
      illustrated at the withdrawing tape application station B.
PAR  The distance between the winding cups and between the pairs of tension jaws
      corresponds to the length of the section of batting which is to be
      severed, and the distance between the sprockets of the conveyor chains is
      of the same order of magnitude. This brings it about that, when a wound
      roll is put out, another section of batting will already be located in the
      winding system, thereby eliminating waste motion. In like manner, there
      are on the conveyor chains a total of four sets of the elements mounted on
      the links of the chains.
PAR  The cylinder housing 43 of the withdrawing tape application station shown
      in FIG. 3 is thus coaxial with the winding cup 41 in the area of the lower
      section of conveyor chain 42 and of cam 91 whose cam surface extends
      approximately over the entire area in which the lower conveyor chain 42
      moves from its roll processing section to its bottom section, as well as
      along the bottom section beyond a roll transfer station C formed by an
      ejector plunger, which is not shown, to a point beyond which the lower
      conveyor chain passes around sprocket 88 to re-enter the roll processing
      section.
PAR  It is thus apparent that, by means of the described apparatus, the free end
      6 of the withdrawing tape can be brought into a position extending away
      from the batting strip 7 by means of the hollow winding mandrel prior to
      the winding of said batting strip, before the free end of the withdrawing
      tape, after another advancing step of the conveyor chains 42 and 67, is
      pressed in a random state against the end 9 of the roll 10 so as to adhere
      thereto at the withdrawing tape application station
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of applying the free end of a withdrawing tape to one end of
      a tampon batting roll, said withdrawing tape having its other end joined
      to said batting roll, the improvement which comprises:
PA1  aligning said batting roll with a withdrawing tape application station,
      said station including a cylinder coaxially aligned with said batting
      roll, said cylinder having a coaxially disposed piston therein, said
      piston having a plurality of apertures therethrough and asperating means
      for drawing air from the batting roll end of said cylinder through said
      apertures;
PA1  asperating said withdrawing tape into said cylinder and against said
      apertures of said piston in a random pattern by activating said asperating
      means; and
PA1  advancing said piston against said end of said batting roll to dispose said
      withdrawing tape thereon in a random pattern.
NUM  2.
PAR  2. The improvement according to claim 1, wherein said withdrawing tape is
      disposed on said end of said batting roll by pressing said piston against
      said end to slightly intermesh the fibers of said withdrawing tape with
      those of said roll.
NUM  3.
PAR  3. In a method of applying the free end of a withdrawing tape joined to a
      batting strip to one end of a tampon batting roll formed by rolling up the
      batting strip, the improvement which comprises:
PA1  extending said withdrawing tape away from said batting strip and
      thereafter, winding said batting strip while maintaining said withdrawing
      tape away from said batting strip;
PA1  aligning said batting roll with a withdrawing tape application station,
      said station including a cylinder coaxially aligned with said batting
      roll, said cylinder having a coaxially disposed piston therein, said
      piston having a plurality of apertures therethrough and asperating means
      for drawing air from the batting roll end of said cylinder through said
      apertures;
PA1  asperating said withdrawing tape into said cylinder and against said
      apertures of said piston in a random pattern by activating said asperating
      means; and
PA1  advancing said piston against said end of said batting roll to dispose said
      withdrawing tape thereon in a random pattern.
NUM  4.
PAR  4. An improvement according to claim 3 wherein said withdrawing tape is
      positioned away from the batting strip by asperating the same from the
      strip.
NUM  5.
PAR  5. An improvement according to claim 3 wherein the withdrawing tape is
      maintained in a position coaxial to the roll axis of the batt before the
      batting strip is rolled.
NUM  6.
PAR  6. The improvement according to claim 3 wherein said withdrawing tape is
      disposed on said end of said batting roll by pressing said piston against
      said end to slightly intermesh the fibers of said withdrawing tape with
      those of said roll.
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ABST
PAL  A device for removing and collecting together a fiber web emerging from a
      card or the like comprises power driven transport means placed immediately
      downstream in the direction of travel of the web from the delivery device,
      and constituting a transport surface crossing the plane of the fiber web
      and adapted to produce a transport movement of the fiber web material
      emerging from the delivery device across the width of the web toward the
      center forming a sliver.
PARN
PAR  This is a division of application Ser. No. 363,181 filed May 22, 1973,
      entitled DEVICES FOR HANDLING UNSPUN FIBERS now abandoned, which was a
      continuation of application of Ser. No. 240,836, filed Apr. 3, 1972, for
      DEVICES FOR HANDLING UNSPUN FIBERS, now abandoned, which was a
      continuation of application Ser. No. 017,497, filed Mar. 9, 1970, now
      abandoned.
BSUM
PAR  The prior art includes U.S. Letters Patent No. 267,513 which describes a
      means for feeding wool from one card to another wherein the fleece passes
      from a doffer over a roll, falling onto two horizontal belts,
      theoretically forming a batt therebetween for lapping upon the feed
      mechanism of another card. U.S. Letters Patent No. 3,481,004 illustrates
      the use of a re-directing roll to deposit a web on a single horizontal
      belt. However, the web in such an arrangement would tend to lap up on the
      upper delivery roll, and would not be evenly distributed on the belt
      producing loose fibers at the open end of nip unfit for delivery to a
      sliver can. U.S. Letters Patent No. 3,345,700 illustrates a single narrow
      V-belt arrangement moving within the nip of the delivery rolls forming a
      restrained cavity for pulling away fibers from the leading edge of the
      web.
PAR  The present invention, however, contemplates gathering the web delivered
      from a pair of superposed delivery rollers from both edges and drawing it
      through a sliver discharge passage formed between pulley rollers carrying
      oppositely moving belts prior to drawing the silver through a trumpet
      preparatory to depositing the sliver in a can. No prior patent utilizes a
      belt surface extending entirely across the delivery side of the nip in a
      plane tangential to both delivery rollers so that the belt is outside the
      nip for transporting and guiding the web in a substantially tension free
      state. Therefore, there is no uncontrolled web path subjected to air
      resistance and friction permitting higher production speeds with minimized
      sliver variations.
PAR  The present invention relates to the handling of unspun fibers, and more
      particularly to apparatus for removing and collecting a fiber web leaving
      the delivery means of a card, delivering such a web to form a sliver.
PAR  In the production of yarn from staple fibers it is necessary to convert the
      fibers which have been condensed into web into a fiber sliver for further
      processing. Such a conversion of a fiber web with a considerable breadth
      into a narrow fiber sliver can be carried out on a flat or roller card in
      such a manner that the fiber web emerging from the card is collected by
      means of a sliver-receiving funnel to a sliver and supplied via calender
      rollers to a sliver-storing device.
PAR  The substantial increase which has taken place in the output of such
      machines makes it necessary to collect together the fiber web emerging at
      a high speed from the machine, at the same high speed. The greater the
      speed of the material, the greater is the tensioning draft which is
      necessary for such a rapid transport and such a great tensioning draft is
      extremely disadvantageous as regards sliver quality. The web tends to
      build up in front of the sliver funnel and to tear at the edges. Such
      drafts due to transport result from complete lack of control of the fiber
      between the delivery roller nips and the sliver forming device. If the
      tensioning draft necessary for a particular transport speed exceeds a
      limit value, the web which is to be made into a sliver breaks so that
      there are variations in the sliver count and breakages in it. Something
      which is a particularly noticeable feature observed in the case of a card
      web, irrespective of whether the collection together occurs directly after
      the doffer knife or a roller draw-off device, or, alternatively, only
      after running through a pair of crushing rollers or two web-guiding
      rollers. A certain transport speed cannot be exceeded even if the machine
      is in a position to provide a higher speed of production.
PAR  In order to facilitate transport and collection together of the web,
      various additional forms of apparatus have heretofore been proposed. In
      accordance with these proposals the guiding of the web is promoted by an
      air current (German patent specification No. 428,236) or by transport
      belts which run in the direction of the web (see French patent
      specification No. 862,993) or also perpendicularly to it (German patent
      specification No. 81,849). There has also been a proposal to use web guide
      plates (German patent specification No. 704,482) or rollers which
      laterally guide the web and press it together to provide for a
      satisfactory collection and transport of the fiber web even at high speeds
      U.S. Pat. No. 2,326,331 and U.S. Pat. No. 2,497,647. All these known
      devices, however, have not been able to provide a satisfactory solution to
      the problem of troublefree transport and simultaneous collection together
      of a fiber web at high speeds.
PAR  One object of the present invention is to provide a device or apparatus
      which is capable of receiving a broad fiber web emerging from a high
      output machine through a delivery device at high speed and collecting the
      web together to form a sliver.
PAR  The present invention consists in a device for removing and collecting
      together a fiber web emerging from a delivery device, comprising power
      driven transport means placed immediately downstream in the direction of
      travel of the web from the delivery device, and constituting a transport
      surface crossing the plane of the fiber web and adapted to produce a
      transport movement of the fiber web material emerging from the delivery
      device across the width of the web.
PAR  With such an arrangement the fiber web material is guided positively both
      in the transport direction and also in the direction of collection
      together so that there are no limits as regards speed from the transport
      aspect. Preferably the transport surface formed by the transport means
      touches the delivery roller pair of the delivery device so that the pair
      of output rollers are kept clean and the winding of stray fibers on them
      is avoided. This effect can be reinforced by arranging for the transport
      surface to touch the output pair of rollers of the delivery device over
      their entire length. In order to ensure a trouble-free removal also of
      fiber materials of only moderate quality, the transport surface can be
      arranged to touch the output pair of rollers of the delivery device over
      areas as opposed to lines. The collection together of the fiber web can be
      promoted if that part of the transport surface which forms one side of the
      triangular space between the pair of output rollers of the delivery device
      is concavely curved. The delivery device can, for example, be in the form
      of a pair of crushing delivery rollers, such as used on the cards for the
      cleaning of a fiber web.
PAR  In order to avoid sliding in a vertical direction, the transport belt can
      have guide grooves on its interior surface. In order to support the
      cleaning effect, the transport belt can be pressed by means of resiliently
      mounted support plates or rollers against the pair of delivery rollers.
PAR  In the case of large web width it is also possible to provide two or more
      transport belts. In this case the fiber web is collected together by at
      least two transport belts of substantially equal length traveling in
      opposing directions. Conveniently the transport means can include a
      conventional cleaning device. In order to avoid dirt, the drive and
      bearing arrangement of the transport means are preferably arranged above
      the plane of the fiber web.
DRWD
PAR  Further details of the invention will be gathered from the accompanying
      drawings.
PAR  FIG. 1 is an elevation of a device in accordance with the present invention
      in connection with crushing delivery rollers at the output side of a card
      shown diagrammatically from the side,
PAR  FIG. 2 is an elevation of a device in accordance with the invention in
      combination with a pair of draw-off rollers directly behind the web
      removal part of a card,
PAR  FIGS. 3 to 6 are plans of various embodiments of the device in accordance
      with the invention,
PAR  FIG. 7 is an elevation of further embodiments of devices in accordance with
      the invention,
PAR  FIG. 8 is a section through a modified part of the device of FIG. 7, and
PAR  FIG. 9 is a plan of a modification of the invention similar to the device
      shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to FIG. 1, it will be
      seen that a doffing knife 2 and two draw-off delivery rollers 3 having
      their axes horizontal remove a carded web V from the doffing roller 1
      after the web has been carded on a card 11 (FIG. 2). Normally, this carded
      web is collected together either directly by sliver-receiving means such
      as a web funnel trumpet 6 arranged ahead of the calender rollers 7 to form
      a sliver B and deposited by the can coiler 8 in a can 9, shown in FIG. 1,
      or the web is passed beforehand through a pair of crushing rollers 4. In
      the latter case the pair of crushing rollers 4 forms a delivery device for
      the horizontal web V. This pair of crushing delivery rollers 4 is followed
      directly by a power-drive transport device 5, which forms an upright
      transport surface crossing the plane of the horizontal fiber web and
      engaged by the fiber web to collect the fiber into a sliver. The fiber web
      V emerging from the pair of crushing delivery rollers runs against this
      transport surface and is immediately collected by the transport device 5,
      the web V being given a transport movement across the width of the web V.
      In this manner immediately after emergence from the pair of draw-off
      crushing delivery rollers, the web V is gathered together and is carried
      away as a sliver B, as shown, for example in FIG. 3. This procedure is
      completely positive since there is no free uncontrolled web path in which
      the web V is left unsupported and would have to be tensioned in order to
      overcome friction and/or air resistance.
PAR  FIG. 3 shows a transport device 5 in which the carded horizontal web V is
      drawn together at high speed by two transport belts 54 of substantially
      equal length to the middle where it is drawn off at high speed as sliver B
      through a sliverdischarge passage formed between the end pulley rollers 52
      of the adjacent ends of the two belts 54. As a delivery device use is made
      in this construction of a pair of draw-off delivery rollers or web-guiding
      rollers 3, which in accordance with FIG. 2 are arranged immediately
      downstream from the doffing knife. One of these rollers is superposed over
      the other as shown in FIG. 2. The transport belts 54 touch the pair of
      delivery rollers 3 over their entire length against which rollers the
      transport belts are pressed respectively by support plates 56 which are
      loaded by springs 55 as shown in FIG. 3. Owing to this contact the
      draw-off delivery rollers 3 are continuously cleaned and the winding of
      fibers on them is prevented. The web V runs into a triangular space formed
      by the rollers 3 and the transport belts 54, and in this space it is
      positively formed into a sliver by the high speed opposing movement of the
      two transport belts 54 and is removed through the discharge passage formed
      between the rollers at the adjacent ends of the belts 54. The sliver
      passes in a straight line to the funnel 6 immediately ahead of the
      calender rollers 7. The sliver-receiving funnel 6 or other device such as
      rollers 7 or opening in can cover is located substantially equidistantly
      from the axes of the two adjacent transport section end rollers 52, and
      the sliver B is discharged through the passage between such rollers along
      a course substantially perpendicularly to the plane in which the axes of
      such transport section end rolls are disposed, as shown in FIGS. 3, 4, 5,
      6 and 10. In order to avoid fibers becoming deposited on the moving parts
      of the apparatus, which might lead to a splitting of the band, the
      transport belts 54 are provided with a cleaning device in the form of two
      scrapers 10.
PAR  This removal device can be arranged in many different manners to suit
      particular requirements. In this respect it is immaterial what type of
      web-removing or doffing arrangement is provided on the card. It is
      possible to make use of devices using rollers with card clothing, doffing
      knives, smooth rollers and other arrangements. For a delivery device use
      is best made of a pair of delivery rollers which can be arranged to
      perform other functions besides the transport, such as drawing or
      crushing. The delivery device can make use of lattice aprons or belts
      between which the web is guided.
PAR  A satisfactory removal of the fiber web is achieved with a takeoff or
      doffing device in which the transport surface touches the last pair of
      rollers of the delivery device over a certain area. With such an
      arrangement it is also possible to remove fiber material which has a high
      dirt content or is inclined to stick, since fibers which have adhered to
      the last pair of delivery rollers are reliably stripped off the rollers by
      the transport surface and can therefore not leave the sliver. Generally,
      the transport surface is perpendicular to the plane of the fiber web
      though it can, however, also be arranged to intersect at an angle other
      than 90.degree. (see FIG. 7). As has already been described the transport
      surface is constituted by transport belts. The last delivery roller pair
      can be a roller pair having any desired function, for example, a
      webguiding pair of rollers or a pair of crushing rollers.
PAR  In accordance with FIG. 7 the last pair of rollers is in the form of a pair
      of crushing rollers 4 whose surfaces are perferably smooth in order to
      prevent damage to the fibers during crushing. The pair of crushing rollers
      4 are supplied with a fiber web V from the doffing roller 1 of a card by a
      detaching roller 21 adjacent to the pair of crushing delivery rollers 4.
      The removal of the fiber web V from the pair of crushing rollers 4 is
      ensured by means of a transport surface in the form of a transport belt
      510 whose edges have concave chamfered portions 511, 512. These chamfered
      portions, which are adapted to match the diameter of the crushing rollers
      4, ensure that the transport belt 510 lies against the crushing rollers
      and touches them or substantially touches them over a substantial arcuate
      extent and over the entire length of the rollers as shown in FIG. 7
      forming a large area.
PAR  A further concave portion 513 extends over a part of the transport belt
      510, which closes the space of approximately triangular cross section
      between the crushing delivery rollers 4 and the transport surface. This
      concave portion aids in collecting the fiber web to form a rounded sliver.
      As a transport surface which ensures that there is contact or substantial
      contact with the last pair of delivery rollers over a large area, it is
      also possible to make use of a transport belt 510' (see FIG. 8) which only
      has concave chamfered portions 511 and 512 at its edges.
PAR  In order to prevent slipping of the transport belt 510, 510' vertically,
      guide grooves 514 are provided internally in the belt which are engaged by
      ridges of suitable shape on the rollers 52. The bevel gearing drive
      arrangement 515 for the transport belt 510 is preferably arranged above
      the plane of the fiber web V, as shown in FIG. 9. In this manner dust
      particles and other foreign bodies contained in the fiber material can
      fall out downwards without dirtying parts of the machine.
PAR  In the case of large fiber web breadths, it is also possible to divide up
      the transport device 5 so that the fiber web V is collected together in
      slivers B1 and B2 by two transport belts 54 running in opposite directions
      (FIG. 4), though it is also possible to collect the fiber web V in a
      single sliver B (see FIG. 3). In order to guide the sliver positively as
      far as the calender rollers 7, the transport belts 57 and 58 at the
      adjacent ends of the transport belt sections can be placed so that they
      form a sliver discharge passage extending to a location adjacent to the
      calender rollers 7 of sliver-receiving means and thus run parallel along
      this path as shown in FIGS. 5 and 6. In accordance with the thickness of
      the carded web and the conditions of removal, it is also possible to
      provide guide rollers 59 at the end of the belts as shown in FIG. 6, the
      distance from the delivery device possibly being made so that it can be
      changed in order to alter the inlet space for the carded web V in
      accordance with particularly requirements. A modification of the distance
      of the guide rollers 59 from the delivery device results in the transport
      belts 58 touching the delivery device, which is not visible since it is
      arranged below the doffing knife 2, only over part of the length of the
      rollers. Also removal of the carded web V can be brought about without the
      transport surface being in actual contact with the delivery device. This
      ensures that the transport surface is not worn by friction on the delivery
      device. Cleaning of the delivery device by the transport surface does not
      occur in this case. The distance between the transport surface and the
      delivery device should, however, not be greater than the staple length of
      the fibers to be doffed.
PAR  The above-described invention is intended to overcome the problem of
      transport and simultaneous collecting together of broad fiber webs or
      bands in a simple manner and at maximum delivery speeds. There is no
      necessity for high drafts for tensioning the material, as has been more
      particularly necessary for the removal of a web from crushing rollers, so
      that the sliver quality is improved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a carding machine having a pair of driven transverse superposed
      delivery rollers for receiving a web of carded fibers, in open width in a
      receiving side of a nip formed between the rollers in alignment with the
      path of web delivery, for delivery from a delivery side of said nip toward
      sliver take up means, the improvement comprising a web controlling and
      sliver forming apparatus carried between said delivery rollers and said
      sliver take up means including:
PA1  A. a pair of transverse belts aligned in spaced end to end relation
      extending substantailly entirely across said web in open width;
PA1  B. each of said belts being carried on substantially vertical axes
      presenting a surface extending entirely across the delivery side of said
      nip tangential to both rollers so that both belts are outside the nip;
PA1  C. means for supporting and driving each of said belts in opposite
      directions gathering said web inwardly from each edge and transporting and
      guiding the web to a medial portion thereof in a substantially tension
      free state;
PA1  D. said means for supporting and driving each of said belts including a
      pair of spaced aligned driven pulley rollers receiving said belts;
PA1  E. a sliver discharge passage formed between adjacent pulley rollers of
      each pair of pulley rollers by adjacent ends of said belts through which
      said gathered web is drawn as a sliver by said sliver take up means;
PA1  F. said sliver take up means including a trumpet and calender rolls
      positioned in alignment with said delivery rollers and said belts so that
      a path of said web extending to said delivery rollers and a path of said
      sliver being drawn through said sliver discharge passage are substantially
      in the same plane and substantially in the same direction;
PA1  G. pressing support means for maintaining said transverse belts in surface
      contact with said delivery rollers along substantially their entire length
      for avoiding buildup of fibers on said delivery rollers; and
PA1  H. means for maintaining said belts in longitudinal alignment on said
      driven pulley rollers;
PA1  whereby the web is under positive control during the sliver forming
      operation permitting high speed carding.
NUM  2.
PAR  2. The structure as set forth in claim 1 wherein said means for maintaining
      said belts in longitudinal alignment includes vertically spaced guide
      grooves in said pulley rollers, and wherein said pressing support means
      includes resilient means.
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ABST
PAL  A stringer for a slide fastener has a continuous filamentary coupling
      element attached to an edge of a tape with a pair of spaced elongated
      members, such as textile cords, interposed between and secured to leg
      portions of each section of the coupling element. The spaced pair of
      elongated members provide stability to the continuous coupling element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to slide fasteners and particularly to slide
      fasteners having coupling elements formed from continuous filamentary
      materials secured to the adjoining edges of an opening for opening and
      closing the opening.
PAR  2. Description of the Prior Art
PAR  Prior art slide fasteners, such as illustrated in U.S. Pat. Nos. 1,581,751,
      3,283,379, 3,290,747, 3,359,604, 3,665,561, 3,750,260, 3,783,476, and
      3,789,465, employ coupling elements formed from continuous filaments with
      leg portions of the coupling elements secured by stitching threads to
      adjacent edges of respective carrier tapes; such slide fasteners depend
      upon the carrier tapes to provide longitudinal and transverse dimensional
      stability to the filamentary coupling element. Thus, these prior art slide
      fasteners employed relatively heavy or strong and dimensionally stable
      tapes for supporting the filamentary interlocking elements. In certain
      types of garments, such as those formed from relatively sheer materials,
      knitted materials, or the like, the relatively heavy tapes or prior art
      slide fastener degrade the appearance of the garments or their
      flexibility. Some of the prior art slide fasteners employed filler cords
      or elongated members extending between leg portions longitudinally in the
      filamentary coupling elements to aid in the attachment of the coupling
      elements by stitched or woven threads to the edges of the tapes; such
      slide fasteners still depending primarily upon the strength and rigidity
      of the carrier tape for longitudinal and transverse dimensional stability
      of the slide fastener stringers.
PAR  Great Britain Patent Specification No. 1,305,790 discloses a meander shape
      stringer having alternate short and long loops with a strip welded between
      the legs of the longer loops and the interconnecting curves of the shorter
      loops, the welded arrangement ensuring spacing between coupling element;
      coupling elements having their leg portions all welded together are
      generally deficient in flexibility, ease of operation, reliability,
      economy of manufacture, or the like.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is summarized in that a stringer for a slide fastener
      includes a tape-like attachment portion; a coupling element disposed along
      one edge of the attachment portion and being formed from a continuous
      filament into successive coupling sections; each section having a head
      portion, a pair of elongated leg portions extending from opposite sides of
      the head portion, and a connecting portion interconnecting to a leg
      portion of an adjoining section; thread means securing each section to the
      attachment portion; a pair of elongated members spaced apart in a plane
      parallel the attachment portion and extending throughout the length of the
      coupling element between and transverse the pair of leg portions of each
      section for maintaining the pair of leg portions of each section in spaced
      relationship; at least one of the pair of leg portions of each section
      being secured to the pair of elongated members for restraining
      longitudinal and transverse movement of the pair of leg portions relative
      to the pair of elongated members; and the pair of elongated members being
      dimensionally stable in their longitudinal dimensions whereby the leg
      portions of the coupling element and the elongated members form a
      dimensionally stable mesh.
PAR  An object of the invention is to construct a stringer for a slide fastener
      having continuous filamentary coupling elements which do not require
      dimensionally stable support tapes.
PAR  Another object of the invention is to eliminate the necessity of the
      supporting or tape portions of the slide fasteners meeting the functional
      requirements of longitudinal strength, coil stabilization, slider guidance
      and the like.
PAR  Still another object of the invention is to provide a continuous
      filamentary coupling element with leg portions secured to spaced internal
      elongated members to produce a mesh having stable dimensions.
PAR  It is also an object of the invention to construct a fastener employing
      interlocking continuous filamentary coupling elements wherein spaced pairs
      of elongated members within the coupling elements impart longitudinal and
      transverse strength to the coupling elements to enhance crosswise strength
      while improving flexibility of the fasteners.
PAR  One feature of the present invention is that one of a pair of superimposed
      leg portions of a continuous filamentary coupling element is provided with
      a pair of teeth, grooves, or the like, which grip or mechanically
      interlock with a pair of elongated members having resilient cross sections
      interposed between the leg portions.
PAR  An advantage of the invention is than a pair of spaced and interposed
      longitudinal members in a filamentary coupling element forms an integral
      part thereof directly transferring longitudinal and transverse forces from
      head to head in the coupling element to insure consistent operation under
      high loading levels.
PAR  A further advantage of the invention is that a pair of interposed resilient
      members control the translation of forces between superimposed legs of a
      filamentary coupling element to provide improved operation under high
      stress loading.
PAR  Other objects, features and advantages of the invention will be apparent
      from the following description when taken in conjunction with the
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a slide fastener in accordance with the invention.
PAR  FIG. 2 is a bottom detail view of a portion of a chain of the slide
      fastener of FIG. 1.
PAR  FIG. 3 is a cross section view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a cross section view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a view similar to FIG. 3 of a modified slide fastener in
      accordance with the invention.
PAR  FIG. 6 is a cross section view of an elongated member and a pair of leg
      portions of a coupling element in a second variation of the slide fastener
      in accordance with the invention.
PAR  FIG. 7 is a cross section view taken along line 7--7 of FIG. 6.
PAR  FIG. 8 is a cross section view of an elongated member and a pair of leg
      portions in a third variation of the slide fastener in accordance with the
      invention.
PAR  FIG. 9 is a cross section view taken along line 9--9 of FIG. 8.
PAR  FIG. 10 is a cross section view of an elongated member and a pair of leg
      portions in a fourth variation of the slide fastener in accordance with
      the invention.
PAR  FIG. 11 is a cross section view taken along line 11--11 of FIG. 10.
PAR  FIG. 12 is a cross section view of an elongated member and a pair of leg
      portions in a fifth variation of the slide fastener in accordance with the
      invention.
PAR  FIG. 13 is a cross section view taken along line 13--13 of FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the present invention is embodied in a slide
      fastener including a slider 20 mounted for sliding movement along coupling
      elements indicated generally at 22 and 24 disposed along adjacent edges of
      respective attachment portions or planarly disposed tapes 26 and 28. The
      element 22 and the tape 26 form a left stringer while the element 24 and
      the tape 28 form a right stringer. The coupling elements 22 and 24 are
      capable of closing and opening with each other in response to movement of
      the slider 20.
PAR  As shown in FIG. 2, each of the coupling elements 22 and 24 is formed from
      a continuous filament, such as a polyester or nylon monofilament, into
      successive coupling sections each of which include a head portion 30, an
      upper leg portion 32, a lower leg portion 34, and a connecting or heel
      portion 36 interconnecting leg portions of adjoining sections. The leg
      portions 32 and 34 of each section extend from respective upper and lower
      ends of the head portion 30 and are superimposed such that they extend
      parallel in a respective plane perpendicular to the adjoining edges of the
      tapes 26 and 28. As illustrated in FIGS. 2 and 3, the leg portions 32 and
      34 of each coupling element 22 and 24 extend over one side of the
      respective tapes 26 and 28 contiguous the adjacent edges of the tapes 26
      and 28 and are secured to the tapes by threads such as needle threads 38
      and 40 and looper threads 42 and 44.
PAR  The coupling elements 22 and 24 may be a coil or ladder type such as the
      round coil ladder type shown in FIGS. 1, 2 and 3. In the round coil ladder
      type, the connecting portions 36 connect the upper leg portion 32 of each
      section to the lower leg portion 34 of a respective contiguous section to
      form a continuous coil or spiral through out the length of the elements 22
      and 24.
PAR  As shown in FIGS. 2, 3, and 4, a pair of elongated members 80 and 82 having
      generally round cross sections extend between the leg portions 32 and 34
      longitudinally in each of the coupling elements 22 and 24 parallel to the
      tapes 26 and 28. The elongated member 82 is positioned next to the heel
      portions 36 while the elongated member 80 is spaced from the elongated
      member 82 generally midway between ends of the leg portions 32 and 34. The
      elongated members 80 and 82 are formed from a material, such as a textile
      material, which is flexible and substantially more resilient or deformable
      in cross section than the filamentary material in the coupling elements 22
      and 24. The elongated members are further selected to have a predetermined
      longitudinal dimensional stability or elasticity.
PAR  The leg portions 32 and 34 are secured, such as by interlocking, bonding,
      or the like, to the elongated members 80 and 92 to form a dimensionally
      stable mesh. The leg portion 32 of each section has detents or grooves 84
      and 86 and teeth or projections 88 and 90 and the leg portion 34 has
      similar detents or grooves 92 and 94 and teeth or projections 96 and 98.
      The grooves 84, 86, 92 and 94 and the teeth 88, 90, 96 and 98 are formed
      by upset grooving facing surfaces of the leg portions 32 and 34. The
      grooves 84, 86, 92 and 94 are formed perpendicular to the longitudinal
      dimensions of the leg portions 32 and 34 with the grooves 84 and 92
      aligned on opposite sides of the elongated members 80 and with the grooves
      86 and 94 aligned on opposite sides of the elongated members 82. The leg
      portions 32 and 34 are biased toward each other such that the elongated
      members 80 and 92 are engaged and distorted and are resiliently deformed
      so that the portions of the elongated members engaged by the leg portions
      32 and 34 are conformed to the topography of the surface portions in and
      around the respective grooves 84, 86, 92 and 94. The teeth 88, 90, 96 and
      98 displace portions of the resilient members 80 and 92 to interlock
      therewith. The grooves 84 and 93 have V-shaped cross sections which have
      an area substantially less than the cross sectional area of the elongated
      resilient members 80 and the grooves 86 and 94 have V-shaped cross
      sections which have an area substantially less than the cross sectional
      area of the elongated resilient members 82 such that the members 80 and 92
      are distorted inward by the walls of the grooves 84, 86, 92 and 94 to form
      abutment portions 62 engaging and interlocking with the sides of the leg
      portions 32 and 34 at the ends of the grooves 84, 86, 92 and 94. The
      grooves 84, 86, 92 and 94 and the teeth 88, 90, 96 and 98 have relatively,
      sharp edges for gripping or biting into the elongated member 50. Planar
      surfaces forming sides of the grooves 84, 86, 92 and 94 and sides of the
      teeth 88, 90, 96 and 98 engage substantial surface portions of the
      respective members 80 and 92 to form a wall tending to prevent movement of
      the elongated members 80 and 92 in a direction longitudinal of the leg
      portions 32 and 34.
PAR  In addition to the interlocking structure of the leg portions 32 and 34 and
      the elongated members 80 and 82, the elongated members 80 and 82 may be
      bonded such as by welding, by an adhesive, or the like, to the leg
      portions 32 and 34; the interlocking structure of the leg portions 32 and
      34 with the elongated members 80 and 82 greatly improving the strength of
      such bonds.
PAR  In operation of the slide fastener of FIG. 1, the slider 20 bends the
      coupling elements 22 and 24 in the plane of the tapes 26 and 28 to open
      the spacing between the head portions 30 at the bends to allow
      interengagement or disengagement of the head portions 36 of the coupling
      elements 22 and 24 to close or open the slide fastener by movement of the
      slider 20.
PAR  The mesh formed by the elongated members 80 and 82 and the leg portions 32
      and 34 maintains the coupling elements 22 and 24 generally straight and
      controls head to head skew without degrading the flexibility of the
      coupling elements 22 and 24. The location of the members 80 and 82 within
      the coupling elements 22 and 24 produces greatly improved flexibility of
      the slide fastener since tapes having stiffness or resistance to
      transverse bending can be eliminated or replaced by more flexible tapes.
      Further, elimination of the necessity of strong tapes can reduce curvature
      of the fasteners due to torque of the tapes on the coupling elements.
PAR  The elongated members 80 and 82 having deformed portions interlocking with
      the grooves 84, 86, 92 and 94 and the teeth 88, 90, 96 and 98 on the leg
      portions 32 and 34 maintain the longitudinal spacing between the leg
      portions of adjacent sections. The resilience of the elongated members 80
      and 92 allows controlled pivotal, transverse and longitudinal elastic
      movement of the leg portions 32 and 34 relative to the elongated members
      80 and 82 and each other where the coupling elements 22 and 24 are bent by
      the slider 20; this insures easy and reliable operation.
PAR  Longitudinal and transverse forces applied to the head portions 30 by
      crosswise stress on the slide fasteners is distributed and transfered by
      the elongated members 80 and 82 both between the leg portions 32 and 34 of
      each section and between the leg portions of adjoining sections; such
      distribution increasing the crosswise strength of the slide fastener.
PAR  The elongated members 80 and 82 provide the function normally associated
      with the carrier tapes of prior art slide fasteners. Thus, the necessity
      of carrier tapes providing longitudinal and transverse dimensional
      stability to the slide fastener is eliminated. Attaching portions or tapes
      26 and 28 for the slide fasteners can be knitted materials, relatively
      sheer materials, edge portions of an opening in a garment seam, or the
      like which do not offer any substantial stability to the coupling elements
      22 and 24; thus the attaching portions 26 and 28 can be selected to avoid
      degrading the appearance of the garment without deteriorating slide
      fastener strength and performance.
PAR  A modification of the slide fastener as shown in FIG. 5, has parts
      identified by numerals used to identify parts in FIG. 3, indicating that
      such parts have similar structure and function. In the modification of
      FIG. 5, the attachment portion or tape 28 is folded to form an underneath
      folded portion 64 to which the coupling element 24 is attached by the
      threads 38, 40, 42 and 44. Thus, the adjacent edges of tapes of a slide
      fastener employing the modification of FIG. 5 are folded and hide the
      coupling elements to produce the appearance of a sewn garment seam. Also
      it is noted that the elongated member 80 is positioned more toward the
      head 30 than in the fastener of FIG. 3.
PAR  Variations of the grooves and teeth which may be formed in one or both leg
      portions 32 and 34 to grip the elongated members 80 and 92 are illustrated
      in FIGS. 6, 7, 8, 9, 10, 11, 12, and 13. In the variation of FIGS. 6 and
      7, a central V-shaped groove 66 and smaller parallel contiguous V-shaped
      grooves 68 and 70 are formed by cutting away surface portions of the leg
      32 to produce sharp edges or teeth for gripping the member 80. A groove 72
      with a rectangular cross section, shown in the variation of FIGS. 8 and 9,
      is cut in the leg portion 32 to form edges to grip and restrain the member
      80. In FIGS. 10 and 11, a groove 74 having a sharp dovetail cross section
      is formed in the leg portion 32 to receive and grip the elongated member
      80. A groove 76, FIGS. 12 and 13, similar to groove 74 except the groove
      76 has a rounded cross section, is formed in the leg portion 32 of the
      variation of FIGS. 12 and 13 to grip the member 80.
PAR  Since many variations, modifications, and changes in detail may be made to
      the presently described embodiments it is intended that all matter in the
      foregoing description and shown in the accompanying drawings be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stringer for a slide fastener comprising
PA1  a tape-like attachment portion;
PA1  a coupling element disposed along one edge of the attachment portion and
      being formed from a continuous filament into successive sections;
PA1  each section having a head portion, a pair of elongated leg portions
      extending from opposite sides of the head portion, and a connecting
      portion interconnecting to a leg portion of an adjoining section;
PA1  thread means securing each section to the attachment portion;
PA1  a pair of elongated members spaced apart in a plane parallel the attachment
      portion and extending throughout the length of the coupling element
      between and transverse the pair of leg portions of each section for
      maintaining the pair of leg portions of each section in spaced
      relationship;
PA1  means securing at least one of said pair of leg portions of each section to
      the pair of elongated members for restraining longitudinal and transverse
      movement of the pair of leg portions relative to the pair of elongated
      members and for maintaining the pair of elongated members spaced apart;
      and
PA1  said pair of elongated members being dimensionally stable in their
      longitudinal dimensions whereby the one leg portions of the coupling
      element and the elongated members form a dimensionally stable mesh.
NUM  2.
PAR  2. A stringer for a slide fastener as claimed in claim 1 wherein the pair
      of elongated members are spaced apart by at least about one-half the
      length of the leg portions.
NUM  3.
PAR  3. A stringer for a slide fastener as claimed in claim 1 including
PA1  a pair of detents formed on the one leg portion of section section,
PA1  said pair of elongated members being resiliently deformable in cross
      section and having respective portions deformed into the pair of detents
      to interlock therewith.
NUM  4.
PAR  4. A stringer for a slide fastener as claimed in claim 1 including a pair
      of teeth projecting from the one leg portion of each section interlocking
      with respective members of the pair of elongated members.
NUM  5.
PAR  5. A stringer for a slide fastener as claimed in claim 1 wherein
PA1  the coupling element includes a pair of grooves formed transversely in one
      leg portion of each section aligned with respective members of the pair of
      elongated members;
PA1  said pair of elongated members are resiliently deformable in cross section
      and have cross sections which are substantially larger in area than the
      area of the cross sections of the respective grooves; and
PA1  said pair of elongated members are forced into the respective grooves by
      the other leg portion of each section whereby the respective elongated
      members are resiliently deformed such that the edges of the grooves
      interlock with the filamentary members.
NUM  6.
PAR  6. A stringer for a slide fastener as claimed in claim 5 wherein the cross
      section of each groove is V-shaped and the cross section of each elongated
      element is round.
NUM  7.
PAR  7. A stringer for a slide fastener comprising
PA1  a tape-like attachment portion;
PA1  a coupling element disposed along one edge of the attachment portion and
      being formed from a continuous filament into successive sections;
PA1  each section having a head portion, a pair of elongated leg portions
      extending from opposite sides of the head portion, and a connecting
      portion interconnecting to a leg portion of an adjoining section;
PA1  thread means securing each section to the attachment portion;
PA1  a pair of elongated members spaced apart in a plane parallel the attachment
      portion and extending throughout the length of the coupling element
      between and transverse the pair of leg portions of each section for
      maintaining the pair of leg portions of each section in spaced
      relationship;
PA1  at least one of said pair of leg portions of each section being secured to
      the pair of elongated members for restraining longitudinal and tranverse
      movement of the pair of leg portions relative to the pair of elongated
      members;
PA1  said pair of elongated members being dimensionally stable in their
      longitudinal dimensions whereby the one leg portions of the coupling
      element and the elongated members form a dimensionally stable mesh;
PA1  said coupling element including a pair of grooves formed transversely in
      one leg portion of each section aligned with respective members of the
      pair of elongated members;
PA1  said pair of elongated members being resiliently deformable in cross
      section and having cross sections which are substantially larger in area
      than the area of the cross sections of the respective grooves;
PA1  said pair of elongated members being forced into the respective grooves by
      the other leg portion of each section whereby the respective elongated
      members are resiliently deformed such that the edges of the grooves
      interlock with the filamentary members; and
PA1  a pair of teeth projecting from the one leg portion of each section
      adjacent a side of each groove and interlocking with the respective
      elongated resilient members.
NUM  8.
PAR  8. A stringer for a slide fastener as claimed in claim 1 wherein the pair
      of elongated members are resiliently deformable in cross section, and both
      of the pair of leg portions of each section have means formed on mutual
      facing surface portions for deforming portions of the pair of elongated
      members and for interlocking with the deformed portions to restrain both
      longitudinal and transverse movement of the pair of leg portions of each
      section relative to the pair of elongated members.
NUM  9.
PAR  9. A stringer for a slide fastener as claimed in claim 1 wherein the
      coupling element is a coil and the pair of elongated members extend within
      the coil.
NUM  10.
PAR  10. A slide fastener comprising a pair of stringers and a slider on the
      stringers for opening and closing the stringers wherein each stringer
      includes
PA1  a tape;
PA1  a coupling element disposed along one edge of the tape and being formed
      from a continuous filament into successive coupling sections;
PA1  each section having a head portion, a pair of elongated parallel leg
      portions extending from opposite sides of the head portion, and a
      connecting portion interconnecting to a leg portion of an adjoining
      section;
PA1  both of said pair of leg portions extending in a plane perpendicular to the
      plane of the tape over a portion of one side of the tape adjacent to one
      edge of the tape;
PA1  thread means securing the pair of leg portions of each section to the one
      side portion of the tape;
PA1  a pair of flexible elongated members spaced apart in a plane parallel to
      the attachment portion and extending throughout the length of the coupling
      element between and transverse the pair of leg portions of each section
      for maintaining the pair of leg portions of each section in spaced
      relationship;
PA1  each of said pair of leg portions of each section having a first groove
      positioned about midway of the respective leg portion and having a second
      groove positioned about one end of the respective leg portion;
PA1  said first and second grooves extending transversely in the leg portions
      and having V-shaped cross sections substantially less in area than the
      area of the cross sections of the pair of elongated members;
PA1  a pair of teeth projecting from the leg portions on the opposite sides of
      each of the first and second grooves;
PA1  said pair of leg portions of each section being biased against the pair of
      elongated members such that portions of the pair of elongated members are
      deformed by the teeth and into the grooves to interlock the pair of
      elongated members and the pairs of leg portions; and
PA1  each of said teeth and respective sides of the grooves defining a planar
      surface engaging a substantial surface portion of one of the pairs of
      elongated members.
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PAL  A clamping device for a protective device mounted on a headgear comprising
      a clamp member connected to the protective device, a U-shaped receiving
      portion formed at the lower side of the clamp member for receiving the
      lower edge of the headgear, at least one clamp screw provided on the clamp
      member opposite to the receiving portion, a nose formed at the end of the
      clamp screw and enclosed with a convexly-curved surface, and a hollow
      presser loosely connected to said clamp screw and enclosing said nose.
BSUM
PAR  This invention relates to a clamping device for a protective device mounted
      on a safety headgear.
PAR  Conventional clamping devices for accessories of a safety headgear, e.g.,
      masks, face-guards, earmuffs, etc. heretofore proposed are mainly of the
      type which comprises a clamp member whose lower side is bent into a
      U-shaped receiving portion for receiving the lower edge of a headgear, a
      clamp screw provided on the clamp member near its lower side, the leading
      end of said clamp screw being opposite to said receiving portion, and said
      clamp member being connected at its upper end to an accessory. The
      conventional clamping device of this type can fix the lower end of a
      safety headgear by the clamp screw, however, it has a disadvantage that
      the clamp screw once tightened tends to loosen because the curved surface
      of the headgear at its lower end varies depending upon its maker and, in
      addition, the loosened screw must be re-tightened during operation with
      much trouble.
PAR  In recent years, a harmful environment is not simple and is formed of many
      factors intertwined. Therefore, in such a harmful environment, an operator
      is required to wear two or more protective devices in many cases.
      Accordingly, a plurality of protective devices are required to be mounted
      in a narrow area easily and organically without deteriorating their
      respective functions, especially in the case of head (in a wide sense)
      protecting devices. For this reason, many kinds of protective devices
      heretofore mainly produced independently of each other and which must be
      mounted on a human body independently of each other cannot cope with the
      above-mentioned situation. It is desirable that the protective devices to
      be mounted should be connected to each other organically with ease and
      without deteriorating their respective functions.
PAR  It is, therefore, an object of the present invention to provide a clamping
      device for protective devices mounted on a headgear which can connect and
      fix the protective devices to the headgear without tendency to loosen.
PAR  It is another object of the present invention to provide a clamping device
      for protective devices mounted on a headgear which can connect and fix the
      protective devices to the headgear easily, organically and without
      deteriorating their respective functions.
PAR  According to the present invention, there is provided a clamping device for
      protective devices mounted on a headgear comprising a clamp member, a
      U-shaped receiving portion formed at the lower side of said clamp member
      for receiving the lower edge of the headgear, at least one clamp screw
      provided on said clamp member opposite to said receiving portion, a nose
      formed at the end of said clamp screw and enclosed with a convexly-curved
      surface, and a hollow presser loosely connected to said clamp screw and
      enclosing said nose.
PAR  According to another aspect of the present invention, said nose of the
      clamp screw is enclosed with a spherical surface.
PAR  According to still another aspect of the present invention, said hollow
      presser has a tray-like surface for coming into contact with the lower
      edge of the headgear.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      more apparent from the following description taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematical sectional view of a clamping device according to
      the present invention;
PAR  FIG. 2 is an enlarged sectional view of a clamping device according to the
      present invention, showing its clamp screw and presser loosely connected
      to each other;
PAR  FIG. 3 is a sketch view of a safety headgear and a face-guard connected to
      each other by a clamping device according to the present invention;
PAR  FIG. 4 is a sketch view of a clamping device connected to an arm of a
      protective device, showing stoppers provided on the clamping device;
PAR  FIGS. 5a and 5b are schematical side and elevational views, respectively,
      of an earmuff connected to a clamping device according to the present
      invention;
PAR  FIG. 6 is a sketch view of an earmuff connected to a headgear through a
      clamping device according to the present invention, showing its condition
      in use;
PAR  FIG. 7 is a sketch view similar to FIG. 6, but showing its condition not in
      use;
PAR  FIGS. 8a and 8b are schematical plan and side views, respectively, of the
      connection between an earmuff arm and a clamping device according to the
      present invention;
PAR  FIGS. 9a and 9b are schematical plan and side views, respectively similar
      to FIG. 8, but showing another embodiment of the connection;
PAR  FIG. 10 is a sketch view of the connection between an earmuff of a
      different type and a clamping device of the present invention through an
      earmuff arm; and
PAR  FIG. 11 is a half-face mask in use connected to a headgear through rubber
      straps and a clamping device according to the present invention.
DETD
PAR  Now referring to FIG. 1, Numeral 1 designates a clamping device of
      accessories for a safety headgear according to the present invention. It
      has a clamp member 2 whose lower side is bent into a U-shape to form a
      receiving portion 2a so that the edge of a safety headgear 3 may be well
      fitted therein. The clamp member 2 also has a clamp screw 4 at a suitable
      position of its lower side so that its nose 4a may be positioned opposite
      to the receiving portion 2a of the clamp member 2. A hollow presser 5 is
      loosely fitted to the nose 4a of the clamp screw 4. As shown in FIG. 1 and
      FIG. 2, the presser 5 has a cavity therein sufficient to ensure a suitable
      clearance between the inside wall of the presser 5 and the nose 4a of the
      clamp screw 4. The nose 4a of the clamp screw 4, which comes into contact
      with the presser 5, has a spherical or convexly-curved surface so that,
      when the clamp screw 4 is tightened, it may well maintain contact with the
      presser 5 without loosening even if the presser 5 assumes any position
      depending upon the curved or flat surface of the headgear 3.
PAR  As shown in FIG. 2, which is an enlarged view of the nose portion 4a of the
      clamp screw 4 and the presser 5 showing how they are loosely connected,
      the presser 5 is provided with a tray-like recess 5a at the portion where
      it comes into contact with the headgear 3. Therefore, when the clamping
      device 1 is fitted to the headgear 3, the presser 5 can come into contact
      with the headgear 3 at two points at least and at all the points of the
      tray-like recess circumference at the maximum, even if the headgear 3 is
      formed of any possible curved surface. Compared with one point contact in
      the case of a conventional device in which the aforementioned contact
      surface between the presser and the headgear assumes a flat or curved
      surface, the device according to the present invention has a large
      frictional resistance between the presser and the headgear for the
      above-mentioned reason and, therefore, has little tendency to slip off the
      headgear.
PAR  With the above-mentioned construction, the device according to the present
      invention can be fitted to almost all the types of headgears.
PAR  FIG. 3 is a schematical view of a face-guard and a safety headgear
      connected by a device according to the present invention. A face-guard 6
      is provided with a pair of arms 7 each of which is connected to a device
      of the present invention through screws 8 and nuts. Thus the face-guard 6
      is fitted to the headgear 3 through the arms 7. and the devices according
      to the present invention. Since the condition of connection between the
      face-guard 6, i.e., the arms 7 and the headgear 3 can be adjusted by the
      tightening conditions of spring washers 9 and screws 8 therebetween, the
      face-guard 6 can be rotated up and down about the screws 8 and, in
      addition, can be stopped at any position within the range of its rotation.
      If stoppers 10 are provided on the clamp member 2 as shown in FIG. 4, the
      rotation range of the face-guard 6 can be restricted therebetween.
PAR  FIG. 5 is side and elevational views of an earmuff 11 and a headgear 3
      connected to each other by a clamping device 1 according to the present
      invention. In this embodiment, the device 1 is provided with a plurality
      of clamp screws 4 (one holding screw 4" and two tightening screws 4"),
      pressers, etc. The holding screw 4', which has the same shape as that of
      the tightening screw 4", is useful for stabilizing the connection between
      the earmuff 11 and the headgear 3. FIG. 6 is a schematical view of an
      earmuff fitted to a headgear, showing its condition in use. The earmuff 11
      is rotatably connected to the clamping device 1 through an arm 12, a shaft
      13, a stabilizing plate 14 and a spring 15. With the abovementioned
      construction, the earmuff 11 is adapted to be able to rotate about the
      shaft 13 and, in addition, about an axis at a right angle to the shaft 13.
      Therefore, the earmuff 11 connected to a headgear by a clamping device
      according to the present invention does not deteriorate its function and,
      moreover, can be conveniently held at the top of the headgear 3 as shown
      in FIG. 7 when it is not in use. FIG. 8 and 9 are side views and plan
      views showing two kinds of connections between the device of the present
      invention and the earmuff arm 12, respectively. In FIG. 8, the earmuff arm
      12 has at its one end a pair of sub-arms 12a between which a beam 12b is
      provided. The end of the sub-arm 12a is externally bent. A shaft 13 with a
      head 13a is inserted through a hole of the clamp member 2. The shaft 13 is
      fitted with a compression spring 15 and a stabilizing plate 14
      therearound, and it has a notch 13b at its upper end for receiving the
      beam 12b of the earmuff arm 12. Thus the compression spring 15 urges the
      stabilizing plate 14 and the earmuff arm 12 at all times upwardly. With
      the above-mentioned construction, the earmuff arm 12 can be rotated about
      the shaft 13 together therewith and, in addition, can be rotated about the
      beam 12b. The embodiment shown in FIG. 9 is almost the same as that shown
      in FIG. 8, but the earmuff arm 12 has an internally curved portion 12c
      near its end and the shaft 13 has near its end a hole 13c into which a pin
      16 is to be press-fitted. The earmuff arm 12 is provided with an elongated
      hole 12d at its curved portion 12c. The shaft 13 is inserted in the
      elongated hole 12d whose short diameter is larger than the diameter of the
      shaft 13, and the pin 16 is press-fitted into the hole 13c so that the pin
      16 may be positioned along the curved portion 12c of the earmuff arm 12.
      Thus the earmuff arm 12 in this embodiment can be operated in the same
      manner as that in the embodiment shown in FIG. 8. Of course, embodiments
      other than the above-mentioned are possible.
PAR  FIG. 10 is a sketch view of another example of the connection between an
      earmuff and the device according to the present invention.
PAR  FIG. 11 shows a sketch view of one example of the connection between a
      half-face mask and the device according to the present invention. In this
      example, a half-face mask 17 is held in position by the use of rubber
      straps 18. One of the rubber straps 18 is provided at its one end with a
      fitting 19 or the like suitably connected to a clamp screw 4 of the
      clamping device 1 according to the present invention, and it passes
      through a strap holder 17a mounted on the half-face mask 17 and is
      connected to the other of the rubber straps 18 extending from the other
      side of the half-face mask 17 around the wearer's neck. Thus the half-face
      mask 17 can be mounted with great stability.
PAR  As is apparent from the foregoing description, though protective devices
      must be independently fitted to a human body in the past, the clamping
      device according to the present invention can fit protective devices to a
      headgear organically and, in addition, only by tightening a screw or
      screws. Therefore, the mounting operation can be carried out very easily
      and without preliminary knowledges and any troubles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clamping device for a protective device mounted on a headgear
      comprising:
PA1  a clamp member connected to said protective device and having an upper and
      lower portion;
PA1  a U-shaped receiving portion formed at the lower side of said clamp member
      for receiving the lower edge of said headgear;
PA1  at least one clamp screw provided on said clamp member opposite to said
      receiving portion so as to clamp said lower edge of said headgear between
      said at least one clamp screw and said receiving portion;
PA1  pivot means disposed upon said clamp member for pivotably supporting said
      protective device upon said headgear;
PA1  at least one additional clamp screw provided upon said clamp member within
      said upper portion of said clamp member and above said pivot means for
      abutting said headgear and thereby stabilizing the clamped connection
      established between said protective device and said headgear by means of
      said at least one clamp screw and said receiving portion;
PA1  a nose formed at the end of each of said clamp screws and enclosed with a
      convexly curved surface; and
PA1  a hollow presser loosely connected to each of said clamp screws and
      enclosing said nose portions.
NUM  2.
PAR  2. A clamping device for a protective device mounted on a headgear as set
      forth in claim 1, wherein said nose portions of the clamp screws are
      enclosed with spherical surfaces.
NUM  3.
PAR  3. A clamping device for a protective device mounted on a headgear as set
      forth in claim 1, wherein each of said hollow pressers has a tray-like
      recess for coming into contact with the lower edge of said headgear.
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ABST
PAL  A clamp for a plastic coated optical fibre comprises a tubular portion
      which is a fairly close sliding fit on the coated fibre and an axially
      split portion having at least one resilient axially deformable finger. The
      dimension across the split section is slightly larger than across the
      other portion. An axially split sleeve is axially slidable on the clamp,
      and is freely slidable along the tubular portion on to the slit portion.
      Sliding of the sleeve on to the slit section deforms the finger into
      gripping contact with the fibre coating and also expands the sleeve. This
      provides a "backing up" force and also accommodates variations in diameter
      of coated fibre. More than one finger can be provided, and serrations or
      other formations can be provided on the fingers.
BSUM
PAR  This invention relates to a clamp for an optical fibre and is particularly
      concerned with a clamp for maintaining longitudinal location of a fibre.
PAR  Optical fibres normally comprise a light conducting core or fibre which is
      coated with a flexible layer -- for protection, increased strength and
      ease of handling. For efficient coupling, it is necessary that the light
      conducting fibres be axially aligned accurately and in close end-to-end
      relationship. A coupling for obtaining accurate axial alignment can be
      provided, in the form of a connector or splice, and it is necessary to
      provide some means for clamping or gripping to prevent longitudinal
      movement in the connector or splice.
PAR  Also, it is often necessary to clamp or grip coated optical fibres on other
      occasions, such as when passing through bulkheads, entering apparatus
      enclosures and similar eventualities if coupling is not being attempted.
PAR  Certain problems assert themselves when attempting to clamp or grip a
      coated fibre. Too high a clamping or gripping pressure can break, or
      damage, the light conducting fibre preventing or severely reducing light
      transmission. As the coating is usually a plastic material which is
      flexible, it is difficult to hold a coated fibre without some slipping or
      other movement occurring. As stated too high a gripping pressure will
      cause damage and too low will allow movement.
PAR  There are also difficulties arising as a result of temperature variations.
      Increase in temperature may cause the coating to soften and this will
      reduce gripping pressure. There will also be variations in dimensions due
      to thermal expansion and contraction associated with temperature
      variations.
PAR  The present invention provides a clamp or grip for an optical fibre in
      which a split resilient member is forced into clamping or gripping
      engagement by a further member, and in which the further member is itself
      a split or noncontinuous resilient member. Thus there is provided a clamp
      or grip in which the clamping or gripping force is applied by a resilient
      member or the like which can substantially reduce the effect of
      manufacturing tolerances, creep of the coating, softening of the coating,
      and other reasons, on the gripping or clamping force on the coated fibre.
DRWD
PAR  The invention will be readily understood by the following description of
      certain embodiments, by way of example, in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a side view of a clamp or grip member;
PAR  FIG. 2 is a side view of a resilient split sleeve for positioning over the
      member of FIG. 1;
PAR  FIG. 3 is an end view of the sleeve of FIG. 2;
PAR  FIG. 4 is a cross-section on the longitudinal axis of a clamp member as in
      FIG. 1 with the split sleeve in the assembled position;
PAR  FIG. 5 is a side view, similar to that of FIG. 1 illustrating the split
      sleeve assembled on the member and one form of tool for axially sliding
      the sleeve into the gripping position;
PAR  FIG. 6 is a view on a face of the tool in FIG. 5 illustrating the shape
      thereof;
PAR  FIG. 7 is a side view similar to that of FIG. 5 illustrating the split
      sleeve axially displaced to the position in which a gripping force is
      applied;
PAR  FIG. 8 is an end view of FIG. 7 in the direction of arrow A;
PAR  FIG. 9 is a side view of an in-line assembly of a plurality of clamps or
      grips;
PAR  FIG. 10 is an end view of a circular arrangement of a plurality of clamps
      or grips;
PAR  FIG. 11 is a side view of an alternative form of clamp or grip ready for
      positioning on a coated fibre;
PAR  FIG. 12 is a side view of the clamp or grip of FIG. 11 on a fibre, with the
      outer sleeve moved into the gripping position;
PAR  FIG. 13 is an end view of the clamp of FIG. 12;
PAR  FIG. 14 is a side view of a further form of clamp or grip, ready for
      positioning on a coated fibre;
PAR  FIG. 15 is a side view of the clamp or grip of FIG. 14, on a fibre, with
      the split sleeve in the gripping position;
PAR  FIG. 16 is an end view of the clamp of FIG. 15;
PAR  FIG. 17 illustrates one form of coupling embodying the present invention,
      prior to coupling;
PAR  FIG. 18 is a longitudinal cross-section through the coupling of FIG. 17 in
      the coupled condition.
DETD
PAR  The broad concept of the present invention is illustrated in FIGS. 1 to 8.
      Basically a clamp comprises a gripping member 10, in the present example
      cylindrical, having a central bore 11 of a diameter to receive a coated
      optical fibre. In the example illustrated the gripping member 10 is shown
      inserted into a holding member 12, at its inner end 13, as by threading,
      brazing, or the like.
PAR  The gripping member 10 is split longitudinally by three slits 14 which
      extend from the outer end 15 towards the inner end 13 and form three
      cantilevered fingers. The outer diameter of the gripping member 10 varies.
      At the outer end 15 it is slighty larger in diameter than at an
      intermediate portion 16. Between the portion 16 and the larger diameter
      end portion is a tapered portion 17. Positioned on the gripping member 10
      is a resilient split sleeve 18. The sleeve 18 is an easy fit on the
      reduced portion 16 of the gripping member. The sleeve can be slid along
      the gripping member, over the tapered portion 17 onto the larger diameter
      portion. In this latter position the sleeve pushes down the cantilevered
      fingers to grip a fibre.
PAR  FIGS. 5, 6 and 7 illustrate one way of moving the split sleeve laterally,
      by means of a pair of pliers or similar tool 20 which has two projecting
      members 21 shaped at the ends 22 to fit round the gripping member 10.
      Squeezing together the handle portions of the pliers opens the members 21
      and the sleeve is moved axially, as seen in FIG. 7.
PAR  In gripping, or clamping, an optical fibre -- shown at 23, the cantilevered
      fingers are urged into gripping engagement with the fibre by the sleeve
      18. Sleeve 18, being split, also expands slightly as it is moved onto the
      enlarged portion of the gripping member 10. Thus there is a resilient
      loading applied to the cantilevered fingers. This provides a "backing up"
      load in the event of the fibre outer diameter varying in service. For
      example there may be creep of the coating material which would severely
      reduce the gripping force if a solid sleeve were to be used. This is
      particularly likely to occur at elevated temperatures.
PAR  It is possible that under some operating conditions, the outer diameter of
      the fibre coating could reduce -- as a result of some local distortion
      under the gripping force of the fingers, or under low temperature
      conditions. Under such conditions, a "backing up" load is still applied by
      the split sleeve.
PAR  FIGS. 1 to 8 illustrate a single clamping or gripping device. Such devices
      can be used in multiple, for example when cables are being connected,
      either to apparatus or to another cable. Two examples of such multiple
      arrangements as seen in FIGS. 9 and 10. FIG. 9 illustrates an "in-line"
      arrangement and FIG. 10 illustrates a circular arrangement. Several
      in-line arrangements as in FIG. 9 can be positioned side-by-side, and
      there can be more than one circle of gripping devices as in FIG. 10.
PAR  From the above description it will be seen that engagement between the
      gripping member 10 and the outer diameter of the fibre is retained over a
      wide variation in operating conditions. The fibre is easily inserted as
      the cantilevered fingers are in a completely relaxed condition when the
      sleeve 18 is over the reduced portion 16. Once engaged with the fibre by
      lateral displacement of the sleeve 18 the gripping and locating of the
      fibre is maintained.
PAR  Engagement between the gripping member and the outer layer of the fibre can
      be enhanced by providing formations on the gripping member which can press
      into the fibre coating. Also, it is possible to form the gripping member
      from strip material instead of solid material. It is also possible to give
      the gripping member a configuration other than a round cylinder.
PAR  FIGS. 11, 12 and 13 illustrate a device in which the gripping member 30 is
      made from strip material formed into a tube. Two opposed cantilevered
      fingers 31 are produced. The fingers 31 are each formed to a channel
      shaped cross-section to give an approximately square cross-section at the
      outer portion 32 of the member 30, the section having rounded corners 33.
      The dimension diametrically across the rounded corners 33 is slightly
      larger than at the rounded rear portion 34. Therefore as the split sleeve
      35 is moved axially it pushes the fingers toward each other.
PAR  The inner dimensions of the channel shaped fingers are such that a coated
      fibre - 36 - can easily be inserted prior to axial movement of the sleeve
      35 but the inner corners 37 of the fingers will engage with the fibre when
      the sleeve is moved axially to be positioned over the channel shaped
      fingers.
PAR  FIGS. 11, 12 and 13 also illustrate serrations 38 on the edges of the
      fingers 31. These serrations engage with the coating of the fibre,
      becoming slightly embedded as seen in FIG. 13.
PAR  FIGS. 14, 15 and 16 illustrate a further form, which may also be formed
      from strip, or from tube. This example has a single cantilevered finger 38
      which is pushed down onto the coated fibre 36 by the sleeve 35. Serrated
      members 39 can be provided. The form of the serrated members 39 can vary,
      being "barbs" or teeth, or a circular tang, or of other forms.
PAR  Although only one finger 38 is shown in FIGS. 14, 15 and 16, more than one,
      for example two or three, can be provided. Also, in the example of FIGS.
      11, 12 and 13, only one finger can be provided, or three or even more.
      While three fingers have been shown in other examples, it will be
      appreciated that this is by way of example only. Four fingers can readily
      be provided, for example. To some extent, the number of fingers can be
      related to the required gripping force. For light forces, a single finger,
      as in FIGS. 11, 12 and 13, is often sufficient.
PAR  The depth of penetration of barbs, tangs, and the like needs to be
      controlled to prevent damage to the fibre. Typically, for a 0.006 inch
      diameter glass fibre coated with nylon to a diameter of 0.040 inches, the
      depth of penetration can be up to approximately one-half of the coating
      thickness without damage to the glass fibre.
PAR  Clamping or gripping members can be used for various purposes. Thus they
      can be used when fibres are passing through bulkheads or passing through
      casings around apparatus. They can also be used in couplings (i.e.,
      connectors or splices), which couple fibres to each other or to some item
      of apparatus, for example a light emitting diode or a photodiode.
PAR  FIGS. 17 and 18 illustrate one form of coupling for connecting two fibres
      end to end. The connector, described in more detail in U.S. Pat. No.
      3,885,859, issued on May 27, 1975, to the present assignee, comprises two
      coupling members 40 and 41. Coupling member 40 has a V-shaped groove 42 at
      its outer end. In the outer end of the member 41 are two spaced apart
      parallel resilient members 43 extending diametrically across the member.
      When assembled the two outer ends of the members 40 and 41 are moved
      together laterally and the resilient members 43 press down the ends of the
      two opposed fibres 44 and 45 into the V-shaped groove 42. Interengaging
      formations on the coupling members prevent axial movement between members
      and a sleeve 46 maintains the members in coupled position.
PAR  Each coupling member 40 and 41 includes a clamping or gripping device 47.
      In the particular example illustrated each gripping device 47 is of the
      form illustrated in FIGS. 1 to 8 and described above. After final assembly
      the clamping or gripping devices are covered by a flexible sleeve 48, such
      as a heat shrink plastic sleeve.
PAR  The important feature of clamping or gripping devices, in accordance with
      the present invention, is to balance the load applied by the fingers of
      the gripping member against the fibre coating's ability to resist the load
      without damaging the glass fibre. The applied load is determined
      essentially by the thickness and length of the split sleeve and by the
      amount of interference between the inside diameter of the sleeve and the
      larger outside diameter of the enlarged end of the cantilevered fingers.
      The resistance from the coated fibre to the applied load is determined
      essentially by the thickness of the coating, the hardness of the coating
      and the compressive properties of the coating.
PAR  Typical dimensions for a device as in FIGS. 1 to 8 are 0.93 inches diameter
      for the enlarged end portion, .080 inches diameter for the reduced
      diameter portion 16, .350 inches for the length of the cantilevered
      fingers, and a bore 11 of .042 inches. The sleeve 18 has a bore of .082
      inches, a length of .160 and an outer diameter of .110 inches, hen made
      from Beryllium copper and ASTM-B196 alloy 172, heat treated at 600.degree.
      F for two hours. A typical fibre for such a device has a coating of nylon
      with a diameter of approximately .040 inches covering a glass fibre with a
      diameter of approximately .006 inches, as described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clamp for gripping a single optical fibre; comprising:
PA1  a tubular member having a bore therethrough of a diameter to receive a
      single coated optical fibre, and having a forward end and a rearward end;
PA1  said tubular member including a first external diameter at said forward end
      and a second external diameter remote from said forward end, said first
      diameter larger than said second diameter, and a tapered portion between
      said first and second diameters, said tapered portion connecting said
      first diameter to said second diameter;
PA1  therebeing a plurality of slits extending axially from said forward end to
      define a plurality of resilient cantilevered fingers;
PA1  a resilient sleeve on said tubular member, said sleeve having a bore which
      is a sliding fit on said second diameter of said tubular member and
      smaller in diameter than said first diameter of said tubular member,
      therebeing a slit extending axially the full length of said sleeve;
PA1  said resilient sleeve adapted to be moved axially on said tubular member
      over said tapered portion onto said first diameter to resiliently deform
      said cantilevered fingers into gripping relationship with said coated
      optical fibres, the sleeve also resiliently deformed to a larger diameter
      to provide a residual resilient force on said fingers after deformation of
      said fingers.
NUM  2.
PAR  2. A clamp as claimed in claim 1, said tubular member composed of strip
      material formed into a tubular shape.
NUM  3.
PAR  3. A clamp as claimed in claim 2, at least said axially slit section of a
      substantially square cross-section having rounded corners, said split
      sleeve of circular cross-section and of a diameter less than the
      diametrical dimension across said rounded corners.
NUM  4.
PAR  4. A clamp as claimed in claim 3, said hollow member including two opposed
      resilient fingers.
NUM  5.
PAR  5. A clamp as claimed in claim 1, including formations on said resilient
      fingers for engagement with said outer coating of the coated fibre.
NUM  6.
PAR  6. A clamp as claimed in claim 5, said formations comprising serrations on
      corners of the resilient fingers.
NUM  7.
PAR  7. A clamp as claimed in claim 5, said formations comprising serrations on
      said fingers.
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ABST
PAL  Textured yarn filaments having predetermined texture development
      characteristics are combined with other textured yarn filaments having
      different crimp development characteristics. A yarn made by such a process
      in which those filaments having lesser crimp development lie generally
      toward the outside of the yarn. Non-rowy carpeting is made by tufting or
      weaving this yarn into a backing and then further developing the crimp.
      Apparatus for making such yarn including means for simultaneously heating
      and producing different crimp development characteristics in two or more
      ends of yarn.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 673,554,
      filed Oct. 9, 1967, now abandoned which, in turn, is a
      continuation-in-part of application Ser. No. 586,437, filed Oct. 13, 1966,
      now abandoned. This application is also a continuation-in-part of
      application Ser. No. 532,642, filed Mar. 8, 1966, now U.S. Pat. No.
      3,454,998.
BSUM
PAR  This invention relates to yarn and to methods for treating yarns having a
      thermoplastic component, such as nylon, polypropylene and polyester, and
      particularly to the production of textured yarn having extremely good bulk
      characteristics.
PAR  The invention contemplates the production of such textured, high bulk yarn
      having desirable dye acceptance characteristics.
PAR  It is general object of the invention to impart a differential in crimp
      development as between at least two portions of filaments within a yarn.
PAR  It is an object of the invention to combine two ends of yarn, each having
      different crimp development characteristics and to "blend" the filaments
      of the two ends to form a single yarn. Within this context of the
      invention, a continuous process for treating the yarn ends on the run is
      contemplated, and in which the ends are combined and texturized, and
      within which a differential in crimp development is imparted to the
      separate ends.
PAR  The invention contemplates the combining of two or more ends at least one
      of which has different crimp development characteristics than those of the
      others.
PAR  The differential in crimp development characteristics as between yarn ends
      can be imparted to the ends in various ways, including imparting to the
      ends different heat histories prior to texturizing, applying different
      pressure to the two ends during texturizing, orienting by drawing one yarn
      more than the other prior to combining, and shrinking one yarn more than
      the other prior to combining. In the specific embodiment of the invention
      to be described, heat differential in the initial steps of the process is
      used.
PAR  It is believed that as a result of the imparting of different heat
      histories as between the different yarn ends, a differential in shrinkage
      characteristics and crimp development within the combined and texturized
      yarn results. That is, one portion of the combined texturized yarns so
      treated contracts more than the other portion due to higher crimp
      development and will also, under heating temperatures acceptable for
      preheating before texturizing, have higher shrinkage characteristics than
      the other. It is further believed that the filaments with the higher heat
      history will have more texture, that is, will have a higher crimp memory
      and development and that therefore, the final yarn will have filaments
      with more than one shrinkage or crimp memory and that the filaments with
      the highest shrinkage or crimp memory will contract and force the other
      filaments to the exterior of the yarn.
PAR  Whatever the fact may be, the method produces a yarn with more bulk than if
      each filament had the same crimp parameters (i.e., amplititude and
      frequency). This appears particularly so with nylon yarn.
PAR  In the case of yarns, such as nylon 6 or nylon 66, the method of invention
      may also be utilized to produce a very high bulk yarn having more than one
      level of dye affinity. That is, the filaments exposed to sufficiently
      higher heat will not dye as darkly as the portion of the yarn having the
      lower heat history, and resultingly, the yarn when dyed will take on a
      tone on tone appearance.
PAR  It is, therefore, within the objects of the invention, to provide a single
      end texturized yarn having relatively high bulk characteristics and in
      which there is a differential between the contraction characteristics of
      one portion of the filaments of the yarn and another portion of the
      filaments of the yarn.
PAR  While it can be appreciated that the contraction or shrinkage differentials
      can be achieved in various ways, in accordance with one aspect of the
      present invention, two yarns of multi-filament yarn are heated, one of the
      ends being heated to a greater extent than the other and while on the run,
      the ends of the yarns are combined by joining and are directed into the
      crimping zone of a stuffer box crimper, for instance. As the two ends are
      joined and crimped together, they lose their individual identity. Because
      of the preceding heating step in which the two ends received different
      histories, the filaments of the yarn which had been heated more will
      receive a higher crimp memory and development. The yarn, which has now
      been combined and crimped presents itself as a single end as it merges
      from the texturizing step and because of the differential in contraction
      of the filaments, exhibits a very high degree of bulk. It may be desirable
      as a next step, to entangle the filaments within the now combined single
      end yarn to render the total bundle of filaments in the yarn more compact
      and thus, more amenable to subsequent processing. This is particularly
      desirable where the yarn being processed has little or no twist. In this
      respect, filament entanglement via air under pressure, such as the
      technique disclosed in my copending application Ser. No. 586,491, filed
      Oct. 13, 1966, and now U.S. Pat. No. 3,501,819 entitled "YARN PROCESSING
      METHOD AND APPARATUS", has been found acceptable.
PAR  It is contemplated by this invention to provide a continuous process in
      which the yarn is drawn, heated, or drawn and heated simultaneously, in
      such a manner so as to impart different histories to the two ends of yarn,
      and then to texturize the yarn immediately after heating. In this respect
      and in accordance with one aspect of the invention, the use of a pair of
      driven godets about which two ends of initially unoriented yarn are wound
      and between which they are drawn have been used. Both ends are wound upon
      the first godet, which is heated, with one of the ends being caused to
      reside on the first godet through more turns than the other. Both ends are
      then led to the next godet, which may also be heated, and about which the
      ends are wound and which is caused to be driven at a greater rate of speed
      to thereby orient the yarn. The now oriented ends, one of which has been
      heated more than the other are then combined, by joining on the run, as
      they are fed into crimping apparatus. Advantageously, after crimping the
      now single end, the joined ends, for all intents and purposes having lost
      their individual identity, may be permitted to heat set for better
      retention of the crimp imparted in the texturizing step, after which it
      may be permitted to cool and/or relax. Whatever the procedure may be after
      crimping, one portion of the filaments of the now single end of yarn have
      a different crimp development than the other portion. Advantageously, the
      filaments may now be entangled to impart to the final product a
      compactness rendering the yarn more suitable for further processing such
      as tufting, weaving and the like.
PAR  The yarn product of the invention, as will be appreciated consists of two
      definitive portions of filaments, one having a higher crimp development
      than the other with the filaments having the lesser development generally
      lying toward the outer surfaces of the yarn. After the filament
      entanglement step the entire bundle of filaments are intertwined and
      present a compact yarn having surprisingly high bulk characteristics.
PAR  According to another aspect of the invention the combined yarn may be made
      into the pile of carpeting by conventional techniques, viz., tufting or
      weaving. The crimp in the yarn may then be further developed as, for
      example, by dyeing the carpeting. The result attained is unique. Prior to
      the further development of the crimp, the pile of the carpeting exhibits
      what may be referred to as "rowiness," which is characteristic of much
      carpeting. Specifically, the surface appearance of the pile is
      characterized by very marked alignment of the tufts in rows. This is due
      to the fact that, of course, the tufting machine or loom constructs the
      tufts in a pattern constituted of a series of rows and, moreover, the
      tufts are standing entirely upright causing this row pattern to appear on
      the surface of the pile.
PAR  In the manufacture of carpeting according to the invention, the above
      described differential contraction occurs in each of the tufts, and it is
      found that this not only causes the filaments of the end having the lower
      heat history, and consequently undergoing less contraction and crimp
      formation, to be pushed to the exterior portion of each of the tufts but,
      moreover, the differential contraction and crimping causes the tufts to
      bend randomly from their former orientation normal to the backing of the
      carpeting. By virtue of this phenomenon, carpeting according to the
      invention has a pile of a particularly esthetically pleasing surface
      appearance in which the upper portions of the tufts visible at the surface
      of the pile are in a random pattern rather than in rows. Moreover, the
      same effect may be achieved by the same means in the manufacture of any
      fabric constructed by weaving, knitting or any other method conventionally
      employed to produce pile fabric.
PAR  Another feature of the invention is that with the use of conventional minor
      quantities of conventional delustrants for carpeting yarn, e.g. 0.2% by
      weight, based on the weight of the yarn, of TiO.sub.2, a degree of luster
      can be obtained in carpeting according to the invention different from
      that obtained employing the same quantities of the same delustrants in the
      yarn constituting the pile of conventional carpeting. Specifically,
      according to the invention it is possible to obtain higher luster for a
      given degree of bulk than in the prior art. It is thought that this may be
      explained as follows.
PAR  Normally, a more highly crimped and, consequently, bulkier yarn of a given
      composition has less luster than a less crimped and bulky yarn. The crimps
      diffuse the light and thus lower the luster. In the present invention,
      while high bulk is obtained, the filaments at the surface of the composite
      yarn derive from the end with the lower level of crimp, whereby the
      carpeting pile is more lustrous. The same would apply with respect to
      other pile fabrics.
PAR  The invention is applicable to polymer yarns of the continuous
      multi-filament type and can also be envisioned as being applicable to
      multi-filament yarns which have been fibrillated from film.
DRWD
PAR  The invention will be more fully understood upon reconsideration of the
      ensuing specification and accompanying drawings in which:
PAR  FIG. 1 is a perspective view of apparatus used in the method of the
      invention;
PAR  FIG. 2 is a side elevational view taken along the lines 2 -- 2 of FIG. 1;
PAR  FIG. 3 is a partially diagrammatic, partially broken away elevational view
      of the crimping portion of the apparatus of FIG. 1;
PAR  FIG. 4 is an end view taken along the line 4 -- 4 of FIG. 3;
PAR  FIG. 5 is a diagrammatic view of texturized yarn in which all the filaments
      have the same crimp characteristics;
PAR  FIG. 5a is a diagrammatic view of yarn processed in accordance with the
      invention;
PAR  FIG. 5b is a diagrammatic view of the yarn of FIG. 5a after the filaments
      have been entangled;
PAR  FIGS. 6a and 6b are plan and side views, respectively, of carpeting
      according to the invention; and
PAR  FIGS. 7a and 7b are plan and side views respectively, of carpeting of the
      prior art.
DETD
PAR  Referring to the yarn processing apparatus 10 of FIGS. 1 - 4, "raw"
      unoriented and untexturized continuous multi-filament yarn Y.sub.1 having
      a thermoplastic component is taken off supply package P.sub.1 supported on
      the open ended cylindrical package support 12 of apertured plate 11 and
      led through guide and tensioning device 15.
PAR  At the same time, raw unoriented and untextured yarn Y.sub.2, of the same
      polymer and denier as yarn Y.sub.1, is taken off supply package P.sub.2
      supported on the package support 13 of plate 14 and led through guide and
      tensioning device 16.
PAR  From the guides 15 and 16, yarns Y.sub.1 and Y.sub.2 are led to driven
      roller or godet 17 and its associated yarn positioner idler roller 18
      around which the yarns are wound and from whence they are led to and wound
      around driven roller or godet 19 and its associated yarn positioner idler
      roller 20 prior to the yarns being joined and crimped.
PAR  Godet 17 is heated electrically by heater elements and according to desired
      results and yarns used, etc., godet 19 may also be heated. In the instance
      being discussed, the peripheral speed of godet 19 may be between 2 and 4
      times faster than the peripheral speed of godet 17 whereby yarns 1 and 2
      are oriented between the two godets. For specific details of construction
      and operation of the godets, reference is made to my copending
      application, Ser. No. 532,642, filed Mar. 8, 1966, now U.S. Pat. No.
      3,454,998.
PAR  As best seen in FIGS. 1 and 2, yarn Y.sub.1 is caused to be wound around
      godet 17 two turns while yarn Y.sub.2 is caused to be wound around godet
      17 four turns, thus providing a longer residence upon the heated godet for
      yarn Y.sub.2 to thereby impart to that yarn a greater amount of heat than
      that imparted to yarn Y.sub.1. Similarly, yarn Y.sub.1 is shown to be
      wound around godet 19 one turn while yarn Y.sub.2 is shown as having been
      wound around godet 19 two turns, so that in both instances, where godet 19
      is heated, a further longer heated residence is given yarn Y.sub.2 to
      either retain or increase the differential in heat history between the two
      yarns prior to crimping.
PAR  The yarns Y.sub.1 and Y.sub.2 having now been heated are ready to be
      crimped and to this end, they are led through guide 30 where they are
      combined by joining just prior to being fed through the nip of driven
      rollers 31, 32, which are driven via shafts 31', 32'. Rollers 31 and 32
      form a portion of the lower end of crimping chamber 33 where the yarn is
      crimped via linear compression.
PAR  Crimping chamber 33 communicates at its upper end, at 33a, (FIG. 3) to
      arcuate passage 35 of arcuate member 36 situated under cover C. The
      toothed periphery of wheel 37 driven via shaft 38 carries the crimped
      yarn, now in the form of a plug, through the arcuate passage 35. Arcuate
      member 36 may be heated by heaters H, in order to retain or implement the
      heat imparted to the now single end of yarn in the previous step where the
      two ends of yarn were heated, thus, providing a zone through which the
      plug of crimped yarn is transported with substantially no slippage and
      without changing the characteristics of the crimped yarn enabling the yarn
      to set or heat set, as the case may be.
PAR  The now heated, oriented and crimped yarn Y.sub.1-2 is taken from the head
      of the plug and led through guide and tensioner apparatus 40, through
      guide 41, through the filament entanglement zone, through guide 42 onto
      take-up package 45, which is driven via drive roller 46. The yarn is laid
      back and forth upon package 45 via traversing mechanism 47.
PAR  In the apparatus shown in FIG. 1, means are provided for transferring the
      yarn being taken up from package 45 to a second take-up package 49 after
      package 45 is completed. These mechanisms form no part of the present
      invention.
PAR  As the yarn passes through the filament entanglement zone, it is caused to
      pass through an air nozzle 50 to which air under pressure is fed via valve
      51 and conduit 52. It is here that the filaments of the yarn Y.sub.1-2 are
      entangled. The details of operation and construction of the filament
      entanglement device are disclosed in my above referred to copending
      application Ser. No. 586,491 entitled "YARN PROCESSING METHOD AND
      APPARATUS" so that it should suffice to say here that in the nozzle 50
      there is provided a passage for the yarn and in which air under pressure
      is caused to impinge on the yarn while it travels therethrough, preferably
      at an angle to the longitudinal axis of the yarn and toward the direction
      of yarn travel. Working with nylon, for instance, having deniers between
      around 500 and 2000, which travel from the second godet 19 and through the
      filament entanglement zone at a rate of about 400 - 500 meters per minute,
      and working with typical temperatures of between 85.degree. and
      185.degree.C, for the first godet 17, and a similar range for the second
      godet 19, if heated, and utilizing temperatures around 200.degree.C in
      arcuate member 36, if heated, air pressure in nozzle 50 in the magnitude
      of approximately 15 pounds per square inch has been successfully used to
      assure compactness of the fully processed yarn.
PAR  It can be appreciated, that the yarn Y.sub.1-2 will be comprised of two
      portions of filaments, and unlike yarn Y.sub.3 (FIG. 5) where all of the
      filaments f have approximately the same crimp development, contraction,
      shrinkage and crimp memory characteristics, yarn Y.sub.1-2, as
      diagrammatically depicted in FIG. 5a, just prior to entering the yarn
      entanglement zone will have that portion of the filaments f.sub.1 with the
      lower heat history. It has been noticed, that generally the filaments
      having the lower heat history lie more or less to the outside of the yarn,
      it being believed that the higher crimp development characteristics of
      filaments f.sub.2 act to force the filaments f.sub.1 outwardly.
PAR  FIG. 5b is illustrative of yarn Y.sub.1-2 after it has passed through the
      filament entanglement zone where the filaments of both portions of the
      yarn are intertwined for better compactness.
PAR  In another embodiment of the invention, yarn Y.sub.1-2, before dyeing, is
      woven or tufted into a backing B to form a carpeting pile P (FIG. 6a) and
      the carpeting is then dyed whereby the surface of pile P does not exhibit
      the "rowiness" characteristic of the pile P' (on backing B') of certain
      conventional carpeting (FIG. 7a). Comparing the profile of the pile P
      (FIG. 6b) with the profile of the pile P' (FIG. 7b), it is seen that the
      tufts of the pile P bend in random direction whereas the tufts of pile P'
      are all upright.
PAR  It should be understood that many variants in the steps of the process just
      described may be used for various desired results. For instance, yarn
      Y.sub.1 may be caused to travel around godet 17 four turns while yarn
      Y.sub.2 is traveling through eight turns and the yarns Y.sub.1 and Y.sub.2
      are caused to travel around godet 19 one or two times each. Obviously the
      residency time in the heating step on godet 17 will depend upon the
      characteristics of crimp development desired.
PAR  The invention can be practiced without an orienting step so that either one
      of the godets 17 or 19 need not be utilized. This would be the case where
      already oriented yarn is being processed and an initial heating step is
      all that is required to condition the yarn for crimping.
PAR  It is within the purview of the invention to combine two or more ends of
      yarn having different crimp characteristics and which have already been
      oriented and textured. This may be accomplished by combining the textured
      ends by joining and then advantageously feeding the combined ends through
      a filament entanglement zone.
PAR  As previously noted, where yarns, which have little or no twist, are being
      processed, and this would more likely be the case where unoriented yarn is
      sent through the entire process as described above, filament entanglement
      and/or twisting the combined ends for better tufting, is most desirable.
PAR  By a wetting step as described in my copending application Ser. No.
      804,622, filed Mar. 5, 1969 and now abandoned the texture may temporarily
      be removed from at least one of the ends prior to the combining or from
      the combined end of yarn.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of producing a textured yarn from at least two ends of yarn,
      comprising leading the ends on the run to a heated roller, passing each of
      the ends around the roller a different number of turns thereby to heat the
      ends to different extents, and linearly compressing the differently heated
      ends in a common crimping chamber.
NUM  2.
PAR  2. A method of producing a textured yarn from at least two ends of yarn
      comprising heating the ends to different extents and concurrently
      therewith orienting the ends, and linearly compressing the differently
      heated ends in a common crimping chamber.
NUM  3.
PAR  3. The method of claim 2 wherein said heating and orienting is accomplished
      by leading the ends to a pair of rollers at least one of which is heated
      and the second of which is driven at a faster rate than the first, passing
      the ends between said rollers and around and in contact with the same and
      passing the two ends through a different number of turns on the heated
      roller, and leading the then oriented and differently heated ends off the
      second roller to the common crimping chamber and linearly compressing the
      oriented and differently heated ends.
NUM  4.
PAR  4. The method of claim 3 including forming a plug of the linearly
      compressed yarn within the common crimping chamber and transporting the
      plug through a setting zone, setting the plug of compressed yarn and
      taking off the combined single end of yarn from the head of the plug.
NUM  5.
PAR  5. The method of claim 4, including entangling the filaments of the
      combined single end of yarn.
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ABST
PAL  An improved stuffer box crimper and a process employing such apparatus, the
      process involving feeding a tow of parallel filaments in the form of a
      sheet of constant thickness into a stuffer box crimper in which a primary
      crimp is imparted to the filaments by controlling the pressure against
      which the tow is delivered to the stuffer box and the secondary crimp is
      imparted to filaments by adjusting the denier per inch width at which the
      tow is delivered to the stuffer box, the imparted crimp being heat set by
      heating with a fluid while the tow is in the stuffer box.
PARN
PAR  This is a continuation application of application Ser. No. 295,635 filed
      Oct. 6, 1972 which is a continuation application of application Ser. No.
      100,489 filed Dec. 21, 1970 which is a continuation-in-part application of
      application Ser. No. 776,656 filed Nov. 18, 1968, all now abandoned.
BSUM
PAR  This invention relates to improved crimped polyester staple fibers and tows
      and to an improved process and apparatus for their production.
PAR  Crimps introduced into fibers may be substantially planar in shape, and it
      is possible to form different crimps in different planes. When two planar
      crimps are introduced into a fiber, in substantially different planes, one
      with a higher frequency and lower amplitude and the other with a lower
      frequency and higher amplitude, these are referred to hereinafter as
      primary and secondary crimps respectively.
PAR  An important property of fibers is the ease with which they may be
      separated from each other so that during manufacture of yarns from tows or
      bales, groups of fibers do not remain continuously in contact or closely
      connected along their length and at their ends, but form an open and yet
      cohesive web of separated individual fibers. Another important property of
      fibers is the ease with which they may be converted from such an open web
      into a uniform spun yarn whether alone or blended with other fibers. A
      crimp which is not recovered to any significant extent after the fibers
      have been subjected to and released from a tension sufficient to
      straighten them, has little effect on their processability from tow or
      bale to web and yarn; whereas a heat set crimp which survives such
      tensions at least in part has an important influence on the processability
      of the fibers and the quality of derived yarns. A higher frequency single
      planar crimp in general promotes better openability and produces a more
      cohesive web. On the other hand a lower frequency crimp in general makes
      it easier to spin uniform yarns.
PAR  We have now found that, although a secondary crimp as hereinbefore defined
      has a lower frequency than a co-existing primary crimp, the openability of
      fibers is improved if there is present in the fiber a pronounced secondary
      crimp, provided this is sufficiently stable to be largely recovered after
      the fibers have been subjected to and released from a tension sufficient
      to straighten them. We have also found that when such a secondary crimp is
      present in the fibers, they have good openability, and provide uniform
      cohesive webs even when the frequency of the primary crimp is also low;
      and that fibers with both a pronounced and set secondary crimp and a low
      frequency and set primary crimp can readily be opened and processed into
      uniform webs and yarns.
PAR  Tows of filaments containing primary and secondary crimps may be made by
      known stuffer box processes arranged so that a primary crimp is first
      formed in the filaments in the plane of the tow as they are forced into
      the box by a pair of closely spaced rolls, and then the tow itself folds
      so as to impart to the filaments a secondary crimp in a plane
      substantially at right angles to the primary crimp. Further, still lower
      frequency, foldings may also be formed as the tow packs up under the
      crimping pressure to fill the box.
PAR  Filaments with stabilized crimp may also be made by known methods in which
      both crimping and heat treatment are done within an extended stuffer box
      containing both a crimping zone and a setting zone.
PAR  Known methods and apparatus for crimping filamentary tows are however not
      readily suited to producing low frequency and heat set primary and
      secondary crimps. We have found that when stuffer box crimpers are used it
      is difficult to produce a uniform and low frequency primary crimp if the
      filaments are significantly heated in the crimping zone and yet to make a
      fiber with heat set low frequency primary and secondary crimps it is very
      desirable to heat set the crimps, especially the secondary crimps, in the
      stuffer box before subsequent handling operations disturb them. Another
      difficulty is that a low crimping pressure is needed in a stuffer box to
      produce a low frequency primary crimp and in long stuffer boxes including
      a heat setting zone such low pressures are not easy to control because of
      frictional forces. A third problem is to provide means to control primary
      and secondary crimp frequencies independently. We have now found however
      that improved stuffer box design permits a process to be operated which
      readily produces fibers with low frequency and heat set primary and
      secondary crimps.
PAR  According to one aspect of this invention therefore we provide polyester
      filamentary tows, and staple fibers cut therefrom, characterized by a
      primary crimp with a frequency below 10 crimps per inch together with a
      secondary crimp with a frequency between 0.5 and 2.0 crimps per inch.
      Crimp frequencies are measured after pretensioning as described
      hereinafter. These fibers may possess normal percentages of crimp as
      defined hereinafter, but clearly if the percentage crimp is unusually low
      the full benefits of the invention are not achieved and we prefer a
      percentage crimp above 15% to which both primary and secondary crimps
      contribute significantly.
PAR  According to another aspect of this invention we provide an improved
      stuffer box crimping and heat setting process in which a tow of
      essentially parallel filaments in the form of a plane sheet of uniform and
      consistent thickness is fed into a stuffer box crimper in which a primary
      crimp imparted to the filaments is controlled by the pressure against
      which the tow is delivered into the stuffer box, a secondary crimp
      imparted to the filaments is controlled by adjusting the denier per inch
      width at which the tow is delivered into the stuffer box, and the tow is
      heated after crimping but while substantially undisturbed from the form
      into which it has been crimped and folded, by a heating fluid
      substantially none of which contacts the tow until after crimping and
      folding is completed
PAR  According to yet another aspect of this invention we provide an improved
      stuffer box crimper, comprising a pair of co-operating feed rolls adapted
      to feed tow into one end of an enclosed chamber at the opposite end of
      which is an exit with a variable restriction adapted to control the
      pressure of tow within such chamber, characterized in that the chamber
      comprises a crimping zone adjacent to the rollers opening into a heat
      setting zone with cross-sectional dimensions greater than those of the
      crimping zone but sufficiently small so as to retain a column of tow
      essentially undisturbed from the crimped and folded form it assumes in the
      crimping zone, which heat setting zone is provided with means to admit a
      heating fluid to heat the tow and means to exhaust such heating fluid.
      Preferably the exhausting means serve to prevent heating fluid reaching
      the restricted exit as well as the feed rolls.
PAR  The values of crimp frequency quoted hereinbefore are measured in tows or
      staple fibers extracted from the package in which they are provided as a
      raw material for yarn manufacture. When measuring the crimps in a tow, a
      sample is first suspended from a clamp and subjected to a tension of 0.05
      gm./denier for 60 seconds to straighten the tow, the tension is released
      for 10 seconds, and this cycle of operations is repeated three times to
      minimize any deformations that are quickly lost when the tow is simply
      straightened. When measuring the crimps in cut staple fibers, a sample of
      fibers is taken which forms a convenient bundle which can be gripped at
      its ends in such a way that each individual fiber is gripped at its ends,
      and the same cycles of loading and loading and unloading are applied. To
      measure the crimps the sample of tow or fibers is subjected for a fourth
      time to the tension of 0.05 gm./denier and two marks are made on the
      sample length L apart. The tension is then released and the number of
      primary crimps N and the number of secondary crimps n are counted in the
      marked length. The primary crimp frequency is expressed as N/L and the
      secondary crimp frequency is expressed as n/L. The percentage crimp in the
      filaments is the difference between the length L and the corresponding
      length L.sub.0 when the tension is released, expressed as a percentage of
      L.sub.0.
PAR  Table I illustrated the improved fibers of this invention by reference to
      fibers of polyethylene terephthalate with a denier of 1.5. Table II gives
      comparative results on fibers differing from the fibers of Table I only in
      their forms of crimp. All the fibers referred to in Tables I and II had a
      percentage crimp of about 35%.
TBL                Table I                                                     
     ______________________________________                                    
     Crimps per inch                                                           
                    Fiber      Web      Yarn                                   
     Primary Secondary  Openability                                            
                                   Cohesion                                    
                                          Uniformity                           
     ______________________________________                                    
     7 to 8  0.5        Moderate   Moderate                                    
                                          Good                                 
     7 to 8  1.0        Good       Good   Good                                 
     7 to 8  2.0        Good       Good   Moderate                             
     4 to 5  1.0        Good       Good   Good                                 
     7 to 8  1.0        Good       Good   Good                                 
      9 to 10                                                                  
             1.0        Good       Good   Moderate                             
     ______________________________________                                    
TBL                Table II                                                    
     ______________________________________                                    
     Crimps per inch                                                           
                   Fiber      Web       Yarn                                   
     Primary                                                                   
            Secondary  Openability                                             
                                  Cohesion                                     
                                          Uniformity                           
     ______________________________________                                    
     5      0           Very poor  Very poor                                   
                                          Moderate                             
     10     0          Poor       Poor    Moderate                             
     15     0          Poor       Moderate                                     
                                          Moderate                             
     20     0          Moderate   Good    Poor                                 
     15     1.0        Good       Good    Poor                                 
     20     1.0        Good       Good    Poor                                 
     ______________________________________                                    
PAR  Polyester fibers can suffer considerable loss of strength during caustic
      finishing treatments and this loss of strength can be more rapid when the
      fibers have been given a high frequency crimp. In the past it has not been
      possible to avoid this disadvantage of exaggerated loss of strength simply
      by reducing the frequency of the crimp because this seriously reduced the
      ease and efficiency with which the fibers could be processed into yarns.
      Table III illustrates an advantage of the fibers of this invention by
      reference to the caustic sensitivity of fibers of polyethylene
      terephthalate with intrinsic viscosities of 0.4 and 0.65, both types of
      fiber having a denier of 1.5 and a tenacity of 3 gm/denier. These fibers
      were immersed for 15 minutes at 50.degree.C. in a solution containing
      caustic soda at a concentration of 0.2 percent and sodium hydro-sulphite
      at a concentration of 0.2 percent. The tenacity of the fibers after this
      treatment is expressed as a fraction of their original tenacity. By way of
      comparison similar fibers with I.V.'s of 0.4 and 0.65 but with a primary
      crimp frequency of 14 crimps per inch retained only 0.50 and 0.83 of their
      original tenacities respectively after the same caustic treatment.
TBL                Table III                                                   
     ______________________________________                                    
                              Fraction of fiber                                
     Primary Crimp                                                             
                Secondary Crimp                                                
                              tenacity retained                                
     Frequency  Frequency     after caustic                                    
     Crimps per inch          treatment                                        
     ______________________________________                                    
                              IV 0.4      IV 0.65                              
     2          1             1.0        1.0                                   
     4          1             0.99       0.99                                  
     6          1             0.96       0.96                                  
     8          1             0.88       0.93                                  
      10        1             0.76       0.90                                  
     ______________________________________                                    
PAR  The fibers of this invention referred to in Table I were made using the
      process and apparatus of this invention as explained below.
PAR  The control of secondary crimp frequency is illustrated in Table IV for
      fibers of polyethylene terephthalate with a denier of 1.5; the
      corresponding stuffer box pressure in each case being such as to give 7
      crimps/inch of primary crimp.
TBL  ______________________________________                                    
     Secondary Crimp   Tow density delivered to                                
     Frequency         stuffer box; denier per                                 
     Crimps per inch   inch width                                              
     ______________________________________                                    
     2.0                90,000                                                 
     1.0               140,000                                                 
     0.5               290,000                                                 
     ______________________________________                                    
PAR  To make fibers with higher or lower primary crimp frequencies the stuffer
      box pressure is increased or decreased in the usual way and then a slight
      correction may be needed to the tow density to re-establish the required
      secondary crimp frequency. The tow densities and pressures needed to
      produce any required combination of crimps will also depend slightly on
      the antistatic and lubricant previously applied to the tow.
PAR  Different fibers require different minimum heat setting treatments to
      stabilize the crimp sufficiently to meet the requirements of this
      invention. For instance, fibers of polyethylene terephthalate with a
      tenacity of about 4-5 gm./denier and a crystallinity of about 15 percent
      need only about 1 second in steam; but fibers of polyethylene
      terephthalate with a tenacity of about 6-7 gm./denier and a crystallinity
      of about 35 percent need longer. This time is, however, conveniently made
      longer than the minimum time required to stabilize the crimp, because the
      length of the setting zone is conveniently chosen to provide also a simple
      means for conveying the tow to a subsequent processing stage such as
      further heat treatment or cutting or tow packaging.
PAR  It is important to handle the tow issuing from the stuffer box in such a
      way that it is allowed to cool before applying any significant tension.
      The cooling required will depend on the type of fiber, and if it is
      inadequate the resultant percentage crimp will be reduced. Tows of
      polyethylene terephthalate of example should be allowed to cool below
      70.degree.C. and preferably below 40.degree.C. before applying enough
      tension to straighten out the crimped shape. The fibers referred to in
      Table I were withdrawn from the stuffer box without cooling but kept under
      very low tension until they had cooled to 40.degree.C. and they had a
      percentage crimp of about 35 percent. Careful handling out of the stuffer
      box and the use of a lubricant dressing which permitted lower crimper
      pressures permitted the production of fibers with 45 percent crimp with
      some benefit in sliver strength and yarn quality but when tension at the
      stuffer box exit was permitted to rise a little so that the percentage
      crimp fell to 20% there was no significant deterioration in processability
      or yarn quality. When fibers with only 15% crimp were made by using a
      still higher tension at the stuffer box exit, they had a significantly
      poorer processability.
PAR  The crimped tow emerging from the stuffer box may be subjected to a drying
      process or a second heat setting process. A second heat setting process in
      the absence of any applied pressure or constraint may be used to increase
      still further the stability of the crimp shape against tensile loading and
      unloading cycles at higher tensions than those used in the test described
      hereinbefore.
DRWD
PAR  Preferred apparatus for carrying out the process of this invention will now
      be described by way of example with reference to the accompanying drawing
      in which
PAR  FIG. 1 illustrates the apparatus in the plane of the delivery rolls and
PAR  FIG. 2 is a section along the line II -- II of FIG. 1.
DETD
PAR  A stuffer box is formed by front and back plates 10 and 11, and a pair of
      side members 12 and 13 which end in a pair of scraper blades 14. These
      blades fit between two discs 15 and closely approach a pair of driven
      delivery rolls 16 which are also closely spaced with respect to each other
      and the discs 15. The side members 12 and 13 each contain three chambers
      17, 18 and 19 connected by ports to the interior of the stuffer box. The
      chambers 17 and 19 are connected by ports to a supply of heating fluid.
      The side plate 12 supports a loaded door 20 which bears against the member
      13 to close the bottom of the stuffer box.
PAR  In operation of tow of filaments is presented at a controlled denier per
      inch width to the delivery rolls and is forced by them into a first zone
      of the stuffer box A. Crimping and folding take place in this zone so that
      a close packed rectangular column of tow moves from the zone A to a zone B
      with primary crimp in the plane of FIG. 2 and secondary crimp in the plane
      of FIG. 1. The width of the stuffer box increases from the distance
      between the inner faces of the discs 15 in zone A to the distance between
      the inner faces of the plates 10 and 11 in zone B. This increases in width
      relieves the later pressure on the column of tow so that it is allowed to
      buckle slightly while transmitting pressure generated between the loaded
      door 20 and the driven delivery rolls 16. The buckling must be not so much
      as substantially to disturb the crimps formed in the filaments, but
      sufficient to reduce friction with the box walls far enough so that the
      pressure generated at the loaded door 20 can be used to control the
      crimping pressure in the zone A.
PAR  The members 12 and 13 are also slightly divergent to assist in minimizing
      friction between the town and the box walls in zone B, C and D.
PAR  Steam is introduced through chambers 18 into a zone C to heat the tow and
      stabilize the crimp. Although the tow is slightly buckled and only in
      occasional friction contact with the walls 10 and 11, the spaces so formed
      must not be so great as to let the steam travel along the box without
      penetrating and heating the tow.
PAR  Steam is exhausted from the tow in zones B and D through chambers 17 and 19
      so that it does not significantly penetrate into zone A or past the loaded
      door 20.
PAR  Many modifications of this apparatus may be used to perform the process and
      make the product of this invention. For instance, the increase in box
      width between zones A and B may be provided in different ways, such as
      providing a step in the inner faces of members 10 and 11; the discs 15
      could be of various shapes; different door loading systems may be used to
      control the crimping pressure and the zone D may be dispensed with. The
      length and divergence of the members 12 and 13, and the increase in box
      width between zones A and B, will depend on the type and weight of the tow
      in use and on the dimensions of the delivery rolls, and may be varied
      considerably, so long as adequate pressure and crimp control are retained,
      and so long as adequate heating and exhausting are provided, so that the
      fibers of this invention may be produced.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An improved process for preparing a tow of crimped filaments with each
      filament having a primary crimp and a secondary crimp in a plane
      substantially at right angles to the primary crimp, by feeding a tow of
      parallel filaments into a stuffer box crimper and heat setting with a
      fluid while the tow is in the stuffer box, and by controlling the
      frequency of the primary crimp by controlling the pressure against which
      the tow is delivered to the stuffer box to yield a primary crimp frequency
      of 4 to 10 crimps per inch, wherein the improvement comprises:
PA1  adjusting said tow's denier per inch of width at
PA1  said tow's delivery point to said stuffer box crimper,
PA1  until said tow and filaments have a secondary crimp of
PA1  between 0.5 and 2.0 crimps per inch and a percentage
PA1  crimp of greater than 15%,
PAL  whereby staple fibers made therefrom have good fiber openability, good
      cohesion in webs and good uniformity in yarns.
NUM  2.
PAR  2. The process of claim 1 which comprises adjusting polyethylene
      terephthalate tow between 75,000 and 300,000 denier per inch width.
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ABST
PAL  An accessory for riveting machines, replacing the conventional lower anvil,
      which permits both the top and bottom exposed surfaces of a laminated
      assembly to be countersunk and flush riveted. It includes a selectively
      and sequentially engageable sheet clamping means, countersinking means,
      rivet anvil, and rivet squeezing means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to automatic riveting machines, and more
      specifically to an accessory for such machines which permits double flush
      riveting.
PAR  Conventional automatic riveting machines, such as those disclosed by F. A.
      Boyle in U.S. Pat. No. 2,598,106, and by J. J. White, et al in U.S. Pat.
      No. 3,030,695, are capable of rapidly installing and squeezing a variety
      of rivet shapes and types. However, they are generally incapable of
      countersinking a rivet hole on both sides of a sheet assembly and forming
      flush rivet heads on both sides. Such double flush riveting is highly
      desirable in a number of applications, such as in the seal contacting area
      of airplane doors and other assemblies where, for functional or aesthetic
      purposes, both exposed surfaces of the laminated assembly must be smooth.
PAR  In most automatic riveting machines, the sheets are clamped in place, a
      drill and countersink enter from above to form the rivet receiving hole, a
      lower anvil is positioned just below the rivet receiving hole, a rivet is
      installed and the rivet is squeezed between the lower anvil and an opposed
      upper anvil. In many operations the rivet has a preformed head of the
      desired shape, round head, brazier head, or flat head for example, and the
      rivet is inserted from the top side, thereafter the shank is headed on the
      lower side by squeezing to form a button-like lower head. In other
      operations a rivet slug is utilized and both the upper and lower heads are
      formed simultaneously by squeezing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a double flush riveting machine which is properly
      described as an accessory to, or improvement for, currently available
      riveting machines, in that it provides the capability of fastening a
      plurality of sheets or parts together by a rivet having a flush head on
      both exposed surfaces. Currently available riveting machines have the
      capability of drilling a rivet receiving hole, countersinking the upper
      surface around the rivet receiving hole, inserting a flat head rivet in
      the receiving hole, and upsetting the rivet shank to form a button-like
      head at the lower surface by means of a lower anvil. The present invention
      replaces the lower anvil on such riveting machines, thereby adding the
      capability of countersinking the lower surface around the rivet receiving
      hole, and upsetting the rivet shank by squeezing to form a flat head at
      the lower surface.
PAR  It is an object of the present invention to provide an improved riveting
      machine embodying double countersinking capabilities.
PAR  It is an object of the present invention to provide an improved riveting
      machine which produces riveted joints wherein both heads of each rivet are
      flat and substantially flush with the exterior surfaces of said joints.
PAR  Another object of the invention is to provide an accessory to existing
      riveting machines that provides the capability of double countersinking
      and double flush riveting a laminated assembly.
PAR  Another object of the invention is to provide a riveting machine having a
      lower anvil assembly which may be rotated through approximately
      three-hundred-sixty degrees to permit installing rivets in various hole
      patterns without necessitating the removal of the workpiece from the
      riveting machine in order to reorient the workpiece relative to the
      riveting machine each time the hole pattern changes direction.
PAR  The above objects and others are accomplished by the present invention
      utilizing a novel arrangement of motor, cylinders, limit switches,
      retractable anvil, and associated structure to sequentially retract the
      anvil, countersink the hole, position the anvil, and squeeze the rivet
      while providing the capability of the lower anvil assembly to be rotatable
      through approximately three-hundred-sixty degrees.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The advantages of the present invention reside in the construction and
      cooperation of element herein described, reference being made to the
      accompanying drawings forming a part of this disclosure, wherein one
      embodiment of the invention is shown by way of example. It should be
      understood however that the drawings and description are for the purposes
      of illustration only and are not to be construed as defining or limiting
      the scope of the invention.
PAR   In the drawings, wherein like numbers designate like parts throughout the
      various figure;
PAR  FIG. 1 shows the flush riveter installed in a conventional automatic
      riveting machine;
PAR  FIG. 2 is a side view of the flush riveter;
PAR  FIG. 3 is a front view of the flush riveter;
PAR  FIG. 4 is a top view of the flush riveter;
PAR  FIGS. 5 through 9 are side views of the riveter and clamping support means
      with various parts omitted for clarity, showing the sequence of operation
      of the clamping means through the unclamped, clamped and rivet squeezing
      positions;
PAR  FIG. 10 is a somewhat schematic section taken on line 10--10 in FIGS. 1 and
      5;
PAR  FIG. 11 is a functional schematic which shows the interrelationships of
      mechanical, electrical, and pneumatic/ hydraulic parts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a conventional riveting machine 100
      having a knee assembly 101. Assembly 101 includes a pair of outer arms
      108. Operable within the knee is a clamp arm (as seen in section at 110 in
      FIG. 10). The clamp arm and knee are operably attached to the flush
      riveter 10 and are the means for imparting mechanical motion and force to
      the flush riveter for clamping the workpiece and subsequently squeezing
      the rivet later herein. Both the knee and clamp arm are raised and lowered
      by means of fluid cylinders, and usually the outer arms 108 are controlled
      by a high pressure hydraulic cylinder and clamp arm 110 by a lower
      pressure air cylinder.
PAR  Referring to FIGS. 2, 3, and 4, there are shown side, front, and top views,
      respectively, of the present invention, flush riveter 10. The stationary
      portion of the flush riveter is a long vertical channel-shaped frame 12,
      having a circular support head 14 on the upper surface. A countersink tool
      16 is positioned below and in alignment with a hole 17 in support head 14,
      the countersink tool 16 being powered by drill motor 18. Drill motor 18 is
      mounted to countersink carriage 20. Also attached to the carriage 20 is
      the piston rod of countersink cylinder 22. The cylinder portion of
      countersink cylinder 22 is attached to frame 12 by means of a mounting
      bracket 24. Extension of countersink cylinder 22 will raise the carriage
      20, drill motor 18, and tool 16 relative to frame 12. The upper portion of
      tool 16 is guided by support bracket 26 which is attached to frame 12.
      Attached to carriage 20 is a truancated V block 28 which functions as a
      guide block for carriage 20 by moving up and down in track 30 attached to
      frame 12.
PAR  Slidably mounted within frame 12 is an anvil 32. Movement of anvil 32
      within frame 12 is limited and controlled by a cam follower, or roller, 34
      mounted on anvil 32 and located within cam slot 36 of frame 12. Attached
      to anvil 32 by means of bracket 38 is the piston of anvil cylinder 40, the
      cylinder portion being attached to frame 12. Anvil 32 is adapted for
      translation between a first position as seen in FIG. 2 and a second
      position in which cam follower 34 is at the opposite end of slot 36.
PAR  Referring now to FIGS. 5 through 10, wherein certain parts have been
      omitted in order to clearly illustrate the functioning cycle through the
      various clamping positions of the riveter. FIG. 5 shows the riveter in the
      rest position prior to begining the countersink and rivet operation. Both
      the air cylinder 112 driving the clamping arm 110 and the hydraulic
      cylinder 114 driving outer arms 108 are depressurized. Countersink 16 on
      drill motor 18 is retracted with retraction of countersink cylinder 22.
      Anvil 32 within frame 12 is retracted, with cam follower 34 at the lower
      end of cam slot 36. "Anvil retracted" switch 60 is actuated by adjustable
      stop 58. Adjustable anvil stop 66 is in contact with ring 74 mounted on
      base ring 68.
PAR  Air cylinder 112 is then actuated lifting clamp arm 110 upwardly to the
      position shown in FIG. 6. Hydraulic cylinder 114 is pressurized to a low
      valve, causing outer arms 108 to follow the movement of clamp arm 110,
      maintaining a constant relative position between outer arms 108 and clamp
      arm 110. Clamp arm 110 is connected by a bracket (not shown) within
      housing 113 to lift base ring 68. This brings frame 12 into clamping
      contact with the underside of workpiece 116, which typically comprises
      laminated metal sheets. An upper clamping means, part of the conventional
      riveting machine, clamps the upper surface of workpiece 116. For clarity,
      the conventional upper clamping means is omitted.
PAR  FIG. 7 illustrates the countersinking step. In FIG. 7 the countersink
      cylinder 22 is fully extended and countersink tool 16 extends through hole
      17 of frame 12. In this position the rivet receiving hole in workpiece 116
      in contact with support head 14 is fully countersunk. The upward travel of
      carriage 20, drill motor 18, and tool 16, is limited, or stopped, by a
      micrometer adjustable stop 42, which is contacted by carriage 20.
PAR  The first portion of upward travel of carriage 20 is unrestricted, and the
      velocity is therefor a function of the stroke velocity of countersink
      cylinder 22. As the tool 16 approaches the workpiece, however, the
      vertical velocity is controlled by the carriage contacting feed-speed
      piston 44 disposed in feed-speed cylinder 46 which is mounted to frame 12
      by means of bracket 48. Plumbed to feed-speed cylinder 46 is
      restricted-check valve 50, such that the oil within cylinder 46 that is
      displaced by piston 44 is restricted in flow velocity as it passes to
      accumulator cylinder 52.
PAR  When carriage 20 moves downward away from feed-speed piston 44, the oil in
      accumulator cylinder 52 is forced back into cylinder 46 via valve assembly
      50, which does not restrict oil flow in that direction. When countersink
      cylinder 22 approaches its fully compressed position, the adjustable stop
      54 mounted in carriage 20 contacts limit switch 56 which shuts off power
      to drill mmotor 18, as shown in the FIG. 11 schematic.
PAR  Upon completion of the countersinking operation, the riveter has returned
      to the position shown in FIG. 6. Drill motor 18 has been shut off and
      countersink cylinder 22 is fully retracted. Anvil 32 remains in the fully
      retracted position, with adjustable stop 58 fully depressing limit switch
      60. Switch 60 provides the intelligence to countersink cylinder 22 that
      the anvil 32 is fully retracted and it is safe for cylinder 22 to raise
      countersink 16 up to the workpiece.
PAR  Referring now to FIG. 8 which illustrates the next sequential operation, it
      will be observed that anvil 32 has been rocked to the right from its
      retracted position (illustrated in FIG. 6) so that the heading die 62 of
      the anvil 32 is aligned directly below the hole 17 in frame 12. The anvil
      32 was rocked into this position by the operation of anvil cylinder 40
      which caused anvil 32 to rotate about anvil pivot pin 64 and anvil cam
      follower 34 to travel along cam slot 36 to the knee of the cam slot.
      Further rotation of the anvil about pivot pin 64 is prevented by the knee
      in cam slot 36 and by the adjustable anvil stop 66 contacting the base
      ring. A cutout 70 is provided in anvil 32 to clear tool 16 when the anvil
      is in this position (see also FIG. 3). In this position the rivet 200 is
      inserted into the rivet receiving hole in the workpiece from above, and
      the unheaded shank of the rivet extends below the workpiece into hole 17
      of frame 12. Upward movement of anvil 32 will move heading die 62 upward
      into hole 17 to head the rivet, as illustrated in FIG. 9. Simultaneously a
      conventional anvil (not shown) moves downwardly to head the upper end of
      rivet 200.
PAR  FIG. 9 shows the position of anvil 32 when the rivet has been fully
      squeezed and headed. This final squeezing of the rivet requires a large
      force which is provided by the main rivet machine moving anvil rod 72
      upward through hydraulic cylinder 114 raising outer arms 108 which connect
      to anvil rod 72 by a conventional bracket (not shown), thereby moving the
      anvil 32 straight up within frame 12, such movement being accommodated by
      further retraction of anvil cylinder 40 and vertical movement of cam
      follower 34 in cam slot 36. After the rivet is headed, pressure is removed
      from hydraulic cylinder 114 causing the anvil rod 72 to retract to the
      position shown in FIG. 8. At the same time pressure is supplied to the
      extend or down-side of anvil cylinder 40 and when cam follower 34 reaches
      the knee in cam slot 36 the anvil 32 rotates to the left until it reaches
      the position shown in FIG. 6. Air pressure cylinder 112 is depressurized
      to return the system to the position shown in FIG. 5.
PAR  Ring 68 is mounted on a bracket fastened to clamp arm 110 in a manner which
      permits rotation of ring 68. Rotatability of the riveter will accommodate
      moving the riveter closely within an inside corner of a workpiece having
      downwardly extending flanges. The assembly may be rotated approximately
      360.degree., the rotation limited only by the slack in electrical wiring
      and fluid hoses which attach to components of the flush riveter assembly.
      Brackets connecting anvil pin 72 to outer arms 108 and ring 68 to clamp
      arm 110 are not shown since these components are part of the conventional
      riveting machine which will vary with the machine used and are not part of
      this invention. FIG. 10 shows the relationship between outer arms 108,
      operatively connected to anvil pin 72, and inner arm 110, operatively
      connected to ring 68.
PAR  FIG. 11 is a simplified electrical and hydraulic schematic drawing showing
      the interconnection of the flush riveter with the conventional rivet
      machine control logic. This system permits tthe flush riveter to operate
      either in a "double flush" mode in which the lower workpiece surface is
      countersunk, or in a "normal" mode in which the lower surface is not
      countersunk.
PAR  The electrical system cooperates with the control circuitry of the
      conventional riveting machine with which the novel accessory is used. In
      the basic riveting machine, the machine automatically cycles through
      clamping, drilling, rivet insertion and squeezing steps. This sequence
      continues to be performed when selector switch 118 is in the left (as seen
      in FIG. 11), or "normal" position.
PAR  As indicated in the above discussion of the mechanical features, the
      operating sequence begins when the rivet machine logic activates air
      cylinder 112 to clamp the workpiece between an upper clamp and frame 12.
      The rivet machine then causes the rivet hole to be drilled from above.
      Next, with selector switch 118 in the right, or "double flush" position,
      the countersinking sequence is begun by a signal from the riveting machine
      that hole drilling is complete.
PAR  Fluid pressure from source 120 passes through a conventional adjustable
      pressure regulator 122 and pressure gage 124 to a four-way valve 126. The
      fluid pressure from valve 126 passes to countersink cylinder, which begins
      to drive carriage 20 upwardly. As carriage 20 begins to move, countersink
      "down" switch 56 is operated, opening shut-off valve 128 to start drill
      motor 18. As carriage 20 rises, it encounters feed-speed cylinder 46. This
      forces fluid through an adjustable orifice in restricted check valve
      assembly 50, slowing the ascent of carriage 20. As carriage 20 reaches the
      upper stop 42, the hole in the workpiece is countersunk. After the
      appropriate time interval set into adjustable timer 130, valve 126 is
      reversed and carriage 20 is moved downwardly until countersink "down"
      limit switch 56 is operated, shutting off power to drill motor 18 and
      operating four-way valve 126 to direct fluid pressure to anvil cylinder
      40, causing anvil 32 to rotate into the position shown in FIG. 8,
      whereupon the rivet machine control system activates hydraulic pressure
      cylinder 114 as shown in FIG. 9 to squeeze the rivet which has been placed
      in the coutersunk workpiece hole. The rivet machine control logic then
      depressurizes both air cylinder 112 and hydraulic cylinder 114, returning
      the riveter to the original position. A signal from the rivet machine
      logic reverses the pressure to anvil cylinder 40, causing anvil 32 to
      withdraw until limit switch 60 is operated, providing a signal to the
      control for countersink cylinder 22 indicating that anvil 32 is fully
      retracted and it is safe for carriage 20 to be raised as the next riveting
      cycle is begun.
PAR  While FIG. 11 shows, in simplified schematic form, a double flush riveting
      accessory control system adapted to cooperate with the conventional
      control system of standard riveting machines, if desired individual
      switches and fluid pressure systems can be provided to manually control
      each operation making up the riveting cycle.
PAR  The double flush riveter has been shown and described with a channel-shaped
      frame 12, and a rectangular cross-section anvil body 32, but it should be
      understood that the invention is not limited to any particular
      cross-section or dimensions. For example, the cross-section of anvil body
      32 may be circular and frame 12 may be made from tube stock, or the
      cross-section of anvil body 32 may be triangular, square, hexagonal, or
      other shapes, and where more stiffness is required in one plane than
      another the cross-section may be elliptical or other elongated shapes
      having a major axis.
PAR  From the foregoiong it should be clear that where a non-flush rivet head,
      such as for example a round head or brazier head, is desired on the upper
      surface of the workpiece, tool 16 of flush riveter 10 may drill the rivet
      receiving hole from the bottom side as well as countersink the lower
      surface, leaving only rivet insertion to be performed by the upper
      mechanism of the main rivet machine 100 prior to rivet squeezing. In a
      like manner tool 16 may drill the receiving hole when double flush
      riveting is desired, leaving only counter-sinking the upper surface and
      inserting the rivet to be accomplished by the upper mechanism prior to
      squeezing.
PAR  Other modifications, arrangements, and applications of the invention will
      be apparent to those skilled in the art upon reading this disclosure, and
      these are intended to be included within the scope of this invention, it
      being understood that the preceding description is by way of example and
      is not to be taken as a limitation, the spirit and scope of this invention
      being limited only by the following claims:
CLMS
STM  W claim:
NUM  1.
PAR  1. An accessory for use with an automatic riveting machine of the type
      wherein means are provided for forming a rivet receiving hole in a
      workpiece assembly, countersinking the upper surface around said receiving
      hole, and inserting a rivet in said receiving hole, said accessory
      comprising:
PA1  a countersinking means disposed in a first position below and in alignment
      with said receiving hole for countersinking the lower surface around said
      receiving hole;
PA1  an anvil disposed in a first position below said workpiece assembly in
      close proximity to said countersinking means; and
PA1  translating means for moving said countersinking means to a second position
      in clearance of said anvil, and translating said anvil into a second
      position in alignment with said rivet receiving hole for squeezing said
      rivet after insertion in said receiving hole, whereby said riveting
      machine in use with said accessory permits countersinking the surface
      around the rivet receiving hole on both sides of the work piece and
      forming flush rivet heads on both sides thereof.
NUM  2.
PAR  2. The accessory of claim 1, wherein said countersinking means comprises a
      rotatable countersink tool and a drive motor for rotating said countersink
      tool.
NUM  3.
PAR  3. The accessory of claim 1, wherein said translating means comprises a
      carriage attached to said countersinking means and a first power cylinder
      for moving said carriage in a vertical direction toward and away from said
      workpiece assembly.
NUM  4.
PAR  4. The accessory of claim 3, wherein said translating means further
      comprises a cam slot, a cam follower, and a second power cylinder attached
      at one end to said anvil for translating said anvil from said first
      position to said second position and back to said first position.
NUM  5.
PAR  5. An improved automatic riveting machine of the type having means for
      clamping a workpiece, inserting a rivet into a rivet receiving hole in
      said workpiece, and squeezing said rivet to form a head on the unheaded
      shank end of said rivet, wherein the improvement comprises:
PA1  a frame located below said workpiece and rotatably attached to the lower
      knee of said riveting machine;
PA1  an anvil slidably mounted within said frame;
PA1  a carriage mounted to said frame for reciprocating movement on said frame;
PA1  countersinking means mounted to said carriage for countersinking the lower
      surface around said rivet receiving hole; and
PA1  actuation means connected between said frame and said carriage for
      reciprocating said carriage on said frame whereby the lower surface around
      said rivet receiving hole can be countersunk and the unheaded end of said
      rivet can be flush riveted on the bottom side of the work piece.
NUM  6.
PAR  6. The riveting machine of claim 5 wherein said countersinking means
      comprises a rotatable tool for counter-sinking the lower surface of said
      workpiece, and a drive motor for rotating said tool.
NUM  7.
PAR  7. The riveting machine of claim 6 wherein said rotatable tool further
      comprises a drill portion for forming said rivet receiving hole in said
      workpiece.
NUM  8.
PAR  8. The riveting machine of claim 6 further comprising:
PA1  a cam surface located on said frame;
PA1  a cam follower rotatably fastened to said anvil and in contact with said
      cam surface; and
PA1  translating means connected between said frame and said anvil for sliding
      said anvil in said frame, said sliding motion being controlled by said cam
      surface and said cam follower.
NUM  9.
PAR  9. The riveting machine of claim 8 further comprising a feed-speed means
      mounted on said frame and positioned to contact said carriage during a
      portion of the reciprocating movement of said carriage.
NUM  10.
PAR  10. The riveting machine of claim 9 further comprising a base ring fixedly
      mounted to said frame for controlling the rotational movement of said
      frame on said riveting machine knee.
NUM  11.
PAR  11. The riveting machine of claim 9 wherein said feed-speed means comprises
      a piston located within a fluid-filled cylinder and means for restricting
      the exhaust flow of fluid displaced by said piston within said cylinder.
NUM  12.
PAR  12. The riveting machine of claimi 11 further comprising an accumulator for
      storing said fluid exhausted from said feed-speed cylinder.
NUM  13.
PAR  13. The riveting machine of claim 8 further comprising means for shutting
      off power to said countersink drive motor during a portion of the
      reciprocating motion of said carriage.
NUM  14.
PAR  14. The riveting machine of claim 13 further comprising means for shutting
      off said carriage actuation means during a portion of the motion of said
      anvil.
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ABST
PAL  An automatic lathe wherein the carriage for an indexible tool turret is
      biased against a stop and can be moved toward the work spindle by a rotary
      cam which is driven by a hydraulic motor and is arrested by a hydraulic
      brake when the carriage reaches a selected position. The motor is
      automatically decelerated to crawling speed prior to complete stoppage of
      the cam and the brake is applied subsequent to deceleration of the motor
      and simultaneously with opening of an arresting valve which connects the
      supply and return conduits for the motor. The supply conduit continues to
      receive some pressurized fluid while the motor is at a standstill. Abrupt
      acceleration of the motor is prevented by maintaining the arresting valve
      in open position after a motor valve increases the rate of fluid flow from
      a pump to the supply conduit and by closing the arresting valve
      simultaneously with disengagement of the brake.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to machine tools in general, and more
      particularly to improvements in automatic machine tools including turret
      lathes and analogous machines wherein a reciprocable carriage is movable
      from a first or retracted position to a plurality of different second
      positions to thereby place a selected tool thereon into an optimum
      position for treatment of a workpiece which is rotated by a work spindle.
PAR  It is known to employ in an automatic lathe a carriage which is
      reciprocable toward and away from the workpiece in the work gripping means
      of a rotary spindle and which supports an indexible tool turret. It is
      also known to utilize springs or other biasing means for permanently
      urging the carriage to its retracted or first position as well as to
      employ an apparatus which can advance the carriage toward the workpiece so
      that the carriage can come to rest in any one of several second or
      operative positions. In certain machine tools, the apparatus comprises a
      cam which is driven by a variable-speed motor and can transmit motion to
      the carriage through the medium of a suitable follower system. It is
      further known to control the motor by a programming unit which can also
      initiate the actuation of a braking device to thus insure that the
      carriage will dwell in a selected second position while the respective
      tool removes material from the workpiece.
PAR  Since the carriage is movable forwardly exclusively by means of a cam, the
      machine tool must be equipped with reliable means for automatically
      arresting the carriage in a selected second position. The provision of
      such arresting means is of particular importance when the workpiece which
      rotates with the work spindle is to be treated by one or more tools which
      are mounted on the reciprocable carriage as well by one or more tools
      which are mounted on one or more cross slides. Stoppage of the carriage in
      an accurately determined position is essential when the workpiece is to be
      treated, in rapid sequence, first by a tool on a cross slide, thereupon by
      one or more tools on the carriage (e.g., on the aforementioned indexible
      turret which is mounted on the carriage), and thereupon again by one or
      more tools on a cross slide. For example, the control system of the
      machine must prevent a collision between the carriage and a cross slide
      when, following a treatment by one or more tools on the carriage, the
      workpiece is to be treated by a tool on the cross slide which must move
      relative to the carriage in order that the tool can form a cavity or
      recess. The situation is analogous during a change in setup, i.e., when
      the turret and the cross slide or cross slides are to be equipped with
      different tools and the persons in charge must select the extent and
      sequence of movements of carriage and cross slide(s). It is important in
      such machine tools to insure that the carriage will not overshoot its
      intended position, even if it is initially moved at a very high speed, as
      well as that a selected tool can remain in selected position without any
      drifting for extended periods of time. Moreover, it is desirable to insure
      that the carriage can leave its first or starting position without jerking
      or abrupt acceleration because such movement can take place while a tool
      on the turret is in material-removing contact with the workpiece in the
      revolving work spindle.
PAR  In accordance with a presently known proposal, the cam which moves the
      carriage forwardly is driven by a variable-speed D.C. motor which
      transmits motion to the cam through the medium of a two-stage gear
      transmission including one or more clutches and a braking device. Such
      machine tools further comprise a reversible multi-phase braking motor
      whereby the cam can receive motion from the braking motor alone, from the
      D.C. motor alone, or from both motors. In the latter instance, the two
      motors drive the cam by way of a planetary transmission. The means for
      selecting the operation of the drive (i.e., whether the cam is to be
      rotated by the one, the other or both motors) in dependency on the desired
      speed of forward movement of the carriage comprises a suitable programming
      drum with adjustable output elements in the form of angularly displaceable
      lobes or the like. Reference may be had to German Offenlegungsschrift No.
      1,777,070.
PAR  The just described electromechanical drive for the cam exhibits a number of
      serious drawbacks. Thus, the overall cost of the drive (with two motors,
      one or more clutches, a braking device and a complex transmission) is very
      high. Furthermore, the control equipment which is needed to regulate the
      operation of such drive is so complex and bulky that it cannot be
      installed in or on the frame of the machine tool, i.e., it must be
      installed in a separate cabinet. The control equipment includes a host of
      relays, switches and other electronic and electrical components.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a machine tool, especially an
      automatic turret lathe, with a novel and improved apparatus for moving a
      reciprocable tool carriage with respect to the workpiece.
PAR  Another object of the invention is to provide an apparatus which is
      simpler, more compact, more rugged, longer-lasting and less expensive than
      heretofore known apparatus, and which can be installed in existing machine
      tools.
PAR  A further object of the invention is to provide an apparatus which can move
      the carriage at a plurality of speeds by resorting to a single and
      relatively simple prime mover, which can repeatedly move the carriage to
      any one of a large number of different operative positions with a highly
      satisfactory degree of reproducibility, and which is sufficiently compact
      to be installed directly in or on the frame of or integrated into the
      machine tool.
PAR  An additional object of the invention is to provide a machine tool wherein
      the reciprocable carriage for an indexible tool turret can be accelerated
      at a desired rate and wherein the regulation of motor speed and stoppage
      of the motor and cam can be effected by resorting to a small number of
      simple and inexpensive components.
PAR  The invention is embodied in a machine tool, such as an automatic turret
      lathe, which comprises a support (e.g., the base or bed of the machine
      frame), a carriage which is reciprocable along the support from a first
      position to any one of a plurality of second or operative positions, means
      for biasing the carriage to the first position, and apparatus for
      advancing the carriage to a selected second position. The advancing
      apparatus comprises a movable (preferably rotary) cam, follower means
      which tracks the cam and serves to move the carriage from the first
      position in response to movement of the cam from a starting position, a
      rotary fluid power motor which is operable at a plurality of speeds, means
      (e.g., a gear train) for moving the cam in response to rotation of the
      motor, a fluid operated braking device for arresting the cam (e.g.,
      through the medium of the gear train) in a selected second position of the
      carriage, a preferably rotary programming device which receives motion
      from the motor (e.g., through the medium of a second gear train which is
      driven by the first mentioned gear train) and has a plurality of angularly
      distributed protuberances or analogous output elements, and regulating
      means including a plurality of mobile input elements (e.g., trips mounted
      on pivotable levers) each of which can receive motion from a different
      output element in respective preselected angular positions of the
      programming device. The regulating means further includes first and second
      valves for respectively controlling the speed of the motor and the
      operation of the braking device, first displacing means (e.g., a pivotable
      lever) which is movable in response to movement of any one of the input
      elements to thereby actuate the first valve so as to reduce the speed of
      the motor, second displacing means for actuating the second valve with a
      delay following the movement of any one of the input elements to thereby
      operate the braking device while the motor rotates at the reduced speed, a
      third valve or other suitable means for arresting the motor substantially
      simultaneously with operation of the braking device, and fluid-operated
      resetting means (e.g., two reciprocable plungers) for normally maintaining
      the two valves in conditions corresponding to an elevated speed of the
      motor and an inoperative condition of the braking device.
PAR  The machine tool may comprise a rotary tool turret which is mounted on and
      is indexible with respect to the carriage and a plurality of projections
      in the form of studs or the like which are provided on the carriage and
      are indexible in response to indexing of the turret (or vice versa) so
      that a different projection can receive motion from the follower means and
      transmit such motion to the carriage in each angular position of the
      turret. The motor is preferably a hydraulic motor and the braking device
      is preferably operated by hydraulic fluid (this braking device may
      comprise a cylinder block, a piston in the cylinder block, and a spring
      which urges the piston to one end position in which the braking device is
      operative). The second valve is actuatable to move the piston to a second
      position in which the braking device is inoperative whenever the motor
      rotates to move the cam.
PAR  The regulating means preferably further comprises a source of pressurized
      hydraulic fluid, a reservoir or tank, a first conduit (supply conduit) for
      connecting the source with the motor, and a second conduit for connecting
      the motor with the tank. The first valve preferably comprises a valve
      member which is installed in and can control the flow of fluid through the
      conduits and the arresting means preferably comprises a normally closed
      third valve which is connected between the two conduits and means (e.g.,
      an extension of the aforementioned piston of the braking device) for
      opening the third valve in response to operation of the braking device so
      that the motor does not receive pressurized fluid as long as the braking
      device is applied.
PAR  In accordance with a further advantageous feature of the invention, the
      resetting means comprises a member (e.g., one of the aforementioned
      plungers) which can reset the first valve to a condition corresponding to
      operation of the motor at an elevated speed while the second valve still
      maintains the braking device in operative condition and while the third
      valve is open. This insures that the motor can be started gradually in
      response to deactivation of the braking device and in response to
      resulting closing of the third valve.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved machine
      tool itself, however, both as to its construction and its mode of
      operation, together with additional features and advantages thereof, will
      be best understood upon perusal of the following detailed description of
      certain specific embodiments with reference to the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic fragmentary partly side elevational and partly
      sectional view of an automatic turret lathe which embodies the invention;
PAR  FIG. 2 is a schematic plan view of a portion of the structure shown in FIG.
      1; and
PAR  FIG. 3 is a partly diagrammatic and partly sectional view of the motor,
      braking device and regulating means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a portion of an automatic horizontal turret lathe having a
      base or support 14 provided with guide means or ways 12 for a reciprocable
      tool carriage 10. A headstock 22 extends upwardly from the base 14 and
      mounts a rotary spindle 18 for a workpiece 20. The headstock 22 supports a
      cross slide 24 which is movable substantially radially of the axis of the
      work spindle 18. The ways 12 are parallel to the axis of the work spindle
      18, and the carriage 10 supports an indexible turret 16 with mounts for
      six tool holders. The axis about which the turret 16 is indexible with
      respect to the carriage 10 is horizontal and extends at right angles to
      the axis of the work spindle 18. When the machine tool is in use, the
      turret 16 can be indexed seriatim through sixty degrees or a multiple of
      sixty degrees so as to place the tools in successive or selected holders
      into an optimum position for removal of material from the workpiece 20
      which rotates with the spindle 18.
PAR  The carriage 10 is permanently urged in a direction away from the work
      spindle 18 by a biasing device here shown schematically as a prestressed
      helical spring 26 which reacts against a stationary portion 15 of the
      machine frame and bears against an extension 11 of the carriage.
PAR  The apparatus which is utilized to advance the carriage 10 forwardly toward
      the work spindle 18 against the opposition of the biasing means 26 is
      shown at 28. When the apparatus 28 permits the biasing means 26 to move
      the carriage 10 away from the work spindle 18, the carriage comes to rest
      in a first position which is determined by a preferably adjustable stop 30
      on a frame member 31. The apparatus 28 comprises a single rotary cam 32
      here shown as a disk cam whose periphery is tracked by a roller 49 mounted
      on the arm 48 of a two-armed follower lever 47 which is fulcrumed at 44.
      The other arm 46 of the follower lever 47 abuts against the rear end of a
      reciprocable pusher or plunger 42 which is movable in a stationary guide
      40 of the machine frame and the front end of which can engage and displace
      one of several projections or studs 38 forming part of a selector unit 34
      which is mounted on the carriage 10 and cooperates with the indexing
      mechanism (not shown) for the turret 16. The studs 38 are mounted on an
      indexible support 36 which is mounted directly on the rear end portion of
      the carriage 10. The number of studs 38 equals the number of tool holders
      on the turret 16 and their angular spacing is the same as that of the tool
      holders. The effective length of the studs 38 is adjustable and such
      effective length depends on the extent to which the corresponding tool on
      the turret 16 is to be moved toward the workpiece 20 in the clamping
      device of the work spindle 18. When the turret 16 is indexed with respect
      to the carriage 10, the support 36 is also indexed through the same angle
      so as to place the appropriate stud 38 into register with the forward end
      of the pusher 42 in the guide 40. The biasing means 26 insures that the
      stud 38 which registers with the pusher 42 invariably abuts against the
      front end of this pusher during forward movement of the carriage 10 toward
      the workpiece 20. An indexing mechanism which can be used to change the
      angular position of the turret 16 is disclosed, for example, in the
      commonly owned U.S. Pat. No. 3,690,201 granted Sept. 12, 1972.
PAR  The cam 32 can be rotated by a fluid power motor 50 through the medium of a
      gear train 52 (see also FIG. 2) rotatably mounted on a shaft 56 which is
      shiftable axially by a fluid-operated braking device 54 so as to move a
      brake lining 60 at one end face of a gear 58 of the gear train into
      frictional engagement with a stationary braking surface 110 shown in FIG.
      3. Another gear 62 of the gear train 52 mates with a gear 66 on the shaft
      64 of the cam 32. The gear 66 further serves to transmit torque to a
      rotary programming drum 74 through the medium of intermediate gears 68,
      70, 72. The drum 74 has circumferentially extending ribs 76 and grooves 77
      for reception and retention of circumferentially adjustable output
      elements in the form of protuberances or lobes 78 adapted to move
      displaceable trips 84 of a first stationary regulating unit 80 which
      controls the operation of one or more attachments for the machine tool.
PAR  The output elements or protuberances 78 can further actuate motion
      receiving input elements or trips 86 of a second stationary regulating
      unit 82 the details of which are shown in FIG. 3 and which serves to
      control the flow of hydraulic fluid to and from the motor 50 and braking
      device 54. The trips 84 of the regulating unit 80 can actuate switches
      and/or valves (not specifically shown). The input elements or trips 86
      serve to indirectly control two valves 88, 90 which are mounted in a
      common valve housing or body 92 (FIG. 3) and respectively regulate the
      flow of hydraulic fluid to and from the braking device 54 and motor 50.
      The valves 88, 90 respectively comprise reciprocable valve members or
      spools 96, 94 which are installed in an elongated cylindrical bore 98 of
      the body 92. For the sake of simplicity, the valve 90 will be called motor
      valve and the valve 88 will be called brake valve.
PAR  The motor 50 is connected with the motor valve 90 by a supply conduit 100
      for pressurized fluid and a return conduit 102. When the motor valve 90 is
      open, the supply conduit 100 receives pressurized fluid from a pump P or
      an analogous source by way of a main supply line 138. The return conduit
      102 then communicates with a reservoir or tank T. The connection between
      the brake valve 88 and the braking device 54 comprises a single connecting
      conduit 104. As shown in FIG. 3, the aforementioned axially movable shaft
      56 which rotatably supports the gear train 52 constitutes the piston rod
      of a piston 106 which is mounted in a cylinder block of the braking device
      54 and is biased by a strong helical spring 108 so that a collar 57 on the
      shaft or piston rod 56 normally tends to maintain the lining 60 in
      engagement with the fixed braking surface 110.
PAR  The reference character 112 denotes an arresting valve which is a modified
      ball check valve having a spherical valve member 122 normally bearing
      against a seat 123 under the action of a valve spring 124. When the
      arresting valve 112 is open, it allows fluid to flow from the supply
      conduit 100 to the return conduit 102 and to thus interrupt the operation
      of hydraulic motor 50. To this end, a junction 114 (e.g., a tee) in the
      supply conduit 100 is connected with a conduit 118 which contains a
      one-way ball check valve 120 and is connected with a port 113 of the
      arresting valve 112. A junction 116 in the return conduit 102 is connected
      with a conduit 119 which is connected with a second port 121 of the
      arresting valve 112. When the valve member 122 is lifted off the seat 123
      by an extension 126 of the piston 106, pressurized fluid can flow from the
      supply conduit 100 into the tank T via junction 114, conduit 118, check
      valve 120, port 113, port 121, conduit 119, junction 116 and return
      conduit 102. It is clear that the arresting valve 112 need not be
      installed in the cylinder block of the braking device 54 and that the
      piston 106 or piston rod 56 can open the valve 112 through the medium of a
      linkage or the like when the lining 60 is forced against the braking
      surface 110. All that counts is to insure that the arresting valve 112
      opens simultaneously or substantially simultaneously with operation of the
      braking device 54.
PAR  The supply conduit 110 contains a rapid infeed valve 128 which can insure
      that the carriage 10 is rapidly advanced toward the work spindle 18 during
      the initial stage of movement of a selected tool on the turret 16 to its
      operative position. A bypass conduit 130 for the valve 128 contains an
      adjustable flow restrictor 132.
PAR  The resetting means for normally maintaining the spools 94, 96 of the
      valves 90, 88 in the open positions of FIG. 3 (in which the motor 50 can
      rotate at a maximum speed and the braking device 54 is inoperative)
      comprises two hydraulically operated plungers 134, 136. The plunger 136
      bears against the outer (right-hand) end of the spool 94, and the plunger
      134 bears against a rodlike extension 144 of the spool 94. The extension
      144 passes through an axial bore of the spool 96 and carries a split ring
      148 or an analogous motion transmitting element which bears against the
      left-hand end face of the spool 96 to normally maintain the latter in the
      illustrated position. The plunger 136 is urged against the spool 94 by
      pressurized fluid which is supplied by the main supply line 138, and the
      plunger 134 is urged against the extension 144 by fluid which is supplied
      by the main supply line 138 and passes through a flow restrictor 172 and a
      switchover valve 170. Since the spool 94 is held in the open position, the
      main supply line 138 communicates with the supply conduit 100 and the
      motor 50 drives the gear train 52 to rotate the cam 32 of the advancing
      apparatus 28. Also, and since the spool 96 is held in the open position,
      the main supply line 138 communicates with the connecting conduit 104
      which admits pressurized fluid into the chamber below the piston 106 of
      the braking device 54 so that the spring 108 is compressed and the lining
      60 does not bear against the stationary braking surface 110. The
      pressurized fluid is preferably oil.
PAR  The construction of the regulating unit 82 is such that the braking device
      54 is rendered operative only after the speed of the motor 50 is reduced
      well below the normal operating speed, i.e., to a so-called crawling
      speed. In other words, the spool 94 must greatly reduce the flow of
      pressurized fluid from the main supply line 138 into the supply conduit
      100 before the spool 96 can connect the conduit 104 with the tank T in
      order to allow the spring 108 to expand and to urge the lining 60 against
      the braking surface 110 to thus arrest the cam 32 in a predetermined
      angular position corresponding to a selected second position of the
      carriage 10. The supply conduit 100 invariably receives that quantity of
      pressurized fluid which is necessary to insure that (in the absence of
      opening of the arresting valve 112) the motor 50 can be operated at the
      crawling speed. To this end, the lands 94a, 94b of the spool 94 are formed
      with suitably configurated notches 140 which allow a small quantity of
      pressurized fluid to flow from the main supply line 138 into the supply
      conduit 100 (land 94a) and a small quantity of spent fluid to flow from
      the return line 102 into the tank T (land 94b) even at such time when the
      spool 94 is caused to assume its other end position in which, in the
      absence of notches 140, the conduits 100, 102 would be completely sealed
      from the main supply line 138 and tank T.
PAR  The delayed opening of brake valve 88 is effected in response to angular
      displacement of a shaft 141 which is turnably mounted in the body 92 and
      is rigid with the aforementioned motion receiving input elements or trips
      86. Each of these trips has a roller follower 87 located in the path of
      movement of an output element or protuberance 78 on the programming drum
      74 and an arm 89 which supports the respective roller follower 87 and is
      rigid with the shaft 141. The shaft 141 is further rigid with a displacing
      lever 142 which abuts against the right-hand end face of an annular piston
      162 axially movably mounted on the plunger 134. The piston 162 is biased
      by a spring 160 so that it bears against the lever 142 and biases the
      latter in a counterclockwise direction, as viewed in FIG. 3. The spool 96
      of the braking valve 88 is biased against the split ring 148 of the
      extension 144 by a helical spring 146 which reacts against the left-hand
      end face of the spool 94.
PAR  The spool 96 is held against leftward axial movement beyond the illustrated
      open position by the pallet of a blocking lever 154 which is pivotable in
      the body 92, as at 150, and is biased clockwise by a helical spring 152.
      The blocking lever 154 is a bell crank the upwardly extending arm (as
      viewed in FIG. 3) of which can be engaged and pivoted against the
      opposition of the spring 152 by a motion transmitting pin 156 of the
      displacing lever 142. The arrangement is such that the pin 156 begins to
      pivot the blocking lever 154 after the displacing lever 142 completes a
      predetermined clockwise angular movement from the starting position of
      FIG. 3. When the pallet of the blocking lever 154 is disengaged from the
      spool 96, the latter is free to abruptly move to the other end position
      (in which the conduit 104 communicates with the tank T) provided that the
      plunger 134 allows the spring 146 to expand, i.e., that the split ring 148
      is spaced apart from the respective end face of the spool 96. The split
      ring 148 assumes such position after the spool 94 already assumes that end
      position in which pressurized fluid can enter the supply conduit 100 only
      through one of the notches 140 (in the land 94a) and spent fluid can leave
      the conduit 102 by way of the other of the notches 140 (in the land 94b).
      The blocking lever 154 and the spring 146 constitute parts of a displacing
      device for the spool 96; this displacing device causes the valve 88 to
      operate the braking device 54 with a delay following the movement of a
      trip 86, namely when the speed of the motor 50 has been reduced to
      crawling speed.
PAR  The manner in which the spool 94 is moved to its left-hand end position (in
      which the split ring 148 is initially spaced apart from the spool 96) is
      as follows: The plungers 134, 136 normally bear against the respective
      ends of the spool 94 under the action of pressurized fluid in the main
      supply line 138. Thus, the plunger 136 bears directly against the
      right-hand end face of the spool 94 and the plunger 134 bears against the
      adjacent end face of the extension 144. Since the shifting of spool 94 to
      its illustrated right-hand end position necessitates a rightward axial
      movement of the plunger 134 against the opposition of the plunger 136, the
      cross-sectional area of the plunger 134 exceeds (and is assumed to be
      twice) that of the plunger 136. The chamber at the left-hand end of the
      larger-diameter plunger 134 is shown at 164; this chamber can be connected
      with the tank T by way of a bore or channel 166 which is machined into the
      plunger 134 and the radially extending right-hand end portion of which is
      controlled by the cylindrical internal surface 168 of the aforementioned
      annular piston 162. This piston 162 forms with the plunger 134 an
      adjustable throttling device which regulates the flow of pressurized fluid
      from the chamber 164 into the tank T (through an outlet port 165 in the
      body 92). The throttling device 134, 162 is adjustable by the displacing
      lever 142 which, as stated above, abuts against the righthand end face of
      the piston 162. When a motion receiving trip 86 is engaged and displaced
      by the corresponding output element or protuberance 78 of the programming
      drum 74, the trip 86 turns the shaft 141 clockwise, as viewed in FIG. 3,
      and pivots the displacing lever 142 in the same direction so that the
      internal surface 168 of the piston 162 slides along the peripheral surface
      of the plunger 134 and allows pressurized fluid to flow from the chamber
      164 into the port 165. The pressure of fluid in the chamber 164 drops so
      that the plunger 136 can move the spool 94 in a direction to the left, as
      viewed in FIG. 3, whereby the split ring 148 on the extension 144 moves
      away from the spool 96 because the latter is still held by the blocking
      lever 154. Such axial movement of the spool 94 stresses the spring 146
      between the spools 94, 96. When the pin 156 thereupon disengages the
      blocking lever 154 from the spool 96, the spring 146 dissipates a
      substantial amount of energy so that the spool 96 is abruptly propelled to
      its left-hand end position in which the conduit 104 communicates with the
      tank T and the spring 108 urges the lining 60 against the braking surface
      110.
PAR  It will be seen that each trip 86 can bring about a stoppage of the motor
      50 and carriage 10 because each of these trips is rigid with the shaft 141
      and displacing lever 142 so that the latter causes the blocking lever 154
      to become disengaged from the spool 96 whenever a protuberance 78 on the
      programming drum 74 engages and displaces a trip 86. Of course, the
      distribution of protuberances 78 on the drum 74 is such that the carriage
      10 is normally arrested at different distances from the work spindle 18,
      i.e, at distances which are necessary for proper treatment of the
      workpiece 20 by the respective tools on the turret 16.
PAR  That protuberance 78 which has engaged the corresponding trip 86 and has
      caused a stoppage of the motor 50 and carriage 10 can be disengaged from
      the respective trip 86 in response to appropriate control signals (the
      means for producing such signals is not shown). The signals can be
      produced by the main programming unit of the machine tool.
PAR  The purpose of the switchover valve 170 in the connection between the main
      supply line 138 and the chamber 164 for the plunger 134 is to allow for
      changes in the direction of movement of the carriage 10 independently of
      the braking device 54. This is desirable, for example, to facilitate a
      change in setup and/or to allow for removal of shavings from deep bores in
      a workpiece.
PAR  In accordance with another feature of the invention, the power train
      between the camshaft 64 (gear 66 of the gear train 52) and the programming
      drum 74 is preferably selected in such a way that the number of teeth on
      the gears which receive motion from the gear 66 and rotate the drum 74 is
      a whole multiple of the total number of teeth on the gears of the gear
      train 52. This insures that the drum 74 can be rotated through angles of
      optimum magnitude with a very high degree of accuracy, even after at least
      some of the gears have undergone a certain amount of wear. Moreover,
      eventual deviations of the configuration of one or more gears between the
      output shaft 51 of the hydraulic motor 50 and the shaft 7 of the drum 74
      cannot unduly affect the reproducibility with which the drum 74 can be
      caused to assume a predetermined number of selected angular positions.
PAR  The operation:
PAR  In the position which is shown in FIG. 3, the spool 94 of the motor valve
      90 allows practically unobstructed flow of fluid from the main supply line
      138 into the supply conduit 100 and practically unobstructed flow of spent
      fluid from the return conduit 102 into the tank T. At the same time, the
      spool 96 of the brake valve 88 allows pressurized fluid to flow from the
      main supply line 138 into the conduit 104 and into the chamber below the
      piston 106 of the braking device 54. Thus, the lining 60 is spaced apart
      from the braking surface 110 and the braking device does not interfere
      with rotation of the motor 50 at normal speed. The spools 94, 96 are held
      in the positions of FIG. 3 by plungers 134, 136 and spring 146. The pallet
      of the blocking lever 154 abuts against the left-hand end face of the
      spool 96 under the action of the spring 152 because the spring 160
      maintains the displacing lever 142 in the illustrated starting position
      through the medium of the annular piston 162.
PAR  When one of the protuberances 78 on the rotating programming drum 74
      engages and displaces the corresponding trip 86, the displacing lever 142
      pivots clockwise, as viewed in FIG. 3, and shifts the piston 162 axially
      of the plunger 134. This increases the rate of flow of pressurized fluid
      from the chamber 164 into the port 165 and tank T thereby the pressure of
      fluid in the chamber 164 drops and the plunger 136 can shift the spool 94
      in a direction to the left to stress the spring 146, to move the split
      ring 148 away from the left-hand end face of the spool 96, and to greatly
      reduce the rate of fluid flow from the main supply line 138 into the
      supply conduit 100 and from the return conduit 102 to the tank T. The
      inclination of the ramp 79 of each protuberance 78 and the dimensions of
      the notches 140 are selected in such a way that the speed of the hydraulic
      motor 50 decreases rapidly but in accordance with a preselected optimum
      pattern. The motor 50 continues to rotate at a much lower speed so that
      the carriage 10 crawls toward the selected second position.
PAR  All this takes place before the pin 156 of the displacing lever 142 begins
      to pivot the blocking lever 154 against the opposition of the spring 152,
      i.e., before the spool 96 of the brake valve 88 is permitted to leave the
      position of FIG. 3. As soon as the pallet of the blocking lever 154 is
      disengaged from the spool 96, the latter is abruptly propelled against the
      split ring 148 under the action of the spring 146 (which has been stressed
      during leftward movement of the spool 94 under the action of the plunger
      136). This causes the spool 96 to connect the conduit 104 with the tank T
      so that the spring 108 is free to move the piston 106 downwardly, as
      viewed in FIG. 3, and to move the lining 60 into frictional engagement
      with the stationary braking surface 110.
PAR  The movement of lining 60 against the braking surface 110 takes place
      simultaneously with opening of the valve 112 by the extension 126 of the
      piston 106. This allows the small amount of pressurized fluid which
      continues to flow through the supply conduit 102 (see the notch 140 in the
      land 94a of the spool 94) to bypass the motor 50 so that the latter is
      arrested simultaneously with the application of a pronounced braking
      force. The pressurized fluid flows from the junction 114, through the
      conduit 118, check valve 120, port 113, valve 112, port 121, conduit 119,
      junction 116, return conduit 102, and to the tank T.
PAR  The establishment of a direct connection between the conduits 100 and 102
      when the motor 50 is at a standstill is desirable in order to avoid abrupt
      starting of the motor when the braking device 54 is disengaged in response
      to return movement of the spool 96 to the position of FIG. 3. This insures
      that, when the advancing apparatus 28 is operated again to move the
      carriage 10 toward the work spindle 18, the carriage 10 begins to move
      without any jerking.
PAR  The adjustable flow restrictor 132 (which is invariably installed in the
      supply conduit 100) produces the negative effect that, when subjected to
      maximum fluid pressure by fluid flowing in the bypass conduit 130, it can
      also cause an abrupt starting of the motor 50. Therefore, the valves 88,
      90 are designed in such a way that such abrupt flow of fluid through the
      conduit 130 cannot have any adverse effects. To this end, the spool 94
      allows fluid to flow from the main supply line to the bypass conduit at
      full pressure before the braking device 54 is deactivated in spite of the
      fact that the spools 94, 96 simultaneously move back to the position shown
      in FIG. 3. Consequently, the valve 112 remains open while there develops a
      surge of pressurized fluid which passes through the motor valve 90 and
      flow restrictor 132. The pressurized fluid can flow from the conduit 100
      into the conduit 102 through the still open arresting valve 112.
      Consequently, the starting of the motor 50 takes place gradually.
PAR  Once the spools 94, 96 reassume the positions shown in FIG. 3, the blocking
      lever 154 is free to pivot under the action of the spring 152 and thereby
      holds the spool 96 against axial movement toward the plunger 134.
PAR  The biasing means 26 returns the carriage 10 to its fully retracted
      position (in which the extension 11 abuts against the stop 30) before the
      apparatus 28 is actuated again to move the carriage forwardly subsequent
      to indexing of the turret 16 and support 36 to a different angular
      position.
PAR  An important advantage of the improved advancing apparatus is that it
      comprises a single hydraulic motor and that, even when the flow of
      pressurized fluid from the source P, 138 is throttled to a maximum extent
      (notch 140 in the land 94a), i.e., when the RPM of the output shaft 51 is
      low, the motor is still capable of supplying the necessary torque to
      rotate the cam 32 against the opposition of the biasing means and/or other
      resistance which the carriage 10 encounters while the cam 32 is in motion.
      Such construction renders it possible to achieve an optimum deceleration
      of the carriage 10 to zero speed as well as to abruptly arrest the
      carriage in a selected second position while the RPM of the output shaft
      51 is very low.
PAR  Another important advantage of the apparatus 28 is that, and as already
      mentioned hereinabove, its components are capable of effecting a gradual
      acceleration of the motor 50 in spite of the fact that the spool 94 can
      rapidly reassume the (first) position which is shown in FIG. 3., i.e., in
      spite of the fact that the spool 94 abruptly increases the rate of flow of
      pressurized fluid from the main supply line 138 to the conduit 100. This
      is due to the provision of notches 140 which permit a certain amount of
      fluid to flow between the line 138 and conduit 100 on the one hand and the
      conduit 102 and tank T on the other hand while the spool 94 is held in the
      left-hand end position, and also to the provision of valve 112 which
      remains open for a while after the spool 94 begins to move to the position
      of FIG. 3. Consequently, the motor 50 cannot undergo abrupt acceleration
      which would suffice to cause breakage of a tool which engages the
      workpiece during disengagement of the braking device 54. Also, the fact
      that the flow restrictor 132 receives fluid at maximum pressure before the
      braking device 54 is disengaged cannot cause an abrupt acceleration of the
      motor 50 because the valve 112 is still open at the time the spool 94
      again allows the fluid to flow at a maximum rate from the main supply line
      138 to the branch conduit 130.
PAR  The placing of spools 94, 96 into a common bore (98) of the body 92
      contributes to compactness of the regulating unit 82 which can be
      installed in the frame of the machine tool whereby the body 92 confines
      all or nearly all parts of the displacing and restoring means for the two
      spools.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of my contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. In a machine tool, a combination comprising a support; a carriage
      reciprocable along said support from a first position to one of a
      plurality of second positions; means for biasing said carriage to said
      first position; and apparatus for advancing said carriage to a selected
      second position, comprising a movable cam, follower means tracking said
      cam and arranged to move said carriage from said first position in
      response to movement of said cam from a starting position, a rotary
      hydraulic motor operable at a plurality of speeds, a source of pressurized
      hydraulic fluid, a reservoir, a first conduit for connecting said source
      with said motor, a second conduit for connecting said motor with said
      reservoir, means for moving said cam in response to rotation of said
      motor, a hydraulic braking device for arresting said cam in a selected
      second position of said carriage, a programming device receiving motion
      from said motor and having a plurality of output elements, and regulating
      means including a plurality of mobile input elements each arranged to
      receive motion from a different one of said output elements in respective
      preselected positions of said programming device, each of said angular
      positions corresponding to a second position of said carriage, said
      regulating means further including first and second valves for
      respectively controlling the speed of said motor and the operation of said
      braking device, said first valve being installed in said conduits, first
      displacing means movable in response to movement of any one of said input
      elements to thereby actuate said first valve so as to reduce the speed of
      said motor, second displacing means for actuating said second valve with a
      delay following the movement of any one of said input elements to thereby
      operate said braking device while said motor rotates at reduced speed,
      means for arresting said motor substantially simultaneously with operation
      of said braking device, said arresting means comprising a normally closed
      third valve connected between said conduits and means for opening said
      third valve in response to operation of said braking device, and
      fluid-operated resetting means for normally maintaining said first and
      second valves in conditions corresponding to an elevated speed of said
      motor and inoperative condition of said braking device.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said machine tool is an
      automatic lathe having a rotary tool turret mounted on and indexible with
      respect to said carriage, and further comprising a plurality of
      projections provided on said carriage and indexible in response to
      indexing of said turret so that a different one of said projections can
      receive motion from said follower means and transmit such motion to said
      carriage in each angular position of said turret.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said first displacing means
      comprises a lever which is pivotable by said input elements.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said resetting means
      comprises a member arranged to reset said first valve to said condition
      corresponding to said elevated speed of said motor while said second valve
      still maintains said braking device in operative condition and while said
      third valve is open.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said first and second
      valves respectively comprise reciprocable first and second valve members
      and said regulating means further comprises a common valve body for said
      valve members.
NUM  6.
PAR  6. A combination as defined in claim 5, wherein said first displacing means
      comprises a lever which is pivotable by said input elements to thereby
      effect a movement of said first valve member from a first position in
      which said source supplies pressurized fluid to said first conduit at a
      higher first rate to a second position in which said rate is reduced to a
      lower second rate to thereby reduce the speed of said motor.
NUM  7.
PAR  7. A combination as defined in claim 5, wherein said first valve member is
      coaxial with said second valve member, said body having a bore for said
      valve members and said resetting means further comprising a plunger which
      is subjected to the action of said pressurized fluid to move said first
      valve member to said second position in response to movement of said first
      displacing means as a result of movement of any one of said input
      elements.
NUM  8.
PAR  8. A combination as defined in claim 7, wherein said second displacing
      means comprises resilient means for biasing said second valve member from
      a first position corresponding to inoperative condition of said braking
      device to a second position in which said braking device is operative to
      arrest said cam.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein said resilient means reacts
      against said first valve member and said first valve member comprises an
      extension passing lengthwise through said second valve member and abutting
      against said member of said resetting means, said last mentioned member
      constituting a second plunger which is biased against said extension by
      pressurized fluid supplied by said source.
NUM  10.
PAR  10. A combination as defined in claim 9, wherein said extension comprises
      means for returning said second valve member to said first position in
      response to movement of said first valve member to said first position
      thereof under the action of said second plunger.
NUM  11.
PAR  11. A combination as defined in claim 10, wherein said body defines a
      chamber connected with said source and being adjacent to that end of said
      second plunger which is remote from said extension, said body further
      having an outlet connected with said reservoir and said second plunger
      having a channel connecting said chamber with said outlet, said second
      displacing means further comprising an adjustable throttling device for
      the flow of fluid from said chamber to said outlet.
NUM  12.
PAR  12. A combination as defined in claim 11, wherein said second displacing
      means further comprises a blocking member arranged to normally hold said
      second valve member in said first position thereof, said first displacing
      means including means for adjusting said throttling device so as to
      increase the rate of flow of fluid from said chamber to said outlet and to
      thus permit the movement of said first valve member to said second
      position thereof under the action of said first mentioned plunger and
      means for disengaging said blocking member from said second valve member
      subsequent to adjustment of said throttling device to thereby enable said
      resilient means to move said second valve member to said second position.
NUM  13.
PAR  13. A combination as defined in claim 11, wherein the cross-sectional area
      of said second plunger exceeds the cross-sectional area of said first
      mentioned plunger.
NUM  14.
PAR  14. A combination as defined in claim 13, wherein said throttling device
      comprises an annular piston surrounding said second plunger and movable
      axially thereof, and means for biasing said piston to a position in which
      said piston reduces the rate of fluid flow from said chamber to said
      outlet.
NUM  15.
PAR  15. A combination as defined in claim 1, wherein said braking device
      comprises a cylinder block, a piston reciprocably mounted in said cylinder
      block, and resilient means for biasing said piston to a first position in
      which said braking device is operative to arrest said cam, said second
      valve having a valve member movable between first and second positions to
      thereby connect said block with said source of pressurized fluid whereby
      the fluid moves said piston to a second position corresponding to
      inoperative condition of said braking device.
NUM  16.
PAR  16. In a machine tool, a combination comprising a support, a carriage
      reciprocable along said support from a first position to one of a
      plurality of second positions; means for biasing said carriage to said
      first position; and apparatus for advancing said carriage to a selected
      second position, comprising a movable cam, follower means tracking said
      cam and arranged to move said carriage from said first position in
      response to movement of said cam from a starting position, a rotary fluid
      power motor operable at a plurality of speeds, means for moving said cam
      in response to rotation of said motor, a fluid-operated braking device for
      arresting said cam in a selected second position of said carriage, a
      programming device receiving motion from said motor and having a plurality
      of output elements, and regulating means including a plurality of mobile
      input elements each arranged to receive motion from a different one of
      said output elements in respective preselected positions of said
      programming device, each of said angular positions corresponding to a
      second position of said carriage, said regulating means further including
      first and second valves for respectively controlling the speed of said
      motor and the operation of said braking device, first displacing means
      movable in response to movement of any one of said input elements to
      thereby actuate said first valve so as to reduce the speed of said motor,
      second displacing means for actuating said second valve with a delay
      following the movement of any one of said input elements to thereby
      operate said braking device while said motor rotates at reduced speed,
      means for arresting said motor substantially simultaneously with operation
      of said braking devices, and fluid-operated resetting means for normally
      maintaining said valves in conditions corresponding to an elevated speed
      of said motor and inoperative condition of said braking device, said
      braking device comprising means for actuating said arresting means so that
      said arresting means stops said motor in response to operation of said
      braking device.
NUM  17.
PAR  17. A combination as defined in claim 16, wherein said motor is a hydraulic
      motor and said braking device is operated by hydraulic fluid.
NUM  18.
PAR  18. In a machine tool, a combination comprising a support; a carriage
      reciprocable along said support from a first position to one of a
      plurality of second positions; means for biasing said carriage to said
      first position; and apparatus for advancing said carriage to a selected
      second position, comprising a movable cam, follower means tracking said
      cam and arranged to move said carriage from said first position in
      response to movement of said cam from a starting position, a rotary fluid
      power motor operable at a plurality of speeds, means for moving said cam
      in response to rotation of said motor, a fluid-operated braking device for
      arresting said cam in a selected second position of said carriage, said
      braking device comprising a cylinder block, a piston reciprocably mounted
      in said cylinder block and resilient means for biasing said piston to a
      first position in which said braking device is operative to arrest said
      cam, a programming device receiving motion from said motor and having a
      plurality of output elements and regulating means including a plurality of
      mobile input elements each arranged to receive motion from a different one
      of said output elements in respective preselected positions of said
      programming device, each of said angular positions corresponding to a
      second position of said carriage, said regulating means further including
      first and second valves for respectively controlling the speed of said
      motor and the operation of said braking device, said second valve having a
      valve member movable between first and second positions to thereby connect
      said block with a source of pressurized fluid whereby the fluid moves said
      piston to a second position corresponding to inoperative condition of said
      braking device, first displacing means movable in response to movement of
      any one of said input elements to thereby actuate said first valve so as
      to reduce the speed of said motor, second displacing means for actuating
      said second valve with a delay following the movement of any one of said
      input elements to thereby operate said braking device while said motor
      rotates at reduced speed, means for arresting said motor substantially
      simultaneously with operation of said braking device, fluidoperated
      resetting means for normally maintaining said valves in conditions
      corresponding to an elevated speed of said motor in inoperative condition
      of said braking device, a first conduit arranged to admit pressurized
      fluid to said motor and a second conduit arranged to receive spent fluid
      from said motor, said arresting means comprising a normally closed third
      valve connected between said conduits and said piston comprising means for
      opening said third valve in said first position thereof.
NUM  19.
PAR  19. A combination as defined in claim 18, wherein said third valve
      comprises a seat, a spherical valve member, and means for biasing said
      spherical valve member against said seat whereby said third valve seals
      said first and second conduits from each other, said opening means
      comprising an extension provided on said piston and arranged to move said
      spherical valve member away from said seat in response to movement of said
      piston to said first position thereof.
NUM  20.
PAR  20. A combination as defined in claim 18, wherein said third valve is
      installed in said cylinder block.
PATN
WKU  039464725
SRC  5
APN  5431727
APT  1
ART  324
APD  19750122
TTL  Broaching tool
ISD  19760330
NCL  13
ECL  1,8
EXP  Vlachos; Leonidas
NDR  2
NFG  4
INVT
NAM  Proulx; Sylvester Eugene
STR  Tecumseh
CTY  Windsor
CNT  CA
INVT
NAM  Beneteau; Stanley Alexander
STR  Tecumseh
CNT  CA
ASSG
NAM  J. P. Tool Limited
CTY  Windsor
CNT  CA
COD  03
CLAS
OCL   29 951
XCL   29 96
EDF  2
ICL  B26D  104
ICL  B26D  100
ICL  B26D  112
FSC   29
FSS  95.1;96;105 R
UREF
PNO  2645003
ISD  19530700
NAM  Thompson et al.
OCL   29105R
UREF
PNO  3262183
ISD  19660700
NAM  Raehrs
OCL   29 95.1
UREF
PNO  3371397
ISD  19680300
NAM  Coleshill et al.
OCL   29105R
UREF
PNO  3540103
ISD  19701100
NAM  Saari
OCL   29105R
UREF
PNO  3707748
ISD  19730100
NAM  Price et al.
OCL   29 95.1
UREF
PNO  R28239
ISD  19741100
NAM  Dupuis
OCL   29 95.1
ABST
PAL  A broaching tool is described having an elongated tool body with a
      plurality of spaced ribs disposed generally transverse to the longitudinal
      body axis. Each such rib defines a substantially circular arc of at least
      45.degree.. A plurality of cylindrical cutter discs are mounted along each
      rib, each disc being positioned with its longitudinal axis disposed within
      1.degree.-15.degree. of coincidence with the longitudinal axis of the
      body. Each disc has an end face providing a cutting edge disposed about
      the periphery of the end face. The discs along each arcuate row are
      circumferentially staggered with respect to the discs of the next adjacent
      rib with each disc projecting beyond the outer face of the rib and being
      rotatably indexable about its axis to bring successive cutting portions
      into cutting positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel broaching tool of the type typically used
      to produce a round hole or a semi-circle.
PAR  2. Description of the Prior Art
PAR  Broaching is a machining process whereby one or more cutters with a series
      of teeth are pushed or drawn entirely across a workpiece and is analogous
      to single-stroke filing. Broaching is typically carried out on
      manually-operated presses, on pull-screw machines or on hydraulically
      actuated broaching machines or presses. The broach has teeth which
      increase in height towards one end and is typically held in the screw
      socket of a broaching machine screw or ram by a taper cotter. Usually the
      first few teeth on the broach are low to permit the small end of the tool
      to pass through a hole in the workpiece, while the intermediate teeth
      remove most of the metal and the last few teeth finish the surface to
      size.
PAR  The typical broaching tool presently in use is in the form of an elongated
      body having a plurality of spaced annular ribs generally transverse to the
      longitudinal body of the axis. A series of titanium carbide teeth are
      brazed onto side walls of these ribs in a position perpendicular to the
      longitudinal body axis. Each of these teeth has a curved upper cutting
      edge. Of course, when these cutter teeth become worn, it becomes a very
      expensive proposition to remove the worn teeth and then braze new cutter
      teeth into position against the ribs. Also, because each cutting edge
      engages the workpiece at substantially 90.degree., it will be appreciated
      that immense stresses are placed on the tool and the cutter teeth
      particularly when broaching metals.
PAR  Similar cutting teeth are normally used on rotary milling cutters but
      recently some rotary milling cutters have been utilizing cutter teeth in
      the shape of buttons or discs which are indexably mountable on supporting
      ribs. One such device is described in Saari U.S. Pat. No. 3,540,103,
      issued Nov. 17, 1970. However, Saari was concerned only with a rotary
      milling cutter which was specially intended for truing wheels of railroad
      cars and locomotives.
PAR  It will, of course, be appreciated that broaching is a totally different
      kind of operation from rotary milling in that broaching involves no
      rotation and is strictly a pushing action similar to single stroke
      filling. It is the object of the present invention to provide an improved
      type of broaching tool having easily replaceable and rotatably indexable
      cutters.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention it has been found that by designing a
      unique type of broaching tool support, cutter teeth in the form of
      cylindrical discs or buttons can be advantageously utilized in broaching.
PAR  Thus, in accordance with the present invention a novel broaching tool
      comprises an elongated tool body having a plurality of spaced ribs
      disposed generally transverse to the longitudinal body axis. Each of these
      ribs defines a substantially circular arc of at least 45.degree.. A
      plurality of cylindrical cutter discs are mounted along each rib with each
      disc being positioned with its longitudinal axis disposed within
      1.degree.-15.degree. of coincidence with the longitudinal axis of the tool
      body. Each disc has an end face providing a cutting edge disposed about
      the periphery of the end face with the discs along each rib being
      staggered circumferentially with respect to the discs of the next adjacent
      rib. Each disc projects beyond the outer face of the rib and is rotatably
      indexable about its axis to bring successive cutting edge portions into
      cutting position.
PAR  The ribs are preferably arranged as axially spaced annular projections and
      each rib may define a full circle or a part thereof. It forms an arc of at
      least 45.degree. and usually at least 90.degree.. Annular chip relief gaps
      are formed between the ribs.
PAR  The ribs have recessed into the upper face thereof cutter disc retaining
      sockets, each having a bottom face machined at a specific positive angle
      within the range of 1.degree. to 15.degree. of coincidence with the
      longitudinal axis of the tool body so as to result in a negative rake
      angle. Each socket has a rear abutment wall which engages the trailing
      side of the cutter and has an open front. The abutment wall is preferably
      perpendicular to the socket bottom wall and is also curved to conform to
      the curvature of the cutter. For securing a cutter disc in a socket, a
      tapped hole is preferably provided in the bottom wall of the socket for
      receiving a retaining screw extending through the cutter disc. The tapped
      hole is preferably positioned so as to firmly wedge the cutter disc
      against the abutment wall. Because of the lateral support given to the
      cutter by the sides of the socket, the screw is not subjected to shearing
      stresses but merely serves to hold the cutter firmly against the seat of
      the socket.
PAR  Preferably each succeeding rib is slightly larger than the preceeding rib
      so as to produce a progressively larger hole as the broach is moved
      through the workpiece or the workpiece over the broach. Alternatively, a
      portion of the broach can have a series of ribs machined to similar
      dimensions from the center line to the cutting disc sockets so as not to
      generate an increase in size but to afford a final finished round hole or
      circle of a specific size. It is also possible for all of the ribs to be
      machined to the same radius throughout the entire length of the broach so
      as not to generate any increase in size of the tool. With this arrangement
      the broach can be mounted on a subholder having an incline, thereby
      generating a larger circle on the workpiece as the broach passes through
      the workpiece or the workpiece over the broach.
PAR  The angle of the cutter discs with respect to the longitudinal axis of the
      body can be varied within the range of 1.degree. to 15.degree.. By setting
      the series of small round cutting discs at a small angle with respect to
      the longitudinal axis of the body, the cutting edges of the cutter discs
      thereby form small arcs of a much larger circle than the diameter of the
      discs themselves. This, combined with the overlapping in the paths of
      successive cutters due to the staggered arrangement of cutters in
      successive rows, results in the depth of the grooves formed on the
      finished surface being very small.
DRWD
PAR  Certain preferred embodiments of this invention will now be illustrated by
      the attached drawings in which:
PAR  FIG. 1 is a perspective view of one embodiment of the novel broaching tool;
PAR  FIG. 2 is a cross-sectional view of the broaching tool;
PAR  FIG. 3 is an end elevation of the tool; and
PAR  FIG. 4 is an exploded detail view of a cutting disc and socket.
PAR  The particular broach illustrated in the drawings is for shaping and
      enlarging a semicircular hole. The novel broach 10 has an elongated tool
      holder body portion 11 having a series of axially spaced projecting
      annular ribs 12. Between these ribs 12 are chip gullies 13 and at the
      leading face of each rib 12 are machined a series of sockets 14 for
      receiving the cutter discs. Each of these sockets has a flat bottom face
      15 which is inclined at a small angle .alpha. (usually about 11.degree.)
      to the longitudinal axis of the tool holder 11 and the socket also has a
      semicircular abutment wall 16 which is perpendicular to the bottom face
      15. Extending into the tool holder 11 through face 15 is a tapped hole 17.
PAR  Mounted in each socket 14 is a cylindrical cutting disc 18. Each cutting
      disc has a cylindrical wall 19 and end faces 20. A hole 21 is formed
      axially through the insert with a conical countersink 22. The cutting disc
      is typically made from tungsten carbide.
PAR  The cutting disc is held in position by means of a threaded screw 23 which
      has a conical head portion which mates with the countersink in the cutting
      disc and the head of the screw includes a socket 24 for receiving a
      wrench. When the cutting disc has been placed in position in the socket 14
      and the screw tightened, the insert is pressing firmly against the
      semicircular wall 16. Thus, when the broach is in operation the forces on
      the cutting inserts are fully carried by the abutment walls 12 rather than
      by the screws themselves.
PAR  With this arrangement, it will be seen that only about one quarter of the
      cutting edge of the cutter discs is in use at one time. This means that as
      the portion in use becomes dulled, the screws 23 can be loosened and the
      cutter discs can then be rotated sufficiently to present fresh cutting
      edge portions, after which the screws are again tightened. The result is
      that as many as four cutting edge portions may be available on one face of
      a cutter disc. Furthermore, it is possible to make the discs reversible so
      that another four cutting edge portions may be available on the reverse
      face. In this way as many as eight fresh cutting edge portions may be
      obtainable from a single cutting disc.
PAR  A typical cutter disc may have a diameter ranging from about 3/8 inch to
      about 1 inch and these are used in cutting holes having a diameter of at
      least 1 inch. Usually the present broach forms a hole having a radius at
      least three times the radius of the individual cutter discs.
PAR  It will be seen from FIG. 1 that the various rows of cutting inserts are
      positioned in a circumferentially staggered manner. Thus, the axes of the
      second row of inserts 18b are positioned mid-way between the axes of the
      first row of inserts 18 while the third row of inserts 18c are in
      alignment with the first row 18.
PAR  As will be seen from FIG. 3, the broach is tapered with each row of inserts
      having a slightly larger radius than the previous row.
PAR  While the above preferred embodiment illustrates a screw connection for
      mounting the cutting inserts in the sockets, it will be readily apparent
      to those skilled in the art that many other kinds of mounting means are
      possible. Thus, wedging pin, etc. can be used.
PAR  It will also be apparent to those skilled in the art that although a
      semicircular broach is illustrated, similar types of broaches forming only
      a 45.degree. arc or as much as a full circle are within the scope of the
      present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A broaching tool comprising an elongated tool body having a plurality of
      spaced ribs disposed generally transverse to the longitudinal body axis,
      each said rib defining an arcuate path of at least 45.degree. with each
      succeeding rib having a larger diameter than the preceeding rib, a
      plurality of cylindrical cutter discs mounted along each rib, each disc
      having an end face providing a cutting edge disposed about the periphery
      of the end face, each disc being positioned with its end face disposed
      within 1.degree.-15.degree. of coincidence with the longitudinal axis of
      said body, the discs along each rib being staggered circumferentially with
      respect to the discs of the next adjacent rib such that the paths of
      successive cutter discs overlap, said discs being arranged to broach a
      hole having a radius at least three times the radius of the individual
      cutter discs, each disc projecting beyond the outer face of the rib and
      being rotatably indexable about its longitudinal axis to bring successive
      cutting portions into cutting position.
NUM  2.
PAR  2. A broaching tool according to claim 1 wherein said cutter discs are
      recessed in retaining sockets in said ribs.
NUM  3.
PAR  3. A broaching tool according to claim 2 wherein each said socket has a
      flat bottom face disposed within 1.degree.-15.degree. of coincidence with
      the longitudinal axis of the tool body and an arcuate rear abutment wall
      perpendicular to said bottom face.
NUM  4.
PAR  4. A broaching tool according to claim 3 wherein the cutter disc is
      retained in said socket by means of a screw turned into a tapped hole in
      said socket bottom face.
NUM  5.
PAR  5. A broaching tool according to claim 4 wherein said ribs are arranged as
      separate axially spaced annular projections.
NUM  6.
PAR  6. A broaching tool according to claim 5 wherein each rib forms an arc of
      at least 90.degree..
NUM  7.
PAR  7. A broaching tool according to claim 5 wherein each rib forms an arc of
      at least 180.degree..
NUM  8.
PAR  8. A broaching tool holder comprising a tool body having a plurality of
      spaced ribs disposed generally transverse to the longitudinal body axis,
      each said rib defining an arcuate path of at least 45.degree. with each
      succeeding rib having a larger diameter than the preceeding rib, a
      plurality of sockets formed along each rib adapted to receive and retain
      cylindrical cutter discs, each socket having a flat bottom face disposed
      within 1.degree.-15.degree. of coincidence with the longitudinal axis of
      the tool body and an arcuate rear abutment wall perpendicular to said
      bottom face, the sockets along each rib being staggered circumferentially
      with respect to the sockets of the next adjacent rib such that the paths
      of successive sockets overlap, said sockets being arranged such that the
      holder with cutter discs retained in the sockets is adapted to broach a
      hole having a radius at least three times the radius of the individual
      cutter discs.
NUM  9.
PAR  9. A broaching tool holder according to claim 8 wherein said socket bottom
      face has a tapped hole for receiving a cutter disc retaining screw.
NUM  10.
PAR  10. A broaching tool holder according to claim 9 wherein said ribs are
      arranged as separate axially spaced annular projections.
NUM  11.
PAR  11. A broaching tool holder according to claim 10 wherein each rib forms an
      arc of at least 90.degree..
NUM  12.
PAR  12. A broaching tool holder according to claim 10 wherein each rib froms an
      arc of at least 180.degree..
NUM  13.
PAR  13. A broaching tool holder according to claim 10 wherein annular chip
      relief gaps are provided between said ribs.
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ABST
PAL  This invention is the method and apparatus for locking an indexable
      replaceable cutting tool insert into a cutting tool holder using a tilting
      pin type device consisting of a threaded pin with spheroidal surfaces
      which lock the insert into an insert pocket of any geometrical shape
      common to industry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the view and disassembling of cutting tool
      inserts with multiple cutting edges into a cutting tool holder and the
      method for holding and locking the insert.
PAR  2. Description of Prior Art
PAR  The use of replaceable inserts in machine tool applications for cutting
      material in machining operations is well known and recognized in this art.
      Almost all of these devices are of the quick release and change type
      mechanism for replacing the cutting tool insert and have anywhere from one
      to four pieces which make up the complete cutting tool holder. Many
      different devices for holding and securing the insert are known in this
      art. A problem which is solved by this invention is securely clamping the
      insert into the pocket and introducing a force resistant to the insert
      tipping up at the rear section of the cutting insert when it comes under
      the cutting load in a machine tool operation. Also, the invention uses a
      single locking pin for securing the cutting tool insert in place.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an indexable insert securing means for
      replaceable tip cutting tools. Said inserts can be made from hard material
      such as carbide and this invention presents a novel means for securing and
      locking said insert into a pocket in the tool holder. The pocket sides
      coact with the insert when it is tightened into place by an angular
      tilting action of a threaded pin with spheroidal surfaces that secure and
      lock the insert into the tool holder.
PAR  A principal object of this invention is to provide a means for securely
      locking an indexable cutting tip in a tool holder pocket and includes a
      simple and quick mechanism for changing the tip.
PAR  A further object is to allow the indexing of this tip as it becomes worn
      from use.
PAR  Another object is to provide a means for releasing the cutting tool tip
      from either one of two directions for ease of replacement or indexing,
      specifically from the top or bottom of said tool holder.
PAR  Another object is to provide a spacing shim for support of the cutting tip
      which allows minimal loosening of the locking mechanism for release of the
      cutting tip.
PAR  Another object is to provide an insert pocket in a tool holder which with
      the tilting lock pin will keep the cutting insert from rising up out of
      the seat when the insert is tightened into place and also during the
      stress of a cutting operation.
PAR  Still another object is to provide an inexpensive and low cost alternative
      to present methods of holding cutting tips.
PAR  Other objects of this invention will become apparent and will be best
      understood when taken in view of the accompanying drawing supplied herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of a cutting tool showing the relative location of
      the tool holder, cutting tip and locking pin.
PAR  FIG. 2 is a side view of a locking pin.
PAR  FIG. 3 is a sectional view of the structure in FIG. 1 similar to FIG. 4 but
      in a partially assembled position.
PAR  FIG. 4 is a sectional view of the structure in FIG. 1 along 4--4 in a
      locked position.
PAR  FIG. 5A is a sectional view of the structure in FIG. 1 along 5--5 in a
      locked position.
PAR  FIG. 5B is a sectional view similar to FIG. 5A but illustrating the
      structure shown in FIG. 8 having a cutting tip insert and a shim member in
      a locked position.
PAR  FIG. 6 is an exploded view of the embodiment in pictorial form.
PAR  FIG. 7 is a side view of a locking pin used with a shim.
PAR  FIG. 8 is a sectional veiw of an alternate embodiment using the locking pin
      shown in FIG. 7 and similar to FIG. 3.
PAR  FIG. 9 is a sectional view of the alternate embodiment similar to FIG. 4.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and partially to FIG. 1 through FIG. 6,
      therein is a cutting tool holder, referred to by numeral 5, consisting of
      a shank 10 generally rectangular in cross section with provisions for
      attaching to a tool post of a conventional metal cutting machine such as a
      lathe. The shank 10 is integrally connected to the head 12 which forms the
      whole of the tool holder 5 with the head 12 having a tapered trapeziform
      section which is larger at the bottom 60 front than the shank 10 section
      and whose topmost surface 13 is tipped down at a compound angle toward
      front surface 62 and toward side surface 15 with a pocket consisting of
      botton surface 58 as the seat and surfaces 14 and 16. The pocket back wall
      is almost perpendicular to the bottom surface 58 of the pocket which holds
      an insert 18. The shape of the pocket consisting of surfaces 58, 14 and 16
      is similar to insert 18 with the surfaces 14 and 16 having a 90.degree.
      maximum to a slightly less than 90.degree. angle to bottom surface 58 at
      undercut 70 shown in FIG. 5A. A clearance hole 17 perpendicular to bottom
      surface 58 provides for clearance of the insert's 18 tip.
PAR  A cylindrical hole 64 in FIG. 4 with its axis inclined to the pocket
      surface 58 is accurately disposed in the head section 12 with a threaded
      hole 68 perpendicular to pocket surface 58 connecting the bottom surface
      66 of the cylindrical hole 64 to bottom surface 60 of head 12.
PAR  The insert 18 has a hole 56 substantially at the geometric center of the
      insert opposed faces, the axis of the hole 56 being substantially
      perpendicular to the parallel planes of said faces 48 and 50. Said insert
      18 (illustrated in FIG. 6) when in use, for example, can have a total of
      six cutting edges by indexing it three times and turning insert 18 upside
      down and indexing three more times. Other insert shapes, such as square
      and pentagonal, can afford still larger number of usable cutting edges.
PAR  A tilting lock pin, or a wedge locking pin, 26, shown in FIG. 2, consists
      of a threaded end 34 which connects to a cylinder 32 and to a spheroidal
      surface 30 to a fillet 36 which joins the ellipsoidal surface 28 and then
      to a chamfer 38 to the top of the pin 44. A relief in the top 40 can be a
      hexagonal socket for insertion of a hexagonal wrench or key or other
      similar tool for rotating the tilting lock pin 26. It can readily be seen
      that a similar relief can be disposed on the opposite end of the tilting
      lock pin 26 for use in insertion of insert 18 and for removal, affording
      access from top or bottom of said tool holder 5.
PAR  The locking of insert 18 into tool holder 5 is shown in FIG. 3 and FIG. 4
      and is as follows. The tilting lock pin 26 is threaded loosely into
      threads 68 and the insert 18 is easily slipped over the ellipsoidal
      surface 28 which is slightly smaller in diameter than the insert hole 56.
      The chamfers 52 on the insert 18 in conjuntion with the chamfer 38 on the
      tilting lock pin 26 allow for ease of insertion and removal of the insert
      18.
PAR  A rotation of the tilting lock pin 26 while in contact with the threaded
      hole 68 brings the spheroidal surface 30 in contact with the inclined
      cylindrical hole 64, best viewed in FIG. 3 and FIG. 4, and with the insert
      18 sitting on the surface 58 of the pocket. The ellipsoidal surface 28 of
      the tilting lock pin 26 will make contact with the insert hole 56 exerting
      forces in such a way so as to bring faces 20 and 22, respectively, of the
      insert 18 in contact with side surfaces 14 and 16 of the pocket. Further
      tightening of the tilting lock pin 26 will cause the looseness between the
      threaded portion 34 and the threaded hole 68 to be reduced as the
      spheroidal surface 30 contacts the inclined cylindrical hole 64. This
      causes the spheroidal surfaces 30 to slide on the hole 64 until all slack
      is gone and causes the vertical axis of the tilting lock pin 26 to skew
      toward clearance hole 17 in the head 12. The contact at 72 between
      spheroid 30 and hole 64 acts as a pivot point causing the ellipsoidal
      surface 28 to make contact 74 with insert hole 56 exerting locking forces
      between the insert rear surfaces 20 and 22 and the pocket back wall 16 and
      14, respectively. Conversely, initial rotation in reverse positively
      displaces, angularly, the tilting lock pin 26 to skew away from contact
      with the insert hole 56 and allows easy and rapid removal of the insert 18
      for its indexing or replacement. Namely, surface 28 moves away from
      contact 74 with hole 56 and in some applications the edge of fillet 36
      will raise insert 18 off surface 58.
PAR  FIG. 5A is a sectional view illustrating the contact action between pocket
      back walls 14 and 16 and the insert 18. This is slightly exaggerated to
      show the clamping action of the intersection of top surface 13 and pocket
      back walls 14 and 16 which hold the insert 18 at or near the top surface
      48. This clamping action is the result of the secure contact with the back
      walls 14 and 16 of the pocket which keeps the insert 18 firmly seated on
      pocket surface 58 when the tool holder 10 and insert 18 are in an actual
      machining operation.
PAR  Contact between a work piece and the intersection of top surface 48 of
      insert 18 and front face 24 of the insert 18 will cause a force at this
      intersection which would cause faces 20 and 22 of the insert 18 to try to
      rise out of the pocket but is prevented from doing so because of the
      aforementioned clamping action.
PAR  The clamping action of surfaces 14 and 22 and surfaces 16 and 20 also
      prevents the insert 18 from rising up out of the pocket when it is
      tightened into place by the tilting lock pin 26 upon original installation
      on the insert 18 or when the insert 18 is indexed to expose a new cutting
      surface edge such as the intersection of top surface 48 with faces 20 or
      22 to a work piece.
PAR  Referring now to FIG. 1, FIG. 5B, and FIG. 7 through FIG. 9, these
      illustrate another method of holding the insert 18 by using a shim 76 and
      a captive tilting lock pin 78. The captive tilting lock pin 78 consists of
      a threaded end 80 which connects to a cylinder 82 which connects to a
      spheroidal surface 84 which connects to a fillet 86 which connects to
      cylinder 88 which connects to a fillet 90 which connects to a flange 92
      which connects to a fillet 94 which connects tapered a taperedd
      ellipsoidal surface 96 which connects to a chamfer 98 forming top 100 for
      the pin 78. The reliefs 102 and 104 in the tilting lock pin 78 can be
      hexagonal sockets for insertion of a hexagonal wrench or key or other
      similar tool for rotating the tilting lock pin 78 when its threaded end 80
      is in contact with the threads 106 of head 115.
PAR  The shim 76 in conjunction with the pocket of the head 115 supports the
      insert 18 during its use in the tool. This shim 76 is captive in the
      pocket by flange 92 of the captive tilting lock pin 78 which not only
      supports the insert 18 but is slightly smaller than insert 18. The shim 76
      has a chamfer 110 on the bottom which eliminates any necessity for an
      undercut 70 in pocket as shown in FIG. 5A. The clamping action of the
      sides of the pocket of surfaces 112 and 114 are similar to those described
      above which prevents the insert 18 from cocking out of the pocket.
PAR  Referring specifically to FIG. 8 and FIG. 9, the shim 76 is first placed
      onto the bottom 116 of the pocket with the bottom 118 of shim 76 in
      intimate contact. Bore 120 in shim 76 is large enough to allow the
      spheroidal surface 84 to clear but too small for flange 92 of captive
      tilting lock pin 78, hence keeping the shim 76 captive in pocket of head
      115. With the shim 74 in place and captive tilting lock pin 78 threaded
      loosely in thread portion of head 106, insert 18 is slipped over the
      tapered ellipsoidal surface 96 which is slightly smaller in diameter than
      the insert hole 56. The lead chamfer 52 on the insert 18 in conjunction
      with the chamfer 98 on the captive tilting lock pin 78 allows for ease of
      insertion and removal.
PAR  The rotation of the captive tilting lock pin 78 with its threaded end 80 in
      contact with the threads 106 brings the spheroidal surface 84 in contact
      with the inclined cylindrical hole 122 and with the insert 18 sitting on
      the top 124 of shim 76 which is sitting on the surface 116 of the pocket.
      The tapered ellipsoidal surface 96 of the captive tilting lock pin 78 will
      contact the insert hole 56 exerting forces in such a direction so as to
      bring surfaces 112 and 114 (see FIG. 5B) of the pocket in contact with
      faces 20 and 22, respectively, of the insert 18. Further tightening of the
      captive tilting lock pin 78 will cause the looseness between the threaded
      portion 80 and the threaded hole 106 to be reduced as the spheroidal
      surface 84 contacts the inclined cylindrical hole 122 causing the
      spheroidal surface 84 to slide on hole 122 until all slack is gone and
      also causing the vertical axis of the captive tilting lock pin 78 to skew
      toward clearance hole 17 in the head 115. With all the slack gone, a
      contact location 126 between spheroid 84 and hole 122 will act as a pivot
      point causing the tapered ellipsoidal surface to make a contact location
      128 with insert hole 56 which now exerts locking forces between insert
      faces 20 and 22 and the pocket surfaces 112 and 114, respectively.
PAR  FIG. 5B shows a sectional view of this contact action with the pocket
      surfaces 112 and 114 slightly exaggerated to show clamping action of the
      intersection of the top surface 13 and the pocket surfaces 112 and 114
      which hold the insert 18 at or near the top surface 48. This clamping
      action as described is the result of the surfaces 112 and 114 of the
      pocket which keeps the insert 18 firmly seated on the shim top surface 124
      when the tool holder 5 and insert 18 are in an actual machining operation.
PAR  Contact between a work piece and the intersection of top surface 48 of
      insert 18 and face 24 of insert 18 will cause a force at this intersection
      which would cause the faces 20 and 22 of the insert 18 to try to rise out
      of the pocket but is prevented from doing so because of the aforementioned
      clamping action.
PAR  The clamping action of surfaces 114 and 22 and surfaces 112 and 20 also
      prevents the insert 18 from rising up out of the pocket when it is
      tightened in place by the captive tilting lock pin 78 upon original
      installation of the insert 18. This also occurs when the insert 18 is
      indexed to expose a new cutting surface edge such as the intersections of
      faces 20 or 22 with the top surface 48 to the work piece.
PAR  The hexagonal sockets 102 and 104 in the captive tilting lock pin 78 allow
      for clamping or unclamping of the insert 18 from top or bottom of the tool
      holder with the hexagonal wrench which may eliminate the necessity of
      removing the tool holder from the machine tool post to which it is
      affixed.
PAR  An essential feature of the invention is the contact locking facility that
      automatically adjusts by the rotational movement of the pin to form a
      clamping force, when tightened, between the inclined hole and spheroidal
      surface of the pin that is transmitted through the pin via the ellipsoidal
      surface to the hole of the insert (which by nature of the shape is forced
      into the pocket) by the pivot and sliding action of the pin causing the
      clamping result. It should also be noted that, because of this design, the
      system is self-adjusting and automatically compensates for any wear that
      occurs to the various contact surfaces. Another advantageous feature of
      the present invention is the captive shim which reduces the need for an
      undercut of the pocket that allows the insert to seat flat in the pocket
      and also for ease of indexing or changing the insert since a short turn of
      the pin will release the insert but will hold the shim in place which
      reduces insert change time and effort.
PAR  While preferred embodiments of the invention have been illustrated and
      described, it will be understood that various changes and modifications
      may be made without parting from the spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. In a cutting tool
PA1  a. a disposable cutting insert having a hole substantially at the geometric
      center;
PA1  b. a body providing a flat bottom and at least one side which forms a
      support means against which said insert rests;
PA1  c. an inclined hole with the axis of inclination toward the front of the
      tool intersecting with a threaded hole substantially perpendicular to the
      bottom of the support means; and
PA1  d. a pin fitting within the inclined hole in the body with an end
      projecting into the hole of the insert, said pin having a spheroid portion
      which coacts with said inclined hole when tightened in said threads
      forming a tilting lock by point contact between spheroid portion of pin,
      inclined hole in holder, and hole in insert securing it in place.
NUM  2.
PAR  2. In a cutting tool
PA1  a. a disposable cutting insert having a hole substantially at the geometric
      center;
PA1  b. a body providing a flat bottom and at least two sides converging which
      form a pocket against which said insert rests;
PA1  c. a hole inclined with axis of inclination toward the front of the tool
      and with a threaded section substantially perpendicular to the bottom of
      the pocket; and
PA1  d. a pin fitting within the inclined hole in the body with an end thereof
      projecting into the hole of the insert, said pin when tightened forming a
      wedge lock by point contacts between the spheroid portion of pin and
      inclined hole in holder and the ellipsoidal portion of pin and hole in
      insert securing it in place against sides of the pocket.
NUM  3.
PAR  3. The cutting tool of claim 1 in which the side wall of the support means
      is angled in such a direction so as to produce a line contact with the
      rear side of the insert when the wedge locking pin is tightened.
NUM  4.
PAR  4. The cutting tool of claim 2 in which the side walls of the pocket are
      angled in such a direction so as to produce a line contact with the rear
      sides of the insert when the wedge locking pin is tightened.
NUM  5.
PAR  5. In a cutting tool
PA1  a. a disposable cutting insert having a hole substantially at the geometric
      center;
PA1  b. a shim having a hole substantially at the geometric center and having
      the same geometric shape as the insert;
PA1  c. a body providing a pocket with a flat bottom and at least one side
      against which said insert and shim rests;
PA1  d. an inclined hole with the axis of inclination toward the front of the
      tool intersecting with a threaded hole substantially perpendicular to the
      bottom of the support means; and
PA1  e. a pin fitting within the inclined hole in the body with an end
      projecting into the hole of the insert, said pin having a spheroid portion
      which coacts with said inclined hole when tightened in said threads
      forming a tilting lock by point contact between spheroid portion of pin,
      inclined hole in holder, and hole in insert securing it in place.
NUM  6.
PAR  6. In a cutting tool
PA1  a. a disposable cutting insert having a hole substantially at the geometric
      center;
PA1  b. a shim having a hole substantially at the geometric center and having
      the same geometric shape as the insert;
PA1  c. a body providing a pocket with a flat bottom and at least two sides
      against which said insert rests;
PA1  d. a hole with the axis inclined toward the front of the tool and with a
      threaded section substantially perpendicular to the bottom of the pocket;
      and
PA1  e. a pin fitting within the inclined hole in the body with an ellipsodial
      end thereof projecting into the hole of the shim and insert, said pin
      having a spheroid portion which coacts with said inclined hole when
      tightened forming a wedge lock by point contacts between the spheroid
      portion of pin and inclined hole in the holder, and the ellipsoidal
      portion of pin and hole in insert securing it in place against sides of
      pocket.
NUM  7.
PAR  7. The cutting tool of claim 5 in which the side walls of the pocket are
      angled in such a direction so as to produce a line contact with rear edges
      of the insert when the wedge locking pin is tightened.
NUM  8.
PAR  8. The cutting tool of claim 6 in which the side walls of the pocket are
      angled in such a direction so as to produce a line contact with rear edges
      of the insert when the wedge locking pin is tightened.
NUM  9.
PAR  9. The cutting tool of claim 5 wherein said pin wedge lock means is
      accessible from the bottom of said tool holder means.
NUM  10.
PAR  10. The cutting tool of claim 6 wherein said pin wedge lock means is
      accessible from the bottom of said tool holder means.
NUM  11.
PAR  11. The cutting tool of claim 7 wherein said pin wedge lock means is
      accessible from the bottom of said tool holder means.
NUM  12.
PAR  12. The cutting tool of claim 8 wherein said pin wedge lock means is
      accessible from the bottom of said tool holder means.
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ABST
PAL  A cylindrical rotary cutting head rotatable about a longitudinal axis
      having a plurality of helical slots in which a plurality of bits carrying
      cutting edges are retained in the lateral direction by means of set screws
      which bear against a "V" groove in an inclined face of the bit and in the
      vertical direction by plurality of cooperating serrations on an opposite
      face of the bit and in one slot wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to rotary cutters and particularly to
      cutters such as milling cutters or planing heads in which the cutting
      elements are disposed helically about the body of the cutter in the
      direction of the longitudinal axis of rotation of the head. Usually the
      cutting elements are disposed in helical slots in such a way that they can
      be vertically adjusted within the slot and so that they can be replaced or
      removed for sharpening purposes, repositioning, or the like. It is known
      to seat the cutters by means of wedging devices, positive stops, or screw
      means in the slots and cooperable serrations cut in the cutter and in one
      of side walls of the helical slots which intermesh. In this way the
      cutters are maintained in a fixed position relative to the head. Until the
      advance described by the present invention, there have been no known
      cutting heads which use cutters which can be removed or repositioned
      without subjecting the head, and consequentially the corresponding
      machine, to a great deal of down time (some designs require the head to be
      out of service for as much as 3 to 4 days) because of the long trial and
      error process using special tools which is required to reposition all the
      cutters at the same precise location with respect to the head so that all
      the cutters describe the same diameter as the head rotates.
PAC  SUMMARY OF THE INVENTION
PAR  One of the principle objects of the present invention is to permit the use
      of a single cutter design which can be located anywhere on the head and
      which has a simple design which will permit replacement or adjustment with
      the minimum amount of down time (in the range of one half day or less).
PAR  Another object of the invention is to provide retaining or locking means
      for the cutters which are simple and require minimal adjustment.
PAR  A further object of the invention is to provide retaining or locking means
      for the cutters which do not require special tools to set the precise
      location of cutters within the head.
PAR  A still further object of the invention is to provide for a plurality of
      cooperable serrations in the helical slot walls and on the cutter walls
      which with the retaining or locking means constrain the cutters from
      either vertical or lateral movement without the need for special or
      separate wedging members or positive stops in the slots.
PAR  As a result of the novel interrelationship of components as described by
      the present invention, the number and size of the cutters is reduced
      because the cutters can be staggered with respect to each other in the
      adjacent slots. This staggering of the cutters also produces a further
      desired result inasmuch as it reduces the noise level emitted by the head
      during its operation when compared to heads using continuous helical
      cutters running the full length of the slots.
PAR  In wood planing operations, this staggered orientation of the cutters
      enhances the quality of the planning action inasmuch as the planing action
      is performed by a series of overlapping cutters, rather than by a series
      of continuous cutters which contact a larger surface area. This is
      particularly true where a knot is encountered in a board surface. A head
      with continuous cutters is more likely to lift out the knot and the
      surrounding area, then is a head having staggered cutters.
PAR  These and other objects of the invention will become more apparent from the
      following detailed description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a helical planing head of the type
      described by the present invention showing the staggered relation of the
      cutters.
PAR  FIG. 2 is an end view of the helical planing head illustrated in FIG. 1,
      but showing only one cutter.
PAR  FIG. 3 is a reduced plan view of a helical planing head showing three
      helical slots without cutters.
PAR  FIG. 4 is an enlarged end view of a slot showing the serrations in the slot
      wall in detail.
PAR  FIG. 5 is a rotated side elevation of a typical cutter shown in FIG. 7.
PAR  FIG. 6 is a plan view of the cutter shown in FIG. 7.
PAR  FIG. 7 is a perspective view of a typical cutter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For purposes of the description, the invention will be discussed as it
      relates to a rotary planing head, but it is not the intention to so limit
      the applicability of the invention, since it relates equally well to
      rotary cutters in general.
PAR  Referring to the drawings, particularly FIGS. 1 and 3, a rotary cylindrical
      planing head 10 has a body portion 12 which is rotatable about a
      longitudinal axis "A". A plurality of slots 14 are provided in body
      portion 12 and are formed in any suitable manner so as to wind in a
      generally helical fashion around body 12 in a longitudinal direction over
      the length of the head 10.
PAR  Each helical slot 14 is comprised of a pair of parallel side walls 16 and
      18, as shown in FIG. 2, and a flat bottom portion 20. On at least one side
      wall of each slot 14 there are provided a plurality of serrations 30 which
      extend from the bottom wall 20 to a point generally adjacent the top of
      the side wall at the mouth of the slot. In this instance, side wall 18 is
      provided with the serrations. The serrations 30 extend the full length of
      each slot.
PAR  A plurality of cutting means 22 are adapted to be received in each of the
      slots 14, as shown in FIGS. 1 and 2. The cutting means 22 may be disposed
      in adjacent side by side relation or they may be arranged in a spaced
      apart relation with the cutting means being disposed in adjacent slots in
      overlapping or staggered relation as shown in FIG. 1.
PAR  Referring to FIGS. 2 and 5-7, each of the cutting means 22 are identical in
      size and shape and are comprised of a steel holder or body portion 24 and
      a cutting edge or bit 26 of suitable material such as tungsten carbide.
      The cutting edge 26 is welded or otherwise integrally fastened to body 24
      so that the cutting means is disposed in the slots 14, as shown in FIG. 1.
PAR  The body 24 of each cutting means 22 is provided with an inclined face 28
      which is best shown in end view in FIG. 2. The body 24 is wider at the
      bottom than at the top. A generally vertically extending V shaped groove
      42 is formed in the inclined surface 28 over its entire length. The
      vertical groove is located symetrically with repsect to body 24 and is of
      uniform depth over its entire length.
PAR  On the surface of body 24 opposite the inclined surface 28, there are
      provided a plurality of serrations 44 which extend from the bottom of body
      24 to the top thereof. These serrations are similar to the serrations 30
      formed in side wall 18 of slot 14 and they are adapted to cooperate
      therewith in an interlocking fashion to form a seating means for the
      cutting means 22 within the slot 14.
PAR  As can be seen in FIG. 4, each of the serrations 30 are comprised of a
      generally outwardly extending, horizontal portion 32 and an upwardly
      inclined portion 34. This configuration is contrasted to the more typical
      zig-zag serration pattern with no horizontal portions. The serrations 44
      formed on cutting means 22 are similar in that they too are comprised of
      horizontally extending and inclined portions which are adapted to be
      received in serrations 30. The horizontally extending portions of each of
      the serrations provide a positive land or seat to restrict vertical
      movement of the cutting means relative to the head 10 when the cutting
      means is positioned. The inclined surfaces of both cutter and wall
      cooperate and serve to wedge the land portions of both elements tight
      against one another when the head is in use.
PAR  As shown in FIG. 2, locking means 36 are provided to further retain the
      cutting means 22 in position in the slot 14. The locking means is
      comprised of a bore 38 which extends through body portion 12, generally at
      an angle perpendicular to side wall 16, through side wall 16 and into slot
      14. A set screw 40, threadably engaged in bore 38, extends into slot 14
      and into engagement with the V groove 42 of cutting means 22. The wedging
      action of the set screw 40 in the V groove 42 against the inclined face 28
      further forces the cooperating serrations 30, 44 into engagement thereby
      further constraining the vertical movement of cutting means 22 in the
      slot. Because of the wedge configuration of the cutter 22, the cutter can
      be moved in and out with respect to the slot and the set screw 40 will
      force the cutter serrations tight into the serrations of the slot wall to
      restrain the cutter.
PAR  At the same time, the interaction of the set screw 40 in the V groove 42
      prohibits the lateral or longitudinal movement of the cutting means 22 in
      slot 14.
PAR  By this arrangement of elements, the cutting means 22 can be readily
      adjusted in the vertical direction as required by merely backing off the
      set screw 40 and moving each of the cutting means 22 up the same number of
      serrations and then retightening the set screw. Then by grinding the head
      of the cutting edges 26, each of the cutting means 22 will describe the
      same diameter as the head 10 is rotated. As can be readily appreciated
      this is a relatively simple operation and a far cry from the prior art
      devices which require trial and error positioning with special tools and
      by locating of wedging devices between the cutting means and the slot side
      wall or by removal of the cutting means and indexing it around to the next
      adjacent slot. In the past, this has been known to take 3 to 4 days to
      complete. It now can be completed in several hours. The majority of that
      time is used in re-leveling or grinding the cutting means to sharpen them.
PAR  A plurality of indexing grooves 46, one such groove for each slot, are
      provided to receive a follower on a grinding means (not shown) to assist
      the grinding means used to grind or sharpen the cutting edges 26 so that
      the head will be indexed (rotated) to follow the grinding machine.
PAR  As shown in FIG. 1, the cutting means 22 are located in the adjacent slots
      in the head in a staggered relation. That is, the cutting area of a
      cutting means 22 in adjacent slots overlaps each other. In this fashion a
      very desirable cutting action is obtained when planning wood, namely, the
      cutting means are less likely to lift out a knot and the surrounding area.
      Each of the cutting means contact only a portion of the knot area.
PAR  It has also been found that this staggered or overlapping pattern of the
      cutting means 22 reduce the noise level of the machine by a measurable
      amount during its operation. This is accomplished, because the contact
      between the work piece and the cutters is not continuous.
PAR  It should be understood, however, that in certain applications it may be
      desirable to display and use a continuous cutting edge. This can be
      accomplished by locating the cutting means 22 in the slots in a closely
      spaced apart relation and again overlapping the cutters of adjacent slots.
PAR  While this invention has been described in connection with a single
      embodiment thereof, it will be understood that this embodiment is capable
      of modification and that this application is intended to cover any
      variations, uses or adaptations following, in general, the principles of
      the invention and including such departures from the present disclosure as
      come within the known or customary practice in the art to which the
      invention pertains, and as fall within the scope of the invention or the
      limits of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rotary cutting head comprising, in combination, a cylindrical body
      rotatable about a longitudinal axis, a slot extending longitudinally along
      said body generally helically thereof, said slot having side walls, a
      plurality of serrations in one of said side walls, said serrations
      including a portion extending longitudinally outwardly of said wall to
      form a positive seating surface, cutting means in said slot, said cutting
      means having a first wall, a second inclined wall opposite said first wall
      and having a vertically extending groove therein and a plurality of
      serrations in said first wall corresponding to said serrations in said
      slot and cooperating therewith to seat said cutting means in said slot,
      and retaining means threadably adjustable with respect to said body, said
      retaining means extending through said side wall opposite said serrations
      into engagement with said vertically extending groove of said cutting
      means, said retaining means, inclined wall and vertical groove cooperating
      to force said corresponding serrations together whereby said cutting means
      is fixed both vertically and laterally with respect to said body.
NUM  2.
PAR  2. A rotary cutting head, as set forth in claim 1, wherein said second wall
      inclines from a wider bottom portion to a narrower upper portion and said
      groove is of uniform depth over the length thereof.
NUM  3.
PAR  3. A rotary cutting head, as set forth in claim 1, wherein said retaining
      means extends through said body having one end accessable from outside
      said body and the other end engaging said vertical groove in said cutting
      means.
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ABST
PAL  The invention pertains to the field of cutting tools having indexable
      replaceable cutting inserts and comprises novel means for locating and
      locking the individual inserts in place with assurance that the inserts
      are accurately positioned and firmly held with particular advantage in
      simplicity and economy of construction. The locking means comprise
      fastening means engaging the tool body and engaging an extended slidable
      insert bottom seat anvil such that upon actuation the bottom seat anvil is
      drawn axially, radially and circumferentially relative to the tool body
      thereby simultaneously drawing the cutting insert retained on the bottom
      seat anvil into tight engagement with two insert side locating surfaces
      formed on the tool body and drawing the bottom seat anvil into tight
      engagement with the tool body.
PARN
PAR  This application is a continuation of application Ser. No. 441,021 filed
      Feb. 11, 1974, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention pertains to the field of cutting tools such as turning,
      boring and milling cutters having replaceable indexable cutting inserts
      mounted on a tool body. Frequently a plurality of indexable inserts are
      located about the end of a cylindrical body although such tools can be
      made with a single insert. Such tools are typified by U.S. Pat. No.
      3,309,758 which discloses a serrated bottom seat anvil adapted to draw an
      insert axially into place or alternatively a bottom seat anvil fixed in
      place. The inserts must be indexable and replaceable in the simplest and
      quickest manner possible commensurate with the reproduceable accuracy
      required.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises means for retaining indexable cutting insert in the
      cutting tool pocket by means of a bottom seat anvil on which the insert is
      indexably attached and a locking fastener which draws the anvil to
      position the insert in three planes axially, radially and
      circumferentially relative to the tool. Two sidewalls of an insert are
      tightly drawn into engagement with insert side locating surfaces formed in
      the tool body member in two intersecting planes. Simultaneously the anvil
      is forced into tight engagement with a third seating wall of the body in a
      plane intersecting the other two intersecting planes. In one preferred
      embodiment the locking means comprises a threaded fastener having a
      conical surface point thereon and complementary threaded and conical
      surfaces formed in the body and anvil. The engaging surfaces in the body
      and anvil however are axially offset such that when the fastener is
      tightened the anvil is drawn in a direction oblique to all three
      intersecting planes. In another embodiment a cap screw is positioned to
      draw the anvil in such direction.
PAR  The mechanical configuration of the tool body and anvil are extremely
      economical to produce thereby providing a very economical tool to
      manufacture. Exceptionally good accuracy when the inserts are indexed or
      replaced results from the two locating surfaces formed in the body member
      and the insert drawn thereagainst.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a milling cutter embodying the invention;
PAR  FIG. 2 is an end elevation of FIG. 1;
PAR  FIG. 3 is an enlarged plan view of a bottom seat anvil with an insert
      attached thereon;
PAR  FIG. 4 is a side elevation of a second embodiment of the invention;
PAR  FIG. 5 is a partial end elevation of FIG. 4;
PAR  FIG. 6 is a partially cutaway fragmentary side elevation showing an
      alternative sidewall engagement for a milling cutter embodying the
      invention;
PAR  FIG. 7 is a side elevation of a third embodiment of the invention; and
PAR  FIG. 8 is a partial end elevation of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1 through 3 a substantially cylindrical body 10 includes a
      suitable shouldered bore hole 12 for mounting on a spindle (not shown).
      The body 10 has a plurality of slots 14 formed in the periphery and
      extending substantially axialy from the front face 16. Intersecting the
      slot 14 are two planar insert side locating surfaces 18 and 20 which in
      combination with a bottom seat anvil 22 inserted in the slot 14 determine
      the geometrical position of a negative rake indexable replaceable insert
      24. More particularly, the axial and radial rake angles selected for the
      cutting purpose of the tool will determine the angular position of the
      anvil 22 and slot 14 relative to an axial plane through the tip of the
      bottom seat at 26, the axial plane being given by 28. The 0.degree. relief
      angle of the sidewalls 30 of the insert 24 will then in turn determine the
      geometric locations of the planes 18 and 20 thereby exactly locating the
      insert 24 each time it is indexed or replaced. A groove 32 as shown best
      in FIG. 2 is formed in planes 18 and 20 to prevent contact of insert
      cutting edges 34 and to provide relief for build up on used insert cutting
      edges thereby assuring proper seating of the insert sidewalls 30 against
      the planes 18 and 20. The bottom seat anvil 22 locates against the seating
      wall 36 of the slot 14. The insert 24 includes a central hole 38 and the
      anvil 22 includes a concentric threaded hole 40 for a center screw 42 that
      retains the insert on the anvil. The anvil 22 also includes a relief
      groove 44 to prevent contact of the cutting edges bounding the opposite
      face of the insert 24. A similar milling cutter for positive rake inserts
      would not require the relief groove 44 in the anvil since the cutting
      edges are only formed on one face.
PAR  The anvil 22 includes a small protrusion 46 which abuts the bottom 48 of
      the slot 14 and a conical depression 50 with centerline 52. The centerline
      52 is offset from the centerline 54 of a threaded hole 56 in the body 10.
      Inserted in the threaded hole 56 is a set screw 58 having a conical nose
      60 that bears against the offset conical depression 50 in the anvil 22.
      Since the centerlines 52 and 54 are offset along the diagonal line 53, as
      is best shown in FIG. 3, actuation of the screw 58 draws the anvil 22
      radially and axially inward towards the axis of the body 10. The anvil 22
      will tend to move to the right and simulaneously rotate clockwise about
      the protrusion 46. This motion causes the sidewalls 30 of the insert 24 to
      tightly engage the insert side locating surfaces 18 and 20 and
      simultaneously the conical nose 60 will depress the anvil 22 tightly
      against the slot seat 36 under the insert 24. A depression 62 is formed in
      the outer surface of the shank member 10 for access to the head of the
      screw 58. Typically the head will have a hexagonal socket formed therein.
PAR  In FIGS. 4 and 5, an alternative form of the tool is shown which may be
      used as a milling cutter or boring cutter. Similar elements are denoted by
      reference numbers corresponding to the first embodiment with the prefix 1
      added. In this embodiment, positive rake inserts 124 are fastened by a
      center screw 142 to a bottom seat anvil 122 in turn inserted in a slot
      114. The inserts 124 engage insert side locating surfaces 118 and 120.
      Both surfaces 118 and 120 extend concentrically completely around the
      perimeter of the body 110. In FIG. 4 the insert side locating surface 118
      is planar and in planar engagement with a sidewall 130 of the insert 124
      to provide a negative axial rake 123 equal to the relief angle of the
      insert. The negative radial rake 125 of the insert is established by
      positioning the anvil 122 to provide the radial rake desired at the
      cutting tip 121 compatible with the clearance angle on the insert and
      non-engagement of the cutting edge. Thus, the side locating surface 118
      and bottom seat 122 position accommodate the rake angles of the insert.
      The axial distance from the back face 127 of the body 110 to the cutting
      tip 121 is the critical dimension for the tool of FIG. 4. Thus the
      tolerances of the tool are only dependent upon the tolerances at a single
      location (surface 118) and superior reproducible accuracy results when the
      inserts are indexed or replaced. The surface 120 is usually very slightly
      conical and engages a sidewal 130 with line contact 129 in a diametral
      plane 131 through the cutting tip 121 to determine the overall cutting
      diameter.
PAR  The threaded locking screw 158 is located substantially perpendicular to
      the location in the first embodiment. As is best shown in FIG. 4, the
      locking screw 158 engages a threaded hole 156 in the body 110. A conical
      locking surface 160 is formed on the underside of the head of the locking
      screw 158. This locking surface 160 engages a partial truncated conical
      surface 159 in the body and concentric with the threaded hole 156. The
      bottom seat anvil 122 also includes a truncated complementary partial
      conical surface 150 having its centerline axially offset from the
      centerline of the hole 156 and partial conical surface 159. Sufficient
      clearance 161 is provided in the anvil 122 for the threaded shank of the
      screw 158. Locking actuation of the screw 158 will cause contact of the
      conical surface 160 with both partial conical surfaces 159 and 150, thus
      drawing the bottom seat anvil 122 radially and axially down into the slot
      114, and drawing the anvil circumferentially against the slot seating wall
      136, and thereby drawing the insert sidewalls 130 into tight engagement
      with the side insert locating surfaces 118 and 120. A thread direction of
      the screw 158 is preferably provided so that frictional drag will assist
      the seating direction of the anvil movement.
PAR  FIG. 6 shows a modification for finish boring or rough milling.
      Corresponding parts are denoted with reference numbers corresponding to
      the first embodiment with the prefix 3 added. The critical dimension is
      the radial position of the insert 324. The insert locating surface 320 is
      conical to provide line contact with the insert sidewall 330 along a
      diametral plane. The insert locating surface 318 is crowned as shown
      greatly exaggerated to provide point contact with another insert sidewall
      330. This construction accommodates tolerances in the angularity of
      adjacent cutting edges, i.e., in the squareness of the insert and thereby
      allows greater positioning accuracy for the insert. Such a construction is
      directed to finish boring where the chip loading forces in the direction
      of the crowned surface are relatively low and maximum radial accuracy is
      required. Alternatively, the extended support provided by the surface 320
      allows rough milling with the tool.
PAR  In FIGS. 7 and 8 a third form of the tool which also may be used as a
      milling cutter or boring cutter is shown. Corresponding parts are denoted
      with reference numbers corresponding to the first embodiment with the
      prefix 2 added. A plurality of square positive rake cutting inserts 224
      engage side locating surfaces 218 and 220 which position the inserts 224
      at a negative axial and negative radial rake. As above, each insert 224 is
      fastened to a bottom seat anvil 222 by a center screw 242. The anvil is
      fitted in a slot 214 and includes a projection 246 abutting the bottom 248
      of the slot 214.
PAR  A cap screw 258 engages a threaded hole 256 in the body 210. The head of
      the cap crew 258 engages the anvil 222 in a shouldered hole 261 and is
      angularly positioned as shown. Upon tightening actuation the anvil 222 is
      drawn axially and radially inward and circumferentially downward toward
      the slot seating wall 236 to firmly seat the insert side walls 230 against
      the side locating surfaces 218 and 220 as well as to seat the anvil 222
      against the slot seating wall 236. Thus, the movement of the anvil 222 is
      substantially the same as in the previous embodiments described above.
      However, the conical engaging surfaces are not required in this particular
      embodiment.
PAR  In FIGS. 7 and 8 the side locating surface 218 is conical and the side
      locating surface 220 is a crowned surface of revolution. This construction
      is suited to finish milling and rough boring. Line contact along a
      diametral plane by surface 218 with an insert sidewall 230 is provided to
      accurately support the insert 224 in the axial direction. Radial support
      is provided by the point contact of the crowned surface 220 with another
      sidewall 230 thereby accommodating insert angularity tolerances as in FIG.
      6. Thus the surface 218 provides accurate location for finish milling and
      adequate support for rough boring operations.
PAR  The locking actuation in a direction oblique to the three relevant locating
      planes assures that each insert will be drawn into an accurate position
      repeatedly. It will be clear to those skilled in the art that this tool
      body construction can be economically machined with simple set up and
      extreme accuracy in relative pocket location. The combination assures a
      highly versatile tool of low cost.
CLMS
STM  I claim:
NUM  1.
PAR  1. An indexable polygonal insert cutting tool comprising;
PA1  a tool body,
PA1  said body having a pair of insert side locating surfaces,
PA1  a slot formed in said tool body adjacent said surfaces,
PA1  a bottom seat anvil in said slot projecting between said surfaces,
PA1  means to retain an insert on said anvil,
PA1  and locking means adapted to retain said anvil in said slot with an insert
      thereon in engagement with said side locating surfaces,
PA1  said locking means including means urging said anvil with a resultant line
      of force having a direction oblique to each of said surfaces and bottom
      seat to simultaneously forceably locate said insert relative thereto.
NUM  2.
PAR  2. The cutting tool of claim 1 wherein said locking means includes threaded
      engaging means and conical engaging means adapted to exert a force of said
      anvil in said oblique direction.
NUM  3.
PAR  3. The cutting tool of claim 1 wherein said locking means includes a
      shouldered engaging surface in said anvil, threaded engaging means in said
      body, and threaded fastening means engaging said threaded engaging means
      and said shouldered surface having a thread axis extending in said oblique
      direction.
NUM  4.
PAR  4. An indexable polygonal insert cutting tool comprising;
PA1  an annular tool body,
PA1  said body having a pair of insert side locating surfaces for each of a
      plurality of inserts,
PA1  a slot formed in said tool body for each of said inserts adjacent said
      surfaces,
PA1  a bottom seat anvil in each slot projecting between said surfaces,
PA1  means to retain an insert on each anvil,
PA1  and locking means adapted to retain each anvil in said slot with an insert
      thereon in engagement with said side locating surfaces,
PA1  said locking means including means urging said anvil with a line of force
      having a direction oblique to each of said surfaces and bottom seat to
      simultaneously forceably locate said insert relative thereto.
NUM  5.
PAR  5. The cutting tool of claim 4 wherein said insert side locating surfaces
      comprise surfaces of revolution formed in said body, said surfaces of
      revolution forming a groove intersecting said slots.
NUM  6.
PAR  6. The cutting tool of claim 4 wherein one of said insert side locating
      surfaces comprises a conical surface.
NUM  7.
PAR  7. The cutting tool of claim 6 wherein said conical insert side locating
      surface provides line contact with an insert sidewall, and the other
      insert side locating surface is crowned for point contact with another
      sidewall.
NUM  8.
PAR  8. The cutting tool of claim 4 wherein said side locating surfaces comprise
      intersecting planar surfaces.
NUM  9.
PAR  9. The cutting tool of claim 8 wherein said locating surfaces and anvil are
      adapted for negative rake inserts having 0.degree. sidewall relief angle.
NUM  10.
PAR  10. The cutting tool of claim 5 wherein one of said surfaces of revolution
      is a radial planar surface.
NUM  11.
PAR  11. The cutting tool of claim 10 wherein said locating surfaces and anvil
      are adapted for positive rake inserts having sidewall area contact with
      said radial surface.
NUM  12.
PAR  12. The cutting tool of claim 6 wherein said conical insert side locating
      surface extends in a nearly radial direction.
NUM  13.
PAR  13. The cutting tool of claim 6 wherein said conical insert side locating
      surface extends in a nearly axial direction.
NUM  14.
PAR  14. The cutting tool of claim 1 wherein one of said insert side locating
      surfaces provides extended contact with said insert and the other of said
      side insert side locating surfaces providing limited contact with said
      insert to accomodate angular conformation of said insert with said
      extended contact.
NUM  15.
PAR  15. The cutting tool of claim 1 wherein said anvil is provided with limited
      contact means for engaging a wall of said slot extending normal to said
      bottom seat at a location remote from said side locating surfaces to
      accommodate angular positioning of said anvil on said bottom seat
      determined by engagement of said insert with said side locating surfaces.
NUM  16.
PAR  16. An indexable polygonal insert cutting tool comprising;
PA1  an annular tool body,
PA1  said body having a pair of insert side locating surfaces for each of a
      plurality of inserts,
PA1  a slot formed in said tool body for each of said inserts adjacent said
      surfaces,
PA1  a bottom seat anvil in each slot projecting between said surfaces,
PA1  means to retain an insert on each anvil,
PA1  and locking means adapted to retain each anvil in said slot with an insert
      thereon in engagement with said side locating surfaces,
PA1  said locating surfaces comprising surfaces of revolution integrally formed
      in said annular body and coaxial therewith,
PA1  one of said insert side locating surfaces being convexly curved in a plane
      parallel with the axis of revolution for central contact with a side of
      said insert, the other of said insert side locating surfaces providing for
      extended contact with another side of said insert.
NUM  17.
PAR  17. An indexable polygonal insert cutting tool comprising:
PA1  a tool body,
PA1  an insert pocket in said body having a pair of insert side locating
      surfaces in two intersecting planes,
PA1  a slot formed in said tool body adjacent said pocket having a seating wall
      in a third plane intersecting said other two planes,
PA1  a bottom seat anvil in said slot projecting under said pocket and seated on
      said wall,
PA1  means to retain an insert on said anvil,
PA1  and locking means adapted to retain said anvil in said slot in engagement
      with said wall with an insert thereon in engagement with said side
      locating surfaces,
PA1  said locking means including means urging said anvil with a resultant line
      of force having a direction oblique to each of said three planes to
      simultaneously forceably locate said insert relative thereto.
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ABST
PAL  A termination tool for simultaneously attaching "tip and ring" conductors
      to adjacent bifurcated electrical terminals on a multiple-terminal block.
      The multi-conductor termination tool picks up a pair of separate
      conductors, seats them in adjacent electrical terminals, and cuts the wire
      on one side of each terminal. The tool has a handle containing an impact
      device which provides an impulse to a tool termination head adapted to
      receive the adjacent electrical terminals. The termination head partially
      seats the conductors in the bifurcated terminals with an initial downward
      force applied to the handle. The complete conductor seating in the
      terminals and cutting of the conductors on one side of the terminals is
      accomplished by the impulse delivered by the impact device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a multi-conductor termination tool for
      simultaneous insertion of multiple conductors in adjacent bifurcated
      electrical terminals and particularly to such a tool for simultaneously
      seating and cutting the conductors at the terminals.
PAR  Termination of conductors in telephone system terminal blocks, such as the
      78B164 quick-connect terminal block, has in the past required individual
      conductor attachment to respective terminals. Each conductor was required
      to be premeasured for extending between the designated terminals for
      connection, and thereafter cut and inserted one wire at a time in each
      terminal. The installation of "tip and ring" conductors in adjacent
      electrical terminals in thousands of quick-connect terminals contained in
      main distribution frames, can easily be seen to require an excessive
      amount of time and attention on the part of telephone system installation
      personnel.
PAR  There is therefore a need for a multi-conductor termination tool for
      eliminating the premeasuring and precutting of conductors which are to be
      terminated at adjacent electrical terminals.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The invention disclosed herein is directed to a multi-conductor termination
      tool which functions to attach electrical conductors to adjacent
      bifurcated electrical terminals on multiple terminal blocks. The tool
      includes a handle for tool engagement, and an impact device within the
      handle for providing an impulse. An elongate member extends from the
      handle for slidable motion therewith and attached to the impact device. A
      termination head is mounted on the extended end of the elongate member
      including an inner block attached to the elongate member and adapted to
      receive the adjacent electrical terminals. An outer shear sleeve surrounds
      the inner block for sliding motion on the block. The shear sleeve has one
      edge extending beyond the inner block, the one edge having alternating
      straight and angle slots on each side thereof extending toward the inner
      block. The straight slots on one side of the shear sleeve are opposite
      angle slots on the other side thereof. The slots have widths for accepting
      electrical conductors. When the electrical conductors are placed in one of
      the straight slots and in one of the opposing angle slots and the inner
      block is placed over adjacent bifurcated terminals to which connection is
      to be made, a force applied to the handle toward the terminal will
      partially seat the conductors in the terminals. Additional force causes
      the elongate member to actuate the impact device providing an impulse to
      the inner block for shearing the conductors at the angle slot and seating
      the conductors in the adjacent terminals.
PAR  It is therefore an object of this invention to provide a multi-conductor
      termination tool for elimination of premeasurement and precutting of
      terminal block connection wires.
PAR  It is another object of the present invention to provide a multi-conductor
      termination tool which provides effortless simultaneous connection of more
      than one conductor to adjacent electrical terminals.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiment has been set forth
      in detail in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of the multi-conductor terminal tool.
PAR  FIG. 2 is an isometric cut-away view of the termination head on the
      multi-conductor termination tool.
PAR  FIG. 3 is a side elevation partial cut-away view of the termination head in
      an initial engaging position.
PAR  FIG. 4 is a side elevation partial cut-away view of the termination head in
      a final engaging position.
PAR  FIG. 5 is an isometric cut-away view of the termination head receiving
      adjacent bifurcated electrical terminals on a terminal block.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The automatic quick-connect termination tool for multiple conductors
      disclosed herein is seen in FIG. 1 as having a handle 11 shaped for manual
      engagement. Contained within handle 11 is an internal cavity 12 within
      which is contained an impact device for providing an impulse. The impact
      device in cavity 12 may be of the configuration described in U.S. Pat. No.
      3,708,852, shown within the handle of the device disclosed therein, and
      forms no part of the disclosed invention here. An elongate member 13 is in
      communication with the impact device contained in cavity 12, and extends
      from one end of handle 11 for longitudinal sliding motion therewith.
      Elongate member 13 has an elongate aperture 14 formed therein for
      lightening purposes in this embodiment. A termination head shown generally
      at 16 is mounted on the end of elongate member 13 so that the impulse from
      impact device in cavity 12 may be transmitted thereto by elongate member
      13.
PAR  Termination head 16 has an inner block 17 surrounded by a jacket or shear
      sleeve 18 which is formed for slidable motion on inner block 17. Shear
      sleeve 18 has one edge 19 which extends beyond the end of inner block 17.
      The one edge 19 has formed therein alternate angle slots 21 and straight
      slots 22 as seen in FIGS. 1 and 2. As shown in FIG. 1 it may be seen that
      an angle slot 21 on one side of shear sleeve 18 is opposite a straight
      slot 22 on the opposite side of shear sleeve 18. Shear sleeve 18 is urged
      into the position having one edge 19 extending beyond the end of inner
      block 17 by a spring 23 mounted in a slot 24 in inner block 17.
PAR  Referring to FIG. 2 one side of shear sleeve 18 is cut away for exhibiting
      the details of inner block 17. Inner block 17 has a pair of elongate holes
      26 therethrough for receiving pins 27 extending between the sides of shear
      sleeve 18 for holding the shear sleeve in a position surrounding inner
      block 17 while allowing slidable motion relative thereto. The end of inner
      block 17 has offset slots 28 formed therein for receiving bifurcated
      electrical terminals on a quick-connect terminal block to be hereinafter
      described. A pair of side slots 29 are formed on the inner surfaces of
      each side of shear sleeve 18 in juxtaposition with the outer edges of
      offset slots 28 for engaging the outer edges of adjacent bifurcated
      electrical terminals.
PAR  A central divider member 31 is located internally in shear sleeve 18 having
      an additional pair of side slots 32 therein for alignment with the inner
      edges of offset slots 28 for engaging the inner edges of adjacent
      bifurcated electrical terminals. Central portion 31 enters slot 24 bearing
      against one end of spring 23 so that spring 23 is trapped between the end
      of slot 24 and central portion 31. FIG. 2 shows spring 23 as a compression
      spring urging shear sleeve 18 to a position such that one edge 19 extends
      beyond the end of inner block 17 as described above. The extension of one
      edge 19 is limited by pins 27 as they engage one end of elongate holes 26.
PAR  Turning now to FIG. 3 the termination tool is seen carrying a conductor 33
      leading in from another terminal to the left of FIG. 3, through straight
      slot 22 on one side of shear sleeve 18 and through angle slot 21 on the
      opposite side of shear sleeve 18. Angle slot 21 is shown in this
      embodiment as having an "L" shape, with a portion running perpendicular to
      and intersecting one edge 19, and a contiguous portion running
      substantially parallel thereto. Conductor 33 is laid into that portion of
      angle slot 21 which runs approximately parallel to one edge 19 of shear
      sleeve 18. Offset slots 28 in inner block 17 are shown receiving a pair of
      bifurcated electrical terminals 34 therein. Conductor 33 is shown poised
      above a split or bifurcation 36 in terminals 34. Downward pressure in the
      direction of arrow 37 is exerted on handle 11 for partially seating
      conductor 33 in the bifuraction 36. Additional downward force in the
      direction of arrow 37 applied to handle 11 will trip the impact device
      contained in cavity 12, thereby providing an impulse through elongate
      member 13 to inner block 17. As seen in FIG. 4, inner block 17 is driven
      downward by the impulse, forcing conductor 33 ahead of inner block 17 into
      the bifurcation 36. Entry of conductor 33 into bifurcation 36 strips the
      insulation therefrom leaving a bare wire conductor in electrical contact
      with terminal 34. Conductor 33 has at the same time been pushed downwardly
      in straight slot 22. Inner block 17 shears conductor 33 at the angle slot
      21, thereby cutting the conductor on one side of bifurcated terminal 34,
      severing conductor 33 from that portion of the conductor 33a which is not
      terminated.
PAR  Terminals 34 are typically arranged in an array of adjacent terminals 34 in
      a terminal block 38 as seen in FIG. 5. Terminal block 38 has extending
      therefrom a series of electrical contacts 39 attached to individual ones
      of the bifurcated terminals 34. The termination tool disclosed herein is
      shown engaging adjacent bifurcated terminals 34 in offset slots 28
      contained in inner block 17. Shear sleeve 18 is shown in the final
      engaging position of FIG. 4, after the impulse has driven inner block 17
      into a position juxtaposed with the one edge 19 of shear sleeve 18.
PAR  As described above, when the termination tool has had sufficient downward
      force applied to place the inner block 17 and the shear sleeve 18 in
      relative position as shown in FIG. 5, conductors 33 passing through angle
      slot 21 will be sheared at the angle slots, and conductors passing through
      the straight slots 22 will be seated in the bifurcations 36 in terminals
      34. In this fashion a pair of conductors 33 may be simultaneously seated
      in adjacent terminals 34 and cut on the side of the terminal toward which
      angle slot 21 is disposed.
PAR  A multi-conductor termination tool has been disclosed which eliminates
      premeasuring and precutting of conductors for termination at a terminal
      block and which provides for simultaneous connection of "tip and ring"
      conductors at adjacent bifurcated terminals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-conductor termination tool for attaching electrical conductors
      in electrical contact with a pair of adjacent bifurcated electrical
      terminals on a multiple terminal block comprising a handle, an impact
      device in said handle for providing an impulse, an elongate member
      extending from said impact device for slidable motion with said handle, a
      termination head, an inner block in said termination head attached to one
      end of said elongate member, said inner block having a pair of slots
      therein adapted to receive the pair of adjacent electrical terminals, an
      outer jacket surrounding said inner block for slidable motion thereon and
      having an open end extended therefrom, said outer jacket having opposing
      straight and L-shaped slots aligned with each of said pair of slots in
      said inner block and extending to the open end of said jacket, said
      opposing slots being formed to accept the electrical conductors, so that
      when the electrical conductors are positioned in ones of said straight
      slots and through said opposing L-shaped slots, said impulse is
      transmitted through said elongated member to said inner block for cutting
      the electrical conductors on the side of the L-shaped slot, and for
      seating the electrical conductors in the adjacent pair of bifurcated
      terminals.
NUM  2.
PAR  2. A multi-conductor termination tool as in claim 1 together with means for
      urging said outer jacket toward said extended open end, whereby said
      straight and L-shaped slots are available to receive the electrical
      conductors prior to application of force to said handle sufficient to
      overcome said means for urging.
NUM  3.
PAR  3. A multi-conductor termination tool for seating electrical conductors in
      adjacent bifurcated electrical terminals comprising an impact device, a
      handle for enclosing said impact device, an elongate member extending from
      said handle in contact with said impact device, a block mounted on the
      extended end of said elongate member having offset slots formed therein
      adapted to receive the adjacent bifurcated terminals, a sleeve for
      slidable motion on said block, said sleeve having one end extending beyond
      the edge of said block, said one end having a pair of straight slots and a
      pair of angle slots for each of said offset slots in alternating sequence
      on each side of said one end, said straight slots on one side being
      opposite said angle slots on the other side, said slots having a width for
      accepting the electrical conductors, so that when conductors are inserted
      in ones of said straight slots on one side and in said opposite angle
      slots on the other side, said block is placed over adjacent terminals and
      a force sufficient to actuate said impact device is exerted on said handle
      toward said block, an impulse is provided by said impact device for
      driving said block through said sleeve, thereby cutting the conductors at
      the angle slot and seating the conductors in the adjacent bifurcated
      terminals.
NUM  4.
PAR  4. A termination tool for seating electrical conductors in adjacent
      bifurcated terminals and cutting the conductors on one side of the
      bifurcated terminal comprising a handle, an impulse generator in said
      handle, an elongate member attached to said impulse generator extending
      from one end of said handle, a block attached to the extended end of said
      elongate member, said block having slots formed in one edge thereof for
      receiving the bifurcated terminals, a shear sleeve surrounding said block
      for sliding motion thereon, and having one end extending beyond said edge
      of said block, and opposing first and second slots on opposite sides of
      said shear sleeve for holding the conductors, said first slot running
      parallel to said one edge and said second slot running perpendicular
      thereto, so that then an impulse is produced by said impulse generator the
      conductors are seated in the bifurcated terminals and are cut on the side
      of said first slot.
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ABST
PAL  A tool for inserting either single loose pins or a plurality of pins or
      posts carried upon a mounting strip into holes of a substrate, such as a
      printed circuit board, in a continuous process and including a push blade
      and a carrier control blade for receiving the pins and the mounting strip
      which are carried upon a mounting frame. A plurality of ribs protrude
      upwardly from the push blade, forming grooves therebetween into which the
      pins to be aligned for insertion are positioned. A slideable, securing
      blade, carried upon the mounting frame, is moveable from a position away
      from the pins to a position engaging the pins to secure them in their
      aligned positions. A locking mechanism on the securing blade cooperates
      with the mounting frame to lock the securing blade in the engaging
      position. Upon insertion of the pins into the holes of the printed circuit
      board and the exertion of a pressure upon the securing blade, the locking
      mechanism releases, and a spring moves the securing blade back to its
      original position away from the pins, thereby enabling the mounting frame
      to be pushed further forward to cause the pins to be completely inserted
      into the holes of the printed circuit board.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 455,762
      filed Mar. 28, 1974, by Robert Franklin Cobaugh and James Ray Coller
      entitled "Apparatus For Aligning And Inserting Pins Into Holes Of A
      Substrate" and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for inserting a plurality of
      pins or posts into holes in a substrate, and more particularly to a single
      tool or device for providing tip control and insertion capability for
      mounting pins or posts in holes of a substrate, such as a printed circuit
      board.
PAR  1. Description of the Prior Art
PAR  In the formation of printed circuit boards, which are of widespread
      popularity and usage, conductor leads ordinarily are formed on an
      insulative substrate by photo etching, or other well known techniques.
      Usually it is desired to make external attachment to the conductors of the
      printed circuit board for such purposes as applying power from a power
      supply or the like or establishing conduction paths between related
      circuit boards and other electrical circuitry.
PAR  One way in which attachment to the conductors of the printed circuit boards
      is achieved is by providing a plurality of pins or posts which are
      outstanding from the printed circuit board and to which connection can be
      made by soldering connection, or by suitable mating plugs or by other well
      known techniques. The positions of such posts or pins on the board are
      determined by the circuit paths printed on the board. Such circuit paths
      are often designed so that the posts are positioned in a straight line on
      the board and spaced apart equal distances. Holes are provided through the
      printed circuit board substrate to receive the pins, and are usually
      plated through with the printed circuit board conductor material to
      enhance the final electrical connection between the pins and the
      associated printed circuit board conductive path.
PAR  In the insertion of the pins or posts into the holes of the printed circuit
      board substrate, several techniques are typically used. Quite often the
      pins are individually hand inserted into the printed circuit board. Also,
      machines have been employed for automatic insertion of the pins, one by
      one, into the holes of the printed circuit board. In either process, a
      considerable amount of time is involved in completing the insertion
      process prior to subsequent completion steps such as wave soldering or
      other well known methods.
PAR  To expedite the insertion processes, a pin "comb" arrangement has been
      developed in which a plurality of side-by-side pins are carried on a
      common, continuous mounting strip. Typically, such pin combs are stamped
      or machined from a single piece of conductive material, such as copper, or
      the like and physically resemble a common hair comb. Also, such pin combs
      are often of relatively thin thickness, being on the order, for example,
      of 1/32 of an inch or less. This causes handling difficulties in inserting
      the pins, especially when the mounting strip extends over a length of
      several inches, since the pins tend to have a considerable degree of
      flexibility upon the mounting strip.
PAR  In the past, two individual tools have been used in sequence in the
      insertion of the pins of such pin comb into the board. First, a combining
      tool is employed to straighten and align the pins and hold them for
      partial insertion into the holes of the printed circuit board substrate.
      The combing tool is then removed and a push blade and a carrier control
      blade assembly is applied to complete the insertion. The combing tools
      commonly used are configured much like a pair of pliers having elongated
      U-shaped jaws. The U-shaped jaws are much like an elongated pair of
      tweezers having serrations formed on their inner surfaces to surround and
      grip the pins or posts, thereby straightening them upon the carrier and
      positioning them along the desired center line axis of the holes into
      which they are to be inserted.
PAR  After the combing tool has been removed, the plush blade and carrier
      control blade assembly is applied, as indicated. The push blade is simply
      an elongated member which is located adjacent the pins and their carrier.
      The carrier control blade is attached to the push blade, and is offset
      from the push blade to form a channel to receive the pin carrier or
      mounting strip. Thus, pressure can be applied to the push blade and
      carrier control blade to complete the insertion of the already partially
      inserted pins into the printed circuit board.
PAR  Because the prior art push blade and carrier control blade assembly is
      intended merely to engage the pin carrier strip, it affords control for
      the center line alignment and the tip straightening functions necessary
      for gang insertion of the pins, which functions are subsequently performed
      by a separate combing tool. Thus, in the prior art, two separate tools
      each requiring individual manipulation are required to achieve the desired
      gang insertion of the pin assembly and carrier into the printed circuit
      board.
PAR  It can be seen that this prior art two step assembly operation requires
      time for interchange of the tools, or at least additional personnel to
      efficiently effect gang insertion of the posts.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  In light of the above, it is, therefore, a primary object of the invention
      to provide an apparatus for inserting the pins of a pin assembly or comb
      into holes of a substrate.
PAR  It is another object of the invention to present a single tool for
      providing alignment and tip control for gang insertion of pins or posts
      into a printed circuit board.
PAR  It is another object of the invention to provide a single tool or device
      for inserting a plurality of pins into holes of a printed circuit board
      substrate which tool is capable of automatic machine implementation.
PAR  It is still another purpose of the invention to provide a device for
      inserting pins of a pin comb into holes of a printed circuit board, which
      device has a latch mechanism that prealigns the pins before insertion, and
      releases the latch mechanism during the insertion to facilitate the
      insertion of the entire pin assembly in a single continuous pushing
      operation.
PAR  The invention, in its broad aspect, provides a tool for inserting a
      plurality of pins carried upon a mounting strip into holes of a printed
      circuit board. The tool includes a frame and a channel attached to the
      frame for receiving the mounting strip. A first plate is located adjacent
      the channel to support the pins, and a second, flat plate is slideably
      carried upon the frame, and moveable between positions away from and
      engaging the pins to secure the pins between the first and second plates
      in the engaging position. The second plate is lockable in the engaging
      position. A plurality of upstanding ridges or ribs are provided on the
      first plate to separate and align the pins, which alignment is maintained
      by the second plate in the engaging position. Upon insertion of the pins
      into the holes of the printed circuit board, after the initial insertion,
      the substrate or board presents a resisting force upon the second flat
      plate, overcoming the locking means. A spring then returns the second
      plate to the unlocked position, and the insertion force is uninterruptedly
      continued to complete the insertion of the pin comb assembly into the
      printed circuit board holes provided therefor. In a modified form of the
      invention the first and second plates hold a single loose pin for
      insertion thereof in a hole of a substrate or a printed circuit board.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other objects, and features of the invention will
      become more apparent to those skilled in the art from the following
      description thereof when read in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a plan view of a pin comb for use with the insertion apparatus of
      FIGS. 2-5;
PAR  FIG. 2 is a perspective view of the apparatus, in accordance with the
      invention, for inserting the pins of FIG. 1 into holes of a printed
      circuit board, in a locked position, showing an unlocked position by
      broken lines;
PAR  FIG. 3 is an enlarged perspective view of a portion of the apparatus of
      FIG. 2 illustrating the pin comb of FIG. 1 in inserted position, locked
      within the apparatus;
PAR  FIG. 4 is a side elevation, cut-away of the apparatus of FIG. 2, but with
      the pin comb in inserted, but unlocked position;
PAR  FIG. 5 is a side elevation, in cross-section, of the apparatus of FIG. 3,
      showing the pin comb inserted and in locked position.
PAR  In the various figures of the drawing, like reference numerals are used to
      denote like parts. It should also be noted that the relative sizes and
      dimensions of various parts have been exaggerated or enlarged for clarity
      of illustration and ease of description.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The general purpose of the invention, as indicated above, is to insert a
      "comb"  of conductor pins into corresponding holes of a printed circuit
      board, with a single device which receives and holds, the comb,
      automatically aligns the pins of the comb, for insertion, and provides a
      means for completing the insertion. The structure of a typical assembly of
      a comb of pins insertable by the tool of the invention is shown in FIG. 1,
      and is denoted generally by the reference numeral 10. Such typical comb 10
      is fabricated from a single piece of flat conductor material, such as
      copper, gold plated steel, or the like, stamped, cut, or machined into the
      configuration shown. A number of pins 11 are outstanding from a carrier
      strip 14, which can be broken away from the pins 11 after insertion. Each
      of the pins 11 has an elongated portion or post 15 which is inserted into
      a preformed hole in a substrate, such as a printed circuit board (not
      shown). A shoulder or tab 18 is located on the elongated portion 15 and
      comes to rest on the printed circuit board surface when the contact is
      fully inserted in the printed circuit board. The widened portion 20 of the
      contacts fits within the receiving aperture in the printed circuit board.
      A contact portion is connected to the carrier or mounting strip 14. The
      contact portion 19 remains after the carrier strip is removed.
PAR  Commonly, holes 22 are formed in the carrier strip 14 during the stamping
      or fabrication process, and are used principally for conveying the pin
      assembly 10 from point to point in the construction process. The holes in
      the carrier strip 14, as will become apparent below, can additionally be
      employed in conjunction with automatic machines for facilitating the
      insertion of the pin comb 10 into the tool of the invention.
PAR  Also, to enable the carrier strip 14 to be removed from the pins 11, a
      score or groove (not shown), on the underside of the comb 10 at the
      location indicated by the reference numeral 23, is formed upon the divided
      portion of the pins 11. Thus, after insertion of the pins into the
      substrate, a transverse or bending force can be applied to the carrier
      strip 14 to break it away from the pins 11.
PAR  The device or apparatus in accordance with the invention, generally denoted
      by the reference numeral 30, for inserting the pin comb 10 of FIG. 1, is
      shown in FIGS. 2-5. The apparatus 30 is preferably fabricated upon a base
      31 of generally triangular configuration. A pin comb push blade 34 and a
      carrier control blade 35 are mounted to the front end of the base 31. The
      push blade 34 has a serrated edge comprising a plurality of pyramidal
      shaped ribs or protrusions 38 upstanding at its forward end, which
      function to be interleaved upwardly in between the pin portions 15 of the
      individual pins 11 of the comb assembly 10, as shown in FIGS. 3, 4, and 5.
      The carrier control blade 35 is located above the push blade 34, and has
      an overhanging lip or edge 39 forming a groove or channel 42 between the
      push blade 34 and the lip 39. Thus, the carrier strip 14 of the pin
      assembly 10 is locatable within the channel 42, with the tab portions 18
      of the pins 15 adjacent and in front of the interfitting protrusions 38 on
      the push blade 34, to engage the pin assembly 10 in the direction of the
      subsequently to be applied insertion force.
PAR  In the embodiment illustrated, the push blade 34 and carrier control blade
      35 are shown located within a groove or channel 43 in the lower front
      portion of the base 31, attached thereto by screws or the like (not
      shown), although it will be appreciated that the base 31 and push and
      carrier control blades, 34 and 35, could be made from a single piece, of
      material.
PAR  A locking or securing blade assembly 50 is located on the top surface 46 of
      the base 31 and is operated by the overriding handle assembly 47, as
      described below in detail. The securing blade assembly 50 is of generally
      T shaped configuration, with a comb control bar 54 of a width
      approximately equal to that of the push blade 34, and forming the top and
      a rearwardly extending bearing portion 55 forming the base or leg of the
      "T". The handle assembly 47 includes an L-shaped bearing base which rides
      with a portion 58 upon the top surface 51 of the bearing 55 of the
      securing blade assembly 50, and with another portion 60 extending
      downwardly behind the end 61 of the bearing 55. A hand or machine operable
      upstanding handle 62 is attached to the L-shaped bearing base adjacent the
      overhanging portion 60. An overhang 64 is attached to, or formed as a part
      of, the base 31, to provide a bearing surface 65 above a complementary
      bearing surface 46 on top of the base 31 between which the handle assembly
      47 and securing blade assembly 50 are slideably moveable.
PAR  A spring 68 is located between the overhang 64 and the handle 62 to
      normally bias the handle assembly 47 to the rearward or unlocked position,
      as shown in FIGS. 2 and 4. Likewise, a spring 69 is located between the
      back portion 61 of the bearing 55 and the downwardly extending portion 60
      of the L-shaped bearing base to normally urge the base 60 away from the
      back 61 of the securing blade assembly 50.
PAR  A detent pin 72 is located within a hole or slot 73 in the base of the
      handle assembly 47, as shown in FIGS. 4 and 5, and is of sufficient size
      to fit into the hole 73 and a channel 76 in the bearing 55, to lock the
      handle assembly 47 and securing blade assembly 50 together. Thus, movement
      of the handle assembly 47 forward or back will cause corresponding
      movement of the securing blade assembly 50. When the handle assembly 47
      and securing blade assembly 50 are moved to the forward position, shown in
      FIGS. 2 and 5, however, the detent pin 72 is caused to be moved upwardly
      in the slot 73 and into the channel 77 in the bearing surface 65 of
      overhang 64. This upward movement is assured by a ramp 80 across the
      bottom corner of the channel 76 in the bearing 55 of the securing blade
      assembly 50. The securing blade assembly 50 is then freed from the handle
      assembly 47 and is moved by the biased spring 69 to a position beyond the
      slot 73 in the handle assembly 47 and the channel 77 in the overhang 64.
      Thus, the detent pin 72 is located above the top surface 51 of the
      securing blade assembly 50 to co-exist within the groove 73 of the handle
      47 and the groove 77 in the overhang 64, to lock them together. In this
      position, therefore, the handle assembly 47 cannot be moved rearwardly.
      Also in this position, the tip 90 of the comb control bar 54 engages the
      pins 15 of the pin assembly 10. The edge 81 of comb control bar 90 has
      grooves 100 (FIG. 2) thereon to fit over the individual posts 15 (FIG. 3)
      and assist in aligning and supporting said posts.
PAR  To limit the forward and rearward travel of the securing blade assembly 50,
      a pin 84 is provided in the bearing 55 of the securing blade assembly 50.
      The pin 84 rides within a channel 85 within the base 31 to engage a
      forward end wall 87 in the pin engaging or locked position, as shown in
      FIG. 5, and engaging the rearward wall 88 in the unlocked position shown
      in FIG. 4.
PAR  It can be seen that when the handle assembly 47 and securing blade assembly
      50 are in the forward, or locked position, as shown in FIG. 5, and a force
      is applied to the serrated tip 90 of the comb control bar 54, thereby
      overcoming the bias of the spring 69, the securing blade assembly 50 will
      be moved back with respect to the handle assembly 47, bringing the channel
      76 of the bearing 55 in alignment with the hole 73 in handle assembly 47
      and with the channel 77 in the overhang 64. The detent pin 72 will then
      fall downwardly into the hole 73 and the channel 76 to release the handle
      assembly 47 and securing blade assembly 50, which are then both moved to
      the rear or unlocked position of FIG. 4, by the action of the spring 68.
PAR  In the operation of the apparatus 30, the "comb"  of pins to be inserted
      into a printed circuit board can be manually or automatically inserted
      into the push blade 34 and carrier control blade 35 of the apparatus 30.
      The carrier strip 14 fits into the groove 42 and the pyramidally shaped
      protrusions 38 act to separate the pins 15 and generally align them along
      the desired center lines for insertion into the holes of a printed circuit
      board (not shown). The handle assembly 47 and securing blade assembly 50
      are then moved to the locked position shown in FIGS. 2 and 5, bringing the
      comb control bar 54 into contact with the pins 15, thereby securing the
      comb assembly 10 in the apparatus 30 with the pins properly aligned.
PAR  In the locked position, the detent pin 72 is moved by the forward action of
      the handle assembly 47 to be located within the hole 73 of the handle
      assembly 47 and the channel 77 in the overhang 64. In the locked position,
      also the spring 68 is in compression between the overhang 64 and handle
      62. The pins 15 are then directly inserted into the holes of the printed
      circuit board. As the insertion continues, the printed circuit board comes
      to bear upon the tip 90 of the comb control bar 54. The securing blade
      assembly 50 is then urged by the pressure of the printed circuit board, or
      another row of already inserted comb product, upon the tip 90 against the
      bias of the spring 69, and the detent pin 72 falls back into the hole 73
      and channel 76. The handle assembly 47 and the securing blade assembly 50
      are then moved back to the unlocked position by the decompressing action
      of the spring 68, shown by the broken lines in FIG. 2 (the parts being
      denoted by a prime after their reference number).
PAR  The insertion force upon the partially inserted pin comb assembly 10 is
      then uninterruptedly continued by the following means. Since the
      shouldered portions 18 of the individual pins 15 bear upon the pyramidal
      protrusions 38 the forward insertion force is effectively applied to the
      pins 11. This forward insertion force is continued until the shouldered
      portions 18 come to rest upon the surface of the printed circuit board.
      The entire apparatus 30 is then simply removed from the pin comb 10, and
      the process is then completed.
PAR  The parts of the apparatus 30, in accordance with the principles of the
      invention, can be of any suitable material, such as rugged plastic, metal,
      or the like, the particular material chosen being determined principally
      by the application to which the apparatus is to be used. It has been
      found, for example, that steel or like material can be particularly
      advantageously employed.
PAR  It will also be appreciated that although the invention has been shown
      fabricated from a number of plates or parts, such as individual push blade
      34 and carrier control blade 35, the tip or top 54 of the securing blade
      50 with its base 55, and so forth, that the particular parts can be
      fabricated from a single unit. For example, the base 31, push blade 34,
      and carrier control blade 35, can conveniently be fabricated from a single
      piece of material, as can the entire securing blade assembly 50, the
      particular embodiment shown being merely by way of example of a typically
      fabricated apparatus.
PAR  It will also be appreciated by those skilled in the art that the apparatus,
      as above described, in accordance with the invention, can be readily
      employed with automatic machinery, such as digitally numerically
      controlled machines, with, for example, pneumatic or other type force
      applied to the base 31 to drive the posts 11 into the board. This is
      possible by virtue of the fact that the pins are automatically aligned
      upon insertion of the pin assembly 10 into the apparatus 30 and are locked
      and held in the aligned position by the comb control bar 54 until after
      the insertion process is started. Once the insertion process has begun,
      the comb control bar 54 is automatically returned to the unlocked position
      to enable the same apparatus to continue to be employed to complete the
      insertion process until the shoulders 18 of the individual pins 11 are in
      the desired final position adjacent to the printed circuit board.
PAR  If desired, the invention can be adapted to insert single pins into holes
      in a substrate or a circuit board. More specifically, in FIGS. 2 and 3
      control blade 35 and push blade 34 is contructed to retain only a single
      pin rather than the comb of pins shown in FIGS. 2 and 4. This single pin
      can be inserted by an operator into a single hole in a printed circuit
      board or it can be utilized with automated machinery to apply single pins
      at predetermined holes in a predetermined sequence in a printed circuit
      board.
PAR  Although the invention has been described and illustrated with a certain
      degree of particularlity, it is understood that the present disclosure has
      been made by way of example and that numerous changes in the details of
      construction and the combination and arrangement of parts may be resorted
      to without departing from the spirit and scope of the invention as
      hereinafter claimed.
CLMS
STM  WE CLAIM:
NUM  1.
PAR  1. Apparatus for inserting pins of a pin assembly into holes in a substrate
      comprising:
PA1  a pin assembly receiving member for engaging the pin assembly to transmit
      an insertion force thereto, and having a flat portion to underlie a
      portion of the pin assembly and constructed to support and align the pins;
PA1  a securing member having a surface adapted to contact and overlie a portion
      of the pin assembly to hold the pin assembly against said flat portion;
PA1  a base securely carrying said flat portion, and further carrying said
      securing member moveably between a position contacting said pin assembly
      and a position away from said pin assembly; and
PA1  means coacting between said base and said securing member for locking said
      securing member in said contacting position, and for releasing said
      securing member upon insertion of a predetermined length of the pins into
      the holes in the substrate.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising a plurality of pin alignment
      elements interfitting the pins on said flat surface of said pin assembly
      receiving member.
NUM  3.
PAR  3. Apparatus for inserting pins of a pin assembly into holes in a substrate
      comprising:
PA1  a pin assembly receiving member for engaging the pin assembly to transmit
      an insertion force thereto, and having a flat portion to underlie a
      portion of the pin assembly and constructed to support and align the pins;
PA1  a securing member having a surface adapted to contact and overlie a portion
      of the pin assembly to hold the pin assembly against said flat portion;
PA1  a base securely carrying said flat portion, and further carrying said
      securing member moveably between a position contacting said pin assembly
      and a position away from said assembly; and
PA1  means coacting between said base and said securing member for locking said
      securing member in said contacting position, and for releasing said
      securing member upon application of a predetermined force upon said
      securing member in a direction opposite the insertion force.
NUM  4.
PAR  4. The apparatus of claim 3 further comprising a plurality of pin alignment
      elements interfitting the pins on said flat surface of said pin assembly
      receiving member.
NUM  5.
PAR  5. Apparatus for inserting pins of a pin assembly into holes in a substrate
      comprising:
PA1  a pin assembly receiving member for engaging the pin assembly to transmit
      an insertion force thereto, and having a flat portion to underlie a
      portion of the pin assembly and constructed to support and align the pins;
PA1  a securing member having a surface adapted to contact and overlie a portion
      of the pin assembly to hold the pin assembly against said flat portion;
      and
PA1  a base securely carrying said flat portion, and further carrying said
      securing member moveably between a position contacting said pin assembly
      and a position away from said pin assembly;
PA1  said securring member comprising:
PA2  an elongated bearing slidably mounted upon said base;
PA2  a handle overriding at least a part of the motion of said bearing;
PA2  an overhang on said base beneath which said handle and said bearing are
      free to slide;
PA2  said bearing and said overhang each having a channel therein and said
      handle having a slot therethrough adapted to receive a locking pin;
PA2  a locking pin normally positioned simultaneously within said handle slot
      and said bearing channel in the unlocked position of said securing member
      to secure said elongated bearing to said handle;
PA2  said handle, said elongated bearing and said securing locking pin being
      moveable forward to align said locking pin with said slot in said overhang
      channel;
PA2  means for causing said locking pin to move out of said handle slot and to
      become positioned simultaneously within said overhang channel and handle
      slot in said locked position of said securing member; and
PA2  biasing means between said handle and said bearing acting to locate the
      bearing channel away from said slot in said locked position whereby when a
      force is applied to overcome said bias means and again align said bearing
      channel with said handle slot, said pin moves to become positioned
      simultaneously in said handle slot and said bearing channel.
NUM  6.
PAR  6. The apparatus of claim 5 further comprising a plurality of pin alignment
      elements interfitting the pins of said flat surface of said pin assembly
      receiving member.
NUM  7.
PAR  7. The apparatus of claim 5 further comprising second bias means between
      said handle and said overhang to normally urge said securing member to the
      unlocked position.
NUM  8.
PAR  8. Apparatus for receiving an assembly of side-by-side pins for insertion
      into holes of the substrate comprising:
PA1  a block;
PA1  a first flat member carried on said block for receiving said assembly;
PA1  a plurality of protrusions on said first member for extending between,
      separating, and aligning the pins, and for transmitting an insertion force
      thereto;
PA1  a second flat member carried by said block and slidable in a first
      direction from an unlocked position away from said pins to a locked
      position contacting said pins, to thereby secure said assembly of pins
      against said first flat member;
PA1  bias means for urging said second flat member in a second direction away
      from said contacting position, and
PA1  means for constraining said second member in said locked contacting
      position until a predetermined force in said second direction is applied,
      whereupon said bias means moves said second member to said unlocked
      position.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said constraining means comprises a
      detent pin selectively moveable to a position co-existent within a channel
      in said second flat member and a channel in said block.
NUM  10.
PAR  10. The apparatus of claim 9 further comprising a handle overriding said
      second flat member for controlling its position, and having a slot
      therethrough for receiving said detent pin, and wherein said channel in
      said block is located in an overhanging portion thereof whereby said
      detent pin is moveable to a position co-existent within said channel in
      said second flat member and said slot in said handle.
NUM  11.
PAR  11. A tool for inserting a plurality of pins carried upon a mounting strip
      into holes of a printed circuit board, comprising:
PA1  a triangular block;
PA1  a first plate attached to extend from one side of said block;
PA1  a second plate carried by said first plate, having a groove along its
      length to form a mounting strip receiving channel between said first and
      second plates;
PA1  a plurality of upstanding protrusions upon said first plate for aligning
      said pins;
PA1  a T-shaped member slideably mounted on said block on a side adjacent said
      one side, to be moveable to a first position to engage said pins and to a
      second position to disengage from said pins;
PA1  said member clamping said pins in said first position between said first
      plate and T-shaped member;
PA1  a post attached to said T-shaped member extending into a slot in said block
      to limit the sliding travel of said T-shaped member;
PA1  a handle slideably overriding a portion of said T-shaped member, and having
      a hole therein;
PA1  a first spring between said handle and said T-shaped member to urge said
      handle away from said T-shaped member in a direction away from said first
      plate;
PA1  an overhang upon said block under which said handle and said T-shaped
      member slide;
PA1  a second spring between said overhang and said handle to urge said handle
      away from the direction of said first plate;
PA1  and a pin located in said handle between said overhang and said T-shaped
      member, moveable between a first position within the hole in said handle
      and a channel in the T-shaped member and a second position within the
      channel within the overhang and the hole in said handle, the overhang
      channel being located whereby when the pin is located in the handle hole
      and the overhang channel, the T-shaped member is in said engagement
      position and the T-shaped member channel is being maintained by said first
      spring in a position off-set from said handle towards said first plate,
      and whereby when a force is applied to said T-shaped member to overcome
      the bias of said first spring, said T-shaped member channel becomes
      located beneath the hole of the handle to receive the pin, thereby
      allowing the second spring to move the T-shaped member and handle to the
      said away position.
NUM  12.
PAR  12. The tool of claim 11 further comprising a ramp within the channel of
      the T-shaped member to move said pin to the position within the overhang
      channel when the handle hole, the channel of the T-shaped member, and the
      overhang channel are aligned, and the T-shaped member is moved with
      respect to the handle by said first spring.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said pins each comprise a shoulder
      intermediate its end and said carrier strip, and wherein said protrusions
      engage said shoulders to facilitate application of insertion force
      thereupon.
NUM  14.
PAR  14. Apparatus for inserting a pin into a hole in a substrate and
      comprising:
PA1  a pin receiving member for engaging said pin to transmit an insertion force
      thereto, and having a first flat member to underlie a portion of said pin
      and constructed to support and align said pin;
PA1  a second flat member slidably mounted on said pin receiving member and
      slidable in a first direction from an unlocked position away from said pin
      to a locked position contacting said pin to secure said pin against said
      first flat member;
PA1  bias means for urging said second flat member in a second direction away
      from said locked position towards said unlocked position; and
PA1  means for constraining said second flat member in said locked position
      until a predetermined force in said second direction is applied, whereupon
      said bias means moves said second flat member to said unlocked position.
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PAL  A fastener installation head having a nut receiving passage, a transverse
      plunger passage, a plunger reciprocating in the plunger passage through
      the intersection of the passages and a guide means for the nuts in the
      plunger passage. The guide means includes a pair of parallel rails
      generally in the plane of the nut supporting surface of the nut passage,
      supporting a nut beneath the plunger. The rails are resiliently biased to
      support the nut until impact by the plunger. Further, a resilient pad
      parallel to the reciprocating axis of the plunger is provided to guide the
      nut through the plunger passage.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to fastener installation heads having a
      reciprocating plunger and more particularly to installation heads for
      self-attaching nut systems, such as pierce and clinch nuts.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Installation heads for pierce and clinch nuts generally include a passage
      receiving the nuts, a transverse plunger passage having a reciprocating
      plunger and a feed means feeding nuts from the nut passage beneath the
      plunger for installation by the head. Present installation heads are
      generally designed to accomodate only one type of self-attaching nut
      system, either in bulk or strip form. Positive feed installation heads,
      wherein the nut is fed into the plunger passage by a reciprocating pawl,
      are generally limited to nuts systems in a strip form. The strip is
      inserted into the plunger passage and the plunger shears the end nut from
      the strip. Certain problems have developed in the present positive feed
      systems. A reliable stop system must be provided to prevent feeding of the
      nut strip prior to actuation of the plunger, particularly where the strip
      is first inserted into the head to avoid jamming or breakage of the feed
      system. Further, the nut must be accurately located beneath the plunger to
      avoid partial feeding or jamming of the head. Finally, the present
      self-attaching nut installation heads are not capable of feeding and
      installing nuts both in bulk and strip form.
PAR  A pierce nut, which may be installed by the disclosed embodiments of the
      fastener installation head disclosed herein, is shown in the U.S. Pat. No.
      3,152,628 of Strain et al, assigned to the assignee of the instant
      application. Pierce nuts are generally rectangular fasteners having a
      flanged end portion and an opposed piercing pilot portion which pierces
      its own hole in a panel or the like and is secured within the panel
      opening. Alternatively, a clinch nut is normally disposed into a
      pre-pierced panel opening and the nut is deformed to retain the nut in the
      panel opening. A suitable clinch nut, which may be installed by the
      fastener installation head of this invention, is shown by the U.S. Pat.
      No. 2,750,660, of Newcomb, assigned to the assignee of the instant
      application. Pierce and clinch nut systems have also been developed,
      wherein the nut pierces the panel opening and the nut is then clinched to
      retain the nut in the panel opening.
PAR  More recently, pierce and clinch nuts have been developed in a strip form,
      wherein the nut strip is disposed in the nut passage and the plunger
      shears the end nut from the strip for installation in a panel, or the
      like, located below the plunger passage. The feed mechanism advances the
      nut strip to feed an individual nut beneath the plunger for shearing and
      installation by the plunger. A pierce nut strip system is shown in the
      U.S. Pat. No. 3,711,931, of Ladouceur et al, which patent is also assigned
      to the assignee of the instant application. Integral piece and clinch nut
      strips are also available, wherein the nuts are formed in a continuous
      strip interconnected by flangeable sections of the strip.
PAR  A pierce nut installation head particularly adapted to feed and install
      pierce nuts in bulk form is shown in the U.S. Pat. No. 3,089,360 of
      Steward, assigned to the assignee of the instant application. A further
      U.S. Pat. No. 3,108,368, of Steward, discloses the method of installing in
      sizing a pierce nut in a panel. The feed system in the patents of Steward
      may be referred to as an impositive feed, wherein the pierce nuts are
      resiliently urged into location for installation. An impositive feed
      pierce nut head for integral strip nuts is disclosed in U.S. Pat. No.
      3,810,290 and a positive feed for an integral pierce nut strip is shown in
      U.S. Pat. No. 3,811,171.
PAR  It is the primary object of the present invention to provide a fastener
      installation head which will accomodate pierce or clinch nuts in bulk or
      strip form, which is more reliable than the installation heads presently
      available, overcoming the disadvantages of the present installation heads
      and which may utilize a positive nut feed system.
PAC  SUMMARY OF THE INVENTION
PAR  As described, the fastener installation head of this invention is
      particularly adapted to feed and install pierce and clinch nuts of the
      type described. This type of fastener installation head normally includes
      a first or nut passage receiving nuts for installation by the head, a
      transverse plunger passage communicating with the nut passage and a
      plunger reciprocating in the plunger passage from a position above the
      intersection of the passages and through the passage intersection to
      install a nut received beneath the plunger. A positive or impositive feed
      mechanism is normally provided to feed a nut from the nut passage to the
      plunger passage, beneath the plunger, upon actuation of the plunger. Where
      the pierce or clinch nuts are in bulk form, an impositive feed system has
      been utilized. Positive and impositive feed systems have been used for
      pierce and clinch nuts in strip form. One particular problem with the
      feeding of pierce or clinch nuts in strip form has been accomodating the
      normal tolerences of the strip, including the spacing between the nuts,
      the nut tolerences, etc. The dimentional variations in the nut strips may
      accumulate, causing the feeding of partial nuts, etc., resulting in
      breakage or jamming of the nut installation head. The installation of this
      invention is particularly adapted to accomodate the dimensional variations
      in the nut strips, providing reliable feeding and installation of pierce
      and clinch nuts in either bulk or strip form.
PAR  In the preferred embodiment of the fastener installation head of this
      invention includes a support means for a nut received in the plunger
      passage from the nut passage. The guide means is particularly important
      where the fastener installation head is to be utilized in feeding and
      installing fasteners or nuts in bulk form. The guide means supports and
      aligns a fastener beneath the plunger, ready for installation.
PAR  The guide means of the present invention includes a pair of parallel guide
      rails located within the plunger passage generally in the plane of the nut
      supporting surface of the nut passage. The distance between the rails is
      slightly less than the width of the nuts measured across the nut passage,
      thereby supporting a nut within the nut passage beneath the plunger. The
      rails are resiliently biased into the plunger passage, permitting the
      rails to be resiliently spread when the plunger engages a nut supported on
      the rails. In the preferred embodiment, the rails are metal posts located
      generally perpendicular to the reciprocating axis of the plunger. In the
      disclosed embodiment, the metal rails are disposed in grooves located on
      opposite sides of the plunger walls and resilient pads are located between
      the rails and the opposed walls, resiliently biasing the rails into the
      plunger passage. The grooves are generally circular, opening into the
      plunger passage, and the resilient pads are semi-circular, resiliently
      biased against the metal rails, permitting the rails to be resiliently
      spread upon engagement of the nut by the plunger.
PAR  Further, the preferred embodiment includes a guide means in the plunger
      passage, guiding the nut through the plunger passage upon engagement with
      the plunger. The disclosed embodiment of the guide means is a cylindrical
      resilient pad aligned with the axis of reciprocation of the plunger and
      extending into the plunger passage to guide a nut through the plunger
      passage.
PAR  Other advantages and meritorous features of the fastener installation head
      of this invention will be more fully understood from the following
      description of the drawings and preferred embodiments, the drawings and
      the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side, partially cross-sectional view of one embodiment of the
      fastener installation head of this invention, ready for installation of a
      fastener;
PAR  FIG. 2 is an end cross-sectional view of FIG. 1, in the direction of view
      arrows 2--2;
PAR  FIG. 3 is a side partially cross-sectional view of the fastener
      installation head shown in FIG. 1, following installation of a fastener;
PAR  FIG. 4 is a top cross-sectional view of FIG. 1, in the direction of view
      arrows 4--4;
PAR  FIG. 5 is a top cross-sectional view of FIG. 1, in the direction of view
      arrows 5--5;
PAR  FIG. 6 is a side partially cross-sectional view of another embodiment of
      the fastener installation head of this invention;
PAR  FIG. 7 is an end cross-sectional view of FIG. 6 in the direction of view
      arrows 7--7;
PAR  FIG. 8 is a top partially cross-sectioned view of FIG. 6, in the direction
      of view arrows 8--8;
PAR  FIG. 9 is a schematic illustration of the feed pawl showing the stoke of
      the pawl and the dimentional relation; and
PAR  FIG. 10 is a schematic illustration similar to FIG. 9 showing the
      dimentional relation between the nuts which may be fed by the nut
      installation head and the nut restrictor.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As described above, the fastener installation head in this invention is
      particularly adapted to feed and install pierce and clinch nut either in
      bulk or strip form. The fastener installation head 20 shown in FIGS. 1-5
      is feeding and installing a plurality of conventional pierce nuts 22. The
      disclosed pierce nuts are generally rectangular, including a flanged end
      24, a piercing pilot portion 26 and a groove 28 for receiving and securing
      the panel after piercing. A more detailed disclosure of pierce nuts may be
      found in the above referenced U.S. Pat. No. 3,152,628 of Strain et al,.
      Further, as described, the fastener installation head of this invention
      may be utilized to secure pierce or clinch nuts, such as disclosed in the
      above referenced U.S. Pat. No. 3,711,931 of Ladouceur, et al.
PAR  The disclosed embodiment of the fastener installation head includes two
      telescopic housing components, including a stationary housing component 32
      and a relatively moving housing component 34. As described above, a pierce
      or clinch nut installation head may be utilized in combination with a
      conventional forming die, wherein a panel is simultaneously formed and the
      pierce or clinch nuts installed in the panel. The disclosed embodiment
      then includes a connector plate 36 which is secured to the stationary
      housing component 32 by suitable bolts 38, or the like. Reference
      character 40 may be one section of a die, wherein the fastener
      installation is secured within a die member or 40 may be a conventional
      ram reciprocating toward and away from the panel or other structural
      member 42 which is to receive the fasteners 22.
PAR  In the disclosed embodiment, the telescopic housing components are retained
      by a pin or bolt 44 disposed through the relatively movable housing
      component 34 and received in a slot 46 defined in the stationary housing
      component 32, permitting relative movement between the housing components.
      The housing components are normally maintained in the extended position
      shown in FIG. 1 by coil spring 48; one end being received in a pocket 50
      in the stationary housing component 32 and the opposed end received in a
      pocket or chamber 52 in the relatively movable housing component 34. It
      will be understood that the type of spring or extension means will depend
      upon the particular application, including the distance between the
      housing components and the strength of the spring required to extend the
      housing components as shown in FIG. 1. The disclosed embodiment of the
      fastener installation head also includes a separate nose 54 which is
      secured to the movable housing component 34 by a suitable bolt or pin 56.
PAR  The panel 42, which is to receive the fastener installed by the fastener
      installation head 20, is shown supported against the nose 54 by a die
      member 58. The die member 58 supports the panel 42 during installation of
      the fastener and receives the pierced panel slug, as will be described
      hereinbelow.
PAR  The disclosed embodiment of the nut installation head includes a nut
      passage 62 receiving a plurality of nuts 22 for installation by the head,
      a transverse plunger passage 64 communicating with the nut passage and a
      plunger 66 receiprocating relative to the movable housing component 34 in
      the plunger passage 64. The plunger is retained in the stationary housing
      component in the disclosed embodiment by a transverse pin 68. The nuts 22
      received in the nut passage 62 are fed into plunger passage 64, beneath
      plunger 66, by feed mechanism 70. A stop lever 72 is provided to prevent
      nuts from entering the plunger passage 64 except upon downward actuation
      of the plunger 66. The disclosed embodiment of the fastener installation
      head also includes a restrictor arm 74 which presents nuts located in the
      nut passage 62, adjacent the plunger passage 64, from withdrawing into the
      nut passage. The disclosed embodiment also includes a nut sensor 76 which
      is adapted to sense the location of a nut adjacent the plunger passage and
      thereby ready for installation. The construction and operation of the
      fastener installation elements will be described hereinbelow.
PAR  The feed mechanism of the disclosed embodiment includes a drive link 80, a
      transverse guide member 94, a driven or feed link 102 and a pawl arm 112.
      The drive link 80 is pivotally connected to the stationary housing
      component 32 by pin 82. A slot 84 is provided in the upper portion of the
      stationary housing component to permit the drive link to pivot about pin
      82 and a stop 86 is provided to prevent the drive link from rotating
      clockwise beyond the position shown in FIG. 1. The free end of the drive
      link is bifurcated as shown in FIG. 4 to receive a guide pin 90. The guide
      pin is received in a guide slot 92 in guide member 94 as shown in FIG. 1.
      The guide member thus translates the normal arcuate motion of the free end
      88 of drive link 80 into linear motion relative to the movable housing
      component 34, generally perpendicular to the plunger 66. The relative
      linear motion of guide pin 90 can best be understood by comparing FIGS. 1
      and 3.
PAR  In the disclosed embodiment, guide member 94 is a separate element, secured
      to movable housing component 34 by suitable fasteners, such as screws 98.
      The guide pin 90 is disposed within the enclosed guide member through
      opening 100, best shown in FIG. 3.
PAR  The driven or feed link 102 is pivotally connected to the movable housing
      component 34 by pivot pin 104. The driven end of drive link 102 includes a
      drive slot 106, best shown in FIGS. 3 and 4, and a transverse dwell face
      108 which blends into the driven slot.
PAR  Pawl arm 112 is pivotally connected between its end to the distal end of
      driven link 102, by pin 114. One end of the pawl arm includes a projecting
      finger 116, which is resiliently biased toward the fasteners 22 received
      within nut passage 62 by spring 118. The pawl finger 116 is receivable
      within the nut bores as shown in FIGS. 3 and 5. The pivotally connected
      end of the pawl arm is bifurcated, as shown in FIG. 5, to receive the
      distal end of the driven link. One end of the spring 118 is connected to
      the movable housing component by pin 124 and the opposed end of the spring
      is connected between the bifurcated ends of the pawl arm to connector
      portion 126, as shown in FIG. 5.
PAR  The operation of the feed mechanisms 70 is best shown by comparing FIGS. 1
      and 3. Downward motion of the ram or die element 40 engages the nose 54 of
      the fastener installation head against panel 42, which is supported by die
      58. Movable housing component 34 is thus biased toward the stationary
      housing component 32, relatively closing the telescopic housing
      components. The relative motion causes drive link 80 to rotate
      counterclockwise, about pivot pin 82. As described, the resultant arcuate
      motion of guide pin 90 is translated into linear motion relative to the
      movable housing component 34 by guide slot 92 of guide member 94,
      resulting in a linear motion to the right of FIG. 1. The guide pin first
      engages the driven face 110 of drive slot 106, rotating driven link 102 in
      a clockwise direction about pivot pin 104, as shown in FIGS. 1 and 3. The
      rotational motion of driven link 102 thus causes pawl arm 112 to
      reciprocate within nut passage 62 toward plunger passage 64, to feed a nut
      beneath the plunger 66, as will be described more fully hereinbelow.
      Finally, guide pin 90 engages the dwell face 108 of the driven link 102,
      as shown in FIG. 3, retaining the driven link and the pawl arm in the
      dwell position, as shown in FIG. 3, during installation of the nut by the
      plunger 66. The dwell face 108 is not parallel to the guide slot 92, as
      shown in FIG. 3, such that no further motion is imparted to the driven
      link 102.
PAR  Upon installation of the nut disposed beneath the plunger, the motion of
      the feed mechanism is reversed. The ram or die member 40 is moved upwardly
      relative to FIG. 1, rotating the drive link 80 in a clockwise direction,
      until guide pin 90 is received within drive lot 106. The pin then engages
      the opposed side of drive slot 106, rotating driven link 102 in a
      counterclockwise direction relative to FIG. 3, reciprocating pawl arm 112
      to the right. The pawl finger 116 includes a camming face 128 which
      engages the wall of the nut bore, lifting the camming finger out of the
      nut bore and the pawl arm 112 returns to the position shown in FIG. 1,
      ready for the next cycle of the fastener installation head of this
      embodiment of the invention.
PAR  As described, the stop lever 72 prevents entry of nuts 22 into the plunger
      passage 64, except upon downward actuation of the plunger 66. The stop
      lever 72 is pivotally connected to the movable housing component 34,
      adjacent the plunger 66, by pin 132. In the extended housing position
      shown in FIG. 1, the upper lever leg 134 is entrapped between a wall of
      the stationary housing component 32 and the plunger 66. The lower leg 136
      extends at an angle into the plunger passage 64 to block entry of nuts 22
      into the plunger passage. The plunger includes a camming face 138
      extending parallel to the lower lever leg 136 located at the distal end of
      the plunger. A cut-out or slot 140 is provided in the plunger, spaced from
      the camming face 138, to receive the upper leg 134 of the lever, as
      described below. Further, a cut-out 142 is provided in the upper lever leg
      to permit free rotation of the upper lever leg 134, into the slot 140.
PAR  Upon actuation of the installation head, by downward movement of the ram or
      die 40, as described above, the camming surface 138 of the plunger will
      engage the lower leg 136 of lever 72, tending to rotate lever 72 about
      pivot pin 132. In the installation of nuts, a nut will first engage the
      lower lever leg 136, rotating the lever out of blocking engagement, upon
      actuation of the plunger 66 and the feed mechanism 70. As the plunger 66
      reciprocates downwardly relative to movable housing component 34, as shown
      in FIG. 1, the upper leg portion 134 of the lever is received in slot 140,
      as shown in FIG. 3. Cut-out 142 permits free rotation of the lever about
      camming face 144. Finally, the lower leg 136 of the lever is received in a
      space defined by nose 54 and the plunger 66.
PAR  Extension of the housing components, by spring 48, engages the upper lever
      leg 134 against the camming face 144 of plunger slot 140, rotating lever
      72 in a counterclockwise direction, finally returning the stop lever to
      the position shown in FIG. 1. The engagement of the upper lever leg 134
      against the plunger, prevents a nut from entering the plunger passage 64,
      beyond the distal end of lower lever leg 136. This feature is particularly
      important in a fastener installaion head of the type described having a
      positive feed mechanism 70, particularly where a fastener strip is
      utilized. When a new strip of fasteners is received in the nut chamber 62,
      the strip may be extended into the plunger passage 64, beneath the plunger
      66, unless a positive stop means is provided. Where the strip is located
      in the plunger passage, prior to actuation of the feed means, downward
      actuation of the plunger will reciprocate the feed pawl 112 toward the
      plunger passage, as described, however the nut strip would then be blocked
      by the opposed plunger passage wall. In a position feed mechanism, the
      feed mechanism may then be damaged, requiring service of the fastener
      installation head.
PAR  The restrictor arm 74 extends generally parallel to the nut passage 62 and
      is pivotally connected to the movable housing component by pin 144. As
      shown, the leg 146 extends toward the plunger passage 64 at an angle
      relative to the opposed leg 148. The restrictor arm 74 is relatively thin
      and formed of a resilient metal. Laterally extending flanges 150 and 151
      are biased against the movable housing component 34 to resiliently bias
      leg 146 toward the nut passage 62 and the restrictor finger 160 is
      resiliently biased through an opening in the bottom wall of nut passage
      62. In the preferred embodiment of the nut restrictor, the finger 160 is
      shaped to be received within the nut bores 120. The restrictor arm extends
      to dispose the finger within the nut adjacent the plunger passage 64, to
      prevent a nut ready for installation from withdrawing into the nut passage
      62, as will be described more fully hereinbelow. Where a nut strip is
      utilized, the restrictor will thus prevent the strip from withdrawing into
      the nut chamber. The finger also includes a camming face 162 permitting
      nuts to be fed into the nut passage upon actuation of the feed mechanism.
      In the event that a nut strip must be withdrawn from the fastener
      installation head, such as during servicing, arm 74 may be resiliently
      biased toward the movable housing component 34, resiliently biasing the
      finger 160 out of restrictive engagement, permitting withdrawal of a nut
      strip.
PAR  In the preferred embodiment, the nut is supported and guided within the nut
      passage 64 by guide rails 166 and vertical guide 168. The guide rails 166
      are best shown in FIG. 2. In the disclosed embodiment, the guide rails
      include horizontal pins or rods 170, located generally in the plane of the
      fastener supporting wall of the nut passage 62. Resilient pads 172
      resiliently bias the rods into the plunger passage, as shown in FIG. 2.
      The rods are received in generally circular grooves 174 defined in the
      opposed walls of the nose 54. The width of the opening of the grooves into
      the nut passage is less than the diameter of the rods and the
      semi-circular pads 172 resiliently bias the rods into the nut passage, to
      support a nut beneath the plunger, as shown in FIG. 2. The rods 170 are
      preferably formed of a relatively hard metal and the resilient pads 172
      are preferable formed of a relatively tough resilient plastic. A suitable
      plastic for the pads is a relatively hard polyurethane, such as sold by J.
      P. Stephens & Co., Inc. under the trade name "hi-tuff" 75-D. A nut 22 is
      thus received on the rails 166 and supported by rods 170 beneath the
      plunger. Upon engagement by the plunger, the rods 170 are resilient biased
      into grooves 174, permitting passage of the nut through the nut passage
      64, for installation as described below.
PAR  Vertical guide 168, guides the nut through the nut passage and prevents the
      nut from falling through the nut passage after passing the guide and
      support rails 166. In the disclosed embodiment, vertical guide 168 is
      cylindrical, extending parallel to the reciprocating axis of plunger 66.
      In the prior art embodiments of pierce and clinch nut installation heads,
      a series of ball bearings were disposed in the wall of the nose 54 which
      were resiliently biased into the plunger passage by springs. The ability
      of a resilient pad to replace the spring loaded balls, without premature
      wearing or failure, was unexpected, particularly in a pierce or clinch nut
      intallation head feeding hard metal nuts under the impact of a plunger.
      The preferred material for the cylindrical pad is again a relatively
      tough, high impact polyurethane, such as the polyurethane described above.
PAR  In the preferred embodiment of the nut sensor, the mechanism 76 is located
      within the housing components to prevent damage or contamination and the
      sensor is adapted to sense and indicate a nut ready for installation by
      the head. As described above, this assures the feeding of all of the nuts
      disposed within the nut passage and assures that each actuation of the
      fastener installation head will result in the installation of a nut. This
      is particularly important where the fastener installation head is utilized
      in a panel forming die or the like, as described above. Further, in many
      applications, the die includes a number of fastener installation heads,
      securing nuts at said various locations in the panel. The sensor circuit
      of this embodiment may also be interconnected to the actuation circuit of
      the plunger 66 or the die, stopping the actuation circuit to assure
      installation of a nut upon each actuation of the plunger.
PAR  The disclosed embodiment of the nut sensor includes a switch 178 secured to
      a housing 180 and to the movable housing component 34 by suitable
      fasteners, such as screws 182. The switch includes a switch arm or reed
      184 which engages the switch plunger 186 to close the switch circuit, as
      shown in FIG. 1. The nut sensor includes a sensor arm 188 pivotally
      connected to the switch housing 180 having a stop engaging the switch arm
      184, as shown in FIG. 3. The sensor arm terminates in a channel-shaped end
      portion 192 adapted to engage a nut in the nut passage 62, adjacent the
      plunger passage 64 and ready for installation by the head.
PAR  When a nut is disposed adjacent the plunger passage 64, as shown in FIGS. 1
      and 3, the channel-shaped end portion 192 of the sensor arm is rotated
      clockwise about the pivot axis to engage switch arm 184 and close the
      circuit of the sensor switch 178. When a nut is not ready for
      installation, the sensor arm 186 rotates counterclockwise, toward the nut
      support wall of the nut passage 62, permitting the switch plunger 186 to
      extend and open the circuit of the switch. As described, the switch
      circuit may be connected in series to the actuation circuit of the die or
      ram 40, stopping the actuation of the fastener installation head when a
      nut is not ready for installation. Alternatively, the switch may be
      connected to an indicator, actuating a light or an alarm when a nut is not
      ready for installation, notifying the operator that the fastener
      installation head requires nuts or servicing.
PAR  The operation of the fastener installation head 20 to install a nut in a
      panel is then as follows. The nuts 22 are received in the nut passage 62
      to engage the arm 136 of stop 72. The fastener installation head is
      positioned as shown in FIG. 1 with the nose 54 engaging the panel 42 which
      is to receive a nut. Die 58 supports the panel for installation of the
      nut. The die member or ram 40 is biased toward the panel, as described
      above, relatively closing the housing components and actuating the feed
      mechanism 70. As described, the driven link 102 is thus rotated in a
      clockwise direction, reciprocating pawl arm 112 toward the plunger passage
      64. As the pawl arm moves toward the plunger, the pawl finger 116 is
      received in the second nut spaced from the plunger passage 64. The finger
      is urged toward the nuts by spring 118. Continued movement of the pawl arm
      112 disposes the nut adjacent the plunger passage beneath the plunger for
      installation. As described, stop arm 72 is rotated in a clockwise
      direction by the nuts entering the plunger passage, permitting a nut to
      enter the plunger passage. The nut is thus received upon guide rails 166,
      as shown in FIG. 2. The distal end of the plunger then engages the flanged
      end 24 of the nut, biasing the nut downwardly through the plunger passage
      64 to engage the panel 42 and install the nut in the pierced panel
      opening, as shown in FIG. 3. As described in the above referenced pierce
      and clinch nut patents, the pilot portion 26 of the pierce nut pierces a
      slug 196 from the panel and the nut is received in the pierced opening,
      retaining the panel in the nut groove 28. The slug 196 falls through the
      opening 198 in the die 58. During final installation of the nut, the guide
      pin 90 of the driven link engages the dwell face 108 of the driven link
      102; the dwell face then being parallel to the guide slot 92 in guide
      member 94. During installation, the distal end of the pawl arm is received
      within the channel-shaped end portion of the sensor arm.
PAR  Upon completion of the plunger cycle, spring 48 relatively opens the
      telescopic housing components, rotating stop lever 72 in a counter
      clockwise direction, to the position shown in FIG. 1, and reciprocating
      pawl arm 112 to the right in FIGS. 1 and 3. As described, the pawl finger
      116 includes a camming surface which lifts the finger out of the nut bore
      and finally to the position shown in FIG. 1, normally resting upon the nut
      face of the second nut spaced from the plunger bore, ready for
      installation as shown in FIG. 1. Other details of the fastener
      installation head include a latch mechanism 202 which is adapted to
      release the pawl arm for servicing of the head. The latch mechanism
      includes a spring biased plunger 204 which is received in a cylindrical
      opening in the movable housing component 34. The plunger 204 may be
      extended to engage the end of the pawl arm 112, when the finger is
      received in a nut bore, thus rotating the pawl arm 112 in a clockwise
      direction and releasing the nut or nut strip. The housing components 32
      and 34 may be disassembled by removing pin or bolt 44.
PAR  As described above, the length of the stroke of the reciprocating pawl arm
      is very important to the operation of the fastener installation head to
      assure accurate location of a nut beneath the plunger and to prevent a
      partial nut condition, wherein the plunger may fracture a nut partially
      received in the plunger passage.
PAR  As shown in FIG. 9, the pawl arm includes two possible feeding surfaces;
      the edge 210 of the pawl finger 116, which normally engages the bore of
      the nut; and the edge 212 which may feed a nut if a particularly large gap
      occurs between the nuts or the last nut in the passage. Feeding against
      surface 212 is also possible in a strip nut where the nuts may be spaced
      on the retainer.
PAR  It has been discovered that a relationship occurs between the stroke of the
      reciprocating pawl arm, as shown in FIG. 9 and the effective length of the
      feed pawl, the backlash of the system, as afforded by the restrictor arm,
      the nut bore, which is the minor diameter of the thread, and the edge
      length of the nut. This relationship is summed up in the following
      equation: Stroke = X+ B+D.sub.M +2N: Wherein, "X" is equal to the length
      of the gap between the nuts or in the strip which is to be fed without
      difficulty; "B" is the backlash contributed to primarily by the clearance
      between the threaded hole and the nut restrictor; D.sub.M is the minor
      diameter of the threaded hole; and 2N is equal to twice the edge length of
      the nut. The dimensional relation is shown in FIGS. 9 and 10.
PAR  Four additional conditions should also be met to satisfy the stroke
      equation and to provide proper orientation of the feed means. These
      conditions are as follows: (1) The stroke must be less than two nut
      widths, minus one edge length "N" of a nut. (2) The stroke must be greater
      than the gap "X" between the nuts, when feeding a strip. (3) The effective
      length of the pawl "Z" must be equal to or less than the length of the gap
      "X" in the strip that is to be fed without difficulty. (4) The effective
      length "Z" of the feed pawl must be greater than the minor diameter
      "D.sub.M " of the thread or the width of the feed pawl "W" must be greater
      than the minor diameter "D.sub.M " of the thread. If the effective length
      of the feed pawl "Z" were less than the minor diameter of the thread bore
      "D.sub.M ", the feeding surfaces of the pawl would engage in the threaded
      hole and would overfeed the strip by length "N" of the nut.
PAR  In a typical commercial pierce nut having a cut-off length of 0.50 inches
      and a minor diameter of the bore of 0.261 inches, the gap X which may be
      fed without difficulty is 0.281 inches, the backlash B is 0.044 inches,
      the minor diameter D.sub.M of the threaded bore is 0.261 inches and the
      edge length of the nut N is equal to 0.117. Under these conditions, the
      stroke length is equal to 0.820, utilizing the stroke equation given
      above.
PAR  It is understood that the stroke equation given above was developed
      primarily for the feed of nuts in a strip, wherein the gap between the
      nuts is particularly important. The stroke equation is however equally
      adaptable to feeding nuts in bulk, except that the gap X will normally be
      0.
PAR  The embodiment of the fastener installation head shown in FIG. 6 and 7
      includes certain modifications of the embodiment of the installation nut
      head shown in FIGS. 1 to 5. These modifications are primarily in the feed
      mechanism and the sensing means. As shown in FIGS. 6 and 7, the head 220
      includes a stationary housing component 232, which may be substantially
      identical to the housing component 32 described above. The stationary
      housing component includes a plunger 216 which has been modified somewhat
      as described below. The relatively movable housing component 234 has been
      lengthened, increasing the length of the plunger stroke to contact with
      the nut, indicated at "a" in FIG. 6. As described, the spring 248 normally
      extends the housing components to position the plunger 266 above the
      intersection between the nut passage 262 and the plunger passage 264.
PAR  The feed mechanism in this embodiment similarly includes a drive link 280
      pivotally connected to the stationary housing component 232, as described
      above, and the free end of the drive link has a guide pin 290 which is
      disposed within and guided by a guide member 294, translating the normal
      arcuate motion of the guide pin 290 into linear motion relative to the
      movable housing component 234. The driven link in this embodiment includes
      two components, 302 and 303, which are interconnected by a clutch assembly
      400. It should be noted that the components of the fastener installation
      head shown in FIG. 6 are numbered in the same sequence as the elements of
      the fastener installation head embodiment of FIGS. 1 to 5. The clutch
      assembly is a new element in the combination. The driven link is pivotally
      connected to the movable housing component by pin 304, which extends
      through the clutch mechanism shown in FIG. 7.
PAR  The clutch mechanism includes a flanged outer hub 402 and a threadably
      received inner hub 404, retaining the assembly together. A plurality of
      Belleville-type thrust washers are disposed between the flanged end of the
      inner hub flange and the upper component 302 of the driven link. The
      thrust washers normally retain the components 302 and 303 of the driven
      link as one unit, such that the feed mechanism 270 normally operates
      substantially as described above. It should be noted however that the
      driven face of the upper component 302 of the drive link has been modified
      somewhat to accomodate the greater distance between the guide pin 290 and
      the pivotal connection 304. This has been caused by the increase in the
      piston stroke "a", as described above.
PAR  In operation, the closing of the housing components 232 and 234, as
      described above, rotates the drive link 280 in a counterclockwise
      direction, rotating the driven link in a clockwise direction and extending
      the pawl arm 312 toward the plunger passage 264. The stop lever 72 in the
      embodiment disclosed in FIGS. 1 to 5 may be eliminated in this embodiment
      because the clutch eliminates the requirement for a stop lever. When the
      individual nuts or nut strip 222 is received in the fastener installation
      head, the nuts may in this embodiment be disposed directly into the
      plunger passage 264, locating the first nut beneath the plunger 266. Upon
      actuation of the feed mechanism 270, the pawl finger 316 is received
      within the second nut spaced from the plunger passage 264, as described
      above. The pawl arm 312 can not however advance toward the plunger passage
      264, because a nut is already located in the plunger passage. In this
      situation, the upper portion 302 of the driven link rotates in a clockwise
      direction about pivot axis 304 and the lower portion 303 remains
      stationary. This is permitted by the clutch 400.
PAR  After installation of the nut in the plunger passage 264, the spring 248
      extends the housing components, as described above, rotating driven link
      element 302 in a counterclockwise direction, biasing the end of pawl arm
      312 against the housing at 406 and returning the feed mechanism to the
      ready position shown in FIG. 6. As shown in FIG. 7, the driven arm
      portions 302 and 303 include annular interlocking projecting portions
      having a camming face 401 which prevents relative rotation of driven link
      portion 302 in counterclockwise direction relative to driven link portion
      303. Upon engagement of the pawl arm 312, against housing portion 406, the
      link portions 302 and 303 are returned to the position shown in FIG. 7.
PAR  The stop means shown in FIG. 8 may be utilized in the fastener installation
      head shown in FIG. 6 or may be replace the stop lever 72 shown in FIGS. 1
      and 3. It is understood that the positive stop lever 72 shown in FIGS. 1
      and 3 is preferred in a positive feed head because the nuts can not be fed
      utilizing the stop lever 72 until actuation of the plunger 66.
PAR  As shown in FIG. 8, the nose assembly 254 includes support rails 366 and
      vertical guide 368. The support rails 366 may be indentical to the support
      rails 166 of the embodiment of the fastener installation head shown in
      FIGS. 1 to 5 and the vertical guide 368 is similar to the vertical guide
      168 of the embodiment shown in FIGS. 1 to 5, except that the guide 368
      extends past the intersection of the nut and plunger passages. The stop
      means in FIG. 8 includes two parallel posts 410 which are resiliently
      biased into the nut passage by resilient pads 412. As shown, the posts 410
      extend perpendicular to the nut passage generally parallel to the
      reciprocating axis of the plunger 266. The posts are received in
      semi-circular grooves adjacent the intersection between the nut passage
      262 and the plunger passage 264. The posts 410 are preferably hard metal
      posts and the pads 412 may be resilient polyurethane as described above in
      regard to the guide rails 166. As shown, the distance between the posts
      410 is normally slightly less than the width of the nuts 22, blocking
      entry of the nuts into the plunger passage 264. Upon actuation of the feed
      mechanism 270 in FIG. 6, the nuts 22 will resiliently biases the posts 410
      into the grooves defined in the nose 254, against the resilient pads 412,
      feeding a nut into the plunger passage 264. As described, the nut is
      received upon guide rails 366 for engagement by the plunger 266 and
      securement as described above.
PAR  This embodiment of the fastener installation head also includes a modified
      nut sensor 276. The nut sensor includes a switch 378 having a plunger
      which may be interconnected to the plunger actuation circuit or an
      indicator as described above. The switch lever or reed 384 in this
      embodiment includes a roller 387 which rides on the pawl arm 312, opposite
      the finger 316.
PAR  The fastener installation head shown in FIG. 6 does not include a nut
      adjacent the plunger passage and ready for installation. The pawl arm 312
      therefore engages the nut supporting face of the nut passage 262 and the
      plunger 386 of the sensor switch 378 is therefore extended, opening the
      circuit of the switch. Upon receipt of a nut adjacent the plunger passage,
      pawl arm 312 is rotated in a clockwise direction, engaging the roller 387
      and biasing the switch arm 384 toward the swich 378 and closing the
      switch. The roller will engage the thicker portion of the pawl arm 312
      when the finger 316 is received in a nut bore and the pawl arm 312 is
      extended to dispose a nut in the plunger passage 264, maintaining the
      sensor circuit closed during feeding.
PAR  The sensor switch utilized in the embodiments shown in FIGS. 1 to 5 and
      FIGS. 6 and 7 may be any conventional normally open switch available
      commercially. Microswitches of the type shown in FIGS. 1 and 6 are
      available from the Micro-Switch Division of Honeywell, Inc., sold as part
      No. 1SE1. Other suitable microswitches are also available commercially.
PAR  The operation of the embodiment of the fastener installation head shown in
      FIG. 6 is therefore substantially the same as described in regard to FIGS.
      1 and 3. The unnumbered elements of the fastener installation head of FIG.
      6, may be identical to the components of the embodiments shown in FIG. 1.
PAR  It will be understood that various modifications may be made to the
      embodiments of the fastener installation head disclosed in this
      application. For example, the movable housing component 34 of FIGS. 1 and
      3 may be lengthened as shown in FIG. 6 to increase the travel of the
      plunger 66 in the embodiment of the fastener installation head shown in
      FIGS. 1 to 5. The drive slot 106 and dwell face 108 of the driven link 102
      of FIGS. 1 and 3 may also be modified to control the reciprocation of the
      pawl 112. The spring 248 may be modified as described above depending upon
      the requirements of the fastener installation head. For example, two or
      more springs may be utilized or a different extender means may be
      utilized. Further, various components of the disclosed embodiments of the
      fastener installation head may be interchanged, as required, for various
      applications of the head.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fastener installation head having a nut passage for receiving a
      plurality of nuts aligned in side to side relation for installation by
      said head, a transverse plunger passage intersecting said nut passage and
      a plunger reciprocating within said plunger passage from a position above
      the intersection of said passage, through said passage intersection to
      install individual nuts received from said nut passage through said
      plunger passage, the improvement comprising:
PA1  a pair of parallel guide rails located within said plunger passage
      generally perpendicular to the reciprocating axis of said plunger and
      generally aligned with the nut supporting surface of said nut passage, the
      distance between said rails being slightly less than the width of said
      nuts measured across said nut passage, thereby supporting a nut within
      said plunger passage below said plunger and resilient means adapted to
      permit said rails to be resilient spread when said plunger engages a nut
      supported on said rails, permitting the nut to pass between said rails
      upon actuation of said plunger.
NUM  2.
PAR  2. The fastener installation head defined in claim 1, characterized in that
      said rails are cylindrical metal posts and said resilient means are
      resilient pads located between said rails and the opposed head walls.
NUM  3.
PAR  3. The fastener installation head defined in claim 2, characterized in that
      the opposed sidewalls of said plunger passage adjacent said nut passage
      each include an opposed groove generally perpendicular to the
      reciprocating axis of said plunger and said rails being disposed within
      said grooves and said resilient pads located between said opposed walls
      and said rails.
NUM  4.
PAR  4. The fastener installation head defined in claim 1, including a resilient
      pad located within said plunger passage parallel to the reciprocating axis
      of said plunger, said resilient pad extending within said plunger passage
      and supporting the alignment of a nut as it passes through said plunger
      passage.
NUM  5.
PAR  5. The fastener installation head defined in claim 4, characterized in that
      said resilient pad is a cylindrical elongated pad, the longitudinal axis
      of said cylindrical elongated pad being parallel to the reciprocating axis
      of said plunger.
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ABST
PAL  A fastener installation head having a nut receiving passage, a transverse
      plunger passage having a reciprocating plunger therein, a feed means
      feeding nuts from the nut passage to the plunger passage and a stop means
      preventing nuts from entering the plunger passage except upon actuation of
      the feed means. The stop means comprising two parallel cylindrical posts
      located on opposite sides of the nut passage at the intersection of the
      passages. The cylindrical posts being resiliently biased into the fastener
      receiving passage and normally preventing fasteners from entering the
      plunger passage except upon actuation of the feed means.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to fastener installation heads having a
      reciprocating plunger and more particularly to installation heads for
      self-attaching nut systems, such as pierce and clinch nuts.
PAC  Descriptiom of the Prior Art
PAR  Installation heads for pierce and clinch nuts generally include a passage
      receiving the nuts, a transverse plunger passage having a reciprocating
      plunger and a feed means feeding nuts from the nut passage beneath the
      plunger for installation by the head. Present installation heads are
      generally designed to accomodate only one type of self-attaching nut
      system, either in bulk or strip form. Positive feed installation heads,
      wherein the nut is fed into the plunger passage by a reciprocating pawl,
      are generally limited to nuts systems in a strip form. The strip is
      inserted into the plunger passage and the plunger shears the end nut from
      the strip. Certain problems have developed in the present positive feed
      systems. A reliable stop system must be provided to prevent feeding of the
      nut strip prior to actuation of the plunger, particularly where the strip
      is first inserted into the head to avoid jamming or breakage of the feed
      system. Further, the nut must be accurately located beneath the plunger to
      avoid partial feeding or jamming of the head. Finally, the present
      self-attaching nut installation heads are not capable of feeding and
      installing nuts both in bulk and strip form.
PAR  A pierce nut, which may be installed by the disclosed embodiments of the
      fastener installation head disclosed herein, is shown in the U.S. Pat. No.
      3,152,628 of Strain et al, assigned to the assignee of the instant
      application. Pierce nuts are generally rectangular fasteners having a
      flanged end portion and an opposed piercing pilot portion which pierces
      its own hole in a panel or the like and is secured within the panel
      opening. Alternatively, a clinch nut is normally disposed into a
      pre-pierced panel opening and the nut is deformed to retain the nut in the
      panel opening. A suitable clinch nut, which may be installed by the
      fastener installation head of this invention, is shown by the U.S. Pat.
      No. 2,750,660, of Newcomb, assigned to the assignee of the instant
      application. Pierce and clinch nut systems have also been developed,
      wherein the nut pierces the panel opening and the nut is then clinched to
      retain the nut in the panel opening.
PAR  More recently, pierce and clinch nuts have been developed in a strip form,
      wherein the nut strip is disposed in the nut passage and the plunger
      shears the end nut from the strip for installation in a panel, or the
      like, located below the plunger passage. The feed mechanism advances the
      nut strip to feed an individual nut beneath the plunger for shearing and
      installation by the plunger. A pierce nut strip system is shown in the
      U.S. Pat. No. 3,711,931, of Landouceur et al, which patent is also
      assigned to the assignee of the instant application. Integral pierce and
      clinch nut strips are also available, wherein the nuts are formed in a
      continuous strip interconnected by flangeable sections of the strip.
PAR  A pierce nut installation head particularly adapted to feed and install
      pierce nuts in bulk form is shown in the U.S. Pat. No. 3,089,360, of
      Steward, assigned to the assignee of the instant application. A further
      U.S. Pat. No. 3,108,368, of Steward, discloses the method of installing in
      sizing a pierce nut in a panel. The feed system in the patents of Steward
      may be referred to as an impositive feed, wherein the pierce nuts are
      resiliently urged into location for installation. An impositive feed
      pierce nut head for integral strip nuts is disclosed in U.S. Pat. No.
      3,810,290 and a positive feed for an integral pierce nut strip is shown in
      U.S. Pat. NO. 3,811,171.
PAR  It is the primary object of the present invention to provide a fastener
      installation head which will accomodate pierce or clinch nuts in bulk or
      strip form, which is more reliable than the installation heads presently
      available, overcoming the disadvantages of the present installation heads
      and which may utilize a positive nut feed system.
PAC  SUMMARY OF THE INVENTION
PAR  As described, the fastener installation head of this invention is
      particularly adapted to feed and install pierce and clinch nuts of the
      type described. This type of fastener installation head normally includes
      a first or nut passage receiving nuts for installation by the head, a
      transverse plunger passage communicating with the nut passage and a
      plunger reciprocating in the plunger passage from a position above the
      intersection of the passages and through the passage intersection to
      install a nut received beneath the plunger. A positive or impositive feed
      mechanism is normally provided to feed a nut from the nut passage to the
      plunger passage, beneath the plunger, upon actuation of the plunger. Where
      the pierce or clinch nuts are in bulk form, an impositive feed system has
      been utilized. Positive and impositive feed systems have been used for
      pierce and clinch nuts in strip form. One particular problem with the
      feeding of pierce or clinch nuts in strip form has been accommodating the
      normal tolerences of the strip, including the spacing between the nuts,
      the nut tolerances, etc. The dimentional variations in the nut strips may
      accumulate, causing the feeding of partial nuts, etc., resulting in
      breakage or jamming of the nut installation head. The nut installation of
      this invention is particularly adapted to accomodate the dimentional
      variations in the nut strips, providing reliable feeding and installation
      of pierce and clinch nuts in either bulk or strip form.
PAR  In the preferred embodiment of the fastener installation head of this
      invention, a stop means is provided at the entrance to the plunger passage
      in the nut passage, preventing nuts from being fed into the plunger
      passage except upon actuation of the feed mechanism. The disclosed
      embodiment of the stop means includes two parallel posts located on
      opposite sides of the nut passage adjacent the intersection of the nut and
      plunger passages. The posts are located generally perpendicular to the nut
      passage, with the distance between the posts being slightly less than the
      width of the nuts measured across the nut passage. The posts are
      resiliently biased into the nut passage, thus preventing nuts from
      entering the plunger passage except upon actuation of the feed mechanism.
PAR  In the disclosed embodiment of the stop means, the posts are cylindrical
      metal pins located in slots defined on opposite sides of the nut passage
      and resilient pads are located between the opposed side walls of the nut
      passage and the posts, resiliently biasing the posts into the nut passage
      and permitting spreading the posts upon engagement by a nut or fastener
      being fed by the feed mechanism into the plunger passage. In the disclosed
      embodiment, the grooves in the nut passage walls are circular and the
      resilient pads are semicircular, resiliently biased against the metal
      posts.
PAR  Other advantages and meritorous features of the fastener installation head
      of this invention will be more fully understood from the following
      description of the drawings and preferred embodiments, the drawings and
      the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side, partially cross-sectional view of one embodiment of the
      fastener installation head of this invention, ready for installation of a
      fastener;
PAR  FIG. 2 is an end cross-sectional view of FIG. 1, in the direction of view
      arrows 2--2;
PAR  FIG. 3 is a side partially cross-sectional view of the fastener
      installation head shown in FIG. 1, following installation of a fastener;
PAR  FIG. 4 is a top cross-sectional view of FIG. 1, in the direction of view
      arrows 4--4;
PAR  FIG. 5 is a top cross-sectional view of FIG. 1, in the direction of view
      arrows 5--5;
PAR  FIG. 6 is a side partially cross-sectional view of another embodiment of
      the fastener installation head of this invention;
PAR  FIG. 7 is an end cross-sectional view of FIG. 6 in the direction of view
      arrows 7--7;
PAR  FIG. 8 is a top partially cross-sectioned view of FIG. 6, in the direction
      of view arrows 8--8;
PAR  FIG. 9 is a schematic illustration of the feed pawl showing the stoke of
      the pawl and the dimentional relation; and
PAR  FIG. 10 is a schematic illustration similar to FIG. 9 showing the
      dimentional relation between the nuts which may be fed by the nut
      installation head and the nut restrictor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As described above, the fastener installation head in this invention is
      particularly adapted to feed and install pierce and clinch nut either in
      bulk or strip form. The fastener installation head 20 shown in FIGS. 1-5
      is feeding and installing a plurality of conventional pierce nuts 22. The
      disclosed pierce nuts are generally rectangular, including a flanged end
      24, a piercing pilot portion 26 and a groove 28 for receiving and securing
      the panel after piercing. A more detailed disclosure of pierce nuts may be
      found in the above referenced U.S. Pat. No. 3,152,628 of Strain et al.
      Further, as described, the fastener installation head of this invention
      may be utilized to secure pierce or clinch nuts, such as disclosed in the
      above referenced U.S. Pat. No. 3,711,931, of Ladouceur, et al.
PAR  The disclosed embodiment of the fastener installation head includes two
      telescopic housing components, including a stationary housing component 32
      and a relatively moving housing component 34. As described above, a pierce
      or clinch nut installation head may be utilized in combination with a
      conventional forming die, wherein a panel is simultaneously formed and the
      pierce or clinch nuts installed in the panel. The disclosed embodiment
      then includes a connector plate 36 which is secured to the stationary
      housing component 32 by suitable bolts 38, or the like. Reference
      character 40 may be one section of a die, wherein the fastener
      installation is secured within a die member or 40 may be a conventional
      ram reciprocating toward and away from the panel or other structural
      member 42 which is to receive the fasteners 22.
PAR  In the disclosed embodiment, the telescopic housing components are retained
      by a pin or bolt 44 disposed through the relatively movable housing
      component 34 and received in a slot 46 defined in the stationary housing
      component 32, permitting relative movement between the housing components.
      The housing components are normally maintained in the extended position
      shown in FIG. 1 by coil spring 48; one end being received in a pocket 50
      in the stationary housing component 32 and the opposed end received in a
      pocket or chamber 52 in the relatively movable housing component 34. It
      will be understood that the type of spring or extension means will depend
      upon the particular application, including the distance between the
      housing components and the strength of the spring required to extend the
      housing components as shown in FIG. 1. The disclosed embodiment of the
      fastener installation head also includes a separate nose 54 which is
      secured to the movable housing component 34 by a suitable bolt or pin 56.
PAR  The panel 42, which is to receive the fastener installed by the fastener
      installation head 20, is shown supported against the nose 54 by a die
      member 58. The die member 58 supports the panel 42 during installation of
      the fastener and receives the pierced panel slug, as will be described
      hereinbelow.
PAR  The disclosed embodiment of the nut installation head includes a nut
      passage 62 receiving a plurality of nuts 22 for installation by the head,
      a transverse plunger passage 64 communicating with the nut passage and a
      plunger 66 receiprocating relative to the movable housing component 34 in
      the plunger passage 64. The plunger is retained in the stationary housing
      component in the disclosed embodiment by a transverse pin 68. The nuts 22
      received in the nut passage 62 are fed into plunger passage 64, beneath
      plunger 66, by feed mechanism 70. A stop lever 72 is provided to prevent
      nuts from entering the plunger passage 64 except upon downward actuation
      of the plunger 66. The disclosed embodiment of the fastener installation
      head also includes a restrictor arm 74 which presents nuts located in the
      nut passage 62, adjacent the plunger passage 64, from withdrawing into the
      nut passage. The disclosed embodiment also includes a nut sensor 76 which
      is adapted to sense the location of a nut adjacent the plunger passage and
      thereby ready for installation. The construction and operation of the
      fastener installation elements will be described hereinbelow.
PAR  The feed mechanism of the disclosed embodiment includes a drive link 80, a
      transverse guide member 94, a driven or feed link 102 and a pawl arm 112.
      The drive link 80 is pivotally connected to the stationary housing
      component 32 by pin 82. A slot 84 is provided in the upper portion of the
      stationary housing component to permit the drive link to pivot about pin
      82 and a stop 86 is provided to prevent the drive link from rotating
      clockwise beyond the position shown in FIG. 1. The free end of the drive
      link is bifurcated as shown in FIG. 4 to receive a guide pin 90. The guide
      pin is received in a guide slot 92 in guide member 94 as shown in FIG. 1.
      The guide member thus translates the normal arcuate motion of the free end
      88 of drive link 80 into linear motion relative to the movable housing
      component 34, generally perpendicular to the plunger 66. The relative
      linear motion of guide pin 90 can best be understood by comparing FIGS. 1
      and 3.
PAR  In the disclosed embodiment, guide member 94 is a separate element, secured
      to movable housing component 34 by suitable fasteners, such as screws 98.
      The guide pin 90 is disposed within the enclosed guide member through
      opening 100, best shown in FIG. 3.
PAR  The driven or feed link 102 is pivotally connected to the movable housing
      component 34 by pivot pin 104. The driven end of drive link 102 includes a
      drive slot 106, best shown in FIGS. 3 and 4, and a transverse dwell face
      108 which blends into the driven slot.
PAR  Pawl arm 112 is pivotally connected between its end to the distal end of
      driven link 102, by pin 114. One end of the pawl arm includes a projecting
      finger 116, which is resiliently biased toward the fasteners 22 received
      within nut passage 62 by spring 118. The pawl finger 116 is receivable
      within the nut bores as shown in FIGS. 3 and 5. The pivotally connected
      end of the pawl arm is bifurcated, as shown in FIG. 5, to receive the
      distal end of the driven link. One end of the spring 118 is connected to
      the movable housing component by pin 124 and the opposed end of the spring
      is connected between the bifurcated ends of the pawl arm to connector
      portion 126, as shown in FIG. 5.
PAR  The operation of the feed mechanism 70 is best shown by comparing FIGS. 1
      and 3. Downward motion of the ram or die element 40 engages the nose 54 of
      the fastener installation head against panel 42, which is supported by die
      58. Movable housing component 34 is thus biased toward the stationary
      housing component 32, relatively closing the telescopic housing
      components. The relative motion causes drive link 80 to rotate
      counterclockwise, about pivot pin 82. As described, the resultant arcuate
      motion of guide pin 90 is translated into linear motion relative to the
      movable housing component 34 by guide slot 92 of guide member 94,
      resulting in a linear motion to the right of FIG. 1. The guide pin first
      engages the driven face 110 of drive slot 106, rotating driven link 102 in
      a clockwise direction about pivot pin 104, as shown in FIGS. 1 and 3. The
      rotational motion of driven link 102 thus causes pawl arm 112 to
      reciprocate within nut passage 62 toward plunger passage 64, to feed a nut
      beneath the plunger 66, as will be described more fully hereinbelow.
      Finally, guide pin 90 engages the dwell face 108 of the driven link 102,
      as shown in FIG. 3, retaining the driven link and the pawl arm in the
      dwell position, as shown in FIG. 3, during installation of the nut by the
      plunger 66. The dwell face 108 is now parallel to the guide slot 92, as
      shown in FIG. 3, such that no further motion is imparted to the driven
      link 102.
PAR  Upon installation of the nut disposed beneath the plunger, the motion of
      the feed mechanism is reversed. The ram or die member 40 is moved upwardly
      relative to FIG. 1, rotating the drive link 80 in a clockwise direction,
      until guide pin 90 is received within drive slot 106. The pin then engages
      the opposed side of drive slot 106, rotating driven link 102 in a
      counterclockwise direction relative to FIG. 3, reciprocating pawl arm 112
      to the right. The pawl finger 116 includes a camming face 128 which
      engages the wall of the nut bore, lifting the camming finger out of the
      nut bore and the pawl arm 112 returns to the position shown in FIG. 1,
      ready for the next cycle of the fastener installation head of this
      embodiment of the invention.
PAR  As described, the stop lever 72 prevents entry of nuts 22 into the plunger
      passage 64, except upon downward actuation of the plunger 66. The stop
      lever 72 is pivotally connected to the movable housing component 34,
      adjacent the plunger 66, by pin 132. In the extended housing position
      shown in FIG. 1, the upper lever leg 134 is entrapped between a wall of
      the stationary housing component 32 and the plunger 66. The lower leg 136
      extends at an angle into the plunger passage 64 to block entry of nuts 22
      into the plunger passage. The plunger includes a camming face 138
      extending parallel to the lower lever leg 136 located at the distal end of
      the plunger. A cut-out or slot 140 is provided in the plunger, spaced from
      the camming face 138, to receive the upper leg 134 of the lever, as
      described below. Further, a cut-out 142 is provided in the upper lever leg
      to permit free rotation of the upper lever leg 134, into the slot 140.
PAR  Upon actuation of the installation head, by downward movement of the ram or
      die 40, as described above, the camming surface 138 of the plunger will
      engage the lower leg 136 of lever 72, tending to rotate lever 72 about
      pivot pin 132. In the installation of nuts, a nut will first engage the
      lower lever leg 136, rotating the lever out of blocking engagement, upon
      actuation of the plunger 66 and the feed mechanism 70. As the plunger 66
      reciprocates downwardly relative to movable housing component 34, as shown
      in FIG. 1, the upper leg portion 134 of the lever is received in slot 140,
      as shown in FIG. 3. Cut-out 142 permits free rotation of the lever about
      camming face 144. Finally, the lower leg 136 of the lever is received in a
      space defined by nose 54 and the plunger 66.
PAR  Extension of the housing components, by spring 48, engages the upper lever
      leg 134 against the camming face 144 of plunger slot 140, rotating lever
      72 in a counterclockwise direction, finally returning the stop lever to
      the position shown in FIG. 1. The engagement of the upper lever leg 134
      against the plunger, prevents a nut from entering the plunger passage 64,
      beyond the distal end of lower lever leg 136. This feature is particularly
      important in a fastener installation head of the type described having a
      positive feed mechanism 70, particularly where a fastener strip is
      utilized. When a new strip of fasteners is received in the nut chamber 62,
      the strip may be extended into the plunger passage 64, beneath the plunger
      66, unless a positive stop means is provided. Where the strip is located
      in the plunger passage, prior to actuation of the feed means, downward
      actuation of the plunger will reciprocate the feed pawl 112 toward the
      plunger passage, as described, however the nut strip would then be blocked
      by the opposed plunger passage wall. In a position feed mechanism, the
      feed mechanism may then be damaged, requiring service of the fastener
      installation head.
PAR  The restrictor arm 74 extends generally parallel to the nut passage 62 and
      is pivotally connected to the movable housing component by pin 144. As
      shown, the leg 146 extends toward the plunger passage 64 at an angle
      relative to the opposed leg 148. The restrictor arm 74 is relatively thin
      and formed of a resilient metal. Laterally extending flanges 150 and 151
      are biased against the movable housing component 34 to resiliently bias
      leg 146 toward the nut passage 62 and the restrictor finger 160 is
      resiliently biased through an opening in the bottom wall of nut passage
      62. In the preferred embodiment of the nut restrictor, the finger 160 is
      shaped to be received within the nut bores 120. The restrictor arm extends
      to dispose the finger within the nut adjacent the plunger passage 64, to
      prevent a nut ready for installation from withdrawing into the nut passage
      62, as will be described more fully hereinbelow. Where a nut strip is
      utilized, the restrictor will thus prevent the strip from withdrawing into
      the nut chamber. The finger also includes a camming face 162 permitting
      nuts to be fed into the nut passage upon actuation of the feed mechanism.
      In the event that a nut strip must be withdrawn from the fastener
      installation head, such as during servicing, arm 74 may be resiliently
      biased toward the movable housing component 34, resiliently biasing the
      finger 160 out of restrictive engagement, permitting withdrawal of a nut
      strip.
PAR  In the preferred embodiment, the nut is supported and guided within the nut
      passage 64 by guide rails 166 and vertical guide 168. The guide rails 166
      are best shown in FIG. 2. In the disclosed embodiment, the guide rails
      include horizontal pins or rods 170, located generally in the plane of the
      fastener supporting wall of the nut passage 62. Resilient pads 172
      resiliently bias the rods into the plunger passage, as shown in FIG. 2.
      The rods are received in generally circular grooves 174 defined in the
      opposed walls of the nose 54. The width of the opening of the grooves into
      the nut passage is less than the diameter of the rods and the
      semi-circular pads 172 resiliently bias the rods into the nut passage, to
      support a nut beneath the plunger, as shown in FIG. 2. The rods 170 are
      preferable formed of a relatively hard metal and the resilient pads 172
      are preferable formed of a relatively tough resilient plastic. A suitable
      plastic for the pads is a relatively hard polyurethane, such as sold by J.
      P. Stephens & Co., Inc. under the trade name "hi-tuff" 75-D. A nut 22 is
      thus received on the rails 166 and supported by rods 170 beneath the
      plunger. Upon engagement by the plunger, the rods 170 are resilient biased
      into grooves 174, permitting passage of the nut through the nut passage
      64, for installation as described below.
PAR  Vertical guide 168, guides the nut through the nut passage and prevents the
      nut from falling through the nut passage after passing the guide and
      support rails 166. In the disclosed embodiment, vertical guide 168 is
      cylindrical, extending parallel to the reciprocating axis of plunger 66.
      In the prior art embodiments of pierce and clinch nut installation heads,
      a series of ball bearings were disposed in the wall of the nose 54 which
      were resiliently biased into the plunger passage by springs. The ability
      of a resilient pad to replace the spring loaded balls, without premature
      wearing or failure, was unexpected, particularly in a pierce or clinch nut
      installation head feeding hard metal nuts under the impact of a plunger.
      The preferred material for the cylindrical pad is again a relatively
      tough, high impact polyurethane, such as the polyurethane described above.
PAR  In the preferred embodiment of the nut sensor, the mechanism 76 is located
      within the housing components to prevent damage or contamination and the
      sensor is adapted to sense and indicate a nut ready for installation by
      the head. As described above, this assures the feeding of all of the nuts
      disposed within the nut passage and assures that each actuation of the
      fastener installation head will result in the installation of a nut. This
      is particularly important where the fastener installation head is utilized
      in a panel forming die or the like, as described above. Further, in many
      applications, the die includes a number of fastener installation heads,
      securing nuts at said various locations in the panel. The sensor circuit
      of this embodiment may also be interconnected to the actuation circuit of
      the plunger 66 or the die, stopping the actuation circuit to assure
      installation of a nut upon each actuation of the plunger.
PAR  The disclosed embodiment of the nut sensor includes a switch 178 secured to
      a housing 180 and to the movable housing component 34 by suitable
      fasteners, such as screws 182. The switch includes a switch arm or reed
      184 which engages the switch plunger 186 to close the switch circuit, as
      shown in FIG. 1. The nut sensor includes a sensor arm 188 pivotally
      connected to the switch housing 180 having a stop engaging the switch arm
      184, as shown in FIG. 3. The sensor arm terminates in a channel-shaped end
      portion 192 adapted to engage a nut in the nut passage 62, adjacent the
      plunger passage 64 and ready for installation by the head.
PAR  When a nut is disposed adjacent the plunger passage 64, as shown in FIGS. 1
      and 3, the channel-shaped end portion 192 of the sensor arm is rotated
      clockwise about the pivot axis to engage switch arm 184 and close the
      circuit of the sensor switch 178. When a nut is not ready for
      installation, the sensor arm 186 rotates counterclockwise, toward the nut
      support wall of the nut passage 62, permitting the switch plunger 186 to
      extend and open the circuit of the switch. As described, the switch
      circuit may be connected in series to the actuation circuit of the die or
      ram 40, stopping the actuation of the fastener installation head when a
      nut is not ready for installation. Alternatively, the switch may be
      connected to an indicator, actuating a light or an alarm when a nut is not
      ready for installation, notifying the operator that the fastener
      installation head requires nuts or servicing.
PAR  The operation of the fastener installation head 20 to install a nut in a
      panel is then as follows. The nuts 22 are received in the nut passage 62
      to engage the arm 136 of stop 72. The fastener installation head is
      positioned as shown in FIG. 1 with the nose 54 engaging the panel 42 which
      is to receive a nut. Die 58 supports the panel for installation of the
      nut. The die member or ram 40 is biased toward the panel, as described
      above, relatively closing the housing components and actuating the feed
      mechanism 70. As described, the driven link 102 is thus rotated in a
      clockwise direction, reciprocating pawl arm 112 toward the plunger passage
      64. As the pawl arm moves toward the plunger, the pawl finger 116 is
      received in the second nut spaced from the plunger passage 64. The finger
      is urged toward the nuts by spring 118. Continued movement of the pawl arm
      112 disposes the nut adjacent the plunger passage beneath the plunger for
      installation. As described, stop arm 72 is rotated in a clockwise
      direction by the nuts entering the plunger passage, permitting a nut to
      enter the plunger passage. The nut is thus received upon guide rails 166,
      as shown in FIG. 2. The distal end of the plunger then engages the flanged
      end 24 of the nut, biasing the nut downwardly through the plunger passage
      64 to engage the panel 42 and install the nut in the pierced panel
      opening, as shown in FIG. 3. As described in the above referenced pierce
      and clinch nut patents, the pilot portion 26 of the pierce nut pierces a
      slug 196 from the panel and the nut is received in the pierced opening,
      retaining the panel in the nut groove 28. The slug 196 falls through the
      opening 198 in the die 58. During final installation of the nut, the guide
      pin 90 of the driven link engages the dwell face 108 of the driven link
      102; the dwell face then being parallel to the guide slot 92 in guide
      member 94. During installation, the distal end of the pawl arm is received
      within the channel-shaped end portion of the sensor arm.
PAR  Upon completion of the plunger cycle, spring 48 relatively opens the
      telescopic housing components, rotating stop lever 72 in a counter
      clockwise direction, to the position shown in FIG. 1, and reciprocating
      pawl arm 112 to the right in FIGS. 1 and 3. As described, the pawl finger
      116 includes a camming surface which lifts the finger out of the nut bore
      and finally to the position shown in FIG. 1, normally resting upon the nut
      face of the second nut spaced from the plunger bore, ready for
      installation as shown in FIG. 1. Other details of the fastener
      installation head include a latch mechanism 202 which is adapted to
      release the pawl arm for servicing of the head. The latch mechanism
      includes a spring biased plunger 204 which is received in a cylindrical
      opening in the movable housing component 34. The plunger 204 may be
      extended to engage the end of the pawl arm 112, when the finger is
      received in a nut bore, thus rotating the pawl arm 112 in a clockwise
      direction and releasing the nut or nut strip. The housing components 32
      and 34 may be disassembled by removing pin or bolt 44.
PAR  As described above, the length of the stroke of the reciprocating pawl arm
      is very important to the operation of the fastener installation head to
      assure accurate location of a nut beneath the plunger and to prevent a
      partial nut condition, wherein the plunger may fracture a nut partially
      received in the plunger passage.
PAR  As shown in FIG. 9, the pawl arm includes two possible feeding surfaces;
      the edge 210 of the pawl finger 116, which normally engages the bore of
      the nut; and the edge 212 which may feed a nut if a particularly large gap
      occurs between the nuts or the last nut in the passage. Feeding against
      surface 212 is also possible in a strip nut where the nuts may be spaced
      on the retainer.
PAR  It has been discovered that a relationship occurs between the stroke of the
      reciprocating pawl arm, as shown in FIG. 9 and the effective length of the
      feed pawl, the backlash of the system, as afforded by the restrictor arm,
      the nut bore, which is the minor diameter of the thread, and the edge
      length of the nut. This relationship is summed up in the following
      equation: Stroke = X+B+D.sub.M + 2N: Wherein, "X" is equal to the length
      of the gap between the nuts or in the strip which is to be fed without
      difficulty; "B" is the backlash contributed to primarily by the clearance
      between the threaded hole and the nut restrictor; D.sub.M is the minor
      diameter of the threaded hole; and 2N is equal to twice the edge length of
      the nut. The dimensional relation is shown in FIGS. 9 and 10.
PAR  Four additional conditions should also be met to satisfy the stroke
      equation and to provide proper orientation of the feed means. These
      conditions are as follows: (1) The stroke must be less than two nut
      widths, minus one edge length "N" of a nut. (2) The stroke must be greater
      than the gap "X" between the nuts, when feeding a strip. (3) The effective
      length of the pawl "Z" must be equal to or less than the length of the gap
      "X" in the strip that is to be fed without difficulty. (4) The effective
      length "Z" of the feed pawl must be greater than the minor diameter
      "D.sub.M " of the thread or the width of the feed pawl "W" must be greater
      than the minor diameter "D.sub.M " of the thread. If the effective length
      of the feed pawl "Z" were less than the minor diameter of the thread bore
      "D.sub.M ", the feeding surfaces of the pawl would engage in the threaded
      hole and would overfeed the strip by length "N" of the nut.
PAR  In a typical commercial pierce nut having a cut-off length of 0.50 inches
      and a minor diameter of the bore of 0.261 inches, the gap X which may be
      fed without difficulty is 0.281 inches, the backlash B is 0.044 inches,
      the minor diameter D.sub.M of the threaded bore is 0.261 inches and the
      edge length of the nut N is equal to 0.117. Under these conditions, the
      stroke length is equal to 0.820, utilizing the stroke equation given
      above.
PAR  It is understood that the stroke equation given above was developed
      primarily for the feeding of nuts in a strip, wherein the gap between the
      nuts is particularly important. The stroke equation is however equally
      adaptable to feeding nuts in bulk, except that the gap X will normally be
      0.
PAR  The embodiment of the fastener installation head shown in FIGS. 6 and 7
      includes certain modifications of the embodiment of the installation nut
      head shown in FIGS. 1 to 5. These modifications are primarily in the feed
      mechanism and the sensing means. As shown in FIGS. 6 and 7, the head 220
      includes a stationary housing component 232, which may be substantially
      identical to the housing component 32 described above. The stationary
      housing component includes a plunger 216 which has been modified somewhat
      as described below. The relatively movable housing component 234 has been
      lengthened, increasing the length of the plunger stroke to contact with
      the nut, indicated at "a" in FIG. 6. As described, the spring 248 normally
      extends the housing components to position the plunger 266 above the
      intersection between the nut passage 262 and the plunger passage 264.
PAR  The feed mechanism in this embodiment similarly includes a drive link 280
      pivotally connected to the stationary housing component 232, as described
      above, and the free end of the drive link has a guide pin 290 which is
      disposed within and guided by a guide member 294, translating the normal
      arcuate motion of the guide pin 290 into linear motion relative to the
      movable housing component 234. The driven link in this embodiment includes
      two components, 302 and 303, which are interconnected by a clutch assembly
      400. It should be noted that the components of the fastener installation
      head shown in FIG. 6 are numbered in the same sequence as the elements of
      the fastener installation head embodiment of FIGS. 1 to 5. The clutch
      assembly is a new element in the combination. The driven link is pivotally
      connected to the movable housing component by pin 304, which extends
      through the clutch mechanism shown in FIG. 7.
PAR  The clutch mechanism includes a flanged outer hub 402 and a threadably
      received inner hub 404, retaining the assembly together. A plurality of
      Belleville-type thrust washers are disposed between the flanged end of the
      inner hub flange and the upper component 302 of the driven link. The
      thrust washers normally retain the components 302 and 303 of the driven
      link as one unit, such that the feed mechanism 270 normally operates
      substantially as described above. It should be noted however that the
      driven face of the upper component 302 of the drive link has been modified
      somewhat to accommodate the greater distance between the guide pin 290 and
      the pivotal connection 304. This has been caused by the increase in the
      piston stroke a, as described above.
PAR  In operation, the closing of the housing components 232 and 234, as
      described above, rotates the drive link 280 in a counterclockwise
      direction, rotating the driven link in a clockwise direction and extending
      the pawl arm 312 toward the plunger passage 264. The stop lever 72 in the
      embodiment disclosed in FIGS. 1 to 5 may be eliminated in this embodiment
      because the clutch eliminates the requirement for a stop lever. When the
      individual nuts or nut strip 222 is received in the fastener installation
      head, the nuts may in this embodiment be disposed directly into the
      plunger passage 264, locating the first nut beneath the plunger 266. Upon
      actuation of the feed mechanism 270, the pawl finger 316 is received
      within the second nut spaced from the plunger passage 264, as described
      above. The pawl arm 312 can not however advance toward the plunger passage
      264, because a nut is already located in the plunger passage. In this
      situation, the upper portion 302 of the driven link rotates in a clockwise
      direction about pivot axis 304 and the lower portion 303 remains
      stationary. This is permitted by the clutch 400.
PAR  After installation of the nut in the plunger passage 264, the spring 248
      extends the housing components, as described above, rotating driven link
      element 302 in a counterclockwise direction, biasing the end of pawl arm
      312 against the housing at 406 and returning the feed mechanism to the
      ready position shown in FIG. 6. As shown in FIG. 7, the driven arm
      portions 302 and 303 include annular interlocking projecting portions
      having a camming face 401 which prevents relative rotation of driven link
      portion 302 in a counterclockwise direction relative to driven link
      portion 303. Upon engagement of the pawl arm 312, against housing portion
      406, the link portions 302 and 303 are returned to the position shown in
      FIG. 7.
PAR  The stop means shown in FIG. 8 may be utilized in the fastener installation
      head shown in FIG. 6 or may be replace the stop lever 72 shown in FIGS. 1
      and 3. It is understood that the positive stop lever 72 shown in FIGS. 1
      and 3 is preferred in a positive feed head because the nuts can not be fed
      utilizing the stop lever 72 until actuation of the plunger 66.
PAR  As shown in FIG. 8, the nose assembly 254 includes support rails 366 and
      vertical guide 368. The support rails 366 may be identical to the support
      rails 166 of the embodiment of the fastener installation head shown in
      FIGS. 1 to 5 and the vertical guide 368 is similar to the vertical guide
      168 of the embodiment shown in FIGS. 1 to 5, except that the guide 368
      extends past the intersection of the nut and plunger passages. The stop
      means in FIG. 8 includes two parallel posts 410 which are resiliently
      biased into the nut passage by resilient pads 412. As shown, the posts 410
      extend perpendicular to the nut passage generally parallel to the
      reciprocating axis of the plunger 266. The posts are received in
      semi-circular grooves adjacent the intersection between the nut passage
      262 and the plunger passage 264. The posts 410 are preferably hard metal
      posts and the pads 412 may be resilient polyurethane as described above in
      regard to the guide rails 166. As shown, the distance between the posts
      410 is normally slightly less than the width of the nuts 22, blocking
      entry of the nuts into the plunger passage 264. Upon actuation of the feed
      mechanism 270 in FIG. 6, the nuts 22 will resiliently biases the post 410
      into the grooves defined in the nose 254, against the resilient pads 412,
      feeding a nut into the plunger passage 264. As described, the nut is
      received upon guide rails 366 for engagement by the plunger 266 and
      securement as described above.
PAR  This embodiment of the fastener installation head also includes a modified
      nut sensor 276. The nut sensor includes a switch 378 having a plunger
      which may be interconnected to the plunger actuation circuit or an
      indicator as described above. The switch lever or reed 384 in this
      embodiment includes a roller 387 which rides on the pawl arm 312, opposite
      the finger 316.
PAR  The fastener installation head shown in FIG. 6 does not include a nut
      adjacent the plunger passage and ready for installation. The pawl arm 312
      therefore engages the nut supporting face of the nut passage 262 and the
      plunger 386 of the sensor switch 378 is therefore extended, opening the
      circuit of the switch. Upon receipt of a nut adjacent the plunger passage,
      pawl arm 312 is rotated in a clockwise direction, engaging the roller 387
      and biasing the switch arm 384 toward the switch 378 and closing the
      switch. The roller will engage the thicker portion of the pawl arm 312
      when the finger 316 is received in a nut bore and the pawl arm 312 is
      extended to dispose a nut in the plunger passage 264, maintaining the
      sensor circuit closed during feeding.
PAR  The sensor switch utilized in the embodiments shown in FIGS. 1 to 5 and
      FIGS. 6 and 7 may be any conventional normally open switch available
      commercially. Microswitches of the type shown in FIGS. 1 and 6 are
      available from the Micro-Switch Division of Honeywell, Inc., sold as part
      No. 1SE1. Other suitable microswitches are also available commercially.
PAR  The operation of the embodiment of the fastener installation head shown in
      FIG. 6 is therefore substantially the same as described in regard to FIGS.
      1 and 3. The unnumbered elements of the fastener installation head of FIG.
      6, may be identical to the components of the embodiments shown in FIG. 1.
PAR  It will be understood that various modifications may be made to the
      embodiments of the fastener installation head disclosed in this
      application. For example, the movable housing component 34 of FIGS. 1 and
      3 may be lengthened as shown in FIG. 6 to increase the travel of the
      plunger 66 in the embodiment of the fastener installation head shown in
      FIGS. 1 to 5. The drive slot 106 and dwell face 108 of the driven link 102
      of FIGS. 1 and 3 may also be modified to control the reciprocation of the
      pawl 112. The spring 248 may be modified as described above depending upon
      the requirements of the fastener installation head. For example, two or
      more springs may be utilized or a different extender means may be
      utilized. Further, various components of the disclosed embodiments of the
      fastener installation head may be interchanged, as required, for various
      applications of the head.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fastener installation head having a nut passage receiving nuts for
      installation, a plunger passage intersecting said nut passage, a plunger
      reciprocating in said plunger passage, a feed means feeding nuts from said
      nut passage to said plunger passage, beneath said plunger, following each
      stroke of the plunger and a stop means preventing nuts from entering the
      plunger passage except upon actuation of said feed means, the improvement
      comprising:
PA1  said stop means including two parallel cylindrical posts located on
      opposite sides of said nut passage at the intersection of said passages,
      said posts generally perpendicular to said nut passage and the distance
      between said posts being slightly less than the width of said nuts
      measured across said nut passage, said posts normally preventing nuts from
      entering said plunger passage and said posts each having resilient means
      adapted to permit said posts to be resilient spread and biased out of
      their restricting position upon a predetermined force applied to said nuts
      toward said plunger passage by said feed means, thereby preventing nuts
      from entering said plunger passage except upon actuation of said feed
      means.
NUM  2.
PAR  2. The fastener installation head defined in claim 1, characterized in that
      said posts and said resilient means are resilient pads located between the
      opposed side walls of said nut passage and said posts.
NUM  3.
PAR  3. The fastener installation head defined in claim 2, characterized in that
      the opposed walls of said nut passage, at the intersection of said
      passages, each include a groove generally perpendicular to the nut passage
      and said metal posts being disposed within said grooves, said resilient
      pads then located between the passage walls and said posts.
NUM  4.
PAR  4. The fastener installation head defined in claim 3, characterized in that
      said pads are semicircular in cross section and formed of resilient
      plastic.
NUM  5.
PAR  5. In a fastener installation head having an elongated passage for receipt
      of generally rectangular fasteners to be installed by said installation
      head, a plunger reciprocating in a plunger passage intersecting said nut
      passage, a reciprocating pawl feeding individual fasteners from said nut
      passage to said plunger passage, beneath said plunger, upon actuation of
      said pawl and a stop means preventing inadvertent entry of nuts into said
      plunger passage, the improvement comprising:
PA1  two parallel metal posts located at opposed sides of said nut passage at
      the entrance to said plunger passage and resilient pads located between
      said posts and the opposed passage sidewalls, the distance between said
      posts being slightly less than the width of said fasteners measured
      between said sidewalls, whereby said posts may be spread to permit entry
      of a fastener into said plunger passage, but only upon actuation of said
      pawl.
NUM  6.
PAR  6. The fastener installation head defined in claim 5, characterized in that
      said nut passage side walls have opposed grooves generally perpendicular
      to said nut passage, said posts being cylindrical and disposed within said
      grooves, said grooves having a longitudinal opening less than the diameter
      of said posts and said posts extending into said nut passage to normally
      block entry into said plunger passage by the nuts received within said nut
      passage.
NUM  7.
PAR  7. The fastener installation head defined in claim 6, characterized in that
      said resilient pads are semicircular in cross section and said pads are
      located within said grooves between the nut passage walls and said posts
      with the flat side of said pads engaging said posts.
NUM  8.
PAR  8. The fastener installation head defined in claim 7, characterized in that
      said pads are formed of polyurethane.
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ABST
PAL  A device for maintaining a laterally expanded elastomeric sleeve, or the
      like, in a laterally expanded condition, and for progressively permitting
      the sleeve to contract onto a member within the sleeve, such as a cable
      splice and the cable ends on opposite sides of the splice. The device
      comprises: a first, outer annulus positionable within the sleeve adjacent
      one end thereof; a second, inner annulus positionable within the sleeve at
      a location spaced longitudinally inwardly of the sleeve from the
      first-mentioned end thereof; laterally contractible longitudinal members
      carried by the first annulus and supported in a laterally expanded
      position by engagement thereof with the second annulus and positionable
      within the sleeve; the second annulus being movable toward the first to
      permit the longitudinal members to progressively contract laterally,
      thereby allowing the sleeve to progressively contract onto the member
      therewithin; and an actuator connected to the second annulus for
      displacing it longitudinally toward the first.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to a device for maintaining a
      laterally expanded resilient sleeve, or the like, in a laterally expanded
      condition, and for progressively permitting the sleeve to contract onto a
      member extending into or through the sleeve.
PAR  A device of the foregoing nature may be utilized for the purpose of
      contracting an elastomeric sleeve onto a cable splice, and the adjacent
      cable ends, for the purpose of sealing the splice from the elements,
      suitable means being provided, if desired, for bonding the sleeve ends to
      the cable ends on opposite sides of the splice.
PAR  For convenience, the invention will be considered primarily herein in the
      foregoing environment. However, it will be understood that the invention
      may be utilized for various other, analogous purposes. For example, it may
      be used to progressively contact an expanded resilient coupling, elbow,
      tee, or the like, onto corresponding adjacent tubing ends. More generally,
      the invention has utility wherever it is desired to contract a resilient
      sleeve, or sleeve-like member, onto a member extending into or through the
      sleeve, or members extending into corresponding ends of the sleeve, or
      similar member.
PAR  As a further matter of convenience, the invention will be considered herein
      in connection with an elastomeric sleeve formed of rubber, or a
      rubber-like material, capable of being expanded laterally to a
      cross-sectional area several times its normal, or contracted, area. Merely
      as an example, in a cylindrical configuration, the elastomeric sleeve is
      preferably stretchable to a diameter of at least the order of twice its
      contracted, or normal, diameter. While, as indicated, the invention will
      be considered in connection with an elastomeric sleeve, it will be
      understood that the invention is applicable to any resilient tubular
      member capable of being expanded and subsequently contracted onto a member
      therein.
PAC  Objects and Summary of Invention
PAR  A general object of the present invention is to provide a very simple and
      effective device for maintaining a laterally expanded resilient sleeve, or
      other tubular member, in a laterally expanded condition in a positive
      manner, and for progressively permitting the sleeve to contract onto a
      member within the sleeve.
PAR  Another general object is to provide a device which can readily be
      withdrawn from between the sleeve, or other tubular member, and a member
      within the sleeve, as the sleeve is permitted to contract onto the member
      therewithin.
PAR  An important object of the invention is to provide a sleeve expander, or
      the like, which comprises simply two longitudinally spaced annuli carrying
      longitudinal members for holding the sleeve, or other tubular element,
      expanded, the sleeve being permitted to contract by displacing the
      longitudinally innermost annulus toward the longitudinally outermost
      annulus, and by subsequently withdrawing the device from between the
      sleeve and the member therewithin.
PAR  Still more particularly, the invention may be summarized as including, and
      another important object of the invention is to provide a sleeve expander
      which includes: a first, outer annulus positionable adjacent one end of
      the sleeve in alignment therewith; a second, inner annulus aligned with
      the first annulus and positionable relative to the sleeve at a location
      spaced inwardly of the sleeve with respect to the one end of the sleeve;
      laterally contractible longitudinal members carried by the first annulus
      and supported in a laterally expanded condition by engagement thereof with
      the second annulus and positionable within the sleeve; the second annulus
      being movable toward the first annulus to permit the longitudinal members
      to progressively contract laterally, thereby allowing the sleeve to
      progressively contract onto the member therewithin; and actuating means
      connected to the second annulus for displacing it longitudinally toward
      the first annulus.
PAR  Another object is to provide a sleeve expander which may have any desired
      transverse cross section, depending upon the cross section of the member
      upon which a sleeve, or other tubular element, is to be contracted. For
      example, the sleeve expander may be circular if the sleeve is to be
      contracted onto a member of circular cross section, may be oval for a
      member of "flat" cross section, may be square for a member of square cross
      section, and the like.
PAR  A further object is to provide a sleeve expander wherein each of the annuli
      is separable into at least two parts of facilitate removal of the expander
      from a member onto which the sleeve has been contracted, after removal of
      the expander from between the sleeve and the member therewithin.
PAR  Yet another object of the invention is to provide a device of the foregoing
      character wherein the actuating means, for moving the innermost annulus
      longitudinally toward the outermost, comprises simply a flexible loop
      connected at laterally opposite points to the innermost annulus.
PAR  Still another, and impportant, object of the invention is to provide a
      sleeve expander which may include three or more annuli supporting the
      longitudinal members for holding the sleeve expanded, all of the annuli
      except the outermost being longitudinally movable toward the outermost.
      With this construction, the actuating means is again connected to the
      innermost annulus, and is used to displace the innermost annulus into the
      engagement with the next movable annulus, whereupon the second movable
      annulus is displaced longitudinally into engagement with the third, and so
      forth, until the last movable annulus engages, or substantially engages,
      the outermost annulus. With such a construction, an expander for a sleeve
      of any desired length may be made in accordance with the invention.
PAR  An additional object is to provide a construction wherein the longitudinal
      members are disposed in and project laterally from external longitudinal
      grooves, or the equivalent, in the annuli, and wherein the longitudinal
      members are provided with stops abutting the outermost annulus to prevent
      movement of the longitudinal members relative to the outermost annulus as
      the innermost annulus, and any annuli therebetween, are displaced toward
      the outermost annulus. Another important feature is to provide a
      construction wherein the longitudinal members are readily removable from
      the annuli grooves, or the equivalent, which maintain them in their
      operative relationship with the annuli.
PAR  Thus, the present invention provides a very simple and effective sleeve
      expander which maintains a resilient sleeve, or other tubular element, in
      a laterally expanded condition, which progressively permits the sleeve to
      contract onto a member therewithin, which can readily be withdrawn from
      between the sleeve and the member therewithin, and which can readily be
      disassembled to permit removal thereof from the member onto which the
      sleeve has been contracted.
PAR  The resilient sleeve, upon application to a member therein, mechanically
      protects the member, electrically insulates it if a nonconductive sleeve
      is used, and also environmentally seals the internal member.
PAR  It will be understood that the sleeve is not permitted to shrink all the
      way to its unstressed sixe by the member to which it is applied, thus
      preserving a residual shrinkage tendency which causes the sleeve to cling
      tightly to the member.
PAR  It will be understood that the sleeve, or other tubular element, is moved
      into the desired position on the member onto which the sleeve is to be
      contracted, while the sleeve is held expanded by the device of the
      invention. It will also be understood that the sleeve, or the like, may be
      expanded initially by any suitable expanding means, the device of the
      invention being inserted into the initially expanded sleeve, after such
      initial expansion, thereof to ready it for use in the manner hereinbefore
      outlined.
PAR  Another feature of the invention is that the sleeve may be bonded to the
      member therewithin, upon contraction of the sleeve onto such member, by
      means of any suitable bonding agent or agents applied, before contraction
      of the sleeve, to the interior of the sleeve and/or the exterior of the
      member onto which the sleeve is to be contracted.
PAR  The foregoing objects, advantages, features and results of the present
      invention, together with various other objects, advantages, features and
      results thereof which will be evident to those skilled in the art to which
      the invention relates in the light of this disclosure, may be achieved
      with the exemplary embodiments of the invention illustrated in the
      accompanying drawings and described in detail hereinafter.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view showing two of the sleeve expanders of the
      invention in use to progressively contract an expanded sleeve of
      substantial length onto a cable splice, and onto the cables connected by
      the splice on opposite sides of the splice, each sleeve expander shown in
      FIG. 1 having three annuli two of which are longitudinally movable toward
      the third;
PAR  FIG. 2 is an enlarged, fragmentary longitudinal sectional view taken as
      indicated by the arrowed line 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the two movable annuli of
      one of the sleeve expanders of FIG. 1 displaced longitudinally of the
      sleeve all the way to the third annulus;
PAR  FIG. 4 is a longitudinal sectional view showing the completed installation,
      with the sleeve contracted or shrunk onto the cable splice and onto the
      cables on opposite sides of the splice;
PAR  FIG. 5 is a transverse sectional view taken as indicated by the arrowed
      line 5--5 of FIG. 2 and showing the outer end of one of the sleeve
      expanders of FIG, 1 in end elevation, the expanded sleeve being shown as
      circular in cross section for convenience, although it may actually be
      somewhat distorted from circular;
PAR  FIG. 6 is a partially exploded perspective view showing a two-piece
      construction for the outermost annulus of one of the sleeve expanders of
      FIG. 1;
PAR  FIG. 7 is a side elevational view of an alternative sleeve expander
      utilizing only two annuli, one movable longitudinally toward the other;
PAR  FIG. 8 is an end elevation of another alternative embodiment of the
      invention suitable for use with a so-called "flat" cable, or the like; and
PAR  FIG. 9 is a view showing how one of the sleeve expanders of FIG. 1 of the
      drawing may be utilized to permit an elastomeric sleeve to contract onto a
      piper or tubing, the sleeve in this case being a coupling, elbow branch,
      tee branch, or the like.
DETD
PAC  DESCRIPTION OF EXEMPLARY EMBODIMENTS OF INVENTION
PAR  Referring initially to FIG. 1 of the drawings, illustrated therein are two
      sleeve expanders 10 of the invention in use to progressively permit an
      elastomeric sleeve 12 to contract or shrink onto a cable splice 14 and
      onto adjacent portions of cables 16 on opposite sides of and
      interconnected by the splice. Initially, the two sleeve expanders 10 held
      the sleeve 12 expanded throughout its entire length to enable longitudinal
      movement of the sleeve expanders and the sleeve into position relative to
      the splice 14, with the central portion of the sleeve encompassing the
      splice. It will be understood that the assembly of the two sleeve
      expanders 10 and the sleeve 12 held against thereby was initially placed
      over one of the cables 10 and displaced longitudinally thereof to a
      location out of the way. After completion of the splice 14, the assembly
      of the sleeve expanders 10 and the expanded sleeve 12 were moved into a
      position relative to the splice wherein the central portion of the
      expanded sleeve encompassed the splice.
PAR  Referring now to FIGS. 1 to 6 of the drawings, each sleeve expander 10
      comprises an outermost annulus 22, an intermediate annulus 24, and an
      innermost annulus 26. The three annuli 22, 24 and 26 carry longitudinally
      extending, circumferentially spaced, longitudinal supporting members or
      ribs 28 which maintain the sleeve 12 in its expanded condition, as best
      shown in FIG. 5 of the drawings. For convenience, the ribs 28 diverge
      radially inwardly and are carried in complementary, dovetail grooves 30 in
      the respective annuli 22, 24 and 26. However, it will be understood that
      various equivalents may be substituted for the relationship shown between
      the ribs 28 and the dovetail grooves 30. The longitudinal ribs 28 are
      maintained longitudinally stationary relative to the outermost annulus 22
      by radially-inwardly-extending projections 32 thereon which abut the inner
      edge of the outermost annulus, as shown in FIG. 2 of the drawings. The
      intermediate annulus 24 and the innermost annulus 26 are longitudinally
      slidable along the ribs 28 toward the outermost annulus 22 to permit
      progressive contraction of the innermost ends of the ribs 28, and the
      expanded sleeve 12. To produce such longitudinal movement of the
      intermediate annulus 24 and the innermost annulus 26, an actuating means
      34 is connected to the innermost annulus 26. Preferably, the actuating
      means 34 comprises simply a flexible loop or strap 36 having two ends 38
      suitably connected to the innermost annulus 26 at laterally opposite
      points, as by looping the ends of the strap 36 around the innermost
      annulus and connecting same to the body of the strap in any suitable
      manner.
PAR  Initially, the innermost annulus 26 was positioned adjacent the innermost
      ends of the longitudinal ribs 28, so that the two sleeve expanders 10
      maintained the sleeve 12 in a substantially cylindrical configuration
      throughout its entire length to permit longitudinal movement of the sleeve
      expanders and the sleeve into the desired position relative to the splice
      14, as hereinbefore indicated. By pulling on the straps 36 of the two
      sleeve expanders 10 simultaneously, the innermost annulus 26 of each
      sleeve expander is displaced longitudinally toward the intermediate
      annulus 24. Upon engagement of the innermost annulus 26 with the
      intermediate annulus 24 of each sleeve expander 10, further pulling on the
      straps 36 displaces the innermost and intermediate annuli toward and
      ultimately into engagement with the projections 32 on the ribs 28. As this
      occurs, the longitudinal ribs 28 and the sleeve 12 progressively contact
      inwardly, as illustrated in FIGS. 1, 2 and 3 of the drawings. Ultimately,
      the two sleeve expanders 10 are pulled entirely out of the sleeve 12 to
      permit the sleeve to contact, with a shrink fit, onto the cable splice 14,
      and onto the cables 16 on opposite sides of and interconnected by the
      splice, as shown in FIG. 4 of the drawings.
PAR  Preferably, with the circular cross sectional configurations shown for the
      sleeve expanders 10, the sleeve 12, the splice 14 and the cables 16, the
      sleeve was initially expanded, in any suitable manner, and prior to
      insertion of the sleeve expanders 10 thereinto, to a diameter of at least
      twice its normal or contracted diameter. By expanding the sleeve to such
      an extent initially, the assembly of the sleeve expanders 10 and the
      sleeve 12 may readily be moved longitudinally onto one of the cables 16
      prior to making the splice 14, and may thereafter be moved longitudinally
      into the desired position wherein the central portion of the expanded
      sleeve 12 encompasses the splice 14. It will be understood, of course,
      that initial expansion of the sleeve 12 to more than twice its normal
      diameter may be utilized, if desired, the amount of initial expansion
      being limited only by the ability of the sleeve to return to its initial
      diameter.
PAR  To permit removal of each sleeve expander 10 from the corresponding cable
      16 after withdrawal from between the sleeve 12 and the corresponding
      cable, each of the annuli 22, 24 and 26 of each sleeve expander is made in
      at least two parts, as best shown in connection with the outermost annulus
      22 in FIGS. 5 and 6 of the drawings. Referring particularly to these
      figures, the outermost annulus 22 is shown as formed in two halves 42
      having suitable interlocking means 44 thereon, which interlocking means
      may have any desired construction. In the particular construction
      illustrated, the interlocking means 44 for interconnecting each pair of
      adjacent edges of the two annulus halves 42 comprise longitudinal ribs 46
      receivable in complementary grooves 48. More particularly, the
      interlocking means 44 for connecting each pair of adjacent edges of the
      two annulus halves 42 together comprises oppositely facing ribs 46 on each
      of the halves 42 and oppositely facing grooves 48 in each of the halves.
PAR  A feature of the invention is that the sleeve 12 may be bonded to the
      splice 14 and the cables 16, upon contraction of the sleeve onto such
      elements, by means of any suitable bonding agent or agents applied, before
      contraction of the sleeve, to the interior of the sleeve and/or the
      exterior of the splice 14 and the cables 16. Thus, the weatherproofing of
      the splice 14 which is achieved by shrinking the sleeve 12 onto the splice
      14 and the cables 16, may be supplemented by bonding of the sleeve to the
      splice and cables.
PAR  While the invention has been shown in FIGS. 1 to 6 of the drawings as
      applied to a sleeve 12 of such length as to require two of the sleeve
      expanders 10, it will be understood that, where a shorter sleeve may be
      utilized, only one of the sleeve expanders 10 is needed. The operation is
      essentially the same, except that the sleeve maintained expanded by the
      single sleeve expander 10 is longitudinally centered over the desired
      point on the member onto which the sleeve is to be contracted. For
      example, if only a small overlap of the cables 16 on opposite sides of the
      splice 14 is desired, a shorter sleeve carried by only one of the sleeve
      expanders 10 may be utilized, and such shorter sleeve is longitudinally
      centered over the splice 14 before withdrawal of the single sleeve
      expander 10. Such a shorter sleeve progressively contracts onto the splice
      14 and the cables 16 on opposite sides thereof in essentially the same
      manner as hereinbefore described.
PAR  Also, as indicated previously herein, the number of annuli may be varied,
      depending on the length of the expander. The sleeve expanders 10 were
      shown as utilizing the three annuli 22, 24 and 26, with the intermediate
      and innermost annuli 24 and 26 movable longitudinally toward the outermost
      annulus 22. In an extremely long installation, additional intermediate
      annuli, corresponding to the intermediate annulus 24, may be utilized,
      such additional intermediate annuli being free to move longitudinally in
      the same manner as the intermediate annulus 24.
PAR  For a short installation, the intermediate annulus 24 may be omitted, the
      longitudinal ribs 28 being supported only by the outermost annulus 22 and
      the innermost annulus 26. Such a sleeve expander is shown in FIG. 7 of the
      drawings and is designated generally by the numeral 50. Since the sleeve
      expander 50 is identical to one of the sleeve expanders 10, except for the
      omission of the intermediate annulus 24 and corresponding shortening of
      the longitudinal ribs 28, the same reference numerals are utilized in FIG.
      7 as were utilized in FIGS. 1 to 6.
PAR  The sleeve expanders 10 and 50 have been described as of circular cross
      section for use with sleeves to be shrunk onto elements of circular cross
      section. However, the invention is not limited to any particular cross
      sectional configuration, the cross sectional configuration of the sleeve
      expander of the invention being variable from circular to square to oval,
      or the like, depending on the cross sectional configuration of the member
      upon which a sleeve is to be shrunk. For example, FIG. 8 shows a sleeve
      expander 60 having an oval cross section, for application of a sleeve, not
      shown to a so-called "flat" cable, not shown. In all other respects, the
      structure of the sleeve expander 60 may be identical to the sleeve
      expander 10, or the sleeve expander 50, so that a further description is
      not necessary.
PAR  As shown in FIG. 9, the sleeve expander 10 (or the sleeve expander 50) may
      be utilized to shrink an outer tubular member 70 onto an inner tubular
      member 72. For example, the outer tubular member 70 may be a coupling
      utilized to interconnect adjacent pipe or tubing ends. Alternatively, the
      outer tubular member 70 may be an elbow branch, a tee branch, or the like,
      contractible onto a tubing end represented by the inner tubular member 72.
      Also, the invention may be used to shrink an end cap onto any desired
      member.
PAR  More generally, it will be understood that the present invention may be
      utilized wherever it is desried to contract a resilient sleeve, or the
      like, onto a member therewithin.
PAR  It will be understood that while a constant diameter sleeve has been shown,
      a molded elastomeric sleeve having differing lateral dimensions lengthwise
      thereof can be applied to a complementary member therein by utilizing a
      plurality of sleeve expanders of correspondingly different lateral
      dimensions.
PAR  Although exemplary embodiments of the invention have been disclosed for
      illustrative purposes, it will be understood that various changes,
      modifications and substitutions may be incorporated in such embodiments
      without departing from the invention as hereinafter claimed.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a device for maintaing a latrally expanded resilient sleeve, or the
      like, in a laterally expanded condition, and for progressively permitting
      the sleeve to contract onto a member therewithin, the sleeve to contract
      onto a member therewithin, the combination of:
PA1  a. a first, outer annulus positionable adjacent one end of the sleeve in
      alignment therewith;
PA1  b. a second, inner annulus aligned with said first annulus and positionable
      relative to the sleeve at a location spaced inwardly of the sleeve with
      respect to said one end of the sleeve;
PA1  c. a laterally contractible arrangement of longitudinal members carried by
      said first annulus and supported in a laterally expanded condition by
      engagement thereof with said second annulus and positionable within the
      sleeve;
PA1  d. said second annulus being movable toward said first annulus to permit
      said arrangement of longitudinal members to progressively contract
      laterally, thereby allowing the sleeve to progressively contract onto the
      member therewithin; and
PA1  e. actuating means connected to said second annulus for displacing it
      longitudinally toward said first annulus.
NUM  2.
PAR  2. A device according to claim 1 wherein said annuli are circular.
NUM  3.
PAR  3. A device as defined in claim 1 wherein said annuli have a lateral
      dimension greater than another lateral dimension thereof.
NUM  4.
PAR  4. A device according to claim 1 wherein each of said annuli is separable
      into at least two parts to facilitate removal of said annuli from a member
      onto which the sleeve has been contracted.
NUM  5.
PAR  5. A device as defined in claim 1 wherein said acutating means comprises a
      flexible loop connected at laterally opposite points to said second
      annulus.
NUM  6.
PAR  6. A device according to claim 1 wherein said longitudinal members are
      provided with stops abutting said first annulus to prevent movement of
      said longitudinal members relative to said first annulus as said second
      annulus is displaced toward said first annulus.
NUM  7.
PAR  7. A device as defined in claim 1 wherein said longitudinal members are
      disposed in and project from external longitudinal grooves in said annuli.
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ABST
PAL  An apparatus for removing taper lock bolts from aircraft wings having a
      lever arm and a bolt which acts as a fulcrum for the lever. The fulcrum
      bolt is attached to the aircraft wing by means of a taper lock bolt which
      is adjacent to the taper lock bolt to be removed. The lever arm is
      operated by a pull rod which passes through a hole in the wing. A
      commercially available porta power tool provides an upward force on the
      pull rod to turn the lever arm around the fulcrum bolt to apply a downward
      force on the taper lock bolt to be removed.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for removing taper lock bolts from
      aircraft wings. These bolts are difficult to remove due to the confined
      working space. In the past, a hammer and rod have been used for driving
      these bolts out of the wing structure. This has been very time consuming
      and is not entirely satisfactory since it often results in some damage.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to this invention, these taper lock bolts are removed with a
      specially constructed remover tool. The tool has a bolt, which provides a
      fulcrum for a lever arm. The bolt is secured to the wing structure
      adjacent the taper lock bolt to be removed. A commercially available
      portable power tool is used to supply power to the pull rod which is
      attached to one end of the lever arm. When a pull force is applied through
      the pull rod to the lever arm, the hammer end of the lever arm presses
      downward against the taper lock bolt to remove it from the wing structure.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a partially schematic front elevation of a taper lock bolt
      remover according to the invention.
PAR  FIG. 2 is a top view of the lever arm member for the device of FIG. 1.
PAR  FIG. 3 is a sectional view of the device of FIG. 2 along the line 3--3.
PAR  FIG. 4 is a perspective view of a conventional portable power tool used
      with the device of the invention.
PAR  FIG. 5 is a perspective view of a portion of an aircraft wing structure
      showing the device of the invention in use.
DETD
PAR  Reference is now made to FIGS. 1-3 of the drawing which shows a taper lock
      bolt remover 10 having a lever arm 12, a pull rod 14 secured to one side
      of the lever arm 12 with a bolt 16 and coupling element 18. The bolt 16 is
      positioned in an elongated slot 20 in the lever arm 12. A second bolt 22
      is positioned in a slot 24. The sides of the slot 24 are tapered to
      provide a round opening 29 adjacent the washer 26 and nut 28 and an
      elongated opening 30 adjacent a fastener 32 on bolt 22. The fastener 32
      has internal threads, shown schematically at 34, for securing the taper
      lock bolt remover to a taper lock bolt which is adjacent to the bolt that
      is to be removed. The hammer end 35 of the lever 12 has a bore hole 37 for
      receiving a shaft secured to a pad 39. The pad 39 is not needed in all
      operations of the taper lock bolt remover. Other type pads or attachments
      than that shown may be used with the device of the invention.
PAR  An upward force is applied to the rod 14 by means of a portable power tool
      38, having a hydraulically operated ram cylinder, such as are available
      from Snap-On Tool Corp. These portable power tools, as shown in FIG. 4,
      have a ram housing 41 with a ram cylinder 42. The cylinder 42 is operated
      by hydraulic pressure supplied from a pump 44. The ram cylinder is
      returned by a spring within the housing 41 when the hydraulic pressure is
      released. The force of the portable power tool is supplied to rod 14 by
      means of plate 48 and nut 50.
PAR  In the operation of the device of the invention, as shown in FIG. 5, the
      fastener 32 is secured to a taper lock bolt, which cannot be seen in the
      drawing, adjacent the taper lock bolt 52 which is to be removed. The
      hammer end 35 of the lever arm 12 rests against the taper lock bolt 52.
      The pull rod 14, having a plate 48 and a nut 50 thereon, is inserted
      through the cylinder 42, shown in FIG. 4, in the ram housing 41. The rod
      14 is then passed through a spacer block 54 and then through one of the
      holes 55 in the wing structure 56. The end of the rod 14 is then secured
      to the coupling member 18. Operation of the pump 44 causes the ram housing
      41 to bear down against block 54 and wing structure 56. This also causes
      the cylinder 42 to react against plate 48 and nut 50 to raise the rod 14,
      thus applying an upward force on the lever arm 12. This then applies a
      downward force against the taper lock bolt 52 to remove the bolt from the
      wing structure.
PAR  While the device has been shown for use in removing taper lock bolts in
      wing structure, it can also be used in other apparatus wherein it is
      desirable to provide a pushing force in close spaces.
PAR  There is thus provided an apparatus for use in close spaces for removing
      taper lock bolts from wing structures.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for removing taper lock bolts from an aircraft wing,
      comprising: a lever arm; said lever arm including means at one end for
      applying a pushing force to said taper lock bolt; means for securing said
      lever arm to the aircraft wing at a position adjacent to said taper lock
      bolt; said means for securing said lever arm to said aircraft wing
      including means for providing a fulcrum for said lever arm; means for
      applying a pulling force to said lever arm on the side of said fulcrum
      remote from said means for applying a pushing force on said taper lock
      bolt; said means for applying a pulling force to said lever including a
      pull rod secured to said lever and means for applying a pulling force to
      said pull rod; said means for applying a pulling force to said pull rod
      including a hydraulic ram having a housing and a hydraulically movable
      cylinder positioned within said housing and around the pull rod; a
      hydraulic pump connected to said hydraulic ram for supplying fluid under
      pressure to said hydraulic ram to move the cylinder with respect to the
      ram housing; means for applying the force from said ram housing to said
      aircraft wing structure and means for applying the force of said cylinder
      to said pull rod.
NUM  2.
PAR  2. An apparatus for removing taper lock bolts from an aircraft wing,
      comprising: a lever arm; said lever arm including means at one end for
      applying a pushing force to said taper lock bolt; means for securing said
      lever arm to the aircraft wing at a position adjacent to said taper lock
      bolt; said means for securing said lever arm to said aircraft wing
      including means for providing a fulcrum for said lever arm; means for
      applying a pulling force to said lever arm on the side of said fulcrum
      remote from said means for applying a pushing force on said taper lock
      bolt; said means for securing said lever arm to the aircraft wing
      including a bolt having an internally threaded member adapted to be
      secured to a taper lock nut on said aircraft; said bolt having a portion
      thereof passing through a hole in the lever arm, with the hole being
      circular on the side remote from said internally threaded member and
      elongated in the direction along a line between the push force applying
      means and the pulling force applying means, on the side adjacent the
      internally threaded member.
NUM  3.
PAR  3. The device as recited in claim 2 wherein said means for applying a
      pulling force to said lever includes a pull rod secured to said lever and
      means for applying a pulling force to said pull rod.
NUM  4.
PAR  4. The device as recited in claim 3 wherein said means for applying a
      pulling force to said pull rod includes a hydraulic ram having a housing
      and a hydraulically movable cylinder positioned within said housing and
      around the pull rod; a hydraulic pump connected to said hydraulic ram for
      supplying fluid under pressure to said hydraulic ram to move the cylinder
      with respect to the ram housing; means for applying the force from said
      ram housing to said aircraft wing structure and means for applying the
      force of said cylinder to said pull rod.
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ABST
PAL  A wheel speed sensor including a rotor and a stator with the stator being
      coaxially disposed within an elastomeric member for incremental axial
      movement upon engagement with the rotor. The stator includes a pole
      member, a bobbin and coil assembly, and a magnet which are axially aligned
      to provide an elongated stator structure which is coaxially disposed in a
      tubular member which guides the incremental axial movement of the stator.
      A method for prestressing the elastomeric member for setting the required
      applied force for axially moving the stator.
PARN
PAR  This is a division of application Ser. No. 418,558, filed 11/23/73, now
      U.S. Pat. No. 3,890,517.
BSUM
PAC  CROSS REFERENCE TO A RELATED APPLICATION
PAR  The present invention relates to the invention of the application of
      William J. Laule Ser. No. 379,936, filed July 17, 1973, now abandoned, and
      assigned to the assignee of this application. The disclosure of that
      application is incorporated herein by reference thereto.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention provides a wheel speed sensor for a road vehicle such
      as a truck or automobile which is easily installed on the vehicle during
      the course of mass production of the vehicle, is exceptionally compact,
      and is well suited for the harsh environment in which it is intended to be
      operated. Importantly, the wheel speed sensor of the present invention
      does not require critical adjustments during mounting of the sensor
      components on the vehicle. The present invention also provides a
      particularly advantageous method for manufacturing the wheel speed sensor
      of the present invention.
PAR  The sensor of this invention is generally of the variable reluctance type
      in which the reluctance across an air gap between confronting pole pieces
      of the rotor and stator is varied by relative movement between the rotor
      and stator. It is desirable to keep the air gap at a minimum dimension so
      as to provide the greatest possible output signal from sensor. There are,
      however, practical limitations on the minimum dimension for a wheel speed
      sensor air gap since the relatively rotatable parts on which the rotor and
      stator of the sensor are mounted are subject to deflections and the like
      which could cause damage to the sensor components if the air gap is too
      small and the opposed surfaces of the rotor and stator are severely
      engaged. The present invention advantageously utilizes the inherent
      deflections between the relatively rotatable parts on which the wheel
      speed sensor is mounted to set the air gap at a minimum practical
      dimension. This is accomplished by providing the rotor and stator with
      confronting surfaces which would not be damaged upon engagement
      therebetween and by mounting one of the rotor and stator, and preferably
      the stator, so that it may be moved relative to the other upon engagement
      between the rotor and stator to establish an air gap which ordinarily
      prevents engagement between the confronting surfaces of the rotor and
      stator.
PAR  In the preferred form of the present invention, the rotor is a stamping
      having a plurality of closely spaced circularly distributed openings
      providing closely spaced circularly distributed portions of magnetic
      material which are sequentially brought into confrontation with a pole
      piece on the stator as the rotor rotates relative to the stator thereby
      providing a variable reluctance path between the rotor and the stator pole
      piece. The stator includes a body which is substantially flush with the
      outward face of the pole piece and which is of sufficient dimension
      relative to the dimension of the rotor openings to avoid intermeshing
      between the rotor and stator so that occasional engagement between the
      confronting surfaces of the rotor and stator is non-destructive. In its
      preferred form, the stator includes a pole piece, a bobbin assembly, and a
      magnet which are axially aligned in a body molding to form an elongated
      structure of uniform cross section for convenient disposition in a tubular
      mounting member. The stator and the tubular mounting member are adapted to
      provide relative axial movement between the stator and the tubular
      mounting member. The stator and tubular mounting member cooperate with a
      resilient member which generally resists or impedes axial movement of the
      stator relative to the tubular mounting member so that the air gap between
      the rotor and stator will not change under normal forces applied to the
      stator consequent vehicle vibration and the like without engagement
      between the rotor and stator but does not prevent such movement when the
      stator is engaged by the rotor so that engagement between the stator and
      rotor may effect movement of the stator to provide the minimum practical
      air gap. In its preferred form, the resilient member is a tubular
      elastomeric member which is either configured or prestressed to resist
      axial movement of the stator until a predetermined axial force is applied
      to the stator by the rotor. The resilient member preferably provides at
      least two spaced points of resilient support for the stator. Also,
      preferably, the stator is provided with a serrated surface which is
      engaged by the resilient member.
PAR  According the the method of the present invention the resilient member is
      prestressed under simulated operational conditions to set the minimum
      force which must be applied to the stator by the rotor to cause movement
      of the stator. In this regard, a member which has approximately the same
      transverse dimension as the stator so as to simulate the stator is moved
      relative to the resilient member while in engagement therewith during the
      prestressing operation and a contemporaneous measurement of the force
      required to cause such movement is taken. When that force reaches the
      desired level, the prestressing operation is terminated and the degree of
      prestress is maintained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an assembly view of a wheel speed sensor according to the present
      invention in combination with a wheel and axle assembly of a truck;
PAR  FIG. 2 is a view of a portion of the assembly of FIG. 1 taken in the
      direction of arrows 2--2 of FIG. 1;
PAR  FIG. 3 is a view of a portion of the assembly of FIG. 1 taken in the
      direction of the arrows 3--3 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the preferred exemplary embodiment of
      the stator of the present invention;
PAR  FIG. 5 is a view of the stator of FIG. 4 taken in the direction of arrows
      5--5 of FIG. 4;
PAR  FIG. 6 is a cross-sectional view of the stator of FIG. 4 taken along the
      lines 6--6 of FIG. 4;
PAR  FIG. 7A is a cross-sectional exploded view of the stator mounting structure
      of FIG. 1;
PAR  FIG. 7B is a cross-sectional assembly view of the stator mounting structure
      of FIG. 1;
PAR  FIG. 8 is a chart of the transverse loading provided by the stator mounting
      structure of FIGS. 7A and 7B;
PAR  FIGS. 9A and 9B are cross-sectional views of a second exemplary embodiment
      of a stator mounting structure of the present invention taken along the
      lines 6A--6A and 6B--6B, respectively;
PAR  FIG. 10 is a cross-sectional view of a third exemplary embodiment of a
      stator mounting structure of the present invention;
PAR  FIG. 11 is a view of a mechanism for prestressing the stator support
      structure of FIGS. 1, 5A and 5B in the manufacture of the wheel speed
      sensor of FIG. 1; and
PAR  FIG. 12 is a view of the stator of FIG. 11 taken in the direction of arrows
      12--12 of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, an exemplary wheel speed sensor 10 is illustrated in combination
      with a wheel 12, a spindle 14 and a brake drum 16. Each of the wheel 12,
      the spindle 14 and the brake drum 16 are shown in part since the remaining
      details thereof are not part of this invention. Also shown in FIG. 1 is a
      bearing 18 which supports the wheel 12 for rotation relative to the
      spindle 14, and a brake shoe 20 which engages the radially-inward
      cylindrical surface of the brake drum 16. The wheel 12 and the brake drum
      16 are driven for rotation relative to the spindle 14 by a drive shaft
      (not shown) extending through the spindle 14.
PAR  The wheel speed sensor 10 includes a rotor 24 of low-reluctance
      ferromagnetic material which is secured to the wheel 12 by a pressed, i.e.
      interference, fit between axially-extending cylindrical surfaces 25 and 26
      on the wheel 12 and the rotor 24 respectively. With additional reference
      now to FIG. 2, the rotor 24 includes a radially-extending locating flange
      27, an arcuate portion 28, a generally axially extending intermediate
      flange 30 and a radially-outwardly extending flange 32 which has a
      plurality of equal-spaced circumferentially distributed openings 34 which
      are elongated in the radial direction. The openings 34 provide relatively
      narrow strips or members of low reluctance material 36 therebetween. The
      rotor 24 may further include an axially extending stiffening flange 35.
PAR  In view of the preceding description of the construction of the rotor 24,
      it will be appreciated that the rotor 24 may be readily formed from sheet
      stock by a stamping, drawing, and punching operation resulting in a
      construction having substantial manufacturing economies relative to past
      rotor constructions.
PAR  The wheel speed sensor 10 further includes a stator 38 which is mounted in
      an operative position relative to the rotor 24 by a mounting structure 40
      which secures the stator 38 to the spindle 14. With additional reference
      to FIG. 3, the mounting structure 40 includes a stator holder 42 which
      contains a tubular cylindrical resilient member 44 which engages the
      stator 38. The member 44 is preferably molded of an elastomeric material
      such as neoprene, rubber, or the like. The stator holder 42 has a pair of
      extending flanges 47 which are secured by bolts 48 to a bracket 50 which
      in turn is secured by welding to the spindle 14.
PAR  With reference now to FIG. 4, the construction of the sensor 38 can best be
      appreciated. The wheel speed sensor 38 has a molded body 56 of plastic
      material which provides a generally cylindrical outer configuration and
      which has an elongated axial dimension relative to its diameter. The body
      56 has a plurality of integral, annular, triangular grooves 58 providing
      triangular projections which radially-outwardly terminate at the nominal
      diameter of the cylindrical body 56 which are generally disposed along the
      axial adjustment range for the body 56 relative to the mounting member 42.
PAR  The stator 30 includes a coil 68 wound on a bobbin 70, a coaxially disposed
      pole piece 72, a coaxially disposed axially polarized cylindrical magnet
      74 and axially aligned terminals 76 which are electrically connected to
      the coil 68 by suitable conductors 78.
PAR  The pole piece 72 includes a cylindrical, radially-extending end flange 80
      which abuts the bobbin 70, and a cylindrical body portion 82 which is
      coaxially disposed with the coil 68 and which provides a circular pole
      face 86, the latter being best seen in FIG. 5. The pole piece face 86 has
      a diameter which is slightly greater than the width of the magnetic
      members 36 but less than the length of the magnetic members 36. The bobbin
      70 includes a circumferentially-extending U-shaped channel which contains
      the coil 68 and three circumferentially-spaced, axially-extending members
      88. The members 88 locate the pole piece flange 80 and the cylindrical
      magnet 74 in axial alignment during assembly of the stator 38. One of the
      members has axially-extending grooves to accommodate the conductors 78.
      The bobbin 70 has a generally rectangular outer configuration as
      illustrated in FIG. 6 so as to provide attachment points for the members
      88. After the foregoing components are assembled as shown, the body 56 is
      molded, for example, by an injection molding machine, so as to form the
      generally elongated cylindrical structure as illustrated. A suitable
      signal cable 98 extends from the cover 96 which has a pair of conductors
      connected to respective conductors 78.
PAR  The body 56 along with the pole face 86 of the body portion 82 provides an
      end surface 100 after molding which is substantially greater in transverse
      dimension than the transverse dimensions of the openings 34 in the rotor
      24 and which is substantially smooth, i.e. without projections which would
      interfere with the openings 34. Accordingly, the surface 100 may be
      engaged with the flange 32 of the rotor 24 during rotation of the rotor 24
      without damage to either the rotor 24 or the stator 38. Consequently, this
      engagement may be effected to locate the stator 38 relative to the flange
      32 to provide a minimum air gap therebetween.
PAR  With reference to FIGS. 1 and 2, it can be seen that when the pole face 86
      is in confrontation with one of the magnetic strips 36 intermediate the
      openings 34 a low reluctance path is provided between the pole member 72
      and the rotor 24. When the pole face 86 is in confrontation with one of
      the openings 34, a high reluctance path is provided between the pole piece
      72 and the rotor 24. Consequently, as the rotor 24 rotates relative to the
      stator 38, the reluctance of the air gap between the rotor 24 and the pole
      piece 72 alternately varies between a high reluctance and a low reluctance
      condition. The air gap is in a magnetic path which includes the pole piece
      72, the magnet 74, the cylindrical mounting member 42, the support bracket
      46, the spindle 14, the bearing 18, the wheel 12, and the rotor 24 whereby
      a complete flux path is provided between opposite poles of the axially
      polarized cylindrical magnet 74 which is varied in reluctance by the
      relative rotation of the rotor 24 relative to the stator 38. Consequently,
      as the rotor 24 rotates relative to the stator 38, an electrical signal is
      generated in the coil 68 which appears at the conductors 78.
PAR  After the wheel speed sensor 10 is installed on the vehicle, the installer
      axially moves the stator 38 into engagement with the flange 32 of the
      rotor 24. Subsequently, as the wheel 12 is rotated in use to thereby
      rotate the rotor 24, any deflections of the wheel 12 relative to the
      stator 38 due to loading, wheel eccentricity, etc. will cause engagement
      between the flange 32 and confronting face 100 of the stator 38, which if
      forceful enough, will move the stator 38 axially away from the rotor 24 to
      provide a minimum air gap between the rotor 24 and the stator 38 thereby
      providing a highly efficient magnetic circuit to provide enhanced sensor
      output signals. However, when such forceful engagement does not occur, the
      stator 38 is held in place by the resilient gripping action of the
      resilient member 44 so that the stator does not move as a result of
      ordinary vibrations and motions of the vehicle.
PAR  In FIG. 7A, the component parts of the stator holder 42 are illustrated
      prior to assembly thereof. In the figure, the stator holder 42 can be seen
      to include a tubular member 102 and a ring member 104. The tubular member
      102 has an internal bore 106 which is matched to the outer diameter of the
      resilient member 44 so that the resilient member 44 will fit closely
      within the bore 106. The tubular member 102 and the ring member 104 are
      provided with opposed circumferentially-extending chamfers 108 and 110
      which are adapted to mate with circumferentially-extending chamfers 112
      and 114 on the resilient member 44, respectively. The chamfers 108 and 110
      are at 30.degree. with respect to the axis of the stator holder 42 whereas
      the chamfers 112 and 114 are at 45.degree. with respect to the axis of the
      holder 42 for reasons which will be apparent hereinafter. The tubular
      member 102 has a radially-inwardly extending flange 116 while the ring
      member has a radially-inwardly extending flange 118 which are adapted to
      engage end surfaces 120 and 122, respectively, of the resilient member 44.
      The outer diameter of the ring member 104 is slightly greater than the
      bore 106 of the tubular member 102 to provide an interference fit
      therebetween.
PAR  In FIG. 7B, the stator holder 42 is shown in its assembled form with the
      ring member 104 being disposed within the bore 106 of the tubular member
      102, and being retained therein by the pressed fit between the ring member
      104 and the tubular member 102. As can be seen in FIG. 7B, the resilient
      member 44 is captured between the chamfers 108 and 110 and the radially
      inwardly extending flanges 116 and 118. In the operating positions of the
      component parts of the stator holder 42 as shown in FIG. 7B, the resilient
      member 44 is held in axial compression so as to cause radially-inwardly
      bowing of its bore 124, as shown.
PAR  When the stator 38 is inserted into the bore 124 of the resilient member
      44, the stator compresses the resilient member 44 substantially along the
      entire length of the bore 124 of the resilient member 44 so as to provide
      a distributed radially-inwardly directed force which securely retains the
      stator 38. Because of the differences in the angulations of the chamfers
      of the resilient member 44 and the members 102 and 104, a
      radially-inwardly directed force of increased magnitude is provided in the
      vicinity of the chamfers generally as depicted in FIG. 8. As a result, the
      stator 38 is securely held with its axis generally aligned with the axis
      of the holder by a distributed, radially-inwardly directed force which has
      increased magnitudes at axially-spaced locations. Since, in the preferred
      embodiment, the stator 38 is provided with circumferentially-extending
      serrations, the resilient member 44 adopts a configuration which provides
      partial interfitting with the serrations 58 to resist axial movement of
      the stator 38. Further resistance to axial movement of the stator 38 and
      the resilient member 44 is provided by the frictional engagement
      therebetween. If the stator 38 is not provided with serrations, this
      frictional engagement can be set to provide the required resistance to
      axial movement.
PAR  In FIGS. 9A and 9B, another exemplary embodiment of the stator holder
      according to the present invention is illustrated. The stator holder 126
      of FIGS. 9A and 9B includes a tubular support member 128 and an
      elastomeric member 130. The elastomeric member 130 has an outer
      cylindrical surface 132 which is secured to an inner cylindrical bore 134
      of the support member 128 by an adhesive or the like. The elastomeric
      member 130 has generally radially-inwardly, and axially-outwardly,
      extending flanges 136 at axially opposite ends thereof which are joined by
      an axially-extending radial web 138. It can be seen in FIG. 9A that the
      flanges 136 are in cantilevered relationship relative to the main body of
      the resilient member 130 which is secured to the support member 128.
      Consequently, upon insertion of a stator having an outside diameter which
      is greater than the diameter of the radially-inwardly most projecting
      portion of the flanges 136, but slightly less than the nominal diameter of
      the bore 140, as illustrated by dashed lines 142, the flanges 138 will be
      deflected radially-outwardly so as to bear upon the stator with a
      radially-inwardly directed force. The web 138 provides a distributed force
      along the entire length of the stator 38 to serve to further retain the
      stator 38. Preferably, the stator has a plurality of serrations therealong
      into which the web 38 is depressed to provide interfitting engagement
      therebetween. It can be seen then that the cantilevered flanges 136
      provide radially-inward forces at axially spaced locations which tend to
      secure and maintain an alignment between the axis of the stator and the
      axis of the holder 126.
PAR  In FIG. 10, yet another embodiment of a stator holder according to the
      present invention is illustrated. The stator holder 144 of FIG. 10
      includes a tubular, cylindrical support member 146 and a resilient member
      148. As in the previous embodiments, the resilient member 148 may be made
      of an elastomeric material such as rubber, neoprene, or the like. The
      resilient member 148 has an axially-elongated, circumferentially-extending
      notch 150 which receives and is closely fitting with the support member
      146 so as to securely retain the resilient member 148 on the support
      member 146. The resilient member 148 has flanges 152 and 154 formed by
      radial outside surfaces and chamfered inside surfaces to form a pair of
      axially-spaced triangular projections having radially-inwardly pointing
      apexes. Consequently, it will be appreciated that the stator support
      member 144 is similar in function to the stator support member 126 of
      FIGS. 9A and 9B.
PAR  In FIG. 11, the preferred apparatus for performing the method according to
      this invention for assembling the stator support structure 42 of FIGS. 1-7
      is illustrated. The apparatus 156 of FIG. 11 is shown in operative
      relationship with a stator support member 42 as previously described. More
      particularly, the tubular member 102 of the stator support member 42 is
      located within an annular locating member 158 which is in turn fixedly
      supported with respect to the base of the apparatus 156 by connections
      through a transverse plate 160 and side supports 162. The ring member 104
      of the stator support member 42 is engaged by an annular member 164 which
      is in turn connected to a press mechanism to receive an applied force as
      illustrated through a transverse plate 166, inner side supports 168, and a
      transverse plate 170. The transverse plate 170 is movable by press member
      172 which is shown only in part.
PAR  The apparatus 156 further includes a gaging member 174 which is inserted
      through the bore 124 of the resilient member 44 and which is connected by
      a gaging member socket 176 to a ring gage 178. The ring gage 178 is
      mounted on the transverse plate 170 so as to be movable with the press
      member 172 towards the stator support member 42. The ring gages as
      illustrated at 178 are commonly used to measure compressive forces applied
      thereto by measurement of the deformation of a ring portion 180 of the
      ring gage 178. The ring portion 180 has a strain gage 182 affixed to its
      peripheral surface, which is best seen in FIG. 12, for measuring the
      deformation of the ring portion 180. More particularly, as the compressive
      force on the gage member 174 increases, the deformation of the ring 180
      increases so as to increase the resistance of the strain gage 182. The
      strain gage 182 has a pair of leads 184 which are operatively connected to
      an appropriate control 186 for the press.
PAR  In the assembly of the stator holder 42, the resilient member 44 is
      inserted within the tubular member 102 and the assembly is positioned in
      the support member 158. The ring member 104 is positioned on the press
      member 164, and thereafter, the press member 172 is moved upwardly to
      insert the gage member 174 into the bore 124 of the resilient member 44
      and to bring the ring member 104 into engagement with the internal bore of
      the tubular member 102. The ring member 104 is then pressed into the bore
      of the tubular member 102 to cause compression of the resilient member 44.
      At the same time, the gage member 174 is moved upwardly with the press
      member 172 and a measurement of the drag or axial force applied to the
      gage member 174 by virtue of its frictional engagement with the resilient
      member 44 is measured by the strain gage 182. The pressing operation
      continues until the resilient member 44 has been prestressed to a degree
      which establishes a desired magnitude of the axially-directed frictional
      force on the gage member 174 as measured by the strain gage 182. When that
      magnitude of force is reached, the press control opens a switch or the
      like to stop the movement of the press.
PAR  Although a simulation of the stator 38 is used in the apparatus 156, an
      actual stator may be used provided that it is mounted in such a way to
      prevent damage thereto. Moreover, if desired, a gage member 174 may be
      used which is serrated like the stator to more closely approximate the
      conditions which result in the resistance to axial movement between the
      stator 38 and the resilient member 44. When the gage member 174 has a
      smooth external surface as shown, and the stator holder 42 will be
      combined with a stator 38 having serrations, an appropriate calibration
      factor may be used to correlate the force on the gage member 174 with the
      minimum force which causes movement of the stator 38 relative to the
      stator holder 42.
PAR  In view of the preceding description of an exemplary preferred embodiment
      of the present wheel speed sensor, it will be appreciated that the present
      invention provides a wheel speed sensor which is readily mountable on a
      vehicle during the course of mass production of the vehicle, is
      exceptionally compact, and is well suited for the harsh environment in
      which it will operate. Importantly, the wheel speed sensor of the present
      invention does not require critical position adjustments during the
      mounting of the sensor components on the vehicle during the mass
      production process, and further, damage because of engagement between the
      rotor and stator of the wheel speed sensor which may occur during
      deflections of the spindle or wheel is avoided.
PAR  While it will be apparent that the preferred embodiment of the invention
      herein disclosed is well calculated to fulfill the objects above stated,
      it will be appreciated that the invention is susceptible to modification,
      variation, and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for prestressing a resilient member to establish a
      predetermined resistance to relative motion between said resilient member
      and a related member which is adapted for a predetermined operative
      restrantive relationship with said resilient member comprising the steps
      of:
PA1  slidably moving said related member, or a simulation thereof, relative to
      said resilient member while said related member, or said simulation
      thereof, is in said operative restraintive relationship with said
      resilient member;
PA1  prestressing said resilient member in a manner so that the degree of
      prestressing of said resilient member is varied;
PA1  measuring the resistance to said relative motion between said related
      member, or said simulation thereof, and said resilient member while the
      degree of prestressing is varied; and
PA1  maintaining the degree of prestressing when said predetermined resistance
      to said relative motion is attained.
NUM  2.
PAR  2. A method according to claim 1 wherein said related member is a stator of
      a speed sensor having a cooperative rotor, or a simulation thereof, and
      said resistance to said relative motion resists movement of said stator
      relative to said rotor.
NUM  3.
PAR  3. A method according to claim 2 wherein said related member is said
      simulation of said stator.
NUM  4.
PAR  4. A method according to claim 1 wherein said related member, or said
      simulation thereof, is in engagement with said resilient member when in
      said predetermined operative relationship with said resilient member.
NUM  5.
PAR  5. A method according to claim 1 wherein said resilient member at least
      partially surrounds said related member, or said simulation thereof.
NUM  6.
PAR  6. A method according to claim 1 wherein said resilient member fully
      surrounds said related member, or said simulation thereof.
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ABST
PAL  An apparatus for and method of removing a flexible tubular conduit from
      around an associated elongated rigid supporting mandrel which is at least
      several feet in length is provided wherein the mandrel and its conduit is
      supported on a support structure whereupon the conduit and mandrel are
      relatively moved axially to remove the mandrel from within the conduit.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to applicants' copending application Ser. Nos.
      555,492 and 555,493 filed on the same date as the present application.
PAC  BACKGROUND OF THE INVENTION
PAR  Flexible tubular conduits made primarily of elastomeric materials are in
      wide use throughout industry whereby numerous manufacturers are engaged in
      making and selling such conduits, resulting in a highly competitive
      industry.
PAR  It has been found that tubular conduits of this type are often used for
      vacuum cleaner hoses or conduits and a typical vacuum cleaner conduit has
      one or more reinforcing wires wound in a helical pattern along the length
      of the conduit and an elastomeric sleeve usually made of a plastic
      material is provided around the reinforcing wire or wires.
PAR  It is generally very difficult if not impossible to produce a high quality
      vacuum cleaner conduit (i.e., one with precisely controlled wall thickness
      and diameter) of the character mentioned without producing such a conduit
      on a rigid mandrel of substantial length, such as of at least several feet
      and preferably of the order of 50 feet and even more. However, in
      manufacturing such a conduit on a rigid mandrel of such a substantial
      length, it is ordinarily very difficult to remove the mandrel from within
      the flexible tubular conduit in a simple and efficient manner without
      damage to the conduit and its supporting mandrel.
PAC  SUMMARY
PAR  This invention provides a simple and efficient apparatus for and method of
      removing a precisely formed flexible tubular conduit from around an
      associated elongated rigid supporting mandrel which has a rigid outside
      surface and a substantial length without damage to the conduit and mandrel
      whereby the mandrel may be re-used.
PAR  The apparatus and method provide for supporting the conduit on a support
      structure whereupon the conduit and mandrel are relatively moved axially
      to remove the mandrel from within the conduit. In those instances wherein
      the flexible conduit has at least one integral helical reinforcing wire
      therealong, the mandrel is preferably rotated during relative movement in
      a direction opposite the direction that the reinforcing wire is wound
      causing some radial expansion of the conduit which enables the mandrel to
      be removed in an easier manner.
PAR  Other details, uses, and advantages of this invention will be readily
      apparent from the exemplary embodiments thereof presented in the following
      specification, claims, and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show present exemplary embodiments of this
      invention, in which
PAR  FIG. 1 is a plan view with parts broken away particularly illustrating one
      exemplary embodiment of the improved apparatus and method of this
      invention together with certain components of associated apparatus which
      enables serial movement of flexible conduit covered elongated rigid
      mandrels into position for stripping of the associated flexible conduit
      from around each rigid mandrel;
PAR  FIG. 2 is an enlarged end view taken essentially on the line 2--2 of FIG. 1
      and showing, by solid lines, a flexible tubular conduit covered mandrel in
      a horizontal position on support structure of the apparatus of this
      invention, and showing by dotted lines the manner in which such conduit
      covered mandrel is supported on a conveyor for movement thereof onto the
      support structure as well as showing the stripped conduit being dropped
      onto a supporting floor.
PAR  FIG. 3 is a view with parts in elevation and parts broken away showing a
      component of the conduit covered mandrel support structure and a conduit
      clamp device of the apparatus of this invention;
PAR  FIG. 4 is a view in elevation of the apparatus and method of this invention
      with certain parts broken away and other components shown schematically;
PAR  FIG. 5 is a plan view of the main apparatus illustrated in FIG. 4 drawn to
      the same scale as in FIG. 4;
PAR  FIG. 6 is a view with parts in cross section, parts in elevation, and parts
      broken away particularly illustrating an end portion of a flexible conduit
      which is to be stripped being held by a clamp device in a stationary
      position and illustrating a rod used to rotate and push each mandrel
      relative to the held conduit to enable removal of the mandrel from within
      the conduit.
PAR  FIG. 7 is a cross-sectional view taken essentially on the line 7--7 of FIG.
      6;
PAR  FIG. 8 is a view similar to FIG. 4 with certain parts broken away
      illustrating the position of a device used to rotate and push the mandrel
      assembly after a mandrel has been partially removed from within its
      associated conduit;
PAR  FIG. 9 is a view with parts in cross section, parts in elevation, and
      practically all of the central part broken away of an elongated rigid
      mandrel of this invention particularly illustrating the male and female
      connectors at opposite ends thereof and a flexible wire reinforced tubular
      conduit therearound;
PAR  FIG. 10 is a view taken essentially on the line 10--10 of FIG. 8; and
PAR  FIG. 11 is a view drawn to an enlarged scale and taken essentially on the
      line 11--11 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made to FIG. 1 of the drawings which illustrates one
      exemplary embodiment of the apparatus and method of this invention which
      is designated generally by the reference numeral 20 and such apparatus and
      method is particularly adapted for removing a flexible tubular conduit 21,
      also see FIG. 6, from around an associated elongated rigid supporting
      mandrel 22 having a substantial length of at least several feet, ranging
      between 2 and 100 feet, and in this embodiment of the invention preferably
      having a length of 50 feet. The apparatus 20 has a support structure in
      the form of a plurality of rectilinearly aligned spaced supporting troughs
      or trough-like supports 23 for supporting each mandrel 22 with its conduit
      21 therearound and such conduit covered mandrel will be referred to by the
      reference letters CM. The apparatus 20 has means for holding an end
      portion of the conduit and in this example such holding means is in the
      form of a clamp device or clamp 24 and the removing apparatus 20 has means
      or a device 25 for engaging and simultaneously rotating and pushing the
      mandrel relative to the clamp 24 to remove the mandrel 22 from within its
      conduit 21 and in a manner to be described in detail subsequently.
PAR  The apparatus 20 is used in connection with an overall system or apparatus
      which is used to produce elongated conduits in a continuous manner around
      mandrels 22 which are operatively associated in aligned end-to-end
      relation and as disclosed in the cross referenced application, Ser. No.
      555,493, as disclosed in this application, the continuously formed conduit
      21 is severed (using the apparatus disclosed in cross-referenced
      application Ser. No. 555,492) into lengths roughly equal to and being
      aligned with the ends of an associated mandrel to define what has been
      referred to above as a conduit covered mandrel CM shown on the apparatus
      20 of this invention.
PAR  Each conduit covered mandrel CM is moved in position alongside the removing
      apparatus 20 by a plurality of cooperating aligned conveyors such as belt
      conveyors 26 and 27, and the conveyors 26 and 27 move the conduit covered
      mandrel CM until its forward end strikes a stop 30 which actuates an
      electrical limit switch which in turn energizes a pair of pusher
      assemblies each designated generally by the reference numeral 32. The
      pusher assemblies operate in unison and each has a conduit covered mandrel
      engaging component 33; and, the components 33 engage the conduit covered
      mandrel CM which has just been moved into position and push it across the
      conveyors 26 and 27 as indicated by the arrow at 34 in FIG. 22 onto a
      plurality of inclined slides 35 of the supports 23.
PAR  The conduit covered mandrel CM is moved under the influence of gravity
      along the slides 35 until it engages inclined movable plate members 36 of
      the supports 23 whereby the conduit covered mandrel CM is, in essence,
      cradled between cooperating components 35 and 36 which are arranged in a
      substantially V-shaped configuration. The supports 23 support the conduit
      covered mandrel CM in a substantially horizontal position and the detailed
      construction and operation of such supports will be described in more
      detail subsequently.
PAR  Referring now to FIG. 9 of the drawings, each of the mandrels 22 is a
      substantially rigid mandrel and is made of a comparatively hard
      non-yielding material such as metal, hard plastic, or the like. The
      mandrel 22 is preferably in the form of a tubular mandrel which has a
      substantially right circular cylindrical outside surface 40 and a
      corresponding right circular cylindrical inside surface 41 and the tubular
      mandrel 22 is preferably made of ferrous metallic material, such as mild
      steel, for example.
PAR  Each mandrel 22 has connecting means at opposite ends thereof for
      connecting each end thereof to an associated tubular mandrel which is
      preferably of equal length. The connecting means comprises a pair of
      connectors at opposite ends thereof and are shown in the form of a male
      connector 43 and a female connector 44. The male connector 43 has a
      connecting pin 45 extending from its outer terminal end and such pin has a
      rounded substantially hemispherical end 46 enabling easy connection with
      an associated female connector 44; and, each male connector 43 also has a
      sleeve 47 made of a suitable elastomeric material which enables the
      connector 43 to serve as a backing anvil against which a cutter (not
      shown) may be urged in the process of severing the conduit 21 so that with
      a plurality of mandrels 22 connected in end-to-end relation the urging of
      the cutter against each male connector 43 which moves therepast results in
      each mandrel 22 having a length of conduit therearound substantially equal
      to its length.
PAR  Each female connector 44 has a substantially right circular cylindrical
      internal surface 50 for receiving an associated connecting pin 45 and also
      has a pair of inclined surfaces 51 which are particularly adapted to
      receive a cooperating portion of a component of the device 25 and for a
      purpose to be described in detail subsequently. The connectors 43 and 44
      are suitably fixed within associated end portions of the tubular mandrel
      22 and in this example each connector 43 and 44 is fixed by an associated
      pin 52 which extends through a diametral opening therethrough and through
      a pair of diametrically arranged aligned openings in the mandrel 22.
PAR  Referring now to FIGS. 1, 2, and 3 of the drawings, the support structure
      for supporting each conduit covered mandrel CM in a substantially
      horizontal position comprises the previously mentioned plurality of
      substantially rectilinearly aligned spaced supports 23. Each support 23
      comprises a supporting frame which is designated generally by the
      reference numeral 53 and which has a horizontal beam 54 which supports one
      end of an actuator 55. The opposite end of the actuator 55 has an
      extensible and retractable rod 56 which has a terminal end connected by a
      pin 57 to a movable plate assembly 58 which has plate member 36 defining
      its conduit covered mandrel engaging component. The plate assembly 58 is
      supported for pivoting movement by a rod 60 which is suitably supported in
      bearings 61 at opposite ends thereof whereby the plate assembly 58 may be
      moved, i.e. pivoted, from a solid line supporting position to the dotted
      line position illustrated in FIG. 2 by energizing the actuator 55 causing
      retraction of the rod 56 and movement of the plate assembly to the
      illustrated dotted line position whereby the conduit 21 with its mandrel
      22 removed from therewithin drops by gravity as illustrated at 64 onto a
      supporting floor 65 as illustrated at 66 where the conduit 21 and other
      conduits previously stripped or removed from their mandrels may be picked
      up and processed for various end applications.
PAR  As mentioned earlier, the apparatus 20 has a clamp device or clamp 24, and,
      the clamp 24 is particularly adapted to engage a terminal end portion 70,
      see FIGS. 6, 8, and 10, of a conduit 21 which is to have its mandrel 22
      removed from therewithin. The clamp 24 has a stationary portion 71 which
      is provided with a substantially semi-cylindrical clamping surface 72, and
      the clamp 24 has a movable portion 73 which is provided with a cooperating
      semi-cylindrical clamping surface 74. The portions 71 and 73 of clamp 24
      are supported on a suitable supporting frame 75 as will now be described.
PAR  The supporting frame 75 has an upwardly extending columnar member 76 which
      is provided with a horizontally extending arm portion 77. A linkage 80 is
      provided which is pivoted about a pin 81 extending through the outer
      portion of the arm 77 and the linkage 80 is pivoted about the pin 81 by an
      actuator assembly 82 which has a rear portion supported by a pin 83 which
      allows pivoting movement of the actuator assembly 82 and such actuator
      assembly 82 has an extensible and retractable rod 84 which has a terminal
      end attached by a pin 85 to the linkage 80.
PAR  Once each conduit covered mandrel CM is pushed off of conveyors 26 and 27
      it rolls by gravity along the slide members 35 and is cradled between
      members 35 and plate members 36 which support such conduit covered mandrel
      CM in a horizontal position with the end portion 70 of the conduit 21 on
      the surface 72 of the clamp 24. The horizontally supported covered mandrel
      CM interrupts the beam of a photoelectric device 86 which has the usual
      oppositely arranged cooperating components 87 and 90. Component 90
      provides a signal through an electric lead 91 to actuate the actuator
      assembly 82. The actuator rod 84 of the assembly 82 is extended thereby
      pivoting the linkage 80 about pin 81 causing the clamping surface 74 to be
      clamped against the top surface portion of the end portion 70 of conduit
      21. At this point in the operation of the apparatus 20 and as illustrated
      in FIG. 3, the conduit covered mandrel CM is supported substantially
      horizontally by the supports 23 and the clamp 24 has engaged and holds the
      trailing end portion 70 whereby the entire conduit 21 is held in a
      substantially stationary position in preparation for operation of the
      dual-function device 25 of the apparatus 20.
PAR  As best seen in FIG. 8 the device 25 comprises a supporting frame structure
      92 which supports a ball screw assembly 93 comprised of oppositely
      arranged bearing assemblies or bearings 94 which are supported on
      vertically extending columnar supports 95 of the frame structure 92 and
      the bearings 94 enable free rotation of a screw 96 comprising the ball
      screw assembly 93. The ball screw mounting on supports 95 is such that the
      ball screw is spring loaded in one direction and thus subjected to tension
      loads only. The screw 96 is coupled by a suitable coupler 97 to the
      driving shaft of a gear box 100 which in turn is suitably operatively
      connected to a reversible driving motor 101 which is preferably an
      electric motor. Thus, upon rotating the motor 101 in one direction the
      screw 96 rotates in a corresponding direction and upon rotating the motor
      101 in an opposite direction the screw 96 rotates in a corresponding
      reverse direction.
PAR  The ball screw 96 is of known conventional construction and design and has
      a so-called ball nut 102 also of a known construction suitably threaded
      thereon and the ball nut 102 is fixed to a carriage 103. The carriage 103
      is supported for rectilinear back and forth horizontal movements by a pair
      of parallel horizontal ways 104, see FIG. 5.
PAR  The carriage 103 fixedly carries another motor 105 which is preferably
      electrically powered and the motor 105 is operatively connected by a
      coupling assembly 106 to a rod assembly designated generally by the
      reference numeral 107. The rod assembly includes a rod which has a
      wedge-like end portion 111 (which has the appearance of a regular
      screw-driver) and a bearing assembly 112; and, upon rotating the motor 105
      the rod 110 and its end portion 111 is rotated in a corresponding manner.
PAR  The rod 110 is made of a suitable rigid material capable of transmitting
      both axial and torsional forces without buckling and minimum torsional
      deflection; and, it will be appreciated that the speed of rotation of the
      rod 110 is controlled by the speed rotation of the electric motor 105.
      Further, to assure that the rod 110 will rotate the mandrel 22 it will be
      seen that such rod has cooperating inclined surfaces 113 defining its
      terminal end 111, see FIG. 6. The end 111 also has what may be considered
      a tongue or projecting portion 114 and the portion 114 serves to guide the
      forward end of the rod 110 into position in the connector 44 whereby the
      inclined surfaces 113 serve to engage surfaces 51 of the connector 44 to
      rotate such connector and its mandrel 22.
PAR  The bearing assembly 112 operates such that it enables substantially
      anti-friction rotation and axial sliding movement of the rod 110 relative
      thereto. The bearing assembly 112 is suitably supported on a horizontal
      beam 116 fixed to the columnar support 76 so that the terminal end of the
      rod 110 is arranged in aligned relation with the clamping surfaces 72 and
      74 of the clamp 24, and indeed the construction and arrangement of
      components is such that a common rectilinear center line extends
      horizontally through the central axis of the rod 110, the longitudinal
      axis of the conduit covered mandrel CM, and the axis of the substantially
      cylindrical surface defined by semi-cylindrical surfaces 72 and 74.
PAR  The flexible conduit 21 may be any suitable flexible conduit 21 known in
      the art. Preferably such conduit is in the form of a wire reinforced
      conduit 21 having at least one, and in this example a plurality of two,
      helically wound plastic sleeve insulated electrical wires 120 wound in a
      helical pattern along the length of the conduit. The conduit 21 includes a
      tubular outer member or tube portion 121 and the plastic sleeve of the
      wires 120 is bonded to tube portion 121 of the conduit 21, see FIG. 9.
PAR  Having described the detailed construction of the apparatus 20 of this
      invention, a brief presentation will now be made of the overall operation
      thereof. In particular, once a conduit covered mandrel CM is dropped on
      the supports 23 the clamp 24 is moved into clamping engagement with the
      trailing end portion 70 of the conduit 21. As the clamp 24 engages end
      portion 70, the device 25 is actuated causing rotation of the ball screw
      whereby the ball nut 102 and carriage 103 move along ways 104 toward the
      clamp 24 as indicated by the arrow at 122 in FIG. 5. The carriage 103
      moves or slides the rod 110 axially through the bearing assembly 112 and
      when the portion 111 of rod 110 engages surface portions 51 of the female
      connector 44 the motor 105 is energized to start rotation of the rod 110
      and rotation of the mandrel 22. However, although the mandrel 22 is
      rotating the clamp 24 holds the conduit 21 substantially stationary.
PAR  The conduit covered mandrel CM is supported and the conduit 21 thereof
      clamped so that the mandrel 22 is rotated in a direction opposite of the
      direction of rotation or winding of the helically wound wires 120 whereby
      this rotation in an opposite direction serves to utilize the helically
      wound electrical wires 120 themselves to help provide a slight radial
      expansion of the conduit 21 with such expansion being generally of the
      order of 1 to 3 thousandths of an inch. This slight radial expansion
      provides a substantial loosening of the mandrel 22 relative to the conduit
      21 enabling it to be easily pushed axially relative to the conduit.
PAR  Simultaneously with the rotation of the rod 110, the motor 101 is also
      rotating and moving the entire carriage 103 relative to and toward the
      clamp 24 whereby the simultaneous rotation and axial movement of the rod
      110 causes simultaneous rotation and axial movement of the mandrel 22
      resulting in the mandrel being literally pushed and rotated from within
      its conduit 21. The rod 110 is rotated for a variable predetermined period
      after engagement of portion 111 within the slot comprised of surface
      portions 51. The motor 101 only operates while the conduit 21 is broken
      free from the mandrel over a portion of the mandrel length. The mandrel is
      pushed and rotated until its outer end emerges from the conduit and its
      terminal outer end 123, see FIG. 1, is grasped by a puller assembly 124 of
      a type well known in the art to pull such mandrel onto a conveyor 125
      which moves the now stripped mandrel 22 to a transfer apparatus which
      moves the mandrel to a suitable storage and dispensing mechanism or device
      (not shown) for reuse, as desired. The puller assembly provides both axial
      movement and rotation of each mandrel 22. The mandrel rotation is at a
      rate of about 1 revolution or turn for every 3 or 4 feet of mandrel
      length.
PAR  The concept described above wherein an end portion 70 of the conduit 21 on
      a central supporting mandrel 22 is clamped and held fixed and the mandrel
      22 rotated to produce a slight radial expansion generally of the order of
      a few thousandths may be readily understood from the following
      description. For example, if a conduit 21 without a mandrel 22 therewithin
      were to be considered and the conduit 21 visualized as having its end
      portion 70 clamped in the clamp 24 with the remainder thereof extending
      horizontally on the supports 23 and if the unclamped end of such conduit
      21 were to be rotated in the direction of the helical wires 120 this
      would, in essence, tend to reduce the diameter of the helix and contract
      the hose radially. Similarly, rotation of the unclamped end of the conduit
      21 in a direction opposite the direction of rotation or winding of the
      helical reinforcing wires would create a radial expansion of the conduit
      21 thereby increasing its inside diameter whereby if such a radially
      expanded conduit were to have the mandrel 22 therein the increased inside
      diameter would facilitate removal of the mandrel 22 upon moving such
      mandrel 22 relative to its conduit 21. A similar effect is produced by
      rotating a mandrel which is within a conduit 21 in a direction opposite
      the direction of the helical winding of such conduit's reinforcing wires.
      Thus, at the beginning of the mandrel removing operation the inside
      surface of the conduit 21 is snugly against the mandrel; however, by
      rotating the mandrel in a direction opposite the direction of winding of
      the helically wound reinforcing wires 120 a similar effect is produced as
      that produced if the unclamped end of the conduit itself were to be
      grasped and thus rotated resulting in a radial expansion of the conduit
      21. This radial expansion coupled with the pushing action of the rod 110
      due to the movement of the carriage 103 results in simultaneous rotation
      and axial movement of the mandrel relative to the substantially stationary
      conduit 21 whereby the mandrel is pushed out of the end of the conduit
      which is remote from the clamp 24.
PAR  As the mandrel 22 emerges from the remote end it is picked up by the
      pulling device 124 as explained earlier and the device 124 continues a
      pulling movement simultaneously with the pushing of the mandrel 22 by the
      rod 110 until the carriage 103 moves the full length of the ball screw 96
      and stops adjacent the terminal end thereof. The carriage is stopped by
      any suitable electrical switch device such as a photoelectric device,
      limit switch, or the like, stopping the motor 101. The movement of the
      mandrel 22 is continued by the pulling device 124 until the entire mandrel
      has been removed.
PAR  The switch device which stops the motor 101 also has suitable means therein
      which provides a suitable signal to the motor 101 to reverse its rotation
      and hence the rotation of the ball screw which causes the carriage 103 to
      be returned to its initial or starting position whereby the carriage 103
      is returned adjacent the end of the ball screw 96 which is arranged
      closely adjacent the motor 101 and the motor 101 is stopped in preparation
      for removal of another conduit 21 from a conduit covered mandrel CM.
PAR  In this disclosure of the invention, the conduit 21 is shown as being
      comprised of a plurality of two electrical conductors or wires 120 which
      also serve as strengthening members for the conduit 21; and, each of the
      wires 120 has a plastic electrical insulating sleeve therearound. Further,
      the tube 121 has portions of its inside surface bonded against the plastic
      sleeves of the wires 120 to define a unitary conduit 21. However, it will
      be appreciated that the mandrel removing apparatus of this invention may
      be used to remove conduits having only one helical reinforcing wire 120 or
      more than two of such wires 120.
PAR  The concept of this invention wherein rigid mandrels ranging from about 2
      feet to 100 feet in length may have a flexible conduit removed therefrom
      is fully applicable to flexible conduits 21 which do not have helically
      wound reinforcing wires or members. Accordingly, with a conduit which does
      not employ helically wound reinforcing members the mandrel 22 may be
      rotated simultaneously with pushing or the mandrel 22 may be removed from
      such a flexible conduit simply by engaging the conduit and the mandrel and
      relatively moving these two components axially in opposite directions.
PAR  If desired, the mandrel 22 may have its outside surface suitably coated or
      treated with an anti-friction material which serves as a slipping agent
      and allows the mandrel 22 to be more readily slid from within its conduit
      21. Further, in some applications of this invention suitable means (not
      shown) may be provided for injecting air within each mandrel 22 with
      suitable openings being provided along the length of each mandrel so as to
      slightly expand each length of conduit 21 from around its mandrel 22 to
      facilitate its axial sliding movement.
PAR  In this disclosure of the invention it will be appreciated that various
      electrical devices, switches, controls, and the like, normally used for
      controlling the various components which have been described herein have
      not been illustrated and, the usual control consoles, sources of power,
      electrical connections, and the like have not been illustrated either.
      However, it is to be understood that these items as well as all required
      devices and components used therewith would be provided in accordance with
      techniques which are well known in the art.
PAR  In this disclosure of the invention it will be seen that a reinforced
      flexible tubular conduit 21 is shown and described as being made primarily
      of plastic. However, it will be appreciated that the conduit 21 and in
      particular the tube portion 121 thereof may be made of any suitable
      elastomeric material in the form of either a plastic material, or a rubber
      compound whether in the form of a natural rubber compound or a synthetic
      rubber compound. Further, the reinforcing wires 120 are in the form of
      metal electrical conductor wires capable of conducting electricity as well
      as serving as reinforcing wires and such wires have electrical insulating
      sleeves therearound which may be made of any suitable elastomeric material
      compatible with the material used to make the tube 121 and preferably such
      that the sleeve of such wires 120 may be easily bonded to the tube 121 to
      define an integral unitary structure or conduit 21.
PAR  It will also be appreciated that the flexible conduit 21 may have one or a
      plurality of reinforcing wires which are helically wound and provided
      without a sleeve therearound. Further, the flexible conduit 21 may be
      reinforced by any other suitable means well known in the art.
PAR  Reference has been made in this disclosure to the use of a pulling device
      or puller 124 for pulling each mandrel 22 as it emerges from its conduit
      21. The puller 124 may be of any suitable known construction and in this
      example of the invention such puller has a plurality of pairs of canted
      rollers, or the like, which are urged against and engage opposed surfaces
      of the mandrel 22. The cooperating rollers rotate in opposite directions
      and cooperate once frictionally urged against the mandrel to pull and
      simultaneously rotate the mandrel 22 away from its clamped conduit 21 and
      onto the conveyor 125 in the manner previously described. A typical puller
      of this type is manufactured by the Gatto Machinery Development
      Corporation, 134 Rome Street, Farmingdale, New York, 11735 and sold under
      the designation CAT-A-PULLER Model No. 846.
PAR  The mandrel 22 is shown herein as being in the form of a tubular mandrel;
      however, it will be appreciated that such a mandrel need not necessarily
      be tubular but may be of a substantially solid cross-sectional
      configuration provided such a solid mandrel is also rigid and has a
      comparatively rigid outside surface similar to the rigid outside surface
      40 of mandrel 22.
PAR  The apparatus and method of this invention have been described in
      connection with the removal of mandrels which are 50 feet long from within
      conduits 21 used in vacuum cleaner applications. However, it will be
      appreciated that the apparatus and method of this invention may be
      utilized to remove all types of substantially flexible conduits from
      around their associated elongated rigid supporting mandrels including
      conduits used as automobile radiator hoses as well as hoses used to convey
      all types of fluid.
PAR  Reference has been made in this disclosure to the removal of each mandrel
      22 from its conduit 21 by simultaneous relative rotation and relative
      axial movement. The speed of relative rotation used is generally of the
      order of 120 revolutions per minute while the speed of relative axial
      movement is generally of the order of 60 feet per minute.
PAR  While present exemplary embodiments of this invention, and method of
      practicing the same, have been illustrated and described, it will be
      recognized that this invention may be otherwise variously embodied and
      practiced within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for removing a flexible tubular conduit from around an
      elongated rigid supporting mandrel which is at least several feet long
      with said conduit having at least one integral helical reinforcing wire
      extending along the length thereof, said method comprising the steps of
      supporting said mandrel and its conduit on a support structure, holding an
      end portion of said conduit in a stationary position, and simultaneously
      rotating and moving said mandrel during holding of said conduit in said
      stationary position to remove said mandrel from within said conduit, said
      rotation of said mandrel being in a direction opposite the direction of
      rotation of said helical reinforcing wire causing radial expansion of said
      conduit relative to said mandrel enabling easier moving of said mandrel
      from within said conduit.
NUM  2.
PAR  2. A method as set forth in claim 1 in which said supporting step comprises
      supporting said mandrel and its conduit substantially horizontally, said
      mandrel and conduit being at least several feet long.
NUM  3.
PAR  3. A method as set forth in claim 2 in which said holding step comprises
      clamping said end portion of said conduit between semicylindrical surfaces
      of a clamp.
NUM  4.
PAR  4. An apparatus for removing a flexible tubular conduit from around an
      elongated rigid supporting mandrel which is at least several feet long
      with said conduit having at least one integral helical reinforcing wire
      extending along the length thereof, said apparatus comprising, a support
      structure for said mandrel and its conduit, means for holding an end
      portion of said conduit in a stationary position, and means for
      simultaneously rotating and moving said mandrel relative to said holding
      means during holding of said conduit by said holding means to remove said
      mandrel from within said conduit, said means for rotating and moving
      operating to rotate said mandrel in a direction opposite the direction of
      rotation of said helical reinforcing wire causing radial expansion of said
      conduit relative to said mandrel enabling easier moving of said mandrel
      relative to said holding means.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 in which said support structure
      comprises a plurality of elongated trough-like supports which are arranged
      in spaced rectilinearly aligned relation and are adapted to support said
      mandrel and its conduit substantially horizontally.
NUM  6.
PAR  6. An apparatus as set forth in claim 5 in which each of said elongated
      trough-like structures has an inclined slide member supported in a
      stationary position and a plate assembly which is adapted to be moved
      toward said slide member to define a V-shaped structure for supporting the
      mandrel and its conduit, said plate assembly being adapted to be moved
      away from said slide member to allow said conduit to drop away therefrom
      after removal of its mandrel.
NUM  7.
PAR  7. An apparatus as set forth in claim 6 and further comprising means for
      moving said plate assembly toward and away from said slide member.
NUM  8.
PAR  8. An apparatus as set forth in claim 7 in which said means for moving said
      plate assembly comprises an actuator assembly having an extensible and
      retractable rod.
NUM  9.
PAR  9. An apparatus as set forth in claim 4 in which said means for holding an
      end portion of said conduit in a stationary position comprises a clamp
      device.
NUM  10.
PAR  10. An apparatus as set forth in claim 9 in which said clamp device
      comprises a stationary portion having a substantially semicylindrical
      clamping surface and a movable portion which has a cooperating
      semicylindrical clamping surface.
NUM  11.
PAR  11. An apparatus as set forth in claim 10 in which said movable portion and
      its semicylindrical surface is moved into clamping engagement by a linkage
      which is pivoted about a fixed pin.
NUM  12.
PAR  12. An apparatus as set forth in claim 11 and further comprising an
      actuator for pivoting said linkage and said movable portion about said
      fixed pin.
NUM  13.
PAR  13. An apparatus as set forth in claim 4 in which said means for
      simultaneously rotating and moving said mandrel comprises a dual-purpose
      device having a rotatable rod provided with a terminal end which is
      particularly adapted to engage a pair of inclined surfaces of a connector
      fixed on said mandrel to enable rotation of said mandrel.
NUM  14.
PAR  14. An apparatus as set forth in claim 13 in which said device comprises a
      pair of fixed parallel ways, a carriage which is movable along said ways,
      and a drive for rotating said rod.
NUM  15.
PAR  15. An apparatus as set forth in claim 14 in which said device further
      comprises means for moving said carriage and said rod with its drive along
      said ways.
NUM  16.
PAR  16. An apparatus as set forth in claim 15 in which said means for moving
      said carriage and said rod with its drive along said ways comprises a ball
      screw and a cooperating ball nut fixed to said carriage and threadedly
      received around said ball screw such that upon rotating said screw in one
      direction said ball nut and carriage is moved in a corresponding direction
      and upon reversing the direction of rotation of said screw said ball nut
      and carriage are moved in an opposite direction.
NUM  17.
PAR  17. An apparatus as set forth in claim 16 in which said means for moving
      said carriage and said rod with its drive along said ways comprises a
      reversible electric motor operatively connected to said ball screw.
PATN
WKU  039464849
SRC  5
APN  5736323
APT  1
ART  325
APD  19750501
TTL  Continuous processing system
ISD  19760330
NCL  16
ECL  1
EXP  Tupman; W.
NDR  18
NFG  25
INVT
NAM  Aronstein; Jesse
CTY  Poughkeepsie
STA  NY
INVT
NAM  Harding; William E.
CTY  Poughkeepsie
STA  NY
ASSG
NAM  International Business Machines Corporation
CTY  Armonk
STA  NY
COD  02
RLAP
COD  74
APN  329920
APD  19730205
PSC  01
PNO  3889355
CLAS
OCL   29569R
XCL   29563
EDF  2
ICL  B01J 1700
FSC   29
FSS  569;33 P;563
FSC  118
FSS  6
UREF
PNO  3047933
ISD  19620800
NAM  Chick
OCL   29569
UREF
PNO  3530571
ISD  19700900
NAM  Perry
OCL   29563
UREF
PNO  3543392
ISD  19701200
NAM  Perry
OCL   29563
UREF
PNO  3576540
ISD  19710400
NAM  Fair
OCL   29563
UREF
PNO  3618199
ISD  19711100
NAM  King
OCL   29569
LREP
FR2  Powers; Henry
ABST
PAL  A manufacturing system utilizing a plurality of satellite functional
      processing stations or sectors, each capable of stand-alone operation. The
      stations are interconnected by a handler or conveyor, which will transport
      individual ones of work-pieces from one processing station to the next in
      accordance with a prescribed sequence corresponding to the processing
      requirements for the workpiece.
PARN
PAR  This is a division, of application Ser. No. 329,920 filed 2/5/73, now U.S.
      Pat. No. 3,889,355.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention is directed to a complete manufacturing system which has
      capability of fast turn-around, maximized yield and low in-process
      inventory. More specifically, the manufacturing system of this invention
      is directed to operations involving the processing of multiple part
      numbers wherein the cost of base material and processing is trivial with
      respect to add-on value, and wherein the improvement comprises the
      interdependent minimization of processing cycle time and miximization of
      completed part yield.
PAR  Although the invention has general application to a wide range of
      manufacturing systems for processing a corresponding scope of work-pieces,
      it will be illustratively described with specific reference to a
      semiconductor manufacturing system to which environment the invention was
      developed.
PAC  DESCRIPTION OF PRIOR ART
PAR  As background for the development of the invention in the semiconductor
      processing environment, it may be noted, that during the early 1960's the
      industry at large engaged in extensive manufacture of planar semiconductor
      structures, particularly with respect to silicon diodes and/or
      transistors. In the processing of semiconductor wafers (e.g. silicon),
      there were two clearly identifiable modes of batch processing. The first
      was the wafer itself, where, within it, batching was accomplished by
      forming a plurality of identical transistors or diodes. Typically, a 1.25
      inch diameter wafer could contain 1000 transistors. For purposes of
      discussion, this mode of batch processing is defined as "WAFER BATCHING".
PAR  A second mode of batching, herein called "MULTIPLE WAFER BATCHING" was also
      identifiable in various production lines. A typical example of the form of
      batching in a diffusion step, might employ the processing of 200 wafers
      simultaneously.
PAR  In order to increase output and to lower costs, various manufacturing
      systems developed throughout the 1960's exploited each of these batching
      modes.
PAR  With respect to WAFER BATCHING it may be noted that this mode of operation
      does reduce the separate cost/device of each manufacturing step.
PAR  One way to improve the advantages of WAFER BATCHING is by increasing the
      size of the wafer, which over the years has progressively increased in
      sequential steps from an initial diameter of 0.75 inches to presently
      advanced use of 3.25 inch diameter wafers. However, although such WAFER
      BATCHING can economically improve thruput of a system, it frequently
      requires significant re-tooling to accommodate its increasing wafer size.
      Jigs, handlers, racks, etc. may all have to be redesigned and old tools
      obsoleted. Frequently, significant process modifications must be developed
      (with their associated costs) to accommodate tool and process. For
      example, a completely new diffusion furnace design may be required for an
      increase in wafer size. In addition, extensions of WAFER BATCHING rarely
      raise yield, and in fact, tend to decrease it.
PAR  Examples of improvements over the years utilizing MULTIPLE WAFER BATCHING
      are numerous, typical of which is the use from 8 to 18 and then up to 35
      wafers in metallization operation; from 8 to 20 and then to 70 wafers in
      epitaxial reactors, and from 10 wafers to as many as 300 batched wafers in
      diffusion operations.
PAR  This mode of batching has some significant negative consequences. First, it
      is usually done independently for each operation. Thus, the improvement
      enhances only the thruput and cost for that particular operation.
      Secondly, it leads to gross batch size mismatch throughout the line
      creating larger in-process inventories and, thirdly, the technique usually
      results in process times for the operation itself to be increased. Slight
      reduction in process yield for the operation is a common result. It should
      be pointed out that neither of these batching modes affects the number of
      chips which must be tested and this part of the fabrication contributes
      significantly to total chip cost.
PAR  With the advent of monolithic integrated circuits, a third batching mode
      was added which herein is called "CHIP BATCHING". This third mode is
      simply the exploitation of large scale integration as seen and discussed
      within the semiconductor industries. Typically, this technology permits
      the increase in the output of a single chip from one transistor to over
      1400 individual transistors and resistors in typical integrated circuits.
      Normally, this increase of more than 1400 times is paid for by only
      increasing chip size.
PAR  It is the considered opinion of the inventors, of this application, that
      future improvements in the manufacturing system can make little or no
      gains in "MULTIPLE WAFER BATCHING". Similarly, systems based upon
      extensions of WAFER BATCHING can make few gains while running the risk in
      geometrical problems involving size fragility of wafers, mechanical
      registration, thermal gradients, etc. are likely to further degrade
      yields.
PAR  On the other hand, CHIP BATCHING for large scale integration is just
      beginning with the potential of increasing thruput at least another factor
      of at least 10 at perhaps no more than at a price of increasing chip areas
      by factors of 2 to 4 times. Simultaneously, also obtained will be the
      added value of the integrated product, reduced testing cost minimized
      potential tooling changes and reduced packaging costs.
PAR  Irrespective of the batching mode employed, the fabrication of
      semiconductor devices involves a sequence of many process steps. The
      number of processing steps varies and is determined by the kind of product
      and its complexity. The sum of the times required to do all the steps and
      sequence is called "PROCESSING TIME" and is typically 40 to 60 hours of
      the total production time. Factories based upon MULTIPLE WAFER BATCHING
      have longer PROCESSING TIME because the tools, while handling many parts
      simultaneously, also have characteristics which add to the processing time
      (longer outgassing time or cooling time in an evaporator, for example). In
      addition their loading, unloading, and set up times are frequently longer.
PAR  In addition to the PROCESSING TIME, the total cycle time for wafer
      fabrication includes QUEUE times, which in fact make up the major part of
      the total time of fabrication. In today's manufacturing lines, total QUEUE
      times are typically 40 to 60 days. Wafers Queue for many reasons such as
      the time to assemble the MULTIPLE WAFER BATCH, equipment down time,
      waiting while masks are matched to job lot, etc. Individual times can
      become so long, that extra cleaning steps may be required which in turn
      increase PROCESSING TIME.
PAC  SUMMARY OF THE INVENTION
PAR  In contrast to the foregoing, the manufacturing system of the invention
      disclosed herein is characterized with substantially lower PROCESSING TIME
      and queue times. Each individual process tool is specified so that all of
      them will function in concert to fabricate a wafer quickly without
      waiting. In most operations, if not all, wafers will be individually
      processed on a first-in first-out basis. Instead of designing tools for
      large throughput with a sacrifice in yield or dependability, the
      manufacturing system of this invention comprehends a system with the
      objectives of high yield and highest dependability of manufacturing
      equipment.
PAR  In its broaded concept, the invention comprehends a manufacturing system in
      which the processes to be performed are implemented by tools which are
      grouped together in sectors. A central transportation system moves product
      from one sector to another.
PAR  In application a manufacturing process of interest is partitioned into
      functional parts or sectors. Each part consists of a set of process steps
      designed so that before and after which, the work product may be stored
      for some period of time without degradation in product quality or expected
      yield. The reason for partitioning the process this way is to allow
      accommodation of equipment failure and repair.
PAR  The process sectors are comprehended as asynchronously operating processing
      plants which accomplish a set of process steps. Upon sensing the presence
      of a work-piece at the input port, the sector controls cause the units to
      be processed through the entire sequence of steps in that sector and,
      after passing, optionally through an output buffer, to an output port for
      pick up by the central transport. In accordance with well known
      techniques, measurements are provided within a sector to allow
      confirmation of proper operation of tools within the sector and in some
      cases where desired, to provide send-ahead information for adaptive
      process controls to be applied in subsequent process sectors. Each of the
      sectors is also envisioned to be under suitable control, either by general
      purpose computer or a hard-wired system, to specify and maintain process
      parameters, and to maintain proper flow of work-pieces for the sector.
PAR  The central transport system consists of one or more mobile work-piece
      carriers which can be commanded to pick up a work-piece from the output
      port of one sector and bring it to the input port of another sector. The
      central transport is operated under a control system which can be
      pre-programmed to specify the required sequence of sectors through which
      the work-piece is to be transported so that it may undergo a prescribed
      sequence of processing operations. Logistic control is also contemplated
      to be employed to enable the work-pieces to be processed on a first-in
      first-out sequence. In operation a control system enables the transport to
      travel to any of the input or output pedestals of a prescribed sequence of
      selected sectors for pickup or delivery of the work-piece as required by
      the processing schedule.
PAR  Normally, the work-piece will enter the system via a loader built into the
      overall system or into the initial process sector which will perform an
      initial set of operations on the work-piece. Upon arrival at the output
      pedestal of that sector, the central transport handler will be commanded
      to pick up the work-piece and deliver it to the next (process
      sequence-wise) process sector, provided that the next sector is known to
      be in operating condition. If the next sector is down, work-pieces can be
      temporarily stored in a buffer unit until the sector condition can be
      rectified. Upon arrival at the next sector, the work-piece will be taken
      through its series of process steps with arrival at an output pedestal for
      transport to the next sector in the prescribed sequence of sectors.
PAR  Repeating this throughout the line, each work-piece in sequence is taken
      through the manufacturing steps from start to finish. The intra-sector
      work-piece flow can normally be accomplished by local controls which may
      be dedicated to each sector. This mode of operation provides for a fail -
      soft operation, independent installation and debug of process sectors,
      featurability of additional process sectors, and accommodation of sector
      outage due to the equipment failure.
PAR  In the simplest form, a total manufacturing system comprehended by this
      invention can be viewed as comprised of three parts. The first consists of
      the processing, the specifications and the product, design etc; the second
      involves the physical tools which execute the processes and in turn, form
      the product; and thirdly, the system utilizes controls which regulate the
      line activity, commands its action and records the status of the
      production line as for example, production control and supervising the
      flow of product and material.
PAR  The manufacturing system, as further described below, enables product
      demand to be made in a short time, thus enabling response to changing
      orders to be maximized, and facilitates reaction to engineering changes.
      The short processing times enabled by the manufacturing system of this
      invention also helps in reacting to and correcting out-of-control
      condition.
PAR  A more complete understanding of the invention may be had by reference to
      the following more detailed description taken in conjunction with the
      accompanying drawings wherein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic representation in plan view of a manufacturing
      system embodying the principles of the invention of this application.
PAR  FIG. 2 is a diagramatic representation in perspective of a transport system
      suitable for use in the manufacturing system of this invention.
PAR  FIG. 3 is an elevational view, partly in section, of a wafer chuck which
      can be employed in association with the transport system of FIG. 2.
PAR  FIG. 4 is a diagramatic representation in plan view of a processing sector
      in the manufacturing system of this invention adapted for oxidation of
      semiconductor substrates.
PAR  FIG. 5 is a diagramatic representation in plan view of a processing sector
      in the manufacturing system of this invention adapted for exposing
      photoresist coatings, on semiconductor substrates, in desired patterns.
PAR  FIG. 6 is a diagramatic representation in plan view of a processing sector
      in the manufacturing system of this invention, adapted for the formation
      of source and drain regions in semiconductor substrates.
PAR  FIG. 7 is a diagramatic representation in plan view of a processing sector
      in the manufacturing system of this invention, adapted to oxidize a region
      or semiconductor substrates for the fabrication of field effect transistor
      devices.
PAR  FIG. 8 is a diagramatic representation in plan view of a processing sector
      in the manufacturing system of this invention adapted to formation of
      metal coatings on semiconductor substrates.
PAR  FIG. 9 is a diagramatic representation in plan view of a processing sector
      in the manufacturing system of this invention adapted to heat treatment of
      the metal coatings obtained in the unit of FIG. 8.
PAR  FIG. 10 is a schematic illustration of a control system for use with a
      manufacturing system in accordance with this invention.
PAR  FIG. 11 is a schematic illustration of a control system for a transport
      system adapted for use in the manufacturing system of this invention.
PAR  FIG. 12 is an exploded view illustrating details of a transport system
      shown in the proceeding figures.
PAR  FIG. 13 is an exploded view illustrating details of a portion of a
      transport system to be employed for transfer of wafers between various
      semiconductor processing sectors.
PAR  FIG. 14 is an elevational view partly in section illustrating details of a
      wafer carrier incorporated in the proceeding figures.
PAR  FIGS. 15 to 18 illustrate steps of control systems for various operating
      modes employed in the manufacturing system of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a manufacturing system is shown whose overall
      processing operations are partitioned into processing stations or sectors
      1A to 1F, each sector comprising a set of processing steps before and
      after which the product may be stored for some period of time without
      degradation. Sectors 1A to 1F are in effect unit manufacturing plant which
      accomplish a set of processing steps, and which may have a temporary
      product storage unit at the output end. Although only six processing
      sectors are illustrated, it is to be understood that as many sectors as
      may be required to accommodate the total output of a plant, may be
      employed from which their preselection and sequencing effected by means of
      suitable control units well known art for controlling the transfer of a
      work-piece between the various sectors by a central transport unit or
      conveyor, generally indicated by numeral 2.
PAR  In operation, work-pieces are brought to the input port or loading position
      of each sector by the central transport unit 2. Upon sensing the presence
      of a work-piece at an input port or position, the controls of that process
      sector cause the work-piece to be processed through the entire sequence of
      steps incorporated in that particular sector, and after passing through
      the processing operation of that sector, the work-pieces are brought to
      the output port of that sector for pickup by the central transport for
      transportation and transfer to the next required sector in a prescribed
      sequence of work sectors specified by the control unit regulating movement
      of transport 2.
PAR  The central transport 2 may include one or more mobile work-piece carriers
      which can be commanded to pick up a work-piece from the output port or
      unloading position, of one sector and bring it to the input port of any
      other specified sector. Normally, as further described below, a servo
      control enables the transport to travel to any of the input or output
      ports or station of the various sectors for pickup or delivery of a
      work-piece as directed by the control unit.
PAR  Where the manufacturing system of this invention is adapted to the
      manufacture of semiconductor devices, each of the work sectors 1A to 1F
      will have all the tooling required for effecting one or more semiconductor
      processing operation assigned to the sector, as for example such as
      epitaxial growth, metallization, photoresist development, oxide etching,
      photoresist stripping, impurity diffusion, impurity drive-in, metal
      etching, formation of dielectric coatings, sputtering, ion implantation,
      photoresist coating operations, and the like.
PAR  For purposes of illustrating a typical semiconductor manufacturing system,
      the system of FIG. 1 may be correlated to the production of field effect
      transistor circuits. In such applications, the system will contain all the
      tooling required for producing the field effect transistors circuits,
      inclusive from raw wafer through aluminum sinter. For production of field
      effect transistor circuits, the system will include an initial oxidation
      sector 1A; a source and drain deposition sector 1B; a gate oxidation
      sector 1C; a pattern generating sector 1D; a metallization sector 1E; and
      a sintering sector 1F. Except for the align and expose sectors, the
      tooling in each of the remainder sectors will be dedicated for each
      processing series of steps. Normally, single wafers will enter the system
      at a gated rate and proceed through the sectors on a first-in, first-out
      basis. Preferrably, buffering will be provided at the output ports of
      sectors 1A, 1B, 1C and 1E to accommodate any equipment unreliability.
      Although the buffer units in each sector may take any desired
      configuration a typical one can be exemplified by that described in
      co-pending application U.S. Ser. No. 203,374, filed Nov. 30, 1971 and
      assigned to the assignee of this application.
PAR  Wafers can be fed into the system via any suitable loader 3 built into the
      initial sector, e.g. initial oxidation station 1A, which sector will
      generally perform a set of cleaning operations, growth of an oxide on the
      wafer, and the application of a layer of photoresist material over the
      oxide coating.
PAR  In addition, it is to be noted that photoresist applyand-dry and develop
      -etch-strip operations are coupled into the appropriate hot process
      sectors to enhance adhesion and cleanliness. These parts of the
      photolithographic operations are distributed throughout the line in a
      manner designed to maximize yield and minimize control complexity.
PAR  Align and expose apparatus is common for all levels, although the
      featureability of this system allows the use of various methods where
      justified for yield, cost, etc.
PAR  As indicated previously, the various processing sectors are connected by a
      central transport system 2 which will include a wafer handler which can
      pick up a wafer from one sector and deposit it at another. The handler
      operates on one wafer at a time for sake of mechanical and control
      simplicity. In the specific FET processing operation shown, the wafer will
      be transferred eight times during complete processing.
PAR  The process sectors 1A to 1F are grouped around the handler as satellite
      stations so as to simplify the facility. Hot processing sectors are
      grouped in one area, align and expose section at another, thus
      facilitating the installation and maintenance of specific environments and
      services required for each type of tool. For example, the align and expose
      equipment may require an air-conditioned enclosure, whereas the hot
      processing equipment may require exhaust ventilation.
PAR  The manufacturing system includes four main buffers one at the output of
      each hot process sector, e.g. initial oxidation sector 1A; source and
      diffusion deposition sector 1B; gate oxidation sector 1C; and
      metallization sector 1E. There is normally no need for buffers at the
      output of the pattern generators units 6 in the resist expose sector 1B,
      since their internal capacity is only one wafer. Provision may be made
      however for a one wafer buffer capability at the input to any of the
      develop-etch-strip operations of the other sectors to allow for the
      possibility that a sector may go down while a wafer destined for it is in
      the align and expose stations. As will be obvious, it is desirable to
      clear the pattern generating units 6, in the expose sector 1B, so that
      other levels can still be processed.
PAR  Temporary wafer storage buffers 4 are placed at points in the process where
      storage time does not effect yield, as for example, after the resist
      apply-and-dry units 5 (in work sectors 1A, 1B, 1C, and 1E) which operation
      is employed prior to the align and expose operation in the pattern
      generating units 6 of the resist expose sector 1D. In practice the
      manufacturing system will be designed with a built-in over capacity of all
      processing sectors to allow queues to be absorbed after a down-sector is
      repaired. Operation of the overall manufacturing system is asynchronous;
      each work sector or sub-sector to operate on a wafer as soon as it
      arrives, until its maximum repeat rate is reached.
PAR  The first-in, first-out one-wafer at a time operation makes it relatively
      simple to contain a part number mix problem. A large variety of different
      part numbers can be processed using a minimal production control support
      system to track wafers within the line. In a production system of this
      type with a high part number mix, wafer serial and/or part number identity
      can be verified prior to any of the last three align and expose steps.
      This can be done during transist in the wafer handler of the central
      transport unit 2 by relatively simple equipment and state-of-the-art
      techniques.
PAR  Illustrative of such part mix-processing, is the fabrication of an
      interspersed flow of different part numbers of a family of wafers in which
      the processing parameters of the various processing sectors, with the
      exclusion of the pattern generators 6, are substantially the same. In this
      respect personallization of the various part numbers is effected by
      suitable reading of the wafer serial and/or part number, to select the
      appropriate pattern for exposing the resist coated wafers at their various
      levels of processing corresponding to the particular part number of the
      product mix flow.
PAR  The central transport system 2 can comprise one or more mobile wafer
      carriers 7 which will include a wafer pickup and release mechanism 8 on a
      carriage 9 which travels along a guide rail 10 as illustrated in FIG. 2.
      As shown in the drawing pedestals 11 support the guide rail 10 above the
      load and unload pedestals of the various process sectors or stations. In
      general, input and output positions of all process sectors are on the line
      below the guide rail. Wafers are picked up, carried and deposited in a
      horizontal face-up position.
PAR  Wafer pickup can be accomplished by a version of the Bernoulli probe, such
      as shown in FIG. 3 as part of the wafer lifter mechanism, or preferably
      the wafer pick-up can be of the type shown and described in copending
      application U.S. Ser. No. 319,563 filed Dec. 29, 1972 (IBM Docket
      FI9-72-137) assigned to the assignee of this application. The wafer pickup
      12 illustrated in FIG. 3 comprises a base plate 15 formed with a plurality
      of peripheral apertures 14 through which are mounted a radial assortment
      of flexible tubing 17 connected with a vacuum manifold 15 coupled to a
      source of pressure at the vacuum inputs 16. Mounted about each of the
      tubings 17 is a yoke unit 18 in which is secured a light leave spring 19
      which is anchored at its other end in the body portion 20 to bias the free
      ends of the tube 17 uniformly out of the front face of support plate 14 so
      as to secure a wafer thereto when the vacuum is turned on at an
      appropriate time. Extending through the body portions 20 is an air passage
      21 connected to source of positive gas pressure to eject a source or
      stream of gas out of the nozzle 22 to provide a Bernoulli effect which
      will raise a wafer 23 against the open ends of tube 17 for securing a
      wafer thereto under pressure. As it will be noted the tubes 17 are spaced
      about base plate 24 for engagement about corresponding peripheral portions
      of wafer 23.
PAR  In general the carriage assembly 9 comprises the pickup head 8, a Z-motion
      drive motor 7, a drive motor 25 for driving a pinion gear 12020 along a
      rack 26 secured on the upper surface of support rail 10. In general,
      information for driving or for controlling the movement of the transport
      system 2 will be transmitted by means of a service cable 27 extending from
      a control unit which specifies the selected sequence of process sectors
      through which the wafer is to be sequenced; which sectors are available
      for wafer input; senses the presence of a wafer available for pickup at
      the output of a sector; senses carriage status (availability to pick up a
      wafer); and carriage location. More specific details of the transport will
      be described below.
PAR  As indicated previously, the process sectors or stations are configured to
      accomplish a set of process steps which can be done in a rapid sequence to
      meet high-yield objective and for this purpose each sector can be
      optimized to obtain such result. For this reason, the apparatus within
      each sector is selected on the basis of highest yield potential.
PAR  Each sector will also contain adequate timing, motion, and parameter
      controls to allow for debug and system operation and maintenance.
      Additionally, an interface can be provided to a control system for data
      collection, wafer tracking, and, where appropriate, over-riding computer
      control of critical parameters in accordance with well-established
      techniques.
PAR  To initiate the operation, the wafers can be introduced or fed into the
      initial oxidation sector 1A for chemical cleaning of the inputted wafers
      so as to remove organic and inorganic contaminates, and then for
      deposition of thermal oxide and application of photoresist coating. There
      are five main processing operations or steps in this initial oxidation
      sector 1A, which are 1. Wafer storage and load, 2. wafer cleaning, 3.
      initial oxide formation, 4. oxide thickness measurement, and 5.
      photoresist application and drying. This overall sector layout is shown in
      FIG. 4.
PAR  Prior to introduction in oxidation sector 1A, the silicon wafers to be
      imputted are pre-inspected and loaded into the sector via linear carriers
      such as described in the aforesaid copending application U.S. Ser. No.
      203,374. The wafers can then be mechanically transported from the linear
      carrier to the cleaning operation at a specified gated input rate. In
      general, the wafer cleaning station 29 which will receive wafers from the
      loading position 30, will comprise a series of wet processing tanks and
      one dry tank or chamber located at equal intervals in a linear patch. In
      general, a handler 31 will pick up the wafers in a horizontal position
      from the load station 30 rotate the wafers 90.degree. in a vertical
      position, in which the wafers are transported through the wafer cleaning
      station by the mechanical handler 31. The handler will dip the wafer into
      the processing tanks or chambers 32A to 32E in sequence for the required
      times. In general two mechanical handlers 31 are used in the claiming
      station to achieve increase throughput rate.
PAR  The wafers leaving the cleaning station are then transferred by a handler
      34 for a suitable orientation at station 36 loading onto moving boats 33
      for feeding into the oxidation furnace 35 for processing the wafers in a
      continuous mode. One suitable continuous oxidation furnace may be of the
      configuration disclosed and described in U.S. Pat. No. 3,650,042 granted
      Mar. 21, 1972. In general the wafers will be oxidized in a horizontal
      position on quartz boats which on leaving the furnace will be cooled for
      transfer by handler 36 through an oxide thickness measurement tool 37 to a
      transfer table 38 for pickup and transfer by handler 39 to a spinning
      pedestal station 40 for application of photoresist with sequencing through
      a hot plate 41 for drying with eventual temporary storage, if required, in
      a buffer from which the wafer can be fed to the unloading position 43 for
      controlled pickup by the central transport 2. Automatic oxide thickness
      measurements can be used for furnace parameter control verification and
      for subsequent control of an oxide etching operation in a source and drain
      diffusion sector or station 1B. Visual observation can also be performed
      on the wafers at the transfer table 40 at which the wafer can be
      programmed to dwell for a short time prior to moving on. This will
      facilitate random visual inspection without significant delay of wafer
      progress. Principle purposes of the visual observation at transfer table
      38 is to help determine operational status at the previous process tooling
      so that the wafers can continue to be committed to the tools or for
      stopping the input until corrective maintenance is performed. These
      inspection stations appear throughout the line as noted on the sector
      drawings. In general the photoresist application station 40 and the drying
      station 41 are generally represented by the generalized unit 5 in FIG. 1.
PAR  The mechanical handler 39 picks up the wafer from the transfer table 38 and
      transports it to and within the resist apply-and-dry stations, 40 and 41,
      respectively. The photoresist apply and dry stations can comprise a single
      spin/apply station and a simple hot plate. Wafers taken from the hot plate
      can be deposited on a conveyor leading to the buffer unit 4 where they
      wait for the transport unit to transfer them to the align and expose
      sector 1B.
PAR  After processing of a wafer through the initial oxidation sector 1A, the
      wafer at sectors unload an output position 43 to be picked up by the
      central transport 2, and transported to an available load for input
      position 30 of one of a pair of pattern generators units 6 in the
      photoresist expose sector 1D. Each of the pattern generating units 6 may
      be suitably interconnected with a mask library through which an
      appropriate number of masks is available for transfer to the pattern
      generated unit 6 in point for exposing of a photoresist coating on the
      wafer.
PAR  When the wafers are transported to the input position 30 of a pattern
      generators unit 6, a handler 32 will transfer the wafers to wafer
      orientation position 33 with eventual transfer within the expose position
      of pattern generators unit 6. The photoresist expose sector comprehends
      the use of any conventional resist exposure systems including contact
      printing, projection printing, and step and repeat techniques. One
      preferred form of a unit for exposing resist in a required pattern is
      exemplified by the patent generator unit disclosed in U.S. Pat. No.
      3,644,700 issued Feb. 22, 1972. As disclosed in this patent, its pattern
      generator employs means for aligning a wafer for exposure, followed by use
      of an ion beam to write the pattern on a photoresist coating in accordance
      with an exposure program contained in its memory. These exposure programs
      may be selected from a plurality of ones stored in a mask library memory
      in association with part numbers which may be appropriately selected in
      correlation with the specified sequence of selected ones of said work
      sectors, pursuant to a main control unit for the manufacturing system.
      Alternately, where conventional semiconductor masks are employed, they may
      be suitably stored in the mask library 54 from which they are selected for
      use in the pattern generating unit 6.
PAR  After exposure, the handler 52 will transfer the exposed resist coated
      wafer to an output position 55 to await pickup by the handler of the
      central transport system 2. When directed by the central control unit, a
      wafer carrier illustrated in FIG. 2, will pick up the wafer at the output
      port 55 of the resist expose station 1D for transfer to the input port 56
      of the source and drain sector or station 1B. After the wafer is
      transferred to a load pedestal 56, of sector 1B, it is picked up flat by
      one of handlers 31, in this sector, rotated 90.degree. and dipped in a
      plurality of compartments or tanks in the develop-etch-strip section 57,
      which will contain appropriate solutions for developing the exposed
      resist, etchants for removal of exposed silicon oxide coatings, and
      stripping of the remainder of the resist coating, with appropriate rinsing
      solution dispersed through the section as required. Hardware for the
      develop/etch/strip operation is essentially the same as for the cleaning
      operations discussed in sector 1A and is repeated elsewhere in the line.
      Having completed the source and drain openings, the wafer is then
      transported on a conveyor 58 in a horizontal position to the source and
      drain diffusion furnace 61 via a visual observation station 59 which may
      incorporate automatic wafer orientation mechanisms well known in the art.
      As shown, the handler 60 will transfer the wafers flat on a queue of
      quartz boats for traverse through the various process zones of the furnace
      61 which may have a configuration such as exemplfied in copending
      application U.S. Ser. No. 825,827 filed May 19, 1969 and assigned to the
      assignee of this application. On exiting from the source and drain furnace
      61, the wafers will be picked up by handler 62 which can transfer it
      through a measuring station and a photoresist application station 37, a
      hot plate 41 for eventual transfer to a visual observation station 38A
      with subsequent transfer on a conveyor 63 to the output pedestal 64 via a
      buffer 4 as required when directed by the control unit of the
      manufacturing system, the wafer transport unit 2 will pick up the wafer
      positioned on the output pedestal 69 of the source and drain sector 1B for
      transfer of a pattern generating unit 6; to an unoccupied pedestal 50 in
      the resist expose sector 1D to delineate the critical gate area of the
      field effect transistor device in the resist coating on the wafer. After
      exposure, the wafer is then transferred by a handler 52 to an output
      pedestal 55 for pickup by the wafer transport system 2 and transferred to
      the gate oxide sector or station 1C and placed flat onto its output
      pedestal 66.
PAR  In accordance with the controls of the gate oxidation sector 1C, the wafer
      will be picked up by a handler 67 which rotates the wafer 90.degree. for
      dipping it into appropriate compartments of a photoresist developing
      section 68 having appropriate solutions for the development of the exposed
      resist and rinsing, with eventual transfer to a rotating hot plate 68 for
      a dry post bake of the resist. At the post bake station, the wafer is
      automatically placed on a rotary hot plate bake table, after which it is
      picked up by one of automatic handlers 69 for a six individual dipping
      operation at section 70 having a plurality of compartments for etch,
      rinse, strip rinse and blow dry of the processed wafer. The wafer is then
      placed on a conveyor 71 for transport through an observation station 72
      with subsequent loading on boats 73 for passage through an oxidation
      furnace 74 for formation of a required thickness of oxide. Again, the
      configuration of the oxidation furnace with its processing tube, can take
      the configuration exemplified by the aforesaid U.S. Pat. No. 3,650,042.
PAR  During the residence of the wafers passage through the oxidation furnace 74
      and after having the oxide layer built up to a desired thickness, the
      wafers will be subjected to an appropriate dopant, such as a phosphorus
      oxide chloride (POC1.sub.3) gas for appropriate modification of the oxide
      layer. As the wafers exit, the furnace 74 they are picked up by a handler
      75 for transfer to station 76 where a photoresist can be spin coated on
      the wafer with the handler 75 stopping the wafer again to a hot plate 77
      for final drying. The wafer is now ready for transfer on a conveyor 78
      through a visual observation station 79 and through the buffer 4 to the
      sector output pedestal 79 where it will be ready to be transferred via the
      central transport system 2 to the photoresist expose sector or station 1D.
PAR  An appropriate command from the central control unit, the central transport
      system 2 will pick up the wafer on the output pedestal 79, of gate
      oxidation sector 1C and deliver it to an input pedestal 50 of one of the
      pattern generating units 6 in the photoresist exposure station 1D. After
      exposing the desired pattern on a resin coated wafer, the wafer is stepped
      to the output pedestal 55, of the pattern generating unit 6 employed, for
      pick up by the central transport system where it will be transported for
      delivery to the input or load pedestal 80 of a metallizing sector or
      station 1E.
PAC  DESCRIPTION
PAR  Pursuant to the scheduling of the control unit in metallizing sector 1E, a
      handler 81 will pick up the wafer at the sector input 80 rotate it
      90.degree. and dip it through a plurality of compartments containing
      appropriate solutions for a resist development and rinsing of the wafer at
      section 82 with subsequent rotation of the wafer 90.degree. for flat
      deposit on a rotating hot plate 83 where it's picked up by handler 84 for
      dipping in a series of compartment or tanks, for etching of the underlying
      oxide and rinsing with subsequent delivery to a transfer station 85 where
      the wafer will be picked up by handler 86 which transfers it to a boat for
      passage through a metallizing unit 87 whose configuration can be
      exemplified by the metallizing systems described in the aforesaid U.S.
      Pat. No. 3,650,042.
PAR  The metallized wafers on exiting from metallizing furnace 87 will be
      conveyed to a pickup station 88 where a handler 89 will transfer the wafer
      to a resist apply-station 90 where photoresist can be spin cast on the
      wafer with subsequent transfer to a hot plate 91 for drying of the wafer,
      and then eventual stepping of the wafer to a conveyor 92 for transfer
      through buffer 4 to a sector output port or pedestal 93 for pick up by the
      central transport unit 2 for additional processing in the resist expose
      sector 1D where the resist will be exposed in a suitable pattern specified
      by the processing requirements of this system. After exposure of the
      resist by a pattern generating unit 6 in resist expose sector 1D,
      delineating the selected areas of a metal film to be removed, the wafer
      will be picked up by the central transport unit 2 for transfer to a load
      port or pedestal 94 of sintering sector 1F.
PAR  As in the preceeding sectors, the wafer at input pedestal, of sintering
      sector 1F, is picked up by handler 95 and dipped into and through a
      plurality of compartments or tanks containing solutions for developing and
      rinsing the exposed resist at section 96 with transfer to a rotating hot
      plate 97 for post baking the resist, after which it is stepped by one of
      handlers 98 through a wet processing station 99 comprising a series of
      compartments for etching exposed portions of the metallization and
      subsequent stripping of the remaining portion of the photoresist. After
      this processing operation a handler 98 transfers the wafer to a visual
      observation station 100, with subsequent transfer by a handler 101 through
      a sintering furnace 102. Upon exiting from the sintering furnace 102 the
      wafers can then be loaded into desired ones or carriers 103 at a system
      unload position 104.
PAR  Although the wafer transfer system 2 can take various configuration, one
      preferred form is that disclosed and described in copending application
      U.S. Ser. No. 319,563 filed Dec. 26, 1972 (IBM Docket FI9-72-137) assigned
      to the assignee of this application. As described in this copending
      application, a schematic overview of this parts handling system is
      illustrated in FIG. 10. As shown, the central transport system 2 will
      comprise one or more mobile wafer carriers 9 mounted on a rail 10, with
      the carrier connected by service cable 27 to a handler control system 111.
      As indicated above, the central transport system can be commanded at input
      and output pedestals of each processing sector or station shown in FIG. 9
      are distributed along the rail 10 of the transport system. Each of the
      pedestals associated with the sectors has a "PART PRESENCE" sensor (e.g.
      photosensor) which sends an electrical signal to a sensor base control
      system 112, which will perform various functions in the operation of the
      manufacturing system of this invention, one function of which is to
      control the movement of parts or work-piece from pedestal to pedestal of
      the various processing sectors or stations through which the work-piece is
      sequenced.
PAR  The control system 112 will periodically test for a part 113 present at a
      pedestal. When one is present at an output or unload pedestal, a series of
      decisions is made before a move is initiated. The designation "output"
      might refer to the output or pickup point of a tool or collection of
      tools. The control system 112 decides which tool a work-piece or part 113
      should be moved to next, senses that the "input" pedestal or port of the
      next tool is available (e.g. no part is currently on it) and sends in an
      address to handler control system 111. The address sent is that of the
      output pedestal containing the part 113 to be moved. The handler control
      system accepts this address under control of a servo subsystem (described
      below). When the move has been completed and the handler 9 has picked up
      the part, the handler control system 111, which proceeds to move the
      carriage or handler 9 to the specified address. At the completion of this
      movement, the work-piece 113 will then be transferred to the input of the
      next work sector or station required in a preselected sequence sectors.
      After this movement, the handler control system 111 again sends a movement
      complete signal to the control system 112, which now can resume it
      periodic testing of output pedestals for other parts to be moved.
PAR  The wafer handler 9, of the central transport system 2, is comprised of a
      carriage 7 on which are mounted the main drive motor 25, a vernier or fine
      positioning motor 12, a coarse positioning potentiometer 115, a fine
      position sensor 120, a clutch brake 116, a Z-axis mechanism 117 for
      raising and lowering the wafer pickup chuck 8. Normally, the carriage will
      traverse the central transist rail 10 at each stopping address of the
      various processing sectors or stations. This establishes a final stopping
      point for the carriage 9 in conjunction with minimizing drift and
      calibration problems and eliminating any type of mechanical contact at the
      stopping address. A servo demodulator 122 is employed to convert the AC
      signal from the detector to DC for the use by the fine positioning or
      vernier motor 12.
PAR  The wafer handler 9 is controlled by a two-mode servo mechanism system.
      This servo mechanism system is shown schematically in FIG. 11. The high
      speed or coarse position mode utilizes a typical direct current servo with
      a potentiometer feedback. The low speed or fine position mode utilizes a
      modified DC servo with a non-contact position sensor 120 which detects a
      fixed segment on the rail 120 on the carriage 9, and one fixed actuating
      bar segment 121 at each pedestal location or stopping address of the
      various processing sectors or stations. Also included on the carriage are
      the two servo motors, e.g. the main motor drive 25 and the fine
      positioning or vernier motor 12, the coarse position potentiometer 115 and
      the Z-motion mechanism 117. Also included in the wafer carriage 9 is the
      gear end drive mechanism (see FIG. 10) which is associated as
      electro-mechanical clutch 123 and an electro-mechanical brake 116. The
      handler controller includes a servo amplifier 123, an address matrix 124
      which serves as a digital to analog converter, a coarse position
      summing-amplifier 125, a fine position demodulator 122 which converts a
      signal from the fine position sensor from AC to DC; and also included are
      a pair of voltage comparators, in e.g. a coarse comparator 126 and a fine
      comparator 127 plus all required logic and power supplies to run the
      controller and the carriage.
PAR  With reference to FIG. 11, the operation of the system may be considered
      relative to the status of the system prior to making a move. At this point
      in time, the carriage 9 will normally be positioned over some input or
      output pedestal along the rail 10, the identification of which is of no
      moment for purposes of this consideration. At this time the brake 116 will
      be on, locking the carriage 9 to the rail 10. To initiate a movement to a
      different pedestal, a digital address is placed at the input of the
      address matrix 124. This generates a voltage or coarse address signal at
      the positive input of the coarse position summing amplifier 125. The
      current position of the carriage 9 is represented by the voltage from the
      coarse position potentiometer 115, which appears at the negative input of
      the summing amplifier 125 is a voltage which is proportional to the
      distance to be moved and of the proper polarity to drive the carriage 9 in
      the proper direction. At the outset, this error signal exceeds the
      magnitude of .DELTA. EC, and the coarse comparator switches the control
      into the coarse mode. This "switch"  connects the coarse error signal
      through the input of the servo amplifier 123 and connects the output of
      the servo amplifier 123 to the coarse drive motor 25.
PAR  Simultaneously, brake 116 and clutch 123 are released. The brake release
      allows the carriage 9 to move with respect to rail 10, and the clutch
      release disengages the fine or vernier motor 12, allowing the coarse motor
      25 to drive the carriage. The acceleration of the carriage drive will be
      determined by the maximum output current of servo amplifier 123. The final
      running speed will be determined by the maximum output voltage of this
      servo amplifier. The gain of the servo amplifier will normally be set
      sufficiently high so that the amplifier operates at in either voltage or
      current limit until the carriage 9 has traveled to the approximate
      position of its stopping address. When this point is reached, the value of
      the coarse error signal will be low enough to allow the servo amplifier
      123 to operate in its linear region. Since the mass of the carriage 9 will
      be quite large and the rolling friction small, braking will be required to
      decelerate it within the remaining distance of travel. This is done
      electrically by the servo amplifier 123. As the carriage 9 approaches its
      stopping address, the output voltage of the servo amplifier 123 will
      decrease faster than the back EMF of the coarse motor 25. This will cause
      the current to reverse direction and consequently, the torque also at the
      shaft of the motor. The amount or reverse current is limited by the
      amplifier and hence the rate of the decleration is limited.
PAR  As the carriage 9 moves towards the stopping address, the coarse error
      signal decreases proportionately until it is less than .DELTA. EC. The
      coarse comparator 126 detects this level and switches to the fine
      positioning mode. Normally, the compare level, .DELTA. EC will be selected
      so that the carriage will have entered the range of the fine positioning
      sensor 120. The switch to the fine mode includes switching the output of
      the servo amplifier 123 from the coarse potentiometer 115 to the
      demodulator 122. The carriage 9 will now be driven by the fine positioning
      motor 12 towards the null position of the fine position sensor 120. This
      null position will be sensed at the output of the demodulator by a second
      comparator 127. When this output becomes less than .DELTA. EF, the
      carriage 9 will have been driven within the required tolerance of the
      stopping address, and the comparator 127 will switch to the stop mode.
      This switch includes turning on the brake 116 to lock the carriage 9 in
      the position on rail 10, and sending a pulse to the "Z-axis" motion
      mechanism to either pick up or put down a part which may be carried on the
      chuck 8. Then the "Z" motion is completed, a switch closure on the
      mechanism will signal the control unit that the carriage move has been
      completed.
PAR  As indicated above, the Z-motion mechanism 117 is employed to load/unload
      work-pieces to and from input/output pedestals on the various processing
      sectors or stations, e.g. 1A to 1F.
PAR  After the work handler or carriage 9 is positioned over the appropriate
      input/output station, it is ready to start its load/unload cycle. When a
      work-piece is in the holder, it will be unloaded onto an input or load
      pedestal of the next specified processing sector or station; and when the
      carrier is not transporting a work-piece, it will be directed to output
      pedestal of a sector, and work-piece at that point will be picked up by
      the handler to be transferred to another processing sector or station.
      When the carriage is positioned and stationary at its specified address,
      the loading/unloading cycle is started by command to drive motor 143 which
      is connected to a one revolution clutch 142. The Z-motion mechanism is
      actuated during one revolution of the output shaft of drive motor 142
      through a gear set 147 serving as an input to the cam index 147A which
      will revolve twice during the cycle as a result of the two to one ratio of
      gearing set 147. The output crank 148 will make an up and down motion with
      appropriate dwell on the bottom of the stroke, and since the crank 148 is
      attached in slot 150 of slide block 151, the wafer chuck will be moved up
      and down on slide rods 149 so to place or remove a work-piece from the
      input or output pedestal station.
PAR  Meanwhile during the up and down stroke, holder fingers 160 (see FIG. 13)
      are actuated to open or to close position as the case might be.
      Concurrently, the cams 145 and 146 make only one half of a revolution
      during the cycle due to a one to two ratio of gear set 144. Thus, the
      fingers 160 on holder or chuck 8 are opened or closed during the cycle.
      The timing of cams 145 and 146 will be such that the finger actuation is
      behind the down movement at the extreme bottom portion of the slide 150 to
      give time delay for actuation of the fingers 160 during the dwell of the
      indexer.
PAR  Actuation of the fingers 160 is effected by means of a cam rod 170 having
      an enlarged drive shoulder section 171 mounted within slots 172 of fingers
      160 which will as a result, be forced open and closed by movement of the
      cam rod 170 up and down. Secured about cam rod 170 is a piston 173 which
      will travel up and down within a bore 174 of a cylinder block 175. The
      upper portion of the cylinder block is provided with a cylinder head 176
      having a bore for reciprocation of the cam rod 170 therethrough. Secured
      at an upper portion of cam rod 170 is a retaining 177 flange for a return
      spring 178 contained against the cylinder head 176. An inlet for gas
      pressure into the cylinder space 179 is formed by a bore 180 whose outlet
      181 is connected to a suitable source of gas pressure. Mounted on the
      cylinder block 175 is a bracket 182 having on which is an extending
      secured mounting rod 183 attached at its other end to a plate 184 which in
      turn is mounted to a slide block 185. If desired, a work-piece (such as a
      wafer) can be further supported on the inwardly extending portions of
      fingers 160 by provision of vacuum holes into each holder finger.
      Actuation of vacuum to the fingers and camming the fingers opened and
      closed is by means of cams 145 and 146 which suitably activates fluid
      valves 145A and 146A. The camming indexer 147 will comprise an indexer
      input 147A and an indexer output 147B. Also, in the preferred mode the
      chuck 8 will include an environmental enclosure or cover 185 through which
      an environmental atmosphere can be injected via hose 186.
PAR  Normally, a plant erected to incorporate the manufacturing system of this
      mention will be under computer control, and be incorporated in the basic
      control system unit 112 of FIG. 9. In such an environment, any associated
      memory of the computer, e.g. tape or disc, may have entered into it a
      plurality of part programs consisting of a series of instructions
      specifying the required operations for a work-piece, together with the
      necessary process parameters within each processing sector as well as
      means for self-adaptive automatic processing within the sector or between
      processing sectors. In conjunction with specifying the required sequence
      of processing operations to be performed, the program will also specify a
      corresponding preselection of the sequence of process sectors through
      which a work-piece must be processed to effect its desired total
      processing. Each part program will be identified by a part number, or
      other suitable codes which uniquely associates the series of operation to
      be performed with the particular part on which the operations are to be
      performed. In addition, the control system will include provision for the
      storage of additional part programs for a new part number, or modification
      of existing part programs as required for existing part numbers.
PAR  To initiate operation, the control system is informed e.g. by an operator
      at a console or terminal, of the part number to be processed, whereby the
      file of the computer memory will be searched for the part program,
      associated with the part number, for transmittal to the control system.
      After the transmittal of the part program to the control system, the
      functional units of each processing sector will be activated to the status
      required for processing of the work-piece. In conjunction with the main
      control system, each sector can be provided with its own individual
      control for setting process parameters and for wafer flow within the
      sector. A sector may be operated such that one can present a wafer at the
      input pedestal, and it will be processed through to the output pedestal,
      the sector controls providing for routing of the wafer through the process
      steps in that sector, as well as control of parameters within the sector,
      as for example, temperature, gas flows, etc. such as employed for
      semiconductor processing.
PAR  Each sector control system can communicate with the main control system,
      which can monitor sector-to-sector workpiece flow, provide adapted control
      functions, and record required parametric data. In addition, the main
      control unit can communicate with those factory systems which support the
      functions of production control design and process automation, quality
      testing, etc.
PAR  The control of process parameters, e.g. temperatures, flows, etc., can be
      accomplished by standard analog or digital means. Selection of the
      particular method of control will normally be made on a basis of
      precision, reliability, cost, compatibility with the unit being controlled
      and other standard engineering considerations. In some cases it may be
      desirable to have the main control system set the parameter levels. For
      example, in a semiconductor processing system, the setting of an etch time
      can be made a function of the thickness of material measured in the
      previous sector on the wafer. Override motor control may also be provided
      for parameter setting by the main control unit in such cases. In the
      absence of a signal from the main control unit, the local control (e.g.
      each sector) must refer to its nominal set point or remain at the set
      point indicated by the last available main control unit signal, whichever
      is appropriate for the particular parameter of interest.
PAR  Monitoring the functions are also comprehended to insure that equipment
      failure will not result in catastrophic mishap and also to insure that the
      process is in control and product is made within allowable specification.
      The monitoring of process parameters can be done by the main control unit,
      using redudant sensing elements built into each sector, such that the same
      sensor will not be used for control of the parameter and for monitoring
      the parameter. Also, the main control unit can compare critical parameter
      values against predetermined limits and when required, take appropriate
      action in accordance with techniques well known in the art for notifying
      maintenance and inhibiting further entry of work-pieces to that sector.
PAR  At critical work-piece transfer points within a sector, a signal can be
      generated for the main control unit to enable it to monitor progress of
      work-pieces through the sector and to track individual work-pieces for
      part number control and for correlation of parameter and measurement data
      with individual work-piece final test results.
PAR  As indicated above, among the important functions of such a control unit is
      for logistic control of work-pieces through the various sectors of the
      overall manufacturing system, e.g. specifying the manner in which the
      work-pieces are indexed through a specified sequence of selected
      processing sectors. A preferred approach for such logistic control of
      prescribed sequencing of work-pieces through the sectors is that disclosed
      and described in copending application U.S. Ser. No. 329,494 filed Feb. 5,
      1973 (IBM Docket FI9-71-135), also assigned to the assignee of this
      application. The invention disclosed in this copending application
      comprehends various modes of operating the manufacturing system of the
      invention described in the instant application.
PAR  In all modes of sequencing a work-piece, the logic of the control system is
      based on a fixed routing of the workpiece through all processing sectors
      for each part number of the work-piece involved. Also, the logic of the
      movement of work-pieces between sectors is based on knowing the status of
      the input and output pedestals or positions of each processing sector.
      Therefore, the logic depends on an "output pedestal status" indicator for
      each of these sectors. Also, the logic requires a "transport system
      status" indicator to reflect the unit's availability for movement of the
      work-pieces through the various processing sectors. Thus, the logic of the
      various modes of sequencing wafers is based on a continuous polling of the
      indicators, e.g. input and output status indicators, in such a way as to
      meet an objective of trying to keep each processing sector's input
      pedestal occupied by a wafer.
PAR  The first mode comprehended in the aforesaid copending application U.S.
      Ser. No. 329,494 (IBM Docket FI9-71-135) relates to the sequencing of
      work-pieces through a preselected sequence of processing sectors all of
      which are dedicated to a specific portion of the overall process, and
      where an individual work-piece will only visit such a sector only one
      time. FIG. 15 illustrates an outline of steps present in this mode of
      operation. Referring to FIG. 15, the first START step 200 is employed to
      initiate the control system for sequencing the work-pieces through the
      processing sectors. On initiation, the system proceeds to Step 201 to
      determine if the transport system 2 is presently in the process of
      transferring a work-piece between sectors. If a positive determination is
      made to the effect that transport system is at that time transporting a
      work-piece, the determination of Step 201 is repeated as necessary until
      the transport unit is found to be free.
PAR  If the transport system is found to be available, the control system will
      proceed to Step 202 for successively checking each of the procesing
      sectors until a sector is found meeting all three of the following
      conditions:
PA1  1. if the output position pedestal for a sector (K) being checked is
      occupied by a work-piece;
PA1  2. if the next succeeding sector (K+1) in the prescribed sequence of
      sectors is operative; and
PA1  3. if the input pedestal of this next sector (K+1) in the sequence is
      available If a negative determination is found for any one of the three
      forgoing conditions (e.g. all conditions not met) at all sectors, the
      system at the last sector (K + n) will proceed to Step 208 to determine if
      the output or unload pedestal of this last sector (K + n) is occupied by a
      finished work-piece. On a negative determination in Step 208, the system
      will return to Step 201.
PAR  Conversely, if the determination of Step 208 is positive, indicating that
      the output position of the last sector (k + n) is occupied by a finished
      work-piece which can be unloaded out of the processing line, the control
      system as indicated in Step 209, will dispatch the transport system to
      output pedestal of the last sector (K+n) to pick up the work-piece and to
      unload it from the system, while concurrently as Step 210 turning on the
      transport units busy indicating until the move is made. On completion of
      the move, the system will proceed to Step 211 to determine if the last
      scheduled work-piece has been proceeded e.g. no further work-pieces are to
      be processed. On a positive determination, the system will proceed to stop
      Step 212 to terminate further operation of the contol system; and if a
      negative determination is made, the control system will return to Step
      201.
PAR  If a sector (K) is found which first meets all of the conditions specified
      in Step 202, the system proceeds to Step 203 where the transport system is
      directed to pick up a work-piece at the output pedestal of the sector (E)
      and to deliver it to the input pedestal of next processing sector (K+1) of
      the prescribed sequence of sectors. Concurrently, as indicated in Step
      204, turn the transport system busy signal on, which signal will be
      maintained until the work-piece transfer is made between the indicated
      processing sectors. On completion of the transfer, the transport busy
      signal will be turned off, with the control system proceeding to Step 201
      for repeating the determination therein.
PAR  A second mode of operation comprehended in the said copending application
      U.S. Ser. No. 329,494 (IBM Docket FI9-71 -135) is directed to the transfer
      of a work-piece to a plurality of processing sectors wherein is included
      selected procesing sectors (L) to which the work-piece is transferred at
      least twice either prior to transfer to another of the remaining
      processing sectors K+(e.g.K, K+1 . . . K+n) or after leaving any of the
      other remaining processing sectors K.sub.x. In this mode of operation as
      illustrated in FIG. 16, the control system begins with a START Step 205 to
      initiate operation.
PAR  On initiation of the control system, it precedes to Step 206 to check the
      transport busy signal, of its indicator, to see if the transport is
      presently transporting a work-piece between any of the processing sectors.
      If the transport unit is presently transporting a work-piece, the
      determination of Step 206 is repeated until the transport unit is found to
      be available for transferring another work-piece, at which time it will
      proceed to Step 207. In Step 207 a check is made to determine if a
      work-piece is occupying an output position of any selected sector (L)
      which is utilized twice for processing a work-piece therethrough in a
      prescribed sequence of operations. If an output station of a selected
      sector (L) is found occupied by a work-piece, the system proceeds to Step
      213. However, if no output stations of a selected sector (L) is occupied
      by a work-piece, the system proceeds to Step 214.
PAR  If a determination is made in Step 213 that the sector (L) is the last
      sector in the sequence required to process a work-piece, the system will
      proceed to Step 215 wherein the transport system is directed to the
      selected sector (L) to pick up the work-piece and to unload it from the
      system, while concurrently as indicated by Step 216, turning the transport
      system busy signal on until the transfer is made to unload the work-piece
      from the processing system. A subsequent Step 217 a determination is made
      to find if the work-piece being transferred is the last of a scheduled
      series to be processed. On a positive determination, the system proceeds
      to stop Step 218 which terminates operation of the control system.
      However, if the determination of Step 217 is negative indicating that
      additional work-pieces are to be processed, the system returns to Step 206
      to repeat the indicated determination thereof.
PAR  If the determination in Step 213 shows that the selected sector (L) is not
      the last sector in a specified sequence of processing sectors, the system
      moves to Step 219 to make determination if the input position is available
      in the next sector (L+1), which can include a sector K.sub.X, whose
      address specified is in a destination register of the selected sector (L).
      If the determination is negative, the system will proceed to Step 214
      which, as previously indicated, is also responsive to Step 207.
      Conversely, if the determination in Step 219 indicates that an input of
      load position is available in the next sector (L+1) whose address is
      specified in the deestination register of the selected sector whereby the
      transport is directed to make the the transfer. Concurrently, as indicated
      in Step 221, the transport system's busy indicator will be turned on and
      maintained on until the transfer is made whereupon, the system returns to
      Step 206 for repeating the determination therein.
PAR  In Step 214 (responding to the determinations of both Steps 207 and 219), a
      determination is made if a selected sector (L) has a loading or input
      position occupied by a work-piece. On a negative determination indicating
      that the loading position is not occupied, the system proceeds to Step
      222, and conversely, on a positive finding that the loading position of a
      selected sector (L) is occupied by a work-piece, the system moves to Step
      223.
PAR  In Step 222, each of the remaining sectors (in a prescribed sequence of
      sectors but excluding any selected sector (L) are checked to find a first
      sector (K) meeting all of a plurality of conditions, to wit. Specifically,
      the first of the conditions is to determine if a processing sector (K) has
      its unload or output position occupied by a work-piece. Secondly, a
      determination is made if a selected sector (L) is to be the next sector to
      follow sector (K) in the prescribed sequence of processing sectors. The
      third condition determined is whether the load or input position of the
      next sector (K+l) (of the remainder of sectors in the sequence excluding
      the selected sector (L), is available. The fourth condition determination
      is whether the sector (K+1) is to follow a selected sector (L) in the
      sequence and finally, the fifth condition determined is whether there is
      no work-piece in a selected sector (L) destined for sector (K+1). For this
      fifth condition, a positive determination is made on a finding that yes
      there is no work-piece in the indicated selected sector (L). If all
      conditions of the determination of Step 222 are not met, the control
      system proceeds to Step 223, which as above indicated is also responsive
      to the determination of Step 214. If all the conditions of Step 222 are
      met, the control system proceeds to Step 224 which will direct the
      transport system to proceed to the sector (K) where it will pick up a
      work-piece from its unload position and transfer it to the loading
      position of a selected sector (L). Concurrently, in Step 225 an address is
      placed in the destination register of the selected sector (L) indicating
      that sector (K+1) is to follow it in the sequence of processing sectors.
      Also, as indicated in Step 226 the transport busy signal indicator will be
      turned on and maintained on until the indicated transfer of the
      work-pieces is made, whereupon the control system will return to Step 206
      repeating the determination of this step.
PAR  In Step 223, a check is made of successive processing sector K.sub.x
      excluding the selected sectors (L) to find a first sector (K) which first
      meets all of the four following conditions. The first condition to be met
      is whether a processing sector (K) has an unloading or output position
      occupied by a work-piece. A second condition is a determination of the
      existence of a succeeding sector (K+1) to immediately follow the sector
      (K) in the sector sequence. The third condition is a determination if the
      next sector (K+1) is operative, and whether the sector (K+1) has a loading
      or input position available to receive a work-piece. If no processing
      sector (K) is found meeting all conditions, the control system proceeds to
      Step 224. Conversely, on finding of a processing sector (K) first meeting
      all conditons specified in Step 223, the ocntrol system proceeds to Step
      225 which directs the transport system to proceed to the unloading
      position of the sector (K) to pick up a work-piece and transfer it to the
      loading position of the sector (k+1). Concurrently, as indicated in Step
      226, the control system will have its busy indicator turned on in which
      condition it will be maintained until the transfer of the work-piece. Upon
      completion of the transfer, the contol system will return to Step 206 for
      repeating the determination therein.
PAR  AS indicated above, if the determination of Step 223 indicates the absence
      of any processing sector (K) meeting the conditions specified in the
      control system will then proceed to Step 224 which determines whether any
      processing sector (K), excluding any selected sector (L), is the last
      sector in the prescribed sequence of processing sectors. If the
      determination is negative, the control system will return to Step 206 for
      repeating the determination therein. Conversely, if the determination is
      positive, the control system will proceed to Step 227 which will direct
      the transport system to proceed to the output station of the processing
      sector (K) for purposes of unloading the work-piece from the manufacturing
      system, while Concurrently, turning on the busy indicator of the transport
      system, which condition will be maintained until the transfer is made, as
      indicated in Step 228. In the next operation, the control system proceeds
      to Step 229 for purposes of determining if the work-piece transferred is
      the last of a series to be processed. If the determination is negative,
      the control system returns to Step 206 for again repeating the
      determination therein, while, conversely, if the determination is
      positive, indicating that the work-piece is the final one of a series to
      be processed. The control system proceeds to Step 230 to suspend the
      operation of the control system.
PAR  FIG. 17 illustrates a control system for use with the manufacturing system
      of this invention when at least two of the processing sectors are
      duplicated to have substantially similar operations, as exemplified by the
      use of the two photoresist pattern generator units 6 in FIG. 1 when the
      system is adapted for processing of semiconductor devices. In this mode of
      operation, the system is initiated at Step 240 which begins operation.
      When the system is initiated, it proceeds to Step 241 to determine if
      transport system is busy supporting a wafer in transfer between processing
      sectors. If the transport system is found busy, the Step 241 is iterated
      until the transport system is found to be available, at which time the
      operation proceeds to Step 242. In Step 242 a check is made of the output
      positions of the duplicated sectors (L) until a first work-piece present
      signal is found or until all duplicated sectors have been checked. If an
      output position of a duplicated sector (L) is found occupied by a
      work-piece, the operation of control system will proceed to Step 243.
      Conversely, if none of the output positions of the duplicated sectors is
      found occupied by a work-piece, the control system will proceed to Step
      244.
PAR  In Step 243, a determination is made whether any of the duplicated sectors
      (L) is the last sector in a prescribed sector sequence. If a determination
      is made that a duplicated sector (L) is the last sector of the sequence,
      the system will proceed to Step 245, whereas if it is found that no
      duplicated sector (L) is the last sector in the sequence, the control
      system will proceed to Step 246. In response to a finding in Step 243 that
      a duplicated sector (L) is the last sector in a sequence of processing
      operations, Step 245 will direct the transport system to proceed to the
      duplicated sector (L) in point to pick up the work-piece and proceed to
      unload it from the system, while concurrently, in Step 247 turning on the
      transport busy signal indicator in which condition it will be maintained
      until the worK-piece is unloaded from the system. On completion of the
      operation of Step 247, the control system will proceed to Step 248 where a
      determination is made as to whether the work-piece unloaded is the last
      one of a scheduled series to be processed through the various processing
      sectors. If the determination of Step 248 is positive, the system will
      proceed to Step 249 to terminate operation of the control system.
      Conversely, if the finding of Step 248 is negative, the control system
      will return to Step 241 for repeating the determination specified in this
      operation.
PAR  As indicated above, if the determination of Step 243 is that the duplicated
      sector (L) is not the last sector in the sequence, Step 246 will make a
      determination if an input or load position is available in a processing
      sector (L+1) which is to follow the operation in a duplicated sector (L)
      in the specified sequence of processing sectors. Normally, each duplicated
      sector (L) will have a destination register associated with it in which
      the address of the next processing sector (L+1), in the sequence of
      processing sectors, will be placed.
PAR  If a negative determination is made in Step 246 indicating that the input
      position of the following sector (L+1) is not available, the control
      system will proceed to Step 244, which as indicated above is also
      responsive to a negative determination made in Step 242. On a positive
      determination Step 246, that an input position is available in the
      following sector (L+1) of the prescribed sequence of processing sectors,
      the control system will proceed to Step 250 wherein the transport system
      will be directed to pick up a work-piece, at the output position of the
      duplicated sector (L) and to drop it off at the input position of the
      following sector (L+1) whose address is specified by the contents of the
      duplicated sector (L)'s destination register. Concurrently, Step 251 will
      direct the transport system to have its busy indicator turned on which
      condition will be maintained until transfer of the work-piece is made,
      following which, the control system will return to Step 241 for repeating
      the determination indicated therefore.
PAR  On a finding in Step 242 that no output or unload position of a duplicated
      sector (L) is occupied by a work-piece for transfer, or if occupied by a
      work-piece that no transfer is possible as determined in Step 246, the
      control system will proceed to Step 244 where a determination is made if
      an input or loading position of a duplicated sector (L) is occupied by a
      work-piece, the control system will proceed to Step 251. However, if a
      negative determination is made in Step 244, that an output position of a
      selected sector (L) is available, the control system will proceed to Step
      252.
PAR  When an input position of a duplicated sector (L) is found, in Step 244, to
      be available to receive a work-piece a determination is made in Step 252
      at successive ones of each of the remaining sectors, excluding duplicated
      sectors, to find a first of these sectors (K) which meets each of five
      conditions. The first of these conditions is whether the sector (K) has an
      output or unload position occupied by a work-piece for transfer to another
      sector. The second condition is whether one of the duplicated sectors (L)
      is to be the next sector specified in the prescribed sequence of
      processing operatons, and whether an input or load position of a next
      sector (K+1) of the remainder of sectors in a sequence (excluding the
      duplicated sectors) is available to receive a work-piece, and whether the
      sector (K+1) is to follow a duplicated sector (L) in the prescrribed
      sequence of processing operation. In addition a determination is also made
      as to the absence of a work-piece in a duplicated sector (L) destined for
      trnasfer to the sector (K+1). If no processing sector excluding the
      duplicated sectors, is found meeting any of the conditions specified in
      the Step 252, the control system will proceed to Step 253, which directs a
      transport system to the processing sector (K) to pick up the work-piece at
      the output or unload position thereof and transfer it to a duplicate
      sector (L), while at the same time, by Step 254, placing the address of
      the next sector (K+1) which is to follow the sector (L) in the destination
      register thereof. Concurrently, by Step 255, the transport busy indicator
      signal will be turned on and maintained in this condition until the
      indicated transfer of the work-piece is made, whereupon the control system
      will return to Step 241 to repeat the determination specified therefore.
      On a positive determination of Step 244, and a negative determination of
      Step 252, the control system, as indicated above, will proceed to Step
      251.
PAR  In Step 251 each of the remainder of processing sector (K) excluding the
      duplicated sectors, of the specified sequence of processing sectors, will
      be checked to find a first sector (K) meeting each of four conditions. The
      first condition is whether a sector (K) has an output or unloading
      position occupied by a work-piece for transfer to another sector. Also,
      whether the next sector (K+1) is to immediately follow the sector (K).
      Another condition is whether the following sector (K+1) is operative, and
      finally, whether the next sector (K+1) to follow sector (K) has an input
      or loading position available to receive a work-piece. If no sector is
      found meeting all the conditions specified in Step 251, the control system
      will proceed to Step 258. However, when the first sector (K) is found
      meeting all conditions specified in Step 251, the control system will
      proceed to Step 256 where the transport system will be dispatched to the
      output position of processing sector (K) where it will pick up the
      work-piece and transfer it to the input position of the folowing sector
      (K+1), while concurrently turning on, in Step 257, the transport busy
      signal until the indicator transfer of the work-piece is made, after which
      the control system will return to Step 241 to again renew the
      determination specified therefore.
PAR  In Step 258, in response to a determination that no processing sector
      (excluding the duplicated sectors) in the prescribed sequence of sectors
      meets all the conditions specified in Step 251, a determination is made to
      whether any sector (K) is the last sector specified in the sequence of
      processing operations. On a negative determination in Step 258, the
      control system will return to Step 241, whereas on a positive
      determination a Step 258, the control system will proceed to Step 259
      wherein the transport system will be directed to the output or unloading
      position of the sector (K) in order to pick up the work-piece and to
      unload from the system, while at the same time turning on the transport
      proceeding indicator signal until the work-piece is unloaded from the
      system, as indicated in the Step 260, the control system will again return
      to Step 241 to repeat its determination. On a positive determination in
      Step 261 that the work-piece is in fact the last of the series scheduled
      to be processed, the control system will proceed to Step 262 which will
      terminate operation of the control system.
PAR  FIG. 18 illustrates the adaptation of the control system of FIG. 17 to the
      processing of the above indicated field effect transistor devices as
      applied to FIG. 1. As previously noted, such a field effect transistor
      manufacturing system will comprise, with reference to FIG. 1, and
      oxidation sector 1A, a source and drain fabricating sector 1B, a gate
      oxidation sector 1C, two pattern generating units 6 as grouped within a
      resist exposure sector 1D, a metallization sector 1E, and a sintering
      sector 1F. For purposes of illustration, the various processing sectors
      will be classified into two categories. In the first category will be the
      first group of sectors referred to as pattern generating sectors (e.g.
      pattern generating unit 6) which will be re-visited by semiconductor
      wafers after the wafers leave the other remainder of the processing
      sectors. The general term "processing sectors" will be applied to the
      remainder of the sectors, excluding the pattern generating sectors. Thus,
      for the purpose of this explanation, the manufacturing system will contain
      processing sectors, e.g. 1A, 1B, 1C, 1E, and 1F and also, pattern
      generating sectors as represented by pattern generating units 6. In
      operation, a fixed routing will exist (e.g. all wafers to follow the same
      path through all sectors) with the routing alternating between visits to a
      processing sector and to a pattern generating sector. In addition, as
      indicated previously, each of the various sector times will have an input
      pedestal and an output pedestal.
PAR  The logic of moving wafers between the various sectors is based on knowing
      the status of these input and output pedestals, and in the special case of
      delivering of a wafer to a pattern generating unit 6, remembering what
      sector that wafer is destined for upon exit of the pattern generating
      units. Therefore, the logic of the control system depends upon an "output
      pedestal status" indicator for each sector and an "input pedestal status"
      indicator for each sector. Additionally, a "pattern generator destination
      register" is maintained which represents the address of the sector to
      which a wafer must be sent upon exiting from a specific pattern generator
      unit 6. Also, a transport indicator is maintained to reflect the
      availability of the transport to do work. The logic of the control system
      of FIG. 18 is based on a continuous polling of the indicators mentioned
      above in such a way that an objective of trying to keep each of the
      various sectors input pedestal occupied by a wafer will be met. The
      strategy of control system is based on a continuous polling of the
      transport systems busy indicator until a "not busy"  signal is found.
      Also, the first priority move of this system is to exit wafers from a
      pattern generator unit 6 following which the system will look for other
      moves for the wafers.
PAR  Initiation of the control system begins in START Step 265, following which
      the system proceeds to Step 266 is repeated until the transport system is
      found available whereupon the control system will proceed to Step 267.
PAR  In Step 267, a check is made of the output pedestal status indicator of
      each of the pattern generating units 6 in turn until a "wafer present"
      indication is found. If the determination in Step 267 indicates that no
      output position of pattern generator unit 6 is occupied by a wafer, the
      control system will proceed to Step 268. Conversely, if the determination
      of Step 267 shows that a wafer is present at an output pedestal of a
      pattern generating unit 6, then the control system will proceed to Step
      269 wherein the transport system will be directed to pick up the wafer at
      the output pedestal of the sector, where wafer presence was noted, with
      the delivery of the wafer to the input pedestal of the next processing
      sector indicated in the "pattern generators destination register"
      associated with the pattern generating unit which is indicating a "wafer
      present" signal. Concurrently, as indicated in Step 270, this will also
      cause the transport busy indicator signal to be turned on until the move
      is completed whereupon the control system will return to Step 266 for
      repeating the determination therein.
PAR  In Step 268, a check is made of the "input pedestal status" of each pattern
      generating sector or unit 6 in turn, until an "available" pattern
      generating input pedestal is found, e.g. a pattern generating unit 6
      having an input pedestal free of a wafer. If the determination of Step 268
      indicates that there is no available pattern generating input pedestal,
      then the control system will return to Step 266 for repeating the
      determination indicated therefore. Conversely, if the determination of
      Step 268 indicates the existence of available input pedestal of a pattern
      generating unit 6, the control will proceed to Step 271.
PAR  With respect to Steps 267 and 268 and 271, it may be noted that priority
      scheduling in the control system is accomplished only as a "tie breaker",
      that is, if more than one move is possible at any instant in time, the
      polling sequence dictates the priority. Also, with respect to Step 269 it
      may be noted that it is not necessary to check the status of the receiving
      sectors input pedestal since a wafer would not have been sent to any
      pattern generating unit 6, if the next sectors input pedestal were
      occupied.
PAR  In Step 271, to the exclusion of pattern generating sectors 6, each
      remaining process sector (K), (where K equals K, K+1, K+2, . . . K+n), is
      checked for the existence of each of four conditions. The first condition
      to be determined in Step 271 is the determination as to whether a wafer is
      present, if not, then Step 271 is repeated for the next process sector
      (K+1) and the determination again reiterated through sector (K+n). If a
      wafer is found to be present on the output pedestal of a process sector
      (K) then the determination is made for the presence of the existence of
      three additional conditions. These conditions include the determination if
      the status of the next process sector (K+1) to which the wafer is to be
      transferred via a pattern generating unit 6. For this purpose a
      determination is made whether the pedestal of a processing sector (K+1) is
      available to receive a wafer, as well as a determination whether this
      sector (K+1) is operational. In addition a determination is made as to the
      absence of any wafer in any pattern generating unit 6 destined for sector
      (K+1). As indicated previously if the above conditions are not met by a
      sector, then the determination of Step 271 is repeated through the
      successive sectors. If the determination of Step 271 shows that no sector
      exists which meets all the conditions specified for this step, the control
      system will proceed to Step 272, wherein a determination will be made
      whether or not the last wafer in a series has been processed. If the
      determination of Step 272 is positive, then the system will proceed to
      Step 273 to terminate operation. Conversely, if the determination of Step
      272 is negative, then the control system will return to Step 266 to repeat
      the determination therein.
PAR  If the determination of Step 271 shows that a sector (K) exists where all
      conditions specified in this determination are met, the control system
      will proceed to Step 274 where the transport system will be directed to
      pick up the wafer at the output pedestal of a sector (K) for delivery of
      it to the pattern generating unit 6 whose input pedestal was noted to be
      available in Step 268. Also, Step 275 will concurrently place the address
      of the next processing sector (K+1) to which the wafer is to be
      subsequently transferred, into the pattern generator destination register
      associated with the pattern generator to which the wafer has been moved.
      In addition, as indicated in Step 276, the transport system busy indicator
      will be turned on until the wafer move is completed whereupon the control
      system will return to Step 266 for again repeating the determination
      therein.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      detail may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A manufacturing system for processing semiconductor substrates
      comprising:
PA1  A. a plurality of processing stations having loading and unloading
      positions, each of said stations having means for performing different
      fixed processing operations on said substrates,
PA1  B. a conveyor means for transporting individual ones of said substrates
      between and at any one of said work stations;
PA1  C. means for transferring said individual ones of said substrates between
      said conveyor and said stations at their said loading and unloading
      positions;
PA1  D. control means for said conveyor and transfer means for routing said
      substrates individually between any prescribed sequence of said stations
      for a corresponding prescribed series of processing operations, wherein
PA1  E. said stations comprise means for performing a plurality of semiconductor
      processing operations from the group of epitaxial growth, metallization,
      photoresist pattern exposure, impurity diffusion, impurity drive-in,
      photoresist development, oxide etching, metal etching, photoresist
      stripping, formation of dielectric coatings, sputtering, ion implantations
      and photoresist coating operations.
NUM  2.
PAR  2. The manufacturing system of claim 1 wherein at least one of said
      stations comprises means for sequentially cleaning said substrate, and
      deposition of a photoresist layer over said coating.
NUM  3.
PAR  3. The manufacturing system of claim 1 wherein at least one of said
      stations includes means for applying a photoresist layer over said
      substrate as a final processing operation therein.
NUM  4.
PAR  4. The manufacturing system of claim 3 wherein at least one of the
      remainder of said stations is adapted to receive said photoresist coated
      substrates, and comprises means for sequentially aligning and exposing the
      photoresist coating in a predetermined pattern specified in said
      prescribed sequence of processing operation.
NUM  5.
PAR  5. The manufacturing system of claim 4 wherein at least one of another of
      said stations is adapted to receive said exposed photoresist coated
      substrate and includes means as an initial processing operation therein
      for developing said exposed resist to form a corresponding opening pattern
      to underlying portions of said substrate.
NUM  6.
PAR  6. The manufacturing system of claim 5 wherein said another of said
      stations thereof includes means for applying a photoresist layer over said
      substrate as a final processing operation therein.
NUM  7.
PAR  7. The manufacturing system of claim 5 wherein at least one another of said
      stations is adapted to receive a substrate with said exposed photoresist
      layer coated on a silicon oxide layer formed on said substrate and
      includes means as initial processing operations therein sequentially
      developing said photoresist to form a corresponding opening pattern to
      said silicon oxide layer, etching through said silicon oxide layer to
      underlying portions of said substrate, and stripping of the remaining
      portions of said photoresist layer from said silicon oxide layer.
NUM  8.
PAR  8. The manufacturing system of claim 7 wherein said one another of said
      stations thereof includes means for applying a new photoresist layer over
      said substrate as a final processing operation therein, and means for
      performing at least one another semiconductor processing operation therein
      between said initial and final operation.
NUM  9.
PAR  9. A manufacturing system for processing semiconductor substrates
      comprising:
PA1  A. a conveyor means for transporting said substrates individually between
      and at any selected one of a plurality of locations along the path
      thereof;
PA1  B. a plurality of processing stations at respective ones of said locations
      for performing semiconductor processing operations on said substrates, and
      having loading and unloading stations for corresponding feeding and
      discharging of individual ones of said substrates, with at least three
      required sequential ones of said stations having the first and third
      station disposed adjacent one end of said conveyor path and the second
      station of said sequence disposed adjacent the other end of said conveyor
      path;
PA1  C. means for transferring said individual ones of said substrates between
      said conveyor and said stations at their said loading and unloading
      stations;
PA1  D. control means for said conveyor and transfer means for routing said
      substrates individually between and at selected ones of a prescribed
      sequence of said stations for a corresponding sequence of processing
      operations therein, wherein
PA1  E. said processing stations include means for performing a plurality of
      semiconductor processing operations from the group of oxide coating
      formation, epitaxial growth, metallization, photoresist pattern exposure,
      impurity diffusion, impurity drive-in, photoresist development, oxide
      etching, metal etching, photoresist dripping, formation of silicon nitride
      coatings, sputtering, ion implantations and photoresist coating
      operations.
NUM  10.
PAR  10. The manufacturing system of claim 9 wherein at least one of said
      stations includes means for sequentially cleaning said substrate,
      formation of an oxide coating on said substrate, and deposition of a
      photoresist layer over said coating.
NUM  11.
PAR  11. The manufacturing system of claim 9 wherein at least one of said
      stations includes means for applying a photoresist layer over said
      substrate as a first processing operation therein.
NUM  12.
PAR  12. The manufacturing system of claim 11 wherein at least one of the
      remainder of said stations as adapted to receive said photoresist coated
      substrates, and comprises means for sequentially aligning and exposing the
      photoresist coating in a predetermined pattern specified in said
      prescribed sequence of processing operation.
NUM  13.
PAR  13. The manufacturing system of claim 12 wherein at least one of another of
      said stations is adapted to receive said exposed photoresist coated
      substrate, and includes means, as initial processing operations therein,
      for developing said exposed resist to form a corresponding opening pattern
      to underlying portions of said substrate.
NUM  14.
PAR  14. The manufacturing system of claim 12 wherein said another of said
      stations thereof includes means for applying a photoresist layer over said
      substrate as a final processing operation therein.
NUM  15.
PAR  15. The manufacturing system of claim 12 wherein at least one another of
      said stations is adapted to receive a substrate with said exposed
      photoresist layer coated on a silicon oxide layer formed on said substrate
      and includes means as an initial processing operation therein sequentially
      developing said photoresist to form a corresponding opening pattern to
      said silicon oxide layer, etching through and said silicon oxide layer to
      underlying portions of said substrate, and stripping of the remaining
      portions of said photoresist layer.
NUM  16.
PAR  16. The manufacturing system of claim 15 wherein said one another of said
      stations thereof includes means for applying a new photoresist layer over
      said substrate as a final processing operation therein, and means for
      performing at least one other semiconductor processing operation therein
      between said initial and final operation.
PATN
WKU  039464857
SRC  5
APN  5804191
APT  1
ART  323
APD  19750523
TTL  Power operated can opener with power-pierce, automatic shutoff, and
      removable operating lever and cutter mounting plate assembly
ISD  19760330
NCL  2
ECL  1
EXA  Smith; Gary L.
EXP  Smith; Al Lawrence
NDR  3
NFG  8
INVT
NAM  McLean; Robert E.
STR  c/o Rival Manufacturing Company, 36th and Bennington
CTY  Kansas City
STA  MO
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RLAP
COD  71
APN  478920
APD  19740613
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CLAS
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EDF  2
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FSS  4 R;8;8.5;9;14;15;15.5
UREF
PNO  3689997
ISD  19720900
NAM  McLean
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PNO  3724069
ISD  19730400
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ABST
PAL  An electrically powered can opener with power-pierce and automatic shutoff
      has a permanently assembled (together) combination cutter mounting plate
      and operating lever that is selectively removable from its operating
      position upon the can opener frame. The cutter mounting plate and
      operating lever combination is secured in position on the frame by three
      strategically located bosses that assures a holding force is exerted at
      points advantageous for maintaining good alignment of the cutter mounting
      plate at all times. The removal and reinstallation of the cutter mounting
      plate and operating lever is easily accomplished by the manipulation of a
      spring biased push button latch. An integral lever pivots upon the back of
      the frame and contacts the switch to cause energization of the motor for
      cutting the can lid and automatic deenergization when the lid has been
      completely severed from the can. The minimization of friction between the
      cooperating affected parts allows a small spring to cause the integral
      lever to pivot and automatically deenergize the motor when the can cutting
      is completed. A resilient can guide extends from the frame at a point
      exterior to the cutter mounting plate to assist in properly engaging the
      can. This movable can guide cooperates with the cutter wheel and a fixed
      can guide extending from the cutter mounting plate, while not interfering
      with the automatic shutoff.
PARN
PAR  This is a continuation of application Ser. No. 478,920, filed June 13,
      1974, and now abandoned.
BSUM
PAC  BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION
PAR  My invention relates generally to an electrically powered can opener and
      more particularly to a can opener including power-pierce, automatic
      shutoff, and an easily removable cutter mounting plate and operating lever
      assembly. The power-pierce structure and associated features have been
      disclosed in U.S. Pat. No. 3,314,144 (issued Apr. 18, 1967) and the
      removability of the cutting element by utilizing push button latches has
      been discussed in U.S. Pat. Nos. 3,689,997 (issued Sept. 12, 1972) and
      3,724,069 (issued Apr. 3, 1973). The can opener described later is an
      improvement over the 3,689,997 and 3,724,069 patents.
PAR  An upright frame is suitably apertured to receive a pin member that extends
      from the operating lever. Permanently pivoted to the operating lever is
      the cutter mounting plate, which carries the cutting element. A tapered
      end stud extends from the cutter mounting plate through preferably an
      oblique rectangular opening in the frame to engage the power-pierce
      mechanism. The combined operating lever and cutter mounting plate are
      removably pivoted to the front of the frame, with a push button latch
      serving to engage the pin member adjacent the frame's rear side.
PAR  A spring biased resilient can guide extends forwardly from the frame to
      firmly hold the engaged can upon the toothed can feed wheel prior to both
      the power-pierce and to contact of the can with a fixed can guide mounted
      on the cutter mounting plate. As the operating lever is moved downwardly,
      it effects a similar movement of the cutter mounting plate. Since the
      cutting element contacts the end of the can before piercing same, the
      cutter mounting plate is caused to pivot clockwise. This pivotal movement
      moves the attached tapered end stud downwardly and in turn pivots a spring
      biased integral lever to cause energization of the motor prior to the
      piercing of the can. The spring biasing of the integral lever causes it to
      pivot to its stable position when the cutting of the can has been
      completed. The resilient can guide is located at a distance from the
      cutter mounting plate so as to entirely disassociate its operation with
      that of the cutter mounting plate.
PAR  A primary object of my invention is to provide a power operated can opener
      with power-pierce and automatic shutoff that includes a novel and
      inexpensive structure which comprises the permanently assembled (together)
      removable operating lever and cutter mounting plate.
PAR  An object of my invention is to provide a unique structure that permits the
      proper securement and removability without tools of the combined operating
      lever and cutter mounting plate relative to the remainder of the can
      opener.
PAR  Another object is to provide a uniquely constructed can opener including a
      permanently assembled operating lever and cutter mounting plate that can
      be more easily reinstalled and more economically produced than known prior
      art units.
PAR  Another object of the invention is to provide in a power operated can
      opener with automatic shutoff, unique structure for further reducing
      friction between the cooperating affected parts. It is a feature of this
      object that such structure permits the use of spring means of
      substantially less force for accomplishing movement of the parts to effect
      automatic shutoff. Consequently, less downward force is required on the
      operating lever of the can opener to operate an associated knife
      sharpener.
PAR  Yet another object is to provide in a power operated can opener with
      automatic shutoff an essentially free upward swinging of the operating
      lever from its horizontal rest position to its uppermost position when a
      can is not engaged in the can opener. It is a feature of this invention
      that frictional drag between cooperating parts has been substantially
      reduced over known prior art devices to permit the above described free
      upward swinging.
PAR  A further object of the invention is to provide for the pivoting of the
      resilient can guide to the frame of a power operated can opener of the
      character described in such manner that the can guide's connection and
      physical operation with the cutter mounting plate is entirely
      disassociated.
PAR  A still further object is to provide in a power operated can opener of the
      character described, three bosses which are strategically located and upon
      which the cutter mounting plate seats so that camming of the latch exerts
      force at most advantageous points for efficiently aligning the cutter
      mounting plate and the frame regardless of any possible operating position
      of the cutter mounting plate.
PAR  Another object of my invention is to provide a unique power operated can
      opener wherein the rate of piercing of the end of the can by the cutter
      wheel, in cooperation with the power-pierce arrangement, accomplishes the
      power-pierce with a minimum of manual force on the operating lever.
PAR  Yet another object of the invention is to provide a unique power operated
      can opener wherein the path of movement of the cutter wheel, as it pierces
      the end of the can, cooperates most efficiently with the power-pierce
      arrangement, thereby accomplishing the piercing of the can with a minimum
      of manual force on the operating lever.
PAR  Other and further objects of the invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawings, which form a part of the specification and
      are to be read in conjunction therewith and in which like reference
      numerals are employed to indicate like parts in the various views:
PAR  FIG. 1 is a front elevational view of the upper portion of the can opener,
      with broken lines showing the uppermost position of the cutter mounting
      plate and operating lever;
PAR  FIG. 2 is a front elevational view of the upper portion of the can opener
      with the cutter mounting plate and operating lever removed;
PAR  FIG. 3 is a rear elevational view of the removed cutter mounting plate and
      operating lever, with broken lines showing the raised position of the
      operating lever;
PAR  FIG. 4 is a rear elevational view of the can opener frame and associated
      supported components located thereon, the broken lines showing the
      depressed position of the latch, and with the operating lever shown in
      broken lines with the power-pierce and automatic shutoff mechanism to
      indicate the motor energizing position;
PAR  FIG. 5 is a view similar to the upper portion of FIG. 4, with the gears and
      a portion of the latch removed, and with the operating lever, cutter
      mounting plate, and tapered end stud shown in broken lines in the can
      receiving (or removing) position;
PAR  FIG. 6 is a side elevational view taken from the left side of FIG. 1;
PAR  FIG. 7 is a side elevational view taken from the right side of FIG. 1; and
PAR  FIG. 8 is a side elevational view of the removed cutter mounting plate and
      operating lever taken from the left side of FIG. 3.
DETD
PAR  Turning now to the drawings, reference numeral 15 generally designates the
      upright frame of the can opener. Frame 15 is designed to be utilized with
      a box-like casing (not shown) to enclose the operating mechanisms
      supported on the rear surface thereof. Can feed wheel 16 is threaded onto
      can feed wheel drive shaft 17. The drive shaft 17 is journalled for
      rotation in a fixed boss 18 (which preferably is integral with frame 15),
      and suitable reduction gearing is utilized to power drive shaft 17 by
      means of a conventional electric motor M, preferably of the economical
      shaded pole type.
PAR  Frame 15 is provided with two small integral bosses 19 that extend
      forwardly of the general front surface of the frame, and against which the
      cutter mounting plate 20 seats. A third small boss 21 of the same height
      as bosses 19 is anchored in cutter mounting plate 20. When the can opener
      is assembled, bosses 19 and 21 maintain cutter mounting plate 20 a spaced
      distance from, and parallel to, frame 15. Frame 15 is also provided with a
      conventional can guard 22. Cutter mounting plate 20 is provided with a
      compound angled boss 23, in which a suitable cutter stud or arbor is
      anchored. Cutter wheel 24 is journalled on this stud or arbor and
      maintained thereon by washer head screw 25. Cutter wheel 24 can have
      limited wobble movement, as shown in U.S. Pat. No. 3,314,144 (issued Apr.
      18, 1967).
PAR  Operating lever 27 is pivoted to cutter mounting plate 20 by fixed can
      guide 26. A spacer plate 28 is interposed between cutter mounting plate 20
      and operating lever 27. Spacer plate 28 is provided with a rearwardly
      turned lug 29 (FIG. 3), which engages in an opening 30 of operating lever
      27 to prevent rotation of spacer plate 28 with respect to operating lever
      27. A latch stud 31 is preferably hot-headed into lever 27, and extends
      rearwardly through hole 33 of boss 45 (see FIG. 5), which is integral with
      frame 15. After latch stud 31 has been secured to lever 27, this assembly,
      together with spacer plate 28, is pivoted to cutter mounting plate 20,
      preferably by hot-heading the tenon portion of fixed can guide 26. Spacer
      plate 28 is provided with a clearance hole (not shown) that receives the
      hot-head of latch stud 31. When assembled, cutter mounting plate 20 will
      freely pivot on fixed can guide 26 between its flanged portion 35 and
      spacer plate 28.
PAR  When assembled on the can opener, the upper edge of operating lever 27
      engages upper boss 19 of frame 15 to limit the counterclockwise (when
      viewed from the front) swinging of lever 27. When lever 27 and cutter
      mounting plate 20 are removed from frame 15, portion 39 (FIG. 3) of spacer
      plate 28 and lever 27 engages boss 21 to limit the counterclockwise
      swinging of lever 27, such permissible swinging being a few additional
      degrees to that permitted by the upper boss 19 when the assembly is
      attached to the can opener.
PAR  A push button operated latch 42 seats on bosses 45 and 46 of frame 15, and
      has a shoulder screw 40 extending through slot 47 of latch 42 to freely
      fasten the lower end of latch 42 to boss 46. When the permanently
      assembled (together) operating lever 27 and cutter mounting plate 20 are
      in place on the remainder of the can opener, with the narrow portion of a
      keyhole shaped opening 43 of latch 42 fitting into a groove 44 (FIG. 8) of
      latch stud 31, the operating lever-cutter mounting plate assembly is drawn
      rearwardly by the action of rise cams 41 as latch 42 is urged upwardly by
      a tension spring 38. As shown in FIG. 7, one end of spring 38 is hooked in
      notch 50 of latch 42, while the other end is hooked on a stud 51 which
      extends rearwardly from frame 15. Rearward projection 48 of boss 45 limits
      movement of the upper end of latch 42 to the right (as viewed from the
      rear) when lever 27 and cutter mounting plate 20 are removed from the can
      opener. Latch 42 is provided with a knob 49 that extends freely through a
      suitable opening in the casing of the can opener and operates similarly to
      those disclosed in U.S. Pat. Nos. 3,496,635 (issued Feb. 24, 1970) and
      3,250,056 (issued July 14, 1970).
PAR  A tapered end stud 53 is hot-headed in cutter mounting plate 20 near the
      right edge of the plate and extends rearwardly through a generally
      rectangular opening 54 of frame 15. Clockwise rotation (as viewed from the
      front) of operating lever 27 relative to cutter mounting plate 20 is
      limited by engagement between stud 53 and the under-edge portion 55 of
      lever 27. When the parts are in this rest position (with portion 55
      engaging stud 53, see FIGS. 3, 4 and 5), tapered end stud 53 seats on
      upper portion 56 of a bellcrank shaped switch control lever 57. Switch
      control lever 57 is pivoted to boss 58 of frame 15 by a shoulder rivet 59.
      Clockwise swinging of control lever 57 (as viewed from the rear) is
      limited by engagement of portion 60 of its upper edge with boss 61 of
      frame 15. One end of a tension spring 62 is hooked is notch 63 of lever
      57, while the other end is hooked on boss 64 of frame 15. It should be
      noted that whenever portion 60 of control lever 57 seats against stop boss
      61, portion 56 of control lever 57 substantially parallels the upper and
      lower edges of rectangular opening 54. Furthermore, when the parts are in
      such position, and tapered end stud 53 seats on portion 56 of lever 57,
      there is a few thousandths of an inch clearance between stud 53 and the
      upper edge of opening 54 to permit free insertion of stud 53 into opening
      54 and free removal therefrom.
PAR  Switch control lever 57 has a depending leg 65 for engagement with the
      plunger P of a conventional switch S, the contact points of which are
      biased to the open or "off" condition. From the rest position shown in
      solid lines in FIG. 1, operating lever 27 and cutter mounting plate 20 can
      be unitarily rotated approximately 4.degree. clockwise (as viewed from the
      front) on the axis of latch stud 31. When so rotated, stud 53 seats on the
      lower edge 66 of opening 54 (as shown by the broken lines in FIG. 4),
      thereby pivoting switch control lever 57 about shoulder rivet 59 and
      causing switch S to energize the motor. (Of course, the switch S is in
      series with motor M.) Stud 53 never engages the ends of opening 54 when in
      any operating position. Although the long axis of opening 54 may be at any
      desired angle, it has been found that an angle of approximately 25.degree.
      from horizontal results in the easiest piercing of the object can when the
      other selected parameters are as shown.
PAR  A resilient can guide 67 is anchored in link 68 (preferably by hot-heading
      process). The link 68 is pivoted to the rear of frame 15 by a shoulder
      rivet 69 so that can guide 67 may extend forwardly through an opening 70
      in frame 15. One end of a tension spring 74 is hooked in hole 71 of leg
      72, which is integrally formed with link 68. The other end of spring 74 is
      hooked on boss 73 of frame 15, thus always urging can guide 67 toward its
      seat on the lower edge of opening 70. Finally, operating lever 27 has the
      horizontal portion 52 by which the user manipulates the lever.
PAC  Operation
PAR  The wedging action of rise cams 42 (straddling latch stud 31) causes latch
      42 to draw stud 31 and operating lever 27 rearwardly. Since the cutter
      mounting plate 20 is pivotally fastened to operating lever 27 by fixed can
      guide 26, cutter mounting plate 20 is likewise drawn rearwardly at the
      location of can guide 26, which is well within the triangle defined by
      bosses 19 and 21. Such action maintains firm and proper alignment of
      cutter mounting plate 20 relative to frame 15.
PAR  To open a can, the user first swings the operating lever 27
      counterclockwise (as viewed from the front) until its upper edge engages
      upper boss 19 of frame 15. Cutter mounting plate 20 is then in the
      position shown by broken lines in FIG. 1, cutter wheel 24 being separated
      from can feed wheel 16 to allow insertion of a can. The can is inserted in
      the customary manner, with the end of the can bearing upwardly in
      engagement with the periphery of cutter wheel 24, and with the flange of
      the can below can guides 67 and 26 and over the toothed periphery of feed
      wheel 16. Operating lever 27 is then swung clockwise to its extreme
      position. (After swung to such position, the user need not continue
      holding lever 27). When the end has been sheared from the can, the motor
      shuts off automatically, but the can continues to be held by the can
      opener until such time as the user wishes to release it. Release of the
      can is accomplished by again swinging lever 27 to its extreme
      counterclockwise position, whereby cutter wheel 24 is again separated from
      feed wheel 16. For appearance or storage purposes, lever 27 is normally
      swung to its usual horizontal rest position.
PAR  While a can is being opened as stated above, the parts of the can opener
      operate as now described. When operating lever 27 is in its extreme
      counterclockwise (from the front) position and a can is inserted, the
      flange of the can seats downwardly on the toothed periphery of feed wheel
      16. The flange of the can is in upward engagement with resilient can guide
      67, and there is some clearance between the flange of the can and fixed
      can guide 26. At this position, stud 53 remains seated on surface 56 of
      switch control lever 57. Likewise, edge portion 60 of lever 57 remains in
      engagement with stop boss 61. As operating lever 27 is swung downwardly
      several degrees, the periphery of cutter wheel 24 contacts the end of the
      can before the flange of the can is engaged by fixed can guide 26. This is
      a most desirable feature of the invention, since the loading of the can
      guides ahead of engagement of the end of the can by cutter wheel 24 tends
      to urge the flange of the can off the toothed periphery of feed wheel 16,
      due to the fact that can guides 26 and 67 engage the flange of the can at
      points defining a line offset forwardly from the plane of the face of feed
      wheel 16. Engagement of the can end by cutter wheel 24 before it is
      engaged by fixed can guide 26 eliminates this tendency and maintains the
      flange of the can firmly on can feed wheel 16.
PAR  The swinging of operating lever 27 downwardly a few additional degrees
      causes cutter wheel 24 to temporarily fulcrum on the end of the can as
      fixed can guide 26 engages the flange of the can. Since the can is not yet
      pierced, the clockwise torque (as viewed from the front) applied to cutter
      mounting plate 20 by the force of the end of the can on cutter wheel 24
      causes plate 20 to pivot about fixed can guide 26. The pivotal motion of
      plate 20 results in the attached stud 53 moving to the lower edge 66 of
      frame opening 54. This downward motion of stud 53 rotates switch control
      lever 57 counterclockwise (as seen in FIGS. 4 and 5), thereby changing
      switch S from its "off" condition to its "on" condition and energizing
      motor M.
PAR  At this point in time, the energized motor M is causing the can to be fed
      by feed wheel 16, although the can has not yet been pierced. Further
      downward motion of operating lever 27 to its extreme position (shown by
      the broken lines in FIG. 4) results in the power-piercing of the can end
      by cutter wheel 24 and in the upward movement of resilient can guide 67,
      against the tension of spring 74. The axis of the can is then
      approximately 4.degree. clockwise from vertical, or perpendicular to the
      top edge of cutter mounting plate 20. While the end is being sheared from
      the can, thrust resulting from resistance of the end of the can to shear
      by cutter wheel 24 overcomes the clockwise torque on switch control lever
      57 (as viewed from the rear) caused by spring 62, thereby maintaining
      switch S in its "on" condition. However, after the end of the can has been
      completely sheared, such thrust no longer exists, and spring 62 then
      causes control lever 57 (as well as operating lever 27 and cutter mounting
      plate 20) to rotate to its stable position against stop boss 61, thereby
      stopping motor M. It is to be noted that at no time is there any physical
      engagement between resilient can guide 67 and cutter mounting plate 20. If
      the can opener is also provided with knife sharpening means, it is only
      necessary for operating lever 27 to be depressed in order to change the
      switch from its "off" condition to its "on" condition for operating the
      knife sharpening means. The conventional can guard 22 maintains the side
      wall of a can at the desired angle relative the face of the can feed wheel
      16.
PAR  To remove the permanently together assembled operating lever 27 and cutter
      mounting plate 20 (as for cleaning), it is only necessary to first fully
      depress knob 49 and then pull the assembly forwardly from the remainder of
      the can opener. To reinstall same, cutter mounting plate 20 is held with
      its upper edge approximately horizontal, operating lever 27 is seated on
      stud 53, knob 49 is fully depressed, and the assembly is moved rearwardly
      toward frame 15, with latch stud 31 entering aperture 33 and tapered end
      stud 53 entering opening 54. Since a portion of latch stud 31 fits into
      aperture 33 before tapered end stud 53 arrives at frame 15, no difficulty
      is experienced in causing stud 53 to enter opening 54. It will be noted
      that only two studs need be aligned with corresponding openings to
      reinstall the assembly on the frame. This permits easy reinstallation,
      there being no necessity for providing a separate means to rotationally
      position lever 27 relative to cutter mounting plate 20 in order to assure
      proper alignment of the studs with their appropriate openings.
PAR  As recited in U.S. Pat. No. 3,496,635 (issued Feb. 24, 1970), spring 38
      performs three different function. First, it urges latch 42 upwardly at
      all times. Second, it urges latch 42 to rotate clockwise (as viewed from
      the rear) at all times. Third, it urges the upper end of latch 42 toward
      boss 45 at all times. Upward and downward movement of latch 42 is
      positively limited by engagement of shoulder screw 40 with the respective
      lower and upper ends of slot 47.
PAR  Spring 62 must have sufficient strength to accomplish the automatic shutoff
      when the end has been completely severed from the can, but not enough
      strength to move stud 53 upward from the lower edge 66 of rectangular
      opening 54 while the end of the can is being cut. The preferred strength
      of spring 62 is such that it exerts a force on control lever 57 midway
      between the minimum force required to accomplish the automatic shutoff
      (after the end has been completely sheared from the can) and the maximum
      force the spring could exert without moving the parts from their can end
      shearing positions while the end is being sheared from the can. Since the
      present invention minimizes the friction between the affected moving
      parts, a spring of reduced tension can be utilized for causing automatic
      shut-off. Because of the reduction in tension of spring 62, less downward
      force on operating lever 27 is required to energize the motor for the
      knife sharpening means alone.
PAR  It is preferred that the compound angling of the axis of the cutter wheel
      24, and the lateral orientation of cutter wheel 24 relative to can feed
      wheel 16 (while the end is being sheared from the can), be as shown in
      U.S. Pat. No. Re-26,074 (issued Sept. 6, 1966). The advantages of such an
      arrangement (recited in the '074 patent) include the much desired result
      that the axis of the can is automatically ahead of the axis of the can
      feed wheel 16 as the end of the can is pierced by the cutter wheel 24.
      This causes the can to be guided with respect to the can feed wheel 16 in
      such a manner as to urge the can feed wheel 16 to remain under the edge of
      the flange of the can, rather than escaping therefrom.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. In a power operated can opener, the combination of:
PA1  an upright frame having a bearing opening therein;
PA1  a can feed wheel rotatably supported on said frame;
PA1  a motor drivingly connected with said can feed wheel;
PA1  a switch connected with said motor, said switch having a motor energized
      condition and a motor deenergized condition;
PA1  a cutter mounting plate;
PA1  a cutter member mounted on said cutter mounting plate;
PA1  an operating lever;
PA1  means for pivotally connecting said operating lever to said cutter mounting
      plate at a location offset from said cutter member;
PA1  a first can guide extending forwardly from said cutter mounting plate, said
      first can guide being coaxial with said pivot connection;
PA1  a first pin member extending rearwardly from said operating lever into said
      bearing opening, said first pin member being cooperatingly positional
      within said bearing opening in said frame to pivotally support said
      connected cutter mounting plate and operating lever on said frame, said
      first pin member being offset from said pivot connection whereby selective
      pivotal movement of said operating lever with respect to said frame
      effects movement of said cutter mounting plate throughout an operating
      range of the latter;
PA1  a second pin member extending rearwardly from said cutter mounting plate at
      a location thereon to move in a path inclined substantially from
      horizontal upon movement of said cutter mounting plate;
PA1  a second opening in said frame, said second pin member extending through
      said second opening when said connected cutter mounting plate and
      operating lever are supported on said frame;
PA1  a link member pivotally supported on said frame;
PA1  means for biasing said link member in a preselected pivotal direction;
PA1  a second can guide secured to said link member and extending forwardly
      beyond said frame at a location remote from said cutter mounting plate as
      same moves throughout its operating range, said second can guide and
      cutter mounting plate thereby remaining completely disassociated and out
      of contact with one another regardless of the position of said cutter
      mounting plate;
PA1  an integral motor control lever mounted for movement on said frame and
      having a pin engaging edge oriented at an angle from horizontal
      corresponding substantially to said inclined path of movement of said
      second pin member, said second pin member being in operable contact with
      said pin engaging edge to move said motor control lever in a direction to
      engage same directly against said switch to cause the energization of said
      motor and the driving of said can feed wheel when said operating lever is
      moved downwardly from the position in which said cutter member first
      contacts the end of a can inserted with its flange over the periphery of
      said can feed wheel; and
PA1  a latch, said latch releasably engaging said first pin member through said
      bearing opening to hold said connected cutter mounting plate and operating
      lever at a position near said frame, and said latch being movable to allow
      disengagement from said first pin member and axial separation of said
      first pin member and said bearing opening.
NUM  2.
PAR  2. The invention of claim 1, including two bosses on said frame and one
      boss on said cutter mounting plate, means for urging said bosses into
      corresponding contact with said plate and said frame, said combined three
      bosses providing low-friction contact points between said frame and said
      cutter mounting plate, said urging means exerting a contacting force upon
      said cutter mounting plate within a triangle defined by lines between said
      three bosses whenever said cutter mounting plate is in any operating
      position.
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ABST
PAL  A portable electrical appliance such as an electric dry shaver wherein all
      the operative elements are mounted on a shroud support assembly for
      removal as an operative unit from the shaver casing. The support means
      further include a structural arrangement for permitting the vibratory
      motor of the appliance to be suspended clear of the casing sidewalls to
      allow for slight pivotal movement thereof during operation to absorb and
      reduce vibrations in operation of the appliance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in hand-held portable
      electric appliances and in particular electric dry shavers.
PAR  In presently known electric dry shavers there is usually provided a casing
      in which is housed an electric motor and upon which casing is provided a
      cutter head assembly. Drive means are interposed between the motor and
      cutter head assembly for effecting operation of the cutter head upon
      energization of the motor by an internal or external power source. It is
      also required that the casing house not only these mechanisms but other
      ancillary devices that are found in electric dry shavers such as auxiliary
      sideburn and moustache trimmers, cutter latching mechanisms and the like.
PAR  It is advantageous in these appliances to provide a structural arrangement
      wherein the various operative parts are disposed for ready access for
      servicing. In electric dry shavers, for example, it is desirable that the
      shaver be assembled so that the motor may be removed in operative
      assembled relationship with the other parts of the shaver from the main
      protective or enclosure casing. The latter type structure provides for
      expedient servicing and testing of the shaver.
PAR  Various arrangements have been utilized in the past for achieving these
      objectives and which devices have met with varying degrees of success.
      Problems are encountered however, in that known arrangements have provided
      relatively complex structural requirements that do not lend themselves to
      efficient manufacturing procedures. It is further desirable in certain
      electric dry shavers which utilize vibratory electric motors that the
      motor be arranged within the casing in a manner whereby a minimal amount
      of vibrations are transmitted through the casing walls to the hand of the
      user during use of the appliance such as disclosed in co-pending
      application Ser. No. 472,539 filed May 23, 1974 and entitled "Vibrator
      Motor in Hand-Held Electric Appliance". It has been found that in certain
      electric dry shavers or other appliances employing these motors (as more
      fully disclosed in the mentioned application) which comprise an armature
      pivoted for movement relative to a fixed stator member that the periodic
      vibrations can be substantially reduced by adjusting the pivot point of
      the armature within the housing in a manner whereby among other features
      the lower end of the motor assembly is free to move in a predetermined arc
      relative to the pivot to balance the armature system and substantially
      reduce vibrations in use of the appliance.
PAR  It is an object of the present invention to provide a novel hand-held
      electrical appliance and in particular one which houses a vibratory motor
      and output means operable thereby.
PAR  Another object is to provide a novel electric dry shaver wherein means are
      provided for mounting a shaver motor and cutter head drive means in
      operative relationship whereby all of the latter elements can be removed
      from the casing as an operative unit.
PAR  A further object is to provide novel means for mounting a vibratory motor
      within a shaver casing for pivotable movement therein during operation
      without disturbing or interferring with the adjacent fixed shaver
      mechanisms.
PAR  A further object is to provide a novel means for mounting a cutter head
      assembly, drive means therefor, and a vibratory motor within a shaver
      casing whereby the mentioned elements which comprise the operative
      mechanisms of the shaver can be removed from the shaver casing in
      assembled operative position and which operative mechanisms may also
      include a hair trimmer device selectively operative by the cutter head
      drive means.
PAR  A still further object is to provide for an electric dry shaver having an
      improved structural arrangement which permits efficient and less costly
      manufacturing and assembly procedures.
PAR  The present invention contemplates a novel hand-held electric appliance. In
      one embodiment the invention is embodied in an electric dry shaver which
      comprises a cutter head assembly, drive means therefor and a vibratory
      motor. Support means are provided for supporting the latter elements
      whereby the latter are removable as a unit from the appliance casing and
      which means include a shroud support member. Means are provided for
      mounting the motor on the shroud whereby the one end is free to swing in
      an arc relative thereto in operation. The support further includes a novel
      support for the motor stator including strap means suspended from the
      shroud assembly to interconnect the latter to the stator support.
PAR  The above and other objects and advantages of the present invention will
      appear more fully hereinafter from a consideration of the detailed
      description which follows taken together with the accompanying drawings
      wherein an embodiment of the invention is illustrated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary perspective view of an electric dry shaver in which
      is incorporated an embodiment of the present invention;
PAR  FIG. 2 is a fragmentary side elevational view of the upper portion of the
      shaver of FIG. 1 and shows portions of the cutter head assembly and cutter
      head drive means;
PAR  FIG. 3 is a side elevational view of the shaver of FIG. 1 with portions of
      the shaver casing broken away to show the interior portions thereof;
PAR  FIG. 4 is a front elevational view of the shaver as seen in FIG. 3 with
      portions broken away to show the interior thereof;
PAR  FIG. 5 is a fragmentary end view of the shroud assembly;
PAR  FIG. 6 is a sectional view taken on the lines 6--6 of FIG. 5;
PAR  FIG. 7 is a fragmentary exploded perspective view of the one end of the
      shroud assembly;
PAR  FIG. 8 is a side elevational view showing the operative assembly of the
      shaver removed from the enclosure casing;
PAR  FIG. 9 is a sectional view taken on the line 9--9 of FIG. 4; and
PAR  FIG. 10 is an exploded view of certain of the operative parts of the
      appliance and the shroud support.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings for a more detailed description of the
      present invention and more particularly to FIGS. 1 and 2 in electric dry
      shaver is generally indicated by the reference numeral 10. Electric dry
      shaver includes a main enclosure casing 12 of hard molded plastic material
      and which enclosure includes spaced sidewalls 14 and 16 (FIG. 4) together
      with a bottom wall 17 and front and rear walls 18 and 19. A vibratory
      motor 21 (FIGS. 3 and 4) is enclosed within casing 12 in a manner to be
      hereinafter described in detail and which motor is provided with
      oscillator arms 22 for operation of a cutter head assembly 24 disposed in
      the upper portion (FIG. 1) of shaver 10 within a cutter head receptacle
      25.
PAR  Cutter head receptacle 25 is formed by a pair of end wall pieces 28 and 29
      (FIG. 10) which have arcuate-shaped recess portions 30 and 31 seated on
      the upper arcuate end extensions of sidewalls 14 and 16 of casing 12. A
      cutter head support section 32 is disposed between end wall piece 28 and
      29 and includes a bottom wall 34 and front and rear walls 37 and 38. The
      lower corners of rear wall 38 (FIGS. 2 and 10) are provided with openings
      40 adapted to engage hinge pins 41 (one shown FIG. 10) on end pieces 28
      and 29 whereby cutter head supporting section 32 is pivotable about hinge
      pins 41 into and out of cutter head receptacle 25 away from the main body
      section 12. Support section 32 is held in a stationary position relative
      to section 12 by suitable latching mechanisms (not shown) which latchs the
      front wall 37 of cutter support section 25 to main section 12.
PAR  Cutter head assembly 24 as seen in FIG. 2 is of a well-known structure and
      includes a plurality of individual cutter head units 44 secured in any
      suitable manner in side by side relationship on a slightly convex
      rectangular mounting plate 45 which conforms to the surface of bottom wall
      34 of cutter support section 32. Each cutter head unit 44 includes an
      inverted U-shaped outer cutter 46 having the lower wall portions thereof
      secured to a U-shaped base spacer 47. Inner cutter 48 is provided within
      each outer cutter 46 and is of the general type described in U.S. Pat. No.
      2,793,430 issued on May 28, 1957 to L. C. Carissimi. A leaf spring 50
      (partially shown in FIG. 2) is provided for each inner cutter 48 and
      secured thereto to urge its inner cutter 48 into cutting cooperation with
      its associated outer cutter 46. Oscillator arms 22 engage leaf springs 50
      and upon operation of motor 21 drive the inner cutters 48 in a
      reciprocating path in a known manner within outer cutters 46 to shear
      facial hairs that are combed into the hair reception slots 51 in outer
      cutters 46. Suitable fastening means (not shown) are provided to secure
      mounting plate 45 to bottom wall 34 of cutter support section 32.
PAR  As seen in FIGS. 3 and 4 motor 21 is of the vibratory type and includes a
      U-shaped stator assembly 53 comprising a plurality of closely stacked
      U-shaped laminations. Coil members 54 are provided about the opposite legs
      of stator 53 in the usual manner. An armature assembly 56 comprises
      closely stacked laminations and which assembly is pivotly mounted about a
      shaft 58 carried by a support plate assembly 59. Support plate 59 is
      provided with a lower portion to which is secured the stator assembly 53
      in a suitable manner. In addition armature springs 60 are disposed within
      support 59 and have one end engaging support 59 with the opposite ends
      thereof engaging the armature assembly 56 in a usual manner to establish a
      desired degree of entry between the armature pole faces 61 and the stator
      pole faces 62 so that upon energization of coils 54 armature 56 vibrates
      in a selected cycle relative to the stator assembly 53. Oscillator arms 22
      comprise extensions of a member 63 (FIG. 3) secured to armature shaft 58
      and adapted to vibrate in unison with armature assembly 56 to effect
      movement of inner cutters 48 as oscillator arms 22 engage drive leaf
      springs 50 in a usual manner.
PAR  As mentioned it is a feature of the present invention to provide a novel
      structural arrangement for mounting the operative portions of the electric
      dry shaver i.e., cutter head assembly 24, motor 21 and the drive means 22,
      63 therefor within casing 12 whereby the same is drawn from the casing 12
      in assembled operative condition. To this end a support assembly which
      comprises a shroud member generally indicated by the reference numeral 65
      in FIGS. 6 and 10 is arranged for supporting the aforementioned operative
      elements of shaver 10.
PAR  Shroud assembly 65 includes a pair of mating support sections 67 and 68
      formed of a molded plastic material. In mated engagement as seen in FIGS.
      2, 6 and 7, spring clamps 70 having leg portions provided with detents 72
      are disposed on the upper surface of the mated sections with the detents
      lying in cut-out portions of the engaged sections to secure the sections
      together. The opposite end portions 74 and 75 of shroud 65 comprise
      arcuate raised portions (FIG. 10). As shown in FIG. 5 with respect to one
      end 74 end pieces 28, 29 are fitted over arcuate portions 74, 75. The
      lower portion of end pieces 28-29 are provided with bridging straps 76
      which lie against the surface of shroud 65. Detachable clips 78 (as shown
      in FIGS. 5, 6 and 8) are provided having opposite legs 79 fitted in
      notches 80 in sections 67 and 68 and which legs 79 in locked position
      maintain its associated end piece 28 or 29 securely locked to shroud 65.
PAR  As previously mentioned cutter head support section 32 is hinged to end
      pieces 28-29 and an opening is provided in shroud 65 to allow oscillator
      arms 22 to enter through appropriate aligned openings in wall 34 and the
      cutter head assembly 24 to engage the inner cutters 48 in the manner
      previously described. In addition one oscillator arm 22 as seen in FIGS. 3
      and 10 is provided with a projection 83 for operating a trimmer assembly
      generally indicated by the reference numeral 84 in FIG. 1 which is also
      carried by the end pieces 28, 29 (in a manner not shown) and which
      assembly includes cutter means for operative engagement with extension 83
      as desired.
PAR  Means are also provided for suspending motor assembly 21 from shroud 65 and
      which means include downwardly extending wall portions 86 and 87 of
      sections 67 and 68. Aligned openings 88 and 89 are formed in depending
      portions 86 and 87 (FIG. 3) and in which openings are arranged the
      opposite ends of shaft 58 of armature assembly 56 to position the motor
      support 59 relative to shroud 65. The opposite or lower end of motor 21
      (FIGS. 3 and 4) is disposed within an end cup 90 of insulated plastic
      material. End cap or bell 90 fits over and is attached to lower portion of
      stator assembly 53 with end cup notches 92 adjacent to rubber caps 110 for
      movement therewith.
PAR  Terminal block 91 is provided with means for mounting thereon appropriate
      terminals for wire connections (not shown) to coils 54 of stator assembly
      53. An extension of terminal block 91 is provided with input terminals 93
      (FIG. 4) arranged in a bottom wall portion 17 of casing 12 for connection
      by means of a usual power electrical cord to a suitable household outlet
      for energization of motor 21.
PAR  Interconnecting means are provided to connect terminal block 91 to shroud
      65 and which means comprise a pair of metal strap members 94 and 95
      respectively. The upper ends (FIGS. 3 and 4) of straps 94 and 95 are
      provided with bent tabs 97 which are press fitted into openings 98 and 99
      of wall portions 86 and 87 of shroud 65. The lower ends of straps 94-95
      are provided with openings 101 which are in turn arranged over bosses 102
      of terminal block 91 to lock straps 94-95 thereto. In addition fingers 104
      extend from openings 101 on straps 94-95 to engage terminal block 91 to
      further detent the straps 94-95 thereto.
PAR  As will now be appreciated from the described structure all operative parts
      of the shaver are secured to shroud assembly 65. The assembled parts are
      maintained within the enclosure 12 by a threaded fastening member 106
      which extends through bottom wall 17 of casing 12 into locking engagement
      with block 91. The removal of fastener 106 as seen in FIG. 8 will allow
      the assembled operative portions of the shaver to remove as an assembled
      unit from shaver casing 12.
PAR  As mentioned it is a further feature of this invention to provide means for
      the lower end of the motor 21 to swing in a predetermined arc to absorb
      vibrations in a manner whereby less vibrations are transmitted from the
      motor to the walls of enclosure casing 12. As seen in FIGS. 3 and 4 the
      lower portion of stator assembly 53 is provided with a shaft 108 extending
      through the bight portion of the U-shaped laminations thereof. Rubber caps
      110 are fitted over shaft 108 and are provided with a hub portion 112
      disposed in slightly oversized eliptical slots 114 in strap members 94 and
      95. Upon energization of motor 21 motor assembly will vibrate about shaft
      58 with the vibrations absorbed in the rubber mounting caps 110 allowing
      for a more quieter motor with fewer vibrations transmitted to the casing
      walls.
PAR  It will be apparent from the foregoing description that the novel electric
      dry shaver has many advantages in use. One advantage among others is that
      the novel shroud arrangement 65 allows means for mounting operative
      portions of the appliance for removal as an operative unit from the
      enclosure casing. Among further advantages it is a novel means for
      mounting the motor in a manner where the vibrations transmitted to the
      casing walls are greatly reduced. The simplified parts and assembly
      arrangements further reduces the cost of manufacturing both in labor and
      other expenditures. As will be further apparent although the embodiment
      described is directed to an electric dry shaver the invention is not
      limited thereto and has applicability of other portable electrical
      appliances having a motor for operating a driven output means.
PAR  It is to be expressly understood that the invention is not limited to the
      embodiment illustrated and described. Various changes can be made in the
      design and arrangement of parts without departing from the spirit and
      scope of the invention as the same will be readily understood by those
      skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a portable electrical appliance,
PA1  a. a casing,
PA1  b. a shroud assembly disposed adjacent one end of the casing,
PA1  c. a motor assembly having a stator and a pivotally mounted armature for
      driving an output means,
PA1  d. means suspending the motor assembly from the shroud assembly, said
      suspending means providing a pivot for the motor assembly, the motor
      assembly moves about the pivot in an arcuate path upon energization of the
      motor assembly,
PA1  e. a block assembly disposed adjacent the other end of the casing and
      secured thereto,
PA1  f. means interconnecting the block assembly to the shroud assembly, and
PA1  g. dampening means engaging said interconnecting means to dampen said
      arcuate movement of the motor assembly in the operation of the motor
      assembly.
NUM  2.
PAR  2. The appliance of claim 1 wherein said dampening means include
      projections provided on said motor assembly for engagement with said
      interconnecting means.
NUM  3.
PAR  3. The appliance of claim 2 wherein said interconnecting means include
      straps having oversized openings within which said projections are
      arranged.
NUM  4.
PAR  4. The appliance of claim 3 wherein resilient material is provided within
      said oversized openings.
NUM  5.
PAR  5. The appliance of claim 1 wherein said interconnecting means include
      straps detachably securing said block assembly to the shroud assembly and
      wherein said motor assembly is suspended for said arcuate movement between
      said straps.
NUM  6.
PAR  6. The appliance of claim 5 wherein said straps include tabs at one end
      thereof secured to depending wall portions of said shroud assembly, and
      said straps further including an aperture adjacent the opposite end of
      said straps having a surface adapted for mated engagement with a detent
      projection on said block assembly.
NUM  7.
PAR  7. The appliance of claim 6 wherein said strap further includes fingers
      adjacent said aperture adapted for engagement with said block assembly to
      further detent said strap to the block assembly.
NUM  8.
PAR  8. The appliance of claim 1 wherein said block assembly includes terminal
      means for electrical connection of the motor assembly to a suitable source
      of electric power to permit energization of said motor assembly.
NUM  9.
PAR  9. A support assembly for the operative elements of an electric dry shaver
      arranged within an enclosure casing comprising,
PA1  a. a shroud assembly seated on said enclosure and from which shroud
      assembly is suspended a vibratory motor,
PA1  b. a cutter head assembly and drive means therefor supported by said shroud
      assembly,
PA1  c. a support block spaced from said shroud assembly and arranged at the
      base of the enclosure,
PA1  d. means interconnecting said shroud assembly to said support block and
      including portions for positioning one end of the motor,
PA1  e. means for releasably securing said support block to said casing,
PA1  f. said shroud assembly including a pair of mated sections between which is
      held the opposite end of the motor,
PA1  g. said means interconnecting said shroud assembly to said support block
      including a pair of strap members having opposite ends detachably secured
      to said support block and to said shroud assembly,
PA1  h. said straps are provided with oversized openings in which are arranged
      the opposite ends of a shaft within the stator of said vibratory motor,
      and
PA1  i. resilient material is provided about the ends of said shaft to absorb
      vibrations in operation of the motor.
NUM  10.
PAR  10. The support assembly of claim 9 wherein said one end of the motor is
      positioned within an insulated cap member having slots adjacent said
      resilient material for movement therewith.
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ABST
PAL  A tool for cutting the sheath of a cable has a loop frame and a cutter
      movable inwards and outwards of the frame to engage with the cable when
      the same is threaded through the loop, the cutter being controlled in
      position, according to the diameter of the cable and the thickness of its
      sheath, by a pin and slot mechanism.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to tools for cutting the sheath of cables or the
      like, as may be required to strip the outermost layers of insulation, or
      of armoured sheath of the cable.
PAR  In accordance with the present invention a tool for cutting the sheath of
      cable or like comprises a loop-like frame including at least two parts
      hinged together and catch means releasably holding them in the closed loop
      form, a handle extending away from the loop and a cutter which is
      adjustable in position inwardly and outwardly of the loop, the position of
      the cutter being controlled by pin and slot means.
PAR  Preferably the cutter is adapted to be held in at least two and possibly
      more angularly related positions relative to the loop frame. In one
      position the cutter blade may lie in a plane which is normal to the axis
      of the loop, and then when a cable extends through the loop on or parallel
      to the axis, the cutter may perform a circular cut around the perimeter of
      the cable as is required to separate an end portion of the sheath from the
      remaining sheath. In a second position, the blade extends at right angles
      to the first position so as to be able to make a cut along the length of
      the sheath, for example so that the sheath can be opened out and removed
      from the cable laterally. The further position will be inclined to the
      other two and between the other two and used to make helical cuts so that
      the sheath can be unwound from the cable.
PAR  In accordance with a preferred feature of the invention, a pair of rollers
      is provided in association with the cutter and located one on either side
      of the cutter for contacting the cable. These rollers may be movable with
      the cutter unit relative to the loop frame, and may also be adjustable
      angularly relative to the cutter so that they can either be located
      laterally of the line of cut or fore and aft along the line of cut, and
      may serve to minimise undesirable relative movements between the cable and
      tool and hence improve the efficiency of the cutting operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a first embodiment;
PAR  FIG. 2 is a longitudinal section of the same on a large scale.
PAR  FIG. 3 is an elevation partly in section of an alternative cutter unit for
      use in the tool of FIGS. 1 and 2;
PAR  FIG. 4 is a view similar to FIG. 1 but of a second embodiment; and
PAR  FIG. 5 is a view similar to FIG. 2 but of the second embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 to 3 of the drawings and particularly to FIGS. 1
      and 2 thereof, the tool shown therein comprises a loop frame comprising a
      V shaped portion 12 pivoted on pin 13 to one end of a C-shaped portion 10,
      and the two portions are releasably connected by a catch 22 pivoted on pin
      24 and engaging pin 30 via jaw 28. Spring 26 normally ensures that the
      catch remains engaged.
PAR  The frame includes a tubular boss 32 which receives one end 34 of a tubular
      handle stem 52. Pin 38 holds the stem axially but permits rotation within
      the boss, and spring loaded detents 40,42 engaging in a series of pockets
      44 hold the stem in any of a number of angular positions for the purpose
      explained.
PAR  The stem houses the cutter unit 48 which seats non-rotatably on a plug 60
      which carries a cross pin 58 extending through axial slots 54 along the
      length of the stem. The stem is screw-threaded externally, and nut 56 is
      screw-engaged with the stem: handle sleeve 66 is angularly fast with the
      nut and is externally ribbed or otherwise treated to enable it to be
      gripped manually.
PAR  The maximum travel of the cutter outwards of the frame is controlled by the
      cross pin 58 abutting the rim or end of the nut 56, and hence rotation of
      the nut via sleeve 66 may move the cross pin along the slots to advance or
      withdraw the cutter unit.
PAR  Spring 64 trapped between the plug and a shoulder 68 in the nut urges the
      cutter unit inwards of the loop frame, and the maximum inwards movement,
      under the action of the spring and creating a gap between pin 58 and the
      adjacent end of the nut 56, is controlled by a hand 70 on pin 62 fast with
      the plug 60 and co-operating with shoulder 68.
PAR  In use, when the cutter penetrates a cable sheath, the pin 58 will be moved
      into contact with the end of the nut and against the spring 64. In order
      to fix the position of the nut and prevent inadvertent adjustment
      especially when the handle sleeve 66 is used to grip the tool and rotate
      the same about the cable, the sleeve is given a limited axial movement by
      means of a slot 74 in the same receiving a pin 72 carried by the nut, and
      may snap engage in either of two positions by virtue of a spring loaded
      ball 76 engaging alternate pockets in the sleeve. The sleeve end adjacent
      the pin is castellated at 78 and hence the pin 58 ends may slot into the
      castellations, and because of the axial slots 54 rotation of the nut about
      the stem is then prevented.
PAR  The cutter unit shown in FIG. 2 comprises an outer body 80 carrying "O"
      ring 82 for frictional engagement of the body in a bore in plug 60, and
      the end of the body is bifurcated to embrace pin 58 so as to hold the body
      fast angularly relative to the pin and hence to the handle. This body 80
      houses a stem 84 which carries the cutter blade 50 and the stem is held
      angularly in the body by a pin.
PAR  Body 80 is screw-threaded internally and externally to accommodate a
      threaded liner and lock nut 86 which holds the stem in the body, and in
      the illustrated case also to mount a bracket 88 carrying rollers 90.
PAR  As shown in FIG. 2 the blade 50 is a flat blade fixed in position and lying
      in the plane of the loop frame. The rollers 90 are illustrated as lying
      fore and aft of the line of cut and this will be the normal position for
      these when the tool is used to make a circumferential cut and also when
      used to make a helical cut.
PAR  When the tool is used to make a longitudinal cut, the rollers 90 may be
      turned with the bracket 88 generally at right angles to the position
      illustrated in FIG. 2.
PAR  The rollers 90 will normally be adjusted so as to be in contact with the
      cable, and hence the cable will be supported not only at the normal three
      points (i.e. contact with rollers 14, 16 and cutter 50) but at these two
      additional points also. This will reduce any tendency for the cable to
      rock, or for bulges to form in the cable, and ensure that the cutting
      depth into the sheath is maintained constant.
PAR  The cutter unit of FIG. 2, comprising the body 80, the stem 84, the cutter
      50, together with the liner, lock nut (and rollers 90) can be removed
      bodily and replaced for example by the cutter unit shown in FIG. 3 which
      uses a cutter wheel 92 journalled on pin 94 and having a shouldered hub 96
      which acts to control the depth of cut in lieu of the face 86a of the
      liner 86.
PAR  It will be appreciated that as an alternative to interchanging units, the
      cutters may be removed, sharpened or repaired and replaced.
PAR  Turning now to FIGS. 4 and 5 of the drawings, the tool shown therein
      comprises a frame generally similar to that in FIGS. 1 to 3 and with like
      parts indicated by like reference numerals. The cutter unit also may be
      generally similar to either of those described hereinbefore, but a
      different cutter advance and retract system is employed as described
      below.
PAR  In this embodiment handle stem 100 has a gate slot including co-linear
      axial slots 102 104 each of which communicates at its adjacent end with a
      part peripheral slot 106 108 and the two latter are joined by a third
      axial slot 110.
PAR  The cutter unit is connected to a plug 112 which carries pin 114 projecting
      through the gate slot and fast with operating knob 116. Spring 118 urges
      the cutter inwardly of the loop frame.
PAR  It will be appreciated that the gate slot enables the cutter to be held in
      different positions axially, relative to the loop frame, that is to
      operate on different size cables, according to which portion of the slot
      receives the pin.
PAR  Further, the cutter can be retracted, against the spring to allow a cable
      to be inserted and the frame closed, and the spring then allowed to drive
      the cutter to a position in which it penetrates the cable sheath.
PAR  The arrangement shown may be considered as being usable for two different
      diameters of cables or groups of diameters of cables according to whether
      the pin extends through the slot 102 or 104, because when the pin is in
      the slot 110, the cutter unit is turned angularly slightly. However, the
      degree of turning may be comparatively small, and hence slot 110 can be
      considered to provide a third adjusted position for cables of diameters
      intermediate those of the other two positions.
PAR  Moreover it will be appreciated that more complex slot shapes can be
      provided, for the purpose of providing a greater range of adjusted
      positions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool for cutting the sheath of a cable or the like, comprising a
      loop-like frame including at least two parts hinged together and catch
      means releasably holding them in closed loop form, a handle extending away
      from the loop, a cutter which is adjustable in position inwardly and
      outwardly of the loop, the position of the cutter being controlled by pin
      and slot means, a pair of rollers carried on a bracket which is
      displaceable with said cutter, and a body which houses the cutter and
      which has a screw connection with said bracket by means of which said
      bracket is adjustable relative to said body and cutter.
NUM  2.
PAR  2. A tool for cutting the sheath of a cable or the like, comprising a
      loop-like frame including at least two parts hinged together and catch
      means releasably holding them in closed loop form, a handle extending away
      from the loop, a cutter which is adjustable in position inwardly and
      outwardly of the loop, means for maintaining the cutter in any one of a
      plurality of adjusted positions, a plurality of rollers mounted in the
      loop-like frame with their axes in the form of a V, the cutter being
      adjustable along a line into the V and toward the apex thereof.
NUM  3.
PAR  3. A tool according to claim 2 in which one frame part is formed with an
      aperture through which said cutter extends, and in which the handle is
      aligned with said aperture, means being provided to couple the handle to
      the cutter, said coupling means being operable to advance the cutter
      incrementally toward and away from the apex of said V, and said handle
      having one end thereof journalled in the aperture for angular movement
      about its axis, detent means being provided to releasably retain the
      handle in any one of a plurality of angular positions relative to said
      frame part.
NUM  4.
PAR  4. A tool according to claim 2 in which the handle comprises a first part
      which is fixed axially relative to one frame part and comprises a second
      part which is axially displaceable relative to said first part and said
      frame part toward the apex of the V, along the aforesaid line, adjustable
      means being provided on the first part operable to effect incremental
      displacement of the second part toward and away from the apex of the V,
      the cutter being carried by said second part, and said frame part
      including an aperture through which said cutter extends.
NUM  5.
PAR  5. A tool according to claim 4 in which said adjustable means comprises
      slot means formed in said first handle part and a radial pin carried by
      the second handle part, the pin projecting through said slot means and
      being provided with a head externally of said first part, and said slot
      means comprising at least two axial sections and transverse sections
      joining the axial sections.
NUM  6.
PAR  6. A tool according to claim 4 in which said first handle part is
      journalled in the aperture in said frame part for angular movement
      relative thereto, and including detent means for releasably retaining the
      first part in any one of a plurality of angular positions.
NUM  7.
PAR  7. A tool according to claim 4 in which said adjustable means comprises a
      sleeve connected to said first handle part by complementary lead screw
      threads whereby rotation of the sleeve causes it to advance axially
      relative to said first part, and a radial pin connected to the second
      handle part and projecting through the axial slot in the first part so as
      to be in the path of movement of the sleeve.
NUM  8.
PAR  8. A tool according to claim 7 in which the sleeve which encounters the
      projecting pin comprises inner and outer portions which are slidable
      relative to one another, detent means being provided to normally hold the
      outer sleeve in a retracted position in which the end of the inner sleeve
      portion, which is nearest said one frame member, is in advance of the
      corresponding end of the outer sleeve portion, the latter end being
      castellated for engagement with said projecting pin when the outer sleeve
      is advanced forwardly of the inner sleeve portion.
NUM  9.
PAR  9. A tool according to claim 4 in which the cutter comprises a blade
      mounted in a support which is attached to said second handle part.
NUM  10.
PAR  10. A tool according to claim 9 in which said support and said second
      handle part interfit by means of a spigot and socket connection and
      wherein the support is held releasably in interfitting relation with said
      second handle part by a resiliently-deformable element whereby the cutter
      can be readily detached for replacement.
NUM  11.
PAR  11. A tool according to claim 9 in which the support carries at least one
      roller which is located within the confines of said closed loop.
NUM  12.
PAR  12. A tool according to claim 9 in which the blade is adjustable axially
      relative to the support to vary the extent to which the cutting edge of
      the blade is exposed.
NUM  13.
PAR  13. A tool according to claim 9 in which the support carries a pair of
      rollers which are located within the confines of said loop, one on each
      side of the blade.
NUM  14.
PAR  14. A tool according to claim 13 in which the rollers are carried on a
      bracket which is adjustable relative to the support in directions towards
      and away from the apex of the V.
NUM  15.
PAR  15. A tool according to claim 14 in which the bracket is adjustable
      angularly relative to the support.
NUM  16.
PAR  16. A tool according to claim 15 in which the bracket is screw-threadedly
      connected to the support.
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ABST
PAL  A two-part orthodontic appliance having a pedestal which is relatively
      permanently attached to a tooth, as by direct bonding or by a tooth band,
      and a bracket which is firmly but removably secured to the pedestal. A
      wide variety of lug configurations may be provided on the bracket, so that
      the appropriate bracket may be selected for the particular patient and
      tooth in question, as the orthodontic treatment proceeds over the weeks
      and months. The bracket may be readily replaced with one of another
      configuration to accommodate the changing forces that are needed to bring
      about the orthodontic correction. The bracket is secured to the pedestal
      by a locking member or detent formed from the bracket, which snaps into
      place over a detent edge formed on the pedestal. Removal of the bracket
      from the pedestal is accomplished by forcing the locking member back over
      the edge, and sliding the bracket off the pedestal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As taught in the patent to Stifter, 2,908,974, it is quite useful to
      provide an orthodontic appliance in which a base is bonded to a tooth band
      which is carefully fitted over a tooth to be treated. The base is adapted
      to receive any of a large number of brackets, each having a different and
      unique working configuration in the form of a variety of slots or lugs to
      achieve the desired orthodontic force or torque. As the treatment
      proceeds, the orthodontist need merely replace the bracket portion of the
      appliance, while using the same tooth band base, and with minimum effort
      and inconvenience to the patient.
PAR  In accordance with the present invention, means are provided for
      expeditiously interlocking the bracket to the base of pedestal, while
      still permitting ready removal and interchange of brackets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings FIGS. 1, 2 and 3 illustrate a first species of this
      invention.
PAR  FIG. 1 is a perspective view of the complete appliance showing the bracket
      in exploded position ready to be slid onto the pedestal member, which is
      shown secured to a tooth band encircling a tooth.
PAR  FIG. 2 is a fragmentary view showing the bracket in place slid onto the
      pedestal.
PAR  FIG. 3 is a cross-sectional perspective taken on line 3--3 in FIG. 2
PAR  FIGS. 4, 5 and 6 show a second species of the invention.
PAR  FIG. 4 is a view, counterpart to FIG. 1, showing the bracket as it is
      actually fabricated into pieces, a base portion and a lug portion bonded
      together as by welding or brazing.
PAR  FIG. 5 is a fragmentary perspective view, counterpart to FIG. 2, showing
      the bracket in place on the pedestal. FIG. 6 is a perspective section
      taken on line 6--6 in FIG. 5, being counterpart to FIG. 3.
PAR  FIGS. 7 and 8 show a third species of the invention, being a variant on the
      species of FIGS. 4 - 6 in which the axis along which the bracket is slid
      onto the pedestal has been turned 90.degree., so that it lies on a
      mesial-distal axis.
PAR  FIG. 7 is a perspective counterpart to FIGS. 1 and 4.
PAR  FIG. 8 is a fragmentary perspective in section showing the bracket in place
      on the pedestal.
PAR  FIGS. 9 and 10 are views counterpart to FIGS. 4 and 6, respectively,
      showing a modified form thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT OF THE INVENTION
PAR  Referring to FIGS. 1-3, the appliance shown consists of a pedestal 10 and a
      bracket 12 adapted to be slideably mounted thereon. Pedestal 10 is shown
      secured to a tooth 14 by means of a tooth band 16 to which it is suitably
      bonded. Alternatively, the pedestal 10 may be direct bonded to the tooth
      14.
PAR  The pedestal 10 is provided with a slide way 18 formed by pairs of in bent
      tabs 20 at each side of the pedestal.
PAR  The bracket 12 has four spider-like legs 22 provided with sloping faces 24
      which form a slide that mates smoothly with the slide way 18 as the
      bracket 12 is slid onto the pedestal 10. In this way the bracket 12 may be
      readily applied to and removed from the tooth 14 without disturbing the
      basic securement consisting of the band 16 and the pedestal 10.
PAR  The slide 24 and slide way 18 are oriented in the incisalgingival
      direction. Along this same axis, the pedestal 10 is provided with a
      notch-like keyway 26, which receives a key 28 integrally formed on the
      bracket 12, as the bracket 12 is slid onto the pedestal 10. A flexible
      finger 30 is formed integrally from the pedestal 10 and extends
      transversely across the mouth or open end of the key way 26. It
      constitutes a locking member for holding the bracket 12 in place. All
      parts of the appliance are preferably formed of strong, somewhat
      resilient, material, such as stainless steel or a suitable plastic. Thus,
      the finger 30, being integrally formed from the pedestal 10 and free to
      flex slightly (as shown in phantom at 32), may be deflected to one side by
      the key 28 as the bracket 12 is slid onto the pedestal 10. As the key 28
      seats in the key way 26, the finger 30 drops over the end of the key 28.
      Thus the end 34 of the key 28 constitutes a detent edge which, in
      cooperation with the the locking finger 30, serves to hold the bracket 12
      in place on the pedestal 10.
PAR  The installed position of the bracket in the pedestal is shown in FIG. 2,
      which also illustrates that the bracket member 12 is provided with any
      suitable outer configuration for holding an arch wire 36 in place. Such
      configuration, for example, may assume the form of a groove 38, which
      receives the wire 36 and is held therein by ligatures 40 passing under
      suitable lugs 42.
PAR  In FIGS. 4-6 a second form of invention is shown wherein the bracket member
      12a contains the slide way in the form of in bent slide flanges 20a which
      receive the slide 24a formed by the bevelled edges on the side of the
      pedestal 10a, which is bonded to the tooth band 16a. In this form of the
      invention the locking detent member is formed by lancing out a transverse,
      elongate arced portion 30a, which retains its integral connection with the
      bracket 12a at each end, but is free of the parent metal in the center
      portion, and is thus free to flex or deflect slightly to lock the bracket
      12a to the pedestal 10a. In this form, the entire body portions of both
      pedestal 10a and bracket 12a also bow outward slightly as the arc detent
      30a rides up a ramp 50 before dropping into a centrally located recess 52
      formed in the face of the pedestal 10a. Thus the flexing is a combination
      of this body flexing and the flexing of the lanced-out arc 30a in the
      bracket base 54.
PAR  The leading edge of the recess 52 forms a detent edge 34a that detentably
      locks the bracket 12a to the pedestal 10a. As the bracket 12a is slid onto
      the pedestal 10a, the sloping ramp 50 cams the lanced-out locking member
      30a outward, causing the members 10a and 54 to bow away from each other.
      When arc 30a clears the edge 34a, it drops into locking position in recess
      52. A further stop 55, bent integrally up from the end of the pedestal
      10a, serves as an additional stop to retain the bracket 12a in position.
PAR  In the embodiment shown in FIGS. 4-6 the bracket 12a is formed in two
      parts, the relatively flat bracket base 54, and a bracket lug portion 56.
      They are suitable bonded together as by brazing.
PAR  FIGS. 7 and 8 show a variation of the embodiment shown in FIGS. 5 and 6 in
      which the pedestal 10 has been rotated 90.degree. so that the bracket base
      12 slides on to the pedestal along a mesialdistal axis. In this embodiment
      a pair of ramps 50 are located respectively at each side of recess 52 so
      that the bracket member 12 may be slid onto the pedestal 10 from either
      side.
PAR  The form of the invention shown in FIGS. 9 and 10 is substantially the same
      as that shown in FIGS. 7 and 8, except that the detent 30b, which is
      embossed out of the bracket base 54b, is considerably shorter than the arc
      detent 30a. Thus, in this form of the invention, the flexing almost
      entirely takes place in the body of the two members 10b and 54b, with very
      little relative flexing between the detent 30b and its parent metal 54b.
PAR  In each case the flexing/bowing of the complete body portion is made
      possible by the central positioning of the recess 52, which allows optimum
      flexing of the entire body portion, as the embossed detent 30a (30b) rides
      up the ramp 50 (50b) and into the recess 52 (52b).
PAR  Whereas the invention has been shown and described herein in what is
      conceived to be the best mode contemplated, it is recognized that
      departures may be made therefrom within the scope of the invention which
      is therefore not to be limited to the details disclosed herein but is to
      be afforded the full scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Orthodontic appliance comprising:
PA1  a pedestal member adapted to be secured to a tooth;
PA1  a bracket member;
PA1  one of said members having a slide way;
PA1  the other of said members having a slide selectively receivable in said
      slide way, whereby said bracket member may be selectively applied to and
      removed from the tooth without removing said pedestal member;
PA1  a detent edge formed on a first one of said members;
PA1  an elongate locking member formed from a second one of said members, at
      least one end of said locking member being integrally joined to said
      second one of said members, the intermediate portion of said locking
      member being free of said second one of said members, so that it is free
      to flex as said members are slid together, and then drop over said edge,
      thereby to lock said members together.
NUM  2.
PAR  2. Appliance in accordance with claim 1 wherein:
PA1  said detent edge is formed by a recess in said first one of said members;
PA1  said locking member is formed from said second one of said members by
      lancing out a portion of said second one of said members; and
PA1  said first one of said members includes sloping ramp means paralleling said
      slide and slide way for camming said locking member into said recess.
NUM  3.
PAR  3. Appliance in accordance with claim 2 wherein:
PA1  said bracket member constitutes said second one of said members and is
      formed of two parts, a bracket base and a bracket lug, bonded together;
PA1  said bracket base comprising a relatively flat base member slideable onto
      said pedestal member and containing said lanced locking member;
PA1  said bracket lug being permamently bonded to said bracket base over said
      lanced-out locking member, and wherein:
PA1  said pedestal member comprises said first one of said members;
PA1  said recess being formed in the central portion of said pedestal member;
PA1  said ramp means extending from one edge of said pedestal portion inward to
      a point adjacent said recess, thereby to effect said camming of said
      locking member as said bracket member is slid onto said pedestal member.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said slide and slide way
      are oriented on the incisalgingival axis.
NUM  5.
PAR  5. Appliance in accordance with claim 2 wherein:
PA1  said slide and slide way are oriented on the mesial-distal axis; and
PA1  said ramp means comprises a pair of ramps located respectively at each side
      of said recess, whereby said bracket member may be slid onto said pedestal
      member from either side of said pedestal member.
NUM  6.
PAR  6. Appliance in accordance with claim 1 wherein:
PA1  said pedestal member has a keyway open at one end;
PA1  said locking member is formed as a finger extending transversely across the
      open end of say keyway;
PA1  said bracket member having a key slideable in said keyway;
PA1  said edge is constituted by the end of said key;
PA1  whereby in sliding said bracket member onto said pedestal member, said
      finger is deflected until it clears said edge and then drops over said
      edge to lock said members together.
NUM  7.
PAR  7. Orthodontic appliance comprsing:
PA1  a pedestal member adapted to be secured to a tooth;
PA1  a bracket member;
PA1  one of said members having a slide way;
PA1  the other of said members having a slide slectively receivable in said
      slide way, whereby said bracket member may be slectively applied to and
      removed from the tooth without removing said pedestal member;
PA1  a recess in the central portion of a first one of said members;
PA1  a detent embossed from a second one of said members in the central portion
      thereof and engageable in said recess to detentably lock said members
      together;
PA1  said first one of said members having ramp means paralleling said slide and
      slide way;
PA1  said members being formed of material having sufficient resiliency to
      permit deflection thereof as said embossed detent slides up said ramp
      means before dropping into said recess.
NUM  8.
PAR  8. Appliance according to claim 1 including:
PA1  stop means for stopping and retaining said bracket members after said
      members have been locked together.
NUM  9.
PAR  9. Appliance according to claim 2 including:
PA1  stop means for stopping and retaining said bracket member after said
      members have been locked together.
NUM  10.
PAR  10. Appliance according to claim 9 wherein:
PA1  said stop means comprises an integral bent-up portion on the edge of said
      first member opposite said sloping ramp.
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ABST
PAL  A dental clutch member molded in the form of a thin-walled shell fits over
      the person's lower teeth and is attached thereto by plaster. Holes in the
      walls of the shell help the plaster become firmly attached to the shell.
      Support structure molded integral with the shell extends outwardly through
      the patient's mouth for receiving a horizontal rod to which is attached
      other dental apparatus. Fracture lines in the shell and the extension
      permit the shell to be broken into pieces to facilitate removal of the
      clutch from the patient. One or more tooth separators are molded with the
      clutch member and then broken away from the shell to be releasably
      attached to the clutch by detent buttons.
BSUM
PAR  This invention relates to dental apparatus and more particularly to an
      improved clutch to be attached to the patient's teeth to support other
      diagnostic dental apparatus.
PAR  In making jaw measurements or performing other diagnostic dental analysis,
      it is often necessary to mount equipment to the patient's jaw. One known
      way to accomplish this is to mount the equipment to a clutch which fits
      over the teeth of one jaw and is attached to the teeth by plaster or other
      temporary bonding material. The clutch itself is often made of smooth
      imperforate metal for durability and sanitation. A thermosetting compound
      is positioned in the clutch and the clutch is placed over the teeth. The
      compound attaches to the clutch and makes a mold of the teeth, however, it
      does not adhere to the teeth because of moisture on the teeth. A coating
      of zinc oxide eugenol paste is therefore applied to the thermosetting mold
      which will bond the mold to the teeth. Removal of the clutch is somewhat
      difficult and time consuming. Also, the thermosetting material attached to
      the clutch must then be removed from the clutch, and the clutch
      resterilized for use on another patient.
PAR  Another disadvantage of the present arrangement is that the cost of the
      clutch is such that it is often not practical to have a variety of sizes.
      Consequently some clutches are made adjustable, which lends versatility
      but further adds to the cost. Even with adjustability however there are
      some situations in which the clutch does not fit properly on the patient's
      teeth, which can add further difficulties for the patient and the dentist.
PAR  While performing jaw measurements, it is often desirable to separate the
      patient's upper and lower teeth sufficiently so that they do not interfere
      with the jaw movements. For this purpose a tooth separator is sometimes
      employed. Various separators are utilized all having some advantages and
      disadvantages. The need still exists for further improvements in that area
      both with respect to cost and function.
PAR  The present invention overcomes some of the prior art shortcomings. In
      accordance with the invention, a clutch is provided which can be attached
      to the patient's teeth by plaster which is easy to work with, and much
      less expensive than the attaching materials being currently used. In order
      to facilitate the use of plaster, the clutch of the invention is provided
      with a plurality of small holes so that when the clutch containing wet
      plaster is placed onto the patient's teeth, some of the plaster will ooze
      through the openings to help secure the clutch to the material as it
      hardens.
PAR  As a further important feature of the invention, the clutch is made of a
      moldable readily breakable material such as plastic acrylic. By forming
      fracture lines on the interior wall of the clutch, the clutch may be
      readily broken into two or more pieces with a simple tool such as a
      screwdriver. The plaster will often break with the clutch because of the
      small lugs of plaster extending through the holes in the clutch.
      Consequently, the broken sections of the clutch and plaster will readily
      fall away from the patient's teeth. The cost of such a plastic clutch is
      such that it is practical to discard the broken sections after use which
      further eliminates the cost of cleaning and sterilizing the clutch for
      future use, as is necessary with the prior art reusable clutches. The cost
      of the clutch can be further minimized by forming it with relatively thin
      walls having a plurality of reinforcing ribs, preferably extending
      vertically along the side walls of the clutch.
PAR  As a further feature, the clutch is formed with an extension structure on
      its forward portion to which may be attached a horizontal rod for mounting
      the dental diagnostic equipment to be utilized. The structure includes a
      horizontal wall which is an extension of the horizontal wall of the
      clutch, together with two side walls formed integral with the outer side
      wall of the main clutch portion. The side walls have holes formed therein
      for receiving the rod, with the holes preferably being formed of two
      laterally offset sections which facilitate the molding operation and also
      enable the plastic side walls to grip the rod. If further gripping force
      is required, there is also provided a clamp which fits over the clutch
      extension to apply force to the structure engaging the rod.
PAR  In addition to forming a means for mounting the rod, the extension serves
      as a base for receiving a tooth separator mounted on the upper surface of
      the extension. In a preferred approach, the tooth separator is also made
      of plastic material and is provided with a pair of buttons which snap into
      two holes on the clutch extension. The purpose for making the separator
      removable is that in some instances no separator is desired and separators
      of various sizes may be easily attached to the clutch. Tooth separators of
      various sizes may be molded simultaneously with the clutch and attached to
      the clutch by breakaway sections of plastic so that the entire unit may be
      supplied to the dentist in a sealed sterilized package. Thus the dentist
      may simply break open the package and select the tooth separator desired
      and either discard or save the other size separators for future use.
DRWD
PAR  Further features and advantages of the invention will become apparent with
      reference to the following drawings in which:
PAR  FIG. 1 is a top perspective view of the clutch of the invention with a
      horizontal rod being shown in phantom lines supported by the clutch;
PAR  FIG. 2 is a bottom perspective view of the assembly of FIG. 1 showing the
      clamp separated from the clutch;
PAR  FIG. 3 is a top perspective view of the clutch showing the tooth separator
      removed from the clutch and showing the means for attaching the separator
      to the clutch;
PAR  FIG. 4 is an enlarged front elevational view of a portion of the clutch
      assembly illustrating the laterally offset side wall sections of the
      clutch or extension;
PAR  FIG. 5 is a cross sectional view through one side section of the clutch
      illustrating the configuration of the side walls and the holes through the
      side walls and the horizontal wall;
PAR  FIG. 6 is a schematic illustration of the clutch assembly in use on a
      patient's jaw; and
PAR  FIG. 7 is a bottom plan view of the clutch with three tooth separators
      attached to the clutch by breakway plastic sections.
PAR  Referring first to FIGS. 1 and 2, it may be seen that the clutch includes a
      main shell section 10 having an overall generally U-shaped configuration
      and further having an inverted U-shaped cross section, as may be seen from
      FIG. 5. The shell 10 has an upper horizontal wall 12 and inner and outer
      depending side walls 14 and 15 which flare outwardly somewhat.
PAR  The clutch is preferably made of a non-toxic, moldable material which is
      relatively strong and rigid but yet is somewhat flexible and further is
      somewhat brittle so that it is easily breakable if the wall is
      sufficiently thin. Further, the material should be easily machineable or
      be capable of being ground away in the event it requires any adjustments
      for use on a patient. To reduce the size or the mass of the clutch, the
      walls are made relatively thin; however, to increase their strength the
      clutch is provided wiith a plurality of generally vertically extending
      ribs 16, as is best seen in FIG. 2. The material should also be relatively
      inexpensive so that the clutch can be economically disposable after one
      use. A material having the necessary characteristiics enumerated is
      acrylic plastic. Other suitable materials may also be available.
PAR  To facilitate attachment of the clutch to a patient's teeth, the upper
      horizontal wall 12 of the shell 10 is formed with two rows of holes 17
      while both the inner and outer side walls 14 and 15 are formed with
      openings 18 which have been formed in the mold by vertically extending
      pins which create elongated recesses 18a in the outer surface of the outer
      wall 15, as may be seen in FIG. 5.
PAR  The clutch further includes a forwardly extending structure 19 for
      supporting dental apparatus to be used with the clutch. Such structure
      includes an upper wall 20 which is an extension of the horizontal wall 12
      of the main shell, and a pair of side walls 22 and 24 which extend
      downwardly from the horizontal wall 20 and are formed integral with the
      forward central portion 15a of the outer wall 15 of the main shell. As
      seen from FIGS. 1 and 2, the side wall 22 has an upper section 22a
      outwardly offset the thickness of the wall from a lower section 22b. The
      wall 24 has similar sections 24a and 24b. A hole 26 is formed in each of
      the side walls through the adjoining edge of the upper and lower sections
      of the side walls so that one half of the hole is defined by the lower
      section the other half of the hole is defined by the upper section. Having
      the lower section offset from the upper section facilitates the molding
      operation. Also, since the sections are actually separate along their
      common edge, the offset arrangement further facilitates the gripping of a
      horizontal rod 30, shown in phantom lines in FIG. 1. The holes 26 in the
      side walls 22 and 24 are aligned so that the rod 30 is supported in
      generally horizontal position perpendicular to the side walls and parallel
      to the upper horizontal wall 20. The diameter of the hole 26 is slightly
      smaller than the diameter of the rod 30 so that the slight flexibility of
      the upper and lower side wall sections tend to cause them to grip the rod
      and hold it stable. Preferably the rod is knurled around its midsection to
      further prevent rotation of the rod.
PAR  As another means for providing additional gripping of the rod, there is
      provided a box-like clamp 32 which fits over the clutch support structure
      19. More specifically the clamp includes a bottom horizontal wall 33, a
      pair of upwardly extending side walls 34 and a pair of inwardly extending
      short stub walls 36. The side walls are formed with semicircular recesses
      38 which receive the rod 30 and enable the clamp to be slipped over the
      end of the support structure 19. A pair of screws 39 are threadably
      mounted in the bottom horizontal wall 33 on lines intersecting the rod 30.
      These screws when tightened engage the lower edge of the side wall lower
      sections 22b and 24b of the extension structure 19 causing the upper stub
      walls to press downwardly on the horizontal wall 20, thus urging the upper
      wall sections 22a and 24a downwardly. This action increases the gripping
      force on the rod 30.
PAR  To facilitate removal of the clutch from a patient's teeth, the lower
      surface of the horizontal extension wall 20 is formed with a fracture line
      40, as may be seen from FIGS. 2 and 7. This line has a V-shaped cross
      section such that the bottom of the V is relatively thin so that the
      material can be readily broken along this line. As further seen from FIGS.
      2 and 7, the lower surface of the upper horizontal wall 12 of the shell
      also has a fracture line 41 aligned with the line 40. The forward central
      section 15a of the outer side wall 15 of the clutch shell 10 is formed
      with a fracture line 42 on its inner surface which intersects the fracture
      lines 40 and 41. The forward surface of the inner side wall 14 is likewise
      formed with a fracture line 43 in the same plane with the other lines.
      Thus the series of fracture lines 40-43 together bisect the clutch into
      left and right sections. An additional fracture line 44 is formed along
      the lower surface of the upper horizontal wall 12 between the rows of
      holes 17, thus further dividing the clutch into rear portions and forward
      portions.
PAR  Referring to FIG. 2, it may be seen that the outer surface of the vertical
      forward section 15a of the outer wall 15 of the shell 10 is formed with
      two outwardly extending ribs 46 on each side of the vertical fracture line
      42. These ribs define a slot 48.
PAR  Also shown in FIGS. 1-4 is a tooth separator 50 having a smooth upper
      curved or arcuate section 51 and a centrally located depending wall or rib
      52. Formed integral with and depending from the rib 52 are a pair of
      spaced buttons 54 and 55. These buttons are adapted to be received within
      a pair of spaced apertures 56 and 57, the forward aperture 56 being
      located in the horizontal wall 20 of the forward support structure 19 and
      being adapted to receive the forward button 54. The rear aperture 57 is
      formed in the horizontal wall 12 of the main shell between the two rows of
      holes 17, and is adapted to receive the rear button 55 of the tooth
      separator.
PAR  The tooth separator 50 is molded of the same material as the clutch. It is
      desirable to have different sized tooth separators. Thus for example three
      different sizes may be conveniently molded with the clutch. Such an
      arrangement is shown in FIG. 7 wherein the clutch 50 is shown attached to
      the clutch by a breakaway section 58 and two additional tooth separators
      59 and 60 are likewise shown attached to the clutch by breakaway sections
      61 and 62. The tooth separators differ by virtue of having the central rib
      52 being of different height so that the teeth of an upper and lower jaw
      may be further separated. Since it is desirable that the width of the
      tooth separator remain the same for each of the separators so as to be
      supported stably on the clutch, the curvature of the upper wall 51 varies
      as the height of the rib 52 varies.
PAR  In operation, a clutch together with one or more tooth separators as shown
      in FIG. 7 is provided in a sterilized package for convenience of use by
      dentists. The dentist simply selects the size clutch he thinks will fit,
      opens the package, breaks away the tooth separators 50, 59 and 60 and
      positions the clutch over the patient's teeth for size. If the clutch does
      not fit properly, portions can be easily ground away or can be softened by
      heat and then shaped as desired.
PAR  Once the fit is satisfactory, the rod 30 to which other dental apparatus is
      to be attached is inserted in the holes 26 of the side walls 22 and 24 of
      the forward extension structure 19. As has been explained, the offset
      upper and lower wall sections of the side walls 22 and 24 tend to grip the
      rod to hold it firmly in a selected position. Further if additional
      gripping is desired, the clamp 32 may be positioned on the extension, as
      described above.
PAR  To attach the clutch to the patient's teeth, a quantity of soft plaster is
      positioned within the main shell 10 and the shell positioned over the
      patient's teeth such as the teeth of the lower jaw as shown in FIG. 6.
      Since the plaster is soft, some of it will immediately ooze through the
      holes in the upper horizontal wall 12 of the shell and through the
      openings in the inner and outer side walls 14 and 15 of the shell. As the
      plaster hardens, the portions 64 which have oozed through these openings
      form a series of lugs which firmly attach the plaster to the clutch. The
      plaster, of course, enters the crevices and spaces between the teeth so
      that the clutch is thereby firmly easily attached to the teeth.
PAR  One of the many advantages of this arrangement is that the plaster is
      inexpensive and easy to use. Also it quickly hardens so that there is less
      delay and hence discomfort for the patient, as well as improving the
      dentist's efficiency.
PAR  Once the plaster has hardened, the dentist may snap the selected tooth
      separator 50 into position by inserting its buttons 54 and 55 into the
      mating apertures 56 and 57 in the clutch, as shown in FIGS. 2 and 3. As
      seen from FIG. 6, the patient's upper teeth engage the smooth upper curved
      wall 51 of the tooth separator 50 so that the upper teeth slide smoothly
      on the separator while the lower jaw is moved and yet the upper and lower
      teeth are suitably spaced so that the teeth do not interfere with the jaw
      movement.
PAR  When the dentist has completed his work it is a simple matter to remove the
      clutch from the patient's jaw. The flat tip of a tool, such as a
      screwdriver, is inserted within the slot 48 between the two vertically
      extending ribs 46 in the central section 15a of the outer wall 15, as seen
      in FIG. 2. By twisting the tip of the tool, a separating force is applied
      to the ribs 46 causing the clutch to break into left and right sections
      along the fracture lines 40-43. Also by this same action, the clutch will
      frequently break along the line 44 thus breaking the clutch into two more
      sections. If the clutch does not break on the line 44 with the action of
      the tool in the slot 48, the clutch may be broken along the fracture line
      44 simply by prying upwardly under the lower forward edge of the outer
      wall 15 or the dentist may simply break the clutch along the line 44 with
      his fingers. Breaking the clutch in this manner typically causes the
      plaster to break iin the same manner. However, if all of the plaster does
      not break away with the clutch sections, it is very easy to remove the
      remaining plaster pieces in that the plaster does not have great adhesive
      qualities. The broken sections of the clutch along with the broken pieces
      of plaster can, of course, be simply discarded. Since both the clutch
      material and the plaster are relatively inexpensive, this is a practical
      procedure. Moreover it eliminates the expense of the time and material
      necessary to clean and sterilize a reusable clutch. Since sterilization
      procedures often leave much to be desired, a disposable clutch is also
      more sanitary for the patient.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dental clutch comprising a member shaped to fit over the teeth of a
      human jaw including a horizontal wall to extend adjacent the crowns of the
      teeth and inner and outer side walls to fit over the sides of the teeth,
      said member being sized to permit a quantity of bonding material to fit
      around the teeth for securing the member to the teeth, said member having
      a plurality of small openings in one or more of its walls to permit some
      of said bonding material while in soft form to ooze through the openings
      so that when the material is hardened said member is securely attached to
      the teeth; and means in said member which permit it to be readily broken
      into two or more sections so as to facilitate removal of the clutch from
      the teeth.
NUM  2.
PAR  2. The clutch of claim 1 wherein the member is made of breakable material
      which is also somewhat flexible, such as a plastic acrylic material, said
      member having fracture lines which bisect the member through the portion
      of the clutch member which fits over the front teeth to permit the member
      to be readily broken into sections.
NUM  3.
PAR  3. The clutch of claim 2 wherein said member has a curved fracture line
      formed along the length of said horizontal wall that intersects the first
      mentioned fracture lines.
NUM  4.
PAR  4. The clutch of claim 2 including means defining a slot in the front
      central part of said outer side wall on said fracture line, said slot
      being adapted to receive a tool, such as the tip of a screwdriver to
      facilitate breaking the clutch member into two pieces by twisting the tip
      of the screwdriver to apply pressure to both sections of the clutch.
NUM  5.
PAR  5. A dental clutch comprising a member shaped to fit over the teeth of a
      human jaw including a horizontal wall to extend adjacent the crowns of the
      teeth and inner and outer side walls to fit over the sides of the teeth,
      said member being sized to permit a quantity of bonding material to fit
      around the teeth for securing the member to the teeth, said member having
      a plurality of small openings in one or more of its walls to permit some
      of said bonding material while in soft form to ooze through the openings
      so that when the material is hardened said member is securely attached to
      the teeth; and support means formed integral with the forward portion of
      the outer side wall for removably connecting the clutch member to a rod
      which extends generally horizontally to permit the attachment of other
      dental apparatus such as means for making jaw measurements, said means for
      attaching a clutch member to the rod including means defining a pair of
      spaced apertures which receive the rod with an interference fit.
NUM  6.
PAR  6. A dental clutch comprising a member shaped to fit over the teeth of a
      human jaw including a horizontal wall to extend adjacent the crowns of the
      teeth and inner and outer side walls to fit over the sides of the teeth,
      said member being sized to permit a quantity of bonding material to fit
      around the teeth for securing the member to the teeth, said member having
      a plurality of small openings in one or more of its walls to permit some
      of said bonding material while in soft form to ooze through the openings
      so that when the material is hardened said member is securely attached to
      the teeth; and including tooth separator means positioned on the front
      portion of the horizontal wall to be engaged by the user's upper teeth
      while the clutch is attached to the lower teeth.
NUM  7.
PAR  7. The clutch of claim 6 wherein said tooth separator means is adapted to
      be attached to the clutch member in a manner to be readily removed.
NUM  8.
PAR  8. The clutch of claim 7 wherein said separator has a pair of downwardly
      extending buttons which mate with snugly fitting apertures on the clutch
      member so that the separator is easy to install and remove.
NUM  9.
PAR  9. A dental clutch comprising a thin molded shell having a generally
      U-shape adapted to fit over the teeth of a human jaw including a
      horizontal wall extended adjacent the crowns of the teeth, an inner side
      wall to fit over the inner sides of the teeth and an outer side wall to
      fit over the outer sides of the teeth, said member being made of a
      material which is relatively strong but yet can be readily broken, said
      member having a fracture line in its side walls and horizontal wall which
      bisects the member into two sections, and means formed on said shell
      accessible adjacent the patient's mouth for readily breaking the clutch
      member into two sections along the fracture line by utilizing a suitable
      tool and thereby facilitating removal of the clutch from the teeth.
NUM  10.
PAR  10. The clutch of claim 9 including lug means straddling the fracture line
      in the outer wall of said member sized to form a slot for receiving the
      flat tip of a screwdriver or similar tool for facilitating breaking the
      clutch member into two pieces by twisting the tip of the tool in said
      slot.
NUM  11.
PAR  11. The clutch member of claim 9 including support means formed integral
      with the outer side wall and the horizontal wall of said member adapted to
      extend outwardly through the patient's mouth when the clutch is installed
      on the teeth, said support means being adapted to receive a horizontally
      extending rod utilized for mounting other dental apparatus while the
      clutch is installed on the teeth, said fracture line extending through
      said support means so that the entire structure can be readily broken into
      two sections.
NUM  12.
PAR  12. A dental clutch comprising a member shaped to fit over the teeth of a
      human jaw and adapted to be attached to the teeth by suitable bonding
      means, said member including a horizontal wall which extends adjacent the
      crowns of the teeth and an outer side wall formed integrally with the
      horizontal wall and extending adjacent the outer sides of the teeth, a
      support structure formed integral with the clutch member to extend out
      through the patient's mouth when the clutch member is attached to the
      teeth, said support structure including a horizontal wall and a pair of
      spaced vertical walls formed integral with the outer side wall of the
      clutch member, means defining openings formed in said vertical side walls
      for receiving a horizontally extending rod for mounting dental apparatus
      thereon.
NUM  13.
PAR  13. The clutch of claim 12 wherein the vertical side walls of said support
      structure are formed of an upper and a lower section which are laterally
      offset from each other a slight amount along the approximate diameter of
      said opening, said opening being slightly smaller in diameter than the
      diameter of the rod to be positioned in the opening so that the structure
      grips the rod but yet the rod can be readily inserted into the openings by
      virtue of the offset arrangement of said vertical side walls.
NUM  14.
PAR  14. The clutch of claim 13 further including a clamp adapted to fit over
      the support structure and squeeze said upper and lower wall sections to
      further grip the rod.
NUM  15.
PAR  15. The clutch of claim 12 including means defining a pair of apertures
      formed in the horizontal wall of the clutch member and the horizontal wall
      of the support structure, and separator means having a pair of buttons for
      being received within said apertures, said separator means having a curved
      upper surface to be engaged by the upper teeth of the patient while the
      clutch member is attached to the patient's lower teeth.
NUM  16.
PAR  16. A dental clutch comprising a member shaped to fit over the teeth of the
      human jaw including a horizontal wall to fit over the crowns of the teeth
      and an outer side wall to fit over the outer sides of the teeth, means
      defining an extension of said horizontal wall adapted to extend outwardly
      through the patient's mouth when the clutch member is attached to the
      patient's teeth, tooth separator means attached to said horizontal wall in
      said extension to be engaged by the patient's upper teeth while the clutch
      member is attached to the patient's lower teeth so as to space the upper
      teeth from the clutch member and the lower teeth, said tooth separator
      having means for permitting the separator to be easily attached to and
      removed from the clutch member.
NUM  17.
PAR  17. The tooth separator of claim 16 wherein the tooth separator and the
      horizontal wall of said member and said extension having mating buttons
      and holes for removably attaching the separator to the clutch member.
NUM  18.
PAR  18. The clutch of claim 15 wherein said tooth separator is molded with the
      clutch member attached to the clutch member by a breakaway section and
      including one or more additional tooth separators having differing heights
      molded with said clutch member and attached thereto by breakaway sections,
      each of said additional tooth separators having means for facilitating
      their attachment to said horizontal wall and said horizontal extension so
      that each of the two separators can be easily broken away from the clutch
      member and the desired separator can be attached to the horizontal wall
      and extension.
NUM  19.
PAR  19. A dental clutch comprising a thin-walled shell shaped to fit over the
      teeth of a human jaw, said shell being sized to permit a quantity of
      bonding material to fit around the teeth for securing the shell to the
      teeth, and means formed in said shell to permit the shell to be readily
      broken into two or more sections so as to facilitate removal of the clutch
      from the teeth.
NUM  20.
PAR  20. The clutch of claim 19 including means formed in said shell to
      facilitate the attachment of said bonding material to said shell.
NUM  21.
PAR  21. The clutch of claim 19 wherein said member is a molded thin walled
      shell having a plurality of spaced reinforcing ribs in its side walls.
NUM  22.
PAR  22. The clutch of claim 19 including support means formed integral with the
      forward portion of the outer side wall for removably connecting the clutch
      member to a rod which extends generally horizontally to permit the
      attachment of other dental apparatus such as means for making jaw
      measurements.
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ABST
PAL  An air driven dental handpiece comprising a handle and a turbine housing
      mounted at one end thereof. The turbine housing includes a rotor having
      rotor blades and ball bearings for rotatably mounting the rotor. A port is
      formed in the handle, which is in fluid communication with the interior of
      the turbine housing. A lubricant is injected into the turbine housing
      through the port. Removable sealing means cover the port to prevent any
      foreign matter from entering the turbine housing and to prevent air from
      leaving the port.
BSUM
PAR  This invention relates to a dental handpiece, and more particularly, to a
      novel air driven dental handpiece that includes a lubrication port.
PAR  Substantially all of the air driven dental handpieces now in use include a
      rotor that is rotatably mounted in ball bearings. The ball bearings must
      be periodically lubricated in order to prevent their premature wearing
      out. If the ball bearings wear out, they must be replaced, and the
      handpiece is inoperative until they are replaced.
PAR  There are presently two methods most commonly used to lubricate the ball
      bearings. One of these methods is to remove the end caps from the turbine
      housing and inject a grease lubricant into the ball bearings. This is time
      consuming and is a rather messy procedure. Care must be taken not to
      inject too much grease into the ball bearings, or it could foul the air
      lines in the handpiece.
PAR  The second method, which is becoming the most commonly used method, is to
      improve all of the external connections at the rear of the handpiece. This
      is accomplished by disconnecting the incoming air, water, and in some
      cases, light systems from the rear of the handpiece. When this is done, a
      lubricant can be propelled into the air line within the handpiece through
      the use of an aerosol can which contains the lubricant. After the
      lubricant has been propelled into the air line, the air, water and light
      systems are reconnected, and the handpiece is operated to disperse the
      lubricant throughout the turbine housing and out through the bearings.
PAR  Although the aerosol method of lubricating the bearings is effective to
      carry out the lubrication, it has been found that it suffers from a number
      of shortcomings. Utilizing this method, the bearings must be lubricated at
      least once a day. It is time consuming to disconnect all of the
      attachments at the rear end of the handpiece in order to carry out the
      lubrication. Additionally, the constantly taking apart of the handpiece
      will cause the rear gasket in which all of the various connections are
      made to wear out, and it must be periodically replaced. Of particular
      criticality is that the constantly taking apart of the rear end of a
      dental handpiece that includes an internal fiber optics system will cause
      wear at the interface between the incoming fiber optic system and the rear
      end of this system within the handpiece. This in turn diminishes the
      effectiveness of the light system and the continuity of the light through
      the sytem
PAR  All of the foregoing problems are obviated by the dental handpiece of this
      invention. Utilizing the handpiece of this invention, an aerosol
      lubrication is easily accomplished without the necessity of disconnecting
      all of the incoming tubes into the handpiece. Furthermore, utilizing the
      system of this invention, a more effective lubrication is accomplished.
PAR  It is accordingly an object of this invention to provide an air driven
      dental handpiece having a novel lubrication system.
PAR  This and other objects of this invention are accomplished by providing a
      dental handpiece comprising a handle and a turbine housing mounted at one
      end thereof, a rotor mounted within said turbine housing, said rotor being
      rotatably mounted in bearings, and a port formed in said handpiece, said
      port being in fluid communication with the interior of said turbine
      housing, whereby a lubricant can be injected through said port into the
      interior of said turbine housing, and means for covering said port.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a partial side elevational view of the handpiece of this
      invention;
PAR  FIG. 2 is an enlarged sectional view taken along the line 2--2 of FIG. 1,
      and showing a lubricant tube adapted to inject a lubricant into the
      interior of the turbine housing; and
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
DETD
PAR  Referring now in greater detail to the various figures of the drawings
      wherein like reference characters refer to like parts, a dental handpiece
      embodying the present invention is generally shown in FIG. 1. Device 10
      basically comprises a hollow handle 12 having an angled neck 14 and a
      turbine housing 16 secured at the end of neck 14 and projecting
      perpendicularly thereto.
PAR  The specific structure of the dental handpiece embodying this invention can
      be the same as any of the air driven dental handpieces known to the art.
      For example, it can comprise the structure of the handpieces shown in U.S.
      Pat. No. 3,120,706 or U.S. Pat. No. 3,199,196, the disclosures of which
      patents are incorporated by reference herein. By way of specific example,
      the handpiece shown in this application is the one that is disclosed in
      co-pending application Ser. No. 217,745, filed Jan. 14, 1972, and entitled
      "Air Driven Dental Handpiece", the disclosure of which application is
      incorporated by reference herein.
PAR  As seen in FIGS. 2 and 3, turbine housing 16 is circular in cross-section,
      and includes a hollow, cylindrical bore. Mounted within the bore is a
      turbine cartridge 18 which comprises an upper ball bearing 20, a lower
      ball bearing 22, a rotor shaft 24 which is internally threaded and an
      externally threaded collet 26. The upper ball bearing 20 includes an outer
      race 28, an inner race 30 and balls 32. Likewise, the lower ball bearing
      22 comprises an outer race 34, an inner race 36 and balls 38. The rotor
      shaft 24 is secured to the inner races 30 and 36 by a pressed fit.
PAR  A rotor having a hub 40 and spaced blades 42 is secured on rotor shaft 24.
      To the extent described, the turbine cartridge 18 is the same as that
      disclosed in U.S. Pat. No. 3,120,706. In the specific embodiment of the
      invention shown, each blade 42 comprises a pair of aligned recesses 44.
      This specific structure is disclosed in aforementioned U.S. application
      Ser. No. 217,745. It  should be understood, however, that the specific
      lubrication system of this invention is applicable to any air driven
      dental handpiece.
PAR  Turbine housing 16 is externally threaded at its top and bottom, and an end
      cap 46 is threadedly secured at the top and bottom of the turbine housing.
      The turbine cartridge 18 is insertable as a single unit into the turbine
      housing by removing either the top or bottom end cap, and is secured in
      place by the end caps. The outer races 28 and 34 are contacted by the
      inner surfaces of the end caps 46 which secure the turbine cartridge in
      place. However, each end cap is provided with an internal recess whereby
      the end caps will not contact the inner races 30 and 36. Accordingly, the
      rotor shaft is freely rotatable, along with the inner races, between the
      end caps. Each end cap includes a central opening 48, with the rotor shaft
      24 projecting through the bottom central opening.
PAR  A dental bur 50 is secured in collet 26. The securement is made by
      threadedly advancing collet 26 relative to rotor shaft 24. The specific
      method of securement is described in greater detail in aforementioned U.S.
      Pat. No. 3,120,706 and U.S. application Ser. No. 217,745.
PAR  Air to rotate the turbine blades 42 is furnished by an air conduit 52 in
      handle 12. A pair of air tubes 54 and 56 are in fluid communication with
      conduit 52, and are in fluid communication with the interior of turbine
      housing 16. Air tubes 54 and 56 rotate the turbine by supplying air in the
      direction of the arrows 58 of FIG. 2.
PAR  Other details of the handpiece are the same as those disclosed in
      aforementioned application Ser. No. 217,745. Thus, the handpiece includes,
      as an optional feature, a fiber optic light tube or tubes 60 adjacent the
      bur 50. The handpiece also includes a water spray device for directing a
      coolant spray on the rotating bur 50. The water spray device includes a
      resilient collar 62 which is slidably mounted on section 14 of handle 12.
      The collar is preferably made of spring steel and resiliently grips the
      handle. Collar 62 includes a forward projecting portion 64.
PAR  Spray tubes 66 are secured to the underside of collar 62. The spray tubes
      66 are adapted to supply a coolant spray to the rotating bur 50 when the
      handpiece is in use. The spray tubes 66 are movable to the position shown
      in phantom at 66' in FIG. 1 when they are in use for directing the coolant
      to the bur. They are movable rearwardly, by sliding collar 62, to the
      position shown in full line when the end caps 46 are removed in order to
      obtain access to the turbine cartridge 18 and in order to permit the
      lubrication of the handpiece, as will be explained hereinafter. The rigid
      spray tubes 66, which are formed from stainless steel, are connected
      within handle 12 to flexible tubing. Further details on the spray tubes
      and their internal connections can be found in aforementioned U.S. Pat.
      No. 3,199,196 or aforementioned application Ser. No. 217,745. By way of
      example, the spray device 66 can comprise a pair of adjacent tubes, with
      one being for water and the other for air, or a single spray device which
      can dispense a mixture of air and water, or water or air alone.
PAR  Section 14 of handle 12 includes an opening 68 formed therein. Opening 68
      leads to a channel 70 (FIG. 2) which in turn is connected to channel 72.
      Channel 72 is of a smaller diameter than channel 70. A shoulder 74 is
      formed at the base of channel 70 and adjacent channel 72.
PAR  The handpiece is lubricated by sliding the collar 62 to the position shown
      in full line in FIG. 1. Thereafter, tube 76 is inserted in channel 70
      through opening 68 until the forward tip of the tubes rests on shoulder
      74. The tube 76 is in turn connected to the discharge port of an aerosol
      can containing a lubricating and/or cleaning fluid. The valve on the
      aerosol can is depressed, and the entrained lubricant is injected into the
      interior of the turbine housing 16 through channel 72. Thereafter, tube 76
      is removed and the spray clip 62 is pushed forwardly until the projecting
      portion 64 covers opening 68, and is in the position shown in phantom at
      64' in FIG. 1.
PAR  With the opening 68 thus covered, the handpiece is actuated by admitting
      air into the air supply conduit 52. This causes the rotor blades 42 to
      rotate and disperse the lubricant. Most of the lubricant will be entrained
      in the exhaust air, and leave through the exhaust channel within the
      handpiece. However, a portion of the exhaust air passes through the ball
      bearings 20 and 22 by passing between the inner and outer races. This
      portion of the exhaust air then passes through the openings 48 in the end
      caps 46. In this way, the balls and the associated raceways of the
      bearings are lubricated. Any of the lubricating fluids known to the art
      can be used in carrying out this invention. By way of example, the aerosol
      can can contain a mixture of mineral oil, which serves as a lubricant, a
      Freon solvent and a propellent, such as Freon 12. The solvent acts as a
      cleaner for the ball bearings.
PAR  The cleaning and lubricating method can be carried out on a periodic basis,
      and normally if it is done at the close of each day, this is sufficient to
      keep the ball bearings well lubricated. The shoulder 74 serves as a stop
      for the insertion of the tube 76, and insures that the tube will not
      inadvertently be projected all the way into the turbine housing, where it
      will encounter interference from the turbine blades. By the same token,
      the shoulder 74 insures that the tube will be inserted sufficiently far to
      obtain proper dispersion of the lubricant within the turbine housing.
PAR  The projecting portion 64 on the clip 62 thus serves a dual function. One
      function is to seal the opening 68 in order to insure proper dispersion of
      the lubricant when the handpiece is being lubricated. The second function
      is to keep the opening 68 closed during the use and storage of the
      handpiece. Thus, when the handpiece is being used, no exhaust air will
      leave through the opening 68, but instead, the bulk of the exhaust air
      will leave through the exhaust conduit within the handle 12 (See
      aforementioned application Ser. No. 217,745). Additionally, no dirt or
      other contaminant can enter the handpiece through opening 68 when the
      handpiece is being stored.
PAR  It is accordingly seen that the handpiece can conveniently and easily be
      lubricated without the necessity of removing the end caps and without the
      necessity of disassembling the handpiece from the connecting tubes at the
      rear. The lubricant is injected directly into the turbine housing, and
      this insures complete lubrication.
PAR  It should be understood that other means of sealing the opening 68 can be
      provided. Thus, there can be a pivoted cover on the handle of the
      handpiece. However, the clip 62 is preferred since it is easily moved into
      and out of position, and additionally serves the added function of
      supporting the spray tube or tubes 66. The lubrication system of this
      invention is adapted for use with any handpiece having unshielded
      bearings. Thus, when the air turbine is rotated, a portion of the exhaust
      air will pass through the unshielded raceways of the bearings, thereby
      lubricating the bearings.
PAR  In the embodiment of the invention shown, the opening 68 is in handle 12,
      and the channel projects angularly into the turbine housing 16. This
      position is preferred because the opening 68 is readily coverable by the
      collar 62. Since collar 62 is already on the handpiece, it is a relatively
      simple matter to extend the collar to include the projection 64, and
      therefore no ancillary cover means is needed for opening 68. However, the
      invention can also be carried out by having the opening and channel
      directly formed in turbine housing 16. When this is done, a separate cover
      will have to be provided. Accordingly, the only critical feature is that
      the channel for conveying the lubricant open into the turbine housing in
      the area between the bearings so that the upper and lower bearings are
      both lubricated when air is admitted to rotate the rotor.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention, that other may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. A dental handpiece comprising a handle and a turbine housing mounted on
      one end thereof, a rotor mounted within said turbine housing, said rotor
      being rotatably mounted in bearings, said bearings comprising upper and
      lower bearings, with said rotor being mounted between said upper and lower
      bearings, a port formed in said handle, said port being in fluid
      communication with the interior of said turbine housing, said port
      comprising a channel formed in said handpiece, said channel having an
      opening in said turbine housing, said opening being positioned between
      said upper and lower bearings, and a collar secured on said handle and
      slidable relative thereto, said collar being adapted to cover said port,
      whereby a lubricant can be injected through said port into the interior of
      said turbine housing.
NUM  2.
PAR  2. A dental handpiece comprising a handle and a turbine housing mounted on
      one end thereof, a rotor mounted within said turbine housing, said rotor
      being rotatably mounted in ball bearings, said turbine housing having
      upper and lower openings, a port in said handle, said port being in fluid
      communication with the interior of said turbine housing, and a collar
      secured on said handle and slidable relative thereto, said collar being
      adapted to cover said port, whereby a lubricant can be injected through
      said port into the interior of said turbine housing, and whereby said
      injected lubricant is propelled through said ball bearings and through
      said openings when said rotor is air actuated.
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ABST
PAL  A fluid actuated, portable engraving tool has a body provided with an
      opening into which a unitized fluid motor assembly is arrangeable. The
      body has a tracing assembly mounted on it for engaging in a suitable
      template, and the like, and guiding a cutter associated with the motor
      assembly along a path determined by the template. A preferred motor
      assembly includes a motor cap, fluted rotor, and two bearings affixed to a
      spindle. Fitting of the bearings into the body opening mounts the motor
      assembly on the body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to engraving machines, and particularly to
      a manually operated portable machine of superior performance, improved
      significantly over prior art devices by the inclusion of a unitized
      pneumatic motor within the body of the engraving machine.
PAR  2. Description of the Prior Art
PAR  Considerable difficulty has been encountered in the past in driving a
      cutter of an engraving tool at speeds sufficiently great to provide smooth
      chatter-free engraving within a portable machine.
PAR  Electric powered devices either direct coupled or belt driven by an
      electric motor, and the like, are necessarily heavy and difficult to
      handle from the standpoint of true portability of a manual device.
      Further, counter-weighted or counter-balanced mechanisms tend to encumber
      the operator and thereby defeat the true object of portability.
PAR  Further problems encountered in the past by conventional manually operated
      engraving machines involve vibration and heat. Belt driven spindles tend
      to vibrate when reaching speeds in excess of 20,000 rpm. Bearing friction
      within the spindles also tends to raise the temperature to damaging levels
      when rotated at speeds in excess of 20,000 rpm, thereby reducing the life
      expectancy of a unit to that of impracticality.
PAR  Still another and very significant problem encountered in the past with
      portable engravers is that of heavy, cumbersome, and tiring manipulation
      by even the most skilled and manually dexterous of operators due to the
      massiveness of the machines.
PAR  Prior patents believed to be pertinent to this invention are as follows:
TBL  2,185,011           Dec. 26, 1939                                         
     2,780,966           Feb. 12, 1957                                         
     2,884,695           May 5, 1959                                           
     3,250,008           May 10, 1966                                          
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a portable engraving
      machine capable of operating successfully at speeds between 20,000 and
      50,000 rpm, or more, in a vibrationless and cool running mode.
PAR  It is a further object of the present invention to provide an engraving
      machine that does not require counter-balanced weights, levers, or
      appendages for compensating the mass of power unit such as an electric
      motor, an arrangement of linkages, and the like.
PAR  It is still another object of the present invention to provide an engraving
      machine that has a self-contained unitized pneumatic driven spindle
      lubricated by a unique lubrication system that forms an assembly capable
      of operating continually at speeds desired without suffering bearing
      damage due to heat and friction.
PAR  Yet another object of the present invention is to provide an engraving
      machine that incorporates a unitized motor spindle combination with only
      one moving part, other than the bearings, and that may readily be removed
      and replaced should a bearing failure occur.
PAR  A further object of this invention is to provide a truly portable engraving
      machine that is small enough to rest comfortably in the palm of the hand
      and weighs less than six ounces, yet produces sufficient power to engrave
      with a superb fineness of detail in wood, plastic, metal, and the like.
PAR  Yet another object of this invention is to provide a pneumatic driven
      engraving machine that is dynamically designed in such a manner as to
      produce 40,000 rpm spindle speeds at 20 psig while consuming less than two
      cubic feet of fluid under pressure thereby requiring the very minimum in a
      compressed gas supply.
PAR  These and other objects are achieved according to the present invention by
      providing a fluid actuated, portable engraving tool having: a body
      provided with an opening; a tracing assembly mounted on the body and
      arranged for engaging in a suitable template; and a unitized fluid motor
      assembly arrangeable in the opening of the body.
PAR  According to a preferred form of the invention, the motor assembly includes
      a combination of a fluid motor and a spindle, with the combination
      comprising a motor cap, a fluted rotor, and a pair of bearings affixed to
      the spindle. The bearings advantageously are arranged bracketing the rotor
      in cooperation with the motor cap. A cavity is provided in the body and
      arranged in communication with the opening of the body for forming a
      chamber which receives the rotor. A tube enters the body and terminates at
      an interface between the rotor and the chamber for receiving the rotor. By
      this arrangement, the tube provides a passage for injecting a fluid under
      pressure and impinging same on a fluted circumference of the rotor for
      rotating same. The motor and spindle combination is mounted in the opening
      of the body by a press fit of the bearings which form the unitized motor
      assembly.
PAR  The body advantageously includes a removable cover, part of the opening of
      the body being formed in the cover. The bearing associated with the motor
      cap is thus press fit into the part of the opening provided in the cover.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, top plan view, showing an engraving tool according
      to the present invention arranged with a suitable template.
PAR  FIG. 2 is a fragmentary, sectional view taken generally along the line 2--2
      of FIG. 1.
PAR  FIG. 3 is a fragmentary, sectional view taken generally along the line 3--3
      of FIG. 2.
PAR  FIG. 4 is a fragmentary, exploded, perspective view showing a unitized
      motor assembly according to the present invention and those parts of the
      body of the engraving tool into which the motor is inserted.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to FIGS. 1-3 of the drawings, an engraving
      tool 10 according to the present invention has a body 12 provided with an
      opening 14 (See FIGS. 2 and 3 of the drawings). A tracing assembly 16 is
      mounted on body 12 and arranged for engaging in a suitable template 18,
      while a height adjustment assembly 20 cooperates with a workpiece 22 (See
      FIGS. 2 and 3 of the drawings) to adjust the depth of a cut made in the
      workpiece 22. A unitized motor assembly 24 is arrangeable in opening 14 of
      body 12 for rotatably mounting a cutter 26 which makes an engraving in
      workpiece 22 in accordance with the Figure of template 18 in which tracing
      assembly 16 is engaged.
PAR  Tracing assembly 16 includes a tracing stylus arm 28 fastened to body 12 as
      a suitable threaded fastener (not shown), and further includes a tracing
      stylus pin 30 vertically adjustably arranged at the outermost, or free,
      end of the cantilever mounted arm 28 for engaging in a suitable letter
      template such as template 18. In addition to having engraved letters,
      numbers, and the like, on its surface, template 18 is also provided with a
      longitudinally extending guide track 32 recessed into the surface of the
      template. A track pin 34, which is suitably threaded, and the like, for
      vertical adjustment rides in the slot forming guide track 32, and becomes
      a pivotal point moving around the longitudinal axis of the template 18.
      With tracing stylus pin 30 engaged in a recessed letter, and the like,
      such as letter 36, cutter 26 will faithfully trace a path as confined by
      the pivot point about the track pin 34 and the stylus pin 30. The depth of
      cut, once preset by engaging the cutter 26 through the center of a mandrel
      forming part of motor assembly 24, is controlled by a threaded thumb wheel
      38 and its associated shoe 40. The latter rides along the workpiece 22, as
      is clearly shown in FIGS. 2 and 3, with thumb wheel 38, shoe 40, and a
      threaded rod 42 connecting together the thumb wheel and shoe, forming
      assembly 20. The depth of cut 68, as shown in FIGS. 2 and 3 of the
      drawings, will therefore be determined by the adjustable character of
      thumb wheel 38.
PAR  To insure a true vertical cut, all engraving points of stylus pin 30, track
      pin 34, cutter 26, and the height adjustment thumb wheel 38 and its
      respective shoe 40, are preset such that body 12 is parallel to the
      surface of workpiece 22. Then only a minor deviation from the true
      vertical axis will be encountered as the depth of cut is varied by the
      height adjustment thumb wheel 38. It will be appreciated that the latter
      is affixed to threaded rod 42 such that the threaded rod will be
      threadedly advanced in a threaded bore (not shown in detail) provided in
      body 12 when thumb wheel 38 is rotated.
PAR  Referring now to FIGS. 2-4 of the drawings, the motor assembly 24 includes
      a combination of a fluid motor and a spindle 44. More specifically, the
      fluid motor includes a motor cap 46 and a bearing 48 arranged in a recess
      as provided in the underside of cap 46. Both cap 46 and bearing 48 are
      affixed to the longitudinally extending, reduced diameter portion of
      spindle 44 for rotation therewith. A fluted rotor 50 is affixed to the
      same portion of spindle 44 for rotating same, while a bearing 52 is also
      affixed to the reduced diameter portion of spindle 44. Bearings 48 and 52
      are arranged bracketing rotor 50.
PAR  A cavity 54 is provided in body 12 and is arranged in communication with
      opening 14 of body 12 for forming a chamber receiving rotor 50. A tube 56
      enters body 12 and terminates at an interface between rotor 50 and the
      chamber receiving the rotor. This tube 56 provides a passage for injecting
      a fluid under pressure and impinging same on a fluted circumferences 58 of
      rotor 50. The motor and spindle combination is mounted in opening 14 of
      body 12 by a press fit of bearings 48 and 52 in the portions of opening 14
      which brackets cavity 54. The intention and advantage of this arrangement
      is to make removal and replacement of the rotor assembly simple and
      economical for obvious reasons.
PAR  Body 12 includes a removable cover 60 in the form of a plate having a boss
      arranged adjacent the associated portion of opening 14 formed in the
      cover. Bearing 48, associated with motor cap 46, is press fit into the
      part of opening 14 provided in cover 60.
PAR  In operation, tube 56 is connected to a suitable source of compressed air
      or other suitable fluid so as to inject the air, and the like, through
      tube 56, and cause the gas to impinge upon fluted circumference 58 of
      rotor 50. The fluid passes at a high velocity about and along the
      circumference of rotor 50, driving the rotor in, for example, a clock-wise
      rotation as viewed in FIG. 2. The rotor cavity 54 confines the fluid flow
      about circumference 58 of rotor 50 in a predetermined manner causing
      angular excursion of approximately, for example, 45.degree.. The flow then
      becomes an archimedean spiral outward so as to gradually give vent to the
      compressed high velocity fluid into an open annulus arranged just anterior
      to a porous substance 62 shown in FIGS. 2 and 3. The now low velocity
      fluid passes along partition 65 through the porous substance 62 which
      fills the labyrinth formed in the interior of body 12 along partition 65
      to the edge 67 thereof (FIG. 2) and then passes to a point just anterior
      of an exhaust port located approximately at 64 (FIG. 4).
PAR  The labyrinth filled with the porous substance 62 which may be foam rubber,
      and the like, together with the reverse-bend of fluid flow caused by the
      partition 65, serves to muffle the sound of the high velocity fluid, and
      further provides a back pressure of determinable strength to fulfill
      another requirement of the machine. That is, the fluids introduced into
      the machine carry minute droplets of oil, and the like, aspirated into the
      fluid from a conventional commercial oiler (not shown) arranged upstream
      from the inlet to tube 56. These oil droplets now impinge upon rotor 50,
      which is rotating at speeds in excess of 20,000 rpm, and are further
      reduced to molecular proportions within the cavity 54. A slight
      differential pressure above atmospheric is maintained during operation of
      tool 10. The pressure within cavity 54 now forces an isometric amount of
      oil carrying fluid through bearings 48 and 52, thereby cooling and
      lubricating the bearings constantly. This arrangement makes it possible to
      maintain extremely high rotational speeds of motor assembly 24 for
      extended periods.
PAR  As can be readily seen from FIG. 3 of the drawings, motor cap 46 is
      provided with an aperture 66 dimensioned for providing sufficient
      clearance to vent gas passing through bearing 48.
PAR  As will be appreciated from the above description and from the drawings, a
      fluid actuated, portable engraving tool 10 according to the present
      invention incorporates a modular or unitized turbine motor that may be
      readily tested, balanced, and installed within cavity 54 of body 12.
      Contributing to this simplified installation, testing, and balancing
      procedure is the capability of motor assembly 24 to be removed complete
      with motor cap 46, but not cover 60. That is, the entire motor assembly 24
      is installable and removable as a separate unit. In this manner, a tool
      according to the present invention is capable of obtaining speeds of
      40,000 to 60,000 rpm in a predictable manner at pressures less than 20
      psig.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A fluid actuated, portable engraving tool, comprising, in combination:
PA1  a. a body provided with an opening;
PA1  b. a tracing assembly mounted on the body and arranged for engaging in a
      suitable template; and
PA1  c. a unitized fluid motor assembly arrangeable in the opening of the body,
      said motor assembly including, a spindle, an engraving means attached to
      said spindle, a motor cap, a bearing affixed onto the spindle for rotation
      therewith and received in a recess provided in the motor cap, a fluted
      rotor affixed to the spindle, and a further bearing affixed to the spindle
      and arranged bracketing the rotor in cooperation with the bearing, a
      cavity provided in the body and arranged in communication with the opening
      of the body for forming a chamber receiving the rotor, a tube entering the
      body and terminating at an interface between the rotor and the chamber
      receiving the rotor, the tube providing a passage for injecting a fluid
      under pressure and impinging same on a fluted circumference of the rotor,
      and the body member is further provided with a labyrinth, a short
      partition dividing the labyrinth so as to cause a reversebend of the
      exhaust fluid flow, and a foamed material arranged in the labyrinth for
      exerting a back pressure on the fluid under pressure and forcing a
      lubricant carried in the fluid under pressure to be forced into the
      bearing and further bearing.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein the motor and spindle
      combination is mounted in the opening of the body by a press fit of the
      bearings.
NUM  3.
PAR  3. A structure as defined in claim 2, wherein the body includes a removable
      cover, part of the opening of the body being formed in the cover, the
      bearing associated with the motor cap being press fit into the part of the
      opening provided in the cover.
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ABST
PAL  A dimension measuring module is provided based on frame means, one of the
      two major members of which is adapted for linear motion relative to the
      other. The movable frame member communicates with a transducer element
      adapted to provide a signal output which is responsive to the displacement
      of said frame member. Demand responsive means are provided for retracting
      and maintaining the movable frame member in a normally non-measuring
      rearward condition and for releasing said frame member for forward
      movement to a measuring condition.
BSUM
PAC  FIELD OF THE INVENTION AND PRIOR ART
PAR  The present invention relates generally to devices for measuring the
      physical dimensions of an object and is more particularly concerned with
      measuring devices comprising transducer means adapted to respond
      electrically to mechanical displacement units.
PAR  In U.S. Pat. No. 3,184,858, to H. B. Shaper, May 25, 1965, there is
      disclosed a height gage the operations of which are based on linear,
      essentially parallel movement of a displaceable frame member relative to a
      fixedly mounted base frame member. Said linear and parallel character of
      movement of the displaceable frame member is afforded by fixed spacing
      thereof from said base member by means of a pair of spaced parallel leaf
      springs interposed between the frame members. The frame members carry
      thereon cooperative elements of a mechanico-electrical transducer, the
      induced voltage output of which varies in response to displacement of the
      displaceable frame member.
PAR  Unfortunately, the height gage of Shaper is possessed of several
      disadvantages which, despite real attributes of compactness and accuracy
      of measurement, tend to mitigate against more extensive use thereof.
      Firstly, no provision is made in the Shaper gage to either retract the
      feeler tip from contact with an object to be measured or, for that matter,
      to bring the feeler tip into contact with the object. Accordingly, to
      serve these functions, it is necessary to either move the entire gage
      module or, alternatively, to move the object to be measured into and out
      of engagement with the feeler tip of the gage. This, of course, can often
      be found inconvenient. Perhaps of even greater importance, however, the
      failure of the Shaper gage to include provision for retraction of the
      feeler tip from the surface of the object to be measured without movement
      of the entire gage relative to the object mitigates strongly against
      employment of a plurality of such gages in a ganged array so as to provide
      the capability of rendering simultaneous multiple dimensional measurements
      of an object.
PAR  Another disadvantage of the Shaper gage resides in the failure thereof to
      provide means by which to control or adjust the bearing force of the
      feeler tip against the object to be measured. In many measuring
      applications it is important that said bearing force be very light, for
      instance on the order of two kilodynes or less, in order to avoid
      distortion of the object. Many wares of commerce such as thin-walled
      containers or cassettes for films or magnetic recording tape are produced
      or fabricated from light gauge metal or plastic. Such wares generally tend
      to be delicately constructed and are usually prone to significant
      distortions when subjected to even relatively light point loads
      thereagainst.
PAR  In accordance with the present invention, however, these problems have been
      substantially completely overcome.
PAC  OBJECTS OF THE INVENTION
PAR  It is a principal object of the invention to provide a novel dimension
      measuring device in modular form.
PAR  It is another object of the invention to provide a dimension measuring
      module comprising a displaceable feeler tip and self-contained means to
      retract said tip from and apply it to the surface of an object to be
      measured.
PAR  It is another object of the invention to provide a dimension measuring
      module adapted for use in ganged arrays thereof.
PAR  It is still another object of the invention to provide a dimension
      measuring module adapted for measuring delicate, readily distorted
      objects.
PAR  It is yet another object of the invention to provide a dimension measuring
      module comprising a displaceable feeler tip and wherein there is provided
      means to adjust the working force of said tip against an object to be
      measured.
PAR  It is still another object of the invention to provide a compact dimension
      measuring module having increased dynamic measuring capacity.
PAR  Other objects and advantages of the invention will, in part, be obvious and
      will, in part, appear hereinafter.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic, diagrammatic side view of a dimension measuring
      module of the invention.
PAR  FIG. 2 is a schematic, diagrammatic side view of another embodiment of the
      invention.
PAR  FIG. 3 is a schematic plan view of an object jig having a plurality of the
      measuring modules of the invention mounted thereon in ganged array.
DETD
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The dimension measuring module of the invention generally comprises: (A) a
      framework comprising a fixed base frame member and an unfixed frame member
      adapted for substantially linear motion relative to said base frame
      member; (B) transducer means in operative communication with said unfixed
      frame member and adapted to respond to said relative motion thereof; (C)
      forward biasing means adapted to continuously urge said unfixed frame
      member forwardly; (D) rearward biasing means adapted to overcome said
      forward biasing means and to urge said unfixed frame member rearwardly to
      a retracted position; and release means adapted to overcome, on demand,
      the effect of said rearward biasing means, thereby to release said unfixed
      frame member for forward movement under the effect of said forward biasing
      means.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, the dimension measuring module comprises a general
      housing 20 having secured thereto fixed base member 1. Completing the
      general framework assembly unfixed frame member 2 is held in spaced
      parallel relationship above fixed base frame member 1 by means of a pair
      of spaced apart parallel leaf springs 3. By this arrangement, therefore,
      unfixed frame member 2 is adapted for substantially linear and parallel
      forward and rearward displacement relative to base frame member 1. Secured
      to unfixed frame member 2 is feeler arm 10 which extends through aperture
      22 of housing 20 and terminates on the exterior thereof in a suitably
      conformed feeler tip 11.
PAR  Biasing means adapted to continuously urge unfixed frame member 2 (and
      feeler tip 11) to the righthand or forward position is provided by an
      extension coil spring 7 which is affixed at one end to frame member 2 and
      at the other end to standoff 17. In turn, standoff 17 is secured to
      upright median leg 14 of fixed base member 1 in such a manner that the
      spring 7 attachment 18 thereof is displaced to the right of the no-load
      rest position of the corresponding spring attachment 19 of unfixed frame
      member 2. In view of the substantially frictionless nature of motion of
      the parallel framework arrangement, the biasing forces required to urge
      unfixed frame member 2 towards its forward position need generally be only
      slightly greater than the rearwardly directed forces of restitution
      generated by forward displacement of the parallel leaf springs 3 from
      their neutral or no-load positions. Accordingly, spring 7 can generally be
      of light construction thereby to minimize the point force of feeler tip 11
      exerted against the surface of an object to be measured. Further, standoff
      17 can be employed to adjust the tension of the spring 7. Thus, should it
      be desired to lessen the spring 7 force, standoff 17 may be rotated in a
      counterclockwise direction, thereby to reduce the extension of said spring
      7 and to reduce the lateral distance between spring attachments 18 and 19.
PAR  In the device of FIG. 1 the means employed to rearwardly bias the frame
      member 2 to its rearward position and to release same for forward movement
      comprises a compression spring/solenoid arrangement. Solenoid 6 is secured
      to the medium upright leg 14 of fixed frame member 1. The shaft 12 of the
      solenoid 6 core extends rearwardly therefrom and tranverses the interior
      of a coil compression spring 13 whose dimensions and working
      characteristics are adapted to normally overcome the forward biasing force
      of spring 7 and to thereby cause and maintain retraction of frame member 2
      to its rearward position by acting against depending leg 15 thereof. In
      turn, the operating characteristics of the solenoid 6 are such as to
      enable it to compress spring 13. The spring 13 is secured to shaft 12 and
      is placed in operative communication therewith by means of washer 16 which
      is pinned or otherwise secured to the end of shaft 12. Absent energizing
      of solenoid 6 the spring 13 acts against depending leg 15 of frame member
      2 so as to overcome the forward biasing force of spring 7 and to urge and
      maintain said frame member (and feeler tip 11) in the retracted rearward
      position. However, by energizing solenoid 6 its shaft 12 is drawn into the
      core thereof, thereby compressing spring 13 and releasing frame member 2
      to respond to the forwardly directed bias wrought thereon by spring 7.
      This, of course, brings feeler tip 11 forward to contact the surface of an
      object to be measured. Upon completion of the dimensional measurement
      cycle, solenoid 6 is deenergized and the compressed retraction spring 13
      is freed to extend and displace unfixed frame member 2 rearwardly.
PAR  Measurement of an object is achieved through the cooperative relationship
      established between unfixed frame member 2 and a suitable transducer 5.
      The principal operating characteristic required of said transducer 5 is
      that it is capable of converting a finite mechanical displacement input
      into a finite and measurable output. In general, transducer means useful
      in the dimension measuring modules of the invention will be of a
      mechanico-electrical nature. In other words, suitable transducers will
      convert a mechanical displacement input thereinto into some type of an
      electrical response output, such as a change in voltage resistance,
      current, capacitance or the like. For instance, a specific transducer
      useful in the practice of the invention can comprise one or more
      photovoltaic cells which are illuminated by a steady state light source.
      Interrupter means can be affixed to the unfixed frame member 2 in such a
      manner that incident light on the photovoltaic cell(s) is either reduced
      or increased in response to displacement of feeler tip 11. The voltage
      output response of such an arrangement will, of course, vary in response
      to the amount of incident light viewed by the cell(s).
PAR  Generally preferred, however, are transducers 5 of the type known generally
      in the electronic field as linear variable differential transformers,
      hereinafter LVDTs. One such suitable LVDT is disclosed in detail in the
      Shaper patent discussed hereinbefore. However, it is generally preferred,
      in the interests of compactness and simplicity and to facilitate servicing
      or replacement, that there be employed a self-contained LVDT unit such as
      exemplified by the Pickering Model 7234 produced by Pickering and Company,
      Inc. Plainview, New York. Referring to FIG. 1, such LVDTs comprise a
      generally cylindrical body 9 containing the transformer field elements and
      a displaceable core element 4. The body element 9 of the LVDT transducer 5
      is secured to the median upstanding leg 14 of fixed frame member 1 while
      the protruding end of the displaceable core element 4 is secured to
      depending leg 15 of unfixed frame member 2. During operations, the core
      element 4 moves substantially coaxially within the core of body element 9,
      thereby controlling the electrical output of the LVDT in response to
      displacement of frame member 2. Since there is normally no contact between
      core element 4 and body element 9, the essentially frictionless nature of
      the parallel frame member arrangement is preserved and the need for
      relatively more forceful forward biasing means is avoided.
PAR  In FIG. 2 there are shown several preferred embodiments of the dimension
      measuring modules of the invention. Referring now to said FIG. 2, it will
      be seen that the measuring module again comprises a general enclosure 50
      and a framework adapted for substantially linear motion of an unfixed
      member thereof, said framework comprising a fixed base frame member 52, an
      unfixed frame member 54, a pair of parallel leaf spring 56 and a feeler
      arm 58 attached to said unfixed frame member 54. Arm 58 terminates on the
      exterior of enclosure 50 in a suitable feeler tip 60. Secured to the
      underside of unfixed frame member 54 is a "T"-shaped member 62, the base
      leg 64 of which depends perpendicularly from frame member 54 and which leg
      64 is in operative communication with transducer 65.
PAR  The forward biasing means for unfixed frame member 54 comprises a leaf or
      wire spring 66 having the general shape of a shepherd's staff, the staff
      end 68 of which is secured to fixed frame member 52 and the bow end 70 of
      which butts and acts against the back surface of depending base leg 64 of
      "T" member 62, thereby to urge frame member 54 to its forward position. It
      is in the nature of a spring conforming to the shepherd's staff shape
      depicted to provide substantially more constant biasing force over its
      range of displacement than does a coil or straight leaf spring
      arrangement. Preferably, the spring 66 will additionally be provided with
      a tension adjustment in the form of an eccentric cam 72 abutting the rear
      surface of the staff portion of the spring 66. Said eccentric cam 72 is
      rotatably mounted to the sidewall 74 of enclosure 50 and is further
      desirably provided with means, such as slot 76, for convenient adjustment
      thereof while the cover plate (not shown) of enclosure 50 is in place.
PAR  The demand responsive retraction/release arrangement of the dimension
      measuring module of FIG. 2 comprises a pneumatic bellows 78 and a leaf
      spring 80. Said lever spring 80 comprises a lower arm 82, pivot point or
      fulcrum 84 and an upper arm 86. The free end of lower arm 82 butts against
      the lower end of the staff portion of spring 66. The pivot point 84
      comprises a loop of the leaf spring 80 material about a pivot pin 88 which
      extends perpendicularly from sidewall 74 of enclosure 50. Upper arm 86
      extends upwardly from the level of pivot point 84 so as to engage the
      front surface of depending leg base 64 of "T"-shaped member 62. The
      precise dimensions and shape of lever spring 80 are adapted to normally
      overcome the forwardly directed force of spring 66 and to cause unfixed
      frame member 54 to be retracted in its rearward resting state.
PAR  Pneumatic bellows 78 is secured at one end thereof to fixed frame member 52
      and is adapted for fluid communication with an external vacuum source (not
      shown). The other end of bellows 78 is mechanically secured in suitable
      fashion to the upper arm 86 of lever spring 80. Upon demand, a vacuum is
      applied to the interior of belows 78, thereby contracting the length
      thereof and causing arm 86 of spring 80 to pivot out of engagement with
      depending leg 64 of "T"-member 62. This action, of course, frees frame
      member 54 to be moved forwardly under the influence of spring 66, thereby
      to bring feeler tip 60 into contact with an object to be measured.
PAR  The pneumatic demand responsive retraction/release arrangement described is
      possessed of several advantages over the spring/solenoid system of FIG. 1.
      Firstly, said pneumatic system can normally be more precisely controlled
      and can thus generally provide for a more gentle release and retraction of
      the dynamic measuring elements of the device than can the extremely rapid,
      nearly instantaneous release characteristics attendant conventional
      solenoid operations. Secondly, the pneumatic system provides substantial
      convenience when employing a plurality of the measuring modules. For
      instance, a plurality of the modules bearing the pneumatic release system
      described can generally be rapidly and easily hooked up to a common
      pneumatic manifold for simultaneous operations.
PAR  Such a plural module arrangement is depicted schematically in FIG. 3
      wherein there is shown a jig 100 having a jig well 150 wherein there is
      contained an object 200 to be measured. A plurality of dimension measuring
      modules 300 bearing the vacuum release arrangement of the type shown in
      FIG. 2 and described hereinbefore are secured to the jig 100 at fixed
      distance from the perimeter of jig well 150. By virtue of the normally
      retracted condition of each of the feeler tips 350 of modules 300, loading
      of the object 200 into jig well 150 is facilitated. Each of the modules
      300 is connected through a suitable vacuum line 325 to a common vacuum
      supply manifold 400. By application of an appropriate vacuum in said
      supply manifold 400, the feeler tips 350 of modules 300 are substantially
      simultaneously released for forward movement to contact their respective
      measurement loci on the jigged object 200, thereby to provide
      substantially simultaneous plural dimensional measurements thereof. Upon
      completion of the measuring cycle, the vacuum is released from manifold
      400, thereby allowing retraction of the feeler tips 350 and providing for
      facile removal of the object 200 from the jig well without interferences
      from tips 350.
PAR  Obviously, many changes may be made in the above description without
      departing from the scope of the invention. For instance, the vacuum
      release arrangement of FIG. 2 may be readily converted to pneumatic
      pressure operations by rearrangement of bellow 78 so as to be secured to
      lower arm 82 of lever leaf spring 80 rather than to the upper arm 86 as
      specifically shown. Similarly, the bellows 78 may be positioned above
      rather than below said upper arm 86. In accordance with either of these
      last-mentioned arrangements, release of the unfixed frame member for
      forward displacement will be achieved by pressuring the bellows 78 rather
      than by applying a vacuum thereto. Too, a suitable substitute for bellows
      78 may take the form of pneumatic piston/cylinder arrangement.
PAR  The biasing elements for forward and rearward biasing of the unfixed frame
      member may also take the form of elastomeric bands, cables and the like
      instead of the metallic spring element explicitly disclosed hereinbefore.
PAR  Accordingly, while I have disclosed and described my invention in detail
      with respect to certain specific embodiments thereof for purposes of
      illustration, it will, of course, be understood that the invention is not
      to be construed as limited thereby, since it is apparent that the
      construction principles herein disclosed are susceptible of numerous
      embodiments, permutations and equivalents. Modifications may, therefore,
      be made in the structural arrangements and in the instrumentalities
      described hereinabove without departing from the essential spirit and
      scope of my invention as set forth in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege is claimed
      are defined as follows:
NUM  1.
PAR  1. In a dimension measuring module of the class comprising a fixed frame
      member, and unfixed frame member spaced from and maintained in
      substantially parallel relationship with the fixed frame member by means
      of a pair of parallel spaced apart leaf springs connected therebetween and
      transducer means in operative communications with the unfixed frame
      member, the improvement which comprises, in combination:
PA1  A. means acting upon the unfixed frame member to continuously urge the
      unfixed frame member forwardly to a measuring position;
PA1  B. means in communication with and acting upon the unfixed frame member to
      overcome the forwardly directed action of the means of (A) and to
      resiliently urge the unfixed frame member rearwardly to a nonmeasuring
      position; and
PA1  C. means to disengage, on command, the means of (B) from communication with
      the unfixed frame member, thereby to allow forward displacement of the
      unfixed frame member under the influence of the means of (A).
NUM  2.
PAR  2. The dimension measuring module of claim 1 wherein the means of (B) is a
      lever in rearwardly and resiliently biased communication with the unfixed
      frame member and the means of (C) is a pneumatically operated means in
      communication with the lever.
NUM  3.
PAR  3. The dimension measuring module of claim 2 wherein the pneumatically
      operated means of (C) is a vacuum operated bellows.
NUM  4.
PAR  4. The dimension measuring module of claim 1 wherein the transducer is an
      LVDT.
NUM  5.
PAR  5. The dimension measuring module of claim 1 wherein the means of (B) is a
      spring and the means of (C) is a solenoid in communication with the spring
      of (B) and operable to disengage the spring from communication with the
      unfixed frame member.
NUM  6.
PAR  6. The dimension measuring module of claim 1 wherein there is additionally
      provided means to adjust the working force of the means of (A).
NUM  7.
PAR  7. The dimension measuring module of claim 1 wherein the means of (A) is a
      spring having the shape of a shepherd's staff, the staff end of which is
      secured to the fixed frame member and the bow end of which acts against
      the unfixed frame member.
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ABST
PAL  A drill sight for visually estimating the angle at which an electric hand
      drill is oriented relative to the surface drilled, the drill sight is
      mounted to the top of the electric drill and has a tubular casing with a
      hollow bore with internal wall markings and with a cross hair at one
      opening. By projecting a line of sight normal to the surface drilled and
      through the cross hair to a selected wall marking, the orientation of the
      drill can be determined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The operator of an electric hand drill often has occasion to drill holes
      which are not normal; i.e., perpendicular to the surface drilled. In such
      cases, it has been the practice to set a carpenter's variable angle rule
      to the desired angle, and, placing the angle rule on the surface to be
      drilled, the drill is held adjacent to a projecting blade on the angle
      rule during drilling. This procedure is time consuming and undesirably
      requires the use of two hands, one to hold the drill and the other to hold
      the angle rule in position while drilling.
PAR  Other supporting carriage attachments for guiding the drill have been
      suggested but are bulky and must be attached and removed after
      angularly-directed holes are drilled. Each of these methods is awkward and
      inefficient.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to an attachment to an electric hand drill
      and, in particular, to a drill sight. The drill sight may be permanently
      mounted to the top of a hand drill for determining a selected angle of
      orientation of the drill relative to a workpiece for drilling holes that
      are desired to be at an angle to the surface of the workpiece. The drill
      sight is mounted to the top of the drill above the handgrip of a
      pistol-type electric hand drill. The drill sight has a tubular casing with
      a generally cylindrical bore. The sight is mounted such that the axis of
      the cylindrical bore is parallel to the axis of the drill bit. The sight
      is open at both ends and includes in the preferred embodiment a cross hair
      at the end oriented toward the handgrip end of the drill. The bore
      includes a series of discrete markings delineating select angles of
      orientation of the drill.
PAR  Angles of drill orientation are determined by projecting a line of sight
      normal; i.e., perpendicular to the surface of the workpiece through the
      cross hair and onto a selected marking in the bore delineating the angle
      of orientation desired. When so aligned, the drill will be oriented
      relative to the surface of the workpiece at the angle selected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational perspective view of a drill and drill sight
      drilling a workpiece and schematically illustrates, in dotted line,
      various orientations selectable by use of the drill sight.
PAR  FIG. 2 is an enlarged cross-sectional view of the drill sight mounted on a
      fragmentary portion of the drill.
PAR  FIG. 3 is an end view of the drill sight taken on the lines 3--3 in FIG. 2.
PAR  FIG. 4 is a schematic illustration of the drill sight in various selectable
      orientations relative to a fixed workpiece.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an electric hand drill 10 of the pistol grip type has
      a drill sight 12 mounted on the top portion of the drill above a handgrip
      14. The hand drill 10 has a axis of orientation generally along the axis
      of a drill bit 16 retained in a chuck 18 at the end of the drill. The
      drill bit 16 is shown penetrating a workpiece 20 with the orientation of
      the drill, as defined by the axis of the drill bit, perpendicular to the
      workpiece 20. A second and third orientation of the drill is schematically
      illustrated, in dotted line, to show two select orientations that may be
      made using the drill sight.
PAR  Referring now to FIG. 2, the drill sight 12 comprises a mounting column 21
      having a base 22 attached to the top ridge 24 of the drill 10 by two small
      machine screws 26 inserted through holes in column base 22 and threaded
      into tapped holes in the drill. Rigidly mounted to the top of the mounting
      column 21 is a tubular casing 28. The casing 28 is secured in a cleft 30
      in the top of the column, as shown in FIG. 3, by an elongated machine
      screw 32 that is inserted up from the base of the column through a
      countersunk hole prior to installation of the drill sight on the drill.
PAR  The drill sight casing 28 has an bore 34 that is generally cylindrical, but
      with a plurality of indicia markings formed by concentric V-ridges 36, 38,
      40, 42, and 44 spaced along the length of the bore. Each V-ridge marking
      delineates an angular increment of 15.degree. from a line of sight
      perpendicular to the surface of the workpiece. While different types of
      markings, such as notches, and different angular increments may be used,
      the concentric ridge markings spaced at 15.degree. angular increments of
      orientation of the drill are preferred.
PAR  The drill sight is open at each end of the casing. At the end of the casing
      adjacent the hand grip end of the drill is positioned a cross hair 45,
      crossing on the central axis 46 of the bore. The cross hair 45 is used as
      a reference point in projecting a line of sight into the bore. However,
      the cross hair may be eliminated with only a slight loss in accuracy, the
      user approximating the center of the bore at the end of the sight casing
      as a line of sight reference point. With some experience, such
      approximation is quite accurate.
PAR  By aligning a line of sight through the cross hair with a selected
      reference marking, the axis of the drill will be oriented at a specific
      angle designated by the marking from the line of sight. By projecting this
      line of sight perpendicular to a workpiece, a hole can be drilled at the
      selected angle.
PAR  With reference to FIG. 4, a series of cross-sectional views of the drill
      sight illustrates the orientation of a drill (not shown) having an axis of
      orientation for drilling parallel to the central axis 46 of the bore. In
      each case, the line of sight is maintained perpendicular to the workpiece
      20. The orientation of the drill sight and, hence, the attached drill is
      shifted. Alignment of a line of sight 48 along the axis of the bore, as
      illustrated by the lowermost cross section of the drill sight in FIG. 4,
      will, of course, orient the drill perpendicular to the workpiece 20. Using
      this as a reference line for designating the markings, when the drill is
      shifted such that the line of sight intersects the crown of a 15.degree.
      ridge marking 36, the drill will drill a hole having an axis of
      orientation 15.degree. from a line normal to the workpiece if the line of
      sight 48 is maintained perpendicular to the piece. Similarly, a further
      shift aligning the sight line 48 with the second ridge marking 38 will
      result in a 30.degree. axis of orientation from a line normal to the
      workpiece; a further shift to crown of the third ridge marking 40 will
      result in a 45.degree. orientation; a further successive shift to the
      fourth ridge marking 42 will result in a 60.degree. orientation; and a
      successive shift to the fifth ridge marking 44 will result in a 75.degree.
      orientation. In this manner, a plurality of incremental angles of the
      drill can be accomplished quite accurately. Variations from the designated
      angles can be approximated by sighting between adjacent markings
      proportionate to the angle deviation from the integral angle designations
      for the markings.
PAR  While in the foregoing specification an embodiment of the invention has
      been set forth in considerable detail for purposes of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drill sight for attachment to an electric hand drill to determine an
      angle of drilling relative to a surface of a workpiece the drill sight
      comprising:
PA1  a. a support structure having means for attaching said support structure to
      a top portion of an electric hand drill having a defined axis of drilling;
PA1  b. a sight member with first and second ends, said sight member having:
PA2  1. means cooperating with said support structure for mounting said sight
      member to said support structure;
PA2  2. means for forming a first reference axis parallel to the axis of
      drilling of the electric hand drill;
PA2  3. means for locating a reference point on the first reference axis
      substantially at the first end of the sight member;
PA2  4. means for forming at least one second reference axis parallel to and
      proximately spaced from said first reference axis; and,
PA2  5. a plurality of discrete indicia markings located on the second reference
      axis between said first and second ends of said sight member, each indicia
      marking having a predetermined angle designation, wherein each indicia
      marking is so located on the second reference axis that a line of sight
      intersecting the reference point on the first reference axis and a
      selected indicia marking on the second reference axis orients the axis of
      drilling at the angle designation of the selected indicia marking relative
      to the surface of a workpiece when the line of sight is maintained normal
      to the surface of the workpiece.
NUM  2.
PAR  2. The drill sight of claim 1 wherein said means for forming the first
      reference axis comprises a casing structure having a substantially
      cylindrical bore and having an opening at each end of the casing
      structure, said bore defining a central axis wherein said casing structure
      cooperates with said mounting means and fixes the central axis of said
      bore parallel to the axis of drilling, the central axis being coincident
      with the first reference axis.
NUM  3.
PAR  3. The drill sight of claim 2 wherein said bore has a wall surface and
      wherein said means for forming at least one second reference axis parallel
      to and proximately spaced from said first reference axis comprises at
      least a longitudinal segment of the wall surface of said bore between said
      openings.
NUM  4.
PAR  4. The drill sight of claim 3 wherein said indicia markings comprise
      discretely spaced marks on at least the longitudinal segment of the wall
      surface of said bore.
NUM  5.
PAR  5. The drill sight of claim 4 wherein said indicia markings comprise
      V-ridges arranged along the bore concentric to said central axis.
NUM  6.
PAR  6. The drill sight of claim 4 wherein said indicia markings are discretely
      arranged for angle designations having 15.degree. increments.
NUM  7.
PAR  7. The drill sight of claim 2 wherein said means for forming said reference
      point comprises said central axis of said bore and an opening of said
      casing structure.
NUM  8.
PAR  8. The drill sight of claim 2 wherein said means for forming said reference
      point comprises a cross hair at one opening of said casing structure.
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ABST
PAL  A toroidal electrolyte-type angular transducer is provided for measuring
      angular displacement or tilt from a vertical plane. Three conducting paths
      in the electrolyte are established between two measuring electrodes and an
      auxilliary electrode respectively and a common electrode. Angular
      displacement is simply related to the values of the conductances in the
      various paths. In a preferred embodiment of the invention several
      guard-ring electrodes are included to divert spurious leakage currents
      from the common electrode so that the leakage current will not affect the
      measurement. The guard-ring electrodes are maintained at the same
      potential appearing at the collector electrode to ensure that no leakage
      currents pass between the two. Another preferred embodiment the invention
      provides that the two measuring electrodes are driven by voltages equal in
      magnitude and opposite in sign. A high gain operational amplifier is
      interconnected between the auxiliary electrode and the common electrode.
      By means of this arrangement a single voltage reading may be obtained
      which is directly proportional to angular displacement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is concerned with a toroidal angle detector for measuring
      angular displacement from the vertical, sometimes referred to as tilt.
      Toroidal sensors are known in the art. These commonly include a toroidal
      cavity enclosing an electrolytic liquid between different electrodes to
      form various conducting paths in the electrolyte. When the device tilts,
      only some portions of the electrodes are in contact with the electrolyte,
      so that the conductance of the different paths is a function of the
      angular displacement. The resistance or conductance of the various paths
      is then measured and compared to provide an indication of the tilt of the
      device.
PAR  In prior art devices it has been discovered that undesired leakage currents
      may degrade the precision of the transducer. Such leakage currents may be
      caused e.g. by external mechanical agitation which induces sloshing of the
      electrolyte onto the interior surfaces of the device above the liquid
      level. These leakage currents can degrade the precision of the measurement
      by slowing the response time to angular changes and by introducing
      instabilities which are time and temperature dependent.
PAR  It is therefore an object of the present invention to provide a toroidal
      angle detector which is insensitive to unwanted leakage currents.
PAR  In presently known toroidal detectors, the various conductance values
      required to provide an indication of the tilt of the device are measured
      separately e.g. by making a number of distinct voltage measurements. The
      separate voltages are then employed in an independent calculation to
      derive the angular measurement. In addition to the inherent complexities
      of this procedure, the necessity of making separate voltage measurements
      entails continuous electrical switching among various terminals which may
      introduce additional transducer leakage currents.
PAR  It is therefore another object of the present invention to provide a sensor
      in which the angular displacement may be simply determined from a single
      voltage measurement without extraneous calculation or switching of
      transducer terminals.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the illustrated preferred embodiments, the present
      invention utilizes two measuring electrodes and an auxiliary electrode all
      interconnected through an electrolyte with a common electrode to provide
      various conducting paths in the electrolyte. The conductance values at any
      time are determined by the angular displacement and may be measured to
      provide an indication of the tilt of the sensor. According to the
      invention, at least one guard-ring electrode is provided to minimize the
      effects of unwanted leakage currents in the measurement. The guard-ring
      electrode is positioned so that stray leakage currents will be diverted
      away from the common electrode to the guard-ring electrode. In accordance
      with the invention, this electrode is driven by the same voltage which
      appears at the common electrode to ensure that no leakage currents will
      flow between the guard electrode and the common electrode. In accordance
      with another preferred embodiment of the invention, analog circuitry is
      provided and interconnected among the various electrodes of the sensor so
      that the angular displacement may be derived from only single voltage
      measurement. In particular, the invention provides that the two measuring
      electrodes are driven by applied voltages which are equal in magnitude but
      opposite in sign. A high gain operational amplifier is interposed between
      the auxiliary electrode and the common electrode. The transfer function of
      the resulting circuit is such that the ratio of the measured output
      voltage to the driving input voltage is a simple linear function of the
      angular displacement. Thus only a single voltage measurement and no
      electrical switching or external calculation is required to provide an
      indication of angular displacement.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B are two views of a portion of the angle transducer
      including two measuring electrodes and an auxiliary electrode. A cavity
      for enclosing an electrolyte is illustrated.
PAR  FIGS. 2A and 2B illustrate two views of another section of the transducer
      including a common electrode and several guard electrodes according to the
      invention.
PAR  FIGS. 3A and 3B are a schematic representation of the device including an
      electrolyte to illustrate the operation.
PAR  FIG. 4 shows a basic equivalent circuit of the transducer.
PAR  FIG. 5 illustrates an equivalent circuit for the device including spurious
      current leakage paths.
PAR  FIG. 6 is a schematic representation of the device including one of the
      guard-ring electrodes of FIG. 2.
PAR  FIG. 7 is an electrical schematic of a measuring circuit for the sensor
      according to the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIGS. 1A and 1B there is illustrated a cylindrical housing section 11
      fabricated from a nonconducting material such as ceramic. Housing 11
      includes a hub portion 13 best seen in FIG. 1B. On one interior face of
      cylinder 11 there are deposited several conducting regions 15a, 15b and
      15c. These conducting regions may be deposited onto the ceramic body by
      any of a number of processes known in the art. For example a metallic
      conductor may be sputtered directly onto the nonconducting body. In the
      case of a ceramic body it has been found advantageous to first deposit a
      layer of molygold which is etched to form the electrode pattern, and then
      to overplate with a silver conductor. The electrodes 15a and 15b will
      sometimes hereafter be referred to as measuring electrodes while electrode
      15c will sometimes be denoted as an auxiliary electrode. Although the
      angular span of the various electrodes may be varied, about 60 degrees has
      been found to be a suitable nominal angular span for auxiliary electrode
      15c. A span of about 120.degree. each is suitable for measuring electrodes
      15a and 15b. An electrolytic liquid will occupy the regions 14 and be in
      contact with the various electrodes, as will be described in detail below.
PAR  In FIG. 2A there is illustrated a nonconducting cylindrical piece 17 which
      is constructed to mate with the element 11. FIG. 2B shows a cross
      sectional view of element 17 taken along the line B--B in FIG. 2A.
      Deposited onto the interior portion of element 17 is a conducting region
      19 which functions as a common electrode. In devices heretofore known the
      conducting region serving as the common electrode extended entirely
      between the inner and outer diameters of unit 17. However, in accordance
      with a preferred embodiment of the invention, common electrode 19 occupies
      only a restricted region on element 17. The outer region is coated with a
      guard-ring electrode 21 which is electrically isolated from common
      electrode 19. Similarly, an inner guardring electrode 23 is deposited onto
      element 17 and is also electrically isolated from common electrode 19.
      These electrodes function to suppress unwanted leakage currents in the
      device; their operation will be described below.
PAR  Understanding of the operation of an electrolyte-type toroidal sensor
      including the preferred embodiments of the present invention will be
      facilitated by reference to FIGS. 3A and 3B. In FIGS. 3A and 3B there is
      illustrated a wave-like surface 25 which schematically represents the
      surface of an electrolytic liquid enclosed in the region between housing
      elements 11 and 17. Preferably the sensor is filled with liquid up to
      about a central diameter of the unit.
PAR  FIG. 3A illustrates a condition in which the toroidal detector is
      positioned horizontally. In this position the angular displacement may be
      defined to be zero. The auxiliary electrode 15c is completely submerged so
      that an area denoted A.sub.c is in contact with the electrolyte. However,
      each of the measuring electrodes 15a and 15b are only partially in contact
      with the electrolyte to the extent of areas denoted A.sub.a and A.sub.b
      respectively. SInce the arrangement is symmetrical, the areas A.sub.a and
      A.sub.b are equal when there is no angular displacement. In FIG. 3B the
      sensor has been rotated clockwise through an angle denoted .theta.. Since
      the electrolytic liquid remains horizontal, area A.sub.b is increased by
      an amount above the dotted line while the area A.sub.a is decreased by a
      corresponding amount. However the area A.sub.c of the auxiliary electrode
      contact with the electrolyte remains the same.
PAR  The conducting paths between electrodes 15a, 15b, 15c and common electrode
      19 effectively constitute three resistances or conductances whose values
      may be measured and used to determine the angle of rotation .theta.. In
      particular, if the conductances are denoted by G, then for each of the
      paths the conductance is related to the submerged area of the electrode by
      the relation
EQU  G = A/.rho.T
PAL  here A denotes the area of the electrode in contact with the electrolyte, T
      denotes the width of the electrolyte path and .rho. denotes the
      resistivity of the electrolyte.
PAR  The above mentioned fact that the areas A.sub.a and A.sub.b are decreased
      and increased respectively by an amount dependent on the rotation angle
      .theta. may be expressed algebraically by
EQU  A.sub.a = A.sub.i - K.theta.
EQU  A.sub.b = A.sub.i + K.theta.
PAL  where A.sub.1 denotes the area of each when the sensor is horizontal (i.e.
      when the angular displacement is zero).
PAR  The auxiliary electrode remains always totally submerged when the device is
      rotated, so the conductance G.sub.c of the auxiliary path is independent
      of rotation and is given by
EQU  G.sub.c = Ac/.rho.T
PAL  the above relations may be simply combined to yield the rotation angle as a
      function of the conductances of the three current paths
      ##EQU1##
      Where .alpha. is a geometric constant of proportionality. It is evident
      then that measurements of the values of the three conductances yields the
      value of the rotation angle.
PAR  The present invention provides suitable apparatus for determining the
      various conductances in a simple and precise way. In FIG. 4 there is
      illustrated schematically an equivalent circuit showing the three
      resistances or conductances G.sub.a, G.sub.b and G.sub.c existing between
      electrodes 15a, 15b and 15c respectively and the common electrode 19.
      Measurement of these values yields the values of the angle .theta.. In
      known devices, it has been discovered that unwanted leakage currents have
      degraded the precision of the measurement. In FIG. 5 two important leakage
      currents noted L.sub.a and L.sub.b are schematically represented as
      existing between electrodes 15a, 15b and common electrode 19.
PAR  A main source of such leakage current is a wetting film of electrolyte on
      the insulating ceramic in the cell above the nominal liquid level when the
      device is agitated. Thus in FIGS. 3A and 3B several small arrows are meant
      to indicate that the electrolyte may be sloshed onto the inner portions of
      element 11 including portions of hub 13 above the electrolyte level. The
      extra electrolyte deposited onto the ceramic surfaces forms a spurious
      conducting path between the measuring electrodes 15a and 15b and common
      electrode 19. Such spurious conductances are represented in FIG. 5 by
      leakage resistors denoted L.sub.a and L.sub.b.
PAR  The functioning of guard electrodes 21 and 23 of the present invention
      (illustrated in FIGS. 2A and 2B) may now be understood. Any electrolyte
      which is sloshed onto the ceramic surfaces of element 11 will come into
      contact with one of the two guard electrodes 21 or 23 rather than with
      common electrode 19. In accordance with the invention leakage currents
      between the guard electrodes and the common electrode are suppressed by
      driving the guard-ring electrodes at the same voltage appearing on the
      common electrode. In FIG. 6 guard-ring electrode 21 is schematically
      represented and shown to be driven by the voltage appearing on common
      electrode 19 through an isolating amplifier 22 having a gain of unity. The
      impedance of the isolation amplifier is large and may be chosen to ensure
      that only a minimum acceptable level of leakage current passes between the
      guard electrode 21 and common electrode 19. Thus the leakage currents
      L.sub.a and L.sub.b are diverted from common electrode 19 and do not
      degrade the angle measurement. A similar arrangement is provided (but not
      illustrated) for guard-ring electrode 23. Although the guardring electrode
      is shown in the particular embodiment as being driven through an isolating
      amplifier, other circuitry may also be used consistent with the principles
      of the invention.
PAR  In FIG. 7 there is illustrated a circuit according to a preferred
      embodiment of the invention which provides a single voltage output which
      is directly proportional to the angular displacement of the sensor. In
      accordance with the principles of the invention, measuring electrodes 15a
      and 15b are each driven by voltages identical in magnitude but opposite in
      sign. In practice the driving voltages may be alternating voltages
      supplied by a generator. A circuit arrangement should be provided to
      adjust the voltages in the two electrodes so that they are equal in
      magnitude and opposite in phase. In FIG. 7 electrode 15a is illustrated as
      being directly driven by a sinusoidal source having an amplitude +E while
      an inverting amplifier 24 of unit gain is interconnected between
      electrodes 15a and 15b to provide a voltage of -E on electrode 15b.
PAR  Additionally in accordance with the invention a high gain operational
      amplifier 25 is connected in parallel with the auxiliary resistance
      R.sub.c (i.e. between electrode 15c and common electrode 19). It is simple
      to show that in terms of the various resistances the transfer function for
      the circuit approaches
      ##EQU2##
      as the amplifier gain approaches infinity. In terms of conductances rather
      than resistances the transfer function becomes
      ##EQU3##
      which shows at once that V.sub.o /E is directly related to the angular
      displacement .theta.. Thus, if electrodes 15a and 15b are driven by
      sources .+-.E it is only necessary to make a single measurement of the
      output voltage V.sub.o to determine the angular displacement directly. No
      external calculations involving separate measurements and electrical
      switching are required. In practice, the amplifier gain is finite, but may
      be chosen to be sufficiently high to yield any particular degree of
      angular resolution. Gains as low as about 30 have been used, but amplifier
      gain of about 100 or more is preferred.
PAR  More generally it should be noted that the transfer functions set forth
      above describe the operation of the invention whenever the potentials E
      and V.sub.o are such that common electrode 19 is at a virtual ground
      potential. In the preferred embodiment described above this is
      accomplished by means of a high gain amplifier 25. However, other
      detecting circuitry, e.g. a null detector may also yield the desired
      result.
PAR  A particularly accurate sensor may be constructed by utilizing the
      above-described guard-ring configuration in conjunction with the sensing
      circuitry according to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A toroidal electrolyte-type angle transducer comprising:
PA1  a first housing element;
PA1  a second housing element mounted with an inner surface in opposition to an
      inner surface of said first housing element to form a cavity therebetween;
PA1  an electrolyte contained in a portion of said cavity;
PA1  a plurality of conducting electrodes on the inner surface of said first
      housing element;
PA1  a common electrode on the inner surface of said second housing element in
      electrical contact with said plurality of conducting electrodes through
      said electrolyte;
PA1  at least one guard-ring electrode on the inner surface of said second
      housing element and spaced apart and substantially coextensive with from
      said common electrode to provide electrical isolation between said at
      least one guard-ring electrode and said common electrode; and
PA1  equalization circuit means for driving said at least one guard-ring
      electrode at the same electrical potential as the potential of said common
      electrode to prevent the flow of current therebetween.
NUM  2.
PAR  2. A transducer as in claim 1 wherein said common electrode is of a
      substantially circular shape and said at least one guard-ring electrode
      comprises a first electrode positioned radially outward from said common
      electrode and a second electrode positioned radially inward from said
      common electrode.
NUM  3.
PAR  3. A transducer as in claim 1 wherein said equalization circuit means
      comprises a high impedance amplifier of gain substantially equal to unity
      interconnected between said common electrode and said at least one
      guardring electrode.
NUM  4.
PAR  4. A toroidal electrolyte-type angle transducer as in claim 1 wherein said
      plurality of conducting electrodes comprises a first measuring electrode,
      a second measuring electrode, and an auxiliary electrode; said transducer
      further comprising:
PA1  first circuit means for driving said first and second measuring electrodes
      with electrical potentials which are substantially equal in magnitude and
      opposite in phase; and
PA1  second circuit means for driving said auxiliary electrode to produce a
      virtual ground at said common electrode.
NUM  5.
PAR  5. A transducer as in claim 4 wherein said second circuit means comprises a
      high gain amplifier electrically interconnected between said auxiliary
      electrode and said common electrode.
NUM  6.
PAR  6. A transducer as in claim 5 wherein said first circuit means includes an
      inverting amplifier of substantially unit gain interconnected between said
      first and second measuring electrodes for providing a driving potential on
      said second measuring electrode which is equal in magnitude and opposite
      in phase to the driving potential on said first measuring electrode.
NUM  7.
PAR  7. A transducer as in claim 6 wherein said equalization circuit means
      comprises a high impedance amplifier of gain substantially equal to unity
      interconnected between said common electrode and said at least one
      guard-ring electrode.
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ABST
PAL  Method and apparatus are described for the production of solid fuel and
      steam by drying moisture-containing solids, such as refuse and sludge
      cakes, in a multi-stage heating zone by using the moisture-containing
      solids as the feed-water in a direct contact countercurrent flow
      pressurized boiler. After vaporizing the bulk of the moisture in the
      heating zone of the boiler, the solid residue is further dried in a
      multi-stage flashing zone. From the upper end of the heating zone is
      removed a nearly saturated steam including the water vapor evaporated from
      the moisture-contained solids by the heat of cooling of the introduced
      superheated steam. A portion of the removed steam equal to the vaporized
      moisture is heated and then directed to a turbine, generating all the
      power required to operate the system. The bulk of the removed steam equal
      to the introduced superheated steam is compressed, reheated and recycled
      through the heating zone. The dried solid is removed at the lower end of
      the flashing zone and is incinerated, and the recovered heat is utilized
      to supply the heat required for said drying, and to produce saturated
      steam for heating purposes, or superheated steam for power generation.
PAL  In the latter case the heat of condensation of the turbine exhaust steam is
      utilized advantageously as a heat source in a distillation plant for fresh
      water production.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for drying
      moisture-containing solids, such as domestic refuse and sludge cakes.
PAR  The invention is particularly useful, and is therefore described below,
      with respect to multi-purpose plants for processing domestic refuse and
      sludge cakes for some or all of the following purposes: (1) the disposal
      of the refuse and sludge cakes by incineration with efficient heat
      recovery and with non-polluting flue gases being discharged into the
      atmosphere; (2) the production of dried solid fuel and steam; (3) the
      utilization of a portion of the recovered heat to supply all the heat
      requirements for the drying operation, and for superheating the vaporized
      moisture to be used for the generation of all the power requirements of
      the plant; (4) the utilization of the remaining recovered heat to produce
      superheated steam for power generation or saturated steam for heating or
      other purposes; and (5) the production of fresh water by distillation from
      sea water, brackish water, polluted river water, or waste water, in a
      dual-purpose plant, where said superheated vaporized moisture (item 3) and
      said superheated steam (item 4), after being used for power generation,
      are further utilized to supply their heat of condensation for said fresh
      water production.
PAR  At the present time, disposing domestic refuse and sludge cakes is a very
      expensive operation. One method for disposing such refuse is by
      incineration, but refuse containing more than 50% moisture cannot be
      incinerated with the existing incinerators without auxiliary heating,
      especially if deodorized and non-polluted flue gases are to be discharged
      into the atmosphere. For example, in Paris, incinerators are supplied with
      15 kg of fuel per ton of refuse for each 5% moisture content above 50%, as
      noted for example in the book "Les Residus Menagers", page 43 by Andre
      Saurin, 1967 (as well as other references mentioned below).
PAR  In the presently used methods of refuse and sludge cake incineration, the
      heat used to vaporize the moisture is generally a total loss because the
      produced water vapor is mixed with the drying hot gases. Furthermore,
      moisture reduces the flame temperature and increases the burning time, as
      the presence of the evaporated moisture increases the gas volume and thus
      reduces the concentration of the fuel and air in the burning mixture.
PAR  Thus, in the presently used methods the incinerator capacity and overall
      efficiency are considerably reduced by the moisture contained in the
      incinerated matter; also, the drying of the refuse or sludge cakes by
      direct contact heating with the combustion heating gases results in
      pollution of the overflowing cooled flue gases.
PAR  The present invention provides a method and apparatus having advantages in
      the above respects for drying moisture-containing solids, particularly
      domestic refuse and sludge cakes.
PAR  Very important and substantial advantages are provided when the invention
      is used for processing refuse and sludge cakes. Compare it for example
      with the method of disposing the Paris refuse in the manner described in
      the above-cited publication. According to that publication (page 43), the
      steam production for heating is 0.90 to 130 tons steam per ton of
      incinerated refuse, and the net average power production is 150 kWh per
      ton incinerated refuse. The average moisture content of Paris refuse is
      30% (page 6 of the publication), so that the average power production and
      the average steam production for heating per ton of dry refuse are
      respectively, 150/0.70, or 214 kWh, and (0.90 + 1.30)/2 .times. 0.70, or
      1.6 tons steam.
PAR  In sharp contrast to these figures, the present invention enables (as will
      be shown by Table I, item 12, and Table II, item 10, below) a power
      production of 640 kWh net and a steam production of 4.1 tons steam net,
      per ton of dry refuse. This result is obtained by drying and incinerating
      a refuse containing 60% moisture whereas with the existing incinerators,
      not only there is not produced any heat and power excess, but auxiliary
      heating is required.
PAR  This comparison to the prior art indicates that the present invention is a
      definite break-through in this field.
PAC  COMPOSITION AND CALORIFIC VALUE OF REFUSE
PAR  The invention is described herein particularly with respect to a method and
      apparatus for drying domestic refuse and sludge cakes, this being a
      preferred application, although not an exclusive one. Before proceeding
      with the description of the actual method and apparatus, it might be
      helpful to first provide some data concerning the moisture-content and
      calorific value of domestic refuse.
PAR  In "1968 National Incineration Conference" published by the "American
      Society of Mechanical Engineering", New York (Paper presented by H.
      Eberhardt and W. Mayor) page 78 it is said: "In Central Europe a lower
      heating value of 800-2500 kcal/kg is demanded for refuse by consumer.
      Variations in moisture content of up to a maximum of 50 percent and in the
      ash content of up to a maximum of 60 percent and in the combustibles of at
      least 25 percent, for example, are agreed upon for the incineration of
      refuse without auxiliary heating".
PAR  In a Paper presented by G. Stabenow in the same publication (page 287), the
      following data are given with respect to an overall thermal efficiency of
      the stoker-boiler unit:
TBL                    (1)    (2)    (3)                                       
     __________________________________________________________________________
     Gross calorific value, Btu/lb                                             
                       5000   6000   6500                                      
     Ash content %     24     14     10                                        
     Moisture %        21     20     19                                        
     Combustibles %    55     66     71                                        
     Overall thermal efficiency %                                              
                       65.0   66.0   66.5                                      
     Specific steaming rate lb steam                                           
      per lb refuse burned                                                     
                       3.3    4.1    4.4                                       
     __________________________________________________________________________
PAR  The composition of the refuse given in this table, especially in column
      (1), is very near the composition of the average Unites States refuse,
      which is:
TBL  noncombustible     24.9 %                                                 
     moisture           20.7 %                                                 
     combustibles       54.4 %                                                 
                        100.0 %                                                
PAR  But the United States refuse composition is totally different from the
      composition of the refuse in all other parts of the World, because in the
      United States the percentage of paper in the refuse is very high (42%).
PAR  The moisture content of refuse in other localities is estimated as follows:
PAR  Paris refuse (mean 30%) up to 55% and more
PAR  Central Europe refuse up to 60% and more
PAR  Tokyo refuse up to 70%
PAR  Tel Aviv refuse (mean in winter) 67%
PAR  According to the above reference, a refuse containing more than 50% of
      moisture cannot be incinerated without auxiliary heating with the existing
      incinerators especially if deodorized and non-polluent flue gases are to
      be discharged to the atmosphere. As mentioned earlier, in Paris
      incinerators are supplied with 15 Kg of fuel per ton of refuse for each 5%
      moisture above 50%.
PAR  If the column (1) composition is taken as an example and its moisture
      content is increased from 21 to 60%, the new composition is:
TBL  ash content %      12                                                     
     moisture %         60                                                     
     combustible %      28                                                     
                        100                                                    
PAR  The present invention provides a method and apparatus which efficiently
      reduces the moisture-content of the refuse (e.g. to about 5%, and even
      less), producing a valuable solid fuel. In addition, the moisture
      originally contained in the solids is obtained in the form of steam and
      can be utilized as nearly saturated steam for heating, or as superheated
      steam for power generation.
PAR  For example, when one kilogram of refuse containiing 60% moisture is dried
      to a 5% moisture content, there will be obtained 0.421 kg dried refuse at
      5% moisture, and there will be vaporized 0.579 kg of moisture.
PAR  To obtain one kg of such dried refuse there will be vaporized 0.579/0.421 =
      1.375 kg moisture from 2.375 kg of the wet refuse.
PAR  The composition of this dried refuse is:
TBL  Ash content       28.5 %                                                  
     Moisture          5.0 %                                                   
     Combustible       66.5 %                                                  
PAR  The gross calorific value in the above column (1) is 5000 Btu/lb, or 2800
      kcal/kg of raw refuse, or 2800/0.79 = 3530 kcal/kg dry solids (or
      5000/0.79 = 6330 Btu/lb dry solids).
PAR  The overall boiler efficiency of a steam-generating unit (including
      furnace, boiler, superheater, economizer, air heater, combustion gases
      cleaner and the dryer) using as fuel the produced dried refuse at 5%
      moisture content, is at least 65% of the gross heat value of the dry
      refuse. Based on the U.S. refuse (column 1), the gross calorific value of
      the refuse on a dry basis is 3530 kcal/kg, but due to the higher food
      waste percent in the refuse everywhere else, it is at least 4000 kcal/kg.
PAR  The annual quantity of raw refuse per capita in the Unites States is 1600
      lb (see Table 1-2 of "Principles and Practices of Incineration", by
      Richard C. Corey) or 2 kg per capita daily and the daily quantity of dry
      refuse per capita in the U.S. is 1.6 kg; whereas in other countries the
      quantity of raw refuse is generally less than 1.5 kg per capita and
      contains much more moisture than in the U.S. refuse.
PAR  The examples set forth below with reference to the described embodiments of
      the invention are based on a quantity of 0.5 kg of dry refuse per capita
      daily with a moisture content of 60% and a quantity of 1250 tons of raw
      refuse produced daily be a city population of 1 million persons.
PAR  According to FIG. 5 Embodiment of the invention a multi-purpose plant could
      be constructed for refuse disposal by incineration, power generation and
      fresh water production, for processing the refuse of a city population of
      1 million persons (1250 tons of refuse containing 60% moisture, per day,
      assuming 0.5 kg dry refuse per capita daily), to produce 300,000 kWh power
      (see Table IV, item 12 below) and 20,000 cubic meters of fresh water per
      day (see Table V, item 16 below).
PAR  Now, with the U.S. refuse of a city population of 1 million persons
      (assuming 1.6 kg dry refuse per capita daily) it will be possible to
      produce approximately 900,000 kWh power and 60,000 cubic meters of fresh
      water per day or 15 MGD.
PAR  Remark: The processing of the refuse for oil and motor fuel production and
      for other purposes, requiring heat supply, will be considerably more
      economical if it is first dried according to the present method and
      apparatus.
PAR  The present drying method could be applied advantageously to all kinds of
      raw refuse, including that where the moisture content is even lower than
      that of the average United States refuse (20.7%). The advantages are: 1)
      The steam obtained by the vaporization of the moisture could be utilized,
      after being superheated, to produce by its expansion all the power
      required (40 to 45 kWh per ton of raw refuse) to operate the drier as well
      as the incinerator, including the power (15 to 20 kWh per ton of refuse)
      required for the preparation of the refuse for drying and incineration by
      shredding, magnetic and other separation means, feeding the prepared
      refuse into the drier and conveying the solid matter through and from the
      drier; 2) the overall thermal efficiency of the dried refuse is increased
      compared to that of the raw refuse; and 3) the net available heat of the
      United States average "all refuse" containing 79.3% solids and a gross
      calorific value of 6203 Btu/lb (see Table 1-3, page 7 of the above
      reference) assuming an overall thermal efficiency of 65% is: 6203 .times.
      0.65 = 4032 Btu/lb.
PAR  Now the net available heat of the U.S. "all refuse", containing 95% solids
      and assuming an overall thermal efficiency of 70% is:
      ##EQU1##
PAR  This means an increase of 29% of the net available heat obtained by the
      incinerator of the same weight of said dried all refuse compared to that
      of said all refuse.
PAC  COMPOSITION AND CALORIFIC VALUE OF SLUDGE CAKE
PAR  From the example 36-2, page 36-6, 7, 8, given in "Water and Wastewater
      Engineering", Volume 2, by Fair, Geyer and Okun (published by John Wiley &
      Sons, Inc., New York, 1968), it results that the quantity of dry solids in
      combined primary and excess activated sludge (fresh) is 84 grams per
      capita, containing 60 grams (71.4%) volatile, and 24 grams (28.6%) fixed
      matter.
PAR  This composition on the dry basis is approximately the same as that of the
      refuse of Column (1) above, and it will be assumed that the gross
      calorific value of this sludge on the dry basis is also 4,000 kcal/kg.
PAR  A sludge cake containing 60% moisture could be obtained by the known
      methods of heat treatment and filtration so that a daily quantity of 210
      tons of filtered sludge cake is produced by a population of one million
      persons.
PAR  According to the present invention, the net available heat is 110 million
      kcal, and the net excess of power produced by the incineration of said
      quantity of filtered sludge cake is 50,000 kWh.
PAR  In contrast, the prior art as noted above not only does not produce any
      heat and power excess, but requires the supplying of auxiliary fuel.
PAC  DRAWBACKS OF THE PRIOR ART OF REFUSE AND SLUDGE CAKE DISPOSAL BY
      INCINERATION
PAR  As indicated earlier in the prior art processes, a refuse or sludge cake
      containing more than 60% moisture, not only does not produce any excess of
      heat and power, but requires in addition a substantial amount of auxiliary
      heat. In the case of a low moisture containing refuse such as the U.S.
      refuse (20.7% moisture content), the net available heat is 77% of the net
      available heat of the dried refuse containing 5% moisture, for the same
      weights.
PAR  Furthermore, take for example a multiple-hearth furnace for incinerating
      filter cake as described in the above reference, FIG. 36-8, page 36-23.
      The sludge cake is fed onto the topmost hearth, and is moved downwardly
      from hearth to hearth. The sludge cake loses moisture, ignites and burns
      (the highest temperature being 1700.degree. F, which is sufficient for
      destroying odorous components). The exhaust gases at 1000.degree. F are
      passed through a preheater or recuperator and heat the air blown into the
      furnace. Now instead of utilizing the heat of the combustion gases at
      1700.degree. F to produce steam, the bulk of the heat is utilized to
      supply the latent heat of vaporization of the moisture contained in the
      cake; this latent heat cannot be recuperated -- it is a total heat loss.
PAR  With respect to FIG. 36-7 of the same reference, it is said on page 36-21:
      "the temperature of the drying gases is reduced from 1000.degree. F or
      higher to about 225.degree. F. Volatilized sludge-odors are destroyed by
      incineration at about 1250.degree. F. Heat is conserved by countercurrent
      flow".
PAR  In other words, deodorized exhaust gases at 1000.degree. F are cooled to
      225.degree. F by direct contact drying of the sludge, and then the
      moisture-containing, and the odor-containing, cooled gases are again
      deodorized by heating to 1250.degree. F, first by exhaust gases at
      1000.degree. F in a counter-current indirect preheater, and then by mixing
      with the hottest furnace gases at 2500.degree. F.
PAR  The prior art method of drying and incinerating the sludge cakes as well as
      the refuse includes three main drawbacks: (1) the temperature of
      1600.degree. F, which is considered to be sufficient for the complete
      destruction of odors, is not reached; (2) great volumes of gases are
      recycled; and (3) the bulk of the heat of combustion is utilized for
      drying without it being possible to recover the latent heat of
      vaporization of the moisture contained in the refuse as well as in the
      sludge cakes.
PAC  BRIEF SUMMARY OF THE PRESENT INVENTION
PAR  According to a broad aspect of the present invention, there is provided a
      method of using moisture-containing solids, such as domestic refuse and
      sludge cakes, to produce dried solid fuel and steam, wherein the moisture
      - containing solids are introduced into the top of a vertical vessel
      containing a heating zone at super-atmospheric pressure. The vessel
      serving as a pressurized boiler, and the moisture-containing solids
      serving as the feed-water and moving downwardly therein. The method
      includes the further steps of introducing super heated steam into a lower
      part of the heating zone to flow upwardly in countercurrent direct contact
      with the down-moving moisture-containing solids; removing from the upper
      end of the heating zone a nearly saturated steam at a considerably lower
      temperature and at a slightly lower pressure, due to frictional losses
      than the temperature and pressure of said introduced superheated steam,
      said removed steam including the water vapor evaporated from the
      moisture-containing solids by the heat of cooling of said introduced
      superheated steam; reheating and slightly compressing a quantity of the
      removed steam equal to the quantity of the introduced superpheated steam
      and recycling same through the heating zone in countercurrent flow to the
      down-moving moisture-containing solids; removing the dried solid residue;
      and removing, at substantially the super-atmospheric pressure of the
      heating zone, the remaining steam corresponding to the water evaporated
      from the moisture-containing solids. The latter removed steam may then be
      utilized as a source of energy supply to an external system, such as a
      power generating system or a heating system.
PAR  According to an important feature of the invention, the bulk of the
      moisture contained in the moisture-containing solids is vaporized in said
      heating zone, the partially dried residue leaving the heating zone being
      directed to move downwardly through a flashing zone maintained at lower
      pressure than the heating zone, additional moisture from the
      moisture-containing solids being vaporized by flashing.
PAR  According to another important feature, the heating zone comprises a
      plurality of elevationally displaced heating stages. The superheated steam
      is introduced into the pressurized heating zone at the bottom of the
      heating stage containing the wettest moisture-containing solids, excepting
      the overlying stage or stages.
PAR  According to another important feature of the invention, the coolest
      superheated steam, excepting that introduced into the said overlying
      heating stage or stages, is introduced at the bottom of the heating stage
      containing the driest moisture-containing solids.
PAR  According to another aspect of the invention, there is provided apparatus
      for drying moisture-containing solids comprising: a vertical pressurized
      drier having an inlet at the top for the moisture-containing solids, and
      an outlet at the bottom for the dried residue; a heater for producing
      superheated steam and for passing same upwardly through the drier in
      countercurrent direct contact with the down-moving moisture-containing
      solids; a steam outlet at the upper end of the drier for removing nearly
      saturated steam including the water vapor evaporated from the
      moisture-containing solids; means for compressing and reheating a quantity
      of the so-called steam equal to the quantity of the introduced superheated
      steam; means for recycling the so-compressed and reheated quantity of
      superheated steam through the heater in countercurrent direct contact to
      the down-moving moisture-containing solids; means for removing the dried
      residue from the bottom of the drier; and means for directing the
      remaining steam removed from the top of the drier for other use.
PAR  As will be shown below, the method and apparatus of the invention can be
      used for efficiently drying domestic refuse and sludge cake to a moisture
      content of 5% or even less, so that the dried residue can be incinerated
      with a relatively high boiler efficiency, and the discharged incinerator
      flue gas is completely deodorized, at a minimum cost of air pollution
      control equipment.
PAR  As will also be shown below, by the method and apparatus of the present
      invention the heat required for drying domestic refuse containing 60%
      moisture could be supplied by the heat of incineration of only one-half of
      the dried refuse obtained from the domestic refuse, and the superheated
      steam produced from the moisture by said drying could be used to generate
      more than twice the power required to operate the system. In addition, a
      dual-purpose plant for power generation and fresh water production by
      distillation could be advantageously combined with the refuse disposal
      plant.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is herein described, by way of example only, with reference
      to several preferred embodiments illustrated in the accompanying drawings,
      wherein:
PAR  FIGS. 1 and 1a, taken together, illustrate one form of apparatus
      constructed in accordance with the invention for drying domestic refuse
      and sludge cakes, in order to incinerate efficiently the dried solid fuel
      and to utilize the recovered heat of the incineration to supply all the
      heat requirement for the drying, the heat excess being used for power
      generation for sale. The steam produced by said drying is superheated and
      utilized to produce all the power requirements, and the excess is
      available for sale.
PAR  FIG. 1b is an enlarged sectional view along line A--A of FIG. 1;
PAR  FIG. 1c is an enlarged sectional view along line B--B of FIG. 1;
PAR  FIG. 2 illustrates the portion of the apparatus similar to that of FIG. 1a,
      but modified to produce steam (at about 220.degree. C) for heating
      purposes, instead of power, from the recovered heat if incineration and
      from a portion of the vaporized moisture.
PAR  FIG. 3 illustrates the portion of the apparatus similar to that of FIG. 1a,
      but modified for power generation, combined with fresh water production by
      low-pressure distillation in a dual-purpose plant.
PAR  FIG. 4 illustrates the portion of the apparatus similar to that of FIG. 3,
      but modified to produce steam at high pressure for use in high-pressure
      distillation; and
PAR  FIG. 5 illustrates a portion of the apparatus similar to that of FIG. 4,
      but modified to produce both high-pressure steam for high-pressure
      distillation and medium-pressure steam for low-pressure distillation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The invention is described with respect to several preferred embodiments
      illustrated in FIGS. 1-5. Each embodiment is accompanied by a table,
      Tables I-V respectively, setting forth one example of operation of the
      respective embodiment.
PAR  As indicated earlier, the examples set forth below with reference to the
      described embodiments of the invention are based on a quantity of 0.5 kg
      of dry refuse per capita daily with a moisture content of 60%, and a
      quantity of 1250 tons of raw refuse produced daily by a city population of
      one million persons.
PAC  THE FIG. 1 EMBODIMENT
PAR  FIG. 1 (i.e., FIGS. 1 and 1a taken together) illustrates an apparatus for
      drying domestic refuse and sludge cake to produce dried solid fuel and
      steam. The latter product is superheated to generate all the power
      requirements to operate the drier and an excess of power is available for
      sale. The former product is incinerated and the recovered heat is utilized
      in part for supplying all the heat required for the drying and in part for
      power generation for sale.
PAR  The apparatus comprises a vertical pressurized drier, generally designated
      DR, having an inlet 4 at the top for the domestic refuse, sludge cake or
      other moisture-containing solids (hereinafter called "refuse"), and an
      outlet 6 at the bottom for the dried residue.
PAR  The refuse is fed to the pressurized drier DR by means of a horizontal
      conveyor 8 and an inclined conveyor 10, the latter elevating the refuse to
      a feeding unit, generally designated FD, which feeds it into the inlet 4
      of the drier.
PAR  Any suitable feeder FD may be used for feeding the refuse from conveyor 10
      into the inlet 4 of the pressurized drier DR. FIG. 1 illustrates one form
      of feeder that could be used.
PAR  The feeder illustrated in FIG. 1 comprises an inlet 14 which receives the
      refuse from conveyor 10 and directs it into a chamber 16 in which rotates
      a variable-pitch screw conveyor 18 for moving the refuse to the feeder
      outlet 20 communicating with the drier inlet 4. The pressure (e.g. 21
      kg/cm.sup.2) within the drier resists the feeding of the refuse by the
      variable-pitch screw 18. Therefore a portion of the wall defining chamber
      16 is formed with openings as shown at 22, and a considerable portion of
      the water within the refuse passes as a liquid through openings 22 into a
      chamber 24 and is conveyed therethrough by a liquid pumping device,
      illustrated in FIG. 1 as a two-rotor screw pump 26. The separated liquid
      is thus conveyed to the outlet 28 of chamber 24, where it is reunited with
      the expressed refuse in outlet 20, before the two are introduced into the
      pressurized drier DR through its refuse inlet 4.
PAR  The vertical pressurized drier DR comprises an upper heating section,
      generally designated 30, in which superheated steam is introduced via a
      steam inlet 32; and a lower flashing section, generally designated 34, in
      which some of the water contained in the refuse is flashed and condensed
      in a condenser CN'. A vertical central shaft 37 drives the screw conveyor
      sections 38 conveying the refuse downwardly through the pressurized drier
      DR. The upper end of the drier includes conventional scrapers or knives 39
      driven by a central shaft 40 for scraping away any solids clinging to the
      walls.
PAR  The heating section 30 of the pressurized drier is divided into a plurality
      of elevationally-decreased heating stages SD1, SD2, and SD3, the latter
      being the lowermost heating stage in the apparatus illustrated in FIG. 1.
PAR  Each heating stage is defined by a separator member SM1, SM2, SM3 which
      includes a tubular or slightly conical section 41. The diameters of the
      blades of the screw-conveyors 38 conform to the inner diameter of their
      respective sections 41. The upper ends of tubular sections 41 of the
      separator members are each joined to a funnel-shaped section 42, the
      diameter of which increases in the upwardly direction so that its upper
      edge is of the same diameter as the inner surface of the pressurized drier
      DR.
PAR  Each stage of the heating section 30 of the drier further includes a
      perforated member PM1, PM2, PM3 spaced above the separator member SM1,
      SM2, SM3 of the respective stage. Each perforated member comprises a
      tubular section 44 joined to an annular perforated plate 46. The tubular
      section 44 is of substantially the same diameter as the screwblade of the
      portion of the conveyor passing therethrough and through its upper
      perforated plate 46.
PAR  The heating steam is introduced through inlet 32 of the heating section 30
      of the pressurized drier and passes upwardly through heating stage SD2 in
      countercurrent direct contact with the down-moving refuse. The refuse is
      positively fed downwardly by screw conveyors 38, particularly in
      cooperation with sections 41 and 44 of the members SM1-SM3 and PM1-PM3,
      respectively. The funnel sections 42 of the separator members SM1-SM3
      funnel the down-moving sludge into the lower sections 41, where the refuse
      is compacted. This produces a barrier to the downward flow of the steam,
      and thereby forces the steam to flow upwardly through the perforated
      plates 46 of the respective members PM1-PM3.
PAR  As the steam, introduced through inlet 32 of the pressurized drier, passes
      upwardly in direct countercurrent contact with the down-moving refuse,
      some of the moisture within the refuse is vaporized. The steam leaving the
      heating stage SD2 of the pressurized drier exits through outlet 50, it
      being appreciated that the quantity of the steam so exiting is equal to
      that introduced into steam inlet 32 and that vaporized from the sludge in
      heating stage SD2.
PAR  The steam introduced into inlet 32 is superheated steam supplied from a
      superheater SH1. In the example of FIG. 1, as will be described more fully
      below, the steam at inlet 32 is superheated to a temperature of about
      600.degree. C, and a pressure of about 23 kg/cm.sup.2. This superheated
      steam is introduced in the heating stage containing the wettest refuse
      excepting the overlying stage, wherein a significant part of the water
      within the refuse will have evaporated from it by the time it reaches the
      underlying heating stage. That is to say, the superheated steam is
      introduced into the lower end of an intermediate stage, this being stage
      SD2 of the FIG. 1 apparatus. More particularly, the steam is introduced
      into the space between the upper edge of the funnel section 42 of member
      SM2, and perforated plate 46 of member PM2.
PAR  The upper end of the second heating stage SD2 is defined by the lower
      surface of member SM1 of the overlying stage SD2. Just below member SM1
      there is provided a steam outlet 50 conducting the steam via a pipe 52 to
      an inlet 54 at the lower end of the underlying heating stage, this being
      stage SD3. In addition, the upper end of heating stage SD3 is provided
      with an outlet 56 for directing steam via a pipe 58 to an inlet 60 at the
      lower end of the highest elevation heating stage SD1. From heating stage
      SD1, the steam passes through a demister DM to steam outlet 64, where it
      leaves the drier DR at a pressure of e.g. 21 kg/cm.sup.2.
PAR  While FIG. 1 illustrates only three heating stages SD1-SD3, it will be
      appreciated that more heating stage could, and in most cases probably
      would, be used. When more heating stages are used, the arrangemenet
      illustrated in FIG. 1 is preferably extended to the other stages; i.e., in
      each heating stage below the intermediate one in which the superheated
      steam is first introduced, there are provided means for directing the
      superheated steam from the upper end of that stage to the lower end of the
      next underlying heating stage, and means for directing heated steam from
      the upper end of the lowest elevation stage to the lower end of the stage
      of next highest elevation than the intermediate stage. By this arrangement
      the coolest superheated steam, excepting that introduced into the stage
      overlying the intermediate stage, is introduced at the bottom of the
      heating stage containing the driest moisture-containing solids within the
      heating section 30.
PAR  FIG. 1 illustrates the arrangement where there is only one stage higher
      than the intermediate stage in which the superheated steam is first
      introduced, which is the preferred arrangement. However, if there are more
      than one heating stages higher than the one in which the superheated steam
      is first introduced, the same arrangement would be extended to them, i.e.,
      the superheated steam would be directed from the upper end of each higher
      stage to the lower end of the immediately succeeding highest stage.
PAR  Demister DM is preferably one which is divided vertically into two sections
      DM1, DM2, with each of the sections being alternately, and at regulated
      intervals, sprayed or flooded with hot water flowing through pipe 62 from
      economizer EC by a 3-way valve 3-WV to: (1) aid is demisting the nearly
      saturated steam exiting from the pressurized drier through its steam
      outlet 64, and (2) clean the demister from clogging fine particles
      entrained by the steam flowing through the demister.
PAR  The superheated steam flowing upwardly through the highest elevation
      heating stage is partially condensed on the cold down-moving
      moisture-containing solids, introduced into the upper end of the drier.
      The results of this partial condensation are: (1) the introduced cold
      solids are heated to the saturation temperature of the unflowing steam,
      and (2) the upflowing superheated steam is scrubbed of the fine solid
      particles entrained therein by the down-moving moisture-containing solids
      additionally wet by the water condensate film formed on their surface.
PAR  The flashing section 34 of the pressurized drier also includes a plurality
      of elevationally displaced flashing stages FD1, FD2, FD3, each flashing
      stage being separated by a separator member FM1-FM3 of similar shape and
      construction as separator members SM1-SM3, excepting FM3 which includes at
      its bottom means for removing the dried refuse. The perforated members
      PM1-PM3, used in the heating section 30, however, are not used in the
      flashing section 34.
PAR  As the refuse moves downwardly through the flashing section 34 of the
      pressurized drier, being positively conveyed by conveyor sections 38,
      additional water is flashed from the refuse in the several flashing
      stages. The flashed water is directed through pipes 70, 72, 74,
      respectively, to condenser CN' where it is brought into indirect
      heat-exchange contact with a cooling liquid passing through pipes 76. The
      condensed water exits from the bottom of condenser CN' via outlet 78 and
      passes to an effluent and heat reject discharge line 80, where it is
      discharged.
PAR  The dried refuse (e.g., dried to a 5% moisture content), exits from the
      bottom outlet 6 of the pressurized drier to a discharging horizontal
      variable-pitch screw conveyor 82.
PAR  The steam leaving the pressurized drier through its outlet 64 and pipe 84
      is equal in quantity to the superheated steam introduced into the drier
      through inlet 32, and the quantity vaporized from the refuse in the
      heating section 30. One example including quantities is set forth in Table
      I below.
PAR  The portion of the steam equal to the quantity introduced into inlet 32 is
      conveyed by pipe 86 to a compressor CO where it is compressed (e.g. from
      21 kg/cm.sup.2 to 23 kg/cm.sup.2), conveyed by pipe 88 to superheater SH1
      where it is reheated (e.g., to 600.degree. C), and then recycled back to
      the pressurized drier through pipe 89 and steam inlet 32.
PAR  The portion of the steam exiting from the pressurized drier equal to the
      quantity of steam produced by vaporization of the water from the refuse in
      the heating section 30 of the drier is directed from pipe 84 through pipe
      90 to superheater SH2 where it is reheated. It is then introduced via pipe
      92 into a turbine TU where it is expanded for producing mechanical power
      to drive the compressor 20. The bulk of the mechanical power is used for
      driving a generator GE which produces all the power requirement to operate
      the apparatus and an excess of water for sale.
PAR  The exhaust steam leaving turbine TU passes through a condenser CN where it
      is condensed by cooling water produced through inlet pipe 96 and exiting
      through pipe 97 into heat reject pipe 80. A portion of the condensed steam
      leaving condenser CN is pumped by pump P1 through pipe 98 and pump P2 to
      the bottom of condenser CN' and upwardly therethrough via pipes 76, where
      it is heated by the vapor exiting from the flashing section 34 of the
      pressurized drier and condensing in condenser CN'. The water so preheated
      exits from the upper end of the condenser and is directed via pipe 100 to
      an economizer EC, and from there through pipe 102 to the boiler 80. The
      steam vaporized in the boiler 80 flows through outlet 104 and connecting
      pipe 105 into pipe 90 and, together with the vaporized moisture from pipe
      84, is introduced into superheater SH2, being heated there and flowing out
      through pipe 92 into turbine TU, the mechanical power being used for
      driving the generator GE producing power for sale.
PAR  Another portion of the condensed steam equal to the vaporized moisture in
      the heating section 30 flows through pipe 106 into the effluent and heat
      reject pipe 80.
PAR  Condenser CN includes an outlet pipe 108 connected to a vacuum pump P3,
      which draws air and other gases present in the steam, originating in the
      processed refuse or formed during said drying, and flowing from the
      pressurized drier through the superheater and turbine to the condenser CN.
      The gases so removed are fed through pipe 109 to furnace FR, thereby
      destroying any pollutants that may be entrained in the steam. In addition,
      the apparatus preferably includes an air-pollution control unit APC
      following the air preheater AP and the economizer EC.
PAR  The dried refuse exiting from the pressurized drier is of calorific value
      more than enough to supply the heat requirements for operating the system,
      thereby providing an excess of fuel which may be used for producing power
      for sale, while the steam produced from the moisture vaporization is,
      after being superheated, more than enough to supply the power requirements
      for operating the system, thereby producing an excess of power for sale.
PAR  For example, the following Table I sets forth some figures applicable to a
      daily quantity of refuse produced by one million persons, these figures
      being based on a quantity of 0.5 kg of dry refuse per capita daily having
      a moisture content of 60% as set forth above.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     1.   Refuse at 60% moisture content received in drier DR                  
                                         1,250 tons                            
     2.   Dried solid at 5% moisture content discharged                        
          from drier DR by conveyor 82   526   tons                            
     3.   Steam produced in heating section 30                                 
          (91% of the total moisture, 750 tons)                                
                                         683   tons                            
     4.   Moisture vaporized in flashing section 34                            
                                         42    tons                            
     5.   Recycling superheated steam introduced into                          
          drier DR through inlet 32      2,463 tons                            
     6.   Maximum power required to operate the plant                          
          including the compression from 21 to 23 kg/cm.sup.2                  
          of the 2,463 tons of recycling superheated                           
          steam, and refuse shredding,                                         
          (50 kWh .times. 1,250 tons)    62,500                                
                                               kWh                             
     7.   Steam at 21 kg/cm.sup.2 and 600.degree.C to produce said             
          maximum power required                                               
          (at 230 kWh/ton steam - see remark 1)                                
                                         272   tons                            
     8.   Available steam at 21 kg/cm.sup.2 and 220.degree.C obtained          
          from the moisture drying (683-272)                                   
                                         411   tons                            
     9.   Total net available heat obtained by the                             
          incineration of 526 tons of dried refuse at                          
          5% moisture content (526 .times. 1000 .times. 0.95 .times. 4000      
          .times. 0.65 kcal)                                                   
          (or 1300 .times. 10.sup.6 .times. 3.968 = 5160 million Btu)          
                                         1,300 million                         
                                               kcal.                           
          less heat supplied to superheater SH1 to                             
          heat 2,463 tons steam from 230.5.degree. to 600.degree.C             
          at 23 kg/cm.sup.2              501   million kcal.                   
          less heat supplied to superheater SH2 to                             
          heat 272 tons steam from 220.degree. to 600.degree.C                 
          at 21 kg/cm.sup.2              57    million kcal.                   
          less heat supplied to superheater SH2 to                             
          heat 411 tons steam from 220.degree. to 600.degree.C                 
          at 21 kg/cm.sup.2              85    million kcal.                   
          Total net available heat       656   million kcal.                   
     10.  The steam produced at 21 kg/cm.sup.2 and 600.degree.C                
          by said 656 million kcal supplied to boiler                          
          BO and superheater SH2                                               
          (656 .times. 10.sup.6 /(881.2 - 218.6) .times. 10.sup.3)             
                                         990   tons                            
          (it is assumed that the feed water flowing                           
          from the economizer into the boiler is at                            
          the saturation temperature (213.85.degree.C)                         
     11.  Total available steam at 21 kg/cm.sup.2 and 600.degree.C             
          obtained from the moisture (item 8) and from                         
          the boiler BO and superheater SH2 (item 10)                          
                                         1,401 tons                            
     12.  Available power produced in turbine TU from                          
          the total available steam (1400 .times. 230 kWh/ton)                 
                                         322,000                               
                                               kWh                             
          According to the FIGS. 1 and 1a embodiment                           
          of the present invention, there are obtained:                        
          320,000/500 = 640 kWh/ton dry refuse or                              
          320,000/1250 = 256 kWh/ton of raw refuse at                          
          60% moisture content.                                                
     13.  Total condensed steam at                                             
          0.4 kg/cm.sup.2 and 75.5.degree.C (990 + 683)                        
                                         1,673 tons                            
     14.  Total heat of condensation                                           
          per day (1673 .times. 1000 .times. 554.1)                            
                                         927   million kcal.                   
     __________________________________________________________________________
PAC  REMARKS:
PA2  1. the power produced (230 kWh/ton steam) is due to the expansion of the
      steam at 21 kg/cm.sup.2 and 600.degree. C to 0.4 kg/cm.sup.2 and
      75.4.degree. C, assuming 80% turbine efficiency of the isentropic work of
      expansion (the entropies at 21 kg/cm.sup.2 and 600.degree. C, and at 0.4
      kg/cm.sup.2 and the saturation temperature 75.42.degree. C, being
      approximately equal - 1,836 and 1,833 respectively).
PA2  2. The heat of condensation of this vapor (554, 1 kcal/kg) could be
      utilized in a multi-effect distillation system for water desalination
      requiring a saturation heating steam at 75.5.degree. C (see paper by A.
      Pachter, A. Barak and J. Weinberg presented at the symposium on
      "Developments in Desalination Technology in Israel" March 1971, published
      by the "National Council for Research and Development" Prime Minister's
      Office, Jerusalem).
PAR  For a performance ratio of 91b/1000Btu or 62,00 kcal/m.sup.3 desalined
      water, 1 ton of steam condensed at 75.5.degree. C corresponds to the
      production of 554. 100/62.000 = 9 m.sup.3 of desalined water and the daily
      production from 1673 tons steam (items 3 and 10) is: 1673 T .times. 9
      m.sup.3 = 15,060 m.sup.3.
PAR  In this case, condenser CN is either a part of the first effect of a
      multi-effect evaporator, or the heater in a multistage flash evaporation
      plant, and the system is operated as a dual-purpose plant for power
      generation and fresh water production by distillation (see FIG. 3
      Embodiment and Table III below).
PA2  3. Further expansion of the steam by lower temperature condensation will of
      course produce more power per ton of refuse.
PA2  4. In the examples of Table I (and in Tables II-V below), the maximum steam
      temperature is 600.degree. C and the pressures of the introduced
      superheated steam and of the removed nearly saturated steam are 23 and 21
      kg/cm.sup.2, respectively.
PAR  Now take another example where 550.degree. C is the maximum steam
      temperature and 20 and 18 kg/cm.sup.2 respectively and the pressures of
      the introduced and removed steam. In this case the pressure and
      temperature of the turbine exhaust steam is 0.46 kg/cm.sup.2 and
      79.degree. C respectively for isentropic expansion (the entropies at 18
      kg/cm.sup.2 and 550.degree. C and at 0.46 kg/cm.sup.2 and at the
      saturation temperature 79.degree. C, being approximately equal - 1,8220
      and 1,8213 respectively).
PAR  In these conditions the following results are obtained: at 80% turbine
      efficiency the power produced is 210 kWh/ton steam; the quantity of the
      recycling superheated steam is 2760 tons; the steam needed to produce all
      the power requirements to operate the system is 360 tons; the total net
      available power is 289,000 kcal, and the total turbine exhaust steam
      condensed at 0.46 kg/cm.sup.2 and 79.degree. C is 1735 tons.
PAC  THE FIG. 2 EMBODIMENT
PAR  The FIG. 2 (i.e., FIGS. 1 and 2 taken together) Embodiment is similar to
      that of FIG. 1 except that instead of using the excess steam (i.e., that
      produced by vaporizing the moisture contained in the refuse in the
      pressurized drier DR) for producing power for sale, this excess steam is
      used for producing steam (at a temperature of 220.degree. C) for sale for
      heating purposes.
PAR  The apparatus of FIG. 2 Embodiment is therefore the same as FIG. 1
      Embodiment (similar reference numbers being used for the same parts)
      except that some of the steam flowing out of the pressurized drier DR
      through pipe 84 is diverted by pipe 110 to outlet pipe 112 for sale for
      heating purposes. In addition, steam outlet pipe 112 is connected to
      outlet 104 and also receives the steam from boiler 80 also for sale for
      heating purposes.
PAR  Another difference is that pipes 105 and 106 are eliminated and a pipe 114
      and a pump P4 for feed water are added. In this embodiment the said excess
      steam and the steam produced in the boiler from the feed water are
      evacuated from the system as heating steam for sale.
PAR  Table II below sets forth one example of the operation of FIG. 2 system to
      produce steam for heating purposes, these figures being based on the same
      refuse production of one million persons per day as that of Table I.
TBL                                    Table II                                
     __________________________________________________________________________
          Items 1 to 8 are the same as in Table I.                             
     9.   Steam at 21 kg/cm.sup.2 and 220.degree.C produced for heating        
          a) from moisture (item 8)                                            
                                   411   tons                                  
          b) from item 9 of Table I we obtain:                                 
           steam at 21 kg/cm.sup.2 and 220.degree.C                            
           produced in the boiler 80 is:                                       
           (1300-501-57) .times. 10.sup.6 kcal/(673-218.6) .times. 10.sup.3    
                                   1,633 tons                                  
           Total steam for heating 2,044 tons                                  
     10.  Steam produced by dried refuse at 5% moisture                        
          content or by dry refuse are respectively:                           
            2044/526 = 3.89 kg steam/kg dried refuse                           
          and 2044/500 = 4.09 kg steam/kg dry refuse.                          
     __________________________________________________________________________
PAC  THE FIG. 3 EMBODIMENT
PAR  The FIG. 3 (i.e., FIGS. 1 and 3 taken together) Embodiment is similar to
      that of FIG. 1 except that the heat of condensation of the exhaust steam
      from the turbine, instead of being lost to the cooling water as a heat
      reject, is utilized to supply the heat requirements of a multiple-effect
      or a multi-stage distillation plant for fresh water production. Thus, this
      Embodiment is particularly useful as a dual-purpose plant for power
      generation and fresh water production by distillation.
PAR  The apparatus of FIG. 3 Embodiment is the same as in FIG. 1 Embodiment
      (similar reference numbers therefore being used for the same parts) except
      that condenser CN is utilized as the heater in a multi-stage plant, or as
      a part of the hottest effect of a multiple-effect plant (a water
      distillation plant WDP) to produce fresh water from saline water or from
      polluted water, operated at a relatively low top temperature of
      75.5.degree. C and at a relatively low top pressure of 0.4 kg/cm.sup.2 for
      instance. The saline or polluted water is fed into the plant via pipe 116.
      The fresh water leaves the plant via pipe 118, and the blowdown leaves the
      plant via pipe 120. The saline or polluted water, after being heated in
      the WDP, flows through pipe 96 into the condenser CN and flows out
      therefrom at a higher temperature through pipe 108 back into the WDP and
      finally through the heat reject pipes 118 and 120.
PAR  Table III sets forth one example of the operation of the dual-purpose power
      and fresh water production plant illustrated in FIG. 3 system.
TBL                                    Table III                               
     __________________________________________________________________________
          Items 1 to 14 are the same as in Table I.                            
     15.  The daily quantity of fresh water produced by                        
          the fresh water distillation plant WDP                               
          utilizing the heat of condensation in the                            
          condenser-heater CN (see also Remark 2) of Table I)                  
          is:(927 .times. 10.sup.6 kcal/62,000 kcal)                           
                                      15,000 m.sup.3                           
     __________________________________________________________________________
PAC  FIG. 4 EMBODIMENT
PAR  The FIG. 4 (i.e., FIGS. 1 and 4 taken together) Embodiment is similar to
      that of FIG. 1 except that the steam produced in the boiler is used for
      producing steam at high pressure and the exhaust steam of a high pressure
      turbine is used for a high temperature water production plant. The
      apparatus of FIG. 4 is therefore the same as that of FIG. 1 Embodiment
      (similar reference numbers also being used for the same parts) except that
      it includes a third superheater SH3 and a second turbine TU2 supplied with
      high pressure steam by superheater SH3, the turbine TU2 driving a second
      generator GE2, and a second condenser CN2 which condenses the exhaust
      steam exiting from turbine TU2 at a relatively high temperature
      130.5.degree. C and pressure 2.8 kg/cm.sup.2 for instance. The heat of
      condensation of the steam condensing in condenser CN2 is used for heating
      the water in a fresh water distillation plant WDP2. The condensate from
      the second condenser CN2 flows through pipe 122 and pump P5 into the
      economizer and a portion of the heated water flowing out from condenser
      CN' through pipe 100, flows through pipe 124 into pipe 122 and finally
      into the economizer EC.
PAR  Table IV below sets forth one example of the operation of the FIG. 4
      system.
TBL                                    Table IV                                
     __________________________________________________________________________
           Items 1 to 8 are the same as in Table I.                            
     9.   In superheater SH3 steam is produced at                              
          81 kg/cm.sup.2 and 600.degree.C by 653 million kcal                  
          see item 9 of Table I) supplied to boiler BO                         
          and superheater SH3. It is assumed that the                          
          feed water flowing from the economizer into                          
          the boiler is at the same enthalpy (218.6)                           
          as in item 10 of Table I. As the enthalpy                            
          at 81 kg/cm.sup.2 and 600.degree.C is 869.7 kcal/kg,                 
          the daily produced steam is:                                         
          (653 .times. 10.sup.6 kcal/(869.7 - 218.6)                           
                                   1,000 tons                                  
     10.  The steam expands isentropically in                                  
          turbine TU2 from 81 kg/cm.sup.2 and 600.degree.C to                  
          2.8 kg/cm.sup.2 and 130.5.degree.C (vapor enthalpy =                 
          650.0 kcal/kg). The daily net power produced                         
          by turbine TU2 at 80% turbine efficiency:                            
          (10.sup.6 .times. (869.7-650.0) .times. 1.163 .times. 10.sup.-.sup.3 
          .times. 0.80) =          204,400                                     
                                         kWh                                   
     11.  The daily net available power obtained from                          
          the expansion of 410 tons steam from 21 kg/                          
          cm.sup.2 and 600.degree.C (see items 8 and 9 and Remark 1            
          of Table I) to 0.40 kg/cm.sup.2 and 75.5.degree.C:                   
          (410 tons .times. 230 kWh/ton)                                       
                                   94,300                                      
                                         kWh                                   
     12.  The daily total net power produced in                                
          turbine TU and turbine TU2 (204,400 + 94,300)                        
                                   298,700                                     
                                         kWh                                   
          This is compared to 320,000 kWh/day according                        
          to FIG. 1 Embodiment (see item 12 of Table I)                        
     13.  The heat of condensation per day in heater-                          
          condenser CN2 at 2.8 kg/cm.sup.2 and 130.5.degree.C:                 
          (10.sup.6 .times. 518.9) 519   million kcal                          
          Remark: In a desalination plant operated at                          
          a top temperature of 250.degree.F (121.degree.C), a perfor-          
          mance ratio of 15 lb/1000 Btu or 37,000 kcal/                        
          1000 kg of fresh water produced could be                             
          assumed.                                                             
     14.  The daily production of fresh water                                  
          (519 .times. 10.sup.6 kcal/37,000)                                   
                                   14,000                                      
                                         m.sup.3                               
          This is compared to 15,000 m.sup.3 according to                      
          FIG. 3 Embodiment (see item 15 of Table III)                         
     __________________________________________________________________________
PAC  THE FIG. 5 EMBODIMENT
PAR  The FIG. 5 (i.e., FIGS. 1 and 5 taken together) Embodiment is similar to
      that of FIG. 4 except that the steam produced by vaporizing the moisture
      contained in the refuse in section 30 of the pressurized drier and the
      steam produced in the boiler are respectively used for operating two water
      production plants: a low-temperature distillation plant WDP corresponding
      to the similarly identified plant in FIG. 3 and a high-temperature
      distillation plant WDP2 corresponding to the similarly identified plant in
      FIG. 4.
PAR  Table V sets forth one example of the operation of the FIG. 5 system.
TBL                                    Table V                                 
     __________________________________________________________________________
          Items 1 to 14 are the same as in Table IV.                           
     15.  The heat of condensation of the vaporized                            
          moisture (item 3 of Table I) in condenser-                           
          heater CN at 0.4 kg/cm.sup.2 and 75.5.degree.C                       
          (683 .times. 1000 .times. 554.1)                                     
                                     378.5                                     
                                          million kcal                         
     16.  Total daily fresh water produced:                                    
          a) in distillation plant WDP (item 15 above)                         
           (378.5 .times. 10.sup.6 /62,000)                                    
                                     6,100                                     
                                          m.sup.3                              
          b) in distillation plant WDP2 (item 14, Table IV)                    
                                     14,000                                    
                                          m.sup.3                              
     Total                                                                     
          20,100                     m.sup.3                                   
     __________________________________________________________________________
PAR  Many other variations, modifications and applications of the illustrated
      Embodiments will be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of using moisture-containing solids, such as domestic refuse
      and sludge cakes, to produce dried residue and nearly saturated steam at
      super atmospheric pressure, comprising: introducing the moisture
      containing solids into the top of a vertical vessel containing a heating
      zone at super-atmospheric pressure, the vessel serving as a direct contact
      pressurized boiler and the moisture-containing solids serving as the
      feed-water and flowing downwardly therein: introducing superheated steam
      into a lower part of the heating zone to flow upwardly in counter-current
      direct contact with the down-moving moisture-containing solids, the bulk
      of the moisture contained in the moisture-containing solids being
      vaporized in said heating zone; removing from the upper end of the heating
      zone a nearly saturated steam at a considerably lower temperature and at a
      slightly lower pressure than the temperature and pressure of said
      introduced superheated steam, said removed steam including the water vapor
      evaporated from the moisture-containing solids by the heat of cooling of
      said introduced superheated steam; reheating and slightly compressing a
      quantity of the removed steam equal to the quantity of the introduced
      superheated steam and recycling same through the heating zone in
      counter-current flow to the downmoving moisture-containing solids;
      directing the partially dried residue leaving the heating zone to move
      downwardly through a flashing zone maintained at lower pressure than the
      heating zone, additional moisture from the moisture-containing solids
      being vaporized by flashing; removing the dried solid residue; and
      directing, at substantially the super-atmospheric pressure of the heating
      zone, the remaining portion of the removed steam corresponding to the
      water evaporated from the moisture-containing solids for use as a source
      of energy.
NUM  2.
PAR  2. A method according to claim 1, wherein said heating zone comprises a
      plurality of elevationally displaced heating stages.
NUM  3.
PAR  3. The method according to claim 2, wherein the superheated steam is
      introduced into the lower end of an intermediate-elevation stage of the
      heating zone, the superheated steam being thereafter directed from the
      upper end of that stage to the lower end of the next underlying stage, and
      in a similar manner through the successively underlying stages to the
      lower end of the lowest elevation stage, the superheated steam being
      thenceforth directed from the upper end of the lowest elevation stage to
      the lower end of the stage of next higher elevation than said intermediate
      stage.
NUM  4.
PAR  4. A method according to claim 3, wherein said next higher stage is the
      only heating stage of higher elevation than said intermediate stage, the
      cooled nearly saturated steam at super-atmospheric pressure being removed
      from said heating zone through the upper end of said next higher elevation
      stage.
NUM  5.
PAR  5. The method according to claim 3, wherein there are a plurality of
      heating stages higher than said intermediate stage, the superheated steam
      being directed from the the upper end of said next higher stage to the
      lower end of the immediately succeeding higher elevation stage, and in the
      same manner through all said plurality of higher stages, the cooled nearly
      saturated steam at super-atmospheric pressure being removed from said
      heating zone through the upper end of the highest elevation heating stage.
NUM  6.
PAR  6. The method according to claim 2, wherein the steam flowing upwardly
      through the highest elevation heating stage is scrubbed of any fine solid
      particles entrained therein by the moisture-containing solids introduced
      into the upper end of the drier and by the water condensed from a portion
      of said upwardly flowing steam on the introduced and downwardly moving
      solids.
NUM  7.
PAR  7. The method according to claim 1, further including the steps of passing
      the steam exiting from the heating zone through a demister, the demister
      being divided vertically into at least two sections, each of the sections
      being alternately sprayed or flooded at predetermined time intervals with
      water to aid it in demisting the exiting nearly saturated steam and to
      maintain the demister clean from clogging by fine solid particles
      entrained in the steam passing through the demister.
NUM  8.
PAR  8. The method according to claim 1, wherein said flashing zone comprises a
      plurality of elevationally-displaced flashing stages of decreasing
      pressure, the lowermost flashing stage being approximately at atmospheric
      pressure.
NUM  9.
PAR  9. The method according to claim 1, wherein all or a portion of the
      vaporized moisture in said heating zone is heated to a high temperature
      and then directed to a turbine to generate all the power required to
      operate the apparatus including the compression and recirculation of said
      quantity of recirculated superheated steam.
NUM  10.
PAR  10. The method according to claim 9, wherein the vapor exiting from the
      turbine is condensed and gases are removed therefrom and are directed to a
      furnace for burning.
NUM  11.
PAR  11. A method according to claim 1, wherein a portion of the dried residue
      is incinerated for reheating said quantity of recycled superheated steam.
NUM  12.
PAR  12. A method according to claim 1, wherein all the dried residue is
      incinerated and the heat produced is utilized for three main purposes: one
      portion for heating vaporized moisture which is directed to a turbine for
      producing power; a second portion for reheating the recirculated
      superheated steam; and the remaining third portion for producing saturated
      steam in a boiler for heating, or for the production of superheated steam
      in a boiler and a superheater for power production in a turbine.
NUM  13.
PAR  13. Apparatus for using moisture-containing solids to produce residue and
      nearly saturated at super-atmospheric pressure steam comprising: a
      vertical pressurized drier having an inlet at the top for the moisture
      containing solids, and an outlet at the bottom for the dried residue, said
      drier including an upper heating zone and a lower flashing zone; means for
      introducing super-heated steam and for passing same upwardly through the
      heating zone of the drier in counter-current direct contact with the
      downmoving moisture-containing solids; a steam outlet at the upper end of
      the drier for removing nearly saturated steam at super-atmospheric
      pressure including the water vapor evaporated from the moisture-containing
      solids; means for compressing and reheating a quantity of the so-removed
      steam equal to the quantity of the introduced superheated steam; means for
      recycling the so-compressed and reheated quantity of superheated steam
      through the heating zone in countercurrent direct contact to the
      down-moving moisture-contained solids; means for directing the remaining
      portion of the steam corresponding to the water evaporated from the
      moisture-containing solids in said heating zone for use as a source of
      energy; means for feeding the moisture-containing solids into the top of
      the drier against the super-atmospheric pressure therein; means for
      removing the dried residue from the bottom of the drier; said upper
      heating zone including at least one heating stage, and said lower flashing
      zone including at least one flashing stage having a water vapor outlet at
      its top for removing the flashed water vapor; means for transferring the
      dried residue from the lower end of the heating zone to said flashing
      zone; and means for removing the further dried residue from the lower end
      of the flashing zone.
NUM  14.
PAR  14. Apparatus according to claim 3, wherein the drier includes a plurality
      of elevationally-decreasing heating stages at the upper part, and a
      plurality of flashing stages of decreasing pressure at the lower part,
      each of said flashing stages including a water vapor outlet for removing
      the flashed water vapor; means for transferring from stage to stage the
      partially dried moisture-containing solids, and for removing the dried
      residue from the bottom of the drier.
NUM  15.
PAR  15. Apparatus according to claim 14, further including means for
      introducing the superheated steam into the lower end of an intermediate
      elevation heating stage, means for directing the superheated steam from
      the upper end of that stage to the lower end of the next underlying
      heating stage, are in the same manner through the successively underlying
      stages to the lowest elevation stage, and means for directing the
      superheated steam from the upper end of the lowest elevation stage to the
      lower end of the stage of next highest elevation than said intermediate
      stage.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein said next highest heating
      stage is the only heating stage of higher elevation than said intermediate
      stage, the cooled nearly saturated steam at super-atmospheric pressure
      being removed from said heating zone through the upper end of said next
      higher elevation stage.
NUM  17.
PAR  17. Apparatus according to claim 15, wherein there are a plurality of
      heating stages higher than said intermediate heating stage, the
      superheated steam being directed from the upper end of said next higher
      heating stage to the lower end of the immediately succeeding higher
      elevation heating stage, and in the same manner through all said plurality
      of higher stages, the cooled nearly saturated steam at superatmospheric
      pressure being removed from said heating zone through the upper end of the
      highest elevation heating stage.
NUM  18.
PAR  18. Apparatus according to claim 13, wherein said transferring and removing
      means comprises screw conveyors extending throught the lower part of each
      one of the flashing stages and at least one of the heating stages, and
      wherein each heating stage includes at its lower part a perforated
      separator plate having a central opening with a downwardly extending
      tubular section, each of the flashing stages and at least one of the
      heating stages further including a funnel-shaped barrier member having a
      central downwardly extending conical-shaped tubular section at its lowest
      part through which a screw conveyor passes, said funnel-shaped section
      being joined to the inner walls of the drier, the moisture-containing
      solids fed by the screw conveyor from any one stage to the next underlying
      stage being compacted by the screw conveyor between it and said tubular
      conical section and forming a barrier to the down-flow of the steam to the
      underlying heating or flashing stage and thereby forcing same to flow
      upwardly through the perforations of the perforated plate to the overlying
      heating stage, or forming a barrier to the up-flow of the steam from said
      intermediate stage to the lower steam pressure overlying heating stage and
      thereby forcing the steam to flow-out at the top of said intermediate
      stage to the lower part of the underlying stage.
NUM  19.
PAR  19. Apparatus according to claim 18, wherein the drier includes at least
      two heating stages and one flashing stage, and the moisture-containing
      solids removed from the lower part of the first heating stage being
      sufficiently dried to enable its transfer to the underlying heating stage
      against the higher steam pressure therein by means of the screw conveyor
      passing through said conical-shaped tubular section.
NUM  20.
PAR  20. Apparatus according to claim 18, wherein the tubular extension from
      said funnel-shaped barrier member is of cylindrical shape and the screw
      passing therethrough is a variable-pitch screw to pack the dried residue
      into a dense mass thereby forming a seal for the steam between each pair
      of the drying and flashing stages.
NUM  21.
PAR  21. Apparatus for drying moisture-containing solids to produce a dried
      residue; comprising: a vertical pressurized drier having an inlet at the
      top for the moisture-containing solids, and an outlet at the bottom for
      the dried residue; means for feeding the moisture-containing solids into
      the pressurized drier; a steam inlet at a lower part of the drier for
      introducing superheated steam into a space comprised between a lower
      funnel having a central downwardly extending tubular section for the dried
      residue, and an upper horizontal perforated plate having a central opening
      with a downwardly extending tubular section; a screw conveyor passing
      through both said tubular sections; the moisture-containing solids being
      compacted between the screw conveyor and its respective funnel tubular
      section and thereby forming a barrier for the flow of steam through the
      screw conveyor forcing same to flow upwardly through the perforations of
      said perforated plate and in countercurrent direct contact with the
      down-moving moisture-containing solids; a steam outlet at the upper end of
      the drier for removing the nearly saturated steam including the water
      vapor evaporated from the moisture-containing solids; means for
      compressing and reheating a quantity of the so-removed nearly saturated
      steam equal to the quantity of the introduced superheated steam; means for
      recycling the compressed and reheated portion of superheated steam through
      the drier in countercurrent direct contact with the down-moving
      moisture-containing solids; means for removing the dried residue from the
      bottom of the drier; and means for diverting the excess of steam removed
      from the top of the drier for power generation or other uses.
NUM  22.
PAR  22. Apparatus according to claim 21 further comprising a combined screw
      press, screw feeder and screw pump; the screw press expressing a portion
      of the moisture as a liquid through a screen; the feeder driving the
      partially expressed residue into the pressurized drier; and the screw pump
      receiving said expressed liquid and driving same into the pressurized
      drier.
NUM  23.
PAR  23. Apparatus according to any one of claim 13, further including a
      demister at the steam outlet end of the drier, said demister being divided
      vertically into at least two sections, and means for spraying or flooding
      each section alternately with water at predetermined time intervals.
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ABST
PAL  A control unit sensitive to the condition of its ambient atmosphere is
      enclosed within an insulated housing over lateral openings in the
      discharge auger tube of a grain drying bin whereby gases surrounding the
      discharged grain circulated into contact with said unit. The unit is
      connected to control the operation of the discharge auger, thereby
      controlling the moisture content of grain being discharged. In one
      embodiment, a warm-air circulation jacket is disposed about the control
      unit housing to establish a constant housing temperature and obviate any
      temperature effects of the exterior atmosphere.
PARN
PAR  This invention relates to a system for controlling the removal of grain
      from a drying bin in accordance with the moisture content of the grain and
      is a continuation-in-part of any copending application Ser. No. 445,641
      filed Feb. 25, 1974 now abandoned. More particularly, this invention
      pertains to improvements in control systems for drying bins of the type
      disclosed and claimed in my U.S. Pat. No. 3,714,718.
BSUM
PAR  A common form of grain drying bin for use in reducing the moisture content
      of grain or other granular material comprises a foundation, an upstanding
      cylindrical wall and a conically-shaped roof. A floor pervious to the flow
      of drying gas is supported above the foundation and forms a plenum
      chamber. The heated air or other drying gas is passed into the plenum
      chamber and passes through the pervious floor up through the interstices
      between the granular material and out through an opening in the conical
      roof. The bin employs a central pit or sump from which a screw conveyor or
      other form of conveyor passes grain to the exterior of the bin for further
      storage or processing.
PAR  Bins of the foregoing type are described in my U.S. Pat. Nos. 3,532,232 and
      3,714,718, which bins also employ a plurality of radially extending sweep
      augers disposed atop the bin floor. The sweep augers are rotatable about
      their longitudinal axes and move the grain layer disposed adjacent the
      floor surface into the sump; the sweep augers simultaneously rotate about
      the top of the sump for uniform grain removal into the sump. A screw
      conveyor having an entrance opening in the sump discharges dried grain
      from the sump to the bin exterior.
PAR  Various apparatus have been employed in the prior art to assure the proper
      moisture content of the dried grain being removed from the bin. Unless the
      grain is dried to a proper desired moisture content, difficulties will
      ensue. The stored grain may deteriorate if the moisture content is allowed
      to remain at an excessively high level. On the other hand, excessive
      drying of the stored grain can result not only in reduced market value and
      grain damage but also in wasted processing time and fuel.
PAR  One type of control for moisture content control of material being dried
      comprises an appropriate sensor placed in the mass of the material or at
      another location within the storage bin interior. Such control has been
      subject to operational deficiencies relating to the differences in grain
      moisture content between the location of the temperature sensor and the
      location of the grain which is discharged from the bin by the discharging
      conveyor system. In my U.S. Pat. No. 3,714,718 a discharge control for use
      with a grain drying bin is provided in which a sensing element is disposed
      so as to be contacted by a portion of the gas accompanying the grain
      discharged from the bin through the discharge conveyor. In particular, a
      humidity sensor is shown in the upper portion of a housing extension on
      the outer end of the discharge conveyor. The sensor, in turn, controls
      actuation of the grain discharging conveyor. In a commercial embodiment,
      the sensor was located in an open housing positioned atop the outer end of
      the conveyor housing over holes in the conveyor housing. Gases escaping
      from the bin through the conveyor passed outwardly through the holes and
      through the sensor housing, around the sensing elements to the atmosphere.
      Because of the disposition of the sensor exteriorly of the bin and in an
      open housing, the effect of the gas accompanying the discharged grain on
      the sensing element was effected by the ambient atmospheric conditions
      about the sensor housing. This had an adverse effect on the overall
      accuracy of the control unless compensating adjustments were made in the
      control settings. The more extreme the temperature variation exteriorly of
      the storage bin, the more frequently adjustments were required, or the
      more significant the inaccuracy in the operation of the sensor became.
PAR  It is an object of this invention to provide control for the discharge
      conveyor of a grain drying bin which consistently operates with accuracy
      despite the nature of the ambient temperatures surrounding the drying bin.
PAR  It is another object of this invention to provide a control system for use
      with grain drying bins which may readily be installed on bin constructions
      in the field with a minimum of time and effort.
PAR  It is still another object of this invention to provide a discharge control
      for use with grain drying bins composed of a minimum number of inexpensive
      elements which are readily available and of a simple nature.
PAR  It is a further object of this invention to provide a discharge control for
      use in grain drying bins which may employ the heated atmosphere of the bin
      itself to maintain a constant temperature for a sensor element housing
      located externally of the bin whereby the effects of ambient atmosphere on
      the sensor element are negated.
PAR  The above and other objects of this invention will become more apparent
      from the following detailed description when read in the light of the
      appended claims and accompanying drawing.
PAR  In accordance with one illustrative embodiment of this invention, operation
      of the discharge conveyor is controlled by a temperature sensing element
      disposed in an insulated chamber which is closed to the ambient atmosphere
      and thus is substantially unaffected by ambient temperature conditions
      exterior of the storage bin; such element is in direct contact with gases
      surrounding the discharged grain in a discharge conduit. The discharged
      grain and gases are of substantially the same temperature, thus the
      temperature of the gases is the temperature of the grain and indicative of
      the moisture content of the grain. The location of the temperature-sensing
      element in a closed housing or chamber whereby the temperature sensed is
      solely that of the gases surrounding the discharged grain assures
      discharge of grain having the precise moisture content desired.
PAR  Also, in accordance with this invention, the sensing element may be a
      humidity sensor disposed within said insulated housing so as to sense the
      humidity of the gases surrounding the discharged grain in a discharge
      conduit. Since the gases surrounding the grain being discharged possess a
      moisture level indicative of the grain moisture content, the moisture in
      the gases sensed by a humidity sensor may also serve to drive the
      discharge conveyor within desired limits of moisture content of the grain
      being discharged.
PAR  In a still further embodiment of this invention, the housing for the gas
      condition sensor is surrounded by an outer jacket or shell through which
      gases from the bin plenum chamber at a substantially constant temperature
      circulate to maintain a constant temperature in such jacket, thereby
      eliminating temperature change in the sensor housing occasioned by the
      ambient atmosphere external of the unit. In a modification of the latter
      embodiment of this invention, an insulation shell may be employed in
      combination with the constant-temperature circulating layer to diminish
      the effects of the ambient atmosphere on the discharge conveyor gases
      sensed by the condition sensor. The insulation shell is particularly
      adapted for use where there is a large gradient between the ambient
      temperature and that of the grain in the discharge conveyor.
PAR  In another embodiment of my invention, electrical resistance heaters
      adapted to provide a constant temperature in an insulated shell
      surrounding the sensor housing may be employed to obviate effects of
      external ambient atmospheres.
DRWD
PAR  Referring now to the embodiments illustrated in greater detail in the
      drawing by way of examples of the provided invention,
PAR  FIG. 1 is a perspective view of a discharge control assembly employing
      teachings of this invention;
PAR  FIG. 2 is a transverse sectional view of the control of FIG. 1, taken
      generally along line 2--2 of FIG. 1, illustrating the disposition of the
      temperature sensing element in an insulated housing disposed atop the
      discharge auger housing;
PAR  FIG. 3 is a partial longitudinal sectional view taken generally along line
      3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary exploded view illustrating various elements of one
      embodiment of a control made in accordance with this invention and
      apparatus components normally associated therewith;
PAR  FIG. 5 is a schematic wiring diagram relating to the provided control of
      this invention.
PAR  FIG. 6 is a view similar to FIG. 4 illustrating a sensor control housing
      employing an outer jacket within which gases from the drying bin may
      circulate;
PAR  FIG. 7 is a view similar to FIG. 3 illustrating an outer gas flow jacket
      disposed about an inner insulated sensor which jacket is adapted to negate
      the temperature effects of the atmosphere external of the unit
      illustrated.
PAR  FIG. 7a is a fragmentary sectional view illustrating a gas circulation
      jacket disposed about a sensor housing, and
PAR  FIG. 7b is a view similar to FIG. 7 in which an outer insulating layer as
      well as an inner jacket surround a sensor housing.
DETD
PAR  Referring now to FIG. 1, a control 10 for regulating the discharge of grain
      through wall 12 (see FIG. 4) of a drying bin B is illustrated in the
      normal position of use mounted atop a conveyor housing section 14. A
      typical grain drying bin and associated equipment with which the control
      of this invention is adapted to be used is more fully described in my U.S.
      Pat. No. 3,714,718. Briefly, a power driven rotatable auger 16 is adapted
      to move grain along a conveyor tube or housing 18 from a central sump
      within the bin B through connecting plate 20 and sleeve 22 secured to bin
      wall 12, and outward through the conveyor housing section 14, and through
      an outer end section 24 which may communicate with a dry grain collection
      receptacle or a further conveyor for removal to a storage bin in a
      conventional manner. It will be noted from FIG. 1 that split clamp 25
      assists in securing the conveyor tube in place. Mounting section 14 is
      longitudinally split at 28 to facilitate clamping about the telescopically
      received end portion of tube 18 and end section 24. Nut and bolt elements
      30 urge spaced flanges 32 of mounting section 14 toward each other so that
      section 14 may be securely clamped to the received conduit sections 18 and
      24.
PAR  The control 10 includes an elongated control housing 36 mounted atop the
      conveyor housing section 14. Housing 36 is formed of a material which is
      impervious to air, such as sheet metal, and includes side, top and end
      walls as shown. Housing 36 fits the contiguous wall of section 14 to
      define therewith, within the housing 36, a longitudinally extending
      chamber 38. A temperature-responsive control unit 40 is mounted in the
      housing 36. The unit 40 includes a temperature-sensing element or probe 42
      and appropriate transducer apparatus in a housing 44 for operating a
      switch in accordance with the temperature condition being sensed. By way
      of specific example, a commercially available thermostatic control unit
      sold by Penn Controls of Goshen, Indiana under the designation "Type
      A19EAF" has been used satisfactorily. This unit is mounted such that
      housing 44 closes the otherwise open mounting end of chamber 38 in which
      the probe 42 is disposed.
PAR  An efficient thermal insulation material 46 such as foamed plastic also is
      disposed in housing 36, about element 42 and is adapted to insulate
      element 42 from the temperature of the atmosphere surrounding housing 36.
      As illustrated, the material 46 may be formed to substantially fill the
      chamber 38 and to conform to the housing 14 at its inward side, defining
      an elongated insulated cavity 48 which is U-shaped in cross section and
      open along the wall of housing 14.
PAR  Apertures 50 are disposed in the upper central surface portion of mounting
      section 14 within the areas defined by the open side of cavity 48 as shown
      in FIGS. 2 and 3. These apertures allow gas surrounding the grain being
      discharged from the drying bin through the conveyor tube portions 18-14-24
      to freely circulate in longitudinal chamber 38 and more particularly in
      cavity 48. Since housing 36, and particularly cavity 48, is essentially
      closed to external ambient air, the thermally-responsive element 42
      accurately senses the temperature of the gas in the conveyor tube.
PAR  During the drying operation, the drying gases are constantly introduced
      into the bin, creating a positive pressure therein. Moreover, since the
      cross section of a conveyor such as auger conveyor 16 is never completely
      filled by the material being conveyed, a portion of the drying gas escapes
      through the grain in the sump and outwardly through the discharge conveyor
      tube. The temperature of this escaping gas is indicative of the moisture
      content of the grain through which it has passed, in accordance with known
      principles of drying operations. Accordingly, the temperature of the gases
      entering chamber 38 through openings 50 is indicative of the moisture
      content of the grain in the sump from which auger 16 extends and in the
      auger tube. Since sensor element 42 is isolated from ambient temperature
      conditions, the element 42 thus is sensitive to and affected solely by the
      gases surrounding the grain in position to be discharged by auger 16, and
      thereby effects control of the drive to auger 16 in accurate response to
      the moisture content of the specific dried material in position for
      discharge.
PAR  In accordance with this invention, condition sensor unit 42 also may
      comprise other types of sensors which respond to a condition of the air
      circulated in the sensor housing that bear a known relationship to the
      moisture content of the air, or more particularly, of the grain through
      and with which the air flows. It has been found that use of a humidity
      sensor at 42 such that unit 40 is responsive to the moisture content of
      the gases contacting the same may be preferable to a temperature
      responsive unit in the described assembly 10. However, a humidity sensor
      senses relative humidity. Moreover, relative humidity of air bearing a
      given amount of moisture varies significantly with the temperature of the
      air. Thus whether humidity or temperature of the air is being sensed, it
      is important that control of the temperature in the sensing chamber be
      maintained.
PAR  An example of the conveyor drive control is illustrated schematically in
      FIG. 5. It will be noted that control unit 40, upon sensing the desired
      temperature or humidity indicative of desirably dried grain closes
      contacts 44a. An operating winding 54 of a magnetic control switch thereby
      is energized from a d.c. power source 56, and closes contacts 58 so as to
      energize motor 60 from a power source 62. Motor 60 is mechanically
      connected to rotatably drive discharge auger 16, such as being connected
      at the outer end of shaft 16a. Bypass switch 63 shown in the diagram of
      FIG. 5 provides for selectively bypassing the control unit 40 for grain
      discharge from the storage bin regardless of temperature/moisture
      conditions within the bin.
PAR  Clamping arms 64 may be employed to assist in securing control housing 36
      for mounting section 14. A mutually-operable thermostat or humidistat dial
      66 may be set by the operator as desired to regulate the gas condition at
      which control 40 will activate motor 60, and thus to regulate the desired
      moisture content in the discharged grain removed from the bin by auger 16.
      A protective removable cover 68 may be disposed over the housing 44 after
      desired adjustment has been made. Electrical cable connection 70
      illustrated in FIG. 1 connects the control unit 40 to the electrical
      circuit control components for energizing motor 60 after element 42 has
      engaged contacts 44a.
PAR  A temperature gauge 72 mounted on housing 36 provides a ready visual
      indication of the temperature in the plenum chamber of the bin, being
      connected to a sensor such as a thermocouple in the plenum chamber by a
      suitable cable 74. The shaft shown at 76 is a drive shaft for the sweep
      augers referred to above, and rod 78 is a control rod for the sweep auger
      transmission.
PAR  Gas-sensitive element 42 disposed in housing 36 is unaffected by
      temperatures other than that of the gases surrounding the grain discharged
      by auger 16 and thus is accurately controlled by the grain moisture
      content only.
PAR  FIGS. 6 and 7 illustrate a modified control arrangement in accordance with
      this invention and which utilizes a control 10a including a control unit
      80 having a sensor element 82 which may be a humidity or temperature
      sensor. A suitable humidistat control unit which has been used
      satisfactorily is sold under Model No. H49A 1001 by Honeywell Inc. of
      Minneapolis, Minn. Control unit 80 has an electrical cable 84 extending
      therefrom for connection to electrical control circuit elements such as
      shown in FIG. 5. As above indicated, control units 40 and 80 are
      interchangeable. In FIG. 6, mounting section 14 is illustrated in
      assembled relation, with spaced conduit sections 18a and 24a
      telescopically received in the opposed ends thereof. Conduit 18a is
      secured in sleeve 22 attached to bin wall plate 20 at one end by means of
      the split clamp 25 illustrated in FIG. 1, and clamped in the receiving end
      of longitudinally split mounting section 14.
PAR  The control unit 80 includes a housing 36a corresponding to housing 36 of
      unit 40. Housing 36a defines with the contiguous wall of section 14 a
      chamber 38a in which sensing element 82 such as a humidity responsive tape
      is centrally disposed; see FIG. 7. An efficient thermal insulation
      material 46a is disposed about the element 82, defining an inner chamber
      48a which is of U-shape in section, and is adapted to insulate the sensor
      from the temperature of the atmosphere surrounding the control 10a.
PAR  As indicated above, element 82 must sense the temperature or relative
      humidity of gases reaching central chamber 48a (after traversing apertures
      50 in section 14) without having the temperature and/or resulting relative
      humidity modified by temperatures exterior of the control housing 86. In
      the embodiment of FIGS. 6 and 7 temperature control of the sensor chamber
      is further insured by including a further housing 86 adapted to surround
      unit 10a. This housing or jacket is received on the upper apertured wall
      of section 14 and is secured thereto with the assistance of a pair of
      clamping arms 88 depending from housing 86. Control unit 10a is centrally
      mounted in housing 86 on section 14, as illustrated in FIG. 7. Thus
      control housing 86 defines in part a gas-circulation jacket space 92 to
      further insulate the sensor 82 from exterior atmospheric temperature
      effects. Finally, it will be seen from FIG. 6 that a flexible hose 94
      connects jacket inlet 96 (FIG. 7) with a plenum chamber outlet 98
      extending through bin wall 12. The gases from the plenum chamber of bin B
      circulate from jacket inlet 96 through the space 92 and through a variable
      outlet 100 disposed on cover 102 of housing 86 (see FIG. 6) with the force
      of the positive pressure of the drying gases within the bin plenum
      chamber. Temperature-controlled gases from the bin plenum chamber will
      thus serve as a buffer in jacket 86 preventing the temperature of the
      atmosphere surrounding housing 86 from affecting the temperature of the
      gases sensed by element 82 and assuring accurate control results of the
      control unit 80.
PAR  Efficient operation of the assembly of FIGS. 6 and 7 requires an
      effectively gas-tight seal between the outer shell 36a of control unit 80
      and the supporting section 14 with the exception, of course, of the gas
      passages 50. Also, jacket chamber 92 should be substantially gas-tight
      with the exceptions of inlet 96 and outlet 100 or other appropriate
      outlets.
PAR  The construction of FIG. 7 is particularly adapted for use where severe
      temperature gradients exist between the temperature of the gases
      surrounding the discharged grain and that of the atmosphere exterior of
      the bin B, such as would normally occur in the winter seasons in colder
      climates.
PAR  A non-insulated housing such as 36b, illustrated in FIG. 7a, also may be
      employed in conjunction with outer sensor housing 86a, particularly where
      the temperature gradients between the atmosphere exterior of the control
      unit 10b and the gases surrounding the discharged grain is not too great.
      The continuous passage of gas from the plenum chamber of the drying bin
      into housing inlet 96a and through the space 92a surrounding control unit
      10b and to outlet 100a will impart to a sensor within unit 10b a
      controlled temperature which may be relied upon in calibrating or setting
      the control parameters for an appropriate humidity or temperature sensor
      control unit 40 or 80.
PAR  FIG. 7b illustrates a non-insulated control unit 10b surrounded by an outer
      layer of insulation 106 confined between inner and outer housings 108 and
      110. Intervening chamber 112 may have an appropriate inlet and outlet for
      gas passage from the bin plenum chamber or may employ resistance heating
      elements 114 in the chamber 112 for imparting a desired temperature
      environment for the control 10b. An opening should be present in chamber
      112 to allow bleeding of any excess pressure generated by expanding gases
      in the chamber to the chamber exterior.
PAR  It will thus be seen that improvements have been provided in control
      systems for drying bins which meet the aforestated objects.
PAR  While particular embodiments of this invention are show above, it will be
      understood, of course, that the invention is not limited thereto, since
      many modifications may be made by those skilled in the art, particularly
      in light of the teachings herein. It is contemplated, therefore, by the
      appended claims, to cover any such modifications as fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a power-driven conveyor for discharging particulate
      material from a drying bin, said conveyor including a movable conveying
      means and a housing encompassing said conveying means wherein a drying gas
      may escape from such bin outward through said conveyor housing along with
      particulate material being conveyed by said conveyor; the improvement
      comprising said housing having a lateral gas passage positioned to be
      external to said bin, apparatus for controlling the operation of such
      conveyor including a control unit having actuating means including an
      element which is responsive to a condition of a gas therearound, said
      element being positioned externally of said conveyor housing and adjacent
      said lateral passage, a second housing covering said element and
      cooperating with said conveyor housing portion adjacent said lateral
      passage to form an enclosure for said element which is essentially
      impervious to passage of gas except for communication with the interior of
      said conveyor housing through said lateral passage, and means for
      essentially isolating such enclosure and said element therein from ambient
      atmospheric temperature conditions, whereby the control operation of said
      control unit is effected by the condition of the gases from said conveyor
      housing circulating into said second housing through said gas passage and
      independently of ambient temperatures of the atmosphere; said control unit
      being connected to control the power drive of said conveyor in accordance
      with predetermined conditions of such gas sensed by said element in said
      enclosure.
NUM  2.
PAR  2. The combination of claim 1 wherein said element is a temperature
      responsive element.
NUM  3.
PAR  3. The combination of claim 1 wherein said last-mentioned means comprises
      thermal insulation material within said second housing.
NUM  4.
PAR  4. The combination of claim 1 in which said element responsive to the
      condition of the gas therearound is a humidity responsive element.
NUM  5.
PAR  5. The combination of claim 1 wherein said last-mentioned means includes a
      jacket encompassing said second housing and defining a gas passage space
      between said second housing and said jacket, and means for conveying
      drying gas directly from said bin to and through said space.
NUM  6.
PAR  6. In combination with a power driven conveyor for discharging particulate
      material from a drying bin, said conveyor including a movable conveying
      means and a housing encompassing said conveying means wherein a drying gas
      may escape from said bin outwardly through said conveyor housing along
      with particulate material being conveyed by said conveyor; the improvement
      comprising said housing having a lateral gas passage positioned to be
      external to said bin, apparatus for controlling the operation of such
      conveyor including a control unit having actuating means including an
      element which is responsive to a condition of gas therearound, said
      element being positioned externally of said conveyor housing and adjacent
      said lateral passage, a second housing covering said element and
      cooperating with a conveyor housing portion adjacent said lateral passage
      to form an enclosure for said element which is essentially impervious to
      passage of gas except for communication with the interior of said conveyor
      housing through said lateral passage, and means forming a jacket about
      said second housing within which a desired temperature is maintained, and
      means for effecting a desired temperature within said jacket whereby the
      control unit is insulated from the ambient atmosphere exterior of said
      jacket.
NUM  7.
PAR  7. The combination of claim 6 in which said means for effecting a desired
      temperature in said jacket comprises a heated gas passing from said drying
      bin.
NUM  8.
PAR  8. The combination of claim 6 in which the means for effecting a desired
      temperature in said jacket comprises resistance heating elements disposed
      in said jacket.
NUM  9.
PAR  9. The combination of claim 6 in which said responsive element is
      encompassed by thermal insulation material in said second housing.
NUM  10.
PAR  10. The combination of claim 6 in which a layer of thermal insulation is
      disposed over said outer jacket to insulate the atmosphere exterior of
      said jacket from said jacket interior.
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ABST
PAL  Textile fabric previously impregnated with THPOH is treated to retard
      inflammability by passage therethrough of toxic ammonia gas in apparatus
      which permits the THPOH-NH.sub.3 reaction to be carried out in a sealed
      chamber preventing escape of the toxic gas. The invention operates to
      confine the gas in a flow path whereby substantially all of the gas
      flowing through the apparatus is passed directly through the fabric. The
      fabric is passed through the sealed chamber by means of gas-tight entrance
      and exit portals. A perforated drum is mounted within the chamber and the
      fabric is passed about the perimeter of the drum. Sealing elements
      cooperating with the drum confine ammonia gas introduced into the interior
      of the drum to flow only through those perforations covered by fabric.
      Undue accumulation of water which is a product of the reaction is avoided
      by both the slanted ceiling configuration of the chamber which promotes
      condensate runoff and the positive gas flow velocity established within
      the chamber which tends to draw water vapor from the reaction site.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to gas treatment of web material, and more
      particularly to an apparatus and process useful in connection with the
      manufacture of fire retardant textile fabric. The invention is
      particularly intended for use in connection with the THPOH--NH.sub.3
      system of fire-retardant fabric treatment. Tetrakis (hydroxymethyl)
      phosphonium hydroxide is herein designated THPOH and is the product
      obtained by adding a base, e.g., NaOH, to tetrakis (hydroxymethyl)
      phosphonium chloride.
PAR  In the manufacture of textile fabrics, the art of rendering various types
      of materials flame resistant has taken on increasing importance,
      particularly in connection with fabrics used in the manufacture of wearing
      apparel. A known system for rendering certain types of textile fabrics
      flame resistant is the THPOH--NH.sub.3 chemical system which is
      particularly suitable for fibrous materials such as cotton knit and
      flannelette fabrics, which are among the most common fabrics used for
      nightwear and the like. Interest in the THPOH--NH.sub.3 system has grown
      steadily since it was first introduced because it can be applied to
      lightweight fabrics to render them flame resistant without adversely
      affecting other properties of the material. Generally, fabrics treated by
      this process have an improved strength retention, good hand and they may
      be processed in a manner which maintains their durability to repeated
      laundering. Thus, the THPOH--NH.sub.3 system has taken on increasing
      importance in connection with textile manufacture and, accordingly,
      greater need arises for apparatus and methods whereby this system may be
      more advantageously utilized in high-volume production facilities.
PAR  The THPOH--NH.sub.3 chemical system is usually practised by first treating
      the textile fabric with the THPOH, which becomes impregnated into the
      fabric. Subsequently, the fabric is exposed to ammonia gas which reacts
      with the THPOH to form a polymer in the fabric thereby enhancing the flame
      resistance of the fabric. After exposure to ammonia gas, the fabric is
      usually caused to undergo subsequent treating procedures, such as an
      oxidation step. But for the purposes of the present invention, it is only
      significant to consider the fact that fabric impregnated with the THPOH
      must be subsequently treated with ammonia gas and that during this
      procedure certain very significant problems and difficulties will arise
      which may seriously impede the effectiveness of the treatment. Thus, for
      the purposes of the present disclosure it is not deemed necessary to
      provide extensive details of the chemical aspects of the THPOH--NH.sub.3
      system inasmuch as this information may be obtained from prior art
      publications such as U.S. Pat. No. 3,607,356, incorporated herein by
      reference. From these publications it will be seen that various approaches
      may be utilized with regard to the chemical aspects of the process and
      that from the point of view of the apparatus which is required to effect
      the process, several difficult problems will be encountered.
PAR  One of the more important problems which is encountered relates to the
      handling of the ammonia gas, which is a highly noxious and toxic gas.
      Thus, in the fabric treatment process, great care must be taken to avoid
      the escape of undue amounts of ammonia gas into the environment where the
      process is being practiced. Since exposure to ammonia gas could have a
      damaging effect upon workers and other personnel occupying areas in
      proximity to the treatment equipment, the process whereby the THPOH
      impregnated fabric is exposed to ammonia gas must be carried out within a
      sealed chamber.
PAR  Prior art techniques for practising this aspect of the treatment process
      have involved passage of the impregnated fabric through a sealed tank
      containing an atmosphere of ammonia gas. The fabric is wound upon rollers
      located within the sealed tank and ammonia gas is caused to flow through
      the tank in order to expose the fabric thereto. These prior art approaches
      have generally involved merely filling the internal volume of the tank
      with ammonia gas and moving the fabric through the tank to effect the
      needed exposure. Thus, the prior art has almost exclusively practised what
      is commonly called a "surface adhesion" technique, wherein the impregnated
      fabric is simply exposed within an atmosphere permeated with ammonia gas.
      Although it is possible with such prior art techniques to produce a fabric
      having an acceptable degree of flame resistance, it has been found that
      many serious drawbacks will arise.
PAR  For example, since it is required that the ammonia tank be maintained in a
      sealed condition it is not feasible to insert and remove fabric from the
      tank in finite batches. Thus, the fabric must be continuously moved
      through the tank and as a result there arises a need for an entrance seal
      and an exit seal through which the fabric may enter and leave the tank
      without permitting escape of ammonia gas. An added difficulty is the fact
      that the tank must be capable of handling fabric of different widths.
      Accordingly, the problem of permitting fabric to move through the tank at
      speeds sufficient for mass production volume while also maintaining an
      adequate seal for fabrics of different widths will present severe
      obstacles to the adoption of the THPOH--NH.sub.3 system as a practical
      approach to the manufacture of flame-retardant fabrics.
PAR  Other problems will be encountered which relate to the fact that during the
      process of exposing the fabric to the ammonia gas, water is formed as a
      product of the reaction between NH.sub.3 and THPOH. If this water is
      allowed to accumulate within the tank to any significant degree, it will
      adversely affect the treatment reaction causing fabric to be produced
      which does not have the required degree of fire retardance. Since the
      moisture which is produced is a product of the reaction between the
      ammonia gas and the THPOH, control of moisture content within the
      treatment chamber will be dependent upon the quantity of ammonia gas which
      is introduced and the rate of flow with which the reaction products are
      removed from the tank. With presently known techniques, it has been found
      virtually imposssible to control these important parameters of the
      treatment process in a manner which avoids the adverse effects of the
      moisture while producing a satisfactory end product.
PAR  Since the prior art relies upon mere exposure of the THPOH-impregnated
      fabric to ammonia gas, such processes require high level quantities of
      ammonia within the treatment chamber in order to produce a useable fabric.
      Furthermore, the time during which the fabric must be exposed to the
      ammonia is relatively long. Accordingly, reaction products cannot be
      removed from the tank at elevated flow rates. Otherwise, insufficient
      fabric exposure to the ammonia gas will result, and an end product which
      is not sufficiently fire resistant will be produced. However, failure to
      remove the reaction products at a suitable rate will cause moisture to
      accumulate at the reaction site thereby inhibiting the THPOH--NH.sub.3
      reaction and rendering the fabric insufficiently flame resistant.
PAR  Therefore, if the THPOH--NH.sub.3 system of manufacturing flame resistant
      fabrics is to achieve practical utilization, it is necessary that there be
      provided manufacturing apparatus and techniques which will overcome the
      previously mentioned obstacles.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention proceeds from the discovery that an improved
      technique for exposing THPOH-impregnated fabric to ammonia gas is to cause
      the ammonia gas to flow directly through the fabric in a confined flow
      path rather than merely exposing the fabric within a sealed environment
      permeated with the ammonia gas.
PAR  Thus, in its broader aspects, the invention is particularly embodied in
      apparatus for treating web material with a gas, said apparatus comprising
      means for flowing said gas in a path through a sealed treatment chamber,
      means for positioning the web material to be treated within the chamber at
      a treatment location within said gas flow path, and means constraining
      substantially the entire amount of said gas flowing in said path at said
      treatment location to flow directly through said web material.
PAR  More specifically, the present invention involves apparatus for treating a
      continuous length of THPOH-impregnated textile fabric with ammonia gas,
      said apparatus comprising a sealed treatment chamber, a hollow cylindrical
      drum mounted within the chamber, gas flow conduits in the drum causing gas
      to flow from the interior of the drum outwardly thereof, an entrance
      portal and an exit portal in said sealed chamber for permitting continuous
      passage of said fabric through the interior of the chamber, said entrance
      and exit portals each including means for obstructing escape of the
      ammonia gas from within the sealed chamber while the fabric is being
      passed therethrough, means for directing the fabric passing through the
      interior of the chamber to extend about the periphery of the drum over the
      gas flow conduits and across the path of gas flowing therethrough, means
      for introducing the gas from the exterior of the chamber into the interior
      of the drum, means for exhausting gas from within the sealed chamber, and
      sealing means operatively positioned relative to the drum to confine the
      ammonia gas flowing from the interior of the drum to flow only through the
      gas flow conduits over which the textile fabric is passing.
PAR  The sealing means of the invention comprise a pair of end seal members
      which are mounted within the drum at axially spaced apart locations to
      prevent gas flow from the axial ends of the drum, and a longitudinal
      sealing member which extends along the length of the drum and about a
      portion of the circumference of the drum for preventing gas flow through
      portions of the periphery of the drum which are not covered by the textile
      fabric. Since the textile fabric, as it moves thorugh the sealed chamber
      and about the perimeter of the drum, cannot extend about the entire
      360.degree. of the perimeter of the drum, the longitudinal sealing member
      is necessary to prevent escape of gas from that portion of the drum
      perimeter which is not covered by fabric. The end seal members which
      prevent escape of gas from the axial ends of the drum may be adjusted to
      selected locations in directions axially of the drum thereby to permit
      fabric of different widths to be treated by the apparatus of the
      invention.
PAR  The ammonia gas is introduced interiorly of the drum through a hollow shaft
      which is mounted at both its ends in rotatable gas-tight engagement with
      the walls of the sealed chamber. The drum is fixed to the hollow shaft and
      rotates therewith. Gas is introduced at the axial end of the hollow shaft
      and flows through apertures in the shaft located at interior portions of
      the drum.
PAR  The longitudinal seal is configured with a degree of curvature similar to
      the degree of curvature of the outer surface of the drum, and this seal is
      held in sliding engagement with the drum as the drum rotates.
PAR  The entrance and exit portals through which the fabric is introduced and
      removed from the sealed chamber are each configured to include an enclosed
      compartment, with each of the compartments having an entrance seal and an
      exit seal which permit the fabric to pass through the compartment while
      obstructing leakage of gas therethrough. Each of the seals comprises a
      pair of abutting members, at least one of which is formed from resilient
      material. The resilient material is positioned to maintain a spring force
      resiliently biasing the members into abutting relationship but permitting
      passage of the fabric therebetween, with the abutting spring force which
      is created operating to impede gas flow between the abutting members. As
      an additional expedient to prevent escape of gas from within the sealed
      chamber, each of the compartments includes suction means withdrawing
      therefrom any gas which may have leaked into the compartment.
PAR  A further significant aspect of the invention resides in the shape of the
      ceiling of the sealed chamber which operates to enhance removal of water
      from the chamber. The chamber ceiling is formed in a peaked configuration
      with a pair of oppositely directed downwardly sloping sides. By forming
      the ceiling with a slanted or sloping configuration, the water which is
      formed by the THPOH--NH.sub.3 reaction tends to condense on the surface of
      the ceiling and will flow down the sloping sides thereof into troughs
      which are mounted within the chamber to collect the water runoff.
PAR  In the operation of the invention, gas introduced into the hollow shaft
      will flow into the interior of the drum through orifices formed in the
      hollow shaft at locations which will insure that the gas which is
      introduced into the drum enters at a point within the confines of the drum
      sealing means. By operation of the axial end seals and of the longitudinal
      sealing member, the gas is constrained to flow only through those drum
      perforations which are covered by textile fabric. The sealed treatment
      chamber has a vacuum applied thereto which serves to draw off the reaction
      products of the treatment process. Thus, a positive flow of gas is
      maintained through the apparatus which tends to enhance the ability of the
      apparatus to draw off the water vapor formed at the reaction site.
PAR  It is to be understood, and it will become apparent from the description
      which follows, that the present invention need not be limited in its scope
      and application to the treatment of textile fabric. Although the invention
      is particularly suitable in connection with the THPOH--NH.sub.3 system of
      rendering fabric flame retardant, it may be found useful in other
      applications where different types of web material are to be treated by
      exposure to a gas. Thus, although the preferred embodiment of the present
      invention is described by reference to THPOH--NH.sub.3 treatment of
      textile fabric it is to be understood that this is not to be necessarily
      taken in a limiting sense and that other types of web materials and other
      types of gas may be utilized in different applications of the present
      invention.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be better understood by reference to the
      following detailed description of a preferred embodiment thereof taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view partially broken away and partially schematic
      showing the overall structure of the apparatus of the invention;
PAR  FIG. 2 is a sectional elevation taken along the line 2--2 of FIG. 1 showing
      an end view of the apparatus;
PAR  FIG. 3 is a sectional side elevation of the apparatus taken along the line
      3--3 of FIG. 2;
PAR  FIG. 4 is a sectional end elevation of a portion of the apparatus taken
      along the line 4--4 of FIG. 3; and
PAR  FIGS. 5 and 6 are sectional views taken, respectively, along the lines 5--5
      and 6--6 of FIG. 4 showing further details of the structure of the
      apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference numerals refer to
      similar parts throughout the various figures thereof, there is shown a
      sealed outer chamber generally referred to by the numeral 10 which
      comprises a lower stationary section 12 and an upper removable section 14.
      The sections 12 and 14 are joined together along a sealing juncture 16
      which extends circumferentially completely about the chamber 10. The
      sections 12 and 14 are formed with juncture beams 18 and 20 which extend,
      respectively, about the upper periphery of section 12 and the lower
      periphery of section 14. The beams 18 and 20 are releasably secured
      together by clips 22 spaced about the entire periphery of the chamber 10.
      A resilient sealing member 24 located between the beams 18 and 20 extends
      about substantially the entire periphery of the chamber 10 and maintains a
      gas-tight seal between the sections 12 and 14 when they are secured
      together by the clips 22 as shown in FIG. 1.
PAR  A perforated drum assembly 30 is rotatably mounted within the chamber 10
      upon a hollow central shaft 32 which is supported at both its ends upon
      bearing assemblies 34 supported by stationary platforms 36 extending from
      the lower stationary section 12. The drum assembly 30 is fixed upon the
      shaft 32 to be rotatable therewith. The shaft 32 is, in turn, supported by
      the bearings 34 to be rotatable relative to the chamber 10. The shaft 32
      may be driven for rotation in any conventional manner by a driving
      assembly (not shown) which may comprise a belt and pulley arrangement
      located externally of the chamber 10.
PAR  The chamber 10 is structured to include a pair of sealing assemblies 37
      which mount the shaft 32 in a gas-tight rotatable relationship relative to
      the chamber 10. Each of the assemblies 37 includes a split resilient
      sealing ring 38 extending circumferentially about the shaft 32 and
      supported in wiping engagement therewith by seal blocks 40 formed as part
      of the lower and upper sections 12 and 14. The seal blocks 40 each include
      a pair of semicircular slots 42 each having mounted thereon one-half of a
      sealing ring 44 which is supported thereby in wiping engagement with one
      of a pair of annular projections 46 extending about the shaft 32. It will
      be seen that the resilient members 38 and 42 enable the shaft 32 to rotate
      relative to the chamber 10 while maintaining a gas-tight seal
      therebetween.
PAR  The drum assembly 30 includes a perforated outer shell 50 having spaced
      perforations 52 extending completely through the thickness of the shell 50
      and dispersed throughout the entire surface area thereof. A pair of
      circular end plate members 54 operate to fixedly mount the shell 50 upon
      the shaft 32. Each of the plates 54 includes a centrally located opening
      56 through which the shaft 32 extends with a pair of round-end keyways 58
      being provided to rigidly mount the plate 54 upon the shaft 32. The ends
      of the shell 50 are attached to the outer peripheries of the plate 54 by a
      set of mounting screws 60.
PAR  A pair of support plates 62 are mounted within the drum assembly 30 at
      central, axially spaced apart locations in order to provide radial support
      for the shell 52. Each of the plates 62 comprises centrally located
      openings 64 through which the shaft 32 extends, with a pair of circular
      mounting plates 67 being provided to attach the plates 62 with a press fit
      upon the shaft 32. The plates 62 include radially extending cut outs 66
      located between solid spokes 68 each having outer circumferential
      extremities 70 shaped with a degree of curvature matching the inner
      surface of the shell 50 and located in abutment therewith to provide
      suitable radial support. It should be noted that the cutouts 66 will
      enable gas flow between the inner sections of the drum assembly 30
      separated by the support plates 62.
PAR  The drum assembly 30 also includes a pair of axially adjustable sealing
      plates 72 interposed between each of the plates 54 and 62. Resilient
      bushings 74, which may be formed of Teflon (polytetrafluoroethylene) or
      other suitable material, mount the plates 72 in a gas-tight manner for
      axial sliding engagement along the shaft 32. A conventional oil seal
      assembly 76 mounted adjacent the bushing 74 permits appropriate
      lubrication thereof in a conventional manner thereby facilitating sliding
      engagement of the plates 72 upon the shaft 32. A pair of sealing rings 78,
      which may be formed of Teflon or other suitable material, extending
      completely about the outer periphery of each of the plates 72 are each
      mounted between a pair of annular projections 80 to enable gas-tight
      sliding engagement between the plates 72 and the inner surface of the
      perforated shell 50.
PAR  Each of the plates 72 is threadedly engaged by adjustment screw shafts 90
      which extend completely across the length of the drum assembly 30 having
      their ends rotatably mounted in the end plates 54 by flange bearing
      members 92 fixed upon the plate 54 by bolts 94.
PAR  The sealing plates 72 have mounted thereon, by means of bolts 96, a
      plurality of threaded carrier nuts 98 which threadedly engage the shafts
      90 to effect axial displacement of the plates 72. It will be apparent that
      rotation of the shafts 90 by means of toothed sprockets 100 mounted at one
      end of the shafts will cause a driving force to be applied through the
      threaded engagement between the shafts 90 and the carrier nuts 98 driving
      the plates 72 in unison leftwardly or rightwardly, as viewed in FIG. 3,
      along the length of the drum assembly 30. The toothed sprockets 100 may be
      engaged by a conventional driving belt (not shown) which will effect
      simultaneous rotation of the sprockets 100 and of the shafts 90. Thus, the
      plates 72 may be moved in unison axially along the length of the drum
      assembly 30 to desired positions. The shafts 90 comprise oppositely
      threaded sections 102 and 104 and a central unthreaded portion 106 which
      is freely rotatably supported in bearing members 108 mounted upon the
      support plates 62.
PAR  As will be evident from FIG. 4, the apparatus includes three screw shafts
      90 equivalently spaced about the shaft 32. Each of the three shafts is
      rotatively supported at its ends by a pair of flange bearing members 92
      mounted on the plates 54. Additionally, each shaft 90 threadedly engages
      the sealing plates 72 through a pair of threaded carrier nuts 98 mounted
      upon respective plates 72.
PAR  An arcuate sealing member 110 formed of Teflon or other suitable material
      is positioned for sliding engagement with the bottomost section of the
      perforated shell 50. The sealing member 110 is formed with an upper
      arcuate surface generally conforming to the outer circumference of the
      shell 50 and is sized to extend the full length of the shell 50. A
      plurality of upright support members 112 extend between a longitudinal
      support beam 114 and the sealing member 110, and a plurality of adjustment
      spring members 116 are provided to enable adjustment of the sliding
      pressure of the sealing member 110 against the bottom of the shell 50.
      Adjustment bolts 118 dependently supported from the longitudinal beam 114
      by nuts 120 have an adjustment nut 122 threadedly engaged upon the lower
      threaded portions thereof with the spring members 116 being held in
      compression between the adjustment nuts 122 and a lower I-beam 124 which
      extends longitudinally of the assembly. Compression of the spring members
      116 may be adjusted by manipulation of the adjustment nuts 122 thereby
      enabling adjustment of the bearing pressure of the sealing member 110
      against the shell 50. The sealing member 110 is maintained against the
      bottom section of the shell 50 with sufficient pressure to prevent gas
      flow through the perforations 52 whose openings abut the upper surface of
      the sealing member 110 while enabling smooth sliding engagement of the
      outer surface of the shell 50 upon the upper surface of the sealing member
      110.
PAR  The fabric F which is to be treated by the apparatus of the present
      invention is introduced into the sealed chamber 10 from the rear of the
      chamber as indicated by the arrow 111 in FIG. 1, with the treated fabric
      passing out of the chamber from the front side of the apparatus, in the
      view thereof shown in FIG. 1, as indicated by the arrow 113. Thus, with
      the reference to FIG. 2, the fabric F enters the chamber 10 from the left
      after passing over an external input guide roller 130 which extends along
      the length of the chamber 10 and which is rotatively supported at both its
      ends by bearing members 132 mounted upon a platform 134 supported upon the
      exterior of the chamber 10.
PAR  The fabric F enters the sealed chamber through an inlet compartment
      generally labelled 136 and passes about an internal input guide roller 138
      which is rotatively mounted at both ends by bearing members 140 supported
      upon plates 142 attached to the interior walls of the chamber 10. After
      passing beneath the roller 138, the fabric extends over and about the
      shell 50 and then winds beneath an internal output guide roller 144 which
      is mounted within the chamber 10 in a manner identical to the input guide
      roller 138. Subsequently the fabric F passes through an exit compartment
      146 from which it leaves the chamber 10 whereupon it extends about an
      external outlet guide roller 148. The outlet guide roller 148 is supported
      upon the exterior of the chamber 10, in a manner similar to the roller 130
      by means of bearings 150 mounted upon platforms 152 which are attached to
      the exterior of the chamber 10, with the bearings 150 rotatively
      supporting each end of the roller 148.
PAR  The compartments 136 and 146 are substantially identical in configuration
      and comprise entrance and exit portals permitting the fabric F to enter
      and leave the chamber while obstructing escape of gas therefrom. Each of
      the compartments 136 and 146 is generally shaped as an elongated
      completely enclosed box mounted upon the internal walls of the chamber 10,
      with each compartment comprising a pair of end walls which extend parallel
      to the plane of the drawing of FIG. 2, with only one of the end walls 154
      being visible for each of the compartments. Upper walls 156 comprise a
      concave configuration and serve as gutters or troughs through which
      moisture accumulating in the chamber 10 may be drawn off. A lower wall 158
      closing off the bottom of the chamber 10 extends through flange sections
      160 to form the bottom enclosures for the compartments 136 and 146.
PAR  Each of the compartments 136 and 146 is formed with a pair of
      longitudinally extending sealing means each comprising an upper resilient
      sealing member 162, which may be made of Teflon or other suitable
      material, and a lower rigid sealing member 164 which may be formed from
      light metallic material such as spring steel. The members 162 and 164 are
      mounted upon the side walls of the compartments in the positions indicated
      in FIG. 2 of the drawings, by any suitable conventional means such as
      bolting, riveting, welding or the like. The mounting of the members 162
      and 164 must be such that the ends thereof are brought into firm
      engagement along a line 166 thereby to form a nip through which the fabric
      F passes. Since the member 162 is made from resilient material, a
      compressive spring force is established by virtue of the flexing of the
      member 162 which tends to retain the members 162 and 164 pressed together
      along the line of engagement 166 thereby preventing escape of gas through
      the contact line established between these members. Thus, the interiors of
      the compartments 136 and 146 may be maintained in a substantially
      gas-tight condition while permitting passage of the fabric therethrough
      between the members 162 and 164.
PAR  Since it is possible that some gas may escape from the interior of the
      chamber 10 through the innermost members 162 and 164, into the interiors
      of the compartments 136 and 146, these compartments are further provided
      with suction pipes 168 mounted upon support elbows 170 hung from the upper
      walls 156 of the compartments. In a manner to be more fully described
      hereinafter, the suction pipes 168 draw off any gas which may leak from
      the interior of the chamber 10 into the interiors of the compartments 136
      and 146 thereby avoiding any leakage of such gas between the outermost
      sealing members 162 and 164.
PAR  The compartments 136 and 146 are configured to enable gas-tight movement of
      fabric F through the chamber 10 while allowing fabric of various widths to
      be treated. It will be seen that if the fabric F is of a width which is of
      a dimension less than the length of the engagement line 166 between
      sealing members 162 and 164, substantially gas-tight movement of fabric
      therethrough will nevertheless be effected due to the fact that the
      sealing members 162 and 164 will be maintained in resilient engagement
      along the line 166 at the extremities thereof where no fabric is passing
      therebetween. The members 162 must be of a resiliency sufficient to permit
      fabric of ordinary thickness to pass through the compartments 136 and 146
      without permitting separation between the members 162 and 164 at the outer
      extremities thereof along the line 166 when the width of the fabric is
      less than the overall length of the engagement line 166.
PAR  As has been previously noted, the general overall chemical process whereby
      fabric is treated to impart thereto characteristics of inflammability
      usually involves treatment of the fabric prior to its introduction into
      the apparatus previously described herein. Thus, the specific chemical
      process for which the present invention is particularly intended is
      carried out by first impregnating the fabric with an aqueous THPOH
      solution prior to its introduction into the inlet compartment 136.
PAR  Fabrics suitable for treatment with the present process are those
      containing at least about 50 percent by weight of a cellulosic component,
      which preferably is cotton. The present process is particularly suitable
      for fabrics containing at least about 50 percent by weight cotton with the
      remainder being polyester.
PAR  The solution with which the fabric is first impregated will usually involve
      a concentration of THPOH which is greater than about 15 percent. It is, of
      course, well known that THPOH is not a shelf chemical. Rather, such a
      solution is prepared by mixing tetrakis (hydroxymethyl) phosphonium
      chloride with a alkaline solution, generally a sodium hydroxide solution.
      Additional agents, e.g., wetting agents, usually in concentrations from
      about 0.5 to 5.0% may be added. Typical wetting agents which can be used
      in the present process include those non-ionic surface active agents
      conventionally used in the art. Examples, of such materials include
      ethylene oxide condensates or alkyl phenols, fatty acid glycol esters,
      phosphated esters, polyhydric alcohol fatty acid esters, and the like.
PAR  The impregnation of the fabric may be performed by any of the methods well
      known to the art. Typically, the fabric may be dipped or padded with the
      impregnating solution. Usually, the fabric would be padded to about a 100%
      pick-up. Thereafter, the fabric is usually dried to a moisture content in
      the range from about 5 to 35%, and preferably 12 to 20% by weight, at a
      temperature and drying rate sufficient to prevent migration of the
      solution on the fabric. That is to say during and after the drying, the
      fabric should be uniformly wet.
PAR  The impregnated fabric is then subjected to ammoniation in the apparatus
      hereinbefore described in a manner to be described in more detail
      hereinafter. Understandably, the amount of ammonia used to treat the
      fabric must be sufficient to chemically react with the THPOH impregnated
      into the fabric. Generally, the amount of ammonia used will depend on a
      number of factors, such as, the weight of the fabric, the speed of the
      fabric through the apparatus, etc. Each of these parameters can be
      determined at the time of processing, depending on the end result desired.
      Gas flows of ammonia through the apparatus, i.e., through the fabric, are
      generally in the range from about 0.75 to 3.0 pounds per minute and
      preferably in the range from about 1.75 to 2.5 lb./min.
PAR  Additionally, it is possible to dilute the ammonia gas flowing through the
      fabric with air or other inert gas which does not react with the treating
      agents. By virtue of such dilution, savings in the amount of ammonia used
      can be effected.
PAR  After having been treated in the apparatus herein described, the fabric is
      lagged for a sufficient period of time to allow the reaction to go to
      completion. Typically, such lag times are in the range from about 15
      seconds to 3 to 4 minutes, although longer lag times may be used, again,
      depending on the nature of the fabric and the processing speed, etc.
PAR  Thereafter, the fabric is washed with water, and subjected to an oxidation
      step while it is wet, usually with a solution of a peroxide type agent.
      Typical of such peroxides are hydrogen peroxide and sodium perborate. If
      desired, the peroxide solution may contain a silicate compound, e.g.,
      sodium silicate. Typically, the oxidation step comprises the washing of
      the fabric with a solution containing from about 1 to 8% and preferably
      from about 3 to 6% by weight of peroxide and from about 0.5 to 5%, and
      preferably 1 to 3% by weight of silicate. Thereafter, the fabric is lagged
      for a period of time from about 1 to 5 minutes and then subjected to a
      conventional water wash and drying step.
PAR  Fabrics treated by the foregoing process in the apparatus of the present
      invention possess superior durable fire-retardancy as measured by standard
      test DOCFF 3-71. Normally, fabrics produced in accordance with the present
      invention exhibit a char length of less than seven inches.
PAR  The mechanism of the chemical reaction of THPOH with NH.sub.3, which occurs
      during ammoniation of the fabric in the apparatus of the present invention
      is not clearly understood. It is known that the ammonia causes
      polymerization of the THPOH in the interstitial spaces of the individual
      fibers. This reaction is basically a dehydration type reaction and is
      accompanied by the formation of water. Thus, in order for the reaction to
      be driven to completion, the water which is formed must be suitably
      removed in sufficient quantities from the reaction site. Accordingly, as
      will be apparent from the description which follows, one of the principal
      benefits derived from the present invention is the fact that adequate
      water removal from the reaction site may be effected without seriously
      impairing the chemical reaction which must occur between the THPOH and the
      NH.sub.3, i.e., by inadequate exposure of the fabric to NH.sub.3 which may
      result from a lack of sufficient quantities of NH.sub.3 at the reaction
      site for a sufficient period of time.
PAR  Ammonia gas is introduced into the apparatus of the present invention
      through the hollow shaft 32. Typically, the ammonia may be introduced
      through the end 172 of the shaft 32 with the opposite end 174 being capped
      by a closure member (now shown). Located centrally of the shaft 32 are a
      plurality of gas outlet orifices 176 whose axial location relative to the
      length of the shaft 32 is limited to that portion of the shaft length
      extending between the support plates 62. Ammonia gas flowing interiorly of
      the shaft 32 will be directed through the orifices 176 into the internal
      volume of the drum assembly 30 defined between the support plates 62. Gas
      will then flow through the cutouts 66 into the volume located between each
      of the sealing plates 72 and the next adjacent support plate 62. From
      there gas will be directed through the perforations 52 in the shell 50 and
      through the fabric F which is wound about the outer surface of the shell
      50. The gas flowing through the fabric F will then occupy the internal
      volume of the chamber 10 and the reaction products formed by virtue of the
      exposure of the THPOH-impregnated fabric with the ammonia gas will be
      drawn off through a pair of exhaust tubes 180 mounted in the lower end of
      the chamber 10.
PAR  It will be seen that the gas flowing from the interior of the shell 50
      through the perforations 52 will be confined by the sealing plates 72 and
      by the sealing member 110 to flow only through those perforations 52 which
      are located between the plates 72. As has been previously stated, the
      plates 72 are in sealing engagement with the interior of the shell 50.
      Accordingly, no gas will flow in the perforations located on the outboard
      side of the plates 72. Therefore, by proper axial adjustment of the plates
      72 in the manner previously described, gas flow can be strictly confined
      to the portion of the length of the shell 50 extending between the plates
      72. As a result, the apparatus is equipped to effect treatment of fabric
      of varying widths. By adjusting the location of the plates 72 so that the
      sealing rings 78 are located at the edges of the fabric passing about the
      shell 50, substantially all of the gas flowing in the apparatus will be
      confined to flow directly through the fabric F and, depending upon the
      limitations of travel of the plates 72, fabric of almost any width may be
      processed in a manner whereby all of the gas passing through the apparatus
      is forced to flow directly through the fabric.
PAR  Of course, it will be seen that in addition to the sealing plates 72, the
      arcuate sealing member 110 located at the bottom of the shell 50 also
      cooperates to insure that substantially all the gas flowing through the
      apparatus passes directly through the fabric. As will be seen in FIG. 2,
      the fabric F, as it leaves the guide roller 138 extends over the leftmost
      edge of the sealing member 110. Similarly, as the fabric leaves the shell
      50 and winds about the guide roller 144, it moves over the rightmost edge
      of the sealing member 110. Thus, some overlap between the fabric as it
      moves onto and off the shell 50, and the right and left edges of the
      sealing member 110, as viewed in FIG. 2, will exist and as a result of
      this overlap any gas which flows from the interior of the shell 50 must
      pass through the perforations 52 and through the fabric. It will be noted
      that the sealing member 110 may extend the complete length of the shell 50
      and need not be longitudinally adjustable. Inasmuch as the sealing members
      72 will be located at points coinciding with the edges of the fabric, no
      gas will flow in portions of the shell 50 outboard of the plates 72
      thereby making longitudinal adjustment of the sealing member 110
      unnecessary. Of course, vertical adjustmet of the sealing member 110 in a
      manner previously described by manipulation of the adjustment nut 122 may
      be necessary, but this is primarily for the purpose of assuring that a
      smooth sliding engagement between the shell and the member 110 can occur
      without permitting gas leakage.
PAR  Thus, it will be seen that the sealing member 110 extends, with regard to
      its width dimension, across that portion of the circumferential perimeter
      of the shell 50 which is not covered by fabric F. Since the fabric cannot
      extend completely around the entire circumference of the shell 50, the
      member 110 provides the necessary sealing action across that portion of
      the shell circumference not covered by fabric to insure that substantially
      all the gas within the shell 50 will flow through those perforations 52
      which are covered by fabric.
PAR  Thus, it will be seen that the gas flowing through the apparatus of the
      present invention is confined by the physical elements of the apparatus to
      flow in a defined path in such a manner that substantially all of the gas
      is constrained to pass through the fabric F. The fabric F is brought to a
      treatment location which is the position which the fabric F occupies as it
      is winding about the shell 50. The flow path of the gas is initiated at
      the interior of the shaft 32 and continues through the orifices 176 into
      the interior central portion of the drum assembly 30, through the cutouts
      66 and through the perforations 52 which are not blocked by the plates 72
      or by the lower arcuate sealing member 110. Thus, the gas flow path is
      defined as passing through the treatment location at which the fabric is
      to be located, with substantially all of the gas in the defined flow path
      passing through the treatment location and through the fabric.
PAR  It should be noted that it is an essential part of the present invention
      that the sealing plates 72 be located at the edges of the fabric F. It has
      been found that if the sealing plates 72 are positioned at locations
      spaced from the edges of the fabric, thereby allowing gas to flow through
      perforations 52 which are not covered by fabric, then the gas will tend to
      flow through those perforations 52 which are not covered and an
      insufficient quantity of gas will flow through the fabric. It has been
      found that even a gap of about 1/64 of an inch between the edges of the
      fabric and the respective plate 72 proximate to that edge will be
      sufficient to seriously impede operation of the process of the invention
      by permitting excessive quantities of gas to pass through the uncovered
      perforations thereby preventing required fabric exposure to the gas and
      resulting in an inadequate treatment of the fabric.
PAR  In a specific treatment procedure utilizing the present invention, 100%
      cotton fabric having a width of approximately 50 inches was treated with
      the flow of ammonia gas at ambient temperature through the apparatus being
      maintained within a range of approximately 1 to 3 pounds per minute and
      preferably at a flow rate of approximately 2 lbs./min. The concentration
      of NH.sub.3 in the gas was approximately 100 percent and the speed of the
      fabric passing about the shell 52 was maintained within a velocity range
      of between about 15 and 20 yards per minute, with the preferred fabric
      velocity being about 20 yards per minute.
PAR  It should be noted that while the gaseous ammonia is introduced to the
      chamber at ambient temperatures, the exothermic nature of the condensation
      reaction described hereinabove as well as the heat of solution of ammonia
      in the water present cause a rise in temperature within the chamber.
      Generally, it is desirable to carry out the reaction at as low a
      temperature as possible since, of course, the heat build-up can slow down
      the reaction.
PAR  The fabric thus treated was found to possess superior fire-retardant
      characteristics. A comparison between fabric treated by the process and
      apparatus of the present invention and fabric treated by prior art
      techniques of merely exposing the fabric to the ammonia gas without
      constraining the gas to pass directly through the fabric, i.e., the
      "surface adhesion" method, indicated that fabrics treated in accordance
      with the present invention possess superior characteristics for a given
      quantity of ammonia gas passing through the treatment apparatus. Thus, in
      the prior art arrangements, a greater amount of ammonia gas is necessary
      to obtain results similar to those obtained with the present invention.
      Furthermore, it was found that with the required increased flow rates of
      ammonia necessary to achieve satisfactory results from the point of view
      of exposure of the fabric to sufficient quantities of ammonia, other
      problems relating to the accumulation of moisture in the treatment
      apparatus arose in connection with prior art techniques thereby having a
      detrimental affect upon the treatment process.
PAR  As previously stated, gas is withdrawn from the apparatus of the present
      invention through a pair of suction exhaust pipes 168 located within the
      chambers 136 and 146 and through a pair of suction exhaust pipes 180
      located in the bottom of the chamber 10. As best seen in FIG. 1, each of
      these exhaust pipes is vented by an individual suction blower unit 190
      which draws exhaust gas for delivery to a scrubber (not shown) located
      externally of the apparatus. The pipes 168 are vented through a flow path
      generally indicated by the reference numeral 192 and the pipes 180 are
      vented through flow path 194. Each of these flow paths includes a plug
      type control valve 196 and a vacuum relief valve 198. The blowers 190 are
      of the positive displacement type which operate in a manner to reduce
      leakage. The vacuum relief valves 198 operating in conjunction with the
      control valves 196, relieve vacuum in the lines 192 and 194 when the
      blowers 190 become overloaded. That is, if insufficient gas in being
      withdrawn from the apparatus, the blowers 190 may have a tendency to
      overrun thereby causing potential overheating of the blowers. When this
      occurs, the vacuum relief valves 198 will open thereby drawing air from
      the atmosphere to avoid blower overload.
PAR  Each of the exhaust pipes 168, 180 are formed with a plurality of
      rectangular intake slots 201 through which gas from the interior of the
      respective chambers in which the pipes are located may pass into the
      hollow internal portions of the pipes. These slots are best shown in FIG.
      1 for the nearmost pipe 168, but it is to be understood that an identical
      or similar structure, whereby gas intake into the pipes may occur, is
      provided for each of the pipes 168, 180.
PAR  In the operation of the present invention it was found preferable to
      maintain a ratio of flow rates between the lines 194 and 192 of
      approximately 2:1. Thus, the line 194 should preferably have approximately
      double the rate of flow of the line 192. Specifically, it was found
      preferable to operate the blowers 190 so that the line 194 was maintained
      with a flow rate within the range of from about 50 to 250 c.f.m. while the
      line 192 was maintained with a flow rate within the range from about 25 to
      125 c.f.m.
PAR  As has been previously noted, the ammonia gas passing through the
      perforations 52 and through the fabric F effect a reaction at the fabric
      between the THPOH and NH.sub.3. Water is a product of the reaction and in
      order to prevent undue accumulation of moisture in the apparatus several
      expedients are utilized. First of all, the upper removable section 14 is
      formed with downwardly sloping sides 200 and 202. As the gas passes
      through the fabric, the water products of the reaction process will have a
      tendency to condense upon the ceiling of the chamber 10 and the condensate
      will flow downwardly along the sides 200 and 202 and will be accumulated
      in gutters 204 and 206 located approximately midway down the interior
      sides of the apparatus. Gutters 204 and 206 extend along the length of the
      apparatus and as water flows down the sloping inner ceiling it will
      accumulate in the gutters 204 and 206 from which it may be suitably
      withdrawn.
PAR  Furthermore, it was previously noted that the compartments 136 and 146 are
      formed with upper wall troughs 156. Each of these troughs similarly serves
      to assist in withdrawing the water which is formed, and any excess
      quantities of water which do not accumulate in the gutters 204 and 206
      will run down into the troughs 156 and likewise be drawn off therefrom.
PAR  Accordingly, it will be seen that the combination of the sloping interior
      ceiling and the gutters 204, 206 together with troughs 156 result in a
      cooperation between the elements which serves to advantageously prevent
      undue water accumulation within the apparatus which might otherwise impede
      the treatment process.
PAR  An additional characteristic of the present invention which enhances its
      ability to prevent undue water accumulation is the fact that because the
      ammonia is constrained to flow directly through the fabric, gas flow
      velocities in excess of those utilized in prior art techniques may be
      maintained. That is, since the ammonia gas is constrained to flow directly
      through the fabric rather than merely permeating the atmosphere
      surrounding the fabric, a more definite stream of gas flow is established.
      This serves to enhance the ability of the equipment to remove water from
      the reaction site by virtue of the fact that the gas flow tends to carry
      off water vapor which is formed. If the vapor condenses, the condensate
      will tend to accumulate upon the ceiling of the chamber 10 and be drawn
      off through the gutters 204, 206 and the troughs 156 as previously
      described. Thus, the particular cooperation which is effected between the
      combination of ammonia gas flow and the interior structural configuration
      of the apparatus, serves to effectively deal with the problem of water
      accumulation whether the water be in vapor form or in the form of
      condensate.
PAR  An additional significant advantage of the present invention relates to the
      fact that, due to the overall configuration and operation of the apparatus
      disclosed, the chamber 10 may be maintained at a slight negative pressure
      relative to the surrounding atmosphere. It will be seen that such a
      negative pressure will be consistent with the type of gas flow pattern
      which is established in that a relatively negative pressure within the
      chamber 10 will promote the flow of gas outwardly from the shell 50.
      However, such a negative pressure has the further advantage that it will
      insure that no leakage outwardly from within the chamber 10 will occur.
      Thus, the leakproof characteristics of the apparatus whereby no ammonia
      gas will escape into the surrounding environment are further enhanced by
      the relatively negative pressure which is maintained within the chamber.
PAR  In addition to preventing gas leakage, the slightly negative pressure
      maintained within the chamber 10 serves the further purpose of inhibiting
      condensation of the water which is produced by the reaction process. In
      many prior art devices utilizing the "surface adhesion" approach, a
      positive pressure must be maintained within the treatment chamber to
      promote permeation of the ammonia upon the fabric. Thus, water vapor will
      tend to condense upon the fabric thereby inhibiting the reaction process.
      The negative pressure which may be maintained within the chamber 10 of the
      present invention avoids this drawback thereby further facilitating the
      removal of the water.
PAR  Waste products which accumulate in the chamber 10 may be drawn off through
      the bottom of the chamber by a condensate drainpipe 208 located in the
      bottom of the apparatus.
PAR  A further advantage of the present invention resides in the fact that the
      gas flowing through the perforations 52 and through the fabric F tends to
      lift the fabric radially outwardly from the shell 50. This lifting force
      is maintained at a level which is not sufficient to break the seal between
      the fabric and the shell 50 so that all of the gas flows through the
      fabric rather than around the edges thereof. However, this slight lifting
      force operates to avoid fabric distortion which might result if the fabric
      were to be wound about the shell 50 with an overly tight tension in the
      fabric. By alleviating pressure of the fabric upon the shell 50 fabric
      distortion such as might occur from engagement of the fabric with the
      edges of the perforations 52 is avoided.
PAR  Although the present invention has been disclosed by detailed reference to
      a preferred specific embodiment thereof, it is to be understood that many
      modifications and variations may be effected by those skilled in the art
      without departure from the scope and purview of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for treating a continuous length of web material with a gas
      comprising:
PA1  a substantially gas-tight treatment chamber;
PA1  means defining a flow path for said gas through said treatment chamber;
PA1  means for continuously passing said web material across said gas flow path
      at a treatment location within said chamber; and
PA1  means for constraining substantially the entire amount of said gas flowing
      in said path at said treatment location to flow directly through said web
      material;
PA1  said means defining said flow path including a hollow cylindrical shell
      having a cylindrical wall with orifice means therethrough enabling gas
      flow outwardly of said shell from the hollow interior thereof;
PA1  said constraining means including
PA2  means sealing the axial ends of said shell to prevent gas flow through said
      axial ends, and
PA2  means for preventing gas flow through a portion of said cylindrical shell,
      said portion extending partially about the circumferential perimeter of
      said shell and completely across the length of said shell between said
      axial ends sealing means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said means for passing said web
      material across said gas flow path include means for directing said web
      material about said cylindrical shell to completely cover the portion of
      said cylindrical wall having orifice means through which gas flow is not
      prevented.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said treatment chamber includes
      an entrance portal and an exit portal for said web material, each of said
      portals comprising at least a pair of abutting members, and resilient
      means effecting a biasing spring force tending to maintain each of said
      pair of members in abutting relationship whereby said web material may be
      moved through said treatment chamber by passage between said abutting
      members without allowing gas to escape from within said chamber.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein each of said entrance and exit
      portals includes an enclosed compartment having an entrance side and an
      exit side for permitting passage of web material therethrough, with the
      entrance side and the exit side of each of said compartments including a
      pair of said abutting members and said resilient means tending to maintain
      each of said pair of members in abutting relationship.
NUM  5.
PAR  5. Apparatus according to claim 4 including suction means for drawing gas
      from within each of said compartments.
NUM  6.
PAR  6. Apparatus according to claim 1 including means for maintaining the
      pressure within said treatment chamber at a level slightly less than the
      pressure of the atmosphere surrounding the exterior of said chamber.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said cylindrical shell is
      rotatably mounted within said treatment chamber, and wherein said means
      for preventing gas flow through a continuous portion of the cylindrical
      wall of said shell comprises a longitudinal sealing member located in
      sliding engagement with the exterior of said cylindrical wall.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said axial ends sealing means
      comprise a pair of sealing members located at opposite ends of and within
      said shell and movable relative to said shell to spaced selected
      locations.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said treatmet chamber is formed
      with a slanted interior ceiling.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said slanted ceiling comprises a
      peaked configuration including a pair of oppositely directed downwardly
      slanted sides.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said treatment chamber includes
      troughs mounted upon the interior sides thereof below the slanting sides
      of said ceiling for accumulating liquid condensate therein.
NUM  12.
PAR  12. Apparatus for treating a continuous length of web material with a gas
      comprising:
PA1  a substantially gas-tight treatment chamber;
PA1  a hollow shell having a cylindrical wall mounted within said chamber;
PA1  gas flow conduits flowing through said cylindrical wall for permitting gas
      to flow from the interior of said shell outwardly thereof;
PA1  an entrance portal and an exit portal in said chamber for permitting said
      web material to be continuously moved through the interior of said
      chambers;
PA1  said entrance and exit portals each including means for obstructing escape
      of gas from within said chamber while said web material is being moved
      therethrough;
PA1  means for directing said web material passing through the interior of said
      chamber to extend about said cylindrical wall of said shell over said gas
      flow conduits and across the path of gas flowing therethrough;
PA1  means for introducing said gas from the exterior of said chamber into the
      interior of said shell;
PA1  means for exhausting gas from within said chamber; and
PA1  sealing means operatively positioned relative to said shell to confine gas
      flowing from the interior thereof to flow only through said gas flow
      conduits over which said web material is passing.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said sealing means comprise:
PA1  a pair of end seal members mounted within said shell at axially spaced
      locations engaging said shell to prevent gas flow through the axial ends
      thereof; and
PA1  a longitudinal sealing member configured to continuously extend at least
      between said end seal members, said longitudinal sealing member also
      extending about a portion of the circumferential perimeter of said shell,
      said longitudinal sealing member being operative to prevent gas flow from
      said shell through portions of the cylindrical wall thereof which include
      gas conduits over which no web material is passing.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein said shell is rotatably mounted
      within said treatment chamber and wherein said longitudinal sealing member
      is configured with a bearing surface having a degree of curvature
      substantially identical to the degree of curvature of the outer peripheral
      surface of said shell, said bearing surface being positioned in sliding
      abutment with the outer peripheral surface of said shell as said shell
      rotates.
NUM  15.
PAR  15. Apparatus according to claim 13 wherein said end seal members are
      adjustably positionable axially of said shell.
NUM  16.
PAR  16. Apparatus according to claim 12 wherein said means for introducing gas
      to the interior of said shell comprise a hollow shaft extending from the
      interior of said shell to the exterior of said treatment chamber, means
      for introducing gas into the hollow exteriorly extending portions of said
      shaft, and gas flow orifices in said shaft extending from the hollow
      interior of said shaft into the interior of said shell, said apparatus
      further comprising means including said shaft for rotatively mounting said
      drum relative to said chamber in a gas-tight arrangement.
NUM  17.
PAR  17. Apparatus according to claim 12 wherein said entrance and exit portals
      each include an enclosed compartment, with each compartment comprising
      means defining an entrance seal and an exit seal for permitting web
      material to pass through said compartment while obstructing gas flow into
      and out of said compartment, and suction means for evacuating gas from the
      interior of said compartments.
NUM  18.
PAR  18. Apparatus according to claim 17 wherein each of said entrance and exit
      seals includes a pair of abutting members with at least one of said pair
      of members being formed with resilient material effecting a biasing spring
      force tending to resiliently maintain said members in abutting
      relationship but permitting passage of web material therebetween.
NUM  19.
PAR  19. Apparatus according to claim 17 wherein the flow rate of gas obtained
      by said means for exhausting gas from within said treatment chamber is
      double the flow rate obtained by said suction means for drawing gas from
      within said enclosed compartments.
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ABST
PAL  A portable hair dryer comprises a flexible bonnet, a combined blower and
      heater power module for supplying heated air under pressure to the bonnet,
      and a control module for selecting the operating mode of the dryer. The
      power module is suspended against the back of the user by means of a pair
      of support straps which extend over the user's shoulders to the control
      module. By balancing the weights of the power and control modules, a
      stable condition is obtained which enables the user to perform other
      activities during the drying operation. The power cord of the dryer
      depends from the control module to assist in balancing the weights, and
      flexible electrical conductors in one of the support straps convey
      electrical power to the power module. The other support strap is removably
      attached to the control module to facilitate setting up and taking down
      the appliance. The bonnet includes an internal air duct formed by seams
      between its inner and outer liners for directing air to a central
      distribution plenum, and a plurality of radially-extending passageways
      similarly formed for distributing air from this plenum to the surrounding
      portions of the bonnet for even heat flow.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to hair dryers, and more
      particularly to an improved bonnet-type hair dryer offering improved
      performance and convenience of use.
PAR  One factor which bears heavily on consumer acceptance of portable hair
      dryers for home use is the ease with which such hair dryers can be used.
      Preferably, the user should be free to perform other activities while the
      hair dryer is in use, and the set up and dismantling of the hair dryer
      prior to and after each use should not be unnecessarily difficult or
      time-consuming. Soft-hat or bonnet-type hair dryers, wherein a bonnet of
      flexible plastic material is fitted over the head of the user and
      connected by conduit means to an associated blower and heated power
      module, have proven popular for these reasons, since the light-weight
      bonnet frees the user from having to sit in a particular position and is
      easily put on and taken off by the user.
PAR  One disadvantage of prior art bonnet-type hair dryers has been the hose
      connection required between the bonnet and the power module for conveying
      heated air to the bonnet. This connection confines the user's activities
      to a relatively small area while the dryer is in operation, and exposes
      the power module, which necessarily has to be placed on a nearby
      supporting surface, to breakage should the user forget about the connecton
      between the bonnet and the power module and accidentally pull the power
      module off its supporting surface. Also, there is necessarily some heat
      loss in the flexible hose connection, so that optimum efficiency in such
      hair dryers is difficult to obtain.
PAR  Attempts at improving the convenience of use of bonnet-type hair dryers
      have centered on providing a power module integral with the bonnet, either
      supported solely by the bonnet, or by the bonnet and a brace extending to
      the shoulders and neck of the user. Those arrangements depending on the
      bonnet for support have not proved satisfactory because of inadequate
      support for the power module, which tended to shift position with movement
      of the user's head, creating a feeling of apprehension and general
      discomfort to the user. Those arrangements utilizing a brace to transfer a
      portion of the weight of the power module to the user also have not proved
      satisfactory, since the brace undesirably restricted movement of the
      user's head and the power module was still dependent on the flexible
      plastic material of the bonnet for stability.
PAR  Accordingly, it is a general object of the present invention to provide a
      new and improved portable hair dryer.
PAR  It is another object of the present invention to provide a new and improved
      portable hair dryer which because of its construction provides optimum
      comfort during use and requires a minimum amount of time and effort to
      set-up for use and disassemble for storage.
PAR  It is another object of the present invention to provide a new and improved
      portable bonnet-type hair dryer which provides improved efficiency and
      convenience of use.
PAR  It is another object of the present invention to provide a new and improved
      bonnet-type hair dryer which is simple in design and construction and
      which can be conveniently manufactured by known manufacturing techniques.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a portable hair dryer which comprises a
      flexible bonnet adapted to fit over the head of a user for distributing
      air onto a hair surface to be dried, the bonnet having an inlet at one end
      for receiving heated air under pressure, and a combination blower and
      heater power module having a housing and an outlet in the housing for
      supplying heated air under pressure. Support strap means extending over
      the shoulders of the user are provided for supporting the combination
      blower and heater power module against the back of the user whereby the
      outlet is positioned adjacent to the inlet, and means for joining the
      outlet and the inlet are provided to form a substantially airtight
      passageway between the power module and the bonnet for supplying heated
      air to the bonnet.
PAR  The invention is further directed to a portable hair dryer comprising a
      flexible bonnet including inner and outer layers joined to form an air
      distribution chamber over the head of a user, the bonnet including a
      rearwardly and downwardly extending portion forming a receiving duct for
      heated air. A combination blower and heater power module is provided for
      supplying heated air under pressure, the module including an upwardly
      extending air outlet portion adapted to engage the rearwardly-extending
      portion of the bonnet.
PAR  The hair dryer further comprises a control module comprising a housing and
      a user-actuable mode switch mounted on the housing, and support means
      comprising a pair of support straps attached to the power module housing
      and extending over the shoulders of the user to the control module for
      supporting the control module against the chest of the user, and the power
      module against the back of the user whereby the outlet portion of the
      power module is positioned for engagement with the inlet portion of the
      bonnet to supply heated air to the bonnet.
PAR  The invention is further directed to a portable hair dryer of the type
      comprising a combination blower and heater power module including a
      housing having an upwardly projecting air discharge duct, to a bonnet for
      distributing heated air from the blower assembly to the head of a user.
      The bonnet comprises a first at least partially perforate sheet of
      flexible material dimensioned and formed to form a dome-shaped enclosure
      over the hair surface of the user, and a second substantially inperforate
      sheet of flexible material corresponding in dimensions and form to the
      first sheet and adapted to extend over the outer surface of the
      dome-shaped enclosure formed thereby. Means are provided for forming a
      substantially airtight seal between the first and second sheets along
      substantially their entire margins excepting a defined fractional inlet
      portion thereof to form an air distribution plenum therebetween. Means are
      further provided for forming additional radially-extending seals between
      the first and second sheets extending from an air distribution area
      located between and near the center of the sheets to the margins, two of
      the seals extending to respective ends of the defined inlet portion of the
      margins to direct air received at the inlet portion to the central
      location to obtain improved air distribution from the bonnet.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention, which are believed to be novel, are
      set forth with particularity in the appended claims. The invention,
      together with the further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a perspective view of a hair dryer constructed in accordance with
      the invention in position on the head of a user.
PAR  FIG. 2 is a side elevational view of the hair dryer of FIG. 1 partially in
      section to show the air distribution plenum formed within the bonnet
      portion thereof.
PAR  FIG. 3 is a rear elevational view of the hair dryer of FIG. 1.
PAR  FIG. 4 is a perspective view of the hair dryer showing the power and
      control modules, support straps, and power cord thereof.
PAR  FIG. 5 is a side elevational view of the power module with the inlet
      portion of the bonnet attached, partially broken away to show the means
      employed for attaching the support straps.
PAR  FIG. 6 is a cross-sectional view of the power module taken along lines 6--6
      of FIG. 5.
PAR  FIG. 7 is a cross-sectional view of the power module taken along lines 7--7
      of FIG. 6.
PAR  FIG. 8 is an enlarged front elevational view of the control module with
      support straps attached.
PAR  FIG. 9 is a cross-sectional view of the control module taken along lines
      9--9 of FIG. 8.
PAR  FIG. 10 is an enlarged cross-sectional view taken along lines 10--10 of
      FIG. 8 illustrating the tongue-and-groove attachment of the left support
      strap to the control module.
PAR  FIG. 11 is a schematic diagram of the electrical wiring of the hair dryer.
PAR  FIG. 12 is a top elevational view of the inner and outer liners forming the
      flexible bonnet portion of the hair dryer.
PAR  FIG. 13 is an enlarged cross-sectional view taken along lines 13--13 of
      FIG. 12 showing the margins of the inlet portion of the bonnet.
PAR  FIG. 14 is a side elevational view of the assembled bonnet partially broken
      away to show the air distribution plenum formed between the inner and
      outer liners.
PAR  FIG. 15 is an enlarged front elevational view showing the construction of
      the seams which join the inner and outer liners.
PAR  FIG. 16 is a cross-sectional view of the seams taken along lines 16--16 of
      FIG. 15.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a hair dryer 10 constructed in accordance with the
      present invention is seen to comprise a soft bonnet 11 dimensioned to
      encompass the hair surface to be dried, a combined heater and blower power
      module 12 suspended by support straps 13 and 14 over the shoulders of the
      user, and a control module 15 connecting the front ends of the support
      straps. Power is supplied to the hair dryer by means of a power cord 16
      which enters the appliance through the bottom end of the control module
      15. A control knob 17, readily available to the user, is provided on the
      front face of module 15 to permit user selection of the operating mode of
      the hair dryer.
PAR  As shown in FIGS. 2 and 3, the power module 12 is supported by straps 13
      and 14 so as to lie against the back of the user, immediately below the
      user's neckline. A pad 18 of soft resilient material such as foam rubber
      is provided on module 12 at the point where it rests against the back for
      increased comfort and to help stabilize the position of the module. Module
      12 is also provided with an upwardly-extending outlet portion 20 adapted
      to receive a downwardly-extending inlet portion 21 of bonnet 11. This
      forms a duct or conduit through which heated air from power module 12 is
      conveyed to the bonnet for discharge onto the underlying hair surface 19.
      To this end, the bonnet may be formed from an imperforate outer layer 22
      and a perforated inner layer 23 of flexible plastic material to form a
      plenum 24 for the heated air through which the air is directed onto the
      hair surface. An inlet 27 may be provided at the rear of power module 12
      for drawing in ambient air to be heated and discharged under pressure to
      bonnet 11.
PAR  To accommodate different sized heads a plurality of eyelets 25 may be
      provided adjacent the margins of bonnet 11 on either side of the bonnet.
      By bunching the margins of the bonnet at these eyelets, and then placing a
      fastener such as the conventional twist-lock clip 26 shown in FIGS. 1 and
      2 through these eyelets, the circumference of the bonnet can be
      effectively reduced to fit smaller heads.
PAR  Referring to FIG. 4, the housing of the combined blower and heater power
      module 12 is formed by two sections 30 and 31 fastened together by means
      in the form of machine screws 32 which extend between the two sections.
      The outlet portion 20 of the power module is seen to include a lip 33
      around its end surface, and a rectangular aperture 34 in its end surface
      forming a discharge port through which heated air is discharged under
      pressure. An outwardly projecting grill 35 is provided over aperture 34
      for the purpose of preventing the inlet portion of the bonnet from being
      inadvertently pulled across discharge port 34 so as to block the flow of
      air therefrom and possibly overheat the power module. The lip 33 serves to
      define a region immediately inwardly adjacent thereof on outlet portion 20
      for engaging the inlet portion 21 of bonnet 11. To obtain an airtight but
      easily separable coupling between these two elements, the margins of the
      outer layer 22 and inner layer 23 of bonnet 11 may be folded back over an
      elastic band 36 to form a resilient neck assembly which can be slipped
      over lip 33 by the user onto outlet portion 20 as shown in FIGS. 5-7.
PAR  Support strap 13 is removably attached to control module 15 by means of a
      tongue-and-groove fastening arrangement comprising a tongue fastener 40 on
      strap 13 and a complementarily shaped and dimensioned groove 41 molded
      into the side of the housing of control module 15. The other support strap
      14 is permanently attached to module 15 and includes three electrical
      conductors 42 for conveying electrical power from the control module to
      the power module.
PAR  As shown in FIG. 5, the two support straps 13 and 14 are attached to module
      12 by means of retaining studs 43 molded onto the inside surface of
      housing section 12. These studs extend through apertures 44 provided near
      the ends of support straps 13 and 14 to prevent the straps from pulling
      free. A pair of slots 45 and 46 (FIG. 4) are provided in housing section
      31 immediately above pad 18 to accommodate support straps 13 and 14,
      respectively.
PAR  Referring to FIGS. 6 and 7, the blower and heater power module 12 is seen
      to include a cross-flow type fan 50 rotatably supported on a shaft 51 and
      aligned so as to draw air in through inlet 27 and discharge air through
      outlet port 34. Fan 50 is rotatably driven by a motor 52, which may be a
      conventional permanent magnet type DC motor of suitable capacity. Shaft 51
      is preferably mounted to housing sections 30 and 31 by means of a
      plurality of rubber grommets 53 which are seated in approximately
      positioned flanges 54 molded into the interior surfaces of the housing
      sections.
PAR  A pair of electrical resistance-type heating elements 55 and 56 are
      provided in power module 12 for heating the air to a sufficient
      temperature for drying the user's hair. An internal baffle 57 is provided
      within module 12 to direct air flow from inlet 27 to fan 50, from fan 50
      to heating elements 55 and 56, and from elements 55 and 56 to discharge
      port 34. The heating elements are preferably disposed edgewise to the flow
      path of the air for optimum heat transfer.
PAR  Referring to FIGS. 8-10, the control module 15 associated with hair dryer
      10 comprises two housing sections 60 and 61. These sections are joined by
      fastening means in the form of a pair of machine screws 62 which extend
      through apertures in section 61 and into complementarily threaded studs 63
      on the inside surface of section 60. A four position operating mode
      selection switch 64 is mounted to the inside surface of section 60 by
      means of mounting posts 65 projecting therefrom. The shaft of switch 64
      extends through an aperture 66 in housing section 60 and into operative
      engagement with control knob 17. The electrical power cord 16 enters an
      aperture 67 provided in the bottom of housing sections 60 and 61.
PAR  Support strap 13, as previously described, includes a tongue fastener 40
      which engages a complementarily dimensioned groove 41 provided along one
      edge of control module 15. As shown in FIG. 10, the groove 41 is formed
      between housing sections 60 and 61, a recess 68 being provided in housing
      section 61 to form the rear wall of the groove. By reason of this tongue
      and groove latching arrangement the hair dryer can be quickly and
      conveniently removed from the user's head. This is a particular
      convenience where the hair drying operation must be momentarily
      interrupted and where the user intends to return shortly and resume the
      drying operation.
PAR  For optimum user comfort it is desirable that the weights of the
      back-mounted blower and heater power module 12 and the front-mounted
      control module 15 be balanced. To this end one of more weights 70 may be
      provided in the interior of control module 15 so that the weight of
      control module 12 coupled with the downward pull of power cord 16
      approximately equals the weight of the power module 12 as it rests against
      the back of the user with bonnet 11 in position. As a result, a balanced
      condition is achieved wherein the hair dryer rests squarely and securely
      on the shoulders of the user with no tendency to slide either forwardly or
      rearwardly. This contributes to a sense of freedom for the user, since the
      user need take no conscious action to maintain the hair dryer in position.
PAR  While it will be appreciated that the hair dryer of the present invention
      can be constructed to operate at many different blower speeds and heat
      levels, it has been found in practice that a single-speed three-heat level
      capability is adequate for almost all hair drying applications.
      Accordingly, hair dryer 10 has been provided with electrical circuitry for
      operating at three different heat levels (LOW, MEDIUM and HIGH) with a
      single blower speed. Referring to the schematic diagram of FIG. 10, one
      side of the AC line (as represented by power cord 16) is connected to a
      first contact 71 on mode selection switch 64 in control module 15. The
      other side of the AC line is connected directly through a first one of the
      conductors 42 in support strap 14 to one terminal of an electrical
      thermostat 75 contained in the power module 12. When mode selection switch
      64 is positioned for operation in the LOW HEAT mode, contact 71 is
      connected to a second contact 74 on the switch and current flows through a
      second one of conductors 42 in support strap 14 to one end terminal of
      heating element 55. The other end terminal of heating element 55 is
      connected to thermostat 75 to complete a circuit whereby line voltage is
      impressed across heating element 55 only.
PAR  Heating element 55, which consists of three individual series-connected
      resistance elements, includes a tap 76 between its second and third
      resistance elements for deriving that portion of the AC line voltage
      impressed across the entire heating element 55 which appears across the
      third resistance element. This derived AC voltage is impressed across the
      input terminals of a bridge rectifier network 77 to develop a
      unidirectional current for application to fan motor 52. Thus, in the LOW
      HEAT operating mode of hair dryer 10 only heating element 55 and fan motor
      52 are powered.
PAR  In the MEDIUM HEAT position of mode selection switch 64 a third contact 72
      is connected to contact 71 in addition to contact 74. This causes current
      to flow through a diode 78 to one end terminal of heating element 56,
      which like heating element 55 is composed of three separate
      series-connected resistance elements. The other end terminal of heating
      element 56 is connected to thermostat 75, so that AC line current is
      supplied through diode 78 to heating element 56. Although diode 78 has the
      effect of allowing only alternate half cycles of the AC line to power
      heating element 56, the net effect of this partial energization of heating
      element 56 combined with the continued full energization of heating
      element 55 is that the air discharged from power module 12 is
      substantially hotter than that discharged when only heating element 55 was
      energized.
PAR  In the HIGH HEAT position of mode selection switch 64 a contact 73 is
      connected to contact 71 in addition to contacts 72 and 74, effectively
      bypassing diode 78. As a result, both half cycles of the applied AC line
      energize heating element 56 to heat that element fully. As a result, the
      air discharged by power module 12 is still hotter than that obtained
      previously in the MEDIUM HEAT mode when heating element 56 was only
      partially energized. In all three modes it should be noted that the speed
      of fan motor 52 remains substantially constant since heating element 55
      from which the fan motor derives its operating power is always fully
      energized.
PAR  The purpose of thermostat 75 is to remove power from the heating elements
      and fan motor should module 12 overheat. To this end the thermostat is
      placed within the power module housing in thermal communication with the
      heating elements and heated air stream.
PAR  Referring now to FIG. 12, the outer liner 22 and inner liner 23 of bonnet
      11 are each cut in a star-like pattern having six radially extending
      arcuately terminated elongated legs 84-89 prior to being joined to form
      the bonnet shown in FIGS. 1-3. The inner liner 23 is provided with a
      plurality of apertures 80 of various sizes to distribute air onto the hair
      surface of the user, and the outer liner 22 is imperforate.
PAR  To provide uniform distribution of the heated air from power module 12, the
      outer and inner liners 22 and 23 are sealed together along the side
      margins 83 of the rearwardly-extending leg 84 to form an air duct 81 in
      that leg between the liners. As detailed previously, the end margins of
      this duct are not sealed, but are instead folded back over the resilient
      band 36 and sealed at 91 as illustrated in FIG. 13 to form an inlet port
      82 through which heated air is fed to the bonnet. The passageway 81
      directs air from inlet port 82 to a distribution plenum 92 located at a
      predetermined position near the center of the bonnet. Since the margins 83
      of leg 84 are sealed, a large portion of the air entering through inlet
      port 82 is conveyed to the central plenum location. To uniformly
      distribute the air received in the central distribution plenum 92 the
      edges of the other radially-extending legs 85-89 are similarly joined
      along their edges to form radially-extending distribution ducts for evenly
      distributing air as it flows away from the central plenum. By reason of
      this novel arrangement of passageways between the inner and outer liners,
      hot spots, i.e. areas of excessively high air temperature, are avoided. In
      practice the size, location and number of the apertures 80 are arranged to
      achieve an even distribution of air under the hood as it flows through the
      feeder duct 81 and the various distribution ducts formed in the five
      distribution legs 85-89. The margins of legs 84-89 are joined as
      illustrated in FIGS. 15 and 16 to form the familiar hood-shaped bonnet 11.
      Basically, this is accomplished by positioning the four adjacent edges
      side-by-side and applying sufficient heat to form a single seam on the
      inside surface of the bonnet. The eyelets 25, previously identified as a
      means for adjusting the size of the bonnet to accommodate different head
      sizes, extend through both liners 22 and 23. The two liners may also be
      joined in the area of the central distribution plenum 92 at one or more
      points 90 for increased rigidity.
PAR  In operation, it is merely necessary to attach bonnet 11 to power module
      12, position the power module behind the neck, and attach support strap 13
      to control module 15. Bonnet 11 is then fitted over the hair, the power
      cord 16 is plugged in, and the desired heat level is selected. The user
      can then perform other activities heretofore impossible with prior art
      designs, since the only limitation on movement is the length of power cord
      16, which may be extended to almost any desired length. To momentarily
      interrupt the drying operation, as for answering the telephone, it is
      merely necessary to turn the mode control knob 17, conveniently located in
      front of and in sight of the user, to OFF and remove bonnet 11 by allowing
      it to hang out of the way along the back from power module 12. Operation
      can then be quickly resumed by replacing the bonnet and resetting the
      control knob.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
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STM  We claim:
NUM  1.
PAR  1. A portable hair dryer comprising, in combination:
PA1  a flexible bonnet adapted to fit over the head of a user for distributing
      air onto a hair surface to be dried, said bonnet having an inlet at one
      end for receiving heated air under pressure;
PA1  a combination blower and heater power module having a housing and an outlet
      in said housing for supplying heated air under pressure;
PA1  support means including a pair of straps adapted to extend over the
      shoulders of the user and join in front of the user for supporting said
      combination blower and heater power module against the back of the user
      whereby said outlet is positioned adjacent to said inlet; and
PA1  means for joining said outlet and said inlet to form a substantially
      airtight passageway between said power module and said bonnet for
      supplying heated air to said bonnet.
NUM  2.
PAR  2. A hair dryer as defined in claim 1 wherein said bonnet is formed from a
      substantially imperforate outer layer and a perforated inner layer, and
      said layers are joined along substantially their entire margins to form an
      air distribution plenum.
NUM  3.
PAR  3. A hair dryer as defined in claim 2 wherein said inlet on said bonnet
      includes an expandable margin dimensioned to fit snugly over said
      outwardly-extending portion of said housing.
NUM  4.
PAR  4. A hair dryer as defined in claim 1 wherein said support straps are
      joined by a control module having a housing and a user-actuable mode
      selection switch, and wherein said control module is suspended by said
      straps in front of the user.
NUM  5.
PAR  5. A hair dryer as defined in claim 4 wherein at least one of said support
      straps is detachable from said control module to facilitate removal of
      said power module and bonnet from the user.
NUM  6.
PAR  6. A hair dryer as defined in claim 4 wherein said hair dryer includes a
      power cord for supplying power to said power module, said power cord
      depending from said control module to assist in counterbalancing the
      weight of said power module while supported over the shoulders of the
      user.
NUM  7.
PAR  7. A portable dryer comprising, in combination:
PA1  a flexible bonnet including a perforate inner and a substantially
      imperforate outer layer joined to form an air distribution chamber over
      the head of a user, and having a rearwardly extending portion forming a
      receiving duct for heated air under pressure;
PA1  means including a combination blower and heater power module for supplying
      heated air under pressure to said bonnet, said module including an
      upwardly extending air outlet adapted to engage said rearwardly extending
      portion of said bonnet; and
PA1  support means including a pair of straps attached to said housing and
      adapted to extend over the shoulders of the user and to be joined at the
      front of the user for supporting said power module against the back of the
      user whereby said outlet is positioned for engaging said inlet to supply
      heated air to said bonnet.
NUM  8.
PAR  8. A hair dryer as defined in claim 7 wherein said power module includes a
      housing, said housing includes a projecting portion forming a discharge
      duct for conveying air to said bonnet, and said inlet portion of said
      bonnet includes means for engaging said projecting portion to form a
      substantially airtight seal therewith.
NUM  9.
PAR  9. A hair dryer as defined in claim 8 wherein said projecting portion of
      said power module includes a discharge port having margins at the end of
      said projecting portion and an outwardly projecting grill extending
      between said margins to prevent said inner and outer layers of said connet
      from being drawn together across said port.
NUM  10.
PAR  10. A hair dryer as defined in claim 7 wherein said power module housing
      includes an outwardly projecting spacer portion for engaging the back of
      the user to maintain said power module at a predetermined spacing
      therefrom and said air plenum portion extending upwardly.
NUM  11.
PAR  11. A hair dryer as defined in claim 1 wherein said spacer portion has a
      padded surface for contacting the back surface of the user.
NUM  12.
PAR  12. A hair dryer as defined in claim 7 wherein each of said support straps
      include an aperture at one end and wherein said power module housing
      includes integral molded pins extending through said apertures to attach
      said support straps to said housing.
NUM  13.
PAR  13. A portable hair dryer comprising, in combination:
PA1  a flexible bonnet including inner and outer layers joined to form an air
      plenum over the head of a user, said bonnet including a rearwardly and
      downwardly extending portion forming an inlet into said plenum for heated
      air;
PA1  a combination blower and heater power module assembly for supplying heated
      air under pressure, said assembly including an upwardly extending air
      outlet portion adapted to engage said rearwardly-extending portion of said
      bonnet;
PA1  a control module including a housing and a user-actuable mode switch
      mounted on said housing; and
PA1   support means including a pair of support straps attached to said power
      module housing and adapted to extend over the shoulders of the user to
      said control module for supporting said control module against the chest
      of the user and said power module against the back of the user whereby
      said outlet portion of said assembly is positioned for engagement with
      said inlet of said bonnet to supply heated air to said bonnet.
NUM  14.
PAR  14. A hair dryer as defined in claim 13 wherein at least one of said straps
      is removably attached to said control module housing to facilitate
      removing said hair dryer from the head of the user.
NUM  15.
PAR  15. A hair dryer as defined in claim 14 wherein the free end of said
      removable strap and said control module housing include mating fastening
      elements, one of said elements comprising a slot and the other of said
      elements comprising a tongue adapted to be slidably received within said
      slot.
NUM  16.
PAR  16. A hair dryer as defined in claim 13 wherein at least one of said
      support straps includes flexible electrical conducting elements for
      conducting electrical current between said control module and said power
      module.
NUM  17.
PAR  17. A hair dryer as defined in claim 16 wherein one of said support straps
      is removably attached to said control module housing and said conducting
      elements are contained in the other of said support straps.
NUM  18.
PAR  18. A hair dryer as defined in claim 16 wherein said hair dryer includes a
      power cord depending from said control module housing.
NUM  19.
PAR  19. A hair dryer as defined in claim 13 wherein said bonnet includes an air
      inlet duct formed in said plenum by radially-extending seals between said
      inner and outer layers for ducting air from said inlet to a distribution
      portion of said plenum located near the center of said bonnet.
NUM  20.
PAR  20. In a portable hair dryer of the type comprising a combination blower
      and heater power module including a housing having an upwardly projecting
      air discharge duct, a bonnet for distributing heated air from said blower
      assembly to the head of a user, comprising, incombination:
PA1  a first at least partially perforate sheet of flexible material dimensioned
      and formed to form a dome-shaped enclosure over the hair surface of a
      user;
PA1  a second substantially imperforate sheet of flexible material substantially
      corresponding in dimensions and form to said first sheet;
PA1  said first and second sheets being sealed along substantially their entire
      margins to form an air plenum therebetween, said plenum including an inlet
      for receiving heated air from said module; and
PA1  means including an air inlet duct formed by a pair of spaced-apart seals
      between said first and second sheets extending radially from a central
      distribution portion of said plenum to said inlet for directing air from
      said inlet to said central distribution portion.
NUM  21.
PAR  21. A bonnet as defined in claim 20 which further comprises means including
      at least one additional seal between said first and second sheets
      extending radially from said central air distribution portion for forming
      air distribution ducts for directing air from said central distribution
      portion to radially adjoining portions of said plenum.
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ABST
PAL  A heated dryer drum consisting of a peripherally closed cylindrical shell
      with dryer heads engaging the shell at opposite ends thereof and each
      comprising a central bearing journal for rotatably supporting the drum.
      Included inside the drum is at least one tie rod extending between and
      connected to the dryer heads near the centers thereof. The dryer heads are
      axially resilient and preloading of the tie rod, or tie rods, preloads the
      dryer shell. The dryer heads advantageously taper in thickness from a
      thicker hub portion to a thinner peripheral portion, with the peripheral
      portion engaging opposite ends of the dryer shell. The tie rod, or tie
      rods, may be heated during installation so that, upon cooling, a desired
      preload will be imparted to the dryer shell. Furthermore, spring means can
      be incorporated in the tie rod, or tie rods, for controlling the preload
      on the dryer shell. Still further, measuring means may be incorporated in
      the tie rod, or tie rods, so that the degree of preload thereon can
      readily be observed.
BSUM
PAR  The present invention relates to a heated dryer drum for paper machines and
      the like having a dryer shell of closed peripheral surface, as well as
      dryer heads, to which are connected the bearing journals.
PAR  With the majority of dryers known in practice the dryer heads are connected
      to the dryer shell by a plurality of circumferentially distributed bolts,
      and for this purpose, the shell is fitted on both ends with a torus,
      usually integral with the shell, which the bolts engage.
PAR  For relieving the load acting on the bolt connections, especially on large
      dryers, the dryer incorporates a central hollow shaft engaging the end
      members and absorbing from a quarter up to about a half of the internal
      pressure acting in the axial direction. However, during operation, the
      paper sheet, or web, entrained over the drum strongly cool down the dryer
      shell so that the shell tends to shorten in length relative to the hollow
      shaft. Thus, the pressure component to be absorbed by the dryer shell
      grows quite considerably.
PAR  The tori of the dryer shell have to be comparatively thick in order to be
      capable of accommodating the head connecting bolts and of transmitting the
      bolt forces to the shell. Dryers having such thick tori are comparatively
      difficult to cast; and, the plurality of bolt holes that must be formed
      therein involves high machining expenses.
PAR  For the purpose of increased drying efficiency the interior of the dryer
      shells may be provided with peripheral grooves producing a notch effect
      which in view of the high tensile stresses in the dryer shell can result
      in cracks in the shell which, in turn, may cause the dryer drum to
      explode.
PAR  The main object of the invention is to create an operationally safe dryer
      of high thermal efficiency so that the above mentioned disadvantages are
      avoided.
PAR  According to an embodiment of the invention this problem is solved in that
      the interior of the dryer is fitted with tie rods for the absorption of
      axial tensile stresses, said tie rods in the range of the axis of rotation
      of the dryer being connected to the dryer heads attacking the dryer shell
      under the action of preload, the dryer heads being designed as disc
      springs, in the range of their hubs the thickness being approximately four
      times their peripheral range or more, the change in thickness taking place
      continuously.
PAR  In this way it is ensured that, without using additional fastening
      elements, the dryer heads seal off the dryer shell so that the dryer shell
      can be substantially isolated from axial tensile stresses. In this case,
      the tie rod may be designed as a rigid component which subjects the shell
      to such a compressive preload that the dryer shell, while cooling down and
      dissipating heat, is not shortened in length relative to the tie rod but
      only the axial preload is reduced.
PAR  A very advantageous improvement of the invention consists in the
      possibility of using a plurality of tie rods disposed about the axis of
      rotation of the dryer. However, another useful development of the
      invention provides for the use of a central tie rod the longitudinal axis
      of which coincides with the axis of rotation of the dryer. Such a tie rod
      is especially simple to mount inside the dryer.
PAR  According to the invention, the tie rod incorporates a device for
      adjustment of the preload. This device may be a simple threaded nut which
      is tightened more firmly for the adjustment of a higher preload. If the
      dryer drum is fitted with a central tie rod, the tie rod according to the
      invention may have at least an axial bore for the supply of steam and the
      removal of condensate. In this case, the tie rod will preferably have a
      zone of enlarged cross section in which are arranged openings
      communicating between the axial bore and the interior of the dryer.
PAR  In order to be able to measure the stresses in the tie rods, a very
      advantageous improvement of the present invention consists in using axial
      measuring rods which, consisting of the same material as the tie rods,
      have the same thermal expansion.
PAR  For the assembly of the dryer it is advantageous if, according to another
      embodiment of the present invention, the tie rods are equipped with a
      heating device. The possibility of heating the tie rods produces an
      expansion which, upon cooling down, preloads the tie rods without the need
      of additional loading devices.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent upon reference to the following detailed specification taken
      in connection with the accompanying drawings, in which:
PAR  FIGS. 1 to 5 show five different embodiments of dryers having central tie
      rods.
PAR  FIG. 6 shows a dryer having a plurality of tie rods arranged in the
      vicinity of the axis of rotation of the dryer.
DETD
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention, a dryer drum is provided having a
      peripherally closed cylindrical shell. Abuttingly engaging each end of the
      shell is a head member or end member and carried by the dryer heads, or
      end members, are journals, which may be in the form of shaft members, so
      that the dryer drum can be rotatably supported on the central axis
      thereof. Each head varies in thickness from a thinner peripheral portion
      which engages the respective end of the shell to a thicker central portion
      where the journal members are located.
PAR  According to the present invention, the heads are interconnected by one or
      more tie rods which are prestressed so that the dryer shell is also
      prestressed. The shell is, thus, freed of stresses which reverse as the
      temperature of the shell of the dryer drum varies. The dryer shell,
      accordingly, always remains in axial compression according to the present
      invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The dryer shown in FIG. 1 incorporates a dryer shell 1, both edges of which
      have a relatively small inwardly protruding torus 1'. Engaging torus 1' is
      the periphery of a dryer head 2 having an integrally formed bearing
      journal 3. The dryer head 2 has a comparatively thick central section
      which, representing the hub, thins out toward the peripheral rim.
PAR  The thickness of the hub is four times or more the thickness of the head at
      the peripheral rim. The side of the dryer head 2 facing the interior of
      the dryer is provided with a central threaded bore 4 into which is
      threaded a central tie rod interconnecting the two dryer heads.
PAR  Bearing journal 3 is provided with an axial bore. The axial bore in the
      journal for the dryer head, which is not shown in FIG. 1, serves for the
      introduction of steam into the dryer. The axial bore in the dryer head
      shown in FIG. 1 facilitates removal of condensate for which purpose it
      communicates with radial bores 7 in the dryer head 2 to which are
      connected suction tubes 8. The opposite ends of the tie rod 5 may be
      oppositely threaded, or may have threads of different pitch so that
      rotation of the tie rod 5 in one direction will impose an axial prelaod on
      the dryer heads and, therethrough to the shell 1.
PAR  The embodiment according to FIG. 2 shows a dryer head 2 with an inserted
      bearing journal 9 which at the same time acts as part of the tie rod of
      the dryer. Formed on the bearing journal 9 for this purpose is a rod-like
      extension protruding into the dryer interior, said extension carrying a
      thickened head 10 at its end inside the dryer. The head 10 and part of the
      extension are situated in a tube 11 consisting of two half shells, the end
      of the head facing the dryer head 2 carrying a radially inwardly
      protruding collar 12. Clamped between collar 12 and head 10 is a pressure
      sleeve 13, which is also axially split. The tube 11 is held together by
      clamping rings 14 (only one being shown). Provided in bearing journal 9
      are bores 15 leading to dryer head 2, said bores extending from the axial
      bore 6 in journal 9 to bores 16 in the dryer head. The bores 16 lead into
      the interior of the dryer and facilitate the introduction of steam into
      the dryer. The tie rod is adjustably connected to the other dryer head, as
      in the FIG. 1 modification, and is coupled in any suitable manner to tube
      11 so the dryer heads can be preloaded as explained in connection with the
      FIG. 1 modification.
PAR  The embodiment according to FIG. 3 again shows a bearing journal 9 inserted
      into dryer head 2, said bearing journal having tie rod 17 portion
      protruding axially into the interior of the dryer. The other dryer head
      may have a similar journal member with a corresponding axial tie rod
      portion 17'. The two tie rod portions 17, 17' formed on the two bearing
      journals of the dryer are interconnected by a clamping nut, or coupler,
      18. The two tie rods are spaced at short distance from each other at the
      opposed ends so that steam entering the axial bore 6 can escape from the
      gap and enter the interior of the dryer through bores 19 in clamping nut,
      or coupler, 18. In the same manner may also condensate be removed from the
      dryer.
PAR  The embodiment according to FIG. 4 shows a bearing journal, or shaft
      member, 20 bolted on dryer head 2. The two dryer head (one not shown) are
      connected by a one-piece tie rod 21 which in the zone lying between its
      two dryer heads has a region 22 of enlarged cross section. The tie rod 21
      is provided with an axial bore 23 which facilitates the supply of steam to
      the dryer. A further bore in the tie rod may be provided for the removal
      of condensate. Arranged in section 22 of tie rod 21 are radial bores 24
      which communicate with the axial bore 6 and the interior of the dryer.
      Fitted at the end of tie rod 21 is an extension tube 25 for the axial bore
      23 which protrudes through the axial bore 6 of bearing journal 20. The end
      of tie rod 21 is fitted with a male thread 26 screwed on, which is a
      threaded ring 27 which tapers inwardly toward the interior of the dryer.
      Resting on this tapering section is another ring 28 which the threaded
      ring 27 forces against an elastic pressure sleeve 29. The pressure sleeve
      with its other end rests on a shoulder 30 of dryer head 2. The dryers
      shown in FIGS. 1 through 4 may be of the same design on both sides.
      However, it is also possible to use different configurations for both
      sides.
PAR  Such an embodiment is shown in FIG. 5. The tie rod 21 shown in FIG. 5
      generally corresponds to that shown in FIG. 4, except that both ends of
      the rod are provided with a male thread 26, and protrude through the
      bearing journals. The bearing journal 20 shown at the left of FIG. 5
      resembles the bearing journal 20 in FIG. 4; however, a nut 32 screwed on
      the male thread 26 forces the bearing journal against dryer head 2.
      Provided on the other side is also a nut 32 which, however, presses
      against a sleeve 33 that, in turn, rests on the bottom of a bore formed in
      bearing journal 3 integrally formed on the dryer head like the one shown
      in FIG. 1.
PAR  The embodiment according to FIG. 6 is an arrangement of several tie rods 34
      distributed about the axis of rotation of the dryer drum and only two of
      which are shown. The ends of these tie rods are provided with a thread
      screwed on which is a nut 35 each. According to the embodiment shown at
      the right, these nuts 35 directly rest against dryer head 2 integrally
      formed on which is bearing journal 3.
PAR  With the embodiment shown at the left, the bearing journal 36 is inserted
      into the dryer head and pressed against dryer head 2 by the nuts 35
      attacking it. According to this embodiment, also the joint between dryer
      head 2 and dryer shell 1 slightly differs in that the dryer shell has a
      chamfered peripheral section which engages in a peripheral undercut on the
      rim of the shell 1 of the dryer drum.
PAR  The tie rods of any of the embodiments may be provided with an axial bore
      incorporating a measuring rod consisting of the same material as the tie
      rod. This measuring rod is fixed at one end to one end of the rod and is
      freely movable in the axial direction at the other end. If the free end is
      fitted with a graduated scale, the tensile stress in the tie rod can be
      read off directly. It is also possible to arrange such a measuring rod
      directly beside the tie rod.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heated dryer drum, especially for a paper machine comprising; a closed
      cylindrical shell, end members connected to opposite ends of said shell,
      each end member engaging the axial end surface and the radially inner
      surface of the respective end of the cylindrical shell, journal means
      connected to said end members in the center and projecting axially
      outwardly therefrom for rotatably supporting said drum, and tie rod means
      inside said shell extending axially between and engaging said end members
      near the centers of the end members, said tie rod means adapted for being
      placed in tension thereby to draw said end members into prestressed load
      transmitting relation with said shell, said end members being axially
      resilient, each said end member gradually increasing in thickness in the
      radially inward direction, and being about four times as thick in the
      axial direction in the center as it is near the periphery, said tie rod
      means engaging said end members in the axially thickest regions thereof.
NUM  2.
PAR  2. A heated dryer drum according to claim 1 in which said tie rod means
      comprises a plurality of tie rods distributed about the axis of rotation
      of the drum.
NUM  3.
PAR  3. A heated dryer drum according to claim 1 in which said tie rod means
      comprises at least one tie rod on the axis of rotation of the drum.
NUM  4.
PAR  4. A heated dryer drum according to claim 1 in which said tie rod means
      incorporate spring means therein.
NUM  5.
PAR  5. A heated dryer drum according to claim 1 in which said tie rod means
      includes adjusting means incorporated therein for adjusting the tension on
      said tie rod means.
NUM  6.
PAR  6. A heated dryer drum according to claim 1 in which said tie rod means
      includes axial first passage means therein communicating with the outside
      of the drum and radial second passage means leading from said first
      passage means into the interior of said shell.
NUM  7.
PAR  7. A heated dryer drum according to claim 3 in which said drum is
      internally heated, and said one tie rod includes axial first passage means
      communicating at one end with the outside of the drum, and second passage
      means in said one tie rod leading from said first passage means into the
      interior of said drum.
NUM  8.
PAR  8. A heated dryer drum according to claim 7 in which said one tie rod has
      at least one enlarged diameter region thereon inside said drum, said
      second passage means being disposed in said enlarged diameter region.
NUM  9.
PAR  9. A heated dryer drum according to claim 1 which includes at least one
      measuring rod parallel to and adjacent a respective tie rod and
      substantially axially coextensive therewith, said measuring rod being made
      of the same material as the tie rod, said measuring rod having one end
      connected to the adjacent end of the tie rod and comprising graduation
      means at the other end.
NUM  10.
PAR  10. A heated dryer drum according to claim 1 which includes means for
      heating said tie rod means during installation on adjustment thereof for
      assisting in imparting a desired preload thereto.
NUM  11.
PAR  11. A heated dryer drum according to claim 1 in which said journal means
      comprises a shaft member at one end of the drum having a flange engaging
      the respective end member on the outer side and having a rod-like portion
      extending axially through the respective end member to the inside of the
      drum, an enlarged inner end on said rodlike portion, a central tie rod
      member in the drum having one end threadedly engaging the other end member
      and extending toward said rod-like portion, and means coupling the other
      end of said tie rod member to said enlarged inner end of said rod-like
      portion.
NUM  12.
PAR  12. A heated dryer drum according to claim 11 which includes steam inlet
      passage means in said shaft member and the respective end member,
      condensate withdrawl means comprising an axial bore in said other end
      member, and radial tube means carried by said other end member and having
      one end near the inner periphery of said shell and the other end in
      communication with said axial bore.
NUM  13.
PAR  13. A heated dryer drum according to claim 1 in which said journal means
      comprises shaft means protruding outwardly from said end members and
      having flanges engaging said end members on the axially outer sides, said
      tie rod means comprising rod-like extensions on said shaft means extending
      axially into said drum and threaded on the ends, said threaded ends being
      axially spaced from one another, and a coupling member threaded on said
      rod ends.
NUM  14.
PAR  14. A heated dryer drum according to claim 13 in which at least one of said
      rod-like extensions is formed with an axial passage, and said coupling
      member having radial passages therein connecting said axial passage with
      the inside of said shell.
NUM  15.
PAR  15. A heated dryer drum according to claim 3 in which at least one end
      member has a shouldered socket formed therein from the outside and into
      which the adjacent end of said tie rod extends, a nut in the socket
      threaded on the end of said tie rod, a compression member interposed
      between the nut and the bottom of the socket in the respective end member,
      said journal means for said one end member comprising a tubular member
      seated in the axially outer portion of said socket, passage means formed
      in said tie rod and leading from at least the end of the tie rod into the
      inside of said shell, and conduit means extending axially through said
      tubular member and communicating with said passage.
NUM  16.
PAR  16. A heated dryer drum according to claim 3 in which at least one end
      member has a shouldered socket formed therein from the outside and through
      which the adjacent end of said tie rod extends, said journal means for
      said one end member comprising a shaft member having a flange seated in
      said socket and a bore through which said tie rod extends, and a nut
      threaded on the end of said tie rod and engaging the axially outer end of
      said shaft member.
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ABST
PAL  A drum for a tumbler drier or washing machine is assembled from front and
      rear pressings and a wrapper, each secured only to a set of lifters to
      form a rigid construction. Plastic lifters and pre-coated metal parts
      eliminate a need for painting after assembly.
BSUM
PAR  THIS INVENTION relates to domestic appliances, and more particularly to
      construction of a drum for a tumbler drier or washing-machine in which the
      drum is assembled from component parts without the need for welding or
      lock-seaming equipment.
PAR  A drum of this kind is formed normally in a cylindrical shape with a curved
      wrapper held between essentially flat back and front pressings. The
      wrapper carries inwardly-directed lifters which serve during rotation of
      the drum to lift its contents, thus, in the case of a tumbler drier,
      allowing these to fall through a stream of warm air passing through the
      drum. The drum contents therefore become gently agitated in the warm air
      stream, so that after a suitable time interval they are dried.
PAR  The drum will usually have at least three lifters but this number can
      easily be four or more so that a suitable degree of agitation will be
      provided for a given speed of rotation.
PAR  In the construction of a drum for a tumbler drier it is usual to provide
      special equipment for a welding or lock-seaming operation to join together
      the separate parts of the drum. This equipment is costly to install and it
      is necessary also at an early stage to take into account what plant may be
      already available for providing a protective interior surface coating to
      the completed assembly. With a painting operation using a dipping or
      electrophoretic process there may be no special difficulty in coating the
      interior of the drum. However, a conventional automatic electrostatic
      paint plant is not so suitable for this task.
PAR  We have now found a way of constructing a drum in which the need for a
      separate painting operation on the interior surface of the assembled drum
      can be avoided.
PAR  According to the invention, there is provided a drum for a domestic
      appliance, the drum comprising back and front pressings, a wrapper and
      lifters, in which the wrapper and back and front pressings are secured to
      the lifters to form a hollow, rigid construction. Conveniently, the
      lifters are provided with integral sockets into which suitable screws can
      be fastened.
PAR  The wrapper may be made of a pre-painted sheet steel material. This paint
      coating may be of a very tough paint composition such as one incorporating
      an epoxy resin. This is a particularly suitable treatment for the wrapper
      since this part of the drum has to withstand any hammering or scratching
      that may occur during operation of the drier due to buttons, buckles or
      other hard parts attached to the clothes.
PAR  The back and front pressings may be made of pre-painted sheet steel.
PAR  The invention also comprises a tumbler drier or washing-machine including a
      drum the parts of which are secured together by means of the lifters.
DRWD
PAR  By way of example an embodiment of the invention will be further described
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front view of the complete tumbler drier,
PAR  FIG. 2 is a perspective view of a front-loading type of washing-machine,
PAR  FIG. 3 is a rear view of the drum with the back pressing removed, and
PAR  FIG. 4 is a sectional view of the complete drum taken along the line IV--IV
      on FIG. 2.
DETD
PAR  As shown in FIG. 1, the tumbler drier comprised a cabinet 1, having a door
      2 through which clothes for drying could be passed into the rotatable drum
      of the drier. The duration of the drying operation is set by means of a
      timer dial 3 and during this period the drum is rotated whilst warm air is
      passed through the drum. The damp air leaving the drum is discharged
      through an outlet in the rear face of the cabinet.
PAR  FIG. 2 shows a front-loading washing-machine having a cabinet 1 and door 2.
PAR  FIG. 3 gives a view of the drum with the back pressing removed. The front
      pressing 4 is a circular shape with a raised flange 5 located round its
      periphery. Within the flange 5, the wrapper 6 is positioned and the
      wrapper is then held in place by means of self-tapping screws through the
      front pressing 4 which are fixed in the lifters 7. Each lifter is also
      secured to the wrapper by means of three screws as can be seen more
      clearly in FIG. 4.
PAR  A back pressing 8, similar in shape to the front pressing 4 and also having
      a peripheral flange, is then fixed over the wrapper and is also secured by
      screws.
PAR  The back and front pressings in this example were electrostatically painted
      as a suitable plant was available. The wrapper was a pre-painted sheet
      steel material. The lifters were made of a molded thermoplastics material
      having integral sockets for receiving self-tapping screw fasteners.
PAR  Leakage of air from between the flanges 5 and the wrapper 6 was prevented
      by means of strips of self-adhesive tape which were applied to the outside
      of the wrapper to cover these joints.
PAR  A joint 9 at the ends of the wrapper was arranged to occur beneath one of
      the lifters 7. This joint also was sealed against leakage of air by means
      of a strip of tape.
PAR  The back pressing had a large number of perforations while the front
      pressing included a large central opening 10 which co-operated with
      suitable air ducting for feeding the air supply into and out of the drum.
PAR  When required for use in a washing-machine, the drum may be provided with a
      wrapper of perforated sheet metal and the back pressing may be attached to
      a horizontal shaft for mounting and rotating the drum.
PAR  The drum of the invention was found to be capable of being built with only
      very simple tools, yet it formed an extremely rigid and robust
      construction. The problem of painting the internal surfaces was overcome
      by using pre-painted sheet material and in this way the coating of the
      wrapper for example may be chosen to have optimum abrasion resistance for
      the work that this part has to do.
PAR  The foregoing description of an embodiment of the invention has been given
      by way of example only and a number of modifications may be made without
      departing from the scope of the invention. For example, it is not
      essential that the wrapper should be made of a painted steel material and
      for a particular application this could be made alternatively of a
      stainless steel or a plastics-coated steel. The back and front pressings
      could be made of pre-painted material instead of being electrostatically
      painted.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A drum for a domestic appliance, said drum comprising a back pressing, a
      front pressing, a wrapper, a plurality of lifters each having a side and
      two ends, a plurality of securing devices fastening the back pressing to
      one end of each lifter, a plurality of securing devices fastening the
      front pressing to the other end of each lifter, and a plurality of
      securing devices fastening the wrapper to said lifter sides such that the
      pressings and wrapper from the ends and side of a drum respectively,
      structural connection of the pressings to the wrapper being provided by
      said securing devices solely.
NUM  2.
PAR  2. A drum as claimed in claim 1 in which the lifters are formed of a
      plastic material molded with integral sockets for receiving self-tapping
      screws, and said securing devices are self-tapping screws.
NUM  3.
PAR  3. A device as claimed in claim 2, in which the wrapper is formed of a
      pre-coated material.
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ABST
PAL  An air jet drying machine having a plenum chamber including a wall in which
      one or more apertures are formed. Heated air is supplied to the plenum
      chamber and passes out through the aperture or apertures to impinge on a
      web or sheet on a conveyor beneath the plenum chamber. The velocity at
      which air impinges upon the web or sheet may be adjusted by adjusting the
      mass rate of air flow into or out of the plenum chamber or, preferably, by
      varying the distance between the conveyor supporting the articles and the
      plenum chamber.
PARN
PAR  This is a continuation of application Ser. No. 224,675, filed Feb. 9, 1972,
      now abandoned.
BSUM
PAR  The invention relates to jet air drying apparatus and in particular to
      means whereby optimum drying efficiency can be obtained under a variety of
      conditions and for different types of articles (e.g. printing stock) to be
      dried.
PAR  Jet air drying machines for the evaporative drying of ink on printed sheets
      are well known and widely used throughout the screen printing industry.
      Essentially, they comprise a conveyor belt which transports printed sheets
      under a plenum chamber from which air emerges through holes or slots and
      impinges on the wet ink to promote rapid evaporation of the ink solvents.
      The impinging air can be warm or cold and frequently both are sequentially
      employed. The warm air promotes more rapid evaporation and the cold air
      reduces the temperature of the sheets before they emerge from the dryer
      and are stacked.
PAR  The velocity of the impinging air is an important factor in the efficiency
      of such machines and in general, the higher the velocity at the point of
      impingement the more rapid is the rate of drying. However, excessively
      high air velocities can give rise to undesirable side effects when used
      with certain types of ink or sheets. For example, large areas of wet ink
      may be rippled and the dried surface of the print may be marred in
      consequence; thin sheets may be forced down into gaps between conveyor
      tapes or into the open areas of a mesh type conveyor belt and the dried
      sheet may be distorted: excessive flutter may develop on the sheet
      particularly if the edges are curled, and this may cause the sheet to lift
      and contact the underside of the plenum chamber resulting in smudging of
      the printed page.
PAR  According to this inventin an air jet drying machine comprises a plenum
      chamber including in a wall thereof one or more apertures, means for
      supporting an article to be dried adjacent the chamber, so that in use air
      issuing from the aperture impinges upon an article, and means for
      adjusting the velocity at which air impinges upon the said article.
PAR  The velocity of impingement may be varied by controlling the mass rate of
      flow of air to the plenum chamber and hence from the plenum chamber, or by
      varying the distance between the means for supporting an article to be
      dried and the plenum chamber, or by a combination of both.
PAR  According to a preferred embodiment of this invention an air jet drying
      machine comprises a plenum chamber including in a wall thereof one or more
      apertures, a conveyor for articles to be dried and located adjacent the
      chamber so that air issuing from the apertures is directed towards the
      conveyor, and means for effecting relative movement of the conveyor and at
      least part of the plenum chamber to vary the distance between the conveyor
      and the apertures.
PAR  Conveniently, the means for effecting the said relative movement comprises
      a means for raising and lowering at least one end of the conveyor.
PAR  One advantage of the invention is that thick or badly curled work pieces
      can be accommodated without fear of them scuffing or jamming on the
      underside of the plenum chamber by suitably varying the distance between
      the conveyor belt and the plenum chamber.
DRWD
PAR  The invention will now be described by way of example, with reference to
      the accompanying drawings of which:
PAR  FIG. 1 shows a composite longitudinal section of an air jet drying machine;
PAR  FIG. 2 shows a composite cross sectional view of the machine shown in FIG.
      1;
PAR  FIGS. 3 and 4 show details of a hydraulic system for raising and lowering
      the conveyor; and
PAR  FIG. 5 shows an adjustable support means for the conveyor; and
PAR  FIG. 6 shows a cross-section on AA in FIG. 5.
DETD
PAR  In the embodiment shown in FIGS. 1 and 2, two drying stages are illustrated
      each of which is capable of supplying air at the same or at different
      temperatures and pressures. Each encased set of side frames 1 encloses a
      centrifugal fan 2 which blows air across a bank of heaters 3 and thence by
      way of ducts 4 to a plenum chamber 5. Air emerges from the plenum chamber
      5 through holes or slots 6 set in the underside of the chamber and
      impinges on a web or sheet (not shown) which is carried through the
      machine by a conveyor belt 7.
PAR  The machine may include suction means for retaining the web or sheet on the
      conveyor as the web or sheet is carried by the conveyor into the plenum
      chamber to prevent lift and flutter of the web or sheet.
PAR  In the embodiment shown in FIG. 1 the fan is situated below the conveyor
      belt and spent air is collected and returned by way of duct 8 to the
      centrifugal fan 2 and recycled. In this case the suction means may
      comprise adjustable means provided in the region where the conveyor enters
      the plenum chamber for controlling the passage of spent air from the
      plenum chamber to the fan. This creates a negative pressure below the
      conveyor which assists in retaining light or flimsy sheets on the conveyor
      at entry to the plenum chamber.
PAR  The conveyor belt 7 is adjustable between the (full line) position shown at
      7 and an upper (dotted) position 7a which is closer to the underside of
      the plenum chamber.
PAR  The centrifugal fan 2 is driven by an electric motor 9 through a variable
      speed coupling 10 by means of which the rotational speed of the fan can be
      varied. This governs the mass rate of flow of air supplied to the plenum
      chamber and this in turn governs the velocity of air emerging from the
      chamber and impinging on the web or sheets being dried.
PAR  Adjustment of the position of the conveyor may be achieved in any one of a
      number of ways. FIGS. 3 and 4 show a hydraulic system for raising or
      lowering one or both ends of a conveyor 12. Each end of a frame 13
      supporting the conveyor 12, is pivotally mounted in a yoke 14 to
      facilitate the raising or lowering of one end only of the conveyor 10.
      Each yoke is attached to a piston rod 16 connected to a piston 18 slidable
      in a cylinder 20.
PAR  Fluid under pressure is supplied to the cylinder 20 along a supply pipe 22
      from a hydraulic pump 24 which may be electrically or manually operated
      and a back pressure valve 2 ensured that fluid in the cylinder does not
      seep back through the supply pipe 22. Thus, the conveyor 12 is raised by
      pumping fluid into the cylinder 20.
PAR  On opening an exhaust valve 28 the weight of the conveyor is sufficient to
      displace the piston 18 and to thereby transfer fluid from the cylinder 20
      to the reservoir 30 along the outlet pipe 32. In this way the conveyor may
      be lowered to a desired position.
PAR  In FIG. 1 the conveyor is mounted upon pivotal links 34 which may be
      automatically or manually operated to raise or lower the conveyor.
PAR  FIG. 5 shows a conveyor 12 mounted in a Frame 13 and passing beneath a
      plenum chamber 5. The frame 13 is supported upon two (one shown) stops or
      pegs 38 passing through one of a series of holes 40 formed in a bracket 42
      attached to supporting structure 44.
PAR  The stop or peg 38 is formed with a hand nut 46, a screwed threaded portion
      47 and portion 48 upon which the frame 13 is supported, (FIG. 6). The stop
      or peg is screwed into a hole in the bracket and is thereby retained in
      the hole.
PAR  Such an arrangement may be provided at entry to and/or exit from the plenum
      chamber.
PAR  To adjust the height of one or each end of the conveyor it is necessary
      simply to remove the stops or pegs from one pair of holes corresponding to
      a particular height and place the pegs in another pair of holes
      corresponding to a different height. Counter balance-weights or springs
      may be used to reduce the effective weight of the conveyor and thereby
      assist manual raising of the conveyor.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An air jet drying machine comprising
PA1  a fixed plenum chamber including in a wall thereof one or more apertures,
PA1  means for supporting an article to be dried adjacent the plenum chamber,
PA1  means for issuing air from the aperture or apertures to impinge upon such
      article,
PA1  a fixed exhaust chamber positioned to receive air after it has issued from
      the plenum chamber and has impinged on said article,
PA1  said support means comprising an endless conveyor belt wherein both runs
      are positioned between the plenum chamber and the exhaust chamber,
PA1  said fixed exhaust chamber including exhaust means for maintaining a
      pressure differential across said conveyor to hold articles on said
      conveyor, and
PA1  means for moving said conveyor belt towards or away from said plenum
      chamber to vary the distance therebetween and thus vary the velocity at
      which air impinges upon the article supported on said conveyor belt.
NUM  2.
PAR  2. An air jet drying machine according to claim 1 wherein at least one end
      of the conveyor is supported upon stops on a supporting structure, the
      position of the stops being adjustable.
NUM  3.
PAR  3. An air jet drying machine according to claim 2 including at least one
      series of holes formed in the supporting structure and a corresponding
      number of pegs constituting the said support to permit raising and
      lowering the conveyor by removing the peg or pegs from one hole or set of
      holes corresponding to a particular height and placing the peg or pegs in
      another hole or set of holes corresponding to a different height.
NUM  4.
PAR  4. An air jet drying machine according to claim 1 and including means for
      raising and lowering at least one end of the conveyor.
NUM  5.
PAR  5. An air jet drying machine according to claim 1 including counter balance
      weights or springs to reduce the effective weight of the conveyor.
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ABST
PAL  An oven for uniformly heating parisons to a target temperature, including a
      movable wall portion which is raised and lowered to accommodate parisons
      of various axial lengths. The movable portion maintains a confined flow
      path to minimize stray air currents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to blow molding of oriented hollow articles of
      thermoplastic material and more specifically to an oven for heating
      parisons to a predetermined temperature.
PAR  In recent years, there has developed techniques whereby blow molded
      articles are produced having biaxial orientation, which articles have
      exceptional strength and highly desirable physical properties such as
      clarity. This technique involves forming a parison, cooling it to well
      below its melting point, and thereafter heating it to its orientation
      temperature. The orientation temperature is just below the crystalline
      melt point in the case of crystalline materials and 40.degree. to
      225.degree. F. below the homogeneous melt point for amorphous materials.
      Such techniques are disclosed in U.S. Pat. Nos. 3,288,317 and 3,390,426.
PAR  Ovens for heating such parisons can be found in U.S. Pat. Nos. 3,752,641;
      3,740,868; and 3,801,623, and in co-pending application U.S. Ser. No.
      473,290, filed May 24, 1974, all of the above assigned to the assignee of
      the present invention. Generally, tubular parisons are carried on pin
      structures on a movable chain through the oven. As will be readily
      appreciated from a review of the prior art cited above, the two major
      problems relating to the oven are: the time it takes to heat certain
      materials, such as polypropylene, and uniformly heating the inner and
      outer parison walls along the axial length of the parison. In U.S. Ser.
      No. 473,290, said application hereby being incorporated by reference, the
      velocity of the heating fluid is increased to the distortion velocity of
      the parisons, and a tempering zone was added to reduce the heating time to
      equalize the temperatures of the inner and outer walls of the parisons.
      But, the prior art ovens do not provide for uniformly heating parisons
      which have various axial lengths. The oven was designed to heat the
      parisons of a predetermined maximum length, but in doing so, when parisons
      of a predetermined minimum length are heated, large stray currents occur
      which result in a nonuniform heating environment. The resultant bottles of
      the smaller lengths are often unsatisfactory.
PAR  What is desired then is a parison oven which can minimize the stray heating
      air currents within the oven and provide a uniform temperature profile to
      parisons of various axial lengths to uniformly heat the same.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, an oven is provided for heating tubular
      thermoplastic parisons, the oven including a ceiling wall member, a floor
      wall member, and four side wall members which cooperatively define the
      heating plenum. Heating fluid is supplied to the plenum from one of the
      side wall members. At least a portion of the ceiling wall member adjacent
      the heating fluid supply means is movable independently of the side wall
      members. Power means are provided to move at least a portion of the
      ceiling wall member of the oven. The ceiling wall member can then be
      raised or lowered to expand or restrict the flow path of heating fluid
      through the plenum. For smaller size parisons, the ceiling wall member is
      lowered to confine the flow path of the heating fluid to be closely
      adjacent the top portion of the parisons. For larger size parisons, the
      ceiling wall member is raised to allow the parisons to pass through the
      oven and yet still confine the flow path of heating fluid to a position
      closely adjacent the top portion of the parisons. This substantially
      reduces the stray air currents, and provides for an improved temperature
      profile through the oven.
PAR  Although only one embodiment has been shown, it will be obvious to those
      skilled in the art that modifications can be made without departing from
      the spirit and scope of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view partly in section of an oven formed in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a plan view of the oven in FIG. 1; and
PAR  FIG. 3 is a side elevational view partly in section of the oven shown in
      FIG. 1 and on an enlarged scale.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and more specifically to FIG. 1, there is
      generally shown an oven structure 10. The oven 10 is generally comprised
      of two opposed insulated side wall members 13 and two opposed insulated
      side wall members 15, (FIG. 2).
PAR  The bottom portion of the oven is defined by an insulated floor wall member
      16. A ceiling wall member 17 includes an insulated fixed wall portion 18
      which is secured to the side wall members 13. The ceiling wall member also
      includes an insulated cover portion 19 which cooperated with the fixed
      wall portion 18 to define the upper ceiling portion of the oven. A movable
      wall portion 20 is disposed within the cover portion 19 and forms part of
      the lower ceiling of the oven.
PAR  Referring to FIG. 3, it can be seen that a first high pressure plenum 21 is
      disposed on side wall 15. The plenum 21 has a perforated plate facing the
      interior of the oven. An intermediate pressure plenum 22 is disposed upon
      the opposing wall 15 and has a perforated plate facing the interior of the
      oven.
PAR  An exhaust chamber 24 is disposed between the high pressure plenum 21 and
      the intermediate pressure plenum 22. The exhaust chamber 24 has suitable
      perforated plates on each side 25a and 25b to receive air from the plenums
      21 and 22 respectively. A suitable seal structure 26 is disposed between
      the exhaust plenum 24 and the top wall 19. The plenum 21 and the exhaust
      chamber 24 define a first heating zone 28. The plenum 22 and the exhaust
      chamber 24 define a second zone 30 for tempering of the parisons.
PAR  The cover portion 19 has two parallel support structures 33 (FIG. 2)
      connected at its intermediate section by support structure 34. A plurality
      of eyebolts 36 are secured to the support structures 33 and 34 for easy
      removal of the cover portion 19. Four lifting jacks 38 are secured to the
      cover portion and are supported on bracket structures 39.
PAR  A cross shaft member 41 is disposed between two of the lifting jacks 38.
      The shaft 41 is rotatably connected to the jacks 38 through couplings 43.
      Secured to one end of the cross shaft 41 is sprocket 44. Sprocket 47 is
      secured to shaft 48 and chain member 45 is connected to sprockets 44 and
      47.
PAR  Secured to the other end of shaft 41 are sprockets 49 and 50. Shaft 40
      activates jack 38 and has sprocket 42 secured thereto. Chain 46 is
      rotatively secured to sprockets 42 and 49.
PAR  Bracket 56 supports shaft 51 between bearings 53. Bracket 56 is secured to
      the cover portion 19. Handwheel 55 is secured to one end of the shaft 51
      and sprocket 52 is secured to the other end of the shaft. Chain 58 is
      secured to sprockets 50 and 52. All of the sprockets 42, 44, 47, 49, and
      50 are on the same vertical level. The cover portion and the apparatus to
      control the movable wall portion is outside of the oven and is secured to
      the cover portion so that when the cover is removed no disassembly is
      necessary to allow access to the inside of the oven.
PAR  As best seen in FIGS. 1 and 3, each lifting jack 38 has a rod member 57
      projecting down through the cover portion 19, and being fastened at the
      bottom of the movable wall portion 20. The rod members 57 are slidable
      within the cover portion 20 to move the wall portion 20 relative to the
      cover portion. The wall portion 20 is positioned within the first heating
      zone 28 and covers four rows of parisons within the first heating zone
      (FIG. 3).
PAR  Suspended from the wall portion 20 and projecting towards the interior of
      the oven is a plurality of angle members 60. The angle members correspond
      to the first four rows of parisons.
PAR  In operation, a plurality of parisons are fed to a conveying device (not
      shown) in the first heating zone 28. High velocity heating fluid is
      supplied to the zone 28 through plenum 28 and exits through exhaust
      chamber 24. Pressurized fluid is supplied to the second zone 30 from
      plenum 22 and exits through the opposite side of exhaust chamber 24. The
      parisons are conveyed through six serptinuous rows within the first
      heating zone and are then conveyed through two rows in the second zone 30
      where they are uniformly tempered to a target temperature. This is more
      fully described in previous cited application, Ser. No. 473,290.
PAR  For smaller size parisons, the handle 55 is turned which turns shaft 51,
      sprocket 52, chain 58, sprockets 50, 49, 42, 44, 47 and chains 45a and 46
      to actuate the lifting jacks 38. This lowers the corresponding rods 55.
      Since the jacks 38 and rods 57 are at the same height, the movable wall
      portion 20 is moved downwardly evenly and parallel to the bottom wall 16
      of the oven. This, therefore, funnels the heating air for the first four
      rows to a close proximity to the top portions of the parisons. For the
      larger size parisons, handwheel 55 is rotated in the opposite direction
      thereby raising the rods 55 of the lifting jacks 38. The movable wall
      portion 20 thereby rises allowing for passage therethrough of the larger
      size parisons and a controlled heating flow path.
PAR  The effect of having variable control of the flow path allows for much more
      efficient heat transfer between the heating air and the parisons. Higher
      velocity air flow is more uniformly maintained during the most critical
      heating period. The air is substantially controlled and prevented from
      residing in the previously vacant upper portion of the oven. Eddy currents
      or stray currents are substantially reduced and again the heat transfer
      effectiveness is increased. Therefore, this results in more efficient heat
      transfer and a more uniform heating of the parisons.
PAR  It will be further noted that a plurality of angle members 60 can be
      attached under some specific conditions to the movable wall portion 20.
      The parisons, which are open at the top tend to get a turbulent flow of
      heated air which enters through the top portion of the parison. This
      creates more heat transfer at the top portion of the parison than in the
      middle and bottom portion in the parison. By providing angle members or
      shield members, the speed and the turbulence of the air near the top of
      the parisons can be controlled to equalize transfer of heat to the
      parisons.
PAR  Although only one embodiment has been shown, it is intended that all matter
      contained in the foregoing description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oven for heating thermoplastic parisons of various lengths, said oven
      including:
PA1  a ceiling wall, a bottom wall, and four side walls cooperatively defining a
      heating zone;
PA1  a high pressure plenum structure being defined on one of said side walls;
PA1  means to supply heating fluid to said plenum structure and into said
      heating zone;
PA1  said ceiling wall being adjacent to said high pressure plenum structure
      defined on one of said walls;
PA1  said ceiling wall including a cover portion and a movable wall portion;
PA1  means to activate said wall portion to increase and decrease the flow path
      of the heating fluid;
PA1  said activating means maintaining said movable wall portion equally spaced
      from said bottom wall;
PA1  said activating means being mounted to said cover portion;
PA1  said activating means being equally spaced from the bottom wall of the oven
      and including rod members secured to the movable wall portion;
PA1  said rod members maintaining the movable wall portion at an equal height
      from said bottom wall; and
PA1  a cross shaft member rotatably connected to said activating means to
      simultaneously actuate said activating means and move the movable wall
      portion to an equal height from the bottom wall.
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ABST
PAL  An audio-visual unit presents a series of questions and corresponding
      multiple choice answers on a viewing screen in response to a series of
      pulses recorded on an audio magnetic tape. When each question is
      presented, a tone is generated for actuating a question counter, and the
      tone is automatically recorded on a magnetic tape cassette. An answer is
      selected by manually actuating a corresponding answer switch which causes
      a specific differential tone to be generated and also recorded on the
      magnetic tape cassette. The cassette recorder is momentarily actuated for
      the recording of each tone and has a series of lights which indicate the
      corresponding selected answer during both recording and playback. The
      electrical circuit also provides for quickly bypassing a series of
      subordinate questions of a program if a particular answer is selected to a
      primary problem question. The apparatus further includes a unit for
      transmitting the condensed recorded tones corresponding to the questions
      and selected answers at a high speed over a data phone set connected to a
      remote computer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the practice of medicine and dentistry, audio-visual equipment has been
      used for presenting programs to a patient to inform or advise the patient
      in regard to a particular medical or dental problem. For example,
      audio-visual programs have been used to educate a patient to the potential
      risks of any surgical procedure and with regard to preparing for a
      specific surgical operation or caring for a particular area of the body
      such as the proper way to brush and clean teeth or to use and care for
      contact lenses. Such audio-visual programs are normally presented to a
      patient at the physician's office.
PAR  It has also been found desirable to use audio-visual equipment for
      obtaining a patient's medical history with or without requiring an
      attendant nurse or physician, and for clearly informing a patient or the
      person responsible for the patient of the details in regard to a
      particular surgical operation prior to obtaining consent for such
      operation. In the use of audio-visual programs for obtaining a patient's
      medical history or for obtaining informed consent for general or specific
      use, it is necessary to have the patient participate by answering
      questions presented by an audio-visual program and to analyze answers to
      the questions in a rapid and efficient manner. In addition, the
      effectiveness of the informative or educational presentations can be
      evaluated, by response, for practical and research purposes.
PAR  One form of an audio-visual unit which provides desirable features is
      manufactured and marketed by the North American Phillips Corporation under
      the trademark of Norelco. The unit is also referred to as the
      "Pip"audio-visual cassette system and uses separate cassettes for the
      synchronized audio and visual programs. The visual program is presented by
      a "super 8"m.m. film roll and the audio tape is recorded with inaudible
      signals or pulses which control selective advancement of the film. The
      film may be moved either in increments of one frame or at any rate or
      multiple of up to 24 frames per second to provide a display of either
      single frame or natural motion on the viewing screen. A single fifty foot
      film strip is commonly used in the unit and provides up to 3,600 or more
      frames for any type program. The audio portion of a program is provided on
      a tape cassette, thereby presenting pertinent audible narrative.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved audio-visual and
      differential recording apparatus which is ideally suited for quickly and
      efficiently obtaining information or data from a medical patient or other
      individual, and for educating the patient or individual. The apparatus is
      also adapted to be used as an off-line computer terminal and provides for
      recording the data in a condensed form which can be quickly transmitted by
      mail or by a data phone set to a remotely located computer programmed to
      process the data. In addition, the apparatus provides for an immediate and
      rapid review of the patient's or individual's answers or responses.
      However, it is to be understood that the apparatus and method of the
      invention may also be used for educating and obtaining information or data
      from other individuals who are not medical patients.
PAR  The apparatus of the invention provides for substantial flexibility in
      presenting a series of questions either orally by an audio tape cassette
      or visually by projecting the questions onto a rear projection viewing
      screen along with a series of corresponding multiple choice answers. The
      apparatus also provides for conveniently selecting an answer to each
      question and for recording sequentially on a separate magnetic tape
      cassette those tones which correspond to the questions and those
      differential tones which correspond to the selected answers. According to
      the embodiment illustrated, the recording of each signal is accomplished
      by starting a tape cassette recorder only momentarily to record the
      signal. The cassette recorder unit which records the signals corresponding
      to the questions and selected answers, may also be used for monitoring the
      selected answers to the questions or during playback, provides a condensed
      visual display of the selected answer for each question presented.
PAR  The preferred form of audio-visual unit uses separate audio and visual tape
      cassettes and preferably has the capability of presenting the visual
      portion of a program at a variable rate of between one frame at a time and
      a rate whereby a continuous series of frames illustrates natural movement
      such as, for example, is mentioned above in reference to the "Pip" system.
      The audio-visual unit is connected to the cassette tape recorder and a
      control unit having a set of answer selection control switches. In
      accordance with the illustrated embodiment, one tone is recorded on the
      tape cassette when each question is asked and that tone also actuates a
      counter which counts the question presented. Each question tone is
      followed by a different tone which corresponds to the answer selected by
      actuating the corresponding control switch. The apparatus also provides
      for bypassing a series of subordinate or branching sequences of questions
      in response to the selection of a predetermined answer to a primary
      question.
PAR  Other features and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a system including an audio-visual unit, a
      tape recorder unit and an answer selection control unit which are
      constructed and assembled in accordance with the invention;
PAR  FIG. 2 is a perspective view of a high speed tape cassette player unit also
      constructed in accordance with the invention and adapted for transmitting
      recorded tones or signals over a data phone set;
PAR  FIG. 3 is an electrical schematic diagram of the components incorporated
      within the cassette player unit shown in FIG. 2; and
PAR  FIG. 4 is an electrical schematic diagram illustrating the connection of
      the components used in the system shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the audio-visual recording system or apparatus of the
      invention is illustrated, as an example, in connection with an
      audio-visual unit 15 which is manufactured by North American Phillips
      Corporation, as mentioned above, and sold under the trademarks "Norelco"
      and "Pip". In general the unit 15 includes a rear projection viewing
      screen 17 and is adapted to receive separate audio and visual cassettes
      which are located under a sliding access door 18. The visual cassette
      includes a fifty foot "super 8" mm film strip, and the audio cassette
      incorporates a sixty minute 1/4 inch magnetic tape. The projection of the
      visual program from the film strip onto the screen 17 is controlled by
      inaudible frequencies or pulses which are recorded on the audio cassette.
      Independent advancement or rewinding of the cassettes may be separately
      controlled by depressing a set of push button control switches 19, if
      necessary.
PAR  The audio program is prerecorded with a series of advance and stop pulses.
      When a stop pulse is sensed, both the audio and visual cassettes within
      the unit 15 are automatically stopped with a frame image being projected
      onto the screen 17, and a lamp 21 (FIG. 1) is energized to provide a
      visual indication that the unit awaits a command to proceed. For purposes
      of illustration, it is assumed that the program for the video cassette
      consists of a series of questions and multiple choice answers with one
      question and a corresponding set of multiple choice answers being visually
      presented by one frame of the film strip. A question may also be presented
      orally by the audio tape, according to the desired programming.
PAR  As illustrated in FIG. 1, the audio-visual unit 15 is connected by a
      multiple conductor electrical cable 23 and a plug connector 24 (FIG. 4) to
      a cassette recorder and playback unit 25. Both of the units 15 and 25 are
      remotely controllable by a control box or unit 30 which is normally
      positioned near the audio-visual unit 15 so that the patient or other
      individual viewing the screen 17 can also operate the control unit 30. The
      recorder unit 25 incorporates a No. 1623 play back cassette recorder 26
      which is manufactured by the V-M Corporation of Benton Harbor, Michigan.
      However, other commercially available recorders may be used.
PAR  Referring to the schematic electrical diagram of FIG. 4, a portion of the
      electrical control components within the audio-visual unit 15 are enclosed
      within a box illustrated by the reference number 15. The components within
      the control unit 30 are enclosed with a box illustrated by the reference
      number 30 and the remaining components shown in FIG. 4 are enclosed within
      the cassette recorder unit 25.
PAR  Thus referring to the audio-visual unit 15, the existing or standard two
      track play head within the unit 15 is replaced with a four track head H,
      and tracks one and two are connected to the existing electronics within
      the unit 15. A preamp circuit P1 is installed within the unit 15 for
      contacting track four to the control circuit in the unit 25, as shown in
      FIG. 4. This allows the unit 15 to operate according to its original
      design specifications as well as producing a control track for the unit
      25. The new audio cassette used on the modified Pip unit 15 is recorded
      with the audio on track number one and the film advance control pulses on
      track number two. Track number three is blank, and track number four is
      used to record three tones. The first tone of 200 Hz indicates that a
      question has been asked, and a second tone of 400 Hz indicates that the
      question is a primary question. The third tone of 800 Hz indicates that a
      primary question and all subordinate questions are completed.
PAR  When a question is asked by the presentation of a frame on the screen 17, a
      200 Hz tone on track number four is sensed and energizes relay K19 to
      shunt capacitor C8 by closing of contacts 1K19. The capacitor C8 activates
      transistor X1 which energizes relay K8 thus closing contacts 2K8 starting
      the motor M1 of the cassette recorder 26. The energizing of relay K19 also
      closes contacts 2K19 to energize relay K9 which opens contacts 1K9 for
      starting a time delay at relay K18 by capacitor C18 discharging through
      the coil of relay K18. Relay K9 also closes contacts 2K9 thus holding
      relay K9 in an energized condition with a positive voltage supplied
      through contacts 1K18 and 2K9 to the coil of relay K9.
PAR  When the time delay is completed, relay K18 relaxes and closes contacts
      2K18 to energize the 800 Hz tone circuit forming a part of an integrated
      circuit tone generator unit 35 manufactured by Columbia Scientific
      Industries. The 800 Hz tone is sent to the recorder 26 for placing a 800
      Hz tone on the tape and thereby indicate that a question has been asked.
      The 800 Hz tone also advances by one number an electrically actuated
      digital counter 36 (FIG. 4) positioned on the front of the unit 25. After
      relay K18 relaxes, relay K9 relaxes and then relay K18 resets so that the
      circuit returns to a question indicated condition. Relay K8 relaxes and
      awaits the next 200 Hz tone. The total operation takes 0.5 second and
      occurs anytime a 200 Hz tone is sensed.
PAR  When a film stop pulse on tape track two is sensed by unit 15, the light
      indicator 21 energizes, and the unit 15 will stop the audio tape by
      deenergizing the motor M2 within the Pip unit 15. When lamp 21 is
      energized, relay K3 is also energized, closing contacts 1K3 and energizing
      relay K15. Contacts 1K15 open and start a time delay of 0.3 second on
      relay K10 and capacitor C10. When relay K10 relaxes, a positive voltage is
      applied through contacts 1K10 to relay K17 and to a lamp L5 located within
      a corresponding double pole, double throw push button switch S5 within the
      control box 30. The voltage is also applied to switches S1, S2, S3 and S4
      within control box 30. When relay K17 is energized, it closes contacts
      1K17 and applies a positive voltage to switch S5. Contacts 2K17 close the
      circuit to capacitor C8 so that the control box 30 is operational and the
      patient may select any answer 1, 2 3 or 4 and proceed to the next
      question.
PAR  Preferably, four multiple choice answers are presented, and the light
      indicating switches S1-S4 are provided with the numbers 1-4, corresponding
      to the four multiple choice answers. Due to the interconnection of the
      switches S1-S4 and the corresponding relays K7, K6, K5 and K4, only one
      answer may be selected. When the patient is satisfied with the answer
      which he selected by depressing the corresponding switch S1-S4, he then
      depresses switch S5.
PAR  When switch S5 is depressed, it also shorts out capacitor C8 at transistor
      X1 and thereby energizes relay K8 to close contacts 2K8 for energizing the
      tape cassette recorder motor M1 for a time interval of one second. The
      closing of switch S5 also applies a positive voltage to relay K13 which
      opens contacts 3K13 and deenergizes relay K14 which is normally energized.
      This starts the 0.5 second time delay which is controlled by the capacitor
      C14 discharging through relay K14.
PAR  When relay K14 relaxes, relay K12 is energized for 0.3 seconds. Depending
      upon which push button switch S1-S4 was depressed according to the
      selected answer, the corresponding tone generator is produced within the
      tone generator unit 35, and the tone corresponding to the selected answer
      is sent to the cassette recorder 0.5 seconds after the recorder motor M1
      is energized. When relay K14 relaxes, it also relaxes relay K13 by opening
      of contacts 1K14. Relay K16 is energized by the closing of contacts 2K14
      and due to relay K8 being energized. This charges capacitor C16, and the
      closing of contacts 3K8 shorts out capacitor C3 through resistor R8 so
      that the capacitor C3 is discharged.
PAR  If the question is not a primary question, when an answer is selected by
      depressing of the corresponding switch S1-S4, relay K8 will relax one
      second after being energized. When relay K8 relaxes, relay K16 holds for
      0.3 seconds so that a positive voltage is sent through contact 4K8 to
      capacitor C3. This causes relay K1 to be energized for 0.3 seconds so that
      contacts 2K1 are closed and contacts 3K1 are opened to actuate the
      controller M2 of the audio-visual unit 15. This actuation of the unit 15
      deenergizes the light 21 and causes the audio-visual program to continue.
      Also when relay K8 relaxes, the recorder motor M1 stops by opening of
      contacts 2K8. During this portion of the cycle, the corresponding answer
      indication light B1-B4 located on the front of the cassette recorder unit
      25 will be energized momentarily to indicate the answer which has been
      selected on the unit 30. Thus the digital counter 36 and the answer
      indication lights B1-B4 may be used for monitoring the responses of the
      patient or individual participating in the program.
PAR  When a primary question is asked, it will be followed by one or more
      secondary questions and may be used at any time. A "no" answer to a
      primary question is always indicated by closing switch S1. A primary
      question is indicated by a 400 Hz tone recorded on track number four of
      the control cassette within the unit 15. The end of a sequence of primary
      and subordinate or secondary questions is indicated by an 800 Hz tone
      recorded on track number four of the control cassette within unit 15. As
      mentioned above, when a question is asked, the 200 Hz tone is recorded on
      track number four. If a 400 Hz tone is sensed at the same time, relay K20
      energizes, and contacts 1K20 hold the relay in an energized condition. The
      closing of contacts 2K20 also connects relay K11 to open contacts 1K7 and
      4K11.
PAR  If a "no" answer is selected by closing switch S1 and then depressing
      switch S5, a positive voltage will pass through contacts 1K13 so that
      relay K13 is energized. Closed contacts 1K7, 2K13 and closed contacts 2K20
      will energize relay K11 so that contacts 4K11 hold relay K11 energized
      until contacts 2K20 are opened. The energizing of relay K11 also closes
      contacts 3K11 which hold the recorder motor M1 in a run condition. The
      closing of contacts 2K11 applies a positive voltage on relay K11 to close
      contacts 2K1 and open contacts 3K1 thereby bypassing any further stop
      pulses from unit 15. The closing of contacts 1K11 places a positive
      voltage on relay K2 opening contacts 1K2 to deenergize the projection lamp
      L6 within the unit 15 so that no visual indication is seen by patient when
      a series of secondary questions are being by-passed.
PAR  The depressing of switch S5 again completes the sequence as discussed
      above. In this bypass condition, the control box 30 is inoperative, and
      light 21 will not come on. Each time a 200 Hz tone is sensed on track
      number four, a question will be counted, thus bypassing all subordinate
      questions. Since a "no" answer to a primary question is always selected by
      depressing switch S1, when a "no" answer is selected, the next primary
      question is presented on the screen 17.
PAR  One second prior to the presentation of the next primary question, a 800 Hz
      tone is recorded on cassette track number four. This tone is sensed by the
      control circuit for energizing relay K21 to open contact 1K21 thereby
      opening the ground circuit to relay K20 and allowing it to relax and open
      contacts 1K20 and 2K20. Removing the positive voltage from relay K11 opens
      contacts 1K11 to relax relay K2 and reenergize the projection lamp L6. The
      opening of contacts 2K11 removes the positive voltage from relay K1 and
      allows the unit 15 to accept stop pulses. Opening contacts 3K11 stops the
      recorder motor M1 and opens contacts 4K11. All circuits return to the
      normal condition, waiting on the next command. If an answer 2, 3 or 4 is
      selected by depressing the corresponding switch S2, S3 or S4, and then
      depressing switch S5, either relay K22 or K23 or K24 will energize. This
      opens contacts 1K22 or 1K23 or 1K24 and opens the ground circuit of relay
      K20 which deenergizes and permits subordinate questions to be asked by the
      unit 15 in a normal sequence.
PAR  It is apparent from FIG. 4 that power is supplied to the units 25 and 30
      from the power supply which includes a transformer T1, a bridge circuit B1
      and a pair of capacitors C1. The value of the variable resistor R1 is 100K
      ohms, and each of the resistors R8, R10 and R11 has a resistance of 100
      ohms and a power consumption of 1/2 watt. The values of the capacitors at
      35 V.D.C. are as follows:
     C1    500 MFD    C10     25 MFD  C15    10 MFD                            
     C3    25 MFD     C12     75 MFD  C16    10 MFD                            
     C8    15 MFD     C13     10 MFD  C18    100 MFD                           
     C9    25 MFD     C14     50 MFD                                           
PAR  After the desired number of questions presented by the audio-visual unit 15
      have been answered by depressing one of the switches S1-S4 of the control
      unit 30 for each question and followed by depressing the switch S5, the
      condensed question and answer tones recorded on the tape cassette within
      the unit 25, may be played back on the unit 25. This is accomplished
      simply by rewinding the tape cassette on the unit 25, resetting the
      counter 36 to zero and then actuating the unit 25 in a play position. The
      tones on the tape corresponding to the questions presented, will be
      counted and displayed on the digital counter 36, and for each question,
      one of the lamps B1-B4 on the front of the unit 25 will be energized,
      indicating the selected answer to the question.
PAR  Referring to FIGS. 2 and 3, a tape cassette which is recorded on the
      recorder unit 25 with the different frequency pulses tones corresponding
      to the questions and answers, may also be placed on a transmitter unit 50
      which is constructed so that it may be connected directly with a Bell
      System dataphone set 402C (not shown) manufactured by the American
      Telephone and Telegraph Company. The unit 50 includes a tape cassette
      player 52 which operates at a speed of 7.5 inches per second which is four
      times the recording speed of 17/8 inches per second of the cassette
      recorder 26 within the recorder unit 25. The cassette player 52 receives a
      16.5 V.A.C. power supply from a transformer T2 which has its primary
      winding connected to a 110 V.A.C. power supply through a resistor R12 and
      a control switch S6. The output of the cassette player 52 connects with an
      amplifier assembly and transformer 55.
PAR  As a result of the higher speed of the cassette player 52, the tone
      receiver 58 receives tone frequencies of 200 Hz, 400 Hz, 800 Hz, 1600 Hz,
      and 3200 Hz in response to the recorded tone frequencies of 50 Hz, 100 Hz,
      200 Hz, 400 Hz, and 800 Hz. The tone receiver 58 is operated by a 12
      V.A.C. power supply and effects energizing of the corresponding relays K16
      and K20 for closing the corresponding contacts which connect with a plug
      connector 60 adapted to couple the transmitter unit to the 402 C dataphone
      set mentioned above.
PAR  The transmitter unit 50 and the 402C dataphone set are used when it is
      desired to transmit the condensed tones corresponding to the questions
      asked and the corresponding selected answers to a remotely located
      computer which is provided with a program for receiving and analyzing the
      coded tones. For example, if the series of questions and multiple choice
      answers presented by the audio-visual unit 50 consist of a program for
      obtaining the medical history of a patient, it may be desirable to have
      the questions and selected answers processed through a computer as quickly
      as possible so that the results are obtained by the patient's physician
      with minimum delay to assist him in treating the patient. Of course, the
      tape cassette recorded with the tones corresponding to the questions and
      selected answers, may also be mailed to the computer center for
      processing.
PAR  From the drawings and the above description, it is apparent that the
      apparatus of the invention provides desirable features and advantages. For
      example, the units 15, 25 and 30 cooperate to provide an economical
      off-line computer terminal for accumulating information or data from a
      patient or other individual. As mentioned above, the system may be used
      with an audio-visual program which is prepared to obtain a medical history
      from a patient or to inform a patient with respect to the details of a
      medical operation prior to obtaining his consent for the operation, or to
      present a variety of other education and/or data collecting programs.
PAR  The apparatus also provides for obtaining a patient's or individual's
      responses or answers in a condensed electrically coded form on a simple
      tape cassette. The cassette may be conveniently mailed to a prearranged
      data processing computer center or may be quickly transmitted to the
      computer center by mail or with the use of the transmitter unit 50 and a
      commercially available dataphone set. The recorder unit 25 may also be
      remotely located and monitored while a series of questions are being
      presented and answered, or may be used as a playback unit when it is
      desired to minimize the time for reviewing the questions and selected
      answers by observing the digital question counter 36 and the flashing of
      the lamps B1-B4 on the front of the recorder unit 25.
PAR  Another important feature is provided by the use of the audio-visual unit
      15 for presenting an audio-visual program to a patient or other
      individual. For example, the unit 15 provides flexibility in the
      presentation of questions and multiple choice answers since the audio and
      visual portions of the program are recorded on separate cassettes. For
      example, one prerecorded film program on the film cassette may be used in
      conjunction with different audio cassettes to provide for bypassing
      various selected groups of questions and corresponding multiple choice
      answers on the video or film strip. The unit 15 also provides for
      presenting a substantial number of questions since the 8 m.m. film strip
      provides up to 3600 or more frames.
PAR  While the method and form of apparatus herein described constitute a
      preferred embodiment of the invention, it is to be understood that the
      invention is not limited to the precise method and form of apparatus
      described, and that changes may be made therein without departing from the
      scope and spirit of the invention as defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. In apparatus for presenting a series of questions and corresponding
      multiple choice answers in incremental sequence to an individual and for
      recording his selected answer, and comprising an audio-visual unit
      including a magnetic tape player, a magnetic tape on said tape player and
      having a prerecorded audio program, said audio-visual unit further
      including a screen and a visual program incorporating a series of written
      questions and corresponding multiple choice answers for projecting onto
      the screen, the visual program being controlled by a series of electrical
      signals prerecorded on the magnetic tape which carries the audio program,
      means for producing an electrical pulse signal corresponding to each
      question presented, signal generating means for producing different
      electrical pulse signals corresponding to the multiple choice answers, the
      pulse signals for the answers also being different from the pulse signal
      for each question, and control means connected to operate said signal
      generating means to provide for selecting an answer and to produce a
      corresponding electrical pulse signal for the selected answer, the
      improvement comprising a magnetic tape recorder unit separate from said
      tape player and connected to record the pulse signal corresponding to the
      presentation of each question and the pulse signal generated in response
      to the selection of an answer, means for automatically and momentarily
      starting said tape recorder unit in response to the presentation of each
      question on said audio-visual unit and in response to the selection of an
      answer to effect recording of the corresponding pulse signals, time delay
      means for momentarily delaying the recording of each pulse signal until
      after said tape recorder unit is started, and means for automatically
      stopping said tape recorder unit immediately after each signal is recorded
      to produce a magnetic tape record of condensed different electrical pulse
      signals corresponding to the questions and selected answers.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said audio-visual unit is
      effective to display a series of frames presented on a continuous film
      strip, and said audio program is effective to advance the strip in
      increments of one frame or at a variable rate up to a predetermined speed
      which causes the individual frames to provide the appearance of motion,
      and said control means is also connected to control the starting of said
      audio-visual unit after each question is answered.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said control means comprise a
      plurality of manually actuated answer selection switches corresponding to
      the multiple choice answers presented by said audio-visual unit, and a
      manually actuated recording switch which is effective to actuate said
      signal generating means and said recording means after one of said answer
      selection switches is actuated.
NUM  4.
PAR  4. In apparatus for presenting a series of questions and corresponding
      multiple choice answers in incremental sequence to an individual and for
      recording his selected answer, and comprising an audio-visual unit
      including a magnetic tape player, a magnetic tape on said tape player and
      having a prerecorded audio program, said audio-visual unit further
      including a screen and a visual program incorporating a series of written
      questions and corresponding multiple coice answers for projecting onto the
      screen, the visual program being controlled by a series of electrical
      signals prerecorded on the magnetic tape which carries the audio program,
      means for producing an electrical pulse signal corresponding to each
      question presented, signal generating means for producing different
      electrical pulse signals corresponding to the multiple choice answers, the
      pulse signals for the answers also being different from the pulse signal
      for each question, and control means connected to operate said signal
      generating means to provide for selecting an answer and to produce a
      corresponding electrical pulse signal for the selected answer, the
      improvement comprising a magnetic tape recorder unit separate from said
      tape player and connected to record the pulse signal corresponding to the
      presentation of each question and the pulse signal generated in response
      to the selection of an answer, means for automatically and momentarily
      starting said tape recorder unit in response to the presentation of each
      question on said audio-visual unit and in response to the selection of an
      answer to effect recording of the corresponding pulse signals, time delay
      means for momentarily delaying the recording of each pulse signal until
      after said tape recorder unit is started, means for automatically stopping
      said tape recorder unit immediately after each signal is recorded to
      produce a magnetic tape record of condensed electrical pulse signals
      corresponding to the questions and selected answers, and means associated
      with said tape recorder unit for bypassing the recording of a series of
      pulse signals in response to selecting a predetermined answer.
NUM  5.
PAR  5. A method for presenting a series of questions and corresponding multiple
      choice answers in incremental sequence to an individual and for recording
      his selected answer, comprising the steps of preparing an audio-visual
      program with a series of questions and corresponding multiple choice
      answers, successively presenting the questions and corresponding multiple
      choice answers to the individual with an audio-visual unit, recording on
      the audio portion of the audio-visual program a series of electrical
      signals which control the advancement of the visual portion of the
      program, producing an electrical pulse signal for each question presented
      by the audio-visual unit and providing for producing other selectable
      different corresponding electrical pulse signals for the multiple choice
      answers, selecting and producing one of said other pulse signals
      corresponding to a selected answer, automatically and momentarily starting
      a magnetic tape recorder in response to the corresponding pulse signals
      generated by each question presented by said audio-visual program and by
      each selected answer, automatically recording on the magnetic tape within
      said recorder the corresponding pulse signals generated for each question
      presented and for each answer selected, momentarily delaying the recording
      of each pulse signal until after the tape recorder is started, and
      automatically stopping the recorder immediately after each pulse signal is
      recorded to produce a condensed magnetic tape record of electrical pulse
      signals corresponding to the questions and selected answers.
NUM  6.
PAR  6. A method as defined in claim 5 including the step of bypassing the
      recording of pulse signals corresponding to one or more subordinate
      questions presented by said audio-visual program in response to selecting
      a predetermined answer to a primary question presented by said
      audio-visual program.
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PAL  An utterance training machine comprises flow speed detector for converting
      the flow speed of expiration into an electrical signal to provide a flow
      speed signal, acoustic-electric converter for converting a voice into an
      electrical signal to provide a speech signal, an endless recording medium
      for recording and retaining thereon the speech signal and the flow speed
      signal, record-reproduce unit for causing the speech and flow speed
      signals to be recorded on the endless recording medium and for reproducing
      the recorded signals from the recording medium, set unit for setting the
      record-reproduce unit to record mode or reproduce mode, and display unit
      for recieving the flow speed and speech signals from the endless recording
      medium to display the waveforms of these signals on a screen when the
      record-reproduce unit is set to the reproduce mode by the set unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an utterance training machine which enables a
      learner of utterance to visually confirm his own manner of utterance, and
      particularly to such a machine which enables the learner to visually
      confirm at the time the flow speed signals of expiration and speech
      signals produced during utterance.
PAR  2. Description of the Prior Art
PAR  Voice is a waveform produced by various organs acting on the expiration
      forced out of lung. Generally, the strength of voice and the amount of
      expiration are not in accord with each other and for example, in utterance
      of vowels, stronger voices may be produced by a lesser amount of
      expiration while utterance of whispers or consonants requires a greater
      amount of expiration. Therefore, how to use expiration forms an important
      factor in utterance of voices. Aurally normal people very naturally
      acquire to use their expiration to utter, but aurally handicapped persons
      (hereinafter referred to as the deaf) cannot obtain information by ear and
      find it difficult to acquire to use their expiration which is the
      requisite for utterance. On the other hand, even the aurally normal people
      would find it difficult to acquire to use their expiration as in foreign
      language learning, namely, when they learn to speak a language which they
      are not accustomed to speak every day or when they want to master such
      language within a very short period of time.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the above-noted
      difficulties and to present an utterance training device which enables a
      trainee to visually confirm his own manner of utterance.
PAR  It is another object of the present invention to present an utterance
      training machine which can display at a time a plurality of datas required
      for utterance training.
PAR  It is still another object of the present invention to present an utterance
      training machine which enables one to repeatedly observe a plurality of
      data required for utterance training.
PAR  It is yet another object of the present invention to present an utterance
      training machine which permits a plurality of training modes to be
      selected.
PAR  Other objects and effects of the present invention will become more fully
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the utterance training machine according to
      the present invention.
PAR  FIG. 2 is a detailed circuit diagram particularly showing the flow speed
      detector element and the driving circuit in FIG. 1.
PAR  FIG. 3 particularly shows the magnetic tape in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An embodiment of the present invention will hereinafter be described with
      reference to the drawings. The words "main body" appearing herein refer to
      the other portion that a removable cartridge containing therein an endless
      tape which will hereinafter be described.
PAR  FIG. 1 is a block diagram showing the electrical construction of the main
      body. Designated by 11 is a signal detecting portion which includes a
      microphone 12 for detecting speech signals which are vibrations of
      expiration, and a flow speed detector element (hot wire) 13 for detecting
      the flow speed of expiration. The flow speed detector element (hot wire)
      13 comprises a wire formed of platinum heating in response to a current
      flowing thereto (hereinafter referred to as "hot wire"), and is
      accommodated within a circular cylinder 14 open at the opposite ends, as
      shown in FIG. 2. Such hot wire 13 generates heat upon application of a
      predetermined current from a power source 10 included in a driving circuit
      15 if atmospheric temperature and other ambient conditions are constant,
      and has a predetermined resistance value determined by the temperature of
      the generated heat. However, if air flows into the cylinder in the
      direction of arrows R indicated in FIG. 2, the generated heat will be lost
      by the moving air to reduce the temperature of hot wire and accordingly,
      vary the resistance value of the hot wire. The variation in resistance
      value is correlated to the speed of movement of the air and therefore, by
      detecting such variation, the speed of movement of the air may be
      detected, that is, by giving expiration in the direction of arrows R, the
      flow speed of the expiration may be detected.
PAR  The actual circuit, as shown in FIG. 2, comprises a bridge formed by three
      resistors 16, 17, 18 and said hot wire 13, and a power source 10 is
      interconnected with both the junction 19 between the hot wire 13 and the
      resistor 18 and the junction 20 between the resistors 16 and 17 so as to
      supply a heating current to the hot wire 13, and signal lines 23 and 24
      are respectively connected to the junction 21 between the hot wire 13 and
      the resistor 16 and the junction 22 between the resistors 17 and 18 so
      that the voltage variation having a voltage resulting from the variation
      in the resistance value of the hot wire 13 may be derived as flow speed
      signal from the signal lines 23 and 24.
PAR  The flow speed signal thus derived from the signal lines 23 and 24 may be
      amplified by an amplifier 25, whereafter the amplified signal may be
      applied to a frequency modulator 26 for frequency modulation, the output
      of the frequency modulator 26 being connected to a coil terminal 31 of
      magnetic record-reproduce head 30 opposed to a track 28 on an endless
      magnetic tape 29 which has two tracks 27 and 28.
PAR  Switches 32, 33, 34, 35 and 36 are provided and have movable contacts 32a,
      33a, 34a, 35a, 36a and fixed contacts 32b, 32c, 32d, 33b, 33c, 33d, 34b,
      34c, 34d, 35b, 35c, 35d, 36b, 36c, 36d. The movable contacts 32a, 33a,
      34a, 35a and 36a of the respective switches are operatively associated
      together by unshown mechanism so as to be movable simultaneously. These
      movable contacts are also designed to engage corresponding fixed contacts
      of the respective switches (in FIG. 1, those fixed contacts given
      identical suffix letters). When the movable contacts are connected to the
      fixed contacts given the suffix b, as will further be described, the
      speech signal and the flow speed signal provided by the detecting portion
      11 may directly be applied to a displayer 37 to permit these signals to be
      immediately observed (direct display mode). When the movable contacts are
      connected to the fixed contacts given the suffix d, the speech signal and
      the flow speed signal provided by the detecting portion 11 may be recorded
      on the tracks 27 and 28 of the magnetic tape 29 while, at the same time,
      they may directly be applied to the displayer 37 (record mode). when the
      movable contacts are connected to the fixed contacts given the suffix c,
      the speed signal and the flow speed signal recorded on the tracks 27 and
      28 of the magnetic tape 29 may be detected and applied to the displayer 37
      (reproduce mode).
PAR  The coil terminal 31 of the magnetic head 30 is further connected to a
      record bias circuit 45 and also to the contacts 32b and 32c, and the coil
      terminal 38 is connected to the contacts 32d and also to an amplifier 39,
      by which the signal may be amplified and applied therefrom to a frequency
      demodulator 40, in which the frequency-modulated flow speed signal may be
      demodulated and the demodulated output may be applied to the contact 36c
      of the switch 36. The movable contact 36a of such switch 36 is connected
      to the signal input terminal of an amplifier 41, the output terminal of
      which is connected to one input terminal 42 of the displayer 37. The
      contacts 36b and 36d of the switch 36 are connected in common to an output
      terminal for deriving therefrom the output of the amplifier 25.
PAR  On the other hand, the output of the microphone 12 which is an
      acoustic-electric converter may be applied to the input terminal of a
      preamplifier 43a, the output of which may be applied to the input terminal
      of an amplifier 44a, the output of which is in turn connected to a coil
      terminal 44 of a magnetic record-reproduce head 43 provided in opposed
      relationship with the track 27 of the magnetic tape 29. Such coil terminal
      44 is further connected to a record bias generating circuit 45 and also to
      the contacts 33b and 33c.
PAR  The other coil terminal 46 of the magnetic head 43 is connected to the
      contact 33d and also to the input terminal of an amplifier 47, the output
      of which is connected to the contact 35c of the switch 35. The movable
      contact 35a of the switch 35 is connected to the input terminal of an
      amplifier 48, the output of which may be applied to a second input
      terminal of the displayer 37. The movable contact 35a is also connected
      through a variable resistor 50 to an amplifier 51, the output of which may
      be applied to a headphone 52 which is an electric-acoustic converter.
PAR  The contacts 35b and 35d of the switch 35 are connected in common to the
      input terminal of the amplifier 44a.
PAR  Designated by 53 is an erase head which is arranged to impart an erase flux
      effectively to the tracks 27 and 28 so as to erase the recorded signals on
      these tracks. One end of one coil terminal 54 thereof is connected to a
      reference potential source and the other coil terminal 55 is connected to
      the contact 34d of the switch 34, the movable contact 34a of which is
      connected to the output terminal of an erase bias generating circuit 56
      for applying an erasing current to the erase head.
PAR  A piece of sensing foil 57 formed of aluminum foil or like material is
      secured to the magnetic tape 29 at a point thereon, and two metal pieces
      58 and 59 are fixedly disposed at a space interval shorter than the length
      of the sensing soil and for engagement with that surface of the magnetic
      tape 29 to which the sensing foil is secured. The metal piece 59 is
      connected to the reference potential source and the other metal piece 58
      is connected to the trigger terminal of a one-shot multivibrator 60, the
      output of which may be applied as an external synchronizing signal to the
      external synchronizing signal input terminal 66a of the displayer 37. When
      the magnetic tape 29 is moved between the metal pieces 58 and 59 until the
      sensing foil 57 reaches a point between these metal pieces 58 and 59, the
      voltage level of the signal line 61 is varied and this varied voltage
      component drives the one-shot multivibrator 60 so that such multivibrator
      provides a pulse signal (external synchronizing pulse) having a
      predetermined width determined by the time constant of the one-shot
      multivibrator.
PAR  Thus, such external synchronizing pulse may be derived when the sensing
      foil on the magnetic tape 29 reaches a point between the metal pieces 58
      and 59, or when the endless magnetic tape 29 comes to a predetermined
      position. It should be understood that the endless magnetic tape 29 is
      driven by unshown mechanism in the direction of arrow P at a predetermined
      speed when the utterance training machine shown in FIG. 1 has been
      rendered operative.
PAR  The displayer 37 is one which comprises a cathode-ray tube. Electron beams
      may scan the screen 62 of the cathode-ray tube at a predetermined speed
      from left to right in FIG. 1 and such beams may be vertically deflected by
      the signals applied to the input terminals 42 and 49, thereby displaying
      such waveforms as indicated at 63 and 64. The displayer 37 further
      includes therein a change-over switch 67a for changing the scanning speed
      of the electron beams between high and low levels and a change-over switch
      65 for effecting change-over between internal and external
      synchronizations.
PAR  When the movable contact 65a of the switch 65 is connected to the fixed
      contact 65b to provide internal synchronization, control is effected such
      that the electron beams scanning the screen 62 are pulled back to the left
      end by a horizontal synchronizing signal generated internally of the
      displayer 37 or the beams are brought back to the scanning start position
      at the left end of the screen upon application of the synchronizing
      signal. When the movable contact 65a is connected to the fixed contact 65c
      to provide external synchronization, control is effected such that the
      electron beams scanning the screen 62 from left to right in the drawing is
      brought back to the scanning start position at the left end of the screen
      62 by a horizontal synchronizing signal which is a pulse signal applied to
      the external synchronizing signal input terminal 66a. Signals applied from
      the two input terminals 42 and 49 are displayed at two locations on the
      screen 62.
PAR  The above-described displayer 37 having two input terminals 42 and 49,
      external synchronizing signal input terminal 66a, switches 65 and 65a and
      screen 62 may directly be provided by a commercially available two-channel
      oscilloscope such as, for example, two-channel oscilloscope Type 454
      supplied by TEKTRONIX, Inc.
PAR  Thus, in FIG. 1, by leaving the switch 65 and the switches 32-36
      operatively associated so that when the movable contacts a of the switches
      32-36 engage the contacts b or d, the movable contact 65a of the switch 65
      engages the contact 65bd and that when the movable contacts a of the
      switches 32-36 engage the contacts c, the movable contact 65a of the
      switch 65 engages the contact 65c, the speech signal and the flow speed
      signal provided by the microphone 12 and the flow speed detector element
      13 may be displayed on the screen 62 by the internal synchronizing signal,
      during direct display mode and during record mode, and the speech signal
      repeatedly reproduced from the endless magnetic tape 29 and the flow speed
      signal may be repeatedly displayed, during reproduce mode, on the screen
      62 at the same locations thereof by the electron beams controlled by the
      external synchronizing pulse applied from the external synchronizing
      signal input terminal 66a.
PAR  During the reproduce mode, as noted above, the external synchronizing pulse
      controls the electron beams scanning the screen 62. This is because, when
      the endless magnetic tape 29 is repeatedly played back and the reproduced
      signals are to be displayed, the repeatedly displayed identical waveforms
      may not appear at the same locations on the screen 62 if the internal
      synchronization alone is used. To eliminate such inconvenience, the
      present invention is designed to detect the position of the magnetic tape
      29 and controls the locations of the electron beams in accordance with the
      so detected position.
PAR  Also, in the present embodiment, the waveform of the signal applied from
      the input terminal 42 is displayed on the screen 62 in the upper portion
      thereof as indicated at 63, while the waveform of the signal applied from
      the input terminal 49 is displayed on the screen 62 in the lower portion
      thereof as indicated at 64.
PAR  FIG. 3 shows a cartridge for containing therein the endless magnetic tape
      29 shown in FIG. 1, magnetic head for recording, reproducing and erasing,
      and cartridge holder means. Numeral 66 designates the cartridge for
      containing therein the endless magnetic tape 29, numeral 67 a cartridge
      securing click plate spring fixed to unshown main body's base plate,
      numeral 68 a clicking recess formed in the cartridge 66 for receiving
      therein the plate spring 67, numeral 69 a cartridge guide plate for
      guiding the cartridge 66 when inserted into the main body, numeral 70 a
      pinch roller rotatably disposed within the cartridge 66 for holding the
      magnetic tape 29 between itself and a capstan 71 provided on the main
      body, numeral 72 a reel within the cartridge 66 and for passing the
      endless magnetic tape 29 thereover, and numerals 73 and 74 tape guides
      within the cartridge 66 and for guiding the tape 29. The capstan 71,
      secured to the main body, is rotatable at a predetermined velocity during
      operation of the main body by a driving system, and may be urged against
      the pinch roller 70 within the cartridge 66 when the click plate spring 67
      is received in the clicking recess 68 of the cartridge 66, namely, when
      the cartridge 66 has been inserted in the main body, whereby moving the
      tape 29 at a predetermined velocity in the direction of arrow A.
PAR  The cartridge 66 is removable from the main body by pulling it in the
      direction of arrow B, so that the cartridge may be replaced by another
      cartridge containing therein a length of endless magnetic tape
      corresponding to the length of the content of training desired by the
      learner. By operating the change-over switch 67a which changes the sweep
      time of the displayer having a cathode-ray tube oscilloscope in accordance
      with the length of the endless tape 29 then in the cartridge 66, the sweep
      time may be adjusted to a time required for the magnetic tape to make one
      round or to a little longer time, thereby enabling the learner to do his
      exercises effectively.
PAR  Operation of the utterance training machine constructed as described above
      will now be explained.
PAR  The mode of operation, as noted above, is generally described into three
      modes, i.e. (1) direct display mode, (2) record mode and (3) reproduce
      mode.
PAR  First, cartridge 66 containing therein an endless tape of a length
      corresponding to the length of the material to be learned is inserted into
      the main body, and then, by the use of the sweep time change-over switch
      67a, the sweep time of the displayer 37 having a cathode-ray tube
      oscilloscope is set to a time required for the endless magnetic tape 29 to
      make substantially one round or to a little longer time. By doing so, the
      electron beam bright spot on the screen 62 will be returned to the left
      end by the external synchronizing pulse formed in the one-shot
      multivibrator 60 when the metal pieces 58 and 59 have been rendered
      conductive by the sensing foil 57 on the magnetic tape 29 with movement of
      the tape during reproduce mode, and the electron beams will be swept to
      the right on the cathode-ray tube in the sweep time set by the change-over
      switch 67a, and thereafter, the electron beam bright spot will again be
      returned to the left end in synchronism with the pulse continuedly
      generated from the one-shot multivibrator with the movement of the
      magnetic tape 29. The switches 32-36 and 65 are operated in an associated
      manner to make electrial connections between movable contacts and fixed
      contacts, i.e. between 32a-32b, 33a-33b, 34a-34b, 35a-35b, 36a-36b and
      65a-65 bd, whereupon the main body assumes the "direct display mode".
      Thus, when the learner utters to the detecting portion 11, the speech
      signal and the expiration flow speed signal are detected as electrical
      signals by the microphone 12 and by the hot wire 13 and its driving
      circuit 15, respectively. The speed signal so detected is amplified by the
      preamplifier 43a and supplied to the amplifier 48 through the contacts
      35b-35a of the switch 35. The speech signal is adjusted in its volume by
      the volume adjusting variable resistor 50, whereafter it is supplied to
      the amplifier 51 for further amplification and supplied to the headphone
      52, by which the speech signal is converted into an audible signal. The
      speech signal supplied to the amplifier 48 is also amplified by this
      amplifier and supplied to the vertical signal input terminal 49 of the
      displayer 37. On the other hand, the flow speed signal converted into an
      electrical signal is amplified by the amplifier 25 and applied through the
      contacts 36b-36a to the amplifier 41 for further amplification, and thence
      supplied to the vertical signal input terminal 42 of the displayer 37.
      Since the change-over switch 65 has been rendered to internal
      synchronizing condition, the speech signal and the expiration flow speed
      signal are simultaneously displayed as visible signals on the screen 62 by
      the internal synchronizing signal, whereby the learner may observe the
      speech signal and the flow speed signal comparatively while listening to
      the speech signal by means of the headphone 52.
PAR  Subsequently, the switches 32-36 and 65 are operated in an associated
      manner to make electrical connections between the movable contacts and the
      fixed contacts, i.e. between 32a-32d, 33a-33d, 34a-34d, 35a-35d, 36a-36d
      and 65a-65d, whereupon the main body assumes record mode. When the learner
      utters to the detecting portion 11, the speech signal and the flow speed
      signal are displayed as visible signals on the screen 62 of the displayer
      37 by the internal synchronizing signal in the same manner as described
      with respect to the direct display mode, since electrical connections have
      been established between the contacts 35d-35a and 36d-36a of the switches
      35 and 36. Also, the speech signal can be heard as audible signal by means
      of the headphone 52 and at the same time, it is amplified by the
      preamplifier 43a and the amplifier 44 and superposed upon a record bias
      signal from the bias generator circuit 45, whereafter the signal is
      supplied as record signal to the magnetic record-reproduce head 43 and
      recorded on the track 27 of the endless magnetic tape 29 through the
      contacts 33a-33d of the switch 33 forming a return electrode for the
      record signal. On the other hand, the flow speed signal amplified by the
      amplifier 25 is frequency-modulated by the frequency modulator 26 and
      superposed upon the bias signal from the record bias generator circuit 45,
      whereafter it is supplied as record signal to the magnetic
      record-reproduce head 30 and recorded on the other track 28 of the endless
      magnetic tape 29 than the speech signal recording track 27 through the
      contacts 32d-32a of the switch 32 forming a return electrode for the
      record signal. By the erase head 53 lacated upstream of the magnetic
      record-reproduce heads 43 and 30 with respect to the direction of movement
      of the tape, the signals on the tracks 27 and 28 are erased by a signal in
      accordance with an erase signal supplied from the erase bias generator
      circuit 56 through the contacts 34a-34a of the switch 34. In order that
      the flow speech signal may be displayed in the form of visible signal, it
      will be effective to effect frequency modulation during recording. This is
      because the flow speed signal requires its frequency component to be from
      a direct current up to 100 Hz.
PAR  Subsequently, the switches 32-36 aand 65 are operated in an associated
      manner to make electrical connections between the movable contacts and the
      fixed contacts, i.e. 32a-32c, 33a-33c, 34a-34c, 35a-35c, 36a-36c and
      65a-65c, whereupon the main body assumes reproduce mode. Thus, the speech
      signal recorded on the track 27 of the endless magnetic tape 29 is
      detected and reproduced by the magnetic record-reproduce head 43 and
      amplified by the amplifier 47 due to electrical connections having been
      established between the contacts 33c-33a and 35c-35a of the switches 33
      and 35.
PAR  The reproduced speech signal so amplified is delivered through the contacts
      35c-35a to the volume adjusting variable resistor 50 for volume
      adjustment, and thence supplied to the amplifier 51. After further
      amplified by the amplifier 51, the speech signal is supplied to the
      headphone 52, by which it is converted into an audible signal. On the
      other hand, the speech signal supplied to the amplifier 48 is further
      amplified by this amplifier and supplied to the vertical signal input
      terminal 49 of the displayer 37 having the cathode-ray tube oscilloscope.
      In the meantime the modulated flow speed signal recorded on the track 28
      of the endless magnetic tape 29 is detected and reproduced by the magnetic
      record-reproduce head 30 due to electrical connections having been
      established between the contacts 32c-32a and 36c-36a of the switches 32
      and 36, and then amplified by the reproduce amplifier 39, whereafter the
      signal is demodulated into a reproduce flow speed signal by the frequency
      modulator circuit 40. The reproduce flow speed signal so demodulated is
      amplified by the amplifier 41 through the contacts 36c-36a of the switch
      36, and supplied to the vertical signal input terminal 49 of the displayer
      36 having the cathode-ray tube oscilloscope. At this time, the switch 65
      is already in external synchronizing condition so that, under the control
      of the external synchronizing signal applied to the input terminal 66, the
      speech signal and the flow speed signal recorded on the endless magnetic
      tape 29 are repeatedly displayed as visible signals at the same locations
      on the screen 62, thus enabling the learner to observe the speech and flow
      speed signals comparatively while repetitively listening to the speech
      signal by means of the headphone 52.
PAR  By presetting the sweep time of the electron beams in the cathode-ray tube
      to a little longer time than the time required for the magnetic tape 29 to
      make one round, the bright spot is returned to the left end when the metal
      pieces 58 and 59 have been rendered conductive by the sensing foil 57 on
      the magnetic tape 29, so that the waveforms appearing on the screen 62
      will not deviate with respect to the repeated play-back of the tape. Also,
      by using a cathode-ray tube of long afterglow characteristic as the
      screen, the speech and flow speed waveforms may be observed in stationary
      position on the cathode-ray tube 25.
PAR  Thus, according to the present invention, flow speed of expiration and
      speech may be displayed in the form of visible signals and further, the
      use of a recording medium such as endless magnetic tape or the like
      enables the waveforms of those signals to be observed in stationary
      position on the cathode-ray tube through easy means. Furthermore,
      replacement of the cartridge may readily meet the purpose of training for
      utterance of vocal sounds of variable lengths. Accordingly, the utterance
      training device of the present invention will be highly effective
      particularly for the purposes of foreign language learning or utterance
      training for the deaf.
PAR  In the illustrated embodiment, frequency modulation is effected for the
      recording of flow speed, whereas it will be apparent that amplitude
      modulation, phase modulation or other modulation may be employed for the
      same purpose.
CLMS
STM  I claim:
NUM  1.
PAR  1. An utterance training machine comprising:
PA1  flow speed detector means for converting the flow speed of expiration into
      an electrical signal to provide a flow speed signal;
PA1  acoustic-electric converter means for converting a voice into an electrical
      signal to provide a speech signal;
PA1  an endless recording medium for recording and retaining thereon said speech
      signal and said flow speed signal;
PA1  record-reproduce means for causing said speech and flow speed signals to be
      recorded on said endless recording medium and for reproducing said
      recorded signals from said endless recording medium;
PA1  set means for setting said record-reproduce means to record mode or
      reproduce mode; and
PA1  display means for receiving said flow speed and speech signals provided
      from said endless recording medium to display the waveforms of said
      signals on a screen when said record-reproduce means is set to the
      reproduce mode by said set means.
NUM  2.
PAR  2. An utterance training machine according to claim 1, further comprising:
PA1  frequency modulator means for frequency-modulating said flow speed signal
      to record said signal on said endless recording medium; and
PA1  frequency demodulator means for frequency-demodulating said
      frequency-modulated flow speed signal reproduced from said endless
      recording medium.
NUM  3.
PAR  3. An utterance training machine according to claim 1, further comprising:
PA1  detector means for detecting a predetermined position of said endless
      recording medium; and
PA1  means for applying the detection signal provided by said detector means to
      said display means as external synchronizing signal.
NUM  4.
PAR  4. An utterance training machine according to claim 3, wherein said
      detector means comprises:
PA1  an electrically conductive member securely provided on said endless
      recording medium; and
PA1  a pair of electrodes slidably engageable with said endless recording medium
      and electrically interconnected therebetween upon contact with said
      electrically conductive member.
NUM  5.
PAR  5. An utterance training machine according to claim 1, further comprising:
PA1  electric-acoustic converter means for receiving the speech signal provided
      from said endless recording medium to convert the same into an acoustic
      signal.
NUM  6.
PAR  6. An utterance training machine according to claim 1, wherein said endless
      recording medium comprises an endless magnetic recording tape contained
      within a cartridge.
NUM  7.
PAR  7. An utterance training machine comprising:
PA1  flow speed detector means for converting the flow speed of expiration into
      an electrical signal to provide a flow speed signal;
PA1  acoustic-electric converter means for converting a voice into an electrical
      signal to provide a speech signal;
PA1  an endless recording medium for recording and retaining thereon said speech
      signal and said flow speed signal;
PA1  record-reproduce means for causing said speech and flow speed signals to be
      recorded on said endless recording medium and for reproducing said
      recorded signals from said endless recording medium;
PA1  set means for setting said record-reproduce means to record mode or
      reproduce mode;
PA1  display means for receiving said flow speed and speech signals provided
      from said endless recording medium to display the waveforms of said
      signals on a screen when said record-reproduce means is set to the
      reproduce mode by said set means.
PA1  means for applying said flow speed signal and said speech signal from said
      flow speed detector means and said acoustic-electric converter means to
      said display means when record mode is set by said set means; and
PA1  means for stopping application of said flow speed and speech signals from
      said flow speed detector means and said acoustic-electric converter means
      to said display means when reproduce mode is set by said set means.
NUM  8.
PAR  8. An utterance training machine according to claim 7, further comprising:
PA1  detector means for detecting a predetermined position of said endless
      recording medium; and
PA1  means for applying detection signal provided by said detector means to said
      display means as external synchronizing signal.
NUM  9.
PAR  9. An utterance training machine according to claim 8, wherein said
      detector means comprises:
PA1  an electrically conductive member securely provided on said endless
      recording medium; and
PA1  a pair of electrodes slidably engageable with said endless recording medium
      and electrically interconnected therebetween upon contact with said
      electrically conductive member.
NUM  10.
PAR  10. An utterance training machine according to claim 7, further comprising:
PA1  frequency modulator means for frequency-modulating said flow speed signal
      to record said signal on said endless recording medium; and
PA1  frequency demodulator means for frequency-demodulating said
      frequency-modulated flow speed signal reproduced from said endless
      recording medium.
NUM  11.
PAR  11. An utterance training machine comprising:
PA1  flow speed detector means for converting the flow speed of expiration into
      an electrical signal to provide a flow speed signal;
PA1  acoustic-electric converter means for converting vibration of expiration
      into an electrical signal to provide a speech signal;
PA1  an endless recording medium for recording and retaining thereon said speech
      signal and said flow speed signal;
PA1  record-reproduce means for causing said speech and flow speed singals to be
      recorded on said endless recording medium and for reproducing said
      recorded from said endless recording medium;
PA1  set means for setting said record-reproduce means to record mode or
      reproduce mode or non-record-reproduce mode wherein neither recording nor
      reproducing occurs;
PA1  displaay means for receiving said flow speed and speech signals provided
      from said endless recording medium to display the waveforms of said
      signals on a screen when said record-reproduce means is set to the
      reproduce mode by said set means;
PA1  means for applying said flow speed signal and said speech signal from said
      flow speed detector means and said acoustic-electric converter means to
      said display means when record mode is set by said set means;
PA1  means for stopping application of said flow speed and speech signals from
      said flow speed detector means and said acoustic-electric converter means
      to said display means when reproduce mode is set by said set means; and
PA1  means for applying said flow speed signal and said speech signal from said
      flow speed detector means and said acoustic-electric converter means to
      said display means when the non-record-reproduce mode is set by said set
      means.
NUM  12.
PAR  12. An utterance training machine according to claim 8, wherein said
      endless recording mediums has thereon track for recording said flow speed
      signal and a track for recording said speech signal, individually.
PATN
WKU  039465055
SRC  5
APN  5123046
APT  1
ART  353
APD  19741004
TTL  Shoe with detachable illuminated heel
ISD  19760330
NCL  8
ECL  1
EXP  Lawson; Patrick D.
NDR  3
NFG  11
INVT
NAM  Dana, III; Alfred
STR  5700 Mariner, Apt. 306-W
CTY  Tampa
STA  FL
ZIP  33609
RLAP
COD  72
APN  493610
APD  19740731
PSC  04
CLAS
OCL   36  25K
XCL   36 36R
EDF  2
ICL  A43B 0000
FSC   36
FSS  2.5 R;2.5 K;2.6;36 R;36 A;36 B;36 C
UREF
PNO  1597823
ISD  19260800
NAM  Randolph
OCL   36  2.5K
UREF
PNO  2806302
ISD  19570900
NAM  Sharpe
OCL   36 36R
UREF
PNO  2941315
ISD  19600600
NAM  Irving et al.
OCL   36  2.5K
UREF
PNO  3159928
ISD  19641200
NAM  Clark
OCL   36 36R
FREF
PNO  570,614
ISD  19580900
CNT  BE
OCL   36  2.5K
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A shoe and a detachable transparent heel therefor. A beveled portion on the
      bottom back of a shoe upper cooperates with a rim portion having beveled
      edges formed on the top of a transparent heel. A latching means on the
      shoe upper selectively allows or prevents movement of the heel -- when
      assembled with the shoe upper -- away from the shoe sole. A light bulb and
      associated electrical components mounted on a printed circuit board are
      readily insertable into a cavity formed in the heel and communicating with
      the top and front portions thereof. Bores for receipt of an e.m.f. source
      or sources may also be provided in the heel.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 493,610, filed July
      31, 1974.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates to shoes with illuminated portions, and especially to
      shoes with transparent heels having a bulb and associated means therein
      for illumination thereof. According to one embodiment of the present
      invention, as shown in parent application Ser. No. 493,610, filed July 31,
      1974, batteries for a lighted heel are disposed in a platform sole in
      order to maintain the structural integrity of the heel, and in order to
      provide for more area for related circuitry within the heel itself. While
      such an embodiment is very useful and practical, in some circumstances
      where a less expensive model is desired, where structural integrity of the
      heel can be assured even with a large number of bores therein, and where
      ease of replacement of all the electrical components of the shoe are
      required, another embodiment of the invention is desirable.
PAR  According to the first embodiment of the present invention, means are
      provided in the sole of the shoe for retaining a source of e.m.f. for
      energizing lights associated with the shoes, which means provides a large
      enough area for incorporating almost any type of battery or current source
      without impairment of the support function of the sole. Also, a mercury or
      other tilt switch is provided for selectively cutting out or on the shoe
      lights in response to shoe position, doing away with the necessity of
      cumbersome, often ineffective weight responsive means, and increasing the
      variety of shoe positions to which the cutoff or cutout means may be
      responsive.
PAR  Additionally, according to the present invention, a three-position switch
      is provided for either turning the shoe lights on continuously, or
      bringing the tilt switch into the circuit, making the shoe lights shoe
      position responsive. Additionally, a battery recharging means may be
      provided for allowing power source recharging without the need for
      disassembling and possibly damaging the shoes. In most prior art devices,
      such a means would not even be contemplated since the batteries and power
      sources that, of necessity (i.e. because of space limitations), had to be
      used were not rechargeable (i.e. dry cells).
PAR  According to the second embodiment of the present invention, bores are
      provided within the shoe heel for receipt of batteries therein, and
      another cavity is formed in the heel for receipt of the other electrical
      components which include a mercury switch, light bulb, and battery
      contacts all mounted on a printed circuit board. The heel is detachable
      from the shoe by merely releasing a latching means and moving the heel
      relative to the shoe, beveled interengaging surfaces of the shoe and the
      heel providing for the secure but detachable connection.
PAR  Thus, according to the teachings of the present invention, shoes having
      lighted portions thereof are provided that are improved over the prior art
      devices for almost any purpose -- whether decorative or functional -- to
      which the shoes would be put while, at the same time, the possibilities of
      light response to various shoe positions are greatly increased.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an exemplary shoe embodying the teachings
      of the first embodiment of the present invention;
PA1  Fig. 2 is an exploded view of the shoe illustrated in FIG. 1;
PAR  FIGS. 3a and 3b are exemplary circuit diagrams for shoes embodying the
      teachings of the present invention;
PAR  FIG. 4a is a top plan view of an exemplary switch and bulb and mounting
      means associated therewith for use in the circuit shown in FIG. 3a, and
      FIG. 4b is a side view of the apparatus shown in FIG. 4a;
PAR  FIGS. 5a and 5b are top and side views respectively of a switch, printed
      circuit, and associated means for use in the circuit shown in FIG. 3b;
PAR  FIG. 6 is a perspective view of a second embodiment of a heel according to
      the present invention;
PAR  FIG. 7 is a bottom plan view of an electrical assembly for use with the
      heel shown in FIG. 6; and
PAR  FIG. 8 is a perspective view of a shoe upper for cooperation with the heel
      shown in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an exemplary lighted shoe according to the
      teachings of the present invention, which shoe may be worn either for
      decorative or aesthetic appeal, or for providing a means for illuminating
      a path on which the wearer is walking, for providing visibility of the
      wearer when bicycling or walking at night, or for a myriad of other
      purposes. The shoe 10 may comprise generally a transparent heel portion
      12, a platform sole 14, and an upper 16 of any suitable style or
      construction.
PAR  As shown most clearly in FIG. 2, the sole 14 comprises a bottom portion 20
      that is adapted to be fastened to the heel 12 and to engage the ground
      when the shoe 10 is worn, and an insole 22 that is adapted to be
      sandwiched between the sole 20 and a platform sole 24. The insole 22 has
      an opening 26 therein and contacts 28 adjacent thereto, with wires 29
      leading from contacts 28 to contacts 30 located above heel 12 when the
      shoe components are assembled. The platform sole 24 has an opening 25
      therein adapted to receive a battery 32 -- such as a nickel-cadmium
      battery -- or other suitable source of e.m.f. The hole 25 cooperates with
      the hole 26 in the insole 22, the battery 32 also being received by the
      hole 26 and having contacts thereon adapted to operatively cooperate with
      contacts 28 on insole 22. Preferably, the shoe has a covering (not shown)
      therein to be disposed over the platform 24 and insole 22 to contact the
      wearer's foot. The covering may be removed and easy access thereby gained
      to the battery or batteries 32 with the platform 24, and also -- through
      apertures 50 -- to the electrical components within the heel 12 so that
      both the battery 32 and other electrical components may be quickly
      replaced without requiring shoe disassembly.
PAR  The heel 12 is preferably formed of a hard transparent material such as
      acrylic or lucite (sturdy enough to serve as a shoe heel). As shown in
      FIG. 1, the heel may be formed of layers 12' each of a different color and
      of various sizes to provide an unusual visual effect. The heel may have a
      ground-engaging portion 13 at the bottom thereof which portion 13 may be
      formed of rubber or leather or the like and be adapted to be replaced when
      worn down. Located within heel 12 may be a cavity 35 adapted to receive
      various electrical components to be further described, and on the outside
      front face of the heel 12 preferably is located a plate 36 having a toggle
      switch actuator 38 and recharger orifice 40 received therein.
PAR  As shown most clearly in FIGS. 3a and 4a and 4b, the electrical components
      received by the cavity 35 and plate 36 preferably are a three-way switch
      41 for actuation of toggle actuator 38, a light bulb 42, a tilt switch 47,
      and a charging switch 49, contacts 31 providing connection between
      contacts 30 (and e.m.f. source 32) and the rest of the electrical
      components. Preferably, the three-way switch 41 comprises a movable
      contact 43 and stationary contacts 44 and 45, the movable contact 43
      adapted to be moved either into contact with contacts 44 or 45, or into a
      center "off" position. When the contact 43 is in engagement with contact
      44, the tilt or mercury switch 47 is inserted into the circuit whereby
      energization of the bulb 42 occurs when the shoe 10 is so positioned that
      the tilt switch 47 is closed. When the contact 43 engages contact 45, the
      mercury switch 47 is bypassed and the bulb 42 is constantly energized, the
      circuit from battery 32 always being complete.
PAR  Preferably the tilt switch 47 is a mercury switch that -- once it is tilted
      -- will provide for oscillation of the mercury 48 therein back and forth
      to intermittently make and break the contacts of the switch 47 thereby
      causing flashing of the light 42 on and off. The mercury will stop
      oscillating once the shoe remains in a certain orientation for a
      predetermined amount of time (dependent upon the design of the switch 47).
PAR  A charging switch 49 is preferably employed in all situations where the
      e.m.f. source is rechargeable -- such as a nickel-cadmium battery --
      thereby eliminating the necessity of taking the shoe apart when the
      battery wears out, as is necessary with prior art devices which utilize
      dry cell batteries, or removing the covering of the platform 24 as is
      possible with the present invention. The charging switch 49 may be of the
      type having a movable cammable contact 51 normally biased into contact
      with stationary contact 52 to complete the circuit from battery 32 to the
      electrical components within heel 12, and another stationary contact 53
      for cooperation with a recharger plug 55 for providing a recharging
      circuit for the battery 32. When the tip portion 57 of the recharger plug
      55 is inserted into opening 40 of switch 49, it cams contact 51 out of
      engagement with contact 52 and, at the same time, completes a contact
      between contact 53 and contact 51 through any suitable recharging means
      with which the plug 55 is associated. Upon withdrawal of tip 57 of plug 55
      after recharging, the contact 51 will again return to engagement with
      contact 52.
PAR  A modification of the electrical components shown in FIGS. 3a, 4a and 4b is
      shown in FIGS. 3b, 5a and 5b. In this modification, the charging switch 49
      is eliminated, and the contact 31' for making contact with contacts 30
      leading to battery 32 are formed on a printed circuit board 33 which
      mounts the switch 41, tilt switch 47, and bulb 42. As with the
      modification of FIGS. 4a and 4b, with this modification the cavity 35 for
      mounting the electrical components within the heel 12 need not be formed
      so large that the structural integrity of the heel is impaired,
      diminishing its ability to perform its support function since the largest
      component -- the e.m.f. source 32 -- need not be incorporated therein.
PAR  The shoe 10 shown in FIG. 1 is used as follows: After the component parts
      of the shoe are assembled so that battery 32 operatively engages contacts
      28 of insole 22 and contacts 30 of insole 22 engage contacts 31 in heel
      12, the wearer may wear the shoe 10 just like any other shoe. The switch
      41 will normally be in the middle "off" position with the blub 42
      inoperative. If it is desired that the bulb 42 constantly be energized,
      the toggle actuator 38 is moved so that contact 43 comes into engagement
      with contact 45. If it is desired that the bulb 42 should be energized
      only when the shoe 10 is in a vertical position or in a horizontal
      position (depending upon the wiring and orientation of tilt switch 47) or
      that light 42 flash on and off when the shoe is moved from one orientation
      and then back in place, toggle 38 is moved so that contact 43 engages
      contact 44, thereby inserting the tilt switch 47 into the circuit between
      battery 32 and bulb 42. After extended use when the battery 32 is worn
      down, the tip 57 of recharging plug 55 is inserted into opening 40 in heel
      12, and the battery 32 is recharged, of the covering for platform 24 and
      apertures 50 may be removed and the various components readily replaced.
PAR  A second embodiment of a shoe according to the present invention is shown
      in FIGS. 6-8. In FIG. 6 a shoe heel 112 is shown, said heel being formed
      of acrylic or the like. This heel would normally be used where the
      materials forming the heel are strong enough so that the structural
      integrity of the heel will not be impaired by the formation of bores for
      an e.m.f. source therein, and in situations where it is desirable to
      provide for ready replacement of all the electrical components in a heel
      or of the heel itself so that a lighted heel may be replaced by a
      conventional or other special use heel.
PAR  The heel 112 preferably has a pair of bores 162 therein, each for receipt
      of an e.m.f. source (such as dry cell battery 164, only one of which is
      shown in FIG. 6). Electrical communication between the e.m.f. sources 164
      within the bores 162 is provided by any suitable means such as a bridging
      piece of metal, shown in dotted line at 166 in FIG. 6, extending from the
      bottom of one bore to the bottom of the other. A heel plate 113, formed of
      leather, rubber, or the like, covers the bottom of heel 112.
PAR  Formed near the middle of the heel 112 is a cavity 135, said cavity
      communicating with the top 161 and front 160 of the heel 112, and for
      receipt of electrical assembly 134. The assembly 134 includes a
      three-position switch 141 having actuator 138 extending therefrom and
      mounted to printed circuit board 133. Printed circuit board 133 has
      contacts 176 formed thereon for cooperation with the e.m.f. sources 164 in
      bores 162. Printed lead 178 extends from switch 141 through tilt switch
      147 to bulb 142, both of which are also mounted on board 133, printed lead
      179 extends from switch 141 directly to bulb 142, and lead 180 extends
      from bulb 142 to switch 141. Operation of the electrical components of
      this embodiment of the invention is the same as for the first embodiment
      (see FIG. 3b).
PAR  The heel 112 is formed so that it is readily detachable from a shoe 110,
      but so that when attached thereto positive securement thereto and positive
      operation of the electrical components thereof are assured. This
      detachable feature is preferably provided by a rim portion shown generally
      at 170, formed around the upper periphery 161 of the heel 112 (except for
      the front 160) for cooperation with beveled member 174 formed on the heel
      portion of shoe 110. Beveled edge 172 of portion 170, when the heel 112 is
      slid over the portion 174, cooperates with the beveled edge of portion 174
      to provide for secure attachment of the heel 112 to the shoe 110 by
      preventing relative movement therebetween (once the heel is completely on
      the shoe) in the direction toward the sole and in either side direction.
      It will be also noted that the member 174 can be designed to exert a
      downward bias on the electrical assembly 134 disposed within the heel
      cavity 135. Movement of the heel 112 away from the sole may be prevented
      by any suitable means. As shown in the drawings, a simple pivoted level
      175 is provided which is mounted on the shoe 110 and may be pivoted with
      respect thereto to a position in which it blocks the heel 112 or in which
      it allows movement of heel 112 away from the shoe sole; other heel
      latching means, including springloaded means, could be provided.
PAR  Thus, according to the second embodiment of the invention shoes and a heel
      therefore have been provided that allow for ready detachment of the heel
      from the shoe, and provide means for illuminating the heel that are easy
      to replace and which allow a great deal of versatility in condition
      responsiveness of the lighted heel.
PAR  While the invention has been shown in what is presently conceived to be the
      most practical and preferred embodiments, it will be apparent to one of
      ordinary skill in the art that many modifications may be made thereof
      within the scope of the invention. For instance, a plurality of bulbs 42
      may be provided, located in or on various parts of the shoe such as
      exteriorly mounted on the toe or sides, or a number of different ones
      within the heel itself. Also, the switch 41 need not have a toggle
      actuator therefor, but may be of any suitable type, as may the recharging
      switch 49. Although a mercury switch has been disclosed for the switch 47,
      other suitable tilt responsive switches may be utilized; the tilt switch
      can be arranged with respect to the shoe so that is is adapted to be
      closed upon any predetermined orientation or orientations of the shoe.
      Other modifications are also possible, thus the invention is not to be
      limited to what has been herein illustrated, but is to be accorded the
      full scope of the appended claims to encompass all equivalent structures
      and devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shoe comprising
PA1  a. a shoe upper,
PA1  b. a sole,
PA1  c. a transparent heel, said heel having formed therein a first cavity
      receiving a source of e.m.f. and a second cavity receiving an electrical
      assembly, said electrical assembly comprising a light bulb mounted on a
      printed circuit board and circuits on said board for providing electrical
      connection of a source of e.m.f. mounted in said first cavity to said
      light bulb, a three-position electrical switch mounted on said board and
      disposed in the circuits formed on said printed circuit board, and a
      mercury tilt switch disposed in a circuit between said switch and said
      light bulb, whereby said light bulb may be off, continuously on, or
      flashing on and off in response to heel movement, dependent upon the
      position of said three-position switch,
PA1  d. means for providing a secure but readily detachable connection between
      said heel and said upper, and
PA1  e. releasable means for either preventing or allowing relative movement of
      said heel with respect to said shoe upper in the direction away from said
      sole.
NUM  2.
PAR  2. A shoe as recited in claim 1 wherein said second cavity in said heel
      communicates with the front and top portions of said heel, and wherein
      said electrical switch is positioned in said cavity so that an actuator
      therefor extends outwardly from the front of said heel near the top
      thereof.
NUM  3.
PAR  3. A shoe as recited in claim 1 wherein said heel has a third cavity formed
      therein adapted to receive a source of e.m.f., each of said first and
      third cavities comprising a bore extending from the top of said heel
      toward the bottom thereof, and a means for electrically interconnecting
      e.m.f. sources disposed in said bores, said means including an
      electrically conducting member disposed within said heel and
      interconnecting the bottoms of said bores.
NUM  4.
PAR  4. A shoe as recited in claim 1 wherein said means for providing a secure
      but readily detachable connection between said heel and said upper
      includes a plate portion formed on the bottom of said shoe upper near the
      back and partially around the sides thereof, said plate portion having a
      beveled edge formed around the periphery thereof corresponding to said
      shoe upper back and sides, and a rim portion formed on the upper surface
      of said heel around the back and sides thereof, said rim portion having a
      beveled portion formed thereon for cooperation with said beveled portion
      on said shoe upper, the cooperation of said side and back beveled portions
      preventing relative movement of said heel with respect to said shoe upper
      toward said sole or from side-to-side when said shoe upper and heel are
      assembled together.
NUM  5.
PAR  5. A readily attachable-detachable shoe heel comprising
PA1  a. a transparent body member having generally flat top, bottom, front and
      side portions, and a generally arcuate back portion,
PA1  b. means defining a first cavity in said body member, said first cavity
      being open at the top of said heel body member and adapted to receive a
      source of e.m.f.,
PA1  c. means defining a second cavity in said body member, said second cavity
      being open at the top of said body member and adapted to receive an
      electrical assembly including a light bulb, and
PA1  d. an electrical assembly disposed in said second cavity, said assembly
      including a light bulb mounted on a printed circuit board and circuits on
      said board for providing electrical connection of a source of e.m.f.
      mounted in said first cavity to said light bulb, a three-position
      electrical switch mounted on said board and disposed in the circuits
      formed on said printed circuit board, and a mercury tilt switch disposed
      in a circuit between said switch and said light bulb, whereby said light
      bulb may be off, continuously on, or flashing on and off in response to
      heel movement, dependent upon the position of said three-position switch.
NUM  6.
PAR  6. A heel as recited in claim 5 wherein said second cavity in said body
      member communicates with the front and top portions of said body member,
      and wherein said electrical switch is positioned in said cavity so that an
      actuator therefor extends outwardly from the front of said body member
      near the top thereof.
NUM  7.
PAR  7. A heel as recited in claim 5 wherein said body member has a third cavity
      formed therein adapted to receive a source of e.m.f., each of said first
      and third cavities comprising a bore extending from the top of said body
      member toward the bottom thereof, and a means for electrically
      interconnecting e.m.f. sources disposed in said bores, said means
      including an electrically conducting member disposed within said body
      member and interconnecting the bottoms of said bores.
NUM  8.
PAR  8. A readily attachable-detachable shoe heel comprising
PA1  a. a transparent body member having generally flat top, bottom, front and
      side portions, and a generally arcuate back portion,
PA1  b. means defining a first cavity in said body member, said first cavity
      being open at the top of said heel body member and adapted to receive a
      source of e.m.f.,
PA1  c. means defining a second cavity in said body member, said second cavity
      being open at the top of said body member and adapted to receive an
      electrical assembly including a light bulb,
PA1  d. an electrical assembly disposed in said second cavity, said assembly
      including a light bulb mounted on a printed circuit board, and circuits on
      said board for providing electrical connection of a source of e.m.f.
      mounted in said first cavity to the light bulb, and
PA1  e. means defining a third cavity formed in said body member, said third
      cavity adapted to receive a source of e.m.f., each of said first and third
      cavities comprising a bore extending from the top of said body member
      toward the bottom thereof, and a means for electrically interconnecting
      e.m.f. sources disposed in said bores, said means including an
      electrically conducting member disposed within said body member and
      interconnecting the bottoms of said bores.
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ABST
PAL  An improved trimmer type road construction apparatus, particularly useful
      in applications requiring a high degree of maneuverability and control
      flexibility, which is steeringly controlled by turning a centrally
      disposed front track assembly in such a manner that the main frame can be
      raised and lowered relative to the front drive assembly without a loss of
      steering control; and which has an automatic steering, grade and slope
      control constructed to be automatically adapted to particular job
      specifications and locations. The trimmer also has a reclaimer assembly
      for removal of the excavated earth, the reclaimer assembly being
      automatically positionable to deposit the excavated earth in
      predetermined, controlled positions about the trimmer.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divisional of the Applicants' copending application
      entitled "Trimmer Type Road Construction Apparatus or the Like", Ser. No.
      225,936, filed Feb. 14, 1972, now U.S. Pat. No. 3,802,525.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to improvements in earth working apparatus
      and, more particularly, but not by way of limitation, to a trimmer having
      a positive steering, reclaimer, grade and slope control for maneuvering
      flexibility.
PAR  2. Description of the Prior Art
PAR  In the past there have been various machines constructed to excavate a
      portion of earth and, in some instances, these machines have included
      conveyor like systems to remove the excavated earth and controls to
      maintain a predetermined elevation of the machine during the operation
      thereof. Most of the earth working machines, having an earth removal
      system, have utilized a conveyor like apparatus which was supported and
      positioned to remove the earth generally from one side of the machine.
PAR  In these latter-mentioned machines, the conveyor was rigidly supported on
      the apparatus or confined to a relatively narrow area of adjustment. Thus,
      in those applications where the excavated earth was to be removed to some
      location, other than the location predetermined by the conveyor supported,
      it was generally necessary to utilize a separate, additional conveyor and
      supporting apparatus therefor.
PAR  The steering of relatively large earth working apparatus has generally
      presented a problem, particularly in those applications wherein it was
      necessary to steeringly control the apparatus within a relatively small
      area and to a relatively high degree of turning accuracy. The steering of
      such apparatus has been accomplished via a simple shaft, sometimes
      combined with intricate gearing apparatus, to transfer the motion effected
      by the operator to steeringly control one or more of the wheels. This
      problem was complicated in those instances where it was also necessary to
      raise and lower the main support frame relative to the wheel or track
      which was steeringly controlled.
PAR  In many earth working applications, it also becomes necessary to control
      the grade and the slope of the excavatingly engaged earth. In some
      instances, sensors have been utilized in the past to sense the position of
      the apparatus relative to a control reference, such sensors being commonly
      supported on one side of the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide a trimmer having increased
      maneuverability and control flexibility.
PAR  Another object of the invention is to provide an improved, more efficient
      steering control for a trimmer or the like.
PAR  One other object of the invention is to provide an improved, more efficient
      reclaimer which can be automatically positioned to deposit excavated earth
      in predetermined, controlled positions.
PAR  Yet another object of the invention is to provide a more economical and
      efficient sensor support for earth working apparatus.
PAR  Another object of the invention is to provide a trimmer which can be
      controlled relative to a control reference from either side of the
      trimmer.
PAR  An additional object of the invention is to provide a trimmer having a more
      efficient, economical, controllable excavating width extension which is
      automatically positionable.
PAR  A still further object of the invention is to provide a trimmer which is
      more economical in construction and operation.
PAR  Other objects and advantages of the invention will be evident from the
      following detailed description when read in conjunction with the
      accompanying drawings which illustrate the various embodiments of the
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the trimmer constructed in accordance
      with the present invention.
PAR  FIG. 2 is a top plan view of the trimmer of FIG. 1.
PAR  FIG. 3 is an enlarged, partial sectional, top plan view showing a portion
      of the steering assembly of the trimmer of FIG. 1.
PAR  FIG. 4 is an enlarged, side elevational view of a portion of the steering
      assembly of the trimmer of FIG. 1.
PAR  FIG. 5 is an enlarged, fragmentary, partial sectional, top plan view
      showing a portion of the steering assembly and a portion of the front
      sensor support of the trimmer of FIG. 1.
PAR  FIG. 6 is an enlarged, fragmentary, side elevational view showing a portion
      of the steering assembly and a portion of the front sensor support of the
      trimmer of FIG. 1.
PAR  FIG. 7 is an end elevational view of the sensor support of FIGS. 5 and 6.
PAR  FIG. 8 is a side elevational view of the reclaimer and the conveyor
      position control of the trimmer of FIG. 1.
PAR  FIG. 9 is a fragmentary, diagrammatical view of the auger and the
      moldboard.
PAR  FIG. 10 is a perspective view of the conveyor support and the conveyor
      position control of the trimmer of FIG. 1.
PAR  FIG. 11 is a fragmentary, enlarged, top plan view of the conveyor position
      control of FIGS. 8 and 10.
PAR  FIG. 12 is a fragmentary, top plan view showing the moldboard wing assembly
      utilized with the trimmer of FIG. 1, in one aspect of the operation
      thereof.
PAR  FIG. 13 is a partial front elevation, partial sectional view showing the
      moldboard wing assembly of FIG. 12.
PAR  FIG. 14 is a fragmentary, side elevational view of the moldboard wing
      assembly of FIG. 12.
PAR  FIG. 15 is a partial diagrammatical, partial schematic view showing a
      portion of the control apparatus of the trimmer of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in general, and to FIGS. 1 and 2 in particular,
      shown therein and designated by the general reference numeral 10 is a
      trimmer-type road construction apparatus, referred to below simply as the
      trimmer 10, which includes a main frame 12, having a forward end 14, a
      rearward end 16, a left side 18, and a right side 20. The trimmer 10 is
      particularly useful in applications wherein the available working space is
      relatively limited, and yet wherein a high degree of automatic control and
      flexibility are required such as, for example, "single lane" type of
      highway and street construction and parking lot construction or the like.
      The trimmer 10 has a design, a control flexibility, a positive steering
      control and an earth removal or reclaimer assembly, each being constructed
      to excavate, remove the excavated earth, and excavatingly prepare a
      surface to a predetermined grade and slope, in a manner to be described in
      greater detail below.
PAR  The main frame 12 is supported via a rear drive assembly 22 and a front
      track assembly 24, the drive assembly 22 being drivingly connected to a
      power drive unit 26 for drivingly moving the main frame 12 during the
      operation of the trimmer 10. The power drive unit 26 may be of a
      conventional design such as, for example, a diesel powered engine, and the
      construction and operation of such a power unit, and the various
      interconnecting components and operation thereof to drivingly connect the
      power drive unit 26 to the endless track members are well known in the art
      and a detailed description thereof is not required herein. The major
      portion of the various manually-operated, control actuating elements,
      which are utilized by an operator to control and operate the trimmer 10
      are, in a preferred form, supported in a control console 27. The control
      console is supported on the main frame 12, generally near the forward end
      14 thereof, and a guard-rail type of structure 28 is connected to the main
      frame 12, the guard-rail 28 extending generally about the main frame 12,
      as shown in FIGS. 1 and 2.
PAR  A steering assembly 30 is connected to the main frame 12 and to a portion
      of the front track assembly 24 for steering the trimmer 10. More
      particularly, the steering assembly 30 is constructed to automatically
      steer the front track assembly 24 in a steering direction 32 and a
      steering direction 34, as shown in FIG. 2, to steeringly maintain the
      alignment of the trimmer 10 relative to a control reference, commonly a
      "string-line", in one aspect of the operation of the trimmer 10, as will
      be described in greater detail below.
PAR  An auger 36 is rotatingly supported on the main frame 12, generally near
      the forward end 14 thereof, and a moldboard 38 is also connected to the
      main frame 12, generally near the auger 36. The auger 36 and the moldboard
      38 are each constructed to excavatingly engage an adjacent portion of the
      earth, during the operation of the trimmer 10.
PAR  A reclaimer assembly 40, which generally includes a base conveyor 42 and an
      elevated conveyor 44, is supported on the main frame 12 for receiving the
      earth excavated via the auger 36 and the moldboard 38 and deposits same in
      a predetermined, controlled, remote location. The base conveyor 42 is
      supported generally between the left side 18 and the right side 20, and
      extends angularly from the forward end 14 toward the rearward end 16 of
      the main frame 12. A portion of the base conveyor 42 is disposed near the
      moldboard 38, the moldboard 38 and the auger 36 each being constructed to
      move the excavated earth onto the base conveyor 42, in manner to be
      described in greater detail below.
PAR  The base conveyor 42 moves the excavated earth toward the rearward end 16,
      the excavated earth being subsequently deposited onto the elevated
      conveyor 44. The elevated conveyor 44 is connected generally at the
      rearward end portion 16 of the main frame 12, and is constructed to move
      the excavated earth deposited thereon to the controlled, predetermined
      locations. More particularly, a conveyor position control 46 is connected
      to the elevated conveyor support structure such that the elevated conveyor
      44 can be automatically moved in a swing direction 48 and in a swing
      direction 50 to deposit the excavated earth therefrom generally outwardly
      from the left side 18 or the right side 20 of the main frame 12, or at any
      predetermined, intermediate position therebetween, in a manner which will
      be described in greater detail below.
PAR  In a preferred form and during one aspect of the operation of the trimmer
      10, the steering assembly 30 is automatically actuated in response to an
      output signal of a track steering sensor 52, and the elevation of the main
      frame 12 relative to the front track assembly 24 is automatically actuated
      and controlled via a front elevation sensor 54. The track steering sensor
      52 and the elevation sensor 54 are each supportedly connected to the left
      side 18 of the main frame 12, generally near the forward end 14 thereof,
      via a front sensor support 56.
PAR  The sensor support 56 is constructed such that the elevation and the
      distance between the sensor support 56 and the main frame 12 are each
      adjustably controlled, the distance between the sensor support 56 and the
      main frame 12 being, more particularly, adjustably controlled and
      positionable from a remote position, as will be described in greater
      detail below.
PAR  The elevation of a portion of the rear drive assembly 22 is, in a preferred
      form, constructed such that the elevation of one portion thereof is locked
      or set in a predetermined elevation setting and such that the elevation of
      one other portion thereof is automatically controlled via an automatic
      slope control to position the trimmer 10 in predetermined grade and slope
      positions during the operation thereof. The control apparatus is also
      constructed to cooperate with the trimmer 10 such that the sensors 52 and
      54 can be supported from the left side 18 of the main frame 12, as shown
      in FIGS. 1 and 2, or the right side 20 of the main frame 12 (not shown),
      as will be made more apparent below.
PAR  The utilization of sensors such as the track steering sensor 52 and the
      elevation sensor 54, described above, which are constructed to provide an
      output signal responsive to a control reference, are well known in the
      art, such sensors, for example, being described in U.S. Pat. No.
      3,423,859, entitled "Road Construction Methods and Apparatus", assigned to
      the assignee of the present invention. Therefore, a detailed description
      of the various components, and the cooperation of those components to
      provide a responsive output signal is not required herein.
PAR  The rear drive assembly 22 includes a left track assembly 62 and a right
      track assembly 64, the left track assembly 62 being connected to the main
      frame 12 generally near the left side 18 thereof, and the right track
      assembly 64 being connected to the main frame 12 generally near the right
      side 20 thereof.
PAR  The left track assembly 62 and the right track assembly 64 each include an
      endless track member 66 which is drivingly supported via a track support
      member 68. The left track assembly 62 and the right track assembly 64 are
      each driven via a hydraulic motor. The front track assembly 24 also
      includes an endless track member 66 movably supported on a track support
      member 68. The interconnection between the hydraulic motors and the rear
      drive assembly 22 to drivingly move the endless track members 66 connected
      thereto is well known in the art, and a detailed description thereof is
      not required herein.
PAR  The trimmer 10 also includes a left elevation positioning assembly 72, a
      right elevation positioning assembly 74 and a front elevation positioning
      assembly 76. The left elevation positioning assembly 72 has a portion
      connected to the track support member 68 of the left track assembly 62 and
      another portion connected to the main frame 12 to raise and to lower the
      main frame 12 in a vertically upwardly and downwardly direction, in an
      actuated position thereof. The right elevation positioning assembly 74 has
      a portion connected to the main frame 12 and another portion connected to
      the track support member 68 of the right track assembly 64 to raise and
      lower the main frame 12 in a vertically upwardly and downwardly direction,
      in an actuated position thereof. The front elevation positioning assembly
      76 has a portion connected to the track support member 68 of the front
      track assembly 24 and another portion connected to the main frame 12 to
      raise and lower the main frame 12 in a vertically upwardly and downwardly
      direction, in an actuated position thereof. The left elevation positioning
      assembly 72, the right elevation positioning assembly 74 and the front
      elevation positioning assembly 76 each include a double-acting hydraulic
      cylinder having a reciprocating piston (now shown in detail) mounted in a
      cylinder (not shown in detail), the piston of each hydraulic cylinder
      being connected to a portion of one of the track support members 68 and
      the cylinder of each hydraulic cylinder being connected to the main frame
      12. Each hydraulic cylinder is constructed and disposed to raise and lower
      the main frame 12 to position the main frame 12 in predetermined grade and
      slope positions, in a manner to be made more apparent below.
PAR  As shown more clearly in FIG. 1, the front track assembly 24 is, more
      particularly, connected to the main frame 12 via a front track support
      assembly 78 which is connected to a support extension 80. The support
      extension 80 is securedly connected on one end thereof to a central
      portion of the main frame 12, the support extension 80 extending a
      distance from the forward end 14 of the main frame 12 in a generally
      forward direction. The front track assembly 24 is, more particularly,
      connected to the support extension 80, and the support extension 80 is
      constructed such that, in the assembled position of the trimmer 10, the
      front track assembly 24 is generally centrally positioned between the left
      track assembly 62 and the right track assembly 64 of the rear drive
      assembly 22, and further such that the front track assembly 24 is spaced a
      distance in a generally forward direction from the forward end 14 of the
      main frame 12.
PAR  Generally speaking, the trimmer 10 is constructed to be driven in a
      generally forward direction via the rear drive assembly 22, the auger 36
      and the moldboard 38 excavatingly engaging an adjacent portion of the
      earth during the operation of the trimmer 10. The excavated earth is moved
      by the auger 36 generally toward a central portion of the moldboard 38 and
      through an opening therein onto the base conveyor 42.
PAR  The base conveyor 42 moves the excavated earth toward the rearward end 16
      of the main frame 12 and onto the elevated conveyor 44. The elevated
      conveyor 44 moves the excavated earth to predetermined, controlled
      locations. More particularly, conveyor position control 46 automatically
      swings the elevated conveyor 46 in a swing direction 48 and 50, thereby
      positioning the elevated conveyor 44 at controlled positions within a
      swing path generally within a 180 degree radius about the rearward end 16
      of the trimmer 10. In this manner, the operator can easily control the
      disposition of the elevated conveyor 44 to deposit the excavated earth in
      predetermined positions which will vary depending upon a particular job
      specification or location, without the necessity of utilizing additional,
      separately mounted conveyors and conveyor support apparatus.
PAR  The trimmer 10 is steeringly moved via the front track assembly 24, the
      auger 36 and the moldboard 38 being supported generally between the front
      track assembly 24 and the rear drive assembly 22, in steering directions
      32 and 34. The steering movement of the front track assembly 24 is
      controlled in response to an output signal of the track steering sensor
      52, in one aspect of the operation of the trimmer 10.
PAC  STEERING ASSEMBLY
PAR  As shown more clearly in FIG. 4, the front elevation positioning assembly
      76, more particularly, includes a first housing 82 and a second housing
      84, the first housing 82 and the second housing 84 each being generally
      cylindrically shaped, in a preferred form. One end of the first housing 82
      is securedly connected to a lower portion of the support extension 80, and
      one end of the second housing 84 is securedly connected to a yoke 86, the
      yoke 86 being connected to the track support member 68 of the front track
      assembly 24. A portion of the second housing 84, opposite the end thereof
      connected to the yoke 86, is telescoped through the end of the first
      housing 82, opposite the end thereof connected to the support extension
      80.
PAR  As shown more clearly in FIGS. 3, 4, 5 and 6, the steering assembly 30
      includes a steering arm 88 which is connected on one end thereof to the
      front track assembly 24, and a steering cylinder 90 which, in a preferred
      form, is a hydraulically operated cylinder having a piston rod 92
      reciprocatingly disposed therein. One end of the steering cylinder 90 is
      pivotally connected to the forward end 14 of the main frame 12, generally
      near the right side 20 thereof, and one end of the piston rod 92 is
      pivotally connected to the end of the steering arm 88, opposite the end
      thereof which is connected to the front track assembly 24. The steering
      cylinder 90 has an actuated turning position for moving the steering arm
      88 in a steering direction 32 and 34, thereby turning the front track
      assembly 24 to steeringly maneuver the trimmer 10 during the operation
      thereof.
PAR  More particularly, one end of the steering arm 88 is pivotally connected to
      the yoke 86 via a torque arm 94, as shown more clearly in FIGS. 3 and 4.
      The steering arm 88 is thus pivotally connected to the front track
      assembly 24 such that the movement thereof in a generally horizontal plane
      imparts steering movement to the front track assembly 24 via the
      interconnection therebetween, and yet such that the steering orientation
      of the front track assembly 24 remains fixed when the main frame 12 is
      raised and lowered relative to the front track assembly 24 due to the
      pivotal interconnection between the steering arm 88 and the yoke 86. The
      steering arm 88 thus controls the steering position of the front track
      assembly 24 in a positive manner as the steering arm 88 is moved in a
      generally horizontal plane, while vertical movement between the main frame
      12 or, more particularly, the support extension 80 thereof and the front
      track assembly 24 is independently and automatically controlled via the
      front elevation positioning assembly 76, as will be described in greater
      detail below.
PAR  The steering assembly 30 also includes a steering arm guide 96 which is
      connected to the support extension 80 and has a guide portion 98 shaped to
      receive the end portion of the steering arm 88 connected to the steering
      cylinder 90. More particularly, the guide portion 98 includes a pair of
      vertically spaced guide members 100, each guide member 100 being generally
      acutely formed in one elevation thereof, as shown more clearly in FIG. 3.
      The guide members 100 are connected via a pair of end members 102, each
      end member 102 being disposed generally adjacent one end of each guide
      member 100 and secured thereto to provide the interconnection
      therebetween. The steering arm guide 96 and, more particularly, one of the
      guide members 102 thereof is secured to a lower portion of the support
      extension 80 via a plurality of interconnecting supports 104.
PAR  The steering arm guide 96 and, more particularly, the space between the
      guide members 100 thereof defines a guide path for confining the
      horizontally oriented steering movement of the steering arm 88 and for
      maintaining the end of the steering arm 88 connected to the steering
      cylinder 90 in a predetermined vertical position during the operation of
      the steering assembly 30. As shown more clearly in FIGS. 3 and 4, the end
      of the steering arm 88, opposite the end thereof connected to the yoke 86,
      extends between the guide members 100 of the steering arm guide 96 and a
      wear pad 106 is secured to an upper and a lower portion of the steering
      arm 88, each of the wear pads 106 engaging one of the guide members 100
      during the operation of the steering assembly 30.
PAR  The steering assembly 30, as shown in FIGS. 5 and 6 includes a feedback
      assembly 110 which is connected to the front track assembly 24 and has a
      portion thereof connected to the front sensor support 56. The feedback
      assembly 110 senses the turning position of the front track assembly 24
      and provides an output signal in response to rotation thereof, in a manner
      which will be made more apparent below.
PAR  The feedback assembly 110 includes a rod clamp 112 which is secured to the
      yoke 86, as shown more clearly in FIG. 3. A pair of cylindrically shaped
      tubes 114 are secured to the rod clamp 112, the tubes 114 being
      horizontally spaced and having an aperture therethrough sized to receive
      one end portion of a rod 116. In an assembled position of the feedback
      assembly 110, one end portion of the rod 116 is disposed through the
      aperture portion of one of the tubes 114, the rod 116 being securedly
      positioned therein. The rod 116 is thus securedly connected to the yoke 86
      of the front track assembly 24 and extends a distance generally vertically
      therefrom. It will be apparent from the foregoing that, as the front track
      assembly 24 is turned, the rod 116 will be moved in response to the
      turning movement of the front track assembly 24, for reasons which will be
      made apparent below.
PAR  A rod guide 118 is securedly connected to the main frame 12 via the support
      extension 80 or, more particularly, to a portion of the first housing 82,
      as shown more clearly in FIG. 6. The rod guide 118 includes a pair of
      vertically spaced guide supports 120, each guide support 120 having an
      arcuately shaped aperture 122 formed therethrough, as shown more clearly
      in FIG. 5. The end of the rod 116, opposite the end thereof connected to
      one of the tubes 114, extends vertically upwardly from the yoke 86 through
      the apertures 122 of the rod guide 118.
PAR  In the assembled position of the rod guide 118, the apertures 122 through
      each of the guide supports 120 are aligned, and the apertures 122 define a
      guide path for confining the movement of the rod 116 to an arcuately
      shaped path responsively following the steering position of the front
      track assembly 24, in a manner to be made more apparent below.
PAR  The feedback assembly 110 also includes a push-pull cable 124 having a
      portion thereof securedly connected to the rod guide 118 via a cable
      support 126. One end of the push-pull cable 124 is connected to the rod
      116 via a journal connector 128, the journal connector providing an
      interconnection between the rod 116 and the push-pull cable 124, such that
      a portion of the push-pull cable 124 is moved and positioned in response
      to the movement of the rod 116. The position of the rod 116 thus controls
      the position of the control portion of the push-pull cable 124, and the
      position of the control portion of the push-pull cable 124 which is thus
      indicative of the steering position of the front track assembly 24, is
      communicated to the front sensor support 56 via the push-pull cable 124.
PAR  As shown more clearly in FIGS. 3 and 4, the steering assembly 30 also
      includes a steering position indicator 130 having an indicator 132 and a
      pointer assembly 134 which are constructed to provide a visual indication
      of the steering position of the front track assembly 24 during the
      operation of the trimmer 10. The indicator 132 is connected to the yoke 86
      of the front track assembly 24, the indicator 132 being turned in
      conjunction with the front track assembly 24. The indicator 132 extends a
      distance generally horizontally therefrom and a plurality of gradations
      136 are printed on the upper portion of indicator 132, the gradations 136
      being spaced on the indicator 130 to indicate the turning position of the
      front track assembly 24, in a manner which will be made more apparent
      below.
PAR  The pointer assembly 134 includes a pointer 138 which is securedly
      connected to one end of a pointer rod 140, the pointer 138 being
      positioned in close proximity to the indicator 132 such that the position
      of the pointer 138 relative to the indicator 132 is indicative of the
      turning position of the front track assembly 24. The pointer rod 140 is
      telescoped through an opening formed through a pointer housing 142 such
      that the pointer rod 140 remains in a fixed elevation during the raising
      and lowering of the main frame 12. The pointer housing 142 is secured to
      the front track support assembly 78 and, more particularly, to the first
      housing 82. As shown more clearly in FIG. 4, a roller 144 is rollingly
      supported on one end of the pointer rod 140, the roller 144 rollingly
      contacting the upper portion of the indicator 132 providing a movable
      contact and reducing the friction therebetween, during the operation of
      the steering position indicator 130.
PAR  As shown in FIGS. 3 and 4, an elevation indicator 146 is connected to the
      front track assembly 24 and, more particularly, an elevation scale 148
      having a plurality of gradation indications thereof is securedly connected
      to the first housing 82 of the front track support assembly 78. An
      elevation pointer 150 is securedly affixed to the pointer rod 140 and
      positioned in close proximity to the elevation scale 148. The raising and
      lowering of the main frame 12 via the front elevation positioning assembly
      76 thus raises and lowers the elevation scale 148 and the position of the
      elevation pointer 150 relative to the elevation scale 148 is thus
      indicative of the elevation position of the main frame 12 with respect to
      the front track assembly 24.
PAR  The steering assembly 30 is constructed to automatically steer the trimmer
      10 by steeringly moving the front track assembly 24 in response to the
      output signal of the track steering sensor 52 and the front elevation
      positioning assembly 76 is constructed to automatically position the main
      frame 12 in predetermined elevation positions relative to the front track
      assembly 24 in response to the output signal of the front elevation
      positioning assembly 76. It should also be noted that the steering
      position indicator 130 is disposed with respect to the control console 27
      to provide a visual indication of the steering position of the trimmer 10,
      and the elevation indicator 146 is also disposed with respect to the
      control console 27 to provide a visual indication of the elevation
      position of the main frame 12 relative to the front track assembly 24.
PAC  SENSOR SUPPORT
PAR  The track steering sensor 52 and the elevation sensor 54 are adjustably
      supported on the main frame 12 via the front sensor support 56, as shown
      more clearly in FIGS. 5, 6 and 7. The elevation sensor 54 has a sensor arm
      156 connected thereto and extending generally horizontally therefrom, as
      shown more clearly in FIG. 7. The elevation sensor 54 is supported on the
      outer end of a support bar 158, the support bar 158 being movably
      positionable through an opening in a support housing 160. The support
      housing 160 is securedly connected to the main frame 12 via an
      interconnecting flange 162.
PAR  A toggle clamp 164 is pivotally connected to the support housing 160, the
      clamp 164 being pivotable to a locking position, as shown in FIGS. 5 and
      7, and a release position (not shown). In the locking position, a portion
      of the clamp 164 engages an adjacent portion of the support bar 158 to
      secure the support bar 158 in the support housing 160 and, in the release
      position, the clamp 164 is disengaged from the support bar 158, so that
      the support bar 158 is movable in the support housing 160 to controlled
      positions with respect to the main frame 12.
PAR  A flange housing 166 is connected to the track steering sensor 52 end of
      the support bar 158, an opening 168 being formed through the flange
      housing 166, as shown more clearly in FIG. 7. The sensor 52 is, more
      particularly, securedly supported on the flange housing 166, the flange
      housing 166 forming an adjustable extension of the support bar 158, in a
      manner which will be made more apparent below.
PAR  As shown more clearly in FIG. 5, the flange housing 166 is slidingly and
      adjustingly disposed in a slot formed through a flange support 170, the
      flange support 170 being secured to the outermost end of the support bar
      158 and the flange housing 166 being, more particularly, connected to the
      flange support 170 via the sliding interconnection therebetween. As shown
      more clearly in FIG. 6, a pair of toggle clamps 172 are pivotally
      connected to the flange housing 166, one of the toggle clamps 172 being
      connected to the upper side of the flange housing 166 and one of the
      toggle clamps 172 being connected to the lower side of the flange housing
      166.
PAR  Each toggle clamp 172 is pivotable to a locking position, as shown in FIG.
      6, and a release position (not shown), the toggle clamps 172 each being
      constructed similar to the toggle clamp 164, described above. A portion of
      each toggle clamp 172 engages an adjacent portion of the flange support
      170 in the locking positions thereof, and each toggle clamp 172 is
      disengaged from the flange support 170 in a release position thereof.
      Thus, in a release position of the toggle clamps 172, the flange housing
      166 is movable in a vertically upwardly and vertically downwardly
      direction to position the track steering sensor 52 and the elevation
      sensor 54 in predetermined horizontal planes.
PAR  As shown in FIGS. 5, 6 and 7, the track steering sensor 52 is, more
      particularly, secured to one end of a support bar 174, the support bar 174
      extending through the opening 168 formed in the flange housing 166. The
      support bar 174 is thus movably positionable within the flange housing
      166, and is secured in a predetermined position therein via a pin or the
      like (not shown) during the operation of the trimmer 10.
PAR  A handwheel 178 is journally connected to a portion of the guard rail 28 of
      the main frame 12 via a journal support 180. The handwheel 178 is
      connected to one end of an extension shaft 182 and the opposite end of the
      extension shaft 182 is pivotally connected to the support member 183, the
      support member 183 being connected to the elevation sensor 54. More
      particularly, the extension shaft 182 includes a threaded extension member
      184, one end of the extension member 184 being pivotally connected to the
      support member 183. The support member 183 is movably disposed within a
      housing 185 which is secured to a portion of the flange housing 166 such
      that the support member 183 can be moved upwardly and downwardly within
      the housing 185. The extension shaft 182 and the extension member 184 are
      each constructed and connected to the handwheel 178 such that as the
      handwheel 178 is rotated, the support member 183 is moved upwardly and
      downwardly within the housing 185 or, in other words, raised and lowered
      with respect to the main frame 12, the upward and downward movement of the
      support member 183 being determined by the direction of rotation of the
      handwheel 178. Thus, the elevation sensor 54 connected to the support
      member 183 can be raised and lowered with respect to the main frame 12
      from a remote position located on the main frame 12 by rotating the
      handwheel 178.
PAR  As shown in FIGS. 5 and 6, a set screw 186 can be threaded through the
      extension shaft 182 and into engagement with the extension member 184 to
      secure the sensor support 56 in one position. However, in a preferred
      form, the threaded engagement between the extension shaft 182 and the
      extension member 184 provides a positive, secure positioning therebetween,
      and yet permits the sensor support 56 to be threadingly moved inwardly and
      outwardly from a remote position thereby facilitating the position control
      of a portion of the sensor support 56 from a remote position.
PAR  As shown in FIG. 5, the end of the push-pull cable 124, generally opposite
      the end thereof connected to the rod 116, is pivotally connected to one
      end of the support bar 174. The support bar 174, in a preferred form, is
      pivotally supported in the flange housing 166 such that the push-pull
      cable 124 pivotally moves the support bar 174, thereby pivotally moving
      the track steering sensor 52 in response thereto.
PAR  As described before, the movement of the push-pull cable 124 is controlled
      and is responsive to the position of the rod 116 of the feedback assembly
      110. Thus as the rod 116 is moved in the rod guide 118 in response to or
      following the steering movement of the front track assembly 24, the track
      steering sensor 52 is pivotally positioned in the front sensor support 56.
      The front sensor support 56 is thus connected to the push-pull cable 124
      such that the steering movement of the front track assembly 24 is
      automatically fed back to the track steering sensor 52 for positive
      steering control of the trimmer 10 during the operation thereof.
PAR  The steering and elevation controls of the trimmer 10 are particularly
      constructed such that the front sensor support 56 can be supported from
      the left side 18 of the main frame 12, as described above, or from the
      right side 20 of the main frame 12. If the front sensor support 56 is to
      be supported on the right side 20, the sensor support 56 is simply secured
      to the right side 20, and the rod 116 of the feedback assembly 110
      retainingly disposed in the opposite tube 114 than as shown in FIG. 3, the
      cable support 126 being reoriented 180.degree. so that the push-pull cable
      124 extends therefrom generally toward the right side 20 of the main frame
      12. This control flexibility is particularly useful in those applications
      wherein a control reference, such as a string-line, cannot be easily
      constructed on a particular side of the trimmer 10.
PAC  RECLAIMER ASSEMBLY
PAR  As mentioned before, the reclaimer assembly 40 of the trimmer 10 includes
      the base conveyor 42 which has a belt-like conveyor 190 supported via a
      base frame 192, the base conveyor 42 being supported generally between the
      left side 18 and the right side 20 and extending angularly generally under
      the main frame 12, as shown more clearly in FIG. 8. The base conveyor 42
      has a receiving end 194 and a disposing end 196, and is disposed and
      constructed to move the earth excavated by the auger 36 and the moldboard
      38 generally toward the disposing end 196 during the operation thereof.
PAR  As shown more clearly in FIG. 8, a pair of latching flanges 198 are secured
      on the end of the base frame 192, generally near the receiving end 194 of
      the base conveyor 42, each latching flange 198 being, more particularly,
      secured to one side of the base frame 192 (only one of the latching
      flanges 198 being shown in FIG. 8). A portion of each latching flange 198
      is constructed to be latchingly disposed over a pin 200 which is securedly
      connected to a portion of the main frame 12. In the assembled position of
      the base conveyor 42, each latching flange 198 is disposed in a latching
      position with respect to one of the pins 200 and a locking pin 202 is
      secured through a portion of the main frame 12, generally above each of
      the latching flanges 198. Each locking pin 202 engages a portion of each
      latching flange 198 to secure each latching flange 198 in an assembled
      position with respect to one of the pins 200.
PAR  A jack flange 204 is secured to the underside of the base frame 192, the
      jack flange 204 extending a distance from the base frame 192. The jack
      flange 204 is constructed to facilitate the removal of the base conveyor
      42, during one aspect of the operation of the trimmer 10, as will be made
      more apparent below.
PAR  The base frame 192 is removably secured to the main frame 12 via a pair of
      removal pins 206, each removal pin 206 connecting one side of the base
      frame 192 to the main frame 12 (only one of the removal pins 206 being
      shown in FIG. 8). The base conveyor 42 is thus removably supported on the
      main frame 12 via the latching flanges 198, the pins 200, the locking pins
      202, the removal pins 206 and the jack flange 204 such that the base
      conveyor 42 can be easily removed from an assembled position on the
      trimmer 10, during one aspect of the operation of the trimmer 10. To
      remove the base conveyor 42, the locking pins 202 are initially removed
      from the main frame 12, and subsequently each removal pin 206 is removed.
      After the removal pins 206 have each been removed, the base conveyor 42 is
      lowered downwardly to a position wherein the jack flange 204 engages an
      adjacent portion of the earth, the jack flange 204 forming a pivoting base
      on the base frame 192. As the disposing end 196 of the base conveyor 42 is
      lowered further each latching flange 198 is pivoted in an upwardly
      direction via the jack flange 204 to a position wherein each latching
      flange 198 is disengaged from the respective pin 200. In the unlatched
      position of the base conveyor 42, as described before, the trimmer 10 can
      be moved in a generally forward direction, leaving the base conveyor 42
      therebehind.
PAR  The base conveyor 42 includes a conveyor drive 208 which is drivingly
      connected to the belt-like conveyor 190, generally near the disposing end
      196 thereof, to drive the belt-like conveyor 190 in a direction generally
      from the receiving end 194 toward the disposing end 196 thereof, in an
      actuated position of the conveyor drive 208. The belt-like conveyor 194
      is, more particularly, of the endless belt type and the conveyor drive 208
      is drivingly connected thereto via a drive shaft (not shown) which engages
      a portion of the conveyor 190, in a manner well known in the art. It
      should be noted that the designations, above and below, referring to the
      "receiving end" and the "disposing end" of a conveyor, refer more
      particularly to relative positions on the conveyor, rather than specific
      portions thereof, the designations being used merely for the purpose of
      identification and clarity of description.
PAR  As shown more clearly in FIGS. 1, 8 and 9, the receiving end 194 of the
      base conveyor 42 is disposed generally near the moldboard 38 and, more
      particularly, the moldboard 38 has an opening 210 formed through a central
      portion thereof and the auger 36 and the moldboard 38 are each constructed
      to move the excavated earth generally toward a central portion of the
      moldboard 38, the excavated earth being then moved through the opening 210
      in the moldboard 38 and onto the receiving end 194 of the base conveyor
      42. The auger 36, more particularly, has a double-helical flight of cutter
      blades thereon, the flight of cutter blades on each side of the auger 36
      being constructed and shaped to move the excavated earth generally toward
      a central portion thereof. A guide baffle 212 is secured to the main frame
      12 generally about the opening 210 in the moldboard 38 to guide the
      excavated earth onto the base conveyor 42.
PAR  The elevated conveyor 44 has a belt-like conveyor 214 movably supported on
      an elevated frame 216, and includes a receiving end portion 218 and a
      disposing end portion 220, as shown in FIGS. 1, 2 and 8. The elevated
      conveyor 44 is supported on the rearward end 16 of the main frame 12 via
      the automatic conveyor positioning support 46, the receiving end 218 of
      the elevated conveyor 44 being disposed generally near the disposing end
      196 of the base conveyor 42, and the elevated conveyor 44 extending
      generally angularly from the rearward end portion 16 of the trimmer 10.
      The automatic conveyor positioning support 46 is constructed to support
      the elevated conveyor 44 in predetermined elevated positions and to
      automatically position the disposing end 220 of the elevated conveyor 44
      in predetermined angular positions generally about a 180 degree swing
      path, the swing path being generally in a horizontal plane with respect to
      the trimmer 10, in a manner to be described in greater detail below.
PAR  The elevated conveyor 44 also includes a conveyor drive 224 which is
      drivingly connected to the elevated conveyor 44, generally near the
      disposing end portion 220 thereof. The conveyor drive 224 is constructed
      to drive the belt-like conveyor 214 in a direction generally from the
      receiving end 218 toward the disposing end 220 thereof, in an actuated
      position of the conveyor drive 224.
PAR  The automatic conveyor position control 46 includes a pivotal connecting
      structure 228 and a swing support 230, the pivotal connecting structure
      228 provides the interconnection between the main frame 12 and the
      elevated conveyor 44, and the swing support 230 provides augmenting
      structural support for the elevated conveyor 44 during the pivotal
      movement thereof.
PAR  As shown more clearly in FIGS. 10 and 11, the pivotal connecting structure
      228 includes three support rods 234, one end of each support rod 234 being
      connected to a brace flange 236, which is securedly connected to the
      rearward end 16 of the trimmer 10. Each support rod 234 extends from the
      rearward end 16 of the trimmer 10, in a generally rearwardly direction,
      the support rods 234 forming a triangularly shaped support with the end of
      each support rod 234, opposite the ends thereof connected to the rearward
      end 16 of the main frame 12, being securedly interconnected. A pivot
      flange 238 is connected to each of the support rods 234, generally at the
      interconnection between the support rods 234, the pivot flange 238
      extending a distance generally horizontally therefrom.
PAR  A pivot support 242 is pivotally connected on one end thereof to the pivot
      flange 238. The pivot support 242 includes a pair of rod members 244, one
      end of each rod member 244 being connected to one end of the other rod
      member 244, and each rod member 244 extending generally angularly from the
      pivotal interconnection between the pivot support 242 and the pivot flange
      238. Each rod member 244 is formed such that the ends thereof, generally
      opposite the interconnected ends thereof, are each connected to a portion
      of the swing support 230, thereby providing a pivoting interconnection
      between the pivotal connecting structure 228 and the swing support 230. A
      brace member 246 connects the rod members 244 to provide additional
      structural strength to the swing support 230, during the operation of the
      automatic conveyor position control 46.
PAR  One end of a base flange 248 is pivotally connected to the pivot flange
      238, as shown more clearly in FIG. 11. The conveyor position control 46
      includes a first conveyor actuator 252 and a second conveyor actuator 254,
      each being constructed and connected to a portion of the pivotal
      connecting structure 228 to pivotally move the elevated conveyor 44 in a
      swing direction 48 and 50, generally 180 degrees about the pivotal
      interconnection between the elevated conveyor 44 and the trimmer 10. In a
      preferred form and as shown in FIGS. 10 and 11, the first conveyor
      actuator 252 and the second conveyor actuator 254 are each hydraulically
      operated cylinders, each having a cylinder portion 256 and a rod portion
      258. The cylinder portion 256 of the first conveyor actuator 252 is
      pivotally connected to one of the support rods 234 and the rod portion 258
      thereof is pivotally connected to the base flange 248. The cylinder
      portion 256 of the second conveyor actuator 254 is pivotally connected to
      the base flange 248 and the rod portion 258 thereof is connected to one of
      the rod members 244. The first conveyor actuator 252 and the second
      conveyor actuator 254 are connected in hydraulic parallel to balance the
      load imposed on the actuators 252 and 254, during the operation of the
      automatic conveyor position control 46, as will be described in greater
      detail below.
PAR  The swing support 230 includes a pivot base 262 structurally connected to
      and supported by the main frame 12 via a plurality of support members 264
      as shown in FIGS. 1, 2, 8 and 10. One end of each support member 264 is
      connected to the main frame 12 and the end of each support member 264,
      opposite the end thereof connected to the main frame 12, is connected to
      the pivot base 262, the support members 264 thereby supporting the pivot
      base 262 generally vertically above the main frame 12 and above a portion
      of the elevated conveyor 44. The elevated conveyor 44 is pivotally
      connected to the pivot base 262 via a plurality of conveyor support
      members 268, one end of each conveyor support member 268 being connected
      to a portion of the pivot base 262 for pivotal movement thereabout during
      the operation of the automatic conveyor position control 46.
PAR  As shown more clearly in FIGS. 8 and 10, the ends of two of the conveyor
      support members 268, opposite the ends thereof connected to the pivot base
      262, are pivotally secured to a portion of the elevated frame 216, one
      conveyor support member 268 being secured to one side of the elevated
      frame 216 and the other conveyor support member 268 being secured
      generally to the opposite side of the elevated frame 216. The rod members
      244 are thus, more particularly, connected to the conveyor support members
      268.
PAR  The swing support structure 230 also includes a pair of telescoping
      supports 270, one end of each telescoping support 270 being pivotally
      secured to one side of the elevated frame 216, and the opposite end of
      each telescoping support 270 being pivotally secured to a portion of the
      pivot base 262 for pivotal movement thereabout. The two telescoping
      supports 270, more particularly, support the elevated conveyor 44 in a
      particular, predetermined, angular, elevated position, the angularly
      elevated position of the elevated conveyor 44 being adjustable to
      predetermined positions via the telescoping supports 270. Each of the
      telescoping supports 270 comprise a rod portion 272 and a hollow portion
      274, each rod portion 272 being telescoped within one of the hollow
      portions 274.
PAR  As shown more clearly in FIGS. 1, 2 and 8, a funnel member 280 having a
      funnel portion 282 and side supports 284 is connected to the elevated
      frame 216 of the elevated conveyor 44, generally near the receiving end
      portion 218 thereof. Each side support 284 is connected to one side of the
      elevated frame 216, each side support 284 extending a distance generally
      from the receiving end portion 218 toward the disposing end portion 220 of
      the elevated conveyor 44 and extending a distance vertically upwardly from
      the elevated frame 216. A guide plate 286 is secured to the pivotal
      connecting structure 228 and extends a distance vertically downwardly
      therefrom. The guide plate 286 thus remains in a fixed position relative
      to the base conveyor 42, and the guide plate 286 and the side supports 284
      cooperate with the funnel portion 282 to funnelingly channel the excavated
      earth from the base conveyor 42 onto the receiving end portion 218 of the
      belt-like conveyor 214 during the operation of the base conveyor 42 and
      the elevated conveyor 44.
PAC  MOLDBOARD WING ASSEMBLY
PAR  In one form, as shown in FIGS. 12, 13 and 14, the trimmer 10 includes a
      moldboard wing assembly 300 basically comprising a left moldboard wing 302
      and a right moldboard wing 304, the left moldboard wing 302 being
      removably and adjustably connected to the left side 18 of the main frame
      12 generally near the moldboard 38, and the right moldboard wing 304 being
      removably and adjustably connected to the right side 20 of the main frame
      12 generally near the moldboard 38. The left moldboard wing 302 and the
      right moldboard wind 304 each extend angularly from the main frame 12 and
      provide an additional excavating width capacity of the trimmer 10, during
      one aspect of the operation thereof.
PAR  The left moldboard wing 302 and the right moldboard wing 304 each include a
      wing member 306 having one side thereof channelingly connected to a
      channel member 308, one channel member 308 being securedly connected to
      each side 18 and 20 of the main frame 12. The channeling interconnection
      between the wing members 306 and the main frame 12 is constructed such
      that each wing member 306 is movable in a vertically upwardly direction to
      a storage position and in a vertically downwardly direction toward an
      earth-engaging position.
PAR  Each wing member 306 has an upper base 312 and a lower base 314, a blade
      316 being connected to each of the lower bases 314, as shown more clearly
      in FIGS. 13 and 14. A wing actuator 320 is connected to each of the wing
      members 306 and, more particularly, to the upper base 312 thereof. The
      wing actuator 320 is, in a preferred form, a hydraulically operated
      cylinder having a cylinder portion 322 and a rod portion 324, each
      cylinder portion 322 being connected to one of the sides 18 and 20 of the
      main frame 12 and each rod portion 324 being connected to the upper base
      312 of one of the wing members 306. The wing actuators 320 are thus
      connected to the main frame 12 and to the wing members 306 to raise and
      lower each of the wing members 306, in an actuated position of the wing
      actuator 320 connected thereto.
PAR  As shown more clearly in FIGS. 12 and 13, the moldboard wing assembly 300
      also includes a pair of wing extension members 326, each of the wing
      extension members 326 being removably connected to one of the wing members
      306. Each wing extension member 326 is, more particularly, bolted on one
      end thereof to the end of one of the wing members 306, opposite the end
      thereof channelingly connected to the main frame 12. The wing extension
      members 326 cooperate to provide an additional excavating width capacity
      for the trimmer 10, during one aspect of the operation thereof.
PAR  In a preferred form, the trimmer 10 also includes a pair of wing scales
      330, one of the wing scales 330 being supported on the left side 18 of the
      main frame 12, generally near the forward end 14 thereof, and the other
      wing scale 330 being supported on the right side 20 of the main frame 12,
      generally near the forward end 14 thereof. As shown more clearly in FIG.
      14, each wing scale 330 (only one wing scale 330 being shown in FIG. 14)
      extends generally vertically upwardly from the main frame 12, and a scale
      rod 332 having a pointer 334 secured thereto is movably disposed adjacent
      to each of the wing scales 330. One end of each of the scale rods 332 is
      secured to the upper base 312 of one of the wing members 306. Each scale
      rod 332 is thus moved vertically upwardly and downwardly as the wing
      actuators 320 are actuated to move the moldboard wing assembly 300 in a
      vertically upwardly and a vertically downwardly direction, the position of
      each pointer 334, relative to one of the wing scales 330 thereby
      indicating the elevated position of the left moldboard wing 302 and the
      right moldboard wing 304, during the operation of the moldboard wing
      assembly 300.
PAC  TRIMMER CONTROL APPARATUS
PAR  As mentioned before, the left elevation positioning assembly 72, the right
      elevation positioning assembly 74 and the front elevation positioning
      assembly 76 are each constructed to automatically position the trimmer 10
      in controlled, predetermined grade and slope positions during the
      operation thereof. More particularly, the control apparatus of the trimmer
      10 is constructed such that the left elevation positioning assembly 72 and
      the right elevation positioning assembly 74 can each be manually actuated
      to predetermined elevation positions or such that the left elevation
      positioning assembly 72 and the right elevation positioning assembly 74
      can be automatically controlled, in a manner diagrammatically and
      schematically shown in FIG. 15.
PAR  As shown in FIG. 15, a switch actuator 350 is connected to the track
      steering sensor 52, the switch actuator 350 being constructed to receive
      an output signal 352 from the track steering sensor 52. The output signal
      352 is responsive to the sensed position of the main frame 12 relative to
      a control reference, the control reference being diagrammatically shown in
      FIG. 15 and designated by the numeral 351.
PAR  The switch actuator 350 is connected to a switch 354, the switch 354 being
      interposed between an energizing power supply 356 and a solenoid-operated
      control valve 358. More particularly, a conductor 360 connects the switch
      354 to the energizing power supply 356, and a pair of conductors 362 and
      364 provide the electrical interconnection between the switch 354 and the
      control valve 358. The switch 354 is, more particularly, a two-position
      switch, the switch 354 providing electrical communication between the
      energizing power supply 356 and the control valve 358 via the conductors
      360 and 362 in one position thereof, and providing electrical
      communication between the energizing power supply 356 and the control
      valve 358 via the conductors 360 and 364 in one other position thereof.
PAR  The steering cylinder 90 is connected to the control valve 358 via a pair
      of conduits 370 and 372, the control valve 358 being interposed generally
      between the steering cylinder 90 and a pump 374. The control valve 358 is
      constructed to provide fluidic communication between the pump 374 and the
      steering cylinder 90 via the conduit 370, in one energized position
      thereof, and to provide fluidic communication between the pump 374 and the
      steering cylinder 90 via the conduit 372, in one other energized position
      thereof.
PAR  The switch actuator 350 thus controls the position of the switch 354 in
      response to the output signal 352 of the track steering sensor 52, thereby
      controlling the energized position of the control valve 358. The control
      valve 358 establishes fluidic communication between the pump 374 and the
      steering cylinder 90 in response to the output signal 352 of the track
      steering sensor 52 to actuate the steering cylinder 90 to move the front
      track assembly 24 in a steering direction 32 and 34 in response to the
      output signal 352 of the track steering sensor 52 to maintain the steering
      position of the trimmer 10 relative to the control reference 351.
PAR  A switch actuator 376 is connected to the elevation sensor 54, the switch
      actuator 376 being constructed to receive an output signal 376 from the
      elevation sensor 54, and to actuate a switch 380 in response thereto. The
      switch 380 is interposed between a solenoid-operated control valve 382 and
      the energizing power supply 356. More particularly, the energizing power
      supply 356 is connected to the switch 380 via a conductor 384, and the
      switch 380 is connected to the control valve 382 via a pair of conductors
      386 and 388. The switch 380 is constructed to provide electrical
      communication between the power supply 356 and the control valve 382 via
      the conductors 384 and 386, in one position thereof, and to provide
      electrical communication between the power supply 356 and the control
      valve 382 via the conductors 384 and 388, in one position thereof.
PAR  The control valve 382 is interposed between the front elevation positioning
      assembly 76, referred to below simply as the front elevation cylinder,
      schematically and diagrammatically shown in FIG. 14 and referenced therein
      by the reference numeral 76a, and a pump 390. More particularly, the front
      elevation cylinder 76a is connected to the control valve 382 via a pair of
      conduits 392 and 394, and the control valve 382 is constructed to provide
      fluidic communication between the pump 390 and the front elevation
      cylinder 76a via the conduit 392, in one position thereof, and to provide
      fluidic communication between the pump 390 and the front elevation
      cylinder 76a via the conduit 394, in one other position thereof.
PAR  The switch actuator 376 thus controls the position of the switch 380 in
      response to the output signal 378 of the elevation sensor 54, the switch
      actuator 376 thereby controlling the position of the control valve 382.
      The control valve 382 thus establishes fluidic communication between the
      pump 390 and the front elevation cylinder 76a to raise and lower the main
      frame 12 in response to the output signal 378 of the elevation sensor 54.
PAR  The cylinder portions 256 of the conveyor position control 46 are each
      connected in hydraulic parallel via a pair of conduits 396 and 398, as
      shown schematically in FIG. 15. The conduits 396 and 398 are each
      connected to a control valve 400, the control valve 400 being interposed
      between the wing actuator 320 and a pump 402.
PAR  The control valve 400 is, more particularly, a solenoid-operated control
      valve, the control valve 400 being connected to a switch 404 via a pair of
      conductors 406 and 408. The switch 404 is connected to the power supply
      356 via a conductor 410, the switch 404 being interposed generally between
      the power supply 356 and the control valve 400. A switch actuator 412 is
      mechanically connected to the switch 404 to position the switch 404 to
      provide electrical communication between the power supply 356 and the
      control valve 400 via the conductors 410 and 408, in one position of the
      switch 404, and to establish an electrical communication between the power
      supply 356 and the control valve 400 via the conductors 410 and 406, in
      one other actuated position of the switch 404.
PAR  The control valve 400 thus establishes fluidic communication between the
      conveyor position control 46 and the pump 402 via a conduit 396 in one
      energized position thereof, and establishes fluidic communication between
      the pump 402 and the conveyor position control 46 via a conduit 398 in one
      other energized position thereof. The switch actuator 412 thus energizes
      the control valve 400 to swing the elevated conveyor 44 in a swing
      direction 48 and 50 to predetermined, controlled positions and, since the
      cylinder portions 256 are in hydraulic parallel, each cylinder 256 acts to
      move the elevated conveyor 44 in an actuated position of the switch 404,
      the cylinder portion 256 having the least load imposed thereon providing
      the greater swinging power. The conveyor position control 48 is thus
      connected such that the imposed load on each cylinder portion 256 is
      essentially balanced between the cylinder portions 256 to move it in the
      swing directions 48 and 50 in a more efficient and economical manner.
PAR  The elevation of the rearward end 16 of the trimmer 10 is controlled via
      the left elevation positioning assembly 72 and the right elevation
      positioning assembly 74. The left elevation positioning assembly 72 and
      the right elevation positioning assembly 74 each include a hydraulic
      cylinder, as mentioned before, the hydraulic cylinders being
      diagrammatically shown in FIG. 15 and designated therein by the reference
      numerals 72a and 74a, respectively. The controls of the trimmer 10 are
      constructed such that the left hydraulic cylinder 72a and the right
      hydraulic cylinder 74a are controlled via switches 420, 422, 423 and 424.
PAR  A pump 426 is connected to the left hydraulic cylinder 72a via a control
      valve 428, the left hydraulic cylinder 72a being connected to the control
      valve 428 via a pair of conduits 430 and 432. The control valve 428 is,
      more particularly, a solenoid-operated type control valve having one
      energized position wherein fluidic communication is established between
      the pump 426 and the left hydraulic cylinder 72a via the conduit 430 and
      one other energized position wherein fluidic communication is established
      between the pump 426 and the left hydraulic cylinder 72a via the conduit
      432.
PAR  A pump 434 is connected to the right hydraulic cylinder 74a via a control
      valve 436, the control valve 436 being connected to the right hydraulic
      cylinder 74a via a pair of conduits 438 and 440. The control valve 436 is
      a solenoid-operated control valve having one energized position wherein
      fluidic communication is established between the pump 434 and the right
      hydraulic cylinder 74a via the conduit 438 and one other energized
      position wherein fluidic communication is established between the pump 434
      and the right hydraulic cylinder 74a via the conduit 440.
PAR  The switch 420 is connected to a switch 441 via a pair of conductors 422
      and 444. The switch 441 is a three-position switch having a disconnect
      position, as schematically shown in FIG. 15, and one actuated position
      wherein the conductors 442 and 444 are connected to the switch 424 via a
      pair of conductors 454 and 456, and one other actuated position wherein
      the switch 423 is connected to the switch 424 via a pair of conductors 460
      and 462 and the conductors 454 and 456. The switch 441 thus selectively
      establishes electrical communication between the switch 424 and the switch
      420 or the switch 423, for reasons whicl will be made more apparent below.
PAR  The switch 422 is connected to the power supply 356 via a conductor 464 and
      has a switch actuator 466 connected thereto. The switch 422 is connected
      to the switch 424 via a pair of conductors 468 and 470, the switch
      actuator 466 being constructed to position the switch 422 in one position
      wherein electrical communication is established between the conductors 464
      and 468 and one other position wherein electrical communication is
      established between the conductors 464 and 470.
PAR  The switch 423 is connected to the power supply 356 via a conductor 472 and
      has a switch actuator 474 connected thereto, the switch 423 being
      constructed to establish electrical communication between the conductor
      472 and the conductor 460 in one actuated position of the switch 423 and
      to establish electrical communication between the conductor 472 and the
      conductor 462 in one other actuated position of the switch 423.
PAR  The switch 424 is connected to the control valve 428 via conductors 480 and
      482, and is connected to the control valve 436 via conductors 484 and 486.
      The switch 424 is actuated via a switch actuator 488, in a manner and for
      reasons which will be made more apparent below.
PAR  The switch 420 is, more particularly, a cross slope positioning switch, and
      is connected to the energizing power supply 356 via a conductor 490. The
      cross slope positioning switch 420 is constructed to establish electrical
      communication between the energizing power supply 356 and the conductors
      490 and 422, in one actuated position thereof, and to establish electrical
      communication between the energizing power supply 356 and the conductors
      490 and 444, in one other actuated position thereof.
PAR  The cross slope positioning switch 420, more particularly, includes a
      differential amplifier 492, a level sensor 494, a command signal source
      496, and a signal selector 498. The level sensor 494 is positioned and
      supported on the main frame 12 and is constructed to sense the cross slope
      position of the main frame 12 relative to a predetermined horizontal
      plane, and to provide an output signal 500 responsive to the sensed cross
      slope position of the main frame 12. The command signal source 496 is
      constructed to be preset to a predetermined cross slope position of the
      main frame 12, and has an output signal 502 responsive to the preset cross
      slope position of the command signal source 496.
PAR  The differential amplifier 492 is constructed to receive and compare the
      output signals 500 and 502 from the level sensor 494 and the command
      signal source 496, respectively, and the differential amplifier 492 has an
      output signal 504 which is responsive to the comparison of the output
      signals 500 and 502 of the level sensor 494 and the command signal source
      496, respectively. The signal selector 498 is constructed to receive the
      output signal 504 from the differential amplifier 492, and to be
      switchingly positioned in a disconnect position and in a position
      establishing electrical communication between the conductors 490 and 442
      and in a position establishing electrical communication between the
      conductors 490 and 444, in response to the received output signal 504.
PAR  In one form, for example, the command signal source 496 consists of a
      potentiometer connected to a power supply, such that by adjusting the
      potentiometer, the voltage level of the output signal 502 can be adjusted
      to a determinable level corresponding to a particular cross slope level
      setting of the main frame 12. The level sensor 494 can be of the
      pendulum-type having a portion connected to a potentiometer and a power
      supply in such a manner that as the pendulum is moved to indicate a change
      in the cross slope position of the main frame 12, the voltage level of the
      output signal 500 is correspondingly changed. The differential amplifier
      492 is of a type well known in the art, and the output signal 504 thereof
      corresponds or is responsive to the comparison of the two output signals
      500 and 502 received thereby.
PAR  The signal selector 498, in one form, can include a pair of
      transistor-operated type switches, one such switch being connected to the
      differential amplifier 492 to provide electrical communication between the
      power supply 356 and the switch 441 via the conductors 490 and 442, and
      one such switch being connected to the differential amplifier 492 to
      establish electrical communication between the power supply 356 and the
      switch 424 via the conductors 490 and 444.
PAR  Thus, the switch 422 is interposed between the control valves 428 and 436
      and the switches 420, 422 and 423. In the disconnect position of the
      switch 424, the left hydraulic cylinder 72a and the right hydraulic
      cylinder 74a are not controlled via any of the switches 420, 422 or 423.
      The switch 441 is interposed between the switches 420 and 423, to
      selectively establish electrical communication between the switches 420
      and 423 and the switch 424.
PAR  Assuming the switch 441 is positioned to establish electrical communication
      between the switches 420 and 424, the switches 420 and 422 will control
      the energized positions of the control valves 428 and 436, thereby
      controlling the position of the left elevation positioning assembly 72 and
      the right elevation positioning assembly 74. In this position of the
      switch 441, the switch 422 will control the energized position of the
      control valve 428 and the switch 420 will control the energized position
      of the control valve 436, in one position of the switch 424, and the
      switch 422 will control the energized position of the control valve 436
      and the switch 420 will control the energized position of the control
      valve 428, in one other position of the switch 424.
PAR  Thus, by selectively positioning the switch 424, the cross-slope control
      switch 420 is automatically connected to control the left elevation
      positioning assembly 72 or the right elevation positioning assembly 74,
      with the other positioning assembly 74 or 72 being controlled by the
      switch 422. Also, if it becomes desirable to control the left elevation
      positioning assembly 72 or the right elevation positioning assembly 74 via
      the switch actuator 474, the position of the switch 441 is changed to
      establish electrical communication between the switch 423 and the switch
      424. In this latter-mentioned position of the switch 441, the switch 422
      and the switch 423 can selectively control the control valves 428 and 436,
      thereby controlling the position of the left and the right elevation
      positioning assemblies 72 and 74.
PAR  In one form, the switches 354, 380, 404, 422 and 423 are of the type
      generally known in the art as "toggle" switches, each toggle switch
      actuating or energizing one of the control valves connected thereto. It
      should also be noted that, in a preferred form, the control valves 382,
      358, 400, 428 and 436 are, more particularly, of the type known in the art
      as "proportional valves", each control valve proportionally controlling
      the flow of hydraulic fluid therethrough in response to the switch
      connected between that valve and the energizing power supply 356.
PAR  The control apparatus of the trimmer 10 is thus constructed such that the
      left elevation positioning assembly 72 and the right elevation positioning
      assembly 74 are selectively and automatically controlled via a toggle-type
      switch 422, a cross slope control switch 420, and a switch 423, and such
      that either the left or the right elevation positioning assemblies 72 or
      74 can be locked in a predetermined elevated position, the opposite side
      of the main frame 12 being controlled automatically via the cross slope
      positioning switch 420. The controls of the trimmer 10 thus are
      constructed and connected to automatically control the steering of the
      trimmer 10, to maintain the trimmer 10 in predetermined grade and cross
      slope positions, and to automatically control the position of the elevated
      conveyor 44 in a flexible, quick and efficient manner.
PAR  The construction of the trimmer 10 thus provides a trimmer having a
      relatively high degree of control flexibility without a loss of control
      accuracy, and a trimmer which is particularly constructed to be
      maneuverable within a relatively confined working area in a positive,
      efficient, economical and automatically controlled manner.
PAR  Changes may be made in the construction and the arrangement of the various
      parts or the elements of the embodiments as disclosed herein without
      departing from the spirit and scope of the invention as defined in the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A road construction apparatus, comprising:
PA1  a main frame having a forward end, a rearward end, a left side, and a right
      side;
PA1  drive means connected to the main frame, drivingly moving the main frame;
PA1  a moldboard connected to the main frame, excavatingly engaging a portion of
      the earth;
PA1  a base conveyor connected to the main frame, having one end portion
      disposed near the moldboard and one end portion disposed near the rearward
      end of the main frame, receiving a portion of the earth excavated via the
      moldboard and moving the excavated earth deposited thereon generally
      toward the rearward end of the main frame, wherein the base conveyor
      extends generally between the left side and the right side of the main
      frame, and angularly generally from the forward end toward the rearward
      end of the main frame, the base conveyor including:
PA1  a latching flange connected to the end portion of the base conveyor
      disposed near the moldboard, having a portion latchingly disposed over a
      portion of the main frame;
PA1  a locking pin secured through a portion of the main frame, generally above
      the latching flange, securing the latching flange in an assembled
      position;
PA1  a removal pin removably connecting the end portion of the base conveyor
      disposed near the rearward end of the main frame, to the main frame; and
PA1  a jack flange connected to the underside of the base conveyor for engaging
      the earth and forming a pivoting base for pivotally disengaging the
      latching flange from the main frame upon removal of the locking pin and
      the removal pin and the lowering of the end portion of the base conveyor
      disposed near the rearward end of the main frame;
PA1  an elevated conveyor pivotally connected to the main frame, having a
      portion receiving the excavated earth from the base conveyor and
      depositing the excavated earth at predetermined positions; and
PA1  means connected to the elevated conveyor, supporting and pivotally moving
      the elevated conveyor in a predetermined swing path.
NUM  2.
PAR  2. A road construction apparatus, comprising:
PA1  a main frame having a forward end, a rearward end, a left side, and a right
      side;
PA1  drive means connected to the main frame, drivingly moving the main frame;
PA1  a moldboard connected to the main frame, excavatingly engaging a portion of
      the earth;
PA1  a base conveyor connected to the main frame, having one end portion
      disposed near the moldboard and one end portion disposed near the rearward
      end of the main frame, receiving a portion of the earth excavated via the
      moldboard and moving the excavated earth deposited thereon generally
      toward the rearward end of the main frame;
PA1  an elevated conveyor pivotally connected to the main frame, having a
      portion receiving the excavated earth from the base conveyor and
      depositing the excavated earth at predetermined positions;
PA1  a pivot flange connected to the rearward end of the main frame;
PA1  a base flange having one end pivotally connected to the pivot flange;
PA1  a pivot support connected to the elevated conveyor and pivotally connected
      to the pivot flange;
PA1  a first conveyor actuator having a portion pivotally connected to the main
      frame and a portion pivotally connected to the base flange, pivotally
      moving the elevated conveyor in a predetermined swing path in an actuated
      position thereof; and
PA1  a second conveyor actuator having a portion pivotally connected to the base
      flange and a portion pivotally connected to the pivot support, pivotally
      moving the elevated conveyor in the predetermined swing path in an
      actuated position thereof.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the first conveyor actuator and the
      second conveyor actuator are each defined further as being hydraulic
      cylinders, each hydraulic cylinder being connected in hydraulic parallel
      to balance the load imposed on the hydraulic cylinders in actuated
      positions thereof.
NUM  4.
PAR  4. The apparatus of claim 2 defined further to include:
PA1  a swing support having a portion pivotally connected to the main frame and
      another portion pivotally connected to the elevated conveyor providing
      augmenting pivotal support for the elevated conveyor during the operation
      thereof.
NUM  5.
PAR  5. A road construction apparatus or the like, comprising:
PA1  a main frame having a forward end, a rearward end, a left side and a right
      side;
PA1  a left track connected to the left side of the main frame drivingly moving
      the main frame;
PA1  a right track connected to the right side of the main frame drivingly
      moving the main frame;
PA1  a front track connected to the main frame generally between the left side
      and the right side thereof and generally near the forward end thereof;
PA1  front elevation positioning means connected to the main frame and to the
      front track raising and lowering the main frame relative to the front
      track in an actuating position thereof;
PA1  left elevation positioning means connected to the main frame and to the
      left track raising and lowering the main frame relative to the left track
      in an actuated position thereof;
PA1  right elevation positioning means connected to the main frame raising and
      lowering the main frame relative to the right track means in an actuated
      position thereof;
PA1  a steering arm having one end pivotally connected to the front track, the
      steering arm being movable in a horizontal plane steeringly moving the
      front track and movable in a vertical plane via the pivotal
      interconnection between the steering arm and the front track during the
      raising and the lowering of the main frame via the front elevation
      positioning means;
PA1  track steering sensor means connected to the main frame having a portion
      sensing the position of the main frame relative to a control reference and
      providing an output signal responsive to the sensed position;
PA1  means receiving the output signal of the track steering sensor and
      steeringly moving the steering arm in response thereto;
PA1  means actuating the front elevation positioning means, the left elevation
      positioning means and the right elevation positioning means controlling
      the grade and slope position of the main frame during the operation of the
      road construction apparatus;
PA1  means supporting the track steering sensor means and positioning the track
      steering sensor means relative to the main frame from a remote location;
PA1  feedback means connected to the front track means and the track steering
      sensor means providing a feedback signal to the track steering sensor
      means responsive to the sensed turning position of the front track means;
PA1  a base conveyor connected to the main frame receiving a portion of
      excavated earth and moving the excavated earth deposited thereon generally
      toward the rearward end of the main frame;
PA1  an elevated conveyor pivotally connected to the main frame receiving the
      excavated earth from the base conveyor and depositing the excavated earth
      in predetermined positions; and
PA1  means for supporting and pivotally moving the elevated conveyor means in a
      swing path generally 180 degrees about the rearward end of the main frame.
NUM  6.
PAR  6. A road construction apparatus, comprising:
PA1  a main frame having a forward end, a rearward end, a left side and a right
      side;
PA1  drive means connected to the main frame, drivingly moving the main frame;
PA1  a moldboard connected to the main frame, excavatingly engaging a portion of
      the earth;
PA1  means supported via the main frame, having a portion disposed near the
      moldboard, receiving a portion of the earth excavated via the moldboard;
PA1  an elevated conveyor pivotally connected to the main frame, having a
      portion receiving the excavated earth from the means receiving the earth
      excavated via the moldboard and depositing the excavated earth at
      predetermined positions;
PA1  means connected to the elevated conveyor supporting and pivotally moving
      the elevated conveyor in a predetermined swing path;
PA1  front track means connected to the main frame, generally near the forward
      end thereof, steering the road construction apparatus during the operation
      thereof;
PA1  a steering assembly connected to the front track means and to the main
      frame steeringly moving the front track means in one position, comprising:
PA1  a steering arm having one end thereof connected to the front track means,
      steeringly moving the front track means;
PA1  a steering cylinder pivotally connected to the main frame, having a portion
      pivotally connected to the steering arm, moving the steering arm in a
      generally horizontal plane in an actuated position thereof;
PA1  means confining the movement of a portion of the steering arm, generally
      near the connection thereof with the steering cylinder, to a generally
      horizontal plane;
PA1  a track steering sensor connected to the main frame, having a portion
      sensing the position of the main frame relative to a control reference and
      providing an output signal responsive to the sensed position; and
PA1  means receiving the output signal of the track steering sensor and
      actuating the steering cylinder in response thereto, steeringly
      maintaining the alignment of the main frame relative to the control
      reference;
PA1  an elevation sensor having a portion sensing the position of the main frame
      relative to a control reference and providing an output signal responsive
      to the sensed position;
PA1  front elevation positioning means connected to the front track means,
      having a portion receiving the output signal of the elevation sensor, the
      front elevation positioning means raising and lowering the main frame
      relative to the front track means in response to the output signal of the
      elevation sensor; and
PA1  sensor support means supporting the elevation sensor and the track steering
      sensor, comprising:
PA1  a support housing connected to the main frame;
PA1  a support bar movably positionable in the support housing to controlled
      positions with respect to the main frame;
PA1  means securing and releasing the support bar in predetermined positions in
      the support housing;
PA1  means connected to the end of the support bar, opposite the end thereof
      movably positionable in the support housing, supporting the track steering
      sensor;
PA1  means having a portion secured to the support bar and a portion movably
      disposed therein connected to and supporting the elevation sensor;
PA1  a threaded extension member pivotally connected on one end thereof to the
      means movably supporting the elevation sensor;
PA1  an extension shaft having one end portion connected to the main frame, the
      opposite end of the extension shaft threadingly receiving the end portion
      of the threaded extension member, opposite the end thereof connected to
      the means movably supporting the elevation sensor; and
PA1  a handwheel connected to the extension shaft for rotating the extension
      shaft thereby moving the portion of the means movably supporting the
      elevation sensor connected thereto, raising and lowering the elevation
      sensor with respect to the main frame via the threaded extension member
      and the extension shaft thereby positioning the elevation sensor from a
      remote position.
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ABST
PAL  A rectangular label wherein a rectangular central portion is disposed
      between two rectangular sections having their rear sides provided with
      coats of adhesive. The front side of the central label portion bears
      imprinted information pertaining to the cost of developing of photographic
      film, the number of prints to be made from film, the price per print, the
      nature of film and/or the size of each print. The adhesive-coated sections
      are partially separated from the central portion by rows of perforations
      so that the central portion can be completely separated from the sections
      while the sections adhere to an envelope in order to at least partially
      close an open end of the envelope. Additional information may be imprinted
      onto the front side of at least one section to remain on the envelope,
      either as a bill to the dealer or as a bill to the customer. At least one
      of the adhesive-coated sections is provided with a fold line so that it
      can be readily folded over the open end of an envelope.
PARN
PAR  This is a division of application Ser. No. 248,126, filed on Apr. 27, 1972,
      now U.S. Pat. No. 3,841,936.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to adhesive-coated labels in general, and
      more particularly to improvements in labels which are provided with
      information or data and can be permanently or temporarily bonded to an
      article.
PAR  It is already known to employ adhesive-coated labels on articles in stores
      and to apply to the front sides of such labels information which can
      indicate the cost of articles, the dimensions of articles or the like.
      Furthermore, it is customary to use imprinted adhesive-coated labels on
      parcels and/or on envelopes which are to be mailed by a mail order house
      or a similar institution. However, adhesive-coated labels are not used at
      present in connection with the storage and/or shipment of photographic
      film and/or prints of film frames.
PAR  Labels which somewhat resemble the label of the present invention are
      disclosed in German Printed Publication No. 2,027,378 published Dec. 10,
      1970.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a novel and improved label which
      can be used with particular advantage on envelopes or analogous containers
      for photographic film and/or photographic prints.
PAR  On feature of the invention resides in the provision of a label which
      comprises a first portion the rear side of which is coated with adhesive
      and which preferably consists of two spaced apart rectangular sections, a
      second portion which is preferably located between the sections of the
      first portion and the front portion of which is provided with information
      or data pertaining, for example, to a transaction in connection with the
      development of photographic film and/or the making of prints, and a
      weakened portion which is disposed between the first and second portions
      and preferably consists of two rows of perforations allowing convenient
      separation of the second portion from the first portion while the first
      portion adheres to an envelope or the like in such a way that the open end
      of the envelope is overlapped and at least partially closed by the first
      portion.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved label
      itself, however, both as to its construction and its mode of operation,
      together with additional features and advantages thereof, will be best
      understood upon perusal of the following detailed description of certain
      specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevational view of a label which embodies one form of
      the invention, further showing a portion of an envelope to which the label
      is about to be bonded;
PAR  FIG. 2 is a front elevational view of a second label;
PAR  FIG. 3 is a fragmentary front elevational view of an envelope, further
      showing on the envelope the label of FIG. 2; and
PAR  FIG. 4 is a front elevational view of a third label.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is shown a rectangular label 1 which
      comprises a substantially centrally located non-adherent rectangular
      portion 4 which is provided with imprinted information or data, and
      another portion consisting of two adherent adhesive-coated rectangular
      marginal sections 2 and 3. The sections 2 and 3 (hereinafter called
      strips, for short) are disposed at the opposite sides of the central
      portion 4 and are adjacent to the short edges of the label 1. For the sake
      of clarity, the coats of adhesive are shown as being applied to the front
      or exposed sides of the strips 2 and 3; however, such adhesive coats are
      actually applied to those sides of the strips which face away from the
      observer of FIG. 1. The adhesive coats on the rear sides of the strips 2
      and 3 preferably consist of a pressure-responsive adhesive which will
      strongly adhere to paper or a similar material in response to the
      application of moderate pressure. Neither side of the central portion 4 is
      coated with an adhesive. However, the rear side of the central portion 4
      could be coated with a moisture-activatable adhesive which does not adhere
      to paper or the like without previous application of water.
PAR  The width of the strip 2 is about half the width of the strip 3, and the
      strip 3 is provided with a fold line 7 along which the outer part of the
      strip 3 can be readily folded over the inner part. The central portion 4
      is separated from the strips 2 and 3 by an elongated weakened portion
      consisting of two rows of perforations respectively numbered 6 and 5.
      Thus, when the rear sides of the strips 2 and 3 adhere to a surface of a
      paper envelope or the like, the central portion 4 can be readily separated
      therefrom by tearing it away along the rows of perforations 5 and 6. As a
      rule, the width of the strip 3 will be at least twice the width of the
      strip 2.
PAR  The information or data which is imprinted onto the front side of the
      central portion 4 is self-explanatory. The label 1 is assumed to be
      utilized by a dealer in photographic material who accepts exposed and/or
      developed films for development and/or for the making of prints. The first
      line of information which is imprinted on the central portion 4 indicates
      the price index per print. The second line indicates the number of prints
      which are to be made, and the third line represents the code number for
      the developing of film, i.e., encoded information pertaining to the cost
      of development. The fourth line indicates the date on which the film was
      accepted for processing, and the last line indicates the order number
      which is different from label to label. When a clerk in a shop accepts an
      exposed film from the customer, the film is inserted into an envelope 14A
      and the label 1 is thereupon applied to one side of the envelope 14A
      adjacent to the open side or end which is indicated at 14B. The
      application of the label 1 is preferably such that the open end 14B
      registers with the fold line 7 whereby the rear sides of the strip 2 and
      of the inner part of the strip 3 adhere to one side of the envelope 14A.
      The clerk thereupon folds the outer part of the strip 3 over the open side
      14B of the envelope 14A so that the strip 3 is folded along the line 7 and
      the outer part of the strip 3 adheres to the rear side of the envelope
      which provides a temporary closure for the envelope and confines the
      exposed film in its interior. The envelope 14A is then delivered or
      shipped to the developing plant where the film is developed and/or prints
      are made therefrom.
PAR  Certain information which appears at the front side of the central portion
      4 of the label 1 can be applied (imprinted) thereto prior to attachment of
      the label to an envelope. Such information includes that which is in lines
      1, 3 and 5 shown at the front side of the central portion 4. The number of
      prints (in the illustrated embodiment, the number of prints to be made is
      25) is applied by the clerk. The same holds true for the date when the
      film was accepted for development and/or printing. In fact, certain
      information which appears on the central portion 4 can be imprinted on the
      label 1 prior to application of coats of adhesive to the rear sides of the
      strips 2 and 3. Such information may include the print price index, the
      number of prints, the cost of developing, the date and the order number.
      The label 1 can be attached with a large number of similar labels to an
      elongated carrier web of wax paper or the like to which the adhesive at
      the rear sides of the strips 2 and 3 adheres but can be readily separated
      therefrom without affecting the condition of the adhesive coats. Certain
      information on the central portion 4 can be imprinted onto the labels 1
      prior to attachment to the carrier web of wax paper or the like. Certain
      other information, such as the order numbers, can be applied to the labels
      after they are attached to wax paper so that consecutive labels will be
      provided with successive order numbers, such as 25 169, 25 170, 25 171,
      etc. The carrier of wax paper can be introduced into an automatic printing
      machine which applies the order numbers in the desired sequence. The same
      holds true for the code number of the print price index and the cost of
      film developing.
PAR  FIG. 2 illustrates a modified label 101. This label also comprises a
      non-adherent central portion 104 which is flanked by two marginal sections
      or strips 102, 103 of another label portion the rear side of which is
      coated with a suitable pressure-activatable adhesive. The width of the
      strip 102 is shown as being equal to that of the strip 103, and each of
      these strips is provided with a transversely extending fold line 13, 12.
      The rows of perforations which extend between the central portion 104 and
      the lower parts of the strips 102, 103 are respectively shown as 106 and
      105. The label 101 is further provided with two narrow slits 10 and 11
      which respectively separate the upper parts of the strips 103 and 102 from
      the adjoining parts of the central portion 104. The parts 8 and 9 which
      are respectively located above the fold lines 12 and 13 constitute two
      flaps which can be folded along the lines 12 and 13 so as to adhere to the
      rear side of an envelope to the front side of which the label 101 is
      applied by means of adhesive which coats the lower parts of the strips 102
      and 103.
PAR  FIG. 3 illustrates an envelope or container 14 of the type which is often
      employed by dealers in photographic material or the like for mailing of
      exposed photographic films to the developing and printing plants. The
      illustrated envelope 14 is provided with a tab 14b which can be detached
      along the line 14d and handed to the customer as a receipt for the
      delivered film. The number which appears on the tab 14b is also applied to
      the envelope 14, as at 14c, together with additional information such as
      the name of the dealer and his address. The reference character 14d can
      indicate a row of perforations or an otherwise weakened portion of the tab
      14b which can be readily separated from the major part of the envelope 14
      and handed to the customer. If desired, the number on the tab 14b and the
      corresponding number on the face of the envelope 14 can appear in a coded
      form. Each envelope is provided with a different number.
PAR  When the envelope 14, with the tab 14b already removed therefrom and with a
      roll of exposed but undeveloped film contained therein, is received by the
      developing plant, the envelope is opened up preferably by severing or
      removing a narrow portion along the edge 14a so that the exposed film can
      be removed therefrom. Such film is normally stored in a suitable cassette.
      Once the exposed film is removed from the envelope 14, it is provided with
      a code number for identification in the developing plant, and such code
      number remains on the film during the processing which may include
      development and the making of a requisite number of prints. When the
      developing and printing operation is completed, the thus obtained prints
      and the exposed and developed film are delivered or automatically conveyed
      to a station where the number of prints is counted, where the dimensions
      of the prints are determined, and where a notation is made of the nature
      of film which was developed and further processed. The just-mentioned
      information can be obtained automatically by suitable equipment which is
      well known in the art. Certain information may be obtained by visual
      inspection or counting, and such information may be fed into a printing
      device similar to a typewriter which applies the information to labels 101
      of the type shown in FIG. 2. At this station, the label 101 which is
      subsequently applied to the envelope 14 is also provided with the date
      which can be imprinted onto the central portion 104. Furthermore, the
      person in charge at such station may apply to the label 101 the order
      number which can also represent the commission number of the particular
      merchant. Such order number can be applied in the form of numerals or in
      encoded form. The exposed and developed film is preferably severed so as
      to form sections of desired length. For example, each such section may
      include six film frames. The sections of film and the prints are thereupon
      inserted into the envelope 14 and the label 101 is applied to the open end
      14a of the envelope in a manner as shown in FIG. 3. Thus the flaps 8 and 9
      are folded along the lines 12 and 13 so that they adhere to the rear side
      of the envelope 14 whereas the lower parts of the strips 102, 103 adhere
      to the front side of the envelope. The flaps 8 and 9 thereby partially
      seal the open end of the envelope so as prevent unintentional removal or
      escape of film sections and prints. FIG. 3 further shows that the upper
      part of the central label portion 104 extends beyond the open end 14a so
      that the order number, which happens to be 25 169, can be readily observed
      even if the envelope 14 is thereupon inserted into a drawer or a box,
      together with a number of similar envelopes, in such a way that the upper
      parts of the label portions 104 extend from the drawer or box. The
      envelopes 14 are then returned to the dealer and are held in readiness for
      the customer or customers. The customer presents his tab 14b and the
      number thereon is compared with the number on the envelope so that the
      dealer makes sure that the customer receives his film and proper prints.
PAR  It will be noted that, in contrast to the application of the label 1 shown
      in FIG. 1, the label 101 of FIG. 2 can be applied to the envelope 14 in
      such a way that the upper part of its central portion 104 extends beyond
      the open end 14a of the envelope. This is desirable because the order
      numbers can be readily observed without even partial withdrawal of
      envelopes from their drawer or box. Not only the label 1 but also the
      label 101 is attached to the respective envelope 14A or 14 with sufficient
      force to prevent any unintentional or accidental separation. This can be
      readily achieved by applying to the strips 2, 3 or 102, 103 a moderate
      pressure so that the adhesive coats at the rear sides of such strips
      properly adhere to the adjacent portions of the respective envelopes.
PAR  Once the dealer has located the envelope 14 which belongs to a particular
      customer, the envelope is withdrawn from its receptacle and the central
      portion 104 is separated from the envelope by destroying the rows of
      perforations 105 and 106. The information which is applied to the front
      side of the thus separated central portion 104 is evaluated to determine
      the cost to the customer. Alternatively, the thus separated portion 104
      can be kept for later billing of a particular customer. The portion 104 is
      thereupon retained in the files of the merchant in proof of completion of
      the transaction.
PAR  FIG. 4 illustrates a third label 201 which is similar to the label 1 of
      FIG. 1 and certain parts of which are denoted by similar reference
      characters. The difference between the labels 1 and 201 is that the latter
      comprises a relatively wide adhesive-coated adherent section 15 which
      replaces the relatively narrow strip 2 of FIG. 1. The area of the section
      15 is shown as being substantially equal to that of the non-adherent
      central portion 4. The label 201 is assumed to be applied to an envelope
      in the printing and developing plant. When the envelope with the label 201
      thereon is returned to the dealer, the dealer retains the central portion
      4 which is separated from the remainder of the label along the rows of
      perforations 5 and 6. The portion 4 then constitutes a receipt which the
      dealer retains in proof of completion of the transaction. The information
      which is imprinted on the section 15 remains on the envelope and is handed
      to the customer. Such information on the section 15 constitutes a bill
      which can be paid immediately or later on. The information which is shown
      at the front side of the marginal portion 15 can be imprinted in the
      developing and processing plant if the personnel at the plant is aware of
      the billing practice of the particular dealer. Alternatively, the
      developing plant will retain the central portion 4 as a receipt for
      completion of the transaction and the information which is imprinted on
      the section 15 will constitute a bill to the dealer. It is clear that the
      improved label is susceptible of many additional modifications without
      departing from the spirit of the invention. For example, the front sides
      of the adhesive coated marginal sections of each label can be provided
      with advertising matter or with other pertinent information. Furthermore,
      the improved label need not necessarily be used as a means for forming a
      closure for an open-ended or open-sided envelope which contains exposed
      but undeveloped film and/or developed film and/or prints. For example, the
      open end of an envelope can be sealed or partially sealed by a discrete
      label which does not bear any information or is provided only with
      advertising matter. The label 1, 101 or 201 is then applied to any other
      part of the envelope where it can be readily seen by the dealer. However,
      the simultaneous utilization of the label as a carrier of information as
      well as a means for at least partially closing an envelope or an analogous
      container for undeveloped or developed film and prints has been found to
      be of particular advantage because it saves an additional operation,
      namely, the sealing or closing of the open end of an envelope by a
      separate label or by a staple.
PAR  It is further clear that the improved label can find advantageous use in
      many other plants, not necessarily in photoshops or developing plants for
      photographic film or the like. For example, the label can be applied to
      envelopes which contain watches to be sent to a repair shop as well as any
      other relatively small articles which are to be transported or shipped
      between a receiving station, such as a dealer, and a repairing or
      processing station.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and the
      range of equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. The combination of an envelope having an open end, particularly for
      insertion of photographic film and/or prints, with a label having a first
      side and a second side and comprising a first portion including two
      spaced-apart sections each provided with a coat of adhesive at one side of
      the label, said label further comprising a second portion disposed between
      and separating said sections for each other, said second portion having
      information applied thereto so that such information is observable at the
      other side of the label and said second portion being non-adherent at said
      one side of the label, said label also comprising weakened portions
      disposed between said second portion and said sections to facilitate the
      separation of said second portion from said sections and a fold line
      provided in at least one of said sections and dividing said one section
      into first and second parts, said one section being folded along said fold
      line so that said first and second parts overlap each other and the
      adhesive coat of said one section is located between said parts, said
      parts adhering to said envelope at the opposite sides of said open end so
      that said one section at least partially closes said open end, the other
      of said sections also adhering to said envelope.
NUM  2.
PAR  2. The combination of claim 1, wherein said label is rectangular and each
      of said weakened portions includes a row of perforations.
NUM  3.
PAR  3. The combination of claim 2, wherein at least one of said sections is a
      strip.
NUM  4.
PAR  4. The combination of claim 1, wherein said label has elongated slits one
      of which separates one part of said one section from said second portion
      and the other of which separates a part of said other section from said
      second portion.
NUM  5.
PAR  5. The combination of claim 4, wherein said fold line is substantially
      normal to said one slit.
NUM  6.
PAR  6. The combination of claim 1, wherein the area of said one section is
      greater than the area of said other section, said fold line being
      substantially parallel to the weakened portion between said second portion
      and said one section.
NUM  7.
PAR  7. The combination of claim 1, wherein the area of said other section is at
      least substantially equal to the area of said second portion, said other
      section being provided with additional information which is observable at
      said other side of said label.
NUM  8.
PAR  8. The combination of claim 1, wherein both sides of said section portion
      are without adhesive coats.
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ABST
PAL  A display card of the pull card type having a swinging operating tab for
      sliding an intermediate display leaf between a back leaf and the display
      aperture of a front display leaf to shift the intermediate display leaf
      and change the scene or message visible through the display aperture. The
      front and back leaves are joined at their sides by folds which provide an
      envelope for the sliding intermediate leaf and which also serve as
      relatively long guides for the sliding intermediate leaf; and the tab has
      two spaced hinge-like folds, one connecting one of the two layers of the
      tab to the intermediate leaf and the other fold connecting its other layer
      to a flexible projecting section of the back leaf. The two ends of the
      envelope are open and the intermediate leaf may be elongated to extend
      beyond the end of the envelope when the tab is in the folded position.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 341,518 which was filed Mar. 15, 1973 and now abandoned.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The present invention is concerned with display cards of the types employed
      as greeting cards and also those used for advertising and similar
      purposes. More particularly, it is directed at display-changing or
      scene-changing cards, and especially the kind usually described as pull
      cards.
PAR  A great variety of pull cards have been devised and marketed in various
      forms, and their greatest popularity has probably been in the field of
      humorous greeting cards. In many embodiments of such cards, either a
      message or an illustration or both are visible on an interior leaf through
      an opening in the front page or cover of the card in its closed position;
      then upon opening the card, the scene or message inside is shifted by some
      means operated by the opening of the card to provide a humorous finale in
      the form of a punch line or startlingly different scene from the original
      message or scene.
PAR  Huber U.S. Pat. No. 2,145,794 describes an embodiment of a greeting card
      wherein unfolding the folded end of the picture card serves "to present a
      relatively long and different picture" thereon by turning one panel to the
      rear where it is no longer visible, uncovering a folded panel, pulling a
      narrow extension or tongue through a vertical slit from concealment under
      the front leaf of the card and retaining one of the original front panels
      in view. Since the tongue is completely covered and thus not visible when
      the card is folded, it plays no greater part in providing a different
      picture than the panel that is also covered in the folded position.
PAR  Although this interesting pull card has a number of good features, the
      tongue appears to create some obvious problems and limitations without
      providing any significant advantages. Difficulties are likely to be
      encountered in assembling the card, for a narrow tongue or extension is
      weak and prone to binding, jamming, bunching or tearing in inserting the
      tongue through the slit in the front leaf thereby creating some production
      problems. Also there are limits on the length of that slit, and
      consequently the width of the tongue, if one is to avoid weakening the
      front leaf to the extent where the slit would tear through to the edge of
      the leaf. Of course, thicker sheet material can be used to increase the
      tear strength, but it can also substantially increase the resistance of
      the material to folding and/or to the sliding motion of the tongue as well
      as increase the weight and mailing costs. The ends of a slit leave much to
      be desired as guide means since each end exerts its guiding influence at
      one point only along the length of the sliding tongue; thus the ends of
      the slit may tend to display more binding action than guiding action. In
      addition, the folded end of the card is likely to be rather bulky with its
      six layers and four fold lines and thus subject to disarrangement,
      particularly if handled roughly by children.
PAR  The present invention is directed at an improved pull card which may be
      constructed in an extremely simple manner of flexible sheet material which
      may have a rather wide range of flexural properties; and this card
      provides extremely smooth and well guided motion in providing movable
      scenes or messages under one or more display openings in the front leaf or
      the rear leaf or in both leaves of the card. Moreover, the invention
      provides for an elongated intermediate leaf to extend beyond the front
      leaf, allowing several scene display areas to provide a multifaceted
      scene-changing effect in a simple structure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a display-changing, multilayer display
      card which comprises a front leaf and a back leaf joined together along
      two spaced and substantially opposite junctions of substantial length to
      form a flat envelope having at least one open edge, at least one display
      aperture in at least one of said front and back leaves, an intermediate
      leaf slidably positioned between said front and back leaves and between
      said junctions for sliding movement beneath and relative to said display
      aperture, said intermediate leaf extending out of a first open edge for
      hinged connection with a foldable tab, said tab being affixed to a
      flexible section of one of said front and back leaves at an operating fold
      line substantially perpendicular to the direction of said sliding
      movement, the pivot of said hinged connection being spaced away from said
      fold line and toward said open edge when said tab is in the folded
      position, and said pivot being located farther than said fold line from
      said open edge when said tab is in the open position, whereby said
      intermediate leaf is shifted by the opening of said tab to present a
      different display area of said intermediate leaf than the display area
      initially visible through said display aperture.
PAR  Advantageously, the flat envelope is formed with two open edges at opposite
      ends thereof and the intermediate leaf is elongated such that its free end
      extends beyond the second open edge when the tab is in the closed
      position.
PAR  Other aspects of the invention relate to one or more of such features as
      the disposition and character of the aforesaid junctions as well as the
      shape of the leaves which are preferably rectangular; the preferred
      structure of the tab, or the arrangement of the fold lines in one
      preferred embodiment wherein the entire card is integrally constructed
      from a single blank or cutout from sheet material without any further
      cutting of the blank being necessary.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the unprinted side of a blank or cutout from which
      one embodiment of the cards of the present invention is constructed.
PAR  FIG. 2 is a perspective view in which the blank is partially folded to
      provide the movable intermediate leaf.
PAR  FIG. 3 is another perspective view at a further stage in making the card,
      and it depicts the partial folding over of the front leaf in preparation
      for joining its edge to the back leaf.
PAR  FIG. 4 is a perspective view of a completed card in the open position.
PAR  FIG. 5 is a perspective view showing the completed card in a partially
      folded position.
PAR  FIG. 6 is an enlarged sectional view taken on the plane of the line 6--6 of
      FIG. 5.
PAR  FIGS. 7a-b are perspective views of a completed card having an extended
      intermediate leaf according to another embodiment of the present
      invention.
PAR  FIGS. 8a-c are perspective views illustrating alternate embodiments of the
      scene-changing display device shown in FIGS. 7a-b.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The features of the present invention as well as its objects and advantages
      can be illustrated by describing the fabrication and structural features
      of its preferred embodiments shown in the attached drawings.
PAR  Referring now more particularly to the embodiment of the invention shown in
      FIG. 1, an L-shaped blank 10 of a suitable type of flexible sheet material
      (e.g., papers and paperboards of varying weights, foils, polyethylene and
      other flexible resins in sheet form) is subjected to a series of folding
      steps along the five fold lines 11, 12, 13, 14 and 15 as well as cementing
      or bonding operations. These fold lines are important structural features
      of the novel display cards and the manner and purpose of each of the
      various folds are described hereinafter. The blank is prepared in a
      preliminary stamping or cutting operation of a conventional type on the
      sheet material; and it is often desirable to score or indent the fold
      lines in the material at the same time. The unprinted face or side of the
      blank is shown in FIG. 1, and the other side bears the selected pictures,
      messages, etc., inscribed in any desired colors. Preferably, such printing
      of one side of the card is accomplished before any die cutting operations.
PAR  The blank 10 is composed of several sections including front display leaf
      16 located in one branch of the L and having a display opening or aperture
      17; and this leaf extends from the edge 18 to the edge 19. The other, and
      usually longer, branch of the L provides a back leaf 20, a tab section 21
      and an intermediate leaf 22 located adjacent to the far end of that
      branch. A pressure sensitive adhesive coating may be provided for the
      entire area 23 between the fold lines 11 and 14 in order to improve
      operation of the device and also strengthen the tab after it has been
      folded; alternatively, the adhesive may be coated on the corresponding
      area of section 24 or both areas may be coated. It will be noted that the
      intermediate leaf 22 is tapered in the general location of the fold line
      14 thereby reducing its width to a small extent so that leaf 22 will slide
      freely back and forth between the front and back leaves 16 and 20 after
      assembly of the card is completed.
PAR  FIG. 2 shows the first folding operation for fabricating the card by
      folding the sheet material along the line 11 so that the intermediate leaf
      22 is directly on top of the back leaf 20. Also, the section 23 of the tab
      is cemented to that part of the area of section 24 which is contacted by
      section 23 in folding.
PAR  Next, the front leaf 16 is folded along fold line 12 over the intermediate
      leaf 22 as in FIG. 3, preferably after there has been a preliminary
      creasing flexing or partial folding along the fold line 15 of a marginal
      section 25 which is coated with a pressure sensitive or other suitable
      adhesive for adhering the front leaf 16 to the back leaf 20. With due
      attention to the placement of the adhesive, the marginal section 25 can be
      adhered to either face of the back leaf 20, but it is preferred to fold
      section 25 in between the front and back leaves and bond it to the inner
      face of the back leaf 20 as shown in FIGS. 4 and 5, inasmuch as this
      provides more space beween the inner surfaces of leaves 16 and 20 for easy
      operation of the movable intermediate layer 22. The card is now complete
      except for folding the tab along the two fold lines 13 and 14 which are
      the pivots of hinged connections.
PAR  The construction of this embodiment of the invention is extremely simple as
      it involves only five folds and the use of an adhesive in forming a flat
      envelope provided with a reciprocating inner display leaf 22 which is
      operated through the open edge 19 by the tab section 21. Advantageously,
      the opposite edge 18 of the envelope is opened to allow substantially
      unobstructed sliding of intermediate leaf 22 by avoiding the pinching
      effect on its free end caused by a closed edge and to accommodate, as
      hereinafter explained, extension of leaf 22. Of the fold lines, lines 11,
      13 and 14 are disposed in a direction that is substantially perpendicular
      to the direction of motion of the inner leaf while fold lines 12 and 15
      are parallel to the direction of motion and the latter two folds function
      as guides for the smooth operation of movable leaf 22 in addition to
      serving as junctions between the front and back leaves 16 and 20.
PAR  By reference to FIG. 6, it will be apparent that in operating the device,
      swinging the tab 21 counterclockwise from the fully closed to the fully
      opened position about the pivot or hinge 13 will move the intermediate
      leaf 22 a distance or "throw" equal to twice the distance between the
      hinge connections or pivots 13 and 14. This is significant in respect to
      the length of the aperture or display window 17 in the direction of
      motion, as the length of that window may be less or it may be equal to
      that throw, but it should not exceed the throw if there is to be a
      complete change of the scene or message visible through the display
      aperture 17. However, a window of greater length in the direction of
      motion is suitable in instances where only a partial change of scene is
      desired.
PAR  In pulling open the tab 21, the hinge line 13 is displaced backwards, that
      is to the rear of the normal plane of the back leaf 20. In other words,
      one end of the back leaf is bent backwards as may be seen in FIG. 6;
      therefore the extended panel 26 of leaf 20 between the open edge 19 of the
      envelope and fold line 13 must be sufficiently flexible to permit such
      displacement of the pivot line 13. Provision for such flexibility can be
      readily made by balancing material and design factors. For example, by
      selecting a sheet material of suitable flexibility for making the display
      card, leaf 20 or at least panel section 26 thereof and/or by adjusting the
      distance or length of that panel between edge 19 and hinge 13. Such
      matters are best determined by simple experimentation on the basis that an
      increase in the length of panel 26 allows a greater degree of flexing with
      any flexible sheet material and consequently of displacement of hinge 13.
PAR  On the other hand, lengthening the motion or throw of the intermediate
      layer 22 by increasing the distance between the two pivot lines 13 and 14
      will involve a greater backward displacement of the pivot 13. Swinging the
      tab 21 open or closed involves only a minor and insignificant deflection
      of inner leaf 22 from its flat plane, for essentially all of the flexure
      occurs in the panel 26.
PAR  The length of the tab between fold lines 11 and 14 is often a matter of
      choice as it is only necessary that this section be long enough to provide
      a tab having sufficient leverage for operation of the card by persons,
      including children and others who may not be adept in the use of their
      hands. Thus, in many instances, the distance between 11 and 14 may be
      relatively short. However, it may be desirable to provide a relatively
      long tab in order to have a message or picture of substantial area hidden
      on the folded panel 23 and the underlying section of the card, and even
      extending up to the edge of the aperture 17 because that scene also will
      be changed relative to whatever picture may be on the exposed panel 24.
PAR  Panel 22 may be made of either flexible or relatively stiff material, but
      typically the entire article is made of a single sheet of material;
      therefore panel 22 is customarily made of the same flexible material as
      panel 26.
PAR  Although the embodiment of the display card described hereinbefore is one
      wherein the operating tab 21 is attached to the back leaf 20 rather than
      the front leaf 16, it will be apparent to those skilled in the art that
      the arrangement of sheets could be reversed by simply providing the
      display aperture in leaf 20 and having the changing scene printed on the
      face of intermediate layer 22 which is adjacent to leaf 20; then leaf 20
      becomes the front leaf and the pull tab is now affixed to the front leaf.
      In general, this arrangement is somewhat less desirable as its operation
      may not be as readily apparent to the user, and one could not employ the
      hidden tab panel 23 as additional scene-changing space. Another
      alternative is providing display apertures 17 in both front leaf 16 and
      back leaf 20 with changing scenes imprinted on both faces of the
      intermediate layer 22. This would of course involve printing both sides of
      the blank 10 in FIG. 1.
PAR  The cards of the present invention have been described as articles of
      integral construction which are fabricated from unitary blanks solely by
      folding and cementing operations inasmuch as such construction is
      generally preferred for simplicity, minimum cost and also usually greater
      strength; nevertheless the present cards could be assembled from a number
      of smaller blanks by fastening them together with adhesives, staples or
      binding the edges with adhesive tapes. Such tapes may be employed to form
      the hinge lines 13 and 14 or to reinforce ordinary folds with a layer of
      strong adhesive tape.
PAR  In the embodiment of the invention shown in FIGS. 1-6, the tab sheet 21 is
      composed of panels 23 and 24 which may be cemented together from the first
      fold line 11 to the fourth fold line 14. Such structure is often preferred
      for providing an operating tab of high strength and durability as is
      particularly desirable for cards intended for children or those
      constructed of a relatively heavy sheet material. However, other tab
      constructions may be employed as exemplified by using a narrow band of
      adhesive between the two panels 23 and 24 at a location close to the pivot
      14 to join the panels there as well as at the fold at 11; or one could use
      a row of staples instead of the adhesive. Moreover, the pivot 14 need not
      be attached to the panel 24 in embodiments where durability is not
      important, for the operator's thumb will tend to place the fold line 14
      into essentially the correct operating position so long as the two panels
      23 and 24 are joined at the fold 11. However, from a practical standpoint,
      it is essential that panels 23 and 24 be jointed at either the fold line
      11 or the hinge line 14 in order to obtain the necessary registery of the
      scenes or messages on the inner layer 22.
PAR  Referring generally to FIGS. 7 and 8, there are shown alternate embodiments
      of a particularly useful aspect of the present invention wherein the
      intermediate leaf 22 is lengthened. It should be understood that the above
      description of the embodiments shown in FIGS. 1-6 is equally pertinent to
      the embodiments described with reference to FIGS. 7 and 8. Thus, except as
      hereinafter described, the structures, fabrication, mode of operation and
      advantages of the embodiments shown in FIGS. 1-6 are identical to those of
      the embodiments shown in FIGS. 7 and 8.
PAR  Referring now more particularly to FIGS. 7a-b, there is shown one
      embodiment of the present invention wherein intermediate leaf 22 is
      provided with extended member 27 which elongates leaf 22 to extend beyond
      open edge 18 of the envelope formed by front leaf 16 and back leaf 20 when
      the foldable tab 21 is in the closed position. Advantageously, and as here
      preferably embodied, the length of extended member 27 is no longer than
      the "throw" distance intermediate leaf 22 travels when tab 21 has been
      shifted to its fully opened position, as discussed with reference to FIG.
      6. Thus, according to this embodiment, the length of extended member 27 is
      no more than twice the distance between the hinge pivots 13 and 14 of the
      assembled card.
PAR  Accordingly, when tab 21 is in the closed position as shown in FIG. 7a,
      extended member 27 provides an additional display surface for use in
      conjunction with the scenes on front leaf 16, on the portions of the
      intermediate leaf 22 exposed by the display apertures formed in front leaf
      16, and, if used, on back leaf 20. However, when tab 21 is in the fully
      open position as shown in FIG. 7b, extended member 27 is completely
      withdrawn into the envelope formed between the front and back leaves, to
      remove from view the scenes and/or messages printed on member 27 as part
      of the change of scene effect. Advantageously, extended member 27 may be
      provided with a scene and/or message only on its front surface which
      slides directly adjacent front leaf 16 in order that the device may be
      completely printed on one side of the unassembled blank.
PAR  Referring now to FIGS. 8a-b, there is shown an alternate embodiment to that
      shown in FIG. 7a. Advantageously, and as here preferably embodied,
      intermediate leaf 22 is provided with extended member 27, comprising
      portions 27a and 27b, having a length greater than the "throw" distance of
      intermediate leaf 22. Thus, according to this embodiment, portion of 27a
      of extended member 27 is equal to twice the distance between hinge pivots
      13 and 14 of the assembled card while portion 27b may be any desired
      length for creating the intended effect during operation as explained
      below.
PAR  Accordingly, when tab 21 is in the folded position as shown in FIG. 8a,
      extended member 27 provides an additional display surface, on both
      portions 27a and 27b, for use in conjunction with other printing on the
      device. However, when tab 21 is in the fully open position as shown in
      FIG. 8b, portion 27a, originally visible, is encased by the envelope
      formed between the front and back leaves, leaving only portion 27b exposed
      to view. Thus, the structure according to this aspect of the invention is
      particularly useful for creating only a partial change of scene and/or
      message printed on member 27 in conjunction with the change of scene
      provided by display aperture 17 and tab 21. Advantageously, the scene
      and/or message on member 27 is printed only on its front face, which is
      immediately adjacent front leaf 16, in order that complete printing may be
      accomplished on one side of the unassembled blank.
PAR  FIG. 8c illustrates a modified version of the alternate embodiment shown in
      FIGS. 8a-b. According to this embodiment, the extended member 27,
      comprising portions 27a and 27b, may be folded over front leaf 16 along a
      sixth fold line 28, such as one generally coincident with open edge 18 of
      the envelope, when tab 21 is in the folded position as shown in FIG. 8c.
      Advantageously, the rear surface of extended member 27, which faces
      forward when folded as shown in FIG. 8c, may be unprinted to function
      simply as a cover for a scene and/or message printed on front leaf 16 near
      edge 18, and, the front surface of portion 27b, which faces in towards the
      display surface of front leaf 16 when folded as shown in FIG. 8c, may be
      provided with a message and/or scene to appear when tab 21 is shifted to
      its open position.
PAR  In the operation of this embodiment, when tab 21 is shifted to its fully
      open position, which is illustrated in FIG. 8b, member 27 is flipped open
      as intermediate leaf 22 slides within the envelope, to reveal both the
      previously hidden display on front leaf 16 near the edge 18 and the
      printing on the front face of portion 27b. Thus, two additional display
      surfaces are provided for facilitating a greater change of scene effect in
      a substantially simple structure which still may be completely printed on
      one side of the unassembled blank.
PAR  Alternatively, extended member 27 may be provided with printing on its rear
      surface, as well as on the front surface of portion 27b. Thus, when tab 21
      is in the folded position, the entire back face of member 27 may be
      printed with a scene and/or message in conjunction with a display on the
      front leaf 16, and, when tab 21 is shifted to the open position, the front
      face of portion 27b and the previously covered portion of front leaf 16
      near edge 18 are revealed to generate the desired change of scene.
      Although this embodiment entails an additional printing operation, a
      scene-changing display device is provided which generates a multi-faceted
      change of scene effect in a substantially simple structure.
PAR  While the present invention has been described in connection with display
      cards in the form of a movable rectangular intermediate display leaf 22
      sliding back and forth between the parallel folded edges or junctions of
      leaf 16 and 20 which are also rectangular, it will be apparent to those
      skilled in the art that other shapes or configurations of the three leaves
      may also be employed with the multilayered cards described herein. For
      example, the intermediate layer might have one straight edge that is
      guided by one of the aforesaid junctions while the other edge might be of
      irregular outline and have only one point subject to guidance by the other
      junction.
PAR  From the foregoing description, it is apparent that the novel pull cards
      are not only simple, rugged and very versatile as to arrangement of scenes
      but also extremely smooth in operation. They are very easy to fabricate in
      an economical manner from a large variety of sheet materials of a wide
      range of flexural characteristics. In addition, their construction has the
      desirable of requiring printing on one side only in making the usual style
      of scene-changing card.
PAR  While the present invention has been set forth in detail in respect to only
      a few embodiments in the foregoing description it will be readily apparent
      to those skilled in the art that the articles of this invention may be
      modified in many ways relative to their configuration, structure or
      materials of construction. Accordingly, this invention should not be
      construed as limited in any particulars except as may be recited in the
      appended claims or required by the prior art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display-changing multilayer display device which comprises a front
      leaf and a back leaf joined together along two spaced and substantially
      opposite junctions of substantial length to form a flat envelope having
      two open edges on opposite ends thereof, at least one display aperture in
      at least one of said front and back leaves, an intermediate leaf slidably
      positioned between said front and back leaves and between said junctions
      for sliding movement beneath and relative to said display aperture, said
      intermediate leaf extending out of a first edge of said open edges for
      hinged connection with a foldable tab, said tab being affixed to a
      flexible section of one of said front and back leaves at an operating fold
      line substantially perpendicular to the direction of said sliding
      movement, the pivot of said hinged connection being spaced away from said
      fold line and toward said first open edge when said tab is in the folded
      position, and said pivot being located farther than said fold line from
      said first open edge when said tab is in the open position, and said
      envelope being open at a second edge of said open edges to accommodate
      extension of said intermediate leaf at its free end when said tab is in
      the folded position, whereby said intermediate leaf is shifted by the
      opening of said tab to present a different display area of said
      intermediate leaf than the display area initially visible through said
      display aperture.
NUM  2.
PAR  2. A display device according to claim 1 wherein said intermediate leaf is
      provided with an extended member which extends beyond said second edge
      when said tab is in the folded position to present an additional display
      area of said intermediate leaf when said tab is in the folded position
      whereby when said intermediate leaf is shifted, to present a different
      area of said intermediate leaf than the display area initially visible
      through said display aperture and on said extended member.
NUM  3.
PAR  3. A display device according to claim 2 wherein said extended member also
      extends beyond said second edge when said tab is in the open position.
NUM  4.
PAR  4. A display device according to claim 3 wherein at least one of said
      junctions is disposed along a straight line and serves as a guide means
      for rectilinear motion of an adjacent and substantially parallel straight
      edge of said intermediate leaf.
NUM  5.
PAR  5. A display device according to claim 4 wherein said junctions are
      substantially parallel.
NUM  6.
PAR  6. A display device according to claim 5 wherein said front, back and
      intermediate leaves are of a substantially rectangular shape.
NUM  7.
PAR  7. A display device according to claim 6 which comprises a single sheet of
      flexible material folded along a first fold line substantially
      perpendicular to the direction of said rectilinear sliding motion to
      provide said intermediate leaf overlying said back leaf, said sheet being
      folded along a second fold line substantially parallel to the direction of
      said motion to superimpose said front leaf over said intermediate leaf and
      to form one of said junctions, said back leaf having a third fold line
      substantially perpendicular to the direction of said motion and at a
      substantial distance from said first open edge of said envelope to provide
      said operating fold line of said tab, and said intermediate leaf having a
      fourth fold line substantially perpendicular to the direction of said
      motion to form said hinged connection to said tab at a location between
      said third fold line and said first open edge when said tab is in the
      folded position.
NUM  8.
PAR  8. A display device according to claim 7 wherein said tab comprises two
      layers of said flexible material joined at said first fold line and at
      said fourth fold line.
NUM  9.
PAR  9. A display device according to claim 7 wherein said tab comprises two
      layers of said flexible material united over substantially the entire area
      extending from said first fold line to said fourth fold line.
NUM  10.
PAR  10. A display device according to claim 7 wherein one of said front and
      back leaves is folded along a fifth fold line substantially parallel to
      and spaced from said second fold line to provide the second of said
      junctions.
NUM  11.
PAR  11. A display device according to claim 10 wherein said single sheet is
      substantially L-shaped, having a generally short leg member orthogonally
      intersecting a generally long leg member, said front leaf being formed by
      folding said short leg member along said second fold line substantially
      coincident with the intersection of said short and long leg members, and
      said fifth fold line being formed on said short leg member substantially
      near its free end and spaced from said second fold line a distance equal
      to about the width of said back leaf.
NUM  12.
PAR  12. A display device according to claim 11 wherein the width of said
      intermediate leaf is slightly less than the widths of said front and back
      leaves.
NUM  13.
PAR  13. A display device according to claim 11 wherein said extended member of
      said intermediate leaf is folded over said front leaf along a sixth fold
      line, substantially parallel to said first fold line, to cover a portion
      of said front leaf near said second edge when said tab is in the folded
      position such that when said tab is shifted to its open position, said
      extended member flips over as said intermediate leaf slides within said
      envelope to expose the entire surface of said front leaf.
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ABST
PAL  This invention relates to an improved sign which may be quickly and easily
      detachably secured to an automobile body by being inserted into the space
      between the trunk lid or front hood and the fenders of the automobile. The
      flat rigid sign is between 1/8 and 3/8 inches in thickness and may be
      formed of a corrugated cardboard panel sandwiched between two flat
      cardboard panels and covered by a smooth vinyl coating to be resilient to
      pressure from the side. It is attached to the automobile by being manually
      depressed into the vertical space until its lower edge abuts on a
      horizontal portion of one of the members forming the space, in which
      position it is retained substantially vertically by being resiliently
      engaged between the sides of the space. In a preferred embodiment, the
      sign has a flexible lower edge portion provided by the vinyl covering
      extending downward beneath the cardboard panels, which is bent sideways to
      engage one of the members defining the space. The sign is very economical
      to manufacture, simple to attach and detach, convenient to transport and
      store when not in use, and may be reused a large number of times.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to signs and more particularly to a sign
      which may be quickly and easily temporarily secured to an automobile in a
      readily visible position.
PAR  It is well known to temporarily attach signs to automobiles by a number of
      different methods. Detachable bracket members may be used but these have
      the disadvantages that they cannot be quickly and easily attached and
      removed and that they are relatively expensive to make. Other temporary
      signs may be attached by the use of adhesives or tape but this similarly
      has the disadvantages that it may not be done quickly and easily, the
      signs are not reusable a number of times and furthermore there is a
      possibility that the finish of the automobile body may be marred. In
      addition, both of these previously known methods have the further
      disadvantage that the signs cannot be conveniently transported and stored
      in large numbers.
PAR  More recently, these disadvantages have been partially overcome by signs
      which may be magnetically attached to the body of the automobile. However,
      these improved signs still have the disadvantage that they are relatively
      expensive to use as they are not cheap to manufacture and often are lost
      during use. One application of this type of sign is to indicate a funeral
      procession, and in this case other indicia such as flags are commonly
      used. These may be attached to the automobile radio antenna or to the body
      by suction, but again they have the disadvantage that they are often lost
      during use and are expensive to replace.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to at least partially
      overcome these disadvantages by providing a sign which is very inexpensive
      to manufacture in quantity, is very convenient to transport and store when
      not in use, may be very quickly and simply installed on an automobile body
      in a visible and secure position and is reusable.
PAR  To this end, in one of its aspects, the invention provides a substantially
      flat rigid sign adapted to be removably secured in an erect position in a
      substantially vertical plane by being resiliently engaged along a lower
      edge thereof in a space laterally adjacent the trunk lid or front hood of
      an automobile.
PAR  In another of its aspects the invention further provides a substantially
      flat rigid rectangular sign adapted to be manually removably positioned in
      a horizontal erect position in a vertical plane by being engaged along a
      lower edge thereof in a space laterally adjacent the trunk lid or front
      hood of an automobile, the space being defined between a first flat
      vertically extending flange member and a second flange member having an
      upper vertically extending flat portion and an integral lower horizontal
      portion which extends beneath but is spaced from the first flange member,
      the sign comprising a pair of flat rectangular cardboard panels; a
      rectangular corrugated cardboard panel sandwiched between the pair of flat
      panels; and a flexible vinyl covering shaped to smoothly enclose the
      cardboard panels and to extend downward from the cardboard panels to the
      lower edge of the sign, whereby the sign has a resilient main body portion
      1/8 to 3/8 inches in thickness and a flexible narrow thinner lower edge
      portion formed by the vinyl covering, engagement of the sign in the space
      being by downward insertion of the lower edge of the sign into the space
      to the erect position in which a lower portion of the main body portion is
      resiliently engaged between the first flange member and the upper portion
      of the second flange member, and the lower edge portion is bent by contact
      with the lower portion of the second flange member to a position partially
      beneath the first flange member.
PAR  Further objects and advantages of the invention will appear from the
      following description taken together with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial perspective view showing a sign according to the
      invention in an erect position on an automobile;
PAR  FIG. 2 is a perspective view of a preferred embodiment of the invention;
PAR  FIG. 3 is a sectional view taken along line III--III in FIG. 2;
PAR  FIG. 4 is a sectional view taken along line IV--IV in FIG. 2;
PAR  FIG. 5 is a partial sectional view showing the preferred embodiment of the
      invention in an erect position on the automobile body; and
PAR  FIG. 6 is a view similar to FIG. 5 showing a second embodiment of the
      invention in position on an automobile body.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is first made to FIG. 1 which shows an automobile 10 having a
      sign 12 according to the invention attached to it. As may clearly be seen
      from FIGS. 2 to 4, the sign 12 is formed of a pair of identical flat
      cardboard panels 14, 16 between which is sandwiched a corrugated cardboard
      panel 18 of the same size and shape, all of which are enclosed in a
      flexible vinyl covering 20. It is readily apparent that the sign may be
      very economically manufactured and is substantially resilient to pressure
      applied from the sides. While being very inexpensive to manufacture, this
      structure provides a sign which is substantially rigid, sufficiently
      resilient and adapted to be either preprinted with a selected message
      prior to assembly or lettered as desired following manufacture. As clearly
      seen in FIG. 4, in the preferred embodiment of the sign, the flexible
      vinyl covering 20 extends a short distance downward from the cardboard
      panels to form a narrow flexible lower edge portion 22 along the lower
      edge 24 of the sign.
PAR  As shown in FIGS. 1, 5 and 6, most automobiles have narrow spaces 26
      extending between the trunk lid 28 and rear fenders 30 of the automobile.
      Similar spaces are also usually provided between the front hood and front
      fenders (not shown) in which the sign may also be positioned. Referring to
      FIG. 5, the space 26 is defined between a first member 32 and a second
      member 34 which often has an upper vertically extending flat portion 36
      and a lower portion 38 which is bent to extend beneath the first member
      32.
PAR  In use, the sign 12 is manually secured to the automobile 10 by inserting
      the lower edge 24 into the space 26 and forcing the sign downward as far
      as possible to an erect position. As the sign moves downward, the flexible
      lower edge portion 22 formed by the vinyl covering 20 contacts the lower
      portion 38 of the second member 34 and is bent sideways beneath the first
      member 32, while a lower portion 40 of the main body portion 42 of the
      sign formed by the cardboard panels is resiliently compressed between the
      first member 32 and the upper portion 36 of the second member 34. It has
      been found that a sign between 1/8 and 3/8 inches in thickness may be
      quickly attached to most present automobiles in this manner sufficiently
      securely to be retained in this position during movement of the automobile
      through a procession. The sign 12 may then be quickly and easily detached
      from the automobile 10 by merely lifting it from the space 26 and
      conveniently stored for reuse.
PAR  FIG. 6 shows a second embodiment of the invention without the lower edge
      portion 22 which it has been found to be adequate to retain smaller signs
      securely in place. As is readily apparent, in this case the sign 12 is
      retained in position in the space 26 merely by the lower portion 40 of the
      main body portion 42 of the sign being resiliently engaged between the
      first member 32 and the upper flat portion 36 of the second member 34 with
      the lower edge 24 of the sign 12 abutting on the lower portion 40 of the
      second member 34.
PAR  Although the disclosure describes and illustrates preferred embodiments of
      the invention, it is to be understood that the invention is not restricted
      to these particular embodiments. For instance, it is within the scope of
      the invention to form the sign of other suitable material or materials
      such as a layer of resilient foam adhesively secured between two flat
      cardboard panels.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A substantially flat one piece rigid rectangular sign to be manually
      removably positioned in a horizontal erect position in a vertical plane by
      being engaged along a lower edge thereof in a space laterally adjacent the
      trunk lid or front hood of an automobile, the space being defined between
      a first flat vertically extending flange member and a second flange member
      having an upper vertically extending flat portion and an integral lower
      horizontal portion which extends beneath but is spaced from the first
      flange member, the sign comprising:
PA1  a. a pair of flat rectangular panels;
PA1  b. a rectangular resilient panel sandwiched between the pair of flat
      panels; and
PA1  c. a flexible vinyl covering shaped to smoothly enclose the cardboard
      panels and to extend downward from the cardboard panels to the lower edge
      of the sign, whereby the sign has a resilient main body portion 1/8 to 3/8
      inches in thickness and a flexible narrow thinner lower edge portion
      formed by the vinyl covering,
PA1  engagement of the sign in the space being by downward insertion of the
      lower edge of the sign into the space to the erect position in which a
      lower portion of the main body portion is resiliently engaged between the
      first flange member and the upper portion of the second flange member, and
      the lower edge portion is bent by contact with the lower portion of the
      second flange member to a position partially beneath the first flange
      member.
PATN
WKU  039465101
SRC  5
APN  4966406
APT  1
ART  333
APD  19740812
TTL  Changeable character-symbol system
ISD  19760330
NCL  3
ECL  1
EXA  Pitrelli; John F.
EXP  Mancene; Louis G.
NDR  1
NFG  5
INVT
NAM  Schubert; Wilfried
CTY  Lake Elmo
STA  MN
ASSG
NAM  National Advertising Company
CTY  Bedford Park
STA  IL
COD  02
CLAS
OCL   40140
XCL   40 16
EDF  2
ICL  G09F  710
FSC   40
FSS  142 R;140;132 D;133 B;132 R;159;64 R;16;65;63 R
UREF
PNO  1117360
ISD  19141100
NAM  Evans
OCL   40140
UREF
PNO  1513027
ISD  19241000
NAM  Belli
OCL   40 64R
UREF
PNO  1733296
ISD  19291000
NAM  Dawson
OCL   40 64R
UREF
PNO  1965118
ISD  19340700
NAM  Higgins
OCL   40 64R
UREF
PNO  2814141
ISD  19571100
NAM  Friedman
XCL   40133
UREF
PNO  3458944
ISD  19690800
NAM  Jimenez
XCL   40140
UREF
PNO  3753306
ISD  19730800
NAM  Hemgren
OCL   40 64R
FREF
PNO  70,700
ISD  19420300
CNT  CS
OCL   40 16
LREP
FRM  Merriam, Marshall, Shapiro & Klose
ABST
PAL  Changeable copyboard apparatus for mounting changeable flat display image
      bearing characters, such as Oriental language characters, to a copyboard
      including transparent brackets for mounting the characters in a plurality
      of discrete display positions aligned in a series of vertical columns on
      the copyboard, the brackets including paired channel members with
      longitudinal channels and paired corner retainer brackets with corner
      channels mounted to the copyboard surface to define each discrete display
      position and further including convex surfaces enabling the flat display
      characters to be readily slidably inserted into the display position and
      restrained from substantial movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to changeable copyboard display systems and more
      particularly to apparatus for mounting changeable flat display characters
      to a copyboard.
PAR  In a co-pending application of Wilfried Schubert, U.S. Ser. No. 398,074,
      filed Sept. 17, 1973 and assigned to the same assignee here, there is
      presented as background to the invention therein set forth, the various
      types of most commonly used changeable copyboard systems. Briefly,
      reference may be made to U.S. Pat. No. 2,270,711 in which the block
      characters contain slots for mounting on hanger bars; U.S. Pat. No.
      2,956,360 disclosing block characters with metal or plastic clips for
      mounting on hanger bars; and U.S. Pat. Nos. 3,407,525 and 3,531,884 which
      disclose a flat changeable display character inserted between and held by
      a slotted top and bottom track.
PAR  The aforementioned prior art relates to changeable display character
      systems using the Latin alphabet and wherein the Latin alphabet characters
      are read horizontally from the top-left corner of the display horizontally
      across from left to right continuing down the display to the bottom-right
      corner of the display. However, Chinese, Japanese and other Oriental
      languages use characters rather than an alphabet. Such Oriental characters
      could easily be confused by horizontal or vertical opaque or semi-opaque
      hanging bars of the prior art changeable copyboard systems. In addition,
      since in the Oriental languages the characters are read vertically from
      the bottom-right corner of the display vertically upward and from bottom
      to top continuing to the top-left corner of the display, the Oriental
      characters could not be conveniently mounted in position or maintained in
      their desired spacial position in such horizontally oriented prior art
      systems. Furthermore, should a horizontal hanging bar of the prior art
      system traverse behind an internally illuminated Oriental character, the
      character could easily assume an entirely different meaning in the
      Oriental language.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention, there is
      provided novel changeable copyboard display apparatus for use with
      characters in an Oriental language. A pair of preferably transparent
      channel members and brackets are rigidly mounted to a translucent
      copyboard background so as to define a single Oriental character position.
      Each display position is defined by a pair of transparent channel members
      at opposite sides of the display position and two transparent bottom
      retainer brackets at the bottom corners of the display position. A
      plurality of transparent channel members and bottom brackets are mounted
      on the copyboard frame to define a series of Oriental character positions.
      An Oriental display character can then be slipped into the channel members
      and dropped into the retainer brackets at the bottom at each display
      position. Each of the channel member's leading edge which receives the
      character is gently curved so as to facilitate the engaging and
      disengaging operation of the display character at the display positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of display apparatus according to the
      invention, including a pair of channel members and retainer brackets
      selectively mounted on a copyboard frame to define discrete Oriental
      character positions;
PAR  FIG. 2 is a perspective view illustrating one of the side channel brackets
      constructed in accordance with the present invention;
PAR  FIG. 3 is a perspective view of a bottom retainer bracket illustrating the
      curved leading edges to facilitate insertion and removal of the character;
PAR  FIG. 4 is a sectional view taken along section line 4--4 of FIG. 2 and
      illustrating the curved channel entry portion at the leading edge of the
      bracket; and
PAR  FIG. 5 is a sectional view taken along section lines 5--5 of FIG. 3
      illustrating the curved leading edge portion thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is illustrated a changeable copyboard 10
      constructed in accordance with the principles of the present invention.
      The copyboard 10 includes a frame 12 having a copyboard background surface
      14 which can be back illuminated from within the frame 12 by conventional
      illumination means.
PAR  In accordance with the principles of the present invention, there is
      provided a series of discrete display positions 16, 18, 20, 22 on the
      copyboard background 14. Each of the display positions 16-22 is defined by
      a pair of bottom corner retainer brackets 24, 26 and a pair of side
      channel longitudinal brackets 28, 30 which are rigidly mounted by a
      suitable adhesive on the surface 14 so as to define a respective display
      position for a changeable Oriental display character 32.
PAR  The copyboard surface 14 is ordinarily constructed of a translucent plastic
      material. The Oriental display characters 32 are each constructed of a
      thin, resilient translucent or transparent material with a display image
      34 screen printed on one surface thereof in a color contrasting with the
      remainder of the display character. Thus, light from a light source
      contained within or behind frame 12 can pass through translucent
      background 14 and through the Oriental display characters 32 so as to
      highlight the respective display images 34 at each of the discrete display
      positions 16-22.
PAR  It is to be realized that although FIG. 1 illustrates only four discrete
      changeable Oriental display character positions, this illustration is only
      for purposes of describing the principles of the invention, and a larger
      plurality of display positions on a changeable copyboard frame can be
      provided as desired. In any event, the display is provided for use with
      Oriental characters which are read vertically from display position 16 at
      the bottom right corner of the copyboard background vertically to display
      position 18, then from the bottom left corner display position 20
      vertically upward to the top left corner display position 22. Each of
      these discrete display positions is defined by a respective pair of bottom
      corner brackets 24, 26 and respective pair of side channel brackets 28, 30
      mounted to the copyboard by means of a suitable adhesive. This is
      extremely important in a changeable copyboard display system for the
      Oriental languages since the Oriental characters are read vertically
      instead of horizontally as the alphabet characters in the Latin languages.
      Prior art changeable copyboards are normally provided with horizontal
      tracks without any discrete positions for each of the alphabets other than
      normally spacing them as desired on the horizontal tracks. Such prior art
      horizontal track hangers for changeable copyboards are thus not suitable
      for an Oriental language changeable copyboard system. In contrast to the
      prior art, the changeable Oriental language copyboard system 10 readily
      enables changes in the respective discrete vertical display positions
      shown in FIG. 1.
PAR  Referring now to FIGS. 2-5, there is shown the construction details of the
      side channel brackets 28, 30 and the bottom corner retainer brackets 24,
      26. It is to be realized that the corner brackets 24, 26 can be of
      identical construction such that they may be used at either the left or
      the right corner at each display position. The same is true for the side
      channel brackets 28, 30 for use at either side of the respective display
      positions. Thus, although only one of each bracket is described herein,
      the description is the same for both.
PAR  The side channel bracket 28 is formed of a C-shaped transparent material
      and includes a longitudinal back portion 36 and opposite top and bottom
      longitudinal portions 38, 40 respectively. As seen in more detail in FIGS.
      2 and 4, each of the C-shaped ends of bracket 28 are fluted from inside of
      a longitudinal channel 42 defined between bracket portions 36, 38 and 40
      outwardly to the outer surfaces of each respective bracket portion. This
      is shown more clearly in the sectional view of FIG. 4 wherein the back
      portion 36 includes a straight longitudinal inner surface 44 with convex
      end surface portions 46, 48 extending outwardly to join a longitudinal
      straight outer surface 50. A similar pair of convex surfaces 52, 54 and
      56, 58 are provided for the bottom and top channel portions 40, 38
      respectively.
PAR  The convex surfaces on each of the side channel brackets 28, 30 enables the
      characters 32 to be readily mounted into the display position. The
      characters 32 are normally mounted on the background 14 by insertion of
      the top of the character into the bottom of the side channel brackets
      through, for example, the fluted convex portions 48, 54, 58 -- and through
      channel 42 and high enough within the side channel members so as to clear
      the bottom corner brackets. The bottom of the character 32 can then be
      inserted into the bottom retainer brackets 24, 26 and slipped downwardly
      until the character comes to a mounted position in the corner retainer
      brackets. If desired, the character 32 may also be mounted on the
      copyboard 14 by inserting the character bottom through the top fluted
      convex channel portions 46, 52, 56 and through channel 42 until the
      character bottom rests within the bottom retainer corner brackets 24, 26.
PAR  Referring now to FIGS. 3 and 5, there is illustrated the construction
      details for the corner bracket 24. Each of the corner brackets 24, 26 is
      formed of an L-shaped transparent material including a top member 60,
      bottom member 62 and back member 64 which interconnects the top and bottom
      members to define an L-shaped corner channel 66 therebetween. The back
      member 64 includes a right angled inner surface 68 and a pair of fluted,
      convex surfaces 70, 72 at each end thereof. Back member 64 further
      includes a right angled outer surface 74. As can be seen in FIG. 5, the
      fluted convex surfaces 70, 72 extend from respective ends of inner surface
      68 to join the outer surface 74. Similar fluted, convex portions 76, 78,
      and 80, 82 are provided for the top and bottom members 60, 62 respectively
      of each bottom corner retainer bracket.
PAR  As in the case of the side channel brackets, the fluted convex portions in
      the bottom corner brackets readily enable mounting and dismounting of the
      character 32.
PAR  In a constructed embodiment of the invention, each of the side channel
      brackets 28, 30 was constructed 11/2 inches long with a channel 42 inside
      dimension of between 1/8 to 1/4 inch and an outer dimension of 3/8 to 5/8
      inch. The corner retainer brackets 24, 26 were constructed with the same
      inner and outer channel dimensions and with each leg of the L-shaped
      member being about 3/4 inch long.
PAR  Other structural configurations for the brackets are possible. As an
      example, the side brackets may be constructed with an H-shaped cross
      section, that is, two respectively parallel top and bottom portions on
      each side of an intermediate member to define two longitudinal channels.
      With such a configuration the display character positions would be side by
      side on the copyboard with the characters closer together than as shown in
      FIG. 1. In a similar manner the corner brackets can be double ended so as
      to provide two corner channels on each side of the intermediate member in
      the form of an upside down T-shaped cross section.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A changeable copyboard display for flat display characters bearing
      oriental language characters, said changeable copyboard display
      comprising:
PA1  a frame including a copyboard background;
PA1  a plurality of discrete display positions on said copyboard background,
      each of said discrete display positions including,
PA1  a pair of transparent side channel members mounted on said copyboard
      background at opposite sides of said display position, each of said
      transparent channel members including a longitudinal channel for receiving
      one of said display characters, and
PA1  a pair of transparent bottom corner retainer brackets mounted on said
      copyboard background at opposite corners of said display position for
      retaining and restraining said flat display character from substantial
      movement on said copyboard;
PA1  means for mounting said transparent paired side channel members and said
      transparent paired bottom corner retainer brackets to define said
      plurality of discrete display positions in a series of vertically aligned
      columns on said copyboard background for reading said oriental characters
      from the right bottom most position upwardly and from bottom to top
      continuing to the top left most display position;
PA1  each of said retainer brackets including an L-shaped corner channel
      enabling said flat display characters to be slidably inserted into said
      discrete display position; and
PA1  respective convex surfaces at each end of said longitudinal channels and
      said corner channels for enabling ready slidable insertion of said flat
      display characters into said side channel members and said corner retainer
      brackets at said discrete display positions.
NUM  2.
PAR  2. A changeable copyboard display for flat display characters bearing
      oriental language characters, said copyboard display comprising:
PA1  a frame including a changeable copyboard background;
PA1  a plurality of flat, image-bearing display characters for displaying
      oriental language characters;
PA1  mounting means for changeably mounting said display characters in a series
      of discrete vertically alinged columns on said copyboard background, each
      of said discrete vertically aligned columns including a plurality of
      discrete display positions for reading said oriental characters from the
      right bottom most position upwardly and from bottom to top continuing to
      the top left most display position, said mounting means including;
PA1  a plurality of transparent paired side channel members each having a
      bottom, top and an intermediate back portion defining a longitudinal
      channel therebetween for insertion of said display character;
PA1  a plurality of paired transparent L-shaped corner retainer brackets each
      having a bottom, top and an intermediate back portion defining a corner
      channel therebetween for retaining and restraining from substantial
      movement said display character insertable therein;
PA1  means for rigidly mounting said transparent paired side channel members
      oppositely disposed on said copyboard background with said respective
      longitudinal channels facing each other;
PA1  means for rigidly mounting said transparent paired corner retainer brackets
      oppositely disposed on said copyboard background below a respective pair
      of said side channel members with said respective corner channels facing
      each other;
PA1  each of said transparent paired side channel members and corner retainer
      brackets defining a discrete display position;
PA1  said image bearing display character inserted through said longitudinal
      channels and said corner channels for releasably mounting to said
      copyboard at the respectively defined discrete display position.
NUM  3.
PAR  3. A changeable copyboard display as claimed in claim 2, including
      respective convex surfaces at each end of said longitudinal channels and
      said corner channels for enabling ready slidable insertion of said flat
      display characters into said side channel members and said corner retainer
      brackets at said discrete display positions.
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ABST
PAL  A resilient picture framing construction preferably formed from synthetic
      resinous materials in which elongated peripheral elements are provided
      with longitudinal clamping members between which the front and rear panels
      supporting a photograph or print are resiliently compressed. The
      peripheral elements are interconnected at the ends thereof by clips to
      form a rectangular frame, and are so configured that the device may be
      assembled without the use of tools.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the field of picture frames, and more
      particularly to those which may be purchased in knocked-down or
      unassembled form for assembly by a user having only ordinary skills.
      Devices of this general type are known in the art, and the invention lies
      in specific constructional details permitting low cost of manufacture,
      ease of assembly, while affording an attractive appearance.
PAR  Most prior art devices include a pre-assembled rectangular frame into which
      a rigid transparant panel and a rear panel of congruent configuration are
      fitted to be retained thereby by various means. Such constructions require
      substantial shelf space prior to sale and use, and make difficult the
      provision of other than relatively stock frame sizes and configurations.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention contemplates the provision of a
      user-assembled frame construction in which the peripheral elements thereof
      are of extruded synthetic resinous material, and include axially oriented
      clamping means between which the usual front and back panels are
      resiliently clamped together as a result of manual insertion of the edge
      portions of the latter into the former. The peripheral elements are
      provided with mitred ends which are abutted to form a rectangularly-shaped
      frame, and interconnected by resilient clips engaging openings in each of
      said ends. The resilient clamping means may also support a foot or stand,
      enabling the assembled device to be supported in erect condition upon a
      horizontal surface, or, in the alternative, a hanger enabling the device
      to be hung from a wall or other vertical surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, to which reference will be made in the specification,
      similar reference characters have been employed to designate corresponding
      parts throughout the several views.
PAR  FIG. 1 is a rear elevational view of an embodiment of the invention.
PAR  FIG. 2 is a sectional view of a frame element comprising a part of the
      embodiment, and showing a first step in the assembly of the device.
PAR  FIG. 3 is a similar sectional view of a frame element showing a second step
      in the assembly.
PAR  FIG. 4 is a similar sectional view showing a third and final step in the
      assembly of the device.
PAR  FIG. 5 is a sectional view as seen from the plane 5--5 in FIG. 1.
PAR  FIG. 6 is a perspective view of a frame element interconnecting clip
      forming a part of the embodiment.
PAR  FIG. 7 is a fragmentary perspective view of the embodiment.
PAR  FIG. 8 is a sectional view as seen from the plane 8--8 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENT
PAR  In accordance with the invention, the device, generally indicated by
      reference character 10, comprises broadly: a first plurality of peripheral
      frame elements 11, a second plurality of peripheral frame elements 12, a
      transparent front panel 13, a rear panel 14, a stand or foot element 15, a
      hanger element 16, and a plurality of interconnecting clips 17.
PAR  The frame elements 11 and 12 are substantially similar, differing only in
      effective length dependent upon the particular format desired. Each
      element is preferably formed from a continuous synthetic resinous
      extrusion, and includes a longitudinal main wall 18 having a rearwardly
      facing flange 19, a first resilient member 20 and a second resilient
      member 21. The member 20 is bounded by an outer edge 23, a curvilinear
      medially positioned portion 24 and a rearwardly inturned inner edge 25.
      The second resilient member 21 includes a first planar portion 27, a
      second planar portion 28 having an inner edge 29, and a recess-forming
      portion 30, the portion 30 including a pair of walls 31 and 32 bordering a
      planar medially disposed wall 33. Each element 11-12 terminates in mitred
      end edges 34 permitting the same to be placed in abutted relation to
      define a rectangular opening therebetween. In such relation, angularly
      disposed slots 35 are aligned to be subsequently engaged by a clip 17.
PAR  The transparent panel 13 may be of conventional glass or synthetic resinous
      construction, and is bounded by an inner surface 40, an outer surface 41,
      and peripheral edges 42. The rear panel 14 may be of cardboard, wood or
      pressed paper, and it is of congruent configuration relative to the front
      panel 13. It is bounded by an inner surface 44, an outer surface 45 and
      peripheral edge 46. A print or picture (not shown) is normally placed
      between the panels 13 and 14 in well known manner.
PAR  The foot element 15 is optional, depending upon the position of the display
      of the device, and may be formed as an integral synthetic resinous molding
      including a strut portion 49, and arcuate portion 50 and a frame engaging
      portion 51. The element 16 may be similarly formed, and is modified to
      form a nail engaging portion 52 in lieu of the strut portion 49.
PAR  The clips 17 may also be formed by transversely cutting a continuous
      synthetic resinous extrusion, each clip including a bridging wall 53 and a
      pair of hooked side walls 54 spaced apart a distance corresponding to a
      pair of abutted slots 35.
PAR  Assembly of the device is a relatively simple procedure. The desired print
      is placed between the front and rear panels 13 and 14, and shown in FIG. 2
      an edge of the superimposed panels is inserted into the interstice between
      the resilient members 20 and 21 of an element 11, this procedure being
      facilitated by the space provided by the recess-forming portion 30. The
      relative movement of the panels 13-14 within the interstice formed by the
      members 20 and 21 permits the final alignment shown in FIG. 3, following
      which the remaining elements 11 are similarly engaged as shown in FIG. 1.
      Either or both of the elements 15 and 16 may be positioned at the time of
      such engagement so that they are resiliently clamped as shown in FIGS. 5
      and 8 at the same time.
PAR  This operation will bring all of the frame elements 11 and 12 into coplanar
      relation, at which time they are interconnected by the positioning of the
      clips 17 within the juxtaposed slots 35 completing the assembly. It will
      be noted that normally no tools are required during this procedure.
PAR  Should disassembly be required, the clip 17 can normally be dislodged by
      inserting a fingernail tip beneath the bridging wall 53 of each of the
      clips 17, permitting each of the elements 11 and 12 to be pulled from
      engagement with the panels 13-14.
PAR  It will be understood by those skilled in the art that the clips 17 may be
      substituted by short strips of adhesive tape, thus permitting any of the
      elements 11-12 to be cut to non-standard relative sizes, where required.
PAR  I wish it to be understood that I do not consider the invention limited to
      the precise details of structure shown and set forth in this
      specification, for obvious modifications will occur to those skilled in
      the art to which the invention pertains.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a picture frame construction including a plurality of interconnected
      peripheral frame elements, each frame element defining a longitudinally
      oriented resilient clamping means, at least one planar panel having edge
      portions thereof positioned between said clamping means of each of said
      plurality of frame elements to thereby maintain said frame elements in
      mutually coplanar relation, the improvement comprising: said clamping
      means including a longitudinal main wall, and first and second oppositely
      disposed resilient members; said first resilient member being of
      curvilinear cross section, and having a free edge facing said second
      resilient member; said second resilient member including a first planar
      portion, a second planar portion in co-planar relationship relative to
      said first planar portion, and a recess-forming portion disposed between
      said first and second planar portions and opposite said free edge of said
      first resilient member; whereby engagement of said clamping means with
      said planar panel is facilitated by the insertion of an edge of said panel
      into said recess-forming portion at an angle relative to the plane of said
      first and second planar portions of said second resilient member, and
      subsequently aligning and contacting said panel with said first and second
      planar portions on one surface of said panel, while contacting said free
      edge of said first resilient member on another surface of said panel.
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ABST
PAL  A frame assembly is provided having an outer frame and an inner frame
      secured to the outer frame. Mounting boards are provided on either side of
      the inner frame. Pairs of spaced slots are provided on the inner surface
      of the outer frame and arranged on opposite sides of the inner frame for
      receiving mounting fixtures for mounting the frame assembly in either a
      reversed, horizontal or vertical position.
BSUM
PAR  The present invention relates generally to frame assemblies, and more
      particularly it pertains to a frame arrangement which can be reversed and
      arranged in a number of positions for displaying pictures, photographs,
      paintings or posters of various types.
PAR  It is an object of this invention to provide a frame assembly which can be
      reversed to display more than one painting, picture, poster or the like.
PAR  Another object of this invention is to provide a frame assembly which can
      be utilized in both a horizontal as well as a vertical position, and which
      can be readily reversed, for displaying pictures, posters, paintings, or
      the like.
PAR  Still another object of this invention is to provide a frame assembly which
      is economical to manufacture, and which is readily adaptable for
      displaying paintings, pictures, posters of the like, in a number of
      selected positions.
PAR  And even another object of this invention is to provide a frame assembly
      which is easy to install and to remove from a supporting structure.
DRWD
PAR  These and other objects and attendant advantages of this invention will
      become more obvious and apparent from the following detailed description
      and accompanying drawings wherein:
PAR  FIG. 1 is a front view of the frame assembly incorporating features of this
      invention;
PAR  FIG. 2 is a partial sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a perspective view of a wall hook with attaching hardware.
DETD
PAR  Referring now to FIG. 1 of the drawings, there is shown a complete
      rectangular shape frame assembly 10 incorporating features of this
      invention. Frame assembly 10 consists of a rectangular shaped outer frame
      14 having two vertical sides and two horizontal sides joined together at
      their ends and forming the outer frame.
PAR  As shown in FIG. 2, an inner frame 16 extends transversely inwardly from
      the edge portions of the outer frame 14. This inner frame 16 likewise is
      provided with two vertical members and two horizontal members joined
      together at their respective ends to form the inner frame 16.
PAR  The inner frame 16 can be secured to the outer frame 14 by any suitable
      means, such as by adhesive, by nails, or screws.
PAR  Flat mounting boards 18 and 20 are secured, by suitable means, to the
      opposite sides of the inner frame 16. An adhesive 26 or 28 is secured to
      the outer face of each mounting board 18 and 20, respectively, for
      securing a picture, poster, painting, or the like to the opposite outer
      faces of the mounting boards.
PAR  The outer frame 14 is provided on its inner surface with pairs of spaced
      slots 30,32; 34,36; 38,40; and 42,44; and on the opposite sides of the
      inner frame 16, at the top, two sides, and bottom, as shown best in FIGS.
      1 and 2.
PAR  As shown in FIGS. 2 and 3, a wall bracket or fixture 12 is provided for
      hanging the frame assembly 10 in any number of positions, either
      horizontal, vertical, or reversed. This wall bracket 12 consists of a
      support 50 having an extending portion 48 arranged transversely thereto,
      with an upwardly extending lip 46. The support 50 is provided with a pair
      of spaced apertures 52 for receiving nails or screws 54 for securing the
      support 50 to a fixed support, such as a wall 56.
PAR  In use, the frame assembly 10 can have pictures, posters, paintings,
      photographs, or the like 22 or 24, secured to opposite sides of the inner
      frame 16, in either a horizontal or vertical position by means of the
      adhesive 26 or 28 positioned on mounting boards 18 and 20, depending upon
      the choice of the user of the framed picture. The frame assembly 10 is
      secured to the wall 56 by means of the lip 46 of support 50. For example,
      in FIG. 2, slot 32 receives the lip 46 of the support 50. If it is desired
      to reverse the frame assembly 10, then use would be made of slot 30 in the
      outer frame 14.
PAR  On the other hand, if it is desired to mount the frame assembly 10 in a
      horizontal position, then use would be made of the slots 34,36 or 42,44,
      depending upon what photograph, painting, picture, or poster the viewer
      would desire to see on his wall.
PAR  Thus, the same frame assembly 10 of FIGS. 1, 2 and 3, can be utilized to
      view photographs, paints, pictures or posters from both sides of the frame
      assembly, and/or vertically and horizontally, as desired and selected.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reversible frame assembly mountable to bracket means on a vertical
      wall surface, comprising:
PA1  an outer frame having an inner surface, the outer frame being provided with
      a pair of spaced slots formed in the inner surface of said outer frame;
PA1  an inner frame secured to the inner surface of the outer frame between the
      spaced slots, the inner frame having opposite faces; and,
PA1  viewing material secured to each of the opposite faces of the inner frame,
      the spaced slots in the inner surface of the outer frame mounting the
      frame assembly to the bracket means disposed on said vertical wall
      surface, each one of the slots alternatively mounting the frame assembly
      on disposition of the given slot in facing relation to said vertical wall
      surface.
NUM  2.
PAR  2. The reversible frame assembly of claim 1 wherein the inner surface of
      the outer frame is substantially horizontal when mounted to said vertical
      wall surface and the opposite faces of the inner frame are substantially
      vertical, the outer frame and inner frame connecting at right angles to
      form a T-shaped cross-section.
NUM  3.
PAR  3. The reversible frame assembly of claim 1 wherein:
PA1  the outer frame is substantially rectangular and includes four outer frame
      elements joined at right angles to each other, inner portions of the outer
      frame elements forming the inner surface of the outer frame; and,
PA1  the inner frame is substantially rectangular and includes four inner frame
      elements joined at right angles to each other, each of the inner frame
      elements securing to one each of the outer frame elements on the inner
      portion thereof, each of the outer frame elements having a pair of spaced
      slots formed in the inner portion thereof, each of the spaced slots being
      located on the opposite side of each of the inner frame elements from the
      other slot of said pair of spaced slots.
NUM  4.
PAR  4. The reversible frame assembly of claim 1 and further comprising:
PA1  a mounting board secured to each face of the inner frame for mounting said
      viewing material.
NUM  5.
PAR  5. The reversible frame assembly of claim 1, wherein said outer frame is
      provided with pairs of spaced slots at the top, bottom, and sides thereof
      for mounting said frame assembly in either a horizontal, vertical, or
      reversed position.
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ABST
PAL  A subsurface fishing lure having a generally oval body of flat sheet
      material which extends longitudinally and resembles a minnow silhouette. A
      head portion of the body has an eyelet for attaching a leader with a
      fishing line. A concave disc is transversely mounted on the head portion
      just behind the fishing line eyelet. A tail portion of the body is divided
      into an enlarged upper portion and a smaller lower portion. The lower
      portion of the tail has an eyelet for attaching a hook. A longitudinal
      axis of the body bisects the line and hook eyelets. A rearward portion of
      the body including the tail slopes upwardly from the longitudinal axis to
      position the enlarged upper portion of the tail above the turbulent flow
      of water which is caused by the interaction of the disc and water as the
      lure is drawn through the water during retrieval. The concave disc, body
      and upper tail portion combine to provide several different actions of a
      live minnow swimming through the water by varying the speed in which the
      lure is retrieved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the action of a subsurface fishing lure which
      simulates the movement of a minnow swimming through the water.
PAR  The desirability of an artificial lure of this type which can simulate a
      minnow with an oscillating tail along with a zigzagging and wiggling
      action of the body has long been recognized. Representative prior art
      includes Royer U.S. Pat. No. 1,031,149, Haas U.S. Pat. No. 2,008,250 and
      Keeler U.S. Pat. No. 2,561,515.
PAR  An early attempt to simulate the appearance and action of a minnow is
      illustrated by the fishing lure of Royer U.S. Pat. No. 1,031,149. This
      lure is cut from a flat sheet material in the silhouette of a minnow. A
      fishing line is attached to the front end and a hook trails from the rear
      end of the lure. However, this lure, although it may look like a minnow,
      lacks the action of a minnow and it simply spins through the water without
      the zigzag or wiggling action of the body or the oscillations of the tail.
PAR  Next, Haas U.S. Pat. No. 2,008,250 developed an action attachment to fit
      any conventional lure. The attachment consists of a semicylindrical plate
      of transparent material with a weight connected to the bottom of the
      plate. The weight coacts with the concavity and forward inclination of the
      plate when mounted on the front tip of the lure to cause the lure to
      assume a downward direction during retrieval and to maintain an upright
      position in the water. The semicylindrical plate attachment eliminates the
      spinning effect of Royer, but a further test of the lure shows that the
      lure action is limited to a downwardly bucking motion of the body.
PAR  More recently, Keeler U.S. Pat. No. 2,561,515 proposed a minnow-shaped lure
      of a flat sheet material with a directing plate mounted on the front tip
      of the head and a stabilizing plate mounted on the upper part of the tail.
      The stabilizing plate on the tail produces a bucking motion similar to
      Haas, and the angle of the directing plate on the nose allows the lure to
      achieve a greater depth when the line is being reeled in after casting.
PAR  None of these proposals, however, shows a subsurface fishing lure which
      simulates the natural actions of a minnow.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to provide a subsurface
      fishing lure which closely simulates several of the natural actions of a
      minnow.
PAR  Another object of the invention is to provide a subsurface fishing lure
      which can switch between the several different actions of a minnow
      swimming through the water by varying the speed of retrievel when reeling
      in the lure.
PAR  A further object of the invention is to provide a subsurface fishing lure
      which can be mass-produced and yet maintains the critical portions between
      its two-piece construction to achieve the several different actions of a
      minnow because the parts of each lure are molded or stamped, which results
      in uniformity of size and shape as well as uniformity in performance.
PAR  A still further object of this invention is to provide a subsurface fishing
      lure which can be made in a variety of sizes for catching fish of
      different sizes by proportionately increasing or decreasing the size of
      its two-piece construction without losing the several different actions of
      a minnow.
PAR  In accordance with the present invention, a subsurface fishing lure that
      simulates the natural actions of a minnow has a generally oval body of
      flat sheet material which extends longitudinally in a shape of a minnow
      silhouette. The body includes a head portion with an eyelet for attaching
      a fishing line and a tail portion with an eyelet for attaching a hook. A
      longitudinal axis of the body bisects the line and hook eyelet. A concave
      disc is transversely mounted on the head at generally right angles to the
      longitudinal axis of the body. A central axis of the disc corresponds to
      the longitudinal axis of the body. The concave side of the disc faces
      toward the line eyelet on the head and toward the oncoming flow of water
      during retrieval. The tail is divided into an enlarged upper portion and a
      smaller lower portion. A rearward portion of the body including the tail
      slopes upwardly from the central axis of the disc to position the upper
      tail portion above the turbulent flow of water which is caused by the
      interaction of the disc and water as the lure is drawn through the water
      by a line attached to the head.
PAR  According to a further feature of the invention, the lower portion of the
      tail has a hook eyelet and is smaller than the upper tail portion so that
      only the upper tail portion is outside the eddy currents from the disc at
      the various speeds of retrieval. The interaction of the water on the upper
      tail portion and the concave disc stabilizes the lure in a generally
      upright position and prevents the lure from spinning in a circle when
      retrieved. The trailing hook from the lower tail portion has a drag to
      also keep the lure in a generally upright position during retrieval to
      complement the effect of the concave disc. The upwardly sloping rearward
      portion of the lure causes more flat sheet material to be above the
      longitudinal axis of the body than below, which results in the lure being
      top-heavy. The top-heaviness causes the lure to be unstable so that the
      upper tail portion leans from side to side when the lure is drawn through
      the water. The drag from the trailing hook combines with the unstable
      condition of the lure to make the hook eyelet a pivotal point upon which
      the upper tail portion oscillates in an arc.
PAR  In another feature of the invention, the action of the lure which simulates
      the natural actions of a minnow, depends upon the speed of retrieval. For
      instance, at a slow speed of retrieval, the lure moves through the water
      in a sinusoidal path about the axis of retrieval with the upper tail
      portion oscillating at a slow frequency in a wide arc. At a moderate speed
      of retrieval, the lure follows a zigzag path about the axis of the
      retrieval with the upper tail portion oscillating at a moderate frequency
      in a small arc. Finally, at a top speed of retrieval, the lure moves
      through the water in a wiggling path with the upper tail portion
      oscillating at a fast frequency in a smaller arc. Moreover, the weight of
      the disc on the head makes the lure nosedive when the speed of retrieval
      is slackened for achieving a greater depth in the water.
PAR  In still another feature of the invention, the concave side of the disc
      faces the oncoming flow of water and directs the water off the concave
      surface onto both sides of the head portion. This water buffets the head
      portion which tends to pivot the body into a zigzagging movement of a
      minnow, whereas a flat disc or plate creates only a water turbulence and a
      severe drag that destroys the desirable zigzag action.
PAR  In one embodiment of the invention, a subsurface fishing lure with the
      several different actions of a minnow includes a generally oval body of a
      flat sheet material which extends longitudinally in the shape of a minnow
      silhouette of approximately 3-5/16 inches in length, and 1/16 inch in
      width. The head portion of the body has a line eyelet of 3/16 inch in
      diameter, which is approximately 1/16 inch from the outer edge of the head
      portion. The tail portion of the body is 13/16 inch in height with a hook
      eyelet of 3/16 inch in diameter, which is located in the lower portion of
      the tail approximately 1/16 inch from its rounded outer edge at the bottom
      of the tail. A longitudinal axis of the body bisects the line and hook
      eyelets which places 11/16 inch of the tail above the longitudinal axis. A
      concave disc which is approximately 7/8 inch in diameter and has a concave
      depth of approximately 3/16 inch includes a diametrical slot of
      approximately 1/16 inch in width and 9/16 inch in height which matches the
      head portion to be mounted. The head portion passes through the
      diametrical slot so that the concave disc is transversely mounted at
      generally right angles to the longitudinal axis of the body and the
      concavity of the disc faces toward the line eyelet with the outer edge of
      the disc located approximately 3/8 inch from the front end of the lure and
      1/8 inch from the line eyelet. The side elevation of the body from the
      convex side of the disc to the end of the tail ranges from 5/8 inch to
      13/16 inch in height and 23/4 inch in length. The hook eyelet accommodates
      a No. 2 treble hook which freely trails approximately 1-1/16 inch behind
      the tail. The total weight of the lure is about 0.4 oz., or approximately
      11 to 12 grams.
PAR  In addition to the above measurements of a preferred embodiment of the
      invention, the size of the lure can be increased or decreased
      proportionately according to the game fish the sportsman wants to catch
      without losing the several different actions of a minnow previously
      mentioned.
PAR  Preferably, all lures made according to the invention are chrome-plated to
      reflect light in the water so that fish are attracted to the lure.
PAR  Other objects and advantages of the invention will become apparent in the
      following specification taken in connection with the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation of a fishing lure embodying the invention;
PAR  FIG. 2 is a front end view thereof;
PAR  FIG. 3 is a plan view thereof;
PAR  FIG. 4 is a side view thereof with the disc in section, illustrating the
      relation of the central axis of the disc to the longitudinal axis of the
      body;
PAR  FIG. 5 is a view similar to FIG. 1 of a smaller version thereof;
PAR  FIG. 6 is an elevation thereof, illustrating the turbulent flow of water
      from the disc;
PAR  FIG. 7 is a plan view thereof, illustrating the relationship of the
      turbulent flow of water buffeting the head portion;
PAR  FIG. 8 is a schematic of the lure action at a slow speed of retrieval;
PAR  FIG. 9 is a schematic of the lure action at a moderate speed of retrieval;
      and
PAR  FIG. 10 is a schematic of the lure action at a high speed of retrieval.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  One embodiment of the subsurface fishing lure with an improved zigzagging
      and wiggling action made according to the invention is illustrated in FIG.
      1 and includes a body 10 of a flat sheet material extending longitudinally
      in the shape of a minnow silhouette with a uniform thickness. The body 10
      includes a head portion 12 and a tail portion 14. The head portion 12
      ranges to approximately 9/16 inch in height and further includes an eyelet
      16 which is located 1/16 inch from the rounded outer edge of the lure 10
      to secure a leader 18 for attachment of a fishing line 20 to draw the lure
      through the water. The tail portion 14 is approximately 13/16 inch in
      total height and further includes an eyelet 22, as best seen in FIGS. 1
      and 4, for attachment of a hook 24, which in the larger forms of the lure
      is a treble hook. The hook 24 is connected to a split ring 26 which is
      connected to the hook eyelet 22. Alternatively, the hook 24 may be
      directly connected to the hook eyelet 22 by means of a hook with an
      adjustable eye. A longitudinal axis 28 of the body 10 bisects the line and
      hook eyelets 16 and 22, respectively, as seen in FIG. 4, which places
      11/16 inch of the tail above the axis 28.
PAR  A concave disc 30 is transversely mounted on the head portion 12 at
      generally right angles to the longitudinal axis 28 of the body 10. Disc
      mounting is accomplished by means of a diametrical slot 32, as best shown
      in FIG. 3, which is cut into the disc 30, and the head portion 12 of the
      body 10 passes through the slot 32. The disc 30 is aligned on the head
      portion 12 at a predetermined distance of approximately 3/8  inch from the
      front tip of the body 10 and is secured in the previously mentioned
      position with respect to the longitudinal axis 28 by suitable means as
      soldering or spot welding.
PAR  The concavity 34 of the disc 30 faces toward the line eyelet 16 and the
      right angle positioning of the disc 30 with respect to the longitudinal
      axis 28 of the body 10 makes the central axis 36 of disc 30 correspond
      with the longitudinal axis 28 of the body 10.
PAR  In FIG. 4, the rearward portion 38 of the body slopes upwardly from the
      longitudinal axis 28 and terminates in an enlarged upper tail portion 40.
      The lower portion 42 of the tail 14 is rounded, and is much smaller than
      the upper tail portion 40. The hook eyelet 22 is located in the lower tail
      portion 42 approximately 1/16 inch from the round outer edge on the bottom
      of the tail 14. As a result of the upwardly sloping rearward portion 38 of
      the body 10 along with the enlarged upper tail portion 40 and the smaller
      lower tail portion 42 with eyelet 22, there is more sheet material above
      the longitudinal axis 28 than below which causes the lure 10 to be
      slightly top-heavy.
PAR  Preferably, the lure 10 in FIG. 1 has the following ratios: the diameter of
      the disc 30 to its concavity - 4.7:1; the body length behind the disc to
      the body length in front of the disc - 7.3:1; the body length of the lure
      10 to the diameter of the disc 30 - 3.1:1; the body height to the diameter
      of the disc 30 - 0.93:1.
PAR  In operation, the fishing line 20 is attached to the leader 18, in turn
      connected to the line eyelet 16 and the head portion 12 to pull the lure
      10 through the water, as seen in FIGS. 6 and 7. The direction in which the
      lure moves through the water is illustrated by arrow 44. As the lure 10 is
      drawn through the water, the concave side 34 of the disc 30 faces the
      oncoming flow of water 46. The interaction of the water 46 on the disc 30
      causes eddy current 48 to envelop the entire body length behind the disc
      30 except for the enlarged upper tail portion 40. The flow of water 46 is
      also directed off the concave surface of the disc 30 to buffet the head
      portion 12, as seen in FIG. 7. The buffeting of the head portion 12 coacts
      with the upper tail portion 40 which is positioned above the turbulent
      flow of water 46 and the upper tail portion 40 tends to lean from one side
      to the other during retrieval because of the top-heaviness of the lure 10
      to produce the different minnow actions which are a function of the speed
      of the lure 10 through the water.
PAR  Moreover, as the lure 10 is drawn through the water, the concave disc 30
      has a drag which tends to stabilize the lure 10 in a generally upright
      position, and to produce a path of retrieval parallel to the surface of
      the water.
PAR  The disc 30 and the upper tail portion 40 also coact to prevent the lure
      from spinning in a circle during retrieval. The hook 24 which trails from
      the hook eyelet 22 of the lower tail portion 42 adds a further drag
      feature that makes the hook eyelet 22 the pivotal point upon which the
      upper tail portion 40 oscillates. The arc in which the upper tail portion
      40 oscillates is also a function of retrieval speed.
PAR  Accordingly, as the lure 10 is drawn through the water at different speeds
      of retrieval, a different action is produced at each speed of retrieval.
      Also, the path of the lure 10 through the water changes along with the arc
      and frequency in which the upper tail portion 40 oscillates.
PAR  In FIG. 8, the fisherman 50 casts the lure 10 to a point 52 in a body of
      water such as a pond, and begins to reel in the lure 10 at a slow speed of
      retrieval. When the fishing lure is at point 52 in the water, fishing line
      20 is seen to form an axis 54 in the direction 56 in which the lure 10
      will be retrieved. During retrieval, the lure 10 moves through the water
      at a particular depth which is generally parallel with respect to the
      surface of the water. While moving through the water at a depth parallel
      to the surface, the upper tail portion 40 leans from one side to the
      other. In conjunction with the tail movement, the lure 10 moves through
      the water in a sinusoidal path 58 about the axis 54 of retrieval with the
      upper tail portion 40 oscillating at a slow frequency in a wide arc.
PAR  In FIG. 9, the fisherman is reeling in the lure 10 at an intermediate speed
      of retrieval. In this instance, the lure 10 follows a pronounced zigzag
      path 60 through the water with the upper tail portion 40 oscillating at a
      moderate frequency in an arc which is smaller than the arc at the slower
      speed of retrieval.
PAR  In FIG. 10, the fisherman is reeling in the lure 10 at a fast speed of
      retrieval. This causes the lure 10 to move through the water in a wiggling
      path 62 with the upper tail portion 40 oscillating at a higher frequency
      and a smaller arc than the arc at the moderate speed of retrieval.
PAR  In addition, if the reeling is sharply slackened or stopped, the weight of
      the disc 30 results in the lure nosediving to a greater depth until a
      steady retrieval causes the lure 10 to level out at the desirable depth
      and to resume either a sinusoidal, zigzagging or wiggling action of a
      minnow swimming through the water.
PAR  FIG. 5 shows a smaller version of the lure 10 for catching smaller fish. A
      disc 64 maintains the same proportion, alignment, and longitudinal
      placement with respect to a body 66 when compared to the disc 30 in body
      10 of the lure of FIG. 1. The size of the tail 68, line eyelet 70 and the
      size of hook eyelet 72 are likewise reduced proportionately with respect
      to the body 66 and the disc 64. The treble hook 24 of FIG. 1 is replaced
      by a single hook 74 on a split ring 76. The fish lure 66 in FIG. 5
      maintains all of the functional characteristics such as the ratio between
      the disc and body, including the weight distribution of the lure 10 as
      described above.
PAR  The fish lure 66 moves through the water at the different speeds of
      retrieval with substantially the same action as the fish lure 10.
CLMS
STM  I claim:
NUM  1.
PAR  1. A subsurface fishing lure comprising:
PA1  a generally oval body of flat sheet material, said body extending
      longitudinally in the general shape of a fish silhouette with a rearward
      portion sloping upwardly, said body having a head with means for attaching
      a line, and a tail with means for attaching a hook; and
PA1  a dish-shaped disc transversely mounted on said head with its concave side
      facing the forward end of said body, said disc being positioned on said
      body whereby the upper portion of the tail is above the turbulent flow of
      water caused by the interaction of the disc and water as the lure is drawn
      through the water by a line attached to the head.
NUM  2.
PAR  2. The subsurface fishing lure of claim 1, in which the diameter of the
      disc to the concavity of the disc is approximately defined by the ratio
      5:1.
NUM  3.
PAR  3. The subsurface fishing lure of claim 1, in which the body length behind
      the disc to the body length in front of the disc is approximately defined
      by the ratio 7:1.
NUM  4.
PAR  4. The subsurface fishing lure of claim 1, in which the body length of the
      lure to the diameter of the disc is approximately defined by the ratio
      3:1.
NUM  5.
PAR  5. The subsurface fishing lure of claim 1, in which the point on the body
      of the greatest height to the diameter of the disc is defined by the ratio
      0.93:1.
NUM  6.
PAR  6. A subsurface fishing lure for simulating the different actions of a fish
      swimming through the water, comprising:
PA1  a generally oval body of flat sheet material in the shape of a fish
      silhouette, said body having a head portion with an eyelet for attaching a
      fishing line and a tail portion with an eyelet for attaching a hook, said
      tail having an enlarged upper portion and a rounded lower portion with
      said hook eyelet, said body having a longitudinal axis bisecting said line
      and hook eyelets;
PA1  a concave disc mounted transversely on said head portion at generally right
      angles to said longitudinal axis so that the central axis of the disc
      corresponds with the longitudinal axis of the body, said disc having its
      concave side facing the oncoming flow of water during retrieval, a
      rearward portion of said body including said tail portion sloping upwardly
      from said longitudinal axis whereby said upper tail portion is positioned
      above the turbulent flow of water caused by the interaction of the disc
      and water as the lure is drawn through the water by a line attached to the
      head so that the disc and upper tail portion are able to coact for
      producing several different actions of a fish by varying the speed of
      retrieval.
NUM  7.
PAR  7. The subsurface fishing lure of claim 6, wherein said body is 3-5/16
      inches in length having a thickness of 1/16 inch, a line eyelet of 3/16
      inch in diameter with a leader attached to the eyelet, a hook eyelet of
      3/16 inch diameter with a No. 2 size treble hook attached directly to said
      eyelet.
NUM  8.
PAR  8. The subsurface fishing lure of claim 7, wherein said disc is 7/8 inch in
      diameter with a concavity of 3/16 inch including a diametrical slot of
      9/16 inch in length and approximately 1/16 inch in width, said body
      passing through said diametrical slot so that the outer edge of said disc
      is located 3/8 inch from the front end of the lure and 1/8 inch from said
      line eyelet.
NUM  9.
PAR  9. The subsurface fishing lure of claim 8, wherein said body ranges in
      height from 5/8 inch to 13/16 inch behind said disc to the end of the
      tail.
NUM  10.
PAR  10. The subsurface fishing lure of claim 9, wherein said tail portion is
      13/16 inch in height and 11/16 inch of the tail portion is above the
      longitudinal axis which bisects said line and hook eyelets.
NUM  11.
PAR  11. The subsurface fishing lure of claim 10 in which said lure is
      approximately 0.4 oz. or approximately 11 to 12 gms. in weight.
NUM  12.
PAR  12. The subsurface fishing lure of claim 11 in which said hook trails
      freely from the hook eyelet on the lower portion of the tail at
      approximately 1-1/16 inches from the tail when the fishing lure is pulled
      through the water.
NUM  13.
PAR  13. A fish lure of a subsurface type for simulating the natural action of a
      minnow swimming through the water, comprising:
PA1  a generally oval body of a flat sheet material in a silhouette of a minnow
      having a head with means for attaching a line, a tail with means for
      attaching a hook; and
PA1  a concave disc transversely mounted on said head by means of a diametrical
      slot in said disc to allow said head to pass through said slot, said disc
      generally mounted on said head at right angles to a longitudinal axis
      bisecting the line and hook attachment means, said disc having a central
      axis corresponding to said longitudinal axis and having its concave side
      facing the foward end of said lure, a rearward portion of said body
      sloping upwardly from the central axis and terminating in an enlarged
      upper tail portion whereby the upper tail portion is positioned above the
      eddy currents caused by the interaction of the disc and the water for
      providing several actions of a minnow which are determined by the speed of
      retrieval.
NUM  14.
PAR  14. The method of simulating the different actions of a fish swimming
      through the water by using a subsurface fishing lure, said lure including
      a generally oval body of flat sheet material extending longitudinally in a
      minnow silhouette having a head with an eyelet for attaching a fishing
      line, a tail with an eyelet at the bottom for attaching a hook, said tail
      having an upper portion larger than a rounded lower portion, a
      longitudinal axis of said body bisecting said line and hook eyelets, a
      rearward portion of said body including the tail sloping upwardly with
      respect to said longitudinal axis, said lure further including a concave
      disc having a diametrical slot equal to the height and width of the head
      on said body, said disc transversely mounted on said body at generally
      right angles to said longitudinal axis with a proportion of said head
      passing through said diametrical slot up to a distance just past said line
      eyelet, said disc being positioned on said body so that the upper tail
      portion is above the turbulent flow of water caused by the interaction of
      the disc and water as the lure moves through the water during retrieval,
      which comprises
PA1  retrieving said lure and varying the speed of retrieval to cause three
      different actions of a fish swimming through the water and further causing
      a nosedive action to a deeper depth when the line is slackened during
      retrieval.
NUM  15.
PAR  15. The method of simulating different actions of the fish of claim 14 in
      which said lure is retrieved at a slow speed to provide a sinusoidal path
      of retrieval with the upper tail portion oscillating at a slow frequency
      in a wide arc.
NUM  16.
PAR  16. The method of simulating different actions of the fish of claim 14 in
      which the lure is retrieved at an intermediate speed to provide a
      pronounced zigzag path through the water with the upper tail portion
      oscillating at a moderate frequency in an arc which is smaller than at the
      slow speed of retrieval.
NUM  17.
PAR  17. The method of simulating different actions of the fish of claim 14 in
      which the lure is retrieved at a fast speed of retrieval to provide a fast
      wiggling path through the water with the upper tail portion oscillating at
      a higher frequency in an arc which is smaller than the arc at the moderate
      speed of retrieval.
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ABST
PAL  A mosaic block construction toy having a base member formed with a endless
      groove and a plurality of passageways connected in communication with the
      endless groove, and having a plurality of construction blocks moveably
      mounted within the groove and/or passageways. Each block has formed on the
      surface thereof indica means so that when the blocks are arranged in the
      passageways in a predetermined order, they combine to form a predetermined
      design.
BSUM
PAC  PROBLEM & PRIOR ART
PAR  Heretofore various block construction toys have been conceived. However,
      the known construction block toys included plurality of blocks, which a
      child could arrange and rearrange, which were separate and discrete units.
      For this reason such blocks were easily scattered about the playroom which
      made it difficult for a parent to collect or put away after the child
      completed playing with them. Also, such loose blocks were easily lost
      and/or misplaced. Loose blocks sometimes proved hazardous in that a child
      would frequently use such blocks as missiles and/or such blocks if not
      carefully collected and put away can and did cause accidents if one
      inadvertently stepped on one. For these reasons the discrete block
      construction toys and similar discrete unit construction toys have a
      number of disadvantages.
PAC  OBJECTS
PAR  An object of this invention is to provide a block construction type toy in
      which the unit blocks are confined to a base member, but which blocks can
      be relatively shifted, arranged and rearranged in any given order to
      define a predetermined design.
PAR  Another object is to provide a block construction toy in which the surface
      of the blocks have formed thereon indicia wherein the blocks can be
      readily arranged in a predetermined order on a connected base member so
      that the respective indicia thereon combine to define a predetermined
      design.
PAR  Another object is to provide a block construction toy in which the blocks
      are confined in a base member in a manner whereby respective blocks can be
      shifted and/or rotated on the base member so that the blocks can be
      arranged to define a predetermined design.
PAC  BRIEF SUMMARY OF INVENTION
PAR  The foregoing objects and other features and advantages are attained in a
      mosaic block or construction toy comprising a rigid base member having
      formed thereon an endless groove having a plurality of connected
      passageways formed in communication with the groove. The passageways have
      a deadend portion which terminates adjacent a backstop. Moveably mounted
      in the endless groove are a series of blocks, the surface of the bocks
      having indicia formed thereon. The respective blocks are confined within
      the endless groove in a manner wherein the respective blocks can be
      shifted and/or rotated within the groove or passageway. The respective
      blocks while rendered freely moveable along the groove and passageways are
      connected to the base member so that they are securely connected thereto.
      By selective shifting and rotating the blocks to the respective
      passageways, the indicia formed on the surfaces of the blocks combine to
      define a predetermined design.
PAC  FEATURES
PAR  A feature of this invention resides in the provision wherein the respective
      blocks are positively retained or connected to the backing member so as to
      be normally inseparable therefrom.
PAR  Another feature resides in the provision in which the blocks while
      inseparable from its base member, are nevertheless freely moveable within
      the endless groove and connected passageways.
PAR  Another feature resides in the provision that the respective blocks have
      formed thereon indicia which when combined in a predetermined order define
      a predetermined design.
PAR  Another feature resides in a mosaic block construction toy in which the
      respective blocks are contained and which presents a child with a
      considerable amount of play value.
PAR  Another feature resides in a construction toy that is safe and easy to use.
PAR  Another feature resides in the provision of a block construction toy in
      which the respective blocks can be readily arranged and rearranged, but
      which are at all times connected to a base member.
DRWD
PAR  Other features and advantages will become more readily apparent when
      considered in view of the drawings and specifications in which:
PAR  FIG. 1 is a top plan view of a mosaic or block construction toy embodying
      the present invention.
PAR  FIG. 2 is a detailed sectional view taken along line 2--2 on FIG. 1.
PAR  FIG. 3 is a sectional view taken along line 3--3 on FIG. 1.
PAR  FIG. 4 is a perspective view of a modified embodiment.
PAR  FIG. 5 is a detailed sectional of the modified construction taken along
      line 5--5 on FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, there is shown a mosaic or block construction
      toy 10 embodying the present invention. The toy 10 comprises a base member
      11 which has formed thereon an endless groove or track 12 and a plurality
      of connected passways or branch tracks 13. The passways or branch tracks
      13 have one end connected into communication with groove or track 12. The
      other end of the passways or branch tracks 13 is dead ended. As best seen
      in FIG. 1, the respective passways are disposed in spaced apart, parallel
      relationship.
PAR  As best seen in FIGS. 1 and 2, the base member comprises a support plate 14
      which supports an outer annular portion 15 and an inner portion 16.
      Spacers 17 support the inner and outer portions 15 and 16 respectively in
      spaced overlying relationship to the support plate 14. The passways 13 are
      formed in the inner portion; and the enldess groove on track 12 being
      formed by spacing the outer periphery 15A of the inner portion 15 from the
      inner periphery 15A of the outer portion 15.
PAR  Mounted within the groove or track 12 are a plurality of mosaic blocks 18.
      The blocks 18 are mounted so as to be freely moveable within the groove 12
      and passways 13. As best seen in FIGS. 1 and 3, the surface of the blocks,
      e.g., the top surface 18A of each block is provided with indica means to
      define a specific shape, form, or color. For example, in the illustrated
      embodiment, the blocks may be partitioned along a diagonal and each
      section thereof being separately colored. Other blocks may have their
      upper surface formed with other patterns or shapes which may be colored
      and/or colored coded to define various mosaic type blocks.
PAR  Each of the respective blocks 18 so formed are freely shiftable within the
      grooves and passways 12 and 13. This is attained by providing each block
      with a depending pin or projection 19 which is adapted to extend into the
      groove or tracks 12 and 13. It will be noted that the pins enable the
      respective blocks 18 to be shifted and/or rotated within the groove or
      passways 12 and 13 respectively. To retain the blocks 18 to the base
      member at all times, the head end of the pin 19 is flared or flanged, or
      otherwise enlarged as indicated at 20 so as to normally prohibit the
      respective blocks from becoming separated from the base member 11. It will
      be understood that a plurality or train of blocks 18 are contained along
      track or groove 12. While the top surface of the respective blocks are
      provided with indicia means in the form of color and/or shapes, the sides
      of the respective blocks may also be provided with suitable indicia means.
PAR  In the play of the game, a child may create a large number of variable
      mosaic type designs simply by arranging selective blocks 18 along the
      respective passages 13. The blocks can be maintained in a squared position
      by providing a back stop 21 adjacent the deadend portion 13A of tracks 13.
      It will be understood that a child may direct any block 18 aligned in
      groove 12 to a given trackway 13 simply by shifting the train of blocks in
      groove 12 until the selected block in the train is positioned opposite the
      entrance 13B of the appropriate passway 13. By proper selection of blocks
      18, a child can create various mosaic patterns and/or designs.
PAR  FIG. 4 illustrates a modified embodiment. In this form of the invention,
      the base member 30 may be formed as an integral unit. In this embodiment
      the base member 30 comprises a unitary member having an endless groove or
      track 32 which is T shape in cross section. That is, the stem 32A portion
      of the groove 32 defines a restrictive portion which opens to the top 31
      of the base member 30. The cross arm 32B of the T groove 32 is disposed
      internally of the base member 30. The respective passways or branch tracks
      33 are similarly shaped in cross section.
PAR  As shown in FIG. 5, the enlarged head end 20 of the block 18 connecting pin
      19 are force fitted into the restricted stem portion 32A of the groove or
      track 32 and 33 to normally position the enlarged head end 20 of the
      connecting pins 19 within the cross arm 32B of the T shaped grooves. In
      this manner the blocks 18 are normally retained within the respective T
      shaped grooves or tracks 32, 33. The respective blocks 18 are freely
      shiftable and/or rotatably retained for full rotation of 360.degree.
      within the respective groove or passway. By so forming the grooves and
      passways, the base member may be formed as a unitary member.
PAR  While the invention has been described with respect to various embodiments
      thereof, it will be appreciated and understood that variations and
      modifications may be made without departing from the spirit or scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mosaic block toy comprising:
PA1  a base member,
PA1  means defining an endless groove formed in said base member,
PA1  a plurality of passways directly connected in communication with said
      endless groove, whereby the directly connected passways are parallel one
      another,
PA1  each of said passways having a dead end,
PA1  a backstop disposed adjacent the dead end of said passways,
PA1  a plurality of mosaic blocks, said back stop and blocks having
      complementary edge portions to insure initial orientation of said blocks,
PA1  means connected to said blocks for containing said blocks confined to said
      endless groove and connected passways whereby said blocks can be shifted
      and rotated within both said groove and passways as they are moved along
      said groove and passways for changing the orientation of said blocks with
      respect to one another therein,
PA1  indicia means formed on the surfaces of said blocks whereby said blocks may
      be positioned along said passways in a predetermined order whereby the
      indicia thereon combine to define a predetermined overall design.
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ABST
PAL  Toy elements are connected with sprocket chain elements by mutually
      cooperating connecting means, in form of undercut keys and of
      correspondingly shaped, undercut grooves. Each toy element has at least
      one of said connecting means, while at least some of said chain elements
      have the cooperating connecting means. The elements of the chain
      detachably connect with each other. The toy elements may be tread members
      or bucket members, and the latter may be connectable to the sprocket chain
      in two different positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to toys of the type including interconnectable chain
      links. It has been proposed heretofore to form such chain links so that
      the playing child can learn to build certain types of apparatus, for
      example to connect a drive sprocket by a chain with a driven sprocket; or
      to convey material in toy buckets attached to chain links; or to attach
      treads to chain links for building toy full-track vehicles and the like.
PAR  For assembling such buckets or treads or other toy elements to the chain
      links it is desirable to facilitate the attaching of the toy elements and
      also to insure proper mutual orientation of the elements when they are
      interconnected. In this latter aspect, difficulties have been encountered
      in the past.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a new and improved toy unit.
PAR  It is another object to avoid the difficulties encountered in the past in
      toys of the types mentioned above.
PAR  A further object is to enable the playing child to interconnect the toy
      elements with the chain elements by simple manipulation, without the use
      of special tools; at the same time to insure proper interconnection of the
      various parts; to orient them properly relative to one another; and to
      maintain proper orientation of the parts in the operation of the toy.
PAR  According to the invention the objects are achieved by providing toy
      elements and chain elements with means for interconnecting these elements
      by undercut keys, which fit into correspondingly formed, undercut grooves,
      each of said toy elements being provided with at least one of said
      connecting means, and at least some of said chain elements being provided
      with the cooperating connecting means, so as to properly space the toy
      elements and to allow proper operation of the toy elements.
PAR  In particular, the connecting keys can be formed on chain links and the
      connecting grooves can be formed in toy blocks, and it is preferred to
      form the complete toy of toy links with keys on some of them and of toy
      blocks with at least one connecting groove in all of them.
PAR  The keys and grooves advantageously have shapes corresponding substantially
      to one another and providing close fit in one another. For this purpose it
      is desirable to make the elements of synthetic plastic material which
      allows slight resilient deformation when interconnecting the chain
      elements with the toy elements, so that, when the keys have been inserted
      in the grooves, they are normally held therein by friction.
PAR  The toy elements typically include buckets for a toy bucket chain. In order
      to enable the playing and learning child to mount said buckets on the
      chain in properly oriented condition, it is preferred to close one end of
      each connecting groove by a wall, integral with the toy element.
PAR  By means of these provisions the child can learn to construct a very
      adequate model of a bucket chain, full-track vehicle and the like. The
      child can also learn to keep the model in proper condition, during
      operation thereof. All this can be done without any special tools.
PAR  It is possible, for example, in the construction of a tread chain according
      to the invention, to provide the treads on the chain with groove closing
      walls on alternate sides of the chain, thus minimizing the danger that
      tread members are lost by sliding off, for example when a toy vehicle
      equipped with the treads is moved around a curve of small radius.
PAR  In order to make it particularly simple for a child to insert the
      connecting key into the matching groove, it is possible to shape the
      groove so that one end thereof has slight outward flare, thereby
      facilitating the introduction of the interconnecting key.
PAR  It is also possible and sometimes preferred to form the toy elements with a
      plurality of exposed surfaces each having connecting means, and
      particularly to form toy blocks with several connecting grooves, in
      surfaces which are advantageously arranged at an obtuse angle to one
      another to allow different orientations of the toy block relative to the
      chain.
PAR  The chain links are advantageously of the type having first side wall
      portions relatively close to one another and having second side wall
      portions more widely spaced; each link having a first rod between the
      first side wall portions and a second rod between the second side wall
      portions, with a bore and a groove formed in the second rod to allow
      snapping in of the first rod of a further chain link. In this case it is
      particularly advantageous to form the interconnecting keys on the second
      side wall portions, for firm and stable interconnection of the chain links
      and toy blocks.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of a toy in accordance with the present invention;
PAR  FIG. 1a shows one of the toy elements in a view taken at right angles to
      this side view;
PAR  FIG. 2 is a perspective view of a chain element, used in the toy of FIG. 1;
PAR  FIG. 3 is a side view of another toy according to the invention;
PAR  FIG. 4 is a side view of this other toy, in a different arrangement; and
PAR  FIG. 5 is a perspective view of a toy element of the type used in FIGS. 3
      and 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows chain 1 comprising interconnected chain links 1a connected to
      toy elements 3. The new chain links 1a have uniform length, are uniformly
      interconnectable to form chain 1, and have keys 2 of undercut shape,
      extending from the links in the plane of the chain, to provide for the
      attachment of toy blocks or toy elements, for example of tread members 3
      for use on a full track vehicle, such as a toy version of an armored tank.
      For such connection tread means 3 has an undercut groove 4 of such shape
      that keys 2 fit into the groove. As shown in FIG. 1a, groove 4 extends
      across toy block 3 from one side thereof towards the other, and is closed
      at said other side by an end wall 5. This closing of the connection groove
      4 facilitates the assembling of the full track tread chain by the playing
      child, while it assures proper mutual orientation of the tread members 3.
      In order to further facilitate such assembling, the open end 6 of groove
      4, opposite to end wall 5, can be slightly widened to make sure that the
      keys 2 can be inserted therein without difficulty. As clearly shown in
      FIG. 1, the surfaces of toy element 3 defining the grooves 4 have contact
      with the wide ends of undercut keys 2, thereby providing sliding friction
      between these keys 2 and the toy elements 3 for holding the toy elements 3
      on the chain 1. It will be understood that, by forming links 1a or treads
      3, or preferably both, of synthetic plastic material, having suitable
      resiliency, the new construction facilitates both the assembling of the
      toy elements 3 with the chain links 1a and the holding of the toy elements
      3 on the chain links 1a.
PAR  An individual chain link 1a for mounting a toy element thereon is shown in
      FIG. 2. It comprises wall means 7 comprised of first and second side wall
      portions. The wall means 7 is offset in a middle portion thereof to
      arrange the first side wall portions at one end of the chain link 1a
      relatively close together, while the second side wall portions at the
      other end of the chain link 1a is more widely spaced apart. The relatively
      close first side wall portions are laterally interconnected by a short rod
      8, while the more widely spaced second side wall portions are
      interconnected by a longer rod 9. The short rod 8 has a bore 10 extending
      lengthwise through it from one side of the link to the other side of the
      link, with a slot 11 of similar length which connects the bore 10 with the
      outside of the chain link. Advantageously bore 10 has a diameter
      corresponding to that of the long rod 9, while slot 11 is slightly
      narrower, thereby allowing elastic snapping of a successive rod 9 forming
      part of the next link of chain 1, into the bore 10. As is further shown in
      FIG. 2, chain link 1a has a pair of the aforementioned undercut keys (2)
      thereon. The keys are formed on the relatively widely spaced portions of
      the side walls 7 of the link, thereby providing stable as well as simple
      mounting of the toy blocks connected with the keys.
PAR  The new chain links and toy blocks can not only be formed in a simple
      injection molding process, as is usual for synthetic plastic material, but
      can also be used most effectively and successfully by the child, in the
      processes of assembly and using the complete toy. Particularly when the
      links 1a and blocks 3 are resilient, their interconnecting keys 2 and
      grooves 4 tend to retain and hold each other, once they have been properly
      assembled, thereby preventing any sliding off of toy blocks from chain 1.
      For example a toy full-tread vehicle using a chain 1 can be moved rapidly
      and repeatedly, even around curves of short radius, without any danger
      that treads 3 are lost by sliding off.
PAR  Referring to FIG. 3, it will be noted that a toy chain 22 can be formed
      with regular succession of chain elements 21a having connector keys 23 for
      connecting toy block 24 thereto. The chain elements 21a with keys 23 can
      be spaced relatively far-- as shown, they are spaced by three plain chain
      links 21, without connecting keys 23-- in order to accommodate a
      relatively great length of the chain 22 for each toy element or block 24,
      and for the operation thereof, for example when toy blocks 24 are buckets
      for water or other material to be received therein, transported thereby
      and discharged therefrom. For such purposes chain 22 can be trained over a
      pair of spaced sprockets, one of which is shown at 25. Each bucket 24 has
      a connecting groove 27 formed in at least one wall surface 26 of the
      bucket 24, for connection to keys 23 on the toy block connecting chain
      links 21a.
PAR  As shown in FIG. 4, the interconnection of toy buckets 24 with keys 23 can
      also be effected with the aid of a second groove 27 formed in a second
      wall surface 28 of the bucket, the wall surfaces 26 and 28 being arranged
      at an obtuse angle to one another. By this arrangement the toy teaches
      ways of utilizing the same types of chain elements 21, 21a and the same
      types of toy elements 24 for either horizontal transport of material such
      as water (FIG. 3) or for lifting of such a material (FIG. 4), thereby
      introducing the child into the concept of using standardized parts in the
      construction of machinery.
PAR  As shown in FIG. 5 one end of each groove 27 is preferably closed by an end
      wall 29, similar to the end walls 5 mentioned in connection with FIGS. 1
      and 1a.
PAR  It will be understood that toy buckets 24 can be attached to chain 22 with
      the aid of grooves 27 formed in bucket walls 26 parallel to the top edges
      of the buckets 24 (FIG. 3), for carrying water and the like only after
      tilting the upper edge of the bucket 24 into substantially horizontal
      position. By contrast, when the same bucket 24 is attached to chain 22 by
      means of groove 27 in bucket end wall 28, at an obtuse angle to wall 26,
      it allows conveying water in vertical direction, as indicated at the left
      side of FIG. 4. The water then begins to be discharged as the bucket
      begins to move over the top sprocket 25 and is fully discharged when the
      bucket has moved past the top of the sprocket.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of toy
      differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      toy, it is not intended to be limited to the details shown, since various
      modifications and structural changes may be made without departing in any
      way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a toy, a combination comprising a plurality of chain elements
      pivotally connectable to each other, each of said chain elements being a
      link having wall means including first side wall portions at one end of
      said respective chain elements relatively close together and having second
      side wall portions at the other end more widely spaced apart, each chain
      element including a relatively short rod integrally interconnecting the
      relatively close first side wall portions and a relatively long rod
      integrally interconnecting the more widely spaced second side wall
      portions, means readily detachably connecting adjacent ones of said chain
      elements comprising a bore extending along and through the relatively
      short rod and a slot extending along and opening from said bore, said slot
      forming a restricted opening so as to allow snapping of the relatively
      long rod of a further chain element into engagement in said bore; a
      plurality of toy elements being toy buckets; and coacting means on each of
      said toy elements and on at least some of said chain elements for
      connecting such toy elements to such chain, said coacting means comprising
      undercut keys on some of said coacting-means-bearing elements and
      correspondingly shaped undercut grooves on others of said
      coacting-means-bearing elements, each of said toy buckets having several
      surfaces respectively provided with one of said coacting means for
      cooperation with the other coacting means on said chain, two of said
      surfaces being disposed at obtuse angles to one another.
NUM  2.
PAR  2. A combination as defined in claim 1 wherein said keys are on less that
      all of said chain elements and said grooves are in all of said toy
      elements.
NUM  3.
PAR  3. A combination as defined in claim 2 including, on one side of each toy
      element, an end wall extending across the corresponding end of a said
      groove.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said toy buckets form a toy
      bucket chain.
NUM  5.
PAR  5. A combination as defined in claim 1, wherein said coacting means on some
      of said chain elements are provided on said wall means.
NUM  6.
PAR  6. A combination as defined in claim 5, wherein said wall means have said
      keys thereon, extending in the planes thereof.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein said keys extend from said
      relatively widely spaced second side wall portions.
NUM  8.
PAR  8. A combination as defined in claim 1 wherein said elements consist of
      synthetic plastic material.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein said synthetic plastic
      material is resilient.
NUM  10.
PAR  10. A combination as defined in claim 1, wherein said grooves are formed in
      said toy elements and have outwardly flaring ends to facilitate
      introduction of the interconnecting keys.
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ABST
PAL  Apparatus for use in the modular construction of games to be played with
      marbles comprising a plurality of each of two members. The second member
      is channel shaped and adapted to contain and direct the rolling movement
      of small spheres, such as marbles, under the influence of gravity. The
      first member is a hollow supporting structure of cylindrical or regular
      polygonol cross section, each said first member having one small end and
      one large end whereby a plurality of said first members may be securely
      mounted one on top of the other. Said first member is provided with
      openings in its surface adapted to receive an end of a said second channel
      shaped member. Many different games played with marbles can be constructed
      by connecting a plurality of said first and said second members in varying
      configurations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus used for playing games, and more
      particularly it relates to a first modular member and a second modular
      member that may be connected in a plurality of configurations to create
      apparatus for playing games with marbles.
PAR  2. Description of the Prior Art
PAR  Apparatus used for playing games with marbles is well-known to the prior
      art. Some examples illustrating the prior art in this field are Swiss Pat.
      No. 388,165 and German Pat. Nos. 481,724 and 494,671.
PAR  The prior art discloses a channel shaped member for guiding marbles and
      various means of coupling the guiding means together. The prior art also
      teaches varying the slope of the guiding means by placing supporting means
      at differing heights or by placing the guiding means over make-shift
      supports such as books, furniture or the like.
PAR  Games that are played with marbles are most popular with children between
      the ages of 3 and 8 years of age. The apparatus used for playing with
      marbles disclosed in the prior art is usually too complex for the average
      child to assemble. This is due to the fact that there are too many
      different parts to the building blocks that require assembly and that the
      connections between each individual block or member is too complex for the
      child of that age to master. Thus a child who wishes to use the apparatus
      disclosed in the prior art must call for the help of adults or older
      children.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the apparatus for playing games with
      marbles is assembled from a plurality of two different modular members.
      The second modular member is a channel-shaped member used to guide the
      marble as it rolls under the influence of gravity. The first said modular
      member is a hollow cylindrical or polygonal member having unequal diameter
      ends whereby a plurality of the said first members may be stacked
      vertically and also having lateral openings adapted to receive an end of
      said second modular member.
PAR  It is an object of the present invention to provide a modular apparatus for
      playing games with marbles that may be assembled by a child of from 3 to 8
      years of age without assistance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometic view of a first modular member as taught by the
      preferred embodiment of this invention viewed from the front;
PAR  FIG. 2 is an isometric view of the same first member as was shown in FIG.
      1, but seen from the rear;
PAR  FIG. 3 is a reduced sectional view of two first modular members mounted one
      atop the other with the upper first modular member turned 180.degree. with
      respect to the lower first modular member;
PAR  FIG. 4 is an isometric view of a species of second modular member as taught
      by the preferred embodiment of the present invention;
PAR  FIG. 5 is an isometric view of another species of said second modular
      member;
PAR  FIG. 6 is an isometric view of yet a further species of said second modular
      member; and
PAR  FIG. 7 is an isometric view of an apparatus assembled from a plurality of
      said first and second modular members as is taught by the preferred
      embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a modular first support member that is substantially a
      cylindrical section. This first member has a lower end 1 whose outer
      diameter is such that it approximates the inner diameter of the upper end
      2 of said first member. This first member may be of any convenient
      polygonal cross-section or may be circular as shown. In each case the
      inner diameter of the upper part 2 and the outer diameter of the lower
      part 1 must be dimensioned so that two similar modular members will fit
      together tightly if one is put on top of the other. There is a lateral
      opening 3 on the lower part 1 of this first modular member. Said lateral
      opening comprises a rectangular portion 4 and a circular portion 5 and is
      adapted to securingly receive an end of a second modular member, which is
      a channel-shaped guiding member, as is discussed below.
PAR  Alternatively, this first supporting and coupling modular member may be
      constructed with its larger end on the lower end of the member and its
      smaller end on the upper end of the member without departing from the
      spirit of the invention.
PAR  FIG. 2 illustrates the same first modular member as was shown in FIG. 1,
      but viewed from the rear. On the lower part 1 of the modular member there
      are two vertically aligned slots 6 and 7 which are arranged so as to
      receive the ends of the second modular member to be described below. Slots
      6 and 7 are arranged in such a manner that the vertical plane of symmetry
      of these slots coincides with the vertical plane of symmetry passing
      through the center of opening 3 when said plane of symmetry also includes
      the vertical axis of rotation of said first modular member.
PAR  FIG. 3 is a reduced sectional view of two first modular members according
      to FIG. 1 or FIG. 2 placed one on top of the other. The lower member is
      rotated 180.degree. with respect to the upper member. FIG. 3 clearly
      illustrates that opening 3 and slots 6 and 7 are symmetrically placed as
      described above. A shoulder 8 on the lower modular member retains and
      seats the lower end of the upper modular member. Said shoulder prevents
      the vertical movement of the upper modular member but does not confine its
      rotation, therefor any rotational alignment of the two members is
      possible.
PAR  FIG. 4 illustrates a second modular member used in the preferred embodiment
      of the invention. This second modular member is essentially a U-shaped
      channel. In the embodiment shown it comprises a rectangular rod 10 having
      a groove 11 that does not extend the entire length of the rod. Because
      groove 11 does not extend the entire length of rod 10, recesses 12 and 13
      are formed at the ends of said rod. In the embodiment illustrated by FIG.
      4, recess 12 is deeper than recess 13, the difference in depth being about
      the size of a marble's diameter.
PAR  The portion of rectangular rod 10 that is not coextensive with groove 11
      defines a pair of prongs at each end of the rod. Prongs 16 and 17 define
      recess 12 and prongs 14 and 15 define recess 13 respectively in FIG. 4.
      All of these prongs are equal in width and heighth. Further, the prongs
      are adapted so they will securely fit into slots 6 and 7 shown in FIG. 2
      and FIG. 3. The width of rod 10 corresponds to the width of the
      rectangular portion 4 of opening 3 illustrated in FIG. 2. Thus, the second
      modular member is adapted to fit into the rectangular portion 4 of opening
      3 as shown in the first modular member according to FIG. 1 and FIG. 3 and
      the prongs of the second modular member securely engage slots 6 and 7
      illustrated in FIGS. 1 and 3. If the end of rod 10 having the deeper
      recess 12, and thus the longer prongs 16 and 17, engages a first modular
      member through its opening 3, there is formed by recess 12 a substantially
      vertical opening about the size of a marble, whereby a marble rolling down
      the channel-shaped second modular member will fall vertically when it
      enters the connected first modular member.
PAR  FIG. 5 shown another embodiment of the second modular member. It is
      substantially similar to the embodiment illustrated in FIG. 4, but differs
      from that embodiment in that its recesses 12 and 13 are of equal depth.
      When connected to a first modular member as described above the embodiment
      illustrated in FIG. 5 causes a marble rolling to either end of the
      channel-shaped member to fall vertically when it enters a connected first
      modular member.
PAR  FIG. 6 illustrates yet a further embodiment of the second modular member.
      This embodiment is substantially similar to the embodiments illustrated in
      FIGS. 4 and 5, but bears two equal recesses at its terminal ends similar
      to recess 13 in FIG. 4. Additionally, there is an opening 31 at one end of
      rod 10, said opening having its axis perpendicular to that of the rod.
      This opening is at least the size of a marble and is positioned such that
      a marble may pass through it.
PAR  FIG. 7 illustrates a somewhat schematic isometric view of one possible
      configuration of said first and second modular members. In the
      illustration shown, three identical first modular members 21, 22 and 23
      all according to FIG. 1 are vertically stacked on top of one another. The
      rectangular portion 4 of the lateral opening 3 in modular member 23 is
      shown receiving the end of rod 10 that defines the shallower recess 13
      (not shown in FIG. 7). The prongs corresponding to this opening (prongs 14
      and 15 shown in FIG. 4 but not visible in FIG. 7) fit into slots 6 and 7
      on the rear side of member 23. This configuration requires that the
      channel portion 11 of rod 10 blocks enough of the interior of hollow
      member 23 that a marble dropped into the top opening 24 of member 23 will
      fall onto groove 11 of rod 10, and, since rod 10 is inclined, said marble
      30 will then roll along groove 11 towards its opposite end (the lower end)
      of rod 10. In the embodiment shown, the opposite end of rod 10, which
      bears the deeper recess 12 and prongs 16 and 17, is received by the
      rectangular portion of the lateral opening in another coupling member 26,
      which is identical to coupling members 21, 22 and 23. Coupling member 26
      is mounted on top of yet another first modular support member 25. Prongs
      16 and 17 of rod 10 engage slots 6 and 7 of modular member 26 leaving a
      sufficient portion of recess 12 open in the center of modular member 26
      for marble 30 to fall through.
PAR  The heighth of the slots in the first supporting modular members
      sufficiently exceeds the width of the prongs on the second channel-shaped
      modular members to allow the second modular members to be elevated or
      depressed by approximately 20.degree. with respect to the horizontal plane
      of the slots.
PAR  Modular member 25 receives the end of yet another second modular member
      bearing a shallow recess. Thus marble 30, falls through the deeper recess
      of the upper rod, strikes the lesser recess of the lower rod and continues
      rolling along groove 11.
PAR  It will readily be apparent that any number of first supporting modular
      members may be vertically stacked and that these first supporting modular
      members may be rotationally aligned so their openings face in any desired
      direction. This permits an unlimited number of possible combinations of
      marble playing apparatus to be formed by children coupling said first and
      second modular members together.
PAR  The embodiment of the second channel-shaped modular member shown in FIG. 5
      wherein the recesses at both ends of the second member are of equal depth
      it is utilized to stop the travel of the marble through the construction
      of modular members at any desired point.
PAR  The embodiment of the second modular member shown in FIG. 6, wherein an
      opening 31 is placed at one end of the channel-shaped member, may be
      utilized whenever it is desired to allow bore 31 to assume the function
      normally performed by the deeper recess 12 of allowing the marble to fall
      from the channel-shaped member vertically into the associated supporting
      first modular member.
PAR  The first supporting modular member may have any desired polygonal
      cross-section of sufficient size to pass a marble. In the case of a first
      modular supported member having a regular polygonal cross-section, the
      rotational freedom of the vertically stacked first supported modular
      members will be limited to a fixed number of azimuthal postions equal to
      the number of sides of the regular polygon in the cross section.
PAR  The present invention may be constructed of any suitable material, usually
      plastic, and may be made in any desired size to accomodate differing sizes
      of marbles.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for playing games with marbles comprising:
PA1  a plurality of first modular members, each said first modular member being
      a hollow cylindrical section having ends of unequal diameter such that the
      outer diameter of the smaller end is equal to the inner diameter of the
      larger end, whereby a plurality of modular members may be securely
      stacked,
PA1  said first modular member being provided with an opening in the side of
      said section, said opening comprising an upper circular portion and a
      lower rectangular portion,
PA1  said first modular member also having two vertical slots placed in its
      surface opposite said opening whereby the vertical plane of symmetry
      between the two slots passes through the vertical axis of the member and
      through the vertical plane of symmetry of said opening; and
PA1  a plurality of channel-shaped second modular members, wherein the sides of
      said channel extend beyond the bottom of the channel at each end of the
      member to form two prongs at each end of said channel-shaped member, said
      prongs are adapted to securely fit into the slots of said first modular
      member when said channel-shaped second modular member is inserted into
      said rectangular portion of said lateral opening in said first modular
      member.
NUM  2.
PAR  2. Apparatus for playing with marbles according to claim 1, wherein said
      first modular member has a regular polygonal cross-section.
NUM  3.
PAR  3. Apparatus according to claim 1, including at least one marble, wherein
      the recesses formed by the prongs in said second channel-shaped modular
      member are of different depths, the difference being approximately the
      same as the diameter of said marble.
NUM  4.
PAR  4. Apparatus for playing with marbles according to claim 1, wherein said
      recesses in said second channel-shaped modular member are of equal depth.
NUM  5.
PAR  5. Apparatus according to claim 4, including at least one marble, wherein
      one end of said channel-shaped second modular member has an opening in the
      bottom of said channel approximately the size of said marble, the axis of
      said opening being essentially perpendicular to the longitudinal axis of
      said second modular member.
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ABST
PAL  An animal characterization for preschool children which may adopt a toy
      figure of unique design having articulated body components, as for
      example, the head, arms and legs. This character can be dressed or
      decorated to depict various occupations or professions or activities. In
      essence, the character figure includes first and second mating torso
      sections which are secured together to form a torso. Apertures in the
      torso accommodate articulatable arms and the torso section is also
      designed to accommodate articulatable legs. Feet may be provided with
      respect to each of the legs and movable with respect to the legs. Hands
      may also be provided for articulatable movement with respect to the arms.
      Finally, a head section is pivotally mounted on the torso and may be
      provided with any of a number of hats in order to depict a certain
      profession or activity or occupation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to certain new and useful improvements in
      animal characterizations and, more particularly, to character figures
      having articulatable body components.
PAR  There are a number of commercially available toy characters which include a
      torso portion having movable arms and legs. Generally, these toy character
      figures are designed for preschool children. More specifically, the
      manufacturers of such character figures produce each individual character
      with a specific design to depict a certain occupation or activity.
      Consequently, when it is desired to produce a similar character of
      modified activity or occupation, it is necessary to produce an entirely
      new character figure.
PAR  Another serious drawback of these commercially available characterization
      figures is that the various extremities, such as the arms and legs, are
      connected to a torso section in such manner that they are capable of being
      easily removed, and this is particularly pronounced when the extremities
      are pivotally secured. In this case, it has been observed that it is
      necessary to secure the extremities to the torso with at least a 25-pound
      pull resistance in order to prevent preschool children from pulling the
      extremities from the torso section of the figure. However, most of the
      commercially available characterization figures cannot be designed in
      order to provide this resistive force and which thereby leads to an
      inherent disadvantage from a safety point.
PAR  In recent years, there have been several regulations and social pressures
      regarding the safety of such characterization figures, due to the fact
      that preschool children often remove the extremities of such
      characterization figures and may attempt to swallow such various
      components which leads to severe injury to the children.
PAR  In order to overcome this problem, various manufacturers of preschool
      characterization figures have attempted to resort to production of such
      characters which are essentially integral in their structure and thereby
      prohibit articulatable movement of the various extremities on the torso
      section of the body. Even moreso, in order to comply with various safety
      regulations, the producers of these figures have resorted to increased
      thickness of the body components, thereby leading to increased costs.
PAR  The present invention obviates these and other problems in the provision of
      a toy characterization figure for preschool children with the extremities
      connected to the body so as to resist being pulled from the body or torso.
      In essence, the present invention provides a two-piece torso with the
      extremities having connector sections at their inner ends which fit within
      apertured portions in the torso to prevent inadvertent or unauthorized
      removal therefrom.
PAR  It is therefore the primary object of the present invention to provide a
      unique toy animal characterization figure with articulatable body
      components which are effectively incapable of being removed by preschool
      children.
PAR  It is another object of the present invention to provide an animal
      characterization figure of the type stated which can be constructed by
      conventional plastic molding techniques at relatively low costs.
PAR  It is a further object of the present invention to provide animal
      characterization figures with articulatable body components, of the type
      stated, which include first and second mating torso sections and which are
      provided with apertures to receive extremities in such manner that they
      are relatively incapable of being removed by preschool children.
PAR  It is another salient object of the present invention to provide a method
      of producing animal characterization figures with articulatable body
      components and which characterization figures are highly safe for
      preschool children.
PAR  With the above and other objects in view, our invention resides in the
      novel features of form, construction, arrangement and combination of parts
      presently described and pointed out in the claims.
PAC  SUMMARY OF THE DISCLOSURE
PAR  A toy characterization figure in the form of a two-legged upright animal
      which is uniquely designed with articulatable body components. These body
      components are secured to a torso of the figure in such manner that they
      cannot be pulled from the torso without at least a 25-pound pull force and
      which is generally in excess of the amount of force capable of being
      exerted by a preschool child.
PAR  In accordance with the present device, the toy characterization figure
      comprises a pair of mating torso sections which are capable of being
      secured together by a single fastening means, such as a screw, in order to
      form a body torso. The two torso sections are each provided with opposed
      semi-circular apertures so that a complete aperture generally circular in
      shape is formed in the torso when the torso sections are secured together.
PAR  An individual connector means or connector section is capable of being
      secured in each of these apertures. Each of these connector sections
      comprise a pair of opposed flanges separated by a wall of reduced
      diameter, thereby presenting an annular groove. The annular groove is
      capable of fitting within the apertures with the flanges disposed on each
      of the opposite sides thereof in order to retentively hold these connector
      sections in the apertures.
PAR  The connector sections are each provided with outwardly extending flanges
      in order to secure arm sections. The arm sections are formed of a hollow
      shell with a pair of projecting flanges which are capable of being aligned
      in registration with the flange on the connector section.
PAR  Another unique feature of the present device is that a hand may be secured
      to each of the connector sections along with the arm section. This hand is
      also provided with a projected flange which extends through an enlarged
      central aperture in the shell. This flange on the hand has a portion which
      lies in registration with the flanges on the arm and the flange on the
      connector section. Each of these flanges is provided with aligned
      apertures in order to accommodate a pin.
PAR  The hand, mentioned above, is formed of a material which has a different
      resiliency characteristic than the arm. Inasmuch as it would otherwise be
      difficult to adequately secure the hand to the arm by any conventional
      techniques, such as adhesives, the above outlined arrangement enables
      rigid securement of the hand with respect to the arm and to the connector
      section. In this way the arms and the associated hands can be rotated on
      the connector section in a plane relative to the transverse dimension of
      the torso. Moreover, the arms can be rotated on the connector sections in
      planes which are perpendicular to the transverse dimension of the torso.
PAR  The hands are constructed in such manner that they provide a finger-forming
      section and a thumb section which are separated by an object receiving
      aperture. Inasmuch as the thumb section and the finger-forming section are
      resilient, they can be separated somewhat in order to insert an object
      into this object receiving aperture.
PAR  The present device also provides an elongated slot on the lower face of the
      torso which is capable of receiving a pelvic section. The pelvic section
      is provided with a pair of outwardly extending bosses in order to secure a
      pair of legs. The lower ends of the legs are provided with enlarged
      recesses in order to rotatably receive feet sections.
PAR  A head may be rotatably secured to the torso by a connector section like
      that by which the arms are secured.
PAR  Another one of the unique aspects of the present device is that the feet
      are oversized with respect to the legs when compared to the feet and the
      legs of a normal human being. In this way, one of the legs is capable of
      being pivoted outwardly in a somewhat suspended position and the foot on
      the other leg is capable of being turned inwardly perpendicular to the
      normal swingable movement of the leg in order to support the figure in an
      upright position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Having thus described the invention in general terms, reference will now be
      made to the accompanying drawings in which:
PAR  FIG. 1 is a front elevational view of an animal characterization figure
      with articulatable body components constructed in accordance with and
      embodying the present invention, partially broken away and in section;
PAR  FIG. 2 is a side elevational view of the animal characterization figure of
      FIG. 1;
PAR  FIG. 3 is a fragmentary vertical sectional view taken along line 3--3 of
      FIG. 1;
PAR  FIG. 4 is a fragmentary horizontal sectional view taken along line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a vertical fragmentary sectional view taken along line 5--5 of
      FIG. 1;
PAR  FIG. 6 is a fragmentary vertical sectional view taken along line 6--6 of
      FIG. 2;
PAR  FIG. 7 is a fragmentary vertical sectional view taken along line 7--7 of
      FIG. 2;
PAR  FIG. 8 is a perspective view showing the interior portion of a front torso
      section forming part of the characterization figure of the present
      invention;
PAR  FIG. 9 is a perspective view showing the interior portion of the rear torso
      section forming part of the characterization figure of the present
      invention;
PAR  FIG. 10 is a perspective view of a pelvic member forming part of the
      characterization figure of the present invention;
PAR  FIG. 11 is a perspective view of a hand which forms part of the
      characterization figure of the present invention; and
PAR  FIG. 12 is a perspective view showing one of the arms forming part of the
      characterization figure of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in more detail, and by reference characters to the drawings
      which illustrate a preferred embodiment of the present invention, A
      designates a toy animal characterization figure, as for example a figure
      having a characterization resembling a human being. In this respect, and
      for purposes of the present invention, it should be understood that this
      characterization figure A could adopt any form of two-legged upright
      animal characterization. Thus, in this context, the term "animal" includes
      all forms of animal species including human beings which can stand upright
      on two legs, as well as two-legged upright mechanical figures such as
      robots and the like.
PAR  The characterization figure A generally comprises a torso 10 having a front
      torso section 12 and a rear torso section 14 which are designed and sized
      to be mated together in a manner to be hereinafter described. The front
      torso section 12 includes a vertical front wall 16 having top and bottom
      walls 18 and 20, along with integrally formed connecting vertically
      disposed side walls 22.
PAR  The rear torso section 14 similarly includes a vertically disposed rear
      wall 16' having an integrally formed, inwardly-struck top and bottom walls
      18' and 20', respectively, and connecting side walls 22', as more fully
      illustrated in FIGS. 1, 2 and 5 of the drawings.
PAR  Integrally formed with the front wall 16 on the interior portion of the
      front torso section 12 is an inwardly extending tubular sleeve 24 which is
      provided with an enlarged central aperture 26. The rear torso section 14
      is also integrally provided on the interior portion of the rear wall 16'
      with an inwardly extending tubular sleeve 28 also having a central
      aperture 30. Each of the torso sections 12 and 14 is essentially
      rectangular in shape and are provided with opposed engageable peripheral
      margins 32 and 34, respectively, so that the two sections 12 and 14 are
      capable of being fitted together to form a complete figure torso. In this
      arrangement, the sleeve 28 is diametrally smaller than the sleeve 24 and
      is capable of extending within the central aperture 26 of the sleeve 24.
      In this respect, it also can be observed that the sleeve 24 is of a
      relatively short length and the sleeve 28 is of relatively longer length
      extending beyond the margin 34 of the section 12. Moreover, the sleeve 26
      is provided with an annular shoulder 36 which is capable of engaging the
      forwardly presented margin of the sleeve 28 so that in effect the sleeve
      28 bottoms out against the shoulder 36.
PAR  The two torso sections 12 and 14 can be retentively secured together after
      all of the extremities (to be hereinafter described) are secured to the
      torso 10, by means of a single screw 39 having a shank thereof extending
      into the aperture 30 of the sleeve 28. In this respect, the screw 39 can
      be threadedly secured within the sleeve 28 in order to hold the two torso
      sections 12 and 14 in rigid securement. In addition, it can be observed
      that the rear wall 16' is recessed in order to accommodate a head 40 of
      the screw 39.
PAR  The top walls 18 and 18' of the two torso sections 12 and 14, respectively,
      are provided with semicircular apertures so that when the two torso
      sections 12 and 14 are secured together they form an enlarged aperture 40
      which is sized to receive the neck 42 of a head section 44. In this case,
      and by further reference to FIGS. 1 and 2 of the drawings, it can be
      observed that the head section 44 is provided with an enlarged head 46
      having the features of a characterization figure resembling a human being
      painted or otherwise presented on the face portion of the head 46.
PAR  The neck 42 which is integrally formed with the head 46 is formed of a pair
      of spaced apart discs 48 having an annular recess 50 which is sized to
      engage the margins forming the aperture 40. In this way, it can be
      observed that when the torso sections 12 and 14 are secured together, the
      neck 42 is retentively held within the aperture 40. Furthermore, the
      annular recess 52 is formed with an outwardly extending flange 54, as more
      fully illustrated in FIG. 4 of the drawings, to engage against the wall
      forming the aperture 40. In this way, the head section 44 is snugly, but
      nevertheless rotatably, fitted within the aperture 40.
PAR  A headpiece 56 is secured to the upper end of the head 46. The headpiece
      section 56 may adopt various forms such as a hat, a hair covering or the
      like. Inasmuch as the device herein illustrated and described includes a
      headpiece in the form of a hat, the section 56 will oftentimes be referred
      to herein as a hat section. In this respect, it can be observed that the
      head 46 is relatively flat at its upper end and may be provided with a
      notch 58 to receive a finger 60 formed on an inner surface of the hat
      section 56 in order to properly align the hat section 56 with respect to
      the head 46. One of the unique features of the present invention is that
      the hat can be replaced by any of a number of hat configurations in order
      to present the desired appearance to the characterization figure.
PAR  The hat section 56 includes a top wall 62 having an integrally formed
      downwardly extending pin 64 which extends through an aperture 66 formed
      within the neck 42. Moreover, the pin 64 is reinforced at its upper end
      against the top wall 62 by means of four quadrilaterally located webs 68.
      After the pin 64 is inserted through the aperture 66 in the neck 42, it
      can be mashed or otherwise heat-formed in order to form an enlarged head
      68 illustrated in dotted lines in FIG. 3. Moreover, it should also be
      observed that the upper margin of the head 46 is provided with a small
      annular extending, arcuately-shaped recess 70 in order to engage an
      abutting portion of the hat 56. In this way, the hat only contacts the
      head 44 on one continuous line around the circumference of the head.
PAR  The mating torso sections 12 and 14 are each integrally provided on their
      respective front and rear walls 16 and 16' with opposed tubular retaining
      sleeves 72 and each of which is provided with aligned apertures 74 and 74'
      respectively. In addition, the bottom walls 20 and 20' of each of the
      torso sections 12 and 14 are slotted in order to provide an elongated slot
      76 when the two torso sections 12 and 14 are secured together, in the
      manner as illustrated in FIG. 5 of the drawings.
PAR  The characterization FIG. A also includes a pelvic section 78 which is more
      fully illustrated in FIG. 10 of the drawings and comprises a pelvic plate
      80 having an integrally formed, vertically disposed pelvic wall 82. The
      plate 80 is also provided with an upstanding flange 84 which extends
      through the elongated slot 76 and into the interior cavity formed by the
      two mating torso sections 12 and 14. Moreover, the flange 84 is provided
      with a pair of opposed outwardly struck integrally formed pins 86 which
      are designed to extend into the apertures 74, 74' of each of the retaining
      sleeves 72 and 72'. In this way, it can also be observed that the pelvic
      section 78 is retentively held within the torso sections 12 and 14 when
      the two pieces are secured together by means of the screw 39. The pelvic
      section 78 is also provided with a pair of outwardly extending leg
      retaining tubular bosses 88 for retaining a pair of legs 90 and 90'.
PAR  The sleeves 72 and 72' are constructed so that the apertures 74 and 74' are
      slightly tapered outwardly, that is to the exterior of the
      characterization FIG. A. In this way, the pins 86 may fit within the
      aperture 74 and 74' in snug fitting engagement with the interior annular
      walls of the sleeves 72 and 72'.
PAR  The legs 90 and 90' are each substantially identical in their construction,
      and one of the legs 90 essentially constitutes a mirror image of the leg
      90'. Hence, one of these legs 90 is more fully illustrated in FIG. 6 of
      the drawings and comprises an upstanding post 92 which is provided with a
      recess 94 at its upper end in order to accommodate one of the outwardly
      extending bosses 88. In like manner, the leg 90' is similarly provided
      with a recess in order to accommodate the other of the bosses 88. The legs
      90 and 90' are retentively, but nevertheless pivotally, held on the pelvic
      section 78 by means of a pin 96 which extends through apertures 98 formed
      within the legs 90 and 90' and communicating with the central apertures
      100 formed within the bosses 88. In essence, the pin 96 extends entirely
      through the two legs 90 and 90' and the flange 82 of the pelvic section
      78, in the manner as illustrated in FIGS. 1 and 2 of the drawings.
      Furthermore, the pin 96 may be provided with enlarged heads 100 at each of
      its outer ends for retentively holding the pin in position in order to
      hold the legs 90 and 90' onto the pelvic section 78.
PAR  The legs 90 and 90' are each provided at their lower end with a diametrally
      enlarged recess or socket 104 in order to accommodate a tubular stub 106
      formed on each of the pair of feet 108 and 108'. The post 92 is also
      provided with a downwardly extending pin 107 extending axially through the
      recess 104 and is fitted within a central aperture formed within the
      upstanding tubular stub 106. In this way, the lower end of the pin 107
      which projects beyond the lower end of the post 92 may be mashed or
      otherwise formed to provide an enlarged head 110 as illustrated in FIG. 6
      of the drawings. In this way, the feet 108 and 108' can be retentively
      held within the legs 90 and 90' respectively. Moreover, it can be observed
      that the feet also include a downwardly extending annular skirt 112 for
      engagement with the floor or otherwise supporting surface. In accordance
      with this construction, it can be observed that each of the feet 108 and
      108' are pivotal within the lower recesses or sockets 104 formed within
      each of the legs 90 and 90'.
PAR  By reference to FIGS. 1 and 2, it can be observed that each of the feet 108
      and 108' are substantially oversized with respect to the associated legs
      90 and 90', and are sized such that the FIG. A can actually stand in an
      upright position on one foot. The feet each have a length to width ratio
      of 1 to 5/8. Furthermore, the length of each foot is related to the
      transverse dimension of the torso 10 that is from front wall 16 to back
      wall 16' of 1 to 7/8. The length of each of the feet is related to the
      overall length of the legs of the FIG. A in a ratio of 1 to 1, and the
      width of each of the feet is related to the length of the legs in a ratio
      of 5/8 to 1.
PAR  The center of gravity of the FIG. A in the upright position is such that it
      can be supported on one foot. Thus, if one of the legs 90 and 90' with the
      associated foot 108 or 108' were swung rearwardly or forwardly, and the
      other of the feet were rotated inwardly so that its longitudinal dimension
      was parallel to the width of the torso, the FIG. A would stand in the
      upright position.
PAR  Each of the torso sections 12 and 14 are provided near their upper ends and
      on opposed end walls 22 and 22' with a pair of opposed semicircular slots
      116 and 116', as well as opposed semicircular slots 118 and 118', as more
      fully illustrated in FIGS. 8 and 9 of the drawings.
PAR  When the two torso sections 12 and 14 are secured together, these slots
      form enlarged circularly shaped, shoulder receiving apertures 120 (FIG. 7)
      on the torso 10. Only one of the apertures and the related arm
      construction is more fully illustrated in FIG. 7, since the opposite
      shoulder and related arm construction is identical thereto.
PAR  One of the shoulder receiving apertures 120 is sized to accommodate a
      shoulder section 122 in the form of an extremity connector and is formed
      by a pair of discs 124 and 126 which are separated through an annular wall
      extending between the discs 124 and 126 and foming an annular recess 128.
      The recess 128 is sized so that it is designed to snugly fit within the
      walls forming the aperture 120. Moreover, the discs 124 and 126 are sized
      so that peripheral surfaces on opposed faces thereof snugly, but
      rotatably, engage the interior and exterior surfaces of the components
      forming the torso surrounding the aperture 120.
PAR  The outermost disc 126 of the connector 122 is integrally provided with an
      outwardly extending flange 130 which is designed to retain an arm 132 by
      means of a pin 134. This pin is sized to extend between aligned apertures
      136 formed in the arm 132 and an aperture 137 in the flange 130.
PAR  The other side wall of the torso section 10 is also provided with an
      extremity connector 122', in the form of a shoulder section, and which is
      similarly designed to retain an arm 132'. The shoulder section 122' and
      the arm 132' are respectively substantially identical to the illustrated
      and described shoulder 122 and arm 132.
PAR  The arm 132 is provided at the inner end thereof for attachment to the
      torso 10 with the inner end formed by a pair of opposed parallel and
      spaced apart flanges 138 which are designed to engage and receive the
      flange 130. In this way, when the aperture 136 in the flanges 138 and the
      aperture 137 in the flange 130 are aligned, the pin 134 can be inserted in
      order to retentively hold the arm 132 to the shoulder section 122.
PAR  In accordance with the above outlined construction, it can be observed that
      the connectors 122 and 122' respectively hold the arms 132 and 132' to the
      torso in such manner that they cannot be pulled from the torso 10 by a
      preschool child. In addition, the connectors 122 and 122' respectively
      enable the arms 132 and 132' to be rotatable in planes which are
      substantially parallel to the transverse dimension of the torso 10, that
      is in planes parallel to the side walls 22 and 22' of the torso 10.
      Moreover, since the arms 132 and 132' are secured to flanges 130 on the
      connectors 122 and 122' by means of the pins 134, the arms 132 and 132'
      are rotatable through arcs in planes which are substantially perpendicular
      to the transverse dimension of the torso 10.
PAR  The arm 132 is also provided with an elongated, rectangularly shaped
      aperture 140 extending therethrough which is designed to accommodate a
      retaining flange 142 on a hand section 144, as more fully illustrated in
      FIGS. 11 and 12. The retaining flange 142 is similarly provided with an
      aperture 146 which is designed to be marginally registered with the
      apertures 136 in the flanges 138 and the aperture 137 in the flange 130.
      Thus, the pin 134 actually fits within all of these aligned apertures so
      that in this way the hand section 144 can also be retentively held with
      the arm 132 on the shoulder section 122 by means of the pin 134. In the
      same respect, it should be observed that the opposite arm 132' is provided
      with a hand section 144' which is substantially identical in construction
      to the hand 144.
PAR  The hand 144 is similarly provided with an alignment block 148 located
      outwardly of the flange 142 and which is sized to snugly fit in the
      rectangularly shaped aperture 140. In this way, the hand 146 will not
      rotate and will be snugly and retentively held within the rectangularly
      shaped aperture 140 in the arm 132. The entire hand section 144 and
      related hand section 144' are both formed of a relatively soft plastic
      material which is somewhat more resilient than the plastic material
      forming the remaining components in the body. For this reason, the hand
      sections 144 and 144' are secured to the arms 132 and 132' as opposed to
      being integral with the arms 132 and 132'.
PAR  In accordance with this construction, it can be observed that the pin 134
      serves a dual function of first holding the hand 144 to the arm 132 and
      simultaneously to the connector 122, even though the hand 144 is formed of
      a different material than the arm 132. Moreover, the arm 132 and hand 144
      are rotatable about the torso 10 and nevertheless retentively held with
      respect thereto.
PAR  At its outer end, the hand section 144 is provided with a hand-forming
      block 150 having a projected finger-forming section 152 and a projected
      thumb 154 which are separated by an arcuately shaped recess 156. In this
      way, the thumb 154 can be spread somewhat from the finger-forming section
      152 in order to insert an object in the recess 156 for removably, but
      nevertheless retentively, holding an object in this recess 156.
PAR  The characterization FIG. A of the present invention can be very easily
      assembled, by first inserting the pin 64 of the selected hat 56 through
      the aperture in the neck section 42. Thereafter, the lower end of this pin
      64 is spread in order to form the head 68 and thereby retentively hold the
      hat 56 onto the head 46 of the head section 44. The shoulder sections 122
      and 122' are then inserted within the respective apertures 120 prior to
      the complete assembly of the torso 10 by means of the torso sections 12
      and 14.
PAR  The pelvic section 78 is located so that the pins 86 extend in their
      respective apertures 74 and 74'. After these components have been located
      in proper position, the two torso sections 12 and 14 can be urged together
      so that the mating opposed margins 32 and 34 are in abutting engagement.
      Thereafter, the screw 96 is inserted in the aligned apertures 26 and 30
      and tightened in order to secure the two torso sections 12 and 14
      together. In accordance with this construction, it can be observed that
      the shoulder sections 122 and 122' will then be rotatably, but
      nevertheless non-removably, located within the torso section. In like
      manner, the neck 42 will be rotatably, but non-removably, locked within
      the torso 10. In addition, it can also be observed that the pelvic section
      78 is retentively and non-rotatably locked within the torso 12.
PAR  The respective hand sections 144 and 144' are then located so that the
      flanges 142 and the retaining block 148 are located within the elongated
      aperture 140 in the arms 132 and 132'. When all of the respective
      apertures 136 and 146 and the aperture 137 in the flange 130 are aligned,
      the pin 134 can then be inserted to thereby retentively lock the hand
      section 144 to the arm section 132 (and hence the hand section 144' to the
      arm section 132') and also lock these components to their respective
      shoulder sections 122 and 122'.
PAR  Finally, the feet sections 108 and 108' are inserted into the recess 104
      formed in each of the legs 92 and 92'. The outwardly extending pin 109 is
      again then sealed to form the enlarged head 110 to thereby retentively
      hold the feet 108 and 108' on the legs 90 and 90'. Finally, the pin 96 is
      inserted through the respective aligned apertures in the legs and on the
      enlarged bosses 88 in order to retentively hold the legs 90 and 90' on the
      pelvic section 78.
PAR  Each of the components of the toy characterization figure can be
      constructed of any of a number of moldable plastics including
      polyethylene, polystyrene, polybutydiene and various vinylidene
      copolymers. Any of a number of conventional plastic molding operations may
      be used to form each of the respective components at a relatively low
      cost. One of the important aspects of the present invention is that each
      of these components can be very easily assembled in a minimum amount of
      time in order to construct the characterization figure. Notwithstanding,
      the characterization figure is uniquely designed so that it meets all the
      required safety ordinances and laws and cannot be inadvertently
      disassembled by a preschool child.
PAR  Thus, there has been illustrated and described a unique and novel toy
      characterization figure which meets all of the objects and advantages
      sought therefor. It should be understood that many changes and
      modifications and other uses and applications could be made in the toy
      characterization figure after reviewing this specification and the
      accompanying drawings. Therefore, any and all such changes, modifications
      and other uses and applications are deemed to be covered by the invention
      which is limited only by the following claims.
CLMS
STM  Having thus described our invention, what we desire to claim and secure by
      letters patent is:
NUM  1.
PAR  1. A toy figure for preschool children with extremities connected to a body
      of said figure to resist unauthorized removal by said preschool children,
      said figure comprising:
PA1  a. a first torso section formed of a rigid material,
PA1  b. a second torso section formed of a rigid material,
PA1  c. said torso sections having abutting margins to be secured together to
      form a torso,
PA1  d. said torso having at least one extremity retaining aperture,
PA1  e. a connector section fitted in said aperture where an extremity is to be
      retained,
PA1  f. said connector section having a pair of opposed flanges connected by a
      circular intermediate recessed portion sized to be fitted in said
      aperture, with one of said opposed flanges on each side of said aperture,
      and
PA1  g. an extremity pivotally connected to and extending from said connector
      section, in such manner that said connector section can be pivoted in said
      aperture in a first plane relative to said torso and said extremity can be
      pivoted on said connector section in a second plane relative to said
      torso,
PA1  said first and second planes being substantially mutually perpendicular,
      with said first plane being relatively parallel to a transverse dimension
      of said torso,
PA1  said torso being provided with a second extremity retaining aperture, a
      second connector section for retention within said second aperture for
      pivotal movement in said first plane, and a second extremity connected to
      said second connector section for pivotal movement in said second plane,
PA1  said first and second apertures being located on opposite sides of said
      torso, said first and second connector sections forming shoulder joints,
      and said first and second extremities comprising arms,
PA1  a slot being formed in said torso, a pelvic section having an outwardly
      extending locking element extending through said slot and being
      retentively retained in said torso when said torso sections are secured
      together for non-pivotal movement with respect to said torso.
NUM  2.
PAR  2. The toy figure of claim 1 further characterized in that said locking
      element is provided with at least one outwardly extending pin, and one of
      said torso sections is provided with tubular boss sized to retentively
      receive said locking pin.
NUM  3.
PAR  3. The toy figure of claim 1 further characterized in that a pair of legs
      are secured to said pelvic section by means of a leg retaining pin.
NUM  4.
PAR  4. The toy figure of claim 3 further characterized in that a foot section
      is pivotally secured to a free end of each of said legs.
NUM  5.
PAR  5. A toy characterization figure having a body, a somewhat rigid arm
      comprising an outer shell and having an enlarged central aperture
      extending through said shell, an arm flange projecting from a first end of
      said shell, a hand section formed of a material having a greater
      resiliency than said arm, said hand comprising a hand forming member, a
      hand flange on said hand forming member extending into said enlarged
      central aperture to retentively hold said hand forming member at a second
      end of said shell, said hand flange extending through said enlarged
      central aperture and having a portion thereof disposed in substantially
      registered relationship with said arm flange, and connecting means to
      secure said flanges to said body, the connecting means being a connector
      which secures the arm and hand flanges with respect to the body to permit
      pivotal movement of the arm and hand in first and second substantially
      mutually perpendicular planes with respect to the body.
NUM  6.
PAR  6. A toy characterization figure having a body, a somewhat rigid arm
      comprising an outer shell and having an enlarged central aperture
      extending through said shell, an arm flange projecting from a first end of
      said shell, a hand section formed of a material having a greater
      resiliency than said arm, said hand comprising a hand forming member, a
      hand flange on said hand forming member extending into said enlarged
      central aperture to retentively hold said hand forming member at a second
      end of said shell, said hand flange extending through said enlarged
      central aperture and having a portion thereof disposed in substantially
      registered relationship with said arm flange, and connecting means to
      secure said flanges to said body, the connecting means being a connector
      having an outer wall capable of being retained in a member receiving
      aperture in said body, a connector flange extending toward and being
      capable of being substantially registered with said hand and arm flanges,
      and pin means to secure each of said flanges together.
NUM  7.
PAR  7. The toy characterization figure of claim 6 further characterized in that
      said shell of said arm is provided with a pair of spaced apart arm
      flanges.
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ABST
PAL  A toy stick amusement device comprising an elongated cylindrical stick, an
      annular rib about said stick spaced from one end thereof to provide a
      handle portion of said stick and forming a stop member thereon, an annular
      rib adjacent the other end of said stick forming a stop member, a ring
      member about said stick having sufficient clearance therebetween for said
      ring to twirl freely about said stick and travel thereon between said stop
      members.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a toy stick device comprising a stick having a
      ring disposed thereon with clearance therebetween which with the exercise
      of requisite skill may be made to twirl about said stick and travel
      axially forwardly and rearwardly thereof with a downward and upward
      tilting of said stick, said stick having a pair of spaced stop members
      thereon to reverse the direction of travel of said twirling ring.
PAR  A related toy device is disclosed in the British Pat. No. 317,464, dated
      July 17, 1930, and issued to Walter Real. This patent discloses in its
      preferred embodiment an endless circular wire having a disc thereon to be
      rotated thereon for continuous travel in one direction. As the
      modification of the circular wire, the inventor suggests that a straight
      wire may be used and such a wire is shown being unobstructed for its
      entire length. It is difficult to twirl such a ring about such a wire for
      travel thereon and for reversing the direction of travel of such ring
      without having the ring run or travel off the end of the straight wire. It
      is conceivably possible to do so, but to accomplish this is very difficult
      and would appear to make the toy device impractical and unworkable.
PAR  The structure herein embodies an improvement over what is disclosed in the
      British patent and makes the toy a workable toy. The structure herein
      includes bumpers or stop members at the free end of the stick and adjacent
      the handle end portion thereof whereby the ring member in being twirled
      along the stick is made to reverse direction of travel by engagement with
      said stop members. As simple as this improvement may appear to be, there
      does not appear to be any teaching or disclosure in the art to indicate
      such an improvement. Hence, this relatively simple unobvious structural
      improvement makes what is disclosed in the British patent into a practical
      operable toy for which the requisite skill for its operation may be
      readily acquired.
PAR  It is an object of this invention therefore, to provide a very practical
      toy stick device which for its successful operation develops skill in
      coordination and timing on the part of the operator.
PAR  It is another object of this invention to provide a toy stick device having
      a ring mounted thereon to be twirled thereabout for forwardly and
      rearwardly travel thereon with the application of requisite skill.
PAR  More specifically stated, it is an object of the invention herein to
      provide a toy stick device having a ring disposed on a stick having
      sufficient clearance thereabout to be freely twirled thereabout and a pair
      of annular ribs spaced axially of said stick forming step members whereby
      the direction of travel of said ring when twirling along said stick may be
      reversed between said stop members by engagement therewith and a handle
      portion is provided at one end of said stick outwardly of the adjacent
      stop member.
DRWD
PAR  These and other objects and advantages of the invention will be set forth
      in the following description made in connection with the accompanying
      drawings in which like reference characters refer to similar parts
      throughout the several views and in which:
PAR  FIG. 1 is a view in perspective showing one operating position of the
      invention herein;
PAR  FIG. 2 is a view similar to FIG. 1 showing a second operating position;
PAR  FIG. 3 is a broken view in longitudinal section on a somewhat enlarged
      scale taken on line 3--3 of FIG. 1 as indicated; and
PAR  FIG. 4 is a view in transverse section on a somewhat enlarged scale taken
      on line 4--4 of FIG. 2 as indicated.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the Figs., the device 10 comprising the invention herein is
      shown consisting of an elongated stick 12 which in the present embodiment
      is indicated as being cylindrical in form. Said stick may be formed of any
      suitable material such as of wood or an extruded plastic and may vary as
      to length as may be desired.
PAR  Secured to or formed about said stick 12 spaced from one end 13 thereof to
      form a handle portion 14 is an annular rib or collar 15 forming a stop
      member. Said stop member may be rigid or resilient although it is
      desirable to have said stop member be somewhat resilient.
PAR  Located at and secured to the other end 17 of said stick is a stop member
      19 similar to said stop member 15. It will be appreciated that the spacing
      between said stop members may vary as may be desired but preferably there
      will be a substantial length of stick between said stop members.
PAR  Disposed on said stick is a ring member 20 preferably formed of a somewhat
      resilient material and having an opening or bore 22 therethrough with said
      bore having a diameter such as to permit said ring member to have a free
      twirling movement thereabout. Said ring has an annular wall 23 having, as
      shown here, an inner surface 24 shown here as being flat in width but it
      may be formed to have a transverse radius.
PAR  Preferably, the adjacent surfaces of said stick and of said ring member
      will be non-slick surfaces and will be sufficiently non-slick such that
      the ring will have an adequate grip or purchase upon the surface of said
      stick, as indicated in FIGS. 3 and 4, to travel thereon by a twirling
      action as will be described and to avoid a tendency to slide along said
      stick so as to negative the twirling action.
PAR  It will be appreciated that the stick and ring may be variously decorated
      to enhance the appearance of the device in operation.
PAC  OPERATION
PAR  As indicated in FIGS. 1 and 2, the stick 12 will be gripped by a hand A
      about its handle portion 14 and the stick will be tilted downwardly as
      indicated in FIG. 2. Simultaneously, with the downward tilt of the stick,
      the ring will be given a twirling impulse by the thumb of the operator or
      a twirling impulse may be imparted to the ring by a sharp downward tap of
      the stick on a solid surface as the ring is simply released by the thumb
      of the operator. The ring in a twirling or spinning motion will travel
      downwardly of said stick to the point of contact with said stop member 19.
PAR  At the instant of contact between said ring and said stop member, said ring
      will in effect rebound from said stop member and at that same instant with
      requisite skill the operator will tilt the stick upwardly and without a
      break in its momentum said ring will reverse its direction of travel and
      maintain a twirling action about said stick to the point of reaching the
      stop member 14 at which point its direction of travel will again be
      reversed, the stick will be tilted downwardly and thus the operation above
      described will be repeated.
PAR  When sufficient skill has been acquired, the operator may exercise a great
      deal of freedom in handling the stick such as in tossing the stick
      upwardly on the order of a baton being tossed by a baton twirler with the
      ring being maintained in its twirling action throughout the flight of the
      stick. With more than one person operating said sticks, said persons may,
      with the exercise of requisite skill, toss the sticks from one to another
      in maintaining the rings in twirling action and there are other feats of
      skill which may be exercised.
PAR  Said ring in twirling defines a helical path of travel about said stick and
      had a line engagement with said stick as it moves thereabout. Hence, with
      the ring and stick preferably having non-slick engaging surfaces, the ring
      has sufficient purchase or grip upon the stick at its consecutive points
      of engagement to have a fairly constant rate of travel along the stick as
      controlled by the angle of tilt thereof.
PAR  Thus it is here provided a toy stick device which in its operation results
      in the development of various manual skills and coordination and a
      significant degree of interest is generated in its operation.
PAR  It will of course be understood that various changes may be made in form,
      details, arrangement and proportions of the parts without departing from
      the scope of the invention herein which, generally stated, consists in an
      apparatus capable of carrying out the objects above set forth, in the
      parts and combinations of parts disclosed and defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toy stick device comprising
PA1  an elongated stick member,
PA1  a ring member having a small wall thickness having an arcuate outer surface
      in cross-section and having a flat inner wall surface in cross-section,
      said ring member having a bore of a diameter of sufficient size to provide
      a free twirling movement of said ring about said stick,
PA1  a resilient substantially spherical stop member at one end of said stick,
      said member being sufficiently resilient for a rebound of said ring member
      from said stop member upon engagement therewith,
PA1  an annular collar forming a stop member secured about said stick spaced
      from the other end thereof and being of like resilience as said first
      mentioned stop member,
PA1  a handle formed on said stick between said collar and the adjacent end of
      said stick, and
PA1  said stick and the bore of said ring having non-slick engaging surfaces.
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ABST
PAL  A toss-type flying device which can be easily assembled from a pair of
      rectangular strips of material, two rubber bands, and an ordinary drinking
      straw. The pair of rectangular strips are manually formed into circular
      aerodynamic members, which are attached to either end of the drinking
      straw by the rubber bands. It is contemplated that the rectangular strips
      and rubber bands will be furnished as a premium to a customer purchasing a
      soft drink with a straw, such that the customer can readily and manually
      construct the toy flying device.
BSUM
PAR  The present invention relates to a toss-type toy flying apparatus, and the
      method of making same. In particular, my invention relates to an apparatus
      and method of producing a toy flying apparatus from a pair of rectangular
      formed strips of sheet material, two rubber bands, and a common drinking
      straw.
PAR  It has been known for many years that toss-type toy flying devices such as
      airplanes, rockets, or the like can be fabricated from paper or cardboard
      pieces, folded and assembled into various sorts of aerodynamic
      configurations. These flying devices are designed to be manually launched
      into the air, where the direction and force of launch, prevailing wind
      currents, and ratio of lift to weight of the apparatus determines the
      distance the device travels and the length of time the device is able to
      remain aloft.
PAR  One type of toy flying apparatus previously available consists of a pair of
      circular aerodynamic members permanently formed and fixed to a
      longitudinal fuselage member. To fabricate this toy, one needs materials
      to cut the pieces to shape, plus glue or a similar adhesive to bond the
      ends of the aerodynamic members together. Therefore, presently available
      toy flying devices of the type previously mentioned are not adapted to be
      given away as premium items to retail consumers who can readily construct
      or assemble a toy airplane or rocket.
PAR  The present invention contemplates an apparatus and method for providing
      several individual elements which, when affixed to an ordinary drinking
      straw and properly assembled, comprise a toy flying apparatus. Two
      rectangular strips of paper or cardboard are properly scored and
      perforated to enable the pieces to be joined at their ends to form
      circular aerodynamic elements. These pieces of paper or cardboard, along
      with two rubber bands, are furnished as a premium to purchasers of a soft
      drink in a food service establishment, such as a fast food service
      restaurant. Instructions are provided for forming the cardboard or paper
      pieces into circular aerodynamic elements, and for using the rubber bands
      to removably affix these elements to the drinking straw obtained with the
      purchase of the soft drink. By using my novel method of assembly, a
      complete toss-type toy flying apparatus can be easily and economically
      constructed.
PAR  Accordingly, it is an object of the present invention to provide a toy
      flying apparatus which can be readily assembled by hand.
PAR  Still another object of my invention is to provide a toss-type toy flying
      apparatus which can be assembled from a few simple rectangular strips of
      sheet material and an ordinary drinking straw.
PAR  A further object of my invention is to provide a toss-type toy flying
      apparatus which can partially be offered as a premium in a food service
      establishment to a purchaser of a soft drink, whereby the construction of
      the flying apparatus is completed by attaching the parts furnished to an
      ordinary drinking straw.
PAR  yet another object of my invention is to provide a method of constructing a
      toy flying apparatus by removably affixing a pair of circular aerodynamic
      members to a longitudinal member using rubber bands.
PAR  A still further object of my invention is to provide a toss-type toy flying
      device which can economically and easily be constructed from ordinarily
      available materials.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description when read in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a package containing the materials
      necessary for construction of the flying device of the present invention,
      less an ordinary drinking straw which is obtained when a soft drink or
      beverage is purchased;
PAR  FIG. 2 is an elevation view of a flying device completely assembled in
      accordance with the teachings of my invention;
PAR  FIGS. 3 and 4 are detail views of the sheet material strips from which the
      aerodynamic members of my flying device are constructed;
PAR  FIG. 5 is a detail view of a rubber band such as used in the assembly of my
      toy flying device;
PAR  FIG. 6 is a view of an ordinary drinking straw; and
PAR  FIGS. 7 through 12 illustrate the method of assembling the toss-type toy
      flying device in accordance with my invention.
DETD
PAR  Referring to FIG. 2, the toss-type toy flying apparatus of my invention is
      generally designated by the numeral 10. The apparatus 10 includes a
      longitudinally extending fuselage member 12 having first and second
      circular formed aerodynamic members 14, 16 removably affixed to each end
      of the fuselage. Fuselage 12 is preferrably a cylindrical shaft or rod,
      being hollow in its central portion. In the preferred embodiment, fuselage
      12 is formed from an ordinary drinking straw, such as supplied to a
      customer who purchases a soft drink or beverage in a food service
      establishment.
PAR  One of the circular formed aerodynamic members 14 is larger in diameter
      than the other, 16, to provide an aerodynamic device capable of soaring
      through the air when launched or tossed. Each circular formed member 14,
      16 is removably affixed to fuselage 12 by placing a portion of the outer
      surface of each member 14, 16 near an end of fuselage 12, and using rubber
      bands 18, 20 to maintain the members 14, 16 in their proper position. Each
      rubber band is looped around the fuselage 12 on one side of an adjacent
      member 14, 16, then extended over an interior portion of each respective
      aerodynamic member, and looped around the fuselage 12 on the other side of
      each aerodynamic member.
PAR  Each circular formed aerodynamic member 14, 16 is formed from a rectangular
      strip of sheet material 22 (FIGS. 3 and 4), such as paper, cardboard, or
      the like, which is approximately equal in length to the circumferential
      distance of each aerodynamic member 14, 16 less the amount of overlapping
      material necessary to maintain each aerodynamic member in its circular
      configuration. Strips 22 include an arrow-shaped tounge or cut-out 24
      which remains adhered to each strip 22 along line 26. The opposite end of
      each strip of sheet material 22 comprises a slit 28 approximately equal in
      length to the broad dimention of arrow-shaped cut-out 24.
PAR  Each circular formed aerodynamic member 14, 16 is constructed by bring each
      end together as shown in FIG. 7 and inserting cut-out 24 into slit 28. The
      fit between cut-out 24 and slit 28 is sufficient to maintain the circular
      configuration of the strips 22 of sheet material. The same method is used
      to form both aerodynamic members 14 and 16.
PAR  Referring to FIGS. 7 and 12, to construct the toss-type toy flying
      apparatus of my invention, each aerodynamic member 14, 16 is formed as
      described above, and a portion of the exterior surface of each member is
      located near the opposite ends of fuselage 12. A small portion of the
      fuselage extends beyond its adjacent aerodynamic member 14, 16.
PAR  As shown in FIG. 10, a rubber band 18 is laid across a first aerodynamic
      member and first looped around the fuselage adjacent the interior side of
      aerodynamic member 14. Next, the rubber band is passed or extended across
      the interior surface of member 14, and looped around the end of fuselage
      12 extending beyond the aerodynamic member. The same method is used to
      affix the second aerodynamic member 16 to fuselage 12. The aerodynamic
      members can be removed from fuselage 12 by merely disengaging rubber bands
      18, 20. Each aerodynamic member 14, 16 can also be re-formed into a flat
      rectangular strip of sheet material by disengaging cut-out 24 from slit
      28.
PAR  Part of my inventive concept includes furnishing two rectangular pieces of
      sheet material 22 and two rubber bands 18, 20 in a packet 30 (FIG. 1) to
      purchasers of a soft drink or beverage in a food service establishment.
      The customer is supplied with a drinking straw with the beverage, and upon
      finishing the soft drink, can manually assemble the above disclosed toy
      flying apparatus from the strips of sheet material and rubber bands.
PAR  It should be understood that while I have described and illustrated a
      preferred embodiment of my invention in connection with a specific
      apparatus, it is to be clearly understood that this description is made
      only by way of example, and not as a limitation on the scope of my
      invention.
CLMS
STM  Thus, having described my invention, I claim:
NUM  1.
PAR  1. A toss-type flying apparatus comprising:
PA1  a longitudinally extending cylindrical fuselage member;
PA1  a first circular formed aerodynamic member removably affixed to one end of
      said fuselage member;
PA1  a second circular formed aerodynamic member removably affixed to the other
      end of said fuselage member;
PA1  said first and second aerodynamic members each affixed to said cylindrical
      fuselage member by looping a rubber band around said fuselage, extending
      said rubber band over a portion of said member, and looping said rubber
      band around said fuselage on the other side of said member.
NUM  2.
PAR  2. The toy flying apparatus of claim 1 wherein said cylindrical fuselage
      member comprises an ordinary drinking straw.
NUM  3.
PAR  3. The toy flying apparatus of claim 1 wherein each of said first and
      second aerodynamic members are formed by joining the ends of a rectangular
      strip of sheet material subsequent to bending said strip into a circular
      configuration.
NUM  4.
PAR  4. The toy flying apparatus of claim 3 including mating tounge and slit
      means on opposite mating ends of each said strip of sheet material to
      permit said material to be manually assembled and held in said circular
      configuration.
NUM  5.
PAR  5. The toy flying apparatus of claim 1 wherein said first and second
      circular formed aerodynamic members are of different diameters.
NUM  6.
PAR  6. The method of constructing a toss-type toy flying apparatus comprising
      the steps of:
PA1  forming two circular aerodynamic members from strips of rectangular sheet
      material; and
PA1  affixing an exterior portion of each circular aerodynamic member to an end
      of a longitudinal cylindrical fuselage by locating said aerodynamic member
      near an end of said cylindrical fuselage member, looping a rubber band
      around said fuselage member, passing said rubber band over an interior
      surface of said aerodynamic member, and looping said rubber band around an
      adjacent end of said cylindrical fuselage member.
NUM  7.
PAR  7. The method of claim 6 wherein the step of forming said two circular
      aerodynamic members includes removably inserting a tongue disposed
      adjacent one end of said sheet material thorugh a mating slit adjacent the
      other end of said sheet material.
NUM  8.
PAR  8. The method of claim 6 wherein said cylindrical fuselage member is an
      ordinary drinking straw.
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PAL  A magnetically operable play doll set which includes a doll and a housing
      which has a floorboard that is elevated above a supporting surface and is
      divided by walls into a plurality of rooms with doorways permitting
      passage of the doll through the doorways and into the various rooms. The
      floorboard is very thin and is supported by means which secure it to the
      bottom edges of the walls. The walls are supported by a frame underlying
      the floorboard. The doll is provided on its bottom surface with a magnet
      which cooperates with a magnet mounted on a retaining plate. The plate, in
      turn, is pivotally mounted on a wand. Thus, the child desiring to move the
      doll may insert the wand having the cooperating magnet under the
      floorboard. The cooperating magnet on the wand will magnetically couple
      with the magnet on the doll. Inasmuch as the cooperating magnet on the
      wand is pivotal, the doll will always be moved in a direction with the
      doll facing forwardly with respect to the direction of movement imparted
      by the wand.
BSUM
PAR  This invention relates in general to certain new and useful improvements in
      magnetically operable play doll sets, and, more particularly, to a play
      doll which is movable through magnetic fields in such manner that the doll
      normally faces the direction of movement.
PAR  There are a number of magnetically operable playing sets in which a child
      moves one or more movable pieces of the set having a magnet in the movable
      piece by means of another movable element such as an arm or a wand, which
      similarly has a magnet to magnetically couple the movable element. This
      principle has been used to move dolls on various platforms. In this case,
      the doll is provided with a magnet, generally near its base, and the
      player of the toy set is provided with a wand which similarly has a magnet
      on the wand to magnetically couple with the magnet on the base of the
      doll. Thus, by shifting the wand, the player of the toy can also shift the
      doll through the magnetic coupling created by the two magnets.
PAR  Various toys of the aforementioned type have been produced in a variety of
      forms. However, one of the principle drawbacks of these toys is that the
      doll, or other playing piece, can only be magnetically coupled to the
      movable magnet in one direction, such that the poles of the magnets are
      located to create the magnetic attraction as opposed to a magnetic
      repelling. Consequently, if the player of the game engages a wand and
      moves the doll forwardly, the doll will normally face in the forward
      direction. However, in the event the player of the toy wishes to shift the
      doll rearwardly or to the side, the player can only move while the doll is
      facing in the direction of the player, such that the doll literally
      appears to moving backwards or sidewise. In essence, the doll is not
      rotatable with respect to the wand so that the playing toy set lacks some
      degree of realism.
PAR  The present invention obviates these and other problems in the provision of
      a toy doll set which includes a base wall upon which a doll having a first
      magnet associated therewith can be shiftable. A wand having a pivotal end
      section is similarly provided with a magnet to magnetically couple with
      the magnet associated with the doll. As the mover of the wand locates the
      end section so that the two magnets are magnetically coupled, the end
      section will rotate in accordance with the movement of the wand and, in
      this way, the doll will always face the direction of movement.
PAR  It is, therefore, the primary object of the present invention to provide a
      magnetically operable toy doll set where the player of the toy can move
      the doll through magnetic coupling in a manner where the doll always faces
      the direction of movement.
PAR  It is another object of the present invention to provide a toy doll set of
      the type stated which can adopt a variety of formats and settings in order
      to produce a number of toy play sets on the principal of moving a playing
      piece in the forwardly facing direction.
PAR  It is a further object of the present invention to provide a toy doll set
      of the type stated which involves a minimum number of movable components
      and which can therefore be manufactured at a relatively low unit cost.
PAR  It is an additional object of the present invention to provide a toy doll
      set of the type stated which can be manufactured in such manner that it is
      relatively durable and rigid in its construction and, therefore, is not
      easily destructible by small children.
PAR  It is another salient object of the present invention to provide a toy doll
      set which can be aesthetically decorated and is thereby very pleasing to a
      child and which is commercially attractive to children.
PAR  With the above and other objects in view, our invention resides in the
      novel features of form, construction, arrangement and combination of parts
      presently described and pointed out in the claims.
DRWD
PAR  Having thus described the invention in general terms, reference will now be
      made to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view, partially broken away, of a toy doll set
      constructed in accordance with and embodying the present invention, and
      partially shown in dotted lines;
PAR  FIG. 2 is an exploded side elevational view, partially broken away, and in
      section, and showing a portion of connecting various elements of a doll
      house;
PAR  FIG. 3 is a vertical sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a top plan view, partially broken away, of a wand which is used
      in connection with the magnetically operable play doll set;
PAR  FIG. 5 is a vertical sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a top plan view, similar to FIG. 5, and showing a magnet
      containing retaining plate on the wand in a different position, and also
      showing moving thereof through phantom lines; and
PAR  FIG. 7 is a top plan view, similar to FIG. 6, and showing the magnet
      retaining plate totally shifted to a different position.
DETD
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate a preferred embodiment of the present invention, A
      designates a doll house comprising a frame 10 which retentively holds a
      relatively flat horizontal wall or floorboard 12. The floorboard 12 is
      held by and surrounded by a rectangularly shaped side wall 14 and an
      inwardly struck peripheral flange 15 on the side wall 14. This frame also
      includes four rectangularly located legs 16 so that a clearance space 18
      is provided beneath the flat wall 12 and a table, floor, or other
      supporting structure.
PAR  The floorboard 12 is disposed within the frame 10 and is located so that it
      snugly engages the interior surfaces of the rectangularly shaped side wall
      14. The floorboard 12 may have any form of design or other aesthetic
      presentation on its upper surface to conform to the setting in which the
      play doll set would be used.
PAR  Provided for securement to the floorboard 12 and the frame 10 is a pair of
      perpendicularly arranged walls 22 and 24, which are located on the
      floorboard to form various rooms 26, and at least several of the rooms may
      be provided with doorways 28 to provide communication between the various
      rooms 26. Again, the surfaces of the walls could be provided with any form
      of design or color in order to create the desired setting and, in
      addition, it should be understood that the play doll set could be provided
      with other forms of decoration or ornamentation secured to either the
      floorboard 12 or the walls, or otherwise merely disposed within the walls
      22 or 24, or merely disposed within the rooms 26.
PAR  The walls 22 and 24 are secured to each other by means of vertically
      disposed slots formed within the respective walls. Thus, the wall 24 may
      have a vertically disposed slot extending approximately half-way up its
      entire vertical dimension, and the wall 22 may have a vertically disposed
      slot extending half-way down its entire vertical dimension. Thus, these
      two walls 22 and 24 can be secured together by merely connecting the two
      walls through the vertically disposed slots.
PAR  The walls 24 and 22 could also be secured together in any other form of
      arrangement. For example, four individual walls could be provided and
      connected at their ends at a common point of joinder by means of any
      conventional fasteners, as for example brackets or the like. In addition,
      the four walls could also be joined by suitable adhesives, etc.
PAR  The two walls 22 and 24 in their joined arrangement are secured to the
      frame 10 through the floorboard 12 by means of a clip 30 which extends
      upwardly from the base wall 12. In this case, the clip 30 is provided with
      a pair of upstanding arms 32 which are provided with opposed spaced apart
      inwardly directed engaging flanges 34. The arms 32 extend upwardly through
      an appropriately located slot 36 formed in the floorboard 12, and the
      engageable flanges 34 extend into an aperture 38 formed at the lower
      portion of one of the walls 24. The arms 32 and the flanges 34 are
      somewhat resilient so as to permit the snap-fitting engagement.
      Nevertheless, they are at least sufficiently rigid so that the secured
      walls 22 and 24 cannot be unauthorizedly removed from the floorboard. An
      enlarged head 20 is located on the underside of the floorboard 12 to
      retentively hold the various components in their attached position. This
      form of construction enables any of a number of vertical dividers to be
      easily secured to the frame 10 through the floorboard 12 in order to
      create any of the desired settings.
PAR  A doll 40 is movable between the various rooms 26 in the doll house created
      by the walls 22 and 24, and through the various doorways 28. The doll 40
      may adopt any form of desired characterization and appearance. Mounted,
      preferably at the base of the doll 40, is a plastic disc 42 which is
      provided with a pair of magnets 44 mounted therein. The base 42 is formed
      of a paramagnetic material which will not interfere with magnetic
      coupling. The magnets 44 are preferably aligned with their positive and
      negative poles in the opposite direction, and are preferably located
      within recesses formed in the bottom surface of the disc 42.
PAR  A wand 46 is provided for shifting the doll 40 in any desired path. The
      wand 46 includes an elongated arm 48 having an outer end which may be
      grasped by the player of the play doll set. The inner end of the arm 48 is
      provided with a pivotally mounted, magnet-containing end section 50, which
      is pivotally secured to the arm 48 by means of a pin 52. The end section
      50 is provided on its upper surface with a pair of opposed spaced apart
      and parallel recesses 54 in which magnets 56 are physically retained. The
      magnets 56 may be retained in the recess by any conventional means, as for
      example, adhesives, or otherwise a snug-fitting engagement within the
      recesses 54. In the same respect, the magnets 44 are held within recesses
      formed in the bottom wall of the disc 42 in like manner.
PAR  The magnets 56 preferably have the same poles at each of the aligned ends.
      That is, the outer ends of the magnets 56 would normally both have
      positive and negative magnetic poles and the opposite aligned other ends
      would have positive and negative magnetic poles such that magnetic
      attraction is achieved. In this respect, it should be observed that the
      disc 42 could be provided with one single magnet and the pivotal magnet
      retaining section 50 could be provided with one magnet as well; although
      two magnets are preferred in order to increase magnetic coupling between
      the disc and the section 50.
PAR  By reference to FIGS. 4, 6 and 7, it can be observed that the magnet
      retaining section 50 has the magnets located at the outer end thereof with
      respect to the pivot pin 52. In this way, when the arm 48 of the wand 46
      is shifted in one direction, the section 50 will swing around due to the
      inertial moment thereof. Thus, by reference to FIGS. 1 and 4, it can be
      observed that the section 50 is located so that its longitudinal axis is
      located in a perpendicular relationship with respect to the longitudinal
      axis of the arm 48. Thus, when the wand is pushed forwardly, in the
      direction of the arrow as illustrated in FIG. 6, the section 50 will swing
      about the pivot point so that the magnets 56 are located rearwardly with
      respect to the movement of the arm 48, as illustrated by the initial
      position of the phantom lines in FIG. 6 to the position illustrated by the
      solid lines in FIG. 6 of the magnets 56.
PAR  Inasmuch as the disc 42 is effectively magnetically coupled to the section
      50 through the magnets 44 and 56, the doll 40 will also rotate through the
      same 90.degree. arc. Hence, the forward portion, or face portion, of the
      doll will project forwardly in the direction of the arrow in FIG. 6.
      Furthermore, if the player of the toy doll set desires to pull the doll 40
      towards the player, the wand 46 would be pulled in the direction of the
      arrows as illustrated in FIG. 7. In this case, the section 50 will pivot
      about the pivot pin 52 to the position as illustrated in the dotted lines
      of FIG. 7 through a 180.degree. arc. Again, the doll 40 will also rotate
      in this 180.degree. arc inasmuch as the magnets 44 in the disc 42 are
      magnetically coupled to the magnets 56. Thus, the doll will rotate through
      the 180.degree. arc and face the direction of movement in accordance with
      the arrow as illustrated in FIG. 7.
PAR  The floorboard 12 is constructed in the form of a somewhat thin membrane,
      which is supported at its periphery by the flange 15 as aforesaid. The
      floorboard 12 could be easily constructed with sufficient thickness and
      rigidity so that it is essentially self-supporting. However, with
      increased thickness, larger, or at least stronger, magnets would be
      required to create the desired magnetic coupling through the floorboard.
      In accordance with the above-outlined construction, the perpendicularly
      arranged walls 22 and 24 which are secured together as illustrated in FIG.
      1 are also supported at their ends on the flange 15. The walls 22 and 24
      are constructed with sufficient thickness so that they are self-supporting
      in their upright position. The clip 30 with the enlarged head 20 engaging
      the underside of the floorboard 12 essentially permits the major portion
      of the floorboard 12 to hang from the walls 22 and 24, much in the same
      manner as a suspension bridge construction. In this way, it can be
      observed that the floorboard can be made with a relatively thin
      construction so that it facilitates magnetic coupling therethrough, and
      provides little barrier to magnetic coupling between the magnets 44 and
      56. Thus, it is possible to use smaller or weaker magnets than would be
      otherwise required.
PAR  In accordance with this form of magnetic coupling, it can be observed that
      the doll will always face the direction of movement of the arm 48 and
      thereby present a more realistic appearance of movement of the doll 40
      with respect to the wand 46.
PAR  The various components forming part of the doll house, as well as various
      components forming part of the wand, except for the magnets in the doll
      and the wand, can all be constructed of a number of known plastic
      materials including, for example, polyethylene, polystyrene,
      polybutadiene, a number of known vinyladiene copolymers, etc. These
      components may be formed of any of a number of known plastics forming
      techniques including blow molding, injection molding, thermo-forming and
      the like. However, it should also be observed that any of the components
      forming part of the doll or the wand, for that matter, could also be
      formed of other materials including lightweight metals and the like.
PAR  Thus, there has been described a unique and novel toy doll set which
      permits movement of a doll through a magnetically coupled member in such
      manner that the doll always faces the direction of movement, and which
      therefore fulfills all of the objects and advantages sought therefor. It
      should be understood that many changes, modifications, variations, and
      other uses and applications will become apparent to those skilled in the
      art after considering this specification and the accompanying drawings.
      Therefore, any and all such changes, modifications, variations and other
      uses and applications which do not depart from the spirit and scope of the
      invention are deemed to be covered by the invention which is limited only
      by the following claims.
CLMS
STM  Having thus described our invention, what we desire to claim and secure by
      Letters Patent is:
NUM  1.
PAR  1. A magnetically operable play doll set comprising:
PA1  a. a frame,
PA1  b. a substrate formed of a relatively thin material located on and being
      partially supported directly by said frame and having a surface permitting
      a doll to be movable thereon,
PA1  c. at least one wall supported by said frame, said wall extending across
      said substrate in generally perpendicular relation thereto, and dividing
      said substrate into a plurality of room areas,
PA1  d. said substrate being formed with a thickness such that it is not totally
      self-supporting on said frame, and said wall being formed of a thickness
      so that it is self-supporting on said frame in its upright position,
PA1  e. means operatively securing said substrate to said wall intermediate of
      spaced sides of said frame so that said substrate is partially suspended
      from said wall,
PA1  f. a doll movable on said substrate movable between a plurality of said
      room areas on said substrate,
PA1  g. first magnetic means operatively mounted with said doll,
PA1  h. a wand having a portion locatable under said floor,
PA1  i. a pivotally mounted extension on said wand locatable in magnetically
      coupling relationship to said first magnetic means,
PA1  j. second magnetic means mounted on said extension and being movable
      therewith, whereby said extension and second magnetic means will pivot on
      said wand to become aligned with the direction of movement of said wand to
      orient said doll to face the direction of movement of said wand.
NUM  2.
PAR  2. The magnetically operable play doll set of claim 1 further characterized
      in that the first magnetic means comprises a disc mounted in the base of
      said doll and at least one magnet is mounted in said disc.
NUM  3.
PAR  3. The magnetically operable play doll set of claim 2 further characterized
      in that said magnetic means comprises at least one magnet mounted in said
      pivotally mounted member and extends above the upper surface of said
      pivotally mounted member.
NUM  4.
PAR  4. The magnetically operable play doll set of claim 1 further characterized
      in that said first magnetic means comprises a pair of first spaced apart
      and parallel magnets and said second magnetic means comprises a pair of
      second spaced apart and parallel magnets.
PATN
WKU  039465217
SRC  5
APN  4421515
APT  1
ART  337
APD  19740213
TTL  Ventilated plant protector
ISD  19760330
NCL  1
ECL  1
EXA  Bratlie; Steven A.
EXP  Burr; Edgar S.
NDR  1
NFG  3
INVT
NAM  Ours; Frank M.
STR  P.O. Box 370
CTY  Parsons
STA  WV
ZIP  26287
CLAS
OCL   47 28R
XCL   47 19
XCL  236 49
XCL  236101R
EDF  2
ICL  A01G 1304
ICL  F24F  700
ICL  G05D 2302
FSC   47
FSS  26;28;29;30;17;19;2;1
FSC  236
FSS  49;101
UREF
PNO  585009
ISD  18970600
NAM  Taylor et al.
XCL   47 28
UREF
PNO  817106
ISD  19060400
NAM  Farmer
OCL  236 49
UREF
PNO  1290714
ISD  19190100
NAM  Causey
OCL  236 49
UREF
PNO  2107809
ISD  19380200
NAM  Warner
OCL  236 49
UREF
PNO  2187767
ISD  19400100
NAM  Akers
OCL  236 49
UREF
PNO  2709838
ISD  19550600
NAM  Zausner
XCL   47 17
UREF
PNO  2975975
ISD  19610300
NAM  Weber
OCL  236 49
UREF
PNO  3129530
ISD  19640400
NAM  Anderson
OCL   47 19
UREF
PNO  3195441
ISD  19650700
NAM  Hedrick
OCL  236 49
UREF
PNO  3528606
ISD  19700900
NAM  Witten
XCL  236 49
UREF
PNO  3698131
ISD  19721000
NAM  Kesinger
XCL   47  2
FREF
PNO  1,270,399
ISD  19611200
CNT  FR
OCL   47 17
FREF
PNO  1,296,601
ISD  19621200
CNT  FR
OCL   47 19
FREF
PNO  1,215,951
ISD  19600400
CNT  FR
OCL   47 29
LREP
FRM  Strauch, Nolan, Neale, Nies & Kurz
ABST
PAL  A plant protector having an elongated housing side wall opening over which
      is movably mounted a closure panel, the panel being pivoted on the housing
      at one end of the opening and being connected at the other end of the
      opening to a heat sensitive expansible coil mounted within the housing so
      that a change in air temperature within the housing effects opening
      movement of the panel.
BSUM
PAR  The object of this invention is to provide a new, inexpensive and improved
      plant protector to be used by gardeners to cover individual plants or
      groups of small plants to protect them from late frost and to eliminate
      the daily attendance required of hot caps, jugs and tenting.
PAR  The device consists of a plastic A-frame that is easily formed thermally
      and is of a shape that is stackable for storage and transport. Affixed
      thereon are two ventilation panels controlled by an interior thermostatic
      apparatus which, in turn, is activated by the atmospheric conditions
      within the said device.
DRWD
PAR  In order that the invention may be fully understood, reference will now be
      made to the accompanying drawings, in which:
PAR  FIG. 1 is a three-dimensional view of the improvement and its functioning
      parts. 1 of FIG. 1 is the thermally-formed shell to which the moving parts
      are secured. 2 of FIG. 1 is the thermostatic device that activates control
      arm 3 of FIG. 2, which in turn raises or lowers the top ventilator panel 4
      of FIG. 1, and this same motion is transferred to ventilator panel 5 of
      FIG. 1 by means of connecting rod 6 of FIG. 1. As shown in FIGS. 1 and 3,
      panels 4 and 5 are arranged to cover or uncover side wall openings of
      shell or housing 1.
PAR  FIG. 2 is an exploded view of the thermostatic device with its related
      parts. 7 of FIG. 2 is a slotted and threaded pivot pin, which is placed in
      the pivot hole of the plastic shell 1 of FIG. 1. Into the slot 8 the
      center 9 of the thermostat coil 2 of FIG. 2 is fitted with its free end 11
      then being secured in retainer 12 of FIG. 2, which is attached to the
      plastic shell 1 as shown in FIG. 1. A star lock washer 13 of FIG. 2 is
      then placed on the slotted pivot pin 7 of FIG. 2 followed by the control
      arm 3 of FIG. 2, which is secured between and adjusted by a lock nut 14 of
      FIG. 2. The mechanism as aforedescribed in FIG. 2 is held in place by a
      center holed bracket 15 of FIG. 2 into which the pivot pin extends, and
      the bracket being affixed to the interior of the plastic shell 1 of FIG.
      1. The control arm 3 is secured next to the inner end of thermally
      sensitive coil 2 and rocks with pivot pin 7 about the pivot axis of pin 7
      with variations in air temperature within housing 1 and has a lost motion
      connection to panel 4 through a slot 16 and a pin 17 fixed to panel 4.
PAR  FIG.3 is a face-on view of the plant protector with the ventilator panels
      in their open position. The interior heat activates the thermostat 2 of
      FIG. 3 which rocks the control arm 3 of FIG. 3, and this in turn lifts the
      ventilator panel 4 of FIG. 3 by exerting upward pressure on the ventilator
      pin 17 of FIG. 3. As shown best in FIG. 3 the effective axis of coil 2 is
      substantially parallel to the pivot axis 18 of panel 4. As ventilator
      panel 4 of FIG. 3 moves upward, so too does ventilator panel 5 of FIG. 3,
      as they are counterbalanced and connected by a rod 6 of FIG. 3. Ventilator
      panel 4 of FIG. 3 is hinged at a point 18 on the housing 1, and ventilator
      panel 5 of FIG. 3 is hinged at a point 19 on the housing 1. The movement
      of the ventilating panels permits the free circulation of air within the
      growing environs of the plant protector. On warm days they open; on cool
      days or on frosty nights they are closed to maintain the best possible
      growing environment.
CLMS
STM  Having thus fully described my invention, I claim as new and desire to
      secure by letters patent:
NUM  1.
PAR  1. A plant protector comprising a housing adapted to substantially enclose
      a plant or group of plants to be protected, an elongated ventilation
      opening in a wall of said housing, an elongated panel extending adjacently
      along said opening and having one end pivotally mounted on said housing
      wall to turn about a pivot axis at one end of said opening, said panel
      pivotally moving in a plane parallel to said housing wall between a
      position closing said opening and at least one other position selectively
      uncovering said opening, means for controlling the position of said panel
      comprising a thermally responsive device mounted within the housing so as
      to be subject to the air temperature within the housing, said device
      comprising an expansible heat sensitive coil having one end anchored on
      said housing wall, the other of said coil attached to a pivot pin
      extending between said housing wall and a bracket thereon, a motion
      transmitting control arm secured at one end to the pivot pin and pivotally
      connected at its other end to the other end of said panel adjacent the
      other end of said opening whereby a variation in air temperature within
      the housing may actuate said coil to move said control arm for pivoting
      said panel relative to said opening, the axis of the coil being
      substantially parallel to said pivot axis of the panel.
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ABST
PAL  A device for growing houseplants is disclosed. The device is adapted to
      extend from a window such that the plants provided therein receive
      adequate sunlight. The device is enclosed on all sides extending from the
      window to protect the plants from exposure to temperature excesses. The
      rear of the box is open and communicates with the interior of a room to
      maintain the plants at a temperature substantially equivalent to the
      indoor temperature. The device is provided with a pull-out drawer to
      provide easy access to the plants and vents for permitting outside air to
      enter the device. Flexible baffle curtains are provided so that the entire
      window area through which the planter box extends may be closed off from
      the outside.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to window mounted planter boxes and the like. More
      specifically, it relates to a planter box which is capable of being
      installed in the window of a home or apartment and provides a controlled
      environment for houseplants, small outdoor flowering plants and the like.
      The device is intended to permit indoor growing of small outdoor plants
      during cold weather. By extending out from a window more sunlight than
      would normally be available indoors is obtained. Additionally, the
      humidity in the enclosed chamber can be more carefully controlled and
      drafts avoided.
PAR  The portion of the box which does not extend from the window is open so
      that the planter box communicates with the indoor environment. Thus,
      although the plants are maintained substantially outside for sunlight
      purposes, the temperature at which they are maintained is significantly
      closer to the indoor temperature than would otherwise be the case. When
      the device extends from a window which is wider than the planter box, a
      baffle curtain is provided to cover the excess window portion to prevent
      the entry of dirt, rain, cold air and the like.
PAR  By provision of a pull-out drawer on which the plants rest, it is easy to
      gain access to them for watering, removal and addition of other plants
      without removing the planter box from the window. A stop arrangement
      prevents complete accidental removal of the drawer and the resultant
      damage to the plants. The device is also provided with vents for adjusting
      the air flow through the chamber and for permitting or preventing the
      entry of outside air as desired by the user. It will be appreciated that
      the device can be used for indoor plants as well as outdoor plants. For
      example, it can be used to grow herbs, general houseplants, and
      particularly cacti, because of the dry warm heat that can be provided by
      the device.
PAR  It is accordingly an object of the invention to provide a window mounted
      planter box.
PAR  It is another object of the invention to provide a window mounted planter
      box which is capable of extending from a window to permit maximization of
      available sunlight.
PAR  It is another object of the invention to provide a window mounted planter
      box adapted for fitting an interior window and which includes a baffle
      curtain to fully close the window.
PAR  It is another object of the present invention to provide a window mounted
      planter box having a pull-out drawer arrangement for obtaining easy access
      to the contents of the planter box.
PAR  It is still another object of the invention to provide a window mounted
      planter box having an adjustable air ventilating system for increasing or
      decreasing the amount of air flowing through the device and for permitting
      or preventing entry of air from the outside.
PAR  Other objects and advantages of the invention will be apparent from the
      remaining portion of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the device illustrating the general construction
      and arrangement and the mounting bracket therefor;
PAR  FIG. 2 is a rear view of the device illustrating the position the device
      takes when mounted in a window and viewed from the inside;
PAR  FIG. 3 illustrates the components of the device in their disassembled
      state;
PAR  FIG. 4 is a perspective of the device illustrating the baffle curtain
      provided for sealing the window;
PAR  FIG. 5 is a cross-sectional view along the lines 5--5 of FIG. 2; and
PAR  FIG. 6 is a cross-sectional view along the lines 6--6 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1 and 2, there is illustrated a window mounted
      planter box, according to the present invention. The planter box includes
      a bottom 10 which is preferably formed of an opaque plastic material,
      although of course other materials may be utilized, and if desired, the
      bottom may be transparent. A top or cover 12 is provided and is adapted to
      fit over the bottom. A lip 14 extends over the edge of the bottom to
      secure the top in position. Preferably, the top 12 is formed of a clear
      plastic material and when assembled the top 12 and the bottom 10 define a
      substantially enclosed area adapted for receiving houseplants and the
      like. At the rear of the device a substantially rectangular opening is
      formed by both the cover 12 and the bottom 10. This opening provides
      access to the interior of the planter box and serves to communicate the
      interior of the device with the room environment. The cover and bottom
      terminate at the open end in flange portions 18 and 20, to which a
      suitable baffle curtain 50 may be mounted as indicated in FIG. 4. The
      flanges 18, 20 also serve to cooperate with the window in which the
      planter box is installed in a manner to be described.
PAR  Attached to the bottom 10, for example by sheet metal screws, is a window
      mounting device comprising a curved tubular shaft 22 having a hooked
      portion 24 and receiving an adjustable leg 26 therein. As will be
      apparent, when the planter box is installed in a conventional sash window,
      the hook 24 is engaged over the windowsill while the extended length of
      leg 26 is adjusted by means of a thumb screw 28 so that it provides a
      bracing support for the planter box against an outside wall directly
      beneath the window ledge.
PAR  As illustrated in FIG. 5, according to a preferred embodiment, the top 12
      is provided with at least one, and preferably two, adjustable air vents
      30. These vents comprise a semicircular opening 31 in the cover 12 and a
      disc 32 rotatably mounted to the cover coaxially with the center of the
      opening 31. The disc has a cutout portion 33 thereon, which may have
      screening thereover, which matches the opening 31. Alignment of the
      semicircular cut outs provides ventilation, misalignment closes the vent.
      Thus the vent permits or prevents the entry of outside air as desired.
PAR  As mentioned previously, the rear of the device communicates with the
      inside environment and so even when the vents 30 are closed, ventilation
      occurs. However, when the vents on the cover are open a much more
      effective and increased volume of air will pass through the planter box.
      Thus, on warm days the planter box can be fully ventilated, while on cool
      or wet days the vents may be closed to maintain the temperature and
      humidity of plants substantially close to the inside temperature and
      humidity.
PAR  The device includes a pull-out drawer 34 for receiving the plants therein.
      The drawer is provided with a ribbed bottom construction 36 such that the
      plants provided therein rest on the ribbed portion while permitting excess
      moisture which may come from watering the plants to drop into the channels
      37 between the ribs. This construction prevents damage to the plant roots
      from sitting in water, strengthens the drawer and provides for effective
      humidification of the planter box to enhance the growing condition
      therein. The drawer 34 is slidable on the bottom 10 so that it may be
      fully or partially retracted therefrom to provide access to the plants for
      watering, removal, etc. In order to provide a good sliding relationship,
      the bottom 10 is provided with a matching set of ribs 38 which conform to
      the rib construction of the drawer 34.
PAR  In order to prevent the drawer from being fully retracted from the bottom
      10 whereby accidental spilling of its contents might occur, an automatic
      stop feature is provided. This stop comprises a pair of raised projections
      40 provided in the channels 42 and 44 of the bottom 10 (FIG. 2). These
      raised projections are provided near the rear portion of the bottom and
      are adapted to engage a corresponding set of projections 46 provided on
      both sides of the drawer 34. The projections 46 are located at about the
      middle of the drawer so that it is prevented from being withdrawn more
      than approximately half way from the planter box assembly. If, for
      purposes of cleaning or disassembly it is desired to fully remove the
      drawer 34, this is accomplished by lifting it clear of the projections 40
      and is easily accomplished by first removing the top 12.
PAR  As indicated in FIG. 4, it is often desirable to provide a baffle curtain
      50 on either end of the device. This baffle curtain is of the type
      utilized for window air conditioning units wherein the curtain serves to
      close off the portions of the window which are not filled by the planter
      box. By so doing, rain, dirt, insects and undesirable temperature extremes
      are prevented from interfering with the use of the room in which the
      planter box is installed. In a manner similar to room air conditioners,
      the baffle curtains 50 are deployed after the installation of the planter
      box in the window is accomplished. The curtains are merely extended to the
      edges of the window and secured by various arrangements such as screws,
      clips or the like.
PAR  As indicated in FIG. 5, the top portion 12 of the device has an indented or
      recessed portion 52 which is provided for receiving the window 53 thereon.
      When the window is placed in the recessed portion and the planter box
      securely anchored by the mounting device 22, a secure assembly is obtained
      in which there is a minimum leakage of the outside environment into the
      room. The flanges 18 and 20 prevent the possibility of the planter box
      falling out the window due to their abutting relation to the window and
      sill.
PAR  While I have shown and described an embodiment of this invention in some
      detail, it will be understood that this description and illustrations are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A planter box for mounting in a window frame of a room comprising:
PA1  a drawer for supporting plants therein, said drawer having a plurality of
      ribs on its bottom;
PA1  a bottom shell having a bottom surface and a plurality of sides, said
      bottom shell being open at one side to slidingly receive said drawer
      therein, the bottom of said bottom shell having a ribbed construction
      matching the ribs of the drawer bottom whereby said drawer ribs nest in
      the bottom shell ribs to guide the entry and removal of said drawer from
      said bottom shell;
PA1  a top shell of transparent material having a top and a plurality of sides,
      said top shell being open at one side thereof corresponding to the open
      side of said bottom shell and supported on said bottom shell to form said
      planter box; and
PA1  means for mounting said box in a position extending substantially out of
      said window frame with said open sides communicating the interior of said
      planter box with the environment of said room to moderate the temperature
      in said planter box while permitting substantial amounts of sunlight to
      reach said plants.
NUM  2.
PAR  2. The device of claim 1 wherein said drawer and bottom shell have
      projections located thereon adapted to interengage when said drawer is
      withdrawn a selected distance from said bottom shell to prevent further
      withdrawal of said drawer.
NUM  3.
PAR  3. The device of claim 1 wherein said top shell has a window engaging
      recess thereon.
NUM  4.
PAR  4. The device of claim 1 wherein said top shell is provided with at least
      one adjustable vent communicating the interior of said planter box with
      the outside.
NUM  5.
PAR  5. The device according to claim 4 wherein said vent comprises:
PA1  a semicircular opening in said top shell; and
PA1  a rotatable disc mounted about said opening and having a corresponding
      semicircular opening therein whereby rotation of said disc permits a
      selected portion of said top shell opening to effect ventilation of the
      planter box with the outside.
NUM  6.
PAR  6. The device according to claim 5 wherein said disc opening is provided
      with screening material thereover.
NUM  7.
PAR  7. The device of claim 1 wherein said mounting means is attached to the
      bottom shell and includes:
PA1  a. a curved tubular shaft having a hooked end adapted to engage a sill
      portion of said window frame;
PA1  b. an adjustable leg telescoping into said tubular shaft; and
PA1  c. means for securing said leg at a fixed position in said shaft said leg
      providing a bracing support for said planter box against an outside wall
      beneath said window frame.
NUM  8.
PAR  8. The device according to claim 7 wherein said mounting means further
      includes a recessed portion in said top shell to receive the window
      therein.
NUM  9.
PAR  9. The device of claim 1 wherein said planter box further includes:
PA1  a. flange portions on said top and bottom shells;
PA1  b. expandable baffle curtains mounted to said flanges on each side of said
      planter box to cover open areas of a window frame wider than the planter
      box.
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ABST
PAL  Apparatus for assisting the opening of a door when the door is subjected to
      added air pressure tending to hold the door closed, the door being
      provided with openings therethrough and including means for closing the
      openings but which will operate to remove the closure upon operation of
      means for unlatching the door.
BSUM
PAR  This invention relates to a device for assisting the opening of a door, and
      more particularly to such a device including a door with air passages
      therethrough and means for opening and closing such passages to vary the
      air pressure applied to the door.
PAC  BACKGROUND
PAR  It is common to provide spring or air cushion devices which operate to open
      or close doors, but there are situations where a door is subjected to
      pressures which make opening the door by hand very difficult or
      impossible. One such situation is the fire escape stairwell which is
      commonly constructed in multi-story buildings. Such stairwells extend
      between floors of the buildings and have doors to each of the floors. A
      main function of such stairwells is to provide an escape for occupants on
      a floor in the event of a fire, and at the same time prevent the spreading
      of a fire between floors.
PAR  More recently it has been the practice to provide an air blower which in
      the event of a fire alarm will create a pressure in the chamber defined by
      the stairwell so that when the door to the stairwell is opened on any
      floor on which there is a fire the draft will be from the interior toward
      the exterior of the chamber rather than from the floor into the stairwell.
      The effect of this is to keep the fire from entering the stairwell and
      passing to other floors.
PAR  One difficulty with such an arrangement is that the pressure generated by
      the blower is applied to the inside of the door and it becomes difficult
      or impossible to move the door by hand about its hinges into the stairwell
      to open the door. Further, it is necessary that the door be opened and
      closed normally in the absence of any fire alarm.
PAR  In my copending patent application Ser. No. 451,042 filed Mar. 14, 1974 I
      describe a device for assisting the opening of a door in a situation such
      as that above referred to. In that application I described means
      responsive to the fire alarm or other such signal floor releasing the
      mechanism for assisting the opening of the door.
PAR  It is one of the objects of the present invention to provide mechanism
      which will be operable when persons attempt to open the door and will
      provide assistance in overcoming the air pressure which tends to hold the
      door in a closed position.
DRWD
PAC  DRAWINGS
PAR  One embodiment of my invention is illustrated in the accompanying drawings
      in which--
PAR  FIG. 1 is a schematic elevational view of a stairwell which connects the
      floors of a building, and in which air is pressurized in the event of an
      alarm signal;
PAR  FIG. 2 is a view in elevation of the door, the view being taken from the
      front or exterior side of the door;
PAR  FIG. 3 is a sectional view taken at line 3--3 of FIG. 1 and shows the door
      with openings therein and a slide member having openings which are out of
      register with openings in the door so that the door openings are closed;
PAR  FIG. 4 is a sectional view like FIG. 3 but with the openings of the slide
      member in register with the door openings;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 3;
PAR  FIG. 7 is an edge view in elevation taken as seen from line 7--7 of FIG. 2;
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 5;
PAR  FIG. 9 is a sectional view taken along line 9--9 of FIG. 6;
PAR  FIG. 10 is a detail view in section showing the latch mechanism with the
      bolt extended and closure mechanism in normal position;
PAR  FIG. 11 is a detail view like FIG. 10 but showing the bolt withdrawn and
      the closure mechanism in position to open the passages through the door.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1 of the drawings A designates a chamber which in the
      drawing takes the form of a stairwell which has the stairs 10 leading from
      a second floor 11 to the ground floor 12. At the top of the stairway is a
      door 13 which opens into the stairwell and about its hinges 13a at one
      edge of the door, thus providing access from the second floor into the
      stairwell. At the bottom of the stairs is the door 14 which opens into the
      stairwell and about its side hinges 14a, thus providing access from the
      lower floor into the stairwell.
PAR  A blower 15 is arranged with its outlet connected to the stairwell so that
      when the blower is activated it delivers air under pressure into the
      stairwell. Such pressure is therefore applied against the insides of doors
      13 and 14, and tends to hold these doors in closed position.
PAR  Doors 13 and 14 are similarly constructed and this construction will be
      more clearly understood by reference to FIGS. 2 to 11.
PAR  On the front or exterior side of the door, which is the side opposite the
      stairwell chamber, is a crash bar 16. This bar serves the usual purpose of
      a crash bar in releasing the latch of the door when a person pushes the
      bar toward the door, and in addition actuates the mechanism which controls
      the opening and closing of the air passages through the door.
PAR  The door, as illustrated, resembles the usual type of door with a hollow
      interior and providing an outside panel 17 and an inside panel 18. The
      outside panel 17 has the spaced vertical slots 19 which provide air
      passages through the panel (see FIG. 4). The inside panel 18 also has
      similar slots 20 which provide air passages through the panel. The slots
      20 are arranged to register with slots 19.
PAR  Within the hollow of the door is a slide member 21 which, as shown, is in
      the form of a panel and which is arranged to move sidewise within the
      door. The slide member has slots 22 which, when the member moved to the
      left, as seen in 2 and 5, are out of register with slots 19 and 20; but
      when the member is moved to the right, as seen in FIGS. 4 and 6, the slots
      22 are in register with slots 19 on the one side and with slots 20 on the
      other so that the closure is removed and the air passages are open through
      the door.
PAR  The mechanism for moving the slide member 21 from left to right and back
      again is more clearly understood with reference to FIGS. 10 and 11.
      Referring first to FIG. 10 the crash bar 16 has a pin 23 which extends
      through the outside panel 17 and the links 24 and 25 are each pivotally
      connected to the inner end of pin 23. Link 24 has its other end pivotally
      connected to the edge portion of the door and link 25 has its other end
      pivotally connected to the right hand edge of the slide member 21.
PAR  As shown in FIG. 10 the links 24 and 25 are aligned and the slide member is
      moved to its farthest position toward the left which means that the slots
      22 are not in register with the slots 19 and 20 and the passages through
      the door are closed. The latch which holds the door closed is shown as
      including the bolt 26 which may be spring pressed toward the extended
      position as shown in FIG. 10. However, there is on bar 16 a pin 26 which
      extends into the door in the area of bolt 27 and which has an inclined
      surface 28 at its extended end. The bolt 27 has a corresponding inclined
      surface 29 and when the bar 16 is moved toward the door the inclined
      surface 28 of pin 26 engages the inclined surface 29 of the bolt to
      retract the bolt and unlatch the door.
PAR  Also when the bar 16 is moved toward the door into the position shown in
      FIG. 11 it is obvious that the slide member will be moved to the right,
      and when the bar is fully depressed the slots 22 of the slide member will
      be brought into full registry with slots 19 and 20 of the door panels to
      completely open air passages through the door.
PAR  While in the illustrated embodiment the device is shown with the door
      having the two panels 17 and 18 it will be apparent that only one such
      panel is required to permit the working of the mechanism to open and close
      passages through the door. Either panel 17 or panel 18 may be omitted with
      the slide member being arranged to slide with respect to the remaining
      panel to bring the slots in the sliding member into and out of register
      with the slots in the remaining door panel.
PAR  While in the illustrated embodiment the means for unlatching the door
      includes a crash bar and I prefer to use a crash bar, this means for
      unlatching the door may take other forms, and whatever form such means may
      take its operation actuates the mechanism for opening the passages through
      the door and relieving the pressure which tends to hold the door shut.
PAC  OPERATION
PAR  When an emergency occurs such as a fire on one floor of a building the
      blower 15 may be manually or automatically turned on so as to bring the
      stairwell under air pressure greater than atmospheric. This provides
      protection against the spreading of the fire into the stairwell and into
      other floors of the building. At this point the slots 22 are out of
      register with slots 19 and 20 so that the air passages through the door
      are closed.
PAR  When occupants of the building attempt to pass from the building the most
      natural thing to do is to press the bar 16 toward the door. This movement
      operates, as previously explained, to retract the bolt 27 and unlatch the
      door. It also operates to depress the pin 23 which through links 24 and 25
      operates to move the slide member 21 toward the right, as seen in FIG. 10,
      to bring the slots 22 into registry with slots 19 and 20 to open the air
      passages through the door.
PAR  The opening of the air passages through the door lessens the area of the
      door to which the air pressure within the stairwell chamber is applicable
      and so decreases the total pressure being applied against the door to hold
      it shut. This then allows the persons wanting to exit from any floor of
      the building to do so whereas without this assistance they might not be
      able to push open the door.
PAR  From what has been said it will be apparent that for greater relief against
      the pressure in the chamber the total area of the slots should be as large
      as practicable, with the limitation only that the area of the slots may
      not be so large as to prevent their being moved out of register when the
      slide member is moved to its extreme position toward the left (as seen in
      FIG. 10).
PAR  While the openings in the panels and in the slide member 21 are in the form
      of elongated vertical slots, these openings may be of other shapes. We
      prefer however, that these openings be in the form of the slots as shown
      because this shape lends itself more practically to providing the greatest
      relief from the added air pressure in the chamber.
PAR  While only one embodiment with certain specific variations thereon has been
      described in detail it will be apparent to those skilled in this art that
      the invention may take many and varied forms and all such forms and
      structures are to be considered within the spirit of the invention and
      contained within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for facilitating the escape of personnel from an area in
      which fire may exist, a chamber which is connected with said area by a
      doorway, a door which is hingedly mounted adjacent said doorway and
      normally closes said doorway, said door being movable into said chamber to
      open the doorway, said door having a releasable latch normally holding
      said door in closed position, means for bringing said chamber under
      elevated air pressure, said door having an air passage which extends from
      one side of the door to the other side, means for closing said passage
      which is also operable to open said passage to provide a passage for air
      through said door, means for unlatching said door, and means responsive to
      the operation of said unlatching means for actuating said means for
      opening said passage to reduce the area against which said elevated air
      pressure is applied and so assist in the opening of said door.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein said unlatching means includes
      a crash bar mounted on the side of said door opposite said chamber, said
      bar being movable toward said door, said closing means being operable to
      remove the closure of said passage when said bar is moved toward said
      door.
NUM  3.
PAR  3. A device as set forth in claim 1 wherein said door has a panel
      containing an opening therein and wherein said closing means includes a
      slidable member having an opening therein and wherein said last mentioned
      means is operable to move said member into a position in which said
      openings in the panel are in register with said openings in said member to
      thereby open an air passage through said door.
NUM  4.
PAR  4. A device as set forth in claim 1 in which said door has a plurality of
      said air passages and said closure means is effective to close each of
      said passages and is operative to remove these closures to provide a
      plurality of passages through said door.
NUM  5.
PAR  5. A device as set forth in claim 4 in which said openings are in the form
      of elongated vertical slots.
NUM  6.
PAR  6. A device as set forth in claim 3 wherein said door has a pair of said
      panels in spaced relationship and in which said slidable member is
      disposed between said panels.
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ABST
PAL  An arrangement of profile members for sash windows, sliding doors and the
      like which includes interconnected blind frame profile members of similar
      cross-section along the length thereof connected to one another to form a
      blind frame. Sash frames are also formed by constant cross-section sash
      frame profile members interconnected to one another. To accommodate a
      simple attachment and detachment of a sash frame to a blind frame, a
      V-shaped elastic mounting profile element is provided which snap-fittingly
      attaches to the blind frame and guidingly accommodates the sash frame.
      This elastic profile mounting element is provided along three sides of the
      frame construction with the other side including a T-shaped aluminum guide
      rail for accommodating sash rollers or the like. For attaching the glazing
      to the sash profile members, an acute angled elastic profile element with
      legs of unequal length is provided, which is stressed so as to elastically
      clamp the glazing against the sash profile member when in the installed
      condition. A grip molding profile element is also provided which
      clampingly engages the sash profile member and also serves to accommodate
      reinforcing irons and the like.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a sash window blind frame and sash
      constructions for sash windows, sliding doors, and the like made of
      profile members preferably of a synthetic resin. Although the following
      description refers to sash windows, it is to be understood that the
      present invention also contemplates sliding doors, etc., constructions
      having a blind frame and sash. Preferred embodiments of the present
      invention are particularly related to sash windows of the type wherein
      profile members having respective identical cross sections are utilized
      for all frame sides of the blind frame and sash. Preferred contemplated
      sash window constructions of the present invention also include provisions
      for metallic profile members inserted in the synthetic resin profile
      member and/or slide in corners (angles).
PAR  A number of profile members for the production of sash windows, sliding
      doors, or the like have been contemplated which start with respectively
      identical profile members for all sides of a blind frame or sash. The
      blind frames are formed in each case in pairs with fixed projections to
      guide the sash and form a running surface or track for the rollers. The
      cross sections of such profiles are fashioned so that they withstand high
      and maximum stresses. This is true not only for the construction of the
      blind frame, but also the sash, the cross section of which is selected to
      be so large that it can, for example, also accommodate double glazings
      (windows).
PAR  The present invention contemplates providing a sash window and/or sliding
      door construction made up of profile members, which window is
      distinguished over previously contemplated profile structures not only by
      a low weight of the profile members, thus being suitable especially for
      smaller units, but also by a simple manufacture and economical assembly.
PAR  The present invention further contemplates producing the connection of
      blind frame and sash along three sides by means of a resiliently
      constructed mounting profile snapped into an undercut groove at the blind
      frame profile member with a projecting, approximately V-shaped central
      section of this mounting profile being guided between projections of the
      sash profile member.
PAR  In contrast to the heretofore customary rigid guides of the blind frame for
      the sash, the present invention provides a resilient, elastic guide so
      that the sash profile member can be easily hung and/or detached into and
      from the blind frame, which is possible by the snap connection due to the
      resiliency of the inserted mounting profile. The present invention also
      contemplates arrangements with the mounting profile glued (cemented) to
      the blind frame. Due to the resiliency of the mounting profile, the sash
      profile member can accordingly be dimensioned in its size and inserted
      with only a minor clearance with respect to the blind frame profile
      member. The resilient, elastic mounting profile is preferably extruded,
      for example, of a thermoplastic synthetic resin, e.g., PVC.
PAR  In a further development of this invention, the blind frame is formed with
      two continuous undercut grooves arranged side-by-side, preferably in a
      dovetail shape for accommodating a T-shaped track (guide) rail. This
      T-shaped track rail is preferably of metal such as aluminum. The blind
      frame profile member is furthermore formed, in an extension of one side of
      the profile, with a blind (facing) fillet projecting beyond the grooves.
PAR  The present invention further contemplates providing a particularly simple
      way of mounting the glazing in the sash profile member, wherein a groove
      of the sash profile member, formed beyond the horizontally extending
      glazing flange serving as the contact surface for a glazing (glass is it
      utilized to receive a fastening means for the glazing. As the fastening
      means, a novel, acute-angled profile element is provided, with legs of
      unequal lengths and made of an elastic material, e.g., chloroprene. With
      its short leg, this acute-angled profile element engages into the groove
      of the sash profile member and, with its long leg, the element rests on
      the glazing. In preferred embodiments this long leg is equipped with
      additional sealing lips. In order to affix the fastening means to the sash
      profile, the fastening (acute-angled) profile element is profiled with
      lugs and/or recesses which engage corresponding and/or projections at the
      sash profile member. By a simple pressing of this acute-angled fastening
      profile element along the continuous groove at the sash, so that it
      engages the groove, the glazing is mounted with one manipulation, any
      unevennesses or the like being compensated for by the elastic profile. In
      preferred embodiments, a further groove on the other side of the glazing
      flange of the sash profile member is provided which serves to receive a
      sealing profile for the glazing on the side contacting the sash profile
      member.
PAR  The present invention further contemplates a novel construction of a grip
      molding (handle rail) to handle a sash on a window or sliding door.
      According to the invention, an angular profile element having a closed leg
      and an open leg and forming a grip molding is clamped to the projections
      of the sash profile member. The open leg of the grip molding is formed by
      two sides of unequal lengths, wherein the inner, shorter side engages,
      hook-like, the groove formed on the inside of the projection of the sash,
      and the outer projecting side contacts the sash profile member on the
      outside and, with a mounting extension, the end of the projection of the
      sash profile member. This construction of the grip molding makes it
      possible to effect a resilient suspension at the sash. A reinforcing iron
      in flat or angular construction can be inserted in the hollow grip molding
      in accordance with preferred embodiments where the additional
      reinforcement is desired or required. The grip molding is preferably also
      constructed so that it can receive gaskets. For receiving gaskets, the
      projecting side (longer side) of the grip molding is formed with a groove
      on the side facing away from the sash profile member. The grip molding is
      preferably fashioned as an extruded profile element, for example of PVC.
PAR  A sash window constructed with the above-mentioned novel features is
      distinguished by the cooperation of the individual components which are
      advantageously constructed with functional efficiency and which result, in
      their entirety, in a readily manipulatable (operable) sash window
      economical in its manufacture and work-saving in its installation. This
      sash window can be equipped with simple glazing and also with commercial
      fittings. The window can also be utilized in case of higher mechanical
      stresses by the insertion of reinforcing profile elements of metal into
      the hollow blind frames or sashes.
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, a single embodiment in accordance with the present
      invention.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, is a side view which shows a closed horizontal sash window
      constructed in accordance with the present invention;
PAR  FIG. 2 is a vertical sectional view along line A--A of FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view through a mounting profile
      member of FIG. 2; and
PAR  FIG. 4 is a horizontal sectional view along line B--B of FIG. 1.
DETD
PAR  The invention is explained with reference to the horizontal sash window
      according to FIG. 1; however, the invention is likewise applicable to
      vertical sash windows as well. The blind frame 1 and the sash 2 are
      composed of profile members of, preferably, a thermoplastic synthetic
      resin produced by the extrusion molding method. The structure of these
      profile members can be seen in detail from the sectional views shown in
      FIGS. 2 and 4.
PAR  The vertical sectional view of FIG. 2 shows the guidance of the sash in the
      blind frame. The blind frame is constructed from the blind frame profile
      members 1, produced as a multiple-chamber, extruded hollow profile of a
      synthetic resin. The configuration of the blind frame profile member 1 is
      such that anchoring projections are provided on the side facing the
      masonry in order to anchor the blind frame therein. Commonly assigned
      copending U.S. patent application Ser. No. 285,113, filed Aug. 31, 1972
      discloses details of blind frame anchoring projections that could be used
      in conjunction with the present invention. To the extent necessary for a
      full understanding of the present invention the disclosure of said
      copending application is hereby incorporated by reference herein. The side
      of the blind frame profile member 1 opposite the anchoring projections is
      formed with two undercut grooves 11 which are arranged side-by-side and
      have a dovetail configuration.
PAR  T-shaped guide rails 7 of aluminum are inserted in these grooves 11 to form
      the track for the sash, corresponding profiled rollers 25 attached to the
      sash profile member 2, travel on these guide rails. The blind frame
      profile member 1 is furthermore formed, along one profile side in an
      extension thereof, as a blind fillet 12 projecting beyond the grooves 11.
PAR  The sash is guided along the remaining three sides of the sash window by
      means of an elastic mounting profile 6 snapped into the grooves 11 of the
      blind frame profile member 1. The resiliently constructed and elastic
      mounting profile 6 has an approximately V-shape in the central zone and is
      provided with horizontal tongues 63 to engage in the groove 11. These
      tongues 63 are adapted in their end zones to the dovetail-shaped
      configuration of the grooves 11. One end of each tongue 63 continues in
      the manner of a U-shaped arc in a further tongue 62, which tongue 62 has a
      thickened section 64 at its end and which also serves as an auxiliary
      guide means for the sash profile member 2. To insert into the groove 11,
      the mounting profile 6 is compressed (angle of the V is decreased) in its
      central V-shaped zone and is simply inserted by a snap connection. The
      V-shaped central zone 61 serves as a guide means for the sash profile
      member 2 which, with an open groove formed by the projections 22, wherein
      brush (whisker) seals 24 are inserted in additional lateral grooves 23,
      contacts this zone 61, seals the latter, and is guided therealong. Due to
      the elasticity of the mounting profile 6, an especially easy installation
      and detachment of the sash are likewise made possible, wherein only minor
      oblique positions of the sash to be removed and/or hung are required.
PAR  In other preferred embodiments, the mounting profile 6 is also entirely or
      partially cemented into the grooves 11 of the blind frame profile member
      1.
PAR  The mounting of the glazing 30 in the sash is illustrated only in the lower
      portion of FIG. 2, whereas this mounting is omitted in the upper portion,
      so that the configuration of the sash profile member 2 in this region can
      be clearly seen. The horizontally extending glazing flange 31 is formed at
      the sash profile member 2, so that the open mounting groove 32 is formed
      between the main chamber of the profile member 2 and the glazing flange
      31. The glazing 30 is seated on the glazing flange 31 optionally with the
      interposition of the wedge 35.
PAR  The glazing 30 is fastened by means of the acute-angled elastic fastening
      profile element 5 which engages the groove 32 of the sash profile member 2
      with its short leg and rests against the glazing 30 with its long leg. By
      the acute-angled form of the profile element 5, a compressive pressure is
      exerted on the glazing 30 to accomplish final mounting and holding of the
      glazing.
PAR  In order to avoid with certainty a disengagement of the fastening profile
      element 5 from the groove 32, a lug 52 and a recess 53 are provided at the
      profile element, which engage a corresponding notch 33 in the glazing
      flange 31 and a mounting web 34 at the sash profile member 2. The glazing
      30 is in contact with the other side of sash profile member 2 under
      interposition of a gasket (sealing means) 29 which is placed on the
      projection 27 of the sash profile member 2. The profile member 2 is
      fashioned in this zone of projection 27 so that an abutment strip 26 is
      formed along one side with the glazing flange 31 branching off from strip
      26 such that two grooves 32 and 28 are formed between the thickened end
      (projection) 27 of the abutment strip and the main chamber 21. The outer
      zone of the sash profile member 2 is formed with the two mutually parallel
      projections 22 forming the groove to receive the guide elements 7, 24.
      Main chamber 21 of the sash profile member 2 accommodates insertion of
      rollers, fittings, or the like, numbered 25. Only a portion of roller 25
      is illustrated, it being understood that the same will straddle and engage
      on guide element 7.
PAR  In FIG. 3, the elastic, resilient fastening profile element 5 for the
      glazing is once again illustrated, in a cross section, so that the details
      can readily be perceived. The short leg is formed so that it can be
      mounted in the groove 32 of the sash profile member and comprises the
      projecting lug 52 and the recess 53 in the outer zone of the acute-angled
      corner for anchoring of the profile member. This angular profile member 5
      is fashioned with the angle 51, which is smaller than 90.degree., whereby
      a permanent compressive pressure is exerted on the glazing when the
      profile member is inserted. With its long leg, the fastening profile
      member 5 rests on the glazing; additional sealing lips 54 can furthermore
      be provided.
PAR  In the horizontal sectional view according to FIG. 4, showing the sash
      window, the configuration of the sash profile member 2 with a grip molding
      4 is illustrated. This grip molding 4 has such a shape that it can be
      attached to the end or side of the sash profile member equipped with the
      projections 22. The basic configuration of the grip molding is an angular
      profile, one leg of which faces toward the outside wherein the open leg
      ends have differing lengths. The short, open leg 41 has a hook shape, so
      that it engages into the groove 23 of the projection 22, which normally
      would receive a sealing means but for molding 4. In order to affix this
      short leg to the projection 22, the mounting cam (lug) 48 is provided on
      the opposite side. Moreover, the short leg 41 is formed toward the inside
      with an extension web 49 which makes it possible to mount an angle iron 42
      or also a flat iron within the grip molding for reinforcing purposes. The
      long open leg 43, encompassing the second projection 22 of the sash
      profile member 2 on the outside, has a fixing lug 47 which projects toward
      the inside. On the side facing away from the sash profile member 2, a
      groove 44 is provided to receive a sealing means 45. The end 46 of this
      projecting leg 43 is beveled in a wedge shape. The grip molding 4 serves,
      on the one hand, for handling the sash and, on the other hand, makes it
      possible to receive reinforcing irons and seals for the respective sashes.
PAR  The sash window of the present invention is distinguished by the use of
      frame profile members having a relatively simple structure, making it
      possible to realize a low weight for the profile members and thus an
      economical manufacture. By the utilization of elastic, resilient
      connecting parts, a low-noise, tightly sealed, and readily operable window
      is created.
PAR  Although the combination of novel features disclosed herein provide
      particularly useful preferred embodiments, it is also contemplated by the
      present invention to utilize individual novel features separate from one
      another in practicing the invention.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but also contemplates numerous changes and modifications as would be known
      to those skilled in the art given the present disclosure of the invention,
      and I therefore do not wish to be limited to the details shown and
      described herein only schematically, but intend to cover all such changes
      and modifications.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement of profile members for sash windows, sliding doors and
      the like; said arrangement comprising:
PA1  blind frame profile members interconnected to one another to form a blind
      frame,
PA1  sash frame profile members interconnected to one another to form a sash
      frame,
PA1  and connecting means for connecting said sash frame to said blind frame,
      said connecting means including a resilient mounting profile member for
      connecting one side of said blind frame with a corresponding side of said
      sash frame,
PA1  wherein said mounting profile member has a cross-section exhibiting a
      central portion and side portions at opposite sides of said central
      portion, wherein said side portions are configured for interlocking
      engagement with locking portions of said blind frame profile member to
      lock said mounting profile member to said blind frame profile member,
      wherein said central portion of said mounting profile member is
      elastically compressible to permit movement of said side portions with
      respect to one another for accommodating a detachable snap-fit connection
      of said side portions with said locking portions, wherein said mounting
      profile member includes guide portions which guidingly support said one
      side of said sash frame, and wherein said central portion is V-shaped and
      said side portions are substantially horizontal extensions of the free
      ends of the legs of the V, wherein said guide portions are formed adjacent
      the junction of the legs of the V, and wherein said locking portions of
      said blind frame profile member are undercut groove means.
NUM  2.
PAR  2. An arrangement according to claim 1, wherein said connecting means
      includes one each of said resilient mounting profile members for
      interconnecting each of three sides of said blind and sash frames.
NUM  3.
PAR  3. An arrangement according to claim 2, wherein each of said blind frame
      profile members and sash frame profile members have identical
      cross-sectional configurations for all sides of said respective blind
      frame and sash frame.
NUM  4.
PAR  4. An arrangement according to claim 3, wherein said sash frame exhibits
      projections which extend at opposite lateral sides of said central portion
      for guiding said sash frame on said mounting profile member.
NUM  5.
PAR  5. An arrangement according to claim 4, wherein each blind frame profile
      member is formed with two sets of grooves for accommodating a pair of
      elastic mounting profile members and associated sash frames.
NUM  6.
PAR  6. An arrangement according to claim 5, wherein each blind frame profile
      member has a blind fillet in an extension of one side, which fillet
      projects in the direction of the adjacent sash profile member beyond the
      undercut groove means.
NUM  7.
PAR  7. An arrangement according to claim 2, wherein a T-shaped guide rail is
      inserted in the undercut groove means of the blind profile member forming
      the fourth side of said frame, and wherein the sash profile member at said
      fourth side of the frame is guided at said guide rail.
NUM  8.
PAR  8. An arrangement according to claim 7, wherein each of said profile
      members are formed of synthetic resinous material, and wherein said guide
      rail is formed of aluminum.
NUM  9.
PAR  9. An arrangement according to claim 1, further comprising glazing
      fastening means for fastening glazing to said sash frame, wherein each of
      said sash profile members includes:
PA1  a glazing flange extending perpendicular to the plane of glazing to be
      mounted in said sash frame,
PA1  and a fastening groove formed peripherally outwardly of said glazing flange
      with respect to glazing to be mounted in said sash frame,
PA1  and wherein said glazing flange and fastening groove are configured for
      holding said glazing fastening means in a glazing holding position on said
      sash profile member.
NUM  10.
PAR  10. An arrangement according to claim 9, wherein said glazing fastening
      means is formed as an elastic acute-angled profile element with legs of
      unequal lengths with the shorter leg thereof engageable into said
      fastening groove and the longer leg thereof resiliently biased in clamping
      engagement with glazing when in an operative position holding glazing to
      said sash profile member.
NUM  11.
PAR  11. An arrangement according to claim 10, wherein said acute-angled
      profiling element is made of chloroprene which includes a plurality of
      sealing legs at said longer leg which are directly engageable with said
      glazing.
NUM  12.
PAR  12. An arrangement according to claim 10, wherein said acute-angled profile
      element includes at least one of lugs and recesses for fixing engagement
      with corresponding at least one of recesses and lugs at said sash profile
      member.
NUM  13.
PAR  13. An arrangement according to claim 12, wherein said acute-angled profile
      element includes a recess at the outside corner at the intersection of the
      legs thereof and a lug at the end of the shorter of the legs for fixing
      engagement with a corresponding lug and recess on said sash profile
      member.
NUM  14.
PAR  14. An arrangement according to claim 9, wherein said sash profile member
      includes a seal accommodating groove on a side of said glazing flange
      opposite said fastening groove for accommodating a sealing profile which
      is engageable with said glazing at a side thereof opposite the side
      engaged by said glazing fastening means.
NUM  15.
PAR  15. An arrangement according to claim 10, wherein said sash profile member
      includes a seal accommodating groove on a side of said glazing flange
      opposite said fastening groove for accommodating a sealing profile which
      is engageable with said glazing at a side thereof opposite the side
      engaged by said glazing fastening means.
NUM  16.
PAR  16. An arrangement according to claim 1, further comprising a grip molding
      for manually controlling movement of said sash frame with respect to said
      blind frame, said grip molding being formed by a grip angle profile member
      having a closed leg and an open leg, said closed and open legs being
      clampingly engaged with one of said sash profile members.
NUM  17.
PAR  17. An arrangement of profile members for sash windows, sliding doors and
      the like; said arrangement comprising:
PA1  blind frame profile members interconnected to one another to form a blind
      frame,
PA1  sash frame profile members interconnected to one another to form a sash
      frame,
PA1  end connecting means for connecting said sash frame to said blind frame,
      said connecting means including a resilient mounting profile member for
      connecting one side of said blind frame with a corresponding side of said
      sash frame,
PA1  wherein said mounting profile member has a cross-section exhibiting the
      central portion and side portions at opposite sides of said central
      portion, said side portions are configured for interlocking engagement
      with locking portions of said blind frame profile member to locking said
      mounting profile member to said blind frame profile member, said central
      portion is elastically compressible to permit movement of said side
      portions with respect to one another for accommodating a detachable
      snap-fit connection of said side portions with said locking portions, said
      mounting profile member exhibits guide portions which guidingly support
      said one side of said sash frame, said central portion is V-shaped and
      said side portions are extensions of the legs of the V, said guide
      portions are formed adjacent the junction of the legs of the V, said
      locking portions of said blind frame profile member are undercut grooves,
PA1  a grip molding for manually controlling movement of said sash frame with
      respect to said blind frame, said grip molding being formed by a grip
      angle profile member having a closed leg and an open leg, said closed and
      open leg being clampingly engaged with one of said sash profile members,
      and
PA1  wherein the open leg of the grip profile member is formed with two sides of
      unequal length, wherein the shorter side hookingly engages an outwardly
      open groove in said sash profile member, and wherein the longer side
      contacts the outside of the sash profile member and with a mounting
      extension contacts an end of a projection forming said outwardly open
      groove.
NUM  18.
PAR  18. An arrangement according to claim 17, wherein the longer side includes
      a seal accommodating groove for accommodating a seal which is engageable
      with a sash profile member of an adjacent sash frame in a double sash
      frame construction.
NUM  19.
PAR  19. An arrangement according to claim 18, wherein a reinforcing iron is
      supported in said grip profile member in engagement with said sash profile
      member.
NUM  20.
PAR  20. An arrangement according to claim 8, further comprising glazing
      fastening means for fastening glazing to said sash frame, wherein each of
      said sash profile members includes:
PA1  a glazing flange extending perpendicular to the plane of glazing to be
      mounted in said sash frame,
PA1  and a fastening groove formed peripherally outwardly of said glazing flange
      with respect to glazing to be mounted in said sash frame,
PA1  and wherein said glazing flange and fastening groove are configured for
      holding said glazing fastening means in a glazing holding position on said
      sash profile member.
NUM  21.
PAR  21. An arrangement according to claim 10, further comprising a grip molding
      for manually controlling movement of said sash frame with respect to said
      blind frame, said grip molding being formed by a grip angle profile member
      having a closed leg and an open leg, said closed and open legs being
      clampingly engaged with one of said sash profile members.
NUM  22.
PAR  22. An arrangement according to claim 20, further comprising a grip molding
      for manually controlling movement of said sash frame with respect to said
      blind frame, said grip molding being formed by a grip angle profile member
      having a closed leg and an open leg, said closed and open legs being
      clampingly engaged with one of said sash profile members.
NUM  23.
PAR  23. An arrangement of profile members for sash windows, sliding doors and
      the like; said arrangement comprising:
PA1  blind frame profile members interconnected to one another to form a blind
      frame, sash frame profile members interconnected to one another to form a
      sash frame, connecting means for connecting said sash frame to said blind
      frame, and grip molding means for manually controlling movement of said
      sash frame with respect to said blind frame, said grip molding means being
      formed by at least one grip angle profile member having a closed leg and
      an open leg, said closed and open legs being clampingly engaged with one
      of said sash profile members and wherein the open leg of the grip profile
      member is formed with two sides of unequal length, wherein the shorter
      side hookingly engages an outwardly open groove in said sash profile
      member, and wherein the longer side contacts the outside of the sash
      profile member and with a mounting extension contacts an end of a
      projection forming said outwardly open groove.
NUM  24.
PAR  24. An arrangement of profile members for sash windows, sliding doors and
      the like; said arrangement comprising:
PA1  blind frame profile members interconnected to one another to form a blind
      frame,
PA1  sash frame profile members interconnected to one another to form a sash
      frame, and
PA1  connecting means for connecting said sash frame to said blind frame,
PA1  said connecting means comprises a resilient mounting profile member having
      a central portion projecting into and being slidably engaged at said sash
      frame,
PA1  wherein said central portion of said mounting profile member is V-shaped
      with the free ends of the respective legs of the V including substantially
      horizontally extending side portions, locking portions provided on the
      free ends of said side portions for engagement with said blind frame to
      lock said mounting profile member to said blind frame, and wherein one of
      said side portions includes an auxiliary guide means for guiding said sash
      frame, said guide means extending along a first side of said sash frame.
NUM  25.
PAR  25. An arrangement according to claim 24, wherein said sash frame includes
      brush seal means slidably engaging said central portion therebetween.
NUM  26.
PAR  26. An arrangement according to claim 24, wherein said blind frame profile
      members have blind fillets which extend along a side of said sash frame
      opposite said first side.
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ABST
PAL  The buffing machine of the present invention includes one or more buffing
      wheels to which workpieces are successively presented on a continuously
      traveling conveyor wherein the workpieces are rotatably mounted. The axis
      of workpiece rotation is adjustable to any angle desired relative to the
      conveyor travel and the axis of a buffing wheel. The angle the axis of
      rotation of the workpiece makes with the buff wheel axis is selected so
      that rotation of the buffing wheel imparts a desired speed of rotation of
      the workpiece.
BSUM
PAR  This invention generally relates to buffing machines and has as a primary
      object the provision of improved automatic buffing equipment for effecting
      registry and adjustment of successive workpieces in proper buffing
      relation to buffing wheels to provide high quality product finishes in a
      high production operation wherein the workpieces are being continuously
      advanced to successive buffing wheels.
PAR  Another object of the invention is to provide an improved high production
      buffing machine capable of finishing workpieces of varying shapes and
      sizes in a continuous machine operation wherein rotation of the workpieces
      is regulably effected by engagement with the rotating buffing wheel.
PAR  A further object of the invention is to provide a machine of the above
      described type for effecting a buffing operation wherein freely rotatable
      workpieces are rotated by a rotating buffing wheel and at a selected rate
      of rotation less than that of the buffing wheel.
PAR  Another object of the invention is to provide an improved buffing machine
      in which successive workpieces supported on a continuously traveling
      conveyor are automatically registered in sequence with successive buffs
      and wherein the buffs rotate the workpieces during buffing engagement
      therebetween.
PAR  A further object of the invention is to provide a machine of the type
      heretofore described in which the axes of the buffs and the position of
      the associated workpieces are maintained in preselectable relationship
      during buffing engagement and wherein the speed of rotation of the
      workpieces is effected by the buffing wheels and can be preselected and
      maintained during engagement of each buff and its associated workpiece.
PAR  A still further object is to provide a machine as heretofore described in
      which the travel of the workpieces is along a common straight path, while
      angularly disposed relative to the buff shafts, the angle being selected
      to provide greater workpiece rotation and less buffing action as lesser
      angles are selected and less rotation and more cut as the angle is
      increased.
PAR  Another object is to provide a machine of the type indicated wherein the
      frictional engagement of a workpiece to a conforming adapter restricting
      rotation therebetween is greater than the friction restraining rotation of
      the adapter relative to a conveyor on which the adapter is rotatably
      mounted.
PAR  Still further object is to assure that in contact with the buff the surface
      speed of a workpiece is less than the engaged surface of the buff and
      wherein the workpiece speed is derived from the buff.
PAR  Still another object of the invention is to provide an improved buffing
      machine which is readily installed to provide reliable operation over a
      long service life with minimal maintenance and equipment requirements.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  The invention accordingly consists in the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereafter set forth and the scope of the application
      which will be indicated in the appended claims.
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PAR  In the drawings:
PAR  FIGS. 1 - 4, inclusive, are perspective views of buffing wheel, conveyor
      and workpiece holder in selected positions of adjustment relative to each
      other in accordance with the present invention;
PAR  FIG. 5 is an enlarged perspective view of the workpiece and the adapter
      portion of the holder shown in FIGS. 1 - 4; and
PAR  FIG. 6 is a perspective view of an adapter for an alternate workpiece
      internally threaded.
DETD
PAR  Referring to the drawings as shown in FIGS. 1 - 4, a conveyor C consisting
      of a series of articulately connected carriages 10 successively presents
      successive workpieces W to a buff wheel B.
PAR  The conveyor C is merely illustrative and is shown only fragmentarily as
      the details of its construction and drive for advancing its successive
      carriages 10 in a straight path through successive buffing stations of one
      or more buffing wheels B are well known and may involve numerous
      variations.
PAR  Singularly, the buff wheel B is shown without details of drive or mounting
      buffing heads and supports for selectively positioning the buff wheel axis
      relative to the conveyor and line of travel of successive workpieces is
      well known as is the means for adjusting the wheel axis to compensate for
      buff wear. Illustrative conveyor and buff wheel assemblies are shown, for
      example, in U.S. Pat. No. 2,964,883 issued Dec. 20, 1960, to J. F. Harper,
      the present inventor.
PAR  Journalled in each of the conveyor carriages 10 may be one or more work
      spindles 12 which may carry and rotate work holders by means of work
      spindle drives which are complicated and expensive.
PAR  In accordance with the present invention, rotation of the workpieces W is
      effected solely by the buff wheel B and the speed of rotation selected by
      adjustment of the axis of the workpiece relative to the axis of the buff
      wheel B and line of travel of the conveyor C.
PAR  The conveyor work spindles 12 act merely as mounting supports for the work
      holder assemblies generally designated H.
PAR  As shown in FIGS. 1 - 4, each holder H includes a sleeve 14 which slides on
      the spindle 12 and includes a pin 16 which registers in spindle slot 18 to
      prevent rotation of sleeve 14 on spindle 12. Welded or otherwise secured
      to the sleeve 14 is a gear segment 20, the position of which may be
      adjustably secured on the carriage 10 by a thumb screw 22.
PAR  Horizontally journalled in the vertically mounted sleeve 14 is a shaft 24
      which extends through the sleeve 14. Secured on one end of the shaft 24 is
      a gear 26 which may be locked in a selected position of adjustment by a
      thumb screw 28.
PAR  Secured to the opposite end of the shaft 24 which extends through the
      sleeve 14 is a housing 30 in which an adapter spindle 32 is rotatably
      journalled in suitable bearings 34 and 36 secured in the ends of the
      cylindrical housing 30.
PAR  Preferably, acceleration of the shaft 32 to a selected speed may be impeded
      by a viscous bath introduced into the housing 30 as through a grease
      fitting 40 and may be accentuated as by vanes (not shown) or other
      impediments secured to the shaft 32 in the viscous bath within the housing
      30.
PAR  The shaft 32 preferably is tubular or otherwise adapted to readily receive
      and hold identical stud portions 42 of adapters generally designated A. As
      shown in FIG. 5, a pin 44 engages in slot 46 to hold the adapter stud 42
      against turning in shaft 32.
PAR  Secured on the upper or outer end of the adapter stud 42 is an adapter body
      48 conforming to and adapted to receive the interior of the workpiece W.
      Preferably the body 48 of the adapter may be plastic of similar material
      having a relatively high coefficient of friction to prevent rotation of
      the workpiece W relative to the adapter particularly if the workpiece W
      does not have an interior configuration that inherently keys to the
      adapter.
PAR  However, it has been found that a hard material such as steel is preferable
      for the adapter body 48a when the workpiece is internally threaded as to
      50 (FIG. 6). The adapter 48a may include a shoulder 52 which engages the
      lip of the workpiece W and limits the distance the adapter can penetrate
      the workpiece and the amount that the workpiece may be inadvertently
      threaded on the adapter.
PAR  As shown in FIG. 5, the component of buff contact that acts to rotate
      rather than buff the workpiece W and its adapter in the bearings 34 and 36
      may be augmented by cylindrical skirt portion 54 beneath the plastic body
      48 to which the interior of the workpiece adheres. Preferably the adapter
      skirt 54 is a ceramic of grinding wheel character which resists abrasion
      of the buff wheel B while transferring the drive of the buff B to the
      adapter A.
PAR  In practice the positions of buff B, conveyor C, the adapter shaft 32 are
      selected so that rotation of the adapter A is deliberate. Excessive
      rotation of the adapter A results as the shaft 32 more nearly parallels
      the axis of the buff B.
PAR  Conversely, when the shaft 32 is positioned more nearly at right angles to
      the buff axis the less the turning effect of the buff on the workpiece.
PAR  A fluid or other drag on the adapter spindle 32 prevents excessive rotation
      particularly in early contact as the workpiece accelerates to equilibrium.
      Initial rotation is slower and cutting action of the buff more aggressive.
      Final action of the buff B is less aggressive with a greater blending and
      coloring action.
PAR  A buffing machine of the above described structure provides for proper
      contact between each workpiece and a buff wheel which is automatically
      established in a high speed production operation providing high quality
      polishing and finishing while substantially eliminating intricate and
      expensive fixtures and adapter drives. In addition, the described
      structural arrangement significantly facilitates loading and unloading of
      the workpieces in a position removed from the buffing zone whereby an
      operator is provided freedom of movement to work efficiently in complete
      safety.
PAR  As will be apparent to persons skilled in the art, various modifications
      and adaptations of the structure above described will become readily
      apparent without departure from the spirit and scope of the invention, the
      scope of which is defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a rotated buff wheel, a conveyor having a straight line
      of travel disposed at a selected angle and distance relative to the axis
      of rotation of the buff wheel, and a workpiece carried by an adapter that
      is rotatably mounted on the conveyor, said adapter including means that
      are rotated by said buff wheel to impart rotation to said workpiece while
      said workpiece is simultaneously being buff by surface engagement with
      said rotated buff wheel wherein the workpiece and adapter is both rotated
      and buffed by surface engagement of the rotated buff wheel.
NUM  2.
PAR  2. The combination of claim 1 wherein the buff wheel engages both the
      workpiece and adapter.
NUM  3.
PAR  3. The combination of claim 1 including means for adjustably selecting the
      angle and distance of the axis of the buff wheel relative to the axis of
      rotation of the adapter and workpiece.
NUM  4.
PAR  4. The combination of claim 3 wherein the buff wheel surface speed is
      greater than the surface speed imparted to the workpiece and adapter by
      the buff.
NUM  5.
PAR  5. The combination of claim 4 wherein the friction between the workpiece
      and adapter prevents rotation therebetween while rotating the workpiece
      and adapter relative to the conveyor at a lesser speed than the buff
      wheel.
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ABST
PAL  A tool for refacing valve seats of faucets or the like which includes a
      shaft to one end of which is affixed an abrasive member adapted to engage
      the valve seat for refacing the same. A cap is placed over, and is
      rotatable with respect to, the opposite end of the shaft, the cap being
      manually held to exert pressure on the tool in the direction of the valve
      seat. A spool is engaged with the shaft intermediate its length and is
      rotatable therewith. A flexible cord is wound around the spool and, upon
      quickly pulling the same from the spool, the spool and shaft are rapidly
      rotated to effect a corresponding rotation of the abrasive member to
      effect refacing of the valve seat.
BSUM
PAC  BACKGROUND AND OBJECTS
PAR  It frequently occurs that valve seats of faucets become cut, pitted or
      otherwise damaged after a period of use, thereby causing the faucet to
      leak. In order to correct this problem, various tools have been developed
      for refacing the valve seat in situ, such as disclosed in U.S. Pat. Nos.
      2,598,765, 2,748,747, 2,787,196 and 2,833,093.
PAR  In all of these tools, an abrasive member in contact with the valve seat is
      manually rotated to effect refacing of the valve seat. In view of the fact
      that the abrasive member is rotated in response to hand rotation of a
      shaft member which supports the abrasive member, the speed with which the
      shaft and abrasive member can be rotated is necessarily limited.
      Consequently, the refacing of the valve seat is a slow, tedious process.
PAR  It is an object of this invention to provide a hand-operated tool for
      refacing valve seats in situ which is capable of efficiently and rapidly
      refacing the valve seat.
PAR  Another object is to provide a tool of the character described including a
      shaft to one end of which is affixed an abrasive member, a spool engaged
      with the shaft and rotatable therewith, and a flexible cord wrapped around
      the spool for the purpose of effecting a rapid rotation of the shaft and
      abrasive member upon pulling the cord from the spool.
PAR  A further object is to provide a tool of the character described which is
      of simple, economical construction and may be manufactured in a variety of
      sizes and of any desired material.
PAR  Other objects will be apparent from the following description of the
      presently preferred forms of this invention, taken in connection with the
      appended drawings.
DRWD
PAC  DESCRIPTION OF FIGURES OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the tool of the present invention, illustrating
      its application;
PAR  FIG. 2 is an enlarged longitudinal sectional view of the tool of the
      present invention, a portion thereof being shown in elevation;
PAR  FIG. 3 is a side elevational view of the present tool;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3, looking in
      the direction of the arrows;
PAR  FIG. 5 is a fragmentary sectional view showing a modified form of an
      abrasive member, and
PAR  FIG. 6 is a fragmentary elevational view of a modified form of the present
      invention, illustrating its application to a valve having a bevelled seat.
DETD
PAC  DETAILED DESCRIPTION OF FORM OF INVENTION ILLUSTRATED IN FIGS. 1 TO 4
PAR  In FIGS. 1 to 4, there is illustrated a hand tool constructed in accordance
      with the present invention which is generally designated 10. Tool 10 may
      be of wood, metal or plastic construction and includes an elongated
      rectilinear shaft 12 which is preferably of circular cross-section. A
      rigid disc 14 is fixedly engaged with one terminal of shaft 12 by an
      adhesive or other suitable means. An abrasive disc 16 is adhesively
      secured to the outer face of disc 14. A handle or cap 18, having a recess
      or socket 20 is adapted to receive the free end of shaft 12, socket 20
      being of a size to permit free rotation of shaft 12 with respect to the
      cap.
PAR  As shown to advantage in the drawings, shaft 12 is provided with a
      diametric slot 22 extending from the terminal of the shaft to a point
      remote therefrom. In conjunction with slot 22, there is provided a spool
      24 having a central bore 26 which is substantially the same diameter of
      shaft 12 and adapted to be placed thereover. A pin 28 extends
      diametrically through bore 26 of spool 24, which pin is adapted to be
      received by slot 22 of shaft 12 when the spool is engaged with the shaft
      as shown to advantage in FIG. 4.
PAR  Spool 24 is provided with a peripheral annular recess 30 adapted to receive
      a flexible cord 32 which is wound around spool 24 within recess 30 a
      number of times, the inner end of the cord being received in slot 34 of
      spool 24 for facility in winding.
PAC  OPERATION
PAR  Tool 10 of the present invention is adapted for use with a conventional
      type faucet 36 such as illustrated in FIG. 1, which faucet includes a
      valve seat 38 and a bonnet 40 which is in threaded engagement with the
      upper end of the faucet.
PAR  In use of the tool of the present invention, the faucet handle and bonnet
      are initially removed to permit tool 10 to be placed within the faucet,
      with abrasive disc 16 in engagement with valve seat 38. Bonnet 40 is then
      threadedly engaged with the faucet, following which spool 24 and cap 18
      are engaged with shaft 12, as shown in FIG. 1.
PAR  Flexible cord 32 is next wound around spool 24 within groove 30, a winding
      of approximately 14 turns having been found to give optimum results. Thumb
      pressure is then exerted on cap 18 in the direction of valve seat 38,
      following which flexible cord 32 is quickly pulled to produce a rapid
      rotation of spool 24 and shaft 12, with resultant abrading engagement of
      disc 16 with the valve seat. This operation is repeated several times to
      complete the refacing of the valve seat.
PAR  In FIG. 5, there is illustrated a modified form of the present invention
      wherein the disc and abrasive member are detachably engaged with the shaft
      of the tool in order to allow ready replacement of the disc and abrasive
      member when needed. In this form of the invention, the shaft is indicated
      at 37, the disc is designated 39 and the abrasive member 41. Abrasive
      member 41 is adhesively secured to disc 39 and a screw member 43 permits
      the disc and abrasive member to be attached to, and removed from, the
      shaft for ready replacement.
PAR  In FIG. 6 there is illustrated a still further modification of the present
      invention which is adapted for refacing a concave valve seat indicated at
      44. For this purpose, there is provided a shaft 46 which is similar to
      shaft 12 of the main form of the present invention, to one end of the
      shaft is secured a disc 48, a portion of which is beveled to receive an
      abrasive member 50 which is adhesively secured to the beveled portion for
      engagement with the concave seat as shown in FIG. 6.
PAR  The tool of the present invention comprises a few readily assembled parts
      which may be economically manufactured in a variety of sizes to reface
      different sizes and shapes of valve seats. By means of this invention
      also, the refacing operation may be quickly and efficiently carried out by
      the expedient of placing the thumb of one hand on the cap of the tool and
      pulling the flexible cord surrounding the spool with the other hand to
      produce the required rapid rotation of the abrasive member.
PAR  While there has been herein shown and described the presently preferred
      forms of this invention, it is to be understood that such has been done
      for purposes of illustration only and that various changes may be made
      therein within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tool for refacing the valve seat of a faucet or the like, including:
PA1  a. a shaft,
PA1  b. an abrasive member secured to one end of said shaft and adapted for
      engagement with the valve seat,
PA1  c. the free end of said shaft being provided with a transverse, elongated
      longitudinal slot extending from the terminal thereof to a point
      intermediate the length of the shaft,
PA1  d. a spool including a bore through which said shaft passes,
PA1  e. a pin extending diametrically through the bore of said spool,
PA1  f. said pin being disposed in the longitudinal slot of said shaft, whereby
      said shaft and spool are rotatable together, and
PA1  g. a flexible cord wrapped around said spool to effect rotation of the
      spool and shaft and a corresponding rotation of said abrasive member
      against the valve seat upon pulling said flexible cord from the spool.
NUM  2.
PAR  2. The tool of claim 1, with the addition of:
PA1  a. a cap,
PA1  b. said cap having a recess for receiving the free end of said shaft,
PA1  c. said shaft being rotatable with respect to said cap, whereby said cap
      may be manually engaged to exert pressure on the tool in the direction of
      the valve seat.
NUM  3.
PAR  3. The tool of claim 2, wherein:
PA1  a. the outer periphery of said spool is provided with an annular recess
      adapted to receive said flexible cord.
NUM  4.
PAR  4. The tool of claim 3, wherein:
PA1  a. said abrasive member includes a rigid disc, one face of which is fixedly
      secured to a terminal of said shaft, and
PA1  b. an abrasive disc fixed to the outer face of said rigid disc.
NUM  5.
PAR  5. The tool of claim 3, wherein:
PA1  a. said abrasive member includes a rigid disc, one face of which is
      removably secured to a terminal of said shaft, and
PA1  b. an abrasive disc fixed to the outer face of said rigid disc.
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ABST
PAL  A method of reducing the lateral force variation exerted by a rotating
      pneumatic tire on its supporting surface, which method comprises mounting
      the tire on a rotatable rim, inflating the tire to a preselected pressure,
      urging the tire against a load roll with a preselected force, rotating the
      tire to determine the lateral force variation, grinding the axially outer
      rib of the tire on the side of the tire in the direction of the maximum
      lateral force at the point of the maximum lateral force and grinding the
      other axially outer rib at the point of maximum variation from the maximum
      lateral force.
BSUM
PAR  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompaying drawings and the following detailed description.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of reducing the lateral force
      variation exhibited by a tire during rotation.
PAR  It is known that due to the nature of a pneumatic tire and the present
      methods of manufacturing pneumatic tires, such tires exhibit at least some
      degree of non-uniformity. The non-uniformity in the tire has been measured
      and studied in many ways. Some examples of measurements of the
      non-uniformity of the tire include balance, tread gauge variation, radial
      and lateral run-out, radial and lateral force variation, and an average or
      net lateral force exerted in one direction during rotation.
PAR  Various methods have been proposed and utilized to reduce certain of these
      irregularities. For example, radial force variation can be reduced by
      grinding both axially outer ribs of the tire at the point of high radial
      force. The tire tread surface can also be ground to reduce radial runout.
      Further, it has been proposed that one axially outer rib can be ground
      completely around the tire to reduce the net axial thrust or net lateral
      force exhibited by the tire during rotation.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates specifically to a method of reducing the
      lateral force variation exerted by the tire on its supporting surface.
      Applicant has discovered that the lateral force variation can be reduced
      by grinding the axially outer rib of the tire on the side of the tire in
      the direction of the maximum lateral force at the point of maximum lateral
      force and grinding the other axially outer rib at the point of maximum
      variation from the maximum lateral force. By use of computer control
      systems the lateral force variation can be monitored and the proper area
      of each axially outer rib ground in a continuous operation. The grinding
      and monitoring process can be continued for several rotations of the tire.
      Only a very small amount of rubber is ground from the outside rib in
      selected portions until the lateral force variation is reduced to a
      predetermined level.
PAR  It is an object, therefore, of the present invention to provide a method of
      reducing the lateral force variation exhibited by a pneumatic tire.
PAR  Other objects will be in part apparent and in part pointed out more in
      detail hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a tire being tested on a force
      variation machine and ground according to the present invention;
PAR  FIG. 2 is a graph schematically illustrating the radial force variation of
      a pneumatic tire;
PAR  FIG. 3 is a graph schematically illustrating the lateral force variation of
      a tire for each of two directions of rotation;
PAR  FIG. 4 is a graph schematically illustrating the lateral force variation of
      a tire as rotated through 360.degree. in one direction; and
PAR  FIG. 5 is a graph schematically illustrating the amount of grinding
      performed on the tire whose lateral force variation is illustrated in FIG.
      4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to the drawings and in particular FIG. 1, there is
      illustrated a tire 10 being tested on a force variation machine 12, only
      part of which is schematically illustrated. The particular force variation
      measuring machine illustrated is an axis vertical type in which the tire
      is rotated in a horizontal plane with its axis of rotation extending in
      vertical directions. For purposes of this invention, it is deemed
      immaterial whether an axis vertical type force variation machine is
      utilized or some other type force variation machine such as an axis
      horizontal machine is utilized.
PAR  In the operation of the force variation machine the tire 10 is urged
      against the rotatable load roll 14. The tire 10 is rotated and sensing
      means (not illustrated) detect the variation in radial force exerted as
      well as the lateral force variation exerted by the tire 10 on the load
      wheel 14. Since force variation machines and tire grinding machines as
      well as control equipment for operating these machines are known to those
      skilled in the art, no further description of the apparatus utilized in
      performing the present invention will be presented herein.
PAR  For purposes of discussing forces exhibited by the tire and in order to
      maintain continuity with respect to the direction of forces throughout the
      specification, the forces exerted by the tire on the load wheel will be
      referred to rather than the reaction of the load wheel against the tire.
      Also, for purposes of clarity and illustration, lateral forces will be
      referred to as exhibited on an axis vertical machine and, therefore, will
      from time to time be referred to as "up" and "down" and the axially outer
      ribs as "top" and "bottom" ribs. It will be appreciated that on an axis
      horizontal machine such forces would be acting in horizontal planes.
PAR  With reference to FIG. 2, the radial force variation curve of a tire is
      schematically illustrated throughout a 360.degree. rotation of the tire.
      In the past it has been known to reduce the magnitude of this radial force
      variation by grinding at least both axially outer ribs of the tire at the
      point of maximum force.
PAR  With reference to FIG. 3, there is illustrated the lateral force variation
      exerted by a tire on its supporting surface both when it is rotated
      clockwise when viewed from above and when it is rotated counter clockwise
      as viewed from above. It will be observed that the average lateral force
      F.sub.1 when the tire is rotated clockwise is different from, and in the
      specific tire illustrated greater than, the average lateral force F.sub.2
      exerted on the roll when the tire is rotated in a counter clockwise
      direction. This difference in average lateral force exerted by the tire is
      due to the fact there are certain characteristics in a tire which can
      result in an average lateral force or thrust being exerted by the tire,
      which force is dependent upon the direction of rotation. This average, or
      net lateral force, is sometimes referred to as "conicity" or "pseudo
      camber" and is equal to 1/2 (F.sub.1 + F.sub.2) as illustrated in FIG. 3.
      Further, there are other factors present in a tire which can cause a
      variation in the lateral force exerted by a tire on its supporting surface
      which factors are substantially unaffected by the direction of rotation.
PAR  It has been proposed in the past that the "conicity" or "pseudo camber" can
      be reduced by grinding one axially outer rib of the tire completely around
      the tire. It has also been proposed that such process can be practiced by
      grinding one axially outer rib entirely circumferentially about the tire
      to a greater extent than the other axially outer rib is ground completely
      around the tire. This process will not be discussed further herein since
      it is known in the art and is discussed extensively in U.S. Pat. No.
      3,739,533.
PAR  More particularly and with reference to FIG. 4, there is illustrated a line
      A representing the average lateral force exerted by the tire 10 on its
      supporting surface throughout 360.degree. of revolution in one direction.
      About the average lateral force line A there exists a variation in lateral
      force known as lateral force variation and depicted by the curve C.
      Therefore, with respect to the specific example illustrated, the lateral
      force exerted by the tire 10 on the load roll varies from a maximum up
      force at the 155.degree. point to a minimum up force at the 325.degree.
      point.
PAR  In accordance with the present invention, a maximum allowable difference
      between the maximum and minimum lateral forces is determined and pre-set
      lateral force variation limits are specified as illustrated in FIG. 4. As
      indicated on FIG. 5, a pre-selected maximum amount of grind is determined
      and if automatic grinding equipment is utilized, as would be the normal
      procedure, this limit is set into the machine such that the grinding
      operation will be discontinued if the pre-selected maximum grind is
      attained. This maximum grind limit is generally selected to assure that
      the general appearance of the tire is not deteriorated. With respect to
      passenger car tires, the maximum amount of rubber removed is preferably
      not greater than 35 thousandths of an inch. Thus, the grinding operation
      will be conducted on a tire until such time as the plus and minus forces
      are reduced to the pre-set force variation limits or the maximum amount of
      rubber permissible has been removed from one or the other of the axially
      outer ribs.
PAR  FIG. 5 is a graphic illustration of the amount and location of the grinding
      performed on the tire in accordance with the present invention. The
      grinding performed on the top and bottom ribs of the tire is different
      and, therefore, the graph of FIG. 5 illustrates the grinding on each of
      the two ribs separately. Further, FIGS. 4 and 5 are aligned vertically
      with respect to each other and illustrate the same 360.degree. rotation of
      the tire such that the respective grinding of the ribs can be easily
      aligned and compared with the force variation curve.
PAR  It will be observed in FIG. 4 that the maximum lateral force occurs at the
      155.degree. point on the tire. Since the force is directed upwardly at
      this point of maximum lateral force, the upper rib on the tire 10 is
      ground a slight amount at this point on its circumference. Further, the
      maximum variation from the maximum lateral force exerted by the tire on
      the load roll occurs at the 325.degree. point on the circumference of the
      tire. Therefore, in accordance with the present invention, the other
      axially outer rib or the lower rib is ground a slight amount at this point
      on its circumference. Thus, it can be seen that in accordance with the
      present invention, rubber is removed from the surface of the axially outer
      rib of the tire on the side of the tire in the direction of the maximum
      lateral force at the point of maximum lateral force and a small amount of
      rubber is removed from the axially outer rib on the opposite side of the
      tire at the point of maximum variation from the maximum lateral force.
PAR  In practice, only a very slight amount of rubber is removed from the
      respective points on the respective axially outer ribs during each
      revolution of the tire. The above-described procedure therefore is
      repeated for a multiplicity of rotations of the tire until the lateral
      force variation is reduced to the pre-selected maximum force variation or
      the maximum allowable grind limit on either the upper or lower rib has
      been obtained. The lateral force variation may be reduced to the pre-set
      limit in just a few rotations of the tire or it can require as much as 10
      to 20 grind cycles or more. The lateral force variation curve of a tire
      which has been brought within the specified lateral force variation limits
      may appear similar to curve C' in FIG. 4 and the amount of grind equal to
      the curves G.sub.1 and G.sub.2 of FIG. 5.
PAR  It will be appreciated that the average lateral force represented by the
      curve A may be below the zero reference line and the maximum lateral force
      may be exerted in a downward direction. In this case the bottom rib would
      be ground at the point of maximum lateral force and the top rib would be
      ground at the point of maximum variation from the maximum lateral force.
PAR  Further, if the average lateral force A is close to or equal to zero and
      and the curve C varies from a maximum above zero to a maximum below zero
      which maximums are equal, then in that event, either the maximum upward or
      maximum downward force can be considered the "maximum lateral force" and
      the principle applied in the same manner. Grind the surface of the axially
      outer rib of the tire on the side of the tire in the direction of maximum
      lateral force at the point of maximum lateral force and grind the other
      axially outer rib at the point of maximum variation from the maximum
      lateral force. The respective grinding of the ribs will be the same, in
      this case, whether the upward force or the downward force is chosen as the
      "maximum lateral force".
PAR  It will be also appreciated that the force directions could also be applied
      to an axis horizontal force variation measuring machine and thus the
      directions of the lateral force variation would accordingly be right and
      left with appropriate adjustments to proper rib to be ground.
PAR  As noted previously, all of the forces referred to in this specification
      and claims are the forces exerted by the tire on the load wheel. It will
      be appreciated, however, that one may also measure the forces exerted by
      the load wheel on the tire. These forces will be equal in magnitude but
      opposite in direction to those discussed throughout this specification.
      Therefore, the maximum lateral force exerted by a tire on the load wheel
      will be equal in magnitude but opposite in direction to the maximum
      lateral force exerted by the load wheel on the tire. Therefore, if one
      chooses to measure the force exerted by the load wheel on the tire he
      should remove rubber from the radially outer surface of the axially outer
      rib on the side of the tire opposite the direction of maximum lateral
      force at the point of maximum force and remove rubber from the other
      axially outer rib at the point of maximum variation from the maximum
      lateral force. In effect, this is the same process as described above with
      respect to the forces of the tire acting on the load wheel and, therefore,
      is deemed the same process as claimed herein.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of reducing the lateral force variation exerted by a pneumatic
      tire on its supporting surface comprising; determining the direction and
      position on the tire with respect to the circumference of the tire of the
      maximum lateral force exerted by the tire on its supporting surface during
      rotation of the tire; removing a larger amount of rubber from the radially
      outer surface of the axially outer rib of the tire on the side of the tire
      in the direction of the maximum lateral force at the area of maximum force
      than from any other area of said axially outer rib, determining the
      position on the tire of the maximum variation of lateral force from the
      maximum lateral force, and removing a larger amount of rubber from the
      radially outer surface of the other axially outer rib at the area of
      maximum variation from the maximum lateral force than from any other area
      of said other axially outer rib.
NUM  2.
PAR  2. A method as claimed in claim 1 comprising continuously monitoring the
      lateral force variation of the tire and removing rubber in accordance with
      the process of claim 1 for a plurality of revolutions of the tire.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the lateral forces and the
      locations thereof on the tire are determined by mounting the tire on a
      rotatable rim and inflating the tire to a predetermined internal pressure,
      applying a predetermined external load to the tire, rotating the tire
      about an axis of rotation and measuring the lateral force exerted by the
      tire on its supporting surface.
NUM  4.
PAR  4. A method as claimed in claim 1 further including determining the maximum
      lateral force variation, selecting a maximum acceptable lateral force
      variation and repeating the steps of claim 1 for a plurality of
      revolutions of the tire until the lateral force variation is reduced to
      said pre-selected maximum.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the rubber is removed by grinding
      and further including determining a maximum allowable extent of grinding
      on a rib of the tire and continuing the process of claim 1 for a plurality
      of revolutions of the tire no longer than until said pre-selected maximum
      amount of grind is achieved or the maximum lateral force variation is
      reduced to a pre-selected maximum whichever comes first.
NUM  6.
PAR  6. A method as claimed in claim 3 wherein the rubber is removed by grinding
      and further including determining a maximum allowable extent of grinding
      on a rib of the tire and continuing the process of claim 3 for a plurality
      of revolutions of the tire no longer than until said pre-selected maximum
      amount of grind is achieved or the maximum lateral force variation is
      reduced to a pre-selected maximum whichever comes first.
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ABST
PAL  The disclosure illustrates an enclosure constructed of unique building
      panels. The panels are joined so as to provide an airtight enclosure for
      housing of air conditioning equipment, machinery and the like. The
      individual panels provide sound attenuation. Structural reinforcing is
      provided in each panel so as to eliminate the need for an enclosure
      framework on which the panels are to be secured.
PARN
PAR  This is a continuation of application Ser. No. 403,812, filed Oct. 5, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to building construction and more
      particularly to prefabricated building panels which cooperate one with
      another to form a self-contained and airtight enclosure.
PAR  In the past, many attempts have been made to provide panel structures which
      can be fabricated at a plant facility, and, when so formed, the panel
      units can be adequately prepared for shipping to the building site and
      then easily assembled to form the desired structure. In the prior art
      prefabricated panels, such panels have generally required the necessity of
      studding and the like on which the panels are to be secured. When such
      studding is not used, the complexity of the panels increases
      significantly, thereby increasing the relative cost of the same. In
      addition, when such prior prefabricated panels have been assembled to form
      the desired building, it is extremely difficult to remove individual
      panels for repair or replacement. It has further been a problem with the
      prior panel structures to provide an enclosure made from such panels which
      is completely airtight so as to prevent air leakage therethrough, as well
      as to provide adequate sound attenuation without significantly increasing
      the cost and size of such panels.
PAR  Accordingly, it is an object of this invention to provide a prefabricated
      panel construction which will enable one to readily assemble the panel
      units to form a structure of the desired configuration without the use of
      a conventional vertical and horizontal studding, thus, reducing,
      materially, the cost in erecting such a structure.
PAR  It is an object of this invention to provide a panel structure, comprising
      an interior and exterior facing, with an insulating material extending
      therebetween which will serve as an effective means to properly insulate
      the structure without the use of an extraneous material to effect the
      desired insulation.
PAR  And yet a further object of this invention is to provide prefabricated
      building panels having reinforcing structures therein and wherein each
      structure is assembled and the panels secured to the other from the inside
      of the structure.
PAR  And still another object of this invention is to provide prefabricated
      panels which when assembled together to define an enclosed structure, such
      structure will be airtight and will provide proper sound attenuation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides improved prefabricated building panels which may be
      assembled one to the other to provide an airtight, sound attenuated
      enclosure. The building panels are formed with inner and outer facings
      having an insulating material therebetween. Each panel is formed with
      cooperating edges for coaction with cooperating edges of adjoining panels
      for securing the panels together. The reinforcing members are mounted
      within each panel to provide the necessary strength for supporting the
      enclosure. Suitable means are provided in individual panels to provide
      communication with the interior of the enclosure while retaining the
      airtight feature of the enclosure.
PAR  Other objects, details, uses, and advantages of this invention will become
      apparent as the following description of the exemplary embodiments thereof
      presented in the accompanying drawings proceeds.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show present exemplary embodiments of this
      invention in which:
PAR  FIG. 1 is a perspective view illustrating one exemplary embodiment of this
      invention showing a typical enclosure constructed through the use of
      various prefabricated building panels;
PAR  FIG. 2 is a sectional view illustrating the standard wall panel and
      particularly showing the means for securing adjoining panels;
PAR  FIG. 3 is an example of prior art joining method;
PAR  FIG. 4 is an exploded view of an illustrative corner panel;
PAR  FIG. 5 is the assembled corner panel of FIG. 4 particularly showing the
      secured seams between the respective panels;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 5;
PAR  FIG. 8 is a perspective view of an illustrative panel having blank off and
      stiffener members;
PAR  FIG. 9 is a sectional view taken along line 9--9 of FIG. 8;
PAR  FIG. 10 is a perspective view illustrating an exemplary septum panel
      secured to a septum panel;
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 10;
PAR  FIG. 12 is a perspective view particularly showing the mounting of a piece
      of equipment on a floor panel which is connected with a wall panel;
PAR  FIG. 13 is a sectional view of the floor and wall panels of FIG. 12;
PAR  FIG. 14 is a plan view illustrating the floor panels of FIG. 12;
PAR  FIG. 15 is a sectional view taken along line 15--15 of FIG. 14;
PAR  FIG. 16 is an elevational view of a swing-in door as viewed from the inside
      of the enclosure;
PAR  FIG. 17 is a sectional view taken along the line 17--17 of FIG. 16;
PAR  FIG. 18 is an elevational view of a swing-out door taken from the outside
      of the enclosure;
PAR  FIG. 19 is a sectional view taken along line 19--19 of FIG. 18;
PAR  FIG. 20 is a perspective view of an illustrative panel incorporating a
      rectangular bellmouth;
PAR  FIG. 21 is a fragmentary sectional view taken along line 21--21 of FIG. 20;
PAR  FIG. 22 is a perspective view of a panel incorporating a round bellmouth
      therein;
PAR  FIG. 23 is a fragmentary sectional view taken along the line 23--23 of FIG.
      22;
PAR  FIG. 24 is an exploded perspective view of the window structure of FIG. 1;
PAR  FIG. 25 is a sectional view taken along line 25--25 of FIG. 1;
PAR  FIG. 26 is a sectional view of the test plug construction to permit the
      taking of samples from within the enclosure;
PAR  FIG. 27 is a sectional view showing a conduit sealing structure;
PAR  FIG. 28 is a fragmentary perspective view illustrating a ceiling support;
PAR  FIG. 29 is a sectional view taken along line 29--29 of FIG. 28; and
PAR  FIG. 30 is a sectional view taken along line 30--30 of FIG. 28.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  Reference is now made to FIG. 1 of the drawings which illustrates one
      exemplary embodiment of a typical enclosure constructed with panels of
      this invention, which is designated generally by the reference numeral 10.
      The enclosure 10 is constructed from a plurality of ceiling panels
      designated generally as 12 and various wall panels designated generally as
      14. The enclosure 10 is constructed on a suitable base 16 of concrete or
      the like to which angle irons 18 have been secured by known methods. The
      wall panels are secured at their lower ends by suitable means such as
      bolts and the like to the angle irons 18 as illustratively shown in FIGS.
      1, 5 and 10. Referring again to FIG. 1, it is seen that the enclosure 10
      includes a door 20, windows 11 and 13, rectangular bellmouth 15, round
      bellmouth 17, conduit connection 19 and a test plug 21. The detailed
      description of the aforementioned examples follows.
PAR  All of the panels of the enclosure 10 generally comprise two facings
      securing an insulating material therebetween. On those panels forming the
      peripheral wall of the enclosure, the two facings of the panel include an
      exterior facing and an interior facing. For illustrative purposes only, it
      may be noted that the exterior facing of the panels, i.e., the facing to
      the outside atmosphere, is formed of 16 gauge galvanized solid material
      and the interior facing is formed of 18 gauge galvanized perforated
      material. Any suitable insulating material may be used and a fiberglass
      insulation has been found to provide excellent results.
PAR  Referring now to FIG. 2, a standard peripheral wall panel designated
      generally as 22 is shown. The panel 22 is comprised of an outer or
      external facing 23 of a solid material and an inner facing 24 having a
      plurality of perforations 25 therethrough. The insulating material, such
      as fiberglass or the like, is generally shown as 26. The panels 22 are
      generally of the pan type and may be conveniently prefabricated. The
      perforated facing 24 is formed with the edges 27 and 28 bent inwardly so
      as to form a U-shaped section. The outer facing of solid material 23 is
      similarly formed in a U-shaped manner so as to overlap the edges 27 and
      28. The edge portions 29 and 30 of the facing 23 project inwardly beyond
      the plane of the surface of the facing 24. A stiffener 9 having a
      substantially Z-shape is secured between the facings 23 and 24 by suitable
      means such as tack brazing shown generally as 8 so as to provide added
      strength to the panel 22. Each panel hereinbelow described is formed with
      similar stiffeners secured therein in a similar manner and may not
      necessarily be specifically described again. Each panel 22 is constructed
      so as to provide an airtight enclosure. In this regard, it should be noted
      that all corners and seams of each individual panel, hereinafter
      described, are continuously Everdur brazed to make the panel airtight. As
      an example, the corners and seams in FIG. 4 designated with the letter "b"
      are continuously Everdur brazed. This construction permits each panel
      described herein to withstand 12" static pressure and further provides
      excellent soundproofing. Sound may be transmitted through the perforated
      facing 24 and into the insulating material 26 which absorbs much of the
      sound. That portion of the sound not absorbed bounces off the solid facing
      23 and into the insulation 26 in the opposite direction whereby
      substantially all of the sound is absorbed. The facings 23 and 24 are
      secured one to the other at the seams by suitable means such as brazing.
PAR  The panel 22 may be connected with adjoining panels 22A and 22B of a
      similar construction. It is seen that the extending edges 29 and 30 of
      panel 22 about complementally formed edges 29A and 30B. The respective
      edges are secured one to the other by continuous Everdur brazing. The
      brazed head is shown as 31. It should be noted that the cooperating edges
      are all projecting inwardly and, therefore, the panels may be joined
      together from the area within the enclosure. This facilitates constructing
      the enclosure in very tight areas.
PAR  FIG. 3 illustrates the prior art method of securing metal panels one to the
      other wherein the panels were secured on the exterior side continuous
      Everdur brazing or the like 32. Previously, the braze 32 was placed on the
      exterior between the rounded corners of adjoining walls 33 and 34. The
      braze 32 would flow into the crevice therebetween. In order to remove a
      panel, the braze 32 must be ground out of the panel which is extremely
      time consuming and difficult. In addition, brazing of the panels at the
      point would generally cause a burning or charring of the insulation within
      the panels and further would not permit expansion or contraction of the
      panels.
PAR  As seen in FIG. 2, the brazing operation is performed at a distance from
      the insulating material 26 and, therefore, no burning or charring of the
      insulation occurs. Through the use of the projecting edges 29 and 30,
      removal of any single panel after construction is greatly facilitated.
      Hence, to remove the panel 22, it is only necessary to grind off the
      brazing material 31 along the interior seam. It should be noted that the
      seams formed by adjoining panels are continuous Everdur brazed their
      entire length so as to provide an airtight enclosure. It can be further
      noted that the joining of the panels as seen in FIG. 2 will allow for
      minor expansion and contraction of the panels. In essence, the panels may
      slightly flex about the seams formed by the brazing operation.
PAR  Referring now to FIGS. 4-7, a typical corner installation of the enclosure
      10 will be described. It should be particularly noted that the
      illustrations of FIGS. 4 and 5 are illustrative only and the vertical
      height of such panels has been significantly decreased in order to
      illustrate the assembled panels including top and side walls as shown in
      the perspective view. As particularly seen in FIG. 4, there is shown a
      ceiling panel 35, a corner panel 36, and wall panels 37 and 38. Each of
      the panels basically comprises the solid outer facing and a perforated
      inner facing, the required stiffener and insulating material, as
      hereinbefore described.
PAR  The corner panel 36, as best seen in FIGS. 4 and 7, includes the perforated
      facing 39 having the edge 40 serving as a stiffening member. The solid
      outer facing 41 extends beyond the edge 40 and provides a solid return
      face 42. Additional insulating material 26 is enclosed within that portion
      defined by the return face 42, edge 40 and outer facing 41. The corner
      panel 36 is provided with solid return faces 43 and 44 having a mitered
      edge 45 and 46.
PAR  The ceiling panel 35 is formed in a similar manner such that the edge 47 of
      perforated facing 48 serves as a stiffening member for the panel 35. The
      outer facing 49 extends beyond the stiffener 47 to provide a solid return
      50 thereby enclosing the insulating material 26 therein, as seen in FIG.
      6. In addition, as seen in FIG. 4, the ceiling panel 35 is provided with a
      second solid return 51 on the inner side thereof. The outer facing 49 also
      provides solid faces 52 and 53 having mitered edges 54 and 55,
      respectively.
PAR  The wall panels 37 and 38 may be of the standard construction as described
      with reference to FIG. 2 in that each panel will have a solid outer facing
      23 and perforated inner facing 24. Each panel is provided with solid
      return faces 29 and 30, as well as a top return face 56, each having a
      defined edge. It may be seen that the faces 29 and 30 are formed with
      mitered edges.
PAR  Referring now particularly to FIG. 5, the respective panels are shown in
      the assembled condition. In order to provide the airtight construction
      required, all of the exposed seams of the respective panels must be sealed
      such as by Everdur brazing. In other words, a continuous bead of the
      Everdur braze joins the entire seam between respective panels. It is seen
      that panel 37 is connected with panel 36 and panel 35 by horizontal
      Everdur braze bead 57 and vertical bead 58. It may be noted at this point
      that the use of the mitered edge permits panels to be sealed together for
      the entire vertical height when the panels are in place. Thus, if the
      respective solid faces were not mitered, but extended the full length,
      there would be an air space the distance of the projecting edge which
      would not be sealed by the brazing process. It should be further noted
      that when the panels are in the assembled condition, solid faces abut
      solid faces of the adjoining panel.
PAR  Panel 38 abuts against return face 42 of corner panel 36 and is sealed
      thereto by the vertical bead 59. Panel 38 is connected with the ceiling
      panel 35 by abutting return face 56 against return face 50 and brazing the
      two panels together by the horizontal bead 60. To keep the airtight
      sealing construction, it is only necessary to braze the remaining seam
      between the corner panel 36 and ceiling panel 35 as represented by the
      hoizontal mitered bead 61.
PAR  Reference is made now to FIGS. 8 and 9 which illustrate a standard wall
      panel modified so as to cooperate with a septum panel. The modified wall
      panel is designated generally by the numeral 62 and septum panel is
      designated generally as 63. The wall panel 62 is formed with the solid
      outer facing 64, the edges thereof providing solid return faces 65 and 66.
      Intermediate the ends of the wall panel 62 is secured a solid blank-off
      member 67. It is necessary that the blank-off member 67 be installed
      airtight to prevent the escape of any air therethrough. Accordingly, the
      blank-off 67 may be secured along one edge to the facing 64 with a
      continuous bead of Everdur braze 68. The other edge of the blank-off
      member 67 may then be tack brazed and sealed at 69 by known method.
      Insulation 26 is secured within the area defined by the blank-off 67 and
      outer facing 64. Perforated facings 70 and 71 define the inner facings of
      the panel 62. Stiffeners 72 and 73 are secured in the panel 62 as
      hereinbefore described. Insulating material is carried within the areas
      defined by the respective inner facings 70 and 71 and the outer facing 64
      so as to provide the necessary sound attenuation.
PAR  The septum panel 63 is used to provide sound attenuation between interior
      chambers of the enclosure. Accordingly, the septum 63 is constructed with
      a solid facing 74 having insulating material 26 on both sides thereof.
      Perforated facing 75 forms one interior wall surface and perforated facing
      76 forms the outer interior wall surface of the septum panel 63.
      Stiffeners 77 and 78 are secured between the facing 74 and facings 75 and
      76. It is seen that the edges of the facing 75 fit within the solid return
      faces 79 and 80 of the facing 74. The return faces 79 and 80 are formed
      with a staggered shape so as to receive return faces 81 and 82 of facing
      76. The septum is thus provided at each edge with an overlap of three
      faces to provide added rigidity to the septum panels. The septum panel 63
      is secured to the blank-off 67 by a continuous seam of Everdur braze shown
      generally as 83 which provides an airtight seal between the septum panel
      63 and the wall panel 62.
PAR  In a typical installation, a close-off panel 84 may be secured to the panel
      62 through the use of screws or the like 85 projecting inwardly through
      the facing 70 to escape the stiffener 72. Suitable gaskets or seals (not
      shown) may be inserted between the close-off panel 84 and facing 70. The
      close-off panel 84 may be used to close off or define an equipment area
      such as the air intake or the like. In this instance, it may be desirable
      to transmit the air flow from the equipment area past the close-off panel
      84 through suitable coil or fan or the like diagrammatically shown as 86
      and through an aperture formed by septum panels 63 as indicated by the
      arrows. In this instance in order to provide a completely airtight
      construction, it may be necessary to provide a continuous seal by brazing
      and other suitable means between the stiffener 72 and the respective
      facings 64 and 70.
PAR  Where it is desirable to provide rooms within the enclosure 10, septum
      panels are utilized as the room dividers. Each septum panel is generally
      formed as hereinabove described with reference to FIG. 9. In other words,
      each septum panel has a solid facing extending through the center of the
      panel and provides the return faces utilized to secure the septum panel to
      an adjoining panel. Insulating material is supported on each side of the
      solid facing and perforated facing members define the wall surface for the
      areas defined by the respective septum panels. Such construction provides
      excellent sound attenuation between adjoining rooms since the insulating
      material and solids facing will prevent any sound from being transmitted
      through the respective septum panels.
PAR  An exemplary embodiment of septum panels being used as the walls or room
      dividers is illustrated in FIGS. 10 and 11. It is, of course, necessary to
      secure the respective septum panels designated generally as 87 and 88 to
      angle irons 18 by suitable means such as bolts or the like. The angle
      irons 18 are secured to the floor. The septum panel 87 is modified in the
      same manner that the wall panel 62 (FIG. 9) is modified. A solid blank-out
      member 89 is secured intermediate the ends of panel 87. The blank-off
      member 89 is sealingly secured to the solid facing 90 in a manner as
      hereinabove described with regard to the panel 62. An added stiffener
      member 91 is secured between the facing 99 and perforated facing 92
      opposite the blank-off member 88 so as to provide the necessary strength
      and rigidity for the septum panel 87. The stiffeners 93 and 93' may be
      secured opposite the stiffeners 94 and 95 to provide additional strength
      rather than to have the respective stiffeners staggered, as shown in FIG.
      9. Septum panel 88 is secured to the blank-off member 89 of the modified
      septum panel 87 through the use of a continuous bead of Everdur braze 96.
PAR  As previously described, the solid facing of each septum panel provides a
      solid face which is used to secure that respective panel to an adjoining
      panel. As seen in FIG. 11, the solid facing 90 of septum panel 87 provides
      solid return faces 97 and 98. In securing septum panels lying in the same
      plane, the respective return faces of adjoining panels complement and abut
      one another. Thus, in FIG. 11, the septum panel 87 is secured to adjacent
      septum panels lying in the same plane through the use of a continuous bead
      of Everdur braze 99 connecting each of the abutting return faces.
PAR  In some instances it may be desirable to support equipment above the base
      floor. In this case, septum type panels form a chamber floor. Referring to
      FIG. 12, a plurality of septum type panels designated generally as 100,
      101 and 102 defines a chamber floor for supporting a piece of equipment,
      such as a centrifugal fan 103, which is carried by a supporting plate 104.
PAR  Referring now particularly to FIGS. 12 and 13 it is seen that the septum
      type panel 100 is mounted between a pair of standard wall panels
      designated generally as 105 and 106. The wall panels 105 and 106 may be
      constructed as hereinabove described with particular reference to FIG. 2,
      it being sufficient here to state that the respective wall panels include
      solid return faces 107 and 108.
PAR  As seen in FIG. 13, the septum panel 100 is seen to be of a modified septum
      construction. The panel 100 includes the center solid facing 109 having
      perforated facings 110 and 111 secured thereto as previously described.
      Solid facing members 112 and 113 of the 16 gauge galvanized material are
      secured to the center facing 109 so as to provide solid return faces for
      the septum panel 100. It may be noted that in all of the septum type
      panels which are used in the floor the projecting return faces of the
      solid center facing have been formed flush with the respective perforated
      facing so as to prevent a relatively flat floor surface. The panel 100 is
      secured to the respective wall panels 105 and 106 by a continuous bead of
      Everdur braze. Thus a continuous bead of Everdur braze 114 secures panel
      105 to solid facing member 113 and braze 115 secures the panel 106 to the
      solid facing member 112.
PAR  The equipment is supported directly on supporting panels 101. As seen in
      FIG. 15, the supporting panel 101 is constructed of solid facings 116 and
      117 on both sides forming the upper and lower surfaces of the panel.
      Secured within the support panel 101 is a suitable steel reinforcing
      member such as an extended I-bar or the like 118. The size and shape of
      the member 118 will vary depending on the weight to be carried thereby. In
      the illustrative embodiment shown, the supporting plate 104 is carried by
      a plurality of resilient means such as springs or the like 119. The
      springs 119 are secured to a steel plate or the like 120 which is carried
      by an isolator pad 121 of a suitable material such as neophrene,
      fiberglass, or the like. The plate 120 and pad 121 are held in place by
      suitable means, such as self-tapping bolts 122 and 123. Self-tapping bolts
      are well known in the art and the operation thereof need not be described
      herein.
PAR  The panel 102 may be a standard septum panel, as hereinbefore described,
      with the exception that the projecting solid faces have been formed flush
      with the surface of the perforated facing. Thus, as seen in FIG. 15, the
      respective panels 100, 101 and 102 are secured one to the other through
      the use of a continuous bead of Everdur braze, shown generally at 124,
      along the seam formed by the adjoining panels.
PAR  Referring now to FIGS. 16 and 17, an exemplary embodiment illustrating a
      swing-in type door which may be used in enclosure 10 is seen. The door
      designated generally as 125 is mounted between door jambs 126 and 127.
      With particular reference to FIG. 17, it is seen that the door 125 is
      comprised of a solid facing 128 which has ends encompassing the perforated
      facing 129. A stiffener 130 is secured between the facings 128 and 129 and
      the insulating material 26 is carried between the respective facings.
      Backup angle members 131 and 132 are secured to the inside of the
      perforated facing 129. The backup angles 131 and 132 provide added
      strength to the door 125 and permit the mounting of the handles 133 by any
      suitable means and the hinges 134, as will be described hereinbelow. In
      addition, a door pull 133A is secured to facing 128 which is grasped to
      open or close the door from the exterior of the structure.
PAR  The door jamb 126 includes the exterior solid facing 136 which has a solid
      return face 137 which will cooperate with the return face of an adjoining
      panel and will be brazed thereto. The door jamb 126 further comprises the
      perforated facing 138, insulating material 126 and a backup angle member
      139 secured to the facing 138. The backup angle member 139 adds rigidity
      and strength to the door jamb 126 so that the door jamb can readily
      support the door 125 which is mounted thereto by the hinge 134.
PAR  Referring now particularly to FIG. 17, the method of securing the
      respective hinge to the door and door jamb will be described. Holes are
      drilled through the respective facings and into the backup angle members
      132 and 139 to correspond with countersink type holes in the hinges. The
      hinges are secured thereto by a brazing process. In other words, the braze
      135 completely fills the holes therethrough thereby providing a solid
      brazing connection between the respective hinge and the angle backing
      member. The braze is ground off flush with the surface of the hinge so
      that no protruding head exists. The brazed hinges provide a stronger
      mounting for the door since doors of this type may weigh approximately 250
      lbs. The brazed hinges will not sag and thereby permit a good seal between
      the door 125 and respective gaskets. To hang or remove a door, it is only
      necessary to remove the hinge pins (not shown) in a known manner.
PAR  The door jamb 127 includes a solid outer facing 140 which provides a solid
      face 141 for cooperative engagement with a like face of the adjoining wall
      panel and is secured thereto by brazing. A perforated facing 142 is
      mounted within the facing 140 and suitable insulating material 26 is
      carried therewithin. A sleeve 143 is mounted in the door jamb 127 and
      sealingly secured therein by brazing. Mounted through the sleeve 143 is a
      shaft (not shown) connecting locking levers 144 and 145. Suitable seals
      and gaskets (not shown) are provided to insure that no air passes through
      the sleeve 143.
PAR  Suitable gaskets 146 and 147 of neophrene or the like are respectively
      secured to the solid facings 136 and 140 to cooperatively engage the solid
      facing 128 of the door 125 when the door is in the closed position thereby
      providing an airtight seal. Similar gaskets are mounted relative to the
      top and bottom of the door to provide top and bottom seals.
PAR  Referring once again to FIG. 16, it is seen that the door 125 is supported
      by three hinges 134 and further includes three handle positions. Each
      handle 133 is provided with a stop 148 to limit the rotational movement of
      the respective handles. In addition, each locking lever 145 frictionally
      engages its respective handle 133 to bias the door 125 into engagement
      with the respective gaskets to provide the airtight seal. The use of the
      three locking lever positions insures that a uniform pressure will be
      exerted against the door to insure the airtight seal.
PAR  Referring again to FIG. 16, it can be seen that top and bottom door jambs
      149 and 150 cooperate with vertical door jambs 126 and 127 to completely
      enclose the door 125. The door jambs 149 and 150 are of a construction
      similar to the door jamb 126 and need not be discussed herein. Use of the
      prefabricated panel door jambs 126, 127, 149 and 150 eliminate the need
      for a separate door frame structure since the panels themselves form the
      frame for the door and further cooperate with the door to provide the
      needed airtight construction.
PAR  FIGS. 18 and 19 illustrate a door construction very similar to that
      illustrated in FIGS. 16 and 17. The door designated generally as 151 is
      mounted to door jamb 152 by hinges 153 in the manner hereinabove
      described. Locking levers 154 and 155 are mounted to door jamb 156 in a
      like manner and cooperate with handles 157, said handles having stop
      elements 158 attached thereto. The major difference between doors 151 and
      125 is that the door 151 is a swing-out type door. Thus, the hinges 153
      are mounted on the solid facing side of the respective door jamb 152 and
      door 151 and the handles 157 are mounted to the outer solid facing of door
      151. The operation of the door 151 is identical with the operation of the
      swing-in door and need not be described again.
PAR  A rectangular bellmouth 15, as shown in FIG. 1, is utilized to communicate
      with an exit air duct 159. The purpose of the bellmouth is to provide a
      smooth air flow passage through the wall of the enclosure 10. The
      construction of the wall panel 160 incorporating the rectangular bellmouth
      15 is best seen in FIGS. 20 and 21. The wall panel 160 is a standard wall
      panel which has been modified to incorporate the bellmouth 15 therein.
      Only that portion of the panel 160 directly relating to the bellmouth
      construction will be described herein, it being understood that the
      peripheral construction of the panel 160 is similar to wall panels
      previously described.
PAR  As particularly seen in FIG. 21, the wall panel 160 includes a stiffener
      161 secured between solid facing 162 and perforated facing 163. A
      reinforcing bar 164 is secured to the base of the reinforcing bar 161,
      such as by brazing as indicated at 165, and projects outwardly therefrom.
      The aperture for the bellmouth is formed of solid facing members 166, 167,
      168 and 169. To construct the bellmouth 15, the respective solid faces
      166-169 are initially continuously Everdur brazed to the solid facing 162
      as shown by brazing bead 170. The required insulating material 26A is then
      added and the solid face 166 is bent so as to engage the end of
      reinforcing bar 164. The required insulating material 26B is then added
      and the inner edge of the face of 166 is continuously Everdur brazed to
      the perforated face 163 as indicated at 172. The remaining three faces may
      then be added and the resulting seams between the respective faces are
      Everdur brazed over their entire length so as to provide an airtight
      construction. The reinforcing bars 164 provide added strength to the
      bellmouth 15, as well as insuring a smooth curvilinear transition from the
      inside opening of the wall panel to the exit from the bellmouth.
PAR  The construction of the wall panel 173 as seen in FIGS. 22 and 23 is very
      similar to the wall panel 160. The wall panel 173 incorporates a round
      bellmouth 17 therein for those instances where it is necessary to
      communicate with round conduits such as illustrated at 174 in FIG. 1. An
      annular solid face 175 provides the curvilinear transition between the
      perforated face 176 of the wall panel 173 to the exterior. The reinforcing
      bar 177 which is Everdur brazed to the reinforcing bar 178 provides the
      added supporting strength for the solid face 175, as well as insuring the
      smooth curvilinear transition. The face 175 is brazed to the perforated
      facing 176 and the solid facing 179 as hereinabove described.
PAR  The basic construction of the windows 11 and 13 as seen in FIG. 1 is the
      same, only the dimensions are different to provide different size windows.
      Referring now to FIGS. 24 and 25, it can be seen that the window 11 is
      constructed to be soundproof, as well as leakproof. A solid frame 180 is
      secured to solid facing 181 and perforated facing 182 by suitable means
      such as continuous Everdur brazing at 183. The solid frame 180 is formed
      to receive gaskets 185 on opposite sides thereof. A sheet of window
      material such as 1/4 inch wire mesh reinforced glass 186 is placed against
      each gasket 185. A second gasket 187 is installed about the periphery of
      each glass 186. Holding frames 188 are secured to the respective facings
      181 and 182 by suitable means such as screws or the like 190. The holding
      frames 188 urge the respective gaskets 185, 187 and glass 186 inwardly in
      sealing engagement against the frame 180 so as to provide the soundproof
      and airtight window construction required for enclosure 10.
PAR  The test plug 21 (FIG. 1) is secured in a wall panel as shown in FIG. 26.
      The test plug 21 comprises a cylindrical tube or pipe 191 having a
      threaded cap 192 removably secured to the end thereof. The pipe 191
      projects through the wall panel 193. In order to provide the required
      airtight construction, the pipe 191 can be tack brazed at 194 to the
      perforated facing 195, whereas a continuous bead of Everdur braze 196
      secures the pipe 191 to the solid facing 197. Thus, after the enclosure
      has been completed and is in operation, the cap 192 may be removed from
      the pipe 191 and samples of the interior atmosphere of the enclosure may
      be taken through the pipe.
PAR  Conduit passages such as shown at 19 in FIG. 1 are provided through the
      wall panels through the use of a stuffing gland shown generally as 198 in
      FIG. 27. The stuffing gland 198 is comprised of a sleeve 199 mounted
      through the wall panel 200. Plate 201 is sealingly secured to the solid
      facing 202 by a continuous bead of Everdur braze 203 about the periphery
      of the plate 201. The plate 201 is formed with an aperture therethrough
      through which the conduit 204 can pass. To assure an airtight seal in the
      gland 198, a suitable sealing material such as Oakum packing 205 is
      mounted between the sleeve 199 and the conduit 204. A suitable gasket or
      seal 206 is held in place against the packing 205 by plate 207. The plate
      207 is secured to the perforated facing 208 by suitable means such as
      screws or the like 209 (FIG. 5).
PAR  The ceiling panels and wall panels previously described can be used without
      modification for enclosures having a span of approximately 17 feet without
      requiring additional ceiling supports. If an enclosure is to be of a
      greater length than the 17 feet, additional support is needed for the
      ceiling panels. In many instances it is not desirable to have a vertical
      post or the like within the enclosure supporting the ceiling panel.
      Accordingly, the modified standard wall panel 210 shown in FIGS. 28-30
      permits the use of ceiling panels of lengths substantially greater than
      the standard 17 feet. The wall panel 210 is constructed with a solid
      reinforcing channel 211 secured between the outer facing 212 and the
      perforated facing 213. The thickness and material used in the reinforcing
      channel 211 will depend upon the parameters of the length of the ceiling.
      An angle plate 214 is secured to the perforated facing 213 by nuts and
      bolts 215 and 216, respectively. The nuts 215 are brazed at 171 to the
      inside of the reinforcing channel 211 so that the angle plate 214 may be
      secured thereto after the panel 210 has been constructed and assembled in
      place. A suitable ceiling support such as an I-beam 217 is secured to the
      angle plate 214 by suitable means such as nuts and bolts 218 and 219,
      respectively. The ceiling panel 220 is sealingly secured by continuous
      Everdue braze 184 to the wall panel 212 as hereinbefore described and is
      supported throughout its entire length by the I-beam 217. During the
      construction of the structure, the ceiling panel 220 is temporarily
      supported by suitable bracing until the panel 220 has been brazed to the
      wall panels 212. Once the ceiling panel 220 has been brazed to the wall
      panels, the I-beam 217 is raised into position and secured to the angle
      plate 214. Thus, it can be seen that in this manner any suitable lengths
      of ceiling panel 220 may be supported without requiring any vertical post
      or the like being required within the enclosure.
PAR  It should be noted herein that all of the prefabricated panels hereinabove
      described comprise a suitable insulating material therein even though such
      material has not been specifically described. Further, each panel is
      provided with suitable reinforcing members therein. In addition, it may be
      further noted that all seams formed between adjoining panels are sealed
      one to the other by the continuous Everdur brazing process so as to
      provide airtight seams between each panel. All such brazing steps required
      to construct the panels together are performed from one side, i.e., the
      inside of the enclosure. Accordingly, the objectives hereinbefore set
      forth have been accomplished.
PAR  While present exemplary embodiments of this invention have been illustrated
      and described, it will be recognized that this invention may be otherwise
      variously embodied and practiced by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An airtight and sound attenuated enclosure assembled from a plurality of
      prefabricated wall, ceilinng, floor and septum panels, each of said wall
      and ceiling panels comprising a solid exterior facing member, a perforated
      interior facing member formed in a substantially pan shape having bent
      edges therearound said bent edges extending to and engaging said exterior
      facing and cooperating with said exterior facing member to define a sound
      attenuating space therebetween, insulating material carried in said space
      to provide the sound attenuation, said solid facing member being a
      continuous sheet and including a solid return face overlapping the edges
      of said perforated facing member to define an individual panel, each panel
      providing a portion of the solid return facing extending beyond the facing
      surface of said perforate member and generally into the interior of said
      enclosure, the solid return face of one panel cooperating with a like
      solid return face of an adjoining panel so as to provide a multiplicity of
      facing members side by side and to define a seam therebetween, and means
      connecting said projecting faces together along said seam, said connecting
      means extending continuously along said seam to provide an airtight seam
      between the adjoining panels wherein individual panels can be removed by
      removing said connecting means therefrom.
NUM  2.
PAR  2. The enclosure as set forth in claim 1 in which said sealing means is a
      continuous bead of brazing material.
NUM  3.
PAR  3. The enclosure as set forth in claim 2 further comprising a corner wall
      panel, said corner panel including a pan shaped perforated inner facing
      member, a solid facing member spaced from said perforated member and
      having a return face extending outwardly from the edge of said pan shaped
      perforated member and returning to the lower surface of said perforated
      member to define a substantially rectangular chamber therebetween,
      insulating material being carried in the space defined between said
      perforated member and said solid facing member and in the space defined by
      said solid return face and said perforated member, said solid return face
      cooperatively receiving the end of an adjoining panel in a manner to be
      secured thereto.
NUM  4.
PAR  4. The enclosure as set forth in claim 2 further comprising a corner
      ceiling panel in which said corner ceiling panel comprises a pan shaped
      perforated inner facing member, a solid facing member spaced from said
      perforated member and having a return face extending outwardly from the
      edge of said pan shaped perforated member and returning to the lower
      surface of said perforated member to define a substantially rectangular
      chamber therebetween, insulating material being carried in the space
      defined between said perforated member and said solid facing member and in
      the space defined by said solid return face and said perforated member,
      said solid return face cooperatively receiving the end of an adjoining
      panel in a manner to be secured thereto.
NUM  5.
PAR  5. The enclosure as set forth in claim 2 comprising a modified wall panel
      adapted to cooperatively receive a panel perpendicular thereto, said
      modified panel comprising first and second pan shaped perforated facing
      members, a solid pan shaped member positioned between said perforated
      members and separating said members, a solid facing member enclosing said
      pan shaped members to define three chambers therein, insulating material
      being carried in said three chambers, said solid facing members having
      return faces engaging the opposite ends of said pan shaped members and
      projecting beyond the plane of said members, said solid pan shaped member
      providing a solid face to cooperatively receive an adjoining panel in
      perpendicular fashion thereto wherein the perpendicular panel may be
      sealingly secured to said solid pan shaped member.
NUM  6.
PAR  6. The enclosure as set forth in claim 2 further comprising a modified
      septum panel to cooperatively receive an adjoining panel perpendicular
      thereto, said modified septum panel comprising first and second pan shaped
      perforated members, a solid pan shaped member, said first and second
      members and said solid member lying in a common plane, a third pan shaped
      perforated facing member having a dimension greater than the combined
      dimension of said first and second members and said solid pan shaped
      member wherein the open sides of said members are received within the open
      side of said third pan shaped open member, a solid facing member
      positioned between said third pan shaped member and said first and second
      pan shaped members and said solid pan shaped member, said solid facing
      members providing a solid return face projecting beyond the plane of said
      first and second pan shaped members, said solid pan shaped member defining
      a solid face to cooperatively receive the end of a perpendicularly placed
      panel wherein said perpendicular panel can be sealingly secured thereto.
NUM  7.
PAR  7. The enclosure as set forth in claim 2 further comprising a floor panel
      adapted to be supported between two vertical wall panels, said floor panel
      comprising first and second perforated facing members, a solid facing
      member supported therebetween to define attenuating chambers on each side
      thereof, first and second pan shaped solid members being mounted on either
      side of said solid facing member, each pan shaped solid member lying in
      the plane of said pan shaped perforated members and being secured therein
      by said solid facing member, said solid pan shaped members providing panel
      receiving surfaces for receiving said vertical wall panels in sealing
      fashion thereto.
NUM  8.
PAR  8. The enclosure as set forth in claim 2 further comprising a supporting
      panel, said supporting panel comprising first and second solid facing
      members defining an enclosed space therebetween, a reinforing support
      member being secured within said space and engaging the interior surface
      of both said facing members.
NUM  9.
PAR  9. The enclosure as set forth in claim 2 wherein said wall panel houses a
      rectangular bellmouth therein.
NUM  10.
PAR  10. The enclosure as set forth in claim 2 wherein said wall panel houses a
      round bellmouth.
NUM  11.
PAR  11. The enclosure as set forth in claim 2 in which said wall panel houses a
      window therein.
NUM  12.
PAR  12. The enclosure as set forth in claim 11 in which said window comprises a
      frame secured between said solid facing member and perforated facing
      member, said frame being shaped to cooperatively receive a gasket on
      either side thereof, a pane of glass being mounted adjacent each gasket, a
      second gasket opposite each pane of glass, and an exterior frame formed to
      urge said gaskets and window glass into engagement with said frame thereby
      providing an airtight window construction.
NUM  13.
PAR  13. The enclosure as set forth in claim 2 in which said wall panel inclues
      a reinforcing channel for receiving and supporting an angle plate upon
      which a ceiling support beam can be mounted.
NUM  14.
PAR  14. The enclosure as set forth in claim 2 further comprising first, second,
      third and fourth door jamb panels, said panels defining an enclosed solid
      door jamb frame when connected one to the other thereby providing door
      entrance, each of said panels including a perforated facing member mounted
      within a solid facing member so as to define a chamber therebetween, a
      door panel pivotally secured to one of said door jambs, gasket means
      secured to each of said door jambs for cooperative engagement with said
      door in the closed position to provide an air seal therebetween, and lock
      means cooperating between a second door jamb and said door panel to lock
      said door in the closed position and thereby urge said door into sealing
      engagement with said gasket means.
NUM  15.
PAR  15. The enclosure as set forth in claim 14 in which said one door jamb
      panel includes a backup angle member secured therein, and further
      comprising means to pivotally secure said door panel to said one door jamb
      panel.
NUM  16.
PAR  16. The enclosure as set forth in claim 15 in which said door panel
      includes a backup member secured therein and in which said pivotal means
      is a plurality of hinges, each hinge being permanently secured to said
      door and one door jamb panel by welding, said weld extending from the
      hinge into the respective backup member.
NUM  17.
PAR  17. An airtight and sound attenuated enclosure assembled from a plurality
      of prefabricated wall, ceiling, floor and septum panels, each of said wall
      and ceiling panels comprising a solid exterior facing member, a perforated
      interior facing member formed in a substantially pan shape having bent
      edges therearound and cooperating with said exterior facing member to
      define a sound attenuating space therebetween, insulating material carried
      in said space to provide the sound attenuation, said solid facing member
      being a continuous sheet and including a solid return face overlapping the
      edges of said perforated facing member to define an individual airtight
      panel, each panel providing a portion of the projecting solid facing
      extending generally into the interior of said enclosure, the projecting
      face of one panel cooperating with a like projecting face of an adjoining
      panel so as to provide multiplicity of facing members side by side and to
      define a seam therebetween, a continuous bead of brazing material sealing
      said seam from the interior of the enclosure to provide an airtight seam
      between the adjoining panels wherein individual panels can be removed by
      removing said sealing means therefrom, septum panels separating interior
      chambers of the enclosure, said septum panels comprising first and second
      pan shaped perforated facing members of different sizes, the open side of
      the smaller member being complementally received in the open side of the
      larger member, a solid facing member positioned between said first and
      second members to define sound attenuation chambers on either side, said
      solid member having a return face projecting through the space defined by
      the received first and second member edges and projecting outwardly beyond
      the plane of the smaller of said members to provide the securing face for
      said septum panel.
NUM  18.
PAR  18. The enclosure as set forth in claim 17 further comprising corner panels
      in which the corner panels includes one edge of said pan shaped perforated
      facing member serving as a stiffening member, the return face of said
      solid facing member extending outwardly from said edge and returning to
      the lower surface of said perforated member to define a substantially
      rectangular chamber, therebetween, insulating material being carried in
      the space defined therebetween, said solid return face cooperatively
      receiving the end of an adjoining panel in a manner to be secured thereto.
NUM  19.
PAR  19. The panels as set forth in claim 17 in which the corner ceiling panel
      includes one edge of said pan shaped perforated facing member serving as a
      stiffening member, the return face extending outwardly from the edge of
      said perforated member and returning to the lower surface of said
      perforated member to define a substantially rectangular chamber
      therebetween, insulating material being carried in the space defined
      therebetween said solid return face cooperatively receiving the end of an
      adjoining panel in a manner to be secured thereto.
NUM  20.
PAR  20. The panels as set forth in claim 17 wherein the floor panel is adapted
      to be supported between two vertical wall panels and in which said floor
      panel comprises first and second pan shaped solid members being mounted on
      either side of said solid facing member in abutting relationship with said
      perforated facing members, each pan shaped solid member lying in the plane
      of said pan shaped perforated members and being secured therein by said
      solid facing member, said solid pan shaped members providing panel
      receiving surfaces for receiving said vertical wall panels in sealing
      fashion thereto.
NUM  21.
PAR  21. The panels as set forth in claim 17 further comprising a modified wall
      panel adapted to cooperatively receive a panel perpendicular thereto
      wherein said perforated facing member includes first and second pan shaped
      perforated members, a solid pan shaped member positioned between said
      perforated members and separating said members, said solid facing members
      enclosing said pan shaped members to define three chambers therein,
      insulating material being carried in said three chambers, and said solid
      pan shaped member providing a solid face to cooperatively receive an
      adjoining panel in perpendicular fashion thereto wherein the perpendicular
      panel may be sealingly secured to said solid pan shaped member.
NUM  22.
PAR  22. The enclosure as set forth in claim 17 further comprising a modified
      septum panel to cooperatively receive an adjoining panel perpendicular
      thereto wherein one of said perforated facing members includes first and
      second pan shaped perforated members, a solid pan shaped member, said
      first and second pan shaped members and said solid member lying in a
      common plane and defining chambers in cooperation with said solid facing
      member, insulating material being carried in said chambers, and said solid
      pan shaped member defining a solid face to cooperatively receive the end
      of a perpendicularly placed panel wherein said perpendicular panel can be
      sealingly secured thereto.
NUM  23.
PAR  23. The panels as set forth in claim 17 further comprising a supporting
      panel, said supporting panel comprising first and second solid facing
      members defining an enclosed space therebetween, a reinforcing support
      member being secured within said space and engaging the interior surface
      of both said facing members.
NUM  24.
PAR  24. The panels as set forth in claim 17 in which the wall panel houses a
      window therein, said window comprises a frame secured between said solid
      and perforated facing members, said frame being shaped to cooperatively
      receive a gasket on either side thereof, a pane of glass being mounted
      adjacent each gasket, a second gasket opposite each pane of glass, and an
      exterior frame formed to urge said gaskets and window glass into
      engagement with said frame thereby providing an airtight window
      construction.
NUM  25.
PAR  25. The panels as set forth in claim 17 further comprising first, second,
      third and fourth door jamb panels, said panels defining a door entrance,
      each of said panels including a perforated facing member mounted within a
      solid facing member so as to define a chamber therebetween, a door panel
      pivotally secured to one of said door jambs, gasket means secured to each
      of said door jambs for cooperative engagement with said door in the closed
      position to provide an air seal therebetween, and lock means cooperating
      between a second door jamb and said door panel to lock said door in the
      closed position and thereby urge said door into sealing engagement with
      said gasket means.
NUM  26.
PAR  26. The panels as set forth in claim 17 in which the wall panel further
      includes a reinforcing channel secured between said facing members for
      receiving and supporting an angle plate upon which a ceiling support beam
      can be mounted.
NUM  27.
PAR  27. The panels as set forth in claim 17 in which said wall panels houses a
      rectangular bellmouth therein.
NUM  28.
PAR  28. The panels as set forth in claim 17 in which said wall panel houses a
      round bellmouth therein.
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ABST
PAL  A floor for roller skating or other sports activities and the like consists
      of extruded metal deck sections of a required length which are placed
      side-by-side on an even solid surface. Juxtaposed plastic tiles or plates
      are laid down on the deck sections and are provided on their bottoms with
      press studs which interlock with continuous channels or grooves formed in
      the deck sections. Each plastic tile or plate engages at least a pair of
      the underlying deck sections and thus the tiles serve to secure adjacent
      deck sections in assembled relationship in the formation of a continuous
      floor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Special flooring for indoor and outdoor sports activities, dancing and
      other like uses, especially for roller skating, have been proposed in the
      prior art. Such flooring has been formed from a variety of materials
      including linoleum, wood, plastic and concrete. Among the drawbacks of
      such prior art floors are their high initial cost, permanency of
      installation, and the fact that they must be made and installed on the
      spot, rather than being prefabricated and carried to an assembly location.
      Furthermore, the usual floors for sports activities, such as skating, do
      not wear evenly, resulting in the necessity of repairing large local
      areas.
PAR  In view of the above and other deficiencies of the known prior art, it is
      the aim of this invention to provide a prefabricated, easily transportable
      sectional floor for roller skating and many other similar activities which
      can be quickly assembled and installed in a variety of environments. The
      flooring embodying the invention consists essentially of underlying
      extruded aluminum deck sections which can be set down on any solid base,
      such as a bed of sand or other even supporting surface. The deck sections
      are placed side-by-side to provide a continuous level supporting face.
      Rectangular plates, blocks or tiles of tough plastic are adapted to be
      laid on and lockingly engaged with the deck sections in juxtaposed
      relation to provide a continuous, smooth and highly wear-resistant floor
      surface.
PAR  The deck sections have spaced parallel grooves which receive similarly
      spaced rows of press or snap studs molded to the bottoms of the tiles.
      Additional intervening rows of locator pins on the bottoms of the tiles
      are received by locator openings of the decking. Each tile rests on and
      interlocks with at least two deck sections, so that the tiles serve to
      releasably connect the flooring in assembled relationship. When wear or
      damage to the flooring occurs, individual tiles may be replaced, as
      required.
PAR  Additionally, the floor constructed under the invention can be rapidly
      disassembled should it be necessary to remove it for use elsewhere. The
      floor is weather-resistant, and any water present is not retained but
      flows away beneath the extruded deck sections. Likewise, the floor is
      indifferent to humidity changes, and the influences of expansion and
      contraction due to temperature changes are very minimal. This is in
      contradistinction to the prior art where floors and skating rinks have
      been constructed from sections of plastic glued onto plywood plates or the
      like. In addition to being very expensive, such floors are highly
      sensitive to temperature and humidity changes and are damaged by the
      weather. Cracks form during cold weather and curling up occurs at the
      joints in hot weather. Water infiltrating the joints between blocks causes
      irreparable damage in the prior art types of floors. In the invention, no
      adhesives are employed and the materials used inherently resist these
      factors.
PAR  The portability of the floor according to this invention allows it to be
      installed in many places at a very low cost compared to the prior art. For
      example, the sturdy extruded metal deck sections forming the base of the
      flooring could be placed over and across a swimming pool and in many other
      similar locations.
PAR  Other features and advantages of the invention will become apparent during
      the course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a bottom perspective view of a plastic plate or tile utilized in
      the invention.
PAR  FIG. 2 is a fragmentary perspective view of an extruded metal floor or deck
      section employed with tiles in the formation of the floor according to the
      invention.
PAR  FIG. 3 is a fragmentary perspective view of an assembled floor in
      accordance with the invention and showing the interlocking relationship of
      plastic tiles and supporting deck sections.
PAR  FIG. 4 is another fragmentary perspective view on a reduced scale showing
      flooring in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail, the numeral 10 designates an extruded
      aluminum base or deck section of any required length which is quite rigid
      but reasonably lightweight in the interest of portability. The deck
      section 10 includes vertical webs 11 having horizontal feet or webs 12
      which may be placed on any stable base, such as a bed of sand. The deck
      section has a flat level upper plate portion 13 interrupted by preferably
      three spaced parallel longitudinal grooves or channels 14, 15 and 16, all
      produced during the extrusion of the unitary base or deck section. A row
      of openings 17 is produced in the plate 13 between channels 14 and 15 and
      parallel thereto.
PAR  Used in conjunction with a plurality of side-by-side deck sections 10 for
      producing a floor, as depicted in FIG. 4, are preferably square floor
      plates or tiles 18 formed of molded or injected plastics material of any
      well-known tough and durable type which is also wear-resistant and
      resistant to moisture and humidity and effected little by changes in
      temperature. Each tile 18 has a flat plate body portion 19 adapted to lie
      on top of the deck plate 13, and being of the same width as the latter. On
      its bottom face only, each plastic tile 18 has three spaced parallel rows
      of connector studs 20 projecting therefrom and formed integrally
      therewith. These studs are preferably equidistantly spaced in their rows.
      They are split centrally at 21 for resiliency and have tapered arrow-like
      heads 22 for entry into the channels or grooves 14, 15 and 16 for
      interlocking engagement therein, as shown clearly by FIG. 3. The studs 20
      are easily caused to snap into the channels 14 by a slight tapping or
      pressing action on the tiles.
PAR  Between two of the three rows of studs 20, each tile 18 has a single row of
      cylindrical locator pins 23 spaced for entry into the openings 17. The
      locator pins are somewhat longer than the studs 20 and their main purpose
      is to pilot or guide the tiles 18 into proper assembly positions with the
      deck sections 10.
PAR  With reference to FIG. 3, it may be observed that each tile 18 engages two
      side-by-side deck sections 10. The channel or groove 16 of one deck
      section receives the first row of connector studs 20 of the next adjacent
      tile 18; the arrangement being such that the adjacent juxtaposed tiles
      making up an expanse of flooring such as shown in FIG. 4 actually serve to
      interconnect adjacent deck sections 10 detachably in assembled
      relationship. Thus, the plastic tiles serve the additional purpose of
      uniting the sectional floor and holding it together during use but allow
      its ready separation into sections when required. Also, individual tiles
      or groups of tiles are easily replaceable after wear or damage. No glue or
      other adhesive is employed in the assembly and the parts are united solely
      by mechanical interlocking, as described.
PAR  Preferably, but not necessarily, the generally rectangular tiles 18 have
      wavy marginal edges 24 which interfit snugly in assembly.
PAR  The floor surface produced by the tiles 18 may be perfectly smooth or may
      possess a granular texture. The tiles can be processed to provide an
      artificial grass surface for sports like tennis and football, in addition
      to other activities.
PAR  Briefly, the floor is set up by placing the deck sections 10 in parallel
      relation on a suitable base, such as sand or gravel. The tiles 18 are
      attached to the deck sections by inserting the locator pins 23 in the
      pilot openings 17 and by tapping or pressing the resilient connector studs
      20 into the locking channels or grooves 14, 15 and 16 of the extruded
      decking. Once assembled, the floor can be carried as a unit or in
      separated sections to the surface which has been prepared for it.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A floor for roller skating and similar activities comprising a deck
      formed of shaped parallel deck sections, and a multiplicity of juxtaposed
      tiles formed of plastics material resting on said sections and having
      connector studs on their bottoms for interlocking engagement with said
      deck sections, said deck sections consisting of separately formed
      elongated parallel members each having a base and an upper flat face
      portion, the upper flat face portion having plural parallel upwardly open
      channels, each of said tiles having a flat floor forming upper face and
      having plural spaced depending connector studs arranged in rows to enter
      said channels lockingly, each tile adapted to be assembled with at least a
      pair of said deck sections with at least one row of said connector studs
      lockingly engaged with a channel of one deck section and the other rows of
      studs engaged with channels of an adjacent deck section.
NUM  2.
PAR  2. A floor according to claim 1, wherein the marginal edges of the tiles
      have a wavy shape.
NUM  3.
PAR  3. A floor according to claim 1, wherein said connector studs are split
      vertically.
NUM  4.
PAR  4. A floor according to claim 1, and a plurality of depending locator pins
      on each tile engageable in locator openings of the deck sections for
      positioning tiles in relation thereto.
NUM  5.
PAR  5. A floor according to claim 1, wherein the top surface of each tile is
      smooth.
NUM  6.
PAR  6. A floor according to claim 1, wherein the top surface of each tile is
      granular.
NUM  7.
PAR  7. A floor according to claim 1, wherein the top surface of each tile is
      formed as artificial grass.
NUM  8.
PAR  8. A floor according to claim 1, wherein the general shape of each tile is
      square.
NUM  9.
PAR  9. A floor according to claim 1, wherein the general shape of each tile is
      polygonal.
NUM  10.
PAR  10. A floor according to claim 1, wherein each shaped deck section has leg
      portions terminating at their bottoms in flat base plates.
NUM  11.
PAR  11. A floor according to claim 1, wherein said deck sections are aluminum
      alloy extrusions.
NUM  12.
PAR  12. A floor according to claim 1, and at least one row of depending locator
      pins on each tile somewhat longer than said connector studs and parallel
      to the rows of studs and adapted to enter a like row of locator openings
      in said upper flat face portion of one of said deck sections.
NUM  13.
PAR  13. A floor according to claim 1, and said connector studs comprising
      divided stud bodies having enlarged tapered terminals on their lower ends
      adapted to be forced into the mouths of said channels and to subsequently
      expand therein and to become interlocked therewith.
NUM  14.
PAR  14. A floor according to claim 1, and each deck section having three of
      said channels, each tile being of the same width as the upper flat face
      portion of each deck section and having three of said spaced depending
      connector stud rows, whereby two rows of studs on each tile may enter two
      channels of one deck section and the third row of studs of that tile may
      enter one channel of an adjacent deck section to thereby interlock the
      adjacent deck sections in assembled relationship with said tiles.
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ABST
PAL  A pedestal mountable structural panel is formed by lamination of a series
      of wraps about a core. A sawtooth arrangement of the junctions of
      corresponding laminar members of consecutive wraps provides an attractive,
      sturdy assembly without the use of braces. Additionally, the laminar
      arrangement of the wraps renders the panel readily adaptable for pedestal
      mounting on legs formed by a laminar arrangement of elongated members,
      also without the use of braces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to structural panels and more particularly
      to panels formed from a laminar arrangement of members.
PAR  Aesthetics and strength tend to be exclusive characteristics in designing
      structural panels. This is particularly true where the panel is to be used
      in a load-bearing application, such as for tables, benches, patios or the
      like. Strength requirements in such applications are commonly met by the
      addition of bracing systems to improve stability. Addition of bracing,
      insofar as it imposes otherwise unnecessary structural requirements merely
      to meet the load-bearing criteria, is an undesirable limitation on design.
PAR  Accordingly, it is among the objects of this invention to provide a sturdy,
      load-bearing structural panel and a means for pedestal-mounting the panel
      which do not require bracing.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention a structural panel is provided which is
      formed by lamination of a series of wraps about a core. Each of the wraps
      is formed by serially joining the ends of members having a rectangular
      cross-section. In accomplishing the lamination, corresponding serial
      junctions of consecutive wraps are aligned in a sawtooth array.
PAR  In addition, one or more legs formed from a laminar arrangement of
      elongated members may also be provided for pedestal-mounting the panel.
      The panel and the legs are adapted for engagement together without the use
      of bracing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. A is a perspective view of an irregularly shaped structural panel
      assembled according to the basic method of the invention.
PAR  FIG. 1B is a perspective view of the panel of FIG. 1A in the unassembled
      state.
PAR  FIG. 2A is a perspective view of a triangular structural panel assembled
      according to the basic method of the invention and illustrating a
      variation thereof.
PAR  FIG. 2B is a perspective view of a triangular structural panel assembled
      according to the basic method of the invention and illustrating another
      variation thereof.
PAR  FIG. 3 is a perspective view of a kidney shaped structural panel.
PAR  FIG. 4A is an enlarged partial top view of a structural panel of irregular
      configuration.
PAR  FIG. 4B is an enlarged partial top view of another panel of irregular
      configuration.
PAR  FIG. 4C is an enlarged partial top view of another panel of irregular
      configuration.
PAR  FIG. 4D is an enlarged partial top view of another panel of irregular
      configuration.
PAR  FIG. 5A is a perspective view of a trapezoidal panel illustrating an
      alternative method of assembly.
PAR  FIG. 5B is a perspective view illustrating portions of the panel of FIG. 5A
      in the unassembled state.
PAR  FIG. 6 is a perspective view of a circular panel illustrating another
      alternative method of assembly.
PAR  FIG. 7A is an exploded perspective view of a rectangular pedestal mounted
      panel.
PAR  FIG. 7B is a perspective view of the completed pedestal mounted panel of
      FIG. 7A.
PAR  FIG. 7C is a partial perspective view illustrating an alternative method of
      assembling the pedestal mounted panel of FIG. 7A.
PAR  FIG. 8 is a perspective view of another type of pedestal.
PAR  FIG. 9 is a perspective view of one application of the method and panel of
      the invention.
DETD
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that it is not intended to limit the
      invention to that embodiment. On the contrary, it is intended to cover all
      modifications, alternatives, and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIGS. 1A and 1B illustrate an asymmetric pentagonal panel 10 in the
      assembled and unassembled states respectively.
PAR  Construction of the panel 10 begins with the formation of a core 11 which
      may be an integral member as shown, or may be an assembly of sub-members.
      Its configuration is similar to the desired configuration of the completed
      panel 10 in that the interior angles of the core 11 are identical to the
      corresponding interior angles of the completed panel 10. The core 11 is
      reduced in size as compared to the panel 10, however, and the reduction in
      size of the sides of the core 11 need not be proportional.
PAR  Once the core 11 is formed construction proceeds by a lamination of
      elongated wrap members to the consecutive clockwise or counterclockwise
      sides of the core 11. Each of the wrap members is rectangular in
      cross-section and has a top face, a bottom face, parallel interior and
      exterior side faces, and a pair of end faces. The interior angles formed
      by the end faces and the exterior side face of a given member are equal to
      the corresponding interior angles of the core 11. The determination of the
      length of the wrap members will hereinafter be explained.
PAR  For the structural panel 10 as shown, construction proceeds in the
      counterclockwise direction. A first member 13a is laminated to one side
      11a of the core 11. The counterclockwise end face of the member 13a lies
      at an angle .theta.ab with respect to its exterior side face, this angle
      being equal to the corresponding interior angle of the core 11 formed by
      the side 11a of the core 11 to which the member 13a is to be laminated and
      by its counterclockwise adjacent side 11b. The clockwise end face of the
      member 13a lies at an angle .theta.ea with respect to its exterior side
      face, this angle being equal to the corresponding interior angle of the
      core 11 formed by the side 11a of the core 11 to which the member 13a is
      to be laminated and by its clockwise adjacent side 11e. The first member
      13a is laminated to the side 11a of the core 11 so that its
      counterclockwise end face lies in the same plane as the next adjacent
      counterclockwise side 11b of the core 11 and its clockwise end face lies
      in a plane parallel to and beyond the plane of the next adjacent clockwise
      side 11e of the core 11, as can best be seen in FIG. 1A.
PAR  Returning to FIG. 1B and proceeding in the counterclockwise direction a
      second member 13b is then laminated to the side 11b of the core 11 which
      is counterclockwise adjacent the first side 11a of the core 11. The
      counterclockwise end face of the second member 13b lies at an angle
      .theta.bc with respect to its exterior side face, this angle being equal
      to the corresponding interior angle of the core 11. The clockwise end face
      of the second member 13b lies at an angle .theta.ab with respect to its
      exterior side face, this angle being equal to its corresponding interior
      angle of the core 11. The second member 13b is laminated to the second
      side 11b of the core 11 so that its counterclockwise end face lies in the
      same plane as the next adjacent counterclockwise side 11c of the core 11
      and its clockwise end face lies in a plane parallel to and beyond the
      plane of the next adjacent clockwise side 11a of the core 11.
PAR  Continuing in the counterclockwise direction, a third member 13c and a
      fourth member 13d may similarly be laminated to the succeeding adjacent
      third side 11c and fourth side 11d of the core 11 respectively.
PAR  Finally, the last member 13e is laminated to the remainding exposed side
      11e of the core 11. Its counterclockwise end face lies at an angle
      .theta.ea with respect to its exterior side face, this angle being equal
      to the corresponding interior angle of the core 11. The clockwise end face
      of the last member 13e lies at an angle .theta.de with respect to its
      exterior side face, this angle being equal to the corresponding interior
      angle of the core 11.
PAR  The last member 13e is laminated to the remaining side 11e of the core 11
      so that its counterclockwise end face lies in the same plane as the next
      adjacent counterclockwise side 11a of the core 11. Since the interior side
      of the first member 13a abuts, parallels and extends in a clockwise
      direction beyond the side 11the exterior of the core 11 to which it is
      laminated, the counterclockwise end face counterclockwise the last member
      13e will therefore abut the extending interior side of the first member
      13a, as can best be seen in FIG. 1A.
PAR  Looking back now to the determination of the lengths of the members of the
      first wrap 13, it can be seen that the lengths of their respective
      interior sides should be equal to the sum of the length of the respective
      side of the core 11 to which they are laminated plus the length of the
      counterclockwise end face of their respective preceeding clockwise member.
      Consequently theexterior side of any given member and the clockwise end
      face of the next adjacent countercloclwise member lie in the same plane.
PAR  It can be noted by reference to FIG. 1A that the result of this consecutive
      counterclockwise lamination of members to the sides of the core 11 is to
      serially join the ends of the members 13a, 13b, 13c, 13d and 13e to form a
      concentric wrap 13 about the core 11. By treating this core 11 along with
      the first wrap 13 as a new entity or core, and continuing to proceed in a
      counterclockwise direction, a second wrap 15 may be laminated about the
      core in similar fashion to the first. This process may be repeated as
      often as desired to laminate any number of wraps about the core 11.
PAR  As long as the width of the members of a single given wrap remains
      constant, the wrap will of course be concentric with the core 11. This is,
      however, not essential. The widths of the members may be varied to produce
      various aesthetic laminar effects. For example, FIG. 2A illustrates a
      triangular panel in which the widths of consecutive wraps varies while the
      widths of members of a given wrap are equal, and FIG. 2B illustrates a
      triangular panel in which the widths of members of a given wrap are
      varied.
PAR  Any panel shape, including kidney shaped panels such as the panel 30
      illustrated in FIG. 3, can be constructed in this fashion. It will be
      noted, however, that the lengths of the interior side faces of the member
      forming the indented portion of the kidney configuration are somewhat
      differently determined. That is, one of the indented members 33a will have
      an interior side face of length equal to the length of the side of the
      core to which it will be laminated, and the other indented member 33e will
      have an interior side face of length equal to the summation of the lengths
      of the side of the core to which it will be laminated minus the length of
      the adjacent face of the first indented member 33a plus the length of the
      adjacent end face of its other adjacent member 33d. However, be it kidney
      shaped or otherwise, the dimensions of each member of any panel to be
      formed by the consecutive clockwise or counterclockwise lamination of wrap
      members may be predetermined.
PAR  FIGS. 4A through 4D illustrate the possible configuration of member
      junctions of such a panel. In each instance, the length L of the exterior
      side face of a member x in wrap y is to be determined. The wrap preceding
      wrap y may be designated as wrap y-1, and members at either end of the
      member x designated as members x-1,  and x+1 respectively. The interior
      angles of the core which correspond to the junctions of members x and x-1
      and of members x and x+1 may be designated as .theta..sub.x:x.sub.- 1 and
      .theta..sub.x:x.sub.+ 1 respectively.
PAR  In FIG. 4A, it can be seen that the length L.sub.x.sbsb.y  of the exterior
      side face of member x.sub.y is equal to the summation of the length
      L.sub.x.sbsb.y .sbsb.1  of the exterior side face of the member x in wrap
      y-1 plus the lengths of the end faces of members (x-1).sub.y and
      (x+1).sub.y.sub.-1 which abut the interior side face of member x.sub.y
      plus the length increments resulting from the angular arrangement of the
      end faces of member x.sub.y. The length of the end face of member
      (x-1).sub.y is seen to be a function of its width W.sub.(x.sub.- 1)
      .sbsb.y, expressable as W.sub.(x.sub.-1) .sbsb.y/Sin .phi..sub.x:x.sub.-1,
      where .phi..sub.x:x.sub.-1 is equal to .phi..sub.x:x.sub.- 1. The length
      of the end face of member (x+1).sub.y.sub.- 1 is seen to be a function of
      its width W.sub.(x.sub.+1) .sbsb.y  .sbsb.1, expressable as
      W.sub.(x.sub.+1) .sbsb.y .sbsb.1/Sin .phi..sub.x:x.sub.+1, where
      .phi..sub.x:x.sub.+1 is equal to .theta..sub.x:x.sub.+1. The length
      increments from the angular arrangement of the end faces of members
      x.sub.y are a function of its width W.sub.x .sbsb.y, and may be expressed
      as W.sub.x.sbsb.y /Tan .theta..sub.x:x.sub.-1 and W.sub.x.sbsb.y
      /Tan.theta..sub.x:x.sub.+1. Thus, for the arrangement of FIG. 4A where
      0.degree.&lt; .theta. &lt; 90.degree., the length of the exterior side face of
      member x.sub.y may be defined as:
      ##EQU1##
      where .phi. is defined as .phi. = .theta..
PAR  Proceeding to FIG. 4B, where 90.degree..theta.&lt;180.degree., it can be seen
      that the length of member x.sub.y may be again defined by expression (1)
      where .phi. is defined as .phi. = 180.degree.-.theta..
PAR  In FIG. 4C, where 180.degree.&lt;.theta.&lt;270.degree., the procedure is again
      the same except that the length L.sub.x.sbsb.y of the exterior side face
      of member x.sub.y is decreased by the lengths of the end faces of members
      (x+1).sub.y and (x-1).sub.y.sub.-1 which abut the exterior side face of
      member x.sub.y.sub.-1. Consequently the length L.sub.x.sbsb.y of the
      exterior side face of member x.sub.y may be defined as:
      ##EQU2##
      where .phi. is defined as .phi. = .theta.-180.degree..
PAR  Finally, in FIG. 4D where 270.degree.&lt;.theta.&lt;360.degree., the length of
      member x.sub.y may be defined by expression (2) where .phi. is defined as
      .phi. = 360.degree. - .theta..
PAR  These expressions may be combined to provide a single expression from which
      the length L.sub.x .sbsb.y of any member x.sub.y may be determined, the
      expression being:
      ##EQU3##
      where:
PAR  L.sub.x.sbsb.y = the length of the exterior side face of a member x in wrap
      y;
PAR  L.sub.x.sbsb.y = the length of the exterior side face of the member in the
      wrap preceding wrap y which corresponds to the member x in wrap y or, when
      wrap y is the first wrap, the length of the side of the core to which the
      member x is laminated;
PAR  W.sub.(x.sub.-1).sbsb.y= the width of a member in wrap y having an end face
      abutting the interior side face of the member x in wrap y;
PAR  W.sub.(x.sub.+1).sbsb.y= the width of a member in wrap y having an end face
      abutting the exterior side face of the member in the wrap preceding wrap y
      which corresponds to the member x in wrap y;
PAR  W.sub.(x.sub.-1).sbsb.y .sbsb.1= the width of a member in the wrap
      preceding wrap y having an end face abutting the exterior side face of the
      member in the wrap preceding wrap y which corresponds to the member x in
      wrap y;
PAR  W.sub.(x.sub.+1).sbsb.y .sbsb.1= the width of a member in the wrap
      preceding wrap y having an end face abutting the interior side face of the
      member x in wrap y;
PAR  W.sub.x .sbsb.y= the width the member x in wrap y;
PAR  .theta..sub.x:x.sub.-1 = the interior angle formed by the sides of the core
      corresponding to the members x and x-1 respectively;
PAR  .theta..sub.x:x.sub.+ = the interior angle formed by the sides of the core
      corresponding to the members x and x+1 respectively;
PAR  .phi..sub.x:x.sub.-1 = .theta..sub.x:x.sub.-1 where
      0.degree.&lt;.theta..sub.x:x.sub.-1 &lt; 90.degree.;
      180.degree.-.theta..sub.x:x.sub.-1 where 90.degree.&lt;.theta..sub.x:x.sub.-1
      &lt; 180.degree.; .theta..sub.x:x.sub.-1 - 180.degree. where
      180.degree.&lt;.theta..sub.x:x.sub.-1 &lt;270.degree.; and 360.degree. -
      .theta..sub.x:x.sub.-1 where 270.degree.&lt;.theta..sub.x:x-1 &lt; 360.degree.;
      and
PAR  .phi..sub.x:x.sub.+1 =.theta..sub.xLx.sub.+1 where
      0.degree.&lt;.sub.x:x.sub.+1 &lt;90.degree.; 180.degree.-.theta..sub.x:x.sub.+1
      where 90.degree.&lt;.theta..sub.x:x.sub.+1 &lt; 180.degree.;
      .theta..sub.x:x.sub.+1 - 180.degree. where 180.degree.&lt;.sub.x:x.sub.+1 &lt;
      270.degree.; and 360.degree. - .theta..sub.x:x.sub.+1 where
      270.degree.&lt;.theta..sub.x:x.sub.+ 1 &lt;360.degree..
PAR  As was previously pointed out, the dimensions of every member of any panel
      to be constructed by this method can, by the expression above set-forth,
      be exactly determined. Consequently the method readily lends itself to a
      computerized assembly process.
PAR  One of the primary features contributing to the strength of panels
      constructed by this method should be now pointed out. Referring to FIGS.
      1A, 2A, 2B and 3 it can be seen that in every instance the corresponding
      serial junctions of members of consecutive wraps are aligned in a
      multiplicity of sawtooth arrays 21. This occurs because of the consistant
      procedure in either a cloclwise or counterclockwise direction in the
      lamination of all the members of all wraps in the same structural panel.
      This resulting arrangement of sawtooth arrays 21 is essential. A load
      applied to the surface of a panel so constructed is distributed more
      evenly among the members of the panel than is possible through the use of
      other types of junctions, such as miter joints.
PAR  The same effect of a sawtooth array 21 of serial junctions can be obtained
      in two special instances by a variation from the basic method hereinbefore
      disclosed.
PAR  The first of these is the case where the structural panel has some multiple
      of four sides, such as the trapezoidal panel 50 illustrated in FIG. 5A. As
      shown more clearly in FIG. 5B, the assembly process again begins with a
      core 51, the core 51 having a trapezoidal configuration similar to that of
      the panel 50. Lamination of wrap members to a panel having some multiple
      of four sides may be performed in an alternate side sequence, however, as
      opposed to the clockwise or counterclockwise sequence as before. In this
      instance a first member 53a may be laminated to one side 51a of the core
      51. A second member 53c would then be laminated to an alternate and in
      this case also opposite side 51c of the core 51. The length of the
      interior sides of the members 53a and 53c would be exactly equal to the
      length of their respective core sides 51a and 51c. The angles formed by
      the end faces and exterior side face of each of these members 51a and 51c
      are equal to the corresponding interior angles of the core 51. With the
      first and second members 53a and 53c laminated to the core 51, third and
      fourth members 53b and 53d may be added to the remaining alternate core
      sides 51b and 51d. The length of the interior side of each of these
      members 53b and 53d is equal to the sum of the length of the respective
      core side 51b and 51d to which it will be laminated plus the lengths of
      the end faces of their respective adjacent laminated members.
PAR  With the first wrap 53 about core 51 completed consecutive wraps may be
      added in similar fashion. It is essential, however, that consistency be
      maintained in laminating consecutive wraps. That is, the first alternated
      members of consecutive wraps must be laminated to the corresponding sides
      of the previous wrap. In this manner the sawtooth array 21 of serial
      junctions is preserved.
PAR  It should be noted that the alternate side variation of the basic method
      simplifies the construction process, particularly in the case of
      rectangular panel.
PAR  The second special situation occurs in the case of panels having an arcuate
      configuration, such as the circular panel 70 illustrated in FIG. 6. As in
      all other instances, construction of this panel 70 begins with a similary
      shaped core 71. Since there are no corners in the configuration, however,
      the number of members in each of the wraps 73, 75 and 77 is purely
      arbitrary. Selecting, arbitrarily, a three member wrap, the members 73a,
      73b and 73c of the first wrap 73 are consecutively laminated end face to
      end face to the core 71. The end faces of each of the members 73a, 73b and
      73c are radial planes of the core 71. The second wrap 75 is laminated to
      the first wrap 73 in similar fashion, but each of its members 75a, 75b and
      75c overlaps its corresponding member of the previous wrap 73 in either a
      clockwise or counterclockwise direction. The third wrap 77 is then
      similarly laminated to the second wrap 75, and its members 77a, 77b and
      77c overlap the corresponding members of the previous wrap 75 in the same
      direction as the members of the second wrap 75 overlapped the members of
      the first wrap 73. Any further number of wraps may of course be added. By
      proceeding in this fashion, the arrangement of corresponding serial
      junctions of the ends of the members of the wraps in a multiplicity of
      sawtooth arrays 21 is again preserved.
PAR  It should be noted that the end faces of the wrap members need not
      necessarily lie in radial planes emanating from the center of the core 71,
      provided any variation from the arrangement does not interrupt the
      sawtooth array 21 of serial junctions. But for any arcuate configuration
      it is preferred that the planes of the end faces be perpendicular to their
      respective tangents at the points of junction.
PAR  IT should now be apparent that even structural panels having combinations
      of straight and arcuate sides can be constructed according to the
      foregoing described method and the variations thereof. The adaptation of
      these structural panels for pedestal mounting will now be explained.
PAR  The laminar arrangement of wraps in a given panel makes pedestal-mounting
      of the panel a relatively simple operation. Turning to FIG. 7A, a
      rectangular structural panel 90 to be used as a table-top is illustrated.
      The panel 90 consists of a rectangular core 91 formed by the lamination of
      three core submembers 91a, 91b and 91c. About this core 91 are laminated
      seven wraps. It has been arbitrarily determined that aesthetic and
      stability criteria for the table require three pedestals to be located in
      the areas A, B and C indicated in FIG. 7A.
PAR  The formation of the pedestal is also a laminar process. Each pedestal
      consists of a laminar arrangement of short and long pedestal members. The
      length of the long pedestal members is equal to the desired height of the
      table-top. The length of the short pedestal members is equal to the
      difference between the length of the long pedestal members less the depth
      of the structural panel forming the table-top. The width of the
      consecutive individual pedestal members is equal to the width of the
      corresponding consecutive laminar members of the structural panel in the
      area in which the pedestal is to be mounted.
PAR  For example, presume that the pedestal 110 to be mounted in area A shown in
      FIG. 7A is to be one member wide and three members deep. The pedestal 110
      may be formed by a laminar arrrangement of two long members 111 and 115
      and a short member 113. The width of these pedestal members 111, 113 and
      115 will be equal to the width of the corresponding consecutive laminar
      members 97, 99 and 101 in the area A in which the pedestal 110 is to be
      mounted. In constructing the panel 90, portions of the two members 97 and
      101 which correspond to the long pedestal members 111 and 115 are removed.
      The length of the removed portions is equal to the depth of the long
      pedestal members 111 and 115. The result is the formation of a series of
      plugs 117 on the top of the pedestal 110 and the formation of a series of
      corresponding sockets 119 in the panel 90. The plugs 117 of the completed
      pedestal may thus be inserted in the sockets 119 to secure the pedestal
      110 to the panel 90. Since the difference in the lengths of the long and
      short pedestal members is equal to the depth of the panel, the top end of
      the long pedestal members 111 and 115 will become a part of the top
      surface of the panel 90 while the bottom surface of the panel 90 rests on
      the top end of the short pedestal member 113. Proceeding to the remaining
      pedestals, in this case the pedestal to be mounted in area B shown in FIG.
      7A is identical to the above described pedestal 110. The pedestal 130 to
      be mounted in area C, however, is two members wide and thirteen members
      deep, as shown in FIG. 7C. Nevertheless, the same laminar method of
      construction applies, providing a series of plugs 131 along the top of the
      pedestal 130. Corresponding sockets 133 are provided in the panel.
      Insertion of the preformed pedestals in the sockets completes the
      structure as shown in FIG. 7B.
PAR  Preforming the pedestal for mounting on the panel as above described is
      preferable only if the material and tools to be used permit exact
      dimensional results. If this is not the case, then the pedestal should be
      laminated to the panel during the panel construction process. For example,
      referring to FIGS. 7A and 7C, as the core 91 of the panel 90 is being
      assembled, construction of the pedestal 130 is simultaneously initiated.
      The core submembers 91a, 91b and 91c are laminated with portions of the
      appropriate submembers 91b and 91c being removed. Long pedestal members
      137a and 137b are laminated in the space provided in one of the core
      members 91b, completing that core member 91b. Short pedestal members 135a
      and 135b are then laminated to the long pedestal members with one end
      abutting the bottom surface of the panel 90. Long pedestal members 139a
      and 139b can then be laminated to the short pedestal members in the space
      provided in the other core member 91c, completing the core 91. Consecutive
      wraps may now be laminated about the core 91 according to the methods and
      variations hereinbefore described, with further pedestal members being
      simultaneously added as required.
PAR  It should be noted that the pedestal need not necessarily be mounted at
      right angles with respect to the panel. Furthermore, almost any
      arrangement of pedestal members is possible, including various multiples
      of members in width and depth, and even offset arrangement as shown in
      FIG. 8.
PAR  Finally it should be apparent that the pedestal mounted application of the
      structural panels can be broadened to construct many various types of
      furnishings. As a simple example, referring to FIG. 9, if the long
      pedestal members 151 of a given table structure 150 are extended, then
      several panels may be mounted in spaced relationship on the same pedestal
      members 151. Carrying the concept to its fullest extent, any selected
      member of a wrap in a panel can be replaced in whole or in part by a
      laminar arrangement of members transversely disposed through the panel. To
      illustrate this, a laminar rear wall 153 has been added to the structure
      of FIG. 9.
PAR  The result of this type of construction is an unusually strong structure
      which uses no braces or otherwise unnecessary members.
PAR  The members used may be of any suitable material, such as wood, plastic or
      metal, and lamination may be accomplished by any of a variety of methods
      including but not limited to nailing, screwing, glueing or welding.
PAR  Thus it is apparent that there has been provided, in accordance with the
      invention, a sturdy and aesthetically pleasing structural panel, usable on
      pedestal or without, and a method of constructing the panel and pedestals
      that fully satisfies the objects, aims and advantages set forth above.
      While the invention has been described in conjunction with specific
      embodiments thereof, it is evident that many alternatives, modifications,
      and variations will be apparent to those skilled in the art in light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A structural panel comprising:
PA1  a core having at least three sides; and
PA1  a series of wraps consecutively laminated about said core, each of said
      wraps being formed from members having their ends serially joined, one end
      face of each of said members abutting the side face of the end of the
      consecutive member of the same wrap, the corresponding serial junctions of
      said consecutive wraps being aligned in a sawtooth array.
NUM  2.
PAR  2. The structural panel of claim 1, said core comprising a laminar
      arrangement of sub-members.
NUM  3.
PAR  3. The structural panel of claim 1 further comprising:
PA1  at least one pedestal formed from a laminar arrangement of long members and
      short members, the widths of consecutive laminar pedestal members being
      equal to the widths of selected consecutive laminar wrap members, said
      arrangement of long and short pedestal members providing an array of plugs
      on the upper end of said pedestal; and
PA1  an array of sockets in the panel, said sockets being disposed in the ones
      of said selected consecutive laminar wrap members corresponding to said
      long members of said pedestal.
PA1  said plugs being disposed in said sockets to secure said pedestal to the
      panel.
NUM  4.
PAR  4. The structural panel of claim 3 wherein the depth of said plugs is equal
      to the depth of the panel.
NUM  5.
PAR  5. A laminated structural panel comprising:
PA1  a core having a configuration similar to the configuration of the
      structural panel;
PA1  a first wrap having
PA1  a first member having parallelly disposed interior and exterior side faces,
      said interior side face being bonded to one side face of said core, and
      having end faces, one of said end faces being disposed in the same plane
      as the corresponding adjacent side of said core and the other of said end
      faces being disposed in a plane parallel to the plane of the other
      corresponding adjacent side of said core;
PA1  at least one intermediate member having parallelly disposed interior and
      exterior side faces, said interior side face being bonded to another side
      face of said core and to the end face of an adjacent member disposed in
      the same plane, and having end faces, one of said end faces being disposed
      in the same plane as the corresponding adjacent side of said core and the
      other of said end faces being disposed in the same plane as the exterior
      side face of said adjacent member; and
PA1  a closing member having parallelly disposed interior and exterior side
      faces, said interior side face being bonded to the remaining exposed side
      face of said core and to the end face of an adjacent wrap member disposed
      in the same plane, and having end faces, one of said end faces being
      disposed in the same plane as the corresponding adjacent side of said core
      and being bonded to the interior side face of said first member, the other
      of said end faces being disposed in the same plane as the exterior side
      face of said adjacent wrap member.
PA1  said exterior side faces of said first, intermediate and closing members
      and said end faces of said members disposed in the respective planes of
      said exterior side faces of adjacent wrap members completing a continuous
      smooth surface parallel to the sides of said core; and
PA1  a second wrap having a first member, at least one intermediate member, and
      a closing member, each of said members having a configuration similar to
      the configuration of the corresponding member of said first wrap, the
      interior side faces of said second wrap members being bonded to the
      exterior side faces of the corresponding first wrap members and to the end
      faces of corresponding adjacent second wrap members, the exterior side
      faces of said first, intermediate and closing members of said second wrap
      and the end faces of said members disposed in the respective planes of the
      exterior side faces of adjacent second wrap members completing a
      continuous smooth surface parallel to the sides of said core, the end
      faces of adjacent members of said first wrap forming a sawtooth seam with
      the end faces of corresponding adjacent members of said second wrap.
NUM  6.
PAR  6. A rectangular laminated structural panel comprising:
PA1  a rectangular core;
PA1  a first wrap having
PA1  a first rectangular member having parallelly disposed interior and exterior
      side faces and parallelly disposed end faces, said interior side face
      being bonded to one side face of said core and said end faces being
      disposed in the same planes as their corresponding adjacent side faces of
      said core;
PA1  a second rectangular member having parallelly disposed interior and
      exterior side faces and parallelly disposed end faces, said interior side
      face being bonded to the side face of said core opposite said first
      rectangular member and said end faces being disposed in the same planes as
      their corresponding adjacent side faces of said core;
PA1  a third rectangular member having parallelly disposed interior and exterior
      side faces and parallelly disposed end faces, said interior side face
      being bonded to a third side face of said core and to the end faces of
      said first and second members disposed in the same plane as said third
      side face of said core, said end faces of said third member being disposed
      in the same planes as their corresponding exterior side faces of said
      first and second members; and
PA1  a fourth rectangular member having parallelly disposed interior and
      exterior side faces and parallelly disposed end faces, said interior side
      face being bonded to the side face of said core opposite said third
      rectangular member and to the end faces of said first and second members
      disposed in the same plane therewith, said end faces of said fourth member
      being disposed in the same planes as their corresponding exterior side
      faces of said first and second members; and
PA1  a second wrap having a first rectangular member having parallelly disposed
      interior and exterior side faces and parallelly disposed end faces, said
      interior side face being bonded to the exterior side face of said first
      member of said first wrap and to the end faces of said third and fourth
      members of said first wrap disposed in the same plane therewith, said end
      faces of said first member of said second wrap being disposed in the same
      planes as their corresponding exterior side faces of said third and fourth
      members of said first wrap;
PA1  a second rectangular member having parallelly disposed interior and
      exterior side faces and parallelly disposed end faces, said interior side
      face being bonded to the exterior side face of said second member of said
      first wrap and to the end faces of said third and fourth members of said
      first wrap disposed in the same plane therewith, said end faces of said
      second members of said second wrap being disposed in the same planes as
      their corresponding exterior side faces of said third and fourth members
      of said first wrap;
PA1  a third rectangular member having parallelly disposed interior and exterior
      side faces and parallelly disposed end faces, said interior side face
      being bonded to the exterior side face of said third member of said first
      wrap and to the end faces of said first and second members of said second
      wrap disposed in the same plane therewith, said end faces of said third
      member of said second wrap being disposed in the same planes as their
      corresponding exterior side faces of said first and second members of said
      second wrap; and
PA1  a fourth rectangular member having parallelly disposed interior and
      exterior side faces and parallelly disposed end faces, said interior side
      face being bonded to the exterior side face of said fourth member of said
      first wrap and to the end faces of said first and second members of said
      second wrap disposed in the same plane therewith, said end faces of said
      fourth member of said second wrap being disposed in the same planes as
      their corresponding exterior side faces of said first and second members
      of said second wrap.
NUM  7.
PAR  7. A laminated structural panel comprising:
PA1  a core having a configuration similar to the configuration of the panel and
      having n sides;
PA1  a series of wraps laminated about said core, each of said wraps having n
      members of rectangular cross section having their ends serially joined,
      each of said members having parallelly disposed exterior and interior side
      faces and having end faces, each of said members having one of said end
      faces abutting a side face of one of said members to which it is serially
      joined and having the other of said end faces disposed in the same plane
      as a side face of the other of said members to which it is serially
      joined;
PA1  the length of said exterior side face of any member of any wrap being
      determined as:
      ##EQU4##
      where: L.sub.x .sbsb.y  = the length of the exterior side face of a member
      x in wrap y;
PA1  L.sub.x .sbsb.y .sbsb.1 = the length of the exterior side face of the
      member in the wrap preceding wrap y which corresponds to the member x in
      wrap y or, when wrap y is the first wrap, the length of the side of the
      core to which the member x is laminated;
PA1  W.sub.(x.sub.-1).sbsb.y = the width of a member in wrap y having an end
      face abutting the interior side face of the member x in wrap y;
PA1  W.sub.(x.sub.+1).sbsb.y = the width of a member in wrap y having an end
      face abutting the exterior side face of the member in the wrap preceding
      wrap y which corresponds to the member x in wrap y;
PA1  W.sub.(x.sub.-1).sbsb.y .sbsb.1 = the width of a member in the wrap
      preceding wrap y having an end face abutting the exterior side face of the
      member in the wrap preceding wrap y which corresponds to the member x in
      wrap y;
PA1  W.sub.(x.sub.+1).sbsb.y .sbsb.1 = the width of a member in the wrap
      preceding wrap y having an end face abutting the interior side face of the
      member x in wrap y;
PA1  W.sub.x.sbsb.y = the width of the member x in wrap y;
PA1  .theta..sub.x:x.sub.-1 = the interior angle formed by the sides of the core
      corresponding to the members x and x-1 respectively;
PA1  .theta..sub.x:x.sub.+1 = the interior angle formed by the sides of the core
      corresponding to the members x and x+1 respectively;
PAR  .phi..sub.x:x.sub.-1 = .theta..sub.x:x.sub.-1 where
      0.degree.&lt;.theta..sub.x:x.sub.-1 &lt; 90.degree. ;
      180.degree.-.theta..sub.x:x.sub.-1 where 90.degree.&lt;.theta..sub.x:x.sub.-1
      &lt; 180.degree.; .theta..sub.x:x.sub.-1 - 180.degree.where
      180.degree.&lt;.theta..sub.x:x.sub.-1 &lt; 270.degree.; and 360.degree. -
      .theta..sub.x:x.sub.-1 where 270.degree.&lt;.theta..sub.x:x.sub.-1
      &lt;360.degree.; and
PAR  .phi..sub.x:x.sub.+1 = .theta..sub.x:x.sub.+1 where
      0.degree.&lt;.theta..sub.x:x.sub.+1 &lt; 90.degree. ;
      180.degree.-.theta..sub.x:x.sub.-1  where
      90.degree.&lt;.theta..sub.x:x.sub.+1 &lt; 180.degree. ; .theta..sub.x:x.sub.+1 -
      180.degree. where 180.degree.&lt;.theta..sub.x:x.sub.+1 &lt;270.degree.; and
      360.degree. - .theta..sub.x:x.sub.+1 where
      270.degree.&lt;.theta..sub.x:x.sub.+1 &lt;360.degree. .
NUM  8.
PAR  8. A polysided structural panel comprising:
PA1  a polysided core having a configuration similar to the configuration of the
      structural panel; and
PA1  a series of wraps consecutively laminated aobut said core, each of said
      wraps being formed from a number of members equal to the number of sides
      of said polysided core, said members of each of said wraps having their
      ends serially joined, the corresponding serial junctions of said
      consecutive wraps being aligned in a sawtooth array.
NUM  9.
PAR  9. The structural panel of claim 1, said polysided core having an even
      number of sides and the end faces of alternate ones of said members of
      each of said wraps abutting a side face of adjacent members of the same
      wrap.
NUM  10.
PAR  10. The structural panel of claim 1, one end face of each of said members
      of each of said wraps abutting a side face of the adjacent member of the
      same wraps.
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ABST
PAL  A muntin bar unitary frame for disposition in confronting planar
      relationship to a glass pane to provide a visual appearance of the window
      glazing generally that of a divided glass assembly. The muntin bar unitary
      frame has a plurality of bars arranged in a desired pattern, with each of
      the bars being hollow with an internal central planar strengthening web
      defining a pair of tubular cavities and with a cross-joint where two bars
      intersect being formed by cutting of the two bars and reducing the
      thickness of the central web of the two bars to bring the central web
      surfaces in juxtaposed relation for bonding of the bars together. The
      planar walls of a bar for disposition adjacent glass panes each have
      raised ribs along the edge thereof to prevent contact of the planar walls
      with the surfaces of the glass panes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the art of windows embodying fixed or ventilator
      sash or fixed glazing in a wall structure, such as may be suitable for
      residential, apartment, commercial or other types of buildings. More
      specifically, the invention relates to the formation and application of a
      muntin bar unitary frame forming a decorative grille or lattice and for
      positioning in confronting planar relationship to a glass pane to provide
      a visual appearance for the window of a divided glass assembly, such as in
      a window of Colonial, Georgian, or other architectural tradition.
PAR  Location of a muntin bar unitary frame in confronting and planar
      relationship to a large glass pane, or inside of a multiple pane
      insulating glass unit, is common practice. This invention relates
      specifically to the design and structural formation of such a frame.
PAR  Heretofore decorative frames intended to simulate the appearance of muntin
      bars have been die-moulded in thermoplastic material and have been quite
      practical in application to window sash. Due to the very wide range of
      sash shapes and sizes now required, particularly for large glass areas,
      and, in turn, high tooling costs, one-piece moulded plastic frames are
      generally uneconomical for residential-type windows.
PAR  In residential construction, the use of windows glazed with hermetically
      sealed double pane insulating glass units is rapidly increasing. By
      positioning an insert type divider grille or muntin bar unitary frame in
      the cavity between the glass panes, the visual appearance of the glazed
      window sash may be that of a multiple pane unit, yet the inside and
      outside glass surfaces are large, flat and easy to clean. It has been
      common practice to manufacture insert type divider frames from plastic
      extrusions of tubular bar formation. Such frames may comprise several
      overlapping and mortised diagonal bars, or vertical and horizontal
      crossjointed bars, united at the ends thereof to a perimetrical edge bar
      structure. Frames of such type may include several bar members and joints
      which limit rigidity and strength; require precise and painstaking
      assembly, including difficult bonding procedures; and very careful
      handling when coordinating same with a process of manufacturing insulating
      glass units. Accordingly, production costs are excessive for
      rectangular-shaped units, and uneconomical for frames of diamond
      configuration.
PAC  SUMMARY
PAR  A primary feature of the invention is to provide a muntin bar unitary frame
      made of tubular bars to minimize the cost of material used in the bars and
      with a design thereof which facilitates assembly of a plurality of bars
      into a desired pattern and which enhances the appearance of the frame in
      use.
PAR  All of the bars used in the muntin bar unitary frame are of the same basic
      construction having a generally rectangular cross-section with a central
      strengthening web defining a pair of tubular cavities extending lengthwise
      of the bar. This structure provides for a cross-joint between intersecting
      bars wherein the two bars are appropriately cut for interfitting and with
      the central web of each being reduced in thickness to have the cross-joint
      no thicker than the thickness of a single bar with the surfaces of both
      central webs providing a large area of abutting contact for receiving
      adhesive or cement for bonding the bars together and providing a strong
      joint facilitating handling and installation of the muntin bar unitary
      frame within an insulating glass unit and further providing increased
      strength for unsupported ends of the bars.
PAR  The bars of the muntin bar unitary frame are preferably formed of extruded
      rigid plastic, such as vinyl, with the cross-sectional shape thereof being
      generally rectangular and having a pair of planar walls which may have a
      selected width for the desired proportioning to conform with the frame
      pattern size of the glass panes and sash and the style or type of window.
      The bar can be extruded generally true to shape, without deformation when
      cooling in the extrusion process, but additionally is provided with raised
      ribs at both edges of the planar walls to permit only minimal contact with
      the surfaces of adjacent glass panes and to insure lack of contact between
      a glass pane and a planar wall of the bar to preclude light diffusion and
      trapped air spaces between the glass and the bar.
PAR  With the structure described herein, a muntin bar unitary frame mayhh be
      easily manufactured, with economical use of materials, and with adequate
      strength to avoid requirements for external or marginally surrounding
      frame elements. In the assembly, an adhesive or cement may be placed
      between the related surfaces of the central webs of reduced thicknesses,
      whereby there is no run-out of adhesive and which eliminates cleanup
      problems with currently existing muntin bar unitary frames wherein the
      adhesive is placed between exposed surfaces of intersecting bars.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an outside view of a window sash, glazed with an insulating glass
      pane containing a muntin bar unitary frame in rectangular pattern;
PAR  FIG. 2 is an outside view of a window sash, glazed with an insulating glass
      pane containing a muntin bar unitary frame in diamond pattern;
PAR  FIG. 3 is an enlarged cross section of the insulating glass pane, separate
      from the sash frame, taken on the arrowed line 3--3 in FIG. 1, and showing
      parts of the muntin bar unitary frame in the glass pane cavity;
PAR  FIG. 4 is a fragmentary vertical section of a portion of the muntin bar
      unitary frame, separate from the insulating glass pane, taken on the
      arrowed line 4-4 in FIG. 1, and
PAR  FIG. 5 is a fragmentary horizontal section of a portion of the muntin bar
      unitary frame, separate from the insulating glass pane, taken on the
      arrowed line 5--5 in FIG. 1.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A sash frame 10 is shown in FIGS. 1 and 2 which may be used as either a
      fixed or movable window unit and which is the same sash frame but which
      has different patterns of muntin bar unitary frame structure associated
      therewith. The sash 10 has a glass sight line 12 and, as shown
      particularly in FIG. 3, the glazing is an insulating glass unit having
      spaced-apart glass panes 14 and 16 retained in spaced relationship by a
      peripheral tubular spacer frame 18 which is hermetically sealed around its
      perimeter and between the faces of the glass panes 14 and 16 at their
      edges with an elastomeric adhesive sealant 20.
PAR  A function of the adhesive sealant 20 is to prevent migration of moisture
      vapor into the cavity between the glass panes 14 and 16. The structural
      formation as well as the general shape of the sash is not pertinent to the
      invention disclosed herein; however, the insulating glass unit, as shown
      in FIGS. 1 to 3, is particularly suitable for use therewith of the muntin
      bar unitary frame embodying the invention disclosed herein.
PAR  The muntin bar unitary frame having a generally rectangular pattern, is
      indicated generally at 22 in FIG. 1. This frame has a vertical bar 24
      extending for the height thereof and a plurality of vertically spaced
      horizontal bars 26 which are assembled together in a manner to be
      described in order to form the rectangular pattern shown in FIG. 1. An
      alternate style, such as a diamond style muntin bar unitary frame, is
      indicated generally at 28 in FIG. 2 wherein a plurality of diagonally
      arranged bars 30 are disposed in the relation shown in FIG. 2 to provide
      the diamondstyle. The bars 24, 26 and 30 are in the form of an extruded
      rigid plastic, such as vinyl or other suitable material, in order to have
      stability and particularly resistance to deflection as well as being of
      light weight and being attractive in appearance. Each of the bars 24, 26
      and 30 is of the same structural design with the shape of the bar 24 being
      shown in cross section in FIG. 3. The bar is of a generally rectangular
      cross section, having a pair of planar edge walls 32 interconnected by a
      pair of planar walls 34 arranged to be closely adjacent to the inner
      surfaces of the glass panes 14 and 16. The bars are generally hollow, with
      a continuous central planar strengthening web 36 extending generally
      parallel to the planar walls 34 and defining two cavities 38 therebetween
      which extend lengthwise of the bar.
PAR  A pair of ribs 40 extend outwardly from each of the planar walls 34 to, in
      effect, recess the face of the planar wall at an assured distance from the
      inner face of the glass panes 14 and 16.
PAR  As will be seen in FIGS. 1, 4 and 5, the plurality of horizontal bars 26
      intersect the vertical bar 24 at cross-joints which are formed as shown
      particularly in FIGS. 4 and 5. The central strengthening webs 36 of the
      vertical bar 24 and the horizontal bar 26 are of a sufficient width
      whereby the thickness of each can be reduced approximately by 50%, which
      still leaves a complete tubular section with a cavity 38 and which
      provides strength for the bar and wherein, additionally, the cross-jointed
      bars may be brought together and with the entire thickness of the
      cross-joint being no greater than the thickness of one of the bars. In
      manufacture, a machining or cutting operation cuts through a planar wall
      34 and both edge walls 32 of a bar and also removes approximately half the
      thickness of the central web. A corresponding cut is made through the
      other bar whereby the two bars may be assembled as shown in FIGS. 4 and 5.
PAR  The opposed surfaces of the two central webs 36 which have been reduced in
      thickness at the cross-joint are placed in abutment, as indicated at 42,
      to provide a relatively large area for bonding of the bars together by
      placement of a bonding agent, such as an adhesive or contact cement
      therebetween.
PAR  In FIG. 2, the diagonally crossed bars 30 are cross-jointed in the same
      manner as described, with the cuts through the planar walls 34 being at an
      angle to the length of the bar, rather than normal thereto in the
      rectangular pattern arrangement of FIG. 1. The ends 46 of the bars 30 may
      be machined and half lapped through the central strengthening webs 36 and
      joined by an adhesive or contact cement.
PAR  It is practical to insert a muntin bar unitary frame as described in a
      one-half inch width space between glass panes. Although given as an
      example and not intended to be limiting, the bars 24, 26, and 30 can have
      the edge walls 32 and planar walls 34 approximately 0.040 inch thick, with
      the central strengthening web 36 being approximately 0.080 inch thick. The
      ribs 40 may protrude approximately 0.020 inch from the external face of
      the planar walls 34 and the overall thickness across the external rib
      edges should be about 0.040 inch less than the related width of the
      internal space between the glass panes 14 and 16. The width of the bars
      24, 26 and 30 and, specifically the width as defined by a planar wall 34,
      may be suitably proportioned to conform with the frame pattern, size of
      the glass panes and the sash as well as the style or type of window. In
      one example as shown in FIG. 3, the width is 3/4 of an inch relative to a
      one-half inch glass space.
PAR  As shown in FIG. 3, the ends of the bars 24 are spaced from confronting
      faces of the tubular spacer frame 18 to permit longitudinal expansion of
      the bars within the insulating glass cavity. All muntin bars should be
      dimensioned to allow for thermal expansion.
PAR  In assembling the insulating glass unit and the muntin bar unitary frame,
      the latter is first completely preassembled. A preassembled tubular spacer
      frame 18 is placed around the marginal edges of one of the glass panes 14
      and 16 and then the muntin bar unitary frame is placed on the glass pane
      inside of the spacer frame 18. A second glass pane is then placed in
      position and the glass assembly hermetically sealed by the sealant 20
      applied around the perimeter thereof, with the muntin bar unitary frame
      captured therebetween. It is then possible to clean the exposed faces of
      the glass panes 14 and 16, without any contact with the muntin bar unitary
      frame. As pointed out above, the dimension of a bar from tips of opposite
      ribs 40 is slightly less than the glass cavity space and, additionally,
      the ribs function to avoid contact of the planar walls 34 with the
      internal surface of the glass panes 14 and 16. It is thus possible to have
      uniform conditions within the interior of the insulating glass unit and to
      have uniform appearance of the muntin bar unitary frame between the glass
      panes without random contact of the planar walls 34 with the internal
      surfaces of the glass panes. The sealing of intersecting bars at a
      cross-joint is done entirely internally and hidden from view and, thereby
      there are no cleanup problems with respect to the use of an adhesive or
      contact cement in assembling the muntin bar unitary frame.
CLMS
STM  I claim:
NUM  1.
PAR  1. A muntin bar unitary frame comprising a plurality of bars arranged in a
      desired pattern with at least one cross-joint wherein two of said bars
      intersect, each of said bars being hollow with a central planar
      strengthening web defining a pair of tubular cavities extending lengthwise
      thereof, said central web of each bar having a thickness to have a part
      thereof at each side of a longitudinal central plane of the bar, and said
      central web of two bars at a cross-joint being reduced in thickness by
      removal of a part at one side of a longitudinal central plane to provide
      juxtaposed planar bonding surfaces meeting along said longitudinal central
      plane and with the thickness of the frame at the cross-joint being
      substantially the same as that of a single bar.
NUM  2.
PAR  2. A muntin bar unitary frame as defined in claim 1 wherein the central
      strengthening web has a thickness approximately twice that of the
      peripheral wall of the bar.
NUM  3.
PAR  3. A muntin bar unitary frame positionable between spaced glass panes of an
      insulating glass unit comprising a plurality of generally rectangular
      elongate bars arranged in a desired pattern with at least one cross-joint
      wherein two of said bars intersect, each of said bars having a pair of
      opposite planar walls positionable one adjacent each of said spaced glass
      panes and a central internal planar strengthening web parallel to said
      planar walls and defining a pair of elongate tubular cavities located one
      at either side of said central web, said central web of each bar having a
      thickness sufficient whereby the thickness of the central webs of two bars
      at an overlapping cross-joint are reduced to interfit two intersecting
      bars with mechanical interlocking of said bars by edge contact of said
      central webs where they overlap and with the opposed planar surfaces of
      said two central webs at the cross-joint providing abutting planar surface
      areas for bonding together to hold the bars in assembled relation.
NUM  4.
PAR  4. A muntin bar unitary frame as defined in claim 3 wherein said bars are
      of extruded rigid plastic and a pair of ribs extend outwardly one from
      each edge of a planar wall to prevent contact between a planar wall and
      the adjacent glass pane.
NUM  5.
PAR  5. A muntin bar unitary frame having a plurality of elongate extruded
      plastic bars arranged in a desired pattern, each of said bars being of a
      hollow generally rectangular cross-section with a pair of external planar
      walls and a central strengthening web parallel to said planar walls, said
      central web extending across the width of the bar to define a pair of
      tubular cavities therebetween, at least one cross-joint where two of said
      bars intersect and each of said bars being cut to an equal depth at said
      cross-joint to interfit and with the central web of each of said bars
      being reduced in thickness at the cross-joint to have the bars overlap
      with the thickness at the overlap being no greater than the thickness of a
      bar, and said central webs having opposed planar surfaces at the
      cross-joint in face-to-face relation and bonded together to hold the bars
      in assembled relation.
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ABST
PAL  A truss structure having upper and lower chords joined by metal web members
      in which at least one of the chords consists of parallel wood members and
      the joint means connecting the metal web member to the wood members
      includes; a pair of metal fastener plates having a drawn opening
      therethrough forming an annular flange fastened to the inside faces of the
      wood members and a metal load transfer members inserted through an opening
      in the metal web member, the opening in each of the plates and into
      counter sunk openings in the wood members. Modified forms of the invention
      include the addition of prong plates, and a metal sleeve between the pin
      and the opening in the plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The truss as a structural member for use in bridges and buildings has been
      well known for well over one hundred years. All-wood trusses and all-steel
      trusses have come into wide usage. The use of composite trusses which
      utilize wood chord members and steel web members first came into
      commercial usage about 15 years ago. These trusses may be found in the
      teachings of Troutner U.S. Pat. No. 3,422,591 and Birkemier U.S. Pat. No.
      3,570,204. The steel web members are connected to the wood chords at the
      joints by a simple round pin which penetrates a transverse bore in the
      wood. Although the pin and the steel web members are obviously capable of
      attaining very high stresses, designers have been limited in taking
      advantage of these high stress valves because the wood chord has a
      tendency to split at the joint. While the low value joint due to wood
      chord splitting has been an obvious and well identified problem for the
      past 15 years, the truss industry has not solved the problem. Much
      activity, in the meantime, has occured in designing special end joint
      fittings, many of which are covered by patents, but the problem of chord
      splitting in trusses which have "bolt-through-wood" joints has remained up
      to the time of the present disclosure.
PAR  "Obvious" solutions of encapsulating the wood chords in steel at the joints
      to prevent wood splitting have proved impractical in terms of material
      cost, manufacturing costs, and installation costs for medium and heavy
      trusses.
PAC  SUMMARY OF THE INVENTION
PAR  The gist of the present invention is the use of light weight sheet metal
      fastener plates or prong plates to transfer the web loads to the wood
      chord instead of the classic metal pin.
PAR  The basic metal load transfer member and prong plate combination of the
      present invention gives tested allowed values for a given amount of metal
      which are twice the allowed International Conference of Building Officials
      (ICBO) values, for the prior art "bolt-through-wood" joint.
PAR  The use of the present invention "drawn opening and prong plate"
      combination leads to a higher design value, not merely because of the
      "metal to metal" bearing of the metal load transfer member to the plate,
      but primarily because the end-grain value in respect to the area section
      of the bolt bearing upon the wood is no longer the limiting factor. The
      wedge-split failure of the wood at the joint is no longer the first point
      of failure. In many designs, use of the prong plate permits use of a lower
      grade of wood for the chords.
PAR  The prong plate not only provides load transfer into the wood, but it also
      strengthens the true end-grain bearing value of the bolt to wood by
      resisting splitting at the joint. A distinct commercial advantage can be
      achieved since it is feasible to use the same size prong plate for light,
      medium, and heavy trusses. The same prong plate can be used for two 2
      .times. 4's, two 2 .times. 6's or even two 2 .times. 8's.
PAR  An unexpected advantage of the prong plate is the fact that the pivot joint
      no longer must be at the chord center. The metal web length can be
      shortened and considerable savings in metal weight and web cost can be
      effected.
PAR  Since the prong plate distributes the joint load over a greater area of the
      wood chord, there is less concern for wood imperfections such as knots at
      the joint area than in the typical "bolt-through wood" joint.
PAR  The present invention, in addition to doubling the allowed design force
      values at the joint, also contributes to the performance of the structure
      as a whole truss system. The examples set forth below show an actual metal
      savings of 29 percent in three "typical" trusses as compared with the
      prior art trusses of "pin-through-wood" joint designs even though the
      present invention is adding a metal plate at each and every joint in the
      truss structure. Comparisons of metal weight are of course meaningless
      unless actual dollar savings is achieved. The cost savings objective has
      been achieved in the truss described herein as a whole, through lower
      material costs which outweigh the slight increase in labor costs in
      preparing the new joint assembly.
PAR  The comparisons detailed herein with prior art trusses were based on
      "equal" trusses; i.e., depth of joint, size of the top and bottom chords
      and panel point spacings were the same. It is expected that far more
      significant savings can be achieved by taking full advantage of the higher
      joint values achieved in the present disclosure. Other advantages of the
      present disclosure are: lower wood costs, further apart spacing, less
      restriction imposed by the l/r ratio of the webs as columns due to the
      shorter length, and longer truss spans. It is expected that the use of
      trusses designed according to the present invention will result in
      indirect savings to the buildings as a whole which are of far greater
      mangnitude than those related to the truss savings themselves.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a typical joint assembly for a
      medium or heavy duty truss constructed in accordance with the present
      invention.
PAR  FIG. 2 is a perspective view of a portion of a medium truss resting upon a
      wall or other support. the construction of the joint assemblies in both
      the top and bottom chords is identical to the joint assembly shown in FIG.
      1. The end joint assembly is constructed with an additional end bearing
      member illustrated in FIGS. 19 and 20.
PAR  FIG. 3 is a perspective view of a portion of an alternate form of truss
      referred to herein as a composite truss. All of the joint assemblies in
      the top chord are constructed in accordance with the joint assembly
      illustrated in FIG. 5 in light duty trusses and in accordance with the
      joint assembly illustrated in FIGS. 1 and 11 in medium and heavy duty
      trusses. The bottom chord is connected to the web members using an edge
      pin connector illustrated in FIGS. 23-31.
PAR  FIG. 4 is a schematic side view of a light duty Warren truss having top and
      bottom wood chords joined by metal web members. The joint assembly of the
      present invention illustrated in FIGS. 5 - 9 may be used in both the top
      and bottom chords of this truss to join the double timber members of each
      chord to the web members.
PAR  FIG. 5 is a cross section view taken at line 5--5 of the bottom chord of
      the light duty truss shown in FIG. 4. The joint assembly at the top chord
      is the same and this fact is indicated by drawing an additional line 5--5
      on the top chord of FIG. 4.
PAR  FIG. 6 is a side view of the pin illustrated in FIG. 5, and a front and
      side view of the end washer shown in FIG. 5.
PAR  FIG. 7 is a front and side view of a typical lock washer shown in FIG. 5.
PAR  FIG. 8 is a front and side view of one of the prong plates shown in FIG. 5.
      Since the prong plates in FIG. 5 are identical; both are not illustrated
      for purposes of brevity.
PAR  FIG. 9 is a side view of a metal web member of the type used in the truss
      illustrated in FIG. 4. The basic configuration of the web members is the
      same throughout the truss although the diameter and gauge will vary as
      required by design considerations.
PAR  FIG. 10 is a schematic of a medium or a heavy duty Warren truss which
      utilizes the unique joint assembly of the present invention. The joints in
      both the top and bottom chords are identical except for the modification
      at the top chord end joints.
PAR  FIG. 11 is a cross section along line 11--11 of the top chord as shown in
      FIG. 10. The section line 11--11 on the bottom chord also indicates that
      the section shown in FIG. 11 also illustrates that the joints in the
      bottom chord are identical to the joints in the top chord.
PAR  Dashed lines A and B indicate that the top chord and bottom chord may
      either be constructed from two 2 .times. 4's, two 2 .times. 6's, or even
      two 2 .times. 8's. The placement of the prong plates and pin is correct as
      shown for all three timber sizes. This illustrates another feature of the
      invention in which the pin may be placed closer to the edge of the timber
      without causing first failure by splitting. Placement of the pin nearer
      the inside edge of the truss permits the use of shorter web members
      thereby saving considerable weight savings.
PAR  FIG. 12 is a side view of the bolt shown in FIG. 11 and a side and front
      view of the sleeve shown in FIG. 11.
PAR  FIG. 13 is a side and front view of the bolt nut shown in FIG. 11.
PAR  FIG. 14 is a front and side view of one of the two identical prong plates
      shown in FIG. 11.
PAR  FIG. 15 is a side view of a portion of the type of web used in the truss
      illustrated in FIG. 10 and partially shown in FIG. 11. All of the webs are
      of the same configuration but vary in diameter and gauge as dictated by
      design.
PAR  FIG. 16 is a side view of a portion of a Warren truss as previously
      described which is set in place on a wall. The truss may be of light duty,
      medium or heavy design.
PAR  FIG. 17 is a plan view of an end connector as described in the present
      invention. The connector is shown as it appears cut from a flat sheet
      prior to bending.
PAR  FIG. 18 is a side view of the end connector shown in FIG. 17 which has been
      bent and set in place on the end wall shown in FIG. 16. The dashed lines
      illustrate one timber in the top chord as it would appear in relation to
      the end connector when in place on a wall or other support. Location of
      the end connector is shown generally by the circular line 18--18 in FIG.
      16.
PAR  FIG. 19 is a cross section of the top chord of the truss shown in FIG. 16
      taken along line 19--19 and showing end connector of FIG. 17 in relation
      to the pin and prong plate assembly shown in the previous FIGS. 12-15.
      Dashed lines B and C indicate that the end connector may be constructed
      with two 2 .times. 4's, two 2 .times. 6's or even two 2 .times. 8's.
PAR  FIG. 20 is an exploded view of the end assembly and pin and prong plate
      joint assembly shown in FIG. 19.
PAR  FIG. 21 is a schematic side view of a Warren truss in the light duty class
      in which the top chord is constructed with double timber members and
      utilizes the joint assemblies illustrated in FIG. 5. The bottom chord is a
      wood member positioned with the wide transverse dimension face up. The
      connectors for the bottom chord are illustrated in FIGS. 23 - 31.
PAR  FIG. 22 is a schematic side view of a Warren truss in the medium or heavy
      duty class which is constructed in the same composite manner as set forth
      in FIG. 21; i.e., with the top chord including double timbers and using
      the pin and prong plate joint assemblies shown in FIG. 1 and the bottom
      chord consists of a single wood chord member and has edge pin connectors
      as shown in FIGS. 23 - 31.
PAR  FIG. 23 is a side view of a typical edge pin connector which is used in the
      bottom chords of either the truss shown in FIG. 21 or the truss shown in
      FIG. 22. The section is taken along lines 23--23 in FIGS. 21 and 22.
PAR  FIG. 24 is a cross section of an edge connector as used in trusses 21 and
      22 taken along lines 24--24 of each figure. The view is also taken along
      line 24--24 of FIG. 23.
PAR  FIG. 25 is a cross section of a portion of the bottom chord of the trusses
      shown in FIGS. 21 and 22 and taken along line 25--25 of FIG. 26.
PAR  FIG. 26 is a perspective view of a portion of the bottom chord of the truss
      shown in FIG. 23 with the edge connector and webs removed for purposes of
      illustration.
PAR  FIG. 27 is a top plan view of one part of the edge connector shown in FIG.
      23. The view is of the connector as it appears after cutting from a flat
      sheet and prior to bending.
PAR  FIG. 28 is a perspective view of the edge connector shown in FIG. 23 with
      the pin removed.
PAR  FIG. 29 is a side view of the connector shown in FIG. 27 after bending to
      its final shape.
PAR  FIG. 30 is a side view of the portion of the edge connector shown in FIG.
      29 and taken along line 30--30.
PAR  FIG. 31 is a top plan view of the portion of the edge connector shown in
      FIGS. 29 and 30.
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PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The joint assembly of the present invention is utilized in a truss
      structure 1 having upper and lower chords 2 and 3 wherein one of the
      chords consists of two juxtaposed parallel lumber members 6 and 7 and
      metal web members 8 having flattened end areas 9 interposed between the
      lumber members. The joint assembly consists briefly of a pair of sheet
      metal plates 11 and 12 with each plate including a pin opening
      therethrough; one of which is indicated by the number 13 and the opening
      in the other plate is indicated by the number 14. Each plate is formed
      with a plurality of transversely extending, sharp pointed,
      self-penetrating prongs extending into the inside faces 15 and 20 of the
      lumber members a distance substantially less than the width of one of the
      lumber members. The prongs of plate 11 are indicated by the number 16 and
      the prongs of plate 12 are indicated by the number 17. Each of the metal
      web members is formed with an opening 18 which registers with transverse
      bore openings 21 and 22 through a substantial portion of the lumber
      members. An elongated metal pin 23 has a diameter dimensioned to transfer
      forces by bearing against a substantial portion of the walls of the pin
      openings in the plates and the bore openings in the lumber members and the
      opening in the web member. The pin is positioned to span the distance
      between the lumber members and to penetrate the opening in the web member,
      the openings in the plates and a substantial distance into the lumber
      members.
PAR  In order to dramatically increase the joint value of the truss, the pin
      openings in the plates are formed with drawn sidewalls forming coaxial
      annular flanges 26 and 27 which provide increased bearing area in contact
      with the pin. Preferably, the pin openings 13 and 14 in the plates are
      located in the area disposed from the prongs. Thus each plate has a
      prong-free area 28 and 29.
PAC  MEDIUM AND HEAVY DUTY TRUSSES
PAR  FIGS. 2 and 10 - 15 illustrate a medium or heavy duty truss having a top
      chord 30 and a bottom chord 35.
PAR  In order to increase the metal to metal bearing area, particularly in the
      medium and heavy duty trusses which typically use two 2 .times. 4's or two
      2 .times. 6's 31 and 32, a sleeve member 33 is provided having an opening
      34 for receiving the pin or bolt therethrough. The outside diameter 36 is
      substantially larger than the diameter 37 of the pin or bolt 38 and the
      outside wall of the sleeve is positioned in registration with the opening
      39 in the web 41 and the openings 42 and 43 in the plates 44 and 46. The
      sleeve fit with the webs in such that some rotation of the web can take
      place but the fit with the opening in the prong plates, may be either
      force fit or such as to permit some rotation of the sleeve. Primarily the
      purpose of the sleeve is to transmit forces from the web to the prongs 45
      in the prong plates by bearing against the side wall and annular flanges
      of the pin openings in the prong plates.
PAR  In joint assemblies where the hole in the plate is drawn, enlarged openings
      48 and 49 are provided in the inside faces of lumber members 6 and 7 and
      coaxially surround the transverse bores 21 and 22 and are dimensioned to
      receive the annular flanges 26 and 27 of the plates 11 and 12.
PAR  In the medium and heavy duty truss, enlarged openings 51 and 52 are
      provided in the inside faces 53 and 54 of lumber members 31 and 32 and
      coaxially surround the transverse bores 56 and 57 and are dimensioned to
      receive the annular flanges 58 and 59 of plates 44 and 46.
PAR  The combination of a sleeve bearing against the metal edges, or the drawn
      opening in the prong plate permits the use of smaller diameter pins than
      in the "pin-through-wood" chords of the prior art. Use of smaller diameter
      pins results in less wood cross sectional loss thereby resulting in
      greater chord strength at the joints. Additionally, because of the smaller
      pin, it is possible to locate the pin closer to the edge of the chord
      which can decrease the length of metal web, further contributing to lower
      truss weight and lower truss cost.
PAR  It should be noted that just as nails are not considered to decrease chord
      cross sectional area, the International Conference of Building Officials
      does not consider any chord loss due to the prongs of the prong plate.
PAR  As an alternate structure to the sleeve on a pin combination, the pin could
      be formed with an enlarged diameter portion near its mid point which would
      serve in the same manner as the sleeve to transmit bearing stresses but
      being integrally formed with the pin would prevent axial movement of the
      pin and a possible separation of the pin from the joint.
PAR  The pattern or shape of the prongs in the prong plates of the present
      invention is not critical since in all tests conducted thus far, the joint
      did not fail due to shifting of the prong plates in respect to the wood.
      Generally, the prong plate used is one in which the prongs are struck from
      a sheet metal plate and leave elongated slots 61 and 62 therein and the
      inside faces 63 and 64 of the plates 11 and 12 present a planar bearing
      surface to the flattened side faces 9 of web member 8 and flat face 66 of
      web 67. A prong plate having two areas of prongs in rows of five has
      proven sufficient. Each plate has a prong-free area 60.
PAR  The prong plates for heavier duty trusses are identical except for a larger
      opening to accommodate the sleeve. The prongs are indicated by the numbers
      45 and 47 and the slots by the numbers 68 and 69.
PAR  An alternate method of attaching the sheet metal plates 11 and 12 to the
      wood chords instead of by integral prongs is to nail the plate to the wood
      using the appropriate size and number. The sheet metal plate may have
      pre-drilled nail openings or automatic nailing guns could be used which
      are capable of shooting through the metal and wood either by high pressure
      air or powder actuated charges.
PAR  It is necessary to hold the chord members in fixed spaced relation to one
      another. Preferably, the chords are held together in the joint area. This
      may be accomplished in several ways. The bores in the lumber members may
      extend transversely completely therethrough. Further, the pin extends
      completely through the lumber and may be formed with an enlarged head 71.
PAR  Preferably washers 72 and 73 having an enlarged surface area are held in
      direct bearing relation with the outer faces 76 and 77 of lumber members 6
      and 7 by the enlarged head and holding member such as a lock washer 78.
PAR  Another method of holding the chord members is shown with bolt 38 holding
      timbers 31 and 32 together. As shown in the drawings, bolt head 81 presses
      washer 82 against the outer face 83 of the timber 31 and on the other
      timber 32 threaded nut 85 on threaded end 86 of bolt 38 presses washer 87
      against outer face 88.
PAC  END BEARING ASSEMBLY
PAR  A typical end bearing support assembly 91 is shown in FIGS. 2, 16 - 20. The
      two parallel lumber members are formed with transverse bores 92 and 93
      therethrough adjacent their ends 94 and 95. A pair of sheet metal plates
      97 and 98, identical to the previously described plates and each having a
      pin opening 99 and 100 therethrough are provided. The means for fastening
      the plates to the lumber may be nails as previously described, but
      preferably the plates are formed with a plurality of integral transversely
      projecting prongs 102 and 103 which are pressed or rolled into the inside
      faces 104 and 105 of the lumber members adjacent their ends with the
      openings in registration with the bores in the lumber members.
PAR  An end bearing member 108 having spaced horizontal portions 111 and 112
      adapted for resting on a support member 113 and supporting the bottom
      edges 116 and 117 of the lumber members and transversely spaced vertical
      portions 118 and 119 formed with openings 121 and 122 in registration with
      the plate openings and joined at their upper ends 123 is positioned
      between the lumber members. Pin means such as a pin or bolt 128 penetrates
      the bores in the lumber members, the pin openings in the plates, the
      openings in the end member and the opening 127 in the flat end 126, web
      124 and transfers the forces in the wood timbers and the web to the end
      bearing member. The timber members are preferably connected by the
      threaded bolt with the bolt head 128a pressed against washer 129 engaging
      face 31a of timber 31 and nut 135 pressing washer 130 against face 32a of
      the timber 32.
PAR  The end bearing member is preferably formed with means to engage the
      support member. As shown in the drawings, the horizontal portions of the
      end bearing member are formed with end slots 136 and 137 parallel to the
      axis of the truss forming bend tabs 138 and 139 for bending along lines
      141 and 142. The tabs may be formed with nail openings 143.
PAR  The force value of the end bearing assembly located adjacent end 106 and
      107 of chord members 31 and 32 is dramatically increased by providing a
      sleeve 146 having an opening 147 therethrough which is dimensioned for
      close fitting coaxial relation with the pin. The sleeve has a diameter
      substantially greater than the diameter of the pin. The sleeve is
      positioned for engagement with the sides of the opening in the web, the
      annular flanges 148 and 149 in the plates and the openings in the vertical
      portions of the end bearing member. The sleeve has a length projecting
      into bores in the timber members substantially less than the width of the
      members and the ends of the sleeves bearing against the shallow openings
      131 and 132 in the wood chords serve to maintain the selected spacing
      between the chords.
PAC  MATERIAL SPECIFICATIONS
PAC  Light Duty Trusses
PAR  In the light duty trusses, normally the timber members are two 2 .times.
      4's and the pins are 1/2 in. diameter with an overall length of 4 in. The
      pin is held by washers 17/8 in. diameter, 12 gauge with a 9/16 inch
      opening. A standard 11/8 in. lock washer holds the washer against the
      chord.
PAR  The prong plate may vary in size, but it is commercially more practical to
      provide a plate of 18 gauge about 3.5 in. .times. 5 in. to 5.5 in. The
      teeth have a minumum length of 5/16 in. and there should be a minumum of
      56 prongs in each prong area which varies from 3.2 in. .times. 1.23 in. to
      a miximum of 3.5 in. .times. 1.5 in. An area of prongs should surround the
      opening and an area of 21/2 in. .times. 3.2 in. to 3.5 in. is preferable.
      While the tooth pattern and shape of tooth is not apparently critical, the
      drawings show teeth which are diagonally cut or scarfed and are disposed
      in transversely aligned rows so that the slots leave solid strands of
      transversely and axially extending metal. An 18 gauge prong plate of the
      size describes weighs slightly under 1/4 lb.
PAR  The web member for the light truss may be 1 in. in diameter with a 1/2 in.
      diameter hole. The steel tubes for the webs are fabricated from flat
      rolled electrically welded carbon sheets of structural quality, of gauges
      providing various wall thicknesses, conforming to U.B.C. Standard No. 27-l
      for light gauge steel having a minimum yield point of 46,000 pounds per
      square inch. The web pipe ends are flattened to over 11/2 in. width, with
      tapered swedged ends of the tubing section terminating 3/4 in. from a
      center point in the flattened area. A 1/2 inch diameter hole is punched at
      this centerpoint. The flattened material extends beyond this centerpoint
      so that not less than a radius of 3/4 inch of material edge distance is
      provided in any direction from this centerpoint.
PAC  Medium duty trusses
PAR  A typical medium duty truss could use either two 2 .times. 4's or two 2
      .times. 6's. The through-bolt or pin has a 1/2 inch diameter and a length
      of 4 inches to 5 inches. The prong plates may be 18 gauge with a pin
      opening of 3/4 inch. The prong dimensions and density are the same as in
      the light duty truss. The sleeve is 3/4 inch outside diameter and has an
      inside diameter opening of 1/2 inch with a length of 7/8 inch. The web is
      11/2 inch diameter and has an opening of 3/4 inch. The flattened material
      extends beyond the center point of the opening not less than a radius of
      11/8 inch.
PAC  Heavy duty truss
PAR  The typical heavy duty truss also may use either two 2 .times. 4's or two 2
      .times. 6's. The web diameter is 2 inches with a 1/2  inch, 3/4 inch or 1
      inch diameter opening. With a 1 inch opening, the flattened material
      should extend beyond the center of the opening not less than 11/2 inch.
      The threaded bolt is 1/2 inch diameter with a length of 4 to 5 inches.
PAR  The sleeve is a typical 1 inch outside diameter with a 1/2 inch inside
      opening and a length of 7/8 inch. The prong plate is the same as
      previously described. In some instances a 16 gauge plate will be
      preferable. In each instance, the pin opening in the prong plates is drawn
      a minimum 0.110 inches.
PAC  End bearing assembly
PAR  The end bearing assembly is preferably made from a rectangular flat sheet
      of about 1/4 inch material. It is fabricated so that all potential bends
      are in one direction. It is multipurpose in that it is used for most lower
      chord bearing conditions. One feature is that it inherently provides
      against uplift. Another feature is that it provides the 1/2 inch desired
      spacing and can be used for any series of trusses.
PAC  Assembly of the truss
PAR  Assembly of the truss is as follows: First, the 1/2 inch transverse bores
      are drilled in the lumber chord members and where specified, the
      approximately 3/16 inch drill-routed shallow hole for the 3/4 inch to 1
      inch drawn area is made. The prong plates are then positioned by the drawn
      rings into the drill-routed holes and roll-pressed or ram-pressed into the
      wood. The bolt, or pin is inserted in one side of a chord element,
      inside-face up with the necessary washer on the outside. Where specified,
      the sleeve is placed over the bolt or pin and then the webs are placed
      over the sleeve or bolt. The other lumber member which has been previously
      prepared with the bore, shallow opening and prong plate is then placed
      onto the assembly. Finally, the nut, or retainer system and the final
      washer are placed on the bolt or pin.
PAC  Prong plate placement
PAR  In the "pin-through-wood" type trusses, of the prior art, the tendency of
      the pin to split the wood at the joint is the first area to fail in the
      truss. The use of the prong plates, however, of the present disclosure
      decreases the tendency of the chords to split to such a degree that it is
      not necessary to locate the pin at the center of the chord. In 2 .times. 6
      wood chords this means that the pin can be moved inwardly thereby
      shortening the metal web by about 21/4 inch. This factor decreases metal
      weight and metal cost.
PAC  COMPARISON EXAMPLES
PAC  Example No. 1
PAR  In the first example, the truss length was fixed at 40 feet, truss depth of
      24 inches and a floor loading of 80 pounds per square foot.
TBL  ______________________________________                                    
     Pin through wood truss                                                    
     A. Total weight of web members                                            
                               63.11 lbs.                                      
     B. Total weight of pins and retainers                                     
                               24.41 lbs.                                      
                               87.52 lbs.                                      
     Pin plate truss of present invention                                      
     A. Total weight of web members                                            
                               53.61 lbs.                                      
     B. Total weight of pins, sleeves,                                         
       prong plates and retainers                                              
                               17.7  lbs.                                      
                               71.31 lbs.                                      
     ______________________________________                                    
PAR  In conclusion, the prior art pin-wood truss in Example 1 requires 22.7
      percent more metal by weight than the pin prong truss of the present
      invention.
PAC  Example No. 2
PAR  In the second example, the truss length was 48 feet, depth 48 inches and a
      floor load of 60 pounds per square foot (or roof 8 foot C 30 pounds per
      square foot).
TBL  ______________________________________                                    
     Pin through wood truss                                                    
     A. Total weight of web members                                            
                              117.48  lbs.                                     
     B. Total weight of pins and retainers                                     
                              38.29   lbs.                                     
                              155.77  lbs.                                     
     Pin plate truss of present invention                                      
     A. Total weight of web members                                            
                              90.13   lbs.                                     
     B. Total weight of pins, sleeves,                                         
       prong plates and retainers                                              
                              22.76   lbs.                                     
                              112.89  lbs.                                     
     ______________________________________                                    
PAR  In conclusion, in the second example, the pin-wood truss required 37.89
      percent more metal by weight than the pin prong plate of the present
      invention.
PAC  Example No. 3
PAR  In the third example, the truss length was 62 feet, depth of truss 5 feet,
      the trusses were for a roof in which the trusses were spaced 4 feet apart,
      center to center. Loading was 36 pounds per square foot.
TBL  ______________________________________                                    
     Pin through wood truss                                                    
     A. Total weight of web members                                            
                              126.01  lbs.                                     
     B. Total weight of pins and retainers                                     
                              32.59   lbs.                                     
                              158.6   lbs.                                     
     Pin plate truss of present invention                                      
     A. Total weight of web members                                            
                              103.36  lbs.                                     
     B. Total weight, pins, sleeves,                                           
       prong plates and retainers                                              
                              22.33   lbs.                                     
                              125.69  lbs.                                     
     ______________________________________                                    
PAR  In conclusion, the pin through wood truss required 26.2 percent more metal
      by weight than the pin prong plate truss of the present invention.
PAR  Another form of my invention is shown in FIGS. 3 and 21-31. In this form of
      the invention, the upper chord utilizes two lumber members and the joint
      assembly previously described. The bottom chord member, however, may be a
      single lumber member and uses a connector assembly as described in my
      co-pending application Ser. No. 380,215. Since the description of the
      different types of joint assemblies for the top chord is identical to
      those previously described, the drawing and detailed description is not
      repeated for purposes of brevity.
PAC  Composite truss (light duty)
PAR  In the description that follows, please refer to FIGS. 5 - 9 where
      reference is to the top chord, and FIGS. 23 - 31 where reference is to the
      bottom chord. The web members are identical in shape and detail for the
      preferred and the alternate type of truss.
PAR  Briefly, the alternate type of truss structure of the present invention
      consists of upper chord members 151 as shown in FIGS. 3, 5, and 21, and
      lower chord member 152 as shown in FIGS. 3, 23, and 21.
PAR  The upper chord includes two juxtaposed parallel lumber members 153 and 154
      which correspond to lumber members 6 and 7 formed with transversely bored
      pin openings 21 and 22 at spaced intervals; a plurality of metal web
      members 156 having flat ends formed with openings at both their ends; a
      plurality of top chord sheet metal plates 11 and 12 each having a pin
      opening 13 and 14 therethrough; means fastening the sheet metal plates to
      the inside faces 15 and 20 of the top chord lumber members with the
      openings in the sheet metal plates in registration with the bores in the
      parallel top chord lumber members; a plurality of elongated metal top
      chord pins 23 registering with the openings in the web members, the
      openings in the plates, and the bores in the top chord lumber members for
      tansferring the forces from the web members to the upper chord member; a
      lower wood chord 152 having flat inner and outer faces 160 and 161 and the
      chord has a width greater than its depth; a plurality of sheet metal
      connectors 162 mounted on the lower chord; a plurality of bottom chord
      pins 163 mounted transversely of the bottom chord pivotally securing the
      ends of the web members at the midpoint of the pins to openings 155, 157,
      158, and 159 in the connectors wherein the pivot points are located at the
      inner faces of the bottom chord; the bottom chord is formed with
      transverse semi-circular grooves 164 having a depth approximately one-half
      the diameter of the bottom chord pin for receiving the partially embedded
      pins; the bottom chord is formed with slots 166 joining the inner and
      outer faces at the approximate center lines of the bottom chord and a
      widened slot area 165 for accommodating the web ends; each of the
      connectors including a pair of seats 167 and 168 engaging the outside
      faces of the bottom chord, each connector having a pair of legs 171 and
      172 disposed in close fitting relation to the outside edges 173 of the
      bottom chord and connecting the seats and opposite ends of the pin and
      each of said connectors having an arm 174 and 176 mounted in the slot
      connecting the seats and the mid portion of the pin; the seats and legs of
      the connector and pin completely encapsulating the bottom chord at its
      inner and outer faces and edges; the connector arms are formed with edge
      flanges 177 and 178 (not shown) extending a substantial portion therealong
      and extending transversely of the bottom chord for close fitting
      engagement therewith for transmitting forces from the web members to the
      mid portions of the bottom chord; and said bottom chord is formed with
      channels extending from its outer face toward its inner face at the
      approximate center line of the bottom chord for force fit receipt of the
      flanges of the connector. The connector arms may also be formed with edge
      flanges 179 and 180.
PAC  Composite truss (medium and heavy duty)
PAR  The medium and heavy duty trusses include the following elements in
      addition to those above set forth and are shown in FIGS. 22 and 10 - 15;
      the means connecting the plates to the top chord 181 lumber members 31 and
      32 consists of a plurality of transversely projecting prongs 45 and 47
      integrally formed in the plate members 44 and 46; each of the pin openings
      42 and 43 in the plates is formed with a drawn sidewall forming coaxial
      annular flanges 50 and 55 providing increased bearing area in contact with
      the pin 38, and the pin opening is positioned in an area 60 of the plate
      disposed from the prongs; a plurality of sleeve members 33 having an
      opening 34 therethrough for receiving the top chord pins 38 and having an
      outside diameter 36 substantially larger than the diameter 37 of the pin;
      the outside wall of each of the sleeves is positioned in registration with
      the openings 39 in the upper ends of said web members and the pin openings
      in the plates.
PAR  In the connector of the bottom chord, cutting teeth 186, 187, 188, and 189
      are formed in leading relationship to each of the flanges 177, 178, 179
      and 180 on the arms for forming a channel in the bottom chord upon being
      driven into the bottom chord for force fitting occupancy by the flange;
      and the arms and the legs of the bottom chord connector are angularly
      related to the plane of the seat offsetting the bottom chord pin from the
      center line of the seat.
CLMS
STM  I claim:
NUM  1.
PAR  1. A truss joint assembly for transferring tension and compression loads
      between wood members and metal members in a truss structure having upper
      and lower chords wherein one of said chords consists of two juxtaposed
      parallel lumber members, and metal web members having flattened end areas
      interposed between said lumber members comprising:
PA1  a. a pair of continuous sheet metal fastener plates, each including an
      opening therethrough, and a fastener area on both sides of said opening
      and disposed from said opening leaving an area around said opening free of
      fasteners;
PA1  b. a plurality of sharp pointed fastener means sufficient in number to
      transfer substantially all of the web load to said lumber member having a
      length less than the width of said lumber member connecting said fastener
      area of said plates to said chord by penetrating the inside faces of said
      lumber members at a plurality of closely spaced intervals in order to
      reduce the possibility of failure of said lumber by splitting;
PA1  c. the flattened ends of said metal web members are formed with openings
      therethrough;
PA1  d. each of said openings in said plates is surrounded by integrally formed
      drawn sidewalls extending into said lumber members forming a coaxial
      annular flange providing bearing area;
PA1  e. there being enlarged counter sunk openings in the inside faces of said
      lumber members dimensioned to receive said annular flanges of said plates
      in a force fit;
PA1  f. a metal load transfer member having a diameter and a length dimensioned
      to transfer loads between said metal fastener plates and said metal web
      members by bearing against a substantial portion of said metal plate
      flanges in a force fit, and against the edges of said openings in said
      metal web members;
PA1  g. means providing lateral support for holding the members of said assembly
      together; and
PA1  h. said web members, plates, fastener means and load transfer member are
      positioned so that substantially all load transference from said web
      members to said wood chord members occurs immediately adjacent the
      centerline of said truss through said plurality of sharp pointed
      fasteners.
NUM  2.
PAR  2. In a truss structure as described in claim 1 comprising:
PA1  a. said fastener means includes a plurality of transversely extending,
      sharp pointed, self-penetrating prongs integrally formed in each of said
      plates extending into the inside faces of said lumber members a distance
      substantially less than the width of one of said lumber members.
NUM  3.
PAR  3. In a truss structure described in claim 2 comprising:
PA1  a. said prongs being struck from said sheet metal plates and leaving
      elongated slots therein; and
PA1  b. the inside faces of said plates presenting a planar bearing surface to
      said flattened side faces of said web members.
NUM  4.
PAR  4. A joint assembly as described in claim 1 comprising:
PA1  a. said lumber members are formed with bores extending transversely
      therethrough;
PA1  b. said load transfer member is a cylindrical member having a length
      extending laterally through said bores in said chords, the openings in
      said plates, and the opening in said webs; and
PA1  c. means releasably connected to the ends of said load transfer member for
      holding said load transfer member in relation to said webs and chords.
NUM  5.
PAR  5. In a truss structure described in claim 4 comprising:
PA1  a. said load transfer member is formed with a centrally located
      substantially enlarged diameter area; and
PA1  b. said enlarged area having a length for bearing registration with the
      opening in said web, and the openings in said plates.
NUM  6.
PAR  6. In a truss structure as described in claim 4 comprising:
PA1  a. a sleeve member having an opening therethrough for receiving said load
      transfer member and having an outside diameter substantially larger than
      the diameter of said load transfer member, and having a length
      substantially less than the length of said load transfer member; and
PA1  b. the outside wall of said sleeve being positioned in registration with
      the opening in said web and the openings in said plates thereby
      transmitting forces from said web to said wood chords through the bearing
      surfaces surrounding said plate openings.
NUM  7.
PAR  7. In a truss structure as described in claim 4 comprising:
PA1  a. said load transfer member comprises a threaded bolt having an enlarged
      head at one end and a threaded portion at the other end, a pair of washers
      and a threaded nut.
NUM  8.
PAR  8. In a truss structure having upper and lower chords joined by web members
      and joint assembly members as described in claim 1 comprising:
PA1  a. an end bearing member having spaced horizontal portions adapted for
      resting on a support member and supporting the bottom edges of said lumber
      members, and transversely spaced vertical portions formed with openings in
      registration with said plate openings and joined at their upper ends;
PA1  b. one of said web members is formed with a flattened end and an opening
      therethrough for registration with and positioning between the openings in
      said vertical portions of said end bearing member; and
PA1  c. pin means penetrating the bores in said lumber members, the pin openings
      in said plates, the openings in said end member and the opening in said
      web.
NUM  9.
PAR  9. In a truss structure as described in claim 8 comprising:
PA1  a. said horizontal portions of said end bearing members are formed with end
      slots parallel to the axis of said truss forming bend tabs bent along a
      line and adapted for connection to said support member.
NUM  10.
PAR  10. In a truss structure as described in claim 8 comprising:
PA1  a. a sleeve member having an opening therethrough dimensioned for close
      fitting coaxial relation with said pin and having a diameter substantially
      greater than the diameter of said pin;
PA1  b. said sleeve is positioned for engagement with the sides of the opening
      in said web, the annular flanges in said plates, and the openings in the
      vertical portions of the end bearing member; and
PA1  c. said sleeve has a length projecting into said timber members
      substantially less than the width of said members.
NUM  11.
PAR  11. A truss structure comprising:
PA1  a. upper and lower wood chord members;
PA1  b. said upper chord includes two juxtaposed parallel lumber members formed
      with transversely counter sunk openings at spaced intervals;
PA1  c. a plurality of metal web members having a flat end with an opening
      therethrough;
PA1  d. means connecting the ends of said web members with said lower chord
      member;
PA1  e. a plurality of sheet metal fastener plates, each having fastener areas
      at either end and, a drawn opening forming a flange therethrough in the
      center area which is free of fasteners;
PA1  f. said fastener areas of said plates including a plurality of sharp
      pointed fasteners for fastening said sheet metal plates to the inside
      faces of said lumber members with said flanges of said drawn openings in
      said sheet metal plates in registration with said counter sunk openings in
      said parallel lumber members; and
PA1  g. a plurality of elongated metal load transfer members registering with
      the openings in said web members, the flanges of said drawn openings in
      said plates, and the counter sunk openings in said lumber members for
      transferring the forces from said web members to said upper chord member.
NUM  12.
PAR  12. A truss structure as described in claim 11 comprising:
PA1  a. said fasteners connecting said plates to said lumber members consist of
      a plurality of transversely projecting prongs integrally formed in said
      plate members.
NUM  13.
PAR  13. A truss structure as described in claim 11 comprising:
PA1  a. a plurality of sleeve members having an opening therethrough for
      receiving said load receiving member and having an outside diameter
      substantially larger than the diameter of said load receiving member;
PA1  b. the outside wall of each of said sleeves is positioned in registration
      with the openings in said web members and the flanges of said openings in
      said plates;
PA1  c. said upper chords are formed with transverse bores therethrough; and
PA1  d. said load transfer members have a length extending into said counter
      sunk openings in said chords, said metal plates and said web members.
NUM  14.
PAR  14. A truss structure comprising:
PA1  a. upper and lower chord members;
PA1  b. said upper chord includes two juxtaposed parallel lumber members formed
      with transversely bored pin openings at spaced intervals;
PA1  c. a plurality of metal web members having flat ends formed with openings
      at both their ends;
PA1  d. a plurality of top chord sheet metal plates, each having a pin opening
      therethrough;
PA1  e. means fastening said sheet metal plates to the inside faces of said top
      chord lumber members with said openings in said sheet metal plates in
      registration with said bores in said parallel top chord lumber members;
PA1  f. a plurality of elongated metal top chord pins registering with the
      openings in said web members, the openings in said plates, and the bores
      in said top chord lumber members for transferring the forces from said web
      members to said upper chord member;
PA1  g. a lower wood chord, having flat inner and outer faces and said chord
      having a width greater than its depth;
PA1  h. a plurality of sheet metal connectors mounted on said lower chord;
PA1  i. a plurality of bottom chord pins mounted transversely of said bottom
      chord pivotally securing the ends of said web members at the midpoint of
      said pins to said connectors wherein the pivot points are located at said
      inner faces of said bottom chord;
PA1  j. said bottom chord being formed with transverse semicircular grooves
      having a depth approximately one-half the diameter of said bottom chord
      pin for receiving said partially embedded pins;
PA1  k. said bottom chord being formed with slots joining said inner and outer
      faces at the approximate center lines of said bottom chord;
PA1  l. each of said connectors including a pair of seats engaging the outisde
      faces of said bottom chord, each connector having a pair of legs disposed
      in close fitting relation to the outside edges of said bottom chord and
      connecting said seats and opposite ends of said pin and each of said
      connectors having an arm mounted in said slot connecting said seats and
      the mid portion of said pin;
PA1  m. said seats and legs of said connector and pin completely encapsulating
      said bottom chord at its inner and outer faces and edges;
PA1  n. said connector arm being formed with an edge flange extending a
      substantial portion therealong and extending transversely of said bottom
      chord for close fitting engagement therewith for transmitting forces from
      said strut members to the mid portions of said bottom chord; and
PA1  o. said bottom chord being formed with channels extending from its outer
      face toward its inner face at the approximate center line of said bottom
      chord for force fit receipt of said flange of said connector.
NUM  15.
PAR  15. A truss structure as described in claim 14 comprising:
PA1  a. said means connecting said plates to said top chord lumber members
      consists of a plurality of transversely projecting prongs integrally
      formed in said plate members;
PA1  b. each of said pin openings in said plates is formed with a drawn sidewall
      forming a coaxial annular flange providing increased bearing area in
      contact with said pin, and said pin opening is positioned in an area of
      said plate disposed from said prongs;
PA1  c. a plurality of sleeve members having an opening therethrough for
      receiving said top chord pins and having an outside diameter substantially
      larger than the diameter of said pin;
PA1  d. the outside wall of each of said sleeves is positioned in registration
      with the openings in the upper ends of said web members and the pin
      openings in said plates;
PA1  e. a cutting tooth formed in leading relationship to each of said flanges
      on said arms for forming a channel in said bottom chord upon being driven
      into said bottom chord for force fitting occupancy by said flange; and
PA1  f. said arms and said legs of said bottom chord connector are angularly
      related to the plane of said seat offsetting said bottom chord pin from
      the center line of said seat.
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ABST
PAL  A torsion resistant girder for supporting a crane rail in which the rail is
      supported on the top chord and the web of the girder includes an upper
      marginal portion formed integrally with the top chord by rolling or
      extrusion and the remainder of the web is a thinner plate welded at its
      upper edge to the depending free edge of the portion of the web plate
      formed integrally with the top chord member. This construction is designed
      to prevent failure of the girder along the line of junction between the
      web and the top chord. The web stiffening plates of the girder include
      wing plates connected to the outer free edges of the web stiffening plates
      and to the top chord. The wing plates and the upper portion of the web
      plate stiffening plates may be formed integrally by rolling or extrusion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the case of a typical prior art welded crane girder, operation of the
      crane along the crane rail carried by the top chord of the girder results
      in torsion loads being applied to the chord. Due to the effects of metal
      fatigue from cyclic loading, these torsion loads eventually result in
      widespread fractures through or near the weld connecting the top chord and
      the web of the girder. These failures have become common in crane girders.
PAR  The present invention replaces the conventional top chord-to-web weld
      connection in the girder with a heavy rolled "tee," which can conveniently
      be half of a heavy column section. Use of the "tee" replaces the highly
      stressed "trouble spot" with a much larger area of rolled steel and at the
      same time eliminates the thermal problems and "stress raiser" effects of
      the weld itself. The web-to-flange shop weld is moved down the web a short
      distance to a much less critical location.
PAR  The present invention also includes the addition of "wing plates" welded to
      the conventional web stiffener plates with only the top of the wing plates
      shop welded to the flanges of the chord. This eliminates welds from a high
      stress area and greatly increases the resistance moments of the flanges of
      the chord.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view in cross section of a conventional crane
      girder;
PAR  FIG. 2 is a side elevational view of a section of a crane girder
      incorporating the present invention;
PAR  FIG. 3 is a plan view of the same section of the crane girder incorporating
      the present invention;
PAR  FIG. 4 is a view in cross section taken on the line 4--4 on FIG. 2;
PAR  FIG. 5 is an enlarged view in cross section of the upper portion of the
      girder of FIG. 4;
PAR  FIG. 6 is an enlarged view in side elevation of the girder as shown in FIG.
      5;
PAR  FIG. 7 is an enlarged view of a detail appearing in FIG. 5;
PAR  FIG. 8 is an enlarged view in horizontal section taken on the line 8--8 of
      FIG. 5;
PAR  FIG. 9 is a diagrammatic view similar to FIG. 5 illustrating the forces
      acting on the critical area of the crane girder of the present invention;
PAR  FIG. 10 is a view similar to FIG. 8 of a modification.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
PAR  FIG. 1 shows in cross section a typical welded crane girder section of the
      prior art with arrows H and V representing horizontal and vertical forces
      applied to the girder by the crane operations through the crane rail. The
      effect of torsion loads repeatedly applied to the top flange or chord 12
      eventually results, due to metal fatigue brought on by the cyclic loading,
      in widespread fractures through or near the welds 13 which connect flange
      or chord 12 with the upper marginal portion of the web plate 15.
PAR  FIG. 4 is a view in cross section, similar to that of FIG. 1 but disclosing
      a crane girder constructed in accordance with the present invention. In
      this crane girder, the chord 12, weld 13 and upper margin 14 of the web
      plate 15 are replaced by a rolled or extruded tee section which can if
      desired by one-half of a rolled or extruded column section. Use of the tee
      section replaces the highly stressed trouble spot in the conventional
      girder with a much larger area of rolled or extruded metal and at the same
      time eliminates the thermal problems and "stress raiser" effects of the
      weld itself. Additionally, by using the rolled or extruded tee, the
      web-to-flange shop weld is moved down the web a short distance to a much
      less critical location.
PAR  Tee section 18 is made up of a chord portion comprising flanges 19 and 20
      and a stem or web portion 21, web portion 21 in this description being
      taken to include the fillets between the web portion and the chord. Web
      portion 21 of the tee section presents a free edge and this free edge is
      welded at 22 to the upper margin 23 of web plate 24.
PAR  As in the case of conventional, prior art crane girders, the crane girder
      of the present invention has a bottom chord 26 presenting flanges 27 and
      28, the lower marginal portion of web plate 24 being welded to chord 26.
      The present girder also has conventional interior stiffening plates 30 and
      31 which are welded along their inner margins to the faces of the web
      plate but as explained below not to the tee section. Also present is the
      conventional top plate 37 and crane rail 36.
PAR  An important, although not necessarily essential, part of the present
      invention as structure resisting the torsional forces applied to the crane
      girder by the crane are wing plates 39, 40 which as shown best in FIGS. 5
      and 6 have their inner faces welded to the outer margins of the interior
      web stiffeners 30 and 31 at 44 and 45 and their two edges welded to the
      underside of the chord flanges 19 and 20 at 47 and 48. A good strong
      connection between each wing plate and the chord is important and the
      upper edge of the wing plates are milled to fit snugly up against the
      chord undersurface before welding. It is to be noted that the web
      stiffeners 30 and 31 are not welded to the web of the tee nor to the
      undersides of flanges 19 and 20. In view of the tee structure the
      reinforcing effect of the interior stiffeners can be dispensed with at
      those locations and the stress raising effects of welds are thus
      eliminated in this critical area.
PAR  FIG. 7 is an enlarged view of the weld connection between the stem or web
      21 of tee 18 and the upper marginal portion 23 of web plate 24, with the
      weld boundary shown in dotted lines. This view shows the relative
      proportions of the parts. With the web plate 24 being 5/8ths of an inch
      thick the tee stem can be 1-7/16th inches, thereby giving the indicated
      5-to-12 slope of the tapered portion of the tee stem. The web plate can go
      down to much thinner gage, for example, 1/4 of an inch and the tee stem
      can be reduced commensurately while still remaining relatively thick. The
      important factor here is that the tee stem or web portion of the tee,
      being short compared to the very deep web plate, the tee can economically
      be of very much heavier gage in this small but highly critical part of the
      girder cross section, namely the point where the web plate joins the
      chord. Additionally, there is the elimination of a weld at this critical
      point.
PAR  An example of the wing plate dimensions is a width of 9 inches, a length of
      1 foot 6 inches and a thickness of 3/4ths of an inch where the girder is
      about 7 feet deep. With smaller or larger girders these dimensions can
      obviously be reduced or increased, respectively.
PAR  As best shown in FIG. 9, the fact that the tops of stiffener plates 39 and
      40 are welded at 47 and 48 to the undersides of chord flanges 19 and 20
      makes it possible to eliminate all welds between the interior stiffener
      plates and the stem 21 of the tee thereby eliminating all welds from a
      high stress area while at the same time greatly increasing the resisting
      moment of the chord. This increased torsional resistant moment is shown as
      the couple F times 0' in FIG. 9. Thus the wing plates cooperate with and
      add to the effectiveness of the tee member by reducing the amount of
      strain applied at the critical area of the tee member.
PAR  Where the term "web" is used in the appended claims, the stem or web 21 of
      tee section 18 is included within the meaning of the term as applied to
      the preferred embodiment.
PAC  WING PLATE MODIFICATION
PAR  As shown in FIG. 10, if desired, the upper portions of the interior
      stiffener plates and the associated wing plates can be replaced by rolled
      or extruded tee shapes, with the lower margin of the tee shape welded to
      the upper margin of the remaining lower portion of the interior stiffener
      plate.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination a crane rail and a built-up, welded metallic girder, the
      combination comprising
PA1  a. a chord supporting the crane rail on the top side of the chord, the
      chord having longitudinal marginal portions,
PA1  b. a web arranged below the chord having a longitudinal marginal portion
      disposed along a line intermediate the longitudinal margins of the chord,
      the web having an intermediate portion of uniform thickness contiguous to
      the marginal portion thereof,
PA1  c. the marginal portion of the web being appreciably thicker than the
      contiguous intermediate portion of the web, the chord and the marginal
      portion of the web being integrally formed with fillets by rolling or
      extruding, the marginal portion of the web depending a substantial
      distance below the fillets and having a straight free edge contiguous to
      the intermediate portion of the web, and the intermediate portion of the
      web having a straight free edge contiguous to the free edge of the
      marginal portion of the web,
PA1  d. a weld joining the free edge of the marginal portion of the web to the
      free edge of the intermediate portion of the web,
PA1  e. a plurality of web stiffeners disposed along the length of the girder
      and arranged perpendicularly to the chord and to the web, one marginal
      portion of each web stiffener being contiguous to the web and connected to
      the intermediate portion of the web,
PA1  f. there being no direct connection between each web stiffener and the
      marginal portion of the web nor between the web stiffener and the chord,
      and
PA1  g. a wing plate connected to each web stiffener along a marginal portion of
      the web stiffener remote from the web, each wing plate having a marginal
      portion contiguous to and connected to the marginal portion of the chord,
      there being no other connection between the wing plate and the chord.
NUM  2.
PAR  2. The structure claimed in claim 1 in which
PA1  h. the marginal portion of the web contiguous to the chord is at least 50%
      thicker than the contiguous intermediate portion of the web.
NUM  3.
PAR  3. The structure claimed in claim 1 in which
PA1  g. the wing plate and the upper portion of the web stiffener are integrally
      formed by rolling or extruding.
NUM  4.
PAR  4. The structure claimed in claim 3 in which
PA1  h. the marginal portion of the web contiguous to the chord is at least 50%
      thicker than the contiguous intermediate portion of the web.
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ABST
PAL  A process for substantially eliminating dissolved oxygen from a liquid and
      from a shipping container therefor by purging the container with inert
      gas, pressuruzing with the gas to about at least 10 psig and then
      releasing the pressure, repeating the pressurizing and releasing steps for
      a plurality of times, introducing the liquid while maintaining flow of
      inert gas until the container is filled, and closing said container
      securely.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application relates to a method of blanketing a container of liquid
      with an inert gas. In a particular aspect this application relates to a
      method for displacing atmospheric oxygen with an inert gas from the
      head-space of a container of a liquid.
PAR  Many liquids are reactive with oxygen. Such liquids include solutions of
      salts of anions in a reduced state, solutions of cationic salts and acids
      in a reduced state, ethers, highly flammable liquids the vapors of which
      form explosive mixtures with air over a broad range of concentrations, and
      liquids with low ignition temperatures.
PAR  One such liquid is nitromethane. It is known that, when nitromethane is
      confined in heavy-walled containers, it can be detonated by severe shock.
      It is also known that when the head space of the container is filled with
      nitrogen instead of air a significantly stronger shock is required for
      detonation. It is believed that the following sequence of events occurs in
      the presence of air: the vapors of nitromethane mixed with air are
      compressed by the shock under near-adiabatic conditions, thus raising the
      temperature of the vapor mixture to the ignition point where it burns,
      thereby increasing the pressure and temperature whereupon the liquid
      nitromethane begins to burn as a monopropellant and as the pressure and
      temperature rise, the entire body of the liquid detonates. In the absence
      of oxygen, there is no flammable vapor mixture to ignite and, for
      detonation to occur, the shock must be severe enough to raise the
      temperature of the vapors and/or liquid nitromethane to self-ignition
      temperatures. Hence, displacing air from such a container with an inert
      gas such as nitrogen, constitutes a safety measure.
PAR  The pressures required to achieve detonation are far greater than can be
      withstood by the usual shipping container, i.e. a Department of
      Transportation specification 17E drum. Repeated attempts have been made to
      detonate nitromethane in 17E drums using a variety of methods of
      delivering severe shock, but all that occurred was mechanical failure of
      the drum. It, therefore, seems that shipment of nitromethane in such
      containers, even with air in the head space, is without hazard due to
      shock. Nevertheless, the added margin of safety provided by displacing the
      oxygen, i.e. to less than 1% by vol., in the head space is deemed
      worthwhile and such a practice has been followed for a number of years.
PAR  Previously, the method employed was to fill the drum to overflowing thereby
      eliminating all head space, then using nitrogen under pressure, to
      displace sufficient liquid to provide the desired head space. This
      procedure apparently gave good results with little difficulty when the
      oxygen was determined soon after filling. However after only 24 hours of
      storage, it was often found that the oxygen content had risen well above
      1%. In fact concentrations with 8-10% were common. Even after reblanketing
      with nitrogen for 2 minutes, as much as 7% or more oxygen could be
      determined after 24 hours. The source of the oxygen was traced to oxygen
      dissolved in the nitromethane in the distillation columns and in the check
      tank prior to delivery to storage.
PAR  Accordingly, an improved method is needed for effecting oxygen removal and
      nitrogen blanketing of containers filled with nitromethane or other
      liquids to be protected from oxygen.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method of blanketing a
      container of liquid with an inert gas.
PAR  It is another object of this invention to provide a method for displacing
      atmospheric oxygen with an inert gas from a container of a liquid.
PAR  It is yet another object of this invention to provide a method for
      substantially eliminating dissolved oxygen from a liquid prior to storage
      and maintaining it substantially oxygen-free until it has been delivered
      into a shipping container which is also substantially oxygen-free and the
      container is sealed.
PAR  Other objects of this invention will be apparent to those skilled in the
      art from disclosure herein.
PAR  The process of the present invention is directed to a method for
      substantially eliminating dissolved oxygen from a liquid and from a
      shipping container therefor comprising the steps of
PA0  a. purging said shipping container with said inert gas at the bottom of
      said container, pressurizing with said gas to about at least 10 psig, then
      releasing said pressure,
PA0  b. repeating said pressurizing and releasing steps for a plurality of
      times,
PA0  c. introducing said liquid at bottom of said container while maintaining
      flow of inert gas at bottom of said container until said is filled, and
PA0  d. sealing said container.
PAC  DETAILED DISCUSSION
PAR  The present invention contemplates delivery of a liquid into a shipping
      container and sealing same using a process which limits the oxygen
      concentration to less than 1% in the vapors occupying the head space of
      the container. In a larger embodiment, the present invention embraces the
      process of substantially freeing the liquid from oxygen, i.e. to less than
      1% by volume, prior to storage, and maintaining it substantially free from
      oxygen until it has been delivered to the shipping container and it is
      sealed. Such a process involves the steps of
PA0  a. purging a storage tank for storing the liquid with an inert gas to
      provide an atmosphere containing less than 1% by volume of oxygen,
PA0  b. purging the liquid with the inert gas,
PA0  c. filling the storage tank with the liquid while maintaining an inert gas
      atmosphere,
PA0  d. pressurizing the tank filled with the liquid to from about 4 to about 7
      psig,
PA0  e. purging the shipping container with an inert gas by introducing the
      inert gas at the bottom of the container, pressurizing with the gas to
      about at least 10 psig, then releasing the pressure,
PA0  f. repeating the pressurizing and releasing steps for a plurality of times,
PA0  g. introducing the liquid at the bottom of the container while maintaining
      flow of inert gas at the bottom of the container until it is filled, and
PA0  h. sealing the container.
PAR  The process will be discussed in detail with particular reference to
      nitromethane as the liquid and nitrogen as the inert gas. This is for
      convenience only, however, as it is not intended that the invention be
      limited thereby. The invention can be practiced with any liquid and the
      inert gas can be any suitable gas as set forth below.
PAR  Nitromethane is a product of the vapor phase nitration of propane. It is
      separated from the products of nitration and purified by distillation. As
      the product is collected at the still head, it is sent to a check tank for
      weighing, then is periodically delivered to a storage tank, which in the
      practice of this invention, is maintained under an atmosphere of nitrogen
      at a pressure of 4-7 psig.
DRWD
PAR  The drawing shows the general piping and storage layout.
DETD
PAR  In the practice of this invention three storage tanks 1 are employed: one
      is being drawn on for drumming, through line 2; one is filled and held in
      reserve; and the third is being filled from line 3 through block valves 4
      from the check tank (not shown). An empty tank ready for filling is purged
      with nitrogen through sparger 5 supplied with nitrogen through line 6 and
      accessories, e.g. pressure-indicating controller 7, recorder controller 8,
      and flow-indicating controllers 9, from a nitrogen source 10. Exit gases
      and pressure equalization on the tanks is effected by lines 11 and 21 and
      suitable accessories, e.g. a pressure-indicating controller 7, relief
      valves 12, and block valves 13.
PAR  When the tank is satisfactorily purged, i.e. to an atmosphere containing
      less than 1% by volume of oxygen, nitromethane is introduced and is
      maintained under 4-7 psig of nitrogen at all times. The nitromethane is
      then purged by passing nitrogen through it at 4-7 psig until it is
      substantially oxygen-free, i.e. to less than 0.025% by weight.
PAR  For drumming nitromethane under a nitrogen atmosphere, a drum 14 with a 3/4
      inch bung 15 and a 2-inch bung 16 in the top is used. In one embodiment of
      the invention, nitrogen inlet attached to line 6 is introduced to the
      bottom of the empty drum through the 3/4 inch bung and the 2-inch bung is
      closed. The drum is pressurized to 10 psig with nitrogen, and the released
      to atmospheric. It is repressurized and released a plurality of times,
      e.g. 2 or 3 or more; then, with continuous nitrogen flow nitromethane
      (which is saturated with nitrogen at 4-7 psig) is introduced at the bottom
      of the drum through the 2-inch bung 16 and an extension of line 2.
      Nitromethane is withdrawn from the tank through line 2 and valve 17 by
      means of pump 18 and is delivered to the drumming operation through
      detonation traps 19. When the drum is filled to a predetermined weight,
      line 2 is withdrawn, and the bungs are closed as rapidly as possible.
PAR  In a second, preferred embodiment, bung 15 is kept closed and through bung
      16 is introduced a lance which is adapted to simultaneously introducing
      nitrogen and nitromethane and which is adapted to seal bung 16 when placed
      therein. With the lance in place, the drum is pressurized to 10 psig with
      nitrogen, released to atmospheric pressure, and again pressurized a
      plurality of times as previously described. Nitromethane and nitrogen are
      then introduced simultaneously to the bottom of the drum and as the liquid
      level rises, the lance is slowly withdrawn, keeping the tip below the
      liquid level. When the drum is filled, the lance is rapidly withdrawn and
      bung 16 is sealed. The oxygen content of the vapors in the head space is
      less than 1%.
PAR  The inert gas used in the practice of this invention is of good commercial
      quality. The maximum oxygen content should be 0.1%. Suitable inert gases
      include helium, neon, argon and, preferably, nitrogen. Carbon dioxide,
      methane, ethane, propane, butane and chloroflurohydrocarbons are also
      suitable for some liquids.
PAR  The invention will be better understood with reference to the following
      example. It is understood that this example is intended for illustration
      only, and it is not intended that the invention be limited thereby.
PAC  EXAMPLE
PAR  A supply of nitrogen 99+% was connected to the system (see 10 in the
      drawing). The pressure at this point was adjusted to about 250 psig.
      Before entering the storage tank, the pressure was reduced to
      approximately 25 psig. Nitrogen was flushed through the system until it
      was determined that the oxygen content of the effluent gases was less than
      1%. The common header (12 on the drawing) was set at 4 psig and the safety
      release valve on each tank was set at 7 psig.
PAR  Nitromethane was then introduced into the tanks as it was accumulated from
      the production unit and nitrogen was sparged through it continuously until
      it was determined that the nitromethane was sufficiently purged of oxygen.
PAR  A 55-gallon drum was then purged with nitrogen by inserting through the
      larger (i.e. 2-inch) bung a lance adapted to seal the bung and to deliver
      either nitrogen alone or nitrogen and nitromethane simultaneously at the
      bottom of the drum. Nitrogen flow was started and the drum was pressurized
      to 10 psig. The pressure was released and the drum was pressurized and
      released three times more. Nitromethane and nitrogen were then introduced
      simultaneously through the lance which was gradually withdrawn at a rate
      such that the tip of the lance was maintained beneath the surface of the
      liquid. When the shipping weight (500 lbs.) of nitromethane had been
      delivered, the nitromethane flow was shut off, the lance was withdrawn as
      quickly as possible and the container was sealed.
PAR  The oxygen in the vapors of the head space above the liquid is less than 1%
      by volume and remains less than 1% during storage and shipment until the
      sealed bung is opened.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for substantially eliminating oxygen from a shipping container
      while filling with a liquid comprising the steps of
PA1  a. purging said shipping container with an inert gas by introducing said
      inert gas at the bottom of said container, pressurizing with said gas to
      about at least 10 psig, releasing said pressure,
PA1  b. repeating said pressurizing and releasing steps for a plurality of
      times,
PA1  c. introducing said liquid while maintaining flow of inert gas until said
      container is filled, and
PA1  d. closing said container securely.
NUM  2.
PAR  2. The process of claim 1 wherein said inert gas is selected from the group
      consisting of helium, neon, argon, nitrogen, carbon dioxide, methane,
      ethane, propane, butane and chlorofluorohydrocarbons.
NUM  3.
PAR  3. The process of claim 2 wherein said gas is nitrogen.
NUM  4.
PAR  4. The process of claim 3 wherein said liquid is nitromethane.
NUM  5.
PAR  5. The process of claim 1 wherein said pressurizing and release is repeated
      twice.
NUM  6.
PAR  6. The process of claim 1 wherein said pressurizing and release is repeated
      three times.
NUM  7.
PAR  7. The process of claim 1 wherein said liquid and said gas are introduced
      at the bottom of said container.
NUM  8.
PAR  8. The process of claim 1 wherein said gas is introduced under the top of
      said liquid.
NUM  9.
PAR  9. A process for substantially eliminating dissolved oxygen from a liquid
      and from a shipping container therefor comprising the steps of
PA1  a. purging a storage tank for storing said liquid with said inert gas to
      provide an atmosphere containing less than 1% oxygen,
PA1  b. purging said liquid with said gas,
PA1  c. filling said storage tank with said liquid while maintaining said inert
      gas atmosphere,
PA1  d. pressurizing said tank filled with said liquid to from about 4 to about
      7 psig,
PA1  e. purging said shipping container with said inert gas by introducing said
      inert gas, pressurizing with said gas to about at least 10 psig, releasing
      said pressure,
PA1  f. repeating said pressurizing and releasing steps for a plurality of
      times,
PA1  g. introducing said liquid at bottom of said container while maintaining
      flow of inert gas until said container is filled, and
PA1  h. sealing said container.
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ABST
PAL  A machine and method for applying an apertured carrier to containers to
      form a carrier pack are disclosed. The machine includes a lug wheel which
      draws a carrier web from a stock and positions the carrier web at a
      preliminary station. A plurality of angularly spaced pins are mounted on
      each side of a pinwheel, and these pins engage secondary carrier apertures
      formed at locations spaced apart from the primary apertures. As the
      pinwheel turns, a spreader cam forces the pins axially apart to
      transversely deform the carrier without substantially deforming it in a
      longitudinal direction. So oriented, the carrier is forced over a
      plurality of containers to form a pack. A plow then positively disengages
      the carrier and containers constituting the pack from the pins.
PARN
PAR  This is a continuation of Ser. No.424,427, filed Dec. 28, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to container packaging, and more
      particularly concerns machines and methods for the high speed, low cost
      assembly of containers into sales packs.
PAR  For some time, cans and small bottles have been assembled into packs for
      merchandising. For example, beverage container cans or small bottles are
      often packaged in units or packs of six containers for retail sale. Such
      packs have met with wide consumer acceptance, and have assisted in
      increasing the sales of products so presented for retail sale.
PAR  A number of machines have been devised for assembling these containers and
      a common or interconnecting carrier member into retail packs. Several of
      these machines have met with considerable commercial success. Among these
      are machines described in U.S. Pat. Nos. 2,929,181 to Poupitch, 3,032,943
      to Reimers et al, and 3,032,944 to Hull et al.
PAR  It is the general object of the present invention to provide a container
      pack assembling machine and a method of pack assembly which result in high
      speed container pack production at low cost.
PAR  It is another object of the invention to provide such a machine and
      assembly method which are especially adapted for use with plastic bottle
      containers and the like.
PAR  Still another object is to provide a container pack assembling machine
      which will give long service life. An associated object is to provide
      trouble-free operation by eliminating violent part motion and intermittent
      container or carrier movement through the machine.
PAR  Yet another object of the invention is to provide a container pack
      assembling machine wherein the carrier member is engaged and firmly held
      throughout its movement through the machine to avoid loss of registry with
      the synchronously moving containers until the carrier and containers have
      been firmly interengaged.
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings. Throughout the description, like reference numerals refer to
      like parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view of the machine showing a carrier
      web, preliminary web positioning mechanisms, main carrier web engagement
      devices, apparatus by which the carrier web is applied to a moving stream
      of containers, and associated structures;
PAR  FIG. 2 is a sectional view taken substantially in the plane of line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a sectional view taken substantially in the plane of line 3--3 in
      FIG. 1;
PAR  FIG. 4 is a sectional view taken substantially in the plane of line 4--4 in
      FIG. 3, elevational in aspect but reversed in orientation relative to FIG.
      1;
PAR  FIG. 5 is a fragmentary sectional view showing in further detail the
      interengagement of the preliminary web positioning lugs and associated
      web-conveying wheels shown in FIG. 4;
PAR  FIG. 6 is a sectional view taken substantially in the plane of line 6--6 in
      FIG. 4;
PAR  FIG. 7 is a sectional view taken substantially in the plane of line 7--7 in
      FIG. 6;
PAR  FIG. 8 is a fragmentary elevational view showing in further detail the
      carrier web-engaging pin member ends;
PAR  FIG. 9 is a sectional view taken substantially in the plane of line 9--9 in
      FIG. 4 showing the pin spreader cam device, the view being plan in aspect
      and oriented similarly to FIG. 1, but reversed in orientation relative to
      FIG. 4;
PAR  FIG. 10 is a sectional view taken substantially in the plane of line 10--10
      in FIG. 9 and showing in further detail the spreader cam mechanism and the
      plow mechanism by which the containers and attached carrier are separated
      from the assembly machine, the view being plan in aspect and oriented
      similarly to FIGS. 1 and 9, but reversed in orientation relative to FIG.
      4; and
PAR  FIG. 11 is a plan view of the carrier member which is to be assembled over
      the product containers to form the container packs.
DETD
PAC  DETAILED DESCRIPTION
PAR  While the invention will be described in connection with a preferred
      embodiment and procedure, it will be understood that it is not intended to
      limit the invention to this embodiment or procedure. On the contrary, it
      is intended to cover all alternatives, modifications, and equivalents as
      may be included witin the spirit and scope of the invention.
PAR  Turning first to FIGS. 1-4, there is shown a novel machine 20 for
      assembling a carrier 21 over the tops 22 of containers 23 to form carrier
      packs. This carrier is similar to that disclosed in U.S. Pat. No.
      2,936,070 to Poupitch. However, as may be envisioned from particular
      reference to FIGS. 1 and 11, the carrier 21 can be provided as part of an
      elongated web 25 wound upon a roll 26, which is conveniently carried on a
      stand 28. Each individual carrier 21 is attached to longitudinally
      neighboring carriers by perforations or material surrounding elongated
      slots 29 which are oriented in a transverse carrier direction at
      longitudinally spaced apart positions.
PAR  In its illustrated embodiment, the carrier 21 is provided with six primary
      apertures 30 defined by scalloped edges 31 which are adapted to be
      deformed into a generally frustoconical shape and engage collars 33 formed
      on the container tops 22, as shown in FIG. 6 and elsewhere. As illustrated
      in FIG. 11, these six primary apertures 30 are arrayed in two
      longitudinally oriented rows of three apertures each. Intermediate these
      two aperture rows are finger holes 35 which can be used by the
      pack-purchasing customer to grasp the carrier 21 and lift the pack. Small
      secondary apertures, here taking the form of slots 37, are arrayed along
      the longitudinal sides near edges of the carrier 21 at positions spaced
      apart from and outside the primary apertures 30. The purpose of the
      secondary apertures 37 is explained below. To minimize the amount of raw
      material used in forming the carrier 21, enlarged scalloped indentations
      39 can be formed upon the carrier periphery. The carrier 21 can be formed
      of a polyethylene plastic or other suitable thin, strong, flexible
      material.
PAR  It is a feature of the invention that the carrier web 25 is drawn from the
      stock roll 26, is longitudinally tensioned, and is preliminarily
      positioned for accurate engagement by machine parts which apply the web to
      the containers 23. To this end, the machine 20 is provided with a frame 41
      upon which is mounted a tensioning device 42 shown in FIG. 4 and
      elsewhere. Here, this tensioning device includes two generally opposing
      plates 43 and 44 which are biased toward one another into engagement with
      opposite sides of the carrier web 25 by any convenient means. The
      illustrated biasing device comprises a spring 46 secured over a stud 47
      threaded into one plate 44; the spring 46 is compressively urged against
      the opposite plate 43 by an adjustable wing nut 48. The tensioning device
      42 is mounted upon the frame 41 by any known means such as bolts 49.
PAR  In accordance with the invention, means are provided to draw the carrier
      web 25 from the stock roll 26 and preliminarily position the web for
      action by engagement devices. To this end, a lug wheel 51 is keyed to an
      axle 52 mounted upon the frame 41 and includes a somewhat resilient
      cylinder 53 through which protrude a series of relatively large lugs 54.
      In carrying out the invention, these lugs 54 are formed to substantially
      engage the entire edge 31 of all the primary carrier apertures 30. This
      extensive carrier-lug interengagement lowers the stress imparted to the
      carrier 21 at any given point by the machine, yet permits the carrier web
      25 to be drawn from the stock roll 26 and through the tensioning device 42
      with a firm, relatively high speed action. Further, stresses on machine
      parts are reduced.
PAR  To assist in positioning the carrier web 25 upon the lug wheel 51, idler
      wheels 57 and 58 are located to abut the lug wheel 51. Each idler wheel
      includes a resiliently-surfaced cylinder 59, in which lug-complementing
      bores 60 are formed. Thus, when the carrier web 25 is drawn over the lug
      wheel 51, the constituent carriers 21 are impressed firmly over the lugs
      54 by the actions of these idler wheels 57 and 58, as illustrated in FIGS.
      4 and 5. This impressment precisely aligns and locates the carrier web 25
      for subsequent machine actions, yet does so in an inexpensive manner which
      does not require the application of great force to the carriers 21 or any
      machine part.
PAR  Next, the lug-engaged carrier web 25 is presented at a preliminary work
      station 63 for engagement by carrier-engaging devices such as pins 65. It
      is another feature of the invention that engagement occurs at a plurality
      of secondary aperture points 37 spaced apart from the primary web
      apertures 30 in a two-column longitudinal array near the carrier edges.
      Such engagement is smooth, and positive, yet involves low pressures on
      machine and carrier parts. As illustrated in FIGS. 4 and 6-8, the
      engagement devices or pins 65 are mounted on each side 66 and 67 of a
      bi-sided pinwheel 68 carried in turn on the machine frame 41 for
      synchronous motion with the continuously moving containers 23 and the lug
      wheel 51. The pinwheel 68 is mounted upon an axle 69 having its axis
      oriented perpendicularly to the longitudinal web dimension and parallel to
      the transverse web dimension, as can be envisioned from reference to FIGS.
      3, 4, 6 and 7.
PAR  As the carrier web 25 continuously arrives at the preliminary work station
      63, the pins 65 are endlessly cycled into engaging contact with it. The
      illustrated interengagement of the lug wheel 51 and the pinwheel 68 forces
      pin tips 70 to penetrate the secondary carrier aperture slots 37 to engage
      and retain the carrier 21 upon the pins 65 until positive release occurs
      as explained below. To assist in this carrier retension, the pin tips 70
      are provided with expanded heads 71 and reversely facing surfaces 72
      formed to engage carrier material adjacent the slots 37. A series of
      median fingers 73 are included on the wheel between the wheel sides 66 and
      67 to further help position, tension and transversely strain the engaged
      carrier 21.
PAR  Not only are the pins 65 arrayed about each side 66 and 67 of the pinwheel
      68 in angularly spaced relationship, but each pin 65 located on one side
      66 of the wheel is mounted in registry with a pin 65 mounted upon the
      opposite side 67 of the wheel 68. Moreover, as can be seen from FIG. 6 in
      particular, each pin 65 is biased toward its partner registered pin on the
      opposite wheel side. Here, this biasing effect is accomplished by two
      spring members 75 and 76 whose ends engage small notches 77 formed on each
      pin 65.
PAR  The interior or axially proximal pin ends 78 need not be secured to the
      wheel hub 79, but can be formed for slidable mounting within slots 80
      formed on the wheel hub 79. If desired, these slots 80 can be directly
      formed in pinwheel hub covers 81 which are then mounted to the wheel as by
      bolts 82. Additional slots 83 formed near the wheel circumference are
      oriented to permit motion of the pin ends 70 in a direction parallel to
      the wheel axis without permitting substantial radial motion or motion in a
      direction which would angularly displace any pin 65. Here, reduced stem
      portions 84 are formed on each pin 65 to permit engagement with the slots
      80 and, if desired, with covering collars 85.
PAR  In accordance with another aspect of the invention, the carrier-engaging
      pins 65 penetrate the carrier web 25 at the preliminary work station 63
      and preliminarily tension the constituent carriers 21. When the pins 65
      are mounted as described above, the carrier material surrounding each
      primary aperture 30 is tensioned or stressed, but is not substantially
      strained or deformed in either a longitudinal or transverse direction.
      However, as the pinwheel 68 turns and the engaged carrier web 25
      approaches a final work station 86, each pin 65 on one side 66 of the
      pinwheel is spread in a direction parallel to the wheel axis away from its
      normally axially retracted position and away from its registered mate upon
      the opposite pinwheel side 67. Such motion further tensions and deforms or
      strains the penetrated and engaged carrier web 25, including the material
      surrounding the primary apertures 30, in a transverse direction.
PAR  To accomplish this, a spreader cam 90 shown in FIGS. 4, 9 and 10 is
      mounted, as by bolts 91, to the machine frame 41. Here, the spreader cam
      90 takes the form of two scoop-shaped members 93 and 94 which are spaced
      apart from one another to permit the passage of the wheel-mounted median
      finger member 73. As can be seen from particular reference to FIG. 4, each
      cam member 93 and 94 is curved at one end 95 and 96 respectively to engage
      the passing pins 65 at approximately uniform radial distances throughout
      the pin-cam engagement travel zone. During cam and pin interaction,
      deformation of the engaged and penetrated carrier 21 in a transverse
      direction is caused, but no substantial deformation in the longitudinal
      direction occurs, since the angular interrelationship of the pins 65
      remains constant throughout machine operation. Thus tensioned and
      deformed, the carrier 21 is forced over the tops 22 of the containers 23,
      at the work station 86, thereby camming the primary apertures 30 of the
      carrier 21 over the shoulders 33 located upon the container tops 22.
PAR  To cause the axial pin-spreading action described above, each cam member 93
      and 94 is provided with a respective spreader pin-engaging surface 98 and
      99 which originates at a relatively reduced distance A from a planar cam
      datum surface 100 and 101 respectively, as shown particularly in FIG. 9.
      The cam surfaces 98 and 99 then expand to respective distances B from the
      datum surfaces 100 and 101, and subsequently gradually return to reduced
      distances C from the datum surfaces 100 and 101.
PAR  In accordance with yet another feature of the invention, the carrier 21 and
      now-attached containers 23 leaving the work station 86 are positively
      separated from the pins 65. In the illustrated embodiment, this is
      accomplished by a plow member 105 mounted upon the frame 41 below the
      spreader cam 90 at the final work station 86. As the carrier 21 and
      containers 23 move past the work station 86, the plow 105 intercepts the
      carrier 21 and separates it from the penetrating pins 65, and then directs
      the carrier 21 and attached containers 23 in a downstream direction away
      from the work station 86.
PAR  It is a feature of the invention that the initially separated carrier web
      25 and containers 23 are continually moved toward the final work station
      86 and the inter-attached carriers 21 and containers 23 are
      correspondingly moved away from the work station 86. To this end, a drive
      mechanism is provided to synchronize the motions of the lug wheel 51, the
      pinwheel 68, the web 25, and the containers 23. As illustrated in FIGS.
      1-3, an integrated drive, here including a drive motor 110 and an endless
      belt 111 comprising twin roller chains is operated from any convenient
      power source such as electricity. The belt 111 passes in turn over the
      sprocket wheel 112 of a conveyor gearbox 113, whose function is described
      later, and the sprocket wheels 114-117 of the pinwheel 68, the carrier
      idler wheels 57 and 58, and the lug wheel 51 respectively. After passing
      over convenient tension-maintaining idler rollers 118 and 119, the moving
      belt 111 then synchronously engages the drive sprocket 120 of a
      container-carrying conveyor belt 121.
PAR  It is yet another feature of the invention that the containers 23 are urged
      into the work station 86 by motion synchronized with the described machine
      parts. To this end, the gearbox 113 is provided with an output drive 125,
      here comprising twin roller chains, which engage the drive sprockets 126
      of several star wheels 128 located at container-engaging positions near
      each side of the container conveyor belt 121. Each star wheel 128 is
      provided with a container-receiving and spacing scalloped surface 130
      which engages the sides of the containers 23. By this engagement, the star
      wheels positively separate the containers 23 and position them upon the
      continuously moving container conveyor belt 121 in pre-selected locations
      for subsequent engagement by the apertures 30 formed in the carrier 21.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. In a machine for applying an apertured carrier stock to pluralities of
      containers to form packages in which the machine includes means for
      continuously supplying said carrier stock to an application station and
      further includes means for contemporaneously continuously supplying a
      series of containers to said application station wherein the improvement
      comprises, a rotating pinwheel mounted in said application station and
      comprising a plurality of pins having pointed tips, said pins mounted in
      said pinwheel in spaced apart pairs for rotation therewith for receiving
      the longitudinal side marginal edge of said carrier stock at positions
      spaced from the container receiving apertures of said carrier stock
      projected onto the tips of said pins, rotating means receiving said
      carrier stock thereabout and for projecting the longitudinal side marginal
      edges of said carrier stock onto the pointed tips of said pins, and
      spreader cam means for spreading said spaced apart pairs of pins to
      stretch said carrier stock projected thereon for application to said
      series of containers with said containers extending through the apertures
      of said carrier stock.
NUM  2.
PAR  2. In a machine as defined in claim 1, and said rotating means for
      projecting said carrier stock onto said pins comprising a rotating lug
      wheel in substantial tangential alignment with said pinwheel, said lug
      wheel being formed and arranged to receive said carrier stock thereabout
      and to project the longitudinal side marginal edges of said carrier stock
      onto the pointed tips of said spaced apart pairs of pins as said lug wheel
      and said pinwheel rotate.
NUM  3.
PAR  3. In a machine as defined in claim 2, and a plurality of lugs mounted
      circumferentially about said lug wheel and extending radially outwardly
      thereof, said lugs being positioned to project through said apertures of
      said carrier stock to align said carrier stock on said lug wheel for
      projection of the longitudinal side marginal edges of said carrier stock
      onto the pointed tips of said spaced apart pairs of pins.
NUM  4.
PAR  4. In a machine as defined in claim 3, and the periphery of said lug wheel
      about said lugs having a resilient surface thereabout to resiliently
      support said carrier stock thereon.
NUM  5.
PAR  5. In a machine as defined in claim 4, and said resilient surface of said
      lug wheel having holes to receive the pointed tips of said spaced apart
      pairs of pins therein.
NUM  6.
PAR  6. In a machine as defined in claim 1, and spring means between each pair
      of said spaced apart pairs of pins for biasing the tips of each pair of
      said spaced apart pairs of pins toward each other, said spreader cam means
      being fixedly positioned to project between said spaced apart pairs of
      pins and formed to progressively cam each pair of said spaced apart pairs
      of pins apart against the bias of said spring means to stretch said
      carrier stock for application to said containers as said pinwheel rotates
      and to permit each pair of said spaced apart pairs of pins to move
      together upon application of said carrier stock to said containers as said
      pinwheel rotates.
NUM  7.
PAR  7. In a machine as defined in claim 1, and a plow fixed in said machine at
      a position between said spaced apart pairs of pins to hold said carrier
      stock on said containers upon application of said carrier stock to said
      containers as said pinwheel rotates.
NUM  8.
PAR  8. In a method of applying a longitudinally and transversely dimensioned
      carrier having a plurality of primary apertures to containers to form a
      carrier pack, in which the carrier is continuously supplied to an
      application station and in which a series of containers is continuously
      supplied to said application station, wherein the improvement comprises
      the steps of engaging the carrier at a plurality of locations spaced apart
      from the primary apertures by penetrating the longitudinal side marginal
      edges of said carrier at said application station with a plurality of pins
      mounted for rotation on a pinwheel about an axis, spreading the pins while
      the pinwheel is rotated to temporarily strain the carrier, synchronously
      applying the engaged carrier to said series of containers moving past the
      pinwheel in said application station, and withdrawing the pins from the
      applied carrier.
NUM  9.
PAR  9. In a method according to claim 8, including the steps of temporarily
      spreading the pins in a direction parallel to said pinwheel axis,
      stressing and straining the engaged carrier in its transverse direction
      about its primary aperture, and stressing without substantially straining
      the carrier in its longitudinal direction about its primary aperture.
NUM  10.
PAR  10. In a method according to claim 9, including the step of retracting the
      spread pins to relax transverse stress and strain in the carrier before
      the pins are entirely withdrawn from the carrier.
NUM  11.
PAR  11. In a method according to claim 8, including the steps of drawing a web
      of longitudinally interconnected carriers from a stock, longitudinally
      tensioning the carrier web, and preliminarily engaging the web
      substantially along all the web primary aperture edges to position the web
      for engagement by the pins.
NUM  12.
PAR  12. In a method according to claim 11, including the step of forcing lugs
      into engagement with said primary apertures formed in the carrier.
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ABST
PAL  The present application discloses a machine for inserting ampoules or
      similar containers in holders suitable for packing and shipping. A
      conveyor chain carries a series of trays having receptacles adapted to
      receive a preselected number of ampoules. A hopper feeds the preselected
      number of ampoules into the receptacles by gravity. An inclined ramp
      accommodates a stack of flat holder blanks of cardboard or the like. Each
      tray is provided with projection means which grasp a single blank from the
      stack and moves it along in alignment with the tray. A guide system has
      rails extending longitudinally along the conveyor adapted to engage the
      blank and erect it to a U-shape. A ramp adjacent the chain has a contoured
      camming surface which engages the ampoules and moves the ampoules
      transversely into appropriate apertures in the aligned, erected holders.
BSUM
PAR  The present invention relates to a machine for automatically placing
      injectable ampoules, vials and similar liquid containers in holders which
      protect the liquid containers.
PAR  More particularly, the present invention relates to a machine for
      automatically inserting liquid containers, such as ampoules, in support of
      the type disclosed in my patent application entitled "Support For Packing
      Ampoules And Similar Containers" Ser. No. 543,138 filed concurrently
      herewith and now abandoned.
PAR  The present invention concerns itself with an automated conveyor system for
      inserting liquid containers such as ampoules into suitable holders. The
      ampoules are automatically grouped according to the number of ampoules to
      be contained in each holder. The holder, preferably formed from a
      semi-rigid cardboard is automatically folded and erected. The pre-selected
      groups of ampoules are aligned with the erected holder and appropriately
      inserted into apertures or holes provided in the holder for this purpose.
PAR  The system of the present invention is simple, reliable and economical to
      construct and operate. The system integrates all necessary sorting,
      loading, erecting and inserting operations in a substantial degree of
      efficiency and productivity not available with prior art systems which
      depended on a substantial number of manual operations.
PAR  Briefly, the system of the present invention comprises a machine having an
      endless conveyor chain or belt which moves at a uniform rate of speed by
      means of a suitable motorized system. The conveyor chain carries a series
      of trays, each of which define a fixed number of transverse cradles or
      receptacles which are adapted to receive the ampoules or liquid containers
      to be packed. The chain runs beneath a loading hopper which contains the
      supply of ampoules properly aligned with the receptacles. The ampoules are
      discharged by gravity and are fed into the receptacles and are carried
      along to a mechanism which effects their insertion into the respective
      holder. In one embodiment of the invention, the hopper is shaped so as to
      be fed with trays or pans, which are filled with a large quantity of
      properly aligned ampoules enabling the hopper to be continuously supplied.
      Each of the trays or slats on the conveyor chain have a projection which
      grasps a holder blank from a supply stack adjacent the chain. The supply
      stack is pressure fed by a gravity system or by an appropriate spring
      system. A system of guides serve to fold said blank holder sheets in
      correct form for final boxing.
PAR  The ampoules are moved transversely in respect to the machine's axis by a
      ramp or camming surface into appropriate apertures in the erected holder.
DRWD
PAR  The above and other objects and advantages of the present invention will be
      had from consideration of the specification and drawings in which:
PAR  FIG. 1 is a general perspective view of the machine assembly;
PAR  FIG. 2 is a detail perspective view showing the structure of the hopper
      system which feeds the ampoules, vials or similar liquid containers;
PAR  FIG. 3 is a front elevational view showing the operation of the feeding
      arrangement shown in the preceding figure;
PAR  FIG. 4 is a sectional detail view showing the structure of the device
      through which the machine is fed and the die-stamped flat sheets from
      which the holders are formed;
PAR  FIGS. 5, 5a, 5b, 5c and 5d are detail views in perspective showing the
      different phases of the folding operation to which the holders are
      subjected during their movement along the machine through the system of
      combination guide and folding mechanism;
PAR  FIG. 6 is a detail perspective view showing the structure for inserting the
      ampoules into their respective tray receptacles;
PAR  FIG. 7 is a plan view showing the inclined plane system which provides for
      the transverse movement of the ampoules from the tray receptacles to the
      holder receptacles; and
PAR  FIGS. 8 and 9 are cross-sectional views taken along lines 8--8 and 9--9 of
      FIG. 7.
DETD
PAR  Broadly, the machine includes a chassis or framework, not shown, which can
      have any suitable structure. The frame perferably has means for
      transporting it from one location to another and is designed to be placed
      directly on a floor or upon any type of adequate support, such as the
      frame of a second machine with which the machine of the invention could
      work in combination. The frame can be fabricated from metal plate suitably
      cut and formed and has a top flat surface appreciably sloped having an
      ample longitudinal opening upon which is fixed a plate to which the
      machine can be secured. A removable cover can be placed on this surface
      and fixed in position through any conventional fastener means. The
      assembly is completed with a conventional control panel containing the
      necessary drive elements of the machine, as well as the controls
      themselves and the safety mechanisms. The control panel will be situated
      at a location convenient and accessible for the operator.
PAR  Referring now to the drawings, the machine includes an endless conveyor
      chain or belt supported in a horizontal position by appropriate sprockets
      2 and intermediate guides. The belt or chain 1 is moved by an appropriate
      drive system, for example, through means of an electromotor and gear
      reducer, not shown. A transmission can be included for achieving speed
      regulation through gear changes. A series of flat rectangular plates 3 are
      attached to chain 1, each of which defines a group of cradles or
      receptacles 4 transversely arranged relative to the chain 1. The
      receptacles 4 are identical and are regularly spaced and each is designed
      to receive a single container or ampoule. The number of cradles or
      receptacles provided in each of the plates or trays 3 will coincide with
      the number of ampoules to be contained in a given holder. This number is
      variable from one to a dozen or even more. It is, of course, necessary to
      design the endless chain so that it can be assembled and disassembled with
      ease, in order to facilitate changing the number of recptacles required
      for given holders and to be able to use receptacles of different
      dimensions. In this way, the machine can be adapted for use with various
      types of holders and various sizes or types of ampoules or similar liquid
      containers. It may be desirable to subdivide trays 4 into two or more
      sections which are articulated and connected. This will make it possible
      to maintain reasonable limits on the radius required at the sprockets 2 of
      the chain, particularly when the articulated trays are of considerable
      length where they are, for example, arranged to receive ten, twelve or
      more ampoules.
PAR  Chain 1 is adapted to run beneath a hopper containing a supply of ampoules
      5, transversely arranged in the hopper with their axes mutually parallel
      and transverse to the chain and by gravity and in contact with one another
      are fed into the receptacles 4. The width of the lower opening or outlet
      of the hopper is selected to accommodate the sum of the diameters of a
      given number of ampoules plus a predetermined clearance. In this way, the
      smooth continual descent of the ampoules into the receptacles 4 is assured
      avoiding blockage that could result from a malfunctioning of the machine.
      The supply of ampoules in the hopper can always be maintained above a
      certain level through any number of conventional manual or automatic
      systems.
PAR  In the embodiment shown herein, the assembly is designed to be supplied by
      trays 6, as seen in FIG. 3, which are filled with ampoules already
      properly arranged and placed in position. The trays, of conventional type,
      have one side wall removed to facilitate emptying. The ampoule supply
      hopper consists of a vertical back wall 7, arranged at right angles to the
      receptacle trays 3 and two opposite walls 8 and 8' perpendicular to said
      back wall 7. Two walls 9 and 9' are perpendicular to the back wall and are
      disposed above the chain. Ampoule supply trays or containers 6 are placed
      with their respective open sides adjacent walls 9 and 9'.
PAR  When the machine is actuated, the space between vertical walls 8 and 8'
      should contain a supply of ampoules, which can be manually loaded. A
      supply of trays 6 will be placed on horizontal walls 9 and 9' with their
      open sides in juxtaposition with the top opening of the hopper enabling
      the ampoules to drop into the hopper. When the contents of the first tray
      6 are emptied an adjacent tray is moved forward along walls 9 and 9' until
      the open side is in suitable position aligned with the opening of the
      hopper. The first tray which has been emptied is now withdrawn and through
      a repetition of this procedure, a continuous supply of ampoules is
      maintained.
PAR  As best shown in FIGS. 1 and 4, the machine uses an arrangement for
      supplying die-stamped flat sheets 10 of boxboard, light cardboard or
      equivalent material, from which the holders are formed, through simple
      folding. As mentioned above, the holders are preferably of the type
      disclosed in my co-pending patent application entitled "Support For
      Packing Ampoules And Similar Containers". This supply arrangement consists
      of an inclined angle iron 11 which is on the same slope as that of the
      receptacles 4, or on a slightly greater one, and which is positioned with
      its axis perpendicular to that of the transporting chain. Angle iron 11,
      which can be U-shaped in cross-section, triangular, or other similar
      shape, is arranged to accommodate a certain supply of holders 10. The
      holders 10 are conveniently arranged in a stack. The stack is pushed
      forward and is forced to slide along a ramp or apron of the machine so
      that the first of the holders in the stack lies against the top or fixed
      element of the machine bench with a predetermined pressure holding it in
      proper position. The fixed elements can consist of the lower guide 12,
      along which trays 3 slide restrained against lateral movement and by an
      overhead element, preferably adjustable, such as the head of a threaded
      sleeve 14 screwed into a fixed support 15. Sleeve 14 can be locked into
      precise position by means of locknut 16. In the preferred embodiment, the
      threaded sleeve or bolt 14 contains ball bearing assembly 13 which is in
      contact with the first holder.
PAR  In operation of the machine, it is necessary that each of the trays 3,
      during the forward movement of the chain, pull along one of the holders
      separating it from the stack, moving it along the guides which
      subsequently cause it to be folded as will be explained. In this manner,
      the movement of the trays and the holders is perfectly synchronized
      providing for smooth conveying of the ampoules. As seen in FIG. 4, each of
      the trays 3 is provided with a projecting lateral gripper 17, positioned
      and dimensioned in such a manner that when it passes by the holder supply
      device, it grabs the side edge of the first or bottom holder and conveys
      it along lower guide 12, subjecting it to the guide arrangement causing it
      to be folded in the manner to be seen hereafter.
PAR  It is necessary that each tray or plate 3 grasp one of the holders 10. To
      achieve this purpose, it is essential that the pressure with which the
      first or bottom holder in the holder supply device contact fixed elements
      12 and 13 and be maintained within predetermined limits. There are many
      conventional devices or arrangements which can be used to assure the
      proper magnitude of and constancy of pressure as, for example, a spring
      system acting upon the top or last holder in the stack maintaining the
      required tension. Alternately, a worm gear arrangement properly
      synchronized with the operation of the machine and compensating for the
      stack of holders, as it decreases in size could be used. The desired
      pressure can also be maintained simply through means of a roller 18, of
      predetermined weight, which will roll by gravity along inclined ramp 11.
      Roller 18 is preferably guided by a central longitudinal rib 10 located in
      ramp 11 which fits into a corresponding annular groove in roller 18. The
      use of roller 18 is simple and provides essentially constant pressure
      which is independent of the quantity of holders stacked on the ramp.
      Another fundamental advantage is that the supply of holders 10 can be
      replenished by merely placing a new stack of the same between the last of
      the present stack and roller 18 without any need for interrupting the
      operation of the machine.
PAR  Each of the holders 10 is engaged first by a respective tray 3 and
      thereafter by the ampoules contained in said tray. The holder is forced to
      move along a set of fixed guides, which causes the holder to be folded in
      a U-shape. These guides consist of a strap or rail 21, parallel to the
      longitudinal axis of the chain, and a rod 22 bent in the form of an
      irregular "S" integral with a second strap or rail 23 perpendicular to
      rail 21 and defining a longitudinal slot therewith. As shown in FIGS. 5a,
      5b, 5c and 5d, rod 22 engages the flat holder and causes the holder to be
      folded in a U-shape. The folded or erected holder then passes along rail
      21 and comes into position to receive the respective ampoules.
PAR  A device is provided at a suitable location along the conveyor chain for
      insuring correct insertion of the ampoules into the respective cradles or
      receptacles 4. This device comprises a runner 24, fastened on two threaded
      vertical rods 25 and 25'. Each rod is supported by a fixed arm 26 and 26',
      respectively. Spring tension applied through springs 27 and 27' causes
      runner 24 to engage the ampoules. The tension of the springs can be
      regulated within limits by adjustment of the nuts on the threaded rods to
      vary the pressure with which the runner 24 rests upon the ampoules and
      with which the ampoules lie within their respective receptacles. It may be
      possible, in some installations, to omit this device, as the ampoules may
      seat within the receptacles of their own accord.
PAR  To insert the ampoules in the holders, as is best seen in FIGS. 7 to 9, a
      ramp to fixed inclined camming surface 28 is located above trays 3 in a
      diagonal direction relative to the longitudinal axis of the carrying belt.
      During forward movement of the receptacle plates or trays 3, the ampoules
      slide along the surface 28 moving or urging them in a transverse direction
      relative to the chain and ejecting them from the trays into aligned
      openings in the respective holders. The openings secure the ampoules along
      the body of the ampoule and also at front or neck portions. In a preferred
      embodiment, camming surface 28 is not continuous but has a configuration
      containing two or more angular zones 28 and 28' separated by a zone 28"
      parallel to the longitudinal axis of the belt. This arrangement makes it
      possible to vary the force with which the ampoules are inserted into the
      holders in accordance with the form, dimensions, and number of said
      ampoules and in accordance with the dimensions and construction of the
      holder. The configuration of the surface 28 is selected to achieve safe
      packing of the ampoules and not permit transverse movement of the ampoules
      in the holder thereby assuring complete immobility of the ampoules in the
      holder during shipment. Also, during the phase of transverse movement and
      entry into the holders, the ampoules are to be held in their inserted
      position in the receptacles 4 by a shoulder 29 which reduces lurching
      movement keeping them properly aligned with the respective series of
      openings in the holders.
PAR  Once the ampoules are properly inserted, the holders with the ampoules
      adequately secured continue to advance, being pulled by the trays 3 along
      rail 21 until they are discharged onto a collection device or onto a
      conveyor. It will be obvious to equip the machine with a system of guides
      or rollers which will make it possible to fold the ends of the holders.
      Also, it is possible to provide a mechanism which will automatically
      insert the ampoule containing holders into boxes or containers for
      shipping and marketing.
PAR  It has already been mentioned that the top surface of the machine frame and
      all of the elements described should be somewhat inclined relative to the
      horizontal. This arrangement offers advantages in assuring, by means of
      gravity, the correct positioning of the ampoules both in the supply hopper
      and on the conveyor chain.
PAR  Having fully described and disclosed the present invention and the
      preferred embodiment thereof in such clear and concise terms as to enable
      those skilled in the art to understand and practice the same, the
      invention claimed is:
CLMS
STM  I claimed:
NUM  1.
PAR  1. A machine for inserting ampoules and similar articles in holders erected
      from a flat foldable blank, said machine comprising:
PA1  a. a conveyor chain adapted to be driven at uniform forward speed by means
      of an appropriate drive system;
PA1  b. ramp means for containing a stack of blanks located adjacent said chain,
      said ramp means adapted to supply blanks synchronized with the movement of
      said chain;
PA1  c. a series of trays attached to said chain, each of said trays defining a
      predetermined number of receptacles transversely arranged relative to said
      chain, said receptacles being regularly spaced and corresponding in number
      to the number of ampoules that each of said holders is to receive, each of
      said trays being provided with projection means adapted to engage and
      remove a single blank form said stack as said tray passes by said ramp
      means;
PA1  d. a supply hopper having an outlet superjacent said chain, said hopper
      being configured to orient said ampoules in proper alignment whereby said
      ampoules are discharged by gravity transversely of said chain in said
      receptacles;
PA1  e. means for erecting said blanks into holders; and
PA1  f. a camming surface located along the path of the chain adapted to engage
      the ampoules thereby moving said ampoules in a transverse direction
      relative to the chain and into engagement with the aligned holders.
NUM  2.
PAR  2. The machine of claim 1, wherein said ramp means is inclined relative to
      said chain and further including means for applying a predetermined
      biasing force to the contained stack of blanks.
NUM  3.
PAR  3. The machine of claim 2, wherein said means for providing a predetermined
      biasing force comprises roller means cooperable with said ramp, whereby
      said roller moves along said ramp by gravity applying a predetermined
      biasing force against the stack of blanks.
NUM  4.
PAR  4. The machine of claim 3, wherein said hopper outlet has a width in the
      longitudinal direction of the chain equivalent to the sum of the diameters
      of a predetermined number of ampoules plus a predetermined clearance,
      thereby assuring smooth and constant discharge of the receptacles into the
      trays.
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ABST
PAL  An apparatus for forming and closing a display package comprises a card
      blank and an overlying plastic sheet and includes a carrier for the blank
      and the overlying plastic which is movable through an operation path. The
      carrier advantageously comprises a rotatable plate having a plurality of
      receiving areas for individual cards and plastic sheets which are arranged
      at spaced annular locations on the table and which may be rotated through
      the operational path by rotation of the table. Associated with the
      operational path of movement is a device for feeding either individual
      cards with window openings or cards which already have plastic sheets
      affixed thereto onto the associated carrier. The plastic sheets may be fed
      separately, if desired, so that they will overlie the card blank. A heat
      sealing and forming device is arranged along the operational path and
      engages the plastic sheet to heat it and to form it into a pocket and this
      is advantageously accomplished when the carrier is held stationary. The
      carrier is rotated further through an operational path intersecting a
      loading or product filling station or stations where the pockets may be
      filled with articles. Subsequently, as the carrier is moved, folding means
      engage the card to fold it during the movement of the carrier so that a
      portion thereof overlies the remaining portion having the window. At the
      end of this movement, the card is positioned to be contacted by sealing
      means for sealing the card with the pocket. The inventive method includes
      feeding the cards into a carrier and either separately or coincidentally
      feeding a plastic sheet thereover, then moving the card into association
      with forming means for forming the pocket. The forming means
      advantageously forms pockets on each side of a central folding line so
      that, when the card is folded, the pockets overlie each other. The card
      with the pockets is then advanced into a location at which it may be
      filled with articles, and then it is folded as it is moved into
      association with sealing means and carried away.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to a method and apparatus for forming and
      closing display packages from a card blank having a window opening in an
      overlying plastic sheet thereon which includes means for forming a pocket
      of the plastic sheet, filling the pocket with an article, folding the card
      to close the pocket and subsequently sealing the pocket with the card.
PAR  2. Description of the Prior Art
PAR  At the present time, there are many types of machines for forming and
      filling display packages. In one known type, a rotatable carrier table for
      a card blank is positioned in sequence into association with apparatus for
      heating and forming a pocket, filling the formed pocket, closing the
      formed pocket by folding the blank carrying the pocket at a fixed station
      and, thereafter, moving the folded and closed blank into association with
      sealing means for sealing it closed. A disadvantage in the known machine
      structure is that the table carrier for the card must be indexed and
      stopped at each of a multitude of stations at which an operation is
      carried out. This necessarily means that the driving mechanism for the
      carrier must be such that it permits indexing motion and stopping of the
      carrier for each operation. The known drive mechanisms which are operable
      thus require, for example, a separate station heating the plastic sheet
      and also for forming a pocket in the heated sheet as well as separate
      stations for sealing the package and for subsequently removing it from the
      machine. Therefore, such a machine must be of very large size and require
      a great amount of time in passing the card through operational paths and
      stopping them at each location in order to effect the formation and
      filling of the display card pocket. Attempts have been made to construct
      machines of this character which will operate at extremely high speeds but
      all of them require a stopping of the operation while the individual
      package forming apparatus operate on a card blank and plastic sheet. The
      disadvantage in the known constructions is that not only the heating and
      forming operations and sealing operations are performed at separate fixed
      stations, but also, the auxiliary operation of folding is carried out
      while the machine is temporarily stopped. The reason for this is that the
      known devices for automating the machine completely so that it operates
      continuously as the formations are made are very expensive to manufacture
      and difficult to operate.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improvement over the known devices
      inasmuch as it provides a machine which is of very simple construction,
      economical to operate, uses less floor space and which provides a means
      for folding the card blank in order to position one part of the card so
      that it overlies another part containing the window and pocket while the
      card is being moved between a station at which it is loaded with articles
      and one in which it is sealed. The inventive machine may be made much
      smaller than the known devices inasmuch as two or more operations are
      carried out at a single station or when the machine is moving. By the
      simple provision of an automatic folder arranged along the operational
      path of movement of the card, it is possible to initially fold one half of
      the card upwardly during a portion of the movement until the upwardly
      folded part is contacted by a plow which folds it downwardly over the
      other part. With this simple mechanism, it is possible to run the card
      forming and filling operation and subsequent sealing very rapidly without
      waiting for the hand folding of the card as in the previous operations.
      This simple arrangement provides a vastly increased range of operation of
      the machine and at much higher speeds than known heretofore and without
      requiring very large additional expenditure.
PAR  The invention includes a rotatable table carrier having a plurality of
      angularly spaced card blank holders around its periphery and it is
      connected to a driving mechanism to effect a continuous indexing movement
      through an operational path. Along the operational path is a mechanism for
      feeding cards in succession into the holders of the carrier table and
      plastic sheets may be either fed with the card or separately at a separate
      angular position of the respective holder of the carrier table. The table
      is moved in an indexing movement so that the carrier holder is eventually
      positioned in alignment with plastic pocket forming means which operate on
      the plastic after it is heated through pressure control elements to form
      it into a pocket and preferably four pockets on a single card are arranged
      in pairs on each side of a fold line.
PAR  After passing the forming station, the card blank with the formed pockets
      arrives at an article loading station which may be either automatically
      operated or manually operated. The operator or the article packing machine
      need only deposit the articles in the outermost two pockets and
      thereafter, an automatic mechanism is effective to lift up the other side
      of the card containing the other two pockets and to proceed to fold the
      card as the carrier table is moved so that it is completely folded one
      part above the other with the pockets being in alignment at the time that
      it reaches a location adjacent a sealing mechanism arranged along the
      operational path. The sealing mechanism includes a mechanism associated
      therewith for lifting the completed package out of the sealing dies and
      transmitting them to a product discharge chute during indexing of the
      machine.
PAR  A further feature of the invention is that the carrier table may be
      provided with either four or six stations. In each type of station
      machine, one of the very important operations, that is, the folding of the
      card to effect the covering of the pocket, is carried out automatically
      during the movement of the card between two of these stations. In a four
      station machine, the card is fed at one and the plastic pocket is formed
      at another and thereafter, the product is loaded at a distinct station and
      fed to a separate station for sealing and take off. In a six station
      arrangement, this may be varied by feeding the film separately from the
      cards at a separate station and by loading the product at two station
      positions. Still another arrangement is to provide for a card feed, the
      forming, the product loading, the sealing and to have a separate station
      for the take off of the card. In this arrangement, two stations may also
      be provided for product loading.
PAR  The machine of the invention may be operated intermittently to produce a
      frame view blister package or a stand up blister package which is either
      one-sided or see-through. The drive for the operating mechanism
      advantageously comprises an electric motor which drives through a gear
      reducer to the input of a single revolution clutch. The output of the
      clutch is connected to operating mechanism for effecting the various
      movements of the individual forming apparatus which are arranged along the
      operations path of movement of the card blank holder of the carrier table.
      The drive may be the same for a six station operation in which case, a
      Geneva drive in the mechanism, having six positions, is substituted for
      one having four positions. The device may produce a blister package or a
      flexible package in either a four or six station machine. In the preferred
      arrangement, the system for feeding cards into the holders on the carrier
      table, as well as the system for lifting the finished cards or packages
      upwardly from the packing table, are mechanically driven. Therefore,
      accurate timing of these systems with the indexing of the carrier table is
      easily effected. The heat seal mechanism for sealing the cards is
      effective to seal either the top of the card alone or the top and bottom
      simultaneously. The sealing is advantageously carried out by a high
      frequency generator, or a so-called RF generator, in which the power
      supply or the oscillator sections can be removed and replaced by plugging
      in.
PAR  A further advantage of our machine is that the forming of the pockets is
      carried out with the aid of vertically moveable lower platens which are
      raised by cams instead of air cylinders. This permits the cooperative top
      platens to start down at the same time that the lower platens start upward
      because of the better timing experienced with mechanical cam drives. Also,
      since less air cylinders are used the air requirements are fewer, and the
      machine is simpler to set up and adjust.
PAR  The inventive method comprises moving a card blank having at least one
      window opening with a plastic sheet overlying the window opening through
      an operating path, stopping the movement of the card through the path and
      forming a pocket in the plastic sheet, advancing the cards through the
      path once again, and filling the formed pocket with an article, continuing
      to advance the card with the article in the pocket and folding it while it
      is advanced so that one part of the card overlies the other part having
      the window, and sealing the folded card and pocket.
PAR  A further object of the invention is to provide an apparatus for forming
      and closing a display package which is simple in design, rugged in
      construction an economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its used, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated preferred embodiments of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a front top perspective view of apparatus for filling, forming
      and closing a display package constructed in accordance with the
      invention;
PAR  FIG. 2 is a top plan view of a folded double-frame view blister package
      which may be either one-sided or see-through, as constructed in accordance
      with the invention;
PAR  FIG. 3 is a partial top plan and sectional view of the machine shown in
      FIG. 1 with part of the rotary carrier table being shown;
PAR  FIG. 4 is a section taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a section taken along the line 5--5 of FIG. 1;
PAR  FIG. 6 is a partial side elevational view of the mechanism shown in FIG. 5;
PAR  FIG. 7 is a section taken along the line 7--7 of FIG. 1;
PAR  FIG. 8 is a section taken along the line 8--8 of FIG. 7;
PAR  FIG. 9 is a top plan view of an open card blank and plastic sheet with
      formed pockets;
PAR  FIG. 10 is a front top partial perspective view of the machine shown in
      FIG. 1 indicating the apparatus for folding the card of FIG. 9;
PAR  FIG. 11 is a section taken along the line 11--11 of FIG. 1;
PAR  FIG. 12 is a partial elevational and partial sectional view of the product
      take off mechanism;
PAR  FIG. 13 is a top plan view of another embodiment of the invention showing a
      six station carrier;
PAR  FIG. 14 is a partial reduced scale plan view similar to FIG. 13 of the
      plastic transfer mechanism; and
PAR  FIG. 15 is a section taken along the line 15--15 of FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention embodied therein in
      FIGS. 1 through 12 comprises an apparatus for forming, filling and closing
      a display package or blister-packaging machine, generally designated 10,
      which includes a machine frame 12, having legs 14 for supporting a table
      height, for example. The frame 12 provides means for rotatably supporting
      a rotatable carrier table 16, having a plurality of carrier holders 18
      arranged at spaced annular locations on its top surface. Each carrier
      holder comprises a centering frame portion 20 of a size to receive a card
      blank 22 therein. The card blank, generally designated 22 and as best
      shown in FIG. 2, comprises a single sheet of a relatively stiff material
      which, before it is folded over as shown in FIG. 2, is provided with a
      central score line or fold line 22a arranged centrally between pairs 22b
      and 22c of window openings arranged on respective sides of the fold line
      22a. Each card is preferably covered by a plastic sheet 24 which is of a
      size which is large enough to cover all of the four separate window
      openings 22b, 22c, and 22b', 22c'. The table carrier 16 is rotated to move
      the holders 18 through an operating path in order to present the cards 22
      and the plastic sheet into association with various operating mechanisms.
PAR  In the embodiment of the invention shown in FIG. 1, a card loading
      mechanism, generally designated A feeds individual cards 22 from a stack
      of cards 26 which are placed on an inclined bottom 28 of the card feeding
      mechanism A. The cards feed by gravity along the bottom 28 until they move
      against side abutments 30. Each card in succession is engaged by a gripper
      assembly 32 including grippers 32a and 32b, and which is pivoted on a rod
      34 which in turn is rotatable on a pivot shaft 36 as shown in FIGS. 5 and
      6. Rod 34 and gripper assembly 32 are connected by a connecting link 38
      which is carried on shaft 42. Shaft 42 is operated by a cam shaft 44
      through a connecting rod connection 46 to a crank arm 48 on shaft 42. A
      spring 51 stores energy when the card feeder moves to a feed position and
      thereafter it biases connecting link 38 to move backwardly toward the
      stack 26 and in so doing, the grippers 32a and 32b are pivoted around so
      that they engage against the first card at the end of the stack and lift
      it off the stack. The feeder is driven by shaft 44 which in turn drives
      44a on end of shaft 44 in turn moves connecting link 46 which in turn
      drives crank 48 which oscillates shaft 42. Arm 38 (fixed on shaft 42) then
      moves through the same angular displacement as crank 48. Thus, as arm 38
      turns counterclockwise, the energy stored in spring 51 will assist the
      mechanism and so some of the work required. In the forward motion, the
      grippers reverse themselves to the solid line position indicated in FIG. 5
      and deposit the card 22 on the carrier holder 18. The cam shaft 44 also
      carries a cam 50a which during rotation operates on a conduit 52 for
      regulating the supply of a suction connection to the suction cups 32a and
      32b.
PAR  At the feeding station A, a card 22, along with a plastic sheet 24, are
      either separately fed or placed within the frame 20 of carrier holder 18,
      or the plastic is previously joined to the card and the two of them are
      fed together. After a card is deposited in frame 20, table 16 is rotated
      to move the first carrier holder 18 with card 22 into association with a
      forming mechanism, generally designated B, for forming pockets in the
      plastic sheet at the location of the windows 22b, 22c, 22b' and 22c'.
PAR  The rotation of the drive table 16 is effected by a drive mechanism which
      includes, as best shown in FIG. 3, a main drive motor 54 which drives
      through a belt 56 to a speed reducer 58 which has an output shaft 60 which
      rotates continuously and which contains a sprocket 62 which drives through
      a chain 64 to a sprocket 66a which is behind sprocket 66 on a shaft 68. A
      clutch (not shown) is located between sprockets 66 and 66a. The sprocket
      66 is connected through a chain 70 to drive a sprocket 72 of an input
      drive shaft 74. Drive shaft 74 is connected through gearing to a vertical
      shaft 76. Vertical shaft 76 contains a Geneva drive mechanism 78 which
      drives a Geneva cross 80 which is affixed to a shaft 82 which, in turn, is
      affixed to table 16. The Geneva drive indexes the table 90.degree. during
      each motion period so that each carrier holder 18 is indexed through an
      operation path bringing it past the card feeding mechanism A, the forming
      mechanism B, the product loading station, generally designated C and a
      package sealing and lift-off mechanism generally designated D. (See FIGS.
      3 and 4). The Geneva drive mechanism includes means to allow the input to
      move through the first 45.degree. while the output is locked. During this
      period the heating and forming platen or mold 84 of the forming mechanism
      B is dropped, as is seal platen 108. The input to the Geneva drive
      mechanism then engages the output while it is advanced through the next
      90.degree., thus indexing the output 90.degree.. Then as the input to the
      Geneva drive mechanism advances a further 45.degree. the output is again
      locked while the platens 84 and 108 are raised to a position to operate on
      the card blanks 22.
PAR  A drive sprocket 72b on the shaft 74 along with sprocket 72 is connected
      through a chain 86 to a sprocket 88 of a shaft 90 which contains a lift
      cam 92 as shown in FIG. 4. A similar chain 94 extends to a sprocket 96 of
      a shaft 44 which contains a lift-off cam 50. Cam shaft 44 also carries a
      cam 102 which is engaged by a follower 104 of a microswitch 106 which is
      connected to a timer (not shown) which is connected to a single revolution
      clutch carried on the shaft 68. The clutch is operated to rotate the shaft
      68 with the sprocket 66 when it is activated by the timer, which drives
      chain 70 and sprocket 72. Sprocket 72 has twice as many teeth as sprocket
      66 and therefore there is a 2 to 1 speed reduction. The sprocket 72a shown
      in FIG. 3 drives chain 94 which drives sprocket 96. The drive from shaft
      74 to the shaft 76 is through a vertical right angle drive 109 which
      drives the shaft 76 of the Geneva mechanism at one half the revolutions of
      the shaft 68. This makes it possible to permit the machine to operate with
      a four station Geneva whose input shaft turns through 180.degree.. This
      means that there will be time to permit a 45.degree. rotation of the
      Geneva mechanism to allow for forming mold 84 of forming mechanism B to
      drop down sufficiently to clear the pockets which are to be formed in the
      plastic and still leave another 45.degree. motion for the platen to rise
      back again for the next operation. This is an improvement over the
      standard single follower Geneva mechanism for requirements of this sort
      which would require an input rotation of 360.degree. of which 45.degree.
      would be required for the platen to lower, 90.degree. for the output of
      the Geneva to index, and 45.degree. for the platen to rise. 180.degree.
      would be wasted so that no useful function could be performed thereby
      slowing down the machine. The upward and downward movement of platen 84 is
      effected by cam 50 and a similar movement is effected to a platen 108 of
      the sealing mechanism, generally designated D, by cam 92.
PAR  The forming station B includes a fluid pressure-operated piston and
      cylinder combination, generally designated 110, which includes a
      connecting rod 112 connected to a heater platen assembly 114 for moving it
      upwardly and downwardly in respect to the table 16. The assembly 114
      includes a plate part 116 which is movable downwardly with the rod 112
      against platen 84 to engage over plastic sheet 24 and carrier holder 18.
      Heat from heater 120 heats the plastic sheet 24 and, during this time, air
      is directed through a passage 124 in an upward direction to keep the film
      in contact with the underside of the heater. Thereafter, as shown in FIG.
      7, a negative pressure is applied to the conduits 124 so that cavities 126
      are evacuated and a downwardly extending blister or pocket is formed. The
      atmospheric or air pressure pushes from the top through upper platen
      conduits 125a, 125b and 125c to cause the plastic to form individual
      pockets 128 as shown in FIG. 9.
PAR  After pockets 128 are formed, piston rod 112 is moved upwardly by applying
      pressure in a conduit 130 and removing it from conduit 122 of the fluid
      pressure cylinder combination 110. In addition, the cam 50 is moved to
      permit the forming die platen 84 to drop downwardly at least by an amount
      sufficient to permit the top of forming mold 84 to clear the bottom of
      pockets 128 which are formed. Spacers 132 are associated with the platen
      84. Thereupon the Geneva drive is effective to index the table 16 in order
      to position the carrier holder 18 at the next station or position,
      generally designated C, which is the station at which the pockets are
      loaded with a product or an article. At station C, a product 134 is
      dropped into each of the pockets which is on the outboard side of the
      score line 22a. This may be done automatically by an article loading
      device or by an operator located at station C.
PAR  In accordance with a feature of the invention, when the Geneva drive begins
      moving table 16 beyond station C, pressure is applied in a fluid pressure
      operated cylinder 136 to cause movement of a rod 138 connected to a
      cross-member 140 upwardly. Cross-member 140 carries upright pins 142 and
      144 which move upwardly through openings 146 and 148 in the holder 18
      which are located on the inboard side of the fold line 22a of the carrier
      card 22. This effects lifting of the inboard portion of the carrier card
      22 so that this portion is shifted upwardly sufficiently to engage
      outboard of a flap folding plow 150. The movement of the table in a
      direction of the arrow 152, as shown in FIG. 10, thereupon causes the
      lifted portion of a card blank to be folded completely over and on top of
      the other portion and to cover the pockets having the article therein. In
      the case of a see-through pocket as in accordance with the embodiment of
      the invention shown, the pockets on the other part overlie the pockets on
      the first part in the completely folded position which is assumed at the
      sealing and removal station, generally designated D. The flap folding plow
      150 is mounted on a bracket 154 of the frame 12.
PAR  The sealing station D, as best seen in FIG. 4, is provided with a fluid
      pressure operated cylinder 156 and is effective when pressure is admitted
      through a line 158 to lower a connecting rod or piston rod 160 to lower a
      top plate portion 162 which engages over the folded card package 22 which
      arrives on top of a sealing die mold 108 in the folded condition shown in
      FIG. 10. The plate 162 carries a sealing die 164 which seals the card 22
      and the plastic sheet to seal-close the pockets with the product therein.
PAR  The sealing and take-off station D receives the folded blank with the
      product 134 located within the pockets 128 as shown at 22' in FIG. 10.
      Folded blank 22' is then engaged as shown in FIGS. 11 and 12 between a top
      platen 164 and a bottom platen 108. Top sealer 164 carries a heater 163
      and by a combination of pressure and heat, it seals the board 22' and the
      plastic sheet 24 which has been formed into pockets 128 around the
      periphery of the pockets and to the board 22'. The sealing operation is
      generally carried out at the same time as the heating-forming operation
      and each are initiated by the movement of the cams 50 and 92. The switch
      106 times the operation of the single revolution clutch which, when
      activated, rotates the chain train including chains 70, 94 and 86. Cam
      shaft 90 also includes a take-off cam 166 which is engageable with a
      follower 168 on a swinging arm 170 which is part of a parallel linkage
      which also includes links 172 and arms 174. The arm 174 is part of an
      elongated arm which is pivoted to a combined cross-link member and
      delivery chute 176. The opposite end of delivery chute 176 is suspended on
      an arm 178 which is pivoted at 180 to a U-shape support 182 of the machine
      frame. Chute 176 is moved from the solid line position, shown in FIG. 12,
      to the dotted line position shown in this figure and after elevation of
      the top platen 164, it is in a position between the top platen and the
      lower platen 108. In order to remove the now completed package 184, the
      top sealer 164 is provided with suction passages 186 and 188 which
      communicate with the interior of suction cups 190 and 192, respectively.
      Only two such suction cups 190 and 192 and associated passages 186 and 188
      are indicated, but any number such as three or more may be provided to
      engage and pick up the sealed card 22' which becomes the package 184 and
      to lift it up with it above the holder 18. When it is in the upper
      position shown in FIG. 12, the vacuum is released and air pressure is
      applied to the cups so that the package is permitted to drop downwardly
      onto the receiving chute 176. Further movement of the cam 166 causes the
      chute to be tilted to the solid line position in which the product 184 is
      dumped off to a discharge conveyor or similar device for packaging or
      stacking.
PAR  In accordance with a feature of the invention, both the lower form mold 84
      of the forming station B and the lower seal mold 108 of the sealing
      station D are carried on angle support arms 196 and 198, respectively,
      which are pivoted at a U-shape frame member 200 at pivot 202 in respect to
      the arm 196 and at 204 on the U-shape frame member 182 in the case of the
      sealing mechanism. The pivot points 202 and 204 are located below the card
      position, for example, at 11/4 inches in order that when the platens are
      lowered, the lateral shifting motion is minimized preventing an
      interference with the pockets which have been formed. The sealing station
      D may effect the heat sealing of the top of the card 22 or the top and the
      bottom of the card simultaneously, as desired.
PAR  The heater 163 at the sealing station D, may advantageously comprise radio
      frequency generated heaters preferably of a type which is modular wherein
      the power supply or the oscillator sections can be moved and replaced by
      plugging them in or out.
PAR  The operation of the device is as follows:
PAR  The stack of cards 26 are preferably each provided with a central score or
      fold line 22a and with window cut-outs 22c and 22c' on one side of the
      score line and cut-outs 22b and 22b' on the opposite side. A plastic sheet
      24 is either previously associated with each card, such as by spot-sealing
      it thereto so as to overlie the window openings or it is separately fed
      onto the card or placed onto the card manually after it is dropped onto a
      card carrier or holder 18 which is defined on the rotatable carrier table
      16. The drive motor 54 is switched on and it causes a continuous rotation
      of reducer shaft 60. The forming station B is advantageously provided with
      a control box 206 which has a timer 208 which may be set for controlling
      the operation of the output shaft 68 of the single revolution clutch. The
      control box also includes suitable controls, generally designated 210, for
      starting and stopping, for vacuum regulation, for heating and for
      indexing.
PAR  When the machine starts operation, the cards are fed off from the stack 26
      one-by-one at a timed speed so that they are placed one after the other
      into the holders 18 as each in succession is indexed past the feeding
      station A. The card take off system at the station D is mechanically
      driven in timed relationship to the feeding station A so that as each card
      is completed, it is removed from carrier holder 18 after it arrives at the
      sealing and removal station D substantially at the same time as a new card
      is being fed into station A.
PAR  The drive of the machine includes a four position 180.degree. Geneva drive
      in which there is a vertical right angle drive 109 between shaft 74 and
      vertical shaft 76. The output of the Geneva drive is connected to a 44
      inches diameter horizontal aluminum disc of table 16 which is supported at
      the center by the Geneva drive shaft 82 and at the edges by Teflon pads on
      a table top. Each revolution of the clutch shaft 68 turns the input of the
      Geneva drive 180.degree. causing the table 16 to rotate one-fourth of a
      turn or 90.degree.. Each of the cams 50 and 92 are rotated one revolution
      or 360.degree. upon revolution of the clutch shaft 68. The card feeder
      mechanism, as shown in FIGS. 5 and 6, is driven from the shaft 44 so that
      it turns one revolution for each revolution of the clutch to operate the
      feeding mechanism for the cards. The card feeder suction cups 32a and 32b
      then pick off a set (or one) of cards from the card stack 26 and place it
      on the carrier 18.
PAR  When the table 16 is indexed one position, the carrier 18 is shifted from
      card feeding station A to the pocket forming station B and at this
      station, the cam 50 effects the raising of the forming mold 84 and the
      cylinder 110 is actuated to lower the platen 116. Thereupon, the formation
      of the pockets is effected, as indicated in FIGS. 7, 8 and 9. Four pockets
      128 are formed in each of the cards in the embodiment indicated. The
      heating in combination with the vacuum and air flow permit the formation
      of the pockets readily and easily.
PAR  After the pockets are formed, the card holder is moved to the next station
      C at which a product 134 is either loaded manually or automatically. Upon
      a further movement of table 16, the carrier 18 moves from the station C to
      station D and, during this time, the card is automatically folded along
      fold line 22a so that the pockets in the window openings become superposed
      to form a see-through blister package. The folding operation is best
      indicated in FIG. 10 and is carried out by the upward movement of the pins
      142 and 144 and by the folding plow 150 which engages the backside of the
      card and forces it down onto the other portion of the card until the card
      eventually arrives at the station D in a fully folded condition.
PAR  At station D, the cam 92 causes the upward movement of lower platen 108 and
      the fluid pressure cylinder 156 is actuated to lower the upper platen 164.
      The heat sealing is effected by heater 163 and the upper sealer 164, is
      lifted above the lower platen and the cam 166 effects movement of the take
      off mechanism to position the delivery chute 176 in alignment with the
      card which now forms a package 184 which is delivered off the end of the
      delivery chute 176 after it is inclined backwardly out of the way of
      sealer 164 and holder 18. Heater 163 and sealer 164 may be replaced by a
      Radio Frequency Generator Electrode to effect a rapid seal. Cam 166 which
      drives the take off unit is rotated one revolution for each revolution of
      the clutch shaft 68 and each revolution of this cam causes the take off
      unit to move between the raised top sealing platen and the bottom platen
      108, to receive the product 184 and to return into its original position
      while dumping the product onto a receiving platform or conveyor (not
      shown).
PAR  FIGS. 13, 14 and 15 show a machine similar to FIG. 1 but with a table 216
      having six separate holders 218 for the card and package which are
      arranged at equally spaced angular locations and which may be moved so as
      to be indexed into association with six different stations. Station A' is
      similar to the card feed station shown in the embodiment of FIGS. 1 to 12.
      Station B' is provided in order to provide a separate feed of plastic film
      220 over a card blank 222 which has been fed to the carrier 218 at the
      station A'. For this purpose, a roll of plastic 224 is arranged in
      association with separate feed means including feed rollers 225 and 226
      which are timed to operate with the operation of the machine and which are
      fed past knife means 228 to cut individual lengths of plastic 220. The
      individual lengths are picked up by a movable picker 230 having suction
      232 and 234 which are positioned to engage the sheet in succession and to
      deliver it on top of the associated card 222 in time relationship to the
      indexing movement of the table 216. The next station, designated C',
      corresponds to station B of the embodiment of FIGS. 1 through 12. Stations
      D' and E' which are indicated are provided for product loading and each
      corresponds to a previous station C of the first embodiment of FIGS. 1
      through 12. Station F' is similar to station D of the first embodiment.
PAR  It should be appreciated that stations such as D' and E' may be either both
      automatic loading stations or both manually operated, or one of each type,
      as desired. The drive mechanism for the six station embodiment is the same
      as the first embodiment with the exception that the Geneva drive comprises
      a six position member which indexes the table 216 1/6 of a revolution of
      60.degree. during each indexing movement. At station B', the plastic 220
      may be secured to the card, such as by tack heating means. While specific
      embodiments of the invention have been shown and described in detail to
      illustrate the application of the principles of the invention, it will be
      understood that the invention may be embodied otherwise without departing
      from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for forming and closing a display package from a card blank
      having at least one window opening and which is provided with an overlying
      plastic sheet for forming pockets in the window openings which is adapted
      to be positioned to overlie the window openings and a marginal area of the
      card blank surrounding the opening, comprising a movable carrier for the
      blank and the overlying plastic sheet, means for moving said carrier
      through an operation path, heat forming means arranged along said
      operation path and operable on said plastic sheet to form a pocket in the
      sheet extending through the window opening of said card, said heat forming
      means including a movable upper platen arranged over said operational
      path, upper platen movement means connected to said upper platen to move
      it toward and away from said movable carrier for engagement and
      disengagement with a card thereon, a movable lower platen below said
      operation path, lower platen movement means connected to said lower platen
      to move it toward and away from said carrier for association and
      disassociation with a card thereon, heating means associated with said
      upper and lower platens for heating the plastic overlying the card in the
      vicinity of the window, forming means associated with said upper and lower
      platens for forming said plastic into a pocket bulging outwardly from said
      card, said apparatus further comprising product loading means and card
      folding means along said operation path engageable with each card in
      succession on the movable carrier and operable to fold said card as it is
      moved so that a portion thereof having said window is positioned to
      underlie a remaining portion thereof which is folded thereover, and
      sealing means along said operation path for sealing said card and said
      pocket.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said forming means includes a
      cavity in one of said platens, means for directing fluid pressure against
      the plastic when in a heated condition to force it into said cavity.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said lower platen includes a
      cavity therein below the window opening of said card and a passage
      connected to said cavity for applying predetermined pressure to the
      passage for regulating the attractive force and retractive force on the
      plastic overlying said cavity.
NUM  4.
PAR  4. An apparatus for forming and closing a display package from a card blank
      having at least one window opening and which is provided with an overlying
      plastic sheet for forming pockets in the window openings which is adapted
      to be positioned to overlie the window openings and a marginal area of the
      card blank surrounding the opening, comprising a rotatable table for the
      blank and overlying plastic sheet, said table having four equally
      angularly spaced carrier holders therein with a frame for receiving a card
      blank in each; means for moving said table so that the carrier holders
      move through a circular operation path; card feeding means located at one
      angular position of said table for feeding cards into an associated holder
      frame; heat forming means arranged along said operation path and operable
      on said plastic sheet to form a pocket in the sheet; said heat forming
      means being located at 90.degree. away from said card feeding means;
      product loading means and card folding means along said operation path
      engageable with each card in succession on the table and operable to fold
      said card as it is moved so that a portion thereof having said window is
      positioned to underlie a remaining portion thereof which is folded
      thereover; sealing means along said operation path operable to seal said
      sealing means being located at 90.degree. from said card feeding means in
      the opposite direction from said heat forming means and being located
      diametrically opposite to said heat forming means; and said heat forming
      means and said sealing means being operable on said card blank and
      overlying plastic through a drive motor, first and second cam shafts
      underlying said heat forming means and said sealing means, each having a
      lifting cam thereon; said forming means including a lower platen which is
      engageable by one of said cams to raise said platen into a position to
      form a pocket in the plastic sheet and to lower said platen to a position
      to clear the formed pocket to permit movement of the table; said sealing
      means including a lower platen which is engageable by the other said cams
      to raise it to a sealing position and to lower it to clear the formed
      pockets in the card after it is sealed.
NUM  5.
PAR  5. An apparatus according to claim 4, including a clutch connected to said
      drive motor, said clutch having an output portion, a vertical drive
      connected to said output portion of said clutch and including a feed
      reducing connection having an input shaft connected to said output portion
      of said clutch and an output shaft driven at one half the speed of said
      output portion of said clutch and a Geneva mechanism driven by said output
      shaft connected to said table for indexing said table.
NUM  6.
PAR  6. An apparatus for forming and closing a blister package from a card blank
      having at least one window opening and including a plastic sheet which is
      adapted to be positioned on a card over the opening and a surrounding area
      of the card, comprising a rotatable table carrier having a plurality of
      holders thereon at angularly spaced relation each having a portion for
      receiving a card with a plastic sheet thereon, means for rotating said
      table to index it through a plurality of stations comparable to the number
      of holders on said table, a card feeding device arranged alongside said
      table in a position adjacent one of said holder, means at said card
      feeding station for feeding cards in succession onto a holder positioned
      therein in time relationship to the movement of said table, a card forming
      device located adjacent said table overlying another one of said holders
      at an angularly spaced location from said card feeding device, said
      forming means including upper and lower plates movable in opposite
      direction for operable engagement with said card and the plastic sheet for
      applying heat thereto to form the plastic sheet into a pocket, a sealing
      means located adjacent said table at a spaced location from said forming
      means and including upper and lower platens which are movable in
      respective opposite directions for operative engagement with a card on a
      carrier of said table, and folding means along said operational path
      engageable with each card in succession on the movable carrier and
      operable to fold the card as it is moved with the carrier between said
      forming means and said sealing means.
NUM  7.
PAR  7. An apparatus according to claim 6, including an open space at said table
      between said forming means and said sealing means for loading the pockets
      which are formed with articles.
NUM  8.
PAR  8. An apparatus according to claim 6, wherein said means for moving said
      table includes a rotatable forming cam shaft and a rotatable sealing cam
      shaft, a drive motor, means connected between said drive motor and said
      cam shaft for rotating said cam shafts in timed relation thereto, said
      forming means including an upper and lower platen, a forming cam platen on
      said forming cam shaft movable to engage said platen to move it into
      operation with said card blank and the plastic sheet and to move it out of
      operation and to clear said pockets, said sealing means including a lower
      platen which is movable upwardly and downwardly in respect to the holder
      on said table, said sealing cam shaft having a sealing cam engageable with
      said platen to raise it into position for operative engagement with the
      card and the plastic sheet thereon and to lower it to clear the pocket
      formed in the card.
NUM  9.
PAR  9. An apparatus according to claim 6, including an article remover, said
      sealing means including an upper and lower platen which are movable
      together to engage the card at said holder and a delivery chute for
      directing a finished card from said sealing means, and means for
      interposing said delivery chute between the platens of said sealing means
      positioned below the upper sealing means to receive the finished product
      therefrom and to position said chute to one side to dump the product.
NUM  10.
PAR  10. A device for sealing two portions of an overlapped card together which
      has a window on one portion with a plastic pocket therein, comprising an
      upper platen, a lower platen, means for moving said upper and lower
      platens together to engage the card, sealing means on one of said platens
      for sealing said card and finished card receiving means including a
      delivery chute, means articulating said delivery chute for movement
      between a position in which it extends beneath the upper platen when it is
      raised above said lower platen to a position at which it is inclined and
      to one side of said platen for the discharge of the product therefrom, and
      timing means connected between said upper and lower platens and to said
      delivery chute for moving said chute between said platens when they are
      raised apart to receive the article from the upper platen and to position
      it to one side when they are separated, said upper platen having suction
      means for holding said card which are releasable to drop the card onto the
      delivery chute.
NUM  11.
PAR  11. An apparatus for forming and closing a display package from a card
      blank having at least one window opening and which is provided with an
      overlying plastic sheet for forming pockets in the window openings which
      is adapted to be positioned to overlie the window openings and a marginal
      area of the card blank surrounding the opening, comprising a movable
      carrier for the blank and the overlying plastic sheet, means for moving
      said carrier through an operation path, heat forming means arranged along
      said operation path and operable on said plastic sheet to form a pocket in
      the sheet extending through the window opening of said card, product
      loading means, and card folding means along said operation path engageable
      with each card in succession on the movable carrier and operable to fold
      said card as it is moved so that a portion thereof having said window is
      positioned to underlie a remaining portion thereof which is folder
      thereover, and sealing means along said operation path for sealing said
      card and said pocket; and said carrier moving means further comprising a
      drive motor, a clutch connected to said drive motor for rotation therewith
      and having an output shaft, timing means for connecting and disconnecting
      said output shaft of said clutch, a carrier drive shaft, a speed reducer
      connected to said carrier drive shaft and having an input shaft connected
      to the output shaft of said clutch and driving said carrier drive shaft at
      one half the speed of rotation of the output shaft of said clutch, said
      carrier drive shaft including a Geneva mechanism connected to said carrier
      to index said carrier.
NUM  12.
PAR  12. Apparatus for forming and closing a display package from a card blank
      having at least one window opening therein covered by a plastic sheet
      which overlies the window opening and at least a marginal portion of the
      card blank surrounding the window, comprising:
PA1  a. A rotatable table;
PA1  b. means for indexing the table through a multiple of angularly spaced
      fixed positions;
PA1  c. means on the table for receiving and holding the card blanks and
      associated plastic sheets;
PA1  d. a multiple of operating stations disposed in angularly spaced fixed
      locations around the table;
PA1  e. means for feeding the card blanks with overlying plastic sheets one at a
      time from a first operating station in timed relation to the indexing of
      the table so that one card is fed into each receiving and holding means
      while the table is stationary after being indexed;
PA1  f. means for heating the overlying plastic sheet and forming it into
      pockets extending through the window openings, at a second operating
      station and operable on each card blank and associated plastic sheet in
      timed relation while the table is stationary, after being indexed, said
      heating and forming means including upper and lower platens movable into
      and out of engagement with a card blank and associated plastic sheet both
      for applying heat to the plastic sheet and for forming it into a pocket
      extending through the window opening while the table is stationary;
PA1  g. means for folding the card blank and associated plastic sheet;
PA1  h. means for heat sealing the card, after it is folded, at another
      operating station and operable on the folded card in timed relation while
      the table is stationary after being indexed, said sealing means including
      upper and lower platens which are movable into and out of operative
      engagement with a card blank and associated plastic sheet.
NUM  13.
PAR  13. Apparatus for forming and closing a display package from a card blank
      havng at least one window opening therein, and from a plastic sheet
      adapted to overlie the window opening and a marginal portion of the card
      blank surrounding the window, comprising:
PA1  a. a rotatable table;
PA1  b. means for indexing the table through a multiple of angularly spaced
      fixed positions;
PA1  c. means on the table for receiving and holding the card blanks and
      associated plastic sheets;
PA1  d. a multiple of operating stations disposed in angularly spaced fixed
      locations around the table;
PA1  e. means for feeding the card blanks one at a time from a first operating
      station in timed relation to the indexing of the table so that one card is
      fed into each receiving and holding means while the table is stationary
      after being indexed;
PA1  f. means for feeding the plastic sheet from a second operating station onto
      the card blanks, in timed relation to the indexing of the table so that
      each card in succession is provided with a plastic sheet while the table
      is stationary after being indexed;
PA1  g. means for heating the overlying plastic sheet and forming it into
      pockets extending through the window openings, at a third operating
      station and operable on each card blank and associated plastic sheet in
      timed relation while the table is stationary, after being indexed, said
      heating and forming means including upper and lower platens movable into
      and out of engagement with a card blank and associated plastic sheet both
      for applying heat to the plastic sheet and for forming it into a pocket
      extending through the window opening while the table is stationary;
PA1  h. means for folding the card blank and associated plastic sheet;
PA1  i. means for heat sealing the card, after it is folded, at another
      operating station and operable on the folded card in timed relation while
      the table is stationary after being indexed, said sealing means including
      upper and lower platens which are movable into and out of operative
      engagement with a card blank and associated plastic sheet.
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ABST
PAL  A bag holding device and method for holding bags of the type having an
      extended tab secured to a bag sidewall and extending above a mouth
      opening. The bag holding device comprises bag opening means for opening
      the mouth of the first bag from a plurality of aligned bags. Actuable
      holding means are further provided engaging a portion of the tab of the
      first bag. Means are also provided for displacing the first bag from the
      plurality of bags.
PARN
PAR  This is a continuation of application Ser. No. 422,364, Dec. 6, 1973 and
      now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a bag holding device for holding and
      transferring bags of the types having an extended tab secured to a bag
      sidewall and extending above a mouth opening.
PAR  2. Description of the Prior Art
PAR  More particularly, but not exclusively, the bag holding device of the
      present invention is particularly useful for holding a plastic bag at a
      filling station and transferring this bag to a sealing station where a
      seal is made below the mouth of the bag while the contents are in the bag.
      Thus, when the bag is released the contents are already sealed in the bag
      and then conveyed for shipping.
PAR  In the prior art, and for example as disclosed in U.S. Pat. No. 3,698,153
      issued Oct. 17, 1972 and also U.S. Pat. No. 3,468,100 issued Sept. 23,
      1969, each bag is filled with its contents and then released onto a
      conveyor or slide for transportation to a sealing station. A disadvantage
      of this type of apparatus is that the bag is torn from its holding pins by
      the weight of the contents released therein and the top portion of the bag
      is no longer held. Therefore, there is no positive means of ensuring
      positive control of the bag for further handling either at another filling
      station or bag closing station, etc. In other known methods, additional
      means are used to pull or push the bag and its contents in a direction
      away from the holding pins to cause the extended lip of the bag to tear
      away from the holding pins. However, in these methods the bags are also
      released and the same disadvantages occur. With these known methods it is
      also possible that the contents may fall out of the bag during conveyance
      or be displaced from its required orientation, and therefore often there
      is required additional inspection.
PAR  A further disadvantage of the prior art is that the bag and its contents
      must be handled again by an operator or machine for sealing. Because there
      are contents inside the bag, it is very difficult to ensure uniform facial
      contact between both sidewalls of the bag below (the mouth as often there
      are folds in one or both sidewalls of the bag and this may result in an
      imperfect seal, often resulting in leaks at the seal as well as permanent
      wrinkles and making the bag essentially poor. Also, unless the top of the
      bag is held positively, it is very difficult to ensure that the contents
      of the bag are not in interference with the sealing area near the mouth of
      the bag.
PAR  It is a feature of the present invention to provide a bag holding device
      which substantially overcomes the above-mentioned disadvantages.
PAR  It is a further feature of the present invention to provide a bag holding
      device which will hold the bag during its filling and also transfer the
      bag to a sealing station.
PAR  It is a still further feature of the present invention to provide a holding
      device which will align the sealing portion of both sidewalls of the bag
      in facial contact prior to sealing whereby to provide a seal which is
      substantially uniform and leak-proof.
PAR  According to the above features, from a broad aspect, the present invention
      provides a bag holding device and method for holding bags of the type
      having an extended tab secured to a bag sidewall and extending above a
      mouth opening. The bag holding device comprises bag opening means for
      opening the mouth of the first bag from a plurality of aligned bags.
      Actuable holding means are further provided engaging a portion of the tab
      of the first bag. Means are also provided for displacing the first bag
      from the plurality of bags.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the bag holding device showing its
      relationship to a plurality of bags facially aligned on two holding pins;
PAR  FIG. 2 is a perspective view of the holding device showing the hinged plate
      in its bag opening position;
PAR  FIG. 3 is a perspective view of the holding device showing the device in
      its transferred position; and
PAR  FIG. 4 is a perspective view of the holding device showing the position of
      the clamp plates when the bag sidewalls are being aligned prior to sealing
     .
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, there is shown generally at 10 the bag
      holding device of the present invention. The holding device 10 is adapted
      for use with bags such as shown at 11 wherein a tab 12 is secured to a bag
      sidewall 13 extending above a mouth opening 14. The extended tab 12 is
      provided with two holes 15 therein and adapted to slide over a respective
      one of a pair of holding pins 16 secured in spaced parallel relationship
      from an end abutment wall 17. The holding pins 16 extend angularly upwards
      from the abutment wall 17 whereby the bags 11 will slide on the holding
      pins 16 towards the abutment wall 17 to ensure that the first bag is
      always against the abutment wall. A disconnectable U-shaped rod 18 permits
      the insertion of the bags onto the holding pin 16. If required, a pusher
      element not shown may be positioned behind the bags to ensure movement of
      the bags towards the abutment wall 7.
PAR  The bags 11 are usually supported on the holding pins or any other suitable
      holding means at a bag loading station. These bags are also usually made
      of plastic material.
PAR  An air duct 19, shown in phantom lines, is positioned adjacent the abutment
      wall 17 or other convenient location and directs an air stream into the
      area of the mouth opening 14 of the first bag of a plurality of bags
      secured on the holding pins. This causes the mouth opening 14 of the first
      bag to open to permit insertion of its contents therein.
PAR  The holding device 10 comprises a connecting frame 30 which is of generally
      U-shaped configuration defining sidewalls 31' and front wall 32. The
      corner portion 33 of the connecting frame 30, at the junction of the
      sidewalls 31' and the front wall 32 is arcuately formed whereby to present
      a smooth arcuate surface for the tab 12 of the bag which is to be
      positioned thereover. A hinged pin 34 is secured in this corner portion 31
      and extends thereunder to connect to an actuable holding means 33. The
      actuable holding means 33 extends partially below its respective sidewall
      31'. Both actuable holding means 33 are identical and for convenience only
      one will be described.
PAR  The actuable holding means 33 comprises a displaceable clamp plate 35 which
      is secured to the hinge 34. The clamp plate 35 is normally retained in
      alignment with the sidewall 31' and extends under the sidewall 31 from the
      corner portion 31 of the frame 30 to substantially midway along the
      sidewall 31'. A transverse connecting wall 36 is formed integrally with
      the clamp plate 35 and connects to an outer wall 37 located substantially
      parallel to the clamp plate 35. A clamping cylinder 38 is supported within
      the outer wall 37 and is provided with a clamping head 39 at the free end
      of its cylinder rod (not shown). By actuating the cylinder 38 the head 39
      is caused to move towards and away from the clamp plate inner wall surface
      40.
PAR  The connecting wall 36 of each holding means 33 is connected to a clamp
      actuating cylinder rod 41 of the clamp actuating cylinder 42. Cylinder 42
      is rotatably secured to a U-shaped clamp 43 connected to the free end 44
      of the connecting frame 30. The rotatable connection is provided by a
      pivotable block 45 secured between the U-shaped bracket 43 by means of
      vertically aligned pins 46. The operation of the clamp actuating cylinder
      42 will be described later.
PAR  The bag holding device 10 is displaceable in the lateral plane by a
      displacing cylinder 50 having a cylinder rod 51 secured to one of the
      U-shaped brackets 43. By actuating the cylinder 50 the entire connecting
      frame and attached parts can be displaced sideways away from the abutment
      wall 17 or loading station. Of course, the displacing cylinder 50 can be
      secured otherwise if a different movement of the holding device is
      required. For example, the holding device may be displaced on an arc or
      else may be displaced rearwardly, that is to say, frontwards and away from
      the abutment wall 17.
PAR  Bag engagement means, in the form of a hinge plate 52 is provided for
      engaging a portion of the inner surface of the bag front wall and causing
      the side edge portions of the tab 12 of the bag to move between a
      respective one of the clamp plate wall 40 and their respective clamping
      head 39. The hinge plate 52 is provided with a connecting bar 53 which is
      pivotably connected to a connecting block secured to the free end of a
      cylinder rod 55 of actuating cylinder 56. The end edge of the hinge plate
      52 is secured to a fixed wall 58 by means of a hinge 59 whereby the hinge
      plate 52 may be displaced, on its hinge 59, from a horizontal position, as
      shown in FIG. 1, to a downwardly vertical position, as shown in FIG. 2. In
      FIG. 2, the hinge plate is shown in its downward vertical position where
      the plate engages within the mouth opening 14 of the first bag which is in
      contact with the abutment wall 17. The plate 52 will draw the front wall
      of the bag outwardly causing the end portions of the extended tab 12 to be
      inserted within the holding means 33, as discussed above. The clamping
      cylinders 38 are then actuated to rigidly secure end portions of the tab
      12 against the inner wall surfaces 40. The contents are then placed within
      the bag which is firmly held by the holding device 10.
PAR  After the contents are in the bag, the hinge plate is retracted to its
      horizontal position by cylinder 56. The displacing cylinder 50 is then
      actuated to move the connecting frame 30 and its assembly to a bag sealing
      station (not shown), see FIG. 3. At or on its way to the bag sealing
      station, the clamp actuating cylinders 42 are actuated causing the
      actuable holding means to pivot about the pin 34 displacing the clamp
      plates 35 outwardly of the frame sidewalls 31' through an arc of
      approximately 90 degrees. In this position, the hinged wall 40 is
      substantially aligned with the front wall 32 of the connecting frame 30,
      i.e. transverse to the sidewalls 31'. In this way, the top sealable
      portion of both bag sidewalls are aligned and substantially in facial
      contact and without wrinkles so that sealing bars (not shown) located on
      each side of the bag can be pressed against both sidewalls of the bag and
      not encounter any wrinkles or folds. As mentioned previously, sealing a
      bag with wrinkles or folds along the seal line may result in leaking for
      the reason that it is very difficult to seal two different thicknesses of
      material and still retain a leakproof seal. The bag holding device 10
      holds on to the bag 11 while the sealing bars come together in alignment
      and only releases the bag after the sealing bars have applied pressure to
      the bag and retracted.
PAR  In the present embodiment the bags are made of plastic material and the
      sealing bars will melt the material to cause a seal of approximately 1/8
      in. to 1/4 in. in width thereacross. Above the sealing bars there is
      provided a cutoff wire (not shown) which will sever the extended lip
      portion of the bag extended above the bag content area. The bag will then
      fall onto an output conveyor and the extended lip portion 12 is blown away
      at the time the clamping cylinder 38 releases the extended lip portion of
      the bag. There are other possible means of removing the extended lip
      portion from the holding means 33 such as releasing it only during the
      movement of the device back to its initial position in front of the bags.
PAR  Thus it can be seen that with the bag holding device of the present
      invention there is overcome the problem of conveying bags to a sealing
      station after their contents have been inserted therein. Also, the
      problems of maintaining the sidewalls of the bag in substantially facial
      alignment to prevent folding and wrinkling is overcome. Accordingly a
      substantially perfect leakproof seal is obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bag holding device for holding bags of the type having an extended tab
      secured to a bag sidewall and extending above a mouth opening, said
      holding device comprising bag opening means for opening said mouth of a
      first bag from a plurality of facially aligned bags, actuable holding
      means for engaging on either side thereof a portion of said extended tab
      of said first bag above said mouth opening, said actuable holding means
      having clamping means including two pairs of clamping surfaces, means for
      actuating said clamping surfaces to rigidly engage therebetween a portion
      of said tab adjacent opposed side edges of said tab prior to displacement
      of said first bag from said plurality of facially aligned bags, and means
      for displacing said first bag from said plurality of bags while
      maintaining a clamped relationship between said clamping surfaces and said
      tab.
NUM  2.
PAR  2. A bag holding device as claimed in claim 1 wherein clamping means is
      displaceable for aligning a portion of opposed side walls of said first
      bag, and adjacent said mouth opening, prior to sealing said mouth opening.
NUM  3.
PAR  3. A bag holding device as claimed in claim 1 wherein said pairs of
      clamping surfaces are constituted by two clamps each having a hinged wall
      pivotally connected to a connecting frame and positioned adjacent a
      respective one of the end edges of said extended tab of said bag, said tab
      being engaged adjacent their side edge between a clamping surface of a
      respective one of said hinged walls and a clamping surface of an
      associated actuable clamping head.
NUM  4.
PAR  4. A bag holding device as claimed in claim 3 wherein said means for
      displacing said first bag from said plurality of facially aligned bags
      comprises a cylinder having a cylinder rod secured to said connecting
      frame and actuable to cause displacement of said frame and of said
      actuable holding means.
NUM  5.
PAR  5. A bag holding device as claimed in claim 4 wherein said bags are
      retained in facial alignment on two spaced-apart parallel pins extending
      through said tabs, an abutment wall connected transversely across the ends
      of said pins to receive said first bag in abutment therewith, said bags
      being in their flat state and facially aligned with said mouth opening of
      each bag facing said abutment wall, said bags each defining a front wall
      below said mouth opening also facing said abutment wall, said bag opening
      means being positioned above and adjacent said abutment wall, said hinged
      wall of said two clamps being positioned below said abutment wall.
NUM  6.
PAR  6. A bag holding device as claimed in claim 5 wherein said bag opening
      means comprises an air duct positioned to direct an air stream in the area
      of said mouth opening of said first bag to cause forward movement of said
      bag front wall relative to said tab, and bag engagement means insertable
      with said mouth opening of said first bag and engaging said bag front wall
      and causing the end portions of said tab to move between a respective one
      of said hinged wall of said clamps and their respective clamping head.
NUM  7.
PAR  7. A bag holding means as claimed in claim 6 wherein said bag engagement
      means is a hinged plate pivotably connected for downward displacement
      between a horizontal and vertical plane, said horizontal plate lying below
      said connecting frame and actuable holding means.
NUM  8.
PAR  8. A bag holding device as claimed in claim 3 wherein said hinged wall is
      of substantially U-shaped configuration defining a hinged wall pivotally
      secured to said frame, a connecting wall and an outer wall, a clamping
      cylinder connected to said outer wall and having a cylinder rod connnected
      to said clamping head, a clamp actuating cylinder rotatably secured to
      said connecting frame and having a cylinder rod connected to said
      connecting wall for displacing a respective one of said two clamps about
      said pivotal connection of said hinged wall and said frame.
NUM  9.
PAR  9. A bag holding device as claimed in claim 3 wherein said bags are formed
      of plastic material, said material being held in alignment in a
      predetermined area below said mouth opening of said first bag by
      displacement of said hinged wall whereby opposed walls of said bags are
      free of folds prior to sealing said first bag.
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ABST
PAL  Apparatus for wrapping objects with a foil, wherein a foil web is clamped
      between two jaws of a clamping device and the clamping device is movably
      arranged and driven to tighten the foil loop surrounding the objects.
BSUM
PAR  This invention relates to apparatus for covering or wrapping objects with a
      foil wrapping, comprising at least one supply roller for the foil, two
      clamping elements mounted on either side of the path of movement of the
      objects and which in the clamping position firmly grip two overlapping
      sections of the foil loop or band encasing the objects, apparatus for
      joining the two foil sections and a separating device for separating the
      foil wrapping thus formed from the rest of the foil. An object of the
      invention is to provide an improved apparatus of this kind so that the
      objects can be wrapped much faster than has hitherto been possible.
PAR  The invention is characterized in that a clamping device which draws the
      foil loop taut around the objects is mounted on one side of the path of
      the objects at a distance from the clamping elements and has, for example,
      grippers, the foil web being passed in a single layer between the jaws
      thereof and that the clamping device is mounted to be movable between two
      end positions and is provided with drive means.
PAR  In a further feature of the invention, each clamping element has two spaced
      clamping surfaces which operate in pairs in order that the two overlapping
      foil portions can be pressed against each other at two clamping zones
      between which is mounted an apparatus for relative movement for welding
      the two foil portions together by applying heat and that a cooling air
      duct extending over practically the entire width of the foil and having a
      number of outlet apertures in the direction of the welding zone is mounted
      on one of the clamping elements directly adjoining one of the clamping
      faces.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings wherein:
PAR  FIGS. 1 to 3 are diagrammatic illustrations of the most important parts of
      the packaging apparatus in three successive working stages
PAR  FIG. 4 illustrates a slightly modified embodiment of the apparatus and
PAR  FIGS. 5 to 6 illustrate details of a cooling device.
DETD
PAR  Objects 4, to be wrapped, are pushed along by a slide bar 5 on a supply
      table 1 between an upper clamping element 8 and a lower two part clamping
      element 9, 10, wherein a foil web 2 drawn off from an upper supply roll
      (not shown) is placed round the objects 4 to form a foil loop 7 which is
      connected to a lower foil web 3 which is passed through a slit in the
      table 1 to run through clamping jaws 12 of a clamping device 11 and is led
      to a lower supply roll (not shown). FIG. 1 illustrates parts of the
      apparatus during movement of the slide bar 5 to the right into the
      packaging or wrapping position in the direction of arrow 6. A switch 20 is
      actuated by the slide bar 5 to control a valve (not shown) which supplies
      compressed air to a compression cylinder 14 and closes the clamping jaws
      12.
PAR  In FIG. 2 the objects 4 have been pushed into the foremost position and the
      slide bar 5 has been returned to its most rearward position. The upper
      clamping element 8 is then moved down in the direction of the lower
      clamping element 9, 10 in order to close the foil loop 7. During this
      downward movement of the upper clamping element 8, namely when the latter
      is at a distance 25 from the supply table 1, which is less than the height
      of the wrapping around the objects 4, a switch 22 is actuated by a run-on
      cam 21 which is moved with the clamping element 8 and this switch triggers
      the clamping device 11 in order to tighten the loop 7. This tightening
      process takes place at least partly during the closing movement of the
      upper clamping element 8. It is important that the tightening operation
      begins as early as possible. This movement is dependent on the type of
      objects 4 and the height of the package 4a and is adjusted by displacing
      the switch 22 in the direction of the double arrow 23. At the beginning of
      the tightening process the front face of the upper clamping element 8 must
      serve as an abutment for the package 4a so that the tightening process
      should not be commenced too early.
PAR  In many packages the foil loop 7 can slide round easily so that when
      operating the clamping device the foil web 2 merely slips through and the
      loop is not tightened. For this purpose FIG. 3 illustrates a brake
      mechanism 37 which operates in synchronization with the clamping device 11
      and clamps the upper foil web 2 opposite the clamping device against
      bearing rail, wherein a brake shoe 38 is seated on an angle lever which is
      actuated by a small pressure cylinder 39. This brake shoe 38 prevents the
      foil web 2 from slipping back during the tightening process but allows the
      foil web to move owing to the downward movement of the clamping element 8.
PAR  The clamping device 11 has a sliding carraiage 13 to which the clamp 12 is
      attached and is movably guided on the machine frame in a line by means of
      two rods 15, 16. The rod 16 is designed as a piston rod and at its rear
      end has a piston 17 which is mounted in a pressure cylinder 18 which is
      provided with the usual compressed air connections. The pressure medium
      circuit contains a pressure reducing valve 19 through which the desired
      tension in the foil loop 7 can be adjusted. The switch 22 actuates a valve
      which supplies compressed air through the pressure reducing valve 19 to
      the cylinder 18 whereby the carriage 13 is moved to the left until the
      desired bias in the loop 7 around the packaged article 4 is obtained.
      (FIG. 3). This tightening process which is undertaken by the clamping
      device 11 is terminated after the upper clamping element 8 has been moved
      into the closed position in which two space clamping faces 31, 32 of the
      upper clamping element 8 press two overlapping portions of the foil web
      directly adjoining the package 4a against the clamping faces 29, 30 of the
      two part lower clamping element 9, 10. After the two clamping elements
      have firmly clamped the foil webs 2, 3 between the front clamping zones
      29, 32 and the rear clamping zones 30, 31 the clamping device 11 is
      released. A heated plate (not shown) is moved up between the two parts 9,
      10 of the lower clamping element and separates the two foil webs 2, 3
      between the clamping zones and two welded seams 26, 27 are formed.
PAR  A highly efficient cooling of the welded seams 26, 27 is important for a
      rapid finish to the process since the grip between the clamping elements
      must not be released beforehand. For this purpose the fixed rear lower
      clamping element 10 has a cooling air pipe 28 mounted directly adjoining
      its clamping surface 30, the pipe 28 extending over the entire width of
      the clamping element and fitted into a corresponding groove which directly
      adjoins the clamping face 30. The pipe 28 has a plurality of four outlet
      apertures 33 directed towards the welded seams 26, 27. The clamping
      surface 30 has a plurality of air guide slits 34, each slit 34 being
      associated with an aperture 33. The webs remaining between each two slits
      34 form the individual sections of the clamping surface 30.
PAR  In the cooling system it is important that the cooling air duct through the
      cooling pipe 28 lies as close as possible to the welded seams 26, 27. The
      outlet openings of the clamping surface must therefore by directly
      adjacent. Furthermore not only are the welded seams to be cooled directly
      by the coldest possible air but also the adjoining components are to be
      kept cool. Mounting the cooling air ducts in the rear lower clamping
      element 10 is therefore advantageous because it is most important to cool
      the clamping surface on account of the foil web 3 which is in constant
      abutment therewith.
PAR  A U-shaped turbulence channel 36 for the cooling air is formed between the
      two clamping surfaces 31, 32 of the upper clamping element 8. Supplying
      air to the lowest possible temperature which cannot be heated previously
      be any warm components and the special air circulation in the area of the
      welding zone reduces the cooling time of the apparatus and thus increases
      the performance of the packaging apparatus.
PAR  The grippers or clamps 12 prevents the foil web from slipping through and
      guarantees a satisfactory tightening. The pressure which is active in the
      cylinder 18 is adjusted by the reducing valve 19 to the foil web 3 used
      and to the type of articles 4 which are to be wrapped so that the desired
      bias during the tightening process can be kept constant within narrow
      limits. That the clamping step begins before the clamping elements 8, 9,
      10 have reached their clamping position not only saves time but also
      facilitates the tightening process.
PAR  FIG. 4 illustrates an alternative insofar as the grippers 12 are not
      mounted on the clamping device 11 but are stationary with a roller 24
      connected to the clamping device 11 and which during operation is moved
      down into the position 24' shown in chain dotted lines, in order to make
      the foil loop 7 taut and thus suitably biased, actuation by means of the
      pressure cylinder 18 is carried out in the manner described above.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for covering or wrapping objects with a foil wrapping,
      comprising at least one supply roller for the foil, two clamping elements
      mounted on either side of the path of movement of the objects, said
      clamping elements in the clamping position gripping two overlapping
      portions of the foil loop or band encasing the objects, means for joining
      the two foil portions, separating means for separating the foil wrapping
      thus formed from the rest of the foil, tension means drawing the foil loop
      taut around the objects and mounted on one side of the path of the objects
      at a distance from said clamping elements, said tension means comprising
      gripper jaws between which the foil web is passed in a single layer, said
      tension means having drive means and being mounted for movement into an
      opposite direction with respect to the supply direction of the foil web
      for tensioning the foil loop before clamping and joining the two foil
      sections.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said tension means has a
      carriage for reciprocating linear movement.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein said gripper jaws of said
      tension means are mounted on the carriage.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, including a compression cylinder and
      piston, one of said gripper jaws being connected to the piston of said
      compression cylinder and the other jaw being mounted to be movable
      thereon, and drive means for the movable jaw.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, including a control switch, at least
      one of said clamping elements being movably arranged, said control switch
      being mounted in the path of movement of a component attached to said
      movable clamping element to start the working stroke of said tension means
      before said clamping elements are closed.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said control switch is mounted
      displaceably parallel to the direction of movement of the movable clamping
      element.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, including brake means for the foil web,
      said brake means being operative when said tension means is operative,
      said brake means being on the side of the path of movement of object
      opposite said tension means.
NUM  8.
PAR  8. Apparatus for covering or wrapping objects with foil wrapping,
      comprising at least one supply roller for the foil, two clamping elements
      mounted on either side of the path of movement of the objects, said
      clamping elements in the clamping position firmly gripping two overlapping
      portions of the foil loop or band encasing the objects, means for joining
      the two foil portions, separating means for separating the foil wrapping
      thus formed from the rest of the foil, and tension means drawing the foil
      loop taut around the objects, each clamping element having two spaced
      clamping surfaces operating in pairs so that tow overlapping foil portions
      can be pressed against each other at two clamping zones between which is
      mounted means for relative movement for heat sealing the two foil portions
      together, a cooling air duct extending over sustantially the entire width
      of the foil and having a number of outlet apertures in the direction of
      the sealing zone, said duct being mounted on one of the clamping elements
      directly adjoining one of the clamping faces.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein said cooling air duct comprises
      a pipe mounted in a groove of the clamping element adjoining the clamping
      face, said clamping face being formed by a number of webs between which
      are formed air guide slits for the apertures in the pipe.
NUM  10.
PAR  10. Apparatus as claimed in claim 8, wherein one clamping element is
      movable between two end positions, the other clamping element being
      substantially immovable, the cooling air duct being on the latter clamping
      element.
NUM  11.
PAR  11. Apparatus as claimed in claim 8, including a turbulent duct of U-shaped
      cross-section for the cooling air between the two clamping faces of the
      clamping element opposite the cooling air duct.
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ABST
PAL  A heat seal capper head assembly for forming a closure and sealing a
      container with a heat seal cap having a heat shrinkable film includes an
      elongated housing having at one end adaptor means for releasably securing
      the assembly to the conventional filling apparatus for the container,
      while at the opposite end of the housing there is provided means for
      folding and heat sealing the heat seal cap to form a heat sealed closure
      having a central portion and a skirt portion. The folding means includes
      an annular folder ring secured to the housing, and an annular center
      collar concentric with and slidably mounted on the folder ring, with
      spring means disposed between the folder ring and the center collar for
      biasing the collar toward its extended position. The heating means is
      disposed internally of the annular collar and includes a disc-shaped
      portion for uniformly distributing heat across the central portion of the
      heat seal cap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a heat seal capping head assembly for use
      in forming a heat sealed closure having a central portion and a skirt for
      bottles, jars, cans and similar containers.
PAR  In one aspect of the invention, there is provided an apparatus for heat
      sealing supported plastic films such as polyethelene-lined aluminum foil
      bottle caps to the neck or pouring lip of a bottle made of polyethelene,
      and containing liquids such as milk, carbonated beverage, or the like, in
      connection with which the invention will be described.
PAR  The use of all-plastic bottles as fluid containers has been widely
      accepted, and has brought with it service conditions which require an
      extremely tight seal or closure at the lip or pouring edge of the bottle.
      The testing and service features associated with all-plastic containers
      are rigorous, and involve taking an all-plastic bottle and squeezing it as
      hard as possible to see if the closure or cap can be made to leak. It has
      been suggested to seal the cap to the bottle itself in order to meet the
      stringent fluid-tight requirements of the industry. The use of a heat
      sealing film means, of course, that the bottle has to be compatible with
      the heat seal cap so that sealing may be effected. Thus, for example, a
      polyethelene film inside an aluminum bottle cap will heat seal effectively
      to the polyethelene bottle, thereby meeting the requirements for the
      service use of the all-plastic container.
PAR  In order to obtain maximum use of equipment presently available to
      bottlers, it is particularly desirable that the heat sealing means be
      incorporated into a device similar to a conventional filling machine
      wherein bottles are moved by an indexing device through a series of
      stations. Utilizing the subject invention, as each bottle progresses
      through each station, one phase of the heat sealing procedure takes place,
      and at the end of the heat sealing operation the all-plastic bottle is
      returned to a conveyor means and carried away to a point where it may be
      readily packaged and loaded for transport to the consumer outlet.
PAC  SUMMARY OF THE INVENTION
PAR  The heat seal capper head apparatus of the subject invention is constructed
      so as to be capable of being releasably connected to a conventional
      filling apparatus for containers whereby the subject assembly may become
      an integral part of the filling apparatus and function at the same speed
      as the filler itself. In most conventional systems, the heat seal system
      is separate and apart from the filling apparatus, and usually operates at
      a slower rate of speed whereby the filling apparatus cannot be operated at
      its maximum speed. In addition, the provision of separate conveying
      systems for the filling operation and the heat sealing operation increases
      the capital expenditure required for the bottling plant.
PAR  The heat seal cap employed in the present invention is preferably of two
      piece construction consisting of a lamination of metal foil, such as 0.003
      aluminum foil, and a thin layer of heat seal material on the order of 1
      mm. As an alternative to laminating the heat seal material to the aluminum
      foil, the heat seal material may be extruded onto the aluminum foil to
      become a part of the foil material. The heat seal cap is applied to a
      container such as a bottle, jar, or can having an extended neck portion or
      pouring lip, with the resulting closure including a skirt portion
      extending over the neck portion of the container. The container which may
      be heat sealed by the subject invention may be made of plastic material
      such as polyethelene, polystyrene, polypropalene, or any other material
      compatible with the heat seal cap.
PAR  As embodied in conventional filling apparatus, it is desirable that the
      heat seal capper assembly of the subject invention include means for
      mechanically folding or bending the skirt portion of the heat seal cap
      about the neck of the bottle prior to the application of heat to the heat
      seal cap. In addition, it is desirable during the capping operation, that
      a biasing force be applied directly to the container to insure that, as
      the cam operated pedestal on which the bottle is positioned is moved
      downwardly, that the bottle is prevented from temporarily being retained
      within the heat seal capper head assembly which, of course, would
      subsequently cause the bottle to drop onto the pedestal and fall off,
      thereby disrupting the operation of the conveying apparatus. To this end,
      the subject heat seal capper head assembly includes means for constantly
      applying a downward force on the container against its supporting stool of
      the conveying apparatus. In addition, the subject invention provides a
      central heating means for uniformly distributing heat across the surface
      of the heat sealed cap in order to effect a uniform heat sealed closure
      for the container.
PAR  With the foregoing and other objects in view as will appear from a reading
      of the following specification and claims, the invention resides in the
      novelty and combination of parts and in the detailed construction herein
      described in the claims, it being understood that changes in the precise
      embodiment of the invention may be made within the scope of what is
      claimed without departing from the spirit of the invention. It will be
      further understood that the heat seal capper head assembly of the subject
      invention may be employed for effecting a closure for a single container,
      but preferably a plurality of such assemblies are mounted on a
      conventional filling apparatus for effecting a series of closures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of the stools of a carousel type of
      conveying system embodied in conventional filling apparatus for
      containers;
PAR  FIG. 1A is a schematic illustration of the instantaneous positioning of six
      stools of the conveying system illustrated in FIG. 1, with each of the
      containers on the conveyor being illustrated in relation to a heat seal
      capper head assembly of the subject invention;
PAR  FIG. 2 is a longitudinal sectional view of the heat seal capper head
      assembly of the subject invention; and
PAR  FIG. 3 is a sectional view of the subject heat seal capper head assembly
      taken along line 3--3 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a carousel type of conveying apparatus 10 embodied in
      a conventional filling apparatus is illustrated without depiction of the
      associated heat sealing capping apparatus of the subject invention. The
      latter is disposed above and rotates with the carousel apparatus 10. At
      each station of the carousel apparatus, one phase of the heat sealing
      procedure takes place, and at the end of the heat sealing operation the
      bottle is returned to a conveyor means and carried away to a point where
      it can be packaged and loaded for transport to the consumer outlet. As
      shown in FIG. 1, six stations, designated 1 through 6 inclusive, are
      included in the conveying apparatus 10, and FIG. 1A depicts the
      instantaneous position of the progression of the six stools of the
      conveying system 10. Preparatory to entering the carousel apparatus 10,
      each bottle 20 to be capped is hooded with a heat seal cap at a location
      upstream of the carousel apparatus, and conveyed along a conveyor, as
      designated by arrow 11 to the first available stool of apparatus 10. After
      the heat sealing operation is completed, corresponding to the location of
      station 6, the bottle is conveyed in the direction designated by the arrow
      12 to a point for final packaging.
PAR  An array of heat seal capper head assemblies 14, made according to the
      teachings of the subject invention, is mounted on a conventional filling
      machine that rotates in unison with and above the carousel type conveying
      apparatus in order to effect heat sealing of bottle caps 22.
PAR  Referring to FIGS. 2 and 3, the heat seal capper head assembly 14 basically
      comprises a tubular housing 30 having at one end an adaptor 32 for
      mounting assembly 14 on a conventional filling apparatus, while at the
      opposite end of the housing 30 there is provided the folding and heat
      sealing means, generally designated by the numeral 34. Adaptor 32 is
      secured to the housing 30 by means of screws 36 and includes a central
      opening 38, as well as a circumferential groove 40.
PAR  In order to releasably connect the heat seal capper head assembly 14 to
      conventional filling apparatus, a fixture 42 is provided which is secured
      at one end to the filling apparatus (not shown), and includes an internal
      peripheral groove 44 that cooperates with groove 40 to define an annular
      opening into which a U-shaped pin 46 may be mounted for releasably
      connecting assembly 14 to the filling apparatus.
PAR  Disposed at the opposite end of the tubular housing 30 is the folding and
      heat sealing means 34 which includes an annular collar having a folder
      ring 50 threadedly connected to the threaded portion 31 of the tubular
      housing 30. The folder ring 50 has a peripheral flange portion 52 and a
      depending annular segment 54. Concentric with and surrounding segment 54
      is a center collar 56, that is slidably connected to said folder ring 50
      by an array of bolts 60 that extend through a corresponding array of
      longitudinally extending slots 57 in said center collar. By this
      arrangement, the collar 56 of the annular collar may be moved
      longitudinally relative to the folder ring 50. Extending between the
      flange 52 of the folder ring 50 and the center collar is array of springs
      62 biasing the center collar downwardly away from the tubular housing 30.
      An adjustment nut 64 is also threadedly connected to the threaded portion
      31 of the tubular housing and is employed for providing a rigid locking
      means for the folding and heat sealing means 34.
PAR  As shown in FIG. 2 the internal peripheral end portion 51 of the folder
      ring 50 is rounded for facilitating folding of the heat sealing cap above
      the opening of the container 20 to form the skirt portion of the heat seal
      cap. Likewise internal portion 58 of center collar 56 is rounded to
      facilitate its engagement with container 20.
PAR  Disposed internally of the folder ring and the end portion of the tubular
      housing 30 is a heat sealing head 70 which comprises a disc shaped end
      portion 72 and an elongated hollow stem portion 74. Positioned internally
      of the elongated hollow stem portion 74 is the heating means in the form
      of a cartridge heater 78 that is connected via leads 80 extending through
      the central opening 38 of the adaptor 32 to a source of electricity.
      Preferably, thermostat means are provided for maintaining the temperature
      of the cartridge heater at the required level for the heat sealing
      operation.
PAR  Referring to FIG. 1A, at station 1 of the conveying means, bottle 20 is
      shown entered the capping apparatus after being hooded with a heat seal
      cap upstream of station number 1. The bottle 20 is mounted on the pedestal
      of stool 16, and as the conveying apparatus 10 is rotated, stool 16 is
      elevated and lowered by means of roller 18 (secured to the stool 16)
      riding on cam track 19. The heat seal cap 22 is initially formed to
      include a central portion 24 and a skirt portion 26.
PAR  At the second station, the bottle is shown slightly out of line with
      respect to the heat sealing capping apparatus 14 of the subject invention,
      but the bottle will be realigned and centered as it is elevated and
      engages the center collar 56. It is noted that the rounded internal
      peripheral edge 58 of the center collar facilitates centering of the
      bottle on the stool preparatory for the heat seal capping operation.
PAR  At the third station, the cap is shown in two positions, with the leftmost
      position (as viewed in FIG. 1A) illustrating the position of the cap skirt
      26 prior to being folded, while the right portion of the cap is shown when
      the bottle has been sufficiently elevated such that the peripheral surface
      51 of the folder ring 50 engages the skirt portion 26 of the heat seal cap
      22 and folds said portion downwardly about the neck of the bottle. It is
      noted that, as shown at station three in FIG. 1A, the third stool is shown
      raised to a position corresponding to the dotted line extending between
      roller 18 and the cam track 19 in order to depict the folded position of
      the skirt portion.
PAR  Referring to the fourth station in FIG. 1A, the central portion 24 of cap
      22 abuts against the sealing head 70, and the stool has reached its
      maximum height. At such time heat is transferred from the cartride heater
      78 through the sealing head 70 in order to apply heat to the composite
      heat seal cap 22. The application of heat causes shrinkage of the cap's
      plastic film thereby forming a fluid tight seal between the heat seal cap
      22 and the container 20. At such time the center collar is forced upwardly
      against the biasing force of springs 62. Accordingly, as the stool
      progresses along the cam track 15 from station four to station five, the
      stool is gradually lowered, and the action of the array of springs 62
      pushes the bottle 20 out of the heat seal capper head assembly thereby
      preventing the stool from lowering without the bottle. At station 5, as
      illustrated, the heat seal closure is completed, and the bottle is below
      the heat seal capping assembly of the subject invention. As previously
      noted, at the sixth station, the container is transferred to a conveyor
      for ultimate packaging and distributing to a consumer outlet.
PAR  The heat seal capper head assembly of the subject invention provides a new
      and improved means for heat sealing composite caps to all-plastic
      containers. The assembly is adapted to be mounted on existing filling
      equipment, and connected to an electrical control panel containing the
      necessary apparatus to allow the correct temperature in the individual
      sealing heads. After the heat in the sealing heads has reached a maximum
      point as shown on a suitable control panel, the operation is ready for
      filled containers to be capped and sealed. Each container is sent through
      a filling valve and after being filled is transferred to the pedestal of a
      stool. The latter, as it travels in a rotary motion, is elevated by means
      of the cam track. At the time of the heat seal process the skirt of the
      cap is folded to a position parallel to the neck of the bottle. When the
      bottle is elevated to the highest point on the cam, it is engaged in the
      capper head assembly and the heat is transferred from the capper head
      through the aluminum foil and activates the heat seal film that fuses to
      the plastic bottle. This requires approximately one to two seconds
      depending, of course on factors such as the speed of the filling
      apparatus, and the difficulty of heat sealing caused by the thickness and
      materials of the bottle cap and the bottle.
CLMS
STM  We claim:
NUM  1.
PAR  1. A heat seal cap head assembly for securing a heat seal capper to a
      container to form a heat seal closure having a central portion and a skirt
      comprising:
PA1  an elongated tubular housing;
PA1  adapter means secured to one end of the housing for mounting the assembly
      on a conventional filling apparatus for the container;
PA1  and a folding and heat sealing means secured to the opposite end of the
      housing, said folding and heat sealing means including,
PA2  an annular collar extending beyond the end of the housing and operative for
      folding each cap about the opening of the container to form the skirt
      portion thereof; and
PA2  heating means disposed internally of the annular collar for applying heat
      to the cap to form a fluid tight closure for the container, which annular
      collar includes the combination of an annular folder ring fixedly secured
      to the end of the housing, and an annular center collar concentric with
      and slidably mounted on said folder ring, with spring means disposed
      between said annular folder ring and the center collar for braising the
      center collar toward its extended position.
NUM  2.
PAR  2. A heat seal capper head assembly as in claim 1 further including means
      for varying the spring biasing force between the folder ring and the
      center collar.
NUM  3.
PAR  3. A heat seal capper head assembly as in claim 1 wherein both the folder
      ring and the center collar include internal peripheral end portions, with
      the latter of both the folder ring and the center collar being rounded for
      facilitating folding of the heat seal capper about the opening of the
      container to form the skirt portion of the heat seal cap.
NUM  4.
PAR  4. A heat seal capper head assembly as in claim 1 wherein the heating means
      comprises a sealing head having a disc shaped end portion disposed within
      the annular collar, and an elongated, hollow stem portion, with a
      cartridge heater disposed within said stem portion, and a source of
      electricity connected to said cartridge heater.
NUM  5.
PAR  5. A heat seal capper head assembly as in claim 1 wherein said adaptor
      includes a reduced diameter portion extending beyond the end of the
      housing, which portion has an annular peripheral groove for accomodating
      locking means for releasably securing the capper to said filling
      apparatus.
NUM  6.
PAR  6. A heat seal capper head assembly as in claim 1 in combination with a
      carousel type conveying means including cam means for elevating each
      container to a position for engagement with the folding and heat sealing
      means.
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ABST
PAL  A gathering machine having a frame, a support rotatably mounted on the
      frame, and picking fingers mounted on the support for rotation with same
      and arranged for flexing while moving against a surface and under an
      article lying on the surface. The fingers are parts of picking finger
      units having a pair of coil sections forming torsion springs connected
      together and provided with extending resilient elements terminating in
      hooks forming flexible article-picking tops. Brushes rotatably mounted on
      the frame guide ears of corn, and the like, into a water furrow or other
      path of movement of the machine to facilitate the picking operation.
PARN
PAR  This is a division of application Ser. No. 354,382, filed Apr. 25, 1973 and
      now U.S. Pat. No. 3,863,430.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to gathering apparatus, and particularly
      to a device for picking-up ears of corn, and the like, lying on a
      supporting surface such as soil in a field.
PAR  2. Description of the Prior Art
PAR  When harvesting corn and similar agricultural products, items are
      frequently left lying loose on the ground when the usual harvesting
      operation is completed. While these items may be gathered by hand, such a
      procedure is usually too time consuming to justify the expenditure.
PAR  Devices are known that provide a plurality of hook-shaped fingers on a
      rotating support for picking stones, potatoes, and the like, from a field.
      These known pickers, however, use substantially rigid fingers that dig
      into and remove soil together with the item being picked, and would
      additionally tend to damage relatively fragile items such as ears of corn.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a labor-saving
      gathering machine especially suited for picking-up ears of corn, and the
      like, lying on the ground.
PAR  It is another object of the present invention to provide a picking finger
      unit able to move over the surface of the ground with a minimum of digging
      into same, while passing under an article to be picked-up.
PAR  It is yet another object of the present invention to provide a device
      capable of picking-up ears of corn, and the like, lying on the ground,
      that is mountable on a conventional farm tractor, and the like, for being
      moved along a predetermined path of movement.
PAR  These and other objects are achieved according to the present invention by
      providing apparatus having: a frame, a support rotatably mounted on the
      frame; and at least one resilient element having a hook forming a flexible
      cup arranged for picking up an article lying on the ground mounted on the
      support for rotation with same. Advantageously, resilient brushes are
      provided for guiding the articles into a path of movement of the
      apparatus.
PAR  The resilient elements are preferably part of picking finger units each
      having a pair of coil sections connected together to form a torsion spring
      and including the resilient elements arranged extending from the coil
      sections. The hooks, which terminate the cantilever-mounted resilient
      elements, permit a picking finger being moved relative to the ground at
      the level of same to flex against the ground and under an article lying
      thereon. These articles may have been initially guided into the path of
      movement of the picking finger, or fingers, by resilient brushes as
      referred to above.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, partially schematic, side elevational view showing
      a gathering machine according to the present invention.
PAR  FIG. 2 is a fragmentary, partially schematic, top plan view showing the
      gathering machine of FIG. 1.
PAR  FIG. 3 is a perspective view showing in detail a picking finger unit
      according to the present invention.
PAR  FIG. 4 is a fragmentary, top plan view showing a portion of the picking
      finger unit of FIG. 3.
PAR  FIG. 5 is a fragmentary, sectional view taken generally along the line 5--5
      of FIG. 2, and drawn to a larger scale.
PAR  FIG. 6 is a fragmentary, sectional view taken generally along the line 6--6
      of FIG. 1, and drawn to a larger scale.
PAR  FIG. 7 is a perspective view showing a resilient brush element according to
      the present invention.
DETD
PAR  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 of the drawings show a gathering machine 10 according to the
      present invention. The specific apparatus illustrated in these figures is
      a one row corn pick-up version, and it is to be understood that parallel
      duplication of the parts to be described below would result in a device
      capable of covering several rows simultaneously. Machine 10 is
      particularly intended to be cantilever-mounted to the, for example, front
      end of a conventional vehicle in a manner to be set out below. Desirably,
      machine 10 could be connected directly to a combine or dump trailer for
      feeding items directly into same. The combine or dump trailer are
      conventional in nature, and therefore will be neither shown nor described
      herein.
PAR  Machine 10 has a frame 12, a support 14 rotatably mounted on frame 12, and
      picking fingers 16 mounted on support 14 for rotation therewith. A pair of
      brush assemblies 18 are arranged on frame 12 in advance of fingers 16 in
      the direction of motion of frame 12, indicated by the motion arrow in FIG.
      1, for guiding ears of corn 20, and the like, into the direct path of
      picking fingers 16. The ground or other surface on which the articles are
      lying is designated by the letter "S" in FIG. 1 of the drawings.
PAR  A, for example, conventional slat conveyor 22 is arranged for receiving
      articles from picking fingers 16 and transporting same to an ultimate
      destination (not shown). Machine 10 and conveyor 22 are both arranged on
      the front end of a conventional farm tractor 24, although it is to be
      understood that other conventional vehicles may be substituted for tractor
      24 as desired, as by a pair of longitudinal rails 26 arranged on the
      tractor in a known manner.
PAR  A belt 28 is arranged on a pulley 30 for transmitting power to same from
      tractor 24 or other suitable source. Pulley 30 is mounted on a jackshaft
      32 rotatably arranged in a pillow block bearing assembly 34. All of these
      parts may be of conventional construction. A smaller pulley 35 is also
      mounted on shaft 32 for rotation therewith for transmitting power to
      machine 10.
PAR  Frame 12 includes a pair of side rails 36 pivotally mounted to a pair of
      cooperating vertical members 38 as by conventional bolts 40, and the like.
      Lift arms 42 are pivotally connected to vertical members 38, which are in
      turn connected to the ends of rails 26, as by shafts 44 journalled in lugs
      46. Conventional chains 48 and 50 are arranged to provide proper vertical
      adjustment of frame 12 with respect to surface "S" and tractor 24. Chains
      48 are attached to frame 12 as by brackets 52 mounted on rails 36, while
      chains 50 may be connected to a conventional winch (not shown) or other
      suitable device. Braces 54 provide rigidity to vertical members 36.
PAR  A shaft 58 rotatably mounted in conventional pillow block bearing assembly
      60 has mounted on it a pulley 62 which is rotated by pulley 35 as through
      a conventional belt 64. Rotation of pulley 62 rotates shaft 58 to supply
      power to brush assemblies 18 in a manner to be discussed below. A
      conventional take-up assembly 66 is provided on a side rail 36 to provide
      for proper tensioning of belt 64.
PAR  A pair of pulleys 68 mounted on shaft 58 for rotation therewith transmit,
      by means of conventional belts 70, power to pulleys 72 for rotating same.
      These pulleys 72 are affixed to shafts 74 rotatably mounted in bearing
      holder brackets 76 for attachment of brush assemblies 18 thereto. Each
      brush assembly 18 has a wheel assembly 78 to which are attached brush
      elements to be described below. An end rail 80 connected to and extending
      between side rails 36 completes the basic structure of frame 12. A pair of
      plates 82 are arranged in the corners where end rail 80 meets rails 36,
      and is attached to these rails in a conventional manner. Idler pulleys 84
      are mounted on plates 82 for engaging belts 70 and maintaining them in a
      desired state of tension for efficient operation.
PAR  Referring now to FIGS. 3 to 5 of the drawings, picking fingers 16 are
      formed by a plurality of picking finger units 86. Each of these units has
      a plurality of coils arranged in sections 88 and 90 for forming a torsion
      spring. Each section 88, 90 is provided with an end arranged adjoining and
      connected to the similar end of the other section 90, 88, and an end
      spaced from the other section. A pair of resilient arm elements 92
      provided with hooks 94 are provided on the units, with an element 92
      connected to a respective spaced end of coil sections 88, 90. Hooks 94
      terminate elements 92 and form, together with the latter, J-shaped hook
      members, the hooks 94 are arranged extending away from these elements in a
      direction opposite to a direction of extension of the coil sections 88, 90
      from elements 92. Coil sections 88 and 90 are arranged about longitudinal
      bars 96 forming part of support 14, and are secured on these bars in a
      conventional manner as by bolts 98.
PAR  Support 14 is formed by, in addition to bars 96, a pair of parallel, spaced
      rims 100 attached to shaft 58 as by spokes 102 to be rotated by that
      shaft. Bars 96 are affixed to and extend between rims 100. As can best be
      seen from FIG. 6 of the drawings, a plate 104 is also mounted on rims 100
      for maintaining a predetermined spacing of elements 92. This plate 104 has
      a curved lip 106 which facilitates mounting of plate 104 on rods 108 which
      like bars 96 are affixed to and extend between rims 100. The planar
      portion of plate 104 is provided with a plurality of slots 110 which
      receive elements 92 and hold them in a predetermined position.
PAR  FIG. 7 of the drawings shows a preferred resilient element for use with
      brush assemblies 18. This element is essentially a wire spring provided
      with a coiled section 112 and a shaft 114 extending from section 112. The
      latter may be mounted on pins provided on wheel assembly 78 in a
      conventional manner as by a bolt and the like.
PAR  As can be readily understood from the above description and from the
      drawings, a machine 10 can be mounted on a suitable vehicle and passed
      along rows in a field which may have been, for example, previously
      harvested of corn. Those ears of corn 20 remaining on the field will be
      engaged by the resilient, spring-like shafts 114 forming brush assemblies
      18 and be guided into the water furrows. Picking fingers 16, which are
      rotating in the direction of the arrows of FIG. 1, will now engage the
      articles, pick them up, and deposit them on conveyor 22. Because the cups
      formed by hooks 94 of resilient elements 92 permit flexing of the finger
      units as the hooks 94 move against surface S and under an article lying on
      the surface, and because of the torsion spring formed by coiled sections
      88 and 90, the hooks 94 will run adjacent surface S just under the
      articles with a minimum of digging into the, for example, soil forming
      surface S. The use of the spring brushes with brush assemblies 18 will
      also permit the articles to be moved along surface S with a minimum of
      digging into that surface.
PAR  Once the articles have been picked up by fingers 16, they will be rotated
      over the top of support 14 and deposited onto slat conveyor 22. This
      particular conveyor, which is located low and behind the pick-up reel
      formed by support 14, will allow excess dirt and trash to fall back to the
      ground, while the corn, and the like, can go on to a, for example, combine
      or dump wagon. Guide plate 104 on stop rods 108 controls the spacing of
      the springlike resilient elements 92. The coil sections 88 and 90 will
      give the finger units 86 extended life and greater flexibility. Power to
      support 14 and brush assemblies 18 is advantageously supplied by the
      propelling unit, tractor 24 in the drawings, and is not in relation to the
      ground speed of the propelling unit. Machine 10 is raised and lowered with
      relation to the vehicle on which it is mounted as by hydraulic and other
      suitable devices mounted on the vehicle or propelling unit.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A method of picking ears of corn from the ground, comprising the steps
      of:
PA1  a. supporting a plurality of elongated rows of picking fingers, including
      elongated arms and back-turned, semi-circular hooks at one set of ends of
      the arms in position relative to each other with said rows spaced about
      and extending longitudinally of a cylindrical area and the arms in each
      row of picking fingers having the other set of ends thereof supported for
      oscillation about an axis extending longitudinally of the cyclindrical
      area and the hook ends of the arms yieldingly inwardly deflectable from
      outermost positions with the hooks spaced about the area and opening
      tangentially in the same circumferential directions; and,
PA1  b. simultaneously orbiting the axes of oscillation of the sets of picking
      fingers about the center axis of the cylindrical area to advance the hooks
      in the peripheral directions in which they open and laterally advancing
      said center axis over the ground at an elevation with the rows of picking
      fingers having the hooks thereof successively engaging the ground when
      disposed at the lowermost peripheral portion of said area and with the
      center axis being advanced in the direction in which the lowermost hooks
      open.
NUM  2.
PAR  2. The method of claim 1 including the step of collecting the picked corn
      falling rearwardly and downwardly from the upper rear portion of the
      cylindrical area about which the axes of oscillation of the rows of
      picking fingers are orbited.
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ABST
PAL  A method and apparatus for harvesting and treating tobacco in which the
      tobacco plants are automatically defoliated as a harvester moves through a
      field. The tobacco leaves are discharged in a random haphazard manner into
      a large bulk container where the leaves are secured in position and then
      the containers are placed within a treating barn and the leaves are cured.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the harvesting and treating of
      agricultural crops and relates particularly to the method and apparatus
      for harvesting and treating tobacco in an efficient economical manner.
PAR  2. Description of the Prior Art
PAR  In the past flue cured bright leaf tobacco has been harvested one leaf at a
      time as the leaves matured on the plants and several leaves were oriented
      so that the stems were all located in the same general area and were bound
      together to form a hand. A plurality of hands were placed on a stick and a
      plurality of sticks were placed in a barn where such leaves were subjected
      to heat for curing.
PAR  The harvesting and treating of tobacco leaves has been hard back-breaking
      labor which often involved entire families and groups of families working
      together. The leaves of most tobacco plants mature from the group up over
      a period of from four to six weeks and it was necessary for each plant to
      be inspected periodically so that the mature leaves could be removed while
      the immature leaves remained on the stalk to continue developing. This
      obviously necessitated many passes through the field in order to harvest
      all of the usable tobacco leaves.
PAR  Many efforts have been made by individuals, manufacturing companies and
      several colleges and universities to ease the task of harvesting and
      treating tobacco leaves by reducing the labor and drudgery involved as
      well as to increase the efficiency of the operation and make the operation
      more economical. Initially harvesting machines were developed which
      transported workmen through the tobacco fields and permitted workmen on
      the lower portions of the machine to prime mature leaves so that other
      workmen could bind the leaves together in hands and place the hands on
      sticks for curing within the tobacco barns. Some examples of this type of
      structure are disclosed in the U.S. Pat. No. to Long 2,952,370 and
      3,215,288.
PAR  More recently bulk harvesting of the tobacco leaves became practical in
      which the tobacco leaves were placed in a random haphazard manner within a
      tobacco rack of a height less than the length of a mature tobacco leaf and
      such racks were placed in two or three tiers within a tobacco barn for
      curing. Some examples of this type of structure are the U.S. Pat. No. to
      Long 3,233,339; and Hassler U.S. Pat. No. 3,105,713, 3,110,326 and
      3,251,620.
PAR  With the advent of the bulk curing rack, automatic defoliating harvesters
      were developed which automatically removed tobacco leaves within a
      predetermined range above the ground as the harvesters moved through the
      tobacco fields. Such defoliators were adjustably mounted on the harvesters
      so that several passes through the tobacco field could be made at spaced
      intervals of time and with the defoliators located at different elevations
      so that substantially all of the usable tobacco leaves were removed from
      the stalks. Some examples of this type of harvester are the patents to
      Wilson U.S. Pat. Nos. 2,816,411, 2,834,175 and 3,083,517; Suggs et al U.S.
      Pat. No. 2,834,174; Splinter U.S. Pat. No. 3,093,949; Pickett et al U.S.
      Pat. No. 3,507,106; and Long U.S. Pat. No. 3,834,137.
PAR  Recently the South Carolina Agricultural Experiment Station at Clemson
      University in Clemson, South Carolina, has developed a technique for
      growing low profile tobacco. In this technique, the growth of tobacco
      plants is controlled and the upper portion of each tobacco plant is topped
      or removed so that substantially all of the tobacco leaves remaining on
      the stalk mature at substantially the same time whereby all of the leaves
      left on each stalk can be harvested simultaneously.
PAR  In order to grow low profile tobacco and to extend the harvesting season
      over approximately a six week period, one third of the tobacco plants
      usually are of an early variety and are planted at one time, a second
      third of the tobacco plants are of a mid-season variety which are planted
      later than the early variety, and the last third are of a late variety
      which are planted after the second third. After the plants have attained a
      height of approximately 30 inches, the top 6 inches is removed to leave a
      stalk substantially 24 inches high. Thereafter by controlling the amount
      of fertilizer and other plant nutrients approximately one-half of the
      first third are caused to mature at the same time and the other half of
      the first third are caused to mature approximately one week later. The
      first half of the second third is caused to mature approximately one week
      after the first third and so on through the entire tobacco crop whereby a
      portion of the crop matures each week for approximately six weeks which is
      the normal harvesting period for tobacco leaves.
PAR  In order to harvest low profile tobacco, Alphin and Pitner of Clemson
      University developed a tobacco harvester which was granted U.S. Pat. No.
      3,695,014 that simultaneously removes all of the leaves remaining on a
      tobacco stalk so that the harvester makes only one pass by each individual
      tobacco stalk. Even though the tobacco plants have been topped, the
      remaining leaves reach a stage of development such that they yield
      approximately 85% as much tobacco as conventionally grown plants.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in a method and apparatus for harvesting
      and treating tobacco leaves in an efficient economical manner so that two
      workmen using relatively inexpensive equipment can easily handle a task
      which previously required many workmen to accomplish. An automatic
      defoliator, such as that disclosed in Alphin et al U.S. Pat. No.
      3,695,014, is mounted on one side of a conventional tractor and such
      defoliator strips substantially all of the leaves from the tobacco stalk
      as the tractor is driven through the tobacco field. After the tobacco
      leaves are stripped from the stalk, such leaves are conveyed upwardly and
      discharged from the rear of the defoliator into a large bulk container
      mounted on a trailer which is connected to the tractor.
PAR  The bulk container is of a size to accommodate approximately 3,500 pounds
      or 16 small racks of green tobacco and includes an elongated relatively
      wide imperforate side member having an imperforate end member at each end
      thereof. The opposite side of the container is separated into two portions
      with each portion being swingably mounted so that the side portions can be
      swung outwardly to cover opposite ends of the container during the
      defoliating and loading process whereby only the side of the container is
      open or such portions can be swung inwardly and locked in position to
      close the side of the container whereby only the top and bottom are open.
      Each of the movable side portions has a plurality of openings through
      which slender elongated rods are adapted to be pushed through the tobacco
      leaves within the container to support the tobacco leaves therein.
PAR  In passing through the tobacco fields, one workman drives the tractor while
      a second workman is located on a platform carried by the trailer. The
      second workman spreads the tobacco leaves evenly throughout the container.
      After the container has been filled, which normally requires 8 to 20
      minutes, the tractor with the filled container is driven to a tobacco
      curing barn where the container is removed from the trailer and rotated
      substantially 90.degree. so that the tobacco leaves are supported only by
      the rods extending therethrough. Each of the containers has wheels along
      the bottom so that the container can be easily rolled into a curing barn
      by one man after the weight of the container is supported by the wheels.
      The tobacco curing barn has a heater at one end which discharges heated
      air into a plenum chamber located along the entire bottom of the barn. A
      pair of guide tracks are located along the entire length of the barn from
      the doors at the end opposite the heater to a wall which separates the
      heater compartment from the remainder of the barn. An extension is
      selectively connected to each of the guide tracks so that the guide tracks
      extend outwardly of the barn when the doors are open. After the container
      has been rotated to an upright position, the wheels of the container are
      placed on the guide track extensions and one workman pushes the container
      into the barn while the other workman is loading another container onto
      the wagon. The containers are of a size such that approximately eight
      containers will completely fill a 30 foot barn. Two people can harvest and
      fill two curing barns in a day.
PAR  It is an object of the invention to provide a method of harvesting and
      treating tobacco leaves in an efficient economical manner by providing an
      automatic leaf defoliator which strips substantially all of the tobacco
      leaves from low profile tobacco stalks and discharges such leaves with
      randomly oriented stems into a large container, after which such leaves
      are secured in position and the container is rolled into a tobacco barn
      and cured.
PAR  Another object of the invention is to provide apparatus for harvesting and
      treating tobacco leaves in such a manner that two men can harvest and fill
      two tobacco barns in a day.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustrating the defoliator in operation.
PAR  FIG. 2 is a top plan view thereof.
PAR  FIG. 3 is a perspective of a trailer with a tobacco receiving container
      mounted thereon.
PAR  FIG. 4 is an enlarged section on the line 4--4 of FIG. 3.
PAR  FIG. 5 is a perspective of a filled container.
PAR  FIG. 6 is a vertical section of a filled container after the container has
      been rotated to an upright position.
PAR  FIG. 7 is a perspective of a pair of opposed tobacco barns and including
      the container handling apparatus.
PAR  FIG. 8 is an enlarged front perspective of one of the barns.
PAR  FIG. 9 is a section on the line 9--9 of FIG. 8 to a reduced scale.
PAR  FIG. 10 is a perspective of a lower corner of the barn with the extension
      in place.
PAR  FIG. 11 is an enlarged section on the line 11--11 of FIG. 10 and showing a
      guide track with a container wheel in position.
PAR  FIG. 12 is an enlarged side elevation of the track and extension.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continued reference to the drawings, a conventional tractor or other
      vehicle 10, which preferably is in the 35 to 45 hp range, has a
      three-point mast hitch 11 and is provided with mounting brackets 12 (only
      one of which is shown) for removably mounting a front support member 13.
      The front support member extends outwardly to one side of the tractor and
      is connected by chains or other flexible connections 14 to the front
      portion of a defoliator frame 15 of a harvester of the type generally
      disclosed in the Alphin and Pitner U.S. Pat. No. 3,695,014. The mast hitch
      11 at the rear of the tractor is connected to a rear support member 16
      which extends outwardly to one side of the tractor and is adapted to
      support the rear portion of the defoliator frame 15.
PAR  The defoliator frame 15 movably supports a generally triangular shaped
      defoliator 17 having a downwardly and rearwardly inclined first portion
      18, an upwardly and rearwardly inclined second portion 19 and a forwardly
      extending third portion 20. The defoliator has a pair of generally
      parallel chains 21 connected by a flexible grid 22 which is driven at a
      speed such that the rearward speed of each individual segment of the grid
      is substantially the same as the forward speed of the tractor so that the
      speed of each individual segment of the grid of the first and second
      portions of the defoliator is substantially zero relative to the ground.
PAR  As the tractor moves through the field of tobacco plants, the stalks 25 of
      the tobacco plants are received within the grid 22 of the first portion 18
      of the defoliator 17 so that the stalks remain upstanding while the grid
      22 pushes the leaves 26 of the tobacco plants downwardly to strip all of
      the leaves from the stalks.
PAR  A pair of generally parallel conveyor belts 27 are located beneath and
      parallel to the second portion 19 of the defoliator and are spaced
      therefrom a short distance so that the tobacco leaves which are stripped
      from the stalks 25 are trapped between the conveyor belts 27 and the
      second portion 19 of the defoliator. Such leaves are lifted off of the
      stalks as the stalks pass through the defoliator 17 at substantially zero
      ground speed. After the leaves have been stripped from the stalks, such
      stalks remain in upstanding position while the leaves are discharged as a
      mass from the rear of the conveyor belts.
PAR  In order to drive the defoliator 17, an enlarged drive sprocket or pulley
      28 is bolted to the wheel of the tractor 10 and such gear drives a chain
      or pulley 29 connected to a driven sprocket 30 mounted on a shaft 31. A
      drive sprocket 32 is mounted on the opposite end of the shaft 31 and is
      connected by the chain 33 to a driven sprocket 34. The driven sprocket 34
      is mounted on a shaft 35 which drives the defoliator 17 and the conveyor
      belts 27. Since the drive sprocket 28 is directly driven by the tractor
      wheel, the speed of the first and second portions of the defoliator will
      remain at zero ground speed regardless of the speed at which the tractor
      is driven through the field. The above apparatus is described generally in
      the alphin and Pitner U.S. Pat. No. 3,695,014.
PAR  At the rear of the tractor 10 a pair of rearwardly extending arms 36 are
      connected to a tubular draw bar 37 having a pin receiving opening 38
      substantially along the longitudinal center of the tractor and a plurality
      of openings 39 at one end of the draw bar. A draw bar extension 40 is
      telescopically received within the draw bar 37 and such extension is
      provided with an opening (not shown) which is adapted to be aligned with
      one of the openings 39 so that a pin 41 can be inserted through the
      aligned openings to lock the draw bar and the extension in adjusted
      position. The outer end of the extension 40 has an opening for receiving a
      pin 42 by means of which the tongue 43 of a wagon 44 can be connected to
      the draw bar. It is noted that when the tractor is travelling from place
      to place, the tongue of the wagon is aligned with the openings 38 and the
      pin 42 is inserted therethrough so that the trailer is disposed directly
      behind the tractor and when the tractor is moving through the tobacco
      fields, the tongue of the wagon 44 is aligned with the opening in the
      outer end of the extension 40 so that the wagon is located directly behind
      the defoliator 17.
PAR  The wagon 44 includes a bed 45 supported by ground-engaging wheels 46. A
      baffle board 47 is fixed to one side of the bed 45 and extends upwardly
      therefrom for a purpose which will be described later.
PAR  A bulk tobacco container 50 is removably mounted on the upper surface of
      the bed 45 and such container includes a large imperforate side wall 51
      with an imperforate end wall 52 connected to each end thereof. The corners
      of the end walls 52 remote from the side wall 51 are connected by rods 53
      to provide a rigid structure. An upper side portion 54 is provided with a
      pair of spaced sleeves 55 which rotatably receive the upper rod 53 and a
      lower side portion 56 is swingably mounted on the lower rod 53 by sleeves
      57.
PAR  As illustrated best in FIGS. 3 and 4, the upper and lower side portions 54
      and 56 are swung outwardly so that the lower side portion substantially
      completely closes the bottom of the container and the upper side portion
      extends downwardly substantially to the baffle board 47 to close the top
      of the container so that in this position the side only of the container
      is open. With particular reference to FIG. 4, a rod 58 extends across the
      central portion of the top of the container and such rod rotatably
      supports a heavy duty screen or other flexible perforate member 59. A
      plurality of angular reinforcing and supporting members 60 are welded to
      the imperforate side wall 51 generally lengthwise thereof and
      substantially parallel with each other.
PAR  When the tobacco leaves have been stripped from the stalks by the
      defoliator 17, the mass of leaves is carried upwardly by the conveyor
      belts 27 and discharged from the rear of the defoliator so that the leaves
      fall by gravity into the open container 50. Ordinarily the leaves are flat
      and generally parallel with the imperforate side wall 51 while the stems
      are located in random haphazard directions. Preferably a workman standing
      on a platform 61 carried by the wagon 44 uses a pitch fork or other tool
      to spread the tobacco leaves substantially evenly and level throughout the
      container. Although the container can be of any size desired, a container
      having a side wall substantially 9 feet 6 inches long and 6 feet wide and
      end walls substantially 6 feet long and 3 feet 6 inches wide has been
      found satisfactory.
PAR  At the beginning of the filling operation, the screen 59 is rotated to a
      position where it extends outwardly of the container, as illustrated in
      FIG. 4, and after enough leaves have been discharged into the container to
      fill the container substantially two-thirds full, the tractor 10 is
      stopped and the screen is rotated to a position overlying the tobacco
      leaves after which the tobacco leaves within the container are compacted
      in any desired manner, as by the workman walking on the screen to compact
      the leaves until the screen is substantially flat and the container is
      approximately half filled.
PAR  Thereafter the tractor is driven through the tobacco field and continues to
      discharge tobacco leaves into the container and on top of the screen 59.
      The filling of the container continues until the tobacco leaves within the
      container are mounded up above the open side and substantially level at
      which time the tractor is driven to a tobacco barn 62. During the
      transportation to the barn, the movement of the trailer over the ground
      shakes the tobacco leaves and causes such leaves to settle slightly. At
      the barn the upper and lower side portions 54 and 56 are each swung
      through an arc of approximately 270.degree. to a position overlying the
      tobacco leaves and the tobacco leaves are compacted until the upper and
      lower side portions are substantially in alignment with each other and
      generally parallel with the side wall 51. The swinging movement of the
      upper and lower side portions closes the open side of the container and
      opens the top and bottom thereof.
PAR  In this position the upper and lower side portions are latched in any
      desired manner to hold such side portions in fixed position. With
      particular reference to FIG. 5, a slide bolt 63 is mounted in spaced
      sleeves 64 at each end of the upper and lower side portions and such slide
      bolts are adapted to be moved lengthwise by handles 65 so that the ends of
      the bolts are received within a socket member 66 carried by the end walls
      52 of the container.
PAR  After the side portions 54 and 56 have been moved to the position shown in
      FIG. 5, it is necessary to secure the tobacco leaves in fixed position
      relative to each other within such container. In order to do this, each of
      the upper and lower side portions 54 and 56 is provided with a plurality
      of openings 67 through which a plurality of elongated slender rods 68
      extend. The rods 68 are of a length to extend through the side portions 54
      and 56 and through the tobacco leaves 26 and the screen 59 within the
      container to a position adjacent to the reinforcing member 60 so that when
      the container is rotated to an upright position the rods 68 are supported
      by the side portions 54 and 56, the screen 59, and the reinforcing members
      60 and such rods support the tobacco leaves 26.
PAR  With particular reference to FIGS. 7-12, each of the barns 62 includes a
      base 72 which supports a housing having side walls 73, front wall 74, rear
      wall 75 and a top wall or roof 76. The front wall 74 is provided with a
      pair of doors 77 which can be selectively opened or closed. Within the
      barn a floor 78 extends the full length of the barn at the top of the base
      72 so that the base defines a plenum chamber below the floor 78. Spaced
      inwardly from the rear wall 75 is a partition 79 defining a compartment in
      which a heater 80 is located. The heater 80 normally burns oil, gas or
      other combustible fuel which heats air and discharges the heated air into
      the plenum chamber within the base 72. The floor 78 has a multiplicity of
      slots 81 so that heated air can flow upwardly through the slots into the
      upper portion of the barn where such air can be returned through an
      opening 82 in the upper portion of the partition 79 to the heater 80 to be
      reheated.
PAR  As illustrated best in FIG. 7, a pair of barns 62 preferably are located in
      facing relationship with each other and each of the barns is provided with
      an upstanding A-frame 83 on the roof 76 and such A-frames support an
      I-beam 84. If desired instead of having opposed barns, one end of the
      I-beam can be supported by the A-frame of a single barn and the other end
      of the I-beam could be mounted on a support frame (not shown). A power
      operated hoist 85 is mounted on the I-beam 84 and is movable along such
      I-beam so as to service both of the opposed barns 62. The hoist 85
      includes a power operated cable 86 the lower end of which is connected to
      a bridle 87 with a hook member 88 at each end.
PAR  When the tractor 10 pulls the wagon to a position below the I-beam 84, the
      hoist 85 is operated to lower the bridle 87 so that the hook members 88
      can engage the container 50. In order to lift the container from the
      wagon, each of the end walls 52 of the container is provided with a pair
      of bosses or enlargements 89 and 90. The boss 89 is located generally
      centrally of the side of the end wall which supports the upper and lower
      side portions and the boss 90 is located adjacent to the central portion
      of the top of each end wall. Each of the bosses 89 and 90 is provided with
      a hook receiving opening 91 for cooperative engagement with the hook
      member 88.
PAR  After the side portions 54 and 56 have been closed and locked, as
      illustrated in FIG. 5, and the rods 68 have been inserted through the
      leaves of tobacco within the container, the bridle 87 is lowered so that
      the hook members 88 are received within the openings 91 of the bosses 89
      and 90 after which the hoist 85 raises the bridle to lift the container
      off of the wagon 44. The driver of the tractor then moves the wagon from
      beneath the container and the container is lowered to the ground. If
      desired, the rods 68 can be inserted through the tobacco leaves after the
      container has been lowered to the ground.
PAR  When the rods 68 are in place, the hook members 88 are disengaged from the
      bosses 89 and are reapplied to the openings 91 of the bosses 90 so that
      when the hoist again raises the bridle 87 the container 50 is rotated
      substantially 90.degree. to an upright position. The bottom of each of the
      end walls 52 is provided with a pair of pulley type wheels 92 for
      supporting the container in the upright position.
PAR  In order to roll the containers into the barn 62, each of the side walls 73
      of the barn is provided with a guide track 95 adjacent to the floor 78. As
      illustrated best in FIGS. 10-12, each of the guide tracks includes an
      inwardly extending upper flange 96 having a rod or other upwardly
      extending projection 97 welded or otherwise attached to the upper surface
      thereof. As shown particularly in FIG. 11, each of the wheels 92 has a
      concavo-convex groove of a size to straddle the rod 97 and engage the
      upper flange 96 so that each wheel has substantially four points of
      contact with the guide track 95. It is noted that a wheel with a straight
      tapered belt type groove could be used to provide the four points of
      contact.
PAR  In order to position the containers 50 on the guide tracks within the barns
      62 during loading and unloading, an extension 98 is provided having an
      upper flange 99 with a rod 100 welded or otherwise attached to the upper
      surface thereof in a manner similar to the guide track 95. The outer end
      of the extension has a downwardly extending post 101 which is adapted to
      rest on the ground and support the outer end of the extension
      substantially in alignment with the guide track 95. Adjacent to the doors
      77 of the barn, each of the guide tracks 95 is provided with a pair of
      spaced studs 102 which receive openings 103 located adjacent to the inner
      end of the extension 98. Nuts 104 are provided for securing the extension
      to the studs 102 in fixed position so that the upper flange 99 and the rod
      100 of the extension are in alignment with and abutting the upper flange
      96 and the rod 97 of the guide track 95.
PAR  Preferably the extension 98 extends outwardly from the barn approximately
      four feet so that after the container 50 has been rotated to an upright
      position the hoist 85 can lift the container and move the container along
      the I-beam 84 until the wheels 92 of the container are in a position
      overlying the extension 98. In this position the hoist 85 lowers the
      container until the wheels rest on the extension at which time the hook
      members 88 of the bridle are disengaged from the bosses 90. Thereafter one
      workman can push the container along the guide track 95 until the
      container is in abutting relationship with the partition 79 or with
      another container within the barn. Approximately eight containers arranged
      in side-by-side abutting relationship substantially completely fill the
      heat treating chamber of the barn.
PAR  If desired one or more seals can be provided between the side walls 73 of
      the barn and the end walls 52 of the container, as well as between
      adjacent containers so that warm air flowing through the slots 81 in the
      floor 78 from the plenum chamber must pass through the containers from the
      bottom to the top. When the barn 62 has been filled with containers, the
      doors 77 are closed and the heater 80 is energized to cause heated air to
      flow through the containers and treat the tobacco leaves. After the heat
      treating process has been completed, the heater is cut off, the doors 77
      are opened, and the extensions 98 are reattached to the guide tracks 95.
PAR  Thereafter the containers 50 are rolled one at a time out of the barn onto
      the extensions where the containers can be reconnected to the bridle 87 so
      that the hoist 85 can lift the containers off of the extension and move
      such containers outwardly from the barn. While the containers are being
      supported by the hoist, the rods 68 are removed from the containers
      starting with the lowermost rods and working upwardly so that the cured
      leaves of tobacco fall by gravity from the container onto a tobacco pallet
      or other surface.
PAR  In the operation of the device, the tractor 10 with a defoliator 17 mounted
      thereon moves through a field of tobacco plants so that the defoliator
      strips substantially all of the leaves from the stalks and discharges the
      mass of leaves from the rear of the defoliator. A container 50 carried by
      a wagon 44 is located below and behind the discharge from the defoliator
      and such container is arranged in such a manner that the upper and lower
      side portions are swung outwardly to substantially close the top and
      bottom of the container so that the side only is open. As the leaves of
      tobacco are discharged into the container in a haphazard manner in which
      the leaves are substantially parallel with the imperforate side wall 51 of
      the container while the stems of such leaves are randomly oriented, a
      workman standing on the platform 61 spreads the leaves substantially
      evenly throughout the container.
PAR  When the container is more than half filled, the tractor is stopped and the
      screen 59 is placed across the leaves and the leaves are compacted until
      the screen 59 is substantially parallel with the side 51 of the container.
      Thereafter the tractor is driven through the field again while tobacco
      leaves are being discharged into the upper portion of the container until
      such tobacco leaves are mounded up above the sides of the container. In
      this position the tractor is driven to the treating barns where the rods
      68 are inserted through the containers and the leaves of tobacco therein
      and the container is rotated substantially 90.degree. to an upright
      position by the hoist 85. The hoist is operated to move the containers to
      a position overlying the extensions 98 which have been attached to the
      barn and the container is lowered until the wheels 92 of the container
      rest on the upper surface 99 and the rods 100 of the extensions. When the
      bridle 87 is disconnected from the container, the container can be pushed
      along the guide tracks 95 within the barn by a single workman. In this
      operation, since the defoliator removes substantially all of the leaves
      from the tobacco stalks, it normally requires from 8 to 20 minutes to
      completely fill a container. Therefore, two men can harvest enough tobacco
      to fill two barns in one day.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the harvesting and treating of tobacco using an automatic defoliator
      for stripping all of the tobacco leaves from a stalk and forming a mass of
      leaves adjacent to the bottom of the stalk, raising said mass of leaves
      from the stalk while maintaining substantially zero ground speed between
      the mass of leaves and the stalk, and conveying the mass of leaves
      upwardly and rearwardly from the stalk, the method comprising the steps
      of: discharging the mass of leaves into a relatively large container
      having a first side wall means positioned in a generally horizontal plane
      when the container is being filled and with the upper opposite side being
      open, distributing the tobacco leaves throughout the container so that the
      leaves are substantially flat and generally parallel with said first side
      wall means of the container, positioning second side wall means along the
      open side of the container and opening the top and bottom thereof when the
      container has been filled with tobacco leaves thereby providing a flow
      path in one direction through the container, inserting a plurality of pin
      means through at least one of said first and second side wall means,
      rotating the container substantially 90.degree. so that the tobacco leaves
      are disposed in vertical planes, positioning the container within the
      interior of a tobacco barn having closure means and a selectively operable
      heater, closing the barn after the barn has been filled with containers,
      energizing said heater to provide heated air, causing the heated air to
      flow through the flow path in said containers to cure the tobacco leaves
      therein, removing the containers from the barn after said leaves have been
      cured, and discharging the cured tobacco leaves from said container.
NUM  2.
PAR  2. In the harvesting and treating of tobacco using an automatic defoliator
      for stripping all of the tobacco leaves from a stalk and forming a mass of
      leaves adjacent to the bottom of the stalk, raising said mass of leaves
      from the stalk while maintaining substantially zero ground speed between
      the mass of leaves and the stalk, and conveying the mass of leaves
      upwardly and rearwardly from the stalk, the method comprising the steps
      of: discharging the mass of leaves into a relatively large container
      having a first side wall means positioned in a generally horizontal plane
      when the container is being filled and with the upper opposite side being
      open, distributing the tobacco leaves throughout the container so that the
      leaves are substantially flat and generally parallel with said first side
      wall means of the container, positioning a second side wall means on the
      open side of the container when the container has been filled with tobacco
      leaves, inserting a plurality of pin means through at least one of said
      side wall means and the tobacco leaves to hold the tobacco leaves in
      position, rotating the container substantially 90.degree. so that the
      tobacco leaves are disposed along generally vertical planes, positioning
      the container within the interior of a tobacco barn, causing heated air to
      flow through said container to cure the tobacco leaves therein, removing
      the container from the barn after said leaves have been cured, and
      discharging the cured tobacco leaves from said container.
NUM  3.
PAR  3. The method of claim 2 including the steps of inserting a partition
      within said container for separating portions of the tobacco leaves from
      other portions.
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ABST
PAL  A method and apparatus for positioning and cutting grasses. In one
      embodiment, a power mower is provided with a rotating rake structure
      positioned forwardly of the cutter to prevent foreign objects from being
      admitted to the region of operation of the cutter. The rake structure also
      serves to lift, straighten and align grasses for shearing. In accordance
      with the preferred embodiment, a power mower is provided with forward and
      rearward rake structures to pick up grass blades, pull out matted weeds
      such as crabgrass, position the upstanding grass blades in a reciprocating
      cutter, and sweep grass clippings away from the cutter and into a grass
      catcher. A hydraulic drive system varys the drive speed by controlling
      fluid flow rate to a hydraulic drive motor.
PARN
PAC  CROSS-REFERENCE TO RELATED PATENT AND APPLICATION
PAR  CUTTER BAR ASSEMBLY, U.S. Pat. No. 3,722,196 issued Mar. 27, 1973 to
      William E. Templeton.
PAR  METHOD AND APPARATUS FOR POSITIONING AND CUTTING GRASSES, Ser. No. 206,842
      filed Dec. 10, 1971 by William E. Templeton, now abandoned, of which this
      application is a continuation-in-part.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to mowers of the type used to shear
      grasses growing on a ground surface, and more particularly to a method and
      apparatus for combing, positioning, and cutting grasses through the use of
      one or more rotary driven rake structures positioned generally forwardly
      of a cutter. Depending on the positioning, structure, and direction of
      rotation of the rotary rake structures, the rake structures may
      additionally serve the functions of pulling out matted weeds such as
      crabgrass, preventing the admission of foreign objects to the region of
      the cutter, and sweeping grass clippings into a grass catcher.
PAR  2. The Prior Art
PAR  Three basic types of mechanical grass cutting devices are well known.
      First, there is the rotary lawn mower having a relatively long thin blade
      disposed for high speed rotation in a horizontal plane about a vertical
      axis. Second, there is the reel type lawn mower wherein a cylindrical
      cutter assembly rotates about a horizontal axis to provide a shearing
      action in conjunction with one or more fixed blades. Third, there is the
      reciprocating cutter wherein a cutter bar assembly carrying a plurality of
      forwardly projecting tines having sharpened surfaces cooperates with a
      sickle or cutter which is reciprocated cyclically back and forth to
      achieve a shearing action. One such reciprocating cutter is described and
      claimed in the referenced patent.
PAR  Rotary and reel type systems are inherently simpler and less expensive than
      reciprocating cutters. Since the quality of the cutting job on residential
      lawns has not been substantially different whether a reel type, rotary
      type, or reciprocating cutter type mower is used, the rotary and reel type
      systems have been widely used in residential lawn mowers. Reciprocating
      cutters, on the other hand, are well adapted to handle the heavy load of
      harvesting tall grass crops and, accordingly, have been used almost
      exclusively in farm-implement applications.
PAR  One drawback of all three types of mowers is that they are equipped to do
      little, if anything, to prevent the admission of foreign objects to the
      region of the cutter. When foreign objects such as sticks, stones, pieces
      of metal, and the like are contacted by the cutter, the cutter is
      frequently damaged or jammed. The object is frequently propelled by the
      cutter in the manner of a missile and can do considerable harm to the
      operator or to other objects positioned in its flight path. While a wide
      variety of guards have been proposed in an effort to prevent the entry of
      objects to the region of cutter operation and to stop objects propelled
      outwardly from the cutter, the fact remains that many injuries and a good
      deal of damage to mowers and other property occurs each year due to
      foreign objects contacting the cutters of mowers.
PAR  Still another drawback of known prior art lawn mowers is that they are in
      no way equipped to pick up or pull out such matter low-growing weeds as
      crabgrass. Rather, known lawn mowers trim the grass at a height above such
      low growing weeds and do nothing to disturb their growth and spread.
PAR  Present day rotary and reel type residential lawn mowers are equipped to do
      little, if anything, to position grass blades in an erect, upright
      attitude for engagement by the rotating blade. Consequently grass blades
      which are bent downwardly are frequently not picked up by the mower for
      shearing at equal lengths with upstanding blades of grass, and an uneven
      grass cutting job results.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the foregoing drawbacks of the prior art
      and provides a novel and improved method and apparatus for combing grasses
      prior to cutting to remove foreign objects, for picking up and pulling out
      such matted weeds as crabgrass, and for positioning grass blades in an
      erect upstanding attitude for even shearing.
PAR  In accordance with one embodiment of the present invention, known types of
      rotary, reel type and reciprocating cutter lawn mowers are provided with a
      generally cylindrical rotary driven rake structure positioned forwardly of
      the cutter. The rake structure is driven in a direction best described as
      opposite to the direction of rotation of the ground supporting wheels
      during forward mower movement. The teeth of the rake structure reach into
      the grasses ahead of the cutter and lift foreign objects out of the
      grasses. The angular velocity of the rake structure is adjusted such that
      foreign objects picked up by the rotating rake structure are gently tossed
      a short distance, typically 3 or 4 feet, ahead of the mower where they can
      be picked up in safety by the operator.
PAR  The rotary rake comprises relatively rigid spaced teeth which reach into
      and lift the grasses ahead of the mower. The rake aligns and straightens
      the grasses thereby facilitating an even shearing of the grasses by the
      cutter. The rake also serves to pick up and pull out low-growing matted
      weeds, such as crabgrass. Tests made with lawnmowers equipped with rake
      structures in accordance with the present invention have shown that the
      average lawn can be entirely ridded of noticeable crabgrass in only a few
      mowings.
PAR  Where the lawn is free of foreign objects and the object deflecting feature
      of the rake is not required, the rake can be rotated in the opposite drive
      direction, i.e., in the same direction as the wheels during forward mower
      movement. The rake then serves to lift, straighten and align grasses as
      well as to pull out matted weeds, but does not serve to toss foreign
      objects away from the cutter.
PAR  In accordance with preferred embodiment of the present invention, a mower
      of the reciprocating cutter type is provided with a forward and a rearward
      rake structures. The forward rake structure comprises a plurality of
      spaced, relatively rigid teeth which serve the aforedescribed purposes of
      (1) object deflection, (2) grass lifting, straightening and aligning, as
      well as (3) matted weed pulling. The rearward rake structure comprises a
      cylindrical brush-like arrangement of closely spaced relatively flexible
      bristles. This second or rearward rake rotates in the same direction as
      the supporting wheels of the mower. The rearward rake serves to move the
      upstanding grass blades into the reciprocating cutter while positioning
      them in an upright attitude. Accordingly, an exceptionally even cut is
      achieved, whether the mower be set to cut the grasses at the very short
      height of only a fraction of an inch, or at the relatively tall height of
      several inches.
PAR  Since the reciprocating cutter does not employ blades that rotate in the
      vicinity of the shearing station, there is no interference with cutter
      operation caused by the positioning of the rearward rake structure in
      closely spaced arrangement over the shearing station. Accordingly, the
      improved mower of the preferred embodiment features not only a precision
      grass positioning system for assuring an even cut, but also provides the
      exceptionally long operating life and reliability of a reciprocating-type
      cutter system.
PAR  The rear rake structure also serves to propel grass clippings upwardly and
      rearwardly of the cutter and into a grass catching bag. This action serves
      not only to keep the cutter clean and free of grass build up, but also
      provides an effective system for collecting cut grass and such crabgrass
      type weeds as are picked up and pulled out by the front rake.
PAR  Still another feature of the preferred embodiment of the present invention
      is the drive system which reciprocates the cutter, rotates the rake
      structures, and propels the mower. Whereas known power lawn mowers
      commonly regulate cutter speed by adjusting the operating speed of a
      gasoline engine, the present invention provides a hydraulic drive system,
      interposed between an engine and the driven elements. By varying the flow
      rate of hydraulic fluid to a hydraulic motor, cutter speed can be varied
      without changing engine speed. Accordingly, a simple and inexpensive drive
      system is provided for varying the relative speed of the cutter and the
      engine.
PAR  It is a general object of the present invention to provide a novel and
      improved method and apparatus for positioning an cutting grasses.
PAR  It is another object to provide a mowing apparatus having a rake structure
      positioned forward of the cutter to prevent the entry of foreign objects
      into the region of cutter operation.
PAR  It is still another object of the present invention to provide a mowing
      apparatus including a pair of rotating rake structures for positioning
      grasses for shearing by a reciprocating cutter.
PAR  Other objects and a fuller understanding of the present invention may be
      had by referring to the following description and claims taken in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a lawn mower constructed in accordance
      with the preferred embodiment of the present invention, as seen from the
      plane indicated by the line 1--1 in FIG. 2;
PAR  FIG. 2 is a front elevational view of the mower of FIG. 1;
PAR  FIG. 3 is an enlarged schematic view illustrating the grass positioning
      action of the mowing system of FIGS. 1 and 2;
PAR  FIG. 4 is a schematic block diagram illustrating the drive system of the
      preferred embodiment;
PAR  FIG. 5 is a rear elevational view of a portion of the mower of FIG. 1
      showing in greater detail the mechanical drive system for the
      reciprocating cutter;
PAR  FIG. 6 is a side elevational view of a rake structure incorporated in a
      rotary mower in accordance with another embodiment of the present
      invention;
PAR  FIG. 7 is a bottom plan view of the mower of FIG. 5; and,
PAR  FIG. 8 is a schematic exploded view illustrating the connection of the
      power drive system to the rear mower wheels in the embodiment of FIGS. 6
      and 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A power lawn mower is shown generally at 10 in FIGS. 1 and 2. The mower
      includes a frame structure 11 supported by a pair of relatively large
      diameter drive wheels 12 and a pair of smaller forward balance wheels 13.
      A handle 14 projects rearwardly and upwardly from the frame structure 11.
      A grass catcher 15 is positioned rearwardly of the frame structure 11 and
      beneath the handle 14.
PAR  The mower 10 principally comprises a mowing system including a forward and
      rearward rake structures 20, 30 and a reciprocating cutter 40, as will be
      described in greater detail. These elements are driven by means of an
      engine 50 which powers a hydraulic drive system indicated generally by the
      numeral 60. The hydraulic system 60 is coupled by a mechanical drive
      system 70 to the drive wheels 12, to the rake structures 20, 30 and to the
      cutter 40.
PAR  The mowing system is illustrated schematically in FIG. 3. The forward rake
      structure 20 includes a plurality of spaced teeth 21 carried ona shaft 22.
      The teeth 21 are preferably formed of a relatively rigid but resilient
      metal wire which will permit their deflection without breaking upon
      encountering an immovable obstacle. The ends of the shaft 22 are journaled
      for rotation by the frame structure 11.
PAR  The rearward rake structure 30 comprises a plurality of closely spaced
      bristles 31 which extend radially from a shaft 32. The bristles are
      preferably relatively flexible and together comprise a generally
      cylindrical brush. The ends of the shaft 32 are journaled for rotation by
      the frame structure 11.
PAR  In the embodiment shown in the drawings, the forward rake structure 20
      rotates in the direction of arrow 23, which is opposite to the direction
      of the drive wheels 12 when the mower is moving forwardly. The rearward
      rake structure 30 rotates in the direction of arrow 33, which is the same
      as the direction of rotation of the drive wheels 12 when the mower is
      moving forwardly. The teeth 21 of the forward rake structure 20 reach into
      the grasses ahead of the mower to lift the grass blades and to pick up and
      pull out such matted weeds as crabgrass. The teeth 21 also lift foreign
      objects out of the grasses and serve to gently toss such foreign objects
      forwardly of the mower. In effect the forward rake structure serves to
      lift the grass blades. Where the forward rake is rotated in the opposite
      direction to that of the drive wheels 12, it also serves to lean the grass
      blades slightly forwardly, away from the oncoming mower. Where the forward
      rake structure 20 is driven in the same direction of rotation as the drive
      wheels 12, it will not serve the function of removing objects from the
      path of the cutter but will serve to lift, straighten and align grasses to
      facilitate even cutting.
PAR  The rearward rake structure 30 engages the upstanding grass blades and
      positions them in the cutter 40. At the time of shearing, the majority of
      the grass blades are standing substantially erect. Accordingly, an
      extremely even shearing action is effected.
PAR  The cutter 40 is positioned generally beneath the rearward rake structure
      30. This enables the rearward rake structure 30 to perform the dual
      functions of moving the upstanding grass blades into the cutter, and
      sweeping the grass clippings upwardly and rearwardly into the grass
      catcher 15.
PAR  The cutter 40 is of the type described and claimed in the referenced
      patent. A plurality of forwardly projecting guards 41 each carrying
      sharpened ledger plates 42 are supported by a relatively rigid bar
      structure 43. The ledger plates 42 cooperate with a reciprocable cutter or
      sickle 44 to provide a shearing action.
PAR  The drive system for the mower is illustrated schematically in FIG. 4. The
      gasoline engine 50 has its output shaft 51 coupled to a hydraulic pump 61.
      Rotation of the pump 61 pumps hydraulic fluid from a reservoir 62 by means
      of a conduit 63 into a conduit 64. The conduit 64 directs the pressurized
      hydraulic fluid into a bypass valve 65. Depending on the setting of the
      bypass valve 65, a portion or all of the hydraulic fluid is directed
      either through a conduit 66 to a hydraulic motor 67, or through a conduit
      68 to the reservoir 62. From the motor 67, the fluid flows through a
      conduit 69 to the reservoir.
PAR  The mechanical drive system 70 connects by means of a triple-drive chain
      sprocket 71 to the motor 67. Three drive chains 72, 73, 74 are reeved
      around the sprocket 71 to drive the various mower components.
PAR  The drive chain 72 serves to drive the forward rake structure 20 through a
      direction reversing gear train. The chain 72 extends downwardly from the
      sprocket 71 and around a second sprocket 75. The sprocket 75 is rotatably
      mounted on a shaft 76 carried by the frame structure 11. A first gear 77
      rigidly connects with the sprocket 75 for rotation therewith. A second
      gear 78 meshes with the first gear 77 and is rotatably mounted on a shaft
      79 carried by the frame structure 11. A third sprocket 80 rigidly connects
      with the second gear 78 for rotation therewith. The forward rake shaft 22
      is provided with a sprocket 81. A roller chain 82 is reeved around the
      sprockets 80, 82 so as to drive the forward rake structure 20. By this
      arrangement, rotation of the sprocket 71 in the direction of arrow 83 will
      cause rotation of the forward rake structure in the direction of arrow 23.
PAR  The drive chain 73 serves to drive the reciprocating cutter. The chain 73
      is reeved around the drive sprocket 71 and around a sprocket 88. As is
      best illustrated in FIG. 5, the sprocket 88 is rotatably mounted on a
      shaft 89 carried by the frame structure 11. A collar 90 provided with a
      continuous cam slot 91 is carried by the shaft 89 and is connected to the
      sprocket 88 for rotation therewith.
PAR  An arm 92 translates the rotary motion of the cam 91 into a reciprocating
      motion to drive the cutter 40. A bracket 93 carried by the frame structure
      11 pivotally mounts the arm 92 at a position 94 intermediate the ends of
      the arm. The upper end of the arm 92 is provided with a bearinged
      projection, not shown, which extends into the cam slot 91. The lower end
      of the arm 92 is provided with a bearinged projection 95 which extends
      into a U-shaped head 96 carried by the sickle 44. By this arrangement,
      rotation of the cam 91 will cause the arm 92 to oscillate, and the sickle
      44 to reciprocate.
PAR  The drive chain 74 serves to rotate both the rearward rake structure 30 and
      the drive wheels 12. The drive wheels 12 are both mounted on an axle 16
      which is journaled for rotation on the frame structure 11. A sprocket 98
      is keyed to the axle 16 to drive the axis. The rearward rake shaft 32 is
      provided with a drive sprocket 99. The chain 74 is reeved around the
      sprockets 71, 98, 99 to drive the wheels 12 and the rearward rake.
PAR  In order to control the forward speed of the mower 10 as well as the speed
      of rotation of the rake structures and the speed of reciprocation of the
      reciprocating cutter, a control lever 100 is provided on the handle 14.
      The control lever is pivotably mounted on the handle 14 and connects with
      a control cable 101.
PAR  Referring to FIG. 4, the control cable 101 connects with the actuator 102
      of the bypass valve 65 to selectively proportion the flow of hydraulic
      fluid between the conduits 66, 68. When the valve actuator 102 is set to
      divert the entire fluid flow through the conduit 68 to the reservoir 62,
      the motor 67 does not rotate and the mower 10 stands still. As the valve
      actuator 102 is moved to direct an increasingly larger proportion of the
      fluid flow through the conduit 66 to the motor 67, the output shaft of the
      motor begins to rotate with increased speed. Accordingly, the desired
      drive speed may be set by moving the handle 100, and no adjustment of the
      speed of engine 50 is needed.
PAR  According to the method of the present invention, grasses are positioned
      for shearing in a reciprocating cutter by means of at least one rotating
      rake structure, as described above. The grass blades are preferably
      initially combed forwardly by a first rotatable rake structure to remove
      foreign objects and to lift, straighten and align the grass blades for
      shearing. In accordance with the preferred method, the grass blades are
      subsequently positioned for shearing in a reciprocating cutter by a second
      rake structure. The first rake structure is preferably provided with
      spaced, relatively rigid teeth for picking up and pulling out matted grass
      growths such as crabgrass. The second rake structure preferably comprises
      a generally cylindrical brush having a plurality of closely spaced
      generally flexble bristles, and serves to sweep grass clippings away from
      the cutter and into a grass catcher.
PAR  In accordance with another feature of my invention, a single rake structure
      is disposed forwardly of the cutter of a reciprocating or reel type mower
      and is rotated in a direction opposite to the direction of rotation of the
      mower wheels when the mower is moved along a forward path of travel.
PAR  Referring to FIGS. 6, 7, a single rake structure 200 is shown positioned
      forwardly of the cutting blade 201 of a rotary mower 202. The mower 202
      includes a housing 203 supported on ground engaing wheels 204, 205.
PAR  An engine 206 is supported atop the housing 203. A first drive shaft 207
      depends from the engine 206 into the housing 203 and mounts the blade 201.
      A second drive shaft 208 extends horizontally and supports a double V-belt
      pulley 209. A first V-belt 210 is reeved around the pulley 209 and around
      a rake pulley 211. A second V-belt 212 is reeved around the pulley 209 and
      around a wheel drive pulley 213.
PAR  The rake 200 comprises a plurality of relatively rigid, spaced spring teeth
      220 mounted on a shaft 221. Opposite end regions of the shaft 221 are
      journaled for rotation by the housing 203. The rake drive pulley 211 is
      rigidly secured to the shaft 221 for rotation therewith.
PAR  Referring to FIG. 8, the rear drive wheels 205 each have gear teeth 230
      formed internally thereof. Drive pinions 231 are rigidly mounted on a
      shaft 232 and positioned to drivingly engage the teeth 230. The shaft 232
      is journaled for rotation by the housing 203. The wheel drive pulley 213
      is rigidly secured to the shaft 232 for rotation therewith.
PAR  A lever-operated belt-tightening clutch of conventional configuration,
      indicated generally by the numeral 240 is positioned in engagement with
      the belt 212. By manipulation of a lever 241 mounted on the mower handle
      242, the belt 212 can be tightened or loosened to drivingly interconnect
      or disconnect the engine 203 and the wheels 205.
PAR  The housing 203 shields the rake 200 from above to prevent foreign objects
      picked up by the rake from being discharged upwardly or toward the
      operator. The rake 200 serves to comb grasses ahead of the cutter blade
      201 to lift, straighten and align the grasses. The rake 200 also serves to
      pick up foreign objects such as sticks, stones, tin cans, and the like out
      of the grasses and to toss them gently to a position slightly forwardly of
      the mower, e.g. 3 or 4 feet, where they can be retrieved by the operator.
PAR  Although the invention has been described in its preferred from with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred form has been made only by way of example and
      that numerous changes in the details of construction and the combination
      and arrangement of parts may be resorted to without departing from the
      spirit and the scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a mower of the type having a frame structure supported on ground
      engaging wheels for movement along a forward path of motion over a ground
      surface, and a cutter carried by the frame structure for movement relative
      thereto to shear grasses as the mower is moved along the path, the wheels
      being rotatable about axes which extend generally parallel to the ground
      surface over which the mower is operated, the wheels being rotatable in a
      given direction of rotation when the mower moves forwardly along said
      path, the improvement comprising:
PA1  a. rake means including a first rotatable rake structure carried by the
      frame structure at a position forwardly of the cutter and being rotatable
      in a direction opposite such given direction about an axis generally
      parallel to the ground surface over which the mower is operated for
      combing grasses encountered ahead of the cutter, for leaning such grasses
      in a direction facing away from the cutter to lift, straighten and align
      the grasses, and for removing foreign objects from these grasses during
      combing;
PA1  b. said rake structure having a plurality of teeth operable to engage
      grasses encountered along the path ahead of the cutter; and
PA1  c. drive means coupled in driving relationship to said rake structure for
      rotating said rake strcture in a direction opposite such given direction
      to comb grasses encountered ahead of the cutter and lean these grasses
      forwardly in a direction facing away from the cutter to lift, straighten
      and align the grasses, such combing action being operative to remove
      foreign objects from these grasses during combing.
NUM  2.
PAR  2. The mower of claim 1 wherein said first rake structure is generally
      cylindrical in shape and comprises a plurality of spaced, relatively rigid
      spring mounted teeth operative to engage, lift, and deflect foreign
      objects forwardly of the mower.
NUM  3.
PAR  3. In a mower of the type having a frame structure supported on ground
      engaging wheels for movement along a forward path of motion over a ground
      surface, and a reciprocating cutter carried by the frame structure for
      movement relative thereto to shear grasses as the mower is moved along the
      path the improvement comprising:
PA1  a. a first rotatable rake structure carried by the frame structure at a
      position forwardly of the cutter and being rotatable about an axis
      generally parallel to the ground surface over which the mower is operated;
PA1  b. said rake structure having a plurality of teeth operable to engage
      grasses encountered along the path ahead of the cutter;
PA1  c. drive means coupled in driving relationship to said rake structure to
      rotate said rake structure to lift, straighten and align grasses
      encountered ahead of the cutter;
PA1  d. a second rake structure carried by said frame structure at a position to
      the rear of said first rake structure and over said cutter, said second
      rake structure being rotatable relative to said frame structure about an
      axis of rotation substantially paralleling the axis of rotation of said
      first rake structure; and
PA1  e. said drive means coupled in driving relationship to said second rake
      structure to rotate said second rake structure to position grasses which
      have been combed by said first rake structure in an erect attitude in said
      cutter.
NUM  4.
PAR  4. The mower of claim 3 wherein said second rake structure comprises a
      generally cylindrical brush having a plurality of relatively closely
      spaced radially extending bristles.
NUM  5.
PAR  5. A power lawn mower comprising:
PA1  a. a frame structure supported on at least a pair of ground engaging
      rotatably mounted wheels for movement along a forward path of travel, the
      wheels being rotatable about axes which extend generally parallel to the
      ground surface over which the mower is operated, the wheels being
      rotatable in a given direction of rotation when the mower moves forwardly
      along said path;
PA1  b. a cutter bar assembly carried by said frame structure and including a
      cutter mounted for reciprocation in directions generally parallel to the
      ground surface and generally perpendicular to the forward path of travel;
PA1  c. rake means including a generally cylindrical rake structure rotatably
      carried by said frame structure at a position forward of said cutter for
      rotation in a direction opposite such given direction about an axis
      generally parallel to the directions of reciprocation of said cutter for
      combing grasses in a direction away from said cutter to straighten and
      align such grasses for shearing and for removing foreign objects from such
      grasses during combing; and,
PA1  d. drive means connected to said cutter and said rake structure for
      reciprocating said cutter and for rotating said rake structure in a
      direction opposite such given direction to comb grasses in a direction
      away from said cutter to straighten and align the grasses for shearing and
      to remove foreign objects from the grasses during combing.
NUM  6.
PAR  6. A power lawn mower comprising:
PA1  a. a frame structure supported on at least a pair of ground engaging
      rotatably mounted wheels for movement along a forward path of travel;
PA1  b. a cutter bar assembly carried by said frame structure and including a
      cutter mounted for reciprocation in directions generally parallel to the
      ground surface and generally perpendicular to the forward path of travel;
PA1  c. a generally cylindrical rake structure rotatably carried by said frame
      structure at a position forward of said cutter for rotation about an axis
      generally parallel to the direction for reciprocation of said cutter;
PA1  d. drive means connected to said cutter and said rake structure to
      reciprocate said cutter and rotate said rake structure to comb grasses and
      foreign objects in directions away from said cutter;
PA1  e. a generally cylindrical brush rotatably carried by said frame structure
      at a position to the rear of said rake structure and above said cutter for
      rotation about an axis paralleling the directions of reciprocation of said
      cutter; and
PA1  f. said drive means also being connected to said brush to rotate said brush
      in a direction opposite to the direction of rotation of said rake
      structure to position the combed grasses in said cutter.
NUM  7.
PAR  7. The power lawn mower of claim 6 additionally including a grass catcher
      positioned rearwardly of said cutter such that said brush serves to propel
      grass clippings from the region of said cutter and into said grass
      catcher.
NUM  8.
PAR  8. A power lawn mower comprising:
PA1  a. a frame structure supported on at least a pair of ground engaging
      rotatably mounted wheels for movement along a forward path of travel;
PA1  b. cutter means carried by said frame structure and including a cutter
      mounted for movement relative to said frame structure for shearing
      grasses;
PA1  c. a rake structure comprising a plurality of spaced generally rigid teeth,
      said rake structure being rotatably mounted on said frame structure at a
      position forward of said cutter means for rotation about an axis generally
      parallel to the ground surface and generally perpendicular to the forward
      path of travel of the mower;
PA1  d. drive means connected to said cutter means and to said rake structure to
      move said cutter means to effect a shearing action and to rotate said rake
      structure whereby said rake structure serves to lift and align grasses
      encountered ahead of said cutter;
PA1  e. said cutter means comprising a reciprocating cutter; and,
PA1  f. a generally cylindrical brush rotatably carried by said frame structure
      at a position to the rear of said rake structure and above said
      reciprocating cutter for rotation about an axis generally parallel to the
      axis or rotation of said rake structure, said drive means additionally
      serving to rotate said brush, whereby said brush serves to position the
      upstanding grass blades which have been combed and straightened by said
      rake structure in a substantially erect attitude in said cutter.
NUM  9.
PAR  9. The power lawn mower of claim 8 wherein said drive means serves to
      rotate said rake structure in a direction opposite to the direction of
      rotation of the ground engaging wheels during forward movement of the
      mower, and to rotate said brush in a direction opposite to the direction
      of rotation of said rake structure.
NUM  10.
PAR  10. A mower comprising:
PA1  a. a frame structure;
PA1  b. a pair of rotatable rake means carried by said frame structure for
      rotation relative thereto about spaced parallel axes, said axes being
      generally parallel to a ground surface over which the mower is to operate
      and being generally perpendicular to a path of forward movement of the
      mower, one of said rake means being positioned forwardly of the other rake
      means to engage grasses growing on said ground surface prior to said other
      rake means;
PA1  c. a cutter bar assembly carried by said frame structure and including a
      cutter mounted for reciprocation in directions parallel to said axes;
PA1  d. drive means connecting with said pair of rake means and said cutter to
      rotate said rake means and to reciprocate said cutter;
PA1  e. said cutter being positioned to receive and shear grasses as they are
      combed rearwardly by said other rake means whereby said one rake means
      serves to lift and straighten grasses to be sheared, and said other rake
      means serves to position said grasses within the path of reciprocation of
      said cutter;
PA1  f. said drive means being operable to rotate said one rake means in a
      direction which will comb grasses to pick up the grass blades and lean
      them in a direction away from the direction of forward movement of the
      mower, and to rotate said other rake means in the opposite direction to
      deflect the forward leaning grasses rearwardly into the cutter.
NUM  11.
PAR  11. The mower of claim 10 wherein said one rake means comprises a generally
      cylindrical rake structure having relatively widely spaced teeth, and said
      other rake means comprises a generally cylindrical brush having a
      plurality of relatively closely spaced radially extending bristles.
NUM  12.
PAR  12. The mower of claim 11 wherein said frame structure comprises a frame
      supported on a plurality of rotatably mounted ground engaging wheels, and
      said drive means connects with at least two of said wheels to drive the
      mower.
NUM  13.
PAR  13. The mower of claim 12 wherein said drive means comprises a source of
      rotary motion, a hydraulic pump coupled to said source, a hydraulic motor,
      means hydraulically coupling said pump to said motor to rotate said motor
      in response to rotation of said pump, and means coupling said hydraulic
      motor to said pair of rake means, to said pair of wheels, and to said
      cutter.
NUM  14.
PAR  14. The mower of claim 13 wherein said means hydraulically coupling said
      pump to said motor comprises a bypass valve means adapted to regulate the
      flow rate of hydraulic fluid to said motor.
NUM  15.
PAR  15. A lawn mower comprising:
PA1  a. a frame structure supported on at least a pair of ground engaging
      rotatably mounted wheels for movement along a forward path of travel over
      the ground;
PA1  b. a pair of rotatable rake means carried by said frame structure for
      rotation relative thereto about spaced parallel axes, said axes being
      generally parallel to a ground surface over which the mower is to operate
      and being generally perpendicular to a path of forward movement of the
      mower, one of said rake means being positioned forwardly of the other rake
      means to engage grasses growing on said ground surface prior to said other
      rake means;
PA1  c. a cutter bar assembly carried by said frame structure and including a
      cutter mounted for reciprocation in directions parallel to said axes;
PA1  d. drive means connecting with said pair of rake means and said cutter to
      rotate said rake means and to reciprocate said cutter;
PA1  e. said cutter being positioned generally beneath said other rake means to
      receive and shear grasses as they are combed rearwardly by said other rake
      means;
PA1  f. said one rake means comprising a generally cylindrical rake structure
      having a plurality of relatively widely spaced teeth which serve to lift
      and straighten the grasses to be sheared;
PA1  g. said other rake means comprising a generally cylndrical brush having a
      plurality of relatively closely spaced radially extending bristles which
      serve to position grasses within the path of reciprocation of said cutter;
PA1  h. said drive means being operable to rotate said one rake means in a
      direction which will comb grasses away from said cutter bar to pick up and
      straighten the grass blades and lean them in a direction away from the
      direction of forward movement of the mower, and to rotate said other rake
      means in the opposite direction to deflect the forward leaning grasses
      rearwardly into the cutter.
NUM  16.
PAR  16. A method of positioning and cutting grasses, with a mower including a
      frame supporting a reciprocating cutter on ground engaging wheels for
      movement in a forward direction over a ground surface, comprising the
      steps of:
PA1  a. raking the grass blades with a first rotatable rake structure carried by
      the mower frame to lift and straighten the grasses to be sheared;
PA1  b. raking the grasses which have been straightened by the first rake
      structure into the reciprocating cutter with a second rotatable rake
      structure carried by the mower frame to position grasses in an upright
      attitude within the path of reciprocation of the cutter;
PA1  c. said step of raking the grass blades with a first rake structure being
      carried out by rotating said first rake structure in a direction opposite
      to the direction of rotation of the ground engaging wheels during forward
      movement of the mower, whereby said first rake structure additionally
      serves to prevent the entry of foreign objects into the region of
      operation of the cutter.
NUM  17.
PAR  17. The method of claim 16 wherein the first rake structure is provided
      with generally rigid teeth which additionally serve to pick up and pull
      out matted grass growths as the mower advances.
NUM  18.
PAR  18. The method of claim 16 wherein the second rake structure comprises a
      generally cylindrical brush having a plurality of closely spaced generally
      flexible bristles which additionally serve to sweep grass clippings away
      from the region of the cutter and into a grass catcher as the mower
      advances.
PATN
WKU  039465446
SRC  5
APN  4852575
APT  1
ART  333
APD  19740702
TTL  Rotary rake members
ISD  19760330
NCL  43
ECL  1
EXP  Kinsey; Russell R.
NDR  4
NFG  6
INVT
NAM  van der Lely; Cornelis
STR  7, Bruschenrain
CTY  Zug
CNT  CH
PRIR
CNT  NL
APD  19730705
APN  7309381
CLAS
OCL   56370
EDF  2
ICL  A01D 7900
FSC   56
FSS  370;375;376;400
UREF
PNO  3579972
ISD  19710500
NAM  Sears
OCL   56370
UREF
PNO  3664106
ISD  19720500
NAM  Maugg
OCL   56370
UREF
PNO  3827224
ISD  19740800
NAM  Mulder et al.
OCL   56370
LREP
FRM  Mason, Mason & Albright
ABST
PAL  A rake machine has one or more circular rake members that is rotatable
      about an upwardly extending axis. Each rake member has an outer rim to
      which depending sleeves are attached and a shaft is turnably received in
      each sleeve. The lower end of each shaft is pivoted to a time support and
      each support has an outer end with a pair of times pivotally connected
      thereto. The supports each have thin inner ends located within the rim and
      a counter-weight is secured to each inner end. The supports are shaped so
      that upon rotation, the tines pivot outwardly, or generally radially, with
      respect to the member's axis of rotation whereupon the center of gravity
      of each support is shifted so that the supports pivot about the rim to
      position the tines further outwardly. A setting disc around the member's
      axis of rotation can be fixed in several positions to change the working
      positions of the tines and each shaft is interconnected to the disc via an
      arm that has a pin which fit in one of the slots around the periphery of
      the disc so that turning the disc turns the support and its tines.
BSUM
PAR  This invention relates to rotary rake members and to hay making machines
      and like implements that are provided with such members.
PAR  According to one aspect of the invention, there is provided a rotary rake
      member comprising a plurality of tines that are connected to supports in
      such a way as to be pivotable relative to those supports at least in
      directions outwardly away from the intended axis of rotation of the rake
      member, wherein the tine supports themselves are pivotable about further
      axes relative to the remainder of the rake member and are arranged to
      co-operate with counterweights, the construction and arrangement of the
      rake member being such that, during rotation thereof at an operational
      speed, the tines turn outwardly about their pivotal connections with the
      supports and the supports turn outwardly about said further axes, and such
      that, when the rake member is not rotating, the provision of the
      counterweights causes the tines and their supports to occupy inwardly
      folded positions.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a hay making machine comprising two rake members
      in accordance with the invention, the machine being connected to the rear
      of an agricultural tractor,
PAR  FIG. 2 is a plan view, to an enlarged scale, showing parts of one of the
      rake members of machine of FIG. 1 in greater detail,
PAR  FIG. 3 is a section taken on the line III--III in FIG. 2,
PAR  FIG. 4 is a section, to an enlarged scale, taken on the line IV--IV in FIG.
      2,
PAR  FIG. 5 is a plan view somewhat similar to FIG. 2 but illustrates
      alternative positions which tines of the illustrated rake member can
      occupy for different working operations, and
PAR  FIG. 6 is a view similar to FIGS. 2 and 5 but illustrates an alternative
      construction for the rake member.
DETD
PAR  Referring to FIGS. 1 to 5 of the drawings, the haymaking machine or
      implement which is illustrated has a frame which comprises a substantially
      horizontally disposed hollow main frame beam 1 that extends transverse,
      and normally substantially perpendicular, to the intended direction of
      operative travel of the machine which is indicated by an arrow A in FIG.
      1. As seen in plan view (FIG. 1), two beams 2 extend forwardly in gently
      convergent relationship with respect to the direction A from locations
      close to the opposite ends of the main frame beam 1. The leading ends of
      the two frame beams 2 are fastened to the limbs of a coupling member 3
      that is of substantially inverted U-shaped configuration. The coupling
      member 3 is employed in connecting the machine to the lifting links of a
      three-point lifting device or hitch carried at the rear of an agricultural
      tractor or other operating vehicle, this form of connection being known
      per se and being illustrated in outline in FIG. 1 of the drawings. A tie
      beam 5 rigidly interconnects the apex of the coupling member 3 and the top
      of a gear box 4 that is mounted centrally along the length of the hollow
      main frame beam 1.
PAR  The main frame beam 1 is formed from tubing of circular cross-section and
      its opposite ends have annular supports 6 (of which one can be seen in
      FIG. 3 of the drawings) rigidly secured to them. Each support 6 has the
      housing 7 of a corresponding gear box 8 fastened to it and each gear box 8
      has a corresponding shaft 9 mounted centrally therein by a transverse pin
      8A entered through the walls of a sleeve at the top of the housing 7. The
      two shafts 9 are substantially vertically disposed but will not normally
      be truly vertically disposed during the operation of the machine at which
      time their longitudinal axes will be inclined to the strictly vertical by
      a few degrees. The pins 8A may be readily releasable so-called "safety"
      pins. The longitudinal axis of each shaft 9 affords the axis of rotation
      of a corresponding rake member 10 which could also be considered as being
      a rake head or rake wheel but lower portions 11 of the two shafts 9 are
      shaped to receive corresponding ground wheels 12 and, in particular, to
      define substantially horizontal axles upon which those ground wheels 12
      are rotatably mounted. The ground wheels 12 are arranged substantially
      centrally beneath the two rake members 10 and support those rake members
      during the use of the machine.
PAR  A sleeve 13 is rotatable around the major rectilinear portion of each shaft
      9 with the aid of corresponding upper and lower ball bearings 14, each
      sleeve being provided, towards its upper end, with a corresponding flange
      15 that is disposed substantially perpendicular to the longitudinal axis
      of the sleeve 13 concerned which axis is coincident with the longitudinal
      axis of the portion of the sleeve 9 which it surrounds. As can be seen in
      FIG. 3 of the drawings, the periphery of each flange 15 co-operates with a
      lowermost edge of the corresponding housing 7 in substantially closing the
      bottom of the corresponding gear box 8. Each sleeve 13 is also formed,
      towards its lowermost end, with a flange 16 that is smaller than the
      corresponding flange 15. Two plates 19 that are in spaced apart
      relationship are connected to flange 16 by bolts 17 and spacing sleeves 18
      arranged around those bolts. The bolts 17 pass through holes in inner rims
      20 of the plates 19, said inner rims 20 being disposed parallel to the
      flanges 16 and perpendicular to the axes of rotation of the rake members
      10. The greater parts of the plates 19 are afforded by conical portions 21
      that extend between the inner rims 20 and corresponding outer rims 22
      which outer rims are, once again, parallel to the flanges 16 and
      perpendicular to the axes of rotation of the rake members 10.
PAR  Sleeves 23 are entered through holes in the outer rims 22 of the plates 19
      at regular intervals of 45.degree. around the corresponding axis of
      rotation, said sleeves 23 being disposed so as to extend parallel to that
      axis. Each sleeve 23 accommodates a corresponding shaft 24 to the upper
      end of which a cylindrical ring 25 is fastened by a transverse pin 26 so
      that the shaft 24 cannot move downwardly through its sleeve 23. The shafts
      24 project from beneath the lower ends of the sleeves 23 and each of them
      is there provided with a shoulder 27 and a fork 28 that is located
      immediately beneath the shoulder 27 with its limbs directed downwardly. A
      substantially horizontal shaft 29 is journalled in openings in the limbs
      of each fork 28 and a corresponding tine support 30 is secured to one end
      of that shaft 29 so as to lie alongside the fork 28 rather than between
      the limbs thereof (see FIG. 2 of the drawings). Each support 30 is secured
      to the corresponding shaft 29 at substantially its midpoint and has two
      portions 31 and 32 that both extend substantially radially from said shaft
      29 when viewed lengthwise of that shaft (FIG. 3). As viewed in the same
      direction, the longitudinal axes of the two support portions 31 and 32 are
      inclined to each other by an obtuse angle .alpha. which is located
      generally above the shaft 29. The eight shafts 29 are substantially
      tangentially disposed with respect to a circle centered upon the axis of
      rotation of the corresponding rake member 10 and substantially
      perpendicularly intersect the longitudinal axes of the corresponding
      shafts 24. That portion 31 of each support 30 that is located radially
      inwardly from the corresponding shaft 29 is provided, at its radially
      inner free end, with a corresponding cylindrically shaped counterweight 33
      and it will be seen from the drawings that the longitudinal axes of the
      eight cylindrically shaped counterweights 33 are also substantially
      tangentially disposed with respect to circles centered upon the axis of
      rotation of the corresponding rake member 10 and are parallel to the
      corresponding shafts 29.
PAR  The outer free end of each radially outer support portion 32 is bent to
      form a portion 34 that extends rearwardly from the portion 32 with respect
      to the intended direction of operative rotation B of the rake member 10
      concerned. The portions 34 are substantially tangential to circles
      centered upon the axes of rotation of the two rake members 10 and are
      substantially parallel to the corresponding shafts 29. Each portion 34
      carries a corresponding pair of tines 38 and 39, said tines 38 and 39
      being integrally interconnected by a helical coil 37 that comprises
      several turns and that is wound around the portion 34 concerned so as to
      be substantially coaxial therewith but freely turnable thereabout. Each
      helical coil 37 and the corresponding tines 38 and 39 lie between a stop
      ring 35 fixedly secured to the corresponding portion 34 and a stop ring 36
      releasably mounted on that portion by means of a transverse pin or the
      like. The coils 37 are formed integrally with the tines 38 and 39 from
      single lengths of resilient material such as, for example, spring steel
      wire or rod. The two tines 38 and 39 of each pair are spaced apart from
      one another in the direction B and it will be seen from FIG. 3 of the
      drawings that the leading tine 39 with respect to that direction is,
      during operation of the machine, located at a lower level than is the rear
      tine 38. The two tines 38 and 39 comprise straight portions 40 and 41 that
      extend away from the coil 37, the outermost ends of said portions 40 and
      41 being integrally connected to further straight portions 42 and 43
      respectively by angular bends. The portions 42 of the tines 38 are longer
      than the portions 43 of the tines 39 and it will be seen from FIG. 3 of
      the drawings that the portions 43 are bent downwardly with respect to the
      portions 41 to a greater extent than are the portions 42 relative to the
      portions 40. Each rake member 10 comprises eight pairs of tines 38, 39
      that are freely turnable about the corresponding tine support portions 34.
PAR  The upper end of each of the cylindrical rings 25 is provided with a
      corresponding arm 44 that projects more or less radially inwardly
      therefrom towards the corresponding shaft 9. The inner end of each arm 44
      carries an upwardly projecting pin 45 that is substantially parallel to
      the axis of rotation of the rake member 10 concerned. The pins 45 are
      received in radial slots 46 formed at 45.degree. intervals around the
      edges of setting discs 47 that are disposed immediately above the upper
      plates 19 of each of the two pairs thereof. The setting discs 47 fit
      around the peripheries of the flanges 16 and inner portions thereof are
      shaped to match the conical configuration of the immediately underlying
      portions 21 of the plates 19. The setting discs 47 are angularly
      displaceable around the flanges 16, and thus around the axes of rotation
      of the rake members 10, and are retained in chosen angular settings about
      those axes relative to the flanges 16 of the sleeves 13, by sets of three
      fingers 48 that may be loosened to allow adjustments to be made, or
      tightened to achieve the required retaining effect, by loosening or
      tightening the corresponding bolts 17. Each setting disc 47 has a
      corresponding arm 49 (FIGS. 2 and 4 of the drawings) rigidly secured to
      it, said arm 49 being provided with a bracket in which a spring loaded
      substantially vertical locking pin 50 is mounted in such a way that the
      spring thereof urges the tip of the pin downwardly through a hole in the
      arm 49. Said tip can be entered through either chosen one of two holes 51
      formed in a guide bracket 52 secured to the upper surface of the portion
      21 of the upper plate 19 concerned.
PAR  The top of the flange 15 of each sleeve 13 has a toothed pinion or crown
      wheel 53 releasably secured to it by bolts, the teeth of said pinions or
      wheels 53 being in driven mesh with those of smaller toothed pinions 54
      that are fastened, in the gear boxes 8, to the opposite ends of a shaft 55
      that extends axially through the hollow main frame beam 1 and through the
      gear box 4 that is located centrally of that beam. The shaft 55 is
      provided, inside the gear box 4, with a bevel pinion 57 (FIG. 1) whose
      teeth are in driven mesh with those of a bevel pinion 58 mounted on a
      rotary input shaft 59 of the gear box 4. The rotary input shaft 59
      projects forwardly from the gear box 4 in substantially the direction A
      and its leading splined or otherwise keyed end is arranged to be placed in
      driven connection with the power take-off shaft of the agricultural
      tractor or other vehicle that operates the machine during the use thereof
      by way of an intermediate telescopic transmission shaft of a construction
      that is known per se having universal joints at its opposite ends. This
      arrangement is visible in outline in FIG. 1 of the drawings.
PAR  In the use of the machine that has been described with reference to FIGS. 1
      to 5 of the drawings, its coupling member 3 is connected to the
      three-point lifting device or hitch of an agricultural tractor or other
      operating vehicle and the rotary input shaft 59 of the gear box 4 is
      placed in driven connection with the power take-off shaft of the same
      tractor of other vehicle in the manner described above. The machine is
      brought to an operative or working position from an inoperative or
      transport position in which it is maintained clear of the ground surface
      by the three-point lifting device of the agricultural tractor or other
      operating vehicle that has just been mentioned by lowering the lifting
      links of said lifting device or hitch. This causes the machine to bear on
      the ground surface by its two ground wheels 12 that are disposed
      substantially centrally beneath the two rake members 10. The axes of
      rotation of the two rake members will then be vertically or substantially
      vertically disposed, the usual arrangement being such that said axes are
      inclined to the truly vertical by a few degrees. While the two rake
      members are not rotated, their tine supports 30 and the tines 38 and 39
      which they carry remain in positions substantially corresponding to the
      position that is indicated in broken lines for one such assembly in FIG. 3
      of the drawings. In this position, the support portion 34 is located at a
      level well above that of the corresponding shaft 29 while the
      corresponding portion 31 and counterweight 33 are located substantially
      wholly beneath a plane h-h that contains the longitudinal axis of the
      shaft 29 concerned and is perpendicular to the axis of rotation of the
      rake member 10 under considereation. When rotary dirve is applied to the
      two rake members 10 by way of the transmission members that are disposed
      between the rotary input shaft 59 and the two sleeves 13, said members 10
      revolve in the opposite directions B that are shown in FIG. 1 of the
      drawings and the centrifugal forces which are generated by this rotation
      act upon the tines 38 and 39 in such a way as to turn them outwardly about
      the support portions 34 into substantially the positions shown in full
      lines in FIGS. 1 to 5 of the drawings in which positions they are
      substantially, but not truly, horizontally disposed and substantially, but
      not truly, radially orientated with respect to the axes of rotation of the
      two rake members 10. The outward movements of the tines 38 and 39 alter
      the positions of the centers of gravity of the pivotable assemblies of
      which they form parts with the result that said assemblies turn through a
      few degrees about the shafts 29 to bring them to positions in which the
      counterweights 33 are disposed above the plane h-h. Once this condition
      has been reached, the centrifugal forces that increase in magnitude as the
      speed of rotation of the rake members 10 increases, act upon the
      counterweights 33 and cause them to turn upwardly and outwardly about the
      shafts 29 until each assembly reaches a position substantially
      corresponding to the position that is illustrated in full lines for one
      such assembly in FIG. 3. In the position which has just been mentioned,
      each counterweight 33 bears against a corresponding stop 53A carried at
      the radially inner side of the corresponding sleeve 23. The support
      portions 32 that extend outwardly from the shafts 29 are substantially
      horizontally disposed under the conditions which have just been described
      and the tines 38 and 39 occupy positions in which the outer straight
      portions 43 of the lower tines 39 move over the ground surface and through
      any stubble that there may be thereon through at least part of each
      rotation of the corresponding rake member 10.
PAR  Hay or other crop that is picked up by the tines 38 and 39 during rotation
      of the rake members 10 is passed rearwardly with respect to the direction
      A between those rake members and may be spread more or less at random over
      the ground surface in the manner of a tedder or may be collected into a
      more or less compact swath or windrow. The angle of attack of the tines 38
      and 39 is adjusted to suit whichever of these two operations is to be
      performed by turning the setting discs 47 to appropriate positions around
      the axes of rotation of the rake members and maintaining those positions
      by co-operation of the locking pins 50 with the corresponding holes 51.
      When one of the setting discs 47 is turned about the axis of rotation of
      the corresponding rake member 10 by means of the corresponding arm 49, the
      pins 45 concerned are carried along in the slots 46 and the shafts 24 are,
      as a consequence, angularly displaced in the sleeves 23. When the machine
      is to function in the manner of a tedder in which it will spread displaced
      hay or other crop more or less at random over the field to the rear of the
      machine, settings of the tines 38 and 39 generally corresponding to the
      settings illustrated in FIG. 2 of the drawings are appropriate. In this
      setting, the tines 38 and 39 are substantially radially disposed when
      viewed in a direction parallel to the axis of rotation of the
      corresponding rake member 10. However, when the hay or other displaced
      crop is to be collected into a more or less compact swath or windrow, the
      alternative tine settings illustrated in FIG. 5 of the drawings are
      appropriate. In this latter case, it will be seen that the tines 38 and 39
      are inclined rearwardly from root to tip so as to trail to an appreciable
      extent relative to the corresponding direction of rotation B. It will be
      noted that, due to the considerable axial lengths of the counterweights
      33, said counterweights will co-operate correctly with the stops 53A in
      the alternative tine settings that are illustrated in FIGS. 2 and 5 of the
      drawings and that correspond to co-operation of the illustrated locking
      pin 50 with the two alternative holes 51 in the guide bracket 52 shown in
      FIGS. 2 and 5. The positions of the support portions 34 to the rear of the
      portions 31 and 32 with respect to the directions B tend to prevent
      unwanted adherence of hay or other crop.
PAR  When a haymaking or other crop displacement operation has been completed,
      the three-point lifting device or hitch of the operating tractor or other
      vehicle is raised and drive to the rake members 10 is discontinued. As the
      rake members 10 come to rest, gravity acts upon the tines 38 and 39 and
      causes them to turn downwardly about the support portions 34 into
      positions corresponding to the position illustrated in broken lines in
      FIG. 3. The center of gravity of each assembly 30,38,39 is thus displaced
      radially inwardly to an extent such that the corresponding counterweight
      33 can move downwardly under the action of gravity about the corresponding
      shaft 29 to bring the whole of each assembly that has just been mentioned
      to substantially the position illustrated in broken lines in FIG. 3 for
      one such assembly. Thus, as soon as the rake members 10 are no longer
      rotating, the tines 38,39 and their supports 30 fold automatically into
      positions in which the tines do not project outwardly from the machine
      thus greatly reducing the hazard which they might otherwise cause and also
      reducing the overall width of the whole machine to little more than the
      width of the path of travel of its operating tractor or other vehicle.
      This will be apparent from a study of FIGS. 1 and 3 of the drawings and it
      will be seen that the overall width of the machine when in an operative or
      working position is considerably greater than the overall width thereof in
      an inoperative or transport position.
PAR  FIG. 6 of the drawings illustrates an alternative construction in which
      tine supports 55A include portions 54A that are substantially tangentially
      disposed with respect to circles centered upon the corresponding axes of
      rotation. Integral pairs of tines 38 and 39 are mounted on the tine
      support portions 54A in a freely turnable manner in the same way as has
      been described above with respect to the tine support portions 34.
      However, in this case, each tine support portion 54A is turnable relative
      to the neighbouring portion 32 of the same support 55A about the axis of a
      pivot 56A that is parallel or substantially parallel to the axis of
      rotation of the rake member 10 concerned. Each pivot 56A has a
      corresponding coil spring 57A wound around it in such a way as to tend to
      maintain the corresponding support portion 54A and the tines 38 and 39
      which it carries in the position shown in broken lines in FIG. 6 in which
      the tines 38 and 39 are directed rearwardly with respect to the
      corresponding direction of rotation B. The springs 57A are not very strong
      and can be overcome by the centrifugal forces that are generated during
      rotation of the rake members 10 at operational speeds. Such rotation
      causes the support portions 54A to be turned about the pivots 56A in a
      clockwise direction as seen in FIG. 6 of the drawings into positions
      substantially corresponding to the position illustrated in full lines in
      that Figure. Each tine support 55A is provided with a stop 58A that
      prevents the portion 54A concerned from turning outwardly too far about
      the pivot 56A. In an inoperative transport position of the machine in
      which its rake members 10 are at rest, the support portions 54A are turned
      inwardly about the pivots 56A by the springs 57A and the tines 38 and 39
      hang downwardly under gravity from said portions 54A. Each support 55A is
      inwardly tilted by the corresponding counterweight 33 at such times so as
      to occupy a position substantially corresponding to the position shown in
      broken lines in FIG. 3 of the drawings for one of the tine supports 30.
      When the rake members 10 are caused to rotate, inertia and air resistance
      initially cause the tines 38 and 39 to turn rearwardly about the inwardly
      directed support portions 54A relative to the directions B to bring them
      to more or less the positions shown in broken lines in FIG. 6. The centers
      of gravity of the assemblies 38,39,54A are thus located behind the pivots
      56A with respect to the directions B so that the centrifugal forces that
      are increasing in magnitude as the speed of rotation becomes greater
      overcome the weak springs 57A and turn the assemblies into positions
      substantially corresponding to the position shown in full lines in FIG. 6
      in which the tines 38 and 39 project outwardly. This alteration in the
      position of the assemblies 38,39,54A moves the center of gravity of the
      larger assemblies that include the remainder of the tine supports 55A so
      that said larger assemblies turn about the axes of the shafts 29
      whereafter the counterweights 33 move those assemblies into the outwardly
      projecting positions that are similar to the positions of the assemblies
      30,38,39 that have already been described with particular reference to
      FIG. 3 of the drawings. When the rake members come to rest, the springs
      57A turn the support portions 54A inwardly about the pivots 56A thus
      moving the centers of gravity back to locations which are such that the
      counterweights 33 can turn the supports 55A automatically inwards.
PAR  Although various features of the rake members and haymaking machines that
      have been described and/or that are illustrated in the accompanying
      drawings will be set forth in the following claims as inventive features,
      it is emphasised that the invention is not necessarily limited to those
      features that it includes within its scope each of the parts of each rake
      member and haymaking machine that has been described and/or that is
      illustrated in the accompanying drawings both individually and in various
      combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A rotary rake member having substantially vertical shaft means, outer
      supporting means a plurality of tines and supports that are pivotally
      connected to said supporting means to turn about respective axes, said
      rake member being rotatable about said shaft means and said tines being
      freely pivotable on portions of their supports, counterweights being
      secured to inner portions of said supports, said rake member being
      rotatable at an operational speed and said tines being initially pivotable
      on their supports from inner non-working positions to outer positions by
      centrifugal force to shift the centers of gravity of said supports, said
      tines, in their outer positions, together with their corresponding
      supports being turnable about their pivot connections on said supporting
      means by said weights to operative raking positions during rotation.
NUM  2.
PAR  2. A rake member as claimed in claim 1, wherein the axes about which said
      tines are pivotable relative to their supports are substantially
      tangentially disposed with respect to a circle centered upon the axis of
      rotation of said rake member.
NUM  3.
PAR  3. A rake member as claimed in claim 2, wherein the respective axes about
      which said supports are pivotable relative to said supporting means extend
      substantially tangentially with respect to a circle centered upon the axis
      of rotation of said rake member.
NUM  4.
PAR  4. A rake member as claimed in claim 3, wherein the axes about which said
      tines are pivotable relative to their supports are located at greater
      distance from the axis of rotation of said rake member than are the
      respective axes about which said supports are pivotable on said supporting
      means.
NUM  5.
PAR  5. A rake member as claimed in claim 4, wherein said respective axes are
      defined by pivot connections located substantially centrally on said tine
      supports.
NUM  6.
PAR  6. A rake member as claimed in claim 5, wherein said first mentioned
      portions and said inner portions are inclined to one another.
NUM  7.
PAR  7. A rake member as claimed in claim 6, wherein said portions are
      substantially in line with one another when said rake member is viewed in
      a direction parallel to its axis of rotation and extend substantially
      radially relative to that axis.
NUM  8.
PAR  8. A rake member as claimed in claim 7, wherein the angle enclosed between
      said two relatively inclined portions is an obtuse angle that is normally
      located above said respective axes.
NUM  9.
PAR  9. A rake member as claimed in claim 6, wherein said two portions are of
      substantially equal lengths.
NUM  10.
PAR  10. A rake member as claimed in claim 9, wherein said first mentioned
      portions extend substantially radially outwards with respect to the shaft
      means of said rake member during operation, each of those portions
      including a bent outer portion that extends substantially tangentially
      with respect to a circle centered upon said shaft means.
NUM  11.
PAR  11. A rake member as claimed in claim 10, wherein said outer portion is
      orientated rearwardly from the remainder of said support with respect to
      the normal direction of rotation of said rake member.
NUM  12.
PAR  12. A rake member as claimed in claim 11, wherein the tines are mounted on
      and freely pivotable about their corresponding outer portions.
NUM  13.
PAR  13. A rake member as claimed in claim 6, wherein said inner portions and
      said counterweights are located within said supporting means.
NUM  14.
PAR  14. A rake member as claimed in claim 13, wherein said counterweights are
      substantially cylindrical in configuration and have longitudinal axes
      extend substantially tangential to a circle centered on said axis that of
      rotation.
NUM  15.
PAR  15. A rake member as claimed in claim 1, wherein each support is turnably
      mounted about a corresponding pivot shaft on said supporting means and
      that shaft extends substantially parallel to said shaft means.
NUM  16.
PAR  16. A rake member as claimed in claim 15, wherein said supports and tines
      are each turnable in common about their corresponding pivot shaft.
NUM  17.
PAR  17. A rake member as claimed in claim 16, wherein said pivot shaft and the
      respective axis of each support intersect each other.
NUM  18.
PAR  18. A rake member as claimed in claim 1, wherein each support is pivoted
      adjacent the lowermost end of a corresponding substantially vertical pivot
      shaft which depends from said supporting means.
NUM  19.
PAR  19. A rake member as claimed in claim 18, wherein said pivot shafts are
      housed in sleeves on said supporting means and said supports are angularly
      adjustable in common with their pivot shafts, means on said rake member to
      turn and retain said pivot shafts with their supports in any chosen one of
      at least two different angular settings with respect to said shaft means.
NUM  20.
PAR  20. A rake member as claimed in claim 19, wherein the pivot shafts have
      radial arms that co-operate with a setting disc on said rake member of the
      retaining means.
NUM  21.
PAR  21. A rake member as claimed in claim 20, wherein said arms are fastened to
      the uppermost ends of said pivot shafts.
NUM  22.
PAR  22. A rake member as claimed in claim 21, wherein said setting disc is
      angularly adjustable about said axis of rotation and securable in chosen
      angular positions about that axis.
NUM  23.
PAR  23. A rake member as in claim 22, wherein said setting disc has slots and
      pins on the inner portions of said arms are received in said slots.
NUM  24.
PAR  24. A rake member as claimed in claim 23, wherein said setting disc has a
      setting arm which is movable and fixable in any chosen one of at least two
      different angular settings about said shaft means.
NUM  25.
PAR  25. A rake member as claimed in claim 20, wherein said arms extend inwardly
      from said shafts with respect to said shaft means.
NUM  26.
PAR  26. A rake member as claimed in claim 1, wherein said tines are mounted in
      pairs and said pairs are each formed integrally from single lengths of
      resilient material.
NUM  27.
PAR  27. A rake member as claimed in claim 26, wherein the two tines of each
      pair have different shapes.
NUM  28.
PAR  28. A rake member as claimed in claim 27, wherein the two tines of each
      pair are located at different heights during operation.
NUM  29.
PAR  29. A rake member as claimed in claim 28, wherein the two tines of each
      pair are integrally interconnected by a coil being freely pivotable
      relative to its corresponding support.
NUM  30.
PAR  30. A rake member as claimed in claim 29, wherein the two tines of each
      pair each comprise a substantially straight portion that extends away from
      its corresponding coil, said straight portion of the tine that is
      lowermost during operation being of greater length than said straight
      portion of the tine that is lowermost during operation.
NUM  31.
PAR  31. A rake member as claimed in claim 30, wherein each straight portion
      terminates in an outer portion that is bent relative thereto, the length
      of the outer portion of the tine which is uppermost during operation being
      greater that that of the outer portion of the tine which is lowermost
      during operation.
NUM  32.
PAR  32. A rake member as claimed in claim 31, wherein the angle which is
      enclosed between the straight portion and the outer portion of the
      uppermost tine is greater than the corresponding angle in the lowermost
      tine.
NUM  33.
PAR  33. A rake member as claimed in claim 30, wherein the uppermost tine of
      each pair is located rearwardly of the lowermost tine thereof with respect
      to the normal direction of rotation of said rake member.
NUM  34.
PAR  34. A rake member as claimed in claim 1, wherein, in an inoperative
      transport position of said rake member, said counterweights and said inner
      portions are located beneath a plane that contains said resepective axes
      and that is substantially perpendicular to said shaft means.
NUM  35.
PAR  35. A rake member as claimed in claim 34, wherein said counterweights and
      said inner ends are located above said plane during operational rotation.
NUM  36.
PAR  36. A rake member as claimed in claim 1, wherein said supports have outer
      portions that extend substantially horizontal during rotation of said rake
      member and said tines are mounted on those outer portions.
NUM  37.
PAR  37. A rake member as claimed in claim 36, wherein said supports each have
      an inner portions that is provided with a counterweight and the inner
      portions are inclined upwardly away from said respective axes during
      rotation of said rake member.
NUM  38.
PAR  38. A rake member as claimed in claim 37, wherein said outer portions are
      located at lower levels than the respective axes during rotation of said
      rake member.
NUM  39.
PAR  39. A rake member as claimed in claim 1, wherein said tines are mounted on
      outer portions of said supports and said outer portions are connected to
      the remainder of said supports by substantially vertical pivots, springs
      on said supports connected to bias said outer portions and tines inwardly
      about said pivots.
NUM  40.
PAR  40. A rake member as claimed in claim 39, wherein said springs are
      connected to turn the tines about said vertical pivots in a horizontal
      direction with respect to the normal direction of rotation of said rake
      member.
NUM  41.
PAR  41. A rake member as claimed in claim 40, wherein said springs are wound
      around said vertical pivots.
NUM  42.
PAR  42. A machine as claimed in claim 39, wherein there are two rake members
      supported on said frame and driving means connected to each member to
      rotate same.
NUM  43.
PAR  43. A machine comprising a frame and at least one rake member mounted on
      said frame and rotatable about an upwardly extending axis, said rake
      member being circular and having outer supporting means, sleeves depending
      from said supporting means, shafts housed in said sleeve supports pivoted
      to said shafts and tine means on outer portions of each of said supports,
      said tine means being freely pivotable on said outer portions, the inner
      ends of said supports each having a counterweight that normally biases
      said tine means and outer portions with tines to an elevated transport
      position, said supports being connected intermediate their ends by pivots
      to said shafts, adjusting means associated with said shafts to turn same
      simultaneously, with their supports and tine means, in their respective
      sleeves and alter the working positions of said tine means, said tine
      means and their supports each being pivotable about said pivots with
      respect to said supporting means to an inoperative position by the
      counterweight during the non-rotation of said member, whereby said tine
      means is moved inwardly towards said axis of rotation.
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ABST
PAL  Spindle units adjacent each side of a textile twisting machine are mounted,
      for noise abatement purposes, in vibration insulated relationship to the
      frame of the machine, to all spindle units adjacent the other side of the
      machine, and preferably also to other spindle units adjacent the same side
      of the machine. The spindle units are so mounted by a plurality of rigidly
      constructed but resiliently supported mounting assemblies. Each assembly
      includes an elongate spindle supporting member extending longitudinally of
      the twisting machine adjacent one or the other side thereof, and at least
      one transverse stabilizing member extending laterally inwardly therefrom
      toward, but terminating short of, the opposite side of the machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a textile spinning and/or twisting machines of
      the type having rows of spindle units adjacent opposite sides thereof, and
      is more particularly directed to abatement of the noise which tends to be
      generated during operation of such machines by vibrations emanating from
      their spindle units.
PAR  During operation of textile machines of the aforesaid type, which for
      convenience will hereinafter be generically referred to as twisting
      machines, vibrations are produced at the individual spindle units by the
      rapid rotative movement which the spindle, bearing and/or other components
      of such units then undergo. When these vibrations are transmitted from the
      spindle units to other components of the twisting machine, the noise
      produced by the other components is frequently greater than that emanating
      from the spindle units themselves. U.S. Pat. No. 3,604,191 recognizes the
      foregoing problem, and discloses a spindle mounting arrangement whereby
      the spindle units of a twisting machine are mounted upon a ladder-like
      structure, having longitudinal members extending substantially the full
      length of the machine adjacent opposite sides thereof and having a
      plurality of cross members extending across the full width of the machine
      and rigidly interconnecting the longitudinal members, which is connected
      by blocks or pads of resilient vibration-damping material to the machine's
      frame. Such arrangement lessens the transmission of vibration from the
      spindle units to the frame components of the twisting machine, and
      therefore achieves a degree of noise reduction. The thus-realized noise
      reduction may be significantly offset, however, by the noise produced by
      the vibrations induced in the ladder-like spindle mounting structure
      itself. The rigid, essentially-unitary construction of such structure
      permits the transmission of vibrations from each spindle unit throughout
      substantially the entire length of the twisting machine along both sides
      thereof, and throughout the entire width of the machine at a plurality of
      longitudinally-spaced locations. Even when the vibrations produced by each
      spindle unit are of a routine nature, the transmission of them through
      such an extensive system of rigidly interconnected longitudinal and cross
      members is not desirable from a noise abatement viewpoint. And if the
      vibrations produced by a spindle unit should be of a type particularly
      undesirable from such viewpoint, as could be the case due to bearing wear
      or the like at the unit in question, localization of them is even more
      desirable. In addition to the fact that the vibrations of each spindle
      unit are transmitted to and along an extensive path of travel, the
      vibrations of all the spindle units are transmitted to and along the same,
      common path of travel. This raises the possibility of the vibrations
      emanating from each spindle unit being reinforced by the vibrations
      produced by any one or more of the many other spindle units, even one
      located at the opposite end and on the opposite side of the machine.
      Resonance is also more difficult to avoid when a unitary mounting
      structure is employed. Modification of, for example, the cross-sectional
      shape of one component of the structure, for the purpose of eliminating a
      resonance condition thereat, may produce that same condition in other of
      the structure's components, due to the rigid interconnection therebetween.
      Additionally, since the lengths of the components of the unitary mounting
      structure are determined by the length and width of the twisting machine
      with which the structure is associated, the avoidance of resonance
      condition by lengthening or shortening individual components is not
      possible.
PAC  OBJECTS OF THE INVENTION
PAR  The primary object of the invention is the provision in a textile twisting
      machine of improved spindle mounting means which provides greater
      abatement of the noise heretofore generated by vibrations emanating from
      the spindle units of the machine during operation thereof.
PAR  Related and more specific objects of the invention are the provision of
      spindle mounting means comprising a plurality of spindle mounting
      assemblies, each mounting a group of the spindle units adjacent one or the
      other sides of the twisting machine in vibration-insulated relationship
      not only to the machine's frame, but also in vibration-insulated
      relationship to other of the spindle units and to the mounting assemblies
      therefor; and wherein each mounting assembly may be and preferably is so
      constructed as to avoid resonance conditions therein and so as to lessen
      the extent to which vibrations emanating from the spindle units may be
      transmitted therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  The improved spindle mounting means of the present invention includes a
      plurality of rigidly constructed but resiliently supported mounting
      assemblies, each of which mounts a group of the spindle units adjacent one
      or the other sides of the textile twisting machine in vibration insulated
      relationship to the frame of the machine, to the other spindle units, and
      to the other of the mounting assemblies. Each assembly includes a spindle
      supporting member extending longitudinally along that side of the twisting
      machine adjacent the group of spindle units which it mounts, and further
      includes at least one stabilizing member connected to such longitudinal
      member and extending transversely therefrom toward the opposite side of
      the machine. The length of the transverse stabilizing member need not be
      and is not as great as the width of the frame of the machine, and the
      lengths of the transverse stabilizing and/or longitudinal members of each
      assembly may be and preferably are selected as to avoid resonance
      conditions in the assembly and to afford only a restricted path of travel
      for vibrations transmitted from the group of spindle units mounted by the
      assembly.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other features of the invention will be pointed out hereinafter in the
      following description of preferred embodimemts thereof, which should be
      read in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary side elevational view of the lower portion of a
      textile twisting machine, broken away intermediate its length and with
      some components schematically shown, incorporating spindle mounting means
      in accordance with the invention;
PAR  FIG. 2 is an enlarged fragmentary plan view of a portion of the machine as
      viewed in the direction of the arrows 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged vertical section, taken approximately along the lines
      3--3 of FIG. 2 through the width of the machine, with some components
      shown in elevation and with other components shown in exploded
      relationship;
PAR  FIG. 4 is a fragmentary, enlarged side elevational view of components shown
      in FIGS. 2 and 3, as viewed in the direction of the arrows 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary view, partially in vertical section and
      partially in side elevation, taken approximately along the line 5--5 of
      FIG. 3;
PAR  FIG. 6 is a fragmentary top plan view of another embodiment of spindle
      mounting assemblies in accordance with the invention;
PAR  FIG. 7 is a view taken approximately along the line 7--7 of FIG. 6 and
      showing the assemblies thereof partially in vertical section and partially
      in elevation;
PAR  FIG. 8 is a fragmentary top plan view of another embodiment of spindle
      mounting assemblies in accordance with the invention;
PAR  FIG. 9 is a view taken approximately along the line 9--9 of FIG. 8 and
      showing the assemblies thereof partially in vertical section and partially
      in elevation;
PAR  FIG. 10 is a top plan view of another embodiment of spindle mounting
      assemblies in accordance with the invention;
PAR  FIG. 11 is a view taken approximately along the line 11--11 of FIG. 10 and
      showing the assemblies thereof partially in vertical section and partially
      in elevation;
PAR  FIG. 12 is a top plan view of another embodiment of spindle mounting
      assemblies in accordance with the invention;
PAR  FIG. 13 is a view taken approximately along the line 13--13 of FIG. 12 and
      showing the assemblies thereof partially in vertical section and partially
      in elevation.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS
PAR  In FIGS. 1- 3 the numeral 10 designates a textile twisting machine or the
      like having an elongate frame which includes end frame members in the form
      of end cabinets 12, intermediate frame members in the form of upstanding
      samsons 14, and interconnecting side frame members in the form of
      elongate, horizontally extending rails 16,16'. Although only two samsons
      14 are shown in the drawings, additional ones would be provided at spaced
      intervals along the unillustrated remaining portion of the length of
      machine 10, and rails 16,16' would be bolted or otherwise suitably secured
      to opposite sides thereof. Each rail 16,16' may either be of a unitary
      construction, or may (as shown) be formed of aligned sections each having
      its opposite ends bolted or otherwise secured to an end or intermediate
      frame member 12,14.
PAR  Extending in two rows adjacent opposite sides and along substantially the
      entire length of machine 10 are a plurality of spindle units 18,18', only
      a limited number of which are actually shown in the drawings. Units 18,18'
      may be and each illustratively are of a conventional construction, each
      respectively including a blade or spindle component 20,20' a base or
      bolster component 22,22' and a whirl component 24,24'. During operation of
      machine 10, rotation is imparted to spindles 20,20' of units 18,18' by
      drive means including tape-like members which engage whirls 24,24' of such
      units. The aforesaid spindle driving means, and many other components of
      machine 10, are not shown in the drawings since illustration thereof is
      not necessary for an understanding of the spindle mounting means of the
      present invention.
PAR  Such spindle mounting means includes at least a first spindle mounting
      assembly 26 and a second spindle mounting assembly 26' for respectively
      mounting spindle units 18,18' in vibration-insulated relationship to the
      frame of machine 10, to the spindle units 18',18 adjacent the opposite
      side of the machine, and to the other mounting assembly 26',26. Preferably
      a plurality of assemblies 26 and assemblies 26' are provided, with each
      assembly being in vibration-insulated relationship to the others and
      mounting only a limited number of the total spindle units 18,18' on one
      side of machine 10. In accordance with such preferred arrangement, the
      machine 10 shown in FIGS. 1-3 is provided with separate assembly 26 and a
      separate assembly 26' at each of the machine "bays," i.e., the
      longitudinal machine sections between adjacent ones of the transverse
      frame members 12,14. The four machine bays shown in FIG. 1 are
      respectively identified by the descriptions B-1,B-2,B-3 and B-X. Each of
      the assemblies 26,26' respectively mounts the group of spindle units
      18,18', illustratively eight in number, within its associated machine bay
      and adjacent the respective first and second sides of machine 10. The
      spindle mounting assemblies 26,26' associated with each bay of machine 10
      may be identical to those associated with the single machine bay B-2 also
      shown in FIGS. 2-5, to which reference should now be made.
PAR  The assembly 26 shown in FIGS. 2-5 includes an elongate spindle supporting
      member 28 which extends in parallel, spaced adjacent relationship to the
      uppermost and outermost edge portion of rail 16 of the frame of machine
      10. Member 28 has a generally rectangular cross-sectional shape, and
      possesses a length slightly less than the distance between the centers of
      the samsons 14 defining opposite longitudinal extremities of the machine
      bay B-2 with which assembly 26 is associated. More specifically, the
      length of spindle supporting member 28 is such that its opposite ends are
      spaced slightly from the confronting ends of the corresponding members 28
      of the spindle mounting assemblies 26 at the immediately adjacent bays
      B-1,B-3 of machine 10. The eight spindle units 18 within machine bay B-2
      are spaced equally along the length of member 28 and are secured thereto
      in any suitable manner: illustratively the bases 22 of units 18 project
      through bores (not shown) provided within member 28, and a clamping nut
      associated with each base 22 secures the associated spindle unit 18 to
      member 28. Stabilizing means in the form of at least one, and preferably
      and illustratively two, bar-like transverse stabilizing members 30 are
      rigidly secured to spindle supporting member 28. The outer end portions of
      members 30 underlie member 28, at locations thereon spaced from each other
      and equally from the opposite extremities of member 28, and are secured
      thereto as by means of bolts 32 (see FIG. 4). Stabilizing members 30
      extend transversely inwardly from spindle supporting member 28, projecting
      freely through enlarged openings 34 (FIGS. 4 and 5) provided within frame
      rail 16, and then projecting therebeyond toward the rail 16' adjacent the
      opposite side of machine 10. However, the length of members 30 is such
      that they terminate short of the opposite side of machine 10 and may, as
      shown in FIGS. 2 and 3, terminate short of the machine's longitudinal
      center-line.
PAR  In addition to the components 12,14 previously described, the frame of
      machine 10 includes additional transverse frame members 36, there being
      one such member 36 extending transversely of machine 10 in parallel and
      closely-spaced underlying relationship to each stabilizing member 30 26.
      Each of the spindle mounting assemblies 26. frame member 36, which except
      for a flat upper surface possesses a generally circular cross-sectional
      shape (see FIGS. 4 and 5), projects at one end through a closely confining
      opening 38 provided within rail 16 below the opening 34 through which
      extends the stabilizing member 30 disposed thereabove. A set screw 39
      (FIG. 5) rigidly but releasably interconnects member 36 and rail 16. At
      the opposite side of machine 10, the other end portion of member 36
      similarly projects through and is connected to rail member 16'. Resilient
      vibration-damping means, in the form of a plurality of
      cylindrically-shaped damping elements 40 disposed between stabilizing
      members 30 and frame members 36, supportively interconnect spindle
      mounting assembly 26 and the frame of machine 10. Illustratively each
      assembly 26 is supported by four of the resilient elements 40, which may
      be of a known rubberous type sold under the designation FLEX-BOLT by Lord
      Manufacturing Company, a division of Lord Corporation of Erie, Pa. As is
      best shown in FIG. 4, one element 40 is disposed between the outer end
      portions of each stabilizing member 30 and transverse frame member 36
      which underlie spindle supporting member 28 of assembly 26. One of the
      bolts 32 interconnecting the aforesaid members 28,30 is received within a
      threaded bore provided within the upper portion of such element 40, as is
      indicated in FIG. 4, and thus also interconnects members 30,40. A threaded
      stud 42, carried by and projecting downwardly from the lower end portion
      of element 40, extends through an aligned vertical bore provided within
      transverse frame member 36, and in cooperation with a nut 44 secures
      element 40 upon the flat upper surface of member 36. Another of the
      resilient elements 40 is similarly disposed between and connected to the
      opposite, inner-end portion of each stabilizing member 30 and that section
      of the transverse frame member 36 disposed immediately therebelow. The
      element 40 adjacent the inner end portion of stabilizing member 30 may be
      secured to it and to transverse frame member 36 by means of bolts, studs
      and the like (not shown) such as described previously in association with
      the element 40 adjacent the outer end portion of member 30. Alternatively,
      however, any of the elements 40 might be secured to either or both members
      30,36 by other suitable means, such as by adhesive-bonding.
PAR  The assembly 26' which mounts the eight spindle units 18' which are
      adjacent the opposite side of machine 10 is constructed and mounted in the
      same manner as previously-described assembly 26, and the corresponding
      components are designated by the same reference numerals, with the
      addition of a prime designation, employed in the foregoing description of
      assembly 26.
PAR  By virtue of the above-described mounting arrangement, it will be
      appreciated that each eight-spindle group of the spindle units 18,18' is
      mounted by its associated assembly 26 or 26' in vibration-insulated
      relationship to the frame components of machine 10, to all other
      assemblies 26,26', and to all other of the spindle units, including both
      all of the spindle units adjacent the opposite side of machine 10 and all
      remaining spindle units which are adjacent the same side of machine 10 as
      the group of spindle units in question. The vibrations produced during
      operation of machine 10 by each eight-spindle group of units 18,18' are
      therefore impeded from possibly reinforcing the vibrations produced by ay
      other group of units 18,18', and the transmission of vibrations from any
      of the units 18,18' to frame and other massive components of machine 10 is
      minimized. While the vibrations emanating from each group of units 18,18'
      are transmitted to the associated assembly 26 or 26' supporting that
      group, the noise generated by each such assembly 26,26' under the impetus
      of the vibrations transmitted thereto is not excessive. That is due,
      firstly, to the relatively small mass and surface-area of each assembly
      26,26'. It will be noted, in the foregoing connection, that the length of
      each transverse stabilizing member 30,30' of the assemblies need only be
      such as to impart such stability to the spindle mounting members 28,28'
      associated therewith as to insure that the eight spindle units 18,18'
      mounted thereby rotate about substantially fixed vertical axes during
      operation of machine 10. In most instances, the length of members 30,30'
      therefore can and will be less than one-half the width of machine 10.
      Secondly, since with the present mounting arrangement the spindle units
      18,18' are separately mounted in discrete groups, each of which is
      independent of the other, the mounting assemblies 26,26' can be readily
      designed and constructed so as to avoid undesirable resonant vibration of
      their components at specific vibration frequencies. Thus, if it is
      determined that in a particular machine 10 the units 18,18' would cause
      undesirable resonant vibration in stabilizing members 30,30' if the same
      were of a particular length, such members can readily be constructed of a
      longer or shorter different length so as to avoid the aforesaid resonance
      problem. The same is true with respect to spindle supporting members
      28,28', which similarly might be designed and constructed of a longer or
      shorter length than that shown and previously described, if necessary or
      desirable to avoid resonant vibration therein. Noise reduction therefore
      may be and preferably is achieved in a plurality of different ways: i.e.,
      by minimizing the transmission of spindle-unit vibrations to all major
      frame components of machine 10; by negating possible reinforcement of the
      vibrations of one group of spindle units by the vibrations of any of the
      other groups of spindle units; and by permitting the individual spindle
      mounting assemblies to each be of a minimal size and mass and so
      constructed as to avoid resonance conditions therein.
PAR  In addition, the present invention also includes means cooperable with
      frame rails 16,16' for substantially enclosing the base components 22,22'
      of spindle units 18,18' and for thereby muffling to a significant extent
      the noise directly produced by bearings of such units. As is shown in
      FIGS. 1-3, the rail 16 on the first side of machine 10 includes a flange
      portion 17 formed integrally with and projecting laterally outwardly from
      its main body portion, intermediate the height of the latter. Flange 17
      underlies the base components 22 of spindle units 18, and its outermost
      edge is shaped so as to receive and support the lower edge of a removale
      cover plate 46 which, when in position upon the frame of machine 10,
      extends substantially the full length of such frame in parallel spaced
      relationship to rail 16. At spaced locations along the length of cover
      plate 46, or along the aligned sections thereof if plate is formed in
      separate sections, the same is releasably secured to the outermost ends of
      transverse frame members 36 by means of bolts 48, which are receivable
      within threaded bores 50 (FIG. 4) provided within the aforesaid outer ends
      of members 36. When plate 46 is secured in place, the bolsters 22 of
      spindle units 18 are housed in a lateral direction between it and the
      vertical main body portion of rail 16, and are confined in a vertical
      direction between the rail flange 17 and the spindle support members 28
      through which the base components 22 project. The noise produced during
      operation of machine 10 by the bearings within bolsters 22 is therefore
      muffled to significant extent. On the opposite side of machine 10, the
      bolsters 22' of spindle units 18' are similarly substantially enclosed by
      identical components, which are designated by the same reference numbers
      with the addition of a prime designation. On both sides of machine 10, the
      cover plates 46,46' are of course spaced from the adjacent spindle
      mounting members 28,28', so as to negate the possibility of spindle
      vibrations being transmitted during operation of machine 10 from the
      latter to plates 46,46' and thence to frame components of machine 10.
PAR  Various alternative embodiments of the present spindle mounting means are
      depicted in FIGS. 6-13, wherein components identical or similar to those
      previously described are identified by corresponding reference numberals
      with the addition of a letter suffix thereto.
PAR  In the previously-described FIGS. 1-5 embodiment, each transverse frame
      member 36 was so constructed as to extend completely across the width of
      machine 10. Apart from the other functions thereof, members 36 therefore
      imparted additional structural integrity to the frame of machine 10. If
      this added benefit should not be necessary or desired, the alternative
      construction shown in FIGS. 6 and 7 might be employed. In such alternative
      construction a transverse frame member 36a underlies each stabilizing
      member 30a of each assembly 26a supporting spindle units 18 adjacent the
      first side of machine 10, and a separate transverse frame member 36'a is
      provided beneath each transverse stabilizing member 30'a of each assembly
      26'a supporting spindle units 18' adjacent the other side of machine 10.
      Transverse frame members 36a,36'a project laterally inwardly from the
      respective rails 16a,16'a to which the same are secured, and each
      illustratively terminates short of the axial center-line of machine 10.
      Each transverse frame member 36a,36'a and the transverse stabilizing
      member 30a,30'a directly thereabove are interconnected by a pair of the
      resilient elements 40a,40'a interposed between the adjacent opposite end
      portions thereof. Stabilizing members 30a,30'a and transverse frame
      members 36a,36'a may have a length different from that shown in FIGS. 6
      and 7, but of course should not be made so short in length as to fail to
      adequately stabilize the spindle supporting members 28a,28'a respectively
      associated therewith.
PAR  In the alternative embodiment shown in FIGS. 8 and 9, separate transverse
      frame members 36b and 36'b are similarly respectively secured to and
      carried by associated ones of the rails 16b,16'b. In contrast to the
      transverse frame members 36a,36'a of the above-discussed embodiment of
      FIGS. 6 and 7, however, the transverse frame members 36b,36'b of FIGS. 8
      and 9 are of unequal length. The member 36'b carried by rail 16'b
      projects laterally outwardly therefrom in the same manner as the
      transverse frame members previously shown and described, but does not
      project inwardly therefrom to any appreciable extent. The transverse frame
      member 36b on the opposite side of machine 10 projects both outwardy from
      its associated rail 16, and also projects inwardly therefrom beyond the
      axial center of machine 10. Member 36b still terminates, however, short of
      and in spaced relation to the rail 16'b on the opposite side of machine
      10. Frame member 36b and the stabilizing member 30b directly thereabove
      are interconnected in substantially the manner previously described by a
      pair of resilient elements 40b disposed therebetween and secured thereto.
      Additionally, transverse frame member 36b and the inner end portion of the
      stabilizing member 30'b extending inwardly from the opposite side of
      machine 10 are interconnected by the resilient element 40'b underlying the
      inner end portion of stabilizing member 30'b. The outer end portion of
      stabilizing member 30'b and transverse frame member 36'b are
      interconnected by a second resilient element 40'b disposed therebetween.
PAR  In the embodiment of FIGS. 10 and 11, the transverse frame members 36c,36'c
      are both of a foreshortened construction such as shown and described in
      connection with frame member 36'b of the FIGS. 8, 9 embodiment. An
      additional frame member 52, illustratively of generally T-shaped
      cross-sectional configuration is provided adjacent the axial center of
      machine 10. Member 52 may be of unitary construction, but might be formed
      in aligned sections. Member 52 extends throughout substantially the entire
      length of machine 10 and is rigidly connected, in any suitable manner, to
      frame components 12,14. The outer end portions of transverse stabilizing
      members 30c,30'c are respectively connected by resilient elements 40c,40'c
      to underlying transverse frame members 36c,36'c.  However, the inner end
      portions of stabilizing members 30c,30'c are respectively connected, by
      resilient elements 40c,40'c, to central frame member 52. As in the
      previously described embodiments, the inner resilient elements 40c,40'c
      are shown underlying the responsive stabilizing members 30c,30'c, with
      their central axes extending substantially vertically. However, member 52
      might be so positioned that elements 41c,41'c overlie, rather than
      underlie, the associated stabilizing members 30c,30'c, or might even be so
      constructed that the resilient elements 40c,40'c interconnecting members
      30c,30'c and a central frame member, have their axes extending
      substantially horizontally, rather than vertically.
PAR  In the embodiment of FIGS. 12 and 13, the outer end portions of stabilizing
      members 30d,30'd are supportively connected in a manner such as previously
      described by elements 40d,40'd to short-length frame members 36d,36'd. The
      inner end portions of stabilizing members 30d,30'd are offset from their
      inner end portions and from each other, and adjacent the center of machine
      10 extend in spaced and generally parallel overlapping relationship to one
      another. The resilient element 40d adjacent the outer end of stabilizing
      member 30d is secured to the adjacent confronting portion of stabilizing
      member 30'd. Similarly, the resilient element 40'd carried adjacent the
      outer end of stabilizing member 30'd is secured to the confronting
      adjacent portion of stabilizing member 30d. Since the inner end positions
      of members 30d,30'd are shown as being laterally offset from one another,
      the axes of the resilient element 40d,40'd therebetween extend generally
      horizontally, rather than vertically. It will be appreciated, hoever, that
      the inner end portions of stabilizing members 30d,30'd might be
      vertically, rather than laterally, offset relative to each other, in which
      event the axes of the interconnecting resilient elements 40d,40'd would
      extend substantially vertically rather than horizontally.
PAR  Although various preferred embodiments of the invention have been
      specifically shown and described, it is to be understood that this was for
      purposes of illustration only, and not for purposes of limitation, the
      scope of the invention being in accordance with the following claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a textile twisting machine having an elongate frame, and a plurality
      of spindle units adapted to be mounted in first and second rows adjacent
      first and second opposite sides of said elongate frame, the improvement
      comprising:
PA1  spindle mounting means for mounting said spindle units adjacent each side
      of said machine frame in vibration-insulated relationship to said machine
      frame and to said spindle units adjacent the other side of said machine
      frame, said spindle mounting means including
PA1  first and second spindle mounting assemblies for respectively mounting said
      spindle units adjacent said first and second sides of said machine frame,
      each of said assemblies including an elongate member supporting a
      plurality of said spindle units adjacent the corresponding one of said
      sides of said machine frame and extending longitudinally of and generally
      parallel to said one of said sides of said machine frame, and at least one
      transverse stabilizing member connected adjacent its outer end to said
      elongate member and extending transversely therefrom inwardly toward, but
      terminating in spaced relationship to, another of said assemblies mounting
      a plurality of said spindle units adjacent the other of said sides of said
      machine frame;
PA1  and resilient vibration-damping means for mounting each of said assemblies
      upon said machine frame in vibration-insulated relationship to said frame
      and to the remainder of said assemblies and for thereby minimizing
      vibration transmission from said assemblies to each other and to said
      machine frame.
NUM  2.
PAR  2. A machine as in claim 1, wherein said assemblies include a plurality of
      first assemblies each mounting an associated one of a plurality of
      longitudinally spaced groups of said spindle units adjacent said first
      side of said machine frame, and a plurality of second assemblies each
      mounting an associated one of a plurality of longitudinally spaced groups
      of said spindle units adjacent said second side of said machine frame.
NUM  3.
PAR  3. A machine as in claim 1, wherein said resilient vibration-damping means
      comprises a plurality of resilient elements associated with each of said
      assemblies, at least two of said elements being supportively connected to
      each of said assemblies adjacent said elongate spindle supporting member
      thereof, and at least one other of said elements being supportively
      connected to each of said assemblies adjacent the inner end portion of
      said stabilizing member thereof and distal from the said spindle
      supporting member of any of said assemblies.
NUM  4.
PAR  4. A machine as in claim 1, wherein each of said assemblies includes a
      plurality of said transverse stabilizing members each connected adjacent
      its outer end to said elongate spindle supporting member of the
      corresponding one of said assemblies, and each having its terminal inner
      end disposed intermediate the width of said machine frame in transversely
      spaced relationship to said elongate spindle supporting members of said
      assemblies.
NUM  5.
PAR  5. A machine as in claim 4, wherein each of said stabilizing members has a
      length no greater than approximately one-half of the width of said machine
      frame.
NUM  6.
PAR  6. A machine as in claim 5, wherein each of said stabilizing member has a
      length less than one-half of the width of said machine frame.
NUM  7.
PAR  7. A machine as in claim 1, wherein said frame of said machine includes a
      plurality of transverse frame members extending in closely spaced and
      generally parallel relationship to said transverse stabilizing members of
      said assemblies, and wherein said resilient vibration-damping means
      includes resilient elements disposed between and interconnecting said
      transverse stabilizing members and said transverse frame members.
NUM  8.
PAR  8. In a textile twisting machine having an elongate frame, and a plurality
      of spindle units adapted to be mounted in first and second rows adjacent
      first and second opposite sides of said elongate frame, the improvement
      comprising:
PAR  spindle mounting means for mounting longitudinally spaced groups of said
      spindle units adjacent each side of said machine frame in
      vibration-insulated relationship to said machine frame, to the groups of
      said spindle units adjacent the other side of said machine frame, and to
      the remaining groups of said spindle units adjacent the same side of said
      machine frame, said spindle mounting means including
PA1  a plurality of first and a plurality of second spindle mounting assemblies
      for respectively mounting the groups of said spindle units adjacent said
      first and second sides of said machine frame, each of said assemblies
      including an elongate member supporting one of the groups of said spindle
      units adjacent the corresponding one of said sides of said machine frame
      and extending longitudinally of and generally parallel to said one of said
      sides of said machine frame, and a plurality of transverse stabilizing
      members each connected adjacent its outer end to said elongate spindle
      supporting member and extending transversely therefrom inwardly toward,
      but terminating in spaced relationship to, another of said assemblies
      mounting a group of said spindle units adjacent the other of said sides of
      said machine frame;
PA1  and resilient vibration-damping means for mounting each of said assemblies
      upon said machine frame in vibration-insulated relationship to said frame
      and to the remainder of said assemblies, and for thereby minimizing
      vibration transmission from said assemblies to each other and to said
      machine frame.
NUM  9.
PAR  9. A machine as in claim 8, wherein said frame of said machine includes a
      plurality of transverse frame members extending in closely spaced and
      generally parallel relationship to said transverse stabilizing members of
      said assemblies, and wherein said resilient vibration-damping means
      includes resilient vibration-damping elements disposed between and
      interconnecting said transverse stabilizing members of said assemblies and
      said transverse frame members.
NUM  10.
PAR  10. A machine as in claim 9, wherein said machine frame includes first and
      second elongate rails extending longitudinally along opposite first and
      second sides thereof, and wherein said transverse frame members are
      carried by and project outwardly from said rails.
NUM  11.
PAR  11. A machine as in claim 10, wherein at least some of said transverse
      frame members each extend between and are carried by both of said rails.
NUM  12.
PAR  12. A machine as in claim 10, wherein at least some of said transverse
      frame members are each carried by only an associated one of said rails,
      and the length thereof is less than the distance between said rails.
NUM  13.
PAR  13. A machine as in claim 10, wherein at least some of said transverse
      frame members are each interconnected by at least one of said resilient
      elements to a transverse stabilizing member of one of said first
      assemblies and by another of said resilient elements to a transverse
      stabilizing member of one of said second assemblies.
NUM  14.
PAR  14. A machine as in claim 11, wherein all of said transverse frame members
      are each carried by and extend between said rails, and wherein each of
      said transverse frame members is interconnected by two of said resilient
      elements to a transverse stabilizing member of one of said first
      assemblies and is interconnected by two other of said resilient elements
      to a transverse stabilizing member of one of said second assemblies.
NUM  15.
PAR  15. A machine as in claim 14, wherein said two resilient elements
      interconnecting each of said transverse frame members and each one of said
      stabilizing members are respectively disposed adjacent opposite end
      portions of said one of said stabilizing members.
NUM  16.
PAR  16. A machine as in claim 10, wherein at least some of said resilient
      elements interconnect adjacent outer end portions of said stabilizing
      members and said transverse frame members.
NUM  17.
PAR  17. A machine as in claim 16, wherein each of said transverse frame members
      has a terminal inner end portion disposed between and in spaced
      relationship to said rails, and wherein other of said resilient elements
      interconnect adjacent inner end portions of said transverse frame members.
NUM  18.
PAR  18. A machine as in claim 16, wherein said resilient vibration-damping
      means includes additional ones of said vibration-damping elements each
      interconnecting the inner end portion of one of said stabilizing members
      of one of said first assemblies with the inner end portion of one of said
      stabilizing members of one of said second assemblies.
NUM  19.
PAR  19. A machine as in claim 16, wherein said machine frame further includes a
      central frame member extending substantially the full length and adjacent
      the center thereof, and wherein said resilient means includes additional
      ones of said vibration-damping resilient elements interconnecting the
      inner end portions of said transverse stabilizing members and said central
      frame member.
NUM  20.
PAR  20. A machine as in claim 10, and further including first and second
      cover-plate members carried by respective ones of said rails and by said
      spindle mounting means and cooperable therewith for muffling noise
      produced during operation of said machine by said spindle units.
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ABST
PAL  A machine for the false twist texturing of textile threads wherein the
      false twist textured threads are subjected to a second heat treatment, and
      including fluid pressure means for transporting the thread through the
      second heat treatment section of the machine to the thread take-up
      position to facilitate thread-up of the machine.
PARN
PAR  This is a continuation of application Ser. No. 459,711, filed Apr. 10,
      1974, now abandoned.
BSUM
PAR  The present invention relates to a machine for treatment of textile thread,
      and in particular, to means for transferring thread from a feed station to
      a receiving station through treatment components.
PAR  It relates more particularly to means for thread transfer on a machine
      which has considerable bulk, especially in height, such as a machine for
      treatment by fixed false twist.
PAR  It is known that a fixed false twist machine contains two heating
      components commonly called heaters, generally disposed in line, or in
      series, in the thread path with one another. In order to reduce the
      height, machines have been built containing two separate sides, one of the
      sides containing the supports for the thread supply or feed bobbins and
      the thread collection or receiving components, and the other cotaining the
      thread treatment components (heaters, false twist spindles) as well as the
      thread delivery or feeding components. The two sides of the machine are
      connected by a platform on which the operator can move, the path for the
      threads passing under the platform and at the top of the machine, above
      the operator's head. Such an arrangement is disclosed in U.S. Pat. No.
      3,165,881.
PAR  However, the rise in treatment speeds has led to longer heaters in order to
      retain a sufficient heating time for the moving threads. The elongation of
      the heaters results in an increase in the height of the machines, so that
      the operator can no longer have ready access to the top of the machine
      under normal working conditions. For the passage of the thread, at least,
      it would be necessary to have access to the top of the machine.
      Furthermore, the passage of a series of threads through the treatment
      components is a delicate, long and fussy operation, which it is advisable
      to simplify while reducing the work of the operator in this regard.
PAR  The present invention proposes to bring a solution to the above problems.
      It relates to a machine for the treatment of thread by false twist which
      contains for each thread working position a thread supply station, a first
      thread advancing means, a first heating component, a false twist
      component, a second thread advancing means, a second heating component
      equipped with a heating channel for substantially rectilinear thread
      passage, a third thread advancing means situated on the axis of the thread
      passage channel, and a receiving station for the treated thread. At least
      a part of the second heating component and the third thread advancing
      means do not have to be directly accessible to the operator. The invention
      is characterized by the fact that, for the installation of the thread at
      each working position, there is provided pneumatic means for transporting
      the thread from the outlet of the second thread advancing means,
      substantially up to the receiving station.
PAR  According to a preferred form of embodiment, the pneumatic means of
      transportation comprises, in combination, the following components:
PA0  1. a first aspiration-to-waste component, capable of aspirating the thread
      at the outlet from the second thread advancing means;
PA0  2. means for introducing the thread into the channel of the second heating
      component;
PA0  3. means for circulating a current of fluid in the channel of the second
      heating component, this current being sufficiently powerful to transport
      the thread in free travel through and beyond the third thread advancing
      means while it is in open position; and
PA0  4. a pneumatic transportation tube having a thread inlet or mouthpiece
      situated in proximity to, and beyond, the third thread advancing means,
      and an outlet exiting in the vicinity of the thread receiving station.
PAR  Optionally, a second evacuation to-waste component may be provided in
      proximity to the receiving station.
PAR  The transportation fluid is advantageously a gaseous fluid, preferably
      compressed air.
PAR  Advantageously, the means for introducing the thread into the channel of
      the second heating component and the means for circulating a current of
      fluid in the channel are coupled. They are then embodied in the form of a
      movable blast head device situated at the entry of the second heating
      component. It is equipped with a blast duct and a thread guide positioning
      the thread above the outlet of the blast duct. The blast head device can
      occupy an ON position and an OFF position. In the ON position, its outlet
      is situated facing the inlet of the thread passage channel of the second
      heating component, and the fluid is fed into the blast duct. According to
      a preferred form of embodiment, the blast head pivots around a hollow
      shaft or tube which is substantially parallel to the axis of the channel
      of the second heating component. The passage of the fluid to the blast
      head is provided by the hollow shaft and a channel drilled in the wall of
      the shaft which communicates with the blast duct when the head is in the
      ON position. The blast head can serve two adjacent thread working
      positions.
PAR  Advantageously, the downstream end of the pneumatic transportation tube has
      a tip on which the aspiration head of a pneumatic thread manipulation gun
      may be removably attached. In this case, the force necessary to move the
      thread through the transportation tube can be created merely by the
      aspiration force of the pneumatic gun which is connected to a waste
      receptacle. The attachment of the thread to the thread collection member
      or reception support accessible to the operator is therefore accomplished
      with the pneumatic manipulation gun, after having detached it from the tip
      of the transportation tube. The passage of the thread in the first part of
      the thread treating path accessible to the operator and not served by the
      pneumatic transportation means is accomplished in regular manner. for
      example, manually.
PAR  The invention will be better understood with the aid of an example and the
      following drawings which are given by way of illustration and are not
      intended to limit the invention.
DRWD
PAR  FIG. 1 represents, diagrammatically in side elevation, with portions in
      section, a fixed false twist texturing machine according to the invention.
PAR  FIG. 2 is an enlarged view, with portions in section, of the fluid blast
      head of FIG. 1 which constitutes one of the means forming part of the
      invention.
DETD
PAR  The false twist machine represented in FIG. 1 is of the type containing two
      separate sides 1 and 2 connected by a platform 3 on which an operator can
      move. Side 1 carries supports 4 for thread feed or supply bobbins, such as
      5, and thread take-up or receiving components 6, for the treated threads.
      Side 2, for each thread treatment position, carries first thread delivery
      or advancing means 7, a first heating component represented in the form of
      a curved, insulated tubular heater 8, a false twist component or spindle
      9, a second thread advancing means 10, a second heating component shown as
      an insulated tubular heater 11 equipped with a heating channel or tube 12
      for rectilinear passage of the thread, and a third thread advancing means
      13 situated in alignment with the outlet end of channel 12. As shown, each
      of the thread advancing means comprise a roller which is driven by
      suitable means, not shown, and a cooperating belt which is movably
      positionable into and out of engagement with the surface of the driven
      roller. In operation, the belt is urged by suitable biasing means against
      the surface of the driven roller to engage a thread positioned
      therebetween and advance the same through the system. Other advancing
      means may be employed to advance the thread, if desired.
PAR  Only one thread working position is shown and described in FIG. 1; however,
      the false twist machine is composed of a plurality of such working
      positions located in side by side relation and extending along the length
      of operator platform 3.
PAR  According to the invention, the machine contains pneumatic means for
      transportation of the thread from the outlet of the second thread
      advancing means to the receiving station. These means comprise: a blast
      head device 14 situated at the base of the heater 11 and sending
      compressed air into the heating channel 12, an aspiration-to-waste device
      15, which aspirates the thread between thread advancing means 10 and
      heating component 11, a pneumatic transportation tube 16 extending
      substantially from thread advancing means 13 to the vicinity of the thread
      receiving components or take-up packages 30, and a movable aspiration gun
      17 removably attachable to the downstream end of tube 16. A thread cutter
      can be provided on the path of the thread running from the blast head
      device 14 to the aspiration or suction device 15. Advantageously, the
      thread cutter is fixed to the blast head device 14.
PAR  Blast head device 14, seen in more detail in FIG. 2, is mounted pivotally
      around a hollow shaft or tube 18, for example, on the heater 11 and
      communicates with a compressed air feed duct 19. The blast head device is
      equipped with a duct 20 which can be connected to the bore 21 of the
      hollow shaft by a lateral duct 22 drilled in the thickness of the hollow
      shaft. Communication between ducts 20 and 22 is made when the head is in
      ON position. Blast duct 20 has an outlet orifice 23 which, in ON position,
      is situated facing the inlet of channel 12. A thread guide 24, disposed
      about the outlet orifice 23 from duct 20, makes it possible to position
      the thread above orifice 23. The pivoting of distribution or blast head
      device 14 is controlled by an operating rod 25. Advantageously, by
      pivoting in opposite directions, the blast head device can be used to
      serve the heating channels or tube 12 of two adjacent heaters 11, only one
      of which is shown. In this case, it is located to pivot about an axis
      equidistant from the heating channels 12 of each heater.
PAR  The transportation tube 16 (FIG. 1), with 90.degree. elbow, contains a
      horizontal section and a vertical section. Its entry contains a mouthpiece
      16a situated in the thread path above and overlying the exit of heating
      channel 12. Its outlet is equipped with a tip 27 to which the aspiration
      head of the pneumatic manipulation gun 17 can be removably attached.
PAR  The texturizing of thread on the false twist machine is described in the
      following example.
PAR  A thread F supplied from feed bobbins 5 is passed manually into the first
      thread advancing means 7, curved heater 8, twist spindle 9, second thread
      advancing means 10, and into the guide 24 of the blast head device 14
      which is in OFF position. Then, after passage around bar 26, the thread is
      taken by the aspiration-to-waste device 15. The machine is started and the
      thread, textured and normally delivered by advancing means 10, is sent
      initially to waste by suction device 15. Aspiration gun 17, connected to
      tip 27, is actuated. Blast head device 14 is turned to the ON position and
      the thread is cut between guide 24 and bar 26. As the thread is dispensed
      by advancing means 10, it is transported through channel 12 by the
      compressed air ejected by the blast head device. The propulsion force is
      such that the thread, on leaving heating channel 12, continues to move
      along an extension of the axis of channel 12. It passes through advancing
      means 13 which is in open position, that is to say that it passes between
      driving roller 28 and the presser belt 29 which constitute thread
      advancing means 13. On leaving advancing means 13, the thread is sucked
      into mouthpiece 16a, is turned 90.degree., is taken over by the tube 16,
      then by gun 17, and it is sent to waste. The advancing means 13 is then
      engaged and blast head device 14 is turned to the OFF position. Gun 17 is
      disconnected from tip 27 and the thread dispensed by 13 and aspirated by
      gun 17 is transported by means of the gun to a thread receiving station 6
      where it is attached to the rotating collection package 30. The thread-up
      of the thread working position is thus completed. Gun 17, the action of
      which is stopped, can be put in place at the outlet of the pneumatic
      transportation tube of the next working position, for thread-up or
      installation of the thread in that position.
PAR  The invention is not, of course, limited to the example described, but can
      contain numerous variations of the embodiment, with respect to both the
      blast head device and the transportation tube. Thus, there could be
      utilized as a transportation tube, a tube in which the current of
      transporting fluid is furnished by an aspiration-blast nozzle placed
      immediately below the mouthpiece.
PAR  The invention is applicable to the treatment by false twist of all
      thermoplastic threads.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a machine for the false twist texturing of textile threads in a
      plurality of side-by-side thread treating positions including two
      upstanding, spaced support frames positioned in facing relation, an
      operator walkway at the bottom of and extending between the frames to
      permit access to the thread treating positions, one of the frames
      supporting thread supply means in a lower portion thereof and thread
      take-up means in an upper portion thereof and the other frame supporting
      thread heaters and false twist spindles for treating the threads, and each
      of the thread treating positions having a thread path extending between
      the thread supply and take-up means being defined by a first thread
      advancing means positioned in a lower portion of the other frame for
      receiving thread from said thread supply means, a first thread heater
      positioned above said first thread advancing means and supported on said
      other support frame, a false twist spindle positioned above said first
      heater, second thread advancing means positioned above said spindle, a
      second thread heater positioned above said second thread advancing means
      and having a substantially straight heating tube for passage of the
      thread, the heating tube having an inlet for the thread adjacent the level
      of the head of an operator for receiving thread from said second advancing
      means and an outlet in an upper portion of said other frame above the head
      of an operator for exit of the thread from the heating tube, and third
      thread advancing means positioned above said outlet and situated generally
      on an extension of the longitudinal axis of the tube; the improvement
      therewith comprising pneumatic means for transporting the thread from the
      second thread advancing  eans, through the tube of the second heating
      means, through the third thread advancing means and to the vicinity of the
      thread take-up means, said pneumatic means including a pneumatic
      transportation tube extending across the walkway and having a
      thread-receiving mouthpiece situated above and in proximity to said third
      thread advancing means for receiving a thread therefrom and a thread
      outlet positioned adjacent said thread take-up means.
NUM  2.
PAR  2. A machine as defined in claim 1 wherein said pneumatic means further
      comprises aspiration-to-waste means for collecting thread at the outlet of
      said second thread advancing means, and pneumatic pressure means
      operatively attached to said second heater for introducing thread into and
      passing it through the heater tube thereof, through the said third
      advancing means, and to the mouthpiece of said pneumatic transportation
      tube.
NUM  3.
PAR  3. A machine as defined in claim 2 including aspiration-to-waste means for
      operatively communicating with said outlet of said pneumatic
      transportation tube to draw a thread through said tube for collection.
NUM  4.
PAR  4. A machine as defined in claim 2 wherein said pneumatic pressure means
      for introducing the thread into the inlet of the heating tube of said
      second heater comprises a blast heat device having an air-dispensing
      outlet adjustably positionable into and out of alignment with the inlet of
      said heating tube for introducing pressurized air into the tube, and
      thread guide means thereon for positioning the thread on said
      air-dispensing outlet.
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ABST
PAL  Device for withdrawing full cops from spindles in a drawing-twisting frame,
      transfering said cops to a predetermined station and inserting empty cops
      on said spindles, comprising a system of guides along which the full cops
      from the drawing-twisting frame are fed to a station for withdrawal
      thereof, and along which the empty cops are fed to the drawing-twisting
      frame, means being provided for transferring the full cops from the
      drawing-twisting frame to said guides and means for transferring the empty
      cops from the guides to the drawing-twisting frame.
BSUM
PAR  This invention relates to a device for withdrawing the full cops from the
      spindles in a drawing-twisting frame, transferring said cops to a
      predetermined station and inserting empty cops on said spindles in place
      of the full cops withdrawn.
PAR  It is an object of the present invention to provide a device with a
      particularly simple and rational structure for accomplishing the above
      mentioned operations.
PAR  It is another object of the present invention to provide a device such as
      not to involve in practice a substantial floor space and which, therefore,
      can be applied also in those environments, wherein the room conformation
      and the arrangement for the drawing-twisting frames in the room would not
      substantially leave any available spaces and in any case would make the
      application of other known such devices very problematic.
PAR  In the prior art, a device for performing such operations is known.
PAR  According to the present invention, improvements are provided in said
      device relating to said prior art.
PAR  A device according to the present invention is essentially characterized in
      that a rail is provided at each side of the drawing-twisting frame where
      the full cops are being formed, this rail being supported and guided to
      move on a vertical plane at a constant horizontal attitude, a chain being
      provided, which is inserted in said rail and carries at regular intervals,
      corresponding to the spacing between the spindle axes, hook members for
      hooking and unhooking the cops depending on the cycle steps, means being
      also provided for causing said rail to vertically move and means for
      moving said hook members through the required movements for hooking and
      unhooking the cops and, at some height from the ground, there being
      provided a system of guides, along which said chains are moved with the
      full cops withdrawn by said rails, and along which, after moving through a
      determined path, the chains return to the rails after being cleared of the
      full cops and replenished with empty cops to be inserted on the spindles,
      and means being also provided for moving the chains with the full cops
      from the rails arrived at the level of said system of guides, so as to
      insert said chains on the guides, means for causing the chains to travel
      said path on the guides, means for withdrawing the full cops from the
      chains at some location of the path, means for subsequently hooking as
      many empty cops to the chains, and means by which as soon as a chain with
      full cops has been withdrawn from a drawing-twisting frame rail arrived at
      said level of the system of guides, on the same rail there is inserted a
      chain, which previously cleared of the full cops, has received the empty
      cops, that will be then slipped onto the spindles.
DRWD
PAR  For better illustrating these and additional valuable features of the
      device according to the present invention, an exemplary embodiment of the
      device according to the invention will now be described, reference being
      had to the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view showing a portion of the drawing-twisting
      frame;
PAR  FIG. 2 is an elevation showing the drawing-twisting frame, the view being
      at right angles to FIG. 1;
PAR  FIG. 3 is another elevational view showing a portion of the
      drawing-twisting frame (seen on the same side as in FIG. 1), and also
      showing a carriage for moving the chains with the cops;
PAR  FIG. 4 is a completely schematic plan view showing a series of
      drawing-twisting frames and the whole guide assembly for the movements of
      the chains with the cops;
PAR  FIG. 5 is a fragmentary plan view showing a movable carriage;
PAR  FIG. 6 is a view showing said carriage at a step where it is receiving
      chains with full cops;
PAR  FIG. 7 is a view showing said carriage at the next step, where it has
      received said full cops;
PAR  FIG. 8 is a view showing said carriage at a next step, where it has
      unloaded empty cops on the drawing-twisting frame;
PAR  FIG. 9 is a view showing said carriage after the full cops have been
      inserted from the same on fixed guides;
PAR  FIG. 10 is a view showing said carriage at a next step, where it has
      received empty cops to be inserted in a drawing-twisting frame; and
PAR  FIG. 11 shows a detail in a sectional view, showing a rail supporting a
      chain which, in turn, carries cops hooking members.
DETD
PAR  FIG. 4 of the accompanying drawings is a substantially schematic plan view
      showing drawing-twisting frames, and more particularly each of such frames
      are designated by reference numeral 21.
PAR  Each of the drawing-twisting frames, which although schematically are at
      least partially shown in FIGS. 1, 2 and 3, comprise spools 22, from which
      the threads or yarns are being unwound for subsequent winding up on the
      cops 23 inserted on the machine spindles.
PAR  Two rows of spindles are provided on both sides of the machine,
      respectively.
PAR  Reference numeral 20 designates the full cops, that is those cops 23 on
      which the thread or yarn from the spools 22 is wound up.
PAR  The device according to the invention is adapted to withdraw the full cops
      20 (which initially are at the lower part of the machine) and transfer
      such cops to a predetermined station and insert empty cops 23 onto the
      spindles, after withdrawing the full cops 20.
PAR  More particularly, said empty cops 23 are substantially tubular elements
      inserted on the spindles and rotably driven; said element 23 has thread or
      yarn wound up thereon, thus forming said full cop 20 comprising the
      assembly of said element 23 and thread or yarn wound up thereon.
PAR  On each of the two sides of a drawing-twisting frame in which said series
      of full cops 20 are formed, the device according to the present invention
      comprises two series of vertical guides 24 secured to the machine frame
      and carrying a vertically movable horizontal rail 1.
PAR  More particularly, the rails 1 are connected to a set of supports or
      bearings 25 sliding on said vertical fixed guides or rods 24.
PAR  As shown in FIG. 2, the rail 1 is connected to a shaft 40 extending along
      the front side of the machine and rotable about its horizontal geometrical
      axis.
PAR  The rail 1 carries a chain section 27 of a link approximately the length of
      the rail 1. Since each chain section 27 is merely a chain of
      interconnected cops, in the following discussion, the chain section 27
      will be referred to as chain 27. Each chain 27 carries a series of
      members, designated as a whole at 28.
PAR  The members 28 are located on the chain 27 at regular intervals
      corresponding to the spacing between the spindle axes.
PAR  Each member 28 is a hooking member, operating for hooking or unhooking a
      cop, when required, as it will be explained hereinafter.
PAR  The member 28 is per se independent of the present invention and such a
      member, as well as the operation thereof, are not described in detail
      herein.
PAR  Means are provided comprising a motor 29 carried by the fixed machine frame
      and drive chains 30 for upwardly and downwardly move the rails 1 along
      with the chains carrying the gripping or hooking members 28.
PAR  Substantially, the rail 1 moves on a vertical plane, so as to reach down to
      the level of the full cops 20 for withdrawal thereof, as explained in the
      following, and to reach up to the maximum level, such as shown in FIGS. 2
      and 3.
PAR  Means are also provided (for simplicity not shown and per independent of
      the present invention) by which, as the rail 1 moves down to the full cops
      20, said rail will rotate (substantially moving to the left position as
      seen in FIG. 2) and the hooking members 28 will hook or grip the full cops
      20; then, the rail 1 moves upward and reaches the right-hand level as seen
      in FIG. 2, thus rotating about the shaft 40.
PAR  For convenience, on the left side of this FIG. 2, the rail 1 is shown at
      the step where the full cops are withdrawn at the bottom, while on the
      right side of the same figure said rail 1 has been shown at the maximum
      level; it should be understood that the two rails on the two sides of the
      machine will be instead at the same steps, that is, they will conjointly
      move down to simultaneously withdraw the cops; then, said rails 1 will
      simultaneously move upward and reach said maximum level. A carriage,
      designated as a whole at 32, is at said level, sliding on fixed guides 31.
      Said carriage carries rails secured to said carriage frame at the
      locations shown at 4, 5, 6 and 7.
PAR  Said rails are straight and parallel. At one end of the carriage 32, said
      rails 4, 5, 6 and 7 extend with curved rail sections 4', 5', 6' and 7', as
      particularly shown in FIG. 5; at the opposite end of the carriage, said
      rails extend in curved sections 4", 5", 6" and 7".
PAR  A thrust device is provided, designated as a whole at 33 and carried by the
      framework of the drawing-twisting frame, for hooking or gripping the
      chains 27 and operating the same, so that the chains pass from guides 1 to
      rails 4' and 5', from which said chains will reach to the straight rails 4
      and 5.
PAR  Means 400, 401 are also provided for causing the chains to ride on said
      rails of the carriage 32.
PAR  The means for driving the chain sections are shown in FIG. 3 of the filed
      drawings. In this FIG. 3, the operating means are designated at 33 and
      comprise a geared motor 300 which, through a belt or drive chain 301 and
      gear wheel 302 drive a track 303, the latter having suitably spaced apart
      projections 304 which, to drive the chain, engage or mesh against the
      upper rollers 200 of the chain (see FIG. 11). Fully similar devices are
      arranged throughout the circuit or path intended to be travelled by the
      chain. Thus, for example, the movable carriage 32 is provided with two
      such devices (see FIGS. 4, 5, 8 and 9) as designated at 400 and 401. The
      feeding device 400 is for driving the chains 27 (or the chain sections)
      within the guides 4 and 5 carrying the full cops, whereas device 401 is
      for driving the chain sections within guides 6 and 7 carrying the empty
      cops 23.
PAR  It should be noted that at tracks 303, provided with trailing extensions
      304, the rails having the chains sliding therein are open at the top at
      402 (see FIG. 3) for the passage of said trailing extensions 304.
PAR  The carriage 32 carries means comprising a motor 34 for rectilinearly
      moving said carriage 32 on said rails or fixed guides 31.
PAR  Substantially, at the same level of guides 4, 5, 6 and 7, there are fixed
      guides 8 and 8' along which, as explained hereinafter, the chains carrying
      the full cops are conveyed.
PAR  Said fixed guides 8 and 8' move through a predetermined path or loop, at
      the end of which similar fixed guides are provided, designated as a whole
      at 11 and 11', along which the chains unloaded of full cops and loaded
      with empty cops, as explained in the following, return to the carriage 32
      and then to the drawing-twisting frames.
PAR  The operation of the device is substantially as follows.
PAR  Suppose a drawing-twisting frame under the conditions where the cops 23
      have been filled with thread or yarn, that is the thread or yarn is wound
      up on said elements 23, so that full cops 20 are provided at the bottom of
      the drawing-twisting frame (respectively two sets of cops 20 at the two
      sides of the drawing-twisting frame).
PAR  Now the rail 1 is moved downwards and has inserted therein the chain 27
      carrying said hooking or gripping members 28.
PAR  On moving down to a certain location, the rail 1 is rotated (see the bottom
      left portion of FIG. 2) and the several hooking members 28 carried by the
      chain will hook or grip as many full cops 20; more particularly, each of
      the members 28 will hook or grip said support 23.
PAR  Then, the rail 1 is moved up again, carrying along the several cops 20
      hooked to said members 28 and moves upwards (location shown at the right
      in FIG. 2 and at the left in FIG. 3).
PAR  As above mentioned, said movements for both of the rails 1 on the two sides
      of the drawing-twisting frame are effectively carried out at a same time.
PAR  Suppose that this drawing-twisting frame is that designated at A in FIG. 4.
PAR  The carriage 32 is at the attitude as shown in FIG. 4 (corresponding to
      that shown in FIG. 3), where two of the four rails carried by the carriage
      32 are aligned with the two rails 1 which, as above mentioned, have been
      upwardly moved.
PAR  More particularly, said two rails 1, which have been moved on both sides of
      the drawing-twisting frame to said up or high position, would be aligned
      with the rail sections 4' and 5'.
PAR  The thrust device 33 is then operated, whereby the two chains 27 located in
      the two rails 1 are urged on the guides or rails 4 and 5 of said carriage
      32 (this movement is shown in FIG. 3).
PAR  Substantially, the carriage 32 is under the conditions as shown in FIG. 7,
      this figure showing the full cops (as carried by the corresponding chains)
      inserted on said guides or rails 4 and 5; previously, the carriage was
      under the conditions shown in FIG. 6, with the guides 4 and 5 ready to
      receive the chains carrying the cops.
PAR  Next, the carriage 32 moves through a short distance so that, as the guide
      sections 4' and 5' move away from said rails 1 (as stationary at said up
      or high position), the other two guide sections 6' and 7' will align with
      said rails 1.
PAR  Through further thrust members (for simplicity not shown), two chains, the
      function of which will become more evident in the following, being in the
      guides 6 and 7 of the carriage 32 and carrying empty cops 23, are drawn
      and particularly moved on the rails 1 in lieu of the chains formerly
      withdrawn with the full cops, as above mentioned.
PAR  The rails 1, having now respectively received two chains with empty cops
      23, can move down and at the end of the downward movement thereof will
      insert or slip said empty cops 23 onto the spindles, and particularly onto
      those spindles from which the full cops 20 have been formerly withdrawn.
PAR  Referring now again to the carriage, that although schematically is under
      the conditions as shown in FIG. 8 (that is carrying on two guides 4 and 5
      two chains with full cops 20, while the other guides 6 and 7 do not carry
      any longer the chains with empty cops as having been inserted in the rails
      1), said carriage will move along the room and reach the location shown at
      C in FIG. 4.
PAR  Through thrust members of the above design, the two chains carried by the
      carriage on said guides 4 and 5 and carrying the full cops 20 are urged on
      the fixed guides 8 and 8', on which said chains are drawn by additional
      feeding systems through a given path.
PAR  Thus, the chains with the full cops arrive at a selected room at the
      position shown by 9 in FIG. 4, where the cops unloaded from the chains by
      means of conveyor belts, are sorted and the correct cops are sent to an
      automatic packaging machine and to an automatic boxing machine at the
      position shown at 10 in said FIG. 4.
PAR  Referring again to carriage 32 arrived at said postion C, following the
      passage of the chains with full cops from the carriage to the guides 8 and
      8', said carriage will readily move back and reach the position (such as
      that shown at D in said FIG. 4), where the above described operations are
      repeated.
PAR  Referring again to the chains carrying the full cops on the two guides 8
      and 8' and following withdrawal of said full cops from said chains, empty
      cops will be inserted on the chains, or more particularly, empty cops 23
      intended to be carried to the preselected drawing-twisting frame will be
      hooked to the members 28 carried by the chains.
PAR  Said chains with empty cops travel along the fixed guides 11 and 11' and
      thus can arrive at the carriage 32; more particularly, said carriage 32 is
      located at a position where its two guides 6 and 7 (more particularly the
      guide sections 6' and 7') are aligned with the two guides 11 and 11'
      carrying the chains with the empty cops; thus and still by the thrust
      members, the chains with the empty cops are brought on said guides or
      rails 6 and 7 of carriage 32.
PAR  It is apparent that the above described operations can now be repeated,
      that is the carriage automatically moves to the drawing-twisting frame in
      readiness for doffing and its two guides 4 and 5 (more particularly the
      sections 4' and 5') are in alignment with the two drawing-twisting frame
      rails 1, already moved to said up or high position and carrying the full
      cops.
PAR  The same operations are then repeated, that is the two chains 27 carrying
      the full cops are urged into the two guides 4 and 5 of carriage 32; a
      slight displacement of the carriage occurs to align the guide sections 6'
      and 7' with said rails 1 and the two chains carrying the empty cops are
      urged thereon, etc.
PAR  Note that the above described device is of particularly simple and rational
      construction.
PAR  Therefore, the same device can serve for an entire series of
      drawing-twisting frames (a plurality of such drawing-twisting frames
      having been shown in FIG. 4) as located in a given room.
PAR  Substantially, no floor room problems would arise with the inventive
      device, since the carriage 32 and guide system 8, 8' and 11, 11' are
      located at the top side, as above mentioned. Additional rails 41, 41' and
      42, 42' from another side of the room could be controlled by another
      bridge crane, such as that shown at 32, controlling in turn a further
      series of drawing-twisting frames. Among the many possible variants within
      the scope of the present invention, the case could also be contemplated
      where, instead of said carriage 32, a system of fixed guides are provided
      with associated switches at the drawing-twisting frames and a guide having
      a movable top chain with hooks for drawing the underlying chain sections
      carrying the cops.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for manipulating textile cops, comprising:
PA1  a plurality of drawing-twisting frames;
PA1  a horizontal, vertical movable rail at each side of each of said frame,
      each of said rails having an entrance/exit end and a closed end, said
      rails being vertically movable from a lowered position to a raised
      position;
PA1  a plurality of hook-like members spaced at predetermined intervals along
      said rails by interconnecting chain sections, said chain sections adapted
      to be longitudinally guided by said rails, said hook-like members being
      selectively engageable with a corresponding like number of cops;
PA1  means for moving said rails vertically between said lowered and raised
      positions;
PA1  a carriage means carrying a plurality of carriage rail sections extending
      normal to said vertically movable rails and having curved end portions for
      selective alignment with the entrance/exit ends of said vertically movable
      rails when said rails are in their raised positions;
PA1  a chain section discharge station where a chain section of full cops is to
      be delivered;
PA1  a chain section charging station where a chain section of empty cops is to
      be received; and
PA1  means for moving said carriage means between a first position adjacent said
      discharge station, a second position adjacent said charging station, first
      intermediate positions adjacent the entrance/exit ends of selected ones of
      said rails for delivering chains section of empty cops thereto, and second
      intermediate positions adjacent the entrance/exit ends of selected other
      of said rails for receiving chains full cops therefrom, whereby full cops
      are received from said frames and delivered by said carriage means to said
      discharge station and empty cops are delivered by said frames from said
      charging station to said frames.
NUM  2.
PAR  2. The device as set forth in claim 1, wherein the vertically movable rails
      on each side of each frame move in unison with each other.
NUM  3.
PAR  3. The device as set forth in claim 1, wherein said carriage means
      comprises two pairs of rail sections, each rail section comprising a
      length of straight rail between said curved end portions; and said
      discharge and charging stations comprise receiving rail sections and
      charging rail sections, respectively, each arranged parallel to said
      vertically movable rails, said receiving rail having a receiving end for
      receiving from said carriage means chain sections containing full cops,
      and said charging rail having a delivery end for delivering to said
      carriage chain sections containing empty cops, all said receiving ends,
      delivery ends, and entrance/exit ends being in linear alignment transverse
      to said vertically movable rails, thereby to permit selective alignment
      between the end portions of said carriage means and said receiving,
      delivery, and entrance/exit ends.
NUM  4.
PAR  4. The device as set forth in claim 1, including thrust means for moving
      said chain sections along said movable rail and along said carriage means.
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ABST
PAL  A multifilament yarn of improved bulkiness is provided. The yarn is
      composed of two portions, i.e., a relatively dense portion and a blooming,
      relatively sparse portion, alternately occurring along the length of the
      yarn. The relatively dense portion is in a partially twisted state and
      individual filaments in this portion are irregularly entangled and cohere
      to a greater extent than in the relatively sparse portion. The relatively
      dense portion has protruding filament ends on the yarn surface in a larger
      number than the relative sparse portion.
PAL  The yarn is prepared by first passing a multifilament yarn through a high
      velocity fluid jet nozzle and then subjecting it to a combination of the
      steps of false twisting and frictional contact.
BSUM
PAR  This invention relates to a continuous filament yarn of increased bulk,
      which has the same appearance, feel, bulkiness and sweat absorption, as
      conventional spun yarns of staple fibers, and a process for manufacturing
      the same from thermoplastic synthetic polymer multifilaments.
PAR  Heretofore, many proposals have been made in order to provide a
      thermoplastic synthetic polymer multifilament yarn with a multitude of
      fluff, i.e., protruding fiber ends, with the same appearance, feel,
      bulkiness and sweat absorption, as conventional spun yarn from staple
      fibers.
PAR  For example, one proposal involves applying a twist to a multifilament yarn
      while the multifilament yarn ballooned in the twist imparting zone is
      rubbed against a friction member having a sandy surface of inlaid with
      teasels. Another proposal involves applying a false twist to a
      multifilament yarn while the multifilament yarn is passed over a friction
      member such as a rotor with a sandy surface or a rotor inlaid with
      teasels, in the twist imparting zone.
PAR  However, the former proposal is disadvantageous in that, first, the speed
      of fluffing is limited to a practically unacceptable extent and secondly,
      the amount of fluff is liable to greatly vary due to the variation in
      tension, sometimes leading to yarn breakage or undesirable winding around
      the rotor. The latter proposal is advantageous in that the speed of
      fluffing is higher, i.e., similar to the speed employed in conventional
      false twist treatment, and relatively uniform fluff is formed, but is not
      satisfactory because the multifilament yarn is inevitably cut by the
      friction member not only at the surface but also partially inside the
      yarn. Yarn so treated is approximately similar to a yarn composed of
      staple fibers and is poor in strength. When a larger amount of fluff is
      desired, the yarn becomes still poorer in strength. Thus, the
      multifilament yarn is more readily abraded and subject to breakage due to
      frictional contact with the twister. In addition to poor strength, the
      fluff, i.e., filament ends protruded from the treated yarn, is readily
      displaced or slides along the length of the yarn and grows long, resulting
      in the formation of nep. This yarn is not suitable for further processing
      into woven or knitted fabric without applying additional twists.
      Additional twists reduce the bulkiness and softness of yarn as well as
      being costly.
PAR  To sum up, it has been difficult in the past to form stable and uniform
      fluff on a textured, bulky multifilament yarn.
PAR  It is, therefore, an object of this invention to provide a multifilament
      yarn of increased bulkiness and softness with a multitude of protruding
      filament ends, the other ends of the filaments being securely gripped
      inside the yarn, thus preventing the protruding filament ends from sliding
      along the length of the yarn.
PAR  Another object of this invention is to provide a multifilament yarn of the
      type which, although it is bulky and soft and with a multitude of
      protruding filament ends, possesses sufficient strength to allow
      subsequent processing into woven or knitted fabric without additional
      twists.
PAR  Still another object of this invention is to provide a process for
      manufacturing a multifilament yarn of the above-mentioned type, at an
      increased speed and without a twisting operation.
PAR  Other objects and advantages of this invention will be apparent from the
      following description.
PAR  In one aspect of this invention, there is provided a bulky, crimped
      thermoplastic polymer multifilament yarn which is composed of two
      portions, i.e., a relatively dense portion and a blooming, relatively
      sparse portion, alternately occurring along the length of the yarn and the
      yarn in said relatively dense portion being in a partially twisted state,
      and individual filaments in said relatively dense portion being
      irregularly entangled and cohered with each other to a greater extent than
      in said relatively sparse portion, and said relatively dense portion
      having protruding filament ends on the yarn surface in a quantity more
      than said relatively sparse portion, which protruding filament ends are
      formed by cutting some or substantially all of the looped and arched
      filaments on the yarn surface.
PAR  In another aspect of this invention, there is provided a bulky, crimped
      thermoplastic polymer multifilament yarn, which comprises feeding a
      continuous multifilament yarn having no twist or a twist smaller than
      approximately 800 turns per meter to a high velocity fluid jet where a
      multitude of loops and arches are formed on the yarn surface and
      individual filaments are irregularly entangled with each other. The
      multifilament yarn is then subjected to a combination of the steps of
      false twisting such that the whole multifilament yarn is false twisted and
      of passing the multifilament yarn over a friction member, thereby cutting
      either a part or the entirety of the looped and arched filaments on the
      yarn surface to form protruding filament ends.
PAR  The "combination" of the steps of false twisting the multifilament yarn and
      of passing the yarn over the friction member, used herein, means one of
      three combinations, i.e., the first is that the step of the frictional
      contact with the friction member is carried out after the step of false
      twisting, the second is that the step of the frictional contact with the
      friction member is carried out before the step of false twisting, and the
      third is that the step of the frictional contact with the friction member
      is carried out concurrently with the step of false twisting.
PAR  The bulky, crimped multifilament yarn of the invention has the following
      characteristics.
PAR  1. The multifilament yarn is false twisted, after it leaves the high
      velocity fluid jet nozzle where individual filaments are entangled with
      each other, i.e., in a state such that individual filaments are
      sufficiently cohered with each other. Therefore, the resulting yarn
      exhibits improved cohesion and sufficient strength for processing into
      fabric without introducing substantial twist.
PAR  2. The yarn has such improved strength that it can be smoothly and
      efficiently processed into woven or knitted fabric.
PAR  3. The yarn is composed of two distinct portions alternately occurring
      along the length of the yarn, i.e., the relatively dense portion and the
      blooming, relatively sparse portion. Therefore, it results in woven or
      knitted fabric having an artistic effect.
PAR  4. The yarn possesses a multitude of protruding filament ends on the
      surface, which are stable and not readily displaced, do not slide along
      the length of the yarn and do not grow long.
PAR  The multifilament yarn used in the present invention is a continuous
      multifilament yarn made from a thermoplastic polymer such as, for example,
      polyester, polyamide, polyolefin or polyacrylonitrile. Number, fineness
      and various physical and chemical performances of filaments are not
      critical and may be widely varied depending upon the intended use. It is
      possible to employ a combination of two or more filaments differing in
      fineness, cross-sectional shape or physical properties such as tensile
      strength or shrinkage.
PAR  The multifilament yarn used in the present invention should have no twist
      or, if it has, it should have a twist smaller than approximately 800 turns
      per meter. If a multifilament yarn possessing a twist exceeding this is
      used, a multitude of relatively small loops, e.g. two or more loops per
      centimeter, are not formed when supplied to a high velocity fluid jet,
      resulting in a yarn having neps and being poor in evenness. Although when
      said no-twist yarn is employed in the process of the invention, the yarn
      can be processed at a high speed by the process of the invention and
      becomes sufficiently strong for processing into fabric without introducing
      additional twists.
DRWD
PAR  The structure of the yarn of this invention and the process of
      manufacturing the yarn will be described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic view of a suitable arrangement for practicing the
      process of the invention;
PAR  FIG. 2 is a schematic view of a version of the arrangement shown in FIG. 1;
PAR  FIG. 3 is a schematic view of another version of the arrangement shown in
      FIG. 1;
PAR  FIG. 4 is a side view showing the appearance of a yarn treated in the
      apparatus shown in FIG. 1;
PAR  FIG. 5 is a photomicrograph of a relative dense portion of the yarn shown
      in FIG. 4;
PAR  FIG. 6 is a photomicrograph of a blooming, relative sparse portion of the
      yarn shown in FIG. 4;
PAR  FIG. 7 is a side view showing the appearance of a yarn treated in the
      apparatus shown in FIG. 3;
PAR  FIG. 8 is a side view showing the appearance of another yarn treated in the
      apparatus shown in FIG. 3; and
PAR  FIG. 9 is a side view showing the appearance of a yarn leaving the high
      velocity fluid jet.
DETD
PAR  In FIG. 1, A, B and C designate a high velocity fluid jet treating zone, a
      false twisting zone and a friction member-contacting zone, respectively.
      The starting multi-filament yarn 1 may be supplied from any convenient
      source, such as a yarn package. Alternatively, the yarn may come directly
      from the spinning process by which it is produced without intermediate
      wind-up. The yarn is passed via first feed rollers 2 and 2', arranged to
      be driven so as to forward the yarn at the desired speed, into a high
      speed fluid jet nozzle 3 where the individual filaments are separated and
      entangled with each other and a multitude of relatively small loops and
      arches are formed on the yarn surface by the turbulence created by the
      high velocity jet. The yarn is then passed through second feed rollers 4
      and 4' to a false twisting zone B where the yarn is false twisted by a
      false twist spindle 6 and the false twist is set by heaters 5 and 5'. The
      yarn is then brought into contact with a friction member 7 such as a
      roller or rotor having a sandy surface or inlaid with teasels, positioned
      in the untwisting zone C, where some or substantially all of the looped
      and arched filaments are cut predominantly on the yarn surface to form
      protruding filament ends. Finally, the yarn is passed via take-up rollers
      8 and 8' to a winding apparatus 9.
PAR  The yarn leaving the high velocity fluid jet has a structure such that
      individual filaments are entangled and a multitude of loops 12 and arches
      12' are formed on the yarn surface, as shown in FIG. 9. This structure can
      be controlled, for example, by the rate at which the yarn is passed
      through the jet, by the pressure of fluid and by the amount of overfeed.
PAR  The percent of overfeed is the percent by which the speed of yarn feed to
      the jet 3, i.e., the peripheral speed of the first feed rollers 2 and 2',
      exceeds the speed of yarn take-up, i.e., the peripheral speed of the
      second feed rollers 4 and 4', and is calculated from the following
      equation:
EQU  Percent of overfeed = [(v.sub.1 - v.sub.2)/v.sub.2 ].times. 100
PAL  where
EQU  v.sub.1 = peripheral speed of first feed rollers 2 and 2'
EQU  v.sub.2 = peripheral speed of second feed rollers 4 and 4'.
PAL  The amount of overfeed should preferably be within the range of 5 percent
      to 25 percent, and more preferably 5 percent to 15 percent depending upon
      the effect desired.
PAR  In general high pressure air is employed as the fluid jet. The pressure of
      air supplied to the jet nozzle 3 may be varied within the range of 2 to 7
      kg/cm.sup.2. However, in order to obtain adequate strength which will
      permit the weaving or knitting of the resulting yarn into fabrics,
      relatively high pressure, e.g. higher than 3 kg/cm.sup.2, is preferred.
PAR  The conditions under which the yarn leaving the jet nozzle 3 is false
      twisted may be approximately similar to those employed in a conventional
      false twist procedure for texturing multifilament yarns. The number of
      twists may be as large as possible, and is usually selected within the
      range defined by the following equation:
EQU  Number of twists, in turns per meter =  32500/.sqroot.D .times..alpha.
PAL  where
EQU  D = fineness of multifilament in denier,
PAR  .alpha. = coefficient varying depending upon the type of multifilament. For
      example, the coefficient .alpha. is 0.6 to 1.0 for polyester
      multifilaments.
PAR  The temperature at which the false twisted yarn is heated, i.e., the
      temperature of heaters 5 and 5', may be varied depending upon the
      particular multifilament. For example, 215.degree.C to 220.degree.C are
      preferable for polyester multifilaments.
PAR  The relative speed of the second feed rollers 4 and 4' to the take-up
      rollers 8 and 8' should preferably be such that the yarn leaving the false
      twist spindle 6 and which is then passed to the friction member 7 is under
      a tension of 0.2 g/denier to 0.5 g/denier. The percent of overfeed, i.e.,
      the percent by which the peripheral speed of second feed rollers 4 and 4'
      exceeds the peripheral speed of take-up rollers 8 and 8' is preferably
      within the range from -5 percent to 5 percent.
PAR  The friction member 7 may be a roller or rotor or another suitable form,
      and usually possesses a sandy surface provided by coating it with emery or
      carborundum particles. The friction member may be a metal file or inlaid
      with teasels. A preferable friction member is a rotor having a sandy
      surface. The sandy rotor is most preferably covered by emery or
      carborundum particles with sizes, graded as "medium" (No. 30 to No. 60
      according to the Japanese Industrial Standard) and "fine" (No. 80 to No.
      600 according to the same standard). The direction of rotation of the
      friction rotor may be the same as or the reverse of that of the yarn.
PAR  FIG. 2 is a version of the arrangement shown in FIG. 1. In FIG. 2, C and C'
      designate an untwisting zone and a friction member contacting zone,
      respectively. The yarn is brought into contact with the friction member 7
      placed between first take-up rollers 8 and 8' and second take-up rollers
      10 and 10'.
PAR  As a modified embodiment of that shown in FIG. 2, the yarn may be brought
      into contact with the friction member after the yarn is once wound by the
      winder 9 i.e., in the course of being rewound into cones or pirns,
      although it is not shown in the drawings.
PAR  FIG. 3 is another version of the arrangement shown in FIG. 1. In FIG. 3,
      the friction member is positioned between the high velocity fluid jet
      nozzle 3 and the second feed rollers 4 and 4'. Numerical reference 11
      designates a tension controlling means.
PAR  The yarn treated in the process of the invention illustrated above in
      reference to FIGS. 1 and 2 has an appearance as shown in FIG. 4. The yarn
      is composed of two distinct portions, i.e., a relatively dense portion M
      and a blooming, relatively sparse portion N, both alternately occurring
      along the length of the yarn. Each said portion M is in a partially
      twisted state, and individual filaments in this portion are irregularly
      entangled and cohere with each other to a greater extent than in said
      portion N. There are a multitude of protruding filament ends 13, which
      have been formed by cutting loops and arches on the yarn surface, although
      a relatively small number of loops 12 and arches 12' remains. The length
      of the filament ends protruding from the yarn surface is relatively short,
      uniform and stable. Said portion M has more protruding filament ends and
      loops and arches than said portion N.
PAR  The yarn partially possesses crimps in a form similar to those of
      conventional false twisted crimped yarn and is very bulky as compared with
      conventional spun yarns from staple fibers. The length of each said
      portion M usually varies within the range of 0.5 cm to 3.0 cm and the
      length of each said portion N is usually less than the length of the
      relatively dense portion. The two types of portions in general occur at
      irregular intervals.
PAR  Microphotographs shown in FIGS. 5 and 6 illustrate the partially untwisted
      portion M and portion N, respectively. It will be apparent that said
      portion N possesses a configuration similar to that of conventional false
      twisted multifilament yarn.
PAR  The multifilament yarn treated by the process set forth with reference to
      FIGS. 1 and 2 is characterized as possessing uniform and relatively short
      fluff, i.e., protruding filament ends. This is because the looped and
      arched filaments are firmly interlocked at the non-looped and non-arched
      portions inside the yarn by the heat treatment in the course of false
      twisting, and therefore, when the yarn is brought into contact with the
      friction member, the protruding filament ends formed therefrom neither
      slide along the length of the yarn nor grow long.
PAR  In contrast, in the case where a multifilament yarn is first false twisted
      and then passed through a high velocity fluid jet nozzle as disclosed in
      Japanese Patent Publications 8364/63 and 9175/64, and then brought into
      contact with the friction member, the following disadvantages are
      observed. First, since the yarn brought into the contact with the
      frictional member possesses undesirably enhanced stretchability, the
      operation of frictional contact with the friction member cannot be well
      performed, and the protruding filament ends grow very long and are readily
      displaced and slide along the length of the yarn. This yarn is of little
      or no practical use. Secondly, even if the operation of the frictional
      contact is carried out under an increased tension so that the enhanced
      stretchability is controlled, neither desired quantities nor uniform
      protruding filament ends are formed. This is because the looped and arched
      filaments are not heat treated after once being formed, and the loops and
      arches are liable to readily disappear under increased tension. Thirdly,
      since loops and arches are formed after the yarn is heat treated in the
      false twisting step, the looped and arched filaments are not sufficiently
      locked inside the yarn and readily disappear. Thus, it is difficult to
      perform well the frictional contact with the frictional member and to form
      uniform protruding filament ends.
PAR  According to the process of the present invention, the looped and arched
      filaments are liable to be partially cut predominantly at the blooming,
      relatively sparse portion when brought into contact with the friction
      member, and the protruding filament ends formed are displaced or slide to
      the relatively dense portion only to a minor extent. Thus, the relatively
      dense portion has protruding filament ends on the yarn surface in a larger
      number than the blooming, relatively sparse portion.
PAR  The yarn treated in the process of the invention illustrated in reference
      to FIG. 3 has the appearance as shown in FIGS. 7 and 8. The yarn is
      composed of two distinct portions, a relatively dense portion M' and a
      blooming, relatively sparse portion N' , both alternately occurring along
      the length of the yarn, which are similar to those in the yarn illustrated
      in reference to FIGS. 4, 5 and 6. However, the relatively dense portion M'
      is characterized by the presence of filaments 14 coiling round the yarn.
      Due to the presence of said filaments 14, the yarn has improved cohesion,
      and the protruding filament ends do not slide along the length of the yarn
      and the protruded filaments are uniform in length.
PAR  The yarn shown in FIG. 7 possesses a multitude of protruding filament ends
      13 but little or no loops and arches on the yarn surface. In contrast, the
      yarn shown in FIG. 8 possesses relatively large numbers of protruding
      filament ends 13 and loops 12 and arches 12' on the yarn surface. These
      two yarns of FIGS. 7 and 8 are prepared by cutting, in the step of
      frictional contact with the friction member, either all or some of the
      loops and arches formed by the high velocity fluid jet treatment,
      respectively. The relative number of the protruding filament ends to the
      loops and arches may be varied depending upon the intended use. In general
      the number of the protruding filament ends is preferably larger than 30
      per meter. The larger the number of the protruding filament ends, the more
      downy and bulky the yarn and the fabric therefrom. In contrast, when the
      loops and arches are large in number, the yarn exhibits improved cohesion,
      and undesirable displacement and sliding of the protruding filament ends
      along the length of the yarn can be avoided or minimized. This makes it
      easier to weave or knit the yarn into fabrics.
PAR  It is possible to supply two or more different multifilaments at the same
      time to the first feed rollers thereby to manufacture a composite bulky
      yarn. Multifilament yarns of different polymers result in fabrics of
      unique bulkiness and touch and, in some cases, exhibit a color mixing
      effect due to the difference in dyed color. Multifilament yarns different
      in fineness or cross-sectional shape result in fabrics superior in luster
      as well as bulkiness.
PAR  It is also possible to supply two or more different multifilament yarns at
      different speeds thereby to prepare a composite yarn comprising a
      multifilament core and a far greater number of protruding filament ends on
      the yarn surface. It is also possible to prepare a composite yarn
      comprising two types of portions, i.e., one having protruding filament
      ends and the other having no protruding filament ends, both occurring
      alternately along the length of the yarn.
PAR  When two or more multifilament yarns having different melting points are
      employed, and the composite yarn is heated at a temperature approximating
      the melting point of the yarn having the lowest melting point by the
      heater in the false twist process, the resulting yarn exhibits a structure
      like a hard twisted yarn. A part of the filaments melting at a lower
      temperature is adhered to the other filaments when heated, and the adhered
      portions remain substantially untwisted. Thus, these portions and the
      relatively dense, partially untwisted portions provide the structure set
      forth above. This yarn provides a fabric like georgette.
PAR  The yarn treated in the process of the present invention may be heat
      treated before processing into fabrics. The distinction between the
      relatively dense portion and the blooming, relatively sparse portion
      becomes somewhat obscure, i.e., the yarn attains a straight, uniform
      structure, because of the additional heat treatment. This yarn provides
      knitted fabrics with stitches which are uniform and of an attractive
      appearance. When a heater of the type with which the yarn is directly in
      contact is employed, fluff binding can be effected.
PAR  A multifilament yarn of very small denier may be treated in the process of
      the present invention. Thus, a very fine bulky yarn can be produced with
      enhanced productivity and without yarn breakage. This is in marked
      contrast to the conventional technique of spinning staple fibers into fine
      spun yarn.
PAR  The process and products of the invention will now be illustrated by the
      following examples, which are not to be construed as limiting the scope of
      the invention.
PAC  EXAMPLE 1
PAR  Using an apparatus, as shown in FIG. 1, a polyester multifilament yarn of
      150 den./72 fil., having a twist of 10 turns/meter was processed under the
      following conditions:
TBL  Feed speed          100 m/min                                             
     First overfeed*     10%                                                   
     Air pressure        5.5 kg/cm.sup.2                                       
     Second overfeed**   0%                                                    
     False twist         2,500 t/m                                             
     Rate of rotation of the spindle                                           
                         250,000 rpm                                           
     Temperature of the heater                                                 
                         220.degree.C                                          
     The frictional member                                                     
                         200 mesh                                              
                         carborundum rotor                                     
     Rate of rotation of the                                                   
     frictional member   3,600 rpm                                             
      *% overfeed by the first feed rollers 2, 2' to the nozzle 3.             
      **% overfeed by the second feed rollers 4, 4' to the take-up rollers 8,  
      8'.                                                                      
PAR  The textured yarn so obtained has an appearance, as shown in FIG. 4, in
      which partly twisted, relatively compact crimped portions M having an
      average length of 8 mm as shown in FIG. 5, and blooming crimped sparse
      portions N having an average length of 6 mm, as shown in FIG. 6, were
      observed alternately along the axis of the yarn. The number of protruding
      filament ends 13 in the portions M was 6.1 ends/cm on an average, with an
      average length for fibers of 6 mm and of maximum length of 10 mm, while
      the number of protruding filament ends 13 in the portions N was 2.5 ends/
      cm on an average, with an average length for fibers of 12 mm and a maximum
      length of 16 mm. The product was a bulky crimped yarn having filament ends
      and giving a soft and downy feel.
PAR  Loops 12, having as few as 0.5 loops/cm on average, were found in the
      product of this example.
PAC  EXAMPLE 2
PAR  Using an apparatus, as shown in FIG. 1, a polyamide multifilament yarn of
      40 den./34 fil., having a twist of 13 turns/meter was processed under the
      following conditions:
TBL  Feed speed          60 m/min                                              
     First overfeed      8%                                                    
     Air pressure        5 kg/cm.sup.2                                         
     Second overfeed     1.5%                                                  
     False twist         3,330 t/m                                             
     Rate of rotation of the spindle                                           
                         200,000 rpm                                           
     Temperature of the heater                                                 
                         175.degree.C                                          
     The frictional member                                                     
                         250 mesh                                              
                         carborundum rotor                                     
PAR  A bulky crimped yarn having protruding filament ends was obtained, which
      had an appearance similar to that of the product obtained in Example 1 but
      was finer. The yarn was comprised of partially twisted crimped portions M
      having an average length of 4 mm and blooming portions N, having an
      average length of 10 mm, said portions M and N alternately occurring along
      the axis of the yarn. The number of protruding filament ends of the yarn
      was 4 ends/cm on an average, with an average length of fiber ends of 7 mm
      and a maximum length of 11 mm.
PAR  Using the yarn obtained in this example, a tricot fabric was knitted, which
      presented a pleasant feel to the skin.
PAC  EXAMPLE 3
PAR  Following the procedure described in Example of Japanese Patent Publication
      No. 8122/61, a filamentary core yarn was prepared by feeding to a nozzle a
      polyester multifilament yarn of 75 den./24 fil., having a twist of 10
      turns/meter at a rate of 70 m/min, to form a core and concurrently
      overfeeding to the same nozzle a polyester multifilament yarn of 75
      den./36 fil., having a twist of the same order under little or no tension
      to form a sheath. The yarn so produced was then processed on the
      apparatus, under the conditions described in Example 1. The textured yarn
      so obtained was a bulky crimped yarn having protruding filament ends
      which, when compared with the products obtained in Examples 1 and 2,
      contained partially twisted crimped portions M in a large proportion and
      had long protruding filament ends an average length of 12 mm and a maximum
      length of 17 mm with a density of 8.2 ends/cm on average. The yarn was
      comprised of partially twisted crimped portions having an average length
      of  20 mm and blooming crimped portions N having an average length of 5
      mm, said portions M and N alternately occurring along the axis of the
      yarn.
PAC  COMPARATIVE EXAMPLE
PAR  Using a false twist polyester multifilament yarn of 100 den./48 fil.,
      having an S twist of 100 turns/meter, the processes described in Japanese
      Patent Publication Nos. 8364/63 and 9175/64 were respectively carried out,
      and in each case the processed yarn was treated with a 200 mesh
      carborundum rotor which was provided downstream from the nozzle and driven
      at a rate of 3,600 rpm.
PAR  In all runs, except the run in which the process was carried out in the
      manner as illustrated in FIG. 1 of the Publication No. 8364/63, the yarn
      speed and the yarn tension downstream of the nozzle were unstable and yarn
      breakage frequently occurred, thus making the processing of yarn extremely
      difficult. In the run wherein the process was carried out in the manner as
      illustrated in FIG. 1 of the Publication No. 8364/63, the yarn could be
      processed at a relatively slow processing speed. However, the product
      obtained has a loose structure having very long protruding filament ends
      which were readily displaced along the axis of the yarn, or insufficiently
      locked in position.
PAC  EXAMPLE 4
PAR  Using an apparatus, as shown in FIG. 3, a polyester multifilament yarn of
      150 den./72 fil., having a twist of 13 turns/meter was processed under the
      following conditions:
TBL  Feed speed          100 m/min                                             
     First overfeed      15%                                                   
     Air pressure        3.5 kg/cm.sup.2                                       
     Second overfeed     -2%                                                   
     False twist         2,400 t/m                                             
     Rate of rotation of the spindle                                           
                         110,000 rpm                                           
     Temperature of the heater                                                 
                         220.degree.C                                          
     The frictional member                                                     
                         carborundum rotor                                     
                         (JIS No. 60)                                          
PAR  Rate of rotation of the frictional member 3,600 rpm
PAR  Some properties of the products are shown in Table I, together with those
      of a crimped yarn prepared by the conventional false twist technique from
      a polyester multifilament yarn of 150 den./72 fil., having a twist of 13
      turns per meter (Control 1).
TBL                Table I                                                     
     ______________________________________                                    
                     Example 4 Control 1                                       
     ______________________________________                                    
     Tensile strength (g/den.)                                                 
                       2.5         4.2                                         
     % of crimping     12          14                                          
     Number of protruding                                                      
                       10          0                                           
     filament ends per cm                                                      
     Number of loops per cm                                                    
                       6           0                                           
     Average length of protruding                                              
                       3.7         --                                          
     filament ends (mm)                                                        
     Number of coils per cm*.sup.1                                             
                       0.3         0                                           
     ______________________________________                                    
      *.sup.1 Number of coils of filaments which coil around the portion M.    
PAC  EXAMPLE 5
PAR  Using an apparatus, as shown in FIG. 3, a polyester multifilament yarn of
      150 den./76 fil., having an S-twist of 600 turns/meter was processed under
      the following conditions:
TBL  Feed speed          75 m/min                                              
     First overfeed      15%                                                   
     Air pressure        4.5 kg/cm.sup.2                                       
     Second overfeed     2%                                                    
     False twist         2,000 t/m                                             
     Temperature of the heater                                                 
                         220.degree.C                                          
     The frictional member                                                     
                         120 mesh                                              
                         carborundum rotor                                     
PAR  The textured yarn so obtained had an appearance like a spun yarn from
      staple fibers, as shown in FIG. 8. The relatively compact crimped portions
      M' had an average length of 28 mm and the blooming, relatively sparce
      crimped portions N' had an average length of 5.3 mm. Tensile strength,
      percent of crimping, average length of protruding filament ends, number of
      coils per cm and number of loops per cm were 2.8 g/den., 10.5 percent 5.3
      mm, 0.5 and 12.3, respectively.
PAC  EXAMPLE 6
PAR  Using an apparatus, as shown in FIG. 3, a polyester multifilament yarn of
      150 den./72 fil. substantially free from any twist was processed under the
      conditions described in Example 4.
PAR  The resultant textured yarn exhibited tensile strength of 2.5 g/den. with a
      percent of crimping of 12 percent, and contained 11.5 protruding filament
      ends/cm on an average with an average length of fibers of 6.5 mm, 4.6
      loops per cm on an average and 0.4 coils of filament on an average.
PAC  EXAMPLE 7
PAR  Using an apparatus, as shown in FIG. 3, a polyester multifilament yarn of
      150 den./72 fil. having a twist of 13 turns per meter was processed under
      the conditions as described in Example 4, except that the frictional
      member was replaced by a coarser carborundum rotor (JIS No. 30) driven at
      4,500 rpm so as to obtain a product substantially free from loops and
      curls and a second overfeed of -5 percent was used instead of -2 percent.
      Tensile strength, percent of crimping, number of protruding filament ends
      per cm of the yarn, number of loops per cm of the yarn and number of coils
      per cm of the yarn were 2.0 g/den., 12 percent, 25 ends/cm (the average
      length of fibers being 8 mm), 0.2 loop/cm and 0.5 coils/cm, respectively.
PAC  EXAMPLE 8
PAR  Using an apparatus, as shown in FIG. 3, a polyester multifilament yarn of
      40 den./24 fil. having a twist of 10 turns per meter was processed under
      the following conditions:
TBL  Feed speed          55 m/min                                              
     First overfeed      10%                                                   
     Air pressure        2.5 kg/cm.sup.2                                       
     Second overfeed     3%                                                    
     False twist         3,500 t/m                                             
     Rate of rotation of the spindle                                           
                         110,000 rpm                                           
     Temperature of the heater                                                 
                         220.degree.C                                          
     The frictional member                                                     
                         carborundum rotor                                     
                         (JIS No. 120)                                         
     Rate of rotation of the                                                   
     frictional member   3,600 rpm                                             
PAR  A textured yarn which had an appearance similar to that of the yarn
      prepared in Example 4 but was finer, was obtained.
PAC  EXAMPLE 9
PAR  Using an apparatus, as shown in FIG. 3, a polyester multifilament yarn of
      75 den./24 fil. having a twist of 15 turns per meter and a polyamide
      multifilament yarn of 70 den./24 fil. having a twist of 13 turns per meter
      were concurrently processed under the following conditions to produce a
      textured mixed yarn: both yarns were fed to the first rollers at the same
      speed of 100 m/min; the first overfeed of 20 percent, the air pressure of
      3.5 kg/cm.sup.2, the temperature of the heater being 180.degree.C, with
      other conditions remaining substantially the same as in Example 4.
PAR  A textured mixed yarn having an appearance similar to that of the yarn
      prepared in Example 4 was obtained. The mixed yarn had the following
      properties: tensile strength of 2.7 g/den., percent of crimping being 14
      percent, 14 protruding filament ends/cm, the average length of fibers
      being 8 mm, 5 loops/cm and 0.6 coils per cm.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for manufacturing a bulky, crimped thermoplastic polymer
      multifilament yarn, which comprises feeding a continuous multifilament
      yarn having a twist less than approximately 800 turns per meter to a high
      velocity fluid jet where a multitude of loops and arches are formed on the
      yarn surface and individual filaments are irregularly entangled with each
      other, and the subjecting the multifilament yarn to a combination of the
      steps of false twisting such that the whole multifilament yarn is false
      twisted, and of passing the multifilament yarn over a friction member
      thereby cutting at least some of the looped and arched filaments on the
      yarn surface to form filament ends.
NUM  2.
PAR  2. The process according to claim 1 wherein said combination of steps of
      false twisting and passing the yarn over the friction member comprises
      false twisting the multifilament yarn and then passing the false twisted
      multifilament yarn over the friction member.
NUM  3.
PAR  3. The process according to claim 1 wherein said combination of steps of
      false twisting and passing the yarn over the friction member comprises
      passing the multifilament yarn over the friction member and then false
      twisting the multifilament yarn.
NUM  4.
PAR  4. The process according to claim 1 wherein said combination of steps of
      false twisting and passing the yarn over the friction member comprises
      passing the multifilament yarn over the friction member in the course of
      false twisting the multifilament yarn.
NUM  5.
PAR  5. The process according to claim 1 wherein said step of feeding comprises
      supplying a multifilament yarn having substantially no twists to the high
      velocity fluid jet at an overfeed rate of 5 to 25 percent.
NUM  6.
PAR  6. The process according to claim 1 comprising creating said high velocity
      fluid jet in a nozzle by supplying thereinto, air with a pressure of 2 to
      7 kg/cm.sup.2.
NUM  7.
PAR  7. The process according to claim 1 wherein said step of passing filament
      yarn comprises passing the yarn over the friction member under a tension
      of at least 0.1 gram per denier.
NUM  8.
PAR  8. The process according to claim 1 wherein said step of passing comprises
      passing the yarn over a friction member in the form of a rotor having a
      sandy surface and rotating at a speed in the range of 500 to 5,000 rpm.
NUM  9.
PAR  9. A yarn made by the process defined in claim 1.
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PAL  An electronic timepiece having a pulse generator for producing a high
      frequency time standard signal for a first divider circuit producing first
      low frequency timing signals in response to said time standard signal with
      logic means controlling said time standard signal in a second divider
      circuit at programmed times for producing second low frequency time
      signals, said first low frequency time signals and said second low
      frequency time signals being connected to comparative means to activate an
      alarm means when aligned.
BSUM
PAC  SUMMARY OF INVENTION
PAR  All electronic digital timepieces have recently found there place among the
      more traditional timepieces, especially in the manufacture of
      wristwatches. Generally speaking such all electronic timepieces employ a
      frequency oscillator for generating a high frequency time standard signal
      for a chip of complementary symmetry divide-down flip-flop tming circuits
      for producing a low frequency timing signal that is continuously counting.
      Such chips are sold by Hughes Aircraft Company and Solitron Devices, Inc.
      under respective part numbers 8216 and CM4120. In addition such chips and
      their internal functioning are disclosed by prior art U.S. Pat. No.
      3,765,163 assigned to the assignee of this invention and U.S. Pat. Nos.
      3,672,155; 3,714,867; 3,721,084; 3,742,699 and 3,760,584 to be within the
      skill of the art in practicing this invention. The only difference of note
      with such prior art chips is with reference to the output frequency
      providing the high frequency time standard signal which difference is a
      matter of design choice also within the skill of the art. These timepieces
      to date have employed either liquid crystals and light emitting diodes
      that display the progression of time by means of appropriate segment and
      digit drivers. In many instances the time display is by demand only to
      permit minimum power requirements of the timepiece, especially with regard
      to such timepieces that are battery powered. These timepieces have means
      to set the electronics in accordance with the accurate time. It is to the
      improvement of these timepieces that this invention is directed. More
      specifically, as it is desirable to provide alarm means for such
      timpieces, it is the intent of this invention to do so by similar
      electronic means whereby the economies and reliability of such
      construction can be equally applied to the addition of an alarm means.
PAR  The timepiece illustrated in U.S. Pat. No. 3,745,761 provides a particular
      example of the timepiece and alarm means with which this invention is
      particularly concerned. In the combination disclosed by U.S. Pat. No.
      3,745,761 there is provided mechanical switch means to pulse an alarm
      circuit of several memory means into a comparator circuit also connected
      to a divider circuit connected to a pulse generator so as to activate an
      alarm means when desired. This structure, although apparently satisfactory
      for its intended purpose, is deficient to the extent of reducing the
      reliability of continued performance to that of the mechanical switch
      means. Furthermore, the necessity in this prior art structure of several,
      four, mechanical switches adds to the expense of manufacture of such a
      timepiece whereby such timepiece can only be a questionably marketable
      item.
PAR  Accordingly, it is an object of this invention to provide a small-sized all
      electronic timepiece provided having display means with an electronic
      alarm circuit which is an improvement over the prior art.
PAR  More particularly it is the object of this invention to utilize logic
      circuitry to mate alarm means with watch means such that the economies and
      reliability of CMOS technology can be employed.
PAR  A further understanding of this and other objects and advantages of this
      invention will be apparent from the following description of the drawing
      whose scope shall be provided by the appended claims.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to the FIGURE there is shown in logic block diagram the
      principal parts of an electronic timepiece according to this invention.
      More particularly, the electronic timepiece is shown to include a tank
      circuit 10 serving as a tank for an inverter in chip 12 to provide a high
      frequency time standard signal. The chip 12 also comprises a binary
      divider chain such as is familiar to those skilled in the art of CMOS
      technology comprised of a decoder and a plurality of divide down circuits
      to generate signals corresponding to units and tens of seconds, minutes,
      hours, days, weeks, and months. The chips 12 and 14 are alike and have
      several pad like connections (not shown) for connection with the several
      leads about their periphery from other elements shown in the drawing
      providing power source and control inputs and pulsing output signals as is
      known by those skilled in the art. More particularly, and starting with
      the lower right bottom corner of chip 12 and reading to the left along the
      bottom there is, as shown, a connection of chip 12 with an input lead from
      tank circuit 10, a connection for a high frequency time signal from chip
      12 to tank circuit 10 and NAND gate 38, a connection with a positive power
      source, and four connections for the four leads to a digit driver 72 one
      of which is connected to an input of exclusive OR gate 36. In continuing
      up the left side of chip 12, as shown by the drawing, and at the left
      upper corner there is provided seven connections each of which provides an
      output for seven separate leads shown connected to separate inputs for
      exclusive OR gates 16, 18, 20, 22, 24, 26, and 28, which leads are further
      shown to be tapped to separate portions of the transmission gates 82 and
      84. Continuing across the top of chip 12 there is shown by the drawing at
      the top right corner thereof a connection for a ground lead that is also
      brought to another connection of the chip 12 on the right side around the
      top corner. At the top right corner is a connection providing a display
      demand normal output signal familiar with those skilled in the art to a
      lead to an input for exclusive OR gate 62 that is tapped also to NAND gate
      48. Concluding down the right side of chip 12 as shown on the drawing a
      connection beneath the ground connection aforedescribed is made for a lead
      to exclusive OR gate 30 that is tapped to a portion of transmission gate
      84 to provide an AM/PM signal set forth in more particularity hereinafter,
      next in descending order on the right side is a connection for a lead from
      a portion of the transmission gate 76 that is operably connected by a lead
      to switch 74 which to those skilled in the art will be recognized as
      providing for an hours minutes demand input to chip 12, thence a
      connection to another portion of transmission gate 76 operably connected
      by a lead to switch 54 as will again be recognized by one-skilled in the
      art as an hours set input, and, finally, a connection for a lead that is
      tapped to a lead from switch 66 connected to NAND gates 58 and 60 that
      will also be readily recognized by a person skilled in the art as a
      seconds-date demand input.
PAR  A similar chip 14 is also provided formed of a similar inverter and divider
      circuits.
PAR  In the drawing chip 14 is in reality a duplicate of chip 12 shown to be
      turned over so that the connections on the right side of chip 12 are on
      the left side of chip 14 and the connections on the left side of chip 12
      are on the right side of chip 14. As can be seen some connections of chip
      12 are left out of chip 14 and some additional connections are utilized
      for chip 14. As for the different connections, there is first on the right
      side adjacent the bottom shown a connection to a lead from exclusive OR
      gate 50 for a reset signal hereinafter described, second there is a
      connection along the bottom, namely that shown to be the first in from the
      bottom right corner, with a lead to the other input of exclusive OR gate
      36 wherby chip 12 and chip 14 may be synchronized within the framework of
      the pulse signals to the digit driver 72 without the need for the other
      connections utilized by chip 12 to leads to the digit driver, thirdly, and
      skipping across the connection on the bottom middle of chip 14 to a lead
      to a positive power source, there is shown an additional connection for
      chip 14 with respect to chip 12 to a lead to a diode bridge circuit shown
      about the left side of chip 14 to a connection at the top left corner to
      thereby provide a 60 cycle pulse to clamp chip 14 to hold selected output
      pulses to exclusive OR gates 16, 18, 20, 22, 24, 26, 28 and 30 on the
      appropriate leads connecting them to chip 14, fourthly, and skipping
      across the connection at the bottom left corner to the lead from NAND gate
      38, there is a connection on the lower left side to the ground lead from
      another connection further up the left side. It should also be observed in
      the drawing that the output connections of chip 14 to the exclusive OR
      gates 16 through 30 are connected to additional transmission gates 78 and
      80 having output leads tapped into output leads of transmission gates 82
      and 84 connected to separate ones of the eight transistor means of the
      segment driver 86 having a common collector-connection to the positive
      power source and individual emitter connections to leads to digital
      display means 88.
PAR  A plurality of exclusive OR gates 16, 18, 20, 22, 24, 26, 28, and 30 are
      connecting chips 12 and 14 in a comparator circuit. As is known to those
      skilled in the art the outputs of chips 12 and 14 to the exclusive OR gate
      16 through 30 tapped, respectively as shown, to transmission gates 82,84
      and 78,80 form the a, b, c, d, e, f, g and AM/PM pulses for segment driver
      86 whereby respective portions of the digital display means 88 are
      activated in accordance with the proper time frame of ds 1, ds 2, ds 3 and
      ds 4 pulses of digit driver 72 also controlled by chip 12 with which chip
      14 is synchronized.
PAR  Signals from exclusive OR gates 16, 18, 20, and 22 are directed to NOR gate
      32, and signals from exclusive OR gates 24, 26, 28, and 30 are directed to
      NOR gate 34.
PAR  NAND gate 38 is connected via inverter 40 to exclusive OR gate 36 and to
      chip 12 and circuit 10. Exclusive OR gate 36 is connected to similar
      outputs of similar circuits within chips 12 and 14. NAND gate 38 provides
      a signal to chip 14 to activate the divider circuit therewithin in
      accordance with signals of circuit 10 under control of exclusive OR gate
      36.
PAR  An alarm, such as a buzzer 42, which could be a miniature speaker or other
      alarm means, is controlled by an alarm logic circuit including NAND gate
      44 controlled by NOR gates 32 and 34 for commanding a signal to invertor
      46 to activate alarm 42 when desired, and through NAND gate 48 and
      exclusive OR gate 50 deactivate chip 14 by resetting it as will be
      discussed hereinafter.
PAR  NAND gate 52 connected to an hours set switch 54 and inverter 56 controls
      the programming of chip 14 in accordance with watch logic circuit
      including control NAND gates 58 and 60 controlled by hours and minutes
      switch 74 and seconds, date demand switch 66 or the latter and exclusive
      OR gate 64. NAND gates 68 and 70 are connected in feedback relationship
      and are driven by NAND gates 58 and 60. In such feedback relationship they
      act as flip-flops to connect either chip 12 or chip 14 through
      transmission gates 78, 80, 82, and 84 to the segment driver 86. The demand
      hours and minutes switch 74 also controls gates 76 in association with
      hours set switch 54. The gates 76, 78, 80, 82 and 84 are constructed
      alike, as shown by the drawing, to include four assemblies of a PNP Fet
      and an NPN Fet connected in parallel with inverted gate connections
      readily familiar to those skilled in the art with gate 76 controlling the
      program-display mode of operation of chips 12 or 14 and the other gates
      78, 80, 82 and 84 controlling segment driver 86. The watch circuitry is
      completed by the use of transmission gates, 78, 80, 82 and 84 connected
      between chips 12 and 14 and segment driver 86 for display 88 also
      connected to digit driver 72.
PAR  As will be familiar to those skilled in the art of binary divider circuits
      like those within chips 12 and 14 transmit digit select pulses in a
      sequence of 4, namely ds1, ds2, ds3, and ds4. The exclusive OR gate 36 is
      connected to chips 12 and 14 to be controlled by the ds1 pulses therefrom.
      By this type of connection chips 12 and 14 operate when ds1's are
      synchronized whereby chip 14 is connected by NAND gate 38 to circuit 10.
      The actual time of the alarm now may be set by operating switches 74 and
      66 momentarily and then switches 74 and 54. This then will program chip 14
      to the desired minutes for activation of the alarm by advancing the
      minutes at a second rate. For setting the hours of chip 14, all that is
      needed, after setting the minutes or after operating switches 74 and 66,
      is to operate switch 54 by itself. During this time and by reason of the
      activation of switches 74 and 66 the gates 68 and 70 prevent interference
      with the count of chip 12. Upon release or deactivation of switches 74 and
      54 chip 14 will be programmed to a desired time and will not be counting.
      By saying not counting is meant that chip 14 is providing pulse signals of
      a preselected order for the a, b, c, d, e, f, g and AM/PM signals
      connected by leads to the exclusive OR gates 16 through 30, which pulse
      signals do not change as their counterparts from chip 12 do as the hours,
      minutes and seconds advance in chip 12. After programming chip 14, an
      activation of switch 66 returns the display 88, which has been activated
      to visually permit recognition of the desired programmed time, to the
      control of chip 12. The comparator logic of exclusive OR gates 16, 18, 20,
      22, 24, 26, 28 and 30 act as comparators all the logic from chips 12 and
      14 including AM and PM. In other words, if the timepiece is a 12 hour, as
      contrasted with a 24 hour watch, it is desirable to have the alarm
      operative only during the AM or PM portion of a day as programmed and this
      is possible because of the comparison of the AM and PM modes for chips 12
      and 14.
PAR  Once the count of chip 12 reaches the programmed time in chip 14 the
      aligned output signals of NOR gates 32 and 34 operate NAND gate 44 to
      activate alarm 42. By this is meant that the pulse signals a through g and
      AM/PM of chips 12 and 14 are synchronized in the proper ds 1, 2, 3 and/or
      4 time frame such that-NOR gates 32 and 34 provide the proper signals to
      NAND gate 44 to activate alarm 42. When chip 12 advances the count to the
      next minute the signal from the comparator circuit stops. This is because
      of the connection of NAND gate 48 not only to the signal from NAND gate 44
      via inverter 46 but to the display demand normal output of chip 12 which
      will change its state after 60 seconds to that of the inverted signal from
      46 to 48 whereby exclusive OR gate 50 is controlled by chip 12 via the
      output of NAND gate 48 will, after 1 minute, which is the time the alarm
      42 operates automatically, reset the chip 14 to 0:00 where it will be
      dormant until reprogrammed. The alarm may be turned off by actuating
      switches 74 or 66 to inquire the time of chip 12 in less than 1 minute, or
      by simultaneous actuation of switches 74, 66 and 54 before the alarm time.
PAR  It may thus be realized that the foregoing takes advantage of the low power
      requirements of CMOS technology and further reduces power requirements by
      rendering the alarm means inactive except when setting (programming) and
      operating for 1 minute or less.
CLMS
STM  Having illustrated and described the invention, I claim and desire to
      protect by Letters Patent:
NUM  1.
PAR  1. An electronic timepiece comprising:
PA1  a means to generate a high frequency time-standard signal;
PA1  a first divider means connected to said means to generate a high frequency
      time standard signal for producing low frequency signals in the form of
      segment driver pulses and digit driver pulses in response to said time
      standard signal;
PA1  segment driver means connected to said first divider means to receive said
      segment driver pulses therefrom;
PA1  digit driver means connected to said first divider means to receive digit
      driver pulses therefrom;
PA1  digital display means connected to said segment driver means and said digit
      driver means for the digital display of time;
PA1  a second divider means connected by a first logic gate means controlled by
      a digit pulse connection from said second divider means and a digit pulse
      connection from said first divider means for delivery of an output to an
      inverter connected to a second logic gate means input having another input
      connection from said means to generate a high frequency time signal such
      that said second divider means may be synchronized with said first divider
      means, said second divider means being also productive of segment driver
      pulses for connections to said segment driver means;
PA1  a diode bridge circuit connection between portions of said second divider
      means to clamp a predetermined order of segment driver pulses to be
      eminating from said second divider means coordinated with a predetermined
      digit driver pulse;
PA1  pure logic comparator means connected between said first divider means and
      said second divider means, said pure logic comparator means comprising a
      plurality of exclusive OR gates having a first input connection of each
      connected to the connections of said first divider means to said segment
      driver means and second input connections to the connections of said
      second divider means to said segment driver means, said exclusive OR gates
      being paired to provide a plurality of first output connections and a
      plurality of second output connections;
PA1  logic switch means including a first NOR gate and a second NOR gate whose
      inputs are connected, respectively, to said first output connections and
      said second output connections of said pure logic comparator means to
      control a NAND gate having its inputs connected to the outputs of said
      first NOR gate and said second NOR gate such that there is produced a
      signal when said first divider means and said second divider means are
      producing comparable pulses in said connections to said segment driver
      means and said exclusive-OR gates; and
PA1  indicator means connected to the output of said NAND gate of said logic
      switch means to be actuated by signals therefrom.
NUM  2.
PAR  2. The structure of claim 1 and further comprising a means connected to the
      output of the NAND gate of said logic switch means to limit the duration
      of the signal therefrom including,
PA1  another NAND gate with input connections one of which is to the first said
      NAND gate of said logic switch means and another of which is to said first
      divider means output connection to gate means controlling the digit driver
      means,
PA1  an exclusive OR gate connected to the output of said another NAND gate and
      having an output connection to said second divider means, and
PA1  a capacitor circuit between said NAND gate and said indicator means and
      said another NAND gate.
NUM  3.
PAR  3. The structure of claim 1 and further comprising means connected between
      said logic switch means and said second divider means to deprogram said
      second divider means upon deactivation of said indicator means.
NUM  4.
PAR  4. The structure of claim 1 and further comprising gate means in a circuit
      between said display means and said first divider means and a means to set
      said second divider means to selectively connect the digital display means
      to said first divider means or said second divider means to visually
      display present time of the timepiece or programmed time for the alarm
      means.
NUM  5.
PAR  5. The structure of claim 2 wherein said exclusive OR gate in said logic
      switch means controlled by said another NAND gate connected to said first
      divider means has its output connected to a master reset of said second
      divider means to deprogram said second divider means upon deactivation of
      said indicator means.
NUM  6.
PAR  6. The structure of claim 2 and further comprising manual switch
      connections to another gate means in a circuit to said first divider means
      and to said second divider means to selectively connect the digital
      display means to said first divider means or said second divider means to
      visually display information of the first divider means or programmed time
      of the second divider means.
NUM  7.
PAR  7. The structure of claim 2 wherein said exclusive OR gate connected to the
      output of said another NAND gate has another input from logic means that
      has connected thereto manual switch means to override the control of the
      duration of the signal from the logic switch means.
NUM  8.
PAR  8. In an electronic timepiece having a tank circuit for a binary divider
      chain operatively connected to segment driver transmission gate means and
      to digit driver means for control of a digital display means selectively
      operable by manual switch means connected by logic means to the binary
      divider chain, the improvement of an alarm means comprising:
PA1  another binary divider chain connected by a synchronization logic circuit
      to said tank circuit for providing information to the segment driver
      transmission gate means from said another binary divider chain that is
      equivalent to that from the timepiece binary divider chain;
PA1  a gate circuit connected between the timepiece binary divider chain and
      said another binary divider chain including a plurality of exclusive OR
      gate means each having an input from the timepiece binary divider chain
      and another input from said another binary divider chain which are paired
      to portions of the transmission gate means to provide a comparator circuit
      means having output signals; and
PA1  alarm means connected by logic gates to said gate circuit to be operable
      whenever said output signals are comparable.
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ABST
PAL  A timepiece having a quartz crystal vibrator serving as a time standard, a
      liquid crystal display, and divider and driving circuits formed from
      COS/MOS transistors dividing the high frequency signal from the vibrator
      into low frequency timing signals for the direct driving of the liquid
      crystal display. The driving circuit includes a COS/MOS inverter directly
      coupled at its output to each liquid crystal display segment.
PARN
PAR  This is a division, of application Ser. No. 223,666, which was filed Feb.
      4, 1972 and is now U.S. Pat. No. 3,828,547.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the construction of quartz crystal timepieces,
      and in particular, to quartz crystal wrist watches incorporating liquid
      crystal display means. It is essential to provide divider and driving
      circuitry which draws a minimum amount of power in order to maximize the
      life of the battery provided in such timepieces. Further, the batteries
      generally provided with quartz crystal timepieces provides voltages within
      the range of 1.2-3.5 volts while the liquid crystal displays generally
      require voltages of 10-30 volts. For this reason, means for stepping up
      the voltage of the battery in the timepiece must also be provided.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a timepiece is
      provided having a quartz crystal vibrator for producing a high frequency
      time standard signal, divider circuit means coupled to said quartz crystal
      vibrator for producing low frequency timing signals from said high
      frequency time standard signal, drive circuit means coupled intermediate
      said divider means and a liquid crystal display means for directly driving
      said liquid crystal display means. Both said divider circuit means and
      said driving circuit means are formed from COS/MOS transistors. Said
      timepiece may be provided with a battery coupled to said vibrator, divider
      and driving circuit means, and liquid crystal display means. A D.C.
      step-up transformer means may be provided intermediate said battery and
      said liquid crystal display means for increasing the voltage applied to
      said liquid crystal display means. All or a portion of said divider and
      driving circuit means may be powered from said step-up transformer means.
PAR  The driving circuit means includes a COS/MOS inverter directly connected to
      each of the liquid crystal display segments for directly driving said
      liquid crystal display segments.
PAR  Accordingly, the object of the invention is to provide a highly accurate
      electronic crystal wrist watch having no moving parts.
PAR  Another object of the invention is to provide a practical electronic wrist
      watch driven by only one or two conventional button-type cells.
PAR  A further object of the invention is to provide means for driving liquid
      crystal displays so as to provide high contrast and stability.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification and drawings.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a block diagram of a first embodiment of the quartz crystal
      timepiece in accordance with the invention;
PAR  FIG. 2 is a block diagram of a second embodiment of the quartz crystal
      timepiece in accordance with the invention;
PAR  FIG. 3a is a circuit diagram of a COS/MOS inverter according to the
      invention;
PAR  FIG. 3b is a timing chart depicting the waveforms of the inverter of FIG.
      3a;
PAR  FIG. 4a is a circuit diagram of a binary divider formed from COS/MOS
      transistors;
PAR  FIG. 4b is a timing chart depicting the input and output waveforms of the
      binary divider of FIG. 4a;
PAR  FIG. 5 is a circuit diagram of one embodiment of a D.C. step-up transformer
      in accordance with the invention;
PAR  FIG. 6 is a circuit diagram of one possible method for driving a liquid
      crystal display device;
PAR  FIG. 7a depicts a circuit diagram of the preferred method of driving liquid
      crystal display devices in accordance with the invention;
PAR  FIG. 7b depicts an array of liquid crystal display segments and the driving
      circuits therefor in accordance with the invention; and
PAR  FIG. 8 is a block diagram of still another embodiment of the quartz crystal
      timepiece in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the quartz crystal timepiece depicted includes a
      pair of cells B such as would be used in conventional electronic wrist
      watches. Such cells could be of the mercury oxide, silver oxide, or Ni-Cd
      type. One or two of such cells are customarily incorporated in electric
      wrist watches, but more than two cells may be incorporated in special
      wrist watches. The cells B supply a low voltage of between 1.2 and 3.5
      volts to oscillator 1, divider means 2 and step-up transformer means 5
      through line LV.
PAR  Oscillator 1 consists of a quartz crystal vibrator adapted to produce a
      high frequency time standard signal. Divider circuit 2 includes a binary
      divider chain for dividing the high frequency time standard signal into
      low frequency timing signals such as a 1-second signal or a 1-minute
      signal. In the embodiment of FIG. 1, where seconds are not displayed, it
      would be sufficient for the binary divider chain to reduce the high
      frequency signal to a 1-minute signal. Said 1-minute signal is applied to
      a series of dividers within divider circuit 2 for producing 10-minute,
      1-hour and 24-hour signals. The liquid crystal display panel 4 provides a
      digital display of the hour and minute by means of a segmented array of
      liquid crystal display segments. For example, each digit of the digital
      display may consist of a seven bar display array, each number from 0 to 9
      being displayed by various combinations of the seven bars. Divider circuit
      2 also includes decoder circuits producing suitable display driving
      signals for driving the appropriate combinations of liquid crystal display
      segments in response to each 1-minute, 10-minute and 1-hour signals.
PAR  The operative signals are transmitted in the circuit of FIG. 1 along the
      path defined by the heavy line from oscillator 1, to divider circuit 2, to
      buffer amplifier 3 for amplifying the decoded signals for application to
      the associated liquid crystal display segments of liquid crystal display
      means 4. The high voltage of 10-30 volts required for driving the liquid
      crystal display device 4 is supplied to the buffer amplifiers 3 through a
      step-up transformer 5 along line HV. By providing the D.C. step-up
      transformer, it is unnecessary to incorporate special cells having higher
      voltages.
PAR  In the embodiment of the circuit in accordance with the invention of FIG.
      2, the operative circuits function in the manner described in connection
      with like circuits of FIG. 1, but step-up transformer 5 is connected
      directly to the battery, and the power to each of oscillator 1, divider
      circuit 2, and buffer amplifier 3 is provided from the high voltage output
      of the D.C. step-up transformer.
PAR  Referring now to FIG. 3, an inverter forming a fundamental unit of COS/MOS
      (metal oxide semiconductor transistors disposed in the complimentary
      symmetry configuration) integrated circuits. The inverter of FIG. 3a is
      formed from a P channel MOS transistor T.sub.1 of the enhancement type and
      a N channel MOS transistor T.sub.2 of the enhancement type. The
      source-drain paths of said two transistors are connected in series between
      power source V.sub.DD and ground. In the stabilized state, the COS/MOS
      inverter of FIG. 3a consumes only leakage current. For this reason,
      COS/MOS integrated circuits formed from such inverters may form micropower
      circuits particularly effective for application in timepieces where power
      consumption must be very limited, such as wrist watches. A timing chart of
      the input voltage and the output voltage of the inverter of FIG. 3a is
      depicted in FIG. 3b.  Said inverter consumes extremely small leakage
      current and has a charging loss equal to 1/2 CV.sub.DD.sup.2 f. Since the
      capacitance C is very small, and since the frequency of f of a electric
      timepiece is relatively low, it is possible to substantially reduce the
      power consumption of the inverter circuit.
PAR  A master-slave type binary divider formed from COS/MOS integrated circuits
      is depicted in FIG. 4a, wherein each of the triangular symbols represents
      a COS/MOS inverter. The divider circuit 2 of FIGS. 1 and 2 would be formed
      from a chain of such binary divider circuits, wherein the output Q and Q
      define the inputs .phi. and .phi. of the next stage of the binary divider
      chain. A timing chart of the input and output voltages of the binary
      divider of FIG. 4a is depicted in FIG. 4b, from which it is apparent that
      each such binary divider circuit produces an output signal of a frequency
      equal to 1/2 the frequency of the input signal applied thereto. The
      frequency divider circuit of FIG. 4a is particularly advantageous when
      applied to timepieces such as watches, since said circuit consumes only
      several nW in normal operation.
PAR  Referring now to FIG. 5, a D.C. step-up transformer corresponding to the
      transformer 5 of the embodiments of FIGS. 1 and 2 is depicted. Said
      transformer consists of a series loop formed from inverters I.sub.1 and
      I.sub.2 and a capacitor C.sub.1. A resistor R.sub.1 is connected in
      parallel with inverter I.sub.1, said circuit defining an astable
      multivibrator. The output of said multivibrator is amplified by the
      inverter I.sub.3 for application to the center tap of a step-up
      transformer winding T. The output pulse voltage of transformer winding T
      is rectified by diode D and filtered by capacitor C.sub.2 to produce a
      D.C. voltage of a value higher than the input voltage applied to inverter
      I.sub.3 by an amount determined by the turns ratio of transformer winding
      T. The output signal of the oscillator or of a divider stage could be
      utilized as depicted in FIG. 8, as the input signal to transformer winding
      T in place of the output signal of the multivibrator if desired.
PAR  FIG. 6 shows one possible driving method for liquid crystal display devices
      wherein an enhancement type MOS transistor is connected with its
      source-drain path connected in series with a liquid crystal display
      segment represented by the equivalent circuit thereof. Said equivalent
      circuit consists of the parallel combination of capacitor C' and a
      resistor R'. Said series connection is connected between a source of
      voltage HV (the high driving voltage output from a step-up transformer)
      and ground. The arrangement of FIG. 6 has proved difficult to precisely
      switch on and off. This results from the fact that the liquid crystal
      display segments incorporated in electric timepieces have extremely high
      impedance (for example, R .gtoreq. 500 M ohms) and the MOS transistor
      permits little leakage current.
PAR  On the other hand, the driving method depicted in FIG. 7a avoids these
      defects through utilization of the characteristics of COS/MOS integrated
      circuits. Said arrangement consists of connecting said liquid crystal
      display segments between the output of a COS/MOS inverter and ground. The
      output impedance of a COS/MOS inverter is low at all times, since one MOS
      transistor is on, and the other is off at all times. Further, the power
      consumption of the COS/MOS inverter is extremely low. For this reason, the
      leakage current required for switching each driving MOS transistor on and
      off is not as critical, while on the whole, if the power consumption of
      the COS/MOS integrated circuit is limited, such leakage current may be
      sufficient. The arrangement of FIG. 7a permits the switching of high
      impedance liquid crystal display segments and insures a clear contrast in
      said display segments.
PAR  A seven bar segmented display formed from liquid crystal display segments
      is depicted in FIG. 7b. The liquid crystal device would consist of a pair
      of plates, the seven segmented bars being deposited as electrodes on the
      inner surface of one of said plates while a common electrode is deposited
      on the inner surface of the other of said plates. Liquid crystal material
      would be retained in the space between said plates. In the embodiment of
      FIG. 7b, at least the upper plate bearing the segmented electrodes and
      said segmented electrodes would be formed of transparent material. The
      common electrode is connected to ground, while each of the seven segments
      are connected to the output of a COS/MOS inverter. When a signal is
      applied to a particular inverter, the region of the liquid crystal
      material intermediate the segment associated therewith and the common
      electrode is rendered visible by the action of the applied voltage on the
      liquid crystal material to provide a visible display. The high voltage is
      applied to the seven driving inverters, the segmented electrodes being
      connected directly to the output terminals of their respective inverters.
PAR  The arrangement according to the invention as described above provides an
      electronic step-up voltage transformer permitting the use of the
      conventional low-voltage cells in electric timepieces and further
      providing a COS/MOS direct driving circuit for liquid crystal display
      segments which permit certain switching of the high impedance liquid
      crystal elements. These features contribute to the provision of a
      practical and highly reliable quartz crystal watch unavailable from
      conventional watch constructions.
PAR  It will thus be seen that the objects set forth above, and those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A timepiece comprising timekeeping circuit means for producing low
      frequency timing signals in response to a high frequency time standard
      signal; liquid crystal display means for the digital display of time;
      driving circuit means intermediate said time keeping circuit means and
      said liquid crystal display means for producing driving signals in
      response to said timing signals for driving said liquid crystal display
      means; battery voltage source means for producing a low voltage for
      powering said timekeeping circuit means; and D.C. step-up transformer
      means for producing a high voltage from a low voltage for application to
      said driving circuit means as a power signal, said D.C. step-up
      transformer means having an input supplied with an oscillatory low voltage
      signal by said timekeeping circuit means, whereby said driving signals are
      of a high voltage.
NUM  2.
PAR  2. A timepiece is recited in claim 1, wherein said timekeeping circuit
      means includes a quartz crystal vibrator means for producing a high
      frequency time standard signal and divider circuit means for producing the
      said timing signals from said time standard signals, said divider circuit
      means and driving circuit means both being formed of COS/MOS integrated
      circuits.
NUM  3.
PAR  3. A timepiece as recited in claim 1, wherein said D.C. step-up transformer
      means includes transformer winding means having a high voltage output and
      a low voltage input, and rectifier means connected to said high voltage
      output for producing said D.C. high voltage.
NUM  4.
PAR  4. A timepiece as recited in claim 1, wherein said driving circuit means
      includes COS/MOS inverter means having outputs directly connected to said
      liquid crystal display means for driving said liquid crystal display
      means.
NUM  5.
PAR  5. A timepiece as recited in claim 4, wherein said liquid crystal display
      means includes a plurality of segmented digital arrays, one of said
      COS/MOS inverters being associated with each segment of each array for
      application of a driving signal thereto.
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ABST
PAL  This invention relates to an electromechanical pumping and fuel metering
      means interfacing an electronic fuel control adapted for small engines. A
      centrifugal engine driven pump and electrically driven pump are combined
      such that the electrically driven pump pressurizes the fuel at low crank
      up speeds and continuously meters fuel to the burner section and the
      centrifugal pump pressurizes the fuel at all other times, so as to utilize
      the centrifugal pump during its high efficiency regime and the
      electrically driven pump when the centrifugal pump is not at its high
      efficiency regime.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fuel pressurizing and metering means for a small
      high speed turbine type of power plant and particularly to the
      electromechanical interface of an electronic fuel control suitable for
      missile or automotive applications.
PAR  As is well known in the art centrifugal gas turbine engine pumps have not
      heretofore been feasible because they require high cranking speeds to
      provide sufficient fuel system pressurization for starting the engine. It
      is also well known that where a centrifugal pump is directly driven by the
      engine, such a pressurization system employs a positive displacement pump
      for low engine cranking speed and requires a mechanical reduction drive.
      Additional attempts of hybrid pumping systems have employed a positive
      displacement pump for cranking in conjunction with a mechanical or
      hydraulic decoupler. The mechanical drive reduction necessitated by the
      positive displacement pump or the mechanical hydraulic coupling devices
      are not only expensive but they are also complex and heavy which add to
      the overall weight of the aircraft. Obviously, in aircraft applications
      any additional weight introduces a penalty to the system and hence,
      adversely affects the payload.
PAR  We have found that we can take advantage of the pressurization capabilities
      of the centrifugal pump by combining it with an electrically driven
      positive displacement pump for obtaining both starting and metering
      capabilities. The electric driven positive displacement pump speed becomes
      proportional to the desired fuel flow and thereby becoming the metering
      element. Motor driven pumps have not been conducive to system
      miniaturization in the past because the motor required two to three
      horsepower to deliver two gallons per minute at 800 or 900 pounds per
      square inch absolute. According to this invention the centrifugal pump is
      utilized to provide pressure thereby reducing the work required by the
      metering pump drive motor to a small fraction of the horsepower since the
      pressure load is reduced to essentially fuel line losses.
PAR  According to this invention the centrifugal pump is utilized in combination
      with either a piezoelectric driven metering pump or an electrical motor
      driven pump which may be of the vane type.
PAR  In both instances the metering becomes an integral part of the electronic
      control systems which meters fuel as a function of the output of the
      electronic control which serves to regulate fuel as a function of the
      demands of the engine requirement.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide interfacing of the electronic
      fuel control with electromechanical means for pressurizing and metering
      fuel to engine.
PAR  A still further object of this invention is to provide for a small engine
      which may be adapted for missile or automotive applications, combined
      centrifugal and positive displacement pumps which serve as both pumping
      and metering means.
PAR  A still further object of this invention is to provide means interfacing
      the electronic control for delivering fuel to the engine at a required
      pressure which includes a centrifugal engine driven pump and an electric
      motor driven or a piezoelectric driven metering pump.
DRWD
PAR  Other features and advantages will be apparent from the specification and
      claims and from the accompanying drawings which illustrate an embodiment
      of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of this invention, and
PAR  FIG. 2 is another schematic illustrating a second embodiment of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Essentially this invention is concerned with the interface between the
      electronic control for a turbine type of power plant and the means for
      delivering fuel to the combustion section of said power plant. As can be
      seen by referring to FIG. 1 a suitable turbine type power plant generally
      illustrated by numeral 10 is supplied fuel by the schematically
      illustrated fuel control generally illustrated by numeral 12 to produce
      the amount of thrust or horsepower for its given application. It is to be
      understood that the power plant can be utilized in aircraft, missile,
      automotive, marine or industrial applications. As schematically
      illustrated an electronic computer illustrated in blank by reference
      numeral 14 serves to measure a plurality of engine operating parameters
      including the power lever 15 in order to obtain proper engine operating
      conditions and guard against the usual undesirable conditions, as surge,
      rich and/or lean blowout, over temperature, etc. Inasmuch as suitable
      electronic fuel controls are known in the art the detailed description
      thereof is omitted herefrom for the sake of clarity and simplicity. An
      example of a suitable electronic control is shown in U.S. Pat. No.
      3,606,754 granted to Albert H. White on Sept. 21, 1973 entitled "Hybrid
      Fuel Control" to which reference should be made. This invention is
      primarily concerned with the interface between the electronic control and
      the hydromechanical elements required to meter the fuel into the burner
      section of the engine in response to the control. While this particular
      invention is basically suitable for a small engine in the 50,000 to 75,000
      rpm or in a higher class which is particularly adapted for automobiles and
      missile applications it is not necessarily limited thereto.
PAR  The invention basically comprises an engine driven centrifugal pump 16, a
      suitable metering pump, which in this instance is an electrically driven
      vane type of pump generally illustrated by numeral 18, and pressure
      regulator 20. Fuel from reservoir 22, is delivered to the burner section
      (not shown) of the power plant 10 via line 24, centrifugal pump 16,
      pressure regulating valve 20, line 26, and metering pump 18.
PAR  Pressure regulating valve 20, which may take any suitable form serves to
      maintain the pressure drop across the vane pump 18 at a constant value.
      Thus, spool 28 having one face exposed in chamber 30 and the opposing face
      exposed in chamber 32 is balanced by the pressure upstream and downstream
      of vane pump 18 admitted thereto via lines 34 and 36 respectively. It is
      apparent that the size of spring 38, disposed in chamber 32 and urging
      spool 28 in an upward direction determines the value of the constant
      pressure drop across vane pump 18 and adjusts metering orifice 40 to
      maintain this value.
PAR  In accordance with the present invention the system is designed to permit
      the vane pump 18 to pressurize the fuel to the required value during
      engine start up until idle speed is reached. During starting, pressure
      regulating valve 28 will be saturated full open due to insufficient
      centrifugal pump delivery pressure and fuel flow is metered to the engine
      in proportion to the rotational speed of vane pump 18. As soon as idle is
      obtained and between idle and maximum speed the centrifugal pump will be
      at sufficient speed to cause it to pressurize the fuel and the pressure
      regulating valve will begin to close off so that the pressurization
      initially provided by vane pump 18 will become ineffectual. Hence speed of
      vane pump 18 will serve to meter the flow of fuel to the engine, bearing
      in mind that the speed of vane pump 18, driven by electric motor 42, is
      controlled by the electronic controller 14.
PAR  The solenoid operated shut-off valve 44 is, prior to starting, in the
      closed position and remains closed until the pressure of the fuel reaches
      a predetermined value, say 10 psig. Obviously, solenoid valve 44
      preferably is operated by controller 14 as one of its normal functions.
PAR  In the event of a malfunction, such as an electrical power loss a bypass
      line 46 and solenoid valve 48 may be incorporated to assure that fuel flow
      is maintained at a minimum value. In this instance valve 48 would be
      de-energized and spring loaded open and fuel would be shunted around vane
      pump 18. The pressure regulating valve 20 would maintain a constant
      pressure drop across valve 48 and hence the flow therethrough would be
      dictated by the size of its opening.
PAR  FIG. 2 exemplifies another embodiment utilizing this invention and is
      basically similar to the system shown in FIG. 1 but differs primarily
      therefrom by using a piezoelectric driven pump. As can be seen from FIG.
      2, the mechanical interface includes centrifugal pump 100, pressure
      regulating valve 102, piezoelectric pump 104, solenoid shutoff valve 106,
      bypass line 108 and solenoid bypass valve 110, all functioning identically
      to what was described in the system described in FIG. 1.
PAR  The piezoelectric drive is a high-force, low-displacement device formed by
      stacking a plurality of piezoceramic discs 112 bearings against spring
      loaded piston 114. The piezoelectric material of the discs 112 may be
      those that exists in nature, as for example Quartz or Rochelle salts, or
      may be formulated from as for example barium titanate, lead zirconate
      titanate, etc. The force is derived by applying a strong electric field
      along one axis of the polycrystalline discs biasing the crystals to align
      their longest axis with the direction of the field. Since many crystals
      are involved, the alignment is statistically influenced and the
      strain-field response tends to be linear rather than by step function.
PAR  Barium titanate and lead zirconate titanate fabricated discs have
      demonstrated that normal unrestricted strains of 0.002 in./in. are
      developed with applied field strengths of 50 KV/in. The unrestricted
      strain is reduced according to Hookes's law in the case where the
      expansion is restricted. With a Young's Modulus of 5 .times. 10.sup.6 psi
      a strain of 0.001 in./in. can be achieved against a compressive stress of
      5000 psi.
PAR  The discs 112 are fabricated to sandwich the piezoceramic material with an
      electro conductive coating. When a dc voltage is applied across the disc,
      the material develops a strain in the direction of application of the
      electric field. Thus the stack of discs generate a high force intensity
      with a minute displacement.
PAR  This work may be converted into large-displacement, low-force motion by
      either mechanical or hydraulic amplifiers. In this embodiment the
      amplification is obtained hydraulically by plunger 116 having one end 118
      exposed to fluid acted on by piston 114. Thus, movement generated by
      exciting the piezoelectric stack 112 displaces piston 114 which in turn
      drives plunger 116. The opposite end bears against the spring loaded
      pumping and metering element 120 for pumping and/or metering fuel in the
      same manner as was done by the vane pump described in connection with FIG.
      1.
PAR  Check valve 122 keeps the fluid acting on plunger 118 at the proper level.
      Thus, it communicates with both the main metering passages and the bypass
      line 108 depending on which one is delivering fuel to the engine.
PAR  Thus, the positive displacement pumping action of the piezoelectric piston
      120 provides starting flow and as in the case of FIG. 1, the engine driven
      centrifugal pump provides the required fuel pressurization between idle
      and maximum speed.
PAR  Regulating valve 102 and pressure available from the centrifugal pump 100
      between idle and maximum speed are used to allow further electrical power
      reductions. This is accomplished by using the piezoelectric actuated
      piston 120 as a pulse-width-modulated metering valve between idle and
      maximum speeds. The pumping and metering action can be illustrated by
      assuming the metering piston pump relief valve 130 to be set by spring 132
      at 10 psi and pressure regulating valve 102 at 50 psi. During starting,
      regulating valve 102 will be saturated full open due to insufficient
      centrifugal pump delivery pressure and fuel flow is metered to the engine
      in proportion to the cyclic rate of metering piston 120. At speeds between
      idle and maximum centrifugal pump 100 will have sufficient pressure to
      cause piston relief valve 130 to saturate full open when the piston inlet
      port is open. The inlet and outlet sizes, in conjunction with the pressure
      regulating valve, will enable the engine to receive maximum flow as long
      as the piezoelectric pump is not energized. If the pump is energized the
      flow will drop to zero, thus enabling flow to be modulated by varying the
      pulse width of a constant frequency pulse train. By operating at one to
      two hundred cycles per second, the engine and regulating valve will
      respond to the average flow defined by the pulse width (i.e., valve open
      10 percent of cycle duration will result in average flow of 10 percent of
      maximum). Electrical power for the piezoelectric device would become
      dependent upon the maximum starting flow and pump and line losses since
      maximum flow will require no electrical power to the piezoelectric stack
      112. It is estimated that with 100 pph maximum light up flow and 20 psi
      rise for the pump, 15 watts of electrical power would be required.
      Switching from cyclic rate modulation to pulse width modulation for flow
      would be accomplished by the electronic controller at a predetermined
      engine speed near idle.
PAR  It should be understood that the invention is not limited to the particular
      embodiments shown and described herein, but that various changes and
      modifications may be made without departing from the spirit or scope of
      this novel concept as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fuel metering system cooperating with an electronic fuel control
      adapted to monitor and select the fuel flow of a turbine type of power
      plant, the combination including a source of fuel, fuel connecting means
      interconnecting said source and said power plant, a power plant driven
      centrifugal pump in said fuel connecting means, an electrically driven
      displacement type of pump responding to said electronic control disposed
      in said fuel connecting means in series flow relationship to said
      centrifugal pump, said displacement type of pump pressurizing the fuel
      delivered by said centrifugal pump when the power plant is operating below
      a predetermined power plant operating parameter and continuously metering
      said fuel, and said centrifugal pump solely pressurizing said fuel when
      the power plant is operating above said predetermined power plant
      operating parameter.
NUM  2.
PAR  2. A fuel metering system cooperating with an electronic fuel control
      adapted to monitor and select the fuel flow of a turbine type of power
      plant, the combination including a source of fuel, fuel connecting means
      interconnecting said source and said power plant, a power plant driven
      centrifugal pump, a piezoelectrically activated displacement type of pump
      disposed in series flow relationship to said centrifugal pump responding
      to said electronic control, both of said pumps being disposed in said fuel
      connecting means, said displacement type of pump pressurizing the fuel
      when the power plant is operating below a predetermined power plant
      operating parameter and metering said fuel above said predetermined power
      plant operating parameter, and said centrifugal pump solely pressurizing
      fuel when said displacement pump is in the metering condition of
      operation.
NUM  3.
PAR  3. A fuel metering system as claimed in claim 2 including a pressure
      regulating valve for maintaining the pressure drop across said
      displacement type of pump at a constant value.
NUM  4.
PAR  4. A fuel metering system as claimed in claim 3 including a bypass line for
      bypassing flow of fuel around said displacement pump and means to render
      said bypass line inoperative.
NUM  5.
PAR  5. A fuel metering system as claimed in claim 4 including a solenoid
      activated shutoff valve disposed in said bypass line and means for
      actuating said solenoid to position said valve to an open position whereby
      the flow of fuel bypasses said positive displacement pump.
NUM  6.
PAR  6. A fuel metering system as claimed in claim 2 wherein said piezoelectric
      motor actuates a hydraulic amplifier for imparting a large stroke from the
      small high force displacement of the piezoelectric motor.
NUM  7.
PAR  7. In a gas turbine power plant having a source of fuel and means for
      delivering a predetermined amount of fuel to the power plant including an
      electronic fuel control monitoring the engine operating parameters to
      produce an output signal, said means including an engine driven
      centrifugal pump and an electrically driven positive displacement pump
      disposed in series flow relationship downstream of said centrifugal pump,
      pressure regulating means responsive to the pressure up and downstream of
      said positive displacement pump for maintaining the pressure drop
      thereacross at a constant value, means responsive to said output signal
      for driving said positive displacement pump whereby a) during start up
      said positive displacement pump both pressurizes and meters said fuel and
      said pressure regulating means is full open such that said centrifugal
      pump operates without imparting a pressure to said fuel, and b) upon
      reaching a predetermined power plant speed said positive displacement pump
      meters fuel in response to said output signal and said centrifugal pump
      pressurizes said fuel.
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ABST
PAL  An improved fuel injection apparatus is provided to uniformly disperse a
      low pressure fuel in a highly atomized manner for introduction into a
      combustion apparatus. The fuel injection apparatus of this invention
      employs a system of counter-rotating air swirl means disposed about a
      shroud member whereby the primary atomizing forces are the high shear
      stresses developed at the confluence of the counter-rotating air streams
      and the greater velocity and uniformity at which the fuel is dispersed
      within the shroud provides for a substantially increased atomization
      efficiency.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is being filed concurrently with application Ser. No.
      395,606 by Enrico Salvi, assigned to the instant assignee, which discloses
      and claims a generic invention of which the invention disclosed and
      claimed herein is a species thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved fuel injection apparatus and, more
      particularly, to an improved fuel injection apparatus for uniformly
      atomizing and dispersing fuel supplied to a combustion chamber.
PAR  Fuel injection into a continuous flow combustion chamber as, for example,
      in a gas turbine engine has posed continuing design problems. Difficulties
      have been encountered in injecting fuel in a highly dispersed manner so as
      to achieve complete and efficient combustion of the fuel and at the same
      time minimize the occurrence of fuel rich pockets which, upon combustion,
      produce carbon or smoke. Fuel injection difficulties have been further
      complicated by the recent introduction of gas turbine engines having
      increased combustor pressure and inlet temperature capabilities. Existing
      fuel spray atomizer efficiency decreases as combustor pressure is
      increased, resulting in a more non-uniform dispersion of fuel, together
      with an increase in the fuel rich zones within the combustion chamber.
      Such zones cause reduced burner efficiency, excessive exhaust smoke, and a
      non-uniform heating of the combustor shell, a condition commonly referred
      to as hot streaking, which can lead to rapid deterioration of the shell.
PAR  Increasing the fuel pressure to spray atomizers has been suggested as one
      possible solution. However, the increased weight of a high pressure pump,
      together with the increased propensity of leaking the volatile high
      pressure fuel, imposes such a high risk as to make the use of high
      pressure pumps unlikely, at least within the immediate future.
PAR  Recently suggested atomizers for use with low pressure fuel have employed a
      system of counter-rotational primary and secondary swirl vanes. Some
      systems have suggested that a fuel/air mixture be introduced upstream of
      the swirl vanes, whereupon the fuel becomes subsequently atomized upon
      shearing of the liquid fuel droplets from the swirl vanes. However, such
      atomizers have been found on occasion to accumulate carbon between the
      swirl vanes when the inlet airflow and fuel to the atomizer are heated.
      Present emphasis has centered on developing a system whereby a flow of
      fuel is introduced within a system of counter-rotational primary and
      secondary swirl vanes. The fuel is then efficiently atomized by the high
      shear forces developed at the confluence of the counter-rotating air
      streams.
PAR  Therefore, it is a primary object of this invention to provide a fuel
      injection apparatus that will uniformly disperse a low pressure fuel in a
      highly atomized manner for introduction into a combustion apparatus and
      thus improve upon the performance of the fuel injection apparatus
      disclosed by Enrico Salvi which itself represents a substantial
      improvement over prior art devices,
PAR  It is also an object of this invention to provide a fuel injection
      apparatus employing a system of counter-rotating swirl means disposed
      about a shroud member whereby the primary atomizing forces are the high
      shear stresses developed at the confluence of the counter-rotating air
      streams.
PAR  It is also an object of this invention to provide a fuel injection
      apparatus employing a system of counter-rotating swirl means disposed
      about a shroud member whereby the velocity and uniformity at which the
      fuel is dispersed within the shroud may be substantially increased for
      greater overall atomization efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects and advantages will be more clearly understood from
      the following detailed description and drawings, all of which are intended
      to be representative of, rather than in any way limiting on, the scope of
      invention.
PAR  The fuel injection apparatus of this invention includes a fuel injector
      having a cylindrical housing. A tubular body is centrally disposed within
      the cylindrical housing and spaced apart therefrom so as to define a first
      annular air passage therebetween. Fuel swirl means are disposed within the
      tubular body in order to impart a swirl to an inlet stream of fuel, with
      the interior surface of the tubular body converging to a minimum diameter
      orifice downstream from the swirl member and thereafter diverging
      outwardly terminating in a transverse edge and generally defining a
      venturi. Primary swirl means having a plurality of circumferentially
      spaced apart swirl vanes are disposed intermediate the tubular body and
      cylindrical housing for swirling an inlet flow of air in the same
      direction as the fuel swirl. A generally cylindrical primary shroud is
      coaxially spaced downstream from the fuel injector and defines a central
      core air passage therethrough. Secondary air swirl means are disposed
      intermediate the injector and primary shroud to impart a circumferential
      swirl component to the flow through the core wherein the secondary swirl
      component is in the same circumferential direction as the fuel swirl and
      primary air swirl. Tertiary air swirl means are disposed downstream of the
      secondary air swirl means and impart a circumferential swirl component in
      the direction opposing that of the secondary swirl means such that fuel
      reaching the downstream end of the primary shroud is atomized by the shear
      stresses developed by the counter-rotating aerodynamic forces at the
      confluence of the secondary and tertiary swirls.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be better understood upon reading the following
      description of the preferred embodiment in conjunction with the
      accompanying drawings.
PAR  FIG. 1 shows a partial cross-sectional view of a typical combustion chamber
      of the type suitable for a gas turbine engine and including the fuel
      injection apparatus of this invention.
PAR  FIG. 2 is an enlarged cross-sectional view in perspective of the fuel
      injection apparatus shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and particularly to FIG. 1, a continuous
      burning combustion apparatus of the type suitable for use in a gas turbine
      engine has been shown generally at 10 as comprising a hollow liner 12
      defining an annular combustion chamber 14 therein. The hollow liner 12
      includes a transverse upstream dome 16 formed integral therewith and
      having a plurality of openings 18 circumferentially spaced apart about the
      engine axis, wherein each opening receives an improved fuel injection
      apparatus 20 of this invention. The upstream dome 16, together with the
      improved fuel injection apparatus 20, define the upstream end of the
      combustion chamber 14. The transverse upstream dome 16 may also include a
      plurality of louvers therethrough which are not shown in the drawings. As
      will be understood by those skilled in the art, the combustion chamber 14
      may also be of the cannular type.
PAR  An outer shell 22 is provided around the hollow liner 12 and in cooperation
      with the hollow liner defines outer and inner passages 24 and 26. As will
      be understood by those skilled in the gas turbine art, the passages 24 and
      26 are adapted to deliver a flow of pressurized air from a suitable
      source, such as a compressor 28, into the combustion chamber 14 through
      suitable apertures or louvers 30. The pressurized air is delivered from
      the compressor 28 through a plurality of circumferentially spaced apart
      outlet guide vanes 32 whereupon the air is divided between the outer and
      inner passages 24 and 26 with a portion of the airflow entering the fuel
      injection apparatus 20. The pressurized air then cools the hollow liner 12
      and dilutes the gaseous products of combustion as is well known in the
      art.
PAR  Referring now to FIG. 2 in conjunction with FIG. 1, the improved fuel
      injection apparatus of this invention has been shown generally at 20 as
      including a fuel injector 34 having a cylindrical housing 36 with a
      tubular body 38 centrally disposed therein so as to define an annular air
      passage 40 therebetween. The upstream end of the tubular body 38 connects
      to a fuel delivery conduit 46 for receipt of an inlet flow of fuel.
      Centrally disposed within the tubular body 38 is a swirl member 42 which
      includes at least one slot 44 disposed at an angle to the axis of the
      tubular body. Downstream from the swirl member 42, the interior surface 50
      of the tubular body 38 converges to a minimum diameter orifice at 48 and
      thereafter diverges outwardly, terminating in a sharp edge 52 so as to
      generally define a venturi. A primary air swirl means shown generally at
      51 and comprising a plurality of circumferentially spaced apart swirl
      vanes 54 is disposed intermediate the tubular body 38 and the cylindrical
      housing 36 at the inlet to the annular air passage 40. It is preferred
      that the inner and outer surfaces of the annular air passage 40 converge
      conically inward to a minimum cross-sectional area and then diverge
      conically outward so as to define a second venturi coaxially disposed
      about the first venturi. It is also preferred that the aft edge 52 of the
      tubular body 38 be co-planar to the aft edge 53 of the cylindrical housing
      36 for reasons which will become apparent from the following discussion.
PAR  A generally cylindrical primary shroud member 56 is coaxially spaced
      forward of the fuel injector 34 so as to define a cylindrical core air
      passage 57 therethrough. Secondary air swirl means shown generally at 58
      are provided by a plurality of circumferentially spaced swirl vanes 60.
      The swirl vanes 60 are maintained in circumferentially spaced relation by
      disposition between a first radially extending circumferential wall member
      62 which is concentric to the fuel injector 34 and a second radially
      extending circumferential wall member 64 which may be formed integral with
      the forward end of the primary shroud 56. The secondary air swirl means 58
      imparts a swirl component to the radial inflow of air from the compressor
      28 wherein the air swirl is in the same circumferential direction as that
      imparted by the primary swirl means 51 and the swirl member 42. Air from
      the secondary swirl means 58 is injected radially inward relative to the
      annular air passage 40 to enhance the centrifuging of the fuel/air mixture
      emanating from the fuel injector 34. The primary shroud 56 terminates at
      its downstream end in a generally transverse circumferential edge 59 so as
      to define the core outlet.
PAR  Tertiary air swirl means 76 are provided by a plurality of
      circumferentially spaced swirl vanes 78 in order to impart a
      counter-rotating swirl to the radial inflow of air from the compressor 28.
      The airflow emanating from the tertiary swirl means is in the
      circumferential direction opposing the airflow from the primary and
      secondary swirl means. A generally cylindrical tertiary shroud 80 of
      larger diameter than the primary shroud 56 circumscribes the primary
      shroud in general coaxial alignment therewith so as to define an annular
      secondary core 82. The swirl vanes 78 are maintained in circumferentially
      spaced relation by disposition between the second circumferential wall
      member 64 and a third radially extending circumferential wall member 84
      formed integral with the forward end of the secondary shroud 80.
PAR  In order to insure a near uniform velocity and pressure profile for the
      radial inflow of air to the secondary and tertiary swirl means, there is
      provided a mini cowling shown generally at 68. The mini cowling 68
      includes an outer cylindrical wall 70 in connection to the outer periphery
      of the second radially extending circumferential wall 64, together with a
      fourth radially extending circumferential wall member 72 which
      cooperatively defines first and second annular plenums 66 and 86
      respectively. Wall member 72 is spaced radially apart from wall member 62
      so as to define an annular opening 74 therebetween which admits
      pressurized airflow from the compressor 28 to the first plenum 66. The
      airflow entering plenum 66 is rapidly diffused so as to substantially
      reduce the variation in velocity and pressure of the inlet airflow to the
      swirl vanes 60. In like manner, the cylindrical wall 70 is spaced apart
      from the third wall member 84 to define a second annular opening 88 for
      the admission of pressurized airflow from the compressor 28 to the plenum
      86. The flow entering plenum 86 is also rapidly diffused so as to reduce
      the variation in the pressure and velocity of the airflow entering the
      swirl vanes 78.
PAR  In operation, liquid fuel, which need not be highly pressurized, is
      delivered to the fuel injector 34 through the fuel delivery conduit 46.
      Fuel entering the tubular body 38 is swirled in a clockwise direction by
      the swirl member 42 as referenced from a point upstream of the fuel
      injector 34. The velocity of the swirling fuel leaving the swirl member 42
      is initially accelerated by the venturi action of the tubular body 38,
      whereupon the fuel droplets then diverge outward in a vortical flow which
      films the interior surface 50 of the tubular body 38. The vortical
      airflows emanating from the primary swirl vanes 54 and the secondary swirl
      vanes 60 are in the same clockwise circumferential direction as the
      vortical fuel flow filming the interior surface of the tubular body 38.
      Thus, fuel reaching the circumferential edge 52 is sheared therefrom and
      accelerated within the core air passage 57 by the coaction of the vortical
      airflows emanating from the primary swirl and secondary swirl means.
PAR  Whereas the vortical airflows from the primary and secondary swirl vanes
      are in the same circumferential direction as that of the fuel flow
      reaching the circumferential edge 52, there is an increase in the
      rotational velocity imparted to the fuel emanating from the injector 34.
PAR  Although the exact dispersion of fuel within the core air passage 57 is
      very often difficult to predict with great precision, it is believed that
      a greater portion of the liquid fuel sheared from the circumferential edge
      52 is centrifuged radially outward by the co-action of the vortical
      airflows emanating from the primary and secondary swirl means into direct
      impingement on the interior surface of the primary shroud 56. Impinging
      fuel forms a swirling film of liquid fuel on the interior surface of the
      primary shroud and travels axially downstream in the direction of the
      transverse circumferential edge 59 of the primary shroud 56. A tertiary
      counter-rotating vortical airflow emanates from the tertiary swirl vanes
      78 in a counter-clockwise direction as also referenced from a point
      upstream of the fuel injection apparatus 20. Fuel reaching the transverse
      circumferential edge 59 of the primary shroud 56 is highly atomized by the
      high aerodynamic shear stresses developed at the confluence of the
      counter-rotating vortical airflows. A conical area of turbulent airflow
      exists on the boundary shown generally by the phantom line 90 between the
      counter-rotating vortical airflows and acts to even further disperse the
      atomized fuel droplets. It should be readily appreciated that the above
      described clockwise and counter-clockwise directions have been only
      arbitrarily established and could be respectively reversed.
PAR  It is believed that the majority of atomized fuel droplets are centrifuged
      into the outer vortical flow shown generally at 94 from where they are
      driven generally outward toward the hollow liner 12. The high differential
      velocity component between the counter-rotating vortical flows permits a
      high relative velocity component for the fuel droplets without having to
      accelerate the fuel droplets to such a high absolute velocity. As will be
      understood by those skilled in the art, a suitable igniter 92 is provided
      within the combustion chamber 14 to provide initial ignition of the
      combustible air/fuel mixture discharged from the fuel injection apparatus
      20. The core of the vortical flow discharged from the fuel injection
      apparatus 20 remains at a reduced pressure thereby entraining a portion of
      the hot products of combustion so as to cause a recirculation thereof and
      maintain continuous ignition within the combustion chamber 14.
PAR  It is believed that the improved atomization of fuel by the fuel injection
      apparatus of this invention is attributable to the increased velocity and
      uniformity at which the fuel films the interior surface of the primary
      shroud 56. Increased velocity is imparted to the fuel sheared from the
      edge 52 by the co-action of the primary swirl means and secondary swirl
      means, both of which receive high velocity pressurized air from the
      compressor 28. The interior venturi of the tubular body 38 and the venturi
      shape of the air passage 40 operate to disperse the fuel in a uniform
      vortical flow such that the spiraling trajectory of each fuel droplet
      leaving the injector 34 intersects the interior surface of the primary
      shroud 56 at a near tangential angle. In this manner a higher velocity may
      be imparted to the swirling film of fuel which is applied to the interior
      surface of the primary shroud 56. The co-planar arrangement of the
      transverse circumferential aft edges 52, 53 of the tubular body 38 and
      cylindrical housing 36 and the diverging of the downstream end of the air
      passage 40 conically outward also operate to minimize the accumulation of
      carbon, the buildup of which could cause a decrease in the inlet airflow
      through the swirl vanes, eventually decreasing atomization efficiency.
PAR  Accordingly, while a preferred embodiment of the present invention has been
      depicted and described, it will be appreciated by those skilled in the art
      that many modifications, substitutions, and changes may be made thereto
      without departing from the invention's fundamental theme.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel injection apparatus comprising:
PA1  a fuel injector having a cylindrical housing, a tubular body centrally
      disposed within the cylindrical housing and spaced apart therefrom so as
      to define a first annular air passage therebetween, fuel swirl means
      disposed within the tubular body for imparting a swirl to an inlet stream
      of fuel wherein the interior surface of the tubular body converges to a
      minimum diameter orifice downstream from the swirl member, and thereafter
      diverges outwardly terminating in a transverse edge so as to generally
      define a venturi, and a primary air swirl means having a plurality of
      circumferentially spaced apart swirl vanes disposed intermediate the
      tubular body and cylindrical housing for swirling an inlet flow of air in
      the same direction as the fuel swirl;
PA1  a generally cylindrical primary shroud coaxially spaced downstream from the
      fuel injector defining a central core air passage therethrough;
PA1  secondary air swirl means disposed intermediate the injector and primary
      shroud to impart a circumferential swirl component to the flow through the
      core wherein the secondary swirl component is in the same circumferential
      direction as the fuel and primary air swirl;
PA1  tertiary air swirl means disposed downstream of the secondary air swirl
      means to impart a circumferential swirl component in the direction
      opposing that of the secondary swirl means such that fuel reaching the
      downstream end of the primary shroud is atomized by the shear stresses
      developed by the counter-rotating aerodynamic forces at the confluence of
      the secondary and tertiary swirls and
PA1  wherein the primary swirl means are disposed at the inlet to the first
      annular air passage, and the inner and outer surfaces of the first annular
      air passage coverage conically inward to a minimum cross-sectional area
      and then diverge conically outward so as to define a second venturi
      coaxially disposed about the first venturi.
NUM  2.
PAR  2. The fuel injection apparatus of Claim 1 wherein:
PA1  the downstream edge of the cylindrical housing is co-planar to the
      downstream edge of the tubular body.
NUM  3.
PAR  3. The fuel injection apparatus of claim 2 wherein:
PA1  the fuel swirl means includes a fuel swirl member centrally disposed within
      the tubular body with at least one slot through the swirl member at an
      angle to the axis of the tubular body.
NUM  4.
PAR  4. The fuel injection apparatus of claim 2 wherein:
PA1  the secondary air swirl means includes a second plurality of
      circumferentially spaced swirl vanes disposed intermediate a first
      radially extending circumferential wall member concentric to the fuel
      injector and a second axially spaced apart radially extending
      circumferential wall member connected to the primary shroud,
PA1  and the tertiary air swirl means includes a third plurality of
      circumferentially spaced swirl vanes disposed intermediate the second wall
      member and a third axially spaced apart radially extending circumferential
      wall member.
NUM  5.
PAR  5. A fuel injection apparatus comprising:
PA1  a fuel injector having a cylindrical housing, a tubular body centrally
      disposed within the cylindrical housing and spaced apart therefrom so as
      to define a first annular air passage therebetween, fuel swirl means
      disposed within the tubular body for imparting a swirl to an inlet stream
      of fuel wherein the interior surface of the tubular body converges to a
      minimum diameter orifice downstream from the swirl member, and thereafter
      diverges outwardly terminating in a transverse edge so as to generally
      define a venturi, and a primary air swirl means having a plurality of
      circumferentially spaced apart swirl vanes disposed intermediate the
      tubular body and cylindrical housing for swirling an inlet flow of air in
      the same direction as the fuel swirl;
PA1  a generally cylindrical primary shroud coaxially spaced downstream from the
      fuel injector defining a central core air passage therethrough;
PA1  secondary air swirl means disposed intermediate the injector and primary
      shroud to impart a circumferential swirl component to the flow through the
      core wherein the secondary swirl component is in the same circumferential
      direction as the fuel and primary air swirl;
PA1  tertiary air swirl means disposed downstream of the secondary air swirl
      means to impart a circumferential swirl component in the direction
      opposing that of the secondary swirl means such that fuel reaching the
      downstream end of the primary shroud is atomized by the shear stresses
      developed by the counter-rotating aerodynamic forces at the confluence of
      the secondary and tertiary swirls; wherein
PA1  the primary swirl means are disposed at the inlet to the first annular air
      passage, and the inner and outer surfaces of the first annular air passage
      converge conically inward to a minimum cross-sectional area and then
      diverge conically outward so as to define a second venturi coaxially
      disposed about the first venturi wherein the downstream edge of the
      cylindrical housing is coplanar to the downstream edge of the tubular
      body;
PA1  the secondary air swirl means includes a second plurality of
      circumferentially spaced swirl vanes disposed intermediate a first
      radially extending circumferential wall member concentric to the fuel
      injector and a second axially spaced apart radially extending
      circumferential wall member connected to the primary shroud;
PA1  the tertiary air swirl means includes a third plurality of
      circumferentially spaced swirl vanes disposed intermediate the second wall
      member and a third axially spaced apart radially extending circumferential
      wall member, and
PA1  a mini cowling comprising an outer cylindrical wall in connection to the
      outer periphery of the second wall member and defining first and second
      annular plenums which respectively direct inlet airflows to the secondary
      and tertiary swirl means from an external source of pressurized air
      wherein the pressurized airflow entering each plenum is rapidly diffused
      in order to reduce the variation in pressure and velocity of the inlet
      airflow to the respective swirl vanes.
NUM  6.
PAR  6. The fuel injection apparatus of claim 5 including a fourth
      circumferential wall member extending radially inward from the forward
      periphery of the cylindrical wall into spaced relation to the first wall
      member so as to define a first annular opening to the first plenum, and
      wherein the downstream edge of the cylindrical wall member is in spaced
      relation to the third wall member so as to define a second annular opening
      to the second plenum.
NUM  7.
PAR  7. A fuel injection apparatus comprising:
PA1  fuel injection means;
PA1  a generally cylindrical primary shroud coaxially spaced downstream from the
      fuel injection means defining a central core air passage therethrough;
PA1  primary air swirl means disposed intermediate the injector means and
      primary shroud to impart a circumferential swirl component to the flow
      through the core wherein the swirl means includes a first plurality of
      circumferentially spaced swirl vanes disposed intermediate a first
      radially extending circumferential wall member concentric to the fuel
      injection means and a second axially spaced apart radially extending
      circumferential wall member connected to the primary shroud;
PA1  secondary air swirl means disposed downstream of the primary air swirl
      means to impart a circumferential swirl component in the direction
      opposing that of the primary swirl means such that fuel reaching the
      downstream end of the primary shroud is atomized by the shear stresses
      developed by the counter-rotating aerodynamic forces at the confluence of
      the primary and secondary swirls wherein the secondary swirl means include
      a second plurality of circumferentially spaced swirl vanes disposed
      intermediate the second wall member and a third axially spaced apart
      radially extending circumferential wall member;
PA1  and a mini cowling having an outer cylindrical wall in connection to the
      outer periphery of the second wall member and defining first and second
      annular plenums which respectively direct inlet airflows to the secondary
      and tertiary swirl means from an external source of pressurized air
      wherein the pressurized airflow entering each plenum is rapidly diffused
      in order to reduce the variation in pressure and velocity of the inlet
      airflow to the respective swirl vanes.
NUM  8.
PAR  8. The fuel injection apparatus of claim 7 including a fourth
      circumferential wall member extending radially inward from the forward
      periphery of the cylindrical wall into spaced relation to the first wall
      member so as to define a first annular opening to the first plenum, and
      wherein the downstream edge of the cylindrical wall member is in spaced
      relation to the third wall member so as to define a second annular opening
      to the second plenum.
PATN
WKU  039465535
SRC  5
APN  5570085
APT  1
ART  344
APD  19750310
TTL  Two-stage premixed combustor
ISD  19760330
NCL  10
ECL  1
EXP  Dority, Jr.; Carroll B.
NDR  1
NFG  1
INVT
NAM  Roberts; Richard
CTY  Marlborough
STA  CT
INVT
NAM  Vranos; Alexander
CTY  Rockville
STA  CT
INVT
NAM  Schlein; Barry C.
CTY  Wethersfield
STA  CT
INVT
NAM  Rummel; David H.
CTY  Manchester
STA  CT
ASSG
NAM  United Technologies Corporation
CTY  Hartford
STA  CT
COD  02
CLAS
OCL   60 3974R
XCL   60 3965
EDF  2
ICL  F02G  300
FSC  431
FSS  352;284;285
FSC   60
FSS  39.65;39.74 R;39.71
UREF
PNO  3048014
ISD  19620800
NAM  Schmidt
OCL   60 39.65
UREF
PNO  3360929
ISD  19680100
NAM  Drewry
OCL   60 39.65
UREF
PNO  3739576
ISD  19730600
NAM  Chamberlain
OCL   60 39.74R
LREP
FR2  Warren; Charles A.
ABST
PAL  A two-stage premix combustor in which the primary flow flameholder and
      secondary flow flameholders are axially separated and each is arranged for
      optimum emissions control, with the fuel injected, atomized and at least
      partially vaporized external to the burning zone.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Control of high power emissions requires the opposite extreme in
      recirculation zone design as the control of low power emissions. It has
      been found that by physically separating the primary or low power zone
      from the secondary or high power zone the design of each zone may be
      optimized for the extremes of the respective operating conditions. The
      result is a reduction in nitrogen oxide emissions at high power and in
      carbon monoxide and unburned hydrocarbon emissions at low power.
PAR  According to this invention, the primary zone has a premix passage
      expanding in a downstream direction from a central fuel nozzle and
      surrounding air passage with the primary combustion zone centrally located
      adjacent the annular discharge end of the premix passage surrounding the
      primary passage terminating at a point downstream of the primary discharge
      passage, with the secondary combustion zone surrounded by the secondary
      premix passage adjacent the discharge end and axially spaced from the
      primary combustion zone.
PAR  The foregoing and other objects, features, and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of preferred embodiments thereof as illustrated in the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a longitudinal sectional view through the premix and
      combustion zones of a flame tube.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention shown is incorporated in a flame tube 2 of the type to be
      positioned individually within a burner can, not shown, or as one of a
      group of cans in an annular burner case. The flame tube 2 has a downstream
      annular ring 4, to the upper end of which is secured an outer sleeve 6,
      this sleeve forming the outer wall of the secondary premix passage 8. This
      sleeve may be somewhat frustoconical, increasing in diameter in a
      downstream direction. The upper end 10 of the sleeve is open for admission
      of air to the passage 8. Suitable fuel injector nozzles 12 are positioned
      in the sleeve 6 adjacent the upstream end for the admission of fuel either
      as fuel or atomized with air into the passage 8.
PAR  The inner wall of passage 8 is formed by an inner sleeve 14 positioned
      substantially concentric to the outer sleeve and substantially coextensive
      with the outer sleeve. The inner sleeve 14 increases in diameter in a
      downstream direction at a slightly greater rate than the outer sleeve so
      that the passage 8 has an increasingly smaller crosswise dimension in a
      downstream direction. The sleeves are spaced apart at the downstream end
      of the inner sleeve to form an annular discharge opening 16 for the premix
      passage.
PAR  Within the upper end of the inner sleeve 14 is a cylindrical tube 20 having
      its upstream end open to form an air inlet for the primary zone. The upper
      end of the tube is connected to the upper end of the inner sleeve 14 as
      shown by a curved annular connector 22. Within the tube 20 is a primary
      fuel nozzle 24 discharging either fuel or a mixture of fuel and air into
      the tube.
PAR  The tube 20 is relatively short and its downstream end connects with a
      frustoconical sleeve 26 which extends outwardly into engagement with the
      inner sleeve 14 substantially midway between its ends. The tube 20 and
      sleeve 26 form the outer wall of the primary premix zone or passage 28.
      The inner wall of this zone is formed by a conical member 30 concentric to
      and within the sleeve 26, and spaced laterally therefrom to define the
      passage 28 as a substantially frustoconical passage. The walls of this
      passage converge to form a convergent passage and the outer edge of the
      conical member 30 is laterally spaced from the downstream end of sleeve 26
      to define the annular discharge opening 32 for this primary premix zone.
PAR  The conical member 30 has a plurality of openings 34 for the admission of
      premixed fuel and air from passage 28 into the space 36 within the cone.
      This space thus becomes the combustion zone for the primary combustible
      mixture. The conical member 30 acts as a flameholder and is so dimensioned
      that the primary mixture is provided a uniform and sufficient residence
      time therein for optimum burning.
PAR  In the arrangement shown the premix passages provide high velocity with no
      dead flow areas to trap liquid fuel thereby improving mixture uniformity
      and avoiding any burning upstream of the flameholders.
PAR  The inner sleeve 14 has a plurality of openings 40 therein adjacent the
      downstream end and all located in spaced relation to the downstream edge
      of the conical member 30. These openings and the position of the lower
      edge of the inner sleeve 14 establish the secondary combustion zone
      adjacent the lower portion of the inner sleeve and in axial spaced
      relation downstream of the primary combustion zone, thereby minimizing
      quenching of the primary combustion by secondary flameholder air during
      idle operation.
PAR  The arrangement of both flameholders are of spherical reactor configuration
      to provide flat temperature profiles at the exit of the burning zones.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that other various changes and omissions in the form and detail
      thereof may be made therein without departing from the spirit and the
      scope of the invention.
CLMS
STM  Having thus described a typical embodiment of our invention, that which we
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. A combustor construction having axially separated primary and secondary
      premix stages, the secondary premix stage including:
PA1  an outer diverging sleeve forming the outer wall of the secondary fuel and
      air mixture passage, an inner diverging sleeve within and spaced from the
      outer sleeve and defining the inner wall of said passage, said sleeves
      being arranged to form a passage decreasing in crosswise dimension in the
      direction of flow therethrough, and being closely spaced at the downstream
      end of the inner sleeve to form an annular discharge passage, said inner
      sleeve having rows of openings therethrough and defining within said
      sleeve a secondary flameholder, and
PA1  the primary premix stage including:
PA1  a frustoconical outer sleeve within said inner diverging sleeve and secured
      thereto,
PA1  an inner substantially conical member within and spaced from said
      frustoconical outer sleeve and defining therewith a diverging annular
      passage for the primary fuel and air mixture, said diverging passage
      decreasing in transverse dimension in a downstream direction, the
      downstream edge of the conical member being closely spaced from the outer
      frustoconical sleeve to define an annular discharge passage for the
      primary mixture, and
PA1  said conical member having a plurality of openings therein and forming a
      primary flameholder.
NUM  2.
PAR  2. A combustor as in claim 1 in which the openings in the inner diverging
      sleeve are all spaced downstream of the downstream edge of the conical
      member.
NUM  3.
PAR  3. A combustor as in claim 1 in which a plurality of fuel nozzles are
      supported in the upper portion of one of said diverging sleeves for
      supplying fuel to the secondary mixture passage.
NUM  4.
PAR  4. A combustor as in claim 1 in which at least one fuel nozzle is
      positioned adjacent the upstream end of the annular diverging passage.
NUM  5.
PAR  5. A combustor as in claim 1 in which the upstream ends of both passages
      are open for the admission of combustion supporting gas.
NUM  6.
PAR  6. A combustor as in claim 1 including an annular flame tube skirt is
      attached to and extends downstream from the outer diverging sleeve.
NUM  7.
PAR  7. A combustor as in claim 1 in which the upper ends of the inner diverging
      sleeve and the outer frustoconical sleeve are interconnected to divide the
      air flow into said primary and secondary passages.
NUM  8.
PAR  8. A flame tube inlet construction including:
PA1  a substantially cylindrical sleeve defining a primary inlet,
PA1  at least one primary fuel nozzle in said inlet,
PA1  a first downstream diverging member extending from the upstream end of said
      sleeve and forming the inner wall of a secondary passage, for a secondary
      fuel and air mix,
PA1  a second downstream diverging member secured to and extending from the
      downstream end of said sleeve and forming the outer wall of a primary
      diverging passage, the downstream end of said second diverging member
      being secured to the first diverging member between the ends thereof,
PA1  a substantially conical member positioned within and spaced from the second
      diverging member and forming the inner wall of a primary diverging
      passage, for a primary fuel and air mix, the downstream end of said
      conical member terminating adjacent the downstream end of said second
      diverging member to form and annular outlet
PA1  an outer diverging member surrounding and in spaced relation to said first
      diverging member and defining therebetween a primary passage, and being
      closely spaced at the downstream ends to form an annular discharge
      passage.
NUM  9.
PAR  9. A flame tube inlet construction as in claim 8 in which both said conical
      member and said first diverging member adjacent its downstream end have
      openings therein for the flow of mix in said passages through said
      openings.
NUM  10.
PAR  10. A flame tube inlet construction as in claim 9 in which space
      immediately downstream of the conical member forms a primary flameholder
      area, and the space within the first diverging member below the attachment
      of the second diverging member thereto defining a secondary flameholder
      area, the openings in the second diverging member being all spaced
      downstream from the openings in the conical member.
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ABST
PAL  Variable geometry guide vanes are provided in a variable pitch turbofan
      assembly. A method is disclosed for reducing aerodynamically induced
      stresses in the variable pitch fan blades as the blades are changed
      between the forward and reverse pitch modes. The guide vane geometry is
      scheduled to change in a manner to control the flow into and out of the
      fan blades in order to establish a favorable aerodynamic environment
      during the transition between the forward and the reverse pitch modes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Jet engines for powering aircraft obtain subsonic performance improvements
      by use of a fan, in essence a shrouded propeller. The fan is rotatably
      driven, through a shaft connection, by the turbine portion of the engine
      and serves to pass a large volume of air around the engine, thereby
      increasing overall engine thrust. In fact, in recent typical commercial
      fan engines, the fan moves several times as much air as is taken in by the
      engine compressor. More recently, extensive work has been directed toward
      varying the pitch of the fan blades. It is believed that many of the same
      advantages can be obtained as are available with variable pitch propellers
      since fans are, in reality, directly analogous to propellers with shrouds.
PAR  Accordingly, the variable pitch fan is being considered for application on
      high bypass turbofan engines for improved performance in several areas:
      noise reduction, thrust reversal, improved thrust response, and overall
      engine performance. For instance, full reversible variable pitch fans have
      been proposed for high bypass ratio engines on STOL-type (short take-off
      and landing) transports. Cascade-type and target-type thrust reversers
      which change the direction of the fan air flow passing around the engine
      (the bypass stream) become large and heavy so that it is highly desirable
      to find alternative means for generating decelerating thrust. It is
      possible to generate substantial reverse thrust in a high bypass ratio fan
      through fan blade pitch reversal which induces pumping of the air flow
      through the fan blading in the reverse direction.
PAR  It is possible to actuate the blades in either of two directions from their
      normal position to achieve reverse thrust. The blades may be actuated
      through feather (counterclockwise looking down at the blade tip of a rotor
      which is rotating clockwise aft looking forward) or through flat pitch
      (clockwise looking down at the blade tip). Actuating the blades through
      either position from the forward to the reverse thrust modes may cause the
      blade stresses to be unacceptably high. Actuation through feather induces
      high incidence angles (the difference between the air angle ahead of the
      fan in the relative frame and the fan blade leading edge metal angle, both
      measured from the axial direction) and as a result there is the danger of
      blade stall (i.e., the inability of the flow to remain attached to the fan
      blade with a resultant loss in fan pumping capability). Peak stresses
      occur just prior to clearing stall in the reverse thrust direction when
      actuating through feather. Actuation through flat pitch may cause lower
      peak blade stresses during the transition, but unacceptably high stresses
      may persist during the reverse thrust mode since the blade camber during
      reverse pitch is in the wrong direction. Since the camber is in the wrong
      direction, the fan blade is continually in at least a mild stall during
      this mode.
PAR  The problem facing the aerodynamic and mechanical designer, therefore, is
      that a fan blade designed for optimum performance in the forward thrust
      mode wil not be optimized for reverse thrust operation. Compromises which
      benefit reverse thrust operation invariably have been detrimental to
      forward thrust operation. The present invention will solve this problem by
      orienting the air flow into and out of the variable pitch fan blade in a
      predetermined relationship with the change in pitch of the fan in order to
      reduce aerodynamically induced stresses in the variable pitch fan blades
      as these blades change from the forward to the reverse thrust modes. While
      the present invention will aid the forward and reversed thrust
      steady-state operation, more importantly, it will also improve flow
      conditions and eliminate the stall problem during the fan blade
      transition. Prior state of the art attempts to solve this problem have
      been oriented toward strengthening the fan blade in order to withstand the
      high stresses. This results in thick, long-chorded blades, which are
      detrimental to fan aerodynamic performance, particularly in the hub
      region, and in added weight, which is obviously undesirable in any
      aircraft application.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the primary object of this invention to reduce
      aerodynamically induced stresses in variable pitch fan blades as the fan
      blades change from the forward to the reverse thrust modes.
PAR  Briefly stated, the above object is attained by providing a variable pitch
      turbofan engine with variable guide vanes and by scheduling, through a
      control means, the change in pitch of the fan guide vanes in a
      predetermined relationship with the change in pitch of the fan blades. In
      an alternative embodiment, the change in flow field into and out of the
      reverse pitch fan blades is accomplished by varying the camber of fan
      guide vanes in conjunction with, or independently of, the change in pitch
      of the guide vanes in a predetermined relationship with the change in
      pitch of the fan blades.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as part of the
      present invention, it is believed that the invention will be fully
      understood from the following description of the preferred embodiments,
      which is given in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic representation of a gas turbine engine incorporating
      the subject invention;
PAR  FIG. 2 is a schematic representation of a reversible pitch fan assembly
      incorporating the subject invention, looking at the blade tip of a rotor,
      which is rotating clockwise with respect to a viewer positioned aft of the
      engine and looking forward;
PAR  FIG. 3 is a partial performance map of a typical reversible pitch fan
      blade;
PAR  FIG. 4 is a schematic representation, similar to FIG. 2, of an alternative
      embodiment of the subject invention; and
PAR  FIG. 5 is a time variable schematic representation of the reversible pitch
      fan assembly embodiment of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings wherein like numerals correspond to like elements
      throughout, reference is initially directed to FIG. 1 wherein an engine 10
      embodying the present invention is diagrammatically shown. This engine may
      be considered as comprising a core engine 11, a variable pitch fan
      assembly 12, a variable pitch fan actuating mechanism 13, and a fan
      turbine 14 which is interconnected to the fan assembly 12 by a shaft 16.
      The core engine 11 includes an axial flow compressor 18 having a rotor 20.
      Air entering inlet 22 is compressed and then discharged to a combustor 24
      where fuel is burned to provide high energy combustion gases which drive a
      turbine 26. The turbine 26, in turn, drives the rotor 20 through a shaft
      28 in the usual manner of a gas turbine engine. The hot gases of
      combustion then pass to and drive the fan turbine 14 which, in turn,
      drives the fan assembly 12. These hot combustion gases are then discharged
      from a core engine or primary nozzle 30 defined in part by plug 32. The
      propulsive force is obtained by the action of the fan assembly 12
      discharging air through a fan nozzle 29 and by the discharge of the
      combustion gases from the core engine nozzle 30. The above description is
      typical of many present-day turbofan engines but is not meant to be
      limiting, as it will become readily apparent from the following
      description that the present invention is capable of application to any
      gas turbine engine which includes variable pitch fan blading. For example,
      the fan may be gear driven by the same turbine which drives compressor
      rotor 20 and may be relatively remote or proximate to the core engine 11.
      The above description, and the engine depicted in FIG. 1, are therefore
      merely meant to be illustrative of one potential type of application.
PAR  Reference is now directed to FIG. 2 wherein the fan assembly 12 of FIG. 1
      is shown to include a plurality of fan blades 34 adapted to rotate in the
      direction indicated by arrow 36, a first plurality of radially extending,
      nonrotatable, variable pitch guide vanes 38, which comprise an inlet guide
      vane cascade axially disposed upstream of the fan blades 34 in the forward
      thrust mode, and a second plurality of radially extending, nonrotatable,
      variable pitch guide vanes 40, which comprise an outlet guide vane cascade
      axially disposed downstream of the fan blades 34 in the forward thrust
      mode. The flow direction into the inlet guide vanes 38 in the forward
      thrust mode is represented by arrow 42.
PAR  In typical prior art devices, air flow entering the fan assembly is turned
      by the inlet guide vanes 38 so as to be properly oriented with respect to
      the rotating fan blades 34 which pressurize the air. Because the fan
      blades change the flow direction, the outlet guide vanes 40 are provided
      to turn the flow back to axial prior to discharge through the fan nozzle
      29 or the core engine inlet 22.
PAR  In prior art devices, the inlet guide vanes 38, the fan blades 36 and the
      outlet guide vanes 40 are all usually disposed at predetermined, fixed
      pitch angles optimized to a particular design operating condition
      represented by point D on a typical fan performance map (FIG. 3). Pitch
      angle is defined as the angle .lambda. measured from the engine axial
      direction to a straight line X constructed through the leading and
      trailing edges of the fan blade (see FIG. 4). On such a performance map as
      FIG. 3, fan assembly total pressure ratio is plotted as a function of
      corrected air flow through the fan. The locus of points representing the
      typical operating range of the fan assembly is indicated as the operating
      line 44, whereas the locus of points at which the fan experiences
      aerodynamic stall is indicated as the stall line 46. Generally speaking,
      the relationship of the lines 44 and 46 to each other is determinative of
      fan stall margin as is known to those skilled in the art. Where the
      operating line 44 intersects the stall line 46, as at point E, there is
      zero stall margin and the fan blades 36 experience aerodynamic stall.
      Therefore, rotating turbomachinery is designed to operate, typically, at
      some point, as at D, wherein there is adequate stall margin to preclude
      minor transient disturbances migrating the fan blades 36 into stall.
PAR  More recent developments in the state of the art have included the addition
      of a variable pitch mechanism for the fan blades 34 for optimizing
      performance and providing a reverse thrust capability. However, these
      prior art devices provide only for fixed pitch inlet and outlet guide
      vanes, 38 and 40, respectively, optimized for either one operative point
      for the fan blades 34, or oriented at a compromise position between two
      normal operating conditions. The present invention eliminates the
      restrictions and compromises found in such prior art devices.
PAR  In one preferred embodiment of the present invention, the fan blades 34 are
      operatively connected to a variable pitch actuating mechanism 13, disposed
      between the fan blades 34 and shaft 16, which is capable of changing the
      pitch of the fan blades 34 during blade rotation. Additionally, the guide
      vanes 38, 40, are provided with actuator arms 39, 41, respectively,
      operatively connected to a state of the art control means 43 of standard
      construction capable of varying the vane pitch.
PAR  To change from the forward to the reverse thrust modes, the fan blades 34
      are actuated counterclockwise looking from the blade tip of the variable
      pitch fan assembly 12 from their normal position A (FIGS. 2 and 5),
      through the feathered position B, to their reverse thrust orientation C.
      While in the forward thrust mode, the fan assembly 12 typically operates
      at point D, which moves along the operating line 44. As the fan blades 34
      are actuated counterclockwise through feather, however, point D migrates
      up the operating line 44, until it reaches point E, the intersection of
      the operating line 44 and stall line 46, at which point the flow is no
      longer capable of remaining attached to the fan blades due to the
      extremely adverse incidence angle of the flow with respect to the blades
      and fan blade stall occurs. If, however, prior to the fan transition
      through feather, the inlet guide vanes 38 are closed from their normal
      position G to a position represented by H in FIGS. 2 and 5, the reduction
      in air flow due to the closure of the inlet guide vanes 38 will drive the
      fan assembly 12 down its operating line 44 from point D to point F. This
      establishes the equivalent of increased stall margin. If the inlet guide
      vanes 38 and fan blades 34 are scheduled to operate simultaneously in a
      predetermined relationship, the operating point of the fan assembly 12 may
      not migrate far from position D at all.
PAR  When the fan blades 34 approach their most critical orientation, the inlet
      guide vanes 38 may be scheduled to position J, thereby effectively
      blocking off and controlling the fan air flow. As the fan blades 34 are
      further scheduled to their normal reverse thrust operating orientation C,
      the inlet guide vanes 38 are actuated open in the counterclockwise
      direction, thereby "easing in" the fan air flow. Ultimately, the inlet
      guide vanes 38 are scheduled to position K corresponding to the normal
      reverse pitch orientation C of fan blades 34. Concurrently, the outlet
      guide vanes 40 may be scheduled from their normal operating position L to
      some preferred reverse thrust orientation M. Conversely, the flow may be
      controlled primarily by the outlet guide vanes 40 rather than by the inlet
      guide vanes 38, with the inlet guide vanes concurrently assuming some
      preferred reverse thrust orientation. Such a method may be most
      advantageous when transisting from the reverse to the forward thrust
      modes. The degree of movement of the inlet and outlet guide vanes 38 and
      40, respectively, necessary to keep fan stresses at an acceptable level
      will depend on the particular fan blade aerodynamic properties.
PAR  This invention is equally applicable when the fan blades 34 change from the
      forward to the reverse thrust mode through flat pitch rather than through
      feather. In this situation, the rotation of the fan blades 34 and the
      guide vanes 38 and 40 about their radially extending axes would be just
      the opposite of that shown in FIGS. 2 and 5.
PAR  In an alternative embodiment as shown in FIG. 4, the inlet guide vanes 38
      and outlet guide vanes 40 are provided with movable flaps 48, 50,
      respectively, to vary blade camber, and therefore pitch as defined herein,
      in a manner more fully described and claimed by L. H. Smith, Jr. in U.S.
      Pat. No. 3,442,493 -- May 6, 1969, which patent is assigned to the same
      assignee as the present invention. As the fan blades 34 are changed from
      the forward thrust mode position A to the reverse thrust orientation C,
      the flaps 48 and 50 are scheduled from their normal positions N, P,
      respectively, to positions Q, R, respectively, thereby re-orienting the
      air flow to reduce aerodynamically induced stresses.
PAR  It should be obvious to one skilled in the art that certain changes can be
      made to the above-described invention without departing from the broad
      inventive concepts thereof. For example, it may be desirable to eliminate
      either the inlet or outlet guide vanes 38, 40, respectively, or to have
      one set or the other be stationary. In another application it may be
      advantageous to have the inlet guide vanes 38 variable in pitch by
      rotating the entire vane and the outlet guide vanes 40 variable in pitch
      through a change in camber, or vice versa. Yet another embodiment would
      combine variable camber and pitch in either the inlet or outlet guide
      vanes 38, 40, respectively. It is intended that the appended claims cover
      these and all similar variations in the Inventor's broader inventive
      concept.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a method of operating a gas turbine engine having a rotatable fan and
      in which at least one stage of fan blades is rotating to provide a forward
      propulsive thrust, the pitch of the rotating stage of fan blades being
      changed for the purpose of reversing the direction of gas flow
      therethrough, the step of:
PA1  reversing the pitch of at least one stage of essentially radial,
      nonrotatable, variable guide vanes, which are axially disposed with
      respect to said rotating fan blades, in a predetermined relationship with
      the change in pitch of said fan blades to reduce aerodynamically induced
      stresses in said fan blades as said fan blades change between the forward
      and the reverse thrust modes.
NUM  2.
PAR  2. The improved method of claim 1 additionally comprising the step of
      reversing the pitch of two stages of guide vanes, one disposed axially
      upstream and the other disposed axially downstream of the fan blades in
      the forward thrust mode, wherein said scheduling is accomplished in a
      predetermined relationship with the change in pitch of said fan blades to
      further reduce aerodynamically induced stresses as said fan blades change
      between the forward and the reverse thrust modes.
NUM  3.
PAR  3. The improved method of claim 1 further characterized in that the change
      in pitch of said guide vanes is achieved by rotating said guide vanes
      about their essentially longitudinal axes.
NUM  4.
PAR  4. The improved method of claim 1 further characterized in that the change
      in pitch of said guide vanes is achieved by changing the camber of said
      guide vanes.
NUM  5.
PAR  5. The improved method of claim 3 still further characterized in that said
      fan blades and said variable guide vanes are scheduled to change pitch in
      the same direction of rotation about their blade longitudinal axes.
NUM  6.
PAR  6. In a gas turbine engine incorporating a rotatable fan with blades
      operating at a first pitch angle during some portions of operation to
      provide forward thrust and a second pitch angle during other portions of
      operation to provide reverse thrust, the improvement comprising:
PA1  at least one stage of essentially radial, nonrotatable guide vanes axially
      disposed with respect to said fan, said vanes being adjustable in geometry
      about the vane longitudinal axes, and
PA1  control means to reverse the pitch of said vanes in a predetermined
      relationship with the change in pitch of the fan blades as the fan is
      changed between the forward and reverse thrust modes, so as to reduce
      aerodynamically induced stresses during the transition between the forward
      and reverse thrust modes.
NUM  7.
PAR  7. The gas turbine engine of claim 6 wherein said guide vanes are axially
      disposed upstream of the fan blades in the forward thrust mode.
NUM  8.
PAR  8. The gas turbine engine of claim 6 wherein said guide vanes are axially
      disposed downstream of the fan blades in the forward thrust mode.
NUM  9.
PAR  9. The gas turbine engine of claim 6 additionally comprising two stages of
      essentially radial, nonrotatable guide vanes, one disposed axially
      upstream and the other disposed axially downstream with respect to said
      fan blades, said second stage being variable in pitch and operatively
      connected to said control means such that variation in pitch cooperates to
      further reduce stresses as the fan blades are changed between the forward
      and reverse thrust modes.
NUM  10.
PAR  10. The gas turbine engine of claim 9 wherein the change in pitch of said
      vanes is achieved by a rotation of said guide vanes about their
      essentially longitudinal axes.
NUM  11.
PAR  11. The gas turbine engine of claim 9 wherein the change in pitch of said
      vanes is achieved by a change in camber of said guide vanes.
NUM  12.
PAR  12. A turbofan engine comprising:
PA1  a core engine for use in a nacelle, said core engine including, in series
      flow relationship, an axial flow compressor having rotor and stator
      assemblies, a combustor to which pressurized air from the compressor and
      fuel are delivered for combustion therein to provide a hot gas stream, a
      first turbine downstream of said combustor adapted to be rotatably driven
      by said hot gas stream, and a shaft drivingly connecting said compressor
      rotor and said first turbine;
PA1  a second turbine rotatable independently of the rotatable elements of the
      core engine, said second turbine also for use in said nacelle, disposed
      downstream of said first turbine and adapted to be rotatably driven by
      said hot gas stream;
PA1  a generally annular duct having an inlet and an outlet and for disposition
      about at least a portion of said core engine;
PA1  a fan assembly disposed in said duct for pressurizing air flow through said
      duct, said second turbine drivingly connected to said fan, and including
      at least one stage of radially extending fan blades adapted to be variable
      in pitch, said fan blades operating at a first pitch angle during certain
      portions of operation to provide forward thrust and at a second pitch
      angle during other portions of operation to provide reverse thrust; at
      least one stage of essentially radial, nonrotatable inlet guide vanes
      axially disposed with respect to said fan blades, said stage of guide
      vanes being adjustable in pitch about their respective blade longitudinal
      axes; and
PA1  control means to reverse the pitch of said stage of vanes in a
      predetermined relationship with the change in pitch of the fan as the fan
      is changed between the forward and reverse thrust modes, to reduce
      aerodynamically induced stresses during the transition.
NUM  13.
PAR  13. The gas turbine engine of claim 12 wherein said guide vanes are axially
      disposed upstream of the fan blades in the forward thrust mode.
NUM  14.
PAR  14. The gas turbine engine of claim 12 wherein said guide vanes are axially
      disposed downstream of the fan blades in the forward thrust mode.
NUM  15.
PAR  15. The gas turbine engine of claim 12 additionally comprising two stages
      of essentially radial, nonrotatable guide vanes, one disposed axially
      upstream and the other disposed axially downstream with respect to said
      fan blades, said second stage being variable in pitch and operatively
      connected to said control means such that variation in pitch cooperates to
      further reduce stresses as the fan blades are changed between the forward
      and reverse thrust modes.
NUM  16.
PAR  16. A method of operating a gas turbine engine which includes the steps of:
PA1  pressurizing air flowing through a fan assembly disposed in a generally
      annular duct having an inlet and an outlet, said assembly comprising a
      stage of variable pitch fan blades and at least one stage of essentially
      radial, nonrotatable, variable pitch guide vanes axially disposed with
      respect to said fan blades,
PA1  further pressurizing a first predetermined portion of said air flow through
      an axial flow compressor having rotor and stator assemblies,
PA1  mixing the pressurized air from the compressor with a vaporized fuel to
      form a combustible mixture,
PA1  combusting said mixture in a combustor to provide a hot gas stream,
PA1  expanding said hot gas stream through a first turbine disposed downstream
      of said combustor, adapted to be rotatably driven by said hot gas stream,
      and drivingly connected through a first shaft to said compressor rotor,
PA1  further expanding said hot gas stream through a second turbine disposed
      downstream of said first turbine, independently rotatable from the
      compressor rotor, and drivingly connected through a second shaft to said
      fan assembly,
PA1  still further expanding said hot gas stream through a first nozzle disposed
      downstream of said second turbine, and
PA1  expanding a second predetermined portion of said pressurized air flow from
      said fan assembly through a second annular nozzle disposed downstream of
      said fan assembly,
PA1  changing the pitch of said fan blades for the purpose of reversing the
      direction of gas flow therethrough, and
PA1  reversing the pitch of said guide vanes in a predetermined relationship
      with the change in pitch of said fan blades to reduce aerodynamically
      induced stresses in said fan blades as said fan blades change between the
      forward and the reverse thrust modes.
NUM  17.
PAR  17. In a method of operating a gas turbine engine having a rotatable fan
      and in which at least one stage of the fan blades is rotating to provide a
      forward propulsive thrust, the pitch of the rotating stage of the fan
      blades being changed for the purpose of reversing the direction of gas
      flow therethrough, the step of:
PA1  scheduling the change in geometry of at least one stage of essentially
      radial, nonrotatable, variable guide vanes, which are axially disposed
      with respect to said rotating fan blades, in a predetermined relationship
      with the change in pitch of said fan blades to reduce aerodynamically
      induced stresses in said fan blades as said fan blades change between the
      forward and the reverse thrust modes, wherein said variable guide vanes
      are scheduled to be essentially closed when the fan blades are scheduled
      through their essentially maximum stress orientation.
NUM  18.
PAR  18. In a method of operating a gas turbine engine having a rotatable fan
      and in which at least one stage of the fan blades is rotating to provide a
      forward propulsive thrust, the pitch of the rotating stage of the fan
      blades being changed for the purpose of reversing the direction of gas
      flow therethrough, the step of:
PA1  scheduling the change in geometry of at least one stage of essentially
      radial, nonrotatable, variable guide vanes, which are axially disposed
      with respect to said rotating fan blades, in a predetermined relationship
      with the change in pitch of said fan blades to reduce the aerodynamically
      induced stresses in said fan blades as said fan blades change between the
      forward and reverse thrust modes, wherein said variable guide vanes are
      scheduled to be essentially closed prior to scheduling the fan blades to
      their essentially maximum stress orientation.
NUM  19.
PAR  19. In a gas turbine engine incorporating a rotatable fan with blades
      operating at a first pitch angle during some portions of operation to
      provide forward thrust and a second pitch angle during other portions of
      operation to provide reverse thrust, the improvement comprising:
PA1  at least one stage of essentially radial, nonrotatable guide vanes axially
      disposed with respect to said fan, said vanes being adjustable in geometry
      about the vane longitudinal axes, and
PA1  control means to schedule the change in geometry of said vanes in a
      predetermined relationship with the change in pitch of the fan blades as
      the fan is changed between the forward and reverse thrust modes, so as to
      reduce aerodynamically induced stresses during the transition between the
      forward and reverse thrust modes, wherein the guide vanes are operatively
      connected to the fan blades through said control means such that said
      guide vanes are essentially closed when said fan blades are scheduled
      through their maximum stress orientation.
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ABST
PAL  A process for simulating the infrared radiation in wave length and
      intensity and the spatially extended characteristics of the plumes of
      turbojet engines comprising burning fuel-rich solid gas generator
      compositions, comprising an organic binder, an oxidizer, and dispersed
      inorganic particles, of a character such that venting of the combustion
      products directly into the atmosphere or venting them into the inadequate
      plume of a separate gas generator to provide a combined plume, produces a
      plume having the size and radiating characteristics of the turbojet plume
      being simulated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is frequently desirable, for such purposes as target practice, decoys,
      missile system development, and scientific data, to provide small,
      low-cost, gas-generating devices which can simulate effectively the plumes
      of turbojet engines in terms of such characteristics as size and radiant
      emission, particularly in the infrared wave lengths. It is well known that
      turbojet engines are primarily liquid-fueled, are employed as the
      propulsion means for endoatmosphere aircraft, and produce infrared radiant
      plumes of different size and intensity depending on the particular engine
      and aircraft.
PAR  For the purposes aforedescribed, the simulating device must be relatively
      small, low cost, and preferably readily expendable. Plume-generating
      drones have hitherto been employed, but it has been found that their
      plumes have inadequate radiation characteristics and are frequently too
      small to be effective simulators of turbojet plumes. Small,
      solid-propellant rockets which have been developed for such purposes as
      missiles or meteorological and other upper atmosphere scientific data
      gathering devices, cannot be employed for the present purpose since they
      are designed for maximum thrust power or specific impulse and therefore do
      not produce plumes of the kind desired. Exhaust velocity of the solid
      particles is too high to give the desired infrared signatures. For
      example, loading such rockets with fuel-rich propellants essentially
      burdens them with inert components which reduce specific impulse unless
      the rocket is equipped with an upstream after-burner device where
      oxidation is completed, as, for example, with the use of ram air, prior to
      venting of the combustion products of the rocket into atmosphere.
      Additionally, exhaust velocity of any solid particles produced is too high
      to provide the desired infrared signatures.
PAR  The term "fuel rich" as employed herein means a gas-generating composition
      which contains an insufficient number of oxygen atoms available to convert
      both carbon to carbon monoxide and the inorganic particulates to the
      stable inorganic oxide. In the event that the inorganic component is
      non-oxidizable, the number of available oxygen atoms present are
      insufficient to oxidize the carbon to CO. In making the stoichiometric
      calculations required to ensure fuel-rich formulations, no provision is
      made for the oxidation of hydrogen atoms which may be present.
PAR  It has been found that particulate solids within a size range of about 0.01
      to 100 microns produce much higher radiant intensities than equal masses
      of either gases or particulate smaller or larger solids. Within the given
      size range, the radiation characteristics of the particles may be tailored
      to a wide range of requirements primarily by varying the size and material
      of the particles.
PAR  Although some of the fuel-rich gas-generating compositions employed in the
      process of the invention have been generically described in the prior art
      for such purposes as air-augmented high-performance rockets, or as
      gas-generating propellants, none of the art to applicant's knowledge
      discloses a process for simulating the plume, in size and radiant
      intensity, of a turbojet engine or the specific conditions required in the
      formulation of the gas-generating compositions employed in the process to
      produce a plume having the required radiation and size characteristics
      either per se or in combination with a plume which is inadequate in these
      respects.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the invention comprises a process for simulating the infrared
      radiation and spatially extended characteristics of the plume produced by
      a turbojet engine, which comprises burning in a combustion chamber
      provided with a restricted nozzle, a fuel-rich, solid, gas-generating
      composition comprising an organic fuel binder, an oxidizer, and dispersed
      inorganic particulate solids, which may be oxidizable or non-oxidizable
      materials or mixtures thereof. The oxidizable particles, in either
      oxidized or unoxidized state, and the non-oxidizable particles, when
      ejected through the restricted nozzle as components of the combustion
      products of the burning composition, are particulate solids capable of
      radiating continum infrared radiation within the wave length range of
      about 1 to 14 .mu.. The oxidizer is present in the composition in an
      amount at least sufficient to support combustion of the composition,
      thereby producing hot combustion gases by oxidation of the organic fuel
      binder and heatng the particulate solids, up to an amount sufficient
      addtionally to oxidize at least some of the inorganic oxidizable
      particulate solids when such oxidation is desired.
PAR  The combustion products are vented out of the restricted nozzle directly
      into the atmosphere or into the plume of a separate gas-generating device
      venting into the atmosphere, which is inadequate in infrared radiation
      intensity in the desired wave lengths or such radiation intensity and size
      to simulate the plume of a turbojet engine. The plume formed by the direct
      or combined augmented venting is characterized by a length of about 1 to
      100 feet, preferably about 4 to 30 feet, in the atmosphere and contains
      particulate solids which have a particle size of about 0.01 to 100 .mu.,
      preferably about 0.1 to 10 .mu., radiate continuum infrared radiation
      within a wave length range of about 1 to 14 .mu., preferably about 3 to 5
      .mu., and provide a radiation intensity of about 10 to 50,000 watts,
      preferably about 50 to 10,000 watts per steradian in any given 2 .mu. wide
      wave length band.
DETD
PAC  DETAILED DESCRIPTION
PAR  The organic fuel binder can be any fuel binder which burns or decomposes to
      produce hot gases and can, for example, be any of the polymeric binders
      conventionally employed in the gas-generator or propellant art, such as
      polybutadiene, polyesters, polyurethanes, cellulose derivatives such as
      its nitrated, acylated, alkylated, or esterified derivatives, polyvinyl
      chloride, polyethers, polysulfides, polyamides, polyalkanes, and their
      cross-linked and other derivative modifications.
PAR  Many of the solid polymeric binders preferably include high-boiling,
      organic, liquid plasticizers to improve physical properties and processing
      of the composition. Any of the numerous organic plasticizers known in the
      art can be employed. Illustrative examples of suitable organic
      plasticizers include inert plasticizers, such as sebacates, e.g. dibutyl
      and dioctyl sebacate; phthalates, e.g. dibutyl and dioctyl phthalate;
      adipates, e.g. dioctyl adipate; glycol esters of higher fatty acids;
      hydrocarbon oils; and the like, and active plasticizers such as
      nitroglycerine, butanetriol trinitrate, diethylene glycol dinitrate,
      trimethylethane trinitrate, and the like.
PAR  The use of an active polymer and/or plasticizer, namely materials which
      contain molecularly combined oxidizer elements, e.g. oxygen or fluorine,
      available for self-sustaining combustion, may be advantageous since it
      reduces the amount of solid, dispersed oxidizing agent otherwise required
      and increases the loading capability of the infrared radiating component
      of the composition.
PAR  The organic binder (including plasticizer) must be present in an amount at
      least sufficient to provide an adequate amount of hot gases as an ejection
      vehicle for the solid radiating particles and to contribute to the
      provision of an expandable plume of the desired size proportions. It
      should preferably also be sufficient to provide for ready manufacturing
      processing of the high particulate solid loading of the composition. In
      general, the organic binder should be present in an amount of about 7 to
      50 percent by weight of the composition.
PAR  The oxidizer can be any conventionally employed oxidizer in the
      gas-generator or propellant art and can be inorganic or organic. Examples
      of such oxidizers include but are not limited to the ammonium and alkali
      metal, e.g. Na, K, Li, Cs, chlorates, perchlorates and nitrates,
      cyclotetramethylene tetranitramine, pentaerythritol tetranitrate,
      cyclotrimelkylene trinitramine, and the like. The perchlorates and
      nitrates are preferred. The oxidizer should be present at least in an
      amount sufficient to support combustion of the composition, thereby
      producing hot combustion gases by oxidation of the organic fuel binder, up
      to an amount sufficient additionally to oxidize at least some of the
      inorganic oxidizable particulate when present and such oxidation desired.
      The oxidizer is generally employed in the range of about 8 to 60 weight
      percent.
PAR  The inorganic particulate solids dispersed in the composition for ejection
      as infrared radiating solids may be oxidizable or non-oxidizable. They are
      selected from materials which are capable of emitting, after ejection in
      their oxidized, unoxidized, or otherwise inert state, continuum infrared
      radiation in the wave length range of about 1 to 14 .mu., preferably about
      3 to 5 .mu.. Such materials can be readily determined from available
      handbooks and other available publications. The wave lengths and intensity
      of the continuum radiation are also determined by the size of the
      particles and the available heat energy.
PAR  The term "oxidizable" as employed in the specification and claims refers to
      materials which (1) are oxidizable in the combustion chamber to produce
      solid ejectable oxides, or (2) are oxidizable after ejection as part of
      the hot plume where, in the course of mixing with the oxygen in the
      atmosphere, they oxidize into either particulate solid oxides or into
      gases.
PAR  In the former case, which includes, for example, metals such as Zr, Al, Mg,
      and B, oxidation of at least a portion of the inorganic particles within
      the combustion chamber contributes to the elevated temperatures within the
      range required to impart adequate simulation infrared radiation in the
      plume. The solid oxide particles should be produced within the required
      size range. This can be accomplished by such factors as proper selection
      of the oxidizable material.
PAR  In the latter case, the ejected, unoxidized, oxidizable particles provide
      the desired radiation in the plume, then undergo oxidation as they mix
      with atmospheric oxygen at progressive distances from the ejecting nozzle
      to produce additional thermal energy release, thereby expanding the size
      of the plume to a desired size and assuring the desired infrared
      radiation. The controlled oxidation over the desired varying distance from
      the nozzle can be accomplished by employing the oxidizable material in a
      range of size so that the larger particles travel a longer distance, by
      tailoring the geometry of the ejecting nozzle, or by other means such as
      attachment of a flame-holder downstream of the nozzle. Since the
      oxidizable particles are ejected in their non-oxidized state, they may
      include materials which oxidize either to solid or gaseous oxides. If the
      oxides formed are solid particles which also emit continuum infrared in
      the desired range, they also perform to simulate the turbojet plume. In
      cases where the oxide is a gas, as in the oxidation of carbon, heat
      release and resulting expansion are the primary objectives. It is also
      desirable that sufficient carbon be ejected to provide the desired
      infrared continuum if it is the sole radiating particulate solid. It
      should be noted, however, that the gases produced do augment to some
      extent the infrared emission.
PAR  The term "non-oxidazible" as employed in the specification and claims,
      means a material which is non-oxidizable per se, such as a fully oxidized
      solid compound, e.g. MgO, Al.sub.2 O.sub.3, ZrO.sub.2, B.sub.2 O.sub.3,
      and the like, or a compound or element which does not oxidize under the
      conditions of the reactions either in the combustion chamber or in the
      plume. This generally is the case because the temperatures generated
      and/or oxidizer concentration are inadequate for oxidation. Examples of
      such materials are BC, BN and C. As in the case of the oxidizable
      materials, the non-oxidizable material must be selected so that within the
      desired size and temperature ranges it will provide continuum infrared
      radiation within the desired wave length band. Such information can
      readily be determined by those skilled in the art by reference to
      publications and routine experimentation.
PAR  Where non-oxidizable solid particles are employed, it may be desirable to
      include a minor percentage, e.g. about 1 to 30 percent by weight,
      preferably about 5 to 20 percent, of an inorganic material which is
      readily oxidizable in the combustion chamber to provide adequate heat
      energy for transfer to the non-oxidizable infrared radiating particulate
      solids. Examples include, but are not limited to, Mg, Al, Zr, and C.
      Preferably, but not essentially, such oxidizable additives also produce
      radiating solid oxides.
PAR  It should also be noted that some oxidizable inorganic materials such as B
      and C may not readily oxidize in the combustion chamber and it may be
      desirable to add a readily oxidizable inorganic solid particulate, such as
      Mg, Al, Zr, in the amounts stated above to provide adequate heat release
      for transfer to the ejected B, which will then oxidize with atmospheric
      oxygen in the plume.
PAR  Other conventional additives may be incorporated in the usual small
      amounts. These include, for example, burning rate additives, stabilizers
      for the polymeric fuel binder, and the like.
PAR  Although the compositions are relatively low-performance in terms of
      specific impulse, this is not an important criterion since primary
      application is the formation of simulating turbojet plumes.
PAR  The temperatures generated by the compositions, either alone or in
      combination with the plume of a device being augmented, should generally
      be in the range of about 1000.degree. to 3500.degree.K, preferably about
      1500.degree. to 2500.degree.K.
PAR  The compositions can be tailored to simulate the plumes of different
      turbojet aircraft, which, of course, vary both in infra-red radiation
      intensity and plume size, by varying the gas- and particle-generating
      compositions in such terms as component species, concentrations, and
      particle sizes, or varying the flow rate, employing the routine
      experimentation available to those skilled in the art.
PAR  The compositions can also be tailored for such specific applications as
      direct or augmented production of a simulating plume.
PAR  In the cases where the compositions are employed to provide complete
      simulation of a turbojet plume, as, for example, in the case of a tow
      target or decoy, the composition must be tailored directly to produce a
      plume of adequate size having adequate infrared wave length and intensity
      as aforementioned. Since the gas generator is desirably small and
      low-cost, the desired plume is preferably produced by fuel-rich
      compositions loaded with oxidizable particulate solids which are ejected
      unburned and which burn in the plume upon mixing with atmospheric oxygen,
      thereby expanding the size of the plume and extending the heat release
      within the plume to produce the desired infrared radiation throughout its
      length. Examples of such inorganic components include but are not limited
      to carbon, boron, aluminum, magnesium, zirconium, and the like.
PAR  In the case where the turbojet plume simulating device is employed to
      augment the plume of an existing device, such as a drone, which is
      inadequate in infrared radiating power and possibly, in addition, plume
      size, the infrared-producing device of the invention can be tailored in
      composition to utilize the heat generated by the augmented device for heat
      transfer to the infra-red radiating particles produced by the augmenting
      device. For example, the augmenting composition can be tailored primarily
      to eject non-oxidizable or inert components, such as fully oxidized
      materials, e.g. metallic oxides, which are loaded into the composition as
      such or are oxidized in the combustion chamber, or materials which
      normally do not oxidize under conditions in the combustion chamber or in
      the plume, such as BC. Of course, depending on the characteristics of the
      augmented plume, the augmenting device can also be tailored to eject
      oxidizable particles which burn in the plume as aforedescribed, or a
      mixture of inert and oxidizing particles. The augmented plume size, if
      necessary, can also be increased to the required dimensions by injection
      of oxidizable particles and/or by addition of hot gases generated by the
      augmenting device.
PAC  EXAMPLE 1
PAR  A gas-generating grain was cast from the following composition:
TBL                       WT. %                                                
     ______________________________________                                    
     Boron (1 .mu.)         46.00                                              
     Ammonium perchlorate   25.00                                              
     Mg/Al alloy            8.00                                               
     Carboxy-terminated polybutadiene                                          
                            8.05                                               
     Burning rate catalyst  6.00                                               
     Hydrocarbon oil plasticizer                                               
                            3.00                                               
     Coconut oil derivative wetting agent                                      
                            3.00                                               
     Epoxide curing agents  0.90                                               
     chromium octoate (5.5%)                                                   
                            0.05                                               
     ______________________________________                                    
PAR  The grain was burned in a combustion chamber equipped with a restricted
      nozzle to produce a high temperature plume 40 feet long. The Mg/Al alloy
      burned in the combustion chamber to produce Mg and Al oxides which were
      ejected in the form of particles of about 1 .mu. size. The boron was
      ejected in non-oxidized state and burned to a minor extent in the plume.
PAR  A second firing of the same grain composition was made with a flameholder
      attached downstream of the nozzle. Substantially all of the ejected boron
      was oxidized to particulate boron oxide in the plume.
PAR  Firing of the above composition at different mass flow rates (m), obtained
      by varying nozzle throat diameter, with and without the attached
      flameholder, produced the following radiation characteristics in the
      plume:
TBL              W/str.*        W/str.*                                        
     m           No flameholder flameholder                                    
     ______________________________________                                    
     45 gms/sec   700           1000                                           
     55 gms/sec  1600           2750                                           
     70 gms/sec  3000           5400                                           
     ______________________________________                                    
      *Watts per steradian in the 3 to 5 micron wave length band taken at      
      90.degree. from the center line.                                         
PAC  EXAMPLE 2
PAR  A gas-generating grain was cast of the following composition:
TBL  Carboxy-terminated polybutadiene                                          
                          11.694                                               
     Hydrocarbon oil plasticizer                                               
                          3.00                                                 
     Coconut oil wetting agent                                                 
                          3.00                                                 
     Chromium octoate     0.05                                                 
     Burning rate catalyst                                                     
                          6.00                                                 
     Carbon (0.2.mu.)     21.00                                                
     Boron (1 .mu.)       21.00                                                
     Ammonium perchlorate 25.00                                                
     Mg/Al alloy          8.00                                                 
     Epoxide curing agents                                                     
                          1.256                                                
PAR  The grain was burned as in Example 1 to produce a 40-foot plume. The Mg/Al
      alloy burned in the combustion chamber to produce Mg Al oxides which were
      ejected in the form of particles of about 1 .mu. size. The boron and
      carbon were ejected in the plume in unoxidized state. Substantially no
      oxidation of the boron and carbon occurred in the plume.
PAR  A second firing of the same composition was made with a flameholder
      attached downstream of the nozzle. All of the boron was progressively
      oxidized in the plume with little or no combustion of the carbon.
PAR  Firings of the above composition at different flow rates with an attached
      flameholder produced the following radiation characteristics in the plume:
TBL  m                 W/str.*                                                 
     ______________________________________                                    
     45 gms/sec        1700                                                    
     55 gms/sec        5000                                                    
     70 gms/sec        10000                                                   
     ______________________________________                                    
      *Watts per steradian in the 3 to 5 micron wave length band taken at      
      90.degree. from the center line.                                         
PAC  EXAMPLE 3
PAR  A gas-generating grain was cast from the following composition:
TBL                    Wt. %                                                   
     ______________________________________                                    
     Carboxy-terminated polyester                                              
                         7.01                                                  
     Resorcinol          0.25                                                  
     Trimethylolethane trinitrate                                              
                         20.00                                                 
     Chromium octoate (5.5%)                                                   
                         0.40                                                  
     Carbon (0.2 .mu.)   35.00                                                 
     KClO.sub.4          20.00                                                 
     Zirconium           15.00                                                 
     Epoxide curing agents                                                     
                         2.34                                                  
     ______________________________________                                    
PAR  The grain was burned in a combustion chamber equipped with a restricted
      nozzle. The plume generated was injected into the plume generated by a
      small J-69 turbojet engine employed as the propulsion means for a small
      drone.
PAR  The Zr powder was substantially completely burned in the combustion chamber
      to produce ZrO.sub.2 particles which were ejected in an average size of
      1.1 micron. The carbon was ejected unburned. The length of the augmented
      plume was more than 20 feet.
PAR  The following radiation characteristics were measured for the J-69 turbojet
      engine and the augmented plume:
TBL                 W/str.*                                                    
     ______________________________________                                    
     J-69             15                                                       
     Combined plume.sup.1                                                      
                      91                                                       
     ______________________________________                                    
      *Watts per steradian in the 3 to 5 micron wave length band taken at      
      57.degree. from the center line.                                         
      .sup.1 Mass flow rate 40 gms/sec.                                        
PAR  Although this invention has been described with reference to illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      the principles of the invention can be embodied in other forms but within
      the scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for simulating the plume produced by a turbojet engine
      comprising producing a plume comprising high-velocity combustion gases
      admixed with small infrared-radiating solid particles, by
PA1  1. burning in a combustion chamber provided with a restricted nozzle, a
      fuel-rich solid gas-generating composition, comprising
PA2  a. solid organic fuel binder,
PA2  b. solid oxidizer, and
PA2  c. dispersed, inorganic, particulate solids selected from the group
      consisting of oxidizable material, non-oxidizable material, and mixtures
      thereof,
PAL  said oxidizer being present at least in an amount sufficient to support
      combustion of said composition, thereby producing hot combustion gases by
      oxidation of said organic fuel binder and heating said dispersed
      particulate solids, up to an amount sufficient additionally to oxidize at
      least some of said inorganic oxidizable particulate solids when such
      oxidation is desired, the maximum amount of oxidizer in said composition
      being stoichiometrically insufficient
PA2  a. to oxidize all of the carbon present in the composition to CO when the
      inorganic particulate solid component is non-oxidizable;
PA2  b. to oxidize all of both the carbon and an oxidizable inorganic
      particulate solid to CO and the stable inorganic oxide of said oxidizable
      particulate when an inorganic particulate solid component is oxidizable;
      and
PA2  c. to oxidize any substantial amount of hydrogen to H.sub.2 O;
PA1  2.
NUM  2.
PAR  2. ejecting the combustion products out of said restricted nozzle directly
      into the atmosphere or into the plume of a separate gas-generating device
      which ejects into atmosphere, the plume of which is inadequate in infrared
      radiation or such radiation and size to simulate the plume of a turbojet
      engine; said oxidizable material in its oxidized or unoxidized state and
      said non-oxidizable material, when ejected as components of the combustion
      products of said gas-generating composition through said restricted
      nozzle, being particulate solids capable of radiating continuum infrared
      radiation within the wavelength range of about 1 to 14 microns; the
      gaseous plume formed by the direct ejection or by the combined augmented
      ejection being characterized by a length of about 1 to 100 feet in the
      atmosphere and containing dispersed particulate solids which have a
      particle size of about 0.01 to 100 microns, radiate continuum infrared
      radiation within a wave length range of about 1 to 14 microns, and provide
      a radiation intensity of about 10 to 50,000 watts per steradian in any
      given 2 micron wide wave length band in said infrared wave lengths; the
      particular characteristics of said plume being determined by and similar
      to the infrared radiation and spatially-extended characteristics of the
PAR   particular turbojet engine being simulated. 2. The process of claim 1
      wherein the continuum infrared radiation is within the range of about 3 to
      5 microns.
NUM  3.
PAR  3. The process of claim 1 wherein the ejected particulate solids have a
      particle size of about 0.1 to 10 microns.
NUM  4.
PAR  4. The process of claim 2 wherein the ejected particulate solids have a
      particular size of about 0.1 to 10 microns.
NUM  5.
PAR  5. The process of claim 1 wherein the length of the plume is about 4 to 30
      feet.
NUM  6.
PAR  6. The process of claim 2 wherein the length of the plume is about 4 to 30
      feet.
NUM  7.
PAR  7. The process of claim 3 wherein the length of the plume is about 4 to 30
      feet.
NUM  8.
PAR  8. The process of claim 4 wherein the length of the plume is about 4 to 30
      feet.
NUM  9.
PAR  9. The process of claim 1 wherein the radiation intensity is about 50 to
      10,000 watts per steradian in any given 2 micron wide wave length band.
NUM  10.
PAR  10. The process of claim 2 wherein the radiation intensity is about 50 to
      10,000 watts per steradian in any given 2 micron wide wave length band.
NUM  11.
PAR  11. The process of claim 3 wherein the radiation intensity is about 50 to
      10,000 watts per steradian in any given 2 micron wide wave length band.
NUM  12.
PAR  12. The process of claim 4 wherein the radiation intensity is about 50 to
      10,000 watts per steradian in any given 2 micron wide wave length band.
NUM  13.
PAR  13. The process of claim 5 wherein the radiation intensity is about 50 to
      10,000 watts per steradian in any given 2 micron wide wave length band.
NUM  14.
PAR  14. The process of claim 6 wherein the radiation intensity is about 50 to
      10,000 watts per steradian in any given 2 micron wide wave length band.
NUM  15.
PAR  15. The process of claim 7 wherein the radiation intensity is about 50 to
      10,000 watts per steradian in any given 2 micron wide wave length band.
NUM  16.
PAR  16. The process of claim 8 wherein the radiation intensity is about 50 to
      10,,000 watts per steradian in any given 2 micron wide wave length band.
NUM  17.
PAR  17. The process of claim 1 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  18.
PAR  18. The process of claim 2 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  19.
PAR  19. The process of claim 3 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  20.
PAR  20. The process of claim 4 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  21.
PAR  21. The process of claim 5 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  22.
PAR  22. The process of claim 6 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  23.
PAR  23. The process of claim 7 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  24.
PAR  24. The process of claim 8 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  25.
PAR  25. The process of claim 9 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  26.
PAR  26. The process of claim 16 wherein at least a portion of the particulate
      solids are oxidizable and are at least partially oxidized within said
      chamber.
NUM  27.
PAR  27. The process of claim 17 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  28.
PAR  28. The process of claim 18 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  29.
PAR  29. The process of claim 19 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  30.
PAR  30. The process of claim 20 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  31.
PAR  31. The process of claim 21 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  32.
PAR  32. The process of claim 22 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  33.
PAR  33. The process of claim 23 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  34.
PAR  34. The process of claim 24 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  35.
PAR  35. The process of claim 25 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  36.
PAR  36. The process of claim 26 wherein at least a portion of the oxidizable
      particulate solids are ejected in said oxidizable state.
NUM  37.
PAR  37. The process of claim 17 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  38.
PAR  38. The process of claim 18 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  39.
PAR  39. The process of claim 19 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  40.
PAR  40. The process of claim 20 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  41.
PAR  41. The process of claim 21 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  42.
PAR  42. The process of claim 22 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  43.
PAR  43. The process of claim 23 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  44.
PAR  44. The process of claim 24 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  45.
PAR  45. The process of claim 25 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen in said
      plume.
NUM  46.
PAR  46. The process of claim 26 wherein at least a portion of the ejected
      oxidizable particulate solids are oxidized by atmospheric oxygen im said
      plume.
NUM  47.
PAR  47. The process of claim 17 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  48.
PAR  48. The process of claim 18 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  49.
PAR  49. The process of claim 19 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  50.
PAR  50. The process of claim 20 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  51.
PAR  51. The process of claim 21 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  52.
PAR  52. The process of claim 22 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  53.
PAR  53. The process of claim 23 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  54.
PAR  54. The process of claim 24 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  55.
PAR  55. The process of claim 25 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  56.
PAR  56. The process of claim 26 wherein at least a portion of the particulate
      solids are non-oxidizable and are ejected in said non-oxidizable state.
NUM  57.
PAR  57. The process of claim 1 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  58.
PAR  58. The process of claim 2 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  59.
PAR  59. The process of claim 3 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  60.
PAR  60. The process of claim 4 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  61.
PAR  61. The process of claim 5 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  62.
PAR  62. The process of claim 6 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  63.
PAR  63. The process of claim 7 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  64.
PAR  64. The process of claim 8 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  65.
PAR  65. The process of claim 9 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  66.
PAR  66. The process of claim 10 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  67.
PAR  67. The process of claim 11 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  68.
PAR  68. The process of claim 12 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  69.
PAR  69. The process of claim 13 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  70.
PAR  70. The process of claim 14 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  71.
PAR  71. The process of claim 15 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  72.
PAR  72. The process of claim 16 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  73.
PAR  73. The process of claim 17 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  74.
PAR  74. The process of claim 18 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  75.
PAR  75. The process of claim 19 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  76.
PAR  76. The process of claim 20 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  77.
PAR  77. The process of claim 21 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  78.
PAR  78. The process of claim 22 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  79.
PAR  79. The process of claim 23 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  80.
PAR  80. The process of claim 24 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  81.
PAR  81. The process of claim 25 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  82.
PAR  82. The process of claim 26 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  83.
PAR  83. The process of claim 27 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  84.
PAR  84. The process of claim 28 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  85.
PAR  85. The process of claim 29 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  86.
PAR  86. The process of claim 30 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  87.
PAR  87. The process of claim 31 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  88.
PAR  88. The process of claim 32 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  89.
PAR  89. The process of claim 33 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  90.
PAR  90. The process of claim 34 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  91.
PAR  91. The process of claim 35 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  92.
PAR  92. The process of claim 36 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  93.
PAR  93. The process of claim 37 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  94.
PAR  94. The process of claim 38 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  95.
PAR  95. The process of claim 39 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  96.
PAR  96. The process of claim 40 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  97.
PAR  97. The process of claim 41 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  98.
PAR  98. The process of claim 42 wherein the the combustion products ejected
      from said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  99.
PAR  99. The process of claim 43 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  100.
PAR  100. The process of claim 44 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  101.
PAR  101. The process of claim 45 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  102.
PAR  102. The process of claim 46 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  103.
PAR  103. The process of claim 47 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  104.
PAR  104. The process of claim 48 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  105.
PAR  105. The process of claim 49 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  106.
PAR  106. The process of claim 50 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  107.
PAR  107. The process of claim 51 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  108.
PAR  108. The process of claim 52 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  109.
PAR  109. The process of claim 53 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  110.
PAR  110. The process of claim 54 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  111.
PAR  111. The process of claim 55 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  112.
PAR  112. The process of claim 56 wherein the combustion products ejected from
      said combustion chamber are ejected into the plume of a separate
      plume-generating gas-generator which is deficient in infrared radiation.
NUM  113.
PAR  113. The process of claim 1 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  114.
PAR  114. The process of claim 2 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  115.
PAR  115. The process of claim 3 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  116.
PAR  116. The process of claim 4 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  117.
PAR  117. The process of claim 5 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  118.
PAR  118. The process of claim 6 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  119.
PAR  119. The process of claim 7 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  120.
PAR  120. The process of claim 8 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  121.
PAR  121. The process of claim 9 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  122.
PAR  122. The process of claim 16 wherein at least a portion of the particulate
      solids are B, C, Al, Mg, Zr, BC, BN, or mixtures thereof.
NUM  123.
PAR  123. The process of claim 113 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  124.
PAR  124. The process of claim 114 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  125.
PAR  125. The process of claim 115 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  126.
PAR  126. The process of claim 116 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  127.
PAR  127. The process of claim 117 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  128.
PAR  128. The process of claim 118 wherein at least a portion of the particulate
      solids are B, C or mixtures thereof.
NUM  129.
PAR  129. The process of claim 119 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  130.
PAR  130. The process of claim 120 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  131.
PAR  131. The process of claim 121 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
NUM  132.
PAR  132. The process of claim 122 wherein at least a portion of the particulate
      solids are B, C, or mixtures thereof.
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ABST
PAL  An integrated nozzle is designed to deflect the jet from a waterjet pump in
      a watercraft before it leaves the nozzle for watercraft steering. The
      nozzle may be so configured to be steerable in both the horizontal and
      vertical planes. The integrated nozzle and steering mechanism with thrust
      reversal mechanism attached thereto allows a full thrust capability
      without appreciable friction losses inherent in conventional waterjet
      steering buckets.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, (or grant) with the U.S. Navy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates primarily to the waterjet field and more
      specifically to providing a method to direct a stream of water or fluid to
      steer the waterjet vessel in such a manner that minimal power losses occur
      as a result of the redirection of the stream of water or fluid from the
      waterjet.
PAR  2. Description of the Prior Art
PAR  There are many patents in the prior art that are directed to a means to
      deflect a stream of water from a waterjet to provide thrust vectoring
      either in the horizontal or vertical plane. All of the prior art patents
      known to the Applicant deflect a solid stream of water from a waterjet
      pump after the stream has already reached its peak velocity, thus any
      interference with the stream of water will reduce the overall thrust
      efficiency through friction losses. For example, U.S. Pat. No. 3,143,857
      describes a waterjet device wherein the water is accelerated through an
      axial flow-type of pump. The pump discharges into a separate jet nozzle
      which is pivotable about a spherical housing in a horizontal plane.
      Additionally there is a reversing bucket associated with the pivotal
      housing to direct the water discharged into the nozzle housing in an
      opposite direction. Friction losses are incurred when the water being
      accelerated through the pump are directed into a separate nozzle. The more
      the steering nozzle is deflected, the greater the friction losses.
      Obviously, power is lost through increased friction in the transition
      distance between the internal fixed nozzle and the deflected separate
      external nozzle associated with the spherical housing. An obvious
      disadvantage then, is the separate swivel nozzle that deflects a solid
      stream of water from a fixed pump and deflects the stream to steer the
      waterjet.
PAR  U.S. Pat. No. 2,993,463 describes a waterjet having a pair of alternating
      nozzles, one or the other of which communicates with an outlet opening
      from a waterjet pump. One of the nozzles being directed 180.degree. to the
      direction of the other to provide for a reverse function for a watercraft.
      This device, like the foregoing patent, is disadvantaged in that the water
      accelerated through the pump is redirected after it passes through a
      primary opening, thus frictional losses similar to that which occurs in a
      pipe elbow are incurred with increased deflection of the secondary
      nozzles.
PAR  The patents described above are but examples of many similar patents in the
      prior art. All of the prior art water propulsion devices deflect a primary
      stream of water from a pump or the like to effect steering, reversing etc.
      The more the angular deflection of the nozzle, the greater the propulsion
      losses are incurred thereby diminishing the propulsion efficiency. The
      present invention overcomes this serious problem by vectoring fluid or
      water upstream of the nozzle where full velocity is achieved. The
      accelerated water is directed through a specific horizontal or vertical
      plane without serious frictional losses.
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists primarily of a waterjet having a spherical nozzle
      portion attached thereto. An inner concentric bulbous-shaped body is
      spaced from and surrounded by a first outer spherically shaped housing,
      which together with the inner body serves to direct water therebetween. A
      second outer housing with a nozzle opening therein is interfitted with and
      hinged to the outer spherical surface of the first housing so that the
      second outer body with an internal spherical surface may traverse in a
      substantially horizontal arc. The hinge line being substantially
      vertically disposed thus, directing water to the right, left, or straight
      aft, depending upon the desired direction of the watercraft. A reversing
      bucket is attached to the second outer housing. The bucket is comprised of
      a clam-shell type arrangement, the bottom half of the shell is permanently
      affixed to the second housing, while the top half is a separate hinged
      half-bucket that is swiveled out of the way during normal watercraft
      operation. The separate top half of the clam shell is dropped down over
      the exhaust orifice in the second housing, the upper clam shell mating
      with the fixed bottom shell, thus directing the water in an opposite
      direction.
PAR  The steerable reversing system is designed to deflect the jet of water
      before it leaves the discharge nozzle. The reversing mechanism can deflect
      the jet stream from neutral through a large angle to provide reverse
      thrust. The system is designed for full thrust capacity while encompassing
      the steering mode of operation. The steerable ball joint nozzle traverses
      substantially horizontally through an arc of approximately 30.degree. in
      each direction from the center line of the pump.
PAR  The separate reversing bucket is hinged through a horizontal plane on the
      nozzle and closes in a vertical direction. The bucket partially closed
      provides a means wherein a neutral propulsion position is achieved,
      whereby water is deflected both rearwardly and forwardly, thereby reaching
      an equilibrium. The bucket is actuated, for example, with two hydraulic
      devices mounted on each side of the fixed deflector passage wall.
PAR  The instant steering and reversing device when compared with prior art
      waterjet devices sustains less propulsion losses when the water is
      deflected during steering maneuvers.
PAR  Therefore it is an object of this invention to provide a means to steer a
      waterjet powered vehicle with little or no propulsion losses due to the
      redirection of the annular water flow through the waterjet propulsion
      device.
PAR  More specifically it is an object of this invention to provide a steerable
      waterjet having a ball-type nozzle portion deflectable through a
      substantially horizontal plane, the ball portion providing the nozzle for
      accelerated water that is directed through an annular passageway defined
      by an outer cylindrical portion and an inner concentric body or pintle.
      The integrated nozzle steering mechanism has additional means to reverse
      the direction of the water being propelled through the waterjet device.
PAR  Accordingly, an advantage over the prior art is a means to steer a
      watercraft with minimal propulsion losses when accelerated water is
      redirected by an integral steerable nozzle.
DRWD
PAR  The above-noted objects and advantages of the present invention will be
      more fully understood upon a study of the following detailed description
      in conjunction with the detailed drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the principal element of the instant
      invention,
PAR  FIG. 2 is a graph illustrating the difference between the prior art
      externally deflected secondary nozzle and the internally deflected nozzle
      of the present invention,
PAR  FIG. 3 is an exploded perspective view of an overall waterjet device
      illustrating the various components involved relative to the integrated
      nozzle and steering mechanism of the waterjet,
PAR  FIG. 4 is a partially cut-a-way side view of the nozzle portion of the
      integrated nozzle illustrating the reversing bucket in both the open and
      closed position,
PAR  FIG. 5 is a cross-sectional side view of the device illustrating the inner
      and outer body with the webs supporting the two sections along with the
      reversing bucket in an inoperative position,
PAR  FIG. 6 is a top view of the nozzle device illustrating the steering
      actuating mechanism,
PAR  FIG. 7 is a cross-sectional side view of a different embodiment of the
      invention, and
PAR  FIG. 8 is still another version of the integrated nozzle illustrating a
      means to steer the existing jet in the vertical direction as well as in
      the horizontal direction.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A major constraint in the performance of a thrust vectoring device is
      cavitation because optimum nozzle thrust requires maximum exit flow
      velocities short of the cavitation limit. Referring to the schematically
      shown prior art, water coming in contact with any flow deflecting surfaces
      3 of deflection nozzle 2 must not be further accelerated. An example of
      this is shown wherein flow from a primary nozzle 1 is further accelerated
      by secondary deflection nozzle 2. An important criterion in the design of
      an efficient flow deflecting device is that the maximum amount of flow
      issuing from the nozzle be captured. The high velocity jet impinging on
      the deflector surface 3 will result in additional viscous losses and
      consequent reduction in the primary nozzle efficiency. Contact between the
      jet and the deflective surfaces must be avoided in the neutral position to
      prevent loss in primary nozzle efficiency. Consequently, the jet deflector
      2 must be moved a distance before any jet deflection is accomplished. This
      dead band effect must be provided for in the control system further
      complicating the operation of a watercraft and effective steering control
      depends on the particular power level of the jet at the time of steering.
      Prolonged deflection over long distances such as might be encountered in a
      cross-wind or cross-current condition will necessarily result in a loss in
      power and an increase in fuel consumption.
PAR  The schematic of FIG. 1 shows the preferred vectoring of the jet by
      rotation of the nozzle 4 as an efficient method of jet deflection for
      steering. In this method, the fluid or water is vectored upstream of the
      nozzle 4 where full jet velocity is achieved. The effect of deflection
      angle on the nozzle efficiency can be computed as depicted in FIG. 2 by
      considering the change in meridianal flow path due to deflection. The
      estimated nozzle efficiency of upstream (internally) deflected jet (line
      A) in relation to deflection angle as compared to the efficiency to the
      prior art device (line B) is clearly indicated by the graph. A 20.degree.
      deflection of deflection nozzle 2 of the prior art results in a four-point
      loss of propulsion efficiency when compared to the internally deflected
      jet of the instant invention.
PAR  Referring now to FIG. 3 the waterjet pump generally designated as 10 is
      comprised of an inlet elbow 12 that is connected to a water inlet ramp
      associated with a watercraft (not shown). A power plant drive shaft 14 is
      connected to a power plant (not shown), the drive shaft being directed
      through the elbow section 12 through a bearing housing 16. Drive shaft 19
      is directed through a tubular housing 18 into the inlet housing 12, the
      drive shaft 19 is connected to an inducer generally designated as 20.
      Shaft 19 terminates within an inducer drive shaft bearing 32 in support
      housing 34. Surrounding inducer 20 is an inducer shroud 22. An outer
      housing 24 with peripheral flange 25 mates with flange 13 of housing 12.
      An inner pump housing 34 is positioned concentrically within outer housing
      24. The inner housing 34 is separated and supported by a series of support
      webs 28 (FIG. 5) which double as fluid or water flow straighteners.
      Inducer drive shaft bearing 32 is positioned concentrically within the
      housing 34. A bearing sleeve 33 surrounds the end of shaft 19. A
      dome-spherical cap generally designated as 36 is mounted to the inducer
      drive shaft support housing 34 through flange 37. The cap 36 rounds out
      the end of the inner pump housing 34, thus enclosing the inducer drive
      shaft 19. An annulus 29 (FIG. 5) is formed between the housing wall 35 of
      inner pump housing 34 and inner wall 26 of the outer spherical housing 24.
      The support webs flow straighteners 28 are positioned between the inner
      and outer housings 34 and 24, the water being directed therebetween. An
      outer spherical steerable housing nozzle generally designated as 40
      attaches to outer housing member 24 through an upper pin 46 interfitted
      within receptacle 47 and a lower pin 48 interfitted within receptacle 45
      formed within housing 24. The hinge pin arrangement enables the spherical
      nozzle housing to be steerable in a horizontal plane. A nozzle opening 42
      is formed by nozzle housing member 40. Below the nozzle portion 42 is a
      fixed lower half of a reversing bucket, designated as 54. The clam-shell
      type reversing bucket is a housing that directs the water in the opposite
      direction when the separate upper half of the reversing bucket, generally
      designated as 52 is mated with fixed bucket 54 when complementary edges 43
      and 55 come together. The separate swivable bucket 52 is hinged to the
      steerable nozzle housing 40 through receptacle 53 on each side of the
      steerable nozzle 40. The hinge line for the bucket is on a horizontal
      plane so that the reversing bucket drops down through a vertical plane.
      The inner surface 44 of the integrated nozzle 40 serves to direct the
      exiting water out through nozzle portion 42 of the steerable reversing
      device 40. A steering horn 50 is affixed to the outer surface 41 of nozzle
      housing 40. A steering arm 51 is connected to horn 50 and terminates in a
      steering mechanism within the watercraft (not shown).
PAR  In operation (FIGS. 3 and 5) water is directed through inlet elbow 12 into
      the inducer 20, the water being driven by the inducer 20 through shroud 22
      into annulus 29 formed between the inner concentric pintle body 34 and the
      outer cylindrical body 24. The accelerated water is then directed through
      the support web flow straighteners 28 towards the steerable spherical
      nozzle housing 40. The water impacts the inner surface 44 of nozzle body
      40 and is directed out through nozzle 42 to propel the watercraft through
      the water. It can be readily seen that nozzle 42 may be positionable
      through a horizontal arc without materially degrading the efficiency of
      the accelerated water exiting the nozzle.
PAR  Turning now to FIG. 4, the cross-sectional view of the waterjet pump 10
      illustrates the upper hinge pin 46 and lower pin 48 which swivels the
      nozzle portion 40 in a substantially horizontal plane. The pins 53
      connecting the separate reversing bucket portion 52 is additionally shown.
      Normally, the waterjet pump accelerates water out of nozzle 42 in
      direction "A," thereby propelling the watercraft through the water in a
      forward direction. When reversing bucket 52 is dropped down so that the
      surfaces 43 and 55 are mated together, the water is then directed into
      direction "B," thus driving the watercraft in the reverse direction.
      Obviously, if the steerable spherical nozzle housing 40 is steerable in a
      horizontal plane in the forward direction, it is also steerable in a
      horizontal plane in a reverse direction. The water when reversed exits
      nozzle portion 57.
PAR  Referring to FIG. 5 the cross-sectional view illustrates more clearly the
      concentricity of inner and outer housing 34 and 24. The support web flow
      straighteners 28 are positioned between inner and outer housings 34, 24
      and equidistantly spaced around the annular space 29 formed therebetween.
      The spherical nozzle portion 40 nestles within outer housing member 24
      along outer surface 27 of housing 24 and inner surface 44 of nozzle
      portion 40. Seals 58 are recessed into a groove 61 in wall 44 of nozzle
      40. The seals, for example, could be rubber O-rings or teflon rings
      depending upon the chemical concentrations of the fluid or water the
      waterjet is going to be subjected to. The separate reversing bucket 52 has
      a series of turning vanes 56 internally positioned within bucket 52. The
      turning vanes serve to help redirect the water from nozzle 42 in the
      direction "B" through nozzle 57 of fixed reversing bucket 54. A seal 60 is
      positioned within recess portion 62 in the lip of the movable bucket
      portion 52. Both seals 58 in steerable nozzle 40 and seal 60 in reversing
      bucket 52 serve to prevent the entrance of any water impurities that might
      wedge between inner wall 44 of steerable nozzle 40 and outer surface 27 of
      housing 24. The seals then serve the dual function of keeping the sliding
      surfaces clean of foreign residue as well as to seal between outer and
      inner bodies.
PAR  It can readily be seen in FIG. 5 that the water accelerated through annulus
      29 between inner body 34 and outer body 24 as it exits past spherical
      domed portion 36 which closes out housing 34 may exit anywhere that the
      nozzle portion 42 of housing 40 is positioned with minimal frictional
      losses in the velocity of the water being accelerated through the nozzle.
      Thus the nozzle 42 may be in position anywhere in a horizontal plane
      adjacent spherical portion 36 without incurring significant efficiency
      losses.
PAR  Referring to FIG. 6 it can be seen that the steerable nozzle portion 40 may
      be positioned upwards to 30.degree. from the center line in a horizontal
      plane. FIG. 6 is a view looking up at the bottom of the waterjet 10
      illustrating the fixed reversing bucket portion 54 with the exit nozzle 57
      being plainly in view. The fixed horn portion 50 is attached to nozzle 40,
      the steering device 51 is extended from the hydraulic steering device 49
      which may be, for example, affixed to the stern of the watercraft (not
      shown). The nozzle portion 40 is shown in an alternate position 54a
      through horn 50a.
PAR  FIG. 7 depicts a different embodiment wherein the spherical steerable
      nozzle housing 70 has affixed to it a nozzle center piece generally
      designated as 72. The inner concave surface 75 of center piece 72 slidably
      mates with the outer surface of the half sphere or domed-spherical inner
      pump housing cap 36. The center piece is spaced from and affixed to the
      movable nozzle portion 70 by a multiplicity of webs 74 which are
      equidistantly spaced between the inner wall 71 of movable nozzle 70 and
      outer wall 76 of center piece 72. A spike portion 80 of the center piece
      72 is extended into the center of nozzle opening 73 of spherical nozzle
      portion 70. The purpose of the center piece with the extended spike
      portion 80 is to provide a transition member for the accelerated water
      that exits past nozzle 73 outwardly of the waterjet pump 10. As fluid or
      water exits the nozzle 42 as depicted in FIGS. 3-6, it creates a turbulent
      flow adjacent inner sphere 36, thereby creating resistance to flow leaving
      nozzle 42. The spike 80 of floating center piece 72 (FIG. 7) which rides
      on cap 36 smooths out this turbulent flow of water adjacent cap 36
      providing a smooth transition for the accelerated water as it exits past
      nozzle 73.
PAR  FIG. 8 depicts still another embodiment wherein both horizontal and
      vertical deflections are possible in an almost infinite variety of
      positions. The figure basically depicts a different means to deflect the
      movable nozzle portion generally designated as 90. A side view of the
      waterjet device illustrates a geared ring 92 attached to a transition
      member 103 that rotates 360.degree. nozzle portion 90 in a plane
      perpendicular to the center line of the pump while a second geared ring 94
      rotates the nozzle portion 90 on a bias or at an oblique angle to the
      center line of the housing so that when the gear rings 92 and 94 work
      together driven by servo motors 91 and 93, the nozzle 95 may be positioned
      both horizontally and vertically. Hence, the watercraft may be both
      steered by directing the nozzle horizontally and trimmed by positioning
      the nozzle in a vertical direction to change the "pitch" of the
      watercraft. A reversing bucket 100 may be fixed to the watercraft transom
      below the movable nozzle portion 90. The nozzle having vertical deflection
      capabilities may be positioned to direct the discharge from the nozzle 95
      into opening 102 and forwardly out of opening 104 in direction "B" of the
      fixed reversing nozzle 100. The embodiment of FIG. 8 additionally shows
      the spike 96 with supporting webs 98 between the steerable nozzle housing
      90 and the inner spherical surface 36 as is depicted in FIG. 7.
PAR  It will of course be realized that various modifications can be made in the
      design and operation of the present invention without departing from the
      spirit thereof. Thus, while the principal preferred construction and mode
      of operation of the invention have been explained and what is now
      considered to represent its best embodiment has been illustrated and
      described, it should be understood that within the scope of the appended
      claims the invention may be practiced otherwise than as specifically
      illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A steerable waterjet apparatus for watercraft wherein fluid is vectored
      upstream of a primary nozzle without substantial propulsion efficiency
      losses when said nozzle is manipulated to steer said watercraft through
      the water, said apparatus comprising:
PA1  an outer cylindrical housing member in communication with an upstream inlet
      opening at one end and, a convex spherically-shaped opposite downstream
      end having an opening formed therein,
PA1  an inner cylindrical body positioned within, spaced from and concentric
      with said outer housing, said inner body at its upstream end being
      adjacent to an inducer pump and at its opposite downstream end, said inner
      body terminates in half a sphere, an outside wall of said inner body and
      an inside wall of said outer housing forming an annular chamber thereby.
PA1  an outer movable member forming a primary nozzle opening therein having an
      inside spherically-shaped concave surface that is interfitted with said
      convex spherically-shaped open ended outer housing member, said outer
      nozzle member is connected to said outer housing member and movable over
      said convex surface, of said outer housing member,
PA1  a nozzle center piece, spaced from and adjacent said primary nozzle
      opening, the inner concave surface of said center piece slidably mates
      with the outer convex surface of said half sphere at said upstream end of
      said inner body, said center piece having a spike portion extended into
      the center of said primary nozzle formed by said movable nozzle member,
      said center piece having a multiplicity of support webs affixed to,
      equidistantly spaced one from the other and radially disposed between an
      inner surface of said movable nozzle member and an outer surface of said
      center piece, to maintain said extended spike portion within the center of
      said primary nozzle as said movable nozzle member is manipulated to steer
      the watercraft, the center piece serves to prevent turbulent flow which
      forms adjacent said half sphere of said inner body opposite said primary
      nozzle opening, and
PA1  means to manipulate said nozzle member to effect watercraft steering.
NUM  2.
PAR  2. A steerable waterjet apparatus for watercraft wherein fluid is vectored
      upstream of a primary nozzle without substantial propulsion efficiency
      losses when said nozzle is manipulated to steer said watercraft through
      the water, said apparatus comprising:
PA1  a fixed outer cylindrical housing member having an inlet opening at an
      upstream end and an open downstream end,
PA1  an inner cylindrical body positioned within, spaced from and concentric
      with said outer housing, said inner body at its upstream end being
      adjacent an inducer pump and at its opposite downstream end, said inner
      body terminates in half a sphere, an outside wall of said inner body and
      an inside wall of said outer housing forming an annular chamber thereby, a
      multiplicity of radially disposed support web fluid flow straighteners are
      affixed to and equidistantly spaced within said annular chamber, said webs
      being positioned between said inducer pump and said downstream end of said
      outer housing,
PA1  said downstream end of said outer housing is connected to a transition
      member at a first upstream end adopted to rotate 360.degree. about a
      center line of said waterjet pump with respect to said fixed housing, said
      transition member at a second downstream end being connected to a
      rotatable nozzle housing member, forming a primary nozzle opening said
      second downstream end is so configured as to present a plane at the mating
      surface between said transition member and said nozzle member at an
      oblique angle to said center line of said waterjet pump,
PA1  a nozzle center piece, spaced from and adjacent said primary nozzle
      opening, the inner concave surface of said center piece slidably mates
      with the outer convex surface of said half sphere at said upstream end of
      said inner body, said center piece having a spike portion extended into
      the center of said primary nozzle formed by said rotatable nozzle member,
      said center piece having a multiplicity of support webs affixed to,
      equidistantly spaced one from the other and radially disposed between an
      inner surface of said rotatable nozzle member and an outer surface of said
      center piece, to maintain said extended spike portion within the center of
      said primary nozzle as said rotatable nozzle housing member is manipulated
      to steer the watercraft, the center piece serves to break up turbulent
      flow which forms adjacent said half sphere of said inner body opposite
      said primary nozzle opening, and
PA1  independent actuating means to manipulate both the rotatable transition
      member and the rotatable nozzle member obliquely connected to said
      transition member, so as to steer and trim said watercraft in a
      substantially horizontal and vertical plane through a wide variety of
      angles with respect to said center line of said waterjet pump.
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ABST
PAL  Stresses induced by differential expansion and contraction of the solid
      propellant grain and the rocket motor case to which it is conventionally
      bonded are obviated by bonding a special sheath to the propellant grain
      and attaching it to the rocket motor case only at its forward and aft
      ends. A thin layer of Teflon is confined intermediately between the sheath
      and the rocket motor case. The sheath is extended beyond the propellant
      grain and bonded to the case so that an unbonded section thereof extends
      between the zone at which it is bonded to the case and the propellant
      grain. The propellant grain joins the sheath by a surface fillet to
      relieve surface stresses at this juncture. A gastight seal is provided in
      the thrust nozzle of the rocket motor for pressurizing of the combustion
      chamber to inhibit radial shrinkage of the propellant.
GOVT
PAR  This invention was made under or during the course of Contract Number
      N0003072C0062 with the U.S. Navy.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS This invention is somewhat related
      to that described in my co-pending application titled "Rocket Motor
      Construction,"Ser. No. 413,477, filed Nov. 7, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates broadly to rocket motor construction. More
      specifically, it relates to means for mounting solid propellant grains in
      rocket motor cases so that stresses induced by propellant shrinkage or
      differential thermal expansion or contraction thereof relative to the case
      are obviated.
PAR  A continuing problem with solid propellant rocket motors, particularly
      those of the end-burning type, is that most solid propellants tend to
      shrink during the curing process, and also tend to contract to a much
      greater extent than the rocket motor case to which they are bonded during
      the subsequent cooling period. The primary problem in such mounting means
      is to provide for axial motion of the propellant grain relative to the
      case and at the same time prevent ignition of the sides of the propellant
      during rocket motor operation. Conventional means of obviating these
      stresses have included the use of a plurality of layers of insulation
      surrounding the propellant grain. These layers are bonded together and to
      the case of the rocket only at the forward end thereof to permit
      longitudinal movement of the propellant grain relative to the case as it
      shrinks or expands. This method tends to add an unacceptable amount of
      inert weight to the rocket and to diminish the quantity of propellant that
      can be loaded therein. My previous invention cited above as a related
      application, and over which the present invention is considered an
      improvement, treated this problem by bonding a series of overlapping hoops
      to the propellant grain and to the case in such a way that a series of
      longitudinal expansion joints were created. Although this is a useful
      invention, the present invention is much lighter in weight of inert parts.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which overcomes these difficulties of prior art
      rocket motor constructions and fills the needs for longitudinal movement
      of the propellant grain relative to the rocket case and of preventing
      ignition of the sides of the propellant grain, comprises a gastight seal
      in the throat of the thrust nozzle and a special sheath that surrounds the
      propellant grain inside the motor case. The sheath is made of elastomer. A
      thin layer of Teflon is confined between the elastomeric sheath and the
      rocket motor case. The elastomeric sheath is extended beyond its juncture
      with the propellant grain and is bonded to the case such that an unbonding
      section thereof exists between propellant grain and the zone at which the
      sheath is bonded to the case. The propellant grain is joined to this
      unbonded section by a fillet to obviate surface stresses in the
      propellant.
PAR  Objects of the invention are to provide a rocket motor construction that:
      (1) Permits longitudinal motion of the propellant grain relative to the
      case to which it is attached; (2) Prevents ignition of the sides of the
      propellant grain during rocket motor operation; and (3) Does not impart an
      unacceptable amount of inert weight to the rocket motor.
PAR  Important features of the invention are that it is simple to manufacture
      and reliable in operation.
DRWD
PAR  Other objections and advantages of the invention may be noted as a
      following detailed description is read with reference to the accompanying
      drawing. The same parts are designated by the same numerals throughout the
      disclosure.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial, longitudinal section of the invention; and
PAR  FIG. 2 is an enlarged portion therof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in the FIGS., the invention is a means for mounting a solid
      propellant grain 6 in a case 7 of a rocket motor 8 so that stresses caused
      by differential contraction or expansion between the propellant 6 and the
      case 7 are obviated; and so that ignition of the sides of the propellant
      grain 6 is prevented. The propellant grain 6 is bonded to an elastomeric
      sheath 9 that is essentially cylindrical and extends from the forward end
      dome 10 to a zone 11 beyond the point of tangency with the aft dome 12.
      The propellant grain 6 is bonded to the case 7 by an adhesive 13 at the
      forward dome 10. A cylindrical layer 14 of Teflon
      (polytetrafluoroethylene) is bonded to the outside of the sheath 9 between
      the sheath and the case 7. The propellant grain 6 is typically of the
      end-burning type and joins the sheath 9 at its aft surface by a fillet 15
      to avoid surface stresses in the propellant.
PAR  The sheath 9 is bonded to the case 7 at the zone 11, which lies aft of the
      propellant grain 6, so that there is an unbonded annular section 16 that
      lies between the propellant grain 6 and the attachment of the sheath 9 to
      the case 7. Since this unbonded zone 16 is typically under tension as the
      propellant grain 6 shrinks in an axial direction during its curing
      process, it must be capable of considerable elasticity. As shown in FIG.
      2, this unbonded section is preferably made of two parallel layers 17 and
      18 spaced apart by elastomeric hoops 19 that are fixed to at least one of
      the elastomeric layers 17 or 18. This combination of the hoops 19 with a
      layer 17 or 18 may be made either by extrusion or by bonding the hoops to
      one or both layers. Although hoops are preferred for the spacers 19, they
      may be made of any of a variety of other configurations, such as disks,
      squares, etc.
PAR  Especially during the curing process of the propellant 6, it is desirable
      to minimize any radial shrinkage thereof. This may be accomplished by
      maintaining gas pressure in the combustion chamber 20, thereby providing a
      pressure against the surface of the propellant that will act against the
      vacuum between the sheath 9 and the rocket motor case 7. This gas
      pressurization is made possible by sealing the rocket motor nozzle 21 at
      the throat 22 thereof by a plug 23. This plug 23 is formed by filling an
      elastomeric bag 24 with a plastic foam 25 that may be foamed and cured in
      situ to conform to the contour of the throat 22. After the foam has set,
      the bag 24 is sealed at 26.
PAR  Ordinarily, the pressurization is not more than one atmosphere. However, if
      greater pressure is desired, additional gas may be introduced into the
      combustion chamber 20 via a small tube, not shown, that may be inserted
      through the plug 23 and then sealed after sufficient pressure has been
      introduced.
PAR  The plug 23 formed in this manner maintains combustion chamber pressure
      very well as the unfired missile is transported to various altitudes and
      environments. However, upon firing of the missile, the thin elastomeric
      bag and plastic foam 25 are quickly disintegrated and expelled by the hot
      propulsive gases produced by the burning propellant 6. Although any of a
      number of plastic foam materials may be used for this purpose, the
      preferred material is a polyurethane, because of its relative
      imperviousness to humidity and temperature changes.
PAR  In some applications, the unbonded section 16 of the sheath 9 may be simply
      an extension of the single layer of elastomer that comprises the sheath 9.
      However, in large rocket motors wherein the aft surface of the propellant
      6 may move through a considerable distance, and wherein considerable
      weight of propellant is involved, the added strength of the double sheath
      section 16 described above is desired.
PAR  An invention has been described that advances the art of solid propellant
      rocket motor construction. Although the embodiment has been described with
      specificity regarding detail, it should be noted that many details may be
      altered without departing from the scope of the invention as it is defined
      in the following claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A gastight seal for a convergent-divergent rocket thrust nozzle
      comprising:
PA1  a thin, flexible, elastomeric bag in the throat portion of the nozzle; and
PA1  a cured, plastic foam in the bag, the foam having been cast and cured in
      situ with sufficient foam to form a plug having an axially
      convergent-divergent surface conforming exactly to the surface of the
      nozzle throat.
NUM  2.
PAR  2. The rocket motor of claim 1 wherein the plastic foam is a polyurethane.
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ABST
PAL  Exhaust system for an internal combustion engine with wall means forming a
      wave tube having a substantially unimpeded flow passage with one end
      adapted to be placed in communication with the exhaust opening of the
      internal combustion engine. The wall means forming a wave tube is formed
      with a slot in relatively close proximity to the exhaust opening. Means is
      provided for collecting gases passing through the slot and for supplying
      the same to the intake of the internal combustion engine. Collecting means
      is provided for collecting the exhaust gases passing through the wave tube
      and for maintaining them at an elevated temperature before they are
      exhausted to the atmosphere.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  At the present time, much work is being done to provide exhaust systems for
      automobiles which will meet certain environmental requirements. Such
      provisional exhaust systems are relatively complicated and expensive.
      There is, therefore, a need for a new and improved exhaust system and
      method which will meet the proposed environmental requirements.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The exhaust system is for use with an internal combustion engine having at
      least one combustion chamber which is adapted to be placed in
      communication with an exhaust opening by the operation of an exhaust valve
      and an intake opening by operation of an intake valve. Wall means is
      provided which forms a wave tube having a substantially unimpeded flow
      passage with one end adapted to be placed in communication with the
      exhaust opening of the internal combustion engine. The wall means forming
      the wave tube is formed with a slot. Means is provided for receiving the
      gases passing through the slot and for supplying them to the intake
      opening. Collecting means is connected to the other end of the wall means
      and is provided for collecting the exhaust gases passing through the wave
      tube. Means is provided for maintaining the collecting means at an
      elevated temperature. Means is coupled to the collector means for
      exhausting the exhaust gases to the atmosphere.
PAR  In general, it is an object of the present invention to provide an exhaust
      system and method which is particularly adaptable for use with internal
      combustion engines for reducing certain undesirable emissions from the
      exhaust gases.
PAR  Another object of the invention is to provide a system and method of the
      above character which provides uniform scavenging of each cylinder of an
      internal combustion engine during the exhaust period for maximum
      volumetric efficiency and carburetion metering accuracy over the entire
      operating range of the engine.
PAR  Another object of the invention is to provide a system and method of the
      above character to provide an optimum amount of air injection into the
      exhaust system for the oxidation of carbon monoxide and unburned
      hydrocarbons.
PAR  Another object of the invention is to provide a system and method of the
      above character to provide a controlled amount of exhaust gas
      recirculation to the intake air for the internal combustion engine.
PAR  Another object of the invention is to provide a system and method of the
      above character in which the exhaust temperature is raised for increased
      oxidation of carbon monoxide and unburned hydrocarbons.
PAR  Another object of the invention is to provide a system and method of the
      above character which is relatively simple.
PAR  Another object of the invention is to provide a system and method of the
      above character which can be utilized on original equipment and which also
      can be utilized for retrofitting existing equipment.
PAR  Another object of the invention is to provide a system and method of the
      above character which is relatively inexpensive.
PAR  Another object of the invention is to provide a system and method of the
      above character which does not require the use of moving parts.
PAR  Another object of the invention is to provide a system and method of the
      above character which requires little or no maintenance during the
      operating lifetime of the internal combustion engine.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments are set forth in
      detail in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partly in cross-section, of an internal
      combustion engine having mounted thereon an exhaust system incorporating
      the present invention.
PAR  FIG. 2 is a cross-sectional view of one of the cylinders of the internal
      combustion engine shown in FIG. 1 with the exhaust system mounted thereon.
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2 but showing another
      embodiment of an exhaust system incorporating the present invention
      adapted for use with original equipment.
PAR  FIG. 4 is a graph showing the transmitted wave and the resultant wave in an
      exhaust system incorporating the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, there is shown an internal combustion engine 11 which is
      generally of a conventional type. It is provided with a block 12 and a
      head 13 in which there are formed a plurality of combustion chambers 14
      having pistons (not shown) slidably mounted therein for reciprocating
      movement. As detailed in FIG. 2, each combustion chamber 14 is provided
      with an exhaust opening 16 and also an intake opening (not shown). The
      exhaust opening is adapted to be closed by an exhaust valve 17 slidably
      movable between open and closed positions with respect to the opening 16.
      Similarly, another valve (not shown) is provided for opening and closing
      the intake opening. The exhaust passage 18 opens through an exhaust port
      19. The portion of the internal combustion engine thus far described is
      conventional.
PAR  The exhaust system of the present invention which is mounted on the
      internal combustion engine 11 consists of a 90.degree. elbow 21 (FIG. 2)
      which is provided with a flange 22 adapted to be secured to the head 13 of
      the internal combustion engine by suitable means such as cap screws 23.
      The flange 22 is secured to the elbow 21 by suitable means such as
      welding. The elbow 21 is provided with a flow passage 24 which is in
      communication with the exhaust port 19. The elbow 21 is also provided with
      a flange 26 on its other end which is secured thereto by suitable means
      such as welding.
PAR  A resistor block assembly 28 is secured to the flange 26. The resistor
      block assembly consists of a cylindrical sleeve 29 of a suitable size as,
      for example, 1-1/2 inches in inside diameter. The sleeve 29 is provided
      with a flange 31 at its upper end which is engaged by a shoulder carried
      by a housing 33 that is, by way of example, 2-1/4 inches square in
      cross-section in its outer dimension. The housing 33 is fastened to the
      flange 26 by suitable means such as screws 34 which extend through a
      flange 36 provided on the primary pipe 37. The sleeve 29 is provided with
      a flow passage 38 which is the same size as flow passage 24 and is in
      communication with the flow passage 24 at the elbow 21. The housing 33 is
      provided with an annular space 39 which extends around the sleeve 29. The
      primary pipe 37 is provided with a passage 41 which is approximately the
      same size as the passage 38 and is adapted to receive exhaust gases from
      the sleeve 29. A resistor or terminating slot 42 is formed between the
      flow passage 38 and the flow passage 41 and is provided by having the
      sleeve 29 terminate short of the flange 36 and the upper extremity of the
      primary pipe 37 as shown particularly in FIG. 2. The slot 42 is in
      communication with the space 39 within the housing 33. The housing 33 is
      provided with a bore 43 in communication with the space 39 extending
      radially of the housing and which has a pipe 44 mounted therein and
      connected by secondary piping 45 (FIG. 1) to an air chamber 46 of the type
      shown in copending application Ser. No. 268,736, filed July 3, 1972. As
      can be seen from FIG. 1, the internal combustion engine is provided with a
      plurality of combustion chambers and exhaust systems which are connected
      by secondary piping 45 into the air chamber 46 for a purpose hereinafter
      described. The air chamber 46 is connected to the intake system 47 of the
      internal combustion engine which, in turn, is in communication with intake
      flow passages for the combustion chambers under the control of the intake
      valves.
PAR  The primary exhaust pipe 37 for each of the combustion chambers of the
      internal combustion engine is connected into a housing or box 48 which can
      be identified as a collector. The collector 48 is provided with an inner
      chamber 49 having a volume of a predetermined size as hereinafter
      described. The primary pipes 37 and the collector 48 itself are provided
      with suitable insulation 50 as, for example, fiberglass, so that they are
      thermally insulated to maintain a high temperature within the primary
      pipes and the collector 48. A conventional exhaust silencing system is
      connected to the collector 48 and consists of an exhaust pipe 51 mounted
      in one wall of the collector 48 and having a muffler 52 of a conventional
      type mounted thereon. A tail pipe 53 is mounted on the muffler.
PAR  From the foregoing, it can be seen that the construction shown serves as
      wall means which forms a wave tube having a substantially unimpeded flow
      passage with one end being adapted to be placed in communication with the
      exhaust port 19. This wall means is provided with a slot 42 in relatively
      close proximity to the exhaust port 19.
PAR  Operation and use of the exhaust system in conjunction with an internal
      combustion engine may now be briefly described as follows in conjunction
      with FIG. 4. Curve A, B, C, D, E in FIG. 4 is the transmitted pressure
      wave which would appear at the exhaust port 19 with an infinitely long
      primary pipe 37. Curve A, B, C, F, G in FIG. 4 is the resultant pressure
      wave at the exhaust port 19 for a primary pipe 37 of optimum length at
      nearly full power output for the engine.
PAR  Let it be assumed that the internal combustion engine is operating in a
      manner well known to those skilled in the art. As soon as the exhaust
      valve 17 opens, a relatively high pressure pulse A, B, C, F, appears in
      the primary pipe 37 which forces a quantity of relatively clean exhaust
      gases out through the slot 42 into the space 39 and thence out the pipe 44
      to the secondary piping 45 and into the air chamber 46. Because of this
      high pressure pulse, the diffusion of these exhaust gases into the intake
      air chamber 46 is relatively rapid. At the time when the exhaust valve
      first opens, the pressure within the combustion chamber is on the order of
      100 lbs. per square inch and the peak primary pipe pressure is on the
      order of 1 - 10 lbs. per square inch, depending on engine speed and load.
      These initial exhaust gases are relatively clean because they come from
      the center of the combustion chamber rather than from the wall of the
      combustion chamber where the unburned hydrocarbons, and to some extent the
      carbon monoxide, concentrate. By utilizing the high pressure pulse to
      cause these initial exhaust gases to be introduced into the air chamber 46
      and into the intake system 47, there is proportional exhaust gas
      recirculation which is quite effective in reducing the oxides of nitrogen
      pollutants released to the atmosphere by the exhaust system. It is known
      to those skilled in the art that the desirable percentage of recirculation
      of exhaust gases ranges from 5 to 30% depending on the engine operating
      parameters. Flame temperatures increase in the internal combustion engine
      with increased speed of operation, increasing the content of oxides of
      nitrogen formed in the combustion chamber, but the exhaust pressure and
      therefore the amount of exhaust gases recirculated is also increased to
      thereby reduce the amount of such oxides of nitrogen in the exhaust gases
      which are finally exhausted to the atmosphere.
PAR  The size of the slot 42 in the resistor block assembly controls the rate of
      recirculation. The secondary pipe should be connected downstream of the
      resistor block because there will be far too much recirculation if it is
      connected upstream of the resistor block assembly 28.
PAR  After the high pressure pulse represented by the curve A, B, C, F has
      elapsed and the curve has passed through the zero pressure point and has
      moved into the negative pressure region as represented by the curve F, G,
      atmospheric air is drawn in through the slot 42. Since this atmospheric
      air contains oxygen, this air aids in combusting the unburned hydrocarbons
      and also for converting carbon monoxide into carbon dioxide. This
      oxidation of the unburned hydrocarbons and the conversion of the carbon
      monoxide to carbon dioxide is also facilitated by the fact that the
      primary pipes 37 and the collector 48 are maintained at a high temperature
      as, for example, a temperature ranging from 950.degree. to 1000.degree.C.
      because of the thermal insulation provided on the primary pipes and the
      collector. The introduction of the atmospheric air and the maintenance of
      the high temperature is particularly efficacious in reducing the
      pollutants which are introduced into the air by the internal combustion
      engine because it is those products which are exhausted from the
      combustion chamber during the second portion of the exhaust period that
      contain the major portion of the carbon monoxide and unburned
      hydrocarbons. By way of example, it has been found that by the use of the
      slot 42 atmospheric air is injected into the exhaust gases in a percentage
      ranging from 10 to 30%, and preferably around 18%.
PAR  The slot 42 is designed to provide critical damping of the pressure wave in
      the primary pipe 37, that is, the viscous acoustical resistance is
      substantially equal to the surge impedance of the primary pipe. This
      damping prevents subsequent reflections of the exhaust pressure wave so
      that the combustion chamber is returned to a uniform pressure close to
      atmospheric before the beginning of the next engine cycle, over the entire
      operating speed range of the engine, and therefore provides uniform
      scavenging efficiency and carburetion metering accuracy.
PAR  By way of example, it has been found that any slot width above 0.020 inch
      is not as satisfactory as a narrower slot because it is necessary to rely
      upon the viscosity of the gas in the slot to absorb excess acoustical
      energy, which increases the scavenging efficiency of the engine. Since
      this acoustical resistance varies inversely as the cube of the slot width
      normal to the flow direction, it was found that in going above 0.020 inch,
      the reactive part of the impedance becomes appreciable and, therefore,
      there is no net gain. On one particular engine, it was found that there
      was no change in the exhaust pressure pulse in increasing the slot width
      from 0.014 to 0.020 inch, indicating that a slot width of 0.014 inch was
      enough to critically damp the system.
PAR  By way of example, the length of the primary pipes 37 is determined by the
      formula
EQU  L (in cm.) = 1.4 (.+-.10%) .times. 10.sup.4 .sqroot.T  /N
PAL  where
PAR  n = maximum power engine speed (revolutions/min.)
PAR  T = absolute expected mean operating temperature in main pipe (K.degree.),
      and inside diameter
EQU  D (in cm.) = 2.8.times.10.sup.-.sup.3 .times. .sqroot.VNc
PAL  where
PAR  V = displacement volume of one combustion chamber (cm.sup.3)
PAR  e = fractional volumetric efficiency of engine at maximum power engine
      speed.
PAR  The principal reason for utilizing the above identified calculations with
      respect to length and diameter of the main pipe 37 is to make it possible
      to adjust the pressure range and the duration so that excessive back
      pressure is not created which would restrict the performance of the
      internal combustion engine at the upper speed range and so that the back
      pressure does not fall too low at the lower end of the speed range.
PAR  The collector 48 should have an internal volume of approximately 12 to 20
      times the volume of the combustion chamber as, for example, preferably 15
      times. Such a collector may serve up to four main primary pipes 37 in a
      multi-cylinder installation as shown in FIG. 1.
PAR  In other words, the high pressure pulse hereinbefore described travels down
      the primary pipe 37 to the end where it terminates in the collector 48 and
      is reflected back. The exhaust port 19 to which the primary pipe 37 is
      connected does not yet know that the primary pipe is not infinitely long
      and, therefore, maintains a positive pressure for the time it takes the
      pressure pulse, travelling at the speed of sound which is proportional to
      the square root of the temperature, to travel all the way down the primary
      pipe to the collector and then to return back to the exhaust port. During
      this time, gases are being forced out of the slot 42 into the secondary
      pipe 45 and into the intake system. As soon as the reflected wave has
      returned, the pressure at the exhaust port will go negative throughout the
      remainder of the exhaust period of the internal combustion engine after
      the initial high pressure pulse has been dissipated.
PAR  The dimensions of the secondary pipes 45 are not critical as long as the
      pressure drop in these pipes is small to 20% of the total exhaust flow
      rate averaged over the engine cycle. It should be appreciated that where
      exhaust gas recirculation is not desired, the secondary pipes 45 can be
      connected directly into the collector 48.
PAR  In conjunction with exhaust silencing, it has been found that the provision
      of the resistor slot 42 substantially reduces the exhaust sounds and
      particularly the fairly low frequency sounds. Thus, by providing the
      resistor slots, it has been found that there is a marked reduction in low
      frequency resonance and, therefore, greatly reduces the silencing
      requirements for the exhaust system.
PAR  In conjunction with the foregoing, it can be seen that the exhaust system
      herein disclosed is particularly adapted for retro-fitting existing
      internal combustion engines. When it is desired to utilize such an exhaust
      system with a factory built internal combustion engine, the exhaust system
      can be greatly simplified. By way of example, as shown in FIG. 3, the head
      13 can be provided with an annular slot 61 which surrounds the exhaust
      port 19. A primary pipe 62 provided with a flange 63 welded thereto is
      secured to the head 13 by cap screws 64. The primary pipe 62 is provided
      with a flow passage 66 which is in registration with the exhaust port;
      however, as shown in FIG. 3, the head 13 is formed in such a manner that
      the exhaust port terminates just short of the innermost extremity of the
      primary pipe 62 so that there is provided an annular slot 67 therebetween
      which opens into the annular recess 61. A secondary pipe 68 is threaded
      into the flange 63 and is in communication with the annular recess 61 as
      shown in FIG. 3. The primary pipe 62 is provided with insulation 69 and is
      connected into a collector 48 of the type hereinbefore described. The
      secondary piping 68 is connected into an air chamber 46 of the type
      hereinbefore described.
PAR  Operation of this embodiment of the invention is substantially identical to
      that hereinbefore described. As pointed out previously, upon opening of
      the exhaust valve, a high pressure pulse is produced which causes exhaust
      gas to pass through the slot 67 into the secondary piping 68 where it is
      recirculated into the intake system of the engine. This high pressure
      pulse continues until the wave is reflected back, at which time there is
      negative pressure which causes the remaining gases within the combustion
      chamber to be scavenged out of the combustion chamber, after which the
      exhaust valve closes to start another cycle.
PAR  From the foregoing, it can be seen that there has been provided a new and
      improved exhaust system for use with internal combustion engines which has
      a great number of advantages. As pointed out previously, it is possible to
      provide uniform scavenging of each cylinder of the internal combustion
      engine during the exhaust period for maximum volumetric efficiency and
      carburetion metering accuracy over the entire operating speed range of the
      engine. The amount of pollutants which are produced by the internal
      combustion engine is greatly reduced by injecting the optimum amount of
      air into the exhaust system and by maintaining an elevated exhaust
      temperature with an increased residence time for the exhaust gases to
      greatly increase oxidation of the carbon monoxide and the unburned
      hydrocarbons. In addition, the oxides of nitrogen are also greatly reduced
      by recirculating the initial portion of the exhaust gases into the intake
      system of the internal combustion engine. In addition, the exhaust system
      is one which is relatively simple and inexpensive, has no moving parts and
      is, therefore, relatively maintenance free.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an exhaust system for an internal combustion engine having at least
      one combustion chamber which is adapted to be placed in controlled
      communication with an exhaust opening for discharging exhaust gas from the
      combustion chamber during an exhaust period and with an intake opening for
      inducting an intake mixture into the combustion chamber during an intake
      period, wall means forming a wave tube having first and second open ends
      with the first end being adapted to be placed in communication with and in
      close proximity to said exhaust opening, said wall means being free of
      converging portions as viewed from said first end, said wave tube being
      formed with slot means establishing continuous communication between the
      interior of said wave tube and a source of atmospheric pressure air, said
      wall means including primary pipe means having a significant length
      extending beyond said slot means and being free of substantial abrupt
      changes in sectional area between said slot means and said second end of
      the wave tube whereby upon discharge of exhaust gas from the combustion
      chamber a pressure wave is produced within the wave tube to cause a
      portion of the exhaust gas to escape from the wave tube through the slot
      means until a reflected wave produced by said pressure wave at said second
      end creates a depression within the wave tube to cause atmospheric air to
      enter the wave tube through the slot means whereby the wave tube forms a
      mixing space for the exhaust gas and the air which enters the wave tube
      for combusting unburned hydrocarbons and for converting carbon monoxide to
      carbon dioxide, said slot means being sized to absorb substantially all of
      the energy of said reflected wave for preventing the production of more
      than one significant pressure wave for each exhaust period.
NUM  2.
PAR  2. A system as in claim 1 together with an exhaust collector coupled to the
      second end of said wave tube, said exhaust collector having an internal
      volume which is substantially greater than the internal volume of said one
      combustion chamber.
NUM  3.
PAR  3. An exhaust system in claim 2 wherein said primary pipe means and said
      exhaust collector are thermally insulated to maintain the gases therein at
      a high temperature.
NUM  4.
PAR  4. An exhaust system as in claim 1 wherein said primary pipe has an
      approximate length determined by the formula
EQU  L (in cm) = 1.4 (.+-.10%) .times. 10.sup.4 .times. .sqroot.T/N
PAL  where
PA1  N = maximum power engine speed (revolutions/min.)
PA1  T = expected mean operating temperature in main pipe (K.degree.) and has an
      approximate inside diameter as determined by the formula
EQU  D (in cm) = 2.8.times.10.sup.-.sup.3 .times. .sqroot.VNe
PAL  where
PA1  V = displacement volume of one combustion chamber (cm.sup.3)
PA1  e = fractional volumetric efficiency of engine at maximum power engine
      speed.
NUM  5.
PAR  5. An exhaust system as in claim 2 together with exhaust silencing means
      connected to the exhaust collector.
NUM  6.
PAR  6. An exhaust system as in claim 5 together with means for collecting the
      exhaust gas escaping through said slot means and for supplying the same to
      the intake opening.
NUM  7.
PAR  7. An exhaust system as in claim 1 wherein said slot means extends in a
      plane which is substantially perpendicular to the axis of the flow passage
      in the wave tube at the location of said slot means.
NUM  8.
PAR  8. In a method for controlling the pollutants released to the atmosphere by
      an internal combustion engine having at least one combustion chamber which
      is adapted to be placed in controlled communication with an exhaust
      opening during an exhaust period and with an intake opening during an
      intake period, providing exhaust piping connected to the exhaust opening
      free of converging portions as viewed from the exhaust opening, providing
      at least one slot in said piping in a position wherein the exhaust piping
      has a substantial length extending beyond the slot, discharging exhaust
      gas during the exhaust period, propagating a pressure wave through the
      exhaust gas outwardly from the exhaust opening, propagating a reflected
      wave through the exhaust gas inwardly toward the exhaust opening,
      utilizing the slot to permit a portion of the exhaust gas to escape
      therethrough during the first portion of the exhaust period and to permit
      atmospheric air to enter therethrough during the second portion of the
      exhaust period and to substantially attenuate the reflected wave so that
      only one significant pressure wave in the exhaust gas occurs for each
      exhaust period, and using the exhaust piping as a mixing space for the
      exhaust gas and atmospheric air and as a combusting space for combusting
      unburned hydrocarbons in the exhaust gas and for converting carbon
      monoxide in the exhaust gas to carbon dioxide.
NUM  9.
PAR  9. A method as in claim 8 together with the step of collecting the mixture
      of exhaust gas and atmospheric air and maintaining said mixture at a
      relatively high temperature for a substantial period of time to enhance
      the combustion of unburned hydrocarbons and the conversion of carbon
      monoxide to carbon dioxide.
NUM  10.
PAR  10. A method as in claim 9 together with the step of collecting the exhaust
      gas which escapes through said slot and recirculating such exhaust gas
      into the intake opening to reduce the oxides of nitrogen.
NUM  11.
PAR  11. In a method for controlling the pollutants released to the atmosphere
      by an internal combustion engine having at least one combustion chamber
      which is adapted to be placed in controlled communication with an exhaust
      opening during an exhaust period and an intake opening during an intake
      period, discharging exhaust gas from the exhaust opening during the
      exhaust period, propagating a pressure wave in the exhaust gas outwardly
      from the exhaust opening, propagating a reflected wave in the exhaust gas
      inwardly toward the exhaust opening and substantially attenuating the
      reflected wave in the exhaust gas so that only one significant pressure
      wave in the exhaust gas occurs for each exhaust period and introducing
      atmospheric air into the exhaust gas only during the latter portion of the
      exhaust period for combusting unburned hydrocarbons and for converting
      carbon monoxide to carbon dioxide in a space exterior of the combustion
      chamber.
NUM  12.
PAR  12. A method as in claim 11 together with the step of collecting at least a
      portion of the exhaust gas and supplying the same to the intake opening.
NUM  13.
PAR  13. A method as in claim 12 together with the step of maintaining mixture
      of exhaust gas and atmospheric air at a relatively high temperature for a
      substantial period of time to oxidize the carbon monoxide and unburned
      hydrocarbons in the exhaust gas.
NUM  14.
PAR  14. An exhaust system as in claim 6 which is free of moving parts.
PATN
WKU  039465594
SRC  5
APN  5131154
APT  1
ART  341
APD  19741008
TTL  Heave compensating devices for marine use
ISD  19760330
NCL  11
ECL  1
EXP  Geoghegan; Edgar W.
NDR  1
NFG  1
INVT
NAM  Stevenson; William David
CTY  Edinburgh
CNT  SC
ASSG
NAM  Brown Brothers & Company Limited
CTY  Edinburgh
CNT  SC
COD  03
PRIR
CNT  UK
APD  19731009
APN  47125/73
CLAS
OCL   60413
XCL   91390
XCL  175 24
XCL  254172
EDF  2
ICL  F15B  102
FSC   60
FSS  413;907
FSC   91
FSS  390
FSC  175
FSS  567;24;27
FSC  254
FSS  172
FSC   61
FSS  46
UREF
PNO  3158206
ISD  19641100
NAM  Kammerer
XCL   60907
UREF
PNO  3208728
ISD  19650900
NAM  Parks
OCL  254172
UREF
PNO  3653635
ISD  19720400
NAM  Bates et al.
OCL  254172
UREF
PNO  3687205
ISD  19720800
NAM  Mori
OCL  175 27
UREF
PNO  3718316
ISD  19730200
NAM  Larralde et al.
OCL  254172
UREF
PNO  3793835
ISD  19740200
NAM  Larralde
XCL   60907
UREF
PNO  3871622
ISD  19750300
NAM  Larralde et al.
OCL  254172
LREP
FRM  Christie, Parker & Hale
ABST
PAL  A heave-compensating device particularly for floating oil drilling rigs
      incorporates a passive load-supporting system capable of being set to
      exert a chosen datum load-supporting force and an active force-modifying
      system operative when the force exerted by the passive load supporting
      system deviates from the chosen datum force to reduce the deviation. The
      passive load-supporting system may include a cylinder and piston assembly
      connected between a fixed support to which said system is connected and
      the load. The end of the cylinder adjacent the load is connected to a
      supply of liquid and to one end of a dashpot cylinder containing a piston,
      the other end of the dashpot cylinder being connected to a supply of
      compressed gas. The force-modifying system may incorporate a pressure
      sensor device in operative connection with both ends of the dashpot
      cylinder and controllingly connected to a pump alternatively connectible
      by valve means to opposite ends of a servo cylinder containing a piston
      connection to the piston of the dashpot cylinder.
BSUM
PAR  This invention relates to heave compensating devices for marine use.
PAR  For performing certain operations on a sea bed conducted from a floating
      platform such as a ship or a floating drilling rig it is essential that
      the suspension system by which the device operating on the sea bed is
      attached to the platform should not be subjected to excessive stresses
      even during heaving of the floating platform. This requires that the upper
      end of the suspension system should be maintained at substantially the
      same height above the sea bed irrespective of heaving movement of the
      supporting platform. One such operation on the sea bed is a drilling
      operation for oil or gas. In such an operation the suspension system is a
      drill string and when drilling in deep water the weight of this drill
      string is considerable. The load consists of the combined weight of the
      drill string and the drilling head. If compensation for heaving of the
      supporting platform were not made the drill string would be alternately
      raised and lowered as the drilling platform rose and fell. In such a
      situation there is danger of breakage of the drill string and also of
      damage to the drilling head.
PAR  The previously known methods of taking care of this situation consist in
      forming the suspension system, which may be a drill string, with means
      permitting relative movement at some point in the length of the system or
      in incorporating a heave compensating device in the suspension gear by
      which the suspension system is suspended from the supporting platform.
PAR  For several reasons it is more convenient to provide a heave-compensating
      device. Heave-compensating devices as known heretofore are passive devices
      and incorporate what may be termed for convenience "pneumatic springs". A
      pneumatic spring is a fluid-charged device incorporating two cylinders
      both fitted with pistons, one of the pistons being connected to the load
      to be supported while the other is a free piston. Each cylinder contains
      liquid on one side of the piston and a gas usually air on the other. The
      liquid-containing ends of the cylinders are connected to one another.
PAR  In a construction employing a pneumatic spring any rise and fall of the
      suspension system caused by heaving of the supporting platform causes the
      piston connected to the load to move in its cylinder whereby to cause
      liquid to transfer from one cylinder to the other, movement of the piston
      in the other cylinder thus causing the air in the closed air supply system
      to fluctuate in pressure and provide a degree of compensation for the
      apparent change in weight of the load caused by rise and fall of the
      suspension point of the load. Such an installation works reasonably well
      in certain conditions but when the load to be supported is large and the
      permitted variation in lifting effort is low apparatus of this type
      requires to be so large and heavy that the cost of it becomes excessive.
PAR  It is an object of the present invention to provide a heave-compensating
      device which is capable of supporting a heavy load with a small variation
      in lifting effort under conditions of heave while requiring a device which
      for any given installation is much smaller than that previously known.
PAR  According to the invention a heave compensating device for maintaining a
      load suspended from a floating platform at a substantially constant level
      incorporates a passive load-supporting system including a resilient
      load-supporting connection attachable between a fixed support on the
      floating platform and the load to be supported, said resilient connection
      being capable of being set to exert a chosen datum load-supporting force
      when the load is a chosen datum distance below the floating platform, and
      an active force-modifying system operative to sense a deviation from said
      chosen datum load-supporting force and to operate to cause said deviation
      to tend towards zero.
PAR  The resilient load-supporting connection may be constituted by a
      heave-compensating cylinder and a piston slidable therein connected
      between the fixed support and the load, the end of the cylinder adjacent
      the load being arranged to be filled with an operating liquid and being in
      communication with one end of a dashpot cylinder containing a piston
      whereby to form a closed liquid system, the other end of the dashpot
      cylinder being open to a finite volume of compressed gas whereby to form a
      closed gas system.
PAR  The active force-modifying system may incorporate a sensor device in
      pressure-transmitting communication with the closed liquid system and with
      the closed gas system, the sensor device being operable to generate a
      control signal containing information relating to the pressures of the
      operating liquid and of the gas and also information relating to the sense
      of the difference between the two pressures, i.e. which is the higher, a
      double acting servo cylinder containing a piston coupled to the piston of
      the dashpot cylinder, liquid pump means connected by liquid transfer
      connections to the servo cylinder on opposite sides of its piston, control
      valve means intercalated in said liquid transfer connections and control
      means for the liquid pump means and the control valve means, said control
      means being connected to the sensor device to receive any signal issued
      thereby and thereupon to control operation of the liquid pump means and
      the settings of the control valve means.
PAR  The liquid pump means may be additionally connected into the closed liquid
      system by way of datum-setting valve means arranged to permit liquid to be
      introduced to and discharged from the closed liquid system. This
      arrangement permits the datum load-supporting force and/or the datum
      distance between the load and the floating platform to be changed at will.
PAR  Means may be provided for introducing air under pressure to and discharging
      air from the closed air system.
PAR  A locking valve may be incorporated in the connection between the
      heave-compensating cylinder and the dashpot cylinder, closure of said
      valve preventing transfer of liquid between the two cylinders and
      preventing movement of the piston of the heave-compensating cylinder in
      its cylinder.
PAR  The heave-compensating cylinder may incorporate a mechanical lock
      engageable with a chosen portion of the connection between the piston of
      the heave-compensating cylinder and the load. The mechanical lock may be
      arranged to be liquid-pressure operated and may then be operatively
      connected to the liquid pump means by way of a controlling valve.
PAR  A by-pass valve may be provided to connect opposite ends of the servo
      cylinder, the by-pass valve and the control valves being preferably so
      interlocked that when one of the control valves is open the by-pass valve
      is closed and when the by-pass valve is open both control valves are
      closed. This arrangement permits the active force-modifying system to be
      put out of action easily if for any reason this becomes necessary.
DRWD
PAR  The lone drawing FIGURE schematically illustrates a system controlling the
      operation of heave compensating devices for marine use.
DETD
PAR  A practical embodiment of the invention is illustrated in the accompanying
      drawing in which 1 denotes generally a resilient load-supporting
      connection constituting a passive load-supporting system. In the resilient
      load-supporting connection 1 a heave-compensating cylinder 2 contains a
      piston 3 connected by a piston rod 4 to a load 5. Only the top end of the
      load 5 is shown because in the installation illustrated the complete load
      5 consists of a drilling string and a drilling head at the lower end of
      the drilling string. The cylinder 2 is connected to a fixed support 6 on a
      floating platform (not illustrated). Numeral 7 denotes a dashpot cylinder
      containing a piston 8, the lower end of the cylinder 2 and one end of the
      cylinder 8 being connected by a liquid transfer pipe 9 the lower end of
      the cylinder 2, the pipe 9 and the connected end of the cylinder 7 being
      filled with liquid and constituting a closed liquid system. The other end
      of the cylinder 7 is connected by a pipe 10 to a bank of compressed air
      cylinders 11. The said other end of the cylinder 7, the pipe 10 and the
      air cylinders 11 constitute a closed air system.
PAR  The active force-modifying system is constituted by a sensor device 12, a
      liquid pump means 13, control valve means 14 and a servo cylinder 15
      containing a piston 16 coupled by a piston rod 17 to the piston 8 of the
      dashpot cylinder 7. The sensor device 12 is connected by a pipe 18 to the
      closed gas system and by a pipe 19 to the closed liquid system and is
      operatively connected by connection 32 to control means 20 and 21
      controlling operation of the pump means 13 and the control valve means 14
      respectively.
PAR  Numeral 22 denotes a pipe connecting the pump means 13 to the closed liquid
      system by way of a datum-setting valve 23 and numeral 24 denotes a by-pass
      valve arranged when opened to connect the opposite ends of the
      servo-cylinder 15 to one another. When the valve 24 is open both control
      valves 14 are closed and when one control valve 14 is open the by-pass
      valve 24 is closed. Numeral 25 denotes a locking valve arranged when
      closed to isolate the heave-compensating cylinder 2 from the dashpot
      cylinder 7. Numeral 26 and 27 denote valves for introducing and
      discharging air from the closed gas system.
PAR  Numeral 28 denotes a mechanical lock arranged to engage mechanically a
      convenient portion of the load the lock being liquid-pressure operated and
      is connected by way of pipes 29 and a controlling valve 30.
PAR  In practice, to prepare the heave-compensating device for use the device
      must be adjusted to the chosen datum conditions to suit the total load to
      be supported and the total length of the drill string below the floating
      platform. This is done by admitting liquid to or discharging liquid from
      the closed liquid system by operation of the datum-setting valve 23 and by
      operating the pumping means 13 as necessary. The pistons 3 and 8 are set
      in this way so that they are approximately midway along their respective
      cylinders when the floating platform is at its mean height above the sea
      floor and the desired load-supporting thrust is being exerted. The mean
      height of the floating platform is the position the platform would occupy
      in a flat calm.
PAR  When the platform starts heaving, on the upward heave, differential
      movement between the piston 3 and the cylinder 2 causes an increase in
      pressure in the liquid in the heave-compensating cylinder 2. If this fluid
      were trapped in the cylinder 2 the pressure of the liquid would increase
      until it was capable of sustaining the total weight of the load which
      would then be lifted in unison with the platform. However, some of the
      liquid in the cylinder 2 is displaced into the dashpot cylinder 7 where in
      moving the piston 8 it causes an increase in the pressure of the air in
      the closed air system. The tendency is therefore, for the system to
      attempt to achieve a load balance at a slightly increased liquid pressure.
PAR  The rise in pressure of the liquid is detected by the sensor device 12 the
      other input to which is the pressure of the air in the closed air system.
      A signal representing the difference between the two pressures and the
      sense of that difference (i.e. which is higher) is applied to the control
      means 20 of the liquid pump means 13.
PAR  Under the control of the control means 20 the delivery of the pump means 13
      is altered and operating liquid is delivered to the underside (as seen in
      the illustration) of the piston 16 in the servo cylinder 15. In this way,
      the servo cylinder 15 assists the dashpot piston 8 to compress the air and
      hence restore the liquid pressure in the compensating cylinder to
      approximately the initial datum value.
PAR  On a downward heave, the sequence of events is similar but, in this case
      the liquid pressure in the heave-compensating cylinder 2 is maintained by
      flow from the dashpot cylinder 7 to the heave-compensating cylinder 2,
      that flow being induced by expansion of the air in the closed gas system
      and by assistance from the servo cylinder, liquid under pressure from the
      pump means 13 now being directed to the upper side of the piston 16,
      because the sensor device 12 has sensed the change in sense of the
      differential pressures acting on it and has reset the valves 14
      accordingly.
PAR  The action, just described, of the automatic control system is continuous
      and independent of the relative positions of the piston and cylinder of
      the heave-compensating cylinder 2.
PAR  In practice, the pressure of the liquid in the heave-compensating cylinder
      2 cannot be maintained perfectly constant at the initial level (for one
      thing, a change in pressure is required before the servo-cylinder can be
      brought into operation). However the system is able to keep the load
      variation within .+-. 0.5% of the nominal and this is more than sufficient
      for all practical purposes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heave compensating device for maintaining a load suspended from a
      floating platform at a substantially constant level incorporating a
      pneumatically biased passive load-supporting system including a resilient
      load-supporting bidirectionally movable connection attachable between a
      fixed support on a floating platform and the load to be supported, said
      passive system being capable of being set to exert continuously on said
      connection a chosen datum load-supporting force, and an active force
      modifying hydraulic system operative to sense a deviation from said chosen
      datum load-supporting force to operate to cause said deviation to tend
      towards zero, the passive system including a first piston disposed in a
      first cylinder and having one face of the piston exposed to a working
      fluid of the resilient connection and the other face pneumatically loaded
      for exerting on the connection the chosen datum force, the active system
      including in a second cylinder a second piston connected to the first
      piston and having opposite faces, and means for applying a hydraulic fluid
      to an appropriate one of the second piston faces as determined by the
      nature of a deviation sensed in the chosen datum force.
NUM  2.
PAR  2. A device as claimed in claim 1 in which the resilient load-supporting
      connection is constituted by a heave compensating cylinder and a piston
      slidable therein connected between the fixed support and load, the end of
      the cylinder adjacent the load being arranged to be filled with said
      working fluid and being in communication with the one of the first piston
      whereby to form a closed fluid system.
NUM  3.
PAR  3. A heave compensating device for maintaining a load suspended from a
      floating platform at a substantially constant level incorporating a
      passive load-supporting system including a resilient load-supporting
      connection attachable between a fixed support on the floating platform and
      the load to be supported, said resilient connection being capable of being
      set to exert a chosen datum load-supporting force, and an active
      force-modifying system operative to sense a deviation from said chosen
      datum load-supporting force and to operate to cause said deviation to tend
      towards zero, the resilient load-supporting connection including a closed
      liquid system and the passive system including a closed gas system
      operatively related to each other by the opposite faces of a dashpot
      piston, the active force-modifying system incorporating a sensor device in
      pressure transmitting communication with the closed liquid system and with
      the closed gas system, the sensor device being operable to generate a
      control signal containing information relating to the pressures of the
      liquid in the closed liquid system and of the gas and also information
      relating to the sense of the difference between the two pressures, i.e.,
      which is the higher, a double-acting servo cylinder containing a piston
      coupled to the dashpot piston, liquid pump means connected by liquid
      transfer connections to the servo cylinder on opposite sides of its
      piston, control valve means intercalated in said liquid transfer
      connections and control means for the liquid pump means and the control
      valve means, said control means being connected to the sensor device to
      receive any signal issued thereby and thereupon to control operation of
      the liquid pump means and the settings of the control valve means.
NUM  4.
PAR  4. A device as claimed in claim 3 in which the liquid pump means is
      additionally connected into the closed liquid system by way of datum
      setting valve means arranged to permit liquid to be introduced to and
      discharged from the closed liquid system.
NUM  5.
PAR  5. A device as claimed in claim 2 including a locking valve incorporated in
      the connection between the heave-compensating cylinder and the first
      cylinder, closure of said valve preventing transfer of liquid between the
      two cylinders and preventing movement of the piston of the
      heave-compensating cylinder in its cylinder.
NUM  6.
PAR  6. A heave compensating device for maintaining a load suspended from a
      floating platform at a substantially constant level incorporating a
      passive load-supporting system including a resilient load-supporting
      connection attachable between a fixed support on the floating platform and
      the load to be supported, said resilient connection being capable of being
      set to exert a chosen datum load-supporting force, and an active
      force-modifying system operative to sense a deviation from chosen datum
      load-supporting force and to operate to cause said deviation to tend
      towards zero, the resilient load-supporting connection being constituted
      by a heave compensating cylinder and a piston slidable therein connected
      between the fixed support and the load, the end of the cylinder adjacent
      the load being arranged to be filled with an operating liquid and being in
      communication with one end of a first piston disposed in a first cylinder
      whereby to form a closed liquid system, the passive system including a
      closed gas system communicating with the opposite end of the first piston,
      and a locking valve incorporated in the connection between the heave
      compensating cylinder and the first cylinder, closure of said valve
      preventing transfer of liquid between the two cylinders and preventing
      movement of the piston in the heave compensating cylinder.
NUM  7.
PAR  7. A device as claimed in claim 1 in which the resilient load-supporting
      connection includes a closed liquid system and the passive system includes
      a closed gas system operatively related to each other by the opposite
      faces of a piston slidable in a cylinder, and including a locking valve
      incorporated in the closed liquid system, closure of the locking valve
      preventing transfer of liquid within the closed liquid system to and from
      the piston for effectively eliminating resilience in the load-supporting
      connection.
NUM  8.
PAR  8. A heave compensating device for maintaining a load suspended from a
      floating platform at a substantially constant level incorporating a
      passive load-supporting system including a resilient load-supporting
      connection attachable between a fixed support on the floating platform and
      the load to be supported, said resilient connection being capable of being
      set to exert a chosen datum load-supporting force, and an active
      force-modifying system operative to sense a deviation from said chosen
      datum load-supporting force and to operate to cause said deviation to tend
      toward zero, the resilient load-supporting connection being constituted by
      a heave compensating cylinder and a piston slidable therein connected
      between the fixed support and the load, the heave compensating cylinder
      incorporating a mechanical lock engageable with a chosen portion of the
      connection between the piston of the heave compensating cylinder and the
      load.
NUM  9.
PAR  9. A device as claimed in claim 8 in which the mechanical lock is arranged
      to be liquid pressure operated and is operatively connected to the liquid
      pump means by way of a controlling valve.
NUM  10.
PAR  10. A device as claimed in claim 3 in which a by-pass valve is provided to
      connect opposite ends of the servo cylinder.
NUM  11.
PAR  11. A device as claimed in claim 10 in which the by-pass valve and the
      control valves are so interlocked that when one of the control valves is
      open the by-pass valve is closed and when the by-pass valve is open both
      control valves are closed.
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ABST
PAL  A hydrostatic transmission control for a hydrostatic transmission having a
      variable displacement pump and a variable displacement motor including
      pressure-responsive displacement control means for the pump and motor with
      a displacement control valve for each of the pump and motor and
      positionable by a control pressure to set the displacement of the pump or
      motor with which it is associated. In dual path control of two hydrostatic
      transmissions, a master circuit has a first valve for setting a control
      pressure to determine the speed of operation of the transmissions and a
      second valve for determining the direction of operation of the
      transmissions, with operation of both valves by a single control handle.
      The master circuit connects into two branch circuits, each leading to the
      displacement controls for one of the hydrostatic transmissions and with
      each branch circuit having its own steering control valve. The steering
      operation is controlled by an additional pair of handles associated one
      with each of the pair of steering control valves. Each of the steering
      control valves provides for a reduction in a control pressure for reduced
      speed of the associated hydrostatic transmission or reversal of flow of
      control pressure fluid to obtain the reverse direction of operation of one
      of the transmissions.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of U.S. Ser. No. 442,190, filed Feb. 13,
      1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to hydrostatic transmission controls for obtaining
      precise displacement of the variable displacement pump and motor of the
      transmission and, additionally, for providing accurate, uniform operation
      as well as steering control of a dual path hydrostatic transmission. The
      controls are usable in many applications, including track-type vehicles
      for obtaining both propulsion and steering thereof.
PAR  The assignee of this application has a number of prior art patents relating
      to hydrostatic transmissions. In considering the appropriate prior art, it
      should be noted that the disclosure herein relates to a hydrostatic
      transmission control and, more particularly, a dual path hydrostatic
      transmission control wherein a master circuit including a
      pressure-reducing valve for setting the control pressure and a directional
      control valve for establishing the direction of operation of two
      hydrostatic transmissions as well as a horsepower control valve for
      preventing stalling of the prime mover connect into two branch circuits
      with a branch circuit for each of the hydrostatic transmissions and each
      branch circuit having a steering control valve. The steering control
      valves provide for modification of the control pressure delivered to the
      displacement control means of a particular hydrostatic transmission and
      with a staging action in each transmission whereby the pump of the
      transmission reaches substantially full displacement prior to reduction in
      the initial maximum displacement of the motor.
PAR  Moon U.S. Pat. No. 3,187,509 discloses a displacement control valve in FIG.
      2 which functions as a directional valve and which is in circuit with a
      manually-controllable torque valve 130. The latter valve functions as a
      manually-adjustable pressure-reducing valve. This patent does not disclose
      a dual path control with a master circuit having speed and direction
      establishing components operable by a single handle and a pair of branch
      circuits each having a manually-operable steering control valve nor a
      number of specific features in the displacement control for a transmission
      providing for precise displacement control.
PAR  The Hann et al U.S. Pat. No. 3,230,699 discloses a hydrostatic transmission
      wherein the reduction in motor displacement is staged to follow the
      increase in displacement of the pump by having a spring associated with
      the control valve for the motor stronger than a similar spring in the
      control valve for the pump. This patent also shows a rotatable shaft with
      cams for modifying the action of valves.
PAR  The Hann U.S. Pat. No. 3,247,669 discloses the use of springs of different
      strength in the displacement controls for the motor and pump of the
      hydrostatic transmission in order to stage the operation of the motor
      after the operation of the pump.
PAR  The Hann U.S. Pat. No. 3,411,297 discloses the use of a staging valve 21
      for causing change in the displacement of the motor after the pump is
      adjusted to maximum displacement. This control does not include a shuttle
      valve for shift in response to a higher control pressure in one of two
      lines for assuring application of the higher control pressure at all times
      to one end of the control valve for the motor displacement control.
      Additionally, this patent shows a feedback linkage associated with the
      pump.
PAR  The Moon U.S. Pat. No. 3,247,919 and Ross U.S. Pat. No. 3,349,860 relate to
      dual hydrostatic transmissions. In the Moon patent, one handle provides
      for speed control of both transmissions and a second handle provides for
      steering. The handles operate control cams for mechanically-modifying the
      operation of the transmissions. The control cams which set the speed and
      direction of operation have their actions modified when steering control
      is desired. In the Ross patent, steering is obtained by use of a separate
      hydrostatic transmission which operates to provide an input into a
      differential.
PAR  Additionally, the assignee of this application has a previous dual-path
      hydrostatic transmission control wherein each hydrostatic transmission is
      manually controlled by a separate control circuit and with each control
      having a pressure-reducing valve to set a control pressure and a
      directional control valve for determining the direction of operation of
      the associated hydrostatic transmission. A horsepower or antistall control
      valve is connected into the control circuits for both of the hydrostatic
      transmissions, whereby overloading of the engine will result in a uniform
      reduction in control pressure in the controls for both of the hydrostatic
      transmissions. In this prior art control, there are two control handles,
      with each handle independently setting a speed for a transmission, whereby
      there is no positive direct relation between the speeds of the two
      transmissions.
PAR  An additional prior art patent is Lauck, U.S. Pat. Re. No. 27,488 wherein
      two distinct controls, such as described in the preceding paragraph, are
      operated by a single master control handle. In this patent, the control
      for each hydrostatic transmission has its own speed control and
      direction-establishing means as well as a horsepower control valve.
PAC  SUMMARY
PAR  An important feature of the invention resides in the dual path control for
      a pair of hydrostatic transmissions wherein a master control circuit
      operable from a single control handle sets a control pressure to establish
      a speed common to both hydrostatic transmissions and also a direction of
      operation thereof and with two branch circuits associated one with each of
      the hydrostatic tranmissions and each having a manually-operable steering
      control valve for varying the speed of one transmission with respect to
      the other for steering of a vehicle, such as a double-track vehicle, with
      there being a track driven by each of the hydrostatic transmissions.
PAR  Another feature of the invention provides for operation of a steering
      control valve in a branch circuit to modify a control pressure for the
      associated hydrostatic transmissions for speed variation to cause a turn,
      with the additional feature of valve operation reversing the application
      of control pressure to a hydrostatic transmission whereby the vehicle may
      be given a spin turn about a center disposed within the space between the
      tracks.
PAR  The control of the speed of the hydrostatic transmissions is controlled by
      a pressure-reducing valve in the master control circuit, with this valve
      including means settable to determine the desired control pressure for
      setting speed. A manually-operable handle has a cam associated therewith
      coacting with the settable means and with the cam surface having two
      similar sections extending oppositely from a neutral center position
      whereby rotation of the handle in either direction to establish a
      direction of operation of the hydrostatic transmissions will effectively
      set a control pressure to establish the speed of the transmissions
      dependent upon the amount of handle rotation.
PAR  Additional features of the invention include the use of a known horsepower
      control valve to also function as a relief valve with respect to pressure
      generated by a control pump operated by the prime mover engine, as well as
      improvements in the displacment control means for the swashplates of the
      variable displacement pump and variable displacement motor of the
      transmission, including a pair of springs acting in opposition against a
      control arm connected to a control valve of the displacement control means
      with adjustable structure for the spring seat of one of the springs in
      order to obtain a null position for the control valve when the associated
      swashplate is in neutral, and the use of a shuttle valve between the
      displacement controls for the pump and motor which are in series. The
      shuttle valve operates to direct the highest control pressure existing in
      either of two lines ahead of the shuttle valve to one end of a control
      valve for motor displacement whereby the motor is always adjusted in the
      same direction.
PAR  A further feature of the invention resides in the utilization of feedback
      means for the control valve in the displacement control for the motor
      which provides for a certain non-linear relation between transmission
      speed and motor displacement in order to obtain a linear relation between
      transmission speed in response to control pressure. This assures a uniform
      control of speed as a control pressure is varied by a steering control
      valve.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic illustration of a dual-path hydrostatic
      transmission with two complete hydrostatic transmissions;
PAR  FIG. 2A is a diagrammatic view of a part of the control system for the
      dual-path hydrostatic transmission;
PAR  FIG. 2B is a diagrammatic view of the displacement controls for one of the
      hydrostatic transmissions and which connects into the left-hand side of
      FIG. 2A;
PAR  FIG. 3 is a graph illustrating the speed setting and direction of operation
      of the hydrostatic transmissions in response to positioning of the manual
      control handle;
PAR  FIG. 4 is a graph showing the staging action of the variable displacement
      pump and motor of a hydrostatic transmission;
PAR  FIG. 5 is a graph showing the desired linear relationship between control
      pressure and output speed for a hydrostatic transmission; and
PAR  FIG. 6 is a graph showing a non-linear relation between displacement of the
      motor of the transmission with respect to output speed and control
      pressure thereof in order to obtain a linear speed-control pressure
      relation.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A dual path hydrostatic transmission is shown in FIG. 1. These
      transmissions, in one embodiment, may be used to each individually operate
      a track of a dual track vehicle. Referring to the hydrostatic
      transmission, illustrated in the upper half of FIG. 1, a variable
      displacement pump 10 is connected by a pair of lines 11 and 12 to a
      variable displacement motor 15. The variable displacement pump 10 has an
      input shaft (not shown) driven from a power source, such as the engine of
      the vehicle, with the motor 15 having an output shaft (not shown)
      connectable to a drive train, such as for a track of the vehicle.
PAR  Preferably, both the pump 10 and motor 15 are of the axial piston type
      having rotatable cylinder blocks, each with a plurality of cylinders in
      annular array and with pistons 30 and 31, respectively having ends
      reciprocable in the cylinders. The pump 10 has a variable angle reversible
      swashplate 32 engaged by the projecting ends of the pistons 30 for
      initially controlling the speed of the transmission as well as the
      direction of rotation thereof. The motor 15 has a variable angle
      swashplate 33 movable from a maximum displacement position shown to a
      minimum displacement position somewhat greater than zero. The swashplate
      33 engages pistons 31 causing reciprocation thereof and rotation of the
      cylinder block and the output shaft of the motor connected thereto as high
      pressure fluid is supplied to the motor from the pump.
PAR  A pair of pump control cylinders 36 and 38 are provided for positioning the
      pump swashplate 32. Each has a spring construction, indicated
      diagrammatically at 39 and 40, respectively, acting against pistons 41 and
      42. The pistons 41 and 42 pivot the swashplate 32 through links 45 and 46
      connected to the pistons. The control cylinders 36 and 38 position the
      swashplate in response to the supply of operating fluid to the cylinders
      by means of conduits 48 and 50, respectively. The centering springs 39 and
      40 normally act through the pistons to position the pump swashplate as
      shown in its neutral position when no operating fluid is delivered through
      the conduits. In this position, there is no positive output from the pump.
      The control cylinders are of a conventional, single-action type so that
      the entry of fluid under pressure into one cylinder will cause the
      swashplate to tilt or pivot in one direction, and the influx of fluid
      under pressure in the opposite cylinder will cause reverse pivoting of the
      swashplate, thus permitting the flow from the pump 10 to reverse and,
      consequently, the output of the motor is reversed.
PAR  A positive displacement charge pressure pump 53 is provided and is given
      through suitable means by the engine, or prime mover, of the vehicle or
      other device using the transmission. The pump 53 is in communication with
      a reservoir 54 through an intake conduit 55 and has a discharge conduit
      56. The capacity of the charge pump 53 is sufficient to replace leakage
      fluid, and to supply operating fluid to a pair of control valves of the
      displacement control for the pump and motor (hereinafter described) and to
      supply cooling fluid to the hydrostatic transmission in excess of that
      required for the aforementioned purposes in order to maintain the
      transmission cool. Additionally, the pump develops a pressure sufficient
      whereby the force in the cylinders for positioning the swashplates of the
      pump and motor may exceed the forces tending to move the swashplate as
      created internally by the action of the pump and motor.
PAR  A pair of spring-biased check valves 57 and 58 are in communication with
      the conduit 56 and with the main lines 11 and 12, respectively,
      interconnecting the pump and the motor. The check valves 57 and 58 permit
      the supply of replenishing and cooling fluid to the low pressure side of
      the transmission circuit through one check valve while pressure in the
      high pressure line will maintain the other check valve closed. A
      spring-based, make-up relief valve 63 communicates with the conduit 56 and
      serves to relieve excess fluid. For establishing a ciricuit between the
      main lines 11 and 12 that is at low pressure and a low pressure relief
      valve 63, a shuttle valve 70 is provided. The shuttle valve is in
      communication with the lines 11 and 12 by means of the conduits 72, 74,
      76, and 78 and provides a means for removing heated oil displaced by
      cooling oil supplied by the charge pump 53. The fluid pressure in the
      lines 11 and 12 acts through the conduits 72 and 76, respectively, to
      appropriately position the shuttle valve 70 so that communication is
      established to the low pressure relief valve through a conduit 80 from the
      low pressure side of the transmission circuit, by means of either the
      conduit 74 or the conduit 78, so that the heated fluid may be drained to
      the reservoir, passing through the heat exchanger 79. Shuttle valve 70 is
      spring-centered to a closed position so that during the transition of
      reversing of pressure in the main lines, none of the high pressure oil is
      lost from the circuit.
PAR  The transmission includes over-pressure relief valves 81 and 82 in
      communication with each of the main lines by the conduits 83 and 84. The
      valves serve to prevent abnormally high pressure in either of the two main
      lines 11 and 12 by relieving the circuit of surge pressures which may
      occur during rapid acceleration or abrupt braking. In response to this
      high pressure, the over-pressure relief valves shift to dump the excess
      oil to the low pressure side of the transmission circuit. For example,
      when excessive high pressure exists in line 11, fluid pressure in conduit
      83 will cause the valve 81 to shut the fluid to line 12 through the
      conduit 84.
PAR  A bypass valve 90 is connected into conduits 83 and 84 by a pair of
      conduits 91 and 92 and, by a conduit 93, is connected to the outlet of the
      charge pump 53. In the event of loss of pressure from the charge pump, the
      bypass valve shifts to connect conduits 91 and 92 and short-circuit the
      system to result in a free-wheeling condition of operation.
PAR  The motor 15 has a pair of operating cylinders 94 and 95 containing piston
      and link elements 96 and 97 pivotally connected to the swashplate 33 and
      with conduits 98 and 99 connected to their respective cylinders for
      delivery of operaitng fluid thereto.
PAR  The second hydrostatic transmission, shown in the lower half of FIG. 1, is
      of the same construction as that just described and is supplied with fluid
      from the reservoir 54 through the conduit 55. Corresponding structural
      elements of the second hydrostatic transmission have been given the same
      reference numeral with a prime affixed thereto.
PAR  The dual path control system is shown primarily in FIG. 2A and, more
      specifically, the master control circuit for setting the speed and
      direction of operation of the two hydrostatic transmissions shown in FIG.
      1. FIG. 2A additionally shows a pair of branch circuit extending from the
      master control circuit including structure to provide steering capability.
      The control system is operated by means of three control handles. A
      control handle 100 is operable to set the speed and direction of
      operation. A control handle 101 is operable to establish a modification in
      speed of one transmission or direction of operation thereof for steering
      capability in one direction of turn and a third handle 102 is operable to
      control the speed and direction of operation of the other hydrostatic
      transmission for steering capability in the other direction of turn.
PAR  The master control circuit includes a control pump 110 suitably driven by a
      prime mover, such as an engine of a vehicle, to deliver control fluid used
      to establish a control pressure for the system. The output of the control
      pump 110 is directed through a conduit 111 to a variable orifice valve 112
      having a rotatable member 115 with a variable orifice 116. The position of
      this valve is set through a connection 117 to the throttle linkage of the
      engine (not shown) to provide a pressure differential across the valve
      dependent upon the setting of the engine and with the variable orifice
      opening varying directly relative to the throttle setting. The pressure
      differential is constant for each engine setting at rated speed. The valve
      functions to signal speed of the engine and, if the engine speed decreases
      from that normally obtained by the throttle setting, there is a lowered
      output flow from the control pump 110 which results in a lowering of the
      pressure differential across the variable orifice. A conduit 117 extends
      from the variable orifice valve 112 to a pressure regulator valve 120
      which assures adequate back pressure downstream of the variable orifice
      valve 112 in order to operate the control system, and further provides a
      regulated constant pressure in a conduit 118 and which is designated
      P.sub.R. The conduit 118 extends to a pressure-reducing valve 125 (ratio
      control valve), with this valve functioning to establish a control
      pressure for obtaining a uniform speed control of both hydrostatic
      transmissions. The pressure-reducing valve 125 includes a valve spool 126
      which controls communication between the inlet conduit 118 and an outlet
      conduit 127. The valve spool 126, at one end, is subjected to outlet
      pressure therefrom through a conduit 128 having a flow restriction as well
      as an adjustable spring 126a and, at the opposite end, is acted upon by a
      spring 129. The spring is partially positioned within a cylindrical member
      130 movable within the housing of the valve and having an end engageable
      by a speed-setting cam 131 connected to a shaft 132 which is rotatably
      positioned by the manually operable handle 100.
PAR  The cam 131 has a pair of oppositely-inclined cam surface sections 160 and
      161 extending upwardly in opposite directions from the neutral portion of
      the cam which is shown in engagement with the member 130 in FIG. 2A. The
      control pressure fluid delivered from the pressure-reducing valve 125 by
      conduit 127 is directed to a horsepower control valve 140 which has, as a
      primary function, prevention of stalling of the prime mover, such as the
      engine of a vehicle, and, thus, also may be referred to as an anti-stall
      valve. A conduit 141 extends from the anti-stall valve to a directional
      control valve 142 having a valve spool 143 positionable by a linkage 144
      operatively connected to the shaft 132 rotatably positionable by the
      manually-operable handle 100. The position of the valve spool 143
      determines the normal direction of operation of the hydrostatic
      transmissions.
PAR  The foregoing structure shown in FIG. 2A constitutes the master control
      circuit whereby positioning of the handle 100 determines the normal
      direction of operation and a basic common and uniform speed for the two
      hydrostatic transmissions. A first outlet conduit 150 from the directional
      control valve 142 branches into a pair of conduits 151 and 152 leading to
      branch circuits associated, one with each of the hydrostatic
      transmissions. A second conduit 153, extending from the directional
      control valve, has two branch conduits 154 and 155 also extending to the
      respective hydrostatic transmissions. In the illustrated position of stem
      143, line 141 is blocked and lines 150, 153 are drained.
PAR  When the shaft 132 is rotated from the position shown in FIG. 2A by force
      applied to the handle 100, the valve spool 143 of the directional control
      valve is shifted from the position shown to direct control pressure fluid
      at a set pressure to one of the conduits 150 and 153 and operate the
      transmissions in one direction, or flow may be directed to the other
      conduit causing operation in the opposite direction. The two sections 160
      and 161 of the cam surface of cam 131 are mirror images of each other,
      whereby rotation of the shaft 132 in either direction will result in
      compressing of the spring 129 of the pressure-reducing valve 125 to a
      similar degree to set a control pressure of a desired value for speed of
      operation of the hydrostatic transmissions.
PAR  The branch conduits 151 and 154 from the master control circuit connect to
      the housing 170 of a steering control valve, indicated generally at 171,
      while the corresponding branch conduits 152 and 155 connect into the
      housing 172 of a steering control valve, indicated generally at 173. The
      steering control valve 171 has a pair of conduits 175 and 176 extending
      therefrom and to the pump and motor displacement control shown in FIG. 2B.
      The steering control valve 173 has a similar pair of conduits 177 and 178
      which extend to the displacement control (not shown) for the pump and
      motor of the other transmission. Each of the steering control valve is of
      the same construction, as are the displacement controls for the pump and
      motor of the hydrostatic transmissions and, therefore, the steering
      control valve 171 and the displacement control shown in FIG. 2B for the
      transmission shown in the upper part of FIG. 1 will be described in detail
      with the understanding that there is the same structure for the other
      hydrostatic transmission.
PAR  The control pressure signal is delivered to one or the other of the branch
      conduits 151, 154, dependent upon the position of the directional control
      valve 142, with these conduits communicating with a bore in the valve
      housing 170 which movably mounts a valve spool 180. The position of the
      valve spool 180 is controlled by the handle 101, with the handle being
      connected to a rotatable shaft 181 which carries an eccentrically pivoted
      link 182 which is pivotally connected to the upper end of the valve spool
      180. In the position of the valve, as shown in FIG. 2A, and assuming
      control pressure is supplied to branch conduit 151, the control pressure
      fluid enters the valve bore and, by flow around a reduced portion of the
      valve spool, flows to the conduit 176 leading to the displacement control.
      This supplies full control pressure to the displacement control. Supply of
      full control pressure provides for operation of the associated hydrostatic
      transmission at a desired speed, as determined by the setting of the
      control pressure by the pressure-reducing valve 125. In one direction of
      vehicle turning, the speed of the hydrostatic transmission associated with
      the steering control valve 171 is reduced. The handle 101 is operated to
      move the valve spool 180 downwardly, as shown in FIG. 2A, with the result
      that a certain amount of the control pressure fluid is metered or bypassed
      to the branch conduit 154 which connects to a tank port 185 associated
      with the directional control valve 142 because of the latter valve having
      its spool 143 in an upshifted condition from that shown in FIG. 2A. This
      reduces the control pressure to reduce the speed. This metering flow is
      across a land of the valve spool 180 which is provided with external slots
      186 on the land which function as a variable orifice, with the slots
      increasing in size as the valve spool 180 is lowered from the position
      shown in FIG. 2A to gradually reduce the control pressure delivered
      through the conduit 176 to the displacement control. These slots do not
      extend for the full length of the land, whereby the land is continuous at
      the lower part thereof as viewed in FIG. 2A.
PAR  The valve spool 180 has two limit positions, with the upper limit position
      shown in FIG. 2A, and with an opposite limit position being in a full
      lowered position of the valve spool against the action of a spring 187 in
      the valve housing. In the fully-lowered position, there is a reversal of
      flow of the control pressure fluid with respect to output conduits 175 and
      176 whereby direction of operation of the associated hydrostatic
      transmission is reversed. This action occurs by connecting an internal
      passage 188 in the valve spool 180 between the branch conduit 151 and the
      conduit 175 by means of a pair of radial openings in the valve spool which
      extend the internal passage 188 to the surface of the valve spool, with
      these openings being indicated at 189 and 190. This results in reversing
      the direction of operation of the associated hydrostatic transmission
      whereby a spin-turn of the vehicle will result, with the vehicle turning
      about an axis between the two tracks thereof.
PAR  If the directional control valve 142 is downshifted to obtain an opposite
      direction of operation of the hydrostatic transmission, then pressure is
      supplied to the branch conduit 154 leading to the steering control valve
      171 and in the position of the latter valve, as shown in FIG. 2A, full
      control pressure is delivered through the conduit 175 leading to the
      displacement control. Similarly, the control pressure may be reduced by
      metering or bypass as the valve spool 180 is lowered by the slots 186 on
      the land of the valve spool and the direction of operation may be reversed
      by further downward movement of the valve spool 180 until the land having
      the slots 186 blocks the branch conduit 154 from the conduit 175 whereby
      the control pressure signal will then be delivered to the conduit 176 to
      obtain the opposite direction of operation of the hydrostatic
      transmission.
PAR  The magnitude of control pressure reduction depends upon the relative size
      of an orifice 195 in the branch conduit 151 and the porting
      characteristics of the valve 171. A sleeve 196 positioned in the bore of
      the valve housing and which movably receives the valve spool 180 is
      provided with suitable flow passages and preferably an orifice passage 197
      in communication with branch conduit 154 which reduces the tolerance
      effects of orifice size.
PAR  As shown in FIG. 2B, the conduits 175 and 176 extending from the steering
      control valve 171 connect into opposite ends of a displacement control
      valve 200 to effect the positioning of a control valve 201 movable within
      the housing of the valve. The control valve 200 additionally has a pair of
      tank connections 202, 203 as well as connections to the conduits 48 and 50
      leading to the pump control cylinders 36 and 38, previously described.
      Operating fluid is delivered to the control valve through a conduit 205
      FIGS. 1 and 2B which is supplied by the charge pump 53 of FIG. 1 with the
      outlet conduit 56 thereof connecting into the conduit 205.
PAR  The swashplate 32 for the pump is shown in a centered condition in FIG. 2B
      as caused by the springs 39 and 40 within the cylinders. Assuming that a
      control pressure signal directed to conduit 176 provides for operation of
      the hydrostatic transmission in a forward direction, this will result in
      control pressure shifting the valve spool 201 to the left from the
      position shown in FIG. 2B whereby operating fluid from conduit 205 is
      directed to the conduit 48 and the piston 41 is caused to move to shift
      the swashplate 32. Alternatively, if the control pressure signal is
      delivered to conduit 175, the control pressure signal is applied to the
      left-hand end of the valve spool 201 to shift it to the right, as viewed
      in FIG. 2B, whereby operating fluid from conduit 205 is applied to the
      piston 42 to shift the swashplate in the opposite direction. The conduits
      175 and 176, in addition to connecting into the control valve 200, extend
      to a shuttle valve 210. The shuttle valve 210 functions to port the
      highest control pressure existing in either of conduits 175 or 176 to one
      end of the displacement control valve for the swashplate of the motor
      whereby the motor swashplate always adjusts in the same direction.
PAR  A control valve 220 of the motor displacement control has a valve spool
      221, with the right-hand end thereof always being subjected to the highest
      control pressure through a conduit 222 extending from the shuttle valve
      210. The opposite end of the control valve has a conduit 223 with branch
      conduits 224 and 225 connected to the shuttle valve 210. The control valve
      220 is of the same construction as the control valve 200, with there being
      a pair of tank connections and also a conduit 226 which branches off from
      the conduit 205 connected into the outlet from the charge pump 53 to
      provide operating fluid for operation of the displacement control for the
      motor swashplate.
PAR  Referring to the displacement control for the pump, the valve spool 201 is
      shown in a neutral position with the swashplate 32 in neutral position and
      with the position of the valve spool partially being controlled by a
      pivoted arm 230 which is connected to the valve spool for movement with it
      and which has a pair of springs 231 and 232 engaging against opposite
      sides of the arm and acting in opposition to each other. The null position
      of the valve spool with the swashplate 32 in neutral is set by rotatable
      adjustment of a threaded seat member 223 for the spring 232, with the
      rotatable adjustment either advancing or retracting the spring seat 233 to
      vary the compression of the spring 232 in action against the spring 231 to
      obtain the desired null position. Additionally, the displacement control
      has feedback means including a pivoted linkage 240 including an arm 241 on
      a fixed pivot 242 and having a seat at an end thereof for the spring 231.
      As the valve spool 201 is shifted, the control arm 230 is similarly
      shifted to create an imbalance in the springs 231 and 232. The shift of
      the spool results in a pivoting of the swashplate 32, which is indicated
      through the feedback linkage 240 to vary the compressive force on spring
      231, whereby when there is again a balance in the spring forces the valve
      spool 201 will be in a neutral flow-blocking position. This action will be
      the same regardless of the direction in which the swashplate 32 is
      pivoted.
PAR  As stated previously, the highest control pressure is always directed
      through conduit 222 to the valve 220 of the motor displacement control
      whereby the pressure acts to shift the valve spool 221 toward the left as
      viewed in FIG. 2B. This valve spool has a control arm 250 movable
      therewith and with a pair of springs 251 and 252 engageable against
      opposite sides of the control arm and acting in opposition. The spring 251
      has an adjustable, threaded spring seat member 253 on a fixed mounting in
      order to obtain a null position for the valve spool 221. Additionally, the
      spring 251 is stronger than the springs 231, 232 and 252 whereby the valve
      spool 221 is normally open to conduit 98 and will not shift in response to
      a control pressure until the value of that pressure exceeds a control
      pressure which acts to substantially fully shift the valve spool 201 of
      the pump displacement control valve. This provides for staging of the
      components of the transmission whereby the swashplate 32 of the pump which
      has been at neutral will move to a substantially maximum displacement
      prior to any movement of the motor swashplate 33. Following maximum
      displacement of the pump swashplate, the displacement of the motor will be
      reduced as the control pressure increases.
PAR  This action is shown by the graph of FIG. 4 wherein the control pressure
      obtained by the setting of the pressure reducing valve 125 is plotted as
      the ordinate and the displacement of the pump and motor are plotted as the
      abscissa. As the control pressure increases from (a) to (b), the
      displacement of the pump changes from neutral to maximum, as indicated by
      symbols beneath the abscissa line and at approximately the time the pump
      achieves full displacement, the displacement of the motor reduces
      progressively from a maximum to a minimum as the control pressure moves
      from value (b) to (c) and as shown by markings above the abscissa line.
PAR  The shuttle valve 210 has a valve spool 260 and a pair of internal passages
      opening to opposite ends thereof and extending to the surface of the valve
      spool by a pair of radial passages 261 and 262. The last-mentioned
      passages provide for communication of pressure in conduits 175 and 176 to
      the respective opposite ends of the shuttle valve spool 260 whereby the
      greater control pressure will act to shift the shuttle valve. Assuming
      that the greater control pressure is in conduit 175, the shuttle valve
      spool 260 will be shifted upwardly whereby the conduit 175 is placed in
      communication with the conduit 222. If the greater control pressure is in
      conduit 176, this will be directed to the upper end of the shuttle valve
      spool to shift the valve downwardly, with the result that conduit 176 will
      be placed in communication with conduit 222 leading to the control valve
      220 of the motor displacement control. In either of the above situations,
      one or the other of the branch conduits 224 or 225 will be connected to
      the other of conduits 175 and 176 which will extend back to the steering
      control valve 171 for suitable connection to tank at the directional
      control valve 142.
PAR  In considering the feedback means of the motor displacement control,
      reference shall first be made to FIGS. 5 and 6. In order to maintain the
      same steer radius of a vehicle when changing ground speed while in a turn,
      there should be a linear relationship between the control pressure and the
      output speed of the transmission, as indicated in the graph of FIG. 5.
PAR  The feedback means for the motor displacement control has a cam to provide
      the relationship indicated by the graph of FIG. 6 between transmission
      speed and displacement of the motor in order to result in the linear
      relation between control pressure and transmission speed shown in the
      graph of FIG. 5. Without the cam, the relationship between pressure and
      speed shown in FIG. 5 would not be linear at the higher control pressures
      whereby it would be possible to have an indirect relation between the
      speeds of the two hydrostatic transmissions when one of the steering
      control valves 171 or 173 might be operated to have one transmission
      operating in a speed range different from the other. This would result in
      an uncontrolled relation in a turn of the vehicle.
PAR  Referring specifically to the feeback means for the motor displacement
      control shown in FIG. 2B, a linkage connected to the swashplate has an arm
      270 connected to the swashplate which, by a link 271, pivots an arm 272
      pivotally-connected to a fixed bracket 273 with a cam roller 274 on the
      end of the arm 272. A cam 275 pivoted on a fixed mount 276 carries a
      spring seat for the spring 252 and has a cam surface coacting with the cam
      roller 274.
PAR  The action of the cam 275 results in obtaining a relatively small change in
      the compression exerted on spring 252 when displacement of the motor
      varies near the maximum displacement range of operation of the motor, with
      there being a greater rate of change of compression of the spring 252 in
      response to a given control pressure signal when the motor is operating
      toward the minimal displacement range of operation. Thus as the swashplate
      33 pivots counterclockwise as viewed in FIG. 2B, the cam 275 also pivots
      counterclockwise to reduce the compression on the spring 252 until there
      is a balance obtained to bring the control spool 221 to a neutral position
      wherein operating fluid from conduit 226 is blocked from communication
      with the operating cylinders 94 and 95. This balance is obtained when the
      control pressure acting on the right-hand end of the control spool 221
      plus the force of spring 252 equals the force of the stronger spring 251
      and any force resulting from pressure acting against the left-hand end of
      the control spool 221.
PAR  It will be obvious that the cam and cam roller relation shown in FIG. 2
      could be reversed whereby the cam could be associated with the feedback
      linkage and the follower associated with the spring seat.
PAR  A cam, such as cam 275, designed for a hydrostatic transmission using a
      single variable displacement motor with a variable displacement pump, will
      provide the desired relation shown in FIG. 5 regardless of pump size or
      input speed. The only requirement is that the actual control pressure to
      produce full pump displacement be similar for different pump sizes.
      Similarly, the same cam can be used for different motor sizes as long as
      suitable feedback linkage is used in order to produce the relationship
      shown in FIG. 6.
PAR  In the control system as now described, a single control handle 100
      controls components of the master control circuit to establish a uniform
      control pressure and, therefore, a uniform speed for both of the
      hydrostatic transmissions as well as the direction of operation thereof.
      With operation of the control handle 100 and rotation of the shaft 132,
      the control valve 142 is appropriately positioned and either of the cam
      surface sections 160 and 161 of the speed-setting cam 131 controls the
      force of the spring of the pressure-reducing valve 125. This applies the
      same control pressure to both branch circuits, with each circuit having a
      steering control valve, namely valves 171 and 173. When it is desired to
      obtain non-uniform operation of the transmissions, either of the handles
      101 or 102 may be operated to vary the control pressures applied to the
      displacement controls for the associated hydrostatic transmission. The
      relation of rotation of the handle 100 to the establishment of control
      pressures by the pressure-reducing valve 125 is shown in the graph of FIG.
      3 wherein the control pressure values (a), (b) and (c) correspond to those
      given in FIG. 4. It will be noted that initial rotation of the handle
      determines the direction of operation with the magnitude of rotation of
      the handle determining the control pressure and, therefore, the speed of
      the hydrostatic transmissions.
PAR  As described previously, the steering control valve 171 is shown in one
      limit position and, as the handle 101 is moved, the valve spool
      progressively may be moved toward the other limit position and during
      movement will meter part of the control pressure fluid to tank through
      connection back to the directional control valve 142, with full movement
      of the steering control valve to an opposite limit position actually
      reversing the direction of control pressure fluid to the displacement
      controls.
PAR  When the steering control valve spool 180 is shifted to meter the control
      pressure, there is a pressure established in either of conduits 175 or 176
      which is connected to tank by directional control valve 142 because of the
      orifices 197 and 195, respectively, which restrict flow to tank. This
      establishment of pressure along with a reduction of the control pressure
      upsets the balance on the displacement control to have the hydrostatic
      transmission operate at a reduced speed.
PAR  The steering control valve 173 has the output conduits 177 and 178,
      referred to previously, which correspond to the conduits 175 and 176 for
      the steering control valve 171. The conduits 177 and 178 connect into a
      displacement control, the same as shown in FIG. 2B for the pump and motor
      of the second hydrostatic transmission. Corresponding parts of the two
      steering control valves have been given the same reference numerals.
PAR  The horsepower control valve 140, shown in FIG. 2A, is a normally-open,
      three-way modulating valve in series with the pressure-reducing valve 125.
      The valve is biased closed by an adjustable spring 300 acting against the
      valve spool 301. Pressures existing at opposite sides of the variable
      orifice valve 112 are applied to opposite ends of the valve spool 301 with
      the pressure in advance of the variable orifice valve being applied
      thereto through a conduit 305 connecting to the conduit 111. The pressure
      downstream of the variable orifice valve is applied to the opposite end of
      the valve spool 301 through a conduit 306 connected into conduit 118 which
      senses the regulated pressure P.sub.R. When the engine is operating at, or
      near, rated speed for any selected throttle setting, the pressure drop
      through the variable orifice valve exceeds the force of the spring 300 to
      maintain valve spool 301 in a raised position as viewed in FIG. 2A,
      allowing the control pressure to pass therethrough with no pressure loss.
      If the engine begins to operate below rated speed, the pressure drop
      across the variable orifice valve is reduced below the setting of the
      spring 300 which causes the valve spool 301 to move downwardly and
      restrict the flow path to the conduit 141 leading to the directional
      control valve and being exhausting the control pressure fluid to tank.
      This results in reducing the control pressure signal to resultingly reduce
      the speed of the hydrostatic transmissions and cause the vehicle speed to
      match the power capability of the engine. If the vehicle is moving
      straight ahead, the action of the horsepower control valve will result in
      equal, but reduced, control pressures on both hydrostatic transmissions to
      keep the vehicle moving on a straight path, but at a lower ground speed.
      If the vehicle is in a steer mode, a reduction of control pressure by the
      valve will reduce the control pressures at each hydrostatic transmission
      proportionally. A prior art construction of applicants' assignee had a
      valve to provide the same antistall result.
PAR  The horsepower control valve 140 is now modified to also provide
      over-pressure relief protection for the control pump 110. This action
      occurs by an over-pressure in conduit 305 acting to shift the valve spool
      301 upwardly against the spring 300 and pressure P.sub.R to connect
      conduit 305 to tank. A condition causing such action would be when the oil
      used in the system is quite cold and will not properly flow through the
      variable orifice valve 112 whereby an over-pressure condition would exist
      in the conduit 305.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dual path hydrostatic transmission control for two hydrostatic
      transmissions each having a pump, a motor, and pressure-responsive
      displacement control means for one of the pump and motor comprising a
      first valve for establishing a control pressure for said two
      transmissions, a second valve for setting a direction of operation of said
      two transmissions, a single control member for operating both said first
      and second valves, a fluid circuit including said first and second valves
      and having two branch circuits downstream of said first and second valves
      with each branch circuit having one of said pressure-responsive
      displacement control means for the pump and motor, and a pair of steering
      control valves positioned one in each of said branch circuits for
      modifying the control pressure to affect action of said hydrostatic
      transmissions relative to each other.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said first valve includes a
      control spring and movable cam follower for setting said control spring,
      said single control member being rotatable and a cam thereon coacting with
      said cam follower, said cam having a cam surface with a pair of inclined
      sections one to each side of a central section whereby said control spring
      may be set in either direction of rotation of said single control member.
NUM  3.
PAR  3. Apparatus as defined in claim 1 including a third valve for horsepower
      control positioned in the fluid circuit ahead of said branch circuits and
      having a connection to tank, a control pump for generating control fluid
      under pressure for delivery to said first valve, a conduit leading from
      the control pump to said third valve, and means associated with the third
      valve responsive to an excessive pressure generated by the control pump to
      connect said conduit to tank.
NUM  4.
PAR  4. Apparatus as defined in claim 3 including a variable orifice means
      connected to the outlet of the control pump to set a pressure differential
      dependent on the throttle setting of a prime mover, and said third valve
      includes a valve spool exposed at opposite ends to the differential
      pressures with one end thereof exposed to fluid pressure in said conduit.
NUM  5.
PAR  5. A dual path hydrostatic transmission control for two hydrostatic
      transmissions each having a pump, a motor, and pressure-responsive
      displacement control means for one of the pump and motor comprising,
      variable means for establishing a control pressure, means for setting a
      direction of operation of said two transmissions, a single control member
      for operating both said variable means and said setting means, a fluid
      circuit including said variable means and said setting means and having
      two branch circuits downstream of said last-mentioned means with each
      branch circuit having one of said pressure-responsive displacement control
      means for the pump and motor, and a pair of steering control valve means
      positioned one in each of said branch circuits for modifying the control
      pressure to affect the action of said hydrostatic transmissions relative
      to each other, each steering control valve having a first pair of lines
      defining said branch circuit and a second pair of lines connectable one to
      said variable means and the other to tank, and a valve operable to meter
      flow between said second pair of lines and obtain a reduced control
      pressure.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein the steering control valve means
      includes means to reverse the direction of flow of the control pressure
      fluid.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein the steering control valve means
      includes a housing with said valve having a spool movable therein, a
      manually operable handle connected to said valve spool for positioning
      thereof at either of or between two limit positions, grooves on said valve
      spool for metering the flow of control pressure fluid to tank as said
      valve member is moved from one limit position, and a flow path in said
      valve spool for reversing flow of control pressure fluid therethrough when
      the valve spool is shifted to the other limit position.
NUM  8.
PAR  8. A control for a hydrostatic transmission having a variable displacement
      pump and a variable displacement motor, a pair of displacement controls
      associated one with each of the pump and motor and each control including
      a valve connected to a source of operating fluid under pressure and a pair
      of operating cylinders subjected to operating fluid dependent upon the
      position of the valve, a circuit for establishing a control pressure,
      means including a pair of lines extending to the valve of the pump
      displacement control for applying the control pressure to the valve for
      shift thereof in a direction dependent upon which of said lines has the
      control pressure, circuit means connecting said pair of lines to the
      opposite ends of the valve of the motor displacement control, and said
      circuit means including a shuttle valve to always apply the highest
      control pressure existing in either of said lines to the same end of the
      motor displacement control valve.
NUM  9.
PAR  9. A control for a hydrostatic transmission having a variable displacement
      pump and a variable displacement motor, a pair of displacement controls
      associated one with each of the pump and motor and each control including
      a valve connected to a source of operating fluid under pressure and a pair
      of operating cylinders subjected to operating fluid dependent upon the
      position of the valve, a circuit for establishing a control pressure,
      means for applying the control pressure to each of the displacement
      control valves, and feedback means for each of the displacement control
      valves and responsive to the displacement position of the pump and motor
      to set the control valves at a null position, said feedback means for the
      motor displacement control valve including a cam to establish a certain
      non-linear relation between motor displacement and transmission speed to
      obtain a desired relation between transmission speed and said control
      pressure.
NUM  10.
PAR  10. A control as defined in claim 9 wherein said motor includes a
      swashplate, said feedback means for the motor includes an arm connected to
      the control valve for the motor, a pair of springs acting oppositely on
      the arm, said cam being pivotally mounted and in engagement with one of
      the springs, and a linkage connected to said motor swashplate and
      engageable with the cam to convert motor swashplate movement into forces
      on said one spring.
NUM  11.
PAR  11. A control for a hydrostatic transmission having a variable displacement
      pump and a variable displacement motor, a pair of displacement controls
      associated one with each of the pump and motor and each control including
      a valve connected to a source of operating fluid under pressure and a pair
      of operating cylinders subjected to operating fluid dependent upon the
      position of the valve, means for applying a control pressure to the valves
      of the pump and motor displacement controls, feedback means for each of
      said valves and each of said means including, an arm connected to the
      valve, a pair of springs acting oppositely on said arm, a linkage for
      indicating displacement and for varying the force applied to one of said
      springs, and means for adjusting the force on one of said springs to
      provide a null position for the valve when the swashplate of the
      associated pump or motor is at a predetermined position.
NUM  12.
PAR  12. A control for a hydrostatic transmission having a variable displacement
      pump and a variable displacement motor, a pair of displacement controls
      associated one with each of the pump and motor and each control including
      a valve connected to a source of operating fluid under pressure and a pair
      of operating cylinders subjected to operating fluid dependent upon the
      position of the valve, each of said control valves being subjectable to a
      control pressure for positioning thereof, a pressure setting valve for
      setting a desired control pressure, and a steering control valve for
      modifying the control pressure set by the pressure setting valve, said
      steering control valve having a first pair of lines extending to said
      displacement controls and a second pair of lines connectable one to the
      pressure setting valve and the other to tank, and a valve spool manually
      operable to meter flow between said second pair of lines and obtain a
      reduced control pressure.
NUM  13.
PAR  13. A control as defined in claim 12 wherein said valve spool has first and
      second limit positions with means to reverse the flow connections to the
      first pair of lines by movement of the valve spool from the first limit
      position to the second limit position.
NUM  14.
PAR  14. A control for a hydrostatic transmission having a pump and a variable
      displacement motor, a displacement control associated with said motor and
      including a valve connected to a source of operating fluid under pressure
      and an operating cylinder subjected to operating fluid dependent upon the
      position of the valve, a circuit for establishing a control pressure,
      means for applying the control pressure to the displacement control valve,
      and feedback means for the displacement control valve and responsive to
      the displacement position of the motor to set the control valve at a null
      position, said feedback means for the motor displacement control valve
      including a cam to establish a certain non-linear relation between motor
      displacement and transmission speed to obtain a desired relation between
      transmission speed and said control pressure.
NUM  15.
PAR  15. A control as defined in claim 14 wherein said motor includes a
      swashplate, said feedback means for the motor includes an arm connected to
      the control valve for the motor, a pair of springs acting oppositely on
      the arm, said cam being pivotally mounted and in engagement with one of
      the springs, and a linkage connected to said motor swashplate and
      engageable with the cam to convert motor swashplace movement into forces
      on said one spring.
NUM  16.
PAR  16. A control for a hydrostatic transmission having a pump and a variable
      displacement motor having a swashplate, a displacement control associated
      with said motor and including a valve connected to a source of operating
      fluid under pressure and an operating cylinder subjected to operating
      fluid dependent upon the position of the valve, a circuit for establishing
      a control pressure, means for applying the control pressure to the
      displacement control valve, and feedback means for the displacement
      control valve and responsive to the displacement position of the motor to
      set the control valve at a null position, said feedback means for the
      motor displacement control valve including a spring, a linkage movable by
      the swashplate, and means operable by the linkage to apply varying rates
      of compression to said spring dependent on the displacement range of the
      motor to establish a certain nonlinear relation between motor displacement
      and transmission speed to obtain a desired relation between transmission
      speed and said control pressure.
NUM  17.
PAR  17. Apparatus as defined in claim 1 including a third valve for horsepower
      control positioned in the fluid circuit ahead of said branch circuits and
      having a connection to tank, a control pump for generating control fluid
      under pressure for delivery to said first valve, a conduit leading from
      the control pump to said third valve, and means responsive to an excessive
      pressure generated by the control pump to connect said conduit to tank.
NUM  18.
PAR  18. Apparatus as defined in claim 1 including a control pump for generating
      control fluid under pressure for delivery to said first valve, a third
      valve for horsepower control positioned in the fluid circuit ahead of said
      branch circuits and having a connection to tank, said third valve having a
      valve spool controlling flow to said branch circuits and said connection
      to tank, and means for applying a pressure signal to said valve spool of
      the third valve representative of engine speed whereby a reduction of
      engine speed below rated speed will open said connection to tank.
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ABST
PAL  A control device for connection between a hydropump and a hydromotor of a
      hydraulic system, to provide a control pressure for regulating operation
      of the system, has a valve housing accommodating a displaceable valve
      member formed to provide a throttling passageway between an inlet and a
      main outlet of the housing. Fluid flow through the throttle tends to move
      the valve member to open a connection between the inlet and a control
      pressure outlet of the housing, against the action of a resilient biasing
      arrangement and a force produced on the member in dependence upon the
      control pressure itself. The action of the biasing arrangement, however,
      is variable, enabling the device to be designed in accordance with a
      desired fluid-pressure/flow rate relationship.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to fluid pressure control devices.
PAR  A fluid pressure control device can be designed for regulating operation of
      a hydrostatic transmission system, a hydropump and/or a hydromotor of
      which system is adjusted by a variable control oil pressure as a function
      of hydraulic working pressure or rate of delivery of oil in the
      transmission system.
PAR  In such a hydraulic system, it has been proposed to apply the control
      pressure for adjusting the hydropump and/or the hydromotor of the
      transmission system, and therewith the power data of the transmission
      system, either by means of a separate auxiliary pump or by branching off
      oil from a main oil flow of the transmission system in a predetermined
      ratio thereto. In such a system a fluid pressure control valve device can
      effect adjustment, for example for power control of the transmission
      system, of the control pressure as a function of a predetermined
      parameter, for example as a function of hydraulic working pressure or oil
      flow supplied to the hydromotor of the transmission system. Such a control
      device as hitherto proposed may be unduly costly, since it is either
      provided with a separate auxiliary pump, for obtaining the control
      pressure, or else it is very complicated.
PAR  Of possible interest also in this respect is German Auslegeschrift No.
      1,247,437, in which there is proposed a control valve, employed as a
      branch valve which, on the one hand, branches off an auxiliary oil stream
      supplied by an auxiliary oil pump, for replacing leakage oil losses in a
      transmission system circuit and, on the other hand, supplies a control oil
      pressure for adjusting a hydropump and/or a hydromotor of a hydraulic
      transmission system.
PAR  The power or working capacity of a hydrostatic transmission system is
      determined by the product of hydraulic working pressure and main fluid
      flow in the transmission system. The present invention has accordingly
      been developed with a view to providing a control device that can be
      designed to enable power or working capacity of a hydraulic transmission
      system to be controlled in a relatively simple manner in accordance with a
      substantially direct, predetermined association between hydraulic working
      pressure and main fluid flow in such a transmission system.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention there is provided a fluid
      pressure control device, for regulating operation of a hydraulic
      transmission system which includes first and second hydraulic machines,
      being respectively a hydropump and a hydromotor connected to be driven by
      a fluid output from the hydropump, one of which machines is provided with
      pressure sensitive adjustment means arranged to adjust operation of the
      machine in dependence upon a control pressure applied to the adjustment
      means, said device comprising:
PAR  a. a hollow valve housing having (i) an inlet passageway, for connection to
      receive said fluid output from the hydropump, (ii) a main outlet
      passageway, for connection to deliver said fluid output to the hydromotor,
      (iii) a control pressure passageway for connection to said adjustment
      means to apply thereto said control pressure, and (iv) a discharge outlet
      passageway;
PAR  b. a displaceable valve member accommodated in said housing for
      displacement therein between a first position, affording communication
      between said inlet passageway and said control pressure passageway whereby
      said control pressure is deprived from said fluid output, and a second
      position blocking said communication between said inlet passageway and
      said control pressure passageway but affording communication between the
      latter and said discharge outlet passageway;
PA1  portions of said valve member defining a predetermined throttling
      passageway, between said inlet passageway and said main outlet passageway,
      having dimensions independent of the position of the valve member, whereby
      flow of said fluid output through said valve housing applies to said valve
      member a flow-dependent force in a first direction, from said second
      position towards said first position; and further portions of said valve
      member defining a control surface facing substantially in said first
      direction and arranged to be subject to the action of fluid at said
      control pressure thereby to act against said flow dependent force;
PAR  c. variable resilient biasing means arranged to apply to said valve member
      relative to said valve housing a biasing force in a second direction,
      opposite to said first direction, said biasing force being variable for an
      equilibrium position, between said first and second positions, of said
      valve member in said valve housing.
PAR  According to a further aspect of the present invention there is provided a
      hydraulic transmission system comprising: first and second hydraulic
      machines, being respectively a hydropump, for providing a fluid output,
      and a hydromotor connected to be driven by said fluid output; pressure
      sensitive adjustment means, having a control pressure input, connected
      with one of said first and second hydraulic machines for adjusting
      operation thereof in dependence upon a control pressure at said control
      pressure input; and a fluid pressure control device (having the features
      noted as (a)-(c) above in this Summary of Invention), for supplying said
      control pressure thereby to regulate operation of the hydraulic
      transmission system.
PAR  With such a fluid pressure control device arranged for use with its inlet
      passageway connected to receive said fluid output from the hydropump and
      its main outlet passageway connected to deliver said fluid output to the
      hydromotor, and with a small pressure drop at the throttling passageway, a
      desired relationship can be achieved between the said fluid output and the
      control pressure to be generated. The device can be designed so that any
      adverse effect of the control device on the transmission system is small,
      since the pressure drop across the throttling passageway can be kept very
      small. By making the biasing force, applied to the said valve member,
      variable as a function of the pressure of fluid in the valve housing of
      the transmission system, a predetermined direct association between fluid
      flow delivered to the hydromotor and working pressure applied to the
      hydromotor can be achieved, so as to produce a desired power
      characteristic. It should be noted that the control valve disclosed in the
      aforesaid German Auslegeschrift No. 2,247,437 does not afford such
      variability of the biasing force.
PAR  An embodiment of the present invention can be made in which the said
      variable resilient biasing means comprises a spring which bears against a
      displaceable abutment member the position of which, and therewith the
      spring bias, is determined by the pressure of fluid in the valve housing.
      Preferably, the abutment member is a piston subjected to the action of the
      pressure of fluid in the valve housing and also to the force of a spring
      assembly which bears against the valve housing. A desired relationship
      between the fluid flow supplied to the hydromotor, and the working fluid
      pressure applied thereto may be set by appropriate selection of the
      characteristic of the said spring assembly.
PAR  A fluid pressure control device embodying the present invention can be used
      in a method of measuring a delivery fluid flow. The control pressure
      generated at the control pressure outlet passageway of the device is
      precisely associated with the fluid output from the hydropump received at
      the inlet passageway of the device, if the biasing force of the variable
      resilient biasing means applied to the valve member remains unchanged.
      This will be the case in general, in an embodiment for which variation of
      the resilient biasing effect depends upon fluid pressure in the valve
      housing, whereever the pressure of fluid in the valve housing of the
      device remains below a threshold value which is the minimum pressure able
      to bring about such variation. Hitherto, it has been found difficult to
      measure the delivery stream, for example, of hydraulic transmission
      systems directly "in high pressure." It was necessary to employ indirect
      methods for example on the basis of the setting or adjustment of the
      hydropump and/or of the motor of the transmission system.
PAR  Other objects, advantages and features of the invention will become readily
      apparent from the following detailed description of one embodiment which
      is presented in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows schematically an hydraulic transmission system, and
PAR  FIG. 2 shows an axial sectional view of a fluid pressure control device
      embodying the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The transmission system shown in FIG. 1 comprises a hydropump 1 and a
      hydromotor 7 connected via working lines 4 and 6 to be driven by a fluid
      output from the hydropump. Disposed between the working lines 4 and 6 is a
      fluid pressure control device 5 which is described in detail hereinafter
      with reference to FIG. 2. From the control device 5 there branches off a
      control pressure line 10, constituting a control pressure input, and
      connected with an adjustment device 41 of the hydropump 1. The adjustment
      device 41 comprises a correcting (or servo) piston 3, coupled in the
      hydropump 1, and operating against the force of a spring 2. Operation of
      the hydropump is adjusted in dependence upon a control pressure acting on
      the piston 3 against the force of the spring 2, the control pressure being
      applied, via the control pressure line 10, by way of the control device 5.
      The hydropump 1, the hydromotor 7 and the control device 5 are connected
      with a drain or pump sump 20.
PAR  The control device 5 shown in FIG. 2 comprises a hollow displaceable valve
      member 12 accommodated in a hollow valve housing 21, portions of the valve
      member defining a throttling passageway 8. The fluid output from the
      hydropump acts on an end face 16 of the valve 4 member 12 and also acts in
      the throttling passageway 8, the fluid having travelled through the
      working line 4 and having entered the control device through an inlet
      passageway 22 thereof at which the working line 4 is connected to the
      control device 5. On the other hand, the valve member 12 is subjected to a
      biasing force of biasing spring means constituted by a spring 9, which
      force opposes the action of said fluid output on the valve member 12 (the
      biasing force tending to move the valve member upwardly in FIG. 2). The
      valve member 12 is formed with apertures 23 connecting an interior chamber
      40 of the hollow valve member 12 with a main outlet passageway 24 of the
      control device 5. The working line 6 is connected to the control device 5
      at the main outlet passageway 24. The control device 5 has, furthermore,
      respective control edges 13, shown coincident in FIG. 2 but formed
      respectively on the valve member 12 and the valve housing 21, and a
      control chamber 25 in communication with a control pressure outlet
      passageway 26 of the control device, the line 10 being connected thereto
      at the control pressure outlet passageway 26. The valve member 12 has a
      control surface 14. Interior surface portions of the valve housing 21,
      together with the control surface 14, bound a further control chamber 27
      in communication upstream of the control face 14, with the outlet
      passageway 26 via a duct 28 and in communication, on the other hand, with
      a discharge outlet passageway 29 which is connected with the drain 20. By
      upward movement of a control edge 30 of the valve member 12, the outlet
      passageway 26 can be placed in communication with the discharge outlet
      passageway 29.
PAR  The spring 9 bears on an abutment member 31, auxiliary spring means
      constituted by a spring assembly 11 mounting said abutment member 31 which
      is pressed by the force of the spring assembly against a shoulder 32 of
      the valve housing 21. The abutment member 31 can be moved, against the
      force of the spring assembly 11, by a piston 15 on a piston face 33 of
      which acts the pressure of fluid in the valve housing downstream of the
      throttling passageway 8, which fluid entered the valve housing via the
      inlet passageway 22. The opposite end 34 of the piston is connected via an
      outlet passageway 35 with the drain 20.
PAR  The mode of operation is as follows:
PAR  The hydropump 1 is set at maximum volumetric delivery rate as a result of
      the spring 2 of its adjusting device 41 acting against the piston 3. The
      fluid output from the hydropump 1 is channelled, via the working lines 4
      and 6 and via the control device 5, to the hydromotor 7 (which may
      alternatively be some other hydraulic load). In the control device 5,
      there is generated at the outlet passageway 26 a control pressure acting,
      via the line 10, on the piston 3 of the adjusting device 41 of the
      hydropump 1 and, where appropriate, adjusting operation of the hydropump
      to give a smaller fluid output. The fluid output, passing through the
      working line 4, and thence through the inlet passageway 22 of the control
      device 5, generates, from one end to the other of the throttling
      passageway 8 of the valve member 12, a pressure drop which moves the valve
      member 12 against the biasing force of the spring 9. As a result, an
      opening forms between the aforesaid control edges 13 of the member 12 and
      housing 21, at the end face 16 of the valve member 12, which opening
      affords communication between the inlet passageway 22 and the outlet
      passageway 26, thereby to allow inflow of fluid from the hydropump fluid
      output to the outlet 26, and thence to the line 10. Initially, movement of
      the valve member 12 is determined substantially only by the pressure drop,
      generated by way of the throttling passageway 8, and the force of the
      spring 9, since the valve member 12 is otherwise relieved of load with
      regard to the pressure of fluid within the valve housing, i.e., is
      equalized or balanced, since the pressure of the fluid acts both on the
      upward facing end face 16 and also on the downward facing interior surface
      portion of the valve member, at the upper end thereof, and on the downward
      facing lower end surface at which the spring 9 abuts against the member
      12.
PAR  The control pressure which builds up at the outlet passageway 26 (and also
      in the line 10) acts, via the duct 28, on the control surface 14 of the
      valve member 12 and thereby tends to move the valve member back in the
      direction of the biasing force of the spring 9, i.e. back towards the
      starting equilibrium position in which the outlet passageway 26 is closed
      off from the inlet passageway 22. The control pressure in the line 10
      builds up until the starting equilibrium position of the valve member 12
      is once again reached. If the control pressure present at the outlet
      passageway 26 (and also in the line 10 and at the control surface 14)
      exceeds a threshold value so that it causes the valve member 12 to be
      moved upwardly (with reference to FIG. 2) beyond the starting equilibrium
      position, which threshold value is determined by the pressure drop at the
      throttling passageway 8 and the biasing force of the spring 9, then the
      valve member 12 is moved upwardly, owing to the control pressure acting on
      the control surface 14, so that communication between the inlet passageway
      22 and the outlet passageway 26 is blocked, but a fluid path past the
      control edge 30 is provided which affords communication between the
      passageway 26 and the discharge passageway 29. As a result, the control
      pressure is reduced until the valve member 12 once again reaches its
      starting equilibrium position.
PAR  If the force of the fluid pressure in chamber 40 acting on the piston 15
      exceeds the biasing force of the spring assembly 11, the assembly is
      compressed by downward movement of the abutment member 31, so that the
      spring 9 becomes less compressed. Also, owing to the downward movement of
      the abutment member 31, the valve member 12 also moves since the forces
      acting on the valve member 12 are disturbed out of equilibrium by a
      decrease in the biasing force of the spring 9 for a given position of the
      valve member 12. A flow path between the control edges 13 opens and there
      is set up at the outlet passageway 26 (and in the line 10 as described
      hereinbefore) a control pressure determined by the new position of
      equilibrium. If the pressure of the fluid in the valve housing decreases
      once again to such an extent that the force of fluid pressure acting
      downwardly on the piston 15 no longer exceeds the biasing force of the
      spring assembly 11 acting upwardly, then the abutment member 31 is moved
      upwardly back into its starting position and, therewith, the biasing force
      of the spring 9 for a given position of the valve member 12 is increased
      and the control pressure acting on the control surface 14 moves the valve
      member 12 upwardly so that the control pressure is decreased by discharge
      of fluid from the inlet passageway 26, past the control edge 30, out
      through the discharge outlet passageway 29.
PAR  By suitably determining the values of the area of the control surface 14,
      the area of the valve member end face 16, the characteristics of the
      spring 9, the effective piston diameter of the piston 15, and the
      characteristics of the spring assembly 11, it is possible to establish any
      desired one of a variety of possible relationships between the flow of the
      fluid output from the hydropump 1 and the working pressure of fluid in the
      transmission system, for example in the line 6. Preferably, this
      relationship is such that the product of hydropump output and working
      pressure remains substantially constant, i.e., with increasing working
      pressure the hydropump is adjusted to deliver a smaller output flow.
      Thereby, the result can be achieved that the drive capacity, or the drive
      torque, of the hydropump remains constant for constant rotary drive speed.
PAR  An embodiment of the present invention may also be applicable to a
      hydraulic transmission system having a closed working circuit (in
      contradistinction to the embodiment having an open circuit shown in FIG.
      1). For example, in a reversible transmission system having a closed
      circuit, respective control devices 5 would be provided in two working
      lines, which devices would be connected, via lines corresponding to line
      10 in FIG. 1, to respective opposite sides of a piston (which would be a
      double acting piston) of an adjusting device for the hydropump of the
      system. Adjustment also of the hydromotor 7 of the transmission system
      may, if so desired, be effected in corresponding manner.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid pressure control device, for regulating operation of a hydraulic
      transmission system which includes first and second hydraulic machines,
      being respectively a hydropump and a hydromotor connected to be driven by
      a fluid output from the hydropump, one of which machines is provided with
      pressure sensitive adjustment means arranged to adjust operation of the
      machine in dependence upon a control pressure applied to the adjustment
      means, said device comprising:
PA1  a. a hollow valve housing having (i) an inlet passageway, for connection to
      receive said fluid output from the hydropump, (ii) a main outlet
      passageway, for connection to deliver said fluid output to the hydromotor,
      (iii) a control pressure passageway for connection to said adjustment
      means to apply thereto said control pressure and (iv) a discharge outlet
      passageway;
PA1  b. a displaceable valve member accommodated in said housing for
      displacement therein between a first position, affording communication
      between said inlet passageway and said control pressure passageway whereby
      said control pressure is derived from said fluid output, and a second
      position blocking said communication between said inlet passageway and
      said control pressure passageway but affording communication between the
      latter and said discharge outlet passageway;
PA1  portions of said valve member defining a predetermined throttling
      passageway, between said inlet passageway and said main outlet passageway,
      having dimensions independent of the position of the valve member, whereby
      flow of said fluid output through said valve housing applies to said valve
      member a flow dependent force in a first direction, from said second
      position towards said first position;
PAL  and further portions of said valve member defining a control surface facing
      substantially in said first direction and arranged to be subject to the
      action of fluid at said control pressure thereby to act against said flow
      dependent force;
PA1  c. variable resilient biasing means arranged to apply to said valve member
      relative to said valve housing a biasing force in a second direction,
      opposite to said first direction, said biasing force being variable for an
      equilibrium position, between said first and second positions, of said
      valve member in said valve housing.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein interior surface portions of
      said valve housing bound a control chamber space bounded also by said
      control surface, and wall portions of said valve housing define a branch
      duct leading from said control pressure passageway to said control chamber
      space, thereby to subject said control surface to pressure from, fluid in
      said control pressure passageway.
NUM  3.
PAR  3. A device according to claim 1, wherein said variable resilient biasing
      means comprise: abutment means; mounting means, mounting said abutment
      member for movement in said first and second directions, relative to said
      valve housing, in dependence upon pressure from said fluid output; and
      biasing spring means arranged between said abutment means and said valve
      member, for applying said biasing force to the valve member; whereby such
      movement of said abutment means can vary said biasing force.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein said abutment means comprise a
      movable piston member having a piston face subject to pressure from said
      fluid output, and wherein said mounting means comprise auxiliary spring
      means effective between said piston member and said valve housing.
NUM  5.
PAR  5. A device as claimed in claim 3, comprising stop means for positively
      limiting movement of said abutment member in said second direction;
      wherein said abutment means comprise a movable piston member having a
      piston face subject to pressure, from said fluid output, in said first
      direction, and wherein said mounting means comprise auxiliary spring
      means, having first and second opposite ends bearing respectively against
      said piston member and said valve housing, urging said piston member in
      the said second direction towards said stop means.
NUM  6.
PAR  6. A hydraulic transmission system comprising: first and second hydraulic
      machines, being respectively a hydropump, for providing a third output,
      and a hydromotor connected to be driven by said fluid output; pressure
      sensitive adjustment means, having a control pressure input, connected
      with one of said first and second hydraulic machines for adjusting
      operation thereof in dependence upon a control pressure at said control
      pressure input; and a fluid pressure control device, for supplying said
      pressure thereby to regulate operation of the hydraulic transmission
      system, said device comprising:
PA1  a. a hollow valve housing having (i) an inlet passageway, connected to
      receive said fluid output from the hydropump, (ii) a main outlet
      passageway, connected to deliver said fluid output to the hydromotor,
      (iii) a control pressure passageway connected to said control pressure
      input to apply thereat said control pressure, and (iv) a discharge outlet
      passageway;
PA1  b. a displaceable valve member accommodated in said housing for
      displacement therein between a first position, affording communication
      between said inlet passageway and said control pressure passageway whereby
      said control pressure is derived from said fluid output, and a second
      position blocking said communication between said inlet passageway and
      said control pressure passageway but affording communication between the
      latter and said discharge outlet passageway; portions of said valve member
      defining a predetermined throttling passageway, between said inlet
      passageway and said main outlet passageway, having dimensions independent
      of the position of the valve member, whereby flow of said fluid output
      through said valve housing applies to said valve member a flow dependent
      force in a first direction, from said second position towards said first
      position;
PA1  and further portions of said valve member defining a control surface facing
      substantially in said first direction and arranged to be subject to the
      action of fluid at said control pressure thereby to act against said flow
      dependent force;
PA1  c. variable resilient biasing means arranged to apply to said valve member
      relative to said valve housing a biasing force in a second direction,
      opposite to said first direction, said biasing force being variable for an
      equilibrium position, between said first and second positions of said
      valve member in said valve housing.
NUM  7.
PAR  7. A system according to claim 6, wherein the said pressure sensitive
      adjustment means is also connected with the other of the said first and
      second hydraulic machines, for adjusting operation thereof in dependence
      upon said control pressure.
NUM  8.
PAR  8. A system according to claim 6 wherein said pressure sensitive adjustment
      means comprise a cylinder having interior surface portions bounding a
      chamber therein in communication with said control pressure input, and a
      piston coupled to said one of the first and second hydraulic machines and
      displaceably contained within said cylinder to be movable in dependence
      upon said control pressure in said chamber.
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ABST
PAL  A cavitation suppressor for use in a hydraulic system, the cavitation
      suppressor serving to prevent excessive pressure in the system by
      bypassing hydraulic fluid around a mixing section to reduce the need for
      aspiration of additional fluid from a reservoir. The cavitation suppressor
      also prevents dissolved air in the system from coming out of solution. It
      includes inlet, mixing and outlet sections, and fluid bypass means
      communicating the inlet section with the outlet section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  l. Field of the Invention
PAR  This invention relates generally to the suppression of cavitation in a
      hydraulic system, and more particularly to a cavitation suppressor in a
      hydraulic system which provides for bypass of fluid from the inlet to the
      outlet thereof so as to control fluid pressure and control air dissolved
      in the fluid.
PAR  2. Description of the Prior Art
PAR  In recent years there have been many improvements in hydraulic system
      control, including improvements relating to the suppression of cavitation
      and the control of system pressures. Some of these improvements provide
      for diverting the direction of the main stream of fluid flow through a jet
      pump in an attempt to smooth out flow and pressure within the system.
      Others provide for changes in the pattern of flow from a source of fluid
      to a venturi to create suctions which tend to provide desired flow
      patterns at an outlet.
PAR  Prior art systems generally have provided for the drawing of fluid from a
      reservoir as needed to maintain proper flow rates and pressures within the
      system. Attempts to maintain reduced pressures, where higher pressures are
      unnecessary, generally have resulted in loss of efficiency throughout the
      system. Furthermore, the prior art has not recognized the problem of air
      dissolved in the fluid, and the attendant problem introduced when oil from
      a tank is drawn into the hydraulic system.
PAR  Accordingly, it is an object of this invention to meet the continuing need
      and desire in the art for improvements in the control of hydraulic
      systems, and in particular the suppression of cavitation therein, by
      providing an improved hydraulic system including means for suppressing
      cavitation and for preventing unnecessary high pressure when system flow
      is high.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed in brief to improved fluid control means adapted
      for use in a hydraulic system wherein variable loads are encountered and
      wherein the control of pressure and of air dissolved in a hydraulic fluid
      is desired.
PAR  The system includes means for guiding the flow of fluid in such a fashion
      that efficient conversion of pressure energy to velocity and then back to
      pressure energy is obtained. The high velocity section is vented to the
      reservoir, thereby establishing an atmospheric pressure reference at this
      point. All other points in the hydraulic system will then be at pressures
      higher than atmospheric, thus preventing the evolution of dissolved air.
PAR  The inlet to the hydraulic system control means is the return line of an
      associated hydraulic circuit. At this point the pressure is appreciable.
      As oil enters the device, it passes through a nozzle or orifice which
      increases the oil velocity and reduces the static pressure. It then passes
      through a venturi or high velocity section where it is exposed to the
      approximate atmospheric pressure of the reservoir. It then passes through
      the final tapered outlet section where it loses velocity and regains most
      of its previous static pressure. To avoid over pressurizing the oil, a
      fluid bypass passage diverts some of the flow from the inlet of the device
      to the discharge when inlet pressure increases to a predetermined level.
PAR  The system includes a cavitation suppressor having an input section, an
      intermediate mixing section and an output section. In addition, a fluid
      passage from the input section to the output section is provided to divert
      fluid around the mixing section without dumping it to tank, thereby
      retaining it within the system and reducing the need for aspiration of
      fluid from the tank through the mixing section. Furthermore, valve means
      is provided in the passage to establish the pressure at which diversion
      takes place.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and advantages of this invention will become apparent to those
      skilled in the art upon careful consideration of the specification herein,
      including the drawing, wherein:
PAR  FIG. 1 is a cross-sectional view showing the relationship of the improved
      cavitation suppressor to an associated hydraulic system; and
PAR  FIG. 2 is a cross-sectional view showing details of a modified form of the
      cavitation suppressor.
DETD
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawing and will herein be described in detail a
      preferred embodiment and an alternative embodiment, with the understanding
      that the present disclosure is to be considered as an exemplification of
      the principles of the invention and is not intended to limit the invention
      to these embodiments.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in greater detail, there is shown a hydraulic
      system 10 including a fluid reservoir or tank 12. Reservoir 12 may be
      formed of plastic material and has a base 14 in which is molded a
      cavitation suppressor generally designated 16.
PAR  A fluid line 18 communicates cavitation suppressor 16 with a pump 20 which
      may be fixed or variable displacement. A fluid line 22 communicates pump
      20 with a fluid motor 24 which may be a double acting cylinder, a rotary
      motor or the like, and which constitutes a variable load. A fluid line 26
      communicates motor 24 with cavitation suppressor 16.
PAR  Cavitation suppressor 16 includes inlet or orifice section 28 having a
      threaded inlet 30 adapted to receive fluid line 26. Inlet section 28 is
      provided with an orifice 32 for accelerating the flow of fluid to a
      relatively high velocity as it passes therethrough.
PAR  Cavitation suppressor 16 includes a mixing section 34 spaced from inlet
      section 28 to define therebetween a fluid flow path 36 communicating with
      reservoir 12. Mixing section 34 defines a fluid passage 38 opposite
      orifice 32. Passage 38 is relatively larger than orifice 32.
PAR  Cavitation suppressor 16 also includes an outlet or pressure recovery
      section 40 defining a fluid passage 42 communicating with passage 38 and
      tapered to diverge away therefrom. Passage 42 communicates with threaded
      outlet 44 adapted to receive fluid line 18.
PAR  A fluid bypass passage 46 extends from inlet 30 to outlet 44 for providing
      a direct fluid flow path therebetween. In passage 46 there is formed a
      valve seat 48. A chamber 50 communicates with passage 46 opposite valve
      seat 48. A suitable ball valve 52 in chamber 50 is seated on valve seat
      48. A valve spring 54 reacts against a cap 56 in chamber 50 and biases
      ball valve 52 against valve seat 48, thereby blocking passage 46 when ball
      valve 52 is seated on valve seat 48.
PAR  Flow path 36, in communication with reservoir 12 establishes approximately
      atmospheric pressure just beyond orifice 32. With this as a reference, all
      other points in the hydraulic system will be at pressures higher than
      atmospheric.
PAR  Fluid is discharged from motor 24 and flows through line 26 into inlet
      section 28. As fluid passes through orifice 32 its velocity is increased
      and its static pressure is decreased. Fluid then passes through mixing
      section 34 where it is exposed to the approximate atmospheric pressure in
      reservoir 12, after which it passes through outlet section 40 where it
      loses velocity and regains most of its static pressure. It then flows
      through line 18 to pump 20.
PAR  To prevent excessive pressure at pump 20, even when fluid flow is high, for
      example when pump RPM is high, some of the fluid is diverted through
      passage 46. This will occur when pressure reaches a predetermined level
      sufficient to move ball valve 52 away from valve seat 48, thereby
      establishing fluid communication from inlet 30 through passage 46 to
      outlet 44. As pressure increases, ball valve 52 will be moved farther away
      from valve seat 48. The result is that as more fluid is bypassed through
      passage 46, there will be less flow through mixing section 34, and
      accordingly less fluid aspirated from reservoir 12 through path 36 into
      passage 38. By this means, pressure in the system will remain relatively
      close to the pressure at which the bypass function is initiated.
PAR  Thus the pressure at outlet 44 is limited even in a system with widely
      varying load characteristics. By controlling the fluid flow through
      orifice 32, the aspiration of additional fluid from reservoir 12 through
      passage 36 into the system is limited, and indeed is significantly
      reduced.
PAR  By reducing the necessity for discharing excess fluid to reservoir 12 when
      system pressures are undesirably high, and then drawing fluid from
      reservoir 12 when again required, the stability of the system is improved.
      A significant reduction of cavitation results and this in turn results in
      improved efficiency of the system, particularly when using high viscosity
      oils. Air in the system will remain dissolved in the fluid. This is a
      significant factor, as it has been found that some air is dissolved in
      hydraulic fluid even in an open tank. Indeed, it has been found that at
      standard temperatures and pressures, as much as 8 percent air is in
      solution.
PAR  As pump pressure increases, the efficiency of the system is improved by
      using the suppressor with the bypass feature. This is particularly
      apparent at lower temperatures, with increased oil viscosities.
PAC  DESCRIPTION OF AN ALTERNATIVE EMBODIMENT
PAR  Turning now to FIG. 2, there is shown a cavitation suppressor 116 which is
      essentially similar to cavitation suppressor 16 of FIG. 1, except that it
      is formed from metal or other suitable material rather than being molded
      into base 14 of reservoir 12.
PAR  Cavitation suppressor 116 includes an inlet section 128 which receives
      fluid line 26 and which defines a suitable orifice or nozzle 132.
PAR  A mixing section 134 is secured to inlet section 128 by suitable bolts and
      spacers or the like to establish a fluid path 136. Mixing section 134
      defines a fluid passage 138 opposite orifice 132.
PAR  An outlet section 140 is suitably secured to mixing section 134 by bolts or
      the like and receives fluid line 18. A pressure reducing passage 142
      diverges outwardly from passage 138 and communicates with fluid line 18.
PAR  Bypass passage 146 communicates inlet section 128 with outlet section 140
      to divert fluid around mixing section 134 without discharging it to
      reservoir. A suitable valve seat 148 is provided in line 146. A chamber
      150 is opposite valve seat 148 and contains a ball valve 152 seated on
      valve seat 148. A suitable spring 154 reacts against a cap 156 and biases
      ball valve 152 against valve seat 148.
PAR  Cavitation suppressor 116 operates in a manner essentially similar to
      cavitation suppressor 16. Suppressor 116, however, is located within a
      reservoir such that path 136 is in fluid communication with a source of
      fluid. Alternatively, a suitable fluid line communicates path 136 with a
      source of fluid.
PAR  The invention disclosed herein will work with a wide variety of hydraulic
      fluids, and provides significantly improved overall efficiency, even at
      low temperatures.
PAR  The improved system will keep pump inlet pressure high enough to maintain
      any air in the inlet oil dissolved therein, so as to reduce cavitation. At
      the same time, the system prevents excessive pressure at the pump inlet.
PAR  The system disclosed herein provides freedom of design which will allow for
      the provision of smaller orifices than might otherwise be required. This
      will increase the efficiency and effectiveness of the system at low flow
      rates, such as for example, with the pump running at a low RPM.
PAR  Although a preferred embodiment and an alternative embodiment of the
      invention have been shown and described, they should be considered as
      illustrative and may be modified by those skilled in the art without
      departing from the scope thereof, which is to be limited only by the
      claims herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid control device comprising an inlet section defining an orifice,
      an outlet section defining an expansion chamber, a mixing section
      intermediate said inlet and outlet sections into which fluid may be drawn
      by fluid flow through said orifice, and fluid bypass means communicating
      said inlet and outlet sections.
NUM  2.
PAR  2. The invention of claim 1, said fluid bypass means including pressure
      responsive means for increasing said communication as pressure in said
      inlet section increases above a predetermined level.
NUM  3.
PAR  3. The invention of claim 2, said inlet and mixing sections defining
      therebetween a fluid path through which fluid may be drawn into said
      mixing section.
NUM  4.
PAR  4. A fluid control device comprising an inlet section having a fluid inlet
      and a fluid velocity increasing outlet, an outlet section having a fluid
      velocity-decreasing inlet and a fluid outlet, a mixing section in fluid
      communication with said fluid velocity-increasing outlet and said fluid
      velocity-decreasing inlet, fluid passage means communicating with said
      mixing section, and bypass passage means communicating said fluid inlet
      with said fluid outlet.
NUM  5.
PAR  5. The invention of claim 4, including pressure responsive valve means in
      said bypass passage means for blocking communication therethrough in
      response to pressure at said fluid inlet below a predetermined level.
NUM  6.
PAR  6. In a hydraulic system including a source of fluid, a pump having an
      inlet and an outlet, a motor having an inlet in fluid communication with
      said pump outlet and an outlet, and fluid flow control means including a
      velocity-increasing section in fluid communication with said motor outlet,
      a high velocity section in fluid communication with said source of fluid,
      and a velocity-reducing section in fluid communication with said pump
      inlet, said sections acommodating fluid flow therethrough from said motor
      to said pump; the improvement comprising fluid bypass means communicating
      said velocity-increasing section with said velocity-decreasing section for
      bypass of fluid around said high velocity section.
NUM  7.
PAR  7. The invention of claim 6, said fluid bypass means including means
      responsive to pressure in said velocity-increasing section for preventing
      said fluid bypass below a predetermined pressure.
NUM  8.
PAR  8. The invention of claim 7, said pressure responsive means affording said
      fluid bypass above said predetermined pressure.
NUM  9.
PAR  9. The invention of claim 8, said source of fluid being a reservoir.
NUM  10.
PAR  10. The invention of claim 9, said reservoir and said fluid flow control
      means being integrally molded of plastic.
NUM  11.
PAR  11. A hydraulic system including a reservoir; a pump; a motor in fluid
      communication with said pump; and cavitation suppressing means having a
      pressure-reducing section influid communication with said motor, a mixing
      section in fluid in fluid with said reservoir, a pressure-increasing
      section in fluid communication with said pump, and fluid bypass means in
      fluid communication with said pressure-reducing and pressure-increasing
      sections.
NUM  12.
PAR  12. The invention of claim 11, said fluid bypass means including means for
      regulating fluid bypass therethrough in response to pressure between said
      motor and said pressure-reducing section above a predetermined level.
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ABST
PAL  A master cylinder for a dual hydraulic braking system has two pistons
      arranged end-to-end in respective bore sections, each piston having
      sealing valves which close off communication between front and rear brake
      circuits and respective reservoirs when displaced by operation of a brake
      pedal to cause pressurization of respective compression chambers connected
      to the brake circuits. This invention provides two seals in the inner
      piston between the two compression chambers and an auxiliary chamber
      defined between these seals into which small quantities of brake fluid
      escape in the event of leakage from either compression chamber to give
      visual warning of such leakage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a master cylinder for dual hydraulic brake
      circuits, with frontal sealing valves.
PAR  Master cylinders of this type usually consist of a cylinder having one end
      closed and the other open, with first and second pistons, preferably
      identical to each other, each sliding in a respective bore section of
      corresponding diameter formed inside the cylinder. First and second
      reaction springs are interposed respectively between the first and the
      second piston and between the closed end of the cylinder and the second
      piston, keeping both pistons in normal positions spaced furthest away from
      the closed end of the cylinder. In this way the pistons define with the
      internal walls of the cylinders two compression chambers each of which is
      in use of the master cylinder connected via appropriate passages and ducts
      to a respective reservoir and to respective brake actuator cylinders for
      the rear and front wheels of the vehicle. Each piston is further equipped
      with frontal valve means adapted, upon operating the brake pedal, to
      interrupt the communication between the compression chambers and the
      reservoirs, thus allowing the brake fluid in the compression chambers to
      be pressurised to operate the brake actuators.
PAR  In master cylinders of this type eventual wear or damage of the
      intermediate sealing gasket of the second piston nearer to the closed end
      of the cylinder, which ensures the sealing of the piston in the respective
      cylinder bore, cannot be noticed in any way and the master cylinder then
      functions as a common master cylinder for a single circuit so that further
      damage to any other part of the system then puts out of action the entire
      braking system. This results from the fact that, upon operating the brake
      pedal, the front sealing valves interrupt the communication with the
      reservoirs, so that the fluid can flow only from one compression chamber
      to the other without being able to flow into one of the reservoirs and
      raise the fluid level therein. Consequently it is impossible to adopt as a
      brake fault warning one of the signalling systems known for detecting such
      rises, for example a float system associated with the reservoirs.
PAR  An object of the present invention is to provide a master cylinder of the
      aforesaid type, which is free of the above mentioned disadvantages and in
      which any damage or deterioration of the intermediate sealing gasket
      abovementioned can be noticed immediately, while independence of the two
      brake circuits is ensured at all times.
PAC  SUMMARY OF THE INVENTION
PAR  This and other objects are achieved according to the present invention by
      the provision of a master cylinder comprising:
PAR  a cylinder having one end closed and one end open,
PAR  means defining first and second bore sections within the cylinder,
PAR  a first piston slidably mounted in the first bore section,
PAR  a second piston slidably mounted in the second bore section,
PAR  a first reaction spring interposed between the first piston and the second
      piston,
PAR  a second reaction spring interposed between the closed end of the cylinder
      and the second piston, said reaction spring maintaining both pistons in
      normal positions spaced from the closed end of the cylinder,
PAR  the said pistons defining with the internal walls of the cylinder two
      compression chambers,
PAR  duct means in the cylinder for connecting each compression chamber with a
      respective brake fluid reservoir and with respective brake actuators,
PAR  valve means carried by each piston for interrupting, by operation of a
      brake pedal, communication between the respective compression chambers and
      the respective reservoirs to allow brake fluid to be pressurised by the
      respective pistons to operate the respective brake actuators,
PAR  two spaced apart external peripheral seals carried by the second piston,
PAR  means defining a peripheral annular groove in said second piston between
      said two seals, said groove defining an annular auxiliary chamber, and a
      radial through hole in said cylinder communicating with the outside and in
      constant communication with the said auxiliary annular chamber in any
      axial position of the said second piston.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described, by way of non-restrictive example,
      with reference to the attached drawings, wherein:
PAR  FIG. 1 is a longitudinal cross section of a master cylinder according to
      one embodiment of the invention, and
PAR  FIG. 2 is a transverse cross section on line II--II of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The master cylinder shown in the drawings consists of a body 1, formed at
      one of its ends with an external radial flange 2 for the mounting of the
      cylinder on to a fixed part of the body of a motor vehicle (not shown).
      The internal bore of the cylinder is a through bore and has three sections
      of different diameter. The first section 3, of smallest diameter, extends
      for approximately one third of the total length of the cylinder, from the
      end of the cylinder that carries flange 2. The adjoining second section 4,
      of larger diameter, begins at a radial annular shoulder 5 and extends to a
      zone situated at a short distance from the end of the cylinder opposite
      the end that carries flange 2, terminating at a narrow radial annular
      shoulder 6. The third section 7, of yet larger diameter, extends from the
      shoulder 6 to the other end of the through bore. A substantially
      cylindrical plug 8 is inserted in the third bore section 7 and is held
      against the shoulder 6 of the cylinder by an elastic split ring 9. On the
      external periphery of the plug 8 there is an annular groove housing an
      O-ring seal 10 the external surface of which is lightly pressed against
      the walls of the bore section 7.
PAR  A first piston 11 is mounted for sliding movement with slight play in the
      first bore section 3 of the cylinder, and normally fills all this section.
      One end of the piston 11 protrudes into the adjoining second section 4 and
      is formed with a radial flange 12 the diameter of which is larger than the
      inner diameter of the radial shoulder 5. At the opposite end, the piston
      11 has an external notch 13 which forms a seat for engagement by one end
      of a push-rod (not shown) driven by the brake pedal of the vehicle on
      which the master cylinder is mounted. At a short distance from notch 13,
      on the circumference of piston 11, there are provided a pair of spaced
      apart peripheral grooves which house respective O-ring seals of elastic
      material, 14 and 15, the peripheries of which are slightly compressed
      against the first bore section 3 of the cylinder.
PAR  Flange 12 of piston 11 is separated from the internal shoulder 5 of the
      cylinder by an internal flange 16, the inner diameter of which is smaller
      than the outer diameter of the flange 12, formed on a sleeve 17. This
      sleeve 17 is formed at its end opposite flange 16 with a head 18 the outer
      diameter of which is slightly smaller than the diameter of the bore
      section 4 of the cylinder but is greater than the outer diameter of the
      remainder of the sleeve 17. The end face of head 18 opposite the flange 16
      is formed with a seat in the form of an internal annular step which houses
      a frontal annular seal 19 of elastic material, the thickness of which,
      measured in the axial direction of the cylinder, is such that it protrudes
      from head 18 for a short distance in a direction away from the flange 16.
PAR  The sleeve 17 is surrounded by a seal consisting of a ring 20 made of
      elastic material, the external periphery of which, of arcuate profile in
      cross-section, is adjacent the surface of the internal bore section 3 of
      the cylinder. The ring 20 is pushed axially against the head 18 by an
      annular washer 21 which is acted upon by a spring 22 which surrounds
      sleeve 17, the end of the spring 22 opposite the washer 21 abutting the
      shoulder 5. The space 23 housing spring 22 constitutes a first compression
      chamber and communicates with the exterior via a duct 24 which in use of
      the master cylinder is connected to an external brake circuit, in this
      example to the circuit including the rear brake actuator cylinders (not
      shown) of a vehicle, preferably with the interposition of a pressure
      reducing valve. The sleeve 17 is also provided with a series of radial
      through holes 25 drilled in the region between washer 21 and internal
      flange 16.
PAR  The part of the frontal seal 19 protruding from the head 18 faces a radial
      annular end surface 26 at an end of a tubular element 27 which faces
      towards the open end of cylinder 1, the tubular element 27 being inserted,
      with slight play, in the internal bore section 4 of the cylinder. The
      element 27 is prevented from moving axially by a radial pin 28, the inner
      end of which is located in a peripheral groove 30 provided in the external
      periphery of the tubular element 27. Pin 28 is inserted through a
      corresponding radial hole made in a boss 31 of the cylinder 1 and it has a
      threaded part screwed into a corresponding internally threaded part of the
      said hole.
PAR  The bore of the tubular element 27 has an end section 33 at the end
      adjoining the piston 11, and a section 34 of smaller diameter which
      extends to the opposite end of the tubular element 27, adjoining the plug
      8. On the external periphery of the tubular element 27 there are provided,
      on opposite sides of the pin 28, two annular circumferential grooves
      housing O-ring seals 35a and 35b of circular cross-section, the outer
      peripheries of which are slightly compressed against the surface of the
      internal bore section 4 of the cylinder.
PAR  Within the smaller diameter section 34 of the bore of the tubular element
      27 there is slidably mounted a second piston 36 the diameter of which can
      be smaller than or equal to the diameter of the first piston 11. The
      second piston 36 is mounted slidably and sealingly in section 34 by two
      peripheral annular sealing gaskets 37a and 37b, of any cross-sectional
      shape, made of elastic material and slightly radially compressed, the
      gaskets 37a and 37b being housed in respective annular grooves formed in
      the periphery of the piston 36. Between the two gaskets 37a and 37b the
      second piston 36 has an intermediate axially extending annular groove 70
      which, with the internal periphery of element 27, delimits an annular
      auxiliary chamber 72 (see FIG. 2). The pin 28 is provided with a through
      bore 74 which communicates through a radial hole 76 in the tubular element
      27 with the chamber 72. The piston 36 protrudes from the bore section 34
      of the tubular element 27 towards the plug 8 and protrudes to a greater
      extent from the bore section 34 in the direction of the piston 11, the
      piston 36 being provided at its opposite ends with axial sockets 38 and 39
      respectively facing towards the piston 11 and towards the plug 8. Between
      the bottom of end socket 38 and the piston 11 a first reaction spring 40
      is interposed, and between the bottom of end socket 39 and the bottom of
      an axial end socket in the facing end of the plug 8 a second reaction
      spring 42 is interposed, the rigidity of the second spring being a little
      greater than that of the first spring 40.
PAR  The frontal seal 19 carried by the head 18 of the sleeve 17 forms, with the
      radial annular end surface 26 of the tubular element 27, a valve adapted
      to isolate the duct 24, which communicates with the rear brake actuator
      cylinders, from a hole 43 provided in the wall of the body 1 of the
      cylinder in the proximity of the surface 26. The hole 43 is located at the
      bottom of an internal cavity in a boss 44 of the body 1, adapted for
      connection to a first brake fluid reservoir (not shown).
PAR  It will be apparent in fact that as the first piston 11 advances towards
      the plug 8 during braking, the flange 12 of this piston will move away
      from the shoulder 5 and will thus permit stretching of the pre-loaded
      spring 22, which will push the sleeve 17, with its head 18 and frontal
      seal 19, towards the radial annular end surface 26 of the tubular element
      27 until the seal 19 engages the end surface 26 and interrupts
      communication between the duct 24 and the hole 43. The piston 11 then
      pressurizes brake fluid in the first compression chamber 23 to operate the
      rear brake actuators connected to the duct 24. The tension of the spring
      22 is somewhat smaller than that of the first reaction spring 40, so that
      as piston 11 returns to the starting position the sleeve 17 retracts and
      the frontal seal 19 is withdrawn from the radial surface 26.
PAR  The end of the second piston 36 protruding beyond tubular element 27 in the
      direction of plug 8 is also provided with a flange 45, the external
      diameter of which is larger than the internal diameter of the bore section
      34 of the tubular element 27. This flange 45 engages, in a manner similar
      to the flange 12 of the first piston 11, a valve structure adapted to
      co-operate with a radial annular shoulder 46 formed on the end surface of
      the plug 8 facing the open end of the cylinder. This valve structure
      includes elements corresponding to the sleeve 17, the frontal seals 19,
      the sealing ring 20 and the spring 22. These corresponding elements are
      marked with the same reference numerals with the addition of a single
      prime. The space 23' surrounding sleeve 17' constitutes a second
      compression chamber which communicates with the exterior through a duct
      24' that in use of the master cylinder is connected to the circuit of the
      front brake actuator cylinders (not shown) of the vehicle on which the
      master cylinder is mounted.
PAR  During braking, contact between the front seal 19' and the radial shoulder
      46 of the plug 8 interrupts communication between the duct 24' and a
      through hole 47 provided in the wall of the body 1 of the cylinder at the
      bottom of a cavity drilled in a boss 48 adapted for connection to a second
      brake fluid reservoir (not shown), enabling fluid in the second
      compression chamber 23' to be pressurised for operation of the front
      brakes.
PAR  The operation of a master cylinder of the kind herein described is well
      known to those skilled in the art, and is described, for example, in U.S.
      Pat. No. 3633367 dated May 27, 1970 and assigned to the same assignees as
      the present invention.
PAR  It will be noted that damage to one of the two seals 37a, 37b will be
      signalled, due to the provision of the auxiliary chamber 72 and of holes
      74 and 76, by a corresponding outflow of brake fluid (naturally in minimal
      quantity), which can be noted directly or by any suitable signalling
      system.
PAR  Naturally, while keeping to the principle of the present invention details
      of practical embodiments can change considerably with respect to what has
      been described and shown in the attached drawings, without departing from
      the spirit and scope of the present invention. Thus, for example, the
      invention could be applied to a master cylinder lacking the sleeve 17, in
      which the holes 74 and 76 are provided in any other areas of the cylinder,
      as long as, whatever the position of the second piston 36, these holes are
      always in communication with the auxiliary chamber 72.
CLMS
STM  We claim:
NUM  1.
PAR  1. A master cylinder for a dual hydraulic braking system for vehicles,
      comprising:
PA1  a cylinder having one end closed and one end open,
PA1  means defining first and second bore sections within the cylinder,
PA1  a first piston slidably mounted in the first bore section,
PA1  a tubular element fixedly secured in the second bore section,
PA1  a second piston slidably mounted in said tubular element,
PA1  a first reaction spring interposed between the first piston and the second
      piston,
PA1  a second reaction spring interposed between the closed end of the cylinder
      and the second piston, said reaction springs maintaining both pistons in
      normal positions spaced from the closed end of the cylinder,
PA1  the said pistons defining with the internal walls of the cylinder two
      compression chambers,
PA1  duct means in the cylinder for connecting each compression chamber with a
      respective brake fluid reservoir and with respective brake actuators,
PA1  valve means carried by each piston for interrupting, by operation of a
      brake pedal, communication between the respective compression chambers and
      the respective reservoirs to allow brake fluid to be pressurized by the
      respective pistons to operate the respective brake actuators,
PA1  two spaced apart external peripheral seals carried by the second piston,
PA1  means defining a peripheral annular groove in said second piston between
      said two seals, said groove defining an annular auxiliary chamber, and a
      radial through hole in said tubular element and said cylinder
      communicating with the outside and in constant communication with the said
      auxiliary annular chamber in any axial position of the said second piston.
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PAL  An oil-hydraulic servo-motor, usable with an automotive brake, including a
      control piston slidably extending through the rear end wall of a power
      cylinder in aligned opposite relation to an output piston therein and
      forming together with the cylinder end wall a spool-type control valve
      which is operable to energize and de-energize the power cylinder. The
      control piston is axially movable normally within definite limits under
      the operator's input, and abutment means provided to limit the extent of
      advancing movement of the control piston is rendered inoperable
      automatically upon failure of an associated oil pressure circuitry to
      enable the control piston to drive the output piston directly under the
      operator's input. The oil pressure circuitry may be formed in two
      independently operable systems. Major features include simplicity of the
      valving mechansim and hence of the entire structure of the servo-motor and
      a highly improved reliability in operation.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to oil-hydraulic servo-motors and
      particularly to those of the type usable on vehicles carrying an
      appropriate source of oil pressure, principally in connection with the
      brake system of such vehicle.
PAR  The present invention has for its primary object the provision of an
      improved oil-hydraulic servo-motor of the type described which is
      simplified in construction and highly reliable in operation compared with
      conventional forms of such servo-motor and which is designed normally to
      produce an output hydraulically controlled in response to the limited
      motion of an associated operating member such as a brake pedal, thus
      enabling the operator to feel the magnitude of the servo output and avoid
      any excessive operation, and is also operable to drive the output piston
      directly under the input of the operator in the event of failure of the
      associated oil pressure system.
PAR  Another object of the present invention is to provide an oil-hydraulic
      servo-motor of the character described which is further improved in
      reliability with the associated oil pressure circuit, formed in two
      independently operable systems, each including a source of oil pressure
      and arranged so that, even if either of the two oil circuit systems become
      inoperable due to oil leakage or other failure therein, the output piston
      in the associated power cylinder can be hydraulically operated in a
      regular fashion under control of the other, normally operating oil circuit
      system and, upon failure of both of the two oil circuit systems, such
      output piston can obviously be operated in a mechanical fashion directly
      under the operator's input.
PAR  These and other objects, features and advantages of the present invention
      will become apparent from the following description when taken in
      conjunction with the accompanying drawings, which illustrate two preferred
      exemplary embodiments of the invention, both designed for use with a brake
      system of an automotive vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view, in longitudinal cross section, of an
      exemplary oil-hydraulic servo-motor embodying the present invention,
      showing the associated oil pressure circuit in schematic form; and
PAR  FIG. 2 is a view similar to FIG. 1, showing another embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, reference character M designates a well-known
      form of brake master cylinder, in which an operating piston 1 is slidably
      fitted to serve the purpose of supplying pressure oil to the hydraulic
      actuators in the associated brake system. Connected to the rear of the
      brake master cylinder M is a power cylinder P to the rear of which a
      control casing C is connected. An output piston 2 is slidably fitted in
      the power cylinder P and operably connected with the operating piston 1 in
      the brake master cylinder M at the rear end of the operating piston 1 with
      a restoring spring 3 arranged under compression between the operating
      piston 1 and the output piston 2 to bias the latter rearwardly relative to
      the operating piston 1.
PAR  The control casing C defines therein a cylindrical bore 4 of a larger
      diameter which communicates at the front end with a smaller-diameter bore
      7 formed in the rear end wall 5 of the power cylinder P, which is a
      boundary wall separating the cylindrical bore 4 and the interior space of
      the power cylinder P from each other, and at the rear end with another
      smaller-diameter bore 8 formed in the rear end wall of the control casing
      C. An annular abutment piston 9 is slidably fitted in the cylindrical bore
      4 to define a fixed-pressure chamber 11 therein on the front side of the
      abutment piston 9. Slidably extending through the annular abutment piston
      9 is a control piston 10 which is slidably fitted at the front end in the
      bore 7 formed in the rear wall 5 of the power cylinder P and which is
      formed at the rear end with an annular abutting shoulder 10A, which is
      slidably fitted in the bore 8 formed in the rear wall 6 of the control
      casing C. FIG. 1 shows a sealing member 6C, e.g. a conventional elastic
      O-ring, facing the casing C, and a similar sealing member 10C, facing the
      control piston 10.
PAR  As shown, a restoring spring 12 is arranged under compression between the
      abutting shoulder 10A on the control piston 10 and the abutment piston 9
      to bias the abutting shoulder 10A and hence the control piston 10
      rearwardly relative to the abutment piston 9. An annular stop 10B is
      snapped in the wall of bore 8, formed in the rear wall 6 of the control
      casing C, to limit retracting movement of the control piston 10. In the
      retracted position as defined by the annular stop 10B, the control piston
      10 has its front end slightly extended into the interior space of the
      power cylinder P, as shown, to define the fully retracted position of the
      output piston 2.
PAR  Formed in the boundary wall or rear wall 5 of the power cylinder P are a
      pair of high pressure and low pressure fluid ports 13, 14 which open into
      the bore 7 at respective points axially offset from each other and a fluid
      conduit 15 which communicates the high pressure fluid port 13 with the
      fixed-pressure chamber 11 in the control casing C. The high pressure fluid
      port 13 is connected to the discharge port of an oil-hydraulic pump 16
      through the intermediary of a high pressure line Lh while the low pressure
      fluid port 14 is connected to an oil reservoir 17 through the intermediary
      of a low pressure line Ll. As shown, in the high pressure line Lh are
      inserted a pressure regulator valve 18, a check or non-return valve 19
      serving to maintain the high pressure on the downstream side thereof, and
      a pressure accumulator 20.
PAR  The control piston 10 is formed therein with fluid conduit means including
      an annular port 21, which extends circumferentially around the periphery
      of that portion of control piston 10 which is in sliding engagement with
      the wall of bore 7 formed in the rear wall 5 of power cylinder P, and an
      axial conduit 22, which serves to maintain fluid communication between the
      annular port 21 and the interior of the power cylinder P. It is to be
      noted that the annular port 21 is axially located so as to communicate
      with the low pressure fluid port 14 in the rear wall of power cylinder P
      when the control piston 10 is in its fully retracted position, as shown,
      and with the high pressure fluid port 13 when the control piston 10 is in
      a predetermined advanced position.
PAR  Further, the control piston 10 has an axial bore formed in the rear end
      portion thereof to slidably receive a minor piston 24 and a cushioning
      spring 23 therefor. The minor piston 24 is in pressure engagement with the
      front end of a push rod 25, to the outer, base end of which an appropriate
      brake pedal 26 is pivotally secured intermediate the ends thereof.
      Reference numeral 27 designates a retainer ring snapped into place to
      prevent the minor piston 27 from slipping off.
PAR  Descrpiton will next be made of the operation of the above-described
      embodiment of the invention. First, when the servo-motor is in its free or
      inoperative state, as shown in FIG. 1, the fixed-pressure chamber 11 in
      the control casing C is supplied with pressure oil from the oil pressure
      pump 16 or pressure accumulator 20, as long as such is normally working,
      through the high pressure line Lh and the fluid conduit 15 and the
      abutment piston 9 is held firmly in its rearmost position under the oil
      pressure in the chamber 11 thereby to hold the control piston 10 in its
      fully retracted position by means of the restoring spring 12 seated
      against the abutting shoulder 10A on the control piston 10. In this state,
      since the annular port 21 is in fluid communication with the low pressure
      fluid port 14, the interior of the power cylinder P is released to the oil
      reservoir 17 through the low pressure line Ll, allowing the output piston
      2 to be held in its fully retracted position abutting against the front
      end of the control piston 10 under the bias of restoring spring 3.
PAR  Now, when the brake pedal 26 is operated by the operator to move the
      control piston forward, initially the low pressure fluid port 14 is closed
      by that portion of the peripheral surface of control piston 10 which lies
      adjacent the rear edge of the annular port 21, and then the latter port 21
      is brought into fluid communication with the high pressure fluid port 13,
      allowing the pressure oil previously fed therein to proceed through the
      conduit 22 into the power cylinder P and cause an output motion of the
      output piston 2 which drives the operating piston 1 in the master cylinder
      M forwardly to operate the associated brake system.
PAR  The oil pressure entering the power cylinder P also acts upon the front end
      face of the control piston 10 to urge the latter rearwardly as a reaction
      to the pedal input and thus enables the operator to feel the magnitude of
      the oil pressure in the power cylinder P and hence the magnitude of the
      servo output effected through the output piston 2.
PAR  Subsequently, as the abutting shoulder 10A on the control piston 10 comes
      into abutting engagement with the rear face of the abutment piston 9, the
      high pressure fluid port 13 is fully opened, rendering the oil pressure in
      the power cylinder P equal to that in the high pressure line Lh, and the
      servo output reaches its maximum. Thereafter, even if the step force on
      the pedal 26 is increased, there is no further advancing movement of the
      control piston 10 as it is held sustained by the abutment piston 9, which
      is now firmly held in the fully retracted position under the oil pressure
      in the fixed-pressure chamber 11, and the high pressure fluid port 15
      remains in its full open state.
PAR  For instance, when the control piston 10 is advanced suddenly, it is
      subjected to an impacting reaction force from the power cylinder side but
      such force is substantially alleviated with elastic deformation of the
      cushioning spring 23, arranged between the control piston 10 and minor
      piston 24, and gives no feeling of shock to the operator. That is, the
      operator's feeling in operation of the servo system is not impaired at all
      irrespective of the speed of operation.
PAR  On the other hand, in cases where the oil pressure in the high pressure
      line Lh be reduced to an extreme extent or lost, for example, on account
      of failure of the oil-hydraulic pump 16 or pressure accumulator 20 from
      some cause or other, or on account of cracking failure in the high
      pressure line Lh, obviously the oil pressure normally prevailing in the
      fixed-pressure chamber 11 to act upon the abutment piston 9 to hold it in
      its rearmost position is also reduced or lost. If, under such condition,
      an input is given to the control piston 10, its advancing movement is
      continued even after the abutting shoulder 10A formed on the control
      piston has come into abutting engagement with the abutment piston 9,
      causing the latter to proceed together with the control piston 10. In this
      manner, the control piston 10 engaging at the front end with the output
      piston 2 in the power cylinder P pushes forward the latter piston directly
      in a mechanical fashion so that the operating piston 1 in the master
      cylinder M is effectively driven forward under the input given to the
      control piston 10 despite of the failure in the high pressure line Lh.
PAR  Description will next be made of another embodiment of the present
      invention shown in FIG. 2. This embodiment is substantially similar in
      mechanical construction to the embodiment of FIG. 1 excepting that it
      includes a free piston 28 slidably fitted in the cylindrical bore 4 in the
      control casing C in a position on the front side of the abutment piston 9,
      and also includes a dual oil pressure system comprising two independent
      oil pressure circuitries of the same capacity each including a source of
      oil pressure and extending to the same power cylinder P.
PAR  Specifically, the boundary wall 5 between the power cylinder P and the
      control casing C is formed, in this embodiment, with two high pressure
      fluid ports 13, 13' and two low pressure fluid ports 14, 14'. The two high
      pressure fluid ports 13 and 13' are separately connected with respective
      oil pressure pumps 17, 17' through the intermediary of two respective high
      pressure lines Lh and Lh' while the two low pressure fluid ports 14, 14'
      are connected with respective oil reservoirs 17, 17' through the
      intermediary of two respective low pressure lines Ll and Ll'. Obviously,
      the oil reservoirs 17, 17' may be replaced by a single oil reservoir
      common to the two oil circuit systems.
PAR  In each of the high pressure lines Lh, Lh' are inserted, as in the case of
      the embodiment of FIG. 1, a pressure regulator valve 18, 18', a non-return
      valve 19, 19' and a pressure accumulator 20, 20'. Further in this
      embodiment, each of the high pressure lines Lh, Lh' includes a check or
      non-return valve 29, 29' arranged in a position adjacent to the high
      pressure fluid port 13, 13' to allow flow of pressure oil only in the
      direction toward the high pressure fluid port 13, 13'.
PAR  The free piston 28 arranged in the control casing C is intended to divide
      the cylindrical bore 4 therein into a first and a second fixed-pressure
      chamber 11 and 11', which are in fluid communication with respective high
      pressure fluid ports 13, 13' through the intermediary of respective
      interconnecting conduits 15, 15'. It is to be noted that the free piston
      28 is slidable back and forth over the control piston 10 within the
      cylindrical bore 4 under the pressure differential between the first and
      second fixed-pressure chambers 11 and 11'. Such sliding movement of the
      free piston 28 is limited in opposite directions by the boundary wall 5
      and the abutment piston 9 so that the ends of the interconnecting conduits
      15, 15' opening to the respective fixed-pressure chambers 11 and 11' may
      not be closed by the free piston 28 when the latter is advanced and
      retracted, respectively.
PAR  Further, the control piston 10 in this embodiment is formed with a pair of
      axially spaced annular ports 21, 21', which are in fluid communication
      with the power cylinder P by way of respective axial fluid conduits 22,
      22'. It will be readily observed that one of the annular port 21 is
      arranged to co-operate with the corresponding ones of said high pressure
      and low pressure fluid ports, 13 and 14, as in the embodiment of FIG. 1
      while the other annular port 21' is arranged similarly to co-operate with
      the other, corresponding ones of said high pressure and low pressure fluid
      ports, 13' and 14'.
PAR  With this arrangement, the two annular ports 21, 21' are placed in fluid
      communication with respective low pressure fluid ports 14, 14' when the
      control piston 10 is retracted as shown and with respective high pressure
      fluid ports 13, 13' when the control piston is advanced. In other words,
      as long as the two oil pressure circuit systems are in their normal
      working state, pressure oil discharged from the oil pressure pumps 16, 16'
      acts upon the output piston 2 in the power cylinder P for servo output as
      the control piston 10 is advanced, in the same manner as in the embodiment
      of FIG. 1. Also, in cases where either one of the two oil pressure circuit
      systems fails to operate from some cause or other, the output piston 2 can
      be operated in a regular manner by the pressure oil from the oil pressure
      pump 16 or 16' in the other oil pressure circuit system. In such case, the
      pressure oil supplied to the power cylinder P through the normally
      operating one of the two oil circuit systems tends to flow out through the
      high pressure fluid port 13 or 13' in the circuit system in failure, but
      this tendency is effectively overcome by the non-return valve 29 or 29'
      arranged adjacent to the high pressure fluid port on the upstream side
      thereof so that oil pressure buildup in the power cylinder P is ensured
      despite of the failure in the high pressure line Lh or Lh'.
PAR  It is to be understood that, in normal cases where both of the oil circuit
      systems are properly in operation, the first and second fixed-pressure
      chambers 11, 11' in the control casing C are filled with pressure oil from
      respective high pressure lines Lh, Lh' to pressures substantially equal to
      each other and the abutment piston 9 is held in the fully retracted
      position, as shown, under the oil pressure in the second fixed-pressure
      chamber 11' to limit the advancing movement of control piston 10 in
      cooperation with the abuting shoulder 10A formed thereon as with the case
      of the previous embodiment. On the other hand, the free piston 28 remains
      in an arbitrary axial position under frictional drag on both inner and
      outer peripheries thereof as there is no pressure differential between the
      two fixed-pressure chambers 11, 11' causing any substantial axial thrust
      to act upon the free piston 28. If, however, the pressure in the second
      fixed-pressure chamber 11' be reduced or lost on account of some failure
      in the oil pressure circuit connected with such chamber, the free piston
      28 will be pushed backward under the effect of oil pressure in the
      normally operating first fixed-pressure chamber 11 to firmly hold the
      abutment piston 9 in its fully retracted position. Similarly, if the
      pressure in the first fixed-pressure chamber 11 be reduced or lost on
      account of some failure in the associated oil pressure circuit alone, the
      pressure normally built up in the second fixed-pressure chamber 11' will
      not only act to push forward the free piston 28 but will act to hold the
      abutment piston 9 in its fully retracted position. Thus, in either case,
      the extent of advancing movement of the control piston 10 is effectively
      limited by the abutment piston 9 co-operating with the abutting shoulder
      10A formed on the control piston 10.
PAR  Finally, in cases where both oil pressure circuit systems be in failure,
      obviously the free piston 28 and abutment piston 9 are both robbed of any
      effective oil pressure acting thereon so that, when the control piston 10
      is advanced under the pedal input, much movement is not obstructed at all
      even after the abutting shoulder 10A on the control piston has been
      brought into abutting engagement with the abutment piston 9, as with the
      case of failure in the oil pressure circuit in the embodiment of FIG. 1.
      In other words, the control piston 10 can be advanced directly to push
      forward the output piston 2 for operation of the master cylinder, not
      shown.
PAR  As apparent from the foregoing description, the servo-motor of the present
      invention has formed therein a kind of control valve comprising a high
      pressure and a low pressure fluid port 13, 14 (13', 14') formed in the
      boundary wall 5 between the power cylinder P and control casing C in
      axially offset relation to each other and an interconnecting fluid conduit
      22 (22') formed in the control pistor 10, slidably supported by the
      boundary wall 5, so as to be selectively placed in fluid communication
      with the high pressure and low pressure fluid port 13, 14 (13', 14') with
      axial displacement of the control piston 10 relative to the boundary wall
      5, and this makes the servo-motor extremely simple in construction, easy
      to manufacture and low in cost, compared with previous forms of
      servo-motor conventionally employing a poppet or ball type valve with
      biasing spring means. Further, in the servo-motor of the present
      invention, an abutment piston 9 is arranged so as to be normally held
      firmly in its fully retracted position under oil pressure to serve the
      purpose of limiting the extent of advancing movement of the control
      piston, which has its front end presented to the interior of the power
      cylinder P in aligned opposite relation to the rear and face of the output
      piston 2 fitted in the power cylinder P. This arrangement makes it
      possible to accurately define the forward limit of axial movement of the
      control piston 10 and thereby to maintain the high pressure fluid port 13
      (13') in its full open state during normal operation of the associated oil
      pressure circuit, and there is no closing of the high pressure fluid port
      13 (13') as resulting from any excessive advancing movement of the control
      piston 10. In addition, with any input to the control piston, a reaction
      force is transmitted back to the control piston from the power cylinder
      side, enabling the operator feeling such reaction force to know the
      magnitude of the output of the power cylinder P, and any excessive input
      operation can be avoided. Moreover, in failure of the associated oil
      pressure circuitry, the control piston 10 can be operated without any
      restraint of the abutment piston 9 directly to drive forward the output
      piston 2 and thus an extraordinarily high safety characteristic results.
PAR  According to the secondary feature of the present invention, including an
      oil pressure circuitry formed in two systems operable independently from
      each other and a free piston 28 arranged to divide the fixed-pressure
      chamber intended to apply oil pressure to the abutment piston 9 into two
      sections connected to the respective oil pressure circuit systems, the
      output piston 2 can be hydraulically operated in a regular fashion even if
      some failure occur in one or the other of the two oil pressure circuit
      systems and this apparently further improves the safety characteristic of
      the servo-motor.
PAR  While particular embodiments of the present invention have been shown and
      described, it is obvious to those skilled in the art that it is not so
      limited but is susceptible of various changes and modifications without
      departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oil-hydraulic servo-motor comprising a power cylinder with an output
      piston slidably fitted therein, a control casing connected to the rear end
      of said power cylinder and having a cylindrical bore aligned therewith, an
      abutment piston slidably fitted in said cylindrical bore and defining a
      fixed-pressure chamber therein on the front side of said abutment piston,
      a control piston slidably fitted through said abutment piston and through
      a boundary wall separating the interior space of said power cylinder and
      said chamber in said casing, said control piston having its front end face
      presented to said interior space of the power cylinder in aligned opposite
      relation to the rear end face of said output piston in said power
      cylinder, an abutting shoulder formed around said control piston at the
      rear end thereof for abutting engagement with said abutment piston upon
      movement of said control piston to a predetermined advanced position, a
      high-pressure and a low-pressure fluid port, both formed in said boundary
      wall and opening into an axial bore formed therein to slidably receive
      said control piston at points axially offset from each other, a fluid
      conduit formed in said control piston and opening at one end into said
      interior space of the power cylinder, said fluid conduit communicating at
      the other end thereof with said low-pressure fluid port when said control
      piston is in its fully retracted position, and with said high-pressure
      fluid port when said control piston is in said advanced position, a source
      of oil pressure connected with said chamber and with said high-pressure
      fluid port, an oil reservoir connected with said low-pressure fluid port,
      and an oil-pressure circuitry formed in two circuit systems, operable
      simultaneously and independently of each other, each system including
      circuit components respectively corresponding to said oil source, said
      reservoir, said fluid ports and said fluid conduit, further comprising a
      free piston slidably fitted in said cylindrical bore in the casing and
      over said control piston to divide said chamber into two sections to each
      of which said oil source is connected in the corresponding one of said
      circuit systems.
NUM  2.
PAR  2. The servo-motor as defined in claim 1, further comprising two non-return
      valves, each inserted in the fluid line interconnecting said high-pressure
      fluid port and said oil source in the corresponding one of said circuit
      systems, in a position as close as possible to said high-pressure fluid
      port, to allow flow of oil only in a direction from said oil source to
      said high-pressure fluid port.
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ABST
PAL  A turbocharger for an internal combustion engine. The turbocharger is
      coupled to an air-to-air heat exchanger (intercooler) to cool the
      compressed air just prior to its entry into the engine. The turbocharger
      has axially spaced turbine, compressor, and fan rotors to thereby preclude
      undesired mixing of air streams.
BSUM
PAR  This invention relates to a turbocharger compressor having a construction
      particularly adapted for use with an air-to-air intercooler in an internal
      combustion engine. Turbocharger of this general type are known and one
      example, although by no means intended to be exhaustive, is afforded by
      U.S. Pat. No. 3,781,126, issued to Benisek. Another example is U.S. Pat.
      No. 3,143,103 to Zuhn. At FIG. 5 of the Benisek patent, an air-to-air
      intercooler is illustrated in combination with an internal combustion
      engine and a particular turbocharger. While such systems employing
      air-to-air intercoolers are, in general, known in the internal combustion
      art, the use of a particular turbocharger configuration may yield improved
      performance of the combination.
PAR  As illustrated in the Benisek patent, the air intended to function as
      cooling air for the hot, compressed gas passing from the compressor to the
      engine is ambient and is accordingly (without the use of refrigeration
      systems) at the lowest possible temperature to thereby yield the greatest
      possible cooling action. In spite of the many advantages displayed by the
      construction disclosed in the Benisek patent, it has been observed that
      the cooling stream of air which enters the compressor from ambient has
      been increased somewhat in temperature due to heat exchange relation with
      the air from the intercooler. The air entering the compressor from ambient
      has mixed to some degree with the heated air coming from the cooling path
      of the intercooler. This results in some of the air being already raised
      in temperature prior to its being compressed by the compressor.
PAR  It has further been observed with respect to the construction shown in the
      noted Benisek patent that the radially outermost portions of the fan rotor
      travel at relatively high lineal speeds due to the appreciable radius of
      the tip of the rotor. Due to the nature of the construction of the noted
      Benisek turbocharger, it is not possible to arbitrarily reduce the radius
      of the fan or fan rotor which pulls the air through the intercooler from
      ambient. were, however, such reduction in radius possible, the efficiency
      of the fan could, in some applications, be improved by virtue of its tip
      portion operating in a lower lineal speed range to yield greater fan
      efficiency.
PAR  According to the practice of this invention, such problems are overcome by
      a novel rotor construction for the turbocharger. A three-rotor
      construction is employed, with the rotors being the conventional turbine
      rotor, a compressor rotor (with associated input and output chambers) and
      a fan rotor, or more simply, a fan. The fan, in one embodiment described,
      is located at one end of the shaft carrying the other two rotors. A seal
      is provided between the rotor shaft and a portion of the annular housing
      of the input to the compressor to thereby preclude any mixing of the air
      streams passing through the cooling path of the intercooler and the
      ambient air coming into the compressor. In another embodiment, the fan is
      positioned between the turbine and compressor housings. The exhaust from
      the fan is directed to the turbine housing, thus cooling it by convection,
      and reducing the amount of heat transmitted to the compressor section.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a partially schematic cross-sectional view of a three-rotor
      turbocharger according to the practice of this invention.
PAR  FIG. 2 is a schematic diagram illustrating the entire combination of the
      turbocharger of this invention, a conventional air-to-air intercooler, and
      a conventional internal combusion engine.
PAR  FIG. 3 is a view similar to FIG. 1 and illustrates a second embodiment.
DETD
PAR  Referring now to the drawings, the numeral 8 denotes a shaft carrying three
      rotors at axially-spaced portions therealong. The first rotor is a turbine
      motor denoted by the numeral 10 and surrounded by an annular chamber 12 of
      conventional construction. High temperature and high pressure gases from
      the exhaust manifold of an internal combustion engine are fed into the
      intake mouth 13, with the thermal and kinetic energies of these gases
      being imparted to the shaft 8 by means of rotor 10, all in a manner well
      known in the art.
PAR  The numeral 14 denotes a compressor rotor also carried by shaft 8. A fan
      rotor 16 is carried at the end of shaft 8. An annular compressor 20 of
      conventional configuration surrounds compressor rotor 14 and includes an
      annular output chamber 22 having a hydraulic line 24 coupled to one flow
      path of air-to-air intercooler 26. The input chamber 28 of the compressor
      20 is provided at its radially innermost portion with an annular seal 30
      extending around shaft 8.
PAR  The numeral 32 denotes a duct whose longitudinal axis is generally
      coincident with the axis of shaft 8 and whose input end 34 is in closed
      fluid (hydraulic) communication with second heat exhange path 36 through
      intercooler 26. The output end 38 of duct 32 opens to ambient and is
      adjacent one wall of compressor input chamber 28, and it is seen that the
      end 38 of the duct surrounds the fan 16.
PAR  The mode of operation of the turbocharger and system described above is as
      follows. Exhaust gases from the exhaust manifold of an internal combustion
      engine 40 (see FIG. 2) enter the mouth or input 13 of the turbine stage
      which carries turbine rotor 10. The energy of these gases turns the rotor
      10, with the now somewhat spent gases going to exhaust, as indicated. A
      typical environment is that of an automobile or truck and the exhaust
      system would lead either directly to ambient or to a catalyst bed or some
      other type of device for detoxification/cleaning treatment prior to final
      discharge to the atmosphere. The rotary energy is now employed, so to
      speak, by turbine wheel 14 to compress ambient air passing into input
      chamber 28 through a conventional air cleaner or air filter. The input to
      the air cleaner is, in turn, connected to ambient. The compressor output
      passes to annular chamber 22 and thence to duct 24 for passage through
      intercooler 26. Intercooler 26 lowers the temperature of this compressed
      air and it now passes into the intake manifold of internal combustion
      engine 40.
PAR  Fan 16 causes a partial vacuum in duct 32 with the result that ambient air
      is drawn in line 36 into the input end of one of the two hydraulic paths
      of heat exchanger or intercooler 26. This ambient air is thus placed in
      heat exchange relation or contact with the hot, high pressure air from
      compressor 20, and the somewhat warmed-up ambient now passes through line
      36 into the input end 34 of duct 32. The air is now discharged at end 38.
      The rotary seal 30 insures that the somewhat warmed-up ambient air passing
      through line 36 does not mix with the air at ambient (and hence lower)
      temperature entering the compressor chamber 28.
PAR  It will be noted that the radius of fan rotor 16 may be varied between
      nearly any desired limits for the purpose of realizing optimum lineal
      speed of the blades to in turn realize maximum efficiency. It will also be
      observed that the rotary seal 30 precludes mixing of air passing through
      duct 32 with the air coming into chamber 28 for compression. it will also
      be noted that the directional flow of air in duct 32 may be varied at
      will, it being only necessary to change the pitch of fan rotor 16 to the
      opposite sense. In that case, ambient would enter end 38 of duct 32 and
      exit from line 36 of intercooler 26.
PAR  Referring now to FIG. 3 of the drawings, an embodiment is shown wherein the
      fan 16 is positioned between the turbine wheel 10 and the compressor 20.
      The input 28 (also defining an input chamber to the compressor) from the
      air filter is now at the right end of shaft 8, the compressor 20 being
      otherwise similar to that of the embodiment of FIG. 1. The duct 32 of the
      first embodiment now assumes the form of an annular chamber surrounding
      shaft 8 and is given the designation 320 in FIG. 3. The end 38 of the duct
      adjacent the fan 16 is denoted by 380 at FIG. 3. As before, the input to
      duct 320 is from line 36 after passing through the intercooler 26.
PAR  This embodiment is otherwise structurally similar to that described at
      FIGS. 1 and 2. It enables one to employ the air in line 36 (passing from
      ambient, through intercooler 26, thence to the fan 16) as a coolant for
      the relatively hot turbine housing 12. This function is indicated by the
      arrow of FIG. 3, denoting the exhaust from fan 16 directed towards the
      turbine housing. The passing through line 36 thus performs the dual
      function of cooling the compressed air in the intecooler and cooling the
      turbine housing. Further, the proximity of the chamber defined by duct 320
      permits heat abstraction from compressor chamber 22 with consequent lower
      operating temperature thereof. This additional cooling feature will obtain
      even if the pitch of fan 16 is reversed so as not to blow on the turbine
      housing. Clearly, as in the embodiment of FIG. 1, the air flow through
      line 36 may be in either direction.
CLMS
STM  I claim:
NUM  1.
PAR  1. A turbocharger compressor of the centrifugal type and adapted to be
      driven by exhaust gases from the exhaust manifold of an internal
      combustion engine, a turbine rotor and a compressor rotor connected to and
      axially spaced from each other along a rotor shaft, said turbine rotor
      adapted to be driven by exhaust gases, compressor input and output
      chambers contiguous to said compressor rotor, the improvement comprising,
      a fan rotor coupled to and axially located along said rotor shaft at a
      point different from the axial locations of said turbine and compressor
      rotors, a duct surrounding said fan, said duct being open at one end
      thereof to ambient, a seal surrounding said rotor shaft to preclude mixing
      between gases passing through the compressor and gases passing through the
      duct, whereby rotation of said fan rotor causes a pressure differential
      and consequent air flow in the duct.
NUM  2.
PAR  2. The turbocharger of claim 1 wherein said compressor rotor is positioned
      between said turbine and said fan rotors, and wherein said fan rotor is
      located at one end of said rotor shaft.
NUM  3.
PAR  3. The turbocharger of claim 1 including:
PA1  a. an internal combustion engine having an intake and an exhaust manifold,
PA1  b. an air-to-air intercooler having a first air flowpath therethrough in
      heat exchange relation with a second flowpath therethrough,
PA1  c. the input of said first intercooler flowpath opening to ambient,
PA1  d. the output of said first intercooler flowpath coupled to the other end
      of said fan duct,
PA1  e. the input of said second intercooler flowpath coupled to said output
      chamber of said compressor rotor,
PA1  f. the output of said second intercooler flowpath coupled to said intake
      manifold,
PA1  g. the output of said exhaust manifold adapted to rotate said turbine
      rotor.
NUM  4.
PAR  4. The turbocharger of claim 1 wherein said fan is positioned between said
      turbine and compressor rotors.
NUM  5.
PAR  5. The turbocharger of claim 4 wherein the pitch of said fan is such as to
      blow air in said duct towards said turbine rotor to thereby cool a housing
      associated with the turbine rotor.
NUM  6.
PAR  6. The turbocharger of claim 4 wherein said duct is in the form of an
      annular chamber.
NUM  7.
PAR  7. The turbocharger of claim 6 wherein said duct which is in the form of an
      annular chamber has a wall common to one of the chambers at said
      compressor.
NUM  8.
PAR  8. The turbocharger of claim 1 wherein said seal is carried by a portion of
      said compressor.
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ABST
PAL  Method and apparatus are described that are operative to elevate the
      temperature of superheated vapor delivered to a turbine, especially during
      startup of a power plant. A bypass circuit containing a heat exchanger is
      interposed in the main steam generator evaporative flow circuit whereby
      regulated amounts of heat are extracted from the plant operating fluid
      thereby subcooling the same prior to its passage to the evaporator section
      of the unit. Reduced amounts of steam are thus produced in the evaporator
      section for a given amount of heat input to the unit and a concomitant
      increase realized in the temperature to which the steam passed to the
      superheater is heated.
PAL  Economies as well as operational advantages are achieved by the production
      in the heat exchanger of low pressure steam that is usable in the plant to
      augment steam flow to the low pressure section of the turbine, for soot
      blowing purposes, and/or for other low pressure steam needs during startup
      and normal operation of the plant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to steam generators of the kind utilized in
      power plants and having steam superheating facilities. More particularly,
      the invention involves method and apparatus for regulating superheated
      steam temperatures of the steam generator especially during startup of the
      unit.
PAR  In the operation of a power plant system some steam generators are arranged
      to accommodate the base loading of the system while others satisfy
      fluctuating loads such as may be attendant with nightly or weekend needs
      of the system. Steam generators which are base loaded are adapted for
      substantially continuous, uniform operation while those that are
      accommodating the fluctuating portion of the system demand must be
      designed for cycling service. This latter type of operation subjects the
      steam generator and turbine to significant stresses, induced primarily by
      the temperature differences between components that are caused by cyclic
      operation.
PAR  It is known that cyclic stresses of this type can be ameliorated by
      limiting the temperature differences that result from cycling service of
      the unit. Superheating steam generators in the past have been operated in
      a fashion and have incorporated means to so limit steam temperature
      differences. Such means have involved supplementary fluid circuits that
      bypass some of the main operating fluid around the superheater,
      discharging the same to the condenser. Others incorporate means for
      venting the steam drum, while still others involve means for blowing down
      the evaporator. In all of the above instances the quantity of steam passed
      to the superheater is reduced thereby resulting in increased steam
      temperatures at the superheater outlet. Such steam temperatures, however,
      are increased at the cost of significant amounts of working fluid and the
      heat contained therein being rejected from the system thereby reducing the
      operational efficiency of the plant.
PAR  It is to the improvement, therefore, of steam generator flow systems and
      their methods of operation that the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a power plant including a high pressure
      fossil fuel fired steam generator having evaporative heating surface and a
      superheater exposed to high temperature combustion gases flowing in heat
      transfer relation therewith is provided with apparatus and a method of
      operating the same for regulating the temperature of steam delivered from
      the superheater to the turbine. The described means is particularly
      adapted to increase the superheater outlet temperature in instances, such
      as cyclic operation of the steam generator, when steam superheat and/or
      reheat temperatures may have a tendency of being above or below that of
      the metal forming the component parts of the system thus to impose thermal
      stresses thereon.
PAR  The invention comprises, in essence, the provision of a fluid bypass
      circuit superimposed upon the main steam generator flow circuit whereby
      controlled amounts of high pressure operating fluid are diverted
      therefrom. The bypass circuit contains a heat exchanger in which heat is
      extracted from the diverted operating fluid prior to returning the same in
      a subcooled condition to the main vapor generating flow circuit for
      circulation through the evaporative heating surface therein. As a result
      or subcooling, therefore, the operating fluid, when subjected to a given
      amount of heat in passing through the evaporative heating surface,
      produces a reduced amount of steam for passage through the superheater.
      Accordingly, by circulating reduced amounts of steam through the
      superheater the same amount of heat available for heating the fluid passed
      therethrough will result in an increased steam superheat temperature.
PAR  The invention contemplates generating low pressure steam in the bypass heat
      exchanger, which steam can be passed directly to the condenser or,
      preferably, in the interest of conserving the heat extracted from the
      diverted operating fluid, the low pressure steam can be introduced to the
      low pressure cylinder of the turbine to augment the vapor flow therein.
      Alternatively, this low pressure steam can be utilized for tempering
      reheat system prior to its admission to the intermediate pressure cylinder
      when the temperature of the reheat steam may be excessive.
PAR  The invention further contemplates as yet another alternative, utilization
      of the low pressure heat exchanger for the generation of auxiliary steam
      for soot blowing or fuel atomizing purposes. In these instances a
      secondary, low pressure liquid having reduced purity characteristics as
      compared with the liquid required for flow through the main steam
      generator flow circuit can be utilized due to the less stringent
      requirements of the low pressure heat exchanger.
PAR  For a better understanding of the invention, its operating advantages and
      the specific objects obtained by its use, reference should be made to the
      accompanying drawing and description which relate to a preferred
      embodiment of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The single drawing FIGURE depicts a schematic flow diagram of a steam
      operated power plant utilizing temperature regulating method and apparatus
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawing depicts a power plant system comprising a steam generator 10
      that produced high temperature, high pressure steam for delivery to the
      respective sections 12, 14 and 16 of a turbine set which is drivingly
      connected through turbine shaft 18 to an electrical generator 20. The
      steam generator 10 comprises a furnace compartment 22 within which fuel
      burners 24 are operably disposed to produce combustion gases that flow
      through the furnace compartment and thence through the convection and rear
      pass sections, 26 and 28 respectively, of the unit before being discharged
      from outlet 29 to a stack (not shown). As is well known, additional heat
      recovery and gas handling equipment (not shown) may be interposed in the
      combustion gas flow stream between outlet 29 and the stack.
PAR  The walls of the unit are lined with fluid-conducting tubes 30 within which
      water is evaporated and a mixture of steam and water subsequently passed
      to a mixture-separating drum 32. The steam fraction of the mixture is
      conducted from the drum 32 through line 34 to a superheater 36 here shown
      as being located in the convection section 26 of the unit where it is
      heated to an elevated temperature prior to being supplied via line 38
      containing throttle valve 40 to the high pressure section 12 of the
      turbine set. Upon discharge from section 12 of the turbine, the steam is
      returned through line 42 to the steam generator 10 for reheating in the
      reheater 44 and then passed via line 46 to the intermediate and low
      pressure sections, 14 and 16 respectively, of the turbine. The spent steam
      discharged from the low pressure turbine section 16 is condensed in
      condenser 48 and returned by means of return line 50 containing high
      pressure pump 52 to the unit where it is passed first through the
      economizer 54 located in the rear pass 28 and then through line 56 to the
      drum 32 where it combines with the water fraction of the mixture for
      circulation through conduit 58 which supplies the wall-lining tubes 30.
      Main feed valve 59 is disposed in line 50 regulating liquid flow to the
      economizer 54. A circulating pump 60 may be contained in line 58 to induce
      flow of fluid through the tubes 30.
PAR  According to the invention a bypass line 62 is operatively disposed in the
      steam generator fluid circuit having its inlet end connected to the
      conduit 58 intermediate the circulating pump 60 and the upstream ends of
      the wall-lining tubes 30. At its outlet end the bypass line 62 connects
      with line 50 upstream of the economizer 54. The bypass line 62 contains a
      flow regulating valve 64 arranged to pass regulated amounts of operating
      fluid from the main steam generator fluid circuit. A heat exchanger,
      indicated as 66, is disposed in the bypass line 62 and is operative to
      extract heat from the fluid passed through the bypass line in controlled
      amounts so as to alter the amount of steam generated in the evaporative
      region of the unit and concomitantly the temperature of the steam at the
      superheater outlet as hereinafter more fully described.
PAR  The heat exchanger 66 can be any of a variety of well-known constructions
      that are effective to indirectly transfer heat between two flowing media.
      In the illustrated arrangement the heat exchanger 66 is depicted as a
      shell and coil heat exchanger containing a coil 68 interposed in the
      bypass line 62 through which the fluid extracted from the main steam
      generator flow circuit is passed. A shell 70 encloses the coil and passes
      the cooling medium which is supplied thereto through line 72 containing
      liquid level regulator valve 73. The cooling medium is a low pressure
      fluid which is caused to flow under the influence of a low pressure feed
      pump 74 and may emanate, as when high purity liquid is required, from the
      condenser 48. When low purity liquid may be employed the cooling medium
      can be obtained from an independent source (not shown) through line 76.
      Operator valves 78 and 80 are disposed in lines 72 and 76 respectively for
      the selective passing of cooling fluid from one of the two available
      sources.
PAR  A fluid discharge line 82 from the heat exchanger 66 is operative to
      conduct low pressure, saturated steam produced in the heat exchanger to
      any one of several possible points of use in the system. In the
      illustrated arrangement the line 82 connects between the heat exchanger 66
      and the condenser 48. Lines 82a and 82b that emanate from line 82 connect
      respectively with a crossover line 84 to the low pressure section 16 of
      the turbine, and to the reheater outlet line 46. Operating valves 86, 88
      and 90 in the respective lines permit selective discharge of the low
      pressure steam to the several points of use. A third line, indicated as
      82c, and containing valve 92 emanates from line 82 and serves to conduct
      low pressure steam to any of several plant auxiliaries such as for example
      the furnace soot blowers or the fuel atomizers.
PAR  The operation of the herein described power plant system is as follows. As
      is well known, vaporizable liquid is supplied to the tubes 30 of the steam
      generator 10 via line 58 and circulating pump 60 while at the same time
      fuel is burned by burners 24 to produce high temperature combustion gases
      that flow through the respective sections 22, 26 and 28 of the steam
      generator to the stack (not shown). Under certain operating conditions
      steam produced in the tubes 30 and heated in the superheater 36 and
      reheater 44 is drivingly supplied to the respective sections 12, 14 and 16
      of the turbine set. If the temperature of the steam supplied to the
      turbine set is too low to match turbine metal temperatures then valve 64
      is actuated in response to temperature sensor 94 to pass a regulated
      amount of operating fluid from the conduit 58 through the bypass line 62
      containing the heat exchanger 66. Simultaneously therewith, a controlled
      amount of cooling medium in the form of low pressure liquid from the
      condenser 48, or from a separate source, is passed through line 72 to
      subcool the extracted operating fluid. The subcooled fluid is then
      returned to the economizer 54 in the main fluid circuit where its effect
      is to reduce the amount of steam generated in the tubes 30 and
      concomitantly the amount of steam passed to the superheater 36 through
      line 34. Because a reduced amount of steam is passed to the superheater
      its temperature will be commensurately raised to a higher level as long as
      the firing rate of the burners remains the same. The amount of required
      steam temperature increase establishes the amount of main operating fluid
      diverted through bypass line 62 and heat exchanger 66.
PAR  The effect produced by the described arrangement is substantially the same
      as bypassing part of the steam from the drum 32 around the superheater 36,
      venting the drum to atmosphere, or blowing down the water wall tubes 30 as
      has been done in the past. An improvement in operational efficiency of the
      system is obtained, however, as a result of the described apparatus
      because the heat extracted from the main operating fluid in the heat
      exchanger 66 operates to produce steam, albeit at a lower pressure than
      that in the main fluid circuit. The low pressure steam is discharged from
      the heat exchanger 66 through line 82 and can be passed directly to the
      condenser 48. More desirably, however, this low pressure steam is passed
      via lines 82a or 82b in amounts regulated by valves 88 or 90 to the low
      pressure section 16 of the turbine set to augment the main steam supply
      thereto or to the reheater discharge line 46 thereby tempering the reheat
      steam supplied to the intermediate pressure section 14 of the turbine set
      in the event that the temperature of this steam is greater than that which
      can be accommodated by the turbine as determined by its casing metal
      temperatures. As shown, control of the respective regulator valves 88 or
      90 can be effected for the above described purposes in response to
      temperatures sensed by the sensor 96.
PAR  In the practice of the above mode of operation, where the low pressure
      steam produced in the heat exchanger 66 is injected into the main steam
      circuit it is imperative that the cooling medium supplied to the heat
      exchanger be of acceptably high purity. Therefore, in such instance the
      flow regulator valve 78 in line 72 is open and valve 80 in line 76 closed
      to pass fluid from the condenser 48.
PAR  Alternatively, the described system enables the use of a lower purity
      cooling medium in the heat exchanger 66, such as, for example in instances
      where the steam produced in the heat exchanger, instead of being injected
      into the main steam circuit, is more desirably utilized for soot blowing
      or fuel atomizing purposes. In these instances the valves 86, 88 and 90 in
      lines 82, 82a and 82b are closed and valve 92 in line 82c opened. At the
      same time valve 78 is closed and valve 80 in line 76 opened to supply a
      lower purity cooling medium to the heat exchanger 66. Thus by enabling the
      use of lower purity steam for soot blowing or fuel atomizing purposes the
      invention advantageously reduces the water purification costs of the
      plant. Moreover, it will be obvious that the piping and ancillary
      components utilized in the practice of the invention are subjected only to
      low pressures and temperatures thereby enabling their incorporation in a
      plant at minimal cost.
PAR  It will be understood that various changes in the details, materials and
      arrangements of parts which have been herein described and illustrated in
      order to explain the nature of the invention, may be made by those skilled
      in the art within the principle and scope of the invention as expressed in
      the appendid claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a power plant system comprising turbine means for driving a prime
      mover and a vapor generator for supplying high pressure, superheated vapor
      to said turbine means by the transfer of heat from the heat input to said
      vapor generator, said vapor generator including a flow circuit having an
      evaporator for converting liquid to saturated vapor, a boiler drum
      operatively connected to said evaporator for separating liquid from the
      saturated vapor delivered to said drum and for recirculating the separated
      liquid through said evaporator means for supplying liquid to be vaporized
      to said vapor drum and a superheater operatively connected to said boiler
      drum for heating the vapor separated therein, the method of increasing the
      temperature of vapor heated in said superheater under the influence of a
      relatively constant heat input to said vapor generator comprising:
PA1  a. diverting a regulated portion of the liquid from said vapor generator
      flow circuit upstream of said evaporator;
PA1  b. extracting a regulated amount of heat from said diverted liquid portion
      to subcool the same; and
PA1  c. mixing said subcooled diverted liquid portion with the liquid admitted
      to said boiler drum whereby the amount of vapor passed to said superheater
      is reduced.
NUM  2.
PAR  2. The method recited in claim 1 in which heat is extracted from said
      diverted liquid portion by transfering the same to liquid flowing in a
      separate fluid circuit.
NUM  3.
PAR  3. The method recited in claim 2 in which the liquid in said separate fluid
      circuit is at a lower pressure than that of said vapor generator flow
      circuit and is vaporized by the transfer of heat from said diverted liquid
      portion.
NUM  4.
PAR  4. The method recited in claim 3 including the step of passing the
      vaporized liquid of said separate flow circuit to a lower pressure stage
      of said turbine means to do useful work therein.
NUM  5.
PAR  5. The method recited in claim 3 in which said vapor generator includes a
      reheater interposed in the power plant system intermediate separate stages
      of said turbine means and including the step of passing the vaporized
      liquid of said separate flow circuit into mixed relation with the reheated
      vapor delivered to the lower pressure stage of said turbine means for
      tempering the same.
NUM  6.
PAR  6. The method recited in claim 3 in which said power plant includes vapor
      operated auxiliary equipment and including the step of passing the
      vaporized liquid of said separate flow circuit to said auxiliary equipment
      for operating the same.
NUM  7.
PAR  7. The method recited in claim 1 including the step of regulating the flow
      of diverted liquid in response to deviations in the temperature of vapor
      exiting said superheater.
NUM  8.
PAR  8. The method recited in claim 5 including the step of regulating the
      amount of vaporized liquid passed into mixing relation with said reheated
      vapor in response to deviations in the temperature of vapor exiting said
      reheater.
NUM  9.
PAR  9. In a power plant including a vapor generator having a fluid flow circuit
      in which water is evaporated in an evaporator section and the resulting
      vapor heated in a superheater section, said evaporator and superheater
      sections being heated by combustion gas flowing serially thereover,
      apparatus for increasing the temperature of the vapor discharged from said
      superheater section while maintaining the heat input from said combustion
      gases substantially constant comprising:
PA1  a. a bypass circuit for diverting at least a portion of the operating fluid
      flowing through said vapor generator fluid flow circuit, said bypass
      circuit having an inlet end and an outlet end, said bypass circuit
      communicating with said fluid flow circuit at both its inlet and outlet
      ends upstream in the fluid flow sense of said evaporator section; and
PA1  b. means operative in said bypass circuit for extracting heat from said
      diverted fluid prior to admitting it to said evaporator section.
NUM  10.
PAR  10. Apparatus as recited in claim 9 in which heat is extracted in an
      indirect transfer heat exchanger and including means for supplying cooling
      medium to said heat exchanger, said cooling medium being fluid at a lower
      pressure than that of said operating fluid.
NUM  11.
PAR  11. Apparatus as recited in claim 10 in which said cooling medium is
      condensed fluid from said vapor generator fluid flow circuit.
NUM  12.
PAR  12. Apparatus as recited in claim 10 including means for supplying cooling
      medium to said heat exchanger from a source external of said vapor
      generator fluid flow circuit.
NUM  13.
PAR  13. Apparatus as recited in claim 10 in which said cooling medium is
      evaporated in said heat exchanger and including conducting means for
      conducting said evaporated cooling medium to a point of use in said power
      plant.
NUM  14.
PAR  14. Apparatus as recited in claim 10 wherein said power plant includes a
      turbine set having a low pressure stage and in which said conducting means
      supplies evaporated cooling medium to the inlet of said low pressure
      turbine stage.
NUM  15.
PAR  15. Apparatus as recited in claim 10 wherein said power plant includes a
      turbine stage operated by reheat vapor and in which said conductng means
      supplies evaporated cooling medium to said turbine stage for tempering the
      reheat vapor admitted thereto.
NUM  16.
PAR  16. Apparatus as recited in claim 10 wherein said vapor generator includes
      vapor operated auxiliaries and in which said conducting means supplies
      evaporated cooling medium to said auxiliaries for operating the same.
NUM  17.
PAR  17. Apparatus as recited in claim 12 in which said vapor generator includes
      vapor operated auxiliaries and in which said conducting means supplies
      evaporated cooling medium to said auxiliaries for operating the same.
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ABST
PAL  Method for constructing a bore lining comprising pre-assembling in the
      factory voussoirs into a panel in a jig having the required outside
      dimensions for the panel by means of a connecting material which fills the
      gaps between the voussoirs. Each panel has at least two voussoirs which
      are juxtaposed in at least one of circumferential and axial directions of
      the panel. The pre-assembled panels are then transferred to the
      construction site and laid directly in the bore so as to form the lining.
PAL  A voussoir for the panel and a jig for assembling the voussoirs into a
      panel are described.
BSUM
PAR  The present invention relates to a method for constructing a lining from
      elementary voussoirs, in particular cast iron voussoirs, this lining being
      intended to line tunnels, wells and like underground works.
PAR  Such a method is known, for example from French Patent No. 7,030,289, which
      comprises pre-assembling in the factory by means of a connecting or
      bonding material, panels each of which panels comprises at least two
      voussoirs juxtaposed in at least one of circumferential and axial
      directions and, after transfer to the construction site, directly laying
      such pre-assembled panels so as to form the lining.
PAR  In such a device, the connecting material merely has a simple adhering
      function and is provided only in an amount just sufficient for this
      purpose. The sole advantage that such a pre-assembly seems to afford
      resides in a certain ease of handling between the factory and the
      construction site.
PAR  Now, in the case of moulded or cast voussoirs, and in particular cast iron
      voussoirs, owing to the manufacturing tolerances the dimensions obtained
      by such a pre-assembly in the factory usually differ from the theoretical
      dimensions for the positioning of the panels in the lining on the
      construction site and this often requires making a choice between panels
      before their assembly.
PAR  An object of the present invention is to provide a method for constructing
      linings which avoids these differences in dimensions and thus simplifies
      the handling and results in an appreciable saving in time.
PAR  The invention provides a method of the aforementioned type comprising
      pre-assembling in the factory each panel in a jig having the required
      outside dimensions and filling with the connecting material the gaps
      existing between the voussoirs constituting the panel.
PAR  In this way, there is avoided in the factory the clearances which could
      exist between the assembled voussoirs as result of the manufacturing
      tolerances. The connection is preferably achieved by adhesion or welding.
PAR  An other object of the invention is to provide a pre-assembling jig for
      carrying out said method.
PAR  The invention provides a pre-assembling jig comprising a frame provided
      with a device for supporting the webs of the voussoirs and having the
      general shape of a portion of a cylinder, a device for bearing against the
      walls of the voussoirs and having at least one group of bearing means
      arranged along two mean planes perpendicular to said cylindrical shape and
      located at a predetermined distance from each other and a device for
      spreading apart the voussoirs in the direction of the bearing means.
PAR  Another object of the invention is to provide a voussoir for carrying out
      said method, comprising a web having the general shape of a portion of a
      cylinder and surrounded by a rectangular frame having walls perpendicular
      to the web, wherein at least one of parallel pairs of walls of the frame
      have a circumferential or axial recess for receiving the connecting and
      filling material.
PAR  Further features and advantages of the invention will be apparent from the
      ensuing description with reference to the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a cross-sectional view of a tunnel lining constructed in
      accordance with the invention;
PAR  FIG. 2 is a diagrammatic perspective view of this lining;
PAR  FIG. 3 is a plan view of a lining panel which has been pre-assembled in
      accordance with the invention by adhesion;
PAR  FIG. 4 is a right hand view of the panel shown in FIG. 3, half of which
      panel is in section on line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view, taken on line 5--5 of FIG. 3 of one of the
      voussoirs of the panel;
PAR  FIG. 6 is a view similar to FIG. 4, but wholly in section, of a
      modification of the voussoir according to the invention adapted to be
      pre-assembled by welding;
PAR  FIG. 7 is an enlarged elevational view of an assembly region of two
      voussoirs of such a panel;
PAR  FIG. 8 is a perspective view, partly in section, of another modification of
      a voussoir adapted to be assembled by means of a swivel joint;
PAR  FIG. 9 is a detail view of the locking of a centre voussoir;
PAR  FIG. 10 is a perspective view of a voussoir which is of utility for the
      construction of a lining with pre-assembly of panels by means of a jig
      according to the invention;
PAR  FIGS. 11 and 12 are partial perspective views of the voussoir shown in FIG.
      10 in section on lines 11--11 and 12--12 of FIG. 10 respectively, these
      sections showing also partially the neighbouring voussoir which is applied
      by its adjacent face against the considered voussoir;
PAR  FIG. 13 is a diagrammatic perspective partly-exploded view of a jig
      according to a first embodiment of the invention for pre-assembling panels
      each having eight voussoirs;
PAR  FIG. 14 is a top plan view of this jig partly in section and with the cover
      removed;
PAR  FIG. 15 is a front elevational view of the jig shown in FIG. 14, the
      cover-supporting pillars having been removed;
PAR  FIG. 16 is a left view of the jig shown in FIG. 14 and consequently a right
      view with respect to FIG. 15, the cover-supporting pillars having been
      removed;
PAR  FIGS. 17 and 18 are sectional views of the jig taken on lines 17--17 and
      18--18 of FIG. 15;
PAR  FIGS. 19 and 20 are respectively a rear elevational view and a left
      elevational view of the jig shown in FIG. 14 similar to FIGS. 15 and 16
      but showing solely the base of the frame and the cover-supporting pillars;
PAR  FIGS. 21 and 22 are respectively a front elevational view and a top plan
      view of the cover of the jig;
PAR  FIG. 23 is a sectional view of a ball support or bearing for the jig;
PAR  FIG. 24 is a sectional view of lower sealing means for the jig;
PAR  FIGS. 25 and 26 are respectively top and cross-sectional views of a section
      of lining for curved parts of a tunnel, which section is constituted by
      four panels, each panel having four voussoirs;
PAR  FIG. 27 is a diagrammatic view of the assembly of the inner panel of this
      section;
PAR  FIG. 28 is a similar view of the outer section;
PAR  FIGS. 29 and 30 are respectively diagrammatic front elevational view and
      left elevational view of a jig according to a second embodiment of the
      invention of the type which is mounted inclined on a stand and permits the
      construction of panels having two voussoirs;
PAR  FIG. 31 is a top view of this jig independently of its stand;
PAR  FIGS. 32 and 33 are front elevational views of the jig shown in FIG. 31,
      FIG. 32 being a partial view, taken respectively on lines 32--32 and
      33--33 of FIG. 31;
PAR  FIGS. 34 and 35 are respectively right and left views of the jig taken
      respectively on lines 34--34 and 35--35 of FIG. 31, and
PAR  FIG. 36 is a sectional view of the sealing frame of FIG. 35 taken on line
      36--36 of FIG. 35.
DETD
PAR  The lining shown in FIGS. 1 and 2 is cylindrical, has a circular
      cross-sectional shape and comprises ring structures which are juxtaposed
      in the axial direction and are constituted circumferentially by six panels
      P or 1-6 each of which panels comprises six juxtaposed voussoirs V, that
      is, three in the circumferential direction and two in the axial direction.
      Each ring structure further comprises a centre voussoir 7 consisting
      solely of two voussoirs which are juxtaposed in only the axial direction.
      The lining further comprises a floor which is supported, on one hand, by a
      centre girder 9 bearing on a row of pillars 10 and, on the other hand, by
      two lateral girders 11.
PAR  As shown in FIG. 2, the ring structures are offset in the circumferential
      direction to the extent of half a voussoir alternately to the right and to
      the left so that the centre voussoirs roughly follow a broken line.
PAR  Each voussoir V comprises a web 12 in the form of a portion of a cylinder
      which is surrounded by a rectangular frame having walls 13 which are
      perpendicular to this web. The web has a roughly square shape and a side
      dimension of, for example, about 0.75 metre.
PAR  As shown in FIG. 5, the web has a section which is corrugated in the axial
      direction, the corrugations being roughly square, that is to say,
      comprising wall portions 14 (which are roughly parallel but in fact have a
      slight slope to facilitate stripping from the mould) interconnecting end
      wall portions 15 which are disposed alternately along two parallel lines,
      the end two wall portions 15 being connected to the two walls 13 of the
      frame which are parallel to the direction of the corrugations, one of
      these two walls 13 being, however, shorter than the remainder of the
      frame. The voussoir shown in FIG. 5 comprises between the two walls 13
      three wall portions 14 and four wall portions 15. This square shape of the
      profile with rounded corners imparts an excellent modulus of resistance to
      the voussoir.
PAR  To assemble the voussoirs of the same panel, the walls 13 of the frame of
      the neighbouring voussoirs are brought together in the circumferential and
      axial directions and interconnected by means of an adhesive 16, for
      example an epoxyde resin base adhesive. The adhesion is completed by a
      bolting together, by means of bolts 17, of the walls 13 of the
      neighbouring voussoirs which slightly compresses the layer of adhesive and
      thus affords an improved resistance to forces which are other than shear
      forces and are liable to damage the adhesive in lining use.
PAR  The voussoirs V.sup.a of the modification shown in FIGS. 6 and 7 comprises
      a web 12 similar to that of the voussoirs V but the walls 13.sup.a of
      their adjacent frames are slightly convergent toward the interior of the
      lining and extend for thus purpose, from a position slightly set back with
      respect to the outer contour of the frame, from the outer end wall portion
      15 and define ledges 18 which extend to the outer contour of the voussoir.
      The neighbouring voussoirs are assembled by the ledges 18 and by the free
      edges 19 of the adjacent walls 13.sup.a by means of a plasma welding
      producing weld beads 20. The use of this type of assembly results in a
      very considerable saving, the weld being formed, without costly filler
      metal, on parts which are merely brought into edge-to-edge relation.
      Moreover, the structure of the weld can, provided it is annealed at
      950.degree. C, be substantially the same as that of the basic cast iron
      and the mechanical properties are excellent.
PAR  The voussoirs V.sup.b of the modification shown in FIG. 8 have frame walls
      13.sup.b which have slightly curved profiles, one being concave and the
      other convex. In the case of the axial walls 13.sup.b the concave wall has
      in proximity to the outer surface of the lining and at a distance from
      this surface which is roughly equal to the thickness of the web, a
      longitudinal L-sectioned groove or recess 21 which acts as a cavity for
      receiving an adhesive joint 22 which is injected at the monent of
      assembly. In the case of the transverse walls 13.sup.b, the convex wall
      has a flange 23 which is flush with the outer surface and the concave wall
      has two stepped shoulders located adjacent the outer surface, one shoulder
      being adapted to receive the flange 23 of the neighbouring voussoir
      whereas the other shoulder defines a cavity 24 having a rectangular
      cross-sectional shape for receiving a joint material 25 which is also
      injected upon assembly.
PAR  This swivel or ball-and-socket assembly has the following advantages: it
      permits an automatic, correct centering of the walls to be interconnected;
      it thereafter renders the correct dimensioning of the panels independent
      of the foundry tolerances, the positioning on a jig in the factory being
      indeed independent of these tolerances and the thickness of the adhesive
      joints injected in the grooves and cavities compensating for the
      dimensional differences of the moulded parts; it also permits a rapid
      assembly of the panels on the construction site at the very rate of
      boring, the curved walls 13.sup.b centering themselves with no special
      precautions required. This adhered assembly, in the same way as that shown
      in FIGS. 3 and 4, is completed by a bolting which slightly pre-stresses
      the adhesive.
PAR  Each described arrangement, which is valid for the assembly in the factory
      of the voussoirs constituting a panel, applies to the assembly of the
      panels on the construction site as the construction of the lining of the
      tunnel progresses. In the factory, in respect of all the embodiments
      described hereinbefore, the voussoirs intended to constitute a panel are
      placed on an assembly jig such as that shown at 26 in FIG. 4 which defines
      the desired outside dimensions of the panel, then the adhesive is injected
      so as to form the joints between the voussoirs; lastly, the aforementioned
      bolting completes the action of the adhesive. On the construction site,
      the panels are placed in position immediately behind the boring machine
      with no special precautions and the gaps left for the injection of
      adhesive between the panels are filled after the injection of the concrete
      outside the lining.
PAR  As shown in FIGS. 1 and 9, each centre voussoir or key-stone structure 7
      has a frame whose longitudinal walls 27 no longer extend radially but
      diverge so as to permit positioning this centre voussoir from inside the
      tunnel. The adjacent walls of the neighbouring voussoirs of course have
      the same inclination so as to permit the support and assembly of the
      whole. This assembly, achieved by means of bolts 28, is locked by means of
      L-sectioned members 29 of which the limb 30 is applied against one of the
      two walls 27 or 13.sup.b by means of the assembly bolt 28 which extends
      through holes 31 formed in the member 29 and in the two walls, whereas the
      other limb 32 of the L-sectioned member 29 is engaged perpendicularly to
      the two walls in apertures 33 and 34 which are formed in the two walls and
      have the size of this limb 32. These limbs 32 thus support the major part
      of the forces exerted by the ground and preclude a relative sliding of the
      walls which would otherwise inevitably shear the bolts 28. The centre
      voussoir 7 can thus perfectly perform its function notwithstanding the
      fact that the divergent shape of the walls 27 is unsuitable for this
      purpose.
PAR  Thus, it is possible to construct panels of large size by cheap assemblies
      of moulded or cast voussoirs which are mass-produced at a high production
      rate under excellent conditions as to cost. Further, the choice of ductile
      cast iron enables these large panels to be constructed with a relatively
      light weight compatible with excellent handling possibilities on the
      construction site. Thus a panel of six voussoirs may weigh less than 1
      metric ton. As concerns the section of the voussoirs, the distribution of
      the material between a relatively thin web (end wall portions 15) and the
      ribs of a considerable height (wall portions 14) is particularly
      advantageous in the modification including the curved walls shown in FIG.
      8, since it permits obtaining contacting surfaces which are large enough
      to afford a good connection and a reliable centering. This modification
      has the further advantage of lending itself to a distribution of the
      articulations between the panels in the course of assembly on the
      construction site in the regions of the periphery having a small or zero
      bending moment, this depending on the dimensions of the voussoirs and the
      number of voussoirs per panel.
PAR  The voussoir shown in FIGS. 10-12 comprises a web 1 in the shape of a
      portion of a cylinder surrounded by a rectangular frame constituted by
      walls which are perpendicular to the web and extend inwardly of the
      cylinder, two walls 102.sup.a and 102.sup.b being axial walls, that is to
      say, walls extending toward the axis X--X of the cylinder whereas the
      other two walls 103.sup.a and 103.sup.b are transverse walls, that is to
      say, walls perpendicular to said axis.
PAR  As shown in FIG. 11, the two axial walls have a slight cylindrical
      concavity in the radial plane, the first being concave and the second
      convex and having the same curvature. The wall 102.sup.a has in the
      vicinity of the web 101 a triangular sectioned groove 104 and, at its
      adjacent free end, a beveled portion 105 so as to define with the wall
      102.sup.b of the adjacent voussoir applied against the wall 102.sup.a a
      first cavity having a triangular section 106 and a second V-sectioned
      cavity 107.
PAR  As shown in FIG. 12, the walls 103.sup.a and 103.sup.b are planar. The wall
      103.sup.a has in its corner adjoining the web 101 a double shoulder
      108-109 whereas the opposite wall 103.sup.b has along the same corner a
      flange adapted to engage in the second shoulder 109 which is the nearer to
      the web when the wall 103.sup.b of the neighbouring voussoir is brought in
      contact with the wall 103.sup.a of the considered voussoir. Further, the
      two walls 103.sup.a and 103.sup.b each have at their free end a shoulder
      111.sup.a or 111.sup.b. Consequently, the walls 103.sup.a and 103.sup.b of
      two adjacent voussoirs define therebetween, on one hand, a closed cavity
      112.sup.a in the vicinity of the web 1 and, on the other hand, an open
      cavity 112.sup.b adjacent the free edge.
PAR  As shown in FIG. 10, the walls 102.sup.a and 103.sup.a each have on their
      outer surface and in the middle of their length a radial groove 113.sup.a
      or 113.sup.b which communicates at one end either with the axial cavity
      106 or with the circumferential cavity 112 whereas at the other end it
      communicates directly with the interior of the voussoir. The
      pre-assembling jig for panels having eight voussoirs shown in FIGS. 13-25
      comprises generally, as shown diagrammatically in FIG. 13, a frame 14
      which has a device 115 for supporting the webs of voussoirs voussirs and
      has a general shape of a portion of a cylinder and a device 116 for
      bearing against the walls of the voussoir. This bearing device comprises
      two groups of bearing means 117.sup.a -117.sup.b and 118.sup.a -118.sup.b.
      The first group comprises two series 117.sup.a and 117.sup.b of bearing
      means located in mean planes perpendicular to the cylindrical shape of the
      device 115 and extending radially, that is to say, passing through the
      axis of this shape. The second group comprises two series 118.sup.a and
      118.sup.b of bearing means also contained in mean planes perpendicular to
      the cylindrical shape of the device 115 but perpendicular to the axis of
      the latter. The devices 114 and 116 together define a volume which is
      intended to receive an assembly of eight voussoirs, 119.sup.a, 119.sup.b,
      119.sup.c, 119.sup.d, and 120.sup.a, 120.sup.b, 120.sup.c, 120.sup.d which
      are juxtaposed in pairs in the axial direction and in groups of four in
      the circumferential direction so as to constitute a panel 121 having the
      general shape of a portion of a cylinder and a substantially rectangular
      contour. The mean planes of the two series of bearing means of the same
      group 117.sup.a, 117.sup.b, 118.sup.a, 118.sup.b are located at a
      predetermined distance from each other in respect of each group, the
      distances corresponding to the dimensions required for the panels to be
      pre-assembled on the jig. The latter is completed by a cover of convex
      shape 122 adapted to constitute an upper closure of the cavity offered to
      the assembly of eight voussoirs.
PAR  The support device 115 comprises a number of discontinuous support means
      123, that is to say that the points of contact of the voussoirs supported
      by these means are separate and spaced apart. The same is true of the
      bearing means of the bearing device 116, that is to say, the points of
      contact of the voussoirs against which these means bear are also separate
      and spaced apart. The separate support means 123 and the separate bearing
      means 124 are designated diagrammatically by crosses in FIG. 13. A sealing
      device 125 is also provided in the form of a grill which is shown in the
      region of the support device 115 along the adjacent contours of the
      voussoirs and sealing means 126 also placed in the plane of the groups of
      bearing means 117.sup.a, 117.sup.b and 118.sup.a and 118.sup.b, in the
      region of the adjacent contours of the voussoirs. Another upper sealing
      device 127 has a shape corresponding to that of the device 125 and is
      adapted to be disposed between the panels 121 and the cover 122. Each one
      of the series 117.sup.a and 117.sup.b of axial bearing means is mounted to
      be pivotable with respect to the frame 114 whereas one, 118.sup.a, of the
      series of transverse bearing means is fixed with respect to the frame and
      the other series, 118.sup.b, is slidably mounted with respect to the frame
      in a direction parallel to the axis of the cylindrical shape, the cover
      122 being slidably mounted with respect to the frame for sliding movement
      in a direction perpendicular to the cylindrical shape.
PAR  As shown in more detail in FIGS. 14, 15 and 16, the frame 114 comprises a
      stand 128 and a box structure 129 fixed to the stand. The stand 128 has
      the general shape of a planar plate or platform and comprises an assembly
      of I-section members or square-section members. The box structure 129 has
      four vertical walls, two parallel transverse walls, that is to say walls
      perpendicular to the axis X--X of the cylindrical shape 115, one wall
      being a front wall 130 and the other a rear wall 131, and two longitudinal
      walls, that is to say walls which are parallel to the axis X--X, 132 and
      133. These vertical walls are secured to the stand 128 and the box
      structure is closed in its upper part by a bent sheet 134 having an axis
      X-X and defined by a radius slightly greater than the radius of the
      support device 115 and its support means 123, this sheet being if
      necessaary reinforced by ribs on its lower surface. This bent sheet 134
      constitutes the bottom of the jig. It is on this sheet that the support
      means 123 are fixed, which means are provided in the number of four per
      voussoir and disposed at the corner of a square for each one thereof, the
      assembly of these means being thus arranged in four rows in one direction
      and in eight rows in the other direction.
PAR  As shown in FIGS. 15 and 16, although they are only represented by crosses
      in FIG. 14, these support means are in fact blocks carrying each one a
      ball and oriented radially, that is to say facing the axis X--X. As shown
      in FIG. 13, each ball block 123 comprises a cup-shaped portion 135 in
      which is disposed a conventional ball assembly 136 having a ball 137, a
      portion of which extends through an aperture in a closing plate 138.
      Integral with the bottom of the cup-shaped portion 135 is a screwthreaded
      stem 139 which is screwed into a tapped bore of a sleeve 140 which extends
      through an aperture 141 in the bent sheet 134 to which it is welded. The
      stem 139 is held stationary in the required position with respect to the
      sleeve 140 by a stop-nut 142.
PAR  As shown in FIGS. 15 and 16, each one of the longitudinal series 117.sup.a
      and 117.sup.b of bearing means 124 is secured to a horizontal girder 143
      which is integral with the upper end of two uprights 144 which are
      integral at their lower end with a longitudinal horizontal shaft 145 which
      is journalled in bearings 146 secured to the longitudinal walls 132 and
      133 of the box structure 129. Each shaft 145 carries in its middle a
      transverse crank arm 147 to the end of which is pivoted the rod 148 of a
      hydraulic cylinder device, the body of which device is pivoted to the
      stand 128 inside the box structure 129 to pivot about a longitudinal axis.
      As shown in FIG. 16, each crank arm 147 extends through an opening 150 in
      the longitudinal walls 142 or 143 of the box structure.
PAR  As shown in FIGS. 14 to 16, the fixed transverse series 118.sup.a of
      bearing means 124 is secured to a vertical sheet 151 in the form of a
      sector of a circular ring which is disposed above the level of the bottom
      sheet 134 and carried by a transverse box structure 152 which is itself
      secured to two longitudinal members extending beyond the stand 128. As
      also shown in FIGS. 14 to 16, the transverse movable series 118.sup.b of
      bearing means 124 is also secured to a sheet 153 identical to the sheet
      151 and carried by a transverse box structure 154. This box structure is
      secured to two hollow horizontal and longitudinally extending cylindrical
      shafts 155 which are arranged symmetrically in the same horizontal plane
      and are each guided to slide longitudinally between two grooved wheels 156
      and 157 which are journalled in the stand 128, one of the wheels being
      outside the box structure 129 and the other inside the latter. Pivoted to
      the box structure 154 and located between the hollow shafts 155 is also
      the rod 158 of a cylinder device whose body 159 is disposed horizontally
      in the longitudinal direction inside the box structure 129 and is pivoted
      to the stand 128.
PAR  The bearing means 124 and the series of means 117.sup.a, 117.sup.b,
      118.sup.a and 118.sup.b are ball blocks exactly identical to the blocks
      123 which are secured to the bottom sheet 134 and whose structure has been
      described with reference to FIG. 23, the sleeve 140 being secured to the
      girders 143 and to the sheets 151 and 153. The axes of the ball blocks of
      the series 118.sup.a and 118.sup.b are oriented to be parallel to the axis
      X--X and are consequently perpendicular to the outer walls of the panel
      121 having eight voussoirs. Likewise, the flanges of the girders 143 to
      which the ball blocks 124 of the longitudinal series 117.sup.a and
      117.sup.b are secured are radially oriented, that is to say, oriented in
      the direction of the axis X--X, so that the axes of the blocks are also
      perpendicular to the longitudinal faces of the panel 121. The height of
      the girders 143 and of the sheets 151 and 153 is such that the blocks 124
      are located at a mean level of the walls of the pannel.
PAR  Whereas the sheet 151 is fixed to the stand 128 and therefore with respect
      to the box structure 129, the sheet 153 and the girders 143 are brought to
      the required positions of adjustments to obtain the predetermined
      dimension of the jig. This positioning is achieved, on one hand, by means
      of longitudinal girders 150 which are integral with the uprights 144 and
      bear against stops having an adjustable spherical end surface 161 which
      are fixed to inclined faces 162 of the longitudinal walls 132 and 133 of
      the box structure, these inclined faces being oriented radially in the
      direction of the axis X--X, and, on the other hand, by means of a
      transverse member 163 which is fixed below the box structure 154 and also
      carries stops having an adjustable spherical bearing surface 164 which
      bear against a transverse vertical flange 165 of the stand 128.
PAR  There are eight ball blocks 124 on each one of the sheets 151 and 153 on
      which they are disposed on the same arc of a circle, there being four
      thereof on each one of the girders 143 on which they are disposed along a
      longitudinal straight line. In this way, there are two bearing ball blocks
      124 facing each one of the outer surfaces of the voussoirs constituting
      the panels 121.
PAR  As shown in FIGS. 19 to 22, the cover 122 is constituted by a chassis 166
      having a rectangular contour and four corners with which vertical
      downwardly extending pillars 167 are integral. The chassis 166 has a lower
      surface in the shape of a portion of a cylinder corresponding
      substantially to the contour of the panel 121 and this chassis is
      apertured so as to define along this lower surface longitudinal portions
      and transverse portions adapted to overlap (by distinctly extending
      therebeyond) the square pattern constituted by the juxtaposed walls and
      the exterior walls of the voussoirs constituting the panel 121. The
      pillars 167 define at their lower end cylindrical recesses 169 adapted to
      be fitted on vertical cylindrical end members 170 disposed above vertical
      pillars 171 located at the four corners of the stand 128. The height of
      the pillars 171 and of the columns 157 is such that, when the cover is
      resting on the frame, the lower sheet 168 of the cover comes in contact
      with the panel 121 placed on the supporting ball blocks 123 with
      interposition of the sealing device 127 which will be described
      hereinafter. The locking of the covers in this position is achieved by
      means of keys 172 which are engaged in horizontal apertures formed both in
      recessed portions of the columns 167 and in the end members 170. Hooks 173
      secured to the upper part of the chassis 166 permit the handling of the
      cover by means of a travelling crane.
PAR  The lower sealing device 126 comprises supports 174 which are consituted by
      inverted U-section members fixed to the upper face of the bent sheet 134
      in accordance with a grill arrangement located below the gaps between the
      voussoirs of the panel 121. Fixed to the upper face of each one of the
      section members 174 and throughout its length is an inflatable rubber
      sealing means 175 whose edges are fixed to the member by L-section
      members, this inflatable sealing means being itself covered with a planar
      rubber sealing means 176 as shown in FIG. 24. The level of the free
      surface of these means 176 substantially corresponds to that of the balls
      of the support means 123.
PAR  As shown in FIGS. 15 and 17, the peripheral sealing means 176 are
      constituted by a number of tabs 177 which are fixed to the sheets 151 and
      153 and to the girders 143 in the region of the radial gaps between the
      voussoirs. Thus, these means are in the number of three on each one of the
      sheets 151 and 153, there being a single shoe in the middle of each girder
      143. These shoes have rubber elements which match the profile of the
      voussoirs.
PAR  As concerns the upper sealing device 127, which has a shape identical to
      the shape of the assembly of the sealing means of the lower device 125, it
      is constituted by an assembly of elastomer beadings 178 whose section is
      generally T-shaped, the leg of which is slightly convergent towards its
      free end.
PAR  The jig just described is employed in the following manner:
PAR  In the initial position, the cover 122 is raised and the cylinder devices
      149 and 159 are placed in their extended position so that all the bearing
      means 124 are withdrawn. The various voussoirs are then brought above the
      support means 123 and they are juxtaposed in such manner that their walls
      are roughly in contact with each other. The only adjustment effected on
      the ball blocks which constitute the support means 123 consists in
      bringing them to a level in which they define together a cylindrical
      surface which must match the outer surfaces of the webs of the voussoirs,
      this adjustment thus serving solely to arrange that the voussoirs assume
      their position in accordance with the required general shape and in
      juxtaposition with each other.
PAR  Thereafter, the transverse movable series 118.sup.b of bearing means is
      brought to a certain standby distance from the frame by partially
      retracting the cylinder devices 159. Thereafter, the two longitudinal
      series 117.sup.a and 117.sup.b of bearing means are brought to the final
      position by totally retracting the cylinder devices 149 which in this way
      embody the final required circumferential dimension for the panel. This is
      achieved by the fact that the transverse members 160 come into abutment
      with the stops 161 and this is accompanied by a compression of the sealing
      means carried by the shoes 177 which ensures the sealing along the radial
      gaps between the voussoirs. The cylinder device 159 is then fully
      withdrawn so that the bearing means 124 of the movable series 118.sup.b
      assume their final position which thus defines the desired predetermined
      longitudinal dimension of the jig. This positioning is accompanied by a
      compression of the shoes 177 carried by the sheets 151 and 153 and this
      ensures the sealing of the radial gaps between the voussoirs on the
      transverse faces of the panel. All of the beadings 178 are then deposited
      in such manner that the vertical limbs of their section penetrate the
      respective gaps 117 and 112.sup.b between the walls of the voussoirs at
      their upwardly-facing end. The cover 122 is then lowered and bears against
      the beadings 178 and causes the latter to penetrate the aforementioned
      cavities and this has for effect to shift apart the juxtaposed walls of
      the voussoirs by successively urging the latter with respect to each other
      from the middle of the jig until the voussoirs bear against the means 124.
      The shape and the quality of the elastomer constituting the beadings 178
      enable them to exert a reaction between the walls of the voussoirs which
      are thus urged against the bearing means, even in opposition to the thrust
      due to the weight of the voussoirs which has a tendency to urge them in
      the circumferential direction toward the centre of the jig. The sealing
      means 175 are then inflated so as to seal the gaps between the webs of the
      voussoirs.
PAR  The obbtainment of the exact desired dimensions and the sealing having thus
      been ensured, a connecting material is injected into the gaps between the
      juxtaposed faces of the voussoirs. In a first embodiment, a liquid
      adhesive material is injected by using a single one of the radial grooves
      113.sup.a, the other radial grooves being closed. The material flows from
      this radial groove into the longitudinal and transverse cavities 106 and
      112.sup.a then rises from these cavities between the walls of the
      voussoirs, the material being consequently propagated little by little
      along the network of grooves so as to finally fill all the gaps between
      the juxtaposed walls of the voussoirs defined by the sealing means
      described hereinbefore.
PAR  The adhesive material is then hardened by stoving with the aid of hot air
      or steam which enters by way of openings formed in the sheets 151 and 163
      below the bearing means 124 and reaches the interior of the volume defined
      between the bottom sheet 134, the various bearing assemblies and the lower
      face of the panel. The flow of hot air or steam is still further promoted
      by the presence of openings formed in the roughly vertical flanges of the
      location members 174 supporting the inflatable sealing means 175. Thus,
      subsequent to the maturing and hardening of the adhesive material, the
      assembled panel can be extracted by opening the jig in a procedure which
      is the reverse of that described for positioning the panel.
PAR  In another embodiment, an adhesive cement, mastic or putty is employed as
      connecting material which is in the form of bands which are adhhered in
      the grooves 106 and 108 of the voussoirs before they are placed in
      position. The closure of the jig then compresses these bands of adhesive
      cement or putty and causes the latter to flow through the gaps between the
      walls of the voussoirs and it is then merely necessary to scrape off the
      excess cement or putty and the panel is now in its assembled condition.
PAR  In a third embodiment, there is employed a compressible connecting or
      bonding material having physical characteristics, and in particular a
      specific volume, capable of absorbing by compression or expansion the
      longitudinal dimensional variations in the voussoirs under the effect of
      thermal phenomena to which the final lining constituted by the
      pre-assembled panels may be subjected. These phenomena are usually
      expansions due to the effect of heat. In the assembly of the lining
      constituted by the juxtaposition of ring structures, each of which is
      constituted by a juxtaposition of pre-assembled panels, there may be
      provided, for example every twenty or thirty ring strucutres, special
      panels whose connecting material would be of this type. It will be
      understood that, in order to simplify work, all the joints of this panel,
      whether they be transverse or longitudinal joints, would be of this same
      connecting material. The physical characteristics of this material must of
      course guarantee upon pre-assembly dimensions identical to those necessary
      for a good assembly on the construction site.
PAR  The jig whose structure and operation have just been described has the
      following advantages, among others:
PAR  The application of the voussoirs against the longitudinal and transverse
      bearing means 124, before the final assembly of the panel has been
      achieved by means of the connecting material, enables the dimensional
      variations that the voussoirs may posses with respect to the theoretical
      dimensions to be compensated for, which is essential in the case of
      moulded or cast voussoirs, for example cast iron voussoirs. The precision
      of the positioning of the bearing means 124 is very important since it is
      this precision which defines the precise dimensions of the pre-assembled
      panel. The reference surface defined by the bearing means which may be,
      for example, compared to a belt, enables the outer walls of the voussoirs
      to be placed in the exact positions so that the resulting panel has the
      desired dimensions, this positioning being achieved by means of spreading
      means constituted by the beadings 178. Only the whole of the bearing means
      124 may be termed a reference surface since the cylindrical surface
      embodied by the support means 123 performs only a supporting function.
PAR  A jig in which the support surface and the bearing surfaces are defined
      only in a discontinuous manner by an assembly of separate and spaced-apart
      points of contact embodied by the balls of the blocks 123 and 124 is much
      more convenient to use than a jig whose surfaces would be embodied by
      continuous and solid faces. In this way, metal working difficulties are
      avoided. Secondly, parasitic bending forces are avoided, the jig of the
      voussoirs being capable of undergoing a certain distorsion. The handling
      of the voussoirs on separate points of contact is much easier.
PAR  To this very general interest of the adjustable character of the support
      and bearing means, there could be added the following interesting
      advantage: this adjustment of the bearing means 124 enables panels of
      non-rectangular shape to be prepared which are intended to be employed in
      sections of a lining for a tunnel corresponding to changes in direction or
      bends. Such a section is represented in FIGS. 25 and 26 which show this
      section as being constituted by the juxtaposition of six panels each of
      which is constituted by four voussoirs. The upper and lower panels 179
      have a trapezoidal shape as seen in FIG. 25. On the other hand, the panel
      180 on the inside of the bend has a shape which is constricted in its
      middle part as shown diagrammatically in FIG. 27, whereas the panel 181
      located on the outside of the bend has, on the contrary, a enlarged barrel
      shape such as shown in FIG. 28. Thus, for the pre-assembly of the panel
      180, it is sufficient to put the transverse centre ball blocks and the
      longitudinal end ball blocks under maximum extension and the transverse
      end ball blocks and the longitudinal centre ball blocks under a minimum
      extension. This configuration enables, when the four voussoirs
      constituting the panel are urged against the thus adjusted ball blocks, a
      wedge-shaped space to be formed between the voussoirs of the same
      longitudinal pair and a very flattened diamond shaped space to be formed
      between the assembly of four voussoirs, all of these spaces being filled
      with the connecting material in a subsequent step of the procedure so as
      to give to the final pre-assembled panels the suitable constricted shape.
      A similar arrangement would be adopted for an enlarged panel 181. It will
      be clear that other configurations of lining sections may be chosen but in
      every case the structure of the jig permits an adpation to the desired
      panel shape. However, it shoud be mentioned that the adjustable
      arrangement of the bearing means is justified even without considering
      this problem of a change in direction of a lining.
PAR  The final assembly of the panel lining by the assembly of pre-assembled
      panels is accompanied by the provision of joints between these panels.
      Now, it might occur that, after the assembly and during the life of the
      lining, it is necessary to carry out an additional sealing. Although the
      sealing quality of the initial joints produced in the factory between the
      voussoirs of a given panel is in itself more reliable than that of the
      initial joints between the panels, this additional sealing may be carried
      out both in the region of the factory joints between the pre-assembled
      voussoirs and in the region of the joints made between the panels on the
      site. This additional sealing is then carried out in the longitudinal
      cavities 108 and circumferential cavities 112.sup.b which remain open at
      the end of the walls of the voussoirs which face the interior of the
      lining. For this purpose, these cavities may receive joints of various
      types for example adhesive joints placed in position in the liquid state,
      adhesive cement, mastic or putty or compressible joints.
PAR  Having recalled that the network of joints which constitutes the spreading
      device 127, which serves not only to spread apart the voussoirs but also
      to limit the network of cavities presented for the injection of the
      connecting material, is independent of the cover 122 and is merely held in
      position by the latter, the advantage afforded by these joints should be
      mentioned as concerns possible sliding of the voussoirs. It indeed occurs
      that the latter tend to slide or slip under the effect of the application
      of the shoes 177 which constitute the peripheral sealing device 126. Now,
      this sealing cannot exist without a sufficient force of application, but
      it is essential that this force avoid shifting the voussoirs out of
      contact with the ball blocks 124, constituting the bearing means, which
      would be liable to shift the voussoirs toward the centre. It is here that
      the spreading joints 178 of the device 127 intervene to preclude the
      sliding of the voussoirs. It will be observed that the order of closure of
      the various elements of the jig indicated hereinbefore is essential to
      ensure that these joints be capable of performing this anti-sliding
      function.
PAR  It must finally be mentioned that the mobile quality of three of the
      bearing means series, namely the series 117.sup.a, 117.sup.b, 118.sup.b
      possessed by the jig shown in FIGS. 10 to 24 is particularly advantageous.
      It will indeed be understood that, on principle, it is sufficient that two
      of the four series be withdrawable, these series being adjacent whereas
      the other two series would be fixed. In practice, in the case of the
      described panel having eight voussoirs, there are difficulties of handling
      these considerable masses so that it is preferred to provide a third
      series of withdrawable bearing means. The permits in practice an
      extraction of the panel with no need to slide the latter on the support
      surface constituted by the ball blocks 123. It will be observed, on the
      other hand, that this necessity is less important in the case which will
      be described hereinafter of panels which have only two voussoirs and are
      therefore less difficult to move.
PAR  The jig shown diagrammatically in FIGS. 29 and 30 and in more detail in
      FIGS. 31 to 36 and intended for the pre-assembly of a panel 221 from two
      voussoirs 219 and 220 which are juxtaposed in the circumferential
      direction by two longitudinal faces, generally comprises a frame 240
      provided with a device 215 for supporting the webs of the voussoirs and
      having the general shape of a portion of a cylinder, a device 216 for
      bearing against the free longitudinal walls of the voussoirs, a series of
      aligning means 218.sup.a for the transverse faces of the voussiors, a
      device 225 for sealing the joint between the longitudinal faces of the
      voussoirs and a device 227 for spreading apart these walls. The bearing
      device 216 is constituted by two series of bearing means 217.sup.a and
      217.sup.b.
PAR  The frame 214 comprises a chassis 182 and a supporting tripod 183 which
      includes a hollow vertical column 184 which is truncated at its upper end
      in a plane which is inclined to the horizontal, this end receiving a plate
      185 on which the chassis 182 is supported and fixed. The chasis comprises
      an assembly of hollow square-section members having two parallel
      longitudinal members 186 and 187 of the same length and two parallel
      transverse members 188 and 189 which interconnect the two longitudinal
      members on each side of their middle parts and in the vicinity of the
      latter. Fixed to the member 187 and extending horizontally outwardly are
      four transverse members of the same length, two of which, 190 and 191, are
      in the extension of the transverse members 188 and 189 whereas the other
      two, 192 and 193, are located in the vicinity of the ends of the
      longitudinal member 187. Six vertical uprights 194 are fixed to one of the
      free ends of the two members 186 and 187 and to the free ends of the four
      members 190 to 193, the upper ends of these uprights being interconnected
      in pairs by girders 195. The longitudinal members 186 and 187 carry at
      their other free end horizontal extensions 196 on which are mounted, to
      pivot about an axis parallel to the transverse members 188 and 189, the
      lower ends of two uprights 194.sup.a which are interconnected at their
      upper end by a horizontal girder 195.sup.a.
PAR  It must be understood that the terms horizontal and vertical just employed
      relate to the general orientation of the chassis 182. In actual fact, the
      inclination of the plate 185 and the orientation in which the chassis 182
      is fixed to this plate are such that the longitudinal members 186 and 187,
      on one hand, and the transverse members 188 and 189, on the other, make
      angles of the order of a few degrees, for example 7.degree. to a
      horizontal plane, the longitudinal members 186 and 187 rising toward the
      side corresponding to the pivotable connection of the uprights 194.sup.a
      whereas the transverse members 188 and 189 descend in the direction of the
      members 190 and 191.
PAR  As in the first embodiment, the support device 215 comprises a number of
      discontinuous support means 223 and the series 217.sup.a and 217.sup.b of
      bearing means and the series 218.sup.a of aligning means are also
      constituted by a number of bearing means 224 and aligning means 224.sup.a.
      These support means 223, bearing means 224 and aligning means 224.sup.a
      are also constituted by ball blocks but which blocks have a slightly
      different structure. There are eight blocks evenly spaced apart in an
      arrangement of four on each one of the longitudinal members 186 and 187
      for the support means, four blocks arranged in pairs on each one of the
      girders 195 and 195.sup.a for the bearing means, and four blocks arranged
      in pairs on each one of the girders 195 for the aligning means. All these
      blocks are fixed to the longitudinal members and the girders in such
      manner that some have their axes perpendicular to the webs of the
      voussoirs and some have their axes perpendicular to the walls of the
      voussoirs. As shown in particular in FIG. 33, each one of the ball blocks
      constituting the support means, bearing means or aligning means comprises
      a base plate 196 to which is welded a tube 197 having an internal
      screwthread and in which is screwed a second screthreaded tube 198 which
      is provided with a transverse partition wall 199 on which bears a ball 200
      retained by a cover 201 provided with an opening.
PAR  Thus, there are associated with each voussoir, four support means 223, two
      of which means are moreover disposed in the region of the transverse
      member 188 or 189, two bearing means 224 and two aligning means 224.sup.a.
      However, this number and this arrangement of the ball blocks correspond to
      the case of voussoirs having a web in the form of a pure cylinder. On the
      other hand, in the case of voussoirs having a corrugated web which has,
      for example, three corrugation roots, the two ball blocks disposed in the
      region of the transverse member 188 or 189 are replaced by a single
      intermediate ball block 223.sup.a disposed in the middle of this
      transverse member, each one of the blocks then supporting one of the
      corrugation roots.
PAR  The lateral frame constituted by the uprights 195.sup.a and the girder
      194.sup.a may be moved about its axis by means of a cylinder device whose
      body 202 is pivoted to the transverse member 189 and is perpendicular to
      the latter whereas its rod 203 is pivoted to an intermediate transverse
      member 204 of smaller section fixed between the two uprights 195.sup.a.
      Further, the raising of the frame achieved by means of this cylinder
      device is limited by two adjustable stops 205 disposed in the region of
      the longitudinal members 186 and 187 and the uprights 194.sup.a. As shown
      in more detail in FIG. 34, a vertical plate 206 is fixed to the
      longitudinal member 186 or 187 perpendicular to the longitudinal direction
      of the latter and slightly set back with respect to its end, this plate
      being supported by a gusset 207. It carries in its upper part a
      screwthreaded rod 208 whose outer end is welded to a stop plate 209. Each
      upright 194.sup.a has extending therethrough a horizontal sleeve 210 to
      which is fixed a damping or shock-absorbing element 212, for example of
      rubber such as that known under the trade name of "Paulstra", this damping
      element extending beyond the end of the sleeve 210 so as to bear against,
      and be crushed by, the stop plate 209.
PAR  The sealing device 225 comprises a sealing means 228 and a
      pressure-applying frame 229. The means 228 is an elastically yieldable
      means and constituted by one or more elements matching the contour of the
      voussoirs in the longitudinal direction of the lining to be produced. The
      pressure-applying frame 229 has a generally rectangular shape and
      comprises four square-section members: a lower horizontal section member
      230, two vertical section members 231 and 232, and an upper horizontal
      section member 233. The two members 231 and 232 are pivotably mounted at
      each of the ends of the lower member 230, the pivoting of the member 231
      which is located adjacent the longitudinal member 187, and consequently
      the aligning means 234.sup.a, being limited by the set of two flat bars
      234 which are obliquely oriented and pivoted at one end to the member 231,
      whereas at their other end they have elongated apertures 234 which are
      slidable on lateral pins or studs carried by the member 230. This
      horizontal lower member 230 is disposed above, and is perpendicular to,
      the members 186 and 187 and is slidably guided in the vertical direction
      between two pairs of vertical tabs 236 and 237 fixed above the
      longitudinal members, it being solely maintained by lateral studs 238
      which slide in vertical elongated apertures 239 in the tabs 237, there
      being no connection in the region of the tabs 236.
PAR  The upper horizontal member 233 bears at its ends between U-shaped
      extensions of the vertical section members 231 and 232 and it is
      maintained integral with the latter by screwthreaded rods 240 which are
      screwed in these extensions and whose conical inner end 241 bears against
      inclined shoulders 242 formed at the two ends of the member 233. These
      shoulders are inclined transversely of the frame in opposite directions,
      the two conical heads also being applied against these shoulders in
      opposite directions under the action of regulating handwheels 243. The
      member 233 does not bear directly on the vertical members 231 and 232 but
      on adjusting screws 244 integral with these vertical members. Each one of
      the four members of the pressure-applying frame carries one or more plates
      245 adapted to bear against the sealing means 228, these plates being
      fixed to a number of shoes 246 integral with rods which are adjustably
      slidable in sleeves 247 fixed to and extending through the members 230 to
      233 of the frame 229.
PAR  With regard to the spreading device 227, it comprises a single member 278
      similar to the member 178 of the first embodiment, this member being
      adapted to be engaged in the longitudinal cavity 107 between the voussoirs
      in the same way as in the first embodiment and under the effect of the
      force exerted by the sealing means 228.
PAR  This jig is employed in the following manner:
PAR  The ball blocks are first adjusted. The ball blocks constituting the web
      support means 223 are adjusted by screwing the tubes 198 in the tubes 197
      in such manner that all of the eight (or six) points of contact of the
      balls pertain to the same cylindrical surface which must be the outer
      surface of the panel. The blocks constituting the bearing means 224 and
      aligning means 224.sup.a for the walls of the voussoirs are also adjusted
      in such manner as to embody, in one case, a support line, and, in the
      other, an alignment plane. The blocks of the bearing means of the
      pivotable series 217.sup.b are also adjusted in such manner as to embody a
      line which, as soon as the stops 205 are in bearing relation, constitute
      with the line of blocks of the fixed series 217.sup.a the exact dimension
      required for the panel in the circumferential direction.
PAR  The lateral frame 194.sup.a -195.sup.a being open under the effect of the
      extension of the cylinder device 202, the voussoirs 219 and 220 are then
      placed in position so that they are supported by the blocks 223 and are
      aligned on the blocks 224.sup.a, the voussoir 219 moreover bearing against
      the blocks 224. Owing to the inclination of the chassis 182, the voussoirs
      bear and align themselves on these blocks merely under the effect of their
      weight. The cylinder device 202 is then retracted so that the ball blocks
      217.sup.b assume the desired position with a suitable absorption of shocks
      by the stops 205. The spreading member 278 is then disposed in the cavity
      107 between two voussoirs and the sealing means 228 and its frame 229 are
      closed with a clamping effect achieved by means of the handwheels 243.
      This clamping is sufficient to force the member 278 into the cavity and
      cause it to perform its function as a spreading means applying the two
      voussoirs 219 and 220 respectively against the bearing ball blocks of the
      series 217.sup.a and 217.sup.b. This clamping moreover ensures a perfect
      application of the plates 245 and consequently of the sealing means 228
      against the voussoirs. Note that the adjusting screws 244 prevent by their
      position an excessive clamping of the frame and, moreover, the clamping of
      the latter has all the desirable independance of the chassis owing to the
      fact that its lower member 230 is solely guided between the tabs 236 and
      237.
PAR  This sealed application of the sealing means combined with the spreading
      apart of the voussoirs thus provides between the adjacent walls of the
      latter a single cavity which is then filled with a connecting material in
      a manner similar to that of the first embodiment. As soon as the two
      voussoirs are rendered interconnected by means of this material, the
      pre-assembled panel may be withdrawn from the jig after tilting the ball
      blocks 217.sup.b under the effect of an extension of the cylinder device
      202. Note in this respect the interest of this pivoting arrangement from
      the point of view of both the positioning of the voussoirs and the
      withdrawal of the assembled panel, the longitudinal ends of the voussoirs
      and of the panel encountering no obstacle in these operations.
PAR  Note, moreover, that the ball blocks 224.sup.a are provided only on one of
      the transverse sides of the panel 221 whereas two series 118.sup.a and
      118.sup.b thereof were provided on each side of the panel in the first
      embodiment described hereinbefore. This simplification results from the
      fact that the panel has only a single voussoir in the longitudinal
      direction of the lining so that, owing to the allowed voussoir casting
      tolerances, it will be in any case necessary to proceed to a surfacing of
      one of the transverse sides of the panel, which explains the possibility
      of not providing bearing means on this side.
PAR  Another result of the foregoing is that, in the second embodiment, the ball
      blocks 224.sup.a perform solely a function of aligning the two voussoirs
      whereas in the first embodiment the ball blocks 124 of the series
      118.sup.a and 118.sup.b perform the function of bearing means.
CLMS
STM  Having now described my invention what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. A method for constructing a bore lining from elementary voussoirs
      comprising pre-assembling the voussoirs into panels in the factory by
      means of a voussoir connecting material interposed between the voussoirs
      and capable of maintaining the voussoirs assembled, each one of the panels
      comprising at least two voussoirs which are in adjacent relation and
      interconnected by said connecting material in at least one of
      circumferential and axial directions and, after transfer of the panels to
      the construction site, directly laying the pre-assembled panels in the
      bore so as to form the lining, the pre-assembly of said two voussoirs
      comprising starting with two voussoirs whose lengths in said one direction
      are such that if the two voussoirs were put in direct contact with each
      other in said one direction the outside dimension of the two contacting
      voussoirs would be less than the desired outside dimension of the panel,
      placing said two voussoirs in adjacent relation in said one direction in a
      jig comprising two opposed bearing means which are capable of defining the
      desired outside dimension for the panel in said one direction, said two
      voussoirs being brought into contact with said bearing means and the panel
      being brought to the desired outside dimension in said one direction by
      interposition of voussoir-separating means between said two voussoirs so
      as to urge said two voussoirs in said one direction against said two
      bearing means, and interposing said connecting material in a gap formed
      between said two voussoirs thus urged against said two bearing means.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the connecting material
      comprises hardenable adhesive.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein the adhesive is injected between
      the voussoirs after placing the voussoirs in contact with said bearing
      means.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the connecting material
      comprises bands of adhesive cement capable of hardening.
NUM  5.
PAR  5. A method as claimed in claim 2, wherein the connecting material
      comprises bands of compressible material capable of hardening.
NUM  6.
PAR  6. A method as claimed in claim 2, comprising, after the adhesive has been
      applied and has hardened, completing the assembly of the voussoirs by a
      bolting of the voussoirs.
NUM  7.
PAR  7. A method as claimed in claim 1, wherein the connecting material
      comprises a welded joint between the two voussoirs.
NUM  8.
PAR  8. A voussoir for assembling with other voussoirs to form a lining,
      comprising a web having the general shape of a portion of a cylinder, a
      rectangular frame having walls integral with the web and substantially
      perpendicular to the web, a pair of said walls being parallel walls
      extending circumferentially of said cylinder and a pair of said walls
      being parallel walls extending axially of said cylinder, a first groove
      which is provided in at least one wall of each of said parallel pairs of
      said walls of the frame and is substantially parallel to said cylinder for
      receiving connecting material which is also a filling material for
      interconnecting the voussoirs, and a substantially radially extending
      second groove which is provided in each of the walls provided with the
      first groove and puts an outer edge of the wall remote from the web in
      communication with the first groove.
NUM  9.
PAR  9. A voussoir as claimed in claim 8, for acting as a centre voussoir or as
      a voussoir adjacent the centre voussoir in the direction circumferentially
      of said cylinder, wherein at least one of said walls which extends axially
      of said cylinder has a first aperture, a second aperture, a key which has
      a cranked portion extending through the second aperture and outwardly
      beyond said one of said walls keying engagement with a neighboring
      voussoir, and a second portion bearing flat against one wall and defining
      a third aperture, and a bolt extending through the third aperture and the
      first aperture for holding the key in position and for engaging in an
      aperture in said neighbouring voussoir.
NUM  10.
PAR  10. A voussoir as claimed in claim 8, wherein at least one of the
      circumferential walls has at a free end of the wall remote from the web a
      set-back surface.
NUM  11.
PAR  11. A voussoir as claimed in claim 8, wherein at least one of its axial
      walls has at a free end of the wall remote from the web a portion of a
      set-back surface.
NUM  12.
PAR  12. A method for constructing a bore lining from elementary voussoirs
      comprising pre-assembling the voussoirs into panels in the factory by
      means of a voussoir connecting material interposed between the voussoirs
      and capable of maintaining the voussoirs assembled, each one of the panels
      comprising at least two voussoirs which are in adjacent relation and
      interconnected by said connecting material in at least one circumferential
      and axial directions and, after transfer of the panels to the construction
      site, directly laying the pre-assembled panels in the bore so as to form
      the lining, the pre-assembly of said two voussoirs comprising starting
      with two voussoirs whose lengths in said one direction are such that if
      the two voussoirs were put in direct contact with each other in said one
      direction, the outside dimension of the two contacting voussoirs would be
      less than the desired outside dimension of the panel, placing the two
      voussoirs in adjacent relation in said one direction in a jig comprising
      two opposed bearing means which are capable of defining the desired
      outside dimension of the panel in said one direction, and producing, with
      the aid of means interposed between the two voussoirs and capable of
      urging the two voussoirs apart such distance that said outside dimension
      exceeds said desired outside dimension, a relative movement between the
      two voussoirs and said two bearing means in said one direction so as to
      apply the two voussoirs against said two bearing means when said two
      bearing means define said desired outside dimension, said connecting
      material being interposed between the two voussoirs.
NUM  13.
PAR  13. A method as claimed in claim 12, wherein said means interposed between
      the two voussoirs are of elastically yieldable material whereby the two
      voussoirs are yieldingly applied against the two bearing means.
NUM  14.
PAR  14. A method as claimed in claim 1, comprising applying sealing means
      against the two voussoirs to close the interior of the gap from the
      exterior and injecting said connecting material into the interior of the
      gap through a single orifice.
NUM  15.
PAR  15. A method for constructing a bore lining from elementary voussoirs
      comprising pre-assembling the voussoirs into panels in the factory by
      means of a voussoir connecting material interposed between the voussoirs
      and capable of maintaining the voussoirs assembled, each one of the panels
      comprising at least two voussoirs which are in adjacent relation and
      interconnected by said connecting material in at least one of
      circumferential and axial directions and, after transfer of the panels to
      the construction site, directly laying the pre-assembled panels in the
      bore so as to form the lining, the pre-assembly of said two voussoirs
      comprising starting with two voussoirs whose lengths in said one direction
      are such that if the two voussoirs were put in direct contact with each
      other in said one direction, the outside dimension of the two contacting
      voussoirs would be less than the desired outside dimension of the panel,
      placing the two voussoirs in adjacent relation in said one direction in a
      jig comprising two opposed bearing means which are relatively movable to a
      position for defining the desired outside dimension for the panel in said
      one direction, relatively moving said two bearing means to said position
      for defining said desired outside dimension for the panel, interposing
      between the two voussoirs voussoir-separating means to urge the voussoirs
      against the two bearing means in said position of the bearing means and
      interposing said connecting material in a gap formed between the two
      voussoirs upon application of the voussoirs against the bearing means.
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ABST
PAL  An offshore oil production platform comprising one section disposed on the
      sea bed and another section connected to the one section and projecting up
      above the sea surface. The one section consists of a plurality of
      prefabricated units comprising at least one tank divided into a plurality
      of compartments and having a peripheral wall the thickness of which is not
      adapted to withstand full water pressure with the tank empty in the
      submerged state, and at least one compartment in the tank has a
      peripherial wall the thickness of which is adapted to withstand full water
      pressure when empty in the submerged state.
BSUM
PAR  The invention relates to an offshore oil production platform comprising a
      first section which is disposed on the sea bed and a second section which
      is connected to the first section and projects above the surface of the
      sea, the first section consisting of a plurality of prefabricated units of
      steel or concrete which, in the floating state, are interconnected and
      comprises at least one tank which is divided into a plurality of
      compartments.
PAR  In the exploitation of oil on the sea bed at great depths, the drilling of
      necessary holes is carried out from floating platforms and the recovery of
      the oil is carried out by apparatus disposed on the sea bed. From such
      apparatus, the oil and/or gas is conducted to the surface through pipes
      for loading onto ships by means of anchored buoys or tank units or is
      conveyed to land via pipe-lines. This requires underwater stations where
      personnel must carry out complex operations under great pressure. Further,
      the means wherein the personnel are to be accommodated and are to work
      must be ensured normal air supply and be provided with safe transport to
      and from the sea bed.
PAR  The necessary transport can be carried out by means of diving bells or
      under-water vessels, however, this is time-consuming and expensive and
      entails risk of both pollution and accidents having grave consequences.
PAR  The object of the invention is, therefore, to provide a production platform
      of the type described hereinabove which permits the use of known working
      methods for oil and gas production at greater depths and under normal
      conditions.
PAR  According to the invention this is achieved in that the tank, in the first
      part thereof, has a peripheral wall the thickness of which is not adapted
      to withstand full water pressure when the tank is empty and submerged, and
      that at least one compartment in the tank has a peripheral wall the
      thickness of which is adapted to withstand full water pressure when the
      compartment is empty and submerged. In this manner, with relatively
      reasonable material consumption and expedient ballasting by water and/or
      gas filling of the tanks, it is possible to submerge the first section to
      the desired contact with the sea bed.
PAR  According to the invention, in several compartments in the tank, the
      partition walls in the compartments between the peripheral walls of the
      tank and the central compartment may be of a thickness which is not
      adapted to withstand full water pressure when empty and submerged.
PAR  According to the invention, for further stabilization during submersion and
      support of the other section, at least the central compartment can extend
      upwardly substantially above the height of the remainder of the tank, and
      form internal connection to the second section.
PAR  According to the invention, in order to increase the tank capacity and
      further stabilize the submersion, each unit may have at least one further
      tank of smaller cross-sectional area and greater height than the main tank
      and a peripheral wall which is adapted to withstand full water pressure
      when empty and submerged.
PAR  According to the invention, in order to adapt the second part of the sea
      depth, the second section can be self-supporting in that it floats in the
      water and, in addition to the said connection, is secured by cables to the
      first section.
PAR  In this manner, a slidable connection between the two sections is achieved
      the upper portion of the second chamber comprising a chamber for the
      personnel and necessary equipment can be received and stored therein.
DRWD
PAR  An embodiment example of the invention is further explained hereinbelow
      with reference to the drawings.
PAR  FIG. 1 is a view of a production platform according to the invention.
PAR  FIG. 2 is a horizontal projection in partial section of the first section
      of the production platform of FIG. 1.
PAR  FIG. 3 shows in the same manner as FIG. 1 a second embodiment example of a
      production platform according to the invention.
PAR  FIG. 4 is a horizontal projection of the production platform of FIG. 3.
DETD
PAR  As illustrated, the production platform according to the embodiment of
      FIGS. 1 and 2 consists of an octagonal base plate 1 which is assembled
      from four quadrants 2 two of which are illustrated in horizontal elevation
      and two in cross-section in FIG. 2. Each quadrant has a main tank 3 the
      peripheral wall of which is not adapted to withstand full water pressure
      with empty tank in the submerged state, for example, at a depth of 250
      meters. In each main tank 3, two concentric compartments 4 and 5 are
      concentrically arranged, the peripheral walls of which are not in contact
      with the peripheral wall of the main tank, and are adapted to withstand
      full water pressure when empty in the submerged state, the height of said
      tanks extending substantially above the main tank 3, and said tanks are
      provided with extensions 6, the upper ends 7 of which are provided with
      support members 8 for the column 9 of the second section and provide
      passage thereto. Furthermore, the base plate 1 is provided with four
      further tanks 10, the peripheral walls of which are also adapted to
      withstand full water pressure when the tank is empty and submerged. Along
      the circumference of the base plate 1, flaps 11 are hinged which, in their
      upwardly pivoted state define storage for ballast and stabilizing material
      which is released onto the sea bed to stabilize the sea bed and prevent
      erosion around and under the base plate.
PAR  The second section consists of a pipe 9 the lower end of which projects
      downwardly, telescopically displaceable, into a central tank 12 the
      peripheral wall of which is adapted to withstand full water pressure when
      empty and submerged. The pipe 9 is supported in sleeve-shaped members 13,
      14 which are supported by support members 8. The upper end of the pipe 9
      is provided with a platform 15 for crew accommodation, etc., and is
      further supported on the first section by means of cables 16.
PAR  By means of ballast material and its own weight, the production platform
      will float at a level with the upper edge of the main tanks 3 and, on
      filling these with water, the entire unit is submerged in accordance with
      the water filling the main tanks 3 and, when these are full, the outer
      water pressure is transferred to the peripheral wall in the compartment 4
      therewithin so that the peripheral wall in the main tanks 3 is relieved
      and does not need to withstand full water pressure on the sea bed and be
      of lesser dimension than the peripheral walls of the other tanks. Due to
      the large diameter of the main tank, for example 45 meters, a substantial
      weight and material saving is thus achieved. When the main tanks 3 are
      filled, the unit floats at a level with the upper edge of the tanks 10, so
      that the extensions 6, support members 8 and the other sections 9, 15 are
      above the surface of the water. By filling the compartments 4 with water,
      the unit is submerged to the sea bed and any adjustment of the base plate
      to horizontal position can be carried out in that the filling of the
      compartments 4 is regulated. The intermediate space between the sea bed
      and the base plate can be filled with concrete injections through the
      central compartment 5 in the main tanks. Due to the ballast material, the
      centre of gravity of the entire unit will be below the centre of buoyancy
      so that the necessary stability during submersion is achieved. When the
      entire unit has reached the desired position on the sea bed, all the
      tanks, with the exception of the central compartment 5 with extensions 6,
      support members 8 and pipe 9, are filled with water as ballast for
      compensation of the air in parts 6, 8, 9. The drilling is carried out
      through the bottom of the compartments 5 and storage of oil occurs in that
      the oil displaces the water in the tanks. Ventilation channels and pipes
      for oil or gas, respectively, are passed through the support members and
      the pipe 9, which is also provided with transport means for crew and
      equipment. The platform 15 can also be provided with cranes and apparatus
      for loading and unloading of equipment and machinery for drilling, etc.
      Around the upper part of the pipe 9, a platform 17 can be mounted at a
      level which facilitates access to the production platform from vessels.
PAR  The embodiment of FIGS. 3 and 4 is intended for lesser depth than the
      embodiment of FIGS. 1 and 2 but corresponds substantially to this
      embodiment, with the exception that, in the main tanks, the radial support
      walls are removed in order to save weight and concrete respectively.
      Further, the second section is formed as an extension of the first section
      with at least two tubular columns which support the platform. The same
      reference numbers are used, therefore, for the corresponding parts of the
      production platform of FIGS. 3 and 4 as of FIGS. 1 and 2.
PAR  As will be apparent from the upper right-hand quadrant of FIG. 4, the
      compartments 4 can be arranged eccentrically and any of the compartments 4
      and 5 can be formed as an extension of the first section as the column for
      supporting the platform.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. Offshore oil production platform comprising a first section disposed on
      the sea bed and a second section connected to the first section and
      projecting up above the sea surface, the first section consisting of a
      plurality of interconnected prefabricated units of steel or concrete and
      comprises at least one tank which is divided into a plurality of
      compartments, characterized in that the tank in the first section has a
      peripheral wall the thickness of which is not adapted to withstand water
      pressure with the tank empty and submerged, and at least one compartment
      in the tank has a peripheral wall the thickness of which is adapted to
      withstand full water pressure when empty and submerged.
NUM  2.
PAR  2. Production platform according to claim 1, and partition walls in the
      tank defining compartments between the peripheral wall of the tank and the
      last-named compartment, said partition walls being of a thickness which is
      not adapted to withstand full water pressure when the tank is empty and
      submerged.
NUM  3.
PAR  3. Production platform according to claim 2, characterized in that at least
      the last-named compartment extends upwardly to a height substantially
      above the remainder of the tank and forms support of and internal
      connection to the second section.
NUM  4.
PAR  4. Production platform according to claim 3, characterized in that each
      unit has at least one further tank of smaller cross-sectional area and
      greater height than the main tank, the peripheral wall of said further
      tank being adapted to withstand full water pressure with the tank empty
      and submergd.
NUM  5.
PAR  5. Production platform according to claim 4, characterized in that the
      second section is selfsupporting, in that it floats in the water and, in
      addition to the said connection, is secured by cables to the first
      section.
NUM  6.
PAR  6. Production platform according to claim 1, characterized in that said
      tanks and compartments are of circular cross section and have parallel
      axes.
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ABST
PAL  A method and means for installing a post, pole, or the like in a hole
      having fluid. A plurality of bracelet members are attached to the post.
      Each of the bracelet members have a covering and an elastomeric material
      for expanding which is encased in the covering.
PARN
PAR  This is a continuation-in-part application of my co-pending application
      Ser. No. 487,543, filed July 11, 1974 abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is related to a method and means for installing a post. More
      specifically, this invention provides a method and means for installing a
      post, a pole, or the like, in a hole having fluid.
PAR  2. Description of the Prior Art
PAR  Conventional means and methods for installing a post, a pole, or the like,
      include mixing a cement with water on the surface of the earth to produce
      a cement slurry which is dumped in the annulus situated between the hole
      and outside of the pole. Such prior art means and methods make use of a
      cement truck, rocks, sand and/or gravel. These conventional means and
      methods are uneconomical because of the cost of leasing a cement truck and
      the quantity of cement, rocks, and sand needed, and the time while mixing
      and performing the cementation and waiting for the cement slurry to
      set-up. Good cement jobs are not guaranteed by conventional installing
      means and methods and quite often additional cement jobs are necessitated
      because of excessive cracking, deterioration, and etc. Therefore, what is
      needed and what has been invented by me is a method and means for
      implanting a pole, a post, or the like, without the deficiencies
      associated with the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention accomplishes its desired objects by broadly providing
      a method and means for installing a post, pole, or the like, in a hole
      having fluid which comprises a plurality of bracelet members attached to
      the pole. Each of the bracelet members include a covering and an
      elastomeric means for expanding. The elastomeric means for expanding is
      encased in the covering.
PAR  It is therefore an object of the present invention to provide a method and
      means for installing a post, a pole, or the like, which generally produces
      no "bad" cement jobs.
PAR  It is another object of the present invention to provide a method and means
      for installing a post, pole, or the like, in a hole having a fluid in
      order to mount a fence, a sign, or the like, on the post.
PAR  It is yet another object of the present invention to provide a method and
      means for installing a fence post, or flag pole, or the like, which is
      much more economical than conventional methods and means.
PAR  These, together with various ancillary objects and features which will
      become apparent to those artisans possessing ordinary skill in the art as
      the following description proceeds, are attained by this novel method and
      means for implanting a post, a preferred embodiment being shown in the
      accompanying drawings, by way of example only, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged perspective view of a bracelet member having a casing
      or cover enclosing a swelling or an elastomeric agent;
PAR  FIG. 2 is a horizontal sectional view taken along the line 2--2 in FIG. 5;
PAR  FIG. 3 is a horizontal sectional view taken along the line 3--3 in FIG. 5;
PAR  FIG. 4 is a horizontal sectional view taken along the line 4--4 in FIG. 6;
PAR  FIG. 5 is a partial vertical sectional view of a post having a plurality of
      compressed bracelet members attached thereto which include a covering
      having a protective coating therein;
PAR  FIG. 6 is a partial enlarged vertical sectional view of a fence having two
      poles, each of which having bracelets attached thereto in an expanded
      situation after the protective coating has been dissolved by the fluid
      allowing same to pass through the covering and mix with the swelling
      agent;
PAR  FIG. 7 is a partial vertical sectional view of a post having a bracelet
      attached thereto which has a protective coating enclosing cement;
PAR  FIG. 8 is a horizontal sectional view taken along the line 8--8 in FIG. 7;
      and
PAR  FIG. 9 is a partial vertical sectional view of the post in FIG. 7 with the
      protective coating of the bracelet dissolved by the fluid, allowing the
      cement to mix with the fluid to produce a cement slurry.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring in detail now to the drawings wherein like or similar parts of
      the invention are identified by the same reference numerals, a post 10,
      having a plurality of bracelet members 12, a sign 14 or a wire (paged)
      fence 15 attached thereto, is situated within a hole 16 augered in a
      terrane 18. Each bracelet 12 includes a perforate (e.g. burlap) or
      imperforate covering 20 and/or a protective coating or wrapping 22 with a
      swelling or elastomeric agent 24 encased therein. Hole 16 contains a fluid
      26 which may include water, acid, chemicals, or the like, for reacting
      and/or dissolving the protective coating 22 after a predetermined time has
      elapsed to allow the swelling agent 24 to come into contact with the fluid
      26 and expand to hold the post 10 firmly in place in the hole 16. Swelling
      agent 24 may be a cement which forms a cement slurry 28 after mixing with
      the fluid 26.
PAR  With continual reference to the drawing for operation of the invention,
      bracelets 12 are attached to the post 10 before situating in the hole 16.
      The bracelet covering 22 may be either perforate or imperforate.
PAR  FIGS. 5 and 6 disclose one preferred covering embodiment of the bracelets
      12 wherein post 10 is wrapped with a 1 to 6 inch wide burlap, or similar,
      covering 20 having a swelling agent compound 24 encased therein which will
      expand to at least twice its size when exposed to the fluid 26. Fluid 26
      may be placed in hole 16 either before or after post 10 is inserted
      therein. The swelling agent compound 24 may be any means for expanding
      which are well known to those skilled in the art such as the following:
      kaolin, gel, sodium montmorillonite or any montmorillonite clay, salts
      including sodium or calcium chloride, plastics which swell upon heating,
      cement, and mixtures of the foregoing.
PAR  In this perforate covering embodiment of the invention bracelets 12 include
      a protective coating 22 which will dissolve at a certain temperature or
      after a predetermined time in order for the fluid 26 (i.e. water, acid,
      chemicals, etc. or mixtures thereof) to seep through the perforate
      covering 20 and come into contact with the swelling agent 24 which expands
      to either enlarge or burst the covering 20. The protective coating 22 may
      be any suitable coating which deforms or melts to allow seepage of the
      fluid 26 through the perforate covering 20. In a preferred embodiment of
      the invention the protective coating is a wax having a predetermined
      melting temperature. Warm or hot fluid 26 can be poured into hole 16 to
      melt the wax. Any wax species well known to those in the art may be
      utilized such as those found in the various editions of Kirk-Othmer
      Encyclopedia of Chemical Technology, By Interscience Publishers, a
      division of John Wiley & Sons, Inc., New York--London.
PAR  After the swelling agent 24 has expanded it will "set up" and be able to
      hold and implant the post 10 in the hole 16. Sign 14 or fence 15 may
      subsequently be attached to the post 10. The tensile strength of the
      bracelets 12 will be supplemented by the pressure strength of the
      compressed fluid 26 entrapped between the expanded bracelets 12 which are
      preferably spaced 1 to 3 inches apart. This can be clearly seen in FIG. 6.
PAR  FIGS. 7 and 9 disclose another preferred covering embodiment of the
      bracelets 12 wherein bracelets 12 include a material expansion means 24
      which can be wrapped around the post 10 tightly in a compressed manner. In
      a preferred embodiment of the invention the material expansion means is
      either sponge or soft rubber which is capable of being held in a
      compressed position (as seen in FIG. 3) while placing the post 10 in the
      hole 16 by some sort of a protective coating (or some sort of wrapping)
      which is capable of being dissolved by pouring an acid (e.g. sulphuric,
      hydrochloric, etc.) to react with the coating or wrapping to dissolve same
      in a predetermined time. After the protective covering or coating is
      dissolved, the compressed material expansion means 24 expands against the
      side of the drilled hole 16 as illustrated in FIGS. 4 and 9. Also
      illustrated in FIG. 9 is a cement slurry 28 being upheld by the bottom of
      hole 16 after the protective coating or covering of cement swelling agent
      24 in FIG. 8 has been dissolved to allow the dry cement to mix with the
      drilling fluid 26 preferably water, to form the slurry 28. The cement
      slurry 28 may be upheld by an expanded means 24 (vice the bottom of hole
      16) after the protective coating or covering has been dissolved; this is
      not shown in the drawings but is clearly shown in the drawings or my
      co-pending patent application. The entire joint of post 10 in FIG. 7 can
      be wrapped with protected dry cement if deemed necessary.
PAR  There are various embodiments of use for the bracelets 12. One use
      embodiment is to utilize a swelling agent 24 including a mixture of a
      clay, such as bentonite which swells to 12 to 14 times its original volume
      when water is added, in conjunction with a cement. This mixture will
      harden after expanding. Another use embodiment is to use alternating
      layers of the swelling agent 24 having bentonite and the swelling agent 24
      consisting of cement. This method of using depends on the expansion of the
      bentonite swelling agent to compress the cement swelling agent out against
      the side of the augered hole 16 before setting up. Still yet another use
      is to have, as aforementioned, the sponge, rubber, or bentonite swelling
      agent at the bottom of the post 10 for swelling against the wall, and the
      bracelet or bracelets 12 above containing only dry cement in order to
      produce a cement slurry (after dissolution of the bracelet coating) which
      settles downward where it will be either upheld by a bottom bracelet (not
      shown in the drawings) or the bottom of hole 16 until it sets up between
      the post 10 and the side of the hole 16. Of course the setting time of the
      cement can be either retarded or accelerated by additives well known to
      those skilled in the art.
PAR  While the present invention has been described herein with reference to
      particular embodiments thereof, a latitude of modification, various
      changes and substitutions are intended in the foregoing disclosure, and it
      will be appreciated that in some instances some features of the invention
      will be employed without a corresponding use of other features without
      departing from the scope of the invention as set forth.
CLMS
STM  I claim:
NUM  1.
PAR  1. A means for installing a post, pole, or the like, in a hole having a
      fluid which comprises;
PA1  a plurality of bracelet members attached to the post;
PA1  a covering over each of said bracelet members, said covering having a
      protective coating that will dissolve in the fluid after a predetermined
      time has elapsed; and
PA1  elastomeric means in said bracelet members for expanding, said elastomeric
      means encased in said covering, said elastomeric means when coming into
      contact with the fluid expanding to hold the post firmly in place in the
      hole.
NUM  2.
PAR  2. The means of claim 1 wherein said covering is a perforate covering.
NUM  3.
PAR  3. The means of claim 1 wherein said fluid includes an acid which will
      react with said covering and dissolve it in a predetermined time.
NUM  4.
PAR  4. The means of claim 1 wherein said means for expanding is selected from
      the group consisting of sponge and rubber; said sponge and rubber being
      held in a compressed position while said pole, post, or the like, is being
      situated into said hole for installation.
NUM  5.
PAR  5. The means of claim 1 wherein at least one of said plurality of bracelet
      members include said elastomeric means comprising dry cement, said dry
      cement after said covering dissolves mixes with said fluid to produce a
      cement slurry to be hardened around said post, pole or the like.
NUM  6.
PAR  6. The means of claim 1 wherein said perforate covering includes burlap.
NUM  7.
PAR  7. The means of claim 1 wherein said means for expanding is selected from
      the group consisting of kaolin, gel, sodium montmorillonite,
      montmorillonite clay, plastics which swell upon heating, cement, and
      mixtures thereof.
NUM  8.
PAR  8. The means of claim 1 wherein said protective coating includes a wax
      means which melts at a predetermined temperature.
NUM  9.
PAR  9. A process for installing a post, pole, or the like, in a hole having a
      fluid in order to mount a fence, a sign, or the like, on the post, which
      comprises attaching a plurality of bracelet members to said post as same
      is being placed into said hole, each of said bracelet members include a
      covering and an elastomeric means for expanding said means for expanding
      being encased in said covering and expanding said bracelet members to
      secure the post in the hole.
NUM  10.
PAR  10. The process of claim 9 wherein said covering is a perforate covering.
NUM  11.
PAR  11. The process of claim 10 wherein said perforate covering includes
      burlap.
NUM  12.
PAR  12. The process of claim 10 additionally including selecting said means for
      expanding from the group consisting of kaolin, gel, sodium
      montmorillonite, montmorillonite clay, plastics which swell upon heating,
      cement, and mixtures thereof.
NUM  13.
PAR  13. The process of claim 9 wherein said covering additionally includes a
      protective coating.
NUM  14.
PAR  14. The process of claim 13 additionally including dissolving said
      protective coating in said fluid after a predetermined time has elapsed to
      allow said means for expanding to come into contact with said fluid and
      expand to hole said post firmly in place in said hole.
NUM  15.
PAR  15. The process of claim 13 additionally including melting said protective
      coating at a predetermined temperature.
NUM  16.
PAR  16. The process of claim 15 wherein said protective coating comprises a
      wax.
NUM  17.
PAR  17. The process of claim 9 wherein said covering is an imperforate
      covering.
NUM  18.
PAR  18. The process of claim 17 additionally including dissolving said
      imperforate covering in said fluid after a predetermined time has elapsed
      to allow said means for expanding to expand against the side of said hole.
NUM  19.
PAR  19. The process of claim 18 additionally including reacting said covering
      with an acid to dissolve same in a predetermined time, said acid being
      contained within said fluid.
NUM  20.
PAR  20. The process of claim 18 additionally including holding said means for
      expanding in a compressed position while said post is being placed into
      said hole for implantation.
NUM  21.
PAR  21. The process of claim 20 wherein said means for expanding is selected
      from the group consisting of sponge and rubber.
NUM  22.
PAR  22. The process of claim 18 wherein at least one of said plurality of
      bracelet members include said elastomeric means comprising dry cement.
NUM  23.
PAR  23. The process of claim 22 additionally including mixing said dry cement
      with said fluid to produce a cement slurry to be hardened around said
      post.
NUM  24.
PAR  24. The process of claim 18 additionally including attaching a fence to
      said post.
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ABST
PAL  The pile comprises a strainer tube connected through a sealing grout to a
      reinforcement part inside said tube which is held in the surrounding
      ground by injections of an anchorage grout and by injections of a
      tightening grout.
BSUM
PAR  This invention relates to means embodied for the support of works which are
      either built or under construction and which cannot be directly supported
      by the ground.
PAR  To solve the above mentioned problem, it is usual to make pits in the
      grounds in which are raised or built piles made of reinforced concrete or
      bodies of foundation in conventional masonry. Such a method enables to
      realize a strong support ensuring a good steadiness to the work to be
      realized or strengthened. But it shows a number of disadvantages. In fact,
      when the work to be supported causes a small overlead to the ground unit
      area, the piles or bodies require superabundant foundations and
      consequently are very expensive. On the other hand, such a construction
      does not provide to realize piles or foundation bodies of small sizes. It
      is thus not possible to realize a foundation of a semi-continuous type,
      comprising close supporting points having a small supporting surface.
PAR  Another disadvantage lies in the fact that in many cases, it is not
      possible to realize conventional piles or foundations because of
      difficulties to access to the work sites. Actually obstructions on the
      work sites or also the presence of obstacles, either overhead or buried in
      the ground, reduce the available area for the management of the works.
PAR  This invention copes with the above mentioned by creating a new support and
      foundation pile which can be made and embodied in a very short period of
      time on a work site without requiring to bring very heavy materials or to
      cause an important obstruction.
PAR  According to this invention, the composite pile is characterized in that it
      comprises a strainer tube made of steel and connected by a sealing grout
      to a reinforcement part also made of steel and provided inside said tube
      which is held in the surrounding ground by injections of an anchor grout
      made in superposed zones on the lower portion of the tube located in a
      so-called good ground and by securing or cohesion injections performed at
      level of the upper portion of the tube located in a so-called poor ground,
      said tube forming, with the reinforcement part and the sealing grout, an
      anchor head protruding from the ground and provided to be fixed to the
      work to be supported by said pile.
PAR  This invention also relates to a method for the manufacture of a pile on a
      work site.
PAR  Various other features of this invention are moreover shown in the
      following detailed description.
DRWD
PAR  Embodiments of this invention are shown by way of non-restrictive examples
      in the accompanying drawings, in which:
PAR  FIGS. 1 - 4 are sectional-elevation views showing different steps of a
      manufacturing method according to this invention.
PAR  FIG. 5 is a sectional-elevation view illustrating a finished composite
      pile.
PAR  FIGS. 6 and 7 are two sectional-elevation views showing a variant of
      manufacturing the pile.
DETD
PAR  FIGS. 1 - 4 show a first example of manufacturing a pile according to this
      invention, and provided to form, in cooperation with other similar piles,
      the foundations of a work having to be built on a ground S whose
      underground comprises a bed B of an unsteady nature and without any
      cohesion which cannot ensure a good supporting surface for a work to be
      made thereupon. According to a first step of the manufacturing method, a
      boring 1 is made into the ground S and is preferably made with a dry
      drill, i.e. without any injection of boring fluid, to pass through the bed
      B having a poor support and extend on a sufficient depth inside the strong
      bed B.sub.r or a strong cohesion subjacent to bed B. Then a strainer tube
      2 is placed in the boring 1, as shown in FIG. 2, said tube 2 having a
      diameter smaller than that of the boring but a length higher than the
      depth of the boring. The strainer tube 2 is then held inside the boring 1
      by means of a grout 3 to provide a kind of sheath for example formed with
      a base of concrete, to constitute after its hardening a covering
      establishing a good connection between the tube 2 and the peripheral wall
      of the boring 1 and preventing any raise of grout during further
      injections.
PAR  FIG. 3 shows another step of construction, in which an injection stick is
      used to provide a closer connection between the strainer tube 2, the
      sheath grout 3 and the surrounding ground. Although not shown, the stick
      comprises an injection rod to delimit, after its introduction into the
      strainer tube 2, a tight annular cell able to be brought in coincidence
      successively with series of radial holes 4 made according to regularly
      spaced transverse planes, in the strainer tube 2. According to a preferred
      embodiment, the tip of the injection stick is introduced into the strainer
      tube 2 to be placed at a level of the lower series of holes 4, so to
      realize an injection 5 of concrete or other suitable material delivered at
      a pressure depending on the vertical load supported by the zone of ground
      to be passed through and also on the nature of said ground. Concrete is
      thus brought to pass through the various holes 4, and then to perforate
      the sheath grout 3 before being spread in the surrounding ground of the
      strong bed B.sub.r according to a radial influence zone of a low thickness
      surrounding the boring 1. The process is the same for each of the series
      of holes 4 corresponding to the strong bed B.sub.r in order to realize
      anchor injections ensuring a strong connection between the surrounding
      ground, the sheath grout 3 and the tube 2. In the example illustrated in
      FIG. 3, are made three similar injections 5 - 5.sub.1 - 5.sub.2, but it is
      obvious that any other number of injections can be made depending on the
      penetration depth of the boring 1.
PAR  A second step of the same stage of the construction method consists then of
      realizing -- at a level of the series of holes 4 corresponding to the bed
      of ground B having a poor support -- an injection 5a - 5b of a filling
      grout of concrete or other suitable material under low pressure ensuring a
      tightening or cohesion effect in view of filling the inner gaps existing
      between the constituents of the grounds. Such a step of the method thus
      provides the peripheral zone of the bed B surrounding the sheath grout 3
      with a good cohesion between the various materials or constituents of the
      surrounding ground and thus establishes on the whole height of the boring
      1 a strong holding of the sheath grout 3 and of tube 2.
PAR  FIG. 4 shows another step of the method according to which a reinforcement
      6 is placed inside the strainer tube 2, which reinforcement 6 can be
      constituted by one or several metal bars. The reinforcement 6 is connected
      to the strainer tube 2 through a sealing grout 7 brought to fill the
      annular volume between the reinforcement 6 and the peripheral inner wall
      of the strainer tube 2.
PAR  After hardening of the various successive grouts there is then obtained a
      composite pile of which the main constituting elements contributing to the
      support of a load are formed by the reinforcement 6 and the strainer tube
      2 connected together by the sealing grout 7 which are held without any
      risk of bending by the outer sheath grout 3 and also by the surrounding
      ground on which the pile is held by the anchor injections 5 - 5.sub.1 -
      5.sub.2 and by the tightening injections 5a - 5b.
PAR  The final step of the method consists then of preparing the upper portion
      of the strainer tube 2 and reinforcement 6 protruding from the ground S,
      in view of forming a head 8 (FIG. 5) designed to be embedded in or fixed
      by any suitable means to a work 9 directly realized on the ground S.
PAR  As appears from the above description, the composite pile according to this
      invention can be quickly made on a worksite without the necessity of using
      heavy complex and expensive installations or materials. The method
      provides a composite pile supporing without any risk of bending, a very
      heavy stress or constraint to compression, since the various constituting
      elements are placed concentrically and held relatively one in relation
      with the others. Thus it is possible to realize close anchorage and
      foundation points having a small capacity to support for example a fragile
      work which could not stand the stresses or torque moments normally imposed
      by spaced bearing points having a greater capacity. It is also possible to
      constitute foundations corresponding exactly to the load of a work to be
      supported and consequently to reduce the cost of such a foundation
      comparatively to that resulting from the embodiment of conventional
      foundations. This invention has another advantage in that the construction
      of the composite pile requires only a small surface on the ground, which
      enables to make strong supports or strong foundations even in the cases
      where the worksites are difficult of access or in the case where obstacles
      are buried in the ground.
PAR  In the first example of embodiment, the work 9 is built on the heads 8 of
      the various composite piles which ensure its support with respect to a bed
      B of a poor support. It is noted that the method of this invention can be
      embodied with the same advantage in the case where it becomes difficult to
      complete or to ensure the support or the foundation of a work already
      built and which it is necessary to protect against any slide or collapse
      of the supporting ground. In such a case represented in FIGS. 6 and 7,
      first is made a boring 1a in such a way to pass through the foundation 10
      of a work directly or indirectly bearing on the bed B having a poor
      support. The boring 1a is made as previously described to pass through the
      bed B of poor support and reach on a sufficient depth the strong ground or
      bed B.sub.r. Then are performed the subsequent operations such as
      described in the first embodiment in view of realizing the composite pile
      whose head 8 is then fixed to the foundation 10 of the built work, for
      example by means of an expansive grout mortar 11 introduced in the space
      provided by the head 8 and the boring made in the foundation 10.
PAR  In the above described embodiment, the boring 1a is made at an angle to the
      vertical to ensure a suitable support or anchorage of a construction
      already realized. It is obvious that it would be possible to obtain the
      same result in making a vertical boring 1a. Also, and according to cases,
      the borings 1 of the example according to FIGS. 1 - 5 can also be inclined
      of a value which may be similar or different for all the composite piles
      of a same foundation or support work.
PAR  Although not shown, the pile can be made by proceeding directly to the
      driving of the strainer tube 2 into the ground. In such a case the
      connection between the strainer tube and the surrounding ground is
      provided by the anchorage injections 5 - 5n and tightening injections 5a -
      5x possibly made after an impregnation operation of the surrounding ground
      on a short influence distance by means of a filling or cohesion grout
      spread in the ground through the series of holes 4.
PAR  The invention is not restricted to the embodiments shown and described in
      detail, for various modifications thereof can moreover be applied thereto
      without departing from the scope of the invention as shown in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for manufacturing a composite pile for supporting a
      construction on the surface of the ground comprising the steps of boring
      the ground to a depth sufficient to reach and penetrate into a coherent
      and strong bed, introducing into the bore a strainer tube of a diameter
      smaller than that of said bore, connecting said tube to the bore through
      an injection of sheath grout, connecting said tube and said sheath grout
      to the surrounding ground through superposed injections of an anchor grout
      made on the lower portion of the tube and sheath grout located in the good
      ground and by at least one injection of a cohesion grout impregnating the
      upper bed of the surrounding ground, said injections being made through
      injection holes disposed in said strainer tube, placing a reinforcement
      part inside said tube, introducing in said tube a sealing grout for the
      reinforcement part, and forming the end portion of the tube, of the
      reinforcement part and the sealing grout raising above the ground to
      provide an anchorage head to be affixed to the construction to be
      supported.
NUM  2.
PAR  2. Method as set forth in claim 1, wherein said boring is made in the
      foundation of a work already built.
NUM  3.
PAR  3. Method as set forth in claim 1 wherein said boring is substantially
      vertical.
NUM  4.
PAR  4. Method as set forth in claim 1 wherein said boring is at an angle to the
      vertical.
NUM  5.
PAR  5. A support and foundation composite pile for supporting a construction on
      the surface of the ground comprising a strainer tube made of steel
      disposed in a bore in the ground having a diameter larger than that of
      said strainer tube, a sheath grout peripherally disposed around said
      strainer tube and filling the space between said strainer tube and the
      wall of said bore, an anchoring grout injected at diverse levels into the
      surrounding ground through injection holes disposed in said strainer tube
      at the lower portion of said tube, a reinforcement part disposed in said
      tube, a sealing grout sealing the space between the inner wall of said
      tube and said reinforcement part, and an anchor head protruding from the
      ground and adapted to be affixed to the construction supported by said
      composite pile, said anchor head being provided by the protruding portion
      of said strainer tube, sealing grout and reinforcement part.
NUM  6.
PAR  6. The support and foundation composite pile of claim 5 further comprising
      securing and cohesion injections of grout disposed at superimposed levels
      at the upper portion of said tube and effected through said injection
      holes.
NUM  7.
PAR  7. The support and foundation composite pile of claim 5 wherein said
      strainer tube is disposed substantially vertically.
NUM  8.
PAR  8. The support and foundation composite pile of claim 5 wherein said
      strainer tube is disposed at an angle to the vertical.
NUM  9.
PAR  9. The support and foundation composite pile of claim 5 wherein said bore
      is formed partly through the foundation of a work already built and said
      anchor head is affixed to said work.
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ABST
PAL  A service module adapted for service work while protecting workers in
      hostile environments utilizes an insulated capsule to be lowered over the
      service area, which capsule contains a work area inside for workmen to
      perform the required service operations. Power and materials are supplied
      to the inside of the capsule by an umbilical connected to external sources
      and the capsule has an entranceway connectable to external transportation
      means to fully protect the workers when transferring into and out of the
      capsule.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When working under less than ideal conditions in hostile environments such
      as in Alaska and the North slope, even the simplest tasks which must be
      performed outdoors during the winter months often involve insurmountable
      difficulties. For instance, with the recent burgeoning of oil exploration
      and production efforts in these cold environments, during such simple
      tasks as wellbore cementing and well servicing, where workmen must move
      outside sheltered areas to work with cumbersome machinery around a well
      site in an unsheltered area, temperatures may range from 50.degree. to
      90.degree. below zero, Farenheit.
PAR  This is particularly true in the construction of the proposed Alaskan
      pipeline across the southern portion of the state of Alaska. Due to the
      destructive effect heavy vehicles have on the unfrozen tundra,
      construction of the pipeline is limited to the time during the winter
      months when the tundra is frozen hard and less susceptible to damage from
      heavy vehicles. Unfortunately, the time period ecologically suitable for
      construction is the most undesirable with respect to safety and comfort of
      the workmen on the construction project.
PAR  For example, at 80.degree. below zero, man's concepts of the environment
      which are normally valid in temperatures above zero, become almost useless
      as the extreme cold affects properties of men, machines and materials
      adversely. Metals which are tough and strong at normal temperatures become
      brittle and weak at 80.degree. below zero. Motor oil turns into an almost
      solid mass. Elastomerics and plastics for the most part become brittle and
      weak. Exposure of a man's bare skin to a sharp wind at this extremely low
      temperature may cause frostbite in only seconds.
PAR  The proposed construction of the Alaskan pipeline involves the boring of
      holes at periodic intervals through the tundra and the grouting-in of long
      piles upon which elevated supports will be constructed to suspend the
      pipeline above ground surface. One particularly suitable method of
      grouting such piles is disclosed in U.S. Pat. No. 3,839,874 in which water
      and then sand are placed around the pile in the borehole and compacted by
      vibration. This method contemplates the location of pumping equipment,
      sand conveying equipment, and operating personnel around the borehole at
      ground surface. The extremely bitter cold at the surface makes working
      with such equipment hazardous and difficult for the workmen grouting the
      piles.
PAR  The present invention solves these problems by providing a sheltered
      working environment with protection against the cold for the workers and
      containing all the necessary apparatus for performing the required
      operations at the borehole location.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a cutaway view of the slurry capsule of this invention;
PAR  FIG. 2 is a pictorial view of a different embodiment of the capsule on a
      trailer carrier;
PAR  FIG. 3 is a partially cutaway view of the embodiment of FIG. 2 after
      transfer from trailer to the borehole site;
PAR  FIG. 4 shows a side elevation of a capsule and accessories on a trailer;
PAR  FIG. 5 is a top view of the apparatus of FIG. 4;
PAR  FIG. 6 is a side cross-sectional view of the invention shown in FIGS. 4 and
      5;
PAR  FIG. 7 illustrates a typical truck rig setup for use with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates one embodiment of the invention in which is disclosed a
      rectangular slurry module 10 having four vertical side walls 11, an
      angular roof 12, and a compound floor 13. Each of the members 11 through
      13 comprises a double wall structure having insulation 14 therein. A
      plurality of jackup systems 15 extend through floor 13 to provide
      adjustable support for the capsule on the surface on which it is located.
PAR  Lateral structural support beams 16 may be located in the walls, ceiling,
      and roof to provide structural integrity for the unit. The slurry capsule
      10 encloses a work area 17 sufficiently large to allow one or more workmen
      to move about therein. The inner walls of the capsule 10 preferably have
      mounted thereon various devices to aid the workmen in performing the
      necessary services at the borehole. For instance, lights and/or heaters 18
      may be mounted near the upper edge of the walls or in the roof member 12.
      Also storage cabinets 19 having intercom speakers 20 may be supported on
      the inner walls.
PAR  A control panel 21 is located along the inner wall of storage cabinet 19.
      Additional heating units may be located along the floor below cabinet 19
      around the inner walls as required. At the top center of the roof section
      12 is attached a hook 22 to which may be attached a crane line for lifting
      and lowering the service module onto the borehole site. On the inside of
      the module near the center of the roof is attached an hydraulic cylinder
      23 from which is suspended the frame system 24 which holds one or more
      telescopic grouting tube assemblies 25 and 26. The grouting tube
      assemblies are designed to extend to a position near the floor of the
      service module.
PAR  Through a wall or through a roof member, or both, pass a plurality of flow
      tubes 27 adapted to carry materials and power supply into the interior of
      the service module. For example, sand lines pass through tube 27 and are
      connected to telescopic tubings 25 and 26 for the introduction of grouting
      sand into the borehole during the grouting process. Tube 28 may provide
      access for water line 29 which may be suspended from a pulley 30 and
      attached to the lower end of grouting tube 25 to provide grouting fluid
      with the sand.
PAR  Likewise, tube 31 allows access to the service module for a second water
      line 32 suspended from pulley 33 and attached to the lower end of grouting
      tube 26 for supplying grouting fluid to the opposite side of the borehole.
      Pulleys 30 and 33 alternately may be replaced by spring loaded hose reels
      to provide flexibility and adjustable length when using the water hoses
      and telescopic grouting tubes. Access tube 34, passing through the roof of
      the service module 10, provides passage of an air hose 35 which is
      connected into control panel 21. Access tube 36 provides access for a
      cement slurry hose 37 which is also connected into the control panel 21.
      Mixing valve apparatus and control panel 21 receives the water and cement
      supply and premixes it according to the operators desire, whereupon it is
      pumped from the panel through slurry supply hoses 38a and 38b into the
      pile or the borehole, whichever the case may be. It is contemplated that
      mixing apparatus and pumping means not shown are located within control
      panel 21 to provide mixing and displacement of the slurry mixture when
      desired. Various controls on the control panel 21 allow the operater to
      dial the desired mixture proportion and pumping rate during the operation.
PAR  A circular or other shaped opening 40 is formed in the bottom structure of
      the service module to allow the service module to be placed over the
      borehole site containing the upwardly extending pile 41. The borehole is
      designated as 42 and forms an open annular area 43 between the hole wall
      and the pile. According to one method of grouting piles in place, an
      electrical actuated vibrator 44 is placed atop pile member 41 to provide
      necessary compaction of the grouting slurry in the borehole.
PAR  An electrical power line 45 passes through the roof of the service module
      to control panel 21 where electrical power to the vibrator is controlled
      by operating personnel. During a typical grouting operation involving a
      borehole and pile, the borehole 42 will be bored through the frozen tundra
      by a special drilling rig and then a pile member 41 will be lowered into
      the hole until it abuts the bottom of the borehole leaving an extended
      portion remaining above the ground surface. Then the service module 10
      will be lowered into place over the extended pile and borehole, with the
      lower center hole 40 passing downward over the pile.
PAR  The jacks 15 which may be hydraulic, pneumatic, or electrically actuated
      are activated to provide leveling and support for the service module. In
      one preferred embodiment, four such jacks were used, one near each corner
      of the rectangular service module. After the module has been leveled and
      the jacks placed into proper supporting position, the telescopic sand
      supply tubes 25 and 26 will be extended downward from frame 24 until they
      are in close proximity to the borehole annulus 43. At that time, water
      lines 29 and 32 will also be properly positioned due to their attachment
      to the lower ends of the grouting tubes 25 and 26. Then sand and water in
      proper sequences and proper ratio are applied to the borehole through
      tubes 25, 26 and hoses 29 and 32 until proper grouting of the pile has
      been performed. Should it become necessary to apply cement slurry into the
      pile for the upper part of the annulus after the sand and water grout has
      been performed, this can be accomplished through the use of control panel
      21, hoses 38a and 38b, and the nozzles attached thereto.
PAR  Thus, it can be seen from the description above, that a self-contained
      working module is provided for working personnel, which module contains
      all of the necessary equipment and supply apparatus for providing the
      necessary grouting of the pile and the borehole. The personnel are allowed
      freedom to move about without bulky clothing but are protected from the
      bitter environment outside of the module. Due to the insulation in the
      walls and the airtight construction and due to the design of the module
      which opens only downward over the borehole, very little protective
      clothing is needed by the workmen. The module being heated also results in
      the various grouting equipment being at rather relatively warm
      temperatures thereby allowing the operators great freedom of use without
      requiring bulky insulated gloves.
PAR  It is contemplated that a bellows type entranceway 46 having an expandable,
      collapsible passage element 47 with a ridged doorway from 48 may be used
      to provide entrance and exit from the slurry capsule. After placement of
      the capsule over the borehole, a life support vehicle such as an
      insulated, heated van type vehicle may be backed up to the service module
      10 until the door of the van mates with the expandable door structure 46
      which may contain magnetic means to attach the door to the support van.
      Thus, once the exit door of the van comes into contact with the bellows 46
      and the magnetic grip of the door 46 seals the door against the van wall,
      workmen may pass from the van through the bellows passage way 47 and into
      the service module thereby completely eliminating the need for the workmen
      to be exposed to the cold environment.
PAR  An inner sliding door or folding door may be provided in the wall of the
      surface module to allow the workmen to pass from bellows entranceway 47
      into the inner work area 17 of the module. Once inside the module, the
      sliding doors can be closed again allowing the life support van to drive
      off from the service module and perform other duties. Preferably, heating
      elements in the module may be activated prior to entrance of the operating
      personnel so that the interior of the module will be prewarmed before the
      workmen begin their job.
PAR  FIG. 2 illustrates another embodiment of the invention similar to the
      embodiment of FIG. 1 except that the service module 10a is cylindrical in
      nature, having a domed cap 50 and a smaller cylindrical upper extension 51
      thereon. A support van 53 is attached by hitch means to a capsule support
      trailer 54 upon which the service module rests during transportation.
      Power supply cables and material hoses passing from support vehicle 53
      into service module 10a may be coiled at 52 on trailer 54. Upon reaching
      the site a crane or hoist hooks into the service module 10a lifting it
      from the trailer and placing it over the wellbore and the pile.
PAR  FIG. 3 illustrates a partial cutaway view of the service module 10a on
      location at the borehole site. In the cutaway area, a workman 55 is
      preparing to grout the annulus around the pile. Telescopic grouting tubes
      25a and 26a have been lowered downward to a funnel-type tube 56 having
      upward and outwardly flared end 57. Pile member 58 is located
      concentrically in tube 56. Water, electric power, cement and air supplies
      enter through tubes and hoses 52.
PAR  FIG. 4 illustrates a modification of the embodiment of FIGS. 2 and 3. In
      FIG. 4, slurry capsule 10a is transported on trailer 54 with the trailer
      54 having at its forward end a hose and equipment storage cabinet 59 and
      at its rear section a cylindrical capsule extension 60. Capsule 60 is
      provided to be placed atop slurry capsule 10a to provide an extended upper
      area for situations where piles 58 may extend a great distance above
      ground. This occurs in areas where the terrain is rough and uneven and, in
      order for the tops of the piles to be level with each other, the top of
      one pile may be only a foot or so above the ground whereas the top of
      another pile may be 6 to 8 feet above the ground.
PAR  FIG. 5 illustrates a top view of the placement of the slurry capsule 10a,
      capsule extension 60 and the storage cabinet 59 on trailer 54. FIG. 6
      illustrates a cross-sectional side view of the slurry capsule 10a in place
      over the borehole. In FIG. 6, the dome lid 61 on the slurry capsule has
      been removed and capsule extension 60 has been placed atop capsule 10a.
      Attachment of the capsule extension 60 to the capsule 10a is achieved by
      means of bolted flange 62. The internal structure and furnishings of the
      capsule 10a and their mode of operation are similar to those of the
      embodiment of FIG. 1. For example, a control panel 63 similar to control
      panel 21 of FIG. 1 is located within the capsule and has means thereon for
      controlling such variables as the rate of injection of the grouting slurry
      or rate of injection of the cement slurry. Capsule 10a may also have a
      hydraulic pump 64, various heaters 65, lights 66 and windows 67 therein.
PAR  Referring now to FIG. 7, there is illustrated in partial cutaway view a
      truck-trailer rig 70 having all of the necessary material and supply
      systems contained therein. For instance, water tanks 71, bulk tanks 72,
      and hoppers 73, plus motor-driven pumping system 74 may be located within
      the trailer. These may be arranged to supply materials through the bottom
      of the trailer or alternatively, hoses may be connected to the individual
      tanks to exit through the back of the trailer as shown in FIGS. 2 and 3.
PAR  Also, the trailer preferably is insulated and heated against the cold
      environment and contains sufficient area within for workmen to perform
      necessary duties with respect to the supply apparatus. It is contemplated
      that a doorway (not shown) in or near the back of the trailer will be
      provided for access into the slurry capsule. Thus, it may be seen from the
      description above with respect to the accompanying FIGS. 1-7 there is
      provided a self-contained, fully insulated, heated shelter module for
      placement about a borehole site to allow the performance of full operating
      procedure by workmen in a controlled sheltered environment. The service
      module is arranged to contain all of the necessary apparatus and controls
      for performing all of the required operations on the borehole. The
      invention provides means of entering and leaving the capsule without
      exposure to the outside environment.
PAR  Although certain preferred embodiments of the present invention have been
      herein described in order to provide an understanding of the general
      principles of the invention, it will be appreciated that the various
      changes and innovations can be effected in the described service module
      without departing from these principles. For example, wherein the service
      module is depicted as having rectangular or circular shape it is obvious
      that any other physical configuration may be used advantageously. Also,
      whereas certain types of lighting and heating are shown it is obvious that
      various modifications of this apparatus could be used successfully. All
      modifications and changes of this type are deemed to be embraced by the
      spirit and scope of the invention except as the same may be necessarily
      limited by the appended claims or reasonable equivalents thereof.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for providing a sheltered work area over a borehole in the
      ground surface, said apparatus comprising:
PA1  structural means providing an enclosed work area and having vertical
      support members having wall sections jointed together and adapted to
      retard the flow of heat therethrough;
PA1  roof means joined to said wall sections and being adapted to retard the
      flow of heat therethrough;
PA1  floor means joined to the lower portion of said wall sections and adapted
      to retard the flow of heat therethrough, said floor means having an
      opening passing therethrough of sufficient size to expose an underground
      borehole below said apparatus to said enclosed work area;
PA1  entrance means in at least one of said wall sections arranged to provide
      ingress and egress to said work area by workmen;
PA1  access means passing through said structural means and adapted to provide
      one or more openings into said work area through which power and material
      supply tubes may pass; and,
PA1  a grouting system having power actuated raising and lowering means,
      telescopic tubular grouting means, and means for supplying fluids and
      solid grouting material to said grouting means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said structural means has four flat
      vertical wall sections, said roof means comprises a peaked angular roof
      atop said four vertical wall sections, and said entrance means comprises a
      movable door and an extendable external passageway about said door.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said structural means comprises
      cylindrical vertical wall sections, said roof means comprises a domed roof
      section, and said access means comprises a covered hatchway in said domed
      roof section.
NUM  4.
PAR  4. The apparatus of claim 3 further comprising an elongated extension
      structure located between said roof section and said hatchway cover,
      extending upward from said roof section and having an open inner area
      therein.
NUM  5.
PAR  5. An enclosed work structure for providing a life support environment for
      working personnel performing operations on underground boreholes in
      hostile climates, said enclosed structure comprising:
PA1  insulated vertical wall means enclosing a personnel work area;
PA1  insulated floor means covering the bottom of said personnel work area and
      having an opening therein arranged to communicate said work area with an
      underground borehole;
PA1  insulated roof means atop said vertical wall means and covering said work
      area;
PA1  heating means in said enclosed structure;
PA1  lighting means in said enclosed structure;
PA1  a plurality of individually adjustable support legs extending downward from
      said floor means;
PA1  access means in said structure arranged to allow ingress and egress into
      and out of said structure for workmen;
PA1  means for supplying a power supply to the interior of said structure;
PA1  means for supplying a plurality of fluid and powdered materials into said
      structure; and,
PA1  means for controlling said power supply means and said material supply
      means in said structure.
NUM  6.
PAR  6. The enclosed structure of claim 5 further comprising means in said
      structure for mixing and pumping a grouting material, and telescopic
      tubular means for injecting grouting material into an underground borehole
      below said structure.
NUM  7.
PAR  7. The enclosed structure of claim 6 wherein said structure has four flat
      vertical walls and a peaked angular roof, and said injecting means
      comprises one or more telescopic tubular pipe assemblies suspended from
      said roof by a power actuated raising and lowering cylinder.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said vertical wall means comprises a
      vertical cylindrical structure and said roof means comprises a domed roof
      on said cylindrical structure.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said access means comprises a hatchway
      in said domed roof generally centrally located therein, and a cover over
      said hatchway.
NUM  10.
PAR  10. The apparatus of claim 9 further comprising an elongated extension tube
      extending upward from said hatchway and having said cover attached over
      the top thereof.
NUM  11.
PAR  11. A self-contained fully protected system for grouting pipe piles in
      extremely cold regions, said system comprising:
PA1  an enclosed housing having thermally insulated walls, roof, and flooring
      and with sufficient enclosed area to allow limited freedom of movement for
      at least one man therein;
PA1  said housing floor having an opening therethrough adapted to receive a
      piling and allow communication with the annulus between the piling and
      borehole;
PA1  means for introducing power supply and grouting materials into said
      housing;
PA1  means for mixing and pumping said grouting materials in said housing and
      for controlling said power supply and said mixed grouting materials; and,
PA1  adjustable means for injecting said mixed grouting materials into an
      underground borehole.
NUM  12.
PAR  12. The system of claim 11 further comprising mobile transport trailer
      means for said housing, said transport trailer means adapted to carry said
      housing and having equipment storage means thereon.
NUM  13.
PAR  13. The system of claim 12 including truck means adapted to pull said
      transport trailer means, said truck means having an enclosed insulated
      life support area with fluid and material containers and power supply
      prime mover means therein.
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ABST
PAL  This invention relates to an apparatus for transferring a cryogenic fluid
      from one dewar to another and is characterized in that it provides a means
      for equalizing the temperatures in the liquid and vapor spaces of the
      supply dewar whereby the pressure in the dewar may be utilized for
      accurate control, either manual or automatic, of the amount of heat that
      must be added to the cryogenic liquid supplied to the receiving dewar for
      obtaining the desired receiving dewar pressure with minimum addition of
      heat to the supply dewar and no loss of cryogenic fluid through overboard
      vents during the transferring process. The apparatus has particular
      application as a ground servicing unit for filling liquid nitrogen dewars
      in aircraft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Some aircraft are now fitted with an inerting system in which gaseous
      nitrogen (GN.sub.2) is supplied to the fuel tanks for diluting the oxygen
      content therein to prevent explosion or combustion of fuel vapor within
      the tanks. The supply of nitrogen is carried on board in liquid form
      (LN.sub.2) within a dewar which must be refilled from a supply dewar from
      time to time under conditions and in a manner so that the LN.sub.2 will
      boil at a predetermined pressure, such as 65 PSIA, for proper supply to
      the aircraft inerting system. Prior methods and apparatus for filling the
      aircraft dewars have not been entirely satisfactory because of complexity
      and also because during the filling process nitrogen is lost to atmosphere
      through overboard vents and an excessive amount of heat is added to the
      LN.sub.2 remaining in the supply dewar.
PAR  Because boiling pressure of LN.sub.2 in a supply dewar should be lower than
      that in a dewar to be filled, it is the practice to deliver LN.sub.2 to an
      airport main supply dewar at a boiling pressure of about 15 PSIA, at which
      the temperature is about -320.degree.F (-195.degree.C), for ultimate use
      in filling the aircraft dewars to the required boiling pressure of 65
      PSIA, at which the temperature is about -290.degree.F (-178.degree.C). The
      stored LN.sub.2 gradually gains heat from its surroundings so that both
      the temperature and boiling pressure rise. However, the airport main
      supply is quite large so that the temperature and pressure rise is very
      gradual.
PAR  From the main airport supply, LN.sub.2 is first transferred to a dewar in a
      vehicle referred to as a ground servicing unit (GSU), which may hold
      enough LN.sub.2 to fill eight or ten aircraft dewars. When freshly filled
      a GSU dewar will contain the LN.sub.2 fairly close to 15 PSIA. Then when
      the LN.sub.2 from the GSU dewar is transferred to an aircraft dewar heat
      must be added to the transferred fluid to bring the boiling pressure up to
      65 PSIA. Any excess heat added to the LN.sub.2 returns to the GSU dewar
      during the filling process and thus needlessly raising its temperature and
      boiling pressure. Because of this returned heat and the heat that is
      constantly being absorbed from its surroundings, the temperature of
      LN.sub.2 in a GSU dewar may vary considerably from one filling of an
      aircraft dewar to another. Consequently, the amount of heat to be added
      during one filling operation can vary considerably from that to be added
      in a different filling operation.
PAR  One might expect the vapor pressure in the GSU dewar ullage to coincide
      with the boiling pressure of the LN.sub.2 therein and be a measure of the
      heat in the LN.sub.2 . However, under quiescent conditions heat that has
      entered the dewar tends to stratify in the ullage so that a reading of
      ullage pressure in present systems is not a true measure of the heat in
      the LN.sub.2 and therefore is not a reliable indicator for determining how
      much heat to add during the filling operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides for the equalizing of the temperatures of
      the GN.sub.2 and LN.sub.2 within a GSU dewar by spraying some of the
      liquid into the vapor space whereby the ullage pressure is a true
      indication of the temperature of the LN.sub.2, measuring the ullage
      pressure, and setting a flow divider valve in a delivery conduit to
      correspond with the measured pressure whereby the flow divider valve will
      divert a portion of the LN.sub.2 being transferred to the aircraft dewar
      to a heat exchanger for adding just enough heat so that the boiling
      pressure of the transferred LN.sub.2 will be the desired 65 PSIA. The
      invention further provides for recirculating some of the LN.sub.2 through
      a separate heater in the event the heat exchanger has not added the
      required amount of heat to the transferred LN.sub.2.
PAR  The flow divider valve has indicia thereon for setting the valve to
      positions corresponding with the ullage pressure readings. Also, the valve
      may be directly responsive to the ullage pressure for achieving its
      corresponding position and it may have a manual override for manual
      setting to the proper position.
DRWD
PAC  DETAIL DESCRIPTION
PAR  FIG. 1 is a schematic diagram of a filling system comprising a supply dewar
      and a receiving dewar and the apparatus of the present invention.
PAR  FIG. 2 is a schematic illustration of a flow divider valve with indicia
      thereon for assisting in making a proper setting of the valve.
DETD
PAR  The system as illustrated in FIG. 1 includes a ground supply unit (GSU)
      that includes the items shown within the dotted outline 10 and which may
      be installed on a ground vehicle for use at airports. The items contained
      within the dotted outline 11 are part of an installation in an aircraft.
      The GSU includes a dewar 14 containing a supply of liquid nitrogen 15 at
      its lower portion and providing a vapor space 21 at its upper portion.
      Passing through a lower wall of the dewar 14 is a main supply conduit 16
      of relatively large flow capacity and whose inner end 17 communicates with
      the discharge outlet 18 of an electrically driven pump 19 having an intake
      port 20. The inner end 17 of the main conduit also communicates with a
      circulating tube 23 of smaller flow capacity than the main conduit 16 and
      whose upper end communicates with a spray bar 24 located in vapor space 21
      and having a series of openings, or nozzles, 25.
PAR  Exteriorly of dewar 14, main conduit 16 has a conduit 27 branching
      therefrom which goes through a heat exchanger 28 that draws heat from
      ambient air. Branch conduit 27 then reconnects to main conduit 16.
      Connected to the downstream end of branch conduit 27 is a further branch
      conduit 29 having a valve 30 for controlling the flow therethrough. Such
      further branch conduit 29 passes through a heater 33 and then connects to
      main conduit 16 downstream of a shutoff valve 34 in the latter and which
      in turn is downstream of the reconnection of branch conduit 27 with
      conduit 16. Mounted within main conduit 16 at its juncture with the
      upstream end of branch conduit 27 is a flow dividing valve 35 settable to
      various positions for diverting a portion of the upstream flow in main
      conduit 16 into branch conduit 27. Valve 35 may be adjusted either by
      means of a pressure responsive diaphragm 36 that is pressed by a spring 37
      toward a position for increasing the amount of flow diverted to branch
      conduit 27 and which is movable by fluid pressure in a chamber 38 in a
      direction for decreasing the amount of flow into branch conduit 27.
      Chamber 38 communicates by way of a tubing line 39 with the interior of
      dewar 14 so that the pressure therein corresponds with the ullage pressure
      in the dewar. Valve 35 may also be adjusted manually by way of a handle 40
      for overriding the adjustment provided by diaphragm 36. Indicia markings
      43 may also be provided on the valve 35, as for example, by way of
      markings on stem 44, which in combination with some reference point or
      marking on a portion 45 of the valve body may indicate the desired
      adjusted position of the valve 35 to correspond with given ullage
      pressures within dewar 14. These markings 43 may thus be used either for
      making a manual setting by way of handle 40 or by way of monitoring
      operation of the valve by diaphragm 36.
PAR  Main conduit 16 may also include a flexible hose portion 48 having its
      upstream end connected to a filter 49 and its downstream end to an inlet
      half 50 of a quick disconnect type coupling having a shutoff valve therein
      manually operable by a handle 53. Main conduit 16 may also have a pressure
      gauge 54 connected thereto upstream of flow divider valve 35.
PAR  Also communicating with the interior of dewar 14 is a return line 55 having
      another coupling half 56 at its upstream end, and including a hose portion
      57, a filter 58, a check valve 59 and a branch line 60 to which is
      attached a fill and drain coupling 63.
PAR  A manifold 65 is connected to the interior of the dewar 14 by a tube 66 and
      communicates with a manually operable ullage pressure relief valve 67, a
      pair of automatic relief valves 68, 69, a pressure gauge 70 and with a
      line 39. A capacitance type gauge may be utilized for checking the liquid
      level in dewar 14.
PAR  The receiving unit 11 includes the receiving dewar 73. Leading from the
      dewar is a stand pipe 74 to which is connected a valve 75 to control
      dispensing of liquid nitrogen to the aircraft inerting system via a
      conduit 76. Also connected to stand pipe 74 is a fill conduit 77 having a
      coupling half 78 connectable to coupling half 50. Associated with pipe 74
      is an electrical capacitance type gauge 81 that measures the level of
      LN.sub.2 in dewar 73 and causes valve 34 to shut when the LN.sub.2 in
      dewar 73 has reached a predetermined level.
PAR  A return line 79 extends into dewar 73 and has a coupling half 80
      connectable to coupling half 56. There is also a back pressure relief
      valve 83 and upstream of the latter a branch conduit 84 connects with
      conduit 79 and which communicates with a pair of pressure relief valves
      85, 86. There is also a pressure gauge 87 connected to conduit 79.
PAC  OPERATION
PAR  When aircraft dewar 73 is to be filled, coupling halves 50, 56 are
      connected respectively to halves 78, 80 and the coupling valves therein
      are opened. At this time the temperature and boiling pressure of the
      liquid nitrogen in supply dewar 14 may be different than when a previous
      filling operation was started, depending upon how much heat has been added
      to the liquid nitrogen supply 15 during the last filling operation and
      from the supply dewar's surroundings since that time. Moreover, the ullage
      pressure within space 21 as registered upon gauge 70 may not be a true
      indication of the boiling pressure and corresponding temperature of the
      liquid nitrogen because heat may have become stratified in vapor space 21.
PAR  To equalize the ullage temperature and to make it the same as that of the
      liquid, pump 19 is turned on before valve 34 is opened. This causes the
      full discharge from pump 19 to enter tube 23 and spray bar 24 from which
      it is sprayed into the tank ullage. This cools the nitrogen gas in the
      ullage to the temperature of the liquid nitrogen. This also causes a
      change in the ullage pressure so that it is a true indication of the
      boiling pressure of the liquid nitrogen in dewar 14. The ullage pressure
      will now be reflected in chamber 38 of the flow divider valve 35 and cause
      pressure responsive diaphragm 36 to move valve 35 to a position
      corresponding to the dewar ullage pressure for diverting a predetermined
      flow from main conduit 16 to branch conduit 27. The indicia 43 on valve
      stem 44 are preferably in PSIA readings so that when gauge 70 indicates a
      particular PSIA reading the corresponding PSIA marking 43 will be in
      register with a reference mark or surface on valve body 45. Thus, the
      indicia 43 can be used for monitoring operation of valve by diaphragm 36.
      In the event diaphragm 36 malfunctions, handle 40 provides a manual
      override so that the valve can be manually adjusted to its proper position
      by reference to the pressure reading on gauge 70 and utilization of the
      indicia 43. In some cases it may even be desirable to omit automatic
      positioning of valve 35 by not providing the pressure responsive diaphragm
      36 but to rely only upon a manual setting through the use of handle 40.
PAR  After flow divider valve 35 has been properly positioned, valve 34 is
      opened, either by manual or electric operation, as desired. Liquid
      nitrogen being discharged by pump 19 now flows through main conduit 16 and
      even though the latter is of larger flow capacity than line 23, some
      liquid nitrogen will continue to flow into spray bar 24 and be sprayed
      therefrom.
PAR  As liquid nitrogen enters the relatively warm conduits 16 and 27 it flashes
      into vapor in which form it initially enters dewar 73 through pipe 74, the
      latter being open at its bottom end. This quickly builds up pressure in
      the aircraft dewar 73 to the cracking pressure of back pressure relief
      valve 83. Such cracking pressure may, for example, be about 50 PSIG. Vapor
      from dewar 73 then flows through vent lines 79, 55 back to supply dewar 14
      where it rises to vapor space 21 and is recondensed to liquid by the
      liquid nitrogen being sprayed into the vapor space and is thus prevented
      from building up pressure in the supply dewar.
PAR  When the fill conduits have been sufficiently chilled, the liquid nitrogen
      passing therethrough will cease to vaporize and dewar 73 will start
      filling with liquid nitrogen. When liquid level gauge 81 indicates that
      the dewar is full, it will also automatically cause valve 34 to close. If
      valve 34 should fail to close, liquid nitrogen will overflow through vent
      lines 79, 55 to dewar 14 with no consequence other than unnecessarily
      adding heat to the liquid nitrogen supply 15 in the supply dewar. Under
      these conditions the vent coupling halves 56, 80 will frost and the
      operator will know that he should manually close valve 34.
PAR  Upon opening of valve 34 to start the filling operation, some of the
      nitrogen in the upstream portion of main conduit 16 will be diverted by
      valve 35 into branch conduit 27 where it enters heat exchanger 28 for
      adding heat thereto before it is returned to conduit 16 just upstream of
      valve 34. If valve 35 has been properly positioned according to the
      pressure in dewar 14, there will be just enough heat added by the heat
      exchanger 28 to bring the temperature of the liquid nitrogen being
      discharged into dewar 73 to about -290.degree.F (-178.degree.C) with a
      corresponding boiling pressure of 65 PSIA.
PAR  After dewar 73 is filled and the filling operation stopped by closing of
      valve 34, pump 19 is shut off and coupling halves 50, 56 are disconnected
      from coupling halves 78, 80. The pressure in dewar 73 is then noted on
      gauge 87. If the pressure is less than 65 PSIA, it will be an indication
      that flow divider valve 35 had been improperly set. Coupling halves 50, 56
      are then reconnected to halves 78 and 80, flow divider valve 35 is set
      manually to a position for closing off bypass conduit 27, and manual valve
      30 opened. Pump 19 is then turned on again and, because of the relatively
      small flow capacity of line 29, a limited flow rate of nitrogen to dewar
      73 is established. Heater 33 then causes the nitrogen flowing through line
      29 to become vaporized and the vapor is delivered to dewar 73 where it
      will add heat to the liquid nitrogen therein until its boiling pressure is
      brought up to 65 PSIA, at which time valve 30 and pump 19 are to be shut
      off.
PAR  If during the regular filling operation flow divider valve 35 has been
      improperly set so that more nitrogen than necessary has been diverted into
      branch conduit 27 and heat exchanger 28, the only consequence will be that
      the extra heat will be deposited in the liquid nitrogen in dewar 14 so
      that the temperature thereof has been unnecessarily raised during the fill
      operation.
PAR  As previously mentioned, a major objective is to avoid waste of nitrogen by
      overboard venting of the GSU dewars 14 or the main airport liquid nitrogen
      storage tank, not shown. Each time an aircraft dewar 73 is filled from a
      GSU dewar 14, the GSU dewar will take on some heat during the filling
      process. Also, as the GSU stands by between fillings, the liquid nitrogen
      15 in dewar 14 will pick up some heat from its surroundings. To prevent
      the heat so added from raising the temperature of the liquid nitrogen 15
      in the GSU dewar to the point where its boiling pressure becomes 65 PSIA,
      after which it would vent to atmosphere, the GSU dewar 14 should be
      designed to handle the normal heat accumulation before it becomes empty
      and needs refilling from the airport main storage tank. Under such
      conditions there would normally be no loss of nitrogen from the GSU dewar
      to atmosphere.
PAR  However, if the boiling pressure within a particular GSU dewar approaches
      65 PSIA, either because of an abnormally long standby period or because of
      some other abnormal condition, the liquid nitrogen therein should be
      returned to the airport main storage tank. Because the capacity of the
      latter is large compared to that of the GSU dewars, the increment of heat
      added to the main storage tank will be relatively small and will not raise
      the boiling pressure to the point where vent to atmosphere occurs.
PAR  Likewise, when a GSU dewar is being refilled from the airport main storage
      tank there will be a small increment of heat added to the liquid nitrogen
      in the storage tank but again it will not be enough to raise the boiling
      temperature within the tank through the normal number of GSU refillings
      that can be accomplished before the main storage tank must be replenished.
PAR  Thus, when the main storage tank and the GSU units for the particular
      airport are properly planned, there should be no occasion to lose nitrogen
      to atmosphere from either the aircraft dewar, the GSU dewars or the main
      storage tank and by the use of the GSU apparatus herein disclosed, the
      addition of heat to the liquid nitrogen during aircraft dewar filling
      operations can be minimized so that more filling operations and/or standby
      time can be accommodated by the GSU dewars than otherwise.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for filling a first dewar with a liquid, said apparatus
      comprising a second dewar having a lower portion adapted to contain a
      supply of the liquid and having an upper portion to provide a vapor space
      above the liquid supply, means entirely within the second dewar for
      circulating liquid from the lower portion to the upper portion for
      equalizing temperatures in said upper and lower portions, said circulating
      means including a conduit connected to the discharge side of a pump, said
      pump having its intake communicating with said lower portion, conduit
      means also connected to the discharge side of the said pump and having
      means thereon for connection to the first dewar whereby liquid may be
      delivered from the second dewar through the conduit to the first dewar,
      and means associated with the conduit means for adding heat to the liquid
      therein.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 in which said conduit continuously
      connects the discharge side of the pump to said upper portion.
NUM  3.
PAR  3. The apparatus of claim 2 in which said conduit has a lesser flow
      capacity than said conduit means.
NUM  4.
PAR  4. Apparatus for filling a first dewar with a liquid, said apparatus
      comprising a second dewar having a lower portion for containing a supply
      of the liquid and having an upper portion to provide a vapor space above
      the liquid supply, a main conduit leading from said lower portion to the
      exterior of the second dewar and having means thereon for connection to
      the first dewar, a branch conduit leading from the main conduit, a flow
      divider valve connected to one of the conduits and adjustable to a
      multiplicity of positions for varying flow of liquid through the main
      conduit and from the main conduit to the branch conduit, and means
      associated with the branch conduit for adding heat to the liquid therein.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 in which there is a pressure gauge
      exterior of the second dewar and operatively connected thereto for sensing
      fluid pressure within the second dewar, and said valve being settable to
      various positions for simultaneously varying flow of liquid into both the
      main and branch conduits in accordance with the pressure in the second
      dewar and said valve has indicia thereon to designate adjusted positions
      of the valve to correspond with pressures indicated by said gauge.
NUM  6.
PAR  6. The apparatus of claim 4 in which said valve includes a pressure
      responsive member in pressure sensing communication with the interior of
      the second dewar and responsive to such sensed pressure for automatically
      adjusting the position of the valve in accordance with said sensed
      pressure.
NUM  7.
PAR  7. The apparatus of claim 6 in which said valve includes a manually
      operable means for overriding said pressure responsive member in adjusting
      the position of the valve for further varying the flow in said main and
      branch conduits.
NUM  8.
PAR  8. Apparatus for filling a first dewar with a liquid, said apparatus
      comprising a second dewar having a lower portion for containing a supply
      of the liquid and having an upper portion to provide a vapor space, a main
      conduit leading from said lower portion to the exterior of the second
      dewar, a branch conduit leading from the main conduit, a flow divider
      valve adjustable to various positions for varying flow of liquid from the
      main conduit to the branch conduit, means associated with the branch
      conduit for adding heat to liquid therein, said valve including a pressure
      responsive member in direct pressure sensing communication with the
      interior of the second dewar and responsive thereto for adjusting the
      position of the valve in accordance with said pressure.
NUM  9.
PAR  9. The apparatus of claim 8 in which said valve includes a manual override
      for varying the adjusted position.
NUM  10.
PAR  10. The apparatus of claim 8 in which said valve is spring pressed toward a
      position for increasing the flow through said branch conduit, and said
      pressure responsive member moves the valve in opposition to said spring
      for decreasing the flow through said branch conduit when pressure in the
      second dewar increases.
NUM  11.
PAR  11. Apparatus for filling a first dewar with liquid, said apparatus
      comprising a second dewar having a lower portion for containing a supply
      of the liquid and having an upper portion to provide a vapor space, a main
      fill conduit leading from said lower portion to the exterior of the second
      dewar and having means thereon for connection to said first dewar, a
      branch conduit leading from the main conduit, a valve connected to one of
      the conduits and adjustable to various positions for controlling the
      amount of liquid passing from the main conduit to the branch conduit,
      means associated with the branch conduit for adding heat to liquid
      therein, and a vent conduit leading from the exterior of the second dewar
      to the interior thereof and having means thereon for connection to said
      first dewar and said vent conduit having a valve therein to provide for
      flow of fluid in only the direction toward the second dewar.
NUM  12.
PAR  12. The apparatus of claim 11 in which said vent conduit has a branch line
      downstream of said valve for filling the second dewar.
NUM  13.
PAR  13. Apparatus for filling a first dewar with liquid, said apparatus
      comprising a second dewar having a lower portion for containing a supply
      of said liquid and having an upper portion for containing vapor, a main
      fill conduit leading from said lower portion to the exterior of the second
      dewar, a branch conduit leading from the main conduit, a valve connected
      to one of the conduits and adjustable to various positions for controlling
      the amount of fluid passing from the main conduit to the branch conduit,
      means associated with the branch conduit for adding heat to the liquid
      therein, a pump having its intake communicating with said lower portion
      and having its discharge in communication with said main conduit, and a
      third conduit constantly communicating with the pump discharge and said
      upper portion, said third conduit including a series of spray openings in
      said upper portion.
NUM  14.
PAR  14. Apparatus for filling a first dewar with a liquid, said apparatus
      comprising a second dewar having a lower portion for containing a supply
      of the liquid and having an upper portion to provide a vapor space above
      the liquid supply, a main conduit leading from said lower portion to the
      exterior of the second dewar, a branch conduit leading from a flow divider
      valve connected to said main conduit, said valve being adjustable to
      positions for varying flow of liquid from the main conduit to said branch
      conduit, a shut off valve in said main conduit downstream of said flow
      divider valve, and said branch conduit having a return connection to said
      main conduit between said flow divider valve and said shut off valve.
NUM  15.
PAR  15. The apparatus of claim 14 in which there is a further conduit having
      one end communicating with said main and branch conduits upstream of said
      shut off valve and having its other end connected to said main conduit
      downstream of said shut off valve, and additional means associated with
      said further conduit for adding heat to liquid therein.
NUM  16.
PAR  16. The apparatus of claim 15 in which there is a valve in said further
      conduit for controlling flow of fluid through said further conduit.
NUM  17.
PAR  17. The apparatus of claim 15 in which said first mentioned heat adding
      means receives its heat from ambient air and said additional heat adding
      means receives its heat from a source other than ambient air.
PATN
WKU  039465730
SRC  5
APN  4999703
APT  1
ART  344
APD  19740822
TTL  Electrical diagnostic system for refrigeration apparatus
ISD  19760330
NCL  15
ECL  1
EXP  Wayner; William E.
NDR  2
NFG  2
INVT
NAM  Nichols; Duane C.
CTY  Evansville
STA  IN
INVT
NAM  Pearson; Samuel J.
CTY  Evansville
STA  IN
ASSG
NAM  Whirlpool Corporation
CTY  Benton Harbor
STA  MI
COD  02
CLAS
OCL   62126
XCL  324 51
XCL  340214
XCL   62340
EDF  2
ICL  F25B 4900
FSC   62
FSS  125;126;127
FSC  324
FSS  51
FSC  340
FSS  214
UREF
PNO  2385525
ISD  19450900
NAM  Malldy
OCL   62126
UREF
PNO  3590373
ISD  19710600
NAM  Lake
XCL  324 51
UREF
PNO  3736765
ISD  19730600
NAM  O'Dell
OCL   62127
UREF
PNO  3771321
ISD  19731100
NAM  Maksy
XCL   62127
LREP
FRM  Wegner, Stellman, McCord, Wiles & Wood
ABST
PAL  A diagnostic system for use with refrigeration apparatus and the like for
      selectively indicating the operability condition of different electrical
      components thereof. The indicating apparatus is mounted to the
      refrigeration apparatus and includes a selector switch for selectively
      placing the apparatus in a normal operation mode or in a test mode. A lamp
      provided for normal illumination of the interior of the refrigeration
      apparatus cabinet is selectively utilized by the testing apparatus as an
      indicator of the operability condition of the selected component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to refrigeration apparatus and in particular to
      means for selectively indicating the operability condition of electrical
      components of refrigeration apparatus.
PAR  2. Description of the Prior Art
PAR  In the diagnosis of electrical circuitry of refrigeration apparatus and the
      like, a serviceman utilizes conventional electrical test equipment, such
      as meters, indicating lamps, etc., by suitable isolation of the different
      electrical components and application of test voltages thereto.
      Substantial skill is necessary on the part of the serviceman to properly
      ascertain the operability condition of the different components.
PAR  To permit such servicing diagnosis in a facilitated manner, apparatus has
      been developed including a separable connector which is connected into the
      circuitry of the apparatus to permit testing of the operability condition
      of individual circuit components by means of a testing apparatus removably
      connected to the connector. Such apparatus enables the serviceman to more
      expeditiously make direct electrical connections to the isolated
      components of the apparatus, thereby facilitating the servicing of the
      apparatus.
PAR  Because of the relatively high cost of service in connection with
      appliances, such as refrigeration apparatuses and the like, it has been
      found desirable to permit the owner of the appliance to perform at least
      the diagnostic phase of the servicing so that the servicing may be
      effected by the owner or facilitated by a serviceman as a result of the
      diagnostic information obtained by the owner prior to requesting the
      service. The servicing of the apparatus by the owner in connection with a
      number of appliances may be facilitated by the use of plug-in components
      so that by means of suitable diagnosis, efficient and low cost servicing
      of the apparatus may be effected by the owner himself.
PAR  One example of means for indicating damage in the circuit of a
      refrigerator, or power failure in the service lines thereto, is
      illustrated in U.S. Pat. No. 2,385,525 of Graham S. McCloy. In the McCloy
      patent, the lamp which is normally energized when the door to the
      refrigerator food compartment is opened is connected in the apparatus so
      that a failure of the light to be de-energized during a defrosting cycle
      of the timer mechanism is used to indicate a failure in the clock
      mechanism or its associated circuitry. Thus, McCloy uses the lamp to
      indicate the defrosting of the refrigerator. In addition, McCloy provides
      a pair of additional lamps for illuminating a control panel. During a
      defrosting operation, energization of the normal cabinet illuminating lamp
      and one of the additional control indicating lamps is de-energized to
      indicate the defrosting operation. A signal lamp is provided in addition
      for indicating that electrical power is being provided to the
      refrigerator. The light from the signal lamp is dominated by the light
      from the control lamp and is preferably of a color different from the
      color of the control lamp.
PAR  U.S. Pat. No. 3,736,765 of George B. O'Dell, discloses the use of a
      connector means for checking and diagnosing the quality and operation of
      the components of a household appliance by means of test equipment
      connected to the appliance through the connector means. The connector
      means has a plurality of mating terminals which are separable to
      electrically isolate the electrical components of the appliance so that
      the components can be individually tested.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved diagnostic system for
      selectively indicating the operability condition of the electrical
      components of an appliance, such as a refrigeration apparatus. The
      condition indicating apparatus is provided integrally with the
      refrigeration apparatus so that a determination of the operability
      condition of the components may be effected at any time as by the user of
      the apparatus or by a serviceman in the servicing of the apparatus.
PAR  The indicating apparatus includes a selector switch permitting the
      refrigeration apparatus to function in the normal operational mode or
      selectively be rearranged so as to permit the testing of the individual
      electrical components. In the testing mode, the illuminating means of the
      refrigeration apparatus normally provided for illuminating the
      refrigerated space is utilized as an indicating means. Thus, the
      indicating apparatus is extremely simple and economical of construction
      utilizing a simple selector switch and modified circuitry in the apparatus
      while yet permitting the improved facilitated testing of the apparatus
      components.
PAR  The testing apparatus eliminates the need for special tools or equipment,
      thereby permitting the user to effect testing of the operability condition
      of the different electrical components without the need for expensive
      supplementary test equipment. Further, the test of the apparatus is
      facilitated by servicemen as the testing can be effected quickly and
      simply without the need for providing access to the electrical components
      to effect the testing procedure. As the testing circuitry is installed in
      the manufacturing facilities, correct connection of the testing apparatus
      in the testing mode is assured.
PAR  Among the electrical components which may be tested in an apparatus, such
      as a refrigeration apparatus, are the defrost timer switch, refrigerated
      space thermostat, defrost bimetallic thermostat, defrost heater, and
      mullion and stile heaters. Where the refrigeration apparatus includes an
      automatic ice maker, the water valve solenoid may further be tested by the
      improved testing apparatus of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a perspective view of a refrigeration apparatus provided with a
      diagnostic system embodying the invention; and
PAR  FIG. 2 is a schematic wiring diagram illustrating the electrical circuitry
      of the diagnostic system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      diagnostic system generally designated 10 is provided for use in an
      apparatus, such as an appliance, in selectively indicating the operability
      condition of electrical components thereof. In illustrating the invention,
      the diagnostic system is shown for indicating the condition of the
      components of a refrigeration apparatus generally designated 11
      illustratively comprising a refrigerator-freezer apparatus. As shown in
      FIG. 1, the refrigerator-freezer apparatus 11 includes a cabinet 12
      defining a freezer space 13 and an above-freezing refrigerator space 14
      selectively closed by doors 15 and 16, respectively.
PAR  An automatic ice maker 17 may be provided in freezer space 13 to which
      water is automatically supplied through a suitable solenoid operated water
      valve 18 carried in a lower portion of the cabinet 12. In the illustrated
      embodiment, refrigeration of spaces 13 and 14 is effected by flowing air
      as by means of a fan 19 in heat exchange relationship with an evaporator
      20 disposed in the rear wall 21 of cabinet 12 at the rear of space 13. A
      defrost bimetal control 22 is associated with evaporator 20 for
      controlling the defrosting operation which is effected in a conventional
      manner by a defrost heater 23 automatically controlled by a defrost timer
      24 provided in a console 25 at the rear of refrigerator space 14 subjacent
      the mullion 26 separating spaces 13 and 14.
PAR  The mullion may be provided with an electric heater 27 and the stile may be
      provided with a stile heater 28.
PAR  The refrigeration circuit, including evaporator 20, further includes a
      conventional compressor 29 and condenser 30. A condenser fan 31 is
      provided for discharging heat from the condenser to atmosphere in the
      conventional manner.
PAR  Refrigerator space 14 is illuminated, upon opening of the door 16, by a
      pair of lamps 32 and 33 carried by console 25. A suitable switch 34 may be
      provided on mullion 26 for controlling the lights 32 and 33 as a function
      of the opening and closing of door 16. Console 25 may further include an
      air duct inlet 35 for delivering refrigerated air from freezer space 13
      into refrigerator space 14. Operation of the refrigeration apparatus is
      automatically controlled by a thermostat 36 also carried by the console
      25.
PAR  As discussed above, the present invention is concerned with the
      determination of the operability condition of the different electrical
      components of apparatus 11 and comprehends the provision of a diagnostic
      switch generally designated 37 carried by the console 25 for selective
      arrangement of the apparatus in a normal operation mode or in a diagnostic
      test mode. The selector switch is accessible at the rear of refrigerator
      space 14, as shown in FIG. 1, permitting facilitated selective indication
      of the operability condition of the apparatus components without the need
      for external test apparatus or access to the components themselves.
PAR  Referring now more specifically to the schematic wiring diagram of FIG. 2,
      selector switch 37 is arranged to permit the normal operation of the
      refrigeration apparatus with the switch set in the 0 position, i.e., with
      the wipers 37a of the two stages 37b and 37c connected to the 0 contact.
      Power may be provided in the apparatus from a conventional power supply
      including input leads L1 and L2. The apparatus may be provided with a
      conventional terminal block 38 through which the power supply leads are
      fed. Light switch 34 is connected from power supply lead L2 to contact 0
      of selector switch stage 37c which, in turn, is connected to each of
      contacts 4, 6, 7 and 8 thereof. Switch 34 is further connected in series
      with lamp 32 to power supply lead L1 so that lamp 32 is illuminated
      whenever door 16 is in the open position of FIG. 1. Each of the electrical
      components, including the defrost timer switch 24a, the thermostat 36, the
      defrost bimetallic thermostat switch 22, the defrost heater 23, the
      automatic ice maker water valve solenoid 18a, and the mullion and stile
      heaters 27 and 28, is connected in the circuit in the normal manner to
      provide the normal functioning thereof in the automatic operation of the
      refrigeration apparatus.
PAR  To determine the operability condition of these different components, the
      user selectively repositions the selector switch 37 to any one of the
      eight additional positions wherein the corresponding component is isolated
      and placed in series with the lamp 33 to provide the desired diagnostic
      test thereof. Thus, with the switch wipers 37a in the first test position
      contacting contacts 1, the defrost timer switch 24a is isolated and placed
      in series with lamp 33. More specifically, in the first position, an
      electrical connection is made from power supply lead L2 through the moving
      contact 24b of switch 24a to the lower, fixed contact 24c thereof to
      contact 1 of selector switch stage 37c. Wiper 37a thereof is connected in
      series with lamp 33 to wiper 37a of front stage 37b which, through its
      connection to contact 1 thereof, is connected to power supply lead L1. In
      making this test, the defrost timer 24 is set to the "Defrost" position
      wherein switch 24a should be closed to fixed contact 24c so that if lamp
      33 is not energized with the switch 37 in the first position, a failure of
      the defrost timer switch 24a is indicated.
PAR  When the defrost timer switch 24a is set to provide normal refrigeration
      operation of the apparatus, moving contact 24b closes with an upper, fixed
      contact 24d. This closing of the switch is tested by setting the selector
      switch 37 in the second position wherein the wipers 37a engage contacts 2.
      In this arrangement of the selector switch, the circuit through switch 24a
      is from power supply lead L2 to contact 24d to contact 2 of the rear stage
      37c and through wiper 37a thereof and lamp 33 to the first stage wiper 37a
      and, thus, to power supply lead L1.
PAR  Thermostat switch 36 is tested by setting the selector switch 37 in the
      third position. As the thermostat switch functions only in the normal
      operation of the apparatus, the circuit is from power supply lead L2
      through switch 24a which, in this mode, has moving contact 24b connected
      to fixed contact 24d. With the thermostat switch 36 closed, power is
      delivered to rear stage contact 3 and thence through the wiper 37a to lamp
      33, and front stage wiper 37a to power supply lead L1.
PAR  Defrost bimetal switch 22 is tested with the selector switch in the fourth
      position. The circuit is from power supply lead L2 through light switch 34
      to contact 4 of the rear stage 37c, through wiper 37a thereof and thence
      through lamp 33 and wiper 37a and contact 4 of switch stage 37b to bimetal
      switch 22 and thence to power supply lead L1.
PAR  In testing bimetal switch 22, it is necessary that the switch be subjected
      to a low temperature suitable for closing the switch. If the refrigerator
      has not been operating so as to provide this temperature, some external
      means of cooling must be provided.
PAR  The testing of defrost heater 23 utilizes alternative testing with the
      switch in either of position 5 or position 6. When the bimetal switch 22
      is open, a check of heater 23 is effected by positioning the selector
      switch in position 5 wherein the circuit is from power supply lead L2
      through switch 24a with the switch in the Defrost arrangement wherein
      moving contact 24b is closed to fixed contact 24c, and to one side of the
      resistor 23. The other side of the heater resistor is connected to contact
      5 of switch stage 37c and wiper 37a thereof in contact therewith to lamp
      33 and wiper 37a to power supply lead L1.
PAR  In the event that bimetallic switch 22 is closed, the operability condition
      of heater resistor 23 may be tested by positioning the selector switch 37
      in the sixth position wherein the circuit through the heater resistor is
      from power supply lead L2 through light switch 34 to contact 6 of selector
      switch stage 37c, wiper 37a to lamp 33 and wiper 37a of the front stage
      37b to fixed contact 6 thereof and thence through resistor 23 and the
      closed bimetallic switch 22 to power supply lead L1.
PAR  The water valve solenoid 18a is tested with the selector switch in position
      No. 7. In this position, power is supplied from power supply lead L1
      through the solenoid 18a to contact 7 of front stage 37b, through wiper
      37a and lamp 33 to wiper 37a of rear stage 37c, and from contact 7 of
      stage 37c to light switch 34 and power supply lead L1. Solenoid 18a is of
      relatively high impedance and, thus, in this test, lamp 33 burns
      relatively dimly whereas in each of the other tests, the indication that
      the circuit component is good comprises a bright illumination of the lamp.
PAR  To test the mullion and stile heaters 27 and 28, switch 37 is set in the
      eighth position. The circuit thus established is from power supply lead
      L2, light switch 34, contact 8 of the rear stage 37c through wiper 37a to
      lamp 33, through wiper 37a of front stage 37b to contact 8 thereof and
      through heaters 27 and 28 to power supply lead L1. As the resistance of
      the heaters is relatively high notwithstanding the parallel connection
      thereof, lamp 33 will glow relatively dimly in indicating continuity
      through the two heaters and very dimly if one of the heaters is
      open-circuited. If both are open-circuited, obviously, the lamp will not
      be energized.
PAR  Thus, by simple manipulation of the selector switch 37, normal operation of
      the refrigeration apparatus may be obtained or alternatively, any one of
      the connected electrical components may be tested simply and quickly
      without requiring any special equipment, instruments, or the like. No
      electrical test connections to the apparatus need be made as all are
      integrally provided therein at the time of manufacture. The location of
      the selector switch 37 is closely adjacent the indicating lamp 33 so that
      ready reference to the lamp may be made while concurrently operating the
      selector switch to the desired selective positions.
PAR  The following electrical diagnosis chart may thusly be utilized in
      connection with the illustrated embodiment. As will be obvious to those
      skilled in the art, other appliances and electrical components thereof may
      be provided with similar selector switch diagnostic system means within
      the scope of the invention.
TBL  __________________________________________________________________________
     ELECTRICAL DIAGNOSIS CHART                                                
                           TEST SETTING                                        
                           TEST                                                
                           SWITCH                                              
                                DEFROST  THERMOSTAT                            
                                                 COMPONENT                     
     PROBLEM PROBABLE CAUSE                                                    
                           POS. TIMER POSITION                                 
                                         POSITION                              
                                                 O.K. IF:                      
     __________________________________________________________________________
                                                 BOTH                          
     HIGH REF.                                                                 
             DEFROST TIMER SWITCH                                              
                           1    DEFROST  ON OR OFF                             
                                                 BRIGHT LIGHT                  
                                                 AND                           
     AND FRZR.             2    REFRIGERATE                                    
                                         ON OR OFF                             
                                                 BRIGHT LIGHT                  
             THERMOSTAT    3    REFRIGERATE                                    
                                         ON      BRIGHT LIGHT                  
     TEMPS. OR                                                                 
             DEFROST BIMETAL                                                   
                           4    EITHER   ON OR OFF                             
                                                 BRIGHT LIGHT                  
             (See Note 4)                                                      
     NO COOLING                                  EITHER                        
             DEFROST HEATER                                                    
                           5    DEFROST  ON OR OFF                             
                                                 BRIGHT LIGHT                  
                                                 OR                            
                           6    REFRIGERATE                                    
                                         ON OR OFF                             
                                                 BRIGHT LIGHT                  
     NO ICE  I.M. WATER VALVE                                                  
                           7    EITHER   ON OR OFF                             
                                                 DIM LIGHT                     
     CABINET MULLION & STILE                                                   
                           8    DEFROST  OFF     DIM LIGHT                     
     EXTERIOR                                                                  
             HEATERS                                                           
     SWEATING                                                                  
     HIGH    INTERIOR FAN  0    REFRIGERATE                                    
                                         ON      INTERIOR AIR FLOW             
     REFR. &                                                                   
     FRZR.   EXTERIOR FAN  0    REFRIGERATE                                    
                                         ON      EXTERIOR AIR FLOW             
     TEMPS.  COMPRESSOR    0    REFRIGERATE                                    
                                         ON      INTERIOR COOLING              
     OR                                                                        
     NO                                                                        
     COOLING                                                                   
     __________________________________________________________________________
      Notes:                                                                   
      (1) OPERATE THE DOOR SWITCH PRIOR TO START OF TESTING TO INSURE RIGHT SID
      LIGHT IS OPERATING -- ON AND OFF.                                        
      (2) DEFROST TIMER MUST BE CHECKED FIRST TO INSURE THAT A DEFECTIVE TIMER 
      WILL NOT AFFECT OTHER RESULTS.                                           
      (3) RETURN TEST SWITCH TO NON-NUMBERED POSITION WHEN CHECKS ARE COMPLETED
      (4) DEFROST BIMETAL MUST BE COLD TO CHECK OPERATION: IF NECESSARY, COOL  
      BIMETAL WITH FREON.                                                      
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property of privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a refrigeration apparatus having a plurality of electrical
      components, apparatus for selectively indicating the operability condition
      of the components, comprising testing control means carried by said
      apparatus including selector switch means and circuit means
      interconnecting said switch means and one of said electrical components to
      cause said one component to define an indicator means for selectively (a)
      causing normal operation of the apparatus, or (b) separately connecting
      said components to said indicator means for indicating the operability
      condition of the different components.
NUM  2.
PAR  2. The refrigeration apparatus of claim 1 wherein said indicator means
      comprises means for illuminating the refrigeration apparatus in said
      normal operation of the apparatus.
NUM  3.
PAR  3. The refrigeration apparatus of claim 1 wherein said refrigeration
      apparatus defines a cabinet selectively closed by a door, and said
      indicator means comprises means for illuminating the interior of the
      cabinet when said door is disposed in an open position.
NUM  4.
PAR  4. The refrigeration apparatus of claim 1 wherein said one of said
      electrical components comprises a switch for controlling a defrost
      operation of said refrigeration apparatus.
NUM  5.
PAR  5. The refrigeration apparatus of claim 1 wherein said refrigeration
      apparatus includes a defrost timer and one of said electrical components
      comprises a defrost switch arranged to be closed by the timer in the
      defrost operation of the refrigeration apparatus.
NUM  6.
PAR  6. The refrigeration apparatus of claim 1 wherein said refrigeration
      apparatus includes a defrost timer and one of said electrical components
      comprises a refrigeration switch arranged to be closed by the timer in the
      refrigeration operation of the refrigeration apparatus.
NUM  7.
PAR  7. The refrigeration apparatus of claim 1 wherein one of said electrical
      components comprises a thermostat responsive to the temperature condition
      of the apparatus for controlling refrigeration operation of the apparatus.
NUM  8.
PAR  8. The refrigeration apparatus of claim 1 wherein one of said components
      comprises a bimetallic switch responsive to a temperature condition of the
      apparatus for controlling a defrost operation of the apparatus.
NUM  9.
PAR  9. The refrigeration apparatus of claim 1 wherein one of said components
      comprises a defrost heater in series with a bimetallic control switch and
      said testing control means includes means for connecting said defrost
      heater to different portions of the selector switch for selective testing
      of the defrost heater operability condition (a) with the bimetallic
      control switch closed, and (b) with the bimetallic control switch open.
NUM  10.
PAR  10. The refrigeration apparatus of claim 1 wherein said apparatus includes
      an ice maker mechanism and one of said components comprises a solenoid
      controlling a water supply valve for selective delivery of water to said
      ice maker mechanism.
NUM  11.
PAR  11. The refrigeration apparatus of claim 1 wherein said apparatus includes
      a cabinet and one of said components comprises an electric heater for
      selectively heating a portion of the cabinet.
NUM  12.
PAR  12. In a refrigeration apparatus having a plurality of electrical
      components, and a cabinet defining a space to be refrigerated, apparatus
      for selectively indicating the operability condition of the components,
      comprising:
PA1  lamp means mounted within said cabinet for illuminating said space; and
PA1  a testing control means carried by said cabinet including selector switch
      means and circuit means interconnecting said switch means and said lamp
      means for selectively
PA2  a. causing normal cabinet illuminating operation of the lamp means, or
PA2  b. separately connecting said components to said lamp means whereby said
      lamp means may be utilized for indicating the operability condition of the
      different components.
NUM  13.
PAR  13. The refrigeration apparatus of claim 12 wherein said selector switch is
      mounted to said cabinet adjacent said lamp means.
NUM  14.
PAR  14. The refrigeration apparatus of claim 12 including a plurality of lamps
      illuminating said space, and said lamp means comprises a single one of
      said lamps.
NUM  15.
PAR  15. The refrigeration apparatus of claim 12 wherein said refrigeration
      apparatus further includes additional lamp means for illuminating said
      space irrespective of the positioning of said selector switch.
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ABST
PAL  The compressor motor of an air conditioning unit is operatively coupled to
      a A.C. line through a solid state electronic switch. Triggering signals
      for the switch are supplied from an oscillator circuit which is D.C.
      isolated from the switch, the trigger signals being coupled via
      transformer coupling. The oscillator is in turn thermostatically
      controlled in accordance with the cooling demand. The oscillator is also
      interlocked via a photocoupling device with an electronic timer circuit
      and with an undervoltage sensing circuit. The timer imposes a mandatory
      minimum delay between successive energizations of the compressor motor
      thereby permitting time for pressures in the refrigeration circuit to
      subside. The undervoltage sensing circuit is responsive to an electrical
      brownout condition for shutting down the motor should an electrical
      brownout condition occur. The undervoltage detector also contains a
      blackout detector section which shuts down the motor more rapidly during
      more extreme undervoltage conditions.
BSUM
PAR  The present invention relates to cooling system controls and in particular
      to a novel control arrangement especially useful for control of air
      conditioners powered by a single phase A.C. compressor motor.
PAR  One type of air conditioner commonly in use is designed as a single
      self-contained unit intended for installation in a window or wall for
      cooling a portion of a building, for example, cooling an apartment, an
      office, a small number of rooms, etc. Generally, an air conditioner of
      this type is electrically powered by means of an A.C. motor so that the
      unit may be conveniently plugged into a building service receptacle. The
      unit contains a closed refrigeration system in which a refrigeration
      compressor is driven by the electric motor to develop cooling for the
      space being cooled. The compressor motor is in turn thermostatically
      controlled in accordance with the demand for cooling. For cooling demands
      less than the rating of the air conditioner unit, the motor is cyclically
      operated to maintain an overall, average desired temperature. As the
      cooling demand increases, the motor duty cycle increases with its running
      time increasing in relation to the duration of its off time. In the closed
      refrigeration system in this type air conditioner unit, an appreciable
      head of pressure is built up on the discharge side of the compressor as
      the motor operates. Since the motor must always work against whatever
      pressure is on the discharge side of the compressor, it is important to
      assure that the discharge pressure is not unduly excessive when the motor
      is re-started in order to avoid motor overloads.
PAR  One aspect of the present invention relates to an improved way of providing
      cyclical thermostatic control of an air conditioner compressor motor so
      that a minimum motor off time is always provided between successive motor
      running times. In accomplishing this aspect of the invention there is
      provided a novel control circuit for controlling the duration of the motor
      off time in relation to the conditions of certain system parameters.
PAR  The invention also provides a desirable solution to the problems heretofore
      encountered when re-starting air conditioner units after an electrical
      brownout or blackout has occurred. Electrical brownouts and blackouts are
      often directly attributable to the massive electrical load which is
      imposed on an electrical distribution system by the use of a large number
      of electrically operated air conditioner units. In recent years, it has
      been common practice among many electrical utility companies to reduce the
      line voltage when the demand on an electrical distribution system
      increases to a near capacity level. Such a reduction is commonly referred
      to as a brownout. While this may tend to conserve the electrical power
      flow from the utility without creating a total blackout, it is definitely
      an undesirable solution to a near capacity load situation especially where
      electrical air conditioner motors are on the line because the motors are
      exposed to potential damage by prolonged running under such under-voltage
      conditions. As a practical matter there is a limit to the maximum amount
      of brownout which can be permitted in an electrical distribution system
      and accordingly a point may be reached where the demand becomes so great
      that a total blackout occurs thereby shutting down all power in the
      distribution system. Where a large number of motor driven devices such as
      electrical air conditioners are on line, the task of successfully
      restoring power on the line after a blackout becomes a difficult one. The
      reason for this is that when power is attempted to be restored any motors
      on the line will all simultaneously draw substantial starting currents
      thereby imposing such a load on the system that power cannot successfully
      be restored. Hence, in an area affected by a blackout, it becomes
      necessary for local authorities to inform all users that all apparatus
      connected to the line must be shut off so that power can be restored.
      Where the effected area encompasses a large number of users, the task is
      difficult at best.
PAR  Another aspect of the present invention relates to alleviating the effects
      of a brownout as well as the difficulties which are encountered when an
      attempt is made to restore electrical power after a blackout. With the
      present invention brownouts of a given magnitude are monitored and the air
      conditioner unit is accordingly shut down and restarted with a random
      restart time being provided. Hence, where a number of units embodying the
      present invention are connected on an electrical distribution system, the
      units will be randomly restarted after a brownout even though all units
      always remain on the line during the brownout. Moreover, if a total
      blackout occurs, the units will also be randomly restarted even though
      they remain on line during the blackout.
PAR  The invention provides a novel control system especially useful in air
      conditioning equipment of the above type: which possesses the advantages
      and benefits of solid state electronic construction; which accomplishes a
      significant number of functions with economy in the use of the electronic
      hardware; which features novel circuitry including an electronic timer
      circuit for assuring a minimum motor off time between successive operating
      cycles of an A.C. compressor motor, under-voltage detecting circuits for
      minimizing the risk of damage to the system components, especially the
      compressor motor, if an electrical brownout or blackout occurs, and safety
      interlocking circuitry for interlocking the thermostatic control circuit
      with the operation of the motor so that running of the motor is inhibited
      under certain conditions.
PAR  The foregoing features and advantages of the invention, as well as
      additional ones will be seen in the ensuing description and claims which
      are to be taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate a preferred embodiment of the present invention in
      accordance with the best mode presently contemplated for carrying out the
      invention.
PAR  FIGS. 1A and 1B illustrate an electrical schematic diagram of an air
      conditioner embodying a control system according to principles of the
      present invention, and the two Figures should be considered together.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the closed refrigeration system of a conventional air
      conditioner unit of the above-described type including a compessor is
      designated generally by the numeral 10 and includes the other usual system
      components (evaporator, condenser, capillary, etc.) providing a closed
      refrigeration system through which refrigerant is circulated. The
      refrigeration compressor is driven by a compressor motor 12 which is
      typically a single-phase A.C. induction motor which is rated for
      customarily available line voltage such as a nominal 230 volt, 60 hz. A.C.
      In the illustrated system, such a line voltage is delivered to the air
      conditioner via lines L1 and L2. The compressor motor terminals M1 and M2
      serve to connect compressor motor 12 across lines L1 and L2 through a
      solid state electronic switching device Q2, which in the preferred
      embodiment is a triac. The conduction of triac Q2 is controlled by
      appropriate triggering signals applied to its gate terminal Q2g.
PAR  When triac Q2 is switched into conduction, it provides between its
      principal conduction terminals Q2a, Q2b, a low impedance current path
      which permits current flow to the motor. Hence, with traic Q2 conducting,
      compressor motor 12 is energized from the A.C. line to drive the
      refrigeration compressor and operate the air conditioner. When triac Q2 is
      non-conducting, compressor motor 12 is off and, hence, the air conditioner
      does not operate. The series combination of a capacitor C10 and a resistor
      R36 is connected across triac Q2 as a snubber for shutting off the triac
      when the triggering signals are removed from the triac gate.
PAR  The control of the present invention includes a thermostatic control
      circuit 14, an under-voltage detection circuit 16, and an electronic timer
      circuit 18. The application of triggering signals to triac Q2 is
      controlled by thermostatic control circuit 14 shown at the top of FIG. 1A.
      The under-voltage detection circuit 16 shown at the bottom of FIG. 1A
      monitors the line voltage for under-voltage conditions. The electronic
      timer circuit 18 controls the duration of the motor off time between
      successive motor running times.
PAR  Thermostatic control circuit 14 comprises a thermostatic input section 14a
      which is connected via terminals T1, T2 to an oscillator stage 14b.
      Briefly, thermostatic input section 14a  controls the oscillation of
      oscillator stage 14b. The thermostatic input section 14a may be a
      conventional thermostatic switch responsive to the cooling demand imposed
      on the air conditioner unit. Illustratively, when cooling is demanded, the
      thermostatic input supplies a small amplitude A.C. voltage signal across
      terminals T1 and T2 (for example, 18-30 volts). This A.C. signal is
      rectified by a half-wave rectifying diode CR1 and passes through an input
      filter consisting of a resistor R1 and the parallel combination of a
      resistor R37 and a capacitor C1. A regulated D.C. potential is thus
      developed across capacitor C1 and is applied to the oscillator stage.
      Oscillator stage 14b oscillates when energized by this potential.
      Conversely, when cooling is not demanded by the thermostatic control,
      oscillator stage 14b is not energized and therefore does not oscillate.
PAR  Oscillator stage 14b comprises a pair of resistors R2 and R3 arranged as a
      voltage divider across capacitor C1. The junction of resistors R2 and R3
      is coupled through the collector-emitter circuit of a phototransistor U3a
      to the base of a main NPN transistor Q1. A pair of resistors R4 and R5
      connect in series from the base of phototransistor U3a to the emitter of
      transistor Q1, and the junction of resistor R4 and R5 is connected to the
      junction of the emitter of transistor U3a and the base of the transistor
      Q1. The collector circuit of transistor Q1 is connected via
      series-connected capacitors C2 and C3 to the positive terminal of
      capacitor C1 and the emitter circuit via a resistor R6 to the negative
      polarity terminal of capacitor C1. A connection is provided from the
      junction of capacitors C2 and C3 to the emitter of transistor Q1. An
      inductive load in the form of the primary winding of a transformer T1' is
      connected in parallel with capacitors C2 and C3. The secondary winding of
      transformer T1' has one side thereof connected to line L1 and the other
      side through a resistor R7 to gate terminal Q2g of triac Q2.
      Phototransistor U3a is optically coupled with a photodiode U3b (shown at
      the bottom of FIG. 1B) and the two elements constitute a photocoupler.
      Briefly, when photodiode U3b conducts current it emits light which renders
      phototransistor U3a conductive. The manner in which photodiode U3b is
      energized will be explained latter; however, it may be presently stated
      that the photodiode provides an interlock feature whereby the operation of
      oscillator 14b is inhibited irrespective of the cooling demand when
      certain adverse operating conditions are indicated to be present in the
      system. During normal operation of the system, however, phototransistor
      U3a is energized from photodiode U3b to permit operation of oscillator
      stage 14b.
PAR  From the foregoing description it can be seen that oscillator stage 14b is
      essentially a Colpitts oscillator which generates pulses in the primary
      winding of transformer T1' when energized. The pulses are magnetically
      coupled to the triac gate via the transformer. Furthermore, thermostatic
      control circuit 14 is endowed with complete D.C. isolation from the main
      A.C. motor circuit yet is capable of reliable control of the air
      conditioner motor in response to cooling demand. The thermostatic control
      circuit will be seen to possess even further advantages when considered in
      conjunction with under-voltage detection circuit 16 and electronic timer
      circuit 18.
PAR  Since circuits 16 and 18 contain a number of electronic devices which
      require D.C. power, a D.C. power supply circuit 20 is connected across
      lines L1 and L2 to develop a D.C. potential of +V volts relative to line
      L1. Power supply 20 comprises a half-wave rectifying diode CR6, a zener
      diode CR7, a capacitor C7 and a resistor R22 connected as illustrated. The
      voltage taken across the parallel combination of zener diode CR7 and
      capacitor C7 represents the +V volts potential. A resistor R23 and a
      second zener diode CR8 connect across capacitor C7 to develop a lesser
      D.C. potential +B.
PAR  Undervoltage detection circuit 16 comprises a brownout detecting section
      and a blackout detecting section. The brownout detecting section prevents
      conduction of triac Q2 when an electrical brownout condition is detected,
      while the blackout detecting section also prevents conduction of triac Q2
      when an electrical blackout is detected. In the illustrated circuit, a
      brownout condition is defined as a 13 percent drop in line voltage from
      nominal while a blackout condition is defined as a 26 percent drop in line
      voltage from nominal. Hence, for a nominal 230 volt system (RMS) a
      brownout condition is represented by a line voltage of between
      approximately 175 volts and 200 volts while a blackout condition would be
      represented by a line voltage less than 175 volts.
PAR  The brownout detecting section comprises resistors: R26, R27, R28, R29,
      R30, R31; capacitor C9; and a pair of operational amplifiers U1b and U1c;
      all these being connected as shown. Amplifiers U1b, U1c, along with
      amplifiers U1a, U1d (to be described hereinafter), are contained on a
      single circuit chip of model number identified in the parts list appearing
      at the conclusion of the specification. Each individual amplifier is a
      high gain device which develops a voltage output in accordance with the
      current difference at its inverting and non-inverting input terminals. The
      +V potential is connected to the power supply terminals of the chip as
      indicated schematically by the connection to amplifier U1b. These
      amplifiers are commonly referred to as Norton-type amplifiers. The
      potential +B developed across diode CR8 is supplied through the parallel
      combination of resistors R27 and R28 to the inverting input of amplifier
      U1b. Resistor R26 connects from the inverting input terminal of amplifier
      U1b to line L2. The non-inverting input terminal of operational amplifier
      U1b connects to line L1. The output terminal of operational amplifier U1b
      connects through resistor R30 to the non-inverting input terminal of
      amplifier U1c. The +V potential is supplied through a resistor R29 to the
      inverting input terminal of amplifier U1c while a capacitor C9 connects
      between the output terminal and the inverting input terminal. As long as
      the voltage of the A.C. line does not drop below 13 percent of its nominal
      rating, the output potential at the output terminal of operational
      amplifier U1c remains at +V volts. However, when a brownout condition
      occurs, the brownout detector develops an output waveform such as that
      illustrated by the numeral 22 at the output terminal of operational
      amplifier U1c. This waveform shows that the output potential drops from +V
      volts to essentially zero volts during the time interval t6-t7 (which in
      the present embodiment is on the order of 3-4 seconds). The way in which
      this waveform is developed is as follows. The values of resistors R27, R28
      and R26 are such that so long as the line voltage is within 13 percent of
      its nominal value there will be provided pulses at the output of amplifier
      U1b which are centered about the peak of the negative polarity half cycle
      of the line. This is shown graphically by the waveforms 24 and 26 in FIG.
      1A. However, should the line voltage drop into the brownout level so that
      the value of the peak negative half cycle is reduced, then there is
      sufficient current continuously delivered to the inputs of amplifier U1b
      that pulses such as 26 will fail to be developed. Hence, as long as this
      condition ensues, the output of amplifier U1b continuously remains at zero
      volts as indicated by waveform 28. When the line voltage returns to within
      its normal range, the first pulse developed by amplifier U1b will
      immediately switch the output of amplifier U1c back to +V volts.
PAR  The blackout detector section comprises a resistor R24, a resistor R25, a
      capacitor C8 and an operational amplifier U1a. The potential +B is
      supplied through resistor R24 to the inverting input terminal of amplifier
      U1a while line L2 is coupled through resistor R25 to the non-inverting
      terminal. The output terminal of the amplifier is coupled by capacitor C8
      with its inverting input terminal. The values of the circuit components
      are selected so that in the event of a total blackout (i.e., a complete
      loss of power), the output waveform developed by amplifier U1a is as shown
      at 32 in FIG. 1A. Waveform 32 shows that during the time interval t0-t2,
      the output voltage decreases along a ramp from +V volts to zero volts. At
      the time t1 which is intermediate times t0 and t2 a certain potential
      V.sub.1 reached at which actual indication of the blackout condition is
      given. This signal occurs approximately some 30 to 40 milliseconds after
      time t0. Waveform 34 illustrates how the output of amplifier U1a changes
      when normal power is restored after a total blackout. During the time
      interval t3-t5, the output potential at amplifier U1a rises from zero
      volts to +V volts. At time t4, which is intermediate times t3-t5, a
      potential V.sub.2 is reached which is indicative of a return to normal
      line voltage. The potential V.sub.2 is somewhat greater than the potential
      V.sub.1 and the time interval t3 to t4, is appreciably longer than the
      time interval t0 to t1, for example, this may be on the order of 100
      milliseconds.
PAR  The output of the two amplifiers U1a, U1c are operatively coupled with an
      electronic interlock system which interlocks thermostatic control circuit
      14 via photodiode U3b. The output terminal of amplifier U1c connects
      through a resistor R31 and through a resistor R33 to the non-inverting
      input terminal of an operational amplifier U1d. The output of amplifier
      U1a is coupled through a diode CR9 to the junction of resistors R31 and
      R33. The inverting input terminal of amplifier U1d connects through a
      resistor R32 to the +V potential. The output terminal of amplifier U1d is
      connected through a resistor R35 and the photodiode U3b to line L1. A
      resistor R34 connects the output of amplifier U1d to its non-inverting
      input. When the line voltage is within its normal operating range, the
      inputs to amplifier U1d are such that the output of amplifier U1d is at +V
      potential thereby providing energizing current for energizing photodiode
      U3b. In the event of either a brownout or a blackout, the net input to
      amplifier U1d changes to cause the output to switch to approximately zero
      volts thereby de-energising photodiode U3b. As will be explained later,
      timer circuit 18 has its output connected to the inverting input of
      amplifier U1d for preventing energization of photodiode U3b at certain
      times.
PAR  A further feature of the disclosure resides in the electronic timer circuit
      18 which is cooperativey arranged with the other circuitry to provide a
      certain minimum time interval between successive running times of
      compressor motor 12. In the illustrated embodiment, the timer circuit is
      tripped in response to the voltage rise occurring across triac Q2 when
      triggering pulses to the triac gate are terminated. Once tripped, the
      timer circuit imposes an overriding signal on amplifier U1d which causes
      photodiode U3b to be de-energized for the timing period determined by the
      electronic timer circuit. Furthermore, when an under-voltage condition
      (either a brownout or blackout) is detected, the timer circuit, although
      tripped to provide the overriding signal on amplifier U1d, cannot begin
      timing until the under-voltage condition has been corrected. In order to
      monitor the voltage rise across triac Q2, the timer circuit includes a
      diode CR2, a resistor R8, a zener diode CR3, and a capacitor C4 connected
      as shown across the principal conduction terminals Q2a, Q2b of triac Q2.
      These circuit elements cooperate to develop across capacitor C4 a positive
      polarity D.C. voltage which is used to trip the timer circuit. The zener
      diode CR3 serves to limit the D.C. voltage to a zener level compatible
      with the electronic timer circuitry including the plurality of four
      individual operational amplifiers U2a, U2b, U2c, and U2d which are of the
      Norton type. Since these four amplifiers are packaged in a single circuit
      chip, the voltage developed across capacitor C4 is applied across the
      power supply terminals of the chip which are common to all four individual
      operational amplifiers. The capacitor C4 is also connected through a
      resistor R13 to the non-inverting input of amplifier U2d while a resistor
      R14 connects between the output of amplifier U2d and its non-inverting
      input. Amplifier U2b is provided for the purpose of supplying a certain
      current to the inverting input terminal of amplifier U2a once the timer
      circuit has been tripped. The non-inverting input of amplifier U2b is
      connected directly to line L1 while the inverting input terminal is
      connected through resistors R18 and R19 to the output terminal of
      amplifier U1c. The junction of resistors R18 and R19 connects through a
      resistor R20 and a diode CR4 to line L1. The output of amplifier U2b is
      connected to the junction of resistors R15 and R16 and also to the
      junction of resistors R16 and R17. Resistor R17 connects back to the
      inverting input terminal of amplifier U2b while resistor R15 connects
      through a resistor R10 to the inverting input terminal of amplifier U2a.
      The non-inverting input of amplifier U2a connects to line L1. Assuming
      that the line voltage is within its normal operating range, then the
      output voltage developed by amplifier U1c remains sufficiently positive to
      provide a net input to amplifier U2b causing the latter to develop an
      output voltage of +V volts. As will be explained, this will cause the
      timer to time out. The output of amplifier U2a is connected through a
      resistor R11 to the non-inverting input of amplifier U2c. The output
      terminal of amplifier U2c in turn connects through a resistor R12 to the
      inverting input terminal of amplifier U2d. An integrating capacitor C5
      connects from the output of amplifier U2c to the input of amplifier U2a
      through resistor R10. Resistor R9 and capacitor C6 define a filter
      circuit. The output of amplifier U2 d connects through a diode CR5 and a
      resistor R21 directly to the inverting input terminal of amplifier U1d.
PAR  Assuming that the line voltage is within its normal operating range, then
      the electronic timer circuit operates as follows. In response to
      termination of pulses to its gate, triac Q2 ceases conduction.
      Consequently, a voltage rise is developed between terminals Q2a and Q2b
      which is monitored by capacitor C4 in the form of a positive voltage of
      approximately +V volts. The application of the +V voltage to the various
      circuit components of the electronic timer circuit immediately trips the
      timer and causes the output signal at amplifier U2d to switch from zero
      volts to +V volts. This is shown by the timing diagram 36 wherein the
      timer is tripped at time t8. With this change in potential, the net input
      to amplifier U1d is altered so that the output of this latter amplifier
      switches from +V to zero. Correspondingly, photodiode U3b is de-energized
      and it becomes impossible for pulses to be transmitted to the gate of
      triac Q2. Since there is no under-voltage line condition existing, the
      output of amplifier U2b is at +V and supplies current via resistor R15 and
      resistor R10 to amplifier U2a. Amplifiers U2a, U2c, and capacitor C5
      operate as an integrator to develop a waveform such as that shown at 38 in
      FIG. 1B. As can be seen, the voltage developed at the output of amplifier
      U2c is a positively increasing ramp which increase from zero volts to +V
      volts over the time interval t8-t9. Illustratively, this time interval is
      a nominal 5 minute period. As the ramp approaches +V volts, the net input
      current to amplifier U2d reaches a point where the output of this
      amplifier switches back to zero volts. The return of this signal to zero
      volts permits amplifier U1b to again energize photodiode U3b. Now pulses
      can be supplied from thermostatic control circuit 14 to the gate of triac
      Q2 in response to demand for cooling.
PAR  Should an under-voltage condition exist, the operation of timer circuit 18
      is somewhat different in that the timer, although tripped, cannot time out
      unless the line voltage has returned to its normal operating level.
      Specifically, when the output at amplifier U1c is low, the net current
      input to amplifier U2b is such that the output of amplifier U2b remains
      low. So long as the output of amplifier U2b remains low, the integrator
      circuit will not operate and, hence, the timer cannot time out. However,
      when the brownout or blackout condition is corrected, the return of the
      voltage at amplifier U1c to the +V level changes the input to amplifier
      U2b such that operation of the integrator is permitted. Hence, the
      electronic timer circuit is also responsive to an under-voltage condition,
      and in addition to affording a minimum delay time between consecutive
      applications of current to the compressor motor during normal line
      voltages, will prolong the delay when a line under-voltage condition
      exists. It will be noted that the amplifier U2d functions as a comparator
      for comparing the ramp output of amplifier U2c with a fixed reference.
PAR  The overall operation of the complete system under different conditions can
      now be fully appreciated. During normal operating conditions, compressor
      motor 12 is thermostatically controlled in accordance with cooling demand;
      however, each time that the motor is shut down, a mandatory minimum delay
      (for example, 5 minutes nominal) is imposed before the motor can be
      restarted. This delay affords time for diminution in the compressor
      dischage pressure so that the motor will not encounter an overload when
      being restarted. If either a brownout or a blackout occurs while the timer
      circuit is timing out, the timing out is interrupted until normal line
      voltage is restored; since the motor cannot be restarted until the timer
      has timed out, this interruption has the effect of extending the minimum
      delay by the duration of the under-voltage condition.
PAR  If a brownout occurs while the motor is running, the motor will be shut
      down approximately 3-4 seconds after the brownout begins; however, such a
      brownout must exist continuously for the 3-4 second interval since the
      disclosed system responds to the complete absence of pulses generated by
      the brownout detector. If a complete blackout occurs while the motor is
      running, the motor will be shut down within 30-40 milliseconds which is
      substantially contemporaneous with the occurrence of the blackout.
PAR  An admirable accomplishment of the present invention is that power can be
      more readily restored after a brownout or a blackout where units embodying
      the invention are on line. Because the timer circuit is always inhibited
      from timing out when a brownout or blackout occurs, there will be a delay
      period before the motor will be restarted once normal power has been
      restored. Moreover, with the present design, it has been discovered that
      the delay period in a given unit will be random within a given period; for
      example, a 5 minute nominal delay with a range of about 4 to about 8
      minutes. Hence, once power is restored, the units will be randomly
      restarted simply in response to a return to normal line voltage. Since all
      are not simultaneously restarted, the distribution system is less likely
      to encounter an overload upon restoration of power.
PAR  Details of certain specific circuit elements are disclosed in accompanying
      parts list for a 230v. 60 hz. supply. It will be appreciated that the
      specific components and values are sized in accordance with known design
      formulas, etc. to provide the overall system performance and operation as
      disclosed herein. By way of example, oscillator stage 14b is designed to
      provide relatively high frequency oscillations in comparison to the
      frequency of the A.C. line (for example, 10 khz); design criteria for the
      operational amplifiers may be found in National Semiconductor's
      Application Note 72, February 1973 Ed.
TBL  ______________________________________                                    
     PARTS LIST                                                                
     ______________________________________                                    
     Operational Amplifiers                                                    
                           1/4 LM3900 (National)                               
                           Semiconductor)                                      
     Transistor Q1         MPS-A05                                             
     Transistor Q2         Q4040C                                              
     Photocoupler U3       FND820                                              
     Diodes CR1, CR2, CR6  IN4004                                              
     Diodes CR3, CR7       IN4749                                              
     Diodes CR4, CR5, CR9  IN914                                               
     Diode CR8             IN750                                               
     Reistor R1            10 ohms                                             
     Reistor R2            27 kohms                                            
     Resistors R3, R5      10 kohms                                            
     Resistors R4, R18, R33                                                    
                           1 mohm                                              
     Resistors R6, R36     270 ohms                                            
     Resistor R7           47 ohms                                             
     Resistors R8, R22     5 kohms                                             
     Resistors R9, R19, R29                                                    
                           10 mohms                                            
     Resistors R10, R11, R12 R28                                               
                           100 kohms                                           
     Resistors R13, R21, R30, R31                                              
                           180 kohms                                           
     Resistor R24          150 kohms                                           
     Resistor R14          470 kohms                                           
     Resistors R15, R17, R34, R25, R26                                         
                           2.7 mohms                                           
     Resistor R20          16 kohms                                            
     Resistor R37          4.7 kohms                                           
     Resistors R23, R35    3.9 kohms                                           
     Resistor R32          1.5 mohms                                           
     Capacitors C1, C4, C7 100 mfds.                                           
     Capacitors C2, C5, C9 .47 mfds.                                           
     Capacitors C3, C6, C8 .047 mfds.                                          
     Capacitor C10         .18 mfds.                                           
     Transformer T1'       PT10-120 or                                         
                           11Z2004                                             
     Resistors R27, R16    Select at test                                      
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination:
PA1  a refrigeration system for providing cooling to a medium to be cooled
      including an electrical compressor motor;
PA1  an electrical power supply;
PA1  motor input circuit means operatively coupling said supply with said motor
      comprising means for controllably conducting current from said supply to
      said motor in accordance with the temperature of said medium;
PA1  under-voltage sensing means operatively coupled with said motor input
      circuit means to sense the voltage of said supply, said under-voltage
      sensing means comprising means responsive to a first under-voltage
      condition of said supply for providing a control signal in time delayed
      relation to occurrence of the condition, means responsive to a second
      undervoltage condition of said supply for providing said control signal
      substantially contemporaneously with occurrence of said second condition;
PA1  means responsive to said control signal for inhibiting current flow from
      said supply to said motor;
PA1  wherein the voltage of said power supply at which said first under-voltage
      condition occurs has a larger magnitude than the voltage at which said
      second under-voltage condition occurs;
PA1  wherein said motor input circuit means includes solid state electronic
      switching means and temperature responsive means providing switch control
      signals in accordance with cooling demand, said temperature responsive
      means being D. C. isolated from said solid state electronic switch means,
      said switch control signals being magnetically coupled to said solid state
      electronic switching means; and
PA1  including photocoupler means interlocking said under-voltge sensing means
      with said temperature responsive means for preventing generation of said
      switch control signals when said control signal is given by said
      under-voltage sensing means.
NUM  2.
PAR  2. In combination:
PA1  a refrigeration system for providing cooling to a medium to be cooled
      including an A.C. refrigeration compressor motor;
PA1  an A.C. supply for supplying electrical power to said motor;
PA1  means operatively coupling said supply and said motor including electronic
      semi-conductor switch means having a triggering means, said switch means
      conducting current from said supply to said motor in response to
      application of trigger pulse signals to said triggering means;
PA1  a control circuit for controlling the operation of said switch means
      including temperature responsive means for providing a temperature signal
      indicative of a need for cooling in the medium to be cooled, and an
      oscillator means responsive to said temperature signal for producing
      oscillations;
PA1  a magnetic coupling means operatively coupling said oscillator means and
      said triggering means for applying trigger pulse signals to said
      triggering means in response to oscillations of said oscillator means;
PA1  supply sensing means operatively coupled with said supply for providing a
      control signal in response to a predetermined condition of said supply;
      and
PA1  a photoresponsive solid state semi-conductor device operatively coupling
      said supply sensing means and said control circuit for preventing the
      generation of said oscillations in response to said control signal.
NUM  3.
PAR  3. The combination of claim 2 wherein said photoresponsive device comprises
      a phototransistor electrically connected in said oscillator means and a
      photodiode electrically connected in said supply sensing means.
NUM  4.
PAR  4. The combination of claim 2 wherein the frequency of oscillations of said
      oscillator means is substantially greater than the frequency of the A.C.
      supply.
NUM  5.
PAR  5. The combination of claim 2 wherin said supply sensing means includes
      means giving said control signal in time-delayed relation to the
      occurrence of a first under-voltage condition and means giving said
      control signal substantially contemporaneously with a second under-voltage
      condition.
NUM  6.
PAR  6. The combination of claim 5 wherein said second undervoltage condition
      occurs at a supply voltage less than the supply voltage at which said
      first under-voltage condition occurs.
NUM  7.
PAR  7. The combination of claim 2 including electronic timing circuit means
      responsive to said control signal for delaying the resumption of current
      to said motor for at least a given minimum delay period.
NUM  8.
PAR  8. In combination:
PA1  a refrigeration system for providing cooling to a medium to be cooled
      including an electrical compressor motor;
PA1  an electrical power supply;
PA1  motor input circuit means via which said electrical power supply is coupled
      with said motor, said input circuit means including temperature responsive
      circuit means for permitting current to flow from said supply to said
      motor when the temperature of said medium exceeds a given level;
PA1  supply sensing circuit means operatively coupled with said motor input
      circuit means to sense the voltage of said supply, said supply sensing
      circuit means including pulse generating means for generating pulses so
      long as the voltage of said supply remains above a given minimum and
      detection circuit means for providing a control signal in response to the
      continuous absence of pulses from said pulse generating means for a
      predetermined time; and
PA1  coupling circuit means operativey coupling said supply sensing circuit
      means and said motor input circuit means for inhibiting current flow from
      said supply to said motor in response to said control signal.
NUM  9.
PAR  9. The combination of claim 8 wherein said electrical power supply is A.C.
      and said pulse generating means comprises means responsive to the peak
      amplitude of said A.C. for providing pulses so long as the peak amplitude
      remains above a given level.
NUM  10.
PAR  10. The combination of claim 8 wherein said supply sensing circuit means
      includes means for generating said control signal substantially
      contemporaneously in response to another condition of the supply.
NUM  11.
PAR  11. The combination of claim 10 wherein said control signal is given in
      response to a continuous absence of said pulses for a period of
      approximately several seconds.
NUM  12.
PAR  12. In combination:
PA1  a refrigeration system for providing cooling to a medium to be cooled
      including an electrical compressor motor;
PA1  an electrical power supply;
PA1  motor input circuit means via which said electrical power supply is coupled
      with said motor, said input circuit means including temperature responsive
      circuit means for permitting current to flow from said supply to said
      motor when the temperature of said medium exceeds a given level;
PA1  a time delay circuit operatively coupled with said motor input circuit for
      providing at least a given minimum delay period between successive
      applications of current to said motor from said supply, said time delay
      circuit including a timer circuit whose timing period defines the duration
      of said minimum delay period; and
PA1  supply sensing circuit means operatively coupled with said motor input
      circuit means and said timer circuit to sense the voltage of said supply
      and permit said timer circuit to time only if the voltage of said supply
      remains above a given magnitude.
NUM  13.
PAR  13. The combination of claim 12 wherein the timing period of said timer
      circuit commences in response to termination of current flow from said
      supply to said motor so long as the voltage of said supply remains above
      said given magnitude.
NUM  14.
PAR  14. The combination of claim 13 wherein said timer circuit includes a ramp
      generator and a comparator.
NUM  15.
PAR  15. The combination of claim 13 wherein said motor input circuit means
      includes a solid state electronic switch means and an input of said timer
      is connected across said electronic switch means to sense the voltage rise
      in response to termination of current through the solid state electronic
      switch means.
NUM  16.
PAR  16. In combination:
PA1  a refrigeration system for providing cooling to a medium to be cooled
      including an electrical compressor motor;
PA1  an electrical power supply;
PA1  motor input circuit means comprising solid state switch means connecting
      said motor and said supply;
PA1  temperature responsive circuit means for providing triggering signals to
      said solid state switch means when the temperature of said medium exceeds
      a desired level, said solid state switch means conducting current from
      said supply to said motor in response to said triggering signals;
PA1  timing interlock circuit means for interlocking said motor input circuit
      means with said temperature responsive circuit means such that at least a
      given minimum time delay occurs between successive applications of current
      from said supply to said motor, said timing interlock circuit means
      comprising a comparator circuit having a pair of inputs and an output,
      means operatively coupling said motor input circuit means with one of said
      comparator inputs such that in response to termination of current flow
      from said supply to said motor a reference signal is supplied to said one
      comparator input causing the output of said comparator to assume a first
      state, a ramp generator circuit operatively coupled with the other input
      of said comparator for supplying a ramp waveform thereto, means
      operatively coupling said ramp generator circuit with said motor input
      circuit means such that generation of said ramp waveform is initiated in
      response to termination of current flow from said supply to said motor,
      the output of said comparator switching from the first state to a second
      state when the ramp attains a certain relation to the reference signal
      applied to said one comparator input, and means operatively coupling said
      comparator circuit with said temperature responsive circuit means such
      that when the output of said comparator circuit is in said first state the
      transmission of triggering pulses from said temperature responsive circuit
      means to said solid state switch means is inhibited and when the output of
      said comparator circuit is in said second state the transmission of
      triggering pulses from said temperature responsive circuit means to said
      solid state switch means is permitted.
NUM  17.
PAR  17. The combination of claim 16 wherein said timing interlock means is
      connected across said solid state switch means to supply said reference
      signal.
NUM  18.
PAR  18. The combination of claim 16 including under-voltage sensing means
      responsive to the voltage of said electrical power supply for preventing
      operation of said ramp generator whenever the supply voltage drops below a
      given magnitude.
NUM  19.
PAR  19. In a refrigeration system for supplying cooling to a medium, said
      system having an electrical compressor motor which is energizeed from an
      electrical power supply whose voltage magnitude is subject to variation,
      the combination comprising:
PA1  a motor input circuit means comprising solid state switch means connecting
      said motor and said supply;
PA1  temperature responsive circuit means operatively coupled with said solid
      state switch means to initiate conduction thereof when the temperature of
      the medium exceeds a given level;
PA1  supply sensing circuit means operatively coupled with said motor input
      circuit means to sense the voltage of said supply and to supply a timer
      stop signal when the voltage of said supply drop below a given magnitude;
PA1  switch sensing circuit means operativey coupled with said motor input
      circuit means to sense conduction of said solid state switch means and to
      supply a timer start signal when nonconduction of said solid state switch
      means is sensed;
PA1  and a timer circuit means comprising a run input circuit operatively
      coupled with said switch sensing circuit means, a stop input circuit
      operatively coupled with said supply sensing circuit means, and an output
      circuit operatively coupled with said motor input circuit means;
PA1  said timer circuit means further comprising an electronic timer circuit
      which is tripped by said timer start signal but which is prevented from
      timing out by said timer stop signal; said timer circuit means providing
      at its output circuit a signal which inhibits conduction of said solid
      state switch means when said timer circuit is tripped.
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ABST
PAL  An economizer kit for attachment to the outside of a return air duct of air
      conditioning systems. The kit comprises what is termed a housing having
      end walls and side walls which define a conduit open at both ends. At one
      end of the conduit, there is a by-pass passage formed by two chambers that
      under certain operating conditions are in open communication with each
      other but under other operating conditions, are separated by a movable
      damper, one of these chambers is an inlet chamber for air from the return
      air duct of the air conditioning system, while the other chamber is an
      outlet chamber for air returning to the return air duct. At the opposite
      end, the conduit has a partition extending longitudinally part-way in the
      conduit thus deviding the conduit into an outlet passage for air from the
      inlet chamber and an inlet passage adapted to communicate with the outlet
      chamber. The outlet passage discharges to ambient atmosphere and the inlet
      passage receives ambient atmospheric air. There is a pivoted damper
      movable between a position closing the inlet air passage and a position
      separating the inlet and outlet chambers, the inlet passage being normally
      closed by the damper.
BSUM
PAR  There is a reversible electric motor connected to the pivoted damper for
      actuating same between the two positions above described and there are a
      plurality of normally closed pivoted louvers controlling the connection
      between the inlet chamber and the outlet passage, said louvers being
      closed by gravity and openable by air pressure above a pre-determined
      value in the inlet chamber. Means for controlling the electric motor and
      the refrigeration apparatus is controlled by a temperature and humidity
      sensing device operably exposed to atmospheric air. To incorporate the
      present invention, in an existing air conditioning system, two openings
      are cut into the return air duct and a partition installed in the return
      air duct between the two openings. The economizer kit is then attached to
      the return air duct by any suitable means such as screws or the like with
      the inlet chamber in communciation with the opening upstream of the
      partition and the outlet chamber in communication with the return air duct
      downstream of the partition. Under normal operating conditions, when the
      ambient atmospheric air is warmer than the desired temperature for the air
      in a building or building area, the damper is in the position closing the
      inlet passage. Return air in the return air duct then passes into the
      inlet chamber and thence into the outlet chamber and then into the return
      air duct downstream of the baffle in the return air duct. Should the
      temperature of the ambient atmospheric air drop below the temperature and
      humidity desired for the building area, the temperature and humidity
      sensing device energizes the reversible electric motor to effect its
      moving the damper to the position cutting off communication between the
      inlet chamber and the outlet chamber. Ambient atmospheric air or a portion
      thereof is then drawn into the return air duct downstream of the partition
      therein by way of the inlet passage and the outlet chamber of the
      economizer unit. The pressure of air in the return air duct upstream of
      the partition therein increases sufficiently to force open the louvers so
      that air in said inlet chamber is discharged to ambient atmosphere by way
      of the outlet passage of the economizer unit. A fan may be added for air
      relief under certain circumstances. Should ambient atmospheric temperature
      and humitity raise to the value above the pre-determined level, the
      temperature and humidity sensing device will effect energizing of the
      reversible electric motor to return the damper to a position closing the
      inlet passage. The inlet and outlet chambers are then in open
      communication and the return air of the air conditioning system then
      by-passes the partition in said return air duct.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises an economizer kit for attachment to the return air
      duct of air conditioning systems, including existing systems. Two openings
      are cut in the return air duct and a baffle installed in the duct between
      the two openings. The refrigeration apparatus is located downstream of the
      baffle and is of any wellknown electrically operated type either
      modulating or 2-position. The kit is attached to the outer side of the
      return air duct and comprises a housing that spans said openings. The
      housing defines a conduit open at its ends, one end of said conduit having
      a by-pass comprising an inlet chamber and an outlet chamber in side by
      side relationship and normally in full open communication with each other.
      When the present device is attached to the return air duct, the inlet
      chamber is in alignment and communication with the opening in the return
      air duct upstream of the baffle and the outlet chamber is in full
      communication with the opening in the return air duct downstream of the
      baffle therein.
PAR  The other end of the conduit has a longitudinally extending partition
      providing an outlet passage from the inlet chamber to ambient atmosphere
      and an inlet passage from ambient atmosphere to the outlet chamber.
PAR  There is automatic means for normally closing the outlet passage, this
      means comprising a plurality of horizontally pivoted louvers moved to the
      closing position by gravity and opened by air pressure above a
      pre-determined value in the inlet chamber.
PAR  The inlet passage of the conduit is normally closed by a movable damper
      pivoted for movement between this position and a position separating the
      inlet and outlet chambers and shutting off air flow therebetween. A
      reversible electric motor is operably connected with the damper and said
      motor is controlled by temperature and humidity sensitive means, said
      means being well known.
PAR  Under normal conditions requiring refrigeration apparatus for cooling air
      for the air conditioning system, that is when the temperature and humidity
      of outside or abient atmospheric air is above a desired building area
      temperature and humidity, the damper closes the inlet air passage or a
      portion thereof. Air flow through the return air duct by-passes the baffle
      by entering the inlet chamber through the opening upstream of the baffle,
      passing through the opening downstream of said baffle, thence through the
      refrigerating unit and thence into the building area being air
      conditioned.
PAR  The refrigeration apparatus includes a compressor and a fan for moving air
      through the condenser and a second fan for moving the air through the duct
      system. Should the temperature and humidity of outside or ambient
      atmospheric air drop below that desired for the building area being air
      conditioned, the temperature and humidity sensitive means will cause the
      reversible electric motor for the damper to operate to move the damper to
      the position whereat it shuts off communication or a portion thereof
      between the inlet and outlet chambers and at the same time opens the inlet
      passage. Outside air is then drawn into the outlet chamber by the indoor
      fan of the refrigeration apparatus which continues to operate and thence
      into the return air duct downstream of the baffle. The air pressure in the
      building area being air conditioned will then increase and this increased
      pressure will be reflected in higher air pressure in the returned air duct
      upstream of the baffle and in the inlet chamber to escape to ambient
      temperature. An exhaust fan may be added for air to escape under certain
      circumstances. Thus, ambient atmospheric air is used to provide cool air
      to the building area and reduce the refrigeration apparatus running time
      so air conditioning operating coats are reduced with substantial savings.
      It is to be understood that with this arrangement, the refrigeration
      apparatus will operate only part of the time as required by the indoor
      thermostat. Upon increase in temperature and humidity of ambient
      atmospheric air, the temperature and humidity responsive means causes the
      damper motor to operate in the reverse direction to return the damper to
      its normal position closing the inlet passage.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to air conditioning systems and relates
      more particularly to a kit for installation in the system whereby air flow
      through a part of the system may be controlled for providing cool outside
      or ambient atmospheric air for conditioning the space serviced by the air
      conditioning system in lieu of running the refrigerator unit to recool the
      warn air within the building space being air conditioned.
PAR  2. Description of the Prior Art
PAR  Heretofore, as far as we are aware, there is no kit or apparatus that can
      be attached to the outside of an existing air conditioning systems for
      controlling the introduction of cool outside or ambient atmospheric air
      into the system when said outside air is cool enough to provide the
      desired temperature within the area being serviced by the air conditioning
      system. Units generally on the market are generally an integral part of
      the air conditioning unit or system itself and to install one of these on
      an existing air conditioning system requires a major change in the air
      conditioning unit or the duct work.
PAC  OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  It is an object of the invention to provide a kit, which in effect, is an
      economizer kit for air conditioning systems, where power can be saved by
      using cooler outside air for air conditioning a building space in lieu of
      running the compressor to recool the warm air from within.
PAR  It is another object of the invention to provide a kit of this character
      which is a self-contained device or apparatus that can be attached to the
      return air duct of existing air conditioning systems.
PAR  It is still another object of the invention to provide a device of this
      character that may be installed on the sides, top or bottom of a
      horizontal duct, or a vertical duct.
PAR  It is still another object of the invention to provide a kit of this
      character that comprises a pre-fabricated unit that is easily attached to
      the return air duct of air conditioning systems.
PAR  It is a further object of the invention to provide a device of this
      character having a by-pass damper that allows the air to recirculate in
      the standard manner as originally designed or to close off the return air
      opening and drawer in 100 percent of outside air or a percentage thereof
      to cool the conditioned space and to automatically relieve the building
      pressure through a second duct opening.
PAR  A still further object of the invention is to provide a device of this
      character that is simple in construction and operation.
PAR  Another object of the invention is to provide a device of this character
      that is relatively inexpensive to manufacture.
PAR  It is still another object of the invention to provide a device of this
      character that is easy and inexpensive to install into existing air
      conditioning duct systems.
PAR  The characteristics and advantages of the invention are further
      sufficiently referred to in connection with the following detailed
      description of the accompanying drawings, which represent one embodiment.
      After considering this example, skilled persons will understand that many
      variations may be made without departing from the principles disclosed and
      I contemplate the employment of any structures, arrangements or modes of
      operation that are properly within the scope of the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, which are for illustrative purposes only:
PAR  FIG. 1 is a schematic view partly in section, showing an air conditioning
      system with the present invention operably installed on the return air
      duct in a horizontal position;
PAR  FIG. 2 is an enlarged view of the device as viewed from the outer end;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is a schematic view showing the device installed in a vertical
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, there is schematically shown
      an air conditioning system indicated generally at 10, for a building area
      or room 12. The air conditioning system has a duct 14 that takes air from
      the building area 12 through an inlet portion 16. The air taken into this
      inlet portion is termed return air and the flow thereof is indicated by
      the arrows 18.
PAR  As shown, the inlet part 20 of the duct 14 is vertical and said duct has a
      horizontal part 22a, which is connected with an electric or gas air
      conditioning unit 23. This unit includes the usual compressor and electric
      motors therefore indicated respectively at 23a and 23b. There is also the
      usual condenser fan 23c driven by electric motor 23d. Air cooled by the
      refrigeration air conditioning unit is discharged into a duct 22b which is
      horizontal and the horizontal part 22b is downturned as at 24 and air is
      discharged at the outlet end 26 of the part 24 as indicated by the arrows
      28. A difuser 30 is provided at the oulet end 26 for causing the
      discharged air to be spread as it enters the building area.
PAR  Under normal operating conditions, warm air from the building area is taken
      into the inlet opening 16 of the part 20 of duct 14 and flows through the
      duct part 22a  into the refrigeration unit where it is cooled and
      discharged through the duct parts 22a and 24 from whence the cool air is
      discharged into the building area as described above.
PAR  The present economizer kit, indicated generally at 34, is shown in FIG. 1
      as being attached horizontally to the horizontal portion 22a of the duct
      14. This kit comprises a housing of sheet metal or any other suitable
      material and said housing has end walls 36 and 38 and side walls 40. A
      partition 42 within the housing defines, with adjacent portions of the end
      and side walls, an outlet passage 44 to ambient atmosphere or outside air
      and an inlet passage 46 with other adjacent portions of the end and side
      walls. Partition 42 extends part-way into the housing and there is a
      movable damper 48 having a pivotal axis 50 adjacent the inner end of
      partition 42, said damper being movable between a position closing the
      inlet 46 to the entrance of atmospheric air and a position whereat it
      closes the inner portion of the housing to the flow of air therethrough.
      As shown in FIG. 3, the damper is in the horizontal position when closing
      the inlet 46 against the entrance of ambient atmospheric air. When in the
      other position, the damper 48 is vertical as indicated at 52, and forms a
      partition dividing the inner end of the housing into a pair of chambers
      indicated respectively at 54 and 56. A screen 58 is disposed at the outer
      side of the damper 48 when in the horizontal position and serves as a
      filter for filtering out foreign particles in the air.
PAR  Means for automatically relieving building pressure under certain
      circumstances, which will be described hereandafter, comprises a plurality
      or barometric louvers, indicated generally at 60 and installed within the
      housing in substantial alignment with the damper when the latter is in its
      horizontal position. Means indicated generally at 60 is provided for
      automatically relieving building pressure under operating conditions that
      will be described hereandafter. This means comprises a plurality of
      louvers 62 arranged horizontally and mounted within the housing for
      pivotal movement on pivots 64 at their upper edges. Lower edge portions of
      the louvers, overlap the pivoted edges of adjacent louvers as best shown
      in FIG. 4. Louvers 62 close automatically by gravity but when air pressure
      in chamber 54 raises above a pre-determined value, said pressure forces
      the louvers to swing outwardly and upwardly to effect discharge of air
      into ambient atmosphere. As soon as the pressure in chamber 54 drops below
      a pre-determined value, the louvers will automatically move to the closed
      position. Means as provided for actuating the damper 48 between the two
      portions here and above described and said means comprises a reversible
      electric motor 66 installed within the housing by any suitable means, said
      reversible electric motor has a shaft 68 to which an arm 70 is attached.
      The outer end of lever 70 has a pivotal connection 72 with one end of a
      link 74, the opposite end of said link having a pivotal connection 76 with
      an ear 78 secured to the damper by any suitable means such as welding,
      brazing or the like. Ear 78 is adjacent to but spaced from the pivot 50 of
      the damper and when the motor 66 is operated in one direction, the damper
      is moved from the horizontal to the vertical position and when operated in
      the opposite direction, the damper is moved from the vertical to the
      horizontal position as shown in FIG. 3.
PAR  Temperature and humidity sensing and control means 80 is connected by wires
      82 to the reversible electric motor 66 for controlling its operation.
PAR  The indoor fan may be used to operate to move the air through the system.
      Alternatively, a separate exhaust fan may be used for this purpose, or to
      relieve the air from the building.
PAR  To install the economizer kit, two openings 86 and 88 respectively are cut
      in the return air duct part 22a, FIG. 1, and a partition 90 put into the
      duct part 22a between the two openings, said partition being secured in
      the duct by any suitable means such as by spot welding, brazing or the
      like. This partition separates the openings 86 and 88.
PAR  The housing of the kit is secured to the return duct part 22a by means of
      rivets 92 or by any other suitable means. When thus installed, the duct
      part 22a upstream of the partition 90, communicates with the chamber 54
      through the opening 86 and the chamber 56 communicates through opening 88
      with the duct part 22a downstream of the partition 90.
PAR  Normally, when a building area or building requires cooling of the air by
      the refrigeration unit, the movable damper 48 is in the horizontal
      position, as shown in FIG. 3, shutting out entrance of ambient atmospheric
      air into the chamber 56. At this time, the louvers 62 are closed and
      return air from the duct 14 upstream of the partition 90 passes through
      the opening 86 into chamber 54 from which it flows from chamber 56 and
      thence through the opening 88 into the duct downstream of the partition
      90. This air then flows through the refrigeration unit and is then
      discharged back into the area to be cooled by way of the outlet end 26 of
      the air duct.
PAR  Should the temperature of the ambient atmospheric air drop below the
      temperature and humidity desired in the building area being conditioned,
      this outside air may be circulated through the system with or without
      operation of the refrigerator unit. The temperature and humidity control
      mechanism 80 will effect operation of the motor 66 to move the movable
      damper 48 to the vertical position, as shown in FIG. 3, to shut off the
      flow of air between the chambers 54 and 56 and allow ambient atmospheric
      air to enter the inlet passage 46 to flow into the chamber 56 and thence
      through the opening 88 and into the return air duct which carries the
      outside air for discharge through the outlet 26 of the return air duct and
      thence into the building area. Air pressure in the return air duct
      upstream of the partition 90 and in the chamber 54, effects opening of the
      barometric louvers 62 so that this air will be discharged through the
      outlet passage 44 to ambient atmosphere.
PAR  Should the ambient atmospheric air increase in temperature and/or humidity,
      the control device 80 will cause the motor 66 to operate in a reverse
      direction to move the movable damper 48 back to the horizontal position as
      shown in FIG. 3.
PAR  It is to be noted that both temperature and humidity are factors in air
      conditioning or building areas and the control device 80 senses both
      temperature and humidity and controls the motor 66 and hence the movable
      damper 48 and the refrigerator unit in accordance with both temperature
      and humidity of the outside or ambient atmospheric air.
PAR  The arrangement shown in FIGS. 1 - 4 inclusive show the economizer
      mechanism in the horizontal position and attached to the horizontal part
      of the return air duct.
PAR  In FIG. 5, the economizer mechanism is shown attached to a vertical part of
      the return air duct. However, the functioning of the mechanism is the same
      as above described in connection with arrangements shown in FIGS. 1 - 4
      inclusive.
PAR  The invention and its attendant advantages will be understood from the
      foregoing description and it will be apparent that various changes may be
      made in the form, construction and arrangement of the parts without
      departing from the spirit and scope thereof or sacrificing its material
      advantages, the arrangement hereinbefore described being merely by way of
      example and I do not wish to be restricted to the specific form shown or
      uses mentioned except as defined in the accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An energizer kit for air conditioning systems, comprising:
PA1  a housing having end walls and side walls said housing defining a conduit
      open at its ends;
PA1  a partition in an outer end portion of said conduit, said partition
      extending longitudinally part-way into the conduit to define with adjacent
      side walls and end walls respectively and inlet passage from ambient
      atmosphere and an outlet passage to ambient atmosphere, the opposite end
      of said conduit being a by-pass passage one part of which comprises an
      inlet chamber and the other part comprising an outlet chamber;
PA1  a movable damper within the housing;
PA1  pivot means for said damper, after pivot means being located at the inner
      end of the partition;
PA1  means for pivotly actuating the damper between a position closing the inlet
      passage and a position separating the inlet and outlet chambers of the
      by-pass passage;
PA1  normally closed means between the outlet passage to ambient atmosphere and
      the inlet chamber for automatically relieving pressure in the inlet
      chamber to atmosphere when the inlet chamber pressure is above a
      predetermined value;
PA1  and temperature control means for controlling the actuating means for the
      movable damper in accordance with ambient temperature.
NUM  2.
PAR  2. The invention defined in claim 1, wherein the control means for the
      actuating means for the movable damper includes humidity responsive means
      cooperating with the temperature responsive means for controlling the
      actuating means for the damper.
NUM  3.
PAR  3. The invention defined in claim 2, wherein the actuating means for the
      damper comprises a reverisble electric motor operably connected to said
      damper.
NUM  4.
PAR  4. The invention defined in claim 3, wherein the means for automatically
      relieving pressure in the inlet chamber, comprises a plurality of pivoted
      louvers closed by gravity and opened by pressure in the inlet chamber
      above a pre-determined value.
NUM  5.
PAR  5. The invention defined by claim 4 in combination with an air duct having
      a partition across the duct and having an outlet opening upstream of the
      partition for the passage of air from the duct into the inlet chamber and
      having an opening for air flow from the outlet chamber into the duct
      downstream of the partition.
NUM  6.
PAR  6. The invention defined in claim 5, wherein there is a refrigeration unit
      incorporated in the duct downstream of the partition and electrical
      connecting means between the temperature and humidity control and said
      refrigeration unit for controlling operation of the refrigeration unit for
      normal operation under pre-determined temperature and humidity conditions
      of ambient atmosphere and for shutting off the refrigeration unit when
      temperature and humidity conditions drop below a pre-determined value
      while simultaneously controlling the electric motor for actuation of the
      damper from the position shutting off the conduit inlet passage from
      ambient atmosphere and the position whereat said ambient atmosphere inlet
      passage is open and air flow is cut off between the inlet chamber and the
      outlet chamber.
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ABST
PAL  Flexible coupling comprising two coupling halves of which part of the
      coupling half projects into another coupling half, both coupling halves
      being connected to transmit power by means of elastic elements all of
      which are always evenly loaded, characterized in that the elastic elements
      are enclosed by the coupling halves over their entire surface, whilst at
      least one coupling half consists of more dividable parts.
BSUM
PAR  The invention relates to a flexible coupling, comprising two coupling
      halves, wherein part of the coupling half projects into another coupling
      half, both coupling halves being connected to transmit power by means of
      elastic elements, all elements being continuously under a uniform load.
PAR  There is a known flexible coupling of such type described in the French
      Pat. No. 1286924. In this type the elastic elements are enclosed only
      partly by the coupling halves, and are fitted with an axial clearance into
      the channels of the corresponding coupling half.
PAR  The invention provides a flexible coupling, presenting the advantage that
      an optimum uniform power transmission is ensured from one coupling half to
      the other one under any operative conditions, since all elastic elements
      are exposed to a uniform load in the axial and radial direction as well.
      Also a simplified mounting and dismounting of such coupling is realized.
      For these purposes the elastic elements are enclosed by the coupling
      halves essentially over their entire surface, while at least one of the
      coupling halves consists of more dividable or separable parts.
DRWD
PAR  The invention will be described in detail with reference to drawings,
      showing advantages and other characteristics thereof.
PAR  In the drawings:
PAR  FIG. 1 is a cross-section of a coupling according to the invention;
PAR  FIG. 2 is a longitudinal section of a part of the coupling according to
      FIG. 1;
PAR  FIG. 3 is a cross-section of another embodiment of a coupling according to
      the invention;
PAR  FIG. 4 is a longitudinal section of a part of the coupling according to
      FIG. 3;
PAR  FIG. 5 is a suitable execution of an elastic element.
DETD
PAR  According to the representation of FIG. 1 elastic elements 4 are arranged
      in chambers or spaces 1 of the two coupling halves 2 and 3 on the
      periphery of the coupling 2, 3, at uniform distances. Preferably such
      elastic elements are made of rubber displaying a Shore hardness of 60 to
      80. The coupling half 3 is connected on the shaft 6 by means of a key 5
      while the other coupling half 2 is connected on a second shaft, not shown
      in the drawing. In this preferred embodiment of the invention the elements
      4 are ball-shaped while the chambers 1 being so executed that the
      ball-shaped elements 4 are completely enclosed. An advantage of this
      arrangement is that the centers M of the ball-shaped elements 4 are
      arranged approximately on the boundary surface V between the end surfaces
      2A and 3A of the coupling halves 2 and 3, respectively such arrangement
      ensures a uniform load distribution in an advantageous manner.
      Furthermore, since the diameter of a ball-shaped element 4 is larger than
      the maximum distance between the walls of the chamber or space 1 of the
      co-acting coupling halves, comprising the element, the chamber or space 1
      will be nearly completely filled up and consequently the element 4 will be
      kept advantageously under a certain tension. Such arrangement ensures the
      favourable effect which has been aimed at.
PAR  According to the representation in FIG. 2 the coupling half 2 is composed
      of two parts 7 and 8, which are interconnected by a bolt 9. Such
      construction simplifies the mounting and dismounting of the parts 3, 7 and
      8. Moreover, no difficulties are encountered with regard to the centering
      of both coupling halves in any application of the coupling according to
      the invention, also due to the fact that in the preferred embodiment of
      the invention the coupling member 8 is executed in a divided or separable
      form and consequently the degree of tightening of the bolt 9 affects
      accordingly to the tension in the element 4. Thus, the coupling half 2
      comprises a ring-shaped member 8, provided with a cup-shaped cavity 8A,
      forming with the cavity 1A of the coupling half 3 the chamber or space 1
      enclosing the elastic element 4. The ring 8 is fastened through the said
      bolt connection 9 to a flange 7 which also forms a part of the coupling
      half 2.
PAR  It has to be pointed out that in order to obtain the required effect the
      chamber or space 1 of both coupling halves need not to be shaped or
      dimensioned according to strict prescriptions; any form is suitable for
      obtaining the required effect provided that the chamber or space is
      entirely filled up by a pre-stressed elastic element.
PAR  FIG. 3 represents the cross-section of another embodiment of a coupling
      according to the invention. The coupling half 11 is fixed by keying on a
      shaft 10, the said coupling half 11 comprising a ring 12, provided with
      apertures 12A (see also FIG. 4) uniformly spaced apart from one another.
      The other coupling half 13 comprises a ring 14 as well, provided with
      apertures 14A which, in assembled state, face the apertures 12A of the
      coupling half 11. According to this embodiment of the invention an oblong
      elastic element 16 is arranged in the space 12A and 14A of the rings 12
      and 14, resp., and now completely enclosed by the coupling half 11,a 15
      and the rings 12 and 14. This arrangement presents the additional
      advantage, that the axis of an element 16 is positioned in the parting
      face V.sub.2 of the rings 12 and 14 thereby ensuring an optimum and
      uniform power transmission.
PAR  According to the representation in FIG. 4 the rings 12 and 14 are fastened
      through welding connections 17 and 18, resp. to the coupling halves 11 and
      13, resp. Over the ring 14 a bush-like element 15 is fitted, which is
      applied on the coupling half 13 and is fastened to the ring 14 by means of
      a tightening nut 19. An advantage of such arrangement is that the part 20
      of the element 15 owing to a conical or tapered shape causes, in simple
      manner, pre-stressing in the element 16. By this the degree of conicity or
      tapered shape of said bush-like elements 15 determines the extent of
      pre-stressing.
PAR  FIG. 5 represents the execution form of an oblong symmetrical coupling
      element 21, the application of which permits favourable functioning in
      case of a diameter/length ratio of about 1:2. If for example the material
      composition of one of the elements 21 differs somewhat from the material
      composition of the other coupling elements affecting thereby more or less
      the uniform power transmission, it will still be possible to achieve the
      desired aim in a relatively simple manner, by grinding off a small part of
      the corresponding element, the degree of grinding-off being determined by
      comparative measurements.
PAR  It is evident that the invention is not restricted to the described
      embodiments. Actually, elastic elements of any shape can be applied,
      provided that they fill-up completely the chambers or spaces wherein they
      are applied and are kept all-sided under a certain pre-tension.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flexible coupling comprising first and second coupling halves, a
      portion of said first coupling half projecting into said second coupling
      half, said coupling halves having facing portions defining a plurality of
      spaces therebetween, elastic means substantially completely encased in the
      spaces defined by said facing portions of said first and second halves
      along said projection, said coupling halves facing portions including a
      ring shaped member mounted in the circumference of said coupling halves
      and applying a compressive force to said elastic means so that said
      elastic means fill said spaces, therein enabling said elastic means to be
      equally loadable in both rotating directions of said coupling.
NUM  2.
PAR  2. The coupling of claim 1 wherein said ring shaped member is radially
      separate from one of said coupling halves.
NUM  3.
PAR  3. The coupling of claim 2 wherein said one of said facing portions is
      internally cup shaped and said elastic means are spherical and are
      partially encased by said cup shaped facing portions, said radially
      separate elements being connected to each other by axially directed
      fastening means.
NUM  4.
PAR  4. The coupling of claim 1 wherein said elastic means are a plurality of
      rubber balls encased between said coupling half facing portions in cup
      shaped holes formed in said facing portions.
NUM  5.
PAR  5. The coupling of claim 1 wherein one of said coupling halves includes a
      conically shaped bush.
NUM  6.
PAR  6. The coupling of claim 5 wherein said elastic means includes a plurality
      of elastic elements supported between said conically shaped bush and the
      other of said coupling halves.
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PAL  A method of knitting, on a circular knitting machine, a succession of
      tubular articles such as socks or stockings, each having an elasticized
      roll welt having an elastic yarn laid therein, wherein a leading end of
      the elastic yarn is temporarily anchored in knitted stitches of each
      completed article and thereafter the elastic yarn is laid within the welt
      fold of the next succeeding article.
BSUM
PAR  The invention relates to a method of knitting on circular knitting
      machines, particularly but not exclusively those of the superposed needle
      cylinder type in which double headed needles are transferable between the
      cylinders for the purpose of making ribbed fabric. The invention also
      relates to articles made by such a method, particularly articles of
      hosiery such as stockings, socks and pantie-hose.
PAR  An important feature of hosiery knitted on double cylinder machines is the
      roll-welt which is contructed on needles arranged in a rib relationship,
      generally a 1/1 relationship, i.e. alternate needles in the lower cylinder
      and intermediate needles in the upper cylinder. Yarn is fed to the needles
      at a knitting station so that it extends in a zig-zag fashion between the
      upper and lower needles. The upper cylinder needles are maintained in a
      high inactive track while the lower cylinder needles continue to knit
      about four courses and the welt is completed by causing all of the needles
      to knit for a further course. It is an object of the invention to
      incorporate an elastic yarn in the roll-welt to form an elasticized welt.
PAR  The invention provides a method of knitting, on a circular knitting
      machine, a succession of tubular articles each having an elasticized
      roll-welt. Each article on completion is pressed off from the needles, but
      before the pressing off is completed an elastic yarn is knitted into a
      portion of the final course of the completed article and the setting up of
      a fresh course is commenced for knitting a roll-welt to start the next
      succeeding article. The elastic yarn is thus laid into the roll-welt of
      the succeeding article as it is set up and knitted. The laying in of the
      elastic yarn should commence before the previous article is completely
      pressed off and the elastic yarn may be temporarily retained by passing it
      behind the stems of one or more needles positioned at clearing height. The
      final anchorage of the leading end of the elastic yarn may be effected
      after its release from the final knitted stitches of the preceding article
      by knitting it into the first stitches of the succeeding article. Thus a
      leading end of the elastic yarn is temporarily anchored in knitted
      stitches of each completed article and thereafter the elastic yarn is laid
      within the welt fold of the next succeeding article.
PAR  One example of an elastic yarn that may be used in the method of the
      invention is a rubber yarn. Other elastic yarns may, however, be used.
PAR  The method of the invention is particularly suited to the formation of
      elasticized welts on a succession of articles knitted and automatically
      separated from one another by the method described in U.S. Pat. No.
      3,402,575.
DRWD
PAR  The invention is hereinafter described, by way of example only, as being
      performed on a knitting machine of the opposed coaxial cylinder type. The
      following description makes reference to the accompanying drawings in
      which: FIGS. 1 and 2 are schematic developed views of minor arcs of
      needles on such a knitting machine at different stages of the knitting
      cycle.
DETD
PAR  At the final stage of knitting a sock or stocking on a double cylinder
      machine, when the final stitches of the toe portion are being formed on
      the full complement of needles all of which are in the bottom cylinder,
      pressing off the completed article and knitting an elasticized roll-welt
      of the next article preferably proceeds as follows.
PAR  While the supply of main or ground yarn is continued at the main knitting
      station and all needles are knitting normally at this station, a bolt cam
      is inserted at an auxiliary knitting station to cause the needles to be
      lowered in the usual stitch forming motion. However, no yarn is introduced
      at the auxiliary station and therefore the needles `press off` their loops
      and travel around, devoid of yarn, towards the main knitting station.
      Before they reach the main knitting station the first group of needles
      that are devoid of yarn are raised above the normal clearing height and
      the subsequent needles are divided into a 1/1 set out by alternate needles
      being transferred to the upper cylinder. The group of needles raised above
      the normal clearing height generally comprises about seven needles, but
      the choice of an appropriate number of needles forming this group depends
      on the characteristics of the ground yarn as is apparent from the ensuing
      description.
PAR  The situation which prevails at the moment that the first empty needle (the
      first needle of the abovementioned group) approaches the main feeding
      station is that the previously knitted article is held only by those
      needles which extend in advance of this first empty needle through the
      main knitting station and up to the auxiliary station at which the needles
      are shedding their stitches. At this point, and before the group of empty
      needles raised above the normal clearing height enter the main knitting
      station, an elastic yarn is fed together with the ground yarn so that the
      elastic and ground yarns are together formed into loops at the main
      knitting station. When the group of empty needles above the normal
      clearing height pass through the main station they are not diverted down
      the feed and stitch cams and therefore both the main yarn and the elastic
      yarn are laid across and in front of the stems of this group of needles.
      The empty needles following this group through the main knitting station
      have been divided into a 1/1 set out as described previously, and because
      of the relative positions of the elastic and ground yarn feeders, these
      needles take only the ground yarn at the main knitting station. The yarn
      is taken in the hooks of the alternating bottom and top cylinder needles
      and thus extends in zig-zag fashion between the plain and rib needles. The
      elastic yarn is laid in front of this zig-zag barrier of yarn as the
      needles move through the main knitting station.
PAR  This stage of the knitting cycle is illustrated in FIG. 1.
PAR  After passing through the main knitting station the first one or few bottom
      cylinder (plain) needles following the group are kept in a low
      non-knitting position, while the following two or more bottom cylinder
      needles rise to normal clearing height. The upper cylinder (rib) needles
      are kept in a non-knitting position and not cleared, as is usual in the
      formation of a roll-welt. By virtue of the low position of the first
      bottom cylinder needle or needles following the group and the high
      position of the upper cylinder needles, the elastic yarn that is laid over
      the zig-zag barrier of ground yarn is now laid sufficiently inwards of the
      needle circle, following the low bottom cylinder needle or needles, that
      the bottom cylinder needles that are raised to clearing height move in
      front of the elastic yarn and thus retain it. None of the subsequent
      needles are moved to clearing height after the main knitting station but
      are allowed to remain in the welt tracks or float tracks of the upper and
      lower cylinders.
PAR  This stage of the knitting cycle is illustrated in FIG. 2.
PAR  While the above procedure is taking place at the main knitting station the
      remaining stitches of the previous article, including the stitches of
      elastic yarn, are being shed at the auxiliary station. As the group of
      needles above the normal clearing height, which needles have the ground
      yarn and elastic yarn laid across their stems, passes the sinker
      knock-over position (after the main knitting station) the sinkers move
      inwards and press on the short length of ground yarn and break it across
      the stems of the needles in the manner described in U.S. Pat. No.
      3,402,575. The elastic yarn which is laid at a slightly higher level is
      not taken by the sinkers and remains across the group of needles as they
      approach the auxiliary knitting station.
PAR  The number of needles in the group of needles that are raised to above
      clearing height should be chosen so that the trailing end of the yarn
      attached to the previously knitted article and the leading end of the yarn
      forming the set up row of the succeeding article are securely anchored by
      the sinkers between the main knitting station and the auxiliary knitting
      station. If the yarn is to be severed by snapping, there must be
      sufficient needles in the group to ensure that the sinkers between the
      needles snap the yarn, as fully described in U.S. Pat. No. 3,402,575.
PAR  When the needles which hold the last stitches of the previous article, and
      also the first loops of elastic yarn, pass down the auxiliary stitch cams,
      as no yarn is being fed at this station, the previous article is cast off
      the needles and, due to the severing of the main yarn by the sinkers, this
      article is taken from the machine by air suction. During the release of
      the stitches from the last needles, the leading end of the elastic yarn is
      also released and unravels from the previously knitted article. The
      elastic yarn would, if not retained by the lower cylinder needles that are
      raised to clearing height, whip back and be released from the first loops
      of the welt of the new article. Because the elastic yarn is thus retained,
      its end is drawn inwards by air suction between the needle cylinders
      around the stem of the leading needle of the group above normal clearing
      height. The severed end of main yarn which constitutes the leading end of
      yarn for knitting the new article is held by the sinkers between the last
      few needles of the group as they approach the auxiliary station.
PAR  As the group of needles at above normal clearing height passes the
      auxiliary knitting station the auxiliary feed cam is displaced to an
      inoperative position so that the needles at clearing height which follow
      the group and which retain the elastic yarn are allowed to maintain their
      cleared position. The uncleared needles in a 1/1 set out pass the
      auxiliary station in the inactive position which is normal while making a
      roll-welt.
PAR  As the group of needles above normal clearing height with the leading end
      of elastic yarn laid across their stems continue beyond the auxiliary
      knitting station they eventually reach the transfer station where
      alternate needles of the group are transferred to the upper cylinder to
      complete the 1/1 set out of the whole circle of needles. As this group of
      needles (now in a 1/1 set out) with the elastic yarn across the needle
      stems approaches the main knitting station the upper cylinder needles are
      raised and the lower cylinder needles are lowered with their latches held
      open by latch guards so that the elastic yarn is positioned behind the
      needle latches which are maintained open by the latchguard. The elastic
      yarn is thus disposed in a zig-zag fashion between the open latches of the
      rib and plain needles of the group and this action robs the leading end of
      the elastic yarn which extended beyond the group.
PAR  At the main knitting station the upper cylinder needles of the group pass
      up the rib stitch cam and the lower cylinder needles of the group pass
      down the main stitch cam so that all needles of the group take the ground
      yarn in their hooks and the elastic yarn is then `knocked over`, the
      ground yarn being drawn in loops through the elastic yarn to form the
      first few completed stitches of the welt of the new article. Thereafter
      the upper cylinder rib needles following the group pass the main feeding
      station in the high welt track where they hold their first loops of the
      new article while the lower cylinder plain needles knit, and the elastic
      yarn is laid into the welt fold during the four courses of the welt.
PAR  At the completion of the welt, the upper cylinder needles are caused to
      knit together with the lower cylinder needles to close the welt fold and
      the elastic yarn may then be terminated or allowed to be `laid in` between
      the 1/1 stitches of the top of the article as the case may be.
PAR  The elastic yarn is thus initially temporarily anchored in knitted stitches
      of the preceding article, then retained against whipping back on release
      from the preceding article by means of non-knitting needles of the set-up
      course, and is finally anchored in knitted stitches of the first course of
      the roll-welt. It is accordingly laid into the fold of the roll-welt as it
      is set up and knitted.
PAR  The accompanying drawings illustrated the above knitting procedure on a
      double cylinder knitting machine which has a main knitting station M.S.
      and an auxiliary knitting station A.S. separated by an arc of about 18
      needles. A ground yarn 2 is fed by a feed finger 22 and an elastic yarn 3
      is fed by a feed finger 23 which, as is known and is illustrated for
      example in U.S. Pat. No. 3,606,771, is movable between (1) an inactive
      position, (2) a yarn introducing position and (3) a normal feeding
      position. In FIG. 1 needles passing through the auxiliary knitting station
      A.S. are shedding their stitches as at 1. At the main knitting station
      M.S. needles which have been divided into a 1/1 set out of rib and plain
      needles RN and PN, respectively, are operating through part of a knitting
      cycle to draw the ground yarn 2 into a zig-zag formation. The elastic yarn
      3 a tail end 3a of which has previously been held by a trapper (not
      shown), has been fed at the main knitting station M.S. to a needle 4, by
      movement of the elastic yarn feed finger 23 from its inactive position to
      the introducing position with synchronous release of the tail end 3a of
      the elastic yarn 3 from the trapper. The needle 4 is located nine needles
      in advance of the group of empty needles 7N that are raised to above the
      normal clearing height, and FIG. 1 shows the first loop of the elastic
      yarn about to enter the auxiliary knitting station A.S. where it will be
      pressed off. The tail end 3a of the elastic yarn 3, released from its
      trapper (not shown) immediately the elastic yarn was introduced, is shown
      knitted with the ground yarn on four needles 4N. During the knitting of
      the tail end 3a, the feed finger for the elastic yarn 3 is in the
      introducing position which is located past the main knitting station M.S.
      so that only the tail end 3a is taken by the needles. At the stage shown
      in FIG. 1 the elastic yarn feed finger 23, is in its normal feeding
      position which is displaced outwardly from the needle circle so that the
      elastic yarn is not taken by needles at the main knitting station M.S., or
      by the sinkers 5 immediately following the main knitting station, so that
      the elastic yarn 3 floats over the nine needles in advance of the group 7N
      and is laid over the stems of the needles of the group 7N. The elastic
      yarn 3 is thus not drawn into a zig-zag formation with the ground yarn at
      the main knitting station M.S. and as the cylinders turn it is laid
      against the zig-zag barrier of ground yarn slightly inside the circle of
      needles.
PAR  FIG. 2 shows the stage of the knitting cycle at which the group of needles
      7N has moved further past the main knitting station M.S. The sinkers 5
      have drawn the ground yarn 2 around the stems of the needles in the group
      and have thus severed the ground yarn. The first needle to follow the
      group 7N is designated 9 and is a plain needle that is maintained in a low
      position after the main knitting station M.S. The next two plain needles
      of the 1/1 set out are designated 8 and 6 respectively and are raised to
      clearing height. Because the elastic yarn 3 tends to form a chord across
      the needle circle as it passes above the plain needle 9 and below the
      first rib needle 10, it lies behind needles 6 and 8 enabling these
      needles, as they are raised to clearing height, to pass in front of the
      elastic yarn and lock it. Thus, when the needle cylinders have rotated to
      a position such that the elastic yarn 3 is released from the preceding
      article it will be prevented from whipping back by the retaining action of
      the needles 6 and 8.
PAR  Especially on certain gauges of knitting machines which have their needles
      pitched closely togehter, the first two bottom cylinder needles 9 and 8
      following the group 7N may be kept low and the following two bottom
      cylinder needles may be raised to clearing height in order to lock the
      elastic yarn. This may be necessary to ensure that the elastic yarn lies
      behind the needles that are raised to clearing height.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of knitting, on a circular knitting machine having first and
      second knitting stations at which needles of the machine can be actuated
      in the knitting mode, a succession of tubular articles each having an
      elasticized roll-welt, comprising the following steps:
PA1  a. knitting an article with ground yarn on the knitting machine;
PA1  b. on completion of the article, pressing-off the article from the needles
      of the machine at the second knitting station;
PA1  c. before the pressing off is completed, knitting an end of an elastic yarn
      into a portion of the final course of the article at the first knitting
      station;
PA1  d. before the end of elastic yarn is pressed-off at the second knitting
      station, commencing the setting-up of a fresh course for knitting a
      roll-welt of the next succeeding article; and
PA1  e. after the pressing-off of the end of the elastic yarn at the second
      knitting station, temporarily retaining the elastic yarn in position and
      laying the elastic yarn into the roll-welt of the said next succeeding
      article as it is set up and knitted at the first knitting station.
NUM  2.
PAR  2. A method according to claim 1, wherein during the casting off of the
      final stitches of the completed article the elastic yarn is temporarily
      retained by passing it behind the stems of one or more needles positioned
      at clearing height.
NUM  3.
PAR  3. A method according to claim 1, wherein a leading end of the elastic yarn
      is finally knitted into the first stitches of the succeeding article.
NUM  4.
PAR  4. A method according to claim 1, carried out on a knitting machine of the
      opposed coaxial cylinder type with needles transferable between cylinders.
NUM  5.
PAR  5. A method according to claim 1, wherein the knitted tubular articles are
      automatically separated from one another by virtue of the fact that the
      ground yarn from which the articles are knitted is fractured by being
      drawn by sinkers against the stems of a number of needles raised above the
      normal clearing height between those needles casting off the completed
      article and those needles setting up the fresh course of the succeeding
      article.
NUM  6.
PAR  6. A method according to claim 4, wherein at the first knitting station the
      needles are divided alternately between said cylinders and are operated
      through a knitting cycle to draw ground yarn into a zig-zag formation and
      said end of elastic yarn is laid against the zig-zag formation of ground
      yarn.
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ABST
PAL  A method and apparatus for detecting defective knitting needles in a
      circular knitting machine wherein the knitting needles are advanced along
      a circular path between a light source and upper and lower vertically
      spaced photoelectric detector devices. The direction of the light beams
      from the source to the two photoelectric devices is inclined at an angle
      to the tangent of the circular path at the beam intercept with the
      circular path, such that the advancing needles pass successively through
      the beams and a shadow of the hook end of each needle is cast on the upper
      photoelectric device before any shadow of any other part of the needle is
      cast on the lower photoelectric device, when a nondefective intact needle
      enters the beams. Needles with broken off hooks or closed needle latches
      cause a shadow to be cast on the lower photoelectric device before any
      shadow reaches the upper photoelectric device to activate an alarm and/or
      stop the knitting machine. A third photoelectric device may be positioned
      to receive a shadow of a different needle from the one being inspected by
      the upper and lower photoelectric devices to detect needles broken off too
      low to cast a shadow on the lower photoelectric device.
PARN
PAC  PRIOR RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior application Ser. No.
      505,690, filed Sept. 13, 1974 now abandoned claiming priority based on my
      prior British Pat. applications No. 43704/73 filed 18 Sept. 1973 and No.
      6002/74 filed 9 Feb. 1974.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The present invention relates to methods and apparatus for detecting
      defective knitting needles in a circular knitting machine in which each
      hooked needle in a revolving circular array is reciprocated in succession
      during knitting, so that the hooked end is moved a distance into an
      outstanding or upstanding position relative to the other hooked ends and
      then returned to substantially the same plane in which the other hooked
      ends are disposed when not being reciprocated.
PAR  Some defects such as a very slightly bent needle do not cause difficulties
      during knitting, but other defects such as the snapping off of a needle
      hook or the jamming of a needle latch in its hook-closing position are
      unacceptable since they cause the production of malformed fabric with a
      ladder fault knitting therein.
PAR  According to one aspect of the invention a method of detecting a defective
      knitting needle in a circular knitting machine comprises directing a beam
      of light across the path of travel of the knitting needles onto
      photoelectric means such that a hook at one end of an intact or proper
      needle, whose latch is open, enters the beam to cast a shadow on the
      photoelectric means not latter in time than any other part of the needle
      entering the beam casts its shadow on said photoelectric means, and
      detecting from an output of the photoelectric means when the shadow cast
      by the said end occurs later in time than that of said other part or parts
      to indicate a defect.
PAR  According to a second aspect of the invention there is provided a circular
      knitting machine comprising a circular array of knitting needles rotatable
      in a circular path, a first photoelectric means disposed at a higher
      vertical position than a second photoelectric means, a light source
      arranged to direct a beam of light onto said photoelectric means, an arc
      of said circular path passing between the light source and the
      photoelectric means such that when the needles are rotated along the
      needle path, each passes in succession through the beam and casts a shadow
      of the end of the needle having the hook onto the first photoelectric
      means and also casts a shadow of the thinner part of the shank of the
      needle or a jammed closed needle latch onto the second photoelectric
      means. The beam is directed so that when a proper needle with an intact
      hook and open latch enters the beam, the shadow of the hook is cast on the
      first photoelectric means before the shadow of any other part of the
      needle is cast on the second photoelectric means. However, if the hook is
      broken off a shadow of the shank is cast onto the second photoelectric
      means before any shadow of the needle is cast onto the first photoelectric
      means, of if the latch is jammed closed a shadow of the latch is cast onto
      the second photoelectric means before any shadow of the needle is cast
      onto the first photoelectric means. The photoelectric means is connected
      to control means wherein first and second electric signals are provided
      corresponding to shadows cast onto the first and second photoelectric
      means respectively when the machine is in use, and the control means is
      arranged to initiate stopping of the machine and/or operation of warning
      means, whenever a signal from the second photoelectric means for a given
      needle appears or occurs before the signal from the first photoelectric
      means for shadows cast by that same needle.
PAR  It has been found that the method of detecting defective knitting needles
      according to the first aspect of the invention or the use of apparatus
      according to the second aspect of the invention to detect defective
      knitting needles may fail to detect a faulty needle in certain unusual
      cases where a needle is snapped off so low down its shank that the
      photoelectric means may not have a shadow of this badly broken needle cast
      thereon. This is because the stump of the shank is too low and does not
      interrupt the light beam, and therefore no signal is issued to indicate
      this defect condition.
PAR  To remedy this there is provided according to a third aspect of the
      invention a method of detecting a defective knitting needle in a circular
      knitting machine comprising directing onto photoelectric means a beam of
      light which is interrupted by knitting needles travelling in a circular
      path and successively entering the beam, the photoelectric means
      comprising first photoelectric means disposed above second photoelectric
      means, and third photoelectric means offset in a horizontal direction from
      the first and second photoelectric means, arranging the first
      photoelectric means for the shadow of an intact hooked end of a first
      needle to be cast thereon before a shadow of the shank or a closed latch
      portion of the first needle is cast on the second photoelectric means, but
      also arraying the first and second photoelectric means for the shadow of
      the first needle, should it have a broken hook or a latch jammed in the
      closed or substantially closed position, to be first cast on the second
      photoelectric means, and arranging the third photoelectric means for a
      shadow of a second knitting needle to be cast thereon after the hooked end
      of the first needle has cast a shadow on the first photoelectric means.
      Variations in electrical outputs from the first, second and third
      photoelectric means due to needle shadows cast thereon are detected, said
      outputs are fed to control means responsive in the absence of an
      electrical cancel signal to the variation in output from the second and
      third photoelectric means to cause halting of the knitting machine and/or
      operation of alarm means, and the operation of the control means to
      prevent halting of the machine and/or operation of the alarm means is
      inhibited by feeding to the control means the cancel signal generated upon
      the appearance of the variation in output from the first photoelectric
      means. The cancel signal is of a predetermined duration of sufficient
      length for the output variation from the second and third photoelectric
      means to appear and disappear within the duration of the cancel signal.
PAR  According to a fourth aspect of the invention there is provided a knitting
      machine according to the second aspect comprising third photoelectric
      means offset along the needle paths from the first and second
      photoelectric means and arranged for the light source to illuminate the
      third photoelectric means such that after a first needle having an intact
      hook and open latch has cast a shadow onto the first and second
      photoelectric means a second needle passing through the beam casts a
      shadow onto the third photoelectric means, the third photoelectric means
      being connected to the control means wherein a third signal is provided
      corresponding to the shadow cast onto the third photoelectric means. The
      arrangement is such that the first signal has a duration which is longer
      than the time between the appearance of the second signal and the
      disappearance of the third signal, but if no first signal is produced
      because a needle is broken too low down to interrupt the beam and the next
      needle then interrupts the beam to cast a shadow on the third
      photoelectric means the corresponding third signal appears and in the
      absence of the first signal the control means initiates stopping of the
      machine and/or operation of warning means.
PAR  Each aspect of the invention will now be further described by way of
      example with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a fragmentary and diagrammatic view of a circular knitting
      machine formed according to either the second or fourth aspects of the
      invention for carrying out the method according to the first or third
      aspects.
PAR  FIG. 2 is a fragmentary, diagrammatic perspective view on an enlarged scale
      of a knitting needle and a lamp and photoelectric devices in the machine
      of FIG. 1 constructed in accordance with the second aspect of the
      invention for carrying out the first aspect.
PAR  FIG. 3 is a side elevation to enlarged scale, of the arrangement shown in
      FIG. 2.
PAR  FIG. 4 is a front elevation of the arrangement in FIG. 3.
PAR  FIG. 5 is a view from above, partly in cross section, of the arrangement in
      FIG. 3.
PAR  FIG. 6 is a side elevation of the knitting needle in FIG. 3 which has its
      hook broken off.
PAR  FIG. 7 is a side elevation of the knitting needle in FIG. 3, with its latch
      jammed in the closed position.
PAR  FIG. 8 is the silhouette of the needle in FIG. 3, with its hook intact and
      latch open when viewed from the lamp in FIGS. 3, 4 and 5 along the path of
      the light shown in FIG. 5.
PAR  FIG. 9 is the silhouette of the broken needle in FIG. 6 when it is in the
      same position as the needle in FIGS. 3, 4 and 5.
PAR  FIG. 10 is the silhouette of the needle with the jammed latch in FIG. 7,
      when in the same position as the needle in FIGS. 3, 4 and 5.
PAR  FIGS. 11 and 12 show a front view of light sensitive surfaces or windows
      the the photoelectric devices of FIG. 4 with other components absent and
      illustrate the shape of the shadow of the needle having the silhouette in
      FIG. 8, which is cast on an imaginary vertical plane in which the light
      sensitive surfaces are located, and also illustrate the progress of the
      shadow across the plane as the needle moves through the beam of light
      directed from the lamp onto the photoelectric devices in the arrangement
      illustrated in FIGS. 3, 4 an 5.
PAR  FIGS. 13 and 14 are similar to FIGS. 11 and 12 but illustrate the shape and
      progress of the shadow of a broken needle having the silhouette shown in
      FIG. 9.
PAR  FIGS. 15 and 16 are similar to FIGS. 11 and 12 but illustrate the shape and
      progress of a needle with a jammed latch having the silhouette shown in
      FIG. 10.
PAR  FIG. 17 is a diagrammatic representation of an electronic control circuit
      used in the machine formed according to the second aspect of the
      invention, and for carrying out the method according to the first aspect.
PAR  FIG. 18 is a fragmentary front elevational view of the machine in FIG. 1
      formed according to the fourth aspect of the invention and for carrying
      out the method according to the third aspect.
PAR  FIG. 19 is a diagrammatic representation of an electronic control circuit
      used on the machine formed according to the fourth aspect of the invention
      and for carrying out the method according to the third aspect.
PAR  FIG. 20 shows diagrammatic representations of electrical signals produced
      with respect to time in different parts of the control circuit in FIG. 17
      when a needle with broken hook is detected.
PAR  FIG. 21 shows diagrammatic representations of electrical signals produced
      with respect to time in different parts of the control circuit in FIG. 17
      when a needle with a jammed latch is detected.
PAR  FIG. 22 shows diagrammatic representations of electrical signals produced
      with respect to time in different parts of the control circuit in FIG. 19,
      when the needle is broken off low down the shank.
PAR  FIG. 23 is a schematic circuit diagram of an example of electronic
      circuitry which may be used for the amplifier, pulse shaper and gate
      circuits of the control means in the present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a circular knitting machine of known construction has
      a plurality of upright knitting needles N disposed in a circular array and
      driven around a circular path indicated by arrow A. During this rotation
      or circular movement, the needles are moved by cams in known fashion to
      carry out normal known knitting action utilizing textile yarn (not shown)
      in the course of which each needle is vertically reciprocated in
      succession into an outstanding or raised position such as indicated by
      needle N1, by interaction of butts (not shown) of the needles with cams
      (not shown) on the knitting machine. At its upper end, each needle has a
      hook 2 facing radially outwardly of the circle or circular path. With
      particular reference to FIG. 3, the hook portion is joined to a neck 4
      forming part of a needle shank 6 provided with cheeks 8 in which is
      pivotably mounted at 10 a latch 12 which can be pivoted from a hook
      closing position into the depending attitude in FIG. 3 to fully open the
      hook.
PAR  A housing 14 is mounted on the knitting machine by means (not shown) above
      the needles. A limb or depending housing leg 16 located inside the circle
      of needles depends from the housing. Photoelectric devices 18 and 20, for
      example photovoltaic elements are mounted on the limb or leg 16. Exposure
      windows or light sensitive surfaces of the photoelectric devices can be
      located in a common plane which may be vertical, and they face outwardly
      of the circle of needles. These light sensitive surfaces or exposure
      windows can be substantially flush with a surface of the limb or leg 16.
      As shown in FIG. 2 for example the light sensitive surface or exposure
      window of the device 18 is located at a higher vertical level than that of
      the device 20. An electric lamp 22 located outside the circle of needles
      is mounted on a bridging member extending over the needles and mounted or
      connected to the housing 14.
PAR  As can be seen with reference to FIGS. 4 and 5, the lamp 22 is offset from
      the photoelectric devices 18 and 20 in an opposite direction to the
      direction in which a needle is moving along the circular needle path when
      the latter passes the lamp and photoelectric devices.
PAR  The lamp 22 emits a continuous beam of light 26 in the direction of arrow B
      in FIG. 5, onto the photoelectric devices to wholly illuminate the latter
      when no obstruction is interposed between the lamp and the photoelectric
      devices. This beam can be relatively narrow. The height of the lamp and
      photoelectric devices is such that as the needles are rotated, or moved
      along the curved needle path, each in success passes through the beam and
      casts a shadow on the photoelectric devices. From FIG. 5 it will be
      understood the direction B of the light directed onto the photoelectric
      devices has a component of direction which is in the same direction as
      that of a tangent T to the circular path A, along which tangent the needle
      is moving at the place where the beam intersects the circular path.
PAR  When a moving needle following the circular path A is located between the
      limb 16 and the lamp 22 and is viewed along the general direction of arrow
      B by an observer at the lamps, such an observer would see a partial front
      view and a partial side view of the needle. To such an observer, a needle
      with its hook intact and its latch fully open would have a silhouette as
      shown in FIG. 8 in which 2' is the silhouette of the hook, 8' the
      silhouette of the shank cheeks and 12' the silhouette of the latch. If the
      hook of the needle were broken off as shown in FIG. 6 the observed
      silhouette of the broken needle would be as shown in FIG. 9, and if the
      latch 12 were jammed closed as shown in FIG. 7, or nearly so, the
      silhouette would be as shown in FIG. 10. Therefore, when a needle with its
      hook intact and its latch open, enters the beam 26, the shadow cast on the
      photoelectric devices is comparable with the shape of the silhouette in
      FIG. 8. Because the needle is moving in the direction of arrow A (FIG. 5),
      the hook of the needle enters the light beam first, followed by other
      parts of the needle. The photoelectric device 18 is arranged for the
      shadow of the hook 2 and neck 4 of the needle to be cast thereon, while
      the lower photoelectric device 20 is arranged for shadow of the upper part
      of the shank cheek 8 to be cast thereon. Thus it will be seen from FIG. 11
      that as the needle moves across the beam of light, a shadow 2" of the hook
      2 moving in the direction A precedes a shadow 8" of the cheeks 8 and is
      cast on the upper photoelectric device 18 before the shadow of any other
      part of te needle is cast on the lower photoelectric device 20. FIG. 12
      shows that as the needle continues to move in direction A, the shadow cast
      by the needle moves across both photoelectric devices 18 and 20.
      Ultimately the shadow moves off both photoelectric devices which then
      receive full illumination until the next needle enters the beam.
PAR  The shadow cast by a needle with a broken hook is of a shape comparable
      with that of the silhouette in FIG. 9. In this case as shown in FIG. 13,
      the shadow 8" of the cheeks precedes a shadow 4" of the broken neck.
      Consequently the shadow 8" is cast on the photoelectric device 20 before
      any shadow is cast on the photoelectric device 18. Continued movement of
      the needle causes the shadow to be cast on both photoelectric devices as
      shown in FIG. 14.
PAR  The shadow cast by a needle whose latch is jammed closed is of a shape
      comparable with that of the silhouette in FIG. 10. Because of this, as
      shown in FIG. 15, a shadow 12" of the latch 12 precedes the shadow 2" of
      the hook and is cast on the photoelectric device 20 before the shadow 2"
      of the hook is cast on the photoelectric device 18. Continued movement of
      shadow causes it to be cast on both photoelectric devices 18 and 20 as
      shown in FIG. 16.
PAR  Referring to FIG. 17, the photoelectric devices 18 and 20 are connected to
      electrical conducting paths 28 and 30 comprising cable 32 in FIG. 1. These
      paths lead to a control circuit 34 connected to a relay 36 which in FIG. 1
      is shown connected to a knitting machine stop motion 38 and/or an alarm
      device 40 to give visual and/or audible warning of detection of a faulty
      knitting needle. The control circuit comprises amplifiers 42 and 44 wave
      shapers 46 and 48 and a gate device 50. The gate device is open unless
      closed by a signal on input line 52 (which can be conveniently called a
      cancel signal). If the gate should receive a signal on the input line 54
      (which can be conveniently referred to as a stop signal) when no cancel
      signal is present on input 52, to gate device 50, the gate device provides
      an output pulse to actuate the relay 36. The control circuit is arranged
      so that when an intact needle with an open latch passes through the light
      beam, the cancel signal on line 52 holds the gate device 50 closed for the
      duration of the stop signal and no output pulse is provided by the gate
      device. But when a defective needle passes through the beam, the stop
      signal on input 54 appears first at the open gate device 50 which then
      provides the output pulse to actuate the relay.
PAR  Referring to FIG. 20, the electrical signal output from photoelectric
      device 18 is shown at FIG. 20(i), this signal when amplified by amplifier
      42 (FIG. 17) is shown at FIG. 20(ii), and the corresponding square wave
      output from wave shaper 46 (FIG. 17) is shown at FIG. 20(iii). FIG.20(iv)
      shows the output signal from photoelectric device 20, FIG. 20(v) shows the
      signal when amplified by amplifier 44 (FIG. 17), and the corresponding
      square wave from the wave shaper 48 (FIG. 17) is shown at FIG. 20(vi). An
      output pulse provided by the gate device 50 is shown at FIG. 20(vii).
      These signals are represented with respect to a common time axis t.
PAR  When each of a number of successive needles with an intact hook and an open
      latch enters the light beam and casts its shadow on the photoelectric
      devices 18 and 20 the variator in electrical signal outputs therefrom are
      represented by waves 54 and 56 in FIGS. 20(i) and 20(iv). These waves or
      pulses 54, 56 may conveniently be called shadow signals. Because the hook
      casts its shadow on the photoelectric device 18 before the shadow of any
      other part of the needle is cast on the photoelectric device 20, the
      shadow signal or pulse 54 starts to appear at a time t1 before the
      corresponding shadow signal 56 which appears at time t2. These shadow
      signals are amplified by two respective amplifiers 42 and 44 whose outputs
      give amplified shadow signal 58 and 60 shown in FIGS. 20(ii) and 20(v).
      The wave shapers 46 and 48 (FIG. 17) convert the amplified shadow signals
      into respective square waves 62 and 64 shown in FIGS. 20(iii) and (vi).
      The square waves 62 of predetermined duration are the cancel signals and
      the square waves 64 of shorter predetermined duration are stop signals.
      The arrangement of the apparatus is such that because the shadow signal 54
      starts to appear before the corresponding shadow signal 56, the leading
      edge of cancel signal 62 corresponds to the shadow signals 54 and appears
      at a time t3 (for example) in advance of the appearance at a time t4 of
      the leading edge of the stop signal 64. The cancel signal 62 derived from
      the output of device 18 is fed to the gate device 50 on line 52 and is
      holding the latter closed when the stop signal 64 arrives at the gate. The
      apparatus is also arranged to ensure that the cancel signal 62 terminates
      at a time t6 after the termination of the stop signal 64 at a time t5.
      Therefore the gate device 50 is held closed for the duration of the stop
      signal 64, and provides no output pulse. Consequently relay 36 is not
      actuated and the knitting machine continues to run normally since the stop
      motion has not been operated.
PAR  When a needle with a broken hook moves into the beam, the shadow cast on
      the photoelectric devices 18 and 20 is as described with reference to
      FIGS. 13 and 14 with the shadow of the shank cheeks 8" being cast on the
      photoelectric device 20 before any shadow is cast on the device 18. The
      output from the device 20 is represented by the shadow signal 56' (FIG.
      20(iv)) which is the same as any other shadow signal 56. However the
      output from the device 18 is represented by the shadow signal 54' (FIG.
      20(i)) which is of reduced amplitude compared with the other shadow
      signals 54. The shadow signal 56' starts to appear at a time t7 in advance
      of the time t9 at which the shadow signal 54' appears. The leading edge of
      square wave stop signal 64' (FIG. 20(vi)) produced by shaper 48, and
      corresponding to shadow signal 56', appears at time t8 in advance of tiem
      t10 at which the leading edge of square wave cancel signal 64'
      corresponding to shadow signal 54' appears. Therefore the stop signal 64'
      is fed to gate device 50 before the cancel signal 62' and the gate device
      provides an output pulse 66 which actuates the relay 36 to operate the
      stop motion 38 and the alarm means 40 (FIG. 1) whereby the machine is
      stopped and warning of the defective needle given. The gate device closes
      upon receiving the cancel signal 64' but the machine stops under the
      effect of the stop motion to enable the defective needle to be replaced.
PAR  In FIG. 21, like references refer to like signals and times described with
      reference to FIG. 20.
PAR  When a needle with a closed latch enters the light beam as described with
      reference to FIGS. 15 and 16, the shadow 12" of the latch is cast on the
      photoelectric device 20 before any shadow on the photoelectric device 18.
      Therefore shadow signal 56" starts to appear at time t11 in advance of
      shadow signal 54" which starts to appear at time t13. The leading edge of
      stop signal 64", corresponding to shadow signal 56", starts to appear at
      time t12 in advance of time t14 at which the leading edge of cancel signal
      62", corresponding to shadow signal 54", appears. The gate device receives
      the stop signal 64" first and provides an output pulse 66". Therefore the
      stop motion and alarm means actuate.
PAR  It will be appreciated from the foregoing that when a needle with an intact
      hook and satisfactorily opened latch passes through the light beam, the
      cancel signal must occur before the stop signal and have a sufficiently
      long duration to terminate after the stop signal. There are various ways
      of ensuring this. For example, the wave shapers 46 and 48 may incorporate
      Zenner diode devices arranged so that the Zenner diode device associated
      with wave shaper 46 goes into conduction at an input shadow signal value
      thereto lower than that at which the Zenner diode device in wave shaper 48
      goes into condution, and the wave shaper 46 cuts off its output signal
      when the input shadow signal falls to a lower value than the value of the
      input shadow signal at which wave shaper 48 cuts its output signal off. In
      addition, or as an alternative, amplifier 42 may have a higher gain than
      amplifier 44 so that the input to wave shaper 46 is always stronger than
      the input to wave shaper 48 at anytime when a non-defective needle is
      passing through the beam, to ensure the cancel signal occurs before the
      stop signal.
PAR  The position of the lamp 22 and housing limb 16 are adjustable relative to
      one another to facilitate the setting up of the apparatus. Furthermore,
      the housing limb may be tilted, in a vertical plane, in the direction of
      arrow C in FIG. 11, about a horizontal axis to ensure the shadow 2" of the
      hook is cast on the photoelectric device 18 even sooner, relative to the
      casting of the shadow 8" of the shank on the photoelectric device 20 than
      with the step-up shown in FIG. 11. A similar effect could be achieved by
      offsetting the position of the photoelectric device 18 in FIG. 11 to the
      left in the figure relative to photoelectric device 20, or offsetting the
      latter to the right relatively to the device 18. This ensures an earlier
      response to a diffective needle then with the set-up in FIGS. 13 to 16.
      The device 20 could be offset to the left in these figures relative to the
      device 18, or the limb could be pivoted in the direction of arrow D in
      FIG. 13 to produce the offsetting to the left of the device 20.
PAR  Should a needle be broken so low down that the shank stump does not pass
      through the light beam, the detector apparatus described above will not
      give a response. To avoid this difficulty the apparatus may be modified as
      shown in FIGS. 18 and 19, in which like references refer to like parts in
      FIGS. 1 to 17. In FIG. 18, the housing limb 16 is provided with a further
      photoelectric device 20a at the same vertical height as the device 20 but
      offset horizontally from the devices 18 and 20 in the opposite direction
      to the direction of travel of the needles by a distance substantially
      equal to one-half of the distance or spacing between two adjacent needles
      along the needle path. Although the photoelectric device 20a has been
      described as a further device, it may preferably be another light
      sensitive area or exposure window of the device 20 but separated from the
      previously described light sensitive area or window of the device 20 by an
      opaque mask 70. The arrangement is such that the beam of light from lamp
      22 is directed onto all the photoelectric devices. After a needle N2
      passing through the beam has cast its shadow on the devices 18 and 20 and
      has moved sufficiently for its shadow to be cast no longer on these
      devices, the next needle N3 to enter the beam, first casts a shadow on the
      device 20a and then moves to cast its shadow on the devices 18 and 20 and
      so on for successive needles. The devices 20 and 20a are both connected to
      like conducting path 30 to like control 34.
PAR  Referring to FIG. 22, the shadow signal output from the photoelectric
      device 18 is shown at FIG. 22(i), this signal when amplified by amplifier
      42 is shown at FIG. 22(ii), and the corresponding square wave output from
      wave shaper 46 is shown at FIG. 20(iii). The shadow signal output from the
      photoelectric device 20 is shown at FIG. 20(iv), the shadow signal output
      from the photoelectric device 20a is shown at FIG. 20(v), the combination
      of these two shadow signals which is fed to amplifier 44 is shown at FIG.
      22(vi), the amplified output from amplifier 44 is shown at FIG. 22(vii),
      and the corresponding square wave output from the wave shaper 48 is shown
      at FIG. 22(viii). An output pulse provided by the gate device is shown at
      FIG. 22(ix). These signals are represented with respect to the common time
      axis t.
PAR  When an intact first needle with its latch open passes through the beam,
      and after casting its shadow on the device 20a, the hook of the needle
      first casts a shadow on the upper photoelectric device 18 so that a shadow
      signal 54 (FIG. 22(i)) starts to appear before the corresponding shadow
      signal 56 (FIG. 22(iv)) from the lower photoelectric device 20. Shadow
      signal 54 is amplified, as shown at 58 (FIG. 22(ii)), by the amplifier 42.
      After the shadow signal 56 has appeared and disappeared, the next or
      second needle which is not broken (or not broken so low down its shank
      that it misses the beam) enters the beam and casts a shadow on the device
      20a which produces the shadow signal 72 (FIG. 22(v)). Shadow signals 56
      and 72 are added together as shown in FIG. 20(vi). These combined shadow
      signals are amplified as shown at 56a and 72a by the amplifier 44. The
      square wave stop signals from wave shaper 48 corresponding to shadow
      signals 56a and 72a are shown at 56b and 72b. From wave shaper 46, a
      square wave cancel signal output of predetermined duration, corresponding
      to shadow signal 54 is shown at 74 in FIG. 22(iii). Because shadow signal
      54 appeared before shadow signal 56, thhe leading edge of cancel signal 74
      appeared at time t15 in advance of the leading edge of stop signal 56b
      which appears at time t16. As the speed of rotation of the needles is
      known it is comparatively easy by employing a capacitance-resistor
      technique in wave shaper 46 to extend the duration of the cancel signal 74
      so that it disappears at time t18 a short period after the time t17 at
      which stop signal 72b disappears. Consequently gate device 50 is held
      closed by the cancel signals on line 52 while the cancel signals 56b and
      72b appear and disappear on line 54. Therefore the stop motion is not
      actuated. This second needle then moves sufficiently for its hook to cast
      a shadow on the device 18 and thereafter its shank casts a shadow on the
      device 20 producing shadow signals identical with previous shadow signals
      54 and 56 but identified at 154 and 156 respectively in FIGS. 22(i) and
      22(iv), so that a cancel signal 174 is initiated similar to cancel signal
      74. If the next or third needle is so badly broken that it misses the beam
      a shadow signal 172 is not produced, but the gate 50 remains closed by
      virtue of the cancel signal 174 which appears before the stop signal 156b
      and terminates thereafter. Therefore the stop motion is not actuated. Now
      the broken third needle moves to a position where, if it were whole and
      operating perfectly, it would have cast a shadow on the devices 18 and 20
      to produce shadow signals 254 and 256 which are missing. Since no shadow
      is cast by this badly broken needle onto the photoelectric device 18, no
      cancel signal 274 is generated by wave shaper 46 so that the gate device
      50 remains open. Now when the succeeding or fourth needle enters the beam,
      it casts a shadow on photoelectric device 20a which produces shadow signal
      272 (FIG. 22(v)). In response wave shaper 48 produces the stop signal 272b
      at time t19. This stop signal is supplied to the open gate device 50 which
      produces an output pulse 66'" to actuate the relay 36 thereby initiating
      operation of the stop motion.
PAR  In other respects the apparatus operates in the same manner as that
      described with reference to FIGS. 1 to 17 inasmuch as when only the hook
      of a needle is snapped off or the needle latch is jammed closed, the
      shadow of such a needle is cast on the device 20 first before a shadow is
      cast on the device 18 and thus the stop signal appears before the cancel
      signal to initiate halting of the machine.
PAR  If the needles are very fine and mounted very close together the
      photoelectric device 20a may be spaced from the devices 18 and 20 by a
      distance substantially equal to three, five or any other odd whole number
      of times half the distance between adjacent needles. This is to prevent a
      needle casting its shadow simultaneously on the photoelectric devices 20
      and 20a.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A needle detector for a circular knitting machine comprising a circular
      array of knitting needles advancing along a circular path, comprising
      first and second photoelectric means, said first photoelectric means being
      disposed at a higher vertical position than said second photoelectric
      means, a light source arranged to direct a beam of light onto both said
      photoelectric means, an arc of said circular path passing between the
      light source and the photoelectric means such that when the needles are
      advanced along said path each passes in succession through the beam and
      casts a shadow of the end of the needle having the hook onto the first
      photoelectric means and casts the shadow of at least part of the shank of
      the needle or a jammed closed needle latch on the second photoelectric
      means, the beam being directed so that when a needle with an intact hook
      and open latch enters the beam, the shadow of the hook is cast on the
      first photoelectric means before the shadow of any other part of the
      needle is cast on the second photoelectric means and if the hook is broken
      off a shadow of the shank is cast on the second photoelectric means before
      any shadow of the needle is cast on the first photoelectric means, and the
      direction of said beam being such that if the latch is jammed closed a
      shadow of the latch is cast on the second photoelectric means before any
      shadow of the needle is cast on the first photoelectric means, control
      means connected to said photoelectric means whereby first and second
      electric signals are supplied by said photoelectric means to said control
      means corresponding to shadows cast on the first and second photoelectric
      means respectively when the machine is in use, and said control means
      including means to initiate stopping of the machine and/or operation of
      warning means, when for a said needle passing through the beam, a said
      second signal appears before a said first signal.
NUM  2.
PAR  2. A needle detector machine as claimed in claim 1, in which said control
      means includes a gate device arranged for said first and second signals to
      be supplied to first and second inputs respectively of said gate device,
      said gate device being arranged to be closed by a said first signal
      supplied thereto and to give an output to initiate stopping of the machine
      and/or operation of warning means when a said second signal is supplied
      thereto and a said first signal is absent, and said control means
      including causing said first signal produced responsive to a shadow of an
      intact hook of a said needle to have a duration longer than the duration
      of the second signal produced corresponding to the shadow cast by the same
      needle on the second photoelectric means.
NUM  3.
PAR  3. A needle detector machine as claimed in claim 1, wherein the first and
      second signals are square waves.
NUM  4.
PAR  4. A needle detector machine as claimed in claim 2, wherein the first and
      second signals are square waves.
NUM  5.
PAR  5. A method of detecting a defective knitting needle in a circular knitting
      machine comprising directing onto photoelectric means a beam of light
      which is interrupted by knitting needles travelling along a circular path
      successively entering the beam, said photoelectric means comprising first
      photoelectric means disposed above second photoelectric means and third
      photoelectric means offset in a horizontal direction from the first and
      second photoelectric means, locating said first photoelectric means for
      the shadow of an intact hooked end of a first needle to be cast thereon
      before a shadow of the first needle is cast on the second photoelectric
      means, and locating the first and second photoelectric means for the
      shadow of said first needle, should it have a broken hook or a latch
      jammed in the closed or substantially closed position, to be first cast on
      the second photoelectric means, and locating the third photoelectric means
      for a shadow of a second knitting needle to be cast thereon after the
      hooked end of the first needle has cast a shadow on the first
      photoelectric means, detecting variation in electrical outputs from the
      first, second and third photoelectric means due to needle shadows cast
      thereon, generating an electrical cancel signal responsive to an output
      from said first photoelectric means representing a needle shadow cast
      thereon, feeding said outputs to control means responsive, in the absence
      of an electrical cancel signal, to the variation in output from the second
      and third photoelectric means to cause halting of the knitting machine
      and/or operation of alarm means, and inhibiting the operation of the
      control means to prevent halting of the machine and/or operation of the
      alarm means by feeding, to said control means, said cancel signal
      generated upon the appearance of the variation in output from the first
      photoelectric means, which cancel signal is of a predetermined duration of
      sufficient length for the output variation from the second and third
      photoelectric means to appear and disappear within the duration of the
      cancel signal.
NUM  6.
PAR  6. A needle detector machine according to claim 1 comprising third
      photoelectric means offset along the needle path from the first and second
      photoelectric means and located for the light source to illuminate said
      third photoelectric means such that after a first needle having an intact
      hook and open latch has cast a shadow on the first and second
      photoelectric means a second needle passing through the beam casts a
      shadow onto the third photoelectric means, said third photoelectric means
      being connected to the control means whereby a third signal is provided
      corresponding to the shadow cast on the third photoelectric means, said
      control means including means whereby said first signal has a duration
      which is longer than the time between the appearance of the second signal
      and the disappearance of the third signal and whereby if no first signal
      is produced for a said first needle because such needle is broken too low
      down to interrupt the beam and a said second needle then interrupts the
      beam to cast a shadow on the third photoelectric means, the corresponding
      third signal is produced to cause said control means in the absence of a
      said first signal to initiate stopping of the machine and/or operation of
      warning means.
NUM  7.
PAR  7. A needle detector as claimed in claim 6, wherein said control means
      includes a gate device arranged for said first and second signals to be
      supplied to first and second inputs respectively of said gate device, said
      gate device being arranged to be closed by a said first signal supplied
      thereto and to give an output to initiate stopping of the machine and/or
      operation of warning means when a said second signal is supplied thereto
      and a said first signal is absent, and said control means including
      causing said first signal produced responsive to a shadow of an intact
      hook of a said needle to have a duration longer than the duration of the
      second signal produced corresponding to the shadow cast by the same needle
      on the second photoelectric means and in which the third signal is
      supplied to the gate device, and the gate device gives said output when
      the third signal is supplied thereto and the first signal is absent.
NUM  8.
PAR  8. A needle detector as claimed in claim 6, wherein the first and second
      signals are square waves and in which the third signal is a square wave.
NUM  9.
PAR  9. A needle detector as claimed in claim 7, wherein the first and second
      signals are square waves and in which the third signal is a square wave.
NUM  10.
PAR  10. A needle detector as claimed in claim 6 in which the third
      photoelectric means is offset from the first photoelectric means by a
      distance substantially equal to a whole odd multiple of the distance
      spacing two adjacent needles.
NUM  11.
PAR  11. A needle detector as claimed in claim 8 in which the third
      photoelectric means is offset from the first photoelectric means by a
      distance substantially equal to a whole odd multiple of the distance
      spacing two adjacent needles.
NUM  12.
PAR  12. A needle detector as claimed in claim 6 in which the third and second
      photoelectric means comprise separate exposure windows admitting light to
      light sensitive areas of the same photoelectric device.
NUM  13.
PAR  13. A needle detector as claimed in claim 7 in which the third and second
      photoelectric means comprise separate exposure windows admitting light to
      light sensitive areas of the same photoelectric device.
NUM  14.
PAR  14. A needle detector as claimed in claim 8 in which the third and second
      photoelectric means comprise separate exposure windows admitting light to
      light sensitive areas of the same photoelectric device.
NUM  15.
PAR  15. A method of detecting a defective latch type knitting needle in a
      circular knitting machine wherein the needles are disposed substantially
      vertically and travel along a circular path about a vertical cylinder
      axis, comprising directing onto a pair of vertically spaced photoelectric
      detectors forming upper and lower detectors a beam of light in a direction
      crossing the circular path of travel of the knitting needles such that a
      shadow of a hook end of each intact needle passing through the beam is
      cast on the upper photoelectric detector and a shadow of portions of the
      needle below the hook is cast on the lower photoelectric detector,
      locating the upper and lower photoelectric detectors to cause the shadow
      of the hook of each intact needle having a properly positioned latch to be
      first cast on the upper photoelectric detector before a shadow of any
      other part of the needle is cast on the lower photoelectric detector and
      to cause a shadow of a portion of any needle entering the beam which has a
      broken hook or a latch jammed in closed or substantially closed position
      to be first cast on the lower photoelectric detector before any shadow of
      that needle is cast on the upper photoelectric detector, advancing the
      knitting needles along said circular path into said beam, and detecting
      from outputs of the photoelectric detectors when the shadow cast by a
      needle on said upper photoelectric detector occurs later than the shadow
      of the same needle cast on said lower photoelectric detector to indicate a
      defect.
NUM  16.
PAR  16. A method of detecting a defective knitting needle as defined in claim
      16, wherein the direction of the light beam directed across said circular
      path to the two photoelectric detectors is inclined at an angle to the
      tangent of the circular needle path at the beam intercept with the
      circular path such that the advancing needles pass through the beam in
      such order that a shadow of the hook end of each intact needle is cast on
      the upper photoelectric detector before any shadow of any other part of
      the needle is cast on the lower photoelectric detector when a
      non-defective intact needle enters the beam.
NUM  17.
PAR  17. A method of detecting defective knitting needles as defined in claim
      15, wherein the detecting from the outputs of the photoelectric detectors
      when the upper photoelectric detector has a shadow cast thereon before the
      lower photoelectric detector comprises the steps of detecting variations
      in electrical outputs from the upper and lower photoelectric detectors due
      to needle shadows cast thereon, generating an electrical cancel signal
      responsive to an output from the upper photoelectric detector representing
      a needle shadow cast thereon, feeding said electrical outputs to control
      means responsive, in the absence of an electrical signal, to the variation
      in output from the lower photoelectric detector to cause halting of the
      knitting machine, and inhibiting the operation of the control means to
      prevent halting of the machine by feeding to said control means said
      cancel signal generated upon the appearance of the variation in electrical
      output from the upper photoelectric detector.
NUM  18.
PAR  18. A method of detecting defective knitting needles as defined in claim
      16, wherein the detecting from the outputs of the photoelectric detectors
      when the upper photoelectric detector has a shadow cast thereon before the
      lower photoelectric detector comprises the steps of detecting variations
      in electrical outputs from the upper and lower photoelectric detectors due
      to needle shadows cast thereon, generating an electrical cancel signal
      responsive to an output from the upper photoelectric detector representing
      a needle shadow cast thereon, feeding said electrical outputs to control
      means responsive, in the absence of an electrical signal, to the variation
      in output from the lower photoelectric detector to cause halting of the
      knitting machine, and inhibiting the operation of the control means to
      prevent halting of the machine by feeding to said control means said
      cancel signal generated upon the appearance of the variation in electrical
      output from the upper photoelectrical detector.
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ABST
PAL  A one-piece seamless unidirectional rotary knitted panty having wales and
      courses therein comprising a seamless tubular body integrally knitted, the
      body having a waist opening therein intermediate the ends thereof and a
      crotch portion opposite the waist opening, the ends of the body each
      having a leg band integrally knitted thereon and turned upon itself and
      integrally joined with itself to provide a double thickness, the panty
      comprising a single continuous seamless knitted tube forming the body and
      the leg bands with all the knitted wales of the leg bands extending
      through the leg bands into the body and with the knitted courses extending
      circumferentially of the tube; in another form of the invention an
      integrally knitted leg is disposed between the body and each leg band; in
      yet another form of the invention, alternate courses throughout the panty
      are knitted of elastomeric yarn so as to impart an elastomeric character
      to the panty throughout the area thereof, thus providing a foundation
      garment; a novel method of manufacture is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to one-piece seamless panties and the method
      of manufacturing the same, and specifically to the provision of a panty
      having a leg band integrally knitted on each end of a tube forming the
      panty, each leg band being turned upon itself and integrally joined with
      itself to provide a double thickness.
PAR  The standard manner of manufacturing panties heretofore is to provide three
      panels, a front panel, a back panel and an extra panel which are sewn
      together, after which two elastic leg bands and an elastic waist band are
      secured thereto. Such a structure provides seams at the hips and in the
      crotch area, which seams are bulky and uncomfortable to the wearer.
PAR  U.S. Pat. No. 2,736,036 discloses a seamless undergarment or panty knitted
      as a single piece of tubular knitted fabric, but it was necessary to add a
      strengthening patch 9 thereto and to fold over and sew around the leg
      openings as at 8 to provide suitable leg bands and a crotch portion.
PAR  U.S. Pat. No. 2,962,884 also shows a seamless undergarment or panty, but it
      is necessary to have machines with both rotary and reciprocatory knitting
      capabilities in order to knit the garment. Furthermore, stretch bands 32
      and 33 must be separately sewn onto the legs of the blank to complete the
      panty.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a one-piece seamless unidirectional rotary
      knitted panty and the method of manufacturing the same, wherein the panty
      comprises a single continuous seamless knitted tube forming the body and
      the leg bands, as well as legs if provided, with all the knitted wales of
      all parts of the panty extending throughout the panty and with the knitted
      courses extending circumferentially of the tube.
PAR  This is accomplished in the present invention, and it is an object of the
      present invention to provide a one-piece seamless unidirectional rotary
      knitted panty having wales and courses therein comprising a seamless
      tubular body integrally knitted, the body having a waist opening therein
      intermediate the ends thereof for receiving the lower part of the trunk of
      the wearer and having a crotch portion opposite the waist opening
      extending beneath the crotch of the wearer in use, the ends of the body
      each having a leg band integrally knitted thereon and turned upon itself
      and integrally joined with itself to provide a double thickness at each of
      the leg bands, the panty comprising a single continuous seamless knitted
      tube forming the body and the leg bands with all the knitted wales of the
      leg bands extending through the leg bands and into the body and with the
      knitted courses extending circumferentially of the tube.
PAR  In connection with the foregoing object, it is another object of the
      invention to provide a one-piece seamless panty wherein downwardly
      depending legs are integrally knitted between the body and the leg bands,
      the panty comprising a single continuous seamless knitted tube forming the
      body and the legs and the leg bands with all the knitted wales of the leg
      bands and the legs extending through the leg bands and the legs into the
      body and with the knitted courses extending circumferentially of the tube.
PAR  Another object of the invention is to provide a one-piece seamless panty of
      the type set forth wherein the leg bands are knitted with at least certain
      courses therein of elastomeric yarn so as to impart an elastic character
      to the leg bands.
PAR  Yet another object of the invention is to provide a one-piece seamless
      panty of the type set forth wherein the waist opening is provided by a
      walewise extending interruption in the tubular form of the body, and
      further includes an elastic waist band secured to the body and encircling
      the waist opening.
PAR  Still another object of the invention is to provide a one-piece seamless
      panty of the type set forth wherein the crotch portion is 1X1 tuck float
      knitted to provide a dense relatively stretchless material.
PAR  Yet another object of the invention is to provide a one-piece seamless
      panty of the type set forth wherein a side panel is provided adjacent to
      the crotch portion and disposed toward the waist opening on each side of
      the crotch portion, the crotch portion being 1X1 tuck float knitted to
      provide a dense relatively stretchless material, the side panels being 1X1
      tuck knitted to provide a material intermediate in density and stretchness
      between the crotch portion and the balance of the body.
PAR  A further object of the invention is to provide a one-piece seamless panty
      of the type set forth wherein at least certain of the knitted courses
      throughout the tube including the leg bands and the legs and the body are
      knit of elastomeric yarn so as to impart an elastic character to the panty
      throughout the area thereof, thus providing a foundation garment, the
      elastomeric yarn preferably being knit into alternate courses throughout
      the tube.
PAR  A still further object of the invention is to provide the method of
      manufacture of the one-piece seamless panties set forth herein.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the panty and the method of manufacture thereof, whereby the
      above outlined and additional operating features thereof are attained.
PAR  The invention, both as to its organization and method of operation,
      together with further features and advantages thereof will best understood
      with reference to the following specification taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a first embodiment of a one-piece seamless
      panty made in accordance with and embodying the principles of the present
      invention, the panty being shown in position on a wearer;
PAR  FIG. 2 is an elevational view of the panty of FIG. 1 as viewed toward the
      crotch portion thereof;
PAR  FIG. 3 is a fragmentary enlarged view in section along the line 3--3 of
      FIG. 1 and illustrating one leg band;
PAR  FIG. 4 is a fragmentary enlarged view in cross section along the line 4--4
      of FIG. 1 and illustrating the other leg band;
PAR  FIG. 5 is a diagrammatic view of the knitted tube as viewed from the waist
      opening side;
PAR  FIG. 6 is a perspective view of a second form of one-piece seamless panty
      made in accordance with and embodying the principles of the present
      invention, the panty of FIG. 6 having no separate legs disposed between
      the body and the leg bands;
PAR  FIG. 7 is a bottom view of the panty of FIG. 6;
PAR  FIG. 8 is a perspective view of a third embodiment of a one-piece seamless
      panty made in accordance with and embodying the principles of the present
      invention, this panty having elastomeric yarn knit throughout to provide a
      foundation garment; and
PAR  FIG. 9 is a bottom view of the panty of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 5 of the drawings, there is illustrated a first
      embodiment of a one-piece seamless panty 100 made in accordance with and
      embodying the principles of the present invention, the panty 100 including
      a body 101, a front side panel 110, a rear side panel 115, a crotch
      portion 120, a waist band 130, a first leg 140 and a second leg 150, the
      first leg 140 carrying an integral leg band 145 and the second leg 150
      carrying an integral leg band 155. The panty 100 is knit as a single
      continuous seamless tube using a unidirectional rotary knitting method and
      is continually knit starting with the leg band 145 and proceeding through
      the leg 140, the body 101, the leg 150 and the leg band 155 in a
      continuous uninterrupted manner. As a result, all of the knitting wales in
      the leg band 145 and the leg 140 extend therethrough and into the body 101
      and then into the leg 150 and the leg band 155, the knitted courses
      extending circumferentially of the tube as illustrated in FIGS. 2 and 5.
PAR  The knitted tube has a slit 105 therein extending longitudinally thereof,
      the slit 105 being on the side of the tube opposite the crotch portion 120
      but offset from the center line 104 of the tube which is directly opposite
      the center of the crotch portion, all for a purpose to be described more
      fully hereinafter. Secured to the body 101 and encircling the waist
      opening provided by the slit 105 is the waist band 130 that is elastic in
      character and which is secured to the body 101 in any suitable manner such
      as by sewing. The slit 105 is actually disposed from the center line 104
      toward the front side panel 110 so as to provide more material in the rear
      of the panty 100 and less in the front so as to provide a better fit on
      the wearer.
PAR  The front side panel 110 and the rear side panel 115 are integrally knit in
      the body 101 as is the crotch portion 120, the side panels 110 and 115 and
      the crotch portion 120, and each may have a length corresponding to the
      same number of knitted courses in the tube forming the panty 100. The
      front side panel 110 is integrally knitted with the balance of the body
      101 and joins the same along the juncture 111 and integrally joins the
      legs 140 and 150 along junctures 112 and 113, respectively. The rear side
      panel 115 likewise is integrally knitted and joins the body 101 along the
      juncture 119 and integrally joins the legs 140 and 150 at junctures 116
      and 117, respectively. The crotch portion 120 likewise is integrally
      knitted with the side panels 110 and 115 and with the legs 140 and 150,
      the crotch portion 120 integrally joining the side panels 110 and 115
      along junctures 126 and 127, respectively, and integrally joining the legs
      140 and 150 along junctures 106 and 107. The legs 140 and 150 are likewise
      integrally knitted with the body 101 and join the body 101 along courses
      128 and 129, respectively, these courses in effect providing junctures
      between the several parts.
PAR  Referring to FIG. 3 the details of construction of the leg band 145
      integral with the leg 140 are shown. The garment actually is knitted
      beginning at 141 which is the make-up for the panty 100, as illustrated by
      the arrow 146 labelled "START". Integral with the make-up 141 is an inside
      band portion 142 that is integral with an outside band portion 143, the
      band portions 142 and 143 being joined at the juncture 144, as will be
      described more fully hereinafter, to provide the completed leg band 145.
      As illustrated, alternate courses in the leg band 145 are knitted of
      stretch yarn 160 and the remaining courses knitted of elastomeric yarn 161
      so as to impart an elastic character to the leg band 145, thus improving
      the fit thereof about the thigh of the wearer.
PAR  Referring to FIG. 4 of the drawings, the details of construction of the leg
      band 155 are shown. Integral with the leg 150 is an outside band portion
      152 that in turn is integral with an inside band portion 153, the band
      portions 152 and 153 being knit together as at the juncture 154. Also
      integral with the juncture 154 is a selvage 159 which is the last portion
      of the panty 100 to be knitted. The leg band 155 also has alternate
      courses knitted of stretch yarn 160 and the remaining courses knitted of
      elastomeric yarn 161 so as to impart an elastic character to the leg band
      155.
PAR  All of the body 101, the side panels 110 and 115, the crotch portion 120
      and the legs 140 and 150 are illustrated as being knit of stretch yarn, as
      well as the alternate courses of the leg bands 145 and 155. A "stretch
      yarn" is made from thermoplastic fiber or fibers, usually in continuous
      filament form, which is capable of a pronounced degree of elongation and a
      rapid recovery, this property being obtained by having the yarn subjected
      to an appropriate combination of deforming, heat setting, and developing
      treatments, this including crimped yarn, torque yarn and non-torque yarn.
      Suitable materials for such stretch yarn are nylon, polypropylene, and
      polyester resins. Such yarn may be from 40 denier to 70 denier and may
      comprise from 10 filaments to 34 filaments, the yarn preferably being of
      the S and Z twist type. A preferred yarn is 50 denier, 17 filament S and Z
      twist yarn. Such yarn is tumbled at 180.degree. F. and set in the dye bath
      at approximately 212.degree. F. An "elastomeric yarn" is a yarn made from
      an elastic material such as polyurethane or rubber. The denier of the
      elastomeric yarn is preferably in the range from 20 to 140, the preferred
      material being 70 denier. Such yarn is also preferably single wrapped or
      double wrapped with nylon of 20 to 40 denier and containing 7 to 13
      filaments. A preferred elastomeric yarn is a spandex 70 denier single
      wrapped with 30 denier, 10 filament, nylon. Examples of such yarns are
      offered under the trademarks "Unel", "Lycra" and "Glo-Span". Also useful
      are the nylon-polyurethane combination filaments such as that sold under
      the trademark "Monvelle".
PAR  The panty 100 is preferably knit upon an 8-feed rotary knitting machine
      such as an 8-feed "Zodiac Fantasia" machine manufactured by the Billi
      Company of Italy. In the one preferred form of such machine, 400 or more
      knitting needles are provided as well as a dial for make-up. The following
      is a description of the knitting of the panty 100 using such an 8-feed
      machine and wherein the stretch yarn 160 is a 50 denier, 17 filament, S
      and Z twist yarn, and the elastomeric spandex yarn 161 is a 70 denier
      single wrapped with 30 denier, 10 filament, nylon.
PAR  Make-up is begun with every other loop on a dial transfer jack and knitting
      the stretch yarn 160 and the elastomeric yarn 161 into alternate courses
      i.e., referring to FIG. 3, a first course, for example, is knitted of
      stretch yarn 160, the second course is knitted of elastomeric yarn 161,
      the third course is knitted of stretch yarn 160, the fourth course is
      knitted of elastomeric yarn 161, etc. Referring to FIG. 3, make-up begins
      at the point 141 and knitting continues with every other loop on a dial
      transfer jack downwardly along the inside band portion 142 in the
      direction of the arrow 147 and then upwardly along the outside band
      portion 143 to the juncture 144. At the juncture 144 the knitted fabric is
      transferred off of the dial jacks onto the balance of the needles and the
      elastomeric yarn 161 is replaced by stretch yarn 160. As a result, the leg
      band 145 is knitted integrally and turned upon itself and integrally
      joined with itself at the juncture 144 to provide a double thickness,
      alternate courses being formed of the stretch yarn 160 and the remaining
      courses being formed of the elastomeric yarn 161.
PAR  With all the loops now on the knitting needles, and with stretch yarn 160
      fed to all knitting stations, knitting proceeds along the first leg 140 in
      the direction of the arrow 148 in FIG. 3 and toward the juncture
      designated by the numeral 128 in FIG. 1. When all the courses have been
      knitted to the course at the juncture 128, the first leg 140 is complete,
      and the machine is then adjusted automatically without interruption to
      knit the body 101. The leg 140 and the bulk of the body 101 is preferably
      knit as a 1 .times. 1 knit and tuck on every other needle on every other
      feed, all needles in action, the leg 140 being relatively tightly knit
      while the bulk of the body 101 is relatively loosely knit.
PAR  The body 101 is also knit entirely of stretch yarn 160, but the character
      of the knitting is changed in the side panels 110 and 115 and in the
      crotch portion 120. In one preferred form of the body 101, the main
      portion thereof is knitted as described immediately above, namely, a 1
      .times. 1 knit and tuck on every other needle on every other feed, all
      needles in action with all needles knitting plain stitches at intervening
      feeds. The side panels 110 and 115 are knit 1 .times. 1 tuck knit with
      alternate needles tucking on feeds 2, 4, and 8 and intervening needles
      knitting plain stitches and clearing all stitches to form plain stitches
      on feed 6; feeds 1, 3, 5 and 7 are tucking on intervening needles, and the
      alternate needles welt to form floats. 3, 5, and 7 and tucking on feeds 2,
      4, 6 and 8, and knitting and clearing every third revolution on feed 6.
PAR  The manner chosen to knit the crotch portion 120 should result in a very
      dense and relatively stretchless fabric which provides a reinforced area
      in the body 101. For example, the crotch 120 could be knit in a tuck
      stitch pattern wherein each tuck stitch included plural tuck loops. The
      side panels 110 and 115 are also more dense than the fabric in the legs
      140 and the bulk of the body 101, but less dense than the fabric in the
      crotch portion 120. The side panels 110 and 115 are also less stretchable
      than the fabric of the leg 140 and the bulk of the body 101, but more
      stretchable than the fabric in the crotch portion 120. The fabric in the
      body 101 above the junctures 111 and 119 is relatively loosely knitted and
      quite stretchable to permit fitting of the panty 100 to the wearer. It is
      also pointed out that the fabric in the body 101 above the junctures 111
      and 119 is relatively more loosely knit as compared to the fabric in the
      leg 140 which is relatively tightly knit. More specifically, the 1 .times.
      1 tuck stitch in the body 101 above the junctures 111 and 119 forces more
      yarn into the fabric resulting in a more bulky fabric, giving a higher
      rise because of more cross stretch, i.e. more stretch in a direction from
      the junctures 111 and 119 toward the waist band 130.
PAR  In a second preferred form of the body 101 a different knitting pattern is
      utilized in the side panels 110 and 115 and in the crotch portion 120.
      More specifically, the side panels 110 and 115 are knit as a 1 .times. 1
      tuck stitch on feeds 2, 3, 4, 5, 6, 7 and 8, i.e., every other needle is
      knitting and the alternate needles are tucking and clearing, all clearing
      and knitting plain stitches at feed 1,. The crotch 120 is 1 .times. 1 tuck
      knit at feeds 2, 3, 4, 5, 6, 7 and 8 wherein every other needle is
      knitting and the alternate needles are tucking, and with all needles
      clearing and tucking plain stitches at feed 1 at every other revolution
      and with feed 1 tucking alternate needles and forming plain stitches on
      every other needle at intervening revolutions.
PAR  The knitting of the body 101 proceeds from the course at the juncture 128
      completely through the body 101 to the course illustrated by the juncture
      129. As a consequence, the side panels 110 and 115 and the crotch portion
      120 all contain the same number of courses. However, because of the
      different character of the fabric knit, the area of the crotch portion 120
      is relatively smaller than the balance of the body 101, this serving the
      additional purpose of shaping the garment in a desirable manner.
PAR  When knitting has proceeded to the course represented by the juncture 129,
      the needles in the feeds are again adjusted so as to knit relatively more
      tightly and to produce the leg 150. Referring to FIG. 4, knitting proceeds
      down leg 150 as indicated by the arrow 158 until the juncture 154 is
      reached. At that point, every other loop is fed onto a dial transfer jack
      and the elastomeric yarn 161 is fed into every other course. The outside
      band 152 is knit following the arrows 157 after which the inside band 153
      is knit back to the juncture 154. At the juncture 154 the material is
      transferred off of the dial transfer jacks onto the needles, after which a
      short selvage 159 is knit. As a result of this knitting action, an
      integral seamless leg band 155 is produced that is turned upon itself and
      integrally joined with itself at the juncture 154 to provide a double
      thickness. The provision of the elastomeric yarn 161 in alternate loops
      renders the leg band 155 elastic in character to provide a good fit on the
      leg of the wearer.
PAR  When knitting of the selvage 159 begins, to preferably the feeds are
      reduced from eight in number to four in number so as to minimize the
      amount of selvage generated. It is also desirable to insert in one feed a
      lower melting point yarn which will fuse at the dye bath temperature to
      prevent raveling of the fabric at the selvage 159.
PAR  In the "Zodiac Fantasia" knitting machine described above there is provided
      a hot wire mechanism for automatically forming the slit 105 as the body
      101 is knit, the hot wire also fusing the cut ends of the fabric so as to
      minimize raveling thereof. It will be understood that other methods of
      forming the slit 105 may be used including a scissors or knife arrangement
      on the knitting machine or a slitting of the body 101 after completion of
      the knitting thereof. The slit 105 is a walewise extending interruption in
      the tubular body 101 and is disposed forwardly with respect to the center
      line 104 in FIG. 5 for the reasons described above. The elastic waist band
      130 is secured to the body 101 and encircling the slit 105 as has been
      described.
PAR  The panty 100 is preferably subjected, in the greige and before attachment
      of the waist band 130, to a relaxing treatment effected under the action
      of heat and moisture which develops the stretch qualities of the stretch
      yarn 160 and enhances the capacity of the panty 100, and particularly the
      body 101 and the legs 140 and 150, for elastic stretch and recovery. This
      can be accomplished by tumbling at 180.degree. F. or may be combined with
      a dyeing treatment, the yarn being set in the dye bath at about
      212.degree. F.
PAR  Referring now to FIGS. 6 and 7 of the drawings, there is illustrated a
      second embodiment of a one-piece seamless panty 200, the panty 200 being
      of the panty brief or bikini style. The panty 200 is identical in
      construction to the panty 100, except that there are no legs, such as the
      legs 140 and 150 of the panty 100, provided therein. Accordingly, like
      parts of the panty 200 that correspond to like parts in the panty 100 have
      had numerals in the 200 series corresponding to the numerals in the 100
      series applied thereto to indicate the identity in construction of the
      like parts. More particularly, the panty 200 includes a body 201, a front
      side panel 210, a rear side panel 215, a crotch portion 220, a waist band
      230, a leg band 245 and a leg band 255. The panty 200 is knit as a single
      continuous seamless tube using a unidirectional rotary knitting method and
      is continually knit starting with the leg band 245 and proceeding through
      the body 201 and the leg band 255 in a continuous uninterrupted manner. As
      a result, all of the knitting wales in the leg band 245 extend
      therethrough and into the body 201 and then into the leg band 255, the
      knitted courses extending circumferentially of the tube as illustrated in
      FIG. 7.
PAR  The knitted tube has a slit (not shown) therein extending longitudinally
      thereof like the slit 105 described above on the side of the tube opposite
      the crotch portion 220. Secured to the body 201 and encircling the waist
      opening provided by the slit therein is the waist band 230 that is
      elastomeric in character and which is secured to the body 201 in any
      suitable manner such as by sewing.
PAR  The front side panel 210 and the rear side panel 215 are integrally knitted
      in the body 201 as is the crotch portion 220, the side panels 210 and 215
      and the crotch portion 220 and each may have a length corresponding to the
      same number of knitted courses in the tube forming the panty 200. The
      front side panel 210 is integrally knitted with the balance of the body
      201 and joins the same along the juncture 211. The rear side panel 215
      likewise is integrally knitted and joins the body 201 along the juncture
      219. The crotch portion 220 likewise is integrally knitted with the side
      panels 210 and 215, the crotch portion 220 integrally joining the side
      panels 210 and 215 along junctures 226 and 227, respectively.
PAR  All of the body 201, the side panels 210 and 215, and the crotch portion
      220 are illustrated as being knitted of stretch yarn as are the alternate
      courses of the leg bands 245 and 255. The other courses of the leg bands
      245 and 255 are knitted of elastomeric yarn, thereby to impart an elastic
      character to the leg bands 245 and 255 to improve the fit thereof with the
      wearer. As in the panty 100 described above, so also in the panty 200 the
      crotch portion 220 is a very dense and relatively stretchless fabric which
      provides a reinforced area in the body 201. The side panels 210 and 215
      are also more dense than the fabric in the bulk of the body 201, but less
      dense than the fabric in the crotch portion 220. The side panels 210 and
      215 are also less stretchable than the fabric in the bulk of the body 201,
      but more stretchable than the fabric in the crotch portion 120. The fabric
      in the body 201 above the junctures 211 and 219 is relatively loosely
      knitted and quite stretchable to permit fitting of the panty 200 to the
      wearer.
PAR  The knitting of the paney 200 is performed in substantially the same manner
      as the knitting of the panty 100, except that no legs 140 and 150 are
      knitted. More specifically, the make-up is begun on the inside portion of
      the leg band 245 and proceeds around the leg band 245 and then into the
      body 201 and then onto the outside portion of the leg band 255 and then to
      the inside of the leg 255 and terminating in a selvage (not shown). The
      types of stitches and the yarns used in the panty 200 may, for example, be
      the same as those used in like parts in the panty 100 described above.
PAR  Referring to FIGS. 8 and 9 of the drawings, there is illustrated a third
      embodiment of a one-piece seamless panty 300 made in accordance with and
      embodying the principles of the present invention. The panty 300 is
      identical in construction to the panty 100 except that alternate courses
      are knitted of stretch yarn 360 and the remaining courses knitted of
      elastomeric yarn 361 throughout the body of the panty 300. Accordingly,
      like parts of the panty 300 that correspond to like parts in the panty 100
      have had numerals in the 300 series corresponding to the numerals in the
      100 series applied thereto to indicate the identity in construction of the
      like parts. The panty 300 includes a body 301, a front side panel 310, a
      rear side panel 315, a crotch portion 320, a waist band 330, a first leg
      340 and a second leg 350, the first leg 340 carrying an integral leg band
      345 and the second leg 350 carrying an integral leg band 355. The panty
      300 is knit as a single continuous seamless tube using a unidirectional
      rotary knitting method and is continually knit starting with the leg band
      345 and proceeding through the leg 340, the body 301, the leg 350 and the
      leg band 355 in a continuous uninterrupted manner. As a result, all of the
      knitting wales in the leg band 345 and the leg 340 extend therethrough and
      into the body 301 and then into the leg 350 and the leg band 355, the
      knitted courses extending circumferentially of the tube as illustrated in
      FIG. 9.
PAR  The knitted tube has a slit therein extending longitudinally thereof like
      the slit 105 described above. Secured to the body 301 and encircling the
      waist opening provided by the slit is the waist band 330 that is elastic
      in character and which is secured to the body 301 in any suitable manner
      such as by sewing.
PAR  The front side panel 310 and the rear side panel 315 are integrally knit in
      the body 301 as is the crotch portion 320, the side panels 310 and 315 and
      the crotch portion 320 and each may have a length corresponding to the
      same number of knitted courses in the tube forming the panty 300. The
      front side panel 310 is integrally knitted with the balance of the body
      301 and joins the same along the juncture 311 and integrally joins the
      legs 340 and 350 along junctures 312 and 313, respectively. The rear side
      panel 315 likewise is integrally knitted and joins the body 301 along the
      juncture 319 and integrally joins the legs 340 and 350 at junctures 316
      and 317, respectively. The crotch portion 320 also is integrally knitted
      with the side panels 310 and 315 and with the legs 340 and 350, the crotch
      portion 320 integrally joining the side panels 310 and 315 along junctures
      326 and 327, respectively, and integrally joining the legs 340 and 350
      along junctures 306 and 307, respectively. The legs 340 and 350 are
      likewise integrally knitted with the body 301 and join the body 301 along
      courses 328 and 329, respectively, these courses in effect providing
      junctures between the several parts.
PAR  All of the body 301, the side panels 310 and 315, and the crotch portion
      320 are illustrated as being knitted with alternate courses of stretch
      yarn 360 and the remaining courses knitted of elastomeric yarn 361
      throughout the panty 300. As a result, the panty 300 has a substantial
      elastic character and therefore serves as a foundation garment.
PAR  As in the panties 100 and 200 described above, so also in the panty 300 the
      crotch portion 320 is a very dense and relatively stretchless fabric which
      provides a reinforced area in the body 301. The side panels 310 and 315
      are also more dense than the fabric in the bulk of the body 301, but less
      dense than the fabric in the crotch portion 320. The side panels 310 and
      315 are also less stretchable than the fabric in the bulk of the body 301,
      but more stretchable than the fabric in the crotch portion 320. The fabric
      in the body 301 above the junctures 311 and 319 is relatively loosely
      knitted and quite stretchable to permit fitting of the panty 300 to the
      wearer.
PAR  The knitting of the panty 300 is performed in substantially the same manner
      as the panty 100, except that elastomeric yarn 361 is knitted into
      alternate courses throughout the panty 300. The make-up is begun on the
      inside portion of the leg band 345 and proceeds around the leg 345 and
      then into the leg 340 and from there to the body 301; from the body 301
      knitting continues into the leg 350 and then onto the outside portion of
      the leg band 355 and then to the inside of the leg 355 and terminating in
      a selvage (not shown). The types of stitches used in the panty 300 may,
      for example, be the same as those used in like parts in the panty 100
      described above.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of the invention, it will be undersood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one-piece seamless unidirectional rotary knitted panty having wales
      and courses therein comprising a seamless tubular body integrally knitted,
      said body having a waist opening therein intermediate the ends thereof for
      receiving the lower part of the trunk of the wearer and having a crotch
      portion opposite said waist opening extending beneath the crotch of the
      wearer in use, said crotch portion being knit with a density substantially
      greater than that of the surrounding areas and being relatively
      stretchless to provide a reinforced area in said body, said seamless body
      having seamless downwardly depending legs integrally knit therewith on the
      ends thereof, the ends of each of said legs having integrally knitted
      thereon a seamless leg band turned upon itself and integrally knitted with
      itself to provide a double thickness at each of said leg bands, said body
      in the portions other than said crotch and said legs and said leg bands
      being knit with a tuck knit pattern, said leg bands being knitted with at
      least certain of the courses therein of elastomeric yarn so as to impart
      an elastic character to said leg bands, one of said leg bands being
      integrally knit at the make up end of said body and the other of said leg
      bands being integrally knit at the run off end of said body, said panty
      comprising a single continuous seamless knitted tube forming the body and
      the legs and the leg bands with all the knitted wales of said leg bands
      and said legs extending through said leg bands and said legs into said
      body and with the knitted courses extending circumferentially of said
      tube.
NUM  2.
PAR  2. The panty set forth in claim 1, wherein said legs and said body are
      knitted with stretch yarn, and said leg bands are knitted with every other
      course containing elastomeric yarn.
NUM  3.
PAR  3. The panty set forth in claim 1, wherein the waist opening is provided by
      a walewise extending interruption in the tubular form of the body, and
      further including an elastic waist band secured to said body and
      encircling the waist opening.
NUM  4.
PAR  4. A one-piece seamless unidirectional rotary knitted panty having wales
      and courses therein comprising a seamless tubular body integrally knitted,
      said body having a waist opening therein intermediate the ends thereof for
      receiving the lower part of the trunk of the wearer and having a crotch
      portion opposite said waist opening extending beneath the crotch of the
      wearer in use, said crotch portion being knit with a density substantially
      greater than that of the surrounding areas and being relatively
      stretchless to provide a reinforced area in said body, the ends of said
      body each having a leg band integrally knitted thereon and turned upon
      itself and integrally knitted with itself to provide a double thickness at
      each of said leg bands, said body in the portions other than said crotch
      and said leg bands being knit with a tuck knit pattern, said leg bands
      being knitted with at least certain of the courses therein of elastomeric
      yarn so as to impart an elastic character to said leg bands, one of said
      leg bands being integrally knit at the make up end of said body and the
      other of said leg bands being integrally knit at the run off end of said
      body, said panty comprising a single continuous seamless knitted tube
      forming the body and the leg bands with all the knitted wales of said leg
      bands extending through said leg bands into said body and with the knitted
      courses extending circumferentially of said tube.
NUM  5.
PAR  5. The panty set forth in claim 4, wherein said body is knitted with
      stretch yarn, and said leg bands are knitted with every other course
      containing elastomeric yarn.
NUM  6.
PAR  6. The panty set forth in claim 4, wherein the waist opening is provided by
      a walewise extending interruption in the tubular form of the body, and
      further including an elastic waist band secured to said body and
      encircling the waist opening.
NUM  7.
PAR  7. A one-piece seamless unidirectional rotary knitted panty having wales
      and courses therein comprising a seamless tubular body integrally knitted,
      said body having a waist opening therein intermediate the ends thereof for
      receiving the lower part of the trunk of the wearer and having a crotch
      portion opposite said waist opening extending beneath the crotch of the
      wearer in use, said crotch portion being knit with a density substantially
      greater than that of the surrounding areas and being relatively
      stretchless to provide a reinforced area in said body, said seamless body
      having seamless downwardly depending legs integrally knit therewith on the
      ends thereof, the ends of each of said legs having integrally knitted
      thereon a seamless leg band turned upon itself and integrally knitted with
      itself to provide a double thickness at each of said leg bands, said body
      in the portions other than said crotch and said legs and said leg bands
      being knit with a tuck knit pattern, said leg bands being knitted with at
      least certain of the courses therein of elastomeric yarn so as to impart
      an elastic character to said leg bands, one of said leg bands being
      integrally knit at the make up end of said body and the other of said leg
      bands being integrally knit at the run off end of said body, said panty
      comprising a single continuous seamless knitted tube forming the body and
      the legs and the leg bands with all the knitted wales of said leg bands
      and said legs extending through said leg bands and said legs into said
      body and with the knitted courses extending circumferentially of said
      tube, at least certain of said knitted courses throughout said tube
      including said leg bands and said legs and said body being knit of
      elastomeric yarn so as to impart an elastic character to said panty
      throughout the area thereof.
NUM  8.
PAR  8. The panty set forth in claim 7, wherein alternate courses in said body
      and said legs and said leg bands are knitted of elastomeric yarn.
NUM  9.
PAR  9. The panty set forth in claim 7, wherein the waist opening is provided by
      a walewise extending interruption in the tubular form of the body, and
      further including an elastic waist band secured to said body and
      encircling the waist opening.
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ABST
PAL  A washing machine drum which is divided into axially arranged compartments
      has an internal feed worm rigid with the drum casing. A support shaft of
      the drum serves to deliver water and soap or detergent to the
      compartments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a washing machine with a rotary drum, fitted with
      a feed worm that divides the drum into separate zones.
PAR  2. Description of the Prior Art
PAR  There already exist washing machines which consist of an outer drum divided
      into separate compartments for washing and rinsing, and a perforated inner
      drum dipping into the liquid contained in the outer drum.
PAR  Separation of the zones of treatment is not complete in such washing
      machines.
PAR  An object of the present invention is to eliminate at least partially the
      drawbacks of prior machines and to improve upon existing washing machines.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided in a washing machine
PA0  An external rotary drum casing, a continuous helical feed worm within and
      rigid with the casing, and a tubular, drum and worm support shaft having
      apertures therein for the delivery of fluids to the interior of the drum,
      said worm serving to divide the interior of the drum casing into a
      continuous helical compartment divided into a plurality of zones.
PAR  According to another feature perforations may be provided at suitable
      points in the turns of the feed worm.
PAR  The feed worm divides the washing drum into any desired number of separate
      zones of treatment, although the compartment of helical shape is, in fact,
      continuous. The washing process is carried out by imparting to the drum
      rotary motion in opposite senses. To discharge the articles of laundry, on
      the other hand, the drum is turned in a single sense of rotation, along
      with the feed worm joined to it.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section through a washing machine in accordance
      with the invention; and
PAR  FIG. 2 is a section on the line II--II in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The washing drum casing 1, accommodates a feed worm 2, rigid with the
      casing by, for example, continuous welding so that the joint thus formed
      is watertight. The feed worm 2 divides the washing drum into separate
      zones of treatment 3, for instance, washing and rinsing compartments. At
      both ends of the washing drum are semi-circular caps 4.
PAR  Through a tubular drum support shaft 5, water, suds, steam and the like can
      be selectively fed into the washing drum, for which purpose holes, 5a, for
      example, are provided in the drum shaft 5. This shaft 5, which is
      journalled in bearings 6, also is rigid with the feed worm 2.
PAR  Certain turns of the feed worm 2 may be provided optionally with
      perforations, 2a and 2b, through which the water or suds can be discharged
      or passed from one compartment to another. This purpose can also be
      achieved in other ways. Thus, for instance, transfer pipes may be provided
      to interconnect pairs of zones or compartments, enabling the liquid to
      flow from one compartment to the other.
PAR  Ribs 7, fitted to the interior face of the casing 1, serve to entrain the
      contents of the drum as it rotates.
PAR  The mode of operation of the washing machine is as follows:
PAR  The soiled linen or other articles are placed in the washing drum at A.
      Water, suds, steam and the like are fed to the various zones 3, through
      the shaft 5.
PAR  The washing and rinsing are carried out by imparting rotary oscillatory
      motion to the washing drum. In this way, the articles of laundry are
      perfectly cleaned by the resultant falling and tumbling action.
PAR  The articles are fed forward through the drum by continuous rotation of the
      latter in one sense.
PAR  The various rotary movements of the washing drum can readily be combined in
      an appropriate manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a washing machine
PA1  an external rotary drum casing,
PA1  a feed worm within and rigid with the casing, and
PA1  a tubular, drum support, shaft having apertures therein for the delivery of
      fluids to the interior of the drum,
PA1  said worm serving to divide the interior of the drum casing into a
      continuous helical compartment.
NUM  2.
PAR  2. A washing machine according to claim 1, wherein the join of the feed
      worm and the drum casing is watertight.
NUM  3.
PAR  3. A washing machine according to claim 1, in which the feed worm is
      secured to the drum support shaft.
NUM  4.
PAR  4. A washing machine according to claim 1, in which perforations are
      provided in the feed worm.
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PAL  A lock assembly for locking one member, such as a door, to another member,
      such as the frame, comprises a stud unit and a lock unit which can be
      locked on the stud by means comprising a slide which is engaged between
      the stud and a surface in the lock unit, a locking ball which extends
      through an opening in the slide into either a recess in the stud to
      prevent separation of the units or a recess in the lock unit, which allows
      such separation, a catch for holding the slide locked and a key-operated
      lock for releasing the slide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many forms of lock have been proposed for locking doors, windows and
      container lids or covers, to give a few examples. A common one is a
      padlock used for locking a hasp on one member to a staple on the other.
      Other locks of many kinds have also been proposed for similar or sometimes
      quite different purposes, but a general problem always exists when it is
      desired to provide a lock which is strong and difficult to force, which
      can be produced economically and which is convenient in use. It is one of
      the objects of this invention to provide a lock assembly which, whilst
      being convenient to use, can nevertheless be made very strong and which is
      very difficult for a thief to force.
PAR  According to the invention in one of its aspects a lock assembly is
      provided which assembly comprises two separable units having respectively
      a stud and a passage to receive the stud, wherein the assembly includes:
PA0  A slide which is carried by one of the units for limited sliding movement
      relatively thereto and which occupies a space between the stud and a side
      of the passage when the units are fitted together;
PA0  At least one locking element which is movable in a transverse through
      opening formed in the slide from a release position, in which it engages
      in a recess formed in one unit which allows movement of the slide and
      separation of the units, and a locking position in which it engages in a
      recess formed in the other unit;
PA0  A catch element which engages the slide when the units are fitted together
      and the locking element is in the second said recess so as to lock the
      units together; and
PA0  A lock which is operable by a key to disengage the catch element from the
      slide and allow separation of the units.
PAR  In certain preferred constructions one of the units is in the form of a
      stud having an annular groove forming one of the recesses and other unit
      (the lock unit) comprises a circular body in which the slide, which is in
      the form of a cylindrical sleeve, is mounted for limited sliding movement.
      The walls of the slide are formed with two (or any other number of)
      openings in each of which a ball forming a locking element is mounted. In
      one position of the slide, which it occupies when the lock unit is removed
      from the stud unit, the balls are free to move outwardly to allow removal
      of the lock unit from the stud, whereas when the sleeve is in its other
      position, in which it is held by the locking element, the balls are held
      in the groove in the stud and lock the units together.
PAR  As will appear from the following description, the invention provides a
      particularly strong lock assembly, one of the advantages of which is that
      the lock unit is freely rotatable on the stud or its equivalent, when
      locked thereon, so the mechanism cannot be forced and broken by turning
      the lock unit, which can be designed to cover and protect the stud unit.
DRWD
PAR  Two embodiments of the invention are shown, by way of example, in the
      accompanying drawings, in which:
PAR  FIG. 1 is a side view, partly in cross-section, showing one example of the
      invention with the lock unit in its locked position;
PAR  FIG. 2 is a cross-sectional view showing the main parts of the assembly of
      FIG. 1, when unlocked;
PAR  FIG. 3 is an underneath view of the lock unit of FIGS. 1 and 2 with its
      bottom plate removed;
PAR  FIG. 4 is a detail view of part of the assembly of FIGS. 1 to 3;
PAR  FIG. 5 is a vertical cross-section showing a modification of the lock shown
      in FIGS. 1 to 4;
PAR  FIG. 6 is a cross-section taken on the line X--X of FIG. 5;
PAR  FIG. 7 is a detail view of part of the lock of FIGS. 5 and 6.
DETD
PAR  Referring to FIG. 1, this shows two members, such as a door 1 and its frame
      2, which are locked together by a lock assembly exemplifying the
      invention. This assembly comprises a removable lock unit 3 and a stud unit
      4 comprising a stud 5 having a flange 6 and a shank 7, by which it is
      secured to the door 1 by a nut or other means (not shown), with a plate 8
      clamped between the flange and the door. The stud 5 is formed with an
      annular recess 9.
PAR  Fixed to the frame 2 by suitable means, such as bolts or studs (not shown),
      is a base plate 10 to which a hasp 11 is hinged. This hasp is formed with
      an opening 12 so that when the door is to be locked the hasp 11 can be
      swung over the stud 5 into the position shown in FIG. 1, in which it is
      then locked by fitting the lock unit 3.
PAR  This unit 3 comprises a body 13 of hardened steel having a central bore 14
      (FIG. 2) in which a cylindrical slide 15 operates under the action of a
      spring 16.
PAR  The slide 15 is formed with a cutout 17 (FIG. 4) to receive a shoulder 18,
      which forms part of a bottom plate 19 and projects into a central hole 20
      formed in the latter. The plate 19 is secured to the body 13 by screws 21.
      A cylinder lock 22 is mounted in the body 13 on one side of the bore 14
      and carries an operating pin 23 which engages a catch element 24 (FIG. 3).
      In this construction the catch element 24 has the form of a pawl which is
      pivoted at 25 to the body 13 and is pressed by a leaf spring 26 into the
      cut-out 17 when the slide 15 is in its upper locking position (as shown in
      FIG. 1), in which it is held by the pawl 24. By using a key in the lock 22
      the pawl 24 can be moved out of the cut-out 17 to allow the slide 15 to
      move down and permit the release of the unit 3 from the stud 5, as is
      shown in FIG. 2 and will be described.
PAR  The slide 15 is formed with one or more holes 27 (two are shown) in each of
      which a locking element in the form of a ball 28 is mounted. The diameters
      of the balls are greater than the thickness of the wall of the slide 15.
      When the unit 3 is pressed on to the stud 5 the slide 15 engages the
      flange 6 and is pressed by the latter from its release position (FIG. 2)
      to its locking position (FIG. 1). When in the release position the balls
      28 are free to move outwardly in the slide 15 into an annular recess or
      bore section 29 of larger diameter in the body 13, thus allowing the lock
      unit 3 to be fitted to or removed from the stud 5, whereas when the slide
      15 is in the position shown in FIG. 1 the balls 28 are forced into the
      recess 9 in the stud 5. It is the action of fitting the lock unit to the
      stud which forces the slide 15 and balls 28 upwardly in this way and once
      this has been done the catch pawl 24 is forced by its spring 26 into the
      cut-out 17 in the stud 15. The result of this is to lock the unit 3
      positively on the stud 5 and the mechanism is self-locking without the use
      of a key. The lock unit 3 can only be unlocked to allow removal from the
      stud 4 by using a key in the lock 22 to retract the pawl 24 from the
      cut-out 17. The lock unit 3 can then be lifted from the stud 5, the hasp
      11 swung back and the door opened. The balls 28 are prevented from the
      dropping into the interior of the slide 15 by the fact that when drilling
      the holes 27 the drill is stopped before it has completely passed through
      the wall of the slide so as to leave the holes 27 with inner lips.
PAR  For practical reasons the recess 30 (FIG. 3) needed for the pawl mechanism,
      instead of being cut from the body 13, is formed by interposing a plate 31
      of the shape shown in FIG. 3 between the body and the plate 19.
PAR  The lock assembly which has been described offers a number of advantages.
      The stud unit 4 and also the hasp 11 and its base 10 can be made very
      strong (of hardened steel), and can be fixed to the door and its frame
      very securely, with the stud 4 completely protected when the assembly is
      locked. This protection is helped by upper and lower rims 32 and 33 formed
      integrally with the hasp 11 so that they surround the plate 8 and the
      lower edge of the unit 3 as shown in FIG. 1 and prevent the insertion of a
      tool under the unit 3, it being noted that the body 13 is circular and
      concentric with its axis of rotation.
PAR  A further and very important advantage is that the lock unit 3, when it has
      been locked on the stud 5, is still free to rotate so that it is no help
      to a would-be thief to be able to turn it using a wrench or similar tool.
      The sides of the body 13 can be tapered as shown to make it more difficult
      to force.
PAR  The locking effected by the slide 15, balls 28 and the pawl 24, which is
      strongly held by the protected bottom plate 18, is very positive.
PAR  Although it has not been shown a deadlock could be provided in the form of
      a small locking pin mounted in the body 13 so that it is urged by a spring
      into engagement with a recess or slot formed in the pawl 24, the
      arrangement being such that this pin engages the pawl when the latter is
      in its inner locking position, in which it is positively held by the pin.
      This pin can only be withdrawn to allow movement of the pawl by the
      operation of the lock 22, which can then retract the pawl. With this
      arrangement even the drilling out of the cylinder lock 22 would not allow
      the pawl 24 to be moved to release the slide 15 unless the deadlock pin is
      also drilled out.
PAR  FIGS. 5 to 7 show a lock assembly which is very similar to the one which
      has been described and the same reference numerals are used for similar
      parts. The main differences between the two constructions is the
      replacement of the pawl 24 by a tongue 34. This tongue is slidable in a
      recess 35 in the body 13 and is pressed inwardly to engage in the cut-out
      17 in the slide 15 by a spring 36. The pin 23 of the cylinder lock 22
      engages a slot 37 in the tongue 34 to operate the latter. A deadlock pin
      engaging in the slide 34 may also be provided in this construction.
PAR  Although the use of a slide in the form of a cylinder mounted within the
      body of the removable lock part of the assembly, so that only a simple
      stud has to be mounted on the door or equivalent member, offers many
      advantages, a number of modifications would be possible. For example, the
      slide and balls or other locking elements could be mounted and remain
      permanently on the stud 4 when the lock unit 3 is removed. Also, instead
      of a cylindrical slide other forms might be possible. Thus the cylinder
      could be replaced by a simple sliding plate carrying a ball or other
      locking element, this plate being carried either on the fixed part of the
      lock, which need not be a stud of circular section, or else in the other
      part of the lock (the lock unit).
PAR  According to another modification, the stud could be mounted within the
      removable part of the lock and arranged to engage in a tubular element
      mounted on the door in place of the stud, the slide and balls or other
      locking elements being in the removable part.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lock assembly comprising two separable units having respectively a
      stud and a bore to receive the stud, which assembly comprises:
PA1  a slide which is carried by one of said units for limited sliding movement
      relatively thereto and which occupies a space between said stud and a side
      of said bore when said units are fitted together:
PA1  at least one locking element which is movable in a transverse through
      opening formed in said slide from a release position, in which said
      locking element engages in a recess formed in one of said units which
      allows movement of said slide and separation of said units, and a locking
      position in which said locking element engages in a recess formed in the
      other of said units;
PA1  a catch element which engages said slide when said units are fitted
      together and the locking element is in the second said recess so as to
      lock said units together;
PA1  a lock which is operable by a key to disengage said catch element from the
      said slide and allow separation of said units:
PA1  one of said units comprising said stud and means for fixing said one unit
      to one of two members to be locked together,
PA1  the other of said units comprising a body in which said passage is formed,
      and including said slide, at least one ball forming said locking element,
      said catch element and said key-operated lock; and
PA1  said catch element comprising a pawl which is pivoted to said body, a
      bottom plate secured to the under side of said body for limiting the
      movement of said slide out of said body.
NUM  2.
PAR  2. A lock assembly according to claim 1, wherein said slide is in the form
      of a cylinder which is slidable in the said passage and receives said stud
      when said units are fitted together.
NUM  3.
PAR  3. A lock assembly according to claim 1, wherein the second said recess
      surrounds said stud so as to allow the other of said units to turn freely
      on said stud when the units are locked together.
NUM  4.
PAR  4. A lock assembly according to claim 1, wherein said locking element is in
      the form of a ball of a diameter greater than the length of the said
      opening in said slide accommodating it, so that when the units are being
      fitted together or are being separated, with movement of said slide, the
      said locking element is transferred from one of said recesses to the
      other.
NUM  5.
PAR  5. A lock assembly according to claim 1, wherein the said lock is a
      cylinder lock mounted in said body.
NUM  6.
PAR  6. A lock assembly comprising two separable units having respectively a
      stud and a bore to receive the stud, which assembly comprises:
PA1  a slide which is carried by one of said units for limited sliding movement
      relatively thereto and which occupies a space between said stud and a side
      of said bore when said units are fitted together;
PA1  at least one locking element which is movable in a transverse through
      opening formed in said slide from a release position, in which said
      locking element engages in a recess formed in one of said units which
      allows movement of said slide and separation of said units, and a locking
      position in which said locking element engages in a recess formed in the
      other of said units;
PA1  a catch element which engages said slide when said units are fitted
      together and the locking element is in the second said recess so as to
      lock said units together;
PA1  a lock which is operable by a key to disengage said catch element from the
      said slide and allow separation of said units;
PA1  one of said units comprising said stud and means for fixing said one unit
      to one of two members to be locked together, the other of said units
      comprising a body in which said passage is formed, and including said
      slide, at least one ball forming said locking element, said catch element
      and said key-operated lock; and
PA1  said catch element including a catch mounted for sliding movement in a
      space below said body, and a bottom plate secured to the under side of
      said body, which plate holds said catch and limits the movement of said
      slide out of said body.
NUM  7.
PAR  7. A lock assembly according to claim 1, wherein the said stud and the said
      unit with the said passage are both of substantially circular
      cross-sections concentric with the axis of said passage when the units are
      fitted together.
NUM  8.
PAR  8. A lock assembly according to claim 7, which also includes a hasp pivoted
      to a plate which is adapted to be secured to one of two members to be
      locked together, the unit with said stud being adapted to be secured to
      the other of said members, wherein the said hasp is formed with a hole
      adapted to receive said stud and with a raised rim which surrounds the
      other of said units when said units are locked together to provide
      protection against the insertion of a tool to force said units apart.
NUM  9.
PAR  9. A lock assembly according to claim 1, which also includes a dead-lock
      member and means biasing said member into a position in which it prevents
      said catch member from being disengaged from said slide, from which
      position said dead-lock member can be withdrawn by unlocking action of
      said key-operated lock.
NUM  10.
PAR  10. A lock assembly comprising two separable units having respectively a
      stud and a passage to receive said stud, one of said units being adapted
      to be secured to one of two members to be locked together and the other of
      said units being removable from the first said unit, wherein the assembly
      comprises:
PA1  a cylindrical slide which is carried by one of said units for limited
      sliding movement relatively thereto and which occupies a space between
      said stud and a side of said bore when said units are fitted together;
PA1  at least one locking element in the form of a ball which is movable in an
      opening formed through the wall of said slide from a release position, in
      which said locking element engages in a recess formed in one of said units
      which allows movement of said slide and separation of the units, and a
      locking position in which said locking element engages in a recess formed
      in the other of said unit, the diameter of said ball being greater than
      the length of said opening:
PA1  a catch element which engages said slide when the said units are fitted
      together and said locking element is in the second said recess so as to
      lock the units together; and
PA1  a lock which is operable by a key to disengage said catch element from said
      slide and allow movement of said slide and locking elements and separation
      of said units;
PA1  said stud forming an integral part of the first said unit and including a
      projecting flange and an annular groove around it forming the second said
      recess, and the other said unit comprises a substantially circular body
      which contains said slide, locking element, catch element and lock, said
      passage and first said recess being formed in said body, a bottom plate
      formed with an opening for the passage of said stud and of part of said
      slide for engagement of the slide with said flange when said units are
      fitted together, and a spring biasing said slide against said bottom
      plate.
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ABST
PAL  A wiredrawing diestock having wire inlet and outlet openings aligned
      coaxially with the a die aperture there-between. The diestock has a first
      chamber disposed around the wire inlet. It has a second chamber surounding
      the die. Several openings provide communication between the two chambers
      and allow the flow of liquids from the first to the second chamber. These
      latter openings have positions equally spaced from the axis of a wire
      being drawn through the wire inlet opening and the die. The openings have
      individual axes which converge at the axis of the wire at a point where
      the wire enters the die. The lubricating cooling liquid, fed under
      pressure to the first chamber, flows through these openings in streams
      having flow paths converging on the wire being drawn. The pressure of the
      liquid is maintained in the second chamber. Liquid can escape from that
      chamber only through the wire inlet and outlet openings, and these
      openings are largely filled by the wire passing through them. Preferably
      the diestock comprises a body which has two pivoted halves, capable of
      being opened and closed and housing the die therein.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a Continuation in Part of the applicant's copending application
      Ser. No. 319,152 filed Dec. 29, 1972, now abandoned.
BSUM
PAR  The present invention relates to a diestock for wiredrawing machines.
PAR  As is well known, wiredrawing machines are used to draw wires, commonly of
      metals such as copper, and to reduce them from an initial diameter or
      cross-section to a lesser, final diameter or cross-section. This is done
      by passing the wires through a suitable die. Practically wires are passed,
      once or repeatedly, through a series of diestocks, which at the same time
      expose the wire and the die to liquid for lubricating and cooling the
      surfaces of the wire and of the die. In order to insure a good wire
      drawing operation it is necessary to provide for efficacious application
      of the lubricating and cooling liquid to the die and wire surfaces and
      particularly to those surfaces in contact with one another. Moreover it is
      necessary to move the wire rapidly, relative to the die, in order to
      produce the ultimate thin wire economically.
PAR  Heretofore wire drawing machines have provided for lubrication and cooling
      of the metal wire by spraying an oil-water emulsion from the outside onto
      the diestock complex, comprising the die and the wire passing through it,
      or by immersing the diestock complex in an oil bath. The systems presently
      used and known are not free from drawbacks. The use of a diestock which is
      merely spray-cooled suffers from insufficient removal of heat, among other
      things.
PAR  Even with oil bath cooling and lubrication, the wire often is
      insufficiently cooled and lubricated, when it moves at a desirable, high
      speed. Additionally, rotary movements of wire drawing pulleys, in contact
      with the liquid, cause harmful movement of the liquid which result in
      turbulence and cavitation and thereby interfer with the desired contact
      between the wire and the die.
PAR  Adequate contact between the wire and the die has also been lost due to
      vibrations, in known wire drawing machines of the oil bath immersion type.
      Vibrations are generated by misalignment of the wire at the inlet and
      outlet of the diestock, relative to the die. Such misalignment in turn is
      caused by imperfect alignment of of the diestock relative to the drawing
      pulleys.
PAR  The technical problem to be solved is therefore that of providing a liquid
      immersed diestock which permits better lubrication and cooling, and more
      safely avoids the generation of vibrations than was possible in earlier
      machines.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a diestock which
      resolves the technical problem of earlier liquid immersed diestock
      machines.
PAR  For this purpose the invention provides for lubrication and cooling of the
      wire by forced circulation of lubricating and cooling liquid into and
      through a chamber, provided in the diestock, which chamber contains the
      die and wire inlet and outlet means properly aligned with the die. The
      lubricating and cooling fluid, which enters this chamber under pressure,
      can escape from this chamber only through very restricted areas, provided
      by the wire inlet and outlet openings of the diestock. These openings are
      almost entirely filled by the wire. For this purpose the wire inlet and
      outlet openings are dimensioned, respectively, to provide relatively
      close, preferably sliding fit, respectively, with the thick incoming wire
      and the thinner outgoing wire.
PAR  To insure proper orientation of the diestock relative to the wire drawing
      pulleys and to minimize vibrations of the diestock, the diestock according
      to the invention is mounted on elastic support means, by supporting
      fasteners which provide adjustable fastening of the diestock against the
      elastic support.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the attached drawings
PAR  FIG. 1 is a side view of a diestock according to the invention;
PAR  FIG. 2 is a sectional view of this diestock, taken along the section line
      II--II of FIG. 1;
PAR  FIG. 3 is a section taken along the section line III--III FIG. 2;
PAR  FIG. 4 is a section through the diestock taken along the line IV--IV FIG. 3
      and
PAR  FIG. 5 is an enlarged detail from FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1 the diestock comprises a body 10 placed in a generally
      known manner between two drawing pulleys 11 and 12. Wire 13 travels from
      pulley 11 through the diestock to pulley 12. Both pulleys usually are
      rotatably driven and pulley 12 is driven at a higher speed than pulley 11.
      The speed is proportional to the degree of elongation of the wire, such
      elongation being encountered as the diameter or cross-section of the wire
      is reduced by the die in diestock body 10.
PAR  As best shown in FIG. 2 the diestock comprises a hollow body which consists
      of the two half shells 14, 15. These half shells have outer projections
      14' and 15' respectively, pivoted together at a pivot 16 so that the
      diestock 10 can be opened in order to insert a wire to be drawn, at the
      beginning of the operation of the machine. The two halves 14 and 15 are
      kept in a closed position, with a gasket 14A between them. Closure is
      achieved by a closing device which comprises a control lever 17, pivoted
      at a pivot 18 to the half section 15. This lever is provided with a hook
      19 disposed to grip a tongue 20 which projects from the other half section
      or half shell 14 of the diestock.
PAR  The body of the diestock, as illustrated, is mounted on a mounting plate
      21, by bracket means 21'. Holes 22 in the mounting body 21 are disposed
      for receiving mounting screws 23 to fix the plate 21 to the supporting
      structure 24 of a wire drawing machine. An elastic body 25 for example of
      neoprene or synthetic rubber, is interposed between plate 21 and
      supporting structure 24. This arrangement permits adjusting the diestock
      and aligning it with wire pulley 11 and 12, by tightening or loosening the
      mounting screws 23 as required. The elastic body 25 also provides an
      elastic seat for the diestock, thereby dampening the transmission of
      vibrations of the diestock to the wire drawing machine structure 24.
PAR  According to the invention and as best shown in FIGS. 3 and 4 the shells 14
      and 15 of the diestock body or housing define there-between a main die
      chamber 26, which is normally filled with liquid under pressure. In this
      chamber there is provided a die 27, well known per se. This die 27 can be
      mounted for example, in the lower half shell 14 by pins 27'. The die 27 is
      aligned with an inlet port 28 through which the wire 13 to be drawn enters
      the die chamber 26 FIGS. 3, 5 and also with an outlet port 29 for removing
      the drawn wire from the die chamber (FIG. 3). These ports 28 and 29 are
      defined by end portion of wire inlet and outlet bushings or fittings 30,
      30', respectively. These bushings or fittings are seated in the lower half
      shell 14 (FIGS. 3, 4) and have, respectively, bores or openings 30A and
      30'A (FIG. 5).
PAR  The die 27 advantageously has an input cone 8 and output cone 7 (FIG. 3)
      both having surfaces exposed in and to the liquid-containing pressure
      chamber 26, and coaxially aligned with the wire inlet and outlet openings
      30A, 30'A (FIG. 5).
PAR  As shown in FIGS. 3 and 5 the actual length L.sub.1 of the inlet opening 30
      as well as the axial length L.sub.2 of the outlet opening 30' is for
      example from 8 to 15 times the initial diameter of the wire, present in
      opening 30. This arrangement has a number of advantages in accordance with
      the invention, including the fact that it permits accurately guiding the
      wire with respect to the inlet and outlet cones 7, 8 of the die 27.
      Moreover, as best shown in FIG. 5, the effective clearance d' of the inlet
      and outlet openings 30 and 30' is kept very restrictive. These features
      enable the desired use of pressurized fluid in the chamber 26, as will be
      described hereinafter.
PAR  Concentrically with and around the inlet opening 30A for the wire 13 in the
      wire drawing body 10, a second annular chamber 31 is provided. This
      chamber communicates with the main die chamber 26, through suitable holes
      32 disposed in the separating wall 32' between the chambers 31 and 26.
      Cooling and lubricating liquid under pressure enters chamber 31 through a
      duct or passage 33. It then passes from chamber 31 into chamber 26 through
      the holes 32. The fluid may be for example a lubricating oil emulsified
      with water.
PAR  As best shown in FIG. 3 the holes 32 are equally spaced from the die 27 and
      are arranged symmetrically thereto. They have axes 32' which are inclined
      so that they point toward, and converge in, the apex of inlet cone 8 of
      the die 27. Thus the liquid passing from the chamber 31 to the chamber 26
      is directed against a surface of the wire 13 at the point where this wire
      passes into the die 27. This directed, convergent feed of liquid streams
      under pressure results in optimum lubrication and cooling of the wire and
      die surfaces.
PAR  The lubricating and cooling liquid ultimately leaves the diestock 10 at the
      front and rear thereof through such little clearance d' as the wire inlet
      and outlet openings 28, 29 provide, around the wire 13 and 13' (FIG. 5).
      On the outside of the diestock the ultimately leaving liquid can be
      collected by suitable means, not shown.
PAR  The net clearance d' for liquid flow, around wire 13, 13', in openings 30A,
      30'A is extremely small as each of these openings has an overall clear
      diameter which closely corresponds to the diameter D,d of the respective
      (original and drawn) portions of the wire. Advantageously the wire has
      sliding fit in these openings 30A, 30'A.
PAR  As previously noted, these openings have a length (L.sub.1 and L.sub.2
      respectively) which equals several times the overall clearance of the
      openings. Thus their length equals many times the net clearance of the
      openings, restricted by the wire.
PAR  A high back pressure of the liquid is thereby substantially maintained in
      the main die chamber 26, although escaping liquid ultimately reaches
      atmospheric pressure, outside of this chamber.
PAR  Excellent results of the lubrication and cooling of the wire and the die
      have been obtained with the new device. This has been established by tests
      carried out with this new device. In the tests the lubricating and cooling
      fluid was kept at a pressure of 4 to 6 kg/cm.sup.2, in the chamber 26.
CLMS
STM  I claim:
NUM  1.
PAR  1. A diestock for wire drawing, comprising:
PA1  a die having an inlet cone receptive of a wire of a first diameter and
      having an outlet cone disposed to discharge the wire thinned to a second
      and smaller diameter by drawing it through the die;
PA1  a housing which encloses and fixedly supports the die and defines a die
      chamber around the die in which the die and its inlet and outlet cones are
      exposed;
PA1  means for keeping the die chamber filled with pressurized, cool lubricant
      liquid by feeding such liquid into the die chamber to keep the die and
      both the exposed inlet and outlet cones thereof immersed in such liquid;
      and
PA1  means defining restricted, elongate wire inlet and outlet openings in the
      housing, opposite to and axially aligned with the inlet and outlet cone,
      respectively, said wire inlet and outlet openings providing the only
      communication, in the use of the diestock for wire drawing, between the
      die chamber and the space outside the housing, said wire inlet and outlet
      openings having sliding fit, respectively, with the wire of the first
      diameter and with wire thinned to the second and smaller diameter, each of
      said wire inlet and outlet openings being elongate to extend over a length
      substantially greater than the respective diameter of the wire, thereby
      providing a path for the pressurized liquid outwardly from the die chamber
      only through the narrowly restricted spaces left by said sliding fit of
      the wire in said inlet and outlet openings to keep the liquid under
      substantial back pressure in the die chamber.
NUM  2.
PAR  2. A diestock according to claim 1 in which the means for feeding
      pressurized liquid to the die chamber comprises an annular chamber
      receptive of the pressurized liquid and discharging the liquid into the
      die chamber in a plurality of streams distributed circumferentially of the
      annular chamber and symmetrical to the die.
NUM  3.
PAR  3. A diestock according to claim 2 in which the annular chamber has a wall
      in common with the die chamber and defining a plurality of holes to
      discharge the streams, said holes being equally spaced from the die and
      having axes convergent on the apex of the inlet cone of the die.
NUM  4.
PAR  4. A diestock according to claim 1 in which the means defining restricted
      elongate wire inlet and outlet openings comprise a wire inlet bushing and
      a wire outlet bushing, both inserted in said housing and each defining one
      of said narrowly restricted spaces.
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ABST
PAL  In a weld for two metals having adjacent surfaces with a welded zone having
      deposited weld metal and an unwelded zone with a stress concentration
      between the two zones that would normally drastically decrease the fatigue
      strength, the fatigue strength is greatly improved by applying a
      preliminary load on the welds zone by the application of a fluid pressure
      between the unwelded adjacent surfaces to directly stress the stress
      concentration transition area. Preferably, the stress intensity factor for
      the fluid pressure at the stress concentration zone will be higher than
      the combined tensile and flexural stress intensity factors so that there
      will be localized yielding at the stress concentration area without
      damaging the remainder of the weld. The metal and/or fluid is heated to
      avoid fracture and further to vaporize any liquid remaining once the fluid
      pressure is removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method and apparatus for improving the fatigue
      strength in weld zones of any of welded structures.
PAR  The technique of forming one complete article by bonding two or more parts
      through welding is employed for the manufacture of various products in
      substantially all of the technical fields. However, the welding parts of
      large dimension requires a number of steps, and therefore, various
      disadvantages are brought about. More specifically, according to an
      ordinary welding method, a weld metal is deposited and embedded or fused
      in portions of the two parts that are to be bonded, and the portions are
      bonded to each other by the deposited weld metal. Accordingly, in order to
      faciltate embedding of the weld metal in the portions to be bonded and
      impart a sufficient strength to the bonded portions with respect to large
      pieces of metal, it is necessary to shape the exposed area of the adjacent
      faces so that the weld metal may reach the interior of the adjacent
      surfaces or faces. This is conventionally accomplished by forming a groove
      that is V-shaped or U-shaped at the exposed area of the adjacent surfaces
      to be bonded to assist in depositing the weld metal to the interior of the
      adjacent surfaces. In general, the embedding or penetration of the weld
      metal into such a V-shaped or U-shaped groove is accomplished by melting a
      welding rod at the bottom of the groove. When the parts to be bonded have
      very large dimensions, the size of the V-shaped or U-shaped groove into
      which the weld metal is embedded and penetrated, such naturally be
      increased according to the conventional method and the embedding of the
      weld metal by using the welding rod should be conducted repeatedly so as
      to build up successive layers of deposited weld metal in order to fill
      such a large dimensioned groove. Therefore, many steps are required for
      the formation of such a weld joint employing a V-shaped or U-shaped groove
      for large dimensioned materials, wherein weld metal is embedded and
      penetrated.
PAR  If the size of such V-shaped or U-shaped groove for the embedding of a weld
      metal is diminished beyond what is necessary to accomplish complete
      penetration of the weld metal into the clearance between the adjacent
      surfaces, it is then possible to reduce the number of steps for welding
      the parts to be bonded and further to reduce the frequency of repeating
      the metal depositing that would be required to fill up the groove through
      successive deposits. However, the strength of the weld would
      correspondingly decrease.
PAR  In short, according to conventional welding methods, a groove is formed in
      the welding zone between the parts to be bonded, and with large
      dimensioned parts there are formed areas in which weld metal is deposited
      and areas in which weld metal is not deposited between the adjacent
      surfaces of the two parts to be joined.
PAR  In such welded structure, the non-deposited portions in the finished
      product behave as if they were cracks in metal parts, and when an external
      force is imposed in the bonded portions, the stress is concentrated at the
      top ends of such cracks, which will have a notch effect at the roots of
      the non-deposited portions, and the fracture is accelerated in the weld
      zone, particularly with respect to fatigue strength. Therefore, the
      fatigue strength is very low in such a structure.
PAR  As a means for improving the fatigue strength in the weld zone of such
      welded structures, there is known a method in which an external force
      greater than the external force to be imposed on the welded structure at
      the actual application is imposed on the weld zone temporarily in advance
      to actual use of the structure.
PAR  More specifically, an external force is imposed on a metal having cracks in
      such a direction that the cracks are enhanced, whereby a stress
      concentration on the end portions of the cracks is caused to form a zone
      locally yielded due to reaching the yielding stress. When application of
      the external force is stopped in this state, a zone reversely yielded is
      formed in the end portions of the cracks. Namely, when a tensile force is
      applied as the external force enhancing the cracks, a tensile-yielding
      zone is formed in the end portions of the cracks, but when this external
      force is removed, a compression-yielded zone is formed because of the
      restraint from the remaining unyielded portions of the metal.
PAR  After such treatment when a concentrated stress by an external force is
      imposed during actual operations and is smaller than the concentrated
      stress by the above-mentioned preliminary applied external force, an
      action of confining the crack is manifested by the compression-yielded
      zone and as a result, the fatigue strength is improved. As described
      above, it is known that the fatigue strength can be improved if an
      external force greater than the external force imposed on a welded
      structure at the actual application when in use is preliminarily imposed
      to the unwelded portion of a weld zone. However since it is difficult to
      apply an appropriate external force to a weld zone having an unwelded
      portion, this known method is not usually practical and is hardly ever
      employed.
PAR  For example, it is considered that a necessary external force may be
      obtained by attaching a welded part having an unwelded portion to a rotary
      shaft, rotating the part together with the shaft utilizing a centrifugal
      force generated by the rotation. According to this method, however, it
      seldom happens that the external force is effectively imposed only on the
      unwelded portion, but an excessive external force is supplied even to an
      unnecessary portion, that is a portion that need not be yielded and is
      outside of the stress concentration zone so that the part will become
      damaged. Accordingly, it is very difficult to adjust the external force to
      be applied to the unwelded portion while controlling appropriately the
      external force to be applied to a portion outside of the stress
      concentration zone.
PAR  It has also been considered that an external force may be applied by using
      an oil pressure jack. But according to this method, it is difficult to
      apply a necessary external force to the appropriate portion. Further,
      since an external force greater than an external force to be imposed when
      the product is actually put into use, must be employed for this
      preliminary treatment, it is necessary to take great care not to damage
      the welded portion.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a method and
      apparatus for improving the fatigue strength in a weld zone having an
      unwelded portion, whereby the number of operating steps required for
      welding can be greatly reduced as compared to the formation of a weld not
      having an unwelded portion. According to the present invention, a fluid
      pressure is applied to the clearance between the parts in the unwelded
      zone formed by the unwelded adjacent surfaces to obtain a desired external
      force with ease to locally yield the stress concentration zone beyond what
      would be obtained in actual use with ease, and fracture of the bonded
      portion is prevented by application of heated fluid that has been heated
      to a suitable temperature for this purpose.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects, features and advantages of the present invention will
      become more clear from the following detailed description of the drawing,
      wherein:
PAR  FIG. 1 is a diagram illustrating the method and apparatus for improving the
      fatigue strength in an unwelded portion in a structure formed by welding
      two metal parts in end abutting relationship across their thickness;
PAR  FIG. 2 is a diagram illustrating the present invention as employed with
      respect to a T-shaped weld; and
PAR  FIG. 3 is a diagram showing the application of external forces on a weld
      having an unwelded portion to illustrate the amount of pressure to be
      applied by the fluid for treatment according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, the metal parts 1 and 2 have adjacent surfaces
      perpendicular to the plane of FIG. 1 forming edge faces with a thickness
      as illustrated, wherein they are to be welded at their edges. At one
      exposed portion of the surfaces, the edges of each metal part 1 are
      chamfered to form a V-shaped groove as shown at the right in FIG. 1.
      During the welding of the metal parts 1 and 2 to bond them to each other,
      the V-shaped groove is filled with weld metal 4, which weld metal 4 is
      only deposited in the groove along the adjacent edges of the parts 1 and 2
      running in a line perpendicular to FIG. 1. The other side and opposite
      ends may also contain weld metal 4 as applied in a V-shaped groove, as
      shown in partial cross section, the weld metal does not extend to the
      interior of the adjacent surfaces of the parts 1 and 2, so that the
      adjacent surfaces 3 wherein the V-shaped groove does not reach, are not
      welded together and form a clearance and an unwelded portion. The zone
      between the unwelded portion, defined by the adjacent surfaces 3 having a
      clearance therebetween and the welded portion defined by the deposition
      and fusion of the weld metal 4 forms a transition zone having stress
      concentration. Effectively, the two parts 1 and 2 thus welded together
      become one part having therebetween a crack at 3 with stress concentration
      at the end of the crack at the beginning of the deposited weld metal 4.
PAR  After the weld metal 4 has been deposited and fused in the V-shaped groove,
      one or a plurality of holes 5 are drilled or formed into the structure to
      reach between the unwelded surfaces or faces 3, tapped and thereafter
      receive a screw fluid fitting 6 to form a fluid inlet for each hole 5. A
      fluid line fitting 8 is assembled with the screw fitting 6 so that one end
      of a fluid line or conduit 7 may be fluid connected by the screw 6 and
      fitting 8 to the unwelded portion between the surfaces 3. The other end of
      the conduit 7 is fluid connected to an oil storage tank 9 and provided
      intermediate its ends with a pump 10 and a pressure gauge 11. A
      conventional heating device 12 is preferably employed in the oil storage
      tank 9 to heat the oil in the tank 9 and maintaining the temperature of
      the oil in the tank 9 at an appropriate level. The oil temperature may
      sometimes have bad effects upon the pump 10, and in such cases, the
      heating device 12 may be disposed at a point downstream from the pump 10
      and closer to the fitting 8. A bypass line 13 is branched from the conduit
      7 to lead to the oil storage tank 9 and has therein a valve 14.
PAR  In operation, the weld metal 4 is deposited in the V-shaped groove and the
      hole 5 is formed to suitably attached the conduit 7. Thereafter, the pump
      10 is operated to feed the oil under pressure to the clearance between the
      surfaces 3, with the oil being supplied by the storage tank 9. The effect
      this has upon the weld will now be discussed.
PAR  The material welded as shown in FIG. 1 with the welded portion and a
      central unwelded portion, will effectively become an integral piece of
      metal 20 with a central crack 21 having a crack length 2a.
PAR  In the case where a tensile stress .sigma. .sub.1 is uniformily applied to
      the member 20 as shown in FIG. 3a, the stress intensity factor K.sub.1 on
      the crack 21 is represented as follow:
EQU  K.sub.1 = .sigma. .sub. 1 .sqroot..pi.a                    (1)
PAR  In the case where a flexural stress .sigma. .sub.2 is applied as shown in
      FIG. 3b, the stress intensity factor K.sub.2 on the crack 21 is
      represented as follows:
EQU  K.sub.2 =  a.sigma..sub.2 .sqroot..pi. a /T                (2)
PAR  in the above formulae, T represents the width of the member 20 and a
      represents 1/2 of the length of the crack.
PAR  When a pressure P is applied to the inside of the crack 21 as shown in FIG.
      1, the stress intensity factor K.sub.p is represented as follows:
EQU  K.sub.p = P.sqroot..pi.a                                   (3)
PAR  Since both a tensile stress and a flexural stress are usually
      simultaneously imposed on a member when put into use, in order to make P
      greater than the sum of K.sub.1 and K.sub.2 according to the present
      invention, it is necessary to establish the following relationship:
EQU  P &gt; .sigma. .sub.1 + .sigma..sub.2 a/T                     (4)
PAR  the oil under pressure is fed to the clearance between surfaces 3 with the
      pressure being regulated according to gauge 11 and valve 4 if needed so
      that the pressure of the fluid being supplied to the unwelded zone will be
      according to the above formula (4). After a tensile-yielded area is thus
      formed in the stress concentration zone between the unwelded portion and
      the welded portion by the application of the fluid pressure, the pump 11
      is stopped and the oil is returned to the oil storage tank 9 by opening
      the valve 14. Thereafter, the fitting 8 is disassembled and the screw 6 is
      sealed with a plug or by welding. If the fitting 8 is not necessary, such
      a fitting may be omitted.
PAR  After the metal within the stress concentration zone has tensile yielded
      due to the application of the static tensile stress by the fluid pressure,
      removal of the fluid pressure will produce a compression stressed or
      yielded area within the stress concentration zone due to the presence of
      the surrounding metal that was not tensile yielded but only elastically
      deformed. Thus, the fatigue strength of the welded structure will be
      increased.
PAR  When the oil fed to the clearance between the surfaces 3 is appropriately
      heated, the toughness of the weld metal is improved and the heating of the
      oil is effective for the prevention of fracture by the oil pressure.
PAR  As a specific example of the present invention, when mild steel plates
      having a thickness of 200 mm and a tensile strength of 41Kg/mm.sup.2 were
      welded to form an unwelded portion or a zone having a width of 100 mm and
      thereafter the welded structure was annealed, it was found that the
      limiting fatigue strength was 2Kg/mm.sup.2. When an oil pressure of
      16Kg/mm.sup.2 was applied to the unwelded portion for ten seconds by using
      the above method and apparatus, the limiting fatigue strength was
      increased to 8Kg/mm.sup.2. It was found that the tensile strength was not
      adversely effected by applying the above oil pressure to the unwelded
      portion for the above-mentioned time.
PAR  FIG. 2 illustrates an embodiment of the present invention where two metal
      parts are welded to each other in a T-shaped configuration. In this
      embodiment, the hole 5 may be drilled through the plate 2 parallel to the
      plate 1 to reach the unwelded zone, and it is unnecessary for the hole 5
      to be drilled through any of the deposited weld metal as in FIG. 1 to
      reach the clearance area between the unwelded surfaces 3. The result in
      FIG. 2 is substantially the same as the result of the weld in FIG. 1 with
      respect to the present invention in that a bonded integral structure is
      obtained wherein effectively the central unwelded portion functions as a
      crack with respect to producing a stress concentration area between the
      unwelded portion and welded portion of the adjacent surfaces. Thus, the
      above analysis equally applies to the structure of FIG. 2.
PAR  According to the present invention, even if an unwelded portion is formed
      in a weld zone, a sufficient fatigue strength can be obtained. Further,
      the metal outside of the stress concentration area is not adversely
      effected by the oil pressure being applied according to the present
      invention and the pressure can be imposed only to the necessary clearance
      faces in the unwelded zone. Therefore, it is unnecessary to chamfer the
      edges of the members to be joined to obtain a groove to a sufficient
      extent that the weld metal may be deposited over the entire area of the
      adjacent surfaces as has been the practice in the past to avoid an
      unwelded portion, because the present invention by relieving the metal
      within the stress concentration zone can permit depositing of weld metal
      in smaller grooves with the result of an unwelded portion without
      suffering the usual drastic reduction in the fatigue stength caused by
      such unwelded portions. Therefore, the number of steps required for
      forming the welding zone can be greatly reduced and the amount of weld
      metal deposited can also be reduced, when comparing welding across the
      entire adjacent surfaces with welding only in shallower grooves with the
      formation of an unwelded zone.
PAR  In the foregoing embodiments, oil is used as the pressure medium, but
      according to the broader aspects of the present invention, any other
      fluid, for example water or air, can be used.
PAR  The fluid is preferably heated to a high temperature when used to
      pressurize the unwelded zone in order to prevent brittle fracture under
      application of the fluid pressure, and further to vaporize any fluid (when
      liquid is employed as the pressurizing medium) left in the unwelded zone
      after the pressure has been removed. As specific examples for heating the
      fluid to be used for maintaining the unwelded portion at a relatively high
      temperature, reference is made to the following:
PAR  1. A weld joint is withdrawn at a temperature of about 200.degree. C from
      an annealing furnace, and in this state pressurized water is fed to the
      screw holes 5. In this case, the screw holes may be disposed only on one
      side. In case annealing is not conducted, the residual heat left from the
      previous welding operation may be utilized, or only the joint portion may
      be heated with an external burner after the welding operation is
      completed.
PAR  2. A heated fluid is fed through the screw holes 5 on one side by a pump
      10, and the fluid leaving screw holes on the opposite side of the unwelded
      zone is heated and recycled. When the unwelded portion is thus heated to
      about 100.degree. to 200.degree. C, the valve 14 disposed in the fluid
      return passage is closed and the fluid will be pressurized by the pump 10
      to in turn pressurize the unwelded zone.
PAR  As shown in FIG. 2, it is not always necessary to chamfer the bonded
      portions of the parts, since in FIG. 2 the T-shaped joint is formed only
      be depositing weld metal in the corners without any previous chamferring,
      and the fluid may be applied to the entire unwelded portion of the weld
      zone.
PAR  While several preferred specific embodiments of the present invention have
      been set forth for purposes of illustration and for the advantageous
      details, further embodiments, variations and modifications according to
      the broader aspects of the present invention are contemplated, all
      according to the spirit and scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for improving the fatigue strength in a welded metal structure
      defined by two metal parts having adjacent surfaces partly welded by
      depositing weld metal therebetween and partly unwelded between their
      adjacent surfaces, with the transition from the welded part to the
      unwelded part representing a fatigue strength stress concentration zone,
      which method comprises the steps of: feeding a fluid under pressure into
      the clearance between the unwelded adjacent surfaces of the two parts to
      locally yield the metal at the stress concentration zone; and thereafter
      removing the pressurized fluid so that the welded metal structure may be
      put into practical use.
NUM  2.
PAR  2. The method according to claim 1, wherein said step of feeding creates a
      fluid pressure within unwelded part that is substantially greater than
      .sigma. .sub.1 + .sigma. .sub.2 a/T, wherein .sigma. .sub.1 is the design
      tensile stress and .sigma. .sub.2 is the design flexural stress expected
      when the welded structure is placed into practical use, so that such
      welded structure may not fail under fatigue from such expected stresses.
NUM  3.
PAR  3. The method according to claim 2, including the further step of heating
      said fluid prior to its being fed to the unwelded part.
NUM  4.
PAR  4. The method of claim 3, wherein said fluid is a liquid and said step of
      heating heats the liquid to a temperature above its atomospheric
      vaporization temperature and below its pressurized vaporization
      temperature within the unwelded part sufficient that when the pressurized
      liquid is removed, any remaining liquid within the unwelded part will be
      vaporized.
NUM  5.
PAR  5. The method of claim 1, including the further step of heating said fluid
      prior to its being fed to the unwelded part.
NUM  6.
PAR  6. The method of claim 5, wherein said fluid is a liquid and said step of
      heating heats the liquid to a temperature above its atomospheric
      vaporization temperature and below its pressurized vaporization
      temperature within the unwelded part sufficient that when the pressurized
      liquid is removed, any remaining liquid within the unwelded part will be
      vaporized.
NUM  7.
PAR  7. Apparatus for improving the fatigue stength in a welded structure formed
      by two metal parts having immediately adjacent surfaces defining a welded
      portion, an unwelded portion and a transition between the welded and
      unwelded portions forming a stress concentration zone, which comprises:
      means forming a fluid passage to the unwelded portion; means for feeding a
      fluid through said passage into said unwelded portion; means for
      pressurizing the fluid within said unwelded portion sufficiently to form a
      yielding tensile stress within the metal of said stress concentration
      zone; and means for removing the pressurized fluid from the unwelded
      portion.
NUM  8.
PAR  8. The apparatus of claim 7, further including means for heating the fluid
      fed into the unwelded portion to a desired temperature.
NUM  9.
PAR  9. The apparatus of claim 7, including means for heating the fluid to a
      temperature above its atmospheric vaporization temperature so that when
      the pressure is removed from the fluid within the unwelded portion, the
      fluid will vaporize.
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ABST
PAL  A hydrostatic extrusion method and apparatus for the extrusion of tubes is
      disclosed wherein the simplified structure of the nose or tip portion of
      the billet and the cooperating surfaces of the die defining the die cavity
      and those of the mandrel facilitate an improved initial sealing among the
      associated surfaces of the die, billet and mandrel. Such an initial
      sealing is effected between such interfaces of the members and billet at a
      point which is located substantially rearwardly from the position at which
      the actual extrusion to the final tubular configuration occurs between the
      bearing portion of the die and the cooperating sizing portion of the
      mandrel. Such structure and method permits the extrusion of tubes having
      walls of asymmetric or non-circular configurations in cross section, even
      those of complex configurations. In order to further enhance the
      efficacies of the present invention, the mandrel is provided with a head
      portion which may be replaced, or exchanged as desired, and a
      position-aligning member is associated with the mandrel in order to
      maintain the proper orientation of the mandrel relative to the die. The
      mandrel may also have a specifically designed configuration in order to
      provide the inner surface of the tube extruded with a gloss finish.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates generally to hydrostatic extrusion methods
      and apparatus, and more particularly to a method and apparatus for
      hydrostatically extruding tubes including those tubes having external and
      internal peripheral surfaces which are irregular or asymmetric as seen in
      cross-section.
PAR  2. Description of the Prior Art:
PAR  Heretofore, among the various sealing methods and apparatus used in
      hydrostatic extrusion systems, one such method employs suitable means
      which effectively seals the tip portion of the billet while another method
      employs similar means which effectively seals the rear end portion of the
      billet. For example, the latter conventional method is illustrated in FIG.
      1, such method being of the fixed mandrel type. A container 1 has a die 3,
      supported by means of a die-supporting body 2, disposed within the
      forward, hollow portion thereof, while a stem 4 is reciprocably disposed
      within the rear, hollow portion thereof. Within the conical cavity of the
      die 3 there is disposed the nose or tapered tip portion 6 of an annular
      billet 5, the diameter of the opening at the tip portion 6 being slightly
      less than that of a mandrel 7, the conical tip portion 8 of the mandrel 7
      being inserted through the opening of the billet 5. The mandrel 7 is
      affixed to a mandrel ring 9 at the rear end thereof and the mandrel ring 9
      is adapted to abut a mandrel supporting cylinder 10.
PAR  When extruding a tube having a circular cross-section, the mandrel 7 is
      advanced together with the mandrel ring 9 until the forward face of the
      mandrel ring 9 abuts the rear face of the mandrel supporting cylinder 10,
      whereupon forward progress of mandrel 7 is terminated. The tip or nose
      opening of the billet 5 is formed so as to have a diameter smaller than
      that of the mandrel 7, the tapered or conical nose portion 8 of the
      mandrel 7 being disposed through the aforesaid opening of the billet 5 so
      as to effect sealing therebetween. The forward, outer peripheral, conical
      surface of the billet 5 is likewise disposed within the hollow tapered or
      inner conical surface of the die 3 for similarly effecting sealing
      therebetween, such interfitting components serving to completely seal the
      engaged surfaces of the tip portion of the mandrel 7, billet 5 and the
      conical surface of the die cavity, respectively. It should be noted that
      the nose or tip portion of billet 5 has a sharp edge so as to effectively
      accomplish the desired sealing along the aforesaid tip portions as shown
      in FIG. 1, and thus it can be readily appreciated that the preparation and
      formulation of the nose portion of billet 5 requires an excessive number
      of man hours. In operation, when the stem 4 is advanced, the internal
      pressure within the container will of course be raised, and when such
      internal pressure reaches a predetermined value, the billet 5 will then be
      extruded as a tube through the annular interstice existing between die 3
      and the tip portion of mandrel 7.
PAR  According to the aforenoted method, the pressure medium is disposed within
      cylinder 10 and about the inner and outer peripheral surfaces of billet 5
      such that when the pressure medium is subjected to the high extrusion
      pressures, the medium will be forced into contact with the surfaces of the
      mandrel 7 and the billet 5 as well as the surfaces of the die 3 and
      cylinder 10, and the billet 5, whereupon the extrusion break-through
      pressure becomes relatively low. However, the pressure medium thus forced
      into contact with the various noted surfaces adversely affects the
      smoothness of the surfaces of the tube extruded. In addition, as the
      sealing is effected between the smallest diameter portion of the tapered
      or conical portion of the mandrel and the bearing portion of die 3, in
      order to prepare the nose portion of the billet, a great
      reduction-of-area-percentage is required for providing the sharp edge of
      the nose of the billet, and thus the cost of manufacture of the billets
      will be substantially increased even in instances where extrusion of a
      tube having a circular cross section is to be accomplished.
PAR  Furthermore, with respect to the aforesaid extrusion method, the extruded
      tube wall interstice defined between the small-diameter tip portion of the
      mandrel and the bearing portion of the die is such that the extrusion of a
      tube having an irregularly configured cross section is quite limited to
      the extent wherein only minor modifications from the circular cross
      section would be able to be attained. In other words, the extrusion of a
      tube having a wall of an irregular configuration is subject to other
      limitations in addition to those presented for a tube of circular
      cross-section. More particularly, as the sealing against undesired leakage
      of the pressure medium is effected due to the intimate contact between the
      inner conical surface of the die cavity and the forward, outer, conical
      peripheral surface of the billet and between the forward inner, conical,
      peripheral surface of the billet and the forward, outer, conical portion
      of the mandrel, the nose portion of the billet should be formed so as to
      have a configuration whose outer peripheral surface conforms to the inner
      conical surface of the die and whose inner peripheral surface conforms to
      the outer conical portion of the mandrel.
PAR  More specifically, in the instance that a tube having a wall of a
      substantially flat configuration in cross section is desired to be
      extruded according to the prior art method disclosed within FIG. 1, the
      outer and inner peripheral surfaces of the billet should have
      configurations which respectively conform to the configurations of the
      contacting surfaces of the die and mandrel, such as for example,
      elliptical configurations in cross section. Such requirements impose
      tremendous limitations upon the billet preparation apparatus designed to
      produce a billet having component portions of such desired configurations
      with accompanying difficulties being experienced in the technology and
      machining or the like required therefor. Thus, such billets are quite
      costly and are not readily adapted for industrial applications.
PAR  Furthermore, in the extrusion of tubular products according to hydrostatic
      extrusion methods, the outer peripheral configuration of the tube is
      governed by the opening within the die while the inner peripheral
      configuration thereof is dependent upon the sizing portion of the mandrel.
      The axial centering of the die and mandrel may be easily achieved wherein
      a tube having a circular cross section is desired, however, when a tube
      having a wall of an asymmetric or non-circular cross section is desired,
      such as for example, an ellipse, the relative positions of the die and
      mandrel should be adjusted prior to the extrusion and such relationship
      should be maintained constant throughout the period of pressurizing the
      container as well as the extrusion of the billet, such thereby presenting
      considerable additional difficulties to be resolved for such extrusion
      processes.
PAR  A still further disadvantage of such a conventional hydrostatic extrusion
      method, is that, as has been referred to earlier, the presence of the
      pressure medium along the surfaces of the die, the billet and the mandrel
      results in the poor exhibition of gloss characteristics upon the inner
      surface of the extruded tube due to the absence of direct contact between
      the billet and the mandrel due to the interdisposition of the pressure
      medium or lubricant therebetween. Still further, since the conical, inner
      peripheral surface of the billet remains in contact with the sizing or
      bearing portion of the mandrel, with the pressure medium being interposed
      therebetween, until the billet reaches a position at which its final inner
      and outer configurations are formed by the extrusion between the tip
      portion of the mandrel and the bearing portion of the die, then
      undesirable inner surface conditions often result upon the extruded tube,
      such as for example, the appearance of ripples or dimples thereon.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      hydrostatic extrusion method which simplifies the preparation of the nose
      or tip portion of the billet and which facilitates the initial sealing
      among the die, billet and mandrel components thereby permitting the
      extrusion of tubes having walls of irregular or asymmetric configurations.
PAR  Another object of the present invention is to provide a hydrostatic
      extrusion method and apparatus which permits the positional adjustment of
      a mandrel with respect to the die either in an axial or a circumferential
      direction thereof.
PAR  Still another object of the present invention is to provide a hydrostatic
      extrusion apparatus and method within which the head portion of the
      mandrel is removable from the body portion thereof for replacement of the
      same.
PAR  A further object of the present invention is to provide a hydrostatic
      extrusion method and apparatus which provides a metallic-gloss finish to
      the inner surface of the tube extruded.
PAR  According to the first aspect of the present invention, there is provided a
      hydrostatic extrusion method for tubes, whereby the billet is extruded
      through an annular interstice defined between the bearing portion of the
      die and the sizing portion of the mandrel. The nose or tip portion of the
      billet is provided with frusto-conical, inner and outer peripheral
      surfaces, the frusto-conical inner peripheral surface of the billet
      having, in its longitudinal cross-section, an inclined angle greater than
      or equal to that of the sealing portion of the mandrel while the
      frusto-conical outer peripheral surface of the billet similarly has, in
      its longitudinal cross-section, an inclined angle less than or equal to
      that of the approach portion of the die defining the die cavity with
      respect to the axial line of the mandrel, thereby presenting considerably
      reduced contacting areas therebetween. The billet is inserted into the
      container of the extruder, and the mandrel is advanced into the hollow
      portion of the billet so as to effect the preliminary sealing between the
      approach portion of the die, the nose portion of the billet, and the
      sealing portion of the mandrel. The mandrel is subsequently advanced a
      small additional distance so as to thereby effect the initial sealing and
      insure positive sealing between the approach portion of the die portion
      defining the die cavity and the frusto-conical, outer peripheral surface
      of the billet as well as between the frusto-conical inner peripheral
      surface of the billet and the sealing portion of the mandrel. At such
      time, the rear diameter portion of the mandrel will abut the
      mandrel-supporting cylinder thereby maintaining the proper positional
      relationship between the bearing portion of the die and the sizing portion
      of the mandrel, the billet thereupon being extruded through the annular
      interstice defined between the bearing portion of the die and the sizing
      portion of the mandrel. The arrangement disclosed within the aforesaid
      first aspect permits the ready extrusion of tubes having walls or
      irregular or asymmetric configurations in cross section.
PAR  According to the second aspect of the present invention, there is provided
      a hydrostatic extrusion method and apparatus wherein a position-aligning
      member is adapted to restrict the movement of the rear portion of the
      mandrel with respect to the circumferential and axial directions thereof
      throughout the pressure-increasing and billet-extruding phases, thereby
      facilitating the extrusion of tubes having non-circular, inner and outer
      wall configurations in cross section.
PAR  According to the third aspect of the present invention, there is provided a
      hydrostatic extrusion method and apparatus wherein the mandrel includes a
      head portion which is brazed to the body portion, by using suitable
      brazing material which is soft and has a relatively low melting point, in
      a manner so as to provide a thin brazing layer between the head and body
      portions of the mandrel as well as in a manner in order to insure complete
      sealing for the brazed joint against the ingress of the billet being
      extruded, thereby preventing any yield of the brazed joint. In this
      respect, the head portion of the mandrel includes the combination of the
      sizing portion, the intermediate portion, the sealing portion and part of
      the body portion of the mandrel which part is continuous with the sealing
      portion.
PAR  According to the fourth aspect of the present invention, there is provided
      a hydrostatic extrusion method and apparatus wherein the mandrel includes
      an intermediate portion having a substantially reduced diameter whereby
      the flow of the billet will not contact such intermediate portion of the
      mandrel, whereby the billet may effect free sinking within the range
      defined between the sealing portion and the sizing portion of the mandrel.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features, and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1 is a longitudinal cross-sectional view of the forward portion of a
      conventional extruder, and showing the arrangement of the die, billet and
      mandrel within the container of the extruder;
PAR  FIG. 2 is a longitudinal cross-sectional view of the forward portion of an
      extruder constructed according to the present invention, and showing the
      arrangement of the die, billet and mandrel within the container of the
      extruder;
PAR  FIGS. 3A and 3B are longitudinal cross-sectional views of another
      embodiment of an extruder, taken along the horizontal and vertical axes
      thereof, constructed according to the present invention, such extruder
      being adapted to extrude a tube having a substantially flat
      circumferential wall;
PAR  FIGS. 4A and 4B are respectively, a perspective view of the mandrel and a
      longitudinal cross section of the billet utilized within the extruder of
      FIGS. 3A and 3B;
PAR  FIG. 5 is a perspective view of the head portion of a mandrel having two
      solid, cylindrical cores adapted to provide two through-holes within a
      tube to be extruded, the cores serving as the sizing portions of the
      mandrel according to the present invention;
PAR  FIG. 6 is a view similar to that of FIG. 2 showing however another
      embodiment of the present invention wherein the mandrel as shown in FIG. 5
      is utilized;
PAR  FIGS. 7A and 7B are transverse cross-sectional views of the circumferential
      walls of extruded tubes having irregular or non-circular configurations;
PAR  FIG. 8 is a view similar to that of FIG. 2 showing however still another
      embodiment of the present invention wherein a position-aligning member is
      utilized;
PAR  FIG. 9 is a perspective, enlarged view of the position-aligning member
      utilized within the extrusion apparatus of FIG. 8;
PAR  FIG. 10 is a view similar to that of FIG. 2 showing however yet another
      embodiment of the present invention wherein a tandem container type
      hydrostatic extruder is utilized;
PAR  FIG. 11 is a view similar to that of FIG. 2 showing however a further
      embodiment of the present invention wherein a mandrel, whose head portion
      is replaceable, is utilized;
PAR  FIG. 12 is a schematic diagram illustrating the forces acting upon the head
      portion of the mandrel during pressurization of the system;
PAR  FIG. 13 is a schematic diagram of a mandrel wherein a replaceable head
      portion has been brazed to the body portion thereof;
PAR  FIGS. 14, 15 and 16 are cross-sectional views of mandrels similar to that
      of FIG. 13, showing however, additional modes of securing the head and
      body portions togther;
PAR  FIGS. 17A and 17B and 18A and 18B are views similar to that of FIG. 2,
      showing however a still further embodiment of the present invention
      wherein the intermediate portion of the mandrel has a substantially
      reduced diameter so as to permit free sinking of the billet; and
PAR  FIG. 19 is a transverse cross-sectional view of an extruded tube having an
      eccentric through-hole provided therein.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order to better understand the present invention, the definitions of the
      various terminology employed herein will initially be provided:
PAR  a. Forward or a forward direction is the direction in which the billet is
      being extruded, and in connection with such, the terms, "head portion"
      and "nose portion" are also used but these terms too are employed so as to
      further define the forward direction as defined herein.
PAR  b. The conical cavity of the die is the space or chamber within the die
      which is defined by the inner, conical surface of the die which is
      convergent in the forward direction toward the longitudinal axis of the
      die.
PAR  C. The bearing portion of the die is the portion which finally governs the
      outer configuration of the tube to be extruded, that is, the most forward
      or tip portion of the die which has a substantial length in the axial
      direction.
PAR  d. The approach portion of the inner, conical, surface of the die is the
      rear-half portion of the inner, conical surface of the die which is
      adapted to initially introduce the billet nose or tip into the die cavity
      or to retain the billet nose in cooperation with the sealing portion of
      the mandrel for the sealing purposes noted heretofore. In this respect,
      the aforesaid term, "rear-half" is not used in a limiting sense but merely
      for facilitating an understanding of the positional function of the
      approach portion of the inner conical surface of the die. In addition, the
      forward-half or remainder of the inner, conical surface of the die need
      not necessarily be of a conical configuration. Still further, the terms,
      "first and second approach portions"  as used in the specification merely
      refer to such "approach portion" and "remainder portion" as respectively
      defined herein.
PAR  e. The sizing portion of the mandrel is the tip or forward portion of the
      mandrel which governs the configuration of the inner, peripheral surface
      of the tube to be extruded and which has a substantial length in the axial
      direction of the mandrel.
PAR  f. The sealing portion of the mandrel is the rear-half portion of the
      frusto-conical outer peripheral surface of the mandrel, except for the
      sizing portion, which is continuous with the body or shank portion of the
      mandrel. In this respect, the sealing portion of the mandrel cooperates
      with the approach portion of the die for initial sealing with respect to
      the pressure medium. Likewise, the aforesaid term "rear-half" is not used
      in a limiting sense but merely for a better understanding of the
      positional relationship of the mandrel sealing portion relative to the
      entire frusto-conical, outer peripheral surface of the mandrel.
PAR  g. The intermediate portion of the mandrel is the portion integrally
      interposed between the sizing portion and the sealing portion of the
      mandrel. This portion provides the surface or surfaces which accomodates
      the flow of the billet through the annular interstice defined between the
      sizing portion of the mandrel and the bearing portion of the die. Thus,
      for extrusion of a tube having circular inner and outer walls, the
      intermediate portion assumes a simple frusto-conical surface continuous
      with the sizing and sealing portions of the mandrel. However, for
      extrusion of a tube having, for example, two bores extending therethrough,
      the intermediate portion would be bifurcated into two portions so as to
      smoothly guide the billet flow toward the two sizing portions of the
      mandrel. Thus, the intermediate portion may assume any desired
      configuration, commensurate with the desired configuration of the bore or
      bores extending through the tube to be extruded.
PAR  h. The preliminary sealing refers to the sealing effected between the
      forward edge of the inner peripheral surface of the billet, the
      corresponding portion of the sealing portion of the mandrel and the
      corresponding portion of the approach portion of the die. In this case,
      the frusto-conical inner, peripheral surface of the billet has, in its
      cross section, an inclined angle greater than or equal to that of the
      sealing portion of the mandrel with respect to the axial center line of
      the mandrel, thus presenting a considerably reduced contacting surface
      area therebetween, rather than line contact, while the frusto-conical,
      outer peripheral surface of the billet has an inclined angle less than or
      equal to that of the approach portion of the die defining the die cavity
      thereby insuring positive sealing therebetween. In addition, the initial
      sealing refers to the sealing effected by further advancing the mandrel a
      small distance so as to thereby cause such initial sealing and insure
      positive sealing between the approach portion of the die defining the die
      cavity and the frusto-conical, outer peripheral surface of the billet and
      between the frusto-conical peripheral surface of the billet and the
      sealing portion of the mandrel, respectively, whereupon extrusion of the
      billet may then proceed.
PAR  i. The head portion of the mandrel is defined as including the sizing
      portion, the intermediate portion, the sealing portion, and part of the
      body portion of the mandrel which part is continuous with the sealing
      portion.
PAR  j. Free-sinking of the billet is the manner in which the billet is
      extruded, without contacting the intermediate portion of the mandrel, for
      the purpose of maintaining only a thin fluid film between the mandrel and
      the billet.
PAR  Referring now to the drawings and more particularly to FIG. 2 thereof,
      there is illustrated one embodiment of an extruder constructed according
      to the present invention, wherein a container 11 has a die 13, supported
      by means of a die supporting body 12, disposed within the forward hollow,
      portion thereof. Disposed in turn within the conical cavity of the die 13
      is the nose or forward portion 15 of an annular billet 14 and similarly
      disposed within billet 14 is a mandrel 17, the forward conical portion of
      mandrel 17 being seated within the nose portion of billet 14 and partially
      passing through the opening provided therein, while the rear end is
      affixed to a mandrel ring 16 which is slidably disposed within container
      11. The mandrel 17 consists of a sizing portion 19 having a solid
      cylindrical configuration and a diameter less than that of body portion
      21, portion 19 governing the inner diameter of the tube to be extruded in
      cooperation with the bearing portion 18 of die 13. An intermediate portion
      19' is interposed between sizing portion 19 and a frusto-conical sealing
      portion 20 of the mandrel 17 which is in continuous or integral relation
      with respect thereto, with the sealing portion 20 also being continuous
      with the cylindrical body portion 21 of the mandrel 17. An annular mandrel
      supporting cylinder 22 is disposed within the container 11 and the forward
      end of cylinder 22 abuts the rear end of die 13.
PAR  When the pressure within the container 11 is increased due to the
      advancement of a stem, not shown, from a position as shown in FIG. 2, then
      the mandrel 17 will advance together with the mandrel ring 16 until the
      forward face of the mandrel ring 16 abuts the rear face of the mandrel
      supporting cylinder 22. At this time, the sizing portion 19 of mandrel 17
      is disposed within the bearing portion 18 of die 13 thereby defining an
      annular interstice therebetween which governs the cross-sectional shape of
      the tube to be extruded. It is additionally noted that the billet 14
      sealingly contacts the outer conical surface of mandrel 17 with the tip of
      billet 14 being positioned behind the mid point of the aforesaid conical
      portion 20, the axial extent of such portion being denoted L, and in
      addition sealingly contacts the inner conical surface of the die 13
      defining the conical die cavity. It should be noted further that the
      configuration of the nose of the billet is frusto-conical rather than the
      sharp edge of the conventional billet, and thus the preparation of the tip
      portion of the billet requires less machining and manufacturing processes.
PAR  When the mandrel advances during the time when the internal pressure of the
      pressure medium is being increased, the conical sealing portion of the
      mandrel will act in a manner tending to enlarge the nose portion of the
      billet, in a radially outwardly direction, whereby the outer peripheral
      surface of the billet will be urged against the inner conical surface of
      the die whereupon the desired initial sealing for the extrusion may be
      achieved. When the pressure within container 11 reaches a predetermined
      value, the billet 14 will be extruded into a tubular form through the
      annular interstice defined between the bearing portion 18 of die 13 and
      the sizing portion 19 of mandrel 17. While questions may arise as to the
      necessity for a considerable pressure increase in order to extrude the
      billet due to the initial sealing effected along the tapered or conical
      portion of the mandrel rather than along the tip portion of the mandrel,
      the maximum pressure for extrusion in practical application proved not to
      be excessive, as shown in Table 1, the results of the experiments proving
      no substantial rise in the break-through pressure, and thus reflecting the
      advantages of the simplified preparation of the billet nose portion to a
      frusto-conical configuration according to the present invention.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Billet                                                                    
                        Dimension  Ex-      Ex-                                
     Material  Dimension                                                       
                        of         trusion  tru-                               
     desig-    (mm)     tube       pres-    sion                               
     nation             (mm)       sure     ratio                              
     ______________________________________                                    
     Al 1100   340.times.100                                                   
                        3.90.times.0.52t                                       
                                   8500     150                                
     "         "        3.90.times.0.43t                                       
                                   8770     177                                
     Al 3003+7072                                                              
               340.times.210                                                   
                        "          7600-7400                                   
                                            46.6                               
     "         "        "          7900-7450                                   
                                            "                                  
     ______________________________________                                    
PAR  Referring now to FIGS. 3A and 3B, there is shown an embodiment of the
      present invention for extruding a billet as seen in FIG. 4B, into a flat
      tubular form. The container 23 has disposed within the forward, hollow
      portion thereof the die 25 which is supported by means of a die-supporting
      body 24. The die is formed with a first approach portion 26 having an
      inner conical surface and a bearing portion 27 disposed forwardly of
      portion 26 and having an opening the configuration of which conforms to
      the outer configuration of the tube to be extruded, and a second approach
      portion 28 having sloped surfaces which extend parallel with the major
      axis of the opening of the flat circular configuration within the bearing
      portion 27 of the die 25. The outer peripheral surface of the nose portion
      30 of the annular billet 29 sealingly contacts the first approach portion
      26 of die 25 while the inner peripheral surface of the nose portion 30 of
      billet 29 sealingly contacts the conical sealing portion of mandrel 31,
      respectively.
PAR  A mandrel-supporting cylinder 33 is disposed within container 23 and has
      its forward face in abutment with the rear face of the die 25. Abutting
      the rear face of the mandrel-supporting cylinder 33 is the forward face of
      mandrel ring 34 which has a central through-hole of a diameter smaller
      than that of the large diameter rear end portion 35 of the mandrel 31 yet
      large enough so as to permit the body portion 36 of the mandrel 31 to be
      slidably disposed therethrough. The mandrel 31 includes a sizing portion
      37 within the tip portion thereof as best seen in FIG. 4, a conical
      sealing portion 32 disposed rearwardly of the sizing portion 37, and
      sloped flat surfaces 38 upon portion 32 which extend parallel with the
      major axis of the sizing portion which has a substantially flat elliptical
      cross-section, the aforesaid sizing portion 37 having a configuration
      which of course conforms to the inner configuration of the tube to be
      extruded and being of such size as to be inclined within a circle having a
      diameter smaller than that of the diameter of the sealing portion 32 at
      its forward end.
PAR  The condition of the container 31 prior to the pressure increase
      therewithin is shown in FIGS. 3A and 3B, while the mandrel and billet are
      respectively shown in FIGS. 4A and 4B. When a stem, not shown, is advanced
      so as to thereby increase the pressure within the container 23, then the
      mandrel will advance until the forward surface of the large diameter
      portion 35 of mandrel 31 abuts the rear face of mandrel ring 34 whereupon
      forward progress of mandrel 31 is terminated. At this time, the sizing
      portion of the mandrel has been positioned relative to the bearing portion
      27 of the die 25 whereby an annular interstice is defined by means of the
      sizing portion 37 of mandrel 31 and the bearing portion 27 of die 25 so as
      to govern the final configuration of the tube to be extruded.
PAR  When mandrel 31 advances during the pressure increasing step of the
      extrusion process, the conical sealing portion 32 of the mandrel 31 will
      act in a manner tending to enlarge the inner conical surface of the nose
      portion 30 of billet 29 in the radially outward direction thereby
      imparting intimate contact or sealing between the sealing portion 32 of
      the mandrel and the nose portion 30 of billet 29 and similarly with
      respect to the outer peripheral surface of the nose portion 30 of billet
      29 which is pressed against the conical, first approach portion 26 of die
      25. When the pressure within the container 23 is raised still further,
      billet 29 is extruded through the interstice defined between the bearing
      portion 27 of die 25 and the sizing portion 37 of mandrel 31 into a flat
      tubular form.
PAR  In this respect, the angle of the outer conical surface of the nose portion
      30 of billet 29 as shown in FIG. 4 should preferably be slightly smaller
      than that of the first approach portion 26 of die 25, while the angle of
      the conical surface of sealing portion 32 of mandrel 31 is approximately
      20.degree. smaller than that of the conical portion of the first approach
      portion 26 of die 25, as shown in FIGS. 3A and 3B so as to achieve
      satisfactory initial sealing.
PAR  It should be recognized that according to the present invention, the
      initial sealing attained between the mandrel, billet and die is effected
      between the sealing portion of the mandrel which extends forwardly of the
      body portion thereof, and the inner conical surface of the billet, and
      between the outer conical peripheral surface of the billet and the inner
      conical surface of the die, that is, the first approach portion 26, but
      within the range or extent not beyond the sealing portion 32 of the
      mandrel such that sealing may be achieved irrespective of the
      configuration of the sizing portion 37 of the mandrel, such as for
      example, an ellipse or a configuration providing a multi-hole tube.
PAR  Turning now to FIGS. 5 and 6, another embodiment of the present invention
      is disclosed whereby the extrusion of a multi-hole tube is facilitated. In
      FIG. 5, there is shown a mandrel for use in the hydrostatic extrusion
      apparatus according to the method of the present invention, a
      frusto-conical sealing portion 45 being integrally provided with the body
      portion 44 of the mandrel and being positioned forwardly thereof, such
      frusto-conical sealing portion 45 having a maximum diameter which is equal
      to that of the body portion and a minimum diameter which is shown by the
      dotted line 45a thereby forming the frusto-conical sealing surface 45.
      Surface 45 is adapted to abut the inner peripheral surface of the nose
      portion of the hollow billet and integral with, but forwardly of, the
      frusto-conical sealing portion 45 of mandrel 44 is a divided portion 46
      which bifurcates from the minimum diameter portion 45a of the
      frusto-conical sealing portion 45.
PAR  The configuration of the bifurcated portion 46 is well adapted for the flow
      of the billet under the extrusion pressures and in accordance with the
      desired thickness of the final product to be extruded, and thus, it
      facilitates a smooth extrusion of the billet. Extending axially forwardly
      of, but integral with, the bifurcated portion 46 are two projecting cores
      47 having a solid cylindrical configuration and a diameter which is
      substantially less than that of the body 44. The projecting cores 47 of
      course govern the internal configuration of the final extruded product,
      and in this instance, such product will be a tube having two through-holes
      therein as shown. In FIG. 6, the relationship between the die 48, the
      annular billet 49, and the mandrel 50 is illustrated at the time of
      completion of the initial sealing whereupon extrusion of the tubular form
      having two through-holes formed therein, by utilizing the mandrel as shown
      in FIG. 5, may then be performed. The initial sealing and extruding
      procedures are the same as in the case of extrusion of the substantially
      flat tube disclosed hereinbefore, and the annular billet 49 used in the
      extrusion within this embodiment has a configuration similar to that used
      within the extrusion of a tube having a circular cross section.
PAR  Thus, upon extrusion, the billet will be divided into two flows through
      means of the bifurcated portion 46 which is disposed rearwardly of the
      projecting core portions 47, the flows of the billet then being forced
      through the interstice defined between the outer-configuration-forming
      portion 48b of die 48 and the inner-configuration-forming portion, that
      is, the two projecting core portions 47 of the mandrel 44 for extrusion
      into a tubular form having two through-holes provided therein. As is best
      seen from the foregoing, a conventional annular billet having a
      frusto-conical tip or edge portion may be utilized for the hydrostatic
      extrusion of a tube having a plurality of through-holes therein, and
      consequently, a specially configured billet need not be prepared for such
      an extrusion process which would therefore otherwise have many additional
      difficulties associated therewith. In this manner, the extrusion may
      readily be achieved, and such an achievement may even be said to be an
      epoch in extrusion methods for multi-hole tubes. In addition, it should
      also be noted that the outer, cross-sectional configuration of the
      extruded tube need not necessarily be that of a circle, but may in lieu
      thereof be any other configuration, such as for example, an ellipse or a
      substantially flat circle, as desired or required.
PAR  Referring now to the second aspect of the hydrostatic extrusion method
      derived in accordance with the present invention, which is particularly
      applicable to the extrusion of a tube having a substantially flat circular
      cross section, a particular attempt has been made to prevent the rotation
      of the mandrel relative to the die as well as to maintain the relative
      relationship between the mandrel and the die throughout the pressure
      increasing phase of the pressure medium and the extrusion phase of the
      billet, thereby achieving satisfactory extrusion of a tube having a wall
      of a given asymmetric configuration in cross section. In addition, another
      attempt has been made in order to provide a position-aligning member of
      simple construction but nevertheless effective in its function so as to
      locate the mandrel relative to the die as desired.
PAR  There are three features characteristic of the second aspect of the
      hydrostatic extrusion method of the present invention, and they are
      summarized as follows:
PAR  I. The extruder comprises a die which is provided within the forward hollow
      portion of the container and is adapted to govern the external
      configuration of the extruded tube, a mandrel having a forward portion
      which governs the inner configuration of the tube extruded, and a
      position-aligning member which restricts the movement of the rear portion
      of the mandrel, whereby the circumferential movement or rotation of the
      mandrel may be controlled by means of such position-aligning member
      throughout the pressure increasing phase of the pressure medium within the
      container as well as within the extruding phase of the billet.
PAR  II. Elongation of the mandrel which occurs during extrusion under varying
      pressures may be compensated.
PAR  III. The position-aligning member is provided for association with the rear
      end portion of the mandrel-supporting cylinder and has axial grooves
      provided within the outer peripheral wall thereof and through-holes which
      provide communication between the interior and exterior portions thereof.
PAR  When extruding a billet having a circular cross section into a tubular
      product having an asymmetric or non-circular cross section according to
      hydrostatic extrusion methods, numerous difficulties have been experienced
      in preventing the rotation of the mandrel relative to the die due to the
      fact that local differences in the degree of plastic deformation accrue
      from the asymmetric or non-circular cross-sectional configuration of the
      die cavity thereby failing to present an extruded tube having a desired
      uniform wall thickness. In addition, in the instance of extrusion of a
      tube having an outer elliptical configuration in cross section, with the
      outer-configuration-forming portion having a minor axis T which is smaller
      than the inner configuration forming portion having a major axis L, as
      seen in FIG. 7A, discrepancies arise whereby the die and the sizing
      portion of the mandrel contact each other when the mandrel advances such
      that the position of the mandrel relative to the die is improperly and
      variably adjusted.
PAR  Turning then to FIG. 8, a fixed type mandrel extrusion apparatus for
      extruding a flat tube as shown in FIG. 1, is shown which may avoid the
      aforenoted shortcomings. In this FIGURE, the container is shown at 51, and
      an annular die 53, supported by means of a die supporting body 52, is
      disposed within the forward hollow portion of the container the opening
      within the die 53 governing the outer configuration of the tubes extruded.
      Abutting the inner conical surface of die 53 is the outer, conical,
      peripheral surface of the nose portion 55 of annular billet 54, the tip
      portion of a mandrel 56 in turn being in abutting relationshilp with the
      inner peripheral surface of nose portion 55. The movement of mandrel 56 is
      somewhat restricted, at its rear end portion, by means of a
      position-aligning member 57 which will be described in greater detail
      hereinafter, and it can readily be appreciated that the tip or sizing
      portion of the mandrel 56 governs the inner configuration of the extruded
      tubes. The position-aligning member 57 is coupled to the rear end of a
      mandrel supporting cylinder 65 whereby the circumferential rotation of the
      mandrel 56 will be prevented during both the pressure increasing phase or
      the extrusion phase of the process, yet nevertheless permitting the axial
      movement in the extrusion direction of the mandrel 56 during the pressure
      increasing phase.
PAR  More particularly, the mandrel supporting cylinder 65 has a forward portion
      which contacts the rear face of die 53 and a rear, axially extending
      coupling portion which is disposed within a recessed portion of the
      position-aligning member 57 and secured therein by means of a plurality of
      suitable fastening members 59, such as for example, screws or pins, which
      are adapted to extend through the position-aligning member 57 and the
      cylinder 65 in the radial direction. The mandrel 56 is inserted through an
      axial bore of member 57 from a position disposed rearwardly thereof, the
      outer peripheral surface of the rear, large-diameter portion 56a of the
      mandrel 56 being formed with an axially extending groove 56b which is
      adapted to cooperate with a key 60 formed upon the inner surface of
      another recessed portion defined within the rear portion of member 57.
PAR  The mandrel 56 contacts the position-aligning member 57 through means of
      the internal surface 62 defining the axial bore therein, and similarly
      contacts the mandrel supporting cylinder 65 through means of the internal
      surface 61 likewise defining the axial bore therein, such that the
      rotation of the position-aligning member 57 or the mandrel 56 provides
      angular adjustment of the mandrel 56 relative to the die 53, the provision
      of key 60 and groove 56b, in combination, permitting only axial movement
      of mandrel 56. Furthermore, the final angular adjustment of mandrel 56
      relative to die 53 is attended to by means of the aforesaid fastening
      means 59, while the circumferential rotation of mandrel 56, throughout the
      pressurizing and extrusion phases may be prevented by means of key 60 and
      key groove 56b. Alternative means for aligning the position of mandrel 56
      relative to die 53 may of course be apparent, such as for example,
      machining the contacting interfaces 61 and 62 so as to have square
      configurations in cross section thereby permitting the axial movement of
      mandrel 56 although preventing circumferential rotation thereof.
      Furthermore, for a still further alternative means of this kind, die 53
      may be initially rotated for positionally-aligning the mandrel 56 relative
      thereto and subsequently fixing the die at the desired position.
PAR  The lateral deflection of the mandrel 56, such as for example as may be
      caused by locally varying deformation-resistance unique to the extrusion
      of tubes having an asymmetric or non-circular configuration in cross
      section, may be eliminated by rendering the areas of the interfaces 61 and
      62 as large as possible to the extent that machining considerations will
      allow. In addition, it is mandatory for achieving stable hydrostatic
      extrusions of tubes having an asymmetric or non-circular configuration in
      cross section that a proper relationship be maintained between the bearing
      portion of the die and the sizing portion of the mandrel, that is, the
      radial spacing between the two members, or in other words, the axial
      positional relationship therebetween. Still further, as the extrusion
      pressure is largely dependent upon the deformation resistance of the
      billet as well as the extrusion ratio, even in the instances of extruding
      asymmetric-cross-sectional tubes having similar inner configurations, the
      extrusion pressures will vary in accordance with the deformation
      resistances of the billets. It follows therefore that in the instance of
      extrusion of tubes having the same inner configurations and wherein the
      same type mandrel is employed, the mandrel will be subjected to varying
      extrusion pressures depending upon the deformation resistances of the
      billets. As a result, the axial elongation of the mandrel varies in
      accordance with the variation in extrusion pressure.
PAR  The embodiment shown contemplates the compensation for such an elongation
      of the mandrel and hence the positional relationship between the bearing
      portion of the die and the sizing portion of the mandrel. To this end,
      according to the present invention, there is provided an annular, mandrel
      position-adjusting spacer 69 which is interposed between the rear
      large-diameter portion 56a of the mandrel and the rear face of the
      positional-aligning member 57. The axial position of the mandrel may be
      estimated by considering the extrusion pressure, which may be determined
      by the deformation resistance of the billet and the extrusion ratio, in
      addition to the elastic elongation of the mandrel under such pressure.
      Accordingly, the spacer interposed between the rear face of
      position-aligning member 57 and the rear, large-diameter portion 56a of
      the mandrel is so designed as to bring the sizing portion 68 of the
      mandrel to a desired position relative to the die.
PAR  With such an arrangement of this embodiment of the present invention, a
      stem 63 is advanced so as to raise the pressure of the pressure medium
      within the container 51 whereupon attaining a predetermined value, billet
      54 will be extruded through the interstice or gap defined between the die
      53 and the mandrel 56. It must again be remembered that it is of supreme
      importance that the positional relationship between die 53 and mandrel 56
      be properly maintained, and most important, is the consideration of the
      elastic deformation of the mandrel under the high pressures.
PAR  The strain .epsilon..sub.1 of a material under a three-dimensional stress
      condition can be expressed as follows:
      ##EQU1##
      wherein E represents the elastic modulus, .upsilon. represents Poisson's
      ratio, and .sigma..sub.1, .sigma..sub.2 and .sigma..sub.3 represent the
      principal stresses.
PAR  If it is assumed that the diameter of mandrel 56 be represented as d.sub.o,
      the outer diameter of mandrel supporting cylinder 58 as D.sub.1, the force
      component in the extruding direction, of the friction force created
      between mandrel 56 and billet 54 as F, and the pressure within container
      51 as P, then the principal stresses applied to the mandrel 56 will be
      represented by the following formulae:
      ##EQU2##
PAR  When formula (1) is combined with formulae (2), (3) and (4), the strain
      .epsilon..sub.m of mandrel 56 will be expressed as follows:
      ##EQU3##
PAR  On the other hand, principal stresses .sigma.'.sub.1, .sigma.'.sub.2, and
      .sigma.'.sub.3 applied to the mandrel supporting cylinder 58 may be as
      follows:
      ##EQU4##
PAR  When formula (1) is combined with formulae (6), (7) and (8), then th strain
      .epsilon..sub.s of the mandrel supporting cylinder 58 will be obtained as
      follows:
      ##EQU5##
PAR  The displacement .delta. of the tip mandrel 56 will then be given as
      follows, with the proviso that the length of the mandrel supporting
      cylinder 58 is approximately equal to the length of mandrel 56:
EQU  .delta. = (.epsilon..sub.m - .epsilon..sub.s)L             (10)
PAR  when formula (1) is combined with formulae (5) and (9), the following
      equation results:
      ##EQU6##
PAR  It follows from this that the small diameter portion 68 or the tip of the
      mandrel 56 may be located at a desired position by estimating the
      extrusion pressure P from the deformation resistance of the billet and the
      extrusion ratio, whereby the displacement .delta. of the tip of mandrel 56
      will be determined, and thus a spacer 69 having a thickness equal to
      .delta. may be inserted in the aforenoted manner. In such case, the
      provision of the spacer having a thickness equal to .delta. will result in
      the mandrel being positioned to the rear of the bearing portion of the die
      by a distance of .delta.. However, the initial sealing will be effected in
      a satisfactory manner if the configuration of the nose portion of the
      billet is altered to a slight degree due to the fact that the initial
      sealing is effected along the entire conical extent of the mandrel, that
      is, within the range encompassed by the large diameter portion d.sub.O to
      the small diameter portion d.sub.1 thereof. As a result, in accordance
      with the present invention, tubular products having various cross
      sectional configurations, including those shown in FIGS. 7A and 7B, and of
      a given inner diameter, may be extruded by using a single mandrel under
      varying extrusion conditions at a relatively low extrusion pressure, yet
      resulting in the generation of an inner surface of high quality. In the
      same manner, as additionally shown in FIG. 19, a tube may be extruded
      having an eccentrically located through-hole.
PAR  Continuing further, it is also of supreme importance that upon proceeding
      with the hydrostatic extrusion, the pressure within container 51 be
      uniform throughout the interior extent of the container, even from the
      viewpoint of service life, and thus a smooth flow of the pressure medium
      should result in the direction toward the die especially within the region
      ahead of the stem 63. To this end, there is provided a plurality of
      through-holes adapted to provide a smooth flow of the pressure medium from
      the stem side of the aligning member 57 to the die side thereof. Referring
      more particularly to FIG. 9, there is shown a perspective view of the
      position aligning member 57 of FIG. 8, a plurality of axially extending
      grooves 71 being provided upon the outer circumferential surface of
      position-aligning member 57 such that the pressure medium upon the stem
      side of member 57 may flow through passages 71 to the die side thereof.
PAR  In addition, there is also provided several through-holes 66 and 67
      extending through mandrel supporting cylinder 65 and position-aligning
      member 57, respectively, for facilitating such flow, it being recalled
      that as the mandrel 56 extends through the mandrel supporting cylinder 65
      and the position aligning member 57 so as to cooperate with the interfaces
      61 and 62, respectively, for preventing the lateral displacement of the
      mandrel 56, the flow of the pressure medium therethrough would otherwise
      be blocked. Consequently, when the pressure medium compressed by the
      large-diameter portion 56a of mandrel 56, due to the axially forward
      movement of the mandrel relative to the position-aligning member 57, such
      medium may be bled through the through-holes 67 and 66 and toward the die,
      it being appreciated that the through-holes 67 are in fluidic
      communication with grooves 71. Such an arrangement may of course also
      prevent the structural failure of the position-aligning member 57 which
      would normally occur due to the generated pressure differential, such in
      turn imparting damage to the inner wall of the container.
PAR  The initial sealing among die 53, billet 54 and mandrel 56 may be attained
      in a manner similar to that described in detail with reference to the
      first aspect of the invention. Still referring to FIGS. 8 and 9, as the
      pressure within the container is increased, the mandrel will be prevented
      from traversing any rotational movement due to the cooperation between the
      key 60 and the key groove 56b while the axial positional adjustment of the
      mandrel relative to the die may be achieved by means of the spacer having
      a thickness equal to the displacement of the tip of the mandrel as has
      been discussed heretofore. In summary, such structure permits the axial
      movement of the mandrel which is thus made ready for the extrusion step of
      the process, with the axial position thereof being thus adjusted as
      desired for elongation compensation, and in addition, the mandrel 56 is
      also restricted, by means of the position-aligning member 57, from any
      circumferential rotation thereof. Consequently, under such conditions, a
      billet is able to be extruded through the interstice defined between die
      53 and mandrel 56, the outer configuration of the tubes to be extruded
      being governed by means of the die 53 and the inner configuration of the
      tubes being governed by means of the mandrel 56. It is preferable that the
      key 60 be engaged with the key groove 56b prior to the mandrel 56 being
      advanced axially due to the increase in the pressure within the container.
PAR  Referring now to FIG. 10, there is illustrated a tandem container type
      hydrostatic extruder within which a mandrel 77 is fixedly disposed within
      a cylinder 75. A position-aligning member 78 is provided and is previously
      adjusted for a particular angular relationship with respect to a
      connecting cylinder 79. The position-aligning member 78 thus permits the
      axial movement of mandrel 77 through cooperation with the rear end
      large-diameter portion 77a of mandrel 77, and consequently, although the
      die 76 is fixed with respect to container 75 directly or indirectly, the
      positional adjustment of mandrel 77 is nevertheless possible.
PAR  A description will now be given of the third aspect of the present
      invention in which, for the extrusion of tubes according to hydrostatic
      extrusion methods, there is provided a mandrel whose head portion is
      exchangeable, thereby permitting a wide range of selection of materials to
      be used for the mandrel, with an accompanying considerable economy, while
      in addition allowing a wide range of selection of materials to be
      extruded. According to the third aspect of the invention, there is
      provided a mandrel consisting of a mandrel body and a mandrel head portion
      which is adapted to govern, in cooperation with the die, the cross
      sectional configuration of the tubes to be extruded, with the aforenoted
      head portion being in contact with the inner surface of the nose portion
      of the billet and of course being coupled to and a continuation of the
      mandrel body portion which extends in the axial direction. More
      particularly, the head portion may be brazed to the body portion of the
      mandrel by using a suitable brazing material which is softer and has a
      melting point lower than that of the material forming the head portion of
      the mandrel in such a manner as to result in a thin brazed layer
      therebetween whereby the joint between the head and body portions of the
      mandrel is sealed by the aforesaid brazed layer. In this respect, the
      joint of the two members is designed so as not to yield under transversely
      applied pressures and thrust forces, and such joint is particularly
      adapted for use in a fixed mandrel type hydrostatic extrusion apparatus.
PAR  Turning then to FIGS. 11 and 13, one embodiment of the present invention
      using this type of mandrel is shown, and for a better understanding of
      such a mandrel according to the present invention, a stress analysis will
      be discussed in detail after the detailed description of the construction
      of the fixed mandrel type hydrostatic extruder employing the mandrel of
      this type. Within FIG. 11, the pressure container 80 has disposed therein
      a die 81 and a tubular billet 82, a mandrel being inserted within billet
      82 and including a body portion 83 and a large diameter portion 86, the
      boundary between portion 86 and the body portion of the mandrel being
      shown at 85. A mandrel supporting cylinder 87 is adapted to abut portion
      86 and the pressure medium 88 is subjected to high pressure by means of
      the pressure ram or stem 89. With such an arrangement, upon extrusion, the
      mandrel portion 86 will be fixedly supported upon the mandrel supporting
      cylinder 87, and the advancing movement of the pressure stem 89 will cause
      a substantial increase in pressure within the pressure medium, whereby a
      high hydrostatic pressure P transmitted through a pressure transmitting
      hole 86a provided through the mandrel portion 86 will cause extrusion of
      the billet while the cross sectional configuration of the tube being
      extruded is governed by the aperture of the die 81 and the sizing portion
      84 of the mandrel.
PAR  Referring now to FIG. 12, let us consider the forces acting upon the head
      portion 92 of the mandrel. For simplicity of description, suppose that the
      head portion 92 of the mandrel is tapered toward the tip or nose thereof
      and that the inner peripheral surface of the nose portion 82a of the
      billet 82 contacts the entire tapered, outer peripheral surface of the
      head portion of the mandrel, while the bearing pressure upon the interface
      between the mandrel and the billet is maintained to a constant value (P +
      V.sub.y), wherein P represents the aforesaid hydrostatic pressure, and
      V.sub.y represents a stress, in a vertical direction, acting upon the head
      portion of the mandrel, this stress being created by the compression of
      the nose portion 82a of the billet 82 between the head portion 92 of the
      mandrel and the die 81.
PAR  In this case, assume the apex angle of the tapered head portion 92 of the
      mandrel to be 2.alpha., then the sum F of the friction forces acting in
      the axial direction, which act upon the entire tapered head portion 92 of
      the mandrel will be given as follows:
      ##EQU7##
      wherein .mu. represents the coefficient of friction of the contacting
      surface of the mandrel, r.sub.1 represents the radius of the tip end of
      the mandrel tip portion and r.sub.2 denotes the radius of the mandrel body
      portion 83.
PAR  On the other hand, a force f, which acts in a direction opposite to the
      extrusion direction of the billet due to the contact with billet 82, also
      acts upon the tapered head portion 92 of the mandrel, and this force may
      be expressed as follows:
EQU  f = .pi. (P + V.sub.y) (r.sub.2.sup.2 - r.sub.1.sup.2)     (2)
PAR  The resultant force F.sup.x acting axially upon the head portion 92 of the
      mandrel upon extrusion, due to the contact with billet 82, may thus be
      given as a balance between the forces F and f as derived from the formulae
      (1) and (2):
      ##EQU8##
PAR  As is clear from formula (3), the positive or negative sign of the axial
      resultant force F.sup.x is dependent upon the coefficient of friction .mu.
      and the tan .alpha., that is, the inclination of the tapered portion. For
      example:
EQU  If .alpha.&gt;tan.sup..sup.-1 .mu., then F.sup.x &lt; 0, that is, compression
      results
EQU  If .alpha. = tan.sup..sup.-1 .mu., then F.sup.x = 0, and
EQU  If 0.gtoreq..alpha.&lt;tan.sup..sup.-1 .mu., F.sup.x &gt; 0, that is, tension
      results.                                                  (5)
PAR  In addition, the axial stress .sigma. acting upon the vertical cross
      section of the head portion of the mandrel due to the axial resultant
      force F.sup.x is obtained as a quotient of the resultant force F.sup.x
      divided by the cross sectional area, the absolute value thereof being a
      substantially small value as compared with the hydrostatic pressure P.
      (The inclined angle .alpha. is determined so as to approximate
      tan.sup..sup.-1 .mu., thereby giving P &gt;&gt; .sigma. ).
PAR  The present invention, as can thus be seen from the above analysis, is
      based upon the fact that the axial stress acting upon the head portion 92
      and the body portion 93 of the mandrel is substantially small, as compared
      with the extrusion pressure. As shown in FIG. 13, the mandrel body portion
      93 and the mandrel head portion 92 are separately formed and subsequently
      brazed together along the circumferential joint defined between the two
      members so as to thereby form the mandrel. As a result, the interior of
      the joint 94 is perfectly sealed from the external pressure medium. The
      mandrel head portion 92 and the mandrel body portion 93 are made of a high
      tension steel having a relatively high degree of toughness, and it is
      obviously noted that the materials used for this purpose should not yield
      due to the hydrostatic pressure and the axial forces acting thereon due to
      the hydrostatic extrusion. In addition, the head portion 92 of the mandrel
      is made of a metal which is the same as that of the mandrel body portion
      93 or of a desired different material in an attempt not to cause yielding
      of the head portion 92 of the mandrel, as in the case of the mandrel body
      portion, under the hydrostatic extrusion conditions.
PAR  In contrast thereto, the brazing material for use in brazing the mandrel
      body portion 93 to the mandrel head portion 92 is softer and has a lower
      melting point, as compared with that of the material used for the head
      portion 92 and the body portion 93 of the mandrel. In such case, it is
      imperative that the thickness of the brazed portion be sufficiently small,
      while the yield of the brazing material may be suppressed by rendering the
      thickness thereof still smaller. Despite the fact that the material used
      for brazing is further susceptible to yielding, as compared with the
      materials used for the head portion 92 and the body portion 93 of the
      mandrel, the joint thus brazed can well withstand the yield stress under
      extrusion conditions. This is due in part to the so-called thin layer
      effect and partly because of the axial stress of a sufficiently samll
      magnitude as compared with the hydrostatic pressure. While the thickness
      of the brazed portion 94 should be varied depending upon the diameter of
      the mandrel, the thickness of the brazed portion 94 should preferably be
      small yet such as to nevertheless provide a bonding force sufficiently
      large so as to withstand the extrusion conditions.
PAR  The types of joints and configurations of the joint surfaces of the two
      members should not necessarily be limited to those shown in FIG. 13. As
      shown in FIG. 14, brazing may be applied along the outer circumference 98
      of joint 98' so as to render a built-up circumferential band therearound.
      In addition, as shown in FIG. 15, brazing may be applied to the joint
      surfaces 101', one of which has a built-up portion 101'a while the other
      of which has a recessed portion 101'a mating therewith. Still further, as
      shown in FIG. 16, a ring 105 of small thickness is brazed around the
      brazed portion 104, such ring being made of a high tensile strength steel.
      In short, even if the brazed layer appears to be thin, it may nevertheless
      satisfactorily join the mandrel body portion to the mandrel tip portion.
      The reason for using a brazing material for such purposes is to avoid
      unnecessary thermal deformation within the joint surfaces between the body
      portion and the tip portion of the mandrel.
PAR  As has been described, the fixed type mandrel is formed from a separate
      mandrel head portion and a separate mandrel body portion such that the
      mandrel head and body portions may be made of different materials which
      are well suited for their own particular purposes, with the accompanying
      advantages, such as for example, permitting replacement of the sizing
      portion, presenting considerable economy. Such of course contributes to a
      substantial reduction in the cost of the tools, that is, the mandrels not
      only undergoing maintenance and repair but also those being manufactured.
PAR  Referring now to the fourth aspect of the present invention, there is
      provided a hydrostatic extrusion method and apparatus which can impart a
      metallic type gloss to the inner surface or surfaces of the tube to be
      extruded at a relatively low extrusion pressure. Within this aspect, a
      reduced contact area between the billet and the bearing surface is
      contemplated so as to thereby minimize the inclusion of lubricant or oil
      between the aforesaid two members in an attempt to afford the particular
      finish characteristics to the inner surface of the tube to be extruded.
PAR  The initial sealing among the die, billet and mandrel is effected in a
      manner similar to that described hereinbefore with respect to the previous
      embodiments. More specifically, as the pressure within the container
      increases, the mandrel will be advanced until the gap between the inner
      peripheral surface of the frusto-conical surface of the die defining the
      die cavity and the outer frusto-conical surface of the sealing portion of
      the mandrel becomes substantially equal to the intended thickness of the
      tube to be extruded. In this case, the radial spacing between the
      intermediate portion of the mandrel and the inner peripheral surface of
      the die is much greater than the spacing between the aforesaid sealing
      portion of the mandrel and the inner peripheral surface of the die, such
      that as the pressure within the container is increased, the nose portion
      of the billet will advance into the gap defined between the die bearing
      portion and the sizing portion of the mandrel without contacting the
      intermediate portion surface of the mandrel. This type of flow of the
      billet is known as free sinking, and the space or chamber defined between
      the inner surface of the billet and that of the intermediate mandrel
      portion is designed so as to communicate with the atmosphere by means of
      an air passage extending through the sizing portion of the mandrel. Thus,
      if an excess of oil is entrapped within such space, the oil may be bled
      through the aforesaid passage to atmosphere. A more detailed description
      of such construction will be given with reference to the embodiments shown
      in FIGS. 17 and 18. In those figures, (A) and (B) respectively denote the
      initial sealing phase and the extrusion phase of the process.
PAR  Referring first to FIGS. 17A and 17B, the container 106 is provided with a
      die 107 within the forward, hollow portion thereof. As in the previous
      embodiments, the nose portion 109 of the billet 108 is disposed between
      the inner peripheral surface of the die 107 and the sealing portion 110 of
      the mandrel, and in this case as well, the configuration of billet 108 is
      such as not to extend beyond the sealing portion of the mandrel. However,
      as shown in FIG. 17B, the contacting area between the billet 108 and the
      mandrel is extremely small as compared with the conventional extrusion
      apparatus as well as those of the previous embodiments of the present
      invention. This serves to minimize the intervention or inclusion of an
      excessive amount of the pressure medium or oil between the contacting
      surfaces of the mandrel and the billet 108. It follows from this, as has
      been described, that a smooth, finished inner surface upon the tube
      extruded may be obtained.
PAR  Nevertheless, it should be noted that even with the embodiment as shown in
      FIGS. 17A and 17B, some oil or pressure medium may become entrapped within
      the space defined between the inner peripheral surface of billet 108 and
      the outer surface of the intermediate portion of the mandrel, such
      occurrence thereby tending to spoil the desired appearance of the inner
      surface of the extruded tube. In order to rectify this situation, there is
      provided a fluid passageway which includes a radially extending passage
      119 which communicates with the aforesaid space 121 and a second axially
      extending passage 120 which connects passage 119 with atmosphere, the
      entrapped oil thus being bled to atmosphere thereby maintaining the space
      121 free of such fluid and thereby not adversely effecting the interior
      surface finish of the tube extruded.
PAR  As is apparent from the foregoing description, the novel arrangement of the
      nose portion of the billet, the cooperating inner surface of the die and
      the outer surfaces of the sealing and intermediate portions of the mandrel
      permit the extrusion of tubes having walls of any desired configuration,
      either internally or externally thereof, with a considerable concomitant
      cost savings in the preparation of the nose portion of the billet. In
      addition, according to the present invention, tubes of any desired
      configuration may be obtained by replacing or exchanging the head portion
      of the mandrel, thereby greatly contributing to the industrial production.
PAR  It should also be noted and recognized that, although the preparation of
      the billet appears simple, many complex and interrelated considerations
      and principles are involved in attaining the extrusions of the present
      invention, and such an approach to the extrusion of tubes having walls of
      asymmetric or non-circular configurations has not heretofore been
      attempted because of the aforesaid problems experienced within the prior
      art.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A hydrostatic extrusion method for tubes, wherein an annular billet is
      hydrostatically extruded through an annular interstice defined between the
      bearing portion of a die and the sizing portion of a mandrel, comprising
      the steps of:
PA1  preparing the nose or tip portion of said billet so as to have
      frusto-conical, inner and outer peripheral surfaces therefor, said
      frusto-conical inner peripheral surface of said billet having an inclined
      angle with respect to the axial line of said mandrel greater than or equal
      to that of a conical sealing portion of said mandrel, said frusto-conical
      outer peripheral surface of said billet having an inclined angle with
      respect to the axial line of said mandrel less than or equal to that of an
      approach portion of said die defining the die cavity, the inner diameter
      of said nose portion of said billet at its forward end being larger than
      the diameter of said sealing portion of said mandrel at its forward end
      and the smallest thickness of the nose portion of the billet along its
      length being larger than the thickness of the annular interstice defined
      between the bearing portion of the die and the sizing portion of the
      mandrel;
PA1  inserting said billet into a container of an extruder;
PA1  advancing said mandrel into the hollow central portion of said billet so as
      to effect a preliminary sealing between said approach portion of said die,
      said nose portion of said billet at the forward end thereof, and said
      conical sealing portion of said mandrel, so as to insure positive
      preliminary sealing;
PA1  further advancing said mandrel a small distance so as to thereby effect the
      initial sealing and to enhance the positive sealing between said approach
      portion of said die and said frusto-conical, outer peripheral surface of
      said billet and between the frusto-conical, inner surface of said billet
      and said sealing portion of said mandrel, respectively, whereupon the rear
      portion of said mandrel will abut a mandrel supporting means disposed
      within said container, thereby maintaining the proper positional
      relationship between said bearing portion of said die and said sizing
      portion of said mandrel; and
PA1  extruding said billet through said annular interstice defined between said
      bearing portion of said die and said sizing portion of said mandrel.
NUM  2.
PAR  2. A hydrostatic extrusion method as set forth in claim 1, further
      comprising:
PA1  providing said sizing portion of said mandrel with a non-circular cross
      section whose size is such as to be included within a circle having a
      diameter smaller than that of the diameter of said sealing portion of said
      mandrel at its forward end; and
PA1  providing an intermediate portion of said mandrel with a non-circular cross
      section which serves to accomodate the flow of said billet into said
      interstice defined between said bearing portion of said die and said
      sizing portion of said mandrel,
PA1  thereby presenting a tube having a non-circular cross sectional
      configuration.
NUM  3.
PAR  3. A hydrostatic extrusion method as set forth in claim 2, further
      comprising:
PA1  providing said sizing portion of said mandrel with a plurality of small
      cylindrical cores,
PA1  thereby presenting an extruded tube having a plurality of bores
      therethrough.
NUM  4.
PAR  4. A hydrostatic extrusion method as set forth in claim 2, further
      comprising:
PA1  eccentrically disposing said sizing portion of said mandrel with respect to
      said bearing portion of said die,
PA1  thereby presenting a tube having an eccentrically disposed bore
      therethrough.
NUM  5.
PAR  5. A hydrostatic extrusion method as set forth in claim 2, further
      comprising:
PA1  providing a portion of the inner peripheral surface of said die, interposed
      between said approach portion and said bearing portion, with a
      non-circular cross section so as to cooperate with said intermediate
      portion of said mandrel in forming said tube having said non-circular
      configuration in cross-section,
PA1  said portion being blended into said bearing portion and said approach
      portion at the forward and rearward ends thereof so as to facilitate
      smooth flow of said billet as the same is being extruded.
NUM  6.
PAR  6. A hydrostatic extrusion method as set forth in claim 2, further
      comprising:
PA1  restricting the movement of the rear portion of said mandrel so as to
      maintain the axial and circumferential position of said mandrel throughout
      the pressure increasing and extrusion phases,
PA1  thereby facilitating the extrusion of a tube having a wall of non-circular
      configuration in cross section.
NUM  7.
PAR  7. A hydrostatic extrusion method as set forth in claim 2, further
      comprising:
PA1  providing said intermediate portion of said mandrel with a substantially
      reduced diameter-portion so as not to contact the inner surface of said
      billet during extrusion thereof and to define a space therebetween,
PA1  thereby permitting free sinking of said billet.
NUM  8.
PAR  8. A hydrostatic extrusion method as set forth in claim 7, further
      comprising:
PA1  providing passages within said mandrel so as to communicate said space
      formed between said intermediate portion of said mandrel and said inner
      surface of said billet with atmosphere,
PA1  thereby alleviating any inclusion of fluid within said space.
NUM  9.
PAR  9. Apparatus for hydrostatically extruding tubes from an annular billet
      adapted to be interposed between a die and a mandrel, the nose or tip
      portion of the billet being frusto-conical in configuration and including
      inner and outer peripheral surfaces, comprising:
PA1  a container;
PA1  a die disposed within said container and including a bearing portion; and
PA1  a mandrel disposed within said container and including a sizing portion
      which cooperates with said bearing portion of said die so as to define
      therebetween an annular interstice through which said tubes are extruded;
PA1  the outer peripheral surface of a conical sealing portion of said mandrel
      having an inclined angle with respect to the axial line of said mandrel
      less than or equal to that of the inner peripheral surface of the billet
      to be used within said apparatus so as to facilitate sealing therewith,
      the inner peripheral surface of an approach portion of said die having an
      inclined angle with respect to the axial line of said mandrel greater than
      or equal to that of the outer peripheral surface of the billet so as to
      facilitate sealing therewith, the diameter of said sealing portion of said
      mandrel at its forward end being smaller than the inner diameter of the
      nose portion of the billet at its forward end, and the thickness of the
      annular interstice defined between the approach portion of the die and the
      forward end of the sealing portion of the mandrel being smaller than the
      smallest thickness of the nose portion of the billet at its forward end,
PA1  whereby the frusto-conical nose or tip portion of the billet will be
      interposed between said conical sealing portion of said mandrel and said
      approach portion of said die at a position substantially upstream of said
      extrusion interstice.
NUM  10.
PAR  10. Apparatus as set forth in claim 9, wherein:
PA1  said sizing portion of said mandrel is non-circular in cross-section; and
PA1  said mandrel additionally includes an intermediate portion interposed
      between said sealing and sizing portions and having a non-circular
      configuration in cross-section for facilitating the flow of said billet
      into said interstice,
PA1  whereby a tube having a non-circular cross-sectional configuration may be
      extruded.
NUM  11.
PAR  11. Apparatus as set forth in claim 10, wherein further:
PA1  a portion of the inner peripheral surface of said die, interposed between
      said approach portion and said bearing portion, has a non-circular
      configuration in cross-section so as to cooperate with said intermediate
      portion of said mandrel in forming said tubes having non-circular
      configurations in cross-section,
PA1  said portion being blended into said bearing and approach portions at the
      forward and rearward ends thereof so as to facilitate smooth flow of said
      billet as the same is being extruded.
NUM  12.
PAR  12. Apparatus as set forth in claim 10, wherein further:
PA1  said intermediate portion has a substantially reduced diameter portion so
      as not to contact the inner surface of said billet during extrusion
      thereof and thereby define a space therebetween,
PA1  whereby free sinking of said billet is facilitated.
NUM  13.
PAR  13. Apparatus as set forth in claim 12, wherein further:
PA1  passage means disposed within said mandrel for permitting communication
      between said space formed between said intermediate portion of said
      mandrel and said inner surface of said billet with atmosphere,
PA1  thereby alleviating any inclusion of fluid within said space.
NUM  14.
PAR  14. Apparatus as set forth in claim 9, wherein:
PA1  said sizing portion includes a plurality of cylindrical cores,
PA1  whereby a tube having a plurality of bores therethrough may be extruded.
NUM  15.
PAR  15. Apparatus as set forth in claim 9, wherein:
PA1  said sizing portion of said mandrel is eccentrically disposed with respect
      to said bearing portion of said die,
PA1  whereby a tube having an eccentric bore may be extruded.
NUM  16.
PAR  16. Apparatus as set forth in claim 9, further comprising:
PA1  position-aligning means for restricting the movement of the rear end
      portion of said mandrel and for maintaining the axial and circumferential
      portion of said mandrel throughout the pressure-increasing and extrusion
      phases,
PA1  thereby facilitating the extrusion of tubes having walls of non-circular
      configurations in cross-section.
NUM  17.
PAR  17. Apparatus as set forth in claim 16, further comprising:
PA1  mandrel supporting means for supporting said mandrel within said container;
PA1  axially extending groove means provided within the outer peripheral surface
      of said position aligning means; and
PA1  through holes provided within said mandrel supporting means and fluidically
      connected with said groove means,
PA1  whereby pressure may be transmitted through said position-aligning means
      and said mandrel supporting means to said billet for attaining said
      extrusion.
NUM  18.
PAR  18. Apparatus as set forth in claim 16, further comprising:
PA1  spacer means interposed between a large-diameter portion of said mandrel
      and said position-aligning means, the thickness of said spacer means being
      dependent upon the elastic elongation of said mandrel when subjected to
      the extrusion pressures which in turn is dependent upon the deformation
      resistance of said billet and the extrusion ratio.
PA1  whereby proper axial positioning of said mandrel relative to said die is
      insured.
NUM  19.
PAR  19. Apparatus as set forth in claim 9, wherein further said mandrel
      comprises:
PA1  a head portion; and
PA1  a body portion separable from said head portion,
PA1  said portions being capable of being brazed together by means of a material
      which is soft and has a relatively low melting point so as to thereby
      prevent yield of the brazed joint between said head and body portions
      under pressurized conditions.
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ABST
PAL  The invention concerns a device to be applied to a lathe for spinning,
      comprising a carriage that is motor driven and movable along guides
      substantially parallel to the lathe axis, and a tool connected to an arm
      carried by the said carriage, in which the said tool-bearing arm is
      pivotally connected on one side to a lever that is manipulated by the
      operator, and on the other side is linked to a hydraulic cylinder, whose
      action on the tool is concordant with that of the lever and in which the
      pressure within a chamber and the outlet of fluid therefrom determine the
      thrust exerted by the said cylinder on the tool-bearing arm, said lever
      transmitting the operator effort to the said arm through the sliding
      piston of a valve which, under said effort, progressively throttles,
      against the pressure of the incoming fluid, an inlet port coaxial with
      said piston and communicating with said chamber of said hydraulic cylinder
      in order to regulate the pressure in said chamber and the outlet of fluid
      therefrom.
BSUM
PAR  The present invention relates to a device to be applied to a lathe for
      spinning by mechanical means.
PAR  It is known that for this work discs of metal plate (for instance of iron,
      aluminum, brass, etc.) are employed, which discs are applied against a
      quickly rotating mould and are warped by exerting thereon a pressure by
      means of a rod-like tool acting as a lever which is abutted against a pin
      fixed to the lathe base, the other end of said tool being manipulated by
      the operator.
PAR  Such an operation may be carried out by hand, but the size of the employed
      disc and the speed of working are limited by the effort which the operator
      may exert and by the length of the arms of the lever forming the tool.
      Moreover the success of the operation depends greatly upon the skill of
      the operator.
PAR  It has been proposed to mechanize such an operation by means of devices
      which separate the effort exerted on the plate into two components of
      which one, having the greater intensity, is exerted by means of a
      motor-driven carriage in a direction substantially parallel to the lathe
      axis, and the other is exerted in a direction transverse to the first one
      by the operator which regulates the overall effort and the direction
      thereof.
PAR  In these devices most of the disadvantages due to the manual operation are
      eliminated, but, at least in case of works of great size, with discs of
      great thickness or hardness, there are still limits imposed by the
      physical effort required of the operator.
PAR  According to the invention on the contrary a mechanical device is provided
      in which only a portion of the second component of the pressure applied to
      the plate, reduced so as not to tire the operator, is exerted by hand,
      whereas the remaining portion of said component is exerted by a hydraulic
      cylinder.
PAR  The device according to the invention comprises a carriage that is motor
      driven and movable along guides substantially parallel to the lathe axis,
      and a tool, adapted to warp the rotating plate and carried by an arm
      mounted upon said carriage.
PAR  The tool-bearing arm is pivotally mounted on one side upon a lever that is
      manipulated by the operator, and on the other side it is linked to a
      hydraulic cylinder that the action on the tool is concordant with that of
      the lever and in which the pressure in a chamber and the outlet of liquid
      therefrom determine the thrust exerted by said cylinder on the
      tool-bearing arm, said lever transmitting the effort of the operator to
      said arm through the slidable piston of a valve, which piston, under said
      effort, progressively throttles against the pressure of the incoming
      fluid, an inlet port coaxial with the said piston and communicating with
      said chamber of said hydraulic cylinder, in order to regulate the pressure
      within said chamber and the outlet of liquid therefrom.
PAR  The ratio of the cross-sections of the said port and cylinder, taking into
      account the ratio of the lever arms, determines the proportion between the
      effort exerted by the operator and the effort applied to the plate.
PAR  The tool bearing arm may be pivotally mounted on the carriage at a point as
      near as possible to the lathe axis, or it may slide on a curved guide
      carried by the carriage and having its center of curvature located near
      the lathe axis, and preferably on the opposite side of the tool, with
      respect to the vertical plane passing through the said axis.
DRWD
PAR  For a better comprehension reference is now made to the accompanying
      drawing, which shows some preferred embodiments of the invention, given by
      way of a non limitative example, and in which:
PAR  FIG. 1 is a diagrammatic plan view of some members of a lathe provided with
      the device according to the invention, and
PAR  FIG. 2 is a view, similar to FIG. 1 and relating to a second embodiment of
      the invention.
DETD
PAR  FIG. 1 shows that a disc 1 of metal plate pressed between the bottom of a
      mould 2 and a counter-mould 3, is centered on the axis A -- A of a
      spinning lathe. A carriage 4, driven by a motor, not shown, and movable in
      both directions along guides 5, preferably arranged in a direction
      substantially parallel to axis A -- A, has pivotally mounted thereon, as
      shown by the reference character 6, an arm 7 bearing the tool 8. The arm 7
      is also pivotally mounted, as shown by the reference character 9, on a
      lever comprising two portions 10, 11 pivotally connected to each other at
      point 12.
PAR  The portion 11, substantially rod shaped, has at one end 13 a handle
      bearing the controls of the device (forward and reverse movement of the
      carriage 4, etc.) not shown in the drawing, whereas the portion 10, which
      is substantially plate shaped, abuts as shown in 14 against a protrusion
      of carriage 4. The plate 10 which is solid includes a stop 15 that is
      adapted to limit clockwise rotation of lever 11, and also includes the
      body of a valve 18 in which slides a piston 16, operated by the
      counterclockwise rotation of lever 11.
PAR  The valve 18 has an inlet port 17 coaxial with the piston 16, which
      controls the opening of said port against the pressure of the incoming
      fluid, and an outlet port 33.
PAR  The inlet port 17 communicates, through a pipe 19, with the delivery of a
      pump 20 connected to a fluid reservoir 26, and with a chamber 21 of a
      hydraulic cylinder 34 carried by the carriage 4 and adapted to act on the
      tool 8 in a direction concordant with the action of lever 10, 11. The pipe
      19 also provides communication between the pump 20 and the chamber 21.
PAR  The outlet 33 of valve 18 is connected to the reservoir 26 through a pipe
      28.
PAR  The cylinder 34 has a slidable piston 22, of which the rod is pivotally
      connected at point 23 to the arm 7. A second chamber 24 of this cylinder
      communicates, through the pipe 25, with the reservoir 26. Pipe 25 also
      provides communication, through the non-return valve 27, of the chamber 24
      with the chamber 21. A pressure-gauge 29 allows the pressure within
      chamber 21 to be detected and therefore the thrust exerted on the plate.
PAR  According to a modified embodiment (FIG. 2), the arm 7 instead of being
      pivotally mounted on the carriage 4, slides between rollers 30 along
      guides 31 rigidly connected to the carriage 4 and having preferably, the
      shape of arcs of circumference with the center thereof being at the point
      32 and directed transverse to guides 5. By such an arrangement the
      tool-bearing arm may rotate about a point close to the vertical plane
      passing through axis A -- A (even on the side opposite to the tool 8).
      This greatly facilitates the composition of the movements of arm 7 in
      order to give rise to the desired trajectories for the tool 8.
PAR  According to a variant the guides 31 may also be rectilinear.
PAR  The operation of the described device is as follows:
PAR  after having mounted the disc 1 between mould 2 and countermould 3, and
      having put the lathe in rotation, with the operating end of tool 8
      arranged in correspondence of the bottom of mould 2, the operator, by
      acting on handle 13, causes the carriage to move towards the left and, by
      manipulating the lever 10, 11, with successive passages and each time
      bringing the tool again to the starting position causes the tool to follow
      the trajectories 1', 1", 1'", 1"", . . . thereby giving to the plate the
      shape of a closer and closer bell, until the plate adheres to the mould.
PAR  As long as the trajectory of the tool is somewhat inclined with respect to
      the guide of the carriage, the pump 20 may be left inactive. The plate
      being worked exerts a reaction against tool 8 wich reaction tends to give
      rise to a counterclockwise rotation of arm 7 and to a sliding movement,
      towards the right, of piston 22. By manipulating the lever 11 so as to
      throttle the inlet port 17 of valve 18, thereby overcoming the pressure of
      the fluid coming from pipe 19, the fluid is prevented from going out of
      chamber 21, thereby increasing the pressure in said chamber and
      counteracting or offsetting the reaction of the plate.
PAR  When the pump 20 is operating, the same operative conditions are obtained
      even when the plate has reached a position parallel to the direction of
      guides 5 or has passed this position. In this case in fact the pressure
      fluid coming from the pump goes on one side into the chamber 21 and on the
      other side to the input 17 of valve 18. The operator, by acting on handle
      13, may close more or less the inlet 17, thereby allowing a higher or
      respectively lower pressure to settle in chamber 21. Such a pressure is
      proportional to the action exerted on handle 13 and therefore to that
      portion of the warping effort which is hand exerted. The partial opening
      of said valve allows the fluid to pass through the outlet 33 and to go
      into the pipe 28 and then into the reservoir 26.
PAR  The present invention has been disclosed and illustrated with reference to
      two exemplary embodiments, but it is to be understood that changes and
      modifications are possible in the practice without departing from the
      scope of the invention.
PAR  Thus, for instance, while it has been stated that the piston 16 of the
      valve 18 is thrusted against the closure seat 17 directly by the end of
      the lever 11, the same result may be obtained by a cable under sheath
      (Bowden cable), which connects the end of lever 11 with the piston 16,
      with the advantage that it becomes possible to locate the valve 18 on the
      hydraulic cylinder, or in another suitable location, thereby eliminating
      the flexible pipes 19 and 28.
PAR  The same thrust may also be exerted through an independent hydraulic
      device, comprising a first hydraulic cylinder on the piston of which the
      lever 11 presses and which is connected through a flexible pipe to a
      second hydraulic cylinder which presses on the piston 16.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device to be applied to a lathe for spinning, said device comprising a
      motor driven carriage, means for guiding said carriage along a path that
      is substantially parallel to the lathe axis, a tool-supporting arm mounted
      on said carriage, a lever pivotally connected at one end thereof to said
      arm, said lever being adapted to be manipulated by the operator, an
      hydraulic cylinder linked to the other end of said lever whereby the
      action of said cylinder on said tool-supporting arm is proportional to the
      force exerted by the manipulation of said lever, the pressure within said
      chamber of said cylinder and the outlet of fluid therefrom determining the
      thrust exerted by said cylinder on said tool-supporting arm, there being
      further included a valve having a sliding piston through which said lever
      transmits the force exerted by the operator to said arm, said valve also
      including an inlet port that is coaxial with said piston thereof, said
      inlet port communicating with said chamber of said hydraulic cylinder in
      order to regulate the pressure in said chamber thereof and the outlet of
      fluid therefrom whereby, as a result of the force exerted by said
      operator, said piston progressively throttles said inlet port in a
      direction against the pressure of the incoming fluid.
NUM  2.
PAR  2. The device according to claim 1 wherein there is further included a
      pump, the output of which is in fluid communication with said inlet port
      of said valve and said chamber of said cylinder.
NUM  3.
PAR  3. The device according to claim 1 wherein said lever comprises first and
      second sections hingedly connected to each other, said first section of
      said lever being pivotally mounted on said tool-supporting arm, said first
      section of said lever having an abuttment cooperating with said carriage,
      said first section of said lever supporting said valve, said second
      section of said lever having, at one thereof, a handle, the other end of
      said second section of said lever being arranged to operate said piston.
NUM  4.
PAR  4. The device according to claim 1 wherein said tool-supporting arm is
      pivotally mounted on said carriage.
NUM  5.
PAR  5. The device according to claim 1 wherein said tool-supporting arm
      includes a plurality of rollers and there is further included curved guide
      means rigidly secured to said carriage and having a center of curvature
      located near the lathe axis.
NUM  6.
PAR  6. The device according to claim 5 wherein the center of curvature of said
      guidemeans is on the side opposite the tool with respect to a vertical
      plane passing through the lathe axis.
NUM  7.
PAR  7. The device according to claim 1 wherein said tool-supporting arm
      includes a plurality of rollers and there is further included rectilinear
      guide means rigidly secured to said carriage.
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ABST
PAL  In the rolling of seamless tubes using a mandrel which is inserted in a
      hollow bloom as it is advanced through a rolling mill, the cooling of the
      mandrel after the tube rolling stage is effected, for example by passing
      the mandrel through a cooling bath, as the mandrel is returned to a ready
      position upstream of the mill along a return path which is at one side of
      the rolling axis, so that while this mandrel is being cooled a further
      rolling operation can be carried out using another mandrel, the mandrels
      being moved in a closed cycle of successive rolling and cooling stages.
PARN
PAR  This is a division of application Ser. No. 435,397, filed Jan. 21, 1974,
      now abandoned.
BSUM
PAR  This invention concerns a method for rolling seamless tubes comprising a
      rolling stage, in which the tube to be rolled is made to pass through a
      train of rolls on a mandrel restrained at its head end, and a cooling
      stage.
PAR  The invention also concerns apparatus for carrying out the said method, of
      the kind comprising a train of rolls and a device upstream of the said
      train of rolls to restrain and to move in a controlled manner the mandrels
      inserted in the hollow ingots or blooms which are to be rolled.
PAC  BACKGROUND OF THE INVENTION
PAR  Methods of rolling seamless tubes are known using a continuous multiple
      stand rolling mill and a restrained mandrel which is advanced at a
      constant controlled speed during rolling.
PAR  For rolling using an installation of this type, an ingot or hollow bloom is
      set up on a support in front of the multiple stand rolling mill, and a
      mandrel is inserted through the said bloom as far as the rolling position.
      In this position, the head of the mandrel rests, behind the bloom, against
      a restraining cross-piece which is initially stationary. Upon the
      introduction of the bloom between the first pair of rollers of the mill,
      the forward movement of the cross-piece restraining the mandrel is
      commenced, preferably by withdrawing oil through a constant delivery pump
      from oleodynamic actuator cylinders controlling the movement of the
      cross-piece. In this way the speed of advance of the mandrel is controlled
      at a predetermined rate which depends upon the degree of permissible
      heating of the surface layer of the said mandrel. The mandrel is
      lubricated during rolling by the injection of lubricant on to the internal
      surface of the bloom through a conduit located within the mandrel, the
      latter being constantly cooled on the inside by means of a continuous
      current of cold water under pressure (see for example French Patent No.
      1,458,432).
PAR  After rolling of the tube and extraction of the mandrel, the latter,
      secured to a longitudinal conveyor device, is withdrawn through the
      rolling mill and carried to its initial position for the start of a fresh
      cycle. In order to cool the mandrel completely it is thrust laterally, in
      the outer cooling position, under coolant showers, whilst a second
      mandrel, which was in the position of rest and cooling under the showers
      during the working cycle of the first mandrel, is automatically placed in
      the working position by the displacement of the first mandrel.
PAR  By means of this alternation in working of the two mandrels, a fairly
      satisfactory production rate can be achieved, but this method has various
      disadvantages:
PAR  THE IDLE PERIODS OF INSERTION, EXTRACTION, RETURN AND LATERAL DISPLACEMENT
      OF THE MANDREL REDUCED BY AT LEAST 50% THE PRODUCTIVE TIME OF THE WHOLE
      CYCLE;
PAR  THE CHANGING OF THE MANDRELS, SECURED TO MANDREL CONTROL DEVICES, ENTAILS
      LOSS OF TIME AND INTERRUPTS THE TUBE PRODUCTION;
PAR  THE CENTRE DISTANCE BETWEEN TWO SUCCESSIVE STRANDS OF THE ROLLING MILL,
      WHICH IS A DETERMINING FACTOR FOR THE SPEED OF MOVEMENT OF THE MANDREL,
      HAS TO BE SO LIMITED AS NOT TO INCREASE UNDULY THE INSERTION AND RETURN
      STROKES OF THE MANDRELS, AS WELL AS THEIR WEIGHT.
PAR  An object of this invention is to eliminate as far as possible the
      disadvantages referred to above, by providing a manufacturing method by
      means of which idle times can be noticeably reduced, and rational
      operational inter-linking achieved, especially with regard to the
      displacement and cooling of the mandrels.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a method of rolling seamless
      tubes, including a rolling stage in which a tube to be rolled is made to
      pass through a train of rolls upon a mandrel restrained at its head end,
      and a mandrel cooling stage in which the cooling stage takes place with
      the mandrel freed from the tube after the rolling stage, and de-coupled
      from its restraining means, the mandrel being displaced laterally with
      respect to the rolling axis, after which the said mandrel is made to
      return to a position upstream of the said train of rollers, to a position
      for re-use, along a return path at one side of the rolling axis, in which
      path the mandrel is subjected to cooling, whilst at least one other
      mandrel is used in at least one further rolling stage to undergo
      subsequently the cooling treatment, repeated displacement of the mandrels
      taking place in a closed cycle, in an upstream direction along the
      laterally displaced return path, in the cooling stage, and in a downstream
      direction on the axis of rolling, during the rolling stage.
PAR  The invention also provides an apparatus for carrying out the method
      defined above, comprising a train of rolls and a device upstream of the
      said train of rollers for restraining and displacing in a controlled
      manner a mandrel inserted into a hollow ingot or bloom to be rolled, the
      apparatus comprising a mandrel return path, spaced laterally from and
      substantially parallel to the tube rolling axis, means for displacing each
      mandrel in an upstream direction along said return path after passing
      through the train of rolls, and means for cooling the mandrel in said
      return path.
PAR  The advantages afforded by the invention reside in the fact that, instead
      of making the mandrels return, after rolling, along the working axis of
      the rolling mill, the mandrels are returned along and cooled in a return
      path displaced laterally with respect to the said working axis, thus
      leaving the train of rolls free to carry out, aat the same time, another
      rolling process, using a mandrel which has previously been cooled.
PAR  In this way idle times are reduced, whilst the centre distance between the
      successive rolling stands can be increased as compared with known
      installations, given that the mandrels are returned along a different path
      at one side of the working axis, thereby allowing mechanical members of a
      larger size to be used in the said stands.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention will now be described, by way of
      non-restrictive example, with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a schematic plan view of an apparatus for rolling seamless tubes
      according to the said embodiment of the invention;
PAR  FIG. 2 shows, on an enlarged scale, a longitudinal cross-section taken
      along the line II--II of FIG. 1, in correspondence with the mandrel
      cooling quipment, and
PAR  FIG. 3 shows, on a scale further enlarged, a transverse cross section taken
      along the line III--III of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION WITH REFERENCE TO THE DRAWINGS
PAR  Referring to FIG. 1, the tube rolling method according to the invention
      commences with the placing of a hollow bloom or ingot 1, previously
      heated, upon a suitable support including a roller type guide 1a at the
      entrance to a rolling mill A, the bloom 1 being positioned for the
      insertion of a mandrel 2 prior to the introduction of the bloom into the
      first stand of the rolling mill A. The rolling mill A is of the continuous
      multiple stand type: in the example illustrated the mill A has five stands
      each of which includes a pair of cylindrical rolls a. For the sake of
      simplicity the rolls a have all been shown in FIG. 1 with parallel axes,
      but in fact the axes of the rolls of the second and fourth stands will be
      perpendicular to the axes of the rolls of the other stands.
PAR  The mandrel 2 consists of a working portion 2a and an extension 2b
      terminating in a head 3 which is coupled automatically, by means of known
      systems, to a restraining crosspiece 4 which is displaceable in the
      longitudinal direction by means of oleodynamic actuator cylinders 5. The
      bloom 1 (with the mandrel 2) is advanced by the crosspiece 4 to bring it
      into engagement with the first pair of rolls a, whilst a device not shown,
      of known type, lubricates the mandrel 2.
PAR  From this position onwards the rolling of the bloom 1 commences, the speed
      of advance of the crosspiece 4 being controlled by the cylinders 5 the
      hydraulic circuit of which includes a constant delivery pump (not shown).
PAR  After the passage of the bloom 1 through all the stands of the rolling mill
      A, the bloom is subjected to the action of a gauge mill 6 located
      downstream of the rolling mill A. Upon termination of rolling, the rolled
      tube is removed, by the continued rotation of the rolls, from the mandrel
      2 (which is restrained by the crosspiece 4) and will be deposited upon a
      series of horizontal terminal rollers B from which the tube will be
      displaced laterally, in the direction of the arrow C, to a further working
      process or to storage.
PAR  After removal of the rolled tube, the mandrel 2 will be supported by rolls
      7 provided in the rolling mill A and in the gauge mill 6 while the mandrel
      2 is decoupled from the crosspiece 4, which will be returned quickly by
      the actuator cylinders 5 to its starting point for the commencement of a
      new operating cycle. The mandrel 2, thus left free, will be borne along by
      the action of a pair of rotating cylinders 8 placed at the entrance to the
      gauge mill 6 towards the series of rollers B upon which the mandrel will
      be stopped, in the position shown by dots and dashes in FIG. 1, by
      engagement with a terminal stop 8a. Immediately after this the mandrel 2
      is transferred laterally, in the direction of the arrow D, on to a series
      of horizontal rollers E arranged alongside the series of rollers B, in a
      row parallel to the rolling axis of the mill A, the axes of the rollers E
      being parallel to each other and inclined to the direction of the rolling
      axis. From this moment the return displacement of the mandrel 2 commences,
      along a path laterally spaced from and parallel to the rolling axis, on a
      continuation of the row of inclined rollers E. More exactly, the mandrel 2
      is borne along by the action of a helical rotation device 9, of known
      type, formed by a pair of rollers with mutually inclined axes arranged to
      induce longitudinal movement and simultaneous rotation of the mandrel
      about its longitudinal axis, the mandrel 2 being fed into a tubular bath
      11 in which it rests upon horizontal rollers 13 the axes of which are
      parallel to each other and inclined to the longitudinal axis of the bath
      11. The mandrel 2, which is hollow throughout its length, causes the
      automatic operation of a gate 10 at the entrance of the bath 11 by means
      of photoelectric cells 20 and 22 which register the passage of the head 3
      of the mandrel and initiate operation of a fluid actuator cylinder 10a
      controlling the gate 10. As shown on the right of FIG. 2, the gate 10 is
      moved by the actuator cylinder 10a from the position marked by a
      continuous line, to that marked by dots and dashes.
PAR  The bath 11 consists of a tubular container supplied with cooling water by
      means of suitable pipes. More exactly, as marked by the arrows in FIG. 3,
      the cooling water enters the bath 11 from below via pipes 12 and leaves
      the bath through elbow pipes 12a which lead the water into vertical
      discharge pipes 12b connected to a drainage system (not shown). Each elbow
      pipe 12a has a downwardly directed outlet which is slightly spaced from a
      funnel at the inlet of the respective discharge pipe 12b, so that the flow
      of cooling water can be observed. There are also provided additional inlet
      pipes 12c (FIG. 2) in the top of the bath 11, alternating with the elbow
      pipes 12a.
PAR  As soon as the gate 10 is opened there is a flow of cooling water through
      the longitudinal cavity 2c of the mandrel 2 as shown by the dashed line
      arrow G on the right of FIG. 2. Thus the internal cooling of the mandrel 2
      commences before the mandrel is fully inserted in the bath 11. This is
      very advantageous in that the mandrel 2 and more particularly its working
      portion 2a connected to the extension 2b, undergoes internal cooling
      before outer cooling begins, so that thermal stresses upon the outer
      surface of the mandrel are minimised. Completion of the internal cooling
      and external surface cooling occurs when the mandrel 2 passes into the
      tubular bath 11.
PAR  When the head 3 of the mandrel 2 approaches an exit gate 14 at the opposite
      end of the bath 11 from the entrance door 10, a photoelectric cell 24
      initiates a retraction of a fluid actuator cylinder 14a which opens the
      gate 14, the latter moving from the position marked by dots and dashes to
      that marked by a continuous line at the left of FIG. 2. The mandrel 2
      thereupon emerges from the tubular bath 11, being borne along with helical
      motion imparted to it by a helical rotation device 15 (consisting of two
      rollers with mutually inclined axes) similar to the device 9.
PAR  The mandrel 2 is thus moved on to a bed of inclined horizontal rollers 16,
      parallel to the rollers E, upon which the mandrel 2 comes to rest against
      a stop 16a at the position shown by dots and dashes, after complete
      emergence of the tail end of the mandrel from the bath 11.
PAR  During the emergence of the mandrel 2 from the bath 11, the cooling water
      continues to flow into the longitudinal cavity 2c of the mandrel, as shown
      by the dashed line arrow H in FIG. 2, prolonging the cooling action right
      up to the emergence of the tail end of the mandrel from the bath 11 which
      is sensed by photocell 26 to initiate closing of gate 14.
PAR  From the bed of rollers 16 the mandrel is now displaced laterally, in the
      direction of the arrow F in FIG. 1, to be placed in a waiting position
      onthe rolling axis, ready to be engaged by a thrusting element 17 which
      brings the mandrel into use at the start of a new rolling cycle.
PAR  It will be seen that in the method according to this invention, the return
      path of each mandrel is not along the rolling axis, as in known methods,
      so that the tube production capacity of the apparatus is considerably
      increased, the length of the rolling cycle being markedly reduced, so that
      the rolling mill can be operated almost continuously.
PAR  In practice the method of the invention is carried out with three or more
      mandrels which during the cooling stage are displaced repeatedly, as
      described above, in a closed cycle from downstream to upstream of the
      train of rollers, along a path spaced laterally from the rolling axis, the
      mandrels being displaced downstream, along the axis of rolling, during the
      rolling. Thus, whilst one mandrel is travelling along the rolling axis and
      taking part in the operation of rolling a tubular bloom 1, another
      mandrel, used in a previous rolling operation, can be displaced in the
      opposite direction, laterally spaced from the rolling axis, and can at the
      same time be cooled during its passage through the bath 11.
PAR  It should also be observed that the method according to the invention
      eliminates the time losses involved in previously known methods in
      changing the mandrels, giving the advantage of a constant production rate.
PAR  Embodiments of the invention can have many modifications and variants all
      coming within the scope of the invention. Thus, for example, in place of
      the tubular bath 11 a shower cooling system can be used for the mandrels.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for use in rolling seamless tubes, comprising: a train of
      rolls defining a tube rolling axis; a mandrel adapted to be inserted into
      a hollow bloom to be rolled, and mandrel restraining and displacing means
      engageable with the head of the mandrel for controllably displacing the
      mandrel along the tube rolling axis, wherein the improvement consists in:
PA1  a mandrel return path, spaced laterally from and substantially parallel to
      the tube rolling axis;
PA1  return means for displacing said mandrel in an upstream direction along
      said return path after it has passed through the train of rolls during a
      rolling stage, and
PA1  mandrel cooling means in said return path for cooling the mandrel as it
      moves along said return path comprising a water cooling bath extending
      parallel to and side-by-side with said train of rolls on said mandrel
      return path and conveyor means in said bath for passing the mandrel
      lengthwise through said bath,
PA1  whereby in operation of the apparatus said mandrel may be cooled along the
      return path while another said mandrel is displaced along the rolling axis
      during a further rolling stage.
NUM  2.
PAR  2. The apparatus defined in claim 1, wherein the mandrel return path is
      provided with parallel rollers the axes of which are inclined to the
      rolling axis, and means for rotating said rollers to cause the mandrel to
      rotate about its longitudinal axis during its longitudinal displacement
      along the return path.
NUM  3.
PAR  3. The apparatus defined in claim 2, wherein the mandrel cooling means
      include a tubular bath, means for circulating coolant liquid in the bath,
      and automatic closure devices at opposite ends of the bath through which
      the mandrel respectively enters and leaves the bath.
NUM  4.
PAR  4. The apparatus defined in claim 3, wherein each said mandrel is hollow
      throughout its length.
NUM  5.
PAR  5. The apparatus defined in claim 4 wherein the automatic closure means
      comprise entrance and exit gates at opposite ends of the bath,
      fluid-dynamic actuator means operatively connected to said gates, and a
      control circuit including photoelectric devices sensitive to the passage
      of one end of each mandrel to cause opening of the respective gates to
      thereby allow the coolant liquid to flow from the bath through the
      internal cavity of the mandrel to effect internal cooling thereof as the
      mandrel enters and leaves the bath.
NUM  6.
PAR  6. The apparatus as defined in claim 1 wherein said bath is generally
      tubular and is provided with closure means at each end movable to allow
      the entry and exit of a mandrel along the mandrel return path.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said tubular bath has a
      plurality of axially spaced inlets along the bottom thereof and
      corresponding water outlets along the top thereof, said outlets being
      disposed vertically above the respective inlets and additional water
      inlets disposed along the top thereof intermediate said water outlets.
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ABST
PAL  A rolling mill stand for hot or cold rolling rod and flats has a C-shaped
      housing and a bolt connecting the protruding ends of the housing. The work
      rolls are mounted in cantilever fashion and are carried in chocks which
      are restrained by the housing. The chocks are pivoted to the housing about
      pivot pins, the axes of which are parallel to the axes of the work rolls
      and are displaced from the plane through the roll axes. Pivoting of the
      chocks about the pivot pins in order to vary the separation of the work
      rolls does not affect the shape of the roll gap.
BSUM
PAR  This invention relates to rolling mills, and is particularly concerned with
      rolling mill stands for rolling metallic rod, angles, flats, narrow strip
      and like sections. The stand of the present invention may be employed for
      both hot-and-cold - rolling ferrous and non-ferrous metals.
PAR  Cantilever rod mills have previously been proposed, employing chocks which
      are pivoted to the stand housing about axes extending generally parallel
      to the rod pass-line. Such stands have however suffered from the
      considerable disadvantage that the profile of the rolling hole varies as
      the roll gap is changed by pivoting the chocks about their pivot axes. The
      principle of those stands cannot therefore be applied to mills for rolling
      sections, and in particular narrow strip, where there is a danger of
      producing rolled material having a thickness which varies across the
      width.
PAR  In accordance with one aspect of the present invention, a rolling mill
      stand comprises a housing, a pair of chocks for carrying opposed roll
      assemblies, means for pivoting each chock separately to the housing about
      an axis parallel to the roll axes and displaced from the plane of the roll
      axes. Each roll assembly may comprise a single roll, or the combination of
      a work roll and a back-up roll; in the latter case "the plane of the roll
      axis" is the plane through the axes of the back-up rolls, where the work
      rolls and back-up rolls do not have their axes in a common plane.
PAR  A preferred form of the invention resides in a cantilever rolling mill
      stand comprising a housing which includes a C-shaped housing member and a
      removable bolt restraining separating movement of the protruding ends of
      the housing member, a window being formed between the housing member and
      the bolt; a pair of roll carrying chocks located in the window and pivoted
      to the housing member about separate axes which lie parallel to the roll
      axes and which are displaced from the plane through the roll axes; and
      roll gap adjustment means arranged between a first of the chocks and the
      housing member; the second of the chocks being restrained in movement away
      from the first chock by engagement with the housing member. The roll gap
      adjustment means may include a screwdown mechanism or a wedge mechanism,
      but preferably comprises a hydraulic capsule, with position control.
PAR  The invention will be more readily understood by way of example from the
      description of a cantilever rod mill stand in accordance therewith,
      reference being made to the accompanying drawings in which
DRWD
PAR  FIG. 1 is a perspective view of the stand, and
PAR  FIG. 2 is a side view of the same stand.
DETD
PAR  Referring to the drawings, the stand has a C-shaped housing 12 which is
      closed by a bolt 13 received in slots in the protruding parts 14 of the
      housing. Bolt 13, which may be prestressed, restrains separating movement
      of the parts 14 under the action of the rolling load.
PAR  A window 15 is formed between the housing 12 and the bolt 13. Within that
      window are located two chocks 16A, 16B carrying the rolls of the two roll
      assemblies. Thus, chock 16A is shown as having journalled therein an
      upper, cantilever, back-up roll 17A and an upper, cantilever, work roll
      18A, the latter being carried in a work roll chock 20A which slides within
      a slot 21A in chock 16A. The lower chock 16B is similar to chock 16A and
      similarly carries lower back-up and work rolls 17B, 18B respectively.
PAR  Each chock 16 has a pair of rearwardly extending, integral, wings 31A or
      31B, which straddle the housing 12 and which are pivoted to the housing by
      a hinge pin 22A or 22B. As will be clear from the drawing, each of the
      hinge pins 22 extends parallel to the axes of the rolls 17, 18 and is
      displaced from the common plane through the roll axes. Because of the
      pivotal mounting of the chocks 16, the roll gap may readily be adjusted,
      the chocks turning about the pins 22 until the required separation has
      been achieved. Furthermore, the profile of the work roll hole 23 is
      unaffected by roll gap adjustment, apart of course from the separation of
      the work rolls.
PAR  While any of a number of methods may be used for controlling and adjusting
      the roll gap, the arrangement shown in FIG. 2 makes use of a hydraulic
      piston and cylinder assembly 25 arranged between the upper protruding part
      14 of the housing 12 and the upper chock 16A. That assembly 25 is provided
      with position control so that the piston of the assembly, and therefore
      the upper chock 16A is held at a required position relative to the
      housing.
PAR  The lower chock 16B is spaced from the housing by a loadcell 26 and a wedge
      mechanism 27, the latter being manually operable to re-position the
      pass-line of the stand after a roll change. Balance cylinders 28 are as
      usual provided between the chocks 16 and between the chocks 20.
PAR  Because the rolls 17, 18 are mounted in cantilever manner, they may be
      removed and replaced without removal of the chocks 16, 20 from the
      housing; roll change is thus simplified. When more comprehensive servicing
      of the stand is necessary, the stand as a whole is removed from the mill
      train and replaced by a substitute stand. Maintenance on the removed stand
      is simplified by the provision of the removable bolt 13, since on its
      removal, the chocks 16 with their rolls may be readily withdrawn from the
      housing, once the pins 22 have been released. Access may then be had to
      the hydraulic assembly 25, the loadcell 26 and the wedge mechanism 27.
PAR  While a stand having both back-up and work rolls is shown in the drawings,
      the chocks 16 may instead carry a single work roll, the chocks 16 being
      modified accordingly.
PAR  Although the stand shown is designed for rolling rod, by appropriate choice
      of the work roll hole, it can be adapted for rolling other sections, such
      as angles, flats and narrow strip. Regardless of the relative disposition
      of the wings 31 of the two chocks, the thickness of rolled strip remains
      uniform across its width.
PAR  Two stands each similar to that shown in the drawings may be mounted on a
      common base plate, with the plane through the roll axes of one stand at
      right angles to the plane through the roll axes of the other, so that the
      work is rolled down successively in directions at right angles. When
      rolling square or rectangular sections, one of the stands then rolls the
      work on two opposed faces, while the other stand edge rolls the work. The
      stands may be arranged with the planes of the roll axes at 45.degree. to
      the vertical.
PAR  The stand may be used either for hot rolling or for cold rolling.
PAR  In accordance with the provisions of the patent statutes, I have explained
      the principle and operation of my invention and have illustrated and
      described what I consider to represent the best embodiment thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cantilever rolling mill stand comprising a generally C-shaped housing
      member; a pair of roll carrying chocks located between the protruding arms
      of the housing member and pivoted to the housing member about separate
      axes which lie parallel to the roll axes and which are displaced from the
      plane through the roll axes; roll gap adjustment means arranged between a
      first of the chocks and a first of the arms of the housing member; and
      further adjustment means located between the second of said chocks and the
      other arm of said housing member.
NUM  2.
PAR  2. A cantilever rolling mill stand according to claim 1, in which each
      chock carries a back-up roll in cantilever manner, and additionally
      supports a work-roll chock which carries a work roll also in cantilever
      manner.
NUM  3.
PAR  3. A cantilever rolling mill stand according to claim 1, in which the roll
      gap adjustment means is a hydraulic piston and cylinder assembly, which is
      carried by the housing member and against which the first chock abuts.
NUM  4.
PAR  4. A cantilever rolling mill stand according to claim 1, in which said
      further adjustment means is a wedge mechanism.
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ABST
PAL  At least one die pad made of a resilient flowable material is pressed
      against a metallic plate located on a former with at least one edge
      projecting beyond an adjacent edge of the former and is turned around the
      adjacent former edge whilst maintaining the pressure to cause the
      projecting edge of said plate to conform to the shape of said adjacent
      former edge and thereby edge-form the metallic plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to methods of and apparatus for edge-forming
      metallic plates and more particularly but not exclusively relates to the
      edge-forming of lithographic plates, and metal-backed letter press plates.
PAR  2. Description of the Prior Art
PAR  In the preparation of lithographic plates for printing usually two opposite
      edges of the plate are bent-over for insertion in the wells of a printing
      drum of a rotary offset lithographic printing machine, where the bent-over
      ends are engaged by clamping means to secure the plate to the drum. In
      such cases it is necessary that the edge forming operation provides a
      plate having accurately formed edges, which is not deformed and/or
      stressed and which is not abraded and in which the formed edges are in
      precise relationship to the image. In one known edge forming machine in
      which metal beams are used to form the edges of the plate, about a metal
      former, such precision in formed edge/image relationship cannot be
      ensured. This is because the metal beams are subjected to slight bending
      during edge-forming, and the machine to wear of its parts such as the
      metal beams and bearings and former thereby increasing play with time and
      producing inconsistent results. If for example it is necessary to replace
      one of a plurality of lithographic plates which print together on the same
      printing cylinder, after some time has elapsed, then because of wear and
      deformation of the machine the edge-formed edges of the fresh plate
      usually have a different formed edge/image relationship to the replaced
      plate and to the other plates, resulting in out-of-register printing.
      Moreover, any inaccuracies, deformations or stresses in a particular
      lithographic plate caused during edge-forming will result in displacement
      of the photographic image when the plate is secured to the printing drum
      and thus also in out-of-register printing. Furthermore, any abrasion of
      the plate can remove the photographic emulsion from the printing surface
      of the plate. Thus, it is not possible with such apparatus to ensure that
      for large numbers of lithographic plates the formed edge/image
      relationship will be precise for each particular plate and the same for
      every plate.
PAR  Accordingly it is an object of this invention to provide a method of and
      apparatus for edge-forming metallic plates, in which the aforesaid
      disadvantages are minimized or eliminated.
PAC  SUMMARY
PAR  From one aspect invention invetion consists in a method of edge-forming
      metallic plates, comprising the steps of clamping a metallic plate on a
      former in a located position in which an edge of the plate projects beyond
      an adjacent edge of the former, by means of a die pad made of a resilient,
      flowable material which contacts the plate adjacent said former edge, and
      turning said pad around said former edge in contact with said plate edge
      whilst simultaneously compressing the pad against said former edge causing
      said plate edge to conform with the shape of the edge of the former.
PAR  From another aspect the invention consists in apparatus for edge-forming a
      metallic plate, said apparatus comprising a former plate for receiving a
      metallic plate and having a first die part constituted by an edge of said
      former plate, a second die part comprising a pad made of a flowable
      resilient material, means for pressing the pad against the former and
      means for turning said pad around said first die part whilst said pressure
      is maintained to cause the material of said pad to conform to the shape of
      said first die part.
PAR  The nature of the material of the second die part is such that as the pad
      is turned around and compressed against the first die part, the plate edge
      and the first die part are pressed into the pad material which flows to
      conform to the shape of the first die part and such that when the
      edge-forming and clamping pressure is released, the deformed pad returns
      to its original shape.
PAR  The material of the pad may be any suitable plastics, natural or synthetic
      rubber, rubber-like or elastomeric material but is preferably a urethane
      elastomer or rubber. The most suitable material known to us at this time
      is that marketed by the Du Pont Company (United Kingdom) Limited under the
      Trade Mark ADIPRENE CM. which is a sulphur curable polyether urethane
      rubber.
PAR  In a preferred embodiment of the invention the die pad is mounted in a
      channel of a beam extending parallel to the former edge, the beam mounted
      to rotate about a substantially horizontal axis. The beam is conveniently
      mounted on and extends between two double armed levers such as bell cranks
      which are movable by a prime mover between a position in which the pad
      clamps the metallic plate to the former and a non-clamping position in
      which the pad is spaced from the former.
PAR  In the clamping position of the bell-crank levers, the beam is rotatable by
      another prime mover to turn the pad around the first die part whilst
      causing the pad to compress the plate edge against the first die part.
PAR  The prime movers may be pressure fluid operated means or the bell crank
      levers and beam may be adapted for manual operation.
PAR  Preferably, means are provided for automatically and sequentially
      controlling the edge-forming operation.
PAR  If necessary additional clamping means may be provided on each of the
      bell-crank levers.
PAR  Depending on the purpose for which the edge-formed plate is required the
      apparatus may be adapted to provide an edge form comprising one or a
      plurality of bends.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, with parts broken away, of an apparatus for
      edge-forming lithographic plates,
PAR  FIG. 2 is an enlarged part-sectional end view with parts removed of the
      apparatus of FIG. 1,
PAR  FIG. 3 is a part side view of FIG. 2 looking in the direction of the arrow,
PAR  FIGS. 4A to 4G are diagrammatic representations of the sequence of
      operations of the edge-forming apparatus,
PAR  FIGS. 5 and 6 are diagrammatic views of a wedge system for plate removal,
PAR  FIG. 7 is a perspective view of a part of another embodiment,
PAR  FIG. 7a is a scrap view of FIG. 7,
PAR  FIGS. 8 and 9 are plan and end views respectively of the embodiment of FIG.
      7, and
PAR  FIG. 10 is a perspective view of yet another embodiment
DETD
PAR  In the drawings the same reference characters have been used to designate
      the same or similar parts.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 3 of the drawings, the edge-forming apparatus
      illustrated comprises a supporting structure in the form of a frame,
      generally indicated at 1, to which frame are secured side panels 2 and end
      panels 3, one of the end panels 3 being partly broken away in FIG. 1 and
      being removed in FIG. 2 and one of the side panels being removed in FIG. 1
      for clarity of illustration. Mounted on the frame 1 is a table 4 which
      supports a former plate 5 for receiving a lithographic plate 6 which is
      partly shown in FIG. 4. The apparatus illustrated comprises means for
      bending two opposite edges of the lithographic plate although, it will be
      appreciated that the apparatus may be used for, or, comprise means for,
      edge-forming one edge only. The former plate 5 is fixed to the table 4 by
      appropriate means, not shown, and the opposite, right-hand and left-hand,
      as illustrated, edges constitute first die parts 7 and 8 respectively
      which cooperate with second die parts to be described for edge-forming the
      edges of the lithographic plate 6. Typically and as shown the first die 8
      has two angled portions 9 and 10 as is more clearly shown in FIG. 4, and
      the first die part 7 has only one angled portion. The first angled portion
      9 is angled at 160.degree. C with respect to the upper surface of the
      former plate, the second portion 10 being angled at 90.degree. with
      respect to the first portion, whereas the angled portion of the die part 7
      is angled at 110.degree. with respect to the upper surface of the former
      plate.
PAR  Means for locating the lithographic plate 6 on the former plate 5 comprises
      register pins 11 mounted in housings 12 which are secured to opposite
      sides respectively of the table 4 adjacent to the respective die parts 7
      and 8. The register pins 11 are movable upwardly and downwardly by
      pneumatically-operated double-acting piston and cylinder devices 13
      mounted on the housings 12 into positions in which the pins project a
      short distance beyond the upper edge of the adjacent die part 7, 8 as will
      be more clearly apparent from FIGS. 1 and 4, and positions in which the
      register pins are located beneath the upper surface of the adjacent die
      parts respectively (see FIGS. 2 and 4).
PAR  Disposed on opposite sides respectively of the table 4 adjacent the die
      parts 7 and 8 is provided means for edge-forming the lithographic plate 6
      and comprising two pairs of bell-crank levers of which one pair 14 and 15
      are shown at the right hand side, as illustrated, of the table in FIG. 1
      and of the other pair mounted on the left hand side of the table 4, as
      illustrated, part only one bell-crank lever 16 is shown in FIG. 1. The
      other bell-crank lever of the other pair is designated 16a and is shown in
      FIG. 2. Each of the bell-crank levers is rotatable about an axis which
      extends parallel to the associated die part 7, 8 on respective pivots 17
      supported on an adjacent end plate 3. The downwardly extending, lower,
      arms of the bell-crank levers are rigidly interconnected by respective
      beams 18 and are each operable by respective pneumatically operated
      double-acting piston and cylinder devices. Piston and cylinder devices 19,
      19a and 20, 20a are connected at one of their ends to the respective lower
      arms of the bell-crank levers 14, 15 and 16, 16a. At their other ends the
      devices 19, 19a and 20, 20a are connected to the respective end panels 3.
      To the other arms of the bell-crank levers of the respective pairs of
      bell-cranks are connected forming beams 21, 22 extending parallel to the
      associated die part 7, 8 and being rotatable about a substantially
      horizontal axis extending parallel to the associated die part 7, 8 to bend
      the edges of the lithographic plate about the die parts. The beams 21, 22
      are connected to the upper arms of the respective pairs of bell-crank
      levers by means of pivots 23 about which the beams are rotatable.
      Referring particularly to FIG. 2 each beam is provided with a channel 24,
      25 into which a second die part consisting of a pad 26, 27 is securely
      mounted. As shown in FIG. 4a space 24a, 25a is left between the bottom of
      the channel 24, 25 and the die pad 26, 27 for a purpose to be explained.
      The die pads 26 and 27 extend the full length of the beams in their
      respective channels and are made of a flowable, resilient plastics
      material. The beams 21, 22 are rotated about the pivots 23 by
      pneumatically-operated piston and cylinder devices 36, 37 connected
      between the beams 18 and the beams 21, 22 so that the beams 21, 22 can
      move with the bell crank levers. Actuation of the piston and cylinder
      devices 19, 19a and 20, 20a connected to the bell crank levers, causes the
      bell crank levers to rotate into the position shown by the bell crank
      lever 16a in FIG. 2, the piston arm of the device 20a being extended. In
      this position the pads 26, 27 press against the upper surface of the die
      parts 7 and 8 respectively to clamp the lithographic plate 6 to the former
      plate when the plate 6 is mounted thereon. A wedge system 28 extending
      lengthwise of the table in a recess 29 is disposed between the die part 8
      and the remaining portion of the former plate 5.
PAR  The wedge system 28 is movable in the recess 2 by a pneumatically operated
      double-acting piston and cylinder device 30 mounted underneath the table 4
      to decrease the dimension of the former plate between the die parts 7 and
      8 for the purpose of removing an edge-formed lithographic plate. As shown
      in FIGS. 5 and 6, the wedge system 28 comprises an elongate member 41
      which is movable in the direction of the arrow 47 by the device 30.
      Co-operating wedges 42, 43 and 44, 45 are fixed to the member 41 and the
      movable die part 8 of the former respectively as illustrated. One or more
      springs such as 46 are connected between the fixed and movable former
      parts 5a and 8 to cause the die part 8 to move in the direction of the
      arrow 40 when the device 30 is operated. Typically, the movement of the
      wedges reduces the width of the former plate 5 by about 7 mm.
PAR  A pair of guards 31, 32 are mounted on respective side panels 2 and are
      pivotable into an open position for mounting a lithograhic plate on the
      former plate 5 and into a closed position to actuate switching means 90,
      91 for initiating operation of the apparatus in a manner to be described.
      The guards are transparent to facilitate location of the lithographic
      plate to the register pins 11.
PAR  Control valves 33 are mounted on a support 34 fixed to the frame 1, the
      control valves 33 being connected by suitable air lines to the respective
      various piston and cylinder devices, and to the switching means, for
      operating the bell-crank levers, the register pins the wedge system and
      effecting rotation of the forming beams.
PAR  A reset button 35 recessed in the upper surface of the former plate 5 is
      accessible with the lithographic plate removed. There are four valves 33
      one for the operation of the bell crank levers, a second for rotation of
      the beams 21, 22 a third for the operation of the register pins 11 and a
      fourth for the operation of the wedge 28.
PAR  The embodiment of FIGS. 7 to 9 differs from that of FIGS. 1 to 6 in that it
      is provided with a system for automatically removing or taking-off the
      edge-formed lithographic plates from the former plate 5 when the wedge
      system 28 is operated. Otherwise the embodiment of FIGS. 7 to 9 is
      substantially the same.
PAR  Referring to FIGS. 7 to 9 such an automatic system comprises 10 wheels 50
      which project from beneath into apertures or slots 51 in the former plate
      5 and which the wheels 50 are conveniently made from rubber or plastics or
      are rubber or plastics surfaced. The wheels 50 are mounted in pairs on
      respective shafts 52 rotatably mounted in suitable bearings in the side
      members 53 of a sub-frame 54 supported beneath the former plate 5 from the
      table 4. The support for the sub-frame 54 is provided by rotatable shafts
      55 having eccentrics 56 (two fixed to each shaft 55) which engage in
      suitably shaped bearing housings in the side members 53 of the sub-frame.
      At each of their ends, the shafts 55 are mounted in static bearings 57
      carried by the table 4.
PAR  The shafts 52 carrying the wheels 50 are driven by means of an air motor 58
      via a drive belt 59 and toothed belts 60 interconnecting the shafts and
      engaging with sprocket wheels 61 mounted thereon. The drive belt engages
      with a similar sprocket wheel 61 on one of the shafts 52. The sub-frame 54
      is movable upwardly and downwardly between positions in which the wheels
      50 project slightly above the surface of the former plate 5, i.e. in the
      position illustrated in FIG. 9 and another position in which the wheels
      are retracted within the slots 51 and lie beneath the surface of the
      former plate. The piston and cylinder device 30 for operating the wedge
      system 28 via its piston rod 30a connected to the elongate member 41 is
      also operative to move the sub-frame 54 upwardly and downwardly. Thus,
      retraction of the piston rod 30a moves the elongate member 41 in the
      direction of the arrow 47 to reduce the dimension of the former plate
      between the die parts 7, 8 and raises the wheels into the position shown
      in FIGS. 7a and 9. Extension of the piston rod displaces the member 41 in
      the opposite direction and the sub frame and wheels are lowered into the
      position shown in FIGS. 7 and 8. The piston rod 30a is connected to the
      right hand, as illustrated, shaft 55 via a link 62 and a lever 63 which is
      rigidly fixed to this shaft. The lever 63 is connected via a connecting
      rod 64 and another similar lever 65 to the left-hand shaft 55 as
      illustrated. The elongate member 41 cooperates with an end of travel
      adjustable stop 66 to prevent over-tightening of the wedges 42 to 45 of
      the wedge system 28. As the piston rod 30a is retracted or extended the
      movement of the rod 30a actuates a motor switch 67 which switches the
      motor 58 on or off as the case may be by supplying or stopping supply of
      air to the air motor through the valve 33 for the device 30. Actuation of
      the reset button 35 after the edge-formed lithographic plate has been
      removed causes air to be supplied to another chamber of the device 30 to
      cause extension of the piston rod 30a.
PAR  The operation of the apparatus will now be described with particular
      reference to FIGS. 4A to 4G and to FIG. 2. It will be apparent that each
      pair of bell-crank levers operates in the same manner and that both pairs
      of levers operate together. With the guards 31 and 32 raised, a
      lithographic plate 6 is mounted on the former plate 5 so that the opposite
      edges 6a project beyond the die parts 7 and 8 and so that register pin
      holes (not shown) in the edges of the plate are engaged with the register
      pins 11 which project for a short distance beyond the upper surface of the
      former plate as will be apparent from FIG. 4A. Engagement of the pins 11
      in the register pin holes locates the plate 6 on the former plate 5. The
      bell-crank levers are in the position of the lever 14 in FIGS. 1 and 2 at
      this stage of operation, in which there is a gap between the lower edges
      of the levers and the upper surface of the former plate sufficient for the
      lithographic plate to be located on the register pins. The guards 31 and
      32 are then pivoted into their closed positions to actuate the switching
      means and initiate opening and closing of the valves 33 in a sequential
      fashion so that each step in the edge-forming process follows one after
      the other.
PAR  The pairs of bell crank levers are first actuated by air supplied through
      an associated valve 33 to their respective piston and cylinder devices 19,
      20 to cause the bell crank levers to rotate into a position in which the
      front edges of the pads 26, 27 exert a pressure on the lithograhic plate 6
      at a location adjacent the die parts 7 and 8 to clamp the lithographic
      plate 6 to the former plate 5. As will be apparent from FIG. 4A the front
      edge of the pad 26, 27 is deformed due to the pressure exerted by the bell
      cranks. On the other hand the rear portion of the pad 26, 27 is located
      just above and clears the register pin 11 in the clamped position. Once
      clamping has taken place the valve for the piston and cylinder devices 13
      is opened to supply air to the piston and cylinder devices 13 causing the
      register pins 11 to be retracted into the position shown in FIG. 4B,
      beneath the former plate 5. The bell crank levers then occupy the position
      of the bell-crank lever 16a in FIG. 2.
PAR  Another valve 33 is then opened to supply air to the devices 36 and 37
      causing the beams 21, 22 to be rotated with respect to the bell crank
      levers. Thus the pads 26, 27 are turned around the die parts 7 and 8 in
      the direction of the arrow 37 in FIG. 4C and FIG. 2. As the pads are
      turned about the die parts 7 and 8 the bellcrank levers press and maintain
      the pads in contact with the projecting edges 6a of the plate 6 at the
      bending angle and throughout the entire area of the bend and, the pads are
      compressed against the die parts 7 and 8 so that the material of the pads
      flows and is deformed into a shape corresponding to that of the die parts
      7 and 8 and thus the edges 6a are conformed to the shape of the die parts
      7 and 8 and the inside radius of the bend in each edge is controlled. In
      their fully rotated position the beams occupy the dotted line position
      shown in FIG. 2. As shown in FIG. 4C the space 24a, 25a at the bottom of
      the channel 24, 25 in the beam 21, 22 provides relief for the material
      26a, 27a displaced by the deformation of the pad 26, 27.
PAR  It will be appreciated that the valves 33 operate in sequence until the
      plate is edge-formed. At the end of the edge-forming operation firstly the
      beams 21 and 22 are rotated in the direction of the arrow 38 in FIG. 4D,
      then as shown in FIG. 4E the bell cranks are rotated to raise pads 26, 27
      in the direction of the arrow 39 so that the bell cranks occupy the
      position of the bell crank 14 in FIG. 2 and the pads occupy the position
      shown in FIG. 4E.
PAR  The valve 33 for the piston and cylinder device 30 is then opened to
      operate the wedge system 28 causing the die part 8 to move in the
      direction of the arrow 40 in FIG. 4F towards the die part 7 to permit
      removal of the edge formed plate 6 without damage. In the case of the
      embodiment of FIGS. 7 to 9, supply of air to one chamber of the piston and
      cylinder device 30 causes the sub frame 34 to be moved into its upper
      position as the piston rod 30a is retracted, via link 62, lever 63,
      connecting rod 64, lever 65, shafts 55 and eccentrics 56. The motor switch
      67 is actuated as the piston rod 30a is retracted starting the motor 58
      which rotates the wheels 50 in the direction of the arrow 68 (FIG. 7a)
      whereby an edge-formed lithographic plate is automatically removed from
      the former plate in the direction of the arrow 69 (FIG. 7) by the action
      of the wheels 50 engaging with its undersurface. The safety guards 31, 32
      are then opened, shutting-off the apparatus and the edge-formed plate 6
      shown in FIG. 4G is then removed from the former plate 5. The reset switch
      35 is then actuated to open the valve for the device 30 and bring the
      wedge system 28 and thus the die part 8 to its original position for
      another edge-forming operation and also to operate the cylinder 13 to
      raise pins 11.
PAR  In the case of the embodiment of FIGS. 7 to 9 when the reset switch 35 is
      actuated, extension of the piston rod 30a actuates the motor switch 37
      causing shutting-off of the air supply to the motor 58 and thus stopping
      rotation of the wheels 50. At the same time via the link, levers
      connecting rod, shafts and eccentrics, the sub-frame 54 is lowered into
      the position in which the wheels lie below the surface of the former plate
      5 and the former plate 5 is ready to receive another lithographic plate to
      be edge-formed.
PAR  Referring now to FIG. 10, this shows a manually operated edge-forming
      apparatus in which the former plate 5 has only one die part, namely the
      die part 8 which constitutes the right-hand edge, as illustrated, of the
      former plate. The former plate 5 is mounted on a table 4 forming with end
      panels 76, 77 secured to the table, a supporting structure, the panel 76
      being partly cut away where shown in dash-dotted lines. The end panels 76,
      77 constitute the frame of the apparatus or may be mounted on a frame
      similar to the frame 1 of FIGS. 1 to 3.
PAR  The apparatus also has the register pins 11 for locating a lithographic
      plate on the former plate 5, the pins 11 being mounted in housings 12
      secured to one side of the table 4 adjacent the die part 8. The register
      pins for the opposite side of the table are not shown. The register pins
      11 are advanced to engage in register pin holes in the lithographic plate
      and retracted therefrom by means of cams 83 and 84 co-operating with the
      register pins 11 and mounted on a shaft 82 which is rotatable by a handle
      81.
PAR  Generally triangular levers in the form of cam plates 70 and 71 which
      function as double-armed levers in a similar manner to the bell-crank
      levers of the embodiments of FIGS. 1 to 3 and 7 to 9 are provided with
      cams 72, 73 rotatably mounted therein. The cams 72, 73 are fixed
      eccentrically to a shaft 74 passing through the upper apices or part of
      one of the arms of the cam plate. The shaft 74 is carried in bearings 74a
      75 in the end plates 76, 77. In order to locate the cam plates 70, 71 and
      prevent them from rotating around the shaft 74, links 78, 79 are connected
      between the right hand apices or other arms of the cam plates 70, 71 and
      the end plates 76, 77.
PAR  Extending between the cam plates 70, 71 is the forming beam 21 of the FIGS.
      1 to 3 and 7 to 9 embodiments. The beam 21 is pivotally connected to the
      cam plates by means of the pivots 23 to be rotatable about a substantially
      horizontal axis extending through the centres of the pivots and parallel
      to the die part 8. By means of a handle 80 secured to one end of the shaft
      74, the latter is rotated causing the cams 72, 73 to be rotated and
      thereby act to force the cam plates 70, 71 downwards and press the pad 26
      against the former plate. A lever 86 which performs an equivalent to the
      piston and cylinder device 36 of FIGS. 1 to 3 and 7 to 9 and which rotates
      the beam about the common axis of the pivot 23 is fixed to the beam 21.
      The lever 86 is maintained in the illustrated position by means of a catch
      plate 85 engaged with the shaft 74, the catch plate being releasable by
      lever 87 to enable the lever 86 to be rotated. The operation of the
      apparatus of FIG. 10 can also be described with reference to FIGS. 4A to
      4E. Firstly a lithographic plate 6 is mounted on the former plate 5 as
      described with reference to FIG. 4a, with its edges 6a projecting beyond
      the die part 8 and the other edge of the former plate respectively. By
      rotating the handle 81 in the appropriate direction, the register pins 11
      are engaged in the register pin holes to locate the plate 6 on the former
      plate 5. The handle 80 is then turned in the appropriate direction to
      cause the cam plates to move the forming beam 21 downwards so that the pad
      26 clamps the plate to the former plate as shown in FIG. 4a. The handle 81
      is then rotated in the opposite direction to retract the pins 11, as shown
      in FIG. 4b, the lever 87 is moved to release the lever 86 which is then
      rotated to turn the pad 26 about the die part 8 to edge-form the plate 6,
      as shown in FIG. 4c. The sequence of operations is then reversed through
      the steps shown in FIGS. 4d and 4e by returning the lever to the
      illustrated position with the catch 85 engaged and then rotating the
      handle 80 to raise the forming beam 21. The lithographic plate 6 having
      one edge formed, i.e. the right hand edge as illustrated in FIG. 4g can
      then be removed by hand from the former plate.
PAR  If required, the plate 6 can be turned around and the opposite edge of the
      plate 6 edge-formed in the manner previously described. If this is the
      case or if the apparatus is adapted to edge-form two opposite edges of a
      lithographic plate, employing similar edge-forming apparatus and die parts
      at the left hand edge as illustrated of the former plate, then a manually
      operated wedge system could be included to reduce the dimension of the
      former plate between the opposite formed edges, as shown in FIG. 4f.
PAR  The wedge system would be the same as the wedge system 28 illustrated in
      FIGS. 5 and 6 except that a handle would replace the piston and cylinder
      device 30.
PAR  Whilst particular embodiments have been described, various modifications
      may be made without departing from the scope of the invention. For
      example, the die part 8 may be replaced by the die parts having only one
      bend, additional bending apparatus may be provided to provide the second
      bend instead of the die parts which provide only one bend.
PAR  To form plates on one edge only of the plates or when the angles of bend
      are less than 90.degree. on one or both edges with the apparatus of FIGS.
      1 to 3 and 7 to 9, the pneumatically operated wedge may be dispensed with
      and a conventional pusher means used to remove the edge-formed plate from
      the former plate 5. Moreover, in the case where the apparatus comprises
      only one set of bell-crank levers and beams, the wedge may also be
      dispensed with since there is no need to reduce the width of the table
      when one edge only is formed.
PAR  The piston and cylinder devices of the apparatus of FIGS. 1 to 3 and 7 to 9
      may be hydraulically operated or replaced by other mechanisms such as
      mechanical linkages or electrically operated means such as solenoids or
      servo-motors.
PAR  Furthermore, any of the apparatus described may be adapted to form the
      edges of the metallic plate upwardly around the die parts 7 or 8 instead
      of downwardly as described.
PAR  The former edge or edges of the plate may comprise angle(s), bend(s),
      curve(s) and/or shape(s) which are different to that described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for edge-forming a metallic printing plate, said apparatus
      comprising, in combination:
PA1  a. a supporting structure,
PA1  b. a former mounted on said supporting structure and having,
PA2  i. a surface for receiving the printing plate and
PA2  ii. at least one first die part constituted by a side edge of said former,
      having a portion which is inclined inwardly at an angle of greater than
      90.degree. with respect to said receiving surface,
PA1  c. means for locating the printing plate on said former with an edge
      thereof to be formed projecting beyond said first die part,
PA1  d. means for forming at least one bend in said projecting edge of said
      printing plate by bending said projecting edge around said first die part,
      including
PA2  i. at least one second die part comprising a pad made of a flowable
      resilient material and
PA2  ii. and elongate member having a channel therein in which said pad is
      mounted, said elongate member extending parallel to said first die part,
PA1  e. at least one pair of bell-crank levers carrying said elongate channel
      member therebetween, for pressing the pad against the printing plate and
      thus the printing plate against the former,
PA1  f. first pivot means mounting said bell-crank levers on said supporting
      structure to be pivotable about a substantially horizontal axis,
PA1  g. second pivot means mounting said elongate channel member on said
      bell-crank levers, for rotation about a substantially horizontal axis on,
      and with respect thereto,
PA1  h. first power means for pivoting said bell-crank levers between a position
      in which the said pad is pressed against said printing plate and said
      former adjacent the projecting edge of said printing plate to clamp said
      printing plate to said former, and a non-clamping position in which the
      pad is spaced from said printing plate,
PA1  i. second power means for rotating said elongate channel member to turn
      said pad around said first die part and bend the projecting edge of said
      printing plate around said first die part whilst said bell-crank levers
      press and maintain said pad in contact with the printing plate at the
      bending angle, and throughout the entire area, of the bend, whereby to
      cause the material of said pad and thus the projecting edge of said
      printing plate to conform to the shape of said first die part and to
      control the inside radius of the bend.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the material of the said pad is
      a selected from the group comprising urethane rubbers and urethane
      elastomers.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, including means for reducing the
      dimension of the former between the first die part and the opposite edge
      of the former.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, including means for automatically
      removing an edge-formed metallic plate from the former, comprising a
      plurality of wheels rotatably mounted on a frame supported beneath the
      former, said frame being movable into a position in which the wheels
      project beyond the plate receiving surface of the former through
      respective apertures therein, means operative to effect rotation of said
      wheels when the frame occupies said position, and two rotatable shafts
      carrying eccentrics by means of which the frame is supported on said
      shafts to be movable with respect to said shafts into its said position by
      the action of said eccentrics when said shafts are rotated.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein a wedge system is provided to
      reduce the dimension of the former between the first die part and the
      opposite edge of the former and common drive means are provided for
      effecting displacement of the wedges of said system and the movement of
      said frame.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said common drive means is
      connected to said rotatable shafts by a linkage.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, including a motor carried by the frame,
      for rotating the wheels, said motor having a switch which is operable by
      the action of the drive means to switch-on the motor when the frame is in
      its said position and switch-off the motor when the frame is moved out of
      its said position.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein the common drive means is a
      pressure fluid operated double acting piston and cylinder device having a
      piston rod connected to said linkage, and wherein the movement of the
      piston rod actuates the motor switch.
NUM  9.
PAR  9. Apparatus as claimed in claim 1, wherein said first and second power
      means comprise double-acting pressure-fluid operated piston and cylinder
      devices acting between said supporting structure and said bell-crank
      levers and between said supporting structure and elongate channel member.
NUM  10.
PAR  10. Apparatus as claimed in claim 1, wherein the means for locating the
      said printing plate include a plurality of register pins which co-operate
      with register pin holes provided in the projecting edge of said printing
      plate, and means for extending said register pins beyond said receiving
      surface of said former so that the holes in said printing plate can be
      engaged therewith and for retracting the pins below the former to
      disengage the register pins from said holes.
NUM  11.
PAR  11. Apparatus as claimed in claim 10, wherein the means for extending and
      retracting said register pins comprise double-acting pressure fluid
      operated piston and cylinder devices.
NUM  12.
PAR  12. Apparatus for edge-forming a metallic printing plate, said apparatus
      comprising, in combination:
PA1  a. a supporting structure,
PA1  b. a former mounted on said supporting structure and having,
PA2  i. a surface for receiving the printing plate and
PA2  ii. at least one first die part constituted by a side edge of said former,
      having a portion which is inclined inwardly at an angle of greater than
      90.degree. with respect to said receiving surface,
PA1  c. means for locating the printing plate on said former with an edge
      thereof to be formed projecting beyond said first die part,
PA1  d. means for forming at least one bend in said projecting edge of said
      printing plate by bending said projecting edge around said first die part,
      including
PA2  i. at least one second die part comprising a pad made of a flowable
      resilient material and
PA2  ii. an elongate member having a channel therein in which said pad is
      mounted, said elongate member extending parallel to said first die part,
PA1  e. at least one pair of generally triangular plates serving as double-armed
      levers carrying said elongate channel member therebetween, for pressing
      the pad against the printing plate and thus the printing plate against the
      former,
PA1  f. a pair of links pivotally connecting said plates to the supporting
      structure,
PA1  g. pivot means mounting said elongate channel member on said plates, for
      rotation about a substantially horizontal axis on, and with respect
      thereto,
PA1  h. means for moving said plates between a position in which the said pad is
      pressed against said printing plate and said former adjacent the
      projecting edge of said printing plate to clamp said printing plate to
      said former, and a non-clamping position in which the pad is spaced from
      said printing plate, including
PA2  i. a shaft rotatably mounted on said supporting structure and extending
      parallel to said elongate member,
PA2  ii. a pair of cams fixed eccentrically to said shaft for rotation therewith
      and rotatably mounted in said pair of plates respectively, and
PA2  iii. and means for rotating the shaft to move said plates
PA1  i. means for releasably securing said channel member to said plates to move
      therewith, and
PA1  j. lever means for rotating said elongate channel member to turn said pad
      around said first die part and bend the projecting edge of said printing
      plate around said first die part whilst said plates press and maintain
      said pad in contact with the printing plate at the bending angle, and
      throughout the entire area, of the bend, whereby to cause the material of
      said pad and thus the projecting edge of said printing plate to conform to
      the shape of said first die part and to control the inside radius of the
      bend.
NUM  13.
PAR  13. Apparatus as claimed in claim 12, wherein the material of the said pad
      is selected from the group comprising urethane rubbers and urethane
      elastomers.
NUM  14.
PAR  14. Apparatus as claimed in claim 12, wherein the means for locating said
      printing plate comprises a plurality or register pins which co-operate
      with register pin holes provided in the projecting edge of said printing
      plate, and means including a plurality of cams mounted on a rotatable
      shaft, to extend said register pins beyond said receiving surface of said
      former so that the holes in the printing plate can be engaged therewith
      and to retract the pins below the former to disengage the register pins
      from said holes.
NUM  15.
PAR  15. A method of edge-forming a metallic plate, said method comprising the
      steps of:
PA1  a. providing a metallic printing plate having register pin holes along at
      least one of its edges,
PA1  b. mounting said printing plate on a former having at least one side edge
      formed with a portion which is inclined inwardly at an angle of greater
      than 90.degree. with respect to the printing plate, such that said at
      least one edge of the printing plate projects beyond said side edge of
      said former and the register pin holes engage with register pins
      projecting beyond the upper surface of said former, to locate said
      printing plate on said former,
PA1  c. pivoting an elongate die pad made of a resilient flowable material about
      a substantially horizontal axis and into contact with the printing plate
      at a location adjacent its projecting edge such that a front edge of said
      pad presses against the printing plate and clamps it to said former and a
      rear edge of said plate is located just above and clears said register
      pins,
PA1  d. retracting said register pins from the register pin holes in said
      printing plate, into a position below said former, and
PA1  e. turning said die pad around said side edge of said former in contact
      with the projecting edge of said printing plate to form at least one bend
      therein whilst simultaneously maintaining said clamping pressure and
      contact between the printing plate and said pad at the bending angle and
      throughout the entire area of the bend, whereby to cause the material of
      said pad and thus the projecting edge of said printing plate to conform
      with the shape of the side edge of said former, and to control the inside
      radius of the bend.
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ABST
PAL  The disclosure relates to a method and apparatus for on-line calibration of
      disc thermostats. A disc thermostat is initially provided in assembled
      condition, the gap at the switch measured and compared with a
      predetermined optimum gap, the error magnitude determined and a device
      operated to alter the position of the disc and transfer element relative
      to the switch to provide the predetermined optimum gap. A feedback
      generator station tests a prior thermostat during disc snapping for disc
      velocity and switch opening and provides a fine tuning adjustment signal
      to alter the predetermined optimum gap on-line.
BSUM
PAR  This invention relates to a method of on-line calibration of assembled
      disc-type thermostats and, more specifically to a method of on-line
      determination of switch gap, adjustment to a predetermined optimum gap and
      on-line altering of the predetermined optimum gap by testing prior
      calibrated thermostats.
PAR  Disc-type thermostats are composed of several parts, the dimensions and
      positioning of each being critical to obtaining optimum thermostat
      performance and life expectancy. In prior art disc-type thermostats
      optimum performance was obtained by careful measurement of the thermostat
      parts, this being costly. Prior art methods of making disc-type
      thermostats also relied heavily upon measurements obtained through trial
      and error procedures and upon statistical methods. None of the prior art
      methods have been satisfactory, requiring that quality disc-type
      thermostats be relatively expensive.
PAR  In accordance with the present invention, there is provided a method of
      on-line calibration of assembled disc-type thermostats which provide for
      compensation for the dimensional variations of both the thermostat
      components and assembly tolerances. This method provides a single
      adjustment for optimizing switch operation and coupling to the thermal
      motor or disc.
PAR  Briefly, in accordance with a first embodiment of the present invention, an
      assembled disc-type thermostat is placed under a calibration head where
      the disc snaps under the influence of the elevated temperature. The
      thermostat cup' s disc seat is then formed under the influence of present
      measuring devices until the thermostat switch contacts open to a
      predetermined gap. The thermostat has now been rough calibrated. The rough
      calibrated thermostat is then brought to a disc velocity checking area
      where the thermostat is cooled down until the disc snaps back, the switch
      closing disc-velocity-voltage in relation to the peak
      disc-velocity-voltage being determined. The ratio of desired peak voltage
      to closing voltage is predetermined and any error is determined and fed
      back to the calibration station to alter the optimum gap size desired to a
      different optimum gap size. In a second embodiment a thermostat having
      normally open contacts, that is contacts which are open at room
      temperature and closed at an elevated temperature is effected by measuring
      the contact gap and forming the disc seat until the desired gap is
      obtained. The calibrated thermostat is placed in the checking station and
      heated until the disc snaps. Any gap deviation is fed back to the disc
      seat forming station to correct or improve the desired gap.
PAR  Thermostats in which the contacts open at elevated temperatures are
      calibrated by reversing the disc and measuring the gap, forming the disc
      seat as required and then taking the disc out and turning it right side up
      and permanently fixing the cup to the thermostat.
PAR  It is therefore an object of this invention to provide a method of on-line
      calibration of disc type thermostats.
PAR  It is a further object of this invention to provide a thermostat for
      on-line calibration requiring only one dimensional adjustment.
PAR  It is yet a further object of this invention to provide a thermostat which
      is calibrated on-line by disc seat adjustment.
PAR  It is a still further object of this invention to provide a method on-line
      adjustment of disc-type thermostats with on-line fine tuning of
      calibration parameter value.
PAR  The above objects and still further objects of the invention will become
      immediately apparent to those skilled in the art after consideration of
      the following preferred embodiment thereof which is provided by way of
      example and not by way of limitation wherein:
DRWD
PAR  FIG. 1a is a cross-section of a disc-type thermostat with forming tool for
      disc seat formation;
PAR  FIG. 1b is an enlarged view of the portion of FIG. 1a in the region of disc
      seat formation; and
PAR  FIG. 2 is a schematic diagram of the calibration system for performing the
      method of the present invention.
DETD
PAR  Referring first to FIG. 1a, there is shown a disc-type thermostat 1 with a
      forming tool 3 positioned to form the disc seat of the thermostat. The
      thermostat includes a base 5 with a cup 7 secured thereto. The snap action
      disc 9 rests on the disc seat portion 11 (better seen in FIG. 1b) of the
      cup 7 and a pin 13 rests on the disc 9 and is spaced from a protrusion 15
      on a contact arm 17. The contact arm 17 is secured to the base 5 by a
      securing device 19, the terminal 21 being either a part of contact arm 17
      or electrically coupled thereto. The contact arm 17 also includes contact
      23 which makes contact with a contact 25 on the contact arm 27. The
      contact arm 27 is secured to the base 5 by a securing means 29. The
      contact arms 17 and 27 along with their contacts 23 and 25 form a switch.
      The contact arms 17 and 27 are spring members biased so that the contacts
      23 and 25 are normally in intimate contact.
PAR  A disc-type thermostat as shown in FIG. 1a operates by having the disc 9
      heated to a predetermined minimum temperature, this being a property of
      the disc whereupon the disc snaps from the downwardly bowed condition as
      shown in FIG. 1a to an upwardly bowed condition. This disc movement causes
      the pin 13 to bear against protrusion 15 and move the contact arm 17
      upwardly, thereby moving contact 23 away from contact 25. By the use of
      techniques well known in the art, the optimum gap to be created between
      the contacts 23 and 25 can be determined a priori. Therefore in the event
      the gap is too small, the forming tool 3 will be utilized in a manner to
      be explained in more detail hereinbelow, to form the disc seat 11 by
      moving said disc seat in a direction toward the switch formed by contact
      arms 17 and 27 until the disc 9 and pin 13 are positioned whereby snapping
      of the disc will provide the desired gap between contacts 23 and 25. It
      can be seen that by using the above described calibration method, only one
      size of pin need be used with all connection being provided by the single
      disc seat forming step.
PAR  Referring now to FIG. 2, there is shown a schematic diagram of a system for
      calibrating disc-type thermostats in accordance with the present
      invention. The assembled thermostat 1 as described with respect to FIG. 1
      is placed in a forming tool 3. The temperature is elevated by a
      temperature control device 31 which heats up the forming tool 3, the heat
      being transferred to the disc 9 of the thermostat and causing the disc to
      snap in the manner previously described. Since the thermostat in FIG. 2 is
      reversed by 180.degree. about a horizontal axis as compared with the
      thermostat of FIG. 1 the disc in FIG. 2 will snap from an upwardly bowed
      state to a downwardly bowed state as shown. The disc 9 will force the pin
      13 downwardly against the contact arm 17 and provide a gap between the
      contacts 23 and 25. A measuring device 33 measures the movement of contact
      arm 17 to measure the gap between contacts 23 and 25. The measuring device
      can be a dial indicator, a micrometer, an air gauge as produced by Johnson
      Fluidics, Inc. or any other type of device which can provide an indication
      of linear movement.
PAR  An optimum gap figure is placed into a computer 35, this figure being
      compared in the computer with the output X of the measuring device 33 to
      provide an error signal Y which is fed to a hydraulic valve 37 which
      operates a stepping motor 39. The error computed in the computer 35
      determines the magnitude of the signal Y and thereby determines the number
      of steps required by the stepping motor 39 to provide the proper gap.
      Stepping of the motor 39 causes the ridges 41 of the forming tool 3 to
      bear against and deform the cup 7 at the disc seat 11 as best shown in
      FIGS. 1a and 1b. In this way the assembled thermostat is calibrated by a
      single operation.
PAR  It is of course apparent that the pin 13 will be smaller than required in
      the unformed state so that there is always the possibility of calibration.
      It is also apparent that the first calibration as described above is based
      entirely upon a preset optimum gap which is placed into computer 35
      without actual testing. This method, even though accurate for a single
      thermostat, can have gradual error introduced due to changes in conditions
      or in the sizes of or changes in the tolerances of the thermostat
      components. This is corrected on-line by taking the calibrated thermostat
      from the calibration station to the check station and placing a new
      thermostat to be calibrated into the calibration station. The thermostat
      at the check station is now allowed to cool until the disc 9 snaps back to
      the upwardly bowed state as shown.
PAR  Prior to snapping of disc 9, the thermostat at the check station is
      connected to test apparatus as fully set forth in the copending
      application of Walter T. Sutton, Jr. filed Dec. 21, 1972, for "Disc
      Thermostat Test System and Method". The switch closing disc velocity
      voltage (Vsw) in relation to the peak disc velocity (Vpe) are determined.
      As set forth in said copending application, the optimum values for switch
      opening relative to time on the velocity curve are known and by
      measurement thereof, an error voltage (.DELTA.V) is obtained and fed back
      to the computer 35. This is a fine tuning operation as well as a checking
      operation and serves to alter the optimum gap stored in the computer
      on-line. This procedure assumes that component changes will take place
      gradually. The following device will now be calibrated using the updated
      optimum gap values. It will be understood that the fine tuning can be done
      selectively rather than on each thermostat since parameter values normally
      do not change rapidly but rather change slowly over a period of time.
PAR  In a second embodiment calibration is accomplished without heating the
      disc. This is particularly useful in thermostats which have open contacts
      at room temperature and closed contacts at elevated temperatures. That is,
      when the temperature of the disc is elevated to its snapping temperature
      it snaps away from the switch member. In this embodiment the thermostat is
      assembled with a transfer pin 13 slightly shorter than required in the
      first embodiment. The thermostat is then placed in operative relation with
      forming tool 3, the existing gap between the contacts is measured, the
      disc seat is then formed until the desired gap is obtained. The calibrated
      thermostat is then placed in the checking station and heated until the
      disc snaps. The gap deviation is fed back to the disc seat forming station
      to correct or improve the desired gap. The above method of calibrating is
      based upon the dependence upon the crown height of the disc with
      temperature. That is, the crown height of a disc changes if the
      temperature is changed.
PAR  Thermostats in which the contacts open at elevated temperatures can be
      calibrated by reversing the disc since a disc snaps the same distance back
      and forth about its theoretical flat state. A disc's crown height at a
      temperature immediately before snapping in heating is identical to the
      crown height immediately before the disc snaps back in cooling.
PAR  In this calibration process a slightly shorter pin than that of the first
      embodiment is placed in the base, the disc is placed upside down relative
      to its normal placement, that is the low expansion side is placed toward
      the switch members, the cup with the disc seat is placed over the assembly
      but is not fixed. The forming head 3 is lowered (with no heat) over the
      temporary assembly, the gap between the contacts is measured and the disc
      seat formed until the desired gap is obtained. The cup is then removed,
      the disc is turned over and placed back onto the thermostat. The
      thermostat is then placed under the checking head and the gap and quality
      of the device measured. The cup is then permanently attached to the base
      if no further adjustments are required otherwise the thermostat is
      recycled with the information feed-back to the calibration station.
PAR  It can be seen that there has been provided a method and apparatus for
      on-line calibration of assembled disc-type thermostats with provision for
      on-line inspection of calibrated thermostats as well as fine tuning of
      subsequent thermostats to be calibrated to maintain high accuracy on-line
      production.
PAR  Though the invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of calibrating an assembled disc-type thermostat comprising the
      steps of
PA1  a. heating the disc of said thermostat to cause said disc to snap,
PA1  b. measuring the gap between the contacts of the thermostat switch after
      the disc has snapped,
PA1  c. computing the deviation between desired gap and measured gap,
PA1  d. adjusting the disc seat position in accordance with said computer
      deviation and
PA1  e. measuring a function of disc velocity and switch operation upon snapping
      of said disc to provide an error signal and adjusting said desired air gap
      in step (c) in accordance with said error signal.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein step (d) comprises operating a
      stepping motor to step a number of steps determined by said computed
      deviation and operating a forming tool by stepping of said motor to adjust
      said disc seat position.
NUM  3.
PAR  3. A system for on-line calibration of a disc-type thermostat having a pair
      of contacts, a disc and a cap having a disc seat, which comprises,
PA1  a. forming means for forming a disc seat in said cap,
PA1  b. heating means adjacent said disc for causing said disc to snap,
PA1  c. measuring means responsive to snapping of said disc to measure the gap
      between said contacts,
PA1  d. means responsive to the output of said measuring means and a
      predetermined gap value to provide a deviation signal,
PA1  e. means responsive to said deviation for controlling movement of said
      forming means, and
PA1  f. means for measuring a function of operation of said contacts and
      velocity of said disc to provide an error signal and means responsive to
      said error signal to alter said predetermined gap value.
NUM  4.
PAR  4. A system as set forth in claim 3 wherein said heating means includes
      said forming means.
NUM  5.
PAR  5. A system as set forth in claim 4 wherein (e) comprises valve means
      responsive to said measuring means and a stepping motor responsive to said
      valve means for controlling movement of said forming means.
NUM  6.
PAR  6. A system as set forth in claim 3 wherein (e) comprises valve means
      responsive to said measuring means and a stepping motor responsive to said
      valve means for controlling movement of said forming means.
NUM  7.
PAR  7. A method of calibrating an assembled disc type thermostat comprising the
      steps of
PA1  a. measuring the gap between the contacts of the thermostat switch,
PA1  b. computing the deviation between desired gap and measured gap,
PA1  c. adjusting the disc seat position in accordance with said computer
      deviation, and
PA1  d. measuring a function of disc velocity and switch operation upon snapping
      of said disc to provide an error signal and adjusting said desired air gap
      in step (b) in accordance with said error signal.
NUM  8.
PAR  8. A method as set forth in claim 7 wherein step (c) comprises operating a
      stepping motor to step a number of steps determined by said computed
      deviation and operating a forming tool by stepping of said motor to adjust
      said disc seat position.
NUM  9.
PAR  9. A method of calibrating a disc type thermostat switch having contacts
      which open upon an increase in temperature comprising the steps of
PA1  a. taking a thermostat base and inserting the disc in the base upside down
      relative to its disposition during normal use,
PA1  b. placing a cup with a disc seat over the disc and base,
PA1  c. measuring the gap between the contacts of the thermostat switch,
PA1  d. computing the deviation between desired gap and measured gap,
PA1  e. adjusting the disc seat position in accordance with said computed
      deviation,
PA1  f. removing the cup, turning over the disc and replacing it in the
      thermostat, and
PA1  g. permanently affixing the cup to the thermostat.
NUM  10.
PAR  10. A method as set forth in claim 9 further including the steps of again
      measuring the gap between the thermostat contacts before permanently
      affixing the cup to the thermostat.
NUM  11.
PAR  11. A method as set forth in claim 9 wherein step (e) comprises operating a
      stepping motor to step a number of steps determined by said computed
      deviation and operating a forming tool by stepping of said motor to adjust
      said disc seat position.
NUM  12.
PAR  12. A system for on-line calibration of a disc-type thermostat having a
      pair of contacts, a disc and a cup having a disc seat, which comprises,
PA1  a. forming means for forming a disc seat in said cup,
PA1  b. measuring means to measure the gap between said contacts,
PA1  c. means responsive to the output of said measuring means and a
      predetermined gap value to provide a deviation signal,
PA1  d. means responsive to said deviation for controlling movement of said
      forming means, and
PA1  e. means for measuring a function of operation of said contacts and
      velocity of said disc to provide an error signal and means responsive to
      said error signal to alter said predetermined gap value.
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ABST
PAL  An apparatus for adjusting the delivery quantity on multi-cylinder fuel
      injection pumps including a drive unit and a clamping means for the
      injection pump in the form of an in-line pump. The pump pistons are
      provided with at least one control edge and are axially arranged and
      rotatably guided in cylinder barrels. Each piston is held in its fitting
      position, at least indirectly, by a flange. A mechanically activatable
      adjusting tool is mounted in the apparatus and operatively arranged to be
      driven via a control gear. The tool is force lockingly connected to an
      application point or engagement point on the securing flange of the
      injection pump or to a transmission element coupled to the securing flange
      or the cylinder barrel. A servo motor, preferably a stepping motor, is
      used to drive a control gear which effects movement of the tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of and an apparatus for adjusting the
      delivery quantity of multicylinder fuel injection pumps of the type having
      a drive unit and a clamping device. The present invention relates, more
      particularly, to such an apparatus for adjusting the delivery quantity of
      multi-cylinder fuel injection pumps having pistons, with at least one
      inclined control edge, which are axially and rotatably guided in cylinder
      barrels and are each held in their fitting positions at least indirectly
      by a securing flange clamped against the upper front face of the pump
      housing by screws. The pistons of the in-line pump are rotatable within a
      defined angular region to adjust the delivery quantity and are constructed
      to receive a pressure valve in an extension of the bore guiding the
      respective pistons. The invention further is concerned with a delivery
      quantity measuring apparatus for measuring and indicating the quantity of
      fuel delivered for a given number of piston strokes or unit of time.
PAR  Multi-cylinder fuel injection pumps in the form of in-line pumps, more
      particularly pumps for injecting fuel in diesel engines are mass produced
      and thus, in addition to reliability of operation, it must be possible for
      these pumps to be produced, tested and adjusted in an economical manner.
PAR  It has been found that the manufacturing of injection pumps can be very
      highly mechanized, even to the extent of introducing production, transfer
      and assembly lines. However, using known testing and adjusting methods,
      the testing and adjusting of the individual elements of the pumps and the
      functions thereof to effect a uniform delivery quantity have always been
      very time consuming and require a large staff. Consequently, the
      conventional testing and adjusting methods are accordingly extremely
      expensive. In the known testing and adjustment methods, the injection
      pumps are placed individually on test benches, are connected up and are
      adjusted in the course of a number of operations by measuring the delivery
      quantity of the individual elements. These prior methods also involve
      manually correcting the position of rotation of the cylinder barrels
      equipped with control bores relative to the pistons having the inclined
      control edges. Apart from the adjustment method in which the cylinder
      barrels are rotated within a defined angular region to adjust the delivery
      quantity and which is used with the fuel injection pumps described
      initially, other adjustment methods are also known for use with injection
      pumps of similar construction. For example, methods are known wherein the
      connection between the adjusting rod and the piston is adjusted. A
      disadvantage in all the known testing and adjusting methods is that the
      adjustment of the pump depends in considerable extent on the skill of the
      mechanic, that is, it is subjectively influenced. In addition, the
      adjustment method can only be carried out with stationary, that is
      non-driven, pumps, an extremely time consuming process. Thus, when
      injection pumps are being mass-produced, for example, on a production line
      and assembly line, each production line or assembly line must include a
      large number of test benches with a corresponding number of mechanics.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to obviate the
      above-mentioned disadvantages and to provide an apparatus for and a method
      of adjusting the delivery quantity of the multi-cylinder fuel injection
      pumps described initially with which shorter adjustment times can be
      achieved by mechanizing this operation.
PAR  With the apparatus according to the present invention, this problem is
      solved in that a mechanically activatable adjusting tool is mounted in the
      apparatus. The adjusting tool is driven via a control gear and is force
      lockingly connectable to an application point or engagement point on the
      securing flange of the injection pump or on a transmission element coupled
      to the securing flange or on the cylinder barrel. A servo motor controlled
      by a control device is used to drive the control gear. The apparatus so
      constructed renders the adjusting process independent of the subjective
      judgment of a mechanic.
PAR  It has proved especially advantageous for the servo motor to be in the form
      of an electromotive stepping motor because a stepping motor converts the
      control signal supplied by the control device in accurately
      predeterminable adjusting steps, thus eliminating the need to indicate the
      position of the motor and simplifying the apparatus of the present
      invention. Hydraulic working cylinders could obviously also be used as the
      servo motors, but such cylinders would obviously have to be equipped with
      remote position indicators as otherwise the adjusting path predetermined
      by the control device could not be followed accurately.
PAR  It has also proved advantageous for the control gear to consist essentially
      of a worm gear provided with an adjusting worm and for the adjusting worm
      to engage in a groove in the adjusting tool. By transmitting the adjusting
      movements from the control gear to the adjusting tool in this manner,
      adjusting forces of great magnitude can be transmitted very simply in
      spite of the limited structural space.
PAR  To reduce the amount of assembly or preparation time for adjusting the
      injection pump, it is especially advantageous if a separate adjusting tool
      is provided for each pump element consisting of a piston and a cylinder
      barrel. The adjusting time can be further shortened by connecting each
      adjusting tool to a control gear and a servo motor, the latter being
      displaced with respect to each other in the apparatus as this enables the
      adjusting processes to be controlled in rapid succession or even to be
      effected simultaneously.
PAR  To enable the pump to be inserted in the apparatus without hindrance in the
      axial direction of the drive means, the adjusting tools are combined with
      the control gears and servo motors to form and adjusting device which is
      mounted in the housing of the apparatus in such a manner and position that
      it can be fitted in and out of the operating position.
PAR  A further especially advantageous feature of the present invention is that
      a conventional process control computer supplied with a nominal value
      input for the prescribed data of the injection pump to be adjusted is used
      to activate the control device of the servo motor or motors. This process
      control computer is supplied with a measuring and adjusting program. The
      input of the computer is connected to a conventional delivery quantity
      indicator of a conventional delivery quantity measuring device and to a
      tachometer of the drive unit equipped with a revolution regulating device.
      The output of the process control computer is connected to the control
      device of the servo motor or motors. Thus the device is completely
      independent of subjective influences on the part of the mechanic and
      operates so rapidly that the device can be connected directly with an
      assembly belt and can be designed in such a way that the testing and
      adjusting time is regulated according to the timing of the assembly belt.
      By using the process control computer all the pump elements can be
      adjusted simultaneously, thus saving a considerable amount of time over
      the known adjustment processes.
PAR  The method according to the invention for adjusting the delivery quantity
      of multi-cylinder fuel injection pumps using the apparatus according to
      the present invention is characterized essentially in that the adjusting
      tool driven by the servo motor is coupled with the application or
      engagement point on the securing flange or transmission element of the
      injection pump which is inserted in and gripped in the clamping device and
      coupled to the drive unit. The method is further characterized in that
      after measuring the delivery quantity by means of the delivery quantity
      measuring device at a predetermined constant rotational speed, the control
      device of the servo motor receives a control signal which is dependent on
      the difference between the measured delivery quantity and its nominal
      value. The servo motor rotates the cylinder barrel of the injection pump
      in one or more adjusting steps via the control gear and adjusting tool
      unit the delivery quantity is identical to the nominal value. Prior to
      adjustment the screws of the securing flange holding the cylinder barrel
      in its fitting position are only turned with a partial torque, which does
      not adversely effect the delivery quantity of the pump and which permits
      mechanical rotation of the securing flange or cylinder barrel; the screws
      of the securing flange are only tightened fully after the adjusting step
      or steps are completed. In this way adjustment of the fuel delivery
      quantity of the individual pump elements and the synchronization of these
      pump elements can be effected mechanically while the pump is running. It
      is especially advantageous for the control device of the servo motor to be
      activated by the process control computer which supplies the necessary
      signals for the control device in one or more process steps after
      comparing the measured delivery quantity with the nominal values of the
      same and optimization computation.
PAR  The fully automatic operating cycle can be achieved owing to the fact that
      all the measuring and adjusting steps including clamping, connecting and
      driving the injection pump and adjusting the position of the regulating
      rod are controlled fully automatically by the process control computer and
      control device.
PAR  Other objects, features and advantages of the present invention are to be
      made apparent from the following detailed description of the preferred
      embodiments thereof, reference being made to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic, partially schematic illustration of the essential
      parts of a first embodiment of an apparatus for adjusting multi-cylinder
      pumps according to the present invention in combination with a simplified
      illustration of an injection pump clamped in the apparatus;
PAR  FIG. 2 is a partial sectional view of the injection pump clamped in the
      apparatus of FIG. 1 and driven by its drive unit, an enlarged scale view
      of the adjusting device, including an adjusting tool, a control gear and a
      servo motor, being shown;
PAR  FIG. 3 is a sectional plan view along section line III--III in FIG. 2 of
      the parts of the device represented in FIG. 2 including the injection
      pump; and
PAR  FIG. 4 is a section view of a modified version of the apparatus of FIG. 2
      illustrating a second embodiment of an apparatus for adjusting
      multi-cylinder pumps according to the present invention.
PAR  FIG. 5 is a section view of another modified version of the apparatus of
      FIG. 2 illustrating a third embodiment of an apparatus for adjusting
      multi-cylinder pumps according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a multi-cylinder fuel injection pump 10 is present in
      an apparatus for adjusting such pumps according to an illustrative
      embodiment of the present invention. The pump 10 is screwed to a work
      piece support 11 and clamped by the work piece support 11 in a clamping
      device 12. The clamping device 12 includes securing jaws 13 which in the
      case of an apparatus according to the present invention are activated by
      working cylinders in a manner known per se which consequently need not be
      described in further detail. The clamping device 12 is secured to a base
      plate 14 of the apparatus housing 15 which is not represented in great
      detail. The same applies to bearing blocks 16 of an adjusting device 17,
      only one of which is represented in FIGS. 1-3.
PAR  The adjusting device 17 includes a shaft 18 mounted in the bearing blocks
      16. The shaft 18 acts as the swivel axis for the adjusting device 17. The
      adjusting device 17 is moved, via a positioning piston 20, into the
      operating position by a servo motor 19 which in the following example is
      in the form of a hydraulic piston cylinder unit. As is apparent from FIGS.
      2 and 3, the position of the adjusting device 17 designated as the
      operating position is represented in the drawing figures, its stop
      position not being represented. These positions are determined by an
      opening 21, a limit bearing 22 and an axis defining rod 23, which is
      rigidly connected to the adjusting device 17. The rod 23 acts as a limit
      stop and as an opposed bearing for the piston 20 of the servo motor 19. A
      housing 24 of the adjusting device 17 includes essentially two base plates
      25, only one of which is represented in FIGS. 1-3 and two cross beams 26
      and 27 in which adjusting tools 28, in the form of two arm levers, are
      mounted.
PAR  The apparatus represented in FIGS. 1-3 of the drawing is fully automated
      and accordingly, as is represented in FIG. 3, an individual adjusting tool
      28 is provided for each pump element 29 of the injection pump 10 in the
      form of an in-line pump. The apparatus could obviously only be provided
      with a single adjusting tool 28 which would be displaceably mounted on the
      shaft 18 in the axial direction of the injection pump or in the axial
      direction of the shaft 18 together with an appropriately modified housing
      24 and it would be moved sequentially into the appropriate operating
      position to adjust each pump element 29.
PAR  As is clearly shown in FIGS. 2 and 3, and is shown in simplified form in
      FIG. 1, the adjusting tool 28 engages with a web form protuberance 30
      located on its one lever arm 28a and a groove 31 acting as an engagement
      point on the outer periphery of a securing flange 32 for the pump element
      29 of the injection pump 10. In the case of the injection pump 10
      represented in FIGS. 1-3, the securing flange 32 is a fixed part of a
      cylinder barrrel 33 (see FIG. 2) which is inserted in a manner known per
      se in a pump housing 34 of the injection pump 10 and is clamped by means
      of two screws 35 against the upper front face 36 of the pump housing 34
      and held in its fitting position. A piston 38 having at least one inclined
      control edge 37 is axially and rotatably guided in the cylinder barrel 33
      in a manner known per se and the inclined control edge 37 cooperates with
      a control opening 39 in the wall of the cylinder barrel 33. The axial
      movements or lifting movements of the piston 38 are produced by a cam
      shaft 40. However, the rotary movements of the piston 38 for voluntarily
      altering the amount of fuel required are produced in a manner known per se
      by an adjusting rod 41 represented by the perforated lines. The control of
      the adjusting rod 41 runs parallel to the longitudinal axis of the
      injection pump 10 or of the cam shaft 40 and are converted into rotary
      movements of the piston 38 by an adjusting gear which is not represented
      in further detail.
PAR  As a result of the rotation of the piston 38, the relative position of the
      inclined control edge 37 with respect to the control opening 39 is altered
      and accordingly the quantity of fuel required per stroke by the particular
      pump element 29 of the injection pump. To insure that each piston 38
      delivers the same quantity of fuel per stroke in the case of injection
      pumps in the form of in-line pumps with a fixed control rod position, it
      is necessary for all the elements 29 of the injection pump 10 to be
      adjusted to the same delivery quantity for a given position of the control
      rod 41. In the case of injection pumps of the above-described
      construction, this is achieved by turning the cylinder barrel 33 within a
      defined angle. For this purpose, the securing flange 32, which is rigidly
      connected to the cylinder barrel 33, has two longitudinal holes through
      which are passed the screws 35 for securing the pump element 29. A
      pressure valve 44 is inserted in an extension of a bore guiding the piston
      38 inside the pump element 29, which is in the form of a flange element.
      The pressure valve 44 is held in the position indicated by a pressure line
      connecting piece 45 and is clamped tight against the cylinder barrel 33.
      The above-described pump is especially suited to delivery quantity
      adjustment according to the present invention.
PAR  The adjusting tool 28, which is mounted in the adjusting device 17 or in
      its cross beams 26 and 27, is force lockingly and form lockingly connected
      to an adjusting gear 47 by a second lever arm 28b which faces away from
      the first lever arm 28a provided with the projection 30. The adjusting
      gear 47 consists essentially of a worm wheel 49 provided with an adjusting
      worm 48. The adjusting worm 48 engages in a groove 46 of the adjusting
      tool 28. The worm wheel 49 is provided with a cog wheel 50 and is
      connected, via a chain 51, to a drive cog wheel 52 of an electromotive
      stepping motor 53 acting as a servo motor. As is shown in FIG. 1, the
      stepping motor 53 is controlled by a control device 54.
PAR  FIGS. 1-3, and in particular FIG. 3, show two identical adjusting gears 47
      each activating an adjusting tool 28. The adjusting gears 47 are each
      driven by chains 51 by one of the stepping motors 53 mounted in a
      scattered arrangement on the common base plate 25. The second base plate,
      which is not visible in the drawing figures, is mounted as a mirror image
      of the plate 25 represented and bears at least two servo motors and
      adjusting gears arranged in the same manner as shown in FIG. 3 such that
      the apparatus is set up for the fully automatic adjustment of a four
      cylinder in-line injection pump. The above-described apparatus can also be
      equipped for larger injection pumps having more pump elements by arranging
      more than two stepping motors on each base plate or by incorporating
      another base plate in the apparatus.
PAR  All the worm wheels 49 which are connected in a force locking and form
      locking manner to an adjusting tool 28 are mounted for rotation about a
      common axis defined by a rod 55 which is secured to the base plate 25 of
      the adjusting device 17. Each worm wheel 49 is mounted on the rod 55 with
      a radial bearing 56, acting as a pivot bearing, and two axial bearings 57,
      acting as support bearings, via which it is directly or indirectly
      supported on the housing 24 of the adjusting device 17. The common axial
      bearing 57 is incorporated between each pair of adjacent worm wheels 49 to
      reduce cost and space. The base plate 25 represented in the drawing, is
      rigidly connected to a stop 58 against which the injection pump 10 is
      supported by its front face 59 such that the adjusting forces transferred
      to the injection pump 10, when adjusting the cylinder barrels 33, are
      taken up by the stop 58. As subsequently to be described in further
      detail, the adjusting forces only act in the direction of the stop 58. In
      FIG. 1 the reference numeral 60 designates a position indicator in the
      form of an end switch which supplies a signal to the control device 54
      when the adjusting device 17 has reached the operating position indicated
      in which the adjusting tool or tools 28 are in engagement with the
      securing flange 32 of the injection pump 10 after the adjusting device 17
      has been pivoted by the servo motor 19 or by its piston 20 about its shaft
      18 acting as its pivot axis. The position signal supplied by the position
      indicator 60 is supplied, via a line 61, to the control device 54. Further
      position signals from switches and position indicators, which are not
      illustrated in detail, belonging to the adjusting device 17, the clamping
      device 12 and a drive unit 62 are supplied to the line 61 via lines 61a
      and 61b. For example, position signals are supplied via the line 61a from
      indicators, which are not illustrated, and which indicates the end
      positions of the worm wheel 49 provided with the adjusting worm 48 and the
      line 61b conveys position signals which indicate the correct position on
      the work piece support 11 within the clamping device 12, the clamping
      position of the securing jaws 13 and the drive readiness of a rapid acting
      coupling 63 of the drive unit 62 (see FIG. 3). A shaft end 64 which is
      part of a nonrotatable but flexible coupling 65 connected to the cam shaft
      40 of the injection pump 10 is gripped by the rapid acting coupling 63.
PAR  As is apparent from the simplified view provided in FIG. 1, the drive unit
      62 is provided with a revolution regulating device 66 which is controlled
      selectively by a manually activatable revolution control device 67 or
      automatically by the control device 54 via a control line 68. A delivery
      pump 69 and preferably an inductive tachometer 70 are driven by the drive
      unit 62 which preferably contains a thyristor-controlled synchronous
      motor. The delivery pump 69 draws fuel via a section line 71 from a tank
      72 and supplies this fuel via a delivery line 73 to the suction chambers
      74 of the injection pump 10, as represented in FIG. 2. As may be seen from
      FIG. 2, the fuel is supplied from the delivery line 73 to the suction
      chambers 74 via a pipe connection 75 which, in the embodiment represented,
      is on the right side of the injection pump 10 but in the case of a
      different arrangement of the pump on the motor, it can also be on the
      opposite side as is indicated by the connection 75' represented by the
      perforated lines. For this reason, the adjusting tool 28 is also inserted
      in the described embodiment between the worm wheel 49 and the securing
      flange 32 because direct activation of the securing flange 32 by the
      adjusting worm 48 of the worm wheel 49 would not be possible with the
      connection 75' in the position indicated by the perforated lines.
PAR  The adjusting rod 41, as shown in FIG. 2, is moved into the requisite
      position for adjusting the injection pump 10 either manually or, in the
      case of the fully automatic device represented, by an adjusting member 76.
      In this process the adjusting member 76 is controlled by the control
      device 54 via a line 77 which branches off from the control line 68. The
      controlled position of the adjusting rod 41 is supplied to a process
      control computer 80 by a position indicator 78 via a line 79. In addition
      to the signal for the adjusting position of the rod 41, this process
      control computer 80 which is provided with a signal from a nominal value
      input source 81, receives a revolution indicating signal from the
      tachometer 70 via a line 82 and the measured values of a delivery quantity
      measuring device 84 via a line 83. A digital revolution indicator 85 is
      connected to the tachometer 70 or to the line 82 for purposes of providing
      a visible indication of speed as an aid in manually controlling the
      apparatus. The delivery quantity measuring device 84 includes a delivery
      quantity measuring device 86 and a digital delivery quantity indicator
      device 87 for each pump element 29 to be measured simultaneously. The
      delivery quantity indicating device 87 is required for monitoring the
      apparatus and for the semi-automatic operation thereof and also serves as
      a delivery quantity indicator for the control device 54. If the process
      control computer 80 is not used, the signals supplied via the lines 79, 82
      and 83 are passed directly through to the control device 54. As is
      indicated by a perforated line 88, individual values for controlling the
      apparatus, preferably fed into the nominal value input 81 by means of a
      punch card are supplied directly to the control device 54. For a
      semi-automatic operation, the control device 54 is also provided with a
      manual control device 89 by means of which all the operating steps of the
      adjusting method, which have already been described in further detail, can
      be manually controlled and which contains the digital indicating
      instruments for all the functions of the device. The extent to which the
      manually operated revolution control device 67 and the digital revolution
      indicator 85 and the delivery quantity indicating device 87 can be
      integrated in this manual control device 89 is unimportant to the
      invention. Many possibilities will be readily apparent to specialists in
      the art, who may select any of a number of techniques for integrating the
      parts.
PAR  In FIG. 1, 90 designates a screwing device which is also activated by the
      control device 54 and which is used to tighten the screws 35 which, as has
      already been stated, prior to adjustment of the cylinder barrel 33, are
      only tightened with a partial torque which does not adversely affect the
      delivery of the pump 10 and permits mechanical turning of the securing
      flange 32 or the cylinder barrel 33 and which are only fully tightened
      fully after the adjustment operation. It may be advantageous to mount a
      screwing device of this type on the assembly line in front of and after
      the main portion of the apparatus in order to shorten the time of the
      adjusting period within this main portion of the apparatus.
PAR  The delivery quantity measuring device 86 of the delivery quantity
      measuring device 84 is connected via a pressure line 91 by means of a pipe
      coupling 92 (see FIG. 1). The pipe coupling 92 is in the form of an
      attachable rapid coupling or an automated clamping device to be activated
      by a piston (not illustrated).
PAR  The second embodiment according to FIG. 4 differs from the embodiment
      represented in FIGS. 1-3 merely in that the adjusting tool 28 of the
      adjusting device 17 does not have a web or the like, protuberance 30
      projecting directly into the groove 31 on the securing flange 32 of the
      injection pump 10 (FIG. 1). Rather, as shown in FIG. 4, a groove 93 of a
      transmission part 94 of an injection pump 10' is contacted by the
      protuberance 30. In the embodiment represented, the transmission part 94
      comprises a known securing flange 32' of the injection pump 10'. This
      securing flange 32' is not specially equipped for the adjustment
      operation. As in the case of the pump 10 according to FIGS. 1-3, the
      securing flange 32' is rigidly connected to a cylinder barrel 33'.
      Injection pumps are also known wherein the securing flange is separate
      from the cylinder barrel and which clamp the same in the housing.
PAR  Such a pump 10" is shown in FIG. 5 which is representing that part of the
      third embodiment which differs from the first or second embodiment. In the
      case of this pump 10", a transmission part 94" acts directly on a cylinder
      barrel 33" which comprises a pipe connection 45" and a groove 93" of the
      transmission part 94" is contacted by the protuberance 30 of the adjusting
      tool 28 of the adjusting device 17. It may also be in the scope of the
      invention if the transmission part 94" would act directly on the pipe
      connection 45" which is screwed and fastened in the cylinder barrel 33"
      (not shown).
PAR  The described apparatus is used for the mechanical or mechanized adjustment
      of the delivery quantity of the individual pump elements 29 of the
      injection pumps 10, 10' or 10" which are in the form of inline pumps. This
      function can be described as delivery quantity synchronization, with the
      adjusting rod 41 in a predetermined fixed position, the fuel delivery
      quantity of each individual element of the injection pump 10 or 10' or 10"
      is adjusted to the same delivery quantity within given tolerance limits.
      The most important measuring point for this delivery quantity
      synchronization is the so-called full load quantity which is measured at
      the full load speed of the injection pump. Two further measuring points
      coinciding with the idling speed and the so-called upper idling speed are
      established to compensate for or discover faults due to manufacturing
      errors in the pump elements.
PAR  The operation of the apparatus according to the invention will now be
      described with reference to FIGS. 1-3 in the case of a fully automatic
      operation controlled by the process control computer 80 and the control
      device 54 for adjusting the delivery quantity of the elements 29 of the
      injection pump 10.
PAR  The injection pump 10, which is mounted on the work piece support 11, is
      introduced into the clamping device 12 by the assembly belt located in
      front of the apparatus. In the clamping device 12, the injection pump 10
      is clamped by means of the securing jaws 13. The shaft end 64, which is
      connected via the coupling 65 to the cam shaft 40 of the injection pump 10
      is simultaneously non-rotatably coupled by the rapidaction coupling 63 of
      the drive unit 62 (FIG. 3). The pressure lines 91 for each pump element 29
      with their pipe couplings 92 are then connected to the pressure line
      connecting piece 45. The delivery line 73 is connected to the pipe
      connection 75 together with a conventional return line (not shown) and
      which is connected at the same level to a connection point on the pump 10
      and returns excess fuel to the tank 72. After the adjusting member 76 with
      the position indicator 78 having coupled to the adjusting rod 41 and the
      adjusting device 17 has been pivoted by activating the servo motor 19 into
      the indicated operating position in which the adjusting tools 28 engaged
      in the grooves 31 of the securing flange 32, the apparatus is ready for
      operation. The screws 35 have advantageously already been tightened on the
      assembly belt with a partial torque, which is less than the final
      retaining torque, and does not adversely affect the delivery quantity but
      also permits mechanical turning of the securing flange 32. A partial
      torque of approximately 0.4 kiloponds (MKP) has proved especially
      advantageous.
PAR  As is shown in FIG. 3, the injection pump 10 rests with its front face 59
      against the stop 58. It has proved advantageous for the securing flange 32
      to be in an end position limited by the longitudinal holes associated with
      the flange 32 and produced by turning to the left (anti-clockwise) in the
      delivery space. As the securing flange 32 is generally disposed in the
      central position indicated, the flange 32 is turned by means of the
      adjusting tool 28 in a clockwise direction so that the adjusting forces
      transmitted to the pump 10 are taken up by the stop 58.
PAR  The actual delivery quantity measuring and adjusting operation now begins.
      The speed of revolution regulating device 66 receives a signal from the
      control device 54 via the control line 68. On account of this signal, the
      drive unit 62 drives the injection pump at full speed. When this speed has
      been reached, the data obtained from the delivery quantity indicators 87
      through the continuous measurements taken by the delivery quantity
      measuring device 86 is supplied to the process control computer 80 via the
      line 83. The computer 80 is programmed for the entire adjusting program
      and has received the pertinent adjusting and measuring data for the
      particular pump which is to be adjusted via the nominal value input source
      81 from punch cards or the like.
PAR  After comparing the measured data with the nominal values, the stepping
      motor 53 is controlled by the control device 54 in such a way that by
      turning the worm wheel 49, the securing flange 32 is turned by the
      adjusting tool 28 it is a short distance before its position corresponding
      to the nominal delivery quantity. The delivery quantity of the pump
      element 29 which is now measured is supplied to the process control
      computer 80. To measure the second measuring point, the injection pump 10
      is driven at its upper idling speed by the drive unit 62 and the adjusting
      rod 41 is moved into the corresponding position by the adjusting member
      76. The delivery quantity measured in this position at this speed is also
      supplied to the process control computer 80. To obtain a third measuring
      point, the speed and adjusting rod path for the lower idling speed can
      also be engaged. The delivery quantity obtained is also stored in the
      process control computer 80 and at the next step, it leads the process
      control computer 80 through an optimization computation. In the course
      thereof, the process control computer 80 decides whether, with the given
      delivery quantity values, it is possible to make a flange adjustment where
      the delivery quantity at all three measuring points is within the
      tolerance limits. If the process control computer 80 decides that this is
      not possible, the measuring routing is interrupted and the injection pump
      19 is removed to be overhauled. An error report established by the process
      control computer 80 makes it possible to determine quickly the faulty
      element or elements. If the process control computer 80 makes an
      affirmative decision, then the securing flange 32 is moved into its
      nominal position in response to corresponding signals from the process
      control computer 80. In this position, one or all the measuring points are
      once again measured and checked and if the adjustment is faultless, the
      drive unit 62 is disconnected, the connections of the lines 73 and 91 are
      interrupted, the adjusting device 17 is moved from the operating position,
      and as indicated, by the lowering of the piston 20 of the servo motor 19
      into its stopped position, the rapid-acting coupling 63 of the drive unit
      62 is disengaged, the securing jaws 13 are released and the injection pump
      10 with its workpiece support 11 is removed from the clamping device 12.
PAR  The above-mentioned steps, which have been described in reference to a
      fully automatic adjustment routine, can also be released by the control
      device 54 in semi-automatic operation whereby the individual steps are
      effected by signals to the control device 54 by an operator, using the
      manual control device 89. The drive speed is also pre-selected in the
      manual control device 89 or is set in the speed control device 67
      connected to the speed of revolution regulating device 66. The actual
      speed is read from the digital speed indicator 85, the quantity being
      delivered is taken from the delivery quantity indicating device 87 which
      simultaneously sets as a delivery quantity transmitter and the other
      operating positions such as the operating position of the adjusting device
      17, which is represented in the figures of drawings and is transmitted by
      the position indicator 60 to the control device 54. The values are
      indicated on the manual control device 89 by means of known signal lines
      which are consequently not represented in further detail. In place of the
      optimization computation effected by the process control computer 80 to
      control the stepping motors 53, the operator takes the steps to be
      effected by the stepping motors 53 from a table and supplies the
      corresponding valve to the manual control device 89.
PAR  When rotating the securing flange 32, special care must be taken to insure
      that the nominal value is not exceeded during the first adjusting
      operation as rotation in the opposite direction to the adjusting direction
      is either not possible or would be disadvantageous owing to the play in
      the individual adjusting members and owing to the stop 58 which is only
      provided on one side.
PAR  The decision to provide the adjusting device 17 with the stepping motors 53
      and to drive the worm wheel 49 via the chains 51 have proved a very simple
      and also advantageous solution. The stepping motors 53 can be controlled
      with precisely defined control signals and require no adjustment of the
      position obtained. the chains 51 permit inexpensive and friction-free
      transmission of the fairly considerable adjusting forces. The adjusting
      movement produced by the adjusting tool 28 on the securing flange 32 can
      be very accurately engaged and sufficiently powerful adjusting forces can
      be applied owing to the stepping down of the rotation of the stepping
      motors 53 by the drive wheel 52 and the cog wheel 50 of the worm wheel 49
      and owing to the adjusting worm 48 provided with a very gradual incline.
      Other known mechanical or hydraulic drive means can obviously also be
      provided for the adjusting tool 28 in place of the servomotors 53 and the
      worm wheel 49. The choice of possible drive means for the space in the
      axial direction of the pump camshaft 40 defined by the spacing between the
      pump element 29 is very limited and accordingly the selected arrangement
      has proved especially advantageous.
PAR  The delivery quantity measuring device 84, which includes the delivery
      quantity measuring apparatus 86 and the indicating devices 87, and the
      control means, as there are the control device 54 with the manual control
      device 89, the revolution regulating device 66 with the manual operated
      revolution control device 67, the digital revolution indicator 85 and the
      process control computer 80 with the nominal value input source 81 are in
      themselves not the object of the present invention. It is preferable to
      use for the measuring of the delivery quantity a continuously measuring,
      indicating and measuring signal transmitting measuring device such as the
      device marketed under the name PDQmeter produced by the firm of Industrial
      Measurements and Controls, Pomona, California, U.S.A. This device is also
      designated as a "Positive Displacement Flowmeter" (U.S. Pat. NO.
      2,934,938). The "Quantity Indicator" produced by Robert Bosch GmbH,
      Stuttgart, and disclosed in British Pat. No. 1,172,623 and Bosch
      Technische Berichte, Heft 3, Juni 1965, pages 139-151 can also be used as
      the delivery quantity measuring device 86. As the process control computer
      80 with the nominal value input source 81 there may be used a computer
      marketed unter the name PDP-11 and a nominal value input source named
      Teletype produced by the firm of Digital Equipment Corp., Maynard,
      Massachusetts U.S.A. and described in pdp-11 hand book, copyright 1969 by
      Digital Equipment Corporation. It is preferable to use also for this
      purpose process control computer marketed under the name MINCAL 621
      produced by the firm Heinrich Dietz Industrieelektronik, 433 Mulheim/Ruhr,
      West-Germany and a nominal value input source marketed under the name
      Matrixomat produced by the firm Hartmann & Lammle OHG, Stuttgart,
      West-Germany. The control device 54 includes a conventional solid state
      control (wired logic), a control apparatus to control the stepping motors
      53 as disclosed in U.S. Pat. Nos. 3,514,680 and 3,254,286 and in
      Electronic Design 10, May 11, 1972, pages 52 - 54. The control device 54
      may be automatically controlled by the computer 80 or semiautomatically by
      an operator using the manual control device 89, which includes well-known
      push buttons and relay switches to control the steps of the stepping
      motors 53. The revolution regulating device 66 is preferable a
      frequency-analog motor control system as disclosed in Regelungstechnik,
      Heft 11 - 1968 pages 497 - 500 whose input is fed by the computer 80 or in
      a well-known manner by the manual operated revolution control device 67.
      The momentary revolution resp. the actual speed may be read from the
      digital speed indicator 85. Such an indicator is well-known and therefore
      not further described.
PAR  While three illustrative embodiments of an apparatus for adjusting fuel
      injection pumps and variants have been illustrated and described, it is to
      be appreciated that numerous other embodiments and variants are possible
      within the spirit and scope of the present invention. The scope is defined
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for adjusting the delivery quantity on multi-cylinder
      fuel injection pumps including drive means and a clamping device for such
      injection pumps, which are of the in-line type, the pistons of which have
      at least one inclined control edge and are axially and rotatably guided in
      cylinder barrels and which are each held in their fitting position at
      least indirectly by a securing flange positioned against an upper front
      face of a pump housing by screws, these barrels being rotatable within a
      defined angle to adjust the delivery quantity and receiving a pressure
      valve in an extension of the bore receiving a piston and including a
      delivery quantity measuring device for measuring and indicating the
      quantity of fuel delivered per given stroke or unit of time, the
      improvement comprising a control means; a mechanically activatable
      adjusting tool mounted within the apparatus; an adjusting gear coupled to
      said adjusting tool, said tool being force lockingly engageable with an
      application point on a pump to be adjusted; and servo motor means
      controlled by said control means for driving said adjusting gear.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein the application point on the
      pump comprises an application point on said securing flange.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein the application point on the
      pump comprises an application point on a transmission member, said
      transmission member being coupled to said securing flange.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein the application point on the
      pump comprises an application point on a transmission member, said
      transmission member being coupled to said cylinder barrel.
NUM  5.
PAR  5. An apparatus as claimed in claim 1, wherein said servo motor means is in
      the form of at least one electromotive stepping motor.
NUM  6.
PAR  6. An apparatus as claimed in claim 1, wherein said adjusting tool is
      provided with a groove, and said adjusting gear comprises a worm wheel
      provided with an adjusting worm, said adjusting worm engaging in said
      groove of said adjusting tool.
NUM  7.
PAR  7. An apparatus as claimed in claim 6 including a chain means, and wherein
      said worm wheel is provided with a cog wheel adapted to be driven by said
      servo motor via said chain means.
NUM  8.
PAR  8. An apparatus as claimed in claim 6, including a housing, and wherein
      said worm wheel is mounted in said housing, which forms part of an
      adjusting means with a radial bearing acting as the pivot bearing and with
      two axial bearings serving as the support bearings.
NUM  9.
PAR  9. An apparatus as claimed in claim 1, including a plurality of adjusting
      tools, one being provided for each pump element which includes a piston
      and a cylinder barrel.
NUM  10.
PAR  10. An apparatus as claimed in claim 9, wherein each of said adjusting
      tools is connected to said adjusting gear and said servo motor, the latter
      being mounted within the apparatus in a spacially displaced arrangement.
NUM  11.
PAR  11. An apparatus as claimed in claim 10, wherein said adjusting tools are
      combined with respective adjusting gears and sevo motors to form an
      adjusting device mounted in the housing of the apparatus so as to be
      jointly pivotable in and out of operating position.
NUM  12.
PAR  12. An apparatus as claimed in claim 9, wherein each of said adjusting
      tools is in the form of two armed levers, and including a plurality of
      worm wheels mounted for rotation about a common axis.
NUM  13.
PAR  13. An apparatus as claimed in claim 1, further including a process control
      computer for activating said control means for said servo motor means,
      said computer being provided with a nominal value input from a signal
      source for the precribed measuring data of the injection pump sought to be
      adjusted, said computer also having a measuring and adjusting signal
      program at its input from a delivery quantity indicator of a delivery
      quantity measuring device and a speed indicator of drive unit for the pump
      fitted with a speed regulating device having its output being connected to
      said control device of said servo motor means.
NUM  14.
PAR  14. An apparatus as claimed in claim 13, wherein the input of said process
      control computer is also connected to a position indicator of an adjusting
      rod of the injection pump sought to be adjusted and its output is
      connected to a positioning member to activate said adjusting rod.
NUM  15.
PAR  15. A method of adjusting the delivery quantity of multi-cylinder fuel
      injection pumps comprising providing an adjusting tool driven by servo
      motor means, coupling the adjusting tool to an application or engagement
      point on a securing flange, or a transmission part of an injection pump
      sought to be adjusted and which is mounted and clamped in a clamping
      device and coupled with a drive unit, measuring the delivery quantity by
      means of the delivery quantity measuring device at a given constant speed,
      providing a signal to a control device of the servo motor means indicative
      of the difference between the measuring delivery quantity and its nominal
      value, rotating the cylinder barrel of the injection pump sought to be
      adjusted by the servo motor means via an adjusting gear, moving the
      adjusting tool in at least one adjusting routine until the delivery
      quantity is equal to the nominal value, and finally tightening screws of a
      securing flange holding the cylinder barrel in its test position, which
      screws have been turned prior to the adjustment routine with a partial
      torque which does not adversely effect the delivery of the pump and which
      permits mechanical rotation of the securing flange or of the cylinder
      barrel, the final tightening being effected after the adjustment routine.
NUM  16.
PAR  16. A method as claimed in claim 15, including activating the control
      device of the servo motor means using a process control computer supplying
      control signals for the control device in one or more process steps after
      comparing the measured delivery quantities with their nominal value and
      effecting an optimization computation.
NUM  17.
PAR  17. A method as claimed in claim 15, wherein only the measuring and
      adjusting steps, including clamping, connecting and driving the injection
      pump, and adjusting the position of an adjusting rod are controlled fully
      automatically by a process control computer and the control device.
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ABST
PAL  The operating speed of an electronic timepiece, whose electro-optical
      indicator is excited by an oscillator with a frequency harmonically
      related to its stepping rate, is determined by an electrostatic sensor
      including a monitoring plate capacitively coupled to an electrode of the
      indicator. The output of the sensor is a bipolar pulse train developed
      across a resistor defining a differentiation circuit of small time
      constant with the condenser formed by the monitoring plate and the
      electrode, the capacitance of this condenser being on the order of 1 pf or
      less so that the controlling oscillator is not significantly loaded by the
      presence of the sensor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method of a system for determining the
      operating speed or rate of an electronic watch comprising a time indicator
      which makes use of an electro-optic display element such as a liquid
      crystal, a light diode or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  The art of chronometry has developed from a mechanical watch, comprising a
      spring as its power source, to a battery-powered watch comprising an
      electromagnetically driven tuning fork or hairspring balance and crystal
      to a crystal timepiece comprising a crystal oscillator which can generate
      a high-frequency signal as a time standard. There has also been developed
      a totally electronic watch which makes use of an electro-optic display
      element such as a liquid crystal or a light-emitting diode for displaying
      time and is not provided with movable parts at all.
PAR  In prior-art systems for determining the rate of a mechanical watch, the
      vibrations or impacts of an oscillating body incorporated in the clockwork
      - i.e. its ticks are detected acoustically by means of a microphone
      arranged outside the watch case. In a conventional system serving to
      determine the rate of a watch controlled by a tuning fork, having a high
      oscillating frequency and low ticks, or of an electromagnetically driven
      watch whose clockwork does not produce ticks, the generated magnetic
      leakage flux is electromagnetically detected by means of a monitoring coil
      positioned outside the watch case.
PAR  In the totally electronic watch which does not produce any tick or magnetic
      leakage flux, it is impossible to measure the rate acoustically or
      electromagnetically by the aforedescried methods. In this case, it is
      known to provide a lead extending through the watch case to deliver a rate
      signal to an external speed sensor. This conventional method, however, has
      the disadvantages that a circuit incorporated in the watch case is liable
      to be subjected to outside disturbances, that the monitoring lead occupies
      additional space, and that the watch must be connected through a conductor
      to the speed sensor every time the rate measurement is to be carried out.
      Thus, this prior - art method is unsuitable for testing watches on an
      large scale.
PAC  OBJECT OF THE INVENTION
PAR  The object of our present invention, therefore, is to provide an improved
      method of and means for monitoring the operating speed of an electronic
      timepiece whose visual indicator is excited by an applied alternating
      voltage of fixed frequency and is stepped at a rate harmonically related
      to that frequency.
PAR  We realize this object, in accordance with the present invention, by
      closely juxtaposing a conductive monitoring plate with an electrode of the
      time indicator of an electronic timepiece to be tested, the plate and the
      electrode forming a low-capacitance condenser whose junction with a large
      resistor constitues an output terminal where a bipolar pulse train,
      derived from the exciting voltage by differentiation, is available for
      transmission to a counter which forms part of a conventional rate meter
      measuring the recurrence rate of the pulses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      greater detail with reference to accompanying drawing wherein:
PAR  FIG. 1 shows schematically an embodiment of a speed-sensing system for an
      electronic watch which makes use of a liquid-crystal display cell;
PAR  FIG. 2 is a graphic representation of the phase relationship between a
      voltage wave driving the liquid crystal shown in FIG. 1 and a pulse train
      detected;
PAR  FIG. 3 is a block diagram of the circuit arrangement of a
      crystal-oscillator-type watch utilizing the liquid-crystal display cell
      shown in FIG. 1;
PAR  FIG. 4 schematically illustrates details of the speed sensor shown in FIG.
      1; and
PAR  FIG. 5 is a graphic representation of a train of voltage pulses detected by
      the system shown in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 we have shown a speed-sensing system according to the invention
      applied to a watch wherein a liquid crystal display device is used. An
      embodiment of the liquid crystal display device shown in FIG. 1 comprises
      two parallel glass substrates 1a and 1b provided at their inner surfaces
      with electrodes 2a and 2b, respectively, forming a gap therebetween.
      Between the electrodes 2a and 2b is sandwitched a liquid crystal substance
      3. One of the electrodes 2a is made transparent. If an electric field is
      applied across both the electrodes 2a and 2b, the liquid crystal substance
      3 is electro-optically modulated to display letters or figures in response
      to the electrode pattern.
PAR  In general, the electric field applied across both the electrodes 2a and 2b
      is of an alternating electric field on the order of several volts to
      several tens volts as determined by taking the life of the liquid crystal
      into consideration and hence the output voltage wave delivered from an
      electric power supply source 4 and for driving the liquid crystal 3 is of
      a rectangular wave 5 as shown in FIG. 2.
PAR  In accordance with the invention, provision is made of a metal plate 6
      arranged near the liquid crystal display with parallel to exciting
      electrode 2a and spaced apart from its carrier plate 1a. The electrode 2b
      is directly connected to ground while the metal plate 6 is grounded
      through a terminal 8 and a resistor 7.
PAR  When the electric field is applied across the electrodes 2a and 2b, the
      potential of the electrode 2a changes from O to V as shown by the voltage
      wave 5 in FIG. 2 to electrostatically induce an electric charge on the
      metal plate 6. The resulting output voltage at the terminal 8 is a pulse
      train 9 having the waveform shown in FIG. 2.
PAR  Thus, the cell electrode 2a and the metal plate 6 constitute a condenser
      having a very small capacitance through which the output at oscillator 4
      is electrostatically transmitted to the resistor 7. As a result, the
      exciting voltage wave 5 is differentiated into the voltage wave 9. If the
      voltage wave 5 is a square wave with steep flanks, the pulse amplitude of
      train 9 approaches the peak voltage V wave 5.
PAR  The waveform 9 depends on the time constant determined by the capacitance
      2a, 6 and by the magnitude of resistor 7. If this time constant is very
      small compared with the period of the voltage wave 5, the voltage wave 9
      becomes a series of sharp spikes.
PAR  The aforementioned capacitance 2a, 6 can be on the order of 0.01 to 1 pf,
      and the value of the resistor 7 can be on the order of 1 to 100 M.OMEGA.,
      which can be easily realized.
PAR  Owing to the high-impedance electrostatic coupling between the resistor 7
      and the oscillator 4 through a capacitance of not more than 1 pf, only a
      small load current drawn from the oscillator 4 whose stability, therefore,
      is not degraded. In addition, the liquid-crystal display cell is not
      adversely affected by the presence of a large shunt capacitance.
PAR  Experimental tests have shown that if the peak voltage delivered by the
      oscillator 4 is 5 V, the dimension of the metal plate 6 is 5 mm .times. 5
      mm .times. 0.3 mm (thickness) and the gap between the electrode 2a and the
      metal plate 6 is at least 2mm, then the capacitance of members 2a and 6 is
      on the order of 0.1 pf, and that if the value of the load resistor 7 and 1
      M.OMEGA., the peak output voltage at the terminal 8 is 50 mV. In FIG. 1,
      reference numeral 10 designates an amplifier and wave shaper.
PAR  In a watch whose clockwork comprise an oscillator controlled by a crystal
      or a tuning fork, and the natural frequency of the crystal or the tuning
      fork determines the rate of the watch. The signal delivered to each digit
      position of the time display device indicator changes every second, minute
      or hour with a precision depending upon the stability of the oscillator
      frequency. The bipolar pulse train 9 of the same fundamental frequency
      triggers the amplifier 10 to allow rapid masurement of the rate of the
      watch. the alternating
PAR  In FIG. 3 we have shown an embodiment of our invention wherein an
      oscillator 21 is controlled by a crystal 22 and adapted to deliver a
      stable alternating voltage to a first frequency divider 23. Reference
      numeral 24 designates a battery adapted to operate as an electric power
      supply with an output of 1.5 V. The first frequency divider 23 has two
      outputs 25 and 26. The output 25, at a frequency of 64 Hz, is delivered to
      a second frequency divider 27 which feeds one pulse 28 per minute to a
      7-segment decoder 29 from which a 7-segment digital display signal is
      delivered through a divider 30 to a liquid-crystal display device 31.
      Thus, decoder 29 is stepped at a rate of 1/60 Hz to change the pattern of
      energization of display 31, as is well known per se.
PAR  The output 26, at a frequency of 256 Hz, is delivered to a bootstrap type
      DC/DC converter 32 feeding a high direct-current voltage 33 of 7 V to the
      second frequency divider 27, decoder 29 and driver 30 in parallel.
PAR  The second frequency divider 27 delivers an output signal 34 of 32 Hz to
      the driver 30 which supplies an alternating voltage of 7 V to the display
      device 31. The exciting frequency of voltage 34 is therefore harmonically
      related to the stepping rate determined by the signal 28.
PAR  FIG. 4 illustrates a circuit arrangement which can detect the rate of a
      watch 40 provided with the sensor shown in FIG. 3. A metal plate 42 is
      arranged above a display window 41 of watch 40. A gap 43 formed between
      the display window 41 and the metal plate 42 has a width of up to 1 mm.
      The watch 40 and the metal plate 42 are surrounded by a simple
      electrostatic shield 44. In the present embodiment, a sufficient
      electrostaic shielding effect is obtained by using a thin aluminum sheet
      as the enclosure 44.
PAR  The metal plate 42 is connected to an amplifier 45 including a
      junction-type field-effect transistor. A load resistor 46 connected to the
      elctrostatic-pickup plate 42 has a magnitude of 1 M.OMEGA. and the
      dimensions of that plate are 5 mm .times. 5mm .times. 0.3 mm (thickness).
      If the gap 43 is about 1 mm, the waveform 51 of the monitoring voltage
      developed across the resistor 46 is again a bipolar pulse train as shown
      in FIG. 5. The detecting voltage has a peak value 52 of 40 mV and a period
      53 of 31,250 .mu.sec(32 Hz).
PAR  The output from the amplifier 45 is delivered through a wave shaper 47 to a
      1/2.sup.5 frequency divider 48 by which the frequency is stepped down to a
      nominal value of 1 Hz. The output from the frequency divider 48 is
      delivered to a counter 49 which forms part of a conventional rate meter.
PAR  In a specific instance, the deviation from the nominal frequency was found
      to be not more than 1 .times. 10.sup..sup.-7 per 10 periods on the
      average. This stability calculated in terms of daily difference,
      corresponds to a gain or loss of at most 0.01 sec/day which is considered
      a sufficiently high degree of precision.
PAR  In another instance, metal plate 42 used as a monitoring electrode is
      replaced by a glass plate of 10 mm .times. 10 mm .times. 0.5 mm
      (thickness) and covered at one surface with a transparent electrically
      conductive film of SnO.sub.2 which gives the same satisfactory results as
      the aforedescribed arrangement. Moreover, the use of a transparent
      electrode plate 42 renders it possible to detect the rate of the watch 40
      while reading the time displayed its luminous indicator.
PAR  The electro-optical display element used as the time indicator of the
      electronic watch need not be a liquid-crystal cell. The invention may be
      applied to any other luminous display elements driven by an electric field
      such, for example, as light-emitting diodes, plasma displays,
      electro-chromic displays, electroluminescent displays and the like.
      Because of its low energy consumption, the speed-monitoring system
      according to our invention is simple in construction and highly precise in
      operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for determining the operating speed of a timepiece provided
      with an oscillator of fixed frequency, electro-optical indicator means
      including an exciting electrode, stepping means for said indicator means
      controlled by said oscillator means, and circuit means connected to said
      oscillator for applying to said exciting electrode an alternating voltage
      harmonically related to the stepping rate of said indicator means,
      comprising a conductive plate spacedly juxtaposed with said exciting
      electrode for defining therewith a coupling capacitance, a resistance
      connected to said capacitance for developing thereacross a voltage wave in
      step with said alternating voltage, amplifier means connected across said
      resistance, and rate-metering means connected to said amplifier means.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said indicator means comprises a
      liquid-crystal cell.
NUM  3.
PAR  3. A system as defined in claim 1 wherein said capacitance and said
      resistance define a differentiation circuit with a time constant which is
      small compared to the period of said alternating voltage.
NUM  4.
PAR  4. A system as defined in claim 3 wherein said resistance has a magnitude
      on the order of megohms and said capacitance is on the order of, at most,
      1 pf.
NUM  5.
PAR  5. A system as defined in claim 1 wherein said plate and said electrode are
      both transparent for enabling viewing of said indicator means during speed
      determination.
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ABST
PAL  The invention resides in an improved time error measuring device or test
      bench for watches. The device includes a sensing microphone for sensing
      the stepping movement of the watch under test and in the form of a series
      of electric signal pulses. It further includes a range selector adapted
      for selecting a proper range depending upon the thus sensed stepping
      signal pulse series. Time error measuring means is utilized for detecting
      occasional time error of the watch by comparing the sensed stepping pulses
      with a standard clock pulse series and at the precision attributed to a
      selected measuring range. All these operations may be carried out in a
      fully automatic manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a digital type time error measuring device for
      watches.
PAR  With conventional digital type time error measuring devices, manual
      selective operations must be carried out, so as to adapt them for optimum
      measuring accuracy which varies depending upon the type of the watch and
      the stepping or the like operating frequency.
PAR  It should be mentioned at this stage of description that the term
      "stepping" which is best applied to mechanical watches will be used also
      in reference to semi- or pure electronic watches.
PAR  There are generally three categories of watches. The first one is the
      traditional mechanical watch. The second one is the electro-mechanical
      watch, such as electromagnetically vibration or oscillation-sustaining
      tuning fork or drive balance wheel type, pulse motor-driven. The third one
      is the purely electronic and digital time display type.
PAR  When a watch is tested on a test bed for detecting the occasional time
      display error thereof, the stepping information of the watch must be
      derived for comparison with a standard clock pulse information developed
      and maintained by a separate generating source, such as a quartz
      oscillator built-in in the test bed.
PAR  In the case of a mechanical watch placed on the test bed  the stepping
      movement of the balance wheel can be sensed by a mechanical sensor such as
      a bar feeler which is kept in contact with the watch case, and then
      converted into a corresponding electrical pulse series through a
      piezoelectric element mounted on the feeler.
PAR  In the case of a semi-electronic watch of tuning fork type as an example,
      being placed on the test bed, the required stepping information of the
      watch can be derived from drive coil means thereof and in the form of a
      stepping-responsive stray magnetic information which may converted into a
      corresponding electrical pulse series preferably by a sensing coil
      provided in the test bed.
PAR  Even if the watch is of the pulse motor drive type, the stepping-responsive
      magnetic information can equally be derived from the drive coil of the
      motor.
PAR  In the case of a pure electronic watch placed on the test bed, the required
      stepping-responsive information can be derived from the digital display
      electrode means and in the form of a periodically variable stray
      electrical field which can be converted into a corresponding electric
      pulse series by means of a sensing electrode provided in the test bed and
      acting as a counter electrode relative to said display electrode means,
      constituting thereby a capacitor in combination.
PAR  The aforementioned three categories of the watch correspond substantially
      to the stepping precision from low, for mechanical movements to high for
      electronic ones. Therefore, for carrying out measurements of time errors
      of watches, these watches must optimumly be classified into specific
      classes of measuring ranges. For this purpose, manual change-over
      manipulations have been carried out in use of the conventional test bed to
      adopt and select a most proper measuring range among various ranges
      provided in the test bed.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the main object of the present invention to provide an
      improved time error measuring device, capable of obviating the
      aforementioned troublesome manual change-over job for proper range
      selection and highly adapted for the realization of a full-automatic
      device of the above kind.
PAR  The time error measuring device for watches, according to this invention,
      is characterized by the provision of means for the automatic determination
      of the proper measuring range of a watch under test, depending upon the
      inherent stepping precision degree thereof and adapted for successive
      measurement of occasional time error of the watch within the predetermined
      range and in comparison with a standard clock pulse series.
PAR  These and further objects, features and advantages of the present invention
      will become more apparent when read the following detailed description of
      the invention by reference to the accompanying drawings illustrative of
      several preferred embodiments of the invention
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a substantially sectional view of a sensing microphone adopted in
      this invention.
PAR  FIG. 2 is a block diagram showing a combination of a clock pulse selector
      with said sensing microphone.
PAR  FIG. 3 and 4 are two wave from charts showing several voltage pulses
      appearing at several preferred points of the combined circuit shown in
      FIG. 2 and at two different operational stages, respectively.
PAR  FIG. 5 is a schematic block diagram of essential parts of a preferred
      embodiment of the present invention.
PAR  FIG. 6 is a timing chart of the voltage signals appearing at several
      preferred points of the circuit shown in FIG. 5.
PAR  FIG. 7 is an enlarged chart substantially showing a part of FIG. 6.
PAR  FIG. 8 is a logarithmic chart showing a measuring range allocation as
      adopted in the above embodiment.
DETD
PAR  Referring now to FIG. 1, illustrating a watch signal detecting
      microphone-like unit, generally shown at 12, numeral 13 represents a
      box-shaped casing which comprises an upper cover or table is denoted as
      14. This table 14 is formed with a small opening 14a in which a
      shock-absorbing sleeve 15 made preferably of rubber is attached fixedly.
PAR  A vibration detector bar 16 is fixedly mounted in this sleeve 15 and
      extends considerably therefrom upwardly and downwardly. At the lowermost
      end of the downwardly extending portion of said bar which is positioned
      within the interior space of said unit 12, there is provided a
      piezo-electric element 17 glued to the bar.
PAR  A rigid, angle-shaped positioning member 18 substantially covers a slot
      window opening 14b formed through the table 14 and slidably mounted
      thereon. A knob piece 19 is fixedly attached substantially at its lower
      end to the positioning member 18, an attachment piece 110 being coupled
      rigidly from below to the knob piece by screwing as shown. In this way, a
      slide assembly 21 is constituted by these members 18, 19 and 110. The
      piece 110 is formed with a circular groove 110a for mounting one end of a
      tension spring 23, the opposite end of which is fixed to a hook 22
      positioned on the inside wall 23 of said casing 13. Therefore, the slide
      assembly 21 is subjected always to a resilient force directing rightwards
      in FIG. 1, as shown by a small arrow.
PAR  There is provided a recessed area 14c on the lower surface of table 14 on
      which an electrode plate 24 is fixedly attached as by gluing and for stray
      field detection. Below the electrode plate 24, there is provided a coil 25
      mounted on a support 26 for detecting stray magnetic field, as will be
      more fully described hereinafter. The coil support 26 is rigidly mounted
      on the bottom plate 28 of said casing 13.
PAR  An electric connector 27 is mounted in the casing 13 and connected
      electrically in parallel with the electrodes of piezo-electric member 17
      and the both ends of coil 25, not shown.
PAR  The watch 11 to be measured is placed on table 14 and positioned between
      the vibration detector 16 and the slide 18 and subjected to spring tension
      at 23.
PAR  When the watch 11 has a mechanical movement, the mechanical vibration which
      corresponds precisely to its stepping motion is transmitted mechanically
      to the detector 16 now kept in pressure contact with the watch as shown.
      The thus transmitted mechanical vibration is converted into a
      corresponding voltage pulse variation which is further transmitted through
      connector 27 to watch signal selector section 20.
PAR  If the watch is an electronic watch which is provided with an
      electromagnetic converter for driving a pulse motor, a variable stray
      magnetic field in synchronism with rotation of the rotor will be emanated
      from the watch and detected in and by the coil 25. The detected variable
      stray magnetic field is converted in the coil 25 into corresponding
      voltage variation which is further transmitted to watch signal selector
      section 20 as before.
PAR  If the watch 11 is an electronic and digital type one, stray electrical
      field will emanate from the watch and is caught by the electrode plate 24
      which converts the variable field into corresponding voltage pulse
      fluctuation, and the latter is further conveyed through connector 27 again
      to the selector block 20.
PAR  In FIG. 2, the watch signal selector is schematically shown.
PAR  Numeral 12 represents again the sensing microphone which comprises the
      aforementioned several sensing elements 17, 24 and 25 same as before.
PAR  A1, A2 and A3 represent shaping amplifiers which are connected respectively
      with output ends of these sensing elements 24, 25 and 17.
PAR  At the output a.sub.1 of the shaping amplifier A1, a series of pulses as at
      S.sub.1 will appear as representing the stray field signal sensed at the
      electrode plate 24 and in a shaped and ampliefied form.
PAR  At the output a.sub.2 of the shaping amplifier A2, a series of pulses as at
      S.sub.2 will appear as representing the stray magnetic field signal sensed
      at the coil 25 and in a shaped and amplified form.
PAR  At the output a.sub.3, a series of pulses as at S.sub.3 will appear as
      representing the mechanical vibration signal sensed at the piezo-electric
      element 17 and in a shaped and amplified form.
PAR  Numerals 31 and 32 represent respective monostable multivibrators,
      abbreviated as MMV-1 and MMV-2, respectively.
PAR  These multivibrators 31 and 32 are triggered and retriggered by application
      of the pulse series S.sub.1 and S.sub.2, respectively.
PAR  Output signal from the output at Q1 of multivibrator 31 is fed to an input
      of AND-gate 33. Output signal from the output a.sub.2 of amplifier A2 is
      fed to a further input of the same AND-gate 33. The signal S.sub.2 may
      selectively appear at the output b.sub.1 of AND-gate 33 depending upon the
      conditions at Q1.
PAR  Output signal from the output at Q1 of multivibrator 31 is fed also to an
      input of AND-gate 34. Output signal from the output Q2 of multivibrator 32
      is fed to a further input of AND-gate 34. Output signal S.sub.3 at output
      a.sub.3 of amplifier A3 is fed to a still further input of AND-gate 34.
PAR  At the output b.sub.2 of AND-gate 34, the signal S.sub.3 may appear
      selectively, depending upon the conditions at the outputs Q1 and Q2.
      Outputs a.sub.1, b.sub.1 and b.sub.2 are connected to respective inputs of
      OR-gate 35.
PAR  As may be well appreciated two or more kinds of input signals can be fed to
      the block 20. However, in this case, a preference in the order of
      electrical field signal, magnetic signal and mechanical vibration signal
      is established in the block 20, and thus, only one kind input signal will
      be delivered substance through output terminal WS connected to the output
      of OR-gate 35 shown in FIG. 2, as will be more fully described below with
      reference to FIGS. 3 and 4.
PAR  Now it is assumed that three kinds of input and processed pulse signals
      S.sub.1, S.sub.2 and S.sub.3, emanating from the watch 11 under test and
      having thus a common period T, should appear at a.sub.1, a.sub.2 and
      a.sub.3, respectively and substantially at the same time as shown in FIG.
      3, and that .DELTA.T represents a maximum time lag between one of the
      first kind pulse series, for example S.sub.1 and the third pulse signal
      series, S.sub.3.
PAR  T.sub.1 represents the specifically designed operation period of monostable
      multivibrator (MMV-1) 31, as determined by and between the application of
      an input pulse S.sub.1, thereby converting its state from logic 1 to 0,
      and the termination of the thus converted state to recover its normal
      state 1. In the similar way, T.sub.2 represents the specifically designed
      operation period of monostable multivibrator (MMV-2) 32, as determined by
      and between the application of an input pulse S.sub.2, thereby converting
      its state again from logic 1 to 0, and the termination of the thus
      converted state to recover its normal state 1.
PAR  Now assuming such condition: (T + .DELTA.T) &lt; T.sub.1 which is nearly equal
      to T.sub.2, both outputs Q1 and Q2 of multivibrators 31 and 32 are kept
      their high level or logical 1 if there is no input watch signal pulse
      applied to the sensing microphone 12. Thus, AND-gates 33 and 34 are ready
      for passage of signal pulses S.sub.2 and S.sub.3, respectively, if
      applied. On the other hand, signal pulse S.sub.1, if applied, it can
      always be passed to the OR-gate 35. Since the outputs b.sub.1 and b.sub.2
      are permanently connected with respective inputs of OR-gate 35, any one of
      said watch pulses S.sub.1, S.sub.2 and S.sub.3 is applied solely to the
      microphone, it may appear without hindrance at the final stage output
      terminal WS in FIG. 2, under these operating conditions.
PAR  When said three kinds watch pulses S.sub.1, S.sub.2 and S.sub.3 are applied
      substantially simultaneously as above mentioned, multivibrator 31 will be
      triggered with the watch pulse S.sub.1 and thus convert its state from
      logical 1 to 0, so as to close AND-gates 33 and 34, preventing watch
      pulses S.sub.2 and S.sub.3 from being transmitted. Therefore, watch pulse
      S.sub.1 can only appear at the output terminal WS. Before termination of
      the operating period T.sub.1, the following S.sub.1 -pulse is applied,
      thereby multivibrator 31 is retriggered for maintaining the zero logic
      state. During continued application of S.sub.1 -pulses, therefore, other
      S.sub.2 - and S.sub.3 - pulses are positively prevented from appearing at
      the output terminal WS, FIG. 2. Therefore, a part of the aforementioned
      estabtishment for job preference will be executed.
PAR  Even in such a specific timing these three types watch pulses S.sub.1,
      S.sub.2 and S.sub.3, where S.sub.2 or S.sub.3 should lead relative to
      S.sub.1, the first watch pulse can appear at the output WS, yet second and
      further pulses S.sub.2 or S.sub.3 can be effectively checked from
      appearing at WS, thus completing the preference sequence.
PAR  Now considering a case that S.sub.2 - and S.sub.3 pulse series are
      concurrently applied to the sensing microphone 12 from the watch 11. By
      the application of a S.sub.2 -pulse, multivibrator 32 turns from its logic
      1 to 0 state, thereby AND-gate 34 is closed, so as to check passage of
      S.sub.3 -pulses. Multivibrator 31 is not activated with S.sub.1 -pulses.
      Therefore, the remaining S.sub.2 -pulses will pass through AND-gate 33 and
      OR-gate 35 to output terminal WS.
PAR  It is clear from the foregoing that even if any combination of said three
      kinds watch pulses S.sub.1, S.sub.2 and S.sub.3 is applied at the
      microphone 12, only one selected kind pulse series is allowed to pass
      through the block 20 to be taken out at the output terminal WS, according
      to the established preference order.
PAR  It should be noted that the number of the kinds of the watch signal pulse
      series is not limited only to three. If necessary, the number could be
      increased to four or more numerous series of pules.
PAR  It is further clear from the foregoing embodiment and for covering every
      possible kinds of the watches to be tested upon, it will suffice to pre
      set the operation periods T.sub.1 and T.sub.2 of the multivibrators 31 and
      32 in consideration of a least possible stepping frequency of the watches,
      say, that of the mechanical watch. The necessary condition, therefore, can
      be expressed as:
EQU  (T + .DELTA.T).sub.max. &lt; T1 .div. T2
PAR  at the present developed stage of the watch industry, the value of T.sub.1
      or T.sub.2 is approximately 1.5 seconds, in consideration of Tmax. being
      approximately one second for the pulse motor drive electronic watch.
PAR  Although in the embodiment shown in FIG. 1, the clock or watch signal pulse
      selector 20 has been shown as a separate block from the sensing microphone
      12, both units can be physically coupled into one by arranging the
      selector block 20 within the casing 13 of the microphone. In addition, the
      circuit block shown in FIG. 5 (to be discussed herein) may conveniently be
      incorporated into an overall unified block, so as to provide an automatic
      time error measuring device.
PAR  Further it should be noted that each the watch signal pulse sensing
      elements 17, 24 and 25 may be designed as any desired kind of watch
      stepping information detector element in its broadest sense, although not
      specifically shown and described.
PAR  Referring now to FIG. 5, showing the first embodiment of the invention, NG1
      . . . NG17 represent respective NAND-gates; OG1 . . . . . OG3 respective
      NOR-gates; FF1 . . . . FF8 RS-flip-flops; FF9 represents a T-flip-flop;
      and MM1 . . . MM3 represent respective monostable multivibrators. IV1 . .
      . IV7 represent respective inverters.
PAR  Numeral 1 represents a counter section, which is preferably a 7-units
      reversible electronic decimal counter, while numeral 2 represents a gate
      signal generator section adapted for generating a plurality of, herein
      three, different kinds of gate signals having specifically designed
      different duration periods, as will be more specifically described
      hereinafter. This gate signal generator section comprises electronic
      constituents NG1 . . . NG6 and FF1 . . . FF3.
PAR  Numeral 3 represents a gate selector section which is adapted for selection
      of a proper one of the gates included in a count-stop gate section 4,
      responsive to the gate signal received and the watch pulse signal fed
      through an input terminal WS. The section 4 serves as an on-off control of
      stop pulses, as will be more fully described hereinafter. The gate
      selector section 3 comprises said electronic constituents NG . . . NG9,
      OG1 and OG2, FF4 . . . FF6 and IV3. The count-stop gate section 4
      comprises NG10 . . . NG12, 6G3, IV4 . . . IV6.
PAR  Numeral 5 represents a range selector section which selects a proper
      stepping measuring range, depending upon the gate signal received.
PAR  Numeral 6 represents a latch circuit section which serves for data exchange
      exclusively during the main measuring stage to be described. Numeral 7
      represents a 3-units decimal decorder and numeral 8 shows a digital time
      error display section comprising a 3-units display elements group. The
      watch pulse input WS is shown at two different places in FIG. 5 only for
      convenience.
PAR  The aforementioned constituents are electrically connected, as clearly
      illustrated in FIG. 5.
PAR  In FIG. 6, a number of different voltage curves appearing at several points
      in the arrangement shown in FIG. 5 are shown. It should be stressed that
      the gate signals G1, G2 and G3 have been illustrated in a rather
      exaggerated way for more clear understanding of the present invention.
PAR  The measuring operation is divided into the preparatory measuring stage and
      the main measuring stage and the former will be described below at first.
PAR  As an example, a predetermined 7-units decimal number such as 8640000 has
      been preset in the counter section 1. It is assumed that Q-output terminal
      (shown twice in FIG. 5) of the flip-flop FF9 is off while Q-output
      terminal (shown again twice in FIG. 5) thereof is on.
PAR  Under these conditions, when a series of watch pulses (as shown at WS in
      FIG. 6) is applied from a supply source 20, FIG. 2, through input terminal
      WS to flip-flop FF7, the latter will be set at the arrival of the first
      pulse of said series and thus, the Q-output terminal thereof switches from
      off to on. In this way, count-enabling terminal CE of the counter section
      1 is fed with a setting signal for bring the latter into its substracting
      operation mode for substracting standard clock pulses, say 86400 Hz
      .times. n, n being an integer which may be say 100 as adopted herein, from
      the once preset value 8640000 as referred to above. The standard clock
      pulsess are supplied through an inlet terminal CL to the counter 1. The
      standard clock pulse supply source may be of a conventional design, such
      as a quartz oscillator which is electrically connected with the input
      terminal CL although not shown as being well known the in the art.
PAR  The counter 1 is provided with the NAND-gate NG14 which is designed to
      deliver an output signal when the contents of the counter 1 becomes zero
      which condition will be established when the initially preset value
      8640000 has been substracted out. With arrival of the output signal it's
      S-input, flip-flop FF8 reverses its state, say, from logic 0 to 1, and an
      output signal is delivered thereby from its Q-output terminal to a UD
      (up-down) terminal of the counter 1, thereby the latter converting its
      operational mode from substraction to addition.
PAR  The counter 1 has first, second and third output GO1, GO2 and GO3 for
      delivery of respective timing pulse signals. The first output GO1 is
      connected with inputs of NAND-gates NG1 and NG2. The second output GO2 is
      connected with inputs of NAND-gates NG3 and NG4. In the similar way, the
      third output GO3 is connected with inputs of NAND-gates NG5 and NG6.
PAR  Q-output of flip-flop FF8 is connected permanently to an input of each of
      said NAND-gates NG1, NG3 and NG5, as shown.
PAR  When the contents of the counter 1 represent +0000999 which corresponds to
      a daily time lead 9.99 seconds of the watch under test; not shown, an
      output signal will be delivered from the first output GO1 to NAND-gate NG2
      which is thus energized or opened to deliver an output signal to S-input
      of flip-flop FF1 to convert its state, thereby its Q-output converting
      from logic 0 to 1. When the contents of the counter 1 represent 0000999
      which corresponds to a daily time lag of 9.99 seconds of the watch under
      test, an output pulse signal will be delivered from the first output GO1
      to NAND-gate NG1 which is thus energized to deliver an output signal to
      R-input of Flip-flop FF1 to convert its state, thereby its Q-output
      converting from logic 1 to 0.
PAR  In the similar way, when the contents of the counter 1 represent + or -
      0009990 which corresponds to a daily time lead or lag 99.9 seconds, an
      output signal will be delivered through second output GO2 and NAND-gate
      NG4 or NG3 is energized and flip-flop FF2 operates.
PAR  In the similar way, when the contents of the counter 1 represent + or -
      0099900 which corresponds to a daily time lead or lag 999 seconds, an
      output signal will be delivered through third output GO2 and NAND-gate 6
      or 5 is energed and flip-flop FF3 operates.
PAR  The gate selector section 3 comprises NAND-gates NG7, NG8 and NG9 and
      flip-flops FF4, FF5 and FF6, as shown. These NAND-gates NG7, NG8 and NG9
      are adapted for detection coincidence of the gate signals G1, G2 and G3
      coming from the gate signal generator 2 with the watch signal pulse at WS
      passed through preparatory gate NG15, while said flip-flops FF4, FF5 and
      FF6 are adapted for memory of thus selected-out optimum gate for the
      measurement and as determined by the presence of the said coincidence, if
      any.
PAR  The preparatory selection step at the gate selector 3 for the determination
      of a proper gate will now be described by reference to FIGS. 5 and 7.
PAR  In the case of the preparatory measuring stage under consideration, output
      Q of flip-flop FF9 is kept on and the watch pulse signal at WS is applied
      through NAND-gate NG15 to one side inputs of NAND-gates NG7, NG8 and NG9,
      respectively.
PAR  On the other hand, gate pulses G1, G2 and G3 from gate signal generator 2
      are applied to other side inputs of NAND-gates NG7, NG8 and NG9.
PAR  Now, it is assumed that flip-flops FF4, FF5 and FF6 have been reset upon
      application of reset pulse from terminal R so that outputs Q of these
      flip-flops are all kept on. Under these conditions, only such pulse or
      pulses from RS kept in synchronism with the related gate pulses with said
      NAND-gates NG7, NG8 and NG9 is/are allowed to pass, so as to set the
      flip-flops FF4, FF5 and FF6 which are connected with respective outputs
      thereof.
PAR  In FIG. 7, G1, G2 and G3 represent three different duration gate signals
      brought into coincidence with each other. SW1 is assumed to represent a
      watch signal which has a low frequency and a high time precision. SW2 is
      assumed to represent a watch signal which has a low frequency and a low
      time precision. SW3 is assumed to represent a watch signal which has a
      high frequency and a high time precision. All these watch signals are fed
      through the terminal WS.
PAR  With supply of the watch signal SW1, and in the counter 1 which has started
      already to initiate the substracting operation by supply of the foregoing
      start pulse as was referred to hereinbefore gate pulses G3, G2 and G1 will
      be caused to apply in succession of the order and in a predetermined
      standard time point as shown by a dotted vertical line in FIG. 7, and then
      caused to close upon lapse of the zero result in the counter 1. During
      this operation, only one pulse of the pulse series SW1 will pass through
      these three gates during their opened state, thereby all the three
      flip-flops FF4, FF5 and FF6 being brought into their set state. However,
      two (FF5 and FF6) of these flip-flops are reset by the output signal at Q
      of the remaining one FF4 fed through OR-gates OG1 and OG2, while the
      flip-flop FF4 is maintained, Therefore, with supply of the pulse series
      SW1, measurement can be executed in any of the measuring ranges. However,
      in practice and in this example, on account of the high time precision the
      gate G1 for highest measurement range of .+-. 9.99 sec/day will be
      selected out.
PAR  With application of watch signal SW2, as shown in FIG. 7, the watch signal
      is allowed to pass during the conducting period of NG9, and only flip-flop
      FF6 is set through NG9. While, during the conducting period at G1 and G2,
      there is no watch signal and thus, flip-flops FF4 and FF5 are not set.
      Therefore, in this case, gate G3 for the most rough precision measuring
      range, .+-. 999 sec/day is selected out.
PAR  With application of the watch signal SW3, as shown in FIG. 7, flip-flop FF6
      will be set with the watch signal upon opening of the gate G3, and
      flip-flop FF5 will be set upon opening the gate G2. However, since
      flip-flop FF6 is reset by the output signal at Q-output of flip-flop FF5
      through OR-gate OG2 and NAND-gate NG9 is caused to close by the output
      signal at Q of the same flip-flop FF5, further application of the watch
      pulses can not set the flip-flop FF6. In the similar way, when gate G1 is
      opened to set flip-flop FF4, its output signal at Q thereof will reset the
      flip-flops FF5 and FF6, while NAND-gates NG8 and NG9 are caused to close
      by the application of output signal at G of flip-flop FF4, thereby the
      latter only being selected out.
PAR  The aforementioned gate selecting operation terminates at the termination
      of G3-pulse, FIG. 6, by which the flip-flop FF3 is reset and the output
      signal at Q thereof will cause at its go-down to off the multivibrator MM3
      to operate, so as to deliver therefrom a termination pulse which is fed
      through OR-gate OG3 to flip-flop FF7 to reset. By this operation, an
      optimum one of the flip-flops FF4, FF5 and FF6 is selected out for the
      most suitable gate.
PAR  In this case, outputs from Q-outputs of the flip-flops FF4, FF5 and FF6 in
      combination with respective gate pulses G1, G2, and G3, FIGS. 6 and 7,
      condition the count stop gate 4 adapted for the main measuring operation
      and cause the section 5 to operate depending upon the selected-out gate
      for setting a most proper measuring range.
PAR  The preparatory measuring stage has now been completed. Next, the main
      measuring stage will be described with reference to the watch signal shown
      in FIG. 7.
PAR  In the foregoing preparatory measuring stage, the flip-flop FF4 has only
      been set and the section 5 has been changed over to the measuring range of
      .+-. 9.99 sec/day. In the section 4, the NAND-gate NG10 only has been set.
PAR  Under these operating conditions, when flip-flop FF7 is reset by
      application of output signal from said multivibrator MM3, output from the
      same flip-flop FF7 will turn off at its Q-output and on at its Q-output,
      and the CE-terminal of the section 1 is reset, so as to terminate the
      counting job. At the termination of Q-output signal from flip-flop FF7,
      the multivibrator MM1 will generate a latch pulse (M) as shown in FIG. 6.
      However, NAND-gate 13 is kept closed by virtue of the off output state at
      Q of flip-flop FF9. Therefore, a latch operation can not be started in any
      way. The time error display section 8 which may be composed of a
      combination of a plurality of, say three, conventional digit display tubes
      such "MIXY" as most frequently used in electronic calculators, although
      not shown, will continue to hold the foregoing time error data.
PAR  At the up-rising leading edge of the latch pulse (M), FIG. 6, multivibrator
      MM2 will operate so as to develop a reset pulse (R), FIG. 6, thereby the
      aforementioned presetting date: 8640000 is introduced in the counter
      section 1. At the same time, flip-flop FF8 is reset, thereby the operation
      of the same section 1 being change over to a substraction stage.
PAR  Although the reset pulse (R) is applied to the input of NAND-gate NG16, the
      gate selector 3 is not reset on account of output failure at Q of the
      flip-flop FF9.
PAR  At this stage, preparating operations for the main measuring job have been
      completed. The duration time counted from the completion of the
      preparatory stagee to the above termination of the preparing operations
      for the main measuring stage will extend for less than 100 nano-seconds
      which are negligibly small relative to the stepping period of the watch 11
      under test for time error.
PAR  Next, the main measuring job will be described below in detail.
PAR  In FIG. 6, the fourth pulse at "P" of the watch pulse series WS is assumed
      to be a start pulse to be supplied as the first one upon completion of the
      preparating operations for the main measuring job and supplied to
      flip-flop FF7, so as to set CE-inlet of the counter section 1 which
      initiates thus a substracting job as before. At the same time, the output
      at Q of flip-flop FF7 represents a descending leading edge by which the
      flip-flop FF9 turns its state so that its output Q becomes on while its
      output Q becomes off, thereby the measuring conditions being changed over
      from the preparatory to the main measuring stage.
PAR  When the subtracting operation in the section 1 continuous nearly for a
      correct standard time, 1 second adopted herein, the gates different
      duration gate pulses as at G3, G2 and G1, FIGS. 6 and 7, develop in this
      order, as was referred to hereinbefore, and are applied to the gates
      contained in the section 4. Since, in the foregoing stage, only the
      flip-flop FF4 in the selector 3 has been set, NAND-gate 10 only is opened
      for the duration term of a gate pulse G1, during which the watch pulse WS
      arriving through NAND-gate NG17 is allowed to pass as a stop pulse, so as
      to reset the flip-flop FF7, thereby the CE-input of the counter 1 being
      reset for the termination of the counting job. At the same time and with
      the arrival of the descending edge of Q-output of the flip-flop FF7, the
      multivibrator MM1 will be caused to operate for passing a latch pulse (M)
      through gate NG15 which is kept open exclusively during the main measuring
      stage and by means of the flip-flop FF9 and for allowing the operation of
      the latch circuit 6.
PAR  By this operation, a three units numeral of all the new data concerning the
      stepping motion of the watch 11 which are written-in in the section 1 and
      as specified by the change-over section 5, is taken out from the same
      section and conveyed through decimal decorder 7 to time error display
      section 8.
PAR  In the chart shown in FIG. 8, the measurable ranges with use of the device
      according to this invention and concerning the stepping frequency and time
      accuracy belong to the area below a dotted line A shown therein. In the
      present embodiment, by properly conditioning said gates G1, G2 and G3, the
      ranges can be defined by a broken full line B and on the area therebelow,
      as shown. For a watch, having its operating frequency of 43 Hz at the
      maximum, measurements can be made till the time accuracy of .+-. 999
      sec./day. For 430 Hz, measurements can be made till the time accuracy of
      .+-. 99.9 sec./day. For 4.3 kHz, measurements can be made till the time
      accuracy of .+-. 9.99 sec./day, according to our practical experiments.
PAR  Generally speaking, when the higher the operational frequency is, then the
      higher will be the time accuracy of the watch. Therefore, it can be
      concluded that the aforementioned measuring ranges will satisfy the
      practical demands.
PAR  For the time piece, such as the quarz oscillator type pulse motor-driven
      watch wherein the operating frequency is low, yet the time accuracy is
      high, a properly selected range can be established well adapted for the
      desired measuring purpose, as was explained specifically hereinbefore.
PAR  In the foregoing description, the preparatory and main measuring jobs were
      carried out in the series mode by use of a single counter section.
      However, in practice, they can be executed simultaneously and in a
      parallel manner by use of a pair of counter sections, although not
      specifically shown.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are as follows:
NUM  1.
PAR  1. A digital time error measuring device, comprising in combination, a)
      first means for sensing a watch signal from a watch under test; b) second
      means for amplifying said watch signal and converting it tinto pulses; c)
      a standard oscillator for generating a series of standard clock pulses; d)
      a preliminary measuring means adapted for operation by reception of said
      standard clock pulses for selecting and determining the most optimal
      respective one of predetermined measuring and displaying conditions and
      depending upon the difference between the frequency of said clock signal
      and the measured watch signal; e) main measuring means for measurement of
      time error of said watch signal and depending upon the measuring
      conditions selected and determined by said preliminary measuring means;
      and f) time error display means for display of measured results by main
      measuring means and depending upon the display condition selected and
      determined by said preliminary measuring means, wherein said first means
      for sensing a watch signal comprises sensing means for watch signals of a
      different physical nature comprising periodic stepping information of
      electrical field, magnetic field and mechanical vibration modes.
NUM  2.
PAR  2. The device of claim 1 wherein said sensing means is a microphone
      comprising said sensing elements arranged within a casing, these sensing
      elements being arranged in parallel to said signal-treating means for
      being kept always in their active condition.
NUM  3.
PAR  3. The device of claim 2 further comprising watch signal selector means
      adapted for selection of higher order signal among the watch signals
      delivered from said sensing means and in accordance with a preferential
      order as determined by the kind of said physical nature of the watch
      signal.
NUM  4.
PAR  4. The device of claim 3 wherein said preferential order is determined by
      the order of electrical field, magnetic field and mechanical vibration
      mode, in succession.
NUM  5.
PAR  5. A digital time error measuring device, comprising in combination, a)
      first means for sensing a watch signal from a watch under test;
PA1  b. second means for amplifying said watch signal and converting it into
      pulses;
PA1  c. a standard oscillator for generating a series of standard clock pulses;
PA1  d. a preliminary measuring means adapted for operation by reception of the
      measured watch signal thereby determining one of predetermined measuring
      and displaying conditions; e) main measuring means for measurement of time
      error of said watch signal and depending upon the measuring conditions
      selected and determined by said preliminary measuring means; and f) time
      error display means for display of measured results by said main measuring
      means and depending upon the display condition selected and determined by
      said preliminary measuring means, said preliminary measuring means
      comprising a pulse generating circuit adapted for starting upon reception
      of said measured watch signal and for delivery of a plurality of gate
      signal pulses each comprising two or more seconds pulses plus or minus a
      measurable error time length and means for selecting and storing a gate
      signal pulse indicative of the shortest possible measuring range to
      thereby utilize one of the predetermined measuring conditions during the
      duration period of the selected gate signal pulse.
NUM  6.
PAR  6. The apparatus of claim 5, wherein the gate signal pulse duration period
      corresponds to one of the predetermined measurement conditions.
NUM  7.
PAR  7. The apparatus of claim 6, wherein said error display means comprises a
      plurality of digit display elements adapted in combination for
      representing multi-digit numbers, decimal point display means in
      combination with said digit display elements and means for variably
      positioning the decimal point in response to the duration period of
      selected-out gate signal pulse.
NUM  8.
PAR  8. The apparatus of claim 7, wherein counters of said gate signal
      generation means and those of said time error measuring means are
      cooperable with one and the same counter circuit for execution of
      measuring condition setting operation and time error measuring operation
      in an alternating manner.
NUM  9.
PAR  9. The apparatus of claim 8, wherein said watch signal sensing means
      comprises a plurality of sensing elements for selection of watch signals
      derived from different physical stepping modes of the watch, the sensing
      elements being connected in parallel with each other to signal processing
      means without intermediary of switching over means.
NUM  10.
PAR  10. The apparatus of claim 9, wherein said signal processing means works
      with a predetermined preferential order depending upon the physical nature
      of input watch signal.
NUM  11.
PAR  11. The apparatus of claim 10, wherein the preference is in the order of
      periodic information of electrical field, electromagnetic field and
      mechanical vibratory derived from the stepping operation of the watch
      under test.
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PAL  A machine for testing bearing grease in which a shaft is supported in two
      bearings the outer race of each of which is set in a housing for the
      grease to be tested and breaking means for the shaft which will cause the
      bearings to heat.
BSUM
PAR  The invention relates to bearing-grease testing machines.
PAR  Various methods exist for testing the qualities of bearing-greases,
      generally by observing their behaviour in test bearings which may possibly
      be loaded and heated.
PAR  For doing this there exist numerous types of machine in which the testing
      of the grease is effected on one or two identical bearings filled with the
      grease to be tested, the outer race being integral with a frame and the
      inner race being driven in rotation by a shaft.
PAR  These machines enable study of either the rheological behaviour of the
      grease (due to shearing) or its endurance in time. Certain of them enable
      the frictional torque of the bearings to be determined by various methods
      (intensity induced in the motor, for example) with all the inaccuracies
      which that implies, owing particularly to the presence of other bearings
      in the motor or in plummer blocks carrying the loads.
PAR  In addition, in the majority of existing machines the means of heating the
      bearings generally consist of an enclosure heated by electrical resistors,
      in which are placed the bearings containing the grease to be tested.
PAR  This method of heating does not reproduce the most severe conditions of
      raising of temperature of a bearing in service for which the inner race is
      brought to a temperature distinctly higher than that of the outer race,
      which imposes upon the grease a more severe lamination. In addition it
      does not enable very accurate control of the bearing temperature.
PAR  In accordance with the invention there is provided a machine for testing
      greases on bearings, comprising a frame, a shaft, a means of driving the
      shaft in rotation, two bearings spaced apart, each comprising an inner
      race fixed to the shaft and an outer cage rigidly locked to a housing
      containing the grease to be tested, seals interposed between the shaft and
      the bearing housings, and a means of heating the bearings, which comprises
      means for braking the shaft, including an inner rotor fast with the shaft
      between the two bearings and a stator locked rotationally with respect to
      the frame, upon which are mounted on opposite sides of the rotor two
      cheeks each bearing the housing of one of the bearings.
PAR  In a preferred form of the invention for the control of the temperature the
      member for braking the shaft is an electromagnetic powder coupling.
PAR  Thus it may be seen that in the machine in accordance with the invention
      the heat is produced not by electrical resistors but by dissipation of the
      braking power in the form of heat, this heat thus being propagated
      partially through the cheeks of the brake up to the housings receiving the
      outer race of the bearings containing the grease to be tested, and
      preponderantly, from the construction, through the rotor shaft up to the
      inner race of these bearings, where the temperature is thus always higher
      than that of the outer race.
DRWD
PAR  Furthermore the machine, particularly in its preferred embodiment, which
      will now be described by way of example, presents other advantages which
      will become apparent in the course of the description wich follows, and in
      which reference is made to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of the whole of one embodiment of the
      invention,
PAR  FIG. 2 is a partial section along A--A in FIG. 1,
PAR  FIG. 3 is a diagram of the bearing temperature regulation, and
PAR  FIG. 4 represents an example of automatism for the measurement of the
      deceleration of the rotating portion.
DETD
PAR  The machine represented in FIG. 1 comprises a frame 1 supporting a cradle
      11 on to which is fixed an electromagnetic powder brake 5 represented in
      section in FIG. 2. The brake 5 comprises a stator 52 (FIG. 2) fixed
      rotationally by the cradle 11, and a shaft 3 which carries the inner races
      of two test bearings 61 and 62 located on opposite sides of the rotor 51
      of the electromagnetic brake, the outer races of which are fast with
      bearing housings 60 mounted on two cheeks 53 of the stator 52. Seals 60'
      and 66' are interposed between the shaft 3 and housing 60. The rotor 51
      can be an integral part of the shaft 3 as shown in FIG. 2 or constitute an
      independent part rigidly locked to the shaft 3.
PAR  The shaft 3 carries at its ends two domed-rim receiver-rollers 31 fixed
      symmetrically with respect to the equatorial plane of the rotor, upon
      which bear two cylindrical-rim rollers 7.
PAR  The shafts of the two cylindrical rollers 7 are each carried by a beam 70
      (FIG. 1) hinged to the frame about an axis 71. One of the beams carries a
      motor 72 driving the shaft of one of the rollers 7 by means, for example,
      of a belt, the roller in turn driving by friction the corresponding roller
      31 and the rotor. There is provided in addition means of loading the
      bearings. For this purpose each beam 70 carries overhung beyond the
      rollers 7 a load 73 the value of which may be adjusted according to the
      type of test. The electromagnetic brake 5 contains iron powder distributed
      in the gap separating the rotor 51 from the stator 52, the latter forming
      about the rotor a polar mass inside which are located two exciter coils
      571 and 572. When current flows through these coils it creates a radial
      magnetic field in the gap which coagulates the iron powder in a manner
      increasing as a function of its intensity. The torque which tends to brake
      the rotor 51 is thus directly proportional to the current and for a given
      speed of the shaft 3 the power which results from it is dissipated in the
      form of heat being propagated on the one hand through the cheeks 53 and on
      the other hand and preponderantly through the rotor 51 and the shaft 3
      towards the bearings filled with grease to be tested.
PAR  As may be seen from FIG. 2 independent regulation of the temperature of
      each bearing 61 and 62 is obtained by means of two exciter coils 571 and
      572 located symmetrically with respect to the equatorial plane of the
      stator 52. In addition a deep narrow throat 510 may advantageously be
      arranged in the equatorial plane of the rotor 51. The thermal flow
      resulting from the excitation of each coil 571 (572) is thus channelled
      preponderantly towards the nearer bearing 61 (62). The temperature of one
      of the bearings can thus be substantially modified with respect to that of
      the other by acting upon the intensity of feed to the corresponding coil.
PAR  The temperature of each of the bearings is measured by means of
      thermocouples 63 applied, for example, to their outer races. FIG. 3 gives
      by way of example a diagram for regulation of the excitation intensity.
      Each thermocouple 63 is connected to a temperature programmer 631 upon
      which there might be displayed either a constant set temperature or a
      uniformly increasing temperature or any other law of variation of
      temperature with time. When the temperature of the bearing transmitted by
      the thermocouple reaches the required set value a relay 632 cuts off the
      feed to the corresponding exciter coil. The brake thereby cools and as
      soon as its temperature has dropped by, for example, 2.degree.C the relay
      restores the current to the coil and so on.
PAR  The testing machine enables different types of test to be made. In
      particular the employment of an electromagnetic powder brake enables the
      temperature at the bearings to be controlled with accuracy and its
      regulation ensured.
PAR  Keeping at a fixed temperature for several hours can also be obtained in
      order to perform tests of the endurance of grease in industrial operation.
      Any cycle whatever can also be effected by controlling the time to rise of
      temperature and then the time of keeping at a fixed temperature.
PAR  There can likewise be carried out a continuous rise in temperature until
      the grease flling the bearing changes and flows into the circular recesses
      54 arranged in the cheeks 53, then falls by gravity towards the outside
      thanks to ducts 56 provided for this purpose at the lowest point. The
      grease thus falls in the form of drops which can be recovered, for
      example, on a blotting paper passing by at known speed.
PAR  By noting the temperature starting from which the grease escapes through
      the aperture 56 the dynamic drop-point of a grease can be determined with
      accuracy.
PAR  Besides the possibility of obtaining at the bearings a given temperature
      and a given load the machine in accordance with the invention enables the
      drag torque of the test bearings alone to be determined.
PAR  For this purpose jacks 74 located under the overhung ends of the beams 70
      enables the latter to be raised as required and thus the receiver rollers
      31 to be freed in order to record the deceleration of the rotating portion
      supported solely by the bearings filled with the grease to be tested.
PAR  An automatism comprising a cam-programmer 8, represented diagrammatically
      in FIGS 4a and 4b by way of example, performs at regular intervals of time
      the following operations:
PA1  it cuts off the feed to the brake coils (contact a),
PA1  it lifts the beams (contact b),
PA1  immediately afterwards it counts by a known system such as a pulse detector
      9 (FIG. 4b) the number of revolutions of the shaft during a very short
      time t.sub.1 and stores them (contact d),
PA1  at the end of a short period t.sub.2 (contact e) it again counts the number
      of revolutions during the same time t.sub.1 and subtracts it from the
      previous count, then displays this drop in speed or passes it to a contact
      f,
PA1  to finish off, a contact g returns everything to zero.
PAR  The development in the time of this fall in speed is directly connected
      with the state of the grease filling the bearings.
PAR  In addition, knowing the inertia of the rotating parts, it is possible to
      determine the drag torque of the bearings at mean speed during the
      interval of time. This interval being short, the mean speed is
      substantially that prior to the measurement.
PAR  It will be observed further that the layout represented in FIG. 2 enables
      easy replacement of the bearings. Actually a sleeve 64 is provided for
      each bearing in order to avoid impairing the shaft during successive
      dismantlings and reassemblies and also in order to enable the employment
      of bearings of diameters by employing a range of suitable sleeves. The
      receiver-rollers 31 are themselves fixed at each end by known means so as
      to be easily dismantlable. Moreover an aperture 66 is arranged in each
      housing 60 in order to enable either renewal of the grease which is
      distributed in the circular recess 67 or to introduce into the grease to
      be tested in a mist or drop by drop, plain water or water charged with
      various impurities such as salt, in order to study the behaviour of the
      greases in different media.
PAR  Finally, the stator 52 of the brake is fixed as indicated on a cradle 11
      which locks it rotationally.
PAR  This cradle may be connected to the frame 1 by means of a suitable device
      not shown, enabling there to be imposed upon the stator vibrations
      perpendicular to the axis of rotation in the horizontal plane, of variable
      amplitude and frequency, which will be reflected on to the test bearings.
PAR  It may be seen that the machine enables a large number of tests to be
      performed. The employment of an electromagnetic powder brake enables the
      temperature to which the bearings are brought to be controlled with
      accuracy and the bearings to be subjected to an industrial operation which
      is hard upon the grease because the temperature of the inner race is
      higher than that of the outer race. The employment of beams enables any
      kind of load to be applied to the bearings, and by lifting them, to check
      frequently their natural drag torque by measuring the deceleration of the
      rotating portion. The perfect symmetry of this test-bench can enable two
      tests to be performed simultaneously, for example, the determination of
      the dynamic drop-point with higher accuracy, each bearing being able to
      serve as a check upon the other, or to try two different greases at the
      same time. Further, the possibility of adjusting the temperature of each
      bearing and loading each of them differently enables testing, for example,
      of the same grease under different operating conditions.
PAR  Of course the invention is not limited to the details of execution which
      have been described, but it encompasses on the contrary any variants and
      particularly those which would differ from it only by the use of
      equivalent means.
PAR  Thus the member for braking the shaft might be any brake the torque of
      which can be easily subordinated to the temperature of the bearings, for
      example, a Foucault-current brake.
PAR  Again, the symmetry of the machine might be still further increased by
      driving the two rollers 7 by means of two synchronous motors. Furthermore
      the means of driving in rotation the shaft carrying the rollers might also
      be composed, respecting the symmetry of the machine, by two motors located
      on the end of the shaft, and each motor could be mounted on a cradle
      slidable parallel with the axis of the shaft and connected to the shaft by
      a disconnectable coupling. Thus the shaft 3 could still be disconnected
      instantaneoulsy while running, in order to be able to record the
      deceleration of the rotating portion and deduce from it the bearing drag
      torque. In this case the application of loads to the bearings would be
      effected by the adding of known weight-discs at each end of the shaft 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for testing greases on bearings, comprising a frame, a shaft,
      means mounted on said frame for rotating the shaft, two spaced housings
      containing the grease to be tested, two spaced bearings, each bearing
      comprising an inner race fixed to the shaft and an outer cage rigidly
      locked to one of said housings, seals interposed between the shaft and
      said housings, and means for braking and for heating the bearings
      including an inner rotor secured to the shaft between the two bearings, a
      stator locked rotationally with respect to the frame, and a cheek mounted
      on said stator on each side of the rotor each cheek supporting one of said
      housings of one.
NUM  2.
PAR  2. A grease testing machine as in claim 1, wherein the means for braking
      the shaft is an electromagnetic brake and means for regulating the
      temperature of the bearings by control of the intensity of the excitation
      current of the brake.
NUM  3.
PAR  3. A grease testing machine as in claim 2, wherein the braking means is an
      electromagnetic powder coupling.
NUM  4.
PAR  4. A grease testing machine as in claim 3, wherein the powder coupling
      includes two coils mounted in the stator symmetrical with respect to the
      equatorial plane of the rotor.
NUM  5.
PAR  5. A grease testing machine as in claim 4, including a means for regulating
      the temperature of each bearing by control of the intensity of the
      excitation current in the coil adjacent the bearing.
NUM  6.
PAR  6. A grease testing machine as in claim 4, including a narrow deep throat
      in the equatorial plane of the rotor.
NUM  7.
PAR  7. A grease testing machine as in claim 1, including a circular recess in
      each of said housings for receiving the grease and a duct at the bottom of
      each recess for exhaust of melted grease towards the outside.
NUM  8.
PAR  8. A grease testing machine as in claim 1, including an aperture in each of
      said housings for supplying the grease to be tested a circular recess in
      each of said housings for distribution of the grease in said housings,
      said aperture opening into said circular recess.
NUM  9.
PAR  9. A grease testing machine as in claim 1, including means for rapid
      disconnection of the means for rotating the shaft from the shaft.
NUM  10.
PAR  10. A grease testing machine as in claim 9, including automatic means
      driven by the shaft and at regular intervals of time:
PA1  terminating the actuation of the brake,
PA1  disconnecting the shaft from the means for rotating the shaft,
PA1  recording in respect of the freely rotating rotor during a given short
      period t.sub.1 the number of revolutions of the shaft, then at the end of
      an interval of time t.sub.2 recording during the same period t.sub.1 the
      number of revolutions of the shaft,
PA1  and recording the difference between the two numbers of revolutions and
      therefore the drag torque of the two bearings at the average speed during
      the interval of time t.sub.2.
NUM  11.
PAR  11. A grease testing machine as in claim 1, the means for rotating the
      shaft including at least one driving roller, a receiver roller rigidly
      locked to the shaft and frictionally engaging the driving roller, the
      driving roller being mounted on a driving roller shaft, a motor rotating
      the shaft and a beam hinged on the frame supporting the motor and the
      driving roller shaft.
NUM  12.
PAR  12. A grese testing machine as in claim 11, the beam havng a part extending
      beyond the roller away from the beam hinge and a load on the part.
NUM  13.
PAR  13. A grease testing machine as in claim 11, including two driving rollers
      for driving two receiver rollers on the shaft symmetrically with respect
      to the median plane of the rotor, each driving roller being mounted on a
      beam and driven by a motor mounted on the beam.
NUM  14.
PAR  14. A grease testing machine as in claim 9 the means for rapid
      disconnection including means for raising the beam.
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ABST
PAL  A disposable phase change device for sensing the rate of cooling of molten
      metal includes a body having a shallow elongated cavity on its upper
      surface. Sensing means extend across the cavity and is supported by first
      and second oppositely disposed walls on the body. The sensing means
      includes contacts adjacent opposite ends of the body. The upper surface of
      the body has one or more overflow cavities.
BSUM
PAC  BACKGROUND
PAR  This invention is directed to a disposable phase change device for sensing
      the rate of cooling of molten metal such as steel and cast iron. This
      invention is an improvement over prior art reflected by U.S. Pat. Nos.
      3,611,808 and Re26,409.
PAR  While millions of devices as disclosed in said patents have been consumed,
      there are disadvantages resulting from the nature of the construction of
      said devices which are overcome by the present invention. The devices
      disclosed in said patents are upright cylinders and typically have an
      inner diameter of about 11/4 inches and a depth of about 2 inches. Thus,
      the target area for the operator when filling such cups is the cross
      sectional area of the cylinder. With an inner diameter of about 11/4
      inches, the target area which must be filled by the operator is
      approximately 1.2 square inches. The present invention substantially
      increases the size of the target area so that it is easier for the
      operator to fill the device with molten metal. The present invention also
      takes into consideration the problem encountered when the operator
      overfills the device. Other problems associated with the prior art and
      advantages of the present invention are set forth hereinafter.
PAC  DISCLOSURE
PAR  The present invention is directed to a disposable phase change detector
      comprising a body having a shallow elongated cavity on its upper surface.
      The body is provided with a temperature sensing means for sensing the rate
      of cooling of molten metal in the cavity. The sensing means extends
      transversely across the cavity and is supported by first and second
      oppositely disposed walls of the body. The sensing means terminates in
      bare contacts adjacent opposite ends of the body.
PAR  In a preferred embodiment of the present invention, the body of the device
      is rectangular and has a flat bottom surface for maximizing the surface
      support area and minimizing any tendency of the body to tip over while
      being filled or after being filled with molten metal. The upper surface of
      the body preferably provided with at least one overflow cavity for
      receiving any excess molten metal introduced into the main cavity whereby
      such excess molten metal does not drip or flow down the outer sides of the
      body.
PAR  It is an object of the present invention to provide a low profile phase
      change detector structurally interrelated in a manner so as to have a
      mouth providing a large target area for introducing molten metal into the
      cavity and for rapid cooling of the molten metal while at the same time
      having a temperature sensing means of rapid response with electrical
      contacts which do not support the weight of the device and molten metal
      therein during use.
PAR  Other objects and advantages of the present invention will appear
      hereinafter.
DRWD
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is an exploded perspective view of a device in accordance with the
      present invention and its support stand.
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1 but on an
      enlarged scale.
PAR  FIG. 3 is an exploded end view of the device of the present invention and
      its support stand.
PAR  FIG. 4 is an end view showing the device mounted on its support stand.
DETD
PAR  Referring to the drawing in detail, wherein like numerals indicate like
      elements, there is shown in FIG. 1 a phase change detector device of the
      present invention designated generally as 10.
PAR  The device 10 includes a body designated generally as 12. The body 12 is a
      low flat body having upright elongated side walls 14 and 16 interconnected
      at their ends by end walls 18 and 20. A flange is provided so as to
      overlie each of the end walls. Thus, flange 22 projects beyond the end
      wall 18 while flange 24 projects beyond the end wall 20.
PAR  The body 12 is preferably cast or molded in one integral piece from a
      material which will withstand the temperatures of the molten metal to be
      introduced thereinto. Suitable materials for making the body 12 include
      sand having a resin binder, ceramics, coke, colloidal silicate
      dispersions, other refractory materials, etc.
PAR  The body 12 is formed with a main cavity 26 which is shallow and elongated.
      Cavity 26 is defined by upright wall surfaces 28, 30, 32 and 34. In
      connection with certain molten metals or in connection with ascertaining
      silicon content, it is desirable to ascertain the liquidus and solidus
      arrest temperatures. In that event, one or more of the walls of the cavity
      26 have a coating 33 thereon. The coating 33 contains a carbide stabilizer
      which may be anyone of a wide variety of materials used heretofore in
      connection with hypereutectic or hypoeutectic cast iron. I prefer to use a
      wash containing tellurium as the coating 33 since tellurium is a very
      potent and inexpensive carbide stabilizer. Other stabilizers known to
      those skilled in the art include vanadium, lead, cerium, bismuth, etc.
PAR  The cavity 26 is preferably rectangular so as to maximize the target area
      to facilitate filling the cavity 26 with molten metal. The dimensions of
      the cavity 26 may be varied as desired. Suitable dimensions would include
      a length of 13/4 inches, a width of 11/2 inches, and a depth of 1 inch.
      The volume of a cavity 26 having those dimension would be substantially
      equal to the volume of commercial embodiments of the devices set forth in
      said U.S. patents. At the same time, the mouth of the cavity 26 or target
      area is more than twice the target area of the upper end of said
      commercial embodiments of devices set forth in said patents.
PAR  Molten metal is usually poured from a ladle into the device 10. The size of
      the ladle is substantially larger than the size of device 10. In addition
      to providing a larger target area for the operator so that it would be
      easier to fill the cavity 26, the device 10 includes at least one overflow
      cavity on its upper surface. In the illustrated embodiment, two cavities
      36 are provided at one end of the body 12 and two overflow cavities 38 are
      provided at the opposite end of the body 12. The number, shape and
      dimensions of said cavities 36, 38 may be varied as desired. Each cavity
      36 communicates directly with the main cavity 26 by way of a passage 40.
      Each cavity 38 communicates with the main cavity 26 by way of a passage
      42. If the operator pours too much molten metal into the cavity 26, it
      will overflow into the cavities 36, 38 rather than overflowing down the
      side of the body 12. Other advantages of cavities 36, 38 are set forth
      hereinafter.
PAR  A temperature sensing means is supported by the body 12 for sensing the
      rate of cooling of molten metal in the cavity 26 whereby a graph may be
      plotted indicative of the liquidus and solidus arrest temperatures of the
      specimen of molten metal within a short period of time. The temperature
      sensing means includes thermocouple wires 46 and 48 connected together at
      a hot junction 50 positioned at a location slightly below the midpoint of
      the height of the cavity 26. The wires 46 and 48 are preferably protected
      from direct contact with the molten metal to prevent a short circuit.
PAR  The structural interrelationship of the device 10 of the present invention
      facilitates using a protective means for preventing a short circuit
      between the thermocouple wires in the form of a straight length of tubing
      44 made from a suitable protective material such as quartz, ceramic or
      other electrical nonconductive refractory material. The diameter of tubing
      44 is sufficiently small so that heat is transmitted to the hot junction
      50 by conduction and/or radiation.
PAR  The tubing 44 is supported at its ends by oppositely disposed walls on the
      body 12. The particular materials for the thermocouple wires 46 and 48 may
      vary depending upon the nature of the sample of molten metal introduced
      into the cavity 26. Where the sample is cast iron, thermocouple wire 46
      may be of Chromel and wire 48 may be of Alumel. Where the sample is steel,
      wire 46 may be platinum and wire 48 platinum-rhodium.
PAR  As will be set forth in greater detail hereinafter, the body 12 is
      constructed so as to be supported independently of contacts associated
      with the thermocouple wires 46 and 48. Since the weight of the body 12 and
      any specimen therein is supported independently of the disposition of the
      thermocouple wires 46 and 48, these wires may be of substantially smaller
      diameter and thereby more rapidly responsive to the temperature of the
      specimen.
PAR  The flange 24 is provided with a recess 52 on its lower surface. The free
      end of wire 48 extends into the recess 52 and is a bare wire contact to be
      coupled to a recording instrument. Flange 22 is provided with a similar
      recess 54 on its lower surface. The free end of wire 46 extends into the
      recess 54 and is a bare wire contact for coupling to the recorder
      instrument. It will be noted that the recesses 52, 54 are offset with
      respect to the longitudinal axis of the tubing 44. While not necessary,
      this arrangement is preferred.
PAR  A metal chill plate 56 overlies the bottom wall 58 in the cavity 26. Chill
      plate 56 is optional and may be of any desired type of metal to facilitate
      a more rapid solidification of the specimen. Chill plate 56, when present,
      is trapped beneath the tubing 44 and hence need not be physically secured
      to the bottom wall 58 but if desired may be adhesively cemented thereto.
      The bottom wall 58 could be concave on its upper surface if desired.
PAR  The bottom surface 59 of the body 12 is a large flat surface occupying a
      space substantially greater than the cross sectional area of the cavity
      26. The body 12 is adapted to be supported on a support stand 60 with the
      bottom surface 59 resting on a large flat surface 62. The weight of the
      body 12 and any specimen therein is supported on surface 62 by surface 59.
      When properly positioned on the surface 62, contact member 64 extends into
      the recess 52 and contacts the thermocouple wire 48. Likewise, contact
      member 66 extends into the recess 54 and contacts the thermocouple wire
      46. As shown more clearly in FIG. 2, the end walls 18 and 20 of the body
      12 are tapered upwardly. The distance across the end walls 18 and 20 at
      the location of the recesses 52 and 54 is slightly greater than the
      distance between the free upper ends of the contact members 64 and 66 to
      assure good mechanical and electrical contact.
PAR  The contact members 64 and 66 are connected to electrical conductors 70, 74
      which extend downwardly through the support base 62 for connection to said
      recorder instrument. The materials for the contact members 64, 66 and the
      conductor 70 are chosen to be compatible with the thermocouple wires 46,
      28 so that compensating materials are utilized where needed.
PAR  The contact members 64 are closer to one side edge of the platform 62. When
      the body 12 is properly located on the platform 62, the body 12 is in the
      solid line position shown in FIG. 4. If the body 12 is placed on the
      platform 62 in a manner so that contact member 64 is received within
      recess 54, the body 12 will be in the phantom position shown in FIG. 4
      wherein it partially overhangs the side edge of the platform 62 and
      thereby clearly indicates to the operator that the device is improperly
      positioned.
PAR  The rectangular shallow cavity 26 presents a large target area for the
      operator filling the cavity 26 thereby making the device 10 easier and
      quicker to use. In addition, the large target area substantially increases
      the surface area for the molten metal introduced into the cavity 12 which
      accelerates the solidification of the molten metal. The chill plate 56,
      when used, will also accelerate the solidification of the molten metal.
      The flanges 22 and 24 prevent any molten metal from overflowing directly
      onto the thermocouple wires 46 and 48 while at the same time providing a
      convenient surface for contacting the body 12 and lifting the same off the
      platform 62 after a reading has been taken.
PAR  The cavities 36, 38 provide a means for retrieving a pin or chill-wedge
      sample of the specimen by using cavities of appropriate shape and
      dimensions. Hence, one of the cavities 36, 38 may be wedge shaped. The
      cavities 36, 38 also provide a means for obtaining uniformity in the
      amount of molten metal above the hot junction 50. This uniformity is
      important if it is desired to attain the same metalographic structure each
      time.
PAR  In view of the above description, those skilled in the art will not need a
      detailed explanation of the method in which the device 10 is used.
      Further, it will be obvious to those skilled in the art that the
      electrical contact members 64, 66 and the conductor 70 will be
      appropriately insulated from the metal portions of the support stand 60 so
      as to prevent short circuits.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disposable phase change device comprising a body of refractory
      material having a shallow rectangular cavity open on its upper surface,
      the length of said cavity at its upper end being substantially greater
      than the depth of the cavity, temperature sensing means associated with
      said cavity for sensing the rate of cooling of molten metal in said
      cavity, said temperature sensing means extending transversely across said
      cavity, said sensing means having first and second end portions, each end
      portion being supported by a different one of oppositely disposed walls of
      said body, said body having at least one overflow cavity on its upper
      surface communicating with said first mentioned cavity, said body having a
      bottom surface constituting a support surface of the body, and said
      temperature sensing means terminating in contacts adjacent opposite ends
      of said body.
NUM  2.
PAR  2. A device in accordance with claim 1 wherein said contacts are adjacent
      the upper end of said body, and said body having discrete recesses for
      receiving said contacts.
NUM  3.
PAR  3. A device in accordance with claim 1 wherein said temperature sensing
      means includes thermocouple wires having a hot junction adjacent the
      center of the rectangular cavity and surrounded by a protector.
NUM  4.
PAR  4. A device in accordance with claim 1 including a wash on at least one of
      the walls of said rectangular cavity, said wash containing a carbide
      stabilizer.
NUM  5.
PAR  5. A device in accordance with claim 1 including a passage on said upper
      surface of said body, said passage providing communication between the
      upper ends of said rectangular cavity and said overflow cavity.
NUM  6.
PAR  6. A disposable phase change detector comprising a body having a shallow
      elongated cavity on its upper surface into which a molten metal may be
      poured, said body and cavity being rectangular, the length of the cavity
      being greater than the depth of the cavity, a temperature sensing means
      for sensing the rate of cooling of molten metal in said cavity, said
      temperature sensing means extending substantially parallel to the upper
      surface of said body, said temperature sensing means including a straight
      hollow tubing with a thermocouple junction therein and protected thereby
      adjacent a central portion of the cavity with only one thermocouple wire
      extending through each end of said tubing, said tubing extending across
      the cavity with each end of the tubing being supported by a separate one
      of oppositely disposed walls of said body, said thermocouple wires having
      exposed contacts adjacent opposite ends of said body for coupling the same
      to a recording instrument, and said body having a flat bottom surface for
      supporting said body in a horizontal disposition.
NUM  7.
PAR  7. A disposable phase change detector comprising a body having a main
      cavity on its upper surface into which molten metal may be directly
      poured, a temperature sensing means in said cavity at a location so that a
      sensing portion thereof will be surrounded by molten metal introduced into
      said cavity, means on said body for connecting said sensing means to an
      instrument, said body having a second cavity on its upper surface, said
      second cavity being smaller than said main cavity, means providing
      communication between the upper end portions of said cavities so that
      molten metal poured into said main cavity will overflow into said second
      cavity when the quantity of metal in said main cavity reaches a
      predetermined level, said main cavity having a length greater than its
      width in a horizontal plane, and a flat bottom surface on said body
      coextensive with the bottom wall of said main cavity for supporting said
      body in a horizontal disposition.
NUM  8.
PAR  8. A device in accordance with claim 7 wherein said main cavity has one
      transverse dimension at its upper end which is substantially greater than
      the depth of said main cavity.
NUM  9.
PAR  9. A device in accordance with claim 7 including a chill means in at least
      one of said cavities for chilling molten metal therein.
NUM  10.
PAR  10. A disposable phase change detector comprising a body having a
      non-circular cavity defined by discrete walls, said cavity being exposed
      on the upper surface of said body and into which a molten metal may be
      directly poured, a temperature sensing means for sensing the rate of
      cooling the molten metal in said cavity, said temperature sensing means
      including a straight hollow tubing extending substantially parallel to the
      upper surface of said body with a thermocouple junction therein and
      protected thereby adjacent a central portion of the cavity with only one
      thermocouple wire extending through each end of said tubing, said tubing
      extending across the cavity with each end of the tubing being supported by
      a separate one of said walls of said body on opposite sides of said
      cavity, said thermocouple wires having exposed contact portions on an
      outer peripheral surface of said body for coupling the sensing means to a
      recording instrument, and at least a portion of said bottom surface of
      said body being flat and generally parallel to the longitudinal axis of
      said tubing for supporting said body in a position with said tubing being
      horizontally disposed.
NUM  11.
PAR  11. A device in accordance with claim 10 wherein said body includes at
      least one overflow cavity on its upper surface and communicating with said
      first mentioned cavity.
NUM  12.
PAR  12. A device in accordance with claim 10 including a carbide stabilizer in
      said cavity on a wall thereof.
NUM  13.
PAR  13. A device in accordance with claim 10 including a metal chill plate in
      said cavity, and said body being a refractory material.
NUM  14.
PAR  14. A disposable phase change detector comprising a rectangular body having
      a shallow elongated cavity on its upper surface in which a molten metal
      may be poured, the length of said cavity being greater than the depth of
      said cavity, a temperature sensing means for sensing the rate of cooling
      of molten metal in said cavity, said temperature sensing means extending
      substantially parallel to the length of said body, said temperature
      sensing means extending across the cavity, each end of said sensing means
      being supported by a separate one of oppositely disposed walls of said
      body, said sensing means including exposed contacts adjacent opposite ends
      of the body for coupling said sensing means to a recording instrument,
      said body having a flange projecting outwardly at said ends of said body,
      and a flat bottom surface on said body for supporting said body in a
      horizontal disposition.
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ABST
PAL  In the injection molding of elongated thin walled articles, air within the
      mold escapes from the mold cavity through vent orifices in the cavity and
      in an elongated core positioned within the cavity. To determine whether
      critical mold venting is within desired tolerances, a relatively high
      pressure gas is applied to the vent orifice and pressure is allowed to
      decay by escape through the orifice. Time required for a predetermined
      magnitude of pressure drop is measured and employed as an indication of
      vent orifice acceptability.
BSUM
PAC  Background of the Invention
PAR  The present invention relates to the operation of molding apparatus and
      more particularly concerns testing of vent orifices of injection molding
      equipment.
PAR  In operation of various types of molding apparatus, air within the mold
      cavity must be exhausted as molding material is caused to flow into the
      cavity. In many types of molding machines, this venting poses little or no
      problem. However, for the molding of certain types of articles, proper
      control and operation of cavity venting can be critical. It may be
      essential to the production of satisfactory articles. Criticality of
      venting orifice operation can arise because of the necessity to eliminate
      or minimize flash, the escape of hot molding material through the venting
      orifice, without unduly restricting vent flow rates. In some types of
      equipment, two mutually conflicting requirements of venting orifices must
      be met and balanced. On the one hand, vent orifices must be small enough
      to prevent undesired flash and on the other hand, the orifices must be
      large enough to permit an adequate rate of venting of the cavity gas and
      thus permit rapid injection of mold material. In some cases, the venting
      must not only be sufficiently rapid, but must be properly balanced
      throughout selected areas of the mold cavity.
PAR  An example of such criticality of mold venting is found in the molding
      apparatus describing in a copending application of Gilbert and Pfau, for
      Method and Apparatus for Molding Elongated Thin Wall Articles, Ser. No.
      515,818, filed on Oct. 18, 1974, and assigned to the assignee of the
      present invention. In this copending application, the disclosure of which
      is incorporated by this reference as though fully set forth herein, there
      is described apparatus for injection molding of disposable thin wall
      medical thermometer probe covers having a wall thickness at the tip in the
      order of 0.010 inches (ten thousandths of an inch). These probe covers
      must have smooth outer surfaces because they are to be inserted into body
      cavities and, therefore, flash must be eliminated or minimized. The
      machines are operated cyclically, requiring less than 20 seconds for a
      full cycle of operation, and injection of the hot mold material is rapid.
      Concomitantly, the rate of venting of the mold cavity is high to enable
      the rapid injection of mold material. Not only must the vent rate be
      sufficiently high, but the venting must be circumferentially balanced. The
      thin wall, elongated article is molded within a cavity into which is
      inserted a rigid elongated core. In order to minimize deflection of this
      core, which is cantilevered at one end, it is necessary that the inflow of
      hot molding material be balanced or equally distributed about the
      circumference of the core as the material is injected from a point near
      the fixed end of the core toward the tip of the core. If venting of the
      cavity gases occurs at a greater rate at one side of the cavity than the
      other, flow of hot mold material into the cavity will take place at a
      greater rate on one side of the core than the other. The hot mold material
      is injected into the cavity under pressures of many tons and thus, an
      imbalance of the inflowing material will create large magnitude lateral
      forces on the core which displace this elongated cantilevered element
      toward one side or the other of the circumscribing mold cavity. Because
      wall thickness of the finished article is nominally 0.010 inches, and
      because the mold material will not flow through a space less than 0.005
      inches, deflection of the core that is greater than 0.005 inches cannot be
      tolerated since it will result in an incomplete article, an article having
      discontinuities.
PAR  In order to satisfy these rigid requirements of cavity venting, the
      apparatus of the copending application of Gilbert and Pfau describes a
      venting arrangement in which a circular array of vent orifices is provided
      at the end of the mold cavity. The array is formed by a number of discrete
      orifices individually of small size but collectively providing a greater
      vent rate. Nevertheless, additional venting is provided through the length
      of the core by a similar circular array of small size discrete orifices
      formed in the tip of the core and communicating through the length of the
      core with atmosphere outside of the mold. If these orifices are too large,
      undesirable flash will occur and the resulting articles will not be
      satisfactory. If the orifices are too small, venting is inadequate or
      unbalanced and the resulting article may be unacceptable because of
      formation of pin holes or other discontinuities. The high temperatures and
      pressures involved in the injection molding process may cause burning of
      the core and cavity material defining the orifices or may result in build
      up of mold material in or about the orifices, thereby changing vent
      orifice dimension and adversely affecting vent rate, vent balance or both.
PAR  To applicant's knowledge, mold vent orifices have not previously been
      tested. Accordingly, it is an object of the present invention to test mold
      vent orifices.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out principles of the present invention in accordance with a
      preferred embodiment thereof, adequacy of a vent orifice is tested by
      applying fluid under pressure to the orifice and causing the fluid to flow
      through the orifice. Time required for pressure of the fluid as applied to
      the orifice to decrease by a preselected magnitude as it escapes through
      the orifice is detected and this time is employed as a measure of orifice
      characteristics. More specifically, a relatively high pressure is applied
      to the cavity orifices or the core orifices by means of a flexible conduit
      pressed into sealing engagement therewith and pressure is increased until
      it rises above a predetermined value, at which time the pressure source is
      isolated from the orifice. As the pressure at the orifice decays by flow
      through the orifice, the time interval in initiated at a first
      predetermined pressure value and terminated at a second predetermined
      pressure value to thereby indicate, by the length of the intervening time
      interval, characteristics of the orifices under test.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates male and female mold parts of an injection
      molding apparatus having vent orifices that may be tested in accordance
      with the present invention.
PA1  Figs. 2 and 3 are views taken respectively on lines 2--2 and 3--3 of FIG. 1
      showing, greatly enlarged, the vent orifices to be tested;
PAR  FIG. 4 illustrates vent orifice testing apparatus of the present invention
      applied to test orifices in the mold core; and
PAR  FIG. 5 illustrates test apparatus of the invention applied to test vent
      orifices in the mold cavity.
DETD
PAC  DETAILED DESCRIPTION
PAR  Schematically illustrated in FIG. 1 are fragments of a thirty two cavity
      molding apparatus of the type more particularly described in the
      above-identified copending application of Gilbert and Pfau. The apparatus
      is designed to form disposable thin wall covers for digital medical
      thermometers, each cover being about four inches long, having a maximum
      diameter of about three-eighths of an inch and having a nominal wall
      thickness at the temperature sensing tip of 0.010 inches. To mold these
      covers, the apparatus includes a female mold part 10 having an elongated
      mold cavity 12 formed therein for cooperation with a male mold part 14
      that carries a cantilevered elongated core 16. The parts are shown in
      relatively displaced position and one part, the male mold part, for
      example, is movable while the other is fixed, so that the parts may move
      from the illustrated open position to a closed position in which core 16
      is fully inserted into cavity 12. In closed position the core cooperates
      with the cavity to define an annular mold cavity space between the
      interior of the cavity 12 and the exterior of the core 16. Hot pressurized
      mold material is injected into the annular cavity space by means of a
      runner or passage 18 formed in the female mold part 10 which communicates
      (by means not shown) with the interior of the cavity 12.
PAR  Elements illustrated in FIG. 1 are parts of a molding apparatus which in a
      preferred form embodies an array of 32 identical cavities and core pins
      carried on the female and male mold parts respectively whereby 32 probe
      covers may be made upon each cycle of mold operation.
PAR  Venting of the cavity with the mold parts in closed position, while the hot
      pressurized mold material is being injected, is achieved in part through
      the core 16 and in part, through the end of the female mold part 10.
      Venting through the core is provided by means of a substantially circular
      array of core vent cavities 20a, 20b, 20c, 20d, 20e, 20f, 20g and 20h
      defined between the inner surface of a bore 22 extending longitudinally
      through the core 16 and the outer surface of a core pin 24 having an
      octagonal head 26 that fits within the bore 22. Core bore 22 and pin 24
      contained therein extend through the core 16 for communication with a
      fluid conduit 28 formed in the male mold part 14. Conduit 28 communicates
      with ambient atmosphere by means not shown in FIG. 1.
PAR  The inner end of vent cavity 12 of the female mold part 10 is similarly
      provided with a circular array of discrete vent orifices 30a, 30b, 30c,
      30d, 30e, 30f, 30g, and 30h, defined between the octagonal head 32 of a
      vent pin 34 and the inner surface of a bore 36 that provides communication
      between the inner tip of cavity 12 and a passage or conduit 38 formed in
      the female mold part 10. Conduit 38 extends through the female mold part
      for communication with ambient atmosphere.
PAR  As described above, proper operation of the vent orifice is essential to
      the production of satisfactory molded articles in this apparatus. If the
      orifices are too large flashing will occur, such flashing being
      unacceptable for devices of this type. On the other hand, if the vent
      orifices are too small or not properly balanced, that is, if all orifices
      of one circular array are not substantially equal in size, vent rate may
      be inadequate or velocity of escaping gases may be so high as to severely
      burn either the material forming the orifices or the plastic mold material
      at or about the orifices. Further, unbalanced venting may cause
      unacceptable core deflection. Accordingly, upon manufacture of a new
      apparatus or repair of old apparatus of the type illustrated in FIG. 1,
      size of the vent orifices of each of the cavities and of each of the cores
      must be checked. Further, in the course of operation of the apparatus,
      deposits may build up at or about the orifices thus tending to plug these
      venting apertures and improperly restrict flow therethrough. Inspection of
      a finished article (thermometer cover) may help in determining whether or
      not operation is proper and whether or not testing of the orifices is
      required. For example, plugged or unduly restricted vent orifices may
      result in discontinuities or small holes formed in the finished article
      because of improper distribution of the inflowing plastic mold material.
      Thus, such inspection of the finished article may reveal a need for
      testing or inspection of the vent orifices by indicating malfunction of
      the injection molding apparatus.
PAR  Principles of the present invention are readily applied to testing of
      orifices in this manner and for this purpose. The invention provides a
      simple, readily assembled apparatus and a simple, easily performed method
      for determining whether the vent orifices are either too large or too
      small. The same apparatus is readily applied to test both core and cavity
      orifices.
PAR  Apparatus of the present invention includes a source of gas pressure such
      as an air compressor 40 that is connected via a conduit 42 and a hand
      operated shut off valve 44 to a T fitting 46. One branch 48 of the T
      fitting is connected to the valve 44 and the other branch 50 thereof is
      connected to a conventional pressure gauge 52. The stem 54 of the T is
      connected to a length of conduit 56. Conveniently, conduit 56 may comprise
      a short length of polyethelyne tubing for example, of about 6 to 8 inches
      in length and having an inside diameter of approximately 5/16 of an inch
      for use in testing the above-described apparatus. It will be readily
      understood, of course, that the size and length of the conduit 56 may be
      varied as deemed necessary or desirable to provide a proper cooperation
      and sealing with the parts carrying the orifices to be tested.
PAR  For testing of the orifices in the free end of the cantilevered core 16,
      the free end of conduit 56 is merely inserted over the end of the core
      and, being somewhat elastic, the conduit stretches slightly over the
      tapered core to provide a sealing engagement therewith. Valve 44 is then
      opened and pressure allowed to build up, as indicated by gauge 52, to a
      selected value, such as, above 50 pounds per square inch, for example.
      Then, valve 44 is closed to isolate the pressure source from the conduit
      56 and orifices in the core 16. Pressure within the conduit 56, at the
      orifices, escapes through the orifices, through the bore 22 and through
      the conduit 28 formed in the male mold part 14. As the pressurized fluid
      within conduit 56 escapes, pressure decays. When the pressure gauge 52
      indicates a pressure of 50 lbs. per square inch, for example, a time
      interval is initiated. Conveniently, the operator may visually monitor the
      falling pressure indication of gauge 52 and start operation of a
      conventional hand-held stop watch.
PAR  When pressure, as indicated by gauge 52, has fallen to a second
      predetermined level, 20 lbs. per square inch for example, the stop watch
      is again operated to terminate the interval, which is then measured.
      Maximum allowable time for decay of pressure, in an exemplary embodiment,
      from 50 lbs. per square inch to 20 lbs. per square inch is 8 seconds. If
      the time interval required for this pressure to drop, in this example, is
      greater than 8 seconds, it is known that the vent orifices are
      unacceptably clogged, whereupon the vent pins are removed and the
      apparatus repaired or replaced as necessary. If the time interval is
      significantly less than 4 seconds, then the vent orifices are carefully
      inspected to ensure that they are not oversized, since the short time
      interval indicates oversized orifices, which are unacceptable. An
      additional reason for establishing a minimum time of decay from 50 to 20
      pounds per square inch is to balance vent rate from one set of core and
      cavity to another within a given apparatus. Not only is it necessary to
      provide balanced vent rate within a given cavity, but vent rate and
      therefore, injection flow rate, must be substantially equal from one
      cavity to another within one multi-cavity mold apparatus in order to
      provide proper operation of a multi-cavity mold.
PAR  Illustrated in FIG. 5 is application of the apparatus for testing of vent
      orifices in a cavity 12 of the female mold part 10. It will be readily
      observed that the identical apparatus illustrated and described in
      connection with FIG. 4 may be employed for testing of vent orifices of
      either of the elongated cores 16, (FIG. 4) or the elongated cavity 12
      (FIG. 5). For testing of the cavity, conduit 56 is merely inserted into
      the cavity via the open end thereof and, upon insertion, is somewhat
      elastically compressed within the tapered bore of the cavity to provide a
      sealing engagement therewith. Now the testing procedure for the cavity is
      exactly the same as that previously described for the core. Valve 44 is
      opened to allow pressure source 40 to increase the pressure within the
      conduit 56 and cavity 12 adjacent the orifices of the cavity to a pressure
      above a predetermined pressure, which in the cavity too may be 50 pounds
      per square inch. When the pressure, as indicated on gauge 52, rises above
      this level, valve 44 is closed to isolate the pressure source from the
      orifices and allow the pressure to begin its decay. A time interval is
      initiated when pressure decays to the predetermined level of 50 pounds per
      square inch. Thereafter, when the pressure drops to 20 pounds per square
      inch, the time interval is terminated and employed as a measure of vent
      orifice size. Again, in the exemplary test operation, a time interval of
      greater than 8 seconds (for a pressure to drop from 50 to 20 psi)
      indicates vent orifices that are unacceptably restricted or plugged by
      deposits and the like, whereupon repair or replacement is required.
      Similarly, a time interval of less than four seconds may indicate vent
      orifices that are too large and which may be likely to cause unacceptable
      flash. Further, as previously described, it is necessary that the time
      interval (for pressure decay from 50 to 20 psi) be within the range of 4
      to 8 seconds for all cavities of a single apparatus in order to provide
      evenly distributed venting and therefore evenly distributed flow of hot
      mold material to all of the cavities.
PAR  In the methods illustrated in FIGS. 4 and 5, frictional engagement of the
      conduit 56 with the core or cavity will suffice to maintain the sealing
      engagement, although the operator may grasp the conduit and continue to
      force it axially toward the orifices under test, if deemed necessary or
      desirable.
PAR  It will be readily understood that the method and apparatus of the present
      invention, although designed for testing vent orifices of the specifically
      described molding apparatus may also be applied for testing of vent
      orifices of other apparatus and may be readily modified in various
      respects without departing from principles of the present invention. Thus,
      in the place of a hand operated valve 44, one may employ a check valve
      which automatically isolates the pressure source from the pressurized area
      within conduit 56 adjacent the orifice. One may employ other and different
      types of pressure detecting instruments instead of the gauge 52. It is
      also contemplated, where automatic operation is desired, to provide for
      automatic measurement and operation of the time interval. For example,
      suitable pressure sensitive mechanisms and electronic or mechanical
      switches may be connected with the pressurized area within conduit 56 so
      as to provide electrical signals which both initiate a time interval at a
      first pressure and terminate the time interval at a second pressure, the
      time interval being electronically measured and/or recorded to directly
      indicate the elapsed time or being calibrated in terms of flow rate or
      orifice dimension. Further, arrangements other than the simple flexible
      polyethelyne conduit 56 may be employed for connection of the pressure
      source to the orifices. Where greater precision of measurement is
      required, the pressurized volume within the conduit 56 between valve 44
      and the orifice may be increased as by fluid communication with a sealed
      pressure receiving chamber (not shown), for example. The larger volume of
      pressurized fluid adjacent the orifice accordingly requires a greater time
      for decay of pressure from one level to another through an orifice of a
      given size, and thus a greater precision of measurement (a longer time
      interval for a given orifice size) would be available with such an
      arrangement.
PAR  It will be readily understood that the specific values of the various
      parameters set forth in the exemplary description are provided solely for
      purposes of exposition and are not intended by way of limitation. Thus,
      different lengths or sizes of tubing may be used for conduit 56. Pressures
      other than the exemplary 50 psi and 20 psi may be employed. Further, for
      different sizes of vent orifices, different times and/or different
      pressures may be employed. Nevertheless, in a specific example employed
      for testing of vent orifices of the core and cavity of the molding
      apparatus described in the above-identified copending application of
      Gilbert and Pfau, it has been found that the first predetermined level of
      the pressure at which the time interval is initiated should be 40 psi or
      above. Further, the second predetermined pressure, the pressure at which
      the time interval is terminated, should not be below 20 psi since flow
      rate below this pressure decreases to a value which introduces significant
      errors. Although 40 psi may be considered to be a minimum pressure for
      starting the time interval, it is preferred to employ a pressure drop of
      at least 30 psi and accordingly, the preferred pressure levels are 50 psi
      and 20 psi as previously mentioned. Obviously, higher pressures may be
      employed. Of course, the choice of different pressure levels, levels other
      than the 50 and 20 psi referred to above, would yield different time
      intervals and ranges of times providing satisfactory test results. Such
      pressures and time intervals are preferably determined empirically.
PAR  For such an empirical determination, for use in testing a mold which has
      been in operation for some time, for example, a plurality of completed
      molded articles from one mold cycle (thirty two articles with the
      exemplary apparatus) are each identified according to the particular
      cavity and core of the apparatus in which it was formed and each article
      is inspected to determine acceptability. Some of the articles will be
      found to be acceptable and others may have holes or discontinuities
      indicating plugged venting. All of the venting orifices of all cavities
      and cores of the apparatus are then tested, employing the same pressure
      levels for starting and ending the test time intervals. A range of time
      intervals will then be found that correlate with at least a group of vent
      orifices of cavities and cores that provided acceptable articles.
      Likewise, a range of time intervals may be found above the first mentioned
      range which correlates with vent orifices of cores and cavities that
      produced unacceptable articles. Thus, the testing is empirically
      calibrated for a given apparatus.
PAR  There have been described simple, rapid, efficient and accurate methods and
      apparatus for testing of vent orifices of injection molding apparatus and
      which provides information not previously available concerning operation
      of such apparatus.
PAR  The foregoing detailed description is to be clearly understood as given by
      way of illustration and example only, the spirit and scope of this
      invention being limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of testing size of a venting orifice in a molding machine
      comprising the steps of
PA1  coupling the orifice to a source of pressure,
PA1  building up pressure at the orifice above a predetermined value and
      thereafter isolating the orifice from the pressure source,
PA1  causing the built up pressure to decrease by flow through said orifice,
PA1  initiating a time interval upon decrease of the built up pressure to said
      predetermined value, and
PA1  terminating said time interval upon decrease of the built up pressure to a
      second and lower predetermined value, thereby to indicate size of said
      venting orifice by the length of said time interval.
NUM  2.
PAR  2. The method of claim 1 wherein said orifice is formed in an elongated
      core and wherein coupling of said orifice to a source of pressure includes
      inserting said core into sealing engagement within one end of a conduit
      that is connected at its other end to said pressure source.
NUM  3.
PAR  3. The method of claim 1 wherein said orifice is formed in an end of an
      elongated mold cavity and wherein said step of coupling the orifice to a
      source of pressure comprises inserting into said cavity in sealing
      relation thereto one end of a fluid conduit that is connected at its other
      end to said pressure source.
NUM  4.
PAR  4. The method of claim 1 including the step of calibrating said testing,
      said calibrating comprising inspecting a plurality of articles made by
      such molding machine for acceptability, identifying an acceptable article,
      identifying a molding machine venting orifice employed in the manufacture
      of said acceptable article, testing said identified orifice by the steps
      set forth in claim 1, and measuring said time interval to provide a
      calibrated reference time interval for subsequent testing of other
      orifices.
NUM  5.
PAR  5. The method of testing size of a vent orifice in molding apparatus
      comprising the steps of
PA1  connecting one end of a fluid conduit in sealing engagement with said
      orifice,
PA1  connecting another end of said conduit to a source of fluid pressure,
PA1  connecting a flow control valve in said conduit between said pressure
      source and said orifice,
PA1  connecting a pressure sensitive device to said conduit between said valve
      and said orifice,
PA1  opening said valve to allow fluid under pressure to flow from said source
      into said conduit and to said orifice,
PA1  closing said valve when pressure in said conduit at said orifice, as
      indicated by said pressure sensitive device, is not less than a first
      predetermined value,
PA1  initiating a time interval when pressure, as indicated by said pressure
      sensitive device, begins to drop from said predetermined value, and
PA1  terminating said time interval when said pressure, as indicated by said
      pressure sensitive device, drops to a second and lower predetermined
      value.
NUM  6.
PAR  6. The method of claim 5 wherein said orifice is formed in a free end of an
      elongated core of the molding apparatus and wherein the step of connecting
      said conduit to said orifice comprises the step of inserting said end of
      said core into an end of said conduit in sealing relation thereto.
NUM  7.
PAR  7. The method of claim 5 wherein said orifice is formed in an end of an
      elongated mold cavity of the molding apparatus and wherein said step of
      connecting said conduit to said orifice comprising the steps of inserting
      said conduit into said cavity in sealing relation thereto.
NUM  8.
PAR  8. Apparatus for testing size of vent orifices of at least one of an
      elongated vented mold core and an elongated vented mold cavity of
      injection molding apparatus, said testing apparatus comprising
PA1  a flow control valve adapted to be connected at one side thereof to a
      source of fluid pressure,
PA1  a flexible conduit connected at one end to a second side of said flow
      control valve, said conduit having a free end adapted to be inserted in
      sealing engagement into said elongated mold cavity, and further adapted to
      be inserted in sealing engagement over the end of said elongated mold core
      for application of fluid under pressure to the interior of said cavity or
      to the end of said core, and
PA1  a pressure gauge connected in fluid communication with said conduit and
      said second side of said valve, whereby pressure may be applied through
      the valve, when open, to the conduit and thence to the orifice under test,
      and whereby the valve may be closed when the pressure rises above a
      predetermined level, and thereafter the time required for decay of
      pressure from said predetermined level to a second lower predetermined
      level may be measured in conjunction with said pressure gauge to thereby
      indicate undesired restriction of the orifice under test.
NUM  9.
PAR  9. The method of testing vent orifices in a multi-cavity molding machine
      comprising the steps of
PA1  collecting a set of molded articles formed in a single mold cycle of a
      multi-cavity molding apparatus having vent orifices,
PA1  identifying each of the articles according to the particular mold cavity in
      which it was formed,
PA1  inspecting each article to determine acceptability,
PA1  testing at least a group of said cavities for vent orifice size, said
      testing step comprising
PA2  applying fluid under pressure to the cavity ofifice,
PA2  causing fluid under pressure to flow through the orifice,
PA2  detecting a measured time required for pressure of said fluid as applied to
      the orifice to decrease by a preselected amount as it escapes through said
      orifice, and
PA2  employing such measured time as a measure of the orifice size,
PA1  identifying the measured time detected for cavity orifices corresponding to
      those articles determined to be acceptable thereby to calibrate the
      testing of said orifices.
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ABST
PAL  A simple and rapid test, and an apparatus for use therein, is described for
      measuring the filtration, or drainage, characteristics of a fibrous
      slurry. The results obtained by this test are accurately reproduced in
      production size systems, e.g. a wet process for the manufacture of
      asbestos-cement products such as sheet or pipe. The test utilizes a
      portable, light-weight leaf filter and can be run in 2-3 minutes.
BSUM
PAR  The present invention relates to a leaf filter test for determining the
      filtration, or draining characteristics of slurries containing fibers
      suspended therein, and an apparatus for performing the test.
PAC  BACKGROUND OF THE INVENTION
PAR  In research and development, and in the quality control, of fibrous
      slurries used for forming articles by drawing the liquid through a
      permeable member, having passages sufficiently small to prevent the solids
      in the slurry from passing therethrough, it is often desirable to
      determine the filtration, or drainage, characteristics of the slurry using
      only a relatively small slurry sample. By making an accurate determination
      on a small sample, undesirable slurry ingredients and/or slurry
      compositions can be detected and eliminated. Also, by testing slurries
      intended for use on a production unit, data is obtained that can be used
      to pre-set process parameters for each different slurry to reduce the
      amount of defective products produced. However, to accomplish these
      objectives it is essential that the results produced by the test
      accurately represent the results that the production unit will produce.
      The type of production units referred to here are disclosed in detail in
      numerous U.S. Pat. Nos., e.g. 2,182,353, 2,246,537, 2,322,592, 3,095,346
      and 3,715,230.
PAR  The tests previously used to determine the drainage characteristics of
      slurries comprising asbestos fibers and hydraulic cement particles have
      failed to produce results that accurately represent the performance of the
      slurries in a production sized process or are too complex and require too
      much time to be practically useful. Several tests have been proposed and
      used, but each suffers one or more of the defects just described.
PAR  One test frequently used, a standard test used in the paper industry, is
      called the TAPPI test. In this test, a fixed volume of slurry is poured
      into a graduated transparent cylinder having a 60 mesh (U.S. STD.) screen
      located in its bottom. The time required for a fixed volume of the liquid
      carrier to pass through the screen, under the influence of gravity and the
      slurry head in the cylinder, is measured to determine the drainage
      characteristics of the slurry. The results obtained using this test on
      slurries containing asbestos fiber are frequently not representative of
      the results found when the slurries are used in production sized wet
      process equipment for making asbestos/cement sheets, pipe, etc.
PAR  Another test, called the Alpharater test, is similar to the TAPPI test,
      except a partial vacuum of 200 mm of mercury is established on the down
      stream side of the 60 mesh screen. Like the TAPPI test, this test produces
      results that are not representative of those obtained on production sized
      wet machines.
PAR  A third test that has been used is called a Fiberator test. This test is
      similar to the Alpharater test, except that the screen area used is larger
      and the slurry head above the screen is smaller. In addition to measuring
      the filtrate volume, the weight of the layer of solids built up on the 60
      mesh screen, in a fixed period of time, is also determined. While this
      test produces results that more closely approximate the results obtained
      on production sized equipment, this test is complicated and requires more
      time than desired.
PAR  The object of the present invention is to provide a test, and accompanying
      apparatus, that is simple, fast, and that produces results that will be
      representative of production sized equipment.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a test method for determining the
      filtration, or drainage, characteristics of a fibrous slurry. The method
      comprises placing a small filter leaf into a fibrous slurry, connecting
      the interior of the filter leaf to a partial vacuum to remove liquid from
      the slurry and to deposit solids from the slurry onto the filter surface,
      removing the filter leaf after a fixed time from the slurry and allowing
      the partial vacuum to draw air through the layer of solids built up on the
      filter surface to remove any excess liquid therein, removing the layer of
      solids from the filter leaf, drying the layer and determining the weight
      of the dried layer. The production rate, or filtration rate, is then
      calculated using the following formula:
      ##EQU1##
      where FR = filtration rate in gm/min/ft.sup.2, DC = dry cake weight in
      grams, FT = filtration time in minutes, and SA = screen area in square
      feet.
PAR  The present invention also provides, in combination, a portable leaf filter
      means, a vacuum source means, and container means for running the above
      test. Optionally, agitation means can also be provided to prevent the
      solids in the slurry from settling.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional side view of a preferred apparatus for running
      the test of the present invention.
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1.
PAR  FIG. 3 is a front view of a preferred leaf filter means.
PAR  FIG. 4 is a cross sectional view of the leaf filter shown in FIG. 3.
PAR  FIG. 5 is a graph showing the filtration rate of asbestos/cement slurries
      determined by the test of the present invention versus the filtration rate
      of the same slurries on production sized wet machines.
DETD
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  The leaf filter means is the key element in the apparatus and test of the
      present invention. It can be made in many shapes including a square box,
      rectangular box, a cylinder, etc. A preferred form is shown in FIGS. 3 and
      4. The preferred form is a long rectangular box 24, preferably made from a
      rust resistant metal such as stainless steel or aluminum. A hole is cut in
      one of the large faces of the box leaving a flange 32 around the outer
      periphery. A rust resistant screen 30, preferably a 60 mesh (U.S. STD)
      stainless steel screen, is attached to the flange 32 by appropriate means,
      such as an adhesive or solder. A preferred size for the leaf filter screen
      opening is 5 by 2 inches. One of the walls 25, 27 or 29, preferably 27, is
      drilled and a fitting 26 is attached for connection to a vacuum source 28
      for pulling liquid 34 from the slurry 3 through screen 30 and out through
      fitting 26.
PAR  This preferred leaf filter is light weight and portable, and therefore can
      be used for running a test in any container capable of holding a slurry,
      including the wet box of a forming apparatus used in the conventional wet
      forming process. A preferred apparatus for running bench tests using the
      test method of the present invention is shown in FIGS. 1 and 2. This
      apparatus 2 comprises a container 4, perferably having an inclined bottom
      surface 8 with a drain 10 and an on-off valve 12 for ease in removing the
      slurry and cleaning the container after the test is completed. The
      container 4 also has a short flat bottom section 6 and keeper means 22 for
      holding the leaf filter 24 in a constant position. The leaf filter 24 is
      placed in container 4 such that the screen 30 is exposed to the slurry 3.
PAR  Optionally, the container 4 can be provided with agitation means to prevent
      the solids in the slurry from settling. However, since the filter leaf is
      only in the slurry for a matter of seconds this is usually not necessary.
      As shown in FIGS. 1 and 2, an electric motor and drive 14 are mounted on
      container 4 by mounting means 16. A shaft 20 having an agitator blade 18
      is rotated by the motor and drive 14 to provide agitation.
PAR  To run the test of the present invention using the apparatus shown in FIGS.
      1 and 2 a slurry 3 is poured into container 4 until the slurry reaches a
      predetermined level. The agitation motor and drive means 14 are started.
      The leaf filter means is attached to a vacuum source 28, preferably about
      200mm of mercury, and placed into the container 4, in the position shown
      in FIG. 1, and allowed to remain there for a predetermined time,
      preferably about 10 seconds. At the end of the predetermined time the
      filter leaf 24 is quickly withdrawn from container 4 and held in the air
      to allow the vacuum to pull excess moisture from the layer of solids built
      up on screen 30. The filter leaf 24 is then disconnected from the vacuum
      source 28 and the layer of solids is carefully peeled away from screen 30.
      Usually this layer of solids will have well defined dimensions equal to
      the screen area communicating with the interior of filter leaf 24. The
      layer of solids is then dried to constant weight and the weight is
      recorded. The filtration rate of the slurry can then be determined from
      the recorded data using the formula disclosed earlier in the
      specification.
PAR  It can readily be seen, due to the size and weight of the filter leaf used
      and the short time that the filter leaf is submerged in the slurry, that
      this test technique readily lends itself to use in any type of container
      including process equipment such as slurry mixers, holding tanks, and wet
      boxes of forming machines. Depending on the type of dryer used, the entire
      test can be completed in as little time as 2-3 minutes. Therefore, the
      test is not only a useful laboratory test, but can also be used for
      quality control purposes in manufacturing operations.
PAR  The level of vacuum used in the preferred embodiment disclosed above, the
      screen size and shape used in the leaf filter, and the time that the
      filter leaf is submerged in the slurry, can all be changed substantially
      to accommodate different slurry compositions and conditions. For example,
      if a very low solids content slurry is being tested, it might be desirable
      to increase the submersion time of the filter leaf. Also, it is usually
      desirable to use a magnitude of vacuum equal to the magnitude on the
      production equipment for which the slurry is being tested.
PAR  FIG. 5 shows a curve worked out for asbestos/cement slurries prepared to
      produce different filtration, or production rates on a wet machine
      production unit. Each of these slurries was tested on both the production
      wet machine and the filter leaf of the present invention. The curve
      represents the filtration rates on the production unit versus the
      production rates on the leaf filter of the present invention. This curve
      is used to determine the production rate that can be expected on this
      production unit using the leaf filter rate determined on any
      asbestos/cement slurry. For example, if the leaf filter test of the
      present invention produced a production rate of 900 gm/min/ft.sup.2 for a
      particular asbestos/cement slurry, one could determine the expected
      production rate on the production size machine by drawing a vertical line
      from 900 on the abscissa until it intersected the curve shown in FIG. 5. A
      horizontal line is then drawn from this intersection to the ordinate on
      the graph. The expected production rate is marked by the intersection of
      the horizontal line with the ordinate. If any variable of the test is
      changed, such as the machine size, the magnitude of the partial vacuum, or
      the submersion time of the filter leaf in the slurry, it would be
      necessary to establish a new curve.
PAR  It might be possible to eliminate the use of the curve shown in FIG. 5 by
      adjusting the parameters of the test, e.g., screen size, magnitude of
      partial vacuum, etc., to produce filtration rates approximately equal to
      those produced by production sized wet machines, but this is unnecessary
      since the curve in FIG. 5 is easy to use and provides sufficiently
      accurate results.
PAR  While the present invention has been described primarily with respect to an
      asbestos/cement slurry, the filter leaf test could be used on any fibrous
      slurry, e.g. slurries containing glass fibers, ceramic fibers, resin
      fibers, etc.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for rapidly determining the filtration rate of a fibrous slurry
      comprising submerging a filter leaf a predetermined distance below the top
      surface of the slurry for a predetermined time, connecting the filter leaf
      to a predetermined level of magnitude of partial vacuum during the time
      the filter leaf is submerged in the slurry, withdrawing the filter leaf
      from the slurry at the end of said time, removing a layer of solids built
      up on the filter leaf, drying said layer of solids, and determining the
      drainage characteristics of the slurry according to the following formula:
      ##EQU2##
      where FR = filtration rate in gm/min/ft.sup.2 , FT = filtration time in
      minutes, SA = screen area in square feet, and DC = dry cake weight in
      grams.
NUM  2.
PAR  2. The test method according to claim 1 wherein said fibrous slurry
      comprises water, asbestos fibers, and hydraulic cement particles.
NUM  3.
PAR  3. An apparatus for determining the drainage characteristics of a fibrous
      slurry comprising container means for containing the slurry at a
      predetermined level, agitation means to agitate said slurry a filter leaf
      for collecting a layer of solids contained in said slurry, and a partial
      vacuum source for pulling liquid contained in said slurry out of said
      container and into and out of said filter leaf, said filter leaf
      comprising a container having an outlet for attachment to said partial
      vacuum source and another larger outlet covered by a permeable screen,
      said filter leaf being located in said container in an operative mode such
      that said larger outlet is located below said predetermined level thus
      placing said permeable screen in direct contact with an agitated portion
      of said slurry and therefor giving more reliable indication of the
      drainage characteristics of the slurry.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said filter leaf is a rectangular
      shaped box having an opening in a large face, said opening being covered
      by said permeable screen.
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ABST
PAL  A flaw penetrant test panel having a sheet metal surface in which are
      impressed tiny or microscopic flaw simulating cavities distributed over
      the test surface to receive one or more penetrants being tested, the mouth
      size of the cavities being in the range of about 1 to 10 thousandth inch
      and being formed by heating the metal to incipient softening temperature
      followed by penetration of the surface test area using a needle-like tool
      proportioned to the desired cavity size and depth and which upon
      penetration of the metal displaces it in a crater-like rim about the
      cavity being formed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various metallic products and parts in the forms of castings, forgings,
      machine components and the like of ferrous as well as non-ferrous
      compositions are tested for flaws, voids and similar defects which weaken
      the metal so as potentially to cause failure in its use. A customary
      practice is to apply to the metal a liquid penetrant which enters the
      defect and thus enables visual identification of its character including
      dimension, extent and location. Commonly used today are penetrants
      composed of fluorescent dyes which become more plainly visible when
      exposed to ultraviolet light.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has for its general object to provide an improved panel
      capable of simple and easy use for the testing of a single penetrant or
      comparative use in the testing of two or more penetrants to determine the
      choice to be made between them. Generally contemplated is a rigidized test
      panel in which is formed tiny cavities of uniform microscopic size which
      simulate the flaws that may be present in work pieces and which are
      receptive of the penetrant or penetrants by coating the panel with the
      penetrant.
PAR  The invention contemplates the use of any metal to constitute the test
      medium and which is sufficiently hard to be resistent to having its
      surface inadvertently scarred or scratched and which will be productive of
      the later described cratering of cavities impressed in its surface
      following heating. Illustrative metals are copper, brass, tin and their
      alloys, also softer steels, all capable of surface incipient softening by
      heating and to extents suitable for the cavity formation. A preferred and
      readily available metal having these qualities is commercial sheet
      aluminum which in itself is flexibly thin but in use is rigidized by
      bonding to a relatively thick lamination or core.
PAR  A further object of the invention relates to the method used for formation
      of the cavities which generally employs the steps of first heating the
      metal to an incipient softening temperature and then penetrating its
      surface with a needle-like tool dimensioned in accordance with the cavity
      to be formed so that penetration of the softened metal raises a
      crater-like rim about the cavity.
PAR  In its penetrant testing capacity the invention presents the unique
      advantage of permitting exact uniformity in the sizes and shapes of the
      simulated flaws, i.e. the impressed cavities. This feature assures
      exactness in penetrant tests or comparison conditions in that whether
      within different areas of a single test panel or within different panels
      used for comparative purposes the cavities may be uniformly identical.
PAR  The features and objects referred to in the foregoing as well as the
      details of an illustrative embodiment of the invention will be understood
      more fully from the following description of the accomanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view showing an illustrative test panel surface presented by a
      sheet aluminum cladding containing distributed spaced cavities shown at
      enlarged scale.
PAR  FIG. 2 is an enlarged fragmentary cross section of FIG. 1 showing
      claddings, one of which is cavitated, bonded to an intermediate or core
      lamination; and
PAR  FIG. 3 is a further fragmentary sectional enlargement of the cavitated
      cladding illustrative of the cavity forming tool and the shapes
      characteristic of the resulting cavity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT AND METHOD
PAR  The preferred test panel forming material is a rigid laminar composite of
      aluminum and aluminum alloys, generally indicated at 10, that may be
      selected from the compositions tabulated in the Alcoa Aluminum Handbook,
      Copyright 1967 by the Aluminum Company of America, in which reference may
      be made to pages 46 to 54. For purposes of the invention the aluminum
      alloy composites are not critical because both as to supporting and
      surface laminations the relation significant to the invention is primarily
      physical. Thus the laminar composite may consist of a relatively thicker
      supporting or core aluminum alloy lamination 11 one or both surfaces of
      which have claddings 12 of commercial sheet aluminum. The laminar
      composite 10 is formed by advancing the core 11 and surface cladding or
      claddings 12 between rollers exerting such high pressure against the
      laminations as to pressure-bond them together to form an integrated
      composite. In the following it will be assumed that the alloy core is clad
      on both sides with thinner sheet aluminum.
PAR  In reference to the drawing, the test panel generally indicated at 10 is
      shown to consist of a laminar composite core 11 bonded to claddings 12 one
      only of which need be cavitated as in FIG. 1. As previously observed the
      relatively thick core 11 serves a supporting and rigidizing function in
      relation to the thinner cavitated lamination 12.
PAR  Typically, the total lamination thickness used to form the test panel is
      about 0.125 inch with the cladding 12 thicknesses each about 0.003 inch.
PAR  As illustrative of the core 11 composition a usable aluminum alloy may
      contain by weight percentages 0.50 silicon, 0.7 iron, 1.2 to 2.0 copper,
      0.3 manganese, 2.1 to 2.9 magnesium, 0.18 to 0.40 chromium, 5.1 to 6.1
      zinc, 0.20 titanium, the remainder being aluminum.
PAR  A typical cavity-containing commercial aluminum sheet composition applied
      to at least one surface of the core may be in weight percentages about 0.7
      silicon plus iron, 0.10 copper, 0.10 manganese, 0.10 magnesium, 0.8 to 1.3
      zinc and the remainder aluminum.
PAR  Preparatory to the cavity formation in a rigidized lamination thus
      typically constituted the aluminum test surface of the panel is first
      flame or electrically heated to a temperature sufficiently high, and
      usually in the range of 200.degree.-900.degree.F, to produce incipient
      softening of the metal preferably to about the penetration depth. The
      aluminum surface then is immediately penetrated by a suitable needlelike
      tool which may be a titanium tip 13 carried by a pressure spindle 13a
      which forces the tip into the metal to a depth that may be from about 1 to
      20 thousandth inch or which may roughly correspond to twice the cavity
      mouth diameter. Suitable stop means, not shown, may limit down travel of
      the spindle to produce uniform penetrating depth of the tip 13.
PAR  Because of difficulties of machining a penetrating tip to its needle-like
      dimensions the tip may be reduced from machinable proportions to use size
      by chemical milling, e.g. using known procedures, see U.S. Pat. Nos.
      2,965,521; 3,007,780; 3,061,494; 3,082,137; 3,108,919; and 3,745,079. The
      penetrating tool tip will be reduced to produce a cavity 14 of the stated
      dimensions having sides tapering inwardly of the panel metal to a somewhat
      rounded bottom.
PAR  By reason of the preheated state of the metal its penetration by the tool
      tip raises a simulated crater 15 about the mouth or rim of the cavity
      which is an aid to visual location of the cavity. As previously observed,
      the cavities 14 are distributed over a selected test area of the panel at
      spacings and in patterns selectable by choice with no limitations as to
      distribution patterns. Thus the cavities may be spaced apart in rows or
      given other pattern distribution. Preferably the cavity distribution
      density will range between about 3 to 100 per square inch of the panel
      test area the total size of which may depend upon specific purposes for
      which the test is conducted. Where different penetrants are to be compared
      the cavitated test area may be enlarged to permit visual comparison
      between different penetrants. Typically panel test area sizes may range
      from 1 to 20 sq. in.
PAR  In use the panel may be coated with any of the customarily used dye or
      penetrant solutions, or different dye solutions where a comparitive test
      is being made, so that the dyes enter the cavities and after removal of
      surface excesses color the panel surface in accordance with the penetrant
      coloration which, as previously mentioned, may be determined by inspection
      using ultra-violet light in the case of the fluoresecent penetrants.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flaw penetrant test panel having a sheet metal surface in which are
      formed tiny flaw simulating cavities distributed over said surface to
      receive test penetrant, the mouth size of the cavities being in the range
      of about 1 to 10 thousandth inch, the cavities being formed by heating the
      surface layer of the sheet metal to incipient softening and forcing a
      penetrating tool into the surface layer to a desired depth whereby
      cavities having crater-like raised rims are formed.
NUM  2.
PAR  2. Panel according to claim 1 in which the cavity depth is about 1 to 20
      thousandth inch.
NUM  3.
PAR  3. Panel according to claim 1 in which the surface area distribution of the
      cavities is about 3 to 100 per square inch.
NUM  4.
PAR  4. Panel according to claim 1 in which said panel is a surface lamination
      rigidized by bonding to a supporting metallic lamination.
NUM  5.
PAR  5. Panel according to claim 4 in which said surface lamination is
      commercial grade sheet aluminum.
NUM  6.
PAR  6. Panel according to claim 5 in which said supporting lamination is sheet
      aluminum alloy.
NUM  7.
PAR  7. A flaw penetrant test panel having a sheet metal surface in which are
      formed tiny flaw simulating cavities distributed over said surface to
      receive test penetrant, the mouth size of the cavities being in the range
      of about 1 to 10 thousandth inch, said cavities having crater-like raised
      rims.
NUM  8.
PAR  8. Panel according to claim 7 in which the cavity depth is about 1 to 20
      thousandth inch.
NUM  9.
PAR  9. Panel according to claim 7 in which said panel is a surface lamination
      of commercial grade sheet aluminum rigidized by bonding to a supporting
      metallic lamination.
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ABST
PAL  The dynamic parameters of soil in situ are determined by: impacting freely
      suspended piles and measuring the force applied to and the acceleration of
      the piles; analyzing the measured information to determine the transfer
      function (impedance) of the piles; driving the piles into the soil whose
      dynamic parameters are to be determined; impacting one of the piles driven
      into the soil; measuring the force applied to and the acceleration of the
      driven pile; measuring the acceleration produced by the driven pile at at
      least one remote pile; analyzing the measured information obtained with
      the piles located in the soil to determine the transfer functions of the
      soil plus the piles; and, subtracting the transfer functions of the piles
      from the transfer functions of the piles plus the soil to determine the
      transfer function of the soil. The transfer function when plotted depicts
      the dynamic parameters of the soil. The analysis is performed using
      Fourier techniques whereby the force and acceleration measurements are
      converted from the time domain to the frequency domain. In addition,
      acceleration measurements are converted from an acceleration form to a
      velocity form. The Fourier transformed force measurements are divided by
      the Fourier transformed velocity measurements to create transform
      functions prior to the subtraction step being performed. In addition,
      errors contained in the force measurements created by any mass located
      between the impacting mechanism and the impacted or force pile are
      eliminated prior to converting the force measurements from the time domain
      to the frequency domain. Further, the resultant transform information is
      analyzed to determine if it is valid (only created by the applied force)
      or invalid (created by the applied force plus some external, uncontrolled
      force).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to testing soil and, more particularly, to
      determining the dynamic parameters of soil.
PAR  In order for an architect or civil engineer to design a building or
      structure that is adequate to withstand dynamic ground forces, it is
      necessary for him to know the parameters of the soil that will ultimately
      support the building or structure, and in particular the dynamic
      parameters of such soil. This information is needed for two principle
      reasons. First, it is needed so that adequate building support and design
      will be provided. Second, it is needed so that the support pilings can be
      driven with a force adequate to drive them into the soil, but inadequate
      to damage surrounding structure or buildings. More specifically, by
      knowing the dynamic parameters of the soil, an architect or engineer can
      determine the amount of force that can be applied to a pile during a pile
      driving operation without such force having a detrimental effect on
      surrounding buildings or structure, such as breaking the windows of such
      buildings or structures, for example.
PAR  The most commonly used prior art technique for determining the dynamic
      parameters of soil requires the obtaining of soil samples (core samples).
      These samples are analyzed in detail in a suitable laboratory. The results
      are often not as accurate as desired The principle reason for the
      resultant inaccuracies relates to the change in the boundary conditions
      created when the soil is tested in this manner. That is, because the soil
      is removed to a laboratory, the natural boundary conditions existing at
      the soil site do not exist during analysis. To the extent that the
      boundary conditions effect the in situ dynamic parameters of the soil, the
      laboratory analysis is in error.
PAR  Therefore, it is an object of this invention to provide a method of
      determining the dynamic parameters of soil without requiring the removal
      or undue disturbance of the soil, i.e., without disturbing the natural
      boundary conditions of the soil.
PAR  It is a further object of this invention to provide a method of and an
      apparatus for determining the dynamic parameters of soil in situ.
PAR  It is also an object of this invention to provide an apparatus for rapidly
      and accurately determining the dynamic parameters of soil in situ.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention, a method of determining
      the dynamic parameters of soil in situ is provided. The method generally
      comprises the step of: determining the transfer function (impedance) of
      piles; determining the transfer function of the piles plus soil after the
      piles have been driven into the soil; and, subtracting the transfer
      functions of associated piles from the transfer function of the piles plus
      the soil to determine the transfer function of the soil.
PAR  As used herein the term "pile" is to be given a broad meaning. It covers
      wooden poles, steel rods, concrete piles or other devices that can be
      driven into and impale the soil. This term, as used herein, also covers a
      spread footing that is poured in contact with the soil in a manner such
      that when impulsed it will excite the surrounding soil in the manner
      contemplated herein.
PAR  In accordance with further principles of this invention, the transfer
      functions of the piles are determined by separately, freely suspending the
      piles and impacting them. The applied force and the acceleration caused by
      the applied force to each freely suspended pile are measured. The measured
      information is either recorded and subsequently used, or immediately used,
      to determine the transfer functions of the impacted piles. Recording is
      preferred because it allows all analysis to be performed at a common
      location, such as a laboratory, for example.
PAR  In accordance with other principles of this invention, the pile and soil
      transfer functions are determined by driving the piles to a common depth
      into the soil whose dynamic parameters are to be determined. Thereafter,
      one of the piles, the driving or force pile, is impacted, i.e., a force is
      applied to it. The force applied to and the acceleration of the driving
      pile caused by the applied force is measured. In addition, the
      acceleration of one or more remote piles caused by the applied force is
      measured. This measured information is also either recorded or used
      immediately to determine the pile plus soil transfer function(s).
PAR  In accordance with still other principles of this invention, the force and
      acceleration measurements create transfer functions by first converting
      the measurements, using Fourier techniques, from the time domain to the
      frequency domain. In addition, acceleration measurements are converted
      from acceleration form to velocity form (acceleration .div. frequency).
      The converted force measurements are then divided by the converted
      velocity measurements to provide transfer functions. Then, the transfer
      functions related to the associated piles alone is subtracted from the
      transfer functions related to the soil plus piles, resulting in transfer
      functions solely related to the soil. By associated is meant the piles
      associated with each set of force and acceleration measurements taken when
      the piles are located in the soil. Both the driving point transfer
      function (formed at the force pile) and a series of transfer point
      transfer functions (formed at the remote piles) are determined in this
      manner.
PAR  In accordance with further principles of this invention, errors related to
      certain mass, such as support structures for force measuring transducers,
      are subtracted from the measured force in order to obtain a true
      representation of applied force prior to Fourier transformation. Moreover,
      the measured acceleration information is analyzed either prior, or
      subsequent, to the transfer functions being determined in order to
      determine whether or not the measured information is: (1) valid, i.e.,
      whether or not it relates to the force applied to the driving pile only;
      or (2) invalid, i.e., whether or not it relates to the force applied to
      the driving pile, plus externally created, uncontrolled force.
PAR  In accordance with further principles of this invention, an apparatus for
      determining the dynamic characteristics of soil in accordance with the
      method of the invention is provided. The apparatus comprises: a plurality
      of piles; transducers for measuring force applied to the piles and the
      acceleration of the piles created by the applied force; a force creating
      mechanism; and, an analyzing mechanism for analyzing the measured
      information. The force creating mechanism may be an external mechanism,
      such as a pile driver, for example, or an internal mechanism, such as an
      explosive charge released in the pile, for example. Preferably, a
      recording mechanism, such as a multiple channel tape recorder, is used to
      first record signals related to the force and acceleration created when
      the piles are freely suspended and impacted. Thereafter, signals related
      to the force and acceleration, created after the piles are driven to equal
      depths in the soil whose dynamic parameters are to be determined and one
      is impacted, are recorded. In this manner a series of related force and
      acceleration signals are obtained and stored for later analysis at a
      remote location, such as a laboratory, for example.
PAR  In accordance with further principles of this invention, the analysis
      mechanism includes amplifiers and filters adapted to simultaneously
      amplify and filter a force signal and a related acceleration signal. If
      some objectionable mass other than the mass of the associated pile, such
      as a support for the force measuring transducer is associated with the
      force signal, the effect of that mass is deleted from the force signal.
      The thusly conditioned force and acceleration signals are applied to a
      Fourier analyzer. The Fourier analyzer converts the signals it receives
      from the time domain to the frequency domain, and converts the
      acceleration signal into a velocity signal (velocity = acceleration .div.
      frequency). The transformed force signal is then divided by the
      transformed velocity signal to produce a transfer function (impedance)
      signal. The Fourier analyzer performs these steps on each related set of
      force and acceleration signals and temporarily stores the resultant
      transfer function signals. Thus, a series of transfer function signals are
      created, some of which are related to the transfer functions of the piles
      only (based on the measurements made when the piles are freely suspended)
      and other of which are related to the piles plus soil (taken when the
      piles were located in the soil). The related "pile" transfer function
      signals are subtracted by the Fourier analyzer from the "pile plus soil"
      transfer function signals in order to produce transfer function signals
      solely related to the soil. The soil transfer function signals are applied
      to a suitable plotting mechanism to create displays from which soil
      dynamic stiffness, soil dynamic mass, soil damping and soil resonances are
      readily determined.
PAR  In accordance with other principles of this invention, the apparatus
      includes a phase meter which measures the phase difference between the
      various force and acceleration signals as they are applied to the Fourier
      analyzer. The resultant phase difference signals are plotted by a suitable
      plotting mechanism against frequency, the frequency component being
      derived from the Fourier analyzer.
PAR  In accordance with further principles of this invention, the Fourier
      analyzer also determines whether or not the acceleration signals are valid
      or invalid. More specifically, the Fourier analyzer determines whether or
      not the measured acceleration signals are due only to the applied force or
      also to other extraneous, uncontrolled, forces. In this regard, the
      Fourier analyzer converts the measured acceleration signals from the time
      domain to the frequency domain and determines the power spectrum of these
      signals both at the driving or force pile and at each remote pile. The
      cross-power spectrum between the converted driving point acceleration
      power spectrum signal and each converted transfer point acceleration power
      spectrum signal is then computed and squared by the Fourier analyzer.
      Finally, the coherence function between each of the resultant signals is
      determined. Lack of coherence results in the rejection of the related
      acceleration signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes better
      understood by reference to the following detailed description when taken
      in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram illustrating a mechanism suitable for freely
      suspending a pile such that measurement signals (force and acceleration)
      related to the transfer function of the pile can be obtained;
PAR  FIG. 2 is a pictorial diagram illustrating a mechanism formed in accordance
      with the invention for obtaining signals (force and acceleration) related
      to the transfer function or soil plus piles;
PAR  FIG. 3 is a block diagram of a system formed in accordance with the
      invention for analyzing the transfer function related signals obtained by
      the apparatus illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is a block diagram illustrating a Fourier analyzer utilized to
      determine the validity of the acceleration information derived when the
      piles are located in the ground; and,
PAR  FIG. 5 is a graph depicting the transfer function of soil created by an
      apparatus formed in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention is directed to a method of and an apparatus for determining
      the dynamic parameters of soil without displacing the soil other than by
      the insertion of a pile, i.e., the determination is made in situ. Because
      the determination is made without displacing the soil, the effect on the
      dynamic parameters of the soil created by the existing natural boundary
      condition is not lost.
PAR  In general, the invention achieves its desired result by determining a
      series of transfer functions (impedances). The series includes transfer
      functions of two different types, one type is related to the transfer
      functions of the piles themselves and the other is related to the transfer
      functions of the piles plus the soil. By subtracting the transfer
      functions of the piles themselves from the transfer functions of the piles
      plus the soil, the transfer function of the soil can be determined. The
      transfer functions are determined by measuring an impacting force applied
      to the piles and the acceleration of the piles which result from the
      applied force. The measured information is transferred from the time
      domain to the frequency domain and the acceleration information is
      converted to velocity information. Then, the transformed force information
      is divided by the transformed velocity information to obtain the resultant
      transfer function (impedance) information. As will be better understood
      from the following description, various errors which could exist in the
      resultant information are eliminated by the invention.
PAR  FIG. 1 illustrates an apparatus formed in accordance with the invention for
      obtaining signals related to the transfer functions of the individual
      piles to be later driven into the soil whose dynamic parameters are to be
      determined. Each pile 14 is suspended by a suitable suspension system (one
      having a natural frequency well below that of the piles) illustrated
      schematically as a cable 12 attached to a fixed support 10. After
      suspension, a suitable impacting force is applied to the suspended pile
      14. In the schematic illustration, a force hammer 16 which includes a
      driven element 24 movable in the direction of the arrow 26 creates the
      impacting force. For purposes of illustration clarity, the force hammer is
      offset from the pile centerline; however, it will be appreciated that in
      actual use, the force would be applied along the pile centerline. In this
      regard, an alternative to a force hammer or other mechanical system is an
      explosive system wherein an explosive charge is detonated in the pile to
      create the desired force.
PAR  When impacted, the suspended pile is accelerated. A suitable force
      measuring device 18, such as a strain gauge transducer, measures the
      applied force and creates a related force signal. The force is recorded on
      one track of a multiple track tape recorder 21. At the same time, a
      suitable acceleration measuring device, such as an accelerometer 20,
      measures the acceleration of the pile 14 and creates a related
      acceleration signal. The acceleration signal is simultaneously recorded on
      another track of the multiple track tape recorder 21. As indicated above,
      the same steps are performed for each pile to be subsequently driven into
      the soil. The signals recorded on the multiple track tape recorder 21, as
      will be better understood from the following description, are subsequently
      utilized to create the transfer function signals relating to the various
      piles. The resultant transfer function signals are subtracted from
      transfer function signals related to the transfer functions (impedances)
      of the piles plus the soil.
PAR  Turning now to FIG. 2, as illustrated therein, a plurality of piles
      including a force pile 11 and a plurality of remote piles 13 are driven to
      equal depths in the soil 15. Any suitable well known driving mechanism
      such as a pile driver 17 can be utilized to drive the piles to the desired
      depth. Thereafter, accelerometers 19 are mounted on each of the remote
      piles 13 and connected to a suitable recording mechanism such as the
      multiple track tape recorder 21. In addition, a force measuring device,
      such as a strain gauge transducer 23, is mounted atop the force pile 11
      and connected to the tape recorder 21. The force measuring device may be
      separated from the force pile 11 by a suitable support mass (not shown).
      Further, an accelerometer 25 is mounted on the force pile 11 and connected
      to the tape recorder 21. The connections to the tape recorder are such
      that the force and acceleration signals generated by the force measuring
      device and the accelerometers are all simultaneously recorded. For
      purposes of discussion, the junction point 27 between the ground level and
      the force pile 11 is referred to as the driving point and the junctions 29
      between ground level and the remote piles 13 are referred to as transfer
      points.
PAR  While the piles are illustrated as wood or iron piles that can be driven
      into the soil, it is to be understood that the piles could be poured
      concrete piles or footings. Obviously, a similar pile must be formed
      outside of the soil for use in obtaining force and acceleration signals
      related to the transfer functions of the poured piles, as herein
      described. In any event, the important feature to note is that the piles
      are embedded in the soil.
PAR  The pile driver 17 is located such that its hammer 31 is located above the
      strain gauge transducer 23. The pile driver 17 may take on any
      conventional form. As illustrated, the hammer 31 is raised by a cable 33
      wrapped about a drum 35. When the hammer 31 reaches a suitable height
      above the force measuring transducer 33, the cable is released and the
      hammer 31 drops vertically and impacts on the top of the strain gauge
      transducer 23. The impacting force is, thus, applied to the force pile 11.
      In addition, the strain gauge transducer creates a signal that is recorded
      on the associated track of the multiple track tape recorder 21. The
      impacting force causes a slight acceleration of the force pile 11. This
      acceleration is measured by the accelerometer 25 located on the force pile
      11 and by the accelerometers 19 mounted on the remote piles 13. The
      accelerometers create electrical signals which are recorded,
      simultaneously with the strain gauge transducer produced signal, on the
      accelerometer associated tracks of the multiple track tape recorder. In
      this manner, force and acceleration data are simultaneously recorded on
      the various tracks of the multiple track tape recorder 21. Subsequent to
      one set of signals being simultaneously recorded, all of the piles are
      driven to a lower, equal depth. Thereafter, the cycle of operation is
      repeated and another set of signals is simultaneously recorded on the
      tracks of the multiple track tape recorder 21. After all of the desired
      data is obtained in this manner, the recorded data is analyzed in the
      manner hereinafter described to determine the soil transfer function.
PAR  Again, an alternative to the use of a mechanical system to create the
      desired force is an explosive system. In an explosive system the force is
      created by detonating a charge in the force pile 11.
PAR  FIG. 3 illustrates a preferred apparatus for analyzing the recorded data
      and obtaining a graph of the soil transfer function. The apparatus
      illustrated in FIG. 3 comprises: the multiple track tape recorder 21; two
      amplifiers 41 and 43; a power supply 45; two filters 47 and 49; a phase
      meter 51; a first plotter 53; a mass cancel circuit 59; a Fourier analyzer
      61; and a second plotter 63.
PAR  Two tracks of the tape recorder are always simultaneously played back. One
      of the tracks is an acceleration track and the other is its related force
      track. As will be better understood from the following description the
      Fourier analyzer transforms the playback signals and manipulates them. In
      addition, the Fourier analyzer stores the transformed manipulated signals,
      as necessary, while it transforms and manipulates other signals until it
      has all of the information necessary to create a signal that can be used
      to plot a graph representing the transfer function of the soil. For
      purposes of discussion, it is assumed that the force and acceleration
      signals related to the transfer functions of the piles (FIG. 1) were first
      recorded and that thereafter the transfer functions of the piles plus soil
      (FIG. 2) were recorded. However, it will be appreciated that this sequence
      could be reversed. In this regard, it should be noted that a plurality of
      acceleration signals, and a single force signal are recorded relating to
      the pile plus soil transfer function. Thus, the recorder sequentially
      cycles back and forth during playback so that the same force signal is
      applied to the apparatus illustrated in FIG. 3 along with different
      acceleration signals, determined by the position of a switch (not shown).
PAR  The power supply 45 is connected to supply power to the first and second
      amplifiers 41 and 43 in a conventional manner. The first amplifier 41 is
      connected to the multiple track tape recorder 21 to receive force signals
      and the second amplifier 43 is connected to receive acceleration signals.
      The output of the first amplifier 41 is connected through the first filter
      47 to an input of the mass cancel circuit 59 and to an input of the phase
      meter 51. The output of the second amplifier 43 is connected through the
      second filter 49 to one input of the mass cancel circuit 59, an input of
      the Fourier analyzer and one input of the phase meter 51. Thus, both the
      mass cancel circuit 59 and the phase meter 51 receive force and
      acceleration signals. In essence, the multiple channel tape recorder 21,
      the amplifiers and filters form a coupling means between information
      sensing apparatus (FIGS. 1 and 2) and analyzing apparatus (FIG. 3).
PAR  The mass cancel circuit is designed to eliminate errors from the resultant
      transfer function display caused by undesirable masses, such as any mass
      located between the strain gauge transducer 23 and the force pile 11. More
      specifically, the strain gauge transducer 23 is usually separated from the
      force pile by some support structure. The mass created by this support
      structure will cause an error in the resultant display if its effect is
      not eliminated. The mass cancel circuit performs this function.
      Specifically, the mass cancel circuit includes a multiplier and a
      subtractor. The mass located between the strain gauge transducer and the
      force pile is determined by any conventional technique, such as by
      weighing it, for example. This mass information is inserted into the mass
      cancel circuit by adjusting a potentiometer, for example. The mass
      information is multiplied in the mass cancel circuit by the acceleration
      signal it receives from the second filter 49. The result of the
      multiplication is a signal related to force (force = mass .times.
      acceleration). This force signal is subtracted from the force signal
      applied to the mass cancel circuit by the first filter 47. Hence, the
      resultant force signal is a corrected force signal because errors in the
      original force signal created by the objectionable mass have been deleted.
      The corrected force signal is applied to the Fourier analyzer 61. Thus,
      the Fourier analyzer receives a corrected force and an acceleration signal
      each time the multiple track tape recorder is scanned i.e., a force and an
      acceleration track is played back.
PAR  The Fourier analyzer 61 performs a fast Fourier transform of its input
      signals and then manipulates those signals either in accordance with a
      program or in accordance with preset adjustments. While various Fourier
      analyzers can be used by the invention, a suitable one is identified by
      product number 5451A, produced by the Hewlett-Packard Corporation, 1101
      Embarcadro Road, Palo Alto, California. In this regard, it should be noted
      that a suitably programmed general purpose digital computer can also be
      used by the invention to perform the functions of the Fourier analyzer 61.
PAR  The Fourier analyzer first converts the force and acceleration signals it
      receives from the time domain to the frequency domain. In addition, the
      acceleration signal is converted to a velocity signal (acceleration .div.
      frequency). These signals are then divided (force by velocity) to create a
      transfer function (impedance) signal. As necessary, the Fourier analyzer
      stores the transform signals until it has transformed and manipulated all
      of the signals necessary to form a signal solely related to the transfer
      function of the soil. This final signal is obtained by subtracting pile
      transfer function signals from signals related to the transfer function of
      the soil plus piles.
PAR  Preferably, the sequence of operation is as follows: first, the tape
      recorder plays back the force and acceleration signals recorded when the
      piles were freely suspended. If an undesired mass was associated with the
      piles when these signals were recorded its effect is deleted by the mass
      cancel circuit in the manner previously described. The Fourier analyzer
      converts the ultimate force signal it receives from the time domain [F(t)]
      to the frequency domain [F(f)]. In addition, the Fourier analyzer converts
      the acceleration signal from the time domain [A(t)] to the frequency
      domain [A(f)]. The Fourier analyzer then converts the transformed
      acceleration signal into a velocity signal (acceleration .div. frequency).
      The resultant signals are divided into one another (force by velocity) to
      obtain a transfer function signal [Z.sub.p ] related solely to the pile
      associated with the played back force and acceleration signals. The
      foregoing sequence of steps is performed for each pile and the resultant
      signals are stored in the Fourier analyzer.
PAR  As discussed above, force and acceleration signals are simultaneously
      recorded after the piles have been driven into the soil, as one pile (the
      force pile) is impacted. The piles are associated such that each remote
      pile forms a pair with the force pile. These signals are defined as soil
      plus pile signals and are transformed and manipulated by the Fourier
      analyzer (after mass cancellation) in the same manner as the force and
      acceleration signals related solely to the piles to form transfer point
      transfer function [Z.sub.S .sub.+ P ] signals. In addition, the force and
      acceleration signals related to the force pile when it is in the soil are
      transformed and manipulated to form a driving point transfer function
      signal. These signals are also stored in the Fourier analyzer. Thereafter,
      the pile transfer function signals related to a pair of piles are
      subtracted from the transfer point transfer function signal related to the
      same pair (or group of pairs), and the force pile transfer function signal
      is subtracted from the driving point transfer function signals. The result
      of the subtractions are a series of signals solely related to the transfer
      functions of the soil. These signals are applied to the second plotter 63
      to create a series of graphs of the type illustrated in FIG. 5.
PAR  The foregoing description has described the sequence of operation such that
      all pile transfer function signals are first obtained and stored, and then
      the transfer point transfer function and driving point transfer function
      signals are obtained and stored. Finally, the necessary subtraction steps
      for each set of related signals is performed. Obviously, this sequence can
      be varied. For example, only the pile transfer function signals related to
      a particular transfer point transfer function signal need be obtained and
      stored before that transfer point transfer function signal is obtained.
      Moreover, this sequence can be reversed i.e. the transfer point transfer
      function signal obtained and stored before the pile transfer function
      signals are obtained.
PAR  As indicated above, the resultant soil transfer function signals create a
      series of graphs. From these graphs soil dynamic stiffness, soil dynamic
      mass, soil damping and soil resonances can be determined. The graphs are
      formed on a special type of graph paper well known to those skilled in the
      art. FIG. 5 illustrates such graph paper and a representative soil
      transfer function graph. The graph paper includes two sets of orthogonal
      log-log axes, one set rotated 45.degree. with respect to the other set.
      The soil transfer function (Z.sub.S) is plotted against frequency (also
      obtained as a signal from the Fourier analyzer) on one set of axes. The
      second set of axes provide information related to soil dynamic stiffness
      and soil dynamic mass. Thus, dynamic stiffness and dynamic mass can be
      read directly from the resultant graph. Soil damping, which is the width
      of the half power point at resonance, is determined by a standard
      operation. And resonance is read directly on the frequency axis. Thus, all
      of the desired information is readily and rapidly available.
PAR  It will be appreciated that errors will be contained in the resultant
      information if forces are applied to the soil under test from some
      external, uncontrolled source during the impacting and recording
      operations. Thus, it is desirable to determine whether or not the recorded
      signals are or are not valid. In accordance with the invention, the
      Fourier analyzer is also programmed or adjusted to provide this
      information. The procedure for determining the validity of the recorded
      signals is preferably performed before the transfer function graphs are
      obtained; however, it could be performed thereafter. The procedure for
      determining recorded signal validity is illustrated in FIG. 4. First, all
      of the acceleration signals recorded during impacting are converted from
      the time domain to the frequency domain. Then, the power spectrum of each
      of these is obtained. This is done for the acceleration signal (A.sub.D)
      taken from the force pile to obtain a force pile power spectrum signal,
      PSD.sub.D, and for the acceleration signals (A.sub.T) taken from each
      remote pile to obtain a series of remote pile power spectrum signals,
      PSD.sub.T. The crosspower spectrum between the force pile spectrum and
      each remote pile spectrum is then computed and squared. Then, the
      coherence function between all signals are formed by dividing respective
      cross power spectra squared by the product of the respective power
      spectra. Signals which do not create satisfactory coherence are rejected
      as unusable. The usable force and acceleration signals are processed in
      the manner previously described to create the resultant soil transfer
      function graphs.
PAR  In order to be able to fully define the dynamic parameters of the soil, the
      phase relationship between each related set of force and acceleration
      signals must be determined. The phase meter 51, in a conventional manner,
      determines these relationships as the signals are applied to the Fourier
      analyzer 61. The resultant phase difference signal is applied to the first
      plotter 53 which plots phase differences vs. frequency, the frequency
      signal being obtained from the Fourier analyzer.
PAR  As indicated above, the foregoing process is repeated for different pile
      depths. In this manner, a complete set of graphs depicting the transfer
      functions of the soil are derived. Since the boundary conditions of the
      soil remained unchanged during signal recording and analysis, i.e., the
      soil was not moved to a remote location for analysis purposes as required
      by the prior art, the resultant graphs take into consideration natural
      soil boundary conditions. Hence, they are highly accurate, particularly
      when compared with graphs obtained using prior art techniques requiring
      soil removal for analysis purposes.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be appreciated by those skilled in the art and others
      that various changes can be made therein without departing from the spirit
      and scope of the invention. For example, while the impact force is
      preferably measured at the driving pile, it could be measured at a remote
      pile, assuming suitable precautions are taken so that an accurate force
      measurement is obtained. Further, the various steps performed by the
      apparatus during the analysis of the resultant force and acceleration
      signals can be varied in sequence, as desired. Moreover, the multiple
      track tape recorder can be eliminated and site analysis performed, if
      desired. Hence, the invention can be practiced otherwise than as
      specifically described herein.
PAR  The embodiments of the invention in which exclusive property or privilege
      is claimed are defined as follows:
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of determining the dynamic parameters of soil in situ
      comprising the steps of:
PA1  1. determining the transfer function of at least two piles, one of said
      piles defined as a force pile and the other of said piles defined as a
      remote pile;
PA1  2. embedding said force and remote piles into the soil whose dynamic
      parameters are to be determined;
PA1  3. determining the transfer function of the piles plus the soil by:
PA2  a. determining the driving point transfer function at the force pile; and,
PA2  b. determining the transfer point transfer function at the remote pile;
      and,
PAR  4. selectively subtracting the transfer function of the piles from the
      driving point transfer function and from the transfer point transfer
      function to determine the transfer function of the soil.
NUM  2.
PAR  2. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 1 wherein the step of determining the transfer function
      of at least two piles comprises the substeps of:
PA1  separately suspending the piles;
PA1  impacting each suspended pile;
PA1  measuring the impact force applied to each suspended pile;
PA1  simultaneously measuring the acceleration of each suspended pile created by
      the impacting force;
PA1  converting the simultaneously measured acceleration into velocity; and,
PA1  dividing the measured force by the velocity converted from the
      simultaneously measured acceleration.
NUM  3.
PAR  3. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 2 wherein the force and acceleration, measured when the
      piles are separately suspended, are converted from the time domain to the
      frequency domain prior to the simultaneously measured acceleration being
      converted into velocity and divided into the measured force.
NUM  4.
PAR  4. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 3 wherein the piles are driven to equal depths in the
      soil whose dynamic parameters are to be determined.
NUM  5.
PAR  5. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 3 wherein the step of determining the transfer function
      of the piles plus the soil comprises the substeps of:
PA1  impacting the force pile;
PA1  measuring the impact force applied to the force pile;
PA1  measuring the acceleration of the force pile caused by the impact force;
PA1  converting the acceleration of the force pile caused by the impact force
      into velocity; and,
PA1  dividing the measured force by the velocity converted from the measured
      acceleration to determine the driving point transfer function at the force
      pile.
NUM  6.
PAR  6. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 5 wherein the force and acceleration, measured when the
      piles are located in the soil, are converted from the time domain to the
      frequency domain prior to the acceleration being converted into velocity
      and divided into the measured force.
NUM  7.
PAR  7. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 5 wherein the step of determining the transfer function
      of the piles plus the soil also comprises the substeps of:
PA1  measuring the acceleration at the remote pile due to the acceleration of
      the force pile caused by the impact force;
PA1  converting the acceleration measured at the remote pile into velocity; and,
PA1  dividing the force measured at the force pile by the velocity to determine
      the transfer point transfer function at the remote pile.
NUM  8.
PAR  8. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 7 wherein the force and acceleration, measured when the
      piles are located in the soil, are converted from the time domain to the
      frequency domain prior to the acceleration being converted into velocity
      and divided into the measured force.
NUM  9.
PAR  9. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 8 including the step of subtracting erroneous information
      created by undesirable, predetermined masses, affixed to said remote and
      force piles, from the measured force.
NUM  10.
PAR  10. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 1 wherein the step of determining the transfer function
      of the pile plus the soil comprises the substeps of:
PA1  impacting the force pile;
PA1  measuring the impact force applied to the force pile;
PA1  measuring the acceleration of the force pile caused by the impact force;
PA1  converting the acceleration of the force pile into velocity; and,
PA1  dividing the measured force by the velocity to determine the driving point
      transfer function at the force pile.
NUM  11.
PAR  11. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 10 wherein the force and acceleration, measured when the
      piles are located in the soil, are converted from the time domain to the
      frequency domain prior to the acceleration being converted into velocity
      and divided into the measured force.
NUM  12.
PAR  12. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 10 wherein the step of determining the transfer function
      of the piles plus the soil also comprises the substeps of:
PA1  measuring the acceleration at the remote pile due to the acceleration of
      the force pile caused by the impact force;
PA1  converting the acceleration measured at the remote pile into velocity; and,
PA1  dividing the force measured at the force pile by the velocity to determine
      the transfer point transfer function at the remote pile.
NUM  13.
PAR  13. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 12 wherein the force and acceleration, measured when the
      piles are located in the soil, are converted from the time domain to the
      frequency domain prior to the acceleration being converted into velocity
      and divided into the measured force.
NUM  14.
PAR  14. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 13 including the step of subtracting erroneous
      information created by undesirable, predetermined masses, affixed to the
      force and remote piles, from the measured force.
NUM  15.
PAR  15. A method of determining the dynamic parameters of soil in situ as
      claimed in claim 1 including the step of determining the coherence between
      power spectra of related measured force and acceleration to detect
      erroneous information created by uncontrolled forces present in said soil
      when the force pile is impacted by said impact force.
NUM  16.
PAR  16. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 15 including a plurality of remote piles and wherein said
      pile plus soil transfer function sensing means comprises:
PA1  impacting means for impacting said force pile;
PA1  force measuring means for measuring the impact force applied to said force
      pile and for generating a pile plus soil force signal related thereto;
PA1  acceleration means located at said force pile for measuring the
      acceleration of said force pile caused by said impacting means and for
      generating a driving point pile plus soil acceleration signal related
      thereto; and,
PA1  acceleration means located at said remote piles for measuring the
      acceleration of said remote pile caused by said impacting means impacting
      said force pile and for generating transfer point pile plus soil
      acceleration signals related thereto, one for each remote pile.
NUM  17.
PAR  17. Apparatus for determining the dynamic parameters of soil in situ
      comprising:
PA1  pile transfer function sensing means for sensing the transfer function of a
      plurality of piles including a force pile and at least one remote pile,
      and for generating signals related thereto;
PA1  pile plus soil transfer function sensing means for sensing force and
      acceleration information combinable to determine the driving point
      transfer function at the force pile and the transfer point transfer
      function at the at least one remote pile when said force pile and said at
      least one remote pile are located in the soil whose dynamic parameters are
      to be determined, and for generating signals related thereto;
PA1  analyzing means for determining the transfer function of said soil by
      manipulating said signals generated by said pile transfer function sensing
      means and said pile plus soil transfer function sensing means in a manner
      such that the signals generated by said pile transfer function sensing
      means are subtracted from the signals generated by the pile plus soil
      transfer function sensing means in a predetermined manner; and,
PA1  coupling means selectively connected to said pile transfer function sensing
      means and said pile plus soil transfer function sensing means for
      conveying the signals generated by said pile transfer function sensing
      means and said pile plus soil transfer function sensing means to said
      analyzing means.
NUM  18.
PAR  18. Apparatus for determining the dynamic parameters of soil as claimed in
      claim 17 wherein said pile transfer function sensing means comprises:
PA1  suspending means for separately suspending said piles;
PA1  impacting means for impacting said piles when suspended;
PA1  force sensing means for sensing the impact force applied to said suspended
      piles and for generating pile force signals related thereto; and,
PA1  acceleration sensing means for sensing the acceleration of said suspended
      piles caused by said impacting means and for generating pile acceleration
      signals related thereto.
NUM  19.
PAR  19. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 18 wherein said pile plus soil transfer function sensing
      means comprises:
PA1  impacting means for impacting said force pile;
PA1  force measuring means for measuring the impact force applied to said force
      pile and for generating a pile plus soil force signal related thereto;
      and,
PA1  first acceleration means located at said force pile for measuring the
      acceleration of said force pile caused by said impacting means and for
      generating a driving point pile plus soil acceleration signal related
      thereto; and,
PA1  second acceleration means located at said at least one remote pile for
      measuring the acceleration of said remote pile caused by said impacting
      means impacting said force pile and for generating a transfer point pile
      plus soil acceleration signal related thereto.
NUM  20.
PAR  20. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 19 wherein said analyzing means includes a Fourier
      analyzer adapted to: (1) receive said pile force and acceleration signals,
      said driving point pile plus soil force and acceleration signals and said
      transfer point pile plus soil acceleration signals; (2) transform said
      signals from the time domain to the frequency domain; (3) convert said
      transformed pile acceleration signals and said transformed driving point
      and transfer point pile plus soil acceleration signals into transformed
      pile velocity signals and transformed pile plus soil velocity signals,
      respectively; (4) selectively divide said transformed pile force signals
      by said transformed pile velocity signals and said transformed pile plus
      soil force signals by said transformed pile plus soil velocity signals to
      obtain pile transfer function signals and pile plus soil transfer function
      signals, respectively; and, (5) subtract associated pile transfer function
      signals from pile plus soil transfer function signals to obtain at least
      one soil transfer function signal.
NUM  21.
PAR  21. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 20 wherein said Fourier analyzer is also adapted to
      determine the coherence between said force and acceleration signals in
      order to detect which of said signals contain information created by
      forces unconnected with the force created by said impacting means.
NUM  22.
PAR  22. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 21 wherein said coupling means includes a multiple
      channel tape recorder.
NUM  23.
PAR  23. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 22 including a plotting means connected to said Fourier
      analyzer for plotting said at least one soil transfer function signal with
      respect to frequency.
NUM  24.
PAR  24. Apparatus for determining the dynamic parameters of soil as claimed in
      claim 23 including a phase measuring means connected to said coupling
      means to receive related force and acceleration signals and determine the
      phase difference between said signals.
NUM  25.
PAR  25. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 24 including a second plotting means connected to said
      Fourier analyzer and to said phase measuring means for plotting the phase
      difference between related force and acceleration signals with respect to
      frequency.
NUM  26.
PAR  26. Apparatus for determining the dynamic parameters of soil in situ as
      claimed in claim 25 including mass cancel means connected to said coupling
      means to receive related force and information signals and subtract from
      the received force signal information related to undesired, predetermined
      masses affixed to a related pile to create corrected force signals and
      apply them to said Fourier analyzer.
NUM  27.
PAR  27. Apparatus for generating signals related to the transfer function of
      piles plus soil, said piles being embedded into said soil and including a
      force pile and at least one remote pile, said apparatus comprising:
PA1  impacting means for impacting said force pile;
PA1  force measuring means for measuring the impact force applied to said force
      pile and for generating a pile plus soil force signal related thereto;
PA1  first acceleration means for measuring the acceleration of said force pile
      caused by said impacting means and for generating a driving point pile
      plus soil acceleration signal related thereto; and,
PA1  second acceleration means for measuring, at said at least remote pile, the
      acceleration of said remote pile caused by said impacting means impacting
      said force pile and for generating transfer point pile plus soil
      acceleration signals related thereto, one for each remote pile.
NUM  28.
PAR  28. Apparatus for analyzing: force and acceleration signals related to the
      transfer functions of piles; and, a pile plus soil force signal, a driving
      point pile plus soil acceleration signal and at least one transfer point
      pile plus soil acceleration signal to determine the dynamic parameters of
      soil in situ, said apparatus comprising:
PA1  a Fourier analyzer adapted to: (1) receive said pile force and acceleration
      signals, said driving point pile plus soil force and acceleration signals
      and said at least one transfer point pile plus soil acceleration signals;
      (2) transform said signals from the time domain to the frequency domain;
      (3) convert said transformed pile acceleration signals and said
      transformed driving point and transfer point pile plus soil acceleration
      signals into transformed pile velocity signals and transformed pile plus
      soil velocity signals, respectively; (4) selectively divide said
      transformed pile force signals by said transformed pile velocity signals
      and said transformed pile plus soil force signals by said transformed pile
      plus soil velocity signals to obtain pile transfer function signals and
      pile plus soil transfer function signals, respectively; and, (5) subtract
      associated pile transfer function signals from pile plus soil transfer
      function signals to obtain at least one soil transfer function signal;
      and,
PA1  a plotting means connected to said Fourier analyzer for plotting said at
      least one soil transfer function signal with respect to frequency.
NUM  29.
PAR  29. Apparatus for analyzing force and acceleration signals to determine the
      dynamic parameters of soil in situ as claimed in claim 28, wherein said
      Fourier analyzer is also adapted to determine the coherence between
      various of said force and acceleration signals in order to detect signals
      containing information created by forces unconnected with the forces
      creating said force and acceleration signals.
NUM  30.
PAR  30. Apparatus as claimed in claim 28 including a phase measuring means for
      receiving related force and acceleration signals and determining the phase
      difference between said signals.
NUM  31.
PAR  31. Apparatus as claimed in claim 30 including a second plotting means
      connected to said Fourier analyzer and to said phase analyzing means for
      plotting the phase difference between related force and acceleration
      signals with respect to frequency.
NUM  32.
PAR  32. Apparatus as claimed in claim 31 including mass cancel means for
      receiving related force and acceleration signals and subtracting from the
      received force signal information related to undesired, predetermined
      masses affixed to the piles associated with said force and acceleration
      signals to create corrected force signals and applying said corrected
      force signals to said Fourier analyzer.
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ABST
PAL  Attachments for an ultrasonic transducer used to measure discontinuities in
      a test specimen. The attachments constitute a series of liquid applicator
      heads selectively attachable to the transducer in accordance with
      differently contoured test specimens and specimen materials. Each
      applicator head is adapted to distribute a film of coupling liquid to the
      test specimen to improve energy transmission between the transducer and
      specimen.
PAL  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND AND SUMMARY OF INVENTION
PAR  The invention is an improvement on the invention disclosed in my U.S. Pat.
      application, Ser. No. 505,824, filed on Sept. 13, 1974. As there shown, an
      ultrasonic transducer is coupled to a test specimen by means of a liquid
      couplant supplied to the transducer from a remote source. The sensitivity
      of the apparatus is affected by the ability of the liquid couplant to
      transmit pulse energy between the specimen surface and oscillatable
      transducer element (piezo electric crystal or coil-diaphragm element). In
      the arrangement described in my aforesaid application Ser. No. 505,824, a
      coupling liquid is caused to continuously seep through a porous membrane
      locatable at the specimen surface, thereby forming a liquid film thereon;
      mechanical wave energy is transmitted to and/or from the specimen surface
      via the liquid film.
PAR  For best results the porous membrane should be sized and contoured so that
      it can take a position fairly close to the specimen surface; otherwise the
      liquid couplant will not effectively perform its energy-transmitting
      function. If the porous membrane has a relatively small exposed face area,
      it will accommodate itself to depressions or convex surfaces found on many
      test specimens (such as engine blocks, valve bodies, tire carcasses,
      gears, etc). However the membrane will then not be especially suited for
      scanning large surface areas such as are found on large sheets, vehicle
      hulls, etc.
PAR  The present invention proposes a transducer arrangement comprising a single
      transducer head and a plurality of different liquid applicator heads. Each
      applicator head is equipped with a porous membrane having a size and
      surface contour suited to scan a specific type of surface; e.g., a large
      flat surface or a small curved area (concave or convex.) The applicator
      heads are interchangeably usable with a single common transducer head. The
      invention enhances the usefulness of the transducer assembly while
      reducing its total cost.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a sectional view through a transducer assembly embodying the
      invention.
PAR  FIGS. 2 through 4 are fragmentary sectional views of different liquid
      applicator heads interchangeably usable in the FIG. 1 transducer assembly.
DETD
PAR  The transducer mechanism shown in FIG. 1 comprises a discontinuous voltage
      source 10 for generating time-spaced electrical pulses in electrical
      conductors 11 and 12. Conductor 12 delivers the pulses to a piezo-electric
      crystal 15 suitably mounted within a transducer housing 16; the crystal is
      constructed and mounted to oscillate in the vertical direction (denoted by
      numeral 17) when electrically excited by pulse generator 10.
PAR  A remote liquid source 18, preferably under positive pressure, is connected
      to a flexible liquid line 20 leading to a passage 22 formed within housing
      16. A shut-off valve and/or pressure regulator valve (not shown) can be
      positioned in line 20 to provide desired flow conditions through passage
      22. The flow is made sufficient to provide a liquid film on test specimen
      38.
PAR  Transducer housing 16 has a detachable connection with any of several
      liquid applicator heads, including those shown in FIGS. 2 and 3. The
      applicator head 23 shown in FIG. 1 comprises a tubular section 24 having
      internal threads 26 adapted to rotatably engage mating threads on
      transducer housing 16; an O-ring 28 is provided on the housing for sealing
      the defined joint between the housing and applicator head. Other "quick
      disconnect" joints may be used between the housing and applicator head(s).
PAR  Applicator head 23 includes a small diameter tubular section 30 whose exit
      mouth is engaged with a porous membrane 32; an annular cap 34 may be
      screwed onto section 30 to retain membrane 32 in place. As explained in my
      aforementioned application, Ser. No. 505,824, the membrane functions as a
      flow controller to promote the formation of a continuous coupling film 36
      on the surface of test specimen 38. The membrane openings are of
      sufficient size that the liquid quantities within the openings transmit
      wave energy substantially undampened by the membrane wall material; i.e.,
      the wall material does not affect or influence the wave being transmitted
      by the liquid. The entire assembly, comprising housing 16 and applicator
      head 23, may be manually manipulated for scanning extended surface areas
      of the specimen, as by means of a handle 19 suitably attached to housing
      16.
PAR  The transducer assembly can be used as a sender and/or receiver in various
      measuring techniques, as for example the "pulse-echo" technique. FIG. 1
      illustrates the transducer assembly acting as a sender and a receiver in a
      pulse-echo arrangement. Electrical generator 10 electrically excites
      piezoelectric crystal 15 which mechanically excites the liquid couplant
      and the test specimen. Electric signals are delivered from generator 10
      and crystal 15 through amplifier 42 to readout device 44.
PAR  The FIG. 1 transducer includes a liquid applicator head having a relatively
      small diameter liquid exit portion 30; this enables the head to be
      inserted into small clearance spaces on or adjacent to a test specimen.
      The small exposed surface area of membrane 32 is however disadvantageous
      when it becomes necessary to scan large surface areas of a specimen. For
      such large areas the larger applicator head shown in FIG. 2 is more
      desirable. The FIG. 2 head will screw on or otherwise connect with the
      FIG. 1 transducer as a replacement for the smaller FIG. 1 head; the
      screw-on portion of each head is the same diameter, the difference being
      in the transverse area at the exit-end of each head. The FIG. 2 applicator
      flares outwardly from its point of connection with the transducer housing,
      thereby providing a large area membrane 32a. In use, the FIG. 2 applicator
      head can be made to scan large surface areas more readily and more quickly
      than the FIG. 1 head. In some instances the smaller FIG. 1 head can be
      used to pinpoint the specimen internal discontinuities broadly identified
      by the FIG. 2 head.
PAR  FIG. 3 illustrates another liquid applicator 23b comprising a screw-on
      fitting or connector portion 24b and flexible conduit 25. An exit tube or
      fitting 27 is joined to the discharge end of conduit 25 to direct the
      coupling liquid through membrane 32b into contact with the surface of test
      specimen 38b; in this case the specimen is a gear. The transducer is
      suitable for detecting various defects in the gear teeth such as excessive
      porosity or inadequate case hardness depth.
PAR  Flexible conduit 25 may be of sufficient length to enable tube 27 to enter
      into the space required for investigation of the specimen. It is
      contemplated that transducer 16 be brought as close as possible to the
      specimen, and that conduit 25 be manipulated around any obstructions that
      might prevent straight line movement of tube 27 onto the specimen. A
      conduit 25 length of one or two feet is believed to be a practical
      compromise, providing suitable manipulation versatility without excessive
      pulse energy dissipation in the conduit 25 wall.
PAR  FIG. 4 fragmentarily illustrates a flexible conduit 25 fitted to a
      discharge tube 27a that is equipped with a liquid exit opening 29. A
      porous sleeve-type membrane 32c is telescoped onto tube 27a for liquid to
      act as a regulator forliquid flowing out through opening 29. The FIG. 4
      applicator is adapted for use with tube-like specimens 38c. During such
      use tube 27a may be moved axially along the specimen surface and also
      rotatably therearound to scan the specimen surface area.
PAR  In general, it is contemplated that various differently sized and
      differently configured applicators will be interchangeably used with a
      single transducer head to facilitate the scanning of various specimen
      surfaces, such as grooves, holes, flats, ridges, etc. Applicators
      employing flexible conduits 25 may be used when it is otherwise
      impractical to bring the transducer into sufficient proximity to the
      specimen surface.
PAR  Preferably the liquid applicators are designed so that each porous membrane
      is readily cleanable, as for example after the tester has been in
      prolonged use. A screw-on cap 34 or 34a (or other quick disconnect cap
      structure) is used as a membrane retention device thereby enabling the cap
      to be removed for membrane-cleaning purposes. In the case of the
      applicators shown in FIGS. 3 and 4 tube 27 or 27a may be removed from
      conduit 27 to facilitate cleaning of the membrane; the components are in
      this case releasably connected together by a conventional hose-clamp 39 or
      equivalent device.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ultrasonic transducer assembly for locating variations and
      discontinuities in a test specimen comprising an electro-mechanical
      transducer head that includes an oscillatable element, passage means for
      locating a coupling liquid in energy-transmitting relation to the
      oscillatable element, and liquid source means for replenishing liquid that
      flows through the passage means: the improvement comprising a number of
      liquid applicators individually connectable to the passage means to apply
      the coupling liquid to the test specimen surface; each applicator being
      detachable from the passage means to permit interchangeable use of
      differently configured applicators with a single transducer head; each
      applicator comprising a liquid entrance fitting detachably connectable to
      the transducer passage means, a liquid exit mouth remote from the entrance
      fitting, and a conduit interconnecting the entrance fitting and exit
      mouth; one of said applicators having an exit mouth that has a relatively
      small transverse area for traversing small specimen surfaces.
NUM  2.
PAR  2. The transducer assembly of claim 1: wherein the conduit in at least one
      of the applicators is formed of a flexible material.
NUM  3.
PAR  3. The transducer assembly of claim 2: the flexible conduit having a
      sufficient length to permit manipulation of the applicator around
      obstructions in the vicinity of the specimen surface.
NUM  4.
PAR  4. The transducer assembly of claim 1: each applicator including a porous
      wall located at its exit mouth for controlling outflow therethrough, the
      openings in said wall being sized so that liquid within the openings
      transmits wave energy substantially undampened by the wall material; said
      porous wall having an outer surface conforming to the contour of the
      specimen surface under test.
NUM  5.
PAR  5. The transducer assembly of claim 4: at least one of the applicators
      including a conduit that has an appreciable length, whereby the transducer
      head is locatable remote from the specimen surface.
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ABST
PAL  A method for detecting and monitoring corrosion by sensing the spontaneous
      propagation of elastic waves produced in materials as the result of
      corrosion phenomena. Certain corrosion reactions generate elastic waves
      (sounds) which may be detected by sufficiently sensitive instrumentation
      to provide an identifiable acoustic signature. Correlation of these
      signatures with known standards provides a non-destructive inspection
      technique for monitoring invisible or hidden corrosion. In addition to
      acoustic emissions generated by the low-level oxidation/reduction
      reactions characteristic of corrosion processes, the invention includes
      the application of a thermal input to the test specimen to enhance the
      acoustic signals produced by the corrosion phenomena. By measuring the
      rate of acoustic pulse emission, the cumulative count of acoustic pulses
      generated, and the pulse amplitudes of the acoustic emissions, correlation
      may be made with empirically obtained data to permit failure prediction.
      While primarily directed to the monitoring of corrosion phenomena, the
      invention may also be applied to other chemical reactions characterized by
      acoustic emissions, such as etching, painting, electroplating, adhesive
      bonding, and chemical milling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, acoustic emission detection techniques have been utilized for
      investigating mechanically-generated sounds such as produced by
      deformation and fracture, fatigue cracking and residual stress, and
      mechanically loading welds and the like. This is done by placing a
      sensitive microphone on the structure to be tested and then monitoring the
      low-level sounds which occur as a consequence of deformation, cracking, or
      other mechanical disturbances occurring in the specimen being tested. When
      the specimen is strained beyond its elastic limit, it emits a
      characteristic noise signal called an "acoustic emission". Detection of
      acoustic emission signals allows a prediction as to when the material is
      about to fail, and gives an opportunity to prevent the failure. It is the
      rapid release of kinetic energy from the deformation mechanism that
      propagates elastic waves from the source, and which are detected as small
      displacements on the surface of the material. Generally, these deformation
      processes include plastic flow, fracture and phase transformations. Stress
      corrosion cracking has also been studied by this technique, but as in
      other crack-formation phenomena, it is the relaxation of stress which
      generates the elastic waves. The present invention is a novel extention of
      prior concepts into the area of non-mechanically generated sounds and is
      directed to the non-destructive inspection for chemically induced
      corrosion.
PAR  Heretofore, inspection for corrosion damage has relied on such
      non-destructive techniques as those employing eddy currents, ultrasonics,
      and penetrants. Also, certain chemical techniques have been employed for
      corrosion detection. However, such techniques have been limited
      particularly with respect to their sensitivity and ability to measure
      small amounts of corrosion or to predict failure from the measurement of
      corrosion rates.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates broadly to the monitoring of certain reaction
      processes by acoustic emission signature correlation. The present
      invention detects and measures corrosion reactions by responding to
      elastic waves (sound) liberated as a consequence of the corrosion
      reaction. The elastic waves are detected by a transducer, amplified,
      recorded, and analyzed. By proper correlation of the acoustic signatures
      of the propagated sound, discrimination between types of corrosion may be
      obtained. The acoustic emission signals generated by corrosion reactions
      are characterized by a series of pulses (noise bursts) with extremely
      short rise times.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the basic apparatus useful in the practice of
      the invention;
PAR  FIG. 2 diagrammatically illustrates a corrosion test specimen acoustically
      coupled to a sensor;
PAR  FIG. 3 graphically illustrates the outputs generated by a single acoustical
      event, as obtained from the apparatus of FIGS. 1 and 2;
PAR  FIG. 4 graphically illustrates accumulated counts plotted as a function of
      time for a chemical attack process;
PAR  FIG. 5 graphically illustrates the correlation of hydrogen generation and
      acoustic emission;
PAR  FIG. 6 is a graphic plot illustrating galvanic acceleration of corrosion;
PAR  FIG. 7 graphically illustrates the effect of a chromate ion on the acoustic
      emission of aluminum wire in a salt solution;
PAR  FIG. 8 graphically illustrates filiform corrosion;
PAR  FIG. 9 diagrammatically illustrates the apparatus of FIG. 2 modified to
      include thermal input;
PAR  FIG. 10 diagrammatically illustrates the apparatus of FIG. 2 modified to
      include a controlled high-humidity atmosphere.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The novel process of the invention is based upon three aspects of the
      underlying corrosion phenomena namely, 1) the detection of a progressing
      corrosion reaction, 2) the reactivation and detection of dormant corrosion
      damage, and 3) discriminating between types of corrosion. Each of these
      methods generally presents three possible types of outputs: 1) rate of
      emission, 2) total cumulative count, and 3) amplitude of emission.
      Appropriate correlation of these data permit quantitative evaluation of
      the extent of the corrosion as well as the prediction of failure due to
      corrosion.
PAR  Corrosion comprises the effects of unwanted chemical reactions on the
      structures and properties of metals and alloys. Corrosion, in varying
      degrees, occurs on all metals, alloys and other materials in practically
      all environments. For convenience, the cause and effects of corrosion can
      be categorized according to one or the other of two kinds of environments
      in which corrosion occurs. These environments comprise 1) liquids and
      solutions, and 2) gases.
PAR  Corrosion in liquids and solutions is the result of electrochemical or
      chemical reaction between a metal and its surroundings. Wet corrosion
      describes attack by liquids, and dry corrosion by gases above the dew
      point. Corrosion may be classified into the following nine forms as
      determined by the manner in which it manifests itself: galvanic corrosion,
      uniform corrosion, filiform corrosion, concentration-cell corrosion,
      pitting, intergranular corrosion, stress corrosion, dezincification, and
      erosion corrosion. Each of these forms of corrosion is susceptible of
      producing acoustic emissions.
PAR  Corrosion by gases comprises a chemical reaction which produces two effects
      on the metal -- metal is consumed, and the metal's properties are changed.
      Although corrosion by gases is similar to corrosion by liquids, in gases
      the products of corrosion usually remain on the surface, and local
      electrochemical cell reactions do not occur. The rate of corrosion is not
      determined by the magnitude of the heat or free energy of the reaction,
      but by kinetic processes, such as diffusion.
PAR  The kinetics of corrosion reactions produced by gases, like those of
      liquids and solutions, also generate acoustical phenomena which may be
      detected by the novel acoustic emission method of the present invention.
PAR  Various suitable and well-known acoustic emission detection devices, such
      as those generally employed heretofor for the monitoring of crack
      propagation and other mechanical phenomena, may be used in the practice of
      the present novel method. Typical of such devices are systems comprising a
      transducer having a frequency response covering the range extending from
      the audio portion of the acoustic spectrum to the megahertz region. The
      transducer is affixed, or otherwise acoustically coupled, to the test
      specimen.
PAR  FIG. 1 is a simplified block diagram showing typical apparaus useful in the
      practice of the invention. This apparatus comprises a contact microphone 1
      or electroacoustic transducer adapted to be placed in contact with a
      corrosion test specimen. The sensing transducer 1 is preferably a
      piezoelectric crystal that converts low-level elastic waves to electrical
      signals that are amplified via preamplifier 2 and transmitted through a
      band-pass filter 3. The output of filter 3 is supplied to trigger 4, which
      in turn drives counter 5. The emitted acoustic signals are usually
      transient in nature and tend to ring the sensing transducer at resonance.
      The resulting electrical output signal is a damped sinusoid having a
      carrier frequency strongly dependent on the transducer's characteristics.
      Piezoelectric transducers have resonant peaks in their response curves,
      which indicate a greater sensitivity to certain frequencies than to
      others. This means that when a sharp (harmonic-rich) pulse excites the
      transducer, what is seen at the transducer output is not the pulse
      waveform, but rather a decaying sinusoid at a resonant frequency of the
      transducer.
PAR  After appropriate signal conditioning, the pulses are counted by digital
      counter 5 and displayed. The count may also be converted to a DC voltage
      via digital-to-analog converter for recording on an X-Y recorder 9. The
      digital output is available at terminal 6, and the analog output is
      available at terminal 8, for driving ancillary equipment.
PAR  FIG. 2 shows transducer 1 in contact with metal member 11 which is joined
      to metal member 12 at joint 13. Hidden corrosion may possibly occur at
      joint 13, thereby generating an acoustic emission. The acoustic signal is
      transduced to an electrical signal appearing on line 14. The kinetic
      reaction associated with the corrosion process is discontinuous in the
      sense that it produces discrete pulses or bursts of acoustic energy. These
      elastic waves travel at the speed of sound in the material. As the
      acoustic pulse is reflected back and forth in the specimen, and in the
      transducer, it may set up standing waves, thus causing a "ringing" of the
      system which decays exponentially as the energy is dissipated. This effect
      is illustrated in FIG. 3.
PAR  The waveform 15 is obtained from the transducer 1. This waveform 15 is
      compared with an adjustable voltage reference level for further
      processing. The peak level of the signal 15 gives an indication of the
      magnitude of the emitted acoustic event. A single count is obtained for
      every cycle of the damped sine wave 15 which is above the reference level
      16. Thus, there is obtained two pulses, 17 and 18, from the waveform 15. A
      running count 19 is derived by summing the individual pulses. As can be
      seen, the pulses and the accumulated total are dependent not only on the
      initial amplitude of the transducer signal 15, but also on the damping
      rate which determines the number of "ringing" cycles that are above the
      reference level 16. It is possible to adjust the apparatus of FIG. 1 such
      that only one count would be registered for each acoustic event,
      regardless of how long the transducer 1 rings. Adjustment of the
      measurement technique can provide useful correlations between naturally
      occurring corrosion processes and the acoustic emission measurements, for
      specific testing applications.
PAR  As will be apparent, one way to monitor a specimen in order to judge its
      corrosion integrity is to continuously measure the amount of acoustic
      emission. That is, measuring the number and intensity of the emitted
      bursts of noise, and then comparing such data with previous observations
      on specimens of similar size and material that have been tested to
      failure. With a knowledge of what levels precede failure. It is possible
      to predict the life of the specimen prior to failure.
PAR  There is shown in FIG. 4 the acoustic emission generated when an aluminum
      panel is subjected to chemical (corrosive) attack by two different
      corrosive reagents. Curve 21 illustrates the effects of potassium
      hydroxide (KOH) on a clad 2024-T3 aluminum alloy panel in terms of
      accumulated counts versus time. The panel was painted with an epoxy primer
      and then scribed through the coating. Curve 22 similarly illustrates the
      effect of 1 drop (50 microliters) of a solution of hydrochloric acid
      placed on the scribed line. The difference in the rate of attack by these
      two reagents is reflected in the plotted data.
PAR  There follows a description of specific examples of the novel method of the
      invention which quantitatively illustrate the correlation between common
      corrosion reactions and acoustic emission. FIG. 5 comprises a graphic plot
      in which accumulated pulse counts are plotted along the axis of the
      ordinate 23 and the volume of hydrogen collected is plotted along the axis
      of abscissa 24, for the reaction of hydrochloric acid upon an iron wire.
      The iron wire was placed in a 2N HCl solution. The hydrogen gas evolved
      was collected simultaneously with the measurement of acoustic emission
      count rate. As can be seen by line 25, the count rate is linear with the
      reaction process as measured by hydrogen formation. A similar relationship
      exists in the reaction of sodium chloride with aluminum wire, and of
      hydrochloric acid with aluminum wire. This will be discussed in greater
      detail in connection with FIG. 7. In the absence of reaction occurrences,
      the acoustic background from the dormant reactants is negligible.
PAR  The acoustic emission signal is also a good indicator of increased reaction
      intensity under the influence of a galvanic couple. There is shown in FIG.
      6 the accumulation of increased acoustic counts as a function of increased
      galvanic effect on corrosion rate. In this example, there is shown iron
      plus aluminum in contact at 26, iron and aluminum not in contact at 27,
      aluminum wire only at 28 and iron wire only at 29. The iron wire and the
      aluminum wire were each placed separately in a 5% sodium chloride (NaCl)
      solution. The acoustic emission rate was monitored. The experiment was
      repeated with the two wires in the solution with and without contact. The
      relatively low rate of counts from iron in 5% (NaCl) solution can be
      compared with that from aluminum in the same solution. When both are
      electrically coupled to form a galvanic cell in the solution, the count
      rate increases greatly, and a coupling of the two metals result in an
      exponential increase in the count rate.
PAR  FIG. 7 shows the effect of sodium chromate (Na.sub.2 CrO.sub.4)
      concentration in suppressing the acoustic emission from aluminum wire
      corroding in a 5% aqueous salt (NaCl) solution. The addition of ferric
      chloride (FeCl.sub.3), which lowered the pH and introduced a galvanic
      couple by depositing metallic iron on the wire, necessitated a higher
      level of chromate ions to suppress the acoustic emissions. The levels of
      chromate ions necessary to suppress the acoustic signals correlates well
      with amounts found empirically to inhibit long-term corrosion. When the
      experiment was repeated using 0.1 N HCl, a relatively high chromate level
      was found to be necessary to appreciably reduce acoustic emission. In the
      reaction of iron wire with 1 N HCl, a chromate level of 1000 ppm was found
      to be effective. In 6 N HCl a 2% level of an amine inhibitor
      (di-n-propylamine) was required to reduce the count rate.
PAR  Filiform corrosion can be detected under a nylon coating by means of the
      method of the invention. Moisture/temperature acceleration of corrosion
      rate is illustrated by the use of painted filiform-test panels as shown in
      FIG. 9. In this example, the specimen comprised clad 2024-T3 aluminum
      alloy panels painted with a transparent nylon coating. An "X" was scribed
      diagonally through the coating. In each test a drop of distilled water was
      placed on the scribe prior to monitoring. Curve 31 illustrates no
      exposure; curve 32 illustrates recent humidity/temperature exposure at 90%
      relative humidity at 100.degree.F.; and curve 33 illustrates past
      humidity/temperature exposure and long storage (corrosion dormant). Also
      noticeable is the different type of curve resulting from filiform
      (burst-type) as compared to the generally monotonic functions produced by
      other corrosion mechanisms.
PAR  From the foregoing examples it can be seen that controlled experiments may
      provide data which can be used for comparison with data obtained from
      field tests to identify the presence and extent of corrosion in field-test
      specimens. While it has been found that the acoustic count rate of a
      specimen having non-visible corrosion is always greater than that of a
      specimen exhibiting no such corrosion, it is desirable to formulate
      quantitive comparisons, capable of indicating the extent of corrosion.
      Even though the acoustic count rate is not a simple linear function of
      area percent corroded, it gives a useful assessment of the intensity of
      the proceeding reaction. A library of acoustic signatures, presented as
      accumulated total counts versus time, for various kinds of standard
      specimens may be produced. Also, there are other parameters of interest in
      the analysis of acoustic emission signals. These additional parameters
      include rate of emission, and amplitude of emission. These parameters may
      be correlated with standard corrosion samples in much the same way as the
      previously described total-cumulative-count versus time correlation.
PAR  The novel method of the invention also contemplates the inclusion of
      controlled environments both in establishing standard emission samples,
      and in making field tests. There is shown in FIG. 9 apparatus as also
      shown in FIG. 2, but with the further addition of a controlled heat source
      35. This source 35 may comprise a quartz infra-red heat lamp, an
      electrical resistance heating element, or the like, capable of supplying a
      controlled amount of thermal energy to the corrosion-suspect joint 13.
      This thermal energy input will accelerate common corrosion reactions and
      thereby simplify or hasten the acquistion of output data. Also, in certain
      corrosion reactions, the addition of super-ambient thermal energy to the
      area of corrosion will increase the rate of acoustic output or the
      amplitude of acoustic output, or both.
PAR  Other aggressive environments, in addition to elevated temperatures, may be
      employed to enhance or accelerate the acoustic emission products of
      corrosion. For example, there is shown in FIG. 10 the use of a controlled
      high-humidity atmosphere 36 surrounding the corrosion-suspect joint 13.
      This may comprise any suitable and well-known controlled-humidity chamber.
      It can be demonstrated that a correlation exists between acoustic signal
      patterns after environmental exposure and the corresponding hidden
      corrosion damage.
PAR  In summary, from the foregoing it will be seen that there is provided by
      the present invention a novel and improved method for the detection and
      monitoring of corrosion. The corrosion reaction may be measured in terms
      of a plurality of variables such as temperature versus time, humidity
      versus time, amplitude-of-acoustic-output versus time or temperature,
      rate-of-acoustic-output as a function of time, humidity, or temperature,
      etc. In all cases, the acoustic emission variable, as a function of
      another independent physical variable, such as time, humidity, etc., is
      obtained from the known corrosion sample or standard, for subsequent
      comparison and/or correlation with a specimen to be tested. Although the
      invention has been shown and described in terms of a method applied to
      corrosion reactions per se, it will be obvious that similar chemical
      reactions such as etching, paint stripping, electroplating, adhesive
      bonding, and chemical milling may be detected and monitored in a like
      manner. The application of the novel method of the invention to these
      analogous chemical reactions will be readily apparent to those versed in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-destructive chemical-reaction testing method utilizing an
      electroacoustic sensing and recording device of the type comprising an
      acoustic transducer for picking up acoustic emissions, a signal processor
      responsive to the output of the transducer for providing discrete output
      pulses corresponding to each of the acoustical emissions picked up by the
      transducer, and a counter for accumulating, and providing an indication
      of, the discrete pulses from the processor, comprising the steps of:
PA1  acoustically coupling said transducer to a first specimen which is subject
      to and
PA2  undergoing a continuous progressing chemical reaction of interest having
      known chemical process parameters for picking up acoustical emissions
      therefrom;
PA1  making a first fixed-interval recording of the pulses accumulated by said
      counter in response to said progressing chemical reaction as a function of
      a single given continuous physical parameter, and thereby establish a
      standardized acoustic signature corresponding to said first specimen;
PA1  acoustically coupling said transducer to a second specimen which is to be
      tested for the purpose of measuring any progressing chemical reaction
      extant therein; making a second fixed-interval recording of all pulses
      accumulated by said counter as a result of subjecting said second specimen
      to a like degree of said single given continuous physical parameter and
      for a like interval; and
PA1  comparing said first and second recordings to obtain a degree of
      correlation therebetween, the existence of a positive correlation being
      indicative of the existence of the chemical reaction of interest in said
      second specimen, and the existence of a negative correlation indicating an
      absence of said chemical reaction of interest.
NUM  2.
PAR  2. The testing method as defined in claim 1 wherein said progressing
      chemical reaction comprises, a corrosion reaction capable of emitting
      acoustic energy.
NUM  3.
PAR  3. The testing method as defined in claim 1 including:
PA1  measuring the amplitude of the pulses from said processor to provide an
      indication of the magnitude of said progressing chemical reaction.
NUM  4.
PAR  4. The testing method as defined in claim 1 including:
PA1  integrating the repetition
PA2  rate of the pulses from said signal processor; and
PA1  displaying the instantaneous pulse repetition rate obtained in said
      measuring step.
NUM  5.
PAR  5. The testing method as defined in claim 1 including:
PA1  applying a controlled environment
PA2  to said second specimen for enhancing the activity of any chemical reaction
      extant therein.
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ABST
PAL  The invention relates to a method of, and a rig for, testing vertical
      foundation piles and foundations to determine the ultimate bearing
      capacity of the pile and the settlement behavior of the foundation soil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The methods for load testing in present use comprise either loading the
      head of the pile with an appropriate weight or applying a downward force
      thereon by means of hydraulic jacks acting against a ballast or against a
      reaction member held down by anchors sunk into the soil at a distance from
      the pile or foundation to be tested.
PAR  An apparatus in use with the first method consists of a box or platform
      which is supported on top of the pile to be tested and is loaded with
      earth, sand, pig iron or the like up to the desired test load. This
      method, however, is very crude and does not lend itself to exact
      measurements. It has been improved by a similar arrangement, wherein a box
      or platform is placed with its center above the test pile, while both of
      its ends are supported on cribbing or the like. A calibrated jack is
      placed on top of the pile and, while actuated, presses against the bottom
      of the box or platform which is duly reinforced by beams or girders. The
      latter is either lifted off the cribbing if the test load equals the load
      put onto it, or its ends remain on their supports if it is intentionally
      loaded by a greater weight than the test load to be applied, the latter
      method being preferred in most cases. This method enables exact
      measurement and lends itself to fully loading the pile within a relatively
      short time period.
PAR  Both methods, however, suffer from the drawback that the soil is preloaded
      and compacted in the areas supporting the platform or box prior to and
      during the test, which falsifies the test results, giving in fact higher
      values of soil resistance and bearing capacity.
PAR  Some of the above drawbacks are obviated by a device in use with the second
      method, wherein two or more piles to be used as anchors are driven into
      the soil as far from the test pile as possible. A girder or beam of
      sufficient strength and resistance against bending is attached to the
      upper ends of the anchors with its center passing above the test pile, and
      a calibrated hydraulic jack is positioned between the top of the test pile
      and the underside of the girder or beam. For applying the desired load
      onto the test pile the jack is actuated against the beam which transfers
      the force to the anchors, thus pressing the test pile into the soil.
PAR  This method requires a very heavy beam or girder whenever the anchors are
      positioned sufficiently far from the test pile so as not to influence the
      distribution of forces and stresses in the soil. Consequently a heavy
      crane is required adding to the expenses of the loading test. With a view
      of reducing these expenses, soil anchors are often sunk at a shorter
      distance from the test pile, which allows for a lighter beam or girder,
      but may give completely erroneous results, owing to the upwardly directed
      forces acting on the anchors which are transferred to the test pile by the
      surrounding soil.
PAR  A further shortcoming of the methods and apparatus enumerated above is that
      for measuring the consolidation settlement behavior over a larger time
      period the loading force requires regular and frequent adjustment by means
      of the jack or jacks, since the beams or girders used with these apparatus
      are stiff and rigid, so that the load is soon reduced when the test pile
      settles.
PAR  The main objects of the present invention are to overcome the
      above-mentioned shortcomings and to provide a test-loading rig that (1)
      allows the positioning of the anchors at a sufficiently large distance
      from the test pile, (2) is of light weight lending itself to easy handling
      and erection, and (3) enables the measuring of consolidation settlement
      over a long period of time without the necessity of frequently adjusting
      the load on the test pile by operating a jack or jacks.
PAC  SUMMARY OF THE INVENTION
PAR  In the method of this invention, at least three anchor piles or soil
      anchors are sunk into the soil at a relatively great and equal distance
      from the pile to be tested. The rig used in this method comprises (a) a
      vertical center post built to withstand the test load without buckling,
      (b) a preferably calibrated jack or other lifting device placed between
      the top of the test pile and the bottom of the center post, (c) an annular
      reaction block slidingly and co-centrally arranged on the center post
      adjacent to its lower end, (d) at least three substantially horizontal
      compression members each engaging at its inner end with one fastening
      means in the annular reaction block, and with its outer end engaging with
      the upper portion of one of the anchor piles, provision being made for the
      attachment of a tension member in proximity of its outer end, (e) at least
      three diagonally placed tension members of a high tensile strength such as
      cables or steel bars, each attached at its upper inner end to a point near
      the upper end of the center post and at its lower outer end to one of the
      horizontal compression members, these tension members being so dimensioned
      as to be considerably elongated within the elastic limit of the material
      by the resultant axial forces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section through a load testing rig;
PAR  FIG. 2 is a section along A--A of FIG. 1; and
PAR  FIG. 3 shows a modification of the reaction block.
DETD
PAR  With reference to the drawing, a test pile 1 is shown with its upper end
      projecting out of the soil 2. Four concrete anchors 3 (three of which are
      visible in FIG. 2) are placed in square arrangement with the test pile in
      the center of this square. The anchors are of the type having a mushroom
      base 4 which serves to withstand forces in upward direction; each anchor
      is provided with four vertical anchor bolts 5 embedded in the concrete and
      projecting out of the upper horizontal face.
PAR  The test loading rig comprises a hydraulic jack 6, which is concentrically
      placed on the flat top of the test pile, with its piston 8 pointing in an
      upward direction. On top of piston 8 and concentrically therewith is
      positioned a strong vertical center post in the shape of a thick-walled
      steel tube 9 with its axis substantially vertical. Tube 9 carries on its
      top portion a concentric cylindrical block 10 for the attachment of four
      tension members 11. An annular reaction block 12 is slidingly positioned
      on the center post 9 in the lower portion thereof; its inner bore is
      somewhat larger than the outer diameter of the center post and its outer
      circumference is recessed in four equidistant places to form four cavities
      13. From block 12 four horizontal compression members 14 extend radially
      to the four anchor piles to which they are rigidly fastened by means of
      the anchor bolts 5 and upper and lower anchor plate 7, 7'. Each connection
      is made with the aid of suitable nuts and bolts 15. The inner end of the
      compression members conform in shape to the cavities 13 in the reaction
      block 12 and are inserted into these. The compression members consist of
      steel or concrete beams designed to take up the horizontal load without
      buckling. The beams possess near their outer ends means, such as
      perforations, for connecting the lower ends of the tension members 11. The
      members 11 consist either of steel cables or of high tensile steel bars
      having at their ends means for connecting them to the cylindrical block 10
      and the tension members 11 respectively.
PAR  For load testing, the rig is brought to the site in disassembled state,
      which enables its setting up by means of a light lifting device. As soon
      as the rig is completely assembled, jack 6 is actuated thereby lifting the
      center post 9 and tensioning the tension members 11 against the horizontal
      compression members 14 and the anchor piles 3. Jack 6 is generally
      calibrated so that the load exerted by it can be calculated by measuring
      the soil pressure in the cylinder. After the full load has been applied
      the settling of the test pile is measured by any method known to the art,
      and similarly the consolidation settlement is measaured, with the jack
      maintained in its extended position. Owing to the high tensile strength
      and small cross section of the tension members these are considerably
      elongated by the forces resulting from the operation of the hydraulic
      jack. Accordingly, the load on the test pile decreases very slowly during
      its gradual settling, as this does not considerably affect the length of
      the tension members and actuation of the jack is required at infrequent
      intervals only.
PAR  FIG. 3 shows an octagonal reaction block 12' which is suitable for the
      connection of eight compression members to be tied to eight anchors which
      may be required in cases of great test loads. As can be seen the block is
      manufactured from eight steel segments 16 and, accordingly, the inner
      opening is also octagonal, of such size that its fits slidingly over the
      diameter of the center post.
PAR  Instead of inserting the compression members into the cavities 13, the
      fixation of these to the reaction member can be made by any other suitable
      means. The compression members may be held in horizontal position by bars
      or cables anchored in the ground so as to prevent dislocation of the
      reaction member.
PAR  On the other hand the movement of the reaction member on the center post
      may be limited by collars fixed to the latter at a short distance from its
      upper and lower surfaces, respectively.
PAR  The center post which has to sustain compression forces only, could be made
      in the shape of a concrete column, however this may demand heavier lifting
      equipment due to its greater weight.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test rig for load testing of a pile, said rig being adapted for use in
      conjunction with at least three anchor piles equidistantly spaced from the
      tested pile, comprising:
PA1  a. a vertical center post,
PA1  b. a lifting device placed between the top of the test pile and the bottom
      of the center post,
PA1  c. an annular reaction block slidingly and co-centrally arranged on the
      center post,
PA1  d. at least three horizontal, radially-extending compression members, said
      block being provided on its outer circumference with coupling means for
      coupling said block to said compression members, each compression member
      engaging its inner end with one coupling means in said block, and its
      outer end with the upper portion of one of said anchor piles,
PA1  e. at least three tension members each being attached at its upper inner
      end to a point in the upper portion of the center post and at its outer
      lower end to a point near the outer end of a corresponding horizontal
      compression member, and said tension members being dimensioned to become
      considerably elongated within the elastic limit of their material by the
      axial forces resulting from said load testing.
NUM  2.
PAR  2. A test rig as claimed in claim 1 wherein the center post consists of a
      steel tube provided at its upper end with a cylindrical block for the
      attachment of said tension members.
NUM  3.
PAR  3. A test rig as claimed in claim 1 wherein the tension members consist of
      high tensile cables.
NUM  4.
PAR  4. A test rig as claimed in claim 1 wherein the tension members consist of
      cylindrical bars.
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ABST
PAL  A piston ring tension gage consisting of a ring compression test fixture
      provided with a digital strain readout indicating for automatically
      determining the pressure exerted by a piston ring assembly in a simulated
      operative use position. The ring compression test fixture comprises a
      fixed semi-circular plate which coacts with a pivotally mounted movable
      semi-circular plate to retain a piston ring assembly therebetween. A
      pneumatic cylinder and piston rod provided with a strain load sensing
      means acts directly against the movable plate so as to determine the
      pressure exerted by the piston ring being tested. Vibratory means are
      provided in association with the ring compression test fixture so as to
      obtain friction free test reading. The tension measuring, vibration and
      tension reading steps are automatically sequenced at a controlled rate to
      provide repetitive accuracy in the testing.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a piston ring tension gage for measuring pressure
      exerted by a piston ring when selectively compressed to a predetermined
      cylinder bore size and more particularly to a piston ring test fixture for
      measuring tension of piston rings with repetitive accuracy. Further, this
      invention relates to a piston ring tension gage provided with a pressure
      measuring pneumatic cylinder and piston rod assembly having a strain load
      sensing cell and digital strain indicator readout means associated
      therewith. In addition, this invention is provided with vibratory means so
      as to measure the piston ring tension under substantially friction-free
      conditions.
PAR  The vibrating action substantially reduces friction between piston ring
      assembly being checked, the ring holding fixture and the components of the
      piston ring tension gage itself.
PAR  While this invention can be used to gage conventional snap-type oil rings,
      it is primarily useful in gaging the tension of oil ring assemblies of the
      type used in most internal combustion engines. These oil ring assemblies
      are comprised of a flex or vented type spacer which is retained in the
      piston ring groove by one or two thin rail members assembled therewith in
      the piston ring groove. The tension of the combination of rail or rails
      and the spacer (primarily the spacer) forces them against the cylinder
      wall, thus allowing for lubrication of the piston and cylinder wall yet
      wiping all excess oil back down from the cylinder wall.
PAR  As will be hereinafter described and discussed, it is of critical
      importance that the exact proper amount of tension be exerted by the
      piston ring assembly so that the rails bear against the cylinder wall with
      sufficient pressure to wipe excessive oil back to the lower part of the
      engine but not with an excessive amount of tension or pressure so that it
      would wear the cylinder walls.
PAR  An oil ring assembly which does not exert sufficient tension against the
      cylinder wall permits excess oil to remain thereon. The excess oil tends
      to gain entry to the top half of the internal combustion engine, past the
      compression ring or rings, so as to be burned by the combustion portion of
      the engine.
PAR  Due to the fact that the internal combustion engine is not designed for
      this type of fuel mixture, poor performance of the engine results and
      undesirable added emissions are formed which must be controlled by added
      equipment or allowed to escape to the atmosphere. It is such unwanted
      emissions which increase the damage to the ecology and which are sought to
      be controlled by ennvironmentalists through the enactment of legislation
      which requires the installation of added equipment, such as catalytic
      convertors, to eliminate or otherwise control the undesirable emissions.
      Such improper fuel mixtures with the resultant poor engine performance and
      the added emission control equipment results in added costs of operation.
      Further, the present high cost of oil results in increased operational
      costs as well as needless waste of oil at a time when there is critical
      shortage thereof.
PAR  It is thus seen that it is important to insure that properly fitting oil
      ring assemblies are initially installed thereby insuring that the exact
      proper tension is exerted against the cylinder wall from the outset.
PAR  This invention provides substantially automatic gage which simulates the in
      situ use environment of the oil ring assembly and exactly measures the
      tension thereof so as to determine the pressure it will exert against the
      cylinder wall. Further, in view of the fact that the spacer element is of
      a connected segment type, it must be gaged while contained in a holding
      fixture which simulates the actual piston ring groove in which it will be
      installed.
PAR  The use of the holding fixture type of gage has built-in element of
      friction which must be substantially removed in order to obtain an
      accurate calibration of the tension factor only. As will be hereinafter
      described, this gage substantially removes the friction factor by means of
      a unique air vibrator system incorporated thereinto.
PAR  In order to achieve proper operation in use and to avoid the problems
      discussed herein, piston rings of the same size and type, either solid or
      vented, should have substantially uniform characteristics. For example, a
      plain compression snap ring should open a pre-selected distance at its
      parting end and, upon closure, should form as near a circular outline as
      possible. It should require a predetermined force to close the ring at its
      parting end so that the ring will exert a uniform predetermined peripheral
      pressure against a cylinder wall.
PAR  It is necessary that all rings of a particular size and type should be
      substantially uniform and identical. A ring designed for a certain size of
      cylinder and with a diameter and cross sectional dimension to correspond
      will also have specified with respect to it, a tension which is a measure
      of force required to close the ring at its parting to the dimension it
      will be in use. Thus, rings must be tested for acceptance or rejection in
      conformance to such specifications within specified tolerance limits.
      Therefore, both the manufacturer of the rings and the user in the engine
      assembly plant must inspect the rings to deterine that they conform to the
      desired specification.
PAR  The present invention meets several needs which have existed and which have
      not been met by the devices of the prior known art. This invention
      provides repetitive and accurate measurement of the tension of piston ring
      assemblies tested thereby. By providing piston ring assemblies that
      properly fit in their operative use location, excessive engine wear is
      avoided, excessive oil use is eliminated, engine performance is increased,
      and undesirable air emissions are decreased.
PAR  The automatic operation of the piston ring tension gage greatly reduces the
      labor costs involved in the gaging operations. Heretofore, such gaging
      operations were substantially manual and required the judgement of
      individual operators which introduced human error in the test procedures.
PAR  An object of this invention is to provide a piston ring tension gage which
      is substantially automatic in its operation so as to eliminate human error
      which may be introduced due to differences in operating techniques by
      individuals utilizing the gages. In the gage of the instant invention, all
      human involvement is eliminated once the ring to be checked has been
      placed in the gage and the gaging cycle has begun. An accurate,
      repeatable, measurement of tension is obtained regardless of the person
      operating the gage. The accuracy and repeatability of the measurement is
      enhanced by the fact that each component of the gage assembly is a
      precision machined part or is an electric or electronic component which is
      automatically cycled to measure the pressure being exerted by the oil ring
      assembly.
PAR  Various factors during the gaging cycle effect the accuracy and
      repeatability in the measurement of the amount of tension of the piston
      ring assembly at its compressed or cylinder bore size dimension. The
      friction factor must be substantially removed before an accurate
      calibration of the tension can be determined. This is accomplished by use
      of an air vibrator which can be automatically regulated to a consistent
      cycle frequency at all times by controlling the amount of air pressure
      necessary to operate it.
PAR  The rate of travel of closing the ring assembly to its specified size is
      another factor which affects the accuracy and repeatability of the amount
      of tension being determined. This is accomplished by use of an electric
      motor which drives a precision machined screw at a predetermined
      controlled rate of travel which is standard on all of the gages.
PAR  Further, in order to check any ring in as friction-free state as possible,
      the ring is first closed at its parting to a dimension slightly smaller
      than the specified bore size and then be allowed to expand out to the
      actual bore size specification. At that point the actual tension amount is
      accurately determined. This is accomplished by use of a pneumatic cylinder
      to force a piston and rod to act against an anvil extension provided on
      the movable plate. The movable plate is thus moved to a point whereby the
      ring assembly is compressed to a size smaller than the desired cylinder
      bore size. The air is then exhausted from the pneumatic cylinder which
      allows the piston and rod to return to its original position, thus
      allowing the movable plate to back off so that the ring assembly expands
      to the desired specified bore size. It is extremely important for accuracy
      and repeatability that the amount of tension be measured at the exact
      dimension specified for cylinder bore size. The entire testing cycle is
      automatically sequenced at a controlled rate to provide repetitively
      accurate measurement of the tension of the piston ring assemblies being
      tested. An electric motor is automatically operated to provide a
      controlled closing of the movable plate so as to compress the piston ring
      assembly to a diameter smaller than the desired bore size. When the desire
      closure is achieved, the electric motor is automatically shut off and the
      pneumatic cylinder is automatically exhausted so as to allow the piston
      ring assembly to expand to the desired specified bore size. The vibrator
      unit is allowed to continue in operation for five seconds and is then
      automatically shut off and the tension reading is then taken at a positive
      bore size position.
PAR  Another factor of importance in achieving accuracy and repeatability in
      measuring the amount of ring tension are the means utilized in making such
      measurements. A strain gage or load cell is assembled in such a manner
      that the amount of tension of the ring assembly exerts a force against the
      load cell so that movement of the load cell in millionths of an inch is
      transferred to an electronic digital strain indicator. The strain
      indicator has the capability of transforming the load cell movement factor
      into a weight factor. The reading is shown on the face of the digital
      strain indicator in digital figures.
PAR  Another object of this invention is to provide an automatic versatile
      piston ring tension gage which has the capability of checking the tension
      of substantially all sizes of rings that are in use in internal combustion
      engines of all types. The tension gage can selectively be set to gage a
      ring of a pre-determmined size and checks for the specified tension on the
      rings being inspected. The tension gages have the capability to be
      calibrated accurately so that the same ring or ring assembly tested on any
      unit would give the same tension reading, thus resulting in accurate and
      repeatable test and gaging results.
PAR  An object of this invention is to provide a structure for accurately gaging
      the amount of tension of piston rings when compressed from a free state to
      the dimension of the cylinder bore in which they are to be used.
PAR  Yet another object of this invention is to provide a piston ring gaging
      device which determines the tension of a piston ring or piston ring
      assembly through full peripheral area contact therewith rather than a
      limited two or three point contact. The full peripheral contact with the
      piston ring assembly being tested is accomplished by means of twenty-four
      adjustable bearing elements evenly spaced around the circumference of the
      ring being tested. Thus, the actual amount of tension is gaged by, in
      effect, simulating the cylinder wall that the ring bears against when in
      actual use.
PAR  A still further object of this invention is to provide a piston ring gaging
      device which is relatively inexpensive to operate because the amount of
      direct labor to accomplish the gaging process is greatly reduced from
      present industry standard gaging methods.
PAR  Other objects and advantages found in the construction of the invention
      will be apparent from a consideration of the following specification in
      connection with the appended claims and the accompanying drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a top plan schematic view of the piston ring tension gage.
PAR  FIG. 2 is a front elevation schematic view thereof.
PAR  FIG. 3 is a bottom view thereof.
PAR  FIG. 4 is a perspective expanded view of the piston ring assembly which is
      tested.
PAR  FIG. 5 is a diagram schematic view of the components of the piston ring
      tension gage.
PAR  FIG. 6 is a schematic view showing the use of the master disc used in
      adjusting the gage for use.
PAR  FIG. 7 is a side schematic view showing the piston ring holder in its
      operative use position.
PAR  FIG. 8 is a schematic view of the sequential movement of the movable gage
      plate.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in the drawings, the piston ring tension gage consists of a piston
      ring compression unit and a digital strain indicator read-out unit.
PAR  The piston ring tension gage 11 consists of a console housing 12 provided
      with a horizontal gage base support plate 13. The plate 13 is mounted on a
      rubber insulator and rubber spacer (not shown) provided on the console 12.
PAR  A stationary gage plate 14 and an oppositely positioned movable gage plate
      15 are mounted on the upper surface of the base support plate 13. The
      stationary gage plate 14 is semi-circular in configuration and cooperates
      with the semi-circular movable gage plate 15 to selectively engage a
      piston ring or piston ring assembly therebetween. As shown in FIG. 7, ring
      fixture base 16 is provided through the gage base plate 13 and extends
      upwardly so as to selectively support a ring master disc 17 or a ring
      holding fixture 18 which holds a piston ring or piston ring assembly 22 in
      position to be gaged.
PAR  A plurality of adjustable bearing slides 19 and bearing assemblies 20 are
      postioned in ways 21 provided on the upper surfaces of the stationary gage
      plate 14 and movable gage plate 15. The bearing slide assemblies 19 are
      selectively adjusted so that the bearing assemblies 20 engage the ring
      master disc 17 so as to be properly fixedly positioned to engage and
      subsequently gage the specified tension of a piston ring assembly
      positioned in the ring holding fixture 18. When properly adjusted and
      fixedly set in the desired size, the bearing assemblies 20 cooperate to
      engage the outer peripheral surface of the piston ring or piston ring
      assembly 22 being gaged.
PAR  As shown in FIG. 4, one form of the piston ring assembly 22 being tested
      consists of outer rail members 23 and a vented spacer member 24 loosely
      positioned therebetween. This type of oil ring assembly is well known and
      will not be described herein. In addition, it is contemplated that a
      compression ring (not shown) can be similarly tested.
PAR  The movable gage plate 15 is movable about the pivot pin 25. An anvil
      extension 26 is mounted on the front of the movable plate 15 so as to
      extend outwardly therefrom as shown in FIGS. 1 and 2. For purposes of
      clarity, the stationary gage plate 14 and the movable gage plate 15 and
      associated members are not shown in FIG. 2.
PAR  A vibrator mounting block assembly 27 is provided on the lower surface of
      the base plate 13 and the air vibrator 28 is mounted thereon.
PAR  The air supply for the unit enters at the intake 29 and passes through an
      air filter 30. The air supply passes into a tube assembly 30a which is
      only shown in part. The tube assembly includes an air pressure regulator
      (not shown) which is adjusted to allow a predetermined pressure (p.s.i.)
      of air to flow to operate the air vibrator 28. An electric solenoid (not
      shown) actuates the air vibrator when the forward switch 31 is engaged.
PAR  The forward switch 31 is provided on the raised end of the console 12 which
      operates the motor and air solenoids (not shown). A reverse switch 32 is
      also provided on the raised end of the console which reverses the
      operation of the electric motor at completion of gaging of the tension of
      the piston ring. A power switch 33 is provided to turn electrical on or
      off to all components. Indicator lights 34 are provided adjacent their
      respective switches 31, 32 and 33.
PAR  An electric motor 35 is provided in the raised end of the console 12. The
      electric motor shaft drive coupling 36 engages the screw coupling 37 as
      shown in FIGS. 1 and 2.
PAR  A bearing block 38 is positioned on the base plate 13 and is used as a
      means of stopping the rearward motion of the drive screw 40. A microswitch
      assembly 38a is provided under the bearing block 38 and acts to shut off
      the electrical power to the motor 35 when the gage has completed its
      reverse cycle.
PAR  A slide block 39 is provided on the base plate and has drive screw 40
      assembled therethrough which is provided with a coupling 37. The slide
      block 39 is positioned on the base plate 13 so that the drive screw
      coupling 37 is aligned with and engages the coupling 36 on the shaft of
      the electric motor 35.
PAR  A load strain measuring cell 41 is provided on the slide block 39. A
      pneumatic cylinder 42 is operatively connected to the forward end of the
      load cell 41. The pneumatic cylinder 42 is provided with a piston and rod
      assembly 43 which has a ball bearing 44 which selectively contacts the
      raised portion of the anvil member 26 when the pneumatic cylinder 42 is
      actuated.
PAR  The pneumatic cylinder 42 is operated by air pressure supplied through air
      supply line 45. Actuation of the pneumatic cylinder 42 causes the piston
      and rod assembly 43 to drive against the anvil 26. This, in turn, causes
      the movable gage plate 15 to close to a slight distance smaller than the
      required gaging bore size so as to achieve a simulated diameter size
      slightly smaller than the exact diameter of the piston ring whose tension
      is being measured.
PAR  The air supply to the pneumatic cylinder 42 is then shut off and the air is
      allowed to exhaust from the cylinder so as to allow the piston to seat
      back into the cylinder. The movable gage plate 15 is thus allowed to
      return rearward so that the peripheral diameter established by the bearing
      slide assemblies 19 and bearings 20 is at the exact diameter desired for
      calibrating the tension of the piston ring being tested.
PAR  An adjusting screw 46 is provided through the anvil 26 and is utilized for
      adjusting the forward shut off movement of the movable plate 15 during the
      gaging cycle.
PAR  An electricator switch 47 is provided on the base plate 13 and has a needle
      contact 48 which is aligned with the adjusting screw 46 provided on the
      anvil 26. In operation, the electric motor drives the slide block 39 which
      has the load cell 41 and pneumatic cylinder 42 provided thereon as
      previously described. In response to the movement of the pneumatic
      cylinder 42 acting upon the anvil 26, the movable gage plate 15 of the
      gage is forced to close until the adjusting screw 46 contacts the needle
      48 extending from the electricator switch 47. The electricator switch 47
      is adapted to selectively shut off the electric drive motor 35 which stops
      the closing action on the movable gage plate 15. The electricator switch
      47 simultaneously shuts off the air supply to the pneumatic cylinder 42,
      thus allowing the movable plate 15 to return to the desired cylinder bore
      gaging diameter. In addition, the electricator switch 47, through the use
      of a timed relay, permits the air supply to the vibrator unit 28 to
      continue for a short period of time.
PAR  The foregoing sequential steps allows for the actual measurement or
      calibration of the tension of the piston ring to be measured under as
      friction free conditions as possible due to the fact that the ring or ring
      assembly has been initially compressed to a diameter smaller than the
      specified diameter and subseqently allowed to expand to the desired
      specified diameter. During this entire cycle, the piston ring or piston
      ring assembly is under continuous vibration so as to substantially remove
      or decrease the effects of friction thereon.
PAR  It should be noted that mechanical, air, electric and electronic components
      such as timer relays, solenoids, transformers, rectifiers and the like are
      utilized to accomplish the automatic and sequential cycling shown and
      described herein. Inasmuch as the operation of such components is well
      known in the art, they are not shown in the drawings. The electrical power
      is supplied to the unit through a connector (not shown). A guard assembly
      (not shown) and a bottom cover (not shown) are provided to protect the
      operator, protect the functional parts and to reduce the noise emitted by
      the vibrator.
PAR  The electricator switch 47 is also provided with a reading dial indicator
      which reads at zero when the gage is mastered for a specified bore size.
      The operator can thus visibly check and determine if the gage is properly
      mastered so that the piston ring tension is being recorded at exactly the
      desired specified bore size diameter at all times.
PAR  Each digital strain indicator and load cell must be calibrated as a unit in
      order to determine the proper gaging factor to be used on the digital
      strain indicator prior to the assembly of the load cell on the gage.
PAR  A master disc 17 of the exact diameter of the cylinder bore size of the
      piston ring whose tension is being checked must be used to master the gage
      for each size of piston ring or ring assembly being tested.
PAR  A ring holding fixture 18 is provided which simulates the groove of the
      piston in which the piston ring is to be eventually installed. Thus, the
      piston rings are tested under test conditions which carefully simulate
      actual test conditions.
PAC  OPERATION
PAR  A shim member 49 must be placed in the gap between the movable gage plate
      15 and the stationary gage plate 14 each time the gage is mastered for a
      different diameter size of ring whose tension is to be measured or
      calibrated. With the shim member in place, the adjustable bearing slides
      19 are adjusted so that bearing members 20 contact the master 17 being
      used to set the gage unit for the proper specified diameter of the
      cylinder bore or diameter of the piston ring being tested. The
      electricator switch 47 is adjusted so that with the shim member 49
      removed, the forward cycle of the gage is not shut off until it continues
      beyond the actual desired specified bore diameter and subsequently returns
      to the actual bore diameter size being measured. This is accomplished by
      automatically and sequentially shutting off the air supply to the
      pneumatic cylinder, and allowing the air to exhaust, which in turn allows
      the piston and rod assembly driving the anvil 26 to seat in the cylinder
      42.
PAR  In operation, the electrical power source is turned on for the digital
      strain indicator read-out and the unit allowed to warm up for
      approximately five minutes. The strain bridge toggle switch is set on
      "full".
PAR  A control knob on the digital indicator read-out unit must be adjusted to
      show a gage factor reading and subsequently adjusted to the correct gage
      factor unit that was determined when the load cell was calibrated to the
      digital strain indicator unit prior to the assembly of the load cell on
      the gage. After the proper gage factor reading has been adjusted to the
      desired specified reading, the control knob is returned to read in the
      "strain" position and a balance control is adjusted until the indicator
      reads "zero".
PAR  The ring compression unit is then mastered to the desired cylinder bore
      size by first loosening all of the adjustable slide assemblies located on
      both the stationary gage plate and the movable gage plate. The desired
      specified size master disc is then placed in the center of the ring
      fixture base over the locating dowel pin 50. A shim gage is inserted
      between the stationary plate and the movable plate and is held in this
      position by manually pushing and holding the movable plate 15 against it.
PAR  The slide assemblies 19 are then adjusted until each bearing assembly 20
      contacts the peripheral edge of the master disc 17 with substantially
      equal pressure. The adjustable slides 19 are then securely tightened into
      their operative use positions.
PAR  The adjustable screw 46 located in the anvil 26 is then adjusted so that
      its contact point acts against the point of the needle member 48 extending
      from the electricator switch 47 to cause the dial indicator on the face of
      the electricator switch 47 to read zero. The master disc 17 and the shim
      member 49 are then removed. The ring fixture disc 18 containing the piston
      ring or piston ring assembly 22 to be tested is then mounted on the gage
      between the stationary and movable gage plates as indicated in FIG. 7.
PAR  The electrical power source is then turned on and the air supply is opened
      to the gage. The operator checks the air pressure gage to insure that the
      desired air pressure is supplied to actuate the vibrator unit. This can be
      varied by adjusting a regulator valve (not shown) provided in the console.
      The "forward" button is depressed to start the forward cycle of the gage.
      After the forward button has been depressed, the gage will complete the
      forward cycle automatically. The forward cycle continues until the
      indicator on the electricator switch registers approximately a plus 0.010
      inch. It then returns to zero when the air exhausts from the pneumatic
      cylinder as previously described.
PAR  When the gage completes the forward cycle, the operator checks the dial on
      the electricator switch 47 to determine that it reads zero. If it does not
      read zero, it can be corrected by adjusting the fine adjustment screw 51
      provided in the end of the electricator switch 47.
PAR  The vibrator unit 28 will continue to run approximately five seconds after
      the movable gage plate 15 has stopped. The reading of the digital strain
      indicator should not be taken until the vibrator unit has stopped. The
      reading of digital strain indicator will show in tenths of pounds tension
      with the numerals at the right hand of the dial face being in tenths of a
      pound.
PAR  After the reading of the amount of tension of the piston ring is recorded,
      the "reverse button" is actuated and the gage will cycle back and be
      automatically turned off.
PAR  The piston ring or piston ring assembly 22 is then removed from the ring
      holding fixture 18. The foregoing procedure can be continuously repeated
      to check any desired number of rings with complete repetitive accuracy not
      affected by human error.
PAR  In summary and as shown schematically in FIG. 5, a piston ring tension gage
      is provided for the automatic testing of the tension of piston ring
      assemblies with repetitive accuracy. A motor 35 drives a slide block
      assembly 39 upon which a load cell 41 and pneumatic cylinder 42 are
      positioned. The piston and rod assembly 43 acts against the anvil 26 which
      selectively and controllably causes the movable plate 15 to close towards
      the stationary gage plate 14 as described herein. The adjusting screw 46
      contacts the needle contact 48 to actuate the electricator switch 47 when
      the desired forward limit of travel has been reached. As previously
      described, the electricator switch 47 sequentially shuts off the electric
      motor, the air supply to the pneumatic cylinder and to the vibrator unit.
      The tension reading is then taken. The block 51 represents associated
      electronic components and digital strain indicator read-out equipment that
      are well known in the art.
PAR  As shown in FIG. 8, the automatic and controlled cycling described herein
      results in the sequential movement of the movable gage plate from the
      larger bore size position 52 to smaller than bore size position 53 and
      back to the desired specified bore size position 54 at which the tension
      measurement or reading is made.
PAR  It is thus seen that a substantially automatic piston ring tension gage is
      provided to measure the tension of a piston ring or piston ring assembly
      with repetitive accuracy in a substantially friction-free environment
      which simulates actual in situ use conditions and which virtually
      eliminates human error generally inherent in making such tests.
PAR  Various other modifications of the invention may be made without departing
      from the principle thereof. Each of the modifications is to be considered
      as included in the hereinafter appended claims, unless these claims by
      their language expressly provide otherwise.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for gaging the tension of piston rings, the combination
      including:
PA1  a console support frame provided with platform base plate thereon;
PA1  a first semi-circular piston ring assembly engaging plate fixedly mounted
      on said platform base plate;
PA1  a second semi-circular piston ring assembly engaging plate pivotally
      mounted on said platform base opposite said first fixedly mounted piston
      ring assembly engaging plate, said pivotally mounted second piston ring
      assembly engaging plate adapted to co-act with said first fixedly mounted
      piston ring assembly engging plate so as to retain a piston ring assembly
      therebetween;
PA1  a cylindrical piston ring holder mounted on said platform base intermediate
      said first piston ring assembly engaging plate and second piston ring
      assembly engaging plate, said piston ring holder adapted to loosely
      support a piston ring assembly between said first piston ring assembly
      engaging plate and said pivotally mounted second piston ring assembly
      engaging plate;
PA1  pneumatic cylinder means provided on said platform base plate, said
      pneumatic cylinder means adapted to selectively act against said pivotally
      mounted second piston ring assembly engaging plate so as to close said
      second piston ring assembly engaging plate toward said first fixed piston
      ring assembly engaging plate to compress said piston ring assembly
      postioned therebetween;
PA1  strain load sensing means provided in association with said pneumatic
      means, said strain load sensing means adapted to measure the tenson
      exerted by the piston ring assembly compressed to the specified bore size
      between said first piston ring engaging plate and said second movable
      piston ring engaging plate.
NUM  2.
PAR  2. In the apparatus of claim 1 wherein vibratory means are provided in
      association with said platform base plate, said vibratory means adapted to
      provide continuous controlled vibratory motion to said piston ring
      assembly so as to achieve friction-free tenson measurement of the piston
      ring assembly mounted in said gage apparatus.
NUM  3.
PAR  3. In the apparatus of claim 1 wherein an electronic digital strain
      indicator is provided in association with said strain load sensing means.
NUM  4.
PAR  4. In the apparatus of claim 1 wherein a plurality of adjustable bearing
      means are provided on said fixed first plate and said pivotally mounted
      movable second plate, said bearing means adapted to selectively engage the
      outer circumferential surface of a piston ring assembly mounted in said
      apparatus.
NUM  5.
PAR  5. In an apparatus for automatically gaging the tension of a piston ring
      assembly with repetitive accuracy, the combination including:
PA1  a console support frame provided with platform base plate thereon;
PA1  a first semi-circular piston ring assembly engaging plate fixedly mounted
      on said platform base plate;
PA1  a second semi-circular piston ring assembly engaging plate pivotally
      mounted on said platform base opposite said first fixedly mounted piston
      ring assembly engaging plate, said pivotally mounted second piston ring
      assembly engaging plate adapted to co-act with said first fixedly mounted
      piston ring assembly engaging plate so as to retain a piston ring assembly
      therebetween;
PA1  a cylindrical piston ring holder mounted on said platform base intermediate
      said first piston ring assembly engaging plate and second piston ring
      assembly engaging plate, said piston ring holder adapted to loosely
      support a piston ring assembly between said first piston ring assembly
      engaging plate and said pivotally mounted second piston ring assembly
      engaging plate;
PA1  slide block means slidably provided on said platform base, said slide block
      means having screw drive means in association therewith;
PA1  motor drive means in association with said screw drive means, said motor
      drive means adapted to drive said slide block means at a controlled rate
      of travel toward said movable plate;
PA1  pneumatic cylinder means provided on said slide block means, said pneumatic
      cylinder means adapted to act against said pivotally mounted movable plate
      so as to close said movable plate toward said first fixed plate to
      compress said piston ring assembly positioned therebetween to a bore size
      diameter smaller than the specified bore size;
PA1  control means provided on said base plate, said control means adapted to
      automatically limit the forward of travel of said slide block means, said
      control means adapted to deactivate said pneumatic cylinder to permit
      expansion of said piston ring assembly to the specified bore size; and
PA1  strain load sensing means provided in association with said pneumatic
      means, said strain load sensing means adapted to measure the tension
      exerted by the piston ring assembly compressed to the specified bore size
      between the first fixed piston ring engaging plate and the second movable
      piston ring engaging plate.
NUM  6.
PAR  6. In the apparatus of claim 5 wherein vibratory means are provided in
      association with said platform base plate, said vibratory means adapted to
      provide continuous controlled vibratory motion to said piston ring
      assembly being tested, said vibratory means adapted to automatically stop
      after said piston ring assembly is expanded to its specified bore size.
NUM  7.
PAR  7. In the apparatus of claim 5 wherein an electronic digital strain
      indicator is provided in association with said strain load sensing means.
NUM  8.
PAR  8. In the apparatus of claim 5 wherein a plurality of adjustable bearing
      means are provided on said fixed first plate and said pivotally mounted
      movable second plate, said bearing means adapted to selectively engage the
      outer circumferential surface of a piston ring assembly mounted in said
      apparatus.
NUM  9.
PAR  9. In a method for automatically gaging the tension of a piston ring
      assembly, the steps which include:
PA1  subjecting the piston ring assembly being tested to a continuous controlled
      vibratory motion;
PA1  compressing the piston ring assembly at a controlled rate to a bore size
      smaller than the specified bore size;
PA1  expanding the piston ring assembly to the specified bore size;
PA1  terminating the vibratory motion being imposed upon the piston ring
      assembly; and
PA1  automatically measuring the tension of the piston ring assembly at the
      specified bore size when said vibratory motion has ceased.
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ABST
PAL  This specification discloses a coupling between two rotational shafts for
      transmitting torque. It includes a positive, inelastic, interconnection
      between the shafts for torque transmission and a resilient element to
      control, measure or respond to the magnitude of torque transmitted. In
      another context, the disclosure includes a rotational power shaft having a
      torque measuring, sensing and responsive unit which provides a direct
      visual and physical indication of the torque transmitted through the shaft
      while additionally providing actuating means for controlling associated
      systems which, in some way, are related to the quantity of transmitted
      torque.
PARN
PAC  CROSS REFERENCE
PAR  This application is a continuation-in-part of application Ser. No. 341,948,
      filed Mar. 16, 1973, now U.S. Pat. No. 3,872,736.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a resilient coupling between two rotational
      shafts. More specifically, it relates to a coupling between two rotating
      shafts in which rotational forces are transmitted through a positive,
      inelastic interconnection, but yet provides an elastic, resilient response
      between the shafts for measuring the magnitude of the force transmitted
      and for absorbing and dampening force fluctuations.
PAR  In rotational drive systems, a direct, accurate and inexpensive method and
      apparatus for transmitting, sensing, measuring and responding to torque
      input is desirable. Further, if the device is placed in series with the
      drive system for greater accuracy, it must be capable of transmitting or
      measuring forces of large magnitudes with substantial variations. Finally,
      the unit should have resilient and dampening capabilities for modulating
      and smoothing torque input.
PAR  The prior art rotational coupling devices are believed to lack such wide
      applicability or to provide the inexpensive, accurate and reliable
      features of the instant invention as modified to meet the particular
      application. For example, U.S. Pat. No. 3,529,460 which issued to E.
      Marcus on Sept. 22, 1970 discloses a load sensor which uses a spring to
      interconnect and transmit rotational forces between rotating shafts.
      Although that disclosure may be contrasted in many ways, the instant
      invention seeks to utilize a relatively inelastic mechanical interlock
      between two shafts to transfer torque while resilient means are utilized
      primarily to control and measure the magnitude of transmitted torque.
PAC  SUMMARY OF THE INVENTION
PAR  To provide a desirable torque responsive coupling, the instant invention
      includes a connection permitting relative rotation and telescopic movement
      between two shafts. This connection permits the forces transmitted through
      the shaft to be divided into two vectors: a first vector which is
      longitudinal to the axis of the two shafts, and a second vector which is
      perpendicular to such axis. Thus, the second vector represents the
      transmission of torque while the first vector provides telescopic movement
      of the shafts. A biasing means is then utilized to oppose the longitudinal
      force vector with telescopic movement of the shaft being in direct
      proportion to the magnitude of transmitted torque. The longitudinal
      movement is then utilized to provide a visual indicia of the magnitude of
      the torque transmitted as well as to actuate other systems in accord with
      variations in torque applied. Accordingly, this invention may be utilized
      to achieve any one or all of the following objectives:
PA1  1. the provision of a flexible rotating coupling in which rotational
      movement is transmitted through positive, inelastic mechanical drive;
PA1  2. the provision of an in-line, inexpensive torque meter which is very
      accurate and permits the measurement of torque of substantially any
      magnitude;
PA1  3. the provision of a torque responsive mechanism in a rotational drive
      train which measures torque and is capable of activating other parts of a
      power system in accord with preslected parameters;
PA1  4. the provision of a rotational energy accumulator which receives and
      smooths out fluctuations in the torque applied to a rotational shaft;
PA1  5. the provision of a flexible, resilient, in-line coupling having inherent
      dampening capabilities which may find applicability in such diverse areas
      as anti-skid devices for large trucks or as a replacement for torsion bars
      and suspension assemblies.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The manner in which these and other objects may be accomplished is depicted
      in the drawings in which:
PAR  FIG. 1 is a side elevational view of a preferred embodiment taken generally
      along a vertical plane passing through the center line of the device; and
PAR  FIG. 2 is a view similar to FIG. 1 depicting the device in an operative
      condition.
DETD
PAC  DETAILED DESCRIPTION
PAR  With primary reference to FIG. 1, the preferred embodiment of the coupling
      is carried by a housing 10 which includes a cylindrical member 16
      preferably formed of a transparent, plastic material such as Plexiglass.
      The cylinder 16 may be rigidly supported with its ends closed and sealed
      by end-plates 18 and 20 through a threaded connection with the cylinder.
      Extending through the center of the end caps 18 and 20 is a rotational
      power shaft comprising a power input shaft 22 which is coupled (in a
      manner subsequently explained) to a power output shaft 40. Preferably, the
      input and output shafts are supported for rotational motion within the end
      caps by bearing and seals as indicated.
PAR  The coupling between shafts 22 and 40 may take many forms, but should
      include a relatively rotatable and telescopic interconnection. Such
      permits the force transmitted between the shafts to be divided into a one
      vector component generally perpendicular to the longitudinal axis of the
      shafts and another vector component along the axis of the shafts. Thus,
      the perpendicular component transfers rotational force while the
      longitudinal component causes relative telescopic movement between the
      input shaft 22 and output shaft 40.
PAR  One such interconnection is a threaded coupling. In the preferred
      embodiment, such takes the form of a ball bearing screw having a nut 28
      and a threaded screw 36. In this instance, the nut of the ball bearing
      screw 28 is received within a housing 24 of the power input shaft and is
      attached thereto and constrained for rotation therewith by pins or set
      screws 29. A counter bore 26 within the housing 24 receives the threaded
      screw 36 upon relative longitudinal or telescopic movement between the
      input and output shafts. The nut 28 is connected to the screw 36 by ball
      bearings and numeral 30 represents the return lines for the recirculating
      balls of the nut 28. The left end of the screw extends into a counterbore
      of boss 42 on output shaft 40 and a pin 44 extends through boss 42 and the
      shaft 36 constraining them for rotation with each other.
PAR  Considering now this relative rotational and longitudinal movement, it will
      be noted that if the input shaft 22 is rotated in the direction of the
      arrow of FIG. 1, such will cause the ball bearing nut 28 to rotate about
      the threaded screw 36. The ball bearings (not shown) will act between the
      threads of the nut 28 and those of shaft 36 to transmit force between the
      input shaft 22 and the output shaft 40. However, in view of the pitch of
      the threads, the force exerted by each ball bearing upon the threaded
      screw 36 can be resolved into two components as mentioned above. These
      vector components include a vector which is longitudinal to the axis of
      the two shafts and acts upon input shaft 22 to telescope it outwardly of
      end cap 18, this position being shown in FIG. 2. Simultaneously, however,
      each ball bearing will exert another vector force upon the threads which
      is perpendicular to the longitudinal axis. This component acts upon the
      threads of the ball bearing screw 36 to effect rotational motion of the
      output shaft 40. Obviously, by merely changing the pitch of the threads of
      the ball bearing unit, the designer can establish a wide variation in the
      ratio between the magnitude of the horizontal vector force and that of the
      longitudinal vector force. Stated in another manner, he has substantial
      design choice in selecting the ratio of relative rotational and
      longitudinal movement between the shafts.
PAR  To oppose longitudinal movement of the shaft and to provide an indicia of
      the magnitude of the torque transmitted through the shafts, a resilient
      biasing unit is provided. In the preferred embodiment, the resilient
      biasing unit includes a piston unit 60 which is constrained for
      reciprocable movement with the input shaft 22 within the housing 10. As
      subsequently explained, this piston 60 acts as a reaction surface for the
      biasing member. The piston 60 is attached to the ball bearing nut 28
      through a collar 74 which has a threaded connection 32 with the
      ballbearing nut 28, the threaded connection being locked by set screw 82.
      This collar 74 has at one end a shoulder 76, and a spanner nut or other
      locking device 78 at the other end to locate and hold the piston 60 onto
      the collar 74. The nut 78 may also be locked to the collar 74 by a set
      screw 79. The piston 60 may be isolated from the rotational motion of the
      collar 74 by anti-friction means or roller bearings 80. Therefore, only
      reciprocable motion of bearing nut 28 is transmitted to piston 60. This
      reciprocal motion is normally effected upon rotational motion of shaft 22
      in the direction of the arrows indicated in the figures. Opposing this
      reciprocation is a resilient biasing means which may take many forms. As
      shown, it includes a coil spring 84 which is placed between the piston 60
      and the end plate 18. Then, as the input shaft is rotated, the piston is
      pulled to the right by the longitudinal vector force component, such
      action being resisted by the compression spring 84. When the expansion
      force of the spring 84 becomes equal to the longitudinal vector force
      exerted through the ball bearing screw, a steady state condition or
      equilibrium exists and the reciprocable action of the piston 60 is
      arrested while the input shaft transmits rotational motion to the output
      shaft 40. Since the longitudinal vector force is always proportional to
      the horizontal vector force, the spring compression and piston movement
      are also in direct proportion to the applied torque on shaft 22.
PAR  Further refinements of the preferred embodiment include the utilization of
      oil within the housing 10 to further dampen or to smooth out changes in
      torque input delivered to the shaft 22. Thus, with reference to the
      drawings, it will be observed that the piston 60 divides the housing 10
      into two chambers, A and B. A small orifice 69 interconnects these
      chambers to permit the metering of fluid with a low flow rate between the
      two chambers. Such will dampen variations in torque input. In many
      applications, the designer may also prefer to have rapid movement of the
      piston 60 in one direction. The rapid movement in this case is to the
      right and is permitted by a second larger passage 66 communicating between
      the chambers A and B of such size as to permit the free flow of passage
      therethrough. However, a one-way valve unit 68 (as depicted in the
      drawings) precludes flow from the chamber B back to the chamber A, and
      requires that such intercommunication exist through the orifice 69. The
      direction of the one-way valve 68 might be placed on the opposite side of
      the piston 60 if the reverse condition or restrictions or movement were
      desired.
PAR  To isolate the chambers A and B from each other, seals 62 are provided
      around the circumference of the piston 60. Additionally, an annular teflon
      cylindrical member 64 may be placed on the circumference of the piston 60
      to minimize friction between the housing or cylinder 16 and the piston 60.
      Finally, to further isolate chambers A and B, appropriate sealing means
      may be placed about the return tubes 30 for the ball bearings of the nut
      28.
PAR  An adjustable abutment means 86 may be used as a reaction plate for the
      right end of the biasing means 84. Such may be an annular plate having a
      threaded engagement with the cylinder 16 and may be rotated to various
      positions to pre-select or pre-compress the spring 84 as desired. This
      annular plate 86 may also be provided with an annular shoulder 88 which
      receives the spring 84 and holds same in a proper concentric relationship
      with the input shaft 22.
PAC  MODE OF OPERATION
PAR  To clarify the operation of the device, it should be appreciated that the
      input shaft 22 is connected to a motor of some type for receiving
      rotational power. This rotational power is then transmitted to a threaded
      interconnection with an output shaft 40, the threaded connection having
      such a pitch as to exert a longitudinal vector force reaction between the
      input and output shaft and a rotational vector force on the output shaft
      40. Thus, the rotational input power is delivered through a plurality of
      ball bearings within the nut 80 to the threads of the shaft 36, the
      plurality of ball bearings serving to equally transmit the force so as to
      minimize high stresses at any point within the interconnection. The
      horizontal vector is transmitted to the output shaft to transfer the
      rotational motion, while the longitudinal vector force tends to
      reciprocate the piston 60 to the right, as viewed in the drawings, against
      the bias of the spring 84, such reciprocation continuing until the
      longitudinal vector force equals the expansive force of the spring means
      at which time each revolution of the input shaft equals one complete
      revolution of the output shaft.
PAR  At the equilibrium condition, one may observe the position of the piston 60
      through the transparent cylindrical member 16 and visually observe the
      magnitude of the torque transmitted by reading apropriate calibrations or
      indicia 96 on the transparent wall 16. Additionally, a washer 97 may be
      constrained for longitudinal motion with the input shaft so as to measure
      torque and actuate a linkage 98 to control an associated power system.
PAR  Obviously, many modifications of the preferred embodiment, as well as
      specific utilizations, are within the scope of my invention. For example,
      this unit permits a wide selectability of biasing means including a
      plurality of compression springs individually spaced concentrically about
      the piston, or concentrically of one another. Too, it includes oil and air
      accumulators, as well as belleville washer units. Also, the response to
      the system and accuracy of measurement of torque transmission can be
      varied to suit the individual needs of the user. The use of a ball bearing
      screw substantially reduces friction losses and the pitch of the ball
      bearing unit can be varied to give a very substantial variation in
      longitudinal movement of the piston 60 for any increment of change in
      footpounds of torque applied. Too, if the longitudinal vector is
      increased, the magnitude of fluctuations in the horizontal vector
      component is dampened or reduced. Finally, the designer will want to
      consider the interrelationship between the pitch of the threaded screw 36
      and the spring rate of the biasing means. At this point it should be noted
      that the device can be used merely as a rotational energy accumulator. For
      example, if the resistance on output shaft 40 is quite high, the input
      shaft can be rotated a substantial number of turns, assuming appropriate
      design, with the energy being stored in the biasing means. Then when the
      resistance to rotation of output shaft 40 is reduced, that shaft will be
      permitted to rotate under the expansion force of the spring 84.
PAR  Finally, the device will have substantial application in force limiting
      environments. For example, the unit might be set to operate a switch or
      hydraulic valve to control a motor or pump whenever the torque applied
      reaches a particular level.
PAR  Finally, in another embodiment of my invention, the piston unit might be
      centered in its normal, relaxed condition within the housing 10 with a
      biasing means being placed on opposite sides of the piston to react
      against each of the end plates 18 and 20. This permits the transmission of
      torque in either direction of rotation of the input shaft or output shaft,
      and also permits the torque to be measured regardless of the direction in
      which it is applied. These and many other modifications will be apparent
      through further study of the drawings and the specification.
CLMS
STM  I claim:
NUM  1.
PAR  1. A torque meter comprising:
PA1  a. a housing;
PA1  b. an input shaft extending into said housing and an output shaft extending
      out of said housing, said shafts being journaled in said housing for
      relative rotation therewith;
PA1  c. a threaded interconnection between said shafts for transmitting
      rotational motion from said input shaft to said output shaft, said
      interconnection permitting relative rotational and longitudinal motion
      between said shafts; and
PA1  d. non-rotatable biasing means carried within said housing for opposing
      relative longitudinal motion of said shafts; said biasing means including
      a piston journaled on one of said shafts to permit relative friction-free
      rotation thereof; and spring means interposed between said piston and said
      housing.
NUM  2.
PAR  2. An apparatus as recited in claim 1 in which:
PA1  a. said piston divides said housing into two chambers filled with a fluid;
      and
PA1  b. said piston includes means for metering fluid flow between said
      chambers.
NUM  3.
PAR  3. An apparatus as recited in claim 1 in which said threaded
      interconnection includes a ball bearing screw and threaded nut with ball
      bearings interconnecting said screw and nut.
NUM  4.
PAR  4. An apparatus as recited in claim 1 in which said housing is partially
      transparent.
NUM  5.
PAR  5. Rotational power transfer shaft apparatus comprising:
PA1  a. a housing;
PA1  b. a power transfer shaft extending through said housing, said shaft
      including a threaded joint within said housing for permitting relative
      rotational and longitudinal movement of said shaft on opposite sides of
      said threaded joint;
PA1  c. resilient means carried within said housing and interposed between the
      interior of said housing and said joint for opposing relative rotational
      and longitudinal movement of said shaft; and
PA1  d. fluid dampening means within said housing for dampening changes in
      relative rotational and longitudinal movement of said shaft.
NUM  6.
PAR  6. An apparatus as recited in claim 5 in which said resilient means
      includes:
PA1  a. a piston means carried by said joint and spring means interposed between
      said housing and said piston means to oppose movement of said piston
      means.
NUM  7.
PAR  7. A torque sensing mechanism comprising:
PA1  a. a power input and power output shaft;
PA1  b. a threaded interconnection between said shafts permitting relative
      rotational and translational movement of said shafts;
PA1  c. reaction means carried by said interconnection and at least one of said
      shafts, said means being journaled on said interconnection and said shaft
      by anti-friction means; and
PA1  d. biasing means interposed between said reaction means to oppose
      translational movement of said shafts.
NUM  8.
PAR  8. An apparatus as recited in claim 7 in which a housing extends over said
      interconnection and forms said reaction means on said shaft.
NUM  9.
PAR  9. An apparatus as recited in claim 7 in which said interconnection
      comprises a ball bearing screw and nut.
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PAL  In accordance with illustrative embodiments of the present invention,
      measurements of a plurality of earth formation parameters are combined in
      a new manner to establish Poisson's ratio for the formations surrounding a
      borehole which is useful for identifying mechanically competent
      formations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The control of sand production in a well is a problem that has been with
      the oil industry for a very long time. Experience indicates that sanding
      problems are directly related to production rates of the well. Therefore,
      the problem of sanding has become more critical lately since proration
      control by the government has been substantially eliminated due to
      shortages. Consequently, the oil companies are concerned with
      substantially increasing production of their wells. In fact, the
      government is actually requiring an increase of production in Federal
      waters. It is therefore apparent that oil producing companies would like
      to know the maximum rate at which they can produce without sanding from
      wells in which no consolidation or gravelpack has been used. Furthermore,
      oil companies would be very interested in knowing which wells require
      gravelpacking or consolidation from the very beginning of production, so
      that control measures can be instituted from the start. Since there are
      friable sand reservoirs in known sand producing areas from which
      economically attractive production rates may be obtained without the use
      of any form of sand control, it is desirable that some means for
      distinguishing or predicting those competent sand formations from
      incompetent sand formations be available so that sand controlling
      techniques such as gravelpacking or plasticizing may be avoided when
      unnecessary, or, on the other hand, may be resorted to before sanding
      problems develop from over production in those formations where such sand
      control is necessary.
PAR  2. Description of the Prior Art
PAR  In seeking information concerning zones bearing hydrocarbons such as oil
      and gas that may exist in subsurface earth formations adjacent a borehole
      drilled into these formations, various types of exploring devices are
      typically lowered into the borehole for measuring selective properties of
      the formations adjacent the borehole. Three principal types of such
      exploring devices are (a) electrical exploring devices (using either
      electrodes or induction coils), (b) sonic exploring devices, and (c)
      radioactivity exploring devices.
PAR  The electrical exploring devices measure the electrical resistivity or
      conductivity of the earth formations. Such electrical resistivity is
      determined primarily by the amount, distribution and resistivity of the
      fluids contained in the formation core spaces. The sonic exploring
      devices, on the other hand, measure the time required for sonic waves to
      travel across a given span of the earth formation which is related to the
      sonic velocity of the formation. This sonic velocity is determined
      primarily by the nature of the rock matrix and particularly its porosity,
      the state of confining stress and the type of fluid in the pore space.
PAR  The radioactivity exploring devices measure either the natural
      radioactivity of the formation or the radioactivity induced therein by
      bombardment of the formation with radioactivity particles or rays. Two
      particular radioactivity exploring devices used to investigate formations
      are the formations density logging tool and the neutron logging tool. The
      formation density logging tool emits gamma rays which are diffused through
      the formation and the number of diffused gamma rays reaching one or more
      nearby detectors are counted to provide a measure of the electron density
      of the adjacent formation. Moreover, it is known that this electron
      density is very closely proportional to the bulk density of the formation
      in substantially all cases.
PAR  The neutron tool, on the other hand, utilizes a source for emitting
      neutrons into adjacent formations. In one form of neutron device, these
      neutrons lose energy by collision with atoms of the formation. When the
      energy level of these neutrons is reduced to the epithermal energy range,
      they can be detected by a nearby detector which counts the number of
      epithermal neutrons. Since hydrogen atoms are the only ones whose weights
      are almost equal to that of the neutron, they are the most effective in
      reducing the energy level of the neutrons to enable their capture. Thus,
      it can be said that this type of neutron log is essentially a record of
      the hydrogen atom density of the rocks surrounding the borehole. Since the
      formation pore spaces are generally filled with water or fluid
      hydrocarbon, both of which have about the same amount of hydrogen, a
      neutron log does not distinghish between oil and water, but is primarily
      affected by the formation porosity. Gas, on the other hand, will alter
      this porosity determination by the neutron log.
PAR  In general, none of the electrical, acoustic, or radioactivity measurements
      taken alone give all of the required information concerning the
      hydrocarbons in the formations or the characteristics of those formations.
      The various factors which affect each measurement are taken into account
      and then an interpretation or deduction is made as to the probable
      characteristics of the formations.
PAR  There is considerable experimental evidence which indicates that there is a
      correlation between the intrinsic strength of a formation and the dynamic
      elastic constants of the formation as determined from sonic velocity and
      density measurements. One technique which attempts to predict the
      competency of sand and thereby also predict the maximum rate at which a
      well may be produced is described in a paper, "Estimation of Maximum
      Production Rates from Friable Sandstones Without Using Sand Control
      Measures", by N. Stein and V. W. Hilchie, Paper No. SPE 3499 published by
      the American Institute of Mining, Metallurgical and Petroleum Engineers
      Inc. Copyright 1971. According to this paper, the shear modulus is the
      most important elastic constant for predicting sanding problems, however,
      the technique described in the paper is based on the assmmption that the
      bulk modulus is constant throughout the formation. In general, the bulk
      modulus varies throughout the formation and this technique would not
      provide accurate results.
PAR  It is possible to obtain the mechanical properties or elastic constants of
      the formation, such as the shear modulus and bulk modulus (or bulk
      compressibility) from the value of Poisson's Ratio. Heretofore Poisson's
      ratio was determined from the sonic shear and compressional velocities,
      while the sonic compressional velocity which is generally referred to as
      the acoustic travel time of the formation is readily measured as described
      above, the sonic shear velocity, is highly attenuated. The sonic shear
      velocity approaches the velocity of the fluid in the formation, and shear
      arrivals are often masked in the sonic wave trains making it extremely
      difficult to measure.
PAR  Clearly a need exists for readily determining values for Poisson's ratio
      which can then be used to determine the mechanical properties and strength
      of a formation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, well-logging measurements are combined to
      produce a parameter indicative of the shaliness of the formation, which is
      referred to as the shale index. The shale index is then used to compute
      Poisson's ratio. The invention can be carried out using an approximately
      programmed general purpose digital computer or a special purpose analog
      computer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an investigating apparatus suspended in a borehole for
      deriving a plurality of well-logging measurements and a schematic
      representation of apparatus for processing these well-logging
      measurements;
PAR  FIGS. 2 and 3 are diagramatic representations of computer program flow
      charts for carrying out the invention utilizing a general purpose digital
      computer;
PAR  FIG. 4 is a diagramatic representation of a special purpose analog computer
      for practicing the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown an investigating apparatus 10 located
      in a borehole 12 on the end of multiconductor cable 14 which is raised and
      lowered in borehole 12 drilled into earth formation 16 by a suitable winch
      mechanism (not shown). Investigating apparatus 10 includes exploring
      devices for obtaining measurements of the acoustic travel time .DELTA. t,
      bulk density .rho..sub.b, deep and shallow resistivities, R.sub.xo and
      R.sub.t, spontaneous potential SP, porosity, .phi..sub.n, derived from a
      neutron exploring device and the natural gamma ray count, GR, of the
      formation.
PAR  Measurement signals derived from the exploring device 10 are transmitted to
      the suitable signal processing circuits 20 at the surface of the earth.
      The signal processing circuits convert the well-logging signals to digital
      form for temporary storage by way of a digital tape recorder 22 for
      application to a computer 24 which is programmed in accordance with the
      teachings of the present invention to process the data in a manner to
      provide valuable information relative to the nature of the earth
      formations. It should be appreciated at this point that the digital
      computer 24 could either be a truck mounted computer for operation at the
      well site, or the data could be transmitted via a telephone communication
      or other technique to a computer located some distance away. If the data
      was recorded on a magnetic tape by way of tape recorder 22, of course, the
      tape containing the data could be simply directly transported to the
      distant computer for processing. While the measurements to be used in
      practicing the present invention are shown in FIG. 1 as having been
      derived from one exploring device, it should also be understood that these
      measurements could be derived from a plurality of exploring devices which
      are run through the borehole at different times. In this event, the data
      from each run would be recorded on individual magnetic tapes and the total
      data would then be merged for use by digital computer 24. Such merging may
      preferably be accomplished by merging all of the data on a single tape for
      processing by the digital computer. Alternatively, the data could be
      processed using a special purpose analog computer.
PAR  An acoustic exploring device for deriving a measurement for .DELTA. t can
      be found in U.S. Pat. No. 3,231,041 granted to F. P. Kokesh on Jan. 25,
      1966. An exploring device for obtaining the measure of the bulk density
      can be found in U.S. Pat. No. 3,321,625 granted May 23, 1967 to John F.
      Wall. An exploring device for obtaining resistivity measurements and
      measurements of the spontaneous potential can be found in U.S. Pat. No.
      3,053,530 granted to G. Attali on July 1, 1969. An example of an exploring
      device for obtaining a neutron porosity log measurement can be found in
      U.S. Pat. No. 2,769,918 granted to C. W. Tittle on Nov. 6, 1956.
PAR  The neutron tool responds to the amount of hydrogen in the formation, and
      is essentially a record of the hydrogen atom density in the rocks
      surrounding the borehole. Liquid hydrocarbons have hydrogen indexes close
      to that of water and neutron measurements in these formations are
      primarily affected by porosity. Gas, however, usually has a considerably
      lower hydrogen concentration which varies with temperature and pressure.
      Therefore, when gas is present near enough to the borehole to be within
      its zone of investigation, a neutron log does not provide an accurate
      measure of formation porosity.
PAR  In addition to deriving a measure of formation porosity from the neutron
      tool, the bulk density and acoustic travel time measurements can also be
      converted to measurements of formation porosity. The bulk density
      measurement can be converted to a porosity measurement if the matrix
      density .rho..sub.m and fluid densities .rho..sub.f are known. The
      equation for converting this bulk density measurement to a porosity
      measurement is:
      ##EQU1##
      See pages 43 and 44, "Log Interpretation Principles," published by
      Schlumberger Limited, New York, New York 10017 which is incorporated
      herein by reference. Common values of .rho. m for various formations are:
PA1  2.71 for limestone
PA1  2.87 for dolmite
PAL  In water sands, the fluid density .rho. f is usually set equal to 1.
      However, in light hydrocarbon and gas bearing formations, the fluid
      density .rho. f will be less than one, and thus the value of porosity
      .phi..sub.D derived from the density tool will be higher than the true
      porosity.
PAR  The acoustic travel time .DELTA. t can also be converted to a measure of
      porosity provided the acoustic travel time of the rock matrix and fluid,
      .DELTA.t.sub.m and .DELTA.t.sub.f respectively are also known. The
      relationship of the acoustic or sonic derived porosity in terms of .DELTA.
      t is:
      ##EQU2##
      See pages 36 and 37, "Log Interpretation Principles", heretofore
      mentioned.
PAR  The spontaneous potential measurement provided by the exploring apparatus
      10 is the difference between the potential of an electrode on the
      exploring device and the potential of an electrode located at the surface
      of the earth. Opposite shale formation, spontaneous potential will usually
      remain fairly constant and thus tend to follow a straight line on the log,
      called the "Shale Base Line". Opposite permeable formations a spontaneous
      potential will show excursions from the shale base line. In thick
      permeable beds free of shale, the spontaneous potential will also reach an
      essentially constant value defined as the "Sand Line". For further
      information concerning the spontaneous potential measurement and its uses,
      see pages 7-12 of the referenced publication "Log Interpretation
      Principles".
PAR  In accordance with a copending patent application entitled Method and
      Apparatus for Investigating Subsurface Earth Formations, filed by Anderson
      et al on Oct. 5, 1973, Ser. No. 403,786, elastic constants or elastic
      modulii of the formation are computed using Poisson's ratio which, in
      turn, provide useful information regarding the strength of the formation.
PAR  Heretofore, Poisson's ratio could be determined in accordance with:
      ##EQU3##
      where: .nu. = Poisson's ratio
PA1  V.sub.s = sonic shear velocity
PA1  V.sub.c = sonic compressional velocity
PAL  and used to determine the elastic constants. In practice, this method did
      not yield reliable or accurate results owing to the difficulty in
      determining the sonic shear velocity.
PAR  After detailed investigation and experimentation, it has been found that
      the Poisson's ratio can be related to the shale content or shaliness of
      the formation according to the following equation:
EQU  .nu. = 0.125q + 0.27                                       (4)
PAL  where q is the shaliness index defined as:
      ##EQU4##
      where .phi..sub.z is the total space between the matrix grains supporting
      the overburden, and .phi..sub.e is the porosity available to water and
      hydrocarbons. The difference, .phi..sub.z - .phi.e, is interpreted as the
      intergranular space occupied by dispersed shale and fine in sands.
PAR  As discussed below, to arrive at values for .phi..sub.z and .phi..sub.e in
      the presence of hydrocarbons, a complete analysis of the formation is
      required. When hydrocarbons are not present, .phi..sub.z is equal to the
      sonic porosity .phi..sub.S, .phi..sub.e is equal to the density porosity
      .phi..sub.D and Eq. 5 can be written as:
      ##EQU5##
PAR  By using the results of equation (4), the elastic constants, bulk
      compressibility and shear modulus can be determined in accordance with the
      techniques disclosed in the above referenced Anderson et al copending
      application.
PAR  To obtain the value of Poisson's ratio it is therefore only necessary to
      determine the value of the shaliness index. In the presence of
      hydrocarbons this requires a complete analysis of the formation. A
      technique for obtaining the value of the shaliness index is set forth in
      detail in U.S. Pat. No. 3,638,484 issued on Feb. 1, 1972 to Tixier and
      assiged to Schlumberger Technology Corporation, and in a paper entitled
      "Log Evaluation of Low-Resistivity Pay Sands in the Gulf Coast" by M. P.
      Tixier, R. L. Morris and J. G. Connell, presented at the SPWLA Ninth
      Annual Logging Symposium, June 23rd-26th, 1968. Another technique is set
      forth in a publication entitled "Log Analysis of Sand-Shale Sequence -- A
      Systematic Approach", by Poupon et al, published in the July, 1970 issue
      of the Journal of Petroleum Technology where the shaliness index is
      V.sub.sh.
PAR  By utilizing the techniques fully explained in the Tixier patent and Tixier
      et al publication, values for .phi..sub.e, .phi..sub.z, q, C.sub.p, the
      sonic compaction factor and S.sub.gxo the gas saturation near the borehole
      wall are obtained for each depth level in the formation. Since these
      techniques are fully explained in the above referenced patent and
      publication, they will not be discussed in detail herein.
PAR  The values of q at each depth level thus obtained are then utilized, in
      equation 4 to compute Poisson's ratio.
PAR  Referring now to FIG. 2, there is shown a flow diagram for implementing
      this invention through the use of an appropriately programmed digital
      computer. Poisson's ratio is computed by running two sweeps through the
      data. The first sweep is used to obtain values for q at each depth level
      using the techniques of the above-referenced Tixier patent. This value is
      then used in a second sweep to compute the value of Poisson's ratio for
      each depth level. The output of the program can be a listing of q and
      Poisson's ratio computed for each depth level or a log showing the
      continuous variation of these parameters as a function of depth.
PAR  The first sweep of the program is entered, block 30, and the data derived
      from the well-logging tool is read on a level-by-level basis, block 32.
      Values for q are computed for each depth level, block 34, using the
      techniques disclosed in the referenced Tixier patent and the first sweep
      ends, block 36.
PAR  Sweep 2 is shown in FIG. 3. The sweep is entered, via block 40, after which
      the input parameter for the first depth level, q, computed in sweep 1 is
      read, block 42. Next, Poisson's ratio is computed using equation 4, block
      44. If this is not the last depth level, NO answer from decision element
      46, the depth level is incremented by one, block 54, the program returns
      to block 42 to analyze the next depth level. When all the depth levels
      have been analyzed, YES answer from decision element 46, values for q and
      Poisson's ratio are printed out for each depth level in the borehole,
      block 48. If a continuous log is required, YES answer from decision
      element 50, the log is printed out, as represented by block 52, and in
      either case, the program exits block 62.
PAR  Referring now to FIG. 4, there is shown a special purpose analog computer
      for carrying out the invention. It will be understood that prior to
      utilizing the analog computer shown in FIG. 4, the well-logging data
      derived from the borehole is processed in accordance with the techniques
      of the Tixier U.S. Pat. No. 3,638,484 to provide values for q, for each
      depth level of the formation and that these values are stored on magnetic
      tape for playback on tape recorder playback 70.
PAR  The value of q computed during the prior computation is applied from tape
      recorder playback 70 to Poisson Ratio Computer 72 which contains
      conventional circuits for computing the value of Poisson's ratio in
      accordance with the equation 4. As shown in greater detail in FIG. 6, the
      value of q is first applied to a multiply circuit 74 where it is
      multiplied by a signal proportional to a constant 0.125. The resultant
      product, 0.125q, is added to a signal proprotional to 0.27 in addition
      circuit 76 to produce the signal 0.125q + 0.27 which is equal to Poisson
      Ratio.
PAR  The computed values of Poisson's ratio and q are applied to a recorder 78
      which produces a continuous recording of the variables as a function of
      depth. The recorder is controlled by a signal from the tape recorder
      playback to insure that its operation is synchronized with the tape
      recorder drives.
PAR  While there have been described what are at present considered to be
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is, therefore,
      intended to cover all such changes and modifications as fall within the
      true spirit and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A machine method of determining characteristics of an earth formation
      traversed by a borehole, comprising the steps of:
PA1  a. providing a plurality of well-logging measurements, indicative of a
      plurality of properties of the formation at selected depth levels;
PA1  b. combining said measurements to provide a first parameter indicative of
      the shale content of the formation at selected depth levels; and
PA1  c. producing a representation of Poisson's ratio from said first parameter
      at selected depth levels.
NUM  2.
PAR  2. The method of claim 1 wherein the parameter indicative of the shale
      content of the formation is the shale index.
NUM  3.
PAR  3. The method of claim 2 wherein Poisson's ratio is computed according to:
EQU  .nu. = Aq + B
PAL  Where:
PA1  A and B are constants, q is the shale index, and .nu. is Poisson's ratio.
NUM  4.
PAR  4. Apparatus for determining characteristics of an earth formation
      traversed by a borehole, comprising:
PA1  a. means for providing a plurality of well-logging measurements indicative
      of a plurality of properties of a formation at selected depth levels;
PA1  b. means for combining at least some of said measurements to provide a
      first parameter indicative of the shale content of the formation at
      selected depth levels; and
PA1  c. means for producing a representation of Poisson's ratio from said first
      parameter at selected depth levels.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the parameter indicative of the shale
      content of the formation is the shale index.
NUM  6.
PAR  6. The apparatus of claim 5 wherein Poisson's ratio is computed according
      to:
EQU  .nu. = Aq + B
PAL  Where:
PA1  A and B are constants, q is the shale index, and .nu. is Poisson's ratio.
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ABST
PAL  An apparatus and method for measuring fluctuations in amount of soil in
      slurry or soil-containing fluid line. Each system of feeding the slurry
      typically to tunneling face and draining it therefrom in the slurry line
      is provided with gamma-ray densimeter and electromagnetic flow-meter to
      obtain respective amounts of soil only (dry-soil amounts) in the slurry
      flowing through each of said systems from respective outputs of these
      meters in each system, so that actually excavated amount through ground
      layer of a shielded excavator at the tunneling face can be measured by the
      difference between the respective dry-soil amounts. The excavator will be
      advanced depending on this measured amount.
BSUM
PAR  This invention relates to an apparatus for measuring an accurate amount of
      increases and decreases of soil or the like contained in a slurry flowing
      through a slurry line and, more particularly, to an apparatus and method
      for accurately measuring, in the excavation at shielded slurry type
      tunneling face, the actually excavated amount of soil or the like on the
      basis of the respective measured values of soil or the like only which is
      contained in the slurry flowing through both of feed and drain pipes of
      the slurry line. The term "slurry line" herein used is intended to mean
      mainly a passage through which the slurry, and a slurry and soil mixture,
      are to flow, but passage may also be the one for flowing clear water in
      the feeding side and soil-containing water after the excavation in the
      draining side.
PAR  The slurry shielding excavation or tunneling through a soft ground of, in
      particular, a highly water containing sand and gravel layer has been
      considered to be one of the most difficult works because, in case the
      density of spoil or the amount of mud in the slurry flowing through a
      slurry feeding and draining line increases or decreases, the increased or
      decreased amount has not been instantaneously measured or integratively
      accurately measured and, for this reason, an appropriate propelling amount
      for excavating device has been unable to be determined and any completely
      automated operation of the slurry shielding excavation or tunneling has
      not been achievable.
PAR  In conventional excavating or tunneling operations of the kind referred to,
      in general, the whole mud amount sent out through drain pipe is measured
      and the excavated amount is presumed from such measurement, but the amount
      of slurry fed in through feed pipe is not considered. Therefore, the
      presumed value of the excavated amount has been inaccurate and
      undependable.
PAR  The present invention has been designed to solve the above mentioned
      problem. In the present invention, the problem is solved by determining
      the actually excavated amount of soil, sand, gravel and the like of their
      mixture (which shall be referred to as "soil" hereinafter for simplicity)
      from the difference between the respective amounts of the soil only
      contained in the slurry measured with respect to each of the feed and
      drain pipes after measuring the respective densities of the soil and
      entire flow volumes of the fluids flowing through the feed and drain pipes
      of the slurry line.
PAR  A principal object of the present invention is, therefore, to provide an
      apparatus that enables one to measure the amount of soil excavated more
      accurately and momentarily by measuring the dry-sand amounts in both of
      the feed and drain pipes of the slurry line.
PAR  A further object of the present invention is to provide a soil amount
      measuring method for enabling a substantially automated remote control of
      a shielded slurry type excavator by applying such measuring apparatus as
      provided by the principal object of the invention to the excavator, so
      that the tunneling operation can be carried out while measuring the
      excavated soil amount at the tunnel face and the excavated volume at the
      tunnel face and the propelling volume of the shield type excavator can be
      aptly made to coincide with each other, thereby any outbreak or accidental
      ground break at the tunnel face can be definitely sensed, so that any
      collapse of the ground at the tunnel face or the like accident can be
      prevented.
DRWD
PAR  The present invention shall now be explained in detail with reference to
      certain preferred embodiments illustrated in accompanying drawings, in
      which:
PAR  FIG. 1 shows schematically an excavating apparatus provided with an
      embodiment of the measuring apparatus according to the present invention;
PAR  FIG. 2 is a block diagram of the measuring apparatus in the embodiment
      shown in FIG. 1;
PAR  FIGS. 3A and 3B respectively show an exemplary block diagram and its
      practical circuit diagram of gamma-ray densimeter used in the present
      invention;
PAR  FIGS. 4A and 4B respectively show an exemplary block diagram and its
      practical circuit diagram of ratio setter used in the present invention;
PAR  FIGS. 5A and 5B show respectively an exemplary block diagram and its
      practical circuit diagram of multiplication and division computor used in
      the present invention;
PAR  FIG. 6 shows an exemplary circuit diagram of electromagnetic flow meter
      used in the present invention; and
PAR  FIG. 7 schematically shows and excavating apparatus using another
      embodiment of the measuring apparatus of the present invention.
DETD
PAR  Referring first to FIG. 1, a slurry (prepared, for example, by adding
      several percent bentonite by weight to clear water and used for preventing
      any collapse at tunnel face in a soft ground) in a water tank 1 is fed to
      a pressure chamber 5 at the tunnel face of an excavator 4 by a pump 3
      through a feed pipe 2 provided with a gamma-ray densimeter 6 for measuring
      the density of the slurry and an electromagnetic flow transmitter 7 for
      measuring the flow volume of the slurry.
PAR  Before proceeding to further disclosures, certain definitions of the terms
      hereinafter used shall be made here for the purpose of clarity.
PAR  The term"slurry" shall mean the fluid consisting of water containing a
      material effective in preventing the tunnel face collapse such as the
      bentonite or the like, and this slurry is the one to be initially fed to
      the excavator 4 at the tunnel face.
PAR  When the excavation is initiated at the tunnel face, the soil so defined in
      the foregoing that forming the ground layer to be excavated is added to
      the slurry at the pressure chamber 5, and this mixture of the slurry and
      soil excavated to be drained shall be referred to as "mud." In continuing
      the excavation, this mud is preferably to be returned to the slurry feed
      after filtering soil particles of large grain sizes out of the mud to
      leave therein only fine particles of the soil, but such mud returned with
      the fine particles only after adding water if conditions require shall be
      also referred to as the slurry.
PAR  The amount of the soil thus contained in the slurry as well as in the mud
      except that of water is to be measured and such measured amount of only
      the soil with respect to either of the slurry and mud shall be called
      "dry-soil amount."
PAR  The soil excavated with a cutter 8 of the excavator and the fed slurry are
      mixed together and are drained as the mud of a high concentration out of
      the tunnel by a drain pump 10 through a drain pipe 9 provided with a
      gamma-ray densimeter 11 for measuring the density of the drained mud and
      an electromagnetic flow transmitter 12 for measuring the flow volume of
      the mud.
PAR  While in the drawing the draining end of the pipe 9 is shown as connected
      to the tank 1 for the purpose of simplicity, it should be understood that
      in practice a slurry of water and bentonite or the like is initially fed
      to the pipe 2 and after the excavation is started the drained mud,
      subjected to a treatment to remove large grain soil particles, is fed to
      the feed pipe 2.
PAR  In FIG. 2 showing a block diagram of the measuring apparatus according to
      the present invention for determining in the embodiment of FIG. 1 the
      excavated dry-soil amount, a group denoted by A shows a feed pipe system,
      a group denoted by B a drain pipe system, 106 is a gamma-ray densimeter
      provided in the feed pipe and 107 is an electromagnetic flow transmitter.
      The output current which is obtained from the densimeter and which is a
      function of the density of the slurry flowing through the feed pipe is
      converted to an alternating current and then amplified by a converting
      amplifier 113 and is again converted to a direct current signal. This
      signal representing the slurry density, is then transmitted to a ratio
      setter 114, whereby a density of slurry
      ##EQU1##
      (wherein .gamma. is a slurry density value measured by the gamma-ray
      densimeter and .gamma..sub.o is a true specific gravity value of the soil
      in the ground at the site of tunneling excavation determined by
      preliminarily performed trial excavations) is determined, as will be
      referred to more in detail with reference to FIGS. 4A and 4B. On the other
      hand, an output signal from the electromagnetic flow transmitter 107
      showing flow amount of the slurry is also amplified and converted to a
      direct current signal by a converting amplifier 115 and the product of
      this output signal and the output signal of the ratio setter 114 is
      determined by a multiplication and division computor 116. This product
      value represents a dry-soil amount in the slurry flowing through the feed
      pipe.
PAR  111 is a gamma-ray densimeter provided in the drain pipe, 112 is an
      electromagnetic flow meter, 117 and 119 are converting amplifiers, and 118
      is ratio setter. 120 is a multiplication and devision computor the
      performance of which is the same as that of the above described feed pipe
      side and the output signal of which, therefore, indicates a dry-soil
      amount in the mud flowing through the drain pipe.
PAR  The outputs of both multiplication and division computors 116 and 120 are
      given to the addition and subtraction computor 121, and an actually
      excavated dry-soil amount is determined by the difference between both
      signals and this difference signal is given to an indicator 122, recorder
      123 and integrated recorder 124. 125 is a counter showing an integrated
      value of excavated dry-soil amount.
PAR  In the above mentioned block diagram, the multiplication and division
      computors 116 and 120 and addition and subtraction computor 121 to be
      utilized can be of any well known formations.
PAR  The reason why the fixed computation of
      ##EQU2##
      is made by the ratio setter for the direct current signal obtained by the
      gamma-ray densimeter shall be explained in the following.
PAR  In order to determine an excavated amount of mud which is measured in
      weight by using the apparatus of the present invention, the following
      calculating formulas are used.
PAR  Now, the following notations are defined:
PA1  G.sub.1 : dry-soil weight (t/H) in the slurry flowing through the feed
      pipe.
PA1  Q.sub.1 : slurry quantity (m.sup.3 /H) flowing through the feed pipe.
PA1  .gamma..sub.1 : Density (t/m.sup.3) of the slurry flowing through the feed
      pipe.
PA1  .gamma..sub.o : True specific gravity (t/m.sup.3) of the soil being
      evacuated
PA1  G.sub.2 : dry-soil weight (t/H) in the mud flowing through the drain pipe.
PA1  Q.sub.2 : mud quantity (m.sup.3 /H) flowing through the drain pipe.
PA1  .gamma..sub.2 : Density (t/m.sup.3) of the mud flowing through the drain
      pipe.
PA1   g: Actually excavated dry-soil weight (t/H).
PAL  In the above, the value of .gamma..sub.o is of a true specific gravity of
      the soil being evacuated which is determined by a known method on a sample
      or samples of the soil taken as a result of making a test excavation at a
      fixed interval along a predetermined work line.
PAR  The specific gravity of soils is generally in the range of about 2.50 to
      2.70, except those of such special soils as organic soil, loam or the like
      and can be considered as being of about 2.65. In the ratio setters in the
      respective feed and drain pipes, the specific gravity value .gamma..sub.o
      of the soil being excavated which is generally of the above level but of
      course dependent on the actual test measurement to be set. Precisely, in
      the very beginning of the excavation, the set value .gamma..sub.o for the
      feed pipe is to be based on a specific gravity value of the bentonite or
      the like in the slurry which is typically 2.30 or so, while the
      .gamma..sub.O for the drain pipe is to be the value of the soil being
      excavated which is in the above described range. During the excavation,
      which is continued using the mud treated as described in the foregoing and
      fed to the feed pipe after the mud starts to be drained, the fine
      particles of the mud are added to the slurry in the feed pipe while such
      additive as the bentonite or the like is reduced from the slurry at the
      same time when the large grain soil particles are filtered from the
      drained mud. However, it is not necessary to supplement the additive to
      the slurry fed as long as the amount of the fine particles of the soil
      added to the slurry is adequately regulated by any proper known means as
      the excavation advances. This is true because such fine soil particles are
      also effective for penetrating into the ground layer at the tunnel face so
      as to prevent it from collapsing. Therefore, in obtaining the dry-soil
      amount being actually excavated, it is not only advantageous in economical
      view but also more effective in practice in obtaining more accurate
      dry-soil amount to employ the specific gravity .gamma..sub.o of the soil
      being excavated in the calculation than that of the additive in the
      slurry; it is, of course, necessary to correct the set value .gamma..sub.o
      for the feed pipe in case any difference is remarkably large between the
      specific gravities of the fine soil particles retained and the large grain
      soil particles removed.
PAR  Assuming that a "dry-soil" of an amount G.sub.i (t/H) is contained in a
      slurry or mud of an amount Q.sub.i (m.sup.3 /H), the density .gamma..sub.i
      of the slurry or mud will be represented by the following formula:
      ##EQU3##
      wherein the density of water is made to be 1 t/m.sup.3.
PAR  G.sub.i is determined from the above formula,
      ##EQU4##
      will be obtained. Therefore,
PAR  Dry-soil weight in the fed slurry is:
      ##EQU5##
PAR  Dry-soil weight in the drained mud is:
      ##EQU6##
      Using the above formulas (1) and (2), the dry-soil weight of actually
      excavated soil is obtained as
EQU  G = G.sub.2 - G.sub.1 . . . .                              (3)
PAR  here, the formula (1) is a value obtained from the computor 116, the
      formula (2) is a value obtained from the computor 120 and the formula (3)
      is a value obtained from the computor 121. Further, in the formula (1),
      Q.sub.1 is a value obtained from the converting amplifier 115 and
      ##EQU7##
      is a value obtained from the ratio setter 114. It is necessary to
      calculate
      ##EQU8##
      by inserting the value of .gamma..sub.o obtained from the sample soil into
      the ratio setter on the basis of the value of .gamma..sub.1 obtained from
      the converting amplifier 113.
PAR  The respective examples of the above referred densimeter flow-meter, ratio
      setter and multiplication and division computor used in the present
      invention shall be explained next in the following. However, these may be
      of any conventional devices other than those described as long as they
      perform the same purposes and, therefore, it will not be necessary to
      explain them specifically in detail.
PAR  FIGS. 3A and 3B shows in a block diagram, and a circuit diagram an example
      of the .gamma.-ray densimeter used in the present invention. Now in FIG.
      3A, 301 is a feed or drain pipe for the slurry to be detected, 302 is a
      gamma-ray source, 303 is an ionization chamber on the side of measuring
      the gamma-ray passed through the pipe, 304 is an ionization chamber on the
      side of setting the source gamma-ray intensity, 305 is a zero value
      setting section, 306 is a converting amplifier and 307 is an output side.
      In FIG. 3B, 308 and 309 are respectively a detector side and a converter
      side of the densimeter, 310 is a converting amplifier, 311 is a
      millivolt-milliampere converter. 312 are output terminals and 313 are
      current source terminals. The respective signal currents provided from the
      both ionization chambers 303 and 304 are different in their level from one
      another and thus the difference current of these signal currents
      represents the density of the slurry or mud flowing through the pipe. Such
      difference current is transmitted to the output terminals 312 through the
      converting amplifier 310 and millivolt-milliampere converter 311.
PAR  While according to the present invention the propelling amount of the
      excavator is determined on base of the actual amount of soil being
      excavated as measured by comparing the respective densities of the slurry
      and mud with respect to both of the feed and drain pipes and their
      respective flow amounts, such density values do not always represent
      accurate density with reference to the soil expelled from the site where
      the excavation is being actually made, since the soil components or their
      composition may vary momentarily during the excavation advances or even a
      slurry containing certain amount of mud from other site or sites already
      excavated may possibly be utilized as the slurry to be fed. Therefore, in
      order to render such measured values to approximate as close as possible
      the accurate density values, it is desirable to obtain the density of the
      soil actually being excavated depending on average specific gravity value
      .gamma..sub.o of the soil of the ground at the current excavating site.
      Such average is obtained by preliminary test boring performed along the
      working line, and by the use of such ratio setter as shown in FIGS. 4A and
      4B.
PAR  In the block diagram of FIG. 4A showing an example of the ratio setter used
      in the present invention, 401 is an input side of the setter, 402 is an
      output side thereof, 403 is a group of amplifiers A.sub.1 to A.sub.4 and
      404 is a potentiometer for setting the average specific gravity value
      .gamma..sub.o therein. The difference current from the output terminals
      307 or 312 of the densimeter as shown in FIG. 3A or 3B is provided to the
      input side 401, which current is two-stage amplified by the amplifiers
      A.sub.1 and A.sub.2 and is then corrected by the .gamma..sub.o value
      preliminarily given to the potentiometer 404. This corrected value is
      again amplified by the amplifiers A.sub.3 and A.sub.4 and is provided to
      the output side 402. In FIG. 4B showing a practical circuit diagram of the
      ratio setter, 405 are input terminals, 406 are output terminals, A.sub.1
      through A.sub.4 are amplifiers, and 407 is the potentiometer, respective
      which correspond to 401, 402 and 404 in FIG. 4A.
PAR  FIGS. 5A and 5B are respectively a block diagram and a practical circuitry
      arrangement of an example of the multiplication and division computor used
      in the present invention. In the block diagram of FIG. 5A, 501 is an input
      side of the computer for receiving a signal representing the slurry or mud
      density from the output terminals 402 or 406 in FIG. 4A or 4B, 502 is an
      input side for receiving a signal representing the slurry or mud flow
      amount from such an electromagnetic flow meter as will be described later
      with reference to FIG. 6, M.sub.1 is a multiplier for multiplying the
      respective said signals which are amplified through amplifiers A.sub.1 and
      A.sub.2 and A.sub.6 and A.sub.7, respectively, to a voltage level suitable
      for the computing operation, A.sub.3 and A.sub.4 are amplifiers for
      amplifying an output from the multiplier again to a proper voltage level,
      and 503 is an output side of the computor. In FIG. 5B, input terminals 504
      correspond to the input side 501 in FIG. 5A, input terminals 505 to the
      input side 502, A.sub.1 through A.sub.4 and A.sub.6 and A.sub.7 to the
      amplifiers having the same references, and output terminals 506 to the
      output side 503, respectively. A.sub.5 is an amplifier for setting source
      voltage from an AC source 507 to proper voltage levels to be distributed
      to the respective amplifiers and multiplier disposed between amplifiers
      A.sub.2 and A.sub.3.
PAR  In FIG. 6 showing an example of the electromagnetic flow meter in a circuit
      diagram to be used in the present invention, 601 is a detecting section,
      602 are output terminals, and 603 is an AC source. The slurry or mud
      passing pipe is placed within an AC magnetic field at the detecting
      section 601 and an electromotive force obtained in the field in proportion
      to a velocity of the slurry or mud flowing through the pipe is amplified
      through a differential-input feedback and amplifying circuit to an AC
      signal which is proportional to the electromotive force. This Ac signal is
      synchronised and rectified at the same phase with the magnetic flux
      density and is then divided by the flux density at a dividing circuit, so
      that the electromotive force representing the slurry or mud flow amount is
      transmitted to the output terminals 602 so as to be provided to the
      multiplication and division computer as in FIG. 5A or 5B, as a DC signal
      proportional to the flow amount and regardless of the flux density.
PAR  Now, in propelling the shielded excavator body 4 in FIG. 1 for further
      advancing the excavating or tunneling operation with the excavator
      provided with the measuring apparatus of the present invention, as the
      actual excavated soil amount at the tunnel face is known based on the
      measured value obtained in the manner described in the foregoing, such a
      propelling mechanism for the excavator body as, for example, an oil jack
      (not illustrated) can be operated to propel the excavator body by the
      actual excavated soil amount in the tunnel face. Therefore, the propelling
      mechanism of the excavator can be remote-controlled while observing a
      meter board coupled to the measuring apparatus of the present invention.
      According to the results of experiments made by the present inventors, it
      is revealed that, in the cases of feeding a slurry of which dry-soil
      amount is in the range of 3-7 % to the feed pipe for tunneling through
      high water containing quicksand and silt layers with the slurry shield
      type excavator, the dry-soil amount in the mud outcoming from the drain
      pipe which fluctuates in the range of 15 to 30 % can be measured utilizing
      the measuring apparatus of the present invention.
PAR  In FIG. 7 showing another embodiment to which the present invention is
      applied, a cutter head 202 provided with a rotary shaft 203 is set in a
      slurry shield type excavator body 201. Driving means for the cutter head
      202 is not illustrated. Behind the cutter head 202, there is provided a
      pressure chamber 204 for feeding a slurry through the head to the tunnel
      face and for receiving the slurry together with excavated soil again. For
      this purpose, a partition wall 205 of the chamber 204 is connected with a
      slurry feed pipe 206 and drain pipe 207 which are provided respectively
      with a gamma-ray densimeter 208 or 209 and with an electromagnetic flow
      meter 210 or 211 of the measuring apparatus of the present invention.
      Further, in this embodiment, the drain pipe 207 which comprises a first
      section 218 and a second section 216 is of a large caliber so as to allow
      soil components of large grain sizes to be conveyed. Such a grain size
      separating means as, for example, a separator 212 containing a trommel 213
      rotatably in a sealed tank is connected at outer end of the first drain
      pipe section 218 and the trommel 213 is provided with a drain port 214
      having a lid 215. The mud which contains soil components of small grain
      sizes having passed through the trommel 213 is discharged out of the
      tunnel through a second drain pipe section 216 and a pump P.sub.2. The
      separator is connected with the pressure chamber 204 through a pump
      P.sub.3 and a slurry feedback pipe 217 which forming at the tip an
      injection port 219 opening toward intake port of the first drain pipe
      section 218 in the pressure chamber 204. The fed-back slurry injected out
      of the injection port 219 renders the intake of the slurry containing
      excavated soil to be smooth, together with an agitator 220 driven by a
      motor (not shown). P.sub.1 is a pump for feeding the slurry through the
      feed pipe 206 from a slurry tank 221 into the pressure chamber 204. 222 is
      an automatic valve provided in a by-pass pipe 224 of the feed pipe 206 and
      actuated by a pressure indicating and adjusting device 223 provided in the
      partition wall 205, for the purpose of adjusting and maintaining a desired
      pressure of the slurry in the tunnel face. 225 is an alarm device provided
      so as to indicate any difference between the pressure in the first drain
      pipe section 218 and the pressure in the second drain pipe section 216 so
      that the clogging of the trommel 213 will be warned. 226 is an air exhaust
      pipe normally closed by a valve. 227 is a pipe having a valve for feeding
      a slurry to the separator 212 when desired.
PAR  According to this embodiment, when such soil component as gravels of large
      grain sizes taken into the pressure chamber 204 have come near the intake
      port of the first drain pipe section 218 of a large caliber as agitated by
      the agitator 220, they will be effectively pushed into the drain pipe by
      the injected slurry from the injection port 219. If there is none of such
      injected flow, it will be difficult to convey any larger size stones.
      Further according to this embodiment of FIG. 7, even if excavated soil
      contains larger size stones, the measuring apparatus will be able to be
      driven without any trouble to measure an excavated soil amount. In this
      case, for the purpose of taking into consideration the large grain soil
      components retained in the separator 212, such a measure may be taken up
      that, for example, the densimeter 209 of the drain pipe will be disposed
      in the first drain pipe section 218, the densimeter output will be
      properly corrected depending on signal levels to the alarm device 225
      showing the slurry pressure difference before and after the separator, and
      so on.
PAR  While the present invention has been described in the foregoing mainly with
      reference to the case where the invention is applied to the slurry shield
      type excavator in which a slurry is fed to the tunneling face and the mud
      containing additional excavated soil from the face, it should be
      appreciated that the slurry fed to the face may be replaced by a clear
      water depending on the nature of ground to be excavated or any working
      conditions, or even the apparatus of the present invention may be applied
      to any other cases than the slurry shield type excavator disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring fluctuations of solid body amount passed
      through a fluid path, which comprises feed and drain systems forming said
      fluid path, means positioned intermediate between respective said feed and
      drain systems for adding a solid body to said fluid, means provided in
      each of the feed and drain systems for measuring densities of the fluid
      passing through each system, means connected to said density measuring
      means in each of the systems for converting measured density value to a
      rate with respect to a preliminarily measured specific gravity of the
      solid body added by said adding means, means provided in each of the feed
      and drain systems for measuring entire flow amount of the fluid passing
      through each system, means connected to respective said density value
      converting means and flow amount measuring means in each system for
      obtaining from respective outputs of these means an amount only of the
      solid body in the fluid passing through each system, and means connected
      to respective said means for obtaining the solid body amount in each
      system for obtaining any difference between the solid body amounts of the
      respective systems and thereby calculating fluctuations in the amount of
      the solid body added to the fluid by the solid body adding means.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said means for obtaining the
      solid body amount is a multiplication and division computer for obtaining
      a product of an output value of said converting means and an output of
      said flow amount measuring means, and said calculating means is a
      subtraction computer for computing differences between the respective
      output values from said multiplication and division computers in both of
      the feed and drain systems.
NUM  3.
PAR  3. the apparatus according to claim 2 wherein said density measuring means
      is a gamma-ray densimeter and said converting means is a ratio setter.
NUM  4.
PAR  4. The apparatus according to claim 2 wherein said converting means is
      adapted to obtain
      ##EQU9##
      by a constant .gamma..sub.o given in advance and a measured density value
      .gamma. of the fluid.
NUM  5.
PAR  5. An apparatus for measuring fluctuations of evacuated soil amount in a
      slurry line, which comprises a shielded type excavator for excavating
      ground forming soil, a feed pipe for feeding a slurry to said excavator
      and provided with means for measuring densities of said slurry and means
      for measuring flow amounts of the slurry flowing therethrough, means
      connected to said density measuring means of the feed pipe for converting
      measured density value of the slurry to a ratio with respect to an average
      specific gravity of said soil, a drain pipe connected to said excavator
      for draining a mud consisting of the slurry and said soil excavated and
      provided with means for measuring densities of said mud and means for
      measuring flow amounts of the mud flowing therethrough, means connected to
      said density measuring means of the drain pipe for converting measured
      density value of the mud to a ratio with respect to said average specific
      gravity of the soil, means connected to said converting means and flow
      amount measuring means of the feed pipe for obtaining dry-soil amount
      contained in the slurry from respective output values of the respective
      said means, means connected to said converting means and flow amount
      measuring means of the drain pipe for obtaining dry-soil amount contained
      in the mud from respective output values of the respective said means, and
      means connected to respective said dry-soil amount obtaining means of the
      feed and drain pipes for calculating fluctuations in the excavated soil
      amount on base of any difference between respective said dry-soil amounts
      measured with respect to the respective feed and drain pipes.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said means for obtaining the
      respective dry-soil amounts are a multiplication and division computer for
      obtaining a product of the respective output values of said converting
      means and flow amount measuring means, and said calculating means is a
      subtraction computer connected to respective said multiplication and
      divisions computers of the respective feed and drain pipes for obtaining
      the difference between the respective outputs of these computers.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein said converting means is
      adapted to obtain
      ##EQU10##
      by a constant given in advance and a measured density value .gamma. of the
      fluid.
NUM  8.
PAR  8. The apparatus according to claim 5 wherein said drain pipe for the fluid
      and excavated mud is provided with means for separating the mud of large
      grain sizes from fine mud to drain them separately.
NUM  9.
PAR  9. The apparatus according to claim 5 which further comprises a branch pipe
      for the fluid, an end of said branch pipe is opened toward and end of said
      drain pipe terminating in the excavator, and said opened end of the branch
      pipe is adapted to form a high pressure jet stream of the branched fluid
      into the drain pipe.
NUM  10.
PAR  10. The apparatus according to claim 5 wherein said drain pipe is of a
      larger diameter than said feed pipe and is provided with a separator for
      separating the mud of large grain sizes from fine mud both to be drained,
      said separator is provided with a branch pipe for feeding back a part of
      the fluid in the drain pipe into the excavator, and said branch pipe forms
      at its end terminating in the excavator a high pressure jetting nozzle
      opened toward an end of the drain pipe terminating in the excavator.
NUM  11.
PAR  11. A method of measuring fluctations in amounts of solid body added to a
      path of a fluid intermediate between a feed system and a drain system of
      said path, which comprises steps of measuring at each of said systems
      densities of said solid body in said fluid and flow amounts of the fluid
      flowing the systems, converting said measured density values for each of
      the systems to a ratio with respect to a preliminarily measured average
      specific gravity of the solid body to be added, obtaining for each system
      a product of said converted ratio value and said measured flow amount
      value to determine an amount of only the solid body in the fluid passing
      through the system, and calculating any difference between respective said
      determined solid body amounts for the respective systems to obtain an
      actual amount of the solid body added to the fluid path.
NUM  12.
PAR  12. An automatic shielded type slurry excavating method comprising the
      steps of measuring densities of any solid body contained in a slurry and
      flow amounts of said slurry fed through a feed pipe for said slurry to a
      shielded excavator, measuring densities of a mud consisting of excavated
      soil by said excavator and the fed slurry and flow amounts of said mud
      passing through a drain pipe for the mud, converting said measured density
      values at the respective said fed and drain pipes to a ratio with respect
      to a preliminarily measured specific gravity of said soil, obtaining
      products of the respective said converted values and measured flow amount
      values for the respective feed and drain pipes to determine dry-soil
      amounts contained in the respective slurry and mud, calculating any
      differences between said dry-soil amounts in the slurry and mud, obtaining
      a momentary dry-soil amount actually excavated by the excavator by means
      of said calculated difference value, accumulating a plurality of said
      momentary dry-soil amounts, and determining an amount for propelling the
      excavator on base of said momentary dry-soil amount and accumulated
      dry-soil amounts.
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ABST
PAL  Device for measuring the force required to untangle hair comprises a
      handle, a carding member mounted for pivotal movement about the axis of
      said handle, and a counter for measuring the sum of the amplitudes of
      successive pivotal movements of said carding member relative to said
      handle.
PAC  SUMMARY OF THE INVENTION
PAR  In order to compare the characteristic properties of cosmetic products such
      as shampoos for example, it is often necessary to compare the property of
      being more or less easily entangled which they impart to the hair,
      regardless of the form of the hair itself, whether it consists of locks,
      wigs, or a head of hair. It is clear that the more the application of a
      product or composition facilitates untangling, for example, after
      shampooing, the more advantageous the use of this product or composition
      is in practice. Up to the present it has been impossible to evaluate the
      property of facilitating the untangling of hair in other than a subjective
      manner and this has made it difficult to carry out comparisons. In order
      to eliminate one source of errors resulting from differences in the nature
      of hair from one head to another in the case of a head of hair, and
      differences in the method of application resulting from the applicators
      themselves, comparisons have been made between the hair on one half of a
      head treated with a particular product and the hair on the other half of
      the same head treated with another product, or not treated at all.
      However, despite the elimination of these sources of error, the comparison
      has remained relatively subjective.
PAR  It is the object of the present invention to describe carding means making
      it possible to measure the total of the untangling forces exerted on hair
      treated with a hair treating product of any type and compare them with the
      total of the untangling forces exerted on untreated hair. This measurement
      takes into account the total of all the maximum forces exerted in the
      course of combing or brushing from the beginning to the end of the
      operation. It will be appreciated that, when the hair is untangled, the
      average combing or brushing stroke does not require any effort. The
      carding means according to the invention is preferably used as indicated
      above, that is to say in order to carry out comparisons on the two halves
      of a single head of hair, which halves have been differently treated, or
      one of which may not have been treated at all. This method of operation
      makes it possible to eliminate the influence of the nature of the air on
      their entanglement.
PAR  It should be noted that the effect in facilitating untangling may be tested
      on either damp hair or on dry hair. However, the movements of the carding
      device in the two cases are different. In the case of damp hair
      specialists have the habit of imparting to the combing means a
      translational movement resulting from the displacement of the entire arm
      which holds the comb or brush. On the contrary, when untangling dry hair
      specialists press the carding device into the hair until it is in
      substantial contact with the head and then impart to this device a rotary
      or pivotal motion produced by the hand which holds it. Because of the
      difference between the movement imparted to the carding device to untangle
      damp and dry hair, applicants have been led to propose two distinct types
      of carding devices according to the invention, each adapted to one of the
      said untangling movements.
PAR  It is the object of the present invention to provide the new article of
      manufacture which consists of a carding device adapted to measure the
      difficulty of untangling a mass of hair which device comprises a handle to
      be held in the hand and a comb characterized by the fact that the comb is
      movable with respect to the handle through an angle of limited amplitude
      when force is exerted thereon, said comb being biased by return spring,
      and counter responsive to the relative movements between the comb and the
      handle for counting the total of the amplitudes of these relative
      movements.
PAR  In a preferred embodiment, the counter is driven by a rotary shaft which is
      itself responsive to the relative movement between the handle and the comb
      through a clutch. The rotary shaft of the counter is associated with a
      non-return device permitting its rotation in one direction but preventing
      such rotation in the other. The non-return device consists of a ratchet
      wheel cooperating with a least one pawl. In one embodiment the non-return
      device constitutes the clutch. Step-up or step-down gearing is positioned
      between the clutch and the control shaft of the counter. The return spring
      which acts on the comb is a leaf spring, one end of which is fixed to the
      comb and the other end of which rests against a member fixed to the
      handle. The member fixed to the handle against which the drawspring acts
      is a screw, the position of said screw being adjustable to permit the
      adjustment of the return force to which the comb is subjected. The comb
      may be replaced by a suitable brush.
PAR  In a first embodiment, designed particularly for untangling damp hair, the
      comb is connected to the handle through a universal joint having two
      substantially perpendicular axes. The first of these two axes is
      substantially perpendicular to the longitudinal median plane of the comb.
      The comb is fixed to a rod positioned on the side of the universal joint
      remote from said comb, said rod being subjected to the action of two
      springs, one of which counterbalances the weight of the comb with respect
      to the first axis of the universal joint while the other exerts a pulling
      force during relative movement of the comb with respect to the handle
      about a second pivotal axis of the universal joint. One zone of the rod
      rests against a friction wheel fixed to the drive shaft of the counter,
      the pressure being increased when the combing tends to turn about the
      first pivotal axis of the universal joint in response to a force directed
      in a direction opposite to that of the weight of the comb.
PAR  In a second embodiment of the invention a brush is fixed to a crank shaft
      which is mounted to pivot about the axis of the handle. The crank shaft is
      fixed to at least one leaf spring bearing against a stationary member on
      the handle. The connection between the crank shaft and the control shaft
      of the counter is through a clutch consisting of a ratchet wheel and a
      pawl support, the clutch being effective in only one direction of
      rotation. The ratchet wheel is carried by the crank shaft and the pawl
      support is fixed to the control shaft of the counter. The end of the crank
      shaft is supported in a bearing mounted in the central part of the pawl
      support. Between the support for the pawl and the control shaft of the
      counter is a gear train making it possible for the control shaft of the
      counter to rotate through an angle having an amplitude greater than the
      amplitude of the angle through which the crank shaft rotates.
PAR  It will be seen that the carding means according to the invention makes it
      possible to total the maximum forces applied to the comb in the course of
      an untangling operation. It is obvious that it is desirable to be able to
      adjust the sensitivity of the springs so that the maximum untangling
      forces encountered do not bring the comb up against an abutment in its
      position of maximum displacement relative to the handle. In order to take
      into account this necessity for regulating the sensitivity, in the
      preferred embodiments, a regulating screw is provided which makes it
      possible to adjust the return force applied to the comb.
PAR  When damp hair is being untangled, the comb swings with respect to the
      handle like a door with respect to its door jamb, and the maximum
      amplitudes of angular displacement of the comb with respect to the handle
      during untangling are totalled by means of the counter. On the contrary,
      when dry hair is being untangled the difference in the action of the user
      of the carding means is taken into account and the counter totals the
      maximum amplitudes of the rotations of the brush about the crank shaft,
      the effort exerted being the maximum torque exerted with respect to the
      axis of said crank shaft.
PAR  It is clear that the invention is not limited to a hand-held combing means.
      It is equally applicable to the case of a stationaray apparatus on which a
      mass of hair is combed by displacing the hair with respect to the
      apparatus either manually or mechanically.
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PAR  In order that the invention may be better understood, two embodiments
      thereof will now be described, purely by way of illustration and example,
      with reference to the accompanying drawings, on which:
PAR  FIG. 1 is a longitudinal section taken along the longitudinal median plane
      of carding means designed to untangle damp hair;
PAR  FIG. 2 is a top view, partially in section taken along the line II--II of
      FIG. 1;
PAR  FIG. 3 is a longitudinal section taken through carding means adapted to
      card dry hair, taken along the longitudinal median plane of the brush of
      said carding means;
PAR  FIG. 4 is a top view, partially in section taken along the line IV--IV of
      FIG. 3;
PAR  FIG. 5 is a transverse sectional view taken along the line V--V of FIG. 3;
      and
PAR  FIG. 6 is a transverse sectional view taken along the line VI--VI of FIG. 3
     .
DETD
PAR  Referring now to the drawings, and more particularly to FIGS. 1 and 2, it
      will be seen that reference numeral 1 indicates the handle of a carding
      device according to the invention adapted to treat moist hair and
      reference numeral 2 indicates the carding member associated therewith. The
      member 2 is a simple comb held along the toothless edge thereof by
      gripping means 3, one of the ends (3a) of which holds the end 4a of a rod
      4. The handle 1 is substantially cylindrical and the rod 4 penetrates into
      the handle 1 through a hole 5 in one of the ends of the cylinder which
      constitutes the handle 1. Inside the handle 1 is a universal joint 6. This
      universal joint comprises a shaft 7 perpendicular to the longitudinal
      median plane of the comb 2, which shaft is supported at its ends by the
      body of the handle 1, and a shaft 8 perpendicular to the shaft 7 lying in
      the plane of the comb 2, with the shaft 8 adapted to pivot inside the
      member 6. The member 6 and the shaft 8 are traversed by the end 4a of the
      rod 4 and this rod is biased by a balancing spring 9, one end of which is
      attached to the inside of the handle 1 while its other end is hooked over
      the rod 4 at a point on the side of the universal joint 6 remote from the
      comb 2. This spring counterbalances the torque on the shaft 7 due to the
      weight of the comb 2.
PAR  The end of the rod 4 which is remote from the end 4a has been designated 4b
      and carries a half flat 10 lying in a plane substantially perpendicular to
      the shaft 8. This half flat is urged by the spring 9 against a friction
      roller 11 lined with a rubbery material. The end 4b of the rod 4 is hook
      shaped and the zone of this end which rests on the friction wheel 11 is
      the semi-circular part of third hook. On the bentback tip of the end 4b is
      mounted a leaf spring 12 substantially parallel to the longitudinal median
      plane of the comb 2. The end of an adjusting screw 13 carried by the
      handle 1 bears against the leaf spring 12. Several threaded holes are
      provided in the handle 1 to make it possible to vary the position of the
      screw 13 so that, in dependence on the length of the leaf spring between
      the point against which the screw 13 bears and the end 4b of the rod 4, an
      adjustable return force may be provided by the user as a consequence of
      the choice of position of the screw 13.
PAR  The friction roller 11 is fixed to the control shaft 14 of a counter 15.
      The control shaft 14 passes all the way through the counter 15 and is
      fixed at the end which does not carry the roller 11, to a ratchet wheel 16
      cooperating with a pawl 17 carried by a box 18 fixed to the body of the
      handle 1. The pawl 17 is biased by a leaf spring carried by the box 18 and
      not shown on the drawing. It permits rotation of the ratchet wheel 16 in
      one direction and prevents this rotation in the other direction. The shaft
      14 carries at the end carrying the ratchet wheel 16 a knurled knob 19
      making it possible to impart translational movement to this shaft so that
      the ratchet wheel may be released from the pawl 17 to permit the counter
      to be reset to zero. The body of the handle 1 is provided with an opening
      1a through which the figures indicated by the counter 15 may be seen.
PAR  The operation of the device which has just been described is easily
      understood. When the user introduces the comb into the hair he exerts on
      said comb an action in a direction counteracting the weight of the comb
      because of the application of the comb to the hair and, possibly, to the
      head which carries the hair. This action results in pivotal movement of
      the comb 2 and the rod 4 about the shaft 7 and application of the flat 10
      against the friction wheel 11. When the user untangles a mass of hair by
      passing the comb 2 through the hair, the resistance due to the untangling
      of the hair causes the comb 2 to have a tendency to rotate about the axis
      8. The combing force produces a rotation around the axis 8 which results
      in a displacement of the end 4b of the rod 4 and consequently by
      frictional engagement of the half flat 10 against the roller 11 and in
      rotation of the roller 11 and the shaft 14 of the counter 15. When an
      untangling movement ends, the comb 2 returns to its initial position in
      response to the pressure of the leaf spring 12 and the counter 15 cannot
      turn in the opposite direction because of the cooperation between the
      ratchet wheel 16 and the pawl 17. There is thus recorded a measurement
      corresponding to the maximum angular displacement undergone by the comb 2
      in the course of the untangling movement. The position of the screw 13 is
      so selected that the maximum angular displacement of the comb 2 during
      untangling is less than the maximum possible angular movement of the rod 4
      inside the handle 1. There is thus added on the register of the counter 15
      at each combing movement, a quantitative measurement of the maximum effort
      applied. The addition stops when the untangling terminates, since at this
      moment the force required for the passage of the comb 2 through the hair
      is substantially zero and does not result in angular displacement of the
      comb 2 with respect to the handle 1.
PAR  Referring now to the embodiment illustrated in FIGS. 3 to 6, it will be
      seen that reference numeral 21 indicates the handle of a carding device
      adapted to card dry hair and reference numeral 22 indicates the brush
      associated therewith. The member 22 is a half round brush of a
      conventional type. It is supported by a brace 23, one end 23a of which is
      attached to the end 24a of a crank shaft 24. The handle 21 is
      substantially cylindrical and the crank shaft 24 penetrates into the
      handle 21 through one of the ends of the cylinder which constitutes said
      handle. It is supported in this end by a bearing 25. The crank shaft 24
      carries on a half flat 30 an angle member 31 one arm of which is fixed to
      the half flat 30 and the other arm of which carries a series of leaf
      springs 32 substantially parallel to the half flat 30. The handle 21
      carries a screw 33 the end of which abuts against one of the leaf springs
      32. Several threaded holes are provided in the handle 21 so as to make it
      possible to select the position of the screw 33 so that it may cooperate
      with any one of the leaf springs 32. The different leaf springs 32 have
      different stiffnesses, which makes it possible, during a rotation of the
      pivoting shaft 24, to apply thereto a return force which is greater or
      less in dependence upon the position selected for the screw 33. The end of
      the crank shaft 24 opposite the end 24a has been designated by 24b. It is
      fixed to a ratchet wheel 36 which cooperates with pawl 37 carried by a
      pawl support 38. The pawl support 38 is fixed to a shaft 41 which is
      rotatably mounted in ball bearings 42 inside a bearing support 43 fixed to
      the handle 21. The end 24b of the crank shaft 24 is seated in the center
      of the pawl support 38 and its rotation is independent of that of said
      pawl support because of the ball bearings 44.
PAR  The shaft 41 carries at one end a pinion 45 which engages a pinion 46
      carried by an intermediate shaft 47 mounted in the bearing support 43.
PAR  The pinion 46 is fixed to another pinion 48 which itself engages a pinion
      49 carried by the control shaft 34 of the counter 35. The gear train 45,
      46, 48, 49 makes it possible to obtain a multiplication ratio of 12
      between the rotation of the input shaft 41 and the rotation of the control
      shaft 34. In other words, pivotal movement of the crank shaft 24 through
      30.degree. results in a rotation of the control shaft 34 through
      360.degree. . The display register of the counter 35 is positioned
      opposite an opening 21a in the handle 21 so that the user can read the
      indicia on the counter 35 from outside the handle 21. The control shaft 34
      is adapted to move translationally with the shaft 41 and the pawl support
      38. It may be subjected to translational movement by means of a button 39
      on the side of the counter 35 remote from the shaft 41. This makes it
      possible to reset the counter to zero without interference from the
      ratchet wheel 36.
PAR  The operation of the device which has just been described will be readily
      understood. When the user undertakes to untangle a mass of dry hair with
      this apparatus he engages the hairs of the brush 22 in the hair being
      untangled and imparts to the brush a pivotal movement due to movement of
      his hand. Because of the tangling of the hair a resistive force is applied
      to the brush 22 so that a torque is exerted on this brush which tends to
      rotate the crank shaft 24. This rotation is transmitted to the shaft 41
      through the clutch consisting of the ratchet wheel 36, its pawl 37 and the
      ratchet support 38, it being understood that the pawl 37 is urged against
      the ratchet wheel by spring means (not shown) and that rotation of the
      ratchet wheel relative to the pawl support is not permitted in the
      direction of the rotation to which the pivoting shaft 24 is subjected in
      the course of untangling of the hair. The rotation of the brush 22 is thus
      transmitted to the shaft 41 and through the gear train 45, 46, 48, 49 to
      the control shaft 34 of the counter 35. There is consequently recorded on
      the counter the maximum amplitude of rotation of the brush 22 in the
      course of the untangling movement applied to the hair. When the resistive
      torque is no longer applied to the brush 22 it returns to its initial
      position in response to the return force applied thereto by the leaf
      spring 32 opposite the screw 33. This return movement is not transmitted
      to the control shaft 34 because of the interposition between these two
      shafts of the overrunning clutch consisting of the ratchet wheel 36, pawl
      37 and ratchet support 38. The leaf spring 32 is so selected that the
      maximum amplitude of rotation of the brush 22 with respect to the handle
      21 during untangling never reaches the maximum possible angular
      displacement of the brush 22 with respect to the handle 21. The counter
      thus registers quantitative measurements corresponding to the sum of the
      maximum torques applied in the course of untangling to the brush 22, it
      being understood that when untangling has been completed the residual
      torque applied to the brush does not produce any rotation of the counter.
PAR  It is clear that the two devices which have just been described make it
      possible to quantitatively measure the efficacity of certain cosmetic
      products to the extent that they facilitate the untangling of the hair
      after treatment. This eliminates the subjective character of the
      comparisons which are necessary.
PAR  It will of course be appreciated that the embodiments which haave just been
      described have been given pruely by way of illustration and example and
      may be modified as to detail without thereby departing from the basic
      principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Carding device for measuring the difficulty of untangling a mass of
      hair, said device comprising a handle adapted to be held in the hand, a
      carding member capable of movement from an original position through an
      arc of limited amplitude with respect to the handle when a carding force
      is exerted on said carding member, spring means for resisting movement of
      said carding member through said arc and for returning said carding member
      to said original position when said force is relieved, and a resettable
      counter responsive to relative movement between the carding member and the
      handle for registering the sum of the amplitudes of a succession of said
      relative movements.
NUM  2.
PAR  2. Carding device as claimed in claim 1 in which the counter is driven by a
      control shaft connected to said carding member through an intervening
      clutch.
NUM  3.
PAR  3. Carding device as claimed in claim 1 in which the counter comprises a
      control shaft which is associated with non-return means permitting its
      rotation in one direction but preventing such rotation in the opposite
      direction.
NUM  4.
PAR  4. Carding device as claimed in claim 3 in which the non-return device
      comprises a ratchet wheel cooperating with at least one pawl.
NUM  5.
PAR  5. Carding device as claimed in claim 3 in which the non-return device is a
      clutch.
NUM  6.
PAR  6. Carding device as claimed in claim 2 further comprising step-up or
      step-down gearing connected between the clutch and the control shaft for
      the counter.
NUM  7.
PAR  7. Carding device as claimed in claim 1 in which the return spring is a
      leaf spring, one end of which is mounted to move with the carding member,
      and the other end of which rests against a member fixed to the handle.
NUM  8.
PAR  8. Carding device as claimed in claim 7 in which the member fixed to the
      handle and against which the return spring rests is a screw, the position
      of said screw being adjustable to permit adjustment of the return force to
      which the carding member is subjected.
NUM  9.
PAR  9. Carding device as claimed in claim 1 in which the carding member is a
      comb.
NUM  10.
PAR  10. Carding device as claimed in claim 1 in which the carding member is a
      brush.
NUM  11.
PAR  11. Carding device according to claim 1 in which the carding member is
      connected to the handle through a universal joint having two substantially
      perpendicular axes, the first of which is substantially perpendicular to
      the longitudinal median plane of the carding member.
NUM  12.
PAR  12. Carding device as claimed in claim 11 in which the carding member is
      fixed to a rod extending to the side of the universal joint remote from
      said carding member, said rod being subjected to the action of two
      springs, one of which counterbalances the torque exerted by the weight of
      the carding member tending to produce rotation about the first pivotal
      axis of the universal joint and the other of which exerts a return force
      during relative movement of the carding member with respect to the handle
      about the second axis of the universal joint.
NUM  13.
PAR  13. Carding device as claimed in claim 11 in which the rod connected to the
      carding member bears against a friction roller fixed to the control shaft
      of the counter, the bearing force of said rod against said roller being
      increased when the carding member tends to turn about the first pivotal
      axis of the universal joint in response to a force opposing that exerted
      by the weight of the carding member.
NUM  14.
PAR  14. Carding device as claimed in claim 1 in which the carding member is
      fixed to a crank shaft having an arm substantially parallel to the axis of
      the handle, said shaft being adapted to pivot about the longitudinal axis
      of the handle and drive said counter.
NUM  15.
PAR  15. Carding device as claimed in claim 14 in which the crank shaft is
      attached to at least one leaf spring which bears against a fixed member on
      the handle.
NUM  16.
PAR  16. Carding device as claimed in claim 14 in which the counter comprises a
      control shaft connected to the crank shaft by a clutch comprising a
      ratchet wheel, a pawl, and a pawl support, said clutch driving a a single
      direction of rotation, said ratchet wheel being carried by the crank shaft
      and the pawl support being fixed to the control shaft of the counter.
NUM  17.
PAR  17. Carding device as claimed in claim 16 in which one end of the crank
      shaft is supported in bearing means seated in the central part of the pawl
      support.
NUM  18.
PAR  18. Carding device as claimed in claim 17 further comprising a multiplying
      gear train between the pawl support and control shaft of the counter which
      causes the control shaft of the counter to rotate through an amplitude
      greater than that through which the crank rotates.
NUM  19.
PAR  19. Carding device as claimed in claim 1 which is adapted to be held
      stationary while the hair to be untangled is displaced relative thereto.
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ABST
PAL  A combustion chamber pressure measuring apparatus comprising a diaphragm
        pressure bulkhead assembly, pressure transmitting fluid, pressure
      transducer, and a telemetry section is disclosed for an end burning grain
      solid propellant rocket. This apparatus eliminates the need for external
      attachments to the rocket or modifications to the propellant grain and
      enables fail-safe testing of previously manufactured rockets under actual
      flight conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for measuring combustion chamber
      pressure in an end burning grain solid propellant rocket, and more
      particularly to apparatus suitable for making such measurements under
      actual flight conditions.
PAR  It has been usual to measure rocket combustion chamber pressure in static
      rocket firings by tapping the combustion chamber pressure at the rocket
      nozzle plate using apparatus mounted external to the rocket. This method
      is not practical when testing a rocket which must be launched from a gun
      bore or tested under actual flight conditions.
PAR  Any apparatus external to the rocket would interfere with the gun barrel or
      with the rocket flight characteristics and would be difficult to retain to
      the exterior of an accelerating rocket. Other methods used to measure
      combustion chamber pressure have involved casting pressure pickup tubes
      into the propellant grain during manufacture, thereby allowing the
      pressure sensing equipment to be carried inside the rocket. This method,
      however, does not permit testing rockets which have been previously
      manufactured without specially molded in pressure sensing tubes. Adding
      pressure sensing tubes to all rocket propellant grains is not desirable
      because doing so increases the chance of rocket malfunction. The
      tube-grain interface could become the source of grain unbonds, resulting
      in improper grain burning and rocket motor catastrophic failure. Also,
      integral pressure tubes displace propellant volume, reducing range or
      thrust.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is mounted within a rocket, but does not interfere
      with the propellant grain. A diaphragm contacts the inhibitive coating on
      the forward end of the propellant grain and transmits the force of
      propellant grain end thrust to a confined hydraulic fluid. A remotely
      located pressure transducer senses pressure within the hydraulic fluid and
      produces an electric signal which is transmitted to ground equipment
      through telemetry equipment carried on board the rocket. The diaphragm is
      protected from excessive deflection and rupture by a thick pressure
      bulkhead.
PAR  The diaphragm and associated parts may be installed in a rocket in place of
      the warhead without modification to the rocket motor thereby enabling
      fail-safe testing of previously manufactured rockets under actual flight
      conditions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal section view of an embodiment of the invention
      mounted in a rocket.
PAR  FIG. 2A is a frontal view of the diaphragm and pressure bulkhead assembly
      according to the invention; and
PAR  FIG. 2B is a crosssectional view of the assembly of FIG. 2A along section
      line 2B.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT
PAR  Referring now to the drawings wherein like reference numerals refer to like
      features throughout the several figures there appears in FIG. 1 a solid
      fuel powered rocket 30. Rocket 30 is made up of front section 17 and rear
      section 26 which are threaded together by means of mating threads 20, and
      sealed by O-ring 18 in groove 19. Rear section 26 contains end burning
      solid propellant grain 23 which burns from end 24 when ignited. Grain 23
      is separated from the walls of rear section 26 by inhibitive coating at 21
      which prevents local burning on the side of grain 23. Similarly,
      inhibitive coating at 22 prevents burning on the forward end of grain 23.
      When grain 23 is ignited, combustion takes place and hot gases form in
      combustion chamber 27. These gases flow through throat 25 and out nozzle
      28 producing thrust.
PAR  As pressure in chamber 27 increases, the remaining portion of solid
      propellant grain 23 not yet burned is pressed forward against inhibitive
      coating 22 and the rear side of diaphragm 1 by the expanding gases. As the
      chamber pressure continues to increase, diaphragm 1 deflects forward a
      small distance and pressurizes fluid 5 which is confined in the passages
      forward of diaphragm 1. Fluid 5 is almost incompressible and may be a
      hydraulic fluid of the nonflammable type commonly used in aircraft
      hydraulic systems. Fluid 5 is confined within rocket 30 at nearly constant
      volume and is ducted to pressure sensing means 15 which produces a
      proportional electric signal in response to the hydrostatic pressure of
      fluid 5. This electric signal is sent by wires 12 to radio telemetry
      equipment not shown, occupying space 16 in front section 17 for
      transmission to ground equipment, also not shown, capable of displaying
      and recording the signal in units of combustion chamber pressure.
PAR  Diaphragm 1 is the thin central area of a circular disk made by forming a
      concentric circular cylindrical cavity in one side of a thick disk,
      leaving a thick ring 11 about the periphery of the disk. Threads 9 which
      mate with threads 20 on rear section 26 are formed on the outer edge of
      ring 11. A groove 6 and o-ring 7 in ring 11 seal against forward section
      17 to prevent leakage of fluid 5.
PAR  Thick pressure bulkhead 2 fits within ring 11 and is fastened in place by
      suitable fastening means. Bulkhead 2 may be welded to ring 11 by fillet
      weld 3. If welded, weld 3 must be ground level with the front side of ring
      11. At least one hole 10 penetrates bulkhead 2 to allow fluid 5 to
      transmit pressure past bulkhead 2. A pattern of shallow grooves 8
      intersect with holes 10 to provide rapid pressure response through and
      across the front surface of bulkhead 2.
PAR  The rear surface of bulkhead 2 has contour 4 shaped to support diaphragm 1
      against deflection beyond the elastic limit of the diaphragm material. As
      combustion chamber pressure causes diaphragm 1 to deflect toward bulkhead
      2, diaphragm 1 assumes a contour approximately matching its elastic curve.
      As deflection continues, the center of diaphragm 1 becomes more heavily
      loaded and the shape of diaphragm 1 begins to deviate from its elastic
      curve. Just as the stress in diaphragm 1 approaches the yield point,
      diaphragm 1 contacts bulkhead 2 and is prevented from further deflection.
      The exact shape of contour 4 required will depend upon the strength and
      elasticity of the material selected for diaphragm 1.
PAR  Generally speaking, contour 4 is a compound surface having a concave
      depression in the central portion blending to a convex toroidal surface at
      an inflection a preselected radial distance from the center. This toroidal
      surface blends near the outer periphery of bulkhead 2 to a plane surface
      which contacts the outer periphery of diaphragm 1 at the inner radius of
      ring 11. For a given diaphragm an acceptable contour 4 may be calculated
      using known material properties and diaphragm dimensions in well known
      formulas for stress and deflection of diaphragms.
PAR  Normally, confined fluid 5, being almost incompressible, will support
      diaphragm 1 against deflection past a small initial deflection. If fluid 5
      contains an amount of compressible fluid such as air, then as combustion
      chamber pressure increases fluid 5 will compress the air and permit
      further diaphragm deflection. Similarly if fluid 5 finds a leak path,
      diaphragm 1 will deflect as supporting fluid 5 is forced from its confined
      volume. By designing contour 4 to allow diaphragm 1 to deflect until it
      reaches the elastic limit, a maximum tolerance to fluid 5 leakage or gas
      entrapment is provided before the pressure measuring function is lost
      without jeopardizing rocket 30. If diaphragm 1 were to deflect past the
      elastic limit and rupture, it is likely that a sharp edge would break
      inhibitive coating at 22 on the front end of propellant grain 23. If this
      occurs, grain 23 would begin local burning where coating at 22 is broken.
      This would cause grain 23 to be forced by gases forming in front of grain
      23 into throat 25 decreasing the flow of exhaust gas through nozzle 28 and
      greatly reducing thrust. Further burning on the front of grain 23 would
      cause combustion chamber pressure to increase until rear section 26
      ruptures and rocket 30 is destroyed.
PAR  When rocket 30 is assembled, compressible fluids are evacuated from the
      forward side of diaphragm 1, pressure sensing means 15, and connecting
      passages by attaching a vacuum pump, not shown, to port 14 and drawing the
      fluids out through passageway 13. When these spaces are substantially free
      of compressible fluid such as air, an almost incompressible fluid such as
      non flammable hydraulic fluid 5, is drawn inside by the pressure
      difference existing between the low vacuum and atmospheric pressure, and
      completely fills these spaces. Finally a plug 29 is installed in port 14
      to prevent escape of hydraulic fluid 5.
PAR  In actual use the warhead or forward section of a rocket, not shown, is
      unthreaded from rear section 26, and diaphragm and bulkhead assembly 40
      threaded tightly into rear section 26. Front section 17 containing
      telemetry equipment and pressure responsive means 15 is then threaded into
      rear section 26 and retained in place by screw threads 20. All fluid
      passages are evacuated and filled with hydraulic fluid 5 and plug 29 is
      tightened to seal fluid 5 against leakage. Rocket 30 is then ready to be
      tested under actual launch and flight conditions.
PAR  It is to be understood that although stainless steel was used for diaphragm
      1 and bulkhead 2 when this invention was reduced to practice, other
      metallic materials would work equally well. Also, the pattern of holes 10
      and shallow grooves 8 shown in FIG. 2A is illustrative only and could be
      redesigned in many ways to achieve the same result without making a
      significant departure from the spirit of the invention. Pressure
      responsive means 15 could be a piezoelectric pressure transducer or any
      other device capable of translating hydrostatic fluid pressure into an
      electric signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring combustion chamber pressure in an end burning
      grain solid propellant rocket, comprising in combination:
PA1  a disk having first and second sides, thickness, a circumferential edge,
      screw threads on said circumferential edge, and a concentric right
      circular cylindrical cavity in said first side smaller in diameter than
      said disk and penetrating said disk a distance less than said thickness,
      forming a thin circular diaphragm in the central area of said disk and
      leaving a thick ring at the periphery, securely mounted in said rocket and
      said second side held in contact with the inhibitive coating on said
      propellant grain by said screw threads engaging matching screw threads in
      said rocket,
PA1  a cylinder having a diameter and length matching said diameter and depth of
      said cylindrical cavity, first and second ends, at least one hole
      penetrating said cylinder through both said ends, at least one surface
      groove on said first end intersecting said hole, and a compound surface
      contour on said second end described by a centrally located concave
      depression blending at a preselected radial distance to a convex toroidal
      surface and further blending to a plane surface near the periphery of said
      second end, said cylinder placed concentrically within said cylindrical
      cavity, said second end facing said diaphragm, fixedly secured to said
      disk,
PA1  fluid pressure responsive means for sensing hydrostatic pressure in a fluid
      and producing a proportional electric signal in response to said pressure,
      securely mounted in said rocket,
PA1  a fluid pressure transmitting conduit for confining fluid and transmitting
      fluid pressure extending from the region adjacent to said diaphragm first
      side to said fluid pressure responsive means,
PA1  a fluid occupying said conduit and regions adjacent to said fluid pressure
      responsive means and said diaphragm first side,
PA1  telemetry apparatus having radio transmission means, demountably connected
      to said rocket and communicating electrically with said pressure
      responsive means,
PA1  for transmitting combustion chamber pressure in the form of fluid pressure
      to pressure responsive means for conversion to an electric signal for
      further transmission to a remote suitably calibrated device for display in
      units of combustion chamber pressure.
NUM  2.
PAR  2. The combination of claim 1 wherein said fluid pressure responsive means
      comprises a piezoelectric pressure transducer.
NUM  3.
PAR  3. The combination of claim 1 wherein said cylinder and disk are metallic
      and said cylinder has a contour on said second end shaped to support said
      diaphragm against further deflection when the stress in the diaphragm from
      deflection reaches the level at which plastic yielding occurs.
NUM  4.
PAR  4. The combination of claim 1 wherein said fluid is a nonflammable
      hydraulic fluid.
NUM  5.
PAR  5. A disk and cylinder assembly for use with nonflammable hydraulic fluid,
      a piezoelectric pressure transducer, and telemetry apparatus having radio
      transmission means in measuring combustion chamber pressure in an end
      burning grain solid propellant rocket under actual launch and flight
      conditions, comprising:
PA1  a disk having first and second sides, thickness, a circumferential edge,
      and a concentric right circular cylindrical cavity in said first side and
      penetrating said disk a distance less than said thickness, forming a thin
      circular diaphragm in the central area of said disk and leaving a thick
      ring at the periphery of said disk, and;
PA1  a cylinder having a diameter and length matching said diameter and depth of
      said cylindrical cavity, first and second ends, at least one hole
      penetrating said cylinder through both said ends, at least one surface
      groove on said first end intersecting said hole, and a compound surface
      contour on said second end described by a centrally located concave
      depression blending at a preselected radial distance to a convex toroidal
      surface and further blending to a plane surface near the periphery of said
      second end, shaped to support said diaphragm against further deflection
      when the stress in the diaphragm from deflection reaches the point at
      which plastic yielding occurs, said cylinder placed concentrically within
      said cylindrical cavity, said second end facing said diaphragm, fixedly
      secured to said disk.
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ABST
PAL  A vortex flowmeter for installation in a water or other line requiring
      periodic flow rate testing. The flowmeter includes a flow tube forming a
      passage for the fluid to be metered and an obstacle assembly mounted in
      the tube and capable of generating fluidic oscillations causing a
      deflectable section of the assembly to vibrate at a corresponding
      frequency proportional to flow rate. The vibrations of the deflectable
      section are transmitted to a coupling point outside of the flow tube,
      whereby flow rate may be determined by an external sensor engaging the
      coupling point to produce a signal which is fed to a portable test set
      serving to convert the signal into a flow rate reading.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to flow measuring apparatus, and more
      particularly to a vortex-type flowmeter adapted to operate in conjunction
      with an external sensor coupled to a portable read-out device whereby the
      same sensor may be used to take readings from a large number of installed
      flowmeters.
PAR  After an oil well is drilled, oil may flow freely, producing up to a
      thousand barrels a day as a result of high reservoir pressure generated by
      natural gas trapped with the oil or the pressure of water layers above the
      oil. Ultimately, artificial lift expedients are required to increase oil
      recovery. One widely used form of secondary recovery is the waterflood
      technique wherein pressurized water is forced through an injection well
      adjacent the site of the producing well, the injected water flooding the
      oil bearing region and providing the necessary pressure for oil
      extraction.
PAR  In a secondary recovery system of this type, oil intermingled with water is
      yielded by the producing well. The water is thereafter separated from the
      oil and is returned to injection pumps delivering water to the injection
      well. These pumps supply pressurized water to several injection wells, so
      that the secondary recovery system involves a network of water lines
      leading to a group of functioning wells.
PAR  In maintaining and servicing a waterflood system, it is necessary to
      periodically check the water flow rate at various points in the water line
      network. The present practice is to effect measurement by means of turbine
      meters installed in the water lines. In the conventional turbine meter,
      the turbine rotor is mounted within the flow conduit, a permanent magnet
      being incorporated in the rotor. The rotating magnet induces an
      alternating-current in a pick-up coil located in the external housing of
      the meter, the freqency of the generated signal being proportional to the
      volumetric flow rate. The frequency of the signal is converted into a
      reading of flow rate.
PAR  Since turbine meters are relatively expensive, and a secondary oil recovery
      system requires a large number of such meters, one recent innovation has
      been to omit the pick-up coil from the meter and to provide a separate
      pick-up coil coupled to a battery-operated test set which affords a flow
      rate reading. This practice is feasible since it is only necessary for an
      operator to briefly check flow rate at the meter installation and then, if
      necessary, to make a manual valve adjustment to correct flow rate. Thus
      the operator who carries the pick-up coil and the test set makes a tour of
      the various turbine meter installations to check the flow rate.
PAR  The main drawback of turbine flowmeters in the context of a secondary oil
      recovery system is that because it has a rotor which is exposed to the
      water, there is a reliability problem in that the water being measured is
      often dirty and tends to foul and degrade the rotor and its bearings,
      particularly if the water contains abrasive particles and corrosive
      chemical constituents. Hence after prolonged use, the turbine meter may
      become inoperative or inaccurate.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a vortex-type flowmeter adapted to operate in conjunction with an
      external sensor coupled to a portable read-out device whereby the same
      sensor may be used to take readings from a large number of installed
      flowmeters.
PAR  A significant advantage of a vortex-type flowmeter as distinguished from a
      turbine meter is that the former has no exposed moving parts and is
      therefore not subject to wear and deterioration.
PAR  More particularly, it is an object of this invention to provide a
      vortex-type flowmeter having an obstacle assembly disposed within a flow
      conduit, the assembly being capable of generating fluidic oscillations
      causing a deflectable section of the assembly to vibrate microscopically
      at a corresponding rate, the vibration being transmitted to a coupling
      point outside of the meter casing whereby the frequency of vibrations may
      be detected by an external sensor brought into engagement with the
      coupling point to afford a reading of flow rate.
PAR  Also an object of this invention is to provide a low-cost and reliable
      vortex type flowmeter which may readily be installed in a water or other
      line requiring occasional flow rate measurement. While the invention is
      described herein as it operates in a secondary oil recovery system, it
      will be appreciated that the same meter is useable in any environment
      requiring an occasional flow rate test, whereby the same sensor and its
      associated test set may be used to obtain readings from a large number of
      flowmeter installations. Another advantage of this arrangement is that the
      installed flowmeter is altogether devoid of electrically-powered devices
      so that there is no danger from the meter in environments that cannot
      tolerate unattended electrical circuits.
PAR  Briefly stated these objects are attained in a flowmeter including a flow
      tube forming a passage for the fluid to be metered and an obstacle
      assembly disposed in the tube and capable of generating strong fluidic
      oscillations which cause a deflectable section of the assembly to vibrate
      microscopically at a corresponding rate. Disposed within the deflectable
      section is a rod which is caused to vibrate at the same rate, the rod
      vibration being transferred to a probe placed within a non-deflectable
      section of the obstacle assembly and extending to the exterior of the
      tube, whereby the vibrations of the deflectable section within the conduit
      are transmitted to the exterior thereof.
PAR  The probe extension terminates in a coupling head which is engageable by a
      piezoelectric sensor or equivalent means adapted to covert the probe
      vibrations into a corresponding electrical signal whose frequency is
      proportional to flow rate. The sensor is coupled to a test set serving to
      convert the signal into a flow rate reading.
DRWD
PAC  OUTLINE OF DRAWING
PAR  For a better understanding of this invention as well as further features
      thereof, reference is made to the following detailed description to be
      read in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a longitudinal section taken through a vortex flowmeter in
      accordance with the invention.
PAR  FIG. 2 is a section taken through the meter shown in FIG. 1 in the plane
      indicated by line 2 -- 2 in. FIG. 1;
PAR  FIG. 3 is a front view of the meter;
PAR  FIG. 4 shows the probe element of the meter; and
PAR  FIG. 5 schematically illustrates a flowmeter installation being tested by a
      sensor system in accordance with the invention.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  It is well known that under certain circumstances, the presence of an
      obstacle in a flow conduit will give rise to periodic vortices. For small
      Reynolds numbers, the downstream wake is laminar in nature, but at
      increasing Reynolds numbers, regular vortex patterns are formed. These
      patterns are known as Karman vortex streets. The frequency at which
      vortices are shed in a Karman vortex street is a function of flow rate.
PAR  One known form of vortex type flowmeter is disclosed in the Rodley U.S.
      Pat. No. 3,572,117 in which a bluff body or obstacle is mounted within a
      flow conduit, a sensor being placed behind the bluff body to sense the
      fluidic oscillations generated by the flow past the bluff body, thereby
      producing a signal whose frequency depends on flow velocity. The output of
      the sensor is applied to a signal conditioner that converts the output
      into a digital signal which is counted and applied to a read-out device to
      indicate the flow rate.
PAR  An improved form of vortex-type flowmeter is disclosed in Burgess U.S. Pat.
      No. 3,589,185 wherein the signal derived from the fluid oscillation is
      relatively strong and stable to afford a favorable signal-to-noise ratio,
      insuring accurate flow-rate information over a broad range. In this meter,
      the obstacle assembly mounted in the flow conduit is constituted by a
      block positioned across the conduit with its longitudinal axis at right
      angles to the direction of fluid flow, a strip being similarly mounted
      behind the block and being spaced therefrom to define a gap which serves
      to trap Karman vortices and to strengthen and stabilize the vortex street.
      This vortex street is sensed to produce a signal whose frequency is
      proportional to flow rate.
PAR  The sensor in the Burgess patent is in the form of a thermistor which is
      electrically heated by a constant current and is cooled by the fluidic
      oscillations. The thermistor has a large negative temperature coefficient
      of resistance, as a consequence of which its internal resistance varies
      periodically in accordance with the fluidic oscillations in the downstream
      wake. The electrical signal resulting from the periodic variations in
      resistance is applied to an indicator calibrated in terms of flow rate.
PAR  In the copending Burgess application SN 354,803 filed Apr. 26, 1973 the
      entire disclosure of which is incorporated herein by reference a vortex
      type flowmeter is disclosed having an obstacle assembly adapted to
      generate strong stabilized fluidic oscillations causing a deflectable
      section of the assembly to vibrate at a corresponding rate. These
      mechanical vibrations are sensed to produce a signal whose frequency is
      proportional to the flow rate of the fluid. In the flowmeter disclosed in
      this copending application the mechanical vibrations are sensed by one or
      more strain gauges mounted on the deflectable section to produce periodic
      changes in electrical resistance, resulting in a signal whose frequency is
      proportional to the vibratory rate and hence to the flow rate of the
      fluid. In the present invention, a similar obstacle assembly is employed,
      but the vibrations of the deflectable section are detected by a sensor
      which is external to the assembly.
PAR  This arrangement is shown in FIGS. 1 to 4 wherein a flowmeter in accordance
      with this invention includes a flow tube 10 interposed in the water line
      for a secondary oil recovery system or in any other environment in which
      it is necessary to conduct a periodic test of flow rate to determine
      whether proper flow conditions exist. For this purpose, the flow tube may
      be provided with end flanges to facilitate coupling to the line.
PAR  Mounted within flow tube 10 is an obstacle assembly generally designated by
      numeral 11, the assembly including a deflectable section which is
      responsive to the Karman Vortex street and is caused to vibrate
      microscopically at a frequency which is proportional to flow rate.
      Incorporated in the obstacle assembly is a vibration transmitter composed
      of a rod 12 and a probe 13.
PAR  Flow tube 10 which is shown as having a circular cross section but which
      may in other cross-sectional forms, includes an inlet 10A into which the
      water to be metered is introduced. The flow impinges on obstacle assembly
      11 which acts to divide the flow around the obstacle, producing fluidic
      perturbations in the form of a Karman Vortex. The nature of this
      phenomenon is explained in the text by Schlictling "Boundary Layer Theory"
      (McGraw-Hill 1960).
PAR  Obstacle assembly 11 is constituted by a transversely-mounted front section
      14 and a rear section 15 mounted behind the front section by a cantiliver
      support in the form of a flexible web 16. Extending downstream from rear
      section 15 is a tail 17. Front section 14 is a contoured block having a
      triangular or delta-shaped cross-section which is uniform throughout the
      long axis of the block, this axis being perpendicular to the flow axis X
      of the flow tube. The extremities of the front section are secured to the
      wall of the tube whereby the front section is held fixedly within the
      tube. The apex of block 16 faces the incoming fluid, the inclined sides
      thereof forming leading edges which are swept by the fluid flow to create
      vortices. The invention is not limited to obstacles or bodies of this
      shape, for other shapes may be used, such as those disclosed in Burgess
      U.S. Pat. No. 3,589,185 or in Bird U.S. Pat. No. 3,116,639.
PAR  Rear section 15 takes the form of a non-streamlined body having a
      rectangular cross-section which is maintained by web 16 in spaced relation
      to the front section, the plane of the rear section being parallel to the
      flat base of the front section. The rear section shape is such as to
      interfere with the vortex street, and the gap 18 established between the
      front section block and the rear section tends to trap the vortices and to
      strengthen and stabilize the vortex street produced thereby.
PAR  Because rear section 15 is cantilevered by means of flexible web 16, it is
      deflectable. The web, though bendable, has sufficient rigidity so as to
      permit only a slight deflection of the rear section. As a consequence of
      the fluidic oscillations produced within the flow tube, the deflectable
      rear section 15 is excited into vibration at a rate corresponding to the
      frequency of the oscillations.
PAR  The natural resonance of the deflectable rear section is such as to be well
      outside the normal frequency range of the meter whereby mechanical
      resonance peaks are absent and the amplitude of the vibrating motion
      accurately reflects the amplitude of the fluidic oscillations. This
      vibratory motion is enhanced by tail 17. The downstream section of the
      assembly carries out two functions, for this section which interferes with
      the wake not only stabilizes it to enhance its detectability, but its
      vibratory motion gives rise to the output signal.
PAR  Because the deflectable system is relatively rigid, the total excursion of
      the rear section is minute even at the highest amplitudes of fluidic
      oscillation, so that metal fatigue of the supporting web, as a result of
      the vibrating action, is minimized and failures do not arise after
      prolonged operation.
PAR  It is important to note that the magnitude of deflection is not of primary
      importance, for the flowrate information is given by the frequency, not
      the amplitude of vibration. Hence while the deflection magnitude is made
      extremely small in order to provide an acceptable fatigue life, this does
      not militate against a readable output of varying frequency.
PAR  In addition to its fatigue limitations, a large displacement design is also
      disadvantageous in that flowmeter linearity is dependent on the
      consistency of the width of the vortex street. Large motions tend to bring
      about changes in vortex street width with changes in frequency, thereby
      introducing a non-linearity.
PAR  The minute vibrations of the deflectable rear section of the obstacle
      assembly are sensed outside of flow tube 10 rather than within the tube as
      in the above-identified Burgess patent application. For this purpose, the
      vibrations are transmitted by rod 12 whose rear portion is socketed within
      a bore 19 which extends in a path coincident with flow tube axis X from a
      point about midway in web 16 to a point at the junction of rear section 15
      and tail 17. The front portion of rod 12 lies freely within a relatively
      large diameter bore 20 communicating with the smaller diameter bore 19 and
      extending well into front section 14.
PAR  The vibrating motion of rear section 15 and of tail 17 attached thereto is
      represented in FIG. 1 by letters a - b, and since the rear portion of rod
      12 is socketed in this section, the front portion of the rod vibrates
      therewith. This vibratory action at the tip 12A of the rod is indicated in
      FIG. 4 by letters c -d. The vibrating motion of the rod is transferred to
      the exterior of the flow tube by probe 13 which is formed of spring
      material, one end of the probe being anchored in the wall of the flow
      tube. Probe 13 extends through an internal bore 21 formed in
      non-deflectable front section 14 along an axis at right angles to tube
      axis X, the bore registering with a small opening 22 in the wall of the
      flow tube. The free end of probe 13 protrudes through opening 22 and
      terminates in a coupling head 23. Opening 22 in the flow tube is sealed by
      a rubber diaphragm 28.
PAR  As shown in FIG. 4, probe 13 is bent or otherwise shaped so that the probe
      which is of spring material is biased away from tip 12A of the vibrating
      rod. When, however, coupling head 23 is depressed by an external sensor
      24, the body of the probe is shifted so that it is received within a slot
      in tip 12A and is thereby brought into operative engagement with rod 12.
      In this way, the vibrations of rod 12 are transferred by probe 13 to the
      external sensor 24. Thus the probe is normally quiescent and vibrates
      briefly only during an actual flow rate test, thereby minimizing possible
      wear.
PAR  Any sensor capable of responding to a vibratory action to produce a
      corresponding electrical signal may be used in conjunction with the
      coupling head 23 of the probe. A preferred sensor for this purpose is a
      quartz piezoelectric load cell, such as the "Piezotron" load cell (922
      series) manufactured by Kistler Instrument company of Redmond, Washington.
      This is a very stiff, rugged force sensor responsive to minute incremental
      forces and useable in environments contaminated by dust, dirt or moisture
      without any adverse effect on signal transmission.
PAR  The output of sensor 24 is connected, as shown in FIG. 5, by a cable 25 to
      a portable test set 26 wherein the output is converted into a digital
      signal and applied to a suitable indicator 27 to provide a flow rate
      reading.
PAR  Thus, an operator equipped with a sensor and test set can readily check
      flow rate simply by pressing the sensor to the exposed coupling head 23 of
      the vortex meter installed in the water line. And using the same
      equipment, the operator can take readings at all other vortex meter
      installations. Since the installed meter has no moving part, it presents
      no reliability problem and can be depended on to provide accurate readings
      at all times.
PAR  While there has been shown a preferred embodiment of the invention, it will
      be appreciated that many changes may be made therein without departing
      from the essential spirit of the invention. For example, instead of a
      force sensor to detect the vibrations at the coupling head 23 of the
      meter, one may incorporate a permanent magnet in the coupling head and
      then make use of an inductive pick-up coil to provide the desired output.
      Also the vibration transmitter, instead of being composed of two elements
      (rod and probe), may be formed of a single curved transmitting line
      attached at one end to the deflectable section and passing out of the
      obstacle assembly to an exterior coupling point.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vortex-type flowmeter installable in a water or other fluid line
      requiring periodic flow rate testing, said flowmeter comprising:
PA1  A a flow tube forming a conduit for the fluid to be metered, said tube
      being insertable in said line,
PA1  B an obstacle assembly mounted in the tube, said assembly having a fixed
      section mounted across said tube and a deflectable section disposed behind
      said fixed section, said assembly being capable of generating a vortex
      street creating fluidic oscillations in said tube and causing said
      deflectable section to vibrate mechanically at a corresponding frequency
      proportional to flow rate, said deflectable section being in the form of a
      non-streamlined body shaped to interfere with the vortex street and being
      attached to the fixed section by a flexible web to define a gap between
      the two sections,
PA1  C means to mechanically transmit the mechanical vibrations of said
      deflectable section through a passage within said fixed section to a
      coupling point on the exterior of said tube, and
PA1  D portable test set means external to said tube and including a sensor
      operatively engageable with said coupling point to convert the mechanical
      vibrations at the coupling point to an electrical signal and to indicate
      said signal to provide a flow rate reading, said sensor being removable
      from said coupling point whereby the same test set means is usable to
      obtain a reading from any one of a multiplicity of like installed
      flowmeters.
NUM  2.
PAR  2. A flowmeter as set forth in claim 1, further including a tail extending
      rearwardly from the deflectable section.
NUM  3.
PAR  3. A flowmeter as set forth in claim 1, wherein said transmission means is
      constituted by a rod anchored in the deflectable section, the front
      portion of the rod lying freely within said passage in the fixed section
      whereby the tip of the rod vibrates at the same rate as the deflectable
      section, and a probe extending through said passage in said fixed section,
      one end of the probe being anchored, the other end thereof protruding
      through an opening in the flow tube and terminating at said coupling point
      in a coupling head, said rod tip being engageable with said probe, whereby
      the vibrations of said tip are transmitted by said probe to said coupling
      head.
NUM  4.
PAR  4. A flowmeter as set foth in claim 3, further including a diaphragm
      sealing said opening.
NUM  5.
PAR  5. A flowmeter as set forth in claim 4, wherein said probe is made of
      spring material and is normally biased away from said rod tip, said probe
      engaging said tip only when said coupling head is pressed by a sensor.
NUM  6.
PAR  6. A flowmeter as set forth in claim 1, wherein said sensor is a quartz
      piezoelectric force cell.
NUM  7.
PAR  7. A Vortex-type flowmeter installable in a water or other fluid line
      requiring periodic flow rate testing, said flowmeter comprising:
PA1  A a flow tube forming a conduit for the fluid to be metered, said tube
      being insertable in said line,
PA1  B an obstacle assembly mounted in the tube, said assembly being constituted
      by a front section fixedly mounted across the tube and contoured to cause
      flow separation and a vortex street having a periodicity that is a
      function of flow rate and a deflectable section cantilevered behind the
      front section to define a gap, said deflectable section being slightly
      deflectable to a degree in which the maximum deflection is not in excess
      of 0.002 inches, said assembly being capable of generating fluidic
      oscillations in said tube causing said deflectable section to vibrate at a
      corresponding frequency proportional to flow rate,
PA1  C means to transmit the vibrations of said deflectable section through a
      passage in said fixed section to a coupling point on the exterior of said
      tube, and
PA1  D portable test set means external to said tube and including a sensor
      operatively engageable with said coupling point to convert the vibrations
      at the coupling point to an electrical signal and to indicate said signal
      to provide a flow rate reading, said sensor being removable from said
      coupling point whereby said test set means is usable to obtain a reading
      from any one of a multiplicity of like installed flowmeters.
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ABST
PAL  A barometrically compensated pressure index continuous integrator assembly
      for measuring the throughput fluid flow of a meter comprising a pressure
      sensing means mounted within a chamber and adapted to expand or contract
      in a straight line responsive to changes in the pressure of the fluid
      flow. The chamber or pressure sensing means communicates with the fluid
      flow of the meter to communicate line pressure therefrom and the other is
      evacuated to substantially zero absolute pressure. A link transfer
      assembly interconnects the pressure sensing means with a pressure index
      continuous integrator for regulating the output thereof in accordance with
      variations in the absolute pressure being measured.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been known heretofore to employ pressure compensating devices in
      conjunction with continuous integrators in order to obtain corrected
      volumetric gas measurements for meters. Such integrators frequently also
      provide for temperature compensation. For a complete disclosure of such a
      continuous integrator reference may be had to U.S. Pat. No. 3,538,766
      granted Nov. 10, 1970. U.S. Pat. No. 3,780,580 granted Dec. 25, 1973 may
      also be referred to for a description of a prior art continuous integrator
      in which a pressure sensing element is interconnected with the integrator
      and in which both the pressure sensing element and the integrator have
      linear output motion as compared with earlier integrator assemblies in
      which one or more radial outputs resulted in the production of geometric
      error in converting the radial output to linear.
PAR  The pressure corrections applied to the integrator, as is well known, are
      based upon Boyle's law which may be expressed by the formula
      ##EQU1##
      WHERE Q is the volume of gas at a standard or base pressure, q represents
      the uncorrected volume of gas measured by the meter, A is the atmospheric
      pressure at the point of measurement in pounds absolute, p is the gage
      pressure and Pb is the standard or base pressure in pounds absolute. Thus,
      the volume of measured gas corrected to standard or base pressure will be
      seen to be a function of the ratio of absolute pressure at the point of
      measurement and at the desired standard or base pressure.
PAR  It has been appreciated prior to the present invention that compensation
      for fluctuations in atmospheric pressure at the location where volumetric
      measurement is being carried out is desirable. It becomes increasingly
      important to provide such compensation with measuring devices which
      operate in the low pressure range, i.e. 0-5 p.s.i.g. Changes in
      atmospheric pressure are attributable to (a) differences in elevation from
      one measuring site to another and (b) meteorological conditions at the
      site. The latter factor may vary constantly at a given site. Earlier
      attempts to provide such barometric compensation have required complex
      mechanism and frequently needed careful manual monitoring. There has,
      therefore, been a need for an integrator of the character described having
      the capability of automatic compensation for pressure variations including
      such as are attributable to atmospheric pressure changes.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing it is one object of this invention to provide a
      barometrically compensated pressure index continuous integrator assembly
      for measuring the throughput fluid flow of a meter.
PAR  Another object of the invention is the provision of an integrator assembly
      of the character described which automatically compensates for barometric
      variations stemming from physical location and meteorological conditions.
PAR  Yet another object of this invention is the provision of a barometrically
      compensated low pressure index continuous integrator assembly which is
      simple, economical, reliable and accurate.
PAR  Still another object of this invention is the provision of a barometrically
      compensated pressure index continuous integrator assembly for measuring
      the throughput fluid flow of a gas meter which functions more closely in
      accordance with the principle of Boyle's law than prior art devices.
PAR  Other objects and advantages of the invention will become readily apparent
      to persons skilled in the art from the following description thereof.
PAR  According to the present invention there is provided a barometrically
      compensated pressure index continuous integrator assembly for measuring
      the throughput fluid flow of a meter which comprises:
PA1  a. a housing;
PA1  b. a chamber mounted on said housing;
PA1  c. a pressure sensing means mounted within said chamber adapted to expand
      or contract in a straight line responsive to changes in the pressure of
      the fluid flow;
PA1  d. one of said chamber and pressure sensing means being in communication
      with the fluid flow of the meter to communicate line pressure therefrom;
PA1  e. the other of said chamber and pressure sensing means being evacuated to
      substantially zero absolute pressure;
PA1  f. a pressure index continuous integrator mounted on said meter;
PA1  g. and a link transfer assembly interconnecting said pressure sensing means
      with said integrator for regulating the output thereof in accordance with
      variations in the absolute pressure being measured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully comprehended it will now be
      described, by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a side elevational view of a pressure index continuous integrator
      assembly and meter embodying the present invention;
PAR  FIG. 2 is an end elevational view, partly in section, of the barometric
      compensation mechanism and a portion of the integrator taken along line
      2--2 of FIG. 1;
PAR  FIG. 3 is an end elevational view, partly in section, of the barometric
      compensation mechanism taken along line 3-3 of FIG. 1;
PAR  FIG. 4 is a schematic diagram showing the transfer of motion from the
      pressure sensing element of the barometric compensation mechanism to the
      ring of a ring integrator; and
PAR  FIG. 5 is a side elevational view of a modification of the barometric
      compensation mechanism.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings there is shown a barometric compensation
      mechanism 2 mounted on a bracket 4 by fastening means such as screws 6.
      The bracket itself may be mounted on the inner wall (not shown) of a meter
      housing by fastening means such as screws 8. The bracket is conveniently
      an L shaped member comprised by an inner leg 10 and an outer leg 12.
PAR  The barometric compensation mechanism 2 includes a chamber 14 which is
      desirably cylindrical and closed at both ends except as described below.
      Within the chamber there is positioned a pressure sensing element 16. Such
      element is preferably of the bellows type and, from a manufacturing
      standpoint, it has been found economical to employ a plurality of flexible
      diaphragms to form a diaphragm stack as has been known heretofore. The
      chamber 14 is mounted within a central opening 18 formed in outwardly
      extending leg 12 of bracket 4. Such opening is preferably dimensioned to
      provide a snug fit for reception of the chamber.
PAR  Mounted also within the meter housing, below the barometric compensation
      mechanism 2, is a pressure index continuous integrator 20 driven by the
      output shaft 22 of meter 24. A link transfer assembly, indicated generally
      by reference numeral 26, interconnects the pressure sensing means 16 and
      the continuous integrator. As will be seen from the ensuing description of
      the invention, such interconnection enables regulation of the output of
      the integrator in accordance with variations in the absolute pressure
      being measured.
PAR  As shown in FIG. 1 meter 24 is employed to measure the throughput flow of a
      fluid which enters by means of inlet conduit 28 and exits the meter via
      outlet conduit 30. The fluids measured are compressible fluids such as a
      gas or vapor. As is conventional, the output shaft 22 of the meter
      transmits the meter output by means of a pair of bevel gears 32, 34 to an
      uncorrected counter 36 which is used to provide a visual check of the
      operation of meter 24. The output shaft 22, counter 36, as well as a
      corrected counter 38 and selected elements of the continuous integrator
      are carried by a lower frame 40.
PAR  Thus, shaft 22 is journaled in frame 40 and, in addition to bevel gear 34,
      has pinion 42 secured thereto for driving engagement through gears 44 and
      46 with shaft 48. Shaft 48 is rotatably carried by the frame 40 and
      carries at its upper end friction disc 50. Coil spring 52 which encircles
      shaft 48 is constrained between a pair of collars 54, 56 on the shaft and
      urges the friction disc upwardly into engagement with ring 58 to clamp
      such ring between the disc and a roller 60 to be hereinafter described.
      However, ring integrators have been known heretofore and, as previously
      stated, for a better understanding of such a device reference should be
      had to U.S. Pat. No. 3,538,766 granted Nov. 10, 1970.
PAR  According to the presently preferred embodiment of the invention a
      cylindrical chamber 14 is mounted on bracket 4. The chamber is closed at
      one end 62 and is provided at the other end thereof with an end cap 64.
      Carried by the end cap is a sleeve 66 which is dimensioned to receive one
      end of a capillary tube 68 which is connected at its other end with inlet
      conduit 28 containing the fluid to be metered. Thus, the fluid pressure
      within the inlet conduit is communicated to the interior of chamber 14.
      Any fluctuations in fluid pressure within the conduit 28 are communicated
      via the capillary tube to chamber 14.
PAR  Positioned within chamber 14 is a sealed pressure sensing element 16. The
      element is of the bellows-type and may be fabricated from a plurality of
      diaphragms to form a diaphragm stack as is known. The pressure sensing
      element 16 is secured at one end thereof to end wall 62 of the chamber and
      is extendible linearly at its other end so as to shift a rod 70 in
      response to changes in pressure within chamber 14. The pressure sensing
      element 16 is evacuated to substantially zero absolute pressure. Thus, the
      pressure sensing element establishes a zero reference pressure against
      which variations in the pressure within conduit 28 can be compared and
      translated into pressure compensation for the continuous integrator
      through link transfer assembly 26.
PAR  Push rod 70 is connected at one end thereof to the pressure sensing element
      16. A pivot link 72 is secured pivotally to the other end of push rod 70
      and is fulcrummed about a fixed pivot 74 which is located at a bellows
      seal 76. As can be seen clearly from FIG. 3 a cone element 75 is secured
      to the lower surface of chamber 14 such as by welding. The cone element is
      apertured longitudinally to permit pivot link 72 to extend therethrough. A
      transverse opening is formed in the cone dimensioned to receive a pivot
      pin 74 which passes through said opening and an aligned opening in pivot
      link 72 to provide a fixed pivot. Cone element 75 is formed with an
      annular flange 79 to which the bellows 76 is secured as by welding to
      complete the bellows seal.
PAR  The frusto conical portion of the cone is provided with a longitudinally
      extending slot 81 to thus provide the capability of pivotal movement
      therewithin of the pivot link 72. Pivot link 72 is formed with a first
      segment 78 which extends through bellows seal 76 and is pivotally
      connected at the free end thereof to the outer end of push rod 70.
      Integral with segment 78 is an offset portion 80 which extends in a
      generally downwardly direction and is hinged such as by means of a pivot
      pin 82 to one end of a link member 84. The other end of link 84 is
      connected by means such as a pivot pin 86 with one end of an adjustment
      arm 88. Pivot pins 82 and 86 may be replaced with ball bearing pivots in
      which a ball is affixed to one of the connecting links and is disposed
      within an aperture formed in the other link member and held in position by
      a spring finger secured to the first link having the ball. Such pivotal
      arrangements are well known. Adjustment arm 88 includes a screw 90 having
      a limit nut 92 threadedly received thereon and an adjustment nut 94
      located at an intermediate region of the screw entrapped within a collar
      96. The upper end of screw 90 extends through an aperture formed in a yoke
      arm 98 which is secured by means of screw 100 to shaft 102. By means of
      adjustment nut 94 the length of arm 88 can be adjusted.
PAR  Bracket 4 serves to journal the reduced end portions of shaft 102 and to
      thereby establish a fixed pivot axis 104 about which lower link 106 may
      pivot to thereby position yoke 126 and the ring 58 rotatively trapped
      therewithin at varying radial locations on the surface of friction disc
      50. The outwardly extending leg 12 of bracket 4 has a depending portion
      110 which is provided with an opening therethrough to journal reduced
      portion 112 of shaft 102. Inner leg 10 of bracket 4 has an opening
      dimensioned to journal reduced portion 112 of shaft 102. Inner leg 10 of
      bracket 4 has an opening dimensioned to journal reduced portion 114 of
      shaft 102.
PAR  Lower link 106 comprises upper segment 113 in the form of a bifurcated yoke
      the slot of which is configured to receive the reduced end portion 112 of
      shaft 102 therewithin. A screw 111 is threadedly received within aligned
      openings in the spaced arms of yoke 113 to secure the yoke fixedly to
      shaft 102 for rotation therewith. Lower link 106 further includes arms
      116, 118 which are interconnected by means of an adjustment screw 120 by
      means of which the position of arm 118 may be adjusted relative to arm
      116. It will also be observed most clearly from FIG. 1 that arm 116 is
      formed with a longitudinal slot 122 through which screws 124 extend and
      are threadedly received in yoke 113. In this manner the link 106 may thus
      have the length thereof adjusted as desired.
PAR  Secured to the lower end of link 106 is a yoke 126. The yoke 126 extends in
      a direction substantially perpendicular to the lower link 106 and is
      provided with a longitudinal slot within which ring 58 is rotatively
      trapped. The ring 58 encircles roller 60 and, as stated previously, is
      clamped between the roller and friction disc 50 by virtue of the disc
      being urged upwardly under the force of spring 52.
PAR  The disc 50 will be rotated about the axis of shaft 48 which, in turn, is
      driven off the meter output shaft 22 through gearing 42, 44 and 46. The
      ring is rotated by disc 50 and drives roller 60 which is journaled at one
      end thereof (not shown) with the frame for corrected counter 38. The
      presently preferred mounting of roller 60 is by means of a double bearing
      within the frame for counter 38 with the other end of the roller being
      cantilevered as shown. It will be noted that the roller 60 and ring 58 are
      thus driven at a speed which is commensurate with the radial distance from
      the axis of shaft 48 to the point at which ring 58 rides on the disc.
PAR  In operation, and as shown diagrammatically in FIG. 4, as the line pressure
      within inlet conduit 28 increases, due either to changes in barometric
      pressure or in the composition of the gas, the pressure increase is
      communicated via capillary tube 68 to the interior of chamber 14. The
      increased pressure causes the pressure sensing element 16 to contract.
      This results in a shifting of push rod 70 to the right and pivotal
      movement of pivot link 72 about its fulcrum 74. Link member 84 and
      adjustment arm 88 are caused to swing as shown, the arm 88 effecting
      pivotal movement of yoke arm 98 and shaft 102. The shaft 102 rotates in a
      clockwise direction carrying with it lower link 106. Yoke 126 is caused to
      steer ring 58 in the manner of the front wheel of a bicycle. As soon as
      the ring 58 is tilted it attempts to straighten itself out and realign
      itself with the repositioned end of yoke 126 adjacent the portion of lower
      link 106 which has been shifted. Such realignment results in movement of
      the ring to a new radial location along the disc 50 so as to drive roller
      60 at an increased speed representative of the increase in absolute
      pressure of the gas being measured.
PAR  It will thus be appreciated that by arranging the pressure sensing element
      16 within the chamber 14 such that there is a pressure differential which
      is measured against a nearly perfect vacuum the variation in pressure
      being measured is absolute pressure. When there are barometric pressure
      changes they will not directly lead to expansion or contraction of the
      pressure sensing element because the pipe line pressure has not changed.
      However, the pipe line is generally provided with a regulator and pressure
      gage. If, for example, the regulator has been set to maintain a 5 pound
      gage pressure, when the atmospheric pressure changes the regulator will
      sense the change and regulate the absolute pressure in the pipe (upwardly
      or downwardly) to maintain the required 5 pound gage differential.
      According to prior art devices the corrected volume would not change (and
      thus the consumer would be billed for the same volume of gas (even though
      such volume actually changed) because the 5 pound gage pressure would have
      remained constant. By the compensating mechanism of the present invention,
      when the regulator adjusts the line pressure to reflect the change in
      atmospheric pressure this is immediately sensed by the pressure sensing
      means within chamber 14 and by means of the link transfer assembly the
      ring 58 is repositioned on disc 50 to impart to roller 60 the proper
      representative rotational speed.
PAR  FIG. 5 of the drawings depicts a modified form of construction which
      includes chamber 14a, pressure sensing element 16a and capillary tube 68a.
      As shown in FIG. 5 the capillary tube is connected to the pressure sensing
      element 16a in order to communicate changes in line pressure to the
      interior thereof. The chamber 14a is evacuated to substantially zero
      absolute pressure. Thus, the zero reference pressure is nevertheless
      established and the pressure sensing element will move linearly directly
      proportional to the variations of the absolute pressure being measured.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and not be construed
      as a limitation of the invention. All such modifications which do not
      depart from the spirit of the invention are intended to be included within
      the scope of the appended claims.
CLMS
STM  Having thus set forth the nature of the invention, what is claimed herein
      is:
NUM  1.
PAR  1. A device for continuously measuring the line absolute pressure of the
      throughput flow of a meter connected in the line, said device comprising:
PA1  a. a housing having a chamber sealed from atmospheric pressure therein,
PA1  b. a pressure sensing means mounted in the housing and having one end
      extending in the chamber freely to move responsive to changes in the line
      absolute pressure,
PA1  c. a link transfer assembly having one end connected to the free end of the
      pressure sensing means,
PA1  d. a flexible seal means connected to the housing in sealed communication
      with the chamber,
PA1  e. the link transfer assembly extends sealingly outwardly through and
      partakes of pivotal motion at said seal means,
PA1  f. a pressure index continuous integrator associated with the meter and
      connected to and operated responsive of movements of the outer end of the
      link transfer assembly, and
PA1  g. conduit means connected between the line and the housing to communicate
      line absolute pressure to one or the other of the chamber or the pressure
      sensing means, with the other being evacuated to substantially zero
      absolute pressure whereby changes in the line absolute pressure will be
      sensed by the pressure sensing means and transmitted by the link transfer
      assembly to the integrator to correct the volume of the throughput flow
      measured by the meter corresponding to changes in the line absolute
      pressure.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein:
PA1  a. the pressure sensing means defines a vacuum bellows disposed in the
      chamber with one end mounted to the housing,
PA1  b. the seal means defines a sealing bellows, and
PA1  c. the free end of the vacuum bellows is connected to the link transfer
      assembly and will move substantially linearly responsive to variations in
      the line absolute pressure communicated to the chamber, and the link
      transfer assembly will partake of pivotal motion at the sealing bellows.
NUM  3.
PAR  3. The combination claimed in claim 2 wherein:
PA1  a. the link transfer assembly partakes of pivotal movement at the sealing
      bellows responsive to shifting of the vacuum bellows.
NUM  4.
PAR  4. A device for continuously measuring the line absolute pressure of the
      throughput flow being measured by a meter connected in the line, said
      device comprising:
PA1  a. a housing having a chamber therein sealed from atmospheric pressure,
PA1  b. a conduit means connected between the line and the housing to
      communicate line absolute pressure to the chamber,
PA1  c. a vacuum bellows mounted in the chamber with one end affixed to the
      housing and the other end freely movable responsive to variations in the
      line absolute pressure,
PA1  d. a sealing bellow connected to the housing in sealed communication with
      the chamber,
PA1  e. a link transfer assembly extending through and in sealed relationship
      with the sealing bellows to enter the chamber and connect to the free end
      of the vacuum bellows,
PA1  f. the link transfer assembly partakes of pivotal motion at the sealing
      bellows,
PA1  g. a pressure index continuous integrator operatively associated with the
      meter and connected to be operated by the link transfer assembly
      responsive to variations in the line absolute pressure to continuously
      correct the volume of the throughput flow measured by the meter
      corresponding to changes in the line absolute pressure.
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ABST
PAL  A system for measuring the temperature of the walls of a metallurgical
      furnace employs a temperature measuring rod mounted for reciprocal
      movement in an aperture in the furnace wall from an extended position
      projecting into the interior of the furnace to a withdrawn position.
      Cyclic reciprocating movement is imparted to the rod by an actuating
      mechanism, mounted on the furnace wall and including a double acting fluid
      motor and a servomechanism. The actuating device includes an articulated
      mounting mechanism permitting the device to be positioned by pivotal
      movement about two mutually perpendicular axes whereby alignment
      difficulties on rebuilding the furnace wall are eliminated. Means are also
      provided for quickly disconnecting the servomechanism to facilitate manual
      positioning of the measuring rod.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of my copending application Ser. No.
      369,356, filed June 12, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improvement to apparatus for the continuous
      measurement of the temperature of metallurgical furnaces and more
      particularly to an improvement in said apparatus as disclosed in my
      copending U.S. patent application Ser. No. 369,356.
PAR  2. Description of the Prior Art
PAR  The invention according to my above-identified copending application, the
      disclosure of which is incorporated herein by reference, provides two
      embodiments of the mechanical means for performing the movements of the
      temperature measuring rod. In practice, however, it was found that
      problems arose with these two embodiments after rebuilding of the furnace,
      due to the fact that the automatic withdrawing device of the
      temperature-measuring rod was not always properly aligned with a fresh
      refractory tube. Nor could the servomotor be quickly disengaged for the
      manual adjustment of the longitudinal position of a fresh measuring rod,
      either after the rebuilding of the furnace or after the replacement of an
      accidentally damaged rod. The temperature measuring rod was not easy to
      demount. Such demounting during operation was a lengthy process and
      therefore caused unnecessary risks to the operators.
PAC  SUMMARY OF THE INVENTION
PAR  The measuring device according to the present invention uses means which
      obviate the aforementioned disadvantages. More particularly it comprises
      means which enable the measuring rod withdrawal device to be correctly
      aligned in relation to the refractory tube in the furnace wall.
PAR  The measuring device according to the invention is borne on the outside
      wall of the metallurgical furnace by an attaching device installed on such
      wall. The drive device of the temperature measuring rod is formed by a
      servomotor acting on an endless screw to displace the supporting yoke of a
      jack actuating the measuring rod sliding in a refractory tube in the
      furnace wall. The attaching device enables the drive device to be oriented
      parallel with the refractory tube.
PAR  The attaching device therefore comprises a first rotary element enabling
      the drive device to be rotated around a first, vertical pivot fixed in
      relation to the furnace wall, a second rotary element enabling the drive
      device to be rotated in relation to a second pivot which is disposed in
      the first rotary element and is at right angles to the first pivot, and
      means for immobilizing in rotation the first element in relation to the
      furnace wall and immobilizing in rotation the second element in relation
      to the first element.
PAR  A preferred embodiment of the attaching device comprises a first plate
      attached to the outside wall of the furnace and bearing a first assembly
      of two supporting plates in which a first vertical pivot is journaled, a
      second plate connected to the first vertical pivot and having a second
      assembly of two bearing plates in which a second horizontal pivot is
      journaled, and a third plate connected to the second horizontal pivot and
      supporting the drive device, means being provided to immobilize in
      rotation the third plate in relation to the second plate.
PAR  Also, according to the invention, the servomotor is mounted to so tilt in
      the drive device that the servomotor can be disengaged from the endless
      screw.
PAR  Also according to the invention, the way in which the jack rod is connected
      to the temperature measuring rod enables these two elements to be rapidly
      disengaged from one another. According to the invention, the jack rod
      bears a fork adapted to clamp a member disposed on the temperature
      measuring rod, the jack being mounted to so tilt around a pivot in its
      supporting yoke that the fork and the member on the temperature measuring
      rod can be disengaged.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For the better understanding of the invention, a non-limitative embodiment
      of the invention will now be described by way of example with reference to
      the accompanying drawing, wherein:
PAR  The single drawing illustrates diagrammatically the mechanical part of an
      embodiment of the temperature measuring device according to the invention.
DETD
PAR  Like elements to those illustrated in the drawings of my above-identified
      copending patent application have like references in the accompanying
      drawing, but a detailed description of certain of these elements is
      omitted herein as not being necessary to the understanding of this
      invention.
PAR  The drawing shows more particularly a metallurgical furnace 1, its wall 2
      including its steel outside wall 5. A temperature measuring rod 8 is
      guided in a refractory tube 6.
PAR  In the illustrated embodiments the pneumatic jack 18 has been inverted from
      the position illustrated in my copending application. An electric
      servomotor 25 acts, via gearing 26, on an endless screw 33. The measuring
      rod drive device is mounted on a bracket 29 supported by an attaching
      device 100 on the outside wall 5 of the furnace. An attachment plate 101
      welded to the wall 5 has two first bearing plates 102 mounted thereon by
      screws (not shown).
PAR  Journaled in the bearing plates 102 is a vertical pivot member 103 whose
      central portion is milled as far as its diametrical plane. The vertical
      pivot 103 is connected to an intermediate plate 104 by screws (not shown).
      Two bearing plates 105 similar to the bearing plates 102 are connected to
      the intermediate plate 104. The pivot 103, the intermediate plate 104 and
      the bearing plates 105 form a first rotary element 106.
PAR  Journaled in the bearing plates 105 is a horizontal pivot member 107 whose
      central portion is milled as far as its diametrical plane. The horizontal
      pivot 107 is connected to a supporting plate 108 to which the bracket 29
      is welded. The pivot 107, the supporting plate 108 and the bracket 29 form
      a second rotary element 109.
PAR  Two screws 110, disposed symmetrically in relation to the vertical pivot
      103 and having lock nuts, are screwed inside the intermediate plate 104
      and clamped against the attaching plate 101. The screws 110 immobilize in
      rotation the first rotary element 106 in relation to the furnace wall 5.
PAR  Two screws 111, having lock nuts and disposed symmetrically in relation to
      the pivot 107, are screwed into the supporting plate 108 and clamped
      against the intermediate plate 104. the screws 111 immobilize in rotation
      the second rotary element 109 in relation to the first rotary element 106.
PAR  A casing 112 contains the servomotor 25. The casing 112 is so mounted that
      it can rotate around a horizontal pivot 113 parallel with the endless
      screw 33. The pivot 113 is disposed on that surface of the casing 112
      which is not shown.
PAR  The bolt 114, which is disposed on the visible surface of the casing, is
      shown closed. A pivot 115 extends through two lugs 116 welded on to the
      casing and is retained by a pin 117. The central portion of the pivot 115
      is milled on both sides to form a narrow portion 115a and bears a lever
      118 at one end.
PAR  A support 119 welded to the bracket 29 has an inner cylindrical portion
      119a whose diameter is substantially equal to that of the pivot 115 and
      which is formed with an aperture 119b in its upper portion.
PAR  Turning the lever 118 by a quarter of a turn enables the narrow portion
      115a of the pivot 115 of the bolt 114 to move into the aperture 119b. The
      casing 112 can then tilt, thus disengaging the gearing 26.
PAR  The position of the jack 18 can then be quickly adjusted manually by acting
      directly on nut 120, whose other function is to lock the pinion 121 in its
      position on the endless screw 33.
PAR  The supporting yoke 122 of the jack 18 comprises a pivot 122a around which
      the body of the jack 18 can tilt. At one end the jack 18 has a jack rod
      123 and at the opposite end the lug 124 in which a locking rod 125 slides
      which is retained in the locking position by a spring (not shown), bearing
      against the lug 124 of the jack 18. The end of the locking rod 125 is
      normally engaged in a bore 122b in the supporting yoke 122, but it can be
      retracted so that the body of the jack 18 can be tilted upwards by the rod
      123.
PAR  The upward tilting movement of the body of the jack 18 disengages the jack
      rod 123 from the temperature measuring rod 8, since the jack rod 123 bears
      a fork 126 cooperating during operation with an articulating member 127
      connected to the end of the temperature measuring rod 8, and the upward
      movement of the body of the jack 18 lifts the fork 126, thus releasing the
      articulating member 127.
PAR  Clearly, various alterations, improvements or additions can be made to the
      embodiment just described, or certain of its elements can be replaced by
      equivalent elements, without altering the general economy of the
      invention.
CLMS
STM  What I claimed is:
NUM  1.
PAR  1. A device for continuously measuring the temperature of a metallurgical
      furnace of the type which includes a drive device actuating a measuring
      rod sliding in a refractory guide tube in the furnace wall, and an
      attaching device installed on the outside wall of the furnace which
      supports the drive device and enables it to be oriented parallel with the
      refractory guide tube, the improvement wherein the attaching device
      comprises a first rotary element enabling the drive device to be rotated
      around a first, vertical pivot fixed in relation to the furnace wall, a
      second rotary element enabling the drive device to be rotated in relation
      to a second pivot which is disposed on the first rotary element and is at
      right angles to the first pivot, and means for immobilizing in rotation
      the first element in relation to the furnace wall and immobilizing in
      rotation the second element in relation to the first element.
NUM  2.
PAR  2. A measuring device as set forth in claim 1, wherein the attaching device
      comprises a first plate attached to the outside wall of the furnace and
      bearing a first assembly of two supporting plates in which a first
      vertical pivot is journaled, a second plate connected to the first
      vertical pivot and having a second assembly of two bearing plates in which
      a second horizontal pivot is journaled, and a third plate connected to the
      second horizontal pivot and supporting the drive device, and means
      operable to immobilize in rotation the second plate in relation to the
      first plate and to immobilize in rotation the third plate in relation to
      the second plate.
NUM  3.
PAR  3. The device as set forth in claim 1 wherein said drive device is a
      servo-motor acting on an endless screw to displace the supporting yoke of
      a jack actuating said measuring rod, said device further comprising
      mounting means supporting said servo-motor for tilting movement relative
      to said drive device whereby the servo-motor can be disengaged from the
      endless screw.
NUM  4.
PAR  4. A temperature measuring device of the type including a drive device
      formed by a servomotor acting on an endless screw to displace the
      supporting yoke of a jack actuating a measuring rod sliding in a
      refractory guide tube in the furnace wall, the improvement wherein said
      jack includes a jack rod having mounted thereon a fork adapted to clamp a
      member disposed on the temperature measuring rod, and means mounting said
      jack for tilting movement around a pivot in its supporting yoke whereby
      the fork and the member on the temperature measuring rod can be
      disengaged.
NUM  5.
PAR  5. a device for continuously measuring the temperature of a metallurgical
      furnace of the type which includes a drive device including a servomotor
      acting on an endless screw to displace the supporting yoke of a jack
      actuating a measuring rod sliding in a refractory guide tube in the
      furnace wall, and an attaching device installed on the outside wall of the
      furnace which supports the drive device and enables it to be oriented
      parallel with the refractory guide tube, the improvement wherein the
      attaching device comprises a first rotary element enabling the drive
      device to be rotated around a first, vertical pivot fixed in relation to
      the furnace wall, a second rotary element enabling the drive device to be
      rotated in relation to a second pivot which is disposed on the first
      rotary element and is at right angles to the first pivot, means for
      immobilizing in rotation the first element in relation to the furnace wall
      and immobilizing in rotation the second element in relation to the first
      element, said jack including a jack rod having mounted thereon a fork
      adapted to clamp a member disposed on the temperature measuring rod, and
      means mounting said jack for tilting movement around a pivot in its
      supporting yoke whereby the fork and the member on the temperature
      measuring rod can be disengaged.
NUM  6.
PAR  6. the temperature measuring device as defined in claim 5 further
      comprising mounting means supporting said servomotor for tilting movement
      relative to said drive device whereby the servomotor can be disengaged
      from the endless screw.
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PAL  The temperature history of a product is visually displayed as a color front
      on an indicator, the distance of front advancement being a function of the
      temperature time integral. The indicator measures the gas generation in a
      first compartment by a wick in a second compartment, the wick also being
      in communication with the first compartment. Optionally, a gas permeable
      film separates the gas generating material and the wick.
BSUM
PAC  DETAIL DESCRIPTION
PAR  The present invention pertains to an indicator system which visually
      displays the time-temperature integral to which a product has been
      exposed.
PAR  The desirability of detecting whether or not a frozen product has been
      allowed to thaw has long been recognized and numerous tell-tale devices
      are described in the literature. One class of these relies upon material
      which is frozen but which melts at some preselected temperature so as to
      irreversibly activate an indicator, either chemically or physically.
      Typically of these devices are those described in the following U.S. Pat.
      Nos.:
TBL  Nos. 1,917,048  Nos.   2,753,270                                          
                                     Nos. 2,955,942                            
          2,216,127         2,762,711     3,047,405                            
          2,277,278         2,788,282     3,055,759                            
          2,340,337         2,823,131     3,065,083                            
          2,553,369         2,850,393     3,194,669                            
          2,617,734         2,852,394     3,362,834                            
          2,662,018         2,951,405     3,437,010                            
PAL  All of the above devices merely signal "thaw" with no attempt to measure
      the period during which the product is thawed or the temperature which the
      product attains while thawed.
PAR  A second class of known indicators utilizes diffusion or capillary action
      of a liquid on a wick or similar permeable member. These devices while
      often cumbersome, provide some degree of gradation and are typified by the
      devices of the following U.S. Pat. Nos.:
TBL  Nos.      2,560,537  Nos.   3,243,303                                     
               2,716,065         3,414,415                                     
               2,951,764         3,479,877                                     
               3,118,774                                                       
PAR  The majority of the prior art devices however are directed primarily at the
      phenomenon of thawing and the attendant damage which occurs. It is now
      recognized that various natural and synthetic materials deteriorate with
      the passage of time even when taking the precaution of storing under
      adequate refrigeration. This is true even with such additional or
      alternative precautions as packaging in an inert atmosphere, sterilization
      or adding spoilage retardants. Thus, for example, foods, films,
      pharmaceuticals, biological preparations and the like, can demonstrate
      decomposition with the passage of time, even when sterilized or maintained
      at sufficiently low temperatures to preclude microbiological degradation.
      Such decomposition occurs for various reasons, including strictly chemical
      reactions, such as oxidation, and enzymatic processes. Frozen foods and
      ice cream show deterioration even when held in a frozen state. A system
      which would monitor such decomposition or deterioration would be extremely
      valuable.
PAR  The deterioration kinetics involved in such processes however, are
      exceedingly complex. For example, while it is clear that deterioration is
      a function of temperature, the rate of this deterioration of such products
      can also vary with temperature. One rate of deterioration will exist at a
      first temperature while a different rate obtains at a second temperature.
      The total amount of deterioration will depend upon the time at which the
      product is held at each temperature; i.e., the integral of time and
      temperature.
PAR  The quotient of (a) the rate of change at one temperature of an article's
      property whose deterioration is being monitored to (b) the rate of change
      at a lower temperature is often expressed for 10.degree. increments and
      represented by the symbol "Q.sub.10 " for the Celsius scale and "q.sub.10
      " for the Fahrenheit scale. This quotient is substantially constant within
      limited temperature ranges.
PAR  The practical effect of the foregoing can be seen for example from two
      comparable samples of frozen food which are processed and packaged at the
      same time. If in the course of distribution or storage one package is
      allowed to rise in temperature by 10.degree. or 20.degree.C, even without
      thawing, its life will be reduced as compared with the other package which
      was maintained at a lower temperature for its entire storage life since
      the rate of decomposition of the contents of the first package is
      accelerated during the storage at the higher temperature. A consumer about
      to purchase these packages, both of which are now stored at normal freezer
      temperature, has no way of ascertaining this difference in temperature
      histories.
PAR  Systems have been suggested for monitoring the temperature history of a
      product. This U.S. Pat. No. 2,671,028 utilizes an enzyme such as pepsin in
      indicator systems while U.S. Pat. No. 3,751,382 discloses an enzymatic
      indicator in which urease decomposes urea with the reaction products
      causing a change in the pH of the system. The activity of the enzyme, and
      thus rate of decomposition, is dependent on temperature so that the change
      in pH resulting from this decomposition can be monitored by conventional
      acid-base indicators. This type of system, which appears to be directed at
      the specific problem of microbiological putrefaction rather than the
      broader problem of monitoring temperature histories, suffers from the
      inherent limitation of any enzymatic reaction. Thus while enzyme activity
      is a function of temperature, it is also sensitive to the very passage of
      time being measured, enzymatic activity generally decreasing with time.
      Enzyme activity is also sensitive to pH change and such change is the
      operative factor in, for example, the system of U.S. Pat. No. 3,751,382. A
      more sophisticated system is described in U.S. Pat. No. 3,768,976 in which
      time temperature integration is achieved by monitoring permeation of
      oxygen from the atmosphere through a film, utilizing a redox dye to
      provide a visual read out. This device is however dependent upon the
      presence of atmospheric oxygen and somewhat cumbersome in configuration
      and dimensions.
PAR  A further problem is that the change in rate of quality loss per unit of
      temperature change differs for different products. Thus the change in the
      rate of deterioration per unit of temperature change for certain fruits
      and berries is vastly different from the change in rate for lean meats.
      The values for dairy products are different from both. For example, within
      the range of 0.degree. to -20.degree.C, raw fatty meat and pre-cooked
      fatty meat have Q.sub.10 's of about 3, whereas raw lean meat and
      pre-cooked lean meat have Q.sub.10 's between 5 and 6. Vegetables
      generally have a Q.sub.10 of between 7 and 8, whereas fruits and berries
      have a Q.sub.10 of approximately 13. Consequently, a system which is
      dependent on a single enzymatic reaction or the permeability of a given
      film will be suitable as an indicator only for those materials having a
      similar slope for their relationship of change of rate of decomposition to
      temperature. Although U.S. Pat. No. 3,751,382 describes a method for
      modifying the time at which the indicator's color change occurs, the
      activation energy of the enzyme system is modified only slightly and the
      ratio of change in reaction rate per temperature unit remains
      substantially the same. The same is true of the device described in U.S.
      Pat. No. 3,768,976 which is dependent solely on gas permeability.
PAR  The present invention pertains to an indicator system which overcomes the
      above problems yet is extremely simple and reliable in structure and
      operation. Moreover, the device is extremely well suited for remote
      sensing; i.e., monitoring the time-temperature integrals at the interior
      of a package, while providing an immediate read-out of that integral on
      the exterior of the package.
PAR  The present system is not limited in application to monitoring long storage
      periods at low temperatures. The same considerations apply to short
      periods and to high temperature. The present system can also be used to
      insure, for example, that products have been adequately heat sterilized.
      The indicator is thus admirably suited to insure that canned goods which
      are autoclaved have been subjected to the appropriate time-temperature
      integral required to obtain a necessary degree of microrganism kill. In
      this case, the indicator provides visual information as to whether the
      necessary parameters of temperature and time have been reached or
      exceeded. Similarly, the present indicator can be used to insure that
      surgical instruments have been subjected to appropriate sterilization
      conditions, that pharmaceuticals have not been stored for periods in
      excess of that which is permissible, that dairy products have been
      properly pasteurized, and the like. Various other applications in which it
      is desirable to know the temperature history of a product are immediately
      apparent.
DRWD
PAR  The present invention will be described in conjunction with the appended
      drawings in which:
PAR  FIG. 1 is a plan view of one embodiment of the present embodiment;
PAR  FIG. 2 is a cross-section of the embodiment of FIG. 1 taken along line 2--2
      of FIG. 1;
PAR  FIG. 3 is a plan view of a further embodiment according to the present
      invention; and
PAR  FIG. 4 is a cross-section of the embodiment shown in FIG. 3 taken along
      line 4--4 of FIG. 3.
DETD
PAR  Referring now in greater detail to FIGS. 1 and 2, the time-temperature
      integrating indicator includes a sealed envelope shown generally at 11
      which is constructed by sealing upper wall 12 to the lower wall 13 about
      their periphery 14. Upper wall 12 and lower wall 13 are of like or
      different materials which are substantially impermeable to gas, as
      described in greater detail below. In the embodiment shown in FIG. 2,
      upper wall 12 is composed of a transparent gas impermeable material such
      as a laminate of heat sealable polyethylene and
      trifluoromonochloropolyethylene. Other materials which are gas
      impermeable, such as coextruded polyvinylidene chloride and polyethylene
      or a two layer film of polyester and polyethylene can similarly be
      employed. Bottom wall 13, in the embodiment of FIGS. 1 and 2, can be a
      foil, such as aluminum foil, a polymer or a laminate.
PAR  In addition to the seal about the periphery 14 of envelope 11, upper wall
      12 and lower wall 13 are sealed transversely at some intermediate position
      by cross-seal 15. Cross-seal 15 divides the envelope into first and second
      compartments, shown generally at 16 and 17, respectively. The position and
      configuration of the cross-seal is relatively unimportant and can be
      varied widely, as disclosed below. The upper and lower walls can be
      flexible or rigid.
PAR  Extending longitudinally from first compartment 16 to second compartment 17
      of envelope 11 is wick means 18 which serves as the only means of gas
      communication across cross-seal 15. Thus cross-seal 15 must effectively
      prevent gas transport from first compartment 16 to second compartment 17
      other than through wick means 18 within cross-seal 15.
PAR  Disposed within first compartment 16 of envelope 11 is a gas generating
      material 19. A wide variety of different chemical systems can be employed
      as the gas generating material and indeed the wide latitude in selection
      of the gas generating material contributes greatly to the versatility of
      the present device. Optionally, first compartment 16 can be divided into a
      first chamber 20 and a second chamber 21 by a gas permeable film 22. Film
      22 may serve merely as a mechanical separator between gas generating
      material 19 and wick means 18, in which case the permeability of film 22
      to gas should be substantially temperature independent. Alternatively, and
      preferably, the permeability of film 22 to gas is temperature dependent
      and this dependency thus contributes to the response of the device in
      time-temperature integration.
PAR  Gas generating material 19 can be isolated from wick means 18 prior to use
      through incorporation of a frangible shield, as for example by forming a
      loop of bottom wall 13 which is weakly bonded to itself as at 23. A small
      amount of physical pressure behind seal 23, as for example at 24, results
      in the rupture of seal 23, and the communication of gas generating
      material 19 with first chamber 20 of first compartment 16.
PAR  Upon rupture of seal 23, and after an initial induction period during which
      the partial pressure of the gas rises in chamber 20, the gas permeates
      across film 22 into second chamber 21 of first compartment 16. The gas is
      then absorbed into wick 18, passing through cross-seal 15 from first
      compartment 16 to second compartment 17. The rate of gas generation by
      material 19 is a function of temperature and the amount of gas which thus
      passes through cross-seal 15 is in turn a function of temperature. If wick
      18 is constructed with a substantially constant cross-section, the
      distance which the gas advances along wick means 18 from cross-seal 15
      will thus be a direct function of the time-temperature integral to which
      the device has been subjected.
PAR  Deposited on wick 18 is an indicator composition which produces a color
      change in the presence of the gas generated by gas generating material.
      This indicator composition can vary widely but is selected so as to be
      responsive to the particular gas generated by gas generating material 19.
      Since this indicator composition produces a color change in the presence
      of the gas, an advancing front will be observed on wick means 18 in second
      compartment 17. The length of advancement corresponds to the
      time-temperature integral to which the device has been exposed and can be
      read through the incorporation of a graduated scale and appropriate
      indicia associated with the wick means.
PAR  Referring now to FIGS. 3 and 4, there is shown envelope 41 of an
      alternative configuration. Upper wall 41 is sealed to lower wall 43 around
      its periphery 44 and the envelope is divided by cross-seal 45 into the
      first compartment 46 and second compartment 47. In this instance, the
      cross-seal is disposed towards one end of the envelope so that the
      indicating elements in compartment 47 are remote from the sensing elements
      and a long channel is provided in compartment 46. Wick means 48 extends
      from first compartment 46 to second compartment 47 through cross-seal 45.
      Gas generating material 49 is carried within first chamber 50 of first
      compartment 46 and separated from second chamber 51 by gas permeable film
      52.
PAR  In lieu of a mechanical barrier, gas generating material 49 is isolated
      from wick 48 prior to use by encapsulation, the details of which being
      well known to the art need not be elaborated here. Upon fracturing the
      protective coating around the individual particles of the encapsulated
      material, which fracturing can be done mecanically or in the course of
      subjecting the particles to low temperatures, gas generation begins. The
      gas passes through permeable film 52 into second chamber 51 of first
      compartment 46 and then through cross-seal 45 by means of wick means 48.
PAR  As noted above, and in contrast to the device shown in FIGS. 1 and 2, wick
      means 48 are remote from the sensing portion of the device. Gas, upon
      passage through permeable film 52, readily migrates through the second
      chamber and is absorbed in that portion of wick means 18 which extends
      past cross-seal 45 into first compartment 46. As a result of this
      arrangement, it is possible to place the sensing portion of the indicator
      deep within the interior of the product being monitored and at the same
      time place the indicating portion of the device on the exterior surface
      for ease of reading. This is in contrast to many of the known devices
      which can only be affixed to the outside of the product and thus can
      monitor only the surface temperature of the product. Prior art devices
      which have attempted to monitor the inside of a product generally rely on
      mechanical means such as a spring or a liquid carrying wick. The former is
      subject to mechanical failure while the latter requires a large volume of
      liquid.
PAR  In addition, the embodiment of FIGS. 3 and 4 utilizes a two component upper
      wall. This upper wall 42 has a first portion 53 of foil which is sealed to
      the second portion 54 of transparent, gas impermeable polymer. This is
      desirable particularly for applications which require measurements over a
      long period of time, since the foil has a much lower gas permeability than
      most polymers. The prevention of loss of gas by transport through either
      the upper or lower wall is most important within the first compartment of
      the envelope and this arrangement thus minimizes this problem while
      providing a transparent window for inspection of wick 48.
PAR  The embodiment of FIGS. 3 and 4 also includes an area 55 of weakened wall
      cross-section. This permits the removal of the indicating portion of the
      device by simply tearing the envelope along the weakened wall portion.
      This separation immediately terminates gas passage to wick means 48 and
      results in a permanent, irreversible record of the time-temperature
      history of the indicator up to the moment of separation. This permanent
      record can thus be retained for various administrative purposes, or could
      for example, be returned to the manufacturer or distributor to
      substantiate a product complaint.
PAR  The gas generation component can utilize a variety of physical or chemical
      processes. In its simplest embodiment, the gas generation may involve
      simple sublimation or vaporization and thus one may utilize any substance
      which has a high vapor pressure, as for example, water (or ice); iodine;
      aliphatic and aromatic alcohols such as thymol; hydrogen peroxide; lower
      alkanoic and aromatic acids, such as acetic acid; acid anhydrides such as
      maleic anhydride; acid halides; ketones; aldehydes and the like.
      Alternatively, the gas generating material can be a salt which decomposes
      with the generation of a gas, as for example ammonium carbonate, sodium
      bicarbonate, ammonium acetate, ammonium oxalate, ammonium formate and the
      like.
PAR  In those instances in which the rate of gas generation corresponds to the
      rates being monitored, it is unnecessary to include the barrier film and
      the first compartment of the envelope can have a single chamber. Even in
      such embodiments however, it is often desirable to interpose a highly
      permeable physical barrier which separates the gas generating material
      from the wick. The permeability of such barriers should be substantially
      independent of temperature since the rate determining step is the
      generation of gas. Typical of these are such materials as microporous
      polypropylene (Celgard) and microporous acrylic polyvinyl chloride on
      woven nylon cloth (Acropor). When no film is employed, or the film is
      highly permeable, the rate of sublimation is in part dependent on the
      available surface area of the gas generating material. In such instances,
      it is often desirable to impregnate the material on a carrier so that a
      uniform surface is provided.
PAR  Alternatively the film which divides the first compartment into the first
      and second chamber has a more limited gas permeability and one which is
      temperature dependent. Typical of these are polyethylene, polypropylene,
      nylon, cellulose films and the like. It can be shown mathematically that
      the contribution of the gas generation and the contribution of gas
      transport to the Q.sub.10 of the system are cumulative so that by
      judicious selection of the two systems it is possible to achieve an
      overall effect in which the change in rate of gas availability at the wick
      with changes in temperature parallels the Q.sub.10 of the product being
      monitored. Moreover, when a film of limited permeability is utilized, the
      effect of surface area of the gas generating material is eliminated since
      gas transport across the film is the rate controlling step.
PAR  The gas generation process and optionally also the permeability through the
      film are thus selected so that the change in rate of gas availability at
      the wick per unit change in temperature approximates the Q.sub.10 of the
      product being monitored. The activation energy values of the operative
      components are useful in this selection since the relationship between
      Q.sub.10 and the activation energy is as follows:
EQU  Q.sub.10 = e.sup.10E.sbsp.a/T.sbsp.1.T.sbsp.2.R            (1)
PAL  where
PA1  E.sub.a = the activation energy
PA1  T.sub.1 = a first temperature in degrees (absolute)
PA1  T.sub.2 = a second temperature 10.degree. lower than T.sub.1 and
PA1  R = the gas constant
PAR  Within, for example, the range of -10.degree. to -20.degree.C, an important
      region for frozen foods, the following values are obtained:
     E.sub.a  Q.sub.10                                                         
                      q.sub.10                                                 
                              E.sub.a  Q.sub.10                                
                                              q.sub.10                         
     Kcal/mole                Kcal/mole                                        
     ______________________________________                                    
     0.0      1.00    1.00    20.0     4.54   2.31                             
     5.0      1.46    1.23    22.0     5.28   2.52                             
     8.0      1.83    1.40    25.0     6.63   2.86                             
     10.0     2.13    1.52    27.0     7.71   3.11                             
     12.0     2.48    1.66    30.0     9.61   3.52                             
     15.0     3.11    1.88    33.0     12.1   4.00                             
                              34.0     13.0   4.16                             
     ______________________________________                                    
PAR  It is thus possible to select gas generating materials and films in which
      the rates of gas generation and permeability parallel the decomposition
      rates of various materials, even in the course of temperature fluctuation
      over a period of time.
PAR  The wick means can be selected from a wide variety of known materials.
      These may be simple cellulosic products such as paper or fiber, various
      synthetic polymeric materials, such as polypropylene, polyesters, or
      polyamides, glass fiber paper, alumina, silica gel and the like. The
      nature of the wick means is relatively unimportant, provided it possesses
      a sufficient affinity for the gas and indicator composition and is
      substantially inert to both.
PAR  The indicating composition which is deposited on the wick means and which
      results in a color change in the presence of gas can be a single component
      or a mixture of components operating together. The particular indicating
      composition must be selected for the particular gas generated. When, for
      example, the gas generated is ammonia, the indicator composition can
      simply include an aqueous medium and a pH sensitive dye, such as methyl
      red or thymol blue, and an acidic substance of low volatility such as
      trichloroacetic, benzoic, oxalic or the like acid. Prior to absorption of
      any ammonia, the dye will display its first color which color will change
      as ammonia is absorbed. Analogous systems are employed with acidic gases.
PAR  The indicating composition can alternatively use a redox system to produce
      the requisite color change. For example, the wick may be impregnated with
      a potassium permanganate solution. In such an instance, the gas or vapor
      generated is one which is susceptible to oxidation, as for example thymol
      or another oxidizable alcohol. As the thymol is absorbed on the wick and
      advances along its length, it is oxidized by the permanganate which in
      turn loses its characteristic red color.
PAR  It is also possible to utilize an indicator composition which while not
      responding to the gas directly, converts it to a material which can be
      monitored. Thus, for example, in the case of maleic anhydride, the wick
      may be impregnated with an aqueous base or with an alcohol serving as a
      solvolysis agent. As the anhydride is absorbed in the wick, it is
      hydrolyzed by the water or alcohol with the generation of maleic acid.
      This acid can then be monitored by incorporation in the composition of a
      pH sensitive dye.
PAR  The indicator composition can also complex the gas, as with potassium
      iodine and starch for iodine gas.
PAR  The following examples will serve to typify other systems and
      configurations but should not be construed as a limitation on the scope of
      the present invention, the invention being defined only by the appended
      claims.
PAC  EXAMPLE 1
PAR  A time-temperature integrating indicator is prepared in a configuration
      similar to that shown in FIGS. 1 and 2. The upper wall is a laminate of 2
      mil polyethylene and 1 mil trifluorochloropolyethylene while the bottom
      wall is 1 mil aluminum foil laminated to 1 mil polyethylene. The gas
      permeable film is 2 mil polyethylene having an available area of 1 sq.
      inch. The gas generating material is ammonium carbonate. The wick is
      Whatman No. 1 filter paper having a width of 0.5 inch. The indicator
      composition is 0.05 molar aqueous trichloroacetic acid, 20% by volume
      glycerol and 0.1% methyl red.
PAR  Upon activation and equilibration, the ammonia generated by the ammonium
      carbonate migrated through the polyethylene film and produces a color
      change in the wick. At -18.degree.C, the front advances at a rate of 0.017
      mm/hr. If the sensor is held at -1.degree.C, the front advances at a rate
      of 0.15 mm/hr. The change in the rate with 10.degree.C increments
      corresponds to a Q.sub.10 of 3.7.
PAC  EXAMPLE 2
PAR  An indicator is prepared as above utilizing however iodine as the gas
      generating material. The indicator composition consists of 10% potassium
      iodine and 0.1% starch. At -1.degree.C, the front advances at 0.033 mm/hr
      while at 22.degree.C, the front advances at 0.15 mm/hr, corresponding to a
      Q.sub.10 of from 2.5 to 3.0.
PAC  EXAMPLE 3
PAR  An indicator is prepared in a configuration similar to that shown in FIGS.
      3 and 4 omitting however the film. Paraformaldehyde is employed as the gas
      generating material. The indicator composition consists of 1.1 molar
      hydroxylamine hydrochloride, 0.8 molar sodium acetate and 0.1% bromphenol
      blue and thymol blue. At -18.degree.C, the front advances at a rate of
      0.065 mm/hr while at 10.degree.C, the front advances at 0.12 mm/hr,
      corresponding to a Q.sub.10 of 1.5.
PAC  EXAMPLE 4
PAR  An indicator is prepared in a configuration similar to that shown in FIGS.
      3 and 4, omitting however the film. Thymol is utilized as the gas
      generating material. The wick is glass fiber paper which is impregnated
      with 0.01 molar potassium permanganate. A brownish yellow front advances
      along the initially red strip at a rate of 0.06 mm/hr at 21.degree.C and
      0.0002 mm/hr at -1.degree.C, corresponding to a Q.sub.10 of about 5.
PAC  EXAMPLE 5
PAR  An indicator is prepared as in Example 3. Maleic anhydride is employed as
      the gas generating material to give a Q.sub.10 of approximately 4. The
      indicator composition comprises 0.1M octadecanol, which hydrolyzes the
      anhydride, and a wide range pH indicator such as lacmoid.
PAC  EXAMPLE 6
PAR  An indicator is prepared as in Example 1, utilizing glacial acetic acid as
      the gas generating material. This is sealed below a 2 mil film of
      polyethylene. The indicator composition comprises 0.1 molar sodium
      hydroxide, together with 0.1% thymol blue. The initially blue strip
      demonstrates a sharp yellow front advancing at a rate of 0.02 mm/hr at
      -18.degree.C and 0.25 mm/hr at 4.5.degree.C, corresponding to a Q.sub.10
      of 3.1.
PAC  EXAMPLE 7
PAR  An indicator is prepared as deposited in Example 1. Prior to sealing the
      upper and lower walls, an opaque polyethylene mask is interposed between
      the wick and upper wall. The mask has one opening over that portion of the
      wick in compartment 16 which opening bears the indicia "Active if red". A
      series of openings are regularly spaced over that portion of the wick in
      compartment 17 with appropriate indicia associated with each opening. This
      provides an initial signal to show activation and converts the indicator
      read-out to a digital system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature time integrating indicator comprising:
PA1  a. a sealed envelope having upper and lower walls, each of a gas
      impermeable material, the walls being sealed about their periphery, a wick
      means interposed longitudinally between said walls, said upper wall having
      a transverse seal at an intermediate position thereof, said seal sealing
      said upper wall to the wick means and to the lower wall in the area
      laterally adjacent said wick means thereby defining first and second
      compartments within the envelope, said compartments being interconnected
      at the wick means area only, said first compartment being divided into a
      first and second chamber by a gas permeable film interposed between said
      upper and lower walls of said envelope;
PA1  b. a gas generating material in the first chamber of the first compartment;
PA1  c. wick means extending from the second chamber of the first compartment
      into the second compartment, said wick means being the only means of gas
      communication across said cross-seal; and
PA1  d. an indicator composition deposited on said wick, said indicator
      composition producing a color change in the presence of the gas generated
      by said gas generating material.
NUM  2.
PAR  2. A temperature time integrating indicator according to claim 1, wherein
      the permeability of said film to gas is substantially temperature
      independent.
NUM  3.
PAR  3. A temperature time integrating indicator according to claim 1 wherein
      the permeability of said film to gas is temperature dependent.
NUM  4.
PAR  4. A temperature time integrating indicator according to claim 1 including
      a frangible shield means operable to isolate said gas generating material
      from said wick prior to use.
NUM  5.
PAR  5. A temperature time integrating indicator according to claim 1 wherein
      said gas generating material generates a gas wherein said gas is an acidic
      gas or a basic gas.
NUM  6.
PAR  6. A temperature time integrating indicator according to claim 5 wherein
      the gas generated is ammonia.
NUM  7.
PAR  7. A temperature time integrating indicator according to claim 1, wherein
      the indicator composition complexes the gas generated.
NUM  8.
PAR  8. A temperature time integrating indicator according to claim 1 wherein
      said gas is susceptible to chemical reduction and said indicator
      composition includes a redox system operable to reduce said gas.
NUM  9.
PAR  9. A temperature time integrating indicator according to claim 1 wherein
      said gas is susceptible to solvolysis with the generation of a material
      wherein said material is an acidic material or a basic material and said
      indicator composition includes a solvolysis agent operable to effect
      solvolysis of said gas.
NUM  10.
PAR  10. A temperature time integrating indicator according to claim 9 wherein
      said gas is a sublimable acid anhydride and said solvolysis agent is water
      or an alcohol.
NUM  11.
PAR  11. A temperature time integrating indicator according to claim 1 wherein
      said gas is susceptible to chemical oxidation and said indicator
      composition includes a redox system operable to oxidize said gas.
NUM  12.
PAR  12. A temperature time integrating indicator according to claim 7 wherein
      the gas generating material is ammonia carbonate.
NUM  13.
PAR  13. A temperature time integrating indicator according to claim 1 wherein
      the gas permeable film is polypropylene.
NUM  14.
PAR  14. A temperature time integrating indicator according to claim 6 wherein
      the gas generated is acetic acid.
NUM  15.
PAR  15. A temperature time integrating indicator according to claim 1 wherein
      the gas impermeable material is a laminate of heat sealable polyethylene
      and trifluoromonochloropolyethylene.
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ABST
PAL  Temperature indicating compositions are provided for use in disposable
      thermometers comprising a heat-conductive carrier sheet having at least
      one but preferably a plurality of regions (cavities) thereon, each region
      containing a thermally responsive substance which undergoes a change in
      state at a precise and predetermined temperature different from any other
      region. The thermally responsive materials used herein as temperature
      indicating compositions are solid solutions comprised of two components
      which, inter alia, have linear temperature-composition liquidous curves.
      The change of state of the solid solution in each region is readily
      detectable visually by an indicator system which is intimately associated
      with the solid solution in said regions in order to permit rapid and
      accurate visual determination of the temperature of the test subject.
PARN
PAR  This is a continuation of Ser. No. 120,998 filed Mar. 4, 1971, now
      abandoned, which in turn is a continuation-in-part of Ser. No. 58,001
      filed July 24, 1970, now U.S. Pat. No. 3,665,770.
BSUM
PAC  BACKGROUND OF INVENTION
PAC  Prior Art
PAR  For years the conventional mercury thermometer has been the sole
      temperature indicating device which has been widely used in clinical
      applications for the measurement of temperature of the human body and for
      other temperature determinations. However, this type of thermometer has
      numerous disadvantages which are both inherent in its construction and
      obvious from its use, and nearly everyone who has had occasion to use such
      a thermometer is well acquainted with these disadvantages. For example, at
      least 3 minutes are usually required to obtain a meaningful temperature
      reading, and once used, it must be sterilized before its next clinical
      application. The breakable nature of this type of thermometer, the
      poisonous nature of mercury, the high cost per unit and the care required
      in packaging, shipping and storage of these thermometers are only few of
      their disadvantages.
PAR  Various other types of thermometers have heretofore been proposed as
      substitutes for the conventional mercury thermometer. For example, U.S.
      Pat. No. 3,465,590 issued Sept. 9, 1969 (L. A. Kluth et al.) describes a
      thermometer which is disposable after a single application and does not
      employ mercury as the thermally responsive substance. Rather, Kluth et al.
      employ mixtures of certain of the even series of saturated fatty acids,
      e.g., myristic acid, palmitic acid and lauric acid for indication of
      temperature of the human body within 1/2.degree. Fahrenheit. Although the
      use of such thermometers obviates some of the deficiencies of the
      conventional mercury thermometers, their application is limited to
      temperature measurements in the range of 96.degree. to 101.degree.F. and
      its accuracy is restricted to 1/2.degree. Fahrenheit, thus precluding them
      from use for more precise temperature measurements and, as a practical
      matter, they do not provide accurate clinical information regarding the
      temperature of the human body during a period of fever when the
      temperature is frequently above 101.degree. Fahrenheit, and is sometimes
      as high as 103.degree. or even 105.degree. Fahrenheit. Another difficulty
      with this thermometer is that accurate temperature determination depends
      upon complete change of state of the solid solution employed as the
      thermally responsive material. A complete change of state, i.e., from
      opaque solid to translucent liquid is necessary for a meaningful
      temperature reading in the thermometer described in the aforementioned
      patent.
PAR  Another type of temperature indicating device is disclosed in U.S. Pat. No.
      3,175,401 issued Mar. 30, 1965 (D. E. Geldmacher). This thermometer is
      provided with several cavities each containing a different thermally
      indicating composition melting at a different temperature range. Each of
      the thermally indicating compositions employed by Geldmacher is normally
      opaque below a certain temperature and become transparent above a certain
      temperature. Once again, however, as in the Kluth et al. patent,
      temperature indication is obtained by complete change of state of the
      thermally responsive material in each cavity. Furthermore, as many as 40
      to 50 different chemical compounds will be necessary to cover the desired
      clinical temperature range. While this patent discloses the use of a
      mixture of dichlorobenzene and diphenyl, it is noted that dichlorobenzene
      is merely added to lower the melting temperature of diphenyl. See column
      1, lines 15-22 and FIG. 9. Additionally, as will hereinafter be explained,
      these two compounds, i.e., dichlorobenzene and diphenyl do not form a
      solid solution of the type encompassed within the scope of this invention.
PAR  Still another type of thermometer is described by P. Finkelstein in U.S.
      Pat. No. 3,521,489 issued July 21, 1970. The temperature indication in
      this type of thermometer is based upon the flow of a melted material from
      so-called "holding compartment" into a so-called "flow-inducing receiving
      element" such as an absorbent material, by a capillary action. See column
      1, lines 61-72. As in the Geldmacher patent, however, temperature
      indication is realized by the use of numerous different thermally
      responsive chemical compounds, each undergoing a complete change of state
      at a different predetermined temperature.
PAR  There are other types of thermometers which have been suggested as
      replacements for the conventional mercury thermometer. For example,
      electronic thermometers have been proposed for this purpose. The
      temperature detecting elements in this type of thermometers consist of
      wire probes covered by disposable sheaths. However, such electronic
      thermometers are generally bulky and cost in the order of several hundred
      dollars per unit. Also, they require periodic recharging, calibration,
      servicing and frequent sterilization.
PAR  Thus, despite all efforts to provide a more suitable thermometer, the
      conventional mercury thermometer continues to dominate this field and is
      still the most prevalent and widely used temperature indicating device in
      the home and in the various institutions such as hospitals and medical and
      industrial laboratories
PAC  SUMMARY OF INVENTION
PAR  The present invention contemplates providing temperature indicating
      compositions for use in disposable thermometers for measuring the
      temperature of the human body and for other temperature measurements as
      well.
PAR  In one aspect, this invention contemplates providing thermally indicating
      compositions which undergo change of state, i.e., from solid to liquid, at
      precise and predetermined temperature, such temperature indicating
      compositions being solid solutions of certain organic compounds to be
      hereinafter described.
PAR  In another aspect, the present invention is concerned with providing solid
      solutions which undergo change of state rapidly over a very narrow
      temperature range such that temperature indication may be achieved within
      an accuracy of 2/10th of a Fahrenheit degree and which can be employed for
      measurement of temperatures within the clinical range, i.e., 96.degree. to
      105.degree. F., or wider.
PAR  Another aspect of this invention is directed to the use of an indicating
      system associated with the thermally responsive material so as to obtain a
      rapid visual indication of the change of state of such material, and hence
      the temperature of the test subject.
PAR  In yet another aspect, the present invention is directed to the addition of
      certain organic compounds, as hereinafter described, in order to lower the
      temperature of the incipient fusion of the thermally responsive materials
      which ordinarily melt at temperatures above the clinical range.
PAR  These and other aspects of this invention will be more fully comprehended
      from the following detailed description taken in connection with the
      accompanying drawings. Throughout this description, the terms "thermally
      responsive substance", "thermally responsive material", "temperature
      indicating compositions" and "solid solutions" are used interchangeably to
      denote the same material.
PAC  DETAILED DISCLOSURE OF THE INVENTION
DRWD
PAC  Description of the Drawings
PAR  The details of construction and the relative arrangements of the various
      elements of a thermometer of the type useful in the present invention are
      fully set forth in U.S. Pat. No. 3,665,770.
PAR  In the drawings appended hereto, where like numerals are used to designate
      like parts:
PAR  FIG. 1 is a plan view of a thermometer embodying the principles of this
      invention;
PAR  FIG. 2 is a vertical section taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 depicts the liquidous curve of a solid solution of
      ortho-chloronitrobenzene and ortho-bromonitrobenzene. The band defined by
      the dashed lines in this diagram represents the limit of accuracy of
      temperature measurements, i.e., 2/10th of Fahrenheit degree. The band is
      shown in exaggerated width in order to facilitate this illustration.
PAR  FIG. 4 shows the liquidous curves for solid solutions of
      para-dichlorobenzene and para-bromochlorobenzene to which naphthalene
      (lower curve) or triphenylmethane (upper curve) has been added,
      respectively. Again, as in FIG. 3, the band defined by the dashed lines
      (shown in exaggerated width) represents the limit of accuracy temperature
      determinations using these curves. The details of FIG. 4 will be
      discussed, infra.
DETD
PAR  Referring now to the drawings, particularly to FIGS. 1 and 2, FIG. 1 shows
      a thermometer 1 having a handle portion 3 and an indicator portion 5
      adapted for insertion into the mouth for oral temperature measurements.
PAR  The indicator portion 5 contains a plurality of cavities or regions 7
      adequately spaced and distributed on the indicator portion as shown in
      FIG. 1. Each cavity is filled with a temperature indicating composition 9
      melting at a precise and predetermined temperature different from the
      composition in the next adjacent cavity by 2/10th of a Fahrenheit degree.
      While FIG. 1 illustrates a plurality of regions 7, it must be understood
      that only one region may be employed in those instances where the
      temperature indicator is not used for clinical applications but rather, it
      is employed to apprise one of a single predetermined temperature or
      thermal state of the test subject.
PAR  As is further shown in FIG. 2, the thermometer 1 is comprised of a carrier
      sheet 11 which contains the aforesaid cavities 7. Only two such cavities
      are shown in exaggerated dimensions in order to facilitate understanding
      of this description.
PAR  The carrier sheet 11 is generally provided as a sheet of flexible,
      heat-conductive material such as an aluminum foil. This will insure rapid
      heat transfer from the test subject to the temperature indicating
      compositions in said cavities. While aluminum foil is very convenient for
      this purpose, flexible, heat-conductive sheets of other materials such as,
      for example, copper, silver, gold, stainless steel or any other
      heat-conductive pliable material can be employed with similar efficacy.
      Naturally the heat-conductive carrier sheet 11 must be made of a material
      which has a high thermal conductivity, relatively large surface area of
      contact with the test subject and must be of minimum thickness, while
      preserving its structural integrity, in order to permit rapid conduction
      of heat into the thermally responsive substances in said cavities. When
      aluminum foil is used as the carrier sheet, its thickness may vary from
      about 0.001 to about 0.004 mil. In any event, the selection of such
      heat-conductive carrier sheets is well within the knowledge of those
      skilled in the art and requires no additional elaboration.
PAR  Superimposed upon the temperature indicating composition and in intimate
      contact therewith, there is shown an indicator layer 13 and a masking
      layer 15 which overlies the indicator layer. The composite indicator
      layer-masking layer will hereinafter be referred to as the "indicator
      system" or "indicator means".
PAR  A transparent layer 17 such as, for example, polypropylene, polyethylene
      terephthalates, nitrocellulose, polyvinyl chloride, etc., is provided as a
      cover film coextensive with and attached to carrier sheet 11 sealably or
      by any other suitable means. Furthermore, in order to provide structural
      integrity to the thermometer and to avoid contact between the human mouth
      and the aluminum foil, the carrier sheet 11 is provided with an undercover
      layer 19 (usually of similar material as layer 17) which is coextensive
      with and overlies the lower surface of carrier sheet and conformally
      contours the aforesaid cavities. This undercover layer is usually
      adhesively attached to the carrier sheet.
PAR  The thickness of the undercover layer is generally in the order of from
      about 0.001 to about 0.003 mils in order to facilitate rapid heat transfer
      from the test subject to carrier sheet 11 and hence to the thermally
      responsive substances in the aforesaid cavities.
PAR  If desired, a heat conductive metallic powder may be added to the
      undercover layer in order to improve its heat transfer characteristics.
      Powdered metallic aluminum has been found to be particularly satisfactory
      for this purpose.
PAR  While FIGS. 1 and 2 depict the detailed construction of a thermometer of
      the type usually employed herein it can be readily appreciated that
      several structural modifications may be made therein without affecting
      their usefulness for the purpose of the present invention. For a more
      detailed description of other embodiments of this type of thermometers,
      reference may be made to U.S. Pat. No. 3,665,770.
PAC  DESCRIPTION OF INVENTION
PAR  It has now been unexpectedly discovered that certain organic compounds (to
      be hereinafter described) form solid solutions which undergo change of
      state at precise and predetermined temperatures. The term "solid solution"
      is well known and usually refers to a homogeneous solution of one solid in
      another.
PAR  The solid solutions contemplated in the present invention are comprised of
      two or more, preferably two different organic compounds with varying
      percentage compositions. Each solid solution undergoes a rapid change of
      state at a precise and predetermined temperature.
PAR  It has been further discovered that the solid solutions employed herein for
      clinical applications undergo change of state at precise and predetermined
      temperatures, the temperature of change of state of the solid solution in
      each cavity being approximately 2/10th of a Fahrenheit degree different
      from the temperature of change of state of the solid solution in the
      adjacent cavity. Thus, for example, in clinical applications where
      temperature measurements in the range of 96.degree. to 105.degree.
      Fahrenheit is usually desired, 45 different solid solutions (differing in
      their percentage compositions but otherwise made from the same two
      components) will provide all the necessary temperature gradations in
      increments of 2/10th of a Fahrenheit degree, i.e., 96.0, 96.2, 96.4, etc.,
      up to and including 104.8.degree. Fahrenheit.
PAR  It is apparent from the foregoing description that the selection of the
      organic compounds which respond to the aforesaid requirements requires
      judicious and careful scrutiny since not all organic compounds are useful
      for this purpose. Rather, the organic compounds which are particularly
      adapted for the formations of solid solutions which can serve as
      temperature indicating compositions in accordance with the present
      inventions are those having certain common chemical and/or physical
      properties which serve as criteria for their selection.
PAR  Thus it has been discovered that compounds, particularly organic compounds,
      which have analogous chemical structures (e.g., analogs, homologs and
      optical isomers), have substantially the same molecular volume or have
      similar crystalline structure (e.g., isomorphous) and which form solid
      solutions useful for the purpose of this invention. In addition, the solid
      solutions must have a linear or an essentially linear
      temperature-composition liquidous curve, particularly over the desired
      temperature range such as, for example, over the clinical temperature
      range.
PAR  Exemplary solid solutions of organic compounds, the components of which
      respond to one or more of the aforesaid criteria are as follows:
PA1  A. ortho-chloronitrobenzene: Ortho-bromonitrobenzene
PA1  B. 1-menthol: dl-menthol
PA1  C. acetophenone: Benzophenone
PA1  D. dimethyl succinate: Dimethyl oxalate
PA1  E. 4-chloropropiophenone: 4-Bromopropiophenone
PA1  F. 4-chloro-2-methyl aniline: 4-Bromo-2-methyl aniline
PA1  G. 4-chloroacetophenone: 4-Bromoacetophenone
PA1  H. n-Butyl sulfoxide: n-Butyl sulfone
PA1  I. n-Hexane: 2-Nonodecane
PA1  J. cyclohexane: 2-Nonodecane
PA1  K. alpha-Chlorocinnamaldehyde: alpha-Bromocinnamaldehyde.
PAR  Among the aforesaid solid solutions, the systems described in A, B, E, F, H
      and K have been found to be particularly useful in clinical thermometers
      for temperature measurements within 2/10th of a Fahrenheit degree, or even
      less. However, the solid solutions made from ortho-chloronitrobenzene and
      ortho-bromonitrobenzene have been found to be most preferable for use in
      temperature measurements in the clinical range within the aforesaid
      accuracy.
PAR  Thus, it can be readily observed that whereas the inventions disclosed in
      U.S. Pat. No. 3,175,401 and U.S. Pat. No. 3,521,489, supra, require
      numerous different chemicals in order to obtain the desired temperature
      measurements, the present invention employs solid solutions made of two
      organic compounds varying only in their percentage compositions. In
      clinical applications, for example, where temperatures are measured in the
      range of 96.degree. to 105.degree. F., 45 different thermally responsive
      compositions are required if temperature is to be measured within 2/10th
      of a Fahrenheit degree. Unlike the temperature indicating systems
      described in these two patents, which would require 45 different compounds
      to cover such temperature gradations, the present invention affords
      greater simplicity in that only two components are necessary in the form
      of solid solutions, varying only in the percentage compositions of these
      components. Since these compounds must be employed in high state of
      purity, it can readily be appreciated that the use of solid solutions of
      this invention obviates the necessity for purification of such numerous
      compounds.
PAR  Furthermore, unlike the mixtures described by Kluth et al., supra, the
      solid solutions employed in the present invention cover a wider
      temperature range and are capable of more accurate temperature
      measurements, i.e., within 2/10th rather than 5/10th of Fahrenheit degree
      which is the limit of accuracy of the Kluth et al. compositions.
PAR  In order to facilitate the understanding of the solid solution systems
      employed as temperature indicating compositions in the present invention
      and their advantages over the systems described by Kluth et al., reference
      may be had to FIG. 3 of this application and compared to a similar diagram
      shown as FIG. 10 in the Kluth et al. patent, supra. It is at once apparent
      from this comparison that the solid solutions of this invention undergo a
      change of state more rapidly and over a narrower temperature range than
      the mixtures described by Kluth et al.
PAR  The preparation of solid solutions in general is well known to those
      skilled in the art and requires no detailed description herein.
      Nevertheless, the ensuing description is intended to provide a basis for
      the preparation of solid solutions which are particularly useful in the
      present invention.
PAR  As was previously mentioned, FIG. 3 depicts a temperature-composition curve
      (liquidous curve) for solid solutions of ortho-bromonitrobenzene and
      ortho-chloronitrobenzene. As it is observed from this Figure, the
      liquidous curve is essentially linear.
PAR  In preparing a solid solution of ortho-chloronitrobenzene and
      ortho-bromonitrobenzene, one simply mixes predetermined amounts of these
      components calculated to give a solid solution having the desired melting
      point. Thus in order to prepare a solid solution having a melting point
      of, for example, 101.4.degree. Fahrenheit, one would mix the appropriate
      amounts of the two components as selected from the curve shown in FIG. 3,
      calculated to give the desired melting point. Solid solutions having other
      melting points may be prepared in a similar manner using varying amounts
      of the two components and, in each instance, the precise melting point of
      the solid solutions are determined before they are charged into the
      cavities of the thermometer. Solid solutions composed of other components
      may be similarly prepared.
PAR  For the purpose of illustration, the relative compositions of solid
      solutions of ortho-chloronitrobenzene and ortho-bromonitrobenzene and the
      corresponding melting points of these solid solutions are given in the
      following table:
TBL                TABLE                                                       
     ______________________________________                                    
     COMPOSITION IN WEIGHT PERCENT                                             
     TEMPERATURE, ORTHOBROMO-   ORTHOCHLORO-                                   
     .degree.F    NITROBENZENE  NITROBENZENE                                   
     ______________________________________                                    
     96.0         56.2          43.8                                           
     96.2         57.5          42.5                                           
     96.4         58.8          41.2                                           
     96.6         60.1          39.9                                           
     96.8         61.3          38.7                                           
     97.0         62.5          37.5                                           
     97.2         63.5          36.5                                           
     97.4         64.5          35.5                                           
     97.6         65.5          34.5                                           
     97.8         66.5          33.5                                           
     98.0         67.5          32.5                                           
     98.2         68.5          31.5                                           
     98.4         69.5          30.5                                           
     98.6         70.5          29.5                                           
     98.8         71.5          28.5                                           
     99.0         72.5          27.5                                           
     99.2         73.5          26.5                                           
     99.4         74.5          25.5                                           
     99.6         75.5          24.5                                           
     99.8         76.4          23.6                                           
     100.0        77.3          22.7                                           
     100.2        78.1          21.9                                           
     100.4        79.0          21.0                                           
     100.6        79.9          20.1                                           
     100.8        80.8          19.2                                           
     101.0        81.7          18.3                                           
     101.2        82.6          17.4                                           
     101.4        83.5          16.5                                           
     101.6        84.3          15.7                                           
     101.8        85.1          14.9                                           
     102.0        85.9          14.1                                           
     102.2        86.7          13.3                                           
     102.4        87.5          12.5                                           
     102.6        88.2          11.8                                           
     102.8        88.9          11.1                                           
     103.0        89.6          10.4                                           
     103.2        90.3          9.7                                            
     103.4        91.0          9.0                                            
     103.6        91.7          8.3                                            
     103.8        92.4          7.6                                            
     104.0        93.1          6.9                                            
     104.2        93.8          6.2                                            
     104.4        94.5          5.5                                            
     104.6        95.2          4.8                                            
     104.8        96.0          4.0                                            
     ______________________________________                                    
PAR  While generally the amount of solid solution in each cavity need only be
      sufficient to wet the indicator or cause a change in its color, as a
      practical matter and in order to obtain more reliable temperature
      measurements with good consistency, sufficient amount of the solid
      solution must be employed in each cavity so that at least about 70% of the
      indicator area associated with said region has been wetted or changed in
      color. It can be appreciated, therefore, that in addition to the amount of
      the temperature indicating composition in each cavity, the size of the
      cavity, the porosity of the indicator and its thickness are some of major
      factors which must be considered and judiciously selected for rapid visual
      detection and accurate measurement of the temperature in each region.
      Nevertheless, it must be emphasized that these variables may be
      ascertained by those skilled in the art within the guidelines provided in
      this description without departing from the spirit of this invention.
PAR  The cavities may be filled with the solid solutions by known means such as,
      for example, by metering predetermined quantities therein, or by another
      suitable means adapted for mass production.
PAR  As was previously stated, the change of state of the solid solutions in
      each cavity can be visually detected by an indicator system which is in
      intimate contact with the solid solutions in each of the cavities. As was
      previously mentioned, the indicator system is a composite of an indicator
      layer and a masking layer. The indicator layer is usually a highly
      absorbent paper which has a high porosity and a high wick action in order
      to facilitate its wetting upon change of state of the thermally responsive
      materials in said cavities. This layer may be impregnated with a dye or a
      pigment to provide a color indication of such change of state.
PAR  The masking layer is ordinarily a paper having the same general properties
      as the indicator layer but which is of contrasting color. Thus, upon
      change of state of the thermally responsive substance in each cavity, the
      liquid is rapidly absorbed by the indicator layer and dissolves the dye or
      pigment therein. The resulting dye or pigment solution (or dispersion)
      migrates through the indicator layer into the masking layer thereby
      facilitating visual detection of the change in color of the masking layer.
      Accordingly, temperature measurements may be made irreversibly and the
      thermometer may be disposed of after a single use. However, in
      non-clinical applications, the thermometer may be employed for measuring
      temperatures higher than the previously registered temperature.
PAR  The dye or pigment employed may be incorporated into the indicator 13 or it
      may be added to the solid solution directly. When incorporated in the
      indicator layer, the latter may be simply dipped into the dye solution or
      into a dispersion of the pigment, or it may be sprayed or coated with such
      a solution or dispersion. Naturally sufficient amount of dye or pigment
      must be incorporated so as to facilitate rapid visual detection of the
      color change in each cavity.
PAR  If added directly to the solid solution, once again the amount of dye or
      pigment employed must be sufficient to permit rapid visual detection of
      the color change as aforesaid. However, the addition of a dye or a pigment
      directly to the solid solutions may, in some instances, adversely affect
      their melting ranges. Thus, in those instances where very accurate
      temperature measurements are required, i.e., within 2/10th of a Fahrenheit
      degree, the former method is preferable unless the dye or pigment selected
      for this purpose is known to have no adverse effects upon the accuracy of
      the melting point ranges of the solid solutions.
PAR  Whether the dye or pigment is added directly to the solid solution or
      incorporated into the indicator, it is advisable to prevent contact
      between the solid solution in said cavities and the indicator until the
      thermometer is actually in use. This prevents possible contamination of
      the solid solutions with the dye or the pigment. Thus, a separator layer
      (not shown) may be provided to prevent such contact and possible
      contamination. This separator may be pealably removed when the thermometer
      is ready for use. The details of construction of such a separator are
      described in the aforesaid U.S. Pat. No. 3,665,770.
PAR  While the indicator means or systems has heretofore been described with
      certain degrees of particularity in order to facilitate the understanding
      of this invention, it must be emphasized that this description is provided
      herein solely for the purpose of such understanding and is not intended to
      limit the scope of the present invention. Other indicator systems may be
      employed for the purpose of detecting the temperatures corresponding to
      changes of state of solid solutions. For a detailed description of such
      indicator systems see the aforesaid U.S. Pat. No. 3,665,770.
PAR  Generally, oil-soluble dyes which are compatible with the liquid resulting
      from change of state of the solid solutions in the aforesaid cavities have
      been found to be particularly suitable for incorporation into the
      indicator for use in the present invention.
PAR  In the case of pigments, it has been discovered that improved liquid
      absorption and color indication may be achieved by using pigments having
      particle sizes ranging from about 0.2 to about 0.5 microns, rather than
      using pigments with substantially larger particle sizes, e.g., one micron
      or greater. It must be pointed out, however, that the advantages of the
      present invention may be realized using any dye or pigment which will
      facilitate visual detection of the change of state of the solid solution
      in each cavity.
PAR  It must be further pointed out that unlike the temperature indicating
      compositions which have heretofore been employed in the prior art as
      exemplified by the aforesaid patents, even before complete change of state
      of the solid solutions employed herein, the liquid is instantaneously
      absorbed by and spread through the indicator system so as to apprise one
      of the precise temperature at which such change of state has occurred. It
      is therefore at once apparent that complete change of state is not
      necessary for such temperature measurements.
PAR  While the present invention has heretofore been described with specific
      reference to solid solutions having melting points within the clinical
      range, i.e., 96.0.degree. to 104.8.degree. F., it must be understood that
      this invention is not limited to the use of such compositions. Other solid
      solutions having melting points above 104.8.degree. F. may be successfully
      employed by the addition of certain third components which are capable of
      reducing the melting points of these solid solutions without affecting the
      linear relationship between the melting points on the one hand, and
      compositions of the constituents of the solid solutions, on the other
      hand. Thus, for example, it has been found that para-dichlorobenzene (m.p.
      53.degree. C. or 127.6.degree. F.) and para-bromochlorobenzene (m.p.
      67.4.degree. C. or 153.1.degree. F.) can be used to prepare solid
      solutions having melting points within the clinical temperature range.
      This can be achieved by the addition of specified amounts of naphthalene
      or triphenylmethane to mixtures of para-dichlorobenzene and
      para-bromochlorobenzene. Thus, with specific reference to FIG. 4, the
      upper curve represents compositions in which the relative amounts of
      para-dichlorobenzene and para-bromochlorobenzene are readily determinable
      from the abscissa. The amount of triphenylmethane in the mixture is
      between about 44 and 45 weight percent and is preferably about 45 weight
      percent of the entire mixture, i.e., para-dichlorobenzene,
      para-bromochlorobenzene and triphenylmethane. Similarly, the amount of
      naphthalene in the lower curve is between about 33 and 34 weight percent
      and is preferably about 33.5 weight percent of the total mixture, i.e.,
      para-dichlorobenzene, para-bromochlorobenzene and naphthalene.
PAR  It is readily observed that the addition of such third components lowers
      the melting point of the solid solution to the desired temperature range.
      Naturally, the third component and the amount required differ for solid
      solutions of other components.
PAR  While the use of the aforementioned temperature indicating compositions has
      been illustrated in conjunction with thermometers for the purpose of
      temperature measurements, it must be pointed out that such illustration is
      not intended to be either exclusive or limiting. Thus, these temperature
      indicating compositions can be equally useful in other applications such
      as, e.g., pyrometers, and to detect overheating of transformers, motors
      and other similar electrical or mechanical appliances. Naturally for such
      applications, the temperature (or thermal) indicator system must be
      modified so that it may be adapted for use in such environments. Such
      modifications, however, are within the skill of the art and do not alter
      or affect the spirit of this invention. Nevertheless, it must be
      emphasized that when used for the determination of temperature within the
      clinical range, the temperature indicating compositions can be employed to
      detect the temperature of the human body within 2/10th of a Fahrenheit
      degree or even less.
PAR  When used for clinical temperature determination, it is recommended that
      the thermometer be inserted in the mouth in contact with the tongue for a
      period of from about 30 to about 60 seconds. The thermometer may then be
      removed and the temperature determined by observing the last region which
      has exhibited the aforesaid changes in color (see FIG. 1). While this time
      interval is generally satisfactory to achieve measurement of temperature
      within the desired accuracy, i.e., 2/10th of a Fahrenheit degree (or
      less), a period of about 30 seconds has generally been found to be
      adequate in most instances.
PAR  It must further be pointed out that while the aforesaid solid solutions
      have heretofore been described in connection with clinical thermometers
      for oral temperature measurement of the human body, such thermometers may
      also be employed for other temperature measurements. However, when used
      for other applications, the temperature scale will be slightly shifted,
      without, however, affecting the accuracy of the temperature readings. This
      is due to the difference in the prevailing environmental conditions which
      affects the rate of heat transfer from the test subject to the solid
      solutions. Thus, for example, when the clinical thermometer is used to
      measure the temperature of a liquid bath, the temperature scale will be
      shifted by 4/10th of a Fahrenheit degree for the entire clinical range.
      Thus, the region which would indicate a temperature of 99.4.degree. F.
      when used for oral temperature measurement, will now measure a liquid bath
      temperature which is 99.0.degree. F. Such calibrations and adjustments in
      temperature scale, however, may be made in advance for other such
      applications, without affecting the accuracy of the temperature
      measurements.
CLMS
STM  The invention that is claimed is:
NUM  1.
PAR  1. A temperature indicating device comprising a heat conducting carrier
      having a plurality of spaced regions defined therein, a like plurality of
      solid solutions of at least two organic compounds in varied composition
      ratios deposited in said regions, a single composition of said solid
      solutions being deposited in a single one of said regions, said solid
      solutions having an essentially linear melting point-to-composition
      relationship over the composition ratio range represented by said
      plurality of solid solutions, and indicator means associated with said
      deposited solid solutions and operable to indicate the melting of any
      individual solid solution.
NUM  2.
PAR  2. A temperature indicating device according to claim 1 wherein said
      indicator means comprise a dye or pigment soluble in said solid solutions.
NUM  3.
PAR  3. A temperature indicating device according to claim 1 wherein said solid
      solutions are binary mixtures of the same two organic compounds.
NUM  4.
PAR  4. A temperature indicating device according to claim 3 wherein said binary
      mixture is selected from the group consisting of
      o-chloronitrobenzene:o-bromonitrobenzene; 1-menthol:dl-menthol; dimethyl
      succinate:dimethyl oxalate;
      4-chloro-2-methylaniline:4-bromo-2-methylaniline; and
      n-butylsulfoxide:n-butylsulfone.
NUM  5.
PAR  5. A temperature indicating device according to claim 4 wherein said binary
      mixtures are composed of o-chloronitrobenzene and o-bromonitrobenzene.
NUM  6.
PAR  6. A temperature indicating device according to claim 5 wherein said binary
      mixtures of o-chloronitrobenzene and o-bromonitrobenzene having weight
      percent composition ratios of from 43.8:56.2 to 4.0:96.0, respectively.
NUM  7.
PAR  7. A temperature indicating device according to claim 1 wherein said solid
      solutions are ternary mixtures of the same three organic compounds.
NUM  8.
PAR  8. A temperature indicating device according to claim 7 wherein the amount
      of one of said three organic compounds is fixed in all of said solid
      solutions and the remaining two are varied.
NUM  9.
PAR  9. A temperature indicating device according to claim 8 wherein said
      ternary mixtures consist of varied amounts of p-dichlorobenzene and
      p-bromochlorobenzene and a fixed amount of triphenylmethane.
NUM  10.
PAR  10. A temperature indicating device according to claim 8 wherein said
      ternary mixtures consist of varied amounts of p-dichlorobenzene and
      p-bromochlorobenzene and a fixed amount of naphthalene.
NUM  11.
PAR  11. A thermometer comprising a heat conducting carrier having a plurality
      of spaced cavities defined therein, a like plurality of solid solutions of
      ortho-chloronitrobenzene and ortho-bromonitrobenzene in different weight
      percent composition ratios deposited in said cavities, a single
      composition being deposited in a single region, an absorbent indicator
      layer overlying and in intimate contact with each of said deposited
      solution and impregnated with a dye or pigment soluble in said solution
      when said solutions are in the liquid phase and an absorbent masking layer
      overlying and in intimate contact with said indicator layer, said masking
      layer being of a color contrasting with that of said dye or pigment but
      operable to assume the color of the dye or pigment through absorption of
      melted solution carrying said dye or pigment.
NUM  12.
PAR  12. A thermometer according to claim 11 including a transparent layer
      coextensive with said carrier and carrying said indicator and masking
      layers, said cover layer being operable to position and maintain each of
      said indicator layers in contact with the deposited solid solution with
      which it is associated.
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ABST
PAL  An electronic thermometer for home use comprising a casing containing a
      bridge circuit; a flexible probe containing a thermistor, said thermistor
      being permanently affixed to said bridge circuit through a lead wire and
      permanently calibrated to said bridge circuit; and further including
      storage means integral with said casing for storing said probe and said
      lead wire when not in use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electronic thermometers and probes
      utilized therewith, and particularly to a type of probe and its
      relationship to the thermometer.
PAR  Electronic thermometers are now well-known in the art generally consisting
      of a temperature sensitive resistance element such as a thermistor forming
      one arm of a bridge circuit. The thermistor is usually contained in the
      tip of a probe, which probe is put in contact with the body in order to
      sense the temperature which temperature is then electrically measured by
      the bridge circuit and eventually read out on either a dial or in digital
      form. Heretofore, such electronic thermometers have been used almost
      exclusively in clinical surroundings such as hospitals, doctors' offices
      and the like. This has in part been due to the fact that, because
      electronic thermometers require a high degree of accuracy and stability to
      be of any use, they have been relatively expensive to manufacture and as a
      result generally beyond the financial means of the average consumer.
      Further, the almost exclusive clinical use of electronic thermometers have
      led them to be designed with certain features which are undesirable for a
      thermometer suitable for home use. For example, most electronic
      thermometers utilized today have probes which are connected to the
      thermometer by some type of jack assembly. This is necessary so that
      different probes can be used with different thermometers in a place such
      as a hospital or the like where many units are in use. Also, because one
      unit generally services a number of unrelated patients, it has heretofore
      been necessary to provide some form of disposable probe which could be
      utilized with one patient and then discarded. Such disposable probes have
      generaly taken the form of rigid plastic sheath which is placed over a
      rigid probe making an electrical contact thereto. Thus, while the
      above-described features have served as advantages for thermometers used
      in large clinical applications, they also have marked disadvantages which
      are tolerated in clinical applications but very undesirable if the
      thermometer is to be used by the average family in a domestic setting. For
      example, most probes used in present electric thermometers are rigid
      thereby presenting a danger of injury to the patient, especially in the
      case of small children where the thermometer is generally used rectally.
      Further, since most probes are attached to the thermometer by some type of
      jack assembly so as to be interchangeable among different thermometers,
      when a probe is used with a thermometer other than the one for which it
      was originally intended, the second thermometer must be recalibrated for
      use with that probe. In a clinical setting, where the personnel are
      well-trained, this is somewhat of a problem, but to the average consumer
      with no training it would be a large problem. Also providing circuitry for
      such recalibration markedly increases the cost of the device. Further,
      since the average electronic thermometer used in clinical settings is used
      many times a day, there is little need to worry about storing it or the
      probe and little concern about its size. On the other hand, to be
      satisfactory for home use which occurs only when there is illness, the
      thermometer and probe must be compact and capable of easy storage in a
      medicine cabinet or the like.
PAR  It is therefore an object of the present invention to supply a small
      compact, accurate, inexpensive electronic thermometer capable of being
      used by the average consumer.
PAR  It is a further object of this invention to provide a flexible probe which
      is safe and not a danger to patients, particularly children.
PAR  It is a further object of this invention to provide a probe which is
      permanently affixed to a single thermometer, thereby avoiding the
      necessity of recalibration.
PAR  It is a further object of this invention to provide a probe and thermometer
      such that the probe and its connecting wire are readily stored on the
      thermometer itself in a compact fashion.
DRWD
PAR  These and other objects of the present invention will be readily apparent
      from the following description and drawings wherein:
PAR  FIG. 1 is a front view of the thermometer of the present invention with the
      probe in position for use;
PAR  FIG. 2 is a perspective view of the thermometer of the present invention
      with the probe in storage position;
PAR  FIG. 3 is a perspective view of the thermometer of the present invention
      with the probe in position for use; and
PAR  FIG. 4 is a schematic representation of the circuit of the thermometer of
      the present invention.
DETD
PAR  Referring to FIG. 1, it can be seen that the thermometer consists of a
      plastic case 1 having a dial 2 thereon from which the temperature is read.
      Associated with the thermometer is a flexible probe generally designated 3
      which consists of a generally cylindrical main body portion 4 and a
      thinner generally cylindrical probe section 5 having a thermistor 6 at its
      end. The entire probe assembly should be approximately the same size as
      the longitudinal dimension of case 1 for ease of storage as more fully
      explained hereinafter. In order to insure flexibility, both upper probe
      portion 4 and lower probe portion 5 are preferably made of nylon or some
      other suitable flexible material such as delrin. The thermistor 6 is
      preferably a standard wafer type thermistor which is secured in the tip of
      lower probe portion 5 through the use of a material such as epoxy. Probes
      of the above general construction can be used for either oral or rectal
      use, although for rectal use the lower probe portion 5 is generally
      shorter and the upper probe portion 4 is generally of larger diameter than
      for an oral probe in order to insure that the probe cannot be inserted in
      the patient beyond a safe distance.
PAR  Connected to the thermistor 6 are lead wires which run through the probe
      and through connecting wire 7 to the thermometer where they are
      permanently affixed to the thermometer circuitry through an opening 8 in
      case 1. The thermistor designated RT in FIG. 4, thus forms one arm of the
      bridge circuit shown schematically in FIG. 4. Since the thermistor is
      permanently affixed to the thermometer, once the thermometer is calibrated
      for that particular thermistor, it needn't be calibrated again as in the
      case with thermometers which have interchangeable probes. This enables the
      circuitry required to be relatively simple and inexpensive since
      additional circuitry to accomplish recalibration is unnecessary. The only
      calibration circuitry required is that to assure that the power source,
      battery B1 in FIG. 4, is operating properly. This is accomplished simply
      be placing switch S2 in the calibrate position which switches variable
      resistance R5 into the circuit where it is adjusted until the indicator on
      dial 2 indicates that the power source is functioning by reaching a
      predetermined point on the scale (designated "Cal." in FIG. 1). Once this
      has been done, switch S2 is moved to the on position switching the
      thermistor RT back into the circuit and after a short time the temperature
      is then read on dial 2 as the bridge circuit balances the change in
      resistance RT caused by a change in the temperature of the patient.
PAR  After the thermometer has been used and it is desired to store it, it is
      provided with a built-in storage rack for the probe 3 and the lead wire 7.
      As shown in FIG. 3, the back of the casing 1 is provided with a protruding
      member 10 which is perpendicular to the rear of the case 1. Integral with
      protruding member 10 and perpendicular thereto (and therefore parallel to
      case 1) is flange portion 9 which is slightly smaller in area than the
      area of the rear of case 1. Thus, a channel 11 is formed between the rear
      of case 1 and flange 9 which channel is capable of holding lead wire 7.
      Lead wire 7 is designed to be of such length that when wrapped around
      protruding member 10 in channel 11 as shown in FIG. 2, the end of lead
      wire 7 where it joins upper probe portion 4 will just reach a little
      beyond the upper left hand corner of the rear of case 1. Beginning in the
      upper left hand corner of the rear of case 1 and running in a longitudinal
      direction down the side of the rear of case 1 an indentation 12 is formed
      in the rear of case 1, said indentation being of the same general shape as
      probe 3 such that probe 3 will lie in said indentation when stored. At the
      bottom of said indentation a small well-like member 13 is formed which is
      capable of holding the end of probe 3. Flange 9 is provided with the tabs
      14 and 15 which are curved downward so when probe 3 is placed in
      indentation 12 it slides under tabs 14 and 15 and is kept from rolling out
      of indentation 12. As is readily apparent from an examination of FIG. 2,
      the above-described arrangement provides a simple way of storing both
      probe 3 and lead wire 7 in a compact fashion so that the entire
      thermometer assembly may be readily stored in a home medicine cabinet or
      the like.
PAR  Thus, the present invention provides a simple, inexpensive, easily stored
      thermometer capable of home use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic thermometer comprising:
PA1  a. a casing containing a bridge circuit for measuring temperature;
PA1  b. a flexible probe of approximately the same length as the longitudinal
      dimension of said casing;
PA1  c. a thermistor mounted in the end of said probe forming one arm of said
      bridge circuit and being permanently calibrated with said bridge circuit
      and being permanently connected to said bridge circuit through a lead
      wire; and
PA1  d. means for storing said lead wire and said probe on said casing, said
      storage means comprising:
PA2  i. a protuberance integral with said casing and perpendicular thereto;
PA2  ii. a flange integral with said protuberance and perpendicular thereto such
      that a channel is formed between said flange and said casing such that
      when said lead wire is wrapped around said protuberance it resides in said
      channel;
PA2  iii. an indentation on a longitudinal edge of said casing, said indentation
      being of the same general shape as said probe; and
PA2  iv. a cylindrical well member at the bottom of said indentation for holding
      the tip of said probe.
NUM  2.
PAR  2. The thermometer of claim 1 wherein said channel is of generally
      rectangular shape.
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ABST
PAL  A condition sensing device, for mounting on a support structure in one of
      at least two positions where, for example, the positions are at
      substantially right angles to one another, comprises a set point lever and
      cam arrangement profiled in a manner to properly adjust the set point of
      the device in any of the positions of the device even though the position
      of the lever and cam arrangement remains fixed with respect to the support
      structure. This operation is accomplished by allowing the lever and cam to
      assume one of at least two positions with respect to the device and by
      profiling the cam surface to give proper set point adjustment in any of
      its positions; that is, the cam will have a camming surface for each of
      its possible positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to condition sensing devices such as thermostats and
      humidistats.
PAR  When mounting such devices, particularly in ducts, access to the set point
      control lever or dial as well as the set point indicia may be difficult to
      obtain. Because of space and/or wiring requirements, it may be necessary
      to mount the device in such a position where the set point lever or dial
      is difficult to reach or where the set point indicia is difficult to see.
PAR  This invention eliminates these difficulties by providing a condition
      sensing device which may assume one of at least two spatial positions or
      orientations while the set point control is maintained in a constant,
      fixed spatial position.
PAC  SUMMARY OF THE INVENTION
PAR  This operation is accomplished by providing a set point cam capable of
      assuming one of at least two positions with respect to the condition
      sensing device. The cam is profiled to have a camming surface for each of
      its positions with respect to the device to yield proper adjustment of the
      set point. Thus, for example, if it is desired to mount the device on a
      support such that the set point lever always points down, the condition
      sensing device may be mounted in any of its positions on the support
      structure and the profiled cam will still yield proper set point
      adjustment. Proper set point adjustment may be defined, as an example, as
      identical set point control; that is, the camming surfaces are the same
      for each position of the cam. The cam is held down by a spring which
      contains a detent for holding the set point control lever in its various
      positions but yet allows set point adjustment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross sectional view of the condition sensing device.
PAR  FIG. 2 shows a top view of a portion of the device shown in FIG. 1.
PAR  FIG. 3 is a pictorial view of the cam and set point lever.
PAR  FIG. 4 is a development view of the cam surface profile.
PAR  FIG. 5 is an end view of the condition sensing device.
PAR  FIG. 6 is a side view of the condition sensing device.
PAR  FIGS. 7 and 8 show the device mounted in a duct.
DETD
PAC  DETAILED DESCRIPTION
PAR  A condition sensing device 10, in this case pneumatic, is shown in FIG. 1
      and may be a thermostat or humidistat or other such condition sensing
      device. Supported on base assembly 11 is a connector tube 12 having a barb
      13 therearound to grip the connecting hose (not shown). The tube 12
      connects with the nozzle 14 co-acting with a flapper 15 supported by
      bracket 16. Bracket 16 is fixed to base 11 by suitable attaching means
      (not shown). The position of the flapper 15 with respect to nozzle 14 will
      determine the pneumatic pressure in tube 12. A throttling adjustment means
      17 is mounted in a slot in the bi-metallic sensing element 18 for
      adjusting the throttling range of the sensing device. The bi-metallic
      element 18 is supported at one end, by suitable attaching means (not
      shown), by the bracket 16 and at the other end by a calibration screw 19
      and a calibration screw retaining clip 20. A cam 21 is used as the set
      point control and is attached to a lever 22 for adjustment. The lower
      portion of cam 21 extends into a hole in the base 11 and cam 21 is held
      down to the base assembly 11 by a retaining spring 24 which also acts as
      support for the set point indicia.
PAR  A cam follower spring 23 rides on the cam surface of cam 21 and adjusts the
      position of the bi-metallic element 18 for controlling the set point of
      the sensing device. As the lever 22 is adjusted, the cam follower spring
      23 will alter its position to in turn alter the position of the bimetallic
      element 18. The bi-metallic element 18 senses the condition, such as
      temperature, and will alter its position in response to the actual value
      of the condition sensed. the movement of the bi-metallic element 18 will
      control the position of the flapper 15 with respect to the nozzle 14.
PAR  Since it may be necessary to mount the condition sensing device 10 in at
      least two positions, for example vertically or horizontally, on a support
      structure, such as a duct, it is desirable to provide a set point cam and
      lever arrangement which may maintain a fixed position with respect to the
      support structure even though the device may assume at least two positions
      with respect to the support structure. Thus, provision is made in the
      supporting base 11 for the arm to extend either longitudinally or
      transversely of the device 10. That is, the set point lever 22 may extend
      longitudinally of the device 10 as shown in FIG. 5 or may be moved under
      the flanges 25 and 26 to a position transverse of the device 10 as shown
      in FIG. 6.
PAR  The set point lever can be adjusted in any of its positions to adjust the
      set point.
PAR  Flange 25 of the spring 24 has provision for the mounting of indicia, FIG.
      5, for the first position and flange 26 of the spring 24 has provision for
      the mounting of indicia, FIG. 6, for the second position of the second set
      point lever. A set point value indicator, such as a small projection (not
      shown), can be mounted on the lever 22 to indicate the value at which the
      set point lever has been set.
PAR  In FIG. 2, spring 24 has a detent 27 designed to cooperate with the teeth
      28 on the set point cam and lever arrangement. The detent 27 in
      cooperation with the teeth 28 will hold the cam in its chosen position.
      The cam profile is shown in FIG. 3 and has an enlarged portion 29 (shown
      in cut away in FIGS. 2 and 3) to allow the retention cam 21 and lever 22
      by the hold down spring 24.
PAR  FIG. 4 is a development view of the profile of the cam surface. The profile
      30 is shown as having a peak 31 decreasing in both directions around the
      circumference of cam 21 to its lower position 32. Slope 33 of the profile
      is used for the set point control while the set point lever 22 is in, for
      example, its first position whereas the slope 34 of the cam profile is
      used while the cam lever is in its second position. Thus, the profile from
      peak 31 to low point 32 will be identical whether the lever extends
      longitudinally of the base member 11 or transversely of that base member.
      The set point control will be identical.
PAR  FIG. 5 shows an end view of the condition sensing device and particularly
      the indicia 35 on the flange 25 of the cam retaining spring 24. FIG. 6
      shows a side view of the condition sensing device and particularly the
      flange 26 having the indicia mounted upside down thereon. The indicia on
      flange 26 is arranged in the manner shown so that when the condition
      sensing device is mounted in the duct, the indicia will read properly.
      Furthermore, the cam is profiled to provide proper set point control
      regardless of whether the indicia on flange 25 is used or the device is
      mounted such that the indicia on flange 36 is used.
PAR  The device 10 may be used to adjust the dampers of a mixing box to control
      the percentages of outdoor air and return air being mixed dependent upon
      the temperature of the return air. In this case, device 10 is mounted
      above 38 in return air duct 26 (FIGS. 7 and 8) in such a position that the
      set point lever 22 protrudes through the return air grate or grid 37. FIG.
      7 shows device 10 mounted in its horizontal position with lever 22
      extending transversely of device 10. FIG. 8 shows device 10 mounted in its
      vertical position with lever 22 extending longitudinally of device 10.
PAR  There are, of course, modifications that can be made but yet will fall
      within the scope of the claims. As an example, the device 10 can be
      mounted on a wall or other structure as well as a duct. As another
      example, the set point can be provided by a dial as well as lever 22.
CLMS
STM  The embodiments of the invention in which an exclusive property or right is
      claimed are defined as follows:
NUM  1.
PAR  1. A condition sensing device adapted for mounting on one of at least two
      orientations on a support structure, said device comprising:
PA1  housing means;
PA1  condition sensing means mounted within said housing means for sensing a
      condition;
PA1  set point means for establishing a set point for said condition sensing
      means, said set point means being mountable in a first position having a
      first orientation with respect to said housing means and mountable in a
      second position having a second orientation with respect to said housing
      means and being adjustable about said first and second positions; and,
PA1  output means responsive to said condition sensing means and set point
      means, for providing an output dependent upon the sensed condition and the
      set point.
NUM  2.
PAR  2. The condition sensing device of claim 1 wherein said condition sensing
      means comprises a bi-metallic element.
NUM  3.
PAR  3. The condition sensing device of claim 2 wherein said set point means
      comprises a cam profiled for proper set point adjustment in any of said
      positions of said set point means and a cam follower connected to said
      bi-metallic element.
NUM  4.
PAR  4. The condition sensing device of claim 3 comprising a cam hold down
      spring having a flange supporting indicia for each of said positions of
      said set point means.
NUM  5.
PAR  5. The condition sensing device of claim 4 wherein said spring is provided
      with a detent and the cam is provided with teeth to mesh with said detent.
NUM  6.
PAR  6. The condition sensing device of claim 5 wherein said condition sensing
      means comprises a flapper and connecting means for translating the motion
      of said bi-metallic element to said flapper, said flapper cooperating with
      a nozzle means.
NUM  7.
PAR  7. The condition sensing device of claim 6 wherein said set point means
      comprises a lever for adjusting said cam.
NUM  8.
PAR  8. The condition sensing device of claim 11 wherein said set point means
      comprises a cam profiled for proper set point adjustment in any of said
      positions and a cam follower connected between said cam and said condition
      sensing means.
NUM  9.
PAR  9. The condition sensing device of claim 8 wherein said condition sensing
      means comprises a bi-metallic element.
NUM  10.
PAR  10. A condition sensing device adpated for mounting in one of at least two
      positions on a support structure, said device comprising:
PA1  bi-metallic sensing means for sensing said condition;
PA1  set point means comprising cam means for establishing a set point, said set
      point means being mountable in a first position having a first orientation
      with respect to said bi-metallic sensing means and mountable in a second
      position having a second orientation with respect to said bi-metallic
      sensing means, said cam means having a first profile for adjusting said
      set point in said first position and a second profile for adjusting said
      set point in said second position;
PA1  cam follower means responsive to said cam profile and connected to said
      sensing means; and
PA1  control means responsive to the position of said bi-metallic sensing means
      for providing an output dependent upon said sensed condition and said set
      point.
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ABST
PAL  A pressure transducer having a substantially linear output signal with
      respect to a given phenomenon of interest, which in turn is a non-linear
      function of a pressure differential. An interior chamber in a housing is
      divided into compartments by a thin, flexible, magnetically permeable
      diaphragm. Stationary reactance elements are positioned on opposite sides
      of the diaphragm at approximate gap distances therefrom (with the
      diaphragm unflexed) of from 0.25 mm to 4.0 mm for one element and from
      0.05 mm to 0.8 mm for the other, the ratio of the gap for one element to
      the gap for the other element being at least 2:1. The diaphragm flexes
      when a pressure differential representing the phenomenon of interest is
      applied across it, and thereby changes the reactive coupling with each of
      the reactance elements. By an appropriate selection of gap distances
      within the above stated ranges, a steady state signal applied to the
      reactance elements will produce an output that varies substantially
      linearly with respect to variations in the phenomenon of interest.
PAL  In a particular embodiment the reactance elements each comprise inductance
      coils having primary and secondary windings, the primary windings being
      connected in a series circuit with input terminals and the secondary
      windings connected in a series circuit with output terminals. Appropriate
      gap distances for an airspeed indicator and for an altimeter are described
      as representative applications of the invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pressure transducers, and more particularly to
      pressure transducers having a flexible magnetically permeable diaphragm
      reactively coupled to stationary reactance elements, the degree of
      coupling being determined by the position of the diaphragm.
PAR  It is well known that numerous physical phenomena can be represented by
      sets of pressure differentials, changes in the value of a particular
      phenomenon being indicated by a change in the differential between either
      two variable pressures, or by a change in the differential between a
      variable and a reference pressure. In many cases the representative
      pressure differential varies non-linearly with changes in the particular
      phenomenon of interest, requiring a conversion from a pressure
      differential reading when a direct indication of the phenomenon is
      desired. For example, airspeed may be measured by a sensing device such as
      a Pitot tube arrangement which obtains a pressure differential between
      incoming and outgoing fluid streams. The resulting pressure differential,
      however, varies non-linearly with airspeed, necessitating the introduction
      of a compensating mechanism if a linearized airspeed output is desired. In
      the case of an altimeter, the change in the absolute pressure exerted by
      the ambient atmosphere as altitude above the surface of the earth
      increases is exponentially related to the altitude. The measurement of
      altitude therefore involves the measurement of the differential between a
      non-linearly related variable pressure and a reference pressure.
PAR  Many data dependent devices such as air data modules, computers, and flight
      control units require information on altitude, airspeed, or the like in
      linear form in order to provide "MACH Number" indications or to perform
      control functions. The thrust of much of the prior art, however, has been
      directed toward the development of sensor mechanisms having non-linearized
      outputs which track variations in the input pressures as directly as
      possible. For example, a number of variable reactance mechanisms have been
      designed in which a diaphragm is positioned equidistantly between a pair
      of inductance coils. When a representative pressure differential is
      applied across the diaphragm, small deflections of the diaphragm result
      which in turn change the magnetic coupling between the diaphragm and each
      of the coils, the net effect being an electrical output that varies
      substantially linearly with the input pressure differential. If a linear
      representation of the phenomenon of interest is ultimately desired, rather
      than the pressure differential itself, additional electronic equipment
      must be provided in order to modify the output signal, thereby increasing
      the cost of the transducer.
PAR  An additional limitation associated with the prior art is the frequent use
      of flat diaphragms and the attachment of same to the transducer housing by
      machining at the diaphragm edges. This method of support generally
      requires a thicker diaphragm for structural reasons than is necessary to
      satisfy the magnetic requirements of the transducer. Such diaphragms,
      typically about 2.5 mm in thickness, may exhibit less flexibility than
      could be achieved with a thinner material.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the above stated problems encountered in the prior art, the
      principal object of the present invention is the provision of a novel and
      improved pressure transducer capable of producing an output that varies
      substantially linearly with respect to a phenomenon of interest that is in
      turn a non-linear function of a pressure differential.
PAR  Another object is the provision of a novel and improved pressure transducer
      having a linearized output provided solely by a reactance circuit which
      comprises a flexible magnetically permeable diaphragm and stationary
      reactance means which are reactively coupled to the diaphragm, without a
      need for auxiliary linearizing circuitry.
PAR  A further object is the provision of a novel and improved variable
      reactance pressure transducer having an improved diaphragm construction.
PAR  In the accomplishment of these and other objects, the present invention
      provides a pressure transducer in which a pair of stationary reactance
      means are disposed in mutually spaced opposition in an interior chamber of
      a housing. A flexible diaphragm formed from a magnetically permeable
      material is anchored within the chamber between the reactance means, the
      gap separating the diaphragm from one of the reactance means being at
      least twice as great as the gap between the diaphragm and the other
      reactance means. The chamber communicates with the exterior of the housing
      to receive a pressure differential across the diaphragm which is
      representative of a phenomenon of interest that in turn is a non-linear
      function of the pressure differential. A steady state input signal applied
      to the reactance means results in an output signal that is determined by
      the reactive coupling between each of the reactance means and the
      diaphragm. The diaphragm itself flexes under an applied pressure
      differential and thereby changes its reactive coupling with the reactance
      means. For a given phenomenon of interest, a particular set of gap
      dimensions can be selected such that the output signal varies
      substantially linearly with variations in the phenomenon.
PAR  In one embodiment each reactance means comprises an inductance coil, the
      gap between the diaphragm and one of the coils being in the approximate
      range of from 0.25 mm to 4.0 mm, and the gap between the diaphragm and the
      other coil being in the approximate range of from 0.05 mm to 0.8 mm. Each
      coil includes a primary and a secondary winding; the primary windings are
      connected in a series circuit with input terminals and the secondary
      windings are connected in a series circuit with output terminals. The
      signals induced in each of the secondary windings are thereby added
      together to produce a net output. When the diaphragm is flexed the output
      signal from one secondary winding increases and the output signal from the
      other secondary winding decreases, the net result being a substantially
      linearized output from the transducer.
PAR  The invention also includes a support structure for an improved diaphragm,
      in which the diaphragm is provided with an annular rim that is welded to a
      ledge formed in the chamber wall. The diaphragm is itself either a flat
      rolled disc or a corrugated member that includes a flat circular central
      portion encompassing the area of the inductance coils, and a corrugated
      portion between the central portion and the rim.
PAR  Representative applications of the invention include an airspeed indicator
      with an approximate range of from 180 to 1100 kilometers per hour, and an
      altimeter with an approximate range of from 0 to 25 kilometers. In the
      airspeed indicator the gaps between the diaphragm and each of the
      inductance coils (taken with the diaphragm unflexed) are approximately 2.5
      mm to 0.38 mm respectively. The gaps for the altimeter, in which the
      chamber on one side of the diaphragm is sealed and substantially evacuated
      and the altitude-indicating pressure admitted to the other side of the
      chamber, are 1.5 mm on the evacuated side and 0.1 mm on the other side.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further advantages and features of the invention will be apparent to those
      skilled in the art from the ensuing detailed description thereof, taken
      together with the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a pressure transducer constructed in
      accordance with the invention;
PAR  FIG. 2 is a circuit diagram of the variable reactance circuit of the
      transducer, together with associated input and output circuitry;
PAR  FIGS. 3 and 4 are sectional views of diaphragms suitable for use in the
      transducer;
PAR  FIG. 5 is a frontal view of one lamination from a winding core suitable for
      use in the transducer; and
PAR  FIG. 6 is a sectional view of another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, a pressure transducer is shown which includes a
      variable reactance structure capable of providing an output that is
      substantially linear with respect to an input phenomenon, when the
      phenomenon is itself a non-linear function of the pressure measured by the
      transducer. As will be seen, linearization is achieved by means of a
      particular mechanical construction, with a consequent elimination of the
      need for linearizing circuitry subsequent to the transducer output. The
      transducer includes an open-ended casing generally indicated by numeral 2
      that is formed from generally cylindrical and hollow casing halves 4 and 6
      cemented together end-to-end at 8. A pair of channels 10, extending from
      the exterior surface to the interior of the casing in the vicinity of
      joint 8, are bored into each casing half to provide a means for gaseous
      communication between the exterior and interior of the transducer.
PAR  A pair of plugs 12 and 14, formed from a metallic material such as that
      sold under the trade name NI-SPAN C by International Nickel Corporation,
      are welded in place in sockets formed by the hollow inner portions of
      casing halves 4 and 6. The casing halves 4 and 6 are respectively provided
      with outward facing annular floor portions 16 and 18 that extend around
      their inner circumferences in alignment with and opposed to corresponding
      annular ledges 20 and 22 formed about the outer circumference of plugs 12
      and 14. A plurality of shims 24 are disposed between floor portion 16 and
      ledge 20, and between floor portion 18 and ledge 22, the number of shims
      selected for any particular construction being determined by the desired
      spacing between plugs 12 and 14 and between the plugs and their respective
      casing halves. As will be further explained hereinafter, the position of
      plugs 12 and 14 is critical in achieving linearization for any particular
      phenomenon of interest; the ultimate spacing will vary according to the
      phenomena being measured. For example, the relative position of the plugs
      when the transducer is employed as an airspeed indicator will not be the
      same as when the transducer is employed as an altimeter.
PAR  It will be noted from the drawing that the innermost surfaces 26 and 28 of
      plugs 12 and 14 respectively are flat and parallel, and extend across the
      greater portion of the casing interior. Surfaces 26 and 28 are separated
      by a gap, thereby forming an interior chamber 30 bounded by the two plugs
      and by the portion of casing halves 4 and 6 between the plugs. A flexible
      diaphragm 32, formed from a magnetically permeable material such as
      NI-SPAN C, is held in place between plugs 12 and 14, dividing chamber 30
      into two mutually sealed parts. Diaphragm 32 includes an annular
      peripheral rim 34 that is welded to an annular ledge 36 formed on casing
      half 6 generally in the plane of the diaphragm. By welding the diaphragm
      to the casing, as opposed to machining at its edges, a technique
      frequently encountered in the prior art, a thinner and thereby more
      flexible diaphragm can be used. Diaphragm 32 further includes a flat,
      circular central portion 38 between and parallel to plug faces 26 and 28,
      and a corrugated portion 40 between rim 34 and central portion 38 to
      facilitate flexural movement of said central portion 38. A more detailed
      description of the construction of this type of diaphragm may be found in
      U.S. Pat. No. 3,625,116, assigned to the assignee of the present
      invention, the contents of which are hereby incorporated herein by
      reference.
PAR  Stationary reactance means comprising magnetic E-cores 42 and 44, each
      having a center leg and two outer legs, and associated inductance coil
      windings are lodged respectively in plugs 12 and 14 approximately flush
      with surfaces 26 and 28, thereby forming part of the boundary of chamber
      30. A primary winding 46 and secondary winding 48 are respectively wound
      about the center outer leg of E-core 42; similar primary and secondary
      windings 50 and 52 are respectively wound about the center leg of E-core
      44. Diaphragm 32 is reactively coupled with each of the windings to
      complete magnetic flux paths for each of the E-cores, the degree of
      coupling with each winding being determined on the basis of an inverse
      square law by the distance between the winding and the diaphragm. (In FIG.
      1 the windings are shown as being flush with the ends of the E-core legs
      and with plug surfaces 26 and 28. Should the windings be set back away
      from the diaphragm, however, the effective distance between the diaphragm
      and the windings becomes the distance between the diaphragm and the E-core
      center legs and outer legs 53 and 54.) The degree of coupling changes as a
      differential pressure is applied across diaphragm 32 through channels 10
      and causes the diaphragm to flex. As the diaphragm moves in response to a
      changing pressure differential, its reactive coupling with each of the
      windings increases as a winding is approached and decreases as the
      diaphragm recedes.
PAR  The separations or gaps between diaphragm 32 and the windings carried by
      E-cores 42 and 44 are designated in FIG. 1 by letters A and B,
      respectively. It is a critical feature of the present invention that, as
      opposed to prior art variable reactance transducers in which a flexible
      diaphragm is located equidistantly between inductance coils, diaphragm 32
      is deliberately offset from the center line between the coils. While the
      particular spacing is determined by the application desired for the
      transducer, it has been found that if the ratio of B to A is at least 2:1
      particular gap dimensions can be found that result in a substantially
      linearized output directly from the inductance coils for many phenomena
      that are non-linearly related to pressure differential.
PAR  Referring now to FIG. 2, a diagram of the variable reactance circuit of
      FIG. 1 (shown enclosed in dashed lines) together with auxiliary input and
      output circuitry is shown. A pair of input terminals 55 are adapted to
      receive a DC signal from a suitable power source such as the electrical
      supply of an airplane with which the transducer is used. Terminals 55 are
      connected to a conventional inverter circuit 56 designed to produce a 10
      kilohertz AC signal over inverter output lines 58. Primary windings 46 and
      50 are connected in a series circuit with the inverter output, while
      secondary windings 48 and 52 are connected in a second series circuit with
      a half wave rectifying circuit 60 that includes an output smoothing
      network comprising capacitor 62 and resistor 64. A pair of output
      terminals 66 are connected across the smoothing network for transmittal of
      the linearized signal to an appropriate read-out device.
PAR  It can be seen from an inspection of FIGS. 1 and 2 that the magnetic
      coupling between diaphragm 32 and the windings of each E-core is dependent
      upon the relative position of the diaphragm, which together with the
      E-cores provides a flux path to magnetically link primary windings 46 and
      50 respectively with secondary windings 48 and 52. The closer diaphragm 32
      comes to one of the E-cores, the less is the reluctance of the flux path
      formed with that E-core. Of course, as the diaphragm is flexed in response
      to a change in pressure differential it moves away from one of the E-cores
      at the same rate it approaches the other. The reluctance of the flux path
      formed with the E-core from which the diaphragm is moving away accordingly
      increases but, except for the instant when diaphragm 32 is midway between
      the two E-cores, it does not increase at the same rate as the decrease in
      reluctance between the diaphragm and the E-core it approaches. It has been
      found that, with a proper selection of initial gap dimensions A and B, the
      net effect of an increase in reluctance for the flux path of one set of
      windings and a decrease for the other set of windings is an output at
      terminals 66 that is linear with respect to a phenomenon of interest which
      in turn is a non-linear function of the pressure differential applied
      across diaphragm 32. Given the aforesaid minimum gap ratio of 2:1, gap A
      will generally be in the range of about 0.05 to 0.8 mm, and gap B in the
      range of about 0.25 to 4.0 mm for applications such as airspeed indicators
      and altimeters.
PAR  Referring now to FIG. 3 for further details of a particular embodiment of
      diaphragm 32, the NI-SPAN C material from which the diaphragm is formed is
      0.0041 inch thick and the diaphragm is characterized by the following set
      of dimensions, in inches, indicated in the figure:
TBL  C .600         F  .970       I .010                                       
     D .720         G 1.100       J .020                                       
     E .840         H 1.200       K .025                                       
PAR  Another diaphragm suitable for use with the present invention is
      illustrated in FIG. 4 and comprises a flat-rolled machined disc 68 formed
      from a magnetic material such as 0.004 inch thick NI-SPAN C and having an
      annular rim 70 slightly offset from the plane of disc 68 to facilitate
      flexing thereof. Suitable dimensions for this embodiment are, in inches:
TBL  L 1.10         M 1.20       N .03                                         
PAR  Cross-sectional dimensional details of E-cores 42 and 44 are indicated in
      FIG. 5, each core comprising a laminated stack of layers having a total
      thickness of 0.08 inch. Referring to the figure, suitable dimensions are,
      in inches:
TBL         O .125         Q .23                                               
            P .0625        R .057                                              
PAR  The particular gaps between the windings and diaphragm, the type of
      diaphragm employed, and the winding construction may be varied depending
      upon the desired function of the transducer. In one application the
      transducer functioned as an airspeed indicator having an approximate range
      of 180 to 1,100 kilometers per hour. Channels 10 were used to apply a
      differential pressure from a pitot tube across the corrugated diaphragm 32
      shown in FIG. 3. Gap A was 0.38 mm with the diaphragm unflexed, and gap B
      was 2.5 mm. With a 10 volt DC signal applied at input terminals 55 and a
      primary : secondary turns ratio of 2:1, the output at terminals 66 was
      found to be substantially linearly related to airspeed within the given
      range.
PAR  Similar apparatus was used as an altimeter, the gap distances being
      adjusted so that gap A was 0.1 mm and gap B 1.5 mm with diaphragm 32
      unflexed. A seal 72, indicated in dashed lines in FIG. 1, was used to
      block the channel 10 leading to the gap B side of diaphragm 32, this
      portion of chamber 30 being first substantially evacuated before sealing.
      When an altitude-representing pressure was introduced to the gap A side of
      diaphragm 32 through the other channel 10 in casing half 4 a substantially
      linearized output was produced.
PAR  Referring now to FIG. 6, a linearizing pressure differential transducer is
      shown having spool cores 74 and 76, which are generally less expensive
      than laminated E-cores 42 and 44 of FIG. 1. Cores 74 and 76 are formed
      from a magnetically permeable material such as ferrite and have wound
      thereon primary windings 78 and 80 and secondary windings 82 and 84,
      respectively. The windings are conveniently held in outer bobbin
      assemblies 86 and 88. Diaphragm 32 is disposed non-equidistantly between
      each core 74 and 76 and serves to complete a flux path between the primary
      and secondary winding of each, as in the embodiment of FIG. 1. Whether
      spools or laminated E-cores are used, the flat central portion 38 of
      diaphragm 32 should extend across at least the area encompassed by the
      cores.
PAR  The relationship between the output and input signals of the transducer may
      be changed by altering the type of diaphragm, the spacing of the diaphragm
      relative to the windings, the core configuration, the number of core legs
      about which windings are formed, the density or total number of turns of
      the windings, or the materials employed in any of the above. For any given
      phenomenon that can be characterized by a pressure differential which is a
      non-linear function of the value of the phenomenon, such as airspeed,
      altitude, and other fields such as the measurement of fluid flow through a
      conduit, a trial and error approach may be utilized to arrive at an
      optimum set of dimensions within the given ranges to achieve a linearized
      output.
PAR  While particular embodiments of the invention have been shown and
      described, numerous additional modifications and variations are possible
      in light of the above teachings. For example, it would be possible to
      apply the teachings to capacitive reactance circuitry rather than the
      inductive reactance circuitry shown. By replacing the magnetically
      permeable cores with capacitor plates, a flexible diaphragm
      assymmetrically positioned between the plates could be employed to vary
      the total capacitance so as to produce a linearized output. It is
      therefore intended that the scope of the invention be limited only in and
      by the terms of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure transducer adapted to produce an output signal that is
      substantially linear with respect to a phenomenon of interest, said
      phenomenon being a non-linear function of a pressure differential,
      comprising:
PA1  a housing having an interior chamber, and
PA1  variable electrical reactance circuitry supported by said housing, said
      circuitry comprising first and second stationary reactance means disposed
      in mutually spaced opposition in said chamber, input and output terminals
      associated with said reactance means, and a flexible diaphragm formed from
      a magnetically permeable material and anchored within said chamber between
      said reactance means, said diaphragm being reactively coupled to each of
      said reactance means and spaced therefrom by first and second gaps
      respectively, the first of said gaps being in the approximate range of
      0.25 to 4.0 mm, the second of said gaps being in the approximate range of
      0.05 to 0.8 mm, and the ratio of the first to the second gap being at
      least 2:1, all of the above dimensions taken with the diaphragm unflexed,
PA1  said chamber communicating with the exterior of said housing for reception
      across said diaphragm of a pressure differential which is representative
      of the phenomenon of interest,
PA1  said diaphragm adapted to flex and thereby change its reactive coupling
      with said first and second reactance means in response to changes in said
      representative pressure differential, the gap dimensions being selected
      such that the signal at the output terminals varies substantially linearly
      with variations in the phenomenon of interest when a steady state signal
      is applied at the input terminals.
NUM  2.
PAR  2. The pressure transducer of claim 1, wherein said first and second
      stationary reactance means respectively comprise first and second
      inductance coil means.
NUM  3.
PAR  3. The pressure transducer of claim 2, wherein each of said inductance coil
      means includes a primary and a secondary winding, the primary windings
      being connected in a series circuit with said input terminals, and the
      secondary windings being connected in a series circuit with said output
      terminals.
NUM  4.
PAR  4. The pressure transducer of claim 3, useful as an airspeed indicator in
      the approximate range of 180 to 1,100 km per hour, wherein the gaps
      between said diaphragm and said first and second inductance coils taken
      with the diaphragm unflexed are approximately 2.5 mm and 0.38 mm,
      respectively.
NUM  5.
PAR  5. The pressure transducer of claim 3, useful as an altimeter in the
      approximate range of 0 to 25 km, the chamber on one side of said diaphragm
      being sealed and substantially evacuated, the chamber on the other side of
      said diaphragm communicating with the exterior of said housing for
      receiving an altitude-representing pressure, wherein the gap between said
      diaphragm and the inductance coil on the sealed side of said chamber is
      approximately 1.5 mm, and the gap between said diaphragm and the
      inductance coil on the other side of said chamber is approximately 0.1 mm,
      said dimensions being taken with the diaphragm unflexed.
NUM  6.
PAR  6. The pressure transducer of claim 1, wherein said housing comprises an
      outer open-ended casing and a pair of plugs lodged in opposed openings of
      said casing, said diaphragm being supported within said casing between
      said plugs, one of said plugs carrying the first of said stationary
      reactance means, and the other of said plugs carrying the second of said
      stationary reactance means, said plugs being selectively positioned in
      said casing to determine the desired gap distances between said diaphragm
      and said stationary reactance means.
NUM  7.
PAR  7. The pressure transducer of claim 6, wherein said casing includes first
      and second sockets for receiving said plugs, each of said sockets having
      an outward facing floor portion, and further including at least one shim
      lodged between each socket floor and its corresponding plug to position
      said plugs within said sockets relative to said diaphragm.
NUM  8.
PAR  8. The pressure transducer of claim 1, said chamber including a generally
      annular wall encircling said reactance circuitry, and said diaphragm being
      provided with an annular rim portion attached to said chamber wall.
NUM  9.
PAR  9. The pressure transducer of claim 8, wherein said diaphragm is attached
      to said annular chamber wall by means of a welded joint.
NUM  10.
PAR  10. The pressure transducer of claim 9, said annular chamber wall including
      a ledge disposed generally in the plane of said diaphragm, the rim of said
      diaphragm being welded to said ledge.
NUM  11.
PAR  11. The pressure transducer of claim 8, wherein said diaphragm includes a
      flat, circular central portion encompassing at least the area of said
      reactance means, and a corrugated portion between said central and rim
      portions facilitating flexural movement of said central portion.
NUM  12.
PAR  12. A pressure transducer adapted to produce an output signal that is
      substantially linear with respect to a phenomenon of interest, said
      phenomenon being a non-linear function of a pressure differential,
      comprising:
PA1  a housing having an interior chamber,
PA1  first and second inductance means disposed in mutually spaced opposition in
      said chamber, and adapted to receive an input signal,
PA1  a flexible diaphragm formed from a magnetically permeable material and
      anchored within said chamber between said inductance means, said diaphragm
      being magnetically coupled to each of said inductance means and spaced
      therefrom by first and second gaps respectively, the ratio of the first to
      the second gap being at least 2:1 with the diaphragm unflexed,
PA1  said chamber communicating with the exterior of said housing for reception
      across said diaphragm of a pressure differential representing the
      phenomenon of interest, and
PA1  output means adapted to provide an indication of the instantaneous magnetic
      coupling between each of said inductance means and said diaphragm, said
      output means being connected to provide a net transducer output,
PA1  said diaphragm being adapted to flex and thereby change its magnetic
      coupling with said first and second inductance means in response to
      changes in said representative pressure differential, said gap dimensions
      being selected such that the net transducer output varies substantially
      linearly with variations in the phenomenon of interest when a steady state
      input signal is applied to said inductance means.
NUM  13.
PAR  13. The pressure transducer of claim 12, wherein the size of one of said
      gaps is in the approximate range of from 0.25 mm to 4.0 mm, and the size
      of the other of said gaps is in the approximate range of from 0.05 mm to
      0.8 mm, said dimensions taken with the diaphragm unflexed.
NUM  14.
PAR  14. The pressure transducer of claim 12, wherein the output means of each
      of said inductance means are connected in a series circuit to produce a
      net transducer output which is the sum of the output of each inductance
      means.
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ABST
PAL  An accelerometer comprising a first glass plate mounted in a fixed
      position, a second glass plate mounted in spaced relation with said first
      plate and movable with respect to said first plate, an aligning agent
      coating the facing surfaces of said plates, a nematic liquid crystal
      mixture filling the space between said plates, means applying an
      electrical potential between the coated surfaces of said plates, and means
      for detecting optical characteristics within said liquid crystal mixture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to accelerometers and is particularly directed to
      electro-optic cells employing liquid crystals for use as accelerometers.
PAR  2. Prior Art
PAR  Accelerometers are transducers which convert mechanical energy into another
      form of energy, normally electrical. Numerous uses have been found for
      such devices. In addition, many different types of devices have been
      proposed for use as accelerometers. On the other hand, there is a
      never-ending search for new types of accelerometers which may be lighter,
      more compact, more accurate or otherwise advantageous.
PAR  In recent years, materials have been discovered which are liquids, yet have
      optical properties similar to those of crystalline substances. Such
      materials are referred to as "liquid crystals" and numerous uses have been
      found for these materials in instrument readout devices, computers and the
      like.
PAR  In accordance with the present invention, the unique properties of liquid
      crystal materials have been utilized to form a unique accelerometer which
      is compact, light in weight, extremely sensitive and is capable of use in
      remote or inaccessible locations.
PAR  The advantages of the present invention are preferably attained by forming
      a sandwich of two glass plates with a layer of liquid crystal material
      therebetween, mounting one of said plates in a fixed position, mounting
      the other of said plates to be sensitive to acceleration, causing a beam
      of light to traverse said layer of liquid crystal material, and sensing
      said beam of light to detect changes in the optical properties of said
      liquid crystal material resulting from changes in the rate of acceleration
      of said other plate.
DRWD
PAR  These and other objects and features of the present invention will be
      apparent from the following detailed description taken with reference to
      the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a diagrammatic representation of an accelerometer embodying the
      present invention;
PAR  FIG. 2 is a diagrammatic representation of an alternative form of the
      accelerometer of FIG. 1; and
PAR  FIG. 3 is a diagrammatic representation of a further alternative form of
      the accelerometer of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  In that form of the present invention chosen for purposes of illustration
      in FIG. 1, an accelerometer is shown, indicated generally at 2, comprising
      a pair of transparent plates 4 and 6, formed of glass or the like with a
      layer of liquid crystal material 8 interposed therebetween. The liquid
      crystal material 8 may be any suitable nematic liquid crystal material,
      such as a eutectic mixture of 45 parts by weight of
      4-methoxybenzylidene-4'-n-butylaniline with 55 parts by weight of
      4-ethoxybenzylidene-4'-n-butylaniline or a eutectic mixture of 15 parts by
      weight of 4-n-butoxybenzylidene-4'-cyanoaniline with 85 parts by weight of
      4-methoxybenzylidene-4'-n-butyaniline. Any flexible means, such as
      cellophane tape, not shown, may be employed to retain the liquid crystal
      material 8 between the plates 4 and 6.
PAR  The facing surfaces 10 and 12 of the plates 4 and 6 are coated with
      coatings 13 and 15 of an electrically conductive lubricant or aligning
      agent, such as lecithin, to achieve homotropic alignment of the molecules
      of the liquid crystal material 8. In addition, the outer surfaces of the
      plates 4 and 6 are coated with a layer of light polarizing material, as
      seen at 14 and 16. A voltage source 18 is connected, as by conductors 20
      and 22, to the lubricant coatings 13 and 15 to apply a suitable voltage,
      approximately 25 volts, across the liquid crystal material 8 to assure
      that the molecules of the liquid crystal material 8 are aligned
      perpendicular to the planes of the plates 4 and 6, as indicated at 24.
PAR  One of the plates, plate 4, for example, is fixedly mounted, as by
      cementing the plate 4 to a suitable flange 26 which projects from a
      suitable object 28. The second plate, plate 6, has one side thereof
      rigidly attached to a movable inertial mass member 30 and a suitable
      resilient means 32 is coupled between the opposite side of plate 4 and the
      object 28. Finally, a light source 34 provides a beam of light, indicated
      by dashed lines 36, which is collimated by a suitable optical system 38,
      traverses plates 4 and 6 and the liquid crystal material 8 is focused by a
      suitable lens 40 and is sensed by a suitable optical analyzer and
      photodetector 42.
PAR  In use, at rest or in equilibrium, the various parts of the accelerometer 2
      are in the position shown in FIG. 1 and the output of the photodetector 42
      is constant. However, if any acceleration should occur, there will be
      relative movement between the movable mass 30 and the object 28, causing
      plate 4 to shift with respect to plate 6, as indicated by arrow 44. This
      shifting of plate 4, with respect to plate 6, will cause a shearing action
      to occur within the liquid crystal material 8 which will disturb the
      molecular alignment and, hence, the optical properties of the liquid
      crystal material 8. This, in turn, will alter the light transmission of
      the liquid crystal material 8 and consequently, will vary the signal
      output of the photodetector 42. Since only very slight movement is
      required to cause shearing of the molecules of the liquid crystal material
      8, the accelerometer 2 will be extremely sensitive. Moreover, the
      variation in the output of the photodetector 42 will be functionally
      related to the rate of acceleration over a significant range.
      Consequently, the accelerometer 2 will be extremely accurate, as well as
      sensitive. It will also be apparent that the accelerometer 2 may be very
      compact and light in weight. In addition, it will be obvious that the
      light beam 36 may be of any desired length. Thus, the light source 34 and
      photodetector 42 may be located at a considerable distance from the plates
      4 and 6. Accordingly, the plates 4 and 6 may be located in a position
      which is remote or otherwise inaccessible.
PAR  FIG. 2 illustrates an alternative form of the accelerometer 2 of FIG. 1. In
      this form of the invention, the facing surfaces 10 and 12 of the plates 4
      and 6 are covered with reflective coatings 46 and 48 and the light source
      34 and photodetector 42 are located on a common side of the accelerometer
      2. The light source 34 is positioned to direct a beam of polarized light,
      represented by dashed line 50, past one edge of the reflective coating 46
      of plate 4 onto the reflective coating 48 of plate 6. The light beam 50
      undergoes multiple reflection at the reflective coatings 46 and 48 until
      it passes beyond the opposite end of reflective coating 46 of plate 4, as
      seen at 52, and is detected after passage through an analyzer by
      photodetector 42.
PAR  Obviously, each time that the light beam 50 is reflected from reflective
      coating 44, it travels through the liquid crystal material 8 to the
      reflective coating 46 and vice versa. Thus, as with the device of FIG. 1,
      any movement of plate 4, with respect to plate 6, in the direction
      indicated by arrow 44, will cause shearing within the liquid crystal
      material 8 which will disturb the optical properties of the liquid crystal
      material 8 and, hence, will alter the passage of light beam 50. This will
      be sensed by photodetector 42.
PAR  FIG. 3 illustrates a further alternative form of the present invention.
      This form of the invention is similar to that of FIG. 2. However, in this
      form of the invention, the mass 30 has been mounted directly on plate 4
      and the resilient means 32 has been omitted.
PAR  With the apparatus of FIG. 3, vertical motion of plate 4 relative to plate
      6, as indicated by arrow 52, will cause stretching or compression of the
      crystals within the liquid crystal material 8. This, in turn, will alter
      the optical properties of the liquid crystal material 8, causing changes
      in the light beam 50 which will be sensed by the photodetector 42.
PAR  Obviously, numerous other variations and modifications may be made without
      departing from the present invention such as utilizing a laser for the
      light source. Accordingly, it should be clearly understood that the forms
      of the present invention described above and shown in the accompanying
      drawing are illustrative only and are not intended to limit the scope of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An accelerometer comprising;
PA1  a first plate formed of electrically non-conductive material fixedly
      mounted on an article whose acceleration is to be sensed,
PA1  a second plate formed of electrically non-conductive material mounted in
      spaced relation with said first plate and movable with respect to said
      first plate and resiliently connected to said article,
PA1  an inertial mass fixedly connected to said second plate,
PA1  an aligning agent coating the facing surfaces of said plates,
PA1  a nematic liquid crystal mixture filling the space between said plates,
PA1  means applying an electrical potential between the coated surfaces of said
      plates, and
PA1  optical means for detecting changes in the optical characteristics within
      said liquid crystal mixture to provide an indication of the acceleration
      of said article.
NUM  2.
PAR  2. The device of claim 1 wherein;
PA1  said plates are transparent, and
PA1  said optical means including light source means passing a light beam
      through said plates and said liquid crystal mixture and photodetector
      means positioned to sense said light beam.
NUM  3.
PAR  3. The device of claim 1 wherein;
PA1  one of said plates is transparent,
PA1  optically reflective coating means applied to the facing surfaces of said
      plates, and
PA1  said optical means includes light source means positioned to cause a light
      beam to undergo multiple reflections between the facing surfaces of said
      plates and photodetector means positioned to sense said light beam.
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ABST
PAL  A novel motion translation mechanism is provided for translating rotary
      motion to reciprocal motion or reciprocal motion to rotary motion. The
      mechanism is adapted for use in a positive displacement machine for
      pumping and compressing fluids. A shaft is journaled for rotation within a
      stationary housing. An inclined annular bearing surface having an annular
      bearing thereon is integral with the shaft intermediate the journals.
      Reciprocal motion is imparted to a piston by a yoke ring journaled within
      the housing and interconnected to the annular bearing. A continuous seal
      arrangement is carried by the piston. Novel valve means control fluid flow
      within the machine.
PARN
PAC  CROSS-REFERENCE TO RELATED PATENTS
PAR  The present application is a continuation-in-part application of the
      prior-filed copending U.S. patent application, Ser. No. 182,684, filed
      Sept. 22, 1971 now abandoned, entitled "Positive Displacement Machine".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to motion translation mechanisms.
PAR  More particularly, the invention concerns improvements in motion
      translation mechanisms of the type for converting rotary movement to
      reciprocal movement and for converting reciprocal movement to rotary
      movement.
PAR  In a further aspect, the invention concerns an improved motion translation
      mechanism which provides the mechanical drive assembly for a positive
      displacement machine.
PAR  In a still further aspect, the invention concerns a positive displacement
      machine having a rotatively reciprocating piston which is mechanically
      linked to a nutating journal of a rotating shaft.
PAR  In a yet further aspect, the invention concerns a compressor or the like in
      which the piston has no rubbing contact with its enclosing member.
PAR  In a yet still further aspect, the invention concerns a compressor which
      may easily and efficiently pump fluids or compress fluids which are free
      from the contamination of lubricants and provides for unidirectional flow
      of fluids and advantageous valving.
PAR  Motion translation mechanisms for converting rotary movement to reciprocal
      movement are generally well known. Earlier mechanisms of this type
      employed a mechanical linkage analogous to the conventional internal
      combustion engine, as described in United Kingdom patent No. 511,954.
      Herein, one end of a connecting rod is journaled on the offset bearing
      surface of a crankshaft which rotates about a first axis. The other end of
      the connecting rod imparts reciprocating motion to an element which
      oscillates about a second axis parallel to the first axis. While this type
      of mechanical drive assembly, based upon familiar components was
      relatively simple, it was exceedingly cumbersome and bulky and dictated
      that the rotating shaft and oscillating shaft had parallel axes.
PAR  Subsequently, a more sophisticated, but substantially compact, mechanical
      arrangement was developed for motion conversion. This type of motion
      conversion mechanism, as exemplified by U.S. Pat. No. 2,505,978, includes
      a rotating shaft having a nutating annular bearing surface integral with
      one end thereof. An annular bearing is retained upon the bearing surface
      by a cap member which is secured to the end of the annular bearing
      surface. A yoke disposed about the annular bearing is supported by
      trunnion pins which are journaled for rotatively reciprocating motion
      about an axis which is perpendicular to the axis of the rotating shaft.
      Pins, which are perpendicular to the trunnion pins, interconnect the
      annular bearing and the yoke and provide for relative movement
      therebetween.
PAR  The latter type of motion conversion mechanism was adapted to provide the
      mechanical drive assembly for a vane-type compressor unit as disclosed in
      U.S. Pat. No. 2,413,636. Each trunnion pin is extended to actuate a pair
      of radially opposed double-acting vane-type pistons contained within a
      partitioned cylindrical housing affixed to either side of the motion
      conversion mechanism housing. In this arrangement, four working chambers,
      each housing a double-acting piston and having two radially disposed
      intake valves and two radially disposed exhaust valves, are provided.
PAR  The foregoing configuration of rotatively reciprocating vane-type
      compressor never attained commercial significance. Having the piston
      chambers arranged in opposed relationship and having radial valving
      requiring substantial manifold structures to interconnect the numerous
      intake ports and exhaust ports, the unit is excessively bulky in relation
      to the volumetric capacity. The radial valving further requires a recess
      in the chamber wall which reduces the piston-swept area within the
      chamber, thus decreasing the potential compression ratio.
PAR  Extensive research, development and testing conducted by Applicant has
      proven that the motion translation mechanism considered as a separate unit
      has inherent structural deficiencies which adversely affect the stability
      and the service life of the assembly. The rotating shaft is supported and
      journaled by a single bearing intermediate the ends thereof as
      necessitated by the fact that a cap member must be secured to the end of
      the nutating bearing surface to retain the annular bearing thereon and the
      other end of the shaft must support a pulley or other driving means. The
      load upon the nutating bearing surface as it drives the rotatively
      reciprocating yoke applies a constantly shifting lateral force upon the
      rotating shaft, which rapidly destroys the shaft support bearing. Research
      has also shown that the force applied to the nutating bearing surface is
      perpendicular to the axis of the rotating shaft. Since the nutating
      bearing surface is at an angle to the axis of the rotating shaft, the load
      upon the bearing surface is absorbed by the extremes thereof which
      accelerates wear in these areas and imparts a barrel shape to the bearing
      surface.
PAR  As the motion translation mechanism wears, allowing undesired movement or
      "play" between the various components, the longitudinal and radial
      alignment of the shaft which supports the piston is impaired. Without
      adequate support, the vane-type piston is not stabilized within the
      chamber, causing excessive friction between the piston and the chamber. In
      an attempt to maintain proper clearances between the piston and the
      chamber, prior compressor art teaches the placement of a bearing within
      the chamber head to journal the outer end of the piston shaft. The
      inclusion of the latter bearing did not remedy the deficiency of
      longitudinal stability of the shaft or the piston and further complicated
      the structure by necessitating additional passages to deliver lubricating
      oil to the bearing.
PAR  Due to the undesirable charactersitics of motion translation mechanisms and
      vane-type reciprocating piston compressors utilizing such mechanisms as
      described above, most positive displacement machines in current usage are
      of the conventional reciprocating piston type. In conventional compressors
      and the like in general use today, it is necessary that the piston be
      supported within side walls, causing often unfavorable bearing loads and
      the necessity for lubrication in the immediate area of any fluids being
      pumped or compressed. Problems of this nature are only enlarged by designs
      which make these pistons double-acting in nature. Serious limitations are
      present in present designs with respect to making units of the type
      described small, light and inexpensive.
PAR  Positive displacement compressors in prior art systems may not be
      efficiently made vibration-free. Furthermore, there is serious restriction
      as to the use of seal materials and seal designs because of the nature of
      the ways in which the pistons must be supported and the difficulty in
      keeping fixed or relatively constant clearances between the piston and
      chamber walls.
PAR  It would be highly advantageous, therefore, to provide a positive
      displacement machine for compressors and the like which provides a fixed
      relationship between the piston and its chamber, may be efficiently
      operated without the need for lubricants in working areas, and which
      provides for efficient flow of fluids therethrough.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved motion translation mechanism.
PAR  Another object of the present invention is to provide a motion translation
      mechanism having enhanced wear characteristics and an extended service
      life.
PAR  A further object of the present invention is to provide an improved
      positive displacement machine having a more reliable mechanical drive
      assembly.
PAR  Still another object of the invention is to provide a positive displacement
      machine which is adapted to avoid lubricants in the working area.
PAR  A still further object of the present invention is to provide a positive
      displacement machine having a piston element which need not be supported
      by the chamber walls within which it works.
PAR  Yet a further object of the present invention is to provide a compressor or
      the like having maximum potential for unidirectional flow of fluids
      therethrough.
PAR  Yet still another object of the invention is the provision of a machine of
      the above type in which the piston element carries a continuous seal
      assembly for sealingly engaging the chamber.
PAR  Even still a further object of the invention is to provide a compressor or
      the like of the above type having novel valving means.
PAR  Even yet a further object of the present invention is to provide such a
      machine which is small in size and may be efficiently and economically
      constructed and operated.
PAR  Briefly, to achieve the desired objectives of the present invention, in
      accordance with a preferred embodiment of the motion translation mechanism
      thereof, first provided is a stationary housing. A first shaft is
      journaled for rotation about the longitudinal axis thereof at at least two
      points within the housing. One end of the shaft extends beyond the housing
      and is adapted for power input or output. The first shaft includes an
      integral annular bearing surface intermediate the journaled points
      thereof, the axis of the annular bearing surface being disposed at an
      angle to and intersecting the axis of the first shaft. An annular bearing,
      having separable segments, is rotatively carried upon the annular bearing
      surface. A yoke ring disposed upon the annular bearing is supported by a
      pair of diametrically opposed trunnion pins journaled for reciprocal
      movement within the housing. The longitudinal axis of the trunnion pins is
      perpendicular to the axis of the first shaft and intersects the
      intersection of the axes of the first shaft and the annular bearing
      surface. A pair of diametrically opposed bearing pins interconnect the
      annular bearing and the yoke ring and are journaled within either
      component for relative motion between the annular bearing and the yoke
      ring. The longitudinal axis of the bearing pins is perpendicular to the
      axis of the trunnion pins and intersects the intersection of the axes of
      the first shaft and the annular bearing surface. A second shaft, having
      the free end thereof adapted for power input or output alternate to the
      first shaft, is provided by an extension of one of the trunnion pins
      beyond its journal within the housing.
PAR  The motion translation mechanism, as described above, is adapted as the
      mechanical drive assembly for a positive displacement machine for pumping
      and compressing fluids by enclosing the components of the motion
      translation mechanism in the first compartment of a stationary housing
      having a partition therein to divide the housing into a first compartment
      and a second compartment. In this arrangement, the first shaft of the
      motion translation mechanism functions as the drive shaft of the positive
      displacement machine and the second shaft extends through the partition
      into the second compartment to support and actuate a piston element. The
      piston element has a cylindrical hub which is reciprocally rotatable with
      the piston shaft and a pair of opposed vanes extending radially outward
      from the hub. A chamber within the second compartment is shaped to
      cooperate with the piston element for cyclic volumetric change within the
      chamber in response to the rotatively reciprocating movement of the piston
      element. The piston element is totally supported by the piston shaft,
      which provides a fixed relationship between the piston element and the
      chamber, whereby the piston element does not contact the chamber. A cover
      member which is spaced from the piston element and engaged by the seal
      member thereof is secured to the housing over the second compartment to
      enclose the chamber. Intake valve means and exhaust valve means provide
      for the unidirectional flow of fluid as it is pumped and compressed within
      the chamber.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further and more specific objects and advantages of the present invention
      will become readily apparent to those skilled in the art from the
      following detailed description thereof, taken in conjunction with the
      drawings, in which:
PAR  FIG. 1 is a side view, generally in section, of a preferred embodiment of
      the present invention;
PAR  FIG. 2 is a side view similar to the view of FIG. 1 of the preferred
      embodiment shown in form for use as a compressor;
PAR  FIG. 3 is an illustrative isometric view, partially in section, of the
      compressor embodiment of FIG. 2;
PAR  FIG. 4 is an end view, partially in section, of the compressor embodiment
      of FIG. 2;
PAR  FIG. 5 is a isometric view of the compressor embodiment of FIG. 2,
      illustrating provisions for fluid transfer;
PAR  FIG. 6 is an isometric view, partially in section, of the reed valve plate
      of the embodiment of FIG. 2;
PAR  FIG. 7 is an isometric view of the inlet reed valve of the embodiment of
      FIG. 2;
PAR  FIG. 8 is an isometric view, partially in section, of the inner housing
      section encasing the piston assembly at the front and in the rear of the
      compressor of FIG. 2;
PAR  FIG. 9 is an isometric view of a second preferred embodiment of the present
      invention;
PAR  FIG. 10 is an isometric view of the yoke of the second preferred embodiment
      which replaces the piston of the first preferred embodiment;
PAR  FIG. 11 is an isometric view of the piston of the second preferred
      embodiment;
PAR  FIG. 12 is an isometric view of the piston chamber of the second preferred
      embodiment;
PAR  FIG. 13 is an isometric view of the piston chamber cover of the second
      preferred embodiment;
PAR  FIG. 14 is a schematic illustration illustrating the preferred flow
      characteristics of the second preferred embodiment;
PAR  FIG. 15 is an alternately preferred positive displacement machine herein
      shown as a compressor constructed in accordance with the teachings of the
      present invention and embodying the motion translation mechanism of the
      present invention as the mechanical drive assembly;
PAR  FIG. 16 is a partial perspective view of the housing of the device of FIG.
      15 with the various cover members and operative components removed
      therefrom;
PAR  FIG. 17 is a vertical section view along the line 17--17 of FIG. 15 and
      illustrating the motion translation mechanism thereof;
PAR  FIG. 18 is an exploded perspective view of a portion of the motion
      translation mechanism of FIG. 17;
PAR  FIG. 19 is a perspective view of the assembled motion translation mechanism
      as adapted for the mechanical drive assembly for the compressor of the
      present invention and including the piston elements therefor;
PAR  FIG. 20 is a plan view of the device of FIG. 15 with the top cover removed
      therefrom;
PAR  FIG. 21 is a vertical section view taken along the line 21--21 of FIG. 20;
PAR  FIG. 22 is a partial perspective view corresponding to the view of FIG. 15,
      having the top cover and operative components removed therefrom;
PAR  FIG. 23 is a perspective view of a one-way valve used in connection with
      the positive displacement machine of the present invention;
PAR  FIG. 24 is a horizontal section view of the valve of FIG. 23 as it would
      appear when installed for use in the compressor of the present invention;
PAR  FIG. 25 is a horizontal section view corresponding to the view of FIG. 24,
      specifically illustrating the operation of the check valve;
PAR  FIG. 26 is an exploded partial perspective view of the top portion of the
      device of FIG. 15;
PAR  FIG. 27 is an exploded perspective view of the piston element and
      continuous seal arrangement carried thereby as used in the compressor of
      the present invention;
PAR  FIG. 28 is a side elevation view of one of the seals shown in FIG. 27; and
PAR  FIG. 29 is a partial perspective view particularly detailing the sealing
      engagement between the ends of the seal members as shown in FIG. 28.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, in which the same reference numerals indicate
      corresponding elements throughout the various figures, FIG. 1 is
      illustrative of a general system for expanding and contracting chambers in
      a positive displacement manner in a preferred embodiment of the present
      invention. FIGS. 2, 3 and 4 illustrate generally the preferred embodiment
      as applied to a compressor system. The general system of the preferred
      embodiment will now be described with reference to FIGS. 1, 2, 3 and 4.
PAR  Z-shaft 30 is supported in end housings 31 and 32 by bearings 33 and 34,
      respectively, and is rotatable in bearings 33 and 34. Z-shaft 30 may be
      manufactured as one piece or a multiplicity of pieces and must provide a
      journal angularly disposed from the axis of shaft 30, said journal being
      connected to shaft 30 with suitable webbing. The inclined portion 41 of
      Z-shaft 30 is connected to the rear straight portion 42 of Z-shaft 30 by
      means of bolt 43. Bearing inner races 44, bearings 45, and bearing outer
      races 46, when assembled, form a roller bearing to rotatably mount piston
      pin holder 47 to the inclined portion 41 of Z-shaft 30.
PAR  Pins 48 are mounted in pin holder 47 so that the pins 48 have a common axis
      of rotation. This axis is perpendicular to the axis of inclined portion 41
      of Z-shaft 30 and intersects the intersection between the axis of inclined
      portion 41 and the axis of rotation of Z-shaft 30. Pins 48 support piston
      49 and are rotatable by being mounted within bearing 50 is piston 49.
      Cylindrical portion 51 of piston 49 is attached to piston 49 by bolts or
      other suitable attaching means (not shown). Cylindrical surfaces 53 of
      inner housings 52 and cylindrical surfaces 55 of inner housings 54 form
      the surfaces within which piston 49 and its attached cylindrical portion
      51 operate.
PAR  Piston 49, as can be seen most clearly in FIGS. 3 and 4, has located
      thereon and extending therefrom, coaxially with cylindrical portion 51,
      trunnion pins 58. Trunnion pins 58 are mounted in bearings 59 and bearings
      59 are mounted in side cover plates 60. This construction and mounting of
      trunnion pins 58 serves the purpose of locating the position of piston 49
      in all directions except the direction coaxial with said trunnion pins 58.
PAR  The axis of trunnion pins 58 is perpendicular to the axis of rotation of
      Z-shaft 30 and intersects the intersection between the axes of Z-shaft 30,
      inclined portion 41, and pins 48.
PAR  Operation of the system described occurs when Z-shaft 30 is rotated in
      either direction. When Z-shaft 30 is rotated, the movement, in a well
      known manner, of the inclined portion 41 of Z-shaft 30 causes a nutating
      motion to be imparted to pin holder 47 through its bearings. Pin 48, on
      pin holder 47, moves piston 49 thereby providing a translation of the
      nutating motion of pin holder 47 to the arcuate reciprocation of piston 49
      and its cylindrical portion 51 within the confines of the inner housings
      52 and 54. It is seen that the motion of piston 49 is an arcuate
      reciprocation between surfaces 56 and 57 of inner housing 54. This
      oscillating or reciprocating action of piston 49 causes expansion and
      contraction of chambers formed between the side surfaces 61 of piston 49
      and the opposing surfaces 56 and 57 of the respective inner housings.
      There are therefore provided four chambers 70, 71, 72 and 73 in the
      described embodiment, two chambers to one side of piston 49 and two
      chambers to the other side. Part 62 shown on FIG. 1 might be reserved for
      valving mechanisms, details of which are not described with respect to
      FIG. 1.
PAR  The application of the described embodiment of the present invention to a
      compressor system will now be described in detail, with reference to FIGS.
      2 through 8. Corresponding parts between the compressor embodiment
      described and shown have similar reference numbers throughout as in the
      generalized description and showing of FIG. 1. The compressor embodiment
      utilizes the general system previously described but includes the
      following additions and modifications.
PAR  Z-shaft 30 is extended on its front end to provide for front shaft seal 63
      and seal housing 64. Z-shaft 30 is extended on its rear portion 42 so as
      to be fitted with gear pump 65 for pumping lubricating oil from lube oil
      sump 66 through oil line 67, thus distributing lubricating oil through
      Z-shaft 30 to bearings 45. The provision of lubricating oil to necessary
      points of lubrication that may be required and then providing proper
      drainage through proper return lines to oil sump 66 are skills well known
      in the art and are not specifically shown.
PAR  FIG. 5 shows a partial section of end housing 31 and shows manifold
      chambers 69 and 74 which serve as a means of collecting discharge fluids
      towards a common discharge point which is not shown. FIG. 6 is a partial
      section of reed valve plate 68 showing one method of mounting reed valves
      to the plate, as shown by reed valve 75, reed valve stops 76 and reed
      valve attaching pins 77. FIG. 7 is a perspective view of another possible
      reed valve plate. The compressor embodiment as shown in FIG. 2 uses reed
      valves as shown in FIG. 6 for discharge and reed valves as shown in FIG. 7
      as inlet means. FIG. 8 is a perspective view partially in section of inner
      housing 54 which shows reed valve stops 79 which are used in conjunction
      with reed valve 78. The use of reed valve plates and installation thereof
      is well known in the art and is not further elaborated upon.
PAR  There will now be shown and described with reference to FIGS. 9 through 14
      another preferred embodiment of the present invention. It is not
      necessary, in the practice of the present invention, that the piston and
      chambers in which the work of the present invention is performed be
      located in the immediate area of the various mechanisms described for
      motion translation. Thus, it is seen that the rotation of the Z-shaft to
      produce a nutating motion of its bearing and pin holder, and the resultant
      oscillation or reciprocation of the piston trunnion pins may be
      accomplished without any adjacent piston or chambers; and the motion of
      the piston trunnion pins will serve or may serve as a power take-off to a
      piston of the present invention located exterior to the motion translation
      system. Such an embodiment will now be described.
PAR  FIG. 9 shows a box 83 within which a motion translation system as
      previously described is located. However, there are no piston or working
      chambers located therein. Yoke 80, shown in FIG. 10, is, instead, mounted
      on pins 48 in place of piston 49. Pins 48 are rotatably mounted in holes
      81 of yoke 80. It is seen that trunnion pins 82 of yoke 80 now take the
      position of and function of trunnion pins 58 (as shown on FIG. 4). It will
      be obvious that there is no need for reed valve plates, reed valves, work
      chambers, or other parts related thereto within the motion translation
      mechanism box 83.
PAR  FIG. 11 is a perspective view of piston 84. FIG. 12 is a perspective view
      of piston housing 85. FIG. 13 is a perspective view of piston housing
      cover 86. Piston 84 is suitably attached to trunnion pin 82 so that the
      arcuate reciprocating motion of trunnion pin 82 is transmitted to piston
      84. The movement of piston 84 within piston housing 85 causes the same
      type of expansion and contraction of chambers as described for the
      previous embodiment (FIG. 2).
PAR  FIG. 14 is a diagram showing a method by which the piston 84, piston
      housing 85, and piston housing cover 86, as shown in FIGS. 11 through 13,
      respectively, may be used to pump fluids in a unidirectional flow path
      when assembled and driven by trunnion pin 82. Fluids may be introduced
      into the wroking chambers by a means of inlet 87, shown in FIG. 13, which
      will correspond with suitable fluid passages in trunnion 82 and piston 84,
      and thereby introduced into the working chambers 88 through inlet flapper
      valves 89. Arrows 90 show the general flow path of fluids into the working
      chambers and thereby through the discharge reed valves 91.
PAR  It will be noted that valves 89 have been described as flapper valves. This
      description has been used since the arcuate reciprocating motion of piston
      84 to which inlet flapper valves 89 are attached causes opening and
      closing of inlet flapper valves 89, or assistance in such opening and
      closing, as a result of inertial loads. It will also be noted that said
      opening and closing of inlet flapper valves 89 is naturally timed,
      inertially, for the fluid flow requirements of working chambers 88.
PAR  Piston and housing assembly 92, as shown on FIG. 9, indicates the possible
      use of a second piston, piston housing, and piston housing cover as shown
      in FIGS. 11 through 13, respectively, on the opposite side of the motion
      translation mechanism box 83 and driven by the trunnion 82 at the opposite
      end of yoke 80.
PAR  There will now be shown and described with reference to FIGS. 15 through 29
      another alternately preferred embodiment of the present invention. Through
      research and development, as hereinbefore noted, it has been found that a
      substantially improved positive displacement machine or compressor
      generally of the type described in connection with FIGS. 9 through 14
      would result if the second piston were added in tandem with the first
      piston on the same side of the motion translation housing. It was also
      found that a modified piston and chamber configuration cooperating with
      improved seals and valve arrangement provided a more efficient unit.
      Research also indicated variations to the motion translation mechanism for
      improving the wear characteristics and extending the service life thereof.
      Such a motion translation mechanism and a positive displacement machine
      specifically in the form of a compressor utilizing the motion translation
      mechanism as the mechanical drive assembly therefor will now be described
      in detail.
PAR  A positive displacement machine constructed in accordance with the
      alternately preferred embodiment of the present invention specifically in
      the form of a compressor is illustrated in perspective in FIG. 15. The
      operative components of the machine, as will be described hereinafter in
      detail, are contained within a stationary housing generally designated by
      the reference character 100, which includes a frame member 101 having a
      front cover 102, a rear cover 103, a bottom cover 104 and a top cover 107.
      An intermediate plate 108 and an outer plate 109, taken together, form the
      top cover member 107. All cover members are rigidly removably affixed to
      the frame member with conventional sealing gaskets therebetween by an
      arrangement of dowel pins and bolts or other expediencies well known in
      the art. Fluids being pumped and compressed by the machine enter through a
      single intake port 110 and are discharged through a single exhaust port
      111.
PAR  As seen in FIG. 16, the frame 101 has a transverse partition 112 which
      divides the housing 100 into a first compartment 113 and a second
      compartment 114. The piston elements are operatively located within the
      second compartment while the motion translation mechanism is journaled
      within the first compartment, which arrangement will be described
      presently. It is noted, however, that the housing 100 may be terminated at
      the upper surface of the partition 112, eliminating the second compartment
      114 and the mechanical elements therein to provide a motion translation
      mechanism having utility other than the mechanical drive assembly of the
      positive displacement machine.
PAR  Referring now to FIG. 17 and FIG. 18, it is seen that the motion
      translation mechanism has a first shaft 120 having a first end 121 and a
      second end 122. Proximate the first end 121 of the first shaft 120 is a
      cylindrical bearing surface 123 which is journaled for rotation within an
      antifriction bearing 124 supported by the front cover 102, while a
      cylindrical bearing surface 127 proximate the second end 122 of the first
      shaft 120 is journaled within a sleeve-type bearing 128 supported by the
      rear cover 103. For purposes of illustration, the forward bearing 124 is
      shown as a ball bearing while the rear bearing 128 is shown as a sleeve
      bearing such as might be provided by a bronze bushing. However, as will be
      appreciated by those skilled in the art, either bearing may be of any
      well-known type, such as roller bearing, ball bearing or sleeve bearing,
      depending on the particular application of the motion translation
      mechanism and the resultant load upon the shaft 120. In any case, it is
      noted that the shaft 123 is journaled for rotation about the longitudinal
      axis thereof and the first end 121 extends beyond the bearing 124 for the
      purpose of attaching a pulley, gear, or other device, for power input or
      output.
PAR  In accordance with a preferred embodiment of the invention, two identical
      annular bearing surfaces 130 and 130a  are integrally formed in the shaft
      120 between the bearings 124 and 128. Each annular bearing surface 130 and
      130a, as best seen by viewing bearing surface 130a, is formed by the
      intersection of two cones having a coincident axis. The axis of the
      bearing surface is disposed at an angle to the longitudinal axis of the
      shaft 120 and intersects the axis of the shaft at the junction of the two
      cones. The angle of revolution of each cone, i.e. the angle between the
      axis and the surface of the cylindrical bearing surface, is equal to the
      angle between the axis of the shaft 120 and the axis of the annular
      bearing surface 130a. The particular arrangement of angles provides that a
      slant length line on each cone of each annular bearing surface 130 and
      130a is parallel to the axis of the shaft 120. It is also noted that the
      axes of the annular bearing surfaces 130 and 130a are disposed at
      90.degree. to each other with respect to rotation about the axis of the
      shaft 120. The exact arrangement of axes and angles is particularly
      significant, as will be explained hereinafter in detail.
PAR  An annular bearing 131 is rotationally journaled about each annular bearing
      surface 130 and 130a, the inside diameter of each annular bearing 131
      being shaped to mate with the annular bearing surfaces 130 and 130a. For
      assembly purposes, the annular bearing 131 is fabricated with separable
      halves 132 and 133 which are joined by cap screws 134 having the head and
      shank portion thereof received within the counterbored holes 137 and
      extending therethrough to threadedly engage the tapped holes 138 within
      the bearing half 133. Although not herein shown, the separable halves 132
      and 133 of the annular bearing 131 may be further aligned with dowel pins,
      as is well known in the art.
PAR  Yoke rings 139 are disposed about the annular bearings 131. Each yoke ring
      has a pair of diametrically opposed trunnion pins 140 which are journaled
      for rotatively reciprocating movement within bearings 141 supported by the
      bottom cover 101 and the partition 112. The longitudinal axis of the
      trunion pins 140 about which the yoke ring 139 rotatively reciprocates is
      perpendicular to the axis of the shaft 120 and intersects the intersection
      of the axes of the shaft 120 and the annular bearing surface 130 and 130a,
      respectively. A second shaft 142 extends from the yoke ring 139 and has a
      longitudinal axis coincident with the axes of the trunnion pins 140.
PAR  A pair of diametrically opposed bosses 143 project from each yoke ring 139.
      The bosses 143 of each yoke ring 139 have a continuous bore 144 extending
      therethrough and having a longitudinal axis which is pependicular to the
      axis of the trunnion pins 140 and intersects the intersection of the axes
      of the first shaft 120 and the annular bearing surface 130. A blind bore
      147 extending radially inward from each annular bearing half 132 and 133
      is in alignment with the yoke ring bore 144. The yoke ring 139 and the
      annular bearing 131 are united by cylindrical bearing pins 148 which
      extend through the bore 144 of each boss 143 into the bore 147 of each
      bearing half 132 and 133. Each bearing pin 148 is retained by an integral
      snapring 149 which is engaged within a snapring groove 150 provided at the
      outboard end of each boss 143. A bearing pin 148 is journaled for rotation
      within the bore 144 or the bore 147, or both, to permit relative movement
      about the axis of the bearing pin 148 between the yoke ring 139 and the
      annular bearing 131.
PAR  In the foregoing described improved motion translation mechanism, the first
      shaft 120 is journaled for rotation, while the second shaft 142 is
      journaled for rotatively reciprocating movement. Herein, rotary movement
      may be converted to reciprocal movement by having power input through the
      first shaft 120 and receiving power from the free end of the second shaft
      142. Conversely, reciprocal movement power may be applied to the free end
      of the second shaft 142 to produce an output of rotary movement at the
      first end 121 of the first shaft 120. As the annular bearing surfaces 130
      of 130a are rotated by the shaft 120, the nutating movement thereof is
      imparted to the annular bearing 131 which is restrained from rotation by
      the bearing pins 148 engaging the yoke ring 139. The bearing pins 148 also
      transmit force between the annular bearing 131 and the yoke ring 139
      causing rotatively reciprocating movement of the trunnion pins 140 within
      the bearings 141.
PAR  Due to the novel structure of the improved motion translation mechanism of
      the instant invention, each shaft 120 and 142 has a fixed location with
      respect to longitudinal and lateral movement. Due to the general V-shape
      of the annular bearing surfaces 130 and 130a and the mating configuration
      of the internal diameter of the annular bearing 131, the annular bearing
      131 is positionally retained upon the annular bearing surface by the
      bearing surface without the need for flanges, end caps, snap rings, or
      other retaining devices. The trunnion pins 140 are restrained from lateral
      movement by the bearings 141. Similarly, the shaft 120 cannot move
      laterally against the bearings 124 and 128. The annular bearing 131 and
      the yoke ring 139, being interconnected by bearing pins 148, have a
      relative movement therebetween which is limited to rotation about the
      bearing pins 148. The improved motion translation mechanism, therefore,
      may be characterized as "self-aligning" and as will be apparent to those
      skilled in the art, thrust bearings are unnecessary since neither the
      first shaft 120 nor the trunnion pins 140 can move along their respective
      longitudinal axes. Accordingly, the second shaft 142, while rotatively
      reciprocating about the longitudinal axis thereof, is locationally fixed.
PAR  Research and testing has demonstrated that in a motion translation
      mechanism of the type described, the load generated between the annular
      bearing and the annular bearing surfaces as the bearing pins move the yoke
      ring, is characterized by force lines perpendicular to the axis of the
      first shaft. It has also been shown that this force lies along two
      diametrically opposed lines which extend inwardly from each end of the
      bearing surface to the center thereof. The force lines also rotate with
      the shaft. Prior art mechanisms which did not comprehend the inner action
      of forces between the annular bearing and the annular bearing surface and
      did not adequately accommodate these forces were subject to accelerated
      wear. In a cylindrical bearing surface with a cylindrical bearing, the
      force between the bearing and the bearing surface is a point contact at
      each edge of the bearing, which rapidly erodes the bearing surface to a
      convex or "barrel" shape. Rapid wear also occurs at the edges of the
      annular bearing. Further deterioration of the bearing surface is
      encountered since the first shaft is not supported on each side of the
      bearing surface and the movement of the yoke ring tends to move the free
      end of the shaft in a circular motion.
PAR  Since the motion translation mechanism of the present invention is not
      dependent upon auxilliary devices such as end caps to retain the annular
      bearing upon the annular bearing surface, it is readily apparent that the
      rotatable shaft may have one or several annular bearing surfaces to be
      operatively connected with a like number of rotatively reciprocating
      shafts in accordance with the intended use of the mechanism. A preferred
      use of the motion translation mechanism is the drive assembly for a
      vane-type positive displacement machine especially for pumping and
      compressing fluids. As used herein, the first shaft 120 becomes the drive
      shaft, while the second shaft 142 becomes the piston shaft. Such an
      embodiment will now be described.
PAR  Referring to FIGS. 19 and 20, a pair of piston elements 150 are located
      within the second compartment 114 of the housing 101. Each piston element
      150 has a cylindrical hub 151 and a pair of opposed vanes 152 extending
      radially outward therefrom. Each piston element 150 has an elongate
      aperture or slot 153 extending longitudinally therethrough which receives
      the flattened portion 154 of the upper end of the piston shaft 142, such
      that the piston element 150 is supported and operatively driven by the
      shaft 142. Although not specifically herein shown, a bolt is engaged with
      the threaded aperture 157 for retaining the piston element 150 upon the
      shaft 142.
PAR  The second compartment 114 is divided into two chambers 158, each chamber
      being shaped to cooperate with a piston element 150 for cyclic volumetric
      change within the chamber in response to rotatively reciprocal movement of
      the piston element, as previously described in connection with the
      embodiment shown in FIG. 2. Each chamber 158 has a cylindrical center
      portion 159 which accommodates the cylindrical hub 151 and two
      diametrically opposed fluid chambers 160, within the vanes operate. It is
      especially noted that ample clearance exists between the piston element
      150 and the various walls of the chamber 160, including the partition 112
      and the intermediate cover member 108, such that the piston element 150
      has no rubbing or wiping contact with the chamber surfaces. A continuous
      seal arrangement, as will be hereinafter described in detail, carried by
      the piston element sealingly engages the chamber.
PAR  Fluids are introduced into the fluid chambers 160 by an arrangement carried
      in part by the frame member 101 and the piston element 150, as best
      illustrated in FIG. 16 and FIG. 21. A counterbore 161 coaxial with each
      piston shaft 142 extends from the second compartment 114 into the
      partition 112. A conduit 162 extending transversely through the partition
      112 communicates between each counterbore 161 and the common intake port
      110 to provide a constant supply of fluids to the counterbores 161. An
      O-ring seal 163 engages the piston shaft 142 to prevent contamination of
      the fluids within the chamber 160 by the lubricating oil of the drive
      assembly in the first compartment 113. A first passage 164 within the
      cylindrical hub 151 has the lower end thereof in constant communication
      with the counterbore 161 through which fluid is passed to a plurality of
      second passages 167, terminating at exhaust ports 168 in the sides of the
      vanes 152. Although not herein shown, it is understood that each vane
      carries two sets of second passages 168 to deliver fluid from the first
      passage 164 into the fluid chamber 160 on either side of the vane 152. A
      flapper valve 169 similar to the valve 89, as described in connection with
      FIG. 14, functions as a one-way check valve to control the entrance of
      fluid into the fluid chamber 160. The flapper valve 169 is responsive to
      the pressure differential between the fluid in the passages 168 and the
      chamber 160 and opens as the vane 152 recedes from the wall of the chamber
      158, creating a low pressure cavity.
PAR  As the vane 152 moves toward the wall of the chamber 158, the fluid therein
      is discharged through exhaust valve means, as illustrated in FIGS. 22-26.
      A cylindrical passage as might be formed by boring a limited-depth hole is
      located in the chamber wall and spaced from the surface thereof, which
      opposes the vane of the piston. A radial slit or passage 171 communicates
      between the cylindrical passage 170 and the fluid chamber 160. A one-way
      check valve 172, as seen in FIG. 23, is located within each cylindrical
      passage 170 to control the movement of fluids from the chamber 160 into
      the passage 170. The one-way check valve 172 has a resilient sleeve member
      173 with a longitudinal slit 174 therealong to permit the edges of the
      sleeve member adjacent the slit 174 to be deformed inwardly. A projection
      175, extending outwarding from the sleeve member 173, engages within a
      suitable recess within the cylindrical passage 177 to maintain orientation
      of the valve 172 in relation to the radial passage 171. In accordance with
      a preferred embodiment of the invention, the valve 172 is fabricated from
      the spring steel to have an outside diameter of such size to be received
      within the cylindrical passage in an air-tight arrangement with the normal
      biasing of the spring steel directed outwardly to close the radial passage
      171, as seen in FIG. 24. As seen in FIG. 25, the valve 172 is sufficiently
      resilient to be inwardly deformable in response to differential pressure
      between the fluid chamber 160 and the cylindrical passage 170. As the
      fluid is compressed between the vane 162 and the wall of the chamber 158,
      the pressurized fluid moving through the radial passage 171 is sufficient
      to unseat a portion of the sleeve member 173, which normally closes the
      passage 171, whereupon the fluid is discharged from the fluid chamber 160
      into the cylindrical passage 170.
PAR  The intermediate plate 108 of the top cover member 107 has a plurality of
      apertures 178 therein, one of each of the apertures 178 registering with
      one of the cylindrical passages 170 to form a continuation thereof. The
      outer plate 109 of the top cover member 107 has a single exhaust port 111
      therethrough through which the fluid whichh has been pumped and compressed
      by the positive displacement machine of the present invention, is
      ultimately discharged. A plurality of grooves 179 in the undersurface of
      the outer plate 109 extend radially from the exhaust port 111. The outer
      end 180 of each radial groove 179 registers with one of the apertures 178
      within the intermediate plate 108. When the intermediate plate 108 and the
      outer plate 109 are brought together with a suitable gasket therebetween
      to form the top cover member 107, each radial groove 179 becomes a conduit
      communicating between the cylindrical passage 170 and the exhaust port 111
      for the passage of fluid therethrough.
PAR  A preferred seal assembly carried by the piston element 151 for sealingly
      engaging the chamber 158 is shown in detail in FIGS. 27-29. A first
      annular seal 182 is contained within a mating groove 183 in the top of the
      cylindrical hub 151. Although not specifically herein illustrated, a
      waffled annular spring is located in the bottom of the groove 183 to urge
      the first annular seal member upwardly into sealing engagement with the
      underside of the intermediate cover member 108. In a similar manner, a
      second annular seal member is contained within a mating groove in the
      bottom of the cylindrical hub 151 and is urged downwardly by a spring
      engage the intermediate partition 112. It is particularly noted in FIG. 21
      that the second annular seal member circumscribes the counterbore 161 to
      prevent the escape of fluids therefrom into the chamber 158. The vane 152
      is sealed within the chamber 158 by a first L-shaped seal member 184 and a
      second L-shaped seal member 185 carried in a mating groove 187 extending
      radially from the groove 183 in the top of the cylindrical hub 151 along
      the top of the vane 152 vertically along the edge of the vane, then
      inwardly to the annular groove on the bottom side of the cylindrical hub
      151. A leaf-type spring 188 in the bottom of the groove 187 urges the
      horizontal leg 189 of the L-shaped member 184 upwardly against the
      underside of the intermediate member 108 of the top cover 107 and the
      vertical leg 190 of the L-shaped member 184 outwardly against the wall of
      the chamber 158. Similarly, the spring 188 urges the horizontal leg 191
      and the vertical leg 192 of the second L-shaped seal member 185 downwardly
      against the intermediate partition 112 and outwardly against the surface
      of the chamber 158, respectively. The fluid chambers 160 are sealingly
      separated by intermediate seal members 193 and 194 carried within the
      mating longitudinal groove 197 of the cylindrical hub 151 and urged
      outwardly against the center portion 159 of the chamber 158 by the leaf
      spring 198.
PAR  To achieve maximum sealing between the piston element 151 and the chamber
      158 and to maintain the effectiveness of the sealing engagement as the
      seals wear through normal use, the seal members of the present invention
      are continuous about the piston element 150 with each member sealingly
      engaged with each contiguous member. Referring specifically to FIG. 29,
      the vertical leg 190 of the first L-shaped seal member 184 and the
      vertical leg 192 of the second L-shaped seal member 185 are provided with
      notched ends 199 and 200, respectively, which form mating sealing surfaces
      parallel to the wear surface of the chamber 158. A tab 201 depending from
      the end 199 is received within a mating groove 202 within the end 200. As
      will be apparent to those skilled in the art, according to this
      arrangement, the vertical legs 190 and 192 can be retracted from each
      other to the extent of the length of the notch in each end thereof, while
      maintaining the sealing engagement between the piston element 150 and the
      chamber 158. The same structural arrangement exists between the ends of
      the first and the second intermediate seal members 193 and 194,
      respectively. The continuous seal assembly proceeds with a notch 203
      within the upper surface of the annular seal member 182 to receive the
      mating notched end 204 of the first L-shaped seal member 184. A second
      notched segment 207 within the first annular seal member 182 is matingly
      received within the notch 208 proximate the upper end 209 of the
      intermediate seal member 193. It is understood herein that all seal
      members carried by the piston element 150 which are not specifically
      illustrated or described are engaged with each contiguous seal member in
      accordance with the structure above-described.
PAR  In the general discussion of certain additional features and advantages of
      the present invention, which discussion follows, the matter of sealing
      working chambers will be mentioned. Thus, it is pointed out at this time
      that the seals 93 (as shown in FIG. 3) are illustrative of one method by
      which the working chambers of the present invention may be sealed. The
      seal arrangement is shown in greater detail in connection with FIGS. 27
      through 29.
PAR  In comparison with the present invention, it should be seen and understood
      that the piston in a conventional reciprocating positive displacement
      mechanism, which uses a crankshaft, must be supported by the cylinder
      walls. Also, sufficient clearances must be established between the piston
      and cylinder walls to prevent binding of the parts during their operation.
      After such clearances are established, seals may then be introduced on the
      piston to maintain a fluid tightness in the mechanism. However, due to the
      lack of fixed positioning of the piston and the necessity of the piston to
      be supported by its surrounding cylinder, certain limitations are as a
      result imposed in the use of seal materials.
PAR  In the use of the present invention, it is seen that the piston of the
      present invention is fixedly positioned during operation in such manner
      that it does not rub or wipe on its adjacent surfaces. Therefore, since
      the parts do not rub against one another, greater flexibility of
      materials, both in parts and in seals, is now possible. For example, in
      conventional reciprocating piston machines, certain material combinations
      are not usable efficiently for piston surfaces and cylinder wall surfaces,
      since those parts rub or touch. Since, according to the present invention,
      this situation of rubbing and touching does not exist, a much greater
      range in selection of materials for piston surfaces and surrounding
      surfaces is possible.
PAR  It is seen that the present invention has another great advantage,
      primarily as a result of the fixed locating of the piston, in greater
      flexiblity of seal materials. In the present invention, certain seal
      materials which are self-lubricating but brittle may be used so that the
      working chambers may be operated without benefit of any lubrication other
      than that afforded by the seal materials themselves. This is made possible
      because in the present invention there is needed very little physical
      strength of material in the seals themselves.
PAR  Not only may the working chambers of the present invention be run in a
      lubricant-free manner with the use of self-lubricating seal materials, but
      it is also seen that due to the fixed locating of the piston of the
      present invention with respect to its working chambers, a small and
      controlled clearance may be introduced between the piston surfaces and the
      working chamber surfaces, and it is seen that there is great new potential
      for the development of units of the type described in which no seals are
      necessary.
PAR  According to the present invention, the preferred method of obtaining such
      lubricant-free operation is illustrated by the embodiment of FIGS. 9
      through 29. Lubricants required for the operation of the motion
      translating mechanism box 83, as shown in FIG. 9, and the motion
      translation mechanism within the first compartment 113 as shown in FIG.
      17, can be sealed within that mechanism by means well known to the art.
      This then allows trunnion pin 82 as shown in FIG. 9 to drive piston 84, as
      shown in FIG. 11, within piston housing 85 (FIG. 12) and piston housing
      cover 86 (FIG. 13) using suitable seals mounted on piston 84 which can be
      made of a suitable self-lubricating material. It is seen that no lubricant
      is required in the working chambers and the only wear which results will
      be that which is a result of the seal materials themselves rubbing on
      fixed surfaces. It is seen that this oil-free embodiment may be easily and
      economically maintained by the obviously simple replacement of seal
      materials when they become worn. In fact, it is seen that the entire
      working chamber assembly may be replaced, if necessary, without
      maintaining, interfering, or getting involved in any way with the motion
      translation mechanism of the present invention. It will be apparent to
      those skilled in the art that in the embodiments disclosed in FIGS. 9
      through 14 and in FIGS. 15 through 29, the motion translation mechanism
      can be provided with an oil sump and pump arrangement, as specifically
      shown in connection with the embodiment of FIG. 2, transmitted throughout
      the mechanism by a system of oil galleys and ports as is well-known in the
      art.
PAR  It is further pointed out that there are many other immediate and potential
      advantages in the construction of the present invention. For example, any
      shaft seals necessary along trunnion pin 82, as seen in FIG. 9 or the
      second shaft 142, as seen in FIG. 21, between the motion translation
      mechanism of the present invention and the unit having the working
      chambers in it provides a more souble technical problem in that such shaft
      or trunnion pin 82 does not rotate but merely reciprocates. As a further
      example, it is pointed out that in the construction of the preferred
      invention, there is great potential for eliminating vibration and similar
      problems in such ways as interfaces between the pivot element and the
      piston element of the present invention which have some designed degree of
      flexibility, etc. It is further pointed out that the placement of both
      piston elements on the same side of the motion translation mechanism, as
      specifically seen in FIG. 19, provides an extremely compact unit which is
      inherently balanced to provide an extended service life and eliminate
      vibration. This is accomplished by providing a first shaft 120 having two
      annular bearing surfaces 130 thereon which are oriented to each other, as
      described in connection with the description of FIG. 17.
PAR  Various changes in the embodiment herein chosen for purposes of
      illustration in the drawings will readily appear to persons skilled in the
      art having regard for the disclosure herein. To the extent that such
      modifications and variations do not depart from the spirit of the
      invention, they are intended to be included within the scope thereof which
      is not limited to the embodiments specifically illustrated, but rather
      only to a fair interpretation of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a motion translation mechanism for converting rotary movement to
      reciprocal movement and for converting reciprocal movement to rotary
      movement, which mechanism includes
PA1  a stationary housing,
PA1  a first shaft having a first end and a second end and journaled for
      rotation intermediate of said ends about the longitudinal axis thereof
      within said housing, said first end apated for power input or output,
PA1  an annular bearing surface integral with the second end of said first
      shaft, the axis of said bearing surface disposed at an angle to and
      intersecting the axis of said first shaft,
PA1  an annular bearing carried upon said bearing surface,
PA1  means carried by the second end of said shaft for retaining said annular
      bearing upon said bearing surface,
PA1  a yoke ring disposed about said annular bearing,
PA1  a pair of diametrically opposed trunion pins extending from said yoke ring,
      said truion pins journaled for rotatively reciprocating movement within
      said housing about a longitudinal axis perpendicular to the axis of said
      first shaft and intersecting the intersection of the axes of said first
      shaft and said cylindrical bearing,
PA1  a pair of diametrically opposed bearing pins interconnecting said annular
      bearing and said yoke ring, said bearing pins having a longitudinal axis
      perpendicular to the axis of said trunion pins and intersecting the
      intersection of the axes of said first shaft and said cylindrical bearing
      and journaled for relative motion between said annular bearing and said
      yoke ring,
PA1  a second shaft extending from said yoke ring and having a longitudinal axis
      coincident with the axis of said trunion pins, the free end of said shaft
      adapted for power input or output alternate to said first shaft,
PAL  improvements therein whereby improved wear characteristics are provided for
      extended service life of said mechanism and whereby said annular bearing
      is inherently retained upon said annular bearing surface, said
      improvements comprising:
PA1  a. an annular concave generally V-shaped bearing surface formed integrally
      with said firat shaft by the intersection of two cones having a coincident
      axis which is disposed at an angle to and intersects the axis of said
      first shaft; and
PA1  b. an annular bearing having separable halves and an inside diameter shaped
      to rotationally mate with said annular bearing surfaces.
NUM  2.
PAR  2. The improved motion translation mechanism of claim 1, wherein the angle
      of revolution of each cone about the coincident axis is equal to the angle
      between the coincident axis and the longitudinal axis of said first shaft.
NUM  3.
PAR  3. In a motion translation mechanism as recited in the preamble of claim 1,
      improvements therein in which said second end of said first shaft is
      extended into and journaled for rotation about the longitudinal axis
      thereof within said housing thereby providing a bearing support for said
      first shaft on either side of said annular bearing surface.
NUM  4.
PAR  4. The improved motion translation mechanism of claim 3, further including:
PA1  a. an annular concave generally V-shaped bearing surface formed integrally
      with said first shaft by the intersection of two cones having a coincident
      axis which is disposed at an angle to and intersects the axis of said
      first shaft; and
PA1  b. an annular bearing having separable halves and an inside diameter shaped
      to rotationally mate with the annular bearing surface of said first shaft.
NUM  5.
PAR  5. The improved motion translation mechanism of claim 3, wherein the angle
      of revolution of each cone about the coincident axis is equal to the angle
      between the coincident axis and the longitudinal axis of said first shaft.
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ABST
PAL  A bull wheel is disclosed for applying a tensioning or retarding force to
      cable. The bull wheel has a center drum having a peripheral rim. A series
      of groove defining segments of resilient material are detachably secured
      to the rim to form the traction wheel for convenient assembly and repair.
      In one embodiment the segments are curved and define a single groove. In
      another embodiment the segments are flat and define multiple grooves and
      are wrapped at assembly to conform to the curvature of the bull wheel rim.
BSUM
PAR  This invention relates to a cable wheel assembly and more particularly
      relates to the type of cable wheel known as a bull wheel for installing
      power transmission cables.
PAR  Hoisting machinery and apparatus often utilize rotating drums in
      association with cable hoisting apparatus. The cables are wound around the
      drums intermediate the load and the take-up device. The drums serve to
      apply a retarding force and regulate the tension applied to the cable. An
      example of such cable drums are the bull wheels used in cable stringing
      devices for installation of electrical conductors.
PAR  In conventional cable tensioning machines, the cable is paid out from a
      supply reel and is directed around one or more bull wheels. Caliper type
      disk brakes may be utilized to control the rotation of the bull wheel, and
      thereby regulate the tension that is applied to the cable. The bull wheels
      serve to frictionally engage the cable and increase or multiply the
      effective retardation force applied to the cable. Payout wheels may be
      variously constructed. It is well known, for example, to provide a payout
      wheel with multiple grooves in the periphery to permit multiple wrappings
      of the cable to increase the frictional force and consequently the tension
      applied during installation or removal of electrical cable. The same
      apparatus may be used for rewinding or taking up the transmission cables
      if it is desired to remove the cables from the towers. Generally, multiple
      groove bull wheels are paired with the cable being wrapped around several
      successive wheels for increased friction.
PAR  The frictional retarding force applied to electrical conductors and other
      cables may be applied by a bull wheel having a single groove in the
      periphery. As is the case with the multiple groove bull wheel, the cable
      is partially wound about the bull wheel to increase the frictional force
      applied to the cable during installation or removal of cable. The
      peripheral groove in the single groove bull wheel is generally V-shaped in
      cross section. The V-shaped groove tends to engage a greater surface area
      of the cable and therefore apply greater frictional force in a single wrap
      of the wheel. Further, less bending of the cable occurs since the cable is
      not wound in multiple wraps around the bull wheel and the possibility of
      damage to the cable is reduced. A typical example of a single groove bull
      wheel may be found in U.S. Pat. No. 3,317,149.
PAR  In the prior art, construction of both the single and multiple groove bull
      wheels require a series of fabrication steps. Similarly, repairs to a
      damaged bull wheel are also difficult and time consuming. Generally,
      multiple groove bull wheels are formed by fabricating a cylindrical drum
      having an annular metal rim. A series of circular grooves are provided in
      the surface of the metal rim. The grooved rim is generally provided with a
      bonded coating of a material with a suitable coefficient of friction such
      as rubber to form the traction or friction wheel. The high compressive
      loads applied to multiple groove bull wheels often cause damage to the
      grooved rim. To repair damaged rims, the rim has to be unbolted from the
      drum and the entire rim replaced. This procedure can be costly and
      inefficient, as the metal rim is discarded, having no further use.
PAR  In the instance of single groove bull wheels, it is conventional to form
      the traction wheel by bonding an annular ring of resilient material
      between two side plates of the drum. Generally, the drum is first
      constructed and the annular ring of resilient material must be adhesively
      joined or bonded to the drum in a separate fabrication step. This may
      require sending the wheel to a separate specialty shop. Once the resilient
      material is joined to the drum, the material must be properly cured, and
      once cured, returned to the original fabricator for machining the V-groove
      in the ring of resilient material. In many instances, the series of steps
      required in the fabrication of the bull wheel require as many as from
      three to four months to perform. In case of damage to the resilient rim of
      the bull wheel, it is necessary to return the entire bull wheel assembly
      to the manufacturer for replacement of the resilient ring and machining of
      the V-groove in the manner outlined above. Obviously, repairs of this
      nature consume an inordinate amount of time and construction delays can
      result in a substantial financial hardship to a contractor.
PAR  The present invention proudly relates to an improved construction for bull
      wheels which overcomes the disadvantages cited above. In accordance with
      the broader aspects of the present invention, a bull wheel is provided in
      which the peripheral traction wheel comprises a series of segments of a
      suitable resilient material, each section being detachably secured to the
      drum structure. At the time of fabrication, the traction wheel segments
      are secured in place to the drum by bolts or other similar mechanical
      fasteners. If repairs are needed, the individual sections may be removed
      and easily and conveniently replaced by new sections.
PAR  In accordance with one embodiment of the present invention, a single groove
      bull wheel is provided having opposite circular side plates secured
      together forming the drum. The traction wheel is formed by a series of
      segments of a resilient material having suitable frictional
      characteristics bolted to the drum. The segments are molded and configured
      having a V-groove configuration to accommodate the cable. The material of
      the segments may be rubber, neoprene or preferably, polyurethane.
PAR  In accordance with another embodiment of the present invention, the bull
      wheel comprises a drum portion having a flat annular lip extending around
      the circumference of the wheel. The traction wheel comprises a series of
      segments of a resilient material having multiple, parallel generally
      U-shaped grooves in the outer surface. The inner surface of the strips are
      provided with a series of aligned transversely extending bearing members
      integrally molded into the strips. The bearing members support fasteners
      which are adapted to the segments to the rim of the drum. The segments are
      molded in a flat condition and may be formed at installation to the
      desired curvature. In this way, a single traction wheel segment can be
      applied to various diameter bull wheels.
DRWD
PAR  A more complete understanding of the present invention may be had by
      referring to the following detailed description when taken into
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a typical cable stringing device having a
      single groove bull wheel;
PAR  FIG. 2 is a side view of the bull wheel of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of of FIG. 2;
PAR  FIG. 4 is a detailed perspective view of a single segment of the traction
      wheel;
PAR  FIG. 5 is an enlarged partial sectional view of a portion of the rim of the
      bull wheel;
PAR  FIG. 6 is a side view of another embodiment of the bull wheel of the
      present invention;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 6;
PAR  FIG. 8 is a side view of a segment of the multiple groove traction wheel
      utilized in the embodiment shown in FIG. 6; and
PAR  FIG. 9 is a sectional view taken along lines 9-9 of FIG. 8.
DETD
PAR  Referring now to the drawings, particularly FIG. 1, the cable stringing
      device is generally designated by the numeral 10. Cable stringing device
      10 includes a platform 12 supporting vertical post 14 which is reinforced
      by diagonal brace member 18. Post 14 carries a suitable axle and hub
      bearing assembly 16 for rotationally supporting the bull wheel assembly
      22. A fairlead assembly 20 is mounted on the front of platform 12 having
      suitable rollers for guiding cable to maintain alignment of the cable
      between the reel and bull wheel. Bull wheel assembly 22 generally includes
      a drum 24 having a circular flat disk plate 26 attached to the inner side
      of the drum and arranged in parallel relationship with the drum 24. Disk
      plate 26 serves as a braking surface against which the calipers of
      hydraulically actuated braking device 28 engages to slow or stop the
      rotation of the drum as is conventional.
PAR  When cable is installed, a reel of suitable cable is rotatively mounted
      adjacent the cable stringing device 10. The cable is fed through the
      fairlead 20 and wrapped around the periphery of the drum 24, engaging the
      periphery for about 180.degree. of the circumference with the take-off
      point being at the top portion of the bull wheel 22. A suitable pulling
      rope of nonconductive material is attached to the cable end and is strung
      over the towers or poles and is connected to a remotely located pulling
      reel. The pulling reel is actuated to wind the pulling rope on a drum. To
      regulate the tension applied to the cable as it is unwound, hydraulic
      braking device 28 is actuated periodically by the operator. The frictional
      engagement between the cable and the periphery and the bull wheel 22,
      serves to, in effect, multiply or increase the retarding force applied in
      the wire stringing device.
PAR  Alternatively, the wire stringing device 10 can be used to wind cable on a
      reel in a situation where it is desired to take down the cable. In such a
      situation, disk 26 is replaced with a large sprocket or gear. The bull
      wheel and the adjacent take-up reel are positively driven in a rotative
      direction to wind in the cable.
PAR  Although the present invention relates only to the construction of the bull
      wheel, the foregoing general description of the operation cable stringing
      devices is set forth to facilitate a full understanding of the present
      invention. It should be also noted that although the construction of the
      bull wheel of the present invention has been described specifically with
      reference to a cable stringing device, the construction has wide
      applicability to various hoisting devices such as winches, hoists and
      other tensioning or retardation devices where a flexible cable or hoisting
      members is wound around a drum to apply a uniform resisting or tensioning
      force to the cable.
PAR  The construction of bull wheel 22 will be more fully appreciated from
      reference to FIGS. 2 through 5. Drum 24 is comprised of opposite side
      plates 30 and 32. Side plate 30 is provided with a flat center portion 34
      and an annular rim portion 36. Plate 32 is of similar construction and
      here and throughout the description, identical numerals with an appended
      "a" are used to identify the same or similar elements. Rim portion 36
      includes an angular flange 38 terminating at a peripheral lip 40. It will
      be seen that when opposite side plates 30 and 32 are assembled to form the
      drum, a peripheral V-shaped space converging toward the radial centerline
      is defined between the opposite rims 36 and 36a of the side plates.
PAR  A series of bolt holes 42 are arranged on a bolt circle on flat portions 34
      of side plate 30. An aligned series of larger spacer holes 44 are provided
      in side plate 32. When the side plates 30 and 32 are assembled as seen in
      FIG. 3, tubular spacers 46 are received in holes 44 with the inner end of
      spacers 46 abutting the inside of plate 30. Spacers 46 are peripherally
      welded to the interior of plate 30 and to the exterior of plate 32. The
      bore of spacers 46 align with bolt holes 42 in plate 30. Disk 26 is
      secured in parallel relationship to the drum at the outer end of spacers
      44 by bolts 50, extending through the spacers. As explained above, disk 26
      serves as a part of the braking device for the bull wheel. Alternately,
      disk 26 can be replaced with a large sprocket for positively driving the
      bull wheel when it is desired to utilize the bull wheel in a take-up mode
      of operation.
PAR  As best seen in FIG. 5, when the bull wheel is assembled, a peripheral
      generally V-shaped space is formed between the rim sections 36 and 36a of
      the opposite side plates. A lateral clearance 54 is defined between the
      opposite parallel side plate 30 and 32. The peripheral traction wheel 56
      fits between the opposite side plates at the rim of the wheel. The
      traction wheel 56 is comprised of a series of individual curved segments
      58. Each of the segments 58, as best seen in FIGS. 4 and 5, is in the
      general cross sectional shape of a Y having an intermediate leg 60 and two
      outwardly diverging arm portions 62 and 62a which between them, define a
      V-groove 66 which converges towards the radial centerline of the bull
      wheel. Preferably, the outer ends of arms 62 and 64 are reversely bent in
      a lip 68 and 68a. Each of the leg portions 60 of the segments carry a
      number of laterally extending holes 70 which receive a tubular metal
      insert 64.
PAR  The holes 70 align with corresponding holes 72 in the opposite side plates.
      To install traction wheel 56, the appropriate number of segments 58 are
      positioned between the opposite side plates until the traction wheel is
      completed around the periphery of the wheel. The segments are held in
      place by securing them with high strength bolts 74 extending between the
      side plates 30 and 32 and through the aligned inserts 64. The U-shaped
      lips 68 at the periphery of the segments are engaged over the
      circumferential edges 40 and 40a of the plate to minimize slippage between
      the segments and the side plates.
PAR  Preferably, the material of construction of the individual segments 58 is a
      resilient material having sufficient hardness to provide the desired wear
      characteristics and sufficient coefficient friction. Typically, the
      material can be a rubber or neoprene. Polyurethane has been found to be
      particularly suitable for this purpose. The individual segments are
      fabricated by conventional molding techniques. Preferably, the individual
      segments 58 are fabricated in several sizes with the radius of curvature
      of the segments being sized and adapted to fit conventional standard size
      bull wheels.
PAR  Should the traction wheel or a portion of the traction wheel become damaged
      or should replacement of the traction wheel become necessary for other
      reasons, this can be easily and expediently done. Bolts 74 extending
      through the segments to be replaced can simply be removed and the old
      segments removed and discarded. New segments 58 are placed in position
      between the opposite side plates 30 and 32 at the appropriate location and
      secured by bolts 74. There is no need to remove the bull wheel from the
      machine and return it to the fabricator for bonding of a new resilient
      traction wheel around the periphery of the bull wheel. Further, there is
      no need for a machining operation to place the groove in the periphery of
      the traction reel. Downtime of the machine is minimized. Only a short
      period is necessary to replace the segments of the bull wheel which can be
      conveniently done in a field operation. The contractor can conveniently
      stock replacement segments and have them on hand should replacement become
      necessary.
PAR  FIGS. 6 to 9 show another embodiment of the bull wheel of the present
      invention. In this embodiment generally designated by the numeral 76, the
      bull wheel 78 is of the type known as a multiple groove wheel. Generally,
      multiple groove wheels are functionally similar to the single groove
      wheels but are usually paired or arranged in a cooperative relationship.
      Bull wheel 78 is preferably of welded construction having parallel spaced
      apart side plates 80 and 82 carrying a peripheral flange or rim 84. The
      rims are spaced apart to accommodate the tensioning loads imposed. Plate
      80 is preferably of increased thickness and located relative to the rim 84
      to support the imposed loads. Axially extending spacers 86 are
      symmetrically arranged around the rotational axis of the bull wheel and
      mount brake disk 88 by means of high-tension bolts 90.
PAR  Traction wheel 92 extends around the periphery of rim 84 and is comprised
      of a series of individual segments 94. Each of the segments 94 has a
      predetermined number of parallel spaced apart U-shaped grooves 96 in the
      outer surface. The material of the individual segments is a suitable
      resilient material having required hardness and frictional
      characteristics, such as rubber, neoprene or polyurethane and the
      individual segments are formed in a molding process.
PAR  Integrally formed in each of the segments is a series of spaced apart
      transversely extending bearing plates 98 which extend from one edge 100 to
      the opposite edge 102 of the individual segments. Each of the bearing
      plates carries threaded fasteners 106 depending downwardly from the bottom
      surface 104 of the segments adjacent the edges of the segments. Threaded
      fastener members 106 align with holes 108 provided adjacent the opposite
      edges of rim 84 of bull wheel 78.
PAR  It will be seen that the traction wheel can easily be secured to the inner
      drum portion of the bull wheel by simply placing the resilient segments 94
      around rim 84 with the fasteners 106 extending through the appropriate
      holes 108. The fasteners are secured in place by placing nuts around the
      end of the fasteners and tightening the nuts down against the innerside of
      rim 84. This will cause the flat segments 94 to bend or wrap to conform to
      the shape of the curvature of the outer rim 84. Preferably, the opposite
      ends of the individual segments 58 are slightly beveled at 110 and 112. In
      this way, when the abutting ends of adjacent segments 94 are secured in
      place, little or no gap will occur between the individual segments around
      the periphery of the rim.
PAR  It is preferred that the individual segments be stocked or inventoried in
      one or several standard lengths. The length of the segments can be
      standardized so that a predetermined number of the individual segments
      will be accommodated on the various conventional size bull wheels used in
      the industry. In this way, it is not necessary for a contractor to
      inventory various lengths of the segments for the various size bull wheels
      that may be used. For example, a four-groove 26 inch diameter bull wheel
      may be completely peripherally covered by two segments of appropriate 40
      inches length whereas a 38 inch four-groove bull wheel may require three
      segments of the same length.
PAR  The segments may be provided in any varying width and with any number of
      grooves as required. Also, the shape of the grooves may be U-shaped as
      shown or may be provided in a V-shape or other shape to provide the
      frictional characteristics required.
PAR  Thus, it will be seen that the present invention provides a novel and new
      construction for a tension increasing device such as a bull wheel. The
      outer peripheral traction wheel portion of the bull wheel is comprised of
      a plurality of resilient segments which can be detachably secured to the
      bull wheel. The segments may be flat and wrapped to fit the bull wheel at
      the time of placement or may be provided in a curve shape conforming to
      the curvature of the bull wheel. Installation of the segments requires
      only a minimum amount of time with the flexible segments being held in
      place by mechanical fasteners. The individual segments can be provided in
      a wide variety of configurations having single or multiple grooves and
      with various shaped grooves such as U-shape or V-shape.
PAR  It will be obvious to those skilled in the art to make various other
      changes, modifications and alterations to the invention herein described.
      To the extent that those changes, alterations and modifications do not
      part from the spirit and scope of the present invention, they are intended
      to be included herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A segment of a traction wheel adapted for attachment between rims of a
      drum arranged in a generally V-shaped peripheral configuration, said
      segment comprising:
PA1  a unitary body member having two arms defining a groove therebetween, said
      arms having a generally U-shaped lip integral therewith at the terminal
      end of said arms adapted to engage the periphery of such a rim and
      converging in a generally V-shape having a flange depending from the area
      of convergence of the arms; and
PA1  means adapted to detachably secure said body between such a rim whereby a
      plurality of said segments can be joined in abutting fashion to form a
      peripheral traction wheel about such a drum.
NUM  2.
PAR  2. The segment of claim 1 wherein said means adapted to detachably secure
      said body between the rims comprises hole means in said flange adapted for
      reception of a mechanical fastener.
NUM  3.
PAR  3. The segment of claim 1 wherein said segment is of molded construction
      having a predetermined curvature.
NUM  4.
PAR  4. A segment of a traction wheel adapted for attachment to a substantially
      flat circular rim comprising:
PA1  a resilient body member having a flat inner surface and an outer surface
      defining at least one groove therein; and
PA1  means adapted to engage said rim whereby a plurality of said segments can
      be joined in abutting fashion to form a peripheral traction wheel about
      the rim, said means adapted to engage said rim comprising mechanical
      fasteners projecting from the inner surface of said body, said fasteners
      being secured to integral mounting plates extending transversely across
      said segments, and wherein said segments are of predetermined length and
      the ends of said segments are beveled so as to engage in substantially
      abutting relationship forming a line of contact substantially
      perpendicular to said circular rim when formed thereabout, whereby various
      multiples of segments may be arranged to extend around the periphery of
      various standard diameter rims.
NUM  5.
PAR  5. The segment of claim 4 wherein said segments are of molded construction.
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ABST
PAL  A chain tensioning device, especially for scraper elevators, in which the
      distance between the head and foot shafts of the elevator is power
      adjusted to obtain the proper chain tension. A pressure source delivering
      a relatively constant supply of low pressure hydraulic fluid, such as the
      charging circuit of a hydrostatic elevator drive, is used to static load a
      cylinder against the desired catenary loading under idle conditions to
      retension the chains.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the art of off-highway earth moving equipment
      and more particularly to self-loading tractor scrapers which employ an
      endless chain driven elevator for loading earth material into the bowl.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Scraper elevators of the type to which the present invention pertains have
      a series of flights fastened to a pair of endless chains driven over
      sprockets spaced at the opposite ends of a driven head or foot shaft. The
      upper strands of the chains may be supported on idler rollers because of
      the catenary sag. The lower strands are under tension because of the
      flights pulling the earth material into the bowl.
PAR  Chain wear is a common problem. If the chains become too loose, the
      sprockets will skip or the chains jump off. One tensioning device which
      has proved satisfactory is disclosed in U.S. Pat. No. 3,444,750, issued
      May 20, 1969 to the assignee of the present invention entitled "Adjustor
      Mechanism". In this patent the elevator side frame members are open at the
      bottom so as to receive a slidable arm on which the foot shaft is
      journaled. A sealed chamber within each of the side frames has an exposed
      Zerk fitting to which a grease gun may be applied for introducing grease
      into the chamber. When grease is forced into the chamber the plunger is
      extended forcing the slidable arm outwardly tensioning the elevator
      chains.
PAR  This arrangement is, of course, not automatic. It is necessary to
      continuously adjust the chain tension which requires periodic attention on
      the part of the operator.
PAC  SUMMARY OF THE INVENTION
PAR  A power chain tensioning device, especially for scraper elevator chains, in
      which a soruce of pressure, such as the charging pressure of a hydrostatic
      elevator drive, is supplied to a cylinder which is extended to cause a
      change in the catenary loading of the chain.
PAR  Applied to a scraper elevator having side frames supporting at their lower
      ends a foot shaft and at their upper ends a head shaft on which are
      mounted aligned rotatable chain driving elements over which a pair of
      elevator chains run, the power chain tensioning device comprises a pair of
      cylinders, one on each side, connected to extensible frame sections of the
      elevator. The cylinders are static loaded under the given pressure to
      produce a predetermined extension of the elevator frame when the elevator
      is idle. The catenary tension of the elevator chains is thus retensioned
      to the desired level between loading cycles. When the elevator is running
      and dynamic loading would exceed the static cylinder loading, check valves
      hold the cylinders at the last extended position.
PAR  In the particular embodiment disclosed the cylinders have their rod ends
      filled with hydraulic fluid at atmospheric pressure and the fluid under
      pressure is supplied to the piston ends. After repeated adjustments the
      cylinder rods will be moved out. An equal volume of hydraulic fluid at the
      rod ends will be vented owing to the displacement of the piston rods.
PAR  A main advantage of the present power adjustment mechanism is that scraper
      elevators, which have heretofore required the operator to make periodic
      adjustments, are now capable of being power adjusted automatically to
      maintain the correct chain tension at all times.
PAR  Another advantage is that where before the correct chain tension was
      largely a matter of judgment, such as by measuring the catenary sag, with
      the present arrangement the proper chain tension is designed into the
      system. Once the static chain tension requirements are given for a
      particular elevator, the cylinder loading at which equilibrium exists is
      predetermined.
PAR  These and other advantages will become more apparent by referring to the
      following detailed description which proceeds with a description of the
      drawings wherein:
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an elevating tractor scraper;
PAR  FIG. 2 is a partial plan view into the scraper bowl showing an elevator
      having an hydraulic drive at the foot shaft connected to the power
      tensioning device; and
PAR  FIG. 3 is a hydraulic diagram of the power tensioning circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a tractor scraper 10 having a tractor 12 towing scraper 13.
      The tractor engine at 14 powers the tractor wheels 15 through a transfer
      case 16 and drive line 17. The scraper 13 is supported at the front by a
      yoke 18 having a pair of arms 19 pivoted to the side walls of the scraper
      and a goose neck 20 pivoted on the tractor trunnion 21. Steering jacks 22,
      one on each side of the goose neck, pivot the tractor relative to the
      scraper on the vertical trunnion axis. A pair of hydraulic cylinders 11,
      one on each side, pivotally supports the front of the bowl. The cylinders
      11 are extended to lower the cutting blade 23 into engagement with the
      ground and are raised for hauling the load. The scraper bowl is closed at
      the rear by an end gate 24 which is operated by an actuator 9 mounted on
      the pusher frame 25 supporting the scraper wheels 26. The actuator 9 also
      operates a rolling door 27 by a linkage 28 which pulls the door on a track
      30 to open the floor of the bowl so that dirt may be dumped when the end
      gate 24 is pushed forwardly by the actuator. A scraper elevator 29 extends
      across the front of the bowl and is pivotally supported on each side from
      the scraper side walls by a pair of links 32 which permit the elevator to
      rise and fall in relationship to the blade 23 when in digging engagement
      with the ground. The elevator has a frame (FIG. 2) with longitudinally
      extending side frames 34 connected intermediate their ends by cross
      members 35. The opposite ends of upper cross member 35 extend beyond the
      side frames 34 for pivotally mounting the elevator on the links 32. The
      side frames 34 support at their lower ends a foot shaft 36. A head shaft
      37 is mounted on extensible frame sleeves 38 telescoping over the upper
      ends of the side frames 34. A pair of endless chains 40 run over rotatable
      chain drive elements 41, 42 on opposite ends of the head and foot shafts.
      When driven, the elevator travels with the upper chain strands moving
      downwardly, around the foot shaft drive sprockets 42, and with the lower
      chain strands moving up on the underside and then returning to the idler
      wheels 41 at the top. Elevator flights 43 are attached to the chains. The
      elevator drive 44 is a hydrostatic unit mounted at the center on the foot
      shaft 36 between the upper and lower chain strands having its output
      connected to an axle drive having a pair of planetary hubs 45 at each end
      providing the necessary gear reductions for the elevator drive sprockets
      42.
PAR  The telescoping sleeves 38 house a pair of hydraulic cylinders 48 pivotally
      mounted at their lower ends to the cross member 35 inside the side frames
      34 and pivotally mounted at their upper ends to a bushing 49 which
      rotatably supports the head shaft 37. Each cylinder 48 is connected at the
      piston end 51 to receive hydraulic fluid under pressure from a line 50
      connected to the charging circuit of the hydrostatic elevator drive 44.
      The rod end 52 of each cylinder 48 is filled with hydraulic fluid which is
      vented at 53 to atmosphere. A pair of check valves 54 in each of the lines
      50 leading to the piston ends 51 of the cylinders holds the pistons at the
      statically adjusted position.
PAR  During loading operations, the elevator will be driven by the hydrostatic
      drive 44. However, when hauling or dumping the load, the elevator is
      normally idle. It is during these periods that the relatively low charging
      pressure of the charging pumps in the elevator drive unit 44 can be used
      to supply the pressure to adjust the cylinders 48 to retension the chains.
      Of course, if the elevator is not of the type having a hydrostatic drive,
      then the transmission clutch pressure of the tractor may be used or some
      other steady state, low pressure source. The cylinders 48 are statically
      loaded against the catenary load of the chains for the proper tension at
      idle conditions. The check valves 54 prevent any escape of hydraulic fluid
      from the piston ends 51 of the cylinders during dynamic loading which will
      exceed the equilibrium catenary loading. The fluid which fills the rod
      ends 52 of the cylinders is gradually expelled through the vents 53 as the
      equilibrium position of the pistons is displaced toward the rod ends
      during the course of successive retensioning operations.
PAR  While one preferred embodiment of my invention has been disclosed it will
      be understood that the description is for purposes of illustration only
      and that various modifications and changes may be made without departing
      from the nature of the invention which is defined in the appended claim.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tractor scraper comprising a self-propelled tractor towing a
      scraper bowl comprising spaced side walls, an end gate extending across
      the bowl at the rear and movable between the side walls for expelling dirt
      material, a floor having an opening at the front portion thereof through
      which the dirt material is discharged, a rolling door closing the opening
      when loading earth material in the bowl and movable rearwardly beneath the
      floor when the end gate is ejecting the earth material through the
      opening, a fixed blade at the front of the bowl, means for lowering the
      bowl bringing the blade into engagement with the ground for digging, a
      scraper-type elevator mounted at the front of the bowl having its lower
      end adjacent the blade comprising a pair of endless chains, one on each
      side, a pair of elevator side frames pivotally attaching the elevator to
      the side walls of the bowl, a head shaft rotatably mounted at the upper
      ends of the side frames, a foot shaft rotatably mounted at the lower ends,
      drive sprockets at opposite ends of one of said shafts and idler wheels on
      the other, said chains being driven by the drive sprockets over the idler
      wheels and a plurality of spaced scraper-type elevator flights carried
      downwardly on the upper chain lengths, around the foot shaft and upwardly
      on the lower chain lengths contacting the earth material adjacent the
      blade and heaping it in the bowl during the loading cycle, the improvement
      wherein a power chain tensioning device is built into the elevator side
      frames and comprises a slidable section movable longitudinally relative to
      a stationary section, a pair of cylinders, one within each side frame,
      acting between the stationary and slidable sections thereof for adjusting
      the length of the elevator frame and therefore the space between the foot
      and head shafts, a steady state, relatively low, on board vehicle source
      available during periods of elevator idleness, fluid lines connecting the
      pressure source to each hydraulic cylinder causing the slidable sections
      to adjust according to an equilibrium pressure in each cylinder against
      the established chain tension when the elevator is stopped and check valve
      means between each cylinder and the source of pressure preventing escape
      of fluid from the cylinders for maintaining the tension during the
      elevator loading cycles.
NUM  2.
PAR  2. The improvement according to claim 1 wherein the side of each cylinder
      opposite the equilibrium pressure side is vented to atmosphere and the
      cylinder chamber is filled with a hydraulic fluid which is allowed to
      escape through said vents as extensions of the side frame occur.
NUM  3.
PAR  3. The improvement according to claim 1 wherein the drive sprockets are
      mounted on the foot shaft and the slidable sections of the elevator side
      frames rotatably support the head shaft.
NUM  4.
PAR  4. The improvement according to claim 1 wherein the drive sprockets are
      mounted on the foot shaft, a hydrostatic drive unit is mounted between the
      upper and lower chain lengths and drives said sprockets in unison at
      opposite ends of the foot shaft, said hydrostatic drive including a
      charging pressure source which is available as said static state, low
      pressure source for establishing the equilibrium pressure in the adjuster
      cylinders during idle periods of the elevator.
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ABST
PAL  A gear is provided with a trochoidal curved disk comprising a tooth profile
      modified by rotatably shifting a theoretical trochoidal tooth profile
      about the center of the gear by a phase angle of .DELTA. .phi. to provide
      a backlash.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a gear with a trochoidal curved
      disk and more particularly to a method for modifying the tooth profile
      thereof so that the theoretical mesh of the gears may be ensured.
PAR  In general, the theoretical tooth profile of a trochoidal gear such as a
      planet gear used in a planetary speed reducer is modified to provide a
      suitable amount of backlash. The actual tooth profile modified by the
      prior method is formed by cutting the theoretical trochoidal tooth profile
      in the normal direction by a distance equal to a desired amount of
      backlash. The actual tooth profile does not, therefore, represent the
      theoretical trochoids so that the inaccurate intermesh inevitably occurs
      between the cylindrical pin teeth of a sun gear and the teeth of the
      planet gear.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention was made to overcome this problem. In order to
      provide the backlash, according to the present invention, the theoretical
      trochoidal tooth profile is rotated about the center of the gear over a
      predetermined phase angle in both clockwise and counter-clockwise
      directions so that two theoretical trochoidal tooth profiles, which are
      out of phase from the original trochoidal tooth profile by said
      predetermined angle, may be formed. The two trochoidal tooth profiles thus
      drawn are interconnected with each other in the vicinity of their crests
      and troughs by a smooth curve so that the ridge portions formed in the
      vincinity of said their intersections may be eliminated. Thus, the gear
      cutting and grinding may be facilitated, and the abnormal mesh due to the
      difference in machining tolerance and the elastic deformation may be
      completely prevented.
PAR  The present invention will become more apparent from the following
      description of one preferred embodiment thereof taken in conjunction with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a view used for the explanation of the prior art method for
      modifying the trochoidal tooth profile;
PAR  FIG. 2 is a view used for the explanation of the trochoidal tooth profile
      modification method in accordance with the present invention;
PAR  FIG. 3 is a view used for the explanation of the mesh between the
      cylindrical pin tooth and the teeth of the trochoidal planet gear in a
      prior speed reducer;
PAR  FIG. 4 is a view used for the explanation of the mesh between the pin tooth
      and the teeth of the trochoidal gear whose tooth profile is modified in
      accordance with the present invention;
PAR  FIGS. 5, 6 and 7 are views illustrating various methods for connecting two
      trochoidal tooth profiles drawn in accordance with the present invention
      by a smooth curve in the vicinity of their troughs; and
PAR  FIGS. 8, 9, 10 and 11 are views illustrating various methods for connecting
      said two trochoidal tooth profiles by a smooth curve in the vicinity of
      their crests.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a dotted line 2 represents the theoretical trochoidal
      tooth profile of a planet gear 1 used in a planetary gear speed reducer;
      and 3 denotes cylindrical pin teeth of a sun gear in mesh with the planet
      gear 1. The actual tooth profile indicated by a full line 2' is formed
      inside the theoretical profile 2 and spaced apart therefrom by a distance
      .delta. in the normal direction, whereby the backlash is provided. As is
      clearly seen from FIG. 1, the actual tooth profile does not represent the
      theoretical profile so that the theoretical or complete mesh between the
      pins 3 and the teeth of the planet gear 1 cannot be attained, thus
      resulting in the incomplete or irregular mesh therebetween.
PAR  The present invention was made to overcome the above defect encountered in
      the prior tooth profile modification method. According to the present
      invention, as shown in Fig. 2, the theoretical profile 2 (indicated by a
      dotted line) is rotated about the center O of the planet gear 1 through
      .DELTA..phi. in both the clockwise and counterclockwise directions so that
      two theoretical tooth profiles 2' and 2", which are out of phase by
      .DELTA..phi. relative to the original theoretical tooth profile 2, may be
      obtained. Both the tooth profiles 2' and 2" are theoretical trochoidal
      tooth profiles intersecting each other at points in the vicinity of the
      crests and troughs at acute angles. In order to ensure smooth gear action,
      the two tooth profiles 2' and 2" are connected to each other by smooth
      curved lines (as indicated by the dotted lines in Fig. 2) between the
      adjacent crests and troughs. Thus the tooth profile modified according to
      the present invention consists of the trochoids A except crests and
      troughs as shown in FIG. 2 so that the complete and theoretical mesh
      between the pin and the planet gear may be ensured.
PAR  Next referring to FIGS. 3 and 4, the advantages of the tooth profile
      modified in accordance with the present invention over the tooth profile
      modified by the prior method will be described. FIGS. 3 and 4 show the
      relative motion between the planet gear 1 and the pin 3 when the former is
      rotated in mesh with the latter. In FIG. 3 the tooth profile modified by
      the prior method is shown while, in FIG. 4, the tooth profile modified in
      accordance with the preesent invention is shown. Referring first to FIG.
      3, the pin 3 does not tangentially approach toward the point of first
      contact with the tooth of the planet gear 1 so that the pin 3 hits against
      the tooth. The pin 3 is made into incomplete or non-theoretical mesh with
      the tooth of the planet gear 1 only over a very limited range B
      (theoretically, the pin 3 meshes with the teeth of planet gear 1 at a
      contact ratio substantially equivalent to one), and thereafter the pin 3
      moves away from the tooth in a non-tangential direction. On the other
      hand, in FIG. 4, the pin 3 approaches tangentially toward the point of
      first contact with the tooth of the planet gear 1 and is made into
      complete or theoretical mesh or contact with the tooth over a wide range
      G. Moreover, the pin 3 moves away from the tooth in the tangential
      direction. Thus it is seen that the tooth profile modified in accordance
      with the present invention ensures the complete or thoretical mesh between
      the cylindrical pins of the sun gear and the teeth of the trochoidal
      planet gear 1. The theoretical mesh or contact range G may be optimumly
      selected by varying the phase angle .DELTA..phi..
PAR  As described hereinbefore, according to the present invention, in order to
      provide the backlash the tooth profile may be so modified that the
      modified tooth profile may consist substantially the theoretical
      trochoids. Therefore, the theoretical mesh between the pins and the teeth
      may be ensured so that the smooth and quiet rotation may be ensured and
      the vibrations and noise may be considerably reduced. The complete and
      theoretical mesh between the pins and the teeth over the wide range may be
      ensured; the contact ratio may be considerably increased (the number of
      pins in contact with the teeth is also increased); and the contact
      pressure may be reduced, thus increasing the resistance against the
      injuries such as pitting.
PAR  As described before, the modified tooth profiles 2' and 2" intersect each
      other in the vicinity of their crests and troughs. These small portions of
      the modified tooth profile in the vicinity of the intersections actually
      do not serve the intermesh between the pins and the teeth. Furthermore, if
      these portions are left as they are, it is apparent that the smooth gear
      action cannot be ensured. Moreover, in a case of employing a method for
      generating the teeth by the use of the grinding wheel, it is difficult to
      form the pointed edge in the grinding wheel. Therefore, according to the
      present invention, the tooth profiles 2' and 2" are smoothly
      interconnected by curve and line segments in the vicinity of their
      intersections as will be described in detail hereinafter.
PAR  In FIG. 5, the tooth profiles 2' and 2" are smoothly interconnected by line
      segments and one arc of a circle so that the ridge portion D formed at the
      intersection between the two tooth profiles 2' and 2" in the vicinity of
      their troughs may be eliminated.
PAR  In like manner, in FIG. 6, the two tooth profiles 2' and 2" are
      interconnected in the vicinity of their troughs by only one arc of a
      circle. In FIG. 7, the two tooth profiles 2' and 2" are shown as being
      interconnected in the vicinity of their troughs by two arcs of circles
      with different radii.
PAR  In like manner, the two tooth profiles 2' and 2" are connected with each
      other by a smooth curved line in the vicinity of their crests.
PAR  In FIG. 8, the tooth profiles 2' and 2" are smoothly interconnected by only
      one arc of a circle so that the ridge portion E at the crest may be
      eliminated.
PAR  In FIG. 9, the two profiles 2' and 2" are smoothly connected to each other
      by one line segment and two arcs of a circle. In FIG. 10, they are
      connected to each other by two line segments and one arc of a circle. In
      FIG. 11, they are connected to each other by two arcs of circles with
      different radii.
PAR  In addition to the above, any suitable combinations of line segments and
      arcs of circles of different radii may be used to interconnect the two
      tooth profiles 2' and 2" in the vicinity of their crests and troughs. The
      shapes of curved lines used at the crests and troughs are dependent upon
      the length of the trochoids (indicated by A in FIG. 2) desired and the
      backlash in the normal direction at the crests and troughs.
PAR  Since the trochoidal tooth profiles 2' and 2" which are used for the
      modification of the trochoidal tooth profile, are interconnected by the
      smooth curved lines, cutting and grinding of the teeth may be much
      facilitated. Moreover, the backlash in the normal direction may be
      arbitrarily selected so that the abnormal mesh due to the machining
      tolerance, the elastic deformations and so on, may be positively
      prevented. Thus the load transmission efficiency as well as the service
      life of speed reducers may be considerably increased.
PAR  So far the present invention has been described as being applied to the
      planet gear of the planetary gear speed reducer, but it is to be
      understood that the present invention may be also applied to the cycloidal
      and trocoidal gears used in various hydraulic pumps and motors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gear with a trochoidal curved disk having a tooth profile, said tooth
      profile having a first portion, rotatably shifted from the theoretical
      trochoidal tooth profile about the center of the gear by a phase angle of
      +.DELTA..phi. and a second portion rotatably shifted from the theoretical
      trochoidal tooth profile about the center of the gear by a phase angle
      -.DELTA..phi., whereby backlash is provided.
NUM  2.
PAR  2. A gear as set forth in claim 1, including continuous curves
      interconnecting said first and second portions at the crests and troughs
      of said modified tooth profile, whereby ridges produced at crests and
      troughs of said modified tooth profile are eliminated.
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ABST
PAL  A type of internal cycloidal gearing based on the principal that different
      size generating circles rolling inside a directing circle which has a
      diameter equal to the sum of the diameters of the generating circles
      generate identical hypocycloids, and, similarly, a generating circle that
      surrounds a directing circle and gyrates around it like a "hula-hoop"
      generates the same epicycloid as a small circle having a diameter equal to
      the difference in the diameters of the surrounding "hula-hoop" circle and
      the directing circle.
BSUM
PAR  This invention relates to the profile and shape of the teeth of internal
      gearing. Specifically, it relates to mating tooth profiles that afford an
      exceptionally large contact ratio. Gearing embodying the invention can be
      used in power transmissions, but its primary application is in engines,
      compressors and air motors, wherein a compressible working fluid is
      compressed or expanded in chambers bounded by the gear teeth.
PAR  The prior art discloses a variety of internal gear types appropriate for
      handling incompressible fluids, such as the Gerotor pump (c.f., Earle
      Buckingham, "Analytical Mechanics of Gears," McGraw-Hill, 1949, and Dover,
      1963; pp. 42-47).
PAR  External rotary apparatus of the lobed type is also available for handling
      compressible fluids at low pressure, as well as vane-type air motors and
      compressors for higher pressures. However, there has heretofore not been
      available an internal gear type that allowed for sufficient sealing
      effectiveness to be useful for high pressure compressible fluid
      applications.
PAR  The object of the invention is therefore to provide a type of internal
      gearing that lends itself to maximum control of contact pressures between
      mating teeth and has an exceptionally large contact ratio, so that it is
      adapted to provide a simple and inexpensive but effective means for
      handling compressible fluids at high pressure and hence is useful for
      compressors and internal combustion engines.
PAR  The means to achieve this and other objects and advantages of the invention
      will be evident from the drawings and specifications that follow.
DRWD
PAR  FIG. 1 is a diagram showing the two rolling circles of different diameter
      that can generate the same epicycloid.
PAR  FIG. 2 is a diagram showing the two rolling circles of different diameters
      that can generate the same hypocycloid.
PAR  FIG. 3 is a diagram of the circles of FIG. 1 which also shows the
      construction required to prove that both circles generate the same
      epicycloid.
PAR  FIG. 4 is a diagram of the circles of FIG. 2 which also shows the
      construction required to prove that both circles generate the same
      hypocycloid.
PAR  FIG. 5 is a sectional view of a set of typical internal gears embodying the
      invention.
PAR  FIG. 6 is a diagram showing the relation of the generating circles for the
      tooth profiles of the internal gear set of FIG. 5.
DETD
PAR  In detail and referring to FIG. 1, a fixed circle 11 centered at D is
      called the "directing circle." Tangent to it at point P are two other
      circles 12, 13, called "generating circles." One of these generating
      circles 12 has a diameter smaller than the diameter of the directing
      circle 11, and other 13 has a diameter that is larger than circle 11, so
      that it surrounds it.
PAR  As the smaller generating circle 12, which is called the "minor generating
      circle," moves from its starting position with center at A and rolls
      clockwise around the directing circle 11 without sliding, a point P on its
      circumference traces an epicycloid 14. Similarly, if the larger generating
      circle 13 gyrates around the directing circle 11 without sliding and with
      its point of tangency to the directing circle also moving clockwise,
      starting from a point at which its center is at a point B on the same line
      of centers as points A, P and D, a point P on its circumference will trace
      the same epicycloid 14. This larger generating 13 is called the "major
      generating circle," and the only condition required for it to generate the
      same epicycloid 14 the minor generating circle 12 generates is that its
      diameter be larger than that of the directing circle 11 by an amount equal
      to the diameter of the minor generating circle 12.
PAR  A corresponding phenomena applies to the hypocycloid. Referring to FIG. 2,
      a smaller or minor generating circle 21 and a larger or major generating
      circle 22 are both tangent to a directing circle 23 that has a larger
      diameter than either generating circle. The point of tangency is again
      indicated as P and the respective circle centers A, B and D are in a line
      containing P. As the two generating circles 21, 22 roll around inside the
      directing circle 23 without slipping, point P traces a common hypocycloid
      24 if the diameters of the generating circles 21, 22 add to equal that of
      the directing circle 23.
PAR  To prove that the generating circles 11, 12 in FIG. 1 and 21, 22 in FIG. 2
      generate identical epicycloids and hypocycloids respectively, a
      construction or linkage is shown in FIG. 3 and FIG. 4. In these
      constructions corresponding points and links have the same letter
      designation, and one analysis will apply to both the epicycloid case of
      FIG. 3 and the hypocycloid use of FIG. 4.
PAR  In the construction of FIG. 3, the minor generating circle 12 rolls around
      the directing circle 11, its center moving clockwise from the position A
      and A' and its circumference moving to the position 12' . In this position
      the contact point with the directing circle 11 has moved to the position
      C, and the point P on its circumference has moved to the position P'.
      Since there has been no sliding between the minor generating circle 12 and
      the directing circle 11, the arc CP measured out by its tangent point is
      equal to the arc CP', and the radius AP will have rotated around to the
      position A'P'. The contact arc CP' subtends an angle .mu..sub.A at the
      center A' of the minor generating circle 12.
PAR  Considering next the action of the major generating circle 13, starting
      with its center at B, it moves around the center D of the directing circle
      11, also in the clockwise direction, following a circular path 15 to a
      point B'. In this position 13' its point of tangency with the directing
      circle 11 is at E, and it will have measured out the arc PE on the
      circumference of the directing circle 11. If there has again been no
      sliding, the arc EP will equal the arc EP', and the angle subtended by
      this arc at the center B' of the major generating circle 13 will be
      .mu..sub.B. The points E and C will both be instantaneous centers for the
      point P'.
PAR  To prove that the point P on the major generating circle 13 traces the same
      epicycloid 14 as the corresponding point on the minor generating circle
      12, it must be shown that the line ECP' is a straight line, and that the
      distance CP' on this line is the same for both generating circles 12, 13.
      If the angles .mu..sub.A and .mu..sub.B are equal, the figure A'P'B'D is a
      parallelogram because A'P' and B'D are equal radii of identical circles.
      The conditions for P' to be a common point on the curves traced by the two
      generating circles 12, 13 can then be demonstrated from the equality of
      the main links in the construction, all of which are equal radii or the
      difference of equal radii of the three circles 11, 12, 13 of the
      construction:
EQU  AP = A'P' = A'C = BD = B'D                                 (1)
EQU  de = dc                                                    (2)
EQU  bp = b'p' = b'e = da = da', and                            (3)
PAL  isosceles triangles A'P'C, CDE and B'EP' are similar.
PAR  The same proof applies to the construction of FIG. 4, except that in this
      case the center B of the major generating circle 22 moves counterclockwise
      on the circular path 25 to B'. Like the construction of FIG. 3, the
      elements of FIG. 4 comprise a basic pantograph linkage.
PAR  In FIG. 5, which shows a sectional view of a set of internal gears
      embodying the invention, 51 is an annular gear mounted for rotation about
      its center at D.sub.2 and having teeth 52 that have concave epicycloidal
      dedenda 53 and small convex hypocycloidal addenda 54. The mating pinion 55
      is mounted for rotation about its center at D.sub.1 and has teeth 56 with
      convex epicycloidal addenda 57 and small concave hypocycloidal dedenda 58.
      It will be noted that the arrows representing pressure between tooth
      contact areas are all directed toward the pitch point P. The law of
      gearing is therefore satisfied at all contact points, which lie on the
      path of contact circle 59 centered at D.sub.3. In the configuration shown,
      this path circle 59 lies close to the annular gear pitch circle 61.
      Depending on the tooth proportions desired, it may lie anywhere between
      the pitch circles 61, 62, or may coincide with either of them. If it does
      coincide, the corresponding minor generating circle (63 or 64 in FIG. 6)
      will have a zero diameter, and tooth contact along the path 59 will be
      entirely on the point of the teeth of whichever gear has a pitch circle
      that coincides with the path of action. In practical applications, such
      teeth would need to be tipped with a highly wear-resistant material.
PAR  In FIG. 6, the generating and directing circles for the example of FIG. 5
      are shown, all tangent at the pitch point P. The contact path 59 is the
      major generating circle for all addendum tooth portions, using the pinion
      pitch circle 62 as the directing circle for generating the pinion
      epicycloid addendum profiles 57 and the annular gear pitch circle 61 as
      the directing circle for generating the annular gear hypocycloid addendum
      profiles 54. The corresponding minor generating circles are shown at 63
      and 64 respectively, and these circles also serve to generate the dedenda
      53, 58 of the teeth of both gears 51, 55 respectively.
PAR  It will be seen from FIG. 6 that if the minor generating circles 63, 64 are
      moved to the opposite end of the line of centers 65, to the positions 63'
      and 64' respectively, that the conditions requiring major and minor
      generating circles to have diameters that have a sum or difference equal
      to that of the directing circle are fulfilled, so that major and minor
      generating circles will generate the same epicycloid or hypocycloid. The
      diameters of circles 63 and 62 add to equal the diameter of the generating
      circle 59, and the diameters of circles 61 and 64 subtract to equal it.
      Taken all together, it will be seen that the sum of the diameters of
      circles 62, 63 and 64 add to equal that of circle 61.
PAR  The relative size of the circles 63' and 64' will depend on the performance
      requirements. A small diameter for circle 63' and a large one for circle
      64' will give limited tooth pressure and hence light sealing pressure and
      long wear life. Conversely, if the relative sizes are reversed, the
      sealing pressure will be increased and the wear life reduced.
PAR  The essential differences between the particular embodiment of the
      invention intended for use as a compressor or engine, and such prior art
      devices as the Gerotor or other rotary pumps, is that application to
      compressible working fluids introduces different requirements for the
      teeth. In pumps such as the Gerotor there is a zone of high pressure on
      one side of the plane of the rotor axes and one of low pressure on the
      other. The ports are large, and the critical tooth seals are those
      slightly on the low pressure side of this central plane. When the pinion
      drives the annular gear, the tooth pressure of these critical seals is
      increased, and the pump operates at its maximum effectiveness. When the
      annular gear drives, however, the sealing pressure is reduced and the
      efficiency of the pump correspondingly reduced. It is for this reason that
      Gerotor pumps are nearly always driven through the pinion.
PAR  In the present invention the opposite is the case. The pressure of the
      working fluid varies throughout the device and is at a maximum in the
      vicinity of the pitch point. Effective sealing therefore requires that
      tooth contact pressures be at a maximum near the pitch point, and this
      means that the torque transmission must be through the annular gears. The
      work of the pinion, whether it be by or on the working fluid or on the end
      seals, must therefore be great enough to insure that sufficient power is
      transmitted through the pinion teeth to obtain effective sealing. This
      will ordinarily require that the path of contact be closer to the annular
      gear pitch circle than it is to the pinion pitch circle, particularly if
      the end seals have a low friction loss. This feature is indicated in FIG.
      5 for typical seal points at G and H. It will be evident that the
      distances to these points D.sub.1 G and D.sub.1 H from the center D.sub.1
      of the pinion pitch circle 62 are quite different. The torque exerted on
      the pinion 55 by the working fluid in this particular tooth space will be
      equal to the average of these two lengths times the fluid pressure times
      the different of the two lengths. When this difference is large, the
      torque contribution of this tooth space is large, and when the difference
      is small, the torque contribution will be correspondingly small.
PAR  It should also be noted that the distances D.sub.2 M and D.sub.2 H in FIG.
      5 are almost equal. The torque exerted on the annular gear 51 by the
      working fluid pressure in this tooth space will therefore be very small.
      This is in accordance with the preferred embodiment of the invention as
      applied to compressors and engines. The main work done by or on the
      working fluid is by the pinion, with torque transmission to or from the
      pinion applied through the annular gear teeth so as to effect a sealing
      action sufficient to confine the working fluid within chambers bounded by
      adjacent teeth.
PAR  Various minor modifications may be made to the gear teeth described in this
      specification without departing from the spirit and scope of the
      folllowing claims. For example, the generating curve 59 in FIG. 6 could
      deviate slightly from a true circle. Any curve having a radii of curvature
      that are at all points greater than those of the inner directing circle 62
      and smaller than those of the outer directing circle 61 can be rolled on
      these circles, and points on such a curve will generate profiles
      satisfying the law of gearing. Slightly spiral or elliptical curves can be
      used, for example. Alternatively, as Buckingham notes (op. cit., p.15) if
      the path is given, the profiles of both pinion and annular gear are fixed
      and may be calculated. This is preferable to selecting a pinion or annular
      gear tooth profile and calculating the path, since it is the latter that
      is critical if effective sealing is to be achieved.
PAR  Applications of the gearing herein disclosed to a compressor or the
      compression phase of an internal-combustion engine requires a shorter path
      of contact than is possible for applications involving an expansion of the
      working fluid. This is because the tooth surface friction angle adds to
      the pressure angle on the approach side and subtracts from it on the
      recess side. Since the teeth will bind if the sum of the pressure angle
      and friction angle exceeds 90.degree., initial tooth contact in the region
      at the opposite side of the gear set from the pitch point must be avoided.
      Several methods are available for preventing this premature tooth
      engagement: (a) use of at least two more teeth on the annular gear than on
      the pinion, and preferably 3 or 4 or occasionally even more; (b) reduction
      of the addendum heights of the pinion or annular gear teeth, so the
      intersection of one or both addendum circles with the path curve is closer
      to the pitch point; or (c), relief of the tooth tips on either the leading
      surface of the annular gear teeth or the trailing surface of the pinion
      teeth, or both. This last alternative (c) results in an asymmetrical
      tooth, but in an engine such asymmetry would make it possible to have
      different ratios of compression and expansion in a single gear set in
      which firing occurs near the pitch point.
PAR  Other possible modifications include those that would be made to other
      forms of gearing for corresponding purposes. For example, the teeth could
      be made helical or relieved slightly to foster smooth and quiet operation.
      In the case of engine or compressor applications, the relief may extend
      over the full tooth profile so as to cause the tooth contact pressure to
      vary more or less in the manner in which the working fluid pressure
      varies. A method of achieving a varying tooth pressure is disclosed in
      copending U.S. Pat. application Ser. No. 529,298. In general, tooth relief
      will be preferable to use of a helix angle for compressor or engine
      applications, since helix angles reduce the compression ratio.
PAR  The above specification describes embodiments of the subject gearing that
      are mounted for rotation on fixed centers. It will be evident that one
      gear can be gyrated within or around the other, as for example in a
      "planocentric" drive or a Wankel-type engine or compressor. The claims are
      therefore also intended to cover the use of the invention in such
      configurations, unless otherwise indicated.
PAR  In "planocentric" or fixed center power transmissions, the gearing herein
      disclosed has exceptional torque capacity. This is the result of the
      subject gearing having two paths of contact on one side of the line of
      centers. In FIG. 6 these are the circles 59 and 63. The former has
      numerous points of contact, and the latter has close conformity somewhat
      in the manner of Novikov gearing. If the pinion drives, both these paths
      will be on the recess side, which is usually pereferred for minimization
      of friction and noise.
PAR  In general, the preferred embodiments of the invention will depend on the
      function of the gears. For engine or compressor applications, the primary
      consideration will be effective sealing. The troque to be transmitted is
      fairly small relative to the gear sizes, so as much torque as possible
      should be carried through the teeth. This requires that circle 64 in FIG.
      6 be considerably smaller than 63 and that the only deviations from
      theoretical profile conjugacy be the very minute ones that improve
      sealing, as indicated above. It is especially important in engine and
      compressor applications that conjugacy be maintained in profile portions
      contacting near the pitch point, because of the high workingfluid
      pressures in this region.
PAR  For applications of the invention in power transmission devices, including
      planocentric drives, there is no sealing requirement, and the primary
      desideratum is a high torque capacity. This calls for maximization of the
      relative radius of curvature of the mating addenda on the longer path of
      contact (circle 59) by using circles 63 and 64 with diameters that are
      considerably more similar than is indicated in FIG. 6. In addition, the
      loading of the gears in the vicinity of the pitch point should be eased or
      eliminated, as this is a region where the relative radius of curvature
      approaches zero and the Hertzian stresses therefore become very great. The
      profile curves of one or both gears should therefore be relieved for a
      short distance on both sides of the pitch circle, or the radius of
      curvature of the profiles increased in this region. In either case, the
      tooth profiles will be out of contact when near the pitch point,
      substantially as indicated in my co-pending U.S. Pat. application, Ser.
      No.  529,298. Alternatively, if near the pitch circle a short segment of
      exponential or railway transition spiral as defined in said application is
      used instead of the cycloidal curves, this will accomplish essentially the
      same purpose as tooth profile relief.
PAR  The prior art includes the "mutually generative rotors" patents of M.F.
      Hill, such as U.S. Pat. Nos. 1,682,563; 1,682,564; 1,682,565; 1,833,993;
      2,031,888; and 2,091,317.
PAR  For the purposes of the ensuing claims, the following terms shall have the
      following meanings: "minor generating circle"  shall mean that generating
      circle for a hypocycloid or epicycloid that has the smaller of the two
      possible generating circle diameters; "addendum portion" shall mean all or
      part of the active portion of the tooth profile on the opposite side of
      the pitch circle from the tooth root; "pitch surface" shall mean the
      surface of revolution generated by the pitch line as it moves around the
      axis of a gear at a fixed distance therefrom; "pressure angle" shall mean
      the angle between a tangent to the tooth profile and a radial line at a
      particular point on the tooth profile which is not at the pitch radius
      unless so specified; "internal gears" means a set of mating gears
      comprising one external pinion gear and one annular gear; and "relieved"
      means having a slight amount of material removed from a conjugate tooth
      surface.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a pair of mating internal gears,
PA1  a pinion and an annular gear,
PA1  teeth formed on said gears to have, in planes perpendicular to the common
      pitch element of said pair, a path of contact including a curved portion
      lying between the pitch circles of said pair and being closer to one pitch
      circle than the other,
PA1  the radius of curvature at profile points on the working portion of the
      teeth of said annular gear varying with the distance of said points from
      the pitch circle of said annular gear,
PA1  the segment of said path of contact lying on one side of the pitch point of
      said pair containing, for all rotational positions of said pair, a
      plurality of contact points at all of which the opposed profile curves are
      convex.
NUM  2.
PAR  2. A pair of mating internal gears according to claim 1 wherein said pinion
      has teeth the profiles of which in said planes include an addendum portion
      shaped substantially to the form of an epicycloid, said annular gear has
      teeth the profiles of which in said planes include an addendum portion
      shaped substantially to the form of a hypocycloid, and the sum of the
      diameters of the pitch circle of said pinion, the minor generating circle
      of said epicycloid, and the minor genrating circle of said hypocyloid is
      substantially equal to the diameter of the pitch circle of said annular
      gear.
NUM  3.
PAR  3. A pair of mating internal gears according to claim 2 wherein the
      diameter of one of said minor generating circles is several times as large
      as the other.
NUM  4.
PAR  4. A pair of mating gears according to claim 1 wherein said pinion is an
      idling member, free of any mechanical means other than its teeth for
      applying torque to it.
NUM  5.
PAR  5. A pair of mating gears according to claim 1 wherein the teeth of said
      one of said pair that has its pitch circle closest to said path of contact
      is made of a material that is substantially harder than that of the teeth
      of the other of said pair.
NUM  6.
PAR  6. A pair of mating gears according to claim 1 wherein the sum of the
      pressure angle and the friction angle is less than 90.degree..
NUM  7.
PAR  7. A pair of mating gears according to claim 1 wherein the addendum height
      and dedendum depth of one of said pair are unequal.
NUM  8.
PAR  8. A pair of mating gears according to claim 1 wherein the number of teeth
      on said pinion differs from the number of teeth on said annular gear by
      more than one.
NUM  9.
PAR  9. A pair of mating gears according to claim 1 wherein the number of teeth
      on said pinion differs from the number of teeth on said annular gear by
      one.
NUM  10.
PAR  10. A pair of mating gears according to claim 1 wherein the common normals
      to the profiles at said contact points pass substantially through said
      pitch point.
NUM  11.
PAR  11. A pair of mating gears according to claim 1 wherein the teeth are
      asymmetrical on one of said gears.
NUM  12.
PAR  12. A pair of mating gears according to claim 1 wherein portions of the
      surfaces of the teeth of one of said pair are relieved.
NUM  13.
PAR  13. A pair of mating gears according to claim 1 wherein the teeth are
      slantingly disposed with respect to the common pitch element.
NUM  14.
PAR  14. A pair of mating gears according to claim 1 wherein the axis of one of
      said pair rotates about the axis of the other.
PATN
WKU  039466221
SRC  5
APN  4405455
APT  1
ART  345
APD  19740207
TTL  Speed change gear
ISD  19760330
NCL  1
ECL  1
EXA  Lall; P. S.
EXP  Scott; Samuel
NDR  3
NFG  9
INVT
NAM  Murakami; Noboru
CTY  Nagoya
CNT  JA
INVT
NAM  Hirosawa; Koichiro
CTY  Kariya
CNT  JA
INVT
NAM  Ohara; Kazuo
CTY  Toyota
CNT  JA
INVT
NAM  Matsuo; Koichi
CTY  Toyota
CNT  JA
ASSG
NAM  Aisin Seiki Kabushiki Kaisha
CTY  Aichi
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730226
APN  48-22832
PRIR
CNT  JA
APD  19730428
APN  48-48901
CLAS
OCL   74765
XCL   74764
EDF  2
ICL  F16H 5710
FSC   74
FSS  764;765;768;769;753
UREF
PNO  3383954
ISD  19680500
NAM  McFarland
OCL   74753
UREF
PNO  3386314
ISD  19680600
NAM  Stockton
OCL   74765
UREF
PNO  3678783
ISD  19720700
NAM  O'Malley et al.
OCL   74765
UREF
PNO  3835732
ISD  19740900
NAM  Mori et al.
OCL   74765
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  Speed change gears of the planetary gear type suited for applications
      within fluid couplings used upon automotive vehicles includes an input
      shaft, a first clutch for releasing or coupling a second ring gear and a
      third sun gear simultaneously from or to the input shaft, a second clutch
      for releasing or coupling a first sun gear and a second sun gear
      simultaneously from or to the input shaft, a first planetary gear engaged
      with the first sun gear, a first ring gear engaging the first planetary
      gear, a first carrier rotatably supporting the first planetary gear, a
      second planetary gear engaged with the second sun gear and the second ring
      gear, a second carrier rotatably supporting the second planetary gear, a
      third planetary gear enmeshed with the third sun gear, a third ring gear
      interengaged with the third planetary gear and coupled to the first ring
      gear, a third carrier rotatably supporting the third planetary gear and
      coupled to the second carrier and to an output shaft, a first brake
      capable of locking the first sun gear and the second sun gear
      simultaneously to a casing, a second brake capable of locking the first
      carrier relative to the casing, and a third brake capable of locking the
      first ring gear and the third ring gear simultaneously to the casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to speed change gears and more
      particularly to speed change gears suited for applications with fluid
      couplings or torque converters used upon vehicles, especially automobiles.
PAR  2. Description of the Prior Art
PAR  It is desirable that the gear type speed changer of automatic transmissions
      used upon large automotive vehicles, such as for example, trucks and buses
      should be capable of shifting between at least four forward speeds and
      operating with one reverse speed. This speed changing mechanism may be
      realized by suitably combining three, four or even more simple sets of
      planetary gears of the single pinion or the double pinion type, of which a
      variety of combinations may be considered. Within any combination of such
      planetary gear sets, the following conditions are desired to be satisfied:
PAR  1. The output shaft should be coupled to the same elements within each
      speed range.
PAR  2. In order to reduce the circumferential speed of the bearing of each
      element of the planetary gear set, the number of its revolutions should be
      small.
PAR  3. The tooth load, that is, the tangential force, of each element should be
      small so as to maintain the strength 0f the gear teeth.
PAR  4. The gear set should meet the meshing conditions for the number of teeth.
      The sun whose diameter is minimized, as well as each planetary pinion
      gear, should have the necessary number of teeth.
PAR  5. Within each planetary gear set, the coupling relationship among the
      elements should be simple and the distance from each other be short.
PAR  6. When attaining speed shifts by frictional coupling means during forward
      drive, such speed shifts should be available through one coupling means
      alone.
PAR  Conventional apparatus failed to efficiently attain these conditions.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the principal object of the present invention is the provision
      of an efficient speed change gear mechanism of the planetary gear type
      which is able to provide at least four forward speeds and one reverse
      speed.
PAR  The foregoing object and other objectives are achieved according to this
      invention through the provision of a speed change gear mechanism employing
      three simple planetary gear sets of the single pinion type, two clutch
      units, and three brake units. The movable members of the three planetary
      gear sets are suitably coupled to each other, and the clutch units and
      brake units are suitably coupled, uncoupled, locked and unlocked.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1 is a view schematically illustrating a first embodiment of a speed
      change gear constructed according to the present invention and showing its
      cooperative parts;
PAR  FIG. 2 is a view similar to that of FIG. 1 illustrating however a second
      embodiment of the present invention;
PAR  FIG. 3 is a view similar to that of FIG. 1 illustrating however a third
      embodiment of the invention;
PAR  FIG. 4 is a view similar to that of FIG. 1 illustrating however, a fourth
      embodiment of the present invention;
PAR  FIG. 5 is a view similar to that of FIG. 1 illustrating however a fifth
      embodiment of the present invention;
PAR  FIG. 6 is a view similar to that of FIG. 1 illustrating however a sixth
      embodiment of the present invention;
PAR  FIG. 7 is a view similar to that of FIG. 1 illustrating however a seventh
      embodiment of the present invention;
PAR  FIG. 8 is a view similar to that of FIG. 1 illustrating however an eighth
      embodiment of the present invention; and
PAR  FIG. 9 is a view similar to that of FIG. 1 illustrating however a ninth
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly to FIG. 1 thereof,
      there is schematically shown a first embodiment of the present invention
      wherein a generally known three-element one-stage two-phase torque
      converter, generally indicated by the reference character 10 includes a
      pump impeller 11 connected to an input shaft 1, a turbine runner 12
      connected to a first intermediate shaft 2, and a stator wheel 13 supported
      by means of a casing 100 through means of a one-way brake 101. A first
      clutch 21 is interposed between the first intermediate shaft 2 and a
      second intermediate shaft 3 disposed serially and coaxially with the first
      intermediate shaft 2, the first clutch 21 of course serving to couple the
      intermediate shafts together or uncouple them from each other, and a
      hollow, third intermediate shaft 5 is also disposed upon the second
      intermediate shaft 3 in coaxial fashion.
PAR  A first sun gear 41 and a second sun gear 51 of a first planetary gear set,
      generally indicated by the reference character 40, and of a second
      planetary gear set, generally indicated by the reference character 50,
      respectively, are secured upon the third intermediate shaft 5 by spline
      means or the like so as to allow the sun gears 41 and 51 to rotate with
      the third intermediate shaft 5. A second clutch 22 is similarly interposed
      between the third intermediate shaft 5 and the first intermediate shaft 2
      so as to couple these shafts together or uncouple them from each other.
      Furthermore, a first brake 31 is interposed between the third intermediate
      shaft 5 and the casing 100, and when this brake is actuated, the third
      intermediate shaft 5 as well as the first and second sun gears 41 and 51
      are locked relative to casing 100.
PAR  The first planetary gear set 40 is seen to comprise the first sun gear 41,
      a first planetary gear 42 engaged with the first sun gear 41, a first ring
      gear 43 enmeshed with the first planetary gear 42, and a first carrier 44
      rotatably supporting the first planetary gear 42. A second brake 32 is
      interposed between the first carrier 44 and the casing 100, and when this
      brake is actuated, the first carrier 44 is locked relative to casing 100.
PAR  The second planetary gear set 50 similarly comprises the second sun gear
      51, a second planetary gear 52 interengaged with the second sun gear 51, a
      second ring gear 53 engaged with the second planetary gear 52, and
      drivingly coupled to the second intermediate shaft 3, and a second carrier
      54 rotatably supporting the second planetary gear 52.
PAR  A third sun gear 61 of a third planetary gear set, generally indicated by
      the reference character 60, is also secured upon the second intermediate
      shaft 3 by spline means or the like whereby the sun gear 61 is able to
      rotate with the second intermediate shaft 3, and the third planetary gear
      set 60 further comprises a third planetary gear 62 engaged with the third
      sun gear 61, a third ring gear 63 interengaged with the third planetary
      gear 62 and drivingly coupled to the first ring gear 43, and a third
      carrier 64 rotatably supporting the third planetary gear 62 and drivingly
      coupled to the second carrier 54 as well as to an output shaft 4 coaxially
      and serially disposed with respect to the second intermediate shaft 3. A
      third brake 33 is interposed between the casing 100 and the two ring gears
      43 and 63 and when this brake is actuated, the ring gears 43 and 63 are
      locked relative to casing 100.
PAR  Within each of the simple, single pinion type planetary gear sets, the
      following conditions prevail:
EQU  N.sub.Rn - (1 + I.sub.n) N.sub.Cn = 0 (n + 1, 2, 3, . . .)
PAL  wherein:
PAR  N.sub.Rn = the number of revolutions of the ring gear
PAR  N.sub.Cn = the number of revolutions of the carrier
PAR  N.sub.Sn = the number of revolutions of the sun gear
PAR  I.sub.n = the radial ratio between the ring gear and the sun gear
PAR  More specifically, the radial ratios within the speed change gear mechanism
      of the present invention are, for example, I.sub.1 = 0.28, I.sub.2 = 0.52
      and I.sub.3 = 0.36. The following table summarizes the gear ratios in
      connection with the operation of clutches 21 and 22, and brakes 31, 32 and
      33:
TBL  Speed Ranges                                                              
                21 22 31 32 33 Gear Ratios                                     
     __________________________________________________________________________
     first speed                                                               
                O           O  1 : 3.778                                       
     second speed                                                              
                O        O     1 : 2.425                                       
     third speed                                                               
                O     O        1 : 1.520                                       
     fourth speed                                                              
                O  O           1 : 1.000                                       
     reverse 1st speed                                                         
                   O           1 : -4.342                                      
     reverse 2nd speed                                                         
                   O           1 : -1.741                                      
     __________________________________________________________________________
PAR  As described above, the present invention thus makes it feasible to realize
      gear ratios for four forward speeds and two reverse speeds by the
      utilization of three simple planetary gear sets of the single pinion type
      and according to a further aspect of the present invention, friction
      wheels may readily be used in place of the noted gears in order to
      constitute the foregoing speed change mechanism.
PAR  Table 1 shows the relationship between the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      the individual speed ranges, the ratio of the number of revolutions being
      based upon the assumption that the number of revolutions of the input
      shaft is 1, and the tangential force upon the assumption that the input
      shaft torque exerted upon the ring gear is 1, and these assumptions apply
      throughout the other embodiments hereinafter described. Within the Tables,
      the symbols utilized have the following designations:
PAR  A = the speed ranges
PAR  B = the planetary gear sets
PAR  N = the number of revolutions
PAR  W = the tangential force
PAR  X.sub.n = the n-th planetary gear set
PAR  S.sub.n = the n-th sun gear
PAR  P.sub.n = the n-th planetary gear
PAR  RG.sub.n = the n-th ring gear
PAR  Cn = the n-th carrier
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     B    X1                  X2                  X3                           
     A    S1   C1   RG1  P1   S2   C2   RG2  P2   S3   C2   RG3 P3             
     __________________________________________________________________________
        N -1.15                                                                
               -0.25                                                           
                    0.0   0.70                                                 
                              -1.15                                            
                                   0.26 1.00 3.06 1.00 0.26 0.0 -0.83          
     F1 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00 2.78 5.56 2.78               
                                                                2.78           
        N -0.72                                                                
               -0.00                                                           
                     0.20                                                      
                          0.56                                                 
                              -0.72                                            
                                   0.41 1.00 2.45 1.00 0.41 0.20               
                                                                -0.66          
     F2 W  1.11                                                                
               2.23  1.11                                                      
                          1.11                                                 
                              0.60 1.20 0.60 0.60 1.11 2.23 1.11               
                                                                1.11           
        N 0.0  0.42  0.53                                                      
                          0.32                                                 
                              0.0  0.66 1.00 1.43 1.00 0.66 0.53               
                                                                -0.38          
     F3 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00 0.00 0.0  0.0 0.0            
        N  1.00                                                                
               0.22 0.0   0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
                                                  -0.87                        
                                                       -0.23                   
                                                            0.00               
                                                                0.72           
     R1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92 5.34 10.68                   
                                                            5.34               
                                                                5.34           
        N  1.00                                                                
               0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
                                                  -1.3 -0.57                   
                                                            -0.28              
                                                                0.92           
     R2 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77 2.14 4.28 2.14               
                                                                2.14           
     __________________________________________________________________________
PAR  Because the gear ratio at the fourth forward speed is 1 : 1.00, the number
      of revolutions of each planetary gear is 0.00 when the number of
      revolutions of each sun gear, ring gear and carrier is 1.00. The
      tangential force is much smaller within the fourth forward speed range
      than in the other speed ranges due to the fact that within the fourth
      forward speed range, the torque of the input shaft is distributed to the
      individual elements through the coupling of at least two clutches, while
      in the other speed ranges, the torque of the input shaft is imparted to
      the individual elements through coupling of only one of the clutches.
      Hence, for the fourth speed range wherein the gear ratio is 1.00, the
      number of revolutions and the tangential force are not shown in Table 1.
      Similar conditions prevail for the other embodiments of the present
      invention as will be described hereinafter.
PAR  Referring now to FIG. 2, there is schematically shown a second embodiment
      of the present invention which is similar to the first embodiment and
      wherein there is further included a fourth sun gear 71a of a fourth
      planetary gear set, generally indicated by the reference character 70a, of
      the single pinion type, secured upon the output shaft 4 by spline means or
      the like whereby the sun gear is able to rotate with the output shaft 4.
      The fourth planetary gear set 70a further includes a fourth planetary gear
      72a engaged with the sun gear 71a, a fourth ring gear 73a interengaged
      with the fourth planetary gear 72a and integrally coupled to the third
      ring gear 63 and a fourth carrier 74a rotatably supporting the fourth
      planetary gear 72a. Since ring gear 73a is coupled to ring gear 63a, gears
      73a is locked relative to casing 30 when the third brake 33 is actuated. A
      fourth brake 34a is similarly interposed between the fourth carrier 74a
      and the casing 30, and when this brake is actuated, the fourth carrier 74a
      is locked relative thereto.
PAR  Within this embodiment, the radial ratios are: I.sub.1 = 0.280, I.sub.2 =
      0.520, I.sub.3 = 0.360, and I.sub.4 = 0.562, and the gear ratios within
      the individual speed ranges, five forward speed ranges and three reverse
      speed ranges in connection with the operations of clutches 21 and 22 and
      brakes 31, 32, 33 and 34a are summarized in the following table:
TBL  Speed Ranges                                                              
               21 22 31 32 33 34a Gear Ratios                                  
     __________________________________________________________________________
     first speed                                                               
               O              O   1 : 5.34                                     
     second speed                                                              
               O           O      1 : 3.78                                     
     third speed                                                               
               O        O         1 : 2.43                                     
     fourth speed                                                              
               O     O            1 : 1.52                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     reverse 1st speed                                                         
                  O           O   1 : -7.34                                    
     reverse 2nd speed                                                         
                  O        O      1 : -4.34                                    
     reverse 3rd speed                                                         
                  O     O         1 : -1.74                                    
     __________________________________________________________________________
PAR  Table 2 shows the relationship between the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      each speed range.
PAR  Referring now to FIG. 3, there is schematically shown a third embodiment of
      the present invention which is also similar to the first embodiment and
      wherein there is included a hollow third intermediate shaft 6b coaxially
      disposed upon the output shaft 4, and a fourth sun gear 71b of a fourth
      planetary gear set generally indicated by the reference character 70b, of
      the single pinion type, is secured upon the third intermediate shaft 6b by
      spline means or the like whereby the sun gear 71b is able to rotate with
      the third intermediate shaft 6b. The fourth planetary gear set 70b further
      has a fourth planetary gear 72b engaged with the fourth sun gear 71b, a
      fourth ring gear 73b enmeshed with the fourth planetary gear 72b and
      integrally coupled to the output shaft 4, and a fourth carrier 74b
      rotatably supporting the fourth planetary gear 72b. The third intermediate
      shaft 6b is integrally coupled to the third ring gear 63 and consequently,
      this intermediate shaft is locked relative to casing 30 when the third
      brake 33 is actuated. A fourth brake 34b is similarly installed between
      the fourth carrier 74b and the casing 30 and when this brake is actuated,
      the fourth carrier 74b is locked relative to casing 30.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2   RG2  P2                                
     __________________________________________________________________________
        N -1.38                                                                
               -0.38                                                           
                    -0.11                                                      
                         0.77 -1.38                                            
                                   0.19 1.00 3.39                              
     F1 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F2 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F3 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F4 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 1.00 0.28 0.08 -0.56                                                 
                              1.00 -0.14                                       
                                        -0.78                                  
                                             -2.46                             
     R1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R2 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R3 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N 1.00 0.19 -0.11                                                      
                         -0.91                                                 
                              0.19 0.00 -0.11                                  
                                             -0.48                             
     F1 W 2.78 5.56 2.78 2.78 2.78 5.56 2.78 2.78                              
        N 1.00 0.26 0.0  -0.83                                                 
                              0.26 0.10 0.0  -0.43                             
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.41 0.20 -0.66                                                 
                              0.41 0.28 0.20 -0.35                             
     F3 W 1.11 2.23 1.11 1.11 0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.66 0.58 0.53 -0.20                             
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.73                                                                
               -0.14                                                           
                    0.08 0.66 -0.14                                            
                                   0.0  0.08 0.35                              
     R1 W 5.34 10.68                                                           
                    5.34 5.34 5.34 10.68                                       
                                        5.34 5.34                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 -0.23                                            
                                   -0.08                                       
                                        0.0  0.38                              
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.39                                                                
               -0.57                                                           
                    -0.28                                                      
                         0.92 -0.57                                            
                                   -0.39                                       
                                        - 0.28                                 
                                             0.48                              
     R3 W 2.14 4.28 2.14 2.14 0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  In this embodiment, the radial ratios are: I.sub.1 = 0.280, I.sub.2 =
      0.520, I.sub.3 = 0.360 and I.sub.4 = 0.562 and the gear ratios within the
      individual speed ranges, five forward speed ranges and three reverse speed
      ranges, in connection with the operations of clutches 21 and 22, and
      brakes 31, 32, 33 and 34b are summarized in the following table:
     Speed Ranges                                                              
               21 22 31 32 33 34b Gear Ratios                                  
     __________________________________________________________________________
     first speed                                                               
               O              O   1 : 8.72                                     
     second speed                                                              
               O           O      1 : 3.78                                     
     third speed                                                               
               O        O         1 : 2.43                                     
     fourth speed                                                              
               O     O            1 : 1.52                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     reverse 1st speed                                                         
                  O           O   1 : -13.85                                   
     reverse 2nd speed                                                         
                  O        O      1 : -4.34                                    
     reverse 3rd speed                                                         
                  O     O         1 : -1.74                                    
     __________________________________________________________________________
PAR  Table 3 also shows the relationship between the number of revolutions and
      the tangential force of the elements of the planetary gear sets within
      each speed range.
PAR  Turning now to FIG. 4, a fourth embodiment of the present invention is seen
      to be quite similar to the first embodiment, although
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2   RG2  P2                                
     __________________________________________________________________________
        N -1.59                                                                
               -0.51                                                           
                    -0.20                                                      
                         0.84 -1.59                                            
                                   0.11 1.00 3.69                              
     F1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00                              
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F2 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F3 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F4 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 1.00 0.32 0.13 -0.53                                                 
                              1.00 -0.07                                       
                                        -0.63                                  
                                             -2.32                             
     R1 W 0.0  0.0  0.0  0.0  1.92 3.95 1.92 1.92                              
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R2 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R3 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N 1.00 0.11 -0.20                                                      
                         -1.00                                                 
                              -0.20                                            
                                   -0.00                                       
                                        0.11 0.52                              
     F1 W 2.78 5.56 2.78 2.78 4.94 9.89 4.94 4.94                              
        N 1.00 0.26 0.0  -0.83                                                 
                              0.0  0.17 0.26 0.43                              
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.41 0.20 -0.66                                                 
                              0.20 0.34 0.41 0.35                              
     F3 W 1.11 2.23 1.11 1.11 0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.53 0.61 0.66 0.20                              
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.63                                                                
               -0.07                                                           
                    0.13 0.63 0.13 0.00 -0.07                                  
                                             -0.33                             
     R1 W 5.34 10.68                                                           
                    5.34 5.34 9.51 19.01                                       
                                        9.51 9.51                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 0.0  -0.15                                       
                                        -0.23                                  
                                             -0.38                             
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.39                                                                
               -0.57                                                           
                    -0.28                                                      
                         0.92 -0.28                                            
                                   -0.47                                       
                                        -0.57                                  
                                             -0.48                             
     R3 W 2.14 4.28 2.14 2.14 0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAL  the present embodiment includes a hollow third intermediate shaft 6c
      disposed coaxially upon the output shaft 4 and a fourth sun gear 71c of a
      fourth planetary gear set, generally indicated by the reference character
      70c, of the single pinion type, is secured upon the third intermediate
      shaft 6c by spline means or the like so as to allow sun gear 71c to rotate
      with the third intermediate shaft 6c. The fourth planetary gear set 70c
      further includes a fourth planetary gear 72c engaged with the fourth sun
      gear 71c, a fourth ring gear 73c interengaged with the fourth planetary
      gear 72c and coupled to the third carrier 64, and a fourth carrier 74c
      rotatably supporting the fourth planetary gear 72c and the fourth carrier
      integrally coupled to the third ring gear 63 so as to be locked when the
      third brake 33 is actuated. A fourth brake 34c is similar installed
      between the third intermediate shaft 6c and the casing 30 and
      consequently, when the fourth brake 34 c is actuated, the third
      intermediate shaft 6c is locked relative thereto.
PAR  Concrete examples of the radial ratios within this embodiment are: I.sub.1
      = 0.280, I.sub.2 = 0.520, I.sub.3 = 0.360 and I.sub.4 = 0.562. The gear
      ratios within the individual speed ranges, five forward speed ranges and
      three reverse speed ranges, in connection with the operations of clutches
      21 and 22, and brakes 31, 32, 33 and 34c are tabulated below:
     Speed Ranges                                                              
               21 22 31 32 33 34c Gear Ratios                                  
     __________________________________________________________________________
     first speed                                                               
               O           O      1 : 3.78                                     
     second speed                                                              
               O        O         1 : 2.43                                     
     third speed                                                               
               O              O   1 : 2.00                                     
     fourth speed                                                              
               O     O            1 : 1.52                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     reverse 1st speed                                                         
                  O        O      1 : -4.34                                    
     reverse 2nd speed                                                         
                  O     O         1 : -1.74                                    
     reverse 3rd speed                                                         
                  O           O   1 : -0.92                                    
     __________________________________________________________________________
PAR  Table 4 shows the relationship between the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      each speed range.
PAR  Reference now being made to FIG. 5, a fifth embodiment of the present
      invention is shown wherein the system is similar to that of the first
      embodiment and additionally includes a fourth sun gear 71d, of a fourth
      planetary gear set, generally indicated by the reference character 70d, of
      the single pinion type, secured upon the output shaft 4 whereby sun gear
      71d can rotate therewith, and wherein further the fourth planetary gear
      set 70d also includes a fourth planetary gear 72d engaged with the fourth
      sun gear 71d, a fourth ring gear 73d enmeshed
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2   RG2  P2                                
     __________________________________________________________________________
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F2 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F3 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 0.36 0.63 0.70 0.21 0.36 0.78 1.00 0.91                              
     F4 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N 1.00 1.74 1.95 0.58 1.00 2.17 2.77 2.53                              
     F6 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R2 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N 1.00 0.26 0.0  -0.83                                                 
                              -2.36                                            
                                   0.26 1.00 2.04                              
     F1 W 2.78 5.56 2.78 2.78 0.0  0.00 0.00 0.00                              
        N 1.00 0.41 0.20 -0.66                                                 
                              -1.69                                            
                                   0.41 1.00 1.63                              
     F2 W 1.11 2.23 1.11 1.11 0.0  0.00 0.00 0.00                              
        N 1.00 0.66 0.53 -0.38                                                 
                              -0.56                                            
                                   0.66 1.00 0.95                              
     F3 W 0.00 0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N 1.00 0.78 0.70 -0.25                                                 
                              0.0  0.78 1.00 0.61                              
     F4 W 0.00 0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 2.77 2.17 1.95 -0.68                                                 
                              0.0  2.17 2.77 1.69                              
     F6 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 2.05 -0.23                                       
                                        -0.87                                  
                                             -1.78                             
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.00 0.00 0.00                              
        N -1.39                                                                
               -0.57                                                           
                    -0.28                                                      
                         0.92 2.35 -0.57                                       
                                        -1.39                                  
                                             -2.27                             
     R2 W 2.14 4.28 2.14 2.14 0.0  0.00 0.00 0.00                              
     __________________________________________________________________________
PAL  with the fourth planetary gear 72d, and a fourth carrier 74d rotatably
      supporting the fourth planetary gear 72d and being integrally coupled to
      the third ring gear 63 whereupon such carrier is locked relative to casing
      30 when the third brake 33 is actuated. A fourth brake 34d is also
      provided in conjunction with the fourth ring gear 73d whereupon such brake
      being actuated, the fourth ring gear 73d will be locked relative to casing
      30.
PAR  Concrete examples of the radial ratios in this embodiment are: I.sub.1 =
      0.280, I.sub.2 = 0.520, I.sub.3 = 0.360 and I.sub.4 = 0.562 and the
      following table summarizes the gear ratios within the individual speed
      ranges, five forward speed ranges and three reverse speed ranges in
      connection with the operations of clutches 21 and 22 and brakes 31, 32, 33
      and 34d:
     Speed Ranges                                                              
               21 22 31 32 33 34d Gear Ratios                                  
     __________________________________________________________________________
     first speed                                                               
               O           O      1 : 3.78                                     
     second speed                                                              
               O              O   1 : 2.78                                     
     third speed                                                               
               O        O         1 : 2.43                                     
     fourth speed                                                              
               O     O            1 : 1.52                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     reverse 1st speed                                                         
                  O        O      1 : -4.34                                    
     reverse 2nd speed                                                         
                  O           O   1 : -2.42                                    
     reverse 3rd speed                                                         
                  O     O         1 : -1.74                                    
     __________________________________________________________________________
PAR  Table 5 shows the relationship regarding the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      each speed range.
PAR  Referring now to FIG. 6, there is schematically shown a sixth embodiment of
      the present invention, which is also similar to the first embodiment, the
      present embodiment including a hollow third intermediate shaft 6e
      coaxially disposed upon the output shaft 4, and a fourth sun gear 71e, of
      a fourth planetary gear set, generally indicated by the reference
      character 70e, of the single pinion type, secured upon the third
      intermediate shaft 6e by spline means or the like whereby such sun gear is
      permitted to rotate with the third intermediate shaft 6e. The fourth
      planetary gear set 70e is further provided with a fourth planetary gear
      72e engaged with the fourth sun gear 71e, a fourth ring gear 73e
      interengaged with the fourth planetary gear 72e, and a fourth carrier 74e
      rotatably supporting the fourth planetary gear 72e and being integrally
      coupled to the output shaft 4. The third intermediate shaft 6e is
      integrally coupled to the third ring gear 63 whereby the intermediate
      shaft 6e is able to be locked relative to casing 30 when the third brake
      33 is actuated. A fourth brake 34e is similarly provided between the
      fourth ring gear 73e and the casing 30 and when this brake 34e is
      actuated, the fourth ring gear 73e is also locked relative to casing 30.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2   RG2  P2                                
     __________________________________________________________________________
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F1 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.87                                                                
               -0.09                                                           
                    0.13 0.61 -0.87                                            
                                   0.36 1.00 2.67                              
     F2 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F3 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F4 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.10 -0.15                                                      
                         -0.70                                                 
                              1.00 -0.41                                       
                                        -1.15                                  
                                             -3.06                             
     R2 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R3 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N 1.00 0.26 0.0  -0.83                                                 
                              0.26 0.00 -0.15                                  
                                             -0.68                             
     F1 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.36 0.13 -0.72                                                 
                              0.36 0.13 0.0  -0.59                             
     F2 W 2.78 5.56 2.78 2.78 1.78 3.56 1.78 1.78                              
        N 1.00 0.41 0.20 -0.66                                                 
                              0.41 0.20 0.08 -0.54                             
     F3 W 1.11 2.23 1.11 1.11 0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.66 0.53 0.47 -0.32                             
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 -0.23                                            
                                   -0.00                                       
                                        0.13 0.59                              
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.15                                                                
               -0.41                                                           
                    -0.15                                                      
                         0.83 -0.41                                            
                                   -0.15                                       
                                        0.0  0.68                              
     R2 W 5.34 10.68                                                           
                    5.34 5.34 3.42 6.84 3.42 3.42                              
        N -1.39                                                                
               -0.57                                                           
                    -0.23                                                      
                         0.92 -0.57                                            
                                   -0.28                                       
                                        -0.11                                  
                                             0.76                              
     R3 W 2.14 4.28 2.14 2.14 0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  The radial ratios within this embodiment are: I.sub.1 = 0.280, I.sub.2 =
      0.520, I.sub.3 = 0.360 and I.sub.4 = 0.437, and tabulated below are the
      gear ratios within the individual speed ranges, five forward speed ranges
      and three reverse speed ranges, in connection with the operations of
      clutches 21 and 22 and brakes 31, 32, 33 and 34e:
     Speed Ranges                                                              
               21 22 31 32 33 34e Gear Ratios                                  
     __________________________________________________________________________
     first speed              O   1 : 13.22                                    
     second speed                                                              
               O           O      1 : 3.78                                     
     third speed                                                               
               O        O         1 : 2.43                                     
     fourth speed                                                              
               O     O            1 : 1.52                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     reverse 1st speed                                                         
               O              O   1 : -5.36                                    
     reverse 2nd speed                                                         
                  O        O      1 : -4.34                                    
     reverse 3rd speed                                                         
                  O     O         1 : -1.74                                    
     __________________________________________________________________________
PAR  Table 6 shows the relationship between the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      each speed range.
PAR  Turning now to FIG. 7, there is schematically shown a seventh embodiment of
      the present invention which is seen to be similar to the first embodiment
      and also includes a hollow third intermediate shaft
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2   RG2  P2                                
     __________________________________________________________________________
        N 1.00  0.41                                                           
                    0.25 -0.46                                                 
                              1.00 0.08 -0.41                                  
                                             -2.00                             
     F1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F2 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F3 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F4 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N -2.47                                                                
               -1.02                                                           
                    -0.61                                                      
                         1.13 -2.47                                            
                                   -0.19                                       
                                        1.00 4.94                              
     R1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R2 W 0.0  0.0  0.0  0.0  1.92 3.   1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R3 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N -0.41                                                                
               0.08 0.25 0.54 0.25 0.08 0.0  -0.27                             
     F1 W 5.34 10.68                                                           
                    5.34 5.34 12.22                                            
                                   24.45                                       
                                        12.22                                  
                                             12.22                             
        N 1.00 0.26 0.0  -0.83                                                 
                              0.0  0.26 0.38 0.41                              
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.41 0.20 -0.66                                                 
                              0.20 0.41 0.50 0.33                              
     F3 W 1.11 2.23 1.11 1.11 0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.53 0.66 0.71 0.19                              
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 -0.19                                                           
                    -0.61                                                      
                         -1.34                                                 
                              -0.61                                            
                                   -0.19                                       
                                        0.0  0.66                              
     R1 W 2.78 5.56 2.78 2.78 6.36 12.71                                       
                                        6.36 6.36                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 0.0  -0.23                                       
                                        -0.33                                  
                                             -0.36                             
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.39                                                                
               -0.57                                                           
                    -0.28                                                      
                         0.92 -0.28                                            
                                   -0.57                                       
                                        -0.70                                  
                                             -0.46                             
     R3 W 2.14 4.28 2.14 2.14 0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAL  6f disposed coaxially upon the output shaft 4 and a fourth sun gear 71f of
      a fourth planetary gear set, generally indicated by the reference
      character 70f, of the single pinion type, secured upon the third
      intermediate shaft 6f so as to rotate therewith. The fourth planetary gear
      set 70f comprises the fourth sun gear 71f, a fourth planetary gear 72f
      engaged with the fourth sun gear 71f, a fourth ring gear 73f enmeshed with
      the fourth planetary gear 72f and drivingly coupled to the first
      intermediate shaft 3, and a fourth carrier 74f rotatably supporting the
      fourth planetary gear 72f. A fourth brake 34f is interposed between the
      third intermediate shaft 6f and the casing 30 such that when this brake is
      actuated, the third intermediate shaft 6f is locked relative to casing 30,
      and the fourth carrier 74f is integrally coupled to the third carrier 64
      as well as to the output shaft 4.
PAR  The radial ratios within this embodiment are: I.sub.1 = 0.280, I.sub.2 =
      0.520, I.sub.3 = 0.360 and I.sub.4 = 0.280 and tabulated below are the
      gear ratios within the individual speed ranges, six forward speed ranges
      and two reverse speed ranges in connection with the operations of clutches
      21 and 22 and brakes 31, 32, 33 and 34f:
     Speed Ranges                                                              
               21 22 31 32 33 34f Gear Ratios                                  
     __________________________________________________________________________
     first speed                                                               
               O           O      1 : 3.78                                     
     second speed                                                              
               O        O         1 : 2.43                                     
     third speed                                                               
               O     O            1 : 1.52                                     
     fourth speed                                                              
               O              O   1 : 1.28                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     sixth speed  O           O   1 : 0.46                                     
     reverse 1st speed                                                         
                  O        O      1 : -4.34                                    
     reverse 2nd speed                                                         
                  O     O         1 : -1.74                                    
     __________________________________________________________________________
PAR  Table 7 shows the relationship between the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      each speed range.
PAR  Referring now to FIG. 8, there is schematically shown an eighth embodiment
      of the present invention which is similar to the first embodiment and
      further includes a fourth sun gear 71g, of a fourth planetary gear set,
      generally indicated by the reference character 70g, of the single pinion
      type, fastened upon the first intermediate shaft 3 at the rear end thereof
      and to the rear of the third planetary gear set 60 by spline means or the
      like so that sun gear 71g is able to rotate with the first intermediate
      shaft 3. The fourth planetary gear set 70g includes
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2   RG2  P2                                
     __________________________________________________________________________
        N 1.00 0.52 3.39 -0.37                                                 
                              1.00 0.25 -0.14                                  
                                             -1.63                             
     F1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F2 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F3 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F4 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R2 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3    C2  RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N -0.14                                                                
               0.25 0.39 0.44 0.0  0.25 0.39 0.64                              
     F1 W 5.34 10.68                                                           
                    5.34 5.34 5.34 10.68                                       
                                        5.34 5.34                              
        N 1.00 0.26 0.0  -0.83                                                 
                              0.74 0.26 0.0  -1.21                             
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.41 0.20 -0.66                                                 
                              0.79 0.41 0.20 -0.97                             
     F3 W 1.11 2.23 1.11 1.11 0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.88 0.66 0.53 -0.56                             
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.87                                                                
               -3.23                                                           
                    0.0  3.72 -0.64                                            
                                   -0.23                                       
                                        0.0  1.05                              
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.39                                                                
               -0.57                                                           
                    -0.28                                                      
                         0.92 -1.10                                            
                                   -0.57                                       
                                        -0.28                                  
                                             1.35                              
     R2 W 2.14 4.28 2.14 2.14 0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
      the fourth sun gear 71g, a fourth planetary gear 72g engaged with the
      fourth sun gear 71g, a fourth ring gear 73g interengaged with the fourth
      planetary gear 72g, and a fourth carrier 74g rotatably supporting the
      fourth planetary gear 72g and integrally coupled to the third carrier 64,
      as well as to the output shaft 4. A fourth brake 34g is installed between
      the fourth ring gear 73g and the casing 30 such that when brake 34g is
      actuated, the fourth ring gear 73g is locked relative to casing 30.
PAR  The radial ratios within the speed ranges within this embodiment are:
      I.sub.1 = 0.280, I.sub.2 = 0.520, I.sub.3 = 0.360 and I.sub.4 = 0.280, and
      tabulated below are the gear ratios within the individual speed ranges,
      five forward speed ranges and three reverse speed ranges, in connection
      with the operations of clutches 21 and 22 and brakes 31, 32, 33 and 34g:
     Speed Ranges                                                              
               21 22 31 32 33 34g Gear Ratios                                  
     __________________________________________________________________________
     first speed                                                               
               O              O   1 : 4.57                                     
     second speed                                                              
               O           O      1 : 3.78                                     
     third speed                                                               
               O        O         1 : 2.43                                     
     fourth speed                                                              
               O     O            1 : 1.52                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     reverse 1st speed                                                         
                  O           O   1 : -5.87                                    
     reverse 2nd speed                                                         
                  O        O      1 : -4.34                                    
     reverse 3rd speed                                                         
                  O     O         1 : -1.74                                    
     __________________________________________________________________________
PAR  Table 8 shows the relationship between the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      each speed range.
PAR  Reference now being made to FIG. 9, there is schematically shown a ninth
      embodiment of the present invention, which is also similar to the first
      embodiment, the ninth embodiment being further provided with a hollow
      third intermediate shaft 6g coaxially disposed upon the output shaft 4,
      and a fourth sun gear 71h, of a fourth planetary gear set, generally
      indicated by the reference character 70h, of the single pinion type, being
      fastened upon the third intermediate shaft 6h by spline means or the like
      whereby sun gear 71h can rotate with the third intermediate shaft 6f. The
      fourth planetary gear set 70h includes the fourth sun gear 71h, a fourth
      planetary gear 72h engaged with the fourth sun gear 71h, a fourth ring
      gear 73h engaged with the fourth planetary gear 72h and integrally coupled
      to the third ring gear 63, and a fourth carrier 74h rotatably supporting
      the fourth planetary gear 72h and coupled to the third carrier 64. The
      ring gear 73h is of course locked relative to casing 30 when the third
      brake 33 is actuated, and a fourth brake 34h is similarly installed
      between the fourth sun gear 71h and the casing 30 whereupon this brake
      being actuated, the fourth sun gear 71h will be locked relative to casing
      30.
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2     RG2                                  
                                             P2                                
     __________________________________________________________________________
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F1 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F2 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N -0.46                                                                
               0.15 0.32 0.47 -0.46                                            
                                   0.50 1.00 2.08                              
     F3 W 0.0  0.0  0.0  0.0  0.0  0.00 0.0  0.0                               
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F4 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R2 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
        N 1.00 -0.32                                                           
                    -0.69                                                      
                         -1.03                                                 
                              1.00 -1.08                                       
                                        -2.17                                  
                                             -4.52                             
     R3 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N 1.00 0.26 0.0  -0.83                                                 
                              -0.47                                            
                                   0.0  0.26 1.21                              
     F1 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.41 0.28 -0.66                                                 
                              -0.18                                            
                                   0.20 0.41 0.97                              
     F2 W 1.11 2.23 1.11 1.11 0.0  0.0  0.0  0.0                               
        N 1.00 0.50 0.32 -0.56                                                 
                              0.0  0.32 0.50 0.82                              
     F3 W 2.78 5.56 2.78 2.78 1.78 3.56 1.78 1.78                              
        N 1.00 0.66 0.53 -0.38                                                 
                              0.32 0.53 0.66 0.56                              
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 0.41 0.0  -0.23                                  
                                             -1.05                             
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.39                                                                
               -0.57                                                           
                    -0.28                                                      
                         0.92 0.24 -0.28                                       
                                        -0.57                                  
                                             -1.35                             
     R2 W 2.14 4.28 2.14 2.14 0.0  0.0  0.0  0.0                               
        N -2.17                                                                
               -1.08                                                           
                    -0.69                                                      
                         1.22 0.0  -0.69                                       
                                        -1.08                                  
                                             - 1.78                            
     R3 W 5.34 10.68                                                           
                    5.34 5.34 3.42 6.84 3.42 3.42                              
     __________________________________________________________________________
PAR  Concrete examples of the radial ratios within the speed ranges within this
      embodiment are: I.sub.1 = 0.280, I.sub.2 = 0.520, I.sub.3 = 0.360 and
      I.sub.4 = 0.562 and tabulated below are the gear ratios within the
      individual speed ranges, five forward speed ranges and two reverse speed
      ranges, in connection with the operations of clutches 21 and 22 and brakes
      31, 32, 33 and 34h:
     Speed Ranges                                                              
               21 22 31 32 33 34h Gear Ratios                                  
     __________________________________________________________________________
     first speed  O           O   1 : 4.00                                     
     second speed                                                              
               O           O      1 : 3.78                                     
     third speed                                                               
               O        O         1 : 2.43                                     
     fourth speed                                                              
               O     O            1 : 1.52                                     
     fifth speed                                                               
               O  O               1 : 1.00                                     
     reverse 1st speed                                                         
                  O        O      1 : -4.34                                    
     reverse 2nd speed                                                         
                  O     O         1 : -1.74                                    
     __________________________________________________________________________
PAR  Table 9 shows the relationship between the number of revolutions and the
      tangential force of each of the elements of the planetary gear sets within
      each speed range.
PAR  Thus, it may be seen that according to the present invention, as has been
      described above, a speed change gear system capable of
TBL                                    TABLE 9                                 
     __________________________________________________________________________
     B    X1                  X2                                               
     A    S1   C1   RG1  P1   S2   C2   RG2  P2                                
     __________________________________________________________________________
        N -1.28                                                                
               -0.33                                                           
                    -0.06                                                      
                         0.74 -1.28                                            
                                   0.22 1.00 3.26                              
     F1 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -1.15                                                                
               -0.25                                                           
                    0.0  0.70 -1.15                                            
                                   0.26 1.00 3.06                              
     F2 W 0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N -0.72                                                                
               -0.00                                                           
                    0.20 0.56 -0.72                                            
                                   0.41 1.00 2.45                              
     F3 W 1.11 2.23 1.11 1.11 0.60 1.20 0.60 0.60                              
        N 0.0  0.42 0.53 0.32 0.0  0.66 1.00 1.43                              
     F4 W 0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 1.00 0.26 0.05 -0.58                                                 
                              1.00 -0.17                                       
                                        -0.78                                  
                                             -2.54                             
     R1 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.22 0.0  -0.61                                                 
                              1.00 -0.23                                       
                                        -0.87                                  
                                             -2.67                             
     R2 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N 1.00 0.00 -0.28                                                      
                         -0.78                                                 
                              1.00 -0.57                                       
                                        -1.39                                  
                                             -3.41                             
     R3 W 2.14 4.28 2.14 2.14 0.77 1.54 0.77 0.77                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P3   S4   C4   RG4  P4                                
     __________________________________________________________________________
        N 1.00 0.22 -0.06                                                      
                         -0.88                                                 
                              1.00 0.22 0.0  -0.61                             
     F1 W 0.0  0.0  0.0  0.0  3.57 7.14 3.57 3.57                              
        N 1.00 0.26 0.0  -0.83                                                 
                              1.00 0.26 0.06 -0.57                             
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.41 0.20 -0.66                                                 
                              1.00 0.41 0.25 -0.46                             
     F3 W 1.11 2.23 1.11 1.11 0.00 0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              1.00 0.66 0.56 -0.27                             
     F4 W 0.0  0.0  0.0  0.0  0.00 0.0  0.0  0.0                               
        N -0.78                                                                
               -0.17                                                           
                    0.05 0.68 -0.78                                            
                                   -0.17                                       
                                        0.0  0.47                              
     R1 W 0.0  0.0  0.0  0.0  6.87 13.74                                       
                                        6.87 6.87                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 -0.87                                            
                                   -0.23                                       
                                        -0.05                                  
                                             0.50                              
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.39                                                                
               -0.57                                                           
                    -0.28                                                      
                         0.92 -1.39                                            
                                   -0.57                                       
                                        -0.35                                  
                                             0.64                              
     R3 W 2.14 4.28 2.14 2.14 0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAL  changing between at least four forward speeds and one reverse speed can
      readily be realized and which will no doubt contribute greatly to the
      development of the motor vehicle industry.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims, the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A speed change gear comprising:
PA1  an input shaft;
PA1  a first clutch for coupling or uncoupling a second ring gear and a third
      sun gear simultaneously to or from said input shaft;
PA1  a second clutch for coupling or uncoupling a first sun gear and a second
      sun gear simultaneously to or from said input shaft;
PA1  a first planetary gear engaged with said first sun gear;
PA1  a first ring gear engaged with said first planetary gear;
PA1  a first carrier rotatably supporting said first planetary gear;
PA1  a second planetary gear engaged with said second sun gear;
PA1  a second carrier rotatably supporting said second planetary gear;
PA1  a third planetary gear engaged with said third sun gear;
PA1  a third ring gear engaged with said third planetary gear and coupled to
      said first ring gear;
PA1  a third carrier rotatably supporting said third planetary gear and coupled
      to said second carrier and to an output shaft;
PA1  a second brake capable of being actuated for locking said first carrier to
      a casing; and
PA1  a third brake capable of being actuated for locking said first ring gear
      and said third ring gear simultaneously to said casing.
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ABST
PAL  A speed change gear system for providing at least four forward drive speed
      ranges and one reverse drive speed range includes planetary gear sets of
      the single-pinion type and simple planetary gear sets of the double-pinion
      type as well as a plurality of clutches and brakes. As a result of the
      coupling and uncoupling of the clutches and brakes, the movable elements
      of the gear sets are suitably coupled so as to attain the various speed
      ranges.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates generally to speed change gear systems and
      more particularly to a speed change gear system which is adapted for
      application with fluid couplings utilized within motor vehicles,
      especially automobiles.
PAR  2. Description of the Prior Art:
PAR  It is preferable to utilize at least four gear sets within the speed change
      gear system of large automotive vehicles, such as for example, trucks and
      buses, and in order to attain a speed change mechanism having more than
      four speed shifts, three, four or even more sets of simple, single-pinion
      or double-pinion type planetary gear sets have been heretofore combined.
      While the combination of these gears may be widely varied, it is
      preferable however that the following conditions be attained:
PAR  1. The outlet shaft should be coupled to the same elements within each
      speed range.
PAR  2. In order to reduce the circumferential speed of the bearing of each
      element of the planetary gear set, the number of its revolutions should be
      small.
PAR  3. The tooth load, that is, the tangential force of each element should be
      small so as to maintain the strength of the gear teeth.
PAR  4. The gear set should always attain meshing conditions for the number of
      teeth required. For example, the sun gear, whose diameter is to be
      minimized, as well as each planetary pinion gear, should have the
      necessary number of teeth.
PAR  5. Within the planetary gear set, the coupling relationship among the
      elements should be simple and the distance from each other should be
      small.
PAR  6. During speed shifts, wherein frictional coupling means are utilized
      during forward drive, such speed shifts should be available through one
      coupling means alone.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a speed
      change gear system which provides at least four speed ranges for forward
      drive and one speed range for reverse drive by the use of planetary gear
      sets of the single-pinion type and simple planetary gear sets of the
      double-pinion type.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      conjunction with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1A is a schematic view of one embodiment of a speed change gear system
      constructed in accordance with the present invention and disclosing its
      cooperative parts;
PAR  FIG. 2A is a schematic view similar to that of FIG. 1 showing however
      another embodiment of the present invention;
PAR  FIG. 3A is a schematic view similar to that of FIG. 1 showing however yet
      another embodiment of the present invention;
PAR  FIG. 4A is a schematic view similar to that of FIG. 1 showing however still
      another embodiment of the present invention;
PAR  FIG. 5A is a schematic view similar to that of FIG. 1 showing however yet
      still another embodiment of the present invention;
PAR  FIG. 6A is a schematic view similar to that of FIG. 1 showing however a
      further embodiment of the present invention;
PAR  FIG. 7A is a schematic view similar to that of FIG. 1 showing however a yet
      further embodiment of the present invention;
PAR  FIG. 8A is a schematic view similar to that of FIG. 1 showing how a still
      further embodiment of the present invention; and
PAR  FIG. 9A is a schematic view similar to that of FIG. 1 showing however a
      still yet further embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly to FIG. 1A thereof, a
      first planetary gear set, generally indicated by the reference character
      X.sub.1, of the double-pinion type, a second planetary gear set, generally
      indicated by the reference character X.sub.2, of the single-pinion type,
      and a third planetary gear set, generally indicated by the reference
      character X.sub.3, also of the single-pinion type are serially interposed
      between an input shaft and an output shaft. The first planetary gear set
      X.sub.1 comprises a first sun gear S.sub.1, a first planetary gear P.sub.1
      engaged with the first sun gear S.sub.1, a second planetary gear P.sub.2
      enmeshed with the first planetary gear P.sub.1, a first ring gear RG.sub.1
      engaged with the second planetary gear P.sub.2, and a first carrier
      C.sub.1 rotatably supporting the first and second planetary gears P.sub.1
      and P.sub.2.
PAR  The second planetary gear set X.sub.2 similarly comprises a second sun gear
      S.sub.2 engaged with the first ring gear RG.sub.1, a third planetary gear
      P.sub.3 enmeshed with the second sun gear S.sub.2, a second ring gear
      RG.sub.2 engaged with the third planetary gear P.sub.3, and a second
      carrier C.sub.2 rotatably supporting the third planetary gear P.sub.3 and
      connected with the first carrier C.sub.1, while the third planetary gear
      set X.sub.3 likewise comprises a third sun gear S.sub.3, a fourth
      planetary gear P.sub.4 engaged with the third sun gear S.sub.3, a third
      ring gear RG.sub.3 enmeshed with the fourth planetary gear P.sub.4, and a
      third carrier C.sub.3 rotatably supporting the fourth planetary gear
      P.sub.4 and connected to the second ring gear RG.sub.2 as well as to the
      output shaft.
PAR  A first clutch CL.sub.1 is disposed so as to be capable of simultaneously
      coupling or uncoupling the first sun gear S.sub.1 and the third sun gear
      S.sub.3 to or from the input shaft, while a second clutch CL.sub.2 is
      disposed so as to be capable of simultaneously coupling or uncoupling the
      first carrier C.sub.1 and the second carrier C.sub.2 to or from the input
      shaft, and a third clutch CL.sub.3 is similarly disposed so as to be
      capable of simultaneously coupling or uncoupling the first ring gear
      RG.sub.1 and the second sun gear S.sub.2 to or from the input shaft.
      Likewise, a first brake B.sub.1 is disposed so as to be capable of
      simultaneously locking the first ring gear RG.sub.1 and the second sun
      gear S.sub.2 to the gear casing, while a second brake B.sub.2 is similarly
      disposed so as to be capable of simultaneously locking the first carrier
      C.sub.1 and the second carrier C.sub.2 to the gear casing, and a third
      brake B.sub.3 is also disposed so as to be capable of locking the third
      ring gear RG.sub.3 to the gear casing.
PAR  The following equation is characteristic of the planetary gear set of the
      single-pinion type;
EQU  N.sub.RGn  - (1  + I.sub.n) N.sub.cn  + I.sub.n N.sub.sn  = 0
EQU  (n  = 1,2,3, . . .)
PAL  while the following equation is characteristic of the planetary gear set of
      the double-pinion type:
EQU  N.sub.RGn  - (1  - I.sub.n) N.sub.cn  - I.sub.n N.sub.sn  = 0
EQU   (n =  1, 2, 3, . . . )
PAL  wherein
PAR  N.sub.RGn = the number of revolutions of the ring gear;
PAR  N.sub.Cn = the number of revolutions of the carrier gear;
PAR  N.sub.Sn = the number of revolutions of the sun gear;and
PAR  I.sub.n = the radial ratio of the ring gear to the sun gear.
PAR  Within this embodiment, the radial ratios within each speed range are
      I.sub.1 = 0.419, I.sub.2 = 0.500, and I.sub.3 = 0.355. Table 1B shows the
      relationship between the operation of the clutches CL.sub.1, CL.sub.2, and
      CL.sub.3 and the brakes B.sub.1, B.sub.2 and B.sub.3 with respect to the
      reduction gear ratio within each speed range for the five forward speed
      ranges and the three reverse speed ranges, F.sub.n (n = 1, . . . n)
      designating a forward speed range, such as for example, F.sub.1 designates
      the first forward speed range, while R.sub.n (n = 1, . . . n) designates a
      reverse speed range, such as for example, R.sub.1 designates the first
      reverse speed range. Table 1C also shows the relationship between the
      number of revolutions and the tangential forces of the various elements of
      the planetary gear sets within each speed range, wherein A designates the
      speed ranges, B designates the element of the planetary gear sets, N
      designates the number of revolutions, and W designates the tangential
      forces. Within Table 1C, like references designate identical or
      corresponding parts shown within Table 1B and the radial ratios with Table
      1C are based upon the assumption that the number of revolutions of the
      input shaft is 1 while the tangential forces are based upon the assumption
      that the input shaft torque is exerted upon the ring gear.
PAR  In addition, because the reduction gear ratio of the fourth forward speed
      is 1.00, the number of revolutions of each sun gear, ring gear, and
      carrier is 1.00 and the number of revolutions of each planetary gear is
      0.0., the tangential forces thereof are therefore considerably less than
      when compared with those within other speed ranges. The input shaft torque
      is transmitted to all elements as a result of the engagement of one of the
      clutches within all other speed ranges, however, within the fourth forward
      speed range, the input shaft torque is distributed by engaging at least
      two clutches whereby the torque is transmitted to all elements and
      therefore the tangential forces of such elements are less. Accordingly,
      the number of revolutions and the tangential forces within the fourth
      forward speed range having the reduction gear ratio 1.00 are omitted.
TBL                TABLE 1B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2    B3  B4   gear ratio                     
     ______________________________________                                    
     F1    O                            O         3.82                         
     F2                  O              O         2.46                         
     F3           O                     O         1.49                         
     F4           O      O                        1.00                         
     F5           O           O                   0.67                         
     R1    O                       O              -4.77                        
     R2                  O         O              -2.00                        
     R3    O                  O                   -0.92                        
     ______________________________________                                    
TBL                                    TABLE 1C                                
     __________________________________________________________________________
     B    X1                  X2              X3                               
     A    S1  C1  RG1 P1  P2  S2  C2  RG2 P3  S3  C3  RG3 P4                   
     __________________________________________________________________________
        N 1.00                                                                 
              0.39                                                             
                  0.65                                                         
                      -0.93                                                    
                          0.93                                                 
                              0.65                                             
                                  0.39                                         
                                      0.26                                     
                                          -0.51                                
                                              1.00                             
                                                  0.26                         
                                                      0.0 -0.81                
     F1 W 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.82                             
                                                  5.63                         
                                                      2.82                     
                                                          2.82                 
        N 1.55                                                                 
              0.60                                                             
                  1.00                                                         
                      -1.44                                                    
                          1.44                                                 
                              1.00                                             
                                  0.60                                         
                                      0.41                                     
                                          -0.79                                
                                              1.55                             
                                                  0.41                         
                                                      0.0 -1.26                
     F2 w 1.24                                                                 
              2.48                                                             
                  1.24                                                         
                      1.24                                                     
                          1.24                                                 
                              0.48                                             
                                  0.96                                         
                                      0.48                                     
                                          0.48                                 
                                              1.46                             
                                                  2.93                         
                                                      1.46                     
                                                          1.46                 
        N 2.57                                                                 
              1.00                                                             
                  1.66                                                         
                      -2.38                                                    
                          2.38                                                 
                              1.66                                             
                                  1.00                                         
                                      0.67                                     
                                          -1.31                                
                                              2.57                             
                                                  0.67                         
                                                      0.0 -2.08                
     F3 w 0.41                                                                 
              0.83                                                             
                  0.41                                                         
                      0.41                                                     
                          0.41                                                 
                              0.83                                             
                                  1.65                                         
                                      0.83                                     
                                          0.83                                 
                                              0.49                             
                                                  0.98                         
                                                      0.49                     
                                                          0.49                 
        N -1.39                                                                
              1.00                                                             
                  0.0 3.64                                                     
                          -3.64                                                
                              0.0 1.00                                         
                                      1.50                                     
                                          2.00                                 
                                              -1.39                            
                                                  1.50                         
                                                      2.52                     
                                                          3.18                 
     F4 W 0.0 0.00                                                             
                  0.0 0.0 0.0 0.67                                             
                                  1.33                                         
                                      0.67                                     
                                          0.67                                 
                                              0.0 0.0 0.0 0.0                  
        N 1.00                                                                 
              0.0 0.42                                                         
                      -1.52                                                    
                          1.52                                                 
                              0.42                                             
                                  0.00                                         
                                      -0.21                                    
                                          -0.84                                
                                              1.00                             
                                                  -0.21                        
                                                      -0.64                    
                                                          -1.33                
     R1 W 2.39                                                                 
              4.77                                                             
                  2.39                                                         
                      2.39                                                     
                          2.39                                                 
                              4.77                                             
                                  9.55                                         
                                      4.77                                     
                                          4.77                                 
                                              0.0 0.00                         
                                                      0.0 0.0                  
        N 2.39                                                                 
              0.0 1.00                                                         
                      -3.64                                                    
                          3.64                                                 
                              1.00                                             
                                  0.0 -0.50                                    
                                          -2.00                                
                                              2.39                             
                                                  -0.50                        
                                                      -1.52                    
                                                          -3.18                
     R2 W 0.00                                                                 
              0.00                                                             
                  0.00                                                         
                      0.00                                                     
                          0.00                                                 
                              2.00                                             
                                  4.00                                         
                                      2.00                                     
                                          2.00                                 
                                              0.00                             
                                                  0.00                         
                                                      0.00                     
                                                          0.00                 
        N 1.00                                                                 
              -0.72                                                            
                  0.0 -2.62                                                    
                          2.62                                                 
                              0.0 -0.72                                        
                                      -1.08                                    
                                          -1.44                                
                                              1.00                             
                                                  -1.08                        
                                                      -1.82                    
                                                          -2.29                
     R3 W 2.39                                                                 
              4.77                                                             
                  2.39                                                         
                      2.39                                                     
                          2.39                                                 
                              0.92                                             
                                  1.85                                         
                                      0.92                                     
                                          0.92                                 
                                              0.00                             
                                                  0.00                         
                                                      0.00                     
                                                          0.00                 
     __________________________________________________________________________
PAR  Referring now to FIG. 2A, a second embodiment of the present invention is
      disclosed wherein the structure thereof is similar to that of the first
      embodiment, an additional or fourth planetary gear set, generally
      indicated by the reference character X.sub.4, of the single-pinion type
      being disposed behind the third planetary gear set X.sub.3. Set X.sub.4
      comprises a fourth sun gear S.sub.4 engaged with the output shaft, a fifth
      planerary gear P.sub.5 enmeshed with the fourth sun gear S.sub.4, a fourth
      ring gear RG.sub.4 engaged with the fifth planetary gear P.sub.5 and with
      the third ring gear RG.sub.3, and a fourth carrier C.sub.4 rotatably
      supporting the fifth planetary gear P.sub.5. The fourth ring gear RG.sub.4
      is locked to the gear casing when the third brake B.sub.3 is actuated, and
      a fourth brake B.sub.4 is disposed so as to be capable of locking the
      fourth carrier C.sub.4 to the gear casing.
PAR  Within the second embodiment, the radial ratios within each speed range,
      which are calculated from the formula described in conjunction with the
      description of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.562. Table 2B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2 and CL.sub.3 and
      the brakes B.sub.1, B.sub.2, B.sub.3 and B.sub.4 with respect to the
      reduction gear ratio within each speed range for the eight forward speed
      ranges and the three reverse speed ranges, while Table 2C shows the
      relationship between the number of revolutions and the tangential forces
      of the various elements of the planetary gear sets within each speed range
      with respect to the reduction gear ratios of the gear sets.
TBL                TABLE 2B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                                 O    5.40                         
     F2    O                            O         3.82                         
     F3                  O                   O    3.29                         
     F4                  O              O         2.46                         
     F5           O                          O    1.76                         
     F6           O                     O         1.48                         
     F7           O      O                        1.00                         
     F8           O           O                   0.67                         
     R1    O                       O              -4.77                        
     R2                  O         O              -2.00                        
     R3    O                  O                   -0.92                        
     ______________________________________                                    
TBL                                    TABLE 2C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.33 0.61 -1.03                                                 
                              1.03 0.61 0.33 0.19 -0.56                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.00 0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F3 N 1.64 0.54 1.00 -1.69                                                 
                              1.69 1.00 0.54 0.30 -0.93                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F4 N 1.55 0.60 1.00 -1.44                                                 
                              1.44 1.00 0.60 0.41 -0.79                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F5 N 3.06 1.00 1.87 -3.15                                                 
                              3.15 1.87 1.00 0.57 -1.73                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F6 N 2.57 1.00 1.66 -2.38                                                 
                              2.38 1.66 1.00 0.67 -1.31                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F7 N -1.39                                                                
               1.00 0.0  3.64 -3.64                                            
                                   0.0  1.00 1.50 2.00                         
        W 0.0  0.00 0.0  0.0  0.0  0.67 1.33 0.67 0.67                         
     R1 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     R2 N 2.39 0.0  1.00 -3.64                                                 
                              3.64 1.00 0.0  -0.50                             
                                                  -2.00                        
        W 0.00 0.00 0.00 0.00 0.00 2.00 4.00 2.00 2.00                         
     R3 N 1.00 -0.72                                                           
                    0.0  -2.62                                                 
                              2.62 0.0  -0.72                                  
                                             -1.08                             
                                                  -1.44                        
        W 2.39 4.77 2.39 2.39 2.39 0.92 1.85 0.92 0.92                         
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4  P5                           
     __________________________________________________________________________
     F1      N 1.00 0.19 -0.10                                                 
                              -0.90                                            
                                   0.19 0.00 -0.10                             
                                                  -0.48                        
             W 2.82 5.63 2.82 2.82 2.82 5.63 2.82 2.82                         
     F2      N 1.00 0.26 0.0  -0.81                                            
                                   0.26 0.09 0.0  -0.43                        
             W 2.82 5.63 2.82 2.82 0.0  0.0  0.0  0.0                          
     F3      N 1.64 0.30 -0.17                                                 
                              -1.47                                            
                                   0.30 0.0  -0.17                             
                                                  -0.78                        
             W 1.46 2.93 1.46 1.46 1.46 2.93 1.46 1.46                         
     F4      N 1.55 0.41 0.0  -1.26                                            
                                   0.41 0.15 0.0  -0.67                        
             W 1.46 2.93 1.46 1.46 0.0  0.0  0.0  0.0                          
     F5      N 3.06 0.57 -0.32                                                 
                              -2.75                                            
                                   0.57 0.00 -0.32                             
                                                  -1.46                        
             W 0.49 0.98 0.49 0.49 0.49 0.98 0.49 0.49                         
     F6      N 2.57 0.67 0.0  -2.08                                            
                                   0.67 0.24 0.0  -1.10                        
             W 0.49 0.98 0.49 0.49 0.0  0.0  0.0  0.0                          
     F7      N -1.39                                                           
                    1.50 2.52 3.18 1.50 2.16 2.52 1.68                         
             W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R1      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   -0.21                                       
                                        -0.48                                  
                                             -0.64                             
                                                  -0.71                        
             W 0.0  0.00 0.0  0.0  0.0  0.0  0.0  0.0                          
     R2      N 2.39 -0.50                                                      
                         -1.52                                                 
                              -3.13                                            
                                   -0.50                                       
                                        -1.16                                  
                                             -1.52                             
                                                  -1.68                        
             W 0.00 0.00 0.00 0.00 0.0  0.0  0.0  0.0                          
     R3      N -1.00                                                           
                    -1.08                                                      
                         -1.82                                                 
                              -2.29                                            
                                   -1.08                                       
                                        -1.55                                  
                                             -1.82                             
                                                  -1.21                        
             W 0.00 0.00 0.00 0.00 0.0  0.0  0.0  0.0                          
     __________________________________________________________________________
PAR  Turning now to FIG. 3A, a third embodiment of the present invention is
      disclosed wherein the structure thereof is similar to that of the first
      embodiment, the fourth planetary gear set X.sub.4 of the single pinion
      type being disposed behind the third planetary gear set X.sub.3 and
      comprising the fourth sun gear S.sub.4 engaged with the third ring gear
      RG.sub.3, the fifth planetary gear P.sub.5 enmeshed with the fourth sun
      gear S.sub.4, the fourth ring gear RG.sub.4 engaged with the fifth
      planetary gear P.sub.5 and the output shaft, and the fourth carrier
      C.sub.4 rotatably supporting the fifth planetary gear P.sub.5. The fourth
      sum gear S.sub.4 is locked to the gear casing when the third brake is
      actuated and a fourth brake B.sub.4 is disposed so as to be capable of
      locking the fourth carrier C.sub.4 to the gear casing.
PAR  Within the third embodiment, the radial ratios within each speed range
      which are calculated by the formula described in conjunction with the
      description of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.562. Table 3B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2 and CL.sub.3 and
      the brakes B.sub.1, B.sub.2 B.sub.3 and B.sub.4 with respect to the
      reduction gear ratio within each seed range for the eight forward speed
      ranges and the three reverse speed ranges, while Table 3C shows the
      relationship between the number of revolutions and the tangential forces
      of the various elements of the planetary gear sets within each speed range
      with respect to the reduction gear ratios of the gear sets.
TBL                TABLE 3B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                                 O    8.83                         
     F2                  O                   O    5.07                         
     F3    O                            O         3.82                         
     F4                  O              O         2.46                         
     F5           O                          O    2.36                         
     F6           O                     O         1.49                         
     F7           O      O                        1.00                         
     F8           O           O                   0.67                         
     R1    O                       O              -4.77                        
     R2                  O         O              -2.00                        
     R3    O                  O                   -0.92                        
     R4                                                                        
     R5                                                                        
     ______________________________________                                    
TBL                                    TABLE 3C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.27 0.57 -1.12                                                 
                              1.12 0.57 0.27 0.11 -0.61                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.74 0.46 1.00 -1.95                                                 
                              1.95 1.00 0.46 0.20 -1.07                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F3 N 1.00 0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F4 N 1.55 0.60 1.00 -1.44                                                 
                              1.44 1.00 0.60 0.41 -0.79                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F5 N 3.75 1.00 2.15 -4.19                                                 
                              4.19 2.15 1.00 0.42 -2.30                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F6 N 2.57 1.00 1.66 -2.38                                                 
                              2.38 1.66 1.00 0.67 -1.31                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F8 N -1.39                                                                
               1.00 0.0  3.64 - 3.64                                           
                                   0.0  1.00 1.50 2.00                         
        W 0.0  0.00 0.0  0.0  0.0  0.67 1.33 0.67 0.67                         
     R1 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     R2 N 2.39 0.0  1.00 -3.64                                                 
                              3.64 1.00 0.0  -0.50                             
                                                  -2.00                        
        W 0.00 0.00 0.00 0.00 0.00 2.00 4.00 2.00 2.00                         
     R3 N 1.00 -0.72                                                           
                    0.0  -2.62                                                 
                              2.62 0.0  -0.72                                  
                                             -1.08                             
                                                  -1.44                        
        W 2.39 4.77 2.39 2.39 2.39 0.92 1.85 0.92 0.92                         
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4  P5                           
     __________________________________________________________________________
     F1      N 1.00 0.11 -0.20                                                 
                              -0.98                                            
                                   -0.20                                       
                                        -0.00                                  
                                             0.11 0.52                         
             W 2.82 5.63 2.82 2.82 5.01 10.02                                  
                                             5.01 5.01                         
     F2      N 1.74 0.20 -0.35                                                 
                              -1.70                                            
                                   -0.35                                       
                                        0.0  0.20 0.90                         
             W 1.46 2.93 1.46 1.46 2.60 5.21 2.60 2.60                         
     F3      N 1.00 0.26 0.0  -0.81                                            
                                   0.0  0.17 0.26 0.43                         
             W 2.82 5.63 2.82 2.82 0.0  0.0  0.0  0.0                          
     F4      N 1.55 0.41 0.0  -1.26                                            
                                   0.0  0.26 0.41 0.67                         
             W 1.46 2.93 1.46 1.46 0.0  0.0  0.0  0.0                          
     F5      N 3.75 0.42 -0.76                                                 
                              -3.66                                            
                                   -0.76                                       
                                        0.00 0.42 1.94                         
             W 0.49 0.98 0.49 0.49 0.87 1.74 0.87 0.87                         
     F6      N 2.57 0.67 0.0  -2.08                                            
                                   0.0  0.43 0.67 1.10                         
             W 0.49 0.98 0.49 0.49 0.0  0.0  0.0  0.0                          
     F8      N -1.39                                                           
                    1.50 2.52 3.18 2.52 1.87 1.50 -1.68                        
             W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R1      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   -0.64                                       
                                        -0.36                                  
                                             -0.21                             
                                                  0.71                         
             W 0.0  0.00 0.0  0.0  0.0  0.0  0.0  0.0                          
     R2      N 2.39 -0.50                                                      
                         -1.52                                                 
                              -3.18                                            
                                   -1.52                                       
                                        -0.87                                  
                                             -0.50                             
                                                  1.68                         
             W 0.00 0.00 0.00 0.00 0.00 0.0  0.0  0.0                          
     R3      N 1.00 1.08 -1.82                                                 
                              -2.29                                            
                                   -1.82                                       
                                        -1.35                                  
                                             -1.08                             
                                                  1.21                         
             W 0.00 0.00 0.00 0.00 0.00 0.0  0.0  0.0                          
     __________________________________________________________________________
PAR  Referring now to FIG. 4A, a fourth embodiment of the present invention is
      disclosed wherein the structure thereof is similar to that of the first
      embodiment, the fourth planetary gear set X.sub.4 of the single-pinion
      type being disposed behind the third planetary gear set X.sub.3 and
      comprising the fourth sun gear S.sub.4, the fifth planetary gear P.sub.5
      engaged with the fourth sun gear S.sub.4, the fourth ring gear RG.sub.4
      enmeshed with the fifth planetary gear P.sub.5 and connected with the
      third carrier C.sub.3, and the fourth carrier C.sub.4 rotatably supporting
      the fifth planetary gear P.sub.5 and connected with the third ring gear
      RG.sub.3. The fourth carrier C.sub.4 is locked to the gear casing when the
      third brake B.sub.3 is actuated and a fourth brake B.sub.4 is disposed so
      as to be capable of locking the fourth sun gear S.sub.4 to the gear
      casing.
PAR  Within the fourth embodiment, the radial ratios within each speed range
      which are calculated from the formula described in conjunction with the
      description of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.562. Table 4B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2, and CL.sub.3 and
      the brakes B.sub.1, B.sub.2, B.sub.3 and B.sub.4 with respect to the
      reduction gear ratio within each speed range for the eight forward speed
      ranges and the three reverse speed ranges, while Table 4C shows the
      relationship between the number of revolutions and the tangential forces
      of the various elements of the planetary gear sets within each speed
      range.
TBL                TABLE 4B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                            O         3.82                         
     F2                  O                   O    2.46                         
     F3    O                                 O    2.01                         
     F4                  O                   O    1.53                         
     F5           O                     O         1.49                         
     F6           O                          O    1.17                         
     F7           O      O                        1.00                         
     F8           O           O                   0.67                         
     R1    O                       O              -4.77                        
     R2                  O         O              -2.00                        
     R3    O                  O                   -0.92                        
     R4                                                                        
     R5                                                                        
     ______________________________________                                    
TBL                                    TABLE 4C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.55 0.60 1.00 -1.44                                                 
                              1.44 1.00 0.60 0.41 -0.79                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F3 N 1.00 0.58 0.76 -0.63                                                 
                              0.63 0.76 0.58 0.50 -0.35                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F4 N 1.32 0.77 1.00 -0.84                                                 
                              0.84 1.00 0.77 0.66 -0.46                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F5 N 2.57 1.00 1.66 -2.38                                                 
                              2.38 1.66 1.00 0.67 -1.31                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F6 N 1.71 1.00 1.30 -1.09                                                 
                              1.09 1.30 1.00 0.85 -0.60                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F7 N -1.39                                                                
               1.00 0.0  3.64 -3.64                                            
                                   0.0  1.00 1.50 2.00                         
        W 0.0  0.00 0.0  0.0  0.0  0.67 1.33 0.67 0.67                         
     R1 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     R2 N 2.39 0.0  1.00 -3.64                                                 
                              3.64 1.00 0.0  -0.50                             
                                                  -2.00                        
        W 0.00 0.00 0.00 0.00 0.00 2.00 4.00 2.00 2.00                         
     R3 N 1.00 -0.72                                                           
                    0.0  2.62 2.62 0.0  -0.72                                  
                                             -1.08                             
                                                  -1.44                        
        W 2.39 4.77 2.39 2.39 2.39 0.92 1.85 0.92 0.92                         
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4  P5                           
     __________________________________________________________________________
     F1      N 1.00 0.26 0.0  -0.81                                            
                                   -0.47                                       
                                        0.0  0.26 1.20                         
             W 2.82 5.63 2.82 2.82 0.0  0.00 0.00 0.00                         
     F2      N 1.55 0.41 0.0  -1.26                                            
                                   -0.72                                       
                                        0.0  0.41 1.85                         
             W 1.46 2.93 1.46 1.46 0.0  0.00 0.00 0.00                         
     F3      N 1.00 0.50 0.32 -0.55                                            
                                   0.0  0.32 0.50 0.82                         
             W 2.82 5.63 2.82 2.82 1.80 3.61 1.80 1.80                         
     F4      N 1.32 0.66 0.42 -0.73                                            
                                   0.0  0.42 0.66 1.08                         
             W 1.46 2.93 1.46 1.46 0.94 1.87 0.94 0.94                         
     F5      N 2.57 0.67 0.0  -2.08                                            
                                   -1.20                                       
                                        0.0  0.67 3.07                         
             W 0.49 0.98 0.49 0.49 0.0  0.00 0.0  0.0                          
     F6      N 1.71 0.85 0.54 -0.95                                            
                                   0.0  0.54 0.85 1.40                         
             W 0.49 0.98 0.49 0.49 0.31 0.62 0.31 0.31                         
     F7      N -1.39                                                           
                    1.50 2.52 3.18 4.35 2.52 1.50 -4.68                        
             W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R1      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   -1.40                                       
                                        -0.64                                  
                                             -0.21                             
                                                  1.96                         
             W 0.00 0.0  0.00 0.00 0.0  0.00 0.0  0.0                          
     R2      N 2.39 -0.50                                                      
                         -1.52                                                 
                              -3.18                                            
                                   -3.35                                       
                                        -1.52                                  
                                             -0.50                             
                                                  4.68                         
             W 0.00 0.00 0.00 0.00 0.0  0.00 0.00 0.00                         
     R3      N 1.00 -1.08                                                      
                         -1.82                                                 
                              -2.29                                            
                                   -3.14                                       
                                        -1.82                                  
                                             -1.08                             
                                                  3.37                         
             W 0.00 0.00 0.00 0.00 0.0  0.00 0.00 0.00                         
     __________________________________________________________________________
PAR  Turning now to FIG. 5A, a fifth embodiment of the present invention is
      disclosed wherein the structure thereof is similar to that of the first
      embodiment, the fourth planetary gear set X.sub.4 of the single-pinion
      type being disposed behind the third planetary gear set X.sub.3 and
      comprising the fourth sun gear S.sub.4 connected with the output shaft,
      the fifth planetary gear P.sub.5 engaged with the fourth sun gear S.sub.4,
      the fourth ring gear RG.sub.4 enmeshed with the fifth planetary gear
      P.sub.5, and the fourth carrier C.sub.4 rotatably supporting the fifth
      planetary gear P.sub.5 and connected with the third ring gear RG.sub.3.
      The fourth carrier C.sub.4 is locked to the gear casing when the third
      brake is actuated and a fourth brake B.sub.4 is disposed so as to be
      capable of locking the fourth ring gear RG.sub.4 to the gear casing.
PAR  Within the fifth embodiment, the radial ratios within each speed range
      which are calculated from the formula described in conjunction with the
      description of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.562. Table 5B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2, and CL.sub.3 and
      the brakes B.sub.1, B.sub.2, B.sub.3 and B.sub.4 with respect to the
      reduction gear ratio within each speed range of the eight forward speed
      ranges and the three reverse speed ranges, while Table 5B shows the
      relationship between the number of revolutions and the tangential forces
      of the various elements of the planetary gear sets within each speed
      range.
TBL                TABLE 5B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                            O         3.82                         
     F2    O                                 O    2.80                         
     F3                  O              O         2.46                         
     F4                  O                   O    1.94                         
     F5           O                     O         1.49                         
     F6           O                          O    1.31                         
     F7           O      O                        1.00                         
     F8           O           O                   0.67                         
     R1    O                       O              -4.77                        
     R2                  O         O              -2.00                        
     R3    O                  O                   -0.92                        
     R4                                                                        
     R5                                                                        
     ______________________________________                                    
TBL                                    TABLE 5C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.00 0.47 0.69 -0.81                                                 
                              0.81 0.69 0.47 0.36 -0.45                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F3 N 1.55 0.60 1.00 -1.44                                                 
                              1.44 1.00 0.60 0.41 -0.79                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F4 N 1.45 0.68 1.00 -1.17                                                 
                              1.17 1.00 0.68 0.52 -0.65                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F5 N 2.57 1.00 1.66 -2.38                                                 
                              2.38 1.66 1.00 0.67 -1.31                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F6 N 2.14 1.00 1.48 -1.73                                                 
                              1.73 1.48 1.00 0.76 -0.95                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F7 N -1.39                                                                
               1.00 0.0  3.64 -3.64                                            
                                   0.0  1.00 1.50 2.00                         
        W 0.0  0.00 0.0  0.0  0.0  0.67 1.33 0.67 0.67                         
     R1 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     R2 N 2.39 0.0  1.00 -3.64                                                 
                              3.64 1.00 0.0  -0.50                             
                                                  -2.00                        
        W 0.00 0.00 0.00 0.00 0.00 2.00 4.00 2.00 2.00                         
     R3 N 1.00 -0.72                                                           
                    0.0  -2.62                                                 
                              2.62 0.0  -0.72                                  
                                             -1.08                             
                                                  -1.44                        
        W 2.39 4.77 2.39 2.39 2.39 0.92 1.85 0.92 0.92                         
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4  P5                           
     __________________________________________________________________________
     F1      N 1.00 0.26 0.0  -0.81                                            
                                   0.26 0.00 -0.15                             
                                                  -0.67                        
             W 2.82 5.63 2.82 2.82 0.00 0.00 0.00 0.00                         
     F2      N 1.00 0.36 0.13 -0.71                                            
                                   0.36 0.13 0.0  -0.59                        
             W 2.82 5.63 2.82 2.82 1.80 3.61 1.80 1.80                         
     F3      N 1.55 0.41 0.0  -1.26                                            
                                   0.41 0.00 -0.23                             
                                                  -1.04                        
             W 1.46 2.93 1.46 1.46 0.0  0.00 0.0  0.0                          
     F4      N 1.45 0.52 0.19 -1.02                                            
                                   0.52 0.19 0.0  -0.85                        
             W 1.46 2.93 1.46 1.46 0.94 1.87 0.94 0.94                         
     F5      N 2.57 0.67 0.0  -2.08                                            
                                   0.67 0.0  -0.38                             
                                                  -1.72                        
             W 0.49 0.98 0.49 0.49 0.00 0.00 0.00 0.00                         
     F6      N 2.14 0.76 0.27 -1.51                                            
                                   0.76 0.27 0.0  -1.25                        
             W 0.49 0.98 0.49 0.49 0.31 0.62 0.31 0.31                         
     F7      N -1.39                                                           
                    1.50 2.52 3.18 1.50 2.52 3.10 2.63                         
             W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R1      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   -0.21                                       
                                        -0.64                                  
                                             -0.88                             
                                                  -1.10                        
             W 0.0  0.00 0.0  0.0  0.0  0.0  0.0  0.0                          
     R2      N 2.39 -0.50                                                      
                         -1.52                                                 
                              -3.18                                            
                                   -0.50                                       
                                        -1.52                                  
                                             -2.10                             
                                                  -2.63                        
             W 0.00 0.00 0.00 0.00 0.0  0.00 0.0  0.0                          
     R3      N 1.00 -1.08                                                      
                         -1.82                                                 
                              -2.29                                            
                                   -1.08                                       
                                        -1.82                                  
                                             -2.24                             
                                                  -1.90                        
             W 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00                         
     __________________________________________________________________________
PAR  Referring now to FIG. 6A, a sixth embodiment of the present invention is
      disclosed wherein the structure thereof is similar to that of the first
      embodiment, the fourth planetary gear set X.sub.4 of the single-pinion
      type being disposed behind the third planetary gear set X.sub.3 and
      comprising the fourth sun gear S.sub.4 connected with the third ring gear
      RG.sub.3, the fifth planetary gear P.sub.5 engaged with the fourth sun
      gear S.sub.4, the fourth ring gear RG.sub.4 enmeshed with the fifth
      planetary gear P.sub.5, and the fourth carrier C.sub.4 rotatably
      supporting the fifth planetary gear P.sub.5 and connected with the output
      shaft. The fourth sun gear S.sub.4 is locked to the gear casing when the
      third brake is actuated and a fourth brake B.sub.4 is disposed so as to be
      capable of locking the fourth ring gear RG.sub.4 to the gear casing.
PAR  Within the sixth embodiment, the radial ratios within each speed range
      which are calculated from the formula described in conjunction with the
      descriptiton of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.437. Table 6B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2, and CL.sub.3 and
      the brakes B.sub.1, B.sub.2, B.sub.3 and B.sub.4 with respect to the
      reduction gear ratio within each speed range of the five forward speed
      ranges and the five reverse speed ranges, while Table 6C shows the
      relationship between the number of revolutions and the tangential forces
      of the various elements of the planetary gear sets within each speed
      range.
TBL                TABLE 6B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                            O         3.82                         
     F2                  O              O         2.46                         
     F3           O                     O         1.49                         
     F4           O      O                        1.00                         
     F5           O           O                   0.67                         
     R1    O                                 O    -5.45                        
     R2    O                       O              -4.77                        
     R3                  O                   O    -2.35                        
     R4                  O         O              -2.00                        
     R5    O                  O                   -0.92                        
     ______________________________________                                    
TBL                                    TABLE 6C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.55 0.60 1.00 -1.44                                                 
                              1.44 1.00 0.60 0.41 -0.79                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F3 N 2.57 1.00 1.66 -2.38                                                 
                              2.38 1.66 1.00 0.67 -1.31                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F4 N -1.39                                                                
               1.00 0.0  3.64 -3.64                                            
                                   0.0  1.00 1.50 2.00                         
        W 0.0  0.00 0.0  0.0  0.0  0.67 1.33 0.67 0.67                         
     R1 N 1.00 0.02 0.43 -1.49                                                 
                              1.49 0.43 0.02 -0.18                             
                                                  -0.82                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R2 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     R3 N 2.32 0.05 1.00 -3.46                                                 
                              3.46 1.00 0.05 -0.43                             
                                                  -1.90                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     R4 N 2.39 0.0  1.00 -3.64                                                 
                              3.64 1.00 0.0  -0.50                             
                                                  -2.00                        
        W 0.00 0.00 0.00 0.00 0.00 2.00 4.00 2.00 2.00                         
     R5 N 1.00 -0.72                                                           
                    0.0  -2.62                                                 
                              2.62 0.0  -0.72                                  
                                             -1.08                             
                                                  -1.44                        
        W 2.39 4.77 2.39 2.39 2.39 0.92 1.85 0.92 0.92                         
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4  P5                           
     __________________________________________________________________________
     F1      N 1.00 0.26 0.0  -0.81                                            
                                   0.0  0.26 0.38 0.41                         
             W 2.82 5.63 2.82 2.82 0.0  0.0  0.0  0.0                          
     F2      N 1.55 0.41 0.0  -1.26                                            
                                   0.0  0.41 0.58 0.63                         
             W 1.46 2.93 1.46 1.46 0.0  0.0  0.0  0.0                          
     F3      N 2.57 0.67 0.0  -2.08                                            
                                   0.0  0.67 0.97 1.04                         
             W 0.49 0.98 0.49 0.49 0.0  0.0  0.0  0.0                          
     F4      N -1.39                                                           
                    1.50 2.52 3.18 2.52 1.50 1.05 -1.59                        
             W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R1      N 1.00 -0.18                                                      
                         -0.60                                                 
                              -1.30                                            
                                   -0.60                                       
                                        -0.18                                  
                                             0.0  0.65                         
             W 2.82 5.63 2.82 2.82 6.45 12.89                                  
                                             6.45 6.45                         
     R2      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   -0.64                                       
                                        -0.21                                  
                                             -0.02                             
                                                  0.67                         
             W 0.0  0.00 0.0  0.0  0.0  0.0  0.0  0.0                          
     R3      N 2.32 -0.43                                                      
                         -1.40                                                 
                              -3.02                                            
                                   -1.40                                       
                                        -0.43                                  
                                             0.0  1.51                         
             W 1.46 2.93 1.46 1.46 3.35 6.70 3.35 3.35                         
     R4      N 2.39 -0.50                                                      
                         -1.52                                                 
                              -3.18                                            
                                   -1.52                                       
                                        -0.50                                  
                                             -0.05                             
                                                  1.59                         
             W 0.00 0.00 0.00 0.00 0.00 0.0  0.0  0.0                          
     R5      N 1.00 -1.08                                                      
                         -1.82                                                 
                              -2.29                                            
                                   -1.82                                       
                                        -1.08                                  
                                             -0.76                             
                                                  1.15                         
             W 0.00 0.00 0.00 0.00 0.00 0.0  0.0  0.0                          
     __________________________________________________________________________
PAR  Continuing further and with particular reference to FIG. 7A, a seventh
      embodiment of the present invention is disclosed wherein the structure
      thereof is similar to that of the first embodiment, the fourth planetary
      gear set X.sub.4 of the single pinion type being disposed behind the third
      planetary gear set X.sub.3 and comprising the fourth sun gear S.sub.4, the
      fifth planetary gear P.sub.5 engaged with the fourth sun gear S.sub.4, the
      fourth ring gear RG.sub.4 enmeshed with the fifth planetary gear P.sub.5
      and connected with the third ring gear RG.sub.3, and the fourth carrier
      C.sub.4 rotatably supporting the fifth planetary gear P.sub.5 and
      connected with the third carrier C.sub.3. The fourth ring gear RG.sub.4 is
      locked to the gear casing when the third brake B.sub.3 is actuated and a
      fourth brake B.sub.4 is disposed so as to be capable of locking the fourth
      sun gear S.sub.4 to the gear casing.
PAR  Within the seventh embodiment, the radial ratios within each speed range,
      which are calculated from the formula described in conjunction with the
      description of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.437. Table 7B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2 and CL.sub.3 and
      the brakes B.sub.1, B.sub.2, B.sub.3 and B.sub.4 with respect to the
      reduction gear ratio within each speed range of the six forward speed
      ranges and the four reverse speed ranges, while Table 7C shows the
      relationship between the number of revolutions and the tangential forces
      of the various elements of the planetary gear sets within each speed
      range.
TBL                TABLE 7B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                            O         3.82                         
     F2                  O              O         2.46                         
     F3           O                     O         1.49                         
     F4           O      O                        1.00                         
     F5           O                          O    0.73                         
     F6           O           O                   0.67                         
     R1    O                       O              -4.77                        
     R2                  O         O              -2.00                        
     R3    O                  O                   -0.92                        
     R4    O                                 O    -0.58                        
     ______________________________________                                    
TBL                                    TABLE 7C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.55 0.60 1.00 -1.44                                                 
                              1.44 1.00 0.60 0.41 -0.79                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F3 N 2.57 1.00 1.66 -2.38                                                 
                              2.38 1.66 1.00 0.67 -1.31                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F4 N -0.80                                                                
               1.00 0.24 2.75 -2.75                                            
                                   0.24 1.00 1.38 1.51                         
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F5 N -1.39                                                                
               1.00 0.0  3.64 -3.64                                            
                                   0.0  1.00 1.50 2.00                         
        W 0.0  0.0  0.0  0.0  0.0  0.67 1.33 0.67 0.67                         
     R1 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     R2 N 2.39 0.0  1.00 -3.64                                                 
                              3.64 1.00 0.0  -0.50                             
                                                  -2.00                        
        W 0.00 0.00 0.00 0.00 0.00 2.00 4.00 2.00 2.00                         
     R3 N 1.00 -0.72                                                           
                    0.0  -2.62                                                 
                              2.62 0.0  -0.72                                  
                                             -1.08                             
                                                  -1.44                        
        W 2.39 4.77 2.39 2.39 2.39 0.92 1.85 0.92 0.92                         
     R4 N 1.00 -1.24                                                           
                    -0.30                                                      
                         -3.42                                                 
                              3.42 -0.30                                       
                                        -1.24                                  
                                             -1.71                             
                                                  -1.88                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4  P5                           
     __________________________________________________________________________
     F1      N 1.00 0.26 0.0  -0.81                                            
                                   0.73 0.26 0.0  -1.20                        
             W 2.82 5.63 2.82 2.82 0.0  0.0  0.0  0.0                          
     F2      N 1.55 0.41 0.0  -1.26                                            
                                   1.13 0.41 0.0  -1.85                        
             W 1.46 2.93 1.46 1.46 0.0  0.0  0.0  0.0                          
     F3      N 2.57 0.67 0.0  -2.08                                            
                                   1.87 0.67 0.0  -3.07                        
             W 0.49 0.98 0.49 0.49 0.0  0.0  0.0  0.0                          
     F4      N -0.80                                                           
                    1.38 2.15 2.40 0.0  1.38 2.15 3.54                         
             W 0.49 0.98 0.49 0.49 0.49 0.98 0.49 0.49                         
     F5      N -1.39                                                           
                    1.50 2.52 3.18 -0.32                                       
                                        1.50 2.52 4.68                         
             W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R1      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   0.55 -0.21                                  
                                             -0.64                             
                                                  -1.96                        
             W 0.0  0.00 0.0  0.0  0.0  0.0  0.0  0.0                          
     R2      N 2.39 -0.50                                                      
                         -1.52                                                 
                              -3.18                                            
                                   1.32 -0.50                                  
                                             -1.52                             
                                                  -4.68                        
             W 0.00 0.00 0.00 0.00 0.0  0.0  0.0  0.0                          
     R3      N 1.00 -1.08                                                      
                         -1.82                                                 
                              -2.29                                            
                                   0.23 -1.08                                  
                                             -1.82                             
                                                  -3.37                        
             W 0.00 0.00 0.00 0.00 0.0  0.0  0.0  0.0                          
     R4      N 1.00 -1.71                                                      
                         -2.68                                                 
                              -2.99                                            
                                   0.0  -1.71                                  
                                             -2.68                             
                                                  -4.40                        
             W 2.82 5.63 2.82 2.82 2.82 5.63 2.82 2.82                         
     __________________________________________________________________________
PAR  Referring now to FIG. 8A, an eighth embodiment of the present invention is
      disclosed as comprising a first planetary gear set X.sub.1 of the double
      pinion type, a second planetary gear set X.sub.2 of the single-pinion
      type, a third planetary gear set X.sub.3 and a fourth planetary gear set
      X.sub.4 serially interposed between the input shaft and the output shaft,
      the first planetary gear set X.sub.1 including a first sun gear S.sub.1, a
      first planetary gear P.sub.1 engaged with the first sun gear S.sub.1, a
      second planetary gear P.sub.2 enmeshed with the first planetary gear
      P.sub.1, a first ring gear RG.sub.1 engaged with the second planetary gear
      P.sub.2, and a first carrier C.sub.1 rotatably supporting the first and
      second planetary gears P.sub.1 and P.sub.2, while the second planetary
      gear set X.sub.2 includes a third planetary gear P.sub.3 engaged with a
      second sun gear S.sub.2 which is in turn engaged with the first ring gear
      RG.sub.1, a second ring gear RG.sub.2 enmeshed with the third planetary
      gear P.sub.3, and a second carrier C.sub.2 rotatably supporting the third
      planetary gear P.sub.3 and connected with the first carrier C.sub.1.
PAR  The third planetary gear set X.sub.3 comprises a third sun gear S.sub.3, a
      fourth planetary gear P.sub.4 engaged with the third sun gear S.sub.3, a
      third ring gear RG.sub.3 enmeshed with the fourth planetary gear P.sub.4,
      and a third carrier C.sub.3 rotatably supporting the fourth planetary gear
      P.sub.4 and connected with the second ring gear RG.sub.2, while the fourth
      planetary gear set X.sub.4 similarly comprises a fourth sun gear S.sub.4,
      a fifth planetary gear P.sub.5 engaged with the fourth sun gear S.sub.4, a
      fourth ring gear RG.sub.4 enmeshed with the fifth planetary gear P.sub.5
      and also connected with the third sun gear S.sub.3, and a fourth carrier
      rotatably supporting the fifth planetary gear P.sub.5 and connected with
      the third carrier C.sub.3 as well as the output shaft.
PAR  A first clutch CL.sub.1 is disposed so as to be capable of simultaneously
      coupling or uncoupling the first sun gear S.sub.1, the third sun gear
      S.sub.3, and the fourth ring gear RG.sub.4 to or from the input shaft,
      while a second clutch CL.sub.2 is similarly disposed so as to be capable
      of simultaneously coupling or uncoupling the first carrier C.sub.1 and the
      second carrier C.sub.2 to or from the input shaft, and a third clutch
      CL.sub.3 is likewise disposed so as to be capable of simultaneously
      coupling or uncoupling the first ring gear RG.sub.1 and the second sun
      gear S.sub.2 to or from the input shaft. A first brake B.sub.1 is also
      disposed so as to be capable of simultaneously locking the first and
      second carriers C.sub.1 and C.sub.2 to the gear casing while a second
      brake B.sub.2 is disposed so as to be capable of locking the third ring
      gear RG.sub.3 to the gear casing, and a third brake B.sub.3 is disposed so
      as to be capable of locking the fourth sun gear S.sub.4 to the gear
      casing.
PAR  Within the eighth embodiment, the radial ratios within each speed range,
      which are calculated from the formula described in conjunction within the
      description of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.562. Table 8B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2 and CL.sub.3 and
      the brakes B.sub.1, B.sub.2, and B.sub.3 with respect to the reduction
      gear ratio within each speed range of the five forward speed ranges and
      the one reverse speed range, while Table 8C shows the relationship between
      the numer of revolutions and the tangential forces of the various elements
      of the planetary gear sets within each speed range.
TBL                TABLE 8B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                       O              3.82                         
     F2    O                            O         1.56                         
     F3                  O              O         1.29                         
     F4           O                     O         1.10                         
     F5           O      O                        1.00                         
     R1    O                  O                   -4.77                        
     ______________________________________                                    
TBL                                    TABLE 8C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.00 0.70 0.83 -0.45                                                 
                              0.45 0.83 0.70 0.64 -0.25                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F3 N 1.21 0.85 1.00 -0.55                                                 
                              0.55 1.00 0.85 0.77 -0.30                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F4 N 1.42 1.00 1.18 -0.65                                                 
                              0.65 1.18 1.00 0.91 -0.35                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     R1 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4   P5                          
     __________________________________________________________________________
     F1      N 1.00 0.26 0.0  -0.81                                            
                                   -1.05                                       
                                        0.26 1.00 3.37                         
             W 2.82 5.63 2.82 2.82 0.0  0.0  0.0  0.0                          
     F2      N 1.00 0.64 0.51 -0.40                                            
                                   0.0  0.64 1.00 1.64                         
             W 0.00 0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
     F3      N 1.21 0.77 0.62 -0.48                                            
                                   0.0  0.77 1.21 1.99                         
             W 0.00 0.0  0.0  0.0  0.52 1.04 0.52 0.52                         
     F4      N 1.42 0.91 0.73 -0.56                                            
                                   0.0  0.91 1.42 2.34                         
             W 0.00 0.00 0.00 0.00 0.17 0.35 0.17 0.17                         
     R1      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   -2.36                                       
                                        -0.21                                  
                                             1.00 5.52                         
             W 0.00 0.00 0.0  0.0  0.0  0.0  0.0  0.0                          
     __________________________________________________________________________
PAR  Referring now to FIG. 9A, a ninth embodiment of the present invention is
      disclosed wherein the structure is similar to that of the first
      embodiment, the fourth planetary gear set X.sub.4 of the single-pinion
      type being disposed behind the third planetary gear set X.sub.3 and
      comprising a fourth sun gear S.sub.4 connected with the third sun gear
      S.sub.3, a fifth planetary gear P.sub.5 engaged with the fourth sun gear
      S.sub.4, a fourth ring gear RG.sub.4 enmeshed with the fifth planetary
      gear P.sub.5, and a fourth carrier C.sub.4 rotatably supporting the fifth
      planetary gear P.sub.5 and connected with the carrier C.sub.3 as well as
      the output shaft, a fourth brake B.sub.4 also being disposed so as to be
      capable of locking the fourth ring gear RG.sub.4 to the gear casing.
PAR  Within the ninth embodiment, the radial ratios within each speed range,
      which are calculated from the formula described in conjunction within the
      description of the first embodiment are I.sub.1 = 0.419, I.sub.2 = 0.500,
      I.sub.3 = 0.355, and I.sub.4 = 0.280. Table 9B shows the relationship
      between the operation of the clutches CL.sub.1, CL.sub.2 and CL.sub.3 and
      the brakes B.sub.1, B.sub.2, B.sub.3 and B.sub.4 with respect to the
      reduction gear ratio within each speed range of the eight forward speed
      ranges and the three reverse speed ranges, while Table 9C shows the
      relationship between the number of revolutions and the tangential forces
      of the various elements of the planetary gear sets within each speed
      range.
TBL                TABLE 9B                                                    
     ______________________________________                                    
                                                Reduction                      
     CL1      CL2    CL3    B1   B2   B3   B4   gear ratio                     
     ______________________________________                                    
     F1    O                                 O    4.57                         
     F2    O                            O         3.82                         
     F3                  O                   O    2.86                         
     F4                  O              O         2.46                         
     F5           O                          O    1.62                         
     F6           O                     O         1.49                         
     F7           O      O                        1.00                         
     F8           O           O                   0.67                         
     R1    O                       O              -4.77                        
     R2                  O         O              -2.00                        
     R3    O                  O                   -0.92                        
     ______________________________________                                    
TBL                                    TABLE 9C                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 0.35 0.62 -0.98                                                 
                              0.98 0.62 0.35 0.22 -0.54                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F2 N 1.0  0.39 0.65 -0.93                                                 
                              0.93 0.65 0.39 0.26 -0.51                        
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     F3 N 1.60 0.57 1.00 -1.58                                                 
                              1.58 1.00 0.57 0.35 -0.87                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F4 N 1.55 0.60 1.00 -1.44                                                 
                              1.44 1.00 0.60 0.41 -0.79                        
        W 1.24 2.48 1.24 1.24 1.24 0.48 0.96 0.48 0.48                         
     F5 N 2.82 1.00 1.76 -2.78                                                 
                              2.78 1.76 1.00 0.62 -1.53                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F6 N 2.57 1.00 1.66 -2.38                                                 
                              2.38 1.66 1.00 0.67 -1.31                        
        W 0.41 0.83 0.41 0.41 0.41 0.83 1.65 0.83 0.83                         
     F7 N -1.39                                                                
               1.00 0.0  3.64 -3.64                                            
                                   0.0  1.00 1.50 2.00                         
        W 0.0  0.0  0.0  0.0  0.0  0.67 1.33 0.67 0.67                         
     R1 N 1.00 0.0  0.42 -1.52                                                 
                              1.52 0.42 0.00 -0.21                             
                                                  -0.84                        
        W 2.39 4.77 2.39 2.39 2.39 4.77 9.55 4.77 4.77                         
     R2 N 2.39 0.0  1.00 -3.64                                                 
                              3.64 1.00 0.0  -0.50                             
                                                  -2.00                        
        W 0.00 0.00 0.00 0.00 0.00 2.00 4.00 2.00 2.00                         
     R3 N 1.00 -0.72                                                           
                    0.0  -2.62                                                 
                              2.62 -0.00                                       
                                        -0.72                                  
                                             -1.08                             
                                                  -1.44                        
        W 2.39 4.77 2.39 2.39 2.39 0.92 1.85 0.92 0.92                         
     __________________________________________________________________________
             B X3                  X4                                          
     A         S3   C3   RG3  P4   S4   C4   RG4  P5                           
     __________________________________________________________________________
     F1      N 1.00 0.22 0.06 -0.86                                            
                                   1.00 0.22 0.0  -0.61                        
             W 0.0  0.00 0.00 0.00 3.57 7.14 3.57 3.57                         
     F2      N 1.00 0.26 0.0  -0.81                                            
                                   1.00 0.26 0.06 -0.57                        
             W 2.82 5.63 2.82 2.82 0.00 0.0  0.0  0.0                          
     F3      N 1.60 0.35 -0.09                                                 
                              -1.38                                            
                                   1.60 0.35 0.0  -0.97                        
             W 0.00 0.00 0.00 0.00 1.86 3.71 1.86 1.86                         
     F4      N 1.55 0.41 0.0  -1.26                                            
                                   1.55 0.41 0.09 -0.89                        
             W 1.46 2.93 1.46 1.46 0.00 0.0  0.0  0.0                          
     F5      N 2.82 0.62 -0.17                                                 
                              -2.43                                            
                                   2.82 0.62 0.0  -1.72                        
             W 0.00 0.0  0.0  0.0  0.62 1.24 0.62 0.62                         
     F6      N 2.57 0.67 0.0  -2.08                                            
                                   2.57 0.67 0.14 -1.47                        
             W 0.49 0.98 0.49 0.49 0.00 0.0  0.0  0.0                          
     F7      N -1.39                                                           
                    1.50 2.52 3.18 -1.39                                       
                                        1.50 2.31 2.25                         
             W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
     R1      N 1.00 -0.21                                                      
                         -0.64                                                 
                              -1.33                                            
                                   1.00 -0.21                                  
                                             -0.55                             
                                                  -0.94                        
             W 0.0  0.00 0.0  0.0  0.0  0.0  0.0  0.0                          
     R2      N 2.39 -0.50                                                      
                         -1.52                                                 
                              -3.18                                            
                                   2.39 -0.50                                  
                                             -1.31                             
                                                  -2.25                        
             W 0.00 0.00 0.00 0.00 0.0  0.0  0.0  0.0                          
     R3      N 1.00 -1.08                                                      
                         -1.82                                                 
                              -2.29                                            
                                   1.00 -1.08                                  
                                             -1.66                             
                                                  -1.62                        
             W 0.00 0.00 0.00 0.00 0.0  0.0  0.0  0.0                          
     __________________________________________________________________________
PAR  Thus, it is apparent that the speed change gear system of the present
      invention has important advantages over the known prior art systems in
      that speed change shifts through at least four speed ranges for forward
      drive can be attained by utilizing three basic planetary gear sets.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A speed change gear system comprising:
PA1  an input shaft;
PA1  a first sun gear;
PA1  a first planetary gear engaged with said first sun gear;
PA1  a second planetary gear engaged with said first planetary gear;
PA1  a first ring gear engaged with said second planetary gear;
PA1  a first carrier rotatably supporting said first and second planetary gears;
PA1  a second sun gear engaged with said first ring gear;
PA1  a third planetary gear engaged with said second sun gear;
PA1  a second ring gear engaged with said third planetary gear;
PA1  a second carrier rotatably supporting said third planetary gear and engaged
      with said first carrier;
PA1  a third sun gear engaged with said first sun gear;
PA1  a fourth planetary gear engaged with said third sun gear;
PA1  a third ring gear engaged with said fourth planetary gear;
PA1  a third carrier rotatably supporting said fourth planetary gear and engaged
      with said second ring gear;
PA1  an output shaft engaged with said third carrier;
PA1  a first clutch being capable of coupling or uncoupling simultaneously said
      first and third sun gears to or from said input shaft;
PA1  a second clutch being capable of coupling or uncoupling simultaneously said
      first and second carriers to or from said input shaft;
PA1  a third clutch being capable of coupling or uncoupling simultaneously said
      first ring gear and said second sun gear to or from said input shaft;
PA1  a first brake being capable of locking simultaneously said first ring gear
      and said second sun gear to a gear casing;
PA1  a second brake being capable of locking simultaneously said first and
      second carriers to said gear casing; and
PA1  a third brake being capable of locking said third ring gear to said gear
      casing.
NUM  2.
PAR  2. A speed change gear system as set forth in claim 1 wherein said first
      brake is removed.
NUM  3.
PAR  3. A speed change gear system as set forth in claim 1 wherein said first
      clutch is removed.
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ABST
PAL  A speed change gear system of the planetary type suited for applications to
      fluid couplings utilized upon automotive vehicles includes at least first,
      second, and third planetary gear sets suitably interposed between an input
      shaft and an output shaft, first and second clutches, and first, second,
      and third braking means. The first planetary gear set may include a first
      sun gear, a first planetary gear engaged therewith, a second planetary
      gear engaged with the first planetary gear, a first ring gear enmeshed
      with the second planetary gear, and a first carrier rotatably supporting
      the first and second planetary gears, while the second planetary gear set
      may include a second sun gear drivingly coupled to the first carrier, a
      third planetary gear engaged with the second sun gear, a second ring gear
      enmeshed with the third planetary gear, and a second carrier rotatably
      supporting the third planetary gear, and the third planetary gear set may
      include a third sun gear drivingly coupled to the first sun gear and the
      second ring gear, a fourth planetary gear interengaged with the third sun
      gear, a third ring gear enmeshed with the fourth planetary gear, and a
      third carrier rotatably supporting the fourth planetary gear and drivingly
      coupled to the second carrier and to the output shaft. The first clutch
      couples or uncouples the input shaft to or from the first sun gear, the
      second ring gear and the third sun gear, while the second clutch couples
      or uncouples the input shaft to or from the first carrier and the second
      sun gear. The first brake is capable of locking the first carrier and the
      second sun gear to the gear casing while the second brake is capable of
      locking the first ring gear to the casing and the third brake is capable
      of locking the third ring gear to the casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to speed change gears and more
      particularly to speed change gears suited for application within fluid
      couplings or torque converters utilized upon motor vehicles, especially
      automobiles.
PAR  2. Description of the Prior Art
PAR  It is desirable that the auxiliary speed changer of the gear type within
      automatic transmissions utilized upon large automotive vehicles, such as
      for example, trucks and buses, should have at least four speed shifts.
      This speed change mechanism may be realized by suitably combining three,
      four, or even more, sets of simple, single-pinion or double-pinion type
      planetary gear sets. The combination of these gears may be widely varied,
      but within any combination, the following conditions are desired to be
      satisfied:
PAR  1. The output shaft should be coupled to the same elements within each
      speed range.
PAR  2. In order to reduce the circumferential speed of the bearing of each
      element of the planetary gear set, the number of its revolutions should be
      small.
PAR  3. The tooth load, i.e., tangential force, of each element should be small
      so as to maintain the strength of the gear teeth.
PAR  4. The gear set should meet meshing conditions for the number of teeth. The
      sun gear, whose diameter is to be minimized, as well as each planetary
      pinion gear, should have the necessary number of teeth.
PAR  5. Within the planetary gear set, the coupling relationship among the
      elements should be simple and the distance from each other be small.
PAR  6. During speed shifts wherein frictional coupling means are utilized
      during forward drive, such speed shifts should be available through one
      coupling means alone.
PAR  Present speed change gear systems do not satisfactorily attain all of the
      above-noted conditions with the requisite efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      efficient speed change gear system which provides at least four speed
      ranges for forward drive and one speed range for reverse by the use of a
      plurality of simple, planetary gear sets of the single pinion type and of
      the double pinion type.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      conjunction with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1 is a schematic view of one embodiment of a speed change gear system
      constructed according to the present invention and showing its cooperative
      parts;
PAR  FIG. 2 is a view similar to that of FIG. 1 showing however a second
      embodiment of a speed change gear system of the present invention;
PAR  FIG. 3 is a view similar to that of FIG. 1 showing however a third
      embodiment of a speed change gear system of the present invention;
PAR  FIG. 4 is a view similar to that of FIG. 1 showing however a fourth
      embodiment of a speed change gear system of the present invention;
PAR  FIG. 5 is a view similar to that of FIG. 1 showing however a fifth
      embodiment of a speed change gear system of the present invention;
PAR  FIG. 6 is a view similar to that of FIG. 1 showing however a sixth
      embodiment of a speed change gear system of the present invention;
PAR  FIG. 7 is a view similar to that of FIG. 1 showing however a seventh
      embodiment of a speed change gear system of the present invention;
PAR  FIG. 8 is a view similar to that of FIG. 1 showing however an eighth
      embodiment of a speed change gear system of the present invention;
PAR  FIG. 9 is a view similar to that of FIG. 1 showing however a ninth
      embodiment of a speed change gear system of the present invention; and
PAR  FIG. 10 is a view similar to that of FIG. 1 showing however a tenth
      embodiment of a speed change gear system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly to FIG. 1 thereof, a
      three-element, one-stage, two-phase torque converter, generally indicated
      by the reference character 110, includes a pump impeller 111 connected to
      an input shaft 120, a turbine runner 112 connected to a first intermediate
      shaft 121, and a stator wheel 114 maintained relative to a casing 100 by
      means of a one-way brake 13. A first clutch 21 is coaxially interposed
      between the first intermediate shaft 121 and a second intermediate shaft
      122 so as to permit the two intermediate shafts 121 and 122 to be coupled
      and uncoupled, and a hollow third intermediate shaft 123 is coaxially
      mounted upon the second intermediate shaft 122.
PAR  A first sun gear 41 and a third sun gear 61 provided as components of a
      first planetary gear set, generally indicated by the reference character
      40, of the double pinion type, and of a third planetary gear set,
      generally indicated by the reference character 60, of the single pinion
      type, respectively, are fastened upon the second intermediate shaft 122 by
      spline means or the like whereby these sun gears can rotate along with the
      second intermediate shaft 122. The first planetary gear set 40 also
      includes a first planetary gear 42 engaged with the first sun gear 41, a
      second planetary gear 43 engaged with the first planetary gear 42, a first
      ring gear 44 engaged with the second planetary gear 43, and a first
      carrier 45 rotatably supporting the planetary gears 42 and 43. A second
      clutch 22 is interposed between the first carrier 45 and the first
      intermediate shaft 121 and is disposed in succession with the first clutch
      21 whereby the first carrier 45 and the first intermediate shaft 121 are
      able to be coupled or uncoupled. A first brake 31 is installed between the
      first carrier 45 and the casing 100, and when this brake is actuated, the
      first carrier 45 is rotatably locked, carrier 45 also being integrally
      fastened with the third intermediate shaft 123. A second brake 32 is
      similarly installed between the first ring gear 44 and the casing 100, and
      when this brake is actuated, the first ring gear 44 is rotatably locked.
PAR  A second planetary gear set, generally indicated by the reference character
      50, of the single pinion type, is disposed adjacent the first planetary
      gear 40 and includes a second sun gear 51 rotatable with the third
      intermediate shaft 123, a third planetary gear 52 engaged with the second
      sun gear 51, a second ring gear 53 engaged with the third planetary gear
      52, and a second carrier 54 rotatably supporting the third planetary gear
      52, the second ring gear 53 being integrally fastened with the second
      intermediate shaft 122. The third planetary gear set 60 is disposed
      adjacent the second planetary gear set 50 and is seen to similarly include
      a third sun gear 61 disposed upon the end section of the second
      intermediate shaft 122, a fourth planetary gear 62 engaged with the third
      sun gear 61, a third ring gear 63 engaged with the fourth planetary gear
      62, and a third carrier 64 rotatably supporting the fourth planetary gear
      62. A third brake 33 is installed between the third ring gear 63 and the
      casing 100 and when this brake is actuated, the third ring gear 63 is
      locked with respect thereto. The third carrier 64 is integrally coupled to
      the second carrier 54 and also to the output shaft 12, which is disposed
      coaxially with and serially behind the second intermediate shaft 122.
PAR  The following Table I discloses the gear ratios accompanying the individual
      speed ranges, four forward speed ranges and two reverse speed ranges, in
      connection with the operation of the clutches 21 and 22 as well as the
      brakes 31, 32 and 33:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Speed Ranges                                                              
                21   22   31   32   33   Gear Ratios                           
     __________________________________________________________________________
                                             1                                 
     First speed                                                               
                0                   0    1 : 1 +                               
                                             I.sub.3                           
                                           (1+I.sub.2) (1-I.sub.1)             
     Second speed                                                              
                0              0         1 :                                   
                                           1 - I.sub.1 - I.sub.2               
     Third speed                                                               
                0         0              1 : 1 + I.sub.2                       
     Fourth speed                                                              
                0    0                   1 : 1.0                               
                                             I.sub.1 + I.sub.1 I.sub.2         
     Reverse 1st speed                                                         
                     0              0    1 : -                                 
                                             1 - I.sub.1 - I.sub.1 I.sub.2     
                                             1                                 
     Reverse 2nd speed                                                         
                     0         0         1 : - - 1                             
                                             I.sub.2 I.sub.3                   
     __________________________________________________________________________
PAR  Within the above Table I, the reference I denotes the radial ratio of the
      gear used, which is calculated from the following formula: For the single
      pinion type gear set:
EQU  N.sub.Rn - (1+I.sub.n)N.sub.Cn + I.sub.n N.sub.Sn = 0 (n : 1, 2, 3, . . . )
PAL  For the double pinion type gear set:
EQU  N.sub.Rn - (1 - I.sub.n)N.sub.Cn - I.sub.n N.sub.Sn = 0 (n: 1, 2, 3, . . .
      )
PAL  wherein
PAR  N.sub.Rn = the number of revolutions of the ring gear
PAR  N.sub.Cn = the number of revolutions of the carrier
PAR  N.sub.Sn = the number of revolutions of the sun gear
PAR  In this embodiment, for example, I.sub.1 = 0.36, I.sub.2 = 0.52 and I.sub.3
      = 0.36 for the individual speed ranges. The gear ratios are then as
      follows:
     Forward                                                                   
                           1                                                   
     First speed:  1 : 1 +       = 1 : 3.778                                   
                           I.sub.3                                             
                         (1 + I.sub.2) (1 - I.sub.1)                           
     Second speed: 1 :                = 1 : 2.148                              
                         1 - I.sub.1 - I.sub.1 I.sub.2                         
     Third speed:  1 : 1 + I.sub.2 = 1 : 1.52                                  
     Fourth speed: 1 : 1.0 = 1 : 1.0                                           
      ##EQU1##
PAR  According to the present invention, as has been described above, four
      forward speed ranges and two reverse speed ranges can readily be realized
      by utilization of two simple planetary gear sets of the single opinion
      type and one simple planetary gear set of the double pinion type.
PAR  Referring now to FIG. 2, there is schematically shown a second embodiment
      of the present invention wherein the gearing system is seen to include an
      input shaft 11 and an output shaft 12, and first planetary gear set,
      generally inidcated by the reference character 40, of the double pinion
      type, a second planetary gear set, generally indicated by the reference
      character 50, of the single pinion type, and a third planetary gear set,
      generally indicated by the reference character 60, of the single pinion
      type being suitably interposed between the input shaft 11 and the output
      shaft 12.
PAR  The first planetary gear set 40 includes a first sun gear 41, a first
      planetary gear 42 engaged with the first sun gear 41, a second planetary
      gear 43 engaged with the first planetary gear 42, a first ring gear 44
      engaged with the second planetary gear 43, and a first carrier 45
      rotatably supporting the first and second planetary gears 42 and 43. The
      second planetary gear set 50 similarly includes a second sun gear 51
      drivingly coupled to the first carrier 45, a third planetary gear 52
      engaged with the second sun gear 51, a second ring gear 53 engaged with
      the third planetary gear 52, and a second carrier 54 rotatably supporting
      the third planetary gear 52. The third planetary gear set 60 likewise
      includes a third sun gear 61 drivingly coupled to the first sun gear 41
      and to the second ring gear 53, a fourth planetary gear 62 engaged with
      the third sun gear 61, a third ring gear 63 engaged with the fourth
      planetary gear 62, and a third carrier 64 drivingly coupled to the second
      carrier 54 and to the output shaft 12 and rotatably supporting the fourth
      planetary gear 62.
PAR  A first clutch 21 serves to couple or uncouple the input shaft 11 to or
      from the first sun gear 41, the second ring gear 53 and the third sun gear
      61, while a second clutch 22 similarly serves to couple or uncoupld the
      input shaft 11 to or from the first carrier 45 and the second sun gear 51.
      A first brake 31 is disposed so as to be capable of locking the first
      carrier 45 and the second sun gear 51 with respect to the casing 100,
      while a second brake 32 is disposed so as to be capable of locking the
      first ring gear 44 with respect to the casing 100, and a third brake 33 is
      disposed so as to be capable of locking the third ring gear 63 with
      respect to the casing 100.
PAR  The following conditions hold for the planetary gear sets of the speed
      change gear system of the present invention:
PAL  Single Pinion Type:
EQU  N.sub.Rn - (1 + I.sub.n) N.sub.Cn + I.sub.nNSn = 0 (n = 1, 2, 3, . . . )
PAL  Double Pinion Type:
EQU  N.sub.Rn - (1 - I.sub.n) N.sub.Cn - I.sub.n N.sub.Sn = 0 (n : 1, 2, 3, . .
      . )
PAL  wherein
PAR  N.sub.Rn = the number of revolutions of the ring gear
PAR  N.sub.Cn = the number of revolutions of the carrier
PAR  N.sub.Sn = the number of revolutions of the sun gear
PAR  In this embodiment, the radial ratios in each speed range are: I.sub.1 =
      0.360, I.sub.2 = 0.520, and I.sub.3 = 0.360. Table 1a shows in summary the
      gear ratios accompanying the individual speed ranges, four forward speed
      ranges and two reverse speed ranges, in connection with the operation of
      clutches 21 and 22 as well as brakes 31, 32 and 33.
TBL                TABLE Ia                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33   Gear Ratios                         
     ______________________________________                                    
     First speed  0                   0    1 : 3.78                            
     Second speed 0               0        1 : 2.15                            
     Third speed  0           0            1 : 1.52                            
     Fourth speed 0     0                  1 : 1.00                            
     Reverse 1st speed  0             0    1 : -4.34                           
     Reverse 2nd speed  0         0        1 : -1.21                           
     ______________________________________                                    
PAR  In addition, Table 1B shows the relationship regarding the number of
      revolutions and the tangential force of each element of the planetary gear
      set within each speed range. The ratio of the number of revolutions is
      based upon the assumption that the number of revolutions of the input
      shaft is 1, while the tangential forces are based upon the assumption that
      the input shaft torque exerted upon the ring gear is 1. These assumptions
      will prevail throughout all of the embodiments of the present invention as
      hereinafter described.
TBL                                    TABLE 1B                                
     __________________________________________________________________________
     B    X1                  X2              X3                               
     A    S1  C1  RG1 P1  P2  S2  C2  RG2 P3  S3  C2  RG3 P4                   
     __________________________________________________________________________
        N 1.00                                                                 
              -1.15                                                            
                  -0.38                                                        
                      -2.54                                                    
                          2.54                                                 
                              -1.15                                            
                                  0.26                                         
                                      1.00                                     
                                          3.06                                 
                                              1.00                             
                                                  0.26                         
                                                      0.0 -0.83                
     F1 W 0.0 0.0 0.0 0.0 0.0 0.0 0.00                                         
                                      0.00                                     
                                          0.00                                 
                                              2.78                             
                                                  5.56                         
                                                      2.78                     
                                                          2.78                 
        N 1.00                                                                 
              -0.56                                                            
                  0.0 -1.85                                                    
                          1.85                                                 
                              -0.56                                            
                                  0.47                                         
                                      1.00                                     
                                          2.23                                 
                                              1.00                             
                                                  0.47                         
                                                      0.27                     
                                                          -0.60                
     F2 W 1.15                                                                 
              2.30                                                             
                  1.15                                                         
                      1.15                                                     
                          1.15                                                 
                              1.41                                             
                                  2.83                                         
                                      1.41                                     
                                          1.41                                 
                                              0.00                             
                                                  0.0 0.0 0.0                  
        N 1.00                                                                 
              0.0 0.36                                                         
                      -1.18                                                    
                          1.18                                                 
                              0.0 0.66                                         
                                      1.00                                     
                                          1.43                                 
                                              1.00                             
                                                  0.66                         
                                                      0.53                     
                                                          -0.38                
     F3 W 0.0 0.0 0.0 0.0 0.0 1.00                                             
                                  2.00                                         
                                      1.00                                     
                                          1.00                                 
                                              0.00                             
                                                  0.0 0.0 0.0                  
        N -0.87                                                                
              1.00                                                             
                  0.33                                                         
                      2.21                                                     
                          -2.21                                                
                              1.00                                             
                                  -0.23                                        
                                      -0.87                                    
                                          -2.67                                
                                              -0.87                            
                                                  -0.23                        
                                                      0.0 0.72                 
     R1 W 0.0 0.0 0.0 0.0 0.0 1.92                                             
                                  3.85                                         
                                      1.92                                     
                                          1.92                                 
                                              5.34                             
                                                  10.63                        
                                                      5.34                     
                                                          5.34                 
        N -1.78                                                                
              1.00                                                             
                  0.0 3.28                                                     
                          -3.28                                                
                              1.00                                             
                                  -0.83                                        
                                      -1.78                                    
                                          -3.96                                
                                              -1.73                            
                                                  -0.83                        
                                                      -0.49                    
                                                          1.07                 
     R2 W 2.21                                                                 
              4.42                                                             
                  2.21                                                         
                      2.21                                                     
                          2.21                                                 
                              0.80                                             
                                  1.59                                         
                                      0.80                                     
                                          0.80                                 
                                              0.00                             
                                                  0.0 0.0 0.0                  
     __________________________________________________________________________
PAR  Symbols utilized within Tables 1B - 9B are summarized hereinbelow:
PAR  A = the speed range
PAR  B = the planetary gear set
PAR  N = the number of revolutions
PAR  W = the tangential force
PAR  F.sub.n = the forward speeds
PAR  R.sub.n = the reverse speeds
PAR  X.sub.n = the planetary gear sets
PAR  S.sub.n = the sun gears
PAR  C.sub.n = the carrier gears
PAR  RG.sub.n = the ring gears
PAR  P.sub.n = the planetary gears
PAR  Within the fifth forward speed range of Table 7b, because the reduction
      gear ratio is 1: 1.00, the number of revolutions N of each sun gear, ring
      gear and carrier gear is 1.00 and the number of revolutions N of each
      planetary gear is 0.00, while the tangential force W thereof is
      considerably less than that produced within other speed ranges. More
      specifically, within the fifth forward speed range, at least two clutches
      establish coupling, through which the torque of the input shaft is
      distributed to the individual elements, as opposed to the mode of
      operation within the other speed ranges wherein any one of the clutches
      establishes the coupling through which the torque of the input shaft is
      distributed to the individual elements. In other words, the tangential
      force of each element is less within the fifth forward speed range than in
      the other speed ranges. For explanatory simplicity, therefore, the number
      of revolutions N and the tangential force W within the speed range where
      the reduction gear ratio 1.00 will be omitted throughout the embodiments
      of the present invention as hereinafter described.
PAR  Referring now to FIG. 3, there is schematically shown a third embodiment of
      the present invention wherein an input shaft 11 and an output shaft 12
      have interposed therebetween a first planetary gear set, generally
      indicated by the reference character 40, of the double pinion type, and
      second, third and fourth planetary gear sets, generally indicated by the
      reference characters 50, 60 and 70, of the single pinion type.
PAR  The first planetary gear set 40 comprises a first sun gear 41, a first
      planetary gear 42 engaged with the first sun gear 41, a second planetary
      gear 43 engaged with the first planetary gear 42, a first ring gear 44
      engaged with the second planetary gear 43, and a first carrier 45
      rotatably supporting the first and second planetary gears 42 and 43. The
      second planetary gear set 50 similarly comprises a second sun gear 51
      drivingly coupled to the first carrier 45, a third planetary gear 52
      engaged with the second sun gear 51, a second ring gear 53 engaged with
      the third planetary gear 52, and a second carrier 54 rotatably supporting
      the third planetary gear 52.
PAR  The third planetary gear set 60 comprises a third sun gear 61 drivingly
      coupled to the first sun gear 41 and to the second ring gear 53, a fourth
      planetary gear 62 engaged with the third sun gear 61, a third ring gear 63
      engaged with the fourth planetary gear 62, and a third carrier 64
      rotatably supporting the fourth planetary gear 62, while the fourth
      planetary gear set 70 comprises a fourth sun gear 71 drivingly coupled to
      the second and third carriers 54 and 64 and to the output shaft 12, a
      fifth planetary gear 72 engaged with the fourth sun gear 71, a fourth ring
      gear 73 drivingly coupled to the third ring gear 63 and engaged with the
      fifth planetary gear 72, and a fourth carrier 74 rotatably supporting the
      fifth planetary gear 72.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53 and the third sun gear 61 while a second clutch 22 is disposed so as to
      be capable of coupling or uncoupling the input shaft 11 to or from the
      first carrier 45 and the second sun gear 51. A first brake 31 is disposed
      so as to be capable of locking the first carrier 45 and the second sun
      gear 51 relative to the casing 100 while a second brake 32 is likewise
      disposed so as to be capable of locking the first ring gear 44 relative to
      the casing 100. A third brake 33 is also provided so as to be capable of
      locking the third ring gear 63 and the fourth ring gear 73 relative to the
      casing 100 while still a fourth brake 34 is provided so as to be capable
      of locking the fourth carrier 74 relative to the casing 100.
PAR  Within this third embodiment, the radial ratios within each speed range
      are: I.sub.1 = 0.360, I.sub.2 = 0.520, I.sub.3 = 0.360 and I.sub.4 =
      0.562, and Table 2a shows the gear ratios within the individual speed
      ranges, five forward speed ranges and three reverse ranges, in connection
      with the operation of clutches 21 and 22, as well as brakes 31, 32, 33 and
      34. Table 2b also shows the relationship regarding the number of
      revolutions and the tangential force of each element of the planetary gear
      set within each speed range.
TBL                TABLE 2a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed  0                       0     1 : 5.34                       
     Second speed 0                   0         1 : 3.78                       
     Third speed  0               0             1 : 2.15                       
     Fourth speed 0           0                 1 : 1.52                       
     Fifth speed  0     0                       1 : 1.00                       
     Reverse 1st speed  0                 0     1 : -7.34                      
     Reverse 2nd speed  0             0         1 : -4.34                      
     Reverse 3rd speed  0         0             1 : -1.21                      
     ______________________________________                                    
TBL                                    TABLE 2B                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
     F1 N 1.00 -1.33                                                           
                    -0.52                                                      
                         -2.81                                                 
                              2.81 -1.38                                       
                                        0.19 1.00 3.39                         
        W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F2 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F3 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F4 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        N -0.73                                                                
               1.00 0.38 2.04 -2.04                                            
                                   1.00 -0.14                                  
                                             -0.73                             
                                                  -2.46                        
     R1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.25                                  
                                             -0.87                             
                                                  -2.67                        
     R2 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -0.83                                  
                                             -1.78                             
                                                  -3.96                        
     R3 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
     __________________________________________________________________________
     B    X3                  X4                                               
     __________________________________________________________________________
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
        N 1.00 0.19 -0.11                                                      
                         -0.01                                                 
                              0.19 0.00 -0.11                                  
                                             -0.48                             
     F1 W 2.78 5.56 2.78 2.78 2.78 5.56 2.78 2.78                              
        N 1.00 0.26 0.0  -0.83                                                 
                              0.26 0.10 0.0  -0.43                             
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.47 0.27 -0.60                                                 
                              0.47 0.34 0.27 -0.32                             
     F3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.66 0.58 0.53 -0.20                             
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.73                                                                
               -0.14                                                           
                    0.08 0.66 -0.14                                            
                                   0.0  0.08 0.35                              
     R1 W 5.34 10.68                                                           
                    5.34 5.34 5.34 10.68                                       
                                        5.34 5.34                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 -0.23                                            
                                   -0.08                                       
                                        0.0  0.38                              
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.78                                                                
               -0.83                                                           
                    -0.49                                                      
                         1.07 -0.83                                            
                                   -0.61                                       
                                        -0.49                                  
                                             0.56                              
     R3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  Referring now to FIG. 4 there is schematically shown a fourth embodiment of
      the present invention wherein an input shaft 11 and an output shaft 12
      have interposed therebetween a first planetary gear set, generally
      indicated by the reference character 40, of the double pinion type, and
      second, third, and fourth planetary gear sets, generally indicated by the
      reference characters 50, 60 and 70 of the single pinion type.
PAR  The first planetary gear set 40 comprises a first sun gear 41, a first
      planetary gear 42 engaged with the first sun gear 41, a second planetary
      gear 43 engaged with the first planetary gear 42, a first ring gear 44
      engaged with the second planetary gear 43, and a first carrier 45
      rotatably supporting the first and second planetary gears 42 and 43. The
      second planetary gear set 50 comprises a second sun gear 51 drivingly
      coupled to the first carrier 45, a third planetary gear 52 engaged with
      the second sun gear 51, a second ring gear 53 engaged with the third
      planetary gear 52, and a second carrier 54 rotatably supporting the third
      planetary gear 52.
PAR  The third planetary gear set 60 similarly comprises a third sun gear 61
      drivingly coupled to the first sun gear 41 and to the second ring gear 53,
      a fourth planetary gear 62 engaged with the third sun gear 61, a third
      ring gear 63 engaged with the fourth planetary gear 62, and a third
      carrier 64 rotatably supporting the fourth planetary gear 62, while the
      fourth planetary gear set 70 comprises a fourth sun gear 71 drivingly
      coupled to the third ring gear 63, a fifth planetary gear 72 engaged with
      the fourth sun gear 71, a fourth ring gear 73 engaged with the fifth
      planetary gear 72 and drivingly coupled to the second and third carriers
      54 and 64 and to the output shaft 12, and a fourth carrier 74 rotatably
      supporting the fifth planetary gear 72.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53 and the third sun gear 61 while a second clutch 22 is disposed so as to
      be capable of coupling or uncoupling the input shaft 11 to or from the
      first carrier 45 and the second sun gear 51. A first brake 31 is also
      disposed so as to be capable of locking the first carrier 45 and the
      second sun gear 51 relative to the casing 100 while a second brake 32 is
      similarly disposed so as to be capable of locking the second ring gear 44
      relative to the casing 100. A third brake 33 is also provided so as to be
      capable of locking the third ring gear 63 and the fourth sun gear 71
      relative to the casing 100 and a fourth brake 34 is likewise disposed so
      as to be capable of locking the fourth carrier 74 relative to the casing
      100.
PAR  Within this embodiment, the radial ratios calculated in a manner similar to
      that of the first embodiment for each speed range: I.sub.1 = 0.36-,
      I.sub.2 = 0.520, I.sub.3 = 0.360, and I.sub.4 = 0.562. Table 3a shows the
      gear ratios within the individual speed ranges, five forward speed ranges
      and three reverse speed ranges, in connection with the operation of
      clutches 21 and 22, a brakes 31, 32, 33 and 34 while Table 3b shows the
      relationship between the number of revolutions and the tangential force of
      each element of the planetary gear set within each speed range.
TBL                TABLE 3a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed  0                       0     1 : 8.72                       
     Second speed 0                   0         1 : 3.78                       
     Third speed  0               0             1 : 2.15                       
     Fourth speed 0           0                 1 : 1.52                       
     Fifth speed  0     0                       1 : 1.00                       
     Reverse 1st speed  0                 0     1 : -13.85                     
     Reverse 2nd speed  0             0         1 : -4.34                      
     Reverse 3rd speed  0         0             1 : -1.21                      
     ______________________________________                                    
TBL                                    TABLE 3B                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
        N 1.00 -1.59                                                           
                    -0.66                                                      
                         -3.06                                                 
                              3.06 -1.59                                       
                                        0.11 1.00 3.69                         
     F1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00                         
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F2 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F3 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F4 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        W -0.63                                                                
               1.00 0.41 1.93 -1.93                                            
                                   1.00 -0.07                                  
                                             -0.63                             
                                                  -2.32                        
     R1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.23                                  
                                             -0.87                             
                                                  -2.67                        
     R2 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -0.83                                  
                                             -1.78                             
                                                  -3.96                        
     R3 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
     __________________________________________________________________________
        N 1.00 0.11 -0.20                                                      
                         -1.00                                                 
                              -0.20                                            
                                   -0.00                                       
                                        0.11 0.52                              
     F1 W 2.78 5.56 2.78 2.78 4.94 9.89 4.94 4.94                              
        N 1.00 0.26 0.0  -0.83                                                 
                              0.0  0.17 0.26 0.43                              
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.47 0.27 -0.60                                                 
                              0.27 0.40 0.47 0.32                              
     F3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.53 0.61 0.66 0.20                              
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.63                                                                
               -0.07                                                           
                    0.13 0.63 0.13 0.00 -0.07                                  
                                             -0.33                             
     R1 W 5.34 10.68                                                           
                    5.34 5.34 9.51 19.01                                       
                                        9.51 9.51                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 0.0  -0.15                                       
                                        -0.23                                  
                                             -0.38                             
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.78                                                                
               -0.83                                                           
                    -0.49                                                      
                         1.07 -0.49                                            
                                   -0.70                                       
                                        -0.83                                  
                                             -0.56                             
     R3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  Referring now to FIG. 5, there is shown a schematic diagram of a fifth
      embodiment constructed according to the present invention wherein an input
      shaft 11 and an output shaft 12 have interposed therebetween a first
      planetary gear set, generally indicated by the reference character 40, of
      the double pinion type, and second, third and fourth planetary gear sets,
      generally indicated by the reference characters 50, 60 and 70, of the
      single pinion type.
PAR  Within this embodiment, the first planetary gear set 40 comprises a first
      sun gear 41, a first planetary gear 42 engaged with the first sun gear 41,
      a second planetary gear 43 engaged with the first planetary gear 42, a
      first ring gear 44 engaged with the second planetary gear 43, and a first
      carrier 45 rotatably supporting the first and second planetary gears 42
      and 43. The second planetary gear set 50 similarly comprises a second sun
      gear 51 drivingly coupled to the first carrier 45, a third planetary gear
      52 engaged with the second sun gear 51, a second ring gear 53 engaged with
      the third planetary gear 52, and a second carrier 54 rotatably supporting
      the third planetary gear 52.
PAR  The third planetary gear set 60 comprises a third sun gear 61 drivingly
      coupled to the first sun gear 41 and to the second ring gear 53, a fourth
      planetary gear 62 engaged with the third sun gear 61, a third ring gear 63
      engaged with the fourth planetary gear 62, and a third carrier 64
      rotatably supporting the fourth planetary gear 62, while the fourth
      planetary gear set 70 comprises a fourth sun gear 71, a fifth planetary
      gear 72 intermeshed with the fourth sun gear 71, a fourth ring gear 73
      intermeshed with the fifth planetary gear 72 and drivingly coupled to the
      second and third carriers 54 and 64 and to the output shaft 12, and a
      fourth carrier 74 rotatably supporting the fifth planetary gear 72 and
      drivingly coupled to the third ring gear 63.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53 and the third sun gear 61 while a second clutch 22 is disposed so as to
      be capable of coupling or uncoupling the input shaft 11 to or from the
      first carrier 45 and the second sun gear 51. A first brake 31 is also
      provided so as to be capable of locking the first carrier 45 and the
      second sun gear 51 relative to the casing 100 while a second brake 32 is
      similarly disposed so as to be capable of locking the second ring gear 44
      relative to the casing 100. A third brake 33 is also disposed so as to be
      capable of locking the third ring gear 63 and the fourth carrier 74
      relative to the casing 100 and a fourth brake 34 provides locking
      engagement between the fourth sun gear 71 and casing 100.
PAR  Within this embodiment, the radial ratios calculated as in the first
      embodiment for each speed range are: I.sub.1 = 0.360, I.sub.2 = 0.520,
      I.sub.3 = 0.360, and I.sub.4 = 0.562. Table 4a shows the gear ratios
      within the individual speed ranges, five forward speed ranges and two
      reverse speed ranges, in connection with the operation of clutches 21 and
      22, and brakes 31, 32, 33 and 34, and Table 4b shows the relationship
      regarding the number of revolutions and the tangential force of each
      element within the planetary gear set within each speed range.
TBL                TABLE 4a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed  0                   0         1 : 3.78                       
     Second speed 0               0             1 : 2.15                       
     Third speed  0                       0     1 : 2.00                       
     Fourth speed 0           0                 1 : 1.52                       
     Fifth speed  0     0                       1 : 1.00                       
     Reverse 1st speed  0             0         1 : -4.34                      
     Reverse 2nd speed  0         0             1 : -1.21                      
     Reverse 3rd speed  0                 0     1 : -0.92                      
     ______________________________________                                    
TBL                                    TABLE 4B                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F2 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 -0.46                                                           
                    0.06 -1.73                                                 
                              1.73 -0.46                                       
                                        0.50 1.00 2.08                         
     F3 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.0  0.0                          
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F4 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.23                                  
                                             -0.87                             
                                                  -2.67                        
     R1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -0.83                                  
                                             -1.78                             
                                                  -3.96                        
     R2 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
        N -2.17                                                                
               1.00 -0.14                                                      
                         3.75 -3.75                                            
                                   1.00 -1.08                                  
                                             -2.17                             
                                                  -4.52                        
     R3 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
     __________________________________________________________________________
        N 1.00 0.26 0.0  -0.83                                                 
                              0.47 0.0  0.26 1.21                              
     F1 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.47 0.27 -0.60                                                 
                              -0.07                                            
                                   0.27 0.47 0.88                              
     F2 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 0.50 0.32 -0.56                                                 
                              0.0  0.32 0.50 0.82                              
     F3 W 2.78 5.56 2.78 2.78 1.78 3.56 1.78 1.78                              
        N 1.00 0.66 0.53 -0.38                                                 
                              0.32 0.53 0.66 0.56                              
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 0.41 0.0  -0.23                                  
                                             -1.05                             
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.78                                                                
               -0.83                                                           
                    -0.49                                                      
                         1.07 0.12 -0.49                                       
                                        -0.83                                  
                                             -1.56                             
     R2 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -2.17                                                                
               -1.98                                                           
                    -0.69                                                      
                         1.22 0.0  -0.69                                       
                                        -1.08                                  
                                             -1.78                             
     R3 W 5.34 10.68                                                           
                    5.34 5.34 3.42 6.84 3.42 3.42                              
     __________________________________________________________________________
PAR  Turning now to FIG. 6, there is shown a schematic diagram of still a sixth
      embodiment of the present invention wherein an input shaft 22 and an
      output shaft 12 are connected by means of a first planetary gear set,
      generally indicated by the reference character 40 of the double pinion
      type, and second, third and fourth planetary gear sets, generally
      indicated by the reference characters 50, 60 and 70 of the single pinion
      type.
PAR  Similar to the previously described embodiments, the first planetary gear
      set 40 comprises a first sun gear 41, a first planetary gear 42
      intermeshed with the first sun gear 41, a first ring gear 44 interengaged
      with the second planetary gear 43, and a first carrier 45 rotatably
      supporting the first and second planetary gears 42 and 43, and the second
      planetary gear set 50 comprises a second sun gear 51 drivingly coupled to
      the first carrier 45, a third planetary gear 52 engaged with the second
      sun gear 51, a second ring gear 53 enmeshed with the third planetary gear
      52, and a second carrier 54 rotatably supporting the third planetary gear
      52.
PAR  The third planetary gear set 60 is seen to comprise a third sun gear 61
      drivingly coupled to the first sun gear 41 and to the second ring gear 53,
      a fourth planetary gear 62 engaged with the third sun gear 61, a third
      ring gear 63 intermeshed with the fourth planetary gear 62, and a third
      carrier 64 rotatably supporting the fourth planetary gear 62 while the
      fourth planetary gear set 70 comprises a fourth sun gear 71 drivingly
      coupled to the second and third carriers 54 and 64 and to the output shaft
      12, a fifth planetary gear 72 enmeshed with the fourth sun gear 71, a
      fourth ring gear 73 engaged with the fifth planetary gear 72, and a fourth
      carrier 74 drivingly coupled to the third ring gear 63 and rotatably
      supporting the fifth planetary gear 72.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53 and the third sun gear 61 while a second clutch 22 is disposed so as to
      be capable of coupling or uncoupling the input shaft 11 to or from the
      first carrier 45 and the second sun gear 51. A first brake 31 is provided
      so as to be capable of locking the first carrier 45 and the second sun
      gear 51 relative to the casing 100 and a second brake 32 is disposed so as
      to be capable of locking the first ring gear 44 relative to the casing
      100. A third brake 33 is also provided so as to be capable of locking the
      third ring gear 63 and the fourth carrier 74 relative to casing 100 while
      a fourth brake 34 is similarly disposed so as to be capable of locking the
      fourth ring gear 73 relative to the casing 100.
PAR  Within this embodiment, the radial ratios calculated in a manner similar to
      that of the first embodiment for each speed range are: I.sub.1 = 0.360,
      I.sub.2 = 0.520, I.sub.3 = 0.360, and I.sub.4 = 0.562. Table 5a shows the
      gear ratios within the individual speed ranges, five forward speed ranges
      and three reverse speed ranges, in connection with the operations of
      clutches 21 and 22, and brakes 31, 32, 33 and 34, and Table 5b shows the
      relationship regarding the number of revolutions and the tangential force
      of each element of the planetary gear set within each speed range.
TBL                TABLE 5a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed  0                   0         1 : 3.78                       
     Second speed 0                       0     1 : 2.78                       
     Third speed  0               0             1 : 2.15                       
     Fourth speed 0           0                 1 : 1.52                       
     Fifth speed  0     0                       1 : 1.00                       
     Reverse 1st speed  0             0         1 : -4.34                      
     Reverse 2nd speed  0                 0     1 : -2.42                      
     Reverse 3rd speed  0         0             1 : -1.21                      
     ______________________________________                                    
TBL                                    TABLE 5B                                
     __________________________________________________________________________
     B    X1                            X2                                     
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.87                                                           
                    -0.20                                                      
                         -2.21                                                 
                              2.21 -0.87                                       
                                        0.36 1.00 2.67                         
     F2 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F3 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F4 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.23                                  
                                             -0.87                             
                                                  -2.67                        
     R1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.15                                                                
               1.00 0.23 2.54 -2.54                                            
                                   1.00 -0.41                                  
                                             -1.15                             
                                                  -3.06                        
     R2 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -0.83                                  
                                             -1.78                             
                                                  -3.96                        
     R3 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
     __________________________________________________________________________
        N 1.00 0.26 0.0  -0.83                                                 
                              0.26 0.00 -0.15                                  
                                             -0.68                             
     F1 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.36 0.13 -0.72                                                 
                              0.36 0.13 0.0  -0.59                             
     F2 W 2.78 5.56 2.78 2.78 1.78 3.56 1.78 1.78                              
        N 1.00 0.47 0.27 -0.60                                                 
                              0.47 0.27 0.16 -0.49                             
     F3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.66 0.53 0.47 -0.32                             
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 -0.23                                            
                                   -0.00                                       
                                        0.13 0.59                              
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.15                                                                
               -0.41                                                           
                    -0.15                                                      
                         0.83 -0.41                                            
                                   -0.15                                       
                                        0.0  0.68                              
     R2 W 5.34 10.68                                                           
                    5.34 5.34 3.42 6.84 3.42 3.42                              
        N -1.78                                                                
               -0.83                                                           
                    -0.49                                                      
                         1.07 -0.83                                            
                                   -0.49                                       
                                        -0.29                                  
                                             0.88                              
     R3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  Reference is now made to FIG. 7, wherein there is shown a schematic diagram
      of a seventh embodiment of the present invention, an input shaft 11 and an
      output shaft 12 having interposed therebetween a first planetary gear set,
      generally indicated by the reference character 40, of the double pinion
      type, and second, third and fourth planetary gear sets, generally
      indicated by the reference characters 50, 60 and 70 of the single pinion
      type.
PAR  The first planetary gear set 40 includes a first sun gear 41, a first
      planetary gear 42 enmeshed with the first sun gear 41, a second planetary
      gear 43 interengaged with the first planetary gear 42, a first ring gear
      44 engaged with the second planetary gear 43, and a first carrier 45
      rotatably supporting the first and second planetary gears 42 and 43 and
      the second planetary gear set 50 comprises a second sun gear 51 drivingly
      coupled to the first carrier 45, a third planetary gear 52 engaged with
      the second sun gear 51, a second ring gear 53 enmeshed with the third
      planetary gear 52, and a second carrier 54 rotatably supporting the third
      planetary gear 52.
PAR  The third planetary gear set 60 similarly includes a third sun gear 61
      drivingly coupled to the first sun gear 41 and to the second ring gear 53,
      a fourth planetary gear 62 interengaged with the third sun gear 61, a
      third ring gear 63 enmeshed with the fourth planetary gear 62, and a third
      carrier 64 rotatably supporting the fourth planetary gear 62 while the
      fourth planetary gear set comprises a fourth sun gear 71 drivingly coupled
      to the third ring gear 63, a fifth planetary gear 72 engaged with the
      fourth sun gear 71, a fourth ring gear 73 enmeshed with the fifth
      planetary gear 72, and a fourth carrier 74 drivingly coupled to the second
      and third carriers 54 and 64 and to the output shaft 12 and rotatably
      supporting the fifth planetary gear 72.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53 and the third sun gear 61 and a second clutch 22 is similarly disposed
      so as to be capable of coupling or uncoupling the input shaft 11 to or
      from the first carrier 45 and the second sun gear 51. A first brake 31 is
      also provided so as to be capable of locking the first carrier 45 and the
      second sun gear 51 relative to the casing 100 and a second brake 32 is
      disposed so as to be capable of locking the first ring gear 44 relative to
      the casing 100. A third brake 33 is further provided so as to be capable
      of locking the third ring gear 63 and the fourth sun gear 71 relative to
      the casing 100 while still a fourth brake 34 is disposed so as to be
      capable of locking the fourth ring gear 73 relative to the casing 100.
PAR  Within this embodiment, the radial ratios calculated as in the case of the
      first embodiment within each speed range are: I.sub.1 = 0.360, I.sub.2 =
      0.520, I.sub.3 = 0.360, and I.sub.4 = 0.437. Table 6a shows the gear
      ratios within the individual speed ranges, five forward speed ranges and
      three reverse speed ranges in connection with the operations of clutches
      21 and 22, and brakes 31, 32, 33 and 34, while Table 6b shows the
      relationship regarding the number of revolutions and the tangential force
      of each element of the planetary gear set within each speed range.
TBL                TABLE 6a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed  0                       0     1 : 13.22                      
     Second speed 0                   0         1 : 3.78                       
     Third speed  0               0             1 : 2.15                       
     Fourth speed 0           0                 1 : 1.52                       
     Fifth speed  0     0                       1 : 1.00                       
     Reverse 1st speed                                                         
                  0                       0     1 : -5.36                      
     Reverse 2nd speed  0             0         1 : -4.34                      
     Reverse 3rd speed  0         0             1 : -1.21                      
     ______________________________________                                    
TBL                                    TABLE 6B                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
        N -0.41                                                                
               1.00 0.49 1.66 -1.66                                            
                                   1.00 0.08 -0.41                             
                                                  -2.00                        
     F1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F2 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F3 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F4 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        N 1.00 -2.47                                                           
                    -1.22                                                      
                         -4.10                                                 
                              4.10 -2.47                                       
                                        -0.19                                  
                                             1.00 4.94                         
     R1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0                          
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.23                                  
                                             -0.87                             
                                                  -2.67                        
     R2 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -0.83                                  
                                             -1.78                             
                                                  -3.96                        
     R3 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
     __________________________________________________________________________
        N -0.41                                                                
               0.08 0.25 0.54 0.08 0.25 0.54 0.25 0.08 0.0 -0.27               
     F1 W 5.34 10.68                                                           
                    5.34 5.34 12.22                                            
                                   24.45                                       
                                        12.22                                  
                                             12.22                             
        N 1.00 0.26 0.0  -0.83                                                 
                              0.0  0.26 0.38 0.41                              
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.47 0.27 -0.60                                                 
                              0.27 0.47 0.55 0.30                              
     F3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.53 0.66 0.71 0.19                              
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 -0.19                                                           
                    -0.61                                                      
                         -1.34                                                 
                              -0.61                                            
                                   -0.19                                       
                                        0.0  0.66                              
     R1 W 2.78 5.56 2.78 2.78 6.36 12.71                                       
                                        6.36 6.36                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 0.0  -0.23                                       
                                        -0.33                                  
                                             -0.36                             
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.78                                                                
               -0.83                                                           
                    -0.49                                                      
                         1.07 -0.49                                            
                                   -0.83                                       
                                        -0.98                                  
                                             -0.53                             
     R3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  Referring now to FIG. 8, there is shown a schematic diagram of an eighth
      embodiment of the present invention wherein an input shaft 11 is connected
      to an output shaft 12 through means of a first planetary gear set,
      generally indicated by the reference character 40, of the double pinion
      type, and second, third and fourth planetary gear sets, generally
      indicated by the reference characters 50, 60 and 70 of the single pinion
      type.
PAR  The first planetary gear set 40 comprises a first sun gear 41, first
      planetary gear 42 enmeshed with the first sun gear 41, a second planetary
      gear 43 engaged with the first planetary gear 42, a first gear 44
      interengaged with the second planetary gear 43, and a first carrier 45
      rotatably supporting the first and second planetary gears 42 and 43. The
      second planetary gar set 50 similarly comprises a second sun gear 51
      drivingly coupled to the first carrier 45, a third planetary gear 52
      engaged with the second sun gear 51, a second ring gear 53 enmeshed with
      the third planetary gear 52, and a second carrier 54 rotatably supporting
      the third planetary gear 52.
PAR  The third planetary gear set 60 includes a third sun gear 61 drivingly
      coupled to the first sun gear 41 and to the second ring gear 53, a fourth
      planetary gear 62 interengaged with the third sun gear 61, a third ring
      gear 63 engaged with the fourth planetary gear 62, and a third carrier 64
      rotatably supporting the fourth planetary gear 62, while the fourth
      planetary gear set 70 is provided with a fourth sun gear 71, a fifth
      planetary gear 72 engaged therewith, a fourth ring gear 73 enmeshed with
      the fifth planetary gear 72 and drivingly coupled to the third sun gear
      61, and a fourth carrier 74 rotatably supporting the fifth planetary gear
      72 and drivingly coupled to the second and third carriers 54 and 64 as
      well as to the output shaft 12.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53, the third sun gear 61 and the fourth ring gear 73 while a second
      clutch 22 is similarly disposed so as to be capable of coupling or
      uncoupling the input shaft 11 to or from the first carrier 45 and the
      second sun gear 51. A first brake 31 is provided so as to be capable of
      locking the first carrier 45 and the second sun gear 51 relative to the
      casing 100 and a second brake 32 is also provided so as to be capable of
      locking the first ring gear 44 relative to the casing 100. A third brake
      33 is further provided so as to be capable of locking the third ring gear
      63 relative to the casing 100 while still a fourth brake 34 is disposed so
      as to be capable of locking the fourth sun gear 71 relative to the casing
      100.
PAR  Within this embodiment, the radial ratios calculated as is the case within
      the first embodiment within each speed range are: I.sub.1 = 0.360, I.sub.2
      = 0.520, I.sub.3 = 0.360, and I.sub.4 = 0.280. Table 7a shows the gear
      ratios within the individual speed ranges, six forward speed ranges and
      two reverse speed ranges, in connection with the operation of clutches 21,
      22, and brakes 31, 32, 33 and 34 while Table 7b shows the relationship
      regarding the number of revolutions and the tangential force of each
      element of the planetary gear set within each speed range.
TBL                Table 7a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed  0                   0         1 : 3.78                       
     Second speed 0               0             1 : 2.15                       
     Third speed  0           0                 1 : 1.52                       
     Fourth speed 0                       0     1 : 1.28                       
     Fifth speed  0     0                       1: 1.00                        
     Sixth speed        0                 0     1 : 0.46                       
     Reverse 1st speed  0             0         1 : -4.34                      
     Reverse 2nd speed  0         0             1 : -1.21                      
     ______________________________________                                    
TBL                                    Table 7B                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
        N -0.14                                                                
               1.00 0.59 1.35 -1.35                                            
                                   1.00 0.25 -0.14                             
                                                  -1.63                        
     F1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F2 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F3 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F4 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.23                                  
                                             -0.87                             
                                                  -2.67                        
     R1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -3.83                                  
                                             -1.78                             
                                                  -3.96                        
     R2 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
     __________________________________________________________________________
        N -0.14                                                                
               0.25 0.39 0.44 0.0  0.25 0.39 0.64                              
     F1 W 5.34 10.68                                                           
                    5.34 5.34 5.34 10.68                                       
                                        5.34 5.34                              
        N 1.00 0.26 0.0  -0.83                                                 
                              0.74 0.26 0.0  -1.21                             
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.47 0.27 -0.60                                                 
                              0.81 0.47 0.27 -0.88                             
     F3 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              0.88 0.66 0.53 -0.56                             
     F4 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 -0.64                                            
                                   -0.23                                       
                                        0.0  1.05                              
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.78                                                                
               -0.83                                                           
                    -0.49                                                      
                         1.07 -1.44                                            
                                   -0.83                                       
                                        -0.49                                  
                                             1.56                              
     R2 W 0.00 0.0  0.0  0.0  0.0  0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  Reference is now made to FIG. 9, wherein there is shown still another
      schematic diagram of a ninth embodiment of the present invention as
      including an input shaft 11 and an output shaft 12, a first planetary gear
      set, generally indicated by the reference character 40, of the double
      pinion type, and second, third and fourth planetary gear sets, generally
      indicated by the reference characters 50, 60 and 70 being interposed
      therebetween.
PAR  The first planetary gear set 40 has a first sun gear 41, a first planetary
      gear 42 engaged therewith, a second planetary gear 43 interengaged with
      the first planetary gear 42, a first ring gear 44 enmeshed with the second
      planetary gear 43, and a first carrier 45 rotatably supporting the first
      and second planetary gears 42 and 43. The second planetary gear set 50
      similarly comprises a first sun gear 51 drivingly coupled to the first
      carrier 45, a third planetary gear 52 engaged with the second sun gear 51,
      a second ring gear 53 enmeshed with the third planetary gear 52, and a
      second carrier 54 rotatably supporting the third planetary gear 52.
PAR  The third planetary gear set 60 includes a third sun gear 61 drivingly
      coupled to the first sun gear 41 and the second ring gear 53, a fourth
      planetary gear 62 engaged with the third sun gear 61, a third ring gear 63
      enmeshed with the fourth planetary gear 62, and a third carrier 64
      rotatably supporting the fourth planetary gear 62, while the fourth
      planetary gear set 70 comprises a fourth sun gear 71 drivingly coupled to
      the third sun gear 61, a fifth planetary gear 72 engaged with the fourth
      sun gear 71, a fourth ring gear 73 interengaged with the fifth planetary
      gear 72, and a fourth carrier 74 rotatably supporting the fifth planetary
      gear 72 and drivingly coupled to the second and third carriers 54 and 64
      as well as to the output shaft 12.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53, the third sun gear 61 and the fourth sun gear 71 while a second clutch
      22 is similarly disposed so as to be capable of coupling or uncoupling the
      input shaft 11 to or from the first carrier 45 and the second sun gear 51.
      A first brake 31 is provided so as to be capable of locking the first
      carrier 45 and the second sun gear 51 relative to the casing 100 while a
      second brake 32 is disposed so as to be capable of locking the first ring
      gear 44 relative to the casing 100. A third brake 33 is also provided for
      locking the third ring gear 63 relative to the casing 100 and a fourth
      brake 34 is similarly provided for locking the fourth ring gear 73
      relative to the casing 100.
PAR  Within this embodiment, the radial ratios calculated in a manner similar to
      those ratios associated with the first embodiment within each speed range
      are: I.sub.1 = 0.360, I.sub.2 = 0.520, I.sub.3 = 0.360, and I.sub.4 =
      0.280. Table 8a shows the gear ratios within the individual speed ranges,
      five forward speed ranges and three reverse speed ranges in connection
      with the operations of clutches 21, 22, and brakes 31, 32, 33 and 34, and
      Table 8b shows the relationship regarding the number of revolutions and
      the tangential force of each element of the planetary gear set within each
      speed range.
TBL                TABLE 8a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed  0                       0     1 : 4.57                       
     Second speed 0                   0         1 : 3.78                       
     Third speed  0               0             1 : 2.15                       
     Fourth speed 0           0                 1 : 1.52                       
     Fifth speed  0     0                       1 : 1.00                       
     Reverse 1st speed  0                 0     1 : -5.87                      
     Reverse 2nd speed  0             0         1 : -4.34                      
     Reverse 3rd speed  0         0             1 : -1.21                      
     ______________________________________                                    
TBL                                    TABLE 8B                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F2 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F3 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        N 1.00 0.36 0.59 -0.76                                                 
                              0.76 0.36 0.78 1.00 0.91                         
     F4 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 2.77 1.00 1.64 -2.10                                                 
                              2.10 1.00 2.17 2.77 2.53                         
     F5 W 0.00 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.23                                  
                                             -0.87                             
                                                  -2.67                        
     R1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -0.83                                  
                                             -1.78                             
                                                  -3.96                        
     R2 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
     __________________________________________________________________________
        N 1.00 0.26 0.0  -0.83                                                 
                              -2.36                                            
                                   0.26 1.00 2.04                              
     F1 W 2.78 5.56 2.78 2.78 0.0  0.00 0.00 0.00                              
        N 1.00 0.47 0.27 -0.60                                                 
                              -1.44                                            
                                   0.47 1.00 1.48                              
     F2 W 0.00 0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N 1.00 0.66 0.53 -0.38                                                 
                              -0.56                                            
                                   0.66 1.00 0.95                              
     F3 W 0.00 0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
        N 1.00 0.78 0.70 -0.25                                                 
                              0.0  0.78 1.00 0.61                              
     F4 W 0.00 0.0  0.0  0.0  1.00 2.00 1.00 1.00                              
        N 2.77 2.17 1.95 -0.68                                                 
                              0.0  2.17 2.77 1.69                              
     F5 W 0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 2.05 -0.23                                       
                                        -0.87                                  
                                             -1.78                             
     R1 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.00 0.00 0.00                              
        N -1.78                                                                
               - 0.83                                                          
                    -0.49                                                      
                         1.07 2.57 -0.83                                       
                                        -1.73                                  
                                             -2.64                             
     R2 W 0.00 0.0  0.0  0.0  0.0  0.00 0.00 0.00                              
     __________________________________________________________________________
PAR  Referring now to FIG. 10, there is shown a schematic diagram of still a
      tenth embodiment of the present invention wherein the numeral 11 denotes
      an input shaft, and the numeral 12 denotes an output shaft, a first
      planetary gear set, generally indicated by the reference character 40 of
      the double pinion type, and second, third, and fourth planetary gear sets,
      generally indicated by the reference characters 50, 60 and 70, of the
      single pinion type being suitably interposed therebetween.
PAR  The first planetary gear set 40 comprises a first sun gear 41, a first
      planetary gear 42 engaged therewith, a second planetary gear 43 enmeshed
      with the first planetary gear 42, a first ring gear 44 interengaged with
      the second planetary gear 43, and a first carrier 45 rotatably supporting
      the first and second planetary gears 42 and 43, while the second planetary
      gear set 50 similarly comprises a second sun gear 51 drivingly coupled to
      the first carrier 45, a third planetary gear 52 engaged with the second
      sun gear 51, a second ring gear 53 enmeshed with the third planetary gear
      52, and a second carrier 54 rotatably supporting the third planetary gear
      52.
PAR  The third planetary gear set 60 includes a third sun gear 61 drivingly
      coupled to the first sun gear 41 and to the second ring gear 53, a fourth
      planetary gear 62 engaged with the third sun gear 61, a third ring gear 63
      enmeshed with the fourth planetary gear 62, and a third carrier 64
      rotatably supporting the fourth planetary gear 62, and the fourth
      planetary gear set 70 is seen to comprise a fourth sun gear 71, a fifth
      planetary gear 72 engaged therewith, a fourth ring gear 73 enmeshed with
      the fifth planetary gear 72 and drivingly coupled to the third ring gear
      63, and a fourth carrier 74 rotatably supporting the fifth planetary gear
      72 and drivingly coupled to the second and third carriers 54 and 64 as
      well as to the output shaft 12.
PAR  A first clutch 21 is disposed so as to be capable of coupling or uncoupling
      the input shaft 11 to or from the first sun gear 41, the second ring gear
      53 and the third sun gear 61 while a second clutch 22 is similarly
      disposed so as to be capable of coupling or uncoupling the input shaft 11
      to or from the first carrier 45 and the second sun gear 51. A first brake
      31 is provided for locking the first carrier 45 and the second sun gear 51
      relative to the casing 100 while a second brake 32 is also provided for
      locking the first ring gear 44 relative to the casing 100. Still a third
      brake 33 is provided for locking the third ring gear 63 and the fourth
      ring gear 73 relative to the casing 100 and a fourth brake 34 is also
      provided for locking the fourth sun gear 71 relative to the casing 100.
PAR  Within this embodiment, the radial ratios calculated as in the first
      embodiment within each speed reange are: I.sub.1 = 0.360, I.sub.2 = 0.520,
      I.sub.3 = 0.360, and I.sub.4 = 0.562, Table 9a showing the gear ratios
      within the individual speed ranges, five forward speed ranges and two
      reverse speed ranges, in connection with the operations of clutches 21 and
      22, and brakes 31, 32, 33 and 34, while Table 9b shows the relationship
      regarding the number of revolutions and the tangential force of each
      element of the planetary gear set within each speed range.
TBL                TABLE 9a                                                    
     ______________________________________                                    
     Speed Ranges 21    22    31  32  33  34    Gear Ratios                    
     ______________________________________                                    
     First speed        0                 0     1 : 4.00                       
     Second speed 0                   0         1 : 3.78                       
     Third speed  0               0             1 : 2.15                       
     Fourth speed 0           0                 1 : 1.52                       
     Fifth speed  0     0                       1 : 1.00                       
     Reverse 1st speed  0             0         1 : -4.34                      
     Reverse 2nd speed  0         0             1 : -1.21                      
     ______________________________________                                    
TBL                                    TABLE 9B                                
     __________________________________________________________________________
     B    X1                       X2                                          
     A    S1   C1   RG1  P1   P2   S2   C2   RG2  P3                           
     __________________________________________________________________________
        N 1.00 -1.28                                                           
                    -0.46                                                      
                         -2.70                                                 
                              2.70 -1.28                                       
                                        0.22 1.00 3.26                         
     F1 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -1.15                                                           
                    -0.38                                                      
                         -2.54                                                 
                              2.54 -1.15                                       
                                        0.26 1.00 3.06                         
     F2 W 0.0  0.0  0.0  0.0  0.0  0.0  0.00 0.00 0.00                         
        N 1.00 -0.56                                                           
                    0.0  -1.85                                                 
                              1.85 -0.56                                       
                                        0.47 1.00 2.23                         
     F3 W 1.15 2.30 1.15 1.15 1.15 1.41 2.83 1.41 1.41                         
        N 1.00 0.0  0.36 -1.18                                                 
                              1.18 0.0  0.66 1.00 1.43                         
     F4 W 0.0  0.0  0.0  0.0  0.0  1.00 2.00 1.00 1.00                         
        N -0.78                                                                
               1.00 0.36 2.10 -2.10                                            
                                   1.00 -0.17                                  
                                             -0.78                             
                                                  -2.54                        
     R1 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -0.87                                                                
               1.00 0.33 2.21 -2.21                                            
                                   1.00 -0.23                                  
                                             -0.87                             
                                                  -2.67                        
     R2 W 0.0  0.0  0.0  0.0  0.0  1.92 3.85 1.92 1.92                         
        N -1.78                                                                
               1.00 0.0  3.28 -3.28                                            
                                   1.00 -0.83                                  
                                             -1.78                             
                                                  -3.96                        
     R3 W 2.21 4.42 2.21 2.21 2.21 0.80 1.59 0.80 0.80                         
     __________________________________________________________________________
     B    X3                  X4                                               
     A    S3   C2   RG3  P4   S4   C4   RG4  P5                                
     __________________________________________________________________________
        N 1.00 0.22 -0.06                                                      
                         -0.88                                                 
                              1.00 0.22 0.0  -0.61                             
     F1 W 0.0  0.0  0.0  0.0  3.57 7.14 3.57 3.57                              
        N 1.00 0.26 0.0  -0.83                                                 
                              1.00 0.26 0.06 -0.57                             
     F2 W 2.78 5.56 2.78 2.78 0.0  0.0  0.0  0.0                               
        N 1.00 0.47 0.27 -0.60                                                 
                              1.00 0.47 0.32 -0.42                             
     F3 W 0.0  0.0  0.0  0.0  0.00 0.0  0.0  0.0                               
        N 1.00 0.66 0.53 -0.38                                                 
                              1.00 0.66 0.56 -0.27                             
     F4 W 0.0  0.0  0.0  0.0  0.00 0.0  0.0  0.0                               
        N -0.78                                                                
               -0.17                                                           
                    0.05 0.68 -0.78                                            
                                   -0.17                                       
                                        0.0  0.47                              
     R1 W 0.0  0.0  0.0  0.0  6.87 13.74                                       
                                        6.87 6.87                              
        N -0.87                                                                
               -0.23                                                           
                    0.0  0.72 -0.87                                            
                                   -0.23                                       
                                        -0.05                                  
                                             0.50                              
     R2 W 5.34 10.68                                                           
                    5.34 5.34 0.0  0.0  0.0  0.0                               
        N -1.78                                                                
               -0.83                                                           
                    -0.49                                                      
                         1.07 -1.78                                            
                                   -0.83                                       
                                        -0.56                                  
                                             0.74                              
     R3 W 0.0  0.0  0.0  0.0  0.00 0.0  0.0  0.0                               
     __________________________________________________________________________
PAR  According to the present invention then, there has been disclosed and
      described a speed change gearing system capable of changing speeds between
      at least four forward speeds and one reverse speed, of which the speed
      change gearing system of this invention will no doubt contribute greatly
      to the development of mechanized industry.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A speed change gear comprising;
PA1  first, second and third planetary gear sets suitably interposed between an
      input shaft and an output shaft;
PA1  said first planetary gear set including a first sun gear, a first planetary
      gear engaged with said first sun gear, a second planetary gear engaged
      with said first planetary gear, a first ring gear engaged with said second
      planetary gear, and a first carrier rotatably supporting said first and
      second planetary gears;
PA1  said second planetary gear set includes a second sun gear drivingly coupled
      to said first carrier, a third planetary gear engaged with said second sun
      gear, a second ring gear enmeshed with said third planetary gear, and a
      second carrier rotatably supporting said third planetary gear;
PA1  said third planetary gear set includes a third sun gear drivingly coupled
      to said first sun gear and to said second ring gear, a fourth planetary
      gear interengaged with said third sun gear, a third ring gear engaged with
      said fourth planetary gear, and a third carrier rotatably supporting said
      fourth planetary gear and drivingly coupled to said second carrier and to
      said output shaft;
PA1  a first clutch for coupling or uncoupling said input shaft to or from said
      first sun gear, said second ring gear and said third sun gear;
PA1  a second clutch for coupling or uncoupling said input shaft to or from said
      first carrier and said second sun gear;
PA1  a second brake means capable of being actuated for locking said first ring
      gear to said casing; and
PA1  a third brake means capable of being actuated for locking said third ring
      gear to said casing.
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ABST
PAL  A detecting float is normally made floating on a first liquid, and when a
      liquid to be detected having a specific gravity less than the first liquid
      is oncoming, the detecting float sinks relative to the new liquid level as
      compared with the position which it assumed relative to the level of the
      first liquid. When the layer of the liquid to be detected increases to a
      given thickness, the detecting float sinks by a given distance or amount
      to permit the ingress of the liquid to be detected into the float, which
      therefore becomes heavier and sinks further downward. An external float
      surrounds the detecting float, and is formed with a liquid port at a
      location slightly below the level of the first liquid for allowing the
      passage of the liquid which reaches the internally located detecting
      float, but intercepting the liquid to be detected which is in the form of
      an oil film. Detection means is provided in conjunction with the detecting
      float and the external float for producing a signal when the detecting
      float has sunk by a given distance relative to the external float upon
      ingress of the liquid to be detected.
BSUM
PAC  Background of the Invention
PAR  The invention relates to a liquid detector which is made floating on a
      liquid for detecting the presence or appearance of a given liquid into or
      onto the first mentioned liquid.
PAR  Where a deleterious liquid such as petroleum, for example, has happened to
      find its way into the sea, river, lake, drainage or the like, it is
      desirable that such invasion be immediately detected to permit an
      accommodating remedy. At this end, it has been proposed to provide a
      detector element which is maintained floating on a liquid to be monitored
      so that when a liquid to be detected is oncoming, it becomes dissolved or
      becomes heavier by adsorption of such liquid to sink, thereby enabling a
      signal to be produced. However, a liquid to be detected in the form of an
      oil film often is present on the surface of the sea or the liquid within
      the drainage, and such presence of the oil film may cause a malfunctioning
      of the detector element to indicate falsely the occurrence of a great
      quantity of the liquid to be detected, as a result of the influence of
      such oil film for a prolonged period of time. In addition, the presence of
      waves and flow of the liquid may also cause a malfunctioning of the
      detector element. Furthermore, the detector element must be prevented from
      malfunctioning or being rendered inoperable as a result of attachment of
      dirts moving around on the liquid, or the growth thereon and/or attachment
      of algae or slime.
PAR  Therefore, it is an object of the invention to provide a liquid detector
      capable of reliably detecting the appearance of a liquid to be detected
      without accompanying malfunctioning.
PAR  It is another object of the invention to provide a liquid detector which is
      not influenced by the presence of a liquid to be detected which is in the
      form of an oil film and which still provides the detection of an oncoming
      liquid to be detected in the form of a liquid layer having a thickness in
      excess of a given value.
PAR  It is a further object of the invention to provide a liquid detector which
      detects the appearance of a liquid to be detected in the form of a liquid
      layer having a thickness in excess of a given value without being
      influenced by the presence of waves or liquid flow.
PAR  It is still another object of the invention to provide a liquid detector
      which functions properly while being insusceptible to the influences of
      dirts floating on the liquid, algae or slime.
PAR  It is a sill further object of the invention to provide a liquid detector
      which is not influenced by a liquid to be detected in the form of an oil
      film and is still operable in response to a relatively thin layer of
      liquid to be detected.
PAR  It is an additional object of the invention to provide a liquid detector
      which rapidly operates upon appearance of a liquid to be detected in the
      form of a layer having a thickness in excess of a given value.
PAR  It is a further additional object of the invention to provide a liquid
      detector which accurately detects the leakage of a liquid to be detected
      into a liquid protective weir such as one around a petroleum reservoir
      tank or petroleum feeding pump which is normally free from the liquid to
      be detected or any other liquid such as rain.
PAC  Summary of the Invention
PAR  In accordance with the invention, a detecting float is normally maintained
      floating on the surface of the first liquid to be monitored such as sea,
      river, drainage or the like. When a liquid to be detected having a
      specific gravity less than that of the first liquid appears on the first
      liquid, the detecting float sinks relative to the level of the oncoming
      liquid as compared with its position relative to the level of the first
      liquid. When the amount of such sinking or descent reaches a given value,
      at least the oncoming liquid to be detected is permitted to make an
      ingress into the detecting float, thereby increasing the mass of the
      detecting float. Such an ingress increases the sinking or descent of the
      detecting float. An external float surrounds the detecting float and is
      formed with a port at a location slightly below the liquid level. As a
      consequence, when a liquid to be detected arrives in the form of a liquid
      layer having a thickness in excess of a given value, this liquid passes
      through the port to enter the inside of the external float, thereby
      reaching a housing which receives the detecting float. When the detecting
      float has sunk or descended relative to the new level by a given amount,
      the liquid to be detected is permitted to enter the detecting float. In
      this manner, the presence of the external float prevents any liquid to be
      detected which is in the form of an oil film from passing through the
      port. Waves and liquid flow are interrupted by the external float, thereby
      rendering the detecting float insusceptible to their influence. The
      external float also prevents the access of dirts to the detecting float.
      Also the detecting float housing may be shielded from the sunbeam to
      prevent the generation of algae, thus avoiding the resulting
      malfunctioning or inoperability.
PAR  As mentioned previously, when the liquid to be detected appears and the
      detecting float sinks a given amount relative to the liquid level, that
      liquid is permitted to make an ingress into the detecting float. As
      specific means therefor, the detecting float is made of a material which
      absorbs a liquid to be detected, for example, expanded porous pearlite
      which is known as an oil adsorbent for oils such as petroleum, styrene or
      the like and which is made oleophilic and water-repellent. Portion of the
      detecting float which is normally located above the first liquid is formed
      on its outer surface with a protective layer which prevents the ingress of
      the liquid, the upper edge of the protective layer terminating at a
      position slightly above the level which corresponds to the given amount by
      which the detecting float sinks upon appearance of the liquid to be
      detected. When the detecting float sinks by the given amount relative to
      the liquid level upon appearance of the liquid to be detected, it comes
      into contact with the absorptive material to be absorbed thereby, thus
      achieving the ingress of the liquid to be detected into the detecting
      float. Thereupon, the detecting float obtains an increased weight, further
      sinking into the first liquid. It will be understood that the absorptive
      material mentioned above is generally considered not water-absorptive, but
      will gradually absorb water when it is immersed in water for a prolonged
      period of time. However, with the detector of the invention, the presence
      of the protective layer permits its use over a prolonged period of time
      without causing a malfunctioning.
PAR  As further means to permit the ingress of the liquid to be detected into
      the detecting float, the detecting float may be partially or entirely
      formed of a material which becomes dissolved upon contact with the liquid
      to be detected. Portion of the detecting float which is normally located
      within the first liquid is similarly formed of a protective layer which
      isolates the liquid. When the detecting float sinks the given amount upon
      appearance of the liquid to be detected, the latter comes into contact
      with the dissolving material, whereby the liquid is permitted to make an
      ingress into the detecting float. As additional means to permit the
      ingress of the liquid to be detected into the detecting float, it may be
      formed as a hollow body provided with an ingress port at its top or side
      so that the liquid can enter the interior of the hollow body when the
      detecting float has sunk the given amount upon appearance of the liquid to
      be detected. In a modification, a sleeve-shaped projection having a
      horizontal cross-sectional area less than that of the hollow body extends
      from the latter, and is formed with an ingress port. If the arrangement is
      made such that only top portion of the body projects above the liquid
      level in the absence of the liquid to be detected, the detecting float can
      be made to sink a greater amount upon appearance of a relatively small
      amount of the liquid to be detected. This should be apparent when
      considering the principle of the wellknown Baume hydrometer. It will be
      appreciated that a detecting float operating in the manner of the Baume
      hydrometer is susceptible to the influence of waves, when made floating on
      the liquid, and thus is unstable and involves undesirable movements to
      cause a malfunctioning. In order to avoid such influences, the detecting
      float is provided with a damping air chamber which functions apparently as
      a float in response to rapid variations in the level of the liquid within
      the float housing as may be caused by waves, while permitting the
      detecting float to sink in response to the liquid to be detected in the
      same manner as the Baume hydrometer.
PAR  Detection means is actuated when the detecting float sinks a given amount
      relative to the external float upon appearance of the liquid to be
      detected. The detection means may comprise, for example, a permanent
      magnet and a reed switch, one of which is mounted on the detecting float
      while the other on the external float. It is also possible to use
      photo-electric means or capacitive means for the detection means.
PAR  The detecting float is formed with a layer which is lyophilic with respect
      to the first liquid, over a region extending from an area of the detecting
      float which is contacted by the first liquid when it is made floating on
      the first liquid alone to such a portion of the detecting float which will
      be immersed into the liquid when it has sunk the given amount as a result
      of the movement of the interface between the two liquids upon appearance
      of the liquid to be detected, considering only the effect of their
      specific gravities. This prevents the adverse influence of the surface
      tension and other factors which tend to lift up the detecting float.
PAR  The external float is made to have a large cross-sectional area in a
      horizontal plane adjacent to the liquid level and an increasingly reduced
      cross-sectional area as further removed therefrom, and is streamlined in
      profile to minimize the influence of waves and also to minimize the
      generation of Karman's vortex in the event the liquid flow is rapid. In
      the portion of the external float which defines the detecting float
      housing, there is provided a vertical guide so as to permit a vertical
      movement of the detecting float therealong and to maintain the relative
      position of the detecting float and the external float, as considered in a
      horizontal plane, substantially constant, thus preventing a malfunctioning
      as a result of a rise of the liquid interposed between the detecting float
      and the external float by capillary action when they move close to each
      other.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section of one embodiment of the liquid detector
      according to the invention;
PAR  FIG. 1A is a front view, partially broken away;
PAR  FIG. 2 is a longitudinal section of another embodiment of the absorptive
      detecting float;
PAR  FIGS. 3 and 4 are longitudinal sections showing embodiments of the
      dissolving detecting float;
PAR  FIG. 5 is a front view showing another embodiment of the dissolving
      detecting float;
PAR  FIG. 6 is a longitudinal section of one embodiment of the hollow detecting
      float;
PAR  FIG. 7 is a front view illustrating the operation of the detecting float;
PAR  FIG. 8 is a longitudinal section of a further embodiment of the hollow
      detecting float;
PAR  FIG. 9 is a perspective view of an additional embodiment of the hollow
      detecting float;
PAR  FIG. 10 is a longitudinal section of the hollow detecting float provided
      with a damping means;
PAR  FIG. 11 is a longitudinal section showing a further embodiment of the
      liquid detector including the external float;
PAR  FIG. 12 is a perspective view, as viewed from the bottom side, of the
      external float shown in FIG. 11;
PAR  FIG. 13 is a longitudinal section of an additional embodiment of the liquid
      detector according to the invention;
PAR  FIG. 14 is a schematic view showing an example of the provision of an
      auxiliary float; and
PAR  FIG. 15 is a graph showing the amount of descent of the detecting float, H,
      plotted against the thickness, S, of the layer of the liquid to be
      detected.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a detecting float 1 is normally maintained floating on
      the surface 2a of a first liquid 2. The specific gravity of the detecting
      float 1 is adjusted such that it sinks further relative to the new liquid
      level than relative to the previous liquid level 2a when a second liquid
      to be detected having a specific gravity less than that of the first
      liquid appears thereon. The arrangement is such that the liquid to be
      detected finds its way into the detecting float when it has sunk to a
      given depth. An external float 3 is maintained floating on the first
      liquid 2 so as to surround the detecting float 1. At a location slightly
      below the liquid level 2a, the external float 3 is provided with a liquid
      port 5 which permits communication of the liquid between a housing 4 for
      the detecting float 1 and the exterior. When the detecting float 1 moves
      downward in excess of a given amount relative to the external float 3,
      detection means to be described later will be actuated.
PAR  The external float 3 is configured to have a large cross-sectional area in
      a horizontal plane adjacent to the liquid level 2a and an increasingly
      reduced horizontal cross-sectional area as further removed therefrom. In
      the present example, it comprises a lower float 6 and an upper float 7.
      The lower float 6 comprises a cup-shaped member 6a, a cylindrical wall 6b
      extending uprightly from the central portion thereof and defining the
      inner periphery, and an annular plate 6c extending between the upper edge
      of the cup-shaped member 6a and the upper end face of the inner wall 6b.
      The upper float 7 is generally similar in configuration to the lower float
      6 except that a cup-shaped member 7a to which a cylindrical wall 7b and an
      annular plate 7c are connected is inverted. At their outer periphery, the
      annular shaped plates 6c and 7c are interconnected by a cylindrical
      connecting member 8 of short axial length. In this manner, the profile of
      the external float 3 is streamlined to minimize the influence of waves and
      to minimize the generation of Karman's vortex under a rapid flow
      condition. The liquid port 5 is formed as a plurality of slit-shaped
      windows which are formed at an equal interval in the connecting member 8
      and extending parallel to the axis. In conjunction with the connecting
      member 8, the liquid port 5 functions as a screen to shield dirts from
      entering the interior. If desired, a meshwork 45 having fine meshes may
      surround the connecting member 8. The liquid port 5 is positioned at a
      distance h.sub.1 below the liquid level 2a. The inner walls 6b and 7b are
      coaxial with respect to each other and define a housing 4 for receiving
      the detecting float 1. The lower cup-shaped member 6a is formed with holes
      9 which permit communication between the interior of the housing 4 and the
      exterior. That portion of the upper cup-shaped member 7a which is opposite
      to the housing 4 is preferably formed as a detachable lid 10, shielding
      the interior of the housing 4 from the external light. A cylindrical guide
      11 is mounted on the lower cup-shaped member 6 a in alignment with the
      axis of the housing 4, and is formed with an internal thread 12 at its top
      end which is threadably engaged by a set screw 13 inserted through a
      central aperture in the lid 10 to integrally join the lid 10, lower float
      6, upper float 7 and connecting member 8. Integral tabs (not shown) may be
      formed on the annular plates 6c and 7c so as to permit a radial
      positioning of the lower float 6, upper float 7 and connecting member 8.
      Various parts of the external float 3 are moulded from a material such as
      vinyl chloride resin, for example, which is not attacked by the first
      liquid 2 and the liquid to be detected.
PAR  In the present example, the detecting float 1 is formed of a material which
      absorbs the liquid to be detected when it has sunk a given amount. Where
      the liquid to be detected is an oil such as petroleum, styrene or the
      like, the material used may be an expanded porous pearlite, known as oil
      adsorbent, which is made oleophilic and water-repellent. Portion of the
      adsorbent material 14 which normally lies within the first liquid is
      formed with a protective layer 15 on its surface which isolates the
      liquid. It will be noted that the outer cylindrical portion 15a of the
      protective layer 15 has its top edge located at a height h.sub.2 above the
      liquid level 2a. The detecting float 1 is passed over the guide 11 so as
      to be vertically movable along it and to maintain its position relative to
      the external float 3, as considered in a horizontal plane, substantially
      constant. Specifically, the protective layer 15 comprises the outer
      cylindrical portion 15a, a bottom portion 15b, and an inner cylindrical
      portion 15c, all of which are integrally moulded, the inner cylindrical
      portion 15c providing a central bore in which the guide 11 is inserted. In
      the example shown, the inner cylindrical portion 15c extends to a higher
      level than the outer cylindrical portion 15a, and the adsorbent material
      14 is filled into the space defined between the outer and inner
      cylindrical portions 15a and 15c, with the adsorbent material 14 having a
      gradually decreasing diameter to provide a conical surface 16 above the
      outer cylindrical portion 15a. In the region of the top edge of the outer
      cylindrical portion 15a, the adsorbent material 14 preferably is flush
      with the outer periphery of the portion 15a or extends beyond it radially.
      The bottom portion 15b may have a suitable thickness to increase its
      weight so as to function as a weighting member. At its lower portion, the
      inner cylindrical portion 15c is formed with a moderately tapered surface
      17 to present an increasing clearance in the downward direction between
      the tapered surface 17 and the guide 11. This prevents the attachment of
      slime or fine impurities suspended in the liquid 2 to the outer surface of
      the guide 11 to increase its apparent outer diameter, thereby increasing
      the friction presented to the descending detecting float 1 to retard its
      descent.
PAR  In the present example, the detection means which operates in response to a
      descent of the detecting float 1 relative to the external float 3 in
      excess of a given amount, comprises an annular, concentric permanent
      magnet 18 secured to the upper end face of the detecting float 1, and a
      reed switch 19 received within the guide 11. A cable 20 is connected with
      the reed switch 19, and extends through the bottom of the guide 11 and
      through the lower cup-shaped member 6a to the exterior of the liquid
      detector. The lower cup-shaped member 6a is integrally formed with a
      cylindrical insert 21 over which a lid 22 is fitted, the lid 22 having a
      central bore receiving a packing 23 through which the cable 20 extends in
      a water-tight manner. The fitting between the insert 21 and the lid 22 is
      also arranged to be water-tight. A filling comprising epoxy resin or the
      like is placed within the guide 11 to secure the reed switch 19 in
      position, making the arrangement water-tight. The protective layer 15 is
      moulded from vinyl chloride resin, for example, and the annular magnet 18
      is placed within a mould around the top thereof. A ground charge of
      expanded porous pearlite is fed into the mould together with a binder, and
      is subjected to vibratory pressurization to render the adsorbent material
      14 and the protective layer 15 into an integral unit.
PAR  With the above mentioned arrangement, when a liquid to be detected does not
      appear on the first liquid 2, the magnet 18 is removed from the reed
      switch 19, which therefore remains off. When the liquid to be detected
      appears on the first liquid 2 and the thickness thereof increases beyond
      the value h.sub.1, the liquid to be detected enters the detecting float
      housing 4 through the port 5. When the thickness of the liquid layer to be
      detected exceeds a given value, the level of the liquid to be detected
      rises above the upper edge of the outer cylindrical portion 15a of the
      protective layer 15, whereby it comes into contact with the absorptive
      material 14. Thereupon, the liquid to be detected finds its way into the
      detecting float 1, replacing the air within it and increasing the weight
      of the detecting float 1. Thus the float 1 sinks downward, and as the
      magnet 18 moves into proximity to the reed switch 19 within a pre-selected
      distance, the latter is turned on, thus actuating the detection means. In
      this manner, the appearance of the liquid to be detected is detected.
PAR  With the above arrangement, if an oil film as the liquid to be detected is
      normally present on the first liquid 2, it is intercepted by the external
      float 3 and can not reach the detecting float 1. The presence of the
      protective layer 15 prevents that a small quantity of the liquid to be
      detected which found its way into the housing 4 from penetrating into the
      detecting float 1, thus assuring against a malfunctioning which might
      occur as a result of cumulative absorption of the liquid to be detected
      over a prolonged period of time when the liquid detector is maintained in
      the first liquid 2. The interception of the first liquid 2 by the
      protective layer 15 also prevents a gradual penetration of the first
      liquid into the detecting float 1 to thereby render the liquid detector
      inoperable. Because waves are intercepted by the external float 3 and can
      not reach the housing 4, the liquid detector operates at an accurately
      given value of the layer of the liquid to be detected, minimizing the
      variation of the thickness value at which it operates and thus providing a
      reliable detection.
PAR  The connecting member 8 functions as a screening member, preventing
      suspensions and flotages from reaching the detecting float 1. Thus,
      malfunctioning of the liquid detector which might occur as a result of
      attaching dirts is prevented. If desired, a meshwork 45 having fine meshes
      may surround the connecting member 8 to effectively shield fine dusts.
      Since the housing 4 is shielded from the external light, the generation of
      algae within the detecting float 1 or the guide 11 is suppressed, thus
      avoiding the inoperability resulting from the growth of the algae. The
      guide 11 retains the detecting float 1 substantially at a fixed position
      within the housing 4, so that no pumping of the liquid occurs to contact
      the absorptive material 14 as a result of the capillary action which might
      occur when the detecting float 1 moves close to the inner wall 7b of the
      external float 3. When the detecting float 1 sinks relative to the level
      of the liquid to be detected, surface tension at the top edge of the outer
      cylindrical portion 15a of the protective layer 15 may prevent the liquid
      from contacting the absorptive material 14 even though the top edge of the
      outer cylindrical portion 15a has fallen below the liquid level, thereby
      retarding the operation of the liquid detector. This is prevented by
      extending the absorptive material 14 to the outer periphery at the top
      edge of the outer cylindrical portion 15.
PAR  In a specific example, the external float 3 has an outer diameter of 150 mm
      and a height of 119 mm, while the connecting member 8 measures 15 mm high,
      with the inner wall 6b and 7b having a diameter of 55.5 mm. The detecting
      float 1 measures 50 mm in outer diameter, and 14 mm in inner diameter,
      with the outer cylindrical portion 15a of 26 mm high and the conical
      surface 16 of 24 mm high. The first liquid 2 comprises water having a
      specific gravity of 1.0 and the liquid to be detected comprises a machine
      oil having a specific gravity of 0.881. The specific liquid detector is
      designed such that when a 20 mm thick layer of the liquid to be detected
      appears on the first liquid 2, the detecting float 1 sinks by a distance
      of 20 mm .times. (1.0 - 0.881)/1.0 = 2.38 mm, so that with the protective
      layer 15 having a value of h.sub.2 = 1 mm above the liquid level 2a, that
      proportion of the liquid which corresponds to 2.38 mm - 1 mm is brought
      into contact with the absorptive material 14. The liquid detector operates
      within 10 seconds.
PAR  The protective layer 15 for the detecting float 1 may comprise a film. The
      absorptive material 14 may comprise a material which lends itself to the
      absorption of a liquid, for example, gauze, sponge, felt or the like. By
      way of example, FIG. 2 shows the protective layer 15 which comprises the
      outer cylindrical portion 15a, the bottom portion 15b and the inner
      cylindrical portion 15C, as in FIG. 1, to provide a vessel for receiving
      the absorptive material 14, which comprises gauze coaxially disposed
      between the inner and outer cylindrical portions 15b and 15a as a solid
      cylinder having a substantial radial thickness. In this instance, the
      absorptive material 14 has resilience, so that when a solid cylinder
      thereof having an outer diameter which is identical with or slightly
      greater than that of the outer cylindrical portion 15a may be pressed into
      the latter to cause it to align with or extend beyond the outer periphery
      of the outer cylindrical portion 15a at the top edge thereof. To prevent
      dew formed on the inner surface of the lid 10 above the housing 4 of the
      external float 3 from falling onto the absorptive material 14 to be
      absorbed thereby to cause a malfunctioning, a lid 25 is placed over the
      absorptive material 14. In the present example, the permanent magnet 18 is
      disposed within the protective layer 15, and such arrangement is also
      applicable to the embodiment of FIG. 1.
PAR  While in the above description, the detecting float 1 comprises material
      which absorbs the liquid to be detected upon contact therewith, it may
      comprise a material which becomes dissolved upon contact with the liquid
      to permit an ingress of the liquid into the detecting float 1. Such an
      example is shown in FIG. 3 in which a material 26 for the detecting float
      1 comprises, for example, foamed styrol for dissolution upon contact with
      the liquid to be detected. The protective layer 15 is applied around that
      portion of the outer surface of the dissolvable material 16 which normally
      lies in the first liquid 2 to provide an isolation of the liquid and
      permit ingress of said liquids, the upper edge of the layer 15 extending
      by a distance h.sub.2 above the liquid level 2a. As in FIGS. 1 and 2, the
      protective layer 15 comprises the outer cylindrical portion 15a, the
      bottom portion 15b and the cylindrical portion 15c to provide a
      vessel-like construction, into which the dissolvable material 26 is filled
      and forms a conical surface 27 extending between the outer periphery of
      the upper end of the outer cylindrical portion 15a and the top of the
      inner cylindrical portion 15c. In this instance, when the detecting float
      1 sinks a given amount upon appearance of the liquid to be detected, this
      liquid comes into contact with the dissolvable material 26, which upon
      dissolution, permits an ingress of the liquid into the float 1, thereby
      increasing the weight thereof and causing it to sink by a further extent.
      The protective layer 15 of this embodiment may also be formed as a film.
      In an example, the value of h.sub.2 is chosen 1 mm, foamed styrol is used
      for the dissolvable material 26, and the liquid to be detected comprises a
      styrene solution. The liquid detector provides a detection within a time
      period of 25 to 30 seconds subsequent to the appearance of a 10 mm thick
      layer of the liquid to be detected. While in the embodiment of FIG. 3, the
      entire detecting float 1 comprises the dissolvable material 26, it may be
      partially formed of such dissolvable material. This is illustrated in FIG.
      4 where the protective layer 15 is shown as similarly constructed, but in
      this instance it has a sufficient thickness to provide a self-supporting
      vessel by itself, and the dissolvable material 26 is formed as a hollow
      cylinder which forms an extension extending above the upper end of the
      outer cylindrical portion 15a of the protective layer 15. In order to
      facilitate the mounting of the dissolvable material 26, the dissolvable
      material 26 may be integrally formed with an inward insert 26a extending
      along the inner peripheral surface of the outer cylindrical portion 15a
      from the upper end thereof to the bottom portion 15b, which insert may be
      fitted into the outer cylindrical portion 15a to retain the dissolvable
      material 26 in place. In this instance, a lid 25 is provided. FIG. 5 shows
      another modification in which the protective layer 15 comprises an outer
      and an inner cylindrical portion to provide a vessel-like construction
      with its top blocked, and a plurality of windows 27 are formed in the
      periphery thereof at an equal angular interval. The windows 27 are covered
      by a film of the dissolvable material 26. The distance between the lower
      edge of the windows 27 and the water level 2a is chosen equal to h.sub.2.
      The operation is similar as in the preceding embodiments.
PAR  In FIG. 6, the detecting float 1 comprises a hollow body 29 with an ingress
      port 30 formed therein to provide means for permitting an ingress of the
      liquid to be detected into the detecting float 1 when the latter has sunk
      a given amount. In order to increase the extent by which the detecting
      float sinks relative to the new liquid level formed by the liquid to be
      detected in the arrangement of FIG. 6, the hollow body 29 comprises a
      hollow cylindrical body 29a having a bottom, a large horizontal
      cross-sectional area and a short axial length, and a cylindrical extension
      29b which extends upwardly from the center of the top plate of the body
      29a and communicating therewith. A pipe 31 for receiving the guide 11
      shown in FIG. 1 at the position of its axis extends through the body 29a
      and the extension 29b. An ingress port 30 is formed by the upper end of
      the extension 29b. The arrangement is such that normally the liquid level
      2a of the first liquid lies intermediate the peripheral height of the body
      29 a, but that upon appearance of the liquid to be detected, the new level
      reaches the access port 30 to enable the liquid to enter the float 1
      therethrough.
PAR  In a specific example, the hollow body 29 is formed of polyethylene, the
      extension 29b has a height of 3 mm, with the top surface of the body 29a
      being located 1 mm above the level 2a. The liquid to be detected comprises
      kerosene at a temperature of 15.degree. C, and when the layer of kerosene
      reaches a thickness of about 15 mm, it enters the hollow body 29 to
      provide a detection instantaneously. A heavy oil having a viscosity which
      is as high as 30,000 to 50,000 cp at 12.degree. C may also be detected.
PAR  FIG. 7 illustrates that when the liquid to be detected 32 appears on the
      first liquid 2 to cause the detecting float 1 to sink by a further extent
      relative to the level 32a of the liquid 32 than relative to the original
      level 2a, the interface 2b between the first liquid 2 and the liquid 32 to
      be detected may be situated at the top surface 29c of the body 29a or
      around the periphery of the body 29a to prevent the detecting float 1 from
      sinking as a result of differential wetting of the body 29a by the two
      liquids, i.e. due to the action of surface tension and other factors.
      Alternatively, the attraction between the liquid 32 to be detected and the
      body 29a of the float may be strong enough to cause the top surface 29c to
      be covered with the liquid to be detected instantly when the interface 2b
      is located immediately above the upper surface 29c of the body, with the
      interface 2b moving with a required angle of contact around the periphery
      of the body. This results in the condition illustrated in FIG. 7 wherein
      the detecting float 1 is lifted up as if it is subjected to a suction by
      the liquid 32. All these influences prevent a descent of the float 1
      particularly when the liquid enters the interior of the float 1 at such
      area, that is, when the liquid detector should operate in response to a
      relatively thin layer of the liquid 32. FIG. 15 shows experimental results
      wherein the body 29a is formed of acrylic resin plate 2 mm thick to
      provide a hollow interior, and the extension 29b comprises either a vinyl
      tube having an outer diameter of 6 mm and an inner diameter of 4 mm, a
      vinyl tube having an outer diameter of 10 mm and an inner diameter of 8
      mm, or a tube of acrylic resin having an outer diameter of 20 mm and an
      inner diameter of 16 mm. A weight is applied to the bottom surface of the
      body 29a so that the top surface 29c of the body is spaced 10 mm above the
      liquid level 2a. The body 29a has a diameter of 8 cm, and C heavy oil is
      used and liquid 32 to be detected. The results obtained with the extension
      29b having the diameter of 6 mm and the body 29a having a height of 16.7
      mm are represented by a curve 60, the results with the extension 29b
      having the diameter of 10 mm and the body 29a having a height of 16.7 mm
      by a curve 61, and the results for the extension 29b having the diameter
      of 20 mm and the body 29a having a height of 10 mm by a curve 62. As will
      be noted from this Figure, when the interface 2b comes close to the top
      surface 29c of the body 29a, the amount of descent turns out to be
      negative. Specifically, the amount of descent, H, of the hollow body 29
      relative to the liquid level 32a increases with an increase in the
      thickness, S, of the layer of the liquid 32, but where the interface 2b
      comes close to the top surface 29c of the body or when the value of S
      assumes around 10 mm, the hollow body 29 tends to be lifted up as the
      thickness S increases.
PAR  In view of the above considerations, the periphery of the detecting float 1
      is applied with a lyophilic layer 33 at its portion where the interface 2b
      is located when the liquid attempts to find its way into the detecting
      float, as shown in FIG. 6. In FIG. 6, the lyophilic layer 33 is formed
      around the outer periphery and the top surface 29c of the body 29a. The
      lyophilic layer 33 may comprise gauze, for example. A piece of lyophilic
      material 38 may be applied over the upper edge of the extension 29b to
      extend around the inner surface thereof in order to avoid the resistance
      to the ingress of the liquid through the port 30 which is presented by the
      surface tension.
PAR  In FIG. 8, the lid 25 is mounted on the pipe 31 over the top ingress port
      30 of the hollow body 29. An adsorbing ring 34 formed of a liquid
      absorbing material, such as sponge, for example, is mounted on the inside
      of the lid 25 in concentric relationship with and spaced from the port 30
      of the extension 29b. When the level of the liquid to be detected reaches
      the port 30 upon descent of detecting float, the liquid is adsorbed by the
      adsorbing ring 34 to cause a further descent of the float 1 and
      facilitates the ingress of the liquid by suppressing the surface tension
      presented by the port 30. In FIG. 9, the extension 29b is internally
      divided into two parts by a partition wall 35 which extends parallel to
      the axis thereof, the partition wall 35 and one-half of the extension 29b
      extending upward to provide an air vent 36. Specifically, when the float 1
      sinks and the liquid enters its interior through the port 30 in the
      extension 29b, the air present within the float 1 is displaced externally
      through the air vent 36, thus facilitating the ingress of the liquid into
      the float 1.
PAR  While the influence of waves can be suppressed by the provision of the
      external float 3, it can also be suppressed by the provision at the
      detecting float 1 itself. By way of example, FIG. 10 shows that the
      extension 29b is extended upwardly of the pipe 31, and such extension is
      surrounded by a concentric, cylindrical body 39a, with the top ends of the
      cylindrical body 39a and the extension 29b being connected together and
      blocked by a top plate 39b, thus forming a damping air chamber 40
      internally. The bottom end of the cylindrical body 39a normally lies
      within the first liquid 2, and an opening 42 is defined between such end
      and the body 29a. A slit 41 is formed in the top plate 39b. When the
      liquid to be detected appears and reaches the opening 42, the first liquid
      which has been present within the damping air chamber 40 is replaced by
      the liquid to be detected and the latter is permitted to reach the
      periphery of the body 29a to enable a descent thereof in the similar
      manner as when no damping air chamber 40 is present. The first liquid 2
      then enters the hollow body 29 through the space between the pipe 31 and
      the guide 11 to cause a further descent of the hollow body 29. During such
      descent, the air within the damping air chamber 40 is displaced externally
      through the slit 41. In the arrangement described above, the damping air
      chamber 40 functions as a float in response to a rapid change in the
      liquid level as may be caused by waves, and serves increasing the
      buoyancy, as compared the buoyancy prevailing when no air chamber is
      present, to thereby prevent malfunctioning by allowing the detecting float
      1 to move in following relationship therewith. Normally, the first liquid
      within the damping air chamber 40 is not readily replaced by the external
      liquid, thereby preventing the attachment of dirts to the body 29. When
      the detecting float 1 sinks a given amount upon appearance of the liquid
      to be detected, the liquid existing between the pipe 31 and the guide 11
      makes an ingress into the float 1. In this instance, the liquid which
      makes an ingress is the first liquid alone, which is advantageous to
      provide a substantially definite period of time from the ingress to the
      descent when various kinds of liquids having a varying viscosity are
      detected. The top plate 39b defining the air chamber 40 is tapered to
      minimize a change in the weight of the detecting float 1 which might occur
      by falling drops of liquid thereon. The top surface 29c  of the body 29a
      is also tapered to prevent suspensions within the first liquid located in
      the air chamber 40 from being carried thereon. Preferably, the spacing
      between the upper end of the pipe 31 and the guide 11 is enlarged in order
      to avoid the effect of the capillary action between the pipe 31 and the
      guide 11 which might allow the liquid existing therebetween to enter the
      hollow body 29 before the detecting float 1 has sunk a given amount.
PAR  While the embodiments shown in FIGS. 2 to 6 and FIGS. 8 to 10 have been
      described in connection with the detecting float 1 alone, in practice they
      are associated with the external float 3 as shown in FIG. 1. In FIG. 1,
      the external float 3 comprised the lower and upper floats 6 and 7, but it
      may be constructed as a unitary structure, as exemplified in FIG. 11.
      Specifically, the external float 3 comprises the upper float 7 alone
      having an area which is greater than that of FIG. 1 so as to have an
      increased buoyancy. In order to form the liquid port 5 in the bottom plate
      7c, a plurality of supports 44 are concentrically formed on the lower
      extension of the inner wall 7b at an equal angular interval, and provides,
      in combination with the bottom of the detecting float housing 4, the
      liquid port 5. A cylindrical meshwork 45 is mounted on the liquid port 5
      to serve as a dirt removing screen. In order to reduce the resistance
      presented to the liquid, the supports 44 extend radially and have
      gradually decreasing height from the bottom plate 7c in a radially outward
      direction. The absence of the lower float eliminates the possibility of
      accumulation of dirts on the top plate of the lower float and also the
      leakage of the liquid into the lower float. In the example shown in FIG.
      11, the guide 11 is attached to the lid 10, and the cable 20 extends
      externally through the top of the guide 11, normally lying in the liquid.
      This is preferred particularly when there is the tendency for accumulation
      of suspensions to occur thereon. The cable 20 is wound in a coil so as to
      provide flexibility in order to permit the external float 3 to move up and
      down in following relationship with the variation of the level of the
      first liquid. A weight 47 is fixed to the lower end of the guide 11, and
      assumes a cylindrical form having a closed top end in which a central hole
      is provided to permit the guide 11 to extend therethrough, the weight
      being hung from a stop 48 provided on the bottom end of the guide. The
      weight 47 renders the liquid detector to be operable at a location which
      is normally free from liquid. For example, a liquid protective weir may be
      provided around a petroleum reservoir tank, and internally formed with a
      pit for receiving any liquid which happened to leak thereinto. Normally
      the pit is empty, being free from the first liquid or water. In such
      instance, when the liquid detector shown in FIG. 11 is disposed within the
      pit, the weight 47 will slide relative to the guide 11 until its bottom
      end aligns with the bottom surface of the supports 44, thereby supporting
      the detecting float 1 on its top plate. As a consequence, the detecting
      float 1 is removed from the reed switch 19 and does not operate. However,
      when there occurs a leakage of the liquid to be detected and accumulate
      within the pit, the floats 1 and 3 will become floating thereon, with the
      detecting float 1 sinking relative to the external float 3 to operate the
      reed switch 19 to provide a detection of leakage of the liquid. It will be
      appreciated that the weight 47 functions also as a support in such
      instance. Obviously, the support may be separately provided. As shown in
      FIG. 11, the surface of the lid 10 which faces the detecting float 1 is
      formed as a tapered surface 49 so as to have an increasing thickness as
      the inner wall 7b is approached. A change in the atmospheric temperature
      outside the external float 3 or a difference between the temperature of
      the first liquid therein and the atmospheric temperature may give rise to
      a change in the relative humidity within the float housing 4 and may
      result in a dew point being reached under certain circumstances, thereby
      forming drops of liquid or water. The drop of liquid thus formed on the
      tapered surface 49 is carried over to the inner wall 7b without entering
      the detecting float 1.
PAR  In the above description, the magnet 18 has been used in combination with
      the reed switch 19 to produce a signal when the detecting float 1 has sunk
      a given amount relative to the external float 3. Alternative means may
      comprise a pair of electrodes provided on the opposing surfaces of the
      guide 11 and the detecting float 1 so that the capacitance between these
      electrodes varies in response to the descent of the detecting float 1. As
      a further alternative means, FIG. 13 shows a light shielding plate 50
      mounted on the detecting float 1 with a pair of light transmission paths
      51, 52, which may comprise optical fibers, for example, having their one
      end located on the opposite sides of the light shielding plate 50. The
      other end of one of the light transmission paths, 51, is connected with a
      light source 53, while the other end of the other light transmission path
      52 is coupled with a photoelectric transducer element 54. When the
      detecting float 1 sinks a given amount, the light shielding plate 50 moves
      down from the position in which it intercepted the transmission of light
      between the light transmission paths 51, 52, whereby the light from the
      light transmission path 51 is supplied to the opposing light transmission
      path 52 to be converted into an electrical signal by the photoelectric
      transducer element 54. Around its periphery, the detecting float 1 is
      formed with a plurality of axially extending guide ribs 55 for vertical
      movement along the inner wall 7b and for maintaining the relative position
      of the floats 1 and 3 as considered in a horizontal plane. Where the
      liquid detector is used in a liquid having an appreciable flow speed, if
      the cable 20 extends from the top or bottom of the external float 3 to be
      anchored at a point on the land, the liquid flow may cause the external
      float 3 to be inclined from its vertical position. To avoid this, an
      auxiliary float 56 is made floating on the first liquid 2 as shown in FIG.
      14, and is connected with the external float 3 by way of a rope 57, and a
      cable 20 having a length longer than that of the rope 57 extends between
      the external float and the auxiliary float 56 for connection thence to an
      equipment on the land, thereby eliminating the influences of the liquid
      flow. The external float 3 may be provided with a telemetering unit to
      provide a radio signal to be transmitted to a monitoring station when the
      detection means, for example, reed switch 19, operates in response to the
      descent of the detecting float 1.
PAR  In an experiment, the external float 3, as shown in FIG. 1, is used with
      the liquid detector which is disposed within a drainage pit for 13 months.
      It is found that the detecting float 1 has been stable against the liquid
      flow. No generation of algae within its interior has been noted. A wave
      making apparatus has been used to create waves which might usually occur
      in a drainage pit, and it is found that the external float 3 has removed
      the surface wave without any influence upon the operation of the detecting
      float 1. The detection is neither influenced by a magnitude of vertical
      waves which usually occur. In a specific example, the meshwork 45 comprise
      a meshwork of synthetic resin having meshes on the order of 2.5 to 3.0 mm.
      This prevents the ingress of upstream dirts into the float housing 4, and
      because of the stagnant nature of the liquid within the housing 4, smaller
      dirts which passed through the meshwork settled down to get out of the
      float 3 through the opening 9 with little accumulation thereon. Where the
      detection means comprises permanent magnet 18 and reed switch 19, the reed
      switch 19 is made to operate in response to a descent of 18 mm of the
      detecting float 1.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. For detecting the presence, on a first liquid body of a second liquid
      body in a predetermined amount, said second liquid having a specific
      gravity less than that of the first liquid, a liquid detector comprising:
PA1  a. a detecting float normally floating on the first liquid body surface at
      a predetermined level in the absence of the second liquid,
PA1  b. an external float, floating on the first liquid body surface, and
      surrounding and vertically movable relative to the detecting float, said
      detecting and external floats being adapted to sink relative to the second
      liquid body surface upon contact of the second liquid with said external
      float when the second liquid is present on the first liquid,
PA1  c. means on the detecting float extending a first predetermined amount
      above the first liquid body surface for permitting an ingress into said
      detecting float of at least said second liquid when the detecting float
      has sunk more than said first predetermined amount with respect to the
      second liquid body surface upon contact by said external float with the
      second liquid,
PA1  d. said detecting float being such that contact therewith by said second
      liquid will change its mass and cause it to sink with respect to said
      external float,
PA1  e. the external float having a liquid port formed thereon at a second
      predetermined location below the first liquid body surface for permitting
      controlled introduction of said first and second liquids into contact with
      said means permitting ingress,
PA1  f. said external float therefore prevents said second liquid from entering
      said port until said second liquid is present on said first liquid in
      excess of said second predetermined amount which is dependent on the
      distance said port is located below the first liquid body surface, when
      said above condition occurs said second liquid will pass through said port
      into contact with said detecting float via said means permitting ingress,
PA1  g. means mounted on said external and said detecting floats for
      cooperatively producing a signal by detecting a movement of the detecting
      float in excess of a given distance vertically relative to the external
      float.
NUM  2.
PAR  2. A liquid detector according to claim 1 in which the detecting float
      comprises a material which absorbs the second liquid, said means
      permitting ingress includes a protective layer, said protective layer
      preventing penetration of liquid.
NUM  3.
PAR  3. A liquid detector according to claim 1 in which the detecting float
      partially comprises a material which becomes dissolved upon contact with
      the second liquid, the means permitting ingress includes a protective
      layer, said protective layer preventing penetration of liquid.
NUM  4.
PAR  4. A liquid detector according to claim 1 in which the detecting float
      comprises a hollow body formed with an ingress port which permits liquid
      to enter the hollow body when the detecting float has sunk said given
      amount relative to the first liquid surface upon appearance of the second
      liquid.
NUM  5.
PAR  5. A liquid detector according to claim 4 in which the hollow body
      comprises a main body, and a hollow cylindrical extension mounted on the
      top surface of the main body and having a horizontal cross-sectional area
      which is reduced with respect to that of the main body, said cylindrical
      extension communicating with the main body and having an ingress port.
NUM  6.
PAR  6. A liquid detector according to claim 5, further including a damping air
      chamber formed externally of the extension, the lower end of the damping
      air chamber being located within the liquid body, the lower end of the
      damping air chamber being formed with an opening which permits the first
      liquid to be introduced into the damping air chamber, said damping air
      chamber being formed with an air restriction slit communicating with the
      exterior.
NUM  7.
PAR  7. A liquid detector according to claim 1 in which the detecting float is
      formed with a layer lyophilic to the first liquid on its peripheral
      surface at a position slightly below the interface formed between the
      first liquid and the second liquid when the detecting float has sunk said
      given amount.
NUM  8.
PAR  8. A liquid detector according to claim 1 in which the external float has a
      configuration such that it has a large horizontal cross-sectional area
      adjacent to the liquid surface and has a gradually decreasing horizontal
      cross-sectional area as further removed from the liquid surface.
NUM  9.
PAR  9. A liquid detector according to claim 1, further including a shield
      mounted on a portion of the external float located above the detecting
      float housing for shielding against sunbeam, rain and/or atmospheric
      temperature.
NUM  10.
PAR  10. A liquid detector according to claim 1, further including a screen
      mounted on the liquid port of the external float for blocking dirts, algae
      or the like.
NUM  11.
PAR  11. A liquid detector according to claim 1, further including guide means
      on the external float for guiding the detecting float for vertical
      movement and maintaining its relative position with respect to the
      external float in a horizontal plane.
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PAL  Large sheets of rigid cookie wafers carried by a first conveyor are
      longitudinally divided by a saw. The resulting small sheets are laterally
      spaced and each is fed between positioning guides onto a pair of edge
      support members positioned over a second conveyor extending at right
      angles to the first conveyor. Each support member is mounted on a pair of
      arms extending upwardly from a rotatable shaft passing beneath the second
      conveyor. The pair of shafts carrying each pair of edge support members
      are rotated simultaneously in opposite directions by a cam driven lever
      arrangement to separate the support members allowing the sheet supported
      thereby to drop upon the seond conveyor. Separate cams control each pair
      of shafts and the two sheets are dropped in sequence to provide an
      uninterrupted flow of evenly spaced sheets on the second conveyor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to conveyor systems for flat sheets of rigid
      material, and, more particularly, to such systems in which the sheets are
      transferred from one conveyor to a second conveyor positioned at right
      angles thereto.
PAR  The present invention is useable in the manufacture of sugar wafer
      sandwiches, which consist of alternate layers of baked porous wafers and
      cream filling.
PAR  The wafers are baked in large sheets and these sheets are coated on one
      side with cream filling and are stacked one upon another with an uncoated
      sheet positioned on top. This large sandwich is then cut longitudinally
      and transversely into the individual wafer sandwiches, a number of which
      are wrapped together to form a retain package.
PAR  In a high production plant, the coating, stacking and cutting operations
      can be accomplished at a much higher rate than the baking of the wafers,
      therefore, it is desirable that the output of a number of wafer ovens be
      consolidated in an uninterrupted flow on a single fast moving conveyor
      leading to the coating, stacking and cutting equipment.
PAR  The width of the wafer sheet does not effect the baking time, therefore, it
      is also desirable that oversized sheets be baked and that these sheets be
      divided to further increase the rate of wafer sheet production.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved conveyor system for transferring rigid sheets between right
      angled conveyors.
PAR  Another object is to provide such a system for transferring pairs of sheets
      positioned side by side on one conveyor to a second conveyor at right
      angles thereto.
PAR  Another object is to provide such a system for receiving double sized
      sheets on one conveyor and depositing single sized sheets onto a
      perpendicular conveyor.
PAR  Another object is to provide such a system which supplies a continous
      uninterrupted flow of sheets for subsequent coating, stacking and cutting
      operations.
PAR  The foregoing objects are accomplished by providing a conveyor system
      comprising a first conveyor, a lower level second conveyor at right angles
      to the first conveyor and apparatus for transferring rigid sheets from the
      first conveyor to the second conveyor including a plurality of members
      aligned with the end of the first conveyor and positioned for supporting
      the edges of the sheets, and means for separating the sheet supporting
      members to allow the sheets to fall upon the lower conveyor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description, and is shown in the accompanying drawings,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a plan view of a conveyor system according to the present
      invention.
PAR  FIG. 2 is a left end elevational view of the system shown in FIG. 1 with
      portions of the frame broken away to reveal the inner mechanisms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawing in detail, there is shown a conveyor
      system according to the present invention which includes an infeed
      conveyor line 10 carrying wafer sheets from an oven, a high speed conveyor
      11 for collecting wafers carried by a number of infeed conveyors and
      delivering them to coating and stacking machinery, and transfer apparatus
      12 for receiving the wafers from the infeed conveyor line 10 and
      depositing them on the collecting conveyor 11.
PAR  The conveyor line 10 includes a section 14 extending from an oven, a faster
      moving intermediate section 15, and a still faster moving end section 16
      abutting the collecting conveyor 11. The conveyor section 14 comprises
      four parallel endless chain conveyors 17 driven in synchronism. Each of
      the chain conveyors 17 carry a series of pusher plates 19 spaced at
      regular intervals. The pusher plates of the four chain conveyor are in
      lateral alignment to simultaneously engage the edge of double size wafer
      sheet D deposited on the conveyor section 14 at the ovens. The pusher
      plates move the sheet D past a centrally positioned circular saw 20 which
      divides the sheets D into smaller sheets S.
PAR  The sheets S move from the conveyor section 14 onto the intermediate
      section 15 which includes four synchronized parallel endless conveyor
      belts 21 each moving at a speed which is approximately 4 times the speed
      of the conveyor chains 17. As the sheets are transported by the conveyor
      section 15 they are laterally separated by a tapered section 22 of a
      centrally positioned guide member 24. The guide member extends to the far
      edge of the collecting conveyor 11 to maintain the lateral separation of
      the sheets. The end conveyor section 16 comprises two wide conveyor belts
      25 both driven at a speed which is twice the speed of the belts 21 to move
      the sheets S onto the transfer apparatus 12.
PAR  The collecting conveyor 11 is mounted between two vertical frame plates 26,
      27 and includes a pair of synchronized conveyor chains 28 carrying a
      series of pusher plates 29 spaced at regular intervals. Between the chains
      28 is positioned a platform 30 on which the sheets S are deposited by the
      transfer apparatus 12. The pusher plates 29 extend above the level of the
      platform 30 to engage the edge of the sheets S and slide them along the
      platform 30.
PAR  The transfer apparatus 12 includes two guide members 31 and 32 extending
      across the conveyor 11 to cooperate with the central guide member 24 to
      accurately position the sheets S on two pairs of supporting members 34, 35
      and 36, 37. A pair of stop members 38 are mounted on the top of the frame
      plate 26 midway between the supporting members 34, 35 and 36, 37 to
      position the sheets transversely with respect to the conveyor 11. As shown
      in FIG. 2, the supporting members 34-37 are each mounted on the upper ends
      of a pair of arms 39-42 respectively. The arms 39-42 are mounted on shafts
      44-47 respectively which extend between and are journaled in the frame
      plates 26 and 27. One of each of the pairs of arms 39-42 is positioned
      between the frame wall 27 and the adjacent conveyor chain 28, and the
      other is positioned between the frame wall 26 and its adjacent conveyor
      chain 28.
PAR  The arms 39 and 42 are formed with hubs 49 and 50 which receive the shafts
      44 and 47, and operating arms 52, 52 respectively extend from the hubs 49,
      50 at a downward angle toward the axis of the conveyor line 10. The arms
      40 and 41 are provided with secondary arms 54 and 55 which extend
      generally horizontally toward the arms 39 and 42. The arm 51 is connected
      to the arm 54 and the arm 52 is connected to the arm 55 by adjustable
      linkages 56 and 57 respectively. The arms 51, 52, 54 and 55 and the
      linkages 56 and 57 are positioned between the frame wall 26 and the
      adjacent conveyor chain 28. The shafts 45 and 46 extend through the frame
      wall 26 and have cam following arms 59 and 60 mounted on the ends thereof.
      The arm 50 has a roller 61 mounted on its end on the side away from the
      frame wall 26 and the arm 60 is provided with a roller 62 on the side
      thereof closest to the wall 26. The rollers 61 and 62 each engage one of a
      pair of cams 64 and 65 mounted in side by side relation on a driven shaft
      66. A pair of coil springs 67 and 68 are respectively connected between
      the arms 40 and 41 and posts 69 set in the frame wall 26 to hold the
      rollers against the cams.
PAR  The sheets S are propelled by the conveyor belts 25 onto the support
      members 34-37 and against the stop members 38. The cams 64 and 65 are
      continously driven and are oriented with respect to each other so that the
      high point of the cam 64 engages the roller 61 before the high point of
      the cam 65 engages the roller 62. As the roller 61 travels over the high
      point on the cam 64, the lever 59 rotates the shaft 45 clockwise moving
      the support member 35 under the guide member 24. The shaft 44 is
      simultaneously rotated counterclockwise by the interconnecting levers 51,
      54 and linkage 56 to move the support member 34 under the guide member 31.
      The sheet S supported by the members 34 and 35 drops upon the platform 30
      and is engaged by a set of pushers 29 and moved along the conveyor 11. A
      brief time interval after the first sheet S is deposited on the conveyor
      11, the roller 62 travels over the high point on the cam 65 to rotate the
      shafts 46 and 47 and drop the second sheet.
PAR  Where three or more infeed conveyor lines supply sheets to the high speed
      conveyor 11, the cams 64 and 65 are normally oriented so that the two
      sheets are dropped into the spaces in front of successive sets of pushers
      29. Before the transfer apparatus operates again, the high speed conveyor
      has moved a distance sufficient to accommodate the output of the other
      infeed conveyors. Thus where three infeed conveyors supply sheets to the
      high speed conveyor, the first infeed conveyor deposits sheets in the
      first two of each six successive spaces, the second infeed conveyor
      deposits in the third and fourth spaces, and the third infeed conveyor
      deposits in the fifth and sixth spaces. If desired, the cams 64 and 65 may
      be oriented so that the transfer apparatus drops its two sheets in
      separated (rather than consecutive) spaces. For example, if two infeed
      conveyors are employed, one transfer apparatus could be adjusted to drop
      on the first, third, fifth, etc. spaces of the high speed conveyor while
      the other would then be adjusted to drop on the second, fourth, sixth,
      etc. spaces.
PAR  It will be seen from the foregoing that the present invention provides an
      improved conveyor system for transferring rigid sheets between right
      angled conveyors and accomplishes all of the objects of the invention as
      stated herein before.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conveyor system comprising in combination a first conveyor means at
      one level, a second conveyor means at right angles to the first conveyor
      means and at a lower level and having an upper flight, and apparatus for
      transferring rigid sheets from the first conveyor means to the second
      conveyor means including a pair of spaced stationary guide members aligned
      with said first conveyor means and positioned above said second conveyor
      means, said guide member being spaced to receive a sheet therebetween,
      spaced shafts positioned below said upper flight, sheet supporting arms
      extending upwardly from said spaced shafts toward each of said guide
      members, said arms having upper ends normally positioned inwardly of each
      of said guide members to support a sheet above said second conveyor means,
      a continuously rotating cam wheel, and cam follower means operated by said
      cam wheel and connected to said sheet supporting arms for periodically
      simultaneously pivoting each of said sheet supporting arms outwardly to
      allow the sheet to drop on the upper flight of the second conveyor means.
NUM  2.
PAR  2. A system according to claim 1 including sheet support members mounted to
      said upper ends of said sheet supporting arms and extending parallel to
      the first conveyor means inwardly of said guide members, said sheet
      support members being positioned below said guide members and move beneath
      said guide members when said sheet supporting arms are pivoted to drop the
      sheets.
NUM  3.
PAR  3. A system according to claim 2 includng a sheet stop member to engage the
      forward end of the sheet moving onto the sheet supporting members to align
      the sheet with the second conveyor means.
NUM  4.
PAR  4. A system according to claim 2 wherein said first conveyor means includes
      two spaced side by side parallel conveyor elements having closely adjacent
      inner edges and widely spaced outer edges, said guide members including a
      central member aligned with said inner edges and edge members aligned with
      said outer edges to guide sheets carried by each of said elements, and
      wherein said spaced shafts include a pair of spaced shafts for each of
      said conveyor elements comprising an outer shaft positioned generally
      below the respective edge guide member and an inner shaft positioned
      generally below said central guide member, said sheet supporting arms
      being mounted on each of said inner and outer shafts, and said central
      guide member being wide enough to receive a sheet supporting member from
      each side simultaneously.
NUM  5.
PAR  5. A system according to claim 4 wherein said first conveyor means includes
      a pair of side by side conveyors spaced from said second conveyor means
      for transporting double sized sheets, a saw positioned between said side
      by side conveyors for longitudinally dividing the double size sheets, and
      means for laterally spacing the divided sheets in accordance with the
      spacing of said conveyor elements.
NUM  6.
PAR  6. A system according to claim 4 wherein said cam wheel has an axis
      positioned between said inner shafts, and said cam following means
      includes a cam following arm mounted on each of the inner shafts, and
      linkage means connecting the sheet supporting arms on each pair of spaced
      shafts to cause said sheet supporting arms to pivot in opposite directions
      in response to movement of one of said sheet supporting arms, said cam
      following arms engaging said cam wheel to periodically pivot said sheet
      supporting arms to move said sheet supporting members beneath said guide
      members.
NUM  7.
PAR  7. A system according to claim 6 wherein said cam wheel includes separate
      cam elements for each of said cam following arms, said cam elements being
      arranged to operate said following arms at different times to space sheets
      received simultaneously from said two conveyor elements at a predetermined
      interval on said second conveyor means.
NUM  8.
PAR  8. A system according to claim 2 wherein said cam follower means includes a
      cam following arm mounted on one of said spaced shafts carrying one of
      said sheet supporting arms, a lever arm extending from each of said sheet
      supporting arms at a level below said upper flight, and a link member
      pivoted at each end to each of said lever arms to cause said sheet
      supporting arms to simultaneously pivot in opposite directions.
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ABST
PAL  A rotary cylinder is mounted opposite abutment means, and has a metal strip
      upstandingly mounted on the cylinder, with an exposed edge for cutting out
      a portion of said material. In order to automatically eject the cutout
      portions, at least one resilient ejector is mounted on the cylinder,
      within and adjacent the cutting strip. Advantageously, the ejector is
      provided in form of telescoping, outwardly spring-loaded shells, mounted
      on the cylinder to extend generally radially of the cylinder.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  The invention relates to rotary punching apparatus for punching apertures
      into corrugated board material. Apparatus of this type comprises a
      rotatable cylinder with cutting means thereon, usually provided by steel
      strips mounted along one edge or edges on the cylinder by means of
      suitable mounting means while the opposite free edge or edges form cutting
      knife edges. The punching means is advantageously formed by a tray of
      suitable curvature for mounting on the cylinder and for interchangeable
      securement to the cylinder with the knife edge forming steel strip on the
      tray.
PAR  Apertures are cut into the corrugated board material by the knife edges of
      the cutting tool. These knife edges may either have an endless outline to
      cut an aperture of corresponding outline into the corrugated board
      mateiral, in which case it is desirable to remove the portion of the board
      material within the said outline, as scrap; or the knife edges may have an
      outline so that the cut portion of such material remains attached to the
      board material which is being punched; in this latter case, the punched
      out material remains on and continues to move with the corrugated board
      which has been punched. In both cases it is generally desired to form
      clearly defined apertures, that is in the first case to entirely remove
      the scrap from the board, and in the other case to properly control the
      position of the cut-out board portion, relative to the general board
      surface whereto it remains attached.
PAR  Heretofore difficulties have been encountered in the endeavor to properly
      form punched-out apertures in corrugated board material. Scrap portions
      used to adhere to the surrounding board material, even if the cutting tool
      had cut properly into and through this material; and similarly, the
      positions of the partly cut-out board portions, relative to the general
      plane of the board have been unpredictable. In some prior-art apparatus,
      particularly in so-called shallow punch presses or flat punching
      apparatus, rubber bodies have been provided in the vicinity of the cutting
      edges in order to prevent the undesired adhesion of board or scrap
      material, either to each other or to the cutting edges. Such arrangements
      are not intended for use on rotary punch apparatus and are not suitable
      for such use. Due to the resilience of the corrugated board material
      itself, cut-out portions and particularly scrap have tended to adhere to
      the processed board material discharged from rotary punching apparatus and
      it has therefore been usual to pass the processed board material which has
      left the punching cylinder, over vibrators for shaking off the adherent
      scrap or marginally cut-off portions. The vibrating apparatus is
      expensive, noisy, and not really effective; it has been found that scrap
      has been moved along with the cut corrugated board material and that it
      was necessary to resort to manual sorting and manual breaking out, which
      of course is very expensive. Briefly: the conventional rotary punches for
      corrugated board material required complex and expensive provisions, such
      as vibrators followed by manual sorting and breaking out facilities,
      between the rotary punching cylinder and the further apparatus where the
      punched boards are either bundled for shipment or placed in readiness for
      treatment by further tool machines.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to avoid the problems and disadvantages
      heretofore encountered in connection with the punching of corrugated board
      material. It is a further object to provide for the punching apertures in
      corrugated board material and reliably to eject the punched-out material
      portions.
PAR  A further object is to provide a rotary punch for corrugated board material
      with means for automatically ejecting punched-out material from the
      apertures punched into the material, without any need of vibrators and of
      manual sorting and breaking out.
PAR  The invention achieves these objects by novel apparatus for rotary punching
      of corrugated board material having at least one resilient ejector means
      which normally projects from the rotary cylinder beyond the cutting edge
      of the knife means on said cylinder; the so-projecting ejector means being
      effective to displace board material, corresponding to the punched
      apertures, from the remaining board material incident to further rotation
      of said cylinder. Advantageously the ejector means project beyond said
      knife edge by a distance at least slightly greater than the normal
      thickness of the corrugated board material. The ejector is resiliently
      movable incident to said cutting into a position wherein said knife edge
      projects beyond the ejector.
PAR  It has been found that corrugated sheet material cut in accordance with the
      above-described general form of the invention has tended (depending on the
      type and thickness of the material) upon its passage from the working gap
      to bend or yield downwardly and thereby practically to elude the ejector
      means, whereby the effect of this latter means and particularly the
      automatic breaking out of the scrap portion would be impaired. In such
      cases it is preferred to provide the apparatus with additional abutment
      means arranged for preventing such yielding or bending of the punched
      board material, in the area where the resilient ejection means resumes the
      normal position thereof. This latter abutment means accordingly serves to
      abut the portions, board material while board material poritons, such as
      scrap, are being removed from the general plane of such material. The
      additional abutment means advantageously comprises substantially rigid
      sheet means adjustably mounted on transverse rods or bars opposite the
      rotary cylinder, located closely adjacent but outside the apertures
      punched into the board material, these sheet means being provided in
      addition to abutment means for the cutting edge, and in an area of the
      cylinder rotation past the abutment means for the cutting means. Instead
      of these additional generally stationay, rigid sheet means the additional
      abutment means may be constructed in form of conveyor belts, which may
      also be used for the transport of the punched-out board material, and may
      thereby further simplify the construction of the entire apparatus. As is
      well known to persons skilled in the art, conveyor or support means for
      the latter purposes may also be provided in the form of rotating discs, or
      form of a series of roundsection bars, similar to bars whereon the
      above-mentioned abutment sheets can be mounted.
PAR  The ejector means provided in accordance with the invention may be
      constructed in form of leaf springs, or in the form of telescoping shells
      biased to an extended position by a compression spring. In some cases,
      particularly in cases where apertures are to be punched into multiple ply
      corrugated board material, the ejectors must resiliently move a
      considerable distance beyond the cutting edges. In such cases it is
      preferred to utilize more than two mutually telescoping shells as ejector
      means, with a suitable compression spring therein. By means of such use of
      multiple shell ejector means, the end shell can be caused to spring out
      over a suitably extended distance; yet the ejector in its compressed
      condition can be contracted so as to let the cutting edge project beyond
      it, thereby avoiding any need for a particularly increased height of the
      cutting knife. If has further been found advantageous to mount such
      ejector shells so that they normally have slight forward inclination
      relative to their direction of travel with the cylinder whereon they are
      mounted. This further feature is useful mainly in cases when the
      corrugated board material tends to bend the ejector shells rearwardly of
      their said travelling direction.
PAR  THe novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a part of the apparatus in accordance with
      the invention;
PAR  FIG. 2 is a partially sectional side view of the apparatus according to the
      invention;
PAR  FIG. 3 is a partial plan view of a detail from FIG. 2; and
PAR  FIG. 4 is a view taken in central vertical section and showing a detail
      modified from the part shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in drawing, mounting means 1 (FIG. 1) or 1a (FIG. 4) of a punching
      tool are provided and are attached to rotary cylinder 11 (FIG. 2) by a
      suitable fastening means, not shown. The mounting means 1 as shown in FIG.
      1 carries a punching knife unit for cutting out a rectangular sheet
      portion as scrap. For this purpose knife tool 2 is arranged in form of a
      complete and closed rectangle. It will be understood that this tool may be
      formed of strip steel as has been usual in this art. Lower edge portions
      of knife or tool 2 are secured in mounting means 1 by any desired
      contruction, not shown in detail as it is known to persons skilled in the
      art, and the upper edges of strip 2 are formed as scalloped cutters 3.
PAR  In accordance with the invention, FIG. 1 shows ejector means 4, 7 secured
      to mounting means 1 within the area surrounded by knife tool 2. In a first
      embodiment of the new apparatus, mounting means 1 has an ejector spring in
      form of leaf spring 4, one end of which is secured to the mounting means
      1; the other and generally free end of ejector leaf spring 4 is bent to
      rounded shape 5 in order to make sure that the spring can properly enter
      the punching zone.
PAR  Additionally shown in FIG. 1 and additionally usable in conjunction with
      leaf springs 4 are ejectors 7, each comprising a pair of mutually
      telescoping shells 8 and 9, the latter being arranged around the former
      and the former shell 8 being suitably secured to mounting body 1. A
      helical compression spring 10 is disposed in ejector 7 and extends from
      the upper end of inner shell 8 to the inside of a closure plate extending
      across the free end of outer shell 9, the spring reacting between the two
      shells and resiliently urging outer shell 9 to a position similar to that
      of rounded end 5 of leaf springs 4.
PAR  In further accordance with the invention the ejector means (such as spring
      4 or spring apparatus 7) normally projects beyond cutting edge 3 by a
      distance, measurable radially of the rotary cylinder, which distance is at
      least equal to the normal thickness of the corrugated board material and
      is preferably slightly greater than this thickness. This feature is
      generally indicated in connection with ejector spring apparatus 17 in FIG.
      2. The ejector tip of this latter apparatus is in contact with board
      material portion 13b, punching this portion out of the remaining board
      material 13a. Such contact is maintained over a considerable portion of
      the rotation of the cylinder, and of the ejector on it, and thereby makes
      the ejection of the punched-out material 13b particularly reliable.
PAR  Certain types of corrugated board material 13a have a tendency, when
      leaving the cutting region to yield downwardly, along with the cut-out
      portions 13b of the board material, and thereby to minimize the effect of
      ejectors 17. In order to prevent such yielding FIG. 2 shows abutment means
      14 in form of a cross rod 15, with substantially rigid, horizontal sheets
      16 adjustably mounted thereon to receive the remainders 13a of the
      corrugated board material, preferably on both sides of the cut-out portion
      13b of such material. Such rigid abutment sheets 16 are desirably made of
      sheet metal. An edge portion thereof, as shown at the right of support rod
      14 in FIG. 2, is bent to properly receive corrugated board portions 13a.
      The guide sheet 16 supported by rod 14, prevents the aforesaid downward
      yielding of said remainder of corrugated board material, and thereby makes
      sure that for example, a cut-out portion 13b produced by a closed cutting
      tool (FIG. 1) is safely, automatically broken out of the remainder 13a of
      the board material, so that portion 13b can be removed in the general
      direction of the arrow in FIG. 2. Abutment means 14 is also shown in FIG.
      3, wherein the lateral adjustment of rigid sheets 16 is indicated by
      horizontal arrows. By suitable shifting of these guide sheets, abutment
      apparatus 14 can be brought very close to the working gap of the machine
      --the area where abutment cylinder 12 is closest to punch cylinder 11--.
      The abutment thereby contributes to making the machine compact as well as
      effective.
PAR  It will be appreciated that suitable additional abutment for the remainder
      13a of the punched out corrugated board 13 can also be effected by
      conveyor belts, known by themselves, which can also be used for removing
      said remainder 13a to the point of use or of further processing. Instead
      of conveyor belts, round section rods or rotary discs can also be used at
      this point, as is known to persons skilled in the art of roller conveyors.
PAR  A third and frequently preferable embodiment of ejector means is shown at
      17 in FIGS. 2 and 4. It comprises more than two ejector shells, and is
      particularly shown in these Figures as having three shells 18a, 18b and
      18c, one telescoping with reference to the other. Compression spring 19 is
      provided within the inner shells 18a and 18b, with one end of spring 19
      bearing against closure 20 of the largest shell 18a, while having another
      end which bears against the smallest shell 18c. The largest shell 18a is
      secured to mounting means 1a and is shown as extending through the same to
      the inner surface thereof, where shell closure 20 can be held in shell 18a
      by a split washer 21 or the like. By virtue of this arrangement it is
      possible to simply and rapidly interchange compression springs 19 and for
      example to replace such springs by stronger springs, should this be
      necessary. By the use of three or more telescoping shells, the shell 18c
      constituting the free end of the ejector can be urged into an extruded
      position considerably beyond the cutting edge of knife 2; yet it remains
      possible to compress the entire ejector apparatus 17 so that it finds room
      within the knife unit 2, FIG. 2, without adding to the height of the steel
      strips wherefrom this unit is made.
PAR  In order to insure reliable ejection of cut-out board material it is
      suitable to arrange ejectors 4, 7 in the vicinity of the knife strips 2,
      as is shown in FIG. 1. With particular reference to FIG. 2, it is
      sometimes advantageous to arrange ejectors 17, of the type having a series
      of extensible telescoping shells at a slight inclination relative to their
      travelling direction 17a. This arrangement serves to make sure that in
      spite of the resilient interaction between the corrugated board 13
      material and the shells of ejector 17, these shells contact the corrugated
      board in substantially vertical direction at the point of maximum
      compression of the ejector spring, thereby minimizing the wear and tear of
      the ejector apparatus, while making it possible to produce this apparatus
      from relatively soft and easily machinable materials and thus minimizing
      the cost of the machine.
PAR  The operation of the new machine has been described sufficiently,
      hereinabove, and will therefore be reviewed only in general outline.
      Corrugated board material 13, either in form of individual boards or in
      form of a continuous strip, is suitably fed either manually or
      automatically, into the working gap between cylinders 11 and 12. As the
      material passes through this gap, cutting knife apparatus 2 produces the
      desired knife cuts in the board material. Incident to said cutting, the
      board material is likely to be compressed to some extent and moreover the
      knife edges, having passed through the material, are likely to press
      slightly into the outer contour of abutment cylinder 12, the outer surface
      portion of this cylinder being formed of suitably compressible material
      for this purpose. As the corrugated board then leaves the narrowest zone
      of the working gap, in generally leftward direction, ejector means 17
      effects positive displacement of the material portions 13b to be punched
      out, from the remaining portions 13a of the corrugated board material,
      these latter portions being advantageously supported by additional
      abutment means 14 for this purpose.
PAR  When this description and the claims which follow use the expressions
      "cutting out" and "punching out" or expressions derived therefrom, it will
      be understood that either complete or partial cutting-out and punching-out
      is meant. As indicated initially, the cutting knives 2 are not necessarily
      arranged in form of a closed figure such as the closed rectangle shown in
      FIG. 1. When the cutting lines are closed, the cut-out and punched-out
      material may frequently be designated as "scrap", but when for example one
      of the sides of a rectangular aperture remains open, the "cut-out" and
      "punched-out" material 13b remains part of the final corrugated board
      product 13a and constitutes for example a tab attached thereto.
PAR  While the invention has been illustrated and described as embodied in a
      rotary apparatus for punching apertures into corrugated board material, it
      is not intended to be limited to the details shown, since various
      modifications and structural changes may be made without departing in any
      way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Rotary apparatus for punching apertures into corrugated board material,
      comprising rotatable cylinder means having a peripheral surface; board
      abutment means opposite and spaced from said peripheral surface; knife
      means on said cylinder means, said knife means having a cutting edge for
      cutting out a portion of board material fed between said peripheral
      surface and said abutment means during rotation of said cylinder means;
      spring-loaded ejector means for displacing the cut-out portion of the
      board material relative to the remainder thereof during further rotation
      of said cylinder means, said ejector means including
      telescopingly-arranged shells and a spring disposed within said shells;
      and mounting means for removably mounting said knife means and said
      ejector means on said rotatable cylinder means.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein said knife means comprises a
      strip of steel, and means for mounting said strip substantially radially
      projecting from said cylinder means.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein said abutment means comprises
      another cylinder, rotatably mounted to define with said one cylinder means
      a gap for passage of the corrugated board material through said gap
      incident to said cutting.
NUM  4.
PAR  4. Apparatus as defined in claim 3, wherein said other cylinder has surface
      structure slightly compressible incident to said cutting.
NUM  5.
PAR  5. Apparatus as defined in claim 1, and including additional abutment means
      comprising substantially rigid sheet means mounted opposite said cylinder
      means, for abutting said remainder of board material while the cut out
      portion is displaced relative to said remainder.
NUM  6.
PAR  6. Apparatus as defined in claim 1, wherein said ejector means includes a
      leaf spring having one end secured to said rotatable cylinder means.
NUM  7.
PAR  7. Apparatus as defined in claim 6, wherein the leaf spring has a free end
      in rounded form, to facilitate passage into the working area of the
      machine.
NUM  8.
PAR  8. Apparatus as defined in claim 1, wherein the ejector means comprises a
      plurality of ejectors, all disposed adjacent said knife means.
NUM  9.
PAR  9. Apparatus as defined in claim 1, wherein said shells are mounted in
      positions slightly inclined to their direction of travel with said
      rotatable cylinder means.
NUM  10.
PAR  10. Rotary apparatus for punching apertures into corrugated board material,
      comprising rotatable cylinder means having a peripheral surface; board
      abutment means opposite and spaced from said peripheral surface; knife
      means on said cylinder means, said knife means having a cutting edge
      defining an outline for cutting out a portion of board material fed
      between said peripheral surface and said abutment means during rotation of
      said cylinder means; and a plurality of springloaded ejector means spaced
      from one another and mounted on said cylinder means within said outline
      and operative to displace the cut-out portion of the board material
      relative to the remainder thereof during further rotation of said cylinder
      means, said ejector means normally projecting beyond said cutting edge by
      a distance radially of said cylinder means, at least equal to the normal
      thickness of the corrugated board material.
NUM  11.
PAR  11. Apparatus as defined in claim 10, wherein said ejector means normally
      projects beyond said cutting edge by a distance slightly greater than said
      normal thickness.
NUM  12.
PAR  12. A rotary apparatus for punching apertures into corrugated board
      material, comprising rotatable cylinder means having a peripheral surface;
      board abutment means opposite and spaced from said peripheral surface;
      knife means on said cylinder means, said knife means having a cutting edge
      defining an outline for cutting out a portion of board material fed
      between said peripheral surface and said abutment means during rotation of
      said cylinder means; and a plurality of spring-loaded ejector means spaced
      from one another and mounted on said cylinder means within said outline
      and operative to displace the cut-put portion of the board material
      relative to the remainder thereof during further rotation of said cylinder
      means, said ejector means having a first shell having one end secured to
      said rotatable cylinder means, a second shell concentric with said first
      shell, and a compression spring disposed within said shells to bias said
      second shell in an outward direction relative to said cylinder means.
NUM  13.
PAR  13. Apparatus as defined in claim 12 including mounting means for removably
      mounting said knife means and ejector means on said rotatable cylinder
      means.
NUM  14.
PAR  14. Apparatus as defined defined in claim 13, wherein said ejector means
      includes mutually telescoping shells, one of said shells being secured to
      said mounting means and extending through the same; and a closure of the
      said last-mentioned shell providing an abutment for said spring and
      removably arranged at the inner end of said one shell.
NUM  15.
PAR  15. Apparatus as defined in claim 12, including additional shell means
      telescopingly arranged with respect to the aforementioned shells.
NUM  16.
PAR  16. Rotary apparatus for punching apertures into corrugated board material,
      comprising rotatable cylinder means having a peripheral surface; board
      abutment means opposite and spaced from said peripheral surface; knife
      means on said cylinder means, said knife means having a cutting edge for
      cutting out a portion of board material fed between said peripheral
      surface and said abutment means during rotation of said cylinder means;
      resilient ejector means mounted on said cylinder means to displace the
      cut-out portion of the board material relative to the remainder thereof
      during further rotation of said cylinder; additional abutment means having
      substantially rigid sheet means including a series of metal sheets, said
      additional abutment means mounted opposite said cylinder means for
      abutting said remainder of board material while the cut-out portion is
      displaced relative to said remainder; a support rod mounted adjacent said
      cylinder means and extending substantially parallel to the axis of said
      cylinder means; and means for adjustably mounting said metal sheets on
      said support rod.
NUM  17.
PAR  17. Rotary apparatus for punching apertures into corrugated board material,
      comprising rotatable cylinder means having a peripheral surface; board
      abutment means opposite and spaced from said peripheral surface; knife
      means on said cylinder means, said knife means having a cutting edge for
      cutting out a portion of board material fed between said peripheral
      surface and said abutment means during rotation of said cylinder means;
      and resilient ejector means mounted on said cylinder means to displace the
      cut-out portion of the board material relative to the remainder thereof
      during further rotation of said cylinder, said ejector means having a
      first shell including one end secured to said cylinder means, a second
      shell concentric with said first shell, said shells being mounted in
      positions slightly inclined to their direction of travel with said
      cylinder means, and a compression spring disposed within said shells to
      bias said second shell in an outward direction relative to said cylinder
      means.
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ABST
PAL  A rotary veneer clipper has a pair of cutting blades spaced 180.degree.
      apart on a rotary clipper shaft for cutting cooperation with a roller
      anvil below and parallel to the clipper shaft and over which sheet
      material passes. The clipper shaft rotates intermittently on signal to
      cause one of its blades to clip the sheet. The clipper shaft is driven by
      a pair of pneumatic drive cylinders mounted one to each of two crank arms
      connected to a common drive shaft. The cylinders stroke once
      simultaneously to rotate the drive shaft alternately in opposite
      directions through 90.degree. upon each successive clip signal. When the
      drive shaft rotates in one direction, a first gear train transmits power
      from the drive shaft through a first one-way clutch to the clipper shaft
      to rotate one of the blades downwardly and through 180.degree. to clip the
      sheet. When the drive shaft is rotated in the opposite direction, a second
      gear train transmits power from the drive shaft to the clipper shaft
      through a second one-way clutch to rotate the other clipper blade through
      180.degree. in the direction of sheet travel to clip the sheet. Locking
      means including a pneumatic locking cylinder limits clipper shaft rotation
      to exactly 180.degree. upon each stroking of the drive cylinders to
      accurately index the cutting blades. An optional blade speed control
      feature is also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a rotary clipper for clipping a traveling
      sheet of thin material into sections and more particularly to a drive for
      a rotary clipper especially suited for close-interval clipping of wood
      veneer.
PAR  2. Description of the Prior Art
PAR  As a sheet of veneer is peeled from a log chucked in a veneer lathe, the
      traveling sheet is clipped at intervals by a veneer clipper into sections
      of random or predetermined lengths for convenience in further handling as
      the sheet proceeds toward the veneer dryer. It is also common practice to
      remove defects from the traveling sheet by having the clipper clip it
      twice in rapid succession, once on either side of the defect, to remove a
      narrow strip containing the defect from the sheet. This is done
      automatically using a scanning device upstream of the clipper to detect
      the position and size of a break in the traveling sheet and to transmit
      corresponding signals to the clipper to trigger its operation twice in
      succession at the appropriate time and interval to remove the defective
      strip from the sheet.
PAR  In the interest of minimizing material waste, it is desirable in removing
      defects to make the clipping interval as close as possible so that only a
      narrow strip just wide enough to contain the defect is removed. However,
      to remove a narrow strip from the traveling sheet requires either
      extremely accurate, high-speed, close-interval clipping or slow-speed
      sheet travel, or a compromise between the two. Existing clippers are not
      capable of close-interval clipping at high sheet speeds. As a result,
      existing veneer clippers are a bottleneck in the veneer manufacturing
      process.
PAR  A problem in clipping veneer that limits clipping and sheet speeds is the
      tendency of veneer to curl at its clipped ends, particularly veneer peeled
      from near the core of a log. The curled end edges tend to hang up on the
      clipper blade, causing bunching, jamming and breakage of the fragile
      veneer at the blade. When this occurs, the production line must be shut
      down and the jam and broken material cleared, resulting in a loss of
      valuable production time and material.
PAR  Veneer clippers in common use are of the reciprocative guillotine type in
      which a single blade is driven vertically downwardly through a traveling
      sheet and then retracted to clip the sheet into sections. Since the
      reciprocatory movement of the guillotine blade in this type of clipper is
      inherently slow and is not in the direction of travel of the sheet, the
      tendency of the sheet to bunch, jam and break at the blade is particularly
      great, requiring slow sheet travels speeds not exceeding about 180 feet
      per minute. Even at such slow speeds, clippers of this type cannot clip
      out a defective strip less than about 31/2 inches wide.
PAR  A rotary-type veneer clipper has been proposed, as shown in U.S. Pat. No.
      3,808,925, issued May 7, 1974. However, no rotary clippers are known to be
      in commercial use. The proposed such clipper is characterized by a single
      thin blade sharpened at both opposite edges to provide two 180.degree.
      spaced-apart cutting edges, one of which rotates into cutting cooperation
      with a roller anvil to clip a sheet of veneer moving across the anvil upon
      each 180.degree. rotation of the blade about its central axis. Since the
      blade cutting edge moves as it clips in the same direction as the sheet,
      the problems of bunching, jamming and sheet breakage should be reduced.
PAR  However, a rotary clipper has another problem which arises from the inertia
      of rotary knife movement and the necessity of stopping knife rotation
      after each clipping stroke to await the next clip signal. To meet this
      inertia problem, the two-edge blade of the aforementioned proposed rotary
      clipper is made of very thin lightweight material which requires use of a
      longitudinally pretensioned blade and a bracing roll which is engaged by
      one of the two cutting edges to prevent blade deflection as the other
      cutting edge contacts the roller anvil to make the cut. Thus in such a
      rotary clipper, the spacing between the anvil roll, blade and backup roll
      becomes critical. In practice it is suspected that precise adjustments
      would have to be provided between these three elements for effective
      operation.
PAR  Previously proposed rotary clippers are also limited in their attainable
      clipping speeds by the nature of their driving mechanisms. The clipper
      drive is coupled to the drives for the sheet conveyor and the anvil and
      bracing rolls so that clipper speed is synchronized with, and limited by,
      sheet and roll speeds.
PAR  Previously proposed rotary clippers as described also propose to use clutch
      and brake means to start and stop knife movement. This can lead to
      inaccuracy in indexing of the clipper blades for making the next cut after
      each cutting stroke. Inaccurate indexing in turn leads to inaccurate
      timing and thus inaccurate clipping, the effects of which are amplified at
      high sheet speeds.
PAR  Although not a veneer clipper, a device known as a rotary sheet breaker has
      been used to break a traveling ribbon of veneer into sheets of convenient
      length for further processing as it is peeled from the log. Such a breaker
      is characterized by a single shaft-mounted breaker knife which when
      activated by a manual control rotates through 360.degree. into cutting
      cooperation with a roller anvil to break the sheet and return to its
      starting position. A drive mechanism including a clutch and brake is used
      to start and stop rotation of the breaker knife. Because of its
      360.degree. cutting cycle and the inherent limitations in speed and
      accuracy of the clutch and brake drive, such a sheet breaker is unsuitable
      for use as a veneer clipper.
PAR  Other rotary shearing or clipping devices have been suggested but they are
      not suitable for veneer clipping. For example, U.S. Pat. No. 3,111,875
      discloses a rotary cutting device for cutting fibers which rotates
      continuously during operation and is therefore unsuitable for use as a
      veneer clipper.
PAR  The apparatus of U.S. Pat. No. 3,677,120 is representative of fluid
      cylinder-driven rotary shears using an interacting pair of rotary knives
      and developing high cutting forces for cutting slowly moving thick steel
      sheet material. The drive cylinder is capable of operating the shear only
      during its extension stroke. Such rotary shears, because of their slow
      operating speeds, slow sheet speeds and dual knife construction, are
      unsuited for use as veneer clippers.
PAR  From the foregoing it will be apparent that there is a need for a
      high-speed veneer clipper capable of accurate, close-interval clipping of
      defects from sheets of veneer traveling at high speed while minimizing the
      aforementioned problems of bunching, jamming and sheet breakage common
      with existing veneer clippers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a rotary veneer clipper with a unique
      fluid-mechanical drive enabling fast, accurate, close-interval clipping of
      veneer sheets traveling at considerably higher speeds than is now
      possible, hopefully in the range of from 600 to 1000 feet per minute.
PAR  The rotary clipper of the invention is characterized by a rotatable clipper
      shaft mounting one, two or more cutting blades at equally spaced positions
      about the shaft, the number depending on the closeness of the clipping
      interval desired and the inherent limitations of blade spacing dictated by
      edge curl and material thickness.
PAR  The clipper shaft is rotated intermittently on signal through a
      predetermined arc, depending on the number of cutting blades, sufficient
      to move a single cutting blade in cutting cooperation across a rotating
      roller anvil, with both the anvil and blade moving in the same direction
      as a sheet moving therebetween.
PAR  The clipper shaft is rotated through the necessary arc by a pair of
      fluid-powered drive cylinders which stroke simultaneously upon each clip
      signal. The drive cylinders transmit power to the clipper shaft through
      one of two separate power-transmitting paths depending on their
      directional mode of stroking so that the shaft is rotated through the
      necessary arc and in the same direction upon each stroking of the
      cylinders. Each power path includes a separate one-way clutch which
      operates to transmit power through its path to the clipper shaft only when
      such path is operable to rotate the shaft in the desired direction, which
      is during every other stroking of the cylinders.
PAR  A locking means including a third, locking cylinder stroked simultaneously
      with the drive cylinders and connected to the clipper shaft through a
      single crank arm, strokes the crank arm between two dead-center positions
      to limit shaft rotation to the precise arc desired. The locking cylinder
      also assists the drive cylinders in rotating the clipper shaft.
PAR  Optionally, the speed of rotation of the tips of the cutting blades can be
      synchronized with the surface speed of the roller anvil through the use of
      a third one-way clutch on the clipper shaft coupled to a selectively
      operable air clutch mechanically interconnecting the roller anvil drive
      and the clipper shaft.
PAR  A principal object of the present invention is to provide a rotary clipper
      capable of fast, accurate, close-interval clipping of thin sheet material
      such as wood veneer while the sheet travels at substantially higher speeds
      than is now possible with existing clippers.
PAR  Another principal object of the invention is to provide a rotary clipper as
      aforesaid capable of clipping a fast-moving sheet of material at closer
      intervals than is possible with existing clippers.
PAR  Another object is to provide a rotary clipper as aforesaid capable of
      clipping a fast-traveling sheet of wood veneer without the sheet-jamming,
      bunching and breakage problems of existing veneer clippers.
PAR  Another primary object of the invention is to provide an improved
      fluid-mechanical drive for a rotary clipper or shear enabling faster, more
      accurate and closer-interval clipping than is possible with existing
      rotary drive mechanisms.
PAR  Another object, making possible faster clipping speeds and therefore closer
      interval clipping, is to provide a drive mechanism for driving a rotary
      clipper knife at a speed unlimited by the sheet speed or the rotational
      speed of the roller anvil.
PAR  Yet another important object of the invention is to provide a rotary
      clipper as aforesaid having a positive blade-indexing feature which
      precisely positions a cutting blade for the next clip after each clipping
      stroke, thereby providing highly accurate timing of each clipping stroke.
PAR  A further important object is to provide a rotary clipper as aforesaid
      which is durable and capable of withstanding long periods of use without
      maintenance or adjustment.
PAR  Another object is to provide a rotary clipping device which is adaptable
      for clipping sheet materials of different thicknesses traveling at widely
      varying speeds into regular or random lengths as desired.
PAR  Still another object is to provide a rotary clipper as aforesaid having an
      optional speed control feature making it possible to synchronize the
      rotational speed of the knife blade with the speed of the roller anvil and
      sheet material.
PAR  The foregoing and other objects, features and advantages of the invention
      will become more apparent from the following detailed description which
      proceeds with reference to the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a frontal perspective view of a rotary veneer clipper in
      accordance with the invention;
PAR  FIG. 2 is a view of the drive mechanism for the clipper in FIG. 1 as viewed
      looking toward the left end of the clipper of FIG. 1 with the end cover
      for the drive mechanism removed;
PAR  FIG. 3 is a view of the locking portion of the drive mechanism as viewed
      toward the right-hand end of the machine of FIG. 1 with the right end
      cover removed;
PAR  FIG. 4 is a perspective view of a portion of the drive mechanism of FIG. 2;
PAR  FIG. 5 is an enlarged cross-sectional view taken along the line 5--5 of
      FIG. 1 but with the clipper blades rotated to vertical positions; and
PAR  FIG. 6 is a perspective view of the right-hand end of the clipper shaft of
      FIG. 1 within the right end cover in an optional modification of the drive
      mechanism.
DETD
PAC  DETAILED DESCRIPTION
PAC  General Arrangement
PAR  Referring first to FIG. 1 of the drawings, a rotary veneer clipper 10
      includes a support frame 12 including frame legs 14 supporting the working
      portion of the clipper above a floor support surface at the approximate
      level of a conveyor for a traveling sheet of veneer downstream of a veneer
      lathe and a defect-detecting scanner unit (not shown). Such a conveyor and
      scanning unit are illustrated in their conventional relationship to a
      veneer clipper in, for example, prior U.S. Pat. No. 3,808,925.
PAR  The working elements of the clipper include a rotary clipper shaft 16
      suitably journaled in bearings (not shown) within opposite end housings
      18, 19 at the opposite ends of the machine. Housings 18, 19 cover drive
      and locking means for the clipper shaft for safety and appearance. A
      roller anvil 20 with a resilient surface is similarly journaled at
      opposite ends of the machine so as to extend parallel to and vertically
      below clipper shaft 16. A sheet of veneer S traveling on a conveyor
      downstream from the veneer lathe passes over the upper surface of anvil
      roll 20 below clipper shaft 16 as shown in FIG. 5. As a ribbon of veneer
      is peeled from the lathe and conveyed downstream through the clipper,
      anvil roll 20 is continuously driven in a counterclockwise direction as
      viewed in FIGS. 1 and 5 so that the upper surface of the roll travels in
      the same direction as the veneer sheet. Drive means for the anvil roll is
      not shown but is conventional, typically being a chain-and-sprocket drive
      from the sheet conveyor drive shaft so that the anvil roll is driven in
      timed relation to the speed of the sheet conveyor. One such anvil roll
      drive means is shown in the aforementioned U.S. Pat. No. 3,808,925.
PAR  Clipper shaft 16 carries a clipper knife 22 including a pair of knife
      blades 23, 24 which project radially from the shaft at 180.degree.
      spaced-apart positions. Details of the clipper knife assembly are shown in
      FIG. 5. Shaft 16 is rotated clockwise intermittently through 180.degree.
      by drive means in response to a clip signal to rotate blades 23, 24
      180.degree. from their horizontal at-rest positions shown in phantom in
      FIG. 5. During each rotation of shaft 16, one of blades 23, 24 passes
      through a vertically downward cutting position as occupied by blade 24 in
      FIG. 5, moving in the same direction as veneer sheet S. The lower cutting
      edge 24a of blade 24 passes through sheet S in cutting cooperation with
      the resilient uppermost surface of anvil roll 20 which is also traveling
      in the same direction as sheet S.
PAR  Each blade 23, 24 forms part of knife assembly 26 affixed to shaft 16. Such
      assembly includes a sleeve portion 27 keyed or otherwise fixed to shaft 16
      and having backing flanges 28 to which each blade is fastened by threaded
      fasteners 29. Each blade is also supported at the edge opposite its
      cutting edge by a spacer member 25 between the blade and shoulders of
      gusset portions 30 on each backing member 28.
PAR  The top and sides of the rotary clipper shaft and knife assembly are
      shielded by a cage member 32 extending between the two end housings 18,
      19.
PAC  Drive Mechanism
PAR  Major portions of the drive and locking mechanisms for the rotary clipper
      shaft and knife assembly are housed within the two end housings 18, 19,
      which have been removed in FIGS. 2, 3, 4 and 6 of the drawings showing
      such mechanisms. However, the prime movers for the clipper shaft are shown
      in the general view of FIG. 1 and include a pair of pneumatic,
      double-acting drive cylinders 34, 36 pivoted at their cap ends to a common
      cross frame member 38 and pivoted at their rod ends to the outer ends of
      crank members 40, 41, respectively. The crank members are fixed to
      opposite sides of a drive shaft 42 extending inwardly of end housing 18 so
      that successive strokes of the two cylinders will oscillate the drive
      shaft through 90.degree.. At the opposite end of the machine, a single
      pneumatic, locking cylinder 44 is pivoted at its cap end to a cross frame
      member 46 and, as shown in FIG. 3, is pivoted at its rod end by a crank
      pin 48 to the outer end of a single crank arm 50 fixed to the opposite end
      of clipper shaft 16.
PAR  Now referring to FIG. 2, the primary drive mechanism includes, in addition
      to the pair of pneumatic drive cylinders 34, 36, first and second
      power-transmitting means drivingly connecting the drive cylinders to the
      clipper shaft.
PAR  The first power-transmitting means comprises a first gear train including a
      first gear 52 on drive shaft 42 meshing with a second gear 54 on clipper
      shaft 16 and drivingly connected to the clipper shaft through a one-way
      clutch 56, shown best in FIG. 4, such as a Formsprag overrunning clutch as
      manufactured by the Formsprag Company.
PAR  The second power-transmitting means comprises a second gear train including
      a first gear 60 affixed to drive shaft 42 meshing with idler gears 62, 63
      on idler shafts 64, 65 respectively. The idler gears mesh in turn with
      gear 66 on clipper shaft 16 which is drivingly connected to the clipper
      shaft through a second one-way clutch (not shown) similar to the first
      such clutch. Both one-way clutches are mounted on shaft 16 so as to
      drivingly engage such shaft only when their respective gear trains drive
      them in a clockwise direction, overrunning on such shaft when driven
      counterclockwise as viewed in FIGS. 1, 2 and 3.
PAR  Drive means for stroking pneumatic drive cylinders 34, 36 includes a
      conventional source of pressurized air 67 and control means 68 operable so
      that as one of such cylinders is extended under pressure, the other
      cylinder is simultaneously retracted under pressure to rotate drive shaft
      42 through an arc of 90.degree. in one direction or the other. Gear 52 of
      the first power train has twice the number of teeth of gear 54 so that
      upon each stroking of the two drive cylinders 34, 36, gear 54 is caused to
      rotate through 180.degree.. Similarly in the second power train, gear 60
      has twice the number of teeth of gear 66 so that upon each stroking of the
      drive cylinders the gear 66 is caused to rotate through 180.degree. in a
      direction opposite the direction of rotation of gear 54. However, the two
      power trains do not act on clipper shaft 16 at the same time because of
      the overrunning of the clutch in one power train while the clutch in the
      other power train engages the clipper shaft.
PAR  The pneumatic lock cylinder 44 shown in FIG. 3 may be connected to the same
      pneumatic power source 67 as the drive cylinders 34, 36 and is controlled
      so as to extend or retract upon each stroking of the drive cylinders 34,
      36. When locking cylinder 44 is in its retracted position as shown in FIG.
      3, crank pin 48 is in its bottom dead-center position with respect to
      clipper shaft 16. When locking cylinder 44 is in its fully extended
      position, crank pin 48 is in its top dead-center position 48a with respect
      to clipper shaft 16 as shown in phantom in FIG. 3. The function of the
      locking cylinder assembly in driving and locking the clipper shaft will
      become apparent in the following description of the operation of the
      clipper.
PAC  Operation
PAR  In the operation of the clipper, blades 23, 24 of the knife assembly when
      at rest extend horizontally, one extending to the right in FIG. 5 ready
      for the next clip signal and the other to the left, having just completed
      a clip. At the same time, one drive cylinder is fully extended and the
      other fully retracted as shown in FIG. 2. Also at the same time crank pin
      48 of the locking assembly is in one of its two dead-center positions
      shown in FIG. 3.
PAR  Upon receipt of a clip signal, the control means for the clip cylinders is
      operated. Such means could be one of several well-known control means
      familiar to persons skilled in the art, such as a solenoid-actuated
      two-position directional control valve 68 in the pneumatic circuit between
      drive cylinders 34, 36 and air source 67 and another similar valve 69 in
      the air circuit between locking cylinder 44 and the air source. The drive
      cylinder valve 68 would be positioned to extend cylinder 34 and
      simultaneously retract cylinder 36, rotating crank arms 40, 41 and thus
      drive shaft 42 and gear 52 clockwise 90.degree..  Clockwise rotation of
      gear 52 causes meshing gear 54 on clipper shaft 16 to rotate
      counterclockwise 180.degree.. However, since the overrunning one-way
      clutch 56 associated with gear 54 is rotated in its overrunning direction,
      counterclockwise rotation of gear 54 would not rotate clipper shaft 16
      counterclockwise.
PAR  At the same time, however, gear 60 on drive shaft 42 is rotated clockwise
      90.degree., causing idler gears 62, 63 to rotate counterclockwise, in turn
      rotating meshing gear 66 clockwise 180.degree.. Clockwise rotation of gear
      66 is in a direction to cause its associated one-way clutch to drivingly
      engage clipper shaft 16, causing the clipper shaft and thus its connected
      clipper blades to rotate clockwise through 180.degree.. Thus with
      reference to FIG. 5, assuming that blade 23 is in a horizontal
      ready-to-clip position to the right of shaft 16, it is rotated clockwise
      across the counterrotating roller anvil 20 and through traveling sheet S,
      severing the sheet and continuing to rotate to a horizontal position to
      the left of clipper shaft 16. At the same time opposed blade 24 moves
      through 180.degree. to the ready-to-clip position to the right of clipper
      shaft 16.
PAR  As a clip signal causes the stroking of the drive cylinders as described,
      the same signal activates the control valve for lock cylinder 44,
      admitting pressurized air to the cap end of such cylinder to tend to
      extend it. However, since crank pin 48 is in its bottom dead-center
      position, it cannot rotate off dead-center until the drive cylinders at
      the opposite end of the clipper shaft 16 start to rotate the shaft
      clockwise. As soon as shaft 16 rotates crank pin 48 off dead-center,
      cylinder 44 extends under power to aid the drive cylinders in rotating the
      clipper shaft until crank pin 48 reaches its top dead-center position 48a.
      At this point further clockwise rotation of crank pin 48a is prevented and
      thus clipper shaft 16 is locked against further clockwise rotation. Any
      tendency of clipper shaft 16 to counterrotate is also prevented by the
      clutch associated with gear 66. Thus clipper shaft 16 is effectively
      locked against further rotation in either direction after exactly
      180.degree. or clockwise rotation upon each stroking of the drive and
      locking cylinders despite the inertia forces generated by rapid rotation
      of the knife assembly about the axis of the clipper shaft. As a result,
      blades 23, 24 are precisely indexed after each stroking of the cylinders.
PAR  When the next clip signal is received, the pressurized air to the drive and
      locking cylinders is reversed, being supplied to the rod end of drive
      cylinder 34, the cap end of cylinder 36, and the rod end of locking
      cylinder 44. This causes 90.degree. counterclockwise rotation of the crank
      arms 40, 41, drive shaft 42 and gear 52. Gear 52 rotates connecting gear
      54 on clipper shaft 16 clockwise 180.degree.. Since the one-way clutch
      associated with gear 54 is drivingly engaged to the clipper shaft upon
      clockwise rotation, the clipper shaft and its clipper blades are also
      rotated 180.degree. clockwise, thereby moving clipper blade 24 180.degree.
      through a clipping stroke.
PAR  At the same time, counterclockwise rotation of drive shaft 42 rotates its
      connected gear 60 90.degree. counterclockwise, causing idler gears 62, 63
      to rotate clockwise and gear 66 on the clipper shaft to rotate 180.degree.
      counterclockwise. However, the overrunning clutch associated with gear 66
      does not engage the clipper shaft upon counterclockwise rotation and
      therefore there is no tendency to rotate the clipper shaft
      counterclockwise.
PAR  As the drive cylinders start to rotate the clipper shaft clockwise, crank
      pin 48 of the locking assembly, now in its top dead-center position, is
      rotated clockwise from such position, enabling retraction of locking
      cylinder 44 under power to help rotate the clipper shaft. This continues
      until the crank pin reaches its bottom dead-center position, whereupon
      further rotation of the clipper shaft stops, locking the shaft and
      indexing the clipper blades in horizontal positions ready for the next
      clip signal.
PAR  From the foregoing it will be apparent that both drive cylinders 34, 36 and
      locking cylinder 44 provide power for rotating the clipper shaft during
      each clipping stroke. More importantly, the described pneumatic-mechanical
      drive rotates the clipper shaft to clip material upon each stroke of the
      drive and locking cylinders, thereby enabling high-speed close interval
      clipping while a sheet S travels at high lineaar speeds.
PAC  Optional Speed Synchronization
PAR  FIG. 6 illustrates an optional means for synchronizing the rotational speed
      of the outer cutting edges of the knife blades with the surface speed of
      the roller anvil. The synchronizing means includes a third one-way clutch
      70 on clipper shaft 16 at the same end of the shaft as the locking
      cylinder. Such one-way clutch drives the center element of an air-operated
      clutch 72 such as a Fawick air clutch. The outer element of the air clutch
      is connected by a sprocket and roller chain drive 74 to a drive shaft 76
      of the sheet conveyor (not shown). Typically the roller anvil would also
      be driven from the sheet conveyor drive shaft whereby adjustment of the
      drive ratios between the roller anvil drive shaft and the clipper shaft
      produces the desired speed synchronization. Air passage means 78 from the
      air pressure source is connected to the air clutch. When the air clutch is
      disengaged due to the absence of air pressure at passage 78, roller chain
      drive 74 will simply free-wheel with respect to clipper shaft 16. However,
      when air pressure is admitted to the air clutch through passage 78, the
      outer and center elements of the air clutch become engaged and the center
      element, being driven by one-way clutch 70, back drives clutch 70 to
      control its speed of rotation. Since clutch 70 drivingly engages shaft 16
      whenever shaft 16 is rotated by its drive cylinders, the back driving or
      braking effect of the air clutch is transmitted through clutch 70 to the
      clipper shaft to control the rotational speed of clipper blades 23, 24.
PAR  Although the illustrated rotary clipper embodies two clipper blades, it
      should be understood that the rotary clipper may be designed with any
      number of blades desired including one, three or more within limits
      dictated by the thickness of the material to be clipped and the tendency
      of the clipped material ends to curl. The number of blades required will
      depend on the speed of travel of the sheet and the closeness of the
      clipping interval required. For most veneer clipping applications two
      blades should be adequate.
PAR  To illustrate the increased material speeds possible with a multiple blade
      clipper, a one-blade clipper would require that its blade move through a
      full 360.degree. upon each clipping stroke rather than through 180.degree.
      as in the two-blade clipper. Also a gear train would be provided at the
      locking cylinder end of the machine between the single crank arm 50 and
      the clipper shaft to provide for 360.degree. rotation of the clipper shaft
      upon each 180.degree. of rotation of the crank pin 48 between its two
      dead-center positions.
PAR  In a three-blade clipper three blades would radiate from the clipper shaft
      at 120.degree. spaced-apart positions. The power trains between the drive
      cylinders and the clipper shaft would be geared to provide only
      120.degree. rotation of the shaft rather than 180.degree. rotation as in
      the two-blade clipper. Thus with a three-blade clipper, closer clipping
      intervals are theoretically possible than with a two or one blade clipper,
      assuming the same sheet speed. Alternatively, faster sheet speeds are
      possible with the three-blade clipper if closer clipping intervals are not
      required. With a three-blade clipper a gear train would be provided
      between locking cylinder crank arm 50 and the clipper shaft to provide
      exactly 120.degree. rotation of the clipper shaft upon each 180.degree.
      movement of the crank arm between its two dead-center positions.
PAR  In a four-blade clipper the blades would radiate from the clipper shaft at
      90.degree. spaced-apart positions, requiring 90.degree. of rotation upon
      each stroking of the drive cylinders. Thus it would be possible to provide
      a direct connection between the crank members 40, 41 of FIG. 2 and the
      one-way clutches on the clipper shaft or even direct offset connections of
      the drive cylinders to different one-way clutches on the clipper shaft to
      achieve the desired one-way intermittent rotation without any intervening
      drive shafts or gear trains. With such a modified power transmission
      means, however, only one of the two drive cylinders would transmit power
      to the clipper shaft during each stroking of the drive cylinders. With a
      four-blade clipper, a gear train would still be provided between crank arm
      50 of locking cylinder 44 and the clipper shaft to provide only 90.degree.
      of rotation of the clipper shaft upon each 180.degree. rotation of crank
      arm 50.
PAR  Four blades on a single clipper shaft is probably about the maximum number
      of blades that should be used as a practical matter in clipping most sheet
      materials because of the inadequate clearance that would result between
      the tip of a blade in the ready-to-clip position and the traveling sheet
      if a larger number of blades are used.
PAR  Although in the illustrated embodiment of FIG. 2 the two drive cylinders
      34, 36 are caused to stroke simultaneously in opposite directions, the two
      cylinders and their respective power-transmitting means can be rearranged
      so that the two cylinders stroke simultaneously in the same direction. For
      example, this may be done simply by positioning both drive cylinders and
      their respective crank arms on the same side of drive shaft 42. However,
      regardless of whether the drive cylinders are arranged to stroke
      simultaneously in the same or opposite directions, in either case power is
      transmitted by one or both of the drive cylinders to the clipper shaft
      through one of the two power-transmitting means during simultaneous
      stroking of the cylinders in one directional mode and through the other of
      the two power-transmitting means during simultaneous stroking of such
      cylinders in their opposite directional mode.
PAR  Although the described fluid-mechanical drive is especially suitable for
      use in rotary clippers, it is adaptable to any power-transmitting
      application requiring an intermittent rotary drive, and particularly one
      requiring accurate indexing of the shaft position after each rotation.
PAR  Having illustrated what is presently a preferred embodiment of my invention
      and having also suggested several alternative embodiments, it should be
      apparent to those skilled in the art that the rotary clipper and drive of
      my invention are capable of modification in arrangement and detail. I
      claim as my invention all such modifications and equivalents as come
      within the true spirit and scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid-mechanical drive for a rotary device comprising:
PA1  a driven shaft mounted for rotation about its axis,
PA1  a first fluid-operated drive cylinder means,
PA1  a second fluid-operated drive cylinder means,
PA1  means for stroking said first and second cylinder means simultaneously,
PA1  first power-transmitting means including a first one-way clutch means
      connecting at least said first cylinder means through a first crank means
      to said driven shaft for rotating said shaft in a given direction upon
      stroking said first cylinder means in one of its two stroking directions,
PA1  and second power-transmitting means including a second one-way clutch means
      connecting at least said second cylinder means through a second crank
      means to said driven shaft for rotating said shaft in said given direction
      upon stroking of said second cylinder means in one of its two stroking
      directions as said first cylinder strokes in the other of its two stroking
      directions whereby upon each simultaneous stroking of said first and
      second cylinder means said shaft is caused to rotate in said given
      direction.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said device is a rotary clipper
      and said driven shaft is a clipper shaft having at least one clipper
      blade.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said clipper shaft mounts at
      least one said cutting blade extending generally axially along said shaft,
      each said stroking of said first and second cylinder means being operable
      to rotate one said cutting blade through a predetermined arc in cutting
      cooperation with another cutting element of said clipper.
NUM  4.
PAR  4. Apparatus according to claim 3 including locking means operable to
      prevent rotational movement of said shaft beyond said predetermined arc
      and thereby index said blade for the next cutting stroke after each
      operation of said cylinder means.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said locking means comprises a
      third fluid-powered locking cylinder means and third power-transmitting
      means including a third crank means mechanically connecting said third
      cylinder means to said shaft during both extension and retraction of said
      third cylinder means, said third cylinder means being operable to rotate
      said crank means between first and second dead-center positions upon each
      stroking movement of said third cylinder means, and means operable to
      stroke said third cylinder means upon each stroking movement of said first
      and second cylinder means so that upon stroking of said first, said second
      and said third cylinder means: (1) one of said first and second
      power-transmitting means commences rotation of said clipper shaft in said
      given direction and thereby rotates said third crank means from a first
      dead-center position; (2) said third cylinder means transmits power
      through said third crank means to assist said first and second cylinder
      means in rotating said clipper shaft in said given direction; (3) said
      third cylinder means rotates said third crank means to a second
      dead-center position to lock said clipper shaft against further rotation
      in said given direction; and (4) one of said first and second clutch means
      prevents counterrotation of said clipper shaft whereby said clipper shaft
      remains locked against rotational movement until the next stroking
      movement of said first and second cylinder means.
NUM  6.
PAR  6. Apparatus according to claim 2 wherein said clipper shaft has at least
      two cutting blades extending generally axially along said shaft and
      generally radially from said shaft at equally spaced-apart positions about
      said shaft, a roller anvil extending parallel to said clipper shaft and
      rotatable in a direction opposite the direction of rotation of said
      clipper shaft, said roller anvil being spaced from said clipper shaft such
      that said cutting blades pass in cutting cooperation with the peripheral
      surface of said roller anvil, each said stroking of said first and second
      cylinder means being operable to rotate one of said cutting blades from a
      starting position spaced from said peripheral surface into cutting
      relationship with said surface and to an ending position spaced from said
      surface.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said shaft has two blades and
      said first and second power-transmitting means are operable to rotate said
      clipper shaft through an arc of 180.degree. during each stroking of said
      first and second cylinder means.
NUM  8.
PAR  8. Apparatus according to claim 2 wherein said clipper includes said
      clipper shaft mounting at least one cutting blade extending along said
      shaft, a roller anvil extending parallel to said clipper shaft for cutting
      cooperation with said cutting blade, anvil drive means for rotating said
      roller anvil in a direction opposite the direction of rotation of said
      clipper shaft, and means for synchronizing the rotational speed of said
      cutting blade with the rotational speed of said roller anvil.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said means for synchronizing the
      rotational speed of said cutting blade with the rotational speed of said
      roller anvil comprises a third one-way clutch means on said clipper shaft
      engageable with said shaft upon rotation of said shaft in said given
      direction, air-operated clutch means drivingly engaged by said one-way
      clutch means and mechanical speed control means interconnecting said
      air-operated clutch means and said anvil drive means such that whenever
      said first and second cylinder means rotate said clipper shaft in said
      given direction and air under operating pressure is applied to said
      air-operated clutch means, the speed of rotation of said clipper shaft is
      governed by the speed of said roller anvil.
NUM  10.
PAR  10. Apparatus according to claim 2 wherein said first and second
      power-transmitting means include a common drive shaft,
PA1  said first and second crank means being connected to said drive shaft and
      to said first and second cylinder means for oscillating said drive shaft
      about its axis upon successive strokings of said cylinder means,
PA1  said first power-transmitting means further including a first gear train
      for transmitting power from said drive shaft to said clipper shaft,
PA1  said second power-transmitting means further including a second gear train
      independent of said first gear train for transmitting power from said
      drive shaft to said clipper shaft,
PA1  said first one-way clutch means being interposed between said first gear
      train and said clipper shaft so as to transmit power to said clipper shaft
      only when said drive shaft is oscillated in one direction,
PA1  said second one-way clutch means being interposed between said second gear
      train and said clipper shaft so as to transmit power to said clipper shaft
      only when said drive shaft is oscillated in a direction opposite said one
      direction.
NUM  11.
PAR  11. Apparatus according to claim 1 including locking means operable upon
      each stroking movement of said first and second cylinder means to lock
      said shaft against further rotation after each rotation thereof through a
      predetermined arc.
NUM  12.
PAR  12. Apparatus according to claim 1 including locking means operable upon
      each stroking movement of said first and second cylinder means to lock
      said shaft against rotation beyond a predetermined arc, said locking means
      including a third double-acting fluid-operated power cylinder means
      mechanically connected to said shaft through a third power-transmitting
      means including a third crank means upon both extension and retraction of
      said third cylinder means, said third crank means being movable between
      two dead-center positions upon each stroking movement of said third
      cylinder means to lock said shaft against continued rotation, and means
      for stroking said third cylinder means simultaneously with the stroking of
      said first and second cylinder means.
NUM  13.
PAR  13. A rotary clipper comprising:
PA1  a rotatable clipper shaft mounting at least one clipper blade,
PA1  a rotatable roller anvil parallel to said clipper shaft and spaced
      therefrom for cutting cooperation with said clipper blade,
PA1  fluid-mechanical drive means for rotating said clipper shaft intermittently
      through a predetermined arc to pass said clipper blade across said roller
      anvil,
PA1  said fluid-mechanical drive means comprising first and second drive
      cylinder means operable to stroke once simultaneously in response to a
      clip signal,
PA1  first and second independent power-transmitting means each including
      one-way clutch means drivingly connecting said first and second drive
      cylinder means to said clipper shaft in a manner such that said first and
      second power-transmitting means alternate in transmitting power to said
      shaft upon each successive stroking of said first and second cylinder
      means,
PA1  said first power-transmitting means being operable to rotate said clipper
      shaft through its said one-way clutch through said predetermined arc in
      one direction of rotation during simultaneous stroking of said first and
      second cylinder means in one directional mode,
PA1  and said second power-transmitting means being operable to rotate said
      clipper shaft through its said one-way clutch through said predetermined
      arc in said one direction of rotation during simultaneous stroking of said
      first and second cylinder means in a directional mode opposite said one
      directional mode such that said clipper shaft rotates through said
      predetermined arc in said one direction of rotation upon each simultaneous
      stroking of said first and second drive cylinder means.
NUM  14.
PAR  14. A rotary clipper according to claim 13 including a locking means for
      limiting rotation of said clipper shaft to said predetermined arc upon
      each stroking of said drive cylinder means, said locking means including a
      locking cylinder means drivingly connected to said clipper shaft through a
      crank arm means, said crank arm means being rotatable between two
      dead-center positions upon each stroking of said locking cylinder means,
      said locking cylinder means being operable to stroke once upon each
      stroking movement of said first and second drive cylinder means.
NUM  15.
PAR  15. A clipper according to claim 13 wherein said first and second cylinder
      means stroke simultaneously in opposite directions such that one cylinder
      means extends as the other cylinder means retracts.
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ABST
PAL  Apparatus for severing sections from a web of material advanced by a feed
      roller comprises helical cutting blades on cylinders interconnected by
      helical gears. The feed roller can be coupled to and uncoupled from a
      drive by a dog clutch and the cutting cylinders are positively connected
      to the drive. Means are provided for axially displacing one of the cutting
      cylinders when the feed roller is being uncoupled from the drive, whereby
      to separate the cutting blades, and for returning the cylinder to bring
      the blades back into cutting relationship when the feed roller is being
      coupled to the drive.
BSUM
PAR  The invention relates to apparatus for severing sections from a web
      advanced by a feed roller, comprising helical cutting blades disposed
      transversely to the web on cutting cylinders which are interconnected by
      helical gears, at least one of the cylinders being mounted for axial
      displacement.
PAR  Apparatus for severing sections from a web of material advanced by a feed
      roller is, for example, used in bag or sack-making machinery to sever bag
      sections from a tubular web or to sever cover sheets for the bases of the
      bags from a corresponding web of cover sheet material. In bag or
      sack-making machines, the folded bases are often finished off by a cover
      sheet that is stuck into position and that may be printed so as to
      identify the contents or origin of the bag, in addition to the printing
      that may appear on the side walls of the bag. During manufacture,
      disruptions may occur in the machine if the constant supply of
      continuously moved bag sections is interrupted or if some bags have to be
      removed because of faults or blockages. In this event the supply of cover
      sheets for the bases should also be interrupted because otherwise the
      presence of a cover sheet for a missing bag will cause even more
      disruption.
PAR  The interruption of the supply of cover sheets is usually effected by
      uncoupling the feed roller for the web of cover sheet material from its
      drive after the last desired cover sheet has been severed from the web. In
      the case of high speed machinery, there arises a disadvantage in that the
      web of cover sheet material will continue to be advanced even after the
      feed roller has been uncoupled. This is because of the high momentum of
      the components of the drive for the feed roller and of the feed roller
      itself. Consequently, a leading length of the web of cover sheet material
      still moves to project beyond the line of cut between the cutting
      cylinders. The cutting cylinders continue to rotate and thus the
      projecting web portion is unintentionally cut off, constitutes waste and
      and must be sucked away or otherwise removed. By reason of the missing
      length from the now leading end of the web, the next cover sheet to be
      severed from the web during normal operation will be too short and will
      not adequately cover a hot melt adhesive that has been pre-applied to a
      bag section to which the cover sheet is to be stuck. The exposed adhesive
      will give rise to sticking problems during further processing. It will
      therefore be evident that the continued rotation of the feed roller for
      the web of cover sheet material after the feed roller is supposed to stop
      gives rise to considerable problems and these problems are even further
      aggrevated if the cover sheet material is provided with printed matter.
PAR  In a severing apparatus known from German Specification 814,236, one or
      both cutting cylinders are displaced across a web of paper during the
      actual cutting step so as to prevent deflection of the web from its proper
      path. The required axial displacement of the cutting cylinder or cylinders
      is effected by means of a cam control, the helical gears ensuring that the
      helical cutting blades are not separated from one another during the cut.
      However, unintentional or incorrect severing of the web cannot be avoided
      by the known apparatus when the supply of web material is interrupted.
PAR  It is an object of the present invention to provide a severing apparatus
      which, even during stopping and restarting of the web, ensures that
      incorrect severing is avoided and that sections of the desired length are
      severed from the web in the correct phase.
PAR  According to the invention, apparatus for severing sections from a web
      advanced by a feed roller comprises helical cutting blades disposed
      transversely to the web on cutting cylinders which are interconnected by
      helical gears, at least one of the cylinders being mounted for axial
      displacement, wherein the feed roller can be coupled to and uncoupled from
      a drive by a one-finger dog clutch, the cutting cylinders are positively
      interconnected to the drive, and means are provided for axially displacing
      at least said one of the cutting cylinders in the sense of separating the
      cutting blades when the feed roller is being uncoupled from the drive and
      for returning the cylinder to bring the blades back into cutting
      relationship when the feed roller is being coupled to the drive.
PAR  The one-finger dog clutch ensures that during coupling the feed roller will
      advance the web in the correct phase towards the cutting blades that have
      continued to rotate even during standstill of the feed roller. However, by
      reason of the axial displacement the cutting blades are made inoperative
      when the feed roller is uncoupled. Since the cutting cylinders are
      positively connected to the machine drive and the feed roller, or each
      feed roller if there are more than one, can be recoupled to the drive in
      the correct phase, a severing cut will be made in the web at the correct
      position after there has been an interruption in the web supply to the
      cutting cylinders. Accordingly, all that is necessary during an
      interruption in production is to uncouple the feed roller or feed rollers
      for the web. Braking and subsequent acceleration of the cutting cylinders
      and the various components required for this can therefore be dispensed
      with.
PAR  German Specification 2,122,071 discloses a severing apparatus for webs in
      which a stationary cutting blade can be disengaged from an associated
      blade by pivoting it about its longitudinal axis. The use of stationary
      cutting blades for severing rapidly fed webs of material is problematic,
      especially if the webs are of plastics film. The present invention has
      been particularly developed for severing apparatus for plastics film.
      Further, disruptions are likely to occur when using stationary blades for
      severing webs that may be coated with adhesive.
DRWD
PAR  An example of the invention will now be described with reference to the
      accompanying drawing, wherein:
PAR  FIG. 1 is a diagrammatic side elevation of the severing apparatus, and
PAR  FIG. 2 is a reduced section on the line II--II in FIG. 1.
DETD
PAR  A pretreated web 1 of material coated with adhesive is fed to a feed roller
      3 over a direction-changing roll 2. The feed roller is in the form of a
      suction roller, i.e. its periphery is provided with a number of radially
      extending orifices which communicate with a suction pump (not shown) in
      such a way that suction is applied only to those orifices that are covered
      by the web 1. The suction effect of the roller 3 causes the web 1 to be
      held to the periphery of the roller and carried along by it during
      rotation. Downstream of the feed roller 3 there is a guide plate 4 for the
      web 1 advanced by the roller 3.
PAR  An imaginary extension of the guide plate 4 intersects the line 9 of cut of
      two cutting cylinders 10, 11 which are provided with blades 12, 13
      extending parallel to the blade shaft. An upstream portion of the
      periphery of the cutting cylinder 11 as viewed in the direction of its
      rotation is in the form of a suction face 14 equipped with orifices 15
      disposed next to one another in the peripheral direction and behind one
      another in the axial direction. The orifices 15 communicate with a suction
      pump (not shown). Sections 16 of material severed from the web 1 along the
      line 9 of cut are retained by the suction face 14. By means of a rotating
      guide plate 19, the section 16 that hangs from the guide plate 4 and
      therefore enters the circle on which the suction face 14 is disposed is
      held at a spacing corresponding to the radius of the suction face 14.
      Beneath the cutting cylinder 11 there is a conveyor 17 for feeding bag
      sections 18 synchronously with the rotation of the cutting cylinder 11, it
      being intended that the severed sections 16 are to be adhered to the bag
      sections 18. The bag sections 16 are carried along by the cylinder 11 for
      about one quarter of its rotation and then applied to the bag sections 18
      at the correct position.
PAR  Referring to the cross-section in FIG. 2, it will be noted that the feed
      roller 3 and cutting cylinders 10, 11 are rotatably mounted in walls 20,
      21 of the frame of the apparatus. A gear 22 is loosely rotatable on the
      shaft 3.1 of the feed roller 3 and a one-finger dog clutch 23 is
      longitudinally displaceable on said shaft. By means of a key 24, the dog
      clutch 23 can transmit torque to the shaft 3.1. The clutch comprises a
      radial groove 25 in which a lever 26 is engaged, the latter being
      pivotable about a shaft 27. At one end of the dog clutch 23 there is a
      finger 28 which can engage an abutment 29 fixed to the gear 22, whereby
      torque transmitted by the gear 22 is transmitted to the dog clutch 23. The
      surface of the dog clutch is in the form of a braking cone 30 which, at an
      appropriate displaced position of the dog clutch 23, engages in conical
      braking surfaces provided in a bracket 31 of the wall 20. By pivoting the
      lever 26 into one extreme position, the shaft 3.1 is braked under the
      action of the braking cone 30 co-operating with the bracket 31 and by
      pivoting the lever to the other extreme position the shaft is set in
      rotation by the gear 22 with the aid of the finger 28 and abutment 29.
PAR  The gear 22 engages a gear 33 via an intermediate gear 32 or via change
      gearing for adapting the width of the cover sheet that is to be severed
      from the web, the gear 33 being seated with a slide fit on the hollow
      shaft 11.1 of the cutting cylinder 11. The gear 33 is driven by the main
      drive of the machine. The hollow shaft 11.1 contains a rod 11.2 which is
      connected at one end to the gear 33 by means of a key 34 and an
      intermediate member 35. At its other end, the rod 11.2 is provided with a
      flange 36 which is releasably connected by screws 38 to a hand wheel 37
      that is clamped to the hollow shaft 11.1. After releasing the screws 38,
      the hand wheel 37 can be turned relatively to the flange 36, whereby the
      phase position of the cutting cylinder 11 can be changed relatively to the
      drive, for example relatively to the gear 33.
PAR  One end of the cutting cylinder 11 is provided with a plate 39 having a
      suction supply conduit 40. The conduit 40 communicates with the orifices
      15 of the cutting cylinder 11 through an annular passage 41. The plate 39
      is a slide fit on the hub-like extension 42 of the cutting cylinder 11 and
      is held against rotation by a bolt 43 on the frame. The annular passage 41
      is formed so that the sections 16 are held to the suction face 14 during
      severing and are passed onto the bag sections 18 after about one quarter
      of a revolution of the cutting cylinder 11.
PAR  A gear 44 connected to the cutting cylinder 11 engages a gear 45 fixed to
      the cutting cylinder 10. Both gears are helical gears. The gear 45 is
      wider than the gear 44. The shaft 10.1 of the cutting cylinder 10 is
      displaceably mounted in the wall 21 of the frame in that the journal of
      the roller bearing 46 is longer than the width of the roller bearing. It
      is held in a bushing 47 fixed to the frame. On displacement of the shaft
      10.1 in the axial direction, the rollers move over the journal.
PAR  A roller bearing 48 is fixed to the other end of the shaft 10.1 and to a
      bushing 49 that is axially displaceable in the wall 20 by a pressure
      cylinder 50 carried by the frame. The displacement is limited by abutments
      51 and by the base of a hole in the wall 20 that receives the bushing 49.
PAR  The blades 12, 13 of the cutting cylinders 10, 11 can be disengaged by
      actuating the pressure cylinder 50. This is because, by reason of the
      helical gears 44, 45, longitudinal displacement of the cutting cylinder 10
      causes it to be rotated corresponding to the helix angle of the gears and
      thus the cutting edges of the blades 12, 13 will no longer simultaneously
      pass through the line 9 of cut.
PAR  The control for the pressure cylinder 50 is coupled to the pivotal motion
      of the lever 26 so that, as the feed roller 3 is uncoupled, the cutting
      cylinders 10, 11 are brought out of engagement. If the feed roller 3
      should continue to rotate in a high speed machine despite the braking by
      the braking cone 30, the leading end of the web 1 will not be severed
      because the continuously rotating cutting cylinders 10, 11 are out of
      engagement. When recoupling the feed roller 3 to the drive, the finger 28
      ensures that the feed roller 3 is reconnected in the same phase position
      relatively to the drive and thus relatively to the cutting cylinders 10,
      11 as when it was uncoupled. Upon renewed rotation of the feed roller 3,
      the blades 12, 13 of the cutting cylinders 10, 11 are brought into
      engagement again so that the next section 16 is severed from the web 1 in
      the correct phase position.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for severing sections from a web advanced by a feed roller,
      comprising cutting blades disposed transversely to the web on cutting
      cylinders which are interconnected by helical gears, at least one of the
      cylinders being mounted for axial displacement, means including a
      one-finger dog clutch to couple and uncouple the feed roller from a drive
      means, the cutting cylinders being positively connected to the drive, and
      further means are provided for axially displacing at least said one of the
      cutting cylinders to separate the cutting blades when the feed roller is
      being uncoupled from the drive and for returning the cylinder to bring the
      blades back into cutting relationship when the feed roller is being
      coupled to the drive.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the surface of the dog clutch is
      in the form of a braking cone engageable in brake surfaces of a bracket
      secured to a frame of the apparatus.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein one of the cutting cylinders is
      adjustable with respect to a drive gear therefor by means of a hand wheel
      acting through a flange, a rod and an intermediate member.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said displacing means comprise a
      pressure cylinder acting on a bushing and a roller bearing.
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PAL  A pendulum shear for a continuous casting installation wherein the shear is
      provided with a mechanical drive for a pulse-like cutting operation, a
      knife or cutter rigidly connected with the pendulum and movable by a
      driven crank towards a second knife. Further, there is provided mechanism
      for accelerating the pendulum out of its rest position at approximately
      the maximum knife opening in the direction of travel of the strand, this
      mechanism, prior to the cutting operation, accelerating the pendulum at
      its cutting region to a speed approximately corresponding to the speed of
      travel of the strand. The mechanism for the acceleration of the pendulum
      consists of a guide arranged at the stand or housing and guides the
      pendulum along its path between the rest position and the start of the
      cutting operation, and the cooperation of this guide with the pendulum
      moved by the crank controls such acceleration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      pendulum shear for a continuous casting installation wherein the shear is
      provided with a mechanical drive for the pulse-like cutting operation,
      there is further provided a knife or cutter which is rigidly connected
      with the pendulum and movable by means of a driven crank towards a second
      cutter, and furthermore, there is provided mechanism for the acceleration
      of the pendulum out of its rest position at approximately the maximum
      opening of the knife in the direction of travel of the strand, this
      mechanism prior to the cutting operation accelerating the pendulum in its
      cutting range or region to a speed approximately corresponding to the
      speed of movement of the strand.
PAR  For the cutting of strands, especially billets of steel, which depart from
      the withdrawal device of continuous casting installations there are known
      to the art mechanical pendulum or flying shears. Such pendulum shears are
      equipped with a mechanical drive which can be connected and disconnected
      with the crank shaft of the pendulum for the pulse-like cutting operation.
      A knife or cutter rigidly connected with the pendulum is moved by the
      crank towards a second knife or cutter. The major portion of the
      displacement path of the closing movement of the knife can be used with
      such shears for cutting. The pendulum, upon receiving the cutting pulse or
      command from the strand length measuring device, is located in its rest
      position at the region of the dead-center with approximately maximum knife
      opening. A mechanism for accelerating the pendulum out of its rest
      position prior to the cutting operation in the direction of movement of
      the strand to a speed which approximately corresponds to the speed of
      movement of the strand, consists of a hydraulic piston-cylinder unit which
      is hingedly connected at the pendulum and at the stand or housing. Such
      hydraulic drive for the pendulum acceleration and for pendulum movement
      during and after the cutting operation as well as for the return of the
      pendulum back into the rest position, however, requires an extensive and
      expensive control. Additional, such controls owing to the short time
      cycles for such course of movement, on the one hand, and because of a
      certain inertia of the hydraulic system on the other hand, are only
      adjustable with corresponding expenditure in such a manner that during
      coupling the knife at the strand and during the cutting operation there do
      not occur any disadvantageous appreciable decelerations in the mould or
      accelerations of the strand movement. Particularly in the case of small
      billet shapes and high casting speeds decelerations or retardations can
      lead to overflowing of the mould and accelerations can lead to breakouts.
      Moreover, due to such sudden changes in speed of the strand within the
      mould there can occur surface defects. If for, quality-, format- or other
      reasons the casting speed must be changed frequently, then such shears
      additionally require expensive pre-programmed controls.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the invention to provide a new and improved
      mechanical pendulum shear which with the aid of simple means allows for a
      precise control of the pendulum acceleration out of the rest position in
      the direction of movement of the strand.
PAR  A further object of the invention aims at accommodating such control also
      with simple means to different casting speeds.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      apparatus of this development is manifested by the features that the
      mechanism for the acceleration of the pendulum consists of a guide
      arranged at the stand or housing, and which guides the pendulum along a
      path between the rest position and the start of the cutting operation, and
      the cooperation of this guide with the pendulum moved by the crank
      controls such acceleration.
PAR  The inventive shear is simpler and less expensive in contrast to the
      heretoforeknown mechanical pendulum shears. Furthermore, this shear
      renders possible the accommodation with the use of simple means of the
      movement component of the pendulum required to be parallel to the strand
      movement with respect to the strand speed or velocity.
PAR  Disadvantageous defects of the cutting operation, which are transmitted via
      the strand to the mould and cause mould overflow, strand surface defects,
      breakouts and the like, can be prevented with this shear. A further
      advantage resides in the fact that there is absent any hydraulic system
      with the associated controls, the maintenance and servicing of which
      requires qualified workers.
PAR  Depending upon the direction of rotation of the crank there is transmitted
      to the pendulum at the start of its movement a movement component which
      acts in the direction of strand travel or opposite to the direction of
      strand travel. The guide is thus to be arranged at the stand or housing
      corresponding to the direction of rotation of the crank, viewed in the
      direction of travel of the strand, before or after a reference guide
      connected with the pendulum. Advantageously, the crank possesses at the
      start of movement a movement component which is opposite to the direction
      of travel of the strand. The guide at the stand or housing, viewed in the
      direction of travel of the strand, is provided behind the reference guide.
      The curved track of the guide, with this arrangement, produces a force
      component which impacts at the reference guide and which imparts to the
      pendulum a precise acceleration. Additionally, such guide is located
      externally of the movement path of the reference guide during the closing
      and opening stroke of the cutter or knife and can be of simple
      construction.
PAR  The guide, for instance, can only determine the movement of the pendulum
      between the rest position and the start of the cutting operation, i.e. the
      acceleration path. In this case the strand, at the start of the cutting
      operation, is responsible for the further movements of the pendulum.
      According to a further aspect of the invention the guide can additionally
      guide the pendulum along its cutting path.
PAR  As a general rule in the case of billet- and bloom installations there are
      used tundishes with open pouring nozzles. Hence, it is impossible to avoid
      irregularities in the infeed of the steel. In order to maintain the bath
      level in the mould the withdrawal speed of the strand is regulated in
      accordance with the infed quantity into the mould and thus changes during
      normal operation within a reference speed range. If during a cut the
      actual strand speed is greater than the pendulum movement produced by the
      curved track of the guide, then the reference guide of the pendulum can
      leave the curved track without obstruction. In this case the strand
      imparts to the pendulum the required drive. On the other hand, if during a
      cut the actual strand speed is smaller than the speed of the pendulum
      movement produced by the curved path or track of the guide, then there is
      exerted a tension force by the guide upon the strand. In order to
      eliminate the disadvantageous effects of such tension force at the guide,
      and in order to be able to accommodate the speed of the pendulum produced
      by the curved track of the guide at least to the average reference strand
      speed, it is of advantage if, according to a further aspect of the
      invention, the guide during cooperation with the reference guide is rigid
      along the acceleration path and along the cutting path at a predetermined
      pressure of the reference guide upon the guide allows for a rocking
      action. Due to this additional mechanism the pendulum speed can be
      accommodated during the cutting operation to an actual casting speed which
      is smaller than the speed determined by the curved track of the guide. The
      predetermined pressure of the reference guide upon the curved track or
      path of the guide also assists in reducing wear of the guide.
PAR  In order to protect the cutter of knife against friction at the strand
      entering the shear during its opening movement and in order to eliminate a
      braking action brought about by the pendulum at the strand, it is possible
      according to a further feature of the invention to provide an additional
      movable guide for the pendulum at the stand or housing, which accelerates
      the pendulum during opening of the knife to a speed which is greater than
      the speed of the strand entering the shear.
PAR  The pendulum can be retracted into the rest position by springs or
      equivalent devices. An advantageous solution is realised if the pendulum
      is provided with a counterweight which ensures for the return of the
      pendulum into the rest position and the equilibrium in this position.
PAR  For accommodating the shear during a pour to larger fluctuations of the
      strand withdrawal speed, according to a further aspect of the invention,
      the guide can be equipped with an adjustment or positioning drive which
      accommodates or adjusts the position of the curved track of the guide to
      the momentary strand speed.
PAR  Depending upon the local position of the guide connected with the stand or
      housing and the reference guide mounted at the pendulum to the cutting
      region of the pendulum, there result different curved paths or tracks at
      the guide. A simple curved path which is closest to a straight line
      results if, according to a further feature of the invention, the pendulum
      is rigidly connected with the lower cutter or knife, the upper cutter or
      knife is attached with a crank which is offset by 180.degree.  with
      respect to the crank of the pendulum, and the guide and the reference
      guide at the pendulum are mounted at an elevational region at the stand
      and at the pendulum respectively, which corresponds in its position
      approximately to the cutting range or region.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein:
PAR  FIG. 1 is a vertical sectional view through a pendulum shear;
PAR  FIG. 2 is a sectional view taken substantially along the line II--II of
      FIG. 1;
PAR  FIG. 3 is a view of another embodiment of a guide for the pendulum; and
PAR  FIG. 4 is a view of a further embodiment of a guide for the pendulum.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in FIGS. 1 and 2 there is illustrated a
      stationary stand or housing of a pendulum shear for a continuous casting
      installation. As far as the continuous casting installation itself is
      concerned there has only been conveniently illustrated a last pair of
      drive rolls 2. The drive, flywheel and coupling between the drive and a
      crankshaft 3 have not been illustrated for convenience and better clarity
      in the showing of the drawing. A lower knife or cutter 5 is rigidly
      connected with a pendulum 6. A crank 10 driven by the crankshaft 3 moves
      the lower knife 5 towards an upper knife or cutter 7. The upper knife 7 is
      moved along a slide guide 8 with a small stroke relative to the lower
      knife 5 by means of a crank, which has not been shown in FIG. 1, and which
      crank is offset through 180.degree. relative to the crank 10. The broken
      lines represent the strand or cast product 11 which is to be cut. The
      pendulum has been shown in this Figure in its rest position, which in this
      example coincides with the lower dead-center position. The axis 12 of the
      pendulum 6 in the rest position, as a general rule, is displaced through
      an angle of 2.degree. - 5.degree. from the vertical axis 13. In the rest
      position the knife opening is largest.
PAR  A mechanism for the acceleration of the pendulum 6 out of its rest position
      in the direction of movement 15 of the strand 11 is provided and consists
      of a guide 16 arranged at the stand or housing 1 and a reference guide 17
      mounted at the pendulum 6. Due to the cooperation of such guides 16 and
      17, with a movement component 18 of the crank 10 which is opposite to the
      direction of movement 15 of the strand 11, at the start of the movement of
      the crank 10 there is ensured for the bearing or contact of the reference
      guide 17 at the curved track or path 9 of the guide 16 and there is
      controlled the acceleration of the pendulum. As a consequence of the
      movement component 18, the guide 16, viewed in the strand direction of
      travel 15, is arranged behind the reference guide 17. The pendulum 6 is
      accelerated by the guide 16 prior to the start of the cutting operation in
      its cutting range or region 20 to a speed which approximately corresponds
      to the speed of movement of the strand 11. The guide 16 of this exemplary
      embodiment is extended or lengthened such that the pendulum 6 during the
      entire cutting operation is guided and such is moved with the strand
      velocity with a movement component which is effective in the strand
      direction of travel 15. The guide 16 and the reference guide 17 mounted at
      the pendulum 6 are arranged at an elevational region at the stand 1 and at
      the pendulum 6 respectively, which in its position approximately
      corresponds to the cutting range or region 20. Due to the inclination of
      the curved track 9 there is determined the speed of movement in the strand
      direction of travel 15 which is transmitted to the pendulum 6. The guide
      16 is therefore constructed such that the curved track 9, prior to the
      casting operation, is adjustable to a predetermined inclination which
      corresponds to the reference strand speed. A counterweight 21 ensures for
      the return of the pendulum 6 back into the rest position and the bearing
      or contact of pendulum 6 at the guide 16. This return movement also can be
      brought about by springs or other suitable and equivalent structure.
      Additionally, the pendulum 6 is held in the rest position by a pawl 24.
PAR  In FIG. 3 there is illustrated in detail the guide 16 for a different
      example. By means of a bolt 30 this guide 16 is pivotably secured to the
      stand or housing which has not been especially shown in this Figure. An
      additional guide 32 for the reference guide 17 of the pendulum 6 is
      likewise arranged at the stand or housing, this guide 32 being pivotable
      about a bolt 31 in the direction of the double-headed arrow 36. This
      additional guide 32 cooperates with the reference guide 17 during opening
      of the cutter or knife arrangement 5, 7. Due to the construction of the
      curved track 33 of the guide 32 the pendulum is accelerated in its cutting
      range 20 to a speed which is greater than the speed of the strand which
      enters into the shear. During the upward stroke of the pendulum 6 and by
      means of the reference guide 17 the guide 32 is pushed away from the guide
      16. Shortly prior to the end of the upward stroke a spring 35 again draws
      the guide 32 against the guide 16. Instead of the pivotal movement of the
      guide 32 about the bolt 31 there also can be selected for instance a
      linear movement.
PAR  An adjustment or positioning drive 37 arranged at the stand acts upon a
      threaded spindle 38 which is connected with the guide 16. The adjustment
      or positioning drive 37 is electrically connected with the control for the
      strand speed. Upon change of the strand speed during casting the
      adjustment or positioning drive 37 changes the position or setting of the
      guide 16 in such a manner that the acceleration and the movement of the
      pendulum during the cutting operation is accommodated to the momentary
      strand speed. A simultaneous readjustment of the guide 32 with the guide
      16 is not necessary as a general rule, because the curved track 33 can be
      accommodated to a speed which corresponds to the maximum possible speed of
      the strand format which is to be cast.
PAR  With a shear which is designed for a billet having the dimensions 130
      .times. 130 mm.sup.2 the cutting range or region 20, which corresponds to
      the sum of the knife displacement path of the lower knife 5 and the upper
      knife 6 respectively, amounts to for instance 150 mm and 20 mm
      respectively. Hence, there results a knife freedom of movement at the
      lower knife and at the upper knife 7 of 20 mm with respect to the strand.
      The dimensional relationship between the cutting region 20 and the
      effective cutting height with the aforementioned strand dimensions is
      thus, for this example, 170 : 130 or 1 : 0.76. Depending upon the
      necessary freedom of movement of the cutter this relationship or ratio
      also can be greater, for instance 1 : 0.85.
PAR  In FIG. 4 the curved track 9 of the guide 16 is sub-divided into an
      acceleration path 42 and a cutting path 40. The acceleration path 42
      corresponds to the guide path for the reference guide 17 along the curved
      track 9 between the rest position and the engagement of the lower knife 5
      at the strand 11 at the start of the cutting operation. The cutting path
      40 corresponds to the total stroke length of the knife 5 connected with
      the pendulum 6 less the acceleration path 42. The guide 16 is pivotably
      connected via the bolt 43 with the strand or housing 1 which has not been
      here particularly shown. A spring 45 is clamped between the guide 16 and
      an adjustment or positioning mechanism 44. The adjustment or positioning
      mechanism 44 is connected through the agency of a threaded bracket 47 by
      means of screws 46 with the stand or housing 1. In the threaded bracket 47
      there is rotatable a spindle 49 for, for instance, a manual crank drive.
      It serves to adjust or positionally set the curved track 9 for producing
      different movement speeds of the pendulum in accordance with a scale 50.
      In order that the curved track 9 is rigid along the acceleration path 42
      during cooperation with the reference guide 17 the bolt 43 is placed at
      the height of the transition of the acceleration path 42 and the cutting
      path 40. A stop 51 of the adjustment mechanism 44 together with the bolt
      43 prevents any tilting movement of the guide 16 during travel of the
      reference guide 17 along the acceleration path 42 of the curved track 9.
      The pendulum is thus always accelerated to the pre-adjusted reference
      acceleration. During further travel of the reference guide 17 along the
      cutting path 40 of the curved track 9 it is possible at a predetermined
      pressure of the reference guide 17 at the guide 16 to overcome the force
      of the spring 45. Consequently, the guide 16 pivots about the bolt 43. The
      force of the spring 45 is to be adjusted such that on the one hand there
      occurs a pivoting movement when the actual-strand velocity, during a
      cutting operation, is smaller than the speed of the pendulum produced by
      the curved track 9 in the strand direction of travel 15. On the other
      hand, the spring force must be large enough, upon completion of the
      cutting movement, to move the pendulum 6 without the strand with a
      predetermined speed without the guide 16 pivoting.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pendulum shear for a continuous casting installation, the shear being
      provided with a mechanical drive for a pulse-like cutting operation, a
      stand, a pendulum mounted at said stand, a first knife rigidly connected
      with the pendulum, a driven crank for moving the first knife towards a
      second knife, mechanism for the acceleration of the pendulum out of its
      rest position at approximately the maximum knife opening in the direction
      of travel of the strand, said mechanism including means for accelerating,
      prior to the start of the cutting operation, the pendulum in its cutting
      range to a predetermined speed approximately corresponding to the speed of
      travel of the strand, the improvement comprising said means for the
      acceleration of the pendulum comprising an adjustable guide arranged at
      the stand, said adjustable guide being structured to guide the pendulum
      along its path between the rest position and the start of the cutting
      operation, and wherein the adjustable guide is positioned to slidably
      cooperate with the pendulum moved by the crank to control such
      acceleration.
NUM  2.
PAR  2. The pendulum shear as defined in claim 1, wherein the driven crank
      cooperates with said pendulum and is driven in a manner such that at the
      start of movement said crank possesses a movement component which is
      opposite to the direction of travel of the strand.
NUM  3.
PAR  3. The pendulum shear as defined in claim 1, wherein said guide is arranged
      to guide the pendulum along its cutting path.
NUM  4.
PAR  4. The pendulum shear as defined in claim 1, further including a reference
      guide cooperating with said guide, and means coacting with said guide such
      that said guide during cooperation with the reference guide is stationary
      along an acceleration path and along a cutting path at a predetermined
      pressure of the reference guide at the guide permits a rocking movement.
NUM  5.
PAR  5. The pendulum shear as defined in claim 3, further including an
      additional movable guide for the pendulum provided at the stand, said
      movable guide having a curved track having a characteristic which
      accelerates the pendulum during opening of the knives to a speed which is
      greater than the speed of the strand entering the shear.
NUM  6.
PAR  6. The pendulum shear as defined in claim 1, further including a
      counterweight provided for the pendulum which ensures for the return of
      the pendulum into the rest position and the coaction of the pendulum with
      the guide.
NUM  7.
PAR  7. The pendulum shear as defined in claim 3, wherein the guide has a curved
      track and is equipped with means for adjusting the position of the curved
      track of the guide to the momentary strand speed.
NUM  8.
PAR  8. The pendulum shear as defined in claim 1, wherein the pendulum is
      rigidly connected with the first knife defining a lower knife, the second
      knife defining an upper knife which is adapted to be secured to a crank
      which is offset by 180.degree. with respect to the crank of the pendulum,
      and wherein the guide and the reference guide of the pendulum are mounted
      at an elevational position at the stand and at the pendulum respectively
      which approximately corresponds to the cutting region.
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ABST
PAL  An undercut saw having a rotating blade mounted beneath a table for
      selective raising and lowering movement through a table slot by operation
      of fluid power means. A blade guard and workpiece clamp is mounted above
      the table for selective movement toward and away from the table by
      operation of fluid power means. A pair of manually operable series
      connected control devices operate the fluid power means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application pertains to the art of undercut saws of the type having a
      rotating blade mounted beneath a table for raising and lowering movement
      through a table slot for cutting workpieces positioned on the table.
PAR  Saws of the type described are commonly used for cutting wood to
      predetermined lengths with desired predetermined angles at the opposite
      ends. The end product may, for example, be fabricated roof trusses.
PAR  Reference may be had to U.S. Pat. Nos. 3,623,516 to Kirk and 3,487,863 to
      Buckley for examples of prior art patents in this area. Such cutting of
      workpieces to various lengths with various end angles requires that the
      saw be rapidly adjustable. At the same time, it is necessary to provide
      secure clamps for holding workpieces and adequate safeguards for
      preventing injury to the person operating the saw. Operation of such a saw
      without having the workpiece securely clamped or in a manner which enables
      the operator to place his hands in the area of the workpiece while a clamp
      and cut are being made can result in serious injury to the operator.
PAC  SUMMARY OF THE INVENTION
PAR  An undercut saw of the type described includes a pair of series connected
      manually operable control devices for operating fluid power means to lower
      a workpiece clamp and raise the blade through the table slot. Such an
      arrangement prevents the operator of the saw from having a hand in the
      area of the blade or workpiece while a cut is being made because both
      hands must be used to operate the control devices.
PAR  In accordance with a preferred arrangement, the fluid power means is
      constructed and connected for ensuring movement of a workpiece clamp to
      its clamping position prior to raising movement of the blade through the
      slot.
PAR  In accordance with another aspect of the invention, release of the control
      devices for movement thereof to an inoperative position automatically
      returns the saw blade toward its lowermost position from any raised
      position thereof. Limit switches are located at the lowermost and
      uppermost positions of the saw blade for controlling the fluid power means
      to automatically move the blade from its lowermost to its uppermost
      position and then back to its lowermost position when the control devices
      are continuously maintained in operative positions. The lower limit switch
      also deenergizes the fluid power means when the blade reaches its
      lowermost position. This prevents continuous cycling of the blade in its
      raising and lowering movements without resetting the control devices.
PAR  The blade is rotatably mounted on a generally flat carrier plate having
      bushings on the opposite vertical end portions thereof slidably receiving
      guide rods depending from the table.
PAR  The undercut saw of the present invention includes fluid power locking
      means selectively engageable with the outer periphery of the rotatable
      table for locking such table in a desired position. An arcuate protractor
      is secured to the outer periphery of the table and cooperates with an
      indicator on the saw support for indicating the angle at which the table
      slot intersects the longitudinal axis of a workpiece.
PAR  The saw of the present application includes infeed and discharge workpiece
      supports on opposite sides of the saw table for feeding workpieces across
      such table along a predetermined longitudinal axis extending transversely
      of the table slot. Selectively operable workpiece clamps are provided on
      the workpiece supports adjacent the saw table. Such clamps are preferably
      adjustable for selectively positioning the clamp jaws at varying distances
      from the table slot. An adjustable workpiece gage stop on the discharge
      support gages workpiece lengths beyond the table slot. The gage stop is
      mounted on a trolley selectively movable along the discharge support. The
      trolley includes measuring indicator means and locking means for
      indicating the distance of the gage stop from the table slot and for
      locking the trolley against movement relative to the discharge support.
PAR  It is a principal object of the present invention to provide an improved
      undercut saw having safety features for preventing injury to the saw
      operator.
PAR  Another important object is the provision of an undercut saw supported on
      the underside of a turntable for vertical linear movement on a vertically
      oriented plate in turn mounted on and extending between two vertically
      extending guide rods depending from the turntable.
PAR  An additional object is the provision of a movable saw blade carrier plate
      suspended on guide rods which are transversely braced by a brace connected
      to their distal ends and extending beneath the blade.
PAR  Another object is to suspend a saw blade beneath a table on a flat carrier
      plate extending parallel to the blade, and havving the blade and blade
      driving motor positioned on opposite sides thereof.
PAR  Another object of the invention is to provide such a saw which is very
      rapid in operation and quickly adjustable for cutting workpieces to
      various lengths and with various angles on the opposite workpiece ends.
PAR  A further object of the invention is to provide improved workpiece infeed
      and discharge supports having workpiece clamping and adjustable length
      gaging devices.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective illustration of an undercut saw constructed in
      accordance with the present invention;
PAR  FIG. 2 is a perspective illustration showing workpiece infeed and discharge
      supports;
PAR  FIG. 3 is a perspective illustration of the top of the undercut saw of the
      present invention;
PAR  FIG. 4 is a cut-away perspective illustration showing how the saw blade is
      mounted beneath the saw table; and
PAR  FIG. 5 is a schematic circuit diagram showing a control arrangement.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein the showings are for purposes of
      illustrating a preferred embodiment of the invention and not for purposes
      of limiting same, FIG. 1 shows a cabinet A defining the main support and
      enclosure for the various parts of the undercut saw constructed in
      accordance with the present invention.
PAR  Workpiece infeed and discharge support conveyors B and C are suitably
      attached to cabinet A as by brackets shown at 12 and 14 in FIG. 2 on
      opposite sides of generally circular work support table D.
PAR  As best shown in FIG. 4, table D includes a generally circular flat metal
      plate 16 having an elongated central slot 18 therein and a circumferential
      angle member 20 is secured to the lower outer periphery thereof as by set
      screws 22. A circumferential angle member 24 is suitably bolted to the top
      of cabinet A around a top central opening therein and has an inwardly
      facing bearing race cooperating with an outwardly facing bearing race on
      angle member 20 for receiving ball bearings 26 so that plate 16 and angle
      member 20 are rotatable about a substantially vertical axis relative to
      angle member 24 and cabinet A.
PAR  Plate 16 has a substantial thickness, such as around 5/8  inch, for
      withstanding heavy use and so that tapped bores can be formed in its lower
      surface for reception of threaded rods or bolts to suspend the parts which
      will be described, A pair of elongated spaced-apart vertical guide rods 28
      have upper threaded ends received in suitable tapped holes in the
      underside of plate 16. The distal ends of guide rods 28 are connected
      together in spaced-apart relationship by cross brace 30 suitably secured
      thereto. A transverse brace member 32 has a lower end portion 34 suitably
      bolted to cross brace 30 and an upper end portion 36 suitably bolted to
      the underside of plate 16.
PAR  A generally rectangular carrier plate 40 has bushings bolted or otherwise
      secured to the opposite inner vertical portions thereof for slidably
      receiving guide rods 28. Only two such bushings are shown at 42 in FIG. 4
      receiving one of guide rods 28, and it will be recognized that similar
      bushings on the opposite inner face of carrier plate 40 slidably receive
      the other guide rod.
PAR  An electric motor 44 mounted on one side of carrier plate 40 has its output
      shaft extending therethrough for driving a pulley 46 around which belts 48
      extend into driving engagement with pulleys 50 for rotating shaft 52
      rotatably journaled in bearing 54 and on which a circular saw blade 56 is
      suitably mounted in known manner as by clamping discs 60 and nut 62
      threaded onto such shaft.
PAR  Pneumatic cylinder 64 has brackets 66 secured thereto and to the underside
      of plate 16 for suspending such cylinder therefrom. Cylinder rod 68 has a
      clevis member 70 on its distal end receiving a projection 72 on a bracket
      fixed to carrier 40 and secured thereto as by pin 74. Selective operation
      of cylinder 64 to retract or extend rod 68 raises and lowers carrier plate
      40 on guide rods 28 to selectively raise and lower blade 56 through table
      slot 18.
PAR  A lower limit switch 78 is mounted on a bracket 80 suitably bolted to lower
      end portion 34 of transverse brace 32 and cooperates with a cam member 82
      suitably bolted to carrier plate 40. An upper limit switch 84 is mounted
      on a bracket 86 secured to cylinder 64 and cooperates with a cam 88
      clamped to carrier 40 in vertically adjusted position against bracket 90
      by thumb screw 92 extending through elongated vertical slot 94. The
      operation of such limit switches 78 and 84 will be described hereafter.
PAR  As best shown in FIG. 3, an arcuate flat protractor segment 102 has
      suitable tapped vertical holes in the inner portion thereof for receiving
      screws 22 for clamping such segment against the downwardly facing surface
      of the outwardly extending leg on angle member 20, and with such segment
      being out of contact with supporting angle member 24. This arrangement
      makes protractor segment 102 easily replaceable simply by loosening those
      screws 22 which extend therethrough.
PAR  An arcuate angle member 104 is secured to the top of cabinet A outwardly of
      supporting angle member 24. Abutment blocks, only one of which is shown at
      106 in FIG. 3, have transverse slots slidably receiving the upstanding leg
      of angle member 104 for sliding adjustment of such block relative to such
      angle member. A tapped hole extends through such block and intersects the
      slots therein for receiving a set screw 108 to clamp such block against
      angle member 104 in a desirable adjusted position. It will be recognized
      that a plurality of such blocks 106 are provided for adjustable clamping
      to angle member 104.
PAR  A handle sleeve member 110 has a reduced diameter threaded lower end
      portion extending through holes in plate 16 and angle member 20 outwardly
      of supporting angle member 24 and threaded into a tapped hole in the web
      of an inverted U-shaped stop bracket 112 positioned beneath protractor
      segment 102. This securely clamps handle sleeve 110 to the upper surface
      of plate 16 and stop bracket 112 against the underside of protractor
      segment 102.
PAR  Stop bracket 112 has a stop plate 114 pivotally connected thereto for
      pivotal movement about a horizontal axis, the outer end of such plate
      being heavier beyond the pivot than the inner end thereof so that its
      outer end is normally in the lowered position shown under the force of
      gravity. A spring within sleeve handle 110 normally biases thumb knob 116
      and its rod vertically upward. A person may grasp sleeve handle 110 and
      depress thum knob 116 with his thumb so that the rod will engage the upper
      rear edge of stop plate 114 to pivot the outer end thereof upwardly for
      movement thereof past abutment blocks 106. Releasing the downward force on
      thumb knob 116 automatically causes the outer end of stop plate 114 to
      pivot downwardly for engagement with a next abutment block 106.
PAR  An indicating pointer 118 in FIG. 1 is bolted to cabinet A and extends
      above protractor segment 102 for indicating the rotated position of table
      D. The indicia on protractor segment 102 are located in relation to
      indicating pointer 118 so that a reading of 90.degree. will be obtained
      when table D is in a position with table slot 18 extending perpendicular
      to the longitudinal axis along which workpieces are fed across table D
      from infeed support conveyor B to discharge support conveyor C. The
      different angular cuts which will be made can be set up by rotating table
      D until the proper angle is indicated between the indicating pointer and
      protractor segment. Abutment blocks 106 are then adjusted into engagement
      with stop plate 114 so that the various angles of the end cuts can
      subsequently be located automatically.
PAR  A combined workpiece clamp and saw blade guard E positioned above table D
      has a generally hollow rectangular shape with a downwardly facing opening
      completely longitudinally and transversely spanning slot 18. Height
      adjusting devices F at the opposite ends of clamp E include vertical holes
      120 for receiving upstanding posts 122 having vertically-spaced horizontal
      slots 124 therein. A slot engaging plate 126 in hole 122 is drawable into
      any one of slots 124 by operation of thumb screw 128 which bears on posts
      122 opposite from slots 124. Posts 122 are threaded onto rods 130 of
      pneumatic cylinders 132 suitably bolted by brackets to the underside of
      plate 16, with such rods extending through suitable holes 131 in plate 16.
      Selective operation of cylinders 132 selectively raises and lowers clamp E
      for movement toward and away from table D. Adjustment devices F minimize
      the necessary stroke of cylinders 132 in accordance with the thickness of
      workpieces being cut. The bottom edge of clamp E securely clamps
      workpieces onto table D.
PAR  In the preferred arrangement, clamping cylinders 132 are constructed and
      connected in relationship to blade raising and lowering cylinder 64 in
      such a manner that cylinders 132 are more rapidly acting to insure
      movement of clamp E to a workpiece clamping position prior to movement of
      blade 56 upwardly through table slot 18 for cutting a workpiece. It will
      be recognized that it is also possible to position a limit switch on the
      underside of clamp E for contact with a workpiece to insure that such
      clamp is in proper position prior to operation of blade raising cylinder
      64.
PAR  A table locking pneumatic cylinder 134 is mounted to the top of cabinet A
      and has a locking head 136 on its rod 138 for engagement with the outer
      periphery of table D. Cylinder 134 is of the type wherein rod 138 is
      normally held in retracted position by a spring. Pneumatic pressure
      supplied through line 140 on one side of the cylinder piston extends rod
      138 against the force of the spring so that locking head 136 firmly
      engages the outer periphery of table D for locking such table against
      rotation during a cutting operation. Pneumatic line 140 is connected to a
      suitable source of pneumatic pressure through a valve 142 having an
      operating handle 144. Pushing of such handle 144 will open valve 142 for
      supplying pressure to cylinder 134, while pulling movement of handle 144
      will move valve 142 to a position blocking flow of pressure therethrough
      and exhausting line 140.
PAR  It will be recognized that the distal ends of workpiece support conveyors B
      and C are suitably supported by upright legs. Workpiece infeed support
      conveyor includes spaced-apart parallel channel members 150 and 152
      between which rollers 154 are positioned for supporting elongated
      workpieces for movement toward table D. A support plate 156 spans the
      inner ends of rails 150 and 152, and has its upper surface lying in a
      substantially common plane with the upper surface of plate 16 on table D.
      A clamp jaw 158 has an elongated countersunk slot 160 therein for
      receiving bolts to secure jaw 158 to bracket 162 having an elongated slot
      164 receiving screws 166 threaded into tapped holes in plate 156. At least
      one other bracket 162 is provided for jaw 158. Loosening of screws 166 or
      positioning such screws in different tapped holes in plate 156 allows
      adjustment of jaw 158. Loosening of the bolts extending through
      countersunk slot 160 also allows adjustment of jaw 158 toward and away
      from slot 18 in table D.
PAR  Workpiece discharge support conveyor C also includes spaced-apart parallel
      channels 170 and 172 having rollers 174 extending therebetween for
      movement of workpieces thereover. Support plate 176 spanning the inner
      ends of channels 170 and 172 has its upper surface lying in substantially
      the same plane as the upper surface of plate 16 on table D. Clamp jaw 178
      has a countersunk hole 180 therein for receiving a bolt which secures jaw
      178 to bracket 182 having an elongated slot 184 through which screws 186
      extend into holes in plate 176. This allows limited adjustment of jaw 178
      in the same manner as the adjustment of jaw 158. Jaw 178 is also pivotable
      about its connection to bracket 182 so that it can extend either away from
      slot 18 in the position shown in FIG. 2 or can overlie table D and extend
      toward slot 18. Clamp jaw 158 could also be a pivoted-type like jaw 178 if
      so desired.
PAR  Pneumatic clamp cylinders 190 are suitably mounted on plates 156 and 176,
      and have rods 192 on which brackets 194 are secured. Movable clamp jaws
      196 are constructed the same as jaw 178 and have countersunk holes which
      are not shown for receiving bolts to secure such jaws to brackets 194.
      Jaws 196 and brackets 194 are also pivotable about the axes of rods 192 so
      they can extend either toward or away from slot 18 in table D. Movable
      jaws 196 move toward and away from fixed jaws 158 and 178 in directions
      substantially perpendicular to the longitudinal axis along which
      workpieces move across table D. Cylinders 190 are of a type wherein rods
      192 are spring biased to a retracted position and are extended for
      clamping purposes under the force of pneumatic pressure. A suitable
      control valve 202 having an operating handle 204 is connected to a source
      of pneumatic pressure and to cylinders 190. Movement of valve handle 204
      operates valve 202 to either open the air lines leading from valve 202 to
      cylinders 190 to the source of pneumatic pressure or to close off
      communication of the source of pressure with cylinders 190 and to vent the
      cylinder chambers.
PAR  A trolley G spans channels 170 and 172, and has rollers 206 mounted thereon
      for rotation about vertical axes riding on rails 208 welded or otherwise
      secured to the outer faces of channels 170 and 172. Shaft 210 extends
      through suitable bearing blocks attached to channels 170 and 172 and has
      an operating wheel 212 attached to one end thereof. The opposite end of
      shaft 210 has a sprocket 214 secured thereto around which a chain 216
      extends. Chain 216 extends around an idler sprocket 218 attached to shaft
      220 rotatably mounted in suitable bearing blocks attached to channels 170
      and 172. The upper extent of chain 218 is suitably secured to trolley G so
      that rotation of sprocket 214 causes linear movement of the upper reach of
      chain 216 for shifting trolley G longitudinally along discharge support C.
      Shafts 210 and 220 have pulleys 222 and 224 secured thereto around which a
      continuous measuring tape 226 having indicia thereon extends. The upper
      reach of tape 226 is also suitably secured to trolley G. Linear movement
      of the upper reach of tape 226 aligns the indicia thereon with an
      indicating pointer 228 adjacent wheel 212 for indicating the distance of
      workpiece gage stop 230 from slot 18. Gage stop 230 comprises a flat plate
      having a rod at the upper end thereof extending through a sleeve 232 and
      selectively fixable against rotation relative thereto by set screws 234.
      Sleeve 232 has a rod 238 attached thereto and extending through sleeve 240
      on arm 242 extending upwardly from trolley G. A T-bolt 244 is threaded in
      a tapped hole in sleeve 244 for engagement with rod 238 for locking rod
      238 in an axially adjusted position relative to sleeve 240. Rotational
      adjustment of gage stop 230 and longitudinal adjustment of rod 238
      relative to trolley G makes it possible to correlate the indication
      between tape 226 and indicator 228 with the centerline length of a
      workpiece regardless of the end cut angle on the opposite ends of the
      workpiece.
PAR  A split block 246 is received on shaft 210 and defines a locking device
      having hole 248 therein for receiving a bolt which threads into a suitable
      tapped hole in rail 172. Locking device 246 includes a locking bolt 250
      for drawing the split portions closer together for locking or clamping
      engagement with shaft 210 to prevent rotation thereof for holding trolley
      G in its desired adjusted position. Loosening of locking bolt 250 allows
      rotation of shaft 210 by operation of handwheel 212 for moving trolley G
      and gage stop 230 to a different adjusted position.
PAR  As shown in FIGS. 1 and 3, cabinet A has start and stop buttons 254 and 256
      mounted thereon for energizing the saw. A key-operated switch 258 may also
      be provided to prevent unauthorized operation of the saw. A hinged front
      panel 260 on cabinet A closeable by a key-operated lock 262 is provided
      for gaining access to the parts mounted within cabinet A. A pair of widely
      spaced-apart pushbutton switches 264 and 266 are mounted on the top of
      cabinet A for controlling raising and lowering movement of the saw blade.
      Switches 264 and 266 define series connected manually operable control
      devices which require the operator to use both hands for operating the
      saw.
PAR  As shown in FIG. 5, start-stop switch 270 is controlled by start and stop
      pushbuttons 254 and 256 for selectively starting and stopping operation of
      the saw. Closing of switch 270 by operation of the start pushbutton
      energizes motor 44 which rotates saw blade 56. An elongated workpiece
      shown at 272 in FIG. 1 comprises a wooden beam or the like. Trolley G will
      have been adjusted along with workpiece gage stop 230, and table D will
      have been rotated to the desired position for cutting a predetermined
      angle on the end of workpiece 272. With workpiece 272 properly positioned
      on table D, and with valve 142 opened for extending locking head 136 into
      engagement with table D, valve 202 is operated for extending the movable
      jaws attached to the rods on clamp cylinders 190. Manually operated
      control devices 264 and 266 are depressed for raising saw blade 56 through
      slot 18.
PAR  Control devices 264 and 266 are shown in their normal inoperative positions
      in FIG. 5 wherein contact blades 274 and 276 are closed for completing a
      circuit in line 278, while blades 284 and 286 are open so that line 288 is
      open-circuited. When switch 270 is closed, a circuit is completed through
      pushbuttons 264 and 266 in line 278, and through normally closed lower
      limit switch 78 and relay 1R. Energization of relay 1R closes its normally
      open contact 1R1 in line 288. Simultaneous depression of pushbuttons 264
      and 266 will allow blades 284 and 286 to complete a circuit through line
      288. The circuit is completed through closed contact 1R1 to normally
      closed upper limit switch 84 and relay 2R having a normally open contact
      2R2 in parallel with contact 1R1. Solenoid 290 is also energized for
      opening valve 292 which is connected through conduit 294 leading to clamp
      cylinders 132 and blade moving cylinder 64.
PAR  Conduit 296 connects valve 292 with a suitable source of pneumatic
      pressure. As illustrated diagrammatically in FIG. 5, springs 302 within
      clamp cylinders 132 act upon pistons 304 connected with rods 130 for
      extending such rod and raising workpiece clamp E to an elevated position.
      Spring 306 within cylinder 64 acts on piston 308 attached to rod 68 for
      normally extending such rod. All such cylinders are vented as at 310 on
      the spring ends thereof. The volume of cylinders 132 is much smaller than
      cylinder 64 so that cylinders 132 are much more rapidly acting than
      cylinder 64. When valve 292 is opened, fluid pressure entering cylinders
      132 retracts rods 130 for moving clamp E downwardly toward table D for
      securely clamping a workpiece thereagainst. Subsequently, pressure within
      cylinder 64 builds up sufficiently for retracting rod 68 to raise carrier
      40 and raise blade 56 upwardly through slot 18 for cutting the workpiece.
      If pushbuttons 264 and 266 are continuously maintained depressed, limit
      switch 84 is opened by cam 88 upon blade 56 reaching its uppermost
      position to open circuit line 288. This de-energizes solenoid 290 for
      closing valve 292 which cuts off the supply of pressure from conduit 296
      and vents conduit 294 to atmosphere through vent 312. The springs in the
      cylinders will then move carrier 40 back toward its lowermost position and
      will also release clamp cylinders 132. One-way restrictions in the inlets
      from conduit 294 to clamp cylinders 132 may be provided so that the
      pressure within blade moving cylinder 64 will be released more rapidly
      than clamp cylinders 132. This will maintain clamp E in firm engagement
      with the workpiece until blade 56 is lowered through slot 18. If
      pushbuttons 264 and 266 are held depressed after limit switch 84
      momentarily opens and carrier 40 begins moving down, there will be no
      complete circuit in line 288 because relays 1R and 2R are both
      de-energized, and contacts 1R1 and 2R2 are open. Upon carrier 40 reaching
      its lowermost position, limit switch 78 will again close. However, carrier
      40 will not again move upwardly with buttons 264 and 266 maintained
      depressed because such buttons must be released for resetting the circuit
      by completing a circuit in line 278 through relay 1R1. Limit switch 78 is
      open in any raised position of carrier 40 above its lowermost position.
      Therefore, if pushbuttons 264 and 266 are released at any raised position
      of carrier 40, the circuit in line 288 is opened for closing valve 292 and
      automatically lowering blade 56 back toward its lowermost position.
      Carrier 40 cannot again be raised until it has reached its lowermost
      position closing limit switch 70 to reset the circuit.
PAR  Although the various cylinders have been described as being single-acting
      and pneumatic, it is obvious that such cylinders could also be
      double-acting and could also be hydraulic. Such cylinders define the fluid
      power means for raising and lowering the saw blade, and operating the
      clamps. Such fluid power means are controlled by the series-connected
      manually operable control devices. Release of the manually operated
      control devices for movement thereof to inoperative positions
      automatically lowers the blade through the table slot from any raised
      position thereof. Constructing and connecting the clamp cylinders to
      insure engagement of the workpiece clamp prior to raising movement of the
      saw blade provides very safe operation. Restricting relief of such clamp
      cylinders also insures that the workpiece clamp and blade guard will
      remain in position until the blade has been lowered out of contact with
      the work. It is also possible to connect carrier cylinder 64 for operation
      by a separate valve and solenoid connected in parallel with valve 292 and
      solenoid 290, and to connect a limit switch in series with such separate
      valve and solenoid. This additional limit switch would be attached to
      clamp E for engagement with workpieces on table D so that carrier cylinder
      64 would not operate until the limit switch sensed the clamped position of
      clamp E. It is also possible to connect a normally open switch in line 288
      of FIG. 5 for operation by handle 144 of locking cylinder valve 142 in
      order to prevent raising movement of the blade unless handle 144 is thrown
      to a position for engaging locking head 136 of cylinder 134 with the
      periphery of table D.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment, it is obvious that equivalent alterations and
      modifications will occur to others skilled in the art upon reading and
      understanding of this specification. The present invention includes all
      such equivalent alterations and modifications, and is limited only by the
      scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An undercut saw including a rotatable work support table having an
      elongated slot therein, a rotatable saw blade operatively mounted beneath
      said table selectively to be raised and lowered through said slot, a saw
      blade guard and workpiece clamp spanning said slot above said table, said
      guard and clamp being movable toward and away from said table, respective
      fluid power means for said guard and clamp and said saw blade sequentially
      operative to move said guard and clamp downwardly into engagement with a
      workpiece on said table and then to move said saw upwardly through said
      slot, two laterally spaced control devices, one at each side of said
      table, adapted when simultaneously manually actuated to operate said
      respective fluid power means, means sequentially operative to lower said
      saw and then to raise said clamp when the workpiece is cut or when the
      control devices are prematurely deactuated prior to finishing the cut, a
      pivotal stop plate carried by said rotatable table, said stop plate
      nomally being positioned to engage selectively circumferentially spaced
      fixed abutment blocks to provide index stops for said rotatable table, and
      an actuator carried by said table operative when depressed to pivot the
      stop plate to a position permitting the table to be rotated past an
      abutment block without engagement.
NUM  2.
PAR  2. The undercut saw of claim 1, further including two downwardly depending
      guide rods mounted to the underside of said table, a carrier connected
      between said rods for reciprocal vertical movement therealong, said saw
      blade being mounted in cantilevered relationship to said carrier and being
      raised and lowered through the slot in said table by the reciprocal
      vertical movement of the carrier.
NUM  3.
PAR  3. The undercut saw of claim 1 wherein said actuator comprises a
      spring-loaded thumb knob extending from the upper end of a handle mounted
      on the top of said table.
NUM  4.
PAR  4. The undercut saw of claim 2 wherein said saw fluid power means
      interconnects said table and said carrier vertically to reciprocate said
      carrier on said rods.
NUM  5.
PAR  5. The undercut saw of claim 2 wherein said carrier comprises a
      substantially flat plate having two vertically spaced bushings adjacent
      one edge slidably to receive one of said rods and at least one bushing
      adjacent the other edge slidably to receive the other rod.
NUM  6.
PAR  6. The undercut saw of claim 2 further including a cross member to connect
      the lower ends of said guide rods and a brace connected to said cross
      member and extending beneath said blade and upwardly to connection with
      said table on the opposite side of said blade from said carrier.
NUM  7.
PAR  7. An undercut saw comprising a turntable rotatable about a vertical axis
      and having a slot therein, a pair of parallel guide rods secured at their
      upper ends to the underside of said turntable, a vertically extending
      plate mounted on said guide rods for vertical movement therealong, a saw
      drive motor mounted on one side of said plate with its drive shaft
      extending through said plate, a saw driven by said motor and mounted on
      the other side of said plate to move through said slot when said plate is
      elevated, a blade guard and workpiece clamp positioned above said
      turntable over said slot, posts at the ends of said clamp extending
      downwardly through said table, fluid power means beneath said table
      vertically to move said clamp, and means selectively adjustably to connect
      said clamp to said posts to very the vertical spacing between said clamp
      and table for different workpiece thicknesses.
NUM  8.
PAR  8. An undercut saw as set forth in claim 7 including a saw shaft parallel
      to said drive shaft journalled on said one side of said plate and
      projecting through said plate to extend in cantilever fashion on the
      opposite side, and drive means interconnecting said drive shaft and said
      saw shaft on aid opposite side of said plate.
NUM  9.
PAR  9. An undercut saw as set forth in claim 7 wherein said rods are
      interconnected at their lower ends to ensure their parallelism, and brace
      means interconnecting the lower ends of said rods and the underside of
      said turntable.
NUM  10.
PAR  10. An undercut saw as set forth in claim 7 wherein said plate is moved
      vertically by a vertically oriented pistoncylinder assembly
      interconnecting said turntable and said plate.
NUM  11.
PAR  11. the undercut saw of claim 7 wherein said plate includes two vertically
      spaced bushings on one edge to receive one of said rods and at least one
      bushing on the other edge to receive the other rod.
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ABST
PAL  Hole punching apparatus for punching registration holes for graphic arts
      sheets, steps, etc. including table support means (e.g., a graphic
      artist's light table) having a grooved guide channel for registration pins
      along one side and a second similar grooved guide channel perpendicular to
      the first and positioned intermediate the ends of the first, a single hole
      punching means having a depressable position-retaining means for sheet
      material being punched and whose punch axis is aligned at the intersection
      of the two grooved guide channels, and three registration pin assemblies,
      one each of which assemblies is separately slideably positioned in one of
      the three legs of the intersecting grooved guide channel. The registration
      pin assemblies being adapted to be locked in a fixed position.
PAL  The registration control punch of the present inventnion is capable of
      providing accurately spaced registration holes on both edges of graphic
      art sheet material without any requirement that the sheet material have
      straight edges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for and method of preparing printing plates
      having multiple images in an exact relationship to each other.
PAR  The object of this invention is to provide means for preparing printing
      plates in a more economical and more accurate method than has heretofore
      been possible.
PAR  In making printing plates, multiple negatives or positives, the image or
      images are photographically repeated by the use of a negative or positive
      contained in the subject, the negative or positive being photographically
      derived from the original drawing.
PAR  In the field of printing, there is a need for what is termed stepping over
      and up of an image on a sensitized plate or negative-type material to
      provide multiple images each in the exact relationship to the other
      images. In this field it is also necessary to prepare more than one plate,
      negative or positive, with multiple images on each, with each representing
      a color of a multiple color printing job. In such an instance, the
      relationship of the images not only for one color but for all colors in
      the multiple color operation.
PAR  If the image is to be stepped horizontally and vertically, it not only must
      have the holes horizontally as above indicated, but also have sets of
      holes in proper relationship in a vertical manner. There must be as many
      sets of holes as there are vertical steps. It is important in stepping
      vertically and horizontally that holes be in absolute alignment with each
      other.
PAR  Various punching apparatus for punching registration holes have been
      suggested in the prior art involving, interalia, slideable hole punching
      means, guide pins and guide straight edges. Punching devices previously
      suggested, however, have not provided totally suitable overall performance
      in terms of speed and/or accuracy or being limited in the capability of
      utilizing only the accurately sized sheet material or of producing
      accurate punching on only one side of the sheet material.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is the primary object of the present invention to provide a
      punch which can be utilized for precisely punching and spacing
      registration holes.
PAR  Another object of the invention is to provide a punch in which precise
      control can be speedily achieved.
PAR  An additional object of the invention is to provide a registration punch of
      the above character in which the exact spacing desired between the punched
      holes can be readily and precisely controlled.
PAR  A further object of the invention is to provide a registration punch of the
      above character which makes it possible to precisely position a plurality
      of holes.
PAR  Still another object of the invention is to provide a registration punch
      capable of speedily and accurately punching desired registration holes on
      opposite edges of sheet material.
PAR  Yet an additional object of the invention is to provide a punch capable of
      speedily and accurately punching a plurality of registration holes in a
      sheet material irrespective of the evenness of the edge of the sheet
      material.
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects are satisfied by the register control punch of
      the present invention. Broadly described, the present invention provides
      register control punch assembly comprising a flat support surface, said
      support surface having at least two longitudinally extending grooves
      formed therein, said longitudinally extending grooves being relatively
      positioned such that the respective center lines thereof intersect
      perpendicularly at a point intermediate the ends of one of said grooves,
      hole punching means having a plunger adapted to punch a single hole in a
      sheet of material, said punching means being positioned such that the axis
      of said plunger thereof is perpendicular to said support surface and
      intersects said support surface at said intersection of said center lines
      of said two longitudinal grooves, means associated with said punch
      retaining sheet material being punched by said plunger in a position
      normal to said axis of said plunger, a vertical register hole guide pin
      positioned within each of the resultant three legs of said two
      intersection grooves in said support surface, means associated with each
      of said guide pins adapting each of said pins for slideable movement along
      each of said grooves and for locking said pins in place at a preselected
      position.
DRWD
PAR  The punch of the invention is hereinafter described more fully with
      reference to the attached drawings of which:
PAR  FIG. 1 is a view in perspective of an embodiment of the punch assembly in
      the present invention;
PAR  FIG. 2 is a schematic partial top view of the punch assembly shown in FIG.
      1 representing the relative positioning of the three guide pins and the
      punch plunger of the punch assembly;
PAR  FIG. 3 is a partial view taken in section of a pin guide assembly;
PAR  FIG. 4 is a partial view taken in section showing the hole punching means
      of the assembly shown in FIG. 1.
DETD
PAR  Referring to FIG. 1 of the attached drawings, 1 is a flat support surface
      provided in the register control punch of the present invention. In
      general, support surface 1 suitably may be any flat surface provided by a
      table top and the like, but for space economy, in the preferred
      embodiments of the register punch apparatus of the present invention, the
      support surface 1, as shown in FIG. 1, comprises glass rectangular panels
      2 and 3 constituting the top of a graphic arts light table, grooved
      channel member 7 which separates plates 2 and 3 and grooved channel member
      4 which surrounds the periphery of plates 2 and 3.
PAR  Channel member 7, which bisects support surface 1, and channel member 4 are
      provided with longitudinally extending grooves 8 and 5 therein,
      respectively, with grooves 5 and 8, being relatively positioned such that
      center line 11 of groove 8 intersects center line 9 of groove 5
      perpendicularly and at a point intermediate the ends of groove 5.
PAR  A means 50 for punching holes is positioned above the upper surface of
      support surface 1 and provided with a plunger 51 adapted for reciprocal
      vertical movement, and to be received within a female die member 62 which
      is integral with punch body 52 and has an opening 63 therein adapted to
      receive plunger 51. The cooperative effect of plunger 51 and female member
      62 are adapted to provide a series of punched holes in a straight line in
      a sheet of material placed in a slot opening 59 in body 52 between same
      wherein the center line of the holes is either parallel or perpendicular
      to center line 9 of groove 5. Female die member 62 divides groove 5 in
      channel member 4 into separate groove sections 5a and 5b having a common
      center line represented by center line 9, 10.
PAR  A particular feature of the present invention is that punch means 50 is so
      positioned such that center line (i.e., axis) 51a of plunger 51 is normal
      to the upper flat horizontal surface of support surface 1 and intersects
      support surface 1 at a point coinciding with the intersection of center
      line 11 and center line 9, 10 of channels 8 and 5 respectively.
PAR  In accordance with the register control punch of the present invention
      punch means 50 is adapted, through the cooperative effect of plunger 51
      and female die member 62, to punch one hole in a sheet of material placed
      there between and upon plunger being actuated. In specific embodiments of
      the control punch of the present invention, the means provided for
      actuating plunger 51 suitably may be actuatable by any available
      expedient, including means actuatable mechanically, hydraulically, and/or
      electrically.
PAR  In the embodiment shown in the attached Figs., plunger 51 is mechanically
      actuated. In the embodiment shown, punch 50 comprises a body 52 having a
      vertical guide opening 53 therethrough which receives plunger 51 and in
      which plunger 51 is adapted for a relatively snug reciprocal vertical
      movement. Plunger 51 is pivotally attached at its upper end through a
      horizontal pin 56 to a handle 54 which in turn is pivotally connected
      through a horizontal pin 55 to body 52. With this communicating
      attachment, plunger 51 is depressed when end 54a of handle 54 is raised
      and raised when handle 54a is depressed. In certain embodiments of the
      control punch of the invention plunger 51 suitably may be provided with
      biasing means (not shown), e.g., a spring, which must be overcome when
      plunger 51 is actuated to produce the desired hole punching.
PAR  In accordance with the control punch of the present invention, means
      associated with punching means 50 are provided for retaining sheet
      material being punched in position and against lateral or vertical
      movement during the punching step.
PAR  Such position-retaining means is adapted to effect the desired sheet
      "hold-down" in the area immediately adjacent the contact point of plunger
      51, die member 62 and is adapted for reciprocal or pivotal vertical
      movement to allow sheet material to be initially inserted thereunder and
      during the actuation thereof and its requisite, resultant downward
      vertical movement held against the upper flat horizontal surface of
      support surface 1.
PAR  In the embodiment shown in the drawings, the sheet position-retaining means
      is provided by a rectangular plate 60 of transparent material, such as
      plexiglass and the like, which on one side has a cutaway area 66 into
      which body 52 of punch means 50 is adapted to fit. Plate 60 is fixedly
      attached such as by screw 71 to an extension arm member 70 which is
      pivotally attached for vertical movement to body 52 by a horizontal pin
      72. Plate 60 is provided with an indicator line 61 inscribed on the bottom
      surface thereof and extending longitudinally thereof in a direction and in
      a position such that indicator line 61, when plate 60 is in its lower
      position, coincides with center line 11 of groove 8.
PAR  Biasing means consisting of a U-shaped spring 80 is provided for adapting
      plate 60 normally to be in a raised position and for lowering plate 60 by
      causing same to pivot downwardly around pin 72, when spring 80 is
      actuated. In practice, spring 80 is actuated by elevating the rearwardly
      extending bend 82 thereof and depressing spring 80 against retention pin
      81 thereby causing the forwardly extending free end 83 of spring 80 to
      force extension arm 70 to pivot downwardly in a counterclockwise direction
      around pin 72.
PAR  Means for locking position-retaining plate 60 in its depressed and
      sheetretaining position are provided by a slotted bar 90 attached to punch
      body 52 by a screw 91, with bar 90 being adapted for slideable horizontal
      movement traverse of screw 91 and to form an extension thereof lateral of
      the side of punch body 52 which is adapted to be received within and
      retained within curved end 82 of spring 80 when spring 80 is in the
      raised, actuated position.
PAR  In accordance with the register control punch of the present invention,
      each of the three legs of the perpendicularly intersecting longitudinal
      grooves in support surface 1, as shown, represented by transverse groove 8
      and side groove segments 5a and 5b, is provided with a guide pin assembly
      which is adapted for slideable movement along the respective groove in
      which it is seated and is further adapted to be locked in place at a
      desired position. Each guide pin assembly comprises a pin member which
      extends vertically above the upper flat horizontal surface of support
      surface 1 and which has a horizontal cross-sectional area identical to
      that of a punched hole formed by the cooperating effect of the male and
      female members of punch means 50.
PAR  In the design shown, identical guide pin assemblies 20, 30, and 40 are
      positioned within groove segment 5a, groove segment 5b, and groove 8, and
      provided with vertical guide pin elements 21, 31, and 41, respectively. A
      feature of the register control punch of the present invention is that the
      centers (axes) 21a and 31a of pin members 21 and 31 and center (axis) 51a
      of plunger 51 all lie on common center line 9-10 of groove segments 5a and
      5b and that center (axis) 51a of plunger 51 and the center (axis) 41a of
      pin element 41 lie on center line 11 of groove 8, with the horizontal
      cross-sectional areas of pin elements 21, 31, and 41, and plunger 51 all
      being identical. The particular design of the cross-sectional area
      employed suitably may vary and include rectangular and arcuate sections,
      but preferrably is circular as shown in FIG. 2.
PAR  Each guide pin assembly of the register control punch of the present
      invention has associated therewith means for adapting same for slideable
      movement within the longitudinal groove in which it is located and means
      for locking same in position at a desired location. in the design shown,
      with particular reference to FIG. 3 which shows the arrangement of guide
      pin assembly 20 (guide pin assemblies 30 and 40 are correspondingly
      identical thereto), the body of assembly 20 is provided by separate
      rectangular bar members 22 and 23 having a width such that they snugly but
      slideably fit within the vertical walls of slot 5. Upper bar member 22 is
      supported and slides along inwardly extending horizontal flange members 16
      and 17 positioned on the opposite vertical walls of slot 5. Lower bar
      member 23 is connected to upper bar member 22 by pin element 21 having a
      downwardly extending, threaded portion 18 which cooperates with threaded
      grooves 23a in lower bar member 23.
PAR  Pin element 21 seats snugly but rotatably within an annular opening 19
      through upper bar member 22 having a shoulder 19a which supports the body
      of pin 21. Pin element 21 at its top is provided with a recess 24 which is
      adapted to receive the end of a means for rotating pin 21 such as a key,
      wrench, and the like. In use, pin 21 is suitably rotated by a key and the
      like to lower bottom bar member 23 from engagement with locking flanges 16
      and 17, guide pin assembly 20 is slid along groove 5 as desired or
      positioned where desired within slot segment 5a and locked in place by
      suitably rotating pin element 21. Guide pin assemblies 30 and 40 are
      identically constructed as assembly 20 so that guide pins 31 and 41 can be
      similarly slideably moved and locked in place as desired.
PAR  In use, the register control punch of the present invention advantageously
      is adapted to punch a series of register control holes in a straight line
      along one or both opposite edges of a sheet of material such as employed
      in stepping and multicolor printing in the graphic arts. In preferred use,
      a sheet of material in which register holes are desired to be punched is
      laid out, e.g. measured for margins and total distance between register
      holes using a centering and/or measuring scale 100 provided on support
      surface 1 adjacent channel member 4, and punch means 50 is employed to
      punch a single hole in the margin thereof along one side. In punching this
      first hole, as also in the case of all subsequent register holes punched,
      the sheet material is positioned in slot 59 of punch 50 with plunger 51
      being in a raised position, sheet position-retaining plate 60 is pivoted
      downwardly to press the sheet material against support surface 1 by
      manually lifting the curved end 82 of spring 80, and punch handle 54a is
      raised to depress plunger 51 into engagement with female die member 62.
      This first hole called the "pilot hole" (P hole) is then placed and fitted
      over vertical pin element 21 which is snugly received in the P hole, with
      pin assembly 20 being adjusted to slide freely in groove segment 5a.
PAR  A hole is then punched in the same margin of the sheet of material as the P
      hole, with the second punched hole (hole X.sub.1) representing the desired
      register control hole which will be the farthest from the P hole on the
      finished punched sheet. Guide pin assembly 30 is then moved laterally
      within slot segment 5b and locked in place therein at a position such that
      the axis 31a of pin element 31 is a distance from axis 51a of plunger 51
      which coincides with the distance, pre-determined by the initial layout
      operation, that the centers of the register control holes are desired to
      be punched from each other in the margin in which the P hole is located.
      Then, with guide pin element 31 fixed in place, the sheet material to be
      punched is then moved laterally, with the P hole therein still being
      retained and fitted over "pilot" guide pin element 21, and then the next
      register hole (hole X.sub.2) is punched. The operation is then repeated
      moving punched hole X.sub.2 over laterally and in snug fitting engagement
      with "locator" guide pin element 31 to punch register hole X.sub.3, and so
      on, up to hole X.sub.n wherein n represents the total number of register
      controls desired to be punched in that margin, until the desired number of
      register holes (n-1) between the "pilot" hole, P, and register hole
      X.sub.1 are punched.
PAR  By means of the described punching procedure using the register control
      punch of the present invention, register control holes advantageously,
      accurately and speedily may be punched along one edge of any available
      sheet material capable of being punched by punching means 50. A particular
      feature of the present invention is that the method and punch assembly
      thereof advantageously are capable of achieving the desired accurate and
      rapid register control punching in sheet material available irrespective
      of whether or not the edge thereof is even or uneven.
PAR  A further feature of the register control punch of the present invention is
      that it is capable of achieving improved rapid and accurate punching of
      register control holes on not only one side but on both opposite sides of
      available sheet material. In actual use, punching on the opposite side of
      the sheet material may be accomplished with the punch design shown, by a
      process which is a continuation of the above-described process effecting a
      punching of register holes represented by the X.sub.n holes, punched as
      described above.
PAR  In such opposite side punching and using a sheet punched as described
      above, the resultant punched sheet is completely turned over such that the
      side which faced upwardly during the described initial punching of the X
      hole series lies face down contacting support surface 1. With guide pin
      assembly 30 and consequently "locator" guide pin 31 being in the same
      locked position as during the punching of register holes X.sub.1, X.sub.2,
      etc., guide pin assembly 40 is moved laterally and locked in a position
      such that the axis 41a of guide pin 41 is a sufficient distance from axis
      51a of plunger 51 that holes located on the sheet material at such a
      distance will be in the opposite margins of the sheet material. Register
      hole X.sub.1 in the sheet material then is fitted snugly onto guide pin
      element 41 and the sheet material is adjusted around axis 41a to align
      indicator line 61 on plate 60 with a line drawn on the sheet by mechanical
      means which is perpendicular to a line through the centers of register
      holes X.sub.1, X.sub.2, etc. The first register hole Y.sub.1 in the
      opposite margin is then punched by punch means 50. The sheet then is moved
      laterally to fit register hole Y.sub.1 snugly over "locator" pin element
      31 and to fit register hole X.sub.2 , snungly over pin element 41, and
      then second opposite margin register hole Y.sub.2 is punched. The
      operation is repeated to punch opposite register holes Y.sub.3, and so on,
      up to the Y.sub.n hole.
PAR  A representation of the P, X, and Y holes so punched, using the above
      described procedure, where four sets of registration control holes were
      desired to be punched, thus, would be as follows:
      ##EQU1##
      wherein a is the distance axis 31a of pin 31 is fixedly positioned from
      axis 51a of plunger 51 to pre-determine the distance between adjacent
      holes to be punched in the same margin of punched sheet; b is the distance
      (not critical) between the first punched hole (hole P) and the second
      punched hole (hole X.sub.1) at the opposite ends of the same margin of the
      sheet; c is the distance axis 41a of pin 41 is fixedly positioned from
      axis 51a of plunger 51 to pre-determine the distance between the
      respective X and Y holes punched on opposite margins of the sheet; O
      represents a punched hole; and wherein the location of the respective
      holes during the punching of a particular hole is as follows:
     Plunger 51                                                                
     (punched hole)                                                            
                   Pin 21     Pin 31   Pin 41                                  
     ______________________________________                                    
     P             --         --       --                                      
     X.sub.1       P          --       --                                      
     X.sub.2       P          X.sub.1  --                                      
     X.sub.3       P          X.sub.2  --                                      
     X.sub.4       P          X.sub.3  --                                      
     Y.sub.1       --         --       X.sub.1                                 
     Y.sub.2       --         Y.sub.1  X.sub.2                                 
     Y.sub.3       --         Y.sub.2  X.sub.3                                 
     Y.sub.4       --         Y.sub.3  X.sub.4                                 
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A register control punch assembly comprising a flat support surface said
      support surface having at least two longitudinally extending grooves
      formed in the upper face thereof, said longitudinally extending grooves
      being relatively positioned with respect to each other such that center
      line of the first groove intersects the center line of the second groove
      perpendicularly at a point intermediate the ends of said second groove,
      hole punching means having a plunger and a cooperating female die member
      adapted to punch a single hole in a sheet of material, said punching means
      being positioned such that the axis of said plunger thereof is
      perpendicular to said support surface and intersects said support surface
      at said intersection of said center lines of said two longitudinal
      grooves, means for retaining sheet material being punched by said plunger
      in a position normal to said axis of said plunger, and at least three
      vertical register hole guide pins, one of said guide pins being positioned
      within each of the resultant three legs of said two intersecting grooves
      in said support surface, means associated with each of said guide pins
      adapting said pins for slideable lateral movement along said grooves and
      for locking said pins in place at a preselected groove position, the axis
      of said plunger and the axes of two of said guide pins in said second
      groove all falling within a plane which is perpendicular to a plane
      passing through the axis of said plunger and the axis of said guide pin in
      said first groove, the cross-sectional area of said plunger and said guide
      pins at the level of said support surface being essentially identical.
NUM  2.
PAR  2. A register control punch assembly according to claim 1 wherein the
      cross-sectional area of said plunger and said guide pins is circular.
NUM  3.
PAR  3. A register control punch assembly according to claim 1 wherein said
      plunger and said female die member of said hole punching means are both
      integral with the body of said hole punching means.
NUM  4.
PAR  4. A register control punch assembly according to claim 1 wherein said
      support surface is illuminatable from beneath said surface and provided
      with means to illuminate said support surface and objects placed thereon.
NUM  5.
PAR  5. A register control punch assembly according to claim 1 wherein said
      grooves are provided with inwardly extending flanges on the vertical walls
      thereof, said means associated with each of said guide pins adapting said
      guide pins for slideable movement within said grooves includes two
      separate plate elements positioned within said grooves on opposite sides
      of said flanges and adapted for slideable movement along said grooves,
      said plate elements have vertical openings therethrough with the opening
      in the bottom plate element being threaded, and said guide pin elements
      each are provided with downwardly extending members which respectively are
      received in threaded cooperating engagement within the openings of said
      plate elements, whereby said pairs of plate elements may be brought into
      fixed engagement with said flanges and loosened therefrom by rotating said
      guide pins in opposite directions as desired.
NUM  6.
PAR  6. A register control punch assembly according to claim 5 wherein the
      cross-sectional area of said plunger and said guide pins is circular.
NUM  7.
PAR  7. A register control punch assembly according to claim 5 wherein said
      female die member of said hole punching means is integral with the body of
      said hole punching means.
NUM  8.
PAR  8. A register control punch assembly according to claim 5 wherein said
      support surface is comprised of transparent material and means for
      illuminating said support surface and objects thereon is positioned
      beneath said support surface.
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ABST
PAL  This invention is directed to an apparatus and method for making a shingle
      from a block of wood. The block of wood is canted and a shingle is sawed
      from this block of wood. The shingle has a thick end and a thin end. After
      the shingle has been sawed, the block of wood is moved away from the saw
      and canted at a new angle with respect to the saw. Then, the block of wood
      is moved toward the saw and another shingle is sawed. This process is
      repeated to form shingles from a block of wood.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A wooden shingle is generally made from a block of cedar. Cedar has
      desirable weathering properties and a long life when exposed to the sun,
      the wind, the rain, the snow, and general weather conditions.
PAR  One of the ways to make shakes for use in roofing was a manual way. In
      fact, many people still make shakes in this manual manner. If there be a
      round cedar block, then the cedar block is split into a smaller block.
      Then, the shake maker with a froe splits off a shake from the smaller
      block. The shake maker continues to split off the shakes by hitting the
      froe, normally with a piece of wood, such as a piece of alder. The shake
      splits off of the block of cedar. The shake is a good shake, pleasing in
      appearance, and has good weathering qualities. A limitation on the making
      of shakes in this manner is the fact that the shake maker can make only
      one shake at a time and the process is slow. An advantage is that the
      shake maker does not need a large investment in equipment to make the
      shakes. Essentially, the shake maker needs a block on which to place the
      cedar block, a froe, and a piece of wood, such as an alder limb, to hit
      the froe to split the shake from the cedar block. One shake maker can make
      only a few hand split shakes in a day.
PAR  Another way a shake is made is by taking a cedar log, sawing off a
      desirable length of log to make a round block having a length of,
      approximately, 24 inches. Then, by means of a power splitter, the round
      cedar block is broken into smaller blocks. It is possible to split off
      thick shakes by means of the power splitter. The thick shakes can be
      transferred to a sawyer who saws on a band saw the thick shakes into two
      pieces of sawed shakes or the sawyer can true an uneven shake so as to be
      acceptable for use. Also, the sawyer can saw the sides of the shakes so as
      to have even sawed sides. From this description of making shakes with
      power equipment, it is seen that the power splitter can harm a person or
      persons splitting the round cedar blocks into smaller blocks or else
      splitting off shakes from the smaller blocks. From observation, I have
      seen the power splitter, easily, split the cedar block into thick shakes
      or into smaller blocks. In this operation, a person can, easily, lose a
      finger or a hand, or part of an arm because of the power splitter. Also,
      the band saw is a potential source of injury as the person sawing a thick
      shake into smaller shakes, pushes the shake into the band saw and reaches
      around the band saw to grasp the two smaller shakes. It is possible for
      this person, operating the band saw, to lose a finger, or a hand, or an
      arm. Also, if the operator at the band saw trues up the end of a rough
      shake, it is possible for him to injure his fingers, or hand, or arm. The
      production from this above-described method of making shakes in a high
      production and the number of people using the power equipment can make a
      large number of shakes per unit time. In fact, in one shake mill with
      which I am familiar, the workers are paid a minimum hourly wage plus
      piecemeal pay. The net result is that the workers make a good daily
      remuneration because of the high production and pay on a piecemeal basis.
PAR  Another way in which a shingle has been made is on a piece of equipment
      which has been in use for a number of years. As the reader imagine and,
      that you are looking down on two vertical saws. The two saws are at right
      angles to each other but are not touching or in contact with each other.
      There is a large saw, varying in diameter from 42 inches to 48 inches and
      a smaller saw. The operator faces the smaller saw with his left hand or
      left arm reaching toward the larger saw. The operator can force a block of
      cedar into the larger saw so as to saw off a shingle. The operator reaches
      over and takes the sawed shingle with his left hand and then places with
      his right hand, the sawed shingle in position to the smaller saw. The
      operator trues the sides of the shingle on the smaller saw so as to have
      an even side or smooth sides. In operating this piece of equipment, the
      operator, generally, will not look at the larger saw. There is a feed
      mechanism for moving the block of cedar toward the larger saw and the
      operator can reach his left hand over toward the larger saw to remove the
      sawed shingle. Again, the operator, generally, does not look at the larger
      saw. It is seen that in this manner the operator may get his finger or
      hand in the path of travel of the larger saw and may lose a finger or part
      of a hand. In fact, many operators making shingles with this machine have
      lost fingers on the left hand. Further, the operator by placing the
      shingle with his right hand next to the smaller saw, is also in a position
      of losing a finger or part of a hand. Sometimes, a shingle or piece of
      wood becomes wedged with respect to the smaller saw and the operator must
      try to remove this piece of wedged wood. While trying to remove the piece
      of wedged wood, the operator may lose a finger, a hand, or part of an arm.
      The production from the sawyer in the making of sawed shingles with this
      machine is a relatively high production. One shingle maker can make a
      relatively large number of shingles which can be bundled into squares for
      roofing purposes. A main drawback to this machine is the fact that the
      operator can lose a finger or part of a hand or even part of the arm. This
      has happened to operators using this type of shingle making machinery. To
      lessen the possibility of an operator losing a finger or a hand, the large
      saw varies in diameter from 42 inches to 48 inches and, it is my
      understanding that the large saw cannot be of a diameter less than 42
      inches. A 42 inch circular saw is a good sized saw.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The invention comprises a saw for sawing a shingle from a block of wood; a
      clamping means for clamping the block of wood and for moving the block of
      wood with respect to the saw; and, a cradle for positioning said block of
      wood with respect to said saw to realize the desired taper and thickness
      for said shingle.
PAR  A block of wood is positioned on the cradle. Then, the clamping means clamp
      onto the block of wood and move the block of wood toward the saw. The saw
      saws the shingle from the block of wood. Then, the clamping means moves
      the block of wood back to the vicinity of the cradle and lets go of the
      block of wood so as to allow the block of wood to, once again, rest on the
      cradle. This time, the cradle cants the block of wood with respect to the
      saw. Then, the clamping means, once again, clamps the block of wood and
      moves it toward the saw whereby another shingle is sawed from the block of
      wood. This process is repeated numerous times to allow the block of wood
      to be, substantially, automatically, canted in a new position, each time,
      with respect to the saw.
PAR  It is not necessary for an operator to cant the block of wood by himself.
      Also, it is not necesary for the operator to endanger his limbs by
      positioning his limbs close to the saw.
PAR  The saw which I use is a circular saw for sawing the shingles from the
      block of wood.
PAR  An object and advantage of this invention is to provide an apparatus which,
      substantially, automatically, cants and positions a block of wood with
      respect to a saw so that upon movement of the block of wood to the saw, a
      shingle can be cut from the block of wood, an additional object is to
      provide such an apparatus having safety guards for the limbs and hands of
      the operator; a further important object is to provide such an apparatus
      for making shingles wherein the loading of the block of wood into the
      apparatus can be achieved with safety; another important object is to
      provide such an apparatus wherein the shingle, after being sawed from the
      block of wood, moves away from the saw; and, another important object and
      advantage is to provide such an apparatus wherein the control of the block
      of wood with respect to the saw is under the manual control of the
      operator.
PAR  These and other important objects and advantages of the invention will be
      brought forth upon reference to the detailed description of the invention,
      the appended claims, and the accompanying drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the cradle for canting and
      positioning the block of wood with respect to the saw; the clamping means
      for clamping the block of wood for movement of the block of wood with
      respect to the saw; the saw; and the appratus for automatically
      positioning the block of wood with respect to the cradle,
PAR  FIGS. 2, 3, 4, and 5 are stop motion figures of the positioning of the
      block of wood with respect to the saw and wherein
PAR  FIG. 2 illustrates the block of wood as being positioned on the cradle and
      the clamping means as contacting the block of wood;
PAR  FIG. 3 illustrates the clamping means as having moved the block of wood to
      the saw so that the saw has cut a shingle from the block of wood;
PAR  FIG. 4 illustrates the clamping means as having moved the block of wood
      over the cradle but not, yet, having released the block of wood so as to
      fall onto the cradle and be canted and positioned with respect to the saw
      for the cutting of the next shingle by the saw from the block of wood;
PAR  FIG. 5 illustrates the block of wood as having been allowed to fall onto
      the cradle and to be positioned with respect to the saw and also with the
      clamping means clamping the block of wood;
PAR  FIG. 6 is a plan view looking down on the clamping means;
PAR  FIG. 7 is an end elevational view looking at the clamping means;
PAR  FIG. 8, on an enlarged scale, illustrates the fixed side of the clamping
      means;
PAR  FIG. 9 is a view illustrating the movable side of the clamping means;
PAR  FIG. 10 is a plan view of the cradle;
PAR  FIG. 11 is an end elevational view of the cradle;
PAR  FIG. 12 is an end view of the frame for the cradle;
PAR  FIG. 13 is a plan view of the frame for the cradle;
PAR  FIG. 14, taken on line 14--14 of FIG. 13, is a vertical cross-sectional
      view of the frame for the cradle;
PAR  FIG. 15 illustrates the cam shaft and one cam in position for positioning
      the block of wood on the cradle;
PAR  FIG. 16 is a view of the cam shaft of FIG. 15 and after being rotated
      90.degree. so as to show the position of the other cam on the cam shaft
      for positioning the block of wood on the cradle;
PAR  FIG. 17 shows the assembly of the frame for the cradle, the cam shaft and
      cams, and the cradle;
PAR  FIG. 18 is a fragmentary and elevational view illustrating the framework
      for the cradle and also the leveling means for the apparatus.
PAR  FIG. 19 is an end elevational view of the other end of the framework for
      the cradle and the levelling means for the apparatus;
PAR  FIG. 20 is a side elevational view illustrating a cam on the cam shaft for
      rotating the cam and to position the block of wood on the cradle;
PAR  FIG. 21 is an end elevational view of the apparatus showing the framework
      and the legs for supporting the frame, and the levers for operating the
      clamping means and the movement of the clamping means with respect to the
      saw;
PAR  FIG. 22 is a side elevational view illustrating the levers for moving the
      clamping means with respect to the block of wood;
PAR  FIG. 23 is a plan view looking down on another version of the carriage for
      holding the shake bolt and for moving the shake bolt with respect to the
      saw;
PAR  FIG. 24 is an elevation view looking at the support bar and the clamping
      teeth of said carriage;
PAR  FIG. 25 is a plan view looking down on the support bar and clamping teeth
      for the movable side of said carriage;
PAR  FIG. 26 is a plan view looking down on a support bar and rotatable teeth of
      said carriage;
PAR  FIG. 27 is a side elevational view looking at an end rotatable to said
      carriage;
PAR  FIG. 28 is a side elevational view looking at a rotatable tooth of said
      carriage;
PAR  FIG. 29 is an exploded perspective view looking at the end rotatable tooth
      and illustrates the mechanism for rotating the support bar in the end
      rotatable tooth;
PAR  FIG. 30 is an exploded perspective view looking at the end rotatable tooth
      and the mechanism for rotating the support bar in the end rotatable tooth;
PAR  FIG. 31 is an elevational view illustrating a shake bolt positioned on the
      rotatable cradle and with the clamping teeth not yet clamping the shake
      bolt;
PAR  FIG. 32 is an end elevation view illustrating the shake bolt positioned on
      the rotatable cradle, the clamping teeth clamping the shake bolt and the
      rotatable teeth bearing against the shake bolt prior to a shake being
      sawed from the shake bolt;
PAR  FIG. 33 is an elevational view illustrating the shake bolt after the shake
      has been sawed from the shake bolt and with the clamping teeth clamping
      the shake bolt and with the rotatable teeth out of engagement with the
      shake bolt;
PAR  FIG. 34 is an end view illustrating the shake bolt on the cradle with the
      cradle rotated in another position and the clamping means clamping the
      shake bolt and the rotatable teeth bearing into the shake bolt;
PAR  FIG. 35 is an elevational view illustrating the end of a shake bolt or a
      small shake bolt being clamped by the clamping teeth and the rotatable
      teeth bearing down on the shake bolt but with the shake bolt not
      positioned on the cradle; and
PAR  FIG. 36 is a schematic outline illustrating the components for activating
      the fluid activated cylinder.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 there is a schematic illustration of the cradle, clamping means,
      and cams for positioning a block of wood on the cradle.
PAR  There is the cradle 30 having a leg 32 and a leg 34. It is seen that the
      legs 32 and 34 are in the position of a V-configuration.
PAR  The cradle 30 is mounted on a shaft 36. The cradle 30 mau freely rotate
      with respect to the shaft 36.
PAR  In FIGS. 10 and 11 there is a more definitive illustration of the cradle
      30. It is seen that there are two spaced apart legs 32 and two spaced
      apart legs 34.
PAR  The legs are connected by a lower support bar 38. On the outer end of the
      legs 32, there is positioned an angle member having legs 40 and 42. On the
      outer end of the legs 34 there is positioned an angle member having legs
      44 and 46.
PAR  The legs 40, 42 and the legs 44, 46 provide support for the edge of the
      block of wood and also position the edge of the block of wood.
PAR  The clamping means comprises a fixed support bar 50 having a plurality of
      teeth 52. In FIG. 8 it is seen that positioned between the teeth are
      springs 54. Again, the support bar 50 is fixed.
PAR  Also, in FIG. 1, it is seen that there is a movable support bar 58 having
      teeth 60. In FIG. 9, it is seen that between the teeth 60 there are
      springs 62. On the end of the support bar 58 are sleeves 64 and 66.
PAR  The teeth 52 and 60 bite into the block of wood 67.
PAR  Positioned near the cradle 30 is shaft 68. In FIG. 1, it is seen that on
      the left end of the shaft 68 there is a cam 70 having four lobes 72. In
      this regard see FIG. 20, which clearly illustrates the shaft 68, the cam
      70, and the four lobes 72.
PAR  Also, on the shaft 68 are two cams 74 and 76. In this regard see FIGS. 15,
      16, and 17, which show the cams 74 and 76. The cams 74 and 76 comprise,
      essentially, a flat plate having an angle edge 78. Also, the cams 74 and
      76 are positioned at 90.degree. with respect to each other.
PAR  In FIG. 1 it is seen that there is a left handle 80 attached to a rod 82.
      There is dependent from the rod 82 a pawl 84. The pawl 84 contacts the cam
      70 for rotating the shaft 68 and the cams 74 and 76.
PAR  The rod 82 is attached to the clamping means. An operator grasps the left
      handle 80 and pushes the clamping means and the wood block 67 with respect
      to the saw. The left handle 80 comprises a rod 86 and guard 88. The guard
      88 is a safety precaution to protect the hand of the operator.
PAR  In FIGS. 6 and 7 there is illustrated the clamping means assembly and in
      FIGS. 8 and 9 there is illustrated the supports for the teeth for biting
      into the block of wood 67.
PAR  In FIGS. 6 and 7, it is seen that there is the left handle 80 and the pawl
      84.
PAR  The clamping means assembly 90 comprises two rods 92 and 94.
PAR  The fixed support bar 50 is attached to the two rods 92 and 94 by means of
      sleeves 96 on the ends of the bar 50. As is seen in FIG. 8, the sleeves 96
      are welded or fixedly attached to the fixed support bar 50. Also, it is
      seen in FIG. 8 that the teeth 52 are fixedly attached to the support bar
      50 and that the springs 54 are positioned between the teeth 52 and
      attached to the support bar 50. Again, the support bar 50 is fixedly
      attached to the sleeves 96 and the sleeves 96 are fixedly positioned on
      the rods 92, such as by tack welding or other suitable means.
PAR  On the left end of the rods 92 there is positioned a roller support bar 97.
      The roller support bar, as is seen in FIG. 7, in an end view shows a base
      member 98 and two legs 100 and 102 in the appearance of an isosceles
      triangle. With respect to FIGS. 6 and 21, there is mounted on the leg 100
      two spaced apart rollers 104 and there is mounted on the leg 102 two
      spaced apart rollers 104.
PAR  In FIGS. 6 and 7, it is seen that on the right end of the rod 92, there is
      positioned a roller support bar 108. The roller support bar 108 comprises
      a base 98 and two legs 100 and 102. There is mounted on the leg 100 of the
      roller support bar 108 two spaced apart rollers 104 and there is mounted
      on the leg 102 of the roller support bar 108 two spaced apart rollers 104.
PAR  In FIG. 9, it is seen that on the movable support bar 58 that there are two
      sleeves 64 and 66. The support bar 58 of sleeves 64 and 66 may be attached
      to each other by welding or other suitable means.
PAR  On the sleeves 64 and 66 are spaced apart lugs 110. There is attached to
      the roller support bar 108 and the legs 110 and 102 rotatable rod 112. On
      the upper part of the support bar 108, there is a shaft 114 and the
      rotatable rod is free to rotate around the rod 114. Lever arm 116 connects
      with the rotatable rod 112 and the lugs 110. In fact, there are two lever
      arms 116 for connecting with the rod 112 and the lugs 110.
PAR  The sleeves 64 and 66 are free to slide on the rods 92.
PAR  On the upper end of the rotatable rod 112, there is positioned protective
      guard 118. The protective guard 118 protects the hand of the operator.
PAR  Also, it is seen that on the movable support bar 58 there is positioned
      teeth 60 and between the teeth 60 there are positioned springs 62.
PAR  From FIGS. 7 and 21, it is seen that an operator may grasp the upper end of
      the rotatable rod 112 and move the movable support bar 58 and the teeth 60
      toward the wood block 67 by rotating the rotatable rod 112 in a
      counterclockwise direction. Conversely, by rotating the rotatable arm 112
      in a clockwise direction, the movable support bar 58 and the teeth 60 are
      moved away from the block 67.
PAR  There is a frame 130 for the cradle, clamping means, and saw, see FIGS. 21
      and 22, and which frame has upwardly inwardly directed parts 132 and 134.
PAR  On the inside of the part 132, there is a guide 136, and on the inside of
      part 134, there is a guide 136. The guides 136 may be rods. The rollers
      104 bear against the guides 136 so as to allow the clamping means assembly
      to ride on the guides 136.
PAR  In FIGS. 12, 13, 14, and 17, there is illustrated a cradle assembly 140.
PAR  The cradle assembly 140 comprises sides 142 and 144 and ends 146 and 148.
PAR  In the end 146, there is a passageway 150 and in the end 148, there is a
      passageway 152. A bearing member 154 having a passageway 156 is attached
      to the end 146 and the passageway is alined with the passageway 150. A
      bearing member 154 having a passageway 156 is attached to the end 148 and
      the passageway 158 is alined with the passageway 152.
PAR  In the side 142, there is a passageway 160 and in the side 144, there is a
      passageway 162.
PAR  A bearing 164 having a passageway 166 is attached on the outside of the
      side 142 and the passageway 166 is alined with the passageway 160.
PAR  Also, there is a bearing 164 having a passageway 166 on the outside of the
      side 144, and with the passageway 166 alined with the passageway 162.
PAR  The shaft 36 is positioned in the passageway 160 and 166 and in the
      passageways 162 and 166.
PAR  In FIG. 17, a plan view, it is seen that the shaft 36 is positioned in the
      cradle assembly 140 and, also, the shaft 68 is positioned in the cradle
      assembly 140. The shaft 68 is free to rotate in the bearing 154 and in the
      passageways 150 and 156 and in the passageways 152 and 156. As previously
      explained, with rotation of the shaft 68, the cams 74 and 76 also rotate
      so as to position and cant the block of wood 67 with respect to the saw.
PAR  As part of the frame 130, there is a base cross member 170.
PAR  There is a frame 172 for supporting a cradle 30. The frame 172 comprises
      ends 174 and sides 176 welded into an integral structure.
PAR  There is welded to the side 176 a sleeve 178. In the sleeve there is
      positioned a threaded rod 180. The threaded rod 180 connects with the
      bearing 164. There is a spider 182 having a tapped passageway 184. Also,
      on the bottom end of the rod 180 there is a bolt 186 and there is a spring
      188 for keeping tension between the spider 182 and the rod 180. The spider
      182, or handle 182, can be rotated to vary the position of the cradle 30
      with respect to the frame 172.
PAR  In FIG. 20, it is seen that a hinge having an upper leaf 192 and a lower
      leaf 194 is welded to the frame 172 at the leaf 194 and is welded to the
      cradle 30 at the leaf 192. In other words, the cradle 30 can rotate with
      respect to the frame 172 around the hinge 190. By varying the position of
      the rod 180, it is possible to rotate the cradle 30 around the hinge 190.
      It is evident that this is part of a leveling means for the cradle
      assembly.
PAR  In FIGS. 18 and 19, it is seen that there is a bushing 200 connecting with
      one end of the frame 172 and a bushing 202 connecting with the other end
      of the frame 172. There is positioned on the raised cross member, two
      sleeves 204. Positioned in each sleeve 204 is a rod 206. On the lower end
      of the rod 206, there is a nut or stop 208. There is a spring 210
      positioned between the stop 208 and the sleeve 204. Also, there is spider
      or handle 212 having a passageway 214. In the sleeve or bushing 202, there
      is a rod 216 which is free to rotate in said sleeve or bushing. The
      threaded rod 206 is fixedly positioned to the rod 216 by welding or other
      suitable means. As is evident, by turning the handle or spider 212, it is
      possible to vary the position of the frame 172 with respect to the base
      cross member 170 and thereby vary the position of the cradle. In other
      words, the rods 206 make it possible to level the cradle. Further, the
      rods 206 and associated elements make it possible to adjust the position
      of the cradle with respect to the saw 220. Also, by adjusting the position
      of the threaded rod 180, it is possible to assist in the leveling of the
      cradle 30.
PAR  In FIGS. 15-19 there is illustrated a stop means or a positioning means for
      restricting the rotation of the shaft to 90.degree. or one quarter of a
      revolution. On the shaft 68, adjacent the cam 70, is a square block 223
      having four faces 225 at 90.degree. angles. The rod 224 connects with the
      frame 172. A spring 227 connects with the rod 224 and bears against a face
      225 of the block 223 to stop the rotation of the shaft 68 and the cams 78.
      From this description, it is seen that the cam 70 and the shaft 68 and the
      block 223 are rotated one quarter of a turn upon the movement of the
      clamping means assembly 90. The spring 222 bears against the block 223 to
      prevent the further rotation of the shaft 68 and the cam 70 without
      movement of the assembly 90.
PAR  In FIGS. 13 and 14, it is seen that on the side 142 there are two spaced
      apart stops 230 and that on the side 144 there are two spaced apart stops
      230. Each stop 230 comprises a lug 232 welded to the side and bolt 234
      screwed into a threaded passageway in the lug 232. By adjusting the
      position of the bolt 234 with respect to the lug 232, it is possible to
      control the rotative movement of the cradle 30. In other words, it is
      possible to control the canting of the block 67 with respect to the saw
      220 and thereby control the thickness of the shingle. Or, to control the
      thickness of the thick end of the shingle and the thickness of the thin
      end of the shingle.
PAR  In FIGS. 2, 3, 4, and 5, there is illustrated the positioning of a wood
      block 67 on a cradle 30 and the movement of the wood block to the saw 220
      for making a shingle 240.
PAR  In FIG. 2, it is seen that the clamping means assembly 90 and in
      particular, the movable support bar 58 with teeth 60 and springs 62
      contact a wood block 67 positioned and canted on the cradle 30.
PAR  Then, the clamping means assembly 90 moves the wood block 67 so as to pass
      over the saw 220 and to form a shingle 240 by the saw 220 sawing off the
      shingle from the wood block.
PAR  In FIG. 4, it is seen that the clamping means assembly 90 and, in
      particular, the movable support bar 58 has moved the wood block 67 back
      over the cradle 30. However, it is seen that the wood block 67 is placed
      above and apart from the cradle 30.
PAR  In FIG. 5, it is seen that the movable support bar 58 has been moved away
      from the wood block 67 and that the wood block 67 has fallen onto the
      cradle 30 so as to be positioned and canted with respect to the saw 220,
      prior to the movement of the wood block 67 to the saw 220 for the
      formation of another shingle 240.
PAR  In this sequence of events, it is seen that the wood block 67 is initially
      positioned on the cradle 30 and that the position of the wood block 67
      with respect to the saw 220 is determined by the cams 74 and 76. After the
      wood block 67 has been positioned on the cradle 30, the operator grabs
      hold of the rod 212 by inserting his hand in the guard 118, see FIG. 7,
      and rotates the rod 212 in a counterclockwise direction so as to have the
      teeth 60 bite into the wood block 67. Then, the operator can manually move
      the clamping means assembly 90 and the wood block 67 toward the saw 220 by
      grabbing hold of the rod 86 in the left handle or in the guard 88 and
      moving the clamping means assembly and the wood block 67 toward the saw
      220. After the shingle 240 has been sawed from the wood block 67, the
      operator can bring back the clamping means assembly 90 and the wood block
      67 so as to position the wood block 67 over the cradle 30. Then, the
      operator rotates the rod 112, see FIG. 7, in a clockwise direction so as
      to release the wood block 67 to fall onto the cradle 30 and position
      itself on the cradle 30. Then, the operator rotates the rod 112 in a
      counterclockwise direction and moves the clamping means assembly 90 and
      the wood block 67 toward the saw 220 as previously described to form
      another shingle 240.
PAR  The saw 220 is mounted on a shaft 244. The shaft 244 connectes with an
      electric motor 246 which in turn connects by lines 248 and 250 with a
      source of power 252, such as a generator. The motor 246 is secured by a
      bracket 247 to the frame 130 of the apparatus.
PAR  From the foregoing, it is seen that I have provided an apparatus and a
      method for sawing a shingle from a block of wood. In particular, the block
      of wood can be simultaneously positioned and canted with respect to the
      saw by the force of gravity wherein the block of wood drops from a
      clamping means assembly onto a cradle. Then, the clamping means assembly
      can be tightened so as to grasp the block of wood and, also, the clamping
      means assembly can be moved with the block of wood toward the saw so that
      the saw saws off a shingle 240 having a thin edge 254 and a thick edge
      256. In this apparatus and method, provision is made to guard the hand of
      the operator by means of a guard 88 and also by means of guard 118. In
      fact, the guards 88 and 118 are half right circular cylinders which
      encompass the fingers and part of the body of the hand of the operator. In
      this manner, the operator can operate the apparatus in a safer manner and
      with less fear of the possible loss of a finger or part of a hand.
PAR  In FIGS. 23-36 there is illustrated means for positioning the shake bolt
      with respect to the cradle 30.
PAR  In FIG. 23, a plan view, there is illustrated the parallel rods 92 and 94
      connecting with the roller support bars 97 and 108. It is to be recalled
      that the roller support bars 97 and 98 and the rods 92 and 94 are an
      integral unit and move toward and away from the saw 220.
PAR  There is a sleeve 66 on the rod 92 and there is a sleeve 64 on the rod 94.
      A support bar 58 connects with the sleeves 64 and 66. The sleeves 64 and
      66 and the support bar 58 are fixedly positioned with respect to the rods
      92 and 94.
PAR  Also, on the rods 92 and 94 are movable sleeves 96. A support bar 50
      connects with the movable sleeves 96. It is to be recalled that the
      sleeves 96 and the support bar 50 can move, rectilinearly, on the rods 92
      and 94.
PAR  On that side of the support bar 58 which faces the support bar 50 are,
      fixedly, positioned clamping teeth 270.
PAR  On that side of the support bar 50 which faces the support bar 58 are
      clamping teeth 272.
PAR  In FIGS. 23, 24, and 25, there is illustrated on the upper surface of the
      support bar 50 two spaced apart lugs 274.
PAR  In FIG. 23, it is seen that there is attached to the lugs 274 ram 276 which
      connects with the fluid actuated cylinder 278. The ram 276 connects with
      the lugs 274 by means of a bolt or rod 280.
PAR  In FIGS. 31-35, it is seen that the fluid actuated cylinder 278 connects
      with the roller support bar 97 by means of a lug 282.
PAR  It is, readily, realized, that by moving the ram 276 that the support bar
      50 and the clamping teeth 272 move with respect to the rods 92 and 94 and
      the clamping teeth 270 on the support bar 58.
PAR  In FIG. 24, there is illustrated the support bar 50 and also the support
      bar 58, in parenthesis. From the support bars 50 and 58, are two depending
      support flanges 286.
PAR  There is rotatably positioned in the support flanges 286 a support bar 290.
PAR  On each end of the support bar 290 is a stud 292.
PAR  In the depending support flanges 286 is a passageway 294 for receiving the
      studs 292.
PAR  As is, readily, appreciated, the studs 292 can rotate in the passageways
      294 and therefore the support bar 290 can also rotate.
PAR  On the upper surface of the support bar 50 and likewise on the supper
      surface of the support bar 58 are two spaced apart fluid actuated
      cylinders 296. The fluid actuated cylinders 296 connect with ram 298. The
      ram 298 projects through a passageway 300 in the support bars 50 and 58.
      The ram 298 connects with a block 302 having a stud 304 projecting out of
      one face. On each end of the support bar 290 or near each end of the
      support bar 290 is a tooth 306 having a diagonal face 308 and a point 310.
      On that face of the tooth 306 facing the stud 304 are two spaced apart
      rods 312 and 314 for receiving the studs 304.
PAR  It is to be realized that the tooth 306 is fixedly positioned on the
      support bar 290.
PAR  With the movement of the ram 298, the stud 304 slides between the rods 312
      and 314 so as to rotate the tooth 306 and also to rotate the support bar
      290.
PAR  Also, positioned on the upper surface of the support bars 50 and 58 are two
      spaced apart springs 318. The springs connect with rods 320.
PAR  The rod 320 connects with a block 322 having a passageway 324 for receiving
      a stud 326. The stud 326 is attached to the outer face, i.e., that face on
      the other side of where the rods 312 and 314 are positioned, and in a
      position to allow rotation of the tooth 306.
PAR  The stud 326 fits into the passageway 324 in the block 322.
PAR  When the fluid actuated cylinder 296 is actuated, the ram 298 moves
      downwardy or away from the support bars 50 or 58 so as to have the stud
      304 move in between the rods 312 and 314 to rotate the tooth 306
      downwardly. Also, the rod 320 moves downwardly as opposed to the force of
      the spring 318. When the fluid pressure is released from the fluid
      actuated cylinder 296, the spring 318 urges the rod 320 upwardly. The rod
      320, upon moving upwardly, rotates the tooth 306 upwardly.
PAR  In addition to the teeth 306 with the rods 312 and 314 and the stud 326,
      there are a plurality of other teeth 330 having a diagonal surface 332 and
      a point 334.
PAR  The teeth 306 and 330 may be the same size and are fixedly positioned on
      the support bar 290.
PAR  In FIGS. 31-33 there is illustrated a number of positions of the teeth 270
      and 272 and the teeth 306 and 330 with respect to the shake bolt 67.
PAR  In FIG. 31, it is seen that the shake bolt 67 has been positioned on the
      cradle 30.
PAR  The cylinder 278 has not been activated or is not under pressure so that
      the ram 276 is retracted. Therefore, the teeh 272 are retracted and are
      not bearing against the shake bolt 67.
PAR  Also, the fluid actuated cylinders 296 are not under pressure so that the
      rods 298 are not extended and the rotatable teeth 306 and 330 are not in
      contact with the shake bolt 67.
PAR  The cradle 30 is tilted in the direction of the teeth 270 so that the shake
      bolt 67 can bear against the teeth 270.
PAR  In FIG. 32, it is seen that the cylinder 278 is under pressure so that the
      rod 276 is extended and that the teeth 272 have been moved toward the
      shake bolt 67 and are forcing the shake bolt 67 against the teeth 270 and
      are also biting into the shake bolt 67. Also, the cylinders 296 are under
      pressure and the rods 298 have been moved downwardy so as to rotate the
      support bars 290 and the teeth 306 and 330 toward the shake bolt 67 with
      the teeth 306 and 330 biting into the shake bolt 67 and forcing the shake
      bolt downwardly. Also, in FIGS. 31 and 32 there is illustrated by means of
      phantom lines 340 the saw line for removing a shake 342 from the lower
      part of the shake bolt 67.
PAR  In FIGS. 31 and 32, it is seen that the shake bolt 67 is resting on the
      cradle 30. In this position, the shake bolt 67 can be moved away from the
      cradle 30 and toward the saw 220.
PAR  In FIG. 33, it is seen that the shake bolt 67 is not resting on the cradle
      30 and is being supported by the teeth 270 and 272. Also, in FIG. 33, it
      is seen that the pressure has been released from the fluid actuated
      cylinders 296 and that the rods 298 have moved upwardly, due to the action
      of the spring 318 and the rod 320, so that the rotatable teeth 306 and 330
      are not contact with the shake bolt 67.
PAR  In FIG. 34, it is seen that the cradle 30 is rotated in the other direction
      and that the teeth 270 and 272 and the rotatable teeth 306 and 330 are in
      contact with the shake bolt 67. Also, there is phantom line 344 showing
      the saw line for the shake bolt 67 for removing a shake 346.
PAR  In FIG. 35, there is illustrated how the rotatable teeth 306 and 330 bear
      against a thin shake bolt 67 or the tail end of a shake bolt 67. This
      makes it possible for the teeth 270 and 272 to bear against the sides of
      the thin shake bolt 67 and for the teeth 306 and 330 to force down on the
      shake bolt 67 so that when the shake bolt 67 passes by the saw 220 one or
      two more shakes can be sawed from the shake bolt. As a result, there is a
      greater utilization and more economic use of the shake bolt 67. The shake
      bolt 67 is more completely utilized by this operation.
PAR  In FIG. 36, there is schematically illustrated the fluid pressure system
      for activating the fluid actuated cylinders 296 and 278. There is a pump
      350. A motor 352 or a prime mover 352 by means of a shaft or connecting
      link 354 connects with the pump 350. A fluid actuated line 356 connects
      with the pump 350. In the fluid actuated line 356 is a valve 358. A line
      360 connects with the valve 358 and also with the fluid actuated cylinders
      296.
PAR  The pump 360, by means of a line 362, connects with a two-way valve 364.
      The two-way valve 364 by means of a line 366 connects with the fluid
      actuated cylinder 278. Also, the valve 364 by means of a line 368 connects
      with the fluid actuated cylinder 278.
PAR  By means of the valve 364, it is possible to actuate the fluid actuated
      cylinder 278 so as to move the ram 276 inwardly and outwardly from the
      cylinder 278.
PAR  The valve 358 controls the flow of fluid to the fluid actuated cylinders
      296.
PAR  A line 370 connects with the valve 358 and also with the fluid actuated
      cylinders 296. The line 370 may be a bleed off line for the cylinders 296.
PAR  In operation, the cylinders 296 can be activated by control of the valve
      358 so that the rod 298 can force downwardly. Upon opening the valve 358
      to bleed off the fluid from the cylinders 296, the spring 318 can force
      the rod 320 upwardly so as to force the rod 298 upwardly and into the
      cylinder 296.
PAR  In FIG. 36, there is illustrated a pneumatic system for controlling the
      operation of the cylinders 296 and 278. It is to be realized that in place
      of the fluid actuated cylinders 296, pneumatic cylinders 296, that there
      can be used hydraulic actuated cylinders. A slightly different system
      would be required using a reservoir and return lines for connection with
      reservoir and the reservoir, in turn, connecting with the pump. However,
      in FIG. 36, there is illustrated, schematically, a pneumatic system.
PAR  In the preceding FIGS. 23-36, and the written description of these figures,
      it is seen that I have provided a means for mechanically clamping and
      holding a shake bolt which has been positioned on a cradle. It is possible
      with its mechanical clamping of the shake bolt to move the shake bolt
      toward and away from the saw for sawing off a shake. The person operating
      this mechanical clamping means which uses fluid actuated cylinders and
      rams need not rotate the rod 112, see FIG. 7, so as to move the clamping
      teeth 60 toward and away from the shake bolt and the clamping teeth 52. In
      place of the clamping teeth 52 and 60, I have provided other types of
      clamping teeth and clamping means.
PAR  From the foregoing, it is seen that I have provided a means for sawing a
      shake from a shake bolt and which means is safe for an operator to use.
      With my invention there is less possibility of an operator physically
      harming himself by means of a band saw or a circular saw. With my
      invention, the operator is guarded so that his hands and arms are shielded
      from the saw. Further, I have illustrated two ways of clamping a shake
      bolt so that the shake bolt can be moved toward and away from the saw for
      sawing off the shakes.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for making a sawed shingle from a block of wood, said
      apparatus comprising:
PA1  a. a, substantially, horizontal saw for sawing said shingle from said block
      of wood;
PA1  b. a, substantially, horizontal cradle for receiving said block of wood and
      for positioning said block of wood at a slight angle to the horizontal saw
      and at a slight angle to the horizontal saw for the sawed shingle to have
      a thick end and a thin end;
PA1  c. a clamping means for clamping said block of wood while said block of
      wood is on said cradle;
PA1  d. a means for moving said clamping means toward said saw and away from
      said cradle; and
PA1  e. said cradle being positioned near said saw and in an operative
      relationship to said saw.
NUM  2.
PAR  2. An apparatus for making a sawed shingle from a block of wood, according
      to claim 1, and comprising:
PA1  a. a pivot means; and,
PA1  b. said cradle being pivoted on said pivot means for rotational purposes
      for varying the position of the cradle and the block of wood with respect
      to said saw.
NUM  3.
PAR  3. An apparatus for making a sawed shingle from a block of wood, according
      to claim 1, said apparatus comprising:
PA1  a. a block positioning means for positioning said block on said cradle;
      and,
PA1  b. said block positioning means positioning said block of wood on said
      cradle to have said cradle and said block of wood canted with respect to
      said saw.
NUM  4.
PAR  4. An apparatus for making a sawed shingle from a block of wood, according
      to claim 3, said apparatus comprising:
PA1  a. said block positioning means comprising a support for supporting said
      block of wood with respect to said cradle to position said cradle and said
      block of wood with respect to said saw.
NUM  5.
PAR  5. An apparatus for making a sawed shingle from a block of wood, according
      to claim 1, said apparatus comprising:
PA1  a. said clamping means comprising teeth for bearing against said block of
      wood; and,
PA1  b. a second means for moving said teeth to vary the position of the teeth
      with respect to the block of wood.
NUM  6.
PAR  6. An apparatus for making a sawed shingle from a block of wood, according
      to claim 5, said apparatus comprising:
PA1  a. said clamping means comprising a lever means, operatively, connecting
      with said teeth.
NUM  7.
PAR  7. An apparatus according to claim 1 and comprising:
PA1  a. said clamping means comprising clamping teeth; and,
PA1  b. a means for moving said clamping teeth with respect to said block of
      wood.
NUM  8.
PAR  8. An apparatus according to claim 1 and comprising:
PA1  a. said clamping means comprising a first set of clamping teeth and a
      second set of clamping teeth; and,
PA1  b. a means for moving said sets of clamping teeth with respect to each
      other and with respect to said block of wood.
NUM  9.
PAR  9. An apparatus according to claim 8 and comprising:
PA1  a. a first extensible ram for moving said sets of clamping teeth with
      respect to each other and with respect to said block of wood.
NUM  10.
PAR  10. An apparatus according to claim 9 and comprising:
PA1  a. said clamping means comprising rotatable teeth; and,
PA1  b. a means for rotating said rotatable teeth with respect to said block of
      wood.
NUM  11.
PAR  11. An apparatus according to claim 10 and comprising:
PA1  a. said rotatable teeth comprising a first set of rotatable teeth and a
      second set of rotatable teeth; and,
PA1  b. said rotatable teeth being capable of rotating to force said block of
      wood toward the plane of the saw.
NUM  12.
PAR  12. An apparatus according to claim 11 and comprising:
PA1  a. a second extensible ram for rotating said rotatable teeth.
NUM  13.
PAR  13. A combination of a block of wood and an apparatus for making a sawed
      shingle from said block of wood, said combination comprising:
PA1  a. a block of wood;
PA1  b. a, substantially, horizontal saw for sawing said shingle from said block
      of wood;
PA1  c. a, substantially, horizontal cradle for receiving said block of wood and
      for positioning said block of wood at a slight angle to the saw and at a
      slight angle to the horizontal saw for the sawed shingle to have a thick
      end and a thin end;
PA1  d. a clamping means for clamping said block of wood while said block of
      wood is in said cradle;
PA1  e. a means for moving said clamping means and said block of wood toward
      said saw and away from said cradle; and,
PA1  f. said cradle being positioned near said saw and in an operative
      relationship to said saw.
NUM  14.
PAR  14. A combination of a block of wood and an apparatus for making a sawed
      shingle from said block of wood according to claim 18, said embodiment
      comprising:
PA1  a. a pivot means; and,
PA1  b. said cradle being pivoted on said pivot means for rotational purposes
      for varying the position of the cradle and the block of wood with respect
      to said saw.
NUM  15.
PAR  15. A combination of a block of wood and an apparatus for making a sawed
      shingle from said block of wood according to claim 18, said combination
      comprising:
PA1  a. said clamping means comprising teeth for bearing against said block of
      wood; and,
PA1  b. a second means for moving said teeth to vary the position of the teeth
      with respect to the block of wood.
NUM  16.
PAR  16. A combination of a block of wood and an apparatus for making a sawed
      shingle from said block of wood according to claim 15, said combination
      comprising:
PA1  a. a pivot means; and,
PA1  b. said cradle being pivoted on said pivot means for rotational purposes
      for varying the position of the cradle and the block of wood with respect
      to said saw.
NUM  17.
PAR  17. A combination according to claim 13 and comprising:
PA1  a. said clamping means comprising clamping teeth; and,
PA1  b. a means for moving said clamping teeth with respect to said block of
      wood.
NUM  18.
PAR  18. A combination according to claim 13 and comprising:
PA1  a. said clamping means comprising a first set of clamping teeth and a
      second set of clamping teeth; and,
PA1  b. a means for moving said sets of clamping teeth with respect to each
      other and with respect to said block of wood.
NUM  19.
PAR  19. A combination according to claim 18 and comprising:
PA1  a. said clamping means comprising a first set of clamping teeth and a
      second set of clamping teeth; and
PA1  b. a first extensible ram for moving said sets of clamping teeth with
      respect to each other and with respect to said block of wood.
NUM  20.
PAR  20. A combination according to claim 17 and comprising:
PA1  a. said clamping means comprising rotatable teeth; and,
PA1  b. a means for rotating said rotatable teeth with respect to said block of
      wood.
NUM  21.
PAR  21. A combination according to claim 20 and comprising:
PA1  a. said rotatable teeth comprising a first set of rotatable teeth and a
      second set of rotatable teeth; and,
PA1  b. said rotatable teeth being capable of rotating to force said block of
      wood toward the plane of the saw.
NUM  22.
PAR  22. A combination according to claim 21 and comprising:
PA1  a. a second extensible ram for rotating said rotatable teeth.
NUM  23.
PAR  23. An apparatus for making a sawed shingle from a block of wood, said
      apparatus comprising:
PA1  a. a, substantially, horizontal saw for sawing said shingle from said block
      of wood;
PA1  b. a cradle for positioning said block of wood with respect to said saw and
      for receiving said block of wood;
PA1  c. a clamping means for clamping said block of wood while said block of
      wood is on said cradle;
PA1  d. a first means for moving said clamping means toward said saw;
PA1  e. a block positioning means for positioning said block of wood on said
      cradle;
PA1  f. said block positioning means for positioning said block of wood on said
      cradle being capable of canting said cradle and said block of wood with
      respect to said saw;
PA1  g. said block positioning means comprising a support for supporting said
      block of wood with respect to said cradle to position said cradle and said
      block of wood with respect to said saw;
PA1  h. a rotatable shaft;
PA1  i. said support being positioned on said shaft;
PA1  j. said first means operatively connecting with said clamping means for
      moving said clamping means with respect to said saw;
PA1  k. said first means operatively connecting with said shaft; and,
PA1  l. said cradle being positioned near said saw and in operative relationship
      to said saw.
NUM  24.
PAR  24. An apparatus for making a sawed shingle from a block of wood, according
      to claim 23, said apparatus comprising:
PA1  a. said first means comprising a cam on said shaft and a pawl;
PA1  b. said pawl, operatively, connecting with said clamping means and also,
      operatively, engaging said cam; and,
PA1  c. said pawl upon moving contacting said cam to rotate said shaft and to
      position said support with respect to said cradle.
NUM  25.
PAR  25. An apparatus for making a sawed shingle from a block of wood, according
      to claim 24, said apparatus comprising:
PA1  a. said clamping means comprising teeth for bearing against said block of
      wood; and,
PA1  b. a second means for moving said teeth to vary the position of the teeth
      with respect to the block of wood.
NUM  26.
PAR  26. An apparatus for making a sawed shingle from a block of wood, according
      to claim 25, said apparatus comprising:
PA1  a. said clamping means comprising a lever means, operatively, connecting
      with said teeth.
NUM  27.
PAR  27. An apparatus for making a sawed shingle from a block of wood, according
      to claim 26, said apparatus comprising:
PA1  a. said first means comprising a first guard for protecting an operator of
      the apparatus; and,
PA1  b. said clamping means comprising a second guard for protecting an operator
      of the apparatus.
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ABST
PAL  Strain mechanism for bandmill using deadweight lever mechanism in which
      undesirable effects of inertia of counterweight and friction at knife
      edges are reduced. Rolling diaphragm air cylinder is used in one of three
      positions. In first position cylinder extends between arbor carrier arm
      and plunger tube and supplies portion of saw strain permitting lighter
      counterweight. In second position it extends between counterweight arm and
      plunger tube and eliminates counterweights. In third position
      counterweight is supported on counterweight arm by yoke supported by
      cylinder which resiliently mounts weight.
PARN
PAR  This is a division of Ser. No. 240,649, filed Apr. 3, 1972, now U.S. Pat.
      No. 3,810,409.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to improvements in strain mechanisms as used on
      bandmills, particularly bandmills as used in the lumber processing
      industry.
PAR  2. Prior Art
PAR  A bandmill has an endless saw running on spaced co-planar wheels, the
      wheels being journalled on arbors, the saw being strained by forcing the
      arbors apart. A common means to strain the saw uses a deadweight lever
      mechanism in which a weighted counterweight arm, through a knife-edge
      system, exerts an axial force on a strain rod, the strain rod acting
      indirectly on one of the arbors, tending to force the arbors apart. This
      system has been used with success for many years, but fluctuations in the
      cutting load produce excessive tension in the saw such that life of the
      saw is reduced, and quality of cutting is impaired. Excessive tension
      results from slow response of the strain system to accommodate rapidly
      applied additional forces on the saw resulting from, for instance, lateral
      deflection of the saw, such slow response being attributed to friction
      occuring between the knife-edges and knife-edge seats, and inertia of the
      weighted lever arm. Undesirable effects of friction and inertia are
      accentuated in high strain bandmills.
PAC  SUMMARY OF THE INVENTION
PAR  The invention reduces difficulties above in the priot art by providing a
      strain system having relatively low inertia and a strain system in which
      energy losses due to friction are reduced. The invention is particularly
      adapted for, but not limited to, converting an existing bandmill using a
      deadweight lever mechanism to a resilient strain system according to the
      invention. The invention has particular advantages in converting an
      existing high strain bandmill.
PAR  An existing bandmill can be converted by using a rolling diaphragm air
      cylinder mounted in one or more of three positions on the bandmill, the
      air cylinder communicating with an air reservoir maintained at a
      controlled constant pressure. The air cylinder as above is one type of air
      spring, which spring provides an essentially frictionless resilient
      mounting to be described.
PAR  The air cylinder extends between a coupling means cooperating with the
      arbor carrier arm of the bandmill, and a reaction means which provides an
      equal and opposite reaction to maintain the cylinder in equilibrium.
PAR  In a first position of the cylinder, the cylinder extends between a means
      secured to an upper end of a plunger tube and a carrier arm of the upper
      wheel support. A lighter counterweight is used on the counterweight arm to
      apply a portion of the strain and extension of the cylinder applies a
      remaining portion of the strain.
PAR  In a second position of the cylinder, the counterweight is eliminated and
      the cylinder extends between a bracket on the plunger tube and the
      counterweight arm.
PAR  In a third position of the cylinder, a counterweight of usual weight is
      used on the arm but is mounted on a yoke which is carried by the air
      cylinder, thus providing a resiliently mounted weight which reduces
      effects of inertia in the strain mechanism.
PAR  If desired, advantages of a resiliently mounted weight can be combined with
      the air cylinder mounted in the first position. Other combinations within
      the invention are possible.
PAR  A detailed description following, related to drawings, gives
      exemplification of apparatus according to the invention which, however, is
      capable of expression in structure other than that particularly described
      and illustrated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified side elevation of a prior art bandmill,
PAR  FIG. 2 is a simplified end elevation of the bandmill as seen from 2--2,
      FIG. 1,
PAR  FIG. 3 is a simplified fragmented section of a prior art strain system as
      seen on 3--3, FIG. 2,
PAR  FIG. 4 is a simplified fragmented diagram of a portion of the strain system
      according to the invention, showing alternative positions of rolling
      diaphragm air cylinders for applying saw strain,
PAR  FIG. 5 is a schematic of a pneumatic circuit for applying strain to a
      bandmill using a rolling diaphragm air cylinder strain system according to
      the invention, the circuit providing a substantially constant and
      accurately known air pressure,
PAR  FIG. 6 is a simplified side elevation of a deadweight lever mechanism of a
      constant air pressure supply,
PAR  FIG. 7 is a simplified fragmented side elevation of an upper arbor of a
      bandmill showing a first position of a rolling diaphragm air cylinder,
PAR  FIG. 8 is a simplified side elevation of a lower end of a plunger tube,
      showing a second position of a rolling diaphragm air cylinder,
PAR  FIG. 9 is a simplified plan view on 9--9 of FIG. 8, some portions being
      shown in section,
PAR  FIG. 10 is a fragmented side elevation of the air cylinder in a third
      position in which a counterweight is resiliently mounted, some portions
      being removed for clarity,
PAR  FIG. 11 is a simplified fragmented section on 11--11 of FIG. 10, some
      portions not shown in section,
PAR  FIG. 12 is a fragmented side elevation of a knife-edge mounting of FIG. 10,
PAR  FIG. 13 is an end elevation of the knife-edge mounting of FIG. 12.
PAR  FIG. 14 is a simplified fragmented side elevation showing one portion of a
      strain mechanism according to the invention, the air cylinder being fitted
      in the position as shown in FIG. 8,
PAR  FIG. 15 is a simplified, diagrammatic rear elevation of the bandmill of
      FIG. 14,
PAR  FIG. 16 is fragmented perspective showing a typical rolling diaphragm air
      cylinder type of air spring,
PAR  FIG. 17 is a simplified fragmented section showing a bellows type of air
      spring.
DETD
PAC  DETAILED DISCLOSURE
PAC  FIGS. 1 through 3 are Prior Art
PAR  FIGS. 1 and 2
PAR  A prior art bandmill 10 has upper and lower wheels 11 and 12 journalled on
      arbors 13 and 14, the arbors carried in upper and lower wheel supports 15
      and 16. An endless saw 18 (shown only in FIG. 1 in broken outline) runs on
      the two wheels, the lower wheel 12 being powered from the arbor 14 and the
      upper wheel 11 being driven by the saw, and forced apart from the wheel 12
      by a deadweight strain mechanism 20, which strains the saw to a
      predetermined load.
PAR  Side columns 22 and 23 extend from a base 24 to a position below the upper
      wheel support 15, which support is carried on plungers 27 and 28. The
      plungers 27 and 28 herein are tubes having bores for reasons to be
      described. With modifications the plungers can be solid. The upper wheel
      support is raised or lowered by lifting devices 25 and 26 provided at
      inner ends of the plunger tubes 27 and 28. The strain system 20 includes a
      counterweight arm 30 having an inner end secured to a rocker shaft 31 and
      an outer end supporting a counterweight 34. Fig. 3
PAR  The strain system has essentially similar first and second portions
      associated with each plunger, the first portion having a knife edge seat
      assembly 35 cooperating with the rocker shaft 31, which shaft is subjected
      to a turning moment produced by the counterweight 34 acting on the arm 30.
      The assembly 35 has first and second knives 37 and 38 in engagement with
      knife seats of a seat portion 40 coupled to the rocker shaft, the first
      knife 37 being secured to an inner end of a strain rod 41.
PAR  Rotation of the rocker shaft moves the counterweight arm 30 (broken
      outline) as shown by an arrow 43. An outer end 44 of the strain rod is in
      engagement with a carrier arm 45 of the wheel support 15, the carrier arm
      being hinged for rotation about a pin 46 at an upper end of a yoke 47. The
      yoke 47 is secured to an upper end 49 of the plunger, clearance being
      provided to permit axial movement of the strain rod relative to the
      plunger.
PAR  The plunger tube is free to slide axially within the column 22, when the
      lifting device 25 is extended or retracted for setting the strain of the
      saw or changing a saw. When the saw is strained and in equilibrium,
      anticlockwise moments on the seat portion from the strain rod are balanced
      by clockwise moments on the seat portion 40 due to the weight 34 (FIGS. 1
      and 2) acting on the arm 30. With a constant load on the saw, the weight
      34 is stationary, however when the saw is operating and variations in
      cutting forces occur, particularly if the saw is deflected transversely,
      the anti-clockwise moments on the knife seat element fluctuate and there
      is a tendency for the weight 34 to move, which tendency is reduced and
      delayed by inertia of the weight and friction between components of the
      strain mechanism. Hereinafter, the time between an instant of applying an
      additional load to the saw and the instant the strain system responds to
      that additional load is termed response of the strain system. Slow
      response of prior art strain systems is attributed to the inertia and
      friction above.
PAR  FIG. 4
PAR  A strain mechanism 50 according to the invention has essentially similar
      first and second portions of means to strain the saw, the first portion
      only being shown, which portion, includes a plunger tube 51, having a
      knife edge seat assembly 52 and a counterweight or torque arm 53. The
      plunger tube 51 has a yoke 54 hinging a carrier arm 55 which supports one
      end of an arbor 56 carrying the upper wheel (not shown). A plunger tube
      lifting device 61 at a lower end of the plunger tube 51 is for changing
      the saw and setting the strain. The foregoing applies to the present
      invention and is also common to the conventional deadweight strain
      mechanism of a prior art bandmill shown in FIGS. 1, 2 and 3, thus the
      present invention is particularly adapted to convert existing bandmills to
      a strain mechanism according to the invention.
PAR  A central concept of the invention is to provide a strain system in which
      effects of friction and inertia are less than in the strain systems of
      prior art bandmills so as to improve response of the system, that is to
      reduce time delay above. With an improved response, the strain system can
      respond to a sudden increase in load on the saw, thus reducing strain
      fluctuations, with a corresponding increase in accuracy of cut, other
      factors remaining unchanged.
PAR  Effects of friction and inertia are reduced by using a resilient means to
      apply load to the counterweight arm instead of the counterweights, or by
      using the resilient means to apply a portion of the strain in combination
      with lighter counterweights, or to mount the counterweight resiliently.
PAR  The resilient means to apply load to strain the saw is an extensible and
      retractable rolling diaphragm air cylinder. The air cylinder can be
      mounted in one of three positions to be described, or if desired a
      combination of two positions can be used. A rolling diaphragm air cylinder
      is one example of an air spring for use in the invention. Such air springs
      have a chamber defined in part by a flexible membrane, two examples being
      illustrated in FIGS. 16 and 17.
PAR  It is of particular importance that an air spring such as a rolling
      diaphragm air cylinder is used, as opposed to a conventional pneumatic
      cylinder. In a conventional pneumatic cylinder, friction between piston
      and cylinder produces a cylinder that is relatively unyielding and does
      not respond sufficiently quickly to absorb fluctuating loads that occur
      during sawing. Compared with a conventional pneumatic cylinder, in a
      rolling diaphragm air cylinder, effects of friction and leakage are
      negligible. A suitable rolling diaphragm air cylinder is manufactured by
      the Bellofram Corporation of Massachusettes, United States of America,
      Bellofram being a registered trade mark of the Bellofram Products Company,
      a division of the above corporation. One particular cylinder that has been
      used with success is a no-spring return, single acting type, as described
      in the Bellofram catalogue AC-500-C (6-67) on page 11 as series E or F and
      shown in FIG. 16 herein. Hereinafter, the term air cylinder refers to a
      rolling diaphragm air cylinder or equivalent air spring as above.
PAR  A first position of the air cylinder is shown in broken outline at 64, the
      cylinder extending between the carrier arm, in this instance an outer end
      60 of the carrier arm, and a means secured to an upper end of the plunger
      tube, in this instance an extension 63 of the yoke 54. Thus extension of
      the cylinder rotates the carrier arm 55 in a direction of an arrow 57
      about an inner end 59, this rotation being followed by movement of the
      strain rod. Thus, with a counterweight (not shown) on the arm 53 acting in
      a direction of arrow 62 counterweight strain is additional to that
      supplied by the cylinder, thus less counterweight is required than in
      prior art bandmills, thus reducing effects of inertia and friction that
      are inherent with a heavier counterweight. As the extension 63 moves with
      the plunger tube 51, raising and lowering the plunger tube concurrently
      raises and lowers the air cylinders, thus stroke of the air cylinder can
      be relatively small, sufficient to accommodate changes in effective saw
      length, usually about one quarter of an inch. The upper wheel arbor is
      supported in two carrier arms, thus two cylinders are required, one for
      each arm. This position is described with reference to FIG. 7.
PAR  A second position of the air cylinder is shown in broken outline at 65, the
      cylinder extending from a bracket 69 on the plunger and the counterweight
      arm. A inner end 71 of the bracket is secured to the plunger tube 51, and
      an outer end 72 of the bracket provides a mounting for the air cylinder.
      The cylinder extends between a point 74 on the arm 53 and the end 72 of
      the bracket, such that extension of the cylinder forces the arm in a
      direction of arrow 76, increasing strain on the saw. As the bracket 69 is
      secured to the plunger 51, raising and lowering the plunger concurrently
      raises and lowers the cylinder, thus the stroke of the jack can also be
      relatively small, of the order of one inch. This position is described
      with reference to FIGS. 8, 9, 14 and 15.
PAR  A third position of the air cylinder is shown in broken outline at 84, the
      cylinder supporting a yoke 85 interposed between a counterweight and the
      counterweight arm so as to mount the weight resiliently. This position is
      described with reference to FIGS. 10 through 13.
PAR  With the air cylinder in the first position, the carrier arm is a coupling
      means cooperating directly with the air cylinder to transmit force from
      the cylinder to the carrier, and the means secured to the plunger tube
      serves as a reaction means cooperating with the air cylinder to apply an
      equal and opposite reaction to the cylinder to maintain the cylinder in
      equilibrium. With the air cylinder in the second and third positions, the
      strain rod, the knife edge seat assembly and the counterweight arm serve
      as coupling means cooperating with the air cylinder to transmit force from
      the cylinder to the carrier. The bracket 69 secured to the plunger tube
      and the yoke 85 also serve as reaction means cooperating with the air
      cylinder to apply an equal and opposite reaction the cylinder to maintain
      the cylinder in equilibrium.
PAR  FIG. 5
PAR  A rolling diaphragm air cylinder is responsive to small changes in air
      pressure and to reduce chances of undesirable strain fluctuations
      resulting from variations in pressure from conventional pressurized air
      sources, a supply of pressurized air at substantially constant pressure is
      used. This is supplied by a constant air pressure means 90 according to
      the invention which includes a deadweight lever mechanism 92, similar to
      the strain mechanism used to strain the saw. The constant air pressure
      supply is used with cylinders in the first and second positions only -- it
      is not required for cylinders in the third position. If accurate air
      pressure gauges are available, i.e. gauges reading to .+-.1 psi, and three
      or more are used as a backup safety measure, the means 90 of FIGS. 5 and 6
      can be eliminated, a suitable constant pressure reservoir being
      substituted.
PAR  The means 90 is supplied with air from a compressor (not shown) through a
      line 93 feeding air through a manually-operated shut-off valve 95 into a
      reservoir 96. Lines 98 extending from the reservoir are siamesed into a
      first junction, air pressure at the junction being read by a gauge 101.
      Excess air is exhausted through an exhaust valve 103. An expansion
      allowance means 105 communicates with the air in the reservoir through a
      line 104, and maintains air pressure in the reservoir substantially
      constant for normal temperature changes in a sawmill. When temperatures
      are fairly constant, the means 105 can be omitted.
PAR  From a second junction 100, a line 106 feeds into a rolling diaphragm air
      cylinder 108 of the deadweight mechanism 92. A rod 110 of the cylinder 108
      bears against a counterweight arm 112, the arm being hinged at an inner
      end 113 mounted on a portion of framework 126, the arm carrying a
      counterweight 116 at an outer end 114. Clockwise moments on the arm
      generated by the weight 115 are counteracted by anti-clockwise moments
      from an upward force from the cylinder 108. Upper and lower stops 118 and
      119 are provided to limit movement of the arm.
PAR  A second line 121 extends from the junction 100 and communicates with a
      rolling diaphragm air cylinder 120, connected to the bandmill in one of
      the two positions of FIG. 4. It should be noted that two air cylinders are
      used in the first position, and two can be used in the second position, a
      second cylinder being shown in broken outline at 120.1. Simple
      strain-ratio calculations are required to provide a measure of saw strain,
      parameters relating to the strain include air pressure in the cylinders,
      effective cross-sectional areas of the cylinder 108 in the mechanism 92,
      and the cylinders in the bandmill and moment arms relating to the bandmill
      and the mechanism 92.
PAR  FIG. 6
PAR  The deadweight lever mechanism 92 shown schematically in FIG. 5 has the
      rolling diaphragm air cylinder 108 secured to an upper platform 125 of the
      framework 126. The reservoir 96 communicates through lines 98 with the
      cylinder 108, the rod 110 having a knife edge 129 at an upper end in
      engagement with a knife seat 130 of the arm 112. The arm 112 can rotate
      about the hinge 113 through an angle 129 of the order of about 20.degree.
      , sufficient to accommodate normal fluctuations of the arm 112. The stroke
      of the cylinder 108 can be of the order of four inches, the stops 118 and
      119 limiting movement as previously described. A particular advantage of
      this mechanism is that an operator of the bandmill uses weights to set the
      strain, and the simple strain-ratio calculation is all that is required to
      assess strain, such calculation being similar to prior art calculation.
PAR  FIG. 7
PAR  In the first position 64 (FIG. 4) of the air cylinder, the cylinder extends
      between the plunger tube 51 and the arbor carrier arm 55. In FIG. 7, a
      rolling diaphragm air cylinder 131 has a piston rod 132 extending
      downwards in engagement with the extension 63 of the yoke 54 (broken
      outline). A bolt 134 extending downwards from the end 60 of the carrier
      passes through a hole 136 (broken outline) in the extension 63, the bolt
      carrying upper and lower stops 138 and 139. Thus, travel of the yoke
      relative to the extension 63 is limited by the stops 138 and 139, thus
      protecting the rolling diaphragm cylinder which has a stroke of about one
      inch. Saw strain can be calculated from force due to air pressure in the
      cylinder 131, plus force from a corresponding cylinder (not shown) on an
      opposite carrier arm, plus additional strain from the conventional
      counterweight (not shown), the counterweight usually accounting for about
      one third of total saw strain. When changing the saw, movement of the
      plunger tubes also moves the extension 63 and thus stroke of the cylinder
      131 is not required to accommodate full travel of the plunger tube.
PAR  FIGS. 8 and 9
PAR  In the second position 65 (FIG. 4) the inner end 71 of the bracket 69 is
      secured to a lower end of the plunger 51, the bracket carrying a rolling
      diaphragm cylinder 200. The counterweight arm 53 extends from the rocker
      shaft 31 (broken outline), an outer end of the shaft being hinged at a pin
      202 to a lower end of a piston rod 201 of the cylinder 200. The bracket 69
      has the outer end 72 carrying the cylinder 200 and when changing the saw,
      operation of the raising or lowering device 25 (broken outline) moves the
      plunger 51 and the bracket 69. Thus stroke of the cylinder does not have
      to accommodate full travel of the plungers, and is about four inches
      dependent on length of the arm 53. Extension of the piston rod 201 rotates
      the arm 53 through an arc 203, thus rotating the rocker shaft 31, and with
      it the knife edge assembly 52 to strain of the saw. This embodiment is
      further described with reference to FIGS. 14 and 15.
PAR  FIGS. 10 and 11
PAR  An alternative means of applying load to the counterweight arm 53 is to
      mount the counterweight resiliently, thus reducing effects of inertia of
      the weight. The counterweight arm 53 cooperates with a yoke 220 carrying
      counterweight 221. A knife seat 222 on the arm 53 carries a knife edge
      assembly 224 at a lower end of a piston rod 225 of a rolling diaphragm air
      cylinder 226. The yoke 220 has parallel side members 229 and 230
      straddling the carrier arm, the side members being joined by parallel top
      and bottom members 231 and 232. The cylinder 226 is secured to the top
      member 231, the piston rod extending downwards. A hose 234 extends from
      the air cylinder 226 to an air reservoir (not shown), pressure in the air
      reservoir being adjusted so that the piston in the cylinder balances at an
      approximate mid-stroke position to provide maximum length of stroke in
      either direction to absorb fluctuation. In this position saw strain is
      obtained from strain ratio calculations based on the counterweight -- air
      pressure in the cylinder having no effect on strain ratio. The piston rod
      is carried in low friction bearings which provide transverse support for
      the piston rod so as to reduce binding between the piston rod, the piston
      and the cylinder. The bearings are suitably linear ball bushings or an air
      bearing adapted for axial movement between the rod and bearing.
      Conventional bearings supplied by Bellofram (trademark) are too
      close-coupled to provide adequate lateral support and longer bearings are
      substituted, of the order of 6  inches.
PAR  Resilient mounting of the weight 221 reduces load on the saw due to
      fluctuations occuring during sawing by permitting the weight to remain
      substantially stationary whilst small oscillations of the counterweight
      arm are absorbed by the air cylinder 226. Thus, inertia effects of the
      weight are reduced. A particular advantage in mounting the cylinder in the
      third position is that if air pressure in the cylinder fails, the piston
      "bottoms" in the cylinder and the saw does not lose strain, thus it is
      failsafe. Resilient mounting of the weight can be used in combination with
      an air cylinder mounted on the carrier arm in the first position 64 (FIG.
      4), which combination reduces effects of both friction and inertia.
PAR  FIGS. 12 and 13
PAR  The knife edge assembly 224 has a knife edge 236 (broken outline) straddled
      by two downwardly extending guides 237 and 238 spaced at a distance
      somewhat greater than width of the counterweight arm 53 to provide
      clearance for the knife edge assembly and the counterweight arm. The
      guides reduce a tendency of the knife edge 236 to roll or slide sideways
      off the knife seat 222 (FIG. 15).
PAR  FIGS. 14 and 15
PAR  A bandmill 240 according to the invention has a column 241 which supports
      similar first and second portions 242 and 243 of the strain mechanism 50,
      which serves as a means to strain the saw. The first portion 242 includes
      the carrier arm 55 and the yoke 54, which together form an upper or first
      wheel support 244 to carry the upper or first arbor 56. The inner end 59
      of the carrier arm is hinged to the yoke 54 to permit swinging of the
      carrier arm relative to the plunger 51 to strain the saw. The upper or
      first wheel 11 is journalled on the first arbor 56 and the lower or second
      wheel 12 is journalled on the lower or second arbor 14, the endless saw 18
      (not shown) being mounted and driven by the wheels. The plunger 51 has
      inner and outer ends 245 and 246 and cooperates with the first wheel
      support 244. The plunger is supported in the column and, with the first
      wheel support 244 can be moved axially relative to the column by the
      lifting device 61 so as to strain the saw, similarly to the support 15 and
      plunger 27 of FIG. 1.
PAR  The strain rod 58 has an outer end 249 cooperation with the wheel support
      and an inner end 248 having a first knife 251 of the knife edge seat
      assembly 52. The assembly 52 includes a second knife 252 secured to the
      inner end 245 of the plunger, the first and second knives cooperating with
      respective seats in a seat portion 253. The torque arm 53 has an inner end
      255 coupled to the seat portion 253, and an outer end 256 coupled to the
      pin 202 connected to the piston rod 201 of the air spring 200. Extension
      of the rod 201 applies a turning moment to the seat portion in direction
      of an arrow 258. The turning moment applied by the air spring urges the
      seat portion 253 to rotate in a direction so as to force the knives 251
      and 252 apart, thus increasing strain on the saw.
PAR  The air cylinder 200, fitted in the second position 65 (FIG. 4), extends
      between the counterweight or torque arm 53 and the bracket 69, thus in
      effect cooperating with the plunger and torgue arm. Resilience of the air
      cylinder resulting from compressibility of the gas in the cylinder
      provides a resilient mounting for the first wheel.
PAR  The air cylinder 200 includes mutually extensible and retractable first and
      second portions, the first portion being a cylinder body 260 secured to
      the outer end 72 of the bracket, and the second portion being the piston
      rod 201 which cooperates with the torque arm 53. The cylinder 200 has an
      inlet port 262 and conduit means 263 coupling the inlet port to a
      reservoir 264 containing a pressurized gas. Further details of the air
      cylinder 200 are described with reference to FIG. 16. The reservoir has a
      volume materially larger than volume of the air cylinder, so that when the
      temperature of the air reservoir remains essentially constant relatively
      small extensions and retractions of the air spring have a negligible
      effect on the gas pressure. Thus, small carrier arm rotations about the
      yoke have a negligible effect on force applied by air cylinder which is in
      contrast to resulting characteristics of the bandmill if a mechanical
      spring were to be substituted for the air spring.
PAR  The second portion 243 of the means to strain the saw is essentially
      similar to the first portion 242, and is only briefly described. The
      second portion 243 has a further first wheel support 269 spaced from the
      first wheel support 244, the first arbor 56 extending between the wheel
      supports, the first wheel 11 being straddled by the wheel supports as
      shown in FIG. 15. A second plunger 270 cooperates with the support 269 and
      it is adapted for axial movement within the column parallel to movement of
      the plunger 51. A second knife edge seat assembly 272 (broken outline in
      FIG. 15) has a seat portion cooperating with knives coupled to the plunger
      and a respective strain rod similarly to the first portion, details of
      which are not shown. A rocker shaft 274 couples the seat portions of each
      knife seat assembly for mutual rotation for equalising turning moments on
      each portion. A second air cylinder 276 extends between a bracket 277
      extending from the second plunger and a torque arm (not shown) coupled to
      the knife edge seat assembly 272. The air cylinder 276 is similarly
      connected to the reservoir 264 by a conduit means 278. Thus both cylinders
      are exposed to gas at an equal pressure so that forces applied by each
      cylinder to the respective torque arms are essentially equal. The rocker
      shaft equalises any minor differences in forces applied to the strain
      rods.
PAR  Thus each strain portion includes essentially similar carrier arms, each
      arm carrying a respective end of the first wheel arbor. Essentially
      similar yokes are secured to the respective plungers and each yoke hinges
      a respective carrier arm to permit concurrent swinging of the carrier arms
      relative to the yokes to strain the saw. Each plunger has a respective
      strain rod extending within the plunger tube, the seat portion of each
      knife edge seat assembly being positioned within the respective plunger
      tube. Force from the seat portion is transmitted equally to the strain
      rods, thence to the carrier arms of the wheel support.
PAR  Note that independent raising or lowering of one plunger tube relative to
      the other for upper wheel arbor tilting as in prior art bandmills is
      possible without further material modification to the bandmill when air
      cylinders are fitted as above.
PAR  FIG. 16
PAR  The air cylinder 131 is one type of an air spring, being an air cylinder as
      manufactured by the Bellofram Products Company previously referred to. The
      cylinder body 260 has the inlet port 262 to receive a connector from the
      conduit means 263 (not shown). The cylinder body 260 has an outer end 281
      having means to secure the cylinder body, and an inner end having a bore
      282 which provides clearance for the piston rod 201. The piston rod floats
      within the bore 282, and for normal ranges of movement does not contact
      sidewalls of the bore, thus essentially eliminates friction between the
      piston and the bore. The piston rod 201 has an inner end 284 secured to a
      piston 285, the piston having an annular flange 287 extending there around
      and spaced inwards from an inner wall of the cylinder body 260. A flexible
      impermeable diaphragm 289 extends between an inner end wall 288 of the
      outer end 281 of the cylinder and the piston 285. The diaphragm has a fold
      290 which permits essentially frictionless movement between the piston and
      the cylinder along the central axis 291, the diaphragm defining in part a
      chamber 292 between the piston and a portion of the cylinder.
PAR  The rolling diaphragm type of air cylinder is a preferred type of air
      spring because, for a normal range of extension and retraction it has a
      generally linear characteristic of force against extension. Thus it
      produces force directly proportional to extension. Extension and
      retraction of the piston in normal operation of the bandmill is within a
      relatively narrow range of about one half of an inch, and thus the piston
      operates well clear of upper and lower limits of travel. When the cylinder
      is fitted as described above, stops (not shown) limit swinging of the
      torque arm to prevent the piston from reaching limits of travel, thus
      reducing risk of damage to the air cylinder.
PAR  FIG. 17
PAR  An alternative type of air spring is known as a bellows type and is
      designated 296, a suitable type being manufactured by the Firestone
      Industrial Products Company of Noblesville, Indiana, U.S.A., and
      distributed under a registered trade mark AIRIDE. The bellows type of air
      spring is equivalent to the rolling diaphragm air cylinder, and has first
      and second portions 298 and 299, which portions are similarly securable to
      the torque arm and the bracket 69 of FIG. 14. A flexible membrane 301
      extends between the portions and is equivalent to the diaphragm 289 of
      FIG. 16. An inlet port 303 in the portion 299 connects the air spring
      through a conduit means to the reservoir (not shown). A circumferential
      circular hoop 305 forms a pair of annular convolutions 307 and 308
      extending around the air spring, the convolutions being folds to permit
      substantially frictionless extension and retraction of the air spring.
      Inner and outer ends of the diaphragm have circumferential beads 310 and
      311 which retain ends of the diaphragm to the portions 298 and 299 and
      prevent leakage of gas from the air spring.
PAR  Extension characteristics of a bellows type of air spring are generally
      non-linear towards outer limits of travel when compared with a rolling
      diaphragm type. For optimum performance when using the bellows type of air
      spring, the normal range of operation of the bellows is selected to be on
      the middle, essentially linear characteristic.
PAR  Other types of air springs are known, for instance the rolling sleeve type
      (not shown) also manufactured by the Firestone Industrial Products Company
      as above.
PAC  ALTERNATIVES AND EQUIVALENTS
PAR  The invention is shown in use in a vertical bandmill, however with suitable
      modifications a horizontal bandmill using a similar strain mechanism can
      be converted to using air cylinders as described above. The invention is
      shown for use in a conventional vertical symmetrical bandmill in which the
      upper wheel arm is supported at both ends on two spaced upper wheel
      supports, each support relating to essentially similar first and second
      portions of the means to strain the saw. With suitable modifications, one
      of the upper wheel supports and associated portions could be eliminated as
      in an over-hung type of wheel, which embodiment is not illustrated.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bandmill having: a column; a first wheel mounted for rotation on a
      first arbor; a second wheel mounted for rotation on a second arbor, the
      wheels being spaced and coplanar and adapted to mount and to drive an
      endless saw; means to strain the saw supported by the column so that the
      first arbor can be moved relative to the second arbor, a first portion of
      the means to strain the saw including:
PA1  a. a first wheel support carrying the first arbor, the support being
      adapted to move relative to the column to strain the saw,
PA1  b. a plunger having inner and outer ends, the outer end cooperating with
      the first wheel support, the plunger being supported in the column and
      being adapted to move axially relative to the column so as to strain the
      saw,
PA1  c. a knife edge seat assembly including a first knife cooperating with the
      first wheel support, a second knife cooperating with the plunger, and a
      seat portion cooperating with the first and second knives,
PA1  d. a torque arm coupled to the seat portion, the arm having an inner end
      mounted for rotation relative to the plunger,
PA1  e. an extensible and retractible air spring cooperating with the plunger
      and the torque arm, the air spring having a pressurized gas containing
      chamber defined in part by a flexible membrane, the chamber having an
      inlet port,
PA1  f. means for maintaining the pressurized gas contained in said chamber
      essentially constant comprising a reservoir to contain pressurized gas and
      a conduit to connect the reservoir to the inlet port of the air spring so
      that the air spring contains the pressurized gas and force from the air
      spring is applied to the first wheel support to provide a resilient
      mounting for the first wheel.
NUM  2.
PAR  2. A bandmill as claimed in claim 1 further including:
PA1  g. means to maintain the gas in the reservoir at an essentially constant
      pressure.
NUM  3.
PAR  3. A bandmill as claimed in claim 1 in which:
PA1  i. the first wheel support includes a yoke secured to the plunger and a
      carrier arm carrying the first wheel arbor, the carrier arm being hinged
      to the yoke to permit swinging of the carrier arm relative to the plunger
      so as to strain the saw,
PA1  ii. a strain rod extends between the knife edge seat assembly and the
      carrier arm, the strain rod having an outer end cooperating with the
      carrier arm and an inner end having the first knife cooperating with the
      portion seat,
PAL  so that a rotation of the seat portion rotates the carrier arm relative to
      the plunger.
NUM  4.
PAR  4. A bandmill as claimed in claim 1 further including a second portion of
      the means to strain the saw essentially similar to the first portion, the
      second portion including:
PA1  i. a further first wheel support spaced from the first wheel support of the
      first portion, the first arbor extending between the wheel supports, the
      first wheel being straddled by the wheel supports,
PA1  ii. a second plunger cooperating with the further first wheel support and
      adapted for axial movement within the column parallel to movement of the
      first plunger,
PA1  iii. a second knife edge seat assembly having a seat portion, a rocker
      shaft coupling the seat portions of each knife edge seat assembly for
      mutual rotation, the arm being coupled to the rocker shaft so as to apply
      equal turning moments to each seat portion.
NUM  5.
PAR  5. A bandmill as claimed in claim 4 in which first wheel supports include:
PA1  i. essentially similar carrier arms, each carrier arm carrying a respective
      end of the first wheel arbor,
PA1  ii. essentially similar yokes secured to outer ends of respective plungers,
      each yoke hinging a respective carrier arm to permit concurrent swinging
      of the carrier arms relative to the yokes to strain the saw.
NUM  6.
PAR  6. A bandmill as claimed in claim 5 in which each portion of the means to
      strain the saw includes:
PA1  i. a respective strain rod, each strain rod having inner and outer ends,
      each outer end of a strain rod cooperating with the carrier arm of a
      respective first wheel support, each inner end of the strain rod having a
      first knife cooperating with the respective seat portion,
PAL  so that the force from the seat portion is transmitted equally through the
      strain rods to the carrier arms of the wheel supports.
NUM  7.
PAR  7. A bandmill as claimed in claim 6 in which:
PA1  i. each plunger is a tube,
PA1  ii. each strain rod extends within a respective tube of the plunger,
PA1  iii. each seat portion of the knife edge seat assemblies are positioned
      within the respective tube and are journalled for rotation relative to the
      tube, the seat portions being positioned so that the rocker shaft extends
      between respective knife seats.
NUM  8.
PAR  8. A bandmill as claimed in claim 1 in which the air spring includes
      mutually extensible and retractible first and second portions, the first
      portion cooperating with the plunger, the second portion cooperating with
      the arm; the membrane is a flexible impermeable diaphragm extending
      between respective portions so as to define in part the chamber between
      the portions, the diaphragm having a fold to permit essentially
      frictionless movement between the portions.
NUM  9.
PAR  9. A bandmill as claimed in claim 1 further including:
PA1  i. a bracket having an inner portion secured to the plunger tube, and an
      outer portion providing a mounting for the air spring,
PAL  so that the air spring extends between the bracket and the torque arm.
NUM  10.
PAR  10. A bandmill as claimed in claim 8 further including:
PA1  i. a bracket having an inner portion secured to the plunger tube and an
      outer portion providing a mounting for the air spring,
PAL  so that the air spring extends between the torque arm and the bracket, and
      in which:
PA1  ii. the air spring is a rolling diaphragm air cylinder, the first portion
      being a cylinder secured to the bracket, and the second portion being a
      piston having a piston rod, the piston rod being hinged to the torque arm
      and disposed so as to be essentially parallel to the strain rod, the fold
      of the diaphragm extending between the piston and the cylinder.
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ABST
PAL  An upright piano action includes a butt having a hammer, and a jack adapted
      to swing the butt, thereby permitting the hammer to strike a string, in
      which there is provided a butt spring means urging against the swinging
      movement of the hammer toward the string, the butt spring means not acting
      during the initial portion of the swinging movement of the hammer but
      acting from midway of the swinging movement thereof up to the point
      wherein the hammer strikes the string, so that a rapid, continual hammer
      striking operation is possible, attaining a delicate sound control as with
      the grand piano action.
BSUM
PAR  This invention relates to an upright piano action.
PAR  Generally, an upright piano has a plurality of piano actions each
      corresponding to a key. FIG. 1 shows a coventional upright piano action of
      this type. The piano action has a wippen 13 swingably mounted to a common
      main rail 11 extending in a transversal direction of the piano. The wippen
      is adapted to be swung upward through a capstan button 14 connected to
      each key K. On the upper side of the wippen is provided a swingable jack
      16 which is urged by a compression spring 21 in one swinging direction.
PAR  The piano action has a butt 19 swingably mounted to the main rail above the
      jack. A hammer 23 for striking a string 24 is projected from the top of
      the butt. At the lower surface of the butt is provided a butt felt 20
      adapted to be engaged with the top end of the jack. At the upper portion
      of the string side of the butt is provided a butt spring wire 26 whose
      free end is retained by a cloth band 25 provided at a butt flange 17. The
      butt spring wire normally urges the butt so as to keep the hammer away
      from the string.
PAR  With the upright piano action of this type, when the key K is operated by a
      player, the wippen 13 is swung by the capstan button 14 to cause the jack
      16 to be moved substantially in a vertical direction. The jack pushes the
      butt upward to cause the hammer 23 to be swung toward the string 24.
      During the latter half of the key operation, the jack frictionally slides
      on the butt felt and is disengaged from the lower portion of the butt.
      Immediately before the jack is disengaged from the butt, a sudden large
      load is applied to the jack, and after disengagement of the jack from the
      butt the load abruptly becomes smaller. The change of the load is
      transmitted to the key K and sensed by the player as a sudden increase and
      decrease of a piano touch load. Such a sudden change of the piano touch
      load is usually called "after touch" and the player controls the strength
      of a delicate sound based on the "after touch". The hammer continues to be
      swung under an inertial force after the jack is disengaged from the butt,
      and strikes the string. The butt spring 26 urges the butt normally away
      from the string, and, after the hammer strikes the string, assuredly urges
      the butt and thus the hammer away from the string, thereby preventing the
      hammer for doubly striking the string with one key operation. When the
      player begins to release the key, the butt 19 is returned, together with
      the hammer 23, to a rest position by means of the butt spring. On the
      other hand, the jack 16 is returned, by means of the compression spring,
      to the initial position where it is abutted against the butt felt.
PAR  With the conventional upright piano, since the butt spring 26 always exerts
      a force on the butt 19, particularly in the case of a continual, rapid key
      operation, the jack 16 is often prevented by the spring from being
      returned sufficiently to the initial position under the butt and is unable
      to effectively push the lower part of the butt upwardly. For this reason,
      the string is not struck in accordance with the number of the key
      depressions and the player's intention can not completely be expressed.
      Furthermore, since the force of the butt spring is relatively slight, a
      small rise of the "after touch" results and the player can not control the
      stress of a sound according to his intention. To obtain a great rise of
      the "after touch", it is considered helpful to strengthen the force of the
      butt spring. In this case, however, the strong force of the spring
      prominently prevents the jack from being returned to the initial position
      where it is abutted against the lower portion of the butt, thus making a
      continual, rapid string striking almost impossible.
PAR  In the grand piano, since a hammer of each piano action is disposed
      substantially in a horizontal direction and swung from downward to upward
      by the key operation, it returns to the rest position only due to the
      weight of the hammer per se and to the reaction of the spring, allowing
      the jack to be returned assuredly to its initial position under the butt.
      Accordingly, a great rise of "after touch" can be attained and a
      continual, rapid hammer striking is made possible by the key operation.
      This means that the player can control the strength of a sound delicately
      and accurately.
PAR  It is accordingly the object of this invention to provide an upright piano
      action capable of effecting continual, rapid string strikings by a hammer
      and attaining "after touch" of the extent substantially equal to that of a
      grand piano.
PAR  An upright piano action according to this invention includes a swingable
      butt having a hammer for striking a string and a jack adapted to be
      abutted against the butt in accordance with key operation and then throw
      off the latter to permit the hammer to be moved from a stationary position
      to a string striking position, in which there is provided a butt spring
      means adapted to apply to the butt a force for returning the hammer to the
      rest position during the hammer is moved between an intermediate position
      occupied midway of its stroke and a string striking position and to apply
      no force to the butt when the hammer is moved between the intermediate
      position and the rest position.
PAR  It this upright piano action, since no force of the spring means is applied
      to the butt during the hammer is moved between said intermediate position
      and the rest position, the jack can be very easily and accurately returned
      to the initial position, and thus the spring means can be so designed to
      have a sufficiently strong force. Consequently, a great rise of "after
      touch" can be attained and it is, therefore, possible to control the
      strength of a delicate sound.
PAR  The butt spring means may have one end fixed to a fixed member secured to a
      piano frame and the other end spaced a predetermined amount away from the
      butt. Or the butt spring means may have one end secured to the butt and
      the other end spaced a predetermined amount from the fixed member. In this
      case, a damper rail can be utilized as such a fixed member.
PAR  The butt spring means may be leaf spring or compression spring.
DRWD
PAR  This invention will be further explained by reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a side elevational view showing a conventional upright piano
      action;
PAR  FIG. 2 is a side elevational view showing one embodiment of an upright
      piano according to this invention;
PAR  FIG. 3A is an enlarged view showing a butt spring means of FIG. 2;
PAR  FIG. 3B is a side view of FIG. 3A;
PAR  FIG. 4 is a graphical representation showing a relation between a force F
      of a butt spring applied to a butt and the extent S to which a key is
      depressed;
PAR   FIG. 5 is a graphical representation showing a relation between a load W
      applied to the key by a piano action and the extent S to which the key is
      depressed;
PAR  FIGS. 6 and 7 are enlarged views showing second and third embodiments,
      respectively, similar to FIG. 3A;
PAR  FIG. 8A is an enlarged view showing a fourth embodiment; and
PAR  FIG. 8B is a side view of FIG. 8A.
DETD
PAR  FIG. 2 shows one of piano actions according to this invention disposed on a
      main rail 11 which is secured to a piano frame and extends in a
      transversal direction of a piano. The piano action has a wippen 13 whose
      one end is swingably mounted through a wippen flange 12 to the main rail.
      Below the other end portion of the wippen, there is provided a capstan
      button 14 which is raised by operating a key K (only one part is shown) to
      cause the wippen 13 to be swung in a counterclockwise direction about a
      pivot 12a. Above the wippen, a jack 16 is swingably mounted through a jack
      flange 15 to be moved in a substantially vertical direction in accordance
      with the movement of the wippen. A compression spring 21 stretched between
      the wippen and a projection 16a of the jack normally urges the jack in the
      counterclockwise direction of FIG. 2.
PAR  On the main rail 11, a butt 19 swingable about a pivot 18 is mounted
      through a butt flange 17. The butt 19 has at its lower side portion an
      inclined surface on which a butt felt 20 is mounted. The jack 16 has a top
      surface abutted against the butt felt. On the upper portion of the butt is
      integrally secured a hammer shank 22 having a hammer 23. The hammer is
      abruptly moved in a counterclockwise direction during the operation of the
      key as will be later described to strike a string 24 (only one portion is
      shown).
PAR  On the main rail 11 a damper lever 28 is swingably connected through a
      damper flange 27. A string damper 30 provided at the upper end of the
      damper lever is urged in a counterclockwise direction by means of a spring
      29 to press the string 24, and adapted to be moved in a clockwise
      direction, during the operation of the key, by a damper spoon 31 provided
      on the wippen 13 so that it is released from the string.
PAR  A damper rail 32 is a lengthwise member secured to the piano frame F (FIG.
      3B) and adapted to limit the clockwise movement of the damper when it is
      moved away from the string. A common hammer rail 33 mounted on the piano
      frame normally supports the hammer 23 in its rest position. A back check
      34 provided on the wippen 13 is adapted to receive a catcher 35 provided
      on the butt immediately after the hammer 23 strikes the string.
PAR  The piano action according to this invention is provided with a butt spring
      means for urging the butt and thus the hammer away from the string. In the
      embodiment shown in FIGS. 2 and 3A to 3B the damper rail 32 has a
      plurality of butt leaf springs 36 formed by cutting deep an elongated thin
      metal, each spring corresponding to each piano action. As shown in detail
      in FIGS. 3A to 3B, the spring 36 has a substantially L-shaped cross
      section whose angular portion is provided with an aperture 50. A screw 37
      is passed through the aperture 50 and threaded into an internally threaded
      hole 51 of the damper rail 32 to permit the upper end portion of the
      spring 36 to be pressure-contacted with the rail 32. The lower portion of
      the spring 36 extends downward in a substantially vertical direction and
      is spaced a distance d away from a buffer 39 of the butt 19 so that no
      spring pressure is applied to the butt during an initial portion of the
      operation. The distance d may be determined so that the buffer of the butt
      is abutted against the spring 36 before the jack 16 is disengaged from the
      butt 19 i.e. immediately before "after touch" occurs. With this
      embodiment, the distance d is 5 to 8 mm or is determined so that when a
      distance L (46 to 50 mm when the hammer is in a stationary position)
      between the string 24 and the forward end of the hammer 23 comes to 10 to
      20 mm the buffer 39 is abutted against a spring 36. The adjustment of the
      distance d is roughly effected by turning the screw 37 and finely effected
      by inserting a tool into a small hole 52 provided in the spring 36 to
      cause the spring to be bent. Upon adjustment, the distance d is measured
      by a known gauging device.
PAR  The operation of the upright piano action will be explained below. When the
      player depresses the key K to cause the wippen 13 to be swung upward
      through the capstan button 14, then the jack 16 is raised by the wippen 13
      to cause the butt 19 to be swung, together with the hammer 23, in a
      counterclockwise direction (FIG. 2). The leaf spring 36 is not abutted
      against the buffer 39 of the butt until the butt is swung through a
      predetermined angle i.e. the distance L between the hammer 23 and the
      string 24 comes to 10 to 20 mm. Then, the jack 16 frictionally slides on
      the butt skin 20 while continuing to be swung against the gradually
      increased pressure of the leaf spring 36, and causes the butt to be thrown
      off when disengaged from the lower surface of the butt. The hammer 23
      continues to be swung by an inertia to strike the string 24 and is
      returned in a clockwise direction by a reaction force of the string and a
      strong spring force of the leaf spring 36. At this time, the catcher 35
      provided on the butt is received by the back check 34. As the key K is
      released, the wippen 13 is lowered, and the butt 19 is returned by means
      of the spring 36 in a clockwise direction. During the return stroke of the
      butt, the butt is disengaged from the spring 36 and the jack 16 is
      returned to the initial position, where its top end is abutted against the
      lower portion of the butt, ready for the next succeeding operation.
PAR  The function of the butt spring will be more fully described by reference
      to FIGS. 4 and 5. FIG. 4 shows a relation between the variation of a
      spring force applied to the butt and the extent to which the key is
      depressed. A dotted line A indicates a characteristic curve of a
      conventional upright piano action and a solid line B indicates a
      characteristic curve of the first embodiment according to this invention.
      As will be evident from the figure, since with the conventional upright
      piano action the butt spring normally imparts substantially the same force
      to the butt, there often occurs that, in a case of rapid, continual
      strikings of the key, the movement of the jack to the initial position is
      prevented by the force of the butt spring. Consequently, the string is not
      struck in accordance with the number of key depressions and the intention
      of the player can not be fully expressed in a musical performance. With
      the embodiment according to this invention, on the other hand, the butt
      spring imparts no force to the butt during the initial part of the string
      striking stroke and the last part of the return stroke and, once the butt
      is engaged with the butt spring, the butt spring is allowed to abruptly
      increase its force according to the key stroke. As a result, the return of
      the hammer after the string is struck, as well as the return of the butt,
      can be rapidly effected. Furthermore, when the jack begins to be returned
      to the original position, the butt spring does not act upon the butt and
      the jack can be returned assuredly to the initial position.
PAR  In FIG. 5 a dotted line X indicates a characteristic curve of a
      conventional upright piano action; a solid line Y a characteristic curve
      of the piano action according to this invention; and a dot-dash line Z a
      characteristic curve of the normal grand piano action. To clarify a
      difference among these characteristics no load of a damper mechanism for
      the string is applied to the piano action. The load W is measured by a
      strain gauge set on the key at a front rail pin position.
PAR  A key load W of what is called a "piano touch" is maintained constant,
      during the first half of the key operation, by a static load. Immediately
      before the jack causes the butt to be thrown off i.e. the jack begins to
      slide on the lower surface of the butt, the load W is abruptly increased
      and after the disengagement of the jack from the butt the load is
      decreased. As mentioned earlier, the abrupt increase and decrease of this
      "piano touch" load is called the "after touch". The player senses the
      magnitude of the "after touch" and controls the strength of a delicate
      sound.
PAR  In the case of the grand piano action Z a rise of the "after touch" is
      increased to a greater extent due to the fact that the hammer is provided
      in a horizontal direction and is returned to the rest position due to its
      weight. For this reason, the strength of a sound is easily and accurately
      controlled in accordance with the player's intention. In the conventional
      upright piano action, however, since a hammer load is little applied to
      the key and the strength of the butt spring is relatively small and
      constant, a small rise of "after touch" results and the strength of a
      sound can not be well controlled. To avoid this situation it is considered
      helpful to increase the force of the butt spring. In this case, since a
      strong force of the spring is always applied to the butt, the movement of
      the jack to the initial position is impeded to an appreciable extent and a
      piano touch load is wholly increased resulting in the undue fatigue on the
      part of the player.
PAR  With the upright piano action according to this invention, since the force
      of the butt spring can be made sufficiently larger, a greater rise of the
      "after touch" can be attained and the movement of the jack back to the
      initial position is not prevented. As will be evident from FIG. 5 the
      characteristic curve of the upright piano according to this invention is
      similar to that of the grand piano.
PAR  FIG. 6 shows a second embodiment of the piano action according to this
      invention. With this embodiment a coil spring 54 has one end mounted to
      the portion 53 of the butt 19 and an abutment member 56 having a
      relatively hard felt 55 at the lower end portion is suspended from a
      damper rail 32. When the butt 19 is located in the initial position, the
      free end of the spring is spaced a distance d away from the felt 55. The
      spring imparts no force to the butt during the first swinging movement of
      the butt and acts on the butt halfway, thus attaining the same effect as
      in the first embodiment.
PAR  FIG. 7 shows a third embodiment. With this embodiment a butt 19 is made of
      a suitable plastic From the upper end of the damper rail side of the butt
      is projected a plastic leaf spring 57 integral with the butt. An abutment
      member 59 having a hard felt 58 at its lower end portion is secured
      through a spacer 60 to the damper rail. When the butt is in the initial
      position the end of the spring 57 is spaced a distance d away from the
      felt 58. The butt is not abutted against the felt until the butt is swung
      through a predetermined angle. Since, with this embodiment, the butt 19 is
      formed integrally with the spring 57, a manufacture and assembly can be
      easily effected at low cost.
PAR  With the embodiments shown in FIGS. 6 and 7, like the first embodiment, a
      distance d is 5 to 8 mm or determined so that, when the distance between
      the string and the forward end of the hammer comes to 10 to 20 mm, the
      spring is abutted against the abutment member.
PAR  A fourth embodiment as shown in FIGS. 8A and 8B is the same as the first
      embodiment except that a butt spring means has an auxiliary spring 41. The
      auxiliary spring 41 is formed by making two parallel deep cuts in the
      plate spring and it is bent at the butt 19 side. The auxiliary spring 41
      is normally abutted against the butt to cause a force appreciably smaller
      than that of the main spring 36a, to be applied on the butt. A distance
      between the main spring 36a and the auxiliary spring 41 is preliminarily
      determined so that when the auxiliary spring is lightly contacted with the
      butt the main spring is spaced a distance d, i.e. 5 to 8 mm, away from the
      butt.
PAR  A dot-dash line C of FIG. 4 shows a relation between a force applied to the
      butt by the butt spring means as shown in FIGS. 8A and 8B and the extent
      to which the key is depressed. As will be clear from this figure, the
      spring means applies at first a very small force to the butt by the
      auxiliary spring 41 and then applies an abrupt force to the butt midway of
      the key stroke as in the case of the first embodiment.
PAR  Consequently, the return of the jack to an initial position, as well as a
      great rise of the "after touch" is assured as in the first embodiment.
      Furthermore, even when the butt is moved away from the main spring 36a,
      the butt can be assuredly returned to the initial position under the
      influence of the auxiliary spring 41. The distance d between the butt and
      the main spring can be accurately adjusted without using any gauge simply
      by having the auxiliary spring lightly engaged with the butt.
PAR  Though with the above-mentioned embodiments the damper rail 32 is utilized
      as a fixed member secured to the piano frame, the other particular member
      may be fixed to the piano frame. The butt spring may be leaf spring,
      compression spring or any other form.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an upright piano action including a butt swingably mounted and having
      a hammer for striking a string, and a jack adapted to be abutted against
      the butt in accordance with the operation of a key and then thrown off the
      butt to permit the hammer to be moved from its rest position to a string
      striking position, the improvement of which comprises main spring means
      adapted to apply to the butt a force for returning the hammer to the rest
      position during movement of the hammer between a position other than the
      rest position and the string striking position and to apply no force to
      the butt when the hammer is moved from said other position to the rest
      position, and secondary spring means adapted to apply to the butt a force
      smaller than that of the main spring means and acting in the same
      direction as the latter.
NUM  2.
PAR  2. An upright piano action according to claim 1 in which said main spring
      means is adapted to apply said force immediately before the butt is thrown
      off by the jack.
NUM  3.
PAR  3. An upright piano action according to claim 1 in which a fixed member is
      further provided and said main spring means is mounted to the fixed member
      a predetermined distance apart from the butt.
NUM  4.
PAR  4. An upright piano action according to claim 3 in which said fixed member
      is a damper rail.
NUM  5.
PAR  5. An upright piano action according to claim 3 in which said main spring
      means is a leaf spaced 4 to 7 mm apart from the butt.
NUM  6.
PAR  6. An upright piano action according to claim 5 in which said secondary
      spring is a branched portion of the main leaf spring means normally
      engaged with the butt.
NUM  7.
PAR  7. An upright piano action according to claim 1 in which said position
      other than the rest position of the hammer is a position taken when the
      hammer is spaced 10 to 20 mm apart from the string.
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ABST
PAL  A toggle bolt to be used, for example, to fasten components to a ceiling.
      The toggle bolt includes a bolt portion and a sleeve portion. The bolt
      portion is of standard construction and includes an elongated threaded
      shank and a head portion. The sleeve portion includes a threaded nut
      pivotally mounted within the sleeve. The sleeve is slotted on one end so
      that the bolt can be threaded into the nut and then positioned either
      aligned or crosswise relative to the sleeve. A leaf spring portion in the
      sleeve biases the sleeve into the crosswise position so that the aligned
      position is maintained only while the sleeve is pushed through a hole in
      the ceiling and upon clearing the hole assumes the crosswise position.
BSUM
PAC  HISTORY
PAR  This invention relates to fasteners and particularly to toggle bolts which
      are inserted through an opening in a wall or ceiling. A sleeve portion
      carried by the bolt assumes a crosswise position relative to the opening
      whereby withdrawal of the toggle bolt through the opening is prevented.
PAR  Fasteners for fastening components to ceilings and walls are used
      extensively in the construction trade as well as being used by the novice
      homeowner for attaching hanging lamps and the like. It is desirable in
      such fastening applications to provide a fastener which can be securely
      anchored to the ceiling or wall with the least amount of defacing of the
      surface and with the least effort and expertise being required. Thus, a
      type of fastener that has become very popular is referred to as the toggle
      bolt. The toggle bolt typically includes a conventional bolt-like member
      including a threaded shank and screw head and a member which carries a nut
      through which the bolt is screwed. This member is adapted to fold against
      the bolt so as to assume a small circular cross-section to be inserted
      through a hole drilled into the ceiling or wall but which either expends
      or becomes dislodged crosswise relative to the bolt when the member is
      shoved through the opening. Typically, the member is composed of several
      parts including pivotal wing-like members biased by springs.
PAR  Toggle bolts which are especially adapted to be fastened to walls can use
      gravity force rather than springs to pivot a sleeve after it is inserted
      through the opening. This sleeve is weighted on one end and thus after
      shoving the sleeve through the wall opening, the sleeve will swing into a
      crosswise position by gravity action. This latter type of toggle bolt has
      the advantage of requiring fewer parts and thus is cheaper to construct
      and because of the simpler action is more reliable.
PAR  The present invention is intended to duplicate the simplicity of the
      sleeve-like toggle bolt above described for wall applications but adapt
      for use in ceilings. Very briefly, a sleeve element has a leaf spring
      section formed into the wall of the sleeve which urges the bolt to its
      crosswise position. The sleeve is first forced into alignment with the
      bolt, shoved through an opening in the ceiling and by action of the leaf
      spring, the sleeve is pivoted into its crosswise position. Having thus
      briefly explained the invention, the invention will be more fully
      understood by reference to the following detailed description and drawings
      wherein:
DRWD
PAR  FIG. 1 is a perspective view of a toggle bolt utilizing the present
      invention;
PAR  FIG. 2 is a section view taken on section lines 2-2 of FIG. 1;
PAR  FIG. 3 is a section view of the fastener of FIG. 1 shown as it is being
      inserted through an opening in a ceiling; and
PAR  FIG. 4 is a view similar to FIG. 3 but showing the sleeve of the bolt
      having been fully inserted through the ceiling opening and positioned
      crosswise with respect to the bolt.
DETD
PAR  Referring to the drawings, a bolt 10 has a threaded shank 12 and a head 14.
      A toggle member 16 includes a sleeve 18 and a nut 20. As will be noted
      particularly in FIG. 2, the nut 20 has projections forming pivot posts 22.
      Apertures 24 in the side wall of the sleeve 18 provide the bearings for
      the pivot posts 22. A section at one end of the sleeve is removed to
      provide a slot 23 to permit the bolt, when partially screwed into the nut
      20, to be pivoted relative to the sleeve. This relative positioning is
      noted by reference to FIGS. 1 and 4 where the sleeve is in a crosswise
      position as compared to the aligned position shown in FIG. 3. An aperture
      26 in the sleeve permits the bolt to be extended through the sleeve, again
      as shown in FIGS. 1 and 4.
PAR  Whereas the above features are not unique to toggle bolt fasteners, the
      improvement provided by the present invention resides in the leaf spring
      28. The leaf spring 28 as shown is formed out of a second slot in the
      sleeve 18 that is in alignment with the slot 23 and on the opposite end of
      the sleeve. The leaf spring 28 thus projects inwardly of the sleeve wall
      into the path of the bolt 10 as it is screwed through the nut 20. Thus
      with the sleeve 18 pivoted into alignment with bolt 10 and screwed
      partially through the nut 20 so as to contact the leaf spring 28 as shown
      in FIG. 3, the leaf spring 28 bears against the bolt and urges the sleeve
      into its crosswise position. It will be understood that with the bolt
      screwed out of engagement with the leaf spring 28, the bolt has free
      pivotal movement relative to the sleeve.
PAR  It will be apparent from the above and with particular reference to the
      drawings that the illustrated toggle bolt is utilized by first drilling a
      hole in a ceiling 30 just large enough to receive the sleeve 18. With the
      bolt 10 and sleeve 18 held in their aligned position, the sleeve is
      inserted through the hole as indicated by the arrow in FIG. 3. When the
      sleeve 18 is extended completely through the hole the leaf spring 28 urges
      pivoting of the sleeve 18 and in the resulting crosswise position cannot
      be withdrawn through the hole. In this crosswise position, as shown in
      FIG. 4, the leaf spring 28 is disengaged from the bolt. With the use of a
      screwdriver applied to the slot 32 in the head 14 of the bolt, the bolt
      can be screwed through the nut 20 as desired without contact or
      interference with the leaf spring 28. While friction alone will tend to
      hold the sleeve against turning with the bolt, finger-like extensions 34
      are provided to grip the ceiling 30 to insure non-turning of the sleeve.
PAR  While the above described toggle bolt fastener illustrates the preferred
      embodiment of the invention, others skilled in the art will conceive of
      various modifications and deviations without departing from the inventive
      concept. Thus, the invention is not limited to the embodiment shown but is
      extended in scope as determined by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toggle bolt comprising; a bolt having a head and threaded shank, a
      toggle member including a sleeve, a nut pivotally mounted within the
      sleeve and intermediate its ends adapted to received the threaded shank of
      the bolt, said sleeve having a first slot in one end thereof to permit
      pivoting of the bolt when engaged with the nut from a first position
      aligned with the sleeve and a second position crosswise of the sleeve, a
      leaf spring integrally formed out of a second slot formed in the sleeve,
      said leaf spring being on the side of the nut opposite the first slot and
      projected into the sleeve and into the path of the bolt in said first
      position, said leaf spring acting against the end of the bolt projected
      through the nut and into contact with the leaf spring to urge the bolt
      toward its second position, and said bolt adapted to be screwed out of
      contact with the leaf spring for free swinging pivotal movement between
      said first and second positions.
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ABST
PAL  A variably adjusted vent communicates with the interior of a mortar tube.
       adjusting the vent setting, the velocity of a single charge cartridge can
      be varied. In one embodiment of the invention, the vent discharge is
      exhausted below the base plate of the mortar to stabilize the mortar
      during firing.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the U.S. Government for governmental purposes without the payment
      to us of any royalty thereon.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Present mortars use various powder bags to achieve different muzzle
      velocities. The mortar such as the 81 mm mortar has nine charges plus a
      zero charge. These 10  charges allow the muzzle velocity to vary from 210
      ft/sec (charge zero) to 856 ft/sec (charge nine). In order to obtain any
      required muzzle velocity, the mortarman must physically remove one or more
      charges prior to firing. The propellant is contained in burnable bags that
      are apt to absorb moisture in a wet environment. When wet, the propellant
      will not fully burn. This shortcoming prohibits the projectile from
      achieving the intended range of the trajectory.
PAR  Various approaches in the prior art have included the utilization of a
      variable vent to permit adjustment of chamber pressure in a mortar tube
      during firing which would affect muzzle velocities and range. Such
      examples of the prior art are U.S. Pat. Nos. 2,417,983, 1,559,183,
      31628,415, 3,730,050.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention utilizes a variable vent in the mortar tube which
      may, preferrably be used in conjunction with a one charge cartridge.
PAR  The one charge mortar contains a single hermetically sealed charge which is
      located within the base of the projectile and which can provide the
      maximum muzzle velocity (for the 81 mm martar, 856 ft/sec.). The muzzle
      velocity of this new system can be varied by exhausting some of the
      combustion gases from the base of the mortar tube. The mass of exhausted
      gases determines the muzzle velocity. The gas mass control can be achieved
      by a sliding mechanism which the mortarman operates prior to firing.
      Indentations or markings may be provided on the tube so that, by
      positioning the setting lever on the appropriate mark, the exhaust slot is
      opened such that the desired muzzle velocity is achieved.
PAR  In one embodiment of the present invention, the vented discharge is
      exhausted below the base plate portion of the mortar. Thus, during firing,
      a reaction force on the base plate will occur that counteracts the recoil
      forces from the discharged cartridge. This balancing effect stabilizes the
      mortar during firing.
PAR  The above-mentioned objects and advantages of the present invention will be
      more clearly understood when considered in conjunction with the
      accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a sectional view taken through a mortar showing the disposition
      of a one charge cartridge therein. This represents a first embodiment of
      the invention.
PAR  FIG. 2 is a partial sectional view through a mortar having inner and outer
      tubes. Venting occurs between the inner tube and the annular space between
      the tubes. This Figure represents a second embodiment of the invention.
PAR  FIG. 3 is a sectional view taken along a plane passing through section line
      3--3 of FIG. 2.
PAR  FIG. 4 is a partial sectional view, similar to that of FIG. 2, except that
      the components are illustrated in a vent open position instead of a closed
      vent position, as shown in FIG. 2.
PAR  FIG. 5 is a cross sectional view taken along a plane passing through
      Section line 5--5 in FIG. 4.
PAR  FIG. 6 is a partial sectional view of a double walled mortar that has a
      simply actuated sliding valve for achieving adjustable venting action. The
      vent is shown in the closed position. This is a third embodiment of the
      invention.
PAR  FIG. 7 is a view similar to that of FIG. 6, except with the vent shown
      open.
PAR  FIG. 8 is a view taken along a plane passing through section line 8--8 in
      FIG. 6.
PAR  FIG. 9 is a sectional view of a doubled wall mortar which achieves venting
      by moving an inner mortar tube relative to the outer tube. This represents
      a fourth embodiment of the invention.
PAR  FIG. 10 is a view similar to that of FIG. 9 but illustrating a space
      created between the inner and outer tubes that permit venting. The
      disposition between the inner and outer tubes, as shown in FIG. 9,
      illustrate a closed vent condition.
PAR  FIG. 11 is a sectional view taken along a plane passing through section
      line 11--11 in FIG. 10.
PAR  FIG. 12 is a partial sectional view, particularly illustrating the end cap
      and ball joint of a mortar. Venting between the mortar parts is
      illustrated whereby vented discharge is exhausted below the base plate of
      the mortar to stabilize the mortar during firing. This Figure represents a
      fifth embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the Figures, and more particularly FIG. 1 thereof, reference
      numeral 10 denotes an elongated mortar tube which is threaded at 12 to an
      end cap, generally indicated by reference numeral 14. At the downward end
      of the end cap is a ball 16 which fits into a mating socket 18 to allow
      positioning of the mortar. The socket forms a part of the base plate 20
      that is positioned against the ground before firing. An intermediate
      section 22 of the mortar tube is also threaded so that an outer sleeve or
      tube 24 may be threaded thereon. An annular passageway exists between the
      mortar tube 10 and the outer sleeve 24. This passageway guides the exhaust
      of gas downwardly, as will be explained hereinafter. A plurality of
      radially spaced ports or opening 28 are formed in the mortar tube 10 to
      permit the bleeding or exhaust of gas from the inside of the mortar tube
      to the annular passageway 26. The downward end of the passageway 26 serves
      as an adjustable nozzle or vent, as indicated by reference numeral 30.
PAR  In operation of the device illustrated, a single charge mortar cartridge 36
      is dropped into the mortar tube 10. Contact is made between the pin 32
      extending upwardly into the mortar tube 10 from the end cap 14. The pin
      contacts a primer charge 34 in the cartridge and causes it to set off a
      single charge 38 that is disposed within the tail assembly of the
      cartridge 36. The charge 38 is hermetically sealed within the cartridge 36
      so that it is not affected by moisture. As the charge is actuated, the
      pressure builds up in the base of the mortar tube 10. The purpose of the
      adjustable vent or nozzle 30 is to permit the bleeding of some of this gas
      pressure out of the mortar tube so that the muzzle velocity of the
      cartridge may be selected. The path for gaseous discharge through the vent
      includes the openings 28, passageway 26, and the opening at 30. By
      rotating the mortar tube 10, relative to the outer sleeve 24, the
      interface at 42 is adjusted to effect nozzle action. In one limit
      position, the interface is complete so that no venting can take place. In
      the other limit position, the confronting surfaces of the mortar tube 10
      and the end cap 14 separate considerably at the interface 42. This permits
      a substantial venting effect. By adjusting the venting, a mortarman can
      select the muzzle velocity of the cartridge 36 as the cartridge 36 leaves
      the muzzle 40 of the mortar tube 10. An annular deflector shield 43 is
      mounted to the upper surface of the base plate 20 to deflect the vented
      discharge directed downwardly from 42.
PAR  The downward direction of the vented discharge is of particular advantage.
      In effect, this vented discharge is a high velocity reaction jet which
      exerts reaction forces in the upward direction to counter the recoil
      forces exerted by the fired cartridge. Thus, the excess energy, derived
      from the reaction jet helps to reduce recoil and stabilizes the mortar
      during firing.
PAR  FIG. 2 illustrates a second embodiment of the present invention which
      illustrates a different type of venting arrangement. A mortar tube 44 is
      concentrically surrounded by an outer tube 46. Both tubes are joined along
      a common base 48. An annular passageway exists between the mortar tube 44
      and the outer tube 46. As shown in FIGS. 2 and 3, an exhaust slot or
      opening 50 is formed along an arc of the mortar tube 44. A second slot 52
      is formed in the outer tube 46. The slot 50 is illustrated as being a
      parallelogram that is angularly disposed relative to the base 48. The slot
      52 guides a handle 62 which adjusts the extent to which the exhaust slot
      50 is exposed. The angular orientation of the slot 52 permits a more
      convenient manual movement of the handle by a mortarman when the mortar is
      upwardly inclined during use. The valve or regulator for the exhaust slot
      50 is the sliding vent valve generally indicated by reference numeral 54.
      This valve assembly includes a first component 56 which resembles a
      segment of a brakeshoe. The purpose of this component is to adjustably
      uncover the exhaust slot 50 thus permitting more or less gaseous venting
      of the mortar tube during firing. The valve assembly 54 includes a second
      component 58, similar to the component 56. However, the component 58 has a
      larger radius and larger length. A rib 60 connects the components 56 and
      58. FIGS. 2 and 3 show the exhaust slot 50 in a closed position. Thus no
      venting will occur. This is the position selected when maximum velocity is
      desired. It might also be mentioned that suitable rollers or bearings may
      be connected to the valve assembly 54 to allow a more effortless
      adjustment of the handle 62. The slot 52 may also include detents so that
      a mortarman may "feel" the various positions of the handle as he changes
      them. Alternately, gradations may be inscribed along the slot 52 to
      correlate handle position with the velocity.
PAR  FIGS. 4 and 5 illustrate the disposition of the handle 62 and the valve
      assembly 54 in an open position. In this position the cartridge dropped
      into the mortar will experience minimum muzzle velocity.
PAR  In operation of the embodiment shown in FIGS. 2-5, venting will occur along
      a path including the exhaust slot 50, the angular passageway between the
      mortar tube 44 and the outer tube 46, which terminates at the outward end
      of the mortar.
PAR  A third embodiment of the present invention is indicated in FIGS. 6-8. This
      third embodiment is similar to the second embodiment except for the
      structure of the valve mechanism at the vent. As indicated in FIG. 6,
      there is a mortar tube 64 that is outwardly surrounded by a concentrically
      disposed tube 66. An annular passageway exists between these tubes. The
      tubes are connected at the lower ends thereof by a unitary base 68. Pin 70
      extends from the base and engages a primer of a cartridge when the
      cartridge is dropped into the mortar.
PAR  A rectangular exhaust slot 72 is formed at the base end of the mortar tube.
      The annular passageway between the mortar and outer tubes is denoted by
      reference numeral 74. A curved sliding member 76 is positioned by an
      integrally connected handle 78 to adjust the opening of the exhaust valve
      72. In FIG. 6, the slider member 76 is shown in a position which
      completely closes the exhaust slot 72 thus insuring maximum muzzle
      velocity. By moving the handle 78 upwardly, the slider member 76 uncovers
      the exhaust slot to permit the venting of discharge gas therethrough. When
      the gas is discharged through the exhaust slot, it circulates evenly
      around the passageway 74 and flows upwardly until it is finally exhausted
      from the upper end of the passageway, at the muzzle. A lock nut or similar
      fastener 80 is positioned at the handle 78 so that a preselected position
      of the handle can be locked into place. As in the case of the previous
      embodiment, detents may be provided for preselected velocity positions.
      Gradations may also be inscribed for a continuous indication of velocity.
PAR  FIGS. 9-11 illustrate a fourth embodiment of the present invention. An
      outer tube 82 concentrically surrounds a radially inward mortar tube 86.
      The outward tube is integrally connected with the base 84. However, the
      mortar tube 86 is slidably positioned within the outer tube 82 and may be
      moved into and out of engagement with the base 84. A plurality of
      circularly spaced guide ribs 88 may be positioned between the tubes 86 and
      88 to lend structural rigidity. A plurality of circularly spaced threaded
      ribs 90 are positioned at the opposite end of the mortar and serve the
      dual function of rigidifying the structure as well as permitting
      longitudinal adjustment of the mortar tube, relative to the outer tube.
      The threaded interface between the tubes is indicated by 92. A hand crank
      94 is integrally connected to the outer end of the mortar tube and extends
      radially outwardly for easy manipulation by a mortarman. By revolving the
      hand crank 94, the longitudinal position of the mortar tube is adjustable,
      relative to the outer tube.
PAR  FIG. 9 illustrates the mortar in a position whereat there is no venting of
      gas discharge from the mortar tube 86. The vent, in effect, constitutes
      the inward end 96 of the mortar tube, used in conjunction with an annular
      seat or groove 98 which receives the adjacent end of the mortar tube.
      However, when venting is desired, the hand crank 94 is rotated thereby
      displacing the end 96 of the mortar tube out of the seat 98.
PAR  In operation of the embodiment illustrated in FIGS. 9-11, with the mortar
      tube positioned as shown in FIG. 10, a passageway 100 is created whereby
      gas may be discharged from the interior of the mortar tube, along
      passageway 100, and finally through the annular passageway 102, for final
      exhaust at the outward end 104 of the passageway.
PAR  The final embodiment of the invention is illustrated in FIG. 12. The basic
      purpose for the design of the mortar, as shown in FIG. 12, is for the
      purpose of reducing recoil thus stabilizing the mortar during firing. In
      this respect, the embodiment of FIG. 12 achieves the same goals as the
      first mentioned embodiment of FIG. 1. As will be noted in the figure, the
      mortar tube 106 is threaded into an end cap 110 which terminates in an
      integrally connected ball 112. The ball is received within a socket in
      base plate 114.
PAR  In operation of the embodiment of FIG. 12, a cartridge is dropped into the
      mortar tube 106. The firing pin 108 sets off the cartridge in the usual
      manner. A number of symmetrically positioned passageways 116 communicate
      with the lower end of the mortar tube. The passageways 116 feed into a
      central passageway 118 that extends through the end cap 110 and the ball
      portion 112. The socket of the base plate 114 is cut away at 120 to permit
      exhaust of gases through the end of passageway 118, as denoted by 122.
      Discharge is then exhausted to the atmosphere as shown. As the discharge
      occurs, a reaction jet is produced, as in the case of the FIG. 1
      embodiment. As a result, the reaction force diminishes the effect of
      recoil during cartridge firing. Base plate 114 has an additional
      passageway 124 formed therein so that the exhausted gas may be directed
      from underneath the base plate 114 to the atmosphere at gas release port
      128. The passageway formed in the body of the base plate 114 is indicated
      by reference numeral 126.
PAR  The embodiment of FIG. 12 is shown in a simple form. It is to emphasized
      that a valve of any suitable type is preferably connected in the exhaust
      path to adjust the exhaust flow which results in a variably selectable
      muzzle velocity. Accordingly, the embodiment of FIG. 12 may be combined
      with the vent designs of previous embodiments, or other suitable
      alternatives to permit this adjustability.
PAR  It should be understood that the invention is not limited to the exact
      details of construction shown and described herein for obvious
      modifications will occur to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mortar device comprising:
PA1  a mortar tube for receiving a cartridge, the tube having an exhaust slot
      formed therein;
PA1  a second tube radially larger that the mortar tube surrounding the mortar
      tube and creating an annular passageway between the tubes;
PA1  arcuate vent valve means positioned in the passageway for sliding
      displacement over the slot to adjust exposed slot area which communicates
      with the passageway; and
PA1  means connected to the the valve means for moving the valve means to a
      selected position corresponding to a predetermined exposed slot area;
PA1  thereby permitting the exhaust of cartridge gas from the mortar tube to the
      atmosphere, via the slot and passageway.
NUM  2.
PAR  2. The subject matter of claim 1 together with a single charge cartridge
      received in the mortar tube capable of achieving maximum muzzle velocity
      when the valve means completely closing the exhaust slot.
NUM  3.
PAR  3. The subject matter of claim 1 wherein the vent valve means comprises:
PA1  a first arcuate member located in the annular passageway and disposed in
      sliding juxtaposition with the mortar tube;
PA1  a guide slot formed in the second tube for receiving the valve moving
      means;
PA1  a second arcuate member located in the annular passageway and disposed in
      sliding juxtaposition with the second tube for covering the guide slot and
      preventing gas exhaust therefrom;
PA1  means connecting the first and second arcuate members for linking the
      motion therebetween.
NUM  4.
PAR  4. The subject mattar as set forth in claim 1 wherein the vent valve means
      comprises:
PA1  an arcuate member located in the annular passageway and disposed in sliding
      juxtaposition with the mortar tube for adjustably covering the exhaust
      slot, the width of the arcuate member being substantially as wide as the
      width of the annular passageway;
PA1  a guide slot formed in the second tube;
PA1  handle means located in the guide slot and connected to the arcuate member
      for selectively positioning the arcuate member over the exhaust slot.
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ABST
PAL  A man transportable rocket launcher including a pair of telescoping
       secti, launch tubes, which are telescoped when being transported and
      extended for launching of the rocket. The warhead of the rocket always
      rides on the inner surface of the front tube which is carried inside the
      rear tube. Retention means cooperate with the fins to assist in retaining
      the rocket fins in folded position in the launcher prior to rocket launch.
      The retention means is moveable, with the rocket in the rear tube, for a
      predetermined length of travel of the rocket at which time the fins are
      released by the retention means and engaged by the inner surface of the
      front tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Folded fin stabilized rockets have been developed which can be fired by one
      man from his shoulder or from a light weight portable launcher, if
      desired. The rockets are extremely useful against tanks when provided with
      high explosive warheads. Since the launcher must be man-transportable,
      weight is a prime consideration in such launcher design.
PAR  In such launchers, it is desirable to have as long a guidance length as
      possible, i.e. rocket is in contact with the inner surface of the launcher
      up to the muzzle. It is also desirable that the launcher have as short a
      carry length, for transporting thereof, as possible, for a given guidance
      length. Additionally, recoil must be held to a minimum.
PAC  SUMMARY OF THE INVENTION
PAR  The rocket launcher of the present invention is disposed for launching
      rockets having folded fins. Typically, the fins are evenly spaced around
      the aft end of the rocket and are provided with a curvature, which when
      the fins are folded, substantially matches the curvature of the rocket's
      body. The fins are generally spring biased for outward movement when the
      fins become unrestrained. The launcher includes two launch tubes disposed
      in telescoping relation. The inner tube is disposed forwardly within the
      rear launch tube. With the sections extended the warhead of the rocket
      rides on the inner surface of the front tube. Each fin is provided with a
      pad secured thereto which is sized to ride on the inner surface of the
      rear (outer) launch tube section. Responsive to movement of the rocket,
      the shoes contact the aft end of the front tube and are sheared off to
      release the fins onto the inner surface of the front tube. Alternatively,
      a detent sleeve may be positioned in the rear of the launch tube and
      provided with an internally extending detent for engaging the rocket for
      retention of the fins in the sleeve, and an externally extending detent
      for engaging the launch tube. Responsive to ignition of the rocket, the
      externally extending detent shears and the sleeve moves forwardly in the
      rocket to engage the aft end of the front tube where upon the rocket
      engaging detent releases the rocket into the front tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational sectional view of the launcher of the present
      invention in the non-extended position.
PAR  FIG. 2 is an elevational sectional view of the launcher of FIG. 1 in
      extended position.
PAR  FIG. 3 is an enlarged elevational sectional view of the detent sleeve for
      engaging the rocket in the launcher.
PAR  FIG. 4 is a partial sectional view of another embodiment of the invention
      wherein fin pads are used in place of the detent sleeve.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1 a rocket launcher 10 is shown to have a rocket 12
      carried therein. The rocket 12 includes a warhead section 14, a motor
      section 16, and fins 18.
PAR  The launcher includes a rear launch tube section 20 and a front tube
      section 22. As shown in FIG. 1 the launch tubes are in nonextended
      position. In this position the aft end 24 of the front tube is in abutting
      relation with the forward end of a detent sleeve 26 carried in the aft end
      28 of launch tube section 20.
PAR  The launcher is shown in FIG. 2 with the launch tube sections in extended
      postion and held extended by locking means (not shown). The length of the
      launch tube assembly in the extended postion is indicated by the dimension
      A. This is the firing length. The front tube will telescope and result in
      a carry length B. The warhead always rides on the inner surface of the
      front tube 22. The minimum telescoping distance is shown as C. There must
      be sufficient rocket length so that the dimension D is equal to or greater
      than C. The fins are disposed in folded relation in detent sleeve 26 which
      is provided with an inwardly extending detent 29 which locks in a groove
      30 provided in the rocket (FIG. 3). An externally extending softer detent
      34 engages a groove 36 of launcher section 20 to retain the rocket in the
      launcher section prior to firing thereof.
PAR  Upon launch, externally extending detent 34 shears at groove 36 of the
      launcher and travels with the rocket. When the detent sleeve contacts aft
      end 24 of the front tube, the sleeve shears loose from the rocket at
      detent 29 and transfers the fins to the inner surface of the front tube.
      By adjusting the mass of the detent sleeve (i.e. from simple pads to a
      heavy sleeve) impulse control can be obtained. Furthermore, having the
      front tube inside rather than outside as on other launchers reduces the
      frontal area exposed to exhaust gases and thereby recoil.
PAR  As shown in FIG. 4 rocket 12 is provided with pads 40 on each of the fins
      18 thereof. The pads are sized to ride on the inner surface of the rear
      tube 20. Responsive to ignition of the rocket the pads will contact the
      aft end 24 of front tube 22 to be sheared off as a result of the rocket
      momentum. The fins will then ride the inner surface of the front tube. A
      separate detent not shown is required when pads are used.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lightweight man-transportable rocket launcher disposed for launching a
      folded fin rocket having a forward warhead section and an aft propulsive
      section, said launcher comprising:
PA1  a. a pair of launch tube members disposed in telescoping relation, the
      first of said pair of launch tube members defining the rear launch tube
      section, the second of said pair of launch tube members defining the front
      section and having an aft surface terminating in said first section, said
      second of said pair of launch tube members being disposed for movement
      between a first non-extended position to a second extended position, said
      pair of launch tube members disposed for carrying said rocket therein so
      that said forward warhead section rests in said second section of said
      pair of tube members in either the extended or non-extended position of
      said launcher;
PA1  b. retention means for retaining the fins of said rocket in folded position
      in said first of said pair of launch tube members and for release of said
      fins responsive to entrance thereof into said second of said pair of
      launch tubes, said retention means being disposed about said fins in
      secured relation with said rocket and disposed for movement therewith and
      for abutting engagement with said aft surface of said second tubular
      member and a shearable restraining means for securing said retention
      means, whereby responsive to said abutting engagement, said restraining
      means is sheared and said fins released into said second of said pair of
      tubular members.
NUM  2.
PAR  2. A rocket launcher as set forth in claim 1 wherein said retention means
      includes pad members secured to said fins and in engagement with the inner
      surface of said launch tube.
NUM  3.
PAR  3. A rocket launcher as set forth in claim 1 wherein said retention means
      is a sleeve having an outwardly extending detent for engagement with said
      launcher for retention of said sleeve therein, and an inwardly extending
      detent for engagement with said rocket for retention of said rocket in
      said launch tube.
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PAL  A weapon system is provided with a projectile incorporating improvements
      which reduce launching errors. In the preferred embodiment, the projectile
      is a rocket. The rocket is spin stabilized by gyroscopic force and a
      condition of nearly neutral aerodynamic stability is provided by the
      external rocket contour. In the preferred embodiment, the rocket is spin
      stabilized in flight by a forward fin ring and a rearward aerodynamic,
      flared skirt. The skirt includes a bearing ring structure which supports
      the rocket within a launcher vehicle or tube along the rearward portion of
      the rocket body. The fin ring constitutes a second projectile support
      during launch and is positioned along the forward portion of the
      projectile body. The projectile and its associated launcher vehicle are
      configured to eliminate tip off error. Both the bearing ring structure and
      fin ring are journaled to the projectile to permit rotation of the
      projectile body. The fin and bearing rings each have means integrally
      formed with them for spring loading the projectile within its launch
      vehicle prior to launch. Spring loading the projectile reduces mal aim
      launch errors during projectile firing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for reducing launch errors in weapon
      systems. While the invention is discussed with particular reference to a
      rocket projectile and its associated launcher tube, those skilled in the
      art will recognize the wider applicability of the invention to other
      projectile and launcher vehicle systems.
PAR  Unguided projectiles of the prior art for use in air-to-air, air-to-ground,
      ground-to-ground or ground-to-air modes, generally have been deficient in
      delivery accuracy. One solution to the delivery accuracy problem is
      disclosed in the Bauman et al U.S. Pat. No. 3,610,096, issued Oct. 5,
      1971. While the prior art in general, and the Bauman et al patent in
      particular, work well for its intended purpose, at least two error sources
      affecting the flight of a projectile heretofore have been unresolved.
PAR  In order to optimize the accuracy of fin and spin stabilized projectiles,
      the primary error sources, which include tip off, mal launch, and mal aim
      errors, must be minimized. The spin and fin stabilized projectile
      described in the above-referenced Bauman et al U.S. Pat., No. 3,610,096,
      works well to eliminate tip off error. The structure disclosed in Bauman
      et al, however, does not prevent the occurrence of mal launch and mal aim
      errors. Reference may be made to the Bauman et al U.S. Pat., No.
      3,610,096, for constructional features not forming a portion of the
      invention disclosed herein. The invention described hereinafter is
      compatible with the Bauman invention, and is an improvement of the system
      there described. Features disclosed in Bauman et al, U.S. Pat. No.
      3,610,096 not described herein are intended to be incorporated by
      reference.
PAR  Mal aim error is a term of art having reference to the fact that the center
      line of the projectile may be directed at some point other than the center
      line of the launcher vehicle. That is, projectile flight error can arise
      because of the manufacturing tolerances required in the construction of
      the projectile and an associated launcher. These tolerances often are
      sufficient to permit some clearance between a portion of the projectile
      supports or the projectile itself and the projectile launcher. In effect,
      the projectile becomes disaligned with respect to the centerline axis of
      the launcher. Since it is convenient to align any launch platform sight
      system with the launcher centerline axis, weapon systems have an
      uncompensated error built into them. Even when extremely close
      manufacturing tolerances are kept, with resulting increased product cost,
      the launcher and the projectile often are constructed of dissimilar
      materials. Consequently, the thermal expansion of the material varies, and
      again permits the undesirable disalignment between the projectile's
      centerline and the centerline of the launcher tube.
PAR  Mal launch also is a term of art, and broadly refers to errors that may
      arise from a number of sources. Primarily, this error is a result of the
      noncoincidence of the projectile's spin axis, which corresponds to the
      centerline between the centers of the bearings on which a spin stabilized
      projectile rotates, and the principal axis of the mass of the projectile.
      Spin stabilization, in itself, is intended to provide some compensation
      for any nonsymmetrical distribution of the projectile's mass. However,
      spin stabilization induces mal launch errors when the spin axis and mass
      axis do not coincide. While the maintanence of extremely high tolerances
      during projectile manufacture can lessen this error, the degree of
      accuracy required is such as to be prohibitive commercially.
PAR  The invention disclosed hereinafter minimizes these difficulties by
      providing a projectile having self-contained supports, which supports
      include integrally formed springs. Upon insertion in a launcher vehicle,
      the springs isolate the projectile body from the launcher vehicle, and
      insure that the supports always are in direct contact with the launcher
      vehicle. Consequently, the projectile body is given some degree of freedom
      within the launcher vehicle to permit the alignment of the spin and mass
      axes during projectile spin up but prior to launch while the integral
      supports necessarily maintain the projectile aligned along the launcher
      vehicle centerline axis. The forward projectile support preferably takes
      the form of a journaled aerodynamic fin ring, having a plurality of fins
      extending radially outwardly from a central hub. The fins contain an
      open-mouth channel along the distal fin end. The channel has first and
      second widths with the smaller width portion forming the mouth of the
      channel and opening through an edge of each of the fin plurality. The
      channel permits that portion of the fin outboard of the channel to
      function spring fashion, and the width of the channel mouth is controlled
      closely so as to limit the possible deflection of the outboard fin
      portion. The spring rate of the outboard portion of the fin may be
      controlled by selection of the widths and the lengths of the channel
      portions. The rearward projectile support is a bearing ring structure
      forming a part of a flared, aerodynamic skirt and includes a pair of
      spaced annular members joined by a thin skinned metal membrane. The
      bearing ring structure functions as a second projectile support during
      launch, and is frustum shaped in side elevation. The effective I.D. of
      that portion of the launcher vehicle in which the rearward projectile body
      part rests is slightly smaller than the effective O.D. of the bearing ring
      structure. This permits the thin skinned membrane to function as a
      flexible diaphragm which allows a hoop spring attached to one end of the
      membrane to stress. The hoop spring thus is able to exert a radial spring
      force between the projectile and the launch vehicle after projectile
      insertion. Clearance between the round and the launch tube is thus
      eliminated, and the round has a predetermined degree of radial freedom
      within the launcher to permit it to align its spin axis with the principal
      axis of its mass. Since the projectile is in contact with the launch tube
      until it is in free flight, and because the mass axis and the spin axis
      are allowed to coincide, accuracy of the weapons system is improved
      appreciably.
PAR  One of the objects of this invention is to provide a spin and fin
      stabilized weapon system having improved firing accuracy.
PAR  Another object of this invention is to provide a projectile body having
      integral support means for supporting the projectile in a launcher
      vehicle, the support means being capable of spring loading the projectile
      radially in the vehicle.
PAR  Another object of this invention is to provide a projectile body having an
      integrally formed forward support comprising a plurality of aerodynamic
      fins, individual ones of said fins having spring means integrally formed
      therein.
PAR  Yet another object of this invention is to provide a projectile having a
      bearing ring mounted along a rearward portion of said projectile, said
      bearing ring having spring means integrally formed therein.
PAR  Other objects will become apparent to those skilled in the art in light of
      the following description and accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, generally stated, a weapon system is
      provided having improved projectile delivery accuracy. The system includes
      a tip off control launcher vehicle having first and second internal
      diameters. A projectile carried in the launcher includes integral forward
      and rearward support means. The forward support means preferably is a
      plurality of fins which support the projectile in the launcher prior to
      launch. The rearward support means includes a bearing ring structure
      designed as a part of a flared, aerodynamic skirt. The forward and
      rearward support means are designed to exert a radially directed spring
      force between the projectile and the launcher vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, FIG. 1 is a view in perspective of one illustrative
      embodiment of weapon system of this invention;
PAR  FIG. 2 is a view in perspective of a second embodiment of a launcher
      vehicle compatible with the weapon system of this invention;
PAR  FIG. 3 is a view in side elevation, partly in section and partly broken
      away, of the weapon system shown in FIG. 1;
PAR  FIG. 4 is an enlarged view in side elevation, partly broken away, of a fin
      constituting a first projectile support during launch;
PAR  FIG. 5 is an enlarged view of an aft bearing ring structure constituting a
      second projectile support during launch;
PAR  FIG. 6 is an enlarged view, partly broken away, and partly in section, of
      the second projectile support shown in FIG. 5; and
PAR  FIG. 7 is a diagrammatic sectional view illustrating the operation of the
      second projectile support during launch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, reference numeral 1 indicates a rocket projectile
      1 within a launcher vehicle 2, which combination constitutes the preferred
      embodiment of the invention. The projectile 1 includes an elongate body 3
      having a forward portion 4 and a rearward portion 5. In general, the
      forward portion carries a warhead and fuse, not shown, of conventional
      construction, and the rearward portion carries a propulsion means,
      generally indicated by the numeral 6 in FIG. 3. The propulsion means 6
      comprises a rocket boost propellant grain 7, and an exhaust nozzle 8
      terminated in a rearward opening 9. Means 10 for rotating the projectile 1
      about a longitudinal axis 11 is positioned about the rearward opening 9 of
      the portion 5. The projectile 1 is supported in the launcher 2 by front
      and rear support means corresponding to a fin ring 30 and a skirt 20 which
      includes an aft bearing ring structure 23. The fin ring 30 and skirt 20
      also serve to stabilize the projectile 1 aerodynamically during flight, as
      will be later described in greater detail.
PAR  The launcher vehicle 2, in the preferred embodiment, is an open-ended, thin
      walled, cylindrical tube 14 having a plurality of supports 15 spaced about
      its inner periphery. The supports 15 extend from near one end of the tube
      to near the center of the tube. Each of the supports 15 generally is
      rectangular in plan, and has a smooth surface 16 which abuts the
      projectile 1 along the skirt 20, and more specifically along the aft
      bearing ring structure 23 prior to launch. A forward part 12 of the tube
      14 may assume either of two configurations, respectively illustrated in
      FIGS. 1 and 2. In FIG. 1, the part 12 of the tube 14 has a smooth,
      continuous wall running from the inboard end of the supports 15 to the
      forward end of the tube 14. In FIG. 2, however, the forward part 12 of the
      tube 14 has a plurality of rails 17 projecting radially inwardly from the
      internal perimeter of the tube. Like the supports 15, the rails 17 also
      are rectangular in plan. However, the rails 17 differ in that each rail 17
      has a groove 18 in it which is utilized to engage projectile 1 along the
      outer boundary part of the fin ring 30, as later described in detail.
PAR  The supports 15 effectively decrease the internal diameter of the launch
      tube 14 throughout the extent of the supports. The supports 15, the
      relative dimension of the launch tube 14, and the dimensions of the
      projectile 1 are determined so as to eliminate tip off during launch. That
      is, the distance denominated D.sub.1 in FIG. 3, between the rear edge of
      the forward projectile support, that is, the fin ring 30, and the forward
      or left hand end, referenced to FIG. 3 of the tube 14, is equal to the
      distance, denominated as D.sub.2, between the rearward edge of the
      rearward projectile support, that is, the bearing ring structure 23 of the
      skirt 20, and the forward edge of the supports 15. In addition, the radial
      extent or height of the supports 15 is chosen so as to provide sufficient
      clearance to prevent projectile 1 contact with the forward part 12 of the
      launch vehicle 2 after the rearward projectile support clears the support
      15, regardless of whether the forward part 12 of the launch tube 14 is
      smooth bored or includes a plurality of the rails 17. This clearance, or
      the difference between the internal fore and aft diameters of the launch
      tube, is such as to avoid contact under substantially all launch
      conditions and is sufficient to prevent projectile and launch tube
      intereference under normal application operating conditions or
      environment.
PAR  As indicated above, tip off control launchers are old in the art. Our
      invention differs specifically from and is an improvement over the prior
      art, for example, as disclosed in Bauman et al, U.S. Pat. No. 3,610,096,
      and the references cited therein, in the design of the projectile 1. The
      forward portion 4 of the projectile 1 is an aerodynamically streamlined
      configuration adapted to contain any associated warhead and fuse. The
      rearward body portion 5 of the projectile 1 comprises a propulsion motor
      case and insulation 19. The motor case also houses the propulsion means 6.
      The projectile 1 is supported within its associated launcher vehicle 2
      prior to firing along the forward and rearward projectile supports fin
      ring 30 and skirt 20, respectively.
PAR  The skirt 20 is of a flared, aerodynamically design joined to the rearward
      body portion 5 of the projectile 1 by any convenient method. The skirt 20
      includes an outwardly extending flared portion 21 and a longitudinally
      extending portion 22. The aft bearing ring 23 forms a part of the
      longitudinally extending portion 22. The aft bearing ring structure 23 in
      fact is that portion of the skirt 20 that functions as the rear projectile
      support for the projectile during launch. As indicated, the skirt 20 is
      configured so that the aft bearing ring structure 23 becomes a part of the
      skirt 20 design, even though in actuality, the ring structure 23 is
      manufactured as a separate unit and integrated into the skirt 20
      composition during projectile 1 construction.
PAR  Ring structure 23 is journaled for rotation with respect to projectile 1
      along a bearing 24. Bearing 24 is conventional and may comprise any
      convenient structure. In general, bearing rings suitable for use with the
      device of this invention include concentrically arranged inner and outer
      races 50 and 51 respectively, having a plurality of roller bearings
      mounted for rotation therebetween.
PAR  The aft bearing ring structure 32 includes a housing 53 which forms a
      frustum in side elevation. Housing 53 is defined by a forward retaining
      flange 25, a bearing insertion area 26, an isolating diaphragm 27, and a
      hoop spring 28.
PAR  A forward external diameter 60 of the bearing ring structure 23 is smaller
      than an aft external diameter 61. The housing 53 is canted outwardly,
      along the isolating diaphragm 27, to achieve its frustum shape. The
      diameter 61 represents the radially outermost portion of both the bearing
      ring structure 23 and the rear portion 5 of the projectile 1.
PAR  The flange 25 functions in part to locate the bearing 24, the races of
      which may be placed within the housing 53 so as to abut the flange 25. The
      bearing 24 and housing 53 may be joined to one another by any convenient
      method. Epoxy adhesive works well, for example. When epoxy adhesive is
      utilized, it is desirable, if not mandatory, to include a cement groove 29
      along the bearing insertion area 26. The groove 29 insures that sufficient
      adhesive is present to bond the bearing 24 with the housing 53.
PAR  The diametrically opposed ends of the ring 23 may be considered as
      cylindrical sections joined together by a thin conical skin or isolation
      diaphragm 27. That portion of the housing 53 forward of the diaphragm 27
      is designed to be substantially inflexible in normal use. The
      inflexibility results from a number of factors. For example, the forward
      portion of the housing 53 has a relatively long axial dimension as
      compared to the axial dimension of hoop spring 28. In addition, the
      insertion of bearing 24 within the housing 53 substantially increases the
      radial depth of the forward portion. Isolating diaphragm 27, on the other
      hand, is a relatively thin, flexible portion of the housing 53. The spring
      28 is joined to the bearing insertion area 26 by the diaphragm 27. The
      isolation diaphragm 27 permits the supports 15 of the tube 14 to deflect
      the hoop spring 28 upon insertion of the projectile 1 within the launcher
      2. That is, that portion of the hoop spring 28, in contact with supports
      15, is free to deflect radially inwardly. While a portion of the spring 28
      deflects inwardly, that portion of the spring 28 between the supports 15
      bows outwardly. This relationship is dramatically illustrated in FIG. 7.
      The spring 28 may continue to deflect until the bearing insertion area 26
      comes into contact with the support 15. Since the area 22 is relatively
      inflexible, this contact acts as a positive stop limiting further
      deflection of either hoop spring 28 or the ring structure 23. The
      particular geometry of the hoop spring 28 and the isolating diaphragm 27
      may be changed, in various embodiments of this invention to adjust the
      spring rate of the hoop spring.
PAR  As may be observed in FIG. 3, the bearing ring structure 23 is designed as
      a portion of the skirt 20. That is, the skirt 20 and bearing ring 23 form
      an integral design which is important in the aerodynamic characteristics
      of the projectile 1 after launch. That design is smooth flowing along the
      skirt portion 20.
PAR  The fin ring 30, as indicated above, comprises the other projectile support
      for the projectile 1. The ring 30 is similar to the fin ring disclosed in
      the above referenced Bauman et al U.S. Pat., No. 3,610,096, in that the
      fin ring 30 includes a ring or band 31 having four fins 32 extending
      radially outwardly from it. The fins 32 are spaced at approximately
      90.degree. intervals about the outer surface of the ring 30. Other fin
      arrangements are compatible with the broader aspects of our invention and
      both the number and relative spacing of the fins 32 may be varied in other
      embodiments of the projectile 1. The ring 30 is journaled for relative
      rotation on the projectile 1 by means of a bearing assembly 33 interposed
      between the ring 30 and the body 3 of the projectile 1. Bearing assembly
      23 is conventional and any of a number of commercially available bearing
      assemblies may be utilized. The fins 32 and the flared skirt 20 are
      aerodynamically configured to stabilize the projectile during flight.
PAR  The use of a fin ring to stabilize a projectile in flight is a well known
      technique in the art. The ring 30 of this invention differs primarily in
      the construction of the individual fins 32. Each of the fins 32 has a body
      67 having a proximal end 35 attached to the band 31, and a distal end 36
      terminating the radially outward extension of the body 67 from the band
      31. Each fin 32 also has a forward edge 37 and an aft edge 38. A broad
      face 46 extends between the edges 37 and 38 along each side of the
      material thickness of the fin 32. A radially outward tip 47 of the fin 32
      is connected between the edges 37 and 38, as is best observed in FIG. 4.
PAR  It is conventional to strengthen the individual fins 32 by providing ridges
      39 in the material forming the fins 32. Other strengthening techniques may
      be used, if desired. Each of the fins 32 has an open-mouthed groove 40
      extending through its material thickness. The mouth of the groove 40 opens
      through the edge 38 of the fin 32. Groove 40 includes a first portion 41
      having a first length dimension 62 and a first width dimension 42. A
      second portion 43 of the groove 40 has a second length dimension 64 and a
      second width dimension 44. The width dimension 42 of the portion 41 is
      substantially larger than the width dimension 44 of the portion 43, and
      the groove 40 is placed in the fin 32 so that the width dimension 44
      defines the open mouth of the groove. That part of the fin body 67
      outboard of the groove 40 is attached to the remaining fin body along a
      relatively thin bridge 68. The relationship of the groove 40 and bridge 68
      enables that part of the fin body 67 outboard of the groove 40 to define a
      spring 45, the spring rate of which is controlled in part by the geometry
      of the groove 40. That is, the portion of the fin body 67 outboard of the
      groove 40 may move radially inwardly or outwardly in response to force
      applied to the tip 47. As indicated, tip 47 is canted slightly to
      facilitate the radial compression of the spring 45 when the projectile 1
      is inserted in the tube 14. The deflection of the spring 45 radially
      inwardly is limited by the size of the width dimension 44 of the groove 40
      in that closure of the open mouth of the groove 40 prevents further radial
      movement of the spring 45.
PAR  The weapon system of our invention may be utilized in air-to-air,
      ground-to-ground, and ground-to-air configurations, in either guided or
      unguided modes. In the air-to-ground configuration, the launcher vehicle 2
      may be utilized both as a protective shipping container for the projectile
      1, and as the launcher proper. The projectile is loaded from the backside
      of the tube 14, regardless of whether the tube 14 has the rails 17
      attached to its forward portion. As observable in FIG. 2, the rails 17 are
      positioned off center with respect to the supports 15 so that the fins 32
      pass the narrow internal diameter portion of the tube 14. The tube 14 may
      have a flared rim 69 formed in it to aid in projectile 1 insertion. Means,
      not shown, may be provided for locking the projectile within the launcher
      vehicle 2 after insertion. The outer effective diameter of the fin ring
      30, determined by the fins 32, is chosen to be greater than the inner
      diameter of the forward portion of the tube 14 so that the spring 45 of
      each of the fins 32 is compressed slightly after the projectile insertion
      in the tube 14.
PAR  When it is desired to launch the projectile 1, a conventional electrically
      or mechanically ignited squib, not shown, is activated to ignite the
      rotating means 10. The tangentially directed thrust forces produced by the
      rotating means 10 cause the projectile 1 to rotate about its longitudinal
      axis 11, which corresponds to the imaginary centerline extending between
      the two projectile supports, fin ring 30 and bearing ring structure 23.
      Low friction spin support is provided at the forward end of the projectile
      1 by the fin ring 30, where the fin ring 30 and the individual fins 32
      remain stationary while the projectile body 3 rotates along the bearing
      assembly 33, and at the rearward end of the projectile 1 by the aft
      bearing structure 23 where the housing 53 remains stationary while the
      projectile body 3 rotates along the bearing 24. When the rails 17 are
      used, the tip 47 of the fin 32 is engaged by the groove 18 which insures
      that rotation between the fins 32 and the launcher vehicle 2 is prevented.
      Use of the rails 17 is preferred commercially because, in addition to
      preventing any fin movement, the rails give additional structural support
      to the relatively thin fin 32 design. However, an interference fit between
      the forward portion of the launcher vehicle 2 and the end 36 of the fins
      32 may be utilized, if desired, and weapon systems utilizing this latter
      design have been tested successfully.
PAR  After the projectile 1 reaches its designated spin rate, the main motor
      propellant is electrically or mechanically ignited to accelerate the
      projectile in a longitudinal direction. Since the distance between the aft
      edge 38 of the fins 32 and the forward exit end of the launch tube 14 is
      equal to the distance between the rearward end of the hoop spring 28 and
      the forward end of the supports 15, fins 32 pass the forward end of the
      launcher tube 14 at the same instant in time that the rearward end of the
      bearing ring structure 33 passes the forward end of the supports 15, and
      moves into the larger internal diameter portion of the launcher tube 14.
      This condition is illustrated in FIG. 1. Thus, the projectile is in a free
      flight phase of launch while it is partially contained within the launcher
      tube 14. Since the fore and aft projectile supports simultaneously release
      from the launcher tube, and since the clearance of the forward section of
      the launch tube is sufficient to prevent projectile contact under
      substantially all launch conditions, tip-off errors normally associated
      with tube launched projectiles are eliminated.
PAR  Prior to launch, as the rocket is brought up to spin rate, it is able to
      shift against the pre-loaded springs 45 and 28 to align the mass axis of
      the projectile with its spin axis. Since the fins 32 and aft bearing ring
      structure 23 travel with the projectile 1, they maintain pressure against
      the launcher until the projectile 1 attains the free flight condition
      described above. Because the projectile 1 always is in contact with the
      launcher tube and because the projectile is permitted some radial freedom
      within the launch tube 14 which enables it to align its mass and spin
      axis, both mal aim and mal launch errors are reduced substantially. As
      with the Bauman et al projectile described in U.S. Pat. No. 3,610,096, the
      forward and rearward projectile supports during launch remained with and
      form a part of the aerodynamic design of the projectile. Consequently,
      improved accuracy is achieved, and the system is debris-free after firing.
PAR  Numerous variations, within the scope of the appended claims, will be
      apparent to those skilled in the art in light of the foregoing description
      and accompanying drawings. Thus, the design of the springs 28 and 45, may
      be varied. For example, the fin ring 30 and its associated bearing 33, may
      be spring loaded inboard of the assembly 33. This design is less
      advantageous in that the projectile 1 is somewhat less stable in the
      launcher vehicle 2. Likewise, the hoop spring 28 may be replaced with a
      more conventional assembly. It is believed that control of the spring rate
      is harder to achieve when more conventional spring constructions are used
      for spring loading the projectile 1 within the launcher vehicle 2. Some
      degree of variance in the design of body 3 of the projectile 1 is
      possible. For example, the flared part 21 of the skirt 20 may meet the
      body 5 at some point other than as shown. Likewise, the number of fins 32
      or their relative location may be altered. These variations are merely
      illustrative.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. A projectile system, which comprises:
PA1  launcher means;
PA1  a fin and spin stabilized projectile carried by said launcher means, said
      projectile including:
PA2  an elongated cylindrical body having a forward portion and a rearward
      portion, said rearward portion including a flared, aerodynamic skirt
      having a larger circumference than said forward portion of said
      projectile, said skirt including a bearing ring structure forming a part
      of said skirt, said bearing ring structure defining an outermost diametric
      part of said skirt, and including means for permitting free rotation of
      said projectile along said bearing ring structure, the bearing ring
      structure portion of said skirt comprising a rearward support for said
      projectile during launch;
PA2  propulsion means carried by said rearward portion for propelling said
      projectile along a flight path to a target;
PA2  means, carried by said projectile for rotating said projectile about its
      longitudinal axis for spin stabilizing said projectile during flight; and
PA2  a plurality of symmetrically arranged and rotationally free aerodynamic fin
      means carried by said projectile for guiding said projectile along a
      flight path to a target, said fin means comprising a second projectile
      support during launch, individual ones of said fin means plurality having
      an open mouth channel formed in it near the radially outward end of said
      fin means, said channel having a first width portion and a second,
      materially different width portion, the smallest of said first and second
      width portions forming the open mouth part of said channel.
NUM  2.
PAR  2. The projectile system of claim 1 wherein said bearing ring structure
      comprises a housing including a bearing mounting area, a flexible
      diaphragm portion, and a hoop spring separated from said bearing mounting
      area by said diaphragm portion, said hoop being resiliently deflectable
      and defining said rearward support for said projectile during launch.
NUM  3.
PAR  3. The projectile system of claim 2 wherein the housing of said bearing
      ring structure has silhouette shaped in plan as a frustum.
NUM  4.
PAR  4. The projectile system of claim 3 wherein the outboard tip of individual
      ones of said fin plurality is canted so that the radially outermost part
      of individual ones of said fin means is near the open mouth part of said
      channel.
NUM  5.
PAR  5. In a rocket system including a smooth bore, projectile bearing tube, a
      plurality of supports spaced about a periphery of and attached to said
      tube, said supports and said smooth bore tube defining first and second
      tube sections delineated by first and second internal diameters, and a
      projectile carried by said tube prior to launch, the improvement which
      comprises means for spring loading said projectile in said tube during
      prelaunch actuation of said projectile, said spring loading means
      comprising a first self-contained projectile support comprising a first
      support means journaled for rotation with respect to said projectile and
      attached thereto along a rearward portion of said projectile, said first
      support means including means for spring loading said projectile in said
      tube, and a second self-contained projectile support comprising a
      plurality of symmetrically arranged and rotationally free aerodynamic fins
      carried by said forward portion of said projectile body, each of said fin
      plurality including means for spring loading said projectile in said tube,
      said projectile being adapted to be carried by said tube such that said
      first projectile support rests in said first tube internal diameter and
      said second projectile support rests in said second tube internal
      diameter.
NUM  6.
PAR  6. The improvement of claim 5 wherein each of said fins has an open mouth
      channel formed in it near the radially outward end of said fin, said
      channel having a first width portion and a second width portion, the
      smallest of said first and said second width portions forming the open
      mouth portion of said channel, the portion of said fin outboard of said
      channel defining a spring, said spring comprising said means for spring
      loading said projectile in said tube for said fin plurality.
NUM  7.
PAR  7. The improvement of claim 6 wherein said projectile includes an elongated
      cylindrical body having a forward portion and a rearward portion, said fin
      plurality being carried by said projectile along said forward portion,
      said rearward portion including a flared, aerodynamic skirt having a
      larger circumference than said forward portion of said projectile, said
      skirt including a bearing ring structure defining the outermost diametric
      portion of said skirt, said bearing ring structure permitting free
      rotation of said projectile and further constituting said first
      self-contained projectile support.
NUM  8.
PAR  8. The improvement of claim 7 wherein said bearing ring structure comprises
      a housing including a bearing mounting area, a flexible diaphragm portion,
      and a hoop spring separated from said bearing mounting area by said
      diaphragm portion, said hoop spring being resiliently deflectable for
      spring loading said projectile in said tube along the rearward portion of
      said projectile body.
NUM  9.
PAR  9. The improvement of claim 8 wherein the distance between the rearward
      ends of said fin plurality and the forward end of said tube is equal to
      the distance between the rearward end of said bearing ring structure and
      the forward end of said support plurality.
NUM  10.
PAR  10. A combination fin and spin stabilized projectile and launcher therefor,
      which comprises:
PA1  an elongated projectile body having a forward portion and a rearward
      portion, said rearward portion including a first projectile support
      attached to said projectile and journaled with respect thereto so as to
      permit rotation of said projectile, said first projectile support
      including means for exerting a radial spring force between said projectile
      and a projectile bearing tube;
PA1  propulsion means carried by said projectile for propelling said projectile
      along a flight path to a target;
PA1  means for rotating said projectile about its longitudinal axis for spin
      stabilizing said projectile during flight;
PA1  a plurality of symmetrically arranged and rotationally free aerodynamic fin
      means carried by said projectile for guiding said projectile along a
      flight path to a target, said fin means comprising a second projectile
      support during launch, said fin means including means for exerting a
      radial spring force between said projectile and a projectile bearing tube;
PA1  an open ended projectile bearing tube; and
PA1  at least two supports spaced about the inner periphery of said tube so as
      to define first and second tube sections delineated by first and second
      internal diameters and arranged so that said first projectile support
      rests in said first internal diameter and said second projectile support
      rests in said second internal diameter.
NUM  11.
PAR  11. The combination of claim 10 wherein said fin means comprises a ring
      surrounding said projectile with four fins spaced 90.degree. about said
      ring and extending radially outwardly therefrom, said ring being journaled
      to said body for relative rotation with respect thereto, each of said fins
      having a proximal end attached to said ring and a distal end extending
      radially outwardly therefrom, individual ones of said fin means having an
      open mouth channel formed in it near the radially outward end of said fin,
      said channel having a first width portion and a materially different
      second width portion, the smallest of said first and said second width
      portions forming the open mouth of said channel.
NUM  12.
PAR  12. The combination of claim 11 wherein said first projectile support
      includes a bearing ring structure having a housing, said housing including
      a bearing mounting area, a flexible diaphragm portion, and a hoop spring
      separated from said bearing mounting area by said diaphragm portion, said
      hoop spring being resiliently deflectable so as to permit insertion of
      said projectile in said projectile bearing tube.
NUM  13.
PAR  13. The combination as set forth in claim 12 wherein the internal diameter
      of said first and said second tube sections are less than the effective
      outer diameter of said first and said second projectile supports prior to
      insertion of said projectile in said tube.
NUM  14.
PAR  14. The combination of claim 13 wherein the distance between the rearward
      edge of said fin means and the forward end of said tube is equal to the
      distance between the rearward end of said first projectile support and the
      forward end of said spaced supports.
NUM  15.
PAR  15. In a weapons system including a launcher vehicle having a bore for
      receiving a projectile, said bore having first and second sections
      delineated by first and second internal diameters, and a projectile
      carried by said launcher vehicle prior to launch, the improvement which
      comprises means for spring loading said projectile in said bore so as to
      permit diametric movement by said projectile with respect to said bore,
      said spring loading means comprising a first self-contained projectile
      support for supporting said projectile along said first bore section, and
      a second projectile support for supporting said second bore section, each
      of said first and said second supports including means for spring loading
      said projectile with respect to said launcher vehicle, said launcher
      vehicle and said projectile being isolated from one another except along
      said first and said second supports.
NUM  16.
PAR  16. The improvement of claim 15 wherein said projectile includes an
      elongated body having a forward portion and a rearward portion, said
      rearward portion including a flared aerodynamic skirt and a bearing
      support structure forming a portion of said skirt, said bearing support
      structure defining said second projectile support.
NUM  17.
PAR  17. The improvement of claim 16 wherein said bearing support structure
      includes a housing having a bearing mounting area, a flexible diaphragm
      portion and spring means separated from said bearing mounting area by said
      flexible diaphragm portion, said spring means being resiliently
      deflectable.
NUM  18.
PAR  18. The improvement of claim 17 wherein the housing of said bearing support
      structure is shaped as a frustum in plan.
NUM  19.
PAR  19. The improvement of claim 15 wherein said first projectile support
      comprises a plurality of symmetrically arranged, rotationally free
      aerodynamic fin means carried by said projectile for guiding said
      projectile along a flight path to a target, individual ones of said fin
      means plurality having an open mouth channel formed in them near their
      radially outward extremity, said channel having a first width portion and
      a substantially different second width portion, the smaller of said first
      and said second width portions forming the open mouth of said channel.
NUM  20.
PAR  20. The improvement of claim 19 wherein the tip of each of said fin means
      is canted so that the radially outermost part of said fin means is near
      the open mouth part of said channel.
NUM  21.
PAR  21. The improvement of claim 19 wherein the first section of said bore
      includes means for preventing angular rotation of said fin means, said
      rotation preventing means comprising a plurality of rails extending
      longitudinally of said bore.
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ABST
PAL  A mobile anti-aircraft weapon incorporating a housing rotatable about a
      substantially vertical axis with respect to the chassis of a support
      vehicle. The housing is equipped with side doors which can be pivoted
      about hinges and a respective rocket launcher accommodating a plurality of
      rockets mounted at the outside of each side door and serving as weapons.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved construction of mobile
      anti-aircraft device or weapon.
PAR  In Swiss Pat. No. 490,655, there is disclosed a mobile anti-aircraft device
      incorporating a motor driven housing which is rotatable about a vertical
      axis with respect to the chassis of a support vehicle, and in which
      housing there are provided seats for operating personnel as well as
      operating-, computer- and control devices and there further being provided
      observation- and target tracking devices as well as weapons.
PAR  With prior art weaponry, there are mounted in the housing wall
      anti-aircraft cannons serving as the weapons and the internal compartment
      of the housing which is constructed as a rotatable armored turret is only
      accessible by a cover manhole.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide, in place of
      anti-aircraft cannons, rocket or missile launchers and to install such at
      the housing in a manner that the inner compartment thereof is more
      comfortably accessible from both sides than with the heretofore known
      weapons of this type.
PAR  Now in order to implement this object and others which will become more
      readily apparent as the description proceeds, the invention contemplates
      providing the rotatable housing with flat or planar side doors which can
      be pivoted outwardly about vertical axis hinges, and that rocket launchers
      each accommodating a plurality of rockets and serving as the weapons are
      mounted at the outside of such doors at a respective horizontal and motor
      pivotable bearing axis or shaft.
PAR  It is preferably additionally contemplated that for rocking or pivoting
      each rocket launcher about its horizontal support or bearing axis, there
      are utilized hydraulically actuated pistons, the cylinders of which are
      pivotably supported at the relevant or corresponding side door.
      Furthermore, there is advantageously contemplated, just as is the case
      with other weaponry of known construction, the provision of hydraulically
      actuatable supports which are adjustably arranged at the vehicle chassis
      to move from a travelling position into a work position.
PAR  In order to avoid torsional forces, which cannot be measured by instruments
      and which cannot be avoided, of the vehicle chassis supported at uneven
      terrain being transmitted to the vertical rotational axis of the housing,
      it is of advantage if its vertical axis-pivot bearing or support is
      arranged in a torsionally resistant-intermediate chassis which in turn is
      supported through the agency of three pivot supports at the vehicle
      chassis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a side view of a mobile anti-aircraft device or weapon mounted
      upon a truck or the like and designed according to the present invention;
PAR  FIG. 2 is a longitudinal sectional view thereof;
PAR  FIG. 3 is an end view thereof;
PAR  FIG. 4 is a plan view thereof;
PAR  FIG. 5 is a side view of the mobile anti-aircraft device mounted upon a
      tracked vehicle e.g. a tank-like vehicle;
PAR  FIG. 6 is a longitudinal sectional view of the arrangement of FIG. 5;
PAR  FIG. 7 is an end view of the arrangement of FIG. 5;
PAR  FIG. 8 is a plan view of the arrangement of FIG. 5;
PAR  FIG. 9 is an exemplary embodiment mounted upon an armored vehicle which can
      travel over various terrains similar to the showing of FIGS. 5-8, and
      depicting details of the hydraulic drive arrangement;
PAR  FIG. 10 is a side view of the arrangement of FIG. 9;
PAR  FIG. 11 is a longitudinal sectional view of the arrangement of FIG. 9;
PAR  FIG. 12 is an end view of the arrangement of FIG. 9; and
PAR  FIG. 13 is an hydraulic drive schematic of a variant construction of the
      exemplary embodiment of FIGS. 9-12.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in the various exemplary embodiments of the
      mobile anti-aircraft weapon or device disclosed herein, reference numeral
      1 designates a support vehicle e.g. a truck (FIGS. 1-4) or truck-like
      vehicle (FIGS. 5-13) and reference numeral 10 the main chassis thereof.
      The embodiment shown in FIGS. 9-12 constitutes the preferred embodiment of
      the invention. Furthermore it is to be understood that the components of
      the vehicle which are not directly related to the concepts of this
      development have been conveniently omitted from the drawings to simplify
      the illustration thereof. Moreover, in all of the various embodiments
      herein disclosed, reference numeral 2 designates a motor driven housing
      which is rotatable about a substantially vertical axis A.sub.1 with
      respect to the vehicle chassis 10. In or at each such housing 2 there is
      supported and mounted as a unit a respective radar tower 20 in a manner
      that it can be rocked or pivoted out of its travel position, which has
      partially been shown with broken lines, into an upright effectual or
      working position. At the radar tower 20 there are for instance mounted a
      search radar antenna 201, a tracking- and position-finding antenna 202 and
      a transmitter antenna 203 for transmitting control or guide command
      signals to a rocket or missile which is to be guided to a selected target,
      possibly also television cameras, laser distance measuring devices and
      infrared target tracking devices.
PAR  At the housing cover 21, which according to the embodiments of FIGS. 2 and
      6 can be pivotable, so that the radar tower 20 can be rocked into the
      interior of the housing 2 for travelling purposes, and according to each
      the embodiments depicted in FIGS. 1-13, there is mounted the outer housing
      210 of a periscope, the ocular 211 of which is arranged within the housing
      and which can be operated by means of an operating console or control desk
      22 equipped with an inclined arranged radar screen. According to the
      showing of FIGS. 11 and 12, the periscope housing 210 is mounted in a
      recess of the housing cover 21 and adjacent thereto there is located a
      guide command-transmitter antenna 203. At the vehicle chassis 10 of each
      of the herein disclosed embodiments, there are pivotably or tiltably
      arranged hydraulically actuatable supports 11 which can be rocked out of a
      horizontal travel position into a vertical operating or work position.
PAR  According to the showing of FIGS. 1-4, a torsion-resistant intermediate
      chassis 12 is supported at the vehicle chassis 10 through the agency of
      three ball-and-socket supports or universal joints 120, this intermediate
      chassis containing a vertical axis-pivot bearing or support and is not
      subjected to the torsion of the vehicle chassis 10. At the side walls 23
      of the housing 2 which are hingedly connected with such housing via the
      hinges 230, there are pivotably mounted for pivotal movement about the
      substantially horizontal axes A.sub.2 suitable weapons, here shown as
      rocket launchers 24 for a number of rockets 240. According to the variant
      embodiment depicted in FIGS. 10 to 13, particularly as shown in FIG. 12,
      the illustrated rocket launchers 24 can be rocked out of a lower situated
      travel position as depicted at the left of FIG. 12, into the higher
      situated firing position shown at the right of FIG. 12, and in the
      last-mentioned position can be pivoted in elevation up to 90.degree.. For
      the elevational adjustment of the rocket launchers 24 there are employed,
      according to the embodiments of FIGS. 1-13, for instance hydraulically
      actuated telescopic piston and cylinder units 25 which are hingedly
      connected at both ends with the weapon 24 and the housing 2 respectively.
      In the showing of FIG. 13, a gear 26 is pivoted at the bearing axis
      A.sub.2 of each rocket launcher 24 via a hydraulically driven worm 260.
      According to the embodiments of FIGS. 2, 6 and 11 there is mounted
      internally of the housing 2 a current supply device 27 incorporating an
      internal combustion engine and a generator.
PAR  According to the showing of FIGS. 9 and 13, by means of an hydraulic pump
      14 the vehicle 1 is supplied with a pressurized fluid medium, in
      particular the supports 11, and adjustable piston and cylinder unit 205
      for the radar tower, the adjustment devices 25 and 26 respectively for the
      weapons 24 and a drive worm 28 for the vertical axis-drive gear or pivot
      support 280 for the housing 2.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A mobile anti-aircraft device comprising a support vehicle having a
      chassis, a motor driven housing rotatable about a substantially vertical
      axis with respect to the chassis of the support vehicle, said housing
      being equipped with a seat for an operating personnel as well as
      operating-, computing- and control devices and with observation- and
      target tracking devices as well as weapons, the improvement comprising
      said housing being provided with substantially flat pivotable side doors,
      hinge means for mounting said doors to be pivotable outwardly about a
      substantially vertical axis, and rocket launcher means for a number of
      rockets serving as weapons externally mounted at said side doors.
NUM  2.
PAR  2. The mobile anti-aircraft device as defined in claim 1, further including
      hydraulically actuated piston-cylinder means for pivoting the rocket
      launchers about substantially horizontal bearing axes, the cylinders of
      said piston-cylinder means being pivotably supported at the associated
      side door.
NUM  3.
PAR  3. The mobile anti-aircraft device as defined in claim 2, further including
      hydraulically actuatable supports which can be adjusted out of a travel
      position into a work position and adjustably arranged at the vehicle
      chassis.
NUM  4.
PAR  4. The mobile anti-aircraft device as defined in claim 3, further including
      a torsion-resistant intermediate chassis, said housing which is rotatable
      about a substantially vertical axis being provided with substantially
      vertical axis-pivot bearing means, said vertical axis-pivot bearing means
      being arranged at said torsion-resistant intermediate chassis, and a
      plurality of pivot supports for supporting the torsion-resistant
      intermediate chassis at the vehicle chassis.
NUM  5.
PAR  5. A mobile anti-aircraft device comprising a support vehicle having a
      chassis, a motor driven housing rotatable about a substantially vertical
      axis with respect to the chassis of the support vehicle, said housing
      being provided with side doors, hinge means for mounting said doors to be
      pivotable outwardly, and rocket launcher means for a number of rockets
      serving as weapons externally mounted at said side doors.
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PAL  A drive arrangement for producing a rotary motion by means of a fluid or
       eous pressure medium in which a working shaft and an eccentric part
      within a housing are acted upon by at least one freely deformable
      expansion cell mounted between the housing and the eccentric part in such
      a manner that expansion of the collapsible cell exerts a rotational moment
      on the eccentric part, a force that is directed along the central axis and
      therefore along the working shaft. The expansion cells are connected with
      the working medium by suitable control means.
BSUM
PAR  The invention concerns a drive arrangement for producing a rotary or swivel
      motion by means of a fluid or gaseous pressure medium, said drive
      arrangement including a housing with a working shaft mounted therein and a
      cylindrical eccentric part operatively connected to said shaft, and with
      said drive arrangement including at least one inflatable expansion cell,
      said cell being mounted between the inner wall of the housing and the
      eccentric part, distributed around the circumference of the latter,
      operatively connected to it, and capable of connection with the working
      medium by means of control means.
PAR  This drive is intended to be inexpensive to manufacture, simple in design,
      reliable in operation, harmless to the environment and in particular
      characterized by a significantly lower weight per horsepower than the
      hydraulic or pneumatic drives known today.
PAR  Motors of this type have already been proposed, but have not gone into mass
      production; the expansion chambers of said motors are mounted on the
      supporting surfaces and because of the design, are subject to significant
      frictional losses during operation because of the relative movement of the
      sections of the chamber walls, especially the edge sections, but also
      undergo considerable tensile stresses with peak stresses in the border
      areas of the chambers, resulting in considerably shortened lifetimes for
      such expansion chambers.
PAR  The drive arrangement according to the invention overcomes these
      disadvantages by virtue of the fact that the expansion cell is made in the
      form of a freely deformable collapsing cell, such that the cell wall is
      squeezed when the volume of the collapsing cell changes, so that the
      difference between the circumference of the rotor and the inside of the
      housing is compensated by squeezing of the expansion cell or between a
      pressure plate and an eccentrically mounted bearing, and where inflation
      of at least one collapsible cell on the eccentric part results in a force
      directed along its central axis and therefore the imposition of a turning
      moment on the working shaft.
PAR  Such a motor can be manufactured at low cost. One of its characteristic
      features is that its volumetric efficiency is very high and the frictional
      losses are extremely low.
PAR  According to another feature of the present invention, the eccentric part
      has a cylindrical sleeve section and a squeezable cell operatively
      connected with it. The manufacture of the sleeve section is very simple
      from the manufacturing standpoint.
PAR  According to a further feature of the present invention, which will be
      discussed in more detail later, between the eccentric part and the
      expansion cell, an intermediate part is rotatably mounted on the former,
      e.g., a ring or cylinder, resulting in extremely low friction design. The
      same effect can be achieved by pressure plates, in accordance with the
      present invention, which are operatively linked directly with the
      collapsing cells, which prevent grinding of the collapsing cells on the
      surfaces with which they are in contact and (what is most important) offer
      a very large bearing surface (hydraulically active surface) for the freely
      deformable expension cells in a small space. If roller bearings are used
      for the intermediate part, in accordance with another feature of the
      present invention, further reduction of friction can be achieved thereby.
PAR  It is also advantageous, in the sense of a simple mounting when a cell is
      operatively connected with one of the supports of the bearing surfaces in
      a region which is small relative to the bearing surfaces, e.g., by means
      of the connections for the working medium.
PAR  In this sense, the connections can be made in the form of pressed-in
      connections.
PAR  A simple design of the drive arrangement is achieved if the housing of the
      drive consists of segments with clamping plates. It is also very important
      that the drive arrangement is made in the form of a rotary drive and is
      equipped with two collapsible cells that operate alternately on the
      eccentric shaft. Such a rotary drive is not only simple in design but also
      works with a high degree of efficiency and is practically
      maintenance-free.
PAR  In a further embodiment which can also be of considerable value in
      practice, the rotary drive is achieved by means of a single collapsible
      cell and the shaft is returned by an external force, e.g., an incorporated
      spring, e.g., in a door opener.
PAR  In certain drive arrangements of this kind, it is absolutely necessary to
      provide a coupling means between the collapsing rotor and the housing, in
      order to prevent a change in the angle of rotation between the rotor and
      the housing and thereby ensure reliable operation of the drive
      arrangement. As such a coupling means one can use for example a guide in
      the housing which serves to accept an arm of the rotor which extends
      preferably radially, or an appropriate pivot coupling (so-called Oldham
      coupling) can be used with an intermediate disk, such as are generally
      known.
DRWD
PAR  Sample embodiments of the subject of the invention will now be described
      with reference to the schematic diagrams:
PAR  FIG. 1: A cross section through a rotary drive with expansion cells, which
      act on an eccentric shaft through a rotor shaft, along line II-II in FIG.
      2.
PAR  FIG. 1a: A schematic diagram showing the forces exerted by the expansion
      all on the rotor.
PAR  FIG. 2: A lengthwise section of the rotary drive according to FIG. 1, along
      line I-I.
PAR  FIG. 3: A schematic perspective representation of a collapsing rotor
      mounted in a housing to prevent distortion;
PAR  FIG. 4: A representation similar to that in FIG. 3, in which the guidance
      is achieved by means of a coupling, shown in the form of an exploded
      diagram,
PAR  FIG. 5: A cross section through a rotary drive with three expansion cells
      which act on an eccentric shaft through pressure plates.
PAR  FIG. 6: A lengthwise section of the rotary drive according to FIG. 3.
PAR  FIG. 7: A cross section through a rotary drive with alternately acting
      expansion cells, acting on an eccentric shaft through a rotor shaft,
PAR  FIG. 8: A cross section through a rotary drive with alternately acting
      expansion cells, which act on an eccentric shaft through pressure plates.
PAR  FIG. 9: A cross-section through a rotary drive with one inflatable
      expansion cell, acting on an eccentric shaft through a rotor shaft.
PAR  FIG. 10: A cross-section through a rotary drive with one inflatable
      expansion cell acting on an eccentric shaft through one spring activated
      pressure plate.
DETD
PAR  FIG. 1 shows a cross section of a rotary drive with a sleeve tube 1, a
      drive-control shaft 2 eccentrically mounted with respect to drive shaft
      axis 3, a hollow cylindrical revolving rotor 4 mounted on drive-control
      shaft 2, with the lengthwise axis of said revolving rotor designated as
      4a, as well as expansion cells, so-called collapsing cells 5, 6 and 7,
      made of rubber or plastic elastic material. These collapsing cells operate
      freely in such manner that the edge portions of the membranes of the
      collapsing cells can roll or squeeze freely so that a movement of the edge
      portion of the cell, which is practically free of friction or additional
      stress, results. Each of these folding cells is connected with pressed-in
      nipples 8 with revolving rotor 4 and with radial bores 9 in the revolving
      rotor. The drive-control shaft 2 contains channels 10 and 11 for the
      application and removal of the pressure medium.
PAR  FIG. 2 shows housing covers 57 and 58, the eccentric drive-control shaft 2
      with a counterweight 60, the revolving rotor 4 with its bearings 62 and
      63. The expansion cell 5 on rotor 4 is in the neutral functional position.
      It is connected with revolving rotor 4 by pressed-in nipple 8, where the
      latter expands into radial bore 9. FIGS. 1 and 2 constitute an example of
      a non-reversible drive, e.g., for a compressed air feed. In the latter,
      the pressure medium is supplied through a connection 68 at bore 11 of a
      segment section 70 and vents to the expansion cell 7. Through the other
      segment section on the back, on the other hand, the expansion cell 6 is
      exhausted through bore 11 into the internal cavity of revolving rotor 4,
      from which the exhaust is accomplished into the open air through bore 72,
      73. This type of exhaust can reduce the exhaust noise to a scarcely
      audible minimum. In a reversible version of the same drive, the exhaust
      channel is displaced to the shaft.
PAR  Hence, to the extent that channels 10 and 11 are connected reversibly to
      the supply line, the drive is reversible. To turn drive shaft 3a to the
      right, channel 11 is pressurized, whereupon expansion cell 7 attempts to
      expand in the radial direction. The magnitude of the radial force 12
      acting on revolving rotor 4 is a function of the hydraulically-active
      surface 13 of the expansion cell as well as the excess pressure of the
      pressure medium. The rotary moment which is developed is the product of
      this radial force 12 and the instantaneous distance 14 of the force vector
      from axis 3, as can be seen in FIG. 1a. In the instantaneous functional
      position shown in the diagram, expansion cell 5 is in the neutral position
      and the expansion cell 6 is exhausted through channel 10. The direction of
      rotation of the drive shaft 3a in this case corresponds to the arrow 15.
      During the rotation of drive shaft 2 around axis 3, the expansion cells
      are pressurized in the order 7, 5, 6. The curve of the rotational moment
      has a 3-phase sinusoidal shape, with the characteristic that the change in
      the hydraulically active expansion cell surface during the rotation
      results in a steeper rise and a flatter decline of the curve.
PAR  Rotation of drive shaft 3a in the opposite direction is accomplished by
      reversing channels 10 and 11, so that in the diagram expansion cell 6 is
      pressurized and the order of pressurization of the cells is 6, 5, 7.
PAR  In the motor according to FIGS. 1 and 2 the support surfaces of the folding
      cell are not parallel, so that, in addition to the radially acting forces,
      tangential forces are also created which act in the opposite direction on
      the housing of the rotor. In order to prevent a relative rotation of the
      rotor with respect to the housing, additional means are required.
PAR  FIG. 3 shows in schematic form the collapsing rotor. Revolving rotor 90
      with a guide 92 firmly fastened thereto and a roller 94 attached to it, is
      guided in a slot 96 in a housing 98, which corresponds to tube 1 in the
      embodiment according to FIGS. 1 and 2.
PAR  FIG. 4 also shows in schematic form a collapsing rotor 102. At the end of
      the rotor 102, pins 104 and 106 with rolls 108 and 110 are mounted
      opposite each other. Similar rolls 112, 114 are mounted in the housing
      opposite the end of the rotor, on the inside, in a position which is
      turned through 90.degree.. The coupling of the collapsing rotor 102 with
      the housing is accomplished by means of a coupling ring 116 with slot
      openings 118, 120, 122 and 124 which accept rolls 108, 110, 112 and 114.
      The coupling ring in familiar fashion allows axial misalignment between
      the rotor and the housing, but it prevents any relative rotation (Oldham
      coupling). Depressions 118, 120, 122 and 124, as we have said, serve to
      accept rolls 108, 110 and 112, 114. In this manner, rotor 102 can perform
      a movement in the housing similar to that of a connecting rod head in a
      crank drive, i.e. a revolving movement around an eccentric axis without
      performing a rotary movement around its own axis.
PAR  FIG. 5 shows a cross section through a rotary drive in which the elastic
      expansion cells 16, 17 and 18 made of plastic film act through eccentric
      bearing 22 on an eccentric shaft 24 with axis of rotation 23. The
      segmental housing part 25, 26, 27, held together by tension bands or
      clamps 31, 32, 33, contain control channels 28, 29, 30. The bearings of
      pressure plates 19, 20, 21 are located in bearing covers 76 and 84 (FIG.
      6). Connection of channels 28-30 with the expansion cells is accomplished
      by means of pressed-in nipple 34. The control element (not shown) ensures
      that in order to turn shaft 24 in the direction of the arrow 35 the
      expansion cells will be controlled in the order 16, 17, 18. Rotation in
      the opposite direction is achieved by control in accordance with cell
      sequence 18, 17, 16.
PAR  FIG. 6 shows the lengthwise section of the drive according to FIG. 2. In
      housing section 26 with control channel 29, cover 76 with control channel
      77 as well as eccentric shaft 24 with eccentric 78, servo valve spool part
      79 and expansion cell 17 which is in the neutral functioning position with
      connecting and fastening nipples 34 and cover 84 is provided. Expansion
      cell 16 acts on eccentric bearing 22 through pressure plate 19. Bearings
      87, 88 of pressure plate 21 are also visible, as well as the counterweight
      81 of eccentric shaft 24 to balance eccentric 78.
PAR  FIG. 7 shows a swivel drive in cross section, with a sleeve tube 36, a
      rotor roller 37, elastic expansion cells 38, 39 with connecting nipples
      40, 41 as well as an eccentric shaft 42. In FIG. 7 the drive is shown in
      the neutral central position. Control can be accomplished, for example,
      with a 4-way valve. To execute a rotary movement in the direction of the
      arrow 43, the connection is made through nipple 40 with the pressure line
      and through nipple 41 with the exhaust line. When the two connections are
      reversed, shaft 42 will turn in the direction of arrow 44. The rotor
      roller 37 does not itself rotate during the rotation but performs a
      planetary movement without rotating itself. The maximum possible swivel
      angle 45 for such a drive is approximately 160.degree..
PAR  FIG. 8 shows a cross section of a swivel drive with a housing 46, expansion
      cells 47, 48 with connecting nipples 49, 50, pressure plates 51, 52,
      eccentric shaft 53 with a swivel axis 54 and an eccentric bearing 55. The
      design of this drive is similar to the drive shown in FIGS. 1 and 2, and
      the type of function is comparable to the control in the sense of the
      embodiment according to FIGS. 5 and 6.
PAR  FIG. 9 shows a swivel drive which is similar to FIG. 7 but having only one
      inflatable pressure cell. Through an external force 57, an external lever
      return means 56 acts on the drive system to bring the cell back to its
      minimum volume position.
PAR  FIG. 10 shows a swivel drive which is similar to FIG. 8, however with one
      of the inflatable pressure cells replaced by a spring 58 to automatically
      return the system to the minimum volume position of the cell 47 as soon as
      it becomes deflated.
PAR  The drives that have been shown and described have the following features
      in common:
PA1  a. The approximately radially acting production of force is accomplished
      through elastic expansion cells.
PA1  b. The possibility of developing large hydraulically active surfaces with a
      small structural volume is made possible by using inflatable cells, e.g.,
      made of rubber-elastic or plastic-elastic material.
PA1  c. The change in volume of the expansion cells is accomplished by squeezing
      of the cell wall, in other words, without any sliding friction.
PA1  d. Extremely noise-free operation is achieved especially in embodiments
      with a revolving rotor.
PA1  e. Lubricating qualities are not required for the pressure medium.
PA1  f. Low manufacturing costs are possible especially by virtue of the
      possibility of making the expansion cells from sheets by welding, gluing
      or vulcanization.
PA1  g. All drives can be operated either with a fixed housing and a movable
      shaft or a fixed shaft and a movable housing.
PAR  These drives are generally usable to produce any kind of rotary or turning
      movement. A further expansion of the range of application with respect to
      known drives, however, can be anticipated by virtue of the two new
      features of this drive:
PA1  No lubrication required by the pressure medium
PA1  Economical possibility of formation of large active areas.
PAR  The first characteristic makes possible the use of any non-aggressive
      pressure medium as an energy carrier, such as untreated compressed air,
      tap water, as well as cold and non-explosive pressure gases with
      characteristics that are not environmentally harmful, which have not yet
      been used. By virtue of these properties and with the additional feature
      of a low unit power of the drive, new possibilities are opened up for
      construction of motor vehicles, ships and aircraft. A further application
      of the drive, according to the embodiments shown in FIGS. 1 to 6, is as
      stepping and servo motors.
PAR  The rotary drives in FIGS. 1 to 6 are shown with three expansion cells each
      since this is the minimum number of cells required to achieve continuous
      rotation. In order to achieve a high uniformity of the rotational moment,
      it is possible to use a large number of expansion cells.
PAR  The drives in FIGS. 1 to 6 are shown as sample embodiments with rotary
      slider control. Of course, other types of control may be used. When using
      the rotary drive described above for stepping motors, in the embodiments
      according to FIGS. 1 and 2, the expansion cells are connected to the
      sleeve tube. The rotary slide control is eliminated and replaced by
      external control.
PAR  In the case of swivel drives with external return or resetting forces, for
      example, exerted by a spring, one expansion cell instead of two will
      suffice.
PAR  Basically it is also possible to have the expansion cell(s) or pressure
      plates act directly on the eccentric part without intermediate connection
      of a ring or cylinder rotatably mounted on the eccentric part.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drive arrangement for executing a rotary or swivel motion by means of
      a liquid or gaseous pressure medium, comprising:
PA1  a housing;
PA1  a working shaft mounted in said housing;
PA1  an eccentric part operatively connected to said shaft;
PA1  at least one inflatable expansion cell mounted between the internal wall of
      said housing and said eccentric part along the outer surface of said
      eccentric part; and being operatively connected thereto; and
PA1  input and output means connected at a single location to said cell for
      feeding and exhausting pressure medium to and from said cell in a
      predetermined sequence;
PA1  wherein said expansion cell is in the form of a freely inflatable cell
      attached to said input means in a small area with respect to the total
      surface area of said cell such that during a change in volume of said
      cell, said cell squeezes and the difference between the circumference of
      said eccentric part and the interior of said housing is at least partially
      taken up by the squeezing of said expansion cell and wherein in the
      minimum volumne phase of the sequence, the periphery of said eccentric
      part confronts the surface of the internal wall of said housing forming
      substantially similar surfaces so that a maximum area in a tangential
      position of said expansion cell contacts said eccentric part or the
      internal wall of said housing; whereby when said expansion cell expands,
      said eccentric part moves away from said housing and said expansion cell
      exerts a rotational moment on said eccentric part, a force that is
      directed along the central axis thereof and therefore along said working
      shaft.
NUM  2.
PAR  2. A drive arrangement in accordance with claim 1 further including an
      intermediate part axially surrounding said eccentric part and rotatably
      connected thereto between said eccentric part and said expansion cell.
NUM  3.
PAR  3. A drive arrangement in accordance with claim 2 wherein said intermediate
      part is on roller bearings.
NUM  4.
PAR  4. A drive arrangement in accordance with claim 2 further including
      coupling means provided between said intermediate part and said housing,
      in order to prevent a change in the angle of rotation between said
      intermediate part and said housing.
NUM  5.
PAR  5. A drive arrangement in accordance with claim 4, wherein said coupling
      means are made in the form of an arm of said intermediate part that
      extends radially and is supported in a slot in the housing or as a cardan
      drive, flexible shaft or Oldham coupling.
NUM  6.
PAR  6. A drive arrangement in accordance with claim 1 wherein said eccentric
      part has a cylindrical sleeve section and said expansion cells are
      operatively connected thereto.
NUM  7.
PAR  7. A drive arrangement in accordance with claim 1 further including
      pressure plates operably connected directly with said expansion cells.
NUM  8.
PAR  8. A drive arrangement in accordance with claim 1, wherein said connections
      are made in the form of pressed-in working medium connections.
NUM  9.
PAR  9. A drive arrangement in accordance with claim 1, wherein said housing is
      made in the form of radial segmental parts with surfaces that permit
      clamping.
NUM  10.
PAR  10. A drive arrangement in accordance with claim 1 in the form of a swivel
      drive and including two expansion cells which act alternately on said
      eccentric part.
NUM  11.
PAR  11. A drive arrangement in accordance with claim 1 in the form of a swivel
      drive and including only one expansion cell and further including external
      return means for returning the shaft to a starting position after
      expansion of the one expansion cell has caused an angular displacement of
      the shaft from the starting position.
NUM  12.
PAR  12. A drive arrangement in accordance with claim 11 wherein said return
      means comprises an incorporated spring.
NUM  13.
PAR  13. A drive arrangement in accordance with claim 1 wherein said expansion
      cell is connected to said input and output means through said eccentric
      part.
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ABST
PAL  A hydraulic brake actuating and locking device is provided for applying
      brakes of a vehicle comprising an elongated brake cylinder having a
      tubular push rod axially operable therein for actuating the brakes and a
      hydraulically controlled locking device disposed within the tubular push
      rod and operable when rendered effective for acting on the inner periphery
      of the push rod to restrain the push rod against axial movement relative
      to the brake cylinder. The locking device is selectively actuated in
      accordance with the movement of a locking wedge within the push rod by a
      hydraulically operated locking piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hydraulic brake actuating and locking devices,
      and while the invention is subject to a wide range of applications, it
      will be particularly described as a brake cylinder having a hydraulically
      operated lock for its push rod.
PAR  The present invention is particularly useful in a hydraulic braking system
      such as is disclosed, for example, in the Engle U.S. Pat. No. 3,508,794,
      issued Apr. 27, 1970, and assigned to the same assignee as is the present
      invention.  This patent is incorporated by reference in the present
      application. According to the patent, braking of a vehicle is selectively
      rendered effective by fluid braking pressure applied to brake cylinders
      either by conventional service brake control or by a fluid operated hand
      brake control system for parking purposes, and the like.
PAR  Because of its being desirable to maintain parking brakes applied for long
      periods of time when a car is unattended, a system is provided according
      to the above patent for mechanically locking braking push rods in their
      extended braking positions relative to their associated brake cylinder.
      This locking mechanism is selectively rendered effective or ineffective by
      hydraulic hand brake control. Improvements in this locking mechanism are
      disclosed in the Engle U.S. Pat. No. 3,586,138, issued June 22, 1971, also
      assigned to the same assignee as the present invention and hereby
      incorporated by reference in the present application.
PAR  In both of the above patents, the mechanical locking is accomplished by
      clamping the outer periphery of the push rods to prevent movement relative
      tto the associated brake cylinder. Repeated use of this locking device,
      together with mechanical strains such as the coupling of other cars to a
      car having its brakes locked can wear the periphery of the push rod to an
      extent to require maintenance in order to prevent damage to seals and/or
      push rod bearings.
PAR  An object of the present invention is to provide a hydraulic brake
      actuating and locking device which substantially obviates one or more of
      the limitations and disadvantages of the described prior arrangements.
PAR  Another object of the present invention is to provide a hydraulic brake
      actuating and locking device obviating the necessity for clamping the
      outer periphery of a push rod in order to provide axial locking of the
      push rod relative to the brake cylinder.
PAR  Other objects, purposes, and characteristic features of the present
      invention will be in part obvious from the accompanying drawings, and in
      part pointed out as the description of the invention progresses.
PAC  SUMMARY OF THE INVENTION
PAR  A hydraulic brake actuating and locking device for applying brakes of a
      vehicle is provided comprising an elongated brake cylinder having a
      tubular push rod axially operable therein adapted to operate brakes of a
      vehicle and having a hydraulically controlled locking device of an
      improved structure wherein the locking device is disposed within the
      tubular push rod and operable when rendered effective for acting on the
      inner periphery of the push rod to restrain movement of the push rod
      relative to the brake cylinder. The locking device within the push rod is
      selectively actuated in accordance with axial movement of an associated
      lock rod in response to actuation of a hydraulically operated locking
      piston.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following
      description, taken in connection with the accompanying drawings, while its
      scope will be pointed out in the appending claims.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is an axial sectional view with some parts broken away of a
      hydraulic brake actuating and locking device according to a preferred
      embodiment of the present invention; and
PAR  FIG. 2 is a view partly in cross section taken along the line 2--2 of FIG.
      1.
DETD
PAR  With references to FIG. 1, a hydraulic brake actuating and locking device
      10 is disclosed for applying brakes of a vehicle comprising an elongated
      brake cylinder 11 having a tubular push rod 12 axially operable therein
      for actuating the brakes of a vehicle and a hydraulically controlled
      locking apparatus 13 is provided for selectively locking axial movement of
      the push rod 12 relative to the brake cylinder 11. The improved locking
      apparatus 13 comprises an annular locking device 14 disposed within the
      tubular push rod 12 and operable when rendered effective for acting on the
      inner periphery 15 of the push rod 12 to restrain the push rod 12 against
      axial movement relative to the brake cylinder 11. Control apparatus for
      the locking device 14 comprises a tubular moveable lock rod 16 that
      extends partly within the push rod 12 and is responsive alternately to
      locking and unlocking hydaulic pressure controls applied to a locking
      piston 17 for selectively rendering the locking apparatus effective or
      ineffective in accordance with whether the piston 17 is actuated by
      hydraulic pressure in a locking chamber 18 on in an unlocking chamber 19.
PAR  Considering the hydraulic brake actuating and locking device 10 more
      specifically, the brake cylinder 11 is clamped between a pressure end
      flange 20 and a push rod bearing end flange 21 by tie rods 22. A fixed
      locking rod 23 is disposed partly within the tubular push rod 12 and is
      secured to the pressure end flange 20 by a nut 24. The moveable lock rod
      16 is tubular in shape and co-axial with the fixed lock rod 23 and
      operable axially on the outer periphery of the fixed lock rod 23. The
      locking piston 17 is secured to the outer periphery of the moveable lock
      rod 16 near its left hand end and is disposed in a cavity 25 in the
      pressure end flange 20. The locking piston 17 divides the cavity 25 into
      respective locking and unlocking pressure chambers 18 and 19,
      respectively. The chamber 18 has a locking port 26 adapted for connection
      to a locking source of hydraulic fluid pressure, and the chamber 19 has an
      unlocking port 27 that is adapted for connection to an unlocking source of
      hydraulic pressure.
PAR  A pressure cup 28 is clamped to the pressure end flange 20, the pressure
      cup 28 comprising an annular chamber 29 having a port 30 that is adapted
      for receiving hydraulic brake operating pressure, the annular recess 29
      being connected by suitable passages 31 to a pressure chamber 32 to the
      left of a braking piston 33. The braking piston 33 has a central opening
      for passage of the lock rods and is suitably secured to the left end of
      the push rod 12 as by being threaded into the tubular push rod 12. Thus
      the push rod 12 is axially operable relative to the braking cylinder 11 by
      a pressure in the chamber 32 to the left of the braking piston.
PAR  The locking device 14 within the tubular push rod 12 comprises a locking
      wedge 34 suitably secured to the right hand end of the fixed lock rod 23
      by a nut 35. The wedge 34 is in the form of an axially tapered inner race
      (see FIG. 2) for a plurality of circumferentially disposed rollers 37. The
      wedge 34 comprises a plurality of wedge portions having concave surfaces
      conforming to taper of the respective rollers 37. Cooperating with the
      outer periphery of the wedge 34 is a ring 36 retaining roller wedge
      portions 37 forming a second wedge for cooperating with the wedge 34 to
      lock the inner periphery of the push rod 12 selectively against movement
      relative to the brake cylinder 11. Each of the rollers 37 is tapered
      axially towards its ends to conform to the inner periphery of the push rod
      12.
PAR  The hydraulic brake actuating and locking device 10 is adapted for
      connection between brake shoes associated with wheels of adjoining axles
      in a railway car by the pressure end flange 20 having an opening 38 for
      receiving a tie bolt for connection to a brake hanger (not shown), and at
      the right hand end of the push rod 12, a similar opening 38 is provided
      for passage of a pin connecting the push rod to a brake hanger (not shown)
      associated with another axle as is more fully disclosed in FIG. 1 of the
      Engle U.S. Pat. 3,696,892 granted Oct. 10, 1972 and incorporated herein by
      reference.
PAR  In operation, fluid pressure for applying the brakes is applied to the port
      30 and thus to the pressure chamber 32 to drive the pressure piston 33 and
      thus the push rod 12 to the right relative to the brake cylinder 11. If it
      is desireable to lock the brakes in their applied positions, fluid
      pressure is applied to the port 26 for actuating the locking piston 17 to
      the left in the chamber 25 of the end flange 20. This actuates the
      moveable lock rod 23 and wedges the rollers 37 between the wedge 34
      associated with the fixed lock rod 23 and the inner periphery of the
      tubular push rod 12. This will maintain the brakes in their applied
      positions irrespective of the removal of fluid pressure from the left of
      piston 33 and removal of locking fluid pressure in chamber 18. This is
      because a force tending to release the brakes would tend to drive the push
      rod 12 within the braking cylinder 11, and this force would only tend to
      cause the rollers 37 to roll in a direction to wedge tigher between the
      wedge 34 and the inner periphery of the push rod 12 and thus maintain the
      brakes in their applied positions.
PAR  When it is desired to release the lock that has been applied to the inner
      periphery of the push rod 12 as has been described, pressure is applied to
      the port 27 of chamber 19, to the left of the locking piston 17, to drive
      the moveable locking rod 16 to the right and cause the rollers 37 to roll
      out of their wedging positions between the wedge 34 and the inner
      periphery of the push rod 12. Thus the locking is released from the push
      rod 12, permitting the brakes to be released.
PAR  Having thus described a hydraulic brake actuating and locking device having
      improved locking apparatus as a preferred embodiment of the present
      invention, it is to be understood that various modifications and
      alterations may be made to the specific embodiment shown without departing
      from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydraulic brake actuating and locking device for applying brakes of a
      vehicle comprising an elongated brake cylinder having a tubular push rod
      axially operable therein for actuating the brakes and a hydraulically
      controlled locking means for selectively locking axial movement of the
      push rod relative to the brake cylinder wherein improved locking and
      control means comprises;
PA1  a. a brake cylinder secured between a pressure end flange at one end and a
      push rod bearing end flange at the other end,
PA1  b. an annular locking device disposed within the tubular push rod and
      operable when rendered effective for acting on a uniform smooth inner
      periphery of the push rod to restrain the push rod against axial movement
      relative to the brake cylinder, irrespective of the extent to which the
      push rod is contained within the brake cylinder, the annular locking
      device comprising;
PA2  1. a fixed locking rod coaxial within the push rod having a plurality of
      wedges disposed about the periphery thereof at one end and having its
      other end secured within the pressure end flange,
PA2  2. an axially operable tubular locking rod slideable on the fixed locking
      rod within the push rod and carrying rollers at one end thereof adapted to
      be wedged between the respective wedges of the first locking rod and the
      inner periphery of the tubular push rod for use in locking the push rod to
      the fixed lock rod for preventing retraction of the push rod within the
      cylinder, and
PA2  3. a piston secured on the axially operable locking rod at its other end
      and disposed in a pressure compartment within the pressure flange whereby
      the locking of the push rod can be rendered selectively effective or
      ineffective in accordance with the application of fluid pressure at one
      side or the other respectively of the locking piston in the pressure
      chamber.
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ABST
PAL  A cigarette packing machine wherein a turret with equidistant prismatic
      mandrels is indexible stepwise so as to locate successive mandrels at a
      draping station during each period of idleness between successive stepwise
      advances. A sheet-like blank is draped around the mandrel at the draping
      station by a cylindrical brush which is eccentrically mounted on a disk
      rotating with a shaft which orbits about a fixed axis parallel to the axis
      of the turret. The shaft is rotated about its own axis by a gear train
      while it orbits about the fixed axis whereby the brush travels about the
      mandrel at the draping station to convert the blank into an open-ended
      tube which is thereupon converted into one layer of a cigarette pack.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  The present invention relates to apparatus for manipulating deformable
      sheet-like blanks which consist of paper, metallic foil, plastic foil or
      other suitable wrapping material. More particularly, the invention relates
      to improvements in apparatus for converting sheet-like blanks into tubular
      envelopes by draping the blanks around patterns whose configuration
      corresponds to that of packs for cigarettes, cigars, cigarillos or other
      rod-like smokers' products.
PAR  A packing machine for groups of cigarettes or the like normally comprises
      at least one turret which is driven continuously and carries a number of
      equidistant prismatic mandrels which advance first along a blank-applying
      station and thereupon past several blank-folding or draping stations where
      the blanks are converted into tubular envelopes each of which surrounds
      four sides of the respective mandrel. Each tubular envelope is thereupon
      closed at one end so that a group of cigarettes can be introduced into its
      interior through the other end which remains open. The other end of each
      envelope is thereupon closed, for example, by a revenue label. If the
      packs consist of several layers, each mandrel receives several blanks each
      of which is converted into a layer of the finished pack. Reference may be
      had to the commonly owned U.S. Pat. No. 3,750,676 granted Aug. 7, 1973 to
      Kruse et al.; this patent discloses a machine for the making of ciagarette
      packs each of which consists of an inner layer of metallic foil and an
      outer layer of paper or cardboard.
PAR  When the turret which carries the mandrels is driven uninterruptedly, i.e.,
      without periods of dwell, the draping of blanks around the mandrels is
      performed by a host of instrumentalities including at least one folding
      member for each mandrel. Such folding members travel with the respective
      mandrels along a circular path and are caused to perform predetermined
      movements with respect to the associated mandrels to thereby carry out
      certain folding operations upon the blanks. As a rule, the folding members
      are caused to move relative to the mandrels by stationary cams or ways
      which are adjacent to the path of movement of the mandrels. The machine
      further comprises means for pressing the blanks against the respective
      mandrels so as to prevent undesirable shifting of blanks during conversion
      into tubular envelopes and thereupon into finished layers of cigarette
      packs.
PAR  A drawback of the just described packing machines is that the mechanism for
      converting blanks into tubular envelopes is complex, expensive and prone
      to malfunction. This is attributable to a large extent to the fact that
      such mechanism must include at least one discrete folding member for each
      mandrel. Repeated impacting of mobile folding members against cams or ways
      results in pronounced wear and creates considerable noise. Moreover, the
      means for pressing the blanks against the adjacent mandrels is likely to
      permit at least some shifting of blanks, especially if the turret is
      rotated at a high speed which is desirable in modern packing machines.
      Improper folding of a single blank or of a short series of blanks
      necessitates a lengthy interruption in the operation of the packing
      machine with attendant losses in output, especially if the packing machine
      forms part of a production line which further includes one or more
      cigarette rod making machines and one or more filter cigarette making
      machines.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a novel and improved apparatus
      which can be used in packing machines for cigarettes or the like to
      convert deformable sheet-like blanks into preferably tubular envelopes
      preparatory to conversion of such envelopes into inner, outer or
      intermediate layers of packs for rod-shaped smokers' products.
PAR  Another object of the invention is to provide the apparatus with novel and
      improved means, including a single draping or folding device, which can
      convert blanks into tubular envelopes on successive mandrels of an
      indexible (intermittently driven) turret or analogous support for a
      plurality of discrete mandrels.
PAR  A further objct of the invention is to provide the apparatus with novel and
      improved means for moving the single draping or folding device with
      respect to the adjacent mandrel.
PAR  An additional object of the invention is to provide an apparatus which can
      convert blanks into tubular envelopes in a cigarette packing machine or
      the like and which is simpler, more reliable, more rugged and less
      expensive than heretofore known apparatus.
PAR  Still another object of the invention is to provide a novel and improved
      draping or folding device for use in the above outlined apparatus.
PAR  The invention is embodied in an apparatus for converting deformable
      sheet-like blanks into tubular envelopes, particularly for converting
      blanks consisting of paper, cardboard, metallic foil or the like into
      tubular portions of packs for cigarettes or other rod-shaped smokers'
      products. The apparatus comprises a turret or an analogous support which
      is indexible about a predetermined axis so that periods of idleness of the
      support alternate with intervals of angular movement through predetermined
      distances, a plurality of preferably hollow prismatic mandrels fixedly
      mounted on and indexible with the support so that successive mandrels
      occupy a draping or folding station during successive periods of idleness
      of the support, a blank folding member at the draping station, and means
      for moving the folding member about a mandrel at the draping station
      during each period of idleness of the support so that the folding member
      converts a sheet-like blank which is disposed between the folding member
      and the mandrel at the draping station into a tubular envelope which
      surrounds four sides of the respective mandrel.
PAR  The folding member may constitute a cylindrical brush and the moving means
      preferably defines for the folding member an endless path and includes a
      mechanism for moving the folding member along the endless path during each
      period of idleness of the support.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved apparatus
      itself, however, both as to its construction and its mode of operation,
      together with additional features and advantages thereof, will be best
      understood upon perusal of the following detailed description of certain
      specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary longitudinal sectional view of an apparatus which
      embodies the invention; and
PAR  FIG. 2 is a fragmentary schematic end elevational view as seen in the
      direction of arrow II in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus of FIGS. 1 and 2 comprises an indexible turret 2 which
      constitutes a support for an annulus of equally spaced mandrels 1 (two
      shown in FIG. 2). Each mandrel 1 is a hollow body having a polygonal
      cross-sectional outline (see FIG. 2) resembling that of a cigarette pack.
      The mandrels 1 are fixedly secured to discrete spokes or arms 3 which are
      integral with the hub of the turret 2. The hub of the turret is rotatable
      in a circumferentially complete external groove 7 of a stationary bearing
      member 6. The means for indexing the turret 2 in such a way that each
      period of idleness or dwell is followed by an interval of angular movement
      through a predetermined distance is shown schematically at 102; such
      indexing means may comprise a geneva movement or any other mechanism which
      can index the mandrels 1 at regular intervals so that a mandrel invariably
      occupies a draping station DS when the turret 2 is at a standstill.
PAR  A mandrel 1 which occupies the station DS serves as a core or pattern for
      the deformation of a sheet-like blank B (e.g., a rectangualr sheet of
      paper, metallic foil or thin cardboard) which is to be converted into a
      tubular envelope by being draped around four sides of the respective
      mandrel. When a mandrel 1, with a tubular envelope therearound, is
      advanced by one or more steps to a further station or to a series of
      successive stations, one end of the tubular envelope is closed but the
      other end remains open so that a group of for example 20 properly arrayed
      cigarettes (not shown) can be introduced into the mandrel and thereupon
      through and beyond the mandrel whereby the envelope is stripped off the
      mandrel and is transferred into a mandrel on a second turret for further
      treatment which may include closing the open end of the envelope and
      applying a revenue label in a manner not forming part of the present
      invention.
PAR  The means for supplying blanks B to successive mandrels 1 at the draping
      station DS is not shown; such feeding means may be constructed and
      operated in a manner as disclosed in the aforementioned commonly owned
      U.S. Pat. No. 3,750,676 to Kruse et al. A mandrel 1 can receive a blank B
      before it reaches the station DS.
PAR  In accordance with a feature of the invention, successive blanks B are
      converted into tubular envelopes by a single folding or draping member 8
      here shown as a cylindrical brush having tufts of substantially radially
      extending pliable bristles 27. The means for moving the brush 8 around a
      mandrel 1 at the draping station DS (while the turret 2 is at a
      standstill) comprises a mechanism which causes the brush to travel along
      an endless path extending around the mandrel so that the blank B is draped
      around all four sides of the mandrel and two of its parallel marginal
      portions overlap each other in a manner well known from the art of
      cigarette packing machines.
PAR  The aforementioned mechanism comprises a disk-shaped holder 9 which is
      rigid with a shaft 12 and eccentrically supports the shaft 8a of the
      cylindrical brush 8. The core 8b of the brush carries the bristles 27 and
      may but need not rotate on the shaft 8a. The axis of the shaft 8a is
      parallel to the axis of the shaft 12, and the axis of the shaft 12 is
      parallel to the axis of the turret 2. The shaft 12 orbits about a driven
      shaft 16 which is parallel thereto and is rotatably journalled in a fixed
      housing or casing 17 having a horizontal arm 23 which supports the bearing
      member 6 for the turret 2. The means for rotating the shaft 16 relative to
      the housing 17 comprises a belt transmission including a first toothed
      pulley 18 on the shaft 16, a second toothed pulley 19 on a drive shaft 22,
      and a toothed belt 21 which is trained over the pulleys 18 and 19. It will
      be noted that the entire belt transmission is encapsulated in the housing
      17. The means for rotating the shaft 22 includes a motor or transmission
      122 which is set in operation when a mandrel 1 reaches the draping station
      DS and the turret 2 comes to a standstill.
PAR  The means for mounting the shaft 12 for orbital movement about the axis of
      the driven shaft 16 comprises two parallel carriers 13, 14 which are rigid
      with the shaft 16 and rotatably support the shaft 12. The shaft 12 is
      caused to rotate about its own axis while it orbits about the axis of the
      shaft 16. The means for rotating the shaft 12 comprises a gear train
      including an internal gear 26 which is fixedly mounted in the housing 17
      and is coaxial with the driven shaft 16, and a pinion 24 which meshes with
      the gear 26 and is rigid with the shaft 12. The pitch circle of the
      internal gear 26 is shown in FIG. 2, as at 28. The phantom-line circle 11
      denotes in FIG. 2 the path of orbital movement of the axis of the shaft 12
      about the driven shaft 16. When the shaft 16 is rotated by the belt
      transmission 18, 19, 21 and the gear train 24, 26 rotates the orbiting
      shaft 12, the holder 9 causes the brush 8 to perform a complex movement
      along an endless path which extends around the mandrel 1 at the draping
      station DS whereby the bristles 27 cause a flat or substantially flat
      blank B to assume the shape of a tube which surrounds four sides of the
      mandrel. If desired, the bristles 27 can be replaced with a layer of
      sponge rubber or other readily deformable elastomeric material which can
      properly drape a blank while the shaft 8a travels about a mandrel 1 at the
      station DS.
PAR  The operation:
PAR  The means 102 indexes the turret 2 stepwise so that the turret locates
      successive mandrels 1 at the draping station DS whenever it ceases to turn
      about the bearing member 6. The transmission 122 then begins to rotate the
      drive shaft 22 which rotates the shaft 16 by way of the belt transmission
      18, 19, 21 so that the shaft 16 causes the shaft 12 to orbit about the
      axis of the pulley 18. At the same time, the pinion 24 rolls along the
      internal gear 26 and causes the shaft 12 to rotate about its own axis so
      that the holder 9 causes the shaft 8a to orbit about the axis of the shaft
      12 while the brush 8 participates in orbital movement of the shaft 12
      about the shaft 16. The transmission 122 arrests the drive shaft 22 when
      the brush 8 returns to a starting position whereupon the means 102 indexes
      the turret 2 in order to advance the next mandrel 1 to the draping station
      DS. The eccentricity of the shaft 8a relative to the shaft 12 and the
      distance between the axes of the shafts 12, 16 can be readily selected in
      such a way that the bristles 27 remain in engagement with and fold the
      blank B in an accurately reproducible manner while the axis of the shaft
      12 orbits along the circular path 11. This is desirable in order to insure
      that the deformed blank closely conforms to the outline of the mandrel 1
      at the draping station. It has been found that the bristles 27 on the
      orbiting brush 8 are capable of converting a flat sheet-like blank B into
      a tubular envelope without any folds and in such a way that the deformed
      blank closely follows the outline of the entire mandrel 1, i.e., also the
      outlines of the four corner portions of the mandrel.
PAR  The operation of the means 102 is synchronized with the operation of
      transmission 122 in such a way that the brush 8 begins to orbit as soon as
      a mandrel 1 reaches the station DS so that the conversion of blanks B into
      tubular envelopes can be completed within short intervals of time to thus
      insure that the packing machine which embodies the apparatus of FIGS. 1
      and 2 can turn out a large number of packs per unit of time in spite of
      the fact that the turret 2 is indexed stepwise. A portion of the path 4
      along which the centers of the mandrels 1 move in response to indexing of
      the turret 2 is shown in FIG. 2 by a phantom line.
PAR  The carrier 14 may constitute a disk which is coaxial with the driven shaft
      16. In FIG. 1, the other carrier 13 is assumed to constitute a relatively
      small disk which is eccentrically mounted on the shaft 16. However, it is
      also possible to employ carrier means in the form of two identical disks
      which are coaxial with the shaft 16. The carrier 14 can rotate in an
      antifriction bearing (not shown) provided therefor in the housing 17. This
      carrier then constitutes a bearing member for the driven shaft 16.
PAR  It is further within the purview of the invention to replace the belt
      transmission 18, 19, 21 with a chain transmission or with a train of gears
      which rotate the shaft 16 in response to rotation of the drive shaft 22.
PAR  The improved apparatus is simpler, more compact and less expensive than
      heretofore known apparatus for converting sheet-like blanks into tubular
      envelopes on hollow mandrels or analogous patterns. Moreover, and since
      the folding member 8 need not share the movements of the turret 2, the
      means for moving this folding member about a mandrel at the station DS can
      be fixedly mounted in the frame of a packing machine. The moving parts of
      the improved apparatus are preferably mounted for rotary and/or orbital
      movement which causes less wear than oscillatory or other non-circular or
      non-orbital movements. Moreover, the likelihood of malfunctioning when the
      folding member 8 is replaced with a fresh folding member is much less
      pronounced than in heretofore known apparatus wherein at least one
      discrete folding member must be provided for each mandrel and wherein such
      discrete folding members must share the movements of the turret.
PAR  Another advantage of the improved apparatus is that the flexible bristles
      27 subject a blank B to a folding or deforming action which is at least
      substantially uniform during each phase of conversion of a blank into a
      tubular envelope. This reduces the likelihood of shifting the blanks
      during conversion into tubes and insures the formation of a succession of
      identical or practically identical envelopes, even if the periods of
      idleness of the turret between successive intervals of angular movement on
      the bearing member 6 are extremely short.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of my contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. In an apparatus for converting deformable sheet-like blanks into tubular
      envelopes, particularly for converting blanks into tubular portions of
      packs for cigarettes or the like, a combination comprising a support
      indexible about a predetermined axis so that periods of idleness of said
      support alternate with intervals of angular movement through predetermined
      distances; a plurality of mandrels fixedly mounted on and indexible with
      said support so that successive mandrels occupy a draping station during
      successive periods of idleness of said support; a blank folding member at
      said draping station; and means for moving said folding member about a
      mandrel at said station during each of said periods so that said folding
      member converts a sheet-like blank which is disposed between said folding
      member and the mandrel at said station into a tubular envelope which
      surrounds the respective mandrel.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said folding member is a
      cylindrical body.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said support is a turret.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein each of said mandrels has a
      polygonal contour.
NUM  5.
PAR  5. A combination as defined in claim 1, wherein said folding member is a
      cylindrical brush.
NUM  6.
PAR  6. A combination as defined in claim 1, wherein the axis of said brush is
      parallel to said predetermined axis.
NUM  7.
PAR  7. In an apparatus for converting deformable sheet-like blanks into tubular
      envelopes, particularly for converting blanks into tubular portions of
      packs for cigarettes or the like, a combination comprising a support
      indexible about a predetermined axis so that periods of idleness of said
      support alternate with intervals of angular movement through predetermined
      distances; a plurality of mandrels mounted on and indexible with said
      support so that successive mandrels occupy a draping station during
      successive periods of idleness of said support; a blank folding member at
      said draping station; and means for moving said folding member about a
      mandrel at said station during each of said periods so that said folding
      member converts a sheet-like blank which is disposed between said folding
      member and the mandrel at said station into a tubular envelope which
      surrounds the respective mandrel, said moving means defining for said
      folding member an endless path and including a mechanism for moving said
      folding member along said endless path during each period of idleness of
      said support.
NUM  8.
PAR  8. A combination as defined in claim 7, wherein said mechanism comprises a
      shaft, means for orbiting said shaft about a second axis, means for
      rotating said shaft during orbiting about said second axis, and a holder
      affixed to and rotatable with said shaft, said folding member being
      eccentrically secured to said holder so as to orbit about the axis of said
      shaft while the latter orbits about said second axis.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein the axis of said shaft is
      parallel to said predetermined axis and to said second axis.
NUM  10.
PAR  10. A combination as defined in claim 8, wherein said means for orbiting
      said shaft comprises a driven second shaft defining said second axis and
      carrier means fixed to said second shaft and rotatably supporting said
      first mentioned shaft so that the axis of said first mentioned shaft is
      parallel to said second axis.
NUM  11.
PAR  11. A combination as defined in claim 7, further comprising a stationary
      housing, said means for orbiting said shaft comprising a belt transmission
      in said housing.
NUM  12.
PAR  12. A combination as defined in claim 10, wherein said carrier means
      comprises a plurality of discrete carriers rotatably mounting said first
      mentioned shaft.
NUM  13.
PAR  13. A combination as defined in claim 8, wherein said means for rotating
      said shaft comprises a gear train.
NUM  14.
PAR  14. A combination as defined in claim 13, wherein said gear train comprises
      a stationary internal gear and a pinion fixed to said shaft and mating
      with said internal gear.
NUM  15.
PAR  15. A combination as defined in claim 14, further comprising a stationary
      housing for said orbiting means, said internal gear being mounted in said
      housing and having an axis coinciding with said second axis.
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ABST
PAL  The invention relates to apparatus for spreading open cross-bottoms on
      conveyed tubular members which are to be further processed to form bags or
      sacks, the apparatus having two spreader members which rotate
      sunchronously and symmetrically relative to the plane of the tube ends to
      be formed and which are driven by way of a non-uniformity drive
      transmission and which engage into the tube ends for spreading thereof,
      the degree of non-uniformity of the drive movement produced by the
      non-uniformity drive transmission and the phase position of the
      non-uniformity thereof being adjustable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for spreading open cross-bottoms on
      tubular members which are to be further processed to form cross-bottom
      sacks or bags, said apparatus having two spreader members which rotate
      synchronously and symmetrically relative to the plane of the tube ends to
      be formed and which are driven by a nonuniformity drive transmission and
      which engage into and spread open the tube ends.
PAR  An apparatus of this kind is known from the applicant's German Pat. No.
      2,062,944 in which crescent-shaped spreader members which rotate about
      shafts which are made pivotal by means of a universal joint, even during
      operation, can be driven by way of a non-uniformity drive transmission. In
      this apparatus the pivotal movement of the spreader members about axes
      extending parallel to the direction of conveyance of the tube portions, in
      the direction of increasing the angle of inclination of the spreader
      members, serves to improve the spreading operation by adaptation of the
      spreading movement which is on an elliptical path in projection on the bag
      or sack bottom to be opened. The ellipse of the path is distorted by the
      pivotal movement, into an approximation to the ideal spreading movement.
      In the known apparatus provision is also made for pivotability of the axis
      of the spreader members so that they are pivotal on a subatantially
      conical path about the straight line extending through the two pivot
      points, in the direction of displacing the point of closest approach of
      the spreader members on a circular track which lies in the plane of
      conveyance of the ends of the tube portions. By means of this
      pivotability, the path of movement of the spreader members can be varied
      to provide for the best possible entry into the ends of the tube portions,
      and good forming of the bottom folds. The curved paths of the spreader
      members are to be so adjusted or to be varied by pivotal movement that the
      spreader members engage into the tube portion as it passes by, with as
      great as possible an approach of the crescent members, and stretch the
      corner tucks out as well as possible, by approaching the fold edges
      thereof. When the corners of large bottom squares are to be extended, it
      is at any event advantageous to pivot the shafts of the spreader members
      during the rotation thereof, to provide for a good stretching movement.
      While the above-described modes of pivotal movement of the shafts of the
      spreader members provide for optimum adaptation of their curved paths to
      the spreading operation, the non-uniform drive for the shafts of the
      spreader members, which is due to the universal joints, can be utilised
      for increasingly reducing their peripheral speed as they pass into the
      tube opening and for increasing their peripheral speed as they come out of
      the tube opening again, so that the peripheral speed component of the
      spreader members in the direction of conveyance of the tube portions
      substantially co-incides with their speed of conveyance. It is necessary
      for the speed of the rotating spreader members to be closely adapted to
      the speed of the tube portions as they pass, in order to ensure that the
      corner tucks are satisfactorily smoothed out and in order to prevent the
      spreading members from becoming hooked up, for example when forming the
      rear corner tuck. The universal joints which are used in the known
      apparatuses must be connected to the shafts of the spreader members at a
      rotary angle such that the non-uniformity in the drive to the spreader
      members, which is caused by the universal joints, is utilised to comply
      with the conditions required. Only if the non-uniform drive movement as
      predetermined by the universal joint is not sufficient, is a
      non-uniformity drive transmission provided in the known apparatuses. The
      rotary angular position of the non-umiformity drive transmission relative
      to the universal joints is so selected that its non-uniformity movement is
      added to or subtracted from that of the universal joints, as required, in
      order to achieve with a good degree of approximation the non-uniform
      peripheral speed required for synchronising the spreader members with the
      tube portion and for producing the spreading movement thereof. In the
      known apparatus adapting the non-uniform peripheral speed of the spreader
      members to the throughpassage speed of the tube members involves
      substantial difficulties as the degree of non-uniformity of the speed of
      movement and the phase position of the non-uniformity are predetermined,
      due to the structure involved, because of the use of universal joints. In
      order to provide for easy handling and multi-purpose use of the apparatus
      however, it is desirable to be able to adjust the spreader members easily
      to different bottom configurations.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the problem of the invention to provide an apparatus for
      opening cross-bottoms in which the spreading and stretching movement of
      the spreader members can be co-ordinated to the optimum extent and in a
      simple manner, with the through-passage movement of the tube portions.
PAR  According to the present invention there is provided apparatus for
      spreading open cross-bottoms on coveyed tubular members which are to be
      further processed to form bags or sacks, comprising two spreader members
      which rotate synchronously and symmetrically relative to the plane of the
      tube ends to be formed and which are driven by way of a non-uniformity
      drive transmission and which engage into the tube ends for spreading
      thereof, the degree of non-uniformity of the drive movement produced by
      the non-uniformity drive transmission, and the phase position of the
      non-uniformity thereof, being adjustable.
PAR  The adjustability according to the invention of the degree and the phase
      position of the non-uniform drive movement makes it possible for the
      apparatus to be adjusted in a simple manner when there is a change in the
      format of the cross-bottoms to be opened, while the desired movement of
      the spreader members can be observed when the apparatus is running slowly
      and can be adapted in a simple manner to the cross-bottoms to be produced.
      The apparatus according to the invention permits tidy folding of
      cross-bottoms as it is sufficient, to form the front corner tuck, for the
      leading ends of the spreader members which are advantageously of a
      T-shaped construction, to stretch out of the tube opening symmetrically
      approximately to the full width only at the rear edge of the front corner
      tuck, and for the spreading stretching movement of the trailing ends of
      the spreader members to be more precisely adjusted to the fold edges to be
      formed on the rear corner tuck. It should be noted in this respect that
      the spreader members must come out of the rear corner tuck again at a
      higher speed, in order to prevent becoming hooked up with the corner
      tucks.
PAR  A drive transmission which is suitable for adjusting the degree of
      non-uniformity and also the phase position thereof is characterised in
      accordance with the invention in that a crank is fixedly connected to its
      input drive shaft, a shaft being mounted rotatably at the free end of the
      crank and being connected at its side which is towards the drive to a
      gearwheel which engages with a gearwheel which is mounted rotatably on the
      drive shaft and which is connected to a drive gearwheel arranged
      concentrically to the gearwheel, to form a double gearwheel, while on the
      other side the shaft carries a coupling means in which there slides a
      slide block which is arranged fixed with respect to the machine and whose
      spacing and angular position relative to the drive shaft is adjustable. As
      the coupling means is arranged movably and the slide block is arranged
      fixed with respect to the machine, the non-uniformity and the phase
      position thereof can be continuously adjusted during the operating
      movement, by adjustment of the slide block in suitable guides.
PAR  For the purposes of varying the degree of non-uniformity, in a further
      embodiment of the invention it is provided that the spacing of the slide
      block from the drive shaft can be adjusted by means of a spindle actuating
      means. In a preferred embodiment of the invention the phase position of
      the non-uniformity in the drive movement can be adjusted by the slide
      block being arranged in a frame which is rotatable by way of a spindle
      actuating means. The apparatus for adjusting the radial spacing of the
      slide block from the drive shaft is advantageously arranged in a frame
      which is rotatable therearound. In order to prevent unintentional
      displacement of the slide block during operation, there can be provided a
      tightening means for preventing such displaceability.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  To the accomplishment of the foregoing and related ends, the invention then
      comprises the features hereafter fully described and particularly pointed
      out in the claims, the following description and annexed drawings setting
      forth in detail a certain illustrative embodiment of the invention, this
      being indicative however, of but one way in which the principle of the
      invention may be employed.
PAR  In said annexed drawings:
PAR  FIG. 1 is a diagrammatic representation, partly in side view, partly in
      plan view and partly in perspective view, of the spreader members which
      rotate about pivotal axes, with an adjustable non-uniformity transmission,
PAR  FIG. 2 shows a plan view of the non-uniformity transmission of FIG. 1,
PAR  FIG. 3 shows a diagram representing the non-uniformity pattern,
PAR  FIG. 4 shows a more detailed view of the apparatus, corresponding to the
      view in FIG. 1, and
PAR  FIG. 5 shows a plan view of the apparatus shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the diagrammatic representation of FIG. 1, shafts 10 and 10' of
      the spreader members 11 and 11', with the circular segment-shaped crescent
      45, are pivotable about pivot points K, K' of universal joints 9 and 9'
      which are driven by a non-uniformity drive transmission 12. This drive
      transmission 12 comprises an input shaft 8 which is mounted in a cover 18
      (FIG. 4) of a transmission housing 46 and which at its free end is fixedly
      connected to a crank 3 which is arranged at a right angle. At its free end
      the crank 3 has a bearing bore 44 in which a shaft 13 is mounted so as to
      be pivotal but axially non-displaceable. At its end which is towards the
      drive side the shaft 13 is connected to a toothed wheel segment 2 which in
      turn engages with the tooth wheel segment 1 which is rotatably mounted on
      the drive shaft 8. At the opposite end the shaft 13 carries a coupling
      member 5 which is arranged perpendicularly to the shaft and which has
      fork-like limbs 14 and 14'. The limbs 14 and 14' embrace a slide block 6
      which is mounted in the machine frame so as to be displaceable on a
      circular track 47 concentric to the drive shaft 8, and on a guide which
      forms the diameter of the circular track. A gearwheel 4 is connected
      concentrically to the segment 1 which is rotatably mounted on the drive
      shaft 8. The gearwheel 4 engages by way of an intermediate wheel 7 with a
      gearwheel 15 which is fixed on a shaft 16 which carries the universal
      joints 9 and 9'. In order to vary the degree of non-uniformity in the
      drive transmission, the slide block 6 is adjustable as regards its radial
      spacing relative to the drive shaft 8 in the direction of the double arrow
      A. For the purposes of adjusting the phase position of the non-uniformity,
      the slide block 6 is displaceable on the circular track 47 which is
      concentric to the drive shaft 8 and which is indicated in perspective view
      in FIG. 1 by the double arrow B and the broken line. The part of the
      non-uniformity drive transmission 12 which is above the shaft line in FIG.
      1 is illustrated in perspective.
PAR  If, as shown in FIG. 2, the rotary angle of the drive is denoted by .rho.,
      the rotary angle of the output gearwheel 4 is as follows:
EQU  .theta. = .rho. + .alpha. r.sub.2 /r.sub.1,
PAL  wherein .alpha. is the angle included by the crank 3 and the coupling means
      5, r.sub.1 is the radius of the toothed wheel segment 1, and r.sub.2 is
      the radius of the segment 2. FIG. 2 also shows that the variation in the
      angle .theta. with the rotary angle .rho. of the drive is dependent alone
      on the distance CD, C being the drive shaft 8 and D being the axis of the
      slide block 6, that is to say, the instantaneous point of rotation of the
      coupling means 5. If the point D co-incides with the point C, the angle
      .alpha. is always equal to zero so that there is no non-uniformity and the
      pinion 4 rotates at the same angular speed as the shaft 8. The
      non-uniformity of the rotary angle .theta. of the output in dependence on
      the angle .alpha. can be seen on a qualitative basis in the graph of FIG.
      3.
PAR  The curved paths, which are in the form of an ellipse in plan view, of the
      crescent-shaped circular segments 45 arranged at the ends of the spreader
      members 11 and 11' are shown in the left-hand part of FIG. 1, above and
      below the shaft line, by means of the ellipses 48 and 48' respectively.
PAR  The non-uniformity drive for the spreader members 11 and 11' and the
      adjusting means are shown in greater detail in FIGS. 4 and 5. The drive
      shaft 8 is mounted in the housing covers 18 and 19 by means of the ball
      bearings 20 and 21. The output gearwheel 4 is mounted on the drive shaft 8
      by means of bearings 22 and 23. The toothed wheel segment 1 is secured on
      the hub of the gearwheel 4, which is extended in the manner of a bush. The
      hub 24 and thus indirectly also the drive shaft 8 are mounted in the
      housing cover 19 by means of ball bearing 21. The toothed wheel segment 1
      is secured outside the mounting cover 19 on the hub 24. The crank 3 is
      fixedly connected to the free end of the drive shaft 8, while at its free
      end the crank 3 is provided with the mounting bore 25 in which the shaft
      29 is mounted by means of the ball bearings 26 and 27. At its lower end
      the shaft 29 is fixedly connected to the segment 2 while at its upper end
      it is fixedly connected to the coupling means 5. The slide block 6 which
      comprises a ball or roller bearing slides in the fork-like limbs 14 and
      14'. The slide block 6 is mounted on the shaft 3 which is secured in a
      carrier member 41 which is displaceable in the guide 28. The guide 28 is
      formed by the edges of the elongate slot 51 (FIG. 5) formed in the disc
      52. The centre point of the disc 52 co-incides with the centre line of the
      drive shaft 8. The center line of the elongate slot 51 forming the guide
      for the carrier member 311 extends on a diametral line of the disc 52. A
      spindle actuating means 32 and 33 is provided for displacing the carrier
      member 31 in its guides 28. The end of the spindle 32 is mounted rotatably
      in the block 38 which is secured on the disc 52 transversely to the
      elongate aperture 51. The spindle nut 33 is connected to the angularly
      bent holder 34 which is secured on the carrier member 31. The spindle 32
      has a rotary knob 53 for actuating the spindle. The disc 52 is mounted in
      an annular frame 35 which is fixed with respect to the machine and in
      which the disc 52 can be rotated by means of the spindle 36 with spindle
      nut 37. The disc 52 has an upwardly extended edge portion 54 which at its
      upper outward face is provided with a shoulder 55. The edge portion 54 is
      supported by means of the shoulder 55, and with its cylindrical outside
      surface, on the annular frame 35. The spindle 36 is mounted in the bush 56
      so as to be rotatable but axially non-displaceable. The bush 56 is pivotal
      about the shaft 57 which is fixed relative to the machine. The spindle nut
      37 is pivotal about the pin 58 which is fixed on the edge portion 54.
PAR  The annular frame 35 has a slot 59 by means of which the disc 52 can be
      locked with the screw means 60. By tightening the screw means 60 the
      slot-shaped aperture 51 and thus the carrier member 31 in its guides 28
      are gripped fast.
PAR  FIG. 4 also shows the gearwheels 7 and 15 which drive the spreader members,
      and the pivot points K and K' of the universal joints, which are disposed
      on the shaft 61.
PAR  Other modes of applying the principle of the invention may be employed,
      change being made as regards the details described, provided the features
      stated in any of the following claims, or the equivalent of such, be
      employed.
CLMS
STM  I, therefore, particularly point out and distinctly claim as my invention:
NUM  1.
PAR  1. Apparatus for spreading cross-bottoms on conveyed tubular members which
      are to be further processed to form bags or sacks, comprising: two
      spreader members which rotate synchronously and symmetrically relative to
      the plane of the tube ends to be formed and which engage into the tube
      ends for spreading thereof; a non-uniformity drive transmission means
      driving said spreader members; means for adjusting the degree of
      non-uniformity of the drive movement produced by the non-uniformity drive
      transmission means; and means for adjusting the phase position of the
      nonuniformity of said transmission means.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which the drive transmission
      comprises a drive shaft, a crank fixedly connected to the drive shaft, a
      shaft rotatably mounted at the free end of the crank and being connected
      to a gearwheel which engages with a gearwheel which is rotatably mounted
      on said drive shaft, said gearwheel in said shaft being connected to an
      output gearwheel which is arranged concentrically to said gearwheel on
      said shaft, said shaft mounted on said crank being provided with a
      coupling means in which slides a slide block which is fixed relative to
      the machine, the spacing and the angular position of the slide block
      relative to the drive shaft being adjustable.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, in which the spacing of the slide block
      from the axis of the drive shaft is adjusted by means of a spindle
      actuating means.
NUM  4.
PAR  4. Apparatus as claimed in claim 2, in which the slide block is arranged in
      a carrier which is rotatable by way of a spindle actuating means.
NUM  5.
PAR  5. Apparatus as claimed in claim 2, in which the means for adjusting the
      radial spacing of the slide block from the axis of the drive shaft is
      arranged in a carrier which is rotatable therearound.
NUM  6.
PAR  6. Apparatus as claimed in claim 2, in which there is provided a tightening
      means for preventing displacement of the slide block.
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ABST
PAL  A device suitable for preventing escape and subsequent circulation of toxic
      gases comprising an enclosure which is sealed by a surrounding air lock,
      automatic means for partially evacuating said enclosure and said air lock
      and for ventilating said enclosure and means for disconnecting said
      enclosure ventilating means, whereby a relatively undisturbed atmosphere
      is created in said enclosure.
GOVT
PAR  The present invention was made under or during the course of a contract
      with the United States Energy Research and Development Administration or a
      predecessor thereof.
BSUM
PAR  The present invention relates to an enclosure suitable for preventing
      escape and subsequent circulation of toxic gases.
PAR  Storage and handling of toxic gases often gives rise to situations in which
      personnel are placed in danger because of leaks of these gases into the
      working area. In a large plant in which such gases are present the removal
      of escaped toxic gases to the plant exterior by the ventilating system
      does not dispose of the problem of protecting plant personnel, as such
      gases, if appreciably heavier than air, tend to disperse into the area
      adjacent the plant in toxic concentrations and to remain there for an
      extended period of time.
PAR  In other cases, the gas may be caused to flow through the plant by being
      taken up by the ventilating system, either from an internal source or
      after having been exhausted to the building exterior where it is drawn
      into an external inlet of the ventilation system when the gas remains in
      toxic concentrations outside the plant.
PAR  It is accordingly an object of the present invention to provide a
      ventilating system which affords adequate ventilation of enclosures within
      the plant in which toxic or dangerous fumes may be generated and which
      prevents the distribution of said fumes to personnel-occupied areas.
PAR  It is another object of the present invention to provide a ventilating
      system which may be employed in enclosures into which toxic fumes may
      ordinarily pass by leakage or diffusion.
PAR  Other objects of the invention will be in part apparent and in part pointed
      out hereinafter.
PAR  In one of its broader aspects, the objects of the present invention are
      achieved by providing an enclosure which is sealed by a surrounding air
      lock, automatic means for partially evacuating said enclosure and said air
      lock and for ventilating said enclosure, means for disconnecting said
      enclosure ventilating means, whereby a relatively undisturbed atmosphere
      is created in said enclosure.
PAR  The enclosure provided by the present invention effectively seals and
      isolates the toxic gas from the remainder of the plant. When sealed in
      this manner the gas may be removed by treating it with suitable chemicals
      to produce a non-toxic product which may be disposed of easily.
DRWD
PAR  The apparatus of the present invention will be described with reference to
      the drawings which show a structure incorporating a preferred embodiment
      of the invention and wherein:
PAR  FIG. 1 is a horizontal section of the enclosure at the level of the top of
      the room, showing the ventilating system, air lock and enclosed equipment.
PAR  FIG. 2 is a horizontal section of the door of said enclosure showing
      details of the door frame and the wall construction.
PAR  FIG. 3 is a vertical section of FIG. 1 along broken line 3--3; and
PAR  FIG. 4 is a perspective view of the door standing ajar showing details of
      the leak preventing slots therein.
DETD
PAR  Referring specifically to FIG. 1, an inner enclosure 100 is enveloped by an
      air lock 102 which is formed between an outer enclosure comprising a
      structurally supporting wall 104 and a relatively thin plaster inner wall
      106 defining said inner closure. The clearance between these two walls is
      about 4 inches. The relatively thin plaster inner wall 106 is supported by
      and attached to the outside structurally supporting wall 104 by the metal
      studs or clips 108. As illustrated more clearly in FIG. 2, the plaster
      wall consists of an expanded wire mesh 110 to which are applied several
      coats of dense plaster 112. The plaster wall as formed is relatively
      porous and it is therefore preferred to coat the surface exposed to the
      atmosphere within the enclosure 100 with several layers of paint 114 to
      reduce the porosity of said wall 106. A seal is provided at all points of
      the wall 106 which are pierced by conduits or registers and also where
      said wall 106 terminates at a surface such as the floor or ceiling surface
      by a suitable calking compound.
PAR  The structural details of the door 120 may be most clearly seen with
      reference to FIGS. 2 and 4. The door 120 is a hollow rectanguloid which
      may be formed by connecting the juxtaposed plates 122 and 124 at their
      perimeters by a strip 126 having leak preventing slots 128 therein which
      form a discontinuous line which bisects the strip longitudinally. The
      flexible conduit 130 connects the chamber within the door 120 with air
      lock 102. The surfaces 132 and 134, with which the edges of the plates 122
      and 124 respectively, come in contact when the door is closed, are
      provided in the door frame. The door jamb 150 is beveled on that portion
      of the surface which contacts the strip 126, so as to cause this portion
      of the strip 126 to be flush with the jamb 150 when the door 120 is in a
      closed position. The purpose of the slots 128 in the door 120 is to
      prevent any transfer of gas in either direction past the door. Leakage of
      gas from the enclosure 100 outward to the ambient atmosphere is prevented
      in part by the contact of the edges of the plate 122 with the door frame
      surface 132. Any gas leaking past these surfaces is necessarily small
      because of the close contact therebetween. Gas is further prevented from
      reaching the ambient atmosphere due to the leaking gas being drawn through
      the slots. A relatively lower pressure of gas exists within the door
      chamber because of the constant withdrawal of gas from the chamber through
      the flexible conduit 130, the air lock 102, and the conduit 144 leading to
      the blower 142. Similarly, the leakage of gas from the ambient atmosphere
      inward to the enclosure 100 past the door 120 is substantially prevented
      by the close contact of the door plate 124 with the jamb surface 134. Any
      transfer of gas which does occur past this surface 134 is remedied by the
      suction action mentioned above.
PAR  The register 116 for the controlled air intake to the inner enclosure 100
      comprises an arrangement of louvers or vanes 140 of a conventional type,
      the openings between the vanes being adjustable by motor 136 which acts
      responsive to a pressure sensitive switch 138. The switch 138 may be set
      to detect the difference in pressure between the ambient atmosphere in
      which it is located and the atmosphere within enclosure 100 to which it is
      connected by means of conduit 151. The switch 138 actuates motor 136 when
      the difference in pressure between the ambient atmosphere and the
      enclosure 100 falls below a value predetermined by the setting of the
      switch 138. Motor 136 when so actuated causes the openings between the
      vanes 140 to be made smaller or larger sufficient to maintain the
      difference in pressure at the predetermined level.
PAR  The blower 142 external to the enclosure 100 is connected by conduit 144 to
      the protective air lock 102 and also to the enclosure 100 through air lock
      102 and register 118, which register serves as a means for the controlled
      air removal from the inner enclosure 100. The register 118 consists of an
      arrangement of louvers or vanes 146 similar to those of register 116, the
      opening and closing of vanes 146 being adjustable by manually operated
      pressure control switch 148. It is important that switch 148 is located
      outside room 100.
PAR  While the room is in normal use it is preferred to keep the door closed.
      When the door is closed, the ventilation of the room is provided as
      follows: The register 118 is kept open. The blower 142 causes a flow of
      air from the enclosure 100 and from air lock 102 through conduit 144,
      thereby creating a relatively low pressure with respect to the ambient
      atmosphere, in the enclosure 100, air lock 102 and hollow door 120. The
      pressure sensitive switch 138 automatically responds to the pressure
      change to cause the louvers 140 of the register 116 to be opened when the
      pressure within the enclosure 100 falls to from 1/8 to 1/4 inch
      hydrostatic pressure below the pressure of the ambient atmosphere and to
      remain open a sufficient amount to maintain the pressure within the
      enclosure at 1/4 inch hydrostatic pressure below the pressure of the
      ambient atmosphere. Approximately 7 changes of air per hour are circulated
      through the enclosure in this manner.
PAR  Referring now to FIGS. 1 and 3 an apparatus in connection with which the
      present invention has particular utility may be described as follows. A
      condensable highly toxic process gas is introduced into the chamber 100
      through a conduit 150 from process equipment not shown. Storage
      receptacles 152 for the gas are connected with the inlet conduit 150
      through the valves 154 and the manifold 156. The gas is stored in the
      receptacles 152 initially before being condensed in the cold traps 160.
      Receptacles 152 are connected with cold traps 160 through the valves 158
      and 162 and the conduit manifold 164. The cold traps 160 are supported on
      the bracket stands 166 and the receptacles 152 on the base stands 168.
      After being condensed within the cold traps 160 the process gas is removed
      in a liquid form to the tanks 170 through the valves 172 and manifold 174.
      A tank 170 may be kept in the heating box 176 while the condensate is
      delivered thereto if special temperature conditions are necessary. The
      heating box also serves to vaporize the contents of the tanks 170, if it
      be desired to volatilize the contents after storage and return the
      contents through valve 178 and conduit 180 to the processing equipment in
      the plant from which it was removed. To effect the condensation within the
      cold traps 160 a coolant liquid is delivered from the tank 182 through the
      conduit manifold 184 and valves 186 to the cold traps 160. The vaporized
      coolant is returned from the traps through the conduits 188 and the valves
      190 to the tank 182, and excessive coolant gas passes from the tank 182
      through the conduit 192 and valve 195 to the refrigerant compressors (not
      shown) external to the chamber 100. The liquid refrigerant is delivered
      from the compressors to the tank 182 through the conduit 194 and solenoid
      control valve 196. The valve 196 is controlled by the level control
      mechanism 198 which acts responsive to the change in level in tank 182 to
      keep the level therein approximately constant. The leveling mechanism 198
      is operatively connected between the tank 182 and the control valve 196 by
      the electrical conductors 200. Electrical resistance heaters (not shown)
      may be incorporated in the process gas handling equipment where needed to
      prevent solidification.
PAR  The connecting and disconnecting of containers of process gas and the
      "vaporizing" and condensing of the gas employing such apparatus as that
      described above involves the possibility of leaks of large volumes of gas
      due to failure of a valve to close properly or the like. For the purpose
      of illustration the operation of the apparatus of the present invention is
      described with respect to processing uranium hexafluoride although it will
      be realized that numerous other toxic gases may be processed similarly.
PAR  When a serious leak occurs in apparatus within the enclosure 100 operating
      personnel leave the enclosure closing door 120 and turn pneumatic switch
      148 so as to cause the louvers 146 of the air removal register 118 to
      close. As the removal of air by the blower through the register 118
      ceases, the pressure within the enclosure 100 builds up and becomes equal
      to that of the ambient atmosphere. The switch 138 acts responsive to this
      change of pressure to cause the motor 136 to close the louvers 140 of
      register 116. With the registers 116 and 118 and the door 120 closed, the
      enclosure 100 into which uranium hexafluoride was escaped is sealed from
      the remainder of the building of which enclosure 100 is a part, and is
      sealed from the building exterior to which the gaseous contents of the
      enclosure 100 were delivered prior to the closing of register 118. The
      blower 142 continues to operate after the closure of register 118 and
      causes the withdrawal of gas from the protective air lock 102 and from the
      interior of the hollow door 120. Any leakage of uranium hexafluoride to
      adjacent enclosures through the plaster wall 106 or past the wall at
      points at which it is adjacent a surface which pierces the air lock, is
      restricted in that it is prevented from passing the outer structurally
      supporting wall 104 by the continuous withdrawing action of the blower 142
      on gas entering the air lock 102. It is important to note that, whereas,
      the relatively small quantities of uranium hexafluoride leakage are not
      toxic in the atmosphere exterior to the building, the accumulation of
      equal quantities of uranium hexafluoride in enclosures adjacent that
      protected by air lock 102 may be sufficient to be toxic.
PAR  Most of the uranium hexafluoride which escapes from the apparatus is
      restricted to enclosure 100 by the sealing action on the registers and
      door. In order to render this gas harmless, one of several alternative
      procedures is used. For example, a jet of steam, introduced into the
      enclosure through conduit 153, causes the hydrolysis of uranium
      hexafluoride to form a solid hydrolysis product, uranyl fluoride,
      (UO.sub.2 F.sub.2), and gaseous hydrogen fluoride. Flow of steam to the
      enclosure is regulated by means of valve 155. The solid hydrolysis
      product, uranyl fluoride, (UO.sub.2 F.sub.2), precipitates to the floor of
      the enclosure 100 from which it is conveniently removed in the form of a
      dust. After the dust has settled, the hydrogen fluoride is removed by
      opening the register 118 sufficiently to cause a relatively slow
      withdrawal of said gas from the enclosure. Since this gas is lighter than
      air, it may be dispersed into the atmosphere, preferably through a
      relatively high stack without danger of injury to personnel in the area
      adjacent the building. Alternatively the hydrogen fluoride may be passed
      into a caustic adsorbent bed.
PAR  It is apparent from the foregoing description that the apparatus of the
      present invention provides a very effective means for protecting personnel
      while engaged in processing toxic materials. It is obvious, in addition,
      that the apparatus may be readily adapted to disposing of toxic materials
      which escape accidentally from process equipment without the necessity of
      closing down operation in adjacent enclosures because the present
      invention provides for the isolation of the escaped gas to the enclosure
      containing the process equipment. Furthermore, the toxic gas is disposed
      of without endangering personnel outside the building or contaminating the
      area surrounding the building with a heavy lingering gas.
PAR  Examples of other toxic gases in connection with which the above-described
      apparatus may be employed include boron trifluoride, arsenic trichloride,
      phosphorous trichloride and numerous other volatile halides.
PAR  It will be understood that the term "wall" as used in the specification and
      claims hereof includes not only the vertical but also the horizontal or
      other defining surfaces.
PAR  If the toxic gas is not visible to the unaided eye, an automatic switch may
      be substituted for the manually operated switch 148 by providing an
      absorption spectrometer cell in the enclosure 100, which cell acts
      responsive to a change in the composition of the atmosphere within the
      enclosure to actuate a relay which will in turn, by means of a motor or
      other means, close the register 118 and signal the occupants of the
      enclosure of the presence of toxic contaminants in the atmosphere. Such a
      spectrometer may be adjusted so as to detect a particular toxic gas acting
      responsive to the wave absorption characteristics of this toxic gas.
PAR  Alternatively, toxic gas may be removed from enclosure 100 by the inclusion
      therein of an absorption trap in conjunction with a pump which circulates
      the air in the enclosure 100 through said absorbent, thereby removing said
      gas from the atmosphere of the enclosure. The switch 148 or an automatic
      switch may be so connected as to start the circulating pump when the
      register 118 is closed.
PAR  The particular apparatus disclosed in the illustrative embodiment of the
      present invention has particular utility where an enclosure is partitioned
      off from a larger enclosure, in that the material of which the walls
      thereof are composed, is readily available and economical. Thus, for
      example, material of relatively light construction, such as beaver board
      or plaster board, may be substituted for the cinder block in construction
      in which partitioning is the primary object, because the air lock provides
      sufficient protection against leakage of gas through such partitioning and
      consequently materials of more substantial bulk are not necessary.
PAR  Whereas the embodiment of the present invention discloses an enclosure, the
      walls of which are protected by an air lock, it will be understood that it
      is within the scope of the present invention to provide an air lock which
      completely envelops the enclosure including both ceiling and floor.
      However, since in most instances the ceiling and floor are substantially
      impermeable to the passage of gas therethrough, it is necessary, in the
      usual case, to protect only the walls of the enclosures by an air lock.
PAR  Many other alternatives will be apparent to those skilled in the art.
PAR  Since many embodiments might be made of the above-described invention and
      since many changes might be made in the embodiment illustratively
      disclosed herein, it is to be understood that all matter hereinabove set
      forth is to be interpreted as illustrative only and not in a limiting
      sense, except as may be required by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a protective ventilating system, an improved
      building unit affording safety against escape of toxic gases and
      comprising an outer enclosure, an inner enclosure adapted to house toxic
      gas processing equipment and spaced from the outer enclosure by a
      protective air lock space, an air intake extending in sealed relation
      through said outer enclosure and space into said inner enclosure, single
      vacuum means connected to said space and to the interior of said inner
      enclosure, air-removal closure means interposed between said vacuum means
      and said inner enclosure, said closure means being adapted in closed
      position to permit an increased air pressure within said inner enclosure
      and in open position to permit a lowered air pressure therewithin, control
      means for actuating said air-removal closure means thereby to apply said
      vacuum exclusively to said air lock space or simultaneously to said space
      and to the interior of said inner enclosure, a second closure means
      disposed in said air intake, a second control means for operating said
      second closure means, said second closure means being adapted in closed
      position to permit isolation of air in said inner enclosure and in open
      position to permit air flow into said enclosure, and a third closure means
      providing ingress and egress to said inner enclosure and adapted in closed
      position to seal said air lock space against air leakage from both said
      inner and outer enclosures.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said second control means
      includes a pressure differential means having one side thereof responsive
      to the pressure existing within said inner enclosure and another side
      thereof responsive to the pressure on the outside of said outer enclosure.
NUM  3.
PAR  3. Apparatus as described in claim 1 wherein said third closure means
      includes a hollow door having a hollow connection permanently connecting
      the interior of said door to said air lock space.
NUM  4.
PAR  4. Apparatus as described in claim 1 wherein said control means for
      actuating said air-removal closure means is operable from a position on
      the exterior of said outer enclosure.
NUM  5.
PAR  5. In combination with a protective ventilating system, an improved
      building unit comprising an outer enclosure, an inner enclosure spaced
      from the outer enclosure by an air lock space, an air intake extending in
      sealed relation through said outer enclosure and space into said inner
      enclosure, single vacuum means connected to said space and to the interior
      of said inner enclosure, air-removal closure means interposed between said
      vacuum means and said inner enclosure, said closure means being adapted in
      closed position to permit an increased air pressure within said inner
      enclosure and in open position to permit a lowered air pressure
      therewithin, control means operable from a position on the exterior of
      said outer enclosure for actuating said air-removal closure means thereby
      to apply said vacuum exclusively to said air lock space or simultaneously
      to said space and to the interior of said inner enclosure, a second
      closure means disposed in said air intake, a second control means for
      operating said second closure means and including a pressure differential
      means having one side thereof responsive to the pressure existing within
      said inner enclosure and another side thereof responsive to the pressure
      on the outside of said outer enclosure, said second closure means being
      adapted in closed position to permit isolation of air in said inner
      enclosure and in open position to permit air flow into said enclosure, and
      a third closure means providing ingress and egress to said inner enclosure
      and adapted in closed position to seal said air lock space against air
      leakage from both said inner and outer enclosures.
NUM  6.
PAR  6. In combination with a protective ventilating system, an improved
      building unit comprising an outer enclosure, an inner enclosure spaced
      from the outer enclosure by an air lock space, an air intake extending in
      sealed relation through said outer enclosure and space into said inner
      enclosure, single vacuum means connected to said space and to the interior
      of said inner enclosure, air-removal closure means interposed between said
      vacuum means and said inner enclosure, said closure means being adapted in
      closed position to permit an increased air pressure within said inner
      enclosure and in open position to permit a lowered air pressure
      therewithin, control means for actuating said air-removal closure means
      thereby to apply said vacuum exclusively to said air lock space or
      simultaneously to said space and to the interior of said inner enclosure,
      a second closure means disposed in said air intake, a second control means
      for operating said second closure means and including a pressure
      differential means having one side thereof responsive to the pressure
      existing within said inner enclosures and another side thereof responsive
      to the pressure on the outside of said outer enclosure, said second
      closure means being adapted in closed position to permit isolation of air
      in said inner enclosure and in open position to permit air flow into said
      enclosure, and a third closure means including a hollow door having a
      hollow connection permanently connecting the interior of said door to said
      air lock space, said door providing ingress and egress to said inner
      enclosure and adapted in closed position to seal said air lock space
      against air leakage from both said inner and outer enclosures.
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ABST
PAL  A dust-repelling apparatus for a vehicle of the type having a driver's seat
      accessible to dust and an operating instrument of the type which builds up
      dust and is arranged ahead of the driver's seat, said apparatus comprising
      at least one source of air current arranged between the driver's seat and
      the operating instrument with the discharge of the blast air current
      directed in the viewing direction of the driver. Preferably the source of
      the air current is at least one ventilator being directed toward the
      operating instrument and having a pressure effect opposite to the current
      of the dust built up by the operating instrument.
BSUM
PAR  The invention relates to a dust-repelling apparatus for a vehicle with a
      driver's seat accessible to dust, with an operating appliance building up
      dust being arranged ahead of said seat, particularly a mower-thresher.
PAR  It is known already according to prior art to provide a cabin for abating
      the bother caused by dust and noise on mower-threshers. However, these
      cabins or cabs have the disadvantage of exposing the operator in case of
      nice weather to considerable heat. Thus, with warm weather, the cabs are
      opened and dust penetrates the driver's area.
PAR  The present invention is based on the problem of creating an apparatus
      which with simple design and low producdion cost protects the driver
      against dust in a simple manner.
PAR  According to the invention this problem is solved by arranging the
      discharge of the blast air current from a source of air current in viewing
      direction of the driver between the driver's seat and the operating
      instrument. This produces the advantage that the blast air current blows
      on the operating apparatus which develops dust, without the operator being
      seated in the range of the air generated by the source of air current.
      Thus, the operator is protected perfectly against the buildup of dust by
      the operating instrument. A ventilator of open design may be provided
      advantageously as a source of air current.
PAR  According to another characteristic of the invention the ventilator is
      directed obliquely toward the operating instrument, so that the driver is
      protected against any influences of dust.
PAR  In a further improvement of the invention, the ventilator is arranged at a
      frame fastened on the vehicle, in front of the operator. This frame may be
      pivotable, for example transversely to the driving direction. By provision
      of the frame the advantage is obtained that the dust repelling apparatus
      according to the invention can be installed later on any mower-thresher
      already existing. As a result of the pivotability of the frame the
      direction can be adjusted precisely, in order to keep the dust produced by
      the retractable components of the mower-thresher away from the operator's
      area in a satisfactory manner. As a result of the special arrangement of
      the instrument at the mower-thresher all harmful wind effects are
      deflected and no draft of air can be caused.
PAR  In another improvement of the invention, the ventilator is propellable by
      an air-cooled motor and surrounded in addition by a protective screen.
      This results in a highly simplified construction of the dust-repelling
      apparatus according to the invention, while preserving maximum operating
      safety.
PAR  According to another characteristic of the invention, the ventilator may be
      of the two blade design. As a result of two blades assurance is given to
      the driver so that he can keep an eye on the operating apparatus at all
      time without his vision being impaired by the rotation of the ventilator
      blade. In spite of all this, the driver is protected satisfactorily
      against the dust of the mower-thresher.
PAR  According to another feature of the invention the total length of the two
      blades may be greater than the driver's width, so that the driver is
      protected completely and advantageously.
PAR  According to another feature of the invention a wall placed transversely to
      the driving direction may be located behind the operator in the area of
      action of the ventilator. As a result of this wall, the wind conditions
      may be improved further with regard to the manner of operation of the
      ventilator.
PAR  According to another feature of the invention the ventilator blades may be
      transparent so that thereby the driver's vision toward the operating
      instrument is improved additionally.
DRWD
PAR  Below the invention is described more in detail by means of an embodiment
      exemplified in the drawing. In the drawing,
PAR  FIG. 1 shows a schematic overall view in perspective of a mower-thresher
      and of the dust repelling apparatus according to the invention.
PAR  FIG. 2 shows a front view upon the dust repelling apparatus according to
      the invention.
PAR  FIG. 3 shows a lateral view upon the dust repelling apparatus according to
      the invention.
DETD
PAR  According to FIG. 1 a mower thresher 1 is provided with retractable
      components 2. The operator 3 is seated behind the retractable components
      in order to steer the thresher-mower accordingly. In its anterior area the
      mower-thresher 1 is provided with a front carriage 11 eqipped with a
      transverse strut 11.
PAR  The dust-repelling apparatus 4 is located on this strut 4 above a frame 6.
      For better clarity it was shown in FIG. 1 without a protective screen.
      This dust repelling apparatus is designed as ventilator 5, propelled
      preferably by a motor with a low number of revolutions, for example 1000
      rpm. As a result of this ventilator 4, the dust caused by the rectractable
      components 3 of the mower-thresher 1 is kept away from the operator in a
      perfect manner. The ventilator operates in the direction of the arrow I,
      as shown in FIGS. 1 and 3, so that the dust is carried along by the drum
      of the mower-thresher.
PAR  According to FIG. 2, the frame 6 is U-shaped in design and has a transverse
      strutting 16. The motor and the ventilator are mounted on said transverse
      strutting 16. A protective screen 8 covering both ventilator blades 12,
      thereby protecting the operating personnel ahead of the ventilator blades,
      is located at both lateral struts of the frame 6 via adjustable bushings
      9. The frame 6 is fastened via fastening flanges 10 and clamping screws 13
      to the cross strut 15 of the front carriage 11 of the thresher-mower 1. It
      is possible with the aid of the clamping screws, according to FIG. 2, to
      push the frame in the direction of the arrow III, either back or forth, or
      to additionally pivot it according to FIG. 3, in the direction of the
      arrow II. Thus, altogether, the possibility is offered of later mounting
      the dust repelling apparatus at any mower-threshers already in existence,
      via the frame 6 and the fastening flanges 10. Thanks to the lateral
      displaceability in the direction of the arrow III and the pivotability in
      the direction of the arrow II, the dust repelling apparatus according to
      the invention now can be arranged in such a manner that it protects the
      operator perfectly against dust generated by the retractable means 2.
      According to FIG. 3 the ventilator operates in the direction of the arrow
      I, so that the dust is moved away from the operator. He thus is protected
      completely against dust and nevertheless no cab is required, so that very
      favorable working conditions are created.
PAR  Because the air space behind and to the side of the driver 3 is
      considerably larger than the operative direction of the ventilator that is
      larger than the wind movement I, the driver is not seated in draft air.
      Conditions are further improved by the fact that the wall 14 of the
      mower-thresher 1 is behind the operator. Thus it is assured on the whole
      that all wind influences are deflected in the direction of the retractable
      means of the mower-thresher, and no draft air at all can be created.
PAR  The ventilator 5 advantageously is provided with 2 ventilator blades only,
      which assures that the driver's view upon the retractable or pull-in means
      is in no way obstructed. Thus, as indicated above, the dust-repelling
      apparatus 4 is arranged in driver's viewing direction between the driver's
      seat 3 and the operating apparatus 2, in fact obliquely thereto.
      Nevertheless, the driver's view 3 upon the retractable means 2 is not
      impaired as the two ventilator blades 12 in no way obstruct his view.
PAR  In FIG. 3 the ventilator blades 12 are arranged inclined. It also is
      possible to provide in lieu of these inclined ventilator blades 12
      ventilator blades of a different design which are placed at a right angle
      to the axis of the motor 7. Moreover, it is possible, for example, to
      provide instead of the two ventilator blades 12, several ventilator
      blades, and to make them of transparent material. Here again, the driver's
      vision upon the operating instrument is not adversely affected.
PAR  It is possible to so arrange, via the clamping bushings 9, the protective
      screen 8 that greatest safety exists for the operating personnel ahead of
      the ventilator blades 12, with perfect assurance of the vision of driver
      3. FiG. 1 shows that the total length of the ventilator blade is about
      equal to the width of the driver 3, so that the driver is perfectly
      protected against the dust built up by the retractable or suction means 2
      of the mower-thresher.
PAR  As already mentioned, the dust-repelling apparatus 4 can be mounted later
      with the aid of the clamping screws 13 and the fastening flanges 10 of the
      frame on any type of mower-thresher, so that thereby in an advantageous
      manner a cost-saving apparatus is created which nevertheless is highly
      efficient in practical operations and which offers considerable advantages
      for the driving comfort and health of the operator of the mower-thresher.
      The dust repelling apparatus 4 according to the invention is not limited
      to its application in a mower-thresher; for example it may also be used in
      road construction or in other earth moving equipment and wherever a
      driver's seat accessible to dust is present on a vehicle and located
      behind an operating apparatus which builds up dust. For example, it also
      is possible to provide a plurality of air discharge nozzles arranged
      between the driver's seat and the operating apparatus. Here again,
      depending on the type of mower-thresher, the driver is protected perfectly
      against the buildup of dust.
PAR  Another possiblity exists of providing several ventilators instead of one
      ventilator, whose blast air currents protect the driver.
PAR  In addition, it also is possible to place the driver's seat inside a cab
      placed in the range of the air current source. This cab is provided with
      lateral air apertures.
PAR  According to another embodiment of the invention, which is not shown in
      detail, it also is possible to provide two air current sources instead of
      only one, which in like manner as described above are arranged between the
      driver's seat and the operating apparatus. As a result of this embodiment,
      the dust repelling effect is further improved.
CLMS
STM  What is to be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. In a work vehicle having a front end in the direction of travel of the
      vehicle, a cab area and a seat in the cab area for the driver which faces
      toward the front end, said vehicle having a dust generating mechanical
      implement attached at its front end and ahead of the seat, which dust
      moves toward the driver during vehicular travel, the herein invention
      comprising: forced air flow generating means mounted on said vehicle
      between said seat and said front end, said air flow generating means being
      forwardly directed for directing a forced air discharge in a stream
      frontwardly of the seat and establishing a principal suction area about
      the seat, said forced air flow generating means comprises at least one
      ventilator, and an open frame transversely of the vehicle, said frame
      constituting mounting means for mounting said ventilator for adjustment on
      and relative to said vehicle.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the mounting means mounts said
      ventilator for vertical adjustment relative to said vehicle.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the mounting means mounts said
      ventilator for transverse adjustment relative to said vehicle.
NUM  4.
PAR  4. The apparatus of claim 3 including a wall mounted on said vehicle
      rearward of said seat and transversely elongated across the vehicle.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the mounting means mounting the
      ventilator on the vehicle includes a strut fixed transversely across the
      vehicle and a frame pivotally engaged with the strut, said ventilator
      being secured to said frame for pivotal adjustment therewith.
NUM  6.
PAR  6. The apparatus of claim 5 including a protective screen arranged on said
      frame in surrounding relation to said ventilator and means for slidably
      adjusting said screen on said frame.
NUM  7.
PAR  7. The apparatus of claim 1 and a wall located behind said seat arranged
      transverse to the direction of travel of the vehicle in the area of action
      of the ventilator.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the ventilator has transparent blades.
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ABST
PAL  The throwing length of a stream of air entering a room through a large-area
      ventilator outlet is controllably increased by including within the
      aperture of the ventilator at least one air nozzle of adjustable direction
      and orifice cross-section and supplied with air under sufficiently high
      pressure to produce a high-velocity low-volume air jet directed into the
      room along the general direction of the main air stream.
BSUM
PAR  The present invention relates to a device, which is adapted, preferably in
      the cooling of a room by a ventilation air stream, to increase the
      throwing length of the air stream emitted from a supply air means located
      in said room, without producing a disturbing hissing noise.
PAR  In the cooling of a room, specially by means of a circulating ventilation
      air stream, there arises often the disadvantage of direct temperature
      drops within the living zones of persons who stay in these zones during
      relatively long periods of time for performing a work of sedentary kind
      and who, therefore, perceive the cold ventilation air stream as annoyingly
      inconvenient. The present invention had as its object to solve such
      problems of work environment which normally arise in office rooms, hotel
      premises and in many public rooms.
PAR  The invention is based on the understanding, that there exists a maximum
      ratio between supplied cooling effect and the impulse of the ventilation
      air for meeting certain comfort requirements in a defined living zone. The
      cooling effect being expressed as Q kcal/h and the impulse as q.sub.p
      m.sup.3 /h .times. .DELTA. p mm wc; it was found that the following
      requirement is to be met for obtaining a sufficient throwing length and
      thereby a good comfort:
      ##EQU1##
       WHERE Q.sub.P DESIGNATES THE VENTILATION DEMAND BY SUPPLIED PRIMARY AIR
      FROM THE CENTRAL UNIT, .DELTA. P IS CHOSEN WITH CONSIDERATION PAID TO
      DISTRIBUTION, INDUCTION AND SOUND. Q, as mentioned, designates the cooling
      demand. This demand is substantially totally dominated by the
      window/facade wall ratio, which may be as high as 0.6 - 0.7. It was found
      that, by known arrangements for the cooling of rooms by conventional
      installations, the above equation can render a value as high as about 3.0,
      which must be deemed unacceptable. The present invention has as its object
      to provide a solution of the aforesaid problems, with the observance that
      the total primary air flow need not be increased over the usual
      ventilation demand of about 25 m.sup.3 /h per room module and, thus, the
      size of the central unit or duct system need not be increased. The
      invention further intends to provide the optimum solution of an acceptably
      low sound level and of non-rising operation costs.
PAR  The device according to the invention, which has proved to provide optimum
      cooling effect with the smallest possible size of central unit, at
      favourable operation costs and with a low sound level in the installation,
      is characterized in that one or more additional nozzles are mounted in or
      adjacent the outlet of the aforesaid supply air means, each adapted to
      supply a control air jet with a small flow in relation to said ventilation
      air stream.
PAR  A suitable embodiment is characterized in that the nozzles are connected to
      the same primary air channel as the supply air means. Another advantageous
      embodiment is characterized in that the nozzles are connected to a
      separate duct system for control air, and a further preferred embodiment
      is characterized in that the nozzles are adjustable to the ejection
      direction and/or outflow area.
DRWD
PAR  The invention is described in greater detail in the following, with
      reference to the accompanying drawing illustrating two embodiments by way
      of example, in which drawing
PAR  FIG. 1 shows an embodiment with an induction apparatus as supply air means,
      and
PAR  FIG. 2 shows another embodiment, with a supply air channel provided with
      throttle dampers and a supply air screen as supply air means.
PAR  In the drawing, 1 designates a supply air means in general. In FIG. 1, the
      designation 2 relates to a casing of an induction apparatus equipped with
      a heat exchanger 3. A distribution chamber for the primary air supplied
      from a central unit (not shown) is designated by 5 and connected to a
      primary air passageway 4. A number of nozzles 6 supply the primary air at
      a high rate to the upper portion of the casing 2 which in the embodiment
      shown is connected by flanges 10 to a window sill 10' and terminates with
      a screen 9, 11 for the ejection of the ventilation air stream to the room
      12. 7 designates a pipe, which is placed above the nozzle 6a and,
      according to the invention, is terminated by one or more additional
      nozzles 8 mounted, for example, in one row one after the other along the
      centre line of the ejection screen of the induction apparatus 2.
PAR  In FIG. 1 the nozzle is shown connected directly to the same primary air
      passageway 4 as the other nozzles 6 of the induction apparatus. In FIG. 2
      another embodiment is shown, with the nozzle 8a connected before a damper
      for a supply air means 11a. The duct 4b is, for drawing-technical reasons,
      shown connected to the supply air passageway 4a in a point located closer
      to a central unit (not shown) than the schematically indicated throttle
      member 13. In FIG. 2 the screen has the designation 11a, and the casing of
      the supply air means has the designation 2a. As indicated in a schematic
      way by a joint 8b, the nozzle or nozzles are made adjustable to the
      ejection direction and/or outflow area, for example by movable blades of
      iris diaphragm type. A corresponding possibility of adjustability applies,
      of course, also to the nozzle or nozzles shown in FIG. 1. The individual
      details in the embodiments shown can be modified within the scope of the
      attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a room air ventilating system comprising air outlet means for
      delivering a stream of air to a room and air supply means for supplying
      said stream of air to said air outlet means for passage therethrough into
      said room, the improvement wherein:
PA1  said air outlet means comprises main aperture means positioned
      substantially at a wall of said room for passing the majority of said
      stream into said room;
PA1  said system further comprises air nozzle means disposed adjacent said
      aperture means for delivering at least one jet of air into said room along
      the general direction of said majority of said stream, the cross-sectional
      area of the orifice of said nozzle means being small compared with the
      total cross-sectional area of said main aperture means and the outlet of
      said nozzle means to said room being positioned substantially at or
      slightly on the room side of said main aperture means; and
PA1  said air supply means comprise a common source of air under pressure and
      first and second means separately connecting said main aperture means and
      said nozzle means respectively with said common source, said second means
      providing a smaller pressure drop than said first means such that the
      linear velocity of said at least one air jet from said nozzle means is
      large compared with the linear velocity of said air stream through said
      main aperture means while the volume rate of air flow through said nozzle
      means is small compared with that through said main aperture means,
      thereby to increase the throwing length of said stream of air into said
      room for any given total rate of air flow into the room.
NUM  2.
PAR  2. The system of claim 1, in which said nozzle means are adjustable as to
      direction of air flow therefrom.
NUM  3.
PAR  3. The system of claim 1, in which said nozzle means comprise at least one
      nozzle positioned within the perimeter of said main aperture means.
NUM  4.
PAR  4. The system of claim 1, in which said nozzle means are adjustable as to
      cross-sectional area of orifice.
NUM  5.
PAR  5. The system of claim 1, wherein said nozzle means are adjustable as to
      direction of air flow therefrom and as to cross-sectional area of orifice,
      and comprise at least one nozzle positioned within the perimeter of said
      main aperture means.
NUM  6.
PAR  6. The system of claim 1, in which said first means connecting said main
      aperture means to said common source comprises an air chamber terminating
      at said main aperture means and a plurality of nozzles supplied with air
      from said common source and having their outlet ends in said chamber
      inwardly from said main aperture means.
NUM  7.
PAR  7. The system of claim 1, in which said first connecting means comprises a
      duct containing a damper connected between said common source and said
      main aperture means, and said second connecting means comprises an air
      passage extending from said nozzle means to said common source for
      supplying air flow to said nozzle means by a path by-passing said damper.
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ABST
PAL  A roof ventilator for radial or axial exhaust, comprising a ventilator
      housing supported on a base plate and enclosing an impeller wheel driven
      by a motor of the internal-rotor type or the external-rotor type, said
      ventilator housing comprising bottom and hood components of mutually
      similar bowl-shape, and said components for different capacity ventilators
      and different mounting of the motors being interchangeable to selectively
      accommodate radial and axial exhaust installations.
BSUM
PAR  This invention relates to a roof ventilator with horizontal or vertical
      exhaust and with an impeller wheel which is driven by a motor of the
      internal-rotor or external-rotor type disposed within or on top of a
      housing secured to a base plate.
PAR  In prior art roof ventilators the widely varying requirements with regard
      to exhaust direction and types of impeller wheel and drive motor have
      resulted in ventilator designs which are expensive to manufacture and very
      different in exterior appearance and size for substantially equal
      capacity.
PAR  An object of the present invention is to largely eliminate the
      abovementioned disadvantages and shortcomings of the prior art roof
      ventilator constructions and to provide improved roof ventilators which
      may be manufactured at low cost in different standard size series, and
      which have optimum aerodynamic characteristics and the least possible
      structural height.
PAR  Another object of the inventon is to provide a roof ventilator of the kind
      indicated in which said housing for the motor comprises a cylindrical
      middle component, a bottom component and a hood component with said bottom
      and hood components of mutually similar bowl-like shape and of
      substantially equal diameter for each ventilator size, whereby in an axial
      exhaust ventilator the hood component of the motor housing may consist of
      a hood component of a smaller size radial exhaust ventilator.
PAR  Still another object of the invention is to provide a roof ventilator of
      the kind indicated in which one of said bottom components may be used as a
      hood component when its central suction opening is covered by a suitable
      means.
PAR  Accordingly, housing components of a horizontal exhaust roof ventilator are
      usable as housing components of a larger diameter vertical exhaust roof
      ventilator. This means not only a substantially simplified and thus
      cost-saving manufacture, but also a considerable uniformity in external
      shape, in spite of differences in the direction of exhaust, in the design
      of the impeller wheel, and in the drive motor and its mounting.
PAR  If in the case of vertical exhaust the motor is mounted above the impeller
      wheel, the hood component which is the hood component of a diametrically
      smaller roof ventilator for horizontal exhaust, constitutes the upper
      closure for an air impermeable cylinder which surrounds the motor and in
      turn forms the central component of the housing in a roof ventilator of
      less diameter with vertical exhaust.
PAR  Because of the bowl-shape of bottom and hood components it is feasible in a
      horizontal exhaust roof ventilator for the height of the air permeable
      central component to be essentially equal to the height of the (radial)
      impeller wheel at its circumference.
PAR  In a vertical exhaust roof ventilator according to the invention the
      central cylindrical component may in a further development of the
      invention be provided with an upper closure ring obtained by trimming away
      a radially inner portion of a bottom component or a hood component.
PAR  A further object of the invention is to provide in a roof ventilator of the
      kind indicated an impeller wheel of axial design propelled by a motor of
      the internal-rotor type means for retaining the motor within a
      trumpet-shaped hollow body which is at the same time an air guiding
      member. Said trumpet-shaped hollow body may consist of the hub disk of the
      radial impeller wheel of a similar roof ventilator of smaller diameter,
      that is to say, also in this respect similar structural components may be
      used which differ only in size.
DRWD
PAR  Some embodiments of the invention are described in greater detail below
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows in axial section a roof ventilator for horizontal exhaust with
      an impeller wheel of radial design propelled by a motor with external
      rotor,
PAR  FIG. 2 shows in axial section a roof ventilator for vertical exhaust,
      likewise with a radial impleller wheel propelled by a motor with external
      rotor,
PAR  FIG. 3 shows, also in axial section, a roof ventilator similar to that of
      FIG. 1 but provided with a superimposed motor having an internal rotor,
PAR  FIG. 4 shows an axial section of a roof ventilator similar to that of FIG.
      2 but likewise with superimposed motor having an internal rotor, and
PAR  FIG. 5 shows, also in axial section, a roof ventilator similar to that of
      FIG. 4 but with a motor of the internal-rotor type partly extending into
      the impeller wheel.
DETD
PAR  In the embodiment of FIG. 1 the ventilator is of the horizontal exhaust
      type and comprises a housing 10 which is supported on a base plate 12
      provided with a centrally disposed inlet opening 14. The housing 10
      comprises a middle cylindrical component 16 which is permeable to air and
      secured to the upper rim of a generally bowl-shaped bottom component 18
      which has a central aperture 20 in alignment with the base plate opening
      14. The upper rim of the middle component 16 is secured to a hood
      component 22 of inverted bowl-shape substantially identical with the
      bottom component 18 except that the hood component has no aperture
      corresponding to the aperture 20.
PAR  Within the housing 10 there is disposed a frame structure, generally
      indicated at 24, which is supported on the base plate 12, as shown, and in
      turn supports the stator 26 of an electric motor 28 of the external-rotor
      type, the rotor 30 of which has secured thereto an impeller wheel 32 with
      radial exhaust for directing air toward and through the air-permeable
      housing component 16, as indicated by the arrow-heads 34.
PAR  In FIG. 2 reference numerals identical with those in FIG. 1 are used to
      indicate corresponding elements. However, the ventilator in FIG. 2 is of
      the vertical exhaust type, as indicated by arrow-heads 36, and accordingly
      the middle cylindrical housing component 16a is impenetrable to air, while
      the hood component 22a is open to permit air discharged from the impeller
      wheel 32 to be deflected by the housing component 16a and exhausted
      through the opening in said hood component 22a.
PAR  The assembly comprising the frame structure 24, the motor 28 and the
      impeller wheel 32 is covered at the top by a hood member 40 which is
      supported on the frame structure 24. Said hood member 40 is identical in
      shape with the hood component 22 in FIG. 1 but has a considerably smaller
      diameter. In fact, it is adapted to constitute a hood component of a
      housing similar to housing 10 but belonging to a series of roof
      ventilators of overall smaller dimensions that the ventilator of FIGS. 1
      and 2.
PAR  The ventilator of FIG. 3 operates with horizontal exhaust and is similar to
      the ventilator shown in FIG. 1 except for the type and arrangement of the
      motor 28a which is of the internal-rotor type and disposed on top of the
      housing portion enclosing the impeller wheel 32a. The lastmentioned
      housing portion is identical with the housing 10 of FIG. 1, except that
      the hood component 22 of FIG. 1 has been replaced by an inverted bottom
      component 18a of the same diameter, i.e. belonging to the same size series
      of hood ventilators. The motor 28a extends through the central opening 20a
      in the component 18a and is surrounded by an air-impermeable cylindrical
      housing component 16b similar to the component 16a in FIG. 2 but of
      smaller size, i.e. belonging to a smaller size series of roof ventilators.
      To the upper rim of component 16b there is secured an inverted bottom
      component 18a of said smaller size series which has its central opening
      20a closed by a plate 42.
PAR  The embodiment of FIG. 4 is similar to that of FIG. 3, with the exception
      of modifications due to the fact that the ventilator of FIG. 4 operates
      with vertical exhaust. Thus, the components 16 and 18a of FIG. 3 are
      omitted and the air-impermeable component 16b is supported directly on the
      frame structure 24. An air-impermeable cylindrical housing component 44 is
      secured to the upper rim of the bottom component 18 and in turn has a hood
      component 22a secured to its own upper rim, as shown.
PAR  The embodiment of FIG. 5 is similar to that of FIG. 4 except that certain
      modifications are made in order to decrease the overall height of the
      ventilator. Thus, the hub 46 of the impeller wheel 32b is disposed at the
      bottom of a trumpet-shaped member 48 which forms a part of the impeller
      wheel 32b, and the motor 28a extends down into a second trumpet-shaped
      member 50 secured to the hub disc 52 and belonging to a smaller size
      series of ventilators. Due to this arrangement the cylindrical components
      16c and 44a have considerably lower height than the corresponding
      components in FIG. 4.
PAR  It is obvious, therefore, that ideal aerodynamic conditions are obtained in
      roof ventilators of low height in which the various components may be
      selected from series of components of uniform shapes and different sizes,
      thereby resulting in uniform external appearance and low manufacturing and
      assembling costs.
PAR  The invention is not limited to the specific embodiments shown and
      described but includes further modifications within the scope of the
      appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A roof ventilator assembly system comprising:
PA1  a series of sizes of major components including base plates, bottom
      components, frames, middle sections, hoods, impeller wheels, and motors,
      each component in each size being useable with other components in that
      size series and at least one component in each size series being useable
      with components of at least one other size series;
PA1  the base plates being annular in shape and forming axial openings therein;
PA1  the bottom components being annular in shape and having axial openings
      therethrough corresponding to and overlying those of the base plates and
      having outer diameters;
PA1  the frames being mountable upon the base plates and bottom components;
PA1  the middle sections each comprising a cylindrical wall corresponding in
      diameter to one of the outer diameters of the bottom components to engage
      circumferentially an upper edge thereof,
PA2  the middle sections comprising a first type wherein said cylindrical walls
      are permeable to a radial flow of air therethrough and a second type
      wherein said cylindrical walls are impermeable to radial air flow;
PA1  the hood components being annular in form and having outer diameters
      corresponding to those of middle sections and engaging said middle
      sections by upper edges thereof,
PA2  the hood components comprising a first type wherein said annular form is a
      non-apertured disc and a second type wherein said annular form defines a
      central opening of substantial diameter,
PA2  said first types of hood components and middle sections being useable
      together to form a ventilator with radial discharge, and
PA2  said second types of hood components and middle sections being useable
      together to form a ventilator with axial discharge;
PA1  the motors being mountable on the frames in spaced axial relation to the
      bottom components and each carrying on a rotatable shaft thereof a
      corresponding impeller wheel; and
PA1  the impeller wheels being rotatable with respect to the base plates and
      bottom components on said motor shafts and thereupon drawing air through
      said base plates to exhaust selectively in axial and radial directions.
NUM  2.
PAR  2. A roof ventilator assembly system as defined in claim 1, wherein a hood
      of the first type and of a first size series selected from said system may
      axially cover the motor and frame in a roof ventilator of a larger size
      series and having a hood and middle section of the second types.
NUM  3.
PAR  3. A roof ventilator assembly system as defined in claim 2, wherein
PA1  an inverted bottom component of a first size series may serve as a hood on
      a middle section of the first type;
PA1  a middle section of the second type and a smaller size series may rest upon
      said inverted bottom component or hood and enclose radially said motor;
      and
PA1  an inverted bottom component of said smaller size series may rest upon said
      middle section of the second type to enclose said motor axially.
NUM  4.
PAR  4. A roof ventilator assembly system as defined in claim 1, wherein a
      ventilator may be constructed form said system having a middle section and
      hood of the second type in a first size series and also spaced therewithin
      a middle section of the second type and an inverted bottom section in a
      smaller second size series enclosing said motor.
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ABST
PAL  This invention is concerned with a system for ventilating food stuffs, such
      as potatoes and the like, that are piled up in a storage area. The system
      employs an arched sheet that serves as a conduit for a ventilating gaseous
      medium, e.g., air, and it is anchored at its terminal edges in an improved
      fashion by a base support element that facilitates the passage of air from
      the tunnel-like interior of the arched sheet to the exterior thereof and
      into the food stuffs piled against the sheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the storage of food stuffs, such as potatoes, sugar beets and the like,
      which are usually stored in mounds or piles within a special storage area,
      it is important that the food stuffs be properly ventilated if they are to
      be stored over prolonged periods. Proper ventilation and humidity control
      of the atmosphere surrounding such stored food stuffs are required in such
      instances in order to reduce decay and shrinkage and to maintain the
      wholesome appearance of the food stuffs.
PAR  Various systems have been proposed in the past for ventilating food stuffs
      stored in piles such as, for example, the systems disclosed in U.S. Pat.
      Nos. 2,196,391; 2,955,523 and 3,054,342. One of the principal drawbacks in
      the systems heretofore proposed and as represented by the aforesaid prior
      art patents concerns the small openings used in the ducts themselves as
      the sole or primary medium for venting air into the food stuffs. These
      openings, because of their size, are somewhat susceptible to being filled
      and clogged with the dirt and dust that frequently adheres to food stuffs,
      such as potatoes and sugar beets. When such clogging occurs, a short
      circuiting of the ventilating air to selected areas can result along with
      food stuff spoilage.
PAC  Summary of the Invention
PAR  It is the primary purpose of this invention to provide an improved
      ventilating system for controlling the atomsphere and humidity level of
      the area in which heaped up food stuffs, such as potatoes, sugar beets and
      the like, are stored over prolonged periods of time. More particularly,
      the instant invention is concerned with an improved ventilating system
      comprised of one or more arched sheet elements. The terminal edge portions
      of these arched sheet elements are ribbed and supported by improved base
      elements in such a fashion that a ventilating gaseous medium, such as air,
      of the appropriate heat and moisture content can be readily circulated or
      transferred from the tunnel-like interior of an arched sheet element to
      the exterior thereof and in an improved manner throughout various portions
      of the food stuffs heaped against and about such an arched sheet element.
PAR  The overall structure and assemblage of an arched sheet element and the
      base supports making up the ventilating system are such that the system
      components can be readily installed, dismantled and stored while being of
      a strong and rugged construction. The unique assemblage of arched sheet
      and base supports in contrast to any of the assemblages illustrated in
      prior art patents: U.S. Pat. Nos. 1,203,656; 1,013,440; 1,040,442;
      1,071,102; 2,229,335 and 2,259,335 that might be utilized for food stuff
      ventilation purposes provides for an improved distribution of ventilating
      air outwardly from the interior of the arched sheet or duct section and
      into the food stuffs heaped up about such a duct section.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an assemblage of arched corrugated sections
      and base elements embodying the ventilating system of the instant
      invention;
PAR  FIG. 2 is an enlarged fragmentary perspective view taken within the
      circumscribing circle 2 of FIG. 1 and illustrates the improved arrangement
      of the instant invention for mounting the ribbed terminal edge portion of
      an arched sheet to a base support;
PAR  FIG. 3 is a cross-sectional view taken generally along line 3--3 of FIG. 4;
      and
PAR  FIG. 4 is a cross-sectional view taken generally along the line 4--4 of
      FIG. 1 and illustrates an arrangement for mounting the overlapping ends of
      a pair of corrugated arched sections within a base support.
DETD
PAR  With further reference to the drawings and, in particular, FIGS. 1 and 2,
      the ventilating system of the instant invention is generally comprised of
      knockdown components including one or more arched sheets 10. Although a
      preferred embodiment of the invention contemplates that sheets 10 be
      corrugated sections, e.g., corrugated culvert sections, they can be made
      of noncorrugated sheets provided the terminal bottom edge portions 12 of
      the sheets are ribbed. Corrugated sheets are preferred because they are
      rugged even when made of a light metal, such as aluminum or of an
      appropriate plastic material. The particular pitch and height of the
      corrugations of a culvert section used as a sheet 10 will depend upon the
      results desired as well as the size of the channel-like openings in the
      arched sheet base support elements 14 that receive and support the pair of
      ribbed terminal edge portions 12 of each sheet 10. If desired, a rod
      element shown schematically in FIG. 1 can be used to hold the base support
      elements 14 in the desired spaced relation.
PAR  Each support 14 can be advantageously fabricated in the form of a stiff,
      elongated, light metal extrusion, such as an aluminum extrusion, whereby
      it is provided with a base 16 and a pair of elongated short upstanding leg
      members 18. Leg members 18 are disposed in generally parallel spaced
      relation to each other along their entire lengths so as to define an
      elongated channel-like opening 20 therebetween. Opening 20 is partially
      closed intermediate the tops and bottoms of leg members 18 by a short
      inwardly disposed ledge or shoulder section 22 formed integrally with at
      least one leg member. In a preferred embodiment of the invention, each leg
      member 18 is provided with such a short ledge element 22. Ledge elements
      22, even when two are used and aligned with each other, only partially
      bridge channel-like opening 20 and act to contact and support the
      alternate ribs in a ribbed terminal bottom edge portion 12 of a given
      arched sheet 10 mounted upon the ledge elements 22 in undulating fashion
      with alternate ribs or corrugations contacting the same given ledge
      element 22.
PAR  By virtue of this supporting and open passageway arrangement indicated
      particularly in FIGS. 2 and 3 between each terminal corrugated bottom edge
      portion of an arched sheet and an associated support 14, a ventilating
      gaseous medium, such as air, conveyed through the interior of the main
      given arched section can pass in a full flow condition from the
      tunnel-like interior of the arched section down into the channel 20 of
      base support 14 through one set of oppositely opening alternate
      corrugations or ribs and then outwardly into the piled up food stuffs
      surrounding the arched section or sheet 10. The lower portion of the
      elongated channel opening 20 in the extruded member 14 and bounded by base
      16, leg sections 18 and ledge elements 22, acts somewhat in the fashion of
      a plenum-type chamber 20' in helping to distribute the ventilating air
      along the full length of a base support 14 and then outwardly into the
      surrounding piled up food stuffs along the full length of the support 14.
PAR  In a further advantageous embodiment of the invention, the upper portions
      18' of the leg members 18 are inclined slightly outwardly relative to each
      other so as to provide in combination with ledges 22 an overall shelf in
      the base member 14 for receiving arched sections 10 that is somewhat
      oversized relative to the height of the individual corrugations of the
      arched sections 10. This feature enables the terminal edge and ribbed
      sections of an arched sheet to be more readily inserted and mounted upon
      the ledges 22 of a base member plus giving the ventilating air moving out
      into the food stuffs a somewhat horizontal as well as vertical movement.
      This, in turn, provides for a more efficient overall distribution of the
      ventilating air throughout the food stuffs to be ventilated and piled up
      about the arched sections 10. The sheets 10 may be overlapped at their
      ends as indicated in FIG. 4 or their ends can be abutted and the joint
      then sealed with a suitable tape material.
PAR  An advantageous embodiment of the invention has been shown and described.
      It is obvious that various changes may be made therein without departing
      from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ventilating system for piled up food stuffs, such as potatoes and
      the like, the combination of an arched sheet element wherein at least one
      terminal edge portion of the sheet element is ribbed and a base support
      for the ribbed terminal edge portion of the sheet element, said base
      support comprising a base and upstanding and elongated leg sections
      disposed in spaced relation to each other along their lengths and defining
      a channel-like opening, the upper portion of at least one leg section also
      being directed at an outwardly inclined angle to the other leg section,
      and at least one leg section being provided at an intermediate portion
      thereof with an inwardly disposed ledge means partially bridging the
      channel-like opening for receiving and supporting the ribbed terminal edge
      portion of the sheet element associated therewith so as to permit the
      circulation of a gaseous medium from the interior and along the length of
      the arched sheet element to the exterior of said sheet element.
NUM  2.
PAR  2. A ventilating system as set forth in claim 1 wherein said arched sheet
      element comprises a corrugated metal sheet.
NUM  3.
PAR  3. A ventilating system as set forth in claim 1 wherein the upper parts of
      both leg sections are directed at an outwardly inclined angle away from
      each other.
NUM  4.
PAR  4. A ventilating system as set forth in claim 1 wherein said ledge means
      comprises a pair of spaced aligned and inwardly projecting shoulders on
      said leg sections and wherein said base support said leg sections and said
      projecting shoulders combine to locate a plenum type opening in the lower
      portion of the base support.
NUM  5.
PAR  5. A ventilating system as set forth in claim 1 wherein the base support is
      made in the form of a light metal extrusion.
NUM  6.
PAR  6. In a ventilating system made up of knockdown components for piled up
      food stuffs such as potatoes and the like the combination of a corrugated
      arched sheet element provided with ribbed terminal edge portions and a
      base support made in the form of a stiff light metal extrusion for each
      ribbed edge portion of said sheet element, each base support comprising a
      base and upstanding and elongated leg sections disposed in spaced relation
      to each other along their lengths and defining a channel-like opening,
      each leg section being provided with an inwardly disposed ledge means
      partially bridging the channel-like opening for removably receiving and
      supporting the ribbed terminal edge portion of the arched sheet element
      associated therewith so as to permit circulation of a gaseous medium from
      the interior of the last mentioned arched sheet element to the exterior
      thereof and the upper parts of both leg sections being directed at an
      outwardly inclined angle away from each other.
NUM  7.
PAR  7. A ventilating system as set forth in claim 6 wherein said ledge means
      comprises a pair of spaced and aligned inwardly projecting shoulders on
      said leg sections and wherein said base support the lower segments of the
      leg sections and said projecting shoulders combine to locate a plenum type
      opening in the lower portion of the base support.
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ABST
PAL  A workspace, within a building where a process is practiced by which
      airborne liquid particulate grease is generated, is ventilated by an
      apparatus and in accordance with a method by which air is induced to flow
      at conveying velocity from the workspace into an unrestricted hood and
      through an unrestricted duct to a location remote from the workspace,
      entraining airborne liquid particulate grease with the air and thereby
      unrestrictedly conveying entrained grease from the workspace to the remote
      location. At the remote location, the flowing air and conveyed grease is
      directed into a collection chamber and there guided along an at least
      partially circular, sharply turning flow path while first accelerating and
      then decelerating the velocity of flow thereby separating the conveyed
      grease from the flowing air. The separated grease is retained in the
      collection chamber while the flowing air which conveyed the grease to the
      chamber is passed to the ambient atmosphere.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 41,995, filed June 1, 1970 now abandoned and entitled METHOD AND
      APPARATUS FOR COLLECTING AIRBORNE DEBRIS, and of application Ser. No.
      820,377, filed Apr. 30, 1969 and now U.S. Pat. No. 3,585,919, issued June
      22, 1971.
PAR  While problems of air pollution have long been recognized to exist in a
      variety of circumstances, two recent developments have made particularly
      apparent difficulties in the disposal of certain types of airborne debris.
      Specifically, a growing awareness of the results of air pollution has led
      to more stringent enforcement of ordinances and regulations regarding the
      release of such airborne debris and to the enactment of additional
      restrictive controls and legislation. Secondly, the number of potential
      offenders against air pollution regulations has been significantly
      increased by the proliferation of food preparation and handling businesses
      which operate on a fast service concept through the use of certain cooking
      apparatus.
PAR  Fast service food businesses are exemplary of businesses in which processes
      are practiced by which particularly difficult effluents are generated.
      More particularly, a workspace used as a food preparation area within a
      building serving as a fast food service location will become filled with
      airborne liquid particulate grease (as defined more particularly
      hereinafter), typically due to cooking of meat at temperatures of at least
      about 500.degree. Fahrenheit on apparatus such as a charbroiler. Such
      airborne liquid particulate grease is distinct from spattering liquid
      grease such as is typically generated by other, lower temperature, cooking
      practices. Due to generation of such effluent, ventilation is important
      for the comfort and well-being of employees and customers who may be
      present in or exposed to the environment of the workspace.
PAR  Heretofore, attempts to deal with ventilation of work-spaces where
      processes are practiced by which airborne liquid particulate grease is
      generated have typically involved restricting the flow of air from the
      area by means of filters, traps or the like in the workspace. Apparently,
      these attempts have been influenced by a desire of fire and health
      authorities to preclude passage of grease into ducts and to permit
      inspection and cleaning in the workspace of all apparatus components
      possibly wetted by the grease. Such arrangements suffer from the necessity
      of frequent removal and cleaning of filter media or other components and
      the expense involved in periodic replacement of such components.
PAR  With a view to the difficulties heretofore encountered where compliance
      with pollution control regulations is attempted by a business operation
      practicing a process by which airborne liquid particulate grease is
      generated, it is an object of the present invention to accomplish
      ventilation of a workspace within a building where such a process is
      practiced while disposing of airborne liquid particulate grease by
      collecting the grease at a location remote from the workspace. To this
      end, airborne particulate grease is entrained with flowing air, removed
      from the workspace and, at a remote location, passed into a collection
      chamber and along a flow path therewithin which results in separation of
      the entrained grease from the stream of air. The separated grease is then
      retained in the collection chamber as the flowing air which conveyed the
      grease to the collection chamber is passed to the ambient atmosphere.
PAR  A further object of this invention is the collection of airborne liquid
      particulate grease by inducement of a flow of air through an unrestricted
      hood positioned adjacent a workspace and through an unrestricted duct to a
      remote location where a collection chamber means is interposed between the
      workspace and the ambient atmosphere for passage of the flowing air
      therethrough. In accordance with this invention, means are provided in
      operative association with the collection chamber means for directing the
      flowing air and entrained liquid particulate grease to pass along the path
      such that the entrained grease is separated from the stream of air within
      the collection chamber means and the air passing to the ambient atmosphere
      is substantially free of such entrained debris.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds, when taken in connection with the
      accompanying drawings, in which
PAR  FIG. 1 is an elevation view, in partial section, illustrating a combination
      in accordance with this invention;
PAR  FIG. 2 is an enlarged perspective view of a collection apparatus in
      accordance with this invention and as incorporated in the combination
      illustrated in FIG. 1;
PAR  FIG. 3 is a plan view, in partial section, of the apparatus of FIG. 2,
      taken generally along the line 3--3 in that figure;
PAR  FIG. 4 is a view similar to FIG. 2 of a modified form of collection
      apparatus in accordance with this invention; and
PAR  FIG. 5 is a view similar to FIG. 3 through the apparatus of FIG. 4, taken
      generally along the line 5--5 in that figure.
DETD
PAR  While the present invention has been illustrated in the accompanying
      drawings and will be described hereinafter with reference to the best mode
      contemplated at the time this description is prepared, it is to be
      understood that the invention is contemplated as having general utility in
      connection with the ventilation of workspaces within a building where
      processes are practiced by which airborne liquid particulate grease is
      generated. Accordingly, the choice of specific modes of the invention for
      illustration and description is not to be considered as limiting on this
      invention, which is to be understood broadly.
PAR  In the present description, the effluent constituent to be separated and
      collected is identified by the phrase "airborne liquid particulate
      grease". While each word of this phrase is believed readily
      understandable, when taken alone, it is believed desirable to acknowledge
      the particular meaning intended by the phrase when so used. It has been
      discovered that grease may be discharged in globules of relatively small
      size while maintaining a liquid character. These relatively small globules
      are here characterized as being particulate, with the further
      characterization of liquid indicating the distinction between grease in
      the form referred to and dry solids such as sand, dust and the like. Such
      liquid particulate grease becomes and remains airborne, as identified
      herein, where the particles are of such small size that the drag
      co-efficient of the particles in a flowing stream of air overcomes any
      effect of gravity on the mass of the particle. In such an instance, the
      airborne liquid particulate grease is entrained in and moved by flowing
      air, while larger particles of grease have such mass as to be acted upon
      by gravity and not be conveyed. Such larger particles of grease typically
      splatter, as is known in frying or cooking on conventional griddles.
PAR  Yet a further characteristic property of airborne liquid particulate grease
      is the tendency of such material to agglomerate. In this invention, this
      characteristic tendency is used to increase the particle size and mass to
      such a point that further conveyance is prevented and to wet surfaces from
      which liquid grease slumps for collection. It has been noted that airborne
      liquid particulate grease, as heretofore defined, is generated during the
      cooking of meat such as hamburger and steak at temperatures of at least
      about 500.degree. Fahrenheit on apparatus such as a charbroiler. In a
      charbroiler, meat products are placed upon an open grill so as to be
      situated above heated rock and the like, in similation of charcoal
      cooking. While it has thus far not been possible to accurately determine
      the physical dimensions or temperature of airborne liquid particulate
      grease as here defined, it is believed at the time this description is
      prepared that such grease particles fall, in physical diametrical size, in
      the range of from about 5 microns to about 10 microns. While this
      understanding of airborne liquid particulate grease is the theory upon
      which understanding of this invention is presently based, it is to be
      noted that accurate physical measurement may, when attainable, prove that
      the circumstances of operation of this invention are other than those
      expressed here. It is also to be noted that airborne liquid particulate
      grease may be generated by processes other than cooking.
PAR  Referring now more specifically to the drawings, the present invention is
      there particularly illustrated as the combination, with an air flow
      guiding means positioned adjacent a food preparation workspace within a
      building and air flow inducing means operatively communicating with the
      air flow guiding means for drawing air bearing liquid particulate grease
      from the workspace, of means for collecting the airborne liquid
      particulate grease. In disposing of such grease, the present invention
      contemplates the practice of a method in which airborne liquid particulate
      grease is entrained in a stream of air flowing from a food preparation
      workspace to and through a collection chamber. The stream of air and
      entrained grease is passed along an at least partially circular, sharply
      turning flow path within the collection chamber while the flow thereof is
      first accelerated and then decelerated, separating entrained grease from
      the stream of air and passing the air to the ambient atmosphere.
PAR  In a first form of the apparatus in accordance with the present invention,
      and as contemplated by the method of this invention, a flow of air and
      entrained grease is directed from a food preparation workspace such as
      surrounds the charbroiler generally indicated at 10 (FIG. 1) by a hood 11.
      The hood 11 communicates with the exterior of a building housing the food
      preparation workspace through a suitable air flow duct means 12 which, in
      the particular structure illustrated in FIG. 1, penetrates the roof of the
      building structure to reach the remainder of the apparatus in accordance
      with the present invention.
PAR  Installed on the roof of the building structure illustrated in FIG. 1 is a
      collection chamber means generally indicated at 14 and operatively
      communicating with the hood 11 through the duct means 12. Interposed
      between the collection chamber means 14 and the hood 11 is an air flow
      inducing means here shown as a centrifugal fan 15 housed within an
      appropriate scroll housing 16 and driven in rotation by an electrical
      drive motor 18. By the operative communication of the air flow inducing
      means with the hood 11, a stream of air is drawn from the workspace within
      the building when the fan rotor 15 is driven in rotation, entraining
      debris therein and directing the airborne debris into the collection
      chamber means 14. It is significant to this invention that the hood 11 and
      duct 12 are unrestricted by filters or other components, to permit
      completely free flow of grease to the collection chamber means 14.
PAR  As illustrated in FIGS. 2 and 3, the collection chamber means 14 preferably
      comprises an elongate container 19 having a generally right circular
      cylindrical interior wall surface. By the provision of a connection
      between the scroll housing 16 of the air flow inducing means and the
      elongate container 19, the stream of air and grease is directed to enter
      the elongate container 19 generally at a right angle to the longitudinal
      axis of the container and tangentially to the inner wall surface thereof.
      Entrance of the stream of air and entrained grease into the container 19
      in this manner results in spinning motion of the air and grease within the
      container 19 (as indicated by arrows in FIG. 3). Such a spinning motion
      imposes centrifugal forces on the entrained grease, tending to
      aggolomerate and separate the liquid particulate grease from the stream of
      air.
PAR  The means operatively associated with the collection chamber means for
      directing the stream of air and entrained grease to pass along a
      particular flow path therewithin further includes an elongate tubular
      outlet conduit 21 extending from a first termination 22 within the
      container 19 to a remote termination 23 outside the container 19. In order
      to direct the stream of air and entrained debris in a desired manner, the
      first termination 22 of the outlet conduit 21 is spaced along the
      longitudinal axis of the container 19 from the inlet passage through which
      air and entrained debris enter the container 19. Due to this structural
      relation, the stream of air is directed to flow between the conduit and
      the inner wall surface of the container 19 in a first direction along the
      longitudinal axis of the container 19 and then is turned within the
      container 19 to exit therefrom by flowing within the conduit 21 in the
      opposite direction along the longitudinal axis. By such a reverse turning
      path for flow of the stream of air within the collection chamber means 14,
      forces imposed on the entrained grease are increased and separation of the
      entrained grease is facilitated. As will be understood, such separation
      depends in part upon relative mass of the entrained grease and the air
      flowing in the stream and resulting inertia, in that entrained liquid
      particulate grease does not move with the air flow through the sharply
      turning path required to gain egress from the container 19.
PAR  Preferably, and in accordance with the present invention, that portion of
      the outlet conduit 21 normally lying within the container 19 has an outer
      wall surface defining with the container inner wall surface a reducing
      cross-sectional area for flow, by at least a portion of the outer wall
      surface adjacent the first termination 22 of the outlet conduit 21 having
      a conical configuration. The reduction in cross-sectional area of the flow
      passage thereby accomplished results in acceleration of a velocity of flow
      of the airstream therethrough. By the converse, the velocity of flow of
      the airstream within the conduit 21, on initially entering the conduit, is
      reduced, thereby increasing the contrast of the velocities and
      facilitating separation of entrained grease from the airstream.
PAR  Inasmuch as such separation of entrained grease is facilitated by contrast
      in flow conditions, the stream direction means further includes flow
      straightener means in the outlet conduit 21 for directing flow of the
      stream of air therethrough substantially along axial lines. Preferably,
      such flow straightening means comprises cross-baffles or egg crate members
      25, arranged to resist or prevent swirling motion within the outlet
      conduit 21 similar to that occurring in the flow passage between the inner
      wall surface of the container and the outer wall surface of the outlet
      conduit 21.
PAR  The outer wall surface of the conical portion of the outlet conduit 21 is
      wetted by grease which agglomerates during swirling motion of the air
      about that surface. Grease slumps from the wetted surface toward the lower
      extremity of the outlet conduit 21 and sheets or drops from that
      extremity. Due to spacing of the cross-baffles 25 above that lower
      termination, slumping grease is thrown downwardly to the bottom of the
      container 19 and is not carried upwardly through the outlet conduit 21.
PAR  While discussed thus far with particular reference to FIGS. 1-3, it is
      contemplated by the present invention that the apparatus of the present
      invention may be arranged to accommodate flow volumes greater than those
      achievable with a single container 19. In particular, efficient separation
      of airborne liquid particulate grease from a flowing stream of air is
      impaired where it is necessary to substantially increase the velocities of
      air flow through the apparatus in order to remove a desired volume of air
      from a workspace. Where the desired volume of air to be removed exceeds
      that efficiently handled by a single container 19, a series flow
      arrangement of two containers 19', 19" as illustrated in FIGS. 4 and 5 may
      be adopted. As to each of the containers there illustrated as forming a
      portion of the collection chamber means 14', the direction of air flow is
      substantially as described heretofore with reference to FIGS. 1 - 3. It is
      to be noted that the inlet means coupling the scroll housing 16' of the
      apparatus illustrated in FIG. 4 to the two containers 19', 19" provides
      for distribution of air flow between the two containers, through a
      reduction of available air flow area by approximately one-half
      intermediate the two containers 19' and 19".
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus for ventilating a workspace within a building where a process
      is practiced by which airborne liquid particulate grease is generated,
      such as a food preparation area where meat is cooked at temperatures at
      least of about 500.degree.F. on apparatus such as a charbroiler, and for
      collecting grease from the ventilation effluent so as to discharge
      effluent complying with pollution control regulations, the apparatus
      comprising:
PA1  an unrestricted hood means mounted in the workspace,
PA1  collection chamber means mounted at a location remote from the workspace
      for collecting grease and having an elongate container with an inner wall
      surface which is of right circular cylindrical configuration throughout
      the height thereof and a lower wall closing the lower end of said
      container,
PA1  unrestricted duct means extending between said hood means and said
      collection chamber means for establishing operative communication
      therebetween,
PA1  fan means located remote from the workspace and operatively communicating
      with said hood means and said duct means and said collection chamber means
      for inducing air to flow at conveying velocity from the workspace into
      said hood means and through said duct means and for discharging flowing
      air and conveyed grease into said collection chamber means,
PA1  said hood means and said duct means cooperating for entraining airborne
      liquid particulate grease with flowing air and thereby unrestrictedly
      conveying entrained grease from the workspace to the remote location, and
PA1  means operatively associated with said duct means and said collection
      chamber means for directing the flowing air and conveyed grease thereinto
      and along a circular and turning flow path within said chamber means while
      first accelerating and then decelerating the velocity of flow thereof and
      thereby separating the conveyed grease from the flowing air and retaining
      the separated grease in the collection chamber while passing to the
      ambient atmosphere the flowing air which conveyed the grease to the
      collection chamber, said flow directing means including inlet means for
      directing the air and conveyed grease entering said container generally at
      a right angle to the longitudinal axis of said container and tangentially
      to said inner wall surface, an upper wall closing a portion of the upper
      end of said container and an elongate tubular outlet conduit penetrating
      said upper wall and extending within said container generally centrally
      thereof and coaxially with the longitudinal axis of said container, said
      tubular conduit terminating within said container at a location spaced
      along said longitudinal axis from said inlet means so that the air in
      passing through said container flows both along and about said
      longitudinal axis and having an outer wall surface defining with said
      container inner wall surface a flow passage for air and conveyed grease
      and with at least a portion of said outer wall surface adjacent said first
      termination of said outlet conduit having a conical configuration for
      reducing the cross-sectional area of said flow passage and increasing the
      cross-sectional area bounded within said outlet conduit for accelerating
      the velocity of flow of air through said flow passage and decelerating the
      velocity of flow of air through said outlet conduit.
NUM  2.
PAR  2. A method of ventilating a workspace within a building where a process is
      practiced by which airborne liquid particulate grease is generated, such
      as a food preparation area where meat is cooked at temperatures of at
      least about 500.degree.F. on apparatus such as a charbroiler, while
      collecting grease from the ventilation effluent so as to discharge
      effluent complying with pollution control regulations, the method
      comprising the steps of:
PA1  exerting suction at a location remote from the workspace and inducing air
      to flow at conveying velocity from the workspace into an unrestricted hood
      and through an unrestricted duct to the remote location by drawing flowing
      air from the workspace to and through a fan located remotely from the
      workspace,
PA1  entraining airborne liquid particulate grease with the flowing air and
      thereby unrestrictedly conveying entrained grease from the workspace to
      the remote location, and at the remote location,
PA1  directing the flowing air and conveyed grease from the fan into a
      collection chamber and turning the flowing air and conveyed grease along a
      circular path defined by a right circular cylindrical inner wall surface
      of the collection chamber by admitting the flowing air and conveyed grease
      to the collection chamber tangentially of the inner wall surface and
      perpendicularly to an axis central to the wall surface, directing the
      flowing air and conveyed grease in a first direction longitudinally of the
      central axis and between the inner wall surface and a cone surface
      converging with the inner wall surface to define therewith a circular
      throat zone, and then directing the flowing air longitudinally of the
      central axis through the cone in a direction opposite to the first
      direction and through a chamber exit which has an area greater than the
      area of the throat zone while straightening the flow in the direction
      opposite the first longitudinal direction to direct the flowing air
      substantially along longitudinal lines through the chamber exit, and
PA1  retaining the separated grease in the collection chamber while passing the
      flowing air from the chamber exit to the ambient atmosphere.
NUM  3.
PAR  3. A method according to claim 2 further comprising agglomerating conveyed
      grease within the volume defined between the inner wall surface and the
      cone surface while wetting the cone surface with agglomerated grease and
      while slumping grease from the wetted cone surface.
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ABST
PAL  A broiler is provided for use with or above a heat source such as a
      conventional burner of a kitchen stove or outside barbecue device. The
      broiler includes a frame as well as a plurality of vertically spaced
      grease trays mounted therein and having openings that are offset with
      respect to openings in the tray above or below.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to broilers, and more particularly to
      broilers or cooking devices for food stuff such as meats and the like.
PAC  SUMMARY OF THE INVENTION
PAR  A broiler is provided for food stuff such as steak or other food products
      wherein a frame or box like unit is adapted to be mounted above a burner,
      barbecue device or the like. The broiler is provided with a plurality of
      vertically spaced grease trays that have horizontally offset openings
      therein whereby foods being cooked or broiled will receive heat from the
      heat source therebelow and wherein the meat juices or grease will be
      prevented from falling straight down into the fire and causing flame-up.
PAR  The primary object of the present invention is to provide a broiler that is
      constructed in so that meat juices, grease, fat and the like will not fall
      straight down into the fire therebelow so that flame-up will be minimized
      or prevented.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in light of the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the broiler;
PAR  FIG. 2 is an enlarged perspective view showing the parts separated for
      clarity of illustration; and
PAR  FIG. 3 is an enlarged sectional view taken on the line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, wherein like reference characters
      indicate like parts throughout the several figures, the reference numeral
      10 indicates the broiler of the present invention which is used in
      conjunction with or above any suitable type of heat source such as the
      burner 11 of a stove 12. The broiler 10 includes a box like unit 13
      consisting of an outer portion 14 and an inner portion 15. The top 16 of
      the box 13 is open and likewise the bottom portion 17 is open, FIG. 3.
PAR  As shown in FIG. 3 the inner portion 15 has a step formation so that there
      is provided horizontally disposed steps 18 and 19. A grill 20 is mounted
      on the top of the broiler 10, and the grill 20 is used for supporting
      steaks or other foods being broiled or cooked.
PAR  As shown in the drawings a plurality of horizontally disposed grease trays
      21 and 22 are mounted within the box 13 and the trays 21 and 22 are
      adapted to be conveniently supported on the steps 18 and 19. The tray 21
      has a plurality of openings 23 therein and likewise the tray 22 has
      openings 24 therein with openings 23 and 24 horizontally offset with
      respect to each other so that these openings are not in vertical alignment
      with each other. The trays 21, 22 adjacent their respective openings 23
      and 24 are provided with upwardly extending flanges 25, projecting above
      the solid portions 26, 27 of the trays 21, 22.
PAR  With the parts arranged as shown in the drawings, food such as steaks and
      the like is conveniently supported on the grill 20 and heat from the heat
      source 11 passes upwardly through the bottom 17 and through the openings
      24 and 23 to cook the meat. The grease or drippings from the meat will not
      fall directly down onto the flame or heat source 11 since the openings 23
      and 24 are arranged in horizontally offset relation with respect to each
      other, and thus grease will be collected on the trays 21, 22 and will be
      kept from contacting the heat source. The grease will have a tendency to
      gather on the solid portions 26 and 27, with the upstanding flanges 25
      preventing the grease from passing down through the adjacent openings 23
      and 24.
PAR  The parts can be made of any suitable material and in different shapes and
      sizes as desired or required.
PAR  The broiler unit of the present invention can be placed on a conventional
      burner of a kitchen stove or outside barbecue device. The broiler 10
      includes the box like unit 13 that has sides but no top or bottom.
      Likewise, the trays 21 and 22 may be stamped out of thin disposable
      aluminum foil, and the trays 21 and 22 are placed so that they rest on the
      steps 18 and 19 inside of the box 13. It is to be understood that trays
      such as the trays 21 and 22 can be made of a more substantial aluminum or
      other suitable material if desired.
PAR  It will be noted that the openings 23 are not in vertical alignment with
      the openings 24. This prevents the meat juices or grease from falling
      straight down into the fire and causing flame-up. The flanges 25 are
      turned up as shown in the drawings so as to help retain much of the grease
      on the trays 21, 22.
PAR  Having thus described the preferred embodiment of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A broiler for cooking food over an open flame comprising a generally
      rectangular box having an open bottom and open top, a food support grill
      mounted over the open top and supported on said box, a pair of grease
      trays, means in said box for supporting said trays within said box in
      vertically spaced relation below said grill, a plurality of elongate
      openings arranged in each of said trays in spaced parallel relation, with
      the openings in one of said trays horizontally offset from the openings in
      the other of said trays to prevent grease from falling from food cooking
      on said grill directly into the open flame.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein an upstanding flange is formed on
      said trays encompassing each of said openings.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein the means for supporting said
      trays includes a stepped inner portion of said box with said trays
      supported on steps of said stepped inner portion.
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ABST
PAL  A spoon for individually brewing a beverage upon immersion and subsequent
      stirring of the spoon within a liquid, such as water. The spoon comprises
      a handle portion and a bowl portion having an upper wall and a bottom wall
      spaced therefrom. The walls define a hollow compartment therebetween,
      which compartment is prefilled with a dry, beverage-making ingredient,
      such as instant coffee. A plurality of apertures are provided in the
      bottom wall of the spoon to enable the infusion of the beverage-making
      ingredient into the liquid when the spoon is disposed within the liquid.
      The top wall of the bowl is unapertured so that the spoon may retain its
      function as a device for sipping, ladling, etc.
BSUM
PAR  This invention relates generally to prefilled disposable devices for
      preparation of various types of beverages such as coffee, tea, soup, etc.
      and more particularly relates to disposable spoons having a
      beverage-making ingredient prefilled therein for brewing an individual
      portion of a beverage.
PAR  It is frequently desirable to brew an individual portion of a beverage,
      such as coffee, tea, soup, etc., without necessitating the use of
      conventional brewing equipment, such as coffee pots, tea pots, etc.
      Accordingly, various prefilled utensils for brewing a beverage without
      requiring anything other than hot water have been disclosed in the patent
      literature. For example, see the U.S. Pat. Nos. 790,626 (French),
      1,489,806 (Anderson), 2,123,054 (Lamb et al), Re 21,338 (Haut), and
      3,428,460 (Ely). However, there presently exists no commercially viable
      prefilled brewing implement since such prior art devices suffer from
      various drawbacks, e.g. complexity, size, efficiency, expense, etc.
PAR  In the U.S. Pat. No. 3,154,418 (Lovell et al.) there is disclosed a package
      and stirring implement for making individual portions of beverages which
      overcome some of the aforenoted disadvantages of the prior art. To that
      end, one of the embodiments disclosed by Lovell et al. is in the form of a
      spoon having a pair of compartments therein, one compartment being in the
      bowl of the spoon and the other within the handle. The bowl includes a top
      wall and a bottom wall spaced therefrom, with the spoon compartment being
      defined therebetween. The spoon compartment is adapted for holding a dry
      beverage-making ingredient, such as instant coffee, therein. A plurality
      of apertures are provided within the top wall of the bowl to permit the
      ingress of liquid therein when the spoon is immersed in a cup of water,
      such that the beverage-making ingredient may dissolve in the water to
      produce the desired beverage.
PAR  While the device of Lovell et al. may be appropriate for its intended
      function, that is for producing a beverage by the introduction of the
      device into a liquid and the subsequent stirring therein, the device of
      Lovell et al. suffers from a major deficiency. Such a deficiency centers
      around the fact that the spoon of Lovell et al. is incapable of performing
      in any manner akin to a conventional spoon to enable one to use the spoon
      for sipping, tasting or ladling. The device of Lovell et al.,
      notwithstanding its spoon-shape, is a mere stirring device and not a
      spoon.
PAR  It is a general object of this invention to provide a dispensing spoon
      which overcomes the various disadvantages of the prior art.
PAR  It is a further object of this invention to provide a spoon having a
      beverage-making ingredient prefilled therein and capable of ready release
      into a liquid in which the spoon is disposed and stirred, with the spoon
      retaining its ability to function as a feeding implement.
PAR  It is still a further object of this invention to provide a disposable,
      beverage-dispensing spoon, which is simple in construction and can be made
      readily and inexpensively.
PAR  These and other objects of this invention are achieved by providing a
      disposable dispensing spoon for brewing a beverage when the spoon is
      immersed within a liquid. The spoon comprises an elongated handle
      terminating in a bowl-shaped portion. The bowl-shaped portion includes a
      concave upper wall and a bottom wall spaced therefrom and defining a
      compartment therebetween. A dry, beverage-making ingredient is disposed
      within the compartment. The bottom wall of the bowl-shaped portion has
      plural apertures therein to permit the free flow of liquid into and out of
      the compartment to effect the brewing of the beverage. The top wall of the
      bowl is unapertured to enable the brewed beverage to be held within the
      bowl-shaped portion for sipping therefrom.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of a spoon in accordance with one embodiment
      of this invention;
PAR  FIG. 2 is an enlarged sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is an elevational view, partially in section, of the underside of an
      alternative embodiment of this invention;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged sectional view of the end of the handle portion of
      the embodiment of the invention shown in FIG. 3;
PAR  FIG. 6 is a sectional view, similar to the view of FIG. 2, but of yet
      another alternative embodiment of this invention;
PAR  FIG. 7 is an exploded perspective view of another embodiment of this
      invention; and
PAR  FIG. 8 is an exploded perspective view of still another embodiment of this
      invention.
DETD
PAR  Referring now in greater detail to the various figures of the drawing
      wherein like reference characters refer to like parts, there is shown in
      FIG. 1 a dispensing utensil or spoon 20 in accordance with one aspect of
      this invention. As will be seen later, the spoon 20 includes a charge of a
      dry, powdered or granulated, beverage-making ingredient, such as instant
      coffee, therein, which ingredient is released from the spoon to effect the
      brewing of the beverage when the spoon is disposed and stirred within a
      liquid, such as hot water. Owing to the particular construction of the
      spoon 20, the feature of the spoon is retained to enable one to use the
      spoon in a conventional manner for feeding, tasting, sipping, ladling,
      etc.
PAR  In accordance with all of the preferred embodiments of the invention, the
      spoon is intended as a disposable device, that is, it is used once to brew
      the beverage and aid in the tasting or sipping thereof and thereafter is
      discarded.
PAR  The spoon of this invention has wide utility in applications wherein it is
      desired to brew individual portions of the beverage when all that is
      available is hot water. Accordingly, such spoons are particularly useful
      in camping or picnic applications, in industrial applications such as
      factory assembly lines, in commercial applications, such as offices,
      waiting rooms, lobbies, in hospitals and nursing homes or other
      applications wherein kitchens are closed but hot water is available.
PAR  As can be seen in FIG. 1, spoon 20 basically comprises an elongated handle
      22 terminating in a bowl-shaped portion 24. As best seen in FIGS. 1 and 2,
      the bowl-shaped portion includes an upper and a lower or bottom wall. The
      upper wall 26 is generally concave and serves to form a bowl which is
      adapted for holding a liquid therein. The size or capacity of the bowl
      formed by upper wall 26 is open to choice, but is preferably dimensioned
      so as to accommodate either a teaspoon or a tablespoon volume therein.
PAR  The lower wall 28 is also concave in shape, but is slightly deeper than
      wall 26 and is spaced therefrom to define a compartment 30 therebetween.
      The compartment is adapted for holding a dry, powdered or granulated,
      beverage-making ingredient 32 (See FIG. 2), such as instant coffee, tea,
      cocoa, soup, etc., therein.
PAR  In the embodiment shown in FIGS. 1 and 2, the charging of the ingredient 32
      in cavity 30 of spoon 20 is effected via handle 22. To that end handle 22
      is a hollow member having a central passageway 34 communicating with
      compartment 30. At the free end 36 of the spoon there is provided an
      opening (not shown) through which the ingredient 32 is introduced into
      passageway 34 and from there to communicating compartment 30. Once the
      spoon is sufficiently charged, which may be either a full or partial
      charge of the compartment 30 and associated communicating passageway 34,
      the opening in the free end of the spoon is sealed or nipped shut such as
      by a hot blade to seal the charge within the spoon.
PAR  As can be seen in FIGS. 1 and 2 the bottom wall 28 of spoon includes a
      plurality of perforations or apertures 38 therein. The apertures 38 permit
      the free flow of liquid into and out of compartment 30 when the spoon is
      immersed within a liquid. This action permits the infusion of the
      beverage-making ingredient into the liquid to thereby effect the brewing
      of the beverage. As will be appreciated by those skilled in the art, the
      size of the apertures 38 are made large enough to permit the free passage
      of water into and out of compartment 30 when the spoon is disposed within
      water, yet are sufficiently small so as to preclude with particles of the
      dry, beverage-making ingredient from falling out of the compartment prior
      to the immersion of the spoon within the water.
PAR  As can be seen clearly in FIGS. 1 and 2 the top wall 26 of the bowl-shaped
      portion 24 of the spoon is unapertured. This feature is of considerable
      importance in that the bowl produced by the concave surface is capable of
      use in the same manner as a conventional spoon. To that end, the spoon 20,
      even after use in brewing the beverage, can be used as a conventional
      spoon to enable the brewed beverage to be held within the bowl-shaped
      portion of sipping of the contents therefrom.
PAR  In FIGS. 3 - 5 there is shown another embodiment of the spoon of this
      invention. As can be seen therein, spoon 40 is similar in construction to
      spoon 20 that includes handle 22 and bowl protion 24. The bowl portion 24
      includes upper wall 26 (FIG. 4) and lower wall 28 spaced therefrom and
      defining compartment 30 therebetween, in which compartment is disposed a
      dry, beverage-making ingredient 32. The bottom wall 28 includes plural
      openings or apertures 38 through which liquid may enter and leave
      compartment 30.
PAR  As can be seen in FIG. 3 the free end 36 of handle 22 includes an opening
      42 therein and communicating with longitudinal passageway 34 (see FIG. 4).
      The opening 42 serves as the passageway through which the dry,
      beverage-making ingredient 32 is introduced into the spoon.
PAR  A pair of ears or flaps 44 project normally from the free end 36 of the
      handle immediately adjacent opening 42. Once the spoon 40 is charged with
      ingredient 32, flaps 44 are bent from the position shown in FIG. 3 and the
      phantom line position shown in FIG. 5 to the closed or solid line position
      shown in FIG. 5. As can be seen therein, in the closed position the flaps
      44 are bent back so as to close the opening 42 and thereby seal the charge
      of the beverage-making ingredient within the spoon.
PAR  In addition to the sealing function provided by the flaps 44, the flaps
      also serve a significant function during the manufacture of the spoon. To
      that end, during the charging of plural spoons along a high-speed loading
      line, the flaps 44 serve as means for hanging the spoons between a pair of
      guide rails on a track during the loading process. Once the loading of the
      spoons is complete the flaps are closed in a manner heretofor described.
PAR  In FIG. 6 there is shown yet another embodiment, 50, of a dispensing spoon
      in accordance with this invention. The spoon 50 is of similar construction
      to spoons 20 and 40 heretofor described. To that end, spoon 50 includes an
      elongated handle 22 terminating in a bowl-shaped portion 24. The
      bowl-shaped portion includes concave upper wall 26 and a lower wall 28,
      spaced from wall 26 and forming a compartment 30 therebetween. A charge of
      a dry, beverage-making ingredient 32 is disposed within compartment 30 and
      is adapted to be introduced into a liquid in which the spoon is disposed
      through plural communicating apertures 38 in bottom wall 28.
PAR  While spoons 20 and 40 are filled through openings provided in the free end
      36 of their respective handles, the handle of spoon 50 is solid adjacent
      its free end 36 and hence does not serve as the means for effecting the
      charging of the spoon. Instead, filling means are provided at an
      intermediate point in the handle. To that end such means comprise a slit
      52, which is preferably arcuate in shape and which defines a flap 54
      therein. The flap 54 is adapted to be sent out of the plane of the portion
      of the handle contiguous therewith to provide an opening 56 through which
      the dry ingredient 32 may be introduced into the spoon.
PAR  All of the heretofor described embodiments of the spoon of this invention
      are formed as a one-piece construction. To that end, spoons 20, 40 and 50
      are molded from a suitable plastic material by conventional molding
      techniques, such as vacuum or blow molding.
PAR  In order to more securely seal the charge of ingredient 32 within the
      spoon, in the event that the entire hollow interior of the spoon is not
      filled, the handle portion of the spoon may be pinched or nipped closed at
      an intermediate point corresponding to the level of the ingredient 32 in
      passageway 34. However, it should be appreciated that by utilizing the
      entire hollow interior of the spoon to hold the beverage-making
      ingredient, one could produce a spoon with a relatively small compartment
      30, thereby increasing the attractiveness and decreasing the expense of
      the spoon.
PAR  It is contemplated that if the handle of the spoon is used to hold a
      portion of the ingredients 30 therein additional apertures may be provided
      within the handle to effect rapid dissolution of such ingredients into the
      liquid. However, such openings may not be required in view of the fact
      that the ingredient such as coffee in the handle will readily dissolve due
      to the capillary action of the liquid through passageway 34. If this
      ingredient is more difficult to dissolve, apertures should be included on
      reverse side of the handle.
PAR  In FIGS. 7 and 8 there is shown further alternative embodiments of the
      spoon of this invention. In those embodiments the spoons are formed as a
      two-pice construction.
PAR  For example, in FIG. 7 there is shown a spoon 60 comprising an elongated
      handle 22 terminating in a bowl-shaped portion 24. The bowl-shaped portion
      24 consists of a concave upper wall 26 and an even more concave lower or
      bottom wall 28. The upper wall 26 is formed integrally with handle 22. The
      lower wall 28 is adapted to be secured to the upper wall so as to define a
      space or compartment 30 therebetween. In accordance with the preferred
      embodiment of this invention the securement of the upper and lower walls
      to each other is effected by snap-fitting the lower wall to the upper
      wall. The lower wall includes a plurality of apertures 38 therein. A
      charge of a dry, beverage-making ingredient 32 is disposed within the
      lower wall and then the lower wall is snapped fit to the upper wall to
      form the compartment and to enclose the ingredients within said
      compartment.
PAR  As in all of the heretofor described embodiments of this invention, the
      upper wall 26 of the spoon is unapertured so as to enable the spoon to
      serve in a conventional manner as a sipping or ladling device.
PAR  As can be seen in FIG. 7 the handle of spoon 60 includes a pair of
      longitudinally extending ribs 62. The ribs not only serve to stiffen the
      handle 22, but also serve as the means for aligning the two walls forming
      the bowl 24. To that end, the neck portion 64 of the lower wall portion 28
      is adapted to be disposed between the ribs 62 on the underside of the
      spoon.
PAR  In FIG. 8 there is shown an embodiment 70 of the spoon of this invention
      which is similar to the spoon 60 shown in FIG. 7, but wherein the handle
      22 is formed integrally with the lower wall 28, with the upper wall 26
      snapped fit thereto. Like spoon 60, spoon 70 includes longtudinally
      extending ribs 62 in the handle which serve to stiffen the handle while
      effecting the securement of the upper wall to the bottom wall by aligning
      the neck 72 of the upper wall between the ribs on the top side of the
      handle.
PAR  It should be appreciated from the foregoing, the spoons of this invention,
      are simple in construction, can be made quickly and inexpensively, are
      sanitary, are effective for brewing individual portions of a beverage with
      necessitating the use of anything other than a hot liquid, yet maintain
      complete functional ability to serve as a sipping or ladling device.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. A disposable dispensing spoon for brewing a beverage when the spoon is
      immersed within a liquid, said spoon comprising an elongated handle having
      a hollow portion and terminating in a bowl-shaped portion, said
      bowl-shaped portion including a concave upper wall and a bottom wall
      spaced slightly therefrom and defining a compartment therebetween and in
      communication with said hollow portion of said handle, a dry,
      beverage-making ingredient being disposed within said compartment and said
      hollow portion of said handle, said bottom wall of the bowl portion having
      plural apertures therein large enough to permit the free flow of liquid
      into and out of said compartment when said spoon is immersed in a liquid
      yet sufficiently small so as to preclude said dry beverage-making
      ingredient from falling out of said apertures, said upper wall of the bowl
      being unapertured to enable said brewed beverage to be held within the
      bowl-shaped portion for sipping therefrom.
NUM  2.
PAR  2. The spoon of claim 1 wherein means are provided in said handle for
      filling said compartment with said dry, beverage-making ingredient.
NUM  3.
PAR  3. The spoon of claim 2 wherein said handle includes the free end and
      wherein said means comprises an opening which is nipped shut after the
      compartment within the spoon is filled with the beverage-making
      ingredient.
NUM  4.
PAR  4. The spoon of claim 3 wherein said spoon is formed as an integral unit of
      a plastic material.
NUM  5.
PAR  5. The spoon of claim 2 wherein said means includes a slit forming a window
      in said handle, and a flap disposed within said window, said flap being
      slightly pivotable out of said window to enable the dry, beverage-making
      ingredient to be introduced through said window and into the interior of
      said compartment.
NUM  6.
PAR  6. The spoon of claim 5 wherein said spoon is formed as an integral unit of
      a plastic material.
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ABST
PAL  An apparatus for roasting or otherwise cooking wieners and for popping
      popcorn, said apparatus comprising a support structure having a rotatable
      arm member extending outwardly therefrom for removably receiving a wiener
      holder thereon for supporting a plurality of wieners thereon, said
      extended arm member adapted for supporting the wieners over a fire, or the
      like, whereby the wieners may be cooked or roasted as the arm is rotated
      about its own longitudinal axis. Alternately, the arm member may removably
      receive a suitable cage element whereby popcorn may be popped during
      rotation of the cage element as the arm member is rotated about its own
      longitudinal axis. The entire apparatus is particularly designed for
      portability for facilitating transport from site to site, and for ease of
      storage when not in use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in cooking apparatus and more
      particularly, but not by way of limitation, to a combined wiener cooker
      and popcorn popper.
PAR  2. Description of the Prior Art
PAR  Wieners and popcorn are very popular food items today, and both are in
      widespread use, particularly at picnic times, and during outdoor type
      cooking. Of course, it is common practice to spear wieners and heat them
      over coals or other heat for roasting thereof. This may be an inefficient
      method of cooking the wieners in that they frequently accidentally fall
      from the spearing instrument and are rendered unedible, and there is
      usually a rather limited number of wieners that can be cooked
      simultaneously on a single spear instrument. In addition, it is frequently
      difficult to pop popcorn in an outside environment since it is considered
      necessary to agitate the popcorn during the cooking operation for
      achieving the desired end result. Of course, the devices usually used for
      cooking of the wieners and for popping the popcorn are normally completely
      different pieces of equipment, and this creates a problem, particularly
      under picnic conditions, in that it is necessary to carry additional
      equipment if it is desired to provide both food items.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel combined wiener cooker and
      popcorn popper wherein a single apparatus may be used for cooking both
      food items. The novel device comprises a support structure having a
      rotatable arm member extending outwardly therefrom with a handle member
      being provided on one end of the arm and an attachment member being
      provided on the opposite end of the arm for removably receiving a wiener
      cooker and alternately removably receiving a popcorn cooker. The wiener
      cooker element is particularly designed and constructed for wieners
      supporting a plurality of wieners whereby the wieners may be supported in
      spaced relation to coals or other source of heat by the extending arm
      member. The handle may be utilized for rotating the arm member about its
      own longitudinal axis for rotating the wieners above the heat source in
      order to roast the wieners as desired. Of course, a single wiener may be
      similarly cooked on the device. When it is desired to pop popcorn, the
      wiener cooker element may be easily removed from the attachment member and
      replaced by a cage-type element, or the like, which is particularly
      designed and constructed for housing popcorn. The popcorn housing is
      supported above the heat source by the arm member in substantially the
      same manner as the wiener cooker element, and as the arm is rotated about
      its longitudinal axis, the popcorn will be tumbled or agitated therein for
      proper popping.
PAR  The support structure is preferably of a collapsible type construction of a
      type similar to a camera tripod or music stand, or the like, and the arm
      member is preferably removably secured thereto whereby the apparatus may
      be collapsed and assembled into a relatively compact package during
      transporting thereof and storage. The novel apparatus is simple and
      efficient in operation and economical and durable in construction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a combined wiener cooker and popcorn
      popper embodying the invention.
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 1. FIG. 3 is a view taken on
      line 3--3 of FIG. 1.
PAR  FIG. 4 is a side elevational view of an attachment member as may be
      utilized in the invention.
PAR  FIG. 5 is a view taken on line 5--5 of FIG. 4.
PAR  FIG. 6 is a side elevational view of a combined wiener cooker and popcorn
      popper embodying the invention and depicts one storage position therefor.
PAR  FIG. 7 is a side elevational view of a combined wiener cooker and popcorn
      popper embodying the invention and depicts another storage position
      thereof.
PAR  FIG. 8 is a view taken on line 8--8 of FIG. 1.
PAR  FIG. 9 is a perspective view of a clamp element as may be used in the
      invention.
PAR  FIG. 10 is a side elevational view of a portion of a combined wiener cooker
      and popcorn popper embodying the invention and particularly illustrating
      the popcorn popper element.
PAR  FIG. 11 is a view similar to FIG. 10 but depicting the wiener cooker
      element, are illustrated as possible use thereof for roasting marshmallow.
PAR  FIG. 12 is a broken sectional view of a portion of the support structure as
      may be used in the invention.
PAR  FIG. 13 is a sectional view of an additional portion of the support
      structure as may be used in the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, reference character 10 generally
      indicates a combined wiener cooker and popcorn popper comprising a support
      structure 12 having an arm member 14 carried at one end thereof and
      rotatable about its own longitudinal axis indepenent of the support
      structure 12. As shown herein, the support structure 12 comprises a tube
      member 16 having a suitable T-fitting 18 removably secured to one end
      thereof in any suitable manner, such as by a friction fit, but not limited
      thereto. The opposite end of the tube 16 is preferably closed by a
      suitable inwardly directed circumferential flange 20 (FIG. 12) having a
      central aperture 20 for a purpose as will be hereinafter set forth. In
      addition, a suitable insert member 24 may be provided in the tube 16
      adjacent the flange 20, and is provided with a longitudinal bore 26
      extending therethrough in alignment with the bore 22. The upper end of the
      insert 24, as viewed in FIG. 12, is tapered inwardly for a purpose as will
      be hereinafter set forth. In addition, a plurality of logitudinally spaced
      apertures 30 are provided in the side wall of the tube 16.
PAR  A plurality of substantially identical leg members 3, preferably three, but
      not limited thereto, are removably secured to the lowermost end of the
      tube 16 as viewed in FIG. 1 for supporting the apparatus 10 during use
      thereof. Each leg 32 comprises a foot portion 34 adapted for engagement
      with the ground, or the like, and an angularly disposed main portion 36
      conterminous therewith and of an arcuate cross-sectional configuration
      complementary to the configuration of the outer periphery of the tube 16.
      Each main portion 36 is provided with an aperture 33 having protrusions 35
      and 37 spaced on opposite sides thereof for a purpose as will be
      hereinafter set forth. The opposite end of each main portion 36 is
      provided with a connection member 38 of an arcuate cross-sectional
      configuration complementary to the configuration of the outer periphery of
      the tube 17, and are adapted for disposition thereagainst during use of
      the apparatus 10. Each connection member 38 is provided with an aperture
      40 FIG. 13 therein and a pair of protrusions 42 and 44 spaced on opposite
      sides thereof. The connection elements 38 are adapted to be positioned
      against the outer periphery of the tube 16 in the assembled position of
      the apparatus 10 shown in FIG. 1 for a purpose and in a manner as will be
      hereinafter set forth.
PAR  A locking clamp 46 is provided for removably securing the connection
      elements 38 to the tube 16 and comprises a substantially circular central
      body portion 48 (FIG. 9) having an internal circumference of a size
      complementary to the size of the outer circumference of the connection
      members 38. One side of the circular body 48 is provided with a hiatus or
      opening 50 and the clamp 46 is provided with outwardly flaring end
      portions 52 and 54 conterminous with the hiatus 50. A radially inwardly
      extending pin member 56 is provided on the inner periphery of the central
      portion 48 and is oppositely disposed from the hiatus 50. It is also
      preferable to provide a smaller substantially circular member 58 extending
      radially outwardly from the outer periphery of the central body 48, and
      the circular member 58 is also provided with a hiatus 60 diametrically
      opposed from the connection of the member 58 with the member 48 as
      particularly shown in FIG. 9. The body 58 is provided with outwardly
      flaring end elements 62 and 64 conterminous with the hiatus 60 for a
      purpose as will be hereinafter set forth. The clamp 46 is preferably
      constructed from a suitable sufficiently yieldable material, such as heat
      resistant plastic which may be fiberglass-filled synthetic resin, whereby
      the ends or fingers 52 and 54 may be moved outwardly to expand the size of
      the hiatus 50 when necessary, and the fingers or ends 62 and 64 may be
      moved outwardly to expand the size of the hiatus 60 when necessary.
PAR  In order to assemble the legs 32 on the tube 16 as shown in FIG. 1, the
      connection members 38 of each leg 32 may be disposed adjacent the outer
      periphery of the tube 16 in side by side abutting relationship with the
      aperture 40 of one of the connection members 38 being in substantial
      alignment with a preselected aperture 30 of the tube 16 in accordance with
      the desired overall height of the apparatus 10, and as particularly shown
      in FIG. 13. The clamp 46 may be "snapped" into position around the outer
      periphery of the side by side connection members by forcing the hiatus 50
      laterally thereof with sufficient pressure for moving the ends 52 and 54
      outwardly. As the clamp 46 is positioned around the connection elements
      38, the pin 56 will pass through the aligned apertures 40 and 30, and the
      clamp 46 will be disposed between the protrusions 42 and 44 of each
      connection member 38, thus securely clamping the legs 32 to the tube 16.
      It will be apparent that removal of the clamp 46 through a reverse
      procedure will permit removal of the legs 32 from the tube 16 when it is
      desired to at least partially disassemble the apparatus 10 for storage, or
      the like.
PAR  The T-fitting 18 disposed at the upper end of the tube 16 as viewed in FIG.
      1 comprises a sleeve member 66 adapted for slidably receiving one end of
      the tube 16 therein and a cross tube element 68 having the axis thereof
      substantially perpendicular to the axis of the sleeve 66 for removably
      receiving the handle 14 therethrough. The handle 14 as shown herein
      comprises a first elongated substantially straight rod member 70 slidably
      insertable through the cross tube 68 and having a crank member 72 provided
      at one end thereof. The crank member 72 comprises a first arm 74
      substantially parallel to the rod 70 but offset therefrom by a second arm
      78, as is well known. A handle member 80 is preferably secured on the
      first arm 76 in any well known manner (not shown) for facilitating
      operation of the crank 72 as will be hereinafter set forth.
PAR  A pair of spiked disc assemblies 81 and 82 are oppositely disposed in the
      proximity of one end of the rod 70 and in the assembled position of the
      apparatus, the disc assemblies 81 and 82 are removably secured in spaced
      relation on the rod 70 as shown in FIG. 1. Since the assemblies 81 and 82
      are substantially identical, only one will be set forth in detail herein.
      The disc 82 comprises a disc or plate 84 having a central aperture 86
      provided therein in axial alignment with a collar 88. The collar 88 is
      adapted for receiving one end of the rod 70 therethrough and is provided
      with a threaded bore 90 in the sidewall thereof for receiving a suitable
      set screw 92 therethrough for bearing against the outer periphery of the
      rod 70 to securue the collar 88 thereon, as is well known. A plurality of
      axially extending circumferentially spaced spike members 94 are provided
      on the outer face of the disc 84 oppositely disposed from the collar 88
      for a purpose as will be hereinafter set forth. Whereas the spikes 94 as
      shown herein are substantially perpendicularly arranged with respect to
      the plane of the disc 84, it is to be noted that it may be preferable for
      the spikes to extend slightly angularly outward as shown in broken lines
      at 96 in FIG. 4.
PAR  Referring now to FIG. 10, a cage or basket assembly 100 is shown which
      comprises a substantially cylindrical housing 102 constructed from a
      suitable mesh material, and having the opposite ends thereof closed with a
      similar mesh material with each end having a central aperture (not shown)
      for receiving the rod 70 therethrough. A suitable opening (not shown) is
      provided in the housing 102, and a door or closure member (not shown) is
      provided for the opening whereby access to the interior of the housing 102
      is provided. The basket assembly 100 may be secured between the spaced
      disc assemblies 81 and 82 by inserting the spikes 94 through the end
      closure members as clearly shown in FIG. 10.
PAR  When it is desired to utilize the apparatus 10 for cooking wieners, the
      support structure 12 may be assembled as hereinbefore set forth, with the
      desired overall height thereof being established by the selection of the
      proper aperture 30 of the tube 16 for receiving the connection elements 38
      and clamp 46. The rod 70 may be inserted through the cross tube 68 and the
      disc assemblies 81 and 82 may be secured to the outer end thereof as
      hereinbefore set forth, with the spacing between the disc assemblies 81
      and 82 being selected complementary to the length of the wieners 98 to be
      cooked thereon. The wieners may be longitudinally impaled by a pair of
      axially aligned spikes 94 as shown broken lines in FIGS. 1 and 4. The
      support structure 12 may be disposed on the surface of the ground, or the
      like, in spaced relation to a heat source, such as a bed of coals, or the
      like, (not shown) whereby the wieners 98 will be supported in spaced
      relation above the coals. The rod 70 may be rotated about its own
      longitudinal axis by manual rotation of the crank 72 in the well known
      manner. Of course, it is to be noted that a suitable portable power source
      such as a battery operated motor, or the like, (not shown) may be operably
      connected with the rod 70 in lieu of the crank 72 for rotation thereof, if
      desired. As the rod 70 rotates, the disc assemblies 81 and 82 will be
      rotated about their longitudinal axis, thus moving the wieners 98 round
      and round above the heat source until they have been roasted or cooked as
      desired. The cooked wieners may be readily removed from the spikes 94 in
      any well known manner. It will be apparent that marshmallows may be
      impaled on the spikes 94, if desired, as shown in broken lines at 99 for
      roasting thereof in a similar manner.
PAR  When the apparatus 10 is to be utilized for popping popcorn, the basket
      assembly 100 may be secured between the spiked disc assemblies 81 and 82
      in the manner as hereinbefore set forth. The popcorn may be deposited
      within the housing 102 through the access door (not shown) in the usual
      manner, and as the rod 70 is rotated about its longitudinal axis, the cage
      or basket assembly 100 will be simultaneously rotated about its
      longitudinal axis for agitating the popcorn therein during the heating
      thereof. In this manner the popcorn may be popped in the usual or well
      known manner. Of course, when the popcorn has been popped, the finished
      product may be removed from the housing 102 through the access door (not
      shown) in any well known manner.
PAR  Referring now to FIGS. 6 and 7, when the apparatus 10 is to be stored or
      moved to a new site, the clamp 46 may be removed from engagement with the
      connection elements 38, and the main leg portion 34 may be disposed
      adjacent the outer periphery of the tube 16 in longitudinal alignment
      therewith as particularly shown in FIGS. 6 and 7. The aperture 33 of one
      of the leg portions 34 is disposed in alignment with one of the apertures
      30 of the tube 16, and the clamp member 46 may be inserted therearound in
      the manner as hereinbefore set forth whereby the pin 56 will be inserted
      through the aligned apertures 30 and 33 for securing the legs 32 to the
      tube 16. It will be apparent that the clamp 46 will be disposed between
      the protrusions 35 and 37 of the leg portions 34 for retaining the clamp
      46 in longitudinal position. The T-fitting 18 may then be removed from
      engagement with the tube 16, and the rod 70 may be "snapped" into position
      in the circular element 58 of the clamp 46 as shown in FIG. 6. For
      convenience, the spiked discs 81 and 82 may be moved in a direction toward
      each other whereby the spikes 94 will be intermeshed for safety during
      transport or storage of the device.
PAR  A still further state of disassembly for the apparatus 10 is shown in FIG.
      7 wherein the legs 32 are secured to the tube 16 in the manner as shown in
      FIG. 6, but the rod 70 may be inserted through the tube 16 and through the
      passageway 26 of the insert 24 and out the aperture 22 of the flange 20.
      The tapered portion 28 facilitates the insertion of the rod 70 into the
      bore 26. The T-fitting 18 will be disposed adjacent one end of the tube
      16, with the crank 72 extending therebeyond, and the spiked discs 81 and
      82 may be removed from the rod 70 during insertion thereof through the
      tube 16, and replaced thereon with the spikes 94 intermeshed as clearly
      shown in the drawings.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel combined wiener cooker and popcorn popper which may be quickly and
      easily assembled for use, and readily disassembled and compactly arranged
      for storage or transport. The novel apparatus comprises a support
      structure having a rod carried thereby, said rod being rotatable about its
      own longitudinal axis. The rod interchangeable supports a wiener holder or
      a popcorn popper, and rotates the same above a heat source for the desired
      cooking thereof.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined wiener cooker and popcorn popper device comprising an
      adjustable and collapsible support structure, an independent rod member
      journalled at one end of said support structure and removably secured
      thereto, said rod member being rotatable about its own longitudinal axis,
      wiener cooker means removably secured in the proximity of one end of said
      rod member and rotatable simultaneously therewith, and popcorn popper cage
      means selectively engagable with the wiener cooker means and
      simultaneously rotatable therewith.
NUM  2.
PAR  2. A combined wiener cooker and popcorn popper device as set forth in claim
      1 wherein the support structure comprises tubular means for supporting and
      journalling the rod member, a plurality of leg members removably secured
      to the tubular means in preselected positions for determining the overall
      height of the device, and clamp means releasable engagable with the leg
      members for removably securing the leg members to the tubular means.
NUM  3.
PAR  3. A combined wiener cooker and popcorn popper device as set forth in claim
      1 wherein the wiener cooker means comprises a pair of substantially
      identical oppositely disposed spiked disc assemblies removably secured to
      the rod member in mutually spaced relation for supporting at least one
      wiener therebetween, said spiked discs having relatively short spike
      members extending outwardly therefrom whereby each wiener is independently
      supported at each end by a spike of each spiked disc assembly.
NUM  4.
PAR  4. A combined wiener cooker and popcorn popper device as set forth in claim
      3 wherein the spiked disc assemblies each comprise a disc member having a
      central aperture therein for receiving the rod means therethrough, a
      collar member secured to one side of the disc member in substantial
      alignment with the aperture for receiving the rod means therethrough, set
      screw means carried by the collar member for removable engagement with the
      rod means, and a plurality of axially extending circumferentially spaced
      spike members provided on the opposite side of the disc with respect to
      the collar member each corresponding aligned pairs of said spike members
      being adapted for receiving a wiener therebetween.
NUM  5.
PAR  5. A combined wiener cooker and popcorn popper device as set forth in claim
      1 wherein the support structure comprises a tubular support member having
      a plurality of longitudinally spaced apertures provided in the sidewall
      thereof, a plurality of leg members each having an arcuate cross-sectional
      configuration complementary to the outer periphery of the tubular support
      member, each of said leg members having at least one aperture provided
      therein for selective alignment with one of the apertures of the tubular
      support member, and clamping means engagable with the leg members and
      cooperating with the aligned apertures for removably securing the leg
      members to the tubular support member.
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ABST
PAL  Cooking utensils for both stovetop and oven cookery. They are primarily
      intended to be used in conjunction with a disposable bag or liner to
      produce cooked comestibles of superior quality and to eliminate the
      cleaning appurtenant to the use of conventional cooking vessels. Certain
      versions can, however, be used to advantage when cooking by conventional
      techniques.
BSUM
PAR  This invention relates to cooking utensils and, more particularly, to
      novel, improved cooking utensils for both stovetop and oven cookery.
PAR  The novel cooking utensils of the present invention are intended to be used
      in many, if not most, instances with a disposable bag or liner in which
      the comestibles are contained during the cooking process. (The term "bag"
      as employed herein is intended to have a broad meaning and to include
      sheets of material gathered into a baglike form, etc. as well as those
      formed containers more conventionally thought of as bags). This bag or
      liner is surrounded by a cooking medium for transferring heat to its
      contents during the cooking cycle. The cooking medium will typically be
      water or an oil in the case of stovetop cookery and air for oven cookery.
PAR  Cooking in bags or disposable liners of the character just described has a
      number of important advantages. First, this permits comestibles to be
      cooked in their own juices. The natural taste of the food is preserved and
      the loss of nutritional values which occurs when foods are cooked in water
      is avoided along with the musy or waterlogged texture which commonly
      results.
PAR  Another virtue is that the utensil is not soiled during the cooking
      process. Thus, the inconvenience of cleaning the utensil after it is used
      is eliminated; only rinsing and drying are required.
PAR  Furthermore, the bag or liner in which the comestibles are cooked is
      utilizable to store them. This is a particular convenience if the bag or
      liner is stored in a refrigerator container or the like as the latter will
      not become soiled.
PAR  To obtain optimum results the cooking vessels I have invented for use with
      disposable bags and liners are provided with one or more of several novel
      features not heretofore found in cooking vessels.
PAR  One of these is an arrangement for keeping a bag and the comestibles
      contained in it submersed in the cooking medium when comestibles which
      would otherwise float are being cooked. This results in heat being
      conducted uniformly to the comestibles from all directions and, typically,
      at a higher temperature than it would be if the bag and its contents were
      allowed to float in the cooking medium. As a consequence, the comestibles
      are cooked more quickly and more uniformly.
PAR  The bag holding arrangement can be constructed so that it will keep the bag
      and comestibles in place by its own weight. Alternatively, provision may
      be made for positively or mechanically securing the holddown device in
      position to achieve this goal.
PAR  The bag holding arrangement may also, or instead, be designed to secure the
      upper, open end of the bag in a manner that will allow gases and vapors
      evolved from the comestibles to escape while keeping the cooking medium
      from entering the bag. This permits the bag to collapse against its
      contents, considerably increasing the efficiency with which heat is
      transferred to the comestibles; it also maximizes the uniformity with
      which heat is transferred to the comestibles from different directions.
      This type of arrangement can of course also be employed in conventional
      cooking methods to keep the comestibles submersed in the cooking medium.
      In this style of cookery, also evenness and quickness of cooking is
      promoted by the use of such a device.
PAR  The holddown device may also be constructed so that it can be manipulated
      to spread the upper end of the bag and thereby facilitate access to its
      contents. Alternatively, the cooking utensil may be provided with a
      separate arrangement to which the cook can secure the upper end of the bag
      and keep it spread open.
PAR  Similar arrangements may be employed in my novel cooking utensils to hold
      disposable liners in place. In both cases the devices for securing the end
      of the bag or liner in place can be incorporated in the cooking utensil or
      the disposable element of the combination, or they may include cooperating
      parts of the utensil and the bag or liner or be entirely separate
      elements.
PAR  Another feature possessed by certain of the novel cooking utensils I have
      invented is an arrangement for holding the comestibles and the bag or
      liner in which they are contained in an elevated position out of the
      cooking medium. This, again, facilitates the handling of the comestibles
      and the bag or liner.
PAR  Typically, a cooking utensil in accord with the present invention intended
      for stovetop cookery will include an outer container for the cooking
      medium and an inner container for supporting the bag or liner and its
      contents; and the device described in the preceding paragraph will be
      constructed to hold the inner container in an elevated position relative
      to the outer one. The inner container will often be of perforate
      construction. This permits the sides and bottom of the bag and its
      contents to be almost completely surrounded by the cooking medium,
      maximizing the contact between the medium and the bag and contents.
PAR  An inner container facilitates the removal of the cooked comestibles from
      one area to another. It also permits the cooked comestibles to be kept
      warm until served without overcooking them as the cooking utensil operates
      essentially as a double boiler when the inner container is removed to its
      elevated position. In addition, the inner container facilitates the
      removal of cooked comestibles from a bag or liner as the cooking medium
      cannot press the bag or liner against the comestibles.
PAR  The inner container can also be furnished with a well for collecting excess
      fluids generated in the cooking process. This keeps the fluids from
      contacting and causing unwanted changes in the flavor, texture, or
      appearance of the comestibles being cooked. Separation of the fluids also
      facilitates collection of the fluids at the end of the cooking cycle.
PAR  It is not essential that an inner container be employed although maximum
      convenience may in many cases be obtained by employing one. The inner
      container can be omitted altogether or replaced by a rack or other
      component which will permit the cooking medium to circulate under and
      around the comestibles being cooked and the bag or liner in which they are
      contained. In other applications the inner container may advantageously be
      made imperforate like the inner container of a double boiler.
PAR  The arrangement for keeping the comestibles submersed in the cooking liquid
      can be combined with the inner container into a single unit. In any event
      the inner container will cooperate with the holddown device to promote
      quickness of cooking.
PAR  The novel cooking utensils of the present invention are useful for both
      stovetop and oven cookery. In the latter, yet another type of cooking
      utensil will typically be employed in applications where a conventional
      roaster is most commonly used at the present time.
PAR  Such utensils include a container, an arrangement for holding a liner in
      place in the container, and a cover to which a second liner can be
      attached out of contact with the comestibles being cooked (the framework
      and its liner are omitted in processes where an open cooking vessel is
      conventionally used).
PAR  Provision may be made for forming a seal between the upper and lower liners
      if it is desired to minimize the escape of evolved fluids from the cooking
      utensil. In this case, it may be necessary to vent the cooking utensil.
PAR  The novel oven cooking utensils just described have a number of advantages
      over contentional cooking bags in addition to the virtues shared in common
      with other embodiments of my invention. For example, the comestibles can
      more easily be loaded into such a utensil than they can into a cooking
      bag.
PAR  Also, access during the cooking process for basting, seasoning, addition of
      other ingredients, etc. is convenient while it is virtually impossible
      with a cooking bag.
PAR  Further, at the end of the cooking cycle juices from the comestibles remain
      in the lower part of the utensil. This makes it more convenient and less
      messy to remove the comestibles and to utilize the juices.
PAR  Also within the scope of the invention are cooking utensils which are of
      the character just described but have no top or cover. In those utensils a
      rim or frame is clamped to the pan component to hold a liner for the
      latter in place. A sheet of disposable material can be simultaneously
      clamped to the pan component to serve as a cover, if desired.
PAR  Also, a flange can advantageously be formed around the upper edge of those
      cooking utensils which are to be used for oven type cookery. This flange
      shields the edges of the liner from direct radiation from the oven heating
      unit, keeping it from melting.
PAR  It will be appreciated that cooking utensils of the character just
      described can also be used to advantage in the preparation of many dishes
      by stovetop cookery.
PAR  It will also be appreciated that the features described above do not in all
      cases have to be integral components of a cooking utensil or of an
      associated bag or liner. Instead they can be made in the form of
      attachments for conventional cooking vessels to give the latter the
      advantages possessed by the novel cooking utensils disclosed herein.
PAR  Disposable bags for cooking and containers with disposable liners are as
      such not new as shown by U.S. Pat. Nos. 3,027,261 issued Mar. 27, 1962, to
      Samara; 3,052,371 issued Sept. 4, 1962, to Van Bemmelen; 3,088,255 issued
      May 7, 1963, to Griem; 3,117,875 issued Jan. 14, 1964, to Burns; 3,227,305
      issued Jan. 4, 1966, to Enssle; and 3,590,888 issued July 6, 1971, to
      Coleman; British Pat. No. 965,498 published July 29, 1964; and the
      Drackett Products Co. pamphlet entitled "How to Use Cooking Magic Bags"
      copyrighted in 1971. However, a comparison of the foregoing description of
      applicant's invention with the various devices described in these
      documents will make it apparent that the latter are structurally unlike
      applicant's cooking utensils and disposable bags and liners and that they
      are not capable of producing the results for which applicant's inventions
      were expressly designed.
PAR  From the foregoing, it will be apparent that the primary object of the
      present invention resides in the provision of novel, improved cooking
      utensils, accessories, and attachments for cooking utensils.
PAR  Other important but more specific objects of the invention are the
      provision of novel cooking utensils usable in conjunction with disposable
      bags and liners to cook comestibles:
PAR  1. in a manner which will preserve the nutritional values of the
      comestibles;
PAR  2. in a manner which will keep them from acquiring a mushy or waterlogged
      texture;
PAR  3. in a manner which will preserve their flavor;
PAR  4. conveniently and without the soiling of cooking vessels;
PAR  5. in a manner which makes them convenient to store without soiling a
      storage container;
PAR  6. in a manner providing various combinations of the foregoing advantages.
PAR  Still other important but more specific objects of the invention reside in
      the provision of novel cooking utensils:
PAR  7. in which heat is transferred evenly from all directions to the
      comestibles being cooked;
PAR  8. in which comestibles cook quickly;
PAR  9. which, in conjunction with the two preceding objects, are designed to be
      used with a disposable, comestible-containing bag or liner and are
      constructed to keep the cooking medium from entering the bag during
      cooking while permitting gases and vapors to escape so that the bag can
      collapse against its contents to insure a uniform and efficient transfer
      of heat to the contents;
PAR  10. which include a container for holding a cooking medium and an
      arrangement for securing a disposable liner in the container;
PAR  11. in which, in conjunction with the preceding object, provision is made
      for shielding exposed parts of the liner from direct radiation from a
      heating unit;
PAR  12. which are intended to be used in conjunction with a disposable,
      comestible-containing bag or liner and which make provision for ready
      access to the interior of the bag or liner;
PAR  13. which include a container for the cooking medium, a
      comestibles-supporting component disposable in the container, and an
      arrangement for holding the supporting component in an elevated position
      relative to the container to facilitate access to the supporting
      component;
PAR  14. which include an arrangement for opening and/or holding open the upper
      end of a comestibles-containing bag;
PAR  15. in which provision is made for circulating a cooking medium into
      contact with at least most of the periphery of a disposable bag in which
      the comestibles to be cooked are contained;
PAR  16. which furnish ready access to the comestibles being cooked during,
      before, and after the cooking cycle;
PAR  17. in which provision is made for providing a seal between liners
      associated with different components of the utensil;
PAR  18. which are particularly suited for oven cookery and have advantages over
      cooking bags and roasters and other conventional vessels available for
      oven cooking;
PAR  19. which have various combinations of the novel features and advantages
      identified above.
PAR  Still another object of the invention resides in the incorporation of
      certain of the mechanical features identified above into attachments which
      can be used in conjunction with conventional cooking vessels to obtain
      various ones of the advantages previously described.
DRWD
PAR  Other important objects and advantages and further novel features of the
      present invention will become apparent from the appended claims and as the
      ensuing detailed description and discussion proceeds in conjunction with
      the accompanying drawing, in which:
PAR  FIG. 1 is a vertical section through one form of cooking utensil
      constructed in accord with the principles of the present invention; it
      also shows a disposable bag or liner in which the comestibles are
      contained during the cooking process with certain components of the
      cooking utensil positioned to keep the open end of the bag closed; the
      section is taken substantially along line 1--1 of FIG. 2;
PAR  FIG. 2 is a plan view of the cooking utensil of FIG. 1;
PAR  FIG. 3 is a vertical section through the cooking utensil of FIG. 1 with the
      aforementioned components holding the open end of the bag spread to
      facilitate access to its interior;
PAR  FIG. 3A is a vertical section through a second form of cooking utensil in
      accord with the present invention which is similar in certain respects to
      the cooking utensil of FIGS. 1-3;
PAR  FIG. 4 is a vertical section through a third form of cooking utensil
      constructed in accord with the principles of the present invention; it
      shows an alternate arrangement for keeping the mouth of a bag closed while
      comestibles contained in it are being cooked;
PAR  FIG. 5 is a vertical section through a double boiler type of cooking
      utensil equipped with a cooking bag which has built-in tabs for holding
      its upper end open;
PAR  FIG. 6 is a pictorial view of the cooking bag;
PAR  FIG. 7 is a vertical section through a fourth form of cooking vessel in
      accord with the present invention and through a disposable liner in which
      the comestibles are contained while they are being cooked;
PAR  FIG. 8 is a vertical section through a fifth form of cooking utensil in
      accord with the principles of the present invention which has an
      arrangement for keeping a comestible-containing bag submersed in a cooking
      medium and a separate arrangement for supporting an inner container of the
      utensil in an elevated position to facilitate access to the interior of
      the bag; the section is taken substantially along lines 8--8 of FIG. 9;
PAR  FIG. 9 is a horizontal section through the cooking utensil of FIG. 8, taken
      substantially along line 9--9 of the latter Figure;
PAR  FIG. 10 is a fixture to which the upper end of the cooking bag can be
      secured to keep it open; the fixture is attachable to the inner container
      of the cooking utensil;
PAR  FIG. 11 is a section through the fixture and the upper end of the inner
      container, taken substantially along line 11--11 of FIG. 10;
PAR  FIG. 12 is a view similar to FIG. 8, but with the inner container in its
      elevated position and the cooking bag open;
PAR  FIG. 13 is a horizontal section through a sixth form of cooking utensil in
      accord with the principles of the present invention;
PAR  FIG. 14 is an elevation of a disposable cooking bag designed for use with
      cooking utensils of the type disclosed herein, the mouth of the bag being
      closed;
PAR  FIG. 15 is a view of the bag with its mouth open;
PAR  FIG. 16 is a vertical section through a seventh form of cooking utensil in
      accord with the principles of the present invention; this utensil is
      particularly intended for oven cookery;
PAR  FIG. 17 is a pictorial view of the cover of the cooking vessel of FIG. 16;
PAR  FIG. 18 is a fragment of the cover to an enlarged scale;
PAR  FIG. 19 is a partial section through the cover taken substantially along
      line 19--19 of FIG. 18;
PAR  FIG. 20 is a pictorial, exploded view through an eighth embodiment of my
      invention intended primarily for oven cookery;
PAR  FIG. 21 is a fragmentary perspective of the cooking utensil shown in FIG.
      20;
PAR  FIG. 22 is a fragmentary elevation of a cooking vessel side wall and a
      spring type retainer for securing a disposable liner to the side wall; the
      vessel may be of the type disclosed herein or of conventional
      construction, and it may be intended for oven cookery or stovetop cookery
      or both;
PAR  FIG. 23 is a section through the cooking vessel and retainer of FIG. 22 and
      is taken substantially along line 23--23 of that Figure;
PAR  FIG. 24 is a vertical section through a cooking vessel and a holddown
      arrangement similar to that illustrated in FIGS. 1-3, but constructed in
      the form of an attachment so that it can be used with conventional cooking
      vessels as well as cooking utensils of the character described herein;
PAR  FIG. 25 is a fragment of a view similar to FIG. 24 showing another form of
      holddown attachment in accord with the principles of the present invention
      which can be adjusted to fit vessels of differing sizes; the attachment is
      shown fitted to a vessel larger than the attachment;
PAR  FIG. 26 is a view similar to FIG. 25 of the attachment illustrated in FIG.
      25; in this Figure the attachment is fitted to a cooking vessel smaller in
      diameter than the attachment; and
PAR  FIG. 27 is a vertical section through a cooking vessel and still another
      form of holddown attachment in accord with the principles of the present
      invention.
DETD
PAR  Referring now to the drawing, FIGS. 1-3 depict a cooking utensil 30 in
      accord with the principles of the present invention. This utensil is
      designed to be employed in conjunction with a disposable bag 32 to cook
      comestibles. It can be used for both oven and stovetop cookery.
PAR  The major components of the cooking utensil include an outer container 34
      for a cooking medium 36, which has a handle 38; a bag-supporting component
      in the form of a panlike rack 40; and a lid or cover 42 with a handle 44.
      Cooking utensil 30 can be employed for oven cookery or for stovetop
      cookery on a heating unit such as that shown diagrammatically in FIG. 1
      and identified by reference character 45.
PAR  The outer container or pan 34 and lid 42 of cooking utensil 30 are of
      conventional construction and will, accordingly, not be described in
      detail herein except as they relate to the present invention.
PAR  The bag-supporting rack 40, best shown in FIGS. 1 and 3, is dimensioned to
      fit in pan 34 in spaced relation to the latter. It has a side wall 46, a
      bottom wall 47, which typically will be integral with the side wall, and a
      handle 48 attached to side wall 46 in any convenient manner.
PAR  The major, central portion 49 of bottom wall 47 is elevated with respect to
      its peripheral portion and, accordingly, also spaced from the bottom of
      pan 34, permitting the cooking medium to circulate into heat transfer
      relationship with the bottom of bag 32 and its contents. The peripheral
      portion of disposable bag 32 depends into the recess 51 formed by the
      just-described configuration of bottom wall 47 to form a well 52. Liquids
      evolved during the cooking cycle collect in well 52. This keeps excess
      liquids out of contact with the comestibles during the cooking cycle and
      facilitates the removal of the comestibles apart from the liquids at the
      end of the cooking process.
PAR  Both the bottom and side walls of the bag-supporting rack are perforated,
      typical perforations being indicated by reference character 54. These
      perforations allow the cooking medium to circulate into direct contact
      with the sides and bottom of the bag. This promotes both even and rapid
      cooking.
PAR  Even and quick cooking is also promoted by keeping the comestibles
      submersed in the cooking medium. This is accomplished by the weight of the
      comestibles alone when their specific gravity is sufficiently high.
PAR  However, to keep lighter comestibles submersed, provision is made in
      cooking utensil 30 for mechanically holding disposable bag 32 and the
      comestibles contained in it in the cooking medium. This is accomplished by
      two cooperating assemblies. One 56 locks bag-holding support 40 in place
      in outer container 34 as shown in FIG. 1. A second 58 keeps bag 32 and its
      contents in support 40, preventing them from floating in the cooking
      medium.
PAR  Referring now specifically to FIGS. 1 and 2, the assembly 56 for locking
      bag-holding support 40 in place in outer container 34 includes
      horizontally extending, annular flanges 60 fixed to or ingetral with the
      side wall 46 of the rack at the upper edge thereof. It also includes stops
      62 fixed in any convenient manner to the side wall 64 of outer container
      34 and extending inwardly therefrom.
PAR  There are gaps 66 between adjacent flanges 60 which can be aligned with the
      inwardly extending pins 62. This permits rack 40 to be lowered until
      flanges 60 clear stops 62. The rack is then rotated, moving flanges 60
      under the pins as shown in FIG. 1 to lock the rack in place.
PAR  The assembly 58 by which bag 32 is retained in support 40 to keep it
      submersed in the cooking medium consists primarily of a plurality of
      generally V-shaped, wirelike elements 70. Each element 70 has a left-hand
      leg 72 and a right-hand leg 74 connected by an arcuate portion 76.
PAR  V-shaped elements 70 are pivotally fixed to the side wall 46 of support 40
      at the upper edge 77 thereof. Here, the wall is doubled back on itself for
      increased strength.
PAR  The pivotal connections are provided by circular end portions 78 of legs 72
      and 74, which extend through apertures 80 in the side wall 46 of the rack
      and bear against its upper edge 77.
PAR  As shown in FIG. 2, the left-hand leg 72 of each element 70 lies between
      and below the two legs 72 and 74 of the adjacent V-shaped element. Thus,
      the arcuate portion 76 of each element both supports and is supported by
      the arcuate portion of an adjacent element. As a consequence, all of the
      elements 70 move in unison as one of them is rotated upwardly and
      outwardly as shown by arrows 82 in FIG. 1 or downwardly and inwardly as
      shown by arrows 83 in FIG. 3.
PAR  This movement is effected and the elements 70 latched to hold bag 32 in
      place as shown in FIG. 1 by two additional, also generally V-shaped,
      diametrically opposed elements 84 and 86. These elements are pivotally
      connected to rack 40 at the upper edge 77 thereof in the same manner as
      elements 70.
PAR  The left-hand leg 88 of element 84 lies under the right-hand leg 74 of the
      element 70 to its left while its right-hand leg 90 is supported by the leg
      72 of the element 70 to its right. (The terms "left-hand" and "right-hand"
      are keyed to FIG. 2) Similarly, the left-hand leg 92 of element 86 lies
      under the right-hand leg of the element 70 to its left while its
      right-hand leg 94 is engaged from below by the left-hand leg 72 of the
      element 70 to its right. Accordingly, elements 84 and 86 and the several
      elements 70 all rotate in unison in the directions indicated by arrows 82
      and 83.
PAR  At the inner ends of legs 92 and 94, element 86 extends first outwardly and
      then toward element 84, terminating in a latch portion 96 oriented at a
      right angle to the later. Similarly, at the inner ends of legs 88 and 90,
      element 84 extends laterally and then toward element 86, providing two,
      parallel, spaced apart leg portions 98 and 100 terminating in downwardly
      extending latch portions 102 (one of which is shown in FIG. 1) connected
      by a transversely extending portion 104. With elements 70, 84, and 86
      rotated downwardly to keep bag 32 and its contents from floating in the
      cooking medium, the latch portions 102 of element 84 engage the
      cooperating latch portion 96 of element 86 to lock the elements in place.
PAR  Element 84 also constitutes a handle or grip by which it and elements 70
      and 86 can be rotated between the positions shown in FIGS. 1, 2, and 3.
PAR  A second and also important function of the assembly 58 just described is
      to narrow the opening 106 of bag 32 (shown in FIG. 1) during cooking and
      spread the bag for access to its contents as shown in FIG. 3. With the
      upper end portion 108 of the bag gathered to narrow opening 106 as shown
      in FIG. 1, the cooking medium and condensates are kept from entering the
      bag and mingling with its contents. At the same time, a small opening
      remains; this permits vapors and gases evolved during the cooking process
      to escape from the bag. As discussed above, both this and the keeping of
      unwanted fluids from the interior of the bag contribute to the production
      of cooked comestibles of superior quality.
PAR  To open and close bag 32, triangular barbs or prongs 110 are fixed in any
      convenient fashion to the inner, arcuate portions 76 of V-shaped elements
      70. A bag (or bag containing comestibles) is loaded into rack 40 with its
      open end 106 facing upwardly. The upper portion 108 of the bag is then
      pressed downwardly at locations corresponding to those of barbs 110 to
      engage the bag with the barbs at intervals around its periphery.
PAR  With the bag secured to barbs 110, its upper portion 108 is gathered to
      narrow opening 106 when operator element 84 is rotated downwardly and
      inwardly because of the concomitant and like movement of elements 70.
      Conversely, when this operator is rotated upwardly and outwardly from the
      position of FIG. 1 to that shown in FIG. 3, elements 70 spread the bag as
      shown in the latter figure to enlarge opening 106.
PAR  Provision is preferably made for latching elements 84, 86, and 70 in the
      "open" position shown in FIG. 3. This is accomplished by a latch 112
      pivotally fixed to laterally extending leg portions 114 and 116 of element
      86 by loops 118 at the ends of latch legs 120 and 122.
PAR  At its other end, latch 112 is formed into a hook 124 engageable in any of
      a series of apertures 126 in handle 48 of rack 40. Depending upon the
      particular aperture in which the latch may be engaged, elements 84, 86,
      and 70 will be immobilized with the upper end of bag 32 completely open or
      in any one of several partly open positions. The plural apertures also
      make the holddown device capable of accomodating bags of different sizes.
PAR  To facilitate the loading of bags and comestibles into rack 40 and the
      removal of bags and comestibles therefrom, provision is also preferably
      made for supporting rack 40 in an elevated position relative to outer
      container 34 with the bag 32 and its contents at least partly out of the
      cooking medium. This relationship is shown for a similar cooking utensil
      in FIG. 12.
PAR  The goal just described is attained by deforming the lower end of handle 48
      as shown in FIG. 1 to provide a leg 128 extending generally parallel to
      the side wall 46 of rack 40. To maintain the rack in the elevated
      position, the rack is lifted, moved horizontally, and lowered. This
      confines the side wall 64 of outer container 34 between rack side wall 46
      and leg 128 with the upper edge 129 of the container side wall engaging a
      laterally extending portion 130 of handle 48 and supporting the rack.
PAR  Many variations may of course be made in the exemplary cooking utensil 30
      just described without exceeding the scope of the invention. For example,
      the bag-holding support may be made imperforate or eliminated; and the
      assembly 58 for keeping the bag and comestibles submersed in the cooking
      medium and for opening and closing the mouth of the bag can be mounted
      directly on outer container 34. Any of several techniques may be employed
      to keep the bag-holding support in place in the outer container, and both
      the former and the outer container can be made in a wide variety of shapes
      and sizes.
PAR  Other modifications of comparable character will readily occur to those
      skilled in the relevant arts.
PAR  Cooking utensils in accord with the present invention may also be
      constructed with a holddown device of the character just described but no
      rack or inner component. A cooking utensil of this character designed for
      use with a disposable bag 131 is illustrated in FIG. 3A and identified by
      reference character 132.
PAR  Utensil 132 includes a pan-type component 133 having side walls 134, a lid
      135 of conventional construction, and a holddown device 136. The latter
      consists of an annular ring 137 with a vertical flange 138 to which
      holddown elements 139 are pivotally attached in the manner described above
      in conjunction with cooking utensil 30 to keep bag 131 and its contents
      submersed in a fluid cooking medium in pan component 133.
PAR  Holddown elements 139 may be identical to those described earlier except
      that prongs 110 are omitted, and the inner ends of the elements are
      deformed into an S-shaped configuration to provide spring clips 140. The
      upper portion 141 of bag 131 can be inserted at intervals around its
      periphery into the spring clips to secure the bag to the inner ends of
      holddown elements 139. (Such spring clips can of course be substituted for
      prongs 110 in holddown device 58).
PAR  The holddown device will also typically include latch elements (not shown)
      such as those identified by reference characters 84 and 86 in FIGS. 1 and
      2. These and elements 139 will be assembled in the relationship described
      above so that they can all be rotated in unison as indicated by
      double-headed arrow 142 to the position in FIG. 3A, constricting the
      opening 143 in the upper end of the bag for the purposes described
      previously and keeping bag 131 and its contents from floating. As
      suggested by arrow 142, the holddown elements can also be rotated in the
      opposite direction. This spreads the upper portion of bag 131, enlarging
      opening 143 and facilitating access to the interior of the bag.
PAR  To keep the bag open, holddown device 136 will also typically be provided
      with a latch (not shown) such as that identified by reference character
      112 in FIGS. 1-3 and a cooperating handle (likewise not shown) having a
      series of apertures into which the hook end of the latch can be inserted
      to retain the bag in a fully or partly open configuration.
PAR  Holddown device 136 is mounted in cooking utensil component 133 by fixing
      its rim 137 to a horizontal, annular ledge 143a formed in the side wall
      134 of the pan component. This keeps the holddown device from being
      floated upwardly with bag 131 and its contents.
PAR  Cooking utensil 132 can also be used to advantage in cooking by
      conventional techniques (i.e., without a bag). In such circumstances,
      also, the holddown device will keep comestibles submersed in a cooking
      medium.
PAR  Many modifications may of course be made in cooking utenstil 132 without
      exceeding the scope of the invention. Several but by no means even a
      significant fraction of these are of the character described above in
      conjunction with the embodiment of the invention illustrated in FIGS. 1-3.
PAR  Referring again to the drawing, FIG. 4 depicts a cooking vessel 144, also
      constructed in accord with the present invention but differing
      considerably from cooking utensil 30 in appearance. This cooking utensil
      is also useful for both oven and stovetop cookery.
PAR  Cooking utensil 144 includes the same major components as cooking utensil
      30. These are an outer container or pan 145, an inner, bag-holding rack or
      support 146, and a lid 147 with a handle 148.
PAR  The outer component 145 of the cooking utensil, which is designed to hold a
      cooking medium 150 has a vertically extending side wall 152 and a bottom
      wall 154 like those of conventional pans. It will also typically have one
      or more handles (not shown) to facilitate handling.
PAR  Bag-holding support 146 has a vertically extending, perforate side wall 155
      and a perforate bottom wall 156. This permits the cooking medium to
      circulate freely around and into contact with a disposable bag 158
      supported in the rack.
PAR  A generally horizontal, outwardly extending flange 160 is formed at the
      upper end of rack side wall 155. Intermediate its inner and outer edges, a
      downwardly extending, generally V-shaped projection 162 is formed in
      flange 160.
PAR  Flange 160 rests on the upper edge 164 of outer container side wall 152.
      This keeps the bottom wall 156 of the rack in spaced relation to the
      bottom wall 154 of the outer container. Projection 162 keeps the side wall
      155 of the rack in spaced relation to outer container side wall 152.
PAR  Projection 162 also provides an upwardly opening recess 166 in which a
      correspondingly configured, depending projection 168 on a ringlike
      retainer 170 is seated. A recess 172 in the retainer furnishes a seat for
      lid 147 of the cooking utensil.
PAR  Cooking utensil 144 will also typically include a component 174 for keeping
      the comestibles-filled bag 158 submersed in the cooking medium. This
      component has a concavoconvex configuration and will typically be made of
      metal so that it will be heavy enough to keep bag 158 and its contents
      from floating.
PAR  An aperture 176 in component 174 allows the upper, open end 178 of the bag
      to extend upwardly through the holddown component.
PAR  In the cooking arrangement shown in FIG. 4, a tie 182 is employed to narrow
      the opening 183 in the bag during the cooking cycle. Such ties are
      conventional and typically consist of a readily deformable wirelike core
      surrounded by a cellulosic or other covering.
PAR  Provision is also made in cooking utensil 144 for holding the upper end 178
      of bag 158 open, when desired. This is accomplished by removing lid 147,
      retaining ring 170, and tie 182. The upper end 178 of the bag is then
      spread and folded across the flange 160 at the upper end of rack side wall
      155. The retaining ring 170 is then replaced, clamping the upper end of
      the bag in recess 166 to keep it in place.
PAR  Again, many modifications may be made in this cooking utensil as described
      and illustrated without exceeding the scope of the invention. For example,
      rack 146 may be provided with an arrangement of the character described
      above in conjunction with cooking utensil 30 for supporting it in an
      elevated orientation relative to the outer container. And mechanism 58 of
      the character described in conjunction with cooking utensil 30 may be
      incorporated into cooking utensil 144 to close and open the upper end of
      the bag 158 and to keep it from floating in the cooking medium. Other
      modifications of a similar nature abound.
PAR  As discussed above, many of the advantages of the present invention may be
      obtained by employing cooking utensils in association with disposable
      liners than than bags. FIG. 7 depicts a cooking utensil 190 of this
      character. This utensil, like those described previously, is suitable for
      oven as well as stovetop cookery.
PAR  Cooking utensil 190 is similar in construction and appearance to the
      cooking utensil 144 just described. The same reference characters have
      accordingly been used to some extent to identify corresponding components
      of the two utensils.
PAR  Referring now to FIG. 7, the side and bottom walls 192 and 194 of the inner
      component 196 of cooking utensil 190 are imperforate, giving this
      container the appearance of a conventional cooking vessel. The inner
      component is lined with a disposable liner 198, typically made of any of
      several suitable plastics. This liner is secured in place by retainer ring
      170, which clamps it against the flange 160 formed at the upper end of the
      inner component 196.
PAR  Except as just described, cooking utensil 190 may be essentially identical
      to cooking utensil 144. It will, accordingly, not be described further
      herein.
PAR  FIG. 5 depicts the use of a disposable liner in conjunction with a
      conventional double boiler 200 having an outer pan 202 and an inner pan
      204. A cooking medium in the outer pan can circulate around the inner pan
      to heat comestibles contained in it.
PAR  Inner pan 204 is lined with a disposable bag or liner 206 (see FIG. 6).
      Deformable tabs 208, which may be of the same construction as ties 182,
      are fixed to the liner at intervals around its upper edge 210. As shown in
      FIG. 5, these tabs can be bent round the upper edge 212 of the inner
      double boiler pan side wall 214 to hold the liner in place.
PAR  Liners of the character just described can be employed in a wide variety of
      cooking utensils for the purposes described herein. They can also be
      employed in conjunction with ties, holddown devices, etc. as alternates to
      disposable bags.
PAR  Returning again to the drawing, FIGS. 8, 9, and 12 are devoted to a cooking
      utensil 220. This utensil is similar in appearance to cooking utensil 30
      but differs in the mechanism provided to keep the comestibles submersed
      during the cooking cycle. Like those cooking utensils of the present
      invention described earlier, it is suitable for both stovetop and oven
      cookery.
PAR  Turning now to FIG. 8, cooking utensil 220 includes an outer container or
      pan 222 for a cooking medium 224; an inner rack or bag-holding device 226
      in which a comestibles-containing bag 228 can be disposed; and a lid or
      cover 229. These components have the same functions as the corresponding
      components in cooking utensil 30.
PAR  The mechanism employed to keep bag 228 and its contents from floating
      during the cooking cycle and to close and open the bag includes a
      coverlike holddown device 230, cooperating stops 232, and tabs or prongs
      234.
PAR  Referring now to both FIGS. 8 and 9, the holddown device is a
      concavo-convex member with a generally horizontal flange 236 in which
      notches 258 are formed. The holddown device also includes a handle 239
      which extends to the exterior of the cooking utensil through a notch 240
      in lid 229. A spring clip 241 in the handle detachably fixes the holddown
      device to rack 226 so that it will not be floated upwardly by comestibles
      being cooked.
PAR  Stops 232 are of the type discussed previously in conjunction with the
      embodiment of FIGS. 1-3. They are fixed in any convenient manner to the
      side wall 242 of rack 226 and extend inwardly therefrom.
PAR  As shown in FIG. 9, holddown device 230 can be manipulated by handle 239 to
      align notches 238 with stops 232. The holddown device is then lowered and
      rotated until unnotched portions of flange 236 lie beneath the stops as
      shown in FIG. 8. This locks the holddown device in the illustrated
      position, making it capable of keeping bag 228 and its contents submerged
      as shown in the same figure.
PAR  Fixed to and extending upwardly from holddown device 230 is a bracket 244.
      Formed in the bracket is an aperture 246 communicating with the upper edge
      of the bracket via a slot 248.
PAR  The upper portion 249 of bag 228 is gathered to narrow its opening by
      drawing it through a slot 250 in holddown device 230 into aperture 251 and
      then displacing this portion of the bag through the slot 248 in bracket
      244 into aperture 246.
PAR  The bag is held open to facilitate access to its interior by withdrawing
      its upper end 249 from bracket 244, removing cover 229 and holddown member
      230, and impaling the upper portion 249 of the bag on prongs 234 to spread
      opening 252. The prongs will typically have much the same configuration as
      those identified by reference character 110 in FIG. 3.
PAR  FIG. 12 shows bag 228 with its upper end 249 thus immobilized to facilitate
      access to its interior through opening 252.
PAR  As shown by the same figure, the bag-supporting component 226 of cooking
      utensil 220 is also preferably provided with a handle 253 generally
      identical to the handle 48 described previously. FIG. 12 shows a cooking
      utensil with a guide 254 and ledge 256 formed as in handle 48 engaged with
      the upper edge of outer container side wall 258. Thus, the outer container
      supports the bag-holding rack 226 in an elevated position relative to the
      outer container above the cooking medium 224 in the latter. As discussed
      above, this facilitates the loading of a bag or bag and contents in the
      supporting component and the removal of the same therefrom.
PAR  Again, many modifications may be made in the illustrated utensil without
      exceeding the scope of the invention. A number of these, also applicable
      to cooking utensil 220, were discussed above.
PAR  Another modification is to replace fixed prongs 234 with removable prongs
      such as those identified by reference character 260 in FIGS. 10 and 11. In
      these figures reference character 262 designates the side wall of a
      pan-type component as disclosed herein or of conventional construction.
PAR  Prongs 260 are fixed in any convenient fashion to the upper ends of spring
      clip members 264. The latter are simply slipped over the rim or upper edge
      of the associated cooking utensil component and retained in place by the
      friction between the wall 262 of the latter and spring clip legs 266 and
      268. The spring action of the clip biases the legs toward each other to
      generate the necessary friction-producing force.
PAR  Referring again to the drawing, FIG. 13 depicts a cooking utensil 280
      similar to the utensil 220 just described, but designed to be employed in
      conjunction with a different type of disposable bag 282. The bag is shown
      in profile in FIG. 14 and pictorially in FIG. 15.
PAR  Cooking utensil 280 includes an outer container or pan 284, an inner
      component or rack 286, and a holddown device 288. Components 284 and 286
      may be of generally the same construction as the corresponding components
      in those embodiments of the invention described previously as may holddown
      device 288. Notches 290 are formed in the manner described previously in a
      flange 291 extending from the holddown device. These permit the latter to
      be rotated by its handle 292 to align the notches with stops 294 fixed to
      and extending inwardly from rack 286. The holddown device is then lowered
      and rotated to lock it in place in pan 284. As in the other embodiments of
      the invention with holddown devices, this keeps bag 282 and its contents
      submersed in the cooking medium contained in pan 284.
PAR  An elongated slot 296 terminating in a circular aperture 298 is formed in
      the holddown device. A second slot 300 is formed in an upstanding bracket
      302 attached to and forming a part of the holddown device.
PAR  Referring now to FIGS. 14 and 15, a drawstring member 303, typically formed
      of wire or a similar, relatively stiff material, is threaded through
      apertures 304 in the upper portion 306 of the bag, which terminates in an
      opening 308. The upper end 306 of the bag can be collapsed on member 303
      to constrict opening 308 as shown in FIG. 14 or spread apart on this
      member to enlarge the size of the opening as shown in FIG. 15.
PAR  As shown in FIG. 13, the upper end 306 of bag 282 is kept uppermost during
      the cooking cycle by sliding this portion of the bag through slot 296 into
      aperture 298 and then folding it laterally and pushing it down through
      slot 300. When access to the interior of the bag is wanted, the sequence
      is reversed.
PAR  Referring still to FIG. 13, the inner component 286 of the cooking utensil
      may also be provided with prongs 309 such as those employed in the cooking
      utensil 220 of FIG. 8, if desired. These increase the versatility of
      cooking utensil 280 by permitting it to be used with conventional bags in
      addition to those of the character illustrated in FIGS. 14 and 15.
PAR  All of the embodiments of the invention thus far described are in their
      illustrated form or with only minor modifications useful for both oven and
      stovetop cookery although they are intended primarily for the latter. FIG.
      16, in contrast, depicts a cooking utensil 310 in accord with the present
      invention intended primarily for oven cookery.
PAR  As shown in FIG. 16, cooking utensil 310 consists of a lower, panlike
      component 312 and a cover component 314 of skeltonized construction. Lower
      component 312 includes a bottom wall 316 having a raised central portion
      318 on which the comestibles 320 rest. This provides peripheral wells 322
      in which fluids generated during the cooking cycle can collect.
PAR  The lower component 312 also includes one or more side walls identified
      collectively by reference character 324. A horizontal flange 326 is formed
      at the upper edge of the side walls to provide a support for cover 314.
PAR  Fixed to the outer edge of flange 326 at intervals therealong or formed
      integrally with the flange are downwardly inclined, triangularly
      configured prongs 328. These secure in place a disposable liner 330 for
      pan 312. The liner is put in pan 312, stretched across flange 326, and
      impaled on prongs 328 to secure it.
PAR  Referring now to FIGS. 16 and 17, cover member 314 includes side rails 332,
      end rails 334, and top rail 336. The latter is supported in parallel,
      spaced relationship to the side rails by U-shaped end members 338.
PAR  Upwardly inclined, triangular prongs 340 are fixed to the side, end, and
      top rails at intervals therealong. These hold in place a second,
      disposable, cover liner 342 (see FIG. 16).
PAR  Provision is made in cooking utensil 310 to isolate comestibles 320 from
      the surrounding environment by providing a seal between lower and upper
      liners 330 and 342 although a complete seal may in many circumstances not
      be necessary. To this end, generally V-shaped recesses 344 are formed in
      the flanges 326 at the upper edges of lower component side walls 324.
      Correspondingly configured projections 346 are formed on the lower sides
      of cover component side and end rails 332 and 334.
PAR  With cover 314 in place, lower and upper liners 330 and 342 are clamped
      between flanges 326 and side and end rails 332 and 334 to seal the gap
      therebetween.
PAR  To ensure the seal, cooking utensil 310 may also be provided with latches
      348 of the character illustrated in FIG. 18 Latches 348 each include a
      clamp 350 fixed to an associated side rail 332 of retainer component 314
      by a vertical pivot pin 354. The clamp can be swung to the illustrated
      position to engage the associated side rail 332 and a flange 326 on pan
      312 and clamp the retainer in place or in the opposite direction as
      indicated by arrow 356 so that the retainer member can be removed.
PAR  It may be necessary, or desirable, to provide for the escape of gases and
      vapors from the interior of utensil 310 during the cooking cycle. If so,
      vapor grooves 358 can be formed in the side and/or end rails 332 and 334
      of cover 314 as shown in FIGS. 17-19.
PAR  As in the case of the embodiments described previously, that illustrated in
      FIGS. 16-19 is only illustrative. Cooking utensils embodying the precepts
      of the present invention and intended primarily for oven cookery can
      differ widely in construction and appearance from that shown in the
      figures just mentioned. For example, they may have solid rataher than
      skeletonized covers.
PAR  As a further example, FIGS. 20 and 21 depict a cooking utensil 360 in
      accord with the present invention, which consists of a pan-type container
      362 and a rimlike retainer 364 for securing a liner 366 and an optional
      cover 367 of disposablee material in and to the container.
PAR  Container 362 has a bottom wall 368 and side walls identified collectively
      by reference character 370. The latter terminate in outwardly extending
      flanges 372 over which the edge portions 374 of liner 366 and 376 of cover
      367 are draped. Edge portions 374 and 376 are retained in place by spring
      clips 380 fixed to the upper sides of flanges 372 at intervals
      therearound.
PAR  The liner and cover (if employed) are secured in place by the previously
      mentioned retainer 364 and by latches 382. As shown in FIG. 21, the
      retainer has a U-section matching that at the upper edges of container
      component side walls 370. This retainer clamps the liner or liner and
      cover against the upper edges of the side walls when secured in place by
      latches 382.
PAR  Referring still to FIG. 21, each latch 382 has a slide 384 engageable with
      retainer 364 of cover component 314 and a bracket 386 in which the slide
      is rectilinearly movable. The brackets are fixed in any convenient fashion
      to the flanges 372 extending from side walls 370. Slides 384 can be
      displaced to the position shown in FIG. 21 to clamp the cooking utensil
      components together or in the direction shown by arrow 388 to release the
      latches so that retainer 364 can be removed.
PAR  The cooking utensil 360 just described can be used for both stovetop and
      oven cookery with cover 367 being employed as desired for the same
      purposes as the bags described previously. In use, horizontal flanges 372
      protect the edge portions 374 and 376 of the liner and cover from direct
      radiation from the heating unit, keeping them from being melted.
PAR  FIGS. 22 and 23 show yet another technique for securing in place a liner
      employed in accord with the principles of the present invention. In this
      case, detachable spring clips 400 secure a liner 402 to the side walls 406
      of a pan-type component 408 illustrated in only fragmentary form. One
      spring clip leg 410 engages the outer side of the container side wall 406
      while the second leg 412 clamps liner 402 against the inner side of the
      wall. The arcuate portion 414 of the spring clip connecting legs 410 and
      412 biases the spring clip legs toward each other to produce the requisite
      clamping force.
PAR  As indicated previously, many of the structural features of the present
      invention may be made in the form of attachments rather than integral
      parts of a cooking utensil, thereby making the feature available for use
      with conventional vessels. A number of such attachments have been
      described previously including the holddown device 174 illustrated in FIG.
      4, the disposable bag or liner 206 of FIG. 6, the bag and liner retaining
      spring clips of FIGS. 10 and 11, and the second form of spring clip-type
      retainer shown in FIGS. 22 and 23.
PAR  FIG. 24 shows yet another attachment in accord with the principles of the
      present invention; viz., a device 420 for keeping comestibles or a
      comestibles-filled bag submersed in a cooking medium. This holddown device
      is similar to that identified by reference character 58 in FIGS. 1-3
      except that it is in the form of an attachment rather than being an
      integral part of a cooking utensil.
PAR  FIG. 24 shows the holddown device 420 attached to the side walls 422 of a
      perforate rack 424 to keep a disposable bag 426 submersed and to
      selectively constrict and enlarge an opening 428 at the upper end of the
      bag for the purposes described previously.
PAR  It is by no means essential that the attachment be employed with a
      perforated rack. It may equally well be attached to the inner pan of a
      double boiler, to an imperforate rack, to a conventional pan, etc. It may
      be employed in both stovetop and oven cookery.
PAR  Referring now to the drawing, holddown device 420 includes a rimlike member
      or base 430, inwardly extending wire elements 432 of generally the same
      configuration as those described earlier and identified by reference
      character 70, and latch elements 434 and 436. These may be essentially
      identical to those identified by reference characters 84 and 86 in FIGS.
      1-3.
PAR  The several elements 432, 434, and 436 are fixed to base 430 for
      concomitant pivotal movement relative to the latter toward and away from
      each other as indicated by double-headed arrow 438. This constricts and
      enlarges the opening 428 at the upper end of the bag in the same manner as
      in holddown device 58.
PAR  In attachment 420, the bag is secured to the attachment by inserting its
      upper end portion 440 into S-shaped spring clips 442 integrally formed at
      the inner ends of elements 432. Spring clip legs 444 clamp the bag against
      the associated spring clip legs 446.
PAR  As they are of the same character as those described previously and
      function in the same manner, latch elements 434 and 436 will not be
      described in detail herein. The remaining major components of the holddown
      device are vertically oriented spring clips 448 attached to the base or
      rim 430 of the holddown device. As shown in FIG. 24, the legs 450 and 452
      of the spring clips engage opposite sides of the cooking utensil component
      with which they are employed. The arcuate portions 454 of the clips
      produce a force which retains the holddown device in place, even against
      the upward force exerted on it by the comestibles being cooked.
PAR  Referring again to the drawing, FIGS. 25 and 26 depict an attachment-type
      holddown device 460 similar to that shown in FIG. 24, but modified so that
      a single attachment can be employed with cooking vessels of different
      sizes. To the extent that the components of attachments 420 and 460 are
      alike, they have been identified by the same reference characters; and
      attachment 460 has been shown in only fragmentary form.
PAR  The spring clips 461 of holddown device 460 differ from those described
      previously in that they are integrally formed at one end of a retainer
      member 462 in which an elongated slot 464 is formed. A retainer 466
      extends through slot 464 and is threaded into a horizontal flange 468 at
      the lower edge of base 470. The base or support may otherwise be identical
      to the corresponding component in the holddown device identified by
      reference character 420 in FIG. 24.
PAR  The arrangement just described permits spring clips 461 to be adjusted
      outwardly and inwardly relative to base 470 so that the holddown device
      can be attached to cooking vessels of different sizes. FIG. 25 shows
      retainer members 462 adjusted to extend outwardly from support 470 to
      support the device from the side walls 472 of a vessel 474 larger than the
      base 470 of the holddown device. Conversely, FIG. 26 shows the same
      holddown device with retainer members 462 readjusted and extending
      inwardly to support the holddown device from the side wall 476 of a vessel
      478 which is smaller than base 470.
PAR  Referring again to the drawing, FIG. 27 depicts yet another holddown device
      490 fabricated in the form of an attachment and intended to be primarily
      employed in conjunction with conventional cooking vessels for the purposes
      described previously. Like reference characters identify like parts; and
      the holddown device will be described only to the extent that it differs
      from those described previously.
PAR  Referring now to the drawing, the base or support 492 of holddown device
      490 includes a vertical flange 493 to which the pivotal elements 432 and
      the latch elements (not shown) of the device are attached and an outwardly
      extending, horizontal flange 494. Legs 496 are attached to flange 494 at
      intervals around base member 492. These legs, which terminate in feet 498,
      support the holddown device in the cooking vessel with which it is
      employed. This may be, for example, a conventional pan such as that shown
      in FIG. 27 and identified by reference character 500.
PAR  This attachment can also be used with cooking vessels which differ in size
      to some extent. Like those described previously, it can be employed in
      both stovetop and oven cookery.
PAR  I have illustrated in the drawing and described above a variety of cooking
      utensils and attachments constructed in accord with the principles of the
      present invention. I have also pointed out that cooking utensils adhering
      to the principles of the present invention will not necessarily resemble
      these to any great extent. The present embodiments are, therefore, to be
      considered in all respects as illustrative and not restrictive, the scope
      of the invention being indicated by the appended claims rather than by the
      foregoing description; and all changes which come within the meaning and
      range of equivalents of the claims are therefore intended to be embraced
      therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. The combination of a cooking utensil and a disposable bag for holding
      the comestibles to be cooked which has an opening in one end thereof, said
      cooking utensil comprising a container and means for supporting a bag
      within said container with the open end thereof oriented toward an open
      end of said container, said bag supporting means comprising a plurality of
      members which are engageable with the end of the bag in which the opening
      is formed and are displaceable between first and second positions, said
      bag engageable members being operable in said one position thereof to
      gather the bag but to permit gases and vapors to escape from the interior
      thereof, and said members being operable in said second position thereof
      to spread the end of the bag and thereby make its interior readily
      accessible.
NUM  2.
PAR  2. The combination of claim 1, wherein the means for supporting the
      comestibles-filled bag and its contents is a separate and independent
      component of the cooking utensil.
NUM  3.
PAR  3. The combination of claim 1, wherein said bag engageable members extend
      inwardly from the periphery of the cooking utensil when said members are
      in said one position thereof, there also being means for keeping the means
      in which said bag engageable members are incorporated from moving upwardly
      relative to the container of the cooking utensil, whereby said
      last-mentioned means is operable to keep the bag and its contents
      submersed in a cooking medium contained in the cooking utensil container.
NUM  4.
PAR  4. The combination of claim 3 wherein said bag supporting means has at
      least one laterally extending portion and wherein the means for keeping
      said means bag supporting from moving upwardly comprises a member fixed
      relative to said container and engageable with the laterally extending
      portion of the bag supporting means.
NUM  5.
PAR  5. The combination of claim 1, wherein the bag supporting means includes a
      component in said container which is operable in one position to support
      the bag and its contents in spaced relation to walls of the container and
      means for supporting said support component in a second, more elevated
      position relative to said container to make more convenient access to the
      interior of the bag, said container having vertically extending wall means
      and the means for supporting the bag supporting means in said elevated
      position comprising a member fixed to the bag supporting means and
      engageable with the upper edge of the container wall means.--.
NUM  6.
PAR  6. The combination of claim 1, wherein the bag supporting means has means
      in the lower reaches thereof into which a portion of said bag can depend
      to provide a well in which liquids evolved from the comestibles during the
      cooking cycle can collect.--.
NUM  7.
PAR  7. The combination of claim 1, wherein the bag supporting means includes a
      perforate rack means disposable in and spaced from said cooking utensil
      container to so support said bag in said container that a fluid cooking
      medium in said cooking utensil container can circulate into contact with
      said bag to cook the comestibles held therein.--.
NUM  8.
PAR  8. The combination of claim 1, wherein the disposable bag is a preformed
      component.
NUM  9.
PAR  9. The combination of claim 1, wherein the disposable bag is of an unformed
      material gathered around the comestibles to be cooked.
NUM  10.
PAR  10. The combination of claim 1, wherein said means for supporting said bag
      in said container includes means for keeping it in spaced relation to the
      walls thereof, there being perforations in said last-mentioned means,
      whereby a cooking medium contained in said container can circulate into
      contact with at least most of the periphery of the disposable bag to
      promote uniformity and efficiency in the transfer of heat to said bag and
      to the comestibles contained therein.
NUM  11.
PAR  11. The combination of claim 10, wherein the cooking utensil further
      includes means selectively operable to keep the bag supporting means in a
      second, more elevated position in the container to facilitate access to
      the interior of said bag.
NUM  12.
PAR  12. The combination of a cooking utensil for comestibles and a disposable
      bag for holding the comestibles to be cooked, said bag having an opening
      in one end thereof and said cooking utensil comprising a container; means
      engageable with said bag to keep the end of the bag having the opening
      therein uppermost, said last-mentioned means being operable in one
      configuration thereof to gather the bag but to permit gases and vapors to
      escape from the interior thereof, the aforesaid means being operable in a
      second configuration thereof to spread the aforesaid end of the bag and
      thereby make its interior readily accessible; a support means for the bag
      and its contents which is disposable in said container, said support means
      having vertically extending side walls and the bag engageable means of the
      cooking utensil comprising a plurality of inwardly extending elements
      pivotally fixed to the periphery of said support means at intervals
      therearound and bag engageable means at the inner ends of said elements;
      and cooperating means on two diametrically opposed ones of said elements
      for retaining said bag engageable means in said one operable position
      thereof.
NUM  13.
PAR  13. The combination of claim 12, wherein said bag supporting means has a
      handle extending outwardly from the side wall means thereof and including
      means for keeping said bag engageable means in said second configuration
      thereof which comprises cooperating latch means associated with the handle
      of the bag supporting means and one of the diametrically opposed elements
      of the bag engageable means.
NUM  14.
PAR  14. The combination of claim 13, wherein there are a plurality of latch
      means as aforesaid associated with the handle of the bag supporting means,
      whereby the bag can be opened to different extents and the bag engaging
      means adapted for use with bags of different sizes by using the latch
      means associated with said element in association with different ones of
      said plurality of latch means.
NUM  15.
PAR  15. The combination of a cooking utensil for comestibles and a disposable
      bag for holding the comestibles to be cooked, said utensil comprising a
      container and means engageable with the comestibles-filled bag to hold
      said bag in said container and keep it from floating so that said bag can
      be submersed in a liquid in said container to cook the comestibles in said
      bag, said bag having an open end and the means for holding down the
      comestibles-filled bag and its contents including means for gathering the
      portion of the bag in which the opening is formed and keeping said portion
      uppermost during the cooking cycle so that gases and vapors can escape
      through the opening without a cooking medium entering the bag
      therethrough.
NUM  16.
PAR  16. The combination of claim 15, wherein the means to which the bag can be
      attached to enlarge the opening therein are detachable from the bag
      supporting means.
NUM  17.
PAR  17. The combination of a cooking utensil for comestibles and a disposable
      bag for holding the comestibles to be cooked, said bag having an opening
      in one end thereof and said cooking utensil comprising a container; means
      engageable with said bag to keep the end of the bag having the opening
      therein uppermost, said last-mentioned means being operable in one
      configuration thereof to gather the bag but to permit gases and vapors to
      escape from the interior thereof, the aforesaid means being operable in a
      second configuration thereof to spread the aforesaid end of the bag and
      thereby make its interior readily accessible; selectively operable means
      for shifting said bag engageable means between said first and second
      configurations; and means for retaining said bag engageable means in each
      of said first and second configurations.
NUM  18.
PAR  18. The combination of a cooking utensil for comestibles and a disposable
      bag for holding the comestibles to be cooked, said bag having an opening
      in one end thereof and said cooking utensil comprising a container and
      means engageable with said bag to keep the end of the bag having the
      opening therein uppermost, said last-mentioned means being operable in one
      configuration thereof to gather the bag but to permit gases and vapors to
      escape from the interior thereof, the aforesaid means being operable in a
      second configuration thereof to spread the aforesaid end of the bag and
      thereby make its interior readily accessible and comprising a support
      means and a plurality of inwardly extending elements pivotally fixed to
      the periphery of said support means at intervals therearound and bag
      engageable means at the inner ends of said elements.
NUM  19.
PAR  19. The combination of a cooking utensil for comestibles and a disposable
      bag for holding the comestibles to be cooked, said bag having an opening
      in one end thereof and said cooking utensil comprising a container; means
      engageable with said bag to keep the end of the bag having the opening
      therein uppermost, said last-mentioned means being operable in one
      configuration thereof to gather the bag but to permit gases and vapors to
      escape from the interior thereof, the aforesaid means being operable in a
      second configuration thereof to spread the aforesaid end of the bag and
      thereby make its interior readily accessible; and a support means for the
      bag and its contents which is disposable in said container, said support
      means having vertically extending side walls and the bag engageable means
      of the cooking utensil comprising a plurality of inwardly extending
      elements pivotally fixed to the periphery of said support means at
      intervals therearound and bag engageable means at the inner ends of said
      elements, each of said inwardly extending elements having two leg portions
      each pivotally fixed relative to the support means and one of the leg
      portions of each of the elements lying over the closest leg portion of the
      adjacent element and the other leg portion thereof lying under the nearest
      leg portion of the element thereadjacent, whereby rotation of one of said
      elements will effect a concomitant rotation of all of said elements.
NUM  20.
PAR  20. The combination of a cooking utensil for comestibles and a disposable
      bag for holding the comestibles to be cooked, said bag having an opening
      in one end thereof and said cooking utensil comprising a container; means
      engageable with said bag to keep the end of the bag having the opening
      therein uppermost, said last-mentioned means being operable in one
      configuration thereof to gather the bag but to permit gases and vapors to
      escape from the interior thereof, the aforesaid means being operable in a
      second configuration thereof to spread the aforesaid end of the bag and
      thereby make its interior readily accessible; and a support means in said
      container, the bag engageable means of the cooking utensil comprising a
      plurality of inwardly extending elements pivotally fixed to the periphery
      of said support means at intervals therearound and bag attaching means at
      the inner ends of said elements, each of said inwardly extending elements
      having two leg portions each pivotally fixed relative to the support means
      and one of the leg portions of each of the elements lying over the closest
      leg portion of the adjacent element and the other leg portion thereof
      lying under the nearest leg portion of the element thereadjacent, whereby
      rotation of one of said elements will effect a concomitant rotation of all
      of said elements.
NUM  21.
PAR  21. The combination of a cooking utensil for comestibles and a disposable
      bag for holding the comestibles to be cooked, said bag having an opening
      in one end thereof and said cooking utensil comprising a container; means
      engageable with said bag to keep the end of the bag having the opening
      therein uppermost, said last-mentioned means being operable in one
      configuration thereof to gather the bag but to permit gases and vapors to
      escape from the interior thereof, the aforesaid means being operable in a
      second configuration thereof to spread the aforesaid end of the bag and
      thereby make its interior readily accessible; a support means in said
      container, the bag engageable means of the cooking utensil comprising a
      plurality of inwardly extending elements pivotally fixed to the periphery
      of said support means at intervals therearound and bag engageable means at
      the inner ends of said elements; and cooperating means on two
      diametrically opposed ones of said elements for retaining said bag
      engageable means in said one operable position thereof.
NUM  22.
PAR  22. A cooking utensil adapted to be used with a disposable bag for holding
      the comestibles to be cooked which has an opening in one end thereof, said
      cooking utensil comprising a container and means for supporting a bag
      within said container with the open end thereof oriented toward an open
      end of said container, said bag supporting means comprising a plurality of
      elements which are adapted to be engageable with the end of the bag in
      which the opening is formed and are displaceable between first and second
      positions, said bag engageable elements being operable in said one
      position thereof to gather a bag but to permit gases and vapors to escape
      from the interior thereof, and said members being operable in said second
      position thereof to spread the end of the bag and thereby make its
      interior readily accessible.
NUM  23.
PAR  23. A cooking utensil according to claim 22, wherein said elements extend
      inwardly from the periphery of the container toward the center thereof and
      wherein each of said inwardly extending elements has two leg portions, one
      of the leg portions of each of the elements lying over the closest leg
      portion of the adjacent element and the other leg portion thereof lying
      under the nearest leg portion of the element thereadjacent, whereby
      rotation of one of said elements will effect a concomitant rotation of all
      of said elements.
NUM  24.
PAR  24. A cooking utensil according to claim 23, wherein said container and the
      means in which said bag engageable elements are incorporated are
      independent and separable components.
NUM  25.
PAR  25. A cooking utensil according to claim 22, together with cooperating
      means on two diametrically opposed ones of said elements for retaining
      said elements in said one position thereof.
NUM  26.
PAR  26. A cooking utensil according to claim 25, in which the means in which
      said inwardly extending elements are incorporated includes a handle and
      the utensil includes means for keeping said elements in said second
      position thereof which comprises cooperating latch means associated with
      said handle and one of the two diametrically opposed elements.
NUM  27.
PAR  27. A cooking utensil comprising a container having an open, upper end and
      a plurality of inwardly extending members pivotally mounted at intervals
      around the periphery of the container at said upper end thereof, each of
      said inwardly extending members having two leg portions and one of the leg
      portions of each said member lying over the nearest leg portion of the
      adjacent member and the other leg portion thereof lying under the nearest
      leg portion of the member thereadjacent, whereby rotation of one of said
      elements will effect a concomitant rotation of all of said elements.
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ABST
PAL  Taco shell forming and cooking apparatus comprising a cooking bath, a mesh
      conveyor belt for carrying a tortilla through the cooking bath, a
      plurality of wedge-shaped forming members disposed above the bath and
      guide means for causing the forming members to sequentially engage the
      conveyor belt and deform the tortilla and tortilla-carrying portions of
      the belt into a taco shell configuration. The forming mechanism is driven
      by an electric motor and in turn drives the conveyor belt as the forming
      members engage and deform the belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to food product cooking devices and
      more particularly, to an improved taco shell cooking apparatus which forms
      the tortilla material and maintains it in the predetermined configuration
      during a subsequent cooking operation.
PAR  2. Discussion of the Prior Art
PAR  Taco shell cooking devices of various types have been known and used for
      many years. Among the various types which have been utilized heretofore
      are those disclosed in the U.S. Pat. Nos. to Saenz 2,967,474; Ford
      2,967,474; Yepies 3,267,836; Schy 3,570,393; Schy 3,763,764; and Stickle
      3,785,273. Each of these devices relates to a means for forming and
      cooking a tortilla so that it may be utilized in the preparation of tacos
      or similar food products. However, the first three devices suffer from the
      disadvantage that they require very careful individual loading and do not
      adequately protect the shell against damage either during or after the
      cooking operation. This means that the apparatus can not be easily
      incorporated into an automated production line.
PAR  The devices disclosed in the Schy patents relate to earlier designs made by
      the inventor of the present invention. Improvements in the present
      invention over the former are embodied in apparatus simplifications which
      result in the use of fewer parts, in greater ease of construction, in
      increased reliability and reduced maintenance, and in a more compact
      apparatus.
PAR  The device disclosed in the Stickle patent, although somewhat similar in
      configuration to the present invention, suffers from numerous
      disadvantages. The principal disadvantage is that the movement of the belt
      and the carried food product through cooking oil requires a rather complex
      mechanism which is subject to a relatively high degree of wear and
      deterioration, frequent jamming and costly maintenance. In addition, the
      movement through the cooking bath is not continuous and the food product
      must be dropped between the molds.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is therefore a primary objective of the present invention to provide a
      novel taco shell cooking and forming apparatus which forms a tortilla in a
      smooth continuous process as it is introduced into a cooking bath and then
      protects it from injury as it is carried through the cooking operation.
PAR  Another objective of the present invention is to provide a simply
      constructed, reliable and easily maintained apparatus of the type
      described without sacrificing cooking speed.
PAR  Still another objective of the present invention is to provide an apparatus
      of the type described which is readily suitable for use in an automated
      process line.
PAR  Briefly, a preferred embodiment of the present invention includes a
      continuous, mesh conveyor belt which is drawn through a cooking bath while
      being deformed in a predetermined manner, and a series of wedge-shaped
      forming members connected together to form a belt deforming chain disposed
      above the mesh conveyor belt. Drive means are provided for sequentially
      driving the forming members into engagement with a portion of the mesh
      belt to deform it into a trough like configuration as it enters the
      cooking bath. A food product in sheet form placed on the conveyor belt at
      an in-feed position in advance of the mating engagement will thus be
      formed as it and the belt are engaged by a particular forming member, and
      will be cooked as it is thereafter drawn through the cooking bath in the
      formed configuration. Upon emerging from the bath, the forming member is
      separated from the mesh belt and the shaped and cooked food product is
      then discharged from the forming member back onto the mesh belt
      transportation by the belt to an out-feed position.
PAR  In accordance with the present invention, the wedge-shaped forming members
      maintain their shape throughout the forming, cooking and return portions
      of the cycle and are thus not subject to jamming, pivot breakage, wear,
      etc. Moreover, the mesh conveyor, while being deformed during the forming
      and cooking stages of the operative cycle, does not require complex
      springloaded articulated segments or the like, and its inherent
      flexibility allows it to be deformed and straightened repeatedly with
      little or no wear resulting.
PAR  Another important advantage of the present invention is that due to its
      mechanical simplicity it can be manufactured relatively inexpensively and
      can be easily cleaned and serviced.
PAR  Still other advantages of the present invention will no doubt become
      apparent to those skilled in the art after having read the following
      detailed description of a preferred embodiment which is illustrated in the
      several figures of the drawing.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a partially broken side view showing the principal operative
      components of a taco shell cooking apparatus in accordance with the
      present invention;
PAR  FIG. 2 is a partially borken transverse cross-section taken along the line
      2--2 of FIG. 1;
PAR  FIG. 3 is a partial top view showing a portion of the mesh belt at the
      in-feed end of the apparatus shown in FIG. 1;
PAR  FIG. 4 is an enlarged partially-broken partial side view of the apparatus
      shown in FIG. 1 illustrating the taco shell forming operation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing, the illustrated preferred
      embodiment is shown to include a base portion depicted in broken away
      schematic form at 10 and a forming mechanism shown generally at 12. The
      base portion 10 includes a cooking chamber in the form of an elongated
      tank 14 having a bottom sloping from both ends toward a drain 16. A
      suitable electric or gas heating means 17 is disposed beneath the tank 14
      for heating a quantity of oil contained therein to form a cooking bath. A
      sediment trap, suitable drain and recirculatory plumbing, and oil
      filtering apparatus are shown schematically at 18.
PAR  Disposed within tank 14 at the in-feed end is an idler roller or pulley 20.
      Disposed at the out-feed end of tank 14 is a similar idler roller or
      pulley 22. Wrapped about the pulleys 20 and 22 is a wire mesh conveyor
      belt or web 24. An idler pulley 26 is disposed in the bottom portion of
      the tank 14 near the drain opening 16 and is positioned so as to cooperate
      with pulley 22 to cause the returning portion of belt 24 to move
      leftwardly as illustrated and along the bottom surface of tank 14. A
      second idler pulley 30 is positioned between pulley 20 and idler pulley 26
      and is vertically adjustable to take up slack in belt 24. Although it is
      not necessary that belt 24 be driven by either pulley 20 or pulley 22, as
      will be explained in more detail below, either or both of these pulleys
      may be driven to reduce the tension in belt 24.
PAR  Belt 24 has a plurality of rods 23 and 25 alternatingly affixed to its
      inside surface at equally spaced intervals. As is shown in FIG. 3, the
      length of the rods 23 are slightly longer than the width of belt 24, and
      the length of the rods 25 is longer than that of rods 23 for reasons which
      will be explained below.
PAR  Affixed to each side of body 10 are stanchions 32 and 34 which support the
      respective ends of a pair of generally oval-shaped tracks 36. In the
      preferred embodiment the tracks 36 are disposed one above each side of
      tank 14 and are comprised of two parallel stainless steel rods welded to
      spacer blocks 31 (see FIG. 4) disposed along the track at spaced
      intervals. The lower portion of each track is deflected downwardly as
      illustrated. Slideably mounted upon and spanning between the left and
      right side tracks 36 are a plurality of wedge-shaped forming members 38
      which, as will be explained in more detail below, are attached to each
      other by pairs of bead chains 39 or the like, so as to form a continuous
      forming chain 37 of forming members 38.
PAR  Also carried by stanchion 32 are a pair of sprocket wheels 40 having an
      outer diameter slightly smaller than the inside diameters of the
      correspondingly curved ends of tracks 36. Sprockets 40 are driven by a
      motor 41.
PAR  Positioned to the right of sprocket 40, as illustrated in FIG. 1, are two
      pairs of idler sprockets 42 and 44. Located between sprockets 40 and 44
      are a pair of chain-tracking idler sprockets 46 and 48. Sprockets 42-48
      are all supported by a pair of side plates 50 disposed one on each side of
      tank 14. Wrapped about the sprockets 40-48 are a pair of drive chains 52
      which are driven by sprockets 40. As indicated in the drawing, the several
      sprockets 40-48 are positioned so as to cause the paths taken by chains 52
      to parallel the adjacent portions of tracks 36.
PAR  A plurality of transversely disposed bars 54 (see FIG. 2) are equally
      spaced along the chain lengths with their respective ends coupled to the
      chains. The spacing of bars 54 around chains 52 corresponds to the spacing
      between the forming members 38 when stretched apart to the limit permitted
      by the bead chains 39. Affixed to each of the bars 54 are a plurality of
      outwardly projecting drive fingers 56 which engage the forming members and
      drive them along tracks 36.
PAR  In FIGS. 2 and 4, it will be noted that each wedge-shaped forming member 38
      is comprised of a folded sheet 60 of perforated metal, preferably
      stainless steel, a pair of end plates 61, and a half-round nose bar 64. At
      the fold, the sheet 60 is flattened to form a member 62 having a flat
      surface with the base of the nose bar 64. The rounded outer surface of the
      bar 64 cooperates with the perforated sheet to form the apex of a
      generally U-shaped mold for shaping a tortilla into the taco shell
      configuration. Bar 66 is disposed within the member 38 and in parallel
      with bar 64, and is affixed to bar 64 by three rods 68 that extend through
      apertures in the member 62. Positioned about rods 68 are coil springs 70
      which bear against bar 66 and the inside surface of member 62 to urge the
      nose bar 64 into a retracted position in contact with the outside surface
      of member 62. When bar 66 is urged downwardly and moves in the slots 72
      (in sidewalls 61) against the force of springs 70, the nose bar 64 will be
      extended outwardly from the member 62 and then be returned to the
      retracted position when the urging force is released.
PAR  Also affixed to each end of the forming member 38 is a downwardly
      projecting indexing finger 74 which extends beneath the side of mesh belt
      24 to engage the rod 23. Fingers 74 are provided with a shoulder 75 for
      bearing against the rod 23 to maintain a predetermined spacing between the
      mesh belt 24 and the nose bar 64. This spacing prevents the tortilla from
      being crushed between the belt and nose bar during the forming operation.
PAR  Each forming member 38 is mounted to the track 36 by rollers 80 mounted on
      three shafts 81, two of which are positioned along the base of the forming
      member so that their rollers 80 engage one side of track 36, and the third
      shaft is disposed along the center line of member 38 so that its rollers
      engage the other side of track 36. With this triangular track engaging
      configuration, the members 38 are insured of always being positioned
      normal to the track 36 as they move therealong.
PAR  Extending along each side of the path taken by belt 24 as it moves from the
      top of pulley 20 to the top of pulley 22 are a pair of upper rails 82 and
      a pair of lower rails 83 which are partially shown in FIG. 1. Rails 82
      receive the ends of rods 25 and cause them to follow a horizontal path
      along the top of tank 14 to accomodate the belt-forming operation to be
      explained below. Rails 83 receive the ends of rods 25 and cooperate with
      the fingers 64 to cause belt 24 to fold over the member 38.
PAR  In operation, tank 14 is filled with a predetermined quantity of cooking
      oil which brings the cooking bath to a level of about that shown in FIGS.
      1 and 4 by the dashed lines 86. The oil is then heated to a predetermined
      cooking temperature by heating means 17 and motor 41 is actuated to cause
      chains 52 to begin moving over the sprockets 40-48 at a predetermined
      speed. As the chains roll over sprockets 42, the fingers 56 engage the
      members 38 causing the forming chain 37 to be moved along track 36.
      Similarly, as members 38 round the in-feed end of track 36, their indexing
      fingers 74 engage rods 23 and drivingly cause belt 24 to move therewith.
PAR  Once the apparatus is started, and is up to speed, tortillas 90 may be
      placed upon belt 24 at the in-feed end directly above the rods 23 for
      transport into the cooking bath. As the belt 24 moves rightwardly and each
      forming member 38 passes beneath sprocket 40, the indexing fingers 74 will
      extend along the sides of the belt and engage the corresponding rod 23 as
      illustrated. As the fingers 74 engage the corresponding rod 23, nose bar
      64 will be positioned immediately above the center of a tortilla 90 so
      that as the forming member 38 passes the downwardly turning bend 92 in
      track 36, the adjacent portions of belt 24 and the tortilla 90 will be
      folded about the forming member as it continues to move downwardly. Note
      that the rods 25 will remain in engagement with rails 82 and will thereby
      aid in folding belt 24 around the members 38. The ends of rods 23 will
      also track along the rails 83. Rails 83 are not necessary elements of the
      apparatus but may be used as an aid in the forming operation.
PAR  Before a particular member 38 reaches a second bend 94 in track 36 the
      fingers 56 are lifted out of engagement with the upper portion of the
      member leaving it temporarily motionless. However, as the following
      forming member 38 is driven forward it will engage the preceding member
      and cause it to be moved forward until the fingers 56 are raised out of
      engagement with the driven member.
PAR  By the time member 38 reaches the second bend 94 in track 36, the tortilla
      will be formed into the desired taco shell configuration and will
      thereafter continue through the cooking oil for a period selected to
      insure that the tortilla is fully cooked by the time that the forming
      member reaches a third bend 96 in track 36. After passing bend 96 each
      forming member is pulled upwardly out of the bath as the connecting chains
      39 tighten. The tension in belt 24 causes it to follow and separate from
      member 38.
PAR  As the belt and forming member separate, the now cooked taco shell may drop
      off onto belt 24 or it may remain wrapped about member 38. In order to
      insure that each shell is discharged from the forming members, discharging
      cams 98 are provided on stanchion 34 which are engaged by the ends of bar
      66 as the forming member passes. As bar 66 passes under cam 98, nose bar
      64 is extended away from the forming member as shown at 65 in FIG. 1, and
      is then quickly retracked as it falls off the end of the cam thereby
      ejecting the taco shell. The ejected shells fall onto belt 24 and are
      carried thereby to an out-feed position near pulley 22 where they are
      removed for packaging.
PAR  Although only a single line cooking apparatus has been illustrated, many
      like mechanisms can be combined in side-by-side arrangement to pass
      through either a common cooking vessel or individual cooking vessels so as
      to increase the number of cooked articles which may be produced in a given
      time. Moreover, although the particular apparatus disclosed has been
      directed to an embodiment for forming and cooking taco shells, it is to be
      understood that the forming members can be adapted to form any other type
      of material in any other similar configuration, and the invention is not
      limited to forming U-shaped articles. Furthermore, neither is the
      apparatus limited to food product immersion cooking applications since the
      same apparatus can be used to heat form, by radiant heating as well as
      immersion heating processes, many other types of sheet materials such as
      soft metals, synthetics, plastics and the like.
PAR  After having read the above detailed disclosure of a preferred embodiment,
      it is contemplated that many alterations and modifications of the
      invention will become apparent to those skilled in the art. Accordingly,
      it is intended that the appended claims be interpreted as covering all
      such modifications as fall within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Taco shell forming and cooking apparatus, comprising:
PA1  means forming a cooking chamber;
PA1  conveyor means including a continuous deformable web for carrying tortillas
      from an in-feed position through said cooking chamber to an out-feed
      position, said web including a mesh belt having a plurality of rods
      disposed transverse to the length of said belt, said rods being affixed to
      said belt at predetermined intervals and extending beyond the edges of the
      belt on both sides;
PA1  forming means including a continuous chain of individual forming members
      disposed above said chamber, each of said forming members including an
      elongated wedge-shaped element having its longitudinal dimension directed
      transverse to the length of said belt, each of said forming members
      further including indexing fingers disposed proximate the ends thereof and
      projecting therefrom for engaging certain ones of said rods to drive said
      belt with said forming members as they pass from said in-feed position to
      said out-feed position; and
PA1  guide means for sequentially guiding each of said forming members into
      engagement with said belt and for causing a tortilla-carrying portion of
      said belt to wrap the tortilla about the forming member during the time
      that the tortilla is carried through said cooking chamber, said guide
      means including guide rails disposed within said cooking chamber for
      causing certain other ones of said rods to follow a predetermined path in
      moving from said in-feed position to said out-feed position to aid in the
      wrapping of a tortilla-carrying portion about the forming member.
NUM  2.
PAR  2. Taco shell forming and cooking apparatus as recited in claim 1 wherein
      said guide means further includes a pair of tracks for constraining said
      forming members to follow a predetermined path and to have a predetermined
      orientation at each point along said path.
NUM  3.
PAR  3. Taco shell forming and cooking apparatus as recited in claim 2 wherein
      said forming means includes drive means for engaging certain ones of said
      forming members to cause said chain of forming members to be driven around
      said tracks.
NUM  4.
PAR  4. Taco shell forming and cooking apparatus as recited in claim 3 wherein
      each of said wedge-shaped elements includes a nose bar extending along its
      apex and means for intermittently separating said nose bar from the
      remainder of the wedge-shaped element to discharge a formed and cooked
      taco shell therefrom.
NUM  5.
PAR  5. Taco shell forming and cooking apparatus as recited in claim 4 wherein
      each said forming member is connected to a preceding and a succeeding
      forming member by a connecting means which allows the spacing between
      adjacent forming members to freely vary between a predetermined minimum
      separation and a predetermined maximum separation.
NUM  6.
PAR  6. Taco shell forming and cooking apparatus as recited in claim 5 wherein
      said certain other rods are longer than said belt is wide and said certain
      rods are longer than said certain other rods, said certain other rods and
      said certain rods being positioned alternatingly along the length of said
      belt.
NUM  7.
PAR  7. Taco shell forming and cooking apparatus as recited in claim 1 wherein
      said cooking chamber includes a tank filled with cooking oil and wherein
      said conveyor means is disposed within said tank.
NUM  8.
PAR  8. Taco shell forming and cooking apparatus as recited in claim 1 wherein
      said indexing fingers include a rod engaging shoulder for maintaining a
      predetermined separation between said rod and said wedge-shaped element.
NUM  9.
PAR  9. Taco shell forming and cooking apparatus as recited in claim 1 wherein
      each of said wedge-shaped elements includes a nose bar extending along its
      apex and means for intermittently separating said nose bar from the
      remainder of the wedge-shaped element to discharge a formed and cooked
      taco shell therefrom.
NUM  10.
PAR  10. Taco shell forming and cooking apparatus as recited in claim 1 wherein
      each said forming member is connected to a preceding and a succeeding
      forming member by a connecting means which allows the spacing between
      adjacent forming members to freely vary between a predetermined minimum
      separation and a predetermined maximum separation.
NUM  11.
PAR  11. Taco shell forming and cooking apparatus as recited in claim 1 wherein
      said certain rods are longer than said belt is wide and said certain other
      rods are longer than said certain rods, said certain rods and said certain
      other rods being positioned alternatingly along the length of said belt.
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ABST
PAL  A filled pastry roll is made from a continuously supplied strip of pastry
      by apparatus in which a conveyor conveys the pastry through a sequence of
      treatment stations. A receiving station includes a cutter which cuts a
      square of pastry from the leading end of the strip. A feeding station
      includes means for feeding a filling onto the square. A first folding
      station includes a movable deflector which folds one corner of the square
      over the filling. A second folding station includes a pair of opposed
      deflectors which fold the two adjacent corners inwards in succession, so
      that they overlap. A rolling station includes two parallel platforms
      between which the folded pastry is rolled by relative reciprocation of the
      platforms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the making of filled pastry rolls, especially
      spring rolls. A spring roll usually consists of a filling of bean sprouts,
      chopped chicken or pork, and chopped mushroom, wrapped in pastry.
PAR  U.K. Pat. No. 1,278,526 is concerned with the continuous preparation of
      pastry. The pastry is produced in a strip. The present invention is
      directed towards converting such a continuously supplied strip of pastry
      into filled rolls.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides apparatus for making a filled pastry roll
      from a continuously supplied strip of pastry, the apparatus comprising: a
      receiving station including a cutter adapted to cut a square of pastry
      from the leading end of the strip; a feeding station including means for
      feeding a filling onto the square; a first folding station including a
      movable deflector adapted to fold one corner of the square over the
      filling; a second folding station including a pair of opposed deflectors
      which are movable in succession to fold the two adjacent corners inwards
      so that they overlap; a rolling station including two parallel platforms
      adapted to receiving the folded pastry between them, and means for
      reciprocating the platform relative to one another so as to form the
      folded pastry into a roll; and means for conveying the pastry from each
      station to the next.
PAR  The strip of pastry can conveniently be supplied directly from the
      apparatus described in U.K. Pat. No. 1,278,526. The filling is preferably
      supplied from a hopper.
PAR  Preferably, the folding of the square is performed by movable deflectors
      each comprising a group of fingers. The pastry can be supported at each
      station by a platform of stationary fingers, the pastry being moved from
      station to station by conveying fingers arranged to move on a closed
      (preferably rectangular) path which passes between the stationary fingers
      and does not interfere with them.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention will be described further, by way of example only, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic plan view of apparatus for making spring rolls;
PAR  FIG. 2 is a diagrammatic side elevation of the same apparatus, also showing
      the apparatus producing the strip of pastry;
PAR  FIG. 3 is a perspective view of part of the apparatus, showing the cutting
      station;
PAR  FIG. 4 is a perspective view of another part of the apparatus, showing the
      feeding station;
PAR  FIG. 5 is a perspective view of a further part of the apparatus, showing
      the first folding station;
PAR  FIG. 6 is a perspective view of a further part of the apparatus, showing
      the second folding station;
PAR  FIG. 7 is a perspective view of a further part of the apparatus, showing
      the rolling station and discharge conveyor; and
PAR  FIG. 8 is a diagrammatic cross-section through the platform fingers and
      conveying fingers, illustrating the rectangular motion of the conveying
      fingers.
DETD
PAR  A strip 1 of partially cooked pastry is supplied by apparatus similar to
      that described in U.K. Pat. No. 1,278,526. Flour paste from a hopper 2 is
      supplied at a constant rate by a gear pump 3 to an elongate nozzle 4
      adjacent the bottom of a drum 5. The drum is heated internally by
      thermostatically controlled electrical heaters (not shown) and is rotated
      at an adjustable constant speed so that it takes up a layer of paste of
      constant thickness. The partly cooked pastry strip 1 is removed from the
      descending side of the drum 5 with the assistance of a scraper 6.
PAR  The strip 1 enters the spring roll making apparatus at an angle of about
      45.degree.. (In FIG. 2 the pastry making apparatus has been turned through
      45.degree. to show its parts more clearly.) The incoming strip 1 is
      received at a receiving station 7 (FIG. 3) by a bed of stainless steel
      rollers 8 and its leading edge is drawn forward by a gripper comprising a
      pair of clamps 9. The clamps 9 are carried by a holder 9a which moves back
      and forth along a track 9b. When the clamps reach the end of their travel,
      a cutter or knife 11 falls to cut a square 12 from the leading end of the
      strip 1. To prevent the remaining strip 1 from falling, it is held by
      fingers 8a.
PAR  The square 12 is released by the clamps 9 and is transferred to a feeding
      station 13 (FIG. 4) by a set of circulating conveying fingers 10 (FIG. 8).
      The square rests on a platform 15 defined by stationary fingers, which do
      not interfere with the conveying fingers. Here a filling hopper 14 having
      a gate 14a deposits an elongate portion 16 of spring roll filling on the
      square 12a.
PAR  The conveying fingers 10 again transfer the square 12a along the platform
      15 to the next station, which is the first folding station 17 (FIG. 5). A
      pair of horizontally swivellable bent arms 18 swing inwards to define the
      line along which the first fold will be formed. Then one corner A of the
      square 12b is folded over the arms 18 by a group of deflector fingers 20
      and a group of three pressing fingers 19, the corner covering the filling.
PAR  The part-folded square 12b is transferred along the platform 15 to a second
      folding station 21 (FIG. 6) by the conveying fingers 10. At the station
      21, two groups of deflector fingers 22 and 23 successively fed over the
      respective corners B and C adjacent the already-folded corner A, so that
      they overlap. The folded square is then compressed by pressing fingers 25.
PAR  The folded square 12c is then transferred (as before) to a rolling station
      24 (FIG. 7), where it is initially held by a pair of horizontally
      swivellable bent arms 28. Here it lies between two parallel platforms, the
      lower platform being constituted by the platform 15, to which are
      connected a number of flexible stainless-steel strips 29. The upper
      platform is constituted by a plate 31, and the strips 29 are bent back on
      themselves through 180.degree. and connected to this plate. The plate 31
      is reciprocated (longitudinally of the strips 29) relative to the platform
      15 by a linkage 32 so that the folded square of pastry is transformed into
      a roughly cylindrical roll 26, much as if it were being rolled between the
      palms of a person's hands.
PAR  Upon discharge from the rolling station 24, the roll 26 is diverted through
      90.degree. onto a belt conveyor 27 from where the rolls are picked up for
      packing.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for making a filled pastry roll from a continuously supplied
      strip of pastry, the apparatus comprising: a receiving station including a
      cutter adapted to cut a square of pastry from the leading end of the
      strip; a feeding station including means for feeding a filling onto the
      square; a first folding station including a movable deflector adapted to
      fold one corner of the square over the filling; a second folding station
      including a pair of opposed deflectors which are movable in succession to
      fold the two corners adjacent said one corner inwards toward each other so
      that they overlap; a rolling station including two parallel horizontal
      platforms positioned one above the other and spaced apart in order to
      receive the folded pastry between them and means for reciprocating the
      platforms horizontally relative to one another, whereby the folded pastry
      is formed into a roll as if it were being rolled between the palms of a
      person's hands; and means for conveying the pastry from each station to
      the next.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the rolling station further
      includes at least one flexible strip interconnecting the platforms, the
      strip being bent back on itself and extending in the direction of relative
      reciprocation of the platforms.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein the direction of relative
      reciprocation of the platforms of the rolling station is transverse to the
      conveying direction of the conveying means.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, wherein the receiving station further
      includes a reciprocable gripper adapted to draw the leading end of the
      pastry strip into the zone of action of the cutter.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, in which the direction of reciprocation
      of the gripper is at an angle of about 45.degree. to the conveying
      direction of the conveying means.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, further comprising, at each station, a
      platform of stationary fingers, the conveying means comprising conveying
      fingers arranged to move on a closed path which passes between the
      stationary fingers.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, in which the closed path is
      substantially rectangular.
NUM  8.
PAR  8. Apparatus as claimed in claim 6, in which each deflector comprises a
      group of fingers.
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ABST
PAL  Yogurt and other fermented milk products are prepared in a continuous
      process in which a continuous stream of milk is added to a fermenting
      mixture of milk and a starter in a prefermenting tank. The pH of the
      mixture in the prefermenting tank is maintained above the value at which
      stirring of the mixture will cause syneresis to occur in the final
      product. A portion of the prefermented mixture is passed into a
      coagulating tank in which further fermentation and coagulation can take
      place. In the coagulating tank, the mixture, when its pH surpasses the
      acidity at which stirring will no longer cause syneresis, is subjected to
      shearing forces and thereafter filled into containers to produce the final
      product.
PARN
PAR  This is a division of application Ser. No. 349,196 filed Apr. 9, 1973.
BSUM
PAR  The present invention relates to a process for the continuous preparation
      of yogurt and Bulgarian yogurt by adding a continuous stream of milk to a
      fermenting mixture of milk and a starter in a pre-fermenting tank, while
      maintaining the temperature at 42-48.degree.  C and the pH above 5, 6,
      passing a similar quantity of the fermenting product into a coagulating
      tank, in which the further fermentation and coagulating can take place.
PAR  The present invention relates also to a process for the continuous
      preparation of cultured buttermilk and lactic starters by adding a
      continuous stream of milk to a fermenting mixture of milk and a starter in
      a prefermenting tank, while maintaining the temperature at 20-35.degree. C
      and the pH above 5.3, passing a similar quantity of the fermenting product
      into a coagulating tank in which the further fermentation and coagulation
      can take place.
PAR  Such a semi-continuous process is known from the publication of Girginov's
      article in "Die Lebensmittelindustrie", 12, 263(1965), whereby 1-3% by
      weight of a fresh uncooled culture of Lactobacillus bulgaricus and
      Streptococcus thermophilus having an acidity of 30.degree.-32.degree. SH
      (.about.80.degree. N) is added to pasteurized and homogenized milk, after
      which the mixture is allowed to ferment at a temperature of
      46.degree.-48.degree. C until an acidity is reached of approximately
      30.degree. N; subsequently the continuous pre-fermentation process starts,
      during which the quantities of pasteurized, non-fermented milk having a
      temperature of 46.degree.-48.degree. C added thereto are equal to the
      quantities of fermented product simultaneously discharged, and whereby the
      acidity of 9.5.degree.-12.degree. SH (.about.30.degree. N) and the level
      of liquid in the tank are maintained. The partly fermented milk is then
      cooled to a temperature of 32.degree.-33.degree. C and packed in
      containers, in which further fermentation takes place at the same
      temperature until the desired acidity is reached. Finally, the product is
      cooled to a temperature of 5.degree.-6.degree. C. Girginov's process is a
      semicontinuous process.
PAR  It was found now that yogurt may be prepared in a continuous process by
      allowing the fermenting mixture to pass in the form of a plug stream
      through a coagulating tank, which is provided with a discharge pipe at the
      bottom side, whereby the gel structure of that part of the plug stream
      which has a pH not exceeding 4.7 and a temperature of from 33.degree. to
      37.degree. C, is disturbed by subjecting it to shearing forces, and
      subsequently filling containers with the product prepared.
PAR  Further it was found, now, that Bulgarian yogurt may be prepared in a
      continuous process by allowing the fermenting mixture to pass in the form
      of a plug stream though a coagulating tank, which is provided with a
      discharge pipe at the bottom side, whereby the gel structure of that part
      of the plug stream, which has a pH not exceeding 5.1 and a temperature of
      from 33.degree. to 37.degree. C, is disturbed by subjecting it to shearing
      forces, and subsequently filling containers with the product prepared.
PAR  Likewise, it was found now that cultured buttermilk and lactic starter may
      be prepared in a continuous process by allowing the fermenting mixture to
      pass in the form of a plug stream through a coagulating tank, which is
      provided with a discharge pipe at the bottom side, whereby the gel
      structure of that part of the plug stream, which has a pH not exceeding
      4.7, is disturbed by subjecting it to shearing forces, and subsequently
      filling containers with the product prepared.
PAR  Preferably a coagulating tank is used, the wall of which is subjected to a
      pre-treatment; for example, a pre-treatment of a stainless steel tank with
      a lecithin emulsion, lecithin, or similar surface active substances. The
      use of PTFE is also efficient.
PAR  The fermenting mixture should be passed through a coagulating tank in the
      form of a plug stream because the structure of the product would be
      detrimentally affected if deliberately produced turbulences, or
      unintentionally generated turbulences, should occur in such a mixture,
      causing a.o. syneresis to occur. In this connection it is desirable to
      cool the pre-fermented milk to a temperature of from 31.degree. to
      37.degree. C (see Th.E.Galesloot, Off.Org. FNZ 47,720 (1955)) because in
      said temperature range sufficient quantities of macilageous substances are
      formed to provide a yogurt having after stirring a sufficient viscosity
      and moreover than the syneresis will be less pronounced than on omitting
      the cooling of the pre-fermented milk. If the fermenting milk has obtained
      a sufficient acidity, i.e. if the acidity reached is between 70.degree.
      and 100.degree. N, stirring may be continued without causing permanent
      damage to the structure and/or whey separation. It is to be understood
      that the final acidity is also determined by the protein content of the
      milk.
PAR  It is preferable to enable the plug stream to be formed by spraying the
      prefermented mixture into a coagulating tank, the walls of which are
      coated with a surface active compound. For practical reasons it is of
      importance that the plug stream in the coagulating tank is passed at a
      rate of speed of at most 5 cm/minute at a temperature of 37.degree. C.
PAR  In order to obtain a product which is as homogeneous as is possible, it is
      desirable to hold the temperature at which the fermenting mixture is
      passed into the coagulating tank at a constant value. Although the
      viscosity of the homogeneous product obtained by disturbing the gel
      structure of yogurt by stirring is not very critical, it is preferable to
      disturb the gel structure no longer than is necessary for the viscosity of
      the homogeneous product (measured according to G. Posthumus Off.Org. FNZ
      46,55 (1954)), 20-40 seconds. Preferably the fermented product is cooled
      to a temperature of from 5.degree. to 6.degree. C between the coagulating
      tank and the filling apparatus.
PAR  Whereas it is obviously desirable, preceding to the filling operation, to
      disturb in the lower part of the coagulating tank the structure of the
      fermented milk, changing it from a firm gel into a smooth highly-viscous
      fluid, it should be prevented by all means that the structure of the
      fermented milk is disturbed at an upstream level at which the pH has not
      yet decreased to the extent that a disturbance will not cause ultimately a
      serum expulsion. To this end, for example, a plate having the dimensions
      of a plane cross-section of the tank, and adapted to be moved parallel to
      the axis of said tank, may be provided with a number of perforations
      distributed across the surface and may be lowered following the movement
      of the fermenting milk at substantially the same rate of speed, in the
      same direction over some distance, to be subsequently moved in the
      opposite direction at a much faster speed, over a distance that is not so
      great as to cause the plate to reach that part of the tank in which
      fermentations has not yet proceeded to a sufficient extent to allow
      stirring without any permanent adverse effects on the structure. An
      alternative way of stirring may consist in that the plug stream on its
      slow passage downstream of the zone where a sufficient acidity has been
      reached to allow stirring without any permanent adverse effects on the
      structure is temporarily interrupted by a partition plate, for example, by
      pushing through a plate which is provided with an aperture having the same
      shape as the cross-section of the tank, after which the structure of the
      fermented milk under said plate can be disturbed by stirring. If the plate
      is returned to its original position, after the stirring process has been
      stopped, the plug stream can resume its slow passage, so that the stirred,
      fermented milk is pressed out of the tank. Other methods for stirring the
      fermented milk in the tank without disturbing the structure of the
      upstream milk fall also under the protective scope of the process
      according to the present invention.
PAR  The moment at which the structure in the column can be distrubed according
      to any one of these methods can be controlled by a measuring of the pH in
      the fermenting milk.
PAR  A continuous process for the fermentation of milk products according to the
      present invention can simply be controlled by means of remote control,
      which leads to a uniform final acidity. The viscosity of the filled
      product may be affected by disturbing the structure to a greater or lesser
      extent, e.g. by stirring in a less intensive manner or by displacing the
      perforated plate against the direction of the flow of milk at a different
      rate of speed. Furthermore the required daily output can be spread out
      over a longer period of time, making it possible for the bottled product
      to be holder pasteurized in a simple manner as filling occurs at a low
      speed. The keeping qualities can thus be improved to a considerable
      extent. In addition to this it becomes very much simpler to apply the
      aseptic method owing to the low bottling speed and owing to the fact that
      the preparation of the product takes place in a closed apparatus.
DRWD
PAR  The present invention may be more readily understood by reference to the
      following drawings wherein:
PAR  FIG. 1 is a view partly in cross section and partly schematic of the
      apparatus used to carry out the inventive process;
PAR  FIG. 2 is a graph illustrating the fermentation rate of yogurt as a
      function of temperature;
PAR  FIG. 3 is a graph similar to FIG. 2 illustrating the fermentation rate of
      cultured buttermilk as a function of temperature;
PAR  FIG. 4 is a graph similar to FIGS. 2 and 3 illustrating the fermentation
      rate of Bulgarian yogurt as a function of temperature; and
PAR  FIG. 5 is a view of an apparatus used in accordance with the present
      invention for determining conditions of use for different perforated
      plates in the coagulating tank of the inventive apparatus of FIG. 1.
DETD
PAR  The process of the present invention can be carried out with the aid of an
      apparatus, which is diagrammatically shown in FIG. 1. Storage tank 1 is
      connected with prefermenting tank 6 by means of a pipeline through pump 2.
      Pump 2 is activated by a switch 3 which in its turn is controlled by a
      signal from the pH meter 4. Tank 6 is equipped with an overflow 9 for the
      discharge of pre-fermented product, a stirrer 7 and a temperature sensor
      8, a pH sensor 5 and, for example, a device for spraying hot water against
      the wall of the tank. Overflow 9 is directly connected with cooler 10,
      which ends in a distributing device 11 at the top portion of coagulating
      tank 12.
PAR  The coagulating tank 12 is preferably constructed with double walls, while
      it is provided with a device to hold the temperature of the contents at a
      constant value. The distributing device 11 may, for instance, comprise a
      conical disc which is rotating at high speed and with which the
      pre-fermented product which flows from cooler 10 onto said disc is
      atomized.
PAR  At the lower side of the coagulating tank 12 is mounted a discharge pipe
      which is connected with a pump 13 with which the final product is pumped
      to a filling apparatus. Said pump 13 can be controlled by the switch 3,
      provided its capacity is equal to that of pump 2. Otherwise it is possible
      to use a similar control as is used to activate the pump 13 if the pH at
      the bottom of the vat 12 has reached a predetermined value, whereby the
      capacity of pump 13 should be somewhat larger than that of pump 2, or
      should be equal thereto.
PAR  In carrying out the process in the apparatus described above, the wall of
      the coagulating tank 12 is preferably pretreated with a surface active
      compound. For this purpose lecithin, a lecithin emulsion, a Teepol
      solution, or any other surface active substance can be used, for instance,
      for a stainless steel wall (see. A. G. J. Arentzen, Off.Org. FNZ 58,479
      (1966)). The wall may also be coated with polytetrafluoroethylene.
PAR  The storage tank contains, if required homogenized and standardized,
      pasteurized or sterilized milk. Said milk, in dependency on the product to
      be prepared, has a temperature of from 42.degree. to 48.degree. C, where
      yogurt is concerned, and a temperature of from 20.degree. to 35.degree. C
      where starters or cultured buttermilk are to be prepared. The milk is
      pumped into the prefermenting tank 6, after which 1-3% by volume of the
      fermentation culture is added thereto.
PAR  As soon as the milk in said tank has reached a stage in the fermentation
      process in which the pH value is 5.3 to 5.8 in dependency on the
      fermentation temperature, the pump 2 is acitivated by means of the pH
      meter 4 and the switch 3. This arranges for milk to be pumped into the
      pre-fermenting tank, while a similar quantity of the pre-fermented milk
      passes through the overflow 9 and the cooler 10 to the distributing device
      11 in the upright coagulating tank 12. If owing to this inflow of
      unfermented milk, the pH reaches a value which is, for instance, 0.1 of a
      pH unit higher than the adjusted pH value, the pump 2 is switched off
      again.
PAR  The pre-fermented milk can be cooled from the fermentation temperature to a
      temperature of from 33.degree. to 37.degree. C by means of the cooler 10.
      This is to be recommended if yogurt is prepared, but not if starters or
      cultured buttermilk and similar products are prepared.
PAR  Before the final product is removed by pumping first of all the structure
      of the same is stirred into a smooth consistency. This is only carried out
      in the bottom part of the coagulating tank wherein the acidity reached is
      already sufficiently high to avoid any permanent adverse effects on the
      structure, while it has to be prevented that the structure upstream of
      said part is also disturbed. To this end the vat has been equipped with an
      appropriate stirring means, for instance the means 14. Preferably said
      means comprises a movable plate which is provided with perforations
      uniformly spaced over its entire surface, the area of those perforations
      amounting to at most 20% of the total area of the plate.
PAR  To start the process the space under the stirring means 14 is filled with
      stirred final product. The distributing device is thereupon lowered to
      just above the stirring means 14. Subsequently the pre-fermented product
      is allowed to start filling the coagulating tank 12, which product flows
      from the pre-fermenting tank 6. During the filling process the
      distributing device 11 is gradually moved in an upward direction, so that
      under all conditions pre-fermented milk is sprayed over the surface of the
      milk in the coagulating tank 12.
PAR  During the process of filling of the coagulating tank 12 pump 13 remains
      inactivated. The moment at which the discharge of the final product can be
      started with the aid of said pump is, for instance, determined with a pH
      sensor which is mounted through the wall of the coagulating tank 12 in a
      zone which is just above the part with the fermenting milk, the structure
      of which is to be disturbed just before the filling or bottling process.
      An alternative possibility is to arrange that the activation of the pump
      13 is controlled by the pH sensor 15 in conjunction with the device
      appropriate to the purpose. A similar control is also possible by means of
      a level sensor 16. Another possibility is to determine the moment at which
      the correct acidity or pH is reached in a sample of the pre-fermented
      milk, which is taken when the first quantity of pre-fermented milk is
      passed into the coagulating tank and maintained at the temperature of
      fermentation. Finally, it is possible to start the pump at a predetermined
      time to be counted from the moment when filling of the coagulating tank
      was started, provided the prefermenting rate in the fermenting tank has
      not shown any deviations from the usual rate.
PAR  The content of the apparatus depends of course on the required hourly
      capacity. However, a predetermined ratio between the content of the
      prefermenting tank 6 and of the coagulating tank 12 is inoperative, which
      ratio can be deduced from the fermentation rates at the temperature
      prevailing in each of said tanks. The connection between the reached
      acidity and the incubation period for a yogurt culture is shown in FIG. 2.
      The following fermentation rates were determined for the linear part of
      the curves found, by applying the method of the least squares; at a
      temperature of
TBL  45.degree.C                                                               
            :      a      =    0.67   t    -    32.17                          
     37.degree.C                                                               
            :      a      =    0.50   t    -    31.17                          
     36.degree.C                                                               
            :      a      =    0.45   t    -    29.86                          
     35.degree.C                                                               
            :      a      =    0.40   t    -    26.71                          
     34.degree.C                                                               
            :      a      =    0.38   t    -    29.56                          
PAL  in which "t" stands for the incubation period in minutes and "a" stands for
      acidity in .degree.N reached after said period.
PAR  The curves of FIG. 3 were found for a lactic starter culture or cultured
      buttermilk culture and from these were determined the following
      fermentation rates; at a temperature of
TBL  30.degree.C                                                               
            :      a      =    0.34   t    -    37.49                          
     25.degree.C                                                               
            :      a      =    0.29   t    -    43.66                          
PAR  The curves found in FIG. 4 are those found for Bulgarian yogurt and the
      fermentation rate found at a temperature of
TBL  45.degree.C                                                               
            :      a      =    1.14   t    -    80.00                          
     40.degree.C                                                               
            :      a      =    0.79   t    -    76.71                          
     37.degree.C                                                               
            :      a      =    0.59   t    -    64.04                          
     34.degree.C                                                               
            :      a      =    0.56   t    -    87.66                          
PAL  The existing connection between acidity and pH in the various cultures
      depends on the protein content thereof. Examples are given in the tables
      A, B and C. In these tables is also stated in which pH range the culture
      cannot be agitated without causing permanent damage to the structure.
PAR  The dimensions of the apparatus for a desired capacity of the same can be
      determined from the aforementioned data. An example thereof will be given
      hereinafter. If it is desired per hour to ferment 500 l of yogurt of
      80.degree. N at a temperature of 45.degree. C, starting from milk having
      an acidity of 15.degree. N, while drawing off will occur at an acidity of
      32.degree. N, at which the yogurt will be passed into a coagulating tank,
      the flow rate in the fermenting tank will be determined by assuming that
      the rise in acidity by the proceeding fermentation process
      ##EQU1##
      fermentation in a given period of time .delta.t is compensated owing to a
      similar reduction in acidity in the same period of time by the addition of
      non-fermented milk
      ##EQU2##
      addition. Thus
      ##EQU3##
      from which it follows that the average residence time of the milk in the
      fermenting tank t = 25.4 minutes.
PAR  In an hour's time the content of the tank are thus
      ##EQU4##
      times changed and for an hourly capacity of 500 l the tank should thus
      have a capacity of
      ##EQU5##
PAR  If the fermentation process is continued in the coagulating tank at a
      temperature of 37.degree. C, the residence time t of the milk in said tank
      may be calculated from
      ##EQU6##
      if the acidity of 32.degree. N should increase to 80.degree. N.
PAR  The capacity of the tank is thus
      ##EQU7##
PAR  It is not desirable to increase the cross-section of the tank too much. In
      order to damage the structure prior to drawing off the final product the
      stirring means 14 has to be raised at a rapid rate of speed. The force
      required thereto increases in proportion to the area of said stirring
      means. On the other hand the area must not be made too small, as this
      would result in the height of the coagulating tank increasing to a
      disproportionate extent. Apart from possible difficulties arising from
      mounting a very high tank, this causes the rate of speed at which the
      fermenting milk flows along the wall of the tank to become too fast. It
      has been determined at various temperatures to which extent the structure
      of the fermenting milk was permanently damaged if the said milk was made
      to flow along a stainless steel wall of the tank, treated with lecithin,
      at a rate of speed of 5 cm/minute. Some results have been given in table
      D, from which it appears that at a temperature at which on the one hand
      the formation of mucilage is sufficiently large (&lt;38.degree. C) and on the
      other hand the fermentation rate is not too low (&gt;33.degree. C) a rate of
      not over 5 cm/minute with respect to the wall is just permissible. In the
      example given the milk, at a temperature of 37.degree. C, may be displaced
      along the wall over a distance of at most 480 cm in 96 minutes. This
      entails that the diameter of the tank should be at least
      ##EQU8##
      A tank constructed with a height of two to four metre is preferably used.
PAR  The stirring means 14 can, for instance, consist of a flat plate which fits
      closely in the coagulating tank by means of a sealing ring and is adapted
      to be moved in an upward and downward direction so that it moves parallel
      to the axial direction of said tank. The downward movement should be
      performed at substantially the same speed at which the fermenting milk
      passes along the wall of the container. During the upward movement the
      structure of the final product has to be disturbed and for this purpose
      the plate has to be moved at a far greater speed. During this movement the
      product is forced to pass through a number of perforations provided in the
      plate with the result that there is obtained a smooth structure, while the
      viscosity does not decrease to too great an extent. The rate at which such
      a plate has to be raised in order to obtain a smooth structure is
      determined by the diameter of the perforations and their number per unit
      area. The rate must not be too great, as in that instance the viscosity of
      the yogurt is reduced too much, but the rate has to be sufficiently great
      to obtain a smooth structure.
PAR  2 litre of yogurt were prepared in a cylindrical tank having a diameter of
      12.5 cm and, diagrammatically shown in FIG. 5, at a temperature of
      37.degree. C. In the FIG. 1 stands for the fermenting tank, 2 stands for a
      support from which the tank 1 is suspended by means of clamping means 3, 4
      stands for a manometer, 5 stands for a pipeline through which nitrogen is
      pressed into said tank, 6 stands for a sealing ring, 7 stands for the
      stirring plate to be tested. After having reached an acidity of 80.degree.
      N the yogurt, with nitrogen of a pressure known as such, was pressed
      through the perforated plate in a given period of time. The viscosity of
      the yogurt flown out of the tank was measured and the structure thereof
      was examined. The results thus obtained are given in Table E. Five
      different plates a, b, c, d and e were used for this test. The plates a, b
      and c were constructed with perforations having a diameter of 1.0, 0.36
      and 0.25 cm respectively. Plate a had been constructed with one
      perforation only. The number of perforations for the plates b and c were
      defined by calculation, so that with a uniform outflow capacity the
      average shearing rate in each perforation of the three plates would be the
      same. Perforations having a sectional size of 0.15 cm were provided in the
      plate d in the same points as in plate c. In these perforations the
      average shearing rate is thus greater than in the plates a, b and c, while
      processing conditions were the same. The perforations were provided such
      that they were uniformly spaced across the surface of each plate.
      Perforations having a sectional size of 0.25 cm are provided in the plate
      e such that they are uniformly spaced at the angles of equilateral
      triangles having a side of 0.75 cm. 10% of the surface of said plate
      approximately is open as a result thereof. The following directives are
      true for the calculations:
      ##EQU9##
      Herein is V : the volume of the yogurt in the tank (2000 cm.sup.3).
PA1  t : the outflow time of said yogurt through the plate (4s)
PA1  d.sub.i : the diameter of the perforations in the plate (for the plate a
      d.sub.a = 1.00 cm)
PA1  n.sub.i : the number of perforations in the plate (for plate a n.sub.a = 1)
PA1  v.sub.i : the average rate of speed of the outflowing yogurt through each
      of the perforations in the plate (for plate a
      ##EQU10##
      .gamma. : the average shearing rate (s.sup.-.sup.1) c : a constant value.
PAR  From the data for plate a it can be calculated that C = 637. With this
      value as base it follows for the plates b and c and n.sub.b = 22 for
      d.sub.b = 0.36 cm, and n.sub.c = 62 for d.sub.c = 0.25 cm, if (V/t) = 500
      cm.sup.3 /s remains constant.
PAR  From the data of Table E it appears that with a similar average shearing
      rate .gamma. the viscosity still varies with the plates a, b and c. This
      may partly be attributed to the fact that as a result of the varying
      number of perforations per unit area in the three stirring plates, the
      displacement of the yogurt over said plates is accompanied with a
      variation in shearing rate.
PAR  The process will now be explained in more detail with reference to a number
      of examples.
PAC  EXAMPLE I.
PAR  Standardized (2.95% fat), homogenized (150 atm. at 55.degree. C), and
      pasteurized (5 minutes at 85.degree. C) milk having a temperature of
      45.degree. C was introduced in a pre-fermenting tank having a content of
      12 l until the tank was nearly completely filled. To this milk was
      subsequently added 1/2 l of a yogurt culture consisting of S. thermophilus
      and L. bulgaricus. The stirring device was activated and the temperature
      held at 45.degree. C. When the pH had been reduced to a value of 5.70
      after 90 minutes, the pH was held at a value of between 5.70 and 5.72 with
      the aid of a pH adjusting means by pumping milk in the bottom part of the
      fermenting tank. The volumetric rate of flow amounted to 24 l/h. An equal
      amount of pre-fermented milk flowed simultaneously through the overflow 9
      out of the tank and through a cooler, where the temperature was reduced to
      37.degree. C, to the rapidly rotating distributing device which had been
      positioned in its lowest position.
PAR  The coagulating tank was made of stainless steel and had been constructed
      with double walls. The internal diameter amounted to 35.7 cm, and the
      height to 80 cm. In the lower portion of said tank was mounted a stirring
      means, comprising a circular plate of stainless steel provided with
      perforations of 0.25 cm diameter at a mutual distance from one another,
      which distance was 1.5 cm. This plate was adapted be moved in an upward
      and downward direction over a distance of 10 cm with the aid of a lever
      mechanism. The space under said plate was previously filled with stirred
      yogurt. The stirring plate and the walls of the tank were treated with
      commercial soy bean lecithin. Subsequently the distributing device was
      raised at the same rate of speed as the rate of speed at which the liquid
      level rose in the container. From the very moment at which the acidity of
      the yogurt, just above the stirring plate, had reached a value of
      90.degree. N, the drawing off process was started with a volumetric rate
      of speed of 24 l/h. For this purpose the stirring plate was raised at a
      rate of speed of 3 cm/s and was subsequently lowered again in 25 minutes.
      The stirred yogurt was pumped out of the tank with the aid of a metering
      pump, the pump operating synchronously with the milk pump. In two hours'
      time the acidity of the yogurt flowing out of the tank showed valves
      between 85.degree. and 95.degree. N, while the viscosity, measured with
      the Posthumus cup (Off. Org. FNZ 46, 55 (1954)) varied between 30 and 45
      seconds at 20.degree. C. The quality of the yogurt was excellent.
PAC  EXAMPLE II.
PAR  A Bulgarian yogurt was prepared, starting with conventional yogurt milk,
      from which 1/3 of the volume was removed by evaporation. The procedure set
      forth in example I was repeated in full, on the understanding that the pH
      value at which evaporated milk began to be pumped into the tank amounted
      to 5.8, and the acidity at which the yogurt began to be pumped out of the
      tank amounted to 100.degree. N.
PAC  EXAMPLE III.
PAR  Using the same apparatus as is used in example I, cultured buttermilk was
      prepared for which partly skimmed milk containing 0.4% by weight of fat
      was used, having a temperature of 30.degree. C, which temperature was also
      maintained in the fermenting tank. After this tank had been filled, the
      milk was inoculated with 11/2% of a BD starter. After 225 minutes a pH
      value had been reached of 5.35. Then the prefermented milk was pumped into
      the fermenting tank, during which process the pre-fermented milk was not
      allowed to cool. Subsequently milk was pumped into the tank at a rate of
      speed amounting to 8 l/h. The space under the stirring plate of the
      coagulating tank was in this case filled with buttermilk. Inasmuch as the
      thickness of the layer of liquid in the tank only amounted to 12 cm
      because of the size of the volumetric flow (8 l/h) and the fermentation
      rate of speed (from 40.degree. N to 85.degree. N in 90 minutes), the
      distance over which the stirring plate was displaced was reduced to 1 to 2
      cm. During 90 minutes there was thus obtained a cultured buttermilk having
      a most satisfactory structure, the acidity of which appeared to be
      85.degree. N continually.
PAC  EXAMPLE IV.
PAR  A starter was prepared in a manner corresponding with the manner described
      in example III, except for the fact that a fermenting temperature was used
      of 25.degree. C, while furthermore the starting material used as skimmed
      milk containing 0.1% by weight of fat. The final product thus obtained was
      used to be added as a starter to cheese milk. No deviations of the normal
      procedure were observed in the preparation of cheese, while the cheese
      thus obtained had a satisfactory quality.
TBL                                    TABLE A                                 
     __________________________________________________________________________
     Solids non-fat content 8%                                                 
                              Inoculation 21/2%                                
                              (v/v)                                            
     __________________________________________________________________________
     incubation                                                                
            incubation period                                                  
     temperature                                                               
            prior to  acidity after complete incubation                        
            agitating                                                          
     (.degree.C)      (.degree.N)                                              
                          (pH)                                                 
                              appearance                                       
                                      viscosity                                
            (minutes)                 (s)                                      
     __________________________________________________________________________
             80       25.4                                                     
                          5.98                                                 
                              satisfactory                                     
                                      25                                       
             90       28.7                                                     
                          5.81                                                 
                              satisfactory                                     
                                      25                                       
             95       30.8                                                     
                          5.70                                                 
                              satisfactory                                     
                                      26                                       
            100       32.0                                                     
                          5.08                                                 
                              satisfactory                                     
                                      26                                       
            105       34.9                                                     
                          5.55                                                 
                              some whey                                        
                                      20                                       
     45     110       38.0                                                     
                          5.35                                                 
                              a lot of whey                                    
                                       8                                       
            120       46.8                                                     
                          5.17                                                 
                              a lot of whey                                    
                                      10                                       
            140       60.9                                                     
                          4.89                                                 
                              whey    12                                       
            160       71.0                                                     
                          4.71                                                 
                              some whey                                        
                                      18                                       
            180       75.0                                                     
                          4.61                                                 
                              satisfactory                                     
                                      18                                       
     __________________________________________________________________________
PAR  Dependence of structure in the final product on disturbance at various
      acidity during fermentation of normal yogurt.
TBL                                    TABLE B                                 
     __________________________________________________________________________
     Solids-non-fat content 8%                                                 
                    Fat content 0.4%                                           
                              Inoculation-                                     
     B-starter                11/2% (v/v)                                      
     __________________________________________________________________________
     Incubation                                                                
            incubation period                                                  
                      Acidity appearance after                                 
     temperature                                                               
            prior to agitating                                                 
                              complete incubation                              
     (.degree.C)                                                               
            (minutes) (.degree.N)                                              
                          (pH)                                                 
     __________________________________________________________________________
            155       28  5.99                                                 
                              satisfactory                                     
            175       32  5.81                                                 
                              satisfactory                                     
     30     195       35  5.67                                                 
                              satisfactory                                     
            225       44  5.35                                                 
                              satisfactory                                     
            255       58  5.07                                                 
                              very much whey                                   
            285       72  4.90                                                 
                              some whey                                        
     __________________________________________________________________________
PAR  Dependence of structure in the final product on disturbance at various
      acidity during fermentation of cultured buttermilk.
TBL                                    TABLE C                                 
     __________________________________________________________________________
     Solids non-fat content 13.6%                                              
                          Inoculation 21/2%                                    
                          (v/v)                                                
     __________________________________________________________________________
            Incubation                                                         
     Incubation                                                                
            period                                                             
                  Acidity After complete                                       
                                  incubation                                   
     temperature                                                               
            prior to                                                           
                  (.degree.N)                                                  
                      (pH)                                                     
                           appearance                                          
                                  viscosity                                    
     (.degree.C)                                                               
            agitating             (s)                                          
     __________________________________________________________________________
             90   30  6.19                                                     
                          satisfactory                                         
                                  74                                           
            100   31  6.17                                                     
                          satisfactory                                         
                                  73                                           
            110   34  6.07                                                     
                          satisfactory                                         
                                  67                                           
     40     125   37  6.04                                                     
                          satisfactory                                         
                                  69                                           
            145   41  5.86                                                     
                          satisfactory                                         
                                  72                                           
            180   67  5.24                                                     
                          some whey                                            
                                  59                                           
            210   93  4.95                                                     
                          some whey                                            
                                  55                                           
     __________________________________________________________________________
            115   29  6.21                                                     
                          satisfactory                                         
                                  68                                           
            125   31  6.20                                                     
                          satisfactory                                         
                                  72                                           
            140   32  6.15                                                     
                          satisfactory                                         
                                  69                                           
     37     155   36  6.09                                                     
                          satisfactory                                         
                                  70                                           
            170   41  5.94                                                     
                          satisfactory                                         
                                  75                                           
            185   45  5.78                                                     
                          satisfactory                                         
                                  72                                           
            215   60  5.36                                                     
                          some whey                                            
                                  52                                           
            245   82  5.14                                                     
                          some whey                                            
                                  54                                           
            260   87  5.00                                                     
                          some whey                                            
                                  49                                           
     __________________________________________________________________________
            135   29  6.29                                                     
                          satisfactory                                         
                                  77                                           
            160   31  6.23                                                     
                          satisfactory                                         
                                  80                                           
            175   33  6.15                                                     
                          satisfactory                                         
                                  88                                           
     34     205   38.5                                                         
                      6.08                                                     
                          satisfactory                                         
                                  85                                           
            220   43  6.00                                                     
                          satisfactory                                         
                                  87                                           
            235   45  5.84                                                     
                          satisfactory                                         
                                  82                                           
            250   48  5.70                                                     
                          satisfactory                                         
                                  89                                           
            280   67  5.34                                                     
                          some whey                                            
                                  70                                           
            295   80  5.20                                                     
                          some whey                                            
                                  69                                           
     __________________________________________________________________________
PAR  Dependence of structure in the final produce on disturbance at various
      acidity during fermentation of Bulgarian yogurt.
TBL                                    TABLE D                                 
     __________________________________________________________________________
     temperature                                                               
            speed along                                                        
                   range  final                                                
                               appearance                                      
                                      viscosity                                
     (.degree.C)                                                               
            the wall                                                           
                   start finish                                                
                          acidity     (g)                                      
            (cm/minute)                                                        
                   (.degree.N)                                                 
                          (.degree.N)                                          
     __________________________________________________________________________
     37     5      33-39  81   fair   32                                       
     36     5      37-44  81   fair   29                                       
     35     5      38-44  80   satisfactory                                    
                                      56                                       
     34     5      42-48  83   satisfactory                                    
                                      49                                       
     34.6   10     44-47  96   curdled                                         
                                      37                                       
     37     4      42-52  85   fair                                            
     __________________________________________________________________________
PAR  Feasible rate of yogurt movement along the wall of the coagulation tank
      during the critical state of fermentation.
TBL                                    TABLE E                                 
     __________________________________________________________________________
     pressure                                                                  
           time of                                                             
                viscosity                                                      
                         appearance                                            
                                 diameter                                      
     (kgf/cm.sup.2)                                                            
           outflow                                                             
                (Posthumus cup)                                                
                         (scale 3-8)                                           
                                 perforations                                  
           (s)  (s)              (cm)                                          
     __________________________________________________________________________
     0.5   4.0  17       4                                                     
     0.44  3.4  14       6-                                                    
     0.375 3.7  30       6-      1.0                                           
     0.275 5.0  15       6-                                                    
     0.05  17.2 22       5                                                     
     __________________________________________________________________________
     0.42  1.9  22       8-                                                    
     0.37  2.3  16       7                                                     
     0.40  2.2  23       7+      0.36                                          
     0.30  3.0  27       7+                                                    
     0.20  4.1  28       7                                                     
     0.20  4.0  35       7                                                     
     0.10  4.3  20       6-                                                    
     0.08  7.0  31       5                                                     
     0.04  6.3  38       4                                                     
     0.02  15.8 46       4                                                     
     __________________________________________________________________________
     0.20  2.2  23       8-                                                    
     0.15  3.5  19       8-                                                    
     0.12  3.8  35       8-                                                    
     0.06  4.1  27       7+      0.25                                          
     0.02  5.6  33       6+                                                    
     0.00  14.0 23       4                                                     
     __________________________________________________________________________
     0.30  4.1  12        7.5                                                  
     0.27  5.3  15       7-                                                    
     0.20  6.5  19       7+                                                    
     0.14  7.2  19       7       0.15                                          
     0.08  8.8  19       6                                                     
     0.05  10.5 19       5                                                     
     0.02  17.0 19       6                                                     
     __________________________________________________________________________
     0.10  1.5  23       8                                                     
     0.08  1.8  30       7                                                     
     0.05  3.0  25       71/2    0.25                                          
     0.03  5.4  65       6                                                     
     0.02  9.7  27       5                                                     
     __________________________________________________________________________
PAR  Effect of shearing on quality of yogurt (for description of experiments
      with apparatus of FIG. 5, vide text).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the continuous preparation of yoghurt comprising a
      pre-fermenting tank, means for adding milk to a fermenting mixture of milk
      and starter in said pre-fermenting tank, a coagulation tank having an
      inlet end and an outlet end, means for transferring the fermenting mixture
      from said prefermenting tank into said coagulating tank in which further
      fermentation and coagulation take place, means for cooling the fermenting
      mixture during passage into said coagulating tank, means positioned at
      said inlet end of said coagulating tank for distributing the fermenting
      mixture into said coagulating tank, means for generating shear forces
      positioned near said outlet end of said coagulating tank, said shear
      forces generating means including a preforated plate and means for
      translating said performated plate longitudinally relative to said
      coagulating tank, and means positioned downstream of said shear forces
      generating means at the outlet end of said coagulating tank for
      discharging the resulting product.
NUM  2.
PAR  2. The apparatus of claim 1 in which said translating means moves said
      perforated plate parallel to the axial direction of said coagulating tank.
NUM  3.
PAR  3. The apparatus of claim 1 in which said perforated plate is substantially
      flat and has substantially the same diameter as the inside of said
      coagulating tank.
NUM  4.
PAR  4. The apparatus of claim 3 and further comprising sliding seal means for
      sealing said perforated plate to the inside of said coagulating tank.
NUM  5.
PAR  5. The apparatus of claim 1 in which the perforations in said perforated
      plate are evenly distributed over the entire surface of said perforated
      plate.
NUM  6.
PAR  6. The apparatus of claim 5 in which the area formed by said performations
      comprises at most 20% of the entire area of said perforated plate.
NUM  7.
PAR  7. The apparatus of claim 1 in which said translation means moves said
      perforated plate upstream toward said inlet end of said coagulting tank at
      a speed of at least 1 cm/sec.
NUM  8.
PAR  8. The apparatus of claim 1 in which said translation means moves said
      perforated plate downstream toward said outlet end of said coagulating
      tank at a speed of at most 5 cm/min.
NUM  9.
PAR  9. The apparatus of claim 1 in which said means positioned downstream of
      said shear forces generating means for discharging the resulting product
      comprises a discharge pipe.
NUM  10.
PAR  10. The apparatus of claim 1 in which said distributing means includes
      rotatable disc means adapted to being rotated at high speed to atomize the
      fermenting mixture.
NUM  11.
PAR  11. An apparatus for the continuous preparation of yoghurt comprising a
      pre-fermenting tank, means for adding milk to a fermenting mixture of milk
      and starter in said pre-fermenting tank, a coagulation tank having an
      inlet end and an outlet end, means for transferring the fermenting mixture
      from said pre-fermenting tank into said coagulating tank in which further
      fermentation and coagulation take place, means for cooling the fermenting
      mixture during passage into said coagulating tank, means positioned at
      said inlet end of said coagulating tank for distributing the fermenting
      mixture into said coagulating tank, said distributing means including disc
      means and means for rotating said disc means at high speed to atomize the
      fermenting mixture, means for generating shear forces positioned near said
      outlet end of said coagulating tank, and means positioned downstream of
      said shear forces generating means at the outlet end of said coagulating
      tank for discharging the resulting product.
NUM  12.
PAR  12. The apparatus of claim 11 and further comprising means for translating
      said distributing means longitudinally relative to said coagulating tank.
NUM  13.
PAR  13. The apparatus of claim 11 in which said shear forces generating means
      includes a perforated plate adapted to be translated longitudinally
      relative to said coagulating tank.
NUM  14.
PAR  14. The apparatus of claim 11 in which said means positioned downstream of
      said shear forces generating means for discharging the resulting product
      comprises a discharge pipe.
NUM  15.
PAR  15. The apparatus of claim 11 in which the inlet end of said coagulating
      tank is positioned vertically above the outlet end of said coagulating
      tank.
NUM  16.
PAR  16. An apparatus for the continuous preparation of yoghurt comprising a
      pre-fermenting tank, means for adding milk to a fermenting mixture of milk
      and starter in said pre-fermenting tank, a coagulation tank having an
      inlet end and an outlet end, means for transferring the fermenting mixture
      from said pre-fermenting tank into said coagulating tank in which further
      fermentation and coagulation take place, means for cooling the fermenting
      mixture during passage into said coagulating tank, means positioned at
      said inlet end of said coagulating tank for distributing the fermenting
      mixture into said coagulating tank, means for generating shear forces
      positioned near said outlet end of said coagulating tank, said shear
      forces generating means including a mobile plate having perforations
      evenly distributed over its entire surface the area of which amounts to at
      most 20% of the entire area of the plate, and discharge pipe means
      downstream of said shear forces generating means at said outlet of said
      coagulating tank for discharging the resulting product.
NUM  17.
PAR  17. An apparatus for the continuous preparation of yoghurt comprising a
      pre-fermenting tank, means for adding milk to a fermenting mixture of milk
      and starter in said pre-fermenting tank, a coagulation tank having an
      inlet end and an outlet end, means for transferring the fermenting mixture
      from said pre-fermenting tank into said coagulating tank in which further
      fermentation and coagulation take place, means for cooling the fermenting
      mixture during passage into said coagulating tank, means positioned at
      said inlet end of said coagulating tank for spraying the fermenting
      mixture into said coagulating tank whereby the fermenting mixture flows
      through said coagulating and coagulates and forms a gel structure, means
      for stirring the gel structure near said outlet end of said coagulating
      tank to form a smooth consistency and discharge pipe means downstream of
      said stirring means at said outlet of said coagulating tank for filling
      containers with the resulting product.
NUM  18.
PAR  18. The apparatus of claim 17 in which said stirring means comprises a
      perforated plate and means for moving said plate toward the inlet end of
      said coagulating tank while allowing the gel structure to pass downward
      through the perforations in said perforated plate.
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ABST
PAL  A peeling apparatus for fruit and vegetable articles, the skin of which has
      been treated to facilitate peeling. The apparatus comprises adjacent
      elongate rolls which are spaced from one another by a distance less than
      the diameter of the article to be peeled. One of the rolls has, extending
      therefrom, a plurality of studs of substantial length and the other has,
      extending therefrom, studs of relatively short length. The rolls are
      rotated as articles to be peeled are supported on and moved longitudinally
      of the rolls and, thus, the treated skin is abraded off by the studs.
      Because the studs are of different lengths, different amounts of force are
      applied to the skin and the relatively long studs reach otherwise
      inaccessible portions of the skin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a peeling apparatus for fruits and vegetables and
      more particularly to such an apparatus that is peculiarly suited for
      peeling articles having highly irregular surfaces.
PAR  High capacity peeling machines have been known for some time, as
      exemplified in U.S. Pat. Nos. 3,134,413 and 3,566,942. The capacity and
      efficiency of these machines has been further increased by the development
      of a peel treating process which includes the steps of subjecting the peel
      to a lye bath and then exposing it to infrared energy to activate the lye.
      Such process is disclosed in co-pending application Ser. No. 299,760,
      filed Oct. 24, 1972 now Pat. No. 3,855,916 issued Dec. 24, 1974.
PAR  The machines disclosed in the above-mentioned patents and application
      operate satisfactorily, but sometimes leave unpeeled areas on fruit and
      vegetable articles having highly irregular surfaces, such as potatoes,
      that are knobby and/or have deep growth cracks in the surface thereof.
PAC  OBJECTIVES OF THE INVENTION
PAR  The present invention provides a peeling apparatus that has certain overall
      similarities to the prior art referred to above, but which is capable of
      removing virtually all of the treated peel, even on potatoes that are
      knobby and/or have growth cracks.
PAR  An object of the present invention is to provide an apparatus that
      efficiently and completely peels potatoes having irregular surface
      characteristics. This object is achieved by providing at least two
      elongate rolls, each of which has a cylindric core from which radially
      extends a plurality of resiliently flexible studs. The studs on one roll
      are relatively short and the studs on the other roll are relatively long.
      Because of this form of construction, the space between the cores of two
      adjacent rolls can be maintained sufficiently small that potatoes will not
      pass between the rolls, and the length of the relatively long studs can be
      sufficient to enable them to enter into growth cracks and the re-entrant
      portions of knobs on potatoes.
PAR  Another object of the present invention is to provide improved peeling roll
      structures that can be incorporated into existing peeling machines without
      substantial modification thereof.
PAR  Other objects, features and advantages will be more apparent after
      referring to the following specification and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic side elevational view of a peeling machine
      according to the present invention;
PAR  FIG. 2 is a cross-sectional view at enlarged scale, taken on the plane
      designated by line 2--2 in FIG. 1;
PAR  FIG. 3 is a fragmentary view showing portions of four rolls constructed
      according to the invention;
PAR  FIG. 4 is an enlarged view of a fragment of FIG. 2, showing the rolls of
      the present invention acting on regularly shaped articles; and,
PAR  FIG. 5 is a view similar to FIG. 4, showing the rolls of the invention
      acting on potatoes with growth cracks and knobs.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring more particularly to the drawings, reference numeral 12 indicates
      a high capacity peeling apparatus that employs the present invention. The
      peeling apparatus, with the exception of the rolls employed therein, is of
      the same general type disclosed in aforemention copending applicaton Ser.
      No. 299,760 and is particularly suited for peeling potatoes, the skins of
      which are treated before introduction into the machine. Such treatment
      typically includes subjecting the potatoes to a lye bath at 14, after
      which the lye absorbed in the skin is activated by subjecting the potatoes
      to infrared treatment at 16. The skins of the treated potatoes are
      relatively soft and, once so treated, the potatoes are introduced into
      peeling apparatus 12 through an inlet passageway 18. The potatoes are
      conveyed through the peeling apparatus by an auger 20 and, after passing
      through the apparatus, the peeled potatoes are discharged through an
      outlet 22 onto a conveyor 24. Peels removed from the potatoes are thrown
      from the apparatus in particulate form and collected in a rotating housing
      30, from whence they are removed by a sweeping conveyor 26 and transferred
      to a dicharge conveyor 32.
PAR  The housing 30 is of an open-ended cylindrical configuration and extends
      around the peeling rolls of the apparatus in coextensive relationship
      thereto to receive peel particles thrown from the rolls. Bearings (not
      illustrated) mounted on a frame 36 support the housing for rotation about
      its longitudinal axis. Within the housing 30, and above the central axis
      thereof, there are a pair of annular plates 38, one of which may be
      clearly seen in FIG. 2. The plates 38 are disposed in alignment with one
      another at opposite ends of housing 30 and define confronting pairs of
      journals for supporting roll shafts 40 and 42. The shafts extend between
      the annular plates 38 and each shaft is provided with a drive pinion 44
      which meshes with a ring gear 46. Ring gear 46 can be stationary or can be
      rotatively driven by a motor 48 through a chain-sprocket drive 50. Annular
      plate 38 may be similarly driven by a chain-sprocket drive 52.
PAR  Auger 20 is supported within the cylindric volume defined by the roll
      shafts 40 and 42. A shaft 54 mounts and drives the auger so as to convey
      articles within said volume from left to right, as viewed in FIG. 1. Thus,
      auger 20 carries the fruit or vegetable articles through the cylindric
      volume defined by the shafts 40 and 42 as the shafts are both rotated
      about their own axes and through a cylindric path corresponding to annular
      plate 38.
PAR  The schematic illustration of the apparatus 12 appearing in FIG. 1 and the
      foregoing brief description of this apparatus and its mode of operation is
      simply intended to be illustrative of the type of equipment with which the
      present invention is employed. As has been acknowledged, this type of
      equipment was known prior to the present invention, as exemplified by the
      disclosure of aforementioned application Ser. No. 299,760. Accordingly, a
      highly detailed description and illustration of the apparatus is not here
      necessary.
PAR  From FIGS. 2 and 3, it can be seen that the shafts 40 and 42 alternate
      around the periphery of annular plate 38. On each shaft 40 is mounted a
      concentric cylindric core 58, from the surface of which extends in a
      radial direction a plurality of relatively short studs 60. Core 58 and
      studs 60 are preferably integrally molded of soft resilient material, such
      as rubber, in order that damage to the fruit or vegetable pieces moving
      therealong is minimized.
PAR  Each shaft 42 has a cylindric core 62 thereon, from which core there
      extends in a radial direction a plurality of relatively long resilient
      studs 64. The core 60 and the studs 62 are preferably integrally molded
      from the same type of resilient material used for the core 58 and studs
      60.
PAR  As seen most clearly in FIGS. 3, 4 and 5, the space between the exterior
      surface of the cylindric core 58 and the external surface of the cylindric
      core 62 is uniform throughout the peeling apparatus. The apparatus is
      dimensioned so that said space, sometimes referred to as the "core
      clearance", is somewhat less than the minimum dimension of articles
      introduced into the apparatus for peeling. For example, in one apparatus
      designed according to the present invention the core clearance between the
      external surfaces of adjacent cores 58 and 62 is 17/8 inches. Such
      exemplary apparatus is intended for use with No. 2 potatoes, which are
      potatoes having a minimum dimension of at least 2 inches. Accordingly,
      articles moving over the peeling roll are confined within the cylindric
      volume defined by the rolls and cannot be drawn between adjacent rolls.
      The rolls of the exemplary apparatus each have an overall diameter of
      about 43/8 inches and the journals in plates 38 are spaced at intervals of
      about 45/8 inches so that the distal ends of studs 60 and 64 do not
      contact one another. In the exemplary apparatus, studs 60 are 1/4 inch in
      length and studs 64 are 11/4 inches in length.
PAR  FIGS. 3, 4 and 5 also illustrate that the sum of the radial length of the
      short studs 60 and the radial length of studs 64 is less than the core
      clearance between adjacent rolls. Because of this dimensional
      differential, there is a space between the distal ends of the studs on
      adjacent rolls in order that the studs can return to a radial position,
      except when they are distorted by contact with a potato piece. The space
      between the distal ends of the adjacent studs also facilitates the
      discharge of peel particles from the cylindric volume defined by the
      peeling rolls and assures that the studs of adjacent rolls will not abrade
      or become tangled with one another. The latter characteristic is
      particularly important, as the rolls operate at relatively high rpm (e.g.
      800 rpm) and are subject to high acceleration forces.
PAR  In operation, the elements are driven in the directions indicated by arrows
      in FIGS. 2, 4 and 5. As treated potatoes are introduced into inlet
      passageway 18, the potatoes are engaged by auger 20 and moved through the
      apparatus, i.e., toward the right as viewed in FIG. 1. Individual
      potatoes, such as those indicated in FIGS. 4 and 5, at P.sub.1, P.sub.2,
      P.sub.3 and P.sub.4, are gravity biased and tumble into contact with studs
      60 and 64 on the respective rolls. Potato P.sub.1 represents the
      approximate minimum size potato piece that will pass through the apparatus
      without danger of falling or being drawn between adjacent rolls. This is
      assured because the core clearance between adjacent cores 58 and 62 is
      less than the smallest dimension of such potato piece.
PAR  As a potato passes through the apparatus, it is subjected to relatively
      forceful abrading action by short studs 60 and relatively gentle abrading
      action by long studs 62. Long studs 62, because they flex to a greater
      extent than short studs 60, are capable of entering depressions or like
      irregularities in the surface of the potato piece and abrading the peel
      therefrom. Moreover, when a relatively long stud 64 moves from a bent or
      flexed condition, when in contact with a potato piece, to a straight
      radially extending position, upon losing contact with the potato piece,
      the stud snaps so as to throw off any peel fragment thereon. This
      expedites discharge of the peel particles from the cylindric peeling zone
      defined by the rolls.
PAR  A relatively large regularly shaped potato P.sub.2 is subjected to similar
      abrading action by studs 60 and 64. Relatively long studs 64 are effective
      in entering small irregularities of the surface of the potato to remove
      entirely the peel therefrom. Moreover, because of the greater flexibility
      inherent in relatively long studs 64, as compared with that of short studs
      60, there is a differential force applied to opposite portions of the
      potato which causes the potato to tumble and thereby exposes all regions
      of the potato surface to the abrading action of studs 60 and 64.
PAR  Potato P.sub.3 exemplifies a potato which has a substantial growth crack C
      in the surface thereof. Potatoes with growth cracks are not suitable for
      the ordinary retail distribution channels, but are entirely satisfactory
      for french fries and dehydration. FIG. 5 illustrates how the relatively
      long studs 64 enter into the deepest recesses of the crack and remove the
      peel therefrom. Note particularly relatively long stud 64' which, because
      of its length, can easily flex and permit the adjacent studs 64" to enter
      growth crack C. Because, as indicated in FIG. 3, studs 64 are continuous
      along the entire length of the roll, the surface of growth crack C will be
      subjected to many abrading operations by the relatively long studs as the
      potato piece transverses the apparatus.
PAR  Potato P.sub.4 exemplifies a potato with a protuberance or knob K. Because
      of the length and flexibility of stud 64, the entire surface of the potato
      and the knob are abraded. Even the re-entrant region at the portion of the
      knob, adjacent the main body of the potato piece P.sub.4 is reached by the
      relatively long flexible stud 64. The relatively smooth portions of the
      potato piece are acted on continuously, both by relatively short studs 60
      and by relatively long studs 64, so that all portions of the surface are
      peeled.
PAR  The relative speeds of roll rotation with respect to auger rotation and
      speed of rotation of annular plates 38 can be adjusted to achieve
      virtually any desired peeling performance. The presence of studs of
      unequal length assures that virtually all portions of the potato surface
      will be abraded at least once, and typically numerous times as the potato
      traverses the apparatus. The output product of the apparatus of this
      invention is substantially clean and sound and ideally suited for
      efficient use in further processing.
PAR  The rolls 40 and 42 can be installed in existing machines which originally
      employed more conventional brush or abrasive rolls or studded rolls of
      uniform core diameter. Thus, existing machines can be modified without
      undue expense to achieve the advantages afforded by the present invention.
PAR  Although one embodiment of the invention has been shown and described, it
      will be obvious that other adaptions and modifications can be made without
      departing from the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for peeling fruit and vegetable pieces comprising first and
      second elongate rolls, said first roll having a first generally cylindric
      core surface and a plurality of first resilient studs projecting radially
      outward from said first core surface, said second roll having a second
      generally cylindric core surface and a plurality of second resilient studs
      projecting radially outward from said second core surface, means for
      supporting said rolls in parallel relation for rotation about their
      respective longitudinal axes, said roll supporting means spacing said
      rolls from one another so that the space between said first and second
      core surfaces is less than the minimum diameter of the pieces to be
      peeled, said first studs having a length less than said second studs and
      second studs having a length greater than one-half the minimum diameter of
      the pieces to be peeled, the sum of the lengths of said first and second
      studs being less than the space between said core surfaces, and means for
      rotatively driving said rolls in a direction such that the studs on at
      least one of said rolls move inward of the space between said rolls.
NUM  2.
PAR  2. Apparatus, according to claim 1, wherein said roll supporting means is
      arranged to support said rolls so that the longitudinal axes thereof are
      substantially horizontal.
NUM  3.
PAR  3. Apparatus, according to claim 1, wherein said first and second cylindric
      surfaces are spaced from one another by about 17/8 inches, wherein said
      first studs have a radial length of about 1/4 inch and wherein said second
      studs have a radial length of about 11/4 inches.
NUM  4.
PAR  4. Apparatus, according to claim 1, wherein the overall diameter of said
      first roll is equal to the overall diameter of said second roll and
      wherein said second studs flex by a greater amount than said first studs
      so as to apply differential forces to the piece so as to cause the piece
      to tumble.
NUM  5.
PAR  5. Apparatus, according to claim 1, wherein said roll supporting means
      includes a pair of spaced apart annular plates, said plates each defining
      an equal plurality of uniformly spaced apart journals arranged in a
      circular pattern therearound, said first and second rolls extending
      between said plates and being supported in pairs of said journals, said
      apparatus including a plurality of third and fourth rolls substantially
      identical to respective said first and second rolls, said third and fourth
      rolls being disposed in alternation in said journals around said annular
      plates so as to define a cylindric volume bounded by said rolls.
NUM  6.
PAR  6. Apparatus, according to claim 5, wherein said roll driving means drives
      said first, second, third and fourth rolls in the same rotative direction
      so that opposite sides of a piece supported between a pair of adjacent
      rolls are subjected to oppositely directed abrading forces by studs on
      respective said adjacent rolls.
NUM  7.
PAR  7. Apparatus for peeling fruit and vegetable pieces comprising a plurality
      of first and second elongate rolls, means for supporting said rolls in
      parallel uniformly spaced apart relation in a cylindric pattern in which
      said first rolls alternate with said second rolls around said pattern,
      said first rolls each having a generally cylindrical core with a plurality
      of first resilient studs projecting radially outward therefrom and said
      second rolls each having a generally cylindrical core with a plurality of
      second resilient studs projecting radially therefrom, the distance between
      the cores of adjacent rolls being less than the minimum diameter of the
      pieces to be peeled and said first studs having a length less than said
      second studs and said second studs having a length greater than one-half
      the minimum diameter of the pieces to be peeled, said studs having lengths
      such that the radial extremities of said first studs are spaced apart from
      the radial extremities of said second studs, and means for rotatively
      driving said rolls about their respective axes in the same direction.
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ABST
PAL  A device for positioning overlapping ends of a looped band in a working
      area of an automatic packaging machine. The device includes a first slider
      on one side of the working area and a second slider on the other side of
      the working area. A driving mechanism coupled to the slider moves them
      toward each other up to a predetermined distance corresponding to the
      width of the band in the working area of the packaging machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of band wrapping machines, and
      particularly to a device for fixing the position of the overlapping,
      mutually binding ends of bands in the locking block of a machine for
      automatic binding packages by encircling them with band material.
PAR  In known machines of this kind, a part of the band material is introduced
      into an annular channel surrounding the package that is to be bound around
      by moving an end of the band up to a stop. The free end of the band is
      then caught and stretched around the package by retracting it from its
      feed-in end. The band is held tight after reaching its final tension, and
      then cut-off from the band supply. The overlapping band ends are then
      connected, for example, by welding.
PAR  In order to obtain a durable and strong connection, it is necessary to
      align the ends of the band laterally before their connection especially
      when using a plastic band. The ends must be placed precisely one above the
      other on the working position of the locking or connecting mechanism, such
      as a welding head.
PAR  It is known to provide stationary guiding channels in the locking block to
      guide the band ends laterally. However, such solid, lateral band guides
      have the disadvantage that the locked band has to be removed from the
      guiding channels transversely to the plane of the band. In order to do
      this, it is necessary that the counterpressure plate be laterally
      shiftable out of the range of the band. However, it has now been
      demonstrated that, when welding plastic bands by means of a supersonic
      apparatus, the counterpressure plate must be precisely parallel to the end
      surfaces of the welding head in order to obtain a satisfactory welded
      connection. Practically, such precise alignment cannot be obtained with a
      mobile counterpressure plate.
PAR  A further disadvantage consists in the fact that stationary guiding
      channels are devised for a certain band-width and must be replaced in case
      of a change in the width of the band. The requirement for additional band
      guides and their installation each time the band width is changed is
      troublesome and time consuming.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a positioning device
      eliminating the disadvantage of known guides. According to the invention,
      two sliders are provided, movable against each other in a direction
      parallel to the band ends and transverse to the longitudinal axis of the
      band. When actuated, the sliders approach the band from both sides, but
      they stop at a predetermined distance corresponding to the width of the
      band. In such a manner, the band ends are aligned laterally and placed one
      upon the other upon the working area of the locking device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is illustrated in the following
      figures:
PAR  FIG. 1 shows schematically the course of the band encircling the package
      before the beginning of the binding operation;
PAR  FIG. 2 is a lateral view, partly in cross-section, of the positioning
      device according to the invention;
PAR  FIG. 3 is a top view of the positioning device according to FIG. 2;
PAR  FIG. 4 is a top view of a part of the driving device for the positioning
      device according to FIGS. 2 and 3;
PAR  FIG. 5 is a lateral view of the traction magnet utilized in the driving
      device according to FIG. 4;
PAR  FIGS. 6 and 7 are lateral views of the follower of the driving device in an
      initial and a working position;
PAR  FIG. 8 is a lateral view of a stopping device for the setting of the
      positioning device for the particular width of the applied band; and
PAR  FIG. 9 is a side view of a switching device coupled to the driving
      mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows, in a simplified illustration, a locking device of a machine
      for automatically binding packages by encircling them with a plastic band.
      This locking device comprises a welding head 1 utilizing (for example
      ultrasonic energy, and a counterpressure plate 2. The package 4 to be
      bound rests upon the table plate 3. The band 5, which is initially moved
      in the direction of the arrow 6, is shown introduced up to the stop 7. At
      the stage of the operation shown in FIG. 1, the band 5 forms a loop 8
      which follows an annular channel (not illustrated) surrounding the
      package. A separating slider 9 facilitates the introduction of the band.
      As soon as the stage of operation shown in FIG. 1 is reached, the
      separating slider 9 is retracted from the path of the band 5.
      Simultaneously, the positioning device is properly located in the working
      area.
PAR  The positioning device is illustrated in FIGS. 2 and 3. For clearness, the
      counterpressure plate 2 is omitted from FIG. 3. As shown in FIG. 2, the
      band 5 has a free end 5a and a feed-in end 5b. As shown in FIG. 3, it is
      equally possible to apply a wider band 5' instead of the band 5. The
      approximate limits in the width of admissable bands are shown by bands 5
      and 5', drawn in dash-dotted lines.
PAR  The positioning device includes two sliders movable against each other in a
      direction parallel to the plane of the band and traverse to the
      longitudinal axis of the band. Each slider is provided with a pair of
      parallel centering plates 10, 11 and 12, 13. The pairs of plates 10, 11
      and 12, 13 are spaced apart on both sides of the working area of the
      locking device (that is, on both sides of the welding head 1) and traverse
      to the overlapped band. One pair of centering plates 10, 11 is connected
      by a cross-beam 14 with two parallel guiding rods 15, 16 which are
      longitudinally shiftably supported in a block 17. The other pair of
      centering plates 12, 13 is directly supported in the block 17 and is also
      longitudinally shiftable.
PAR  When actuated from their illustrated resting position, both sliders are
      always operated so that they approach from both sides the overlapping band
      ends 5a and 5b up to a distance corresponding to the band width. Thus, the
      band ends 5a, 5b are aligned in the working position of the locking device
      by the opposite edges 10a, 11a, 12a, 13a of the laterally positioned
      centering plates 10, 11, 12, 13. The resting position of centering plates
      10, 11 are further from the working position of the locking device than
      the resting position of centering plates 12, 13, so that the locked band
      can be removed later in the direction toward the centering plates 10, 11
      (to the left in FIGS. 2 and 3, laterally from the working position of the
      locking device).
PAR  Beside both sliders of the positioning device, there is the stop 7 and the
      separating slider 9 in the block 17, supported to be longitudinally
      shiftable with axes of movement parallel to the separating slider. A
      driving mechanism, common to all mobile parts 7, 9, 10, 11, 12, 13,
      actuates them. The driving mechanism is designed so that those mobile
      parts which have to travel the longest path during operation (centering
      plates 10, 11) are directly driven, while members traveling a shorter
      working path are switched-on after a lost motion.
PAR  The driving mechanism includes a main driveshaft 18 (FIGS. 2, 3, and 4)
      rotatably supported in two bearing blocks 19, 20. These bearing blocks 19,
      20 are attached to a structural body plate 21 connected to the block 17.
      Power for rotating the main driveshaft 18 is provided by a traction magnet
      22 (FIGS. 4 and 5), connected by its axially movable armature rod 23
      through a chain-piece 24 with an arm of a double-armed lever 25 clamped
      rigidly to the main driveshaft 18. A release spring 26 grips the other arm
      of the lever 25.
PAR  A single armed rocking lever 27 (FIG. 2) is seated on one end of the main
      driveshaft 18 with its free end connected by means of an articulated
      shackle 28 and a setting ring 29 placed adjustably on the guide rod 15 of
      the slider. The centering plates 10, 11 are fixed on the guide rod 15 by
      means of a set screw 30. When the traction magnet 22 is energized, the
      rocking lever 27 is pivoted over the main driveshaft clockwise as shown in
      FIG. 2; so that the slider, arranged at the left side of FIG. 2, is moved
      with the centering plates 10, 11 to the right toward its operating
      position.
PAR  An auxiliary driveshaft 31 drives the slider carrying centering plates 12,
      13. The auxiliary driveshaft 31 is placed in parallel with the main
      driveshaft 18 and also supported rotating in bearing blocks 19, 20. This
      auxiliary driveshaft 31 is coupled to a follower device having lost
      motion, so that the auxiliary driveshaft 31 starts to rotate later than
      the main driveshaft 18 and in an opposite sense of rotation.
PAR  The follower device (FIG. 4, 6, 7) consists of a lever 32 having a gaping
      orifice 33 rigidly clamped to the main driveshaft 18 with a set screw 34
      placed on the free end of the lever 32. The set screw 34 penetrates into
      lever 32 and cooperates with a lever 35. Lever 35 is rigidly clamped to
      the auxiliary driveshaft 31 and has a laterally placed bolt 36 penetrating
      into the gaping orifice 33 of the other lever 32. When main driveshaft 8
      is turned clockwise from the rest position of the follower device (FIG.
      6), the lever 32 moves without having any effect (lost motion) until the
      leg of the set screw 34 meets the bolt 36 on the other lever 35,
      whereafter the latter is moved along, and the auxiliary driveshaft 31 is
      turned counterclockwise.
PAR  A rocking lever 37 (FIG. 2 and 3) is positioned on one end of the auxiliary
      driveshaft 31, and has its free end articulately connected with an
      adjusting ring 40, placed adjustably on a pushrod 39. A bolt 41 on the
      adjusting ring 40 penetrates into a longitudinal slot 42 on the free end
      of the rocker arm 37. A pushrod 38 is longitudinally and slidingly
      supported in the block 17, and carries on its other end a crossbolt 43
      protruding from both sides. Both ends of the crossbolt penetrate into a
      slot 44 in the centering plates 12, 13, so that these centering plates are
      carried along with the shifting of the pushrod 38.
PAR  The setscrew 34 on the follower lever 32 is adjusted so that, during the
      transfer of the device into its working position by energizing the
      traction magnet 22, the more remote slider is first conducted by the
      centering plates 10, 11 alone in the direction toward its working
      position. When it is at the same distance from the working position of the
      locking device as the other slider with the centering plates 12, 13 (which
      is still in its resting position) both sliders are moved towards each
      other into their working positions.
PAR  The movement of both centering sliders is limited by stops in both
      directions. The working positions of the centering plates 10, 11, 12, 13
      are determined by an adjustable stop screw 45 which can be fixed by means
      of a lock nut 46 with a cooperating stop lever 47, rigidly clamped to the
      main driveshaft 18 (FIG. 4, 8). By turning the stop screw 45, it is
      possible to adjust the distance between centering plates 10, 11 and
      centering plates 12, 13 when they are in their working position (in FIG. 2
      and 3 indicated in dash-dotted lines) to the width of the applied band 5.
PAR  The resting position of the centering plates 12, 13 is determined by the
      stop of a cam plate 48 on the auxiliary driveshaft 31 and a bolt 49 on the
      bearing block 19 (FIGS. 2, 3). The resting position of the centering
      plates 10, 11 is determined by the stop of the projection 32a of follower
      lever 32 on the bolt 36 of the other follower lever 35 (FIG. 6).
PAR  The stop slider 7 and the separating slider 9 are also coupled to the
      described driving mechanism and are simultaneously removed from the path
      of the band 5 when the positioning device is transferred into working
      position. The separating slider 9 has two longitudinally sliding guide
      rods 50, 51 supported in bearings in the block 17. An adjusting ring 52 is
      fixed with set-screw 53 on the free end of the guide rod 50. The set-screw
      53 penetrates with a coupling bolt 54 into an orifice in the stop slider 7
      whereby both sliders 7 and 9 are mutually coupled. A shifting plate 55
      serves for driving them with a setting ring 29 rigidly connected to the
      guide rod 15 of the centering device, and having an incision 56 with the
      coupling bolt 54 penetrating into it. The incision 56 is in the direction
      of movement of the shifting plate 55 and is longer than the diameter of
      the coupling bolt 54, so that there is lost motion in the coupling
      connection between these two parts. This provides for the different
      working paths which are to be absolved by the centering plates 10, 11 on
      one side and the stop slider 7 with the separating slider 9 on the other.
PAR  A cam plate 57 sits further on the main driveshaft 18 for actuating an
      electric switch 58 (FIG. 4, 9) attached to the base plate 21, the function
      of which will be explained further on. This switch 58 is always actuated
      when the described device reaches its resting position.
PAR  The positioning device is set into operation as soon as the band 5 is
      introduced in the manner represented in FIG. 1 into the locking block,
      i.e., before the retraction of the band takes place. When the positioning
      device has reached its working position, the stop slider 7 and the
      separating slider 9 are placed outside the path of the band 5.
PAR  For welding both ends of the band 5a and 5b, the welding head 1 is lifted,
      whereby the band ends between the welding head 1 and the counterpressing
      plate 2 are compressed. The centering device remains in working position
      until the welding process ends and the welding head 1 is lowered again.
      The traction magnet 22 is then switched-off, so that the driving mechanism
      tends to move backward under the action of the release spring 26 into its
      resting position. This retreat is, however, halted by the fact that the
      stop slider 7 hits laterally the locked band 5. The band 5, passing
      beneath and through the counterpressing plate 2, is liberated from it by
      shifting package 4 upon the table plate 3 in order that the package 4 may
      be lifted from the table plate 3. Only then can the stop slider 7 and all
      mobile parts return to their resting position. The switch 58 is also
      actuated in this moment and releases the introduction of a new piece of
      band into the locking block.
PAR  From the foregoing, it can be readily realized that this invention can
      assume various embodiments. Thus, it is to be understood that the
      invention is not limited to the specific embodiments described herein, but
      is to be limited only the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for positioning overlapping ends of a band in a working area of
      a machine comprising:
PA1  a first slider moveable on one side of said working area;
PA1  a second slider moveable on the other side of said working area;
PA1  a driving means coupled to said sliders for moving said sliders towards
      each other up to a predetermined distance corresponding to the width of
      said band;
PA1  a band-end stop lever positionable in said working area;
PA1  and a separating slider positionable in said working area, said band-end
      stop lever and said separating slider being coupled to said driving means
      for movement transversely of said working area.
NUM  2.
PAR  2. The device as claimed in claim 1, wherein
PA1  each of said sliders includes a pair of vertically oriented parallel
      centering plates,
PA1  one of said pairs being positioned on one side of said working area, and
      the other pair being spaced apart from said one pair and positioned on the
      other side of said working area,
PA1  the edges of apposing pairs of centering plates facing each other for
      aligning said ends of a band when said sliders move towards each other.
NUM  3.
PAR  3. The device as claimed in claim 1, wherein
PA1  said adjusting means includes a rotatable stop lever cooperating with a
      stationary adjustable stop.
NUM  4.
PAR  4. The device as claimed in claim 1, wherein said driving means includes
      adjusting means, whereby said predetermined area can be adjusted to
      accommodate bands of different widths.
NUM  5.
PAR  5. A device for positioning overlapping ends of a band in a working area of
      a machine comprising:
PA1  a first slider moveable on one side of said working area;
PA1  a second slider moveable on the other side of said working area; and
PA1  a driving means coupled to said sliders for moving said sliders towards
      each other up to a predetermined distance corresponding to the width of
      said band; and wherein
PA1  said first slider is moveable a further distance from said working area
      than said second slider,
PA1  whereby said band can be removed from said working area in a direction
      toward said first slider.
NUM  6.
PAR  6. The device as claimed in claim 5, wherein
PA1  said driving means includes a follower means coupling said first slider to
      said second slider,
PA1  said follower means including a lost motion means, whereby said first
      slider is moved said further distance by said driving means until both
      said sliders are equidistant from said work area whereupon both said
      sliders are moved toward said work area.
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ABST
PAL  A process for economically utilising straw in which the straw is compressed
      into briquettes having a density of at least 500 kg/m.sup.3, preferably at
      least 1000 kg/cm.sup.3, for subsequent use in a thermal, chemical or
      microbiological plant.
BSUM
PAR  This invention relates to a process for utilizing straw.
PAR  As agricultural operations become divided to a continuously increasing
      extent into cattle rearing and cereal cultivation, and stables which
      require no bedding are becoming increasingly used, the amount of
      unutilisable straw is steadily increasing. Various ways have already been
      considered of using the straw, but none of the previous proposals have
      been fully satisfactory. The possibility of its use as fodder is
      quantitatively limited, its use as a fertilizer would require costly
      processing of the straw since when the straw is distributed in the earth
      it decomposes too slowly and the danger of formation of isolated straw
      layers in the earth exists, and its use in producing industrial products
      such as building materials involves technical difficulties and is often
      uneconomical.
PAR  For these reasons straw is now mostly burnt in the field, because the
      collection and transportation of straw bales is uneconomical because of
      the time and labour involved, and because of the large volume of the bales
      and the consequent size of the necessary storage space. However, the
      burning of straw in the field causes not only considerable danger to the
      surroundings but also pollution of the environment due to the burnt gases
      and residues, and in addition valuable earth bacteria and useful small
      wild life such as game maybe destroyed because of such fires. Moreover the
      smoke from such fires maybe a nuisance, and may for example cause traffic
      accidents due to obstruction of view by the smoke.
PAR  However, in addition economically significant heat quantities are lost. The
      use of straw as an energy source on account of its high calorific value,
      which is of the order of 4,000 kcal, would be very desirable, but such use
      suffers from the same difficulties as the use of straw for industrial
      purposes. The usual units in which straw is produced and transported are
      too voluminous and unmanageable, and they need to be stacked in order to
      save space in storage or transport, and the handling of such units
      requires an uneconomical expenditure of labour, time and equipment. The
      thermal use of straw bales would also require a special costly combustion
      plant.
PAR  An object of the present invention is to provide a process for economically
      utilizing straw by which the aforementioned disadvantages and difficulties
      are avoided and which can be carried out with comparatively simple
      readily-available equipment.
PAR  The present invention provides a process for utilizing straw comprising
      compressing the straw into briquettes having a density of at least 500
      kg/m.sup.3, preferably at least 1,000 kg/m.sup.3, for subsequent use in a
      desired process. The briquettes may be fed to a thermal and/or chemical
      and/or microbiological plant, for example for use in firing, or in the
      production of cellulose, albumen or alcohol.
PAR  The straw, in the form of such highly compressed briquettes, which may be
      handled as loose lump material, may be rationally supplied to the desired
      utilisation and processing facility, e.g. to a thermal power station or a
      chemical factory. The briquettes may be transported by any suitable means
      for conveying loose material, for example containers, cars and conveyors.
PAR  In producing the briquettes extensive destruction of the blades of the
      straw takes place and because of the exceptionally low air content of the
      briquettes they may be considered as a homogeneous material, or even to a
      certain extent as pure straw, and are accordingly much more suitable for
      utilisation than straw pressed into bales even if such bales are highly
      compressed. Due to the extensive destruction of the blades of the straw in
      the briquettes, the briquettes may either before or during their
      utilisation be divided or disintegrated without difficulty, e.g. crumbled,
      pulverised or ground, and in the latter case further handled as granuled
      or pulverised loose material.
PAR  No limits are imposed on the possible thermal, industrial, chemical or
      microbiological utilisation of such a homogeneous, compact, lump granular
      or ground straw briquette. It is however essential that the briquettes
      have a very high briquette density. Although a density of 500 kg/m.sup.3
      is sufficient for most uses, it is expedient because of smaller space
      requirements to produce briquettes with a density of at least 1,000
      kg/m.sup.3. Suitable high pressure presses are readily available for such
      compression and are already used for producing hay and straw briquettes
      intended for fodder, i.e., for feeding domestic animals. To this end, the
      straw is digested with soda lye and/or mixed with molasses before
      pressing. Such briquettes have not previously been considered for thermal
      or industrial utilisation.
PAR  It is particularly expedient to at least partially extract the air
      contained in the straw to be pressed, before and/or during the pressing
      operation. When pressing the straw to the above-mentioned minimum density,
      the accompanying pressing of too much air contained in the straw should be
      avoided, because the compressing or accompanying air considerably lowers
      the strength of the produced briquettes, and under certain circumstances
      the briquettes can be shattered after their production by expansion. This
      can be prevented only by very high pressing pressure, which causes such a
      compression of the straw that the expansion of the air contained in the
      briquettes is prevented.
PAR  On the other hand, if the air content is largely extracted from the straw
      before or during pressing, briquettes can be produced having a density
      approaching the specific gravity of pure air-free straw.
PAR  Air extraction may be carried out by various methods, whether the air
      contained in the straw is extracted by suction or by pressure. This
      suction or pressure extraction of the air may be carried out either before
      the actual pressing operation or advantageously simultaneously with the
      pressing operation.
PAR  It is also found to be extremely advantageous to treat the straw before
      pressing with one or more liquids, which because of their low surface
      tension have good wetting capacity for straw, and/or which because of
      their electrical conductivity reduce the static electricity charge on the
      straw and/or improve adhesion of the straw. Suitable aqueous or
      non-aqueous liquids, and also bitumen or oil based emulsions, may be used
      for this purpose. For this reason it is found to be expedient to wet the
      straw with a liquid as described above because water alone has relatively
      little effect because of its poor wetting capacity. The use of proper
      wetting agents, e.g. surface active agents, detergents and electrolytes,
      which are chemical compounds which dissociate in aqueous solutions, is
      therefore recommended. The adhesion capacity increased in this manner
      allows the straw on pressing to come into intimate contact and thus leads
      to exceptionally favourable air extraction. The better the adhesion of the
      straw, the less can air remain between the straw during manufacture of the
      briquettes. To effect air extraction, presses may be used which are fitted
      with at least one air extraction line, opening in the pressing chamber, or
      presses with localised air penetration zones formed in the pressing
      chamber. The base, press ram or piston and/or the side walls of the
      pressing chamber are usually considered for such localised zones.
PAR  It has been found particularly desirable firstly to wet the straw after its
      size reduction and then to pre-compress at comparatively low pressure.
      Through such a pre-compression of the straw, the straw blades comes into
      the desired intimate contact which makes the straw most suitable for
      processing into briquettes in a high pressure press with an optimum low
      air content.
PAR  Completely dry straw may be processed into briquettes only with difficulty
      and very high energy expenditure, and the energy consumption for producing
      such briquettes may be considerably reduced if the surface between the
      straw and press chamber wall is treated with a friction-reducing liquid.
      Either the straw or the wall of the press may be wetted with a suitable
      substance for reducing friction, before or during the pressing,
PAR  A lubricant, e.g. based on carbon, hydrocarbon or synthetically based, for
      example graphite, a mineral oil, an organic oil, a tar oil or silicon, may
      be optionally added to the the straw either before or during the pressing
      in addition to the use of such a friction-reducing liquid. The addition of
      such a lubricant may be conveniently combined with the addition of an
      adhesion increasing liquid, a wetting agent or the like. The wetting
      agents and lubricants in practice may be identical.
PAR  By adding such a lubricant, the power required for pressing the straw is
      reduced to a minimum. All mineral and organic oils are especially useful
      as lubricants, and such substances are also the easiest for feeding to the
      pressing chamber of a press.
PAR  A binding agent, e.g. bitumen, a synthetic resin adhesive or a glue, may be
      added to the straw either before or during the pressing for solidifying
      and improving the shape stability of the briquettes, as for example is
      done in the production of coal briquettes. Such binding agents may in
      practice also function as lubricants.
PAR  The storage stability of the straw briquettes may be improved by adding a
      moisture repellent, e.g. an impregnating compound based on a hydrocarbon
      or on a synthetic resin, to the straw before or during the pressing. Such
      impregnated briquettes are rot proof and may be stored in the open or in
      damp spaces. Similarly a decay prevention agent, e.g. a disinfectant, may
      be added to the straw briquettes either before or during the pressing.
PAR  If the straw briquettes are intended for a chemical or microbiological use,
      a substance which favours or at least is not detrimental to the intended
      use of the briquettes may be added either before or during the pressing,
      e.g. a catalyst for producing chemical products from the briquettes, or a
      substance inert to the chemical or microbiological utilisation of the
      briquette which may later form a component of the product obtained from
      utilising the briquette.
PAR  A liquid may be added by any desired method which gives good mixing of the
      liquid with the straw. Advantageously, the liquid added to the straw
      contains additives in the form of an emuslion, a dispersion, a solution or
      a colloidal solution. These additives may however, be first mixed dry with
      the straw and then a liquid added, in which the additives become
      suspended, dispersed or dissolved.
PAR  The results described below illustrate the advantages of adding a liquid or
      such additives.
PAR  Disregarding the no-load losses of a straw pressing plant, at an output of
      approximately 140 kg/h of straw briquettes with the addition only of water
      as added liquid, the measured current consumption was 24-25 A. When from
      0.4 to 0.5 percent by volume of a wetting agent, e.g. a surface active
      agent, was added to the water, the current consumption dropped to
      approximately 14 A. When, however, approximately 0.15 percent by volume of
      a wetting agent plus approximately 1 percent by volume of oil or bitumen
      were added to the water, the current consumption dropped to 7-8 A.
PAR  Although it is advantageous to add the liquid to the straw before the
      compression, in order to facilitate the processing of the straw and
      production of the briquettes, there may be subsequently carried out a
      water repellent treatment or treatment to improve the storage stability of
      the briquettes (e.g. protection against rotting or swelling), by spraying
      or immersing or impregnating the finished briquettes, possibly as an
      additional operation. Impregnation substances based on hydrocarbons, e;g.
      tar oil, are especially suitable for such after-treatment of the finished
      briquettes.
PAR  The straw to be pressed should be reduced, at least before the last
      pressing operation which determines the final density, into adaptable
      portions which are neither bulky nor unduly elongate, but which join
      together well in the briquettes, so that the straw already has its highest
      possible bulk density before passing.
PAR  An extensive destruction of the straw structure takes place as a result of
      the high pressure used for the final compression, additional to the
      previous reduction in size of the straw blades before pressing. The
      briquettes obtained by high compression of the straw may be reduced in
      size before or during their utilisation into a for example granular or
      powdered material. The briquettes are then fed in granular or powder form,
      preferably dispersed in a gas or liquid, for their utilisation or further
      processing. The straw briquettes may thereby be reduced in size to
      particles of basically any desired size, according to the intended purpose
      for which the particles are to be used, such as grinding the briquettes
      for firing as powdered fuel or suspending the particles in a reaction
      liquid.
PAR  The granular or pulverised straw may also be mixed or used mixed with
      materials which are of assistance to its thermal or
      chemical-microbiological use, such as in the case of thermal use, with
      other combustion materials, or, in the case of chemical use, with
      substances which are components or catalysts for the actual chemical raw
      material to be produced. In the case of microbiological utilisation of the
      straw, the mixed mass with the granular or pulverised straw may for
      example be used as the secondary component or basic substance of a
      suitable nutrient medium for the small organisms to be used.
PAR  The extent of the compression is determined in relation to technical and
      economical considerations, and consequently the optimum extent is
      determined by taking into consideration the cost of the portable and/or
      stationary straw presses and the transport costs for the pelletised straw
      units. the extent of the precompression may be chosen to be any desired
      fraction, for example, one half, of the final density.
PAR  The straw to be utilised which is still in the field is suitably firstly
      cut with a harvester thresher, is threshed and then distributed on the cut
      field. This distributed straw is received, reduced in size and compressed
      into briquette-like blocks having a bulk density of from 200 to 300
      kg/m.sup.3 by means of known portable machines previously used only for
      briquetting hay. During this operation the straw may also be subjected to
      air removal and/or reduction in the skin friction in the compression
      cylinder and/or improvement in adhesion by wetting and/or reduction in the
      electrostatic charge on the straw particles.
PAR  These briquette-like blocks, still of comparatively low density, are then
      fed to presses which permit the predetermined final density to be
      obtained. These presses may be stationary or, at least between the
      individual pressing stages, transportable. In the latter case a stationary
      press is, however, recommended at least during the compression process.
PAR  Before the final compression into briquettes having a bulk density of from
      500 to 1,000 kg/m.sup.3 or more, the blocks are reduced in size, wetted
      with a liquid as described above, subjected if required to compression in
      order to remove air, and finally compressed to the final bulk density.
PAR  If subjected to water repellent treatment, these briquettes may be stored
      in the open air and supplied at any required time for their desired use,
      e.g. burning in a furnace. If no water repellent treatment is provided, it
      is recommended that the briquettes are stored under a lean-to-roof. By
      adding a suitable liquid, the briquettes may be fed to a enzymatic or acid
      hydrolysis cellulose production process, by which the cellulose is
      decomposed to d-glucose, which as such may be used for example as fodder
      or may be converted by adding suitable microorganisms to proteins or other
      products, e.g. ethyl alchohol.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for utilizing straw comprising the steps of
PA1  grinding dry straw to produce ground dry straw particles;
PA1  wetting the ground dry straw particles with a liquid containing additives
      for lowering the surface tension, increasing electrical conductivity and
      improving the cohesion thereof;
PA1  pre-pressing the wetted, ground straw particles to substantially rework the
      air contained therebetween by pressing the elastic straw particles tightly
      against one another, whereby the straw particles remain tightly against
      one another due to the lowered surface tension, the increased electrical
      conductivity and the improved cohesion; and
PA1  final pressing of the substantially air freed straw particles by
      application of a high pressure to produce bulk density of at least 500
      kg/m3.
NUM  2.
PAR  2. The process as claimed in claim 1 whereby said bulk density is over 1000
      kg/m3.
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ABST
PAL  Compaction apparatus in which a material receiver chamber and a container
      are supported upon a carriage which tilts out of a cabinet to permit
      material to be inserted into the receiver chamber and which returns to a
      rest position within the cabinet for the compaction operation. Hydraulic
      rams pull a cylindrical compaction blade downwardly through the access
      opening of the receiver chamber, and the initial movement of the blade
      locks the carriage in its rest position. A carriage door permits the
      removal of the loaded container, and a latch holds the carriage in its
      rest position when the container is removed. A system of electrical
      interlocks ensures safe operation.
PARN
PAR  This is a divisional application of Ser. No. 261,325, filed June 9, 1972
      now U.S. Pat. No. 3,861,296.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compaction apparatus for refuse material and the
      like and is more particularly concerned with simple and inexpensive
      hand-fed apparatus for compacting material into bags or other small
      receptacles.
PAR  In recent years the market for refuse compaction apparatus has expanded
      greatly. Various types of units have become widely available, including
      large stationary packers which compact refuse into roll-off bodies of
      trucks, smaller stationary packers which compact material into detachable
      containers that are dumped into truck bodies by self-loading mechanisms,
      and stationary packers which are used in conjunction with small
      receptacles such as bags or barrels. Despite the diversity of available
      equipment, a need has existed for a small and inexpensive hand-fed
      compaction apparatus for use in garden-type apartments and other
      establishments of limited size. Heretofore, such establishments have used
      smaller versions of complex and expensive compaction apparatus or have had
      to be satisfied with rather crude and inefficient compaction apparatus.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is a principal object of the present invention to provide improved
      compaction apparatus, which, while substantially less expensive than
      larger units, is none-the-less highly efficient.
PAR  A further object of the invention is to provide a simple, hand-fed
      compaction apparatus which may be employed safely by housewives or
      children and which compacts refuse and the like into conventional
      receptacles with high compaction ratios.
PAR  Yet another object of the invention is to provide apparatus of the
      foregoing type which is not only simple to operate but which is easily and
      safely maintained by custodial personnel.
PAR  Briefly stated, a preferred embodiment of the present invention is a
      so-called vertical packer. The compaction blade is housed within a cabinet
      and is pulled downwardly by a pair of hydraulic rams for compacting
      material through a material receiver chamber into a container. The
      material receiver chamber and the container are supported upon a carriage
      which is pivotally mounted upon the cabinet for tilting movement about a
      horizontal axis between a rest position at which the carriage is contained
      within the cabinet and an access position at which the upper end of the
      carriage tilts outwardly of the cabinet to expose the access opening of
      the material receiver chamber. When the carriage is in its rest position,
      the access opening is inacessible, and once the compaction apparatus has
      been actuated, the carriage is locked in its rest position. When the
      cabinet is full, an alarm is given, and the container is removed from the
      carriage by means of a door in the carriage which may be opened by a
      custodian. Removal of the container locks the carriage in its rest
      position. The container is a split cylinder, which may receive a bag
      therein, which in turn may receive a liner therein to protect the bag
      during compaction. An electrical system ensures proper and safe operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in conjunction with the
      accompanying drawings, which illustrate a preferred and exemplary
      embodiment, and wherein:
PAR  FIG. 1 is a perspective view of compaction apparatus in accordance with the
      invention;
PAR  FIG. 2 is a perspective view of an upper blade guide employed in the
      invention;
PAR  FIG. 3 is a front elevation view of the invention, partially broken away;
PAR  FIG. 4 is a side elevation view of the invention, partially broken away;
PAR  FIG. 5 is a perspective view of the tilting carriage;
PAR  FIG. 6 is a top plan view of the invention, with the top cover removed to
      expose the internal parts;
PAR  FIG. 7 is a perspective view of the compaction blade;
PAR  FIG. 8 is a top plan view of the compaction blade;
PAR  FIG. 9 is a perspective view of a container employed in the invention,
      shown open;
PAR  FIG. 10 is a top plan view of the container, shown closed;
PAR  FIG. 11 is a fragmentary perspective view of a container latch;
PAR  FIG. 12 is a side elevation view, partially broken away, showing a bag and
      bag-liner which may be employed in the container;
PAR  FIG. 13 is a top plan of the bag liner;
PAR  FIG. 14 is a horizontal sectional view illustrating the manner in which the
      container is positioned upon the carriage;
PAR  FIG. 15 is a fragmentary top plan view of a carriage latch;
PAR  FIG. 16 is a fragmentary side elevation view of the carriage latch;
PAR  FIG. 17 is a circuit diagram of the electrical system employed in the
      invention; and
PAR  FIG. 18 is a circuit diagram of the hydraulic system employed in the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and initially to FIG. 1 thereof, the compaction
      apparatus of the invention comprises a cabinet 10, which may be of
      generally rectangular configuration, having a carriage 12 pivotally
      supported thereon near the bottom of the carriage and the cabinet. In its
      rest position the carriage is housed within the cabinet, but the upper end
      may be tilted outwardly (even beyond the position shown in FIG. 1) by
      pulling upon a handle 14 to expose the access opening 16 of a material
      receiver chamber. The carriage is provided with a locked door 18 so that
      access to the container may be obtained by a custodian. As shown in FIG.
      1, the front wall of the cabinet has a rectangular opening 20 through
      which the carriage tilts. An actuator button 22 and a signal lamp 24 are
      also provided upon the front wall; their functions will be described more
      fully hereinafter.
PAR  As shown in FIG. 5, the carriage is a hollow shell having the opening 16 in
      the top wall thereof, the top wall slanting downwardly at the rear portion
      22' thereof to permit the upper end of the carriage to be tipped forwardly
      from the cabinet about the axis indicated at A in FIG. 5 without
      interference between the top wall of the carriage and the top edge of the
      opening 20 (FIG. 1) through which the carriage tilts. The pivotal movement
      is provided by means of hinges 24' (FIGS. 3 and 4) supporting the bottom
      wall 26 of the carriage upon the bottom frame structure of the cabinet
      sufficiently above the floor to permit the carriage to tilt. Stops 28
      (FIGS. 3 and 4) limit the outward tilting movement of the carriage. Inward
      tilting movement is limited by engagement of the bottom of the carriage
      with the bottom frame of the cabinet. The carriage has front and side
      walls in addition to the top and bottom walls but may be open at the back.
PAR  As shown in FIG. 4, a cylindrical blade guide 30 depends from the opening
      16. This guide constitutes the material receiver chamber or charging box.
      Beneath the blade guide a cylindrical container 32 is supported upon the
      bottom wall 26 of the carriage. As shown in FIG. 14, the container is
      positioned against a pair of carriage standards 34, the upper portions of
      which assist in supporting the blade guide 30. A plate 36 mounted on the
      back of the door 18 forces the container against the standards 34 when the
      door is closed.
PAR  FIGS. 9 - 11 illustrate the container in greater detail. As shown, the
      container may be a split cylinder having a pair of hemicylinder walls 38
      and 40 pivotally connected along a longitudinal edge thereof. Adjacent to
      the opposite edge latches 42 are provided. The latches may be a
      conventional over-center type as shown in FIG. 11. A circular bottom wall
      44 may be affixed to one of the walls 38 and 40, such as wall 40. During
      compaction the container is closed by the latches 42. It is opened to
      remove the compacted material.
PAR  FIGS. 12 and 13 illustrate a bag and liner assembly which may be inserted
      within the container. The bag 46 may be a conventional paper or plastic
      bag, the open end of which may be folded back to form a cuff 48 over the
      top of the container 32. To prevent cutting of the bag by sharp fragments
      during compaction, a sheet metal liner 50 may be inserted in the bag. The
      liner may comprise a pair of overlapped cylinder parts 52 and 54, which
      may be constituted by a series of straight segments. Portions of the upper
      edges of the cylinder parts are rolled over to provide sleeve 56 which
      receive a coil spring 58, the ends of which are joined to form a
      continuous spring which holds the upper ends of the cylinder parts 52 and
      54 together. The lower ends of the cylinder parts are free, so that the
      liner may be easily lifted from the refuse-filled bag with minimal
      resistance.
PAR  The compaction blade structure is illustrated in FIGS. 7 and 8. The blade
      60 may comprises a cylindrical side wall 62 closed at the bottom by a wall
      64, which constitutes the blade or platen surface that actually contacts
      the compacted material. The top of the blade may be open. A bar 66 extends
      across the top of the blade, being supported in slots 68 in the side wall.
      Notched plates 70 engage the bar from within the blade to stiffen the
      blade-bar structure, which may be welded together. Bores 72 in the ends of
      the bar receive pins for coupling piston rods of hydraulic rams to the
      blade structure.
PAR  As shown in FIG. 3, hydraulic rams 74 are located at opposite sides of the
      carriage. The lower ends of the cylinders of the rams are connected to the
      cabinet frame by means of brackets 76, the piston rods being connected to
      the blade by pins 77. The hydraulic rams are driven from a power pack
      designated generally by reference numeral 78 in FIG. 3.
PAR  Movement of the blade in the upper part of the cabinet is guided by a split
      cylinder 80 shown in FIG. 2. The cylinder parts are provided with flanges
      82 joined at the upper ends thereof by blocks 84. As FIGS. in FIG. 4 and
      6, the cylindrical guide 80 is supported within the housing by means of
      vertical channel members 86 and 88 of the cabinet frame, which engage the
      lower portion of the guide. Rod 66 of the blade structure passes through
      slots defined by the spaced flanges 82 of the blade guide. The upper ends
      of channels 86 and the associated mounting brackets for the cylindrical
      blade guide are also slotted as shown in FIG. 4 for passage of the bar 66.
      FIG. 3 shows the blade at its lowermost position fully extended through
      the blade guide 30 and into the container 32. In its uppermost or fully
      retracted position, the lower end of the blade is just above the top of
      the carriage, permitting the carriage to be tilted from the cabinet. Once
      the blade commences its downward movement and enters the blade guide 30,
      the carriage is thereby locked within the cabinet. In this position, the
      carriage fits closely within cabinet opening 20, so as to prevent access
      to the cabinet by the user.
PAR  As shown in FIG. 4, one end of the bar 66 is provided with a shoe or cam 90
      for actuating a group of switches LS3, LS5, LS2 and LS4 supported in the
      cabinet along the path of the cam 90. The operation of these switches and
      other switches, LS1 and LS6, will become apparent hereinafter in
      connection with the description of FIGS. 17 and 18.
PAR  As shown in FIG. 18, the power pack for driving the hydraulic rams 74 may
      comprise a conventional pump 91 driven by an electric motor 92. The pump
      supplies hydraulic fluid to the rams 74 from a reservoir 94 by means of a
      three-position solenoid-actuated valve 96. In the center or neutral
      position of the valve the hydraulic fluid is returned to the reservoir as
      shown in FIG. 18. When the valve is moved to the left by solenoid A,
      hydraulic fluid is supplied to the tops of the cylinders of ram 74,
      driving the pistons downwardly for the power stroke of the blade. When the
      valve 96 is shifted to the right by solenoid B, the rams move the blade in
      the opposite direction for its retraction stroke. A pressure switch 98
      senses the hydraulic pressure supplied to the rams for a purpose to be
      described. An overload valve is shown at 100.
PAR  FIG. 17 illustrates an electrical system for controlling the operation of
      the hydraulic system of FIG. 18. The pump motor 92 is energized from the
      115 volt AC supply when relay CR1 is energized. The energization of relay
      CR1 is initiated by momentary closure of switch PB1 actuated by the
      actuator button 22 (see FIG. 1), a circuit being completed from the hot
      side of the AC supply through conductor 102, fuse 104, conductor 106,
      contact 108 of relay CR2, conductor 110, contacts 112 of switch PB1,
      conductor 114, and the coil of relay CR1 to the grounded side of the AC
      supply. A holding circuit for relay CR1 is completed by the relay itself
      through conductor 114, conductor 116, conductor 118, contact 120 of the
      relay, conductor 122, switch LS3, and conductor 124 back to conductor 110.
      Energization of relay CR1 completes a circuit for the pump motor 92 from
      the hot side of the AC supply through conductor 126 and contact 128 of the
      relay, one side of the motor 92 being connected to the grounded side of
      the supply by conductor 130.
PAR  Momentary closure of switch PB1 also completes a circuit for energizing
      solenoid A, through conductor 110, contacts 112, conductor 150, contacts
      152, switch LS5, conductor 154, contact 134 of a relay CR3, and through
      solenoid A and conductor 136 to the ground conductor 130. Energization of
      relay CR1 completes a holding circuit for solenoid A, which may be traced
      through conductor 110, conductor 124, switch LS3, conductor 122, contact
      120 of relay CR1, conductor 132, and contact 134 of relay CR3.
PAR  When solenoid A is energized, the control valve 96 (FIG. 18) is shifted to
      cause the commencement of the downward movement of the blade from its
      normal rest position near the top of the cabinet. Switch LS3 is held open
      by the cam 90 associated with the blade when the blade is in its fully
      retracted position. As the blade moves downwardly, swich LS3 closes to the
      position illustrated in FIG. 17, permitting the application of power to
      contact 120 of relay CR1 and permitting completion of the circuits through
      this contact, as referred to above. Any material in the receiver chamber
      and container is compacted.
PAR  When the blade reaches almost to its lowermost position, switch LS4 is
      transferred so as to close upon contact 138. AC power is then applied from
      conductor 118 through switch LS4 and conductor 140 to to relay CR3,
      energizing relay CR3, causing the relay to transfer its contacts. Power is
      then applied from conductor 132 through contact 142 to solenoid B,
      energizing this solenoid. Solenoid A is deenergized upon energization of
      relay CR3, because power is no longer supplied to contact 134 of the
      relay. When relay CR3 is energized, a holding circuit or the relay is
      completed by means of conductor 140, contact 144 and conductor 118 back to
      contact 120 of relay CR1.
PAR  Energization of solenoid B shifts the control valve 96 so as to retract the
      blade. Switch LS4 opens, but the blade continues to retract until it
      reaches almost to its uppermost position, at which time switch LS3 is
      opened, breaking the holding circuit for relays CR1 and CR3 through
      contact 120. The system is thus de-energized.
PAR  Switch LS5 is a safety override switch. Once the blade has moved down a few
      inches, switch LS5 transfers from contact 146 to contact 148. Now, instead
      of energizing solenoid A through contact 146, conductor 154, and contact
      134, actuation of switch PB1 closes a circuit from conductor 110, through
      contacts 112, conductor 150, contacts 152, contact 148 of switch LS5, and
      conductor 156 to the coil of relay CR3, energizing the relay and solenoid
      B, and causing the blade to retract, as long as switch PB1 is held
      actuated. Thus, the same actuation switch may be employed for causing the
      blade to move downwardly and for later causing the blade to retract. When
      the blade returns to its upward position, switch LS5 transfers again to
      engage contact 146 to prepare the blade for downward movement.
PAR  As the blade approaches its lowermost position, a zone switch LS2 is
      closed. This will have no effect unless pressure switch 98 is closed,
      indicating by the hydraulic pressure (and thus the load on the blade) that
      the container is full. If the pressure switch is closed and switch LS2 is
      closed, relay CR2 will be energized, breaking the circuit to contact 108
      and removing power from conductor 110 and the components supplied
      therefrom. Power will be applied to contact 158, energizing transformer
      160 and "full" indicator lamp 24 (see FIG. 1). A holding circuit for relay
      CR2 is completed through contact 162 and switch LS1, which is held in the
      position shown when door 18 of the carriage is closed. Under these
      conditions the compaction blade will remain extended into the container,
      and the user will be unable to operate the blade.
PAR  When a custodian notices the "full" indication and opens the door 18,
      switch LS1 will transfer its contacts, de-energizing relay CR2 and lamp 24
      and returning power to conductor 110. If switch PB1 is then actuated,
      relay CR1 and relay CR3 will be energized (LS5 will be closed on contact
      148) and the blade will retract. When the blade retracts enough to close
      switch LS5 on contact 146, the circuit to relay CR3 through contact 148
      will be broken, but a new circuit will be completed through contact 146,
      conductor 154, conductor 164, contacts 166 of switch LS1, and conductor
      168, to continue the retraction of the blade until the opening of switch
      LS3 de-energizes the pump. When an empty container is placed within the
      carriage and the door 18 is closed, the apparatus is ready for use again.
PAR  If an attempt is made to operate the apparatus with the carriage away from
      its rest position, switch LS6 will close (being held open by the carriage
      in its rest position), completing a circuit to relay CR3 if the safety
      override switch is closed upon contact 146, and returning the blade to its
      fully retracted position. This may occur if the carriage is left open for
      a long period and if the compaction blade drifts downwardly because of
      seepage of hydraulic fluid.
PAR  The weight of the carriage with a container thereon is preferably
      counterbalanced with respect to the pivotal axis A, so that a strong
      effort is not required to tilt the carriage outwardly. The carriage must
      be pulled to expose the access opening 16, and if pulled out fully will
      move slightly over-center. It will return to the rest position when pushed
      over-center in the opposite direction. Suitable dampers 169 (FIG. 4) may
      be employed to buffer the return of the carriage within the cabinet.
PAR  When the door 18 is opened and the container is removed, the balance of the
      carriage will change, tending to tip the carriage outwardly. An automatic
      latch 170 may be employed as shown in FIGS. 15 and 16 to prevent this. The
      latch may comprise a lever 172 pivotally mounted on the bottom 26 of the
      carriage at 174 and pressed rearwardly by the container 32 against the
      bias of a spring 176. When the container is moved away from channel 88,
      the lever 172 is turned by spring 176 until it engages keeper 178 mounted
      on channel 88, latching the carriage in its rest position. When the
      container is replaced, the lever is moved to unlatch the carriage.
PAR  While a preferred embodiment of the invention has been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      in this embodiment without departing from the principles and spirit of the
      invention, the scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. Compaction apparatus comprising a reciprocating compaction blade movable
      alternately in a compacting direction and a retracting direction, motive
      means for moving said blade in one of said directions or the other, and
      control means including a manual actuator for controlling said motive
      means to move said blade in said compacting direction when said actuator
      is manually actuated in a predetermined manner, said control means further
      including means responsive to intital movement of said blade in said
      compacting direction for controlling said motive means to move said blade
      in the retracting direction in response to manual actuation of the same
      actuator in the same manner.
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ABST
PAL  A trash disposal system and apparatus therefor. A container having an
      opening at the top, a protective cover therefor loosely fitting and
      closing the opening, and means on either the container or cover requiring
      that the cover be centered on the container if the cover is to be removed
      therefrom. The cover has a ball and socket joint in its center, and a
      compacting tool such as a ram with an elongated shaft is snugly fit but
      freely slidable in the ball of the ball and socket joint, the ram having
      an enlarged head at its inner end and being swiveled with respect to the
      cover and the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reference is made to copending application Ser. No. 138,482, now U.S. Pat.
      No. 3,779,157. That application describes and claims a receptacle for
      receiving material to be compacted, such as trash material, the latter
      being the usual household waste material such as paper, bottles, tin cans,
      etc. The receptacle has a cover, means for sealing the cover against the
      escape of flying particles of glass or other unwanted particles, and
      having inserted slidably through the cover of the receptacle a ram or
      impactor unit (compaction unit) with an enlarged head. Material is placed
      in the receptacle, and then the impactor or ram is used to crush or
      compact the material.
PAR  The apparatus of said application is a general purpose apparatus, and no
      provision is made for economically and specifically segregating the
      several types of material to be compacted either within such container or
      a plurality of containers. However, there is growing need for a system
      which is low enough in price for most families to buy, and which
      facilitates such segregation. To satisfy this need, the use of several
      containers, for the purposes of segregation and compaction, seems to be a
      convenient way, if the cost can be kept low. The general purpose apparatus
      of said application can be used that way, but is relatively expensive
      compared to the system and apparatus of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the purpose of this invention to provide a system (and
      units therefor) for the segregation and compaction of material such as
      household trash, one embodiment of the system utilizing relatively
      inexpensive containers in which the several materials such as different
      color bottles and cans may be put. Each container will be provided with a
      separate cover so as, for example, to prevent accidental entry thereinto
      by young children. However, a single compaction tool with a shield or
      cover which will fit each of the individual containers, is to be used with
      each container for the purpose of compaction, the shield or cover
      preventing the escape of flying particles of glass or other crushed
      materials. In another embodiment, bottles, cans, and paper may be
      compacted.
PAR  Accordingly, among the several objects of the invention may be noted the
      following:
PAR  One object of the invention is the provision of a container of relatively
      inexpensive but sturdy construction, open at the top but having means for
      closing the top, the closure means being removable at the will of the
      operator but unable to be detached from the container unless properly
      positioned thereon.
PAR  Another object of the invention is the provision of a container of the
      above kind, in which the closure element can move laterally on the
      container while still sealing the same, the closure element having a
      freely movable sealing member at the center thereof through which a
      compaction tool can freely slide and also swivel with respect to the
      container.
PAR  Yet another object of the invention is a container of the above types, in
      which the closure member with its ram may be removed from the container at
      the will of the user thereof at any time, in order for it to be used on
      other similar containers.
PAR  Still another object of the invention is the provision of a system in which
      containers of the above kinds are provided, and a single cover and its ram
      freely slidable therein may be used with any one of the containers
      interchangeably.
PAR  A further object of the invention is the provision of a combined cover and
      ram which may be safely used with more than one type of container, and
      having means for retaining the cover on its container.
PAR  Other objects and advantages will be in part obvious and in part pointed
      out hereinafter.
PAR  The invention accordingly comprises the elements and combinations of
      elements, features of construction, arrangements of parts, and
      manipulation of the apparatus all of which will be exemplified in the
      structures hereinafter set forth, and the scope of the application of
      which will be indicated in the appended claims.
DRWD
PAR  In the accompanying drawings, in which several embodiments of the invention
      are disclosed.
PAR  FIG. 1 is an overall view of one embodiment of the invention.
PAR  FIG. 2 is a sectional elevation, in part, of the FIG. 1 embodiment.
PAR  FIG. 3 is a plan view, partly in section, of the FIG. 1 embodiment.
PAR  FIG. 4 is a view of a portion of the FIG. 1 embodiment, in cross-sectional
      elevation, given to show a separate, protective storage cover placed
      thereon.
PAR  FIG. 5 is a view of a portion of a second embodiment of the invention,
      given in cross-sectional elevation.
PAR  FIG. 6 is a plan view of the FIG. 5 embodiment.
PAR  FIG. 7 is a sectional elevation of a third embodiment of the invention.
PAR  FIG. 8 is a plan view of the FIG. 7 embodiment.
PAR  FIG. 9 is a sectional elevation of a portion of the FIG. 7 embodiment,
      given in enlarged view to illustrate certain features of the invention.
PAR  FIG. 10 is a cross-sectional elevation of a fourth embodiment of the
      invention.
PAR  FIG. 11 is an end view of a compactor used in this invention.
PAR  FIG. 12 is an elevation of one end of an impacting tool, showing a fifth
      embodiment of the invention.
PAR  FIG. 13 is a cross-sectional elevation of a portion of a sixth embodiment
      of the invention.
PAR  FIG. 14 is a bottom plan view of a portion of the sixth embodiment taken in
      the direction of sight lines 14--14 on FIG. 13.
PAR  FIG. 15 is a cross-sectional elevation of a seventh embodiment of the
      invention.
DETD
PAR  Throughout the drawings, similar reference characters indicate
      corresponding parts. Also, dimensions of certain of the parts as shown in
      the drawings may have been modified and/or exaggerated for the purposes of
      clarity of illustration and understanding of the invention.
PAR  Referring to FIGS. 1-3 for a description of a first embodiment of the
      invention, there is shown generally by numeral 2 a holder or container for
      receiving the material to be compacted, such as household trash, the
      container 2 being made of plastic of a strong durable type such as high
      density polyethylene blow molding grade, and having the four side walls 4.
      The container is generally rectangular or square shaped, but it could be
      cylindrical. The cross-section shape of the container is maintained
      approximately the same so that the walls are parallel up to a point about
      half way up the walls, and then the walls converge inwardly to meet at the
      generally circular rim portion indicated generally by numeral 8.
      Integrally attached preferably at one corner of the inwardly directed
      walls 6 is a handle 10. The container thus forms a bottle, and at the top
      has the opening 12, this opening being preferably round. From the opening
      12, the top of the bottle flares outwardly to provide the sloping shoulder
      14, and then bends upwardly and inwardly to provide flange 16. The inner
      periphery 18 of the flange is larger in diameter than the diameter of the
      opening 12.
PAR  A closure member indicated generally by numeral 22 provided, it being
      common to several embodiments of this invention. The closure member
      comprises a disc 24 of substantially rigid material (although it can be
      slightly flexible), and a swiveled seal at its center, the latter being a
      ball and socket joint indicated generally by numeral 26. Disc 24 is made
      of a molded synthetic resin of strong and durable nature, such as, for
      example, polycarbonate or high density polyethylene. It may be
      transparent. Dependent from the disc 24 is an outwardly extending flange
      indicated generally by numeral 28, the function of which will be disclosed
      below in connection with another embodiment. Flange 28 is smaller in
      diameter than the diameter of opening 12.
PAR  It will be noted that the diameter of the cover disc 24 is significantly
      greater than the diameter of the opening 12. Also, it is to be noted that
      the diameter of the disc 24 is slightly smaller than the inner diameter of
      the flange 18. As a result, unless the disc 24 is centered on the opening
      12, it will be hindered in its removal from the container 2. However,
      since the diameter of the disc 24 is also less than the diameter of the
      outwardly turned shoulder 14, the disc 24 can move from side to side while
      still being held on the shoulder by flange 16, until the disc is centered
      on the container. However, the inner diameter of the wall 15 is small
      enough so that the disc 24 cannot move laterally far enough to create an
      opening into the container.
PAR  Referring now to FIG. 7, there is shown in detail, and in cross-section,
      the ball and socket swiveled aperture. Disc 24 is shown which is a
      substantially flat plate member and has boss 30 at the center thereof.
      Boss 30 is provided with a hole 32 in the center thereof for a purpose
      which will be described below. A downwardly depending collar 34 is
      attached to boss 30 by screws 31 and has the flange 28. Collar 34 has a
      partially spherical opening 38 in the center thereof forming a socket.
      Opening 32 in boss 30 partially closes opening 38 to retain ball 40 in the
      thus formed socket. Assembly is by inserting ball 40 in socket 38, and
      fastening collar 34 and boss 30 together.
PAR  Ball 40 is provided with a hole 48 through which smoothly slides the handle
      50 of a ram indicated generally by numeral 52. The handle 50 is a hollow
      tube, within which slides shaft 54. Shaft 54 terminates at its upper end
      by a convenient handle portion 56 of conventional nature. A bushing 58 of
      conventional nature such as nylon or suitable plastic surrounds the shaft
      54 and acts as a guide for the shaft's upward and downward motion.
PAR  Lower end 60 of the tubular handle flares outwardly as shown, to provide a
      taper lock engagement for the outwardly flaring cone shaped head portion
      62. Head 62 comprises a shell preferably made of a durable metal. It is
      partially hollow, and has at its center a central sleeve 64 which is
      provided with a tapered hole matching the taper of end 60. The tapers may
      be any of the conventional tapers in order to provide a locking fit
      between the sleeve 64 and end 60.
PAR  The outer wall of the head 62, as shown, extends downwardly, and the head
      is closed by means of a steel plate 66 which is attached by screws 74 to
      suitable thickened portions or bosses 68 of the shell 62 and which are
      integrally molded parts of the inner wall of head 62. Plate 66 has formed
      in it the outwardly extending pressure points 70, 72 which are cone
      shaped, all as described in the aforesaid U.S. Pat. No. 3,565,351. When
      attached, plate 72 bears against the end of the tapered sleeve 60, thus
      locking the head 62 to the tapered end 60 of the handle. An impact pad 76
      (such as rubber) is preferably provided on the plate 66 in order to
      receive the impact of the end of the shaft 54 when it is driven downwardly
      into the handle 50 in a compaction stroke. A gasket 77 may be used, if
      desired.
PAR  The ram is used as is the ram shown and claimed in U.S. Pat. No. 3,565,351.
      It differs structurally from the latter in several important aspects
      leading to economy of manufacture and ease of assembly.
PAR  The container 2 is intended to be one of a plurality of such containers. In
      view of the fact that these containers can be blow-molded from synthetic
      resin plastics, they will be relatively inexpensive. In addition, disc 24
      and 28, collar 34 and ball 40, are all preferably made of strong synthetic
      resin plastic of low coefficient of friction such as high density
      polyethylene. Handle 50 is made of metal such as aluminum or steel.
PAR  As an example of use of the above embodiment, it is intended that a
      plurality of such containers 2 will be provided: for example, one for
      green bottles, one for brown bottles, one for uncolored bottles, (these
      being the common types of bottles used domestically); and, if desired, a
      fourth container can be used for metal articles (such as tin cans). In
      view of the fact that several containers will thus be used, it is
      preferred for reasons of economy that a single closure member 22 be used
      for all four containers, and moving it from container to container
      depending upon what is being compacted at the time. It therefore needs to
      be removable from the containers. However, it is also desired that when a
      closure element 22 is being used on a container, it not be readily moved
      away from the container during use, for example, during upstrokes of the
      ram or upward movements of handle 50 during positioning of the ram on
      material to be crushed. As indicated above, the inner diameter of
      overhanging flange 16 is just slightly larger than the disc 24, and this
      provides stop means for preventing the closure member 22 from lifting off
      the container during use, since the disc 24 will not stay centered with
      respect to flange 16 but will tend to move laterally. However, when it is
      desired to move the unit comprising the closure member 22 to another
      container, all that is necessary is to center the disc 24 in the flange
      16, and then the entire unit (closure member and ram structure) can be
      lifted off.
PAR  During the use of one of the containers, it is desired to cover the others
      to prevent undesired access thereto, to retain crushed material,
      particularly those that contain shattered glass, and to prevent spillage
      if it is accidentally knocked over. Accordingly, (see FIG. 4) a cover 80
      is provided as indicated. It is made of molded synthetic resin plastic of
      the general shape shown, and has a downwardly extending skirt 82. On the
      inner surface of the skirt are provided detents 84, these being, for
      example, three in number. They are shaped as shown, in order to engage the
      sloping shoulder 14 with a snap grip. Detents 84 may be molded as integral
      parts of the cover 80, or may be attached thereto by conventional
      adhesives suitable for the plastic used for the cover.
PAR  It is desired that at least a portion of the cover 80 be transparent so
      that the user of the apparatus can see immediately without taking off the
      cover, the particular container needed for a given color glass.
PAR  Referring now to FIGS. 5 and 6, another embodiment of the invention is
      shown which is somewhat similar to the FIGS. 1-3 embodiment, except that
      the container, indicated generally by numeral 86, is provided at its upper
      end with the shouldered portion 88, this portion having a flat upper
      surface 90 and inner opening 92. The container wall extends upwardly to
      produce the sloping upper rim 94, to which is either attached or
      integrally molded the inwardly extending ring 96.
PAR  Container 86 is made of the same kind of plastic as in the FIG. 1
      embodiment, and ring 96 may also preferably be made of the same kind of
      plastic. The inner diameter of the ring 96 is, as in the previous
      embodiment, made larger than the diameter of the opening 92. Its diameter
      is just slightly larger than the diameter of the disc 24 of the closure
      member. Therefore, ring 96 serves the same purpose as inwardly extending
      flange 16 of the above first embodiment.
PAR  The FIGS. 5 and 6 embodiment operates the same as the FIGS. 1-3 embodiment.
PAR  The FIGS. 5 and 6 embodiment operates the same as the FIGS. 1-3 embodiment.
PAR  A suitable cover, similar to the cover 80, but sized accordingly, is to be
      provided for the container of FIGS. 5 and 6.
PAR  Referring now to FIGS. 7-9, a third embodiment of the invention is
      provided. In this instance, an outer container indicated generally by
      numeral 100 is provided, which is preferably square or rectangular in
      shape. It has, accordingly, the four upstanding walls 102, 104, 106 and
      108. (See FIG. 8) A bottom 110 is provided. The container 100 is
      preferably molded out of strong durable plastic such as the material used
      in the FIG. 1 embodiment. The upper rim of the walls flares upwardly and
      outwardly and then bends downwardly to provide a flanged rim 112 on the
      container.
PAR  Near the upper edge of the wall 106 are attached, by suitable means such as
      screws, a pair of hinges 114 mounted on bases 115 to offset the hinges
      from wall 106 and thus clear rim 112. The movable leaves of the hinges are
      attached to a cover indicated generally by numeral 118, the attachment
      thereto being conventional in all respects.
PAR  The cover 118 comprises a rectangularly-shaped skirt portion matching the
      shape of the receptacle 100 and comprising the downwardly extending side
      walls 120, 122, 124 and 126. An inwardly turned flange 128 is provided at
      the upper open part of the skirt and suitably fastened to this by means of
      proper adhesives (or by screws if desired) is a transparent rigid sheet
      material member 130 of molded synthetic resin plastic having an opening
      132 approximately at its center. Opening 132 has a perimeter made by
      forming the plastic edge to provide an upwardly extending lip 134 to
      prevent the transparent cover from being made opaque by sliding contact of
      disc 24 therewith. Similarly, the lip 132 turns downwardly far enough to
      prevent contact between upper surface of disc 28 and the underside of
      cover 130.
PAR  The sidewalls of the cover 118 extend downwardly, as indicated above, and
      attached to the lower rim of the sidewall 120 are the aforesaid hinges
      114. The opposite sidewall 124 of the cover, when the latter is closed,
      rests against the upper edge of the sidewall 108.
PAR  In the closed position, it will be observed that the disc 24 overlies the
      opening 132 and covers a portion of top 130. When closure element 22 with
      its ball and socket seal and ram 50 is placed over opening 132, it will be
      in position to permit usage of the ram to compact material placed in the
      outer receptacle 100. Further, a disposable container 136 fits inside the
      container 100. If the latter is rectangular in shape, then container 136
      preferably should be rectangular in shape in order to fit reasonably
      closely against the walls of the container at the bottom end. (However, if
      container 136 is a plastic bag, it does not necessarily have to conform to
      the shape of the outer holder. See FIG. 15 and its description.) The top
      end of the disposable container is spaced from the walls of the holder 100
      thus providing a given amount of draft between the walls of the outer
      receptacle and the container to facilitate withdrawal of the container
      from the receptacle.
PAR  If container 136 is made of collapsible material such as a paper or plastic
      bag, means may be provided to prevent the bag from collapsing (for
      convenience sake), and also means need to be provided to prevent the
      rupture of the bag during use. Accordingly, a liner 138 is provided, being
      made of high density polyethylene material, as an example of material
      which may be used. The liner is in two parts, an upper part 140 and a
      lower part 142. These parts are so fashioned that the upper part 140 is
      wider at its top portion than at its bottom; and the lower portion is
      wider at its bottom than at its top. The lower edge of the upper portion
      140 and the upper edge of the lower portion 142 are sized to be joined
      together as shown, the juncture being made conveniently by means of a
      nut-and-bolt arrangement.
PAR  The upper rim 144 of part 140 flares outwardly and upwardly as shown, and
      rests against the outwardly turned flange 112 of the receptacle 100. In
      order to fasten the liner thereon, a catch 146 made of spring metal is
      provided on the edge opposite hinges 114 which reentrantly hooks down over
      the downwardly turned flange 112 on wall 108. (The reentrant engagement
      prevents the liner from freely moving upwardly during use.) Catch 146 may
      be attached to the upper edge of part 140 by conventional means such as
      riveting.
PAR  The bottom portion 142 of the liner terminates just short of the bottom 110
      of the outer holder or receptacle.
PAR  In respect to this embodiment, the prevention of lateral movement of the
      disc 24 sufficiently to uncover any part of the opening 132 is assured by
      providing that the relative lateral dimensions of the collar 34 and
      opening 132 are such that the periphery of collar 34 will engage the edge
      of opening 132 before the oppositely positioned rim portion of disc 24
      moves far enough to open a passageway into the interior of the container.
PAR  Referring now to FIG. 10 for a fourth embodiment, it is like FIGS. 7-9
      except that the wall 148 of the cover is a modification of wall 124, in
      that the lower rim 150 of this wall flares outwardly more than does the
      lower rim of wall 124. In this embodiment, means are provided for holding
      the cover onto the basic receptacle by means of a catch member 152 which
      is attached to the lower rim 150 by conventional means such as screws as
      shown. A detent member 154 is attached to the wall 108 of the receptacle
      itself in position to be engaged by the catch when the cover is in the
      closed position. While not shown in FIG. 10, a liner like liner 140 is
      provided and extends over the upper edge of the receptacle 112. Also, in
      this embodiment, the catches 146 are two in number and are moved to the
      sides 102 and 104 of the liner.
PAR  The operation of the FIGS. 7-10 embodiments is like that of the FIGS. 1-6
      embodiments except for one matter:
PAR  It will be noted that previously described flange 37 is slightly smaller in
      diameter than the inner diameter of the rim 132. As a result of this, in
      order to remove the total assembly of closure member 22 from the cover
      130, the former must be centered within the diameter of the ring 132.
      Thus, the cover member 24 can move laterally during compaction of material
      in the disposable container 136, but in order to move the closure assembly
      from the cover 130, centering must be done just as in the previous
      embodiments. However, it is to be noted that the separation between discs
      24 and 28 is to be just slightly greater than the vertical extent of the
      lip 134.
PAR  A further feature of the FIGS. 7-10 embodiments is as follows: To put trash
      into the container for compaction, the covers are lifted to their upright
      position (on hinges 114). In these embodiments, it will be noted that this
      can be done without removing the closure element 22 with its ram from the
      cover, and the cover will be held in stable upright position by the ram.
      The smooth sliding fit of the ram 52 in the ball 40 will permit the cover
      to be opened, the ram sliding in the ball 40 as the cover is pivoted on
      its hinges to an open position.
PAR  Referring now to FIG. 12, a fifth embodiment of the invention is shown,
      this embodiment involving a different method of constructing the impacting
      tool or ram for the system. The ram in this case comprises the tubular
      handle 50 as in the previous embodiments, and the shaft 54 which is used
      (by thrusting it down within the handle) to strike the interior face of
      the plate 158. The handle 50 flares outwardly at its end as shown by
      numeral 64 (preferably in the shape of a cone) and a retainer member 156
      is used to hold the plate 158 on the handle 50.
PAR  The retainer means 156 comprises, in this embodiment, an outer generally
      hollow, bell-shaped shell, preferably cone-shaped, which surrounds the
      flared end 64 of the handle.
PAR  An interior tubular sleeve 160 is shown, preferably as an integral part of
      the shell 156, which is tapered in order to match the taper of the
      outwardly flaring end 64 of the handle 50. As indicated, the sleeve 160 is
      formed as an integral part of the outer shell 156. If desired, however,
      (although it will be more expensive) the sleeve 160 may be attached
      suitably to shell 156 as by welding. It is preferred that the entire
      structure 156 and 160 be a unitary piece formed by a stamping operation.
PAR  The outermost end of the shell 156 is larger in transverse directions than
      the inner end 162 where the latter meets the handle 50, and receives the
      plate 158. The rim 164 of the shell 156 is folded inwardly (as shown)
      against the peripheral portion of the plate 158 in order to hold and lock
      the latter against the outermost end of the flared portion 64 of the
      handle, and thus also to lock the shell 156 (because of the taper 64 and
      the sleeve 160) in position at the end of the handle 60.
PAR  The operation of the FIG. 12 device is the same as that of the previous
      embodiments.
PAR  Referring now to FIGS. 13 and 14, a sixth embodiment of the invention is
      shown, the embodiment being directed particularly to a method of fastening
      the inner retainer disc to the outer closure element; and a more
      economical way of forming a socket to receive the ball of a device.
PAR  A closure element or shield 170 is shown, analogous to, but different from,
      the shield 24 and serving the same purpose as the latter. Boss 172 is
      provided therein from which depends a plurality of posts 174. In the
      drawing, six posts are shown (see FIG. 14), but fewer may be used if
      desired. However, no fewer than three should be used. Of course, more than
      six may be used if desired. The posts 174 are molded as integral parts of
      the boss 172. As so molded, the posts form a supporting structure or cage
      for a plate 176, which becomes the lower retainer disc. The attachment of
      the disc 176 to the posts 174 is by providing suitable shoulders on the
      latter, and providing suitable holes in the disc which will fit over the
      extending ends of the posts. Thereafter, by suitable heating means such as
      the use of ultrasonic staking or by the application of heat, the ends of
      the posts are deformed in order to lock the disc 176 securely on the
      posts. The outer rim 180 of the disc 176 is curved downwardly as shown to
      impart rigidity to the disc, and also to provide a smooth edge for
      piloting the disc down into the hole 132 in the cover 130.
PAR  The upper surface of boss 172 is provided with an opening 182 which
      preferably is chamfered on its inner surface as shown. The chamfer may
      have a flat surface, but preferably will have the same radius of curvature
      as the ball 40 in order to fit on the latter. Disc 176 is also provided
      with a hole having an arcuate inner chamfer 184 of the same radius of
      curvature as that of the ball 40.
PAR  To assemble the device, the ball is inserted within the cage formed by the
      posts 174, disc 176 is then mounted over its post, and the ends 178 of the
      posts are then heat-deformed in order to hold the disc on the post. As a
      result of this, the ball 40 is held between the oppositely disposed
      arcuate rims 182 and 184 of the holes in the boss 172 and in the disc 176.
PAR  The operation of the embodiment shown in FIGS. 13 and 14 is the same as the
      previous embodiments, but its construction is more economical.
PAR  The shield disc or cover 170 is prevented from moving laterally so far as
      to expose an opening into the container itself during compaction (of, for
      example, glass) by the engagement of the posts 174 against the rim 132 of
      the cover member 130. This is one of the reasons for using a plurality of
      posts 174, such as six instead of a minimum quantity such as three. Or, if
      desired, a peripheral shoulder 177 may be provided on disc 176 to act as a
      lateral stop.
PAR  Referring now to FIG. 15, a seventh embodiment of the invention is shown,
      which is like the embodiment shown in FIG. 7, except that it uses a
      different kind of throw-away or disposable container. In the embodiment,
      it is intended that a plastic bag be used instead of the disposable
      container 136. The outer container 100 is provided, as in the FIG. 7
      embodiment, and has hinges 115 at one side thereof. Cover 118 is provided
      together with the closure disc 24 (not shown) as is provided in FIG. 7.
      Liner 140 is provided which fits down over the outwardly and downwardly
      turned edges of the side walls 102-108 of the outer container.
PAR  As indicated above, in this embodiment a plastic bag 190 is used instead of
      the disposable container 136 of the FIG. 7 embodiment. However, the
      plastic bag 190 is so dimensioned that it is necessary to stretch its
      upper edge in order to fit it over the outwardly and downwardly turned
      upper rim of the walls of the outer container. When the bag is thus
      stretched over the rim, and then released, it will be observed that its
      natural elasticity will pull the outermost edge portion of the bag
      inwardly, and this will hold the same securely over the edges 112 of the
      outer container.
PAR  After the bag is thus attached, the liner 140 is then inserted as in the
      previous embodiment and serves to protect the plastic bag from rupturing.
PAR  It will be noted that because of the offset of the hinge 115 from the wall
      106 of the outer container, there will be room for the edge of the bag to
      fit down into the space 192 provided by the offset. In view of the fact
      that bags which are commercially available for receiving trash are made of
      a rather slippery polyethylene or polypropylene material, it will be found
      that even though the upper rim of the bag is a fairly tight fit around a
      continuous smooth rim of a container, the upper edge of the bag will
      normally tend to slide inwardly and fall downwardly in the container.
      However, one of the features leading to the desirability of the outwardly
      and downwardly extending lips or edge 112 of the container is that because
      of the discontinuous construction, the outside edge of the bag is enabled
      to retract inwardly toward the walls of the outer container. The bag thus
      grips the upper edge of the container, and the bag is thus held securely
      in a non-slip arrangement.
PAR  Thus, in all of the embodiments, means are provided on at least one of
      either the container or the closure member itself, to prevent removal of
      the latter from the container unless each is centered with respect to each
      other.
PAR  In view of the above it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  It is to be understood that the invention is not limited in its application
      to the details of construction and arrangement of parts illustrated in the
      accompanying drawings, since the invention is capable of other embodiments
      and of being practiced or carried out in various ways. Also, it is to be
      understood that the phraseology or terminology employed herein is for the
      purpose of description and not of limitation.
PAR  As many changes could be made in the above constructions without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings, shall be
      interpreted as illustrative and not in a limiting sense, and it is also
      intended that the appended claims shall cover all such equivalent
      variations as come within the true spirit and scope of the invention.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A receptacle for material to be compacted having, in combination, a
      hollow holder, a closure member therefor of essentially rigid material,
      and a ram:
PA1  the holder having an opening at the top; the closure member overlying the
      opening to close the same, and having a swiveled sealing aperture
      therethrough; the ram comprising a first portion rotatably, longitudinally
      and sealingly slidable within the aperture and a second portion for
      placement upon the material to be compacted, said first portion being
      swiveled, and rotatably and longitudinally movable relative to the holder;
      and means on at least one of the holder and the closure member for
      preventing removal of the latter from the holder unless approximately
      centered thereon; the ram and the closure member being freely removable
      from the holder as a unit when the closure member is so centered.
NUM  2.
PAR  2. The receptacle of claim 1 in which the closure member including a
      portion of a predetermined cross-sectional shape, and the upper edge of
      said holder provides an opening of the same predetermined cross-sectional
      shape but slightly larger than the first cross-sectional shape, whereby to
      remove the closure element from the holder, the closure element must be
      centered with respect to said upper rim or edge.
NUM  3.
PAR  3. The receptacle of claim 1 in which said closure element includes a disc
      of rigid sheet material, and said means for preventing removal of the
      closure element from the holder comprises an inwardly extending flange on
      the upper edge of the holder slightly larger than the said disc, whereby
      said disc must be centered within said flange in order to remove the
      closure element from the container.
NUM  4.
PAR  4. The receptacle of claim 1, including a cover having a hole approximately
      in the center thereof and overlying the interior thereof, and said closure
      element includes a first disc overlying said hole and being greater in
      area extent than said hole, and the means for preventing removal of the
      closure element from the cover comprises a second disc member dependent
      from the first disc member and having a diameter slightly smaller than
      said hole.
NUM  5.
PAR  5. The receptacle of claim 4 in which the swiveled sealing aperture
      comprises a ball and socket joint, the ram being adapted to slide and
      rotate within the ball of the ball and socket joint.
NUM  6.
PAR  6. The receptacle of claim 5 in which the ball and socket joint comprises a
      collar fastened to the top disc and having at its lower extremity said
      second disc.
NUM  7.
PAR  7. The receptacle of claim 4 in which the swiveled sealing aperture
      comprises a first hole in said first disc, a second hole in said second
      disc, a ball rotatably positioned between said first and second discs and
      being larger in diameter than either of said first and second holes, and a
      plurality of posts mounting said first and second discs in spaced apart
      relationship.
NUM  8.
PAR  8. The receptacle of claim 1 in which the said first portion of the ram
      comprises a hollow tubular handle, said second portion comprises an
      enlarged head at one end of the handle, and includng a shaft slidable
      within said handle and of such length as to strike the interior of said
      enlarged head upon being thrust down into the handle.
NUM  9.
PAR  9. The receptacle of claim 1 including a cover hinged thereto, the cover
      being provided with a hole at its center, and said closure member
      comprising a disc overlying said hole and of a diameter greater than said
      hole, the swiveled sealing aperture comprising the ball of the ball and
      socket joint fastened to said disc, the ball having a hole therethrough;
      and the first portion of the ram being a tubular shaft which is rotatably,
      longitudinally, and sealingly slidable within the hole in said ball.
NUM  10.
PAR  10. The receptacle of claim 9 in which said cover is adaptable to be tilted
      upwardly to open the container without removal therefrom of the closure
      member and ram, the latter both sliding and pivoting with respect to the
      cover as the latter is opened.
NUM  11.
PAR  11. The receptacle of claim 1 including a liner therein, the liner being
      adapted to fit within an inner disposable container within the receptacle,
      the liner comprising two sections each tubular and meeting at the lower
      edge of the top section of the upper edge of the lower section being
      fastened theretogether, the upper edge of the first section being flared
      outwardly and resting on the upper edge of the walls of the receptacle,
      fastening means comprising a spring clip overlying the edge of one of the
      walls of the receptacle to hold the liner in place.
NUM  12.
PAR  12. The receptacle of claim 11 in which the cover is hinged at one side
      thereof to the holder and the other side overlies said spring clip for the
      liner.
NUM  13.
PAR  13. A tool for crushing material comprising:
PA1  a tubular hollow handle, one end portion thereof flaring outwardly to form
      a bell-shaped portion as a lower extension of the handle;
PA1  a hollow retainer member attached to and surrounding said bell-shaped
      portion, the retainer member comprising a hollow outer bell-shaped shell
      larger in diameter than the diameter of the handle and flaring outwardly
      so that its outermost end is larger than inner end where it meets the
      handle; the member having an inner hollow sleeve as a part thereof adapted
      to fit over and seat on the bell-shaped extension of the handle;
PA1  a plate of larger diameter than said handle and lying transverse to the
      axis thereof against the outermost end of the bell-shaped portion of the
      handle;
PA1  means attaching the plate to the hollow container member, thus locking the
      plate and the retainer member in engagement with said bell-shaped portion;
      and
PA1  a shaft slidable within said handle, the shaft being of such length that
      when thrust to its innermost position its inner end is adapted to strike
      said plate, and its outer end lies outside the handle for grasping.
NUM  14.
PAR  14. The tool of claim 13 in which the means for attaching the plate to the
      retainer member comprises rim portions of the retainer member folded over
      against the peripheral edge portion of the plate.
NUM  15.
PAR  15. The tool of claim 13 in which the means for attaching the plate to the
      retainer member comprises screws projecting through edge portions of the
      plate and threaded into bosses provided on the interior wall of the
      retainer member.
NUM  16.
PAR  16. The tool of claim 13 in which the said inner sleeve is an integral part
      of the retainer member.
NUM  17.
PAR  17. The tool of claim 13 in which said bell-shaped portion, said retainer
      member, and said inner hollow sleeve are each cone-shaped.
NUM  18.
PAR  18. The receptacle of claim 1 including means on the upper rim of said
      holder comprising a protuberance having an outer portion extending beyond
      the walls of the holder and then being reentrant at the lower wall portion
      of the protuberance toward the walls of the holder; whereby when the upper
      edge portion of a bag of elastic material is stretched over the
      protuberance and extends downwardly beyond said lower wall, said edge
      portion will contract to hold the bag to said first edge portion of the
      holder.
NUM  19.
PAR  19. The receptacle of claim 1 including a disposable container within the
      holder; means on the upper rim of the holder comprising a protuberance
      having an outer portion extending beyond the walls of the holder and then
      being reentrant at the lower wall portion of the protuberance toward the
      walls of the holder; the disposable container comprising a bag of elastic
      material, the upper edge portion of the latter being stretched over said
      protuberance and extending downwardly beyond said lower wall portion;
      whereby said upper edge portion is contracted to hold the bag to said
      first edge portion of the holder.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to power
      embossing apparatus which has support means for holding one die in a fixed
      position and a linearly movable ram for holding a second die to be moved
      toward and away from the first die. To insure flow of the sheet material
      being embossed, the dies are held together in their pressure-applying
      position for a predetermined dwell period of time during the embossing
      operation. The dies are also held apart during a predetermined dwell
      period of time to enable switch means to be actuated to deenergize the
      power embosser. The dwell periods are obtained by a particular cam surface
      configuration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to embossing apparatus, and more
      particularly to power embossing apparatus which is operated by a drive
      motor.
PAR  Embossing apparatus is well-known for the purpose of placing an embossed
      seal on the surface of sheet materials such as legal documents or other
      paper documents. The seal can take the form of a notary public seal, a
      state seal, or a corporate seal depending on the particular purpose of
      use. When placing an embossed seal on documents, a hand-operated device
      can be used when only a limited number of embossed seals are desired.
      However, when embossing large numbers of documents, such as is common
      practice in state and federal government offices, the hand embossing
      operation becomes time-consuming and tedious.
PAR  To overcome the drudgery of such embossing operations, power embossing
      apparatus have been developed. However, prior art power embossing
      apparatus are generally deficient in that they can properly emboss only a
      limited number of sheets of paper at a given time because of the operating
      nature of the embossing dies. These prior art apparatus generally apply
      greater embossing pressure at one periphery of the die and less embossing
      pressure at the other periphery of the die. Therefore, when varing the
      thickness of the material therebetween, either by thicker material or by a
      plurality of sheets, the quality of the embossed seal applied to the sheet
      material is somewhat reduced. One example of a prior art power embosser is
      illustrated in U.S. Pat. No. 3,033,106, however upon comparison of the
      present invention to that embosser disclosed therein, it can be readily
      appreciated that a distinct advance has been effected. Not only is this
      prior art embosser subject to the above discussed disadvantages, but
      employs a relatively complex operating mechanism which requires that the
      drive motor be operating at all times when the machine is turned on. Not
      only is this device complex in construction but is expensive to
      manufacture and maintain in service. As will be apparent from the
      following description, the present invention provides more reliable,
      simpler and less costly apparatus, than that of said prior art patent.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide new and improved
      power embossing apparatus which applies uniform pressure to embossing dies
      so that a plurality of sheets of material can be embossed simultaneously
      with uniform quality of the embossment through the seal.
PAR  Another object of this invention is to provide a power embossing apparatus
      which maintains the embossing dies in a pressure-applying position for a
      predetermined dwell period of time during the cycle of operation to allow
      flow of the sheet material within the mating characters of the die to form
      a more uniform embossed character.
PAR  Briefly, the embossing machine of this invention employs a pair of spaced
      apart embossing dies relatively linearly movable toward and away from one
      another by means of a vertically movable ram secured to a frame structure
      on a support base. The vertically movable ram is connected to a pivotal
      arm which, in turn, has a cam surface formed therein to engage a cam which
      is eccentrically mounted to an energizing motor. The arm is secured to the
      linearly movable ram by an adjustable coupling so that the relative
      pressure applied to sheet material between the dies can be adjusted. The
      pivotal movement of the arm is absorbed or eliminated by a relatively
      loose coupling between the end of the arm and the adjustable coupling on
      the ram.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a power embosser constructed in
      accordance with the principles of this invention;
PAR  FIG. 2 is a plan view of the power embosser of FIG. 1 with portions of the
      outer casing broken away to illustrate the mechanism located therein;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2 and illustrates
      the power embosser in its normally open position in readiness to receive
      sheet material to be embossed;
PAR  FIG. 4 is a sectional view substantially similar to that of FIG. 3 but with
      the power embosser illustrated in the actuated position for embossing
      sheet material; and
PAR  FIG. 5 is a schematic diagram illustrating the circuit which is utilized to
      operate the power embosser of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1, an embossing machine which is designated generally
      by reference numeral 10, and constructed in accordance with the principles
      of this invention is shown. The embossing machine 10 has an outer casing
      11 which covers the drive motor and frame structure which are secured to
      the support base located thereunder. The outer casing 11 has a smooth
      surface area 12 which allows sheet material such as paper and the like
      easily to be slid between the smooth surface 12 and a cantilever portion
      13.
PAR  A pair of spaced apart embossing dies are located between the smooth
      surface and the cantilever portion. In addition, a control panel portion
      14 is provided on the outer casing 11 and includes a security lock device
      16, such as a key lock or the like, to operate switch means for energizing
      the power embosser. Therefore, only authorized personnel, those who have
      the proper key, can energize the embosser for use.
PAR  To keep track of the number of operating cycles of embossing that the
      machine has performed, a digital counter 17 is provided on the panel 14.
      Most advantageously, this counter has a memory so that power failures will
      not affect the number displayed.
PAR  To provide signal means relating to the operation or function of the
      embossing machine, three indicating lights are located on the front panel.
      A first light 18 is utilized to indicate that power is applied and the
      embossing machine is energized by actuation of the switch 16. This
      therefore indicates that the embossing machine is in readiness for
      operation. A second light 19 is utilized to indicate that an embossing
      cycle of operation is under way and paper should not be inserted or
      removed during this time. The third light 20 is utilized to indicate the
      completion of operation of the embossing cycle so that paper can be
      removed from between the smooth surface 12 and the cantilever portion 13.
      A power cable 21 enters the embossing machine through the rear of the
      cabinet 11 and is adapted for connection to any suitable source of power.
      For example, a source of alternating current voltage of 110 volts can be
      utilized.
PAR  Referring now to FIGS. 2, 3 and 4 the interior construction of the
      embossing machine 10 is shown, the elements thereof being mounted upon a
      base plate member 23 which may be constructed of aluminum. A mounting or
      support block 24 is secured to the base plate to receive one die element
      26. The die 26 is secured to the block 24 by means of a socket head screw
      27 which, in turn, engages a boss 28 extending from the die, as best seen
      in FIGS. 3 and 4. A second die element 29 is secured to a vertically
      movable ram 30 which, in turn, is limited to linear movement by slidable
      mounting within a ram guide 31. The ram guide 31 is formed of a machined
      block of metal, which may be steel or the like, and includes a guide key
      32 which is held in place by a set screw 33 and disposed in a keyway
      formed in said ram 30 thereby maintaining linear alignment of the ram and
      ram guide.
PAR  The ram guide 31 is secured to cantilever portions 34 and 36 of a pair of
      frame members 37 and 38, respectively. The frame members 37 and 38 are
      rigidly supported and spaced apart to pivotally support an arm member 39
      therebetween. The arm member 39 pivots about a pivot pin 40 as it is
      actuated by a drive motor 41. The pivot pin 40 is secured to the frame
      members 37 and 38 by means of bronze bushings, or the like, placed on
      opposite sides thereof and designated by reference numeral 42. The drive
      motor 41 has a gear reducing end portion 43 and a brake 45 located at the
      other end of the motor. The brake 45 is actuated to hold the motor in a
      braked condition when power is released from the brake and from the motor.
      Upon energizing the motor with electrical power, the brake automatically
      releases to enable rotation of the output shaft. A microswitch 44 is
      actuated by the output shaft of the motor, preferably by the cam
      associated therewith, so as to enable electronic circuitry to start a
      timing sequence. This then insures that the vertical ram position is
      obtained at the end of each embossing cycle of operation.
PAR  The paper actuated initiation switch 47 is located slightly above the
      smooth surface 12 and behind the embossing dies 26 and 29 so that a sheet
      of paper can be inserted between electrical contacts forming the switch.
      The electrical contacts are formed by the roller member 47a and the flat
      contact member 47b so that electrical current passes therethrough during
      an initial condition of operation of the embossing machine. When the sheet
      material 48 is inserted between the roller member 47a and the plate member
      47b, the contact is broken and energization of the motor 41 is obtained.
      Contacts 47a and 47b are considered an initiation switch arrangement which
      can be actuated by relatively thin and lightweight sheet material.
      However, it will be understood that other switch means, such as
      microswitches or the like, can be used for an initiation switching
      circuit.
PAR  The electronic circuitry necessary for operation of the embosser 10, and
      most particularly the motor 41 together with its magnetic brake is mounted
      on a printed circuit board indicated generally by reference numeral 50.
      The electronic components located on the circuit board 50 are illustrated
      by the schematic of FIG. 5, which will be discussed hereinafter. It will
      be understood that other circuit configurations can be utilized without
      departing from the novel concepts of this invention.
PAR  Referring once again to FIGS. 3 and 4, the ram 30 holds the die 29 by means
      of a socket head screw 49 extending into an aperture 51. A cutout portion
      52 is provided in the ram and receives a threadedly adjustable slide
      member 53 which is in engagement with an adjusting element 54. Here, the
      adjusting element 54 is a threaded machine screw which has a lock nut 56
      located at the top portion thereof. The adjusting element 54 is held
      captive in the adjusting block 53 by a C-shaped washer element 53a. It
      will be understood that other suitable locking means may be incorporated
      to hold the adjusting element 54 in position. The adjustable member 53 has
      a recess 57 which receives a tab or cam portion 58 of the pivotally
      mounted arm 39. The arcuate movement of the arm 39 is transferred to
      linear movement of the ram 30 by allowing slight relative movement or
      slippage between the tab or cam portion 58 and the recess 57. This is best
      seen by comparison of the two positions shown in FIGS. 3 and 4. To
      facilitate this relative movement, the cam portion 58 is round, as
      indicated at 58a.
PAR  A cam follower surface 60 is formed within the arm 39 and receives a cam 61
      secured to the output shaft 46 in a manner as illustrated in FIGS. 3 and
      4. When the cam 61 is in the position shown in FIG. 3, the dies 26 and 29
      are separated, and the embossing machine 10 is in readiness to receive
      sheet material for embossing. This position will start the deenergization
      sequence of the motor 41 by actuation of the microswitch 44, FIG. 2.
PAR  Most advantageously, the cam surface 60 is formed by a pair of
      diametrically opposed semicircular surface portions 60a and 60b and a pair
      of parallel spaced apart straight surface portions 60c and 60d. The
      semicircular portions 60a and 60b provide clearance for the cam 60. The
      cam 60 is shaped to provide the necessary dwell at both the top and bottom
      positions of the ram 30. When sheet material is placed between the
      embossing dies 26 and 29 and break contact between the roller 47a and
      plate 47b of the paper switch 47, the motor 41 is energized and the cam 61
      will begin to rotate. This action will start pivotal movement of the arm
      39 to move the ram 30 and die member 29 downward. When the arm 39 is in
      the embossing position, FIG. 4, thereby urging the die elements 26 and 29
      together to form an embossment on sheet material, the cam 61 and cam
      surface 60 will maintain the arm in this position for a short period,
      thereby allowing sufficient time for the sheet material between the dies
      to flow and form a more uniform embossment. As the cam 61 continues to
      rotate through this arcuate section, it again engages the linear portions
      of surface 60 and pivots the arm 39 to raise the ram 30 and die 29. As the
      cam 61 continues its rotation and approaches the second arcuate portion of
      surface 60, it will maintain the arm 39 in a relatively fixed position at
      the top of the stroke of the ram, FIG. 3. At this time the microswitch 44
      will be actuated by the cam 44a to start the deenergization sequence of
      the system.
PAR  One of the features of the present invention is that the C-shaped portion
      of the frame members 37 and 38 that form the cantilever 13 will bend or
      flex somewhat during the pressure applying portion of the operation cycle.
      This action will prevent the paper, or other sheet material, from tearing
      should it be relatively thick. In the illustrated embodiment the C-shaped
      portions will flex about one-half of the thickness of the sheet material
      being embossed.
PAR  The actuating switch 47, which is responsive to the presence of sheet
      material, may be placed on an adjusting block 63 which, in turn, may carry
      a fuse element 64. The fuse 64 is a protection device for the electronic
      circuitry.
PAR  For a better understanding of the electronic circuitry associated with the
      embossing machine of this invention, reference is now made to FIG. 5 which
      illustrates the electronic components that are mounted on the printed
      circuit board 50. The circuit is here designated generally by reference
      numeral 70. Here the electronic circuit 70 includes a power supply 71
      which receives alternating current voltage from a pair of input terminals
      72 and 73 and applies this alternating current voltage to the primary
      winding 74 of a power transformer 75 via an on/off switch 76. The on/off
      switch 76 corresponds to the key switch 16. A secondary winding 77 of the
      power transformer is coupled to the AC input terminals of a bridge
      rectifier network 78 which, in turn, has the DC output terminals thereof
      connected to a filter capacitor 79. It will be understood that other
      filtering elements may be incorporated in the power supply such as choke
      or resistance means. The filter capacitor is connected to a DC power
      supply terminal point 80 which also has a battery source 81 connected
      thereto through a resistance element 82. The battery source 81 may be
      utilized to maintain a memory condition on a digital readout counter 83 if
      desired. The digital counter 83 is connected to the battery supply 81 and
      to the terminal 80 through resistor 82 and diode 103 for operation from
      both the developed DC voltage source and from the DC voltage of the
      battery. Also, the developed DC voltage may be used to maintain the
      battery in a fully charged condition. The diode 103 is used to prevent
      battery drain through the circuit when the DC potential applied to
      terminal 80 is off.
PAR  The paper actuated switch is here designated generally by reference numeral
      84 and applies ground potential to the base emitter junction of transistor
      96. Switch 84 corresponds to the initiator switch 47. The paper actuated
      switch 84 is connected to the DC circuit point 80 through a resistor 87.
PAR  In operation, opening of the initiation switch 84 will forward bias the
      base emitter junction of transistor 96. This causes transistor 96 to
      conduct heavily thus providing DC power to the rest of the components
      associated with the flip-flop circuit 97 and the unijunction transistor
      98. Upon initial application of DC voltage to flip-flop circuit 97,
      transistor 101 is rendered conductive while transistor 102 is rendered
      nonconductive. With transistor 102 in the nonconductive state, the
      collector of transistor 102 is substantially at the positive potential
      applied to the circuit through transistor 96. This positive potential
      provides a pulse to the base emitter junction of transistor 86 to render
      it conductive and apply operating potential to a bidirectional silicon
      controlled rectifier switching device 90. This will render the motor 41
      operative.
PAR  The initial actuation of switch 84 also applies a pulse to the unijunction
      transistor 98. As long as the flip-flop circuit 97 is in the initial state
      with transistor 101 conductive and transistor 102 nonconductive, the motor
      41 is activated and the braking mechanism is held off. Also during this
      time the indicating light 19 is on and unijunction transistor 98 is
      conductive. When the embossing cycle of operation is approximately 80%
      complete, the cam 44a engages the microswitch 44 and removes ground
      potential from the emitter junction of the unijunction transistor. This
      allows the unijunction transistor timing capacitor 105 to charge. Upon
      completion of the charging cycle, the unijunction transistor 98 sends a
      pulse to the counter 83 and to the base electrode of transistor 102 of the
      flip-flop circuit 97. This action will render transistor 102 conductive
      and transistor 101 nonconductive to place the flip-flop circuit in a
      second stable state. With flip-flop circuit 97 in the second state, the
      collector electrode of transistor 102 is substantially at ground potential
      and transistor 86 is thereby rendered nonconductive which, in turn, turns
      off the motor 41, the light 19, and prevents retiming of the charging
      capacitor 105 of the unijunction transistor 98. Also in the second state
      of the flip-flop circuit 97, the collector of transistor 101 becomes
      positive thus providing a pulse to activate the complete indicating lamp
      20.
PAR  Resistor 92 and capacitor 93 connected in the base electrode of transistor
      96 are utilized to prevent rapid firing of the embossing machine. In the
      illustrated embodiment the value of components 92 and 93 is such that the
      maximum rate of operating the initiation switch 84 is approximately
      one-half cycle per second. The diode 88 and resistor 89 are utilized to
      bias the transistor 86 when the collector electrode of transistor 102 is
      positive.
PAR  While only a single specific embodiment of the novel concepts of the
      present invention has been illustrated in great detail, it will be
      understood that variations and modifications may be effected without
      departing from the spirit and scope of the novel concepts disclosed and
      claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. An embossing machine comprising in combination: first and second spaced
      apart die holder means to receive embossing dies for embossing of sheet
      material place therebetween, support means for supporting said first die
      holder means in a substantially fixed position, said support means
      including a base member, parallel spaced apart frame elements secured to
      said base member and framing a cantilever portion, ram means for movably
      holding said second die holder means relative to said first die holder
      means, said ram means being secured to said cantilever portion to carry
      said second die holder means in a linear motion toward said first die
      holder means, said cantilever portion including a ram guide, arm means
      positioned between said spaced apart frame members and pivotally secured
      thereto intermediate its ends, one end of said arm means being movably
      coupled to said ram, power drive means coupled to the other end of said
      ram for selectively moving said ram and said second die holder means
      toward and away from said first die holder means during an embossing cycle
      of operation, adjustable coupling means secured to said ram for receiving
      said one end of said arm and thereby providing means for adjusting the
      relative pressure exerted to sheet material placed between said first and
      second die holder means, a closed loop cam surface formed within said arm
      near said other end thereof, and a cam secured to said power drive means
      and engageable with said closed loop cam surface for driving said arm
      through an embossing cycle of operation, said closed loop cam surface
      providing dwell means for maintaining said first and second die holder
      means in a close-together position for a predetermined period of time
      during an embossing operation and for maintaining said die holder means in
      a spaced apart condition prior to termination of the embossing cycle of
      operation.
NUM  2.
PAR  2. The embossing machine as set forth in claim 1 further including
      actuation means responsive to the presence of sheet material placed
      between said first and second die holder means to initiate energization of
      said power drive means.
NUM  3.
PAR  3. The embossing apparatus as set forth in claim 1 wherein said power drive
      means includes an arm having one end coupled to said ram means and the
      other end coupled to said power drive means, pivot means intermediate the
      ends of said arm, a cam surface formed in said other end of said arm, and
      a cam connected to a drive motor and engageable with said cam surface to
      actuate said arm, whereby up and down movement of said ram is obtained
      during energization of said power drive means.
NUM  4.
PAR  4. The embossing machine as set forth in claim 1 wherein said cam surface
      has first and second dwell portions, said first dwell portion utilized to
      maintain said first and second dies in a close together position during
      embossing, said second dwell portion utilized to maintain said first and
      second dies in a spaced apart position during which time switch means is
      actuated to deenergize said power drive means.
NUM  5.
PAR  5. The embossing machine as set forth in claim 1 further including switch
      means secured to said support means and in circuit with said power drive
      means and adapted to have the actuating member thereof engaged to
      de-energize said power drive means after each embossing cycle of
      operation.
NUM  6.
PAR  6. The embossing machine as set forth in claim 5 further including
      indicating means for indicating that the power drive means is in readiness
      to be energized for an embossing operation, and thereafter to indicate
      that an embossing operation is in progress, and thereafter to indicate
      that the embossing operation is completed.
NUM  7.
PAR  7. The embossing machine as set forth in claim 1 wherein said closed loop
      is formed of an elongated aperture having substantially parallel spaced
      apart portions joined together by substantially symmetrical semicircular
      portions.
NUM  8.
PAR  8. The embossing machine as set forth in claim 1 wherein said cam is
      substantially round and eccentrically secured to said drive motor.
NUM  9.
PAR  9. The embossing machine as set forth in claim 1 further including counter
      means for counting the number of times said power drive means is energized
      for operating said second die through an embossing cycle of operation.
NUM  10.
PAR  10. An embossing machine comprising in combination: first and second spaced
      apart die holder means for receiving embossing dies of the type designed
      to emboss sheet material placed therebetween; a base support member for
      fixedly holding said first die holder means; a ram positioned adjacent
      said base support member with said second die holder means secured
      thereto, means mounting said ram to produce a ram stroke of relatively
      linear movement toward and away from said first die holder means;
      electrically powered drive means including a drive motor which is
      energized throughout the embossing cycle; means operatively coupling said
      drive motor to said ram and including means providing for a dwell in the
      movement of said ram at the upper portion of the ram stroke; control means
      for energizing said drive means to produce movement of said ram and said
      second die holder means toward and away from said first die holder means
      during an embossing cycle, said control means including actuating means
      responsive to the positioning of sheet material between said first and
      second die holder means and thereupon supplying power to energize said
      drive motor and commence the embossing cycle, and means for de-energizing
      said drive motor upon completion of the embossing cycle, and when said ram
      is at the upper, dwell portion of the ram stroke, said means for
      de-energizing the drive motor including a switch in circuit with said
      drive motor and having an actuator member, and a switch actuating element
      related to the position of said ram to engage said actuator member upon
      completion of the embossing cycle thereby to operate said switch and
      interrupt the supply of power to said drive motor, thereby de-energizing
      and terminating the embossing cycle automatically after but a single
      embossing stroke, and with the ram in the upper dwell portion of said ram
      stroke.
NUM  11.
PAR  11. An embossing machine as set forth in claim 10 wherein said drive means
      includes a shaft driven by said drive motor, and said actuating element is
      carried on said shaft, which shaft makes but a single revolution for each
      embossing stroke of the ram.
NUM  12.
PAR  12. An embossing machine comprising in combination: first and second spaced
      apart die holder means for receiving embossing dies of the type designed
      to emboss sheet material therebetween; a base support member for fixedly
      holding said first die holder means; a ram position adjacent said base
      support member with said second die holder means secured thereto, means
      confining said ram to relatively linear movement toward and away from said
      first die holder means, electrically powered drive means and means
      operatively coupling said drive means to said ram, control means for
      energizng said drive means to produce movement of said ram and said second
      die holder means toward and away from said first die holder means during
      an embossing cycle, said control means including actuating means
      responsive to the positioning of sheet material between said first and
      second die holder means and thereupon supply the power to energize said
      drive motor and commence the embossing cycle, and means for de-energizing
      said drive means upon completion of the embossing cycle, said means for
      de-energizing the drive means including a switch in circuit with said
      drive means and having an actuator member, and a switch actuating element
      related to the position of said ram to engage said actuator member upon
      completion of the embossing cycle thereby to operate said switch and
      interrupt the supply of power to said drive means thus de-energizing and
      terminating the embossing cycle automatically after but a single embossing
      stroke, said means for operatively coupling said drive means to said ram,
      including an arm pivotally secured to said base support member and having
      one end thereof coupled to said ram, a close loop cam surface formed in
      the opposite end of said arm and a cam member engageable with said close
      loop cam surface and rotatably connected to said drive means wherein
      rotation of said cam in engagement with the cam surface will produce
      pivoting of said arm and correspondingly, linear movement of said ram.
NUM  13.
PAR  13. An embossing machine as set forth in claim 12 wherein said closed loop
      cam surface is of an elongate, oval configuration having a first dwell
      portion at the bottom of travel of said ram to enable the dies to apply
      pressure to the sheet material therebetween for a predetermined time
      interval thereby allowing the sheet material to flow during embossment,
      and a second dwell portion at the top of travel of said ram to maintain
      said ram in said starting position at the end of the embossing cycle.
NUM  14.
PAR  14. An embossing machine comprising in combination: first and second spaced
      apart die holder means for receiving embossing dies of the type designed
      to emboss sheet material placed therebetween, a base support member for
      fixedly holding said first die holder means, a ram positioned adjacent
      said base support member with said second die holder means secured
      thereto, means confining said ram to relatively linear movement toward and
      away from said first die holder means, electrically powered drive means,
      and means operatively coupling said drive means to said ram, control means
      for energizng said drive means to produce movement of said ram and said
      second die holder means toward and away from said first die holder means
      during an embossing cycle, said control means including actuating means
      responsive to the positioning of sheet material between said first and
      second die holder means and thereupon supplying power to said drive means
      to initiate movement from an initial starting position, said means
      provided for operatively coupling said drive means to said ram including
      an arm pivotally secured to said base support member intermediate the ends
      thereof, one end of said arm being operatively coupled to said ram, a
      closed loop cam surface formed in the opposite end of said arm, and a cam
      member engageable with said closed loop cam surface and connected to said
      drive means for rotation therewith, whereby rotation of said cam in
      engagement with said closed loop cam surface will produce rocking of said
      arm and correspondingly linear movement of said ram, said closed loop cam
      surface being of an elongate, oval configuration having a first dwell
      portion at the portion thereof corresponding to the lowermost point in the
      path of travel of said ram, thereby enabling the dies to apply pressure to
      the sheet material therebetween for a predetermined time interval so that
      the sheet material will flow during embossment, and a second dwell portion
      corresponding to the uppermost point in the path of travel of said ram to
      maintain said ram in said starting position at the end of the embossing
      cycle.
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ABST
PAL  A printing device to identify wound yarn packages being automatically
      doffed from a winder. The device has a stamp with a marking end to be
      inked by an ink pad and is spring-loaded to strike and retract from a
      package for marking. A triangular shaped cam slot is used for cocking and
      releasing the stamp responsive to pressure contact of the device with a
      yarn package.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a printer to identify wound yarn packages being
      automatically doffed from a winder.
PAR  Presently wound yarn packages being automatically doffed from winders have
      to be marked by hand, defeating the purpose of automatic doffing, namely,
      eliminating manual handling. This problem of manual handling to mark
      automatically doffed packages is solved by the device of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The device of this invention is a printer to identify wound yarn packages
      being automatically doffed from the winder comprising in combination
PAR  A SUPPORT BLOCK HAVING SLIDABLY MOUNTED ON THE FACE THEREOF A STAMP, AND
      HAVING MOUNTED ON THE BASE THEREOF A GUIDE BLOCK, AND THE STAMP HAVING A
      CAM FOLLOWER FIXABLY MOUNTED AT EACH SIDE,
PAR  A PAIR OF SLIDE PLATES SLIDABLY MOUNTED LATERALLY AND OPPOSED ON EACH SIDE
      OF THE GUIDE BLOCK, AND HAVING FIXABLY MOUNTED ACROSS THE FACE END THEREOF
      OF BOTH SLIDE PLATES A SINGLE FRONT PLATE,
PAR  THE SLIDE PLATES EACH HAVING A CAM SLOT THEREIN, EACH OF THE CAM SLOTS
      FACING THE OPPOSED SLIDE PLATE SLOT AND DISPOSED TO ENGAGE THE CAM
      FOLLOWER ON THE STAMP,
PAR  AN INK PAD SWINGABLY MOUNTED ADJACENT TO AND SPRING LOADED TOWARD THE
      STAMP.
PAR  The stamp has a marking means end to be inked by the ink pad. The stamp is
      spring-loaded to strike and retract from the package when released thereby
      marking and identifying the package. Each slide plate is spring loaded to
      urge the front plate away from the face of the guide block. The cam slot
      is cut so that as the slide plates slide, the stamp is raised or cocked by
      the cam followers on the stamp and so that as the slide plates reach the
      end of their travel, the stamp is released to strike and retract and
      thereby mark the package, and so that as the slide plate returns to the
      beginning position, the stamp remains at spring equilibrium position to
      engage the spring-loaded ink pad. Preferably, the stamp is slidably
      mounted to the support block by means of a fixably mounted guide having a
      rod slidably passing therethrough. Also, preferably the slide plates have
      grooves to engage a fixed guide at each side so that they slide back and
      forth on a fixed guide such as a bar on the base of the guide block.
PAR  The cam slot is cut with an inclined surface to guide a respective cam
      follower such that the first spring, meant to cock the stamp, is
      compressed when the slide plates are moved laterally by a package, thereby
      cocking the stamp, and a second surface parallel to the direction of which
      the stamp is biased, whereby as the slide plates reach the end of their
      travel by reason of contact with a package, the stamp is released to
      strike the package and mark it and is then retracted by a second spring,
      and a third surface to allow the stamp to remain at equilibrium and engage
      the ink pad as the slide returns to rest position when the package is
      removed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the printer of this invention.
PAR  FIGS. 2, 3, 4, 5 and 6 are each a side view of the printer showing the
      operation of the printer of this invention as the package is automatically
      doffed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is an elevation view of the printer of this invention. Slide plates
      1 and 2 are mounted on guide block 3 shown in FIGS. 2-6 so that they slide
      laterally and are opposed on each side of the guide block 3. Slide plates
      1 and 2 have front plate 4 fixably mounted across the face end thereof of
      both slide plates 1 and 2. Guide block 3 is mounted beneath support block
      12. Support block 12 has slidably mounted on the face thereof a stamp 5
      which has a marking end 17. Stamp 5 is fixed to rod 7 by ball plunger 21.
      Rod 7 is slidably fastened to support block 12 by guide 9. Stamp 5 also
      has, near one end, cam followers 10 and spacer 11. Cam follower 10 follows
      cam slot 27 in slide plates 1 and 2. Torsion springs 14 and 15 mounted on
      pin 26 urge ink pad holder 24 (shown in FIGS. 2-6) upward against marking
      end 17. Compression springs 19 and 20 are mounted in a slot in stamp 5
      restrained by the slot in stamp 5 and rigid guide 9. Also shown is roll
      pin 23 which fixes extension spring 18 (shown in FIGS. 2-6) to guide block
      3.
PAR  Like numbers are used to indicate identical elements in FIGS. 1-6. The
      following describes the elements in FIGS. 2-6. Slide plate 2 is slidably
      mounted on guide block 3 and has mounted thereon front plate 4. Stamp 5 is
      mounted on support block 12 by means of rod 7 which passes through fixed
      guide 9 which is fixably mounted on support block 12. Shim 13 is fixed to
      support block 12. Stamp 5 slides on shim 13. Cam follower 10 follows cam
      slot 27 in slide plate 2. Likewise cam follower 10 on the other side of
      stamp 5 follows a cam slot in slide plate 1. Slide plates 1 and 2 are
      slidably mounted on guide block 3 by means of grooves 29 which engage a
      fixed guide 30 at each side of support block 3 and are urged forward by
      extension spring 18 which is fastened to slide plates 1 and 2 by means of
      a pin such as 16 and to guide block 3 by means of a roll pin 23.
      Compression spring 22 separates guide block 3 from support block 12 and
      absorbs the force of any blow to the bottom of the device as shown in FIG.
      6. Ink pad holder 24 containing ink pad 8 is urged against marking end 17
      of stamp 5 by springs 14 and 15 shown in FIG. 1 mounted on pin 26 which is
      fixed to slide plates 1 and 2. In the figures yarn package 6 consists of a
      sleeve 25 having wound yarn 28 wound upon it.
PAR  The stamp of this invention can be used in any package being automatically
      doffed in a motion direction parallel to the axis of the package sleeve
      and then changing 90.degree. to a motion perpendicular to axis of the
      package sleeve.
PAR  The action of the stamp is shown in the sequence of FIGS. 2-5.
PAR  In FIG. 2, yarn package 6 approaches the device. Note that stamp 5 is in
      equilibrium with both springs 19 and 20 with marking end 17 resting on ink
      pad 8.
PAR  In FIG. 3, package 6 continues its motion as shown by the arrow on the axis
      of sleeve 25. Sleeve 25 engages the end of slide plate 2 and slide plate 1
      not shown. Wound yarn engages front plate 4. The motion of the package 6
      causes both slide plate 1 and slide plate 2 to move in the package
      direction and causes cam follower 10 to follow the upper slot 27A of cam
      slot 27 giving the stamp 5 the motion shown by the arrow on stamp 5 to
      thereby cock stamp 5 by compressing compression spring 20 between guide 9
      and the bottom of the slot in stamp 5.
PAR  Then in FIG. 4 as the motion continues cam follower 10 drops over the lip
      31 in cam slot 27. Compression spring 20 urges stamp 5 downward so that
      marking end 17 strikes sleeve 25 and compresses spring 19 which retracts
      stamp 5 from sleeve 25 after marking it. Note in FIGS. 3 and 4 that ink
      pad holder 24 has been forced away from stamp 5 by the base of slide block
      3.
PAR  In FIG. 5 the motion of yarn package 6 changes to transverse to the axis of
      sleeve 25 and thereby disengages from the device of this invention. At
      this time extension spring 18 which has been extended by the action of the
      package on the slide plates urges the slide plates in the motion shown by
      the arrow on slide plate 2 back toward the original position shown in FIG.
      2.
PAR  FIG. 6 shows how an empty sleeve 25 moving into the printing device of this
      invention will fail to cock it because it would not engage face plate 4 on
      slide plates 1 and 2 and would simply slide beneath them. Any upward
      motion of the sleeve as shown by the arrows would be absorbed by spring 22
      between guide block 3 and support block 12.
PAR  Thus, it can be seen that the printer of this invention eliminates hand
      placement of identifying tags on doffed packages from automatically
      doffing yarn takeup winders. It identifies the type of yarn on the package
      and identifies for quality control the specific production unit where the
      particular package was processed. This eliminates hand labor and overcomes
      the problem of manual handling for automatically doffed packages. The
      stamped strip is inked in the rest position. The device uses the package
      removal motion to cock and activate the mechanism. The marking end can use
      stamped strips which are replaceable for use with different merge or yarn
      identification numbers. The device can be adapted to any automatic package
      removal system. The device of this invention prints identifying numbers
      directly on the package sleeve for shipment to customers or for internal
      use.
CLMS
STM  We claim:
NUM  1.
PAR  1. A printer to identify wound yarn packages being automatically doffed
      from a winder comprising in combination
PA1  a support block having slidably mounted on the face thereof a stamp, and
      having mounted on the base thereof a guide block, and said stamp having a
      cam follower fixably mounted at each side,
PA1  a pair of slide plates slidably mounted laterally and opposed on each side
      of said guide block, and having fixably mounted across the face end
      thereof of both said slide plates a single front plate,
PA1  said slide plates each having a cam slot therein, disposed to engage a
      respective cam follower on said stamp,
PA1  an ink pad swingably mounted adjacant to and spring-loaded toward said
      stamp,
PA1  said stamp having a marking end to be inked by said ink pad, and said stamp
      having a first spring to bias said stamp to strike a package and a second
      spring to bias said stamp to retract thereby marking and identifying said
      package,
PA1  each of said slide plates having a further spring tending to urge said
      front plate away from the face of said guide block into position to be
      contacted by a package,
PA1  said cam slot being cut with an inclined surface to guide a respective cam
      follower such that said first spring is compressed when said slide plates
      are moved laterally by a package, thereby cocking said stamp, and a second
      surface parallel to the direction in which said stamp is biased, whereby
      as said slide plates reach the end of their travel by reason of contact
      with a package, said stamp is released to strike said package, and mark it
      and then retracted by said second spring, and a third surface to allow
      said stamp to remain at equilibrium and engage said ink pad as said slide
      returns to rest position when said package is removed.
NUM  2.
PAR  2. The printer of claim 1 wherein said stamp is slidably mounted to said
      support block by means of a fixably mounted guide having a rod slidably
      passing therethrough.
NUM  3.
PAR  3. The printer of claim 1 wherein said slide plates have grooves to engage
      a fixed guide at each side so that they slide back and forth on said fixed
      guides on the base of said guide block.
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ABST
PAL  An improved mechanism for properly aligning a rotatable indicia carrying
      member and for locking said rotatable indicia carrying member in place.
      Both the aligning and locking mechanisms are formed as integral parts of a
      single frame unit and are operative to perform their respective aligning
      and locking functions during movement of the frame unit into engagement
      with the rotatable member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a locking mechanism for systems employing
      rotatable indicia carrying members. It has particular application in
      systems in which rotatable indicia carrying members are used for printing
      purposes, such as data recorders and particularly credit card bill
      printing devices. It is important in such devices that the rotatable
      indicia carrying members be positioned so that the desired indicia is
      accurately aligned with the appropriate spaces on a bill manifold. Also,
      during the actual printing operation, which usually involves a
      reciprocating platen which applies pressure to both the bill manifold and
      the indicia carrying member, it is important that the rotatable indicia
      carrying member be rigidly locked against movement, so that it does not
      blur the printed image.
PAR  In providing a mechanism for aligning and locking rotatable indicia
      carrying members, known prior art devices have utilized relatively complex
      mechanical linkages having numerous parts. The linkages have been designed
      so that the aligning and the locking functions are each effected through
      individual movements of their respective members, which movements are then
      coordinated by appropriate linkages. With linkages involving many
      relatively moving parts, it becomes often necessary to check the alignment
      of the parts themselves so that their own registration, and their
      respective coordination, will be proper.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  According to the present invention, an aligning and locking mechanism is
      provided for a rotatable indicia carrying member, and includes both
      aligning means and locking elements formed integrally with a single
      movable frame member. The frame member is adapted to move between a
      retracted position and a locking position and the aligning and locking
      mechanism is designed so that, upon movement of the frame toward the
      locking position, the aligning elements engage the mechanism which rotates
      the indicia carrying member in such a manner so as to correctly align the
      rotatable member in a desired position. Upon further movement of the frame
      to a locking position, the locking elements engage the indicia carrying
      member and lock it against rotational movement.
PAR  It is thus the principal object of the present invention to provide a
      locking mechanism for a rotatable indicia carrying member, which locking
      mechanism is made up of few moving parts and yet is capable of precisely
      aligning and effectively locking said member in a desired position.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will be further
      apparent from the following description and the accompanying drawings
      wherein:
PAR  FIG. 1 discloses a perspective view of a typical data recorder employing
      the present invention;
PAR  FIG. 2 is a fragmentary sectional view taken generally along line 2--2
      looking in the direction of the arrows of FIG. 1;
PAR  FIG. 3 is a view of one side of the aligning and locking mechanism in
      accordance with the present invention;
PAR  FIG. 3a is a fragmentary sectional view taken generally along the line
      3a--3a of FIG. 2, with parts omitted, and illustrating the orientation of
      the aligning and locking mechanism relative to the indicia carrying
      members and to the means which rotate the indicia carrying members;
PAR  FIG. 4 is an end view of the right side of the mechanism shown in FIG. 3
      taken substantially along line 4--4 thereof;
PAR  FIG. 5 is a sectional view taken substantially along the line 5--5 of FIG.
      3;
PAR  FIG. 6 is a schematic sectional representation of the aligning and locking
      mechanism of the present invention and illustrating various positions of
      the aligning and locking mechanism.
PAR  FIG. 7 is a sectional view along line 7--7 of FIG. 1, with parts omitted,
      and illustrating a suitable linkage for actuating an aligning and locking
      mechanism of the present invention.
DETD
PAC  DESCRIPTION OF AN EMBODIMENT OF THE PRESENT INVENTION
PAR  As stated above, the present invention relates to an aligning and locking
      mechanism for an indicia carrying rotatable member. By way of example, and
      for the purposes of explanation, the aligning and locking mechanism of the
      present invention is disclosed in combination with a rotatable indicia
      carrying member forming part of a data recorder, such as used for credit
      card bill printing.
PAR  Referring to FIG. 1, a credit card bill printing apparatus is represented
      generally by the numeral 10. The printing apparatus includes frame 12,
      having an upper surface 13 which includes suitable detents to provide for
      accurate positioning of both credit card and bill manifolds on the bed or
      bill printing frame. Such detents may, for example, take the form
      represented by the numerals 14, 16, 18 and 20 in FIG. 1, or they may take
      any other suitable form for retaining both credit card and bill manifold
      in proper position upon the surface 13. They are well-known and need not
      be further described.
PAR  The frame 10 also includes a plurality of parallel slots 22 and at least
      one code wheel opening 24 through which the upper portions of a code wheel
      assembly 26 project. The code wheel assembly 26 includes a plurality of
      digit carrying wheels 28, and each digit carrying wheel has one of the
      parallel slots 22 associated therewith. Tabs 30 which project through
      slots 22 are suitably connected to their respective digit carrying wheels
      28 by mechanism to be described hereinafter, and the mechanism is suitably
      calibrated so that positioning of a tab adjacent a particular numeral
      along its respective slot serves to position a respective digit carrying
      wheel with its digit corresponding to the selected numeral projecting
      through slot 24 and in printing position.
PAR  The overall makeup of the mechanism which positions a digit carrying wheel
      in accordance with the setting of a respective tab may be understood by
      reference to FIG. 2. Each wheel 28 is rotatably mounted on a single main
      shaft 32 and is formed as a toothed member 34 with a separate digit 35
      carried by each tooth of the member 34. Each wheel 28 shown in FIG. 2
      includes a pinion gear 33 integral therewith. Tab 30 is connected to a
      rack 36 which is mounted for linear reciprocating movement, and includes
      teeth 38 which are adapted to engage the teeth of the pinion gear 33 to
      rotate the digit carrying wheel 28. Rack 36 can thus rotate its respective
      digit carrying wheel in either a clockwise or counterclockwise direction
      to position the digit carrying wheel with a desired digit protruding
      through opening 24 in the frame and thereby roughly in position for
      printing on a credit card bill manifold.
PAR  While digit carrying wheel 28 is disclosed above as being formed with
      pinion 33 for engaging the rack it is contemplated that the rack 36 could
      be adapted to directly engage the toothed member 34 to rotate the digits
      35. In such a case it is merely necessary that the toothed member 34 be of
      sufficient thickness so that it can be simultaneously engaged by both the
      rack teeth and the locking pawl to be described hereinafter. It is also
      contemplated that wheels 28 be rotated by a member other than a rack, such
      as another gear, for example. Further, the mechanism which rotates the
      wheel (i.e. rack, gear, etc.) could be motor driven as well as manually
      operated.
PAR  Referring again to FIG. 1, the printing process is actuated by movement of
      a platen carriage 40 over a credit card and bill manifold which are
      supported on the top surface 13 of the frame 10. Slots 42, 44 permit
      passage of suitable links (not shown) which are connected to the platen
      carriage 40 and help to guide the platen carriage along a substantially
      linear path.
PAR  When the tabs 30 are set to a desired numeral, suitable detents (not shown
      but well known in the art) help to roughly index the racks so that a rough
      positioning of the digit carrying wheel in a desired position is
      accomplished. However, upon actuation of the platen, it is important that
      a precise alignment of the digit carrying wheel be effected so as to
      assure that the selected digit is in printing position despite any
      inaccuracy which may take place in the location of a tab adjacent a
      respective numeral (particularly during an operator's haste to complete a
      sale). Also, even if the rough aligning is proper, it is also desirable to
      lock the digit carrying wheels against rotational movement as the platen
      passes thereover.
PAR  The present invention provides a single aligning and locking mechanism
      which has both alignment means and locking means as integral parts
      thereof. The aligning and locking mechanism is shown in FIGS. 3, 3a, 4 and
      5, and includes a support frame 50 having a pair of driving pins 52, 54 at
      the ends thereof. A plurality of aligning pawls 56 extend outwardly from
      the frame member 50. A plurality of locking pawls 57 also extend outwardly
      from frame member 50. As seen in FIG. 3, the alignment pawls and locking
      pawls are alternatively located along the length of the frame member, and
      the locking pawls 57 extend further outwardly from the frame than do the
      alignment pawls 56. Also, as clearly seen from FIGS. 4 and 5, the
      preferred construction of each of the locking pawls is that of a
      tooth-shaped member having a pair of protrusions 58, 59, each of which
      includes a pair of converging surfaces.
PAR  Referring now to FIGS. 2, 3a and 6, the salient features of the actuating
      mechanism for the aligning and locking mechanism will be more fully
      explained. Fixedly supported on the underside of the frame 10 is a
      variable unit frame 60. The frame 60 includes a semi-circular opening 62
      which receives the main shaft 32 that supports the digit carrying wheels
      28. The lower portion of the variable unit frame 60 includes suitable
      holes which receive a support shaft 64. A recess 66 is found in frame 60
      and is contoured with a cross section similar to that of the frame 50 of
      the aligning and locking mechanism. Also, the frame member 50 is received
      in the correspondingly shaped recess 66. The actuating mechanism also
      includes a bracket 68, the end of which is pivotally mounted to support
      shaft 64. Bracket 68 includes a slot 70 through which the driving pins 52,
      54 of the aligning and locking mechanism extend.
PAR  When assembled as described heretofore, it should be obvious that when the
      bracket means is rotated about shaft 64, this pivotal movement actuates
      the aligning and locking mechanism frame 50 and drives it in a linear
      direction either toward or away from the digit carrying wheel 28.
PAR  As further seen from FIG. 6, the rack includes a plurality of recesses 72
      which taper outwardly toward their bottom portions. The recesses 72 are so
      dimensioned and located so that the width of the tapered bottom portion of
      each such recess approximates the arc distance between corresponding
      points of adjacent teeth of the digit carrying wheel.
PAR  The aligning and locking functions of the aligning and locking mechanism
      are required while the printing platen carriage 40 traverses the frame
      top. Preferably, this is achieved in response to movement of the platen
      carriage by a suitable linkage between the platen carriage and the
      bracket. Such linkage serves to translate left to right movement of the
      platen carriage (as shown in FIG. 1) in appropriate movement of a bracket
      actuating mechanism which applies an upwardly directed force, shown by the
      vector F in FIG. 2. The carriage movement pivots the bracket 68
      counterclockwise and, in turn, urges the aligning and locking mechanism in
      an upward direction toward the locking position.
PAR  In FIG. 2 the numeral 71 represents a sectional view of a bracket actuating
      member which, upon application of the force F, is urged upwardly against
      the bias of leaf spring 69. It is contemplated that numerous conventional
      types of linkages may be used to pivot the bracket in either the clockwise
      or counterclockwise direction. As a specific example, a suitable linkage
      for such purposes may be appreciated by reference to FIG. 7. Platen
      carriage 40 has cam 70 suitably attached thereto. Upon movement of
      carriage 40 to the right (viewing FIGS. 1 and 7) cam 70 moves away from
      cam follower 74, and spring 76 acts through slider link 78 to pivot lever
      80 counterclockwise about pivot point 82. Pivoting of lever 80 also pivots
      levers 86, 88 with lever 88 being pivoted counterclockwise about pivot
      point 90. Levers 80 and 88 each have an actuating member 71 connected
      thereto. Counterclockwise pivoting of the levers 80 and 88 urge their
      respective members 71 in an upward direction, thereby pivoting the
      brackets 68 counterclockwise in a manner set forth heretofore. It should
      be remembered that the foregoing is merely illustrative of a suitable
      linkage for urging said aligning and locking member toward its aligning
      and locking positions. It is contemplated that numerous conventional
      linkages would also be suitable.
PAR  Referring now to FIG. 3a, it will be clear that the locking pawls 57, which
      are spaced along frame 50, are aligned with code wheels 28. Racks 36 are
      aligned with the spaces between the locking pawls and with the pinions 33.
      The alignment pawls 56 are thus aligned with the racks 36 and the spaced
      locking pawls are thus oriented to travel between the racks. Thus, with
      the bottom taper of the recess dimensioned as set forth heretofore the
      upper movement of the aligning and locking member assures that as an
      aligning pawl enters a respective recess 72 it will act as a camming
      member and serve to shift the rack and the digit carrying wheel associated
      therewith, if necessary, so that so long as the tab is not offset from a
      desired digit by more than half the distance between adjacent digits, the
      alignment pawl positions the rack and the digit carrying wheel properly.
PAR  After the alignment pawl enters and moves along the recess 72 in the rack
      and thereby correctly positions the digit wheel, the locking pawl, and
      particularly the protrusions 56, 58 enter a pair of respective slots on
      either side of a tooth 34 of the digit carrying wheel with their outer
      converging surfaces engaging respective surfaces of a pair of teeth 34.
      Each locking pawl thereby exerts oppositely directed forces on the digit
      carrying wheel teeth, and thereby locks the digit carrying wheel against
      rotational movement.
PAR  FIG. 2 shows the restracted or non-locking position of the aligning and
      locking mechanism. In FIG. 6 the solid line position labeled I represents
      the position of the aligning and locking mechanism in its aligning
      position. The dotted line position labeled II illustrates the position of
      the aligning and locking mechanism in its locking position.
PAR  The aligning and locking mechanism of the present invention is preferably
      formed as a single molded member. As can be seen from FIG. 6, the spacing
      between the top of the alignment pawl, the top of the locking pawl, and
      the depth of the rack recess are such that the locking pawl will make
      contact with the digit wheel teeth before the top of the alignment pawl
      makes contact with the rack recess. This assures that the alignment pawl
      will not interfere with the proper functioning of the locking pawl. Also,
      with the lateral dimensions of the aligning pawls 56 being fairly close to
      those of the rack recess 72, the aligning pawl serves to lock the rack
      against any significant movement. This, however, does not necessarily lock
      the wheels due to the inherent slack between the rack teeth and the pinion
      gear 33. Positive locking of the wheels, of course, is assured by the
      locking pawls 57 which engage wheel 28 and apply equal and opposite
      moments thereto.
PAR  The locking mechanism as described heretofore thus includes both alignment
      pawls and locking pawls which are integral therewith. This design permits
      the aligning and locking mechanism to be formed as a single molded member.
      It is contemplated, moreover, that the connection of either the alignment
      or locking pawl to the frame could be accomplished through a lost motion
      connection with the frame, so long as the alignment pawl does not
      interfere with the locking action of the locking member.
PAR  Also, when the present invention is employed in combination with a data
      recorder for credit card bill printing or the like, there are numerous
      features of such data recorders which are known in the data recording art
      and which may be further incorporated into such recorders without
      departing from the spirit or basic structure of the present invention.
PAR  Moreover, while described in its preferred embodiment in combination with a
      data recorder for credit card printing it is contemplated that a locking
      mechanism of the type set forth above may be used with various other types
      of devices wherein precise positioning and locking of a rotatable indicia
      displaying member may be desirable.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. Apparatus for positioning a rotatable indicia carrying member in a
      desired position, said apparatus comprising means for rotating said
      indicia carrying member about an axis to a first position which is at
      least close to the desired position, an aligning and locking mechanism
      including a frame and means for moving said frame between a retracted
      position and a locking position, aligning means rigidly attached to said
      frame and responsive to movement of said frame toward said locking
      position to engage and actuate said means for rotating said indicia
      carrying member so as to position said indicia carrying member in said
      desired position, and locking means rigidly attached to said frame and
      operative subsequent to operation of said aligning means when said frame
      is in said locking position to retentively engage and lock the indicia
      carrying member against rotational movement.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said means for rotating the
      indicia carrying member comprises a rack.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said rack includes means
      defining at least one recess and said aligning means includes a first pawl
      means movable into said recess.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 wherein said locking means includes a
      second pawl means which, when said frame is moved to said locking
      position, retentively engages said indicia carrying member.
NUM  5.
PAR  5. Apparatus as set forth in claim 4 wherein said indicia carrying member
      includes a plurality of locking teeth, at least one of which is
      retentively engaged by said second pawl means when said frame is moved to
      said locking position.
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein said means for moving said
      aligning and locking mechanism comprises a printing platen.
NUM  7.
PAR  7. Apparatus as set forth in claim 1 including a plurality of said rotating
      means and a corresponding plurality of said rotatable indicia carrying
      members which are rotatable about said axis.
NUM  8.
PAR  8. Apparatus as set forth in claim 7 wherein said aligning means includes a
      plurality of spaced first pawls integral with said frame and said locking
      means includes a plurality of spaced second pawls integral with said
      frame, said first pawls and said second pawls being alternately spaced
      along said frame, each of said first pawls operatively engaging a
      respective one of said rotating means when said frame is moved toward said
      locking position to position its respective one of said indicia carrying
      members in a desired position, each of said second pawls operatively
      engaging a respective indicia carrying member to lock such against
      rotational movement upon movement of said frame to said locking position.
NUM  9.
PAR  9. Apparatus as set forth in claim 8 wherein said means for rotating said
      indicia carrying members includes a plurality of spaced racks each of
      which is operatively connected with a respective one of said indicia
      carrying members and is individually actuatable to rotate its said
      respective one of said indicia carrying members.
NUM  10.
PAR  10. Apparatus as set forth in claim 9 wherein said means for moving said
      frame includes a printing platen.
NUM  11.
PAR  11. Apparatus as set forth in claim 1 wherein said aligning means comprises
      a first pawl and said locking means comprises a second pawl.
NUM  12.
PAR  12. Apparatus as set forth in claim 11 wherein said rotatable indicia
      carrying member includes a plurality of spaced teeth, said rotating means
      including a rack operatively engaging said teeth, said rack including
      means defining a recess, and said first pawl being movably disposed in
      said recess when said frame is moved toward said locking position.
NUM  13.
PAR  13. Apparatus as set forth in claim 12 wherein said first and second pawls
      each include distal end portions, said distal end portion of said first
      pawl being free to move within said recess as said frame is moved to said
      locking position and said distal end portion of said second pawl is
      brought into retentive engagement with said teeth.
NUM  14.
PAR  14. Apparatus as set forth in claim 12 wherein said recess includes means
      defining an opening through which the first pawl passes as it moves into
      said recess, said teeth being similarly shaped and equidistantly spaced
      about the periphery of the rotatable member, the width of said opening
      being approximately equal to the equivalent angular distance between
      corresponding portions of adjacent teeth.
NUM  15.
PAR  15. Apparatus as set forth in claim 13 wherein said second pawl includes
      means defining a pair of surfaces which when moved to said locking
      position are adapted to engage said teeth in such a manner as to exert
      equal and opposite moments on said indicia carrying member, thereby
      locking said member against rotational movement.
NUM  16.
PAR  16. Apparatus as set forth in claim 15 wherein said recess includes means
      defining an opening through which the first pawl passes as it moves into
      said recess, said teeth being similarly shaped and equidistantly spaced
      about the periphery of the rotatable member, the width of said opening
      being approximately equal to the equivalent angular distance between
      corresponding portions of adjacent teeth.
NUM  17.
PAR  17. Apparatus as set forth in claim 11 wherein said rotatable indicia
      carrying member includes means defining a plurality of spaced teeth, said
      rotating means including a rack adapted to engage said teeth, a camming
      surface formed in said rack, said first pawl upon movement of said frame
      toward said locking position operatively engaging said camming surface to
      actuate said rack to position said rotatable member in the desired
      position.
NUM  18.
PAR  18. Apparatus as set forth in claim 11 wherein said frame and said first
      and second pawls are formed as a single molded member.
NUM  19.
PAR  19. Apparatus as set forth in claim 1 wherein said frame movement means
      moves said frame between said locking and retracted position in a
      substantially linear manner.
NUM  20.
PAR  20. Apparatus as set forth in claim 19 wherein said frame movement means
      moves said frame between said locking and retracted positions in a
      generally radial direction to said axis of rotation.
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ABST
PAL  A printing apparatus in which a comma printing mechanism prints commas at
      any desired location within a printed number. Comma printing is
      accomplished by comma hammers, with one hammer provided between each two
      numerical places of the printing apparatus. All the comma hammers are
      initially maintained in a nonprinting position, and all are moved to an
      intermediate position prior to the printing of a number. Selected comma
      hammers, corresponding to the locations within a number at which comma
      printing is desired, are then advanced to a printing position, and the
      number is printed. After the number and selected commas are printed, the
      comma hammers are returned to the initial nonprinting position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a printing apparatus, and more particularly to a
      comma printing mechanism for a printer adapted for use with a table
      electronic calculator or the like.
PAR  Printers of one type known in the art comprise a plurality of type wheels,
      a plurality of selectors each adapted to cause one of the type wheels to
      stop in a desired position, a plurality of trigger claws each adapted to
      normally maintain one of the selectors in an inoperative position and to
      release the same from its inoperative position to cause the selector to
      interrupt the movement of the associated type wheel, a plurality of
      electromagnets each provided with an actuator for controlling the
      operation of one of the trigger claws, and a platen adapted to move
      relative to the type wheels during the printing process.
PAR  Many printers of the aforementioned type are not provided with a comma
      printing mechanism. Printers employing a comma printing mechanism
      typically use one of two known methods. In one type of prior art comma
      printing mechanism a fixed decimal point is inserted, and commas or spaces
      between the digits are then located at positions determined by the fixed
      decimal point. In a second type of comma printing mechanism, a decimal
      point is moved for each set of three digit positions, and fixed comma
      positions are maintained. Thus, the prior art comma printing mechanisms
      lack flexibility, as they are not capable of placing a comma in any
      desired position.
PAC  SUMMARY OF THE INVENTION
PAR  This invention obviates the aforementioned disadvantages of the prior art.
      Accordingly, an object of the invention is to provide a comma printing
      mechanism which permits commas to be placed at desired locations in a
      printed number to facilitate the reading of the digit positions of the
      number.
PAR  The present invention provides a plurality of comma hammers, each
      interposed between two adjacent type wheels. The comma hammers move
      between a printing position and a nonprinting position, and means for
      normally maintaining the comma hammers in their nonprinting positions and
      selectively bringing the desired comma hammer or hammers to a printing
      position are provided.
PAR  Additionally, the comma printing mechanism according to the invention is
      provided with means for releasing all the comma hammers from the
      nonprinting position, maintaining the released comma hammers in an
      intermediate position, and releasing only selected comma hammers from the
      intermediate position to move the selected hammers to a printing position.
PAR  Other and additional objects and features of the invention will become
      evident from the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a portion of a printer provided with a
      comma printing mechanism according to the invention.
PAR  FIG. 2 is a perspective view of a printer incorporating the comma printing
      mechanism shown in FIG. 1, with certain parts being omitted in the
      interest of clarity.
PAR  FIG. 3 is a partial elevational view of the printer portion shown in FIG.
      1.
PAR  FIG. 4 is similar to FIG. 3 but shows a different step in the operational
      sequence of the mechanism.
PAR  FIG. 5 is similar to FIG. 4 and shows another step in the operational
      sequence of the mechanism.
PAR  FIG. 6 is similar to FIG. 5 and shows still another step in the operational
      sequence of the mechanism.
PAR  FIG. 7 is a view similar to FIG. 6 and shows still another step in the
      operational sequence of the mechanism.
PAR  FIG. 8 is an elevational view showing an alternate embodiment of a platen
      mechanism.
PAR  FIG. 9 is similar to FIG. 8 and shows another step in the operational
      sequence of the platen mechanism.
PAR  FIG. 10 is a view similar to FIG. 9 and showing still another alternate
      embodiment of the platen mechanism.
DETD
PAC  DETAILED DESCRIPTION
PAR  The structure of the disclosed comma printing mechanism, and the relevant
      portions of a printing apparatus into which it is incorporated, are shown
      in FIG. 1 and FIG. 2. A shaft 2A for type wheels 2, a shaft 5 for mounting
      thereon selectors 4 each adapted to be brought into and out of engagement
      with a ratchet wheel 3 attached to one of the type wheels 2, a shaft 7 for
      mounting thereon trigger claws 6, a main shaft 9 to which two comma cams 8
      and a resetter 24 are affixed, a hammer reset shaft 10, and a hammer shaft
      11 are connected at opposite ends thereof to two side plates 1 and 1'. An
      electromagnet 12 and an actuator 13 adapted to engage an arm 6A of the
      trigger claw 6 are provided for each trigger claw 6. The type wheels 2,
      selectors 4, trigger claws 6 and actuators 13 are arranged in groups, as
      in the prior art, and one such group is provided for each digit to be
      printed.
PAR  Each ratchet wheel 3 is affixed to one of the type wheels 2 which are
      maintained in frictional engagement with shaft 2A. Each type wheel 2
      normally rotates in the direction of the arrow shown in FIG. 1 in slaved
      relation to shaft 2A. However, if a hooked front end of the selector 4 is
      brought into engagement with the associated ratchet wheel 3, the rotation
      of the type wheel 2 is interrupted and the latter stops in spite of the
      fact that shaft 2A continues to rotate. A tension spring 14 is mounted
      between each selector 4 and the associated trigger claw 6 to urge the
      associated selector 4 by its biasing force to move about shaft 5 in a
      clockwise direction so that the hooked front end of the selector 4 is
      brought into engagement with the associated ratchet wheel 3. However,
      since the trigger claw 6 is normally maintained, at a claw end 6B thereof,
      in engagement with the associated selector 4 at a cutout 4A thereof, as
      shown in FIG. 1, engagement of the hooked front end of the selector 4 with
      the ratchet wheel 3 is precluded. A stopper 15 is provided for each
      selector 4.
PAR  A shaft 16A for a platen holder 16 is rotatably supported at opposite ends
      thereof by the side plates 1 and 1', with a platen 17 being rotatably
      supported by the platen holder 16.
PAR  Comma hammers 18 are provided, each formed therein with a slot 19 through
      which the hammer shaft 11 extends. Each comma hammer 18 is formed therein
      with a recess 20 in which the hammer reset shaft 10 is fitted. The hammer
      reset shaft 10 is movably received at opposite ends thereof in slots 1A
      and 1'A formed in the side plates 1 and 1', respectively, and interposed
      between the bottom of the recess 20 of each comma hammer 18 and the outer
      periphery of each comma cam 8. Each comma hammer 18 is formed with a comma
      printing portion 18A and a projection 18B adapted to be brought into
      engagement with the arm end 6A of the associated trigger claw 6. A tension
      spring 22 is mounted between a support plate 21 mounted on the side plates
      1 and 1' and the lower edge of each comma hammer 18 to urge the associated
      comma hammer 18 by its biasing force to move into a printing position.
PAR  The disclosed comma printing mechanism operates as follows. When the
      printer is in its initial position, as shown in FIG. 1, each type wheel 2
      rotates in the direction of the arrow, and the associated selector 4 has
      its cutout 4A maintained in engagement with the claw end 6B of the trigger
      claw 6, so that the hooked front end of the selector 4 is out of
      engagement with the associated ratchet wheel 3. The hammer reset shaft 10
      is moved downwardly to a lower position as it engages a crest of each
      comma cam 8. This causes each comma hammer 18 to move to a lower position
      against the biasing force of the associated spring 22, so that the comma
      printing portion 18A of each comma hammer 18 is out of a comma printing
      position.
PAR  While the components of the printer are in the indicated positions, for
      each digit to be printed on electric current is applied to the
      electromagnet 12 at a suitable timing corresponding to the desired digit
      position to render its actuators 13 operative. Upon being rendered
      operative, the actuator 13 applies force to arm 6A, causing the associated
      trigger claw 6 to move clockwise about shaft 7, as shown in FIG. 3. This
      causes the claw end 6B of the trigger claw 6 to be released from
      engagement with the cutout 4A of the associated trigger claw 6 and permits
      the selector 4 to move clockwise about shaft 5 in response to the biasing
      force of the associated tension spring 14, so that the hooked end of the
      selector 4 is brought into engagement with the associated ratchet wheel 3.
      Thus, the rotation of the ratchet wheel 3 and the type wheel 2 to which
      the ratchet wheel 3 is secured is interrupted.
PAR  When the supply of current to the electromagnet 12 is cut off, the actuator
      13 is restored to its original position, as shown in FIG. 4, and the claw
      end 6B of the trigger claw 6 is brought into engagement with a side edge
      of the selector 4 adjacent its cutout 4A.
PAR  In this way, all the type wheels 2 corresponding to the positions of the
      digits to be printed are rendered stationary at their respective selected
      positions. Upon completion of this operation, a valley of each comma cam 8
      rotates into alignment with the hammer reset shaft 10 which rides on the
      comma cam 8, so that the shaft 10 and the comma hammers 18 are moved
      upwardly by the biasing force of the springs 22. The upward movement of
      the comma hammers 18 is interrupted when each comma hammer 18 reaches an
      intermediate position in which the projection 18B of the comma hammer 18
      is brought into abutting engagement with the arm end 6A of the associated
      trigger claw, as shown in FIG. 4.
PAR  Subsequently, an electric current is again passed through those
      electromagnets 12 situated in positions in which comma printing is desired
      and their corresponding actuators 13 are again rendered operative. Thus,
      the arm end 6A of the associated trigger claw 6 is brought out of
      engagement with the projection 18B of the associated comma hammer 18, as
      shown in FIG. 5. This permits the comma hammer 18 to be moved further
      upwardly by the biasing force of the associated spring 22, the upward
      movement of the comma hammer 18 being interrupted when the comma printing
      portion 18A thereof reaches its comma printing position, as shown in FIG.
      6. Then, while the type wheels 2 and the comma hammers 18 remain
      stationary, the platen 17, which is supported by the platen holder 16
      which synchronously rotates with the main shaft 9, rotates into a position
      in which it presses a printing sheet 23 into engagement with the type
      wheels 2 and the comma printing portions 18A of the selected comma hammers
      18, thereby enabling a printing operation to be performed.
PAR  Resetting is effected after completion of the printing operation as
      follows. The resetter 24 affixed to the main shaft 9 causes the associated
      selector to move counterclockwise about shaft 5 as shown in FIG. 7, so
      that the selector 4 is brought out of engagement with the associated
      ratchet wheel 3, and the claw end 6B of the associated trigger claw 6 is
      brought out of engagement with the side edge of the selector 4. This
      permits the trigger claw 6 to be moved counterclockwise by the biasing
      force of the spring 14 until the arm 6A thereof abuts against the
      projection 18B of the associated comma hammer 18. Then, the comma hammer
      18 is moved downwardly by hammer reset shaft 10 which is in turn driven by
      the comma cam 8 affixed to the main shaft 9. This releases the arm 6A of
      the trigger claw 6 from engagement with the projection 18B of the comma
      hammer 18, so that the trigger claw 6 is further moved counterclockwise by
      the biasing force of the spring 14 until the claw end 6B is brought into
      engagement with the cutout 4A in the selector 4. This restores all the
      components of the printer to their initial positions as shown in FIG. 1.
PAR  Referring to the alternate platen embodiment of FIG. 8, a cam 25
      synchronously rotating with the main shaft 9 causes a platen lever 26 to
      pivot about a fulcrum 27 so as to cause the platen 17 to perform a
      printing action. As the platen 17 is restored to its original position
      after performing the printing action, a clearance is provided between the
      returning platen 17 and the outer periphery of the type wheel 2 because
      the platen is juxtaposed against a portion of the outer periphery of the
      type wheel 2 on which no type is superposed, as shown in FIG. 9.
PAR  In the alternate embodiment of FIG. 10, a platen lever 28 is moved in
      pivotal motion by means of an eccentric cam 29 and a link 30. As the
      platen 17 is restored to its original position, it is also necessary to
      bring the outer periphery of the type wheel and the platne into the same
      relation as described with reference to FIG. 9.
PAR  From the foregoing description, it will be appreciated that the present
      invention enables a decimal point or a comma, such as for indicating the
      beginning or the end of a set of three digit positions, to be placed in
      any desired position. It will be understood that in most cases there is no
      need for a comma hammer between the type wheels for the three lowest digit
      positions because usually no comma will be placed between these digit
      positions, even if the comma floats. Additionally, no excessive load is
      applied to the printing members in the instant invention, because the
      trigger claws are not brought into contact with the comma printing
      mechanism while the type faces are bring selected.
CLMS
STM  I claim:
NUM  1.
PAR  1. A printing apparatus comprising:
PA1  a row of rotatable type wheels, each type wheel having a plurality of
      printing characters around its periphery;
PA1  a selector for each type wheel and means for biasing each selector to move
      from a reset position in which it does not engage its type wheel and
      interfere with rotation thereof toward an operative position in which it
      engages its type wheel to prevent rotation thereof and align a selected
      printing character thereof with a printing position, each selector
      moveable from the operative to the reset positions against the force of
      said biasing means;
PA1  a trigger claw for each selector and means for biasing each trigger claw to
      move from an energized position toward a reset position in which it
      engages its selector, provided the selector is in its reset position, to
      prevent the selector from moving to its operative position, said trigger
      claw being movable against the force of its biasing means from the reset
      position to an energized position in which it does not so engage its
      selector and allows its selector to move from its reset position to its
      operative position under the force of its biasing means;
PA1  an electromagnet for each trigger claw, each electromagnet being
      momentarily energizable to momentarily move its trigger claw from the
      reset to the energized position thereof and to thus disengage the moved
      trigger claw from the selector engaged thereby to allow the selector to
      move from its reset to its operative position under the force of the
      biasing means thereof;
PA1  a comma hammer for each of a selected plurality of adjacent type wheels,
      each comma hammer having a comma printing end, and means for biasing each
      comma printing end to move from a reset position in which it is out of
      alignment with said printing position of the characters toward a printing
      position at which its printing end is aligned with the printing position
      for said characters, each comma hammer engaging the trigger claw of its
      type wheel, provided the last recited trigger claw is in its reset
      position, in moving from the reset toward the printing position and being
      held thereby at a typing position intermediate said reset and said
      printing position thereof; and
PA1  means for resetting each selector and comma hammer prior to a printing
      operation, means for momentarily energizing selected electromagnets to
      momentarily move the trigger claws thereof from the reset to the energized
      positions thereof and then allow the trigger claws to return to their
      reset positions after the electromagnets are deenergized, said movement of
      the trigger claws allowing the selectors thereof to move from their reset
      to their operative positions and align selected characters of the type
      wheels thereof with the printing position, means responsive to the
      movement of a trigger claw from the energized to the reset position
      thereof to allow the comma hammer thereof to move from its reset toward
      its typing position, and means for momentarily energizing selected
      electromagnets for a second time to again momentarily move their trigger
      claws from the reset to the energized positions and out of engagement with
      the comma hammers thereof, to thereby allow the comma hammers thereof to
      move from the typing to the printing positions under the action of the
      biasing means of the comma hammers, whereby upon a first momentary
      energization of selected electromagnets, the trigger claws engaged thereby
      release the associated selectors from their reset to their operative
      positions to hereby align selected characters with said printing position,
      each comma hammer is subsequently released form its reset position upon
      the return of the associated trigger claw to its reset position and moves
      to its intermediate, typing position, and each comma hammer moves to its
      printing position only if the electromagnet of the trigger claw engaging
      it is momentarily energized a second time.
NUM  2.
PAR  2. A printing apparatus as in claim 1 wherein the means for resetting each
      selector and comma hammer prior to a printing operation and for allowing
      the comma hammer to move to its reset position in response to the return
      of the associated trigger claw to its reset position after releasing the
      associated selector comprises:
PA1  a rotatable main shaft;
PA1  a resetter bar affixed to said rotatable main shaft and engaging each
      selector upon rotation of said main shaft to a defined angular position
      thereof to place each selector in its reset position;
PA1  a comma cam affixed to said rotatable main shaft and having a crest and a
      valley, said crest and valley being in a defined angular position with
      respect to the resetter bar;
PA1  a recess on said comma hammer;
PA1  a hammer shaft positioned in said recess and engaging said comma cam and
      the comma hammers to reset said comma hammer when said comma cam crest is
      in a selected rotational alignment with said hammer shaft, and said
      resetter bar resetting said selectors when said resetter bar is in a
      selected rotational alignment with said selectors, said crest maintaining
      said comma hammer in its reset position until the associated trigger claw
      has returned to its reset position after releasing the associated selector
      and said comma hammer then being released from said reset position upon
      alignment of said comma hammer valley with said hammer reset shaft upon
      further rotation of the main shaft.
NUM  3.
PAR  3. A printing apparatus having a plurality of rotatable type wheels each
      with a plurality of printing characters around its periphery, a selector
      for each type wheel, each selector biased from a reset position in which
      it does not engage its type wheel toward an operative position in which it
      engages its type wheel to stop the type wheel with a selected printing
      character thereof in a printing position, a trigger claw for each
      selector, each trigger claw biased from an energized position toward a
      reset position and each engaging its selector, when the selector has been
      moved to its reset position and the trigger claw is in its reset position,
      to prevent the selector from moving to its operative position, an
      actuator for each trigger claw, each actuator being momentarily
      energizable to momentarily move its trigger claw to the energized position
      and to thus release the selector engaged thereby to allow the selector to
      move to its operative position, and a platen adapted to move relative to
      the type wheels to print the characters in the printing position, wherein
      the improvement comprises a comma printing mechanism having:
PA1  a comma hammer for each of a selected plurality of adjacent type wheels,
      each comma hammer having a comma printing end;
PA1  means for biasing each comma hammer to move from a reset position toward a
      printing position at which its printing end is aligned with the printing
      position for said characters, said comma hammer engaging the reset trigger
      claw of the associated type wheel in moving from the reset toward the
      printing position to thereby stop at a position intermediate said reset
      and said printing positions thereof;
PA1  means for resetting each selector and comma hammer prior to a printing
      operation and for maintaining the comma hammer in its reset position until
      its trigger claw has returned to its reset position after releasing its
      selector;
PA1  means for momentarily energizing selected actuators for a first time to
      cause their trigger claws to release their selectors and allow them to
      move from their reset to their operative positions, to thereby place
      selected characters in their printing positions, each comma hammer being
      released from its reset position upon the return of the associated trigger
      claw to its reset position to move to its intermediate position; and
PA1  means for momentarily energizing at least one actuator for a second time to
      thereby cause its comma hammer to move from its intermediate position to
      its printing position.
NUM  4.
PAR  4. A printing apparatus as in claim 3 wherein the means for resetting each
      selector and comma hammer prior to a printing operation and for
      maintaining the comma hammer in its reset position until the associated
      trigger claw has returned to its reset position after releasing the
      associated selector comprises:
PA1  a rotatable shaft;
PA1  a resetter bar affixed to said rotatable main shaft, said bar movable upon
      rotation of the main shaft from a position out of engagement with the
      selector into a position in which the bar engages each selector to place
      it in its reset position;
PA1  a comma cam affixed to said rotatable main shaft and having a crest and a
      valley which are in a defined circumferential alignment with said bar;
PA1  a recess on each comma hammer;
PA1  a hammer shaft positioned in said recess and engaging said comma cam, said
      hammer shaft resetting each comma hammer when the comma cam crest is in
      rotational alignment with said hammer shaft, and maintaining each comma
      hammer in the reset position until the associated trigger claw has
      returned to its reset position after releasing the associated selector,
      said comma hammer then being released from said reset position upon the
      rotation of said comma hammer valley into alignment with said hammer reset
      shaft.
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ABST
PAL  A screen processing machine has a frame supporting a printing screen which
      is capable of upward or downward movement. The frame pivots along one side
      thereof transverse to the longitudinal direction of transverse of a
      carriage, while the opposite side of the frame has lifting means provided
      in the carriage which are formed from two rigid laterals or sides having
      transverse end pieces and which form a cradle wherein the frame is
      situated. The frame is reinforced with two rigid heads, solidly fixed
      thereto at the external portion of the sides thereof transverse to the
      advance direction of the carriage. Such heads form elements wherein
      supports from which the frame is suspended are solidly fixed. The frame
      has parallel guides along which aligned supports slide, each one of which
      a vertical column which constitutes a guide element for lifting devices
      supporting a squeegee or stripper bridge. The lifting devices are arranged
      on the columns in such a way that they can be raised and lowered, the
      synchronous advance of the supports being independent of the columns, a
      rocking movement of the columns being independent of the supports, and the
      advance of the supports being independent of the upward and downward
      movements of the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Screen printing machines are industrially used to decorate large flat
      surfaces, such as for example pieces of fabric or paper. This type of
      machine, due to its working efficiency and the speed with which it
      operates, has in many cases replaced the machines which by other means
      have conventionally been used for printing.
PAR  The great technological evolution of screen printing machines, up to the
      time of achieving their present efficiency, has been possible due to an
      uninterrupted succession of improvements.
PAR  Machines of this type mainly consist of a carriage which travels on guides,
      describing a rectilineal path on a table whereon the piece to be processed
      is spread and immobilized.
PAR  The piece to be processed is spread and fixed on a long table on which a
      carriage, guided throughout its travel, slides. Such carriage supports the
      printing screen and the elements necessary to spread the screen printing
      inks which, through the screen, produce the decorative patterns on the
      piece being printed.
PAR  The carriage travels along the piece advancing in a single operative
      direction until the entire piece has been decorated.
PAR  The screen printing ink which impregnates the piece to be printed, thus
      producing the designs composing the decorative patterns, is spread in the
      interior of the screen.
PAR  Since a separate screen is needed to apply each one of the colors which
      adorn the piece, the machine will make as many movements or productive
      passes on the piece to be printed as the number of different colors to be
      applied to the piece.
PAR  The screen is lowered at each stop and is superficially coupled to the
      piece to be printed. Once the screen printing ink is spread, the screen is
      raised and thus separated from the piece, and the carriage is advanced to
      another station.
PAR  Heretofore, spreading of the ink has been achieved by means of an arm
      which, provided with a squeegee or stripper, makes a tracking movement,
      thus spreading the ink over the screen and through the perforations
      therein.
PAR  Since an unproductive return movement is necessary with each productive
      printing movement, and since each productive printing movement comprises a
      plurality of screen processing application stops or stations, it is
      understood that one of the most important factors of the production yield
      of such machines is the speed with which the machine travels.
PAR  On the other hand, bearing in mind that one of the restrictions on the
      velocity of screen printing, and therefore on the yield of the machine
      involves the dimensions of the screen, it will also be understood that
      manufacturers always attempt to increase the size of the screen carriers
      used in their machines. However, when the dimensions of the screen are
      increased, the arm bearing the squeegee or stripper becomes in turn so
      supersized that its working efficiency is remarkably reduced, to such an
      extent that the inferior quality of the printed pieces is not permissible.
PAR  Just as important as the above mentioned factors on the yield of the
      machine, is the driving speed of the screen printing application means and
      the dimensions of the screen.
PAR  The automatic mechanisms which cause the carriage to travel and the devices
      used for screen printing application have been so improved that the
      working speeds thereof have reached their maximum.
PAR  The dimensions of the screen are determined by the width of the piece and
      the length of the pitch or repetition of the design.
PAR  The screens have heretofore covered a surface which comprises the width of
      the piece and a pitch or a complete portion of the design constituting the
      pattern with which the piece is decorated.
PAR  According to the above, it can be seen that the screen can be supersized
      only in a single direction, since the width of the piece determines the
      other, which is invariable. Consequently, the screen can only be
      supersized by increasing its length, which corresponds to the direction of
      the warp of the piece. However, this increase should, as a minimum,
      comprise a complete unit or a pitch of the design, whereby a new screen,
      which would be double or triple the size of a conventional screen would be
      obtained.
PAR  On increasing the dimensions of the screen, lengthening it in the direction
      of the warp, the application stops or stations are reduced to a half, a
      third or a quarter, according to the rate of increase, whereby the
      unproductive intervals of the machine are partially reduced.
PAR  A screen having the described features should be stronger than the
      conventional, since it will be heavier and would require strong and
      efficient movement producing members, in order to maintain the same
      working speed.
PAR  On the other hand, the means used to spread the printing ink, which in a
      conventional screen operates in the direction of the weft of the piece,
      since this is the largest part of the frame, cannot in the new screen
      operate in the same direction, since the smallest part of the new screen
      corresponds precisely to the largest part of the other. Consequently, the
      size, weight and characteristics of the spreading means as well as the
      strength and weight of the mechanisms operating the same, are greater than
      in a conventional machine.
PAR  All these conditions prevent the occasional modification of a conventional
      machine, to such an extent that even though its function is identical and
      the principle by which it develops is maintained constant, the machine
      evolves and is improved in such a way that it is different.
PAC  SUMMARY OF THE INVENTION
PAR  The improvements of the screen printing machine according to the invention,
      are fundamentally involved:
PAR  -- in the frame which supports the screen
PAR  -- in the carriage which supports the frame
PAR  -- in the means used to connect the screen to the surface of the piece to
      be printed, or disconnect the same therefrom; and
PAR  -- in the screen printing appliers.
PAR  It can be seen from the above mentioned facts, that the technical solutions
      adopted to achieve the improvements of the present invention cannot be
      applied indistinctly since they are so intimately related, inasmuch as one
      is a result of the other, that they constitute a whole, whose introduction
      to a conventional screen printing machine would imply the modification of
      all the structural elements thereof, giving rise to a different and novel
      invention.
PAR  In the embodiment to be described, the frame which supports the screen is
      conventional and its transversal dimensions exceed the width of the piece
      to be printed, while the longitudinal dimensions are larger than a
      complete multiple of the pitch of the design applied to the piece.
PAR  This dimensional increase permits the use of the entire work surface.
PAR  The carriage supporting the frame is comprised of two rigid sides provided
      with end pieces which form a cradle wherein the brackets of the frame and
      the frame itself are housed.
PAR  The end pieces are situated at the sides in such a way that the same are
      positioned on both sides of the processing table under the panel or top of
      the table, and fixed on the rails which guide the travel of the carriage.
PAR  The end pieces are placed transverse to the table and are arranged as a
      bridge thereon. Between the panel whereon the piece to be printed is
      placed and the bridges there is provided a space.
PAR  The frame has two rigid heads which extend transversally at the exterior
      portion thereof and form elements by means of which the frame is supported
      on the end pieces of the carriage.
PAR  The means used to raise the frame to lift it above the piece of material to
      be printed, as well as the means to lower the frame until the screen is
      superficially coupled to the flat piece of material to be printed,
      includes an axis of relative rotation arranged between one of the rigid
      heads or ends of the frame and one of the end pieces of the carriage, and
      an adjustable coupling including an eccentric or rocker shaft which is
      fixed to supports arranged on the other end piece of the carriage and
      which has driving arms connected thereto. A portion of the arms, which are
      solidly fixed to the shaft, act on a link connected to the other head of
      the frame, while the remaining portion of the arms are joined to traction
      and/or trust members for rotating the rocker shaft, thereby raising such
      other head of the frame. The distance between the axis of rotation and the
      end of the frame journaled thereon is sufficient to assure the raising of
      the frame with respect to the piece of material to be printed.
PAR  A lifting arm or arms, which join the rocker shaft to the frame, are
      diametrically arranged with respect to the driving or actuating arm or
      arms which are joined to the traction or thrust members which cause the
      shaft to turn.
PAR  Links of adjustable length are provided between pins solidly fixed to the
      head of the frame and to the lifting arms solidly fixed to the rocker
      shaft.
PAR  The traction or thrust members may be a double acting hydraulic cylinder,
      advantageously driven by a pneumatic converter.
PAR  Another means for driving the hydraulic cylinder would be an electric
      motor.
PAR  In any case, the rocker shaft is provided with means which determine and
      permit the elevation stroke of the frame to be regulated, while the
      minimum or rest position of the frame is maintained. These means, applied
      to one of the ends of the shaft, include a fixed butt or stop which
      determines the maximum drop of the frame, and a movable stop or butt which
      determines the upstroke of the frame. Both stops or butts are contacted by
      edges of an eccentric profile integral with the rocker shaft, or by teeth
      emerging therefrom.
PAR  The movable stop or butt is radially arranged with respect to the rocker
      shaft, and is solidly fastened to a fixed arm of a shaft which is provided
      with interlocking means which permit the shaft to be fixed in any one of
      various adjustable positions circumferentially of the rocker shaft.
PAR  Elements capable of controlling the hydraulic cylinder are solidly fixed to
      the stops of butts. However, should the cylinder be activated by a
      pneumatic converter, then pneumatic valves, which could be replaced by
      contacts in case the cylinder is actuated by an electromotor, will be
      used.
PAR  Between the end pieces wherein the rocker shaft and the head of the frame
      are housed there are provided lateral guide means capable of avoiding
      pitches in the lowering or raising of the frame.
PAR  The frame supporting the screen is provided with two side races along which
      supports to which a squeegee or stripper bridge is fixed slide. The bridge
      is arranged on lifting devices so that upward and/or downward movements
      thereof are possible along rockable columns, each of which extend from one
      of the supports which will always be in alignment with the other. The
      supports move synchronously along parallel guides which comprise the
      races, and this movement is independent of the rocking or tilting of the
      columns, which rocking is also independent of the synchronized raising and
      lowering of the lifting devices supporting the bridge.
PAR  The lifting devices of the squeegee or stripper bridge include a central
      body provided with a longitudinal chamber wherein a hollow piston is
      housed. Such piston is urged toward one end of the chamber by a spring to
      raise the lifting device body with respect to the column.
PAR  Each one of the lifting devices, parallel to the longitudinal chamber, has
      external and parallel vertical guides ending in lower projections. Such
      guides along their surfaces have one or more orifices through which may be
      outwardly urged bolts by the selective activation of a cam-controlling
      knob positioned on the external front surface of each one of the lifting
      devices.
PAR  Each one of the supports includes a frame wherein a double acting pneumatic
      cylinder is provided with independent chambers within which moves a
      piston. The piston has therein a housing containing the lower end of a
      column which is pivoted to the support at an intermediate point thereof.
PAR  The base of each support is provided with lateral plates which cover the
      guide on which the support is mounted. The lateral plates are provided
      with races which act on the lower surface of the races constituting the
      guide.
PAR  The chambers of each of the supports are connected to each other in such a
      way that the movements of the pistons therein are simultaneously and
      synchronously produced.
PAR  The hollow piston within the longitudinal chamber of each lifting device of
      the squeegee or stripper bridge forms a housing covering the column of the
      respective support. The hollow piston forms a fixed assembly over which
      the body of the lifting device travels, dependent upon volumetric
      variations created in a compression chamber constituted by the face of the
      hollow piston and the walls of the longitudinal chamber itself. The fluid
      injection elements of the compression chambers of both lifting devices are
      synchronized so that fluid admission or removal from such chambers are
      produced in unison whereby the lifting devices and the bridge supported
      thereby move synchronously.
PAR  The ends of the squeegee or stripper bridge have side flanges the internal
      surfaces of which are dimensioned to fit the vertical guides of the
      lifting devices, sliding thereon until the same contact the guide
      projections. Each of the flanges are provided with orifices positioned to
      correspond with the outward path of movement of the bolts, thus
      constituting housings wherein the bolts are housed in their maximum outer
      positions.
PAR  The screen frame of the screen printing machine will be provided with two
      lateral races, along which slide the supports supporting the lifting
      devices of the squeegee or stripper bridge and the bridge itself, so that
      the bridge will be transversally arranged with respect to the screen, and
      its upward and downward movement capability will permit the bridge to
      contact and/or exert pressure on and even be raised above the screen.
PAR  Due to the parallel arrangement of the squeegee or stripper with respect to
      the screen mold, to the rigid structure of the bridge, and to the uniform
      pressure exerted by the pneumatic chambers of the lifting devices on
      extreme opposite points of the bridge, it is understood that the pressure
      of the squeegee or stripper is uniform throughout its length, and
      therefore that spreading of the printing ink is effected under optimal
      conditions.
PAR  The advance of the squeegee or stripper is effected, for example, by means
      of endless chains solidly fastened to the supports and driven by means
      such as a reversible motor.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above will become more apparent with the help of the attached drawings
      which, together with the following detailed description, illustrate an
      exemplified, but not limiting, embodiment of the invention.
PAR  FIG. 1 is a perspective view schematically representing a screen processing
      machine in accordance with the present invention. Logically, the drawings
      do not illustrate the blade of the squeegee or stripper, the screen, or
      the driving elements of the machine, since such elements do not constitute
      the invention and may be any conventional such elements. These elements
      therefore also have not been described in the specification. The partial
      cut-away views have been made in FIG. 1 to simplify the same and to
      represent elements which would otherwise be concealed.
PAR  FIG. 2 is an enlarged perspective view of the rocker shaft, the arms, the
      plunger and the link which fastens one of the arms to one end of the
      frame.
PAR  FIG. 3 is an enlarged perspective view of the rocker shaft and stops
      thereof which regulate and control the plunger.
PAR  FIG. 4 is an elevational view, partically in section, of one of the
      squeegee bridge lifting devices coupled to a column which is carried by a
      movable support.
PAR  FIG. 5 is a side view, partially in section, of the lifting device
      represented in FIG. 4.
PAR  FIG. 6 is an elevational view, partially in section, of one of the supports
      which transports and positions the squeegee or stripper bridge along the
      frame.
PAR  FIG. 7 is a side view, partially in section, of the support of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference particularly to FIG. 1, there is shown a sheet of material 1
      to be printed and positioned on a processing table (not shown), a carriage
      which moves along the table, end pieces 2 of the carriage, lateral sides 3
      of the carriage, rollers or guides 4 of the carriage, guide rails 5 on the
      table and along which move guides 4 of the carriage, a screen supporting
      frame 6, upwardly extending ends 7 of the frame. One of the ends 7 of the
      frame 6 is pivotally supported at 8 to one end piece 2 of the carriage. A
      rocker shaft 9 is pivotally supported in the other end piece 2 of the
      carriage and has arms 10 and 12 fixed thereto. Movement of fluid cylinder
      11 rotates shaft 9 which lifts the other end 7 of frame 6 by means of
      connecting link 13 and bracket or arm 14 connected to such other end 7. An
      adjustable stop 15 controls the amount of rotation of shaft 15, and thus
      the degree of lift of such other end 7 of frame 6. Rails 16 are provided
      along the sides of frame 6, and along which a pair of movable supports 17,
      which spport a squeegee or stripper bridge 27, slide. Supports 17 are
      fixed to endless chains 18 which are reversibly moved in unison by drive
      means such as a motor with a shaft and sprockets 19. Each support 16 has a
      column 20 extending upwardly therefrom and supporting a lifting device 21
      which supports an end of bridge 27. Each device 21 has opposite vertical
      external guides 22 for supporting the bridge and lower projections 23 for
      support thereof. Each device 21 has a control knob 25 which controls a cam
      which pushes bolts 24 outwardly of the device into housings or openings 29
      in opposite side flanges 28 of bridge 27, to thereby hold bridge 27 in
      place on lifting devices 21. Retraction of bolts 24 by control knob 25
      allows bridge 27 to be removed from lifting device 21.
PAR  Referring to FIG. 2, the arrangement for lifting the screen frame 6 is
      shown in more detail. Rocker shaft 9 has fixed thereto driving arm 10 and
      lifting arm 12. Hydraulic cylinder 11 reciprocates arm 10 and thus shaft 9
      and lifting arm 12, which lifts link 13 which lifts arm 14 which is
      connected to one end 7 of frame 6. Thus, this end of frame 6 may be lifted
      and lowered, the frame 6 thus pivoting at the other end thereof about
      pivot 8.
PAR  Referring to FIG. 3 the device for controlling the degree of rotation of
      shaft 9 is shown in more detail. This device 15 includes a fixed stop 15a
      and an adjustable stop 15b,  the latter being adjustable by arm 15c which
      may be locked in position by pin 15d adapted to engage in various openings
      in end piece 2 of the carriage. Shaft 9 has thereon a cylinder 15e with an
      eccentric profile having abrupt edges against which stops 15a and 15b act
      to limit the degree of rotation of shaft 9, and thus the height of lift of
      frame 6.
PAR  Referring to FIGS. 4 and 5, the construction of lifting devices 21 is shown
      in more detail. Each lifting device is vertically movably mounted on a
      column 20, and has opposite vertical guides 22 which have projections 23
      for the support of the flanges of the ends of the bridge. Each device 21
      has therein bolts 24 which are urged upwardly. Each device 21 has a
      control knob 25 with an eccentric bolt control 30 having a surface
      abutting bolts 24, such that selective rotation of knob 25 forces bolts 24
      outwardly to thus lock bridge 27 in place on devices 21. Each device 21
      has therein a longitudinal chamber housing a hollow piston 33 which
      surrounds a reduced diameter section of column 20 and abuts a shoulder
      thereon. The supply of fluid into a chamber 34 forces device 21 downwardly
      against the action spring 35. Thus, the bridge 27 may be lowered into
      contact with the screen.
PAR  Referring to FIGS. 6 and 7 of the drawings, a construction for pressing the
      squeegee of bridge 27 against the screen is shown in more detail. Movable
      supports 17, carrying devices 21 and bridge 27, are movable along rails 16
      by means such as endless chains 18. The column 20 is pivoted to support 17
      about a transverse horizontal axis 45. The end 36 of column 20 has a
      roller thereon which is housed in a piston 37 which is reciprocable within
      a chamber within support 17. Partial chambers 38 and 39, on opposite ends
      of piston 37 may be selectively supplied with fluid through inlets 31,
      thereby moving piston 37 to the left or right as viewed in FIG. 7. Such
      movement causes column 20 to pivot at 45, with the result that the upper
      end of column 20, and thus bridge 27, will be urged toward the screen.
      Support 17 has a frame 40 with downwardly extending flanges 41 having
      thereon rollers 43 which contact the bottom of rail 16. The bottom of
      frame 40 has anti-friction plates 42 which contact the top of rail 16.
PAR  The operation of the device is as follows:
PAR  When the plunger of cylinder 11 pulls the driving arm 10 towards it (i.e.
      downwardly in FIG. 2), the rocker shaft 9 rotates, whereby lifting arm 12
      lifts link 13, thus lifting the one end 7 and causing the frame assembly 6
      to pivot about axis 8. The frame 6 is thus raised above the table, and the
      traversing movement of the carriage is facilitated. The reverse operation
      of cylinder 11 positions the frame 6, together with the screen which it
      carries, in a working position on the material 1, whereafter the ink
      application elements, synchronized with the stopping of the carriage and
      the positioning of the screen, are operated.
PAR  Stops 15a and 15b are arranged at desired positions around the eccentric
      profile of cylinder 15e solidly fixed to rocker shaft 9 to determine,
      according to the distance or angle separating the stops, the angular
      movement of shaft 9, and thus the amount of upward or downward travel of
      frame 6. The larger the space between the stops, the larger will be the
      amount of travel of the raised end of the frame.
PAR  With the bolts 24 of the lifting devices 21 retracted, the squeegee or
      stripper bridge 27 slides along the guides 22 of lifting devices 21 until
      flanges 28 rest on lower projections 23. Then knobs 25 are operated to
      move bolts 24 into openings 29 of flanges 28 of the squeegee or stripper
      bridge 27, thereby locking the bridge 27 in place on lifting devices 21.
PAR  The lifting devices 21 are supported on columns 20, and at their rest
      position are inoperative. That is, when the compression chamber 34 is free
      of fluid, spring 35 pushes lifting device 21 upwardly along column 20,
      thus raising bridge 27. Thereby, the particular squeegee or stripper
      supported by the bridge is separated from the surface on which it acts,
      i.e. the screen.
PAR  Simultaneous entry of fluid under pressure in the respective chambers 34 of
      each of the lifting devices 21 of the bridge causes compression of the
      springs 35, which is converted into a lowering of the lifting devices 21
      and the bridge 27, until the squeegee or stripper thereof rests on the
      surface of the screen.
PAR  The required inclination of the squeegee or stripper, so that its action on
      the surface of the screen is most effective, is negative with respect to
      the direction of movement of the supports 17, and this inclination is
      determined by the action of fluid which enters the chambers 38 or 39 of
      the hydraulic cylinder which is positioned in each one of the supports 17
      and which controls the column 20 on which the corresponding lifting device
      21 is supported.
PAR  The advance of the supports by means of the chains 18 is initiated
      simultaneously with the inclination movement of the columns. Further,
      stopping of supports 17, before their movement in the opposite direction
      is initiated, coincides with the lifting of the bridge, inclination of the
      columns in the opposite direction, and a further lowering of the bridge.
PAR  All these movements may be effected automatically and are synchronized with
      the movements of the other elements of the screen processing machine, so
      that together therewith they constitute an efficient assembly which
      carries out its function without the intervention of normal operations,
      without mistakes or errors, and with greater speed, all without impairing
      the quality of screen printing.
PAR  In addition to the extensive increase in the production capacity of the
      printing machine, the above improvements of the invention permit the frame
      to be of such a size that the screen housed therein is capable of
      covering, at the same time, an entire piece to be printed, for example a
      table cloth, a bedspread, or a curtain, which possibility has heretofore
      been impossible with conventional machines.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a screen printing machine of the type including a table or platform
      for positioning thereon of a longitudinally extending piece of material to
      be printed; a carriage mounted for longitudinal movement along said table;
      a frame having a flat screen thereon and mounted on said carriage; means
      for selectively raising and lowering said frame with respect to said
      carriage to bring said screen out of and into contact with a piece of
      material positioned on said table; a squeegee or stripper; and means
      mounting said squeegee or stripper for selective movement over said screen
      to force printing ink therethrough and onto a piece of material positioned
      on said table; the improvement wherein:
PA1  said carriage comprises a member having opposite lateral sides movably
      mounted on said table on opposite sides of said piece of material
      positioned thereon, and opposite ends joining said lateral sides and
      extending transversely thereto at a spaced above said table;
PA1  said frame has opposite lateral sides and opposite ends, a first of said
      ends being hingedly connected to a first of said opposite ends of said
      carriage about an axis parallel thereto;
PA1  said raising and lowering means comprises coupling means interconnecting a
      second of said frame ends with a second of said opposite ends of said
      carriage, said coupling means comprising a rocker shaft rotatably
      journaled in said second carriage end and extending parallel thereto; at
      least one driving arm integral with said rocker shaft; at least one
      lifting arm integral with said rocker shaft; link means for connecting
      said lifting arm and said second frame end; and reciprocating means
      connected to said driving arm for reciprocating said driving arm and said
      rocker shaft about the longitudinal axis of said rocket shaft, and for
      thereby reciprocating said lifting arm and said link means and thus
      raising and lowering said second frame end;
PA1  said squeegee movement means comprises rails on said opposite lateral sides
      of said frame; a support mounted on each of said rails; means for moving
      said supports synchronously along said rails; a lifting device operatively
      connected to each of said supports for synchronous vertical movement with
      respect thereto; and a bridge having connected thereto said squeegee or
      stripper and having opposite ends, one each in gripping engagement with
      one of said lifting devices; and
PA1  means for adjustably regulating the amount of lift of said second frame end
      with respect to said carriage, said regulating means comprising a cylinder
      integral with said rocker shaft; said cylinder having an eccentric profile
      providing two abrupt edges; a fixedly mounted stop positioned to be
      engaged by a first of said abrupt edges; and an adjustably mounted stop
      mounted to be engaged by a second of said abrupt edges, the position of
      said adjustably mounted stop with respect to the circumference of said
      rocker shaft being variable.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein each of said supports has
      extending upwardly therefrom a column; each of said lifting devices
      comprises a body member having a longitudinal passage extending
      therethrough, each of said longitudinal passages receiving one of said
      columns.
NUM  3.
PAR  3. The improvement claimed in claim 2, wherein each of said columns has
      adjacent the upper end thereof a radial annular shoulder; and each said
      lifting device further comprises an internal chamber within said body
      member and communicating with said longitudinal passage, a hollow piston
      in said internal chamber surrounding said column and abutting said
      shoulder, and a spring acting on said piston and said body member and
      urging said body member upwardly with respect to said column.
NUM  4.
PAR  4. In a screen printing machine of the type including a table or platform
      for positioning thereon of a longitudinally extending piece of material to
      be printed; a carriage mounted for longitudinal movement along said table;
      a frame having a flat screen thereon and mounted on said carriage; means
      for selectively raising and lowering said frame with respect to said
      carriage to bring said screen out of and into contact with a piece of
      material positioned on said table; a squeegee or stripper; and means
      mounting said squeegee or stripper for selective movement over said screen
      to force printing ink therethrough and onto a piece of material positioned
      on said table; the improvement wherein:
PA1  said carriage comprises a member having opposite lateral sides movably
      mounted on said table on opposite sides of said piece of material
      positioned thereon, and opposite ends adjoining said lateral sides and
      extending transversely thereto at a position spaced above said table;
PA1  said frame has opposite lateral sides and opposite ends, a first of said
      ends being hingedly connected to a first of said opposite ends of said
      carriage about an axis parallel thereto;
PA1  said raising and lowering means comprises coupling means interconnecting a
      second of said frame ends with a second of said opposite ends of said
      carriage;
PA1  said squeegee movement means comprises rails on said opposite lateral sides
      of said frame; a support mounted on each of said rails; means for moving
      said supports synchronously along said rails; a lifting device operatively
      connected to each of said supports for synchronous vertical movement with
      respect thereto; and a bridge having connected thereto said squeegee or
      stripper and having opposite ends, one each in gripping engagement with
      one of said lifting devices, said ends of said bridge having a
      substantially inverted U-shaped cross-sectional configuration with
      downwardly depending flanges, each of said flanges having an orifice
      therein; and
PA1  each of said lifting devices have therein selectively retractible bolts;
      and means connected to said bolts for selectively moving said bolts to and
      from a retracted position wherein said bolts are within said lifting
      devices from and to a second position wherein said bolts extend outwardly
      from said lifting devices into said orifices in said flanges of said
      bridge, thereby locking said bridge in position on said lifting devices.
NUM  5.
PAR  5. The improvement claimed in claim 4, wherein each of said supports has
      extending upwardly therefrom a column; each of said lifting devices
      comprises a body member having a longitudinal passage extending
      therethrough, each of said longitudinal passages receiving one of said
      columns.
NUM  6.
PAR  6. The improvement claimed in claim 5, wherein each of said columns has
      adjacent the upper end thereof a radial annular shoulder; and each said
      lifting device further comprises an internal chamber within said body
      member and communicating wtih said longitudinal passage, a hollow piston
      in said internal chamber surrounding said column and abutting said
      shoulder, and a spring acting on said piston and said body member and
      urging said body member upwardly with respect to said column.
NUM  7.
PAR  7. In a screen printing machine of the type including a table or platform
      for positioning thereon of a longitudinally extending piece of material to
      be printed; a carriage mounted for longitudinal movement along said table;
      a frame having a flat screen thereon and mounted on said carriage; means
      for selectively raising and lowering said frame with respect to said
      carriage to bring said screen out of and into contact with a piece of
      material positioned on said table; a squeegee or stripper; and means
      mounting said squeegee or stripper for selective movement over said screen
      to force printing ink therethrough and onto a piece of material positioned
      on said table; the improvement wherein:
PA1  said carriage comprises a member having opposite lateral sides movably
      mounted on said table on opposite sides of said piece of material
      positioned thereon, and opposite ends joining said lateral sides and
      extending transversely thereto at a position spaced above said table;
PA1  said frame has opposite lateral sides and opposite ends, a first of said
      ends being hingedly connected to a first of said opposite ends of said
      carriage about an axis parallel thereto;
PA1  said raising and lowering means comprises coupling means interconnecting a
      second of said frame ends with a second of said opposite ends of said
      carriage;
PA1  said squeegee movement means comprises rails on said opposite lateral sides
      of said frame; a support mounted on each of said rails; means for moving
      said supports synchrnously along said rails; a lifting device operatively
      connected to each of said supports for synchronous vertical movement with
      respect thereto; and a bridge having connected thereto said squeegee or
      stripper and having opposite ends, one each in gripping engagement with
      one of said lifting devices; and
PA1  each of said supports comprises a body; a column extending upwardly from
      said body, one of said lifting devices being vertically movably mounted on
      said column; and means for tilting said columns about an axis parallel to
      the longitudinal dimension of said bridge to selectively press said
      squeegee or stripper attached to said bridge against said screen, said
      means for tilting comprising a chamber within each said support body, a
      piston mounted within said chamber for movement between partial chambers
      on opposite sides thereof, means connected to said partial chambers for
      selective pressurization thereof for selective movement of said piston, a
      roller connected to the lower end of each said column and positioned in
      the respective said piston, and means pivotally connecting each column at
      a position between the opposite ends thereof to the respective said
      support body for pivoting movement about said axis parallel to the
      longitudinal dimension of said bridge.
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ABST
PAL  In a standard screen printing machine a linkage assembly is provided for
      connecting the screen support and the printing bed support in such a
      manner that the screen support is movable into and out of an operative
      position. The link arrangement is selectively connected to the screen
      support to provide, in the alternative, movement according to a parallel
      linkage arrangement or tilting movement about an axis of the linkage
      assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION.
PAR  In conventional screen printing machines currently available, a major
      problem which arises is in the registration of a workpiece to be printed
      and a screen by which the printed pattern is to be applied. This is
      especially the case where more than one colour is to be printed on the
      same workpiece, so that the registration of successive screens relative to
      the workpiece has to be achieved. The registration can be broken down into
      a number of parts, namely locating a workpiece on the printing bed in an
      accurate location, locating the printing bed relative to the screen
      support, and locating a screen in accurate location in the screen support.
      For locating the screen support in accurate location with a printing bed,
      it is usual to rely on the rigidity of the machine construction. This
      approach is not, however, satisfactory in that accuracy of registration is
      nevertheless difficult to achieve, and furthermore the construction is
      complicated and consequently expensive. Similarly, it is often the case
      that screens of different sizes are located in the machine without
      reference to any particular datum line, so that the registration of
      screens in the screen support is similarly unreliable.
PAR  In conventional screen printing machines, furthermore, a so-called "snap"
      distance is customarily provided, this distance being that between the
      screen and the surface of the workpiece to be printed, over which distance
      the screen is distorted by pressure from the squeegee into line contact
      with the workpiece at the point of pressure application, the screen then
      "snapping" away from the workpiece after the squeegee has moved therepast.
      In conventional screen printing machines, the snap adjustment is
      frequently made without mechanical aids, e.g. by the use of makeready.
PAR  With currently available screen printing machines, the movable support may
      be supported for movement towards and away from the other support in one
      of two manners, namely by means of a parallel linkage arrangement or for
      tilting movement. Customarily, some printers prefer a parallel linkage
      system and others a straightforward tilting system. This is arduous on the
      machinery manufacturer, who is thus faced with the choice either of
      offering one only of the systems or alternatively manufacturing two ranges
      of machines to cater for the printer's choice.
PAR  Furthermore where suction is used to hold a workpiece on a printing bed, it
      is often necessary to use switching means for starting and stopping the
      vacuum pump, which arrangement is expensive and time-consuming.
PAC  Summary of the Invention
PAR  Accordingly, it is an object of the present invention to provide an
      improved screen printing machine which renders more reliable the
      registration of the screen support and the printing bed support, and
      therefore of a screen supported by the screen support and a workpiece
      located on a printing bed supported by the printing bed support.
PAR  A further object of the invention is to provide an improved screen printing
      machine in which the lateral register between the screen support and the
      printing bed support and also the adjustment of the snap distance between
      a screen supported by the screen support and a workpiece located on a
      printing bed supported by the printing bed support are achieved by
      relatively simple means.
PAR  Another object of the invention is to provide an improved screen printing
      machine in which a screen can be supported by the screen support always
      with reference to the same datum line.
PAR  Still a further object of the invention is to provide an improved screen
      printing machine in which a workpiece is held by suction on the printing
      bed, but in which such suction is readily released at the end of a
      printing operation without the need for any exxpensive switching gear.
PAR  A still further object of the invention is to provide an improved screen
      printing machine which by relatively simple means can be converted from a
      "parallel linkage" machine to a "tilting head" machine.
PAR  These objects of the invention are severally achieved by providing in a
      screen printing machine means for both registering the screen support and
      the printing bed support one with the other and also adjusting the snap
      distance between a screen supported by the screen support and a workpiece
      located on a printing bed supported by the printing bed support in an
      operative relationship, said means comprising a plurality of sets of
      abutment members, each of which sets includes a fixed member mounted on
      one of said two supports and an adjustable member mounted on the other of
      said two supports, and at least two of which sets each include cooperating
      registration faces on said members, which faces are brought into
      engagement with one another when relative movement of approach is effected
      between the screen support and the printing bed support. Furthermore, in
      said machine, the screen support is connected by a link arrangement with
      the printing bed support and is movable relative thereto into and out of
      an operative position, the link arrangement being mounted on the printing
      bed support for pivotal movement about an axis extending laterally of the
      machine and being selectively connected to the screen support either so as
      to form part of a parallel linkage arrangement or so as to enable the
      screen support to tilt about said axis as said support is moved into and
      out of its operative position. To this end, the link arrangement comprises
      two sets of links, arranged one at either side of the two supports, a
      first one of the links of each set being supported on the printing bed
      support for pivotal movement about said axis and also being pivotally
      connected to the screen support at a first pivot point, and a second link
      of each set being pivotally supported on the printing bed support at a
      second pivot point and being pivotally connected to the screen support at
      a third pivot point, wherein the relationship between the axis and the
      second pivot point is substantially the same as the relationship between
      the first and third pivot points. The pivotal connection at the third
      pivot point is by means of a pin, which is readily removable, so that with
      the pin in position a parallel linkage arrangement is provided, and
      without the pin in position the screen support can tilt about said axis.
      The screen support comprises a frame, comprising two spaced apart side
      arms and a front member connecting the side arms, each side arm supporting
      a side member having a plurality of notches, which side members are
      arranged for supporting a screen in the frame and such screen being held
      in position using one notch of each side member selected according to the
      screen size. The side members are preferably movable along the side arms
      towards and away from the front member, whereby a screen supported by the
      side members as aforesaid can be urged against the front member. The
      printing bed of the screen printing machine is in the form of a vacuum
      platen comprising a top perforated plate and a bottom plate supporting a
      vacuum pump, a vacuum chamber being thus formed between the plates to
      which the pump is directly connected. Formed in the bottom plate is an
      aperture through which the chamber can be connected to atmosphere, a valve
      plate being provided which is movable between an aperture-closing position
      and an out-of-the-way position, the arrangement being such that the valve
      plate moves to its aperture-closing position as the screen support moves
      to its operative position. In this way, when the screen support moves to
      its operative position, so that a screen supported thereby is in an
      operative relationship with a workpiece located on the printing bed, the
      valve plate closes and seals the aperture formed in the underside of the
      vacuum platen so that suction is applied to the workpiece located on the
      printing bed.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  There now follows a detailed description, to be read with reference to the
      accompanying drawings, of one screen printing machine in accordance with
      the invention, which screen printing machine has been selected for
      description in order to illustrate the invention. It will of course be
      appreciated that this illustrative machine has been selected for
      description merely by way of exemplification of the invention and not by
      way of limitation thereof. In the description reference will be made to
      the accompanying drawings wherein:
PAR  FIG. 1 is a side view, with parts shown in section, of the illustrative
      machine;
PAR  FIG. 2 is a plan view, with parts broken away, of the illustrative machine;
PAR  FIG. 3 is a side view, also with parts broken away and partly in section,
      showing a support arm for a squeegee assembly of the illustrative machine;
PAR  FIG. 4 is a sectional view of the support arm taken along the line IV--IV
      of FIG. 3;
PAR  FIG. 5 is a fragmentary view of a side arm of the illustrative machine,
      showing parts of a screen support;
PAR  FIG. 6 is a section view taken along the line VI--VI of FIG. 1, showing one
      set of abutment members by which the snap distance and lateral
      registration of the screen support relative to the printing bed support is
      achieved;
PAR  FIG. 7 is a section view taken along the line VII--VII of FIG. 1, showing
      an axis and a second pivot point of a parallel linkage arrangement by
      which the screen support is supported for movement towards and away from
      the printing bed support; and
PAR  FIG. 8 is a section view along the line VIII--VIII of FIG. 1, showing first
      and third pivot points of said parallel linkage arrangement.
DETD
PAR  The illustrative machine, which is a hand-operated screen printing machine,
      comprises a main frame 10 (FIG. 1) an upper plate 12 of which provides a
      support for a printing bed, in the form of a vacuum platen generally
      designated 14 (see FIG. 2). Towards the rear of the upper plate 12 are
      arranged, one at either side thereof, two brackets 16 on which is
      supported, for movement towards and away from the upper plate 12, a screen
      support generally designated 18.
PAR  The screen support 18 is carried by a parallel linkage arrangement, which
      comprises two sets of links, one set arranged at either side of the top
      plate 12. Each set of links comprises a first link 20 (FIGS. 7 and 8)
      which is secured on a stub shaft 23, the two stub shafts (one only shown
      in FIG. 7) being carried by the brackets 16. Each stub shaft 23 is
      secured, by a connecting pin 25, to a cross shaft 22 which extends across
      the whole of the width of the illustrative machine. Thus the links 20 are
      secured to the cross shaft and pivot together therewith about its axis.
      The end of each link 20 remote from the cross shaft 22 is pivotally
      connected at a first pivot point to a side arm 24, forming part of the
      screen support 18, by means of a pivot pin 26 (FIG. 8). Similarly, each
      set of links of the parallel linkage arrangement comprises a second link
      28 which is mounted on a stub shaft 30 (FIG. 7), the stub shafts forming
      second pivot points and each being received in one of the brackets 16.
      Each second link 28 is pivotally connected at its other end by means of a
      pivot pin 32 (FIG. 8) (constituting a third pivot point) to the side arm
      24. The relationship between the cross shaft 22 and the stub shaft 30 of
      each set of links is the same, or substantially the same, as the
      relationship between the pivot pins 26 and 32. The first link 20 of each
      set is of U-shaped cross-section, while the second link 28 of each set has
      a cross-sectional shape of inverted U, the arrangement being such that the
      arms of the inverted U are accommodated within the arms of the U of the
      first link 20.
PAR  If it is desired to convert the illustrative machine to a tilting screen
      machine, as opposed to the parallel linkage machine, the pins 30 may be
      removed and, if desired, the links 28 may be clipped to the links 20 in
      such a manner as to allow relative sliding movement therebetween. The
      weight distribution on the screen support 18 is such that, in the absence
      of the pins 30, raising a front edge of the screen support 18 is effective
      to cause the screen support to tilt to an out-of-the-way position.
PAR  In another screen printing machine in accordance with the invention, and
      otherwise similar to the illustrative machine, the links 28 may be secured
      to the side arms by a pin-and-slot connection (not shown), the arrangement
      being such that the pins are locked in a position corresponding to the
      position of the pins 32 in the illustrative machine, when it is required
      that a parallel linkage machine is to be used, but being free to travel
      along the slots, when a tilting screen machine is desired.
PAR  Projecting downwardly from the cross shaft 22 of the illustrative machine
      is an arm 34 (FIG. 1), arranged centrally of the machine (see FIG. 2).
      Acting on an end of said arm 34 remote from the cross shaft 22 are two
      elongated springs 36 secured at a forward end thereof to a block 38
      mounted for sliding movement on a support plate 40 forming part of the
      main frame 10. The block 38 receives a threaded rod 42 which is held
      captive in a bush 44 secured in a plate 46 extending across the front of,
      and forming part of, the main frame 10. The rod 42 carries, at its end
      extending outside the main frame, a hand wheel 48, rotation of which is
      thus effective to cause the block 38 to move fore-and-aft of the machine,
      thereby varying the tension of the springs 36. At end, remote from the
      hand wheel, of the rod 42 is of reduced diameter and is received in a
      block 43, thus to stabilise the rod in the machine frame. The influence of
      the springs 36 is balanced with the weight of the screen support 18 and
      associated parts so that the springs are biased constantly to urge the
      screen support 18 to an out-of-the-way position, but the centre of gravity
      of the screen support, and thus the effective weight thereof are so
      arranged relative to the cross shaft 22 and stub shafts 30 that the weight
      of the screen support and associated parts overcomes the influence of the
      springs when the screen support is lowered into an operating position (in
      which a screen S supported thereby and a workpiece W supported on the
      vacuum plate 14 are in an operative relationship). The springs thus serve
      to hold the screen support down when in its operative position, while
      movement of the screen support to an out-of-the-way position is assisted
      by means of the springs, to an extent that the springs will carry the
      screen support to such position, once it has been manually moved from its
      operating position.
PAR  The mounting for the screen support 18 described above provides the
      fore-and-aft register between a vacuum platen 14 and a screen S supported
      by the screen support 18. For achieving lateral registration between these
      two, on the other hand, the illustrative machine comprises four sets of
      abutment members, arranged one at each corner of the top plate 12
      providing the printing bed support. As best seen in FIG. 6, each set of
      abutment members comprises a first abutment member 50 fixedly supported on
      the upper plate 12 and a second abutment member 52 in the form of a disc
      having an abutment surface formed complementary to a co-operating abutment
      surface provided by the first member 50. The disc is arranged inside the
      side arm 24 and is eccentrically mounted on a threaded portion of a rod 54
      supported in the side arm, a clamp nut 56 being threadedly secured on an
      outer end of said rod. Located between the side arm and the clamp nut 56
      is a handle 58 which is connected to the disc 52 by means of a connecting
      pin 60, so that the disc can be rotated about the axis of the rod 54 by
      means of the handle 58. Supported on an integral bush of the disc, and
      acting between the handle and the side arm, is a spring washer 62, the
      arrangement being such that the clamp nut 56 is screwed up on the threaded
      rod sufficiently to ensure that the disc will be held under the influence
      of the spring washer in a position, as determined using the handle 58. The
      throw of the eccentrically mounted disc is such that the snap distance can
      be adjusted over a range of some 2 inches to accommodate varying workpiece
      thicknesses. It will of course be appreciated that the operator has to set
      each of the four sets of abutment members individually, in using the
      illustrative machine.
PAR  The vacuum platen 14 providing the printing bed of the illustrative machine
      is supported on the upper plate 12, wear strips 63 (FIG. 2), e.g. of
      nylon, being provided on said plate to minimise wear. The vacuum plate 14
      is located on the upper plate 12 by a three-point location system which
      again comprises three sets of abutment members, constituting printing bed
      location means (FIGS. 1 and 2). The sets of abutment members are secured
      on the under-side of the vacuum platen, two at opposite sides of a centre
      line of said platen (see FIG. 2) and a third along a left-hand edge
      thereof. Alternatively, the third set may be located just to the right of
      the hand wheel 48, at the front of the machine. Each set of abutment
      members includes a fixed abutment surface 64 (one only shown in FIGS. 1
      and 2), provided by runner strips secured, in the case of said two sets,
      on the plate 46, and, in the case of said other set, on a plate (not
      shown) extending fore-and-aft of the machine and forming part of the main
      frame. The other abutment member of each set is provided by a disc 66
      eccentrically mounted on a pin 68 carried at a lower end of a bracket 70
      depending from the under-side of the vacuum platen, apertures 72 being
      provided in the upper plate 12 to accommodate said brackets. Each disc 66,
      which is generally similar in construction and arrangement to the discs
      62, can be caused to rotate about the pin 68 by means of a handle 74. The
      vacuum platen 14 is resiliently urged into engagement with the three discs
      66 by a plurality of springs (not shown) which also serve to hold the
      vacuum platen down on the upper plate 12. It will be appreciated that, by
      rotating the discs 66, at the discretion of the operator, the vacuum
      platen can be located in register with a screen supported by the screen
      support 18.
PAR  The screen support 18 of the illustrative machine comprises, in addition to
      the side arms 24, a front cross member 76 which has a Z-shaped
      cross-section when viewed from the right-hand side (see FIGS. 3 and 5). In
      addition, said support comprises two side members 78, one secured for
      sliding movement along each of the side arms 24. Each side member 78 is
      provided with a plurality of notches 80 by which a rear member 82 (FIG. 5)
      of the screen support can be held, the arrangement being such that the
      rear member 82 is held by one notch in each side member 78, selected
      according to the size of screen S to be used. The rear member 82 also has
      a Z-shaped cross-section viewed from the left-hand side of the machine.
      Thus, it will be appreciated that the "base" of the Z of both the front
      and rear members 76, 82 face inwardly towards one another. These "bases"
      provide support for a frame 84, e.g. of wood, in which a screen is held.
      The screen itself may be of any conventional construction and may be made
      of any conventional screen material, e.g. Terylene.
PAR  For moving the side members fore-and-aft of the illustrative machine, each
      side member is secured to a block 86 (FIG. 5) which is secured in turn, by
      a pin-and-slot connection generally designated 88, to its associated side
      arm 24. Threadedly received in the block 86 is a threaded rod 90 which
      extends forwardly of the side arm and is provided with a knurled head 92
      projecting forwardly of its associated side arm 24. Rotation of the
      threaded rods 90 is thus effective to move each side member relative to
      its supporting side arm 24. In this way, by causing the side members 78 to
      advance towards the front member 76, a screen S supported thereby is urged
      forwardly into abutting engagement with the Z of the front member and
      becomes firmly engaged between the front and rear members 76, 82, the
      oblique surfaces of which act to urge the screen downwardly into
      engagement with the bases thereof. In this way, the screen can be held
      securely in the screen support 18.
PAR  Mounted above the screen support, and supported on a support structure 94
      extending between the two side arms 24 at the rear of the machine, is a
      support arm 96 for a squeegee assembly (FIGS. 2 and 3). More specifically,
      for supporting said arm, a roller arrangement comprising a first roller 98
      supported by a stub shaft 100 extending between said arm and an inturned
      flange 102 thereof, and a recessed roller 104 supported near an inward
      edge of said flange. The support structure 94 includes an integral
      vertical rear plate 106 with a rearward face of which the roller 98
      engages and with a forward face of which an upper part of the roller 104
      engages, the arrangement being such that said upper part of the roller 104
      is in a slightly lower plane than the roller 98 (as seen in FIG. 3). The
      lower edge of the rear plate 106 is inturned to provide a narrow flange
      108 which is accommodated in the recess of the roller 104, thus to limit
      the downward movement of the arm 96 relative to the support structure 94,
      and thus relative to the screen support 18. By supporting the support arm
      96 in the manner described above, it will be appreciated that the arm can
      be tilted to a limited extent to raise the squeegee support arm away from
      the screen support, e.g. when it is desired to change a screen S or a
      squeegee assembly.
PAR  Supported on an underside of the support arm 96 is a carrier rod 110
      extended fore-and-aft of the illustrative machine, on which rod a squeegee
      assembly support generally designated 112 is supported for pivotal
      movement about the axis of the rod. The support 112 comprises a block 114
      having two depending limbs 116 (FIG. 4) provided with aligned bores. The
      squeegee assembly comprises two clamp members 118 which can be received
      between said limbs. Each clamp member is provided with an aperture, which
      can be aligned with the aligned bores of the limbs 116, the apertures
      having counter-bores so that a bush 122 can be accommodated therein.
      Accommodated in said bush and extending through the bores in said limbs is
      a securing pin 120 which facilitates limited pivotal movement of the clamp
      members about its axis. Along the lower edges of opposed faces of the
      clamp members 118 are provided cut-away protions which together form a
      recess in which an upper edge of a squeegee blade 124 can be received, the
      arrangement being such that the squeegee blade is clamped in position in
      said recess between the clamp members which are secured together by means
      of screws (not shown). The squeegee blade may be of any conventional
      construction, and may be made of any conventional material. It will thus
      be appreciated that a squeegee assembly can readily be replaced merely by
      removal of the pin 120.
PAR  The block 114 of the squeegee assembly support is also provided with two
      lateral limbs 126 each of which carries an adjustable stop screw 128, the
      arrangement being such that said screws 128 limit the amount of pivotal
      movement in both directions of the squeegee assembly support about the
      axis of the rod 110. In addition, the block 114 carries two split rings
      121 (FIG. 3) which provide a frictional engagement with the rod 110 so
      that the squeegee assembly support can be slid along the rod 110, but be
      held in position by said split rings, thus to accommodate squeegee
      assemblies of different length.
PAR  In using the illustrative machine, the operator may prefer to apply
      pressure to the squeegee at his own discretion according to the "feel" of
      the work. Alternatively, however, the forward end of the arm 96 may be
      lowered to bring the squeegee blade 124 into contact with the screen S to
      a limit determined in the following manner. Secured to a forward end
      portion of the arm 96 is a cranked arm 130 (FIG. 3) pivotally mounted on a
      pin 132. At its forward, depending, end, said arm carries a roller 134
      arranged to run on a top face of the front member 76. An adjusting screw
      136 is secured in the cranked arm and abuts against a stop face provided
      on the under-side of the arm 96 thus to vary the position of the roller
      134 relative to the arm, and thus the position of the arm, and of the
      squeegee blade 124, relative to the screen S supported by the screen
      support. The arm can loosely pivot about the pin 132, e.g. when the arm 96
      is tilted to an out-of-the-way position, to an extent determined by
      engagement of an edge of the arm with an under-surface of the arm 96.
PAR  For moving the support arm 96, and thus the squeegee blade 124, laterally
      of the illustrative machine, a handle 138 is provided, secured at a front
      edge of the arm 96.
PAR  The vacuum platen 14 of the illustrative machine comprises a perforated top
      plate 140 (FIG. 2) and a bottom plate 142, the plates being sealingly
      secured together, but spaced apart from one another, in order to provide
      therebetween a vacuum chamber. The bottom plate, which is made of
      aluminium, has upstanding integral projections 144 by which the two plates
      are spaced apart. (The bottom plate may be conventional so-called "tread
      plate"). Secured on an under-side of the bottom plate 142 is a vacuum pump
      146 (see also FIG. 1), which is thus directly connected to the vacuum
      chamber. An aperture is provided in the upper plate 12 for accommodating
      the vacuum pump. Also provided on the under-side of the bottom plate 142
      are two side-by-side apertures 148 (FIG. 2) by which the vacuum chamber
      can be connected to atmosphere. For covering and sealing said apertures,
      when it is desired that a workpiece should be held on the workpiece
      supporting surface provided by the top plate 140, there is provided a
      valve plate 150 which extends between the upper plate 12 of the main frame
      and the bottom plate 142 of the vacuum platen (the wear strips 63
      providing adequate clearance therefor) and which is connected to the
      projecting arm 34 by means of a pin-and-slot connection 152, the
      arrangement being such that pivotal movement of the arm 34 as described
      above will be effective to move the valve plate forwardly and rearwardly
      of the illustrative machine to seal or uncover the apertures 148. For
      uncovering the apertures, the valve plate 150 is provided with an aperture
      154, the arrangement being such that as the arm 34 is caused to pivot
      rearwardly, and thus the screen support 18 is lowered into operating
      position, the valve plate 150 is withdrawn and moves to an
      aperture-closing position in which the aperture 154 is no longer in
      alignment with the apertures 148 which thereby become covered (as shown in
      FIG. 2). In this way, the vacuum pump can be run continuously in the
      operation of the illustrative machine, but the vacuum is only applied
      through the perforated top plate 140 of the vacuum platen when the screen
      support is lowered into its operative position.
PAR  In using the illustrative machine, conveniently the operator first selects
      the screen to be used and secures it in the screen support in the manner
      described above. With the vacuum pump switched on, he can then register
      the vacuum platen, providing the printing bed, by means of the sets of
      abutment members 64, 66, in a conventional manner, a conventional
      three-point location being provided on the printing bed for locating a
      workpiece to be printed relative to the pattern of the screen S. Also the
      snap distance is adjusted according to the thickness of the workpiece. The
      sets of abutment members 50, 52 ensure that the lateral register is
      maintained and the parallel linkage arrangement ensures that the
      fore-and-aft registration is maintained. At the same time, the operator
      selects an ink to be applied and flood-coats the screen in a conventional
      manner. The illustrative machine is ready for use.
PAR  The operator then locates a workpiece on the top plate 140 of the vacuum
      platen and manually moves the screen support, and the screen S and
      squeegee blade 124 therewith, into operative position, the vacuum chamber
      being sealed from the atmosphere by such movement and the workpiece then
      being held by suction on the vacuum platen. The operator then manually
      causes the squeegee blade to be traversed across the screen to carry out a
      printing operation in the conventional manner, the squeegee being tilted
      at an angle determined by the "trailing" adjustable screw 128. When the
      operation is completed, the operator returns the squeegee, having pivoted
      it about the axis of the rod 110 to a limit determined by the other stop
      screw 128, and the squeegee blade then acts as a doctor blade to carry out
      a flood-coating operation in the conventional manner. The screen support
      is then caused to be moved to an out-of-the-way position and the finished
      workpiece is removed and a next workpiece to be operated upon placed on
      the vacuum platen.
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STM  I claim:
NUM  1.
PAR  1. In a screen printing machine having a printing bed, a screen, and a
      squeeggee for applying ink to a workpiece through the screen, apparatus
      for moveably supporting the screen on the printing bed comprising:
PA1  A. a screen support for mounting the screen in operative relation to the
      printing bed;
PA1  B. a printing bed support for mounting the printing bed in opertive
      relation to the screen;
PA1  C. a first pair of parallel linking elements, one end of each element being
      pivotally connected to the screen support at opposite sides thereof and
      the other end of each element being pivotally connected to the printing
      bed support at opposite sides thereof;
PA1  D. a second pair of parallel linking elements extending parallel to the
      first pair of parallel linking elements and being pivotally connected to
      the screen support and the printing bed support at pivot points spaced
      from the points of connection of said first pair of linking elements; and
PA1  E. coupling means for releasably connecting one end of the second pair of
      parallel linking elements to the corresponding pivot point to allow
      alternative unrestricted pivotal motion of the screen support about the
      pivot axes of the first pair of linking elements.
NUM  2.
PAR  2. In a screen printing machine having a printing bed, a screen, and a
      squeegee for applying ink to a workpiece through the screen, apparatus for
      moveably supporting the screen on the printing bed as described in claim 1
      wherein the first and second pairs of parallel linkage elements comprise
      first and second u-shaped channel members each having a web portion and a
      set of arms extending therefrom, the arms of each number being in opposing
      relation and one of said sets of arms extending within the other.
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PAL  In first and second modes, the arrangement prints on only one side or on
      both sides of a sheet, respectively. A sheet is transported along a
      predetermined path through the arrangement and passes printing devices
      cooperating to effect printing of the sheet. Changeovers from one to the
      other mode alter a portion of the sheet transport path, changing its
      length. A control system for the arrangement includes a shift register.
      When a sheet arrives at a predetermined location along the path, a
      sheet-representing signal is applied to the shift register. Shifting
      pulses applied to the shift register in synchronism with sheet travel
      cause the sheet-representing signal to travel through the shift register
      in simulation of sheet travel. As the sheet-representing signal reaches
      preselected shift-register stages, it causes an actuator associated with
      such stage to actuate a respective printing device. Thus, the printing
      devices are controlled in dependence upon the arrival of the sheet at
      predetermined portions of the path. Upon a change of operating mode, a
      compensating unit is operable for at least partially offsetting changes in
      the correlation between shift register stages of the shift register and
      the associated portions of the path.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of the commonly owned copending application
      Ser. No. 258,078, filed May 30, 1972, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates specifically to problems in the control of
      printing arrangements capable of operation in both one-side and two-side
      printing modes.
PAR  More specifically, the invention relates to problems in the control of
      printing arrangement of the aforementioned kind wherein changing back and
      forth between the one-side and two-side printing modes involves an
      alteration in the path of the travel of a sheet to be printed through the
      printing arrangement with a concomitant change in the length of such path.
      By way of example, in some printing arrangements, two printing stations
      are provided, each adapted during operation to print a different image. In
      the one-side printing mode, a sheet is transported through the printing
      arrangement along a predetermined path past the first printing station and
      is printed upon a first side thereof, and is then transported past the
      second printing station and printed again upon the same side thereof, for
      example so as to form a two-color image. In the two-side printing mode,
      the sheet is transported past and printed at the first printing station in
      the manner just mentioned; however, before the sheet reaches the second
      printing station it is flipped over or in some other manner detoured in
      such a way that upon arrival at the second printing station the hither to
      unprinted side of the sheet will be presented to the printing station and
      the hitherto unprinted side of the sheet will be printed, so that after
      passing both printing stations both sides of the sheet will have been
      printed. Usually, with such two-mode printing arrangements, it is desired
      to control the operation of various printing devices in the printing
      arrangement, such as offset rollers, dampening arrangements, etc., in a
      manner synchronized with the transport of the sheet to be printed through
      the printing arrangement. However, this kind of synchronization is made
      difficult by the presence of two operating modes, inasmuch as changeovers
      back and forth between the two operating modes involve alterations in one
      or more portions of the path of travel of the sheet with a concomitant
      change in the overall length of such path of travel. The result is a loss
      of correlation between specific portions of the path of travel and any
      timing or sequencing control circuitry associated with printing devices to
      be actuated when the sheet reaches certain specific portions of the path
      of travel.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to provide a printing
      arrangement capable of operating in at least one-side and two-side
      printing modes, together with a control system for timing and sequencing
      the operations of the various operations of the various components and
      devices of the printing operation in proper relationship relative to the
      travel of a sheet to be printed through the printing arrangement.
PAR  It is in particular an object of the invention to provide such an
      arrangement and control system therefor which overcomes the aforedescribed
      difficulties.
PAR  More specifically still, it is the object of the invention to provide such
      an arrangement and control system wherein changes of operating mode such
      as cause alterations in one or more portions of the path of travel of
      sheets through the printing arrangement and concomitant changes in the
      length of such path of travel, are suitably offset and compensated so as
      to maintain a satisfactory correlation between the passage of sheets to be
      printed through the printing arrangement and the correct sequencing and
      timing of the operations of the various components and printing devices of
      the printing machine.
PAR  These objects, and others which will become more understandable from the
      following description of specific embodiments, can be met according to one
      advantageous concept of the invention by providing a printing arrangement
      operative in a first mode for printing on only one side of a sheet and
      operative in a second mode for printing on both sides of a sheet, with
      drive means for effecting transport of a sheet to be printed along a
      predetermined path through the printing arrangement. The printing
      arrangement is comprised of a plurality of printing devices cooperating to
      effect printing of a sheet passing along said path. The printing
      arrangement includes means for effecting a changeover from one to the
      other of the two printing modes in a manner altering a portion of and
      changing the length of said path. The printing arrangement is provided
      with a control system including a shift register having a plurality of
      shift register stages and having a shifting pulse input for receipt of
      shifting pulses and having an information signal input for receipt of
      information signals. When a sheet to be printed arrives at a predetermined
      location of said path a predetermined signal is applied to the information
      signal input of the shift register. Shifting pulse generating means
      synchronized with the sheet transport means is operative for applying to
      the shifting pulse input of the shift register a train of synchronizing
      shifting pulses causing said predetermined signal to be registered by
      successive ones of said shift register stages in synchronism with the
      travel of the sheet along said path. A plurality of actuating means is
      provided, each associated with and controlling the operation of a
      respective one of said printing devices and each connected to a respective
      one of the shift register stages and each operative for actuating the
      respective printing device in response to the arrival of said
      predetermined signal at the respective shift register stage so as to
      control the operation of the respective printing device in a manner
      correlated with the arrival of the sheet to be printed at the portion of
      said path associated with the respective shift register stage.
      Compensating means is provided for at least partially offsetting changes
      in the correlation between shift register stages of said shift register
      and the associated portions of said path resulting from a change of
      operating mode.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic illustration of a printing arrangement;
PAR  FIG. 1a is a schematic illustration of the connection between certain
      portions of the printing arrangement of FIG. 1 and the drive means
      therefor;
PAR  FIG. 1b is a schematic illustration of means for generating trains of
      shifting pulses in synchronism with the operation of the drive means of
      the printing arrangement;
PAR  FIG. 2 illustrates a first control system according to the invention;
PAR  FIG. 3 illustrates a second control system according to the invention;
PAR  FIG. 4 illustrates a third control system according to the invention; and
PAR  FIG. 5 illustrates an auxiliary stage which can be used with any of the
      three control systems shown in FIGS. 2-4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates in schematic manner a printing machine adapted for
      alternative operation in one-side and two-sie printing modes. Machines of
      this type are per se conventional. In the machine depicted in FIG. 1,
      sheets are fed onto a feed table 1 from a non illustrated conveyor stage
      located upstream of such location, and pass between a gripper area 2 of
      the feed table 1 and a first guide drum 3 which is provided on its
      circumferential surface with a conventional gripper device which engages
      the leading end of the entering sheet. The roller 3 turns in the indicated
      direction and carries the sheet with it. When the leading edge of the
      sheet 6 reaches the zone of tangency between rollers 3 and 5, a gripper
      4a, which may for instance be a suction gripper, grips the leading edge of
      the sheet and causes the sheet to be transferred onto the second or
      printing roller 5, with the sheet travelling in the direction indicated
      for the direction of rotation of printing roller 5. The outwardly facing
      surface of the sheet contacts an offset printing roller 30a which
      transfers an image onto the sheet 6. The printing cylinder 5 continues to
      turn. When the leading edge of the sheet 6 enters the region of tangency
      between the rollers 5 and 8, such leading edge is engaged by a gripper
      device 7b (as shown in FIG. 1), whereafter the sheet is transferred by the
      transfer roller 8 to the second printing cylinder 10.
PAR  Specifically, when the leading edge of the sheet 6 reaches the point of
      tangency between the rollers 8 and 10, one of the two gripping devices 9a,
      9b on second printing roller 10 engages the leading edge of the sheet, and
      the sheet 6 thereupon travels on the circumference of the second printing
      roller 10. The already printed surfaces of the sheet 6, while travelling
      on second printing roller 10 faces outwardly, and is printed upon again by
      the second offset printing roller 30b. Thus two images are printed upon a
      single side of the sheet 6.
PAR  Alternatively, the printing machine of FIG. 1 can be made operative to
      print one image on one side of the sheet 6 and another image on the other
      side of sheet 6. In this mode of operation, the printing and processing of
      sheet 6 proceeds in the manner described above, up to the time of transfer
      of the sheet 6 from the first printing roller 5 to the transfer roller 8.
      Instead of the leading edge of the sheet 6 being gripped by gripper 7b,
      the trailing edge of the sheet 6 is gripped by the gripping device 11b.
      The gripping device 11b, in known manner, transfers the gripped trailing
      edge of the sheet 6 to the gripping device 7b, and the sheet 6 is "flipped
      over" in the course of its transfer from first printing roller 5 to
      transfer roller 8. This flip-over from the first printing roller 5 to the
      transfer roller 8 is per se conventional, and is for example disclosed in
      detail in commonly owned U.S. Pat. No. 3,654,861. The entire disclosure of
      U.S. Pat. No. 3,654,861 is incorporated herein by reference, and
      especially for details of the "flip over" action. The similarity between
      the drawing of U.S. Pat. No. 3,654,861 and that of the present invention
      is so great as to make clear how the flip over occurs in the machine
      illustrated herein.
PAR  In any event, after the sheet 6 has been flipped over in the manner
      described in U.S. Pat. No. 3,654,861, it is transferred onto second
      printing cylinder 10 and thereafter printed and processed in the same
      manner as described previously. However, as a result of the flipping over
      of the sheet 6, during its transfer from first printing roller 5 to
      transfer roller 8, the side of sheet 6 engaged by second offset roller 30b
      is not the side of sheet 6 engaged by first offset roller 30a.
      Consequently, both sides of the sheet 6 are printed, one side being
      printed at the first printing station and the second side being printed at
      the second printing station.
PAR  The rollers 5, 8 and 10 are driven in synchronism, and therefore the
      relative orientations which they assume are repeatedly assumed, once per
      rotation. Consequently in the one-side-printing operational mode, the
      gripper unit 4b on first printing roller 5 will repeatedly pass into
      tangency with the gripper unit 7b on the transfer roller 8, this occurring
      once per rotation of rollers 5 and 8. The rollers 5 and 8 are driven with
      such a phase shift relative to each other that the gripper 4b repeatedly
      passes into tangency to the gripper 7b, as just mentioned.
PAR  In the other mode of operation, wherein one image is printed on one side of
      sheet 6 and another image is printed on the other side of sheet 6, the
      roller 5 and 8 will likewise be driven in synchronism, and in the present
      embodiment with the same rotational frequency. However, the phase shift
      between the rollers will evidently be different. The orientations of the
      rollers 5 and 8 must in this second mode be such that, once per rotation
      of the rollers 5 and 8, the gripper 11b on roller 8 moves into tangency
      with the trailing edge of the sheet 6 being carried by first printing
      roller 5,
PAR  Evidently, if one changes over from the one-side printing mode to the
      two-side printing mode, then one of the rollers 5 and 8 will have to be
      turned relative to the other of the rollers 5 and 8 by a certain angle.
      This angle in the illustrated embodiment will be equal to the angular
      displacement between the gripper units 11b and 7b on roller 8, plus the
      angular extension of the sheet 6 when riding on the circumferential
      periphery of roller 5. The angular displacement between gripper units 11b
      and 7b on roller 8 is evidently a constant for a particular roller 8.
      However, the angular extension of the sheet 6 will depend upon the length
      of the sheet. Evidently, if the machine is used to handle only one size of
      sheets, the angular adjustment of rollers 5 and 8 relative to each other
      when changing back and forth between the two printing modes will always be
      the same. However, if changes of sheet length are involved, then the
      adjustments in the relative orientations of the rollers 5, 8 will vary in
      dependence upon the length of the sheet being printed.
PAR  The manner in which the orientations of the various printing and conveying
      rollers 5, 8 and 10 are adjusted will be understood from FIG. 1a. The
      rollers 5, 8 and 10 are there depicted. It will be seen that these three
      rollers are all driven by a common drive motor M. However, each of the
      rollers 5, 8 and 10 is connected to the output shaft of drive motor M
      through a disengageable clutch C1, C2 or C3. When it is desired, for
      example, to effect an adjustment of the relative orientations of rollers 5
      and 8, for the purpose of changing over from one-side to two-side
      printing, one or both of the clutches C2 and C3 will be disengaged,
      permitting free turning of the rollers 5 and/or 8 until they assume the
      proper relative orientation, as described above, whereupon the clutches
      associated with the rollers are re-engaged, and the drive motor M started
      anew.
PAR  In the illustrated embodiment, and for the purposes of explanation, it will
      be assumed that the adjustment in question is effected by maintaining the
      position of rollers 5 and 3, and by adjusting the positions of the rollers
      8, 10, etc., i.e., the rollers downstream of the first printing roller 5.
PAR  It will be noted that in the machine shown in FIG. 1 there are provided at
      the two printing stations offset rollers 30a and 30b. The double-headed
      arrow at each offset roller indicates that the respective roller can be
      moved into and out of engagement with the respective printing roller 5 or
      10. Such movement of the offset rollers 30a, 30b is effected by energizing
      or de-energizing a respectively associated electromagnetic moving
      arrangement. The electromagnet moving arrangement associated with offset
      roller 30a is designated 13.1", and that associated with offset roller 30b
      is 13.2".
PAR  Likewise, each printing station is provided with a respective dampening
      system 31a, 31b operative as a whole for appropriate dampening the offset
      rollers 30a and 30b. Each dampening system is movable from an operative
      position to an inoperative or disengaged position, under the influence of
      a respective electromagnetic moving means. The electromagnetic moving
      means associated with dampening arrangement 31a is designated 13.1', while
      that associated with dampening arrangement 31b is designated 13.2'.
PAR  If for any reason a sheet to be printed is not in fact present at one of
      the two printing stations, then evidently the dampening of the offset
      roller 30a or 30b, and/or the pressing of the offset roller 30a or 30b
      against the respective printing roller 5 or 10, is to be avoided, in order
      to prevent the application of an ink image onto the surface of the
      printing roller and/or the double dampening of the offset roller.
PAR  In order to properly control the operation of the offset roller and the
      dampening arrangement at each printing station, it is necessary to
      energize and de-energize the respective electromagnetic moving means in
      the proper sequence, at the proper times relative to the travel of a sheet
      through the printing machine, and in dependence upon whether a sheet is in
      fact present at the respective printing stations. To this end, an
      electronic control arrangement is provided.
PAR  A first embodiment of an electronic control arrangement is depicted in FIG.
      2. The basic component of this control arrangement is a shift register 12.
      The shift register is comprised of a first section 12.1, comprised of five
      bistable shift-register stages, and a second section 12.2 comprised of six
      bistable shift-register stages. The construction and operation of shift
      registers is per se too well known to require detailed discussion here.
PAR  The shift register 12 has an input 14 for the receipt of shifting pulses,
      and has two inputs 15.1 and 15.2 for the receipt of information signals,
      in conventional shift register fashion.
PAR  The illustrated shift-register control arrangement operates in the
      following manner:
PAR  A sheet is introduced into the printing machine. Upon its introduction into
      the machine, the presence of the sheet at such point of introduction is
      detected by suitable means, whether photoelectric, pneumatic, mechanical,
      or of other type. A signal is generated indicating the presence of a sheet
      at such point of introduction, and thereby indicating the introduction of
      a sheet into the printing machine. Conversely, when a sheet is not present
      at such point of introduction a signal indicative of such fact is likewise
      generated by the aforesaid (non-illustrated) detecting means.
PAR  The sheet detecting means has two outputs, respectively connected to the
      two information inputs 15.1 and 15.2 of the shift register 12 shown in
      FIG. 2. When the introduction of a sheet is detected, a signal is applied
      to input 15.1; otherwise, a signal is applied to input 15.2.
PAR  Means is provided for generating shifting pulses in synchronism with the
      transport of the sheet through the printing machine, and for applying such
      shifting pulses to the shifting pulse input 14 of the shift register 12.
      One such synchronizing arrangement is schematically depicted in FIG. 1b,
      to which reference is made. Connected to the output shaft of drive motor
      M, which serves to drive the various rollers of the printing machine, are
      two synchronizing disks D1 and D2. These synchronizing disks D1, D2 are
      connected to the motor output shaft via respective disengageable clutches
      C4 and C5. The peripheral portions of the synchronizing disks D1, D2 are
      marked with circumferentially spaced synchronizing markings which are
      detected by respective photoelectric detectors PE1 and PE2. The markings
      on the disks D1 and D2 can be such that the pulse-repetition frequencies
      of the signals produced by the respective detectors PE1 and PE2 are the
      same, or related by an integral factor. The pulse trains produced by PE1
      and PE2, if of equal frequency, can be in phase or out of phase, as
      desired, and the phase shift between the pulse trains can be adjusted by
      disengaging one or both of clutches C4 and C5, effecting relative movement
      between the disks D1 and D2 to an extent corresponding to the desired
      phase shift, and then re-engaging the respective clutch or clutches. The
      pulse train produced by only one of PE1 and PE2 can be used, or else both
      pulse trains can be employed.
PAR  In the particular embodiment illustrated, where the rollers 5, 8 and 10
      happen to be of equal diameter and happen to be driven at the same
      rotational frequency, the markings on the synchronizing disks D1, D2 will
      be such that the time interval between successive synchronizing pulses
      produced by detectors PE1, PE2 will correspond to the time interval
      required for rollers 5, 8 and 10 to turn through an angle of 30.degree..
      Clearly, these numerical values are offered solely for purposes of
      explanation.
PAR  Upon introduction of a sheet 6 into the printing machine, a signal will be
      applied to information input 15.1 of shift register 12, and a
      synchronizing shifting pulse derived from PE1 will be applied to shifting
      pulse input 14 of the shift register. As a result, the first bistable
      stage of the shift register 12 will register the presence of a sheet at
      the point of introduction into the machine. By the time the illustrated
      rollers 5, 8 and 10 have turned through an angle of 30.degree., the
      introduced sheet will have been transported a certain corresponding
      distance through the machine, along its illustrated path. A second
      shifting pulse will be applied to the input 14 of shift register 14, and
      the signal hitherto stored by the first bistable stage of the shift
      register will be transferred to the second bistable stage thereof,
      indicating that the sheet should by now have reached the point along the
      path of travel associated with the second bistable stage of the shift
      register 12. If meanwhile no further sheet has been introduced into the
      printing machine, then at the time of such second shifting pulse, a signal
      will be registered by the first bistable stage of the register, indicating
      that no sheet is present at the location associated with the first
      bistable stage, i.e., that no sheet is present at the point of
      introduction into the machine.
PAR  It will be understood by those skilled in the art that the presence of the
      leading edge of a sheet is usually detected for the purpose of determining
      the arrival of a sheet at a particular location. However, the presence of
      a sheet can be detected in any conventional manner desired.
PAR  As the single sheet mentioned above passes through the printing machine of
      FIG. 1, the corresponding signal indicating the existence of that sheet
      will be transferred from one stage of the shift register 12 to the next,
      in synchronism with the travel of the sheet. When a sheet should be
      present at a particular location, based upon the determination that a
      sheet has been introduced at a certain time previously, signal indicating
      the assumed presence of a sheet will be registerd by that stage of the
      shift register associated with the location in question.
PAR  It is evident that if a single sheet is transported through the entire
      printing machine, with no other sheets being transported, the various
      operations performed by different functional groups in the printing
      machine must be performed in a predetermined time relationship relative to
      the travel of such sheet through the machine.
PAR  For example, after the sheet 6 has travelled a distance associated with
      90.degree. of rotation of the printing roller 5, it may for example be
      necessary to activate the dampening arrangement 31a. To assure that this
      occurs, a bistable interrogating stage 13.1 (FIG. 2) is connected to the
      third bistable stage of the shift register 12. Each bistable stage of the
      shift register has two outputs, and the two inputs of the bistable
      interrogating stage 13.1 are connected to the two outputs of the third
      shift register stage. One of the two outputs of bistable stage 13.1 may be
      connected, for example, to electromagnetic moving means 13.1". Thus, when
      the sheet has travelled through the printing machine a distance
      corresponding to 90.degree. of rotation of the rollers 5, 8 and 10, the
      signal which was entered into the shift register upon introduction of the
      sheet will have reached the third stage of the shift register, triggering
      bistable device 13.1 to that state thereof in which it energizes the
      moving means 13.1" in order to activate the respective functional group of
      the first printing station.
PAR  It will be appreciated that other additional functional groups may be
      provided and controlled in similar manner. As the sheet travels through
      the machine, the signal corresponding to that particular sheet passes
      along the successive stages of the shift register, and if any particular
      functional group of the machine is to be actuated or deactivated upon the
      arrival of the sheet at such location, then a suitable bistable
      interrogating stage, like stage 13.1, can be connected to the respective
      stage of the shift register.
PAR  In FIG. 2, there is connected to the seventh shift register stage of
      register 12 a further bistable interrogating device 13.2, such as a
      conventional flip-flop, having two inputs connected to the corresponding
      two outputs of the seventh shift register stage and having one of its two
      outputs connected, for example, to the electromagnetic moving means 13.2"
      associated with the offset roller 30b of the second printing station. When
      the sheet 6 has travelled through the machine a distance corresponding to
      210.degree. of rotation of the rollers 5, 8 and 10, the signal
      corresponding to that sheet will reach the seventh shift register stage
      and will effect actuation of the dampening arrangement 31b.
PAR  Further bistable interrogating stages, like 13.1 and 13.2, can be connected
      to which ever ones of the shift register stages correspond to the
      locations along the path of travel of the sheet at which the actuation of
      the respective offset rollers 30a and 30b should occur, to press them
      towards the respective printing cylinders 5 and 10 at the correct times.
PAR  It is to be noted that the bistable stages 13.1 can be simple two-input
      two-output flip-flops, or they can be gated bistable circuits provided
      with gating signal inputs 19 permitting them to be triggered by the shift
      register stages only when a gating signal is applied to the respective
      input 19 thereof.
PAR  It has already been explained that when the machine is changed over from
      one-side printing to two-side printing, and also when the length of paper
      employed with two-side printing is changed, an appropriate change must be
      made in the relative angular orientations of the two rollers 5 and 8. Such
      change is easy to implement, in the manner described with respect to FIG.
      1a.
PAR  A more difficult problem resulting from such a changeover lies in the
      introduction of a phase shift between the several stages of the shift
      register 12 and the path locations which had corresponded to those shift
      register stages prior to such change of operating mode. For example, upon
      a changeover from one-side printing to two-side printing, it is evident
      that the total length of the path travelled by the sheet 6 will be
      increased by the circumferential distance between the two grippers 4b and
      7b plus the length of the sheet 6 itself. Accordingly, as the shifting
      signals are applied to the input 14 of register 12, there will be a change
      in the correspondence between different locations of the path of travel of
      the sheet and the different shift register stages.
PAR  The present invention proposes several different solutions to the problem
      of compensating for the introduction of this phase shift.
PAC  Variation 1
PAR  Upon a changeover from one-side printing to two-side printing, button 16 in
      FIG. 2 will be moved from its illustrated position to its non-illustrated
      position, thereby separating shift register 12 into two portions 12.1 and
      12.2. The shift register stages in section 12.1 correspond to locations
      upstream of the flip-over region, whereas those of section 12.2 correspond
      to locations downstream of the flip-over region.
PAR  Activation of pushbutton 16 connects the two information outputs of the
      fifth shift register stage of section 12.1 to the two information inputs
      of an intermediate shift register 17 having an input 18 for the receipt of
      shifting pulses. The three outputs of intermediate shift register 17 are,
      in the embodiment of FIG. 2, permanently connected to the corresponding
      inputs of the first shift register stage in section 12.2.
PAR  The introduction of the four additional intermediate stages 17 into the
      shift register 12 can be made to compensate for the above described phase
      shift resulting from a changeover of machine operating mode.
PAC  Variation 1.1
PAR  According to this approach, the shifting signal inputs 14 and 18 are joined
      together, so that intermediate shift register 17, very simply, is plugged
      into the middle of shift register 12, converting an eleven stage shift
      register into a fifteen stage shift register. The number of stages in the
      intermediate shift register 17 should equal the phase shift to be
      compensate, expressed in degrees of angular rotation of the roller 8
      relative to the roller 5, divided by the number of degrees of angular
      rotation of the rollers 5 and 8 corresponding to the time interval between
      successive synchronizing pulses.
PAR  For example, if the changeover from one-side printing to two-side printing
      introduces a phase shift of 130.degree., and if the rollers 5 and 8 rotate
      30.degree. per synchronizing pulse, then the number of stages in the
      intermediate shift register 17 should be 130 divided by 30 = 4, the
      non-integral remainder being ignored. Evidently, with this compensation
      approach, 10.degree. of the introduced phase shift will not in fact be
      compensated. Only 120.degree. of the introduced phase shift will be
      compensated. It is possible to compensate the remaining 10.degree. of
      phase shift by applying to the enabling signal input 19 of bistable device
      13.2 (FIG. 2) a properly timed enabling signal. If the enabling signal is
      10.degree. out of phase with the synchronizing signals, then although a
      signal corresponding to a particular sheet will be entered into the
      respective shift register stage contemporaneously with a synchronizing
      shifting pulse, nevertheless the information thusly entered will not
      become effective to actuate the respective functional group of the
      printing machine until after another 10.degree. of roller rotation has
      occurred. To generate an enabling signal which is 10.degree. out of phase
      with respect to the synchronizing signal (i.e., as measured with respect
      to degrees of rotation of the rollers), the synchronizing signals, i.e.,
      the shifting pulses applied to inputs 14 and 18, can be applied to a delay
      stage which introduces a fixed time delay equal to the time required for
      the rollers 5 and 8 to turn through 10.degree.. Alternatively the
      generation of two trains of synchronizing pulses phase shifted relative to
      each other by an amount corresponding to 10.degree. of roller rotation can
      be effected by suitably adjusting synchronizing disks D1 and D2, as
      explained with respect to FIG. 1b.
PAC  Variation 1.2
PAR  If the non-integral remainder referred to under Variation 1.1 (10.degree.
      in that example) is sufficiently small, it is possible to leave such
      remainder altogether uncompensated. As a further alternative it would be
      possible to introduce the required compensation in a mechanical manner, by
      suitable adjustment of the mechanical portions of the actuated functional
      groups, if such functional groups are adjustable in that manner. In either
      case, the arrangement would be the same as shown in FIG. 2, except that
      the enabling gate 19 of bistable device 13.2 would be dispensed with.
PAC  Variation 1.3
PAR  According to this possibility, different shifting pulses would be applied
      to the shift pulse inputs 14 and 18. The pulses applied to the input 14
      would be the synchronizing shifting pulses already mentioned, whereas the
      pulses applied to input 18 would correspond to the pulses applied to input
      14 but would be phase shifted with respect to the latter by a time
      interval corresponding to 10.degree. of roller rotation, i.e., by a time
      interval corresponding to the non-integral remainder of the quotient
      mentioned before. The generation of this second series of shifting pulses,
      phase shifted by 10.degree. with respect to the first series, can be
      accomplished by applying the first series of shifting pulses not only to
      the input 14 but also to the input of a delay stage having an output
      connected to input 18 and being adjusted for a time delay corresponding to
      10.degree. of roller rotation. Alternatively, two trains of synchronizing
      pulses phase shifted to the extent necessary can be produced as described
      with respect to FIG. 1b.
PAC  Variation 2
PAR  According to this approach, the phase shift introduced when changing over
      between one-side and two-side printing is compensated by changing the
      shift register stage to which is connected the bistable interrogating
      device that actuates the respective functional group of the printing
      machine. This approach is illustrated in FIG. 3. In FIG. 3 a switch 20 can
      be moved to one or the other of its two positions to connect the two
      inputs of the associated bistable interrogating stage 13.2 to the
      corresponding two outputs of either the fifth or the sixth shift-register
      stage of the illustrated shift register.
PAC  Variation 2.1
PAR  According to this approach the connection of the bistable interrogating
      stage 13.2 is shifted or translated by a number of shift register stages
      equal to the integral quotient of the introduced phase shift, expressed in
      degrees of roller rotation, divided by the period between successive
      synchronizing shifting pulses, also expressed in degrees of roller
      rotation, with any non-integral remainder being initially ignored. The
      non-integral remainder can be offset by applying to the enabling gate 19
      of the bistable interrogating stage 13.2 an enabling pulse delayed
      relative to the shifting pulses applied to shifting pulse input 14 by a
      time period corresponding to the non-integral remainder just mentioned.
      Such a delayed enabling pulse can be generated by applying the train of
      synchronizing shifting pulses not only to shift-register input 14, but
      also to the input of a time delay stage set for a time delay period
      corresponding to the non-integral remainder just mentioned. The enabling
      pulses applied to input 19 can also be derived from one of the units PE1,
      PE2 in FIG. 1b.
PAC  Variation 2.2
PAR  If the non-integral remainder mentioned above is very small, it may be
      possible simply to ignore it altogether, and not attempt to offset it or
      compensate for it. As a further alternative, and instead of modifying the
      shift register control circuitry in the ways explained above, it would be
      possible to adjust the functional groups controlled by the control
      circuitry in such a manner as to take into account the non-integral
      remainder in question. This of course would be a possiblity only if such
      functional groups are so constructed as to be adjustable in that manner.
      As an example of the kind of adjustment in question, the electromagnetic
      moving means for a functional group to be adjusted (e.g., moving means
      13.2' or 13.2") could be so adjusted that its pull-in or energization time
      was appropriately increased or decreased. If this approach is used, then
      the bistable interrogating stage 13.2 in FIG. 3 can be simplified by
      removal of its enabling input 19, with use being made instead of a simple
      flip-flop having one of its two flip-flop outputs connected to one or more
      electromagnetic moving means of one or more functional groups of the
      printing machine.
PAC  Variation 3
PAR  This approach is depicted in FIG. 4. When the printing machine is changed
      over from one-side printing to two-side printing, the button 21a shown in
      FIG. 4 is depressed, thereby separating the shift register 12 into two
      sections 12.1 and 12.2. Specifically, the two information signal outputs
      of the last shift-register stage of section 12.1 remain connected to the
      corresponding two inputs of the first shift-register stage of section
      12.2, but the shifting pulses input for section 12.2 is now connected to a
      separate input line 21, for the receipt of synchronizing shifting pulses
      different from those applied to the input 14 of the first shift register
      section 12.1. The shifting pulses applied to input 14 will be the same as
      those mentioned previously, whereas those now applied to input 21 will be
      delayed in time, relative to the pulses applied to input 14, by a time
      period corresponding to the phase shift introduced as a result of the
      changeover from one-side to two-side printing. Using the exemplary
      numerical values employed above, it will be assumed that the changeover
      from one-side printing to two-side printing requires a relative rotation
      of the rollers 5 and 8 by 130.degree.. The time shift between the shifting
      pulses applied to inputs 14 and 21 in FIG. 4 should accordingly be equal
      to the time required for the rollers mentioned to turn through an angle of
      130.degree..
PAR  The generation of the synchronizing shifting pulses applied to input 21 in
      FIG. 4 can be achieved in several ways. As one possibility, the shifting
      pulses applied to input 14 can furthermore be applied to the input of a
      time-delay stage having an output connected to shifting pulse input 21,
      and with the time-delay stage being set for a time delay corresponding to
      the phase shift to be offset, assumed for purposes of explanation to
      correspond to the time required for the rollers 5, 8 to turn through an
      angle of 130.degree.. Alternatively, the synchronizing arrangement of FIG.
      1b can be used.
PAR  Referring again to the control circuit in FIG. 4, upon changing over from
      one-side printing to two-side printing, and/or upon a change of the length
      of paper processed in the case of two-side printing, the phase shift of
      130.degree. discussed above in the relative positions of the rollers 5, 8
      is compensated by disengaging clutch C5, rotating synchronizing disk D2 by
      an amount sufficient to produce a second train of synchronizing pulses
      offset by 130.degree. relative to the pulses produced from disk D1, and
      then re-engaging clutch C5. The synchronizing pulses generated at the
      output of photoelectric detector unit PE1 will be applied to input 14 in
      FIG. 4 while the synchronizing pulses generated at the output of
      photoelectric detector PE2 will be applied to input 21 in FIG. 4.
PAR  As described previously, the introduction of a sheet into the printing
      machine can be positively ascertained by provision of a photoelectric or
      other detector unit at such point of introduction. The particular signal
      associated with a particular introduced sheet passes along the successive
      stages of the shift register 12 in synchronism with the passage of the
      sheet through the printing machine. It is to be noted, however, that the
      arrival of the signal associated with a particular introduced sheet at a
      particular shift-register stage is evidently not an absolute indication
      that the sheet has in fact reached the corresponding location in the path
      of travel of sheets through the machine; it is only assumed that such is
      the case. If it is desired to positively ascertain that the sheet has in
      fact reached a particular location in the printing machine, additional
      detectors can be provided at selected locations along the path of travel
      of sheets through the machine, and these additional detectors can be
      combined with the shift register control circuitry already described.
PAR  FIG. 5 shows one possibility.
PAR  The bistable interrogating stage 13.2 of FIG. 5 is the same as previously
      described and serves the same function, being connected to one stage of
      the shift register 12, in the manner described previously. In FIG. 5, the
      interrogating stage 13.2 is a simple flip-flop. A control stage 23 is
      connected to one input of flip-flop 13.2 and to one output thereof. The
      control stage is comprised of an AND-gate 24 having an output 22 connected
      to the first flip-flop input. AND-gate 24 has a first input connected to
      an additional sheet detector 25 positioned at an appropriate location
      along the path of travel of sheets through the printing machine, e.g., at
      the location associated with the shift register stage to which flip-flop
      13.2 is connected. The second input of AND-gate 24 is connected to the
      output of an inverter 26, the input of which is connected to the second
      output of flip-flop 13.2.
PAR  The arrangement of FIG. 5 operates as follows:
PAR  Interrogating flip-flop 13.2 has on its left side (as seen in FIG. 5) two
      inputs, and has on its right side two outputs, each output being
      associated with the respective input in the conventional flip-flop manner.
      The two flip-flop inputs are connected to the corresponding two outputs of
      one of the shift-register stages of shift-register 12. If the particular
      shift-register stage registers the assumed presence of a sheet at the
      associated location in the printing machine, then the lower input of
      flip-flop 13.2 is triggered. The corresponding flip-flop output is
      connected to the respective functional group of the printing machine,
      e.g., is connected to the electromagnet moving means 13.2" in FIG. 1 and
      energizes such electromagnet means. This flip-flop output is furthermore
      connected to the input of inverter 26. In the event that the flip-flop
      13.2 registers the assumed presence of a sheet at the associated location,
      whereas the sheet detector 25 actually positioned at such location detects
      the absence of a sheet, then the signals applied to the inputs of AND-gate
      24 will be the same, and the upper input (as viewed in FIG. 5) of
      flip-flop 13.2 will be immediately triggered, preventing the lower
      flip-flop output from energizing the respective electromagnet moving
      means. This mode of operation is evidently advantageous, For instance, if
      the flip-flop interrogator 13.2 registers the assumed presence of a sheet
      at the associated location in the printing machine, whereas in fact no
      sheet is present, then it would be very important to prevent, for example,
      engagement of a dampened offset roller and a printing cylinder not
      carrying a sheet to be printed.
PAR  In the explanation of the foregoing different compensating techniques for
      offsetting the lack of synchronization resulting from a changeover from
      one-side to two-side printing, the lack of synchronization was expressed
      in degrees of rotation of the rollers 5, 8 and 10. This was particularly
      convenient to do, inasmuch as these rollers were all of the same diameter
      and driven at the same rotational frequency. It is evident, however, that
      such need not be the case. For instance, the diameters of the three
      rollers 5, 8, 10 could be related to each other by integral multiples; for
      example, the diameter of roller 8 could be twice the diameter of roller 5,
      and the diameter of roller 10 could be three times the diameter of roller
      5, with the larger rollers being provided with additional gripper and
      flip-over devices. Likewise, although in the illustrated embodiment the
      transporting of the sheet 6 through the printing machine was effected
      solely by cylindrical rollers, other conveyor means can of course be used,
      such as for example conveyor belts in combination with rollers, etc.
      Because of the various forms which the printing machine may have, and for
      the sake of greatest generality in defining the lack of synchronization
      resulting from a changeover from one-side to two-side printing, it is
      advantageous to define the phase shift discussed above not in terms of
      degrees of roller rotation, but rather in terms of the absolute change of
      the length of the path travelled by the sheets. As is clear from FIG. 1,
      and as explained in detail above, the total path length for sheets
      travelling through the illustrated printing machine is greater in the
      two-side printing mode than in the one-side printing mode. It is to be
      emphasized, however, that the machine could be so constructed that the
      total path length for sheets travelling through the printing machine would
      be greater in the one-side printing mode, all this depending upon the
      manner in which the sheet transporting elements are adjusted relative to
      each other in changing back and forth between the two operating modes.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      circuits and constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      rotary printing machine adapted for both one-side and two-side printing,
      it is not intended to be limited to the details shown, since various
      modifications and structural changes may be made without departing in any
      way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. In a printing arrangement operative in a first mode for printing on only
      one side of a sheet and operative in a second mode for printing on both
      sides of a sheet, of type comprised of drive means for effecting transport
      of a sheet to be printed along a predetermined path through the printing
      arrangement, further comprised of a plurality of printing devices
      cooperating to effect printing of a sheet passing along said path, and
      further comprised of means operative for effecting a changeover from one
      to the other of said modes in a manner altering a portion of and changing
      the length of said path, a control system for the printing arrangement,
      comprising, in combination, a shift register having a plurality of shift
      register stages and having a shifting pulse input for receipt of shifting
      pulses and having an information signal input for receipt of information
      signals; means for applying to said information signal input a
      predetermined signal in response to the arrival of a sheet at a
      predetermined location along said path; shifting pulse generating means
      synchronized with said drive means and operative for applying to said
      shifting pulse input a train of synchronizing shifting pulses causing said
      predetermined signal to be registered by successive ones of said shift
      register stages in synchronism with the travel of the sheet along said
      path; a plurality of actuating means each associated with and controlling
      the operation of a respective one of said printing devices and each
      connected to a respective one of said shift register stages and each
      operative for actuating the respective printing device in response to the
      arrival of said predetermined signal at the respective shift register
      stage so as to control the operation of the respective printing device in
      a manner correlated with the arrival of the sheet to be printed at the
      portion of said path associated with the respective shift register stage;
      and compensating means operative upon a change of operating mode for at
      least partially offsetting changes in the correlation between shift
      register stages of said shift register and the associated portions of said
      path.
NUM  2.
PAR  2. The arrangement defined in claim 1, wherein said compensating means
      comprises means for introducing into said shift register a number of
      intermediate additional shift register stages to compensate for the
      increase in the length of said path resulting from a change of operating
      mode.
NUM  3.
PAR  3. The arrangement defined in claim 1, wherein said shifting pulse
      generating means comprises means for generating a train of synchronizing
      shifting pulses separated from each other by time intervals corresponding
      to the time interval required for a sheet to travel a predetermined
      distance along said path, and wherein said compensating means comprises
      means for introducing into said shift register a number of intermediate
      additional shift register stages equal to the distance by which said path
      is increased upon a changeover of operating mode, divided by the distance
      a sheet is transported along said path by said drive means during the time
      interval between two successive shifting pulses, minus any non-integral
      remainder in such quotient.
NUM  4.
PAR  4. The arrangement defined in claim 1, wherein said synchronizing means
      comprises means for generating a train of synchronizing shifting pulses
      separated from each other by time intervals corresponding to the time
      interval required for a sheet to travel a predetermined distance along
      said path, and wherein said compensating means comprises means for
      separating said shift register into a first section comprised of
      respective first and last shift register stages and a second section
      comprised of respective first and last shift register stages, the last
      shift register stage of said first section having an information signal
      output and a shifting pulse output, and the first shift register stage of
      said second section having an information signal input and a shifting
      pulse input, an additional shift register comprised of respective first
      and last shift register stages, the first shift register stage of said
      additional shift register having an information signal input and a
      shifting pulse input and the last shift register stage of said additional
      shift register having an information signal output and a shifting pulse
      output, and means operative upon a change of mode of the printing
      arrangement for effectively inserting the shift register stages of said
      additional shift register intermediate the shift register stages of said
      first and second sections by so connecting said additional register to
      said first and second sections that the information signal input of the
      first shift register stage of said additional register is connected to the
      information signal output of the last stage of said first section, the
      information signal output of the last shift register stage of said
      additional register connected to the information signal input of the first
      shift register stage of said second section, and the shifting pulse output
      of said additional register connected to the shifting pulse input of the
      first shift register stage of said second section, whereby the
      compensation for the increase in the length of the path of travel of
      sheets through the printing arrangement associated with a change of
      operating mode is effected by causing said predetermined signal after it
      passes through the stages of said first section to pass through the stages
      of said additional register before arriving at the stages of said second
      section.
NUM  5.
PAR  5. The arrangement defined in claim 4, wherein said shifting pulse
      generating means comprises means for applying to the shifting pulse input
      of the first stage of said additional register the same shifting pulses as
      are applied by said shifting pulse generating means to the shifting pulse
      input of the first stage of said first section.
NUM  6.
PAR  6. The arrangement defined in claim 5, wherein the number of shift register
      stages in said additional shift register is equal to the change in length
      of said path associated with a change of operating mode, divided by the
      distance travelled by a sheet along said path during the time interval
      between two successive shifting pulses, minus any non-integral remainder
      in such quotient.
NUM  7.
PAR  7. The arrangement defined in claim 6, wherein at least one of said
      actuating means is provided with enabling gate means having an enabling
      signal input for preventing such actuating means from controlling the
      associated printing device despite the arrival of said predetermined
      signal at the shift register stage to which such actuating means is
      connected until and unless an enabling signal is applied to said enabling
      signal input, further including means for applying to said enabling signal
      input a train of enabling signals having the signal repetition frequency
      of the train of shifting pulses generated by said shifting pulse
      generating means but time-delayed with respect to the latter by a time
      interval equal to said non-integral remainder multiplied by the time
      interval between successive shifting pulses.
NUM  8.
PAR  8. The arrangement defined in claim 4, wherein the number of shift register
      stages in said additional shift register is equal to the change in length
      of said path associated with a change of operating mode, divided by the
      distance travelled by a sheet along said path during the time interval
      between two successive shifting pulses, minus any non-integral remainder
      in such quotient, and further including means for applying to the shifting
      pulse input of the first shift register stage of said additional shift
      register shifting pulses having the same pulse repetition frequency as the
      shifting pulses applied to the shifting pulse input of the first shift
      register stage of said first section but delayed with respect to the
      latter by a time interval equal to said non-integral remainder multiplied
      by the time interval between successive shifting pulses.
NUM  9.
PAR  9. The arrangement defined in claim 1, wherein at least one of said
      actuating means is provided with enabling gate means having an enabling
      signal input for preventing such actuating means from controlling the
      associated printing device despite the arrival of said predetermined
      signal at the shift register stage to which such actuating means is
      connected until and unless an enabling signal is applied to said enabling
      signal input, and wherein said compensating means comprises means for
      applying to said enabling signal input a train of enabling signals having
      the pulse-repetition frequency of said train of synchronizing shifting
      pulses generated by said shifting pulse generating means but time delayed
      with respect to the latter in order to at least partially offset any
      change of correlation between shift register stages of said shift register
      and predetermined locations of said path resulting upon a change of
      operating mode.
NUM  10.
PAR  10. The arrangement defined in claim 1, wherein said compensating means
      comprises means operative upon a change of operating mode for
      disconnecting at least one of said actuating means from the shift register
      stage to which it is connected and connecting such disconnected actuating
      means to a different shift register stage, in order to at least partially
      offset any change in the correlation between such actuating means and the
      associated portion of said path resulting from a change of operating mode
      of the printing arrangement.
NUM  11.
PAR  11. The arrangement defined in claim 1, wherein said compensating means
      comprises means operative upon a change of operating mode of the printing
      arrangement for disconnecting at least one of said actuating means from
      the shift register stage to which it is connected and connecting such
      disconnected actuating means to a different shift register stage of said
      shift register, the two shift register stages to which such actuating
      means is alternatively connected being separated by n intermediate shift
      register stages, where n is equal to (q - 2), q being equal to the change
      in the length of said path associated with a change of operating mode,
      divided by the distance travelled by a sheet along said path during the
      time interval between two successive shifting pulses, minus any
      non-integral remainder in such quotient.
NUM  12.
PAR  12. The arrangement defined in claim 11, wherein said at least one
      actuating means is provided with enabling gate means having an enabling
      signal input for preventing such actuating means from controlling the
      associated printing device despite the arrival of said predetermined
      signal at the shift register stage to which such actuating means is
      connected until and unless an enabling signal is applied to said enabling
      signal input, and further including means for applying to said enabling
      signal input a train of enabling signals having the signal repetition
      frequency of the train of shifting pulses generated by said shifting pulse
      generating means but time-delayed with respect to the latter by a time
      interval equal to said non-integral remainder multiplied by the time
      interval between successive shifting pulses.
NUM  13.
PAR  13. The arrangement defined in claim 1, wherein said compensating means
      comprises means for separating said shift register into a first section
      comprised of respective first and last shift register stages and a second
      section comprised of respective first and last shift register stages, the
      last shift register stage of said first section having an information
      signal output and a shifting pulse output and the first shift register
      stage of said second section having an information signal input and a
      shifting pulse input, the information signal output of the last shift
      register stage of said first section being connected to the information
      signal input of the first shift register stage of said second section, and
      means operable when the printing arrangement is in one mode for connecting
      the shifting pulse input of the first shift register stage of said second
      section to the shifting pulse output of the last shift register stage of
      said first section and operable when the printing arrangement is in the
      other mode for disconnecting the shifting pulse input of the first shift
      register stage of said second section from the shifting pulse output of
      the last shift register stage of said first section, and means for
      applying to said shifting pulse input of said first shift register stage
      of said second section a train of shifting pulses having the same pulse
      repetition frequency as the train of shifting pulses generated by said
      shifting pulse generating means but delayed in time with respect to the
      latter by a time period equal to the time required for a sheet travelling
      along said path to move a distance equal to the change in the length of
      said path associated with a change of operating mode of the printing
      arrangement.
NUM  14.
PAR  14. The arrangement defined in claim 1, wherein at least one of said
      actuating means comprises auxiliary sheet detector means operative for
      determining whether a sheet is present at the portion of said path
      associated with the shift register stage to which such actuating means is
      connected, and overriding means operative for preventing the actuating
      means from controlling the respective printing device, even if said
      predetermined signal is registered in the respective shift register stage,
      if said auxiliary detector means determines the absence of a sheet at the
      location corresponding to the respective shift register stage.
NUM  15.
PAR  15. The arrangement defined in claim 14, wherein said actuating means is
      comprised of a bistable interrogating stage having a first input and an
      associated first output and having a second input and an associated second
      output, said overriding means comprising an AND-gate having an output
      connected to said first input, an inverter having an input connected to
      said second output and having an output connected to one input of said
      AND-gate, said AND-gate having a second input connected to said auxiliary
      sheet detector means, said first input of said interrogating stage being
      connected to the respective shift register stage for receipt of said
      predetermined signal, and said first output of said interrogating stage
      being connected to the respective printing device for controlling the
      operation thereof.
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ABST
PAL  This invention relates to an improved apparatus and method for locking
      printing plates to a support, e.g., saddle or cylinder, wherein the
      support includes a body portion having at least two anchoring means as an
      integral part thereof, at least one of the anchoring means being
      incorporated on a spring-mounted bar movable under spring tension to
      engage and lock printing plates to the support. The invention also relates
      to apparatus and method for mounting printing plates onto a support
      comprising an actuating assembly for the spring-mounted bar and which is
      adapted to move the spring-mounted bar between expanded and compressed
      positions for the mounting. The spring-mounted bar actuating assembly is
      mounted beneath the peripheral surface of the support and comprises a
      pivot arm pivotable at or near its midpoint about a pivot block which is
      mounted beneath the peripheral surface. The pivot arm, at one end, is
      connected through a strap to the spring-mounted bar at the midpoint
      position of the spring-mounted bar and, at the other end, protrudes from
      one side of the support and is adapted to receive an actuating means such
      as a cam assembly for actuating the spring-mounted bar. The invention
      includes an alternate actuating assembly comprising toggle levers coacting
      with fastening means on the spring-mounted bar and the body portion of the
      support. Additionally, printing plates with preshaped engaging means of a
      shape complementary to that of the anchoring means of lock-up device are
      provided.
PARN
PAR  This is a continuation of application Ser. No. 272,604, filed July 17, 1972
      now abandoned.
BSUM
PAR  This invention relates generally to apparatus and methods for locking
      flexible and thin printing plates to a support for use in high-speed
      printing press operations in existing presses and cylinders.
PAR  In a printing press operation, the press operation, the press cylinders are
      of necessity in close proximity with each other. The method generally
      employed to attach a plate to a support is to bring the leading edge of a
      saddle into working position by inching or rotating the press cylinder,
      attaching the printing plate to the saddle, thereafter, while maintaining
      a hold on the printing plate, further slowly rotating the press cylinder
      to bring the trailing edge of the saddle into working position, and
      attaching the trailing edge of the plate to the trailing edge of the
      saddle. This is a slow process. Moreover, this method necessitates the
      body members of an operator to be in close proximity to the moving parts
      of the press rolls during press inching creating a potential safety
      hazard. It is highly desirable to provide for apparatus and method which
      provides for the mounting of printing plates while the press rolls can be
      maintained in a static position.
PAR  Moreover, while various means of attaching plates to a support have been
      devised to assure that printing plates will not ride loosely on their
      support during printing or will not be thrown off during high speeds,
      there has been no convenient method or device for coping with expansion of
      the printing plate which occurs after the plate has been exposed for a
      short while to a press operation. Some of the known means for locking
      printing plates include adhesives, bolts, screws, etc. When plate
      expansion does occur under circumstances where conventional locking means
      have been employed, it has been found necessary to shut down the printing
      operation for making adjustments. The adjustment has usually required
      removal of the saddle or cylinder and/or inching the press to rotate the
      securing mechanism to accessible position for adjustment. It is desirable
      to provide for a lock-up means which is not rendered ineffective by plate
      expansion.
PAR  Although more recent developments have provided lock-up devices which hold
      a plate under resilient tension, thereby providing some means for coping
      with plate expansion, certain deficiencies are associated with them.
      Generally, the devices providing resilient tension are inadquate to meet
      the pressures exerted by high-speed operations. In certain cases, other
      deficiencies are noted, such as the necessity for screwing on plates
      thereby requiring press inching for mounting. In still other cases,
      substantial modification of the cylinder may be necessary to provide for
      tensioning devices. In such latter cases, the mechanism is not adaptable
      for use with existing press cylinders.
PAR  According to the present invention, a mechanism is provided for locking a
      printing plate to a support under a continuous self-adjusting tension so
      that appropriate tension is maintained even during high-speed press
      operations. The mechanism, which is competent to maintain printing plates
      in a locked position in spite of plate expansion, is an integral part of a
      support and may be incorporated into the structure of a saddle to be
      employed with existing cylinders or may be made a part of a modified
      cylinder. Moreover, by providing a mechanism employing compression
      springs, maximum force may be obtained in a minimum of space. The present
      invention further provides a quick and convenient method and apparatus for
      mounting and locking a printing plate on a support while the press roll is
      maintained in a static position, i.e., without the need for press inching
      between the mounting of the leading and trailing edges of a printing
      plate. In addition, a lock-up device is provided which avoids the need for
      making a plurality of individual adjustment of plate fastening means.
      Further, alternative devices for mounting plates are provided for use with
      the lock-up mechanism. The lock-up device of the present invention allows
      high-speed press operations with a minimum of shut-down time for plate
      changes and, further, avoids the necessity for readjusting a plate once
      the plate is locked into its support.
DRWD
PAR  The accompanying drawings illustrate a preferred embodiment of the
      invention in which:
PAR  FIG. 1 is a partial perspective view of a printing plate locked to a saddle
      mounted on a press cylinder;
PAR  FIG. 2 is a perspective view of a printing plate locked directly to a
      modified press cylinder;
PAR  FIG. 3 is a fragmentary enlarged cross-sectional view edge of a saddle with
      a printing plate attached at the leading edge;
PAR  FIG. 4 is a fragmentary enlarged cross-sectional view of the trailing edge
      of a saddle at a point inward of the lateral edge showing a printing plate
      locked into position with a spring-mounted bar;
PAR  FIG. 5 is an enlarged cut-away bottom view of a section of the lock-up
      mechanism at the trailing edge of a support at a point inward of the
      lateral edge showing the body portion of the support and the
      spring-mounted bar;
PAR  FIG. 6 is a fragmentary underside view of one corner of the trailing edge
      of the saddle showing the saddle, the spring-mounted bar and a retaining
      and guiding clip;
PAR  FIGS. 6a and 6b illustrate preferred profiles for the retaining and guiding
      clip;
PAR  FIG. 7 is a cross-sectional view taken along A--A of FIG. 6;
PAR  FIG. 8 is a fragmentary underside view of one corner of the trailing edge
      of the saddle showing the saddle, the spring-mounted bar, the guide pins
      and the retaining bar;
PAR  FIG. 9 is a side view at the trailing edge showing one form of retaining
      means;
PAR  FIG. 10 is a partial plan view of the underside of the trailing edge of the
      saddle showing a centrally positioned cam activated spring-mounted bar
      actuating assembly and the retaining and guiding means;
PAR  FIG. 11 is a partial side view of the saddle showing the trailing edge
      including the spring-mounted bar and the cam block assembly;
PAR  FIG. 12 is a cross-sectional view taken alon C--C of FIG. 10;
PAR  FIGS. 13 and 14 show the side and bottom views of the cam tool; and
PAR  FIGS. 15 and 16 are fragmentary enlarged side views of the locking
      apparatus showing one of the laterally positioned toggle spring-mounted
      bar actuating assembly.
DETD
PAR  Reference is now made to the drawings where FIGS. 1 and 2 illustrate two
      embodiments of an arrangement for locking a printing plate to a support
      wherein the lock-up mechanism is assigned a reference number terminating
      in numerals 10.
PAR  FIG. 1 illustrates an embodiment of this invention in which the support is
      a saddle 12. A printing plate 22 is mounted on a saddle 12 having a
      lock-up mechanism 10 as an operable, integral component thereof. The
      saddle 12, substantially semi-cylindrical and curved for securement to a
      cylinder 11, is adapted to be mounted thereon by conventional means and
      used on a printing press (not shown). The saddle 12 has a body portion 13
      and leading and trailing edges 14 and 15, respectively, which are
      oppositely disposed and are parallel to the axis of the curvature of
      saddle. Both the leading and trailing edges 14 and 15 are provided with
      plate anchoring means 16 and 17 which extend along the entire length of
      the leading and trailing edges and are adapted to receive the engaging
      means (hereinafter described) of a printing plate. The plate anchoring
      means 16, along the leading edge 14, is incorporated directly on the body
      portion 13 at its forward face. The plate anchoring means 17, along the
      trailing edge 15, is incorporated on a movable spring-mounted bar 30,
      operably, non-detachably connected to the body portion 13 of the saddle 12
      at its trailing edge 15.
PAR  FIG. 2 illustrates a second embodiment of this invention wherein the
      support is a modified cylinder 111 adapted for use in a printing press
      (not shown). A printing plate 22 is mounted directly to a modified
      cylinder 111 having the lock-up mechanism 110 as an operable and integral
      component thereof. The lock-up mechansims 110 are situated in the
      peripheral channels 112 oppositely positioned on the cylinder 111. Each
      channel separates the leading and trailing edges 114 and 115,
      respectively, of each peripheral body portion 113 of the cylinder 111.
      Each channel 112 is provided with two plate anchoring means 116 and 117
      extending along the entire length of the leading and trailing edges 114
      and 115, respectively. Plate anchoring means 116 are incorporated along
      the leading edges 114 of each peripheral body portion. Plate anchoring
      means 117, along the trailing edges 115, are incorporated on movable
      spring-mounted bars 130, operably non-detachably connected to the
      peripheral body portion 113 of the cylinder 111.
PAR  Although the locking mechanism is suitable for incorporation both or
      saddles and modified cylinders, an arrangement in which the mechanism is
      incorporated in a saddle constitutes a preferred embodiment; and, for
      purposes of explanation, the specification description which follows will
      refer to the locking mechanism incorporated in a saddle. The locking
      mechanism as an integral part of a saddle is illustrated in FIGS. 3 and 4.
      FIG. 3 shows the lock-up mechanism at the leading edge 14 of saddle 12.
      The anchoring means 16 is a substantially arcuately shaped lip on the
      forward face of the saddle defined by a groove 18 and an inwardly sloping
      outer surface 20. The groove 18 is  of sufficient depth to enable the
      anchoring means 16 to receive the complementary shape engaging means 24 of
      a printing plate 22 in mating relationship and extends along the entire
      length of the forward face of the saddle 12.
PAR  FIG. 4 illustrates the lock-up mechanism 10 at the trailing edge 15 of
      saddle 12 provided by a movable spring-mounted bar 30 coacting with
      projecting edge 19 of saddle 12. The spring-mounted bar 30 has parallel
      straight top and bottom surfaces and is of a lesser thickness than the
      thickness of the saddle 12. It is competent to slide under the projecting
      edge 19 of the saddle and, further, is separated from but operably
      non-detachably connected to the adjacent body portion 13 of the saddle by
      a plurality of high-strength compression springs 31 and preferably by
      guiding and retaining means (hereinafter to be described). The compression
      springs 31 are positioned between the bar 30 and adjacent body portion 13
      of said saddle along its entire length and provides substantially uniform
      tension therealong. The spring-mounted bar 30 is provided with a groove 32
      which extends along the entire length of the edge removed from the saddle.
      The portion of the spring-mounted bar between the groove and its upper or
      top surface defines a substantially semi-circular forward face providing
      an arcuately shaped lip as anchoring means 17 adapted to engage and lock
      thereabout a complementary shaped engaging means 25 of printing plate 22
      in mating relationship as seen in FIG. 4. The outer surface 19' of the
      terminal portion of the projecting edge 19 of the saddle slopes inward of
      the normal circumferential shape of the saddle while the inner surface is
      straight and complements the upper surface of the spring-mounted bar 30.
      The sloping outer surface 19' of the terminal portion of the projecting
      edge of the saddle provides a substantially continuous support to a
      complementary shaped terminal portion of printing plate 22 during
      extension and retraction of the spring 31 in the course of press
      operation. The contact between the plate and sloping outer surface is
      maximal when the springs are in the maximum compressed position, such as
      during the mounting of the plates as seen in FIG. 15. As the springs are
      extended, as when the plate is locked into position, the terminal portion
      of the plate is pulled slightly away from the sloping outer surface, as
      seen in FIG. 4; but, as the plate moves in consonance with the expansion
      and contraction of the springs 31 and contacts the sloping outer surface
      19', the sloping contour facilitates avoidance of damage to the plates and
      provides necessary relief so that the etched area 27 does not print or
      "smut".
PAR  FIG. 5 illustrates the expanded and compressed (phantom lines)
      configuration of the springs 31 which separate the spring-mounted bar 30
      from the body portion 13 of saddle 12. The springs 31 are positioned
      perpendicularly between the body portion 13 of the saddle and
      spring-mounted bar 30 and act to urge the bar outwardly from the body
      portion. The springs are so spaced that the pressure is substantially
      constant along the whole length of the spring-mounted bar 30. A plurality
      of pockets 33 (shown with phantom lines) are provided for the springs 31
      on the spring-mounted bar 30 so that, when the springs are in its maximum
      compressed position, the spring-mounted bar is substantially contiguous to
      the body portion 13 of the saddle.
PAR  In order to provide for optimum operation and to avoid possible separation
      of the spring-mounted bar 30 and saddle 12 and further to guide the spring
      bar in its correct tangential path as it is extended and contracted, the
      body portion 13 of the saddle and the spring-mounted bar preferably are
      linked by retaining and guiding means generally identified by reference
      number 34.
PAR  The retaining and guiding means may be incorporated in a device having the
      dual function of retaining and guiding or may be as separate retaining and
      guiding devices. While retaining and guiding means 34 may assume various
      forms, two forms have been found to be particularly useful in association
      with the two different mounting means to be hereinafter described.
PAR  One retaining and guiding means is a retaining and guiding clip 35
      positioned at the two lateral edges as may be seen in FIG. 10. The
      retaining and guiding clip 35 together with a modified saddle and
      spring-mounted bar, as hereinafter described, is arranged to assume a
      tongue and groove configuration with an arresting provision and thus can
      provide both retaining and guiding functions. This spring-mounted bar to
      clip tongue and groove configuration is the preferred retaining and
      guiding means when the cam activated center-pull, spring-mounted bar
      actuating assembly (hereinafter to be described) is the mounting means.
      Another useful form of retaining and guiding means is a guide
      pin-retaining bar combination in which the guiding and retaining functions
      are in separate devices. The guide pin-retaining bar combination is the
      preferred retaining and guiding means when the laterally positioned
      spring-mounted bar actuating toggle means (hereinafter to be described) is
      the mounting means.
PAR  A construction of the spring-mounted bar to clip tongue and groove
      configuration employing the retaining and guiding clip 35 may be seen in
      FIGS. 6, 6a, 6b and 7. The spring-mounted bar 30 and the terminal part of
      the body portion 13 of the saddle are modified slightly at the lateral
      edges to accomodate clip 35. The modification is in the form of decreasing
      the thickness of the body portion of the saddle 13 and the spring-mounted
      bar 30 to the extent corresponding to the thickness of the clip 35,
      forming areas of modified body portion 13' and modified spring-mounted bar
      30' and hollow sections 37 and 38, respectively. FIG. 6 and FIG. 7 taken
      along A--A of FIG. 6 show the reduced thickness of the body portion of the
      saddle 13' and spring-mounted bar 30', hollow sections 37 and 38, and the
      space occupied by the clip 35. Preferably, the lateral forward edge of the
      clip has the side profile shown in FIGS. 6a and the end profile taken
      along B--B of FIG. 6 shown in 6b to provide for maximum stability and
      guiding function. As seen in FIG. 7, the clip 35 is fastened at one end to
      the reduced body portion 13' of the saddle by fastening means 39 and, at
      the other end, protrudes from the body portion and coacts with projecting
      edge 19 of the saddle to form a groove 40 into which the modified
      spring-mounted bar 30' may slide. The groove 40 provided by the clip 35
      and projecting edge 19 functions to guide the spring-mounted bar 30 in its
      correct tangential path, as it is extended and retracted. Further, the
      spring-mounted bar 30 is fitted with an arresting means such as a peg 41
      which protrudes into an elongated clip orifice 36 of the clip 35 and moves
      in said clip orifice during the expansion and contraction of the springs
      31. The abutting of the peg 41 at the forward terminal portion of the
      orifice 36 functions as a retaining means for the spring-mounted bar 30.
      Thus, both the guiding and retaining function is accomplished
      simultaneously by the foregoing tongue and groove configuration of the
      clip 35, projecting edge 19 and spring-mounted bar 30'.
PAR  The retaining and guiding means may be a guide pin-retaining bar
      combination, as seen in FIGS. 8 and 9. The guide pins 42 may serve to
      control the maximum compressed position attainable. At this point, the
      position of the pin is such as to be pressing against the body portion 13
      of the saddle at one end and to slide into oversize holes 43 in the
      spring-mounted bar 30 at the other end. The retaining bar 44 to be
      positioned at each lateral edge may be seen in FIGS. 8 and 9 wherein said
      retaining bar is immovably affixed to the body portion 13 with a fastening
      means 45 and extends toward the trailing edge and slidably contacts the
      spring-mounted bar 30. The retaining bar 44 at the end in slidable contact
      with the spring-mounted bar 30 is provided with a slot 46 (seen in FIG. 9)
      to permit movement with respect to a retaining pin 47 affixed to the
      spring-mounted bar. This retaining bar and guide pin combination is a
      preferred retaining and guiding means when toggle mounting means (FIGS. 15
      and 16 and hereinafter described) is to be employed.
PAR  The printing plate 22 to be used has a body portion 23 and is provided with
      engaging means 24 at the leading edge and engaging means 25 at the
      trailing edge, best been in FIGS. 3 and 4. The engaging means 24 and 25 of
      the plate 22 are pre-shaped portions describing an arcuate contour, i.e.,
      a substantially semicircular hook shape, along the entire length of the
      functional portions and complement the shape of the plate anchoring means
      16 and 17. The leading and trailing edges of the plate 22 preferably have
      etched portions 26 and 27 extending parallel to the transverse width of
      the plate and positioned between the body portion 23 and the
      arcuately-shaped engaging means 24 and 25. The etched portions 26 and 27
      are reduced sections, i.e., substantially thinner relative to the body
      portion 23 and to the arcuately-shaped engaging means 24 and 25, and are
      designed to provide for proper non-printing characteristics. Further, the
      plate 22 at loci immediately inward from and adjacent to engaging means 24
      and 25 at the leading and trailing edges, describe inward slopes 28 and
      29, respectively, relative to the normal circumferential shape of a
      printing press cylinder described by the body portion 23 of printing plate
      22. The inward slopes described by the plates define angles complementary
      to the inward sloping outer surface 20 and the inward sloping outer
      portion 19' of the projecting edge at the leading and trailing edges,
      respectively, of the saddle 14.
PAR  The arcuate contour of the engaging means 24 and the corresponding
      anchoring means 16 at the leading edge are essential for meeting one of
      the objectives of the present invention, namely mounting plates without
      inching. Since the physical structure of state-of-the-art printing
      machines provides a minimum amount of space for the operator to mount the
      printing plates, the present invention has proven beneficial in ease of
      mounting without having to rotate the cylinder (inch) during the mounting
      procedure. In application, the structure disclosed herein permits ease of
      loading in a more restricted area than does a plate that is, e.g.,
      positioned over pins to effect mounting and centering. The arcuate
      mounting means disclosed herein also serves to center the printing plate
      on the support member. Although the use of a spring-mounted bar of the
      present invention may provide for locking of plates when the engaging and
      anchoring means assume other shapes, e.g., a 90.degree., 45.degree. or
      30.degree. crimp, plates having crimps which do not define an arcuate
      contour, i.e., a substantially semicircular contour (with a
      correspondingly shaped anchoring means), are susceptible to misalignment
      or to bending or other damage to plates when attempt is made to engage the
      plates from a remote position to avoid press inching. However, by having
      an arcuate contour of the engaging and anchoring means 24 and 16,
      respectively, at the leading edge, the plates may be mounted after the
      press rolls are in a static position ready for final manipulations at the
      trailing edge. Morever, the arcuate contour at both ends render the plates
      less susceptible to bending and damage during operation than the sharply
      crimped plates. In addition, fastening means are not required as for
      90.degree. crimped plates.
PAR  The printing plates may be mounted quickly and simply on the support
      employing one of the mounting means (hereinafter described) which are
      further embodiments of the present invention. The lock-up mechanism of the
      present invention provides for spring tension beyond finger
      manipulatability and, thus, requires some mechanical means for mounting.
      Mounting means of the present invention provides the necessary mechanical
      means and, moreover, facilitates quick mounting of the plates. The
      preferred mounting means is the center-pull cam activated spring-mounted
      bar actuating assembly 50, illustrated in its various aspects in FIGS. 10
      through 14. Another mounting means is the laterally positioned
      spring-mounted bar actuating toggle means 75, illustrated in FIGS. 15 and
      16.
PAR  FIG. 10 illustrates the center-pull, spring-mounted bar actuating assembly
      50 which is mounted beneath the peripheral surface of the saddle 12 or
      cylinder 111. The spring-mounted bar actuating assembly 50 comprises a
      pivot arm 51 which, at one end, is operably connected to the
      spring-mounted bar 30 at its midpoint through a strap 52 and which, at the
      other end, protrudes from one lateral edge of the support and is competent
      to receive an activating means (hereinafter described). The pivot arm 51
      floats in cavity 53 and is retained by pivot arm retaining means 54,
      pivotable about a pivot point 55 on pivot block 56. Suitable retaining
      means is a clip. Any means including a knife edge may be employed to
      provide a fulcrum or pivot point for the pivot arm. FIG. 12 taken along
      C--C in FIG. 10 shows the relationship among pivot arm 51, pivot block 56,
      pivot arm retaining means 54 and saddle 12. The strap 52, which is curved
      to the extent necessary to conform to the curvature of the saddle or
      cylinder, is immovably secured to the spring-mounted bar 30 by fastening
      means 57 and is connected to the pivot arm 51 by a pin 58 about which the
      pivot arm swivels in association with the pivoting action about pivot
      point 55. The pivot block 56 and pivot arm retaining means 54 are secured
      to the saddle 12 by fastening means 73 and 72, respectively. The end of
      pivot arm 51 which protrudes from the edge of the saddle has an orifice 55
      adapted to receive an actuating means such as a cam tool 60 and abuts a
      cam block assembly 64.
PAR  The cam block assembly 64, mounted along one edge of the saddle 12,
      comprises an immovable support block 65 and a slideably adjustable cam
      block 66 connected by a fine adjustment means 67. The fine adjustment
      means is preferably a micrometer adjustment means but may also be any type
      adjustment screw such as a jack screw. The cam block assembly 64, as
      viewed from the side, may be seen in FIG. 11 which is a partial side view
      of a saddle showing the trailing edge 15, the spring-mounted bar 30 and
      the cam block assembly 64. The support block 65 is secured to the saddle
      with fastening means 68. The adjustable cam block 66, slideable along the
      edge of the support, is provided with a slot 69 and fastening means 70 for
      securing the block to the saddle 12 after appropriate adjustment has been
      made employing the adjustment means 67. The pivot arm 51 protrudes from
      edge of cavity 53 adjacent to the cam block 66. The position of the cam
      block 66 regulates the distance of the reciprocal motion of the pivot arm
      51 and the travel limits of the spring-mounted bar 30 and, therefore, the
      maximum tension to be applied to a given type of plate and the allowable
      take-up to compensate for plate expansion.
PAR  FIGS. 13 and 14 show the side and end views of cam tool 60, comprising a
      cam 61, a cam shaft 62 and a cam handle 63.
PAR  When cam 61 is placed in orifice 59 of pivot arm 51 and cam shaft 62 is
      rotated by handle 63, a reciprocal motion is imparted to said pivot arm by
      the motion of said cam as the cam shaft rotates while maintained in
      position by block 66 against which the shaft abuts. The reciprocal motion
      of said pivot arm moves the springs 31 of the spring-mounted bar 30
      between compressed and expanded positions for engaging the engaging means
      25 of printing plate 22 with the anchoring means 17 on the spring-mounted
      bar 30. The cam tool 60 in position for operating the center pull
      spring-mounted bar actuating assembly is shown by the phantom lines in
      FIG. 11.
PAR  FIGS. 15 and 16 illustrate a second embodiment of a spring-mounted bar
      actuating device comprising two laterally positioned toggle means 75. Each
      toggle means comprises toggle arms 76 and 77 and a handle 78. The toggle
      arms are provided with fastening means 79 and 80 for engaging cocking pins
      81 and 82, one pin being located on the spring-mounted bar 30 and the
      other on the saddle 12. The fastening means may be any means suitable for
      engaging pins; conveniently, they are hooks, as seen in FIGS. 15 and 16.
      The arms 76 and 77 are pivotally attached to the handle 78 at the points
      83 and 84, respectively. The handle 78 is adapted to follow a rotatable
      cam surface 85 mounted on arm 77 for obtaining open and closed positions;
      the closed position of the toggle handle corresponds to the compressed
      position of the springs 31, as seen in FIG. 15, and the open position of
      the toggle handle corresponds to the expanded positions of the springs, as
      seen in FIG. 16. When the springs 31 are in a compressed position, the
      spring-mounted bar 30 slides under the projecting edge 19 and the
      anchoring means 17 on the spring bar 30 is in a position to engaging means
      25 of plate 22. When the springs 31 are in the expanded position, the
      engaging means 25 are in mating relationship to anchoring means 17 and the
      plate is locked in position.
PAR  In operation, the printing plate 22 may be locked to a saddle 12 or
      directly to a modified cylinder 111. When the printing plate 22 is to be
      locked to a saddle 12, the saddle may have been already mounted on a
      cylinder 11 or the printing plate first may be locked onto the saddle and
      the saddle thereafter mounted on the cylinder.
PAR  In illustrating the operation of the present invention, it will be assumed
      that the plate 22 is to be locked onto a saddle 12 already mounted on a
      cylinder 11. In an operation employing the center-pull, spring-mounted bar
      actuating assembly 50, the press rolls are rotated to position the saddle
      12 so that its trailing edge 15 is in accessible position. Then, while
      maintaining the press rolls in a static condition, the engaging means 24
      of printing plate 22 is then placed about the anchoring means 16 at the
      leading edge 14 of saddle 12 and the engaging means then is brought into
      interlocking contact with the anchoring means. Thereafter, the cam 61 of
      cam tool 60 is inserted in the orifice 59 of the pivot arm 51 and rotated
      until the springs 31 are in the compressed position and the spring bar 30
      has been brought into close association with the body portion of the
      saddle 13, as seen in the phantom lines in FIG. 5. The engaging means 25
      at the trailing edge of plate 22 is thereafter brought into engageable
      position with the anchoring means 17 of spring-mounted bar 30. The cam
      tool 60 is then further rotated until the springs 31 assume a more
      expanded position, moving the spring-mounted bar 30 away from the body
      portion 13 of the saddle, as seen in FIG. 5, whereupon printing plate 22
      is locked to saddle 12, as seen in FIG. 4. Block 66, of the cam block
      assembly 64, may be adjusted with micrometer adjusting means 67 to provide
      the desired resilient tension suitable for the particular printing plate
      to be employed in press operation. During press operation, the spring bar
      30 can slide away from the body portion of the saddle 13 exerting a
      constant urging force on the engaging means 25 at the trailing edge of the
      plate 22, keeping the plate free from stretch or slack. As the
      spring-mounted bar 30 slides away from the body portion of the saddle 13,
      the spring-mounted bar moves out and maintains a tangential relationship
      to the cylindrical surface of the saddle at 86, as seen in FIG. 4. At the
      point of tangential relationship of the spring-mounted bar 30 to the
      cylindrical surface, the distance between the surface of the cylinder and
      the surface of the plate is such as to prevent bobbing of the plate during
      press operation. Thus, the circumferential tension provided by the
      foregoing keeps the printing plate 22 securely locked to the saddle during
      high-speed operations.
PAR  In an operation employing the laterally positioned toggle means 75, the
      press rolls are rotated so that the trailing edge 15 of a saddle 12 is in
      accessible position. While the rolls are in static condition, the engaging
      means 24, at the leading edge of printing plate 22, is brought in
      engagement with the anchoring means 16 on the leading edge 14 of saddle
      12. Thereafter, toggle arms 76 and 77 are placed on cocking pins 81 and 82
      at the lateral edges of the spring-mounted bar 30 and saddle 12,
      respectively, and the spring-mounted bar 30 is brought to the compressed
      position of the springs 31, as shown in FIG. 15. The trailing edge of
      plate 22 is thereafter brought into engageable position with
      spring-mounted bar 30 and the engaging means 25 of plate 22 brought into
      contact with the anchoring means 17 on the spring bar 30. The toggle arms
      are released and the springs 31 assume a more expanded position moving the
      bar 30 away from the adjacent associated edge of body portion 13 of the
      saddle, as shown in FIG. 16, thereby locking the printing plate 22 to
      saddle 12. The operation is repeated at the other side of the saddle. The
      continuous resilient tension supplied by spring-mounted bar 30 and the
      tangential relationship the bar assumes with respect to the peripheral
      surface of the saddle 12 keeps the plate 22 locked to the saddle for
      high-speed operations.
PAR  The assembly can readily provide for a minimum spring pressure of about 50
      pounds applied to the plate at its maximum expanded position. A maximum
      pressure of the order of 200 pounds readily provided by the use of sixteen
      12.5-pound springs may be increased facilely by the use of heavier springs
      and/or more springs per assembly. When 16 12.5-pound springs are employed
      in the assembly, the normal locked-up position of the plate produces
      approximately 95 pounds pressure to the plate. These are pressures
      enabling locking of various flexible plates. Thus, the locking mechanism
      is capable of holding a 2-pound plate at 72,000 impressions per hour, at
      the allowable full extended position of the spring bar travel. Combination
      of above plate could include 0.025 thick etched half-tone plates or up to
      0.040 thick etched plates with an appropriate percentage of open area.
PAR  While the invention has been described in conjunction with specific
      embodiments, it is to be understood that the present invention comprehends
      organizations differing in form or detail from the presently described
      illustrative embodiments. Accordingly, the invention is not to be
      considered as limited save as in consonant with the scope of the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A means for securing a printing plate to a cylinder comprising: an
      arcuately-shaped support member fixedly disposed on said cylinder, said
      support member having a leading transverse edge and a lagging transverse
      edge parallel to the longitudinal axis of said cylinder, said cylinder
      having an outer circumferential surface; a projecting edge along said
      lagging edge forming a cavity bounded by said projecting edge and said
      circumferential surface; a plurality of springs positioned along said
      lagging edge within said cavity; a spring-mounted rectangular bar disposed
      within said cavity along the entire length of said projecting edge and
      against said circumferential surface and said support member, said bar
      being operably and non-detachably connected in a slideable relationship to
      said support member by said springs and operably connected in a slideable
      relationship to said cylinder by said springs; arcuately shaped
      plate-anchoring means provided by a groove running along the entire length
      of said bar parallel to said lagging edge, said plate-anchoring means
      being adapted to receive and engage said printing plate in mating
      relationship whereby a printing plate may be selectively positioned on and
      attached to said cylinder.
NUM  2.
PAR  2. A means for securing a printing plate to a cylinder as set forth in
      claim 1 further comprising toggle means for compressing said springs said
      toggle means comprising a pair of toggle arms and a handle, said toggle
      arms provided with anchoring means for engaging pins, one of said pins
      being mounted on the spring-mounted bar and the other of said pins being
      mounted on the body portion of said support, whereby said toggle means may
      be disengaged from said engaging pins after said plate is secured to said
      cylinder.
NUM  3.
PAR  3. A means for securing a printing plate to a cylinder as set forth in
      claim 2 wherein said bar co-acts with the outer surface of said support
      member to form a continuous extension of the plate supporting surface when
      said springs are compressed.
NUM  4.
PAR  4. A means for securing a printing plate to a cylinder as set forth in
      claim 2 wherein said anchoring means are hooks.
NUM  5.
PAR  5. A means for securing a printing plate to a cylinder as set forth in
      claim 1 further comprising a retaining bar positioned at each lateral edge
      of said lagging edge, said retaining bar being slideably attached between
      said support and said spring-mounted bar whereby said operable,
      non-detachable movement of said spring-mounted bar is guided and
      determined.
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PAL  A method of printing comprising applying a conductive developer to a imaged
      dielectric surface in the presence of an energising electrical
      image-defining field to form a master having conductive and relatively
      insulating areas defining the image, inking the said surface in the
      presence of a field of a polarity to urge the ink on to the surface to
      retain it at the relatively insulating image areas, and transferring the
      ink from the said surface to a receiving surface in the presence of a
      field of a polarity to urge the ink on to the receiving surface, and
      continuing inking the said master and transferring the ink to further
      receiving sheets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electric offset printing system and in
      particular it relates to a system which does not require the use of water
      in effecting offset printing.
PAR  In the art of offset printing it is customary to provide a plate which has
      part of the surface hydrophilic and the other part hydrophobic, the image
      being formed by the difference in the water acceptance of the various
      areas.
PAR  It has already been proposed to produce printing plates with hydrophilic
      and hydrophobic areas by means of xerographic methods, but in all known
      forms of printing by the offset principle it is necessary to treat the
      plate from which the printing is to be effected to provide these
      hydrophilic and hydrophobic areas and to then use water as a medium which
      prevents the inking of the area which is not to accept printing ink.
PAR  It would be highly advantageous if the method could be evolved which did
      not require this wetting and it is an object of the present invention to
      provide such a method.
PAC  SUMMARY OF INVENTION
PAR  We have found that it is possible to print from an area which contains an
      image defined by the dielectric constant of the surface, the method of
      using such a surface varying according to the modifications of this
      invention, but according to one form of the invention a membrane
      containing an image differing from the non-image areas by its dielectric
      constant, can be developed with a conductive developer medium or medium of
      high dielectric constant and it will be found that the developer will be
      applied selectively according to the dielectric constant of the image
      areas.
PAR  The image so formed on the imaging membrane or master can then be
      transferred to another medium such as paper, or the membrane can be used
      as a plate which can be inked in a selected manner for instance in those
      areas where the conductive developer did not go down, and the ink can be
      transferred by an offset process but without the need of wetting the
      surface because the ink will have been accepted by the master only in the
      area where the conductive developer has not previously be deposited.
PAR  We have found for instance that it is possible to take a sheet of
      photoconductive paper having a latent image thereon and to develop this
      with a conductive developer by passing a roller containing the developer
      over the surface. Similarly we can take a sheet of ordinary letterpress or
      a typed sheet and develop this with a conductive developer by passing a
      roller containing the developer over the surface and applying to the
      roller a bias which acts between the roller and the backing plate for the
      surface on which the paper containing the letterpress image or printing is
      placed.
PAR  Such a surface can then be inked with an appropriate developer which will
      however go down in those areas where no conductive developer has
      previously been deposited and a surface is now provided which has the
      original image charged with a developer or printing ink which can then be
      directly offset on to paper or the like and this process can be continued
      as often as is necessary during printing, because each time the printing
      ink or developer which is applied will only go down on the area which is
      not protected by the conductive developer medium.
PAR  The basis of the invention appears to be the discovery we have made that
      where a developer is conductive, or has a high dielectric constant such a
      developer can not remain in position on a surface containing a latent
      image because a conductive developer immediately exchanges charges with
      the area and is rejected or moved away when the charges are equalised
      because then the developer and the surface have the same polarity and
      repel, but when this developer moves away from the surface into a charged
      area of opposite polarity, an exchange again takes place and thus the
      developer shuttles forward and backward between the surface containing the
      latent image but on contact immediately releases or exchanges charges and
      again moves off.
PAR  When such a developer is applied by means of a roller which has a charge
      applied to it, this oscillation takes place when the roller passes over
      the surface, but immediately the roller has passed the surface, the
      conductive developer, even although it has exchanged charges, is out of
      the field which would lift it off and therefore it remains in position.
      The process can be considered essentially a dry one which inhibits
      exchange unless there is a field area to which the particles are attracted
      after exchanging charges.
PAR  The image left behind can then be fixed by heat fusion or any other means
      to provide a firmly adhering image or it can be fixed by spraying with a
      solvent or the like or it could be damped with a solvent prior to
      application so that immediately the roller has passed, the evaporation of
      the solvent will cause the image to become firmly attached.
PAR  It will be realised from the foregoing that the present invention is
      operative because the developers in the presence of the field are
      sensitive to dielectric constant differences and higher dielectric
      constant surfaces cause a discharging of the conductive particles under
      the conditions outlined. Thus a surface prepared in this way can be inked
      up in accordance with the dielectric constant difference of the surface
      without the application of any water and this surface can then be used as
      a printing master to produce multiple copies.
PAC  PREPARATION OF MASTERS
PAC  EXAMPLE A
PAR  A master for electrostatic printing is prepared by coating the following
      materials on to a high strength paper or metal sheet or film base or
      textile web:
     Polyvinyl butral resin, Mowital B60H (Hoechst)                            
                              53  grams                                        
     dissolved in methyl ethyl ketone                                          
                              1000                                             
                                  milliliters                                  
     together with perchlorethylene                                            
                              500 milliliters                                  
PAC  EXAMPLE B
PAR  A master for electrostatic printing is prepared by coating the following
      materials on to a high strength paper, or metal sheet or polymer sheet or
      textile web:
TBL  Short oil alkyd resin, Rhodene M8/50 (Polymer Corp)                       
                                 600 grams                                     
     dissolved in Acetone        2500                                          
                                     milliliters                               
     together with perchlorethylene                                            
                                 1000                                          
                                     milliliters                               
PAC  EXAMPLE C
PAR  An electrophotographic master for electrostatic printing is prepared by
      coating the following materials on to a high strength paper, or metal
      sheet or film base:
TBL  Zinc oxide (colloidal grade)                                              
                           600     grams                                       
     (Durham Chemical Co.)                                                     
     mixed with:                                                               
               polyvinyl butyral                                               
     resin (Mowital B60H) (Hoechst)                                            
                           100     grams                                       
     dissolved in:                                                             
               Methyl ethyl ketone                                             
                               1500    milliliters                             
               Methyl alcohol  200     milliliters                             
               Acetone         500     milliliters                             
               Toluene         300     milliliters                             
               Perchlorethylene                                                
                               600     milliliters                             
PAR  In Examples A, B, or C the coatings are applied by dip coating, roller
      coating, electrostatic coating or the like. Images for reproduction are
      produced on surfaces of Examples A and B by ordinary marking means such as
      typography, or by electrostatic recording from an electrified stylus. In
      Example C, images may be produced also by electrophotographic means either
      by charging techniques or by chargeless techniques.
PAC  EXAMPLE D
PAR  In Example C, the zinc oxide is replaced by any other photoconductor or
      photo-insulator such as cadmium sulphide, selenium, organic
      photoconductors or the like.
PAC  EXAMPLE E
PAR  In Examples A, B or C the resin is replaced by acrylic resins, or
      styrene-butadiene copolymers, or by phenolic resins or by varnishes or
      gums or by insulating substances such as phenolphthalein.
PAC  IMAGING MASTERS
PAR  The original letterpress or lithographic printed sheet or an
      electrophotographic copy of it if preferred is treated first to amplify
      the dielectric differences between the image and the background. This
      includes an electrophotographic copy of a continuous tone photograph. The
      treatment consists of applying to its surface a conductive suspension
      containing the following materials whilst an electric field, latent or
      active, is present:
TBL  Suspension No. 1                                                          
     Aluminium bronze powder                                                   
                    100          grams                                         
     Alkyd resin P470                                                          
                    30           grams                                         
     Toluene        15           mls.                                          
     dispersed in:                                                             
     Esso 100       50           mls.                                          
     Isopar G       1000         mls.                                          
PAR  The suspension is rolled across the surface of the original printed sheet
      or copy with a potential of 10 to 500 volts applied between the roller and
      the backing plate or roller at web velocities for example 1 to 50
      centimeters per. sec. or at a higher speeds at higher voltages. The
      suspension deposits out on the higher dielectric constant portions of the
      image and amplifies the differences between the original line, screen or
      tone images in relation to the background.
PAC  Suspension No. 2
PAR  In suspension No. 1, the aluminium bronze is replaced by silver, zinc,
      aluminium, chromium, iron, copper, tin or metal or alloy powders.
PAC  Suspension No. 3
PAR  In suspension No. 1, the resin is replaced by other alkyd resins, or by a
      phenolformaldehyde polymers, or shellac, polyethylene, polyisobutylene
      polyisoprene, polyvinylacetate, polymethylmethacrylate, cellulose, ethyl
      cellulose, ethyl hydroxy ethyl cellulose, cellulose acetate,
      polyvinylchloride, polyvinylbutyral, chlorinated rubber, polyamides,
      polyesters or the like.
PAC  Suspension No. 4
PAR  In Suspension No. 1, the metal powders are replaced by carbon black or
      other absorptive pigments or inorganic pigments, or dyes, first wetted
      with polar liquids or compounds or surface active agents to raise their
      conductivity and dielectric constant.
PAR  After the original or the copy has been so treated, to amplify the
      dielectric differences of the surface it is then wrapped around a drum and
      used as a printing master by applying an electric field of one polarity to
      ink it and transferring the ink dielectrically to ordinary paper by
      reversing the polarity or by using pulsating fields as taught by us in
      Australian Patent Application No. PB629/72 dated 28th September, 1972.
PAC  PRINTING FROM MASTERS
PAR  The inks for printing from the master so made can be exemplified as
      follows:
TBL  INK 1                                                                     
     ______________________________________                                    
     Kohinoor Carbon Black     100    grams                                    
     Sunflower seed oil (Meggitts)                                             
                               300    grams                                    
     B.P.V. oil (Viscostatic) (British Petroleum)                              
                               500    grams                                    
     Alkyd resin (1352/60) Super Beckosol                                      
                               200    grams                                    
                  A. C. Hatrick Chemicals Aust.                                
     ______________________________________                                    
PAR  This ink is applied to the master and deposits under dielectric control.
TBL  INK 2      Copolymeric Blue Ink                                           
     ______________________________________                                    
     Hostaperm Blud B3G (Hoechst)                                              
                        100 grams                                              
     Styrene-butadiene copolymer                                               
                        200 grams                                              
     e.g. "Solprene 1205" (Philips Imperial Chemicals)                         
     Vinyl toluene-acrylate copolymer                                          
                        100 grams                                              
     e.g. "Pliolite VTAC" (Australian Synthetic Rubber)                        
     ______________________________________                                    
PAR  The copolymeric resins were taken up in Solvesso 100 and subsequently
      milled with the blue pigment.
TBL  ______________________________________                                    
     INK 3      Yellow Ink                                                     
     ______________________________________                                    
     Graphtol yellow 4813 - 0                                                  
                         40        grams                                       
     Solprene 1205       20        grams                                       
     VTAC                10        grams                                       
     Dispersed in:                                                             
     Esso 100            100       mls.                                        
     Isopar E            1000      mls.                                        
     ______________________________________                                    
     INK 4      Red Developer                                                  
     ______________________________________                                    
     Graphtol Red 1630   60        grams                                       
     Solprene 1205       10        grams                                       
     VTL Copolymer       10        grams                                       
     Dispersed in:                                                             
     Esso 100            100       mls.                                        
     Isopar E            2000      mls.                                        
     ______________________________________                                    
PAR  It is important to note that in the foregoing examples the coatings on the
      masters which receive the image generally have a dielectric constant after
      free solvent is evaporated of between 3 and 10, while the conductive
      developers have a dielectric constant in excess of 10 and may very
      substantially exceed this. These conditions ensure that fast charge
      exchanges are possible and operating field voltages can be kept low.
PAC  Chemical definitions
PAR  MOWITAL B60H polyvinyl butyral resin, made by Hoechst, Germany; containing
      polyvinyl acetal 76-78 percent, polyvinyl acetate 1 percent, and polyvinyl
      alcohol 18-21 percent.
PAR  RHODENE M8/50 Linseed oil resin, made by Hatrick Chemicals Pty. Ltd. C.I.
      Pigment 6-10, Oil Length 40,  Viscosity XY Acid No. 6-10.
TBL  ______________________________________                                    
     Excelsior  Channel (carbon) Black                                         
                                Pigment CI:77266                               
     Kohinoor    )              Black No. 7                                    
     Peerless Black                                                            
                 )                                                             
     Manufactured by A. C. Hatrick Pty. Ltd.                                   
     ______________________________________                                    
PAR  HOSTAPERM BLUE B3G copper phthalocyanine blue, pure beta-form, made by
      Hoechst, C.I. pigment blue 15. Colour Index No. 74160.
PAR  GRAPHTOL YELLOW MONO AZO Dye Stuff Pigment, by SANDOZ LTD, Switzerland,
      C.I. Pigment 66, Colour Index No. 18000-1
PAR  GRAPHTOL RED MONO AZO DYE BY SANDOZ LTD. Switzerland C.I. Pigment Red 1.
      Colour Index No. 11000-680.
PAR  ESSO 100 Solvent is a hydrocarbon solvent supplied by Esso Chemicals
      Australia Limited, having an aromatic content of 98%, flash point of
      108.degree.F., and distillation range 159-182.degree.C.
PAR  ISOPAR E is a hydrocarbon liquid solvent with greater than 95%
      isoparaffinic content, aromatics and olefins less than 1percent, with
      remainder cyclo-, and normal paraffins, KB No. 29, final boiling point
      143.degree.C.
PAR  ISOPAR G a hydrocarbon liquid solvent with greater than 95% isoparaffinic
      content, and aromatics and olefins less than 1 percent, and remainder
      cyclo-, and normal paraffins, KB No. 27, final boiling point 177.degree.C.
PAR  B.P. Viscostatic Oil a mixture of synethetic low molecular weight polyester
      lubricants plus zinc dithiophosphate as a surfactant, (manufactured by
      British Petroleum Corp.)
PAR  BECKESOL ALKYD RESIN P470/70 a long oil phthalic anhydride synthetic alkyd
      resin by A. C. Hatrick Chemical Pty. Ltd. Colour (A.S.T.M. D 1544-63T)
      4-7, Acid number 3-7.
PAR  Super Beckosol 1352/60 is a Isophthalic Acid modified penterythritol alkyo
      resin manufactured by A. C. Hatrick Chemical Pty. Ltd.
PAR  SOLPRENE 1205 (Phillips Imperial Chemicals Ltd.) is a block co-polymer of
      butadiene and styrene in the ratio of 75/25 manufactured by the solution
      polymerization process. Contains 97.5 rubber hydrocarbon. It is stabilized
      by addition of 1% of a non-staining anti-oxidant.
PAR  The majority of the styrene molecules are added as polystyrene at the end
      of a long chain of butadiene units.
PAR  PLIOLITE VT COPOLYMER is a styrene/butadiene type copolymer rubber made by
      Goodyear Corp., U.S.A. and prepared by the "G.R.S." method in which the
      butadiene polymerises in the main by a 1,4-addition. Pliolite VT is a
      vinyl toluene/butadiene random copolymer rubber soluble in mineral
      spirits.
PAR  PLIOLITE VTL COPOLYMER is a low solution viscosity vinyl-toluene-butadiene
      copolymeric thermoplastic rubber readily soluble in aliphatic hydrocarbons
      with KB values as low as 36, having an Index of Refraction 1.57 and,
      Gardner Colour 1.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows how a master can be produced using a photoconductive sheet.
PAR  FIG. 2 shows how the master can be produced using a printed sheeet such as
      type written matter, and
PAR  FIG. 3 shows how the master so produced can then be used to offset an inked
      image produced on the master to a receiving sheet, the expression "offset"
      in this specification being applicable either to the use of an
      intermediate blanket or to direct transfer from a master to a receiving
      sheet.
DETD
PAR  Referring first to FIG. 1, a photoconductive sheet 1 of a type as generally
      described earlier herein, has on the surface of a web photoconductor which
      is either vacuum deposited in the case of selenium or the like or bonded
      to the surface by resinous material in the case of zinc oxide or cadmium
      sulphide or the like, and an image is produced on this in the usual way of
      charging and light bleeding, the production of the master being then
      effected by passing the roller 2 over the surface, which roller 2 has
      previously been covered with a layer of conductive developer, or the
      developer can be absorbed in a spongy surface on the roller 2, so that
      when the roller 2 is moved over the sheet 1 the entire surface will be
      contacted by the developer.
PAR  Developer on the roller is indicated by 3, while the area on the
      photoconductive sheet which contains a charge is designated 4.
PAR  As the developer roller passes over the sheet, developer is deposited at
      the area 5, that is it goes down on all areas where there is no repelling
      field and therefore the background is in this case imaged by the
      conductive developer in the manner described in the specification.
PAR  A base or support is designated 6.
PAR  In FIG. 2 a sheet, such as news sheet or a typed sheet 10 is placed on to a
      base electrode 11 and the sheet 10, which will become the master, has the
      roller 12 passed over it, the roller 12 having a potential applied to it
      in relation to the base electrode 11 by means of a battery 13 or a similar
      device.
PAR  The roller 12 in this case again has on it a layer 14 of conductive
      developer and as it is passed over the sheet 10, developer deposits at the
      areas 15, deposition being prevented by the dielectric constant of the
      print or typed matter 16.
PAR  The master so produced, which can either be the master produced by the
      method of FIG. 1 or the method of FIG. 2, is then placed around a roller
      20, although other prnting means can be used, and this roller has
      associated with it an inking roller 21 which can be supported from the
      handle 22 of the roller 20 so that as the roller 20 is rotated, the
      surface of the master 1 or 10 is inked by the inking roller 21, but as the
      master has been changed dielectrically by the conductive developer in
      those areas where it is present, the ink will now be applied to the
      receiving sheet 23 only in those areas where it is accepted by the master
      sheet, due to the field which exists between the roller 20 and the roller
      2 and between the roller 20 and the base electrode 24 on which the
      receiving sheet 23 rests.
PAR  The potential is applied from means such as batteries 25 and 26, the
      potential between the roller 2 and the roller 20 being such as to urge the
      ink on to the master 1 or 10, the potential between the roller 20 and the
      base electrode 24 being opposite so that the ink which has been held on
      the master is deposited on the receiving sheet.
PAR  An ink deposit is designated 27 from which it will be noted that no deposit
      of the ink from the roller 21 takes place on those areas of the master
      where the conductive developer has been deposited and therefore a roller
      20 such as shown in FIG. 3 can be repeatedly inked and used to deposit an
      image on a receiving sheet.
PAR  While in the drawings a manual device has been indicated it will of course
      be obvious that any other form of device can be used for applying first
      the conductive developer to the master sheet and subsequently the inked
      image to thee receiving sheet, the drawings being indicative only of the
      principles outlined.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of effecting offset printing comprising applying a conductive
      developer to a dielectric surface in the presence of an energizing
      electrical image-defining field to form a master, fixing the said
      conductive developer to the dielectric surface whereby to have conductive
      and relatively insulating areas defining the image, inking the said
      surface in the presence of a field of a first polarity to urge the ink to
      the said surface whereby to retain it at the relatively insulating image
      areas, and transferring the ink from the said surface to a receiving
      surface in the presence of a second field of opposite polarity to the
      first field to urge the ink on to the said receiving surface, and
      continuing inking the said master and transferring the ink to further
      receiving sheets, said dielectric surface being formed by coating a base
      with a photoconductive layer prepared by dissolving a resin in a
      relatively conductive solvent and suspending the photoconductor therein in
      a finely divided state and evaporating free solvent, the proportions being
      selected so that the master has a coating with a dielectric constant
      greater than 3 less than 10.
NUM  2.
PAR  2. The method according to claim 1 wherein the dielectric surface resin is
      selected from the group consisting of a polyvinyl butyral resin and an
      alkyd resin, and the solvent is selected from the group consisting of
      perchloroethylene, methyl ethyl ketone, acetone, and methyl alcohol.
NUM  3.
PAR  3. The method of claim 1 wherein the said conductive developer is formed by
      suspending a conductive powder in a lesser amount by weight of a resin in
      the presence of a solvent for the resin, and the resultant concentrated
      developer is then dispersed in an insulating carrier liquid in an amount
      to leave the resultant conductive developer particles freely mobile in the
      said carrier liquid, the proportions being so selected that the developer
      has a dielectric constant substantially exceeding that of the said coating
      on the master and not less than 10.
NUM  4.
PAR  4. The method of claim 3 wherein the conductive developer resin is selected
      from the group consisting of alkyd resin, phenolformaldehyde polymer,
      shellac, polyethylene, polyisobutylene, polyisoprene, polyvinylacetate,
      polymethylmethacrylate, cellulose, ethyl cellulose, ethyl hydrox, ethyl
      cellulose, cellulose acetate, polyvinylchloride, polyvinylbutyral,
      chlorinated rubber, polyamide and polyester.
NUM  5.
PAR  5. The method of claim 3 wherein the conductive powder is a metal powder
      selected from the group consisting of aluminum bronze powder, silver,
      zinc, aluminum, chromium iron, copper or tin.
NUM  6.
PAR  6. The method of effecting offset printing comprising (a) selecting a
      master prepared by dissolving a resin in a relatively conductive solvent
      and suspending a photoconductor therein which is in a finely divided state
      and evaporating free solvent, (b) selecting a photoconductive developer
      prepared by suspending a conductive powder in lesser amount by weight of a
      resin in the presence of a solvent, and dispersing the resultant
      concentrated developer in an insulating carrier liquid in an amount to
      leave the resultant conductive developer particles freely mobile in the
      said carrier liquid, said prepared surface on the master having a
      dielectric constant substantially less than the dielectric constant of the
      said developer, (c) subjecting the dielectric surface to an image to
      change the dielectric constant thereof imagewise, (d) subjecting the said
      imaged surface to said developer in the presence of the energizing
      electrical image-defining field to form a master, (e) fixing the said
      conductive developer to the dielectric surface whereby to have conductive
      and relatively insulating areas defining the image, (f) inking the said
      surface in the presence of a field of a polarity to urge the ink on to the
      said surface whereby to retain it at the relatively insulating image
      areas, (g) and transferring the ink from the said surface to a receiving
      surface in the presence of a field of a polarity to urge the ink on to the
      said receiving surface, and continuing inking the said master and
      transferring the ink to further receiving sheets.
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ABST
PAL  The forward end of a rocket motor is attached, by a threaded adapter, to a
      cylindrical housing that is in turn attached to an elongated tube, the
      opposite end of which is fitted with a releasable nose cone. The elongated
      tube is filled with a series of bombs. Each bomb is a conical, shaped
      charge equipped at one end with a parachute protected by a split, conical,
      plastic shield loosely held together by a band and a pronged clip--all of
      which is seated in the conical recess of an adjacent bomb. A conical
      partition separates the tube from the housing; and the main parachute is
      attached in the housing. An acceleration actuated fuse in the adapter
      ignites a time delay charge, which ignites an explosive charge that when
      exploded forces a piston against the housing, so that it separates the
      housing and tube from the adapter and rocket. The piston is attached to
      the outer end of the main parachute, so that, as the piston is exposed at
      high velocity to the atmosphere, it becomes a means for deploying the main
      parachute. A perforated plate, packaged between the explosive charge and
      the piston, is attached by cable to the adapter and becomes a drogue to
      alter the trajectory of the spent rocket on its separation from the
      projectile.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to rocket-propelled projectiles; and particularly to
      those of a long, tubular nature, capable of launching a series of bombs.
      This invention was made under or during the course of Contract Number
      DAAD05-73-C-0519 with the U.S. Army.
BSUM
PAR  Bombs of the type described herein are known in the art, and have been
      launched from tubes fixed to the wings of military aircraft. These bombs
      are essentially explosive, shaped charges that are intended for use
      against armored vehicles such as tanks. The shaped charge of each bomb
      forms a conical recess in which an adjacent bomb may be nested. This is
      facilitated by shaping the drogue parachute attached to the opposite end
      of each bomb in the form of a cone protected by a conical shield, the
      bombs being arranged in tandem so that the conical shield of each bomb is
      nested in the conical, shaped charge of an adjacent bomb.
PAR  An aerodynamically actuated clip attaches the split shield to its bomb by
      means of a band that passes around the shield. One end of each clip is
      confined between its shield and the conical portion of an adjacent bomb so
      that, as each bomb is removed from the column of bombs by its opening
      parachute, the clip of the following bomb is released by the wind.
      Aerodynamic forces remove it, and the shield which it holds, so that the
      bomb parachute may be deployed.
PAR  With this method, an area containing armored vehicles is saturated with the
      bombs, with a relatively low hit probability. However, there is now a
      requirement that such bombs be launchable from helicopters and with a
      higher percentage of hits.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which satisfies this need, includes an elongated
      tube, equipped at one end with a releasable nose cone. The tube contains
      bombs that are conical, shaped charges, conveniently nested together so
      that the parachute end of each bomb fits into the conical recess of an
      adjacent bomb. A main parachute housing adjoins the open end of the tube,
      and a conical partition separates the housing and tube. An adapter having
      a closed aft end is releasably connected to the aft end of the parachute
      housing; and a rocket motor is attached by screw threads to the adapter.
PAR  The adapter contains an acceleration actuated fuse, contiguous with a
      slowburning propellant charge which is ignitable thereby, that acts as a
      time delay device. This propellant charge adjoins an explosive charge that
      is detonated when the propellant charge has been consumed. A piston
      adjacent the explosive charge bears against the end of the parachute
      housing and separates this housing from the adapter and rocket motor on
      detonation of the explosive charge. This piston is also attached to the
      top of the main parachute that is enclosed in the parachute housing; so
      that, as the piston becomes exposed at high velocity to the atmosphere, it
      becomes a means for deploying the main parachute.
PAR  The main parachute is deployed immediately after separation of the rocket
      and its adapter from the protectile. The shock of sudden deceleration on
      the tube causes the column of bombs to break shear pins that hold the nose
      cone to the tube. The bombs then emerge from the forward end of the tube.
      As the last bomb emerges, its parachute is automatically deployed by the
      wind, breaking the last bomb free from the column of bombs in front of it.
      This allows an aerodynamic vane on the penultimate bomb to release the
      parachute thereof so that it is also deployed in the wind. Each bomb of
      the column is successively released in the same manner.
PAR  Objects of the invention are to provide a means for launching a column of
      small bombs against a distant target with a high hit probability; and
      means for launching such bombs from various sources, such as helicopters,
      foot soldiers, etc. Important features of the invention are that it is
      reliable and simple in construction.
PAR  Other objects and features of the invention may be noted as the following
      detailed description is read with reference to the accompanying drawings,
      wherein the same parts are designated by the same numbers throughout the
      disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal section of the invention with some parts broken
      away;
PAR  FIG. 2 is a fragmentary view showing the means for deploying the main
      parachute;
PAR  FIG. 3 is a fragmentary view showing a means for altering the trajectory of
      the spent rocket after its separation from the projectile; and
PAR  FIG. 4 is a sectional view of a clip, removed from the bombs, taken on line
      4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The projectile 5 of the invention has an elongated tube 6 closed at one end
      by a nose cone 7 that is attached into the tube by shear pins 8. The main
      parachute housing 9 is attached to the aft end of the tube 6 and an
      aftwardly extending, conical partition 10 separates the tube 6 from the
      housing 9. The tube 6 is filled with a plurality of bombs 11 between the
      partition 10 and the nose cone 7.
PAR  Each bomb 11 is an explosive, conical, shaped charge having a proximity
      fuse 12 and a cruciform parachute 13 attached to the end of the bomb
      opposite the conical recess 14, which forms the shaped charge thereof.
      Each bomb 11 is also equipped with a thin conical, plastic shield 15,
      separated into two halves, that fits over and protects the parachute 13.
      When the bombs 11 are packaged in the tube 6, this shield fits into the
      conical recess of the adjacent bomb 11. In order to prevent damage to the
      shield 15 during periods of high acceleration, a conical spacer 16 is
      included between the parachute shield 15 of each bomb 11 and the recess of
      the adjacent bomb. The two halves of the shield 15 are held together by a
      flexible steel band 17 that is passed around them. Its ends are held
      together by a pronged, sheet metal clip 18, the prongs of which are
      inserted in slots 19 in the ends of the band 17. The band 17 and the aft
      end of the clip 18 are maintained in a closed position by confinement in
      the conical recess of the adjacent bomb 11; so that, when this adjacent
      bomb is removed, the aerodynamic vane 20 on the forward end of the clip 18
      is caught in the wind. This tears the clip 18 from the band 17 to release
      the shield 15 and deploy the parachute 13.
PAR  An adapter 21, closed at its aft end 22, is attached by shear pins 23 to
      the aft end of the main parachute housing 9; and the rocket motor 24 is
      attached by screw threads 25 to the adapter 21. The adapter 21 contains an
      acceleration actuated fuse 26 that is ignited when the rocket motor
      achieves a predetermined rate of acceleration. A slow-burning propellant
      charge 27 adjacent the fuse 26 is ignited thereby and functions as a time
      delay device. When this propellant 27 is consumed, it detonates a
      contiguous explosive charge 28. A piston 29 adjacent the explosive charge
      28, bears against the aft end of the main parachute housing 9 and forces
      this housing away from the adapter 21, breaking the shear pins 23 that
      hold the housing 9 to the adapter 21. This separates the adapter and its
      rocket motor from the projectile 5. The piston 29 is also attached at its
      center to the top of the main parachute 30, which is packaged in the
      housing 9 and attached therein to a lug 31 fixed to the sides of the
      housing. Hence, on separation of the rocket 24 and adapter 21 from the
      projectile 5, the piston 29 becomes exposed at high velocity to the
      atmosphere and serves as a means for deploying the main parachute 30.
PAR  A perforated disk 32 is centrally attached by a cable 33 to the wall of the
      adapter 21 and is packaged between the explosive charge 28 and the piston
      29. On separation of the adapter 21 from the projectile 5, this perforated
      disk 32 is freed from the adapter 21 and is exposed at high speed to the
      atmosphere, where it functions as a drogue to alter the trajectory of the
      combined rocket 24 and adapter 21 and prevent their possible collision
      with the projectile 5. It is important to note that, because of the
      perforations 34, the disk 32 may be packaged between the explosive charge
      28 and the piston 29 without appreciably interfering with exertion of
      explosive force on the piston 29 on detonation of the charge 28. However,
      enough of this force is intercepted to force the disk 32 from the adapter
      21. Also, the size of the perforations 34 can be used to predetermine the
      desired drag force that will be exerted on the separated rocket 24.
PAR  A typical sequence of events on launch of the rocket motor 24 is: (1) the
      rocket motor has achieved sufficient acceleration to arm the fuse 26 after
      about 0.01 second; (2) the solid propellant rocket motor 24 has burned out
      after 1.5 seconds; (3) the fuse 26 ignites the time delay propellant 27
      which burns for 10.5 seconds while the entire missile coasts toward the
      target; and (4) the explosive charge 28 then detonates, forcing the piston
      29 to separate the projectile 5 from the rocket 24 and its adapter 21. On
      deployment of the main parachute 30, (which occurs immediately when the
      rocket and projectile are separated), the entire column of bombs 11 moves
      forward by its own inertia, because of the sudden deceleration of the tube
      6, and shears off the pins 8 that hold the nose cone 7 to the tube 6. As
      the column of bombs 11 becomes free of the tube 6, the unprotected
      parachute 13 of the aft bomb 11 becomes deployed, separating this bomb
      from the column. This frees the clip 18 of the penultimate bomb 11,
      exposing its aerodynamic vane 20 to the wind and removing the clip 18 from
      its band 17. This in turn releases its shield 15 and parachute 13. Each
      successive bomb is thereupon released in the same manner.
PAR  This release of the column of bombs 11 typically occurs in the vicinity of
      the target, and the parachute 13 of each bomb 11 serves to orient the
      shaped charge thereof toward the possible target.
PAR  An invention has been described that advances the art of military
      projectiles. Although details of the embodiments have been described with
      considerable specificity, it should be noted that many such details may be
      varied without departing from the scope of the invention as it is defined
      in the following claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A rocket-propelled projectile comprising:
PA1  an elongated projectile tube;
PA1  a nose cone releasably attached to the forward end of the tube;
PA1  a plurality of bombs in the tube;
PA1  a main parachute in the aft end portion of the tube and attached thereto;
PA1  a piston aft of the parachute and attached thereto;
PA1  a rocket releasably attached to the aft end of the projectile tube;
PA1  an acceleration-initiated fuse in the tube;
PA1  a means for producing gas, packaged between the piston and rocket and in
      communication with the fuse so that it may be ignited thereby to produce
      expanding gases that bear against the piston and the rocket to separate
      the projectile from the rocket, the piston becoming also a means for
      deploying the parachute by creating a drag thereon when the atmosphere
      engages the freed piston on separation of the projectile from the rocket.
NUM  2.
PAR  2. The rocket-propelled projectile of claim 1 further including a disk,
      packaged between the rocket and projectile, attached by cable to the
      rocket such that, on separation of the rocket from the projectile, the
      disk becomes exposed at high speed to the atmosphere, whereby the
      trajectory of the spent rocket may be altered to avoid its possible
      collision with the projectile.
NUM  3.
PAR  3. The rocket-propelled projectile of claim 2 wherein the disk is
      perforated and is packaged between the explosive charge and the piston,
      whereby: (1) explosive force from the detonated charge may act directly on
      the piston through the perforations, (2) the disk may be forced out of the
      adapter, and (3) the desired amount of drag exerted on the rocket by the
      disk may be achieved by size and number of the perforations.
NUM  4.
PAR  4. The projectile of claim 1 wherein each bomb is an explosive, shaped
      charge having a conical recess in the forward end thereof, and further
      includes:
PA1  a parachute attached to the aft end of the bomb;
PA1  a shield that fits over the parachute and into the conical recess of the
      adjacent bomb, comprising two hollow, half cones, a band holding them
      together to form a full cone, and a pronged clip, the prongs of which fit
      into slots in the ends of the band to fasten it about the shield, the
      prongs of the clip being maintained in the slots of the band by
      confinement of the band and clip between the shield and the conical recess
      of the adjacent bomb, and the clip functioning also as an aerodynamic
      vane, whereby removal of the adjacent bomb allows the wind to remove the
      clip from the band, releasing the shield and allowing the parachute to be
      deployed.
NUM  5.
PAR  5. A rocket-propelled projectile comprising:
PA1  an elongated tube;
PA1  a nose cone releasably attached to one end of the tube;
PA1  a series of bombs in the tube wherein each bomb comprises a conical,
      shaped, explosive charge having a parachute and means for deploying the
      parachute;
PA1  conical spacers between the bombs for orderly packaging thereof;
PA1  a cylindrical housing fixed to the aft end of the tube;
PA1  a partition between the tube and the housing;
PA1  a cylindrical adapter closed at its aft end and releasably attached on the
      aft end of the housing;
PA1  a rocket motor engagable by screw threads to the adapter;
PA1  an acceleration-initiated fuse in the adapter;
PA1  a time delay charge contiguous with the fuse and ignitable thereby;
PA1  an explosive charge adjacent the time delay charge;
PA1  a piston confined between the explosive charge and the end of the housing,
      whereby detonation of the explosive charge may force the piston against
      the housing to separate it from the adapter and the rocket motor;
PA1  a parachute attached to the housing and packaged therein, the top portion
      of the parachute being attached to the piston, so that, when the piston
      becomes exposed at high speed to the atmosphere on separation of the
      adapter from the housing, the piston may also function as a means for
      deploying the parachute; and
PA1  a perforated disk packaged between the explosive charge and the piston and
      operably attached by cable to the rocket, so that it may function as a
      drogue to alter the trajectory of the spent rocket on separation thereof
      from the projectile.
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ABST
PAL  Alloys of tungsten, zirconium and one or more binder metals are utilized as
     yrophoric penetrators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to pyrophoric penetrators. More specifically, this
      invention relates to the use of certain alloys as pyrophoric penetrators.
PAR  2. Description of the Prior Art.
PAR  The use of penetrators in small arms and artillery projectiles to provide
      armor piercing capabilities is well known. It is also well known that, in
      some cases, it is desirable to provide both armor piercing and pyrophoric
      capabilities. In these cases, devices commonly known in the art as
      pyrophoric penetrators are used.
PAR  In the prior art, pyrophoric penetrators have predominantly been fabricated
      from uranium or uranium alloys. The use of uranium or uranium alloys has
      one major drawback. That drawback is the fact that the U.S. Government has
      restrictions on the use of uranium for penetrator applications.
      Accordingly, it is the primary objective of this invention to provide
      pyrophoric penetrators for small arms projectiles, artillery projectiles
      and the like which do not utilize uranium.
PAC  SUMMARY OF THE INVENTION
PAR  Alloys containing tungsten, zirconium and binder metals in certain
      preferred weight percentage ranges are utilized as pyrophoric penetrators.
      The alloys may be fabricated, in the actual forms that they will take as
      penetrators, by any one of several techniques or they may be fabricated in
      other forms and machined into the shape of penetrators. Penetrators
      fabricated from the herein specified alloys have terminal ballistic
      characteristics similar to penetrators fabricated from uranium and uranium
      alloys.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred pyrophoric penetrators according to this invention contain
      from 95 to 49 weight percent tungsten, from 50 to 4 weight percent
      zirconium and from 10 to 1 weight percent binder metals. A wide variety of
      binder metals may be used. Any ductile metal or combination of metals
      which is compatible with both tungsten and zirconium may be used. The
      purpose of the binder metal or metals is simply to hold the alloy together
      and lend processability to it. Nickel alone may be used as the binder
      metal. Nickel and iron in combination may be used. Iron alone may be used.
      Cobalt may be used. Copper may be used. Cobalt in combination with nickel,
      iron or copper may be used. Copper in combination with nickel, iron or
      cobalt may be used. And other ductile metals, alone or in combination with
      one another, may be used.
PAR  Alloys containing tungsten, zirconium and one or more binder metals may be
      fabricated into pyrophoric penetrators by means of powder metallurgical
      processes, spark sintering processes or by explosive or impact compaction.
PAR  Perhaps the easiest way to fabricate a pyrophoric penetrator from the
      metals of this invention is by powder metallurgy techniques. That is,
      suitable amounts of the various metals (for example, tungsten, zirconium
      and nickel) are placed in a mold (which may have the shape of the final
      pyrophoric penetrater), compacted if desired (pressure of from zero to
      several million psi may be used) and heated. The melting point of the
      lowest melting metal in the alloy may be used as a guideline in heating.
      As is well known, it is not desirable, in powder metallurgy techniques, to
      melt the alloy. Therefore, a temperature just below the melting point of
      the lowest melting metal in the alloy is used.
PAR  In preparing pyrophoric penetrators of this invention by techniques which
      involve the use of the metal powders, a wide range of particle sizes may
      be used. The powder particles may vary from 1 micron to 1 mm in largest
      diameter. Particle size influences penetration, compactability and
      pyrophoricity. That is, the smaller the particles, the higher the
      penetration, compactability and pyrophoricity will be. Small particles, by
      being more easily compacted, yield high density (good penetration), highly
      pyrophoric penetrators.
PAR  In spark sintering, suitable amounts of the various metal powders are
      placed in a mold, preferably under pressure and subjected to an electric
      current. In spark sintering, as in powder metallurgy, pressure is not
      absolutely necessary.
PAR  If a mold of suitable shape is not available, the alloys of this invention
      can be formed in a shape other than that desired for the penetrator and
      then be machined. However, time and care should be taken when machining
      them because, when subjected to the usual machining tools, they tend to
      spark and could represent a fire hazard in a machine shop.
PAR  Almost any desirable balance between penetration ability and pyrophoricity
      may be achieved by properly selecting the respective amounts of tungsten
      and zirconium used. High amounts of tungsten and low amounts of zirconium
      lead to penetrators having high penetration ability and relatively low
      pyrophoricity. Increasing the amount of zirconium while lowering the
      amount of tungsten increases the pyrophoricity while decreasing the
      penetration ability.
PAR  In tests, pyrophoric penetrators containg 85 weight percent tungsten, 10
      weight percent zirconium, 2.5 weight percent nickel and 2.5 weight percent
      iron were shown to have terminal ballistic characteristics which compared
      very favorably with presently used pyrophoric penetrators fabricated from
      uranium alloys. That is, pyrophoric penetrators containing tungsten,
      zirconium, nickel and iron in the above-specified amounts, when placed in
      conventional 20 mm. armor piercing projectiles and fired at armor, exhibit
      both penetration and fire starting capabilities which are similar to
      uranium alloy pyrophoric penetrators.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pyrophoric penetrator fabricated from an alloy which contains from 95
      to 49 weight percent tungsten, from 50 to 4 weight percent zirconium and
      from 10 to 1 weight percent of a ductile binder metal selected from the
      group consisting of nickel, iron, cobalt, and combinations thereof.
NUM  2.
PAR  2. A pyrophoric penetrator containing 85 weight percent tungsten, 10 weight
      percent zirconium, 2.5 weight percent nickel and 2.5 weight percent iron.
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ABST
PAL  A projectile comprises an elongated casing containing a payload, a
      proximity fuze, a transmitter unit operative to transmit a beam of
      radiation toward a target, and a receiver unit responsive to radiation
      reflected from the target for controlling the proximity fuze to
      selectively initiate operation of the payload at a predetermined distance
      from the target. The transmitter unit is located adjacent the tail end of
      the projectile rearward of the payload and comprises a pyrotechnical
      charge positioned at the extreme rear of the projectile and operative,
      when ignited, to cause emission of light via a lens in an opening in the
      side of the projectile to form the transmitted beam of radiation. The
      receiver unit is located adjacent the nose end of the projectile forward
      of the payload to maximize the measuring base between the transmitted and
      received beams of radiation, and comprises an optical system associated
      with an interference filter, radiation detector, and electronic control
      circuit.
BSUM
PAR  The present invention relates to a carrying part forming a projectile,
      shell etc which for the initiation of a payload if provided with a
      proximity fuze operating with a transmitter beam from a transmitter unit
      and a receiver beam for a receiver unit, crossing the transmitter beam.
PAR  For ammunition of this kind, in order to achieve a maximum effect, it is
      essential that the projectile etc is initiated at a well-defined, pre-set
      distance from the target in question. Thus, for instance, it is of
      importance that deviations occurring in the manufacture of the elements in
      the projectiles that determine the initiating distances are not allowed to
      increase the dispersion of these.
PAR  The purpose of the present invention is primarily to solve said problems,
      but also gives indications of further developments which make it possible
      to use special components in e.g. the transmitter unit. Due to the sharply
      defined receiver beam, the anti-jamming properties are also increased
      compared with existing microwave proximity fuzes
PAR  The feature that can mainly be considered to be characteristic for a
      carrying part according to the present invention is that it carries the
      receiver unit in its front section and the transmitter unit in its rear
      section.
DRWD
PAR  An embodiment now proposed which has the characteristics significant for
      the invention will be described in the following, with reference to the
      attached drawing, in which
PAR  FIG. 1 shows a projectile, in cross-section, and
PAR  FIG. 2 in the form of a diagram shows the wiring for the electronics
      utilized for the projectile according to FIG. 1.
DETD
PAR  FIG. 1 shows a carrying part in the form of a projectile comprising an
      effect part 1, the payload of which, in the form of a bursting charge, is
      designated 2. The projectile is provided with a proximity fuze comprising
      a transmitter unit 3, which is placed in the rear section of the
      projectile and a receiver unit 4 which is placed in the front section of
      the projectile. The proximity fuze works with a transmitter beam 5 from
      the transmitter unit and a receiver beam 6 for the receiver unit. Said
      beams cross each other so that a target, not shown, will reflect the light
      or radiation emitted from the transmitter unit to the receiver unit when
      it is in a certain position in relation to the projectile, and the light
      or radiation which is reflected is then employed to actuate electronic
      equipment associated with the proximity fuze for initiation of the charge
      2.
PAR  For a 40 mm projectile with a muzzle velocity of approximately 1,000 m/s
      and a rate of spin of approximately 1,000 r.p.s. it can be appropriate to
      have the transmitter beam 5 symmetrical and with a beam angle of
      6.degree..times.6.degree. while the receiver beam 6 is made unsymmetrical
      with a beam angle of 24.degree. .times. 6.degree., of which 6.degree. is
      measured transversally across the axis of rotation of the projectile. If a
      10 m range of the proximity fuze is then desired, the axis of symmetry of
      the transmitter beam emitted is given an inclination to an angle of
      approximately 44.degree., while the corresponding angle of inclination for
      the receiver beam will be approximately 53.4.degree. . It may then be
      mentioned that the direction of the receiver beam is chosen with
      consideration taken both to approaching and departing targets. The
      aperture chosen for the transmitter and receiver optics should
      appropriately be approximately 2 cm.sup.2.
PAR  In order to achieve the radiation comprising beam 5 from the transmitter
      unit, a pyrotechnical charge 7 is utilized, which is located farthest to
      the rear in the rear section of the projectile. The pyrotechnical charge 7
      is connected with an opening in the side wall of the projectile, in which
      a lens 8 is fitted. The opening and the charge are connected with each
      other via a channel 9, which extends from the axis of rotation of the
      projectile forwards/outwards. Said lens 8 has been given an ellipsoidal
      form, so that it can transform the light emanating from the pyrotechnical
      charge of obliquely towards the lens into a beam of light emitted
      symmetrically from the lens and forming the transmitter beam 5. The lens 8
      can, for this purpose, be mounted in the opening so that it will be
      essentially parallel to the axis of rotation of the projectile, or so that
      is substantially conforms to the envelope surface of the projectile at the
      section in question of the projectile. From the point of view of function,
      said ellipsoidal lens 8 can be compared with a symmetrical lens placed at
      right angles to the optical axis. The lens should appropriately be made of
      silicon, quartz or the like.
PAR  For protection, the lens 8 is covered with a protective cover 10 made of
      plastic or the like, which can be separated from the projectile body by
      the centrifugal forces that arise when the projectile is fired. Said
      protective cover is thrown to the side and is shattered when the
      projectile leaves the bore of the gun barrel employed to fire the
      projectile.
PAR  The space for the pyrotechnical charge 7 is limited by a membrane 11 which
      after approximately 0.5 s (corresponding to an arming distance of
      approximately 500 m) is heated up by the pyrotechnical charge 7, which
      membrane will then serve as a source of radiation. The membrane 11 is made
      of a material which is known in itself, e.g. tungsten carbide. The
      membrane has a hemispherical form, in order to be able to resist
      mechanically the high acceleration stresses in question, in this case
      (40,000 - 50,000 g).
PAR  An alternative to the indirect emission of light via a membrane is to
      utilize the pyrotechnical charge directly, i.e. instead of the membrane,
      an open hole is used. However, the pressure conditions must than be such
      that the gases from the charge are prevented from reaching the optics.
PAR  The pyrotechnical charge 7 is placed symmetrically around a
      rotation-symmetrical center part 12, which is made with an exhaust channel
      13 for the exhaust gases from the pyrotechnical charge. The center part 12
      and the exhaust channel 13 extend in towards the membrane 11, to form
      passages serving as constrictions for the exhaust gases. As the gases in
      this way are forced toward the membrane 11, maximum heating of the
      membrane is achieved. The position of the pyrotechnical charge 7 also has
      the result that at an axial combustion of the charge, residue and
      particles are thrown out against the wall of the space containing the
      charge by the centrifugal forces in the projectile, so that clean burning
      is obtained during the whole of the time in connection with the membrane.
      Obtaining axial combustion in pyrotechnical charges of this kind is known
      in itself.
PAR  Said exhaust channel 13 emerges centrally in the bottom plate 14 of the
      projectile, which has the result that it counteracts the formation of
      vacuum that occurs with projectiles of this kind, thereby improving the
      properties of the projectile in the trajectory.
PAR  The exhaust channel 13 is also made with internal, fine threads, and is
      pressed full of powder. The double function is thereby obtained of keeping
      the exhaust channel well sealed in the tube during the firing, so that the
      transmitter unit 3 is not blown apart, and also that a delay in starting
      up the transmitter unit is achieved, thereby to delay the generating of
      electricity by thermoelectric elements 16 until the projectile has had
      time to leave the gun barrel. Said powder pressed into the exhaust channel
      serves as a pyrotechnical delayed-action device, which is ignited by the
      temperature in the barrel.
PAR  The projectile is provided with a part 15 for separating the pyrotechnical
      charge 7 from the bursting charge 2. In addition to defining said channel
      9, the separating part 15 also defines a space containing a number of
      thermo-electric elements 16.
PAR  The thermo-electric elements 16 are of a kind which is known in itself, and
      are made with so-called hot and cold soldering points, and through the
      installation in the projectile, natural positioning of said elements is
      obtained. The membrane 11 is connected with the space for the
      thermo-electric elements 16 via a wall 17 of heat-diffusing material (e.g.
      copper). The cold soldering points are directed towards the bursting
      charge 2 which by means of the function of preventing heat propagation of
      the separating part can be kept at the low temperature necessary, in spite
      of the presence of the pyrotechnical composition. The thermo elements 16
      are connected in series, and in the present case it has been elected to
      use approximately 100 of them. For insulation and strength-technical
      reasons, the elements are embedded in a ceramic member.
PAR  Through the embodiment shown of the separating part and the space for the
      pyrotechnical charge, a mechanically strong section of the projectile is
      obtained, which is suitable for canneluring of a cartridge case not shown.
PAR  In FIG. 1, the black squares symbolize soldering points, and the cathode 19
      of the generator is connected to the projectile body, while its anode 20
      is insulated from said body and is connected to a conductor 21 which leads
      to the receiver unit 4. The transmitter 3 is made in the form of a
      separate unit that can be fastened to the effect part 1. The fastening
      itself is not shown in the figure, but can be made in a way which is known
      in itself.
PAR  Viewed from outside, the receiver unit 4 consists of an optical lens 22, a
      flat mirror 23 set at an angle, an interference filter 24 and a detector
      25, as well as the relevant electronic equipment as indicated in the
      following. In this case, the optics are not subjected to as high a
      temperature as on the transmitter side, and it is therefore possible to
      use some cheaper material, although it must be sufficiently hard so that
      is not eroded by e.g. drops of water in the air.
PAR  The receiver lens 22 also has an ellipsoidal form, but in this case the
      optical axis is arranged more at right angles to the lens, and the field
      of view sensed by the optics will therefore be flattened, compared with
      the case of the lens 8. Through the form of the lens 22, better conformity
      with the envelope surface of the projectile at the tapered section of the
      carrying part is obtained than a symmetrical lens would give. Moreover,
      the greatest possible aperture is achieved with said lens 22, which is of
      significance or the sensitivity of the detection.
PAR  When a reflection is received from the outer limit of the range, the
      radiation is focused on the upper edge of the flat mirror 23. On the other
      hand, if the target is in front of the range limits, and in spite of this
      a reflection passes the lens, the beam will come above the mirror 23, and
      therefore a very distinct front outer range limit is obtained.
PAR  The interference filter 24 is appropriately made to let through radiation
      with a wave length of particularly approximately 2.8 .mu., where the
      atmospheric transmission for radiation of sunlight is very low, which
      contributes towards making a proximity fuze proof against jamming.
PAR  The detector 25 is of a type which is known in itself, which does not
      require any cooling, and which is sufficiently rapid to make said function
      possible. The detector is fastened to a wall 26 in front section of the
      projectile, and the electronic equipment is placed in front of the wall.
PAR  In order to achieve the initiation of the bursting charge 2, the projectile
      is provided with a conventional delayed-arming device 27, of a mechanical
      design, which comprises a gap igniter included in the electronic
      equipment. The gap igniter actuates a priming charge 28 and a bottom
      charge 29, for initiation of the actual bursting charge 2.
PAR  In FIG. 2, said gap igniter is designated 30, while a source of voltage
      containing the thermo elements has the designation 31. The electronic
      equipment also includes a transistor 32, an operational amplifier 33 and a
      further amplifier 34, which amplifies the signal obtained from the
      detector 25. The collector circuit of the transistor also includes an
      inductor 35, and two connection resistors 36 and 37 and a fuse 38 are also
      included in the circuit. The projectile also has an impact switch 39.
PAR  The circuit according to FIG. 2 functions in the following way. When the
      pyrotechnical charge 7 is ignited, after a given time a voltage is
      obtained from the source of voltage 31. The operational amplifier 33 is
      then connected to the transistor 32 in such a way that the transistor
      receives a certain base current, which causes the transistor to be
      conducting and current flows through the inductor 35. When a target
      reflects the transmitted radiation, an electric voltage is generated in
      the detector 25, which voltage is amplified in the amplifier 34, which
      then actuates the operational amplifier to choke the base current of the
      transistor. Because of the inductor 35, the gap igniter 30 then functions,
      and the timing charge 28 is initiated. The corresponding function is
      obtained if the impact switch 39 functions.
PAR  The proximity function can be paralyzed manually, by means of a voltage
      obtained externally from the weapon being applied via the contact 40 over
      the fuse 38 so that this melts, which involves that the influence of the
      detector and the amplifier 34 on the operational amplifier 33 is cut out,
      i.e. base current will flow in the base circuit of the transistor
      regardless of whether the detector is exposed to radiation.
PAR  An appropriate size of the inductance for 40 mm ammunition is 470 .mu. H at
      50 mA, which involves that the inductor can be given a size corresponding
      to that of an ordinary miniature resistor. It can also possibly be
      appropriate to introduce a voltage regulator which keeps the voltage
      obtained from the thermo-electric element constant. The threshold function
      built into the above-mentioned operational amplifier, which counteracts
      initiation by jamming pulses, can be made in a different way, and the
      inductor can also be replaced by a condenser coupling of an appropriate
      kind.
PAR  Also the receiver unit 4 can consist of a unit that can be fastened to the
      effect part 1.
PAR  The invention is not limited to the embodiment shown above as an example,
      but can be subject to modifications, within the scope of the following
      claims. Thus, it is conceivable to utilize more than one transmitter beam
      and/or receiver beam. The most essential point in this respect is that the
      transmitter beam is placed at the rear and the receiver beam at the front
      of the projectile, so that the largest possible measuring base is
      obtained, which involves a large angle betweeen the outer rays in the
      transmitter and receiver beams. As regards the source of radiation itself,
      it is possible to replace the pyrotechnical charge 7 with a low-voltage
      lamp, which receives current from the thermo-electric elements.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a projectile of the type comprising an elongated casing containing a
      payload, a proximity fuze, a transmitter unit operative to transmit a beam
      of radiation toward a target at an angle to the longitudinal axis of said
      projectile, and a receiver unit responsive to a received beam of radiation
      reflected from the target and crossing said transmitted beam for
      controlling said proximity fuze to selectively initiate operation of said
      payload at a predetermined distance from the target, the improvement
      wherein said transmitter unit is located adjacent the tail end of said
      projectile rearward of said payload, and said receiver unit is located
      adjacent the nose end of said projectile forward of said payload thereby
      to widely separate the positions on said projectile at which said beams
      are transmitted by and received by said transmitter and receiver units
      respectively to achieve a comparatively large angle between the outer rays
      in the transmitted and received beams respectively and to maximize the
      measuring base defined between said transmitted and received beams of
      radiation, said transmitter unit comprising a pyrotechnical charge
      positioned at the extreme rear of said projectile, an opening in the side
      of said projectile connected via an interior channel to the space
      containing said charge, the space for said pyrotechnical charge being
      connected to said channel via a membrane which can be heated by combustion
      of said charge, said membrane in a heated condition serving as a source of
      radiation, said pyrotechnical charge, when ignited, thereby being
      operative to cause emission of light via said channel and opening, and a
      lens adjacent said opening for forming said emitted light into said
      transmitted beam.
NUM  2.
PAR  2. The projectile of claim 1 wherein said membrane has a hemispherical
      shape.
NUM  3.
PAR  3. The projectile of claim 1 wherein the space for said charge is located
      in rotational symmetry about the longitudinal axis of said projectile, the
      rear end of said space being defined by a bottom plate extending across
      the rear end of the projectile and having an elongated portion extending
      forwardly along the axis of said projectile through said space, said
      elongated portion defining an axial exhaust channel for the exhaust of
      gases generated by combustion of said charge which exhaust channel opens
      into said bottom plate at the rear end of said elongated portion, the
      forward end of said elongated portion being located adjacent to but spaced
      from said membrane to define a constricted passageway for said exhaust
      gases adjacent said membrane.
NUM  4.
PAR  4. The projectile of claim 3 wherein said exhaust channel contains a delay
      charge that is initiated when said projectile is fired and which operates
      to ignite the pyrotechnical charge after a predetermined time delay.
NUM  5.
PAR  5. The projectile of claim 1 wherein said lens is positioned essentially
      parallel to the longitudinal axis of said projectile, said lens having an
      ellipsoidal shape operative to transform obliquely received radiation from
      said membrane into a symmetrical transmitted beam of radiation.
NUM  6.
PAR  6. The projectile of claim 1 wherein said transmitter unit includes a
      separating part positioned between said pyrotechnical charge and said
      payload, the separating part including an interior space containing
      thermoelectric elements for generating electric power.
NUM  7.
PAR  7. The projectile of claim 6 wherein said separating part defines said
      interior channel extending between said pyrotechnical charge and said
      opening.
NUM  8.
PAR  8. The projectile of claim 6 wherein said membrane and portions of said
      thermoelectric elements are spaced from one another by an intervening wall
      of heat-diffusing material.
NUM  9.
PAR  9. The projectile of claim 1 wherein said transmitter unit is fastened as
      an integral unit to the rear end of a separate portion of said projectile
      containing said payload.
NUM  10.
PAR  10. The projectile of claim 1 wherein the transmitter unit and the receiver
      unit are connected to each other via an electric conductor extending
      between the units.
NUM  11.
PAR  11. The projectile of claim 1 wherein said receiver unit comprises an
      integral unit fastened to the forward end of the portion of said casing
      containing said payload.
NUM  12.
PAR  12. In a projectile of the type comprising an elongated casing containing a
      payload, a proximity fuze, a transmitter unit operative to transmit a beam
      of radiation toward a target at an angle to the longitudinal axis of said
      projectile, and a receiver unit responsive to a received beam of radiation
      reflected from the target and crossing said transmitted beam for
      controlling said proximity fuze to selectively initiate operation of said
      payload at a predetermined distance from the target, the improvement
      wherein said transmitter unit is located adjacent the tail end of said
      projectile rearward of said payload, and said receiver unit is located
      adjacent the nose end of said projectile forward of said payload thereby
      to widely separate the positions on said projectile at which said beams
      are transmitted by and received by said transmitter and receiver units
      respectively to achieve a comparatively large angle between the outer rays
      in the transmitter and received beams respectively and to maximize the
      measuring base defined between said transmitted and received beams of
      radiation, said transmitter unit comprising a pyrotechnical charge
      positioned at the extreme rear of said projectile, an opening in the side
      of said projectile connected via an interior channel to the space
      containing said charge, said pyrotechnical charge, when ignited, being
      operative to cause emission of light via said channel and opening, and a
      lens adjacent said opening for forming said emitted light into said
      transmitted beam, said opening being provided with a protective cover
      overlying said lens, said cover being arranged to be removed by the forces
      generated adjacent thereto when the projectile is fired from a gun barrel.
NUM  13.
PAR  13. In a projectile of the type comprising an elongated casing containing a
      payload, a proximity fuze, a transmitter unit operative to transmit a beam
      of radiation toward a target at an angle to the longitudinal axis of said
      projectile, and a receiver unit responsive to a received beam of radiation
      reflected from the target and crossing said transmitted beam for
      controlling said proximity fuze to selectively initiate operation of said
      payload at a predetermined distance from the target, the improvement
      wherein said transmitter unit is located adjacent the tail end of said
      projectile rearward of said payload, and said receiver unit is located
      adjacent the nose end of said projectile forward of said payload thereby
      to widely separate the positions on said projectile at which said beams
      are transmitted by and received by said transmetter and receiver units
      respectively to achieve a comparatively large angle between the outer rays
      in the transmitted and received beams respectively and to maximize the
      measuring base defined between said transmitted and received beams of
      radiation, said receiver unit including a substantially ellipsoidal
      receiving lens located in the tapered envelope surface of said casing, and
      a flat mirror set at an angle to and co-acting with said lens.
NUM  14.
PAR  14. The projectile of claim 13 wherein said receiver unit includes a
      radiation detector, and an interference filter for transmitting energy of
      a predetermined wavelength range, said filter being located between said
      mirror and said detector.
NUM  15.
PAR  15. The projectile of claim 14 wherein said receiver unit includes an
      electronic control circuit cooperating with said radiation detector, said
      receiver unit including an internal partition adjacent the nose end of
      said projectile, said detector, filter, mirror, and lens being located
      within said receiver unit rearward of said partition, and said electronic
      control circuit being located within said receiver unit forward of said
      partition at the forwardmost end of said projectile.
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ABST
PAL  A projectile of the type containing a payload and a heat source spaced from
      said payload and activated while the projectile is in flight, is provided
      with a power-generating device comprising a number of thermo elements
      which are connected in series at a plurality of hot and cold junctions.
      The hot junctions are disposed adjacent the heat source within said
      projectile, and the cold junctions are spaced from said heat source and
      located adjacent the payload. The heat source may constitute a source of
      radiant energy associated with the transmitter portion of a proximity
      fuze, and the power-generating device may in turn energize the receiver
      portion of the fuze to control initiation of the payload.
BSUM
PAR  The present invention relates to a power-generating device for a
      projectile, shell, etc which has a source of heat which is activated while
      the projectile is in its air trajectory, as well as a space allotted to a
      payload, e.g. a bursting charge.
PAR  For ammunition of this kind, there is often a need for a source of electric
      power in order to provide for the initiation of the payload, and as an
      example of this can be mentioned projectiles or shells which are equipped
      with proximity fuzes which comprise a transmitter unit for transmitting
      radiant energy and a receiver unit for receiving and processing radiant
      energy reflected from a target. The present invention is intended to be
      utilized for, among other things, an anti-aircraft projectile, in which
      electronic equipment in the receiver unit of the proximity fuze must first
      be fed with electric power during the major portion of the time the
      projectile is in its trajectory and thereafter must also provide a source
      of electric power for the actual payload initiating procedure.
PAR  It is particularly advantageous to use the present invention in those cases
      where the projectile, shell etc. is provided with a pyrotechnical charge
      which generates the radiant energy emitted from the transmitter unit of
      the proximity fuze.
PAR  The power-generating device proposed according to the invention is also
      advantageous from the point of view of storage, and the feature that can
      mainly be considered to be characteristic of said device resides in the
      provision of a number of thermo elements which are joined together at hot
      and cold junctions or soldering points, the hot soldering points being
      positioned adjacent the source of heat which generates the transmitted
      radiant energy, and the cold soldering points being remote from said
      source of heat and being located adjacent the space provided for the
      payload.
DRWD
PAR  An embodiment proposed at present which has the characteristics that are
      significant for a device according to the invention will be described in
      the following, with reference to the attached drawings, in which
PAR  FIG. 1 in cross-section shows an anti-aircraft projectile with an IR
      proximity fuze utilizing the invention,
PAR  FIG. 2 in cross-section and enlargment shows a part of the projectile
      according to FIG. 1 and
PAR  FIG. 3 in a schematic form shows electronic equipment which is provided
      with electric power from the device according to the invention.
DETD
PAR  The projectile according to FIG. 1 comprises, in principle, three parts,
      viz. an effect part 1 and two units 2 and 3 which comprises an IR
      proximity fuze, the unit 2 being the transmitter unit of the proximity
      fuze and the unit 3 its receiver unit. The effect part 1 contains a
      bursting charge 4 associated with initiating members 5-7, of which 5 is a
      conventional delayed-arming device, 6 is a priming charge which can be
      initiated via the delayed-arming device and 7 is a bottom charge which
      achieves the final initiation of the bursting charge 4. The delayed-arming
      device 5 includes a gap igniter which is activated by means of electronic
      equipment in the receiver unit 3.
PAR  The proximity fuze works with a transmitter beam 8 emitted from the
      transmitter unit 2 and a receiver beam 9 for the receiver unit 3, so that
      when parts of the radiant energy emitted in the transmitter beam are
      reflected against an object and received in the receiver, the proximity
      fuze actuates the initiating members 5-7 for initiation of the bursting
      charge 4.
PAR  The radiant energy emitted from the transmitter unit 2 is obtained from a
      pyrotechnical charge 10 which is located in the rear section of the
      projectile. Said pyrotechnical charge 10 is ignited in connection with or
      shortly after the projectile has been fired from a gun barrel, and the
      ignition then takes place via a delay charge 11. The channel for the delay
      charge 11 is utilized after the ignition of the pyrotechnical charge 10 as
      an exhaust channel for the exhaust gases from the charge 10. The
      pyrotechnical charge 10 heats a membrane 12, which functions as a source
      of radiation, to a high temperature (approx. 2800.degree.C). The membrane
      12 is fastened at one end of a channel 13 which is directed obliquely
      forwards and outwards and emerges at its other end in the side of the
      projectile. At the opening of said channel 13 there is a lens 14, covered
      with a protective cover 15, which lens determines the ellipsoidal form of
      the transmitter beam. The cover 15 is made of plastic or a corresponding
      material, and when the projectile is fired, it is thrown to the side and
      broken up by the centrifugal force.
PAR  The projectile supports a device 16 for generating electric power,
      according to the invention, at a part of the projectile separating the
      pyrotechnical charge 10 and the bursting charge 4, and which part extends
      in the longitudinal direction of the projectile and is substantially equal
      in length to the length of the space for the pyrotechnical charge 10. The
      device 16 constitutes a thermocouple which comprises a number of thermo
      elements connected in series. The elements are joined together at hot and
      cold soldering points, which in FIG. 1 are represented by squares, the
      left squares representing the hot soldering points and the right squares
      representing the cold soldering points. The hot soldering points are
      located adjacent the pyrotechnical charge 10 and said membrane 12 and are
      subjected to heat therefrom via a heat-dispersing medium 17, e.g.
      fabricated of copper, which distributes the high temperature uniformly
      over the hot soldering points. Through the position shown and the
      centrifugal forces that arise it is of minor importance if the copper
      medium 17 is melted by the high temperature, as it is retained in its
      position at all events. The cold soldering points are directed towards and
      located adjacent the space provided for the bursting charge 4, which is
      enclosed in a casing 18 which, for obvious reasons, has a high heat
      capacity.
PAR  FIG. 2 is intended to show the device 16 in more detail, and the hot
      soldering points are designated 19 and the cold points 20. The device
      comprises a number of wire elements 21 and 22, connected in series and of
      two different types, the wire elements 21 consisting of e.g. an alloy of
      97 % tungsten carbide and 3 % rhenium, and the wire elements 22 consisting
      of an alloy of 75 % tungsten carbide and 25 % rhenium. The end points in
      the series connection form an anode 23 and a cathode 24, the cathode 24
      being connected to the projectile body via a wire 25 and the anode 23
      being insulated from said body and, via a wire 26, being connected to the
      electronic equipment in the receiver unit 3. The insulation from the
      projectile body is achieved at the soldering point at anode 23 by means of
      a sleeve 27 made of insulating material and, for the rest, by the wire 26
      being insulated.
PAR  Said soldering points and wire elements are insulated from each other in a
      ceramic member, which also increases the mechanical strength. The ceramic
      member can have the form of a cylinder divided in its longitudinal
      direction, or can be of a strictly cylindrical form, or some other form
      which is appropriate for the particular case in which it is used. The
      number of thermo elements employed is dependent upon the capacity the
      generator is to have and in this respect it can be mentioned that in the
      present cast approx. 40 mV is obtained from each thermo element at a
      temperature difference of approx. 2400.degree.C between the hot and cold
      soldering points.
PAR  In the following, an example will be given of the load for a 40 mm
      projectile, which requires approx. 100 thermo elements connected in
      series, which load consists of the electronic equipment of the receiver
      unit 2.
PAR  Said electronic equipment comprises a detector 28 which in certain
      positions of the projectile in relation to a target is exposed to
      radiation reflected from the target via an ellipsoidal lens 29, a flat
      mirror 30 set at an angle and an interference filter 31, which has the
      result that the proximity fuze will be sensitive to radiation of a certain
      wavelength (the IR range). The equipment also comprises a transistor 32,
      an inductor 33 and amplifiers 34 and 35 with the connection resistors
      belonging to these. A gap igniter 36 comprised in the delayed-arming
      device 5 can be actuated by said circuit, which also comprises a contact
      37 and a fuse 38 with which the proximity function can be paralyzed so
      that the projectile is initiated by means of an impact switch 39. An
      appropriate inductance in this connection has a value of 470 .mu.H at 50
      mA.
PAR  The circuit according to FIG. 3 functions in the following way. When the
      delayed-arming charge 11, which is ignited by the temperature in the
      barrel, has ignited the pyrotechnical charge 10 after a certain delay,
      e.g. 0.5 s, the membrane 12 is given its temperature by the charge 10. The
      heat energy obtained starts to generate electric power in the device 16,
      which causes the transistor 32 to receive base current from the
      operational amplifier 34 so that transistor 32 will become conducting,
      whereby current will also flow through the inductor 33. When thereafter a
      target along the trajectory of the projectile reflects radiation to the
      detector 28, the latter will generate a current corresponding to the
      detected radiation, which current is amplified in the amplifier 35. The
      amplifier 35 can thereby actuate the operational amplifier 34 so that the
      output signal from amplifier 34 will disappear, which cuts off the
      transistor 32 to produce a choking action. The inductance 33 will then
      cause the gap igniter 36 to operate, and the gap igniter then, in turn, in
      a way which is known in itself, causes actuation of the initiating members
      6-7 and thereby also the charge 4.
PAR  The gap igniter 36 can also be made to function by means of an impact
      switch 39 which is connected in series with the collector-emitter circuit
      of the transistor 32. The proximity function is paralyzed by the contact
      37 and the fuse 38 by means of a current, obtained externally from the
      firearm, which is conducted through the contact 37 to melt the fuse 38,
      with the result that no choking influence on the transistor can then be
      obtained from the operational amplifier 34.
PAR  The invention is not limited to the embodiment shown above as an example,
      but can be subject to modifications within the scope of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A projectile comprising a casing defining a space for a payload, said
      projectile including a source of heat spaced from said payload and adapted
      to be activated when said projectile is in its air trajectory, an
      electrical power-generating device located betweeen said heat source and
      the payload space, said power-generating device being of the thermocouple
      type and comprising a plurality of thermo elements which are
      interconnected to one another at a plurality of hot and cold junctions,
      said hot junctions being located adjacent said heat source and remote from
      said payload space, said cold junctions being located adjacent said
      payload space and remote from said heat source, said thermo elements
      comprising wires fabricated of alloys of tungsten carbide and rhenium,
      said wires being connected in series with one another at said hot and cold
      junctions respectively, one end of said series-connected wire elements
      being connected to the casing of said projectile and the other end of said
      series-connected wire elements being insulated from said casing,
      electrical equipment within said projectile adapted to be energized by
      said power-generating device, and an insulated conductor connecting said
      other end of said series-connected wire elements to said electrical
      equipment.
NUM  2.
PAR  2. The structure of claim 1 wherein said heat source comprises a
      pyrotechnical charge, and a heat-dispersing medium located between said
      pyrotechnical charge and said hot junctions for causing each of said hot
      junctions to be heated to a substantially uniform temperature by the heat
      generated by said pyrotechnical charge.
NUM  3.
PAR  3. The structure of claim 2 wherein said heat source comprises a membrane
      disposed adjacent said pyrotechnical charge and adapted to be heated to a
      comparatively high temperature by said charge, said heat-dispersing medium
      being in contact with said membrane.
NUM  4.
PAR  4. The structure of claim 2 wherein said projectile is of elongated
      configuration, said pyrotechnical charge being located at a rear portion
      of said projectile, the space provided for said payload being located
      within said projectile at a position forward of said pyrotechnical charge,
      said power-generating device and heat-dispersng medium being located in a
      part of said projectile which separates said pyrotechnical charge from
      said payload, said part having a length in the longitudinal direction of
      said projectile which is substantially equal to the length of the space
      provided for said pyrotechnical charge.
NUM  5.
PAR  5. The structure of claim 1 wherein said thermo elements are embedded
      within an insulating material.
NUM  6.
PAR  6. The structure of claim 1 wherein said projectile includes a proximity
      fuze having a transmitter unit and a receiver unit, said heat source
      comprising a portion of the transmitter unit of said proximity fuze, said
      electrical equipment comprising the receiver unit of said proximity fuze.
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ABST
PAL  A bogie having a bolster comprising a center pin support, and elongated
      support member mounted in center pin support, cam means on the center pin
      support to co-act with complementary cam means on a wagon to bias the
      support member to a position transverse to the rail track; two parallel
      side frames mounted on the respective ends of the support member and lying
      parallel to the rail track, four wheel supporting arms located one below
      each end of the side frames, two wheel arm supports one on either side of
      the support member on each of which is pivotally mounted two of said wheel
      supporting arms, two downwardly divergent pivotal connections respectively
      connecting each wheel arm support to the center pin support to bias the
      wheel supporting arms to a position parallel to the rail track, springs
      between overlying portions of the side frames and the wheel supporting
      arms and a wheel rotatably mounted on each wheel supporting arm.
BSUM
PAR  This invention relates to bogies as used on railway rolling stock of the
      motorised or trailing type, all of which are commonly referred to as cars.
PAR  As presently constructed, most bogies comprise side frames and several
      pairs of wheels, the wheels of each pair being connected by an axle
      rotatably mounted in bearings supported on the side frames. Usually there
      is a resilient interconnection between the wheel pairs and the side frames
      to permit up and down movement therebetween.
PAR  The periphery of each wheel is referred to as a tire and it is usually
      angled relative to the plane of the wheels so that the diameter of the
      wheel to the inner edge of the rail is larger than the diameter to the
      outer edge of the wheel. Additionally, the wheel is flanged around its
      larger diameter. The theoretical reason for the tire angle is to
      compensate for the distance differential between the inside and the
      outside edges of the rails on curves. Such tire configurations, however,
      lead to high unit loads, tire surface scrubbing on straight track and yaw
      oscillation. The general bogie construction also makes it difficult to
      remove wheels for servicing, and because the axles must be of heavy
      section, the bogie ride is poor. In addition to this the construction is
      complex and expensive. For all of the foregoing reasons such bogies have
      long been considered as something less than the perfect way to support a
      carriage or van on railway tracks.
PAR  The present invention provides a bogie of simple construction and comprises
      four wheels individually rotatably supported at the respective ends of arm
      assemblies. The wheels are transversely spaced apart to suit the rail
      gauge and include flanges on their inner edges.
DRWD
PAR  The invention will be described with reference to the drawings in which:
PAR  FIG. 1 is a partly sectioned plan view of one form of the bogie of this
      invention;
PAR  FIG. 2 is a partly sectioned and fragmentary view of the transverse support
      member and centre pin assembly of the embodiment of FIG. 1;
PAR  FIG. 3 is a partly sectioned and fragmentary side view of the embodiment of
      FIG. 1;
PAR  FIG. 4 is a perspective view of component parts of a self-centering device
      as used in the embodiment of the bogie illustrated in FIG. 1;
PAR  FIG. 5 is a fragmentary view of a second form of the bogie of this
      invention;
PAR  FIG. 6 is a partly sectioned and fragmentary view of the form of the bogie
      illustrated in FIG. 5; and
PAR  FIG. 7 is a fragmentary view of a form of connection between the upper side
      arm and the transverse support member of a third form of the bogie of this
      invention.
DETD
PAR  Referring to the drawings FIGS. 1 to 4, the bogie comprises a centre pin
      assembly 1 made up of an upper and lower part 2 and 3 bolted together as
      at 4 and internally shaped to act as a bearing for a tubular sleeve 6
      fixed to a transverse support member 5. The sleeve 6 has shoulders 7 to
      axially locate the assembly 1.
PAR  The center pin assembly 1 and the member 5 constitute a bolster assembly
      with upper part 2 including a self-centering arrangement on its upper face
      made up of a circular support plate 8 having a diametric ridge 9. The
      plate 8 is housed in a circular recess 10 in assembly part and prevented
      from rotating. Mounted in the recess 10 is an upstanding center pin 11
      which passes centrally through the plate 8 and the ridge 9. The ridge 9
      and the upper surface of plate 8 combine with a groove in a like plate on
      the underface of a rail car to be supported on the bogie with the post 11
      in engagement with a hole in the said like plate. It follows that rotation
      movement of the bogie about the post 11 causes the ridge to be misaligned
      with the groove and a tendancy for the rail car to be lifted. The weight
      of the rail car counters this tendancy and hence the member 5 is urged
      back to its normal location, transverse to the rail track.
PAR  To each end of the member 5 there is fixed a side frame 12 which extends in
      general alignment with the rail track to both sides of the member 5. Each
      end of frame 12 is bifurcated to provide legs 13 and an upper spring
      housing 14 is located at the end of each leg 13. A wheel arm support 15 is
      mounted on the center pin assembly on each side of the member 5.
PAR  Extending parallel to the member 5 from each end of each wheel arm support
      member 15 is a pivot pin 16. The members 15 are pivotally mounted in
      generally U shaped sockets provided by lugs 17 and faces 18 on the pivot
      assembly part 3. Pivot pins 19 angled to the vertical in the direction of
      the rail track connect the members 15 to the sockets. The angled pins 19
      provide means for achieving a self-centering biasing action for the arms
      supporting the wheels. This could also be achieved by means of upright
      pins 19 and co-operating members similar to those identified 8 and 8a as
      provided in the centre pin assembly and on the carriage to be supported
      respectively. Pivotally mounted on each pivot pin 16, which is preferably
      removable for servicing, is a lower side arm assembly 20 comprised of a
      sleeve 21 with a pair of arms 22 extending below the upper side arm 12 and
      each terminating in a lower spring housing and bearing unit 23. The bias
      spring housing and bearing units 23 are respectively located below the
      spring housing 14. Springs 24 are located in and extend between the
      overlying items 14 and 23.
PAR  Wheels 25 on the stub axles 26 are supported one between each pair of units
      23.
PAR  Lateral spacing of the wheels is ensured by means of a skeletal frame 27
      fixed to the support member 15 terminating in rubbing surfaces 28 which
      are in rubbing contact with rubbing surfaces 29 on bosses 30 fixed to the
      arms 22.
PAR  The braking of the wheels 25 is effected by means of brake levers 31
      pivotally mounted as at 32 on the outer arms 22 and passing through
      openings 33 in the inner arms 22. The ends 34 of the levers 31 are
      connected in pairs by cables 35 which pass around pulleys 36 in the bosses
      30. Brake pads 37 are mounted on brake shoes 38 pivotally supported as at
      39 on the levers 31 and are spring biased to "off" position by springs 40
      linking the ends 41 of the arms 31 to lugs 42 on the arms 22.
PAR  In this form of the invention the load distribution due to the carriage
      weight is from the center pin assembly 1 to the transverse support member
      5 and then indirectly to the wheels 25 supported on the arms 22 through
      the springs 24.
PAR  The foregoing embodiment has described the component parts 27, 28 and 29,
      these being provided to ensure lateral wheel spacing. It would be possible
      to construct a bogie in accordance with the general concept of the
      invention without the components 27, 28 and 29. In order that this should
      be accomplished the other components e.g. the pivot pins 16 and the side
      frames and the wheel arms would have to be made of much heavier section to
      resist the forces which tend to laterally displace the wheels and which in
      the illustrated embodiment are resisted by the members 27, 28 and 29.
PAR  In another embodiment (see FIGS. 5 and 6) the load distribution due to the
      carriage weight is from the center pin assembly 1 to the transverse
      support member 5 to spring support brackets 44 fixed to the ends of the
      member 5. Springs 45 transfer the load to a swing hanger arrangement
      comprising, a transom 46 supported by downwardly divergent swing links 47
      having at their lower ends sockets 48 in which hooks 49 of the transom
      engage. The upper ends of the swing links are pivotally connected to the
      side frames 12 as at 50. The load is transferred indirectly to the wheels
      25 by the springs 24 which are disposed between lower arm assemblies 51
      having wheel supporting bearing means 52. Each arm assembly 51 comprises a
      pair of arms which are pivotally connected to brackets 53 on the upper
      side arms 12. In order to provide required lateral wheel movement the
      member 5 passes through a clearance hole 54 in each side frame 12.
PAR  The side frames 12 are joined by cross stays 55 to provide lateral
      stability in side frames.
PAR  In this embodiment (but for convenience not illustrated in full detail)
      there would be provided a brake assembly as provided in the first form of
      the invention and comprising levers 31 pivotally mounted and spring biased
      by springs 40 and having brake shoes 37-38 operated by cables 35 running
      over pulleys 36 mounted in bosses 30 on the wheel arms.
PAR  It would also be possible to achieve the characteristics of the foregoing
      transom and link arrangement by dispensing with the transom supports 44,
      the spring 46, the swing links 47 and the springs 45 and mounting each end
      of the transverse support member 5 in each side frame 12 on a bearing bush
      of resilient material mounted in bush housings in each side frame 12. This
      form of the invention is as illustrated in FIG. 7.
PAR  In a conventional manner, shock absorbers for the springs and an elastic
      connection between the bolster and the car can be employed to damp spring
      oscillations and yaw oscillation of the bolster.
PAR  It has been found that the foregoing constructions provide good riding
      characteristics and a bogie which is simple and economical to make. The
      handling of the bogie is enhanced by making the surfaces of the wheel
      tires cylindrical. It is desirable however, to cater for some track
      conditions, to have profiled or angled tire peripheries.
PAR  The manner of mounting the wheels facilitates their removal in a generally
      horizontal direction, whereas previously it was necessary to raise the car
      so that vertical removal could be effected.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bogie comprising a center bearing, an elongated bolster supporting
      said center bearing, cam means on said center bearing to co-act with
      complementary cam means on a wagon to bias said bolster to a position
      transverse to a rail track; two parallel side frames mounted on the
      respective ends of said bolster and lying parallel to the rail track, four
      wheel supporting arms located one below each end of said side frames, two
      wheel arm supports one on either side of said bolster on each of which is
      pivotally mounted two of said wheel supporting arms, two pivotal
      connections respectively connecting each wheel arm support to said
      bolster, bias means biasing the wheel supporting arms to a position
      parallel to the rail track, springs exerting a bias force between said
      side frames and said wheel supporting arms, and a wheel rotatably mounted
      by stub axles on each wheel supporting arm.
NUM  2.
PAR  2. A bogie comprising:
PA1  a bolster adapted to extend transversely between a pair of rail tracks;
PA1  center support means mounted on said bolster and adapted to support a
      wagon;
PA1  a pair of wheel arm supports adapted to extend transversely between the
      rails and both pivotally connected to said bolster one to either side
      thereof for pivotal movement laterally of the rails;
PA1  four wheel arms each connected for independent vertical pivotal movement
      one to each end of each of said wheel arm supports, said wheel arms at
      adjacent ends of said wheel arm supports extending in opposite directions;
PA1  a track engaging wheel means mounted by stub axles on each of said wheel
      arms, each of said wheel means being mounted for rotation independently of
      each other wheel means;
PA1  first bias means exerting a downward bias on each of said wheel arms; and
PA1  second bias means biasing said wheel arm support means in a position
      perpendicular to the rails.
NUM  3.
PAR  3. A bogie according to claim 2 wherein said second bias means comprises
      pivot pin means connecting said wheel arm support means to said bolster,
      said pivot pin means extending acutely from the vertical.
NUM  4.
PAR  4. A bogie according to claim 3 wherein said bolster comprises two U-shaped
      sockets on opposite sides thereof, and said wheel arm support means are
      pivotally housed in said U-shaped sockets by said pivot pin means.
NUM  5.
PAR  5. A bogie according to claim 2 wherein said center support comprises cam
      means for engaging the wagon so as to bias said bolster in a position
      transverse to the track.
NUM  6.
PAR  6. A bogie according to claim 2 including upright bearing surfaces on each
      wheel supporting arm, the bearing surfaces of each pair of wheel
      supporting arms engaging each other to maintain the wheels on each pair of
      arms at the correct distance apart.
NUM  7.
PAR  7. A bogie according to claim 2 including two parallel side frames mounted
      on the respective ends of said bolster and lying parallel to and above
      said wheel arms.
NUM  8.
PAR  8. A bogie according to claim 7 including a fixed connection between said
      bolster and said center support means, and connections between said
      bolster and said side frames permitting pivotal movement of said side
      frames relative to each other and said bolster.
NUM  9.
PAR  9. A bogie according to claim 7 including a fixed connection between each
      said side frame and said bolster and a pivotal connection between said
      bolster and said center pin support means.
NUM  10.
PAR  10. A bogie according to claim 7 wherein said side frames and said wheel
      supporting arms are bifurcated for part of their length to accept mounting
      of said wheel means in wheel bearing means on each leg of each bifurcated
      wheel supporting arm.
NUM  11.
PAR  11. A bolster according to claim 2 wherein each of said wheel arms is
      bifurcated providing legs that straddle said wheel mounted thereon.
NUM  12.
PAR  12. A bolster according to claim 11 wherein said first bias means comprises
      a pair of side frames one mounted on each end of said bolster and lying
      parallel to the rail tracks, and spring members exerting a bias between
      said side frames and said wheel arms.
NUM  13.
PAR  13. A bolster according to claim 12 wherein each of said side frames is
      bifurcated at each end providing legs that straddle each of said wheels.
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PAL  The invention pertains to improved suspension devices for railway carriage
      axle-boxes, wherein elastic ring portions are inserted between the side
      members and the axle-boxes.
BSUM
PAR  It is a well known practice to provide an elastic connection between the
      bogie side members and the axle boxes by means of rubber rings fitted
      between side members and boxes, such rubber rings being inserted between a
      circular ridge provided on the ends of the side members, on the one hand,
      and ledges which are provided at the front and at the rear of the
      axle-boxes, on the other hand.
PAR  The purpose of the invention is considerably to simplify the fitting of the
      side members on the boxes. In view hereof, the improvements according to
      the invention consist in replacing the complete circular rubber rings of
      the prior practice by ring portions. This simplification is made possible
      by the fact that in the known devices the lower part of the rings carry no
      vertical load, so that it may simply be omitted. These ring portions are
      inserted between a semicircular ridge of the side member and ledges which
      are integral with the box or with an adaptor. The result of this new
      connection is just as efficient as that of the complete rings, as has been
      proved in practice. Moreover, the inner diameter of these ring portions
      may be excentric with respect to the outer diameter, in order to obtain
      the same effect as that produced by the excentricity already recommended
      for the complete rings.
PAR  The fitting of the side members on the boxes is simplified due to the fact
      that, before assembly, the ring portions and the adaptors are maintained
      in their correct position in the seats of the side member by means of
      appropriate stops fixed to the side member. The actual fitting is thus
      simply carried out by depositing the side members on the boxes without any
      particular attention to the adjustment of the ring portions.
PAR  It is advisable to make use of some appropriate means of attachment in
      order to prevent any undesired lifting of the side member, whilst
      permitting the lifting of the bogie with its axles. The two elastic ring
      portions as well as the adjacent elements which assure their positioning
      and their attachment are essentially variable, they may be replaced by
      equivalent elements or by elements which perform equivalent functions.
DRWD
PAR  As an example, and without the slightest intent of restriction, a form of
      embodiment is described hereinafter with reference to the appended
      drawings in which:
PAR  FIG. 1 shows a side view of the essential elements of a bogie which applies
      the improvements which are the subject of the invention;
PAR  FIG. 2 is a top view thereof;
PAR  FIG. 3 illustrates, to a larger scale and with partial sections, that part
      of FIG. 1 which is indicated by F3;
PAR  FIG. 4 is a section taken on line IV--IV in FIG. 3.
DETD
PAR  In the illustrated embodiment, the ring portions, are in the shape of
      rubber half rings 1, are inserted between a ridge 2 of side members 3 and
      the ledges 4-5 of an intermediate adapter part 6. Before fitting the side
      members to the axles, ring portions 1 as well as adaptor 6 are supported
      by stops 7-8 fixed to the side members 3 by any well known means. At the
      location of each box, a sub-guard 11 is attached to the side members by
      means of bolts 9-10, to act as a safety means against accidental lifting
      of the side member.
PAR  The other components of the bogie are all well known and may be essentially
      variable.
PAR  The invention is concerned with the described improvements as well as with
      the elastic half rings which are conditioned so as to be able to apply
      aforesaid improvements.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A suspension device for a railway car, comprising:
PA1  a generally cylindrical axle box;
PA1  a side frame having a semicircular rib over and spaced from said axle box
      and having a downwardly open semi circular recess on each side of said
      rib;
PA1  a semi cylindrical adapter on said axle box and having spaced rim portions
      below said recesses and spaced axially from said rib;
PA1  a semi circular rubber bead seated in each recess and resting on said
      adapter inwardly of said corresponding rim portions to resiliently support
      said side frame on said axle box;
PA1  stop members on said side member adjacent the ends of said recesses and
      engaging adjacent ends of said rubber beads to retain the same in said
      recesses; and
PA1  a guard member extending under said axle box and being secured to said side
      member to prevent upward separation of said side member and beads from
      said axle box.
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ABST
PAL  A convertible platform and shelf apparatus for a van like vehicle having a
      compartment comprising a frame strut assembly connected to the inside
      walls of the compartment and a plurality of utility shelf assemblies that
      have a plurality of hinged together planar members selectively
      positionable in rigid coplanar relationship. The shelf assemblies are
      detachably connectable to the frame strut assembly to form utility areas
      usable as tables, beds, storage areas or for personnel back support.
      Retractable leg assemblies are provided for partial support when the shelf
      assemblies are used as tables. Also provided is a platform assembly that
      selectively folds into a reversable facing seat or into an elevated
      platform to serve as a bed or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates generally to the field of vehicle
      accommodations, and more particularly but not by way of limitation, to an
      improved means for converting a van like vehicle into a recreational
      vehicle.
PAR  2. Description of the Prior Art
PAR  There is a widely increasing interest in this country and abroad in camping
      activities. By camping activies, we mean those activities by groups of
      persons involving travel into generally less populated areas for the
      purpose of partaking of the beauties and natural attributes of field,
      forest and stream. In support of such activities, there has arisen the
      creation of the recreational vehicle, a term covering a wide assortment of
      vehicles that provide travel, shelter and survival provisions for the
      camping participants. Such recreational vehicles vary widely in style and
      size, ranging from simple trailers pulled by a car or the like to fully
      powered, mobile homes. Indeed, civilization is hardly left behind by such
      conveniences as television and air conditioning facilities carried by some
      of the more elegant mobile recreational vehicles.
PAR  One problem encountered by the camping enthusiast is that which is
      presented by what to do with the recreational vehicle during periods of
      time when the vehicle is not in use. Many recreational vehicle owners have
      found that multi-purpose vehicles convertible from camping use to a more
      general use, more adequately fit their budgets and desires. This solution
      provides a vehicle that can be used for such purposes as personnel
      transportation, an open interior truck during work requirements, and one
      which is adaptable for camping activities as needed.
PAR  A very popular vehicle that serves the triple capability above mentioned is
      the van vehicle, a small truck somewhat larger than a stationwagon
      automobile, and yet large enough to be used for camping activities when
      converted for that purpose. Although this type of vehicle has been
      available commercially from most major automobile manufacturers for many
      years, van vehicles were usually puchased by business concerns for such
      purposes as small article delivery and the like. Today's versions of the
      long known van is usually designed along the same style as yesteryear's
      models, with the exceptions of updatings found in the mechanical equipment
      of the van vehicles, and today's models usually have an abundance of
      window area so as to provide nearly wrap-around vision.
PAR  Surprisingly little prior art deals with the problem of converting a van
      like vehicle for the purposes above discussed. The patent to Logen, U.S.
      Pat. No. 3,282,685, does disclose a convertible seat and bed apparatus
      permanently mounted in a van vehicle. Also, the patent to Mortrude, U.S.
      Pat. No. 3,184,766, teaches an arrangement of benches that are convertible
      to make into beds; however, these for the most part are permanently
      connected to the vehicle.
PAR  There is a need for an improved convertible platform and shelf apparatus
      that will easily and quickly convert a van like vehicle from a truck into
      a large capacity personnel carrier or a recreational vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the principle object of the present invention is the provision
      of an apparatus to easily and quickly convert a van like vehicle into a
      personnel carrier or a recreational vehicle.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that is arrangeable in
      a variety of storage, sleeping and seating areas.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle arrangeable in many
      horizontal platforms for personnel sleeping or storage areas.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that is arrangeable to
      provide maximum seating capability.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that is completely
      removable to provide maximum space for general non-recreational usage.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that is arrangeable by
      the labor of a single, unassisted individual.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that lends itself to
      ease of upholstering for appointment in simple or luxurious styles.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that is light weight
      and therefore adds a minimum of weight to the vehicle.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that offers a
      simplicity of design and affords economy in manufacture.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that requires minimal
      care and upkeep during the life of the vehicle.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that is easily and
      quickly transferrable from one van like vehicle to another.
PAR  Another object of the present invention is to provide a convertible
      platform and shelf apparatus for a van like vehicle that has hidden but
      easily accessible storage for small items.
PAR  Other objects, features and advantages of the present invention will be
      apparent to those skilled in the art from the following detailed
      description of presently preferred embodiments of the invention given for
      the purpose of disclosure when taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a van vehicle.
PAR  FIG. 2 is an isometric view of the frame strut assembly of the present
      invention.
PAR  FIG. 3 is a diagrammatical, semi-detailed side view of one of the possible
      arrangements of the convertible platform and shelf apparatus of the
      present invention.
PAR  FIG. 4 is a diagrammatical, semi-detailed side view of another arrangement
      of the convertible platform and shelf apparatus of the present invention.
PAR  FIG. 5 is a diagrammatical, semi-detailed side view of yet another
      arrangement of the convertible platform and shelf apparatus of the present
      invention.
PAR  FIG. 6 is a semi-diagrammatical isometric view of the convertible platform
      and shelf apparatus of the present invention.
PAR  FIG. 7 is a view of the underside of the convertible platform and shelf
      apparatus of the present invention.
PAR  FIG. 8 is a top view of the seat base assembly of the convertible platform
      and shelf apparatus of the present invention.
PAR  FIG. 8A is a cross sectional view taken at 8A--8A in FIG. 8.
PAR  FIG. 9 is an elevational view of the seat base assembly of FIG. 8.
PAR  FIGS. 10 and 11 are views of alternative arm rests used with the
      convertible platform assembly of the present invention.
PAR  FIG. 10A is a cross sectional view taken at 10A--10A in FIG. 10, and FIG.
      11A is a cross sectional view taken at 11A--11A in FIG. 11.
PAR  FIG. 12 is a bottom view of one of the shelf assemblies of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, and more particularly to FIG. 1, a van vehicle
      10 is shown in side view. The vehicle 10 is generally similar to a
      stationwagon automobile with the exception that it is somewhat larger and
      is classified as a small truck. Near the front of the vehicle is a
      passenger door 12, behind which is housed an interior compartment 14
      having interior walls and a floor, the compartment being usable for a
      variety of small to relatively large items of commerce. Located at the
      rear of the vehicle is a set of rear doors 16, and at the side of the
      vehicle, a set of side doors 18. The van vehicle 10 and those similar
      thereto are well suited for the convertible platform and shelf apparatus
      for the present invention, offering a relatively large interior
      compartment 14 having very good accessibility.
PAR  FIG. 2 is a semi-detailed isometric view of the frame strut assembly 20 of
      the present invention. The frame strut assembly 20 is comprised of a first
      frame strut 22 and a second frame strut 24, each of which includes a
      number of generally horizontal frame members 26 that are supported by the
      generally vertical frame members 28 and the angled frame members 30 welded
      thereto. The members 30 are angled from a vertical orientation as an
      accommodation to the shape of the interior walls of van vehicle 10, the
      upper walls of which are usually sloped slightly inwardly. The frame
      struts 22 and 24 are designed to be bolted against the interior walls of
      van vehicle 10, and are removably bolted thereto at the points 32. Also,
      the frame struts are bolted to the floor of van vehicle 10 at points 34.
      Further points of attachment may be provided as required by a particular
      van vehicle for the firm securement of the frame struts 22, 24 therein.
      This arrangement of frame members forming the frame strut assembly 20
      provided oppositely disposed horizontal support members 26 against the
      interior sides of vehicle 10 running along the length of the vehicle. Also
      welded to the frame struts 22, 24 are the angularly back support members
      36. An extending member 25 is provided to serve as a clothes rack, the
      member 25 being positioned in close proximity to the doors 18; of course,
      extending member 25 and other like members may be selectively located as
      desired.
PAR  In near proximity to the frame strut assembly 20 and spaced toward the
      front of the van vehicle 10 is the base plate 38. The base plate 38 has a
      flat, planar top surface 40 to which a guide pin 42 is attached. The base
      plate 38 has four relief notches 44 for a purpose to be described below.
      The base plate 38 may be made of wood, in which case the top surface 40
      may be an abrasive resistive plastic, or a metal plate may be used as the
      base plate.
PAR  FIG. 2 shows the general perspective of the frame strut assembly 20 and the
      base plate 38 as disposed in the interior compartment 14 of van vehicle
      10. To provide a preliminary perspective of the tuility of the frame
      struts 22 and 24, as applicable herein, FIG. 2 shows the shelf assemblies
      50, 52 and 54 supported by the frame struts in a manner and for a purpose
      to be made clear below.
PAR  Turning now to FIGS. 3 through FIG. 5, shown therein in semi-diagrammatical
      detail are various arrangements of the shelf assemblies as used in the
      present invention. As will be made clear below, the shelf assemblies 50,
      52 and 54 are supportable on opposing horizontal members 26 of the first
      frame strut 22 and the second frame strut 24. The side view shown in FIG.
      3 shows the shelf assemblies 50, 52 and 54 supported in horizontal,
      coplanar relataionship. The shelf assemblies 50 and 54 are also in
      adjacent relationship to form a continuous platform together usable as a
      bed or the like. The shelf assembly 52 may also be used as a bed, and also
      is usable as a storage utility area.
PAR  In FIG. 4, the shelf assembly 50 is shown supported by the back support
      members 36. Also, the shelf assembly 54 is shown in a table configuration
      supported by retractable leg assembly 56, described in more detail below,
      and by a horizontal member 58 as supported on vertical member 28 as shown
      in FIG. 2. Additional support struts 60 and 62 are provided in weight
      support assistance thereof. Although more will be said about the
      arrangements shown in FIGS. 3 through FIG. 5 below, it should be noted
      that the present invention contemplates other arrangements of the shelf
      assembles, such as, but not limited to, the vertical stacking thereof for
      storage purposes. Further, the number of shelf assemblies and the like is
      not limited to the illustrations given herein for the purpose of
      disclosure.
PAR  Going now to FIG. 6, shown therein in semi-diagrammatical detail, and in
      isometric view, is a platform assembly 70 that is positionable in the seat
      profile shown in FIG. 6 or in a horizontal, coplanar platform profile
      shown in FIG. 5. As will become clear below, the platform assembly 70, in
      the seat profile shown in FIG. 6, is positionable in a forward facing
      profile as shown in FIG. 3, or alternatively, in a reverse facing profile
      as shown in FIG. 4.
PAR  Referring once again to FIG. 6, the platform assembly 70 is comprised of
      planar section 72, a veneer member 73, planar section 74, planar section
      76 and planar section 78 that are hinged together in a manner that will be
      made clear below. The platform assembly 70 is supported on a seat base
      assembly 80 that is supported on the top surface 40 of base plate 38.
PAR  Going now to the details of platform assembly 70, attention is directed to
      FIG. 7 which shows a bottom view of the platform assembly. The planar
      sections 72, 74, 76, and 78 are of rigid product such as pressboard wood
      or the like. These planar sections are interconnected by the hinges 82, 84
      and 86 as shown in FIG. 7, and as will become clear below, each of the
      planar sections is supported by an underlying metal framework to make each
      shelf supporting and so that no direct strain is exerted on the planar
      sections themselves by load bearing thereupon. The planar section 72 has a
      metal frame 90 having lateral members 92 that extend from the member 90
      and connect with each of the hinges 82. A pair of metal plates 94 are
      securedly attached to the planar section 72 at opposite sides thereof and
      have connected thereto a pair of retractable legs 96, the legs being of
      conventional fold up design that need not be described further for
      purposes of this disclosure, except to say that the legs are of the type
      that lock into a retract position as shown or into an extend position when
      extended normal to the planar section 72.
PAR  Planar section 74 has a rectangular tubular frame 98 boltingly attached to
      the planar section and welded to a portion of the hinges 82 and 84 to
      provide a rigid support thereof. Disposed at the four corners of the
      rectangular frame 98 are the folded legs 100 that are of conventional
      design and need not be discussed further for purposes of this disclosure,
      except to say that they are of a design that affords locking in a retract
      position or in an extend position.
PAR  The planar section 76 has the hinges 86 and the metal frame 102 securedly
      attached. The metal frame 102 is welded to hinges 84 and is in part
      comprised of metal plates 104 and 105 for the purpose of serving as a
      bearing plate for metal support tabs described below. The planar section
      78 has a rectangular frame 107 boltingly attached to the planar section,
      the frame having a cross brace 108. The frame 107 has a pair of supporting
      tabs 106 attached thereto and extending in contacting relationship with
      the plates 104 that are secured to the planar section 76 when the planar
      sections 76 and 78 are in coplanar relationship. Near each of the corners
      of the rectangular frame 107 is attached a retractable leg member 110 of
      the same structural design as the leg members 96 previously discussed.
PAR  The planar section 72, 74, 76 and 78 are hinged so as to be able to be
      placed in coplanar relationship as shown in bottom view in FIG. 7, and as
      shown in FIG. 5 in side view semi-diagrammatical detail. All of the leg
      members that are secured to the planar sections are retractable so as to
      allow the platform assembly 70 to be folded flat for storage when removed
      from the van vehicle 10. When used in the van vehicle 10, the platform
      assembly 70 is supported on the seat base assembly 80 which is shown in
      top view in FIG. 8 and in elevational view in FIG. 9.
PAR  The seat base assembly 80 is comprised of a box frame 120 that comprises
      four corner tubular members 122 that are weldingly supported by the top
      horizontal members 124, the top end members 126, and by similar horizontal
      bottom members 128 and bottom end members 130. Extending angularly upward
      at a slight angle from the horizontal and connected to the vertical
      members 122 are the arm support members 132. The vertical membrs 122 and
      the arm support members 132 are hollow for the purpose discussed below.
      Extending normally between and welded to the arm support members 132 are
      the lift members 133.
PAR  Welded to the bottom end members 130 and running the length of the box
      frame 120 is a guide track member 134 that comprises a pair of spaced
      apart angle iron members 136 and 138, a cross section of which is shown in
      FIG. 8A. FIG. 8A shows the guide track 134 with the guide pin 42 in the
      slot formed between members 136 and 138. Relief notches are formed at the
      position 40, and these are sized to clearingly release the head 142 of
      guide pin 42. Stop members 144 are provided across the angle members 136
      and 138 to limit the movement of the guide pin 42 within a predetermined
      travel distance, a feature that prevents the seat base assembly 80 from
      unnecessarily being pushed into the interior wall when the seat base
      assembly is being reversed. The support braces 146 are connected between
      the angle iron members 136 and 138 and the bottom members 128 to provide
      rigid support for the guide track 134. Also, a pair of slightly downturned
      brace members 148 are attached to the box frame 120 at the rear portion
      thereof, the rear portion being defined as that portion which is to
      support the planar sections 76 and 78 when platform assembly 70 is
      positioned in the seat profile shown in FIG. 6. The support braces 148
      provide additional support to the planar sections 76 and 78 in their
      orientation shown in FIG. 6. Located at this rear portion of box frame 120
      is a pair of vertical support struts 150 connected to the upper and lower
      horizontal members 124 and 128, and a strut 152 attaches therebetween. A
      strut 154 having a threaded aperture therethrough is attached to the strut
      152 and the respective horizontal member 124. The purpose of the strut 154
      and its threaded aperture is to provide a securing means for the planar
      sections 76 and 78 when positioned in the seat profile as shown in FIG. 6,
      and an appropriate securing bolt is placed through an appropriately
      positioned aperture in the planar sections 76 and 78 for threading
      engagement therewith.
PAR  The box frame 120 is paneled with an appropriate veneer material such as a
      thin plastic or metal sheet 156, portions of which have been shown in
      cut-away view to show portions of the interior of the box frame 120.
PAR  Disposed in vertical orientation in the box frame 120 are four air
      cylinders 160, the connecting lines of which have not been shown in the
      figures as these are conventional in structure. The air cylinders 160 each
      has an extendable ram 162, and are secured to the members 124 and 128 as
      shown. All of the air cylinders 160 are connected to an external source of
      compressed fluid such as an air pump for the purpose of causing the arms
      162 to extend in unison for the purpose to be made clear below. In order
      to conserve space, as will become clear below, the rams 162 are caused to
      pass clearingly through appropriately placed apertures in horizontal
      members 124.
PAR  The seat base assembly 80 is supported on the surface 40 of the base plate
      38, and members 166 are hingedly connected to the base plate 38 and
      connect with appropriately placed threaded apertures in the vertical
      members 122, or apertured lugs may be attached to members 122 for this
      connecting purpose. Bolts 168 are then used to pass through the hinged
      member 166 to secure the seat base assembly 80 to the base plate 38. As
      shown in FIG. 6, apertures may be placed in the planar sections 72 so that
      this section is secured by passing the bolts 168 therethrough as the bolts
      connect the hinges 166 to vertical members 122.
PAR  Also disposed in the box frame 120 are two pivotal stay members 170, one of
      which is shown in the up position in FIG. 9. The stay member 170 is an
      elongated member pivotally attached at each of its ends to the horizontal
      members 124 and extends normally therebetween. Stop members 172 are
      provided at a position along the horizontal members 124 such that the stay
      member 170 is supported when the stay member is pivoted somewhat past the
      vertical position, and stp members 173 support the stay member when
      disposed out of use. The staymembers 170 are provided for a purpose which
      will be discussed below, and are pivotally disposed below the top surface
      of the vertical members 122 when not needed.
PAR  It should be noted that the box frame 120 of seat base assembly 80 provides
      a compartment 174. Although not illustrated in the figures, it is within
      the contemplation of the present invention that a sliding drawer
      arrangement or the like be disposed within this space. The drawer of
      conventional structure would slide open from either end and be capable of
      being locked. This provides a storage space for small articles such as
      cameras and the like, thus securing such articles in out-of-view
      placement.
PAR  The platform assembly 70 is supported by the seat base assembly 80 as the
      legs 100 are slidingly placed in the hollow vertical members 122 of box
      frame 120. The legs 100 are sized so as to be shorter than the length of
      the vertical members 122, and serve as vertical guiding members for the
      planar section 74. When the platform assembly 70 is positioned in the
      profile of a seat as in FIG. 6, the planar section 74 rests upon the
      vertical members 122. To hold the planar section 78 in angular disposition
      as shown in FIG. 6, arm members are provided, two types of which are shown
      in FIG. 6 as 180 and 182, shown respectively in FIGS. 10 and 11.
PAR  The arm member 180 comprises a tubular elongated member 181 having end
      tubular members 184 that are angularly connected to the member 181 as
      shown in the cross sectional view of FIG. 10A taken at 10A--10A in FIG.
      10. Further structure of the platform assembly 70 comprises a pair of
      hollow tubular member 186 that are welded to the frame 107 attached to the
      planar section 78, and extend at a slight angle thereto. Returning to FIG.
      10, the members 184 are sized to be received by the hollow of the angled
      members 132 extending from the box frame 120 and the angle members 186
      extending from the frame 107 attached to planar section 78. The placement
      of the arm member 180 in the manner described and shown in FIG. 6 secures
      the planar section 78 in a generally upright position as shown therein.
      While a second arm member 180 may be used at the opposite end of the
      platform assembly 70 in precisely the same manner as described for the arm
      member 180 illustrated in FIG. 6, the different type of arm structure 182
      is shown therein for illustration purposes.
PAR  Referring to FIG. 11, the arm member 182 consists of an elongated member
      188 attached to normally extending members 190. Connected to the distal
      end of member 188 in angular fashion is the member 194, shown best in the
      cross sectional view taken at 11A--11A in FIG. 11, and shown in FIG. 11A.
      The member 194 is sized to be slidingly pressed into the hollow of member
      186 extending from frame 107 of planar section 78. Also, angularly
      extending from the lower ends of the members 190 are the members 196 which
      are receivable in the hollow of members 132 extending from the box frame
      120. When positioned relative to the planar section 78 and the seat base
      assembly 80 as shown in FIG. 6, the arm member 182 serves to secure the
      planar section in a generally vertically angled orientation as shown in
      FIG. 6. The lift members 133 that extend between angular members 132 are
      for the principal purpose of manually lifting the seat base and planar
      section 70 off of the base plate, and also for gripping handle while
      pivoting the seat base on the base plate.
PAR  The platform assembly 70 is shown in its platform mode of profile in FIG.
      5, wherein all of the planar sections 72, 74, 76 and 78 are positioned in
      rigid coplanar relationship, the retractable legs 110 and 96 being
      extended in support thereof. It should be noted that the platform sections
      are elevated relative to the seat base assembly 80. In achieving this
      raised position of the planar sections, the air cylinders 160 are actuated
      by means of a source of compressed air to extend the rams 162 against the
      underside of planar section 74 whereupon the planar section 74 is raised.
      The stay members 170 are then positioned beneath the planar section 74 to
      provide support therefor.
PAR  Turning now to FIG. 12, shown therein is the underside of the shelf
      assembly 54. While the shelf assembly 54 will be described, it should be
      noted that the shelf assemblies 50 and 52 are nearly identical with the
      shelf assembly 54. Therefore, a description of the shelf assembly 54,
      along with a discussion of the differences of the shelf assemblies 50 and
      52 thereto, will be sufficient for purposes of disclosure herein. The
      shelf assembly 54 is comprised of a first planar member 200 and a second
      planar member 202 hinged thereto via hinges 204, the planar members placed
      in end to end relationship. Although many materials of construction may be
      used for planar members 200 and 202, a pressboard product or the like has
      been found to be satisfactory. Bolted to the underside 206 of first planer
      member 200 is the rectangular frame 208. Welded to the frame members 210
      of the frame 208 are the in line guide members 212, these guide members
      being paired to slidingly retain an elongated extension member 214 that
      has a strut member 216 welded therebetween.
PAR  The second planar member 202 has a frame 220 boltingly attached to the
      underside thereof. The frame 220 has a pair of hollow side members 222
      that are spaced to receive the extending ends of the extending members 214
      in sliding and locking engagement thereof. When the second planar member
      202 is placed in coplanar relationships with the first planar member 200,
      the extending members 214 may be moved, by pushing on the strut 216, into
      sliding and locking engagement with the side members 222 by action of the
      extending member 214 extendingly engaging the hollow side members 222.
PAR  As will be understood by referring to the previous Figures, the shelf
      assembly 54 may be supported by the frame strut assembly 20 by supporting
      the shelf assembly 54 on opposing horizontal frame members 26. It will be
      clear that when this is the position desired of the shelf assembly 54, the
      first and second planar members 200 and 202 are placed in rigid coplanar
      relationship as above described. To secure the shelf assembly 54 to the
      horizontal frame members 26, a pair of pins 230 extend from the end
      members 232 and 234 respectively of the frames 208 and 220. Appropriately
      placed apertures in the horizontal frame members 26 clearingly receive the
      pins 230. To securely install the shelf assembly 54 on the horizontal
      frame member 26, the shelf assembly 54 is first unlocked from its rigid
      coplanar relationship of the first and second planar members 200 and 202,
      pivoted along hinges 204 and one set of the pins 230 is placed in the
      apertures in the appropriate frame member 26, after which the other set
      (that is, on the other end of the shelf assembly 54) is started into the
      apertures in the opposing horizontal frame member 26. The planar members
      are then pivoted about hinges 204 into coplanar relationship, and the
      strut 216 pushes so as to cause the extending members 214 to come into
      locking engagement with the hollow members 222.
PAR  As shown in FIG. 4, the shelf assembly 54 may also be set up in a table
      profile or mode. For this purpose, a retractable leg assembly 56 is
      provided, the length of the leg being predetermined for the desired table
      height. The shelf assembly 54 is supported in the table profile shown in
      FIGS. 2 and 4 by placing the edge 238 of the second planar member 202
      supportingly onto the horizontal support member 58, and by extending the
      leg assembly 56. Stability is provided by the placement of an aperture 236
      generally through the center of the planar member 202, providing an
      appropriately placed threaded aperture in the respective vertical frame
      member 28, and providing bolt means for securing the second planar member
      202 generally vertically as shown.
PAR  Turning now to the shelf assembly 52, this shelf assembly may be
      constructed identically to the shelf assembly 54 above described. It may
      be desirable, however, to eliminate the leg assembly 56 therefrom if shelf
      assembly 52 is not to be used in the table profile. It is clear that the
      leg assembly 56 is unnecessary if shelf assembly 52 is only used in the
      horizontal utility storage area profile shown in the figures. Although not
      shown in the figures, an alternative structure is the provision of double
      leg assemblies (of like design to leg assembly 56 or otherwise) on each
      end of the shelf assemblies 52 and 54 to enable the shelf assemblies to
      free stand when removed from van vehicle 10, whereupon the shelf
      assemblies are usable as independent tables, cots or the like.
PAR  As to shelf assembly 50, it is used in the utility area shown in FIG. 3,
      and as a back support in cooperation with the shelf assembly 52 to form a
      seat therewith, as shown in FIG. 4. While the construction of shelf
      assembly 50 is substantially the same as discussed for shelf assembly 54,
      it has been found that appropriately placed notches in the outboard end of
      the first and second planar members are necessary to provide clearance to
      the horizontal frame members 26. Also, depending upon the shape of the
      interior walls of van vehicle 10, it may be necessary to relieve the upper
      outside corners of the frame assembly 50 to accommodate the inward curve
      of the interior walls. Depending upon the utiliztion of shelf assembly 50,
      a leg assembly 56 may or may not be required.
PAC  Operation of the Preferred Embodiment
PAR  The general operation of the apparatus of the present invention has been
      made clear by the discussion of the detailed construction given above for
      purposes of disclosure. It is only desirable in completing the discussion
      herein to describe the pivoting of platform assembly 70 when utilized in
      the seat profile as shown in FIG. 3 and 4. Otherwise, the setting up of
      shelf assemblies 50, 52 and 54 has been made clear from the above
      discussion, as has been the setting up of the platform assembly 70 in the
      platform profile shown in FIG. 5.
PAR  It should be pointed out that the seat base assembly 80 has been made to
      slide upon the top surface 40 of the base plate 38. The guide pin 42 has
      been made to be slidingly engaged by the guide track 134 during the
      sliding movement of the seat base assembly 80. Of course, the notch at
      point 140 allows the complete removal of the guide pin from the guide
      track 134 and consquently, the removal of platform assembly 70 from
      vehicle 10. To reverse the seat from the position shown in FIG. 3 to that
      shown in FIG. 4, it is only necessary to disconnect the hinges 166 from
      bolting engagement with seat base assembly 80, and to pivot the seat base
      assembly 80 about guide pin 42. There is generally not enough room in a
      van vehicle 10 to pivot the seat base assembly 80 about the guide pin 42
      in a circular path. That is, it is necessary to turn the seat base
      assembly 80 about the guide pin 42 while sliding the seat base assembly
      along the guide pin. This shortens the center of pivotation and allows the
      seat base assembly to be pivoted with very little clearance space
      thereabout. Once the platform assembly 70 has been reoriented (that is,
      turned around) the seat base assembly 80 is once again bolted to the base
      plate 38 by appropriate bolting means through the hinges 166.
PAR  The convertible vehicle platform and shelf apparatus of the present
      invention has been necessarily illustrated free of upholstering
      apointments in order to show the functional operation thereof. It is
      within the contemplation of this invention that upholstering be provided
      of the type that will provide a very pleasing interior setting, while at
      the same time maintain the convertibility and adaptability of the present
      invention. For example, removable pads are contemplated for utilization on
      the utility areas provided by the shelf assemblies 50, 52 and 54.
      Furthermore, it will be clear that ample padding will be necessary to
      provide comfortable seating for the platform assembly 70 when in the
      seating profile shown in FIGS. 3 and 4, and that suitable padding to
      provide a comfortable bed or the like will be desirable for the platform
      assembly 70 when utilized in the platform profile as shown in FIG. 5.
PAR  It is also clear that the utility areas provided by the embodiment
      described herein may be altered in a way to provide individually desired
      utility areas. Therefore, the present invention is not limited to the
      arrangements shown in the figures.
PAR  It is clear that the present invention is well adapted to carry out the
      objects and attain the ends and advantages mentioned as well as those
      inherent therein. While a presently preferred embodiment of the invention
      has been described for purposes of this disclosure, numerous changes may
      be made which will readily suggest themselves to those skilled in the art
      and which are encompassed within the spirit of the invention disclosed and
      as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A convertible platform and shelf apparatus for a van vehicle or the like
      having interior sides and a floor, comprising:
PA1  a frame strut assembly connectable to the interior sides of the vehicle on
      opposite sides thereof;
PA1  a first shelf member detachably connectable to the frame strut assembly and
      extending transversely to the vehicle, the first shelf member
      characterized as comprising:
PA2  a first planar member;
PA2  a second planar member pivotally connected to the first planar member, the
      first and second planar members selectively positionable in a first mode
      wherein the planar members are in rigid coplanar relationship and in a
      second mode wherein the first and second planar members are angularly
      disposed to each other;
PA2  retractable leg means connected to the first planar member for selectively
      supporting the first planar member;
PA1  a second shelf member detachably connectable to the frame strut assembly
      and extending transversely to the vehicle, the first shelf member
      characterized as comprising:
PA2  a first planar member;
PA2  a second planar member pivotally connected to the first planar member, the
      planar members positionable in a first mode wherein the planar members are
      in rigid coplanar relationship, the second shelf member selectively
      connectable to the frame strut assembly at an angle to the horizontal, the
      first shelf member and the second shelf member selectively cooperating to
      form a seat;
PA2  a base plate connectable to the floor of the vehicle, the base plate having
      a top surface;
PA2  a guide pin connected to the top surface of the base plate generally in the
      center of the base plate;
PA2  a seat base assembly slidably supported by the base plate and characterized
      as comprising a box frame having a guide pin being receivable and slidably
      retainably by the guide pin track; and
PA2  platform means connectable to the seat base assembly for selectively
      forming a seat or a platform.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the platform means comprises:
PA1  a platform assembly supported by the seat base assembly comprising a
      plurality of planar sections pivotally interconnected and selectively
      positionable in rigid coplanar relationship.
NUM  3.
PAR  3. The apparatus of claim 2 further comprising:
PA1  lift means disposed in the seat base assembly for selectively raising and
      positioning the platform assembly in a raised position relative to the
      seat base assembly.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the lift means comprises:
PA1  a compressed fluid cyclinder having one end supported by the seat base
      assembly and having the other end thereof liftingly engagable with the
      platform assembly; and
PA1  an adjustable stay member supported by the seat base assembly and
      selectively positionable to support the platform assembly in the raised
      position.
NUM  5.
PAR  5. In combination, a vertically disposed frame strut assembly comprising a
      plurality of generally horizontal support members; a first platform member
      having hinged planar sections positionable in a first coplanar mode and in
      a second non-coplanar mode, the first platform detachably supportable by
      the horizontal support members; a base plate disposed in close proximity
      to the frame strut assembly and having a top surface portion thereof; a
      guide pin attached to the top surface of the base plate; a seat base
      assembly having a guide track slidably and pivotally connected to the
      guide pin, the seat base assembly supported by the top surface of the base
      plate; a platform assembly supported by the seat base assembly comprising
      a plurality of hingedly connected planar sections positionable in a first
      coplanar mode and in a second seat profile mode; and lift means for
      selectively raising the platform to a raised position relative to the seat
      base assembly.
NUM  6.
PAR  6. The combination of claim 5 wherein the frame strut assembly further
      comprises back support members and the combination further comprising a
      second platform member having hinged planar sections positionable in a
      rigid coplanar mode and supportable to the back support members.
NUM  7.
PAR  7. The combination of claim 6 wherein the lift means comprises:
PA1  a compressed fluid cylinder having one end supported by the seat base
      assembly and having the other end thereof liftingly engageable with the
      platform assembly; and
PA1  an adjustable stay member supported by the seat base assembly and
      selectively positionable to support the platform assembly in the raised
      position.
NUM  8.
PAR  8. A convertible vehicle platform and shelf apparatus for a van truck or
      the like having an interior compartment comprising:
PA1  a frame strut assembly connectable to the interior sides of the compartment
      on opposite sides thereof;
PA1  a plurality of platform members each comprising a plurality of planar
      members hingedly connected in side juxtaposition and selectively
      positionable in rigid coplanar relationship to each other, each platform
      member detachably connectable to the frame strut assembly;
PA1  a base plate connectable to the floor of the vehicle and having a top
      surface;
PA1  a guide pin attached to the top surface of the base plate;
PA1  a seat base assembly slidably supported by the top surface of the base
      plate and having a guide pin track in slidable and pivotal engagement with
      a portion of the guide pin; and
PA1  platform means connectable to the seat base assembly for selectively
      forming a seat or a platform.
NUM  9.
PAR  9. A convertible platform and shelf apparatus for a van like vehicle having
      an interior compartment, comprising:
PA1  a frame strut assembly connected to the interior walls of the compartment
      on opposite sides thereof;
PA1  a plurality of platform members each comprising two planar sections
      connected for hinged pivotation and a selectively positionable and rigid
      coplanar relationship to each other, the platform members detachably
      connectable to the frame strut assembly, at least one of the platform
      members having a retractable support leg selectively extendable to a
      predetermined length to reach from the platform member to the floor when
      the platform member is connected to the frame strut assembly;
PA1  a base plate connected to the floor of the compartment and having a top
      surface;
PA1  a guide pin connected to the top surface of the base plate generally in the
      center of the base plate, the guide plate having a head;
PA1  a seat base assembly comprising:
PA2  a box frame having a top and a bottom;
PA2  a guide pin track connected to the box frame near the bottom thereof and
      extending along the bottom of the box frame, the bottom of the box frame
      slidably supported on the top surface of the base plate, the guide pin
      head retainingly receivable by the guide pin track and the guide pin track
      slidable and pivotal on the guide pin for guiding movement of the box
      frame on the base plate; and,
PA2  locking means for securedly connecting the seat base assembly to the base
      plate; and,
PA1  platform means connectable to the seat base assembly for selectively
      forming a seat for a horizontal platform.
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ABST
PAL  Moisture is removed from a fluid waste product or material by pumping the
      material axially through an elongated porous tube, forcing a gas generally
      radially inwardly through the tube to effect disintegration of the
      material, and then directing the material through a perforated duct which
      receives heated air from a burner unit. As the moisture evaporates from
      the material, the moisture vapor is separated from the dry solid particles
      by a separator connected to a suction blower for inducing a draft. The
      apparatus may also be adapted for treating or drying other materials such
      as slurries of metallurgical ores and for oxidizing or reducing
      mineral-type materials in addition to drying finely dispersed metal
      slurries in the production of powdered metals. Another embodiment of the
      apparatus is used for burning a fluid waste product or material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been many systems either proposed or used for mechanically
      processing organic waste or sewage products such as a sewage sludge, and
      which include means for reducing the solids in the sludge and for drying
      the sludge. For example, U.S. Pat. Nos. 1,967,197, 3,272,740, 3,276,994,
      3,397,140, 3,559,807, and 3,619,422 disclose various systems for
      mechanically processing and/or drying sewage sludge. U.S. Pat. No.
      3,549,011 discloses another type of system for processing a slurry of
      waste or sewage and which utilizes a fluidized bed reactor for
      incinerating the solids within the slurry. An electrical resistance
      heating system is shown in U.S. Pat. No. 3,695,432 for burning a sewage
      sludge.
PAR  In any system designed for processing a continuous flow of sewage sludge or
      other waste product, it is desirable for the system to be simple in
      construction and dependable in operation so that maintenance of the system
      or equipment is minimized. In addition, it is desirable for the system to
      provide for effective and efficient processing or drying of the product
      with a minimum consumption of electrical energy and fuel for operating the
      equipment used in the system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved method and apparatus for
      treating, drying or burning a continuous flow of material such as sewage
      sludge, and which is relatively simple and economical in construction and
      is capable of handling a large volume of material with the minimum of
      maintenance. The apparatus and method are illustrated and described in
      connection with the treatment and burning of sewage sludge. However, as
      will be apparent from the description which follows, the apparatus and
      method may also be used for treating various other materials.
PAR  In accordance with the illustrated embodiments of the invention, the sewage
      sludge or other waste material is directed into a positive displacement
      pump which forces the material axially through an elongated tube having a
      porous cylindrical wall defining minute pores or passages. The tube
      extends concentrically through a surrounding jacket into which a gas such
      as air is forced by a compressor. The gas flows generally radially through
      the tube and causes a breakdown or disintegration of the solids within the
      material and also produces acceleration of the material within the tube.
PAR  In one embodiment, the accelerated material is discharged from the porous
      tube into one end of a tapered perforated duct of a heater or burner unit.
      In the burner unit, the disintegrated material is exposed to air which is
      heated to a temperature substantially over 1,000.degree. F. so that the
      moisture vaporizes from the material. As the water vapor escapes from the
      material, it is separated from the dry solid particles by a cyclone
      separator having a center vapor outlet duct connected to the inlet of a
      fan or blower. In another embodiment, the accelerated material is burned
      by additional air and a flame within the burner unit. The system has no
      moving parts except for the material supply pump, the gas compressor and
      the vapor suction blower which are commercially available components.
PAR  Other features and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic elevational view of apparatus for treating a
      continuous flow of material and constructed in accordance with the present
      invention;
PAR  FIG. 2 is an enlarged elevational view, with portions broken away, of the
      material disintegrating unit shown in FIG. 1;
PAR  FIG. 3 is a radial section of the material disintegrating unit, taken
      generally on the line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged view of a tapered perforated duct employed within the
      heater or burner unit shown in FIG. 1;
PAR  FIG. 5 is an enlarged plan view of the burner unit as taken generally on
      the line 5--5 of FIG. 1;
PAR  FIG. 6 is an elevation view, in part axial section of apparatus for
      treating and burning waste material in accordance with another embodiment
      of the invention; and
PAR  FIG. 7 is a radial section taken generally on the line 7--7 of FIG. 6, and
      with portions removed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the material to be dried or treated, is fed into a
      positive displacement pump 10 such as a Moyno-type pump which incorporates
      a screw-like rotor within a housing having one or more internal helical
      flights. The material is pumped through a line 12 into the inlet end 13 of
      an elongated disintegrator unit 15. The disintegrator unit 15 includes a
      cylindrical outer shell or jacket 18 which extends between and rigidly
      connects parallel spaced annular end flanges 19 (FIG. 2). Each of the end
      flanges 19 is coupled to a corresponding heavier end plate 21 by a set of
      circumferentially spaced bolts 22, and a flat annular gasket 23 forms a
      fluid-tight seal between each of the end flanges 19 and corresponding end
      plate 21. The material supply pipe line 12 projects into a counterbored
      hole 27 (FIG. 2) formed within the end plate 21 at the inlet end 13 of the
      unit 15, and a fluid-tight seal is formed between the line 12 and plate 21
      by a surrounding packing gland assembly 28.
PAR  An elongated porous tube 30 extends axially through the center of the
      jacket 18, and opposite end portions of the tube 30 project into the
      counterbored holes 27 within the corresponding end plates 21 where the end
      portions are sealed by corresponding O-rings 32. The porous tube 30
      preferably has a uniform internal diameter and is preferably formed of a
      sintered stainless steel powder to define small passages or pores within
      the tube 30 along its length between the end plates 21. A strip of the
      sintered powder is rolled and welded into the shape of the tube 30. In one
      tested unit, the porous tube 30 had an inside diameter of 7/8 inch and an
      overall length of 24 inches. A generally similar porous tube within a
      surrounding jacket is disclosed in U.S. Pat. No. 3,193,991 for mixing
      fluid materials.
PAR  A set of gas inlet tubes 34 (FIGS. 2 and 3) projects radially outwardly
      from one side of the jacekt 18 and are connected by corresponding pipe
      lines or conduits 36 (FIG. 1) to a single gas supply line 38 through a
      pair of corresponding control valves 39. Compressed gas or air is supplied
      through the line 38 from an air or gas compressor 40, and a regulator 42
      is connected in the line 38 to control the pressure and flow of gas or air
      supplied to the jacket 18 of the disintegrator unit 15. In one of the
      disintegrator units 18 which provide highly satisfactory results, air was
      supplied within a pressure range of between 10 p.s.i. and 50 p.s.i. and at
      a flow rate of approximately 75-100 C.F.M. A heater may also be installed
      in the air or gas supply system for heating the air or gas supplied into
      the jacket 18 around the porous disintegrator tube 30.
PAR  At the discharge end of the tube 30, the end plate 21 of the disintegrator
      unit 15 is secured to an annular end wall 44 (FIG. 2) of an elongated
      heater or burner unit 45. The unit 45 includes a cylindrical outer jacket
      or housing 48 which has an axis coextensive with the axis of the jacket 18
      of the disintegrator unit 15. The housing 48 surrounds a concentrically
      positioned tapered or frusto-conical duct 52 (FIG. 4) which is provided
      with circumferentially spaced perforations or holes 54 along its entire
      length. In one tested unit, the holes had a diameter of 1/2 inch and were
      spaced at one inch on centers. The smaller end of the tapered duct 52 is
      rigidly secured to the end wall 44 of the housing 48, and the end wall 44
      is secured to the adjacent end plate 21 of the unit 15 by the
      corresponding series of bolts 22. The opposite or larger end of the
      tapered duct 52 is rigidly secured to an annular flange 56 (FIG. 4) which
      forms the opposite end wall of the housing 48.
PAR  Referring to FIG. 5, the housing 48 of the heater or burner unit 45
      includes an outwardly projecting cylindrical portion 58 which has a series
      of circumferentially spaced air inlet openings 59. A gas or oilfired
      burner assembly 60 is secured to the outer end wall of the tubular portion
      58 of the housing 48 and includes an air blower 62 driven by an electric
      motor 64. Fuel in the form of oil or gas is supplied to the forced air
      burner assembly 60 through a fuel supply line 66.
PAR  An elongated evaporator tube 70 (FIG. 1) includes one end flange 72 which
      is connected to the discharge end of the burner unit 45 by a series of
      bolts 73 (FIG. 5). A flange coupling 76 (FIG. 1) connects the opposite end
      of the evaporator tube 70 to a duct 78 which encloses a butterfly-type
      damper member (not shown). The opposite end of the duct 78 is connected by
      a flange coupling 79 to the inlet of a cyclone separator 80 which is
      supported by a fabricated metal frame 82. The separator 80 is effective to
      separate centrifugally the vapor formed in the evaporator tube 70 from the
      dried solid particles which are discharged from the lower smaller end of
      the cyclone separator 80 into a container 84. The cyclone unit is
      insulated on its outer surface to prevent condensation of moisture vapor
      on its inner surface. The separated gas or vapor is exhausted from a
      center outlet duct 86 of the separator 80 which is connected by a duct 88
      to the inlet of a centrifugal blower unit 90. The blower unit 90 is driven
      by an electric motor 92 also supported by the frame 82.
PAR  In the operation of the apparatus for treating or drying sewage sludge, the
      sludge is fed by the pump 10 through the line 12 and axially into the
      porous tube 30 within the disintegrator unit 15. As the sludge is flowing
      through the tube 30, compressed gas or air is supplied from the compressor
      40 into the jacket 18 where the air is forced generally radially inwardly
      through the pores or small passages of the tube 30 and into the sludge
      flowing within the tube. The air is preferably maintained within a
      pressure range of 10 to 50 p.s.i. and effectively disintegrates the solids
      within the sludge into extremely fine particles. The additional supply of
      air within the disintegrator 15 and into the tube 30, is also effective to
      accelerate the flow of the disintegrated sludge and to blow the sludge
      into the smaller end of the tapered perforated duct 52 within the burner
      unit 45.
PAR  As the disintegrated sludge expands into the duct 52, air heated to a
      temperature of about 1300.degree.F. by the burner assembly 60, is forced
      inwardly through the holes 54 within the duct 52. The hot air causes the
      moisture within the sludge to flash into an evaporated gaseous state
      within the evaporator tube 70 so that the solid particles are dried. As
      mentioned above, the evaporated moisture or vapor separates from the dried
      solid particles within the cyclone separator 80, and the dried solid
      particles are collected within the container 84. A low pressure suction is
      maintained on the vapor exhaust ducts 86 and 88 by the blower 90 to assist
      removal of the vapor from the dried solid particles which spiral
      downwardly into the container 84.
PAR  Referring to 6 and 7 which show another embodiment of the invention, the
      atomizer or disintegrator unit 15 is coupled directly to a burner unit 95
      which includes a cylindrical shell 96 rigidly secured to a flat annular
      end wall 98 which is connected to a concentric cylindrical cup-shaped
      housing 101 by a series of bolts 102. The housing 101 is secured to the
      discharge end plate 21 of the disintegrator unit 15 by the corresponding
      bolts 22 and has a circular center opening 103 for receiving the material
      discharged from the porous tube 30 within the disintegrator unit 15. The
      outer casing or shell 96 and end wall 98 of the burner unit 95 are
      provided with a liner 106 of a refratory material which is secured to the
      shell 96 by a plurality of V-shaped anchor elements 107. The liner of
      refractory material 106 defines a generally cylindrical chamber 110 which
      extends from a substantially smaller cylindrical passage 112. Both the
      chamber 110 and passage 112 align axially with the porous tube 30 within
      the atomizer or disintegrator unit 15.
PAR  As shown in FIG. 7, an additional air supply tube or pipe 116 extends
      tangentially from the housing 101 of the burner unit 95 and is connected
      to an air supply pump or blower (not shown). A tubular coupling or fitting
      117 extends through the end wall 98 on an axis which converges with and
      intersects the axis of the burner unit 95. The fitting 117 connects with a
      passage 119 formed within the rigid liner 106 of refractory material. An
      igniter unit 120 connects with the outer end of the fitting 117 and
      receives a supply of fuel or gas from a pilot operated gas valve unit 124.
      A flame detector unit 126 also extends angularly through the wall 98 of
      the burner unit 95 and is directed inwardly for sensing the igniter flame
      through an opening or passage 127 formed within the liner 106 of
      refractory material.
PAR  The embodiment shown in FIGS. 6 and 7 has been found to be highly effective
      for burning a relatively heavy fluid waste product or material such as the
      grease and scum which forms at the sewage treatment plant. After the waste
      material is disintegrated and atomized within the unit 15 by the
      compressed gas flowing inwardly through the porous tube 30, the
      accelerated material is discharged through the housing 101 and into the
      burner unit 95. The additional air supplied through the pipe 16, spirals
      inwardly to cause a cyclonic action of the accelerated and atomized waste
      material. When the spiraling material is exposed to the flame directed
      inwardly through the passage 119 from the igniter unit 120, the waste
      material burns with substantially complete combustion within the chamber
      110 of the burner unit 95. In the event the flame goes out, the flame
      detector 126 stops the material supply pump 10 so that the atomized waste
      material does not accumulate within the burner chamber 110.
PAR  From the drawings and the above description, it is apparent that the
      apparatus constructed and arranged in accordance with the present
      invention, provide desirable features and advantages. For example, the
      apparatus is adapted to handle a high volume continuous flow of a waste
      material such as sewage sludge and is highly effective in removing
      moisture from the material or burning the material without requiring the
      use of a power driven mixer for agitating or stirring the material. In
      addition, the apparatus is basically simple in construction and
      effectively reduces or disintegrates flowable materials or products such
      as sewage sludge, contaminated oils and greases and the scum which
      develops from a sewage system, and expands the products with air or gas so
      that they may be quickly dried. That is, the introduction of the
      compressed air or gas generally radially into the material flowing through
      the porous tube 30, is extremely effective to disintegrate and atomize the
      solids within the material into uniformly dispersed fine particles so that
      a substantially larger surface area of the material is exposed for contact
      by the hot air or gas injected into the disintegrated material within the
      burner unit 45 or the flame within the burner unit 95.
PAR  As mentioned above, the process and apparatus of the invention also have
      applications for treating other flowable materials in addition to the
      drying of waste products as described above. For example, the apparatus
      may be used for drying slurries of metallurgical ores and especially those
      which are very fine mesh materials such as copper ores, molybdenum
      sulfides, and uranium oxides and which are difficult to dry. The apparatus
      may also be used for roating or reducing or oxidizing other flowable
      materials which are capable of being pumped or forced through the
      disintegrator tube 30. In addition, the apparatus and method have
      application in the manufacturing and production of powdered metals
      particularly in reducing a molten metal into a finely divided powdered
      state and for drying the quenched powdered material.
PAR  While the methods and forms of apparatus herein described constitute
      preferred embodiments of the invention, it is to be understood that the
      invention is not limited to the precise methods and forms of apparatus
      described, and that changes may be made therein without departing from the
      scope and spirit of the invention as defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. A method of drying or burning a continuous flow of organic waste
      material, comprising the steps of pumping the material through an
      elongated rigid porous tube, forcing a gas generally radially inwardly
      through the pores of the tube and into the material flowing through the
      tube to create substantial turbulence within the material for
      disintegrating the material into fine particles and to accelerate the flow
      of particles within the tube, discharging and expanding the accelerated
      particles from the tube into a heating chamber, directing a flame into the
      material, and introducing air into the disintegrated material after it is
      discharged from said tube and prior to directing the flame into the
      material.
NUM  2.
PAR  2. Apparatus for disintegrating and drying or burning a continuous flow of
      semi-solid material, comprising an elongated tube having an inlet end
      portion and an outlet end portion, means defining fine passages within
      said tube along the length thereof between said inlet and outlet end
      portions, means for pumping the material into said inlet end portion with
      sufficient pressure to produce an axial flow of material through said
      tube, a housing defining a pressure chamber around said tube, compressor
      means for injecting a gas into said pressure chamber and inwardly through
      said passages into the material flowing axially through said tube, said
      compressor means being effective to inject the gas into the material with
      sufficient pressure to produce substantial turbulence and disintegration
      of the semi-solid material within said tube into fine particles and to
      accelerate the flow of the particles, said compressor means and said
      housing and said tube cooperating to discharge the fine particles and gas
      through said outlet end portion of said tube in the form of a mixture,
      means defining a heating chamber connected to said outlet end portion of
      said tube for receiving the discharged mixture of gas and fine particles,
      and heater means for heating the mixture of gas and fine particles within
      said heating chamber.
NUM  3.
PAR  3. Apparatus as defined in claim 2 including means disposed between said
      outlet end portion of said tube and said heating chamber for directing
      additional air into the disintegrated material.
NUM  4.
PAR  4. Apparatus for disintegrating and drying or burning a continuous flow of
      semi-solid material, comprising an elongated tube having an inlet end
      portion and an outlet end portion, said tube being formed of a rigid
      porous metal defining fine pores within said tube along the length thereof
      between said inlet and outlet end portions, means for pumping the material
      into said inlet end portion with sufficient pressure to produce an axial
      flow of material through said tube, a housing defining a pressure chamber
      around said tube, compressor means for injecting a gas into said pressure
      chamber and inwardly through said pores into the material flowing axially
      through said tube, said compressor means being effective to inject the gas
      into the material with sufficient pressure to produce substantial
      turbulence and disintegration of the semi-solid material within said tube
      into fine particles and to accelerate the flow of the particles, said
      compressor means and said housing and said tube cooperating to discharge
      the fine particles and gas through said outlet end portion of said tube in
      the form of a mixture, means defining a heating chamber connected to said
      outlet end portion of said tube for receiving the discharged mixture of
      gas and fine particles, and heater means for heating the mixture of gas
      and fine particles within said heating chamber.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said tube comprises sintered
      powder metal.
NUM  6.
PAR  6. Apparatus for disintegrating and burning a continuous flow of semi-solid
      material, comprising an elongated tube having an inlet end portion and an
      outlet end portion, means defining fine passages within said tube along
      the length thereof between said inlet and outlet end portions, means for
      pumping the material into said inlet end portion with sufficient pressure
      to produce an axial flow of material through said tube, a housing defining
      a pressure chamber around said tube, compressor means for injecting a gas
      into said pressure chamber and inwardly through said passages into the
      material flowing axially through said tube, said compressor means being
      effective to inject the gas into the material with sufficient pressure to
      produce substantial turbulence and disintegration of the semi-solid
      material within said tube into fine particles and to accelerate the flow
      of the particles, said compressor means and said housing and said tube
      cooperating to discharge the fine particles and gas through said outlet
      end portion of said tube in the form of a mixture, means defining a
      burning chamber connected to said outlet end portion of said tube for
      receiving the discharged mixture of gas and fine particles, a fuel burning
      unit for directing a flame into the mixture of gas and fine particles
      within said burning chamber.
NUM  7.
PAR  7. Apparatus as defined in claim 6 including means disposed between said
      outlet end portion of said tube and said burning chamber for directing air
      into the discharged mixture.
NUM  8.
PAR  8. A method of disintegrating and drying or burning a continuous flow of
      semi-solid material, comprising the steps of pumping the material into the
      inlet end portion of an elongated tube defining fine passages along the
      length thereof and with sufficient pressure to produce an axial flow of
      material through said tube, forcing a gas inwardly through said passages
      and into the material flowing axially through said tube, the pressure of
      the gas being sufficient to produce substantial turbulence and
      disintegration of the semi-solid material within said tube into fine
      particles and to accelerate the flow of the fine particles with the gas in
      the form of a mixture, discharging the mixture of fine particles and gas
      through an outlet end portion of said tube and into a heating chamber, and
      heating the mixture of gas and fine particles within said heating chamber
      for substantially increasing the temperature of the mixture.
NUM  9.
PAR  9. A method as defined in claim 8, including the step of introducing air
      into the mixture after it is discharged from said tube and prior to
      directing the flame into the material.
NUM  10.
PAR  10. A method of disintegrating and burning a continuous flow of semi-solid
      material, comprising the steps of pumping the material into the inlet end
      portion of an elongated tube defining fine passages along the length
      thereof and with sufficient pressure to produce an axial flow of material
      through said tube, forcing a gas inwardly through said passages and into
      the material flowing axially through said tube, the pressure of the gas
      being sufficient to produce substantial turbulence and disintegration of
      the semi-solid material within said tube into fine particles and to
      accelerate the flow of the fine particles with the gas in the form of a
      mixture, discharging the mixture of fine particles and gas through an
      outlet end portion of said tube and into a burning chamber, and directing
      a flame into the mixture of gas and fine particles within said burning
      chamber to effect burning of the mixture.
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ABST
PAL  Waste which contains a substantial amount of material which melts and drips
      as it burns, is used as the source material. The process is adapted to not
      only dispose of the waste, but also to provide heat for generating steam
      and other useful purposes. The invention is used very advantageously for
      the burning of vulcanized rubber wastes with control of the gases so that
      they do not cause an environmental hazard.
PAL  The waste may be reduced to particle size, but this is not necessary. Whole
      old tires may be used.
PAL  The meltable waste is burned over means which collects the drip and does
      not let it collect in and plug openings in conveyor means used in the
      combustion process. A very satisfactory means for collecting the drip is a
      bed of non-combustible balls or other particulate material carried by a
      conveyor, which bed prevents any substantial amount of the drip from being
      collected by the conveyor. Such non-combustible particulate material may
      be formed of steel, aluminum, ceramic material, etc. The waste material
      may rest on the bed and be carried through the combustion chamber
      supported by the bed, or the waste material may be carried through the
      chamber above the bed which collects the drip. In such a procedure, the
      waste (such as old tires) may be carried through the combustion chamber on
      hooks or the like on a continuous conveyor, or large pieces of such waste
      may be carried through the combustion chamber resting on a conveyor
      provided with sufficient open spaces to allow the drip to pass
      therethrough, and this drip may be collected below the conveyor on a
      continuously moving bed such as described. The drip from waste carried on
      such a conveyor may be collected in any other suitable manner.
PAL  If the waste is composed of a mass of small particles it must be spread on
      the conveying support in such a manner that air required for combustion
      can pass up through it, and if the waste rests on a bed of non-combustible
      balls or other particulate matter, the air must pass up through openings
      therein, and the melt from the waste must not be allowed to plug the
      openings. If the waste is in large pieces (such as old tires) the pieces
      may be suspended from a conveyor, or they may rest on a bed of balls or
      other particulate matter which prevents the melt from passing into
      openings in the conveyor that supports the bed, or the bed may be omitted
      if openings in the conveyor are so large that the melt will not plug them.
PAL  Oil and/or gas is usually supplied to the combustion chamber above and/or
      below the grate to provide the temperature required for any commercial use
      of the combustion, and for combustion of the waste when necessary. If the
      waste contains sulfur, the amount of oil and/or gas used is controlled so
      that the sulfur dioxide content of the exhaust gases does not exceed a
      predetermined limit. If the waste is substantially free of sulfur and
      burned solely to dispose of it, it is not necessary to use any oil or gas,
      except perhaps to start the fire or to keep the fire burning.
PAL  The heat generated may be supplied to a boiler or be otherwise used for a
      beneficial purpose. Thus, not only does the process provide for the
      disposal of waste, but also utilizes the heat generated, and if the waste
      contains sulfur this may be done without polluting the atmosphere.
BSUM
PAC  PRIOR ART
PAR  Attempts have been made to use the heat from the burning of waste
      vulcanized rubber and/or other waste that melts as it burns. In some of
      these attempts, the waste has melted onto a grate and as it melted it
      blocked openings in the grate and this prevented the passage of air up
      through the grate.
PAR  Other processes of burning such waste which have been successful, utilize
      high temperatures and expensive equipment. The present process may be
      carried out in a modification of existing equipment.
PAR  Whole tires have been burned in equipment that makes no provision for
      balancing the resulting gas with gas of low sulfur dioxide content which
      results from the burning of fuel to produce a waste gas with a sulfur
      dioxide content less than a previously set maximum. The equipment used has
      not provided a support for tires having openings therethrough for feeding
      air (or other oxygen-containing gas) upwardly therethrough to feed the
      flame. For instance, whole tires have been burned in an imperforate
      cylindrical kiln-type furnace rotated on a tilted axis. Also, "Scrap Tire
      Disposal" by Beckman, Crane, Kay and Laman in Rubber Chemistry and
      Technology, Vol. 47, No. 3, for July 1974 pages 597-624 on page 609 refers
      to burning whole tires in an incinerator chamber on an imperforate floor
      which is rotated similarly to the floor of a rotating hearth, with
      sufficient air and fuel such as oil and/or gas to sustain the incinerator
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  The process is designed for the disposal of waste that melts as it burns,
      and especially used tires and other vulcanized rubber and
      sulfur-containing wastes which contain sufficient sulfur to pollute the
      atmosphere when they are burned.
PAR  Any type of burner equipment may be adapted to use the process of this
      invention. Boilers of all types can burn waste as here described and heat
      from the burning of waste as here described may be used for other heating
      purposes. Installations designed only for the disposal of waste can use
      the process. Dry bottom boilers, chain-grate boilers, traveling-chain
      grate boilers, fixed-grate boilers, burners using pulverized coal and
      packaged boilers, etc. now in use can be readily converted to utilize the
      process of the invention. The burning equipment and accessories are not
      limited to what is shown or specifically described, but other
      installations may be used.
PAR  According to this invention, the drip from the meltable waste before it
      starts burning or as it burns, is handled in such a way that it does not
      plug the conveyor means used in the combustion process.
PAR  A very satisfactory procedure is to provide a bed of balls or other
      incombustible particulate matter under the waste. The waste may rest on
      this bed or, if the waste is in large pieces, such as old tires, it may be
      suspended above it. Also, tires and other large pieces of waste may be
      placed on a support provided with large openings which are too large to be
      plugged by drip or chunks which fall from the burning tires or other
      waste. They may be located over a bed of balls or other particulate matter
      on a conveyor or other means for disposing of such drip, etc.
PAR  Discarded tires present a pollution problem. They are unsightly and if
      burned on a trash pile or in any type of installation in which the heat
      produced is utilized, the gases pollute the atmosphere with sulfur dioxide
      and particulate matter. The gases from burning oil or gas may be mixed
      with the gas from the burning tires in a regulated amount, according to
      this invention, so that the sulfur dioxide of the total gas content is
      below a predetermined pollution level. The tires may be reduced to
      particles, and these particles may contain small parts of metal beads or
      belts embodied in them. These tire particles will be collected with the
      ash and disposed as a part of it. This process yields high grade zinc
      oxide, titanium dioxide, iron oxide, etc.
PAR  Thus, whole tires may be burned supported over a bed of incombustible
      particles. The tires may lie flat on the bed or be thrown thereon in a
      helter-skelter fashion. They may be placed two or more deep. They may be
      fed onto the bed of incombustible particles from any suitable conveyor
      means, or may even be thrown thereon by hand. Alternatively, they may be
      supported above such a bed while burning, with a bed of particulate matter
      or other means provided below this conveyor to collect the drip. The beads
      and other incombustible material from the tires are discharged with ash
      from the burning tires, and also the particles of the bed of incombustible
      matter if the tires are burned on such a bed. The incombustible particles
      are usually separated from the ash and returned to the grate.
PAR  Alternatively, the tires may be brought to the combustion chamber
      supported, usually individually, from hooks on a conveyor belt. As they
      burn, the melt may drip onto a bed of incombustible particles on a grate
      where it is burned to ash, or it may be disposed of in any suitable
      manner. The beads and other incombustible components of the tires, such as
      belts, etc. are preferably retained on the hooks until they leave the
      combustion chamber when they are disposed.
PAR  Air is introduced into the combustion chamber below the waste to provide
      oxygen for its combustion. If the heat from the combustion of the waste is
      to be used, fuel is burned in the combustion chamber to supplement the
      heat from the waste. Usually, gas and/or oil is preferred as the fuel
      although a low-sulfur coal (usually in powdered form) may be used. If the
      waste contains sufficient sulfur to produce an exhaust gas that contains
      sulfur dioxide in a concentration in excess of a predetermined limit,
      which may be a legal limit, fuel is burned in the chamber in sufficient
      quantity to provide an exhaust gas in which the sulfur dioxide content
      does not exceed the permitted maximum.
PAR  Waste that is reduced to particle size can be blown or otherwise spread
      over any suitable grate, using spreader equipment similar to that
      presently used for supplying coal to a grate, or other suitable equipment
      may be used. The particles may be supplied onto the grate in any manner,
      even by hand. Whether the waste is supported by the incombustible
      particles or is suspended above them, these particles collect the drip
      from the waste and it is burned to ash on these particles. Thus, the drip
      is prevented from collecting on the grate and clogging it, preventing the
      air from passing through it.
PAR  If a continuous traveling grate is used, the ash and particles of
      incombustible matter are dumped from the grate as it turns under, to
      travel back to the opposite end of the combustion chamber. The
      incombustible particles and ash are separated, as by screening, and the
      incombustible matter is usually fed back onto the grate.
PAR  Using a stationary grate, the incombustible particles are preferably of
      such a size that only the ash passes through the grate when it is shaken.
      If smaller incombustible particles are used, they pass through the grate
      with the ash and are usually separated from the ash and returned onto the
      grate.
PAR  If a bed of incombustible matter is used for collection and burning of the
      drip, it is advantageously carried by a traveling grate which dumps it as
      the grate turns downward, to be returned to the other end of the
      combustion chamber. Usually, the ash will be separated from the
      incombustible particles as they are spilled from the belt, but it may be
      necessary to agitate the particles or otherwise abrade them to remove the
      ash, before returning them for re-use on the grate.
PAR  Often meltable waste is reduced to particle size to facilitate handling.
      The particles may be as small as one-fourth inch or the waste may even be
      reduced to such a fineness that it is blown into the combustion chamber,
      and it may be burned above a grate which is covered with a bed of
      incombustible particles. It may be of such a fineness that most of the ash
      produced is carried up the stack with the flue gases. A precipitator may
      be used to prevent pollution of the air with fine ash. As the waste burns
      as it is carried up the stack, any melt formed may fall onto a bed of
      incombustible particles and burn there.
PAR  The incombustible particles are preferably ceramic or metal balls, because
      when used on a continuous grate, these can most easily be returned to the
      grate by rolling them. However, other incombustible particles of any shape
      may be used, such as particles of broken metal or ceramic articles,
      crushed brick and pieces of ash, which can be returned to the grate by
      conveyor belts or buckets, etc.
PAR  The incombustible particles are spread over the grate to provide a bed
      sufficiently thick to prevent any substantial amount of drip from the
      waste reaching the grate. It may be a couple of inches or more in depth,
      depending upon the nature and rate of feed of the waste, the temperature
      of the fire, etc. If the grate is a continuous grate, the openings through
      it are so small that the incombustible particles rest on its surface, and
      are discharged from it as the belt turns down to return to the other side
      of the combustion chamber. If the grate is a stationary grate, the bed is
      preferably composed of incombustible particles of such a size that they
      will not pass through the grate when it is shaken, and for this purpose
      the incombustible particles are smooth-surfaced and shaped so that they
      will remain above the grate when it is shaken.
PAR  The waste may be from a single source, such as old tires, but often will be
      composed of a mixture of paper, wood, plastic or other combustible
      material which includes incombustible trash such as tin cans, etc. If the
      waste contains sulfur, its sulfur content may be relatively constant, as
      the waste from a rubber plant which may include a percentage of
      unvulcanized rubber and other plastics, both vulcanized and unvulcanized,
      as well as vulcanized rubber. Other wastes composed largely of meltable
      plastic, including fabrics, scrap from containers and other packaging
      material, plastic shoe parts, etc. collected at a plastics fabricating
      plant, may contain little or no sulfur, and can be burned over particles
      of incombustible matter without the necessity of controlling the sulfur in
      the waste gases.
PAR  Any type of combustion chamber may be used for the disposal of meltable
      waste. The chamber may be under a boiler or the heat generated may be used
      for any other purpose whatsoever. The invention is even applicable to a
      disposal plant at which meltable waste is burned without utilization of
      the heat.
PAR  If the waste contains sulfur and is burned for heat, oil and/or gas is fed
      into the combustion chamber, usually above the fire on the grate, in
      sufficient quantity to supply the total heat required. In existing
      installations, the oil and/or gas may be supplied by means now employed,
      and burners of this general type may be used in future installations.
PAR  Gas used as fuel is generally substantially sulfur free. The oil used does
      not contain enough sulfur to raise the sulfur-dioxide content of the
      exhaust gases above the permitted maximum. If the waste contains so much
      sulfur that when burned alone, the sulfur-dioxide content of the exhaust
      gases is above the permitted maximum, a regulated quantity of gas and/or
      oil is burned in the chamber with the waste so that the total sulfur
      dioxide in the exhaust gases from both the waste and the fuel does not
      exceed the permitted maximum. This maximum may be a legal maximum.
PAR  Thus, waste rubber and other waste is consumed without environmental damage
      and it is burned without creating any environmental problem and often by
      revising existing equipment.
DRWD
PAR  The invention is further described in connection with the accompanying
      drawings which are quite schematic, omitting insulation and usual
      accessories. In the drawings:
PAR  FIG. 1 is a section through the lower portion of a boiler equipped with a
      traveling-grate stoker;
PAR  FIG. 2 is a section through the lower portion of a boiler equipped with a
      stationary grate stoker;
PAR  FIG. 3 is a diagrammatic showing of a combustion chamber designed for the
      disposal of waste without utilization of the generated heat;
PAR  FIG. 4 is an elevation of a portion of the grate shown in FIG. 3;
PAR  FIG. 5 is a section through the lower portion of a combustion chamber
      equipped to burn whole tires;
PAR  FIG. 6 is a section through the lower portion of a combustion chamber
      through which a continuous conveyor is passing with tires suspended from
      hooks on the conveyor;
PAR  FIG. 7 is a section through the lower portion of a combustion chamber
      provided with one conveyor for carrying tires and another conveyor for
      disposing of the drip from the tires;
PAR  FIG. 8 is an enlarged plan view on the line 8--8 of FIG. 7;
PAR  FIG. 9 is a section through the lower portion of a combustion chamber in
      which is a conveyor with projecting pins holding rods with tires supported
      by the rods; and
PAR  FIG. 10 is a pictorial view of the conveyor carrying tires with a central
      portion broken away.
DETD
PAR  FIG. 1 is a section through the bottom portion of a combustion chamber
      provided with a typical chain-grate or traveling-grate spreader stoker. It
      includes the insulated chamber 1 with the mud drum 2 of a boiler and
      connection pipes 3 connecting with a boiler (not shown) with oil and/or
      gas burners 4 and 5. The installation is provided with a traveling grate 8
      supported on gears 9 and 10 which are driven by suitable means (not
      shown). Particles of waste 11 are fed into the hopper from which they are
      fed down onto the bed of incombustible particles 12. These incombustible
      particles are shown as balls which are fed from the hopper 13. They are
      fed onto the traveling grate 8 and are spilled off at one end as the grate
      travels around the gear 10. The ash and balls drop onto the screen 16 and
      from here the balls are carried through conveyor 17 by suitable means and
      discharged into the hopper 13. The ash collects in the chamber 18 and is
      directed into ash disposal conveyor 19.
PAR  Air is introduced through the conduit 22 by any suitable blower means and
      passes through the plenum 23 up through the grate 8 and bed of
      incombustible particles 12 and supplies air for the combustion of the
      waste particles 11. There are openings in the bed of particles 12 and in
      the grate which allow the air to pass up through them to provide oxygen
      for combustion of the waste. The balls or other particles 12 are too large
      to pass through the openings in the grate. Gas and/or oil is supplied to
      the upper part of the combustion chamber through any suitable means
      suggested by 4 and/or 5, and the heat from the combustion of the rubber is
      added to the heat from the burning fuel and passes up to generate steam in
      the boiler which is not shown.
PAR  As the waste particles are burned, any melt from them collects on the balls
      12 which provide a bed of any desired thickness. The melt is consumed with
      the waste, and the whole is reduced to ash by the time it reaches a
      position over the gear 10. Here it is discharged with the incombustible
      particles onto the screen 16. The movement of the incombustible material
      as it is discharged over the end of the gear is usually sufficient to
      disengage any ash that may have adhered to it. If necessary, means may be
      provided for agitating the balls to abrade the ash from them.
PAR  FIG. 2 shows the lower portion of a typical combustion chambe provided with
      a typical stationary or dumping-grate stoker equipped for burning waste
      particles. It could be a traveling grate. The grate 30 is provided with
      shaker means of any usual type (not shown) operating on the extension 31.
      The particulate material is fed from the hopper 32, which is provided with
      propelling means 34 so that the particles are spread over the whole width
      of the grate. Air for the combustion of the waste is introduced through
      the conduit 36 into the ash collecting means 38 and passes up through the
      grate. The grate is shaken continuously or at intervals. The balls are
      sufficiently large to remain on top of the grate when it is shaken. Only
      the ash goes through the grate and it is collected by suitable disposal
      means 40. Gas and/or oil is supplied through the feed means 41 and burns
      in the combustion chamber above the grate. Overfired air will usually be
      supplied, as required. If the waste contains any substantial amount of
      sulfur, the amount of gas and/or oil introduced into the combustion
      chamber is so regulated that the exhaust gases contain no more than a
      permitted maximum of sulfur dioxide.
PAR  Alternatively, the incombustible particles may be of such a size that they
      pass through the grate with the ash, when the grate is shaken. In this
      case, they may be separated from the ash and returned to the hopper 32 and
      are then fed onto the bed of incombustible matter with the waste.
PAR  FIGS. 3 and 4 show means 45 for depositing a bed of incombustible balls 46
      across the continuous grate 47, and then supplying particles of waste 48
      from supply 49 on top of the bed of balls 46. Air is supplied through 50
      to the chamber, under the grate, to supply the air required for
      combustion. The balls and ash from the waste are dumped from the end of
      the grate into receiver 52, where the balls are separated from the ash and
      returned to the supply means 45 for re-use. Gas and/or oil may be supplied
      to the chamber, if desired, but if the chamber is designed merely for the
      disposal of waste, this is not necessary except to provide a pilot light.
PAR  FIGS. 5 and 6 indicate different types of equipment that may be used for
      burning old tires.
PAR  The combustion chamber 55 of FIG. 5 is provided with an opening on one side
      for the introduction of whole, used tires 57 and an opening on the
      opposite side for the removal of beads and possible adhering incombustible
      matter 58. Within the chamber there is a continuous grate 59, and
      incombustible balls 60 are fed onto the grate from hopper 61 and form a
      bed thereon. These balls together with ash are discharged from the other
      end of the grate into the receiver 62 where the balls are separated from
      the ash by the screen 63. The balls are returned by means 64 to the
      hopper, and the ash is delivered through the outlet 65 for any suitable
      disposition.
PAR  Whole, used tires or any part thereof are delivered into the combustion
      chamber from the continuous conveyor 68 by the shelf 69, and the beads and
      any incombustible matter are delivered from the top of the bed of balls
      over the shelf 70 onto the continuous conveyor 71. The beads are carried
      on this conveyor to any suitable discharge point.
PAR  Air is introduced into the chamber through means 73 and passes up through
      the grate and supports combustion of the rubber of the tires which are on
      the bed of incombustible matter. Gas and/or oil are supplied through other
      suitable means 74, usually above the grate. As the tires burn, the rubber
      melts and burns and descends onto the bed of incombustible balls which
      prevents any substantial amount of the melted material from reaching the
      grate. Ash from the burned rubber may adhere to the balls, but ordinarily
      the tumbling of the balls as they are discharged from the grate into the
      receiver 62 is sufficient to separate any ash which may cling to the
      balls. If necessary, the balls may be cleaned before they are returned to
      the hopper 61.
PAR  The tires may be fed onto the bed of incombustible matter in any desired
      manner. They may be fed one after another in a single line, or the
      conveyor may be wide enough to carry two or more tires side by side. The
      tires may be piled on top of one another in an orderly fashion or hit and
      miss.
PAR  Although the apparatus shown in FIG. 5 is designed primarily for the
      burning of whole tires, with introduction of gas or oil so that the
      exhaust gases do not exceed a predetermined maximum, apparatus of this
      general type may be used for the burning of other large materials,
      including materials which on burning do not generate sufficient sulfur
      dioxide to create a pollution problem. For this purpose generally no gas
      or oil is introduced above the grate, although some pilot means is
      provided to initiate the burning of the waste.
PAR  The speed of the grate 59 is regulated so that the tires or other waste are
      burned to ash by the time they have traveled the length of the grate. This
      grate 59 may travel at a faster or slower speed than the grate 68 and 71.
      If the tires are widely separated on the bed of balls, it is usually
      desirable to feed a certain amount of gas and/or oil under the grate to
      initiate and maintain combustion of the tires or other waste. The speed of
      the grate 59 is so regulated that any combustible matter on the tires is
      consumed before the remaining skeletons of the tires reach the shelf 70.
      The supply of gas and/or oil to the combustion chamber is so regulated
      that the gases from the burning of such fuel mixed with the gases produced
      by the tires, produces a mixed gas of such low sulfur dioxide content that
      there is no objectionable pollution of the atmosphere.
PAR  In FIG. 6, whole tires 80, supported on hooks 81 fastened to the continuous
      conveyor 82, are introduced through one wall of the combustion chamber 85
      and discharged through the other wall. They may pass through mere openings
      in the walls or the walls may be provided with automatic or other closure
      means which prevents contamination of the surrounding atmosphere from
      gases generated within the combustion chamber and/or reduces the amount of
      air that enters the chamber from the outside.
PAR  The chamber is provided wth a grate 87 which is preferably a continuous
      grate, and a bed of balls 88 or other incombustible particles is
      maintained on the grate.
PAR  The chamber is provided with an air inlet 90 which feeds air into the
      chamber under the grate, and the air passes up through the grate and
      supplies air for burning whatever melted matter or fragments of the tire
      have fallen onto the bed of incombustible matter. Gas and/or oil is
      introduced usually above the grate, as through burner 91 and some air
      enters the chamber through the openings provided for the passage of the
      tires in and out of the chamber. Thus, air is provided for combustion of
      the tires and for burning gas and/or oil in the gases. Some of the rubber
      of the tires melts and drops onto the bed of incombustible matter where it
      is burned by the air which passes up through the grate, and other rubber
      usually adheres to the beads until it is consumed. The temperature within
      the chamber and the rate of speed of the conveyor 82 are controlled so
      that the rubber starts to melt and burn soon after each tire enters the
      combustion chamber until no combustible matter remains on the metal beads
      90 which remain on the hooks as the tires leave the chamber. During the
      combustion of the tires, large or small segments of the tire --
      particularly tires which show severe signs of wear when they are placed on
      the hooks -- fall from the tires and are burned on the bed of
      incombustible balls together with the melt which collects there.
      Sufficient air must be forced up through the bed of incombustible matter
      to burn the accumulation of waste collected on the bed.
PAR  The grate is shown as a continuous grate which will discharge the balls as
      it turns down around the gear 92. Usually the ash from the waste will be
      removed from the balls as they spill over the end of the continuous grate,
      although it may be necessary to provide means to insure removal of all of
      the ash. As the balls fall on the screen 95 they are diverted and returned
      through suitable conveyor means 96 to the hopper 97 from which they are
      expelled by the propeller 98. Any suitable means for providing a bed of
      the balls across the width of the grate may be employed.
PAR  The hooks on the conveyor may be arranged in any suitable manner, and FIG.
      6 is merely suggestive of one arrangement. There may be hooks at the edges
      and between the edges of the conveyor so that several lines of tires are
      moving simultaneously through the chamber. The rate at which the conveyor
      82 travels is controlled so that the combustible matter is entirely
      removed from the beads 90 as they leave the chamber. Means for shaking or
      otherwise removing the ash from the beads may be provided within the
      chamber of after the beads leave the chamber.
PAR  Other means for the combustion of old tires, or other large pieces of
      waste, is illustrated in FIG. 7. The upper conveyor 100 is formed of
      chains 101 and 102 (FIG. 8) which support cross-bars 104. These bars are
      spaced to provide adequate space between them to allow melt drops 106 from
      the tires to pass between them. There is no possibility of these openings
      becoming clogged by the drip. The drawing is illustrative, and the belt
      may be much wider to accommodate a plurality of tires side by side and two
      or more deep, and the openings may be much smaller without danger of their
      becoming clogged by the drip. Some drip may char and cling to the cross
      bars 104 so that it is necessary to clean them continuously by providing
      suitable scraper means, or by cleaning them at intervals when the
      apparatus is not being used.
PAR  Air is supplied to the combustion chamber through conduit 107 under the low
      conveyor 108 which supports the bed of incombustible balls 109, and
      delivers them to the chute 110 for return by suitable means indicated by
      111, for return to the lower conveyor through the hopper 112, which may be
      provided with the dispensing means 113. If the apparatus is used for tires
      it is necessary to supply gas and/or oil to maintain the sulfur dioxide
      content of the gases below the predetermined maximum. The drawing
      indicates their admission through conduit 114, although special means may
      be provided and most or all of the gas and oil may enter the chamber above
      conveyor 100, whereas some and usually all of the air will enter the
      chamber, probably through scattered openings, under the grate 108 to
      supply oxygen for combustion of drip on the balls 109 as well as
      combustion of the falling drops and the tires 115. The tires are usually
      supplied on a continuous conveyor 116, and the beads 117 after burning of
      the combustible matter are discharged through chute 118 for suitable
      disposal. The gases may be used for heating a boiler or for any desired
      purpose.
PAR  A second conveyor 108 is shown with a bed of incombustible balls 109 for
      collecting and burning the melt, etc. which drips from the tires, because
      this is a most practical way of doing this. Other means may be provided.
      Some oil and/or gas will be supplied to the lower part of the combustion
      chamber to burn the matter on the balls 109, if required. The drip may be
      collected and burned or be otherwise disposed out in any other practical
      manner, as by collecting it and conveying it away from the combustion
      chamber for burning or other disposition.
PAR  FIGS. 9 and 10 illustrate the furnace such as shown in FIG. 9 with a
      conveyor such as illustrated in FIGS. 7 and 8. However, the conveyor,
      composed of flights 121, is provided with pins 122 attached to every other
      flight and there are openings 123 in the flights which permit the air to
      pass upwardly therethrough. Rods 124 are supported by the pins. Used tires
      125 are supported on the rods 124. They are supplied by a conveyor 126 or
      other suitable means, or may be hoisted onto the rods by hand if desired.
      The tires are usually located on the rods in a rather helter-skelter
      fashion, the rods being long enough to support several tires arranged
      across the conveyor and the tires may rest to some extend on one another.
PAR  The conveyor 120 is covered with balls or other incombustible units 128
      supplied from a chute 129 similar to the chute shown in FIG. 7 or supplied
      in any other manner so as to form a bed on the conveyor 120 which catches
      the melt or drip from the burning tires. Air passes up through the bed of
      balls. Some drip may pass through the upper expanse of the conveyor and be
      consumed before it passes through the lower expanse. The tires are
      completely burned as they pass through the combustion chamber and the
      beads 131 which are incombustible are delivered from the opposite end of
      the conveyor and are usually collected separately from the balls which are
      collected in means 132. Usually, the balls are conveyed to the chute 129
      for re-use. Oil and/or gas is supplied through opening 134; air is
      supplied through opening 135. As required, the supply of gas and/or oil is
      regulated so that the sulfur dioxide content of the flue gases does not
      exceed a predetermined maximum.
PAR  The exhaust gases may be used to heat a boiler or be used for other
      purposes. If the sulfur dioxide content of the exhaust gases is to be
      controlled, this is done by regulating the proportionate amounts of
      sulfur-containing waste material and the fuel supplied to the combustion
      chamber.
PAR  The various means and processes described are illustrative of what might be
      employed, and the invention is not limited thereto. As shown, any
      combustion chamber used in the process is supplied with air supply means
      below the grate and gas and/or oil above the grate, but combustion may be
      assured in any desired manner. It is even possible to use coal of lower
      sulfur content than the waste that is burned. Usually it will be supplied
      in finely powdered form.
PAC  EXAMPLES
PAR  Meltable, combustible waste, such as whole used tires and comminuted tires,
      etc. can be burned in an incinerator chamber supplied with sufficient air.
      A fuel supplement such as fuel oil and/or natural or manufactured gas or
      even coal may be used to start the combustion, and to keep the material
      burning, if required. The process may be either a batch or continuous
      operation. Using any fuel which yields a gas of lower sulfur content than
      the maximum permissible under any existing environmental requirements, and
      blending the gases with the gases from burning sulfur-dioxide-producing
      waste, a gas of lower sulfur-dioxide content than the environmental
      requirement is obtained. The following examples illustrate how the
      proportion of oil and gas is to be blended with the gas of high
      sulfur-dioxide content from burning waste may be calculated.
PAR  The examples refer to the fuel used to produce 60,000 pounds of steam per
      hour, there being 1300 British thermal units (BTU) in a pound of steam.
      The heat required to supply 1300 BTU for 60,000 pounds of steam is
      78,000,000 BTU.
PAR  The examples assume that the tires or other waste yield 15,000 BTU in an
      hour and contain 1 pound of sulfur, and this produces 2 pounds of sulfur
      dioxide (SO.sub.2) per hour in the flue gas.
PAR  The examples assume that the maximum SO.sub.2 permissible in waste gases is
      1 pound of SO.sub.2 for each million BTU fired.
PAC  EXAMPLE 1
PAR  This calculation is based on the use of fuel oil which contains 0.3 per
      cent of sulfur and generates 20,000 BTU per pound, and since there is
      approximately 7 pounds of oil in 1 gallon, and 1 gallon of oil generates
      140,000 BTU.
PAR  The heat input is 60,000 lbs. steam/hr. .times. 1300 BTU.
PAR  60,000 steam/hr. .times. 1200 BTU = 78,000,000 BTU/hr.
PAR  Letting X = number of pounds of rubber burned per hour and Y = number of
      pounds of oil burned per hour, the heat equation is
PAR  15000X + 20,000Y = 78,000,000 BTU per hour
PAL  The permissible total permitted SO.sub.2 per hour is therefore 78 pounds of
      SO.sub.2, and the permitted total sulfur consumption is
PAR  78 pounds per hour .div.  2 or 39 pounds per hour.
PAL  There being 1% of sulfur in the rubber and 0.3% in the oil, the sulfur
      equation is
PAR  0.01X + 0.003Y = 39
PAR  Solving simultaneous equations we have
PAR  0.003Y = 39 - 0.01X and multiplying by 3.33 we have
PAR  Y = 13,000-3.33X
PAL  and repeating a prior equation, we have
TBL  15,000X + 20,000Y = 78,000,000 BTU/hr.                                    
     so, 15X + 20(13,000-3.33X) = 78,000                                       
     15X + 260,000-66.67X = 78,000                                             
            -15.7X =                                                           
                    -182,000                                                   
            X =     3,520 lbs. of tires burned in                              
                    1 hr.                                                      
            Y =     13,000-3.33x3,520                                          
            Y =     13,000-11,733                                              
            Y =     1,267 lbs. of oil burned in                                
                    1 hr.                                                      
PAR  Thus, we find that by burning 1,267 lbs. of oil with 3,520 lbs. of tires
      per hour, the sulfur dioxide content of the flue gas is 78 lbs./hr.
PAC  Example 2
PAR  This calculation is based on the use of gas as fuel, which gas contains an
      insignificant amount of sulfur.
PAR  As in Example 1, the heat input is 60,000 steam/hr. .times. 1300 BTU =
      78,000,000 BTU/hr.
PAL  As in Example 1, the total permitted sulfur consumption is 39 lbs./hr.
PAR  The gas generates 1000 BTU per cubic foot.
PAR  Letting X = number of pounds of rubber burner per hour and Y = the number
      of cubic feet of gas burned per hour, the heat equation is
PAR  1500X + 1000Y = 78,000,000 BTU/hr.
PAR  The sulfur equation is simply
TBL  .01X = 39                                                                 
     or X = 3900 lbs./hr. of tires burned                                      
     1500 .times. 3900 + 1000Y =                                               
                    78,000,000 BTU/hr.                                         
     58,500,000 + 1000Y =                                                      
                    78,000,000                                                 
     1000Y =        19,5000,000                                                
     Y =            19,500 cu. ft. gas/hr. burned                              
PAR  Thus, 3900 lbs. of tires burned in 1 hour with 19,500 cu. ft. of gas
      generates 78 lbs./hr. of sulfur dioxide.
PAR  The apparatus employed may be a modification of existing equipment, but new
      equipment may be used equally well. The sulfur-dioxide content of the flue
      gas may be controlled, but there are locations where no such control will
      be required. Also, in some installations, some air will be supplied to the
      combustion chamber above the grate as well as below it, and some of the
      fuel may be supplied under the grate.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of burning used whole tires which comprises feeding the same
      above and out of contact with a bed of particles of incombustible matter
      supported on a grate having openings therethrough, and supplying air
      through said openings to support the burning of the waste while
      substantially completely surrounding them with air, and preventing any
      substantial amount of melt from the burning waste descending onto the
      grate by intercepting the same by said particles of incombustible matter,
      the particles being larger than openings in the grate.
NUM  2.
PAR  2. The method of claim 1 in which the grate is a continuous grate and it is
      moved continually in a substantially horizontal plane, the incombustible
      matter is fed onto the upper expanse of the moving grate near one end
      thereof, the tires are fed above one end of the bed of incombustible
      matter and held out of contact therewith as the bed moves with the grate,
      and both (1) ash from the burning of the tires and (2) particles of
      incombustible matter are dumped off the opposite end of the moving grate.
NUM  3.
PAR  3. The process of claim 2 in which the particles are returned onto the
      grate and reused.
NUM  4.
PAR  4. The process of claim 2 in which the particles are balls.
NUM  5.
PAR  5. The process of claim 1 in which the grate is a stationary shakable grate
      and the particles of incombustible material are so large that when the
      grate is shaken the particles remain on the grate.
NUM  6.
PAR  6. The method of burning sulfur-containing waste which comprises burning
      the waste in an oxygen-containing atmosphere and producing a gas
      containing sulfur dioxide, burning fuel in the atmosphere and producing
      therefrom a gas with a lower sulfur dioxide content than the gas from the
      waste, and regulating the proportion of the amounts of the gas from the
      waste and from the fuel so that the sulfur dioxide of the gas composite is
      maintained below a predetermined maximum.
NUM  7.
PAR  7. The process of claim 6 in which used whole tires are burned with fuel
      and the tires have a sulfur content so high that on combustion the gas
      produced has a sulfur dioxide content in excess of a desired maximum, the
      burning fuel produces a gas with a sulfur dioxide content below said
      maximum, and the gases are blended in such a proportion that the sulfur
      dioxide content of the resulting total gas does not exceed said
      predetermined maximum.
NUM  8.
PAR  8. The process of claim 7 in which the tires are burned in a substantially
      horizontal position over a bed of incombustible balls on a moving grate
      and melt from the burning tires is caught on the bed and burned thereon.
NUM  9.
PAR  9. The process of claim 7 in which used whole tires suspended from a moving
      conveyor are burned over a bed of incombustible balls on a moving grate,
      and melt from the burning tires is caught on the bed and burned thereon.
NUM  10.
PAR  10. The method of claim 7 in which used tires are burned while being
      carried through a combustion chamber on or above a bed of incombustible
      particles on a grate and air is passed up through the grate and the bed.
NUM  11.
PAR  11. The process of claim 10 in which the melt from the tires drops on
      continuously moving bed of balls of incombustible matter while air is
      passed up through the bed.
NUM  12.
PAR  12. The process of claim 7 in which the tires are moved through the chamber
      supported on a conveyor, and the melt from the tires drips through
      openings in the conveyor which are so large that they do not become
      clogged by combustion of the drip, and the drip is collected below the
      conveyor and burnt to ash within the combustion chamber.
NUM  13.
PAR  13. The process of claim 12 in which a second conveyor moves through the
      chamber below the first conveyor and a bed of incombustible balls on the
      second conveyor collects the drip and it is consumed thereon.
NUM  14.
PAR  14. A combustion shamber with a grate with openings therein, means for
      spreading a bed of incombustible particulate material over the grate, the
      particles of the particulate matter being too large to enter the openings,
      means for conveying whole tires through the chamber above the bed, and
      means for introducing air into the chamber.
NUM  15.
PAR  15. The combustion chamber of claim 14 with means for supplying oil and/or
      gas into the chamber above the bed.
NUM  16.
PAR  16. The combustion chamber of claim 14 in which the grate is a continuous
      grate and conveyor means is provided for supplying used tires above the
      bed.
NUM  17.
PAR  17. The combustion chamber of claim 16, with means attached to the grate
      for supporting tires above the balls and moving them through the chamber.
NUM  18.
PAR  18. The combustion chamber of claim 14 in which the grate is a continuous
      grate and above the grate is a continuous conveyor with hooks thereon each
      adapted to hold at least one tire suspended therefrom, a part of the
      conveyor being within the combustion chamber and at least one part which
      joins one end of said part being out of the combustion chamber.
NUM  19.
PAR  19. A combustion chamber, continuous conveyor means adapted to support used
      tires and move them through the chamber, and below said conveyor and
      separate therefrom means movable under said conveyor means for collecting
      drip from the burning tires and removing from the chamber the ash derived
      therefrom.
NUM  20.
PAR  20. The combustion chamber of claim 19 in which the means below said
      conveyor comprises a second conveyor with openings therethrough and
      incombustible balls thereon which are too large to go through said
      openings, and means for moving said second conveyor through the combustion
      chamber.
NUM  21.
PAR  21. The method of burning whole used tires from which the beads have not
      been separated, which method comprises burning the tires on a bed of
      particles of incombustible matter on a moving grate, which grate has
      openings therethrough, and after at least a substantial part of the rubber
      has been burned away from the beads, separately removing the beads and the
      incombustible matter from the grate.
NUM  22.
PAR  22. The process of claim 21 carried out in a chamber with first and second
      openings in opposite walls thereof, moving the grate within the chamber
      from near the first opening to near the second opening, supplying the
      tires automatically through the first opening onto the grate and removing
      the tires automatically from the grate through the second opening and
      discharging the incombustible matter from the grate within the chamber
      near the second opening.
NUM  23.
PAR  23. The process of claim 22 in which the discharged incombustible matter is
      supplied on to the grate near the first opening.
NUM  24.
PAR  24. The process of claim 22 in which air to support the burning of the
      rubber is introduced into the chamber under the grate.
NUM  25.
PAR  25. A combustion chamber with a continuous grate therein, means for moving
      the upper span of the grate away from an opening in a wall of the chamber,
      and a conveyor for automatically supplying whole tires in a substantially
      horizontal position through the opening on to the grate.
NUM  26.
PAR  26. A combustion chamber with a continuous grate therein, with means for
      moving whole tires with the beads therein on the upper span of a
      continuous grate in the chamber toward an opening in a wall of the chamber
      and burning combustible matter from the beads, and means for automatically
      removing the remaining beads from the grate through said opening.
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ABST
PAL  An earth working apparatus for use in agricultural pre-planting operations
      includes a first frame having laterally spaced ground engaging wheels and
      a second frame having a leading edge thereof pivotally mounted on the
      first frame adjacent a leading edge thereof and movable between a storage
      position and a working position. The second frame has a mower thereon for
      cutting vegetation extending above a ground surface and a first plurality
      of sweeps for opening a plurality of laterally spaced furrows to receive
      gaseous fertilizer therein and a second plurality of sweeps to close the
      furrows after introducing the gaseous fertilizer thereinto. The first
      plurality of sweeps each have a flow passage thereon for flow of gaseous
      fertilizer into the respective furrows from a storage and supply tank
      mounted on the first frame.
BSUM
PAR  The present invention relates to earth working apparatus for use in
      agricultural pre-planting operations and more particularly to an earth
      working apparatus adapted for mowing vegetation extending above a ground
      surface, opening furrows and for introducing gaseous fertilizer into such
      furrows and closing the furrows after introduction of the gaseous
      fertilizer thereinto.
PAR  The principal objects of the present invention are: to provide an earth
      working apparatus for use in agricultural preplanting operations and which
      is operative to increase soil humus and to introduce gaseous fertilizer
      into the soil; to provide such an apparatus having a first frame pivotally
      supporting a second frame for movement between a storage position and a
      working position with a mower and gaseous fertilizer applicators in
      operative position; to provide such an apparatus wherein the fertilizer
      applications include sweeps; to provide such an apparatus having earth
      moving members thereon which are operative to level soil and move same
      outwardly of the path of the mower and sweeps; to provide such an
      apparatus having means for moving the second frame between the storage
      position and the working position; to provide such an earth working
      apparatus having a hitch portion adapted to permit substantially free
      relative movement between a prime mover and the earth working apparatus;
      to provide such an apparatus having sweeps adapted for introducing gaseous
      fertilizer into furrows opened thereby and having trailing members
      operative to close the furrows after introduction of the gaseous
      fertilizer thereinto; to provide such an apparatus having cooperating
      means on the first and second frames to define a lower limit for
      downwardly movement of a trailing edge of the second frame thereby
      defining maximum penetration of sweeps into a ground surface; and to
      provide such an earth working apparatus which is economical to
      manufacture, durable in construction, positive in operation, and
      particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the earth working apparatus.
PAR  FIG. 1 is a side elevational view of an earth working apparatus for use in
      agricultural pre-planting operations and embodying features of the present
      invention.
PAR  FIG. 2 is a front elevational view of the earth working apparatus.
PAR  FIG. 3 is a rear elevational view of the earth working apparatus.
PAR  FIG. 4 is a top plan view of the earth working apparatus.
PAR  FIG. 5 is an enlarged rear elevational view of one of a plurality of sweeps
      operative to apply gaseous fertilizer into furrows opened thereby.
PAR  FIG. 6 is an enlarged fragmentary sectional view taken on line 6--6, FIG. 1
      and showing cooperating portions on first and second frames.
PAR  FIG. 7 is an enlarged fragmentary perspective view showing the pivotal
      mounting of the lower frame on the upper frame.
PAR  FIG. 8 is a longitudinal sectional view taken on line 8--8, FIG. 4.
PAR  FIG. 9 is a fragmentary top plan view of the upper frame of the earth
      working apparatus.
PAR  FIG. 10 is a fragmentary top plan view of the lower frame of the earth
      working apparatus.
DETD
PAR  Referring more in details to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the enclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates an earth working apparatus for use in agricultural
      pre-planting operations. The earth working apparatus 1 includes a first or
      upper frame 2 having laterally spaced ground engaging wheels 3 and 4 and a
      second frame 5 having a leading edge portion 6 thereof pivotally mounted
      on a leading edge portion 7 of the first frame 2. The second or lower
      frame 5 is movable between a storage position and a working position. The
      second frame 5 has a mower 8 thereon for cutting vegetation extending
      above a ground surface 9. The second frame 5 has a plurality of furrow
      openers 10 each operative to open a respective pair of laterally spaced
      furrows to receive gaseous fertilizer therein and a plurality of furrow
      closers 11 operative to close the furrows after introducing the gaseous
      fertilizer thereinto. The plurality of furrow openers 10 each have a flow
      passage thereon, as later described, for flow of gaseous fertilizer into
      the respective furrows from a storage and supply tank 14 mounted on the
      first frame 2.
PAR  The lower frame 5 may be any suitable structure adapted to support the
      mower 8 and be pivotally mounted on the upper frame 2. In the illustrated
      structure, the lower frame 5 includes a leading frame member 15 and
      laterally spaced side members 16 and 17 suitably secured to and extending
      rearwardly from respective opposite ends of the leading frame member 15.
      The lower frame 5 includes a trailing member 18 suitably secured to and
      extending between respective trailing ends of the end members 16 and 17
      respectively. The trailing member 18 has opposite end portions 19 and 20
      extending laterally beyond the end members 16 and 17 respectively, for a
      purpose later described.
PAR  The lower frame 5 includes opposite end portions 21 and 22 secured to and
      extending outwardly from leading ends of the end members 16 and 17
      respectively. The end portions 21 and 22 are above and substantially
      parallel with the leading frame member 15 to substantially define
      extensions thereof.
PAR  A hitch device 23 is suitably secured to the leading member 15 of the lower
      frame 5 and extends forwardly therefrom for connection to a prime mover
      24. The hitch device 23 is preferably adapted to permit substantially
      universal relative movement between the earth working apparatus 1 and the
      prime mover 24.
PAR  The upper frame 2 may be any suitable structure adapted to support the
      fertilizer tank 14 and have the ground engaging wheels 3 and 4 supported
      thereon. The upper frame 2 is illustrated as having laterally spaced end
      members 25 and 26 having the leading ends thereof pivotally connected to
      the end portions 21 and 22 respectively of the lower frame 5, as best seen
      in FIGS. 4, 7, and 10. The upper frame 2 includes a leading member 27
      extending between and having opposite ends thereof suitably secured to the
      end members 25 and 26 respectively. The upper frame 2 includes suitable
      brace members 28 and 29 extending between and secured to the leading frame
      member 27 and the end members 25 and 26 respectively.
PAR  End standards 30 and 31 are secured to the trailing ends of the end members
      25 and 26 respectively. Lower ends of the end standards 30 and 31 have
      suitable axles supported thereon for rotatably mounting the ground
      engaging wheels 3 and 4 respectively. A spreader member 32 extends between
      upper ends of the standards 30 and 31 and maintains a selected spacing
      therebetween, for a purpose later described.
PAR  The earth working apparatus 1 includes suitable knee braces 33 each
      extending between a respective one of the end members 25 and 26 and the
      axles for the ground engaging wheels 3 and 4 respectively to provide a
      substantially rigid upper frame 2. The fertilizer tank 14 is suitably
      supported on suitable saddles 34 and 35 which each have an outstanding
      flange adapted to have the tank supported thereon. In the illustrated
      embodiment, suitable adjustable straps each extend around a respective one
      of the flange of the saddles 34 and 35 and the tank 14. The fertilizer
      tank 14 has suitable controls and valves operative to control the supply
      of gas to the first sweeps 10. Flow of gaseous fertilizer from the tank 14
      to the first sweeps 10 is preferably controlled from the prime mover 24,
      therefore, suitable flexible hoses communicating with controls on the tank
      14 are supported on an upstanding frame 36 which is secured to and extends
      upwardly from the leading member 15 of the lower frame 5.
PAR  Suitable braces 37 extend between the upstanding frame 36 and the hitch
      device 23 and suitable lateral braces 38 extend between the upstanding
      frame 36 and the end portions 21 and 22 of the leading member 15 thereby
      substantially rigidly supporting the upstanding frame 36 and the flexible
      hoses supported thereon.
PAR  Means are mounted on the upper frame 2 and operatively connected to the
      lower frame 5 and to a power source of the prime mover 24 for selectively
      moving the lower frame 5 between the storage position and the working
      position. In the illustrated structure, a source of fluid under pressure
      is communicated to an extensible member 39 supported on the upper frame 2
      and pivotally connected to one end of an L-shaped arm 40. The other end of
      the L-shaped arm 40 is connected to an intermediate portion of an
      elongated shaft 41 having opposite ends thereof rotatably supported in
      suitable bearings mounted on the end members 25 and 26 respectively of the
      upper frame 2.
PAR  Arms 42 and 43 are suitably secured to the elongated shaft 41 adjacent
      respective opposite ends thereof. The arms 42 and 43 extend substantially
      perpendicular to the shaft 41. First links 44 and 45 have one end thereof
      pivotally connected to the arms 42 and 43 respectively adjacent the outer
      ends thereof.
PAR  Bell cranks 46 and 47 are positioned adjacent and have a first pivot point
      thereof pivotally connected to the standards 30 and 31 respectively and
      adjacent the respective upper ends thereof. In the illustrated structure,
      the bell cranks 46 and 47 are suitably secured, as by welding, to
      respective opposite ends of the spreader member 32 and are movable
      therewith. Second pivot points of the bell cranks 46 and 47 have the other
      ends of the first links 44 and 45 respectively pivotally connected
      thereto. The bell cranks 46 and 47 have third pivot points having one end
      of second links 48 and 49 respectively connected thereto. The other ends
      of the second links 48 and 49 are pivotally connected to respective
      portions of the lower frame 5 whereby rotation of the elongated shaft 41
      by the extensible member 39 is operative to selectively raise and lower
      the trailing end of the lower frame 5 and the mower 8 thereon.
PAR  In the illustrated structure, the trailing member 18 of the lower frame 5
      has enlarged end portions 50 and 51 respectively with arms 52 and 53
      extending outwardly and rearwardly therefrom to have other ends of the
      second links 48 and 49 respectively pivotally connected thereto.
PAR  Slide members or ears 54 and 55 are mounted on the enlarged portions 50 and
      51 respectively and are positioned to define spaces receiving therein
      trailing portions of the standards 30 and 31 respectively. The enlarged
      end portions 50 and 51 and the ears 54 and 55 are in sliding engagement
      with trailing portions of the standards 30 and 31 to thereby guide the
      trailing end of the lower frame during raising and lowering thereof, as
      best seen in FIG. 6.
PAR  Cooperative members are mounted on the upper frame 2 and the lower frame 5
      for defining a lower limit for downwardly movement of the trailing edge or
      end of the lower frame 5 when the lower frame 5 is in the working
      position. In the illustrated structure, fastening members 56 and 57 extend
      outwardly from upper ends of the end standards 30 and 31 respectively.
      Hanger members 58 and 59 are positioned adjacent and spaced outwardly from
      the end standards 30 and 31 respectively by suitable spacers. The hanger
      members 58 and 59 each have a plurality of longitudinally or vertically
      spaced apertures 60 therein and an elongated slot 61 extending
      longitudinally thereof. The elongated slot 61 of each hanger 58 and 59 has
      the lower end thereof adapted to be engaged by respective fastening
      members 62 and 63 extending outwardly from the slide members or ears 54
      and 55 respectively so that when the fastening members 62 and 63 are in
      engagement with lower ends of the elongated slots 61 further downward
      movement of the trailing end of the lower frame 5 is substantially
      prevented.
PAR  The first plurality of sweeps 10 are mounted on a suitable tool bar 64
      which is suitably supported on the trailing member 18 of the lower frame 5
      as best seen in FIGS. 1, 4, 6, 8, and 10. A plurality of laterally spaced
      support members or standards 65 each have a rearwardly extending portion
      and an arcurate portion with a free end thereof spaced rearwardly of and
      below the tool bar 64.
PAR  The first plurality of sweeps 10 each have a pair of blades 66 and 67
      mounted on the free end of the standards 65. The blades 66 and 67 each
      have a free end spaced outwardly from the respective standard 65. The
      blades 66 and 67 of the first plurality of sweeps 10 have flow passages
      each having a discharge opening adjacent the free end of the respective
      blades 66 and 67. The flow passages communicate with the fertilizer tank
      14 for supplying gaseous fertilizer into furrows opened by the blades 66
      and 67.
PAR  In the illustrated structure, a flexible hose 68 is supported on each of
      the standards 65 and communicates with the fertilizer tank 14. Each
      flexible hose 68 communicates with a rigid fitting 69 which is adapted to
      divide the flow to each of the blades 66 and 67 and to connect to flexible
      hoses 70 and 71 mounted on the blades 66 and 67 respectively. Rigid flow
      members 72 and 73 are mounted on the blades 66 and 67 respectively and
      have the free ends thereof adjacent the free ends of the blades 66 and 67
      respectively.
PAR  The second plurality of sweeps 11 for closing the furrows are mounted on a
      second tool bar 74 which is supported on the second or lower frame 5 and
      spaced from the first tool bar 64. In the illustrated structure, the
      second tool bar 74 is mounted on the first tool bar 64, as best seen in
      FIGS. 1, 4, and 10. The second plurality of sweeps 11 are each supported
      on a respective one of a plurality of standards 75 which are substantially
      similar in structure to the standards 65. The standards 75 are mounted on
      the second tool bar 74 and alternate in lateral spacing with the standards
      65 mounted on the first tool bar 64.
PAR  Each of the sweeps of the second plurality of sweeps 11 has a pair of
      outwardly extending blades 76 and 77 mounted on opposite sides of the
      respective standards 75 and spaced outwardly therefrom. The free ends of
      the blades 76 and 77 mounted on the standards 75 of the second tool bar 74
      are each positioned in trailing relation with a respective one of the free
      ends of the blades 66 and 67 on the standards 65 on the first tool bar 64
      whereby the blades 76 and 77 on the standards 75 on the second tool bar 74
      close the furrows opened by the blades 66 and 67 on the standards 65
      mounted on the first tool bar 64.
PAR  The earth working structure 1 includes a plurality of disks 78 each
      positioned in leading relation with a respective one of the sweeps of the
      first plurality of sweeps 10 to thereby cut vine type weeds to prevent
      binding of same on the standards 65. In the illustrated structure, an arm
      79 is mounted on each of the standards 65 and has a respective one of the
      disks 78 rotatably mounted thereon.
PAR  A pair of front disks 80 are mounted on the lower frame 5 adjacent the
      leading edge 6 thereof and are adapted to move earth outwardly from the
      path of the mower 8, such as earth from a prior pass of the earth working
      apparatus 1. Arms 81 and 82 are mounted on the end portions 21 and 22
      respectively and each has a mounting portion 83 pivotally mounted on the
      lower end of the respective arms 81 and 82. The respective disk 80 is
      rotatably mounted on the mounting portion 83 and an arm extends from the
      mounting portion 83 and has a rod 84 upstanding therefrom. The arms 81 and
      82 each have a rod 85 depending from an upper portion thereof and
      positioned above and aligned with the rod 84 on the mounting portion 83. A
      resilient member 86, such as a coil spring, has opposite ends thereof
      sleeved on the rods 84 and 85 respectively. The resilient member 86 urges
      the respective disks 80 to the working position. Upon engagement of the
      respective disk 80 with an earth ridge or the like, the spring 86 will
      deflect to absorb the shock and the respective disk 80 levels the ground
      or moves stones or the like out of the path of the mower 8.
PAR  The mower 8 is driven by a suitable power takeoff 87 operatively connected
      to the prime mover 24. The power takeoff 87 preferably includes an
      overriding clutch 88 operative to permit rotation of blades of the mower 8
      after the power is disconnected from the power takeoff 87.
PAR  In using an earth working apparatus constructed as illustrated and
      described, the hitch device 23 is suitably connected to the prime mover
      24. The power takeoff 87 is operatively connected to the power source of
      the prime mover 24. Controls for the fertilizer tank 14 are also
      operatively connected to the prime mover 24. Suitable flexible hoses which
      are connected to the extensible member 39 are connected to the hydraulic
      system of the prime mover 24 whereby the lower frame 5 and the mower 8
      thereon may be moved to a storage position for travel or a lowered
      position for working. When the sweeps 10 and 11 are in the ground, the
      engagement of the fastening members 62 and 63 with the lower end of the
      elongated slots 61 in the hangers 58 and 59 limits penetration of the
      sweeps into the ground surface to a selected depth below the ground
      engaging surface of the wheels 3 and 4.
PAR  The earth working apparatus 1 is operative to prepare soil in fewer trips
      or passes prior to preparation of a seed bed. The earth working apparatus
      effects a soil condition more adapted to absorb water. The apparatus also
      effects a covering over the soil of vegetation to serve as a mulch to
      substantially reduce erosion. Polution control is thereby aided by use of
      the illustrated and described earth working apparatus.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An earth working apparatus comprising:
PA1  a. a first frame having laterally spaced ground engaging wheels;
PA1  b. a second frame mounted on said first frame and selectively movable
      between a storage position and a working position;
PA1  c. means mounted on and extending from one of said first frame and said
      second frame for connecting same to a prime mover;
PA1  d. means mounted on said second frame and movable therewith for cutting
      vegetation extending above a ground surface;
PA1  e. means mounted on said first frame for storage of a supply of gaseous
      fertilizer;
PA1  f. means operatively connected to said gaseous fertilizer storage means and
      mounted on said second frame and movable therewith for opening a plurality
      of laterally spaced furrows and introducing gaseous fertilizer into the
      furrows, said means for opening the furrows including means for closing
      same after introducing the gaseous fertilizer thereinto; and
PA1  g. means mounted on said first frame and operatively connected to said
      second frame and to a power source of the prime mover for selectively
      moving said frame between the storage position and the working position,
      said means for selectively moving said second frame between the storage
      position and the working position including:
PAR  1. upstanding guide portions on said first frame;
PA2  2. means on said second frame in sliding engagement with and movable along
      said guide portions on said first frame;
PA2  3. an elongated shaft rotatably mounted on said first frame and extending
      substantially transversely of the direction of travel of the prime mover;
PA2  4. an arm mounted on said shaft and extending outwardly therefrom;
PA2  5. a link having one end thereof pivotally connected to said arm;
PAR  6. a bell crank having a first pivot point connected to said first frame
      and a second pivot point having an other end of said link pivotally
      connected thereto, said bell crank having a third pivot point; and
PA2  7. a second link having one end thereof pivotally connected to the third
      pivot point of said bell crank and an other end thereof pivotally
      connected to said second frame whereby rotation of said shaft and arm in
      one direction is operative to raise said second frame and rotation of said
      shaft and arm in an opposite direction is operative to lower said second
      frame.
NUM  2.
PAR  2. An earth working apparatus comprising:
PA1  a. a first frame having laterally spaced ground engaging wheels and a
      leading edge and a trailing edge, said first frame being elongated
      transversely of the direction of travel thereof;
PA1  b. a second frame mounted on said first frame and selectively movable
      between a storage position and a working position, said second frame
      having a leading edge and a trailing edge and being elongated transversely
      of the direction of travel thereof, the leading edge of said second frame
      being pivotally mounted on the leading edge of said first frame;
PA1  c. means mounted on and extending from one of said first frame and said
      second frame for connecting same to a prime mover;
PA1  d. means mounted on said second frame and movable therewith for cutting
      vegetation extending above a ground surface;
PA1  e. means mounted on said first frame for storage of a supply of gaseous
      fertilizer;
PA1  f. means operatively connected to said gaseous fertilizer storage means and
      mounted on said second frame and movable therewith for opening a plurality
      of laterally spaced furrows and introducing gaseous fertilizer into the
      furrows, said means for opening the furrows including means for closing
      same after introducing the gaseous fertilizer thereinto; and
PA1  g. means mounted on said first frame and operatively connected to said
      second frame and to a power source of the prime mover for selectively
      moving said second frame between the storage position and the working
      position, said means for selectively moving said second frame between the
      storage position and the working position including portions connected to
      the trailing edge of said second frame whereby the trailing edge of said
      second frame is moved toward and away from the trailing edge of said first
      frame.
NUM  3.
PAR  3. An earth working apparatus as set forth in claim 2 including means
      mounted on said second frame and positioned between said second frame and
      the prime mover for moving earth outwardly from the path of said means for
      cutting vegetation.
NUM  4.
PAR  4. An earth working apparatus as set forth in claim 2 wherein said means
      for selectively moving said second frame between the storage position and
      the working position includes:
PA1  a. upstanding guide portions on said first frame adjacent the trailing edge
      thereof;
PA1  b. means on said second frame in sliding engagement with and movable along
      said guide portions on said first frame;
PA1  c. an elongated shaft rotatably mounted on said first frame, said shaft
      being adjacent the trailing edge of said first frame and extending
      substantially transversely of the direction of travel of the prime mover;
PA1  d. an arm mounted on said shaft and extending outwardly therefrom;
PA1  e. a first link having a free end thereof pivotally connected to said arm;
PA1  f. a bell crank having a first pivot point connected to said frame adjacent
      the trailing edge thereof and a second pivot point having an other end of
      said link pivotally connected thereto, said bell crank having a third
      pivot point spaced rearwardly of the trailing edge of said first frame;
      and
PA1  g. a second link having one end thereof pivotally connected to the third
      pivot point of said bell crank and an other end thereof pivotally
      connected to said second frame adjacent the trailing edge thereof whereby
      rotation of said shaft and arm in one direction is operative to raise the
      trailing edge of said second frame and rotation of said shaft and arm in
      an opposite direction is operative to lower the trailing edge of said
      second frame.
NUM  5.
PAR  5. An earth working apparatus as set forth in claim 2 wherein said means
      for opening a plurality of laterally spaced furrows and introducing
      gaseous fertilizer into the furrows includes:
PA1  a. a tool bar mounted on said second frame;
PA1  b. a plurality of laterally spaced standards mounted on and depending from
      said tool bar;
PA1  c. a pair of outwardly extending blades mounted on opposite sides of each
      of said standards and each having a free end spaced outwardly from said
      respective standard; and
PA1  d. a flow passage for each of said blades and each of said flow passages
      having a discharge opening adjacent the free end of said respective blade,
      said flow passages each receiving gaseous fertilizer from said gaseous
      fertilizer storage means.
NUM  6.
PAR  6. An earth working apparatus as set forth in claim 5 wherein said means
      for closing the laterally spaced furrows after introducing the gaseous
      fertilizer thereinto includes:
PA1  a. a second tool bar mounted on said second frame and spaced from said
      first named tool bar;
PA1  b. a plurality of laterally spaced standards mounted on and depending from
      said second tool bar, said standards mounted on said second tool bar
      alternating with said standards mounted on said first named tool bar; and
PA1  c. a pair of outwardly extending blades mounted on opposite sides of each
      of said standards mounted on said second tool bar and each having a free
      end spaced outwardly from said respective standard, the free ends of said
      blades on said standards on said second tool bar being in trailing
      relation with the free ends of said blades on said standards on said first
      named tool bar whereby said blades on said standards on said second tool
      bar close the furrows opened by said blades on said standards on said
      first named tool bar.
NUM  7.
PAR  7. An earth working apparatus comprising:
PA1  a. a first frame having laterally spaced ground engaging wheels and a
      leading edge and a trailing edge and opposite ends;
PA1  b. a second frame having a leading edge thereof pivotally connected to said
      first frame adjacent the leading edge thereof, said second frame having a
      trailing edge and opposite ends and being selectively movable between a
      storage position and a working position;
PA1  c. a frame extension mounted on the leading edge of said second frame and
      including means for connecting same to a prime mover;
PA1  d. means operatively connected to a power source on the prime mover and
      mounted on and movable with said second frame for cutting vegetation
      extending above a ground surface;
PA1  e. a tank mounted on said first frame for storage of a supply of gaseous
      fertilizer;
PA1  f. a first plurality of laterally spaced blades supported on said second
      frame and positioned adjacent the trailing edge thereof and movable
      therewith and operative to open a plurality of laterally spaced furrows;
PA1  g. means on each of said blades and operatively connected to said tank for
      introducing gaseous fertilizer into the furrows opened thereby;
PA1  h. a second plurality of laterally spaced blades supported on said second
      frame and positioned in trailing relation with said first named blades and
      operative to close the furrows opened by said first named blades after
      introducing the gaseous fertilizer thereinto; and
PA1  i. linkage means mounted on said first frame and operatively connected to
      said second frame adjacent the trailing edge thereof and to a second power
      source of the prime mover for selectively moving said second frame between
      the storage position and the working position, said first frame having
      guide portions engaged by said second frame during movement of said second
      frame.
NUM  8.
PAR  8. An earth working apparatus as set forth in claim 7 wherein said linkage
      means for moving said second frame between the storage position and the
      working position includes:
PA1  a. an elongated shaft being positioned substantially parallel with the
      trailing edge of said first frame and having opposite ends thereof each
      rotatably mounted on a respective one of the opposite ends of said first
      frame;
PA1  b. a pair of arms each mounted on a respective one of the opposite ends of
      said shaft and extending outwardly therefrom and rotatable with said
      shaft;
PA1  c. a pair of first links each having one end thereof pivotally connected to
      a respective one of said arms;
PA1  d. a pair of bell cranks each having a first pivot point connected adjacent
      a respective one of the opposite ends of said first frame and a second
      pivot point having an other end of a respective one of said first links
      pivotally connected thereto, said bell cranks each having a third pivot
      point;
PA1  e. a pair of second links each having one end thereof pivotally connected
      to the third pivot point of a respective one of said bell cranks and the
      other end thereof pivotally connected to said second frame adjacent a
      respective one of the opposite ends thereof whereby rotation of said shaft
      and arms in one direction is operative to raise the trailing edge of said
      second frame and rotation of said shaft and arms in an opposite direction
      is operative to lower the trailing edge of said second frame; and
PA1  f. cooperating means mounted on said first frame and said second frame for
      defining a lower limit for downwardly movement of the trailing edge of
      said second frame when said second frame is in the working position.
NUM  9.
PAR  9. An earth working apparatus as set forth in claim 8 wherein said means
      for defining a lower limit for downwardly movement of the trailing edge of
      said second frame includes:
PA1  a. an upstanding elongated guide portion for each of the opposite ends of
      said first framek said guide portions each being adjacent the trailing
      edge of said first frame;
PA1  b. an outwardly extending fastening member mounted on each of said guide
      portions;
PA1  c. a hanger member for each of said guide portions and having a plurality
      of apertures therein and positioned adjacent an upper end thereof for
      receiving therein said fastening member extending from said respective
      guide portion, said hanger members each having an elongated slot therein
      and having a lower end;
PA1  d. a slide member mounted on said second frame adjacent each of the
      opposite ends thereof and adjacent the trailing edge of said second frame
      and each having portions thereof in sliding engagement with said
      respective guide portion; and
PA1  e. a rod extending from one of the portions of each of said slide members
      and extending through and retained in the elongated slot and engageable
      with the lower end of said respective elongated slot.
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ABST
PAL  A cabinet and work table for a sewing machine having a convertible work
      supporting bed capable of conversion from a flat work supporting bed to a
      cylinder bed. The cabinet work supporting surface is divided into two
      parts, a fixed rear work supporting surface and a laterally shiftable
      front work supporting surface. The sewing machine is supported in the
      cabinet with the flat work supporting bed forwardly of, co-planar and
      contiguous with the fixed work supporting surface. The shiftable work
      supporting surface of the cabinet is laterally shiftable from a position
      co-planar with the fixed work supporting surface of the cabinet and the
      flat work supporting bed of the sewing machine to a position subjacent the
      flat work supporting bed of the sewing machine and the fixed work
      supporting surface of the cabinet whereupon the flat bed may be converted
      to cylinder bed use. An unexpected benefit has been noted with the cabinet
      work supporting surfaces at two levels and the sewing machine in either
      flat bed or cylinder bed mode in that the sewing machine can be used with
      greater comfort and effectiveness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of sewing machine cabinets, more
      particularly, those cabinets having the capability to support the sewing
      machine for free arm use in addition to for flat bed use.
PAR  The prior art cabinets in this field fall generally into two categories,
      those that accommodate to cylinder bed sewing from flat bed sewing by
      changing the level of the sewing machine by some form of elevator device
      such as in the U.S. Pat. No. 3,468,589 and those that accommodate to
      cylinder bed sewing by allowing a portion of the cabinet to be displaced
      from the sewing machine as for example U.S. Pat. Nos. 3,806,217 and
      3,797,425. These cabinets have the drawbacks of being expensive to
      manufacture, cumbersome to use or allowing only limited clearance for use
      as a cylinder bed sewing machine with insufficient work supporting
      surface.
PAR  Simultaneous with the above developments in cabinets have been the
      developments in sewing machines themselves permitting ready conversion
      from flat bed use to cylinder bed use by rearrangement of a panel
      shiftably supported by the sewing machine bed. Such disclosures are
      contained in the U.S. patent application Ser. No. 445,508, filed on Feb.
      25, 1974 and in the U.S. Pat. No. 3,344,762. The use of sewing machines so
      constructed greatly simplifies the change over from flat bed use to
      cylinder bed use in table top use of the sewing machine.
PAR  What is desired is a cabinet or work table which will accommodate those
      sewing machines having readily convertible beds, which cabinets may be
      equally as readily converted to cylinder bed use without any of the
      drawbacks noted for prior art cabinets, and, which will also further
      enhance the utility of the sewing machine.
PAC  SUMMARY OF THE INVENTION
PAR  The above desired ends are achieved in a work table with an elevated rear
      portion having a work supporting surface co-planar with a work supporting
      bed of a sewing machine supported in front of and contiguous to the rear
      portion. The work table is fashioned with a front portion contiguous to
      the rear portion but with a work supporting surface lower than the work
      supporting surface of the rear portion and the supporting bed of the
      sewing machine. The spacing between the work supporting bed of the sewing
      machine and the work supporting surface of the front portion may be made
      sufficient to expose a cylinder bed portion of a sewing machine having a
      convertible work supporting bed. Also, the front work table portion may be
      made laterally shiftable from a first position co-planar with a sewing
      machine work supporting bed convertible from flat bed to cylinder bed, to
      a second position subjacent the cylinder bed of the sewing machine.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention may be better understood by reference to the following
      figures in which:
PAR  FIG. 1 is an isometric projection of a sewing machine cabinet with a sewing
      machine having a convertible bed in the flat bed mode,
PAR  FIG. 2 is an isometric projection of a sewing machine cabinet similar to
      FIG. 1 but with the front table laterally shifted into the depressed
      position and the sewing machine with the convertible bed in the cylinder
      bed mode,
PAR  FIG. 3 is an end elevation of the sewing machine cabinet in section with
      the front table shown partially depressed in dot-dash lines and fully
      depressed in solid lines and with the sewing machine in the cylinder bed
      mode,
PAR  FIG. 4 is a section taken substantially along the line 4--4 in FIG. 3
      showing the parallelogram mechanism for depressing the table illustrated
      with the partially depressed position shown in dotted lines, and
PAR  FIG. 5 is a fragmentary end elevational view similar to FIG. 3 but showing
      the front table held by the latch mechanism in fully elevated position.
DETD
PAC  REFERRING TO THE DRAWINGS
PAR  In FIG. 1 is shown a sewing machine cabinet 10 in which is supported a
      convertible bed sewing machine 20 of the type described in the U.S. Pat.
      No. 3,344,762, issued on Oct. 3, 1967 to J. Szostak et al. The sewing
      machine 20 has a flat work supporting bed surface 21 which is composed of
      a flat work supporting portion 23 of a cylinder bed 22, and a hinged panel
      24 which may be depressed, as is shown in FIG. 2, to expose an inner edge
      of the work supporting portion of the cylinder bed.
PAR  The work supporting bed surface 21 is bounded by a rear laterally disposed
      edge 25, a front laterally disposed edge 26, a first longitudinal edge 27
      adjacent sewing instrumentalities including a needle carrying needle bar
      29 and a second longitudinal edge 28 joining the front and rear laterally
      disposed edges. Part of the first longitudinal edge 27 and rear laterally
      disposed edge 25 are interrupted when the hinged panel 24 is depressed.
PAR  The cabinet 10 is supported by four legs 11 and is formed with a rear
      portion 15, having a rear work supporting surface 16, and a front portion
      18, having a front work supporting surface 19. It is apparent from an
      inspection of FIGS. 1 and 2 that the front legs 12 are shorter than the
      rear legs 11 to accommodate a depression of the front work supporting
      surface 19 below the level of the rear work supporting surface 16. The
      sewing machine 20 is supported as will be described below with its flat
      work supporting bed surface 21 in front of and in co-planar arrangement
      with the rear work supporting surface 16, and in the position shown in
      FIG. 1, with the front work supporting surface 19.
PAR  In FIG. 2, the cabinet 10 is shown with the front portion 18 laterally
      shifted parallel to the rear portion 15, to a depressed position with the
      front work supporting surface 19 beneath the level of the cylinder bed 22
      of the sewing machine 20. With the cabinet portions 15 and 18 in this
      relative position, and when the hinged panel 24 is depressed as shown in
      FIG. 2, the inner edge and all surfaces of the cylinder bed 22 are exposed
      thereby permitting ready access for tubular work material which may be
      supported on the front work supporting surface 19 of the front portion 18
      as it is operated upon. The position of the sewing machine 20 is not
      changed by depression of the front portion 18 of the cabinet 10, and
      remains at optimum level for operator comfort.
PAR  It has been noted that with the sewing machine 20 in either flat bed mode
      or cylinder bed mode and with the front portion 18 of the cabinet 10
      depressed, greater operator comfort is realized and more effective sewing
      ensues. As an example, instead of guiding material down to the point of
      needle penetration as is required in a conventional cabinet due to the
      position of the guiding hand above the surface of a conventional cabinet,
      in a cabinet with a front portion depressed material may be guided into
      the sewing needle at the level of needle penetration. As noted above, the
      depressed portion has been found to be an ideal repository for the work
      material and is also an ideal repository for other sewing accessories,
      such as scissors, needle threaders, instruction booklets, or other items
      frequently used by an operator, since movement of the work material
      through the sewing machine is little affected by these items and has no
      effect on these items and will not carry them from the front work
      supporting surface.
PAR  A preferred means for depressing the front portion 18 of the cabinet 10 and
      supporting the sewing machine 20 in the cabinet will be explained, below
      recognizing however, that it is not the only means available for
      accomplishing those functions or that a cabinet may be manufactured with
      the front portion in a permanently depressed state to obtain the
      advantages cited above.
PAR  Referring to FIG. 3, the sewing machine 20 is supported in a tray 30 and is
      firmly held thereto by mounting hook 31 and nut 32. A pair of hinges 33,
      only one of which is visible, is attached by screws 35 to the tray and to
      the rear portion 15 of the cabinet 10. The sewing machine 20 and tray 30
      are thus pivoted by the hinge 33 to swing into and out of storage position
      within the cabinet 10. A filler piece 37, also visible in FIGS. 1 and 2,
      is removed when the sewing machine is swung into and out of storage. Not
      shown is a second filler piece, which may be used to fill the cavity
      remaining when the sewing machine 20 is placed in storage, as is well
      known in the sewing machine cabinet art.
PAR  Also visible in FIG. 3 is a spring 40 and bracket 41, elements of a locking
      device used to support the sewing machine 20 and tray 30 selectively in
      the use position or in the storage position. Further details on the
      locking device may be had by reference to the U.S. Pat. No. 3,830,554
      issued on Aug. 20, 1974 to Moussaian et al.
PAR  In FIG. 4 the parallel motion mechanism for laterally shifting the front
      portion 18 to a depressed position is clearly visible. In broken lines in
      FIGS. 3 and 4 is shown the intermediate position of the front portion 18
      to clearly illustrate the manner of operation. Thus a pair of support
      pannels 44, 45 are attached by a pair of hinges 46 to upstanding panels 48
      in the cabinet 10. A second pair of hinges 50 are affixed to the top of
      support panels 44, 45 and the underside of the front work supporting
      surface 19, thereby obtaining parallel motion descent of the front work
      supporting surface to the subbase 49 in a position parallel to and
      contiguous with the rear portion 15 of the cabinet 10. As may be noted in
      FIGS. 1 and 2 the subbase 49 connects the front legs 12 to each other.
      Referring to FIGS. 1 and 2, an L shaped left side panel 51 connects left
      rear leg 11 to the shorter left front leg 12. From FIGS. 3 and 5 it may be
      seen that the right rear leg 11 and the shorter right front leg 12 are
      connected by the L shaped panel 48.
PAR  Also visible on the right-hand side of the cabinet 10 is a keeper 55
      affixed to the inner side of upstanding panel 56 of the rear portion 15. A
      latch 58 affixed to the right support panel 45, is spring loaded
      rearwardly to engage with the keeper 55 when the front portion 18 is in an
      elevated position, to thereby maintain the front portion in the elevated
      position. A manual member 60 is operatively connected to the latch 58 to
      enable the latch to be withdrawn from engagement with the keeper 55 that
      the front portion 18 may be shifted to a depressed position with the aid
      of handles 61. Particulars of the latch and keeper arrangement are more
      clearly apparent in FIG. 5.
CLMS
STM  Having thus described the nature of the invention, what I claim herein is:
NUM  1.
PAR  1. A work table for a sewing machine having sewing instrumentalities
      including a needle carrying needle bar and a work supporting bed formed
      with a rear laterally disposed edge, a front laterally disposed edge, a
      first longitudinal edge adjacent said sewing instrumentalities and a
      second longitudinal edge joining said laterally disposed edges, said work
      table comprising: a rear, laterally elongate, work table portion having a
      rear work supporting surface; means supporting said sewing machine with
      said rear laterally disposed edge of said work supporting bed contiguous
      to and forwardly of said rear work table portion, with said first
      longitudinal edge forwardly of said rear work table portion, and with said
      work supporting bed co-planar with said rear work supporting surface; and,
      a front, laterally elongate, work table portion have a front work
      supporting surface, said front work table portion being located forwardly
      of and contiguous to said rear work table portion laterally beyond said
      sewing machine first longitudinal edge to the lateral end of said rear
      work table portion, said front work supporting surface being space below
      said work supporting bed of said sewing machine and rear work supporting
      surface of said rear work table portion.
NUM  2.
PAR  2. A work table as claimed in claim 1 wherein said work supporting bed is
      convertible from flat bed to cylinder bed, and wherein said work
      supporting surface of said front work table portion is spaced below said
      cylinder bed of said sewing machine.
NUM  3.
PAR  3. A cabinet for a sewing machine having sewing instrumentalities including
      a needle carrying needle bar and a work supporting bed, said work
      supporting bed having a rear laterally disposed edge and a front laterally
      disposed edge, a first longitudinal edge adjacent said sewing
      instrumentalities and a second longitudinal edge joining said laterally
      disposed edges, said cabinet comprising: a fixed rear, laterally elongate,
      cabinet portion having a rear work supporting surface; means pivotably
      supporting said sewing machine in an operative position with said rear
      laterally disposed edge contiguous to and forwardly of said rear cabinet
      portion and with said work supporting bed co-planar with said rear work
      supporting surface; a front, laterally elongate, cabinet portion having a
      front work supporting surface, said front cabinet portion being located
      forwardly of and contiguous to said rear cabinet portion laterally beyond
      said sewing machine first longitudinal edge to the lateral end of said
      rear cabinet portion; and means for supporting said front cabinet portion
      selectively in a first position with said front cabinet portion co-planar
      with said rear work supporting surface of said rear cabinet portion and
      contiguous said first longitudinal edge of said sewing machine work
      supporting bed, and in a second position with said front work supporting
      surface of said front cabinet portion depressed below said work supporting
      bed and contiguous said rear cabinet portion.
NUM  4.
PAR  4. A cabinet as claimed in claim 3 wherein said work supporting bed is
      convertible from flat bed to cylinder bed and wherein said front work
      supporting surface of said front cabinet portion in said second position
      is depressed below said cylinder bed.
NUM  5.
PAR  5. A cabinet as claimed in claim 3 wherein said means pivotably supporting
      said sewing machine includes: a tray, means supporting said sewing machine
      in said tray; hinge means connecting said rear cabinet portion to said
      tray; and means supporting said tray selectively with said sewing machine
      in an operative position and with said sewing machine in a stored
      position.
NUM  6.
PAR  6. A cabinet as claimed in claim 3 wherein said means for supporting said
      front cabinet portion includes: a subbase; a parallel motion mechanism
      connecting said subbase to said front cabinet portion; keeper means
      mounted on said rear cabinet portion; and, latch means on said front
      cabinet portion removably engaged with said keeper means when said means
      for supporting said front cabinet portion is in said first position, said
      front cabinet portion resting on said subbase in said second portion.
NUM  7.
PAR  7. A work table for a sewing machine having a work supporting bed, a
      standard rising from one extremity of said bed maintaining an arm in
      overhanging relation to said bed, said arm terminating in a head in which
      a sewing needle undergoes endwise reciprocation for cooperation with
      stitching instrumentalities in the opposite extremity of said bed in the
      formation of stitches; said work table comprising a rear elongated work
      table portion having a rear work supporting surface; means for supporting
      said sewing machine with said bed contiguous with and forwardly of said
      rear elongated work table portion and with said bed co-planar with said
      rear work supporting surface; a front elongated work table portion having
      a front work supporting surface, said front elongated work table portion
      being located forwardly of and contiguous with said rear elongated work
      table portion and extending at least from said sewing machine work
      supporting bed adjacent said stitching instrumentalities laterally beyond
      said sewing machine to the side edge of said rear elongated work table
      portion and means for supporting said front elongated work table portion
      in a position with said front work supporting surface thereof arranged in
      a plane located below said sewing machine work supporting bed and below
      the rear work supporting surface of said rear elongated work table
      portion.
NUM  8.
PAR  8. A worktable as claimed in claim 7 wherein said means for supporting said
      front elongated worktable portion is arranged also selectively to support
      said front elongated worktable portion in a position with said front work
      supporting surface coplanar and contiguous with said rear work supporting
      surface and with said sewing machine work supporting bed.
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ABST
PAL  A tabless container opening device of work hardened metal having at least
      one substantially rigid inwardly displaceable opening panel bounded by a
      weakening line which includes a fracturable web and having an outwardly
      projecting deflectable portion in the container wall adjacent the
      weakening line around the opening panel is formed between first and second
      die members which displace metal in a container wall to form the weakening
      line and additionally coin the container wall along a zone adjacent one
      side of the weakening line.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my U.S. application Ser. No. 318,476,
      filed Dec. 26, 1972 for Tabless Container Opening Device and Method and
      Tools for Forming the Same, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to containers and container ends, and in particular
      to a tabless opening device in a container wall and a method and tools for
      forming the same.
PAR  2. Description of the Prior Art
PAR  The problem of litter caused by completely severable tear strips and pull
      tabs on easy opening cans has resulted in the development of several
      tabless easy opening devices in which no element is completely severable
      from the container wall. Disclosures of such tabless opening devices are
      contained in U.S. Pats. Nos. 3,227,304, 3,246,791, 3,355,058, 3,334,775,
      3,362,569 and 3,410,436 among others.
PAR  It is known to form a weakening line for such a tabless opening device by
      displacing metal along one side of a weakening line at right angles to the
      initially undisplaced surface of a container wall in such a way that the
      edge defining the periphery of a removable or partially removable wall
      portion underlaps the corresponding edge of the non-removable wall portion
      and has an abrupt change in cross-sectional wall thickness as is disclosed
      in U.S. Pat. No. 3,362,569. It is further known to form a weakening line
      around a partially removable panel in a container wall by moving metal
      substantially at right angles to the original surface of the sheet and
      squeezing a narrow zone of metal along such line to cause lateral flow of
      material away from the line as is disclosed and claimed in an application
      for U.S. Letters Patent Ser. No. 357,937, filed May 7, 1973. Although the
      method and apparatus disclosed in such patent application work well for
      material having any given thickness, the dies used in such method have
      sometimes been found to produce defective ends when the sheet material
      from which they are formed varies in mechanical properties and/or in
      thickness within commercially accepted ranges. Sheet metal from which
      container ends are formed may have tolerances of approximately plus or
      minus 0.0005 inch in aluminum and even more in steel, and such tolerances
      can cause difficulties in forming weakening lines in the metal using the
      prior art dies. When such sheet metal is thicker than nominal gauge, the
      ends produced with prior art dies have sometimes been difficult to open,
      and when the material is thinner than nominal, the tabless container ends
      produced from such material have sometimes had cracks or premature
      failures in the weakening lines.
PAR  The prior art is lacking in a method and tools for making tabless easy
      opening devices which work well on deformable sheet material which varies
      in thickness within commercially accepted ranges.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a tabless container opening device and tools and a
      method for forming the same by forming a weakening line defining a
      substantially rigid inwardly displaceable opening panel, forming an
      outwardly projecting deflectable portion in the container wall adjacent to
      the opening panel and to the weakening line therearound, and compressing
      or coining metal in the container wall along a zone adjacent to the
      weakening line.
PAR  Accordingly, an object of this invention is to provide a method and
      apparatus for forming a tabless opening device in a container wall.
PAR  Another object of the invention is to provide a method and apparatus for
      forming a weakening line in sheet material having commercially accepted
      gauge variations.
PAR  Another object of the invention is to provide a method and tools for
      forming a weakening line in a container wall by displacing metal at right
      angles to the plane of the container wall while squeezing a narrow zone of
      metal along the weakening line and coining metal adjacent at least one
      side of the weakening line.
PAR  A further object of the invention is to provide a tabless easy opening
      device which can be formed in sheet metal having commercially accepted
      gauge variations.
PAR  The above and other objects and advantages of the invention will be more
      fully understood and appreciated with reference to the following
      description and the drawings attached hereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a can end of the invention.
PAR  FIG. 2 is an enlarged fragmentary cross section through the can end of FIG.
      1 taken along line II--II.
PAR  FIG. 3 is a cross section illustrating tools for forming a weakening line
      in a container wall in accordance with the invention.
PAR  FIG. 4 is an enlarged fragmentary cross section of the tools of FIG. 3.
PAR  FIGS. 5, 6, 7 and 8 are enlarged fragmentary cross sections similar to FIG.
      4 showing exemplary alternative tool shapes that can be used in the
      practice of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This invention is an improvement upon the tabless opening device and method
      of forming the same which are disclosed and claimed in an application for
      U.S. Letters Patent Ser. No. 357,937, filed May 7, 1973, which is a
      continuation-in-part of application Ser. No. 281,541, filed Aug. 17, 1972.
      According to that application and as is illustrated in the drawings
      attached hereto, a container wall such as a closure or a can end 10 which
      is made of deformable material, preferably hard temper aluminum alloy, may
      include at least one, and preferably two, depressible or inwardly
      displaceable substantially rigid opening panels 12 which are defined by
      weakening lines 14 in the can end. Panels 12 are designed to be opened by
      pressing them into a container on which can end 10 is sealed to form a
      pouring opening and/or a vent in the can end. Weakening lines 14 around
      panels 12 may be formed by displacing metal at right angles to the
      initially undisplaced surface of the metal and squeezing a narrow zone of
      metal along the weakening line to form a relatively thin fracturable web a
      few thousandths of an inch thick. Each weakening line 14 in the can end
      may be C-shaped and may have a bridge of metal 18 between the ends of the
      line providing a hinge which will prevent complete separation of the
      panels 12 from the container end 10. The hinge 18 between the ends of each
      weakening line 14 may be slightly weakened by a shallow scoreline or the
      like, but may also be unweakened for some applications.
PAR  In accordance with this invention, a zone of coining 19 is formed in can
      end 10 adjacent the weakening line 14 around each of the opening panels
      12. In the preferred embodiment, each such zone of coining 19 is formed in
      the outer surface of the can end in the wall portion adjacent the opening
      panel and spaced from the weakening line around such panel a distance of
      approximately one to three times the thickness of the metal in the can
      end. An exemplary zone of coining 19 is best seen in cross section in the
      container wall 32 illustrated in FIG. 4 wherein the zone of coining is
      shown in the upper or outer surface of the container wall underlying the
      coining rib 56 on die 54 which, in conjunction with die 30, has formed
      such zone of coining.
PAR  Referring to FIG. 2 it is seen that in one embodiment of this invention,
      the top surface 16 of panel 12 adjacent weakening line 14 is in
      approximately the same plane or line-on-line with the bottom surface 17 of
      metal adjacent the scoreline outside the panel. FIG. 2 further shows an
      integral flexible bulge or deflectable portion 24 projecting outwardly
      from the can end adjacent each weakening line. As will be explained, the
      deflectable portion 24 facilitates depressing of the panel 12 into a can
      on which end 10 is secured.
PAR  According to this invention, the opening panels 12 are preferably
      substantially rigid and downwardly domed as is illustrated in FIG. 2. Such
      downwardly domed panels 12 provide maximum resistance to rupture of the
      weakening lines 14 by high internal pressure in the container 20 on which
      the end is secured, and also provide maximum ease of rupture of the
      weakening lines by force applied externally against the can end. Pressure
      in the container 10 will produce primarily compressive stresses in the
      residual metal in the weakening line 14 around the downwardly domed panel
      12, and the metal can withstand relatively high compressive stresses
      without failure. But, when external force is applied against the container
      wall 10 in the area of the weakening line 14, a combination of stresses,
      including at least some shear stress, will be produced in the residual
      metal and this combination of stresses will rupture the weakening line.
PAR  The fracturable web of residual metal in weakening line 14 around each
      opening panel 12 is preferably located above or outwardly of the general
      plane of the container wall 10. When the deflectable portion 24 adjacent
      the weakening line 14 is depressed or flexed downward under force applied
      externally against such deflectable portion, relative displacement of the
      metal on opposite sides of the weakening line will be produced to strain
      the fracturable web and initiate fracture thereof to permit inward
      displacement of a partially separated opening panel.
PAR  FIGS. 3 and 4 illustrate an exemplary form of tools for practicing this
      invention. Such tools comprise a vertically movable annular top die 28 and
      an annular bottom die 30 between which a metal sheet or container wall 32
      can be positioned to have a weakening line formed in it. The tools further
      include a vertically movable outer annular doming and coining tool 34 for
      coining the container wall adjacent the weakening line and forming a bulge
      or deflectable portion in the container wall around the opening panel.
      Although die 34 is illustrated as being separate from die 28, the two dies
      may be an integral unit. Referring to FIG. 4, which is an enlargement of
      the dies 28, 30 and 34 at completion of the forming operation, top die 28
      may have a substantially horizontal bottom surface or face 36, an inner
      face 38 which may be inclined upwardly from face 36 at approximately a
      15.degree. angle, an outer face 40 inclined upwardly from the bottom face
      at approximately a 45.degree. angle, a vertical face 42 extending upwardly
      from the outer edge of face 40, and a substantially horizontal face 44
      extending outwardly from the top of face 42. Bottom die 30 includes a
      substantially horizontal top surface or face 46, an outer face 48 which
      may be inclined downwardly and away from top face 46 at approximately a
      15.degree. angle, an inner face 50 inclined downwardly from the top face
      at approximately a 45.degree. angle, a vertical face 52 extending
      downwardly from the outer edge of face 50, and a substantially horizontal
      face 54 extending from the bottom of face 52.
PAR  Faces 40 and 50 on dies 28 and 30 respectively are substantially parallel
      and overlap each other in a horizontal plane to cause a relatively narrow
      zone of metal to be squeezed or extruded laterally from between such faces
      when the dies are closed against sheet 32. Preferably, such lateral flow
      or extrusion of metal occurs at approximately a 45.degree. angle to the
      original undisplaced surface of metal sheet 32, and the horizontal overlap
      of surfaces 40 and 50 is preferably approximately one-sixth to one-fourth
      of the thickness of the metal sheet 32. Dies 28 and 30 which have been
      selected for illustration are so dimensioned that in the closed position
      of the die faces 36 and 44 on die 28 which oppose faces 46 and 54 on die
      30 are vertically spaced a distance of approximately the thickness of
      sheet 32 to provide a band or zone of relief between the scoring means and
      the coining means on the dies. The exact spacing of such opposed die
      surfaces is not considered to be critical to proper functioning of the
      dies as long as the dies permit the metal in the area between bead 56 on
      die 34 and side surface 40 on die 28 to flow with little or no restraint.
      It is believed that face 44 on die 28 and face 58 on die 34 could be
      spaced a substantial distance above face 36 on die 28, or could be
      non-existent, and have little if any effect on the functioning of the
      dies.
PAR  It is a feature of this invention that face 40 on die 28 and face 50 on die
      30 each have a height in a vertical plane approximately equal to one-half
      the thickness of the sheet of metal in which the weakening line is formed.
      Limiting the height of each face 40 and 50 to approximately one-half the
      thickness of the sheet, in combination with the relief or lack of
      restraint against the metal in the area between face 40 and bead 56 is
      believed to minimize the stresses which are produced in the metal during
      the weakening process, and thereby facilitate the formation of weakening
      lines in sheet metal which varies in thickness within commercially
      acceptable ranges.
PAR  It is a further feature of this invention that die 34 includes means such
      as coining bead or rib 56 for coining sheet 32 adjacent the weakening line
      which is formed by tools 28 and 30. Rib 56 may be arcuate in cross section
      as illustrated in FIG. 4, or may also have other configurations which will
      squeeze metal against bottom die 30. Although it is not fully understood,
      it is believed that coining metal between rib 56 and face 48 on die 30
      causes metal to flow laterally from between the rib and die surface to
      control the stresses which are produced by dies 28 and 30 in forming a
      weakening line in sheet 32. The height of rib 56 as measured perpendicular
      to surface 58 on die 34 is preferably in a range of approximately
      one-quarter to three-quarters of the thickness of sheet 32. Additionally,
      radii of 0.005 inch, 0.0075 inch and 0.010 inch have been found to work
      well for rib 56 when forming a weakening line in a hard temper aluminum
      alloy sheet 0.012 inch thick. Rib 56 is preferably spaced from the
      weakening line which is formed a distance of approximately one to three
      times the thickness of sheet 32.
PAR  In the operation of dies 28, 30 and 34 to form a weakening line in a
      container wall or sheet of metal in accordance with this invention, sheet
      32 is positioned between the dies as illustrated in FIG. 3, and dies 28
      and 34 are closed or moved as a unit toward die 30 to deform the metal
      sheet therebetween. Faces 36 and 46 on dies 28 and 30 displace or move
      metal in sheet 32 at substantially right angles to the original
      undisplaced surface of the sheet to form a line of reduced metal thickness
      in the sheet. When die surfaces 36 and 46 have closed to within
      approximately two-thirds to three-fourths of the thickness of sheet 32,
      metal begins to be extruded or squeezed laterally from between faces 40
      and 50 on the dies. This lateral extrusion of metal away from the
      weakening line which is being formed occurs substantially simultaneously
      with completion of the displacement of metal at substantially right angles
      to the original surface of the sheet, and prevents shearing the sheet
      between the dies. Such lateral flow of metal is preferably approximately
      at the same rate as the metal is being displaced at right angles to
      minimize the chances of such metal being sheared or severed by such right
      angle displacement.
PAR  During the formation of a weakening line in sheet 32, rib 56 on die 34
      coins metal in a zone adjacent to the weakening line to facilitate forming
      of such a weakening line in metal sheets which vary from nominal gauge
      thicknesses. Coining of sheet 32 between rib 56 and die face 48 squeezes
      or compresses the metal in the sheet causing lateral metal flow away from
      coining rib 56. Approximately one-half of such metal flow is toward the
      weakening line which is being formed. It is believed that this lateral
      flow of metal toward the weakening line in some way controls the stresses
      in the weakening line which could cause premature or accidental rupture of
      a weakening line in a sheet which varies from nominal gauge thickness.
      Coining the sheet along the weakening line permits closing of dies 28 and
      30 to a position where faces 36 and 46 are approximately line-on-line with
      a very thin residual of metal between the dies without forming cracks in
      the weakening line, even when sheet 32 is thinner than nominal gauge. In
      the absence of such coining, closing dies of this type to line-on-line of
      the opposing top and bottom surfaces of the dies could cause undesirable
      cracks or failures in the weakening lines which are formed.
PAR  It is noted that FIG. 4 illustrates coining on one side only of the
      weakening line which is being formed. It will be apparent to those skilled
      in the art that such coining could also be effected on both sides of the
      weakening line or on the side of the weakening line opposite to that
      illustrated in FIG. 4. It will also be appreciated by those skilled in the
      art that the coining rib could be provided on bottom die 30 instead of top
      die 34 and could be of various cross sectional shapes.
PAR  In forming a weakening line in sheet 32 with dies 28 and 30, the clearance
      or relief between faces 42 and 44 on upper die 28 and faces 52 and 54 on
      bottom die 30 provides space in which metal from sheet 32 can flow as a
      result of working the metal on either side of such die relief. This
      further minimizes the stresses which are produced in the sheet during
      forming of a weakening line in the sheet. Prior to this invention, dies
      for displacing metal at right angles and extruding metal laterally
      included side faces similar to faces 40 and 50 of dies 28 and 30, but the
      faces of the dies extended at approximately a 45.degree. angle for at
      least the full thickness of the material in which the weakening line was
      formed. The relief which is provided in dies 28 and 30 in accordance with
      this invention is believed to reduce the amount of metal flow which is
      effected by such dies and therefore reduces the stresses which are
      produced in the metal in the area of the weakening line or score.
      Reduction in the stresses in such metal is believed to permit the
      formation of weakening lines having a minimum of residual metal therein
      for maximum ease of rupture.
PAR  In the operation of dies 28, 30 and 34, the depressible panel which is
      formed will be domed downwardly. Forming a weakening line between the dies
      increases the surface area of metal in the sheet due to the thinning of
      metal in the area of the weakening line, and the increased surface area of
      metal in the panel defined by the weakening line produces the downward
      dome on the panel. As stated above, such downward dome is preferred for
      container ends which are to be secured on containers which may have
      higher-than-atmospheric pressures in them because it provides substantial
      resistance to rupture of the weakening line by such internal pressures and
      maximum ease of rupture by external force applied against the can end. It
      will be apparent to those skilled in the art that an upward dome could
      also be provided on such depressible panel in container ends for other
      applications.
PAR  FIGS. 5 and 6 illustrate alternative embodiments of dies which can be used
      to form a weakening line or score in a sheet of metal or other deformable
      material in accordance with this invention. Coining dies such as the one
      illustrated in FIGS. 3 and 4 are preferably used with the dies illustrated
      in FIGS. 5 and 6, but are not illustrated. Dies 60 and 62 which are
      illustrated in FIG. 5 include faces 63, 64, 65 and 66 which are similar to
      like faces of the dies in FIGS. 3 and 4. The dies further include faces 67
      and 68 which are disposed at approximately a 10.degree. angle to vertical,
      and a face 69 on die 60 which is disposed at approximately a 45.degree.
      angle to a horizontal plane. Face 69 is spaced a substantial distance
      above faces 63 on die 60 and permits free flow of metal in the area
      between the weakening line and the zone of coining.
PAR  Dies 70 and 72 illustrated in FIG. 6 include faces 74 and 76 which are
      curved away from faces 78 and 80. It will be appreciated by those skilled
      in the art that various other die shapes could also be employed for
      forming weakening lines in accordance with this invention. For example,
      small radii could be provided on corners 82 and 84 on dies 70 and 72, or
      on like corners of the dies illustrated in FIGS. 4 and 5.
PAR  FIG. 7 illustrates another alternative form of tools which can be used in
      the practice of this invention, including top and bottom dies 86 and 88
      for forming a weakening line in a metal sheet and a shaping die 90 for
      working metal adjacent the weakening line which is formed. Die 90 has a
      substantially flat bottom face 94 which may be parallel to face 92 on die
      88. Faces 92 and 94 are disposed at approximately a 15.degree. angle to
      the horizontal plane of the initially undisplaced surface of sheet 88 so
      that the metal therebetween will be formed at a similar angle. Dies 86 and
      90 are shown as two separate dies, but they may also be made as a unit. In
      the closed position of die 86, 88 and 90, die surface 92 and 94 are
      preferably spaced a distance approximately equal to the thickness of the
      sheet being scored. However, dies 88 and 90 may also be closed against the
      sheet to squeeze the metal between faces 92 and 94. Additionally, die
      surfaces 92 and 94 may be more closely spaced distal the weakening line
      which is to be formed so that when the dies are closed, the sheet will be
      squeezed or extruded between such die surfaces toward the weakening line.
      Such squeezing or coining of the metal is believed to control the stresses
      which are produced in the metal so that a weakening line can be formed in
      metal sheet material having thicknesses which vary from nominal gauge.
PAR  FIG. 8 illustrates another alternative embodiment of tools which can be
      used in the practice of this invention. This embodiment includes a first
      die member 100 having an indentor or rib 102 thereon with a first
      substantially planar metal working surface 104 and a second and angularly
      disposed substantially planar metal working surface 106 defining with the
      first surface 104 a corner 108 at the locus of intersection between such
      surfaces. The included angle between surfaces 104 and 106 may be in a
      range of approximately 45.degree. to 90.degree. and preferably about
      75.degree.. The corner 108 on indentor 102 is preferably essentially sharp
      as may be provided by merely deburring after the surfaces 104 and 106 have
      been formed by grinding or the like. The first die member 100 further has
      a coining rib 110, either as an integral part thereof or as a separate
      member, with the coining rib having a first substantially planar vertical
      surface 112 and a second substantially planar angularly disposed surface
      114 defining a corner 116 at the locus of intersection therebetween.
      Corner 114 is preferably rounded as with a radius of approximately 0.001
      inch. The included angle between surfaces 112 and 114 may, for example, be
      approximately 45.degree..
PAR  A second die member or anvil 116 is provided which has a metal supporting
      surface comprising a first rounded corner 118 opposing the indentor 102, a
      generally planar surface portion 120 opposing the coining rib and a second
      rounded corner 122 laterally spaced from the first rounded corner 118 by
      the generally planar surface 120. The first rounded corner 118 has a
      radius of curvature, for example, of approximately 0.020 inch, and the
      second corner 122 has a radius, for example, of approximately 0.030 inch.
      The tools further include an auxiliary die means 124 with a base surface
      126 and a rounded corner 128 thereon which may be generally on the
      opposite side of the container wall from the second rounded corner 122 on
      the second die member 116, or may be laterally spaced from such rounded
      corner 122 so long as surfaces are adapted to assist in the formation of a
      deflectable corner in the container wall as is illustrated.
PAR  The first die member 100, coining rib 110 and auxiliary die means 124 are
      adapted to be lineally displaced toward the second die member 116 to
      selectively move the first and second surfaces 104 and 106 of the first
      die member into operative proximity with the metal supporting surface, and
      in particular the first rounded corner 118, of the second die member to
      engage a sheet metal container wall 119 therebetween and laterally
      displace portions of the sheet metal as the corner 108 on the first die
      member penetrates the sheet to form a weakening line which has a
      fracturable web of residual metal 121 therein. The coining rib 110 also
      engages the sheet of metal and coins it along a zone 123 adjacent to the
      fracturable web to facilitate forming the weakening line and fracturable
      web in sheet metal having varying thicknesses. Movement of the auxiliary
      die 124 toward the second die member forms a deflectable portion 125 in
      the sheet metal container wall by the conjoint action of the auxiliary die
      member and the metal supporting surfaces on the second die member. The die
      travel of the first die member is stopped when the corner 108 of indentor
      102 has penetrated the sheet to within approximately 0.002 to 0.004 inch
      of the supporting surface of the second die member 116 to leave a
      fracturable web of residual metal of like thickness. The travel of the
      auxiliary die means is stopped when the base surface is in a predetermined
      longitudinally offset relation with the supporting surface 120 on the
      second die member to form an outwardly projecting deflectable portion
      which projects in a range of approximately 0.010 to 0.040 inch above the
      outer or public surface of the metal sheet around such deflectable
      portion. The container opening device which is thus formed may be opened
      by digitally pressing against the deflectable portion 125 to deflect it
      inwardly and thereby strain the fracturable web and initiate fracture
      thereof to permit inward displacement of a partially separated opening
      panel.
PAR  As described above, this invention provides a method and apparatus for
      forming a sheet metal container wall having at least one inwardly
      displaceable opening panel and an outwardly projecting deflectable portion
      disposed in integral interconnected relation with the opening panel by a
      selectively shaped, residually stressed, fracturable web. To form such
      container wall, a sheet of metal, preferably work hardened aluminum alloy,
      is introduced between a first die member and a second die member,
      whereafter at least one of the die members is lineally displaced with
      respect to the other to deform the sheet of metal and form the fracturable
      web. One of such first and second die members, and preferably the first
      die member, has a coining bead on it adjacent the corner on such die
      member and extending substantially parallel thereto. The other die member
      has a supporting surface on it facing the coining bead on the first die
      member. Auxiliary die means is disposed on the same side of the sheet of
      metal as is the first die member and has a metal base surface facing the
      opposite general direction as does the metal supporting surface on the
      second die member and in laterally spaced relation therewith.
PAR  In the operation of the dies, the first die member is displaced lineally
      toward the second die member to selectively move the first and second
      surfaces of the first die member into operative proximity with the metal
      supporting surfaces of the second die member to engage the sheet of metal
      and displace or laterally extrude portions of the sheet within the locus
      of displacement thereof through the conjoint action of the die members to
      form a fracturable web. The coining bead on the first die member coins the
      sheet of metal against the supporting surface on the second die member
      along a zone adjacent and substantially parallel to the fracturable web.
      Such coining produces a zone of coining of reduced metal thickness
      adjacent the weakening line which is formed. The auxiliary die means is
      displaced lineally toward the second die member to selectively move the
      base surface of the auxiliary die means into predetermined longitudinally
      offset relation with the first surface of the second die member in the
      direction of die displacement to form the deflectable portion by the
      conjoint action of the auxiliary die means and the second die member. The
      lineal displacement of the auxiliary die means preferably occurs
      concurrently with the lineal displacement of the first die member.
PAR  The apparatus and method of this invention are particularly well adapted
      for forming an easy opening container wall in work hardened aluminum alloy
      sheet material which is approximately three-quarters hard. Such material
      provides the strength and rigidity which is desirable for ease of opening
      of the container wall.
PAR  Although preferred embodiments of this invention have been illustrated and
      described, it will be apparent to those skilled in the art that various
      modifications could be made in the container wall, method and tools
      without departing from the invention or the scope of the claims appended
      hereto. For example, the die used for coining or squeezing the metal along
      the weakening line need not be moved as a unit with the die used to form
      the weakening line. Instead, it is believed that the coining die could be
      closed against a can end and held against the metal as the scoring dies
      are moved against the can end. It will also be appreciated by those
      skilled in the art that this invention can be employed to form weakening
      or score lines of a variety of linear configurations in a variety of
      articles of deformable sheet material such as closures, can ends and the
      like.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the formation of a sheet metal container component having at least
      one substantially rigid inwardly displaceable opening panel comprising a
      minor portion of the container component and an outwardly projecting
      deflectable portion disposed in integral interconnected relation therewith
      by a fracturable web,
PA1  the steps of:
PA1  introducing a sheet of metal intermediate a first die member having a first
      substantially planar metal working surface having the generally annular
      outline of an opening panel to be formed and a second and angularly
      disposed substantially planar metal working surface defining with said
      first surface a corner at the locus of intersection therebetween, and a
      coining rib adjacent said corner and extending substantially parallel
      thereto on the side thereof outwardly of the opening panel to be formed,
PA1  and a second die member having metal supporting surfaces thereon opposing
      said first and second surfaces and said coining rib on said first die
      member,
PA1  and with auxiliary die means disposed on the same side of the sheet as said
      first die member having a metal shaping base surface facing in a generally
      opposite direction from said metal supporting surfaces of said second die
      member and in laterally spaced relation therewith;
PA1  lineally displacing said first die member toward said second die member to
      selectively move said first and second surfaces of said first die member
      into operative proximity with said metal supporting surface of said second
      die member, and thereby engage said sheet to laterally displace portions
      of said sheet as said corner penetrates the sheet to form said fracturable
      web,
PA1  coining said sheet between said coining rib and said supporting surface
      along a zone adjacent said fracturable web outwardly of the opening panel
      within the fracturable web,
PA1  lineally displacing said auxiliary die means towards said second die member
      to selectively move said base surface thereof into predetermined
      longitudinally offset relation with said metal supporting surface of said
      second die member in the direction of die displacement to form said
      deflectable portion by the conjoint action of said base surface and said
      metal supporting surface, and
PA1  stopping said die member displacement when said corner of said first die
      member has penetrated the sheet to within a few thousandths of an inch of
      said metal supporting surface of said second die member.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein said first die member and said
      auxiliary die means are lineally displaced against the upper surface of
      said container component to form a substantially planar upper surface on
      the rim of said opening panel which is substantially coplanar with a
      substantially planar undersurface on the inner lip of said deflectable
      portion.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein a sheet of at least
      three-quarter hard temper aluminum alloy is introduced intermediate said
      first and second die members which are closed against said sheet.
NUM  4.
PAR  4. A method as set forth in claim 1 wherein said sheet metal is thinned by
      said coining operation.
NUM  5.
PAR  5. A method as set forth in claim 1 wherein the sheet material is
      substantially unrestrained in the area between which said weakening line
      is formed and the zone along which the sheet is coined.
NUM  6.
PAR  6. Apparatus for forming a sheet metal container component having at least
      one substantially rigid inwardly displaceable opening panel comprising a
      minor portion of said container component and an outwardly projecting
      deflectable portion disposed in integral interconnected relation therewith
      by a fracturable web, comprising:
PA1  a first die member having a first substantially planar metal working
      surface having the generally annular outline of an opening panel to be
      formed and a second and angularly disposed substantially planar metal
      working surface defining therewith a corner at the locus of intersection
      therebetween, and a coining rib on said first die member adjacent said
      corner and extending substantially parallel thereto on the side thereof
      outwardly of the opening panel to be formed,
PA1  a second die member having metal supporting surfaces thereon opposing said
      first and second surfaces and said coining rib on said first die member,
PA1  and auxiliary die means having a metal shaping base surface facing in a
      generally opposite direction from said metal supporting surfaces of said
      second die member and disposed in laterally spaced relation therewith,
PA1  said first die member and said auxiliary die means being lineally
      displaceable relative to said second die member with said first and second
      surfaces of said first die member in generally opposed relation with said
      metal supporting surfaces of said second die member,
PA1  whereby displacement of said die members and said auxiliary die means
      against a sheet of metal positioned therebetween to a closed die position
      in which said corner of said first die member is disposed within a few
      thousandths of an inch of said metal supporting surface of said second die
      member and said base surface of said auxiliary die means is in
      longitudinally offset relation with said metal supporting surface of said
      second die member in the direction of die displacement will laterally
      extrude portions of said sheet within the locus of displacement thereof
      through the conjoint action of said first and second surfaces of said
      first die member and said metal supporting surface of said second die
      member to form said fracturable web, will coin or squeeze portions of said
      sheet between said coining rib and said metal supporting surface along a
      zone adjacent said fracturable web, and will form said deflectable portion
      by the conjoint action of said metal supporting surface of said second die
      and said base surface of said auxiliary die means.
NUM  7.
PAR  7. Apparatus as set forth in claim 6 in which said coining rib has a
      substantially arcuate cross section.
NUM  8.
PAR  8. Apparatus as set forth; in claim 6 in which said metal supporting
      surfaces of said second die member include first substantially planar base
      surface and a second and angularly disposed substantially planar metal
      extruding surface defining an obtuse corner at the locus of intersection
      therebetween, and said first die member is adapted to be lineally
      displaced with said first and second surfaces thereon in generally opposed
      relation with said second and first surfaces respectively of said second
      die member.
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ABST
PAL  A modular-like system of offshore structures for imparting flexibility to
      the offshore exploration and production and transportation industries so
      that exploration, production and development work can take place over a
      large range of marine depths and operational circumstances with one or
      more marine vessels. In particular there is disclosed a novel combination
      of a bottle structure and a jackup structure which provides a bottle
      jackup with the characteristics of both submersible and semi-submersible
      rigs.
PARN
PAC  CROSS REFERENCES
PAR  This application is a division of my earlier application, Ser. No. 107,288,
      filed Jan. 18, 1971, now U.S. Pat. No. 3,716,993 which is a
      continuation-in-part of my earlier application Ser. No. 649,889, filed
      June 29, 1967, now U.S. Pat. No. 3,575,005.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is in the offshore drilling, production, and transportation industry
      a variety of structures for supporting men and machinery at stations
      offshore. The structures are similar in basic function, namely to support
      the men and machinery in accomplishing their assigned function. Otherwise
      the structures are significantly different in that some are mobile while
      others are stationary; and some are founded on the marine floor while
      others float. The mobile structures are commonly called "mobile rigs"
      while the fixed ones are "fixed platforms". These rigs and platforms are
      generally classified as either drill ships, semi-submersibles,
      submersibles, jackups, pile jackets, or one of a few other hybrid designs.
      Each is peculiarly designed and adapted for a fairly limited set of
      operational conditions. As a result, there is restrictive flexibility of
      use. For example, the fixed frame design, commonly known as the
      aforementioned pile jacket, is best suited for permanent stations in water
      of a few hundred feet or less. All other current types are mobile and more
      expensive as a result, and therefore they are well suited for exploration
      work, but not so well suited for long duration stationary production work.
      However, even production work is not truly permanent and reusability would
      be a significant consideration in the design of a rig for production
      purposes. Fixed platforms are seldom used in exploration work because the
      cost of building a new platform for each exploratory hole is almost
      prohibitive, except in shallow, protected waters. Thus fixed platforms are
      primarily production type structures.
PAR  In contrast to the permanent station characterizing the fixed frame design,
      the most mobile type of offshore platform is the drill ship with its
      appropriate stabilizing and stationing apparatus such as thrusters,
      anchors, and winches. The ship certainly is not best suited for permanent
      stationing because it is particularly sensitive to wave action by reason
      of the wide surface area of structure exposed to the water, and the use of
      thrusters to maintain stationing for long periods of time, as would be
      necessary for production activities, is economically unfeasible because of
      fuel consumption and the necessarily continuous human monitoring which is
      required. Also, of course, the ship is vulnerable to storms and generally
      adverse conditions.
PAR  Intermediate the permanent station characterizing the fixed frame and the
      high mobility of the drill ship are the family of rigs known as jackups.
      The jackup rig has some of the advantages of both the fixed frame and the
      drill ship. It is analogous to the former in that it is supported on the
      marine floor, and therefore is quite stable and requires no continuous
      operation or monitoring to maintain position. And, when the legs are
      raised, it can be towed from place to place so as to thereby provide a
      degree of mobility analogous to the drill ship. The legs can, of course,
      be lowered to varying elevations so as to provide the jackup with an
      adaptability to a variety of depths.
PAR  The aforementioned submersibles are also an intermediate form of rig. The
      submersibles and also the semi-submersibles have good stability, each is
      suited to its depth, the semi-submersible to deep water, the submersible
      bottom-founded frame to shallow water. Both are more stable but less
      mobile than the drill ship. They cannot be moved in heavy weather without
      jeopardy to themselves, their crew, and the towing vessel; and indeed some
      have even been lost while being moved in calm waters.
PAR  It thus becomes evident without further elaboration that each of the
      various types of offshore drilling rigs commonly used is well suited only
      to a relatively narrow range of operation. As a result, a company or firm
      which chooses to operate offshore must elect the particular type of rig
      best suited for its contemplated initial endeavor and thereafter be
      committed to the limitations of that rig when it is used in subsequent
      drilling operations.
PAR  The limitations inherent in the state of the art are best illustrated by a
      brief examination of one of the more common types of mobile rig. The
      jackup rig, as previously noted, has certain of the advantageous
      characteristics of the pile jacket in that it is founded on the bottom in
      a stable way while the apparatus it carries is supported clear of the
      highest anticipated waves so that the whole is a fairly stable
      semi-permanent, albeit expensive, station. Mobility is achieved by
      lowering its bouyant platform to the water, and raising the legs from the
      marine floor, so that the whole can then be floatably moved to another
      location. Although jackup rigs in general are adapted to a relatively wide
      range of operating depths, namely about 20 to perhaps 500 feet, any single
      jackup is adapted, as a practical matter, to a very limited subrange
      within this range. For example, if a jackup of the prior art were to be
      designed for work in the Gulf of Mexico in water of 200 foot depth, it
      certainly could not work in depths of 400 feet because its legs would not
      reach the bottom. Likewise, it could not work competitively, that is
      economically, in water depths of say 60 feet because other less expensive
      jackup rigs would be available for that work. So, although in a physical
      sense jackup rigs can work in a wide range of depths, they cannot in an
      individual and in an economic sense encompass a very large range of
      usefulness.
PAR  Therefore, it might be concluded from the above brief discussion that the
      offshore operator is restricted to a fixed location rig which represents a
      substantial investment, or to a mobile rig which represents a very
      substantial investment but which is adapted only to a relatively narrow
      range of operational depths which may represent a certain class of
      locations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention endeavors to broaden the flexibility in use for
      offshore mobile rigs and ancillary structures, and to allow a wider
      variety of choices than presently exist. This is accomplished not by a
      specific modification to a particular type of existing rig, but by
      presenting the concept of an entire new family of modular elements which
      are adapted to cooperate with one another in order to provide a plurality
      of alternative structures which enable the user to operate an offshore
      drilling platform in a much broader range of depths and environmental
      circumstances than is presently known in the art. Briefly, and more
      specifically, the present invention is directed to a modular system of
      offshore structures consisting of one or more marine vessels which are
      adapted to cooperate with a variety of supporting structures and which are
      cooperatively operable in varying manners by being coupled together by a
      spacing-jack-and-coupling-structure. In more elaborate embodiments, the
      supporting structure will be incorporated into the
      spacing-jack-and-coupling-structure, so that the whole may serve as a
      spacing-jack-and-coupling-structure for another supporting structure. In
      varying circumstances a releasable connection means is also provided for
      releasing the vessel from the structure or the structure from the vessel.
      This aforesaid releasable connection means may take a variety of forms. In
      one form it may release the spacing-jack-and-coupling-structure from the
      vessel and not from the support structure. More commonly it may release
      the spacing-jack-and-coupling-structure from the support structure and not
      from the vessel. Sometimes both are done, and sometimes multiple
      releasable structures are formed into a whole by multiple releasable
      connection means. As a consequence of the factors of releasability and
      modularity, there is provided a family of individually independent but
      cooperating elements that afford much greater flexibility in use than has
      been known before in the offshore structures art. Therefore, a particular
      feature and advantage of this invention is its disclosure of a mobile rig
      for offshore operations which may be designed for a given purpose, such as
      competitive economical drilling in shallow water, but due to its inherent
      structural modularity characteristics it is adaptable to many varying
      functional applications, including drilling at much greater depths.
PAR  Another feature and advantage of the invention resides in a plurality of
      modules for reversibly converting a floating rig to a fixedly founded rig.
PAR  Still another feature and advantage of the invention is the provision for a
      plurality of structural modules which may convert a jackup rig to a
      semi-submersible and subsequently to a drill ship.
PAR  Yet another feature and advantage of the invention is the provision for a
      means for raising vessels out of the water and lowering vessels into the
      water regardless of whether the weight of the vessels is supported by the
      marine floor or by bouyance of the water.
PAR  Still another feature and advantage of the invention resides in the means
      and method for coupling marine structures and vessels together in order to
      markedly enhance their operational value.
PAR  A still further feature and advantage of the invention resides in a modular
      family of structures which enables a manufacturer to fulfill the changing
      requirements of his customers by converting a given rig from a first
      functional design to another functional design.
DRWD
PAR  These and numerous other features and advantages of the invention will
      become more readily apparent upon a careful reading of the following
      detailed description, claims, and drawings wherein like numerals denote
      like parts in the plurality of views and wherein:
PAR  FIG. 1 schematically represents and illustrates the principal modular
      components of the system and their relationship to one another.
PAR  FIGS. 2-6 illustrate a jackup structure which does not contact the marine
      floor in the usual and conventional manner.
PAR  FIGS. 7-30 illustrate, in general, an operational sequence portraying the
      evolution of a vessel similar to that shown in FIG. 1 from the stage of a
      drill ship to a pile-supported jackup, then into a jackup much like those
      of the prior art, then into a modification employing a semi-submersible
      wave transparent bottle frame (FIGS. 28-30).
PAR  FIGS. 31-34 illustrate a modified structural station module for resistance
      to heavy lateral loading and which is adapted for obtaining lateral
      stability in uncertain, variable depths.
PAR  FIGS. 35-42 illustrate still additional means of obtaining lateral
      stability through use of the modular system while adapting to uncertain
      depths and hazardous waters.
PAR  FIGS. 43-51 illustrate a variety of leg systems, both tensile and
      compressive, and a variety of isolating couplings, all employed in a
      jackup semi-submersible of the modular type disclosed herein.
PAR  FIGS. 52-58 illustrate use of the modular system for construction purposes,
      for building large modular structures at sea, and illustrate rotatable leg
      means.
PAR  FIGS. 59-62 illustrate further application of tensile legs to mat type
      jackup structures of a modular system, the "legless jackup".
PAR  FIGS. 63-69 illustrate the legless jackup with submersible-type structure.
PAR  FIGS. 70-71 illustrate the use of multiple vessels on individual structures
      of the modular system.
PAR  FIGS. 72-77 illustrate first of all a prior art approach in which a jackup
      operates independently of other structures; and in which there is
      subsequently shown the modular system of the invention in which increased
      economy is produced without reduction in stability.
PAR  FIGS. 78-84 illustrate a further modification of the modular system concept
      in which a ring-like structure is utilized for supporting a jackup rig in
      medium depth water when a large number of wells are required for
      production.
PAR  FIGS. 85-96 illustrate a modification to the structure of FIGS. 78-84 for
      use in relatively deep water, this being accomplished by the rotatable leg
      means, similar to the sequence of FIGS. 52-58.
DETD
PAR  In my earlier filed application Ser. No. 649,889, filed June 29, 1967, now
      U.S. Pat. No. 3,575,005, there was disclosed a multi-purpose vessel and a
      multi-purpose structure which through mutual cooperation permitted the
      vessel to navigably support the structure free of impediment and to
      alternatively allow the structure to stably support the vessel free of
      detrimental environment. There was also disclosed a method whereby the
      vessel could be navigated to an operating site in the water, founded and
      moved to another operating site, leaving behind at the prior operating
      site an operational platform which, in itself, could later serve as the
      means for founding a later arriving vessel. The present invention markedly
      enhances this prior disclosure by setting forth the means and methods by
      which a modular system of vessels, supporting structures, and releasable
      coupling means may be used interchangeably in the systems and methods not
      only set forth in said earlier application, but also in other uses.
      Therefore, the present invention increases the functional flexibility of
      the apparatus described in my earlier disclosure and also explains the
      manner and means by which present day offshore equipment can be modified
      or constructed in less specialized manner so as to thereby increase the
      profits of offshore operations by increasing the scope of operational
      functions for individual structures.
PAR  For the purpose of setting forth the invention, it may be assumed that a
      manufacturer of offshore drilling rigs has determined to offer to the
      offshore industry a single form of vessel which will accomplish numerous
      types of drilling functions that may now only be obtained with a plurality
      of different drilling rigs. Such a vessel and its related operational
      system is disclosed in such exemplary fashion in FIG. 1. It is pointed
      out, however, that FIG. 1 is only a suggested configuration of the vessel
      and is disclosed solely for exemplary purposes. Therefore, a manufacturer
      may recognize the design an even more versatile configuration of the
      vessel that might make it more readily adaptable to the hereinafter
      interchangeable modular concept which is the subject of this invention.
PAR  In order to facilitate identification of the component parts in the various
      drawings, the following legend is set forth:
PA1  A apparatus for operations
PA1  B skid or base, movable on deck
PA1  C water line
PA1  D production apparatus
PA1  E exploration apparatus
PA1  F marine floor
PA1  G spacing-jack-and-coupling-means, comprising H,I,J,K, and L
PA1  H jackholder
PA1  I coupling, jackholder to vessel
PA1  J coupling, jacking module to jackholder
PA1  K coupling, apparatus G to station module
PA1  L jacking module
PA1  M station module, main separable element for lending support
PA1  O petroleum
PA1  P pile module of support structure
PA1  Q pile receiving means of support structure
PA1  S assembled set of support structures including modules such as L or M
PA1  T tugboat
PA1  V vessel
PA1  W vessel
PA1  X apparatus of the prior art
PAC  DETAILED DESCRIPTION
PAR  With reference now to FIG. 1, there is shown the vessel V which carries one
      or more jackholders H that consist of a structural cross-member generally
      lying normal to the longitudinal axis of the vessel. The jackholders H are
      characterized by a coupling means I that affixes jackholders H to the
      vessel V. The tubular jacking modules L function to stabilize and/or raise
      vessel V and are affixed to jackholders H by couplings J. The station
      module M constitutes a support structure which may be adapted to cooperate
      with jacking modules L and which is founded by piles P that are driven
      into the marine floor F. Couplings K secure the jacking modules L to the
      station module M in order to enhance stability of the system.
PAR  The releasable spacing-jack-and coupling-means may, as a unit, be
      designated hereafter simply as means G and therefore comprises the
      aforementioned components H, I, J, K, and L. The
      spacing-jack-and-coupling-means cooperates with the vessel V and the
      station structure M in order to raise and lower the vessel and to position
      and to re-position the structure M in any of a number of positions
      relative to vessel V. The spacing-jack-and-coupling-means G may especially
      be used to provide structural coupling of the vessel to the station
      structure M so that the latter may lend support, such as against
      overturning, to coupling means G and also to thereby protect against
      sinking of vessel V as a consequence of its connection to the
      spacing-jack-and-coupling-means G. As will be discussed hereafter, such as
      for example with respect to the series of drawings beginning with FIG. 7,
      the couplings I, J, and K may be releasable for a number of purposes but
      for the principal purpose of allowing substitution of one module for
      another. Therefore it will be readily evident that the vessels V, station
      structures M, and the apparatus generally referred to as coupling means G
      are at least partly releasable so as to allow the vessel V to depart the
      structure M, or to allow the vessel V to depend on the structure M for
      stability, and to allow the structure M to depend on the vessel V for
      support, all in varying circumstances. Briefly, a basic operational
      sequence comprises the steps of utilizing the vessel V to carry the
      structure M, that is a supporting or similar structure, to a location on
      the water, stationing the structure M at such location, changing the
      elevation of the vessel with respect to the water by means of cooperative
      utilization of the structure M, conducting work operations, again changing
      the elevation of the vessel so as to bring it to its normal mobile
      condition and releasing the vessel from the stationed structure M and
      navigating the vessel away therefrom. Of paramount importance in the
      varying operational sequences that embody the invention is the cooperating
      utilization of connectors I, J, and K such that the stability of the
      vessel is independent of water depth and vessel weight and is more
      significantly affected by the depth of the connector K and the stability
      of the structure M. This feature will be more fully appreciated upon
      reading the following disclosure wherein its use is shown in varying
      operational circumstances.
PAR  The modular components of FIG. 1 are now illustrated in more particularity
      with respect to their proposed operational endeavors and in which
      operational flexibility will become readily evident. In the sequence of
      FIGS. 2-6 is shown a modular system in which the vessel can operate as a
      jackup in particularly deep water, wherein a ringlike domed station module
      10 serves as a mat or as a pile-supported support and storage structure,
      as may be desired. In effect there is shown what might be called a
      footless jackup in which the legs 11 do not reach the marine floor. The
      vessel V carries jackholder 20 releasably affixed thereto by welds 17, and
      having legwells 18 housing jack means therein, and holding jacking modules
      (legs) 11 therein, residing releasably and adjustably above the water, all
      approaching a structure S.sub.0. The structure S.sub.O comprises the domed
      torodial ring 10 having pile guide and holding sleeves 16 therethrough,
      and having legs 12 standing on coupling welds 15 thereon, and with
      coupling sockets 14 at the tops of legs 12 for receiving stabbing points
      13 of the legs 11.
PAR  The sequence of operations pictured as follows: In FIG. 2 the vessel V
      positions itself between the legs 12 preparatory to stabbing the points 13
      of the legs 11 into the sockets 14. Then the legs 11 are welded to the
      legs 12 and they become a unitary whole, allowing the
      spacing-jack-and-coupling-means G.sub.0 to elevate structure S.sub.0 to
      the position shown in FIG. 3, whereafter the newly asembled whole may
      operate as a mat-type jackup of the prior art, thus obtaining the
      advantages of such jackups to the vessel V, which was previously
      apparently only a simple jackup of streamlined shape.
PAR  However, many other advantages can be obtained, as will now be shown in
      FIGS. 4-6. FIGS. 4-6 show that the vessel could optionally support itself
      on a station module which is founded in the marine floor F by piles P
      thereby adapting the entire structure to even deeper waters and to uneven
      floor characteristics. FIG. 4 shows the vessel arrived at a site in deeper
      water than the water of FIGS. 2 and 3. Piles P have been driven through
      and secured to the means 16 in the domed ring 10, holding it well clear of
      the marine floor, and allowing the vessel V to be elevated by the means
      G.sub.0 to the height shown in FIG. 5, which would have been unreachable
      by other means. Then FIG. 6 shows the vessel returned to the water and the
      coupling 13 undone from the socket 14 and the vessel V departing from the
      founded structure S.sub.0, which serves functions illustrated in FIGS.
      9-96, as will be explained much later. FIG. 6 also shows a mat-type jackup
      X of the prior art in the shallow neighboring water, which illustrates the
      greater depth available by employment of the ring of piles in divergent
      way shown in these figures.
PAR  The modular components of FIG. 1 are now illustrated in a modified
      embodiment beginning with FIG. 7 and extending essentially through FIG.
      30. Here the vessel V is substantially the same in each of the 24 views,
      as are the jcakholders 35. In the sequence, jackwells 30, 31, 32, and 33
      are fully released but once, and the connectors are not released at all
      but instead may constitute simple weldments. In FIG. 7 there is shown the
      vessel V with four thwarts or jackholders 35 housing releasable jackwells
      or couplings 30, 31, 32, and 33 outboard of the vessel and with the bottom
      of the jackwells being clear of the water. Four elevating structures
      S.sub.1, S.sub.2, S.sub.3, and S.sub.4 each comprise two jacking modules
      (legs) 36, 37, 38, and 39, one station module (pontoon) footing 40, 41,
      42, and 43 on each leg, and releasable connectors (such as separating
      weldments) 44, 45, 46, and 47. The coupling wells 30, 31, 32, and 33 clamp
      legs 36, 37, 38, and 39 in place so that the whole forms a vessel of
      quintamaran (five hulled) configuration which can move swiftly and stably
      through the water to the proposed station site and there may operate as a
      drill ship of an exceptionally stable character. The jackwells 30, 31, 32,
      and 33 house leg jacking apparatus. Each of the pontoons 40, 41, 42, and
      43 has pile receiving means 48 therein, being sleeves therethrough. The
      rig E rests on its base B, which can serve to skid the rig E far outboard
      the vessel V.
PAR  In FIG. 8 the vessel V has arrived at the proposed station site for founded
      operation. The apparatus G.sub.1 is actuated to lower the support
      structures S.sub.1 and S.sub.3 to the marine floor F while the crew places
      piles P in pile receiving means 48 in the station structures 41 and 43 of
      support structures S.sub.2 and S.sub.4. The vessel V is then elevated on
      support structure S.sub.1 and S.sub.3. In FIG. 9 the piles P are driven
      and clamped in the pile receiving means 48 sufficiently to bear the weight
      of the vessel. The apparatus G.sub.1 is then actuated to elevate the
      vessel V, and then actuated to elevate support structures S.sub.1 and
      S.sub.3 while supporting the vessel on support structures S.sub.2 and
      S.sub.4, and further adjusts the relative elevations to the configuration
      as shown in FIG. 10. The vessel could not reach such a height without the
      aid of the piles P. The legs are thus enhanced by being supported at the
      level of the couplings 44, 45, 46, 47. Here the rig E drills while various
      features are employed. For example, the pontoon or station module 40
      serves as a boat bumper and loading dock. After cargo is loaded on to it,
      the apparatus G.sub.1 can lift the station module 40 to the elevation of
      the vessel deck, thus serving as a hoist means. The rig E is shifted to
      drill a well. The pontoons or stations 42 and 43 meanwhile serve with
      guides 49 as conductor pipe guides and supports for pipe 57. In case of a
      storm the structures S.sub.1 and S.sub.3 could be returned to the marine
      floor or withdrawn clear of the waves, whichever is most suitable to the
      ambient conditions. FIG. 11 shows completion of the drilling operation and
      return of sets S.sub.1 and S.sub.3 nearer to the marine floor F, and of
      rig E to the center of the vessel. The means G.sub.1 operates to lower
      vessel V to the water.
PAR  In FIG. 12 the coupled shock absorbing spacer 51, for holding the vessel
      safely clear of structure S.sub.4 is placed from the leg 39 and the vessel
      V, whereupon the piles P are withdrawn from 43 while the leg 39 is severed
      at a point 52, made easy by having legwells 30, 31, 32, and 33 clear of
      the water, yielding an upper outer portion of 39 designated leg 50 and a
      founded structure comprising elements 43, 39, 47 and piles P. The benefits
      thus obtained are significant. The bulk of the structure S.sub.4 remains
      as a permanently founded station (FIGS. 13 and 14) with an exposed
      structure 39 that could receive the vessel V again or which could serve as
      a mooring for other vessels which may come to tend the well. Since the leg
      is clear above the water it is easily located by subsequently arriving
      vessels. Also, the vessel from which the spudwell was severed is of course
      not incapacitated and may thereafter efficiently carry out additional
      operations, such as the following.
PAR  FIG. 15 shows the vessel V at a new site with its same apparatus G.sub.1
      except for the equipment that was left at the prior site (FIG. 14). The
      inner set of structures (S.sub.2 and S.sub.3) are planted on the floor F
      by the apparatus G.sub.1 while piles P are placed in the means 48 of
      module 40. The vessel V is subsequently raised (FIG. 16) clear of the
      water by the apparatus G.sub.1. A most significant structural feature of
      the legs is their varying apparent length. The coupling 44 is disposed
      near the water line C while couplings 45 and 46 are relatively lower. At
      first glance it may seem that the structure 40 is redundant but it should
      be noted that the principal modes of failure of tablelike structures in an
      ocean-like environment are lateral buckling and over-turning. Thus it
      should be realized that the stationing module 40 provides substantial
      benefit in holding the vessel V from swaying sideways, this occuring
      through the medium of coupling 44. FIG. 17 illustrates the vessel V after
      the sequence of founding structures 41 and 42, each at a different site,
      much in the same manner as shown in FIG. 15, except that the legs become
      successively stripped of the station structures 40, 41, 42, and 43
      respectively so that finally (FIG. 17) the entire apparatus can operate
      but little better than a jackup of the prior art. FIG. 18 illustrates such
      operation as a jackup rig. FIG. 19 shows, as a modification, that inner
      legs 37, 38 may be integrally connected through the use of a mat-type
      module 53 when working on extremely soft bottoms. Thus it is seen that the
      vessel can operate either as a jackup without the footing-like station
      modules (FIG. 18) or with a mat (FIG. 19). Thus many advantages accrue to
      the disclosed structure since a conventional jackup rig can be modified in
      accordance with the teachings herein.
PAR  FIGS. 20-22 are set forth to show that legs 36, 37, 38, and 58 need not be
      operated in the same sequence as described hereinabove. For example, the
      vessel V may be resupplied with additional legs or jacking modules, this
      being accomplished such as by a supply vessel. In such case the jacking
      modules 36, 58, are first lowered to the marine floor F in order to found
      the vessel V. Original pairs of jacking modules 37, 38, are then lowered
      to an intermediate depth where piles P may be installed so as to take over
      the supportive function of the jacking modules 36, 58. The vessel is then
      elevated on the jacking modules 37, 38, to an operating position above the
      surface of the water, see FIG. 22.
PAR  FIG. 23 shows a modification of the aforementioned sequence in which the
      vessel V is replaced by an ordinary conventional jackup rig after the
      vessel V has installed the pontoon footings 41 and 42. It should also be
      noted that the modular structure which is left at the operating site could
      serve as a foundation for other more permanent structures. Similarly it
      does not require that the structure thereby supported by positioned above
      the surface of the water. Obviously the same method thus could be used to
      install a storage tank or other underwater structure such as for example
      as the cylindrical tank 54 shown in FIG. 24 supported on pontoon footings
      55 and 56 and likewise any such structure could be installed at the water
      surface (FIG. 25) or at some height thereabove (FIG. 26). Thus all of the
      FIGS. 23-26 illustrate that the vessel V may be operated without the
      mineral exploration apparatus and so may serve primarily as a construction
      machine for the building of various facilities offshore, both underwater
      and above.
PAR  FIG. 27 is a side view of the vessel V in a position intermediate between
      the steps of FIGS. 8 and 9, with the piles driven, but the vessel V not
      raised. It serves to clarify the fore and aft disposition of the parts.
PAR  With reference now to FIGS. 28-30 there is shown a further modification of
      the apparatus of the prior disclosure in which the jacking module or
      buoyant stabilizing columns 61 and 66 are placed in legwells or couplings
      68 that connect the jacking module to the jackholder 63 and 67. The
      jackholder 63 and 67 comprising outriggers, lying athwart and outboard of
      the vessel V, and having openings therein to guide the stabilizing columns
      61 and 66. The stabilizing columns 61, 66 are coupled with deck-like
      coupling members 60 and 65 to additional buoyant stabilizing columns 62,
      the latter also herein referred to as station modules, which in the
      present instance are bottles. Thus thhe vessel V has been transformed into
      a jackup with upright buoyant stabilizing columns. The stabilizing columns
      are each adapted to linearly move in a vertical manner. Mobility is
      imparted to the vessel by elevating the stabilizing columns so that the
      vessel hull only is exposed to the water. FIG. 29 illustrates the reason
      for the transformation. The apparatus G.sub.2 (generally comprising the
      spacing-jack-and-coupling-means) displaces the stabilizing columns 61, 62,
      66 and the coupling member 65 downwardly, thereby urging them into the
      water and the vessel into the air. In this way it is readily seen that the
      jackup has been converted to a semi-submersible and it is thus less
      vulnerable to external forces because of wave transparency, thereby
      enabling reliable operation in deeper waters. FIG. 30 simply shows a front
      view of FIG. 29 thereby clearly illustrating the relative position of
      jackholder 67 and the upright stabilizing columns as the latter are
      displaced downwardly into the water. Bottle structures are shown in the
      prior art, e.g. "The Evolution of Offshore Mobile Drilling Units", R. J.
      Howe, Ocean Industry, 1966.
PAR  In all of the sequence of FIGS. 1-30 the vessel has remained substantially
      unchanged. The jackholder has housed jack means of a type commonly known
      except that heretofore there has been no reason to make the spudwells
      releasable. The vessel V has remained attached to the jackholder through
      the vessel coupling which is optionally permanent. Thus in all sequences
      shown, the structure of the jackholder has remained integral, in large
      measure with the vessel. In the views that follow, a new structure and
      somewhat modified vessel and means of operation will be discussed.
PAR  As introduction to the modified vessel, structure and method of operation,
      brief attention is directed to the drawing of FIG. 31 wherein there is
      shown a fixed platform of a type not generally known in the art. FIG. 31
      is a rudimentary elongate structure 70 supported by a plurality of pairs
      of downwardly divergent piles P which most closely approach to one another
      proximate the water line C. This is done because the center of effort of
      lateral forces from wave action is at the water line and in order to
      reduce the resultant effect of those lateral forces the obstructing
      surface of a supported structure is designed with minimal area thereat.
      Thus FIG. 31, though illustrating a generalized and simplified form of
      structure intended only to describe the above principle, demonstrates a
      most advanced and effective platform or other structural support and whose
      strong relevance to the present invention will become apparent hereafter.
      Briefly it is pointed out, however, that the structure of FIG. 31 may
      consist of a hyperboloid of revolution of one sheet and which is
      characterized by its ability to spoil the oscillatory effects of waves,
      sometimes known as the Von-Karmann effects, and with the further quality,
      as briefly noted above, of presenting the least area of resistance in the
      zone of most lateral force. Rather than three pairs of divergent piles,
      the structure may consist of families of pairs of divergent piles, each
      family of which is disposed as rulings on a hyperboloid of revolution of
      one sheet, one ruled with clockwise downward progression, the other being
      ruled with downward counter clockwise progression. The two families form a
      generalized bipod when conjoined by the shell, and as a result one family
      resists shear on one face by tension, the other by compression. On the
      opposite face the role is reversed. The resultant structure is ideal and
      novel because of its capacity for containment of oil, especially spills,
      and also for its simplicity, high strength-to-weight ratio and also for
      employment of the structure 70 in the present invention and as now
      discussed.
PAR  In FIG. 32 the fixed platform of FIG. 31 is used as a station module 70 and
      is shown in operational relationship with the vessel V which has
      jackholder 75 supported at one side by module 70 and at the other by
      jacking module (leg) 71. An exploration apparatus E is supported on a
      movable skid or base B on the deck of the vessel. The apparatus of FIG. 32
      is in large measure analogous to the apparatus of FIG. 1 on these counts:
      1) the module M and 70 respectively in each figure are disposed between
      the two holders H and 73 respectively, 2) the module M and 70 respectively
      stop short of the bottom and are supported by piles P extending from it
      through the water into the marine floor, and 3) the connector K and 74
      respectively aid in the support of the vessel V. As may be seen in the
      analogous view of FIG. 34, the module 70 resides between the jacking
      modules 75 on one side of the vessel V. As illustrated in FIG. 33 the legs
      71 and 72 generally tend to buckle laterally, but as FIG. 34 illustrates,
      the buckling will be resisted by the great lateral strength of module 70
      transmitted through couplings 74, thereby allowing operation in deeper
      waters.
PAR  With reference now to FIGS. 35-42 there is shown a vessel V of the type
      described herein before. The function here is to provide a station module
      which can be quickly and surely placed and founded in hazardous waters and
      which is a primary source of lateral stability, while the vessel V obtains
      strength and stability mostly elsewhere, and particularly from the marine
      floor F.
PAR  The module disclosed in the sequence of figures beginning with FIG. 35 is
      particularly effective and useful in icy waters and in a wide range of
      depths. It comprises a vessel V with two jackholders 82 athwart and
      extending outboard thereof. The holders 82 hold jack legs 83 and 84 and
      leg wells 85 and 93 all very much as in FIG. 1. Newly introduced are
      releasable coupling winches 86 which couple the holders 82 to the vessel
      V. The module 79 comprises the deck 80 and a waterline module 81 having a
      waterline 93 thereon. The modules 80 and 81 have pile coupling sleeve
      means 87 and 88 respectively and coupling means 89 and weldments 90 for
      holding 80 to the vessel V and 81 to 80 thereby holding all of 79 to the
      vessel V. Spacing-jack-and-coupling-means G.sub.3 comprises elements 82,
      86, (85,93) and (89,90). Structure S.sub.6 comprises module 79 (80,81) and
      piles P. The rig E rests on the base B which serves to support E and 79
      and unify G.sub.3. The figures illustrate only one of the many operational
      sequences to which the apparatus is adapted. Certain possible variations
      and alternatives will be mentioned during the following description of
      that which is pictured.
PAR  In FIG. 35 the rig has arrived and legs 83 and 84 have been planted on the
      marine floor by apparatus G.sub.3. In FIG. 36 the cables of the winch 86
      are parted from the vessel V leaving apparatus G.sub.3 free of the vessel
      but leaving the base B coupled to jackholders 82. Next, the apparatus
      G.sub.3 urges 82 and B upwards away from vessel V and thereby obtains the
      situation pictured in FIG. 37.
PAR  The above sequence (FIGS. 35-14 and 42) varies from the previous sequences
      in that the apparatus G.sub.3 is liberated from the vessel V which is
      herein never raised. It is, of course, possible to raise the vessel V just
      as before but these drawings show the alternative of not raising it
      thereby making vessel V free for other service. Another alternative would
      be to lower vessel V after raising it, this being an additional
      flexibility of operation introduced by the invention.
PAR  Continuing the pictured sequence, in FIG. 38 the piles P are passed through
      means 87, 88, and 91 of module 79 into the marine floor. Next the coupling
      90 holding 81 to 80 is to be undone and rig E will be engaged by a cable
      to module 81 and the cable will be used to lower 81 to its waterline
      position shown in FIG. 39. In FIG. 39 the modules 80 and 81 are coupled,
      perhaps by grouting, preferably by welding as shown, by means 87 and 88
      respectively to piles P whereupon the means G.sub.3, the deck B, and the
      structure 79 are now seen to be formed into a unitary structural entity
      ready for work as an offshore station. In FIG. 40 the vessel is shown to
      have returned to retrieve the apparati G.sub.3 and E. Just prior to the
      situation pictured, the vessel returned, means coupling 89 was undone and
      apparatus G.sub.3 lowered itself and the exploration apparatus onto the
      vessel. An alternative possible sequence allowed would be to first elevate
      the vessel clear of the water into contact with jackholders 82 by means of
      winches 86, but in the pictured sequence the winches 86 serve only to hold
      the vessel V snugly against the jackholders 82.
PAR  Then next (in FIG. 41), the whole of vessel V and G.sub.3 together depart
      the structure S.sub.6 comprising station module 79 and piles P.
      Alternatively, E could be left behind on S.sub.6 for later retrieval by
      the vessel V according to some sequence such as that just described. The
      preceeding discussion completes a description of the operation pictured in
      this sequence of FIGS. 35-41, however, comparison will be drawn to the
      apparatus of FIG. 1. It has already been noted that FIG. 1 lacks readily
      uncouplable means 86. This winch means 86 affords the advantage of
      allowing the vessel to depart the assembled structure, especially in case
      of a storm, but also in case the vessel is needed to bring cargo to the
      working site. The current pictured sequence did not picture the elevation
      of the vessel V to the level of the elevation of the structure 82 when the
      apparatus G.sub.3 had lifted 82. Of course, in case it were necessary to
      go and bring other apparatus to the job, the vessel V would serve the
      purpose, however. The winches 86 could also do the duty of lifting other
      apparatus to the level of the structure 80 when the structure 80 was
      secured to the piles P as shown in FIG. 40. The pictured sequence is
      similar to FIG. 1 in that coupling means K and (89,90) respectively holds
      the founded module M and 79 respectively to the vessel V and holds the
      vessel V to the founded module so that they interact as a unitary
      structure when subjected to severe lateral loads.
PAR  Examination of the nature of the structure S.sub.6 comprising the module 79
      with its piles P may now be made. First, no fixed platform of the prior
      art can be installed by a jackup rig with any degree of convenience. The
      novel concept of elevating and then lowering a part of the module 79 by
      securing it first to the vessel V and then releasing it from the vessel V
      and sliding it down piles P allows the structure to be adapted to a
      variety of conditions. In particular, it allows the deck 80 to be placed
      appropriately high above the water line C. In some waters, such as the
      Gulf of Mexico, a structure must be placed more than 50 feet clear of the
      water because waves of 50 feet in height can be anticipated. In such
      situations, the forces due to the waves are very high and the structure
      must be strong. However, in other waters such as Cook's Inlet, little
      variation is expected in the level of the water; therefore a convenient
      operating height can be selected for the platform somewhat closer to the
      water than in the Gulf of Mexico. The lateral forces might be even greater
      in Cook's Inlet for they result from large masses of ice moving slowly
      against the platform. The closer coupling of the module 80 to the module
      81 allowed by this invention might enhance the structural strenght of the
      station structure, whereas in the method of the prior art the structure is
      unitary and is not so adaptable to various heights. Another important
      point related to the waterline 93 on the module 81 is that it is at the
      level of the surface of the water that most of the corrosive and abrasive
      attacks on the structure 79 are made. It is also at that level that stairs
      and boat bumpers must be placed and it is there that moorings for mooring
      service vessels to the structure must be placed. In a structure of the
      prior art these things are decided once and for all, for they do not
      telescope in the manner disclosed. The preceding discussion relates to
      adaptability of the structure to various heights above the water. Similar
      comment is here made in regard to the depth of the water itself. Due to
      the fact that the module 79 can slide up and down the piles P, or to put
      it another way, due to the fact that the piles P may be of any lenght and
      still utilize the module 79, varying water depths are no obstacle to
      effective utilization. The module 79 would be well adapted for use in deep
      waters or shallow waters all because it does not reach the marine floor
      but is connected to the marine floor by piles, the lenght of which need
      not be determined when it is fabricated. The module 79 should be compared
      in this respect to the module M of FIG. 1. That module M does not reach
      the marine floor either and therefore shares novelty with the module 79 of
      FIG. 35. The difference is that the module M of FIG. 1 cannot be slid up
      and down its piles, for they are not parallel. Some advantages are
      attained by having them be not parallel, but certain disadvantages are
      obtained. In particular, the module cannot be slid along the piles so the
      module can in no way telescope. A structure such as that of FIG. 1 would
      not serve at all in icy waters. Its smaller and more numerous members
      would tend to collect ice and, as a consequence, would tend to be
      vulnerable more to bending and other stresses. The module 79 and FIGS.
      35-41, however, is well adapted to icy waters because of the bulk of the
      means 87 and 88 and the structural arrangement thereof are sufficient to
      accommodate the piles P and are therefore more than strong enough to
      withstand lateral forces. The module 79 is likewise well adapted to
      resisting corrosion, such as by Monel cladding, since it has a waterline
      thereon and it is at the waterline that corrosion is mostly found, thus
      special precautions may be taken where they are most needed.
PAR  Still another novel concept is employed in FIG. 42 which will now be
      explained. Here there is a module element 95 comparable to the element 80
      of FIG. 41. There is also a module 96 somewhat comparable to the module 81
      of FIG. 41. And there is a module 92 which is new to FIG. 42, such module
      not being present in FIG. 41. Module 92 could have been provided on a four
      legged structure such as that of FIG. 41, but instead the sole leg
      modification is illustrated. Hence there is additionally illustrated the
      concept of having a component mudline module 92. There are two classes of
      piles in the structure of FIG. 42 and each serves its distinct purpose.
      The structure comprises pile receiving means 87, 88 and 91 just as the
      structure of FIG. 41 comprised means 87 and 88. The method of installing
      the structure of FIG. 42 is directly comparable to the method explained
      with reference to FIGS. 35-41, with the addition of a module 92 which
      would be lowered along with module 96 to the depth to which 96 would be
      lowered and then would be lowered farther after the securing of 96 at its
      waterline location. The method of providing a mudline module 92 would have
      enhanced the structure of FIG. 35 in applications where the bottom was
      very soft or where the water was very deep. However, it should be realized
      that both methods can be employed either with a structure such as that of
      FIG. 41 or with a structure such as that of FIG. 42. The method of
      installation of the structure of FIG. 42 varies somewhat from the method
      of installation of the structure of FIGS. 35-41, however, with respect to
      the modules 95 and 96 the method is the same. The piles P.sub.1 are
      comparable to the piles P of FIG. 41 and they are installed in the same
      way and means 88 and 87 likewise serve to support module 95 and 69 at
      their respective elevations at various depths in the installation
      procedure just as in FIGS. 35-41. The module 92 presents some difference,
      however. In the sequence of FIGS. 35-41 the module 92 was absent. In the
      sequence now to be discussed, the module 92 would be held against the
      module 81 by a coupling through 91 (not shown) at their meeting point.
      Then, when the P.sub.1 was driven through 87 and 88, the piles P.sub.2
      through 91 would be driven all while the whole structure was telescoped
      together and held in a unitary whole against a deck B just like the deck
      of FIG. 41. The method of driving the piles might differ. For example, the
      piles P.sub.2 might require some lateral support while they were being
      driven. For further example, it might be necessary to drive the piles
      P.sub.1 into the soft mud and then to lower the module 92 for allowing
      some guidance for the piles P.sub.2 by the module 92 lowered to its
      mudline position. Another opportunity is offered by the piles P.sub.1. The
      piles P.sub.2 are small and conventional in their character. The pile
      P.sub.1 is very, very large and is not well adapted to being driven by
      conventional pile driving apparatus. However, the apparatus G.sub.3 can
      serve to drive the pile P.sub.1. The pile P.sub.1 may be driven by
      securing it to the module 80 and then lowering the whole weight of the
      vessel V and the jackholders 82 and the module 80 and all of the other
      apparatus carried onto the pile P.sub.1 thereby driving it a few feet into
      a soft bottom. The details of the sequence for installing the piles
      P.sub.1 and P.sub.2 are self evident upon comparison of FIGS. 35-41. The
      structural action of the structure of FIG. 42 is quite different, however,
      and will now be discussed. The pile P.sub.1 is very large in its diameter
      and as a result of its large size cannot be driven far into the mud;
      however, an advantage is obtained. The pile P.sub.1 is very large in
      diameter and is necessarily large because it is the only element resisting
      lateral loads above the level of the mudline module 92 and must be capable
      of resisting great bending effects. But its size also tends to key the
      structure into the marine floor thereby resisting the lateral loads that
      result from above. The lateral shears will be absorbed by the pile P.sub.1
      and transmitted directly into the mud thereby eliminating lateral forces
      on the piles P.sub.2 which are now seen to be provided principally to
      resist tensile and compressive forces resulting from overturning
      tendencies mentioned above although, of course, the piles P.sub.2 could,
      in situations where it was warranted by the sub-surface conditions, be
      designated to carry the whole of the vertical load. This latter condition
      would be obtained when the soil was quite strong at a depth of, say, 50
      feet below the mud but where the mud itself was very, very soft making it
      not possible for the module 92 to support the weight of the structure in
      bearing and not possible for the pile P.sub.1 to support it by any means
      whatever.
PAR  FIGS. 43-51 are closely related although FIGS. 43, 44 and 45 all picture
      different apparatus and the FIGS. 46-51 picture the same apparatus in a
      sequence of operations. All of the drawings, FIGS. 43-51, illustrate a
      station module in the form of mat serving to support the weight of
      apparatus by bearing on the marine floor and coupled to the mat there is a
      bottle which is held by welds. All of them also illustrate a jackup vessel
      V held to jackholders by means 105. The means 105 pictured herein are
      welds and are not meant to be readily releasable and thereby differ from
      the just preceding figures. Differences in the nine subject figures
      include the jack means and the coupling means which are different in
      various figures. Other differences include modules 106 which appear only
      in FIGS. 43 and 44 although variations could be provided wherein modules
      106 would appear in figures similar to those of FIGS. 45-51.
PAR  First the structure of FIG. 43 will be discussed. In FIG. 43 there is the
      aforementioned mat 101 and the leg 102 all coupled into a submersible
      bottle-type wave transparent frame similar to submersibles of the prior
      art. A significant difference is the lugs 107 on top of the bottle
      structure 102. The lugs 107 are engaged in wells 108. The wells 108 are
      adapted to receive jacks in the future if it is desired to place them
      there; however, at present the wells 108 are adapted to receive only the
      lugs 107. The wells 108 are in the ends of members 104 just as leg wells
      have appeared in jackholder modules in numerous previous figures. Weld 105
      couples the vessel V to the member 104. In the figure, the welds 105
      support the weight of the vessel which hangs from the member 104 and which
      is itself supported on the bottle 102 and partly supported by the buoyance
      of the mat 101. Apparatus E is shown on the decks of the vessel. There are
      four bottles 102. To the right of the figure there are two, one obscured
      by the other. Between the two legs 102 there is a module 106 which is a
      pile jacket much like the pile jackets of the prior art. The module 101 is
      H shaped thereby allowing the pile jacket 106 to project between the two
      right bars of the H. The module 106 is held to the vessel V by a hanger
      109 which rests on the base B which itself rests on the vessel V between
      the two jackholders 104, one at the front and one at the rear of the
      vessel. It can be seen from looking at the figure that by removal of the
      module 101 together with the bottles 102 the vessel V with its structure H
      could be immediately converted into a jackup such as the jackup of FIG. 1
      simply by installing jacks in the wells 108 and by inserting legs such as
      the legs L of FIG. 1 therethrough. And, of course, this is what is
      anticipated by having the configuration of FIG. 43 be so similar to the
      configuration of FIG. 1. Thus an advantage of the invention is
      illustrated, that being a vessel which can be quite readily converted from
      a submersible such as the submersible shown in FIG. 43 to a jackup such as
      the jackup of FIG. 1. Now that the structure has been described, the
      method of operation of the structure will be explained more fully.
PAR  FIG. 43 illustrates the apparatus in transit from one site to another at
      sea. Other methods of transit would be available for progress through
      deeper water. The submersible structure 101 and 102 together could be
      lowered further into the water and the vessel V could be buoyed up by the
      water by the buoyancy of its own hull. However, in FIG. 43, the vessel and
      station module 101 are shown traversing shallow water and being operated
      much as is a submersible of the prior art, with an exception, that
      submersibles of the prior art do not carry separable modules 106. Upon
      arrival at a site the structure comprising 101 and 102 together would be
      ballasted whereupon module 101 would sink to the bottom still holding
      vessel V clear of the waves and of the water. Then drilling activities
      could commence with the apparatus E and if a well were found then a well
      protecting module 106, which can serve to hold production apparatus as
      well, could be left behind to protect the well and to support the
      production apparatus to be associated with the well in the future. The
      module 106 would be installed by driving piles through the legs thereof
      just as is a pile jacket of the prior art. Until it may be determined to
      leave one of the modules 106 behind, they would remain bound just as they
      are now bound by coupling means 109 to the vessel V. Upon determining that
      one was to be left behind, piles could be driven through the legs of the
      selected module 106 and therefore convert it to a pile-supported pile
      jacket. Alternatively, couplings 109 could remain coupling the module 106
      to the vessel V and piles could be driven through some or through all of
      the legs of the module 106 to provide resistance against drifting of the
      whole on soft bottoms. Submersibles have been blown far from their working
      sites during a storm. This provides novel means of preventing the
      destruction of wells and the pollution of the water thereby and the
      prevention of loss of rigs in a storm. However, this is an optional
      feature and need not be employed in the operation of the apparatus of FIG.
      43. Upon the completion of such a well and the releasing of the element
      109 from the module 106, the structure could be de-ballasted, thereby
      refloating the whole and freeing all of it but the module 106 from the
      marine floor, thereby leaving the module 106 to serve, as for well
      protecting purposes. The structure of FIG. 44 is very much the same as the
      structure of FIG. 43 with the exception that a new and valuable element in
      the form of leg 110 is added. The leg 110 might better be called a grapple
      or "tensile leg" and will hereafter be so specified. The tensile leg 110
      hangs from its toes 112 on the column 130. The tensile leg 110 has gear
      teeth cut in it and is, therefore, a rack that is engaged in a spur gear
      111. 111 is built into the jackholders 116 and is a jacking means for
      moving the leg 110 up and down with respect to the jackholder 116.
      Jackholder 116 is, as in the other figures, coupled to the vessel V by
      means of 105. The vessel V supports apparatus E just as before. Modules
      106 hang between the members 104 just as in FIG. 43. There are legs which
      are themselves bottles 130 held by means 103 to a mat 101 just as in FIG.
      43. The modules 106 could be installed precisely according to the same
      practice as could the modules 106 of FIG. 43 and therefore the practice
      will not further be discussed. However, new advantages are obtained by the
      tensile legs 110 as will now be discussed. It was mentioned when
      discussing FIG. 43 that legs could be installed in the leg wells 108 of
      FIG. 43. In this FIG. 44 it is not possible to do this, and therefore FIG.
      44 is different from FIG. 43 in that respect. However, certain advantages
      appear with the tensile legs 110 because the vessel V is more readily
      releasable from the structure comprising mat 101 and bottle legs 130
      because if the structure were to be sunk, then the vessel V would remain
      bouyant because the legs 110 would become disengaged from the legs 130
      because the toes 112 would be brought out of touch with the legs 130. So
      that not only can the apparatus of FIG. 44 be operated just as can the
      apparatus of FIG. 43, but the vessel V can be made free of the module 101
      thereby allowing it to operate as a drill ship and thereby allowing the
      module 101 to be left behind at a well site for production purposes just
      as can the module 106 be readily left behind at a well site for production
      purposes. The module 101 is particularly well adapted for some production
      purposes at shallow sites far offshore because the module 101 provides a
      natural means for storing petroleum therein due to its large bulk and due
      to its hollowness. It will be obvious to those skilled in the art that
      means are at hand to convert the structure comprising module 101 and 103
      connected by means 132 to production purposes. After the separation is
      made between the vessel V and the structure of 101 and 130, the vessel V
      may operate as a drill ship. Alternatively, tubular elements could be
      bound to the legs 110 and could engage the toes 112 thereby allowing the
      said tubular elements to act as legs for a jackup so that the vessel V
      could then be operated simply as a jackup of the prior art. However, many
      alternatives are pictured elsewhere and will not be further pursued with
      respect to FIG. 44.
PAR  FIG. 45 is directly comparable to FIG. 44 in that there is also a tensile
      leg 113. However, in FIG. 45 the tensile leg 113 consists of a cable wound
      on a winch 114 so that 114 is also different from 111 of FIG. 44, which
      was a spur gear. 115 in this case is a tie of the cable to the leg 129
      which is directly comparable to the leg 102 held by means 103 to a mat 101
      in FIG. 44. The jackholder 117 resembles neither the jackholder 116 of
      FIG. 44 nor 118 of FIG. 43 except in that it is a jackholder and does lie
      athwart the vessel just as in FIG. 1, because it neither has a leg well in
      it nor does it have a spur gear; it has only a winch at its ends. Another
      new element of FIG. 45 is the bumper 119 which tends to absorb shock
      between legs 102 and the jackholders 117 therefore isolating the vessel V
      somewhat from the effects of shocks on the structure 126 and 129. This is
      an important element of the invention which appears here in rudimentary
      form but will be discussed in greater detail with respect to FIGS. 46-51
      where its utility is more apparent. The structure of FIG. 45 is operable
      just precisely as is the structure of FIG. 44 and therefore the sequence
      of operations will not be discussed. Comparison between the FIGS. 43, 44,
      and 45 shows many common elements. The mat 126 of FIG. 45 might very well
      be provided with slots therein thereby making it H-shaped just as are the
      mats of FIG. 43 and FIG. 44, however, this is not shown in the view. FIG.
      45 is a very rudimentary form of what would be called a tensile leg or
      perhaps called a legless jackup. The term footless jackup should properly
      be applied to any jackup whose jacking legs do not reach and bear on the
      marine floor but which rather bear on or reach a station structure
      provided for support of the jackup and for other purposes. The term
      legless jackup should be applied to any jackup whose jacking legs are
      rudimentary or fully separable therefrom.
PAR  With reference now to FIGS. 46-51 there is shown a vessel V and jackholders
      with legs 120 extending through leg wells 121 just as in FIG. 1. Here
      there appears apparatus E on the decks of the vessel V. Distinguishing
      structure appears in the form of mat with a coupling 127 holding bottles
      128 to the said mat 125, the whole forming a structure which will be
      understood to comprise the four bottles 128, the coupling 127 and the mat
      125 together. There is a coupling 123 which is simply a bearing support or
      pad at the bottom of the legs 120 with provision for hooking the legs to
      the mat 125. The coupling 123 transfers the weight of the vessel V to the
      module 125 in the picture. There is also a coupling 122 similar to the
      coupling 119 of FIG. 45. In these drawings, the function of the coupling
      122 will be more apparent in that it tends also to act as a shock
      absorbing flexible coupling. The apparatus of FIGS. 46-51 can be operated
      according to the teachings of FIGS. 44 and 45 except that the legs are not
      tensile but instead compressive, when the mat 125 is bottom supported, but
      they might become tensile when operated as in FIG. 47. In such case the
      structure V along with the jackholders 124 and legs 120 can be operated
      precisely as is a jackup of the prior art without any cooperation whatever
      between a structure such as the structure S.sub.7 comprising elements 125
      and 128. It should be recognized that this is an advantage of the present
      invention. However, the sequence to be discussed will show the jackup
      vessel V being operated as a novel submersible. The sequence of operations
      is as follows. FIG. 46 shows the jackup vessel V having been raised by the
      jacking apparatus onto the legs 120. The vessel V is clear of the water
      and whole is in working condition and in working position. However, the
      operation pictured is not working but rather the mating of the vessel V
      with the structure comprising elements 125 and 128. Vessel V has just
      arrived and has placed itself in working relation to the submerged
      structure. Couplings 123 are completed thereby allowing de-ballasting of
      the submerged structure comprising elements 125 and 128 with lifting
      effort through the legs 120 if necessary thereby allowing the position of
      FIG. 47 to be obtained. The position of FIG. 47 is the traveling
      configuration. The apparatus proceeds to a site. The structure is
      ballasted. The legs 120 are extended farther below the vessel. The jacking
      apparatus urges the structure comprising elements 125 and 128 to the
      bottom and thereafter urges the vessel V into the air just as is shown in
      FIG. 48. In FIG. 48 the whole is placed at a working site. In FIG. 49 a
      well is being drilled and has been arranged to produce into the structure
      comprising elements 125 and 128. No details need be shown for this will be
      done in a manner obvious to those having ordinary skill in the art. Now,
      the vessel V and the apparatus A have done their work. They are free to
      leave the structure comprising elements 125 and 128 behind serving as a
      station structure to receive petroleum therein. Additional structure could
      be imposed upon the legs 128 to support production apparatus if such were
      desired. The vessel V departs as shown in FIG. 51 leaving the well
      producing into the submerged structure S.sub.7. In FIG. 51 it can be seen
      that the vessel V could be operated just as the vessel V of FIG. 1 is
      operated. FIGS. 46-51 illustrate the considerable flexibility obtained by
      the present invention. Vessel V is available to operate as a drill ship or
      as a jackup or as a submersible, or as a semi-submersible. Thus can be
      seen an important advantage of the coupling 122. Not only does it insulate
      the vessel V from action of the structure S.sub.7, it tends to support the
      vessel against lateral loads, and to relieve the slender legs 120 of the
      need to resist lateral loads.
PAR  It can also be seen that the same advantage obtains to all of the FIGS.
      43-51. Large bending strength need not be provided to the legs. Indeed,
      bending strength in the legwells, so necessary on jackups of the prior
      art, is very little needed in the pictured apparatus, especially when the
      legs are tensile.
PAR  FIGS. 52-58 are a sequence illustrating the cooperation of two vessels, V
      and W, in a sequence of steps to build a large modular station offshore.
      The apparatus is similar to that of FIG. 1 in that there is a vessel V
      with jackholders H holding legs L in wells J therein with legs L
      supporting vessel V by bearing on the marine floor and in that there is a
      pile-supported station module M having pile guide means Q with piles P
      therethrough, and in that the jackholders H are held to the vessel V by
      coupling means I, and in that legs L run through coupling leg wells J in
      the ends of the means H, and in that module M is coupled to vessel V by a
      coupling sleeve K for bracing the vessel V with the structure S comprising
      M and P together. And the vessel W is likewise endowed with the same type
      of apparatus including spacing-jack-and-coupling-means G comprising means
      H, I, J, and K for spacing and re-spacing and coupling M and V. But many
      differences can be seen between FIG. 1 and the present sequence of FIG.
      52. A first difference is in the multipartite nature of the station
      structure having fixed modules 136 and numerous modules 135 and in the
      plurality of vessels V and W employed for stationing the structure. A
      second important difference lies in the surrounding nature of the modules
      136 which here in FIGS. 52-58 surround the legs 137 thereby bracing them
      symmetrically against buckling and overturning. A third important
      difference is seen in the couplings 138 which here are pillow blocks
      holding novel rotatable jackholders 139. A fourth operational difference
      is that the sequence applies to a large construction project, but this is
      only a difference in function and scale. Another important difference is
      that the coupling 140 is a sleeve through the deck of the module 136. The
      sequence of operations illustrated is as follows.
PAR  In FIG. 52 the vessel V is stationed on its legs 137, two of which are
      braced by means 140 to the previously founded station structure 136 which
      is supported by its piles P held, possibly by grout, or preferably by
      welding at the deck of the module 136, just as in the prior art. Of
      course, the prior art exhibits no such thing as a jackup leg extending
      through a pile jacket. In the same FIG. 52, there is a vessel W having
      identical apparatus 138, 139, 141 and 140 and four identical modules 136
      wrapped around all four of the legs of the vessel W. On the deck of the
      vessel W are modules 135 whose purpose will be discerned and exhibited in
      later figures. A novel and very important feature of the apparatus of
      FIGS. 52-58 is illustrated by the vessel W. The jackholders 139 are
      rotatable in the means 138 which are partly releasable to allow rotation
      of the jackholders 139. When the jackholders 139 are rotated as shown on
      the vessel W in FIG. 52, they will hold the station module 136 and the
      legs 137 clear of the water therefore allowing speedy transit of the
      vessel W through the water. The vessel V and the jackholders 139 are shown
      in their other position wherein they support the vessel clear of the water
      with the legs vertical. FIG. 53 illustrates the turning of the jackholders
      139 along with the apparatus that they carry which includes the legs 137
      and the modules 136. In FIG. 53 the vessel W is still afloat and its
      weight is not yet borne up by the legs 137. The jacking of the apparatus
      G.sub.4 has not yet begun. In FIG. 53 pile driving has been begun but is
      not yet complete. FIG. 54 illustrates the next step wherein the vessel W
      has been raised upon its legs 137 which are now braced by the fully
      founded modules 136. The piles P are all driven and are coupled to the
      modules 136 therefore providing a firm foundation for the said modules.
      The vessel W is now in the same condition as the vessel V except, of
      course, that the vessel V has only two modules M. Alternatively it could
      have had four, just as does the vessel W, but the two are pictured
      differently to illustrate possible variation. FIG. 55 illustrates
      additional work by the vessel W, which is primarily a construction vessel.
      FIG. 55 illustrates the completion of the elevation of vessel W and the
      commencement of the installation of modules 136 by the vessel W. Vessel V
      has completed its work which may have been the drilling of an oil well. It
      is now prepared to be lowered and to leave, allowing the vessel W to
      complete the bulk of the construction work. In FIG. 56 the vessel V is
      shown afloat. It has been returned to the water surface from the condition
      shown in FIG. 55. It was returned by the apparatus G.sub.4 operating as a
      jackup jack. An important difference between usual jackup jacking and the
      operation shown by FIG. 56 is that in ordinary jackups the leg wells are
      not above the surface of the water as they are in this case and there is
      no module 136 surrounding the legs. The advantage of having the leg wells
      above the water is hereby illustrated, that the lower portions of the legs
      can be reached and made accessible for modification. The legs can be fully
      withdrawn from the water and fully withdrawn from the module 136 thereby
      allowing rotation of the legs, and separation from the module 136.
PAR  FIG. 57 illustrates the rotation of the apparatus 139 along with legs 137,
      in the means 138 to achieve streamlined condition of having the legs
      withdrawn from the water, which is not know in the prior art. The benefits
      of such an arrangement can be realized when it is known that numerous
      jackups have been lost due to the elevation of the center of gravity of
      their legs far above the deck and due also to the impediment of the legs
      and leg wells dragging through the water when the jackup is moved about
      while floating. Neither disadvantage is found in the vessel V with its
      legs rotated to the horizontal position. In FIG. 57 the vessel W is shown
      returned to the water and its legs are being withdrawn from the modules
      136 which were installed by the vessel W. In FIG. 58 both vessels are
      shown departing in their streamlined traveling mode leaving the fully
      founded structure comprising six (6) modules 136 and numerous modules 135
      hanging between the modules 136. In FIG. 58 it may be noted that the
      arrangement of the wells 141 in the apparatus 139 allows parallel laying
      of the legs. This is obtained by having the front legs be outboard of the
      rear legs or vice versa so that the legs 137 at the front of the vessel do
      not rotate in the same plane as the legs 137 at the back of the vessel W.
      Distinctions between the modules 136 of the figures just described, FIGS.
      52-58, and the module M of FIG. 1 should be made. The module 136 of these
      figures is a pile jacket just as are pile jackets of the prior art. It has
      little to recommend itself over the jackets of the prior art. These
      figures illustrate that structures such as those of the prior art may be
      used interchangeably with the novel structures disclosed in this
      specification with the simple addition of coupling means 140. In these
      figures the coupling means 140 were introduced at the level of the decks
      of the modules 136. Numerous coupling means 140 for bracing the legs 137
      might be introduced in very, very deep pile jackets. Alternatively, the
      legs 137 might never have reached the marine floor and might rest on other
      couplings 140 made structurally integral with the module 136 thereby
      adapting such jackups as are illustrated in FIGS. 52-58 to very deep
      water. A tall slender pile jacket such as the modules 136 but longer would
      thereby adapt this jackup, which is capable of moving in very shallow
      water due to the rotatable nature of its legs, to very deep water. No such
      advantage is found in vessels of the prior art. The results are worthwhile
      to notice that the bending strenght required in the leg wells 141 is
      smaller than that required in leg wells of vessels of the prior art
      because the modules 136 absorb a part of the bending strength and the most
      important thing to the strength of the vessel then becomes the specific
      character of the module 136. The module 136 adapts the vessel V to work in
      shallow waters, just as other jackups with slender legs and weak leg wells
      might do, or adapts them to work in very deep waters which are not
      workable by vessels of the prior art which have slender legs and weak leg
      wells.
PAR  FIGS. 59-71 returns to the concept of the tensile leg. FIGS. 59-62
      illustrate a mat type jackup structure. The apparatus of FIGS. 63-70,
      although it is illustrated to be resting on the marine floor, could be
      operated as a semi-submersible instead of a submersible as shown. Now that
      relationship is established between the FIGS. 59-71 by reason of the first
      four figures of the sequence, FIGS. 59-62, illustrate a tensile leg jackup
      having winches with the tensile cables 144 wound thereon. The winches are
      mounted in jackholders 143 just as other means have been mounted in other
      jackholders. The jackholders 143 are held by coupling means 146 to vessel
      V. Structures shown in FIG. 59 resting on the marine floor comprises a mat
      147 and legs 145 coupled permanently thereto by welding. The tensile legs
      151 comprising simple cables have at their upper ends couples or hooks for
      engaging the legs 145. The hooks are called 149. There is also a means
      148, a bumper for spacing the module 143 away from the legs 145. Means 146
      holding the coupling member 143 to the vessel V is a simple weld just as
      in FIG. 1. There is another coupling illustrated in FIG. 62 called 150.
      150 is an alternatively used coupling which does not serve the precisely
      same purpose as the couplings 149 and the couplings 148. Each resists
      forces of a different character. Explanation of the sequence of operation
      of coupling means 149, 148, and 150 follows: In FIG. 59 the vessel V with
      its jacking apparatus approaches the module 147. In FIG. 60 the vessel V
      has been positioned between the legs 145 of the structure S.sub.9 which
      comprises legs 145 and module 147 and the means 149 and 148 have been
      secured to the structure S.sub.9. The means 149 is a simple hook and the
      means 148 is a flexible bumper. The bumper serves the purpose of isolation
      as it has served in previous figures. It will be noticed that the means
      149 is capable only of exerting primarily vertical forces on the vessel V.
      The means 148 exerts primarily horizontal forces on the vessel V. The
      means 149 will support the weight of the vessel V on the legs 145. Means
      150 to be discussed hereafter, will support the weight of the legs 145 by
      reason of the bouyance of the vessel V. In FIG. 60 the means 149 and 148
      have been secured and the vessel is now ready to be elevated. In FIG. 61
      the vessel is shown elevated after operation of the winches 144 having the
      tensile legs 151 wound thereon. The means 149 still supports the weight of
      the vessel and the means 148 still prevents lateral movement of the vessel
      V. Thus the apparatus and couplings prevent large bending stresses from
      being introduced into the vessel V by flexure of the legs 145 and the
      module 147 so that the character of the structure S.sub.9 fully determines
      the structural resistance of the whole to lateral forces. In FIG. 62 the
      vessel V has been returned to the water by operation of the apparatus
      G.sub.5 and the coupling 149 has been undone, but the coupling 148 has not
      been undone. The coupling 148 is still in sliding contact with the legs
      145. Coupling 150 has now been employed; coupling 150 comprising simple
      holes in the legs 145 in which the hooks 149 have been engaged. The vessel
      V has, by means of the apparatus G.sub.5, coupled to the legs 145 by the
      means 150 now picked up the mat from the marine floor just as mat type
      jackups always pick up the mats from the marine floor. It should be
      recognized, however, that it is not necessary for a mat to be employed
      with such apparatus. A mat type jackup is not the only structure that can
      be used in this way. Other such structures include submersibles and
      semi-submersible bottle type devices such as will next be illustrated in
      the figures which follow hereafter.
PAR  FIGS. 63 and 64, 65 and 66 illustrate similar operations with a tensile leg
      in a submersible bottle type frame. First the structure will be described.
      As can be most clearly seen in FIG. 63 there is shown a vessel V with
      jackholders 155 (two) athwart the decks of the vessel V. There is
      apparatus E for drilling wells. There is a toothed rack leg 153 which
      serves as a tensile leg just as the cable 151 in the preceding figures.
      The leg 153 has pin 154 at its top and 157 at its bottom. The teeth on the
      inboard face of the legs 153 engage a gear 156 which serves to couple the
      weight transmitted through the leg 153 into the jackholder 155 and 156 is
      therefore a movable coupling means. The member 155 lies at the deck B and
      is secured by means 146 to the vessel V just as before. The structure
      S.sub.10 comprises the mat 162 and the legs 152 which are here bottles and
      serve to make a buoyant wave transparent frame of the structure S.sub.10.
      The structure has now been described. The operation will now be described.
      In FIG. 63 the vessel approaches the structure S.sub.10 just as the vessel
      approached the structure of FIG. 59. The structural differences have been
      noted. In FIG. 64 the vessel V has been positioned between the bottles 152
      and the pins 154 have been rested onto the tops of the bottles 152. The
      pins 157 have been inserted into holes in the legs 152. The vessel is
      ready to lift the structure S.sub.10 if it should choose to do so.
      However, that is not the operation illustrated. In FIG. 65 the vessel has
      lifted itself by means of the apparatus G.sub.6 to a position clear of the
      water and is in position to shift the apparatus E outboard for drilling
      through the mat 162 into the marine floor to find oil. FIG. 66 shows the
      vessel having completed its work and now leaving. It has returned itself
      by means of the apparatus G.sub.6  to the marine floor and the pins 154
      and 157 have been withdrawn from engagement with the legs 152. The bottle
      structure S.sub.10 will be left behind as a production facility just as
      the structures have been left behind in previous figures. In FIG. 67 the
      vessel V departs. It should be noted that the legs 153, the tensile
      toothed legs, can be rotated to a horizontal position thereby obtaining
      some of the advantages of rotatable legs which were mentioned with respect
      to the FIGS. 52-58. It is also illustrated in FIG. 67 that another jackup
      which is similar to the jackup which is now leaving the structure S.sub.10
      has positioned itself between the legs 152. This jackup is not an
      exploration jackup but rather a production jackup. It carries apparatus on
      its decks for producing oil from the well that has been drilled D.sub.1.
      The structure of the production jackup with vessel W is different than
      vessel V in respect that the geared legs 159 are used for a different
      purpose from the purpose which has previously been illustrated. The geared
      legs 159 are used for raising devices and supplies for production purposes
      to the top of the legs 152 without ever elevating the vessel W. The vessel
      V was lifted as a whole. The vessel W is not shown to be lifted at all
      although it is capable of lifting itself, using legs 159 just as vessel V
      used legs 153. The sequence of drawings does not illustrate the lifting of
      the vessel W. Rather it shows that the legs 159 could be operated not as
      tensile legs but rather as compressive ones and serve to elevate a module
      160 to engagement by means of pins 158 and the legs 152. The legs 159
      which are geared just as are the legs 153 on the vessel V support the deck
      160 having apparatus D thereon. The legs 159 are engaged by a spur gear
      similar to the spur gear on the vessel V. The spur gear here serves to
      drive the legs upward, supporting the weight of the apparatus A.sub.2 and
      the elements 160. FIG. 69 illustrates a much later stage in the
      development. The vessel W has since departed. Now the structure S.sub.10
      is being moved to another location by virtue of its semi-submersible
      bouyant character. It has been bouyed up by de-ballasting and is being
      pushed by the tugboat T. One can hope that in the usual operation the
      vessel W could depart promptly after bringing the module 160 and that the
      structure would remain in place for years to produce petroleum O. The
      vessel W was used strictly for delivery purposes although it is fully
      capable of operation just as was the vessel V in FIGS. 63, 64, 65 and the
      like.
PAR  FIG. 70 differs primarly in relative size from the previous structure. In
      FIG. 70 the apparatus is a much larger bottle structure and is capable of
      supporting more than one vessel V at a time. The previous figures, such as
      FIG. 67, showed two vessels, a vessel V and a vessel W, each supported on
      the structure but not at the same time. In FIG. 70 it is illustrated that
      the vessels might be there at the same time, one of them drilling and the
      other one performing production or delivery service. The structure of FIG.
      70 comprises a station module 163 with legs 164 thereon supporting an
      upper structure 165 which in turn supports tensile legs 166 in fashion
      similar to that pictured in the preceding figures. FIG. 71 shows the
      similar concept but in which there is only one bottle 167, a needle-type
      bottle with ballast in its bottom that causes it to float erect as
      pictured. This is suitable for very deep water. More than one vessel, a
      vessel V and a vessel W, are both supported from the top of the structure
      by hooks 168 on the ends of tensile legs 166 going to winches 170 held in
      the ends of jackholders 171 which are coupled to the vessel V by means
      172, all just as before. The preceding sequences beginning with FIG. 59
      and ending with FIG. 71 all illustrated various forms of structures
      employing legs that are tensile in nature. The FIGS. 69, 70, and 71
      illustrate that great variety of bottle type structures is contemplated by
      the invention. Numerous and varied bottle structures might be employed,
      and the drawings are to be considered to be only exemplary of the variety
      of structures.
PAR  Now another modified form of structure will be shown. FIGS. 72-77 relate to
      workover jackups. In the prior art it is common to have a stationary
      structure, a pile jacket, with apparatus thereon for producing oil through
      wells that have been drilled through the pile jacket. A jackup will
      approach such a structure carrying a rig. The rig supported on the jackup
      will then work the wells over when they become clogged, for example.
      Jackups of the prior art are independent of the structures which support
      the wells. FIG. 72 shows such apparatus. There is a jackup X.sub.1 which
      supports a base B cantilevered over a structure X.sub.2, holding apparatus
      A above it. The present invention envisions structural cooperations
      between a fixed structure and a jackup, as will now be shown. The
      apparatus of FIG. 73 and 74 will now be described. It comprises a vessel
      V, spacing-jack-and-coupling-means comprising a jackholder 191, a pillow
      block 192, a pair of leg wells 193 in the ends of the jackholder 191 and
      couplings 194 and 195. Running through the leg wells 193 are two legs 196,
      one on each side of the vessel V. A coupling 195 is shown in FIG. 73
      securing the vessel V to a structure S.sub.11 comprising a pile jacket 197
      with piles P therethrough. Now the operation illustrated by the two
      figures will be discussed. Prior to the situation pictured in FIG. 73 the
      vessel V was afloat and the legs 196 were horizontal just in the fashion
      of FIG. 58. The apparatus 191, 192, 193, and 196 is very similar to the
      comparable apparatus 139, 138, 141, and 137 of FIG. 58 on the vessel W.
      The vessel V then approached the structure S.sub.11 and the legs were made
      vertical by rotation of the means 191 and the pillow blocks 192. Then the
      coupling 194 was placed at the bottom of the leg wells 193 by reliance on
      the beneficial clearance of the leg wells above the water and was engaged
      to the module 197 and to the legs 196 thereby bracing the legs 196 to the
      module 197. Then the apparatus G.sub.7 elevated the vessel to the level of
      the deck of module 197. Coupling 195 was made fast, holding the vessel V
      to the deck of module 197. FIG. 74 is another view of the same apparatus.
      In FIG. 74 the vessel V is seen from the end. In FIG. 73 it is seen from
      the side. The advantages of such operation are in economy. The jacks on a
      jackup rig are very expensive. Strong legs for resisting large lateral
      forces are very expensive. They increase the expense of the jacks because
      they introduce bending forces into the jacks and thereafter into the
      vessel V. By bracing with means 194 and 195 two of the four legs found in
      jackups of the prior art can be omitted. Sometimes three legs are
      employed, but only two legs are provided in the apparatus of FIG. 73 and
      FIG. 74. The jackup of FIG. 73 and FIG. 74 can also move more rapidly
      through the water due to the rotatability of its legs. There need be very
      little bending strength in the element 192 and therefore there need be
      very little bending strength in the hull of the vessel V. A very small
      vessel can thus be operated as a jackup. The vessel V pictured in FIG. 73
      and FIG. 74 is large, but a very small vessel indeed might be operated
      according to this teaching, while in methods of the prior art a certain
      minimum size would be required because legs 196 would have to be of a
      large diameter in order to resist bending forces due to the lateral action
      of the waves, and the vessel V would be required to be heavy to prevent
      overturning.
PAR  FIGS. 75, 76, 77 illustrate a similar two legged jackup which will be
      braced to the module 204 supported by piles P. The difference between
      FIGS. 75-77 and that which is pictured in FIGS. 73 and 74 is in the
      position of the legs and in the fact that they are not rotatable. In FIG.
      75 there is pictured a vessel V approaching a station module 204 similar
      to the module 197 of FIG. 73. The vessel V has jackholders of a type not
      previously shown herein. The jackholders 199 of FIG. 75 have only one well
      201 and previously each jackholder has had two wells and they have been
      outboard on the sides of the vessel. Here the jack wells 201 are not
      outboard the vessel. The jackholders are rudimentary structures
      incorporated directly into the vessel hull. It will be appreciated that
      many positions and types of jackholders could be employed, including
      simple base plates in the hull. Now, the advantage of having the leg wells
      201 at the end of the vessel are obtained.
PAR  With reference to FIG. 75 there is shown vessel V having legs 198 run
      through the jack wells 201 in the holders 199 which are held to the vessel
      by means 200. In FIG. 76 the vessel draws alongside the module 204 rather
      than placing its stern against it as in FIG. 73. Advantages are that the
      legs 198 can be more readily braced by shorter connector 202. In the
      exemplary sequence illustrated, some advantages obtain by making the
      elements 203 shorter. It can be appreciated that in much taller structures
      having many modules 203 spaced up and down the legs 198 the advantages
      would be increases. The elements 203 would not need to be as strong and
      the legs 198 could be more slender. In FIG. 76 the elements 203 are
      connected from the legs 198 to the structure while the vessel floats.
      Subsequently (FIG. 77) the vessel has been raised by the apparatus G.sub.8
      which comprises 199, 200, 201, 202, and 203, to the level of the deck of
      the module 204. 202 has been made fast (FIG. 77) and the small vessel V is
      ready to do whatever work it came to do. The workover sequence has now
      been fully described.
PAR  Now a second advantage of including the jack wells directly into the vessel
      hull can be seen: the vessel hull is naturally a strong beam for spanning
      between supports, and this configuration capitalizes thereon. With respect
      to all the figures heretofore illustrated, it should be noted that forms
      of jackholder are possible other than an elongate member athwart the
      vessel. Such members are only drawn for illustration, just as the vessels
      V are drawn with elongate shipshaped hulls. The invention might well be
      embodied in other hulls and other jackholders which are not illustrated
      here.
PAR  Another modification embodying the invention and which is well adapted for
      large development work will now be discussed. New features will be shown
      but many essential elements will be the same. FIGS. 78-90 illustrate such
      apparatus. The apparatus of FIGS. 78-84 is substantially the same and the
      apparatus of FIGS. 85-89 is the same. The common structure of both
      sequences is the ring-like structure or station module provided to lend
      support to the work equipment.
PAR  With regard to the sequence of FIGS. 78-83, the vessel V is quite similar
      to the vessel V of FIG. 1 in that it has spacing-jack-and-coupling-means
      G.sub.9 comprising jackholders 205 secured to the vessel V by means 206
      and leg wells 207 at the end of the said jackholders 205 whereby the
      vessel may be supported on four legs 208 arranged in a rectangle about the
      vessel. Differences appear with respect to the connectors 209 and 210 and
      the station modules 211 and 212. In FIG. 78 there are pontoon-like footing
      members 211 having sleeves 209 therethrough. The modules 211 lie parallel
      across a ring-like module 212 which is the particular station module to be
      mainly considered here in the sequence of FIGS. 78- 83. The modules 211 of
      course may serve as a station module in other sequences of steps. The
      connector 210 comprises a cable going to a winch mounted on the jackholder
      205. The winch upon which the cable 210 is wound serves to lift up and
      hold up the module 212 when that is necessary in transit. The cable 210 is
      wrapped around the module 212. There are four (4) such cables 210 disposed
      in a rectangle whose corners are the four points on the module 212. The
      connector 209 comprises a sleeve passing fully through the module 211. The
      leg wells 207 in the end of the member 205 lie fully clear of the water
      therefore allowing the legs 208 to pass, in clear sight of an observer,
      through the leg wells 207 and through the connector sleeves 209. In FIG.
      78 the connector sleeve 209 is welded to the means 208 so that there is a
      structure comprising 211 and 208 together. There are two structures
      comprising 211 and 208 together and each of the structures is thus an
      H-shaped frame. In a convenient and efficient manner there is a rig E
      disposed on a base B which lies athwart the decks of the vessel V. The
      sequence of drawings reveals the advantage that a convenient and efficient
      disposition need not be disturbed even while drilling a large number of
      wells with the apparatus of the figure.
PAR  In FIG. 78 the vessel V is in transit having a ring-like module 212 carried
      therebeneath with the weight thereof supported by the connectors 210. In
      FIG. 79 the vessel has arrived at the station site and the apparatus
      G.sub.9 comprising 205, 206, 207, 209, and 210 together have cooperated to
      lower the structure comprising 211 and 208 along with the module 212 to
      the marine floor in a position for stationing. It will be observed that
      the legs 208 contact the marine floor although they will not be called
      upon here to support the entire weight of the vessel. It is envisioned
      that in most situations it would be possible for them to do so. Situations
      where this might not be possible include circumstances in which the marine
      floor is a very soft mud. Even in such a case, however, the legs 208
      embedded in the soft mud would prevent lateral motion of the ship
      permitting steps similar to those pictured to be completed. Returning to
      the sequence which is pictured, the legs 208 have engaged the marine floor
      and module 212 is now in position to be founded and made stationary with
      respect thereto. In FIG. 80 piles are shown to have been inserted through
      the pile receiving means 213 in the module 212. The piles have been
      inserted in pairs, each pair forming a bipod, so that a series of bipods
      is disposed equally around the module 212. A preferred geometric array for
      such piles P would be as rulings on a hyperboloid of revolution of one
      sheet. This is not necessary but only a preferred arrangement and the
      arrangement which is pictured in FIG. 80. In FIG. 81 the vessel has been
      raised by the apparatus G.sub.9 to an elevation clear of the waves.
      Depending on conditions, the weight of the vessel will be borne partly
      through the legs 208 and partly through the piles P. The marine floor,
      depending on its particular character, will support most of the weight
      through one or the other of the sources or it might support the weight
      equally between the legs 208 engaged in the marine floor and the piles P
      which are driven into the marine floor. In any case, the vessel is stably
      supported clear of the action of the waves and in such a condition as to
      allow drilling operations to begin. It will be observed that in the
      arrangement pictured in FIG. 80 and that pictured in FIG. 81 the means 210
      has been released from the ring 212 so that it no longer resides in the
      water. The winches coupled to the cables 210 are now available for further
      work such as hoisting apparatus onto the decks of the vessel V, if it be
      desired to do so. It will be appreciated that the means 210 could be
      replaced by mobile cranes. The simpler arrangement shown in the drawings
      is shown only for illustration purposes. Rotary cranes such as are
      commonly found on offshore rigs would fulfill this function very well. In
      FIG. 81 the vessel V has been elevated by apparatus G.sub.9 and the rig E
      has been moved on its base B to a position far outboard the vessel. This
      is the position most convenient for drilling, around the periphery of the
      ring, advantages of which will appear and will be explained. In FIG. 82
      the well that the rig drilled from the position in FIG. 82 has been
      completed. The well is marked 215 in FIG. 82. In FIG. 82 the modules 211
      have been withdrawn by action of the apparatus G.sub.9 operating in the
      same manner as has been pictured and shown before in this specification.
      The rig E has been returned to its position in the center of the vessel.
      The vessel V is now free to float and leave the site if it should be
      desired to have it leave the site. However, that is not what is pictured
      as will be seen in FIG. 83. In FIG. 83 the rig is shown after the drilling
      of another well 216. FIG. 83 is a side view of a position similar to the
      position of FIG. 79. The steps that have transpired between the situation
      pictured in FIG. 82 and that pictured in FIG. 83 are as follows: The
      vessel was revolved through 90.degree. from its picture in FIG. 82. The
      modules 211 were returned to contact with the ring 212. The vessel V was
      elevated by apparatus G.sub.9 above the action of the waves again. The rig
      was moved outboard to a position similar to the position of FIG. 81. The
      well 216 was drilled from that position and the well was completed, then
      the vessel V was returned to the waves as pictured in FIG. 83. The vessel
      is free to leave or to drill other wells in a similar manner as might be
      desired. The considerable advantages obtained from the sequence that is
      illustrated will now be explained. Of first advantage is that the
      ring-like structure is quite strong and is well adapted to uses requiring
      structural strength. For example, the ring-like structure is well adapted
      to receive a spherical vessel as will be explained and described in FIG.
      90 later. An important advantage relates to the efficient disposition of
      the rig E and its associated apparatus on the deck of the vessel V. Only
      one arrangement is best from the standpoint of working. A vessel has
      limited decks and limited space and a limited amount of apparatus and
      there is one most efficient disposition of the apparatus on the deck of
      any vessel. In the prior art either the vessel must be moved with respect
      to the well, which is actually the situation that is described here,
      although the advantages that are shown here do not accrue to the prior
      art; or else the rig must be skidded around on the deck of the vessel
      thereby disturbing the most efficient arrangement, requiring additionally
      skids on the deck which interfere with the arrangement. In the case shown,
      a very large number of wells could be drilled without disarranging the
      deck of the vessel. The vessel is simply revolved and placed in a
      different orientation of the ring 212. For example, the wells 215 and 216
      are at 90.degree. to one another in the figures being discussed. However,
      other wells could certainly be drilled at 5.degree. intervals if it were
      so desired yielding say 72 wells around the ring 212. In the prior art no
      such convenience is obtained. Other advantages of having the wells in
      ring-like array about the well supporting structure are as follows: If
      production apparatus be placed at each one of the wells, then the
      production apparatus will interfere with the rigs being placed around to
      work over the well if one should become stopped up, where with the
      arrangement shown, a workover rig can apparatus the ring from the side and
      not disturb production apparatus which might be placed in the center of
      the ring-like structure. Another advantage is that if it is necessary to
      stabilize a vessel while driving piles through the sleeves 209, the
      modules 211 provide a means for so stabilizing the vessel. It may be
      noticed that the legs 208 are engaged in the marine floor. However, after
      the ring is once founded, if it were desired to extend the reach of the
      legs so that the vessel might be raised to a higher position than that
      shown in FIG. 81, it would be possible to release the connectors 209 from
      the legs 208 so that the legs 208 could be withdrawn and so that only
      their tips would reach the means 209 therefore the vessel V would be
      placeable at a higher elevation than that shown in FIG. 81. Various
      conditions might warrant this. For example, it might be desirable to use a
      rig in waters deeper than the waters illustrated, or it might be desirable
      to raise the vessel to a higher position in anticipation of a severe
      storm. An advantage accruing to all the apparatus is that the vessel can
      be quickly removed in case of a storm, leaving the wells supported by the
      ring-like module 212. Another advantage is that the vessel shown may be
      operated precisely as is the vessel of FIG. 1 so that none of the
      advantages illustrated in FIG. 1 need be lost by operation according to
      the sequence of FIGS. 78-83. For example, the modules 211 might be removed
      causing the vessel of FIG. 78 to appear very much the same as the vessel
      of FIG. 1. Alternatively, the modules 211 might be left on, but re-spaced
      and replaced at the tips of the legs 208, so that the operation similar to
      operations of FIGS. 7-30 could be obtained using the apparatus of FIGS.
      78-83. One of the greatest advantages of the present invention is that
      operation advantageous to the conditions at hand can be obtained without
      the loss of the ability to operate under other conditions. Another
      important advantage of all the apparatus illustrated is that the legs 208
      might be removed entirely from the legholders 207 thereby allowing the
      vessel to pass through constricted places such as the Panama Canal. other
      advantages discussed elsewhere will, of course, also apply to the FIGS.
      78-83.
PAR  FIG. 84 is used to illustrate that the ring-like module 212 lying on the
      marine floor thus evidencing the fact that it need not have been placed
      above the level of the mud, thereby doing away with the necessity for
      having a means 209 being a sleeve through a module 211. FIG. 84 also
      illustrates that the connector for the legs 208 might be a simple socket
      disposed atop the ring 212. The socket is marked 214 in FIG. 84.
PAR  The sequence of FIGS. 85-88, and then later extending to FIGS. 89 and 90,
      expands the advantages of previous figures to include their operation in
      deeper waters and to exploration sites far from the shore. The apparatus
      of FIG. 78 presents a considerable impediment to passage through the water
      in contrast to the apparatus of FIG. 85. The apparatus of FIG. 85
      therefore has some of the advantages pictured in the apparatus of FIG. 7.
      In each of the latter cases the rig can pass through shallow water without
      having a large structure far overhead causing the vessel to be unstable.
      In FIG. 85 there is a vessel V having pillow blocks 217 similar to the
      pillow blocks 138 of FIG. 52. Other pivotal bearing means might be
      employed, or other connectors allowing rotation. There is also a means 218
      similar to the means of FIG. 52 which likewise might have a different
      character from that illustrated. In any case, there are leg wells 219 in
      the ends of the means 218, and the leg wells 219 may be rotated through
      means 218, therefore allowing rotation of means 220. The means 220 are
      legs similar in many respects to the legs of FIG. 52. The legs differ in
      one respect, however. At their bottoms there is a hinge 221. Advantages
      with respect to a stable foundation preventing overturning of the jackup
      rig illustrated in the figure would still be obtained. Conversion of the
      ring 223 to a production structure would not be obtained without
      releasability of the means 221, however, and it is for this reason that
      the means 221 is pictured to be releasable. Releasability could be
      obtained by removing the hinge pin by any number of means as by diving or
      as by using an explosive connector in the hinge pin which would release
      the leg 220 from the ring 223. There is a ring 223 which is similar to the
      ring 212 of the just preceding figures. On the vessel V there is base B
      with exploration apparatus E, a rig similar to the rigs in the preceding
      figures. The front jackholder 218 will be observed as somewhat longer than
      the rear jackholder 218. It will be appreciated that the rear jackholder
      218 might house only a single leg rather than the two legs illustrated,
      thereby making a three-legged jackup. However, four legs are illustrated.
      Each leg pictured conceals another parallel leg which is directly behind
      it as the view is taken. The front jackholder 218 is longer so that the
      front legs may pass the rear legs as illustrated. The sequence of
      operations may now be described. In FIG. 85 the vessel V travels through
      the water towing the module 223 behind it. The means 217 and the means 221
      have been released with respect to rotation so that the module 223 may
      freely move in an arc with respect to the axis of the means 218, thus
      oscillating in the means 217 so that the module 223 may bob up and down in
      the water behind the vessel. This is, of course, not a necessary
      arrangement. The module 223 might very well be supported clear of the
      water by locking the means 217. In FIG. 86 the module 223 has been driven
      into the water. Two means are available to do this and the means
      envisioned consists of powering the legs downward, possibly by attaching
      crane lines to the legs 220. In any event, those skilled in the art will
      be well able to provide means to urge the module 223 into the water.
      Another means is available, however, which is the ballasting of the module
      223. If the module 223 were ballasted by introducing water into it, then
      it would sink and draw the legs 220 along with it, to the position shown
      in FIG. 86. In either case, the position of FIG. 86 can be obtained. In
      FIG. 86 the vessel floats on the waves and tensile forces in the legs 220
      support the module 223 if the module 223 be ballasted. However, as shown,
      it will be compressive forces in the legs 220 because the module 223 is
      pictured as being not ballasted but as being empty of water, therefore
      containing air and certain requisite apparatus. In FIG. 87 the module 223
      has been founded by driving piles P through the means 224 in the module
      223 similar to the means pictured for the module 212 of FIG. 80. In FIG.
      88 the vessel has been elevated above the water just as the vessel was
      elevated above the water in FIG. 81. FIG. 81 is, of course, a front view
      and FIG. 88 is the side view. The two views are directly comparable,
      however, and it will be observed that the hinge means 221 of FIGS. 85-88
      do away with the necessity for the winches 210 illustrated in FIGS. 78-83.
      The sequence is similar to the sequence of FIGS. 78-83 which could be
      exercised by the apparatus of these FIGS. 85-88. However, this would
      entail making the hinge means 221 releasable from the ring-like module
      223. This might be desirable in some situations, however, that is not the
      situation pictured. Instead there is shown one leaf of the hinge 221
      permanently attached to the ring 223 and the means 221 is releasable by
      removal of the hinge pin. It may be well appreciated that numerous extra
      leaves could be provided on the ring 223 with extra hinge pins allowing
      the vessel V to be positioned in a variety of positions around there. In
      the situation illustrated, the vessel could be revolved through an angle
      of 180.degree., the legs 220 could be rotated to 180.degree. in their
      housings 219, and the position of the vessel could be reversed. Without
      extra leaves for means 221, no other positions could be readily obtained.
PAR  The sequence of FIGS. 85-88 is directly comparable to the sequence of FIGS.
      78-83. Now, FIG. 89 illustrates details which might be common to the
      operation of both sequences of FIGS. 78-83 and 85-88. FIG. 89 is a section
      taken through the ring 223 of FIGS. 85-88. The ring 212 might be likewise
      similarly represented. The broken arc represents a possible position for
      curved (spherical) or other vessel, such as shown in FIG. 90. Here there
      is illustrated (FIG. 90) a completed installation having the elbow 222
      unchanged except that a column 225 having elevator or stair means therein
      reaches above the surface of the waves. There is a spherical vessel 226
      used for production purposes and for storage purposes and a brace 227
      which supports and braces the elevator means 225 to the spherical vessel
      226. The means 225 allows personnel to descend through the elbow 226 to
      open a door in it, if a door be provided, and to enter the ring 223
      thereby allowing access to the pile sleeves 224 for inspection of the
      connections to the piles P and also thereby allowing the completion of
      connections 228 illustrated in FIG. 89 which will now be explained. The
      connectors 228 are ring-like gaskets of a diameter close to the major
      diameter of the rings 223 therefore extending all around the sphere 226.
      Therefore, when a person enters the ring 223 through the access means 222,
      he will be able to cut with a torch through the part of the ring 223 which
      is directly between the connectors 228. The connectors 228 will seal out
      water and make it not possible for it to enter the ring 223 and drown the
      man working therein. Then the man working therein will be able to make a
      weld of the ring 223 to the spherical vessel 226 so that the spherical
      vessel will not float away when it is de-ballasted. Thus the spherical
      vessel will contain petroleum and the ring 223 may contain apparatus. It
      will, of course, be appreciated that other vessels than 226 could be
      provided having a great deal of prefabricated and pre-arranged and
      pre-installed apparatus therein so that when the vessel 226 is delivered
      and deposited on the ring or station module 223, it can be positioned by
      simple welding to the ring 223. All of the space within the spherical
      vessel 226 could be available for housing apparatus and equipment.
      However, the situation pictured is that the vessel 226 is provided to
      house only fluids such as petroleum. The ring 223 is, of course, available
      for production purposes and pumps and other apparatus might be located
      therein along with work spaces for men.
PAR  The ring-like structure of FIGS. 85-90 is, of course, rudimentary and it
      will be clearly understood and appreciated that the ring-like structure
      223 might be of any degree of complexity, being itself a large complicated
      ring with many work chambers therein, airlocks and pre-installed and
      prefabricated apparatus planned for any variety of work; for example,
      Christmas trees, pumps, compressors, connectors and crews quarters could
      be housed in such a complex ring-like structure. It should be clearly
      understood that all of the figures have this schematic character and are
      designed to illustrate a rudimentary form of the invention.
PAR  Now the FIGS. 91-96 will serve to illustrate certain structural principles
      that are common to the various embodiments of the invention. An essential
      aspect here is noted. In the prior art, mobile rigs are built as a unitary
      whole. They are not built with a view to modularity and they are not built
      with a view to the changing of the structures which support the weight of
      the vessels. This is different from the situation pictured herein before
      and made possible by the present invention. FIG. 91 illustrates the
      situation obtained, for example, in a mat-type jackup of the prior art.
      The mat-type jackup is made with legs which are not intended to be
      removable and with a mat which is intended to cooperate permanently with a
      vessel. The horizontal member at the top of FIG. 91 can be taken to be the
      counterpart of a barge in a mat-type jackup of the prior art. The lower
      horizontal member can be taken to be the counterpart of the mat. The two
      vertical members can be taken to be the counterparts of the leg. It will
      be seen that if the jackholders or the leg wells or the spud wells, or
      whatever they might be analogously called in the prior art, receive the
      legs at their upper ends; if they restrain the legs and tend to hold them
      in a vertical position through the structural stiffness and strength of
      the barge body; and if the mat does the same at the bottom, then the
      situation pictured will be obtained. The bending moment at the bottom of
      the legs will be similar to the bending moment at the top of the legs;
      another way of saying the same thing is that if the legs be constant in
      their cross section, the radius of curvature will be similar at the top to
      what it will be at the bottom. Therefore, the structural strength of the
      legs at their tops and at their bottoms will have been determined during
      the design of the vessel. The vessel will not be available nor operable
      for uses in other depths than those for which it was designed. Another
      situation, not pictured, is the situation wherein the leg wells at their
      tops are not intended to restrain the legs so that only a single radius of
      curvature would be obtained if the legs attached to the mat were coupled
      with respect to moment only to the mat and not to the leg wells
      themselves. The advantages of this situation have been obtained in the
      present invention, but such is not the subject of discussion here. The
      subject of discussion here has to do with restraint against bending at the
      tops of the legs. The situation pictured in FIG. 92 is the situation made
      possible by the present invention. There is connector K the equivalent
      being pictured throughout the figures of the present invention and there
      are legs L along with connectors K and there is a station module M which
      is coupled, often to the legs L, but sometimes to other parts of the
      apparatus, and it is the connector K which tends to isolate the mobile rig
      from the bending of the station structural module M. The structural module
      M can then be adapted to conditions which are found locally rather than
      being adapted once and for all to the design of the rig. It will be seen
      that the large capital letter R denoting a large radius of curvature
      associated with a large bending moment in the module M compares to the
      small letter r which denotes a small radius of curvature or a small
      bending moment in the legs of the mobile rig superimposed above the module
      M. Thus it is seen that the design of the module M is self contained and
      related only to local conditions and that by re-design of the module M a
      mobile rig can be adapted to any of a very wide variety of conditions. It
      is not necessary to have the connector K be fully separable so that the
      mobile rig can be removed from the module M in order to obtain the
      advantages of the present invention. It is only necessary that it liberate
      the vessel V in some manner from the effects of the water on the structure
      M to obtain the advantages of the present invention.
PAR  This paragraph will review other advantages related to those just
      disclosed. In the situation mentioned just above wherein the leg wells are
      not provided with bending strength for preventing overturning of legs
      therein, or the analogous situation with tensile cable legs having no
      bending strength, the same situation occurs. The vessel may be designed
      independently of its supporting station module, which may be designed to
      suit conditions of use, so that the advantages of the present invention
      are still obtained.
PAR  FIG. 93 pictures the situation of the prior art where a mobile rig which is
      bottom supported must be sufficiently heavy that the lateral forces which
      form a couple, those due to the waves and those due to the mud, which tend
      to overturn the mobile rig. The weight of the mobile rig must be
      sufficient to overcome this. The moment of restitution of the mobile rig
      must exceed the overturning moment or the mobile rig will be overturned.
      Therefore, although much advantage in cost and mobility could be obtained
      by making mobile rigs lighter than they are presently made, it cannot be
      done because they would be overturned by the waves. The situation obtained
      in the present invention is illustrated in FIG. 94, which is a schematic
      representation of the structural action of such apparatus as in FIG. 22,
      for example. The piles imbedded in the mud exert both tensile and
      compression forces, therefore the mobile rig may be lighter, for the
      moment of restitution resulting from the weight of the rig is not the only
      righting moment available; righting moment is obtained by the tensile
      strength in the piles driven into the mud thus a mobile rig may be made
      lighter and therefore more mobile and more economical by the employment of
      the piles of the present invention. The mobile rig has departed, in the
      situation pictured in FIG. 95, which is a structural schematic view that
      might be compared to the sequence of FIG. 2 or the apparatus of FIG. 90.
      In particular, this is schematic and more applicable to FIG. 4. When no
      bouyant fluid is contained within the station module, the piles tend to
      support the weight of the station module in compression. When a buoyant
      fluid is in the station module, the piles tend to support it in tension.
      Therefore it can be seen that not only do the piles in their divergent
      pattern tend to support the rig against lateral forces when the rig is
      present but they also tend to support the station module in a superior
      manner after the rig has departed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An offshore marine structure adapted to be stationed afloat at an
      operational site comprising:
PA1  a vessel adapted for navigating in water, at the surface thereof,
PA1  a buoyant upright member for positioning within the water and above the
      marine floor at such time as said structure is stationed offshore,
PA1  a means comprising an outrigger lying athwart and outboard of said vessel
      for vertically translating the elevation of said upright member relative
      to said vessel for elevating said vessel above the water and supporting
      said vessel on said buoyant upright member above the water at such time as
      said structure is stationed offshore, and
PA1  a means connecting said vessel to said means for translating the elevation
      of said upright member.
NUM  2.
PAR  2. The offshore marine structure according to claim 1 comprising two
      upright members on the same side of said vessel attached at the lower ends
      thereof to a horizontal member.
NUM  3.
PAR  3. The offshore marine structure according to claim 2 wherein said
      horizontal member extends along a side of said vessel and couples a
      plurality of upright members.
NUM  4.
PAR  4. The offshore marine structure according to claim 1 wherein said
      outrigger lying athwart and outboard of said vessel is releasably
      connected to said vessel.
NUM  5.
PAR  5. The offshore marine structure of claim 1 comprising two of said upright
      members on opposite sides of said vessel.
NUM  6.
PAR  6. The offshore marine structure of claim 5 wherein said structure is
      stationed afloat at an operational site wherein said vessel is positioned
      above the surface of the water and said buoyant upright member is
      positioned within the water and above the marine floor.
NUM  7.
PAR  7. A buoyant structure capable of being floated in a body of water for
      movement to a location comprising:
PA1  a. buoyant barge means having a working platform thereon, said barge means
      being elongated in the direction of its longitudinal axis to reduce water
      resistance during said movement to a location;
PA1  b. at least three elongated, watertight stabilizing columns each being
      provided with means for vertical movement;
PA1  c. means on the structure including an opening therethrough, for guiding
      the columns through said vertical movement, at least one of said columns
      and the opening being located in an appendage disposed outwardly from and
      rigidly connected to the barge means;
PA1  d. means for securing the columns to the structure at least one
      predetermined position thereon, the lower ends of the columns, when in
      their lowered positions, extending into the body of water to a distance
      above its mud line; and
PA1  e. means for raising the barge means above the surface of the body of
      water, the structure being capable of floating while in such position.
NUM  8.
PAR  8. A buoyant structure as defined in claim 7, wherein the barge means has
      the general configuration of a ship.
NUM  9.
PAR  9. A buoyant structure as defined in claim 7, including means for raising
      the buoyant structure to position the barge means above the surface of the
      body of water.
NUM  10.
PAR  10. A buoyant structure as defined in claim 7, including elevating means
      adapted to vary the position of the columns with respect to the barge when
      the barge is above the water level.
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ABST
PAL  A hydrodynamically balanced quiet control valve for a submarine (underwater
     ehicle) hovering system. The valve has a cylindrical valve element within a
      four-port valve housing. The interior of the valve element is divided into
      three chambers by a pair of parallel partitions extending lengthwise of
      the element and equally spaced from the element axis. Apertures in the
      cylindrical wall of the element are arranged, in cooperation with the
      partitions, to produce substantially constant total flow resistance
      through the valve when installed in the system, regardless of the angular
      rotation of the cylindrical valve element. A hover computer controls the
      angular position of the element in response to sensed pressure variations
      from the pressure at a preselected hovering depth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid handling systems for submarine hover
      control and more particularly to a multi-port rotary valve having
      substantially constant total flow resistance independently of the angular
      rotation of the rotary valve element.
PAR  The terms "hovering" or "hover" as used herein and as understood in the art
      to which this invention pertains refers to a submarine vessel operating
      condition wherein the vessel is ballasted in such a way that its depth
      below the water surface remains substantially constant and the horizontal
      velocity of the vessel is substantially zero with respect to the
      surrounding water. The term "total flow resistance" as used herein to
      describe the function of the rotary hover valve of this invention refers
      to the sum of the flow resistances of all flow paths through the valve and
      system for all angular valve element operative positions regardless of
      flow distribution.
PAR  In the past, submarine hovering systems have used three-way angle ball
      valves to control ballast water flooding of or discharging from two
      hovering tanks through the three ball valve ports. One port is an inlet
      and two are outlet ports, one for each of the two hovering tanks. Such
      valves are typically not hydrodynamically balanced nor are flow velocities
      through them controlled in a way to minimize flow generated noise. To
      maintain a constant volume of flow in prior systems using three-way rotary
      valves, the degree of valve opening was controlled to accommodate the
      variation in flow resistance required. Water was flooded to one vented
      tank and blown to sea from the other. The flood and blow tanks were
      switched as one tank filled and the other emptied. Since most prior
      systems do not use pumps, the two tank system requires continued use of
      the ship's air banks.
PAC  SUMMARY OF THE INVENTION
PAR  In the submarine hovering system of the present invention, a four-port
      rotary valve is provided with a rotatable cylindrical valve element having
      a plurality of apertures in its cylindrical wall. The apertures are sized
      and arranged such that the total flow resistance of the system as seen by
      a pump remains substantially constant for any angular position of the
      valve element. This feature permits utilization of a constant delivery
      pump without variation of flow rate. A unidirectional flow pump, i.e.
      not-reversible, may be used in the present hovering system since the
      direction and rate of flow into and out of the hover tank is controlled by
      the angular position of the rotary valve element rather than by a
      reversible pump. The use of a system which pumps into and out of the same
      tank substantially reduces the amount of air used from the ship's air
      banks since the total ballast on board does not significantly change. Flow
      velocity through the hovering system, in particular through the apertures
      in the cylindrical wall of the valve element, is maintained at a
      sufficiently low magnitude to significantly reduce flow generated noise as
      compared to prior systems. For small errors in ordered hover depth the
      flow rate between the sea and the hover tank is varied by changing the
      angular position of the valve element rather than by varying the pump
      delivery rate. The rotary hover valve is provided with a recirculate
      position so that frequent starting and stopping of the pump is
      unnecessary. This feature helps to eliminate undesirable depth "hunting"
      when the submarine vessel is at or near ordered hover depth.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to improve the operating
      characteristics of submarine hovering systems by providing a multiport
      rotary control valve which produces substantially constant total system
      flow resistance for all rotational positions of operation.
PAR  Another object of the invention is reduce flow generated noise of submarine
      hovering systems.
PAR  It is a further object of the invention to provide a submarine hovering
      system having a substantially constant flow rate and which utilizes an
      economical unidirectional, constant delivery pump and a constant speed
      pump motor.
PAR  A feature of the invention is the number, size and arrangement of the
      apertures in opposite portions of the valve element cylindrical wall to
      achieve the substantially constant total system flow resistance for all
      operating positions of the hover valve.
PAR  Other objects, advantages and novel features of the invention will appear
      from a reading of the following detailed description when considered in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a submarine hovering system.
PAR  FIG. 2 is an exploded view of an embodiment of the rotary hover control
      valve of the present invention.
PAR  FIG. 3 is a cross-sectional view of the rotary valve of FIG. 2.
PAR  FIG. 4a-4c are diagramatic views of a submarine hovering system depicting
      the rotary valve of the present invention in three different operating
      positions.
PAR  FIG. 5 is a cross-sectional view of another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings wherein like reference characters represent
      like parts throughout the several views, and initially to FIG. 1, the
      pressure hull 10 of a submarine vessel has contained therein two hover
      tanks 12, 14 defined by the lower portion of the hull 10, horizontal
      pressure boundary 15 and a vertical pressure boundary 17. The hover tanks
      12 and 14 are capable of withstanding the extreme pressures encountered at
      the submarine operating depths and are adapted to be flooded with sea
      water to decrease submarine buoyancy or pumped free of sea water to
      increase submarine buoyancy. An independently controlled air pressure
      system (not shown) is connected to each hover tank through pipes 19 for
      pressurizing or venting the air above the ballast water in each tank. In
      this manner, the hover tank pressure is maintained at ambient sea
      pressure, the advantage of which will be subsequently described herein.
      Identical pumping systems 16, 18 are shown in FIG. 1, each being
      separately located in one of the hover tanks 12, 14. Locating the pumping
      systems within the tanks advantageously results in considerable volume
      conservation in the living and operating spaces of the submarine vessel
      and permits the use of low pressure piping and components in the hovering
      system except for the hull valve. A pressure sensing unit 20, mounted
      within the hull 10, communicates by well-known means with ambient sea
      pressure through line 21 and generates an electrical signal proportional
      to the difference between the pressure at a preselected hover depth and
      ambient sea pressure, i.e. depth error. The electrical signal is
      transmitted to a hover computer 22 which processes the depth error signal
      to determine submarine velocity and acceleration. The computer output
      signal is related to depth error, velocity and acceleration and positions
      the hover valves 24, through the servo control valve 28 and hover valve
      actuator 30. This either pumps sea water from or to the hover tanks 12, 14
      and causes the submarine vessel to move upwardly or downwardly to the
      preselected hover depth at a rate proportional to the computer output
      signal until the vessel is in a hovering condition. As the submarine
      vessel approaches the preselected hover depth, the electrical signal from
      pressure sensing unit 20 to hover computer 22 varies proportionally as the
      depth error decreases and, consequently, the hover valves 24 are
      positioned to vary the flow rate from or to the hover tanks in proportion
      to the computer output signal. The electrical output of a feed-back
      potentiometer 29 represents actual valve position and is transmitted to
      hover computer 22 via feed-back loop 31 for comparison with ordered valve
      position in a manner known in the field of servo control systems.
PAR  Each pumping system 16, 18 includes a four-port hover valve 24, conduits
      26, 32 connecting two of the hover valve ports to the inlet and outlet
      respectively of a constant flow rate pump 34, a sea conduit 36 connected
      to one of the hover valve ports and communicating with the sea through
      hull opening 41, and a ballast conduit 38 connected to the remaining hover
      valve port and communicating with the hover tank 12, 14 through opening
      43. The sea conduits 36 may be provided as shown with shut-off valves 40
      which are remotely operable by means external to the hover tanks 12, 14
      as, for example, hydraulic actuators 42. Motors 44 are mounted on pressure
      boundaries 15 externally of the hover tanks 12, 14 and are operatively
      connected to constant delivery pumps 34 through tank penetration fittings
      45 in pressure boundaries 15. While the embodiment described includes dual
      pumping systems, a single system or multiple systems with increased or
      decreased capacity could be utilized.
PAR  FIGS. 2 and 3 show in greater detail the construction of the hover valve 24
      of the present invention. An elongated cylindrical valve housing 46 is
      provided with four equal-sized rectangular slot-like openings 48, 50, 52,
      54 disposed lengthwise of and symetrically spaced around the periphery of
      the housing 46. The solid portions of the cylindrical wall of the valve
      housing are approximately equal in width to the four slot-like openings so
      that each opening and each solid portion forms about a 45.degree.  sector
      of the valve housing circumference. Four port covers 56 (one shown
      typically) are sealingly secured by welding or by suitable fasteners and
      gaskets to the external surface of the cylindrical housing over the
      slot-like openings 48, 50, 52, 54 so as to communicate with the interior
      of the housing 46. The outwardly extending end of each port cover 56 is
      provided with a flanged pipe termination 58 for connection to the system
      conduits 26, 32, 36 and 38, previously mentioned. The housing 46 is closed
      on one end by a cover 60 having a bearing 62 axially mounted on the inner
      surface thereof. The other end of the housing 46 is provided with a
      removable end closure 61 sealingly secured by suitable fasteners to the
      housing 46. Bearing 63 extends axially through end closure 61.
PAR  A rotatable cylindrical valve element 64 having an outside diameter less
      than the inside diameter of the housing 46 is concentrically positioned
      internally of the housing 46 so as to form a uniform annular space 65
      between the interior surface of the valve housing 46 and the exterior of
      the valve element 64. Both axial ends of the valve element 64 are enclosed
      by plates 66, 68 which are circumferentially welded to opposite ends of
      the valve element 64. A shaft 70, axially affixed to plate 66 and
      extending outwardly therefrom, is journaled in bearing 62. Similarly,
      shaft 72, axially affixed to plate 68 and extending outwardly therefrom,
      is journaled in and protrudes through bearing 63 in end closure 61. Hover
      valve actuator 30 of FIG. 1 is operatively connected to shaft 72.
PAR  A pair of longitudinally extending parallel partitions 74, 76 span the
      interior of cylindrical valve element 64 and are equally spaced from the
      element axis. The partitions 74, 76 divide the interior of the valve
      element 64 into three chambers, a central chamber 78 and two side chambers
      80, 82, the spacing between the partitions 74, 76 being approximately
      equal to the width of the rectangular slot-like openings in the valve
      housing 46. It should be noted that the partitions 74, 76 form chords of
      the circular cross-section of the valve element 64, each chord subtending
      arcs of about 135.degree.. The arcuate surface of each side chamber 80, 82
      therefore includes about 135.degree. of the valve element circumference
      while the arcuate surfaces of the central chamber 78 includes the
      remaining 90.degree. thereof (45.degree. per side). The flat surfaces of
      the partitions 74, 76 may be provided with an acoustic damping material
      affixed thereto in any convenient manner for attenuating mechanical
      resonances that may be present in the partitions while the hovering system
      is in operation.
PAR  The opposite sides of central chamber 78 formed by the cylindrical wall of
      the valve element 64 are each perforated with an equal number of
      evenly-spaced 0.75 inch diameter apertures 84 extending over an
      appreciable portion of the length of the opposite sides of central chamber
      78. The cylindrical wall of each side chamber 80, 82 is perforated over an
      appreciable portion of its length with a plurality of evenly-spaced 1.0
      inch diameter apertures 86, an equal number thereof arranged on either
      side of and separated by an imperforate portion 88 formed in the centrally
      located 45.degree. sector of each side chamber. The total number of
      apertures 86 in each side chamber 80, 82 is equal to the total number of
      apertures 84 in the central chamber 78 and, consequently, there are twice
      as many apertures 86 as apertures 84 in the cylindrical wall of the valve
      element 64.
PAR  It is to be understood that the shape, numbers and dimensions of the
      above-mentioned apertures are by way of example only and apertures of
      other sizes and or shapes and numbers could be judiciously selected and
      utilized to achieve the results set forth later herein. For example, the
      apertures may be longitudinal, circumferential or diagonally arranged
      slots. The particular aperture configuration of the embodiment described
      herein was chosen for a system flow rate of about 500 lb/sec so as to
      limit fluid velocity through the apertures to a maximum of about 15
      ft/sec. At velocities above about 15 ft/sec undesirable flow noise may be
      generated. A successfully tested embodiment of the hover valve of the
      present invention was provided with a valve element having 105 circular
      apertures in each of the six 45.degree. perforate sectors of the
      cylindrical wall of the valve element 64. The apertures in each sector
      were arranged in 21 staggered circumferential rows of 5 apertures each.
PAR  Elongated L-shaped resilient seals 90 are longitudinally secured to the
      interior surface of the valve housing 46 adjacent both sides of each
      slot-like opening in the valve housing. During operation of the hover
      valve, the seals 90 prevent unwanted flow between adjacent valve ports
      through the annular space 65.
PAR  The operation of the hover valve 24 of the present invention can best be
      illustrated by reference to FIGS. 4a-4c wherein the pumping system is
      diagrammatically shown in three discrete operating positions, namely,
      recirculate FIG. 4a, pump-to-sea FIG. 4b and pump-to-tank 4c. In the
      recirculate position the submarine vessel is assumed to be correctly
      ballasted for hovering, therefore, the entire flow from constant flow rate
      pump 34 is directed through the central chamber 78. The flow resistances
      presented by the perforate walls of the central chamber 78 are represented
      by R.sub.1 and R.sub.2. Since there are an equal number of apertures 84 on
      opposite sides of the central chamber 78, R.sub.1 is approximately equal
      to R.sub.2 and the total flow resistance of the valve may be stated as
      2R.sub.1. In the embodiment shown the total angular displacement of the
      valve element 64 is limited to the 90.degree. arc between the positions of
      FIGS. 4b and 4c. If the submarine vessel is at a depth below the desired
      hovering depth the pressure sensing unit 20 of FIG. 1 generates and
      transmits to the hover computer 22 an electrical signal proportional to
      the depth error. The hover computer 22, in turn, causes the hover valve
      actuator 30 to rotate the hover valve element 64 counterclockwise from the
      recirculate position to a position, for example, as that shown in FIG. 4b,
      the pump-to-sea position. In this mode it is to be observed that total
      system flow passes through the valve twice, once through side chamber 80
      and again through side chamber 82. The flow resistances presented by the
      perforate walls of side chamber 80 are represented by R.sub.3 and R.sub.4
      and of side chamber 82 by R.sub.5 and R.sub.6. Since there are an equal
      number of apertures 86 in each perforate portion of the side chambers 80,
      82, it can be stated approximately that R.sub.3 = R.sub.4 = R.sub.5 =
      R.sub.6 = or that the total flow resistance through valve element 64 is
      approximately 4R.sub.3. By making R.sub.3 equal to one-half R.sub.1 it is
      apparent that the total flow resistance of the valve in the pump-to-sea
      position of FIG. 4b is substantially equivalent to that in the recirculate
      position of FIG. 4a. In like manner, if the submarine vessel is at a depth
      above the desired hovering depth, the hover valve element 64 is rotated
      clockwise to the pump-to-tank position in FIG 4c, again with no change in
      total flow resistance. For valve element positions intermediate those of
      FIGS. 4a-4c, for example, the position shown in FIG. 3, the apertures 84
      and 86 are so arranged that the total flow resistance of the hover valve
      remains essentially constant regardless of the rotational position within
      the 90.degree. operating range of the valve element 64 with respect to
      valve housing 46. Alternatively, the apertures 84 and 86 may be of the
      same size and the total flow resistance through the valve for any angular
      position may be maintained constant by increasing the number of apertures
      in the side chamber perforate sections.
PAR  In the embodiment shown and described herein, it should be noted that the
      cross-sectional area of each of the 1.0 inch diameter apertures 86 is
      somewhat less than twice the cross-sectional area of each of the 0.75 inch
      diameter apertures 84. Theoretically, the ratio between the size of
      apertures 86 and apertures 84 should be 2:1, however, based on a
      mathmatical model of the present hovering system flow, the ratio was
      established at about 1.78:1.
PAR  As hereinabove stated, the pressure head on hover tanks 12, 14 is
      maintained at ambient sea pressure by an independently controlled air
      system. The valve element 64 is thus hydrodynamically balanced since there
      is no appreciable pressure differential between sea conduit 36 and ballast
      conduit 38 in pump-to-sea or pump-to-tank positions. This feature reduces
      the force required to rotate valve element 64. In the recirculate position
      of FIG. 4a no pressure differential between the sea and the hover tank can
      affect the balance of the valve element in any event because the solid
      imperforate central portions of side chambers 80, 82 prevent communication
      therebetween. Additionally, by maintaining tank pressure at ambient sea
      pressure, the constant delivery pumps are not required to overcome the
      pressure differential which would ordinarily exist between the sea and the
      hover tank and, consequently, may be operated at a constant speed whether
      recirculating or pumping to either sea or hover tank. Once sea pressure is
      established in the hovering tank at the desired operating depth, air is
      not required since water is pumped into and out of the same tank. Normal
      excursions in water volume and air pressure do not actuate the air system
      and do not materially affect performance of the system. Another important
      advantage of utilizing the rotary valve of the present invention in a
      submarine hovering system is that the pumping means may be a constant
      speed, constant delivery pump and need not be reversible.
PAR  It will be appreciated by those skilled in the art that if the pressure
      differential between ambient sea pressure and the hover tank pressure
      could be continuously and accurately maintained at zero, the partitions
      74, 76 could be eliminated from the valve element structure without
      appreciably altering the operating characteristics of the system.
      Accordingly, an alternate embodiment of the present invention is shown in
      FIG. 5 which illustrates a hollow valve element. If the structural
      integrity of the valve element demands, there may be provided either a
      single longitudinal partition extending across the interior of the valve
      element 64 between the mid-points of the portions of the cylindrical wall
      perforated with apertures 84 or plural circular plates spanning the
      interior of the valve element 64 transversely of its axis.
PAR  The present invention provides a novel, low-noise, constant flow rate
      submarine hovering system and hover control valve therefor. The hover
      control valve is provided with a rotary valve element with apertures
      arranged to produce constant total flow resistance regardless of the
      rotational position of the valve element. The hovering system, therefore,
      can be operated by a unidirectional flow pump which is driven by a
      constant speed motor.
PAR  It is understood that the principles of the present invention require that
      the total flow resistance of the hover valve be substantially constant and
      independent of the variable distribution of water flow therethrough caused
      by angular displacement of the valve element. Further, the invention is
      not intended to be limited, for example, by the particular number, size or
      shape of the valve element apertures disclosed nor by the particular means
      for fastening or sealing the connections between the various valve
      components. Nor is it intended that the usefulness of the novel rotary
      valve described herein be limited to submarine hovering systems.
      Accordingly, many uses, modifications and variations of the present
      invention are possible in light of the above teachings and within the
      purview of the appended claims without departing from the spirit and
      intended scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary control valve comprising:
PA1  valve housing means with an essentially cylindrical chamber formed around a
      central axis and having a plurality of openings spaced around the
      cylindrical periphery thereof:
PA1  cylindrical valve means positioned coaxially within said cylindrical
      chamber and arranged for rotation about said central axis, said
      cylindrical valve means having a first plurality of aperture means through
      oppositely disposed portions of the cylindrical wall of said cylindrical
      valve means, said aperture means being disposed over an appreciable
      portion of the length of said cylindrical valve means, and a second
      plurality of aperture means through the cylindrical wall of said
      cylindrical valve means on both sides of said first plurality of aperture
      means and adjacent thereto, said second plurality of aperture means
      extending over an appreciable portion of the length of said cylindrical
      valve means;
PA1  partition means extending lengthwise within said cylindrical valve means so
      that the oppositely disposed portions of the cylindrical wall wherein said
      first plurality of aperture means are located are spanned, said partition
      means being positioned so that the interior of said cylindrical valve
      means is divided into at least two sections for the purpose of preventing
      unwanted crossflow between said openings in said valve housing means; and
PA1  means for rotating said cylindrical valve means in order to control the
      flow through said plurality of openings in said valve housing means;
PA1  said first and second plurality of aperture means being selectively
      registrable with said openings in said valve housing means upon rotation
      of said cylindrical valve means, the numbers, sizes and locations of the
      aperture means of said first and second plurality of aperture means being
      so chosen and arranged that the total flow resistance to the flow of fluid
      through said rotary control valve is substantially constant and
      independent of the rotational position of said cylindrical valve means
      with respect to said valve housing means.
NUM  2.
PAR  2. A rotary control valve according to claim 1 including solid imperforate
      portions of the cylindrical wall of said valve means separating the
      apertures of said second plurality of aperture means on each of said both
      sides, said imperforate portions being oppositely located approximately
      mid-way between the oppositely disposed aperture means of said first
      plurality of aperture means.
NUM  3.
PAR  3. A rotary control valve according to claim 2 wherein the aperture means
      of said second plurality of aperture means on both sides of said solid
      imperforate portions are equal in number.
NUM  4.
PAR  4. A rotary control valve according to claim 3 wherein the number of
      aperture means of said second plurality of aperture means is approximately
      twice the number of aperture means of said first plurality of aperture
      means and the aperture size of said second plurality of aperture means is
      larger than the aperture size of said first plurality of aperture means.
NUM  5.
PAR  5. A rotary valve as defined in claim 1, wherein said valve means is spaced
      from said housing means, said housing means having resilient seals located
      in the space between said housing means and valve means and secured to the
      interior of said housing means adjacent both sides of each of said
      plurality of openings.
NUM  6.
PAR  6. In combination, a rotary valve according to claim 1, wherein the
      openings in said housing constitute four ports,
PA1  resilient seals secured to the interior wall of said housing means adjacent
      to the sides of each of the four ports and positioned to protrude into the
      space between said housing means and said cylindrical valve means for
      preventing unwanted flow between adjacent ports,
PA1  a tank surrounding said valve,
PA1  a constant flow rate pump connected to the inlet and outlet ports of said
      valve;
PA1  a sea conduit connecting a third port of said valve to the exterior of said
      tank;
PA1  and a ballast conduit connected to the fourth port of said valve.
NUM  7.
PAR  7. A rotary control valve as defined in claim 1, wherein said partition
      means comprises:
PA1  a pair of parallel partitions extending lengthwise of said cylindrical
      valve means and equally spaced from said central axis, said partitions
      dividing the interior of said cylindrical valve means into a central
      chamber and two side chambers with said first plurality of aperture means
      disposed between said pair of parallel partitions.
NUM  8.
PAR  8. A rotary control valve comprising:
PA1  a valve housing with a chamber formed around a central axis and havng a
      plurality of openings symmetrically spaced around the periphery thereof;
PA1  a cylindrical valve element enclosed within said housing and arranged for
      rotation about said central axis;
PA1  a pair of parallel partitions extending lengthwise of said valve element
      and equally spaced from said central axis, said partitions dividing the
      interior of said valve element into a central chamber and two side
      chambers;
PA1  a first plurality of aperture means through oppositely disposed portions of
      the cylindrical wall of said central chamber between said partitions, said
      aperture means being disposed over an appreciable portion of the length of
      said central chamber; and
PA1  a second plurality of aperture means through the cylindrical wall of said
      valve element extending over an appreciable portion of the length of each
      of said side chambers, there being a solid imperforate portion of the
      cylindrical wall in each of said side chambers, said solid imperforate
      portion separating the aperture means of each of said side chambers into
      approximately an equal number of aperture means;
PA1  said first and second plurality of aperture means being selectively
      registrable with said openings in said valve housing upon rotation of said
      valve element, the numbers, sizes and locations of the aperture means of
      said first and second plurality of aperture means being so chosen and
      arranged that the total flow resistance to the flow of fluid through said
      rotary control valve is substantially constant and independent of the
      rotational position of said valve element with respect to said valve
      housing.
NUM  9.
PAR  9. A rotary control valve according to claim 8 wherein said valve housing
      has four slot-like rectangular openings and wherein the aperture size of
      said first plurality of aperture means is less than the aperture size of
      said second plurality of aperture means.
NUM  10.
PAR  10. A submarine hovering system comprising:
PA1  tank means adapted to be enclosed within a submarine hull for containing a
      variable quantity of water ballast;
PA1  a constant delivery pump having an inlet conduit and an outlet conduit;
PA1  a hover valve having a first port connected to said inlet conduit, said
      first port communicating with the interior of said valve, a second port
      connected to said outlet conduit and communicating with the interior of
      said valve, a third port connected by a conduit to said tank means and
      communicating with the interior of said valve and a fourth port
      communicating with the interior of said valve and connected to a conduit
      adapted to communicate with the water surrounding said submarine hull,
      said hover valve further comprising a rotatable cylindrical valve element
      enclosed interiorly of said hover valve, said valve element having a
      plurality of aperture means in the cylindrical wall thereof for variably
      and selectively distributing the flow among said ports upon rotation of
      said valve element, the numbers, sizes and locations of said aperture
      means being so chosen and arranged so that the total flow resistance of
      said hover valve remains substantially constant and independent of the
      variable distribution of water flow among said ports.
NUM  11.
PAR  11. A submarine hovering system according to claim 10 including a constant
      speed motor for operating to said pump.
NUM  12.
PAR  12. A submarine hovering system according to claim 10 including means for
      maintaining the pressure in said hover tank approximately equivalent to
      ambient sea pressure.
NUM  13.
PAR  13. A submarine hovering system according to claim 10 wherein the size of
      said apertures is further chosen so as to limit the flow velocity
      therethrough to about 15 ft/sec.
NUM  14.
PAR  14. A submarine hovering system according to claim 10 further including:
PA1  pressure sensing means for sensing the difference between a preselected
      hover depth and ambient sea pressure and generating an electrical signal
      in response to said difference; and
PA1  hover computer means electrically connected to said pressure sensing means
      and responsive to said electrical signal for controlling the rotational
      position of said cylindrical valve element relative to said valve housing
      whereby the flow into and out of said hover tank varies proportionally
      with said difference.
NUM  15.
PAR  15. A hover control system for a submarine, said submarine having within
      its hull a pair of hover tanks in the lower portion of its hull;
PA1  a vertical partition constituting a pressure boundary between said tanks;
PA1  a horizontal partition across said hull above said tanks and constituting a
      horizontal pressure boundary;
PA1  each of said tanks having a separate four-port rotary valve connected
      thereto for controlling the flow therein, each valve having a rotatable
      cylindrical valve element with a central axis, said valve element being
      positioned within a valve housing, each of said cylindrical elements
      having a shaft connected thereto at one of its ends for rotating said
      cylindrical element about said central axis, said valve housing having a
      plurality of ports spaced around said central axis;
PA1  the ports of said housing being connected to spaced-apart areas on said
      housing and in communication with the interior of said housing;
PA1  said horizontal pressure boundary having therein openings for venting the
      air above the ballast water in said tanks;
PA1  said horizontal pressure boundary having above it in the upper portion of
      said hull a pressure sensitive unit communicating with ambient sea
      pressure through an opening in said hull for generating an electrical
      signal proportional to the difference between the pressure at the
      preselected lower depth and the ambient sea pressure, a hover computer
      connected to the output of said pressure sensitive unit and responsive to
      the electrical signal therefrom, a hover valve servo-control system
      connected to said computer and responsive to the output signal therefrom,
      said hover valve servo-control system including a valve actuator which is
      connected to both shafts of the rotatable cylindrical valve elements of
      said rotary valves in said tanks;
PA1  each of said rotary valves including;
PA1  a first plurality of aperture means through oppositely disposed portions of
      the cylindrical wall of said valve element, said aperture means being
      disposed over an appreciable portion of the length of said valve element;
PA1  a second plurality of aperture means through the cylindrical wall of said
      valve element on both sides of said first plurality of aperture means and
      adjacent thereto, said second plurality of aperture means extending over
      an appreciable portion of the length of said valve element, and
PA1  partition means extending lengthwise within said valve means so that the
      oppositely disposed portion of the cylindrical wall wherein said first
      plurality of aperture means are located are spanned, said partition means
      being positioned so that the interior of said valve means is divided into
      at least two sections for the purpose of preventing unwanted crossflow
      between said ports in said valve housing means;
PA1  said first and second plurality of aperture means being selectively
      registrable with said ports in said valve housing upon rotation of said
      valve element, the numbers, sizes the locations of the aperture means of
      said first and second plurality of aperture means being so chosen and
      arranged that the total flow resistance to the flow of fluid through said
      rotary control valve is substantially constant and independent of the
      rotation position of said valve element with respect to said valve
      housing.
NUM  16.
PAR  16. A system as defined in claim 15, including:
PA1  a constant flow rate pump connected to the inlet and outlet ports of each
      rotary valve,
PA1  a sea conduit connected to a third port of said rotary valve,
PA1  and a ballast conduit connected to the fourth port of said rotary valve.
NUM  17.
PAR  17. A system as defined in claim 16 including resilient seals secured to
      the interior of said housing adjacent the sides of the ports of said
      rotary valve and positioned to protrude into the space between said
      housing and said rotatable cylindrical valve element for preventing
      unwanted flow between adjacent ports.
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ABST
PAL  A bottom-dump vessel, whose longitudinal hull sections can be pivoted apart
      by jack means to provide an open bottom for discharge of cargo, has the
      adjoining edges of the keels of the hull sections interconnected by
      articulated rods which in substantial side-by-side position loch the hull
      sections in the closed position and in substantial end-to end position
      limit the angle of opening of the hull sections. The locking rods have
      means for positively driving them, thereby allowing for rapidly opening
      the vessel and transmitting appropriate braking forces to cope with mass
      forces. The arrangement makes for moderation in the size of jacks and
      other facilities required.
BSUM
PAR  This invention relates to a bottom-dump vessel, and in particular to
      certain improvements in, or relating to, a wellknown kind of bottom-dump
      vessel having two pontoons forming the longitudinal walls and bottom walls
      of a cargo space, and being interconnected for hinging movement about a
      longitudinally extending effective hinging axis between a first terminal
      position in which the cargo space is closed at the bottom, and a second
      terminal position in which the cargo space is open at the bottom, and
      comprising jack means capable of moving the pontoons into said first
      terminal position, and locking means each comprising a pair of articulated
      locking rods forming a linkage with the two pontoons.
PAR  The two longitudinal pontoons or hull sections are commonly driven for
      hinging movement by means of jacks. The two longitudinal hull sections can
      be locked together in the closed position by locking means comprising, for
      example, pivoting hooks. The maximum closing force, i.e., the force
      required to keep the vessel in the closed position in fully loaded,
      unlocked condition, is a measure for the size of the jacks. According as
      the vessel is larger, the maximum closing forces will be greater, and
      hence the jacks and locking means should be of greater size. In order to
      limit the dimensions of the jacks, it has already been proposed to couple
      the jacks to locking means formed as pairs of locking rods. In this way
      smaller jacks can be used, because the closing force provided by the jacks
      is imparted through the pairs of locking rods.
PAR  When broken stone or the like is to be dumped at a given position, this
      should be completed within a very short time, because otherwise the vessel
      has drifted away too far owing to the currents in the water, as a result
      of which a portion of the cargo will not be dumped in the right place.
      Rapid discharge is considerably promoted when the two pontoons or
      longitudinal hull sections are rapidly moved apart to form a large opening
      at the bottom. This is in particular of importance in large barges.
      However, this involves large mass forces.
PAR  It is an object of the present invention to provide a novel construction
      for a bottom-dump vessel as described hereinbefore, so that it can be
      opened widely in a short period of time, while the jacks and other
      facilities used have relatively moderate dimensions.
PAR  According to the invention, there is provided a bottom-dump cargo vessel
      comprising two pontoons forming longitudinal walls and bottom walls of a
      cargo space and hinged together for movement about a longitudinal
      effective hinging axis between a first terminal position in which said
      cargo space is closed at the bottom and a second terminal position in
      which said cargo space is open at the bottom, and comprising jack means
      capable of moving said pontoons into said first terminal position, and
      locking means each comprising an articulated pair of locking rods forming
      a linkage with the two pontoons, characterized in that the rods of each
      articulated pair of locking rods are each pivoted to the keel of a
      different pontoon and in their two terminal positions corresponding to the
      two terminal positions of the pontoons extend in substantially the same
      direction.
PAR  Owing to the fact that the pairs of locking rods are mounted on the keels
      of the pontoons, a maximum lever length is obtained relative to the common
      hinge of the pontoons, as a result of which the maximum forces exercised
      on the pairs of locking rods are reduced, which forces can be welltaken up
      by the pontoons at the keels thereof without expensive reinforcing
      constructions being required. Also, the pairs of locking rods are utilized
      to the maximum extent to produce the largest possible angle of opening
      between the pontoons. In this arrangement, relatively small jacks can be
      used for breaking the opening movement of the pontoons and for closing the
      vessel.
PAR  In a preferred embodiment of the invention a jack is provided to act on the
      common pivot of the rods of a pair of locking rods.
PAR  The two terminal positions of the pairs of locking rods can be defined by
      stops, but alternatively be means of, for example, chains, connected to
      the pairs of locking rods and one pontoon. In a further elaboration of the
      inventive idea, each locking arrangement is provided with auxiliary means
      for exercising, in one or each of the two end positions, a force on the
      associated pair of locking rods tending to urge the same out of their end
      position. The auxiliary means can be so constructed that stops and the
      like are superfluous.
DRWD
PAR  Further features of the invention will become apparent from the following
      description of three embodiments with reference to the accompanying
      diagrammatic drawings. In said drawings:
PAR  FIG. 1 shows a plan view of the fore-part and after end of one embodiment
      of a bottom-dump vessel;
PAR  FIG. 2 shows a side-elevational view of the showing of FIG. 1;
PAR  FIG. 3 is a cross-sectional view on the line III -- III of FIG. 1;
PAR  FIG. 4 is a cross-sectional view similar to FIG. 3, but showing the open
      condition of the vessel;
PAR  FIG. 5 is a cross-sectional view on the line V -- V of FIG. 4;
PAR  FIG. 6 is a cross-sectional view similar to FIG. 3 of a different
      embodiment;
PAR  FIG. 7 is a cross-sectional view similar to FIG. 6 at the beginning of the
      opening movement;
PAR  FIG. 8 is a cross-sectional view similar to FIG. 3 of still another
      embodiment; and
PAR  FIG. 9 is a cross-sectional view similar to FIG. 8, showing the vessel in a
      stage near the end of the opening movement.
DETD
PAR  Referring to the drawings, a bottom-dump vessel 1 comprises two
      longitudinal, hinged-together hull sections or pontoons 2 and 3. Provided
      in the mid-ship is the cargo space of the vessel, which consists of two
      halves 4 and 5. The two hull sections are interconnected at the end of
      cargo space halves 4, 5 by means of hinges 6.
PAR  Vessel 1 is opened and closed by means of hydraulic jacks 7 located below
      hinges 6. In the closed position of the vessel the two longitudinal hull
      section 2, 3 are locked by means of locking devices provided on the keel
      below hinges 6. These locking devices also limit the extent of rotation of
      the two hull sections 2 and 3. The locking devices each comprise a pair 8
      of locking rods 9 and 10, articulated together by means of pivots 14 on
      one end, and each pivoted at their other end through supports 11 and 12,
      respectively, to the keel of a different longitudinal hull section 2, 3,
      respectively, at a point in the vicinity of the adjoining edges of the
      latter. Lest the pairs of locking rods bend to the wrong side as the
      vessel 1 is closed, and in order to provide additional braking of the
      opening movement in the vicinity of the open terminal position, wound
      springs 13 are mounted around pivots 14 between rods 9, 10 of each pair of
      locking rods. Springs 13 as shown do not become operative until a certain
      angle of opening is reached, but they may alternatively be constructed to
      be operative in the closed position of the vessel to urge the pairs of
      locking rods 8 into the closed terminal position.
PAR  Pairs of locking rods 8 are opened by associated U-shaped members 15, the
      ends of whose legs are disposed on opposite sides of the associated pairs
      of locking rods 8, and pivoted to the keel of the longitudinal hull
      section 3 accommodating pivots 14 in the closed condition of the vessel. A
      jack 16 is pivoted to each U-shaped member 15 and to the longitudinal hull
      section 3. Jacks 16 are coupled together, so that all pairs of locking
      rods 8 are always simultaneously opened.
PAR  Vessel 1 is opened by energizing jacks 16, as a result of which pairs of
      locking rods 8 are raised by means of U-shaped members 15, and thus
      unlocked. Owing to the weight of vessel 1 and the cargo the vessel is
      opened. During the opening movement jacks 7 are energized to brake this
      movement. The energization can increase with the angle of opening.
      Meanwhile jack 16 is again de-energized. From a certain angle of opening,
      springs 13 become operative and increase the braking force. In this way
      the opening movement is sufficiently braked near the open terminal
      position of the vessel to considerably reduce the forces occurring as this
      terminal position is reached.
PAR  In order to keep the vessel in the open condition, jacks 7 can be
      de-energized.
PAR  For the closing movement of the vessel, jacks 7 are energized. Springs 13
      urge pivots 14 of the pairs of locking rods upwardly, which provides
      additional closing force, and forces pairs of locking rods 8 to close in
      the right direction. When the two longitudinal hull sections 2, 3 have
      returned in the condition in which they are contiguous with one another,
      pairs of locking rods 8 fall shut, and the vessel is again in the closed
      locked condition.
PAR  The locking devices are not limited to the embodiment described. Thus, for
      example, instead of round springs 13, leaf spring constructions or torsion
      bars can be used for the same purpose. The auxiliary means active in the
      first terminal position can also be constructed in different ways. FIGS. 6
      and 7 illustrate a different embodiment of the auxiliary means active in
      the first terminal position. As shown, there are no auxiliary means active
      in the second terminal position, but this is obviously possible. As
      compared with the previously described embodiment, similar parts are
      designated by the same reference numerals.
PAR  Pairs of locking rods 8 can also be opened by temporarily moving the two
      longitudinal hull sections 2, 3 relatively to each other in a
      substantially vertical sense. This is here effected by means of a lever
      17, arranged above each pair of locking rods 8, and pivoted to the
      longitudinal hull section 2 which does not accommodate pivots 14 in the
      closed condition of the vessel. The other longitudinal hull section 3 is
      connected by pivots 6 to levers 17 instead of to longitudinal hull section
      2. Levers 17 are operated by associated jacks 18, which are linked to
      these levers and to the same hull section 2 as are these levers.
PAR  When the ship is opened, this is effected by moving levers 17 out of their
      inoperative position by means of jacks 18, whereby the two longitudinal
      hull sections 2, 3 are moved relatively to each other in a substantially
      vertical sense. As a consequence pairs of locking rods 8 are unlocked,
      whereafter vessel 1 is opened through the weight of, inter alia, the
      cargo. After initiation of the opening movement, levers 17 are returned to
      their inoperative position by jacks 18. Here again, the opening movement
      is braked by jacks 7.
PAR  In the embodiment illustrated in FIGS. 8 and 9, two pontoons 24, 25 are
      hinged together at 26, and can be tilted into the two terminal positions
      under the control of jacks 27 corresponding to jacks 7 of the embodiment
      described thereinbefore, and of substantially vertical jacks 28, 29, the
      cylinder 29 of which is pivoted approximately in its centre to pontoon 25
      at 30, and piston rod 28 of which acts on the common pivot 31 of locking
      rods 32 and 33. The control by means of jacks 28, 29, effective in and
      near the two terminal positions, affords large actuating and braking
      forces.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bottom-dump cargo vessel comprising in combination, two pontoons
      forming longitudinal walls and bottom walls of a cargo space and hinged
      together for movement about a longitudinal effective hinging axis between
      a first terminal position in which said cargo space is closed at the
      bottom and a second terminal position in which said cargo space is open at
      the bottom; jack means for moving said pontoons into said first terminal
      position; and locking means each comprising an articulated pair of locking
      rods forming a linkage with the two pontoons, the rods of each articulated
      pair of locking rods being each pivoted to the keel of a different pontoon
      and in their two terminal positions corresponding to the two terminal
      positions of the pontoons extend in substantially the same direction; a
      jack acting on a common pivot of said rods of a pair of locking rods and
      extending in a substantially vertical direction, said jack acting on said
      common pivot extends upwardly beyond the pivot which it has in common with
      one of said pontoons.
NUM  2.
PAR  2. A bottom-dump cargo vessel comprising in combination, two pontoons
      forming longitudinal walls and bottom walls of a cargo space and hinged
      together for movement about a longitudinal effective hinging axis between
      a first terminal position in which said cargo space is closed at the
      bottom and a second terminal position in which said cargo space is open at
      the bottom; jack means for moving said pontoons into said first terminal
      position; and locking means each comprising an articulated pair of locking
      rods forming a linkage with the two pontoons, the rods of each articulated
      pair of locking rods being each pivoted to the keel of a different pontoon
      and in their two terminal positions corresponding to the two terminal
      positions of the pontoons extend in substantially the same direction; said
      pair of rods being articulated together at a first end and have their
      other end respectively pivoted to the keel of one pontoon and the keel of
      the other pontoon, said rods turning substantially through 180.degree.
      relative to each other during transition from an entirely open position of
      the vessel to an entirely closed position of the vessel, said rods being
      substantially in alignment in the two final positions, said rods having a
      common pivot controlled by a jack of said jack means connected to said
      pivot for hinging movement, said jack means being pivoted to one of said
      pontoons at a substantially elevated point, said jack means controlling
      the rate of opening and closing said pontoons.
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ABST
PAL  A novel bulbous bow for bulk carriers comprises a conical bulb with a
      faired nose, with the axis of the cone substantially parallel to the
      longitudinal axis of the ship. In a preferred embodiment the cone is a
      right circular cone and the faired nose is substantially a hemisphere.
      More particularly, the included angle of the cone is in the range of five
      to twenty degrees. Although the cone could be faired into the hull,
      preferably it is not. The longitudinal centerline of the bulb is located
      between 45 and 60 percent of the design draft below the design waterline.
      The preferred extension of the bulb, beyond the forward perpendicular, is
      proportional to the square of design speed with the proportionality factor
      in the range of 0.015 to 0.04 and preferably 0.035. The cross-sectional
      area of the bulb at the forward perpendicular may be in the range from 10
      to 20 percent of the amidships cross-sectional area.
PAL  The bulb, comprising conical and hemispherical sections, is easier and less
      expensive to fabricate than some of the more complex shapes shown in the
      prior art.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention pertains to the bow configuration of sea-going ships
      and more particularly, concerns a novel bulbous bow.
PAC  BACKGROUND OF THE INVENTION
PAR  Bulbous bows on ships have been known for 70 years or more. These bow
      configurations were, and are being used, in order to decrease the
      resistance of the water to the travel of the ship. Decreasing the
      resistance of the water to the ship's travel reduces the energy required
      to propel the ship bring about a number of desired results. For one thing,
      the amount of fuel required for a given velocity or a given distance of
      travel is decreased. Secondly, the size and therefore the cost of the
      ship's propulsion equipment can be reduced to attain a given velocity.
      Alternatively, with the reduced resistance obtained as a result of a
      bulbous bow a ship with a given propulsion equipment can attain greater
      velocities.
PAR  Although such bulbous bows have been used for quite a period of time, the
      particular shape or configuration of the bulbous bow suggested by prior
      users and disclosures thereof have been many and varied. The complexity of
      the physical effects which dictate the optimum bulb configuration has led
      the field to heavily rely on empirical results. Typical prior art bulb
      configurations include the faired bulb of Weicker (U.S. Pat. No.
      3,455,262); the knuckled bulb of Csupor (U.S. Pat. No. 3,433,194); the
      blunt bulb of Taniguchi (U.S. Pat. No. 3,362,369); a relatively pointed
      bulb of Gray (U.S. Pat. No. 3,306,243); the spherical bulbs of Inui (U.S.
      Pat. No. 3,180,299) and Laskey (U.S. Pat. No. 3,247,822); the "flattened"
      bulb of German (U.S. Pat. No. 3,521,590) and the cylindrical bulb of
      Tomiyama (U.S. Pat. No. 3,653,352). In addition to the foregoing, Eckert
      (U.S. Pat. No. Re. 26,997) discloses a bulb which has a part spherical and
      part roughly conical portions.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides an improved bulbous bow configuration which
      exhibits substantially less resistance when combined with a ship's hull.
      The bulbous bow of our invention comprises a faired nose and a conical
      portion connecting the faired nose to the prow of the ship. In particular,
      tests have indicated that when the axis of the cone is substantially
      parallel to the longitudinal axis of the ship, the resistance of the
      hull-bow combination shows a distinct improvement over the prior art
      hull-bulbous bow combinations.
PAR  In a preferred embodiment of the present invention, the conical portion of
      the bulb comprises a right circular cone with an included angle in the
      range of five to twenty degrees. A preferred value for the included angle
      of the cone is 9.degree.. Although the bulbous bow can be faired into the
      lines of the hull we prefer that fairing at the cone-hull interface be
      eliminated. Furthermore, in a preferred embodiment the faired nose is
      hemispherical. Although a right circular cone is preferred other conical
      shapes such as elliptical could be employed.
PAR  The conical and spherical components of our bulbous bow simplify the
      manufacturing in comparison with the more complex shapes of bulbous bows
      disclosed in the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, like reference characters identify identical apparatus and
      futhermore in which;
PAR  FIG. 1 is a bow of a bulk carrier without a bulbous bow;
PAR  FIG. 2 is a profile of a bulk carrier with a bulbous bow in accordance with
      the principles of our invention which shows the buttock lines of the bow;
PAR  FIG. 3 shows a plurality of transverse vertical sections of a bulbous bow
      in accordance with the teachings of this invention;
PAR  FIG. 4 shows a plurality of water lines of a bulbous bow in accordance with
      the principles of our invention; and
PAR  FIG. 5 illustrates the results of model tests carried out by us comparing
      the balbous bow of our invention with prior art bulbous bows.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a profile of the bow 2 of a bulk carrier 1 which does not have a
      bulbous bow. This bow configuration was used in our model tests in order
      to provide a basis of comparison between the bulbous bow of our invention,
      other bulbous bows including prior art bulbs, and a model with no bulbous
      bow.
PAR  FIG. 2 is a profile of a bow 2 with a bulbous bow in accordance with the
      principles of our invention. The bulbous bow 3 comprises a faired nose 4
      and a conical portion 5. In the particular embodiment illustrated in FIG.
      2, the faired nose 4 comprises a hemisphere and the conical portion 5
      comprises a right circular cone. Furthermore, as illustrated in FIG. 2,
      the conical portion 5 has an included angle of approximately nine degrees
      which is the angle we prefer. However, any angle in the range of 5.degree.
      to 20.degree. could be used.
PAR  The nose of the bulb is attached to the conical portion at the location of
      dashed line 10. FIG. 2 also illustrates the location of the bulb 3 with
      respect to the forward perpendicular (F.P.). As is well known to those
      skilled in the art, the forward perpendicular represents an imaginary
      line, perpendicular to the water plane, which passes through the point of
      intersection of the stem with the water at the design water line of the
      ship. FIG. 2 also illustrates that the longitudinal centerline 12 of the
      bulb is parallel to the longitudinal axis 13 of the ship 1.
PAR  The conical portion of the bulb 3 is attached to the hull at the location
      of the dashed line 6. Although it is possible to fair the bulb into the
      lines of the hull of the ship 1, we prefer that fairing not be used. The
      results of the model tests we have made, which are referred to below, can
      be interpreted as showing that the conical bulb without fairing exhibits
      less resistance than a similar conical bulb with fairing.
PAR  Buttock lines 7 represent the intersection of vertical planes parallel to
      the long axis of the ship with the bow and with the ship's hull.
PAR  FIG. 3 illustrates a plurality of transverse vertical sections through the
      bulbous bow. The lines 8 represent intersections of vertical planes
      perpendicular to the long axis of the ship with the bow at various
      distances back from the nose of the bow. The lines 8' and 8" illustrate
      the spherical nature of the nose 4 whereas the lines 8a and 8b illustrate,
      in part, the conical portion 5 of the bulbous bow.
PAR  FIG. 4 represents water lines at the bow. The lines 9 represent the
      intersection of the bow with planes parallel to the water. The dashed line
      9 represents a hidden water line. In this figure, as in FIG. 2, the line
      10 represents the intersection of the nose of the bulb with the conical
      portion of the bulb.
PAR  Model tests were carried out in order to test the efficacy of the bulbous
      bow of the present invention in comparison with several other types of
      configurations of bulbs, and also in comparison with a nonbulbous bow. The
      models of the various bulbs were tested in a model towing basin on a hull
      such as that illustrated in FIG. 1. The particular configuration of the
      hull 1 used in the model tests is detailed in TABLE 1, below.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Length between perpendiculars                                             
                           900      feet                                       
     Beam                  135      feet                                       
     Draft                 36       feet                                       
     Design Speed          19.75    knots                                      
     Froude No.            0.20                                                
     Block coefficient     0.76                                                
     Prismatic coefficient 0.77                                                
     ______________________________________                                    
PAR  In total, 10 models were tested, one of which did not include a bulbous bow
      so as to give a base line for the tests. Table 2 lists the results of the
      tests along with the characteristics of the different bulbous bows tested.
      In Table 2 Bulb No. 0 refers to the model without a bulbous bow, and
      bulbous bows 1-9 were tested. In the second column of Table 2, under the
      heading "Type," a short description of the bulbous bow is given. In
      addition, three of the bows, identified in Table 2 are similar to
      disclosures in prior patents and they are specifically identified.
      Furthermore, a fourth bulb "cylindrical B" was similar to a bulbous bow
      disclosed in the identified publication. The other bows 2, 4, and 7 were
      modifications of various other bows.
PAR  The third column of Table 2 indicates the projection of the bulbous bow
      forward of the forward perpendicular in feet, translated into full scale.
      The next column indicates the submergence of the longitudinal centerline
      of the bulbous bow below the water line as a percentage of the design
      draft of the vessel. The next column lists the relative cross-sectional
      area of of the bulb at the forward perpendicular compared to the
      cross-sectional area of the hull, amidships. Finally, the last column
      lists the percentage improvement, or decrease in resistance of the bulbous
      bow and hull combination as compared to the hull without a bulbous bow, at
      the design speed of the ship model.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                     Projection                                                
                              Submergence of L.C.L.                            
                     Ahead of F.P.                                             
                              Below waterline                                  
                                           Relative                            
                                                Percent                        
     Bulb No.                                                                  
           Type      feet     % of draft   Area %                              
                                                Imp.                           
     __________________________________________________________________________
     0     none      N/A      N/A          0    --                             
     1     Faired(1) 20.5     N/A          4.4  12.3                           
     2     Cylindrical A                                                       
                     28.0     51           12.9 13.8                           
     3     Knuckled(2)                                                         
                     23.0     N/A          5.5  13.8                           
     4     Modified                                                            
            Cylindrical                                                        
                     26.0     63.9         12.8 11.7                           
     5     Blunt(3)  13.8     N/A          3.3   5.2                           
     6     Cylindrical B(4)                                                    
                     26.0     63.9         11.0  8.9                           
     7     Elliptical                                                          
                     26.0     55.5         9.7  11.5                           
     8     Conical A 30.0     50.2         15.3 18.4                           
     9     Conical B 20.8     50.2         15.3 17.3                           
     __________________________________________________________________________
      (1)Similar to U.S. Pat. No. 3,455,262                                    
       (2)Similar to U.S. Pat. No. 3,433,194                                   
      (3)Similar to U.S. Pat. No. 3,362,369                                    
      (4)Similar to "Recent Studies of Models with Extreme Bulbous Bows" J. J. 
      Muntjewerf, Wageningen, Netherlands Translation 325 by U.S. Joint        
      Publications Research Services.                                          
PAL  Reference to Table 2 illustrates that the two conical bulbous bows. conical
      A and conical B, both exhibited significantly less resistance than any of
      the other bulbous bows tested.
PAR  FIG. 5 illustrates the relationship between the effective horsepower
      required to drive the modeled ships as a function of speed. Of course, the
      lower the effective horsepower at any given speed, the lower is the
      resistance of the bow-hull combination and therefore the more desirable.
      As is apparent, from FIG. 5, above 18 knots the combination with the least
      resistance was that of the present invention, that is either conical A or
      conical B. The resistance of these two bulbs is so similar that individual
      plots would be indistinguishable in FIG. 5. Therefore the characteristic
      is shown on one curve.
PAR  In a second series of tests, six different conical bulbous bow
      configurations were tested, including conical A and conical B, to
      determine the effects of changing bulb size and location. The projection
      of the bulb ahead of the forward perpendicular was varied from about 20
      feet to about 31 feet, the submergence of the longitudinal centerline of
      the bulb was varied between about fifty percent to about 55 percent of the
      design draft and the relative area of the bulb was varied between about 12
      and 16 percent, all as shown in Table 3 below. The towing conditions used
      in order to generate the data illustrated in Table 3 were the same as
      those utilized in obtaining the data found in Table 2. As a result, the
      percent improvement figures are directly comparable.
TBL                TABLE 3                                                     
     ______________________________________                                    
            Projection    Submergence        Per-                              
     Conical                                                                   
            Ahead of F.P. of L.C.L. % Relative                                 
                                             cent                              
     Bulbs  Feet          of Draft    Area, %                                  
                                             Imp.                              
     ______________________________________                                    
     A      30            50.2        15.3   18.4                              
     B      20.8          50.2        15.3   17.3                              
     C      25.4          50.2        15.3   18.0                              
     D      30.7          55.1        12.5   17.3                              
     E      26            55.1        12.5   12.6                              
     F      25            54.2        14.8   11.1                              
     ______________________________________                                    
PAR  In the first column of Table 3 the distance the bulb projects ahead of the
      forward perpendicular is given in feet. The second column lists the
      submergence of the longitudinal centerline of the bulb as a percent of the
      design draft of the vessel. The third column lists the relative area of
      the bulb at the forward perpendicular compared to the cross-sectional area
      of the hull amidships. Finally, the percent improvement identifies the
      decrease in effective horsepower of the bulb-hull combination as compared
      with the horsepower required for the hull alone. It will be seen that four
      of the six bulbs, including conical A and conical B were found to have
      significantly less resistance than any of the non-conical types of bulbs.
PAR  In a third series of tests the draft of the model was increased from 36
      feet to 48 feet to determine the efficacy of the conical bulb at deeper
      drafts. At the 48 foot draft, the percent improvement between the hull
      with no bulb and the hull with the conical bulb was not as great as at the
      36 foot draft but nevertheless was significant. Instead of an 18 percent
      improvement, the improvement was shown to have been approximately 10
      percent.
PAR  While these tests were necessarily carried out with a specific hull which
      was designed specifically for carrying LNG at constant draft, it should be
      noted that the test results and the conical bulbous bow of this invention
      are not restricted to that use but are applicable to a wide range of ship
      types and sizes.
PAR  In particular, we have found that the desired projection of the bulb ahead
      of the forward perpendicular can be related to the design speed of the
      vessel by the equation: L = Cv.sup.2, where L is the projection of the
      bulb ahead of the forward perpendicular (in feet) and v is the design
      speed of the vehicle (in feet per second). In this equation C is a factor
      which can vary in the range of 0.015 to 0.04 to suit the requirements of
      the owner or designer. In the case of the model tested, this gives a range
      for L between 17 and 44 feet. For a preferred bulb, conical A, the
      projection is thirty feet. This yields a preferred C value of 0.035 for
      the conical bulb.
PAR  We have expressed the submergence of the longitudinal centerline of the
      bulb as a fraction of the design draft of the vessel. The tests discussed
      above, interpreted in light of present naval architecture practice,
      indicate that the submergence may vary between about 45 and 60 percent of
      the design draft. The conical A bulb had a submergence of approximately 50
      percent, thus this is a preferred value for a bulb of our invention.
PAR  The same tests, and other naval architecture considerations indicate that
      the cross-sectional area of the bulb, at the forward perpendicular, may
      have a wider range than the 12 to 16 percent of the amidships
      cross-sectional area used in our tests. A range of approximately 10 to 20
      percent is more realistic. The cross-sectional area of conical A was
      approximately 15 percent.
PAR  Another significant feature of the conical bulb is its ease of fabrication.
      Since it includes only a cone and a faired nose, it is much easier to
      fabricate out of steel plates than many of the other bulbs tested, which
      comprise irregular or complex curvatures. This feature is especially
      evident when the faired nose is a hemisphere.
PAR  Although the drawings illustrate a right cone and a faired nose of
      hemispherical shape, those with ordinary skill in the art will understand,
      from a reading of this description, that many other conical configurations
      and faired noses other than hemispheres will be substantially as
      advantageous.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ship with a bulbous bow, said bulbous bow comprising,
PA1  a conical portion with a larger and a smaller end,
PA1  a faired nose attached at said smaller end,
PA1  said larger end attached to the ship's prow, said conical portion extending
      at least to the forward perpendicular of said ship, with a longitudinal
      center line of said conical portion substantially parallel to the
      longitudinal axis of said ship,
PA1  said bulbous bow projecting forward of said ship's forward perpendicular a
      length in feet equal to Cv.sup.2 where v is the design speed of said ship
      in feet per second and C is in the range of 0.015 to 0.04.
NUM  2.
PAR  2. The ship of claim 1 wherein said conical portion has an included angle
      in the range between 5.degree. and 20.degree..
NUM  3.
PAR  3. The ship of claim 1 wherein C is substantially 0.035.
NUM  4.
PAR  4. The ship of claim 1 wherein said conical portion is a portion of a right
      circular cone.
NUM  5.
PAR  5. The ship of claim 1 wherein said faired nose is a hemisphere.
NUM  6.
PAR  6. The ship of claim 1 wherein said longitudinal centerline is submerged
      below said ship's water line approximately 50% of said ship's design
      draft.
NUM  7.
PAR  7. The ship of claim 1 wherein said bulbous bow has a cross-sectional area
      at the forward perpendicular of said ship which is approximately 15% of
      said ship's cross-sectional area amidships.
NUM  8.
PAR  8. The ship of claim 1 wherein said conical portion is attached directly to
      said prow with substantially no fairing.
NUM  9.
PAR  9. The ship of claim 1 wherein said ship operates at essentially constant
      draft.
NUM  10.
PAR  10. The ship of claim 1 wherein said conical portion has an included angle
      of 9.degree..
NUM  11.
PAR  11. A ship with a bulbous bow, said bulbous bow consisting essentially of,
PA1  a conical portion with a larger and a smaller end,
PA1  a faired nose attached at said smaller end,
PA1  said conical portion extending at least as far as a forward perpendicular
      of said ship with the larger end of said conical portion attached to the
      ship's prow, the longitudinal center line of said conical portion
      substantially parallel to the longitudinal axis of said ship.
NUM  12.
PAR  12. The ship of claim 11 wherein said conical portion has an included angle
      in the range between 5.degree. and 20.degree..
NUM  13.
PAR  13. The ship of claim 11 wherein said bulbous bow projects forward of said
      ship's forward perpendicular a length in feet equal to Cv.sup.2 where v is
      the design speed of said ship in feet per second and C is in the range of
      0.015 to 0.04.
NUM  14.
PAR  14. The ship of claim 13 wherein C is substantially 0.035.
NUM  15.
PAR  15. The ship of claim 11 wherein said conical portion is a portion of a
      right circular cone.
NUM  16.
PAR  16. The ship of claim 11 wherein said faired nose is a hemisphere.
NUM  17.
PAR  17. The ship of claim 11 wherein said longitudinal center line is submerged
      below said ship's water line approximately 50% of said ship's design
      draft.
NUM  18.
PAR  18. The ship of claim 11 wherein said bulbous bow has a cross-sectional
      area at the forward perpendicular of said ship which is approximately 15%
      of said ship's cross-sectional area amidships.
NUM  19.
PAR  19. The ship of claim 11 wherein said conical portion is attached to said
      prow with substantially no fairing.
NUM  20.
PAR  20. The ship of claim 11 wherein said ship operates at essentially constant
      draft.
NUM  21.
PAR  21. The ship of claim 11 wherein said conical portion has an included angle
      of 9.degree..
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PAL  A method of designing hydrodynamic sections having improved characteristics
      is described wherein a desired pressure profile and boundary layer
      conditions for the surface of an undefined section are established at
      operating velocities for the section and a hydrodynamic section is
      analytically designed to provide the desired characteristics. One
      preferred embodiment of the hydrodynamic section meeting the established
      pressure profile and boundary layer conditions is disclosed having a flat
      bottom and upper surface defined by a plurality of circular arcs.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of U.S. patent application Ser. No.
      207,414, filed Dec. 13, 1971, by Robert J. Gornstein et al. and entitled
      HYDRODYNAMIC SECTIONS and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydrofoils are well known as one means of supporting boats during travel
      across water to provide improved ride characteristics and decrease power
      requirements as compared to conventional hull boats. Heretofor several
      designs for the hydrofoil sections have been proposed for use in such
      applications. These designs were developed for application to aircraft
      propeller and wing sections for the express purpose of delaying
      compressability effect which were deemed detrimental to the aircraft's
      performance. Comparison of wind tunnel tests of the prior art hydrodynamic
      sections indicates that a significant improvement in lift-to-drag ratio at
      low Reynolds number is achieved by design wherein compressability effects
      are delayed. One of such hydrodynamic sections is known as NACA 16-XXX
      series which has been found to have the most desirable characteristics of
      the prior art hydrofoil sections including low supervelocity on the upper
      surface.
PAR  Some of the characteristics of the 16-XXX series are not desirable when
      considered from the standpoint of hydrodynamic application at full scale
      Reynolds numbers, namely the large negative pressure near the leading edge
      and the steep positive pressure gradient at the trailing edge which makes
      the section susceptable to flow variations including cavitation and
      boundary layer separation. The sensitivity of the flow to surface
      imperfections also can adversely effect the vehicle ride quality and
      operability. Aerodynamic sections proposed heretofor for usage in the
      environment where hydrofoils operate similarly do not offer the potential
      for significant improvement in operability and in ride quality.
PAR  Applications of hydrofoil systems to boats are well known in the art;
      however, heretofor the primary effort in the development of the technology
      has been toward establishing the control systems and methods of hydrofoil
      attachment, strut design, propulsion systems and the like. An example of a
      thorough treatment of such hydrofoil systems for boats appears in U.S.
      Pat. No. 3,465,704 to Baker wherein a hydrofoil system having control
      mechanisms and means to adjust the attitude and location of the hydrofoil
      elements is disclosed. This reference also provides helpful mathematical
      and computerized analysis of various components of the hydrofoil system.
      It is incorporated herein by reference for purposes of indicating the
      background of the invention and illustrating the state of the art.
PAC  OBJECTS OF THE INVENTION
PAR  It is one object of this invention to provide a means for designing the
      hydrodynamic section for a hydrofoil having optimum operating
      characteristics.
PAR  Another object of this invention is to provide a method of designing a
      hydrodynamic section and the section so designed which is less susceptible
      to flow variations including cavitation and boundary layer separation.
PAR  It is still another object of this invention to provide a means for
      designing the hydrodynamic section of a hydrofoil according to a
      predetermined velocity induced pressure profile.
PAR  It is a further object of this invention to define a hydrodynamic section
      for a hydrofoil wherein the surface exhibits increased resistance to
      unwetting and minimum force fluctuation when unwetting occurs along with
      improved boundary layer flow profile drag and increased resistance to
      boundary layer separation for the range of full scale Reynolds numbers
      encountered in hydrofoil operation.
PAR  It is a still further object of this invention to provide a hydrodynamic
      section having increased lift capability for a given thickness ratio and
      speed.
PAC  SUMMARY OF THE INVENTION
PAR  The method of designing hydrodynamic sections disclosed herein utilizes
      well known analytical computer programs written to solve problems
      occurring in the aerospace and hydrospace industries along with
      experimental data obtained during operation of hydrofoil systems known
      heretofor. In order to define the pressure distribution and boundary layer
      characteristics deemed desirable for full scale hydrofoil application to
      establish the hydrodynamic section desired, a pressure profile for a
      hydrodynamic section traveling through a liquid at a given design velocity
      was established wherein the profile has a positive pressure zone at the
      leading edge of the section, a negative pressure zone over an upper
      surface of the section with a kinked segment in the pressure profile at a
      rearwardly disposed segment of the upper surface providing lowered
      negative pressures to control cavitation, a positive pressure zone over
      the entire lower surface of the section again with a kinked segment in the
      pressure profile over a rearwardly disposed segment of the lower surface
      in which lowered positive pressures are observed, again to control
      cavitation. A positive pressure zone also is to be established at the
      trailing edge of the section. Having the pressure profile meeting the
      above stated design criteria, a hydrodynamic section which will exhibit
      these characteristics was analytically evolved using computer techniques.
      One hydrodynamic section which was found to meet the design criteria is a
      section which has a major portion of the bottom surface flat with a major
      portion of the upper surface defined by a plurality of circular arcs.
DRWD
PAR  These and other objects, attributes and features of this invention will be
      more readily apparent from an evaluation of the following detailed
      discussion of the preferred embodiment taken in conjunction with the
      appended drawings and the claims.
PAR  In the drawings:
PAR  FIG. 1 shows a pressure profile for a typical prior art airfoil section.
PAR  FIG. 2 shows a pressure profile diagram of a typical prior art hydrofoil
      section.
PAR  FIG. 3 shows a pressure profile diagram for use in designing a hydrodynamic
      foil section taught by this invention.
PAR  FIG. 4 shows an actual hydrofoil plane wherein cavitation occurs.
PAR  FIG. 5 shows a linearized hydrofoil plane showing the boundary conditions
      observed in hydrofoil operations.
PAR  FIG. 6 shows graphically one portion of the conformal transformation
      utilized in design of the hydrodynamic sections of this invention.
PAR  FIG. 7 shows another graphical representation of a subsequent step in the
      conformal transformation utilized in solving the design problem stated
      herein.
PAR  FIG. 8 shows one foil section meeting many of the design criteria for the
      hydrodynamic section of this invention.
PAR  FIG. 9 shows one example of the NACA 16-XXX series of hydrofoils for
      comparison purposes.
PAR  FIG. 10 is a graphical representation of the operating characteristics of
      the foil section shown in FIG. 8.
PAR  FIG. 11 is a calculated two-dimensional pressure distribution for the
      hydrofoil section shown in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method for establishing a section with the above improvements utilizes
      available analytical computer programs and experimental data in order to
      define the pressure distribution and boundary layer characteristics deemed
      desirable for full scale hydrofoil application. Starting with an
      uncambered section, a pressure distribution was defined which had certain
      requirements differing from the pressure profile known for hydrofoils such
      as NACA 16-XXX shown in FIGS. 2 and 9. The negative pressure near the
      leading edge of the 16-XXX series sections are large making them
      susceptible to leading edge cavitation due to angle of attack
      fluctuations. In order to improve this situation the pressure coefficient
      and gradient over the forward portion of the proposed section was altered.
PAR  The pressure gradients over the rear portion of the 16-XXX series section
      remains negative up to 60% of the chord and then rapidly increases as the
      trailing edge is approached. This type of pressure distribution is
      particularly sensitive to turbulent separation over the range of full
      scale Reynolds number due to the rapid deceleration of the flow which
      de-energizes the boundary layer so that it can no longer follow the
      surface. This would be further aggravated when the trailing edge flap is
      used, the flow being more prone to separate on the side of the section
      opposite to the deflection of the flap. For the example section the
      pressure distribution over the rear portion of the chord was adjusted to
      gradually decelerate the flow, thereby reducing the possibility of
      turbulent separation. The resulting pressure distribution contains a
      concave or kinked region over the rear portion of the section. This
      characteristic concave region results from the criteria for the prevention
      or delay of turbulent separation. The extent and gradient of the pressures
      in this region depend on the Reynolds number range the section is required
      to operate in. Another effect of this distribution is to stabilize the
      location of laminar to turbulent transition at a more favorable position
      on the section from the standpoint of profile drag.
PAR  FIG. 3 describes the pressure field about the hydrodynamic section of this
      invention. For a lifting surface operating at its design angle of attack
      near the free surface the following characteristics are embodied in this
      invention.
PAR  1. The pressure decreases gradually across the upper surface from the
      position of stagnation pressure 21 near the leading edge 20 to a negative
      section near the middle 22. The magnitude of minimum negative pressure is
      defined by the vapor pressure of the fluid. The pressure on the after
      portion 24 of the section increases gradually from the minimum negative
      pressure near the middle to a positive value near the trailing edge
      stagnation region 26.
PAR  2. The pressure distribution on the after portion of the section contains a
      concave or kinked portion. The purpose of this kink is to stabilize the
      boundary layer transition region making it insensitive to fluctuations in
      the flow due to wave orbital velocities; it also acts to prevent
      separation of the flow. The shape and extent of the kink are defined by
      the Reynolds number range the section is designed to operate over.
PAR  3. The pressure on the lower surface 30 decreases gradually from stagnation
      pressure near the leading edge to a minimum positive value near the middle
      of the section. The pressure distribution on the after portion gradually
      decreases from the minimum positive pressure near the middle to the
      trailing edge 28. The lower surface pressure distribution may also contain
      a kinked portion. The magnitude of the lower surface pressure is
      determined by the lift desired from the section. Since the minimum suction
      on the upper surface is limited by vapor pressure a significant portion of
      the lift is generated by the lower surface.
PAR  4. The pressure distribution on both sides of a symetrical strut section
      will be similar to the foil upper surface pressure distribution.
PAR  FIG. 1 shows the pressure distribution on a typical airfoil section for
      comparison.
PAR  FIG. 2 shows the pressure distribution on a typical hydrofoil section for
      comparison.
PAR  The following theory describes a method of obtaining sections with the
      desired characteristics.
PAC  LINEARIZED THEORY
PAR  Considering that steady two-dimensional, incompressible, and irrotational
      flow exists everywhere in the physical plans outside the foil cavity, it
      is possible to assume that a complex velocity function, .omega. = V.sub.x
      -iV.sub.y, exists, where .omega. is the complex total velocity function,
      V.sub.x is the total horizontal velocity component, and V.sub.y is the
      total vertical velocity component. The complex total velocity function,
      .omega. is known from elementary fluid mechanics and may be obtained as
      follows: Let .PHI. and .psi. be the velocity potential and stream function
      of an incompressible, irrotational, steady two-dimensional fluid. Defining
      Q = .PHI. + i.psi. as the complex potential and taking the partial
      derivatives with respect to x, the following is obtained:
      ##EQU1##
      Since from z=x + iy, .delta.z/.delta.x = 1 Introducing V.sub.x and
      V.sub.y, the velocity components,
      ##EQU2##
      and substituting, the following relation is obtained:
      ##EQU3##
      Where - dQ/dz is called the complex velocity, .omega.. Since .PHI. and
      .psi. satisfies the Cauchy-Riemann equations, .omega. must satisfy them
      also as both V.sub.x and V.sub.y are analytic functions of .PHI. and
      .psi.. Hence, .omega. is an analytic function of the complex variable, z =
      x + iy, where (x,y) are the rectangular coordinates in the flow field
      shown in FIG. 4. Thus,
EQU  .omega.(z) = V.sub.x (x,y) - iV.sub.y (x,y)
PAR  Full descriptions of the concepts set forth above may be found in the
      standard works on fluid mechanics. Rewriting .omega. as follows,
EQU  .omega.(z) = V.infin. [1 + u(x,y) - iv(x,y)],
PAL  it follows that a new function .omega.(z) = u(x,y) - iv(x,y), which is
      called the complex perturbation velocity, is also an analytic function in
      the same region as .omega.(z). .omega.(z) satisfies the Cauchy-Rieman
      equations; hence, both the continuity equation
      ##EQU4##
      and the condition of irrotational flow
      ##EQU5##
      are satisfied. Note that
      ##EQU6##
      so that u and v are dimensionless quantities and are the ratios of the
      foil induced velocity components to the free stream velocity, also all
      length measurements are normalized with respect to the chord, C.
PAR  The basic assumptions of linearized theory is that the magnitudes of the
      perturbation disturbance velocities, (u,v) due to the presence of the both
      in the main stream, are small in comparison to the magnitude of the
      free-stream velocity, V.sub..infin.. As a consequence of the small
      disturbance assumption, the flow conditions on the actual body and cavity
      surfaces may be evaluated on the horizontal plane y=o aligned with the
      free-stream velocity. The boundary conditions of this problem can be
      determined as follows: At z=.infin., u=v=o, this condition is exact. In
      order to simplify the boundary condition on the cavity boundary and on the
      wetted surface of the hydrofoil, it is assumed that both the camber and
      the angle of attack are small quantities of the first order. Squares and
      higher powers of these quantities can be neglected. Under this condition,
      since .delta.=0, the cavity, which starts from an arbitrary chordwise
      location on the upper surface and the trailing edge of the bottom surface
      of the foil, extends to infinity with a slender configuration. It is
      reasonable to assume that, except for gravitational effects which are
      neglected, the cavity is aligned in the undisturbed flow direction. On the
      cavity boundary it is assumed that the flow velocity is equal to the
      free-stream velocity; and hence, u=0. On the wetted surface of the
      hydrofoil, the flow must be tangent to the solid surface, hence
      ##EQU7##
      where, y is the hydrofoil coordinate.
PAR  On the free surface, y=h the linearized Bernoulli's equation becomes u=
      -g.lambda./V.sup.2 .perspectiveto.0 when the Froude number based on the
      wave height, .lambda., is very large. On the wetted surface using
      Bernoulli's equation and linearizing, it follows that
      ##EQU8##
      The above boundary conditions are shown in FIG. 5.
PAC  CONFORMAL MAPPING
PAR  By the use of a Schwarz-Christoffel transformation the line y = h and the
      semi-infinite line y = 0, x&gt;0, is transformed onto the real axis of the v
      plane where, v=v.sub.1 +iv.sub.2, while the whole z plane is mapped onto
      the lower half of the v plane as shown in FIG. 6. The required
      transformation is then:
      ##EQU9##
      by specifying the following points in the transformation: 1. x=-.infin.,
      y=h to v.sub.1 =-.infin.
PAL  2. x=+.infin., y=o.sup.+to v.sub.1 =-a
PAL  3. x=o, y=o to v.sub.1 =o
PAL  4. x=+8, y= o.sup.-to v.sub.1 =+.infin.
PAL  Integrating the above equation -- and applying the condition v=o at z=o,
      the following transformation is obtained:
EQU  z = Aa [v/a - 1n (1+v/a)]
PAL  and by equating real and imaginary parts
EQU  x = Aa [v.sub.1 /a - 1n (1+v.sub.1 /a)]
EQU  y = Aa [v.sub.2 /a - argument v]
PAL  By further specifying that the trailing edge of the plate x = 1, y =
      o.sup.- be transformed into v.sub.1 =+1, the venting location on the upper
      surface x=e, y=o.sup.+ into v.sub.1 =-f, and the change in the imaginary
      value of z as v goes through v.sub.1 =-a as y=h/c, the following equations
      are obtained:
      ##EQU10##
      and y = h/c = Aa [o-(-.pi.)]= Aa.pi. since V.sub.2 =o and the z plane is
      mapped into the lower v plane, argument v = -.pi. at v.sub.1 = -a.
PAL  Conformal mapping was applied to map the v plane onto the upper half of the
      z plane outside the unit circle y = 1, as shown in FIG. 6. The first
      transformation
      ##EQU11##
      stretches the hydrofoil venting location v to the +1 location on the
      v.sup.1 real axis and maps the lower half of the v onto the upper half of
      the v.sup.1 plane. The second transformation is a Joukowsky transformation
      of the form
      ##EQU12##
      which maps the wetted surface of the hydrofoil onto the upper half of the
      unit circle, .delta. = 1.
PAL  For points on the unit circle for which .delta. is equal to
      1e.sup.i.sup..theta., the corresponding value of x on the wetted surface
      was found by
EQU  .delta. = e.sup.i.sup..theta. = cos.theta. + isin.theta. = v.sup.1 +
      i.sqroot.1-(v.sup.1).sup.2 = v.sub.1.sup.1 +
      i.sqroot.1-(v.sub.1.sup.1).sup.2,
PAL  since v.sub.2.sup.1 = o
      ##EQU13##
      where
      ##EQU14##
      thus,
      ##EQU15##
      where
EQU  P = K + aL
PAL  Differentiating, it is found that
      ##EQU16##
      The foil leading edge in the .delta. plane is given by
      ##EQU17##
FNT  * Superscript designates Reference number.
PAR  To determine a section shape at given h/c given a C.sub.p basic
      distribution then the mean line is given by
      ##EQU18##
      where
      ##EQU19##
      and the thickness distribution is given by
      ##EQU20##
      where
      ##EQU21##
      where .sqroot..rho. = parabolic thickness term thus defining the basic
      parameters necessary for design of a hydrodynamic section exhibiting the
      desired pressure profile.
PAR  In FIGS. 8, 10 and 11 one hydrodynamic foil meeting many of the design
      criteria set forth above is shown. This flat bottom foil section is
      constructed having a major portion of the bottom flat with a major portion
      of the upper surface defined by three circular arcs as shown. Nose contour
      and tail section are shown as designed to provide a positive pressure at
      the leading edge stagnation region and a positive pressure on the foil at
      the trailing edge stagnation region. The shape shown provides a kinked
      portion in both the upper surface and lower surface pressure profiles to
      provide the desired influence over cavitation and unwetting of the foil.
PAR  For comparison the NACA 16-30(7.5) section is shown in FIG. 9. The curved
      bottom thereon causes a negative pressure on the lower surface as
      described in FIG. 2 for uncambered passage through a liquid.
PAR  While the inventors have described their invention with reference to
      specific embodiments, it will be apparent to those skilled in the art that
      modifications may be made within the scope of this invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A longitudinal hydrofoil section having an elongated axis, a contoured
      nose, and first and second surfaces, the cross section of said hydrofoil
      section being geometrically defined with respect to a normalized cartesian
      coordinate system, wherein x represents the abscissa and y represents the
      ordinate, as follows:
PA1  the distance between x = 0 and x = 0.09 forming the contoured nose and
      being defined by the following equations:
EQU  Y.sub.UPPER = Y.sub.n + .sqroot.2.rho. .sqroot.x + x TAN .theta..sub.n +
      D.sub.U x.sup.3/2 + E.sub.U x.sup.2
EQU  Y.sub.LOWER = Y.sub.n - .sqroot.2.rho. .sqroot.x + x TAN .theta..sub.n +
      D.sub.L x.sup.3/2 + E.sub.L x.sup.2
PAL  wherein:
PA1  Y.sub.n = 0.011;
PA1  .rho. = 0.003;
PA1  .theta..sub.n = 16.degree.;
PA1  D.sub.U = -0.980613; E.sub.U = 1.079206; D.sub.L = -0.959277; E.sub.L =
      1.522381;
PA1  the first surface between x = 0.09 and x = 0.48 being defined by a circular
      arc having a normalized radius equal to 2.342756;
PA1  the first surface between x = 0.48 and x = 0.75 being defined by a circular
      arc having a normalized radius equal to 2.093426;
PA1  the first surface between x = 0.75 and x = 1.0 being defined by a straight
      line;
PA1  the second surface between x = 0.09 and x = 0.667 being defined by a
      straight line lying along the coordinate y = 0;
PA1  the second surface between x = 0.667 and x = 0.75 being defined by a
      circular arc having a normalized radius equal to 1.431339;
PA1  the second surface between x = 0.75 and x = 1.0 being a straight line;
PA1  the normalized thickness of said section between the first and second
      surfaces at x = 0.09 being equal to 0.042310;
PA1  the normalized thickness of said section between the first and second
      surfaces at x = 0.48 being equal to 0.075;
PA1  the normalized thickness of said section between the first and second
      surfaces at x = 0.667 being 0.066658; and,
PA1  the normalized thickness of said section between the first and second
      surfaces at x = 0.75 being equal to 0.057515 - 0.002426.
NUM  2.
PAR  2. A hydrodynamic section having an elongated axis and being suitable for
      use as a boat hydrofoil when moved through a liquid in the direction
      defined by said elongated axis, said seciton comprising:
PA1  first surface means defining a continuous first surface, said first surface
      contoured such that a negative pressure zone forms over said first surface
      when said hydrodynamic section is moved through a liquid, said negative
      pressure zone including a kinked portion rearwardly disposed along said
      first surface with respect to said direction of travel for stabilizing the
      boundary layer to prevent liquid separation, the negative pressure of said
      kinked portion being relatively lower than the negative pressure of the
      other portions of the negative pressure zone formed over said first
      surface;
PA1  second surface means defining a continuous second surface, said second
      surface contoured such that a positive pressure zone forms over said
      second surface when said hydrodynamic section is moved through a liquid,
      said positive pressure zone including a kinked portion rearwardly disposed
      along said second surface with respect to said direction of travel for
      stabilizing the boundary layer to prevent liquid separation, the positive
      pressure of said kinked portion being relatively lower than the positive
      pressure of the other portions of the positive pressure zone formed over
      said second surface;
PA1  the mean line between said first and second surfaces being defined by the
      hydrodynamic equation:
      ##EQU22##
      and wherein the thickness between said first and second surfaces is
      defined by the hydrodynamic equation:
      ##EQU23##
      wherein: .sup.C P.sub.Basic is a pressure distribution equation having
      kinked portions located between the midpoints of said hydrodynamic section
      and said trailing edge;
PA1  Y'.sub.c (.theta..sub.o) is the normalized separation distance between the
      mean line and said elongated axis of the hydrodynamic section at
      .theta.=.theta..sub.o ;
PA1  .theta. is the argument of the position vector of the transformed surface;
PA1  .theta..sub.o is an arbitrary location of .theta.;
PA1  Y.sub.t '(.theta..sub.o) is the normalized thickness distribution between
      said surfaces at .theta.=.theta..sub.o ;
PA1  .rho. is a chosen parabolic thickness distribution constant;
PA1  .PHI. is the value of .theta. at the leading edge; and,
PA1  A, a and f are transformation constants determined by the desired pressure
      distribution;
PA1  said first and second surface means joining to define a leading edge, said
      leading edge being formed such that a positive pressure zone forms about
      said leading edge when said hydrodynamic section is moved through a
      liquid; and,
PA1  said first and second surface means joining to define a trailing edge, said
      trailing edge being formed such that a positive pressure zone forms about
      said trailing edge when said hydrodynamic section is moved through a
      liquid.
NUM  3.
PAR  3. A hydrodynamic section as claimed in claim 2, wherein said kinked
      portions are located between the midpoint of said hydrodynamic section and
      said trailing edge.
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ABST
PAL  A device for reducing the roughness of ride of a Surface Effect Ship and
      producing power for use in the craft's auxiliaries. Cushion air is vented
      through a duct which has a generator in it; the power-absorbing capability
      of the generator is variable. Varying the amount of power absorbed by the
      generator varies the amount of air that is vented through the duct,
      thereby controlling the pressure in the air cushion.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Surface Effect Ships are supported primarily by the lifting force exerted
      by a slightly pressurized cushion of air contained between the water's
      surface and the craft.
PAR  Under equilibrium conditions, the lift system supplies air at a rate and
      pressure sufficient to offset the normal leakage under the seals and
      sidewalls, maintaining an essentially constant pressure. The cushion
      height is a design variable, dependent primarily on desired sea state
      operating capabilities.
PAR  Any change in cushion volume (because of relative motion between the craft
      and the water'surface), rate of air supply, or rate of air leakage, will
      cause a change in the cushion pressure and hence a change in the net
      lifting force.
PAR  When the craft is under way all of the above vary, resulting in high
      amplitude, random, primarily low frequency, vertical accelerations of the
      craft.
PAR  The craft will follow a path with respect to the surface of the water that
      can take one of two modes: contouring or platforming. In the contouring
      mode the craft stays a constant height above the local surface and follows
      all of its contours. In the platforming mode the craft does not follow the
      contours of the surface but rather maintains a nearly constant horizontal
      path regardless of the water's surface. (i.e. negligible pitching motion.)
PAR  The mode which the craft will assume is primarily a function of its speed.
      Below what is termed "hump speed" the craft will usually be in the
      contouring mode, above that it will usually be in the platforming mode.
      "Hump speed" is that speed at which the effective drag on the craft goes
      from a high value to a lower value; the phenomenon is somewhat alike that
      which occurs when a hydrofoil craft enters the full planing mode of
      operation.
PAR  In the contouring mode, cushion pressure (which is a function of the
      vehicle's weight and support area) remains essentially constant. At high
      forward speeds over rough water, the rate of rise and fall of the vehicle
      as it follows the water's surface can approach several cycles per second.
      This results in an uncomfortable ride due to the pitching motion induced
      by the craft following the water's surface; furthermore, it subjects the
      craft to potentially damaging stresses.
PAR  In the platforming mode, the distance between the craft's deck and the
      water's surface is constantly varying. This results in a constantly
      varying cushion pressure, which could approach resonance under certain
      conditions. Further, since the vehicle's vertical motions are of
      relatively low amplitude, the craft can slam into the tops of the higher
      waves. This produces an extremely uncomfortable ride as well as subjecting
      the craft to potentially damaging forces.
PAR  The above problems are alleviated by modulating cushion pressure, as is
      well known in the art.
PAR  In the prior art, the air that was vented from the cushion to reduce its
      pressure was dumped overboard, wasting the energy contained within it; the
      present invention is a method and means for extracting useful work out of
      the cushion air that is vented, thereby supplying auxiliary power while
      reducing fuel consumption.
PAC  SUMMARY
PAR  Briefly, the present invention is an air-driven turbine or other similar
      device placed in the duct leading from the air cushion to the atmosphere.
      The turbine drives an electric generator or hydraulic pump, and the
      electric power or hydraulic fluid is used to drive the craft's
      auxiliaries. The turbine and/or the device it drives is variable; when
      less air is to be vented, the turbine and/or the device it drives is
      adjusted to extract more energy from the vented air, which increases the
      effective flow resistance of the duct and decreases the rate of airflow
      through the duct. When more air is to be vented, the turbine and/or the
      device it drives is adjusted to extract less energy from the vented air,
      which results in an increase in the rate of airflow through the duct. The
      auxiliary power derived from the vented air is considerable, since in a
      large (&gt;100 tons) Surface Effect Ship the working pressure and amount of
      air that is constantly vented is likewise considerable.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved Surface Effect Ship.
PAR  It is a further object to provide auxiliary power for a Surface Effect Ship
      while reducing overall fuel consumption of the craft.
PAR  It is a further object to reduce the stresses and forces on the fans and
      fan drive systems by minimizing the rapid and extreme back pressure
      variations exerted on them by unregulated motion induced cushion pressure
      variations.
PAR  It is a further object to obtain auxiliary power for a Surface Effect Ship
      from energy that is normally wasted.
PAR  It is a further object to obtain auxiliary power for a Surface Effect Ship
      and to simultaneously control air cushion pressure in the craft.
PAR  Other objects and advantages of the present invention will be obvious from
      the following specification and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 ahows a Surface Effect Ship which incorporates the present
      invention.
PAR  FIG. 2 is an enlarged view of the circled portion of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2, the present invention is a part of a Surface
      Effect Ship 10. During operation of the craft, a fan (not shown) produces
      a cushion of air in plenum chamber 12 which is formed by sidewalls 14 and
      seals 16. Although the following description refers to a craft having
      rigid sidewalls, the invention obviously can be applied to a craft having
      a flexible skirt; it can also be applied to a craft which travels over
      land rather than water. In short, it applies to all vehicles which travel
      on a supporting cushion of air maintained underneath the vehicle. The fan
      continually supplies more air than is required for all modes of operation
      of the craft, and the excess air is continually vented through duct 18.
      Controlling the amount of air that is vented through duct 18 controls the
      rate of air-flow from the cushion, one of the three main variables
      determining cushion pressure.
PAR  Placed in duct 18 is energy conversion means 20, as shown in FIG. 2. Energy
      conversion means 20 comprises an air powered energy conversion device 22
      driving a second energy conversion device 24. Air powered energy
      conversion device 22 is shown as an axial flow turbine; however, it may be
      any other form of turbine or other device which converts the energy of a
      flowing stream of gas to some form of mechanical energy. For simplicity,
      it will be referred to in succeeding portions of the specification as a
      turbine. Second energy conversion device 24 is driven by turbine 22, and
      converts its mechanical energy to another form such as electricity or high
      pressure hydraulic fluid; for simplicity it will be referred to in
      succeeding portions of the specification as a generator. The output of
      generator 24 powers auxiliaries 25.
PAR  Turbine 22 is a variable output turbine, as is well known in the turbine
      art. The blades of the turbine can be set at a variable angle with respect
      to the flowing gases, and will thus present a varying amount of resistance
      to the gases; this will in turn vary the amount of air that flows through
      the duct.
PAR  Generator 24, which absorbs the mechanical energy of turbine 22, is also
      inherently variable. That is, the output of generator 24 can be varied in
      the conventional manner, which will then put a variable load on the
      turbine, which will result in a variable amount of resistance presented by
      the turbine to the flow of gas due to the fact that the turbine will be
      slowed down by the increased load on it.
PAR  For example energy conversion means 20 can be a ram air turbine power unit
      such as is manufactured by AiResearch Manufacturing Co. division of the
      Garrett Corp. The ram air turbine power units comprise a ram air driven
      turbine integrated with an electrical generator and/or a hydraulic pump;
      the turbine blades are adjustable and have a frequency response that is in
      the range of 20-22 Hz. The frequency response needed for the system of the
      present invention will be approximately 6 Hz, hence these ram air turbine
      power units are capable of responding to the pressure fluctuations of the
      craft. A unit that is suitable for use in the present invention is
      AiResearch Part No. 953036.
PAR  Computer 26 determines the setting of turbine 22 and/or generator 24. It
      receives inputs from plenum chamber pressure sensor 28 and vehicle
      accelerometer 30, and then adjusts the turbine or generator in accordance
      with a pre-determined program.
PAR  A computer which is used to control the air cushion in a Surface Effect
      Ship and which is suitable for incorporation into the present invention is
      shown in U.S. Pat. No. 3,181,638. In this patent the variations in cushion
      pressure and vertical accelerations of the vehicle are fed into a
      "summating computer," the output of which is used to drive a servo motor
      which actuates the means for varying the cushion air flow. Such a computer
      can be used in the present invention, with the output being used to vary
      the angles of the blades of the ram air driven turbine.
PAR  Operation of the system is as follows. In the contouring mode of operation,
      the craft will follow the contours of the waves and will move up and down
      at a frequency that is a function of its forward speed; the resulting
      motion is combined pitching and heaving. In this mode, the inputs from
      accelerometer 30 are fed to computer 26 which then adjusts turbine 22
      and/or generator 24. When the accelerometer senses that the craft is being
      lifted up the crest of a wave, computer 26 will decrease either the angle
      of the blades of turbine 22 or the output of generator 24, thereby
      decreasing the amount of resistance to flow in duct 18 and increasing the
      amount of airflow through it. The increase in airflow out of plenum
      chamber 12 will decrease the height of the craft above the water, thereby
      cancelling out some of the effects of the upward acceleration of the craft
      due to the wave. When the craft goes into the trough of the wave, computer
      26 will increase either the turbine blade angle or the output of the
      generator, thereby decreasing the amount of airflow through duct 18. The
      decrease in airflow out of plenum chamber 12 will increase the cushion
      pressure and reduce the craft's downward acceleration.
PAR  When the craft is in the platforming mode, the problem is vibration of the
      ship due to rapid changes in plenum chamber pressure. Therefore computer
      26 will respond to inputs from plenum chamber pressure sensor 28. Plenum
      chamber pressure will decrease when the craft is over the trough of a
      wave, and in response computer 26 will increase the resistance to flow in
      duct 18 to increase the pressure in plenum chamber 12. Conversely, when
      the craft is on the crest of a wave the computer will decrease the
      resistance in the duct to decrease plenum chamber pressure.
PAR  Experience has indicated that the highest frequency of wave excited ship
      motions which must be attenuated is of the order of 10 cycles per second,
      which occurs in the platforming mode. This is within the capabilities of
      variable turbines of the present state of the art; it is also within the
      capabilities of present day generators.
PAR  Some prior art plenum chamber pressure control schemes involved the air
      supply fan; however, these are high power, heavy complex and expensive
      machines with rather high inertia and long response times. Further, the
      shocks that were imposed by the variable fans on the drive train were
      rather severe. The present invention works in the low power range
      (hundreds rather than thousands of horsepower) thereby reducing stresses
      on the lift system. It is coupled directly to the cushion, and hence has a
      short response time.
PAR  From the foregoing it will be seen that the electrical (or hydraulic) power
      that is produced varies. However, a certain minimum amount is always
      produced. Therefore the system can be designed such that the minimum
      produced is the amount that is normally required, with the excess
      dissipated as heat; or it can be designed to work in conjunction with
      another system, with the total output of both systems being the amount
      that is required.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle which travels on a cushion of air which is contained within
      a plenum chamber and which is vented to the atmosphere, the improvement
      comprising:
PA1  a duct leading from said plenum chamber to the atmosphere through which
      said air is vented;
PA1  an air powered energy conversion device driving a second energy conversion
      device within said duct operated by said vented air; and
PA1  means to vary the resistance to flow through said duct and said energy
      conversion devices.
NUM  2.
PAR  2. A vehicle as in claim 1 wherein the means to vary the resistance to flow
      through said duct and said energy conversion devices includes means to
      vary the amount of energy absorbed by said air powered energy conversion
      device.
NUM  3.
PAR  3. A vehicle as in claim 1 wherein the means to vary the resistance to flow
      through said duct and said energy conversion devices includes means to
      vary the output of said second energy conversion device.
NUM  4.
PAR  4. A vehicle as in claim 2 wherein said air powered energy conversion
      device is a variable output turbine.
NUM  5.
PAR  5. A vehicle as in claim 3 wherein said second energy conversion device
      comprises an electrical generator.
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ABST
PAL  A process and apparatus for stabilizing the course angle of a large ship by
      producing a signal when the measured variation of the course angle with
      time reaches an extreme value and utilizing said signal to reset the
      rudder over a discrete angle towards starboard if the said extreme value
      is in the starboard direction and towards port in the opposite case.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process and an apparatus for stabilizing the
      course angle of a ship. By course angle is understood here the angle
      between the heading and the North.
PAR  As a rule, the desired course of a ship can be maintained only by
      continually applying small corrections to the course. Without these
      continual corrections a course-unstable ship shows a tendency to keep
      turning either to port or to starboard. There is no preference for a
      direction of the turning; the turning is initiated by the prevailing
      conditions such as sea state, wind, irregularities in the ship's form,
      etc.
PAR  The extent of the course instability of a specific ship is difficult to
      predict quantitatively but qualitatively there is tendency of the course
      instability to become more serious according as the ship's form is blunter
      and fuller. This is the case particularly with large loaded tankers and
      here it is of great importance to take measures aimed at improving the
      steerability of the ship. The invention indicates ways and means of
      achieving important improvements in this respect.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for its object to provide ways and means of
      achieving important improvements in stabilizing the course angle of a
      large ship.
PAR  The process according to the invention comprises measuring the variation of
      the course angle with time; producing a signal when the measured variation
      of the course angle with time reaches an extreme value and utilizing said
      signal to move the ship's rudder through a predetermined discrete angle
      relative to a neutral position, the rudder being reset towards starboard
      if the said extreme value is in the starboard direction and towards port
      if the said extreme value is in the port direction.
PAR  A known method of stabilizing the course of a ship consists in effecting a
      linear relationship between the rudder position and the rate of turn of
      the ship. It has been found, however, that this method has great inherent
      practical disadvantages. The actual rate of turn of the ship is extremely
      small which can be measured only with a very bad signal-to-noise ratio. As
      a result, the rudder tends to perform erratic motions. This will cause
      wear of the entire rudder mechanism. This also has an adverse effect on
      the speed of the ship. It has proved very difficult in practice to achieve
      an effective improvement of the signal-to-noise ratio by means that are in
      themselves known, such as the application of filters and improving the
      mounting of the measuring instrument.
PAR  The process according to the invention obviates the afore-mentioned
      difficulties, because the resetting of the rudder for the purpose of
      course stabilization is no longer linearly related to the rate of turn of
      the ship. The resetting of the rudder is done only at a salient point of
      the compass signal, after which the rudder position thus achieved is
      maintained during a specific time interval until the action at a next
      salient point of the compass signal. For a large tanker one aims at three
      rudder movements per minute. It will be clear from the foregoing that a
      great advantage has been achieved in this way.
PAR  The automatic control of the course angle stabilization according to the
      invention is anticipatory, because a counteracting rudder command is
      already given at a moment when the ship is still on a deviating course but
      has started the turn to the correct course. This turning motion is opposed
      by the rudder setting, so that a limitation is imposed on the tendency of
      the ship to continue the turning motion until a deviation from the correct
      course in the opposite direction occurs. The amplitude of the oscillation
      around the desired course is limited by the anticipatory control. This
      amplitude adapts itself to the chosen discrete value of the rudder
      resetting.
PAR  It is not necessary to know the magnitude of the extreme value in the
      variation of the course angle with time on which the discrete resetting of
      the rudder is based. Only the point of time at which an extreme value
      occurs is of importance. By allowing for a certain perception threshold,
      small variations of short duration in the course angle signal are
      prevented from influencing the resetting of the rudder. This can be
      achieved by providing for the resetting of the rudder not to occur until
      the course angle after having passed an extreme value has reached a
      predetermined difference with that extreme value. This difference may
      amount to 0.1 - 0.3 degree of arc.
PAR  It is known that a ship on both sides of the neutral position of the rudder
      has a rudder angle region within which a readjustment of the rudder has
      little effect or where the response of the ship to such a readjustment is
      even unpredictable. As a result there is a possibility of the ship
      starting to turn towards the non-desired direction. Thus there is little
      sense in resetting the rudder within this rudder angle area where
      reliability and effectiveness are low. The invention, now, prevents
      resettings in the said area. It has been found that as a rule a resetting
      of 2-5.degree.  of arc relative to the neutral position of the rudder is
      sufficient. The rudder is then always set to a position in which the
      response of the ship to the rudder is predictable. This considerably
      improves the steerability of a ship. The ship runs smoothly, a saving on
      fuel is obtained and/or a higher speed is attained.
PAR  The magnitude of the readjustment of the rudder in the port direction and
      that of the rudder readjustment in the starboard direction can be selected
      individually. In this selection allowance can be made for changes in wind
      direction, for irregularities in the ship's form, for the direction of the
      rotation of the propeller, for irregularities in the fouling of the ship's
      shell, etc. During the voyage the magnitude of one or of both resettings
      of the rudder can be changed, for instance in the case of a change in the
      weather.
PAR  The invention further provides the possibility of combining the normal
      procedure of steering the ship with the process for stabilizing the course
      angle as described hereinbefore. To this end the signal supplied by manual
      steering or by an auto-pilot can be added to the course angle
      stabilization signal. The rudder commands given by manual steering or by
      the auto-pilot are of a larger magnitude than the limited movements that
      are commanded automatically for the purpose of the course angle
      stabilization. Those larger movements are required in case of a course
      change or in case of deviations from the course that are not corrected by
      the course stabilization. Such deviations can be caused by factors such as
      currents in the water, lateral wind, technical disturbances, etc.
PAR  The apparatus according to the invention comprises course measuring means
      disposed on the ship to measure the actual course of said vessel and
      supply a course signal related thereto, peak amplitude measuring means,
      said peak amplitude measuring means being coupled to said course measuring
      means to detect the peak amplitude of said course signal, a subtracting
      circuit, said subtracting circuit being coupled to both said peak
      amplitude measuring means and said course measuring means to supply a
      difference signal related to the difference between said peak amplitude
      and the actual course, and switch means coupled to said subtracting
      circuit responsive to said difference signal to move the rudder a
      predetermined discrete angle towards starboard if the said peak amplitude
      is in the starboard direction and towards port in the opposite case
      whenever said difference signal exceeds a preset limit.
PAR  The peak amplitude measuring means may consist of a hold amplifier of which
      the output is connected to one of the inputs of the subtracting circuit of
      which the other input is connected to the signal output of the course
      angle meter. The subtracting circuit may be equipped with an adjustable
      signal magnitude detector. This may be a breakdown device that will become
      active when the incoming signal reaches a specific value or a gate with an
      adjustable threshold value.
PAR  The switch means may be equipped with a mechanism whose operation is
      subject to an adjustable threshold value of the signal required for the
      change-over.
PAR  The component(s) of the steering system for resetting the rudder through a
      discrete angle may consist of one or two servomotors of which the maximum
      shaft rotation is adjustable.
PAR  The processing of the signal from a course angle meter into a signal for
      resetting the rudder by a process according to the invention can be done
      not only by the components as described hereinbefore, which components may
      be of a fully solid-state design, but also by means of a digital computer
      programmed for that particular purpose.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more easily understood from the following detailed
      description of the attached drawings.
PAR  FIG. 1 represents a block diagram of a steering system according to the
      invention.
PAR  FIG. 2 gives a diagram of the relation between the resetting of the rudder
      and the measured course angle according to the invention.
PAR  FIG. 3 gives a more detailed diagram of a steering system according to the
      invention.
DETD
PAR  In the block diagram of FIG. 1 the course angle meter -- the compass -- is
      represented by the numeral 1. A signal corresponding to the measured
      course angle passes to a hold amplifier 2. The extreme value of the signal
      that has been reached is temporarily retained in the hold amplifier and is
      passed to a subtracting element 3. From this signal the course angle
      signal is subtracted. After the extreme value has been passed there is
      generated in the subtracting element a signal that is not equal to zero
      and that slowly increases in magnitude. When this difference reaches a
      specific value, then the switch device 4 becomes active. This may be a
      two-position switch device, whose position will then be changed. In the
      steering system 5 a mechanism will then be actuated which resets the
      rudder 6 through a predetermined angle relative to the neutral position of
      the rudder. The direction of the reset action is determined by the
      position of the switch device 4 which in turn is determined by the sign of
      the difference signal in the subtracting element 3.
PAR  The steering system 5 is further connected with the manual steering system
      7 and/or with the auto-pilot 8 which compares the incoming signal from the
      compass 1 with the desired course 9 that can be set.
PAR  In FIG. 2 the dotted line 11 represents the desired course of the ship and
      line 12 the actual course as a function of time. The desired course is
      adjusted from the bridge. Line 12 indicates the normal tendency of a ship
      to keep turning from port (P) to starboard (SB) and vice-versa. The
      courses are expressed as the course angle .psi. between the heading and
      the North.
PAR  In this example the ship starts to deviate to port. If nothing is done with
      the rudder position the deviation of the course angle will reach a maximum
      and the ship starts to turn to the correct course. This maximum is
      detected and the difference between this maximum and the course is
      measured. This difference increases slowly and if a certain threshold 13
      is reached a switch action occurs. This switch action results in resetting
      the rudder to port over a predetermined discrete angle relative to the
      neutral position of the rudder at that moment. The dotted line 14
      represents the neutral rudder position and line 15 the actual rudder
      position. The rudder position relative to the neutral position is the
      angle 8. The resetting to port takes place at a moment when the ship is
      still on a deviating course to port. However, the ship started to turn to
      the correct course and the rudder setting to port anticipates the coming
      deviation of the ship to starboard.
PAR  After .psi. having reached a maximum deviation to starboard and a threshold
      value 16 the rudder is moved to starboard over a predetermined discrete
      angle relative to the neutral rudder position.
PAR  The said threshold values are taken into account in order to avoid effects
      of too small course variations on rudder settings.
PAR  In FIG. 3 the course angle meter is indicated by 21. Amplifiers 22 and 23
      are high gain operational amplifiers. Amplifier 22 together with the
      resistors 24 and 25 and switch 26 in closed position form an inverting
      summer. This is also the case with the amplifier 23, resistors 27 and 28
      and switch 29 in closed position.
PAR  With switch 26 in open position the following happens with the incoming
      signal representing the course angle .psi. . Let us assume this signal to
      increase to starboard. Capacitor 30 is charged proportional to .psi. until
      a maximum value .psi..sub.SB is reached. This means that the ship has
      reached a maximum course deviation to starboard. The .psi. signal then
      starts to decrease. The maximum value representing .psi..sub.SB however is
      held in the capacitor 30 owing to the blocking action of diode 31. The
      output of subtracting element 32 represents the difference .psi..sub.SB
      -.psi.  as will be clear from the drawing.
PAR  During this period switch 29 is closed as a result of which capacitor 33 is
      out of action as hold-capacitor. The diode 34 blocks in the direction
      opposite the diode 31. The combination 23, 27, 28, 34 and 29 in closed
      position is a pure inverting follower. Its output equals -.psi..
PAR  The difference .psi..sub.SB -.psi.  is sent to a comparator 35 in which
      this difference is compared with an adjustable threshold value. This value
      is derived from a voltage source 36 and an adjusting element 37. An
      inverting amplifier 38 with amplification factor 1 is present in order to
      enable the use of the same source 36 for the comparators 35 and 39 which
      require signals with opposite sign. Comparator 35 gives an output signal
      if the difference .psi..sub.SB -.psi.  reaches the said threshold value.
      This signal actuates the flip-flop circuit 40 with the NAND gates 41 and
      42. As a result of this action switch 43 is moved to the SB position.
      Furthermore switch 26 is closed and switch 29 opened.
PAR  With switch 43 in the SB position an adjustable signal .delta. derived from
      source 44 and adjusting element 45 is sent to an summing amplifier 46. The
      output 47 controls the steering system, not indicated here. The summer 46
      is further connected with the manual and/or auto-pilot steering system 48
      operated from the bridge.
PAR  With switch 26 closed and switch 29 opened capacitor 33 holds the maximum
      deviation to port .psi..sub.P once this maximum is reached. The output of
      subtracting element 49 represents .psi..sub.P -.psi. which finally results
      in bringing switch 43 to the P position with source 50.
PAR  If amplifier 22 or amplifier 23 acts as a pure inverting follower --
      switches 26 or 29 in closed position -- a signal equalling -.psi. is sent
      to subtracting element 32 or 49 as a result of which no action of
      comparator 35 or 39 will follow.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A process for stabilizing the course angle of a large ship comprising:
PA1  measuring the variation of the course angle with time and producing a
      course angle signal:
PA1  producing a maximum course angle signal when the measured variation related
      thereto of the course angle with time reaches an extreme value;
PA1  comparing said maximum course angle signal with the instantaneous course
      angle signal and producing a course stabilizing signal; and
PA1  utilizing said course stabilizing signal to move the ship's rudder through
      a predetermined discrete angle relative to a neutral position, the rudder
      being reset towards starboard if the said extreme value is in the
      starboard direction and towards port if the said extreme value is in the
      port direction.
NUM  2.
PAR  2. The process of claim 1 in which the movement of the rudder from a
      neutral position in response to said course stabilizing signal is limited
      to between 2.degree. and 5.degree..
NUM  3.
PAR  3. The process of claim 1 in which the movement of the rudder in starboard
      and port directions are unequal.
NUM  4.
PAR  4. The process of claim 1 in which normal steering changes in the rudder
      position are added to the movement of the rudder in response to the course
      stabilization signal.
NUM  5.
PAR  5. An apparatus for stabilizing the course angle of a ship comprising:
PA1  course measuring means disposed on the ship to measure the actual course of
      said vessel and supply a course signal related thereto;
PA1  peak amplitude measuring means, said peak amplitude measuring means being
      coupled to said course measuring means to detect the peak amplitude of
      said course signal;
PA1  a subtracting circuit, said subtracting circuit being coupled to both said
      peak amplitude measuring means and said course measuring means to supply a
      difference signal related to the difference between said peak amplitude
      and the actual course; and
PA1  switch means coupled to said subtracting circuit and responsive to said
      difference signal to move the rudder a predetermined discrete angle
      towards starboard if the said peak amplitude is in the starboard direction
      and towards port in the opposite case whenever said difference signal
      exceeds a preset limit.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the peak amplitude measuring means
      consists of a hold amplifier having an output connected to one input of
      the subtracting circuit.
NUM  7.
PAR  7. The apparatus of claim 6 and in addition an adjustable threshold
      circuit, said subtracting circuit being coupled to said adjustable
      threshold circuit, said adjustable threshold circuit being coupled to said
      switch means.
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ABST
PAL  An improved marine compass employs a Hall-effect device which provides an
      output signal related to the relative rotation of the compass card
      therein. When the Hall-effect device is mounted on a course dial whose
      position with respect to the compass' lubber line indicates a desired
      course, the output signal may be used as an input to an autopilot system.
      The system includes a DC constant current supply for the Hall-effect
      device, and an integrated circuit operational amplifier for amplifying
      said output signal to provide an angle signal having a usable level. A
      differentiator including a second IC operational amplifier provides a rate
      signal from the angle signal. A rudder signal is provided by a rudder
      position sensor employing a second Hall-effect device and a third IC
      operational amplifier. The angle and rate signals are combined and
      supplied with the rudder signal to a variable-threshold differential
      amplifier which in turn provides a control signal to a steering servomotor
      to modify the rudder position so as to return the vessel to its desired
      course. To allow high rates of rudder positioning without overshoot, a
      null damper circuit varies the threshold of the differential amplifier to
      pulse modulate the control signal at small values thereof. By replacing
      the marine compass with a manual control employing a Hall-effect device,
      the system operates as a remote steering system.
PARN
PAR  This is a continuation of application Ser. No. 407,139 filed Oct. 17, 1973,
      now abandoned, which is a divisional of application Ser. No. 183,791,
      filed Sept. 27, 1971, now U.S. Pat. No. 3,906,641.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to autopilot systems for marine and other
      vessels, and, more particularly, to systems employing an improved sensor
      using a Hall-effect device.
PAR  There have been many types of sensors which have been included in systems
      providing detection of an angular deviation of a navigable body from a
      predetermined direction and automatic redirection of navigable body to the
      predetermined direction. These systems, generally known as autopilots,
      have been used extensively in both airborne and marine navigation.
      Airborne systems have used a gyrocompass as an angular deviation sensor.
      This approach has proved to be too expensive for most marine applications.
      Consequently, marine autopilot systems have included a variety of sensors.
      A first type includes those having electrical contacts disposed on a
      compass card, whose angular position is responsive to the earth's magnetic
      field, and on a rotatable course dial affixed to the compass binnacle for
      presetting a desired course. In a second type, angular deviation from a
      desired course is sensed by inductors placed on the compass card and on
      the course dial. In a third type, angular deviation is proportional to
      capacitive interaction between capacitive elements. A fourth type includes
      a permanent magnet located on the compass card, which interacts with an
      inductive device on the course dial. A fifth type indludes a light source
      and one or more photoelectric cells. The compass card acts as a shutter,
      or modulates the light beam to indicate angular deviation. A sixth type
      comprises flux gates, which generally include a pickup element of highly
      permeable magnetic material positioned adjacent the compass card.
PAR  These sensors are subject to certain errors which limit their usefulness in
      many regards. All of the prior sensors are sensitive to RF interference
      from radiotelephone units. The magnitude of this interference is increased
      with those sensors using alternating current signals. Those systems
      employing sensors of the first type, that is, the direct contact sensor,
      suffer from the disadvantage of physical restraint upon the compass card.
      Although the friction forces have been minimized by use of the
      "cat-whisker" approach, the sensors are still mechanical and subject to
      wear, contamination of contact surfaces, etc. The optical instruments are
      susceptible to errors resulting from changes in the transmission
      characteristic of a light path between the light source and photoelectric
      cell.
PAR  All of the previously described sensors, with the exception of those
      employing flux gates, suffer null errors in rough seas because the compass
      card has a movement in other planes besides the azimuthal or horizontal
      plane. Further, as the output signal under these conditions includes
      components proportional to the velocity and acceleration of the vessel in
      planes other than the azimuthal, it cannot be depended upon to obtain an
      indication of the rate of movement of the vessel in the azimuthal plane.
      As is well known, the introduction of a rate signal into an autopilot
      system is important for proper operation without excessive "huntint" or
      oscillation around a desired course direction. Because a rate signal
      cannot be obtained from the sensor output, a separate sensor, usually a
      gyrocompass or ratee sensitive gyro, must be added. The cost of a
      gyrocompass frequently exceeds the cost of the marine autopilot system.
      Therefore, other, more complicated provisions to avoid hunting are used.
PAR  The flux gate sensors, although not susceptible to errors of null arising
      from the movement of the vessel in planes other than the azimuthal, also
      cannot be used to obtain a rate signal, primarily because of hysteresis
      effects in the pickup unit.
PAR  These difficulties have led experimentors to search for other sensors. As
      detailed in a paper entitled "The Hall-effect compass" by Ross et al.,
      Journal of Scientific Instruments, Vol. 34, pp. 479-484, Dec. 1957, the
      ability of a Hall-effect crystal to provide an output signal proportional
      to the relative orientation of the crystal and the earth's magnetic field
      has been known for some time.
PAR  With reference now to FIG. 1, a Hall-effect device 80 comprises a
      substantially rectangular block of crystalline material which is oriented
      with its faces parallel to arbitrary X, Y and Z axes. The crystal has
      dimensions X.sub.c, Y.sub.c and Z.sub.c and is provided with end
      electrodes 81, 82 which are coupled to a source of current I.sub.x, not
      shown. The upper and lower faces, respectively, of the crystal are also
      provided with electrodes 83, 84 which function as output terminals. If a
      magnetic field having an intensity H.sub.h is applied to the device 80 at
      an angle .theta. with respect to the X-Z plane, an output voltage V.sub.z
      across the terminals 83, 84 may be described as follows:
      ##EQU1##
      where, R = the Hall constant of the material y = block thickness, I.sub.x
      = current on x axis, H.sub.h = strength of magnetic field.
PAR  The Hall-effect device has many advantages. For example, a properly mounted
      Hall-effect device in a direction sensor can eliminate null errors due to
      movement of the compass card in planes other than azimuthal. In addition,
      the Hall-effect device can provide an output signal which is directly
      proportional to the sine of angular deviation .theta. from null.
      Therefore, the output signals can be differentiated to obtain a rate
      signal for use in autopilot systems. Also, the Hall-effect device has a
      sharply defined null plane which may be used for automatic direction
      control. With particular reference to FIG. 1, the null plane is the X-Z
      plane where the angle .theta. equals zero and the voltage V.sub.z is zero.
PAR  Prior systems using Hall-effect devices have not found widespread
      acceptance. First, the crystals used have large temperature coefficients
      so that temperature errors are a problem im marine applications. This
      problem can be overcome by the use of indium arsenide crystals which
      provide a compromise between the requirement for high electron mobility,
      and thus a relatively high value of output voltage V.sub.z, and a
      relatively low temperature coefficient. In the present state of art,
      indium arsenide material provides electron mobility ranging from 12,000
      cm.sup.2 /v/sec to 20,000 cm.sup.2 /v/sec.
PAR  Second, even with use of indium arsenide crystals, the output voltage is
      very low. Typically, an indium arsenide crystal will produce about 0.25
      millivolts per kilogauss of magnetic field intensity when the magnetic
      field is parallel to the magnetic axis of the crystal, that is to
      reference line 85 in FIG. 1. Since the earth's magnetic field has an
      intensity slightly less than one gauss, the amplification required for a
      Hall-effect device to produce a significant and useful voltage when
      excited only by the earth's magnetic field is so large that the
      signal-to-noise ratio becomes a limiting parameter.
PAR  The prior art has attempted to increase the voltage output of Hall-effect
      devices by using devices known as flux concentrators which increase the
      useable output voltage by a factor of approximately 10.sup.3. Generally, a
      flux concentrator comprises rods of high permeability material, such as
      that known by the trademarks "MUMETAL" or "PERMALLOY C" which are placed
      on either side of the X-Z faces of the crystal. The rods are separated
      therefrom by a predefined air gap and extend in a direction parallel to
      the magnetic axis 85.
PAR  However, the concentrator material introduces hysteresis errors when the
      orientation of the earth's magnetic field with respect to the
      concentrators is varied so that the rods become saturated. Typically, a
      shift in the null position will be in the order of 0.5.degree.. Since the
      concentrator materials are "active" magnetically, they also react with the
      applied magnetic field so as to form a combined field which is shifted
      somewhat from the earth's magnetic field. A third problem with Hall-effect
      devices has been their sensitivity to radio frequency interference,
      particularly in view of the high amplification required and their use of
      AC excitation.
PAR  Another problem of marine autopilot systems, not necessarily limited to
      those employing a Hall-effect device, has been the inability to control
      fast rudder movements which are needed in following seas and in cases
      where the vessel must be maneuvered rapidly. Present day steering systems
      allow rudder rates as high as 20.degree. per second. When the vessel is
      being run on autopilot, however, normal delays may cause over-travel of
      the rudder past its null or dead-band position. In many closed servo loops
      used in autopilot systems, "hunting" or continued oscillation of the
      rudder is encountered when high rates of rudder change are desired.
PAR  Some of the prior schemes for controlling hunting have included mechanical
      and dynamic braking of the rudder's servomotor, feedback from the
      servomotor to shift the null position, discharge of a condenser to reverse
      the motor for stopping purposes, and a widening of the dead-band or null.
      The first three of these approaches require elaborate control mechanisms
      for the servomotor, and the latter results in an undesirable loss of
      sensitivity at the null position. Other autopilot systems have limited the
      rate of rudder change when the vessel is being maneuvered under autopilot
      control. This approach limits the usefulness of the autopilot. In
      addition, it involves the use of expensive switching circuitry for
      electro-mechanical control systems, or the use of flow-control valves with
      electrically-switched bypasses for electro-hydraulic control systems. In
      the latter situation, an expensive two-speed servomotor is installed, with
      a slower speed being used for autopilot control, and a higher speed being
      used for manual control.
PAR  It is therefore an object of this invention to provide a magnetic direction
      sensor utilizing a Hall-effect device which does not require the use of a
      magnetically-permeable flux concentrator for the measurement of the
      angular deviation of a small magnetic field from a reference.
PAR  It is a further object of this invention to provide such a magnetic
      direction sensor which can be used as the directional compass of a ship or
      other moving body.
PAR  It is yet a further object of this invention to provide such a magnetic
      direction sensor which can be used to provide an output potential
      proportional to the sine of the angular rotation of a control surface or
      rudder of a ship or other moving body.
PAR  It is another object of this invention to provide such a magnetic direction
      sensor utilizing a Hall-effect device which is not sensitive to radio
      frequency interference.
PAR  It is yet another object of this invention to provide a combination of such
      a magnetic direction sensor utilizing a Hall-effect device with an
      autopilot system for marine vessels or the like, which system includes
      provisions for class I and class II servocontrol without the need for
      additional means for sensing the rate of rotation of the sensed magnetic
      field with respect to a reference.
PAR  It is still another object of this invention to provide an autopilot system
      wherein the steering engine is prevented from reaching a condition of
      instability resulting in continued oscillation or "hunting" when high
      rates of rudder positioning are required.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others are achieved briefly, in one embodiment of the
      invention, by making the Hall-effect device responsive to the angular
      rotation of a separate permanent magnet whose position in turn is
      controlled by a magnetic field or other condition to be measured.
DRWD
PAC  A BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention can perhaps best be understood by reference to the following
      portion of the specification, taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is the pictorial view of a typical Hall-effect device previously
      referred to;
PAR  FIG. 2 is a separated, pictorial view of a magnetic compass having a
      Hall-effect device constructed according to the teachings of this
      invention;
PAR  FIG. 3 is a sectionn view of the compass in FIG. 2 showing the mounting of
      the Hall-effect device;
PAR  FIG. 4 is a combined schematic and block diagram of a marine autopilot
      system using the magnetic direction sensor of this invention;
PAR  FIG. 5 is a combined schematic and block diagram showing a modification of
      the system in FIG. 3 to permit its use as a manual, remote steering
      system; and
PAR  FIG. 6 is a separated, pictorial view of a manual control device
      schematically illustrated in FIG. 4 containing a Hall-effect magnetic
      direction sensor.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference now to FIG. 2, a marine compass employing the magnetic
      direction sensor of this invention includes a compass bowl 10 having a
      lower, reduced-diameter portion 11. A printed circuit board 12 including a
      silicon diode 101 is supported within a cover 16 by fastening means 17,
      18, which additionally function to affix cover 16 to reduced-diameter
      portion 11. Electrical connections are made to printed circuit board 12 by
      conductors 13, 14, which terminate in a connector 20 and in a cable 22 for
      electrical connection to the remaining portion of the sensor electronics
      and to a Hall-effect device.
PAR  The interior of compass bowl 10 normally is fluid-filled and includes a
      support member 24 for a needle pivot 26. A compass card 28 has inscribed
      thereon both direction and degree indicia and includes a pivot socket, not
      shown, which rests on pivot 26. A permanent magnet 29 is affixed to card
      28 with its magnetic axis coincident with the north-south axis of the
      card. A small cylinder 30 mounted on the upper surface of card 28
      functions as a support for a second pivot socket, not shown.
PAR  A compass well 32 has a groove 40 in an upper surface thereof for receiving
      an O-ring 38. The compass well 32 is secured to the bottom surface of a
      compass glass 34 by a plurality of fastening means 36. In assembly,
      compass card 28 is balanced on needle pivot 26 and the small cylinder 30
      thereof rides freely in a corresponding aperture, not shown, in compass
      well 32. A ring 42 maintains compass glass 34 against the upper, flanged
      surface of compass bowl 10. The compass fluid is maintained within bowl 10
      by appropriate sealing means around the edge of compass glass 34 and by
      O-ring 38.
PAR  A slip-ring disk 50, including a plurality 50.sub.a, 50.sub.b, 50.sub.c,
      50.sub.d, of printed circuit board slip-rings on one surface thereof,
      rests on the upper surface of compass glass 34 and is rotatable about a
      cylindrical projection 46 on compass well 32 which extends through
      corresponding apertures in compass glass 34 and slip-ring disk 50.
      Electrical connections are made to the plurality of slip-rings 50.sub.a,
      etc., from the cable 22 which passes through a radial notch 34a in glass
      34 when in assembly.
PAR  A course dial 52 overlays slip-ring disk 50 and also rotates about
      cylindrical projection 46. Course dial 52 includes a substantially
      rectangular recess 54 which extends in a direction parallel with the
      East-West, or 90.degree. - 270.degree., thereof. A corresponding
      projection 56a of a brush holder 56 fits into recess 54 when in assembly.
      Brush holder 56 includes a number of apertures therein for passage of a
      plurality of brushes 62 which are electrically connected to a printed
      circuit board, not shown, which is affixed to a carrier member 58. Carrier
      member 58 includes a central, cylindrical portion 64 which in assembly
      passes through corresponding apertures in brush holder 56, course dial 52,
      slip-ring disk 50 and mates with the cylindrical projection 46. As best
      seen in FIG. 3, a Hall-effect device 80 is mounted on the exterior of
      cylindrical portion 64 with its X-axis parallel to the North-South, or
      0.degree. - 180.degree. axis of the course dial 52. Electrical connections
      are made to the current electrodes 81, 82, and the voltage output
      terminals 83, 84 of the Hall-effect device 80 from corresponding terminals
      on the printed circuit board mounted on carrier member 58. When in
      assembly, brushes 62 engage corresponding slip-rings 50.sub.a, 50.sub.b,
      etc.
PAR  The arrangement thus described is maintained in assembly by a washer 68 and
      a snap-ring 70 which engages a corresponding cylindrical recess 48a in a
      central pin 48 of compass well 32. Separation between the course dial 52
      and compass glass 34 is provided by a compression spring 66.
PAR  The assembly is completed by a handle member 60 which covers the upper
      portion of carrier member 58 and which is secured to brush holder 56 by
      appropriate fastening means 72, 73.
PAR  Both the compass card 28 and the course dial 52 are read by reference to a
      common lubber line 44 which comprises a cylinder embedded in compass glass
      34. When the marine compass is properly mounted on a vessel with the
      lubber line 44 and compass pivot 26 parallel to the longitudinal axis
      thereof, and properly compensated for heeling errors, northerly turning
      errors and errors resulting from adjacent steel or other magnetic
      elements, relative rotation of the compass card 28 with respect to the
      lubber line 44 indicates the angular deviation of the vessel's direction
      from the horizontal component of the earth's magnetic field. If the course
      dial 52 is first set to a desired heading with reference to lubber line
      44, the relative angular deviation .theta. of the permanent magnet 29, and
      thus course dial 28, from the null or X-Z plane of the Hall-effect device
      80 is proportional to the angular deviation of the vessel from the
      heading. As contrasted with the Hall-effect devices of the prior art, the
      position of the permanent magnet 29 is sensed directly.
PAR  With reference now to FIG. 4, the Hall-effect device 80 is supplied with a
      regulated control current I.sub.x from a DC voltage source E.sub.1. The
      positive output terminal of voltage source E.sub.1 is coupled to one
      current electrode through a resistor 102, a slip-ring and brush
      combination 103, and a lead 154, and the negative output terminal of
      voltage source E.sub.1 is coupled to the other current terminal through a
      slip-ring and brush combination 104 and a lead 155. A silicon diode 101 is
      connected across slip-ring combinations 103 and 104. Silicon diode 101 and
      resistor 102 regulate the voltage across the current terminals of the
      Hall-effect device 80 at a predetermined value, for example, 0.7 volts. As
      a result, the exciting current I.sub.x is substantially constant. If
      indium arsenide is used as the Hall-effect material, this current will be
      on the order of 150 milliamps.
PAR  Leads 107 and 108 are connected to the voltage output terminals of the
      Hall-effect device 80. The signals appearing thereon are coupled through
      slip-ring and brush combinations 109, 110, to the inverting and
      non-inverting inputs, 115, 116, of an operational amplifier A.sub.1.
      Operational amplifier A.sub.1 develops a D.C. voltage on its output
      terminal 119 whose polarity is dependent on the direction and whose
      magnitude is dependent on the sine of the angular deviation .theta.
      between the null or X-Z plane of the Hall-effect device 80, and the
      magnetic axis of compass magnets 29, in a manner to be described
      hereinafter.
PAR  Commercially available, inexpensive Hall-effect devices of indium arsenide
      have a resistive or "offset" voltage which prevents them from having a
      zero voltage output V.sub.z when the control current I.sub.x is supplied
      in the absence of a magnetic field. Therefore, this offset must be
      compensated for in order to obtain a true null indication. One portion of
      an offset compensating means comprises a resistor 111 which is connected
      from lead 155 to lead 108. The polarity of the offset voltage obtained
      with zero magnetic excitation determines which of the voltage output
      terminals the resistor 111 is connected to, and the magnitude of this
      offset voltage determines the value of the resistor 111.
PAR  The output signal on terminal 119 of amplifier A.sub.1, which is
      proportional to a constant times the sine of the angular deviation
      .theta., or (K.sub.1) (Sin .theta.) is coupled through a pair of
      capacitors 117, 118, to the non-inverting input of a second operational
      amplifier A.sub.2 identical in type to A.sub.1. The combination of
      capacitors 117, 118 and operational amplifier A.sub.2 function to
      differentiate the signal (K.sub.1) (Sin .theta.) so that the signal on the
      output terminal 120 of amplifier A.sub.2 is proportional to
      ##EQU2##
PAR  The output signal on terminal 119 is also connected to one side of a
      potentiometer 130 whose other side is coupled to a reference signal
      appearing on a lead 123. Similarly, the output signal on terminal 120 of
      amplifier A.sub.2 is connected to one side of a potentiometer 131, whose
      other side is connected to lead 123. The tap of potentiometer 130 is
      coupled through a resistor 132 to a lead 133, and the tap of potentiometer
      131 is coupled through a resistor 132a to lead 133. Lead 133 is in turn
      connected to a first input of a variable-threshold, differential amplifier
      DA. The potentiometer 130 will hereinafter be referred to as a "rudder"
      control, and the potentiometer 131 will be hereinafter referred to as the
      "counter rudder" control.
PAR  The reference D.C. potential for amplifiers A.sub.1 and A.sub.2, and for a
      linear operational amplifier A.sub.3 identical in type to A.sub.1 to be
      described, is obtained from a voltage source E.sub.3 by a voltage divider
      network including equal valve resistors 121 and 122. The reference
      potential appears on lead 123 and is coupled to the non-inverting inputs
      of amplifiers A.sub.1, A.sub.2, and A.sub.3 by resistors 125a, 125b, and
      125c. The terminals of voltage source E.sub.3 are likewise connected to
      each of the operational amplifiers A.sub.1, A.sub.2, and A.sub.3 in a
      conventional manner.
PAR  The internal offset voltage of the amplifier A.sub.1, as well as any
      constant non-compensated offset appearing in the signal from the
      Hall-effect device 80, is compensated for by a potentiometer 126 whose tap
      is coupled to the negative terminal of the voltage supply E.sub.3 and
      whose ends are connected to the offset inputs of amplifier A.sub.1.
      Preferably, the output voltage of A.sub.1 is adjusted by adjustment of the
      position of the tap of potentiometer 126 so that the ouput potential on
      terminal 119 has a magnitude equal to that of the reference potential
      appearing on lead 123, when there is no magnetic field applied to the
      Hall-effect device 80, or, when the magnetic axis of the magnet 29 lies in
      the null or X-Z plane. A second potentiometer 127 is connected in parallel
      with potentiometer 126 and is mounted in a location convenient to the
      vessel's operator so as to allow a small change in offset, and thus a
      small change in course direction, without requiring manipulation of the
      course dial 52.
PAR  The stability of amplifiers A.sub.1, A.sub.2 and A.sub.3 is increased by
      connecting resistors 124a, 124b, and 124c in a degenerative feedback mode
      from the output terminals to the inverting inputs thereof.
PAR  To this point, the circuitry for obtaining an angular deviation signal
      (K.sub.1) sin .theta. and a rate signal
      ##EQU3##
      has been described. In order to control the correction of the vessel's
      course to one commanded by the angular deviation and rate signals, a
      signal must be obtained which is related to the angular deviation of the
      vessel's rudder from the longitudinal axis of the vessel. To this end, a
      second Hall-effect device 160 is mounted on the vessel adjacent the rudder
      or other control surface 162. A permanent magnet 161 is connected to and
      rotatable with the rudder or control surface 162, and aligned with its
      magnetic axis coincident with the X-Z plane of the Hall-effect device 160,
      when rudder or control surface 162 is centered. Control current for the
      device 160 is provided from a voltage source E.sub.2 whose negative
      terminal is connected thereto by a lead 157 and whose positive terminal is
      connected thereto by a resistor 106 and a lead 156. The voltage supply
      also includes a silicon diode 105 having a similiar configuration to diode
      101. The voltage output terminals are connected by leads 113, 114 to the
      inverting and non-inverting inputs, respectively, of the operational
      amplifier A.sub.3.
PAR  A resistor 112 compensates for offset in the Hall-effect device 160.
      Potentiometer 128 provides compensation for offset within amplifier
      A.sub.3 in a manner identical to that provided by potentiometer 126 for
      amplifier A.sub.1. Amplifier A.sub.3 is also supplied from the voltage
      source E.sub.3 and includes the stabilizing resistor 124c. Finally, both
      the non-inverting input of amplifier A.sub.3, and the output 129 terminal
      thereof, are referenced to the reference potential on line 123 by
      resistors 125c and 129a, respectively.
PAR  The signal on terminal 129 compared to reference potential on lead 123 thus
      represents the sine of the deviation angle of the rudder or control
      surface 162 from the reference X-Z axis established by Hall-effect device
      160 and is coupled to a second input 134 of differential amplifier DA.
PAR  A reference for the signals appearing on inputs 133 and 134 of differential
      amplifier DA is obtained from the negative terminal of a voltage supply
      E.sub.4, as coupled through resistors 145a, 145b. Voltage supply E.sub.4
      is also connected to the power supply terminals of differential amplifier
      DA.
PAR  Differential amplifier DA is a two-channel amplifier having a variable
      threshold, to be explained later. When the signal on input 133 thereof is
      more negative than the signal on input 134 thereof by an amount greater
      than a null signal supplied to a variable threshold input 144, an output
      signal is provided on terminal 135. Conversely, if the signal appearing on
      lead 134 is more negative than the signal appearing on lead 133 by an
      amount greater than the null signal on line 144, an output signal is
      provided on terminal 136.
PAR  When a signal is provided on terminal 135, a coil 137 of a relay R.sub.L is
      energized, thereby closing contact sets 139 and 151 thereof. When a signal
      is provided on terminal 136, the coil 138 of a relay R.sub.R is energized,
      thereby closing contact sets 142 and 152 thereof.
PAR  When contact set 139 of relay R.sub.L is closed, the positive terminal of
      voltage source E.sub.4 is coupled to a field winding 140 of a servomotor S
      so that a current path is provided through winding 140 and armature 141
      thereof to the negative terminal of E.sub.4. As the shaft of armature 141
      is coupled to the rudder on control surface 162, closure of the contact
      set 139 results in a clockwise or "right" rotation of the rudder or
      control surface 162. Similarly, since contact set 142 of relay R.sub.R is
      connected to a second field winding 143 of servomotor S, closure thereof
      in response to an output signal on terminal 136 results in a
      counter-clockwise or "left" rotation of the rudder control surface 162.
PAR  The operation of this system will now be described. In the description, it
      will be initially assumed that a constant positive null signal is provided
      to the variable threshold input 144 of differential amplifier DA, and that
      the output terminal 119 of amplifier A.sub.1 is connected directly to lead
      133.
PAR  If the vessel is proceeding on a course set by course dial 52, the magnetic
      axis of the magnet 29 on the compass card 28 is coincident with the null
      or X-Z plane of device 80. Therefore, as both the device 80 and the
      amplifier A.sub.1 are nulled, the potential on the output terminal 119 is
      at the reference level potential of lead 123. Accordingly, as the voltage
      divider including resistors 132 and 132a, and potentiometer 130 is
      connected to the reference signal on lead 123, no signal appears on input
      133 of differential amplifier DA.
PAR  If the rudder or control surface 162 is amidships, so that the magnetic
      axis of the magnet 161 is parallel to the X-Z plane of Hall-effect device
      160, the signal appearing on output terminal 129 of amplifier A.sub.3 is
      likewise at the reference level potential of lead 123. Accordingly, no
      signal appears at input 134. As a result, differential amplifier DA
      produces no output signals on either terminals 135 or 136.
PAR  If the vessel now deviates from the course set by the course dial 52 and
      rotates to the right or clockwise, the signal on lead 107 becomes positive
      with respect to that on lead 108. Accordingly, the signal on lead 115, or
      the inverting input of operational amplifier A.sub.1, likewise becomes
      positive with respect to that on lead 116, or the non-inverting input
      thereof. In response, the output signal on terminal 119 becomes negative
      with respect to the reference signal established on lead 123. At this
      time, the signal on input 133 becomes negative with respect to the
      reference signal supplied to input 134 of differential amplifier DA.
PAR  When a difference in the magnitude of the negative signal on lead 133 and
      the signal on lead 134 exceeds the null signal supplied to terminal 144
      thereof, an output signal is provided on terminal 135 which energizes coil
      137 to close contact sets 139 and 151 of relay R.sub.L. The resultant
      current flow through field winding 140 causes armature 141 to rotate the
      rudder or control surface 162 in the left rudder direction. When rudder
      162 rotates, magnet 161 also rotates. When the magnetic axis of magnet 161
      passes out of the null or X-Z plane of Hall-effect device 160, a
      differential voltage is provided across leads 113 and 114 such that lead
      113 is positive with respect to lead 114. As lead 113 is connected to the
      inverting input of operational amplifier A.sub.3, the signal on the output
      terminal 129 thereof becomes negative with respect to the reference signal
      established on lead 123. An output signal is present on terminal 135 of
      differential amplifier DA until the difference between the negative
      signals supplied to inputs 133 and 134 from the "course sensor" Amplifier
      A.sub.1 and the "rudder sensor"  Amplifier A.sub.3 is less than the
      positive null signal supplied to terminal 144 thereof. At this time, the
      signal ceases on terminal 135, thereby de-energizing relay R.sub.L and
      terminating the rotation of armature 141 and rudder 162.
PAR  Although the rudder 162 has ceased its rotation, the vessel is at this time
      still responding and rotating in a counterclockwise direction. As a
      result, the angular deviation between the magnet 29 on compass card 28 and
      the null or X-Z plane of Hall-effect device 80 is decreasing. Accordingly,
      the output voltage on terminal 119 of amplifier A.sub.1 becomes less
      negative. In response, the signal on input 133 of the differential
      amplifier DA becomes positive with respect to the signal on input 134.
      When the difference exceeds the null signal supplied to terminal 144, a
      signal is provided on output terminal 136 which in turn energizes coil 138
      of relay R.sub.R. The resultant closure of the contact sets 142 and 152
      provides current through field winding 143 to rotate armature 141, and
      therefore rudder 162, in a right rudder direction.
PAR  As rudder 162 rotates to the right, the angular deviation between the
      magnetic axis of its magnet 161 and the null plane of Hall-effect device
      160 becomes less, thereby reducing the magnitude of the negative signal on
      the terminal 129 of amplifier A.sub.3. When the signal on input 134 of
      differential amplifier DA is decreased to a point so that the difference
      between the signals on inputs 133 and 134 is less than the null signal
      supplied to terminal 144, the output signal is removed from terminal 136
      so that relay R.sub.R is de-energized and rotation of the rudder 162 is
      terminated.
PAR  The system operates in a similar manner if the vessel initially deviates to
      the left of the desired course, with an energization first of relay
      R.sub.R so as to result in a right rudder rotation, and subsequent
      energization of relay R.sub.L so as to result in a left rudder rotation.
      In either case, movement of the rudder or control surface 162 terminates
      when the vessel is on course. At this time, the rudder or control surface
      162 is amidships.
PAR  Variations in steering characteristics and speed of vessels require that
      the angular deviation of the rudder 162 be also varied. Variable in the
      amount of rudder that is applied is controlled by "rudder" potentiometer
      130. When the tap of potentiometer 130 is adjacent the end to which the
      output terminal 119 of operational amplifier A.sub.1 is connected, the
      signal which is provided to input 133 approaches the magnitude of the
      signal on lead 119. However, as the tap is brought adjacent the other end
      of potentiometer 130, the signal supplied to input 133 decreases. In
      effect, adjustment of potentiometer 130 varies the coefficient K.sub.1 of
      the angle signals K.sub.1 sin .theta.. In this manner, the operator is
      also able to vary the coupling ratio between the "course sensor" amplifier
      A.sub.1 and the "rudder sensor" amplifier A.sub.3 , as the magnitude of
      the signal presented to input 134 is not affected by manipulation of the
      "rudder" potentiometer 130.
PAR  To this point, the invention has been described on the assumption that the
      signal on input 133 is proportional to the signal appearing on terminal
      119 of amplifier A.sub.1. In such a system, commonly known as a class 1
      servo system, control of the rudder 162 is in direct response to the
      angular deviation of the ship from its desired course. As described in
      more detail in a paper entitled "Directional Stability of Automatically
      Steered Bodies", by Minorsky, 1922, reprinted in "Process Control",
      Hariott, 1964, page 280, a class 1 servo system, or "follow-up" control,
      is disadvantageous in that oscillation or hunting occurs about the null
      position or desired course direction. The addition of a rate signal in
      control is an essential condition to obtaining a stable autopilot system,
      or class 2 servo system. This rate signal
      ##EQU4##
      as previously mentioned, is provided at the output terminal 120 of the
      operational amplifier A.sub.2.
PAR  Assuming now that the output signal on the terminal 119 is increasing in a
      negative direction, the signal on output terminal 120 is also negative.
      Since these signals are summed by resistors 132 and 132a, their negative
      voltage applied to input 133 of differential amplifier DA is more negative
      than would be the case were only the signal on terminal 119 used. On the
      other hand, if the signal on terminal 119 is negative but decreasing, the
      potential on the output terminal 120 of operational amplifier A.sub.2 is
      positive. As a result, the potential applied to input 133 is less negative
      than would be the case were potential to be coupled directly from output
      terminal 119.
PAR  In effect, when the vessel is swinging away from the desired course, the
      rate signal
      ##EQU5##
      on the output terminal 120 is additive to the angle signal (K.sub.1) Sin
      .theta. present on terminal 119 and tends to produce an additional amount
      of rudder rotation or correction. On the other hand, when the vessel is
      swinging towards the desired course, the rate signal
      ##EQU6##
      is subtractive and tends to bring the rudder amidships before the vessel
      has reached the desired course. The "counter-rudder" potentiometer 131
      allows the operator to select the amount of rate signal that will be
      combined with the angle signal from "rudder" potentiometer 130. By
      appropriate adjustment of the "rudder" and "counter-rudder" potentiometers
      130, 131, the operator can adjust the values of the coefficients K.sub.1,
      K.sub.2, and thus vary the response of the control system to the prevalent
      condition of the seas.
PAR  To avoid overshoot or hunting as a result of the response characteristics
      of the servomotor S, the invention includes a null damper circuit which is
      adjustable to provide a variable null signal to the variable threshold
      input 144 of differential amplifier DA. The positive terminal of the
      voltage source E.sub.4 is coupled to the input of the null damper circuit
      through either contact set 151 of relay R.sub.L or contact set 152 of
      relay R.sub.R. The input comprises one end of a variable resistor 147
      whose other end is connected through a diode 153 and a parallel-connected
      resistor 149 and capacitor 148 to terminal 144. A potentiometer 146 is
      connected across a voltage source E.sub.5 and has its tap directly
      connected to the terminal 144 and one end connected to terminal 144 by a
      capacitor 150.
PAR  The combination of pulse of the null damper circuit, the variable-threshold
      differential amplifier DA, and the relays R.sub.L and R.sub.R functions to
      pulse modulate the signals applied to field windings 140 and 143 of the
      servomotor S when the vessel's angular deviation requires only small
      movements of the rudder 162. On the other hand, when relatively large
      movements of the rudder 162 are required, no pulse modulation is made.
PAR  In operation, let it be assumed that a small negative potential has been
      provided on either output terminal 135 or 136 of differential amplifier
      DA. The consequent closure of contact sets 151 or 152 applies a positive
      charging potential through variable resistor 147, diode 153 and capacitor
      148 to capacitor 150. The normal null or "dead-band" is determined by the
      magnitude of the positive potential present on terminal 144. This null
      signal is normally supplied from the tap of potentiometer 146. As a result
      of the charging of capacitor 150, the positive voltage on terminal 144 is
      increased. If the difference between the potentials on inputs 133 and 134
      is small, the increased null signal on terminal 144 resulting from the
      charging of the capacitor 150 causes the output signal to be removed from
      terminal 135 or 136. Accordingly, servomotor S is de-energized. Resistor
      149 provides a discharge path for capacitor 148.
PAR  Potentiometer 146 provides a discharge path for the positive voltage on
      terminal 144 to the negative terminal of the potential source E.sub.5.
      Therefore, the potential on terminal 144 now decreases. When the potential
      on terminal 144 is less than the difference between the potential on
      inputs 133 and 134, a signal is again provided on either terminal 135 or
      136 to re-actuate relay R.sub.L or R.sub.R and thus to apply power to the
      servomotor S.
PAR  The setting of variable resistor 147 determines when the pulse modulation
      begins, and also determines the duration of each pulse. The null damper
      circuit has effect only when the difference between the potentials at
      inputs 133 and 134 is small. In this situation the cycle described above
      is repeated until the null position is reached. When the difference
      between the potentials at inputs 133 and 134 is large, however, the null
      damper circuit has no effect.
PAR  By adjustment of potentiometer 146, the system may be compensated for the
      over-steering characteristics of any particular servomotor. As a result,
      the servomotor need not be modified to limit its speed of rotation during
      autopilot operation. With a system configured as in FIG. 4, rudder
      rotation rates of 30.degree. per second have been achieved with a
      positioning error of plus or minus 1.degree. from the desired rudder
      position.
PAR  With reference now to FIG. 5, a modification of the system in FIG. 3 for
      use as a remote steering system includes a Hall-effect device 180 which
      preferably is mounted in a fixed position. Hall-effect device 180 is
      provided with appropriate control current from a source including the
      voltage supply E.sub.1, and resistor 102, diode 101, offset resistor 117,
      and leads 154 and 155. These components are identical to those shown in
      FIG. 4. A permanent magnet 164 is attached to a lever 166 which is
      rotatable about the Z axis of the Hall-effect device 180. In response to
      angular deviation between the magnetic axis of permanent magnet 164 and
      the null or X-Z plane of Hall-effect device 180, an output voltage is
      provided across leads 107 and 108 which are coupled to amplifier A.sub.1.
      In response, amplifier A.sub.1, which is also supplied with an appropriate
      reference signal from lead 123, provides an output signal which is coupled
      to a potentiometer 130. The signal appearing on the tap of potentiometer
      130 thus corresponds to the actual angular deviation and is coupled to
      lead 133 through a contact a of a switch 204. The remainder of the system
      is identical to that seen in FIG. 4. A comparison of the angle signal
      present on input 133 with the rudder signal present on input 134 of
      differential amplifier DA results in a rotation of the rudder, through
      appropriate energization of the servomotor S, so that the rudder assumes
      the same angular deviation with respect to the X-Z axis of its Hall-effect
      device as does the permanent magnet 164 with respect to the X-Z axis of
      Hall-effect device 180.
PAR  The system of FIG. 5 also permits control from a source not including a
      Hall-effect device. For example, an angle signal may be provided from a
      potentiometer 170 which is supplied from the voltage source E.sub.3 and
      which furnishes an output signal on its tap proportional to the relative
      angular position of a control lever 171. If desired, the signals present
      on the taps of potentiometers 130 and 170 may be used alternatively by
      supplying them to stationary contacts a, b, of switching means 204 whose
      movable contact is connected to input 133.
PAR  A practical embodiment of a manual control device is seen in FIG. 6. The
      Hall-effect device 180 is mounted on one side of a printed circuit board
      172 which is rigidly supported in notches of a raised, hollow portion 174
      of a base support unit 176. Appropriate electrical connections may be made
      from the contact points on the printed circuit board 172 to a cable for
      coupling excitation and output signals to and from the Hall-effect device
      180. A carrier member 182 has an interior, hollowed out portion, not
      shown, which allows carrier member 182 to be slipped over raised portion
      174 in assembly and to be relatively rotatable therewith. Carrier member
      182 includes an aperture for receiving the permanent magnet 164, a raised,
      bearing portion 184 and a cylindrical shaft 186. In assembly, the
      combination of base portion 176 and carrier member 182 is inserted into a
      cylindrical housing member 190 so that bearing surface 184 passes through
      a corresponding aperture in an upper face thereof. The assembly is
      maintained by appropriate fastening means, not shown.
PAR  The assembly is positioned on the underside of a housing 192 so that the
      bearing portion 184 and cylindrical shaft 196 project through a
      corresponding aperture therein. A bearing member having a flanged portion
      196 rests in a recess 194 of housing 192 so a cylindrical bearing portion
      196 slips over bearing portion 184. The assembly is secured by a plurality
      of fastening means, not illustrated, passing through corresponding
      apertures in flanged portion 196, recess 194, and the upper surface of
      housing member 190. A washer 200 and a snap-ring 202, which fits into a
      corresponding recess 188 in cylindrical shaft 186, maintain the carrier
      member 182 out of frictional contact with the corresponding upper surfaces
      of base member 176. The assembly is completed by a lever holder 168 which
      has a first aperture receiving the cylindrical shaft 186 and which is
      secured thereto by a set screw 169. The lever 166 is then threaded into a
      second aperture of lever holder 168.
PAR  Therefore, if housing 192 is kept from rotation, relative rotation of lever
      166 results in an angular deviation between the magnetic axis of magnet
      164 and the null or X-Z plane of Hall-effect device 180. As a result, an
      output signal is provided in the manner previously described.
PAR  It will be appreciated that the concept of sensing angular devition by
      making the Hall-effect device sensitive to the rotation of a small
      permanent magnet in proximity thereto can be applied to many applications
      in addition to those involved with marine autopilot systems. For example,
      the apparatus in FIG. 6 might find application as a continuously
      rotatable, brushless potentiometer, with either DC or AC excitation. If a
      second Hall-effect device were added and its null plane rotated from the
      null plane of Hall-effect device 180 by 90.degree., the apparatus could be
      used as a sine-cosine potentiometer. Therefore, it is to be clearly
      understood by those skilled in the art that the invention is not limited
      to the specific embodiments shown, but rather is intended to be bound only
      by the limits of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marine autopilot system for automatically controlling the course of a
      vessel, said system including a marine compass having a reference line
      aligned with the longitudinal axis of the vessel, a compass card within
      said marine compass including a first permanent magnet producing a
      magnetic field, said compass card being relatively rotatable with respect
      to said reference line in response to deviation thereof from the
      horizontal component of the earth's magnetic field, a course dial within
      said marine compass rotatable with respect to said reference line for
      presetting a desired course, a first Hall-effect device mounted on said
      course dial and in proximity to said first permanent magnet, a source of
      DC constant current connected to said first Hall-effect device for
      establishing a null plane, said first Hall-effect device providing an
      output signal proportional to the sine of any angular deviation between
      said first permanent magnet's magnetic field and said null plane, a
      control surface sensor including a second Hall-effect device, means
      maintaining said second Hall-effect device in fixed relation to the
      longitudinal axis of the vessel, a second source of DC constant current
      connected to said second Hall-effect device for establishing a second null
      plane, a second permanent magnet producing a magnetic field, means
      supporting said second permanent magnet so as to be rotatable with a
      control surface of said vessel and in proximity to said second Hall-effect
      device to produce an output signal therefrom proportional to the sine of
      any angular deviation between said second permanent magnet's magnetic
      field and said second null plane, first and second operational amplifiers
      each having an input and an output, means resistively coupling said output
      signals from said first and second Hall-effect devices to said inputs of
      said first and second operational amplifiers, respectively, said first and
      second operational amplifiers amplifying said output signals to provide
      desired course and rudder angle signals, respectively, on said outputs, a
      differential amplifier coupled to said first and second operational
      amplifiers for providing a control signal denoting a desired direction of
      control surface movement whenever the difference between said desired
      course and rudder angle signals exceeds a predetermined value, and control
      means responsive to said control signal for controlling the position of
      said control surface.
NUM  2.
PAR  2. An autopilot system as recited in claim 1, further including a
      differentiator coupled to the output of said first operational amplifier
      for providing a rate signal therefrom, and means for summing said desired
      course and rate signals for comparison with said rudder angle signal in
      said differential amplifier.
NUM  3.
PAR  3. A control system for providing remote control of a vessel, said system
      including a desired course sensor providing a desired course signal
      proportional to deviation between a desired course and a reference, a
      control surface sensor providing a rudder angle signal proportional to any
      deviation between said control surface and the longitudinal axis of said
      vessel, a variable threshold differential amplifier having said desired
      course and rudder angle signals coupled thereto and providing a control
      signal when the difference therebetween exceeds the magnitude of a signal
      supplied to a variable threshold terminal thereof, a control means
      responsive to said control signal for controlling the position of said
      control surface, and a null damper circuit connected to feed back said
      control signal to said variable threshold terminal, said null damper
      circuit comprising a source of DC voltage, variable resistance means
      coupling said source to said variable threshold terminals, a second
      variable resistance means, a resistor and first capacitor connected in
      parallel with each other and in series with said second variable
      resistance, the combination thereof coupling said control signal to said
      variable-threshold terminal, and a second capacitor connected from said
      variable-threshold terminal to one side of said DC source.
NUM  4.
PAR  4. A control system as recited in claim 3, further including a
      differentiator for obtaining a rate signal from said desired course
      signal, said differentiator comprising an operational amplifier, and a
      capacitor coupling said desired course signal to the input thereof.
NUM  5.
PAR  5. A control system as recited in claim 4, further including means
      combining said rate and desired course signals to form a command signal
      for comparison with said rudder angle signal in said differential
      amplifier, said combining means comprising first and second potentiometers
      having their ends coupled to said rate and desired course signals, and
      resistance means connecting the taps thereof.
NUM  6.
PAR  6. A control system as recited in claim 3, wherein said desired course
      sensor and said control surface sensor provide desired course and rudder
      angle signals which are proportional to the sine of any angular deviation
      between said desired course and said reference and between said control
      surface and said longitudinal axis, respectively.
NUM  7.
PAR  7. A control system as recited in claim 6, wherein said desired course
      sensor comprises a Hall-effect device.
NUM  8.
PAR  8. A control system as recited in claim 6, wherein said control surface
      sensor comprises a Hall-effect device.
NUM  9.
PAR  9. A control system as recited in claim 6, wherein said desired course
      sensor and said control surface sensor each comprises a Hall-effect
      device.
NUM  10.
PAR  10. A control system as recited in claim 6, wherein said reference
      comprises the earth's magnetic field and wherein said desired course
      sensor comprises:
PA1  a. a compass card;
PA1  b. a housing including first means supporting said compass card for
      relative rotation therewith;
PA1  c. a permanent magnet producing a magnetic field;
PA1  d. a Hall-effect device comprising an essentially planar wafer of material
      exhibiting the Hall-effect, and having first and second pairs of opposing
      edge surfaces, a pair of current terminals on said first pair of opposing
      edge surfaces and a pair of voltage terminals on said second pair of
      opposing edge surfaces, said pair of current terminals and said pair of
      voltage terminals thereby defining a null plane;
PA1  e. a course dial which is relatively rotatable with said housing, said
      Hall-effect device being affixed to said course dial;
PA1  f. a source of constant DC current coupled to said pair of current
      terminals;
PA1  g. means for coupling one of said pair of current terminals to one of said
      pair of voltage terminals to provide equal voltage drops between said one
      current terminal and each of said pair of voltage terminals when no
      magnetic field is present;
PA1  h. a linear operational amplifier of the integrated circuit type having a
      pair of first inputs consisting of an inverting and a non-inverting input,
      a pair of second inputs for supply voltage, a pair of third inputs for
      offset compensation and an output;
PA1  i. means coupling said first inputs to said pair of voltage terminals;
PA1  j. a source of a DC supply voltage having first and second terminals;
PA1  k. means coupling said first and second terminals to said second inputs;
PA1  l. a source of DC reference potential;
PA1  m. means coupling said DC reference potential to one of said first inputs;
      and
PA1  n. adjustable resistive means connecting one of said second inputs to both
      of said third inputs to allow adjustment of the potential appearing on
      said output to equal said reference potential when said null plane and
      said permanent magnet's magnetic field are aligned.
NUM  11.
PAR  11. A control system as recited in claim 10, wherein said material of said
      Hall-effect device is indium arsenide.
NUM  12.
PAR  12. A control system as recited in claim 11, wherein said source of
      constant current maintains the current through said Hull-effect device at
      approximately 150 milliamps.
NUM  13.
PAR  13. A control system as recited in claim 10, wherein said material of said
      Hall-effect device provides an electronic mobility in excess of 12,000
      cm.sup.2 /V/sec.
NUM  14.
PAR  14. A control system as recited in claim 10, wherein said pair of current
      terminals and said pair of voltage terminals are positioned on said
      Hal-effect device such that a line drawn between said pair of current
      terminals intersects a line drawn between said pair of voltage terminals
      at essentially a right angle.
NUM  15.
PAR  15. A control system as recited in claim 10, wherein said source of
      constant DC current comprises a DC voltage source having positive and
      negative terminals, resistive means coupling one of said positive and
      negative terminals to one of said pair of current terminals of said
      Hall-effect device, means connecting the other of said positive and
      negative terminals to the other of said pair of current terminals, and a
      silicon diode connected across said current terminals and in close
      proximity to said current terminals, said silicon diode being biased in
      the forward direction by said DC voltage source.
NUM  16.
PAR  16. A control system as recited in claim 10, wherein said means for
      coupling one of said pair of current terminals to one of said pair of
      voltage terminals comprises a resistor.
NUM  17.
PAR  17. A control system as recited in claim 10, wherein said DC reference
      potential has a magnitude midway between the magnitudes of the potentials
      on said first and second terminals of said source of said DC supply
      voltage.
NUM  18.
PAR  18. A control system as recited in claim 10, wherein said control surface
      sensor comprises:
PA1  a. a second Hall-effect device comprising an essentially planar wafer of
      material exhibiting the Hall-effect, and having first and second pairs of
      opposing edge surfaces, a pair of current terminals on said first pair of
      opposing edge surfaces and a pair of voltage terminals on said second pair
      of opposing edge surfaces, said pair of current terminals and said pair of
      voltage terminals thereby defining a second null plane;
PA1  b. a second permanent magnet producing a magnetic field;
PA1  c. a housing including means supporting said second Hall-effect device so
      that said second null plane is aligned with the longitudinal axis of the
      vessel;
PA1  d. said housing further including shaft means rotatably journaled therein
      for receiving said permanent magnet;
PA1  e. means coupling said control surface to said shaft means;
PA1  f. means for coupling said source of constant DC current to said pair of
      current terminals of said second Hall-effect device;
PA1  g. means for coupling one of said pair of said current terminals of said
      second Hall-effect device to one of said pair of voltage terminals thereof
      to provide equal voltage drops between said one current terminal and each
      of said pair of voltage terminals of said second Hall-effect device when
      no magnetic field is present;
PA1  h. a second linear operational amplifier of the integrated circuit type
      having a pair of first inputs consisting of an inverting and a
      non-inverting input, a pair of second inputs for supply voltage, a pair of
      third inputs for offset compensation, and an output;
PA1  i. means coupling said first inputs of said second linear operational
      amplifier to said pair of voltage terminals of said second Hall-effect
      device;
PA1  j. means coupling said second inputs of said second linear operational
      amplifier to said first and second terminals of said source of DC supply
      voltage;
PA1  k. means coupling said DC reference potential to one of said first inputs
      of said second linear operational amplifier; and
PA1  l. a second adjustable resistive means connecting one of said second inputs
      to both of said third inputs of said second linear operational amplifier
      to allow adjustment of the potential appearing on said output of said
      second linear operational amplifier to equal said reference potential when
      said second null plane and said second permanent magnet's magnetic field
      are aligned.
NUM  19.
PAR  19. A control system as recited in claim 10, further including a
      differentiator for obtaining a rate signal from said desired course
      signal, said differentiator comprising an operational amplifier, and a
      capacitor coupling said desired course signal to the input thereof.
NUM  20.
PAR  20. A control system as recited in claim 19, further including means
      combining said rate and desired course signals to form a command signal
      for comparison with said rudder angle signal in said differential
      amplifier, said combining means comprising first and second potentiometers
      having their ends coupled to said rate and desired source signals, and
      resistive means connecting the taps thereof.
NUM  21.
PAR  21. A control system as recited in claim 20, wherein said operational
      amplifier comprises a second linear operational amplifier of the
      integrated circuit type having a pair of first inputs consisting of an
      inverting and a non-inverting input, a pair of second inputs for supply
      voltage, and an output, and wherein said capacitor couples the output of
      said linear operational amplifier in said desired course sensor to one of
      said first inputs of said second linear operational amplifier, and further
      comprising
PA1  a. resistive means coupling the output of said second linear operational
      amplifier to the other of said first inputs thereof;
PA1  b. means comprising said second inputs of said second linear operational
      amplifier to said first and second terminals of said source DC supply
      voltage; and
PA1  c. means coupling said DC reference potential to one of said first inputs
      of said second linear operational amplifier.
NUM  22.
PAR  22. A marine autopilot system for automatically controlling the course of a
      vessel, said system including a marine compass having a reference line
      aligned with the longitudinal axis of the vessel, a compass card within
      said marine compass including a first permanent magnet producing a
      magnetic field, said compass card being relatively rotatable with respect
      to said reference line in response to deviation thereof from the
      horizontal component of the earth's magnetic field, a course dial within
      said marine compass rotatable with respect to said reference line for
      presetting a desired course, a first Hall-effect device mounted on said
      course dial and in proximity to said first permanent magnet, a source of
      DC constant circuit connected to said first Hall-effect device for
      establishing a null plane, said first Hall-effect device providing an
      output signal proportional to the sine of any angular deviation between
      said first permanent magnet's magnetic field and said null plane, a
      control surface sensor including a second Hall-effect device, means
      maintaining said second Hall-effect device in fixed relation to the
      longitudinal axis of the vessel, a second source DC constant current
      connected to said second Hall-effect device for establishing a second
      permanent magnet producing a magnetic field, means supporting said second
      permanent magnet so as to be rotatable with a control surface of said
      vessel and in proximity to said second Hall-effect device to produce an
      output signal therefrom proportional to the sine of any angular deviation
      between said second permanent magnet's magnetic field and said second null
      plane, first and second operational amplifiers each having an input and an
      output, means resistively coupling said output signals from said first and
      second Hall-effect devices to said inputs of said first and second
      operational amplifiers, respectively, said first and second operational
      amplifiers amplifying said output signals to provide desired course and
      rudder angle signals, respectively, on said outputs, a differential
      amplifier coupled to said first and second operational amplifiers for
      providing a control signal denoting a desired direction of control surface
      movement whenever the difference between said desired course and rudder
      angle signals exceeds a predetermined value, and control means responsive
      to said control signal for controlling the position of said control
      surface, wherein said first and second Hall-effect devices each comprise
      an essentially planar wafer of material exhibiting the Hall-effect, and
      each having first and second pairs of opposing edge surfaces, a pair of
      current terminals on said first pair of opposing edge surfaces and a pair
      of voltage terminals on said second pair of opposing edge surfaces, each
      said pair of current terminals and said pair of voltage terminals thereby
      defining said null planes, and further comprising
PA1  a. means coupling said first and said second sources of DC constant current
      to said current terminals of said first and said second Hull-effect
      devices respectively;
PA1  b. means coupling one of said pair of current terminals to one of said pair
      of voltage terminals on each of said first and second Hall-effect devices
      to provide equal voltage drops between each said one current terminal and
      each of said pair of voltage terminals when no magnetic field is present;
PA1  c. said first and second operational amplifiers each being of the linear,
      integrated circuit type and each having a pair of first inputs consisting
      of an inverting and a non-inverting input, a pair of second inputs for
      supply voltage, a pair of third inputs for offset compensation, and an
      output;
PA1  d. said means resistively coupling said output signals from said first and
      second Hall-effect devices to said inputs of said first and second
      operational amplifiers comprise means coupling said first inputs of said
      first and second linear operational amplifiers to said pairs of voltage
      terminals of said first and second Hall-effect devices, respectively;
PA1  e. a source of a DC supply voltage having first and second terminals;
PA1  f. means coupling said first and second terminals to said second inputs of
      said first and second linear operational amplifiers;
PA1  g. a source of DC reference potential;
PA1  h. means coupling said DC reference potential to one of said first inputs
      of each said first and second linear operational amplifiers; and
PA1  i. first and second adjustable resistive means each connecting one of said
      second inputs to both of said third inputs of each said first and second
      linear operational amplifiers to allow adjustment of the potential
      appearing on each said output thereof to equal said reference potential
      when said first null plane and said first permanent magnet's magnetic
      field, and when said second null plane and said second permanent magnet's
      magnetic field are aligned, respectively.
NUM  23.
PAR  23. An autopilot system as recited in claim 22, further including a
      differentiator coupled to the output of said first linear operational
      amplifier for providing a rate signal therefrom, said differentiator
      including
PA1  a. a third linear operational amplifier of the integrated circuit type
      having a pair of first inputs consisting of an inverting and a
      non-inverting input, a pair of second inputs for supply voltage, and an
      output;
PA1  b. a capacitor coupling the output of said first linear operational
      amplifier to one of said first inputs of said third linear operational
      amplifier;
PA1  c. resistive means coupling the output of said third linear operational
      amplifier to the other one of said first inputs thereof;
PA1  d. means coupling said first and second terminals of said source of DC
      supply voltage to said second inputs of said third linear operational
      amplifier;
PA1  e. means coupling said DC reference potential to one of said first inputs
      of said third linear operational amplifier; and
PA1  f. means coupled to the outputs of said first and third linear operational
      amplifiers for summing said desired course and rate signals for comparison
      with said rudder angle signal in said differential amplifier.
NUM  24.
PAR  24. A marine autopilot system for automatically controlling the course of a
      vessel, said system including a marine compass having a reference line
      aligned with the longitudinal axis of the vessel, a compass card within
      said marine compass including a permanent magnet producing a magnetic
      field, said compass card being relatively rotatable with respect to said
      reference line in response to deviation thereof from the horizontal
      component of the earth's magnetic field, a course dial within said marine
      compass rotatable with respect to said reference line for presetting a
      desired course, a Hall-effect device mounted on said course dial and in
      proximity to said permanent magnet, a source of DC constant current
      connected to said Hall-effect device for establishing a null plane, said
      Hall-effect device providing an output signal proportional to the sine of
      any angular deviation between said permanent magnet's magnetic field and
      said null plane, a control surface sensor, means maintaining said control
      surface sensor in fixed relation to the longitudinal axis of the vessel,
      said control surface sensor providing an output signal proportional to the
      sine of any angular deviation between said control surface and said
      longitudinal axis, first and second operational amplifiers each having an
      input and an output, means resistively coupling said output signals from
      said Hall-effect device and said control surface sensor to said inputs of
      said first and second operational amplifiers, respectively, said first and
      second operational amplifiers amplifying said output signals to provide
      desired course and rudder angle signals, respectively, at said outputs,
      means differentiating said desired course signal to obtain a rate signal,
      means for summing said desired course signal and said rate signal to
      obtain a command signal, a differential amplifier coupled to second
      operational amplifier and to said summing means for providing a control
      signal noting a desired direction of control surface movement whenever the
      difference between said command and rudder angle signals exceeds a
      predetermined value, and control means responsive to said control signal
      for controlling the position of said control surface.
NUM  25.
PAR  25. A marine autopilot system for automatically controlling the course of a
      vessel, said system including a marine compass having a reference line
      aligned with the longitudinal axis of the vessel, a compass card within
      said marine compass including a permanent magnet producing a magnetic
      field, said compass card being relatively rotatable with respect to said
      reference line in response to deviation thereof from the horizontal
      component of the earth's magnetic field, a course dial within said marine
      compass rotatable with respect to said reference line for presetting a
      desired course, a Hall-effect device mounted on said course dial and in
      proximity to said permanent magnet, a source of DC constant current
      connected to said Hall-effect device for establishing a null plane, said
      Hull-effect device providing an output signal proportional to the sine of
      any angular deviation between said permanent magnet's magnetic field and
      said null plane, a control surface sensor, means maintaining said control
      surface sensor in fixed relation to the longitudinal axis of the vessel,
      said control surface sensor providing an output signal proportional to the
      sine of any angular deviation between said control surface and said
      longitudinal axis, first and second operational amplifiers each having an
      input and an output, means respectively coupling said output signals from
      said Hall-effect device and said control surface sensor to said inputs of
      said first and second operational amplifiers, respectively, said first and
      second operational amplifiers amplifying said output signals to provide
      desired course and rudder angle signals, respectively, at said outputs,
      means differentiating said desired course signal to obtain a rate signal,
      means for summing said desired course signal and said rate signal to
      obtain a command signal, a differential amplifier coupled to said second
      operational amplifier and to said summing means for providing a control
      signal noting a desired direction of control surface movement whenever the
      difference between said command and rudder angle signals exceeds a
      predetermined value, and control means responsive to said control signal
      for controlling the position of said control surface, wherein said
      Hall-effect device comprises an essentially planar wafer of material
      exhibiting the Hall-effect, and having first and second pairs of opposing
      edge surfaces, a pair of current terminals on said first pair of opposing
      edge surfaces and a pair of voltage terminals on said second pair of
      opposing edge surfaces, said pair of current terminals and said pair of
      voltage terminals thereby defining said null plane, and further
      comprising:
PA1  a. means coupling said source DC constant current to said current
      terminals;
PA1  b. means coupling one of said pair of current terminals to one of said pair
      of voltage terminals to provide equal voltage drops between said one
      current and each of said pair of voltage terminals when no magnetic field
      is present;
PA1  c. said first and second operational amplifiers each being of the linear,
      integrated circuit type and each having a pair of first inputs consisting
      of an inverting and a non-inverting input, a pair of second inputs for
      supply voltage, a pair of third inputs for offset compensations, and an
      output;
PA1  d. wherein said means resistively coupling said output signals from said
      Hall-effect device and said control surface sensor to said inputs of said
      first and second operational amplifiers comprise means resistively
      coupling said first inputs of said first and second linear operational
      amplifiers to said pair of voltage terminals of said Hall-effect device
      and to said control surface sensor, respectively;
PA1  e. a source of a DC supply voltage having first and second terminals;
PA1  f. means coupling said first and second terminals to said second inputs of
      said first and second linear operational amplifiers;
PA1  g. a source of DC reference potential;
PA1  h. means coupling said DC refernce potential to one of said first inputs of
      each said first and second linear operational amplifiers; and,
PA1  i. first and second adjustable resistive means each connecting one of said
      second inputs to both of said third inputs of each of said first and
      second linear operational amplifiers to allow adjustment of the potential
      appearing on each said output thereof to equal said reference potential
      when said null plane and said permanent magnet's magnetic field are
      aligned.
NUM  26.
PAR  26. A marine autopilot system as recited in claim 25, wherein said
      differentiating means comprises:
PA1  a. a third linear operational amplifier of the integrated circuit type
      having a pair of first inputs consisting of an inverting and a
      non-inverting input, a pair of second inputs for supply voltage, and an
      output;
PA1  b. a capacitor the output of said first linear operational amplifier to one
      of said first inputs of said third linear operational amplifier;
PA1  c. resistive means coupling the output of said third linear operational
      amplifier to the other one of said first inputs thereof;
PA1  d. means coupling said first and second terminals of said source of DC
      supply voltage to said second inputs of said third linear operational
      amplifier; and
PA1  e. means coupling said DC reference potential to one of said first inputs
      of said third linear operational amplifier.
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ABST
PAL  A device for cleaning immersed surfaces comprising a supporting structure
      rrying rotary circular brushes for cleaning the surface and wheels for
      moving the device on the surface. When rotated the brushes produce a force
      of attraction towards the surface. Transmission means, for example,
      calibrated springs, transmit to the wheel a predetermined part of the
      force of attraction so that the force with which the brushes are pressed
      against the surface is diminished and the adhesion of the wheels to the
      surface is ensured.
BSUM
PAR  The present invention concerns a device for cleaning ship's hulls and other
      immersed surfaces.
PAR  This device is designed in particular for cleaning the hulls of tankers the
      surfaces of which are mainly plane or have a very slight curvature, and
      are of large areas.
PAR  Devices are known for cleaning an immersed surface comprising a supporting
      structure on which are mounted rotary circular brushes for cleaning the
      surface and wheels enabling the device to be moved on the surface.
PAR  In these devices, the thrust necessary for ensuring adhesion of the wheels
      against the surface is supplied by one or more propellers or by a turbine.
PAR  The present invention uses the force of attraction created by the powerful
      suction of the circular brushes for ensuring the adhesion of the wheels
      against the surface being cleaned.
PAR  According to the present invention there is provided a device for cleaning
      an immersed surface, comprising a supporting structure carrying brushes
      for cleaning the surface and wheels for moving the device on the surface
      the brushes being adapted to produce a force of attraction towards the
      surface in use when rotated, and transmission means on the structure
      which, when the device is in use, transmit to the wheels a predetermined
      part of the force of attraction so that the force with which the brushes
      are pressed against the surface is diminished to obviate flattening of the
      bristles against the surface and whereby adhesion of the wheels to the
      surface is ensured.
PAR  Preferably the brushes have tufts of bristles arranged so as to form curved
      passages widening towards the outside, between rows of tufts so as to
      facilitate the channelling of fine streams of water from the centre to the
      outside as the brushes rotate.
PAR  The transmission means may be advantageously formed of calibrated springs,
      the amount of the compression of the springs determining the thrust of the
      wheels. It is recommended that a zone free from bristles should be left at
      the centre of the brushes to form a cavitation zone in which a powerful
      suction is produced.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a view from below of a first brushing device according to the
      present invention;
PAR  FIGS. 2 and 3 are side views in part section of the brushing device of FIG.
      1, respectively before setting the brushes in operation and during the
      rotation of the brushes;
PAR  FIg. 4 is a view from below of a second brushing device according to the
      invention;
PAR  FIGS. 5 and 6 are side views with partial section of the brushing device of
      FIG. 4, respectively before setting the brushes in operation and during
      the rotation of the brushes;
PAR  FIG. 7 is a diagrammatic view of the means for feeding and discharging the
      hydraulic fluid for driving the brushes; and
PAR  FIg. 8 is a view from below of one of the brushes, showing the distribution
      of the bristles of the brush.
DETD
PAR  The device comprises a plate 1 carrying three circular brushes 5, 6 and 7
      and three wheels 2, 3 and 4, two of which are free and one is a driving
      and steering wheel.
PAR  The wheels and brushes are arranged at the apexes of a hexagon so as to
      obtain stability and an even distribution of pressure.
PAR  Each brush is driven by a separate hydraulic motor which forms part of the
      device. These motors are indicated by the reference numerals 8, 9 and 10
      in the drawings.
PAR  The three brushes are driven at the same speed and each brush rotates in a
      particular sense according to the direction of inclination of the channels
      formed between rows of bristles, as is shown in FIG. 8.
PAR  The brushes are mounted so that when the brushes are not rotating and when
      the wheels rest on a plane wall, such as the wall 11 which bears the
      surface to be cleaned (see FIGS. 2 and 5), they are spaced from the wall
      by a distance of 20 to 40 mm.
PAR  In the embodiment of FIGS. 1 to 3, the brushes are fixed to sleeves, such
      as the sleeve 12 of the brush 5, which are mounted for translational
      movement with respect to the structure 1. The sleeves slide on the
      brush-driving shafts, such as the shaft 13 of brush 5, which are coupled
      to the motors. The brush-driving shafts and the sleeves are splined
      together to transmit the torque of the motors to the brushes. When the
      brushes are rotated, the suction created between the brushes and the
      surface to be cleaned creates a force of attraction towards the surface
      which is exerted on the brushes causing them to move towards the surface.
      In moving towards the surface, the brushes compress calibrated springs
      such as the spring 14 for brush 5 which transmit part of the force of
      attraction to the wheels. The calibration of the springs is such as to
      avoid crushing of the bristles and to ensure a suitable pressure of the
      wheels on the surface to be brushed (FIG. 3).
PAR  In the embodiment of FIGS. 4 to 6, the brushes are fixed so that they
      cannot slide relative to the structure, but the structure can slide
      relative to the wheels. The shaft of each of the wheels is in fact secured
      to a rod such as the rod 15 of the wheel 2 which may slide relative to the
      structure 1 while compressing a calibrated spring 16. This being so, when
      the brushes rotate, a fraction of their force of attraction is transmitted
      to the wheels, this fraction corresponding to the amount of the
      compression of springs 16, such that the result is the same as that
      obtained in the case of the device of FIGS. 1 to 3.
PAR  The hydraulic motors 8 to 10 which drive the brushes are carried by the
      structure and supplied with oil or other hydraulic fluid by a flexible
      pipe 19 (high pressure) (FIG. 7) housed in another flexible pipe 18 (low
      pressure) for the circulation of the oil after passing through the motor
      for its return to the source of oil and its recycling. The diameter of the
      pipe 18 is calculated while taking into account the density of the oil, to
      ensure buoyancy of the set of pipes, so that the weight of this set of
      pipes does not interfere with the moving of the device in the water.
      Connections at each end of the set of the two pipes enable the latter to
      be connected to the source of oil 28 on the one hand and to the motors 8,
      9, 10 and 27 on the other hand. Since it is the external pipe which serves
      for returning the oil to the source of supply, the arrangement has the
      additional advantage of cooling of the returning oil by the seawater from
      which it is separated by only the wall thickness of pipe 18.
PAR  FIG. 8 shows the distribution of the tufts of bristles of a brush which is
      considered to give the most satisfactory results. The particular feature
      of this distribution is that the tufts 29 lie on portions of spirals 22
      opening towards the exterior of the brush and the function of which is to
      form between them curved flow channels 30 flared towards the exterior.
      These channels, during rotation of the brush in the direction of the arrow
      23, guide fine streams of water from the centre of the brush to the
      exterior, so that the centre of the brush which is free from bristles
      forms cavitation zones in which a powerful suction is produced.
PAR  In this example, the tufts of the brush, represented diagrammatically by
      the circles 29, are each formed by 22 lengths of steel wire 0.6 mm in
      diameter or by 30 lengths of nylon thread 1 mm in diameter, the length of
      the wires or threads being from 40 to 50 mm.
PAR  Starting from the centre of the brush, there is a first series of four
      circles 25, each comprising the same number of evenly distributed tufts,
      for example, 36, then a second series of four circles 26 each comprising
      also the same number of tufts, this number being greater than that of the
      first series of circles and being for example double that number.
PAR  It will be seen in FIG. 8 that the tufts of bristles of a brush are
      distributed both on concentric circles 25 and 26 and on two sets of
      non-secant curves, the curves 31 of the first set starting from the
      innermost circle, passing to the outermost circle and each comprising a
      tuft on each circle, and the curves 32 of the second set starting from an
      intermediate circle between the innermost circle and the outermost circle,
      going to the outermost circle and being interposed between the curves 31.
PAR  The brush diameter is for example 400 mm with an empty space at the centre
      of 120 mm.
PAR  The disc carrying the bristles may be a disc of wood, plastics or hard
      rubber.
PAR  Preferably, the brushes are caused to rotate at a speed between 700 and
      1200 rev/min. In the case of the brush shown, there is obtained with a
      rotary speed of 800 rev/min a force of attraction of each brush of 220 kg,
      i.e. a total force of attraction of 660 kg which is transmitted partly to
      the brushes for ensuring efficient cleaning and partly to the wheels for
      enabling them to ensure the propulsion and displacement of the device.
PAR  The driving wheel 4 is driven by a hydraulic motor 27 fed like the
      brush-driving motors.
PAR  To facilitate manipulation of the device by a diver, provision is made to
      fix a float to the centre of the device to give the device a slight
      positive buoyancy. The float may be of expanded polyurethane.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for cleaning an immersed surface, comprising:
PA1  a supporting structure carrying wheels for moving the structure on said
      surface and carrying driving means for driving rotary brushes, and
PA1  a plurality of rotary circular brushes driven by said driving means, each
      brush being fixed to a sliding axial member which bears on the structure
      through a calibrated spring, said spring being compressed by the sliding
      of the said axial member in response to the rotation of said brush, each
      of said rotaty circular brushes having bristles for cleaning the surface
      and a central space which is free of bristles, the bristles of each brush
      being arranged in tufts which are distributed between said central space
      and the periphery of the brush in rows so as to define flow channels which
      are flared towards the periphery of the brush, said flow channels
      conducting streams of water from the central space to the periphery of
      said brush.
NUM  2.
PAR  2. the device of claim 1 wherein said tufts are arranged on concentric
      circles, the tufts on each circle being evenly distributed.
NUM  3.
PAR  3. The device of claim 2 wherein all circles have the same number of tufts.
NUM  4.
PAR  4. The device of claim 2 wherein there are two series of concentric
      circles, all the circles of each series having the same number of tufts,
      circles of different series having different numbers of tufts.
NUM  5.
PAR  5. The device of claim 4 wherein starting from the central space, the brush
      comprises four successive circles each of 36 tufts of bristles, followed
      by four successive circles each of 72 tufts of bristles.
NUM  6.
PAR  6. The device of claim 1 wherein said tufts are located at the intersection
      of concentric circles with two sets of non-secant curves, the curves of
      the first set extending from the innermost circle to the outermost circle,
      the curves of the second set being disposed between the curves of the
      first set and extending from a circle intermediate the innermost and
      outermost circles to the outermost circle.
NUM  7.
PAR  7. The device of claim 1 wherein said driving means for said brushes
      comprises hydraulic motors carried by said supporting structure, and
      further including a common oil feed pipe for feeding said motors and a
      common oil return pipe, said oil feed pipe being contained with said oil
      return pipe, and the diameter of the oil return pipe being such that when
      filled with oil the pipes are buoyant.
NUM  8.
PAR  8. The device of claim 1, wherein said axial member comprises a sleeve
      which slides on a shaft which is rotatively fixed to said supporting
      structure and which is driven by said driving means.
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PAL  An inboard rudder capable of being removed and mounted through a hollow
      trunk within the hull of the boat and so arranged that the rudder post is
      pivotally mounted and held in place against one side of the trunk by means
      of a filler member which is inserted into the trunk after the rudder has
      been lowered into position.
PARN
PAR  This application is a continuation of my copending application, Ser. No.
      420,383 filed Nov. 30, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to steering devices for boats, and it relates
      more particularly to inboard rudders which are mounted so that they can be
      readily removed when the boat is in shallow water or beached.
PAR  Many small craft, especially sailboats are provided with rudders which are
      easily removable so that they can be lifted out of the water when the boat
      is in shallow water. However, such removable rudders are usually mounted
      outboard of the hull on the stern post or transom of the boat. Inboard
      rudders, that is, those in which the rudder post extends through the
      bottom of the boat instead of being mounted outside it are generally
      permanently mounted in the hull. In sailboats with fixed keels, a
      permanent rudder is no problem, because the keel determines the draft of
      the boat, and the rudder is almost never deeper than the keel.
PAR  But in boats with no keel or with centerboards or daggerboards, which can
      be raised into the boat, outboard rudders have been used so that the
      rudder can also be raised or removed. From a marine-design standpoint the
      disadvantage of an outboard rudder is that the boat steers on its own
      length as a turning radius instead of within its own length as in the case
      of a boat with an inboard rudder. Consequently, a boat having an inboard
      rudder has a shorter turning radius than one the same length having an
      outboard rudder. Inboard rudders, therefore, provide better
      maneuverability than outboard rudders. This, of course, is important for
      racing purposes especially.
PAR  It is an object of the present invention to provide a boat with an inboard
      rudder which can be raised, removed and replaced as readily as one that is
      mounted outboard.
PAC  SUMMARY OF THE INVENTION
PAR  Basically, the invention resides in providing a hollow trunk through the
      hull of the boat, that is open at the bottom of the boat, as well as at
      its upper end, so that the rudder assembly can be lowered, rudder first,
      through the trunk until the rudder is below the hull with the rudder post
      extending upward through and adjacent one side of the trunk where it is
      held in place by a removable filler member shaped to fill the remaining
      space within the trunk. A seat for the rudder post is formed in one side
      of the trunk for partially supporting the rudder post with the filler
      member holding the post against this seat. The opening at the bottom of
      the trunk must of course be large enough to allow the rudder to pass
      completely through it. However, in order to prevent the rudder assembly
      from dropping completely through, the rudder post is provided with some
      means for locating it vertically. Such means may be, for example, a collar
      or flange at the upper end of the post which is larger across than the
      opening in the trunk.
PAR  The filler member is likewise provided with means for preventing it from
      dropping through the opening in the trunk. The best way to do this is to
      make the opening at the bottom of the trunk smaller than at the top so
      that the endwalls of the trunk converge toward the bottom. The filler
      member, or in this instance wedge member, is similarly shaped so that its
      wide end does not fit through the slot in the hollow trunk. An advantage
      of using a wedge member of this kind is that the wedge forces the rudder
      post against the seat in the trunk, thereby positively holding the rudder
      post in place.
PAR  However, if the space within the trunk is uniform in length as well as in
      thickness, the filler member must of course be provided with some kind of
      stop, such as a plate on its upper edge which is wider than the thickness
      of the slot in the trunk in order to prevent the filler member from
      dropping through.
PAR  In a particularly desirable embodiment of the invention, one-half of the
      bearing in which the rudder pivots is formed directly in the seat portion
      of the trunk and the other half in a wedge member. For example, the seat
      for the rudder post may comprise a semi-cylindrical groove extending from
      the top to the bottom of the trunk and having a radius corresponding to
      that of the rudder post. The wedge member is likewise provided with a
      semi-cylindrical groove of the same radius along the surface which engages
      the other side of the rudder post, holding it in place and thereby
      providing bearing surfaces within which the post can freely turn.
DRWD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A particularly desirable design for a removable inboard rudder embodying
      the invention is illustrated in the accompanying drawings, wherein
PAR  FIG. 1 is a view in vertical section along the centerline of the stern
      portion of a boat showing the rudder in place, the portion of the boat
      from the after part of the cockpit forward being omitted;
PAR  FIG. 2 is a plan view of the same portion of the boat with part of the
      after deck broken away with the rudder and filler member removed;
PAR  FIG. 3 is a side elevational view on a larger scale of the rudder assembly;
PAR  FIG. 4 is a side elevational view of the filler or wedge member shown on
      the same scale as FIG. 3;
PAR  FIG. 5 is a still further enlarged detail view of the upper end of the
      rudder post and part of the tiller, as well as a portion of the boat;
PAR  FIG. 6 is an enlarged cross-sectional view through the trunk, rudder post
      and wedge member, taken on the line 6--6 of FIG. 1, with the front portion
      of the trunk and wedge member broken away;
PAR  FIG.. 7 is a view similar to FIG. 6 but taken on the line 7--7 of FIG. 2
      and showing a portion of the rudder; and
PAR  FIG. 8 is an enlarged detail view of the upper rear edge of the wedge
      member, the front portion of which is broken away.
DETD
PAR  As illustrated in FIGS. 1 and 2, the reference numeral 10 designates the
      hull of the boat, desirably a small, planing type sailboat, designed for
      shallow water sailing and beaching. In this instance the boat is provided
      with an after deck 12 which extends forward from the transom to, and on
      both sides of, a cockpit 14. Extending rearward along the centerline of
      the boat from the after bulkhead 16 of the cockpit is a rudder trunk or
      hollow housing 18 which forms a narrow slot that is open both upward
      through deck 12 and downward through the keel 20 at the bottom of the
      boat, like the trunk for a centerboard or daggerboard. Trunk 18 consists
      of spaced parallel side panels joined at one end by the bulkhead 16 which
      is substantially vertical and at the other end by a strut 22. As viewed in
      elevation (FIG. 1), strut 22 is shaped like a right triangle with the
      hypotenuse forming the rear end-wall 24 of the slot in trunk 18, and with
      its rear side disposed substantially perpendicular to keel 20 and parallel
      to bulkhead 16. The vertical slot through trunk 18 accordingly forms a
      trapezoid, as viewed in elevation, with the shorter of its two parallel
      sides located at the bottom where it passes through the keel 20.
PAR  A rudder assembly, shown on a larger scale in FIG. 3, consists of the
      rudder 26 rigidly fastened along one of its forward edges to the lower end
      of a tubular rudder post 28. A conventional tiller 30 is connected in any
      suitable manner to the upper end of rudder post 28 by which to manipulate
      the rudder and is desirably hinged so that its free end can swing up and
      down in order to provide the helmsman with greater freedom to move about.
      Rudder post 28 is held by a filler or wedge member 32 against the inclined
      edge 24 of strut 22 with the rudder 26 projecting below the bottom of the
      boat. In this instance wedge member 32 is inserted into the slot in front
      of the rudder post so that it completely fills the space within trunk 18
      and forces post 28 against a semi-cylindrical groove 34 (FIG. 6) in the
      edge 24 of strut 22, forming the seat for the rudder post. The narrower
      portion of the bottom of the slot in trunk 18 must be longer than the
      greatest dimension of rudder 26 so that the rudder can pass completely
      through. For the same reason, the width of the slot in trunk 18 must also
      be wider than the thickest part of rudder 26 or its post 28.
PAR  As shown in FIG. 4, wedge member 32 has upper, front, bottom and rear edges
      36, 38, 40 and 42, respectively, which form a trapezium corresponding with
      the trapezoidal slot within the rudder trunk 18. Thus, when wedge member
      32 is fully inserted within trunk 18, its upper edge 36 is disposed flush
      with the deck 12 of the boat while the front edge 38, which is disposed
      substantially perpendicular to the top edge 36, rests flush against the
      back of the bulkhead 16 and terminates at the bottom of the boat. The
      bottom edge 40 of wedge member 32 desirably rakes rearwardly below keel 20
      to the base of rudder post 28 and is co-extensive with the lower, front
      edge 44 of rudder 26, which is desirably shaped to extend below the lower
      end of the post 28. The rear edge 42 of wedge member 32 extends upward
      along rudder post 28 to the top of the trunk 18 and is semi-cylindrically
      grooved, as shown in FIG. 8, so that it embraces the front side of the
      rudder post, completing the cylindrical bearing therefor. Since the radius
      of both the seat 34 in trunk 18 and the rear edge 42 of the wedge matches
      that of the rudder post, rudder post 28 is held firmly in place between
      the seat 34 on trunk 18 and bearing surface 42 on the wedge member 32 so
      that it can pivot freely about its longitudinal axis.
PAR  In order to position the rudder post 28 lengthwise so that it cannot drop
      below the position shown in FIG. 1, a collar 46 of suitable material, such
      as oillite bronze or nylon, is fixed near the upper end of the post 28,
      thereby providing a bearing surface on its underside for engagement with a
      mating Teflon bushing 48 mounted in the upper edge of the trunk 18 or in
      the deck 12. Bushing 48 is horseshoe shaped in order to receive the rudder
      post as it is inserted laterally into position against the bearing surface
      or seat 34. The upper rear corner of wedge member 32 should be notched at
      50, as shown in FIGS. 4 and 8, so that as it is inserted into position
      within trunk 18, it can clear the collar 46 on the rudder post. The upper
      edge 36 of the wedge member is also provided with a handle 52, by which
      the wedge is lifted out of trunk 18, when it is desired to raise the
      rudder.
PAR  It will be readily apparent from the foregoing description that in order to
      mount the rudder, the rudder assembly is inserted into the slot in trunk
      18 and pushed down and then to the rear until the collar 46 engages the
      deck 12 and slides into position with the bushing 48 at the rear end of
      trunk 18 as shown in FIGS. 1 and 5. The wedge member 32 is then inserted
      into the trunk until its upper edge 36 is flush with deck 12, thereby
      completely filling the balance of the space within trunk 18 and holding
      rudder post 28 in its proper position between the bearing surfaces 34 and
      42. If there is any tendency for the rudder to float upward within trunk
      18 before the wedge 32 is lowered into place, the upper end of the rudder
      post is simply held down against the rear end of the slot in the trunk
      with the collar 46 engaging the bushing 48 and the wedge pressed down into
      the trunk so that its rear edge 42 comes in contact with the lower end of
      the rudder post and moves it into seating engagement with the seat 34 in
      the trunk. While the wedging action and weight of the wedge member against
      the rudder post should be sufficient to keep the rudder in place at all
      times, it may be desirable for safety sake to provide a suitable fastener
      54 for locking the top edge of the wedge in position at deck level. Such a
      fastener may consist of a sliding or pivoted plate or bolt, for example.
PAR  The design of the rudder 26 illustrated is one that generally is used in
      connection with a skeg, which is a sloping part of the hull that projects
      downward from the keel and blends with the lower front edge of the rudder.
      In fixed inboard rudders, the lower end of the rudder is hinged to the
      skeg. The lower portion of the wedge member 32 that projects below the
      bottom of the hull in the present design forms the skeg in rudders of this
      design, but of course the lower end of the rudder 26 is not hinged to the
      skeg portion of the wedge member 32. It will be apparent, however, that
      the provision of a skeg portion on the wedge is not essential insofar as
      the invention is concerned. Thus, if desired, the wedge member 32 could be
      trapezoidal in shape with its bottom edge coinciding with the keel 20,
      thereby omitting the skeg portion which extends below the hull.
      Furthermore, the wedging action of the filler member may be omitted, in
      which case both the filler member and the space into which it fits within
      the rudder trunk are rectangular.
PAR  In still other arrangements embodying the invention, it may be desirable to
      place the rudder immediately in back of the daggerboard. In such case the
      trunk for the daggerboard must be wide enough for the rudder and post to
      be inserted through it when the daggerboard is removed and the after end
      of the well within the trunk must accommodate the rudder post as in the
      case where the separate trunk 18 is provided for the rudder. The
      daggerboard then becomes the filler member and holds the rudder post in
      place in the same way that the wedge member 32 holds the rudder in place
      in the trunk 18.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A removable inboard-rudder steering device for a boat comprising
PA1  a trunk or housing mounted in the hull of the boat for providing access
      through the bottom of the boat, said trunk having a hollow space that is
      open at both the top and bottom,
PA1  a rudder assembly comprising a rudder post and a rudder rigidly fixed to
      the lower end of said post;
PA1  said trunk space being large enough to allow said rudder to be lowered
      through it,
PA1  said trunk having a seat portion opening inwardly of said trunk space such
      that said rudder post is displaceable laterally into and out of engagement
      therewith,
PA1  a filler member corresponding in shape and size with said trunk space for
      substantially filling the entire trunk space on being inserted into the
      upper end thereof after said rudder is inserted through said trunk with
      said rudder post disposed adjacent said seat portion, said filler member
      having a bearing portion engageable with the side of said rudder post
      opposite said seat portion, such that when said filler member is located
      within said trunk said rudder post is held by said filler member against
      said seat portion for pivotal movement within said trunk, and
PA1  means for locating said rudder post vertically with respect to said trunk.
NUM  2.
PAR  2. A device as defined in claim 1, wherein said trunk is constructed so
      that the space within it is longitudinally narrower at the bottom than at
      the top and said filler member comprises a wedge of corresponding
      configuration, whereby said filler member urges said rudder post into
      engagement with said seat portion.
NUM  3.
PAR  3. A device as defined in claim 2, wherein said rudder post is cylindrical
      and said seat portion comprises a semi-cylindrical surface corresponding
      to that of said rudder post and forming a bearing surface in said trunk
      for said rudder post, the adjacent side of said wedge having a matching
      semi-cylindrical surface for engagement with the opposite side of said
      rudder post and forming another bearing surface therefor.
NUM  4.
PAR  4. A device as defined in claim 3, wherein said trunk is located on the
      centerline of the boat and said opening is elongated in the direction
      thereof, the width of said opening measured perpendicular to said
      centerline being not substantially greater than the width of said rudder
      and rudder post.
NUM  5.
PAR  5. A device as defined in claim 4, wherein said means for positioning the
      rudder post vertically comprises a collar fixed to the upper end of said
      rudder post against movement longitudinally thereof, the lateral dimension
      of said collar being greater than the diameter of said bearing surfaces.
NUM  6.
PAR  6. A device as defined in claim 5, which includes a horse-shoe shaped
      bushing permanently mounted in said trunk adjacent said seat portion and
      another horse-shoe shaped bushing permanently mounted adjacent an upper
      end of said wedge bearing surface against which the under side of said
      collar bears when said rudder assembly is properly positioned.
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ABST
PAL  An automatic emergency bilge water pumpout system. The system comprises a
      through-hull water intake pipe for a boat engine's cooling water pump and
      a valve for closing the intake of water through the through-hull intake
      pipe. Another emergency pipe for aspirating water from the interior of a
      boat bilge communicates with a part in the valve. Float for automatically
      closing off the flow of water through the through-hull intake pipe and
      simultaneously opening the valve's part to the other emergency pipe, for
      pumping out the boat's bilge when water reaches a dangerous level are
      provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to marine pumpout systems in general and in
      particular to an automatic emergency bilge water pumpout system using the
      boat engine cooling system's water pump.
PAR  In the operation of a boat on sea, river or lake, a certain amount of water
      may accumulate in the boat's bilge. This water is usually pumped out by an
      electrically operated bilge pump. The bilge pump which is normally used to
      discard excess water accumulating in the bilge, cannot keep up with large
      demands. Besides the fact that it would be costly to install one which
      would be able to handle an emergency situation, it also uses a large
      amount of power which would run down the battery when used for any
      extended amount of time. In most cases the bilge pump is located in the
      bow of the boat, since it is usually the lowest level of the boat and
      therefore water tends to settle there. When an emergency arises, the very
      first thing which comes to mind is to make it back to shore. With a bilge
      pump this cannot be done very quickly. Upon acceleration the water flows
      to the rear of the boat and does not allow the bilge pump to operate. If
      one is in an emergency situation and cannot get back to shore quickly, the
      boat is in danger of sinking, since the bilge pump will not handle high
      demands. The amount of time it will take to get back will be too great. It
      will allow too much water to enter the boat and promote a serious
      condition. If speeded up, the pump will not operate. Thus one can either
      go fast and have the water rush to the back and sink the boat since the
      pump only pumps from the front, or go slow to allow the pump to work. The
      water will come in faster than the water going out and one is not going
      fast enough to get back before the boat is submerged. The operation of the
      pump might run the battery down and cause the motor to stall.
PAR  With the present invention the emergency system goes into operation. The
      motor either a V-8 or 6 cylinder uses far more water to cool it than the
      average heavy duty bilge pump. The motor which is cooled by its water pump
      will draw the water into the system and pass it overboard. This is a far
      superior system because one can maintain your course and keep afloat. The
      emergency pickup is located at the rear of the boat. Thus, when under way,
      the pickup would use the water surrounding it to cool the motor. Since the
      water pump depends on motor operation, the faster the motor goes the more
      water it pumps, so one may get home quickly and pump water in ratio of the
      motor speed. Even if a boat is equipped with two bilge pumps, only one is
      at the rear, so if an emergency arises only one is in operation and still
      can not handle an emergency. The inventive system uses no power to
      operate, does not affect the performance of the motor, nor does it affect
      the efficiency or economy of the motor to which it is connected. The
      changeover from the normal system to the safety system is prompt.
PAR  It is accordingly an object of the invention to provide a bilge water
      pumpout system using the boat engine's water pump to dispose of excess
      water which has reached a dangerous level in the bilge.
PAR  A further object of the invention is to provide a system of the above
      character which is automatic in operation.
PAR  A further object of the invention is to provide signaling means for
      alerting the boat's pilot to the dangerous condition of water in the
      boat's bilge.
PAR  Yet another object of the invention is to provide a system of the above
      kind, which is simple in construction, dependable in operation and can be
      manufactured at the reasonable cost.
PAR  These and other objects of the invention will become apparent from the
      following description in connection with the appended drawing illustrating
      a preferred embodiment of the invention. It is to be understood, however,
      that these are given by way of illustration and not of limitation and that
      changes may be made in the detail construction, form and size of the
      parts, without affecting the scope of the invention sought to be
      protected.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a view of the boat showing the alarm instruments of the device
      and part of the boat engine;
PAR  FIG. 2 is a general view of the engine and the safety system employed
      therewith;
PAR  FIg. 3 shows the device, partly in section;
PAR  FIG. 4 is an enlarged detail of the switch mechanism.
DETD
PAR  Referring now to the drawing in detail, the boat 6 is provided with an
      internal combustion engine 8 having a through-hull water inlet pipe 10
      leading to the engine's water pump 13 for cooling the engine. A valve 12
      is built into the inlet pipe 10 intermediate the engine's pump and the
      open inlet end 14, of the pipe 10. The valve comprises a cylindrical
      housing 16 having passages 18, 20 and 22. Slidably mounted in the housing
      16 is a piston 24 which is secured to one end portion of a rod 26, a
      sleeve 28 being adjustably secured to another end portion of the rod.
      Attached to the sleeve 28 is a float 31 which is adjustable along rod 26,
      by securing a movable clamp 32 to sleeve 28. The clamp connects the arm 44
      to the sleeve. Pipe 30 communicates with one end with the opening 22 of
      the valve, which the other, free, end of pipe 30, is spaced from the inner
      face of the boat hull's bottom 35 and is provided with a filter 34, for
      filtering bilge water when it is drawn from the boat's bilge through pipe
      30, as will be further described.
PAR  Secured to the lower part of housing 12 is a solenoid 39. Mounted at the
      bottom end of the solenoid is a non-conductive plate 38, provided with
      limit stops 43,43'. To plate 38 is secured a copper bracket 40. The
      bracket is connected to one terminal of the solenoid 39 while the other
      solenoid terminal is connected by wire 41 to the positive end of the
      boat's power source. A wire 42 secured to clamp 32 connects the clamp with
      the negative terminal of the boat's power source.
PAR  Pivoted on the clamp 32 is a contact arm 44. When the float 31 is in the
      position shown in solid lines in FIG. 3, the arm 44 rests on
      non-conductive stop 43 and does not contact the copper bracket 40 and
      current does not flow through solenoid 39. Should the float 31 be lifted
      by water rising in the bilge to a predetermined danger level, the contact
      arm 44 will arrive into position (not shown) and contact copper bracket
      40, thus closing the solenoid circuit and energizing the solenoid 39. The
      cylinder 24 will move upward, closing the passages 18, 20, while
      simultaneously opening the passage 22. The light 52 and audio alarm 54
      will alert the pilot to the dangerous water level in the bilge. At the
      same time water in the bilge will be rapidly pumped out of the bilge and
      overboard, by the boat engine's pump 13 through intake pipe 30. The
      cylinder 24 will continue to close the passages 18 and 20 until the water
      in the bilge reaches a safe level. While the bilge water is being pumped
      out, arm 44 will remain in contact with bracket 40, the solenoid holding
      the rod portion 26 and thus valve cylinder 24 in the upper, dotted line,
      position. The damaged boat will thus be able to reach the shore for
      assistance or to be beached until repairs can be made.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a boat hull, an emergency pumping system comprising, in combination
      with the boat engine's water pump, a through-hull water intake pipe having
      an open end submerged in water below the boat's hull and another end
      connected with said water pump, valve means disposed intermediate said
      through-hull pipe's ends, said valve means having a first inlet port for
      said through-hull intake pipe, an outlet port communicating with said
      pump, a second inlet port, an emergency water intake pipe having a free
      end positioned inwardly of said hull and another end connected with said
      second port, a float for operating said valve for closing said first port,
      while opening said second port, said float being operable when water
      reaches a dangerous level in the boat.
NUM  2.
PAR  2. The combination as claimed in claim 1, wherein said valve means
      comprises a cylindrical housing, a piston displaceable in said housing for
      opening and closing said ports, a piston rod secured to said piston with
      its upper end to said piston, said float having a sleeve slidably
      adjustable on the piston rod's lower end, a clamp having a set screw for
      securing said sleeve on said piston rod.
NUM  3.
PAR  3. The combination as claimed in claim 2, further comprising a solenoid
      mounted below said housing, said piston rod being displaceable in said
      solenoid, switch means for energizing said solenoid, operable by said
      float, said switch means being in a series circuit with a power source and
      the solenoid.
NUM  4.
PAR  4. The combination as claimed in claim 3, wherein said switch means
      comprises an insulated member attached below said solenoid, a copper
      contact plate secured to said insulated member, said copper contact plate
      being electrically connected to one terminal of said power source, a
      contact arm pivoted to said clamp, said contact arm being adapted to
      engage with said copper contact plate upon upward movement of said float
      and said clamp being electrically connected to another terminal of said
      power source.
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ABST
PAL  A multiple anchor marine mooring system wherein a plurality of anchors
      capable of stably gliding through water at a fixed depression once a
      minimum glide velocity is attained are secured to a carrier in a compact
      cluster. The cluster is configured so that gravity alone will accelerate
      it in water to glide velocity, whereupon the anchors are automatically
      released for self-emplacement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to marine mooring systems, and more
      specifically to multiple anchor systems wherein the anchors are
      self-emplacing. It has particular applicability to buoy systems wherein
      rapid and simple installation and maintenance of stable buoy position are
      required.
PAR  There are a significant and increasing number of requirements for easily
      deployable mooring systems for buoyant marine objects. It is frequently a
      further requirement that such mooring systems be capable of maintaining
      tight positional control of the buoyant objects under relatively severe
      environmental conditions, including adverse conditions of wind, waves and
      tidal currents. Examples of applications requiring such mooring systems
      include positional markers for marine navigation, fire fighting, diving
      operations, and identification of underwater points of interest; mooring
      apparatus for marine surveillance devices and instruments for obtaining
      hydrographic data and information on marine life; and anchoring devices
      for surface and subsurface pipe lines, storage tanks and marine vessels
      supporting underwater operations.
PAR  A large variety of methods and apparatus have been and/or are now employed
      for maintaining the positions of buoyant marine objects. One of the
      simplest systems involves tethering the buoyant object to a single
      underwater dead weight anchor by means of a chain or cable. Best
      positional control in such a system is achieved by maintaining the cable
      under substantial tension. This requires a massive anchor and a highly
      buoyant object. Thus, the system tends to be large and heavy for the
      function it performs, and is frequently not suitable for deployment from
      an aircraft or small vessel. In addition, even where substantial cable
      tension is maintained, positional control over the buoyant object is not
      particularly tight.
PAR  Much tighter positional control can be maintained by means of a mooring
      system which employs multiple spaced anchors. However, such systems
      generally suffer from the disadvantage of difficult and complex anchor
      emplacement procedures. This problem is aggravated if the system must be
      deployed under adverse wind, wave and current conditions. Multiple anchor
      system deployment procedures generally require at least two surface
      vessels. Typically the first of the plurality of anchors is lowered by one
      vessel while another vessel carries a second anchor to a spaced location
      at which time, the first vessel moves to yet another spaced location for
      emplacement of another anchor. In addition to requiring a substantial
      amount of marine equipment, there are problems in maintaining the anchor
      cables clear of one another while the system is being deployed.
PAR  Some of these disadvantages are overcome in mooring systems such as those
      disclosed in U.S. Pat. Nos. 3,295,153 and 3,611,974 issued to H. R. Dessau
      and R. G. Joppa et al. respectively. In each of these systems, a plurality
      of anchors are initially secured to guide rails on a floating structure.
      In the system disclosed in U.S Pat. No. 3,295,153, each anchor includes an
      element similar to a conventional fluked anchor attached to a torpedo-like
      cable carrier. During the deployment process the cable carriers are
      propelled by means of gas cartridges, and horizontally plane outwardly
      from a central flotation section. They simultaneously pay out cable
      secured to the central flotation section until their power is expended,
      after which they sink to the bottom.
PAR  In the system disclosed in U.S Pat. No. 3,611,974, guide rails on a surface
      vessel are oriented in the directions of desired anchor emplacement. When
      anchor deployment is desired, the anchors are accelerated along the guide
      rails by means of springs so as to impart a velocity sufficient to achieve
      stable gliding of the anchors. In both of these systems, the guide rail
      arrangements are cumbersome and require substantial space. In addition,
      special propulsion means is required to carry the anchors to their desired
      positions. The volume and weight of such systems makes them unsuitable for
      deployment from some aircraft and small marine vessels. In addition, the
      requirement for a special propulsion system is undesirable from the
      standpoint of manufacturing expense, maintenance, and reliability.
PAR  The applicant has overcome these problems by providing a multiple anchor
      mooring system wherein, prior to deployment, a plurality of gliding
      anchors are secured in a compact cluster. When deployment is desired,
      acceleration of the cluster to a velocity at least equal to the stable
      gliding velocity of the anchors may be provided by gravitational forces
      alone. The anchors are then automatically released to glide to their
      desired positions. Release of the anchors at a subsurface location results
      in accurate and predictable anchor emplacement wherein final anchor
      positioning is relatively unaffected by surface swells, currents and wind.
      Thus, an easily and accurately emplaceable multiple anchor mooring system
      of maximum simplicity and sufficient compactness for deployment from an
      aircraft or small surface vessel is achieved.
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein described is a self-emplacing multiple anchor marine
      mooring system utilizing anchors of a type which stably glide through
      water at a fixed azimuth and depression once a minimum glide velocity is
      attained. A plurality of such anchors are secured in a compact cluster on
      a launcher pod or carrier. The anchor cluster is configured to be
      accelerated by gravity alone to a velocity at least as great as the
      minimum glide velocity. For certain specialized applications in which very
      rapid deployment is imperative, propulsion means may be provided to
      augment the effect of gravitational forces in accelerating the cluster.
PAR  The carrier includes means for sensing velocity of the cluster and
      releasing the anchors once a suitable velocity is reached. The anchors are
      connected to a buoyant body by cables. Means may be provided for taking up
      portions of the cables after the anchors are emplaced to provide desired
      cable tension and/or buoyant body position.
PAR  A principal object of this invention is to provide a self-emplacing
      multiple anchor marine mooring system of maximum simplicity.
PAR  A further object is to provide a marine mooring system in which a plurality
      of anchors may be emplaced at spaced locations utilizing gravity alone to
      provide motive power.
PAR  Yet a further object is to provide a unique multiple anchor marine mooring
      system which, prior to deployment, is sufficiently compact and light
      weight to be deployed from an aircraft or relatively small marine vessel.
PAR  An additional object is to provide a marine mooring system whose deployment
      is minimally affected by adverse surface conditions such as wind and
      waves.
PAR  Additional objects of the present invention may be ascertained from a study
      of the drawings, disclosure and appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a-1d sequentially illustrate a multiple anchor marine mooring system
      in accordance with the applicant's invention at selected times during the
      deployment process;
PAR  FIG. 2 is a pictorial view of an anchor cluster and carrier employed in the
      system of FIG. 1 taken as indicated at line 2--2 in FIG. 1a;
PAR  FIG. 3 is an enlarged, rotated cross-sectional view of the anchor cluster
      of FIG. 2 taken as indicated at line 3--3, showing suitable anchor release
      and cable pay out arrangements; and
PAR  FIG. 4 is a cross-sectional view of the buoyant body shown in FIG. 1 taken
      as indicated at line 4--4 in FIG. 1b, showing a suitable cable take up
      arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1a, an undeployed multiple anchor marine mooring system, as
      generally identified by reference numeral 10, is shown floating on the
      surface 11 of a body of water. System 10, which may have been launched
      from an aircraft or marine vessel (not shown), generally comprises a
      buoyant body 12 and an anchor cluster generally identified by reference
      numeral 13. System 10 is illustrated as having a net buoyancy in water.
      However, the applicant's invention is equally applicable to systems in
      which body 12 is buoyant in water only after separation from anchor
      cluster 13.
PAR  Cluster 13 is shown as comprising three gliding anchors 14 arranged around
      a central carrier or launcher pod 15. Cluster 13 is shown initially
      secured to body 12. The attachment of cluster 13 to body 12 may be
      provided by any suitable securing arrangement which can be released upon
      command.
PAR  Gliding anchors 14 are of a type which stably glide through water at a
      fixed azimuth and depression after reaching a velocity at least equal to a
      minimum glide velocity determined by the anchor configuration. Such an
      anchor is disclosed in detail in previously identified U.S. Pat. No.
      3,611,974. Anchors of this type require a minimum glide velocity to
      achieve stable glide characteristics. Therefore, such anchors must be
      maintained in a predetermined orientation until minimum glide velocity is
      reached in order to achieve accurate final anchor positioning.
PAR  As shown, anchors 14 are basically passive dead weight anchors. In
      applications requiring increased holding power per unit of anchor weight,
      anchors 14 may be explosively embedded. Gliding anchors are well adapted
      for inclusion of explosive embedment apparatus in that anchor attitude at
      contact with the sea bottom is well defined. Previously identified U.S.
      Pat. No. 3,295,153 discloses explosive embedment anchor features suitable
      for incorporation in anchors 14.
PAR  Reference numeral 16 identifies central longitudinal axes of anchors 14.
      Anchors 14 may be maintained in a very compact cluster by mounting them on
      carrier 15 so that axes 16 are substantially parallel. As shown more
      clearly in FIG. 2, anchors 14 are equally spaced around carrier 15. In a
      system employing three anchors as illustrated, anchors 14 have azimuthal
      separations of 120.degree.. It should, however, be noted that the
      applicant's invention is not limited to systems employing only three
      gliding anchors. In systems employing more than three gliding anchors, a
      larger carrier may be necessary and a different angular spacing of the
      anchors may be used.
PAR  Anchor cluster 13 is configured to have a preferred direction of travel
      through water substantially parallel to axes 16. Also, carrier 15 may be
      configured by means of fins, etc. to ensure a straight vertical drop
      without rotation as indicated by arrow 17 in FIG. 1b.
PAR  Anchor cluster 13 is configured so that gravitational forces alone will
      accelerate the cluster in water to at least the minimum glide velocity of
      anchors 14. This results in a system of maximum simplicity and is suitable
      for many marine mooring system applications. In other applications, such
      as systems for mooring position reference buoys for marine fire fighting
      equipment, auxilliary propulsion means may be advantageously included to
      minimize deployment time. Such propulsion means may take the form of gas
      cartriges, as shown in U.S. Pat. No. 3,295,153, on carrier 15 and/or
      anchors 14.
PAR  FIG. 1b shows the applicant's mooring system shortly after anchor cluster
      13 has been released from buoyant body 12, but before the anchor cluster
      has reached the minimum glide velocity of anchors 14. Cable means
      generally identified by reference numeral 18 extend between body 12 and
      cluster 13. Cable means 18 is shown comprising a separate cable 19 between
      body 12 and each anchor 14. Cables 19 are contained in fast pay out
      cannisters or drums which may be housed in either body 12 or anchors 14.
      In the disclosed embodiment the cable is contained in the anchors as shown
      in FIG. 3.
PAR  FIG. 1c illustrates the system after the anchor cluster has achieved the
      minimum glide velocity, and shortly after anchors 14 have been released
      from carrier 15. As described in previously identified U.S. Pat. No.
      3,611,974, anchors 14 are capable of gliding downwardly through water at a
      fixed depression angle once having attained at least the minimum glide
      velocity. The preferred direction of anchor travel is illustrated in FIG.
      1c by arrows 20. The depression angle, designated .beta., is 45.degree.
      for the patented anchor configuration.
PAR  As illustrated in FIG. 1c, carrier 15 is expendable. After release of
      anchors 14, carrier 15 continues to sink to the sea bottom. Alternatively,
      carrier 15 may be attached to an additional anchor cable, or may be
      attached to buoyant body 12 by means of a fixed length lanyard. Such a
      lanyard may be used for anchor release purposes as will be described
      hereinafter.
PAR  Anchor system 10 is shown fully deployed in FIG. 1d. Each anchor 14 has
      continued to the sea bottom along a substantially linear path determined
      in azimuth by the original position of the anchor on carrier 15, and in
      depression by the design parameters of the anchor. After reaching the
      bottom, a braking mechanism prevents further pay out of cable 19. Cable
      take up means may be provided for achieving proper final tension of anchor
      cables 19 and/or a proper submersion level of body 12. Suitable
      embodiments of cable brake and cable take up mechanisms are illustrated
      and will be described in connection with FIGS. 3 and 4.
PAR  In accordance with FIG. 3, anchors 14 and carrier 15 have cavities therein
      for housing certain sensor, anchor release and cable handling mechanisms.
      Anchors 14 are shown located on carrier 15 by means of a pair of
      protrusions 21 on the carrier which mate with recesses in the anchor
      bodies. Anchors 14 are secured to carrier 15 by releasable securing means
      22 such as electrically actuated explosive bolts. Other suitable securing
      means include electrically or electromagnetically actuated latches or
      force sensitive mechanical links which fracture upon occurrence of
      sufficient force caused by hydrostatic pressure on the anchors.
PAR  One suitable device for providing an electrical signal for triggering
      explosive bolts 22 is a velocity sensor 23 which determines velocity from
      hydrostatic pressure through a port 24 in the nose of carrier 15. Sensor
      23 operates to supply an electrical signal to bolts 22 upon sensing a
      pressure corresponding to a predetermined velocity at least as great as
      the minimum stable glide velocity of anchors 14.
PAR  Another suitable implementation of a system for releasing anchors 14
      involves the use of a fixed length lanyard, identified by reference
      numeral 25, between body 12 and carrier 15. The length of the lanyard is
      sufficient to permit carrier 15 to fall a distance predetermined to permit
      anchor cluster 13 to have reached at least the minimum stable glide
      velocity. A switch or voltage source 26 actuated by lanyard 15 may be
      employed to produce the electrical signal for triggering explosive bolts
      22.
PAR  A portion of the cavity in each anchor 14 is shown forming a cannister for
      a coil 27 of anchor cable. The rearward portion of the cannister is formed
      by a plug 28 secured to the anchor housing, and having a centrally located
      tapered aperture 29 therethrough. Cable coil 27 is arranged so that as
      anchor 14 glides downwardly, cable 19 unwinds from the center of the coil
      and pays out through aperture 29. A braking mechanism generally identified
      by reference numeral 30 is provided for preventing further pay out of
      cable 19 after anchor 14 impacts the sea bottom.
PAR  Braking mechanism 30 is shown comprising a tapered ram head 31 on the end
      of a shaft 32 which is slidably carried in a tubular guide member 33.
      Guide member 33 forms a portion of a structural plate member 34 which
      defines the forward end of the cannister for cable coil 27. Plate member
      34 is rigidly fixed to the body of anchor 14. A coil spring 35 surrounds
      shaft 32 and is compressed between ram head 31 and an internal shoulder on
      plate 34 surrounding shaft 32. Guide member 33 is aligned with aperture
      29. Ram head 31 is tapered to correspond with the taper of aperture 29.
      Ram head 31 is normally restrained in a retracted position by means of an
      explosively separable collar 36 surrounding shaft 32 forward of plate
      member 34.
PAR  Collar 36 is triggered by an electrical signal produced by a sensor 37.
      Sensor 37 may be of a type which is impact sensitive so as to produce an
      electrical signal when anchor 14 impacts the sea bottom. The electrical
      signal supplied from sensor 37 to collar 36 causes it to release shaft 32,
      thereby permitting ram head 31 to be forced into aperture 29. Cable 19 is,
      thus, jammed in aperture 29 and further pay out is prevented. In systems
      employing explosively embedded anchors, the signal produced by sensor 37
      may also be used to actuate the embedment apparatus.
PAR  FIG. 4 illustrates apparatus for suitably tensioning cables 19 after
      anchors 14 are fully deployed. Tensioning is provided by cable take up
      means generally identified by reference numeral 38. Cable take up means 38
      is housed within buoyant body 12. A separate cable take up device is
      provided for each anchor cable 19. In the embodiment shown, cable take up
      means 38 comprises a winch having a reel 39 mounted for rotation between
      support brackets 40. Cable 19 extends through an aperture 41 in the
      housing of buoyant body 12 to reel 39. Reel 39 is driven by a suitable
      reel drive device 42 which may be powered electrically, or mechanically by
      means of a spring. If the requirement is for predetermined tensioning of
      anchor cable 19, such tensioning may be accomplished by means of a slip
      clutch in reel drive device 42. Alternatively, if the requirement is for
      pulling buoyant body 12 to a predetermined depth, a suitable sensor for
      determining depth may be provided along with apparatus and
      interconnections for terminating operation of reel drive device 42 and
      locking reel 39 at the proper time. Proper depth may, for example, be
      determined by a pressure sensor.
PAR  Although not shown for purposes of avoiding extraneous material in FIG. 4,
      cable take up means 38 may be enclosed within a fluid tight compartment
      which covers aperture 41 so as to prevent body 12 from filling with water
      and losing its buoyancy. Alternatively, buoyancy may be provided by
      separate flotation devices of chambers.
PAR  Operation of reel drive device 42 may be started by means of a timer 43. As
      illustrated, timer operation is initiated by a "initiate deployment"
      signal shown at 44. Timer 43 is set to time an interval after the
      "initiate deployment" signal sufficient to permit all of anchors 14 to
      reach the sea bottom. After that interval, timer 43 starts operation of
      reel drive device 42 to provide appropriate tension in cables 19 and/or
      depth of buoyant body 12. Although a timer is shown for starting operation
      of cable take up means 38, other equally suitable arrangements may be
      provided for accomplishing the same function.
PAR  The applicant's self-deploying multiple anchor marine mooring system is
      made ready for operation by launching the system, as shown in FIG. 1, in a
      body of water. This may be accomplished by an aircraft or marine vessel.
      Once in the water, deployment of the anchors may be initiated either
      remotely by means of a radio signal or by means of a self-contained sensor
      or timer apparatus. In the disclosed embodiment, initiation of the
      deployment process results in releasing of anchor cluster 13 from buoyant
      body 12 and initiating operation of timer 43. Anchor cluster 14 is
      accelerated downwardly by means of gravity alone (or gravity augmented
      with other propulsion means) as shown in FIG. 1b. Anchor cluster 13
      eventually reaches a velocity equal to the minimum stable glide velocity
      of anchors 14. This velocity is either sensed directly by sensor 23 or
      indirectly from cluster 13 having traveled the length of lanyard 25.
      Sensor 23 or sensor 26 then supplies an electrical signal to explosive
      bolts 22 which release anchors 14 from cluster 13. The anchors
      automatically assume glide paths having azimuths as determined by mounting
      orientation of the anchors on carrier 15, and depressions as determined by
      anchor configuration. Anchors 14 continue toward the sea bottom along
      their established glide paths. As individual anchors 14 impact the bottom,
      sensors 37 therein supply electrical signals to explosive collars 36, thus
      releasing shafts 32. This results in tapered ram heads 31 being forced
      into apertures 29, thereby preventing further pay out of cables 19. Timer
      43 subsequently produces a signal initiating operation of reel drive
      devices 42, thereby taking up cables 19 on reels 39. Cables 19 continue to
      be taken up on reels 39 until proper cable tensions are achieved as
      determined by the slip clutches (or other sensor mechanisms) in reel drive
      devices 42.
PAR  In accordance with the foregoing description, the applicant has provided a
      unique multiple anchor marine mooring system wherein, prior to deployment,
      a plurality of gliding anchors are secured in a compact cluster. Thus, the
      system is of maximum compactness for deployment from an aircraft or small
      surface vessel. Upon initiation of the deployment process, acceleration of
      the cluster to a velocity which permits stable gliding of the anchors, and
      thus accurate anchor emplacement may be provided by gravitational forces
      alone. Use of a plurality of accurately spaced anchors permits tight
      positional control of the buoyant body. Use of gravitational forces to
      achieve anchor emplacement provides for a system of maximum simplicity.
PAR  Although a preferred embodiment of the applicant's mooring system has been
      disclosed in detail, other embodiments which do not depart from the
      applicant's contemplation and teaching will be apparent to those skilled
      in the art. The applicant does not intend that coverage be limited to the
      disclosed embodiment, but only by the terms of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple anchor marine mooring system comprising:
PA1  a plurality of marine anchors, each configured to stably glide through
      water at a predetermined depression when at a velocity at least as great
      as its minimum glide velocity;
PA1  carrier means for securing said plurality of anchors in a cluster having a
      terminal velocity in water at least as great as the minimum glide velocity
      of the anchors, said carrier means including a release system for
      releasing said plurality of anchors when the cluster attains a velocity at
      least as great as the minimum glide velocity;
PA1  a buoyant body; and
PA1  cable means for connecting said plurality of anchors to said buoyant body.
NUM  2.
PAR  2. The mooring system of claim 1 wherein:
PA1  each of said plurality of anchors is essentially a dead weight anchor which
      is accelerated by gravity alone, and each has a preferred direction of
      travel substantially parallel to a longitudinal axis thereof;
PA1  said carrier means secures said plurality of anchors in the cluster so that
      the longitudinal axes thereof are substantially parallel;
PA1  the cluster has a preferred direction of travel parallel with the
      longitudinal axes of said anchors; and
PA1  the terminal velocity of the cluster in water is greater than the minimum
      glide velocity.
NUM  3.
PAR  3. The mooring system of claim 2 wherein the cluster comprises three
      anchors secured to said carrier means at 120.degree. azimuthal spacings.
NUM  4.
PAR  4. The mooring system of claim 3 wherein said release system includes
      releasable securing means for releasing said plurality of anchors in
      response to a control signal, and a velocity sensor for supplying the
      control signal when the cluster reaches a predetermined velocity in water
      at least as great as the minimum glide velocity.
NUM  5.
PAR  5. The mooring system of claim 4 wherein:
PA1  said cable means comprises a cable connecting each of said plurality of
      anchors to said buoyant body; and
PA1  further including cable take up means for shortening the cables in
      accordance with predetermined criteria after said plurality of anchors are
      emplaced.
NUM  6.
PAR  6. In a self-deploying marine mooring system of the type including a
      buoyant body from which multiple nondeployed anchors are released for
      emplacement in a spaced relationship on the bottom of a body of water and
      cable means for connecting the buoyant body to the anchors, the
      improvement which comprises:
PA1  a plurality of marine anchors of a type capable of stably gliding through
      water at a fixed azimuth and depression when at a velocity at least as
      great as a minimum glide velocity; and
PA1  carrier means for initially securing said plurality of anchors in a cluster
      for deployment in the body of water, and releasing said plurality of
      anchors when the cluster attains a predetermined velocity at least as
      great as the minimum glide velocity.
NUM  7.
PAR  7. The mooring system of claim 6 wherein each of said plurality of anchors
      is essentially a dead weight anchor having a preferred direction of travel
      substantially parallel to a longitudinal axis thereof.
NUM  8.
PAR  8. The mooring system of claim 7 wherein said carrier means secures said
      anchors in the cluster so that the longitudinal axes thereof are
      substantially parallel;
PA1  the cluster has a preferred direction of travel parallel with the
      longitudinal axes of the anchors in the cluster; and
PA1  the terminal velocity of the cluster in water as a result of gravitational
      forces alone is greater than the minimum glide velocity.
NUM  9.
PAR  9. The mooring system of claim 8 wherein the cluster comprises three
      anchors secured to said carrier means at 120.degree. azimuthal spacings.
NUM  10.
PAR  10. The mooring system of claim 9 wherein said carrier means includes
      releasable securing means for releasing said plurality of anchors in
      response to a control signal; and
PA1  a velocity sensor for supplying the control signal when the cluster reaches
      a predetermined velocity in water at least as great as the minimum glide
      velocity.
NUM  11.
PAR  11. The mooring system of claim 10 wherein:
PA1  said cable means comprises a cable connecting each of said plurality of
      anchors to the buoyant body; and
PA1  further includes cable take up means for shortening the cable between each
      of said plurality of anchors and the buoyant body in accordance with
      predetermined criteria after said plurality of anchors are emplaced.
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ABST
PAL  The invention is an automatically controlled magnetic marine mine sweeping
     ystem that does not constitute a safety hazard to the ship deploying it. It
      includes a ship that trails a pair of electrodes within the water which
      are, in turn, electrically energized by a variable current generator to
      induce a magnetic field therein. The intensity of said magnetic field is
      sensed by a magnetometer; and by means of a closed-loop, negative-feedback
      circuit incorporating said magnetometer, said current generator, and said
      sea water, the intensity of said magnetic field is limited to the extent
      that it does not extend under the ship and detonate marine mines that are
      close enough to be destructive thereto.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates generally to minesweeping systems, and, in
      particular, it is an improved method and means for electrically sweeping
      magnetically responsive marine mines with vastly improved safety for the
      personnel and associated equipment involved therein.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the past, electrode type magnetic minesweeping systems have been
      employed with some degree of success. Unfortunately, however, they have
      not been so employed without an inordinate amount of hazard to operating
      personnel and associated equipment, due to the fact that the magnetic
      fields generated thereby sometimes detonated mines in sufficiently close
      proximity therewith to cause damage thereto.
PAR  It is well known that the effectiveness of an electrode type of magnetic
      minesweeping system is dependent upon the intensity and distribution of
      the magnetic field generated thereby, but, of course, the magnetic field
      generated is dependent upon the proper distribution of the sweep current,
      the effectiveness of which, in turn, is a function of the local geology
      and ambient environment. When the electrical characteristics of an area to
      be swept are known in great detail, it is possible to compute
      theoretically the magnetic field value which would render a sweep vessel
      reasonably safe under even the worst condition expected to be encountered.
      On the other hand, in the event such electrical characteristics are
      unknown because they vary from one area to another -- as is usually the
      case during Naval minesweeping maneuvers -- it has heretofore been
      necessary to manually set the sweeping magnetic field intensity to such
      reduced value as would obviously prevent it from detonating mines within
      destructive distance of the sweep vessel. Accordingly, in order for the
      sweep vessel to be safe at all times, it has been found that when using
      prior art magnetic minesweeping systems, the minesweeping operations must
      be accomplished at considerably reduced efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention overcomes most of the disadvantages of the
      aforementioned prior art systems, in that it automatically controls the
      minesweeping magnetic field in such manner that it does not detonate
      magnetically responsive mines located within the destructive range of the
      sweep vessel deploying it.
PAR  According to the invention, the magnetic field at a predetermined point
      below the sweep vessel is continuously sensed to produce an electrical
      value that is representative thereof. Then, in response to said electrical
      value, a unique negative feedback circuit automatically controls the
      current flowing between a pair of electrodes remotely disposed from said
      vessel. But because said flowing current generates the aforementioned
      sensed magnetic field, the control of the intensity thereof controls the
      range of said magnetic field. When the range thereof is set so that it
      will not extend under or near the sweep vessel, none of the magnetic mines
      in destructive proximity therewith will be exploded. Hence, the sweep
      vessel is safe from the magnetic mines being detonated by its own mine
      sweeping system.
PAR  It is, therefore, an object of this invention to provide an improved
      magnetic minesweeping system.
PAR  Another object of this invention is to provide a magnetic minesweeping
      system that will not detonate magnetic mines located in destructive
      proximity with the minesweeping vehicle deploying it.
PAR  A further object of this invention is to provide a method and means for
      making a minesweeping tractor vehicle safe from magnetic mines detonated
      by the magnetic field generated by its own minesweeping equipment.
PAR  A further object of this invention is to provide a method and means for
      protecting a minesweeping ship from the magnetic marine mines swept by the
      magnetic field generated by its own minesweeping apparatus.
PAR  Another object of this invention is to provide a method and means for
      efficiently and safely sweeping magnetic marine mines when the water and
      bottom characteristics that influence magnetic fields are not known.
PAR  Still another object of this invention is to provide an improved method and
      means for automatically controlling the amount of magnetic field generated
      within water, sea water, or any other aqueous medium.
PAR  A further object of this invention is to provide an improved method and
      means for generating an automatically controlled magnetic field within a
      predetermined environmental medium.
PAR  A further object of this invention is to provide an improved method and
      means for automatically controlling the radiation of a predetermined
      energy within a given volume of environmental medium.
PAR  Another object of this invention is to provide an improved method and means
      for automatically controlling the electric current transmitted within
      water, sea water, or any other aqueous medium.
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of the system constituting this invention;
PAR  FIG. 2 is a quasi-pictorial view which illustrates an exemplary deployment,
      operation, and use of the subject invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a tractor vehicle 11 which is used
      to carry, tow, push, deploy, or otherwise incorporate and facilitate the
      operation of the remainder of the subject system. It may be any vehicle
      that is suitable for functioning within the environmental medium involved
      during any given operational circumstances. For example, it may be a
      minesweeper, ship, submarine vehicle, aircraft, space craft, or the like;
      or, it could be a fixed platform, floating platform, or other mounting
      means, as desired.
PAR  Disposed within tractor vehicle 11, is a magnetic field control setting
      generator 12, with the output thereof connected to one of the inputs of a
      comparator 13. The output of comparator 13 is connected through a variable
      gain amplifier 14 to the input of an integrator 15, and the output of
      integrator 15 is connected through a driver amplifier 16 to the control
      input of a current generator 17. Integrator 15 is a typical discharging
      type of integrator, the rate of discharge of which is designed to be
      sufficiently rapid for sensitive control but not so rapid as to produce
      inaccuracies in the operation thereof. Obviously, the proper choice of the
      RC time constant incorporated therein will effect optimum charge and
      discharge conditions and, thus, will provide the sensitivity required for
      any given operational situations.
PAR  At this point, it would also apparently be noteworthy that for the purpose
      of controlling the aforementioned electric current or electric field
      automatically, the control input of current generator 17 is employed, and,
      thus, current generator 17 should be so designed for such control
      operation. However, it should not be limited thereto; therefore, it should
      also be designed for manual control as well. Hence, it is disclosed herein
      as being a manually variable current genreator, too.
PAR  As a general rule, it is preferable for the aforesaid elements to be
      mounted on or in tractor vehicle 11. On the other hand, any other useful
      disposition thereof may be employed which would facilitate the operation
      of the entire system. Obviously, it would be well within the purview of
      one skilled in the art having the benefit of the teachings presented
      herewith to make such a design choice with respect thereto that would
      optimize the subject invention for any given purpose.
PAR  The outputs of current generator 17 are connected by insulated electrical
      cables 18 and 19 to the inputs of front and rear electrodes 20 and 21,
      respectively. Inasmuch as cables 18 and 19 are to be streamed or deployed
      within an environmental medium which might be hostile thereto, they should
      be so designed as to conduct large electrical currents without breaking
      down from an insulation standpoint or from a current carrying standpoint.
      Likewise, electrodes 20 and 21 should be designed to withstand the attack
      of their ambient element and still effect the transmission of electrical
      current 22 therebetween.
PAR  As will be discussed subsequently in conjunction with FIG. 2, cables 18 and
      19 are of such different lengths as to cause front electrode 20 to be
      located some predetermined distance from rear electrode 21 within the
      environmental medium.
PAR  Within another carrier vehicle 23 is located a sensor 24, which, in this
      particular application, is considered to be a magnetic field sensor. Of
      course, for other possible applications, it might be more useful if it
      were designed to be some other kind of sensor, such as, for example, an
      electric current sensor, an electric field sensor, or perhaps some
      suitable analog sensor. However, for the purpose of disclosing this
      preferred embodiment of the subject invention, said magnetic sensor may be
      a magnetometer or the like.
PAR  Carrier vehicle 23 may likewise be any suitable vehicle which can be towed,
      pushed, or self-propelled through the environmental medium involved. It
      also may be predetermined parameter controlled or associated vehicle, such
      as, for instance, a bottom following vehicle, in the event it is an
      underwater vehicle, and if such is desired.
PAR  The output of magnetic sensor 24 is connected via an electrical conductor
      and stress carrying cable 25 to the other input of the aforesaid
      comparator 13. Ordinarily, cable 25 acts as either a tow cable or a
      tether, as well as an electrical conductor means; however, if so desired,
      in the event the location of vehicle 23 is otherwise controlled so as to
      be at the proper place at the proper time for parameter sensing purposes,
      the tow or tether aspect thereof may be deleted. Moreover, it should be
      understood that any other appropriate telemetering link may be substituted
      for the electrical conductor aspect thereof, too, without violating the
      spirit and scope of the claimed invention. However, the foregoing
      notwithstanding, it may readily be seen that vehicles 23 and 11 of the
      presently disclosed preferred embodiment are physically connected and
      sensor 24 and comparator 13 are electrically connected by cable 25.
PAR  It should also be understood that all of the elements indicated by blocks
      in the block diagram of FIG. 1 are well known and conventional per se;
      hence, it is their respective interconnections and interactions that
      effect the instant invention and cause the new and useful results to be
      produced thereby.
PAC  MODE OF OPERATION
PAR  The operation of the invention will now be discussed briefly in conjunction
      with both of the figures of the drawing.
PAR  Although it may readily be appreciated that the invention may be operated
      within any environmental medium merely by properly designing the various
      elements thereof, for the purpose of disclosing it in as simple a manner
      as possible, it will be disclosed as a magnetic mine sweeping system for
      sweeping magnetically responsive marine mines that are located within sea
      water or that are laying on, partially submerged in, or buried within the
      sea floor. Also, for further simplicity of disclosure, like reference
      numerals for like elements have been used in both FIGS. 1 and 2, insofar
      as it is possible to do so.
PAR  As depicted in FIG. 2, ship 11 sails on the surface 26 of sea water 27
      suspected of having magnetic mines therewithin or on floor 28 thereof. By
      means of cables 18 and 19, front and rear electrodes 20 and 21 are
      streamed at different distances behind ship 11. In order to dispose said
      electrodes within the water at an optimum distance from the surface
      thereof, they are respectively suspended from a pair of floats 29 and 30,
      and in order to facilitate the towing thereof without interference of
      cables 18 and 19, said cables are likewise connected to floats 31 and 32.
      Only two such floats have been shown herein; however, and many as
      necessary or desired may be used to support said cables.
PAR  For the purpose of paying out and hauling in said cables 18 and 19, a
      suitable powered winch or reel 33 mounted on ship 11 is connected thereto.
PAR  A bottom following vehicle 23 containing magnetic field sensor 24 is towed
      by cable 25 beneath and slightly astern of ship 11. It, too, may be paid
      out or hauled in by means of a ship-mounted, powered reel or winch 34. Of
      course, the exact position of sensor 24 is effected by the proper paying
      out of cable 25.
PAR  In such operational procedures, it is usually preferable to know the exact
      position of sensor 24, but this may be accomplished by any suitable means,
      such as by a conventional sonar or other echo-search-ranging system.
      Minesweeping ships always have such systems available for such use;
      however, in the case of necessity, if the water conditions were favorable,
      it could be done visually, or, in the alternative, it could be done by
      using a calibrated cable pay out. Thus, if cable 25 were paid out at a
      certain distance and ship 11 were traveling at a certain speed, it would
      be indicative of the probable position of towed bottom following vehicle
      23.
PAR  A bottom following vehicle is preferably employed in order to increase the
      accuracy of the system. Such vehicles are likewise conventional and, thus,
      it will not be described further herein. When used, it will be guided to
      travel at some optimum constant distance C from sea floor 28.
PAR  As ship 11 travels along, current generator 17 supplies electrodes 20 and
      21 with electrical current, which then travels as current 22 through water
      27 to complete the circuit therebetween. As current 22 is transmitted
      through water 27, there is induced therein and within the sea floor a
      complex magnetic field 35 which, if strong enough, will actuate magnetic
      mines 36, 37, 38 encompassed thereby, regardless of whether thay are
      floated from an anchor 39 (such as mine 36 is shown to be), partially
      submerged within sea floor 28 (such as mine 37 is shown to be), or
      completely buried within sea floor 28 (such as mine 38 is shown to be). Of
      course, when mines 36, 37, and 38 are actuated they explode and thus
      destroy themselves, thereby preventing their subsequent explosion in
      response to friendly ships or other marine vehicles passing thereover,
      and, hence, such ships or marine vehicles have a safe passage.
PAR  However, such system and the minesweeping procedures effected thereby
      usually adversely expose ship 11 to safety hazards whenever magnetic field
      35 is sufficiently intense to extend under it or within a certain
      destructive distance of it and detonate any mines 40 that may be located
      thereat. Therefore, it may readily be seen that the only way to insure the
      ship's safety is to prevent any mine 40 over which it is passing from
      being exploded at that time. But, the only way to prevent mine 40 from
      being ultimately exploded to the detriment of ship 11 is to control the
      strength of magnetic field 35, so that it will never extend therebeneath
      or in other destructive proximity therewith. Such control is effected by
      automatically controlling the current supplied to electrodes 20 and 21 by
      current generator 17.
PAR  To effect such control, the overall system of this invention -- which, in
      fact, is a specialized, unique negative-feedback, closed-loop system --
      incorporates magnetic field sensor 24. When magnetic field sensor 24
      senses that the intensity of magnetic field 35 is too great for safety, it
      must be reduced; otherwise, it could extend under or near to ship 11 and
      detonate mine 40. Sensor 24 sends an electrical signal that is
      proportional to the intensity or strength of said magnetic field to
      comparator 13, where it is compared with the preset output electrical
      signal from field control setting generator 12. Because it has previously
      been calibrated, generator 12 produces an output signal which is known for
      any given intensity of field 35 for any given disposition of sensor 24.
      Hence, it may be set to regulate field 35 to any desired safe level.
PAR  For example, in the event magnetic field 35 is too strong, the input to
      comparator 13 from sensor 24 exceeds the preset input from field control
      setting generator 12, and an output error signal of polarity and magnitude
      proportional to the difference therebetween is produced by comparator 13.
      After amplification to a more useful level by amplifier 14, said
      difference signal is integrated with integrator 15 to insure that the
      maximum thereof is always the operative value. In addition to providing
      improved control accuracy -- and, thus, greater safety -- the employment
      of integrator 15 provides smoother signal output by effectively smoothing
      out fluctuations that may occur in the closed loop caused by magnetic
      field fluctuations that, in turn, are sometimes produced by unknown
      conditions within the subaqueous medium, within the sea floor, or within
      other environmental objects that may be present in influential quantities.
PAR  The integrated output signal from integrator 15 is amplified to a more
      useful power level by driver amplifier 16 and then supplied to the control
      input of current generator 17 for regulating the current 22 produced
      thereby in proportion thereto. Thus, it may be seen that when the magnetic
      field sensed by sensor 24 is too strong, said current is reduced, thereby
      reducing the intensity of the magnetic field induced in the water. Of
      course, a small induced field does not propagate as far as a large induced
      field and, therefore, it does not travel far enough to extend under ship
      11 whenever the setting of field control generator 12 is properly made. On
      the other hand, if the sensed magnetic field 35 is too weak to compare
      with the setting of generator 12 -- and, thus, is too weak to be effective
      as an efficient minesweeping field -- an opposite polarity and magnitude
      error signal occurs in the closed-loop negative-feedback system and causes
      current 22 to be increased until the intensity of field 35 reaches its
      operationally effective set point intensity. As a result of such
      decreasing and increasing of said current at the proper rate, magnetic
      field 35 closely hunts about the magnetic field set point set in field
      control setting generator 12.
PAR  From the foregoing, it may be seen that magnetic field 35 is never allowed
      to be sufficiently great to extend under ship 11 and detonate any mines 40
      located in sufficient proximity therewith to be detrimental thereto.
      Hence, ship 11 is safe from the operation of its own minesweeping
      apparatus. And because Naval, military, or other minesweeping maneuvers
      must be accomplished with maximum speed in order to provide maximum safety
      for personnel and equipment involved therein, it should be obvious to
      those who are expert in the minesweeping art that the subject method and
      means constituting this invention provide new, improved, and highly useful
      results not heretofore attained.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawings.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of sweeping magnetically responsive marine mines to effect
      detonation of those thereof that are not located within destructive
      proximity of the minesweeping ship effecting the sweep thereof and to not
      effect detonation of those thereof that are located within destructive
      proximity of said minesweeping ship, comprising the combined steps of:
PA1  generating a magnetic field within the water and sea floor where said
      magnetically responsive marine mines are suspected of being located;
PA1  sensing the intensity of said magnetic field at a predetermined distance
      from said ship and producing a first signal proportional thereto;
PA1  controlling the intensity of said sensed magnetic field to prevent it from
      extending close enough to said minesweeping ship to detonate a
      magnetically responsive marine mine that may be in destructive proximity
      therewith by comparing said first signal that is proportional to said
      sensed magnetic field with a preset second signal that is calibrated to be
      proportional to a known distance from said minesweeping ship and producing
      a third signal that is proportional in polarity and magnitude to the
      difference therebetween; integrating said third signal in accordance with
      a predetermined time constant; and automatically regulating the generating
      of the aforesaid generated magnetic field in accordance with the polarity
      and magnitude of said integrated third signal, so as to equalize said
      first and second signals.
NUM  2.
PAR  2. The method of claim 1 wherein said step of generating a magnetic field
      within the water and sea floor where said magnetically responsive marine
      mines are suspected of being located comprises the steps of:
PA1  generating an electric current;
PA1  transmitting said electric current through a predetermined amount of said
      water to induce said magnetic field therein and within the sea floor
      located thereunder.
NUM  3.
PAR  3. The method of claim 1 wherein said step of sensing said magnetic field
      at a predetermined distance from said ship and producing a first signal
      proportional thereto comprises the step of disposing a magnetic field
      sensor within said water at a predetermined distance from said ship and
      said sea floor.
NUM  4.
PAR  4. The method of claim 1 further characterized by the step of moving said
      generated magnetic field to transverse predetermined volumes of water and
      sea floor in response to the movement of said minesweeping ship.
NUM  5.
PAR  5. A magnetic minesweeping system, comprising in combination:
PA1  a tractor vehicle for traversing a predetermined course within a
      predetermined environmental medium;
PA1  controllable means mounted on said tractor vehicle for generating an
      electric current;
PA1  means connected to said electric current generating means for broadcasting
      said electric current through a portion of said environmental medium to
      induce a magnetic field therein that has an intensity that is proportional
      thereto;
PA1  means adjustably, spatially disposed from said tractor vehicle for sensing
      the intensity of said magnetic field and for producing a first signal
      proportional thereto;
PA1  calibrated adjustable means for producing a predetermined second signal
      that is proportional to a given distance between said tractor vehicle and
      the magnetic field sensed by the aforesaid magnetic field sensing means;
PA1  means connected between the outputs of said magnetic field sensing means
      and said calibrated adjustable means for producing an error signal having
      a polarity and magnitude that is proportional to the amount said first
      signal is greater or less than said second signal, respectively; and
PA1  means connected between the output of said error signal producing means and
      the control input of the aforesaid electric current generating means for
      the regulation thereof to substantially equalize said first and second
      signals in response to said error signal.
NUM  6.
PAR  6. The device of claim 5 wherein said magnetic minesweeping system is a
      magnetic marine minesweeping system.
NUM  7.
PAR  7. The device of claim 5 wherein said tractor vehicle for traversing a
      predetermined course within a predetermined environmental medium is a
      marine vehicle.
NUM  8.
PAR  8. The device of claim 5 wherein said tractor vehicle is a minesweeping
      ship.
NUM  9.
PAR  9. The device of claim 5 wherein said controllable means mounted on said
      tractor vehicle for generating an electric current comprises a variable
      electric current generator.
NUM  10.
PAR  10. The device of claim 5 wherein said means adjustably, spatially disposed
      from said tractor vehicle for sensing the intensity of said magnetic field
      and for producing a first signal proportional thereto comprises a
      magnetometer.
NUM  11.
PAR  11. The device of claim 5 wherein said means adjustably, spatially disposed
      from said tractor vehicle for sensing the intensity of said magnetic field
      and for producing a first signal proportional thereto comprises:
PA1  a guidable sea floor following vehicle adjustably tethered from said
      tractor vehicle; and
PA1  a magnetometer mounted within said guideable sea floor following vehicle.
NUM  12.
PAR  12. The device of claim 5 wherein said calibrated adjustable means for
      producing a predetermined second signal that is proportional to a given
      distance between said tractor vehicle and the magnetic field sensed by the
      aforesaid magnetic field sensing means comprising a field control setting
      generator.
NUM  13.
PAR  13. The device of claim 5 wherein said means connected between the outputs
      of said magnetic field sensing means and said calibrated adjustable means
      for producing an error signal having a polarity and magnitude that is
      proportional to the amount said first signal is greater or less than said
      second signal, respectively, comprises a comparator.
NUM  14.
PAR  14. The device of claim 5 wherein said means connected between the output
      of said error signal producing means and the control input of the
      aforesaid electric current generating means for the regulation thereof to
      substantially equalize said first and second signals in response to said
      error signal comprises an integrator having an input and an output, with
      the input thereof effectively connected to the output of said error signal
      producing means, and with the output thereof effectively connected to the
      control input of said electric current generating means.
NUM  15.
PAR  15. The device of claim 5 wherein said means connected to said electric
      current generating means for broadcasting said electric current through a
      portion of said environmental medium to induce a magnetic field therein
      that has an intensity that is proportional thereto comprises:
PA1  a first insulated electrical cable of predetermined length, with one end
      thereof connected to an output of said electrical current generating
      means;
PA1  a first electrode connected to the other end of said first insulated
      electrical cable;
PA1  a second insulated electrical cable having a length that is greater than
      the length of said first insulated electrical cable, with one end thereof
      connected to an output of said electric current generating means; and
PA1  a second electrode connected to the other end of said second insulated
      electrical cable.
NUM  16.
PAR  16. The invention of claim 15 further characterized by means mounted on
      said tractor vehicle and connected to said first and second insulated
      electrical cables for the timely paying out and hauling in thereof.
NUM  17.
PAR  17. The invention of claim 15 further characterized by first and second
      float means connected to said first and second electrodes for the support
      thereof within said predetermined environmental medium, respectively.
NUM  18.
PAR  18. The invention of claim 17 further characterized by second and third
      float means connected to said first and second insulated electrical cables
      for the support thereof within said predetermined environmental medium,
      respectively.
PATN
WKU  039466973
SRC  5
APN  5204348
APT  1
ART  315
APD  19741104
TTL  Engine exhaust gas discharge arrangement
ISD  19760330
NCL  9
ECL  1
EXA  Frankfort; Charles E.
EXP  Blix; Trygve M.
NDR  1
NFG  3
INVT
NAM  Hackbarth; Eugene R.
CTY  Kenosha
STA  WI
INVT
NAM  Miller; George E.
CTY  Libertyville
STA  IL
INVT
NAM  Petersen; H. Norman
CTY  Kenosha
STA  WI
INVT
NAM  Sheldon; John D.
CTY  Zion
STA  IL
INVT
NAM  Ward, III; Harry M.
CTY  Waukegan
STA  IL
ASSG
NAM  Outboard Marine Corporation
CTY  Waukegan
STA  IL
COD  02
CLAS
OCL  115   5E
XCL   60320
XCL  115 17
EDF  2
ICL  B63H 2134
FSC  115
FSS  17;18 R;34 R;.5 R;.5 E
FSC   60
FSS  320;272;310
FSC  181
FSS  39
UREF
PNO  3045423
ISD  19620700
NAM  Hulsebus
OCL  115 17
UREF
PNO  3310021
ISD  19670300
NAM  Shimanckas
OCL  115 17
UREF
PNO  3577952
ISD  19710500
NAM  Tado
OCL  115 17
UREF
PNO  3692006
ISD  19720900
NAM  Miller et al.
OCL  115 17
LREP
FRM  Michael, Best & Friedrich
ABST
PAL  Disclosed herein is an engine block including first wall portions defining
      a combustion chamber, second wall portions defining a bore including a
      first portion extending from the combustion chamber and a second portion
      enlarged with respect to the first portion, third wall portions defining a
      water jacket in cooling relation to the second wall portions, and an
      elongated duct of heat resistant material communicating through the first
      bore portion with the combustion chamber so as to receive exhaust gases
      discharged therefrom, which duct is circumferentially engaged by and
      supported from the second wall portion at locations spaced lengthwise of
      the duct and extends in the enlarged bore portion in spaced relation from
      the second wall portions intermediate the locations, whereby there is
      provided a stagnant air space between the duct and the block intermediate
      the locations so as to reduce heat transmission from the duct.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to internal combustion engines, and, more
      particularly, to exhaust gas systems and arrangements for such engines.
PAR  The invention also relates to outboard motors and to engines and exhaust
      gas discharge arrangements for such outboard motors.
PAR  The invention also relates to diminishing discharge of unburned
      combustibles into the atmosphere by facilitating combustion thereof in the
      exhaust pipe prior to discharge.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an engine comprising an engine block including first
      wall means defining a combustion chamber, together with second wall means
      defining a bore including a first portion extending from the combustion
      chamber and a second portion enlarged with respect to the first portion
      and closed to the atmosphere, together with an elongated duct of heat
      resistant material communicating through the first bore portion with the
      combustion chamber so as to receive exhaust gases discharged therefrom. In
      addition, the duct is circumferentially engaged by, and supported from,
      the second wall means at locations spaced lengthwise of the duct and
      extends in the enlarged bore portion in spaced relation to the second wall
      means intermediate the supported locations, whereby there is provided a
      stagnant air space between the duct and the block intermediate the
      locations so as to reduce heat transmission from the duct.
PAR  In accordance with a preferred embodiment of the invention, the engine
      block also includes third wall means defining a water jacket in
      heat-exchanging relation to the second wall means.
PAR  The invention also provides an outboard motor comprising a propulsion unit
      which includes a drive shaft housing having, at the bottom thereof, a gear
      box rotatably supporting a propeller shaft carrying a propeller, and also
      having an exhaust gas discharge outlet normally located under water, and
      which further includes an engine block member including first wall means
      defining a combustion chamber and second wall means defining a bore
      including a first portion extending from the combustion chamber and a
      second portion enlarged with respect to the first portion and
      substantially closed to the atmosphere, together with an exhaust pipe
      which is of heat resistant material, which communicates with the
      combustion chamber so as to receive exhaust gases discharged therefrom,
      which is circumferentially engaged by and supported from the second wall
      means at locations spaced lengthwise of the pipe, and which extends in the
      enlarged bore portion in spaced relation from the second wall means
      intermediate the supporting locations, whereby there is provided a
      stagnant air space between the pipe and the member intermediate the
      supporting locations so as to reduce heat transmission from the pipe.
      Still further in addition, the pipe also communicates through the drive
      shaft housing with the exhaust gas discharge outlet.
PAR  In a preferred embodiment in accordance with the invention, the outboard
      motor engine block member further includes third wall means defining a
      water jacket in cooling relation to the second wall means.
PAR  Also in accordance with a preferred embodiment of the invention, the
      exhaust pipe in the outboard motor includes a horizontal section and a
      vertical section and the first mentioned stagnant air space is located in
      surrounding relation to the horizontal section and the second wall means
      includes additional means supporting the vertical exhaust pipe section and
      defining a second stagnant air pocket surrounding the vertical exhaust
      pipe section.
PAR  One of the principal features of the invention is the provision of a
      stagnant air pocket located around a heat resistant exhaust gas pipe and
      in adjacent relation to the combustion chamber so as to reduce heat
      transmission from the exhaust gas pipe and thereby facilitate combustion
      in the exhaust gas pipe of unburnt combustibles in the exhaust gas
      discharged from the combustion chamber.
PAR  Another of the principal features of the invention is the provision of an
      outboard motor in which the exhaust gas is discharged through water and
      including an exhaust gas pipe which is fabricated of heat resistant
      material, which communicates with the combustion chamber and with an
      underwater discharge, and which extends through one or more stagnant air
      pockets located in the engine block assembly in relatively close relation
      to the combustion chamber so as to diminish heat transmission from the
      exhaust pipe and thereby facilitate burning of any unburnt combustible in
      the exhaust gas discharged from the combustion chamber.
PAR  Another of the principal features of the invention is the provision of an
      outboard motor as referred to in the preceding paragraphs and in which the
      exhaust pipe includes an angular bend located in a stagnant air pocket.
PAR  Other features and advantages of the invention will become known by
      reference to the following drawings, general description, and claims.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a partially schematic, partially broken away, side elevational
      view of an outboard motor embodying various of the features of the
      invention.
PAR  FIG. 2 is an enlarged view showing a portion of the outboard motor shown in
      FIG. 1.
PAR  FIG. 3 is a fragmentary sectional view taken along line 3--3 of FIG. 2.
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and the arrangements of the components set forth in the following
      description or illustrated in the drawings. The invention is capable of
      other embodiments and of being practiced and carried out in various ways.
      Also, it is to be understood that the phraseology and terminology employed
      herein is for the purpose of description and should not be regarded as
      limiting.
PAC  GENERAL DESCRIPTION
PAR  Shown in the drawings is an outboard motor including a propulsion unit 11
      and means 13 adapted to be connected to a boat and connected to the
      propulsion unit 11 to afford vertical tilting and horizontal steering
      movement of the propulsion unit 11 relative to the boat.
PAR  The propulsion unit 11 comprises a vertically extending drive shaft housing
      15 including, at the lower end thereof, a gear box 17 which rotatably
      supports a propeller shaft 19 carrying a propeller 21.
PAR  Mounted rigidly to the top of the drive shaft housing 15 is an engine 23
      including a block or member 25 having wall means defining a combustion
      chamber 27 having therein a moving piston (not shown) generating a rotary
      output.
PAR  Also included in the engine block 25 is a second wall means defining a
      horizontally extending bore 29 which communicates with the combustion
      chamber 27 to provide an exhaust gas port 31 for discharge therethrough of
      spent products of combustion.
PAR  The horizontal bore 29 includes a first portion 33 extending from the
      combustion chamber 27 and an enlarged second portion 35 which includes a
      first counter bore 37 extending from the first bore portion 33 and a
      second counter bore 39 which is enlarged with respect to the first counter
      bore 37. Extending from the second counter bore 39 is still another larger
      or third counter bore 41 which extends to the exterior of the block 25 and
      which is adapted to receive a plug 43 sealing the bore 29 from the
      atmosphere.
PAR  Communicating with the first bore portion 33 is an exhaust duct or pipe 51
      which is fabricated of heat resistant material, such as stainless steel,
      and which includes a horizontal section 53 fixedly seated in continuous
      circumferential engagement in the first counter bore 37. The inside
      dimension of the horizontal exhaust pipe section 53 is preferably
      approximately the same as that of the first bore portion 33 to afford
      smooth exhaust gas flow from the first bore portion 33 into the exhaust
      pipe 51. In addition, the horizontal exhaust pipe section 53 projects into
      the second counter bore 39 in spaced relation to the walls which define
      the second counter bore 39 and is supported by circumferentially spaced
      ribs 54 defined by the second wall means and extending axially of the bore
      in engagement with the pipe section 53. Because it is preferred to
      discharge the exhaust gases under water, the horizontal exhaust pipe
      section 53 terminates with an outer end 55 extending at a 45.degree. angle
      to afford abutting engagement with a vertically extending exhaust pipe
      section 57 still to be described.
PAR  In order to facilitate mounting of the vertical exhaust pipe section 57,
      the block or member 25 includes third wall means defining a second or
      vertical bore 61 which intersects the second counter bore 39 of the second
      portion 35 of the horizontal bore 29 and which terminates in a generally
      horizontal face 63 of the engine block or member 25. The second or
      vertical bore 61 includes an upper portion 65 and a lower adjacent portion
      67 which is of larger cross section than the upper portion 65 and which
      terminates at the horizontal face 63.
PAR  Connected to the face 63 of the block or member 25 is either a portion of
      the drive shaft housing 15 or another member 71 which is sandwiched
      between the member 25 and the drive shaft housing 15 and which includes a
      third vertical bore 73 aligned with and of generally the same size as the
      upper portion 65 of the second or vertical bore 61.
PAR  Extending in the aligned bores 61 and 73 in the members 25 and 71 is the
      vertical exhaust gas pipe section 57 which terminates, at its upper end
      75, at an angle of 45.degree. so as to abuttingly engage the outer end 55
      of the horizontal exhaust pipe section 53 to provide a continuous passage
      or duct which extends through a right angle.
PAR  The upper portion 65 of the second or vertical bore 61 continuously
      circumferentially engages the vertically extending exhaust pipe section 57
      so as to establish an upper dead air space 81, pocket, or void, in the
      member or block 25 around the projecting part of the horizontally
      extending exhaust gas pipe section 53.
PAR  In addition, the bore 73 in the member 71 preferably continuously
      circumferentially engages the vertically extending exhaust pipe section 57
      so as to provide a lower stagnant or dead air pocket or void or space 83
      in the enlarged bore portion 67 located around the vertically extend
      exhaust pipe section 57. Desirably, the adjacent margins of the upper and
      lower bores 67 and 73 extending from the face 63 in the members 25 and 71
      respectively are chamfered and the vertically extending exhaust pipe
      section 57 includes an angular outwardly extending ripple 85 preventing
      downward movement of the pipe section 57 and thereby maintaining abutting
      engagement of the section ends 55 and 75.
PAR  At its lower end, the exhaust pipe 51 communicates through any suitable
      passage means 87 with an under water discharge outlet 89 such as, for
      instance, the illustrated snout or an exhaust gas discharge in the hub of
      a propeller (not illustrated). If desired, the lower part of the exhaust
      pipe 51 and the passage means 87 in the drive shaft housing 15 can be
      water jacketed as is taught for instance in the U.S. Larsen Pat. No.
      3,198,162, issued Aug. 3, 1965.
PAR  Also included in the block or member 25 is a further wall means providing a
      water jacket 91 which is located in cooling or heat exchanging relation to
      the wall means defining the horizontally and vertically extending bores 29
      and 61, respectively.
PAR  There is thus provided adjacent to the combustion chamber an exhaust pipe
      which is constructed of heat resistant material and which is surrounded,
      in part, by a substantially stagnant air jacket or void (either the jacket
      81 or 83, or both) which diminishes heat transfer to the adjacent walls of
      the member 25, which walls, in turn, are water cooled to prevent
      over-heating thereof. Consequently, heat retention in the exhaust pipe 51
      is maximized without over-heating of the walls of the member 25.
PAR  While the disclosed construction includes two stagnant air pockets 81 and
      83, the invention is not limited to two pockets and extends to
      constructions employing a single stagnant air pocket.
PAR  In addition, although the disclosed and preferred construction includes use
      of a right angle exhaust pipe bend within a stagnant air pocket, the
      invention is not so limited and extends to the use of a stagnant air
      pocket around a straight exhaust gas pipe.
PAR  If desired, means can be provided for supplying combustion air to the
      exhaust pipe 51 in the area adjacent to the combustion chamber so as to
      facilitate burning of combustibles in the exhaust gas.
PAR  Various of the features of the invention are set forth in the following
      claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An engine comprising an engine block including first wall means defining
      a combustion chamber, and second wall means defining a bore including a
      first portion extending from said combustion chamber and a second portion
      enlarged with respect to said first portion and substantially closed from
      the atmosphere, and an elongated duct of heat resistant material
      communicating through said first bore portion with said combustion chamber
      so as to receive exhaust gases discharged therefrom, said duct being
      longitudinally engaged by and supported from said second wall means at
      locations spaced circumferentially of said duct and extending in said
      second bore portion in spaced relation from said second wall means
      intermediate said locations, said duct and said second bore portion
      defining therebetween an air space which is stagnant during operation so
      as to reduce heat transmission from said duct.
NUM  2.
PAR  2. An engine in accordance with claim 1 wherein said engine block further
      includes third wall means defining a water jacket in cooling relation to
      said second wall means.
NUM  3.
PAR  3. An engine in accordance with claim 1 wherein said duct includes a
      horizontal section and a vertical section and wherein said first mentioned
      air space is located in surrounding relation to said horizontal section
      and wherein said second wall means includes additional means supporting
      said vertical section and defining a second stagnant air pocket
      surrounding said vertical section.
NUM  4.
PAR  4. An outboard motor comprising a propulsion unit including a drive shaft
      housing including, at the bottom thereof, a gear box rotatably supporting
      a propeller shaft carrying a propeller, said drive shaft housing also
      including an exhaust gas discharge outlet which is normally located under
      water, said propulsion unit further including an engine block member
      including first wall means defining a combustion chamber, and second wall
      means defining a bore including a first portion extending from said
      combustion chamber and a second portion enlarged with respect to said
      first portion and substantially closed to the atmosphere, and an elongated
      pipe of heat resistant material communicating through said first bore
      portion with said combustion chamber so as to receive exhaust gases
      discharged therefrom, said pipe being longitudinally engaged by and
      supported from said second wall means at locations spaced
      circumferentially of said pipe and extending in said second bore portion
      in spaced relation from said second wall means intermediate said
      locations, said duct and said second bore portion defining therebetween an
      air space which is stagnant so as to reduce heat transmission from said
      pipe, said pipe also communicating through said drive shaft housing with
      said exhaust gas discharge outlet.
NUM  5.
PAR  5. An outboard motor in accordance with claim 4 wherein said block member
      further includes third wall means defining a water jacket in cooling
      relation to said second wall means.
NUM  6.
PAR  6. An outboard motor in accordance with claim 4 where said pipe includes a
      horizontal section and a vertical section and wherein said first mentioned
      air space is located in surrounding relation to said horizontal section
      and wherein said second wall means includes additional means supporting
      said vertical section and defining a second stagnant air pocket
      surrounding said vertical section.
NUM  7.
PAR  7. An engine comprising an engine block including first wall means defining
      a combustion chamber, and second wall means defining a bore including a
      first portion extending from said combustion chamber and a second portion
      enlarged with respect to said first portion and substantially closed from
      the atmosphere, and an elongated duct of heat resistant material
      communicating through said first bore portion with said combustion chamber
      so as to receive exhaust gases discharged therefrom, said duct being
      engaged by and supported from said second wall means and extending in said
      second bore portion in spaced relation from said second wall means, said
      duct and said second bore portion defining therebetween an air space which
      is stagnant during operation so as to reduce heat transmission from said
      duct.
NUM  8.
PAR  8. An engine in accordance with claim 7 wherein said engine block further
      includes third wall means defining a water jacket in cooling relation to
      said second wall means.
NUM  9.
PAR  9. An engine in accordance with Claim 7 wherein said duct includes a
      horizontal section and a vertical section and wherein said first mentioned
      air space is located in surrounding relation to said horizontal section
      and wherein said second wall means includes additional means supporting
      said vertical section and defining a second stagnant air pocket
      surrounding said vertical section.
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ABST
PAL  An inboard-outboard drive is taught having an upper, approximately
      horizontal input shaft; an output shaft substantially parallel thereto for
      driving a propeller; and a vertically-oriented intermediate shaft coupled
      to the other shafts by suitable gearing. The upper and lower shafts are
      journaled in upper and lower housings, respectively. A tubular member
      disposed coaxially with the intermediate shaft couples the upper and lower
      housings, allowing the lower housing to rotate with respect to the upper
      housing. The tubular member is associated with a steering member opposite
      sides of which are coupled to ones of a pair of hydraulic cylinders
      disposed within the upper housing. In one embodiment the steering member
      comprises a pinion which is rotated by rack gears coupled to the hydraulic
      cylinders and adapted to slide back and forth in ways formed in the upper
      housing. In another embodiment, the steering member is a bellcrank keyed
      to the tubular member and coupled to the hydraulic cylinders by linkage
      arms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to drive means for marine vessels
      and, more particularly, to improved boat drives of the inboard-outboard
      variety.
PAR  For many years power boats were generally grouped into two categories,
      i.e., "outboard" and "inboard". The "outboard" type of boat, powered by a
      self-contained power drive unit mounted to the transom of the vessel, was
      commonly considered to be of a smaller and lighter type of boat then the
      "inboard" which was powered by a large internal combustion engine driving
      a propeller either directly through an intermediate gear box or through a
      drive shaft extending through the bottom of the boat.
PAR  Eventually, the inherent advantages in outboard-type propeller drives were
      recognized and the state of the art progressed to the point where it was
      feasible to manufacture drive units to be mounted outboard of a boat, but
      which were coupled to a source of motive power disposed within the boat
      itself. Thus, a hybrid drive system, termed the "inboard-outboard" drive
      came into being.
PAR  The inboard outboard drive mechanism, however, posed substantial problems.
      While it was desired to be able to adjust the drive both to cant it to its
      optimum attitude and to rotate it for steering purposes, much in the
      manner of an outboard motor arrangement, the drive must be large and
      rugged enough to absorb the power transmitted by large inboard-mounted
      engines. To reconcile these requirements, several approaches have been
      taken by the prior art. Commonly, the upper portion of the drive unit is
      hinged so that its attitude may be adjusted relative to the stern of the
      boat. Universal joints are interposed in the power input shaft for
      transmitting power from a fixed shaft extending either directly from the
      motor, or through a transmission attached thereto, to the input mechanism
      of the drive unit. Further, in order to achieve directional control the
      drive unit may also be gimbaled at the same point so that the entire
      outboard-mounted unit may be turned. In the past, turning has been
      achieved by providing external hydraulic cylinders attached to the transom
      of the boat and extending to an appropriate portion of the drive unit
      casing. By turning a sterring wheel, the operator of the boat controls a
      source of hydraulic pressure which in turn operates the hydraulic
      cylinders at the stern, causing the drive unit to turn and thus effect a
      change in the direction of the driven vessel.
PAR  The hydraulic units heretofore used for steering have commonly been adapted
      from automotove applications, and have typically comprised certain of the
      hydraulic elements from a power steering apparatus. While such units have
      proved adequate for many types of operation, their external mounting
      necessarily exposes them to injury and damage. Further, especially in salt
      water usage, the hydraulic elements are susceptible of corrosion which
      hampers their efficacy and materially shortens their useful life.
PAR  In another type of known drive unit, the unit is divided into an upper and
      a lower section, and a hinge apparatus provided so that the lower section
      may rotate relative to the upper section in order to provide directional
      control. This simplifies the drive system mounting, though posing steering
      control problems similar to those presented by the afore-described
      arrangement.
PAR  In U.S. Pat. No. 3,605,677 -- Bergstedt there is disclosed a boat drive
      arrangement comprehending a steering control apparatus which overcomes
      some of the above-described problems. However, the hydraulically-driven
      rack arrangement requires custom-built dual-acting cylinders of rather
      complex design, and moreover necessitates a considerable increase in the
      width of the drive unit which increases the projected area thereof.
PAR  It will therefore be appreciated that it would be advantageous to provide a
      simplified, compact steering means for achieving directional control of an
      inboard-outboard drive, the elements of which are protected from corrosion
      and damage.
PAR  It is therefore an object of the present invention to provide an
      inboard-outboard drive unit having a superior directional control
      mechanism.
PAR  It is another object of the present invention to provide an
      inboard-outboard drive having an improved steering apparatus enclosed
      therewithin.
PAR  It is still another object of the invention to provide an improved steering
      apparatus in an inboard-outboard drive unit which is compact enough to fit
      within the drive unit housing.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, in accordance with one aspect of the invention the
      foregoing objects are achieved by providing an upper and a lower drive
      housing, the upper housing having therein an input drive shaft adapted to
      receive power from a source of motive power, and the lower housing having
      an output drive shaft coupled to a propeller means. An intermediate shaft
      extends in a vertical manner from one housing to the other, connecting the
      input and output drive shafts through suitable gearing. A tubular element
      disposed concentrically with the intermediate shaft is journaled in one of
      the housings and fixedly attached to the other so that one housing may be
      turned with respect to the other rotating about the axis of the
      intermediate drive shaft. A steering means affixed to the tubular element
      is engaged at opposite sides thereof by first and second linkage means,
      each of the linkage means being disposed in opposite sides of the upper
      housing substantially parallel to the input drive shaft. A single-acting
      hydraulic cylinder is coupled to each of the linkage means, the linkage
      and cylinder assemblies being wholly enclosed within the upper housing.
PAR  In one embodiment, the steering means comprises a pinion, the linkage means
      being constituted by rack gears engaging opposite sides of the pinion. In
      another embodiment the steering means takes the form of a bellcrank,
      opposite sides of which are attached to the respective linkage means by
      pins.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention will be better understood from the
      following description of preferred embodiments taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a cutaway drawing of apparatus embodying principles of the
      present invention;
PAR  FIG. 2 is a sectional view taken at section 2--2 of FIG. 1;
PAR  FIG. 3 is a cutaway drawing of a second embodiment of the invention; and
PAR  FIG. 4 is a sectional view taken at section 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an inboard-outboard drive unit of a type adapted for use with
      the present invention and comprising an upper housing 10 and a lower
      housing 11. Journaled within the upper housing is an input drive shaft 12
      having disposed thereon forward and reverse bevel gears 13 and 14,
      respectively. A shifting sleeve 15 disposed between the bevel gears
      receives shifting forks (not shown) through an opening 16 in the upper
      surface of the housing for selectively translating the gears axially upon
      input shaft 12. A universal joint assembly 17 is affixed to one end of
      shaft 12 and serves to couple the shaft to a source of motive power, such
      as a gasoline or diesel engine, located inboard the vessel to be driven. A
      trunnion assembly (not shown) rigidly affixed to the stern of the vessel,
      engages hole 18 in the manner of the hinge so that the drive assembly may
      be adjustably tilted to the proper attitude relative to the stern of the
      vessel.
PAR  An upper bevel gear 19 located at the upper end of an intermediate drive
      shaft 20 couples the shaft to input shaft 12 through the forward or
      reverse drive gear 13, 14 which has been meshed with gear 19 by the
      shifting forks. A similar gear 21 attached to the lower end of the
      intermediate shaft engages a mating gear 22 located at the forward end of
      output drive shaft 23. The output shaft is journaled in the lower housing
      11 by suitable bearings 24, 25, it being anticipated that bearing 25 is
      provided with suitable seals for preventing leakage of water into, or oil
      out of, the unit. At the distal end of the output dirve shaft is a
      propeller means 26, which may be of any of the many well-known
      configurations, for providing the forward thrust to propel the vessel
      through the water.
PAR  Disposed concentrically about intermediate shaft 20 is a tubular member 27
      which is rotatably located within upper housing 10 by means of bearings
      28, 29. Other bearings (not shown) disposed within the tubular member 27
      maintain the concentricity of the tubular member and shaft 20, and provide
      support and location therebetween. A flange 30 affixed near the lower end
      of the tubular member, is fastened to lower housing 11 such that the lower
      housing is constrained to turn with the tubular member. A pair of Allen
      head screws 31, 32 fasten flange 30 to the lower housing without
      projecting above the surface thereof so that the upper and lower housings
      can be maintained in close proximity with one another.
PAR  A pinion 33, which may take the form of a simple spur gear, is disposed
      near the upper end of the tubular member 27 and located thereon by any
      suitable means such as splines 34. In this manner, the tubular member 27
      is constrained to rotate with the pinion gear. A rack gear 35 is slidingly
      disposed in ways 36 and extends in a generally fore-and-aft configuration,
      i.e., substantially parallel to input drive shaft 12. A hydraulic cylinder
      37, advantageously of an economical self-contained single-acting design,
      is coupled to one end of rack 35 and adapted to push it rearwardly along
      ways 36 in response to the application of hydraulic pressure from a
      steering control unit. In this manner an extremely small and compact
      arrangement is provided for controllably rotating tubular member 27, and
      therefore lower housing 11.
PAR  Turning now to FIG. 2 there is shown in detail the construction and
      operation of the hydraulic steering mechanism when mating halves of upper
      housing 10 are assembled. Hydraulic cylinders 37, 44 are located in
      opposite halves of the housing, and are associated with a pair of linear
      rack gears 35, 42 which are slidingly located in ways 36, 43. Ways 36 and
      43 advantageously comprise recesses having semicircular cross-section
      machined into the housings, and provide guides for precisely locating the
      racks as they are translated due to the action of the hydraulic cylinders
      37 and 44, respectively. As will be recognized by those skilled in the
      art, since racks 35, 42 engage pinion gear 33 at substantially
      diametrically opposite points, they afford additional lateral support to
      the gear during the turning thereof. In the position depicted, an
      appropriate control such as a steering wheel assembly (not shown) operates
      valve 45 to allow pressurized hydraulic fluid to flow from a pump (also
      not shown) through line 46, increasing the pressure within hydraulic
      cylinder 37. At the same time, complementary valving allows fluid within
      hydraulic cylinder 44 to escape therefrom, returning to a common fluid
      reservoir by way of line 47.
PAR  As the pressure within cylinder 37 increases, the cylinder piston is driven
      outward, forcing rack 35 in the direction indicated by the arrow thereon.
      This effects the clockwise rotation of pinion 33 and therefore of tubular
      member 27, and also displaces rack 42 in the direction shown which forces
      hydraulic fluid from cylinder 44.
PAR  From an inspection of FIGS. 1 and 2 it will be seen that the clockwise
      rotation of pinion 33, and therefore of member 27, will necessarily
      produce a corresponding rotation of lower housing 11 with respect to upper
      housing 10,
PAR  Rotation of the lower housing corresponding to the depicted movement of
      pinion gear 33 will then procure a lefthand turn of the driven vessel due
      to the offset thrust by propeller 23. Conversely, had valve 45 been turned
      in an opposite direction and pressurized fluid directed to cylinder 44,
      rack 42 would then have been forced outwardly from cylinder 44 to effect
      clockwise rotation of pinion 33. The corresponding rotation of lower
      housing 11 would then cause the driven vessel to turn to the right.
PAR  Referring now to FIG. 3, there is shown another embodiment of the present
      invention, disposed in an environment similar to that of FIG. 1. As
      before, motive power is transmitted through an input shaft 12, which is
      journaled in a housing 10, to gears 13, 14 for transmitting power of
      intermediate shaft 20 through a mating bevel gear 19. Tubular member 27 is
      journaled within upper housing 10, and has a flange 30 disposed at the
      lower end thereof and adapted to be fixedly mounted to the lower housing
      11 (not shown) in the manner described hereinabove.
PAR  At the upper end of tubular member 27, and fixedly attached thereto, is a
      steering means comprising a bellcrank 50. The bellcrank advantageously is
      formed with a bore sized to slide over tubular member 27, and has a keyway
      adjacent the bore and formed to match to a similar keyway machined in the
      tubular member. In this manner, the bellcrank may be coupled to the
      tubular member so that rotation of the bellcrank will cause the tubular
      member 27, and therefore the lower assembly of the unit, to turn
      therewith.
PAR  Substantially diametrically opposite one another are a pair of protrusions
      50a, 50b for receiving linkages to be coupled to the bellcrank by suitable
      means such as bolts or pins. One such linkage, shown at 51, extends from
      hydraulic cylinder 52 to a horizontally-disposed slot formed in protrusion
      50a of bellcrank 50. Pin 53 extends through the slotted portion of the
      bellcrank, encapturing one end of linkage 51. Pin 53 advantageously
      incorporates a suitable bearing means journaled within linkage 51 or
      bellcrank 50, to decrease the friction between the bellcrank and the
      linkage:
PAR  The rearward end of cylinder 52 is provided with a planar extension which
      is rotatably coupled to bracket 54 by means of pin 55. The fit between the
      pin and the extended portion of the cylinder is such as to allow the
      cylinder to articulate slightly in response to the changing relationship
      between the cylinder and the axis of tubular member 27 as the steering
      member 50 is caused to rotate by linkage means 51.
PAR  Turning now to FIG. 4, there is shown bellcrank 50 assembled to a pair of
      parallel hydraulic cylinder 52, 62 by means of links 51, 61, respectively.
      The ends of the links remote from the cylinders are coupled to opposite
      sides of bellcrank 50 by means of pins 53, 53' which are journaled in the
      bellcrank or links to allow angular rotation of the bellcrank relative to
      the links. A key 68 is disposed in mating keyways in tubular member 27 and
      bellcrank 50 to allow the bellcrank to turn in response to pressure
      exerted on various ones of links 51, 61 by hydraulic cylinders 52 and 62
      respectively.
PAR  In a preferred embodiment, the links 51, 61 are substantially planar and
      fit into slots provided in bellcrank 50 which extend generally
      perpendicular to the axis of tubular member 27. The ends of the links
      remote from the bellcrank are cylindrical in a cross section and have
      threads provided thereon for engaging pistons 56, 66 of hydraulic
      cylinders 52 and 62 respectively.
PAR  The closed ends of the hydraulic cylinders have brackets 57 extending
      outwardly therefrom. Brackets 57 are pivotally coupled to other brackets
      54 which are bolted to appropriate bosses cast within upper housing 10 and
      serve to support the hydraulic cylinders, while allowing them to pivot in
      order to maintain alignment with pins 53, 53', and so bellcrank 50, as the
      bellcrank is turned.
PAR  The operation of the system shown in FIGS. 3 and 4 in substantially the
      same as that of FIGS. 1 and 2. In order to cause a driven vessel to turn
      to the left pressurized hydraulic fluid is forced into cylinder 52 by
      suitable valving means as depicted in FIG. 2. This causes piston 56 to be
      driven outwardly, causing bellcrank 50 to turn in a clockwise direction.
      Similarly, to effect a right turn, pressure is removed from cylinder 52
      and introduced into cylinder 62 so as to cause bellcrank 50 to turn in a
      counterclockwise manner.
PAR  It will now be seen that there has been described an improved
      self-contained steering mechanism for use in an inboard-outboard drive
      system with advantages not heretofore known in the prior art. The
      longitudinal disposition of the steering linkage means and the hydraulic
      cylinders associated therewith, allows the upper housing of the unit to be
      considerably narrower and more compact than is the case with prior art
      arrangements. In addition, the overall length of the cylinder/linkage
      combination is minimized through the use of a single acting cylinder at
      one end of a link, the cylinders advantageously being of the economical,
      single-action variety such that piston return is accomplished in response
      to the actuation of the opposite cylinder. Further, the described
      arrangement requires little in the way of complex castings or machining
      requirements since the cylinders may easily be attached to, and thus form
      no part of, the upper housing itself.
PAR  In addition, it will be seen that the entire cylinder and linkage assembly
      is entirely enclosed within the confines of the upper housing of the
      inboard-outboard drive unit, protecting it from injury and from corrosion.
PAR  It will now be seen that there has been described herein a superior
      inboard-outboard drive assembly, incorporating directional control means
      which avoid many of the problems heretofore found in prior-art designs.
      The hydraulic mechanisms used to accomplish turning of the lower portion
      of the two-piece unit are completely enclosed within, and therefore
      protected by, the upper housing thereby extending the life and improving
      the reliability of the system. Additional support may be furnished the
      turning means through the use of complementary racks disposed upon
      opposite sides of the steering pinion gear, while the drive unit housing
      configuration necessary for locating and supporting the cylinders and
      racks is considerably simplified. Finally, the disclosed arrangement
      results in a considerably more compact steering apparatus, which lends
      itself both to advanced housings of the "clamshell" configuration, and
      allows the housing to be substantially narrower than housings using other
      types of prior art steering arrangements.
PAR  As will be evident from the foregoing description, certain aspects of the
      invention are not limited to the particular details of the examples
      illustrated, and it is therefore contemplated that other modifications or
      applications will occur to those skilled in the art. It is accordingly
      intended that the appended claims shall cover all such modifications and
      applications as do not depart from the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An inboard-outboard drive unit for marine vessel, comprising:
PA1  an upper portion adapted to be tiltably mounted to the stern structure of
      the vessel and a lower portion rotatably coupled to said upper portion;
PA1  first drive means disposed in said upper portion and adapted to be coupled
      to a source of motive power inboard of said vessel;
PA1  second drive means disposed in said lower portion and having propeller
      means attached thereto;
PA1  intermediate drive means coupling said first and said second drive means
      and comprising a shaft extending from said upper portion to said lower
      portion;
PA1  tubular means journaled in said upper portion and disposed concentrically
      about said intermediate drive means;
PA1  steering means fixedly coupled to said tubular means;
PA1  means coupling said tubular means to said lower portion to cause said lower
      portion to rotate therewith;
PA1  first and second self-contained hydraulic cylinder means disposed within
      said upper portion, said cylinder means being disposed upon the same side
      of said steering means and substantially parallel to each other;
PA1  first and second linkage means extending substantially parallel to one
      another and coupling said first and said second hydraulic cylinders
      respectively to points on said steering means located on opposite sides of
      the axis of said tubular means; and
PA1  means for selectively actuating said hydraulic cylinder means for effecting
      rotational movement of said lower portion with respect to said upper
      portion.
NUM  2.
PAR  2. The invention defined in claim 1, wherein said steering means is a
      pinion, and said first and said second linkage means comprise rack gears
      adapted to engage opposite sides of said pinion.
NUM  3.
PAR  3. The invention defined in claim 2, further including guide means formed
      in upper portion, said guide means comprising ways extending substantially
      parallel to one another and formed in opposite sides of said upper portion
      for slidably receiving said rack gears.
NUM  4.
PAR  4. The invention defined in claim 3, wherein said guide means comprise
      linear grooves.
NUM  5.
PAR  5. The invention defined in claim 4, wherein said hydraulic cylinder means
      are single-acting hydraulic cylinders.
NUM  6.
PAR  6. The invention defined in claim 5, wherein said pinion means and said
      tubular means are coupled by mating splines formed thereon.
NUM  7.
PAR  7. The invention defined in claim 6 wherein said upper portion comprises
      two substantially symmetrical housings, said housings being joined along a
      plane extending generally parallel to the axes of said first drive means
      and said intermediate drive means.
NUM  8.
PAR  8. The invention defined in claim 2, wherein said steering means is a
      bellcrank and said first and said second linkage means comprise elongate
      arms pivotally mounted to opposite sides of said bellcrank, and further
      including means for mounting said first and second cylinders within said
      upper portion for allowing each of said cylinders to pivot about an axis
      extending substantially parallel to that of said tubular means.
NUM  9.
PAR  9. The invention defined in claim 8, wherein said hydraulic cylinder means
      are single-acting cylinders.
NUM  10.
PAR  10. The invention defined in claim 9, wherein said tubular member and said
      bellcrank have complementary keyways formed thereon, and
PA1  a key disposed in said keyways for non-rotatably coupling said bellcrank to
      said tubular means.
NUM  11.
PAR  11. The invention defined in claim 10, wherein said upper portion comprises
      two substantially symmetrical housings, said housings being joined along a
      plane extending generally parallel to the axis of said first drive means
      and said intermediate drive means
NUM  12.
PAR  12. An inboard-outboard drive unit for a marine vessel, comprising:
PA1  an upper housing adapted to be mounted to the stern of the vessel;
PA1  an input shaft journaled in said upper housing and having means for
      drivingly coupling said input shaft to a source of motive power disposed
      inboard of the vessel;
PA1  a lower housing;
PA1  an output shaft journaled in said lower housing and having propeller means
      associated with one end thereof;
PA1  an intermediate shaft extending from said upper housing to said lower
      housing;
PA1  first gear means coupling said input shaft to said intermediate shaft;
PA1  second gear means coupling said intermediate shaft to said output shaft;
PA1  a tubular element disposed coaxially with said intermediate shaft, said
      tubular element being rotatably journaled within said upper housing and
      being non-rotatably associated with said lower housing;
PA1  first and second self-contained hydraulic cylinders disposed within said
      upper housing at a common side of said tubular element;
PA1  pinion gear means non-rotatably coupled to the upper end of said tubular
      element;
PA1  first and second rack gears coupling opposing sides of said pinion gear
      means to said first and said second hydraulic cylinders, respectively; and
PA1  means for selectively introducing pressurized fluid into said first and
      said second hydraulic cylinders.
NUM  13.
PAR  13. The invention defined in claim 12, wherein said first gear means
      comprises first and second bevel gears disposed on said input shaft and a
      third bevel gear on said intermediate shaft said first and second bevel
      adapted to alternately engage said third gear.
NUM  14.
PAR  14. The invention defined in claim 13, wherein said upper housing is
      divided into two substantially equal portions, said portions being joined
      along a plane extending substantially parallel to the axis of said input
      shaft and said intermediate shaft, each of said portions having formed
      therein means for mounting ones of said hydraulic cylinders.
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ABST
PAL  An automatic flag storage and display device which has a hollow tubular
      member and a first pole member supported within the tubular member. The
      axis of the tubular member and the axis of the first pole member are
      parallel. The first pole member is adapted for extension and retraction
      from the tubular member. The device further has a second pole member
      pivotally mounted to the outward end of the first pole member. There is a
      release means for automatically extending the second pole member so as to
      unfurl a flag attached to the first and second pole members, when the
      first pole member is extended from the hollow tubular member. The device
      further has a pole extension means for automatically extending the first
      pole member.
BSUM
PAR  This invention relates generally to flag display devices and more
      particularly concerns a novel mechanism for automatically extending a flag
      for display and for retracting it to a protected position.
PAR  Several attempts have been made to devise a practical apparatus to
      transport a flag from a furled or stored position to a position of
      display. Most of these devices are basically stationary devices, that is
      devices which are not to be used during parades, marches, etc. These
      devices have generally been described as hollow flag poles or a hollow
      portion thereof into which or from which a flag is dragged by means of an
      appropriately rigged halyard, either for protection of the elements or as
      an alternative to the customary lowering or raising of the flag at evening
      or morning. Some other devices provide a separate enclosure thru which the
      halyard runs so that the flag may be brought within the enclosure for
      storage and protection. Still other devices have been provided a slot in
      the side of a flagpole and an internal shaft upon which the flag may be
      rolled; by rotating the shaft the flag is drawn in thru the slot and is
      protected.
PAR  Many of the prior art devices have not been practical in that they tend to
      bind, or by subjecting the flag to frequent frictional contact with an
      aperture, tend to appreiably shorten its useful life. Others are
      cumbersome, expensive or otherwise impractical for the home owner who may
      wish to display his flag but finds it an inconvenience to go outdoors or
      open a window to put the flag out and take it in. Inconveniences
      proportionally greater in flag display on large buildings or in public
      insitutions. This inconvenience is very great when it is attempted to have
      an automatic flag storage and display device for use in parades, marches,
      etc.
PAR  Broadly speaking the invention discloses an automatic flag storage and
      display device for furling a flag and unfurling a flag by extending or
      retracting a shaft into a protective tube and alternatively extending this
      shaft from the protective tube and unfurling the flag. Several embodiments
      are disclosed. The mechanism generally comprises a hollow tubular member,
      a first pole member coaxially supported within the tubular member and
      adapted for extension and retraction there from and there into, an
      automatic flag unfurling means attached to the first pole member for
      unfurling the flag attached to the first pole member when the first pole
      member is extended from the hollow tubular member, and a pole extension
      means for automatically extending the first pole member.
PAR  This device may be attached to the wall of a building, the floor in a
      building, the ground outside a building and is particularly designed to be
      of a portable nature so as to be used in a parade, march, etc.
PAR  Appropriate controls and switches may be provided on the device for
      operating the device.
PAR  It is readily apparent that this device enables one to easily display the
      flag whenever he wishes without inconvenience and, in particular for
      displaying a flag automatically while marching, parading, etc.
DRWD
PAR  FIG. 1 is a front view of a person carrying a pair of the automatic flag
      storage and display devices on his back.
PAR  FIG. 2 is a rear view of a person carrying a pair of the automatic flag
      storage and display devices on his back.
PAR  FIG. 3 is a view of the automatic flag storage and display device showing
      an extended flag pole and flag unfurled.
PAR  FIG. 4 is a view similar to FIG. 3 showing the flag pole retracted and the
      flag unfurled.
PAR  FIG. 5 is an enlarged detail sectional view of one example of the automatic
      flag storage and display device, showing the mechanism which provides for
      the automatic extension of the first pole member, i.e. the flag pole.
DETD
PAR  With reference now to FIGS. 1 through 5 of the drawings, there is shown an
      automatic flag storage and display device, generally 1.
PAR  The device is comprised of a hollow tubular member 2. The hollow tubular
      member may be circular, rectangular, etc., however it is preferred that it
      be a cylindrical tubular member.
PAR  A first pole member 3 is supported within the hollow tubular member 2 and
      adapted for extension and retraction there from and there into. The axis
      of the tubular member and the axis of the first pole member are parallel.
PAR  The automatic flag storage and display device is further comprised of an
      automatic unfurling means 4, for example, attached to the first pole
      member for unfurling a flag 3A attached to the first pole member when the
      first pole member 3 is extended from the hollow tubular member 2.
PAR  The automatic flag unfurling means 4 may be, for example, comprised of a
      second pole member, also referred to as 4, pivotally mounted to the
      outward end of the first pole member 5. A release means for automatically
      extending the second pole member so as to unfurl a flag attached to the
      first and second pole members when the first pole member is extended from
      the hollow tubular member. Such a release means, for example, may be a
      spring attached to and mounted between the first pole member 3 and the
      second pole member 4.
PAR  The automatic flag storage and display device is further comprised of a
      pole extension means for automatically extending the first pole member.
PAR  The pole extension means may be comprised of, for example, an ejection
      spring 7 mounted within the hollow tubular member 2 and below the first
      pole member 3. The pole extension means, for example, may further be
      comprised of a catch means 8 mounted on the first pole member 3 and a pole
      latch means attached to the hollow tubular member 9 for engaging the catch
      means 8 when the first pole member 3 is in a retracted position in the
      hollow tubular member 2 whereby the ejection spring 7 is maintained in a
      compressed position. The pole extension means, for example, may further be
      comprised of a pole release means for disengaging the pole latch means 9
      from the catch means 8 thereby ejecting the first pole member 3 from the
      hollow tubular member 2.
PAR  The catch means, for example, may be a hole 8 in the first pole 3 and the
      pole latch means may be a movable bolt 9 which engages the hole 8.
PAR  The pole release means, for example, may be a lanyard 10 attached to the
      movable bolt 9 to disengage the bolt 9 from the hole 8.
PAR  The automatic flag storage and display device may further be comprised of a
      means for retracting the first pole member 11 whereby the pole latch means
      engages the catch means.
PAR  This device may further be comprised of a means for attachment of this
      automatic flag storage and display device to a person. The means for
      attachment may be, for example, a strap 12 attached to the outside of the
      hollow tubular member.
PAR  In use the automatic flag storage and display device may be mounted either
      stationary or in a mobile position. When stationary it may be mounted on
      the ground, on a building, etc. It is preferred however that this device
      be portable and used for parades, marches, etc., mounted on a person,
      animal, vehicle, etc.
PAR  A person desiring to use this device will retract the first pole member,
      closing, for example, the automatic flag unfurling means so that the flag
      and the first pole member are enclosed by the hollow tubular member. When
      the pole latch means and the catch means are engaged the pole member is in
      its retracted position and the flag is in its unfurled position within the
      hollow tubular member.
PAR  When a group of people, vehicles, etc. are parading or marching at a
      certain signal the flags may be automatically unfurled by, for example,
      reactivating the release means, i.e., a lanyard, to disengage the pole
      latch means from the catch means and cause the first pole member to extend
      and the flag unfurl.
PAR  The automatic flag storage and display device may be preferably mounted on
      the backs of persons, for use in marching. At a predetermined signal,
      i.e., from a conductor, the marching members can pull, for example, the
      lanyards and the flags will unfurl. When 100 or 200 members of the
      marching group unfurl the flag at one time, or in a systematic manner,
      this can be impressive to the persons observing this march.
PAR  While there have been described herein what are at present considered
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that many modifications and changes may be made therein
      without departing from the essence of the invention. It is therefore to be
      understood that the exemplary embodiments are illustrative and not
      restrictive of the invention, the scope of which is defined in the
      appended claim, and that all modifications that come within the meaning
      and range of equivalency of the claim are intended to be included therein.
CLMS
STM  Having herein described the invention, what is claimed as new is:
NUM  1.
PAR  1. an automatic flag storage and display device comprising:
PA1  a. a hollow tubular member;
PA1  b. a first pole member supported within the tubular member so that the axis
      of the tubular member and the axis of the first pole member are parallel
      and said first pole member is adapted for extension and retraction
      therefrom and thereinto;
PA1  c. a second pole member pivotally mounted to the outward end of the first
      pole member;
PA1  d. a release means for automatically extending the second pole member so as
      to unfurl a flag attached to the first and second pole members when the
      first pole member is extended from the hollow tubular member;
PA1  e. a pole extension means for automatically extending the first pole
      member.
NUM  2.
PAR  2. The automatic flag storage and display device of claim 1, wherein the
      release means is a spring attached to and between the first pole member
      and the second pole member.
NUM  3.
PAR  3. The automatic flag storage and display device of claim 1, further
      comprised of a means for attachment of the automatic flag storage and
      display device to a person.
NUM  4.
PAR  4. The automatic flag storage and display device of claim 3, wherein the
      means for attachment is a strap which is long enough to go around the body
      of a person, attached to the outside of the hollow tubular member.
NUM  5.
PAR  5. An automatic flag storage and display device comprising:
PA1  a. a hollow tubular member;
PA1  b. a first pole member supported within the tubular member so that the axis
      of the tubular member and the axis of the first pole member are parallel
      and said first pole member is adapted for extension and retraction
      therefrom and thereinto;
PA1  c. an automatic flag unfurling means attached to the first pole member for
      unfurling a flag attached to the first pole member when the first pole
      member is extended from the hollow tubular member;
PA1  d. an ejection spring mounted within the hollow tubular member and below
      the first pole member;
PA1  e. a catch means mounted on the bottom of the first pole member;
PA1  f. a pole latch means attached to the hollow tubular member for engaging
      the catch means when the first pole member is in a retracted position in
      the hollow tubular member and the spring is thereby maintained in a
      compressed position; and
PA1  g. a pole release means for disengaging the pole latch means from the catch
      means thereby ejecting the first pole member from the hollow tubular
      member.
NUM  6.
PAR  6. The automatic flag storage and display device of claim 5, wherein the
      catch means is a hole in the bottom of the first pole member; and the pole
      latch means is a movable belt which engages the hole.
NUM  7.
PAR  7. The automatic flag storage and display device of claim 6, wherein the
      pole release means is a lanyard attached to the movable belt to disengage
      the belt from the hole.
NUM  8.
PAR  8. The automatic flag storage and display device of claim 5, further
      comprised of a means for retracting the first pole member whereby the pole
      latch engages the catch means.
NUM  9.
PAR  9. The automatic flag storage and display device of claim 5, further
      comprised of a means for attachment of the automatic flag storage and
      display device to a person.
NUM  10.
PAR  10. The automatic flag storage and display device of claim 9, wherein the
      means for attachment is a strap which is long enough to go around the body
      of a person attached to the outside of the hollow tubular member.
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ABST
PAL  Disclosed is a glue applicator for applying glue to an uneven generally
      vertical surface having a generally upright rotary brush with a
      compartmented doctor block at one side thereof. Glue is pumped into the
      feed compartment and onto the brush which then wipes it onto the work
      piece. Glue recovery means are provided below the brush for recycling
      unused glue, and a shield is preferably provided around part of the brush
      to minimize splattering. The doctor block compartment may be in the form
      of an open-sided tube, or may comprise a series of serrations in the
      doctor block.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the production of finger jointed lumber, it is necessary to apply glue
      to the finger-cut (serrated) ends of the sticks of lumber in preparation
      for joining the sticks end-to-end to form a longer length of lumber. The
      glue is generally applied while the stick is held on its side or edge, and
      the finger-cut end is thus vertical, and may be characterized as an uneven
      vertical surface. The term "glue" is used herein in a broad sense to
      include both protein glue and other types of adhesives which are in a
      flowable condition prior to curing.
PAR  It is essential to the formation of a sound lumber finger joint that the
      entire finger-cut end surface of at least one of the sticks making up the
      joint being coated with glue, and coated as uniformly as possible. At the
      same time, it is desired to keep glue off the sides of the lumber, and to
      waste as little glue as possible through spillage.
PAR  In order to impart the desired mechanical strength to a finger joint, it is
      the practice to finger-cut the ends fairly deeply (typically about 9/16
      inch with variations encountered from about 1/8 inch to about 1 1/2
      inches), making the surface of the end very uneven, and making it
      difficult to apply glue evenly on the surface, because the application
      tool must reach both the deep-cut regions of the end and the shallower
      portions, and deposit on them a uniform layer of glue. Furthermore, since
      for various operational reasons it is most common that the surface to be
      coated is oriented vertically, and since the glue during the application
      stage is a liquid, it is difficult to load the application tool with glue
      uniformly from top to bottom and to maintain such uniform loading, and it
      is thus difficult to apply a uniform layer of glue across the surface to
      be coated from top to bottom.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a rotary brush type
      glue applicator which overcomes the difficulties outlined above, and which
      is capable of applying a controllable uniform coating of adhesive to
      finger-cut ends and other uneven vertical surfaces. The invention utilizes
      a rotary power driven brush mounted with its axis vertical. The brush is
      preferable positioned with respect to a work piece station so that the
      bristles reach into the uneven vertical surfaces of the end of a work
      piece sufficiently to apply glue to the farthermost portions thereof when
      the work piece is positioned in or moving through the station.
PAR  In further accordance with the invention, glue is supplied to the vertical
      brush while it is rotating against the end of the work piece through a
      specially configured doctor block. The doctor block has a compartment
      formed in its surface which faces and contacts the brush, and means for
      delivering glue into the compartment from a source of supply. The doctor
      block is preferably positioned with respect to the vertical axis of the
      brush so that it is located at least in part within the relaxed volume of
      the brush. Stated alternately, the vertical surface of the doctor block is
      spaced from the axis of the brush a distance less than the nominal radius
      of the brush, with the consequence that the bristles wipe into the
      compartment of the doctor block to pick up glue being pumped into the
      compartment. This arrangement insures that glue is supplied uniformly to
      the brush from top to bottom, and that it is deposited "in" the brush
      rather than merely on its outer surface. A uniform load of glue is thus
      continuously placed uniformly in the brush in a location ideal for
      transfer by wiping action onto the entire uneven vertical surface of a
      finger-cut lumber end.
PAR  As the glue-laden brush rotates, centrifugal force will tend to move the
      glue toward the surface of the brush and to throw it off the brush. This
      effect is beneficial in the zone of contact between the brush and the work
      piece, but in the region between the doctor block and the zone of contact
      it is undesirable since glue thrown off the brush is wasted. For this
      reason it is preferred that an arcuate shield be provided between the
      doctor block and the zone of contact, extending around the periphery of
      the brush.
PAR  Because the glue being delivered to the brush and wiped onto the uneven
      vertical surface is flowable, it will tend to migrate downwardly in the
      brush and drop off the bottom, particularly when the brush is stopped for
      any reason. In accordance with the invention, a screened funnel or other
      glue recovery means is preferably positioned below the brush to catch the
      glue and return it to the supply reservoir.
PAR  From the foregoing, it can be seen that a principal object of the invention
      is to provide an improved glue applicator for applying glue to an uneven
      vertical surface such as a finger-cut lumber end.
PAR  Another object of the invention is the provision of a glue applicator
      capable of applying a uniform glue coating to an uneven vertical surface.
PAR  A further object of the invention is to provide a glue applicator which is
      economical in the use of glue because of the elimination of splatter and
      the recycle of unused glue.
PAR  The manner in which the foregoing objects are achieved, together with other
      objects and purposes, can best be understood by a consideration of the
      detailed description which follows, together with the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a glue applicator assembly
      constructed in accordance with the invention;
PAR  FIG. 2 is a fragmentary side elevational view, partly in section, of the
      lower portion of the glue applicator of FIG. 1 and showing the glue
      passages of its doctor block;
PAR  FIG. 3 is a fragmentary elevational view of a portion of the face of the
      doctor block of the applicator of FIG. 1;
PAR  FIG. 4 is a side elevational view of another embodiment of the glue
      applicator of the invention;
PAR  FIG. 5 is a front elevational view of the glue applicator of FIG. 4;
PAR  FIG. 6 is an enlarged broken sectional view, partly in elevation, of the
      upper and lower portions of the doctor block of the embodiment of FIG. 4;
PAR  FIG. 7 is a fragmentary elevational view of a portion of the face of said
      doctor block;
PAR  FIG. 8 is a front elevational view of still another embodiment of the glue
      applicator of the invention;
PAR  FIG. 9 is an enlarged broken sectional view, partly in elevation, of the
      upper and lower portions of the doctor block of the embodiment of FIG. 8;
      and
PAR  FIG. 10 is a front elevational view of the face of the doctor block of FIG.
      9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is first directed to FIGS. 1-3 which illustrate one embodiment of
      the invention. In FIG. 1, the glue applicator is designated generally as
      11. It is designed to apply glue to the serrated or finger-cut ends of an
      array of lumber L, the array being formed of a plurality of timbers or
      sticks T. The finger-cut ends of the timbers T are indicated at J. The
      array L is carried past the applicator 11 by conveying equipment which is
      not shown, in the direction indicated by the arrow 12. If desired, the
      timbers T may be brought into the zone of contact with applicator 11
      one-at-a-time, instead of in an array L, and they may be brought into the
      zone of contact from directions other than that indicated by the arrow 12.
PAR  The glue applicator 11 comprises an upright rotary brush 13 positioned
      adjacent the line of travel of the array L for contact with the serrated
      or finger-jointed ends J of the timbers or sticks T so as to spread glue
      or other adhesive thereon. An upright standard or leg 14 for supporting
      the applicator assembly 11 has its lower end pivotally attached, to part
      of the frame of an associated piece of woodworking or conveying equipment,
      and is actuated by suitable pneumatic or hydraulic means 15 whenever it is
      desired to retract the brush from operative position in contact with the
      lumber array L, such as when the travel of the lumber L stops. The leg 14
      has a block 15a, of greater length than width, projecting laterally inward
      from its upper end, and an upright shaft 16 is journalled in and suspended
      from the inner end portion of the block for rotatably supporting the brush
      13. A pulley 17 is fixed on the upper end of the shaft 16 and is driven by
      an endless belt 18 which is trained over the drive pulley 19 of a suitable
      motor 20 mounted on a lateral inwardly projecting extension 21 at the
      upper end of the upright leg.
PAR  Glue or other suitable adhesive is adapted to be applied to the brush by an
      upright doctor blade or block 22 mounted between the leg 14 and brush by
      screws 23 (FIG. 2) on an upright angular bracket 24 which is suspended
      from the block 15a. A passage 25 extends longitudinally of the doctor
      blade 22 and its lower end communicates with a line 26 (FIG. 2) which
      leads from the pump of a glue pot or reservoir (conventional, not shown)
      for conducting glue to a feed compartment formed by an upright row of
      horizontal fingers or serrations 27 which extend posteriorly from the
      passage into engagement with the peripheral portion of the brush 13. Ports
      28 (FIGS. 2 and 3) are disposed between the fingers 27 in communication
      with the passage 25 and the spaces between said fingers. Preferably, an
      upright guard or shield 29, arcuate in plan, is secured to the trailing
      side of the bracket 25 in close proximity to the trailing portions of the
      fingers and brush to prevent undesirable spattering of the glue, and
      excess glue is collected by a screened funnel 30 which underlies the brush
      13 and drains through a return hose 31 into the glue pot. It is noted that
      the glue brush is rotated by the motor 20, belt 18, and pulleys 17 and 19
      in a direction opposite to the travel of the lumber.
PAR  It can be seen from FIG. 2 that the tips of the fingers or serrations 27 of
      the doctor block 22 penetrate into the brush 13, which means that the glue
      is deposited well into the brush instead of merely on the surface.
PAR  It is preferred that motor 20, which is illustrated in FIG. 1 as of the
      hydraulic type, be variable in speed. Such variability gives an additional
      element of controllability to the operation of the unit. Thus, brush speed
      may be set or changed in view of glue consistency, work piece velocity,
      depth of finger-cuts, type of wood, etc.
PAR  It will be noted from FIG. 1 that the excess glue collector funnel 30 is
      provided with a screen or filter 32. Since woodworking operations are
      inherently dusty, the use of screen 32 is very desirable to prevent
      workroom dust (mainly sawdust) from entering the glue pot through the
      recycle stream.
PAR  Attention is now directed to FIGS. 4-7, which show another embodiment of
      the invention. In these figures, the glue applicator is designated
      generally as 40. Like the embodiment of FIGS. 1-3, it includes a
      vertically mounted brush 41, a serrated doctor block 42, an excess glue
      funnel 43, a brush drive motor 44, and support means for this equipment
      45. In this instance the support means 45 is cantilevered outwardly from a
      vertical plate 46 mounted to one side of the work piece conveyor 47 (see
      FIG. 4). The support means 45 includes rod 48 about which the brush motor
      and doctor block portion of the unit can be pivoted to and away from the
      work station adjacent conveyor 47.
PAR  The embodiment of FIGS. 4-7 differs from that of FIGS. 1-3 in several
      respects. First, motor 44 is aligned axially with brush 41. Second, doctor
      block 42 is relatively narrow as compared to doctor block 22, and is
      located at right angle to the zone of contact between the brush and work
      piece, instead of being located across the brush from the zone of contact.
      Compare FIG. 1 with FIGS. 4 and 5. Since the doctor block 42 is much
      closer to the zone of contact in the embodiment of FIGS. 4-7, there is no
      need for an anti-splatter screen between it and the zone. However, an
      arcuate anti-splatter screen 49 is provided which extends from the zone of
      contact back around the brush to the other side of the doctor block 42.
PAR  The doctor block 42, aside from being narrower than doctor block 22 (FIG.
      1), is much like it in structure. Thus, it has a feed compartment formed
      by serrations 50, which extend into the body of brush 41. It should be
      noted that serrations 50 are rectangular in profile instead of V-shaped.
      Compare FIGS. 2 and 6. A bore 51, closed at its ends by plugs 52, runs
      vertically through doctor block 42, behind serrations 50. Ports or
      apertures 53 provide communication between the base of each serration 50
      and bore 51. Glue is pumped into bore 51 through line 54 which enters the
      bore from the side.
PAR  Attention is now directed to FIGS. 8 through 10 which illustrate another
      embodiment of the invention. In many respects the structure of this
      embodiment is much like that of the embodiment shown in FIGS. 4 through 7,
      and for this reason the parts which are substantially identical in
      structure and function are given the same reference characters. For these
      parts, reference should be made to the description above of FIGS. 4
      through 7 for an understanding of their structure and function.
PAR  The applicator 60 of the embodiment of FIGS. 8 through 10 includes a doctor
      block 61 of modified structure. It has a compartment 62 in its face, which
      compartment is in the form or shape of an open-sided cylindrical tube.
      Bores 63 and 64 provide communication between glue supply line 65 and
      compartment 62. The bores 63 and 64 are positioned in the doctor block to
      feed glue to the top of compartment 62 instead of to the bottom as was the
      case in the embodiments discussed earlier. As can best be seen in FIGS. 8
      and 9, the doctor block 61 is positioned with respect to brush 41 so that
      the bristles of the brush 41 wipe into compartment 62 to pick up glue
      therefrom. The face of the doctor block 61 in which compartment 62 is
      formed serves as a shield to prevent glue splatter caused by the bristles
      of brush 41 moving out of the compartment 62. In addition, the wiping of
      the bristles of brush 41 across the face of doctor block 61 after they
      leave compartment 62 tends to spread the glue to the bristles more evenly
      and uniformly, before they enter into contact with the finger-jointed
      lumber end.
PAR  From the foregoing it can be seen that there is provided, in accordance
      with the invention, a glue applicator especially suited for applying a
      uniform coating of glue to an uneven vertical surface, such as the
      finger-cut end of a piece of lumber.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A glue applicator for applying glue to an uneven upright surface
      comprising
PA1  an upright rotary brush;
PA2  glue delivery means for the brush including
PA1  a doctor block positioned beside said brush and having an upright flat
      surface oriented parallel to the axis of said brush and spaced therefrom a
      distance less than the nominal radius of the brush,
PA1  a glue feed compartment in the upright surface of the doctor block for
      receiving and applying glue to said brush and being in the shape of an
      upright open-sided tube;
PA2  glue supply means;
PA1  said doctor block having a passage in communication with the glue feed
      compartment and the glue supply means; and
PA1  means positioned below said brush for catching glue falling from said brush
      and returning it to said supply means.
NUM  2.
PAR  2. A glue applicator for applying glue to an uneven upright surface
      comprising
PA1  an upright rotary brush;
PA2  glue delivery means for the brush including
PA1  a doctor block positioned beside said brush and having an upright surface
      oriented parallel to the axis of said brush and spaced therefrom a
      distance less than the nominal radius of the brush,
PA1  a glue feed compartment in the upright surface of the doctor block for
      receiving and applying glue to said brush and being in the form of a
      multiplicity of transverse serrations;
PA2  glue supply means;
PA1  said doctor block having a passage in communication with the glue feed
      compartment and the glue supply means; and
PA1  means positioned below said brush for catching glue falling from said brush
      and returning it to said supply means.
NUM  3.
PAR  3. A glue applicator as defined in claim 2 wherein
PA1  the passage of said doctor block includes a vertical bore and lateral ports
      establishing communication between the bore and the base portions of the
      transverse serrations of said upright surface of said block.
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ABST
PAL  A trough feeder is disclosed for use with growing fowl. The feeder is
      partially defined by a relatively low feed-retaining side wall located
      adjacent a row of retaining cages. Spaced above the cages at a first
      mounting position is a shield member. Small chicks are induced to reach
      for feed in the trough from a low position above the trough side wall and
      below the shield. When the fowl grow larger, the shield is lowered into a
      second mounting position adjacent the trough side wall. When so
      positioned, the adult chickens are forced to obtain feed from a higher
      position by reaching over the top of the shield member, and are inhibited
      from raking or tossing feed out of the trough feeder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In modern poultry husbandry operations, the concept of maintaining chickens
      or other birds in cages arraved in rows inside poultry houses is becoming
      increasingly popular. In many cage houses, the cages are arrayed in rows
      along the length of the house, and each cage contains a number of laying
      hens. Several rows of cages are mounted in relative stepped-back ascending
      sets to maximize the number of cages and fowl to be accommodated. Service
      aisles are provided between cage rows.
PAR  Highly automated feeding systems are now offered to feed the fowl so caged
      and housed. In one successful feeding system, feed is received from a
      remote source and is deposited along a trough feeder conveyor mounted
      adjacent the sides of a row of cages. The feeder trough is mounted so as
      to permit the chickens to obtain feed by reaching through the cage bars
      and into the trough.
PAR  Until now, such feeders could not be used effectively with small or
      immature chicks. If the trough were mounted at an elevation any
      considerable distance above the cage bottom, the small chicks could not
      reach the feed. Alternatively, if the feeder trough were mounted at or
      near the cage bottom, the immature chicks could reach the feed with ease,
      but as the chicks grew larger and matured, the birds became able to rake
      or toss feed out of the trough feeder, thereby wasting feed and
      necessitating laborious clean-up operation. Repositioning the trough
      feeder at successively higher levels as the birds grew up proved
      impractical, since this action necessitated corresponding adjustments to
      other parts of the feeding system.
PAR  For this reason, it has been common practice to mount the feeder trough at
      an elevation sufficient to discourage or inhibit mature birds from raking
      or tossing feed out of the feeder. When small chicks or immature birds are
      introduced into the cages, they have been fed by laying paper or other
      flooring within the cages, and then providing quantities of loose feed
      upon the cage floors for the birds to consume.
PAR  Feeding the small birds in this manner is not entirely satisfactory. This
      procedure requires the use of a costly feeding cart traveling along the
      service aisles or some other feed dispenser. Feed is inevitably wasted as
      the small birds inadvertently kick the feed surrounding their feet out of
      the cage. Moreover, the feed on the cage floor is inevitably spoiled by
      the natural elimination of the caged birds. Further, during the period
      when the fowl are relatively immature, the trough feeder remains unused
      and is idle.
PAR  It is therefore the general object of the present invention to provide a
      trough feeder mechanism which can be used to feed caged fowl of any age.
      More specifically, it is an object to provide a trough feeder which can be
      used to feed adult birds as well as chicks even one or two days old.
PAR  Another object of the invention is to provide a trough feeder for use with
      both adult birds and immature chicks which inhibits the using birds from
      raking or tossing feed out of the conveyor.
PAR  Still another object of the invention is to provide a trough feeder for use
      with baby chicks which prevents the chicks from spoiling the feed with
      natural elimination or otherwise wasting it.
PAR  Yet another object of the invention is to provide a feeder which will
      eliminate the necessity of placing feed upon paper or other flooring
      material within a cage. It is an associated object to eliminate the
      machinery, labor, and mess attendant upon such a procedure.
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings. Throughout the drawings, like reference numerals refer to like
      parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view of a trough feeder embodying the
      present invention as it appears when installed adjacent a series of
      typical poultry cages;
PAR  FIG. 2 is a sectional view taken substantially in the plane of line 2--2 in
      FIG. 1 and showing the novel trough poultry feeder of the present
      invention as it appears when installed adjacent a typical poultry cage
      containing a relatively small bird or chick; and
PAR  FIG. 3 is a sectional view similar to FIG. 2 but showing the novel trough
      feeder as it appears when installed adjacent a typical cage containing a
      relatively large or adult bird.
DETD
PAC  DETAILED DESCRIPTION
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that it is not intended to limit the
      invention to that embodiment. On the contrary, it is intended to cover all
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention.
PAR  Turning to the drawings, there is shown a trough feeder 10 mounted, as by
      means not shown, adjacent a row of cages 11 which are defined by cage bars
      12. These cages 11 are designed to contain several relatively small birds
      or chicks 13, or relatively large or adult birds 14. As illustrated, the
      trough feeder 10 includes a bottom carrier member 15 adapted to contain a
      quantity of feed 16, and a device -- here, a centerless auger 17 -- for
      urging the feed 16 along the length of the conveyor 10. A feed-retaining
      angled side 20 is provided on the feeder side opposite the cages 11, and
      this side 20 extends upwardly a relatively great distance sufficient to
      discourage either the immature or small birds 13 or the mature or large
      birds 14 from raking or tossing feed over the retention side 20. At the
      top of the side 20, a baffle or guard 21 can be provided to further
      inhibit the loss of feed from the conveyor.
PAR  In accordance with one aspect of the invention, the feeder trough 10 is
      further defined by a second wall member 25 adjacent the cages 11 and
      extending upward a relatively short pre-determined distance from the
      trough bottom carrier 15. This wall extension 25 is of a height sufficient
      to permit the relatively small chickens 13 to reach over the top 26 of the
      wall 25 to obtain feed 17. However, the height of the wall 25 is
      sufficient to discourage the small chickens 13 from raking or tossing the
      feed over the trough side 25.
PAR  In carrying out the invention, the illustrated wall 25 is provided with
      anti-rake means for inhibiting the small chickens 13 from raking or
      tossing feed over its top 26. Here, the anti-rake means comprises a baffle
      formation 27 including an outward and upward extension 28 oriented away
      from the feed 16 contained in the trough, and an inward and upward
      projection 29 located generally over the extension 28 as illustrated in
      FIG. 2.
PAR  In accordance with yet another aspect of the invention, large chickens 14
      are discouraged or inhibited from raking or tossing feed out of the feeder
      10 by a shield member 30. However, by convenient mounting devices 31, this
      shield member 30 can be mounted at a first position spaced above the
      trough wall 25 to permit or induce the small chickens 13 to reach under
      the shield 30 and over the wall 25 from the relatively low position
      illustrated in FIG. 2 to obtain the feed 16 carried within the trough
      conveyor 10. In the illustrated embodiment, the mounting devices 31 take
      the form of strips secured to the cage bars 12. The shield 30 is slidably
      carried upon the strips 31 adjacent the cages 11 and above the trough wall
      member 25.
PAR  When the growing chickens begin to reach maturity, the shield 30 is lowered
      into a second position as shown in FIG. 3. In this second position, the
      relatively adult chickens 14 are forced to reach over the top 34 of the
      shield 30 to obtain access to the supply of feed 16 from a relatively high
      position above both the trough side member 25 and the shield top 34. Since
      the pre-determined height of the shield 30 is sufficient to discourage the
      large chickens 14 from raking or tossing feed over the trough shield, feed
      retention is encouraged and wastage is minimized.
PAR  In this second position, the lower portion 35 of the shield 30 engages the
      trough wall 25 and inhibits the passage of feed 16 between the shield 30
      and the trough wall 25 when shield member is mounted in the illustrated
      second or lower position. The top 34 of the shield 30 includes an upward
      and outwardly extending baffle portion 37 which acts as a positive
      anti-rake device to inhibit the large chickens 14 from raking or tossing
      feed about.
PAR  Management of the shield in the manner indicated is easy and can be quickly
      accomplished by even inexperienced or unskilled labor. The shield 30 is
      originally located in its first or relatively raised position as shown in
      FIG. 2. Baby chicks 13 are placed in the cages 11 in the usual manner, and
      feed 16 is automatically or otherwise introduced into the adjacent trough
      10. The chicks soon learn to obtain feed from the trough, from the
      illustrated position above the trough wall 25, and below the bottom 33 of
      the shield 30.
PAR  After a short time, the chicks reach a sufficient size, and the shield is
      lowered into the second position indicated in FIG. 3. Thereafter, the
      larger chickens 14 are induced to reach the feed 16 in the trough 10 from
      a position above both the trough side 25 and above the trough shield top
      34. After the mature chickens 14 are removed from the cages 11 and before
      the next flock of chicks 13 are introduced, the shield 30 is returned to
      its first or upper position.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. For use with a trough feeder for chickens and like animals retained in
      cages, said trough feeder having a trough for carrying feed and defined by
      at least one member located adjacent the cages, a trough feeder shield,
      the shield having at its top a diagonally outwardly and upwardly extending
      anti-rake baffle portion and shield mounting means, the mounting means
      including sliding strip members mounted to the cages adjacent the trough
      and carrying the shield at a first position adjacent the cages and spaced
      above the trough side member to permit small chickens to reach the feed
      carried in the trough from a relatively low position above the trough side
      member and below the shield bottom, and at a second position adjacent the
      cages and lowered into engagement with the trough side member to force
      large chickens to reach the feed carried in the trough from a relatively
      high position above the trough side member and above the shield top baffle
      portion, the sliding strip members permitting the shield to be
      non-rotatably slid vertically along the cage between said first and said
      second positions, whereby to inhibit said large chickens from raking or
      tossing feed out of the trough feeder.
NUM  2.
PAR  2. A trough feeder for chickens and the like retained in barred cages,
      comprising, in combination, a trough member located adjacent the cages and
      adapted to receive and retain a supply of feed, the trough member having
      at least one side wall member adjacent the cages and extending upward a
      short pre-determined distance, said distance being sufficient to permit
      relatively small chickens to reach over the top of said side wall to
      obtain feed yet discourage the small chickens from raking or tossing feed
      over the trough side, a shield member of pre-determined height slidable
      between a first position spaced above said trough side permitting the
      small chickens to reach under said shield to obtain feed, and a second
      position forcing large chickens to reach over the shield to obtain feed,
      the shield including anti-rake baffle means at the shield top and
      extending diagonally outwardly and upwardly from the cages to discourage
      the large chickens from raking or tossing feed over the trough, the
      shield, and the shield baffle top, and sliding shield mounting means
      including strips secured to the cage bars and adapted to retain the shield
      adjacent the cage in either the first or the second position, whereby to
      guide the shield during its sliding motion between said first and second
      positions.
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ABST
PAL  An automatic animal feeder comprising a housing in which a food container
      is rotatable. The food container has circularly-spaced food compartments
      which register in consecutive order with a food outlet below when the food
      container receives periodical motion. An electric time clock actuates a
      facility in the lower part of the housing to emit a loud whistle and
      advance the compartments to register as stated at timed intervals.
BSUM
PAR  This invention relates to apparatus designed to dispense portions of animal
      food periodically and automatically. This subject is of particular
      importance in the care of dogs, which are often left for several days in
      the care of children or persons who do not have the time or patience to
      feed a dog at regular or prescribed intervals. It is therefore one object
      of the present invention to provide a feeder in which the food is
      distributed in portions designed to be dispensed at regular intervals for
      an extended period, and having a mechanism which operates the food
      dispensing facility automatically.
PAR  A further object is to design the feeder with a food container which
      receives rotary impulses at intervals, the container having a series of
      food-receiving compartments which stop in sequence to communicate with a
      food discharging and serving facility.
PAR  A still further object is to include a mechanism which translates a fast
      electrical control into the very slow advance of a food container for
      maintaining uniformity in the food dispensing action.
PAR  Another object is to construct the dispensing mechanism with a whistle
      which blows loudly at each feeding period, in order to summon the animal
      in case it is in another room or at a point distant from the feeder.
PAR  A final object is to design the feeder along simple lines and so portable
      that it may be readily moved to any convenient location.
DRWD
PAR  A better understanding of the invention may be gained by reference to the
      accompanying drawing, in which
PAR  FIG. 1 is a vertical section of the feeder, with frontal portions in
      elevation;
PAR  FIG. 2 is a section on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical section of the lower portion of the feeder, on a
      larger scale;
PAR  FIG. 4 is an enlarged duplication of a mechanism in the left-center of FIG.
      3, in a changed position; and
PAR  FIG. 5 is a diagram of an electrical circuit employed in the feeder.
DETD
PAR  Referring specifically to the drawing, 10 denotes the housing of the
      feeder, which is tubular and open at the top and bottom. At the top it is
      threaded to receive a lid 11 formed with a hand knob 11a, as seen in FIG.
      1. At the bottom the housing has inward lugs 10a receiving a base 12 on
      the under side, the lugs being tapped for receiving screws 12a to secure
      the base. The housing also has a floor 13 in the lower part which combines
      with the wall of the housing to form a dispensing chute 14 leading into a
      food serving tray 15.
PAR  The removal of the lid 11 reveals the food container of the feeder. It is
      preferably in the form of an earthenware block 20 of cylindrical form to
      fit slidably in the housing, and glazed on all surfaces for easy cleaning
      and to reduce friction when rotated. The block is made with a series of
      vertical compartments 20a along its periphery which include a solid
      portion 20b. The food compartments are open at the top and bottom; and the
      block 20 rests on the floor 13 when deposited in the housing 10, as shown
      in FIGS. 1 and 3.
PAR  When the block 20 is given periodical rotation, the food compartments 20a
      register in turn with the chute 14. Before the feeder is put into use the
      block is set with the solid portion 20b over the chute 14 as seen in FIG.
      2, this barring communication between the food container and the chute.
      Now all the food compartments have the floor 13 as their bottom. Food,
      which usually comes in chunks or loose material, may thus be deposited in
      the food compartments; and these may be emptied consecutively into the
      chute 14 after the solid portion 20b has departed from registration with
      the chute.
PAR  The periodical delivery of food portions to the chute 14 is induced
      automatically by an electric time clock 22 connected to a handy service
      outlet. The time clock is mounted on the outside of the housing, as seen
      in FIG. 1, and is designed to operate a solenoid 23 in the bottom of the
      housing. Usually a house pet is fed twice a day; and FIG. 5 shows a simple
      circuit of the solenoid where the hour hand 22a of the time clock closes a
      switch 22b momentarily every 12 hours. A button type is shown.
PAR  According to FIG. 3, the stroke of the solenoid --  per arrow in the center
      of FIG. 3 -- creates an idle impulse by causing a pawl 25 to slip a tooth
      of a horizontal ratchet wheel 26 in the bottom of the housing. The ratchet
      wheel is carried by a vertical shaft 28 rising in square form through the
      block 20 to terminate with a screw 20c; and a nut 30 serves as a retainer
      for the block. The rotary intervals of the ratchet wheel correspond to
      those of the food compartments; and the position of the food container is
      not altered by the aforesaid slip of the pawl 25.
PAR  The solenoid rod 23a is extended with a plunger 31 in a cylinder 32, which
      compresses a spring 33 on the power stroke of the solenoid. Thus, when the
      switch 22b is again open, the spring returns the solenoid rod and causes
      the pawl 25 to draw the ratchet wheel 26 through a step accomplishing a
      food delivery from the food container. As to the cylinder 32, it has a
      whistle outlet 32a at one end operated during the fast idling stroke of
      the pawl as a loud signal to the animal of feeding time, and a vent 32b at
      the other end. The vent is covered by a spring flap 35 which recedes as
      seen in FIG, 4 on the fast power stroke of the solenoid, but closes almost
      fully on the return of the plunger from the expansion of the spring 33.
      Such return is therefore slow; and it imparts a slow rotary stroke to the
      food container. It is now obvious that the solenoid actuation is
      preferable to a motor because of cost, and that with the very slow ratchet
      wheel feed and the block quite heavy, it will receive no momentum to
      overrun its rotary advances and throw the food compartments out of
      individual registration with the chute 14. In this respect the food
      container is preferably made with an index 20d on the solid portion 20b in
      relation to a center point 10a on the housing to indicate the proper
      position of the food container before it receives food portions in its
      compartments. Further, with the whistle operated by the fast action of the
      plunger 31, it should emit a sound so loud as to be heard by the animal
      when in a different room or outdoors; and the side of the housing is made
      with holes 10d -- as seen in the bottom of FIG. 1 -- for the sound of the
      whistle to issue from the housing.
PAR  It is now apparent that one phase of the care necessary for house pets --
      particularly dogs -- is accomplished by the present invention by relieving
      occupants of the premises of concern about the proper feeding of the
      animal during an absence of several days by its owner. With most animal
      foods dry and easy flowing, the operation of the feeder should be
      satisfactory and reliable after it is set properly and filled.
CLMS
STM  I claim:
NUM  1.
PAR  1. An animal feeder comprising a housing, a food container rotatable
      therein and formed with circularly-spaced food compartments, a
      food-dispensing outlet in the lower part of the housing, the food
      compartments being adapted to register consecutively with the outlet on
      the periodical rotation of the food container, an automatic timer, and a
      motive unit positioned below said container and activated by said timer to
      rotate the food container at the intervals controlled by the timer, said
      motive unit comprising rotatable ratchet means attached to said container,
      piston means include a pawl to move said rotatable means and electrical
      means to activate said piston means in response to said timer.
NUM  2.
PAR  2. The structure of claim 1 further comprising means operatively connected
      to said piston means to emit an audible signal on the operation of the
      said piston means.
NUM  3.
PAR  3. The structure of claim 2, wherein said piston means is operative at high
      speed in one direction by the said electrical means thereby to emit said
      signal and at low speed in the opposite direction to move the rotatable
      means to rotate the food container.
NUM  4.
PAR  4. The structure of claim 1, wherein said said ratchet means is a wheel
      formed with teeth arranged as the food compartments, said pawl on said
      piston means is moved at high speed in one direction by said piston means
      to engage a ratchet wheel tooth, said piston means moving the pawl in the
      opposite direction to rotate the ratchet wheel at low speed a distance
      equal to the length of one of said teeth.
NUM  5.
PAR  5. The structure of claim 1, wherein said timer is connected to said
      electrical means, the latter comprising a solenoid, a circuit including
      same and a timer-controlled switch, the latter operating at said intervals
      to activate the solenoid to move the piston means in the high speed
      direction, said piston means being connected to said solenoid.
NUM  6.
PAR  6. The structure of claim 5, said piston means comprising an air cylinder,
      a plunger in the latter with an exterior arm dependently extended from
      said plunger to pivotally mount the pawl, a spring in the cylinder
      compressed by the movement of the plunger toward one end of the cylinder
      in the high speed direction by the action of said solenoid and effective
      to return the plunger toward the other end of the cylinder, a limited air
      outlet at such other end to slacken the speed of return of the plunger,
      the movement of said plunger toward said one end exhausting the air in
      said cylinder thereby activating an audible signal means.
NUM  7.
PAR  7. The structure of claim 6, said limited air outlet being a check valve in
      the other end of the cylinder, said audible signal means being a whistle
      device.
NUM  8.
PAR  8. An animal feeder comprising a housing, a food container rotatable
      therein and formed with circularly-spaced food compartments, a
      food-dispensing outlet in the lower part of the housing, the food
      compartments being adapted to register consecutively with the outlet on
      the periodical rotation of the food container, an automatic timer, and a
      motive unit positioned below said container and activated by said timer to
      rotate the food container at the intervals controlled by the timer; said
      motive unit comprising rotatable ratchet means attached to said container,
      piston means including a pawl to move said rotatable means and electrical
      means to activate said piston means in response to said timer; said timer
      being connected to said electrical means, the latter comprising a
      solenoid, a circuit including same and a timer-controlled switch, the
      latter operating at said intervals to activate the solenoid to move the
      pawl on said piston means at high speed in one direction to engage said
      ratchet means, said piston means moving the pawl in the opposite direction
      at low speed for a predetermined distance, said piston means being
      connected to said solenoid; said piston means comprising an air cylinder,
      a plunger in the latter with an exterior arm dependently extended from
      said plunger to pivotally mount the pawl, a spring in the cylinder
      compressed by the movement of the plunger toward one end of the cylinder
      in the high speed direction and effective to return the plunger toward the
      other end of the cylinder, a limited air outlet at such other end to
      slacken the speed of return of the plunger and cause the the ratchet means
      to be rotated as stated, and a whistle at the said one end of the cylinder
      operable when the plunger moves theretoward.
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ABST
PAL  A liquid feeder for animals which includes a spherical member mounted for
      flotation in liquid feed carried by a receptacle with the upper surface of
      the spherical member being in position for animals to lick and thus rotate
      the spherical member to transfer feed to the upper surface thereof
      regardless of the direction of the lick.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a liquid feeder for feeding liquid nutrients,
      such as enriched molasses and the like, to animals, such as cattle.
PAR  Heretofore in the art to which my invention relates, it has been the usual
      practice to place liquid feeds in large tanks having covers thereover with
      rotatable wheels projecting upwardly through small openings in the cover.
      The rotatable wheels are submerged in the liquid feed so that as the
      animal licks the wheel in the direction of rotation of the wheel, the
      wheel is rotated to thus transfer the liquid feed to the upper exposed
      portion of the wheel in reach of the cattle. Not only do such rotatable
      wheels and large tanks require a considerable amount of space for
      installation, but it is necessary for the animal to lick the wheel in the
      direction of rotation so as to impart rotation to the rotatable wheel.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with my invention, I provide a liquid feeder for animals
      which includes a spherical member mounted for flotation in liquid feed
      carried by an upwardly opening receptacle. The upper portion of the
      spherical member substantially closes the upper end of the receptacle
      whereby the uppermost surface of the spherical member is exposed and in
      position for animals to lick and thus rotate the spherical member to
      transfer feed to the upper surface thereof. In view of the fact that the
      spherical member is rotated regardless of the direction at which the
      animal licks the upper surface of the spherical member, it is not
      necessary for the animal to lick the spherical member in any particular
      direction. Accordingly, rotary motion is imparted to the spherical member
      each time the animal licks the upper surface thereof. The feed is thus
      dispensed with a minimum of effort on the part of the animal and at the
      same time a relatively small space is required to accommodate the rotary
      spherical member and its receptacle.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  Apparatus embodying features of my invention is illustrated in the
      accompanying drawing forming a part of this application, in which:
PAR  FIG. 1 is a side elevational view, partly broken away, showing my improved
      liquid feeder for animals;
PAR  FIG. 2 is an enlarged, vertical sectional view through the apparatus which
      dispenses the liquid feed to the animals;
PAR  FIG. 3 is a bottom view of the annular member which surrounds the upper end
      of the receptacle shown in FIG. 2, the receptable and the spherical member
      associated therewith being omitted for the sake of clarity; and,
PAR  FIG. 4 is a vertical sectional view corresponding to FIG. 2 but taken
      generally along the line 4--4 of the annular member which surrounds the
      upper end of the receptacle.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing for a better understanding of my invention, I
      show a liquid supply chamber 10 which is supported by adjustable legs 11
      whereby the chamber 10 may be leveled. As shown in FIG. 1, the legs 11
      extend through vertical, tubular members 12 carried by the supply chamber
      and are locked in selected positions by suitable means, such as lock
      screws 13. Communicating with the bottom of the supply chamber 10 is a
      supply conduit 14 which in turn communicates with a plurality of
      upstanding branch conduits 16. While I have shown two branch conduits 16,
      it will be apparent that one or more branch conduits may be employed.
PAR  Mounted at the upper end of each branch conduit 16 and communicating
      therewith is a receptacle 17 for receiving liquid feed, such as molasses
      and the like. As shown in FIGS. 2 and 4, the receptacle 17 is generally
      cup-shaped and is adapted to receive a spherical member 18 which floats in
      the liquid feed 15. Surrounding the upper end of the receptacle 17 is an
      annular member 19 which is provided with an inwardly extending lip 21
      which is adapted to limit the upward movement of the spherical member 18
      whereby the lower portion of the spherical member 18 is submerged in the
      liquid feed in the receptacle 17. As shown in FIG. 3, angularly spaced,
      arcuate members 22 are provided on the under surface of the inwardly
      extending lip 21 in position to engage the spherical member 18 above the
      center thereof to leave passageways 23 between adjacent arcuate members 22
      for passing liquid feed. The spherical member 18 is mounted for free
      rotation in the receptacle 17 in position to float in the liquid feed 15
      carried by the receptacle with a portion of the spherical member
      projecting upwardly through a centrally disposed opening 24 defined
      inwardly of the lip 21 to thus position the upper surface of the spherical
      member 18 in position for an animal to lick. An inturned annular flange 20
      is provided adjacent the lower end of said annular member 19 in position
      to engage an annular groove 20.sup.a provided in the outer surface of the
      receptacle 17 whereby the annular member is adapted to snap onto the top
      of the receptacle 17.
PAR  As the animal licks the upper surface of the spherical member 18, rotary
      motion is imparted thereto to transfer feed to the upper surface of the
      spherical member. As shown in FIGS. 2 and 4, indentations 26, such as
      dimples, are provided on the surface of the spherical member 18 whereby
      liquid feed flows into the indentations and thus moves with the spherical
      member as it is rotated. Also, the liquid feed in the indentations 26 is
      not scrapped off or removed as the spherical member 18 rotates against the
      arcuate members 22 carried by the inwardly extending lip 21.
PAR  As shown in FIG. 1, the supply chamber 10 is mounted at an elevation for
      the liquid feed to flow by gravity to the receptacle 17. The maximum
      height of the liquid level in the supply chamber 10 is at an elevation
      subjacent the elevation of the upper end of each receptacle 17 whereby the
      liquid feed will not overflow from the receptacle 17. As shown in FIGS. 2
      and 4, the receptacle 17 is of a depth greater than the diameter of the
      spherical member 18 so that the spherical member moves downwardly out of
      the reach of animals as the liquid level in the receptacle 17 moves
      downwardly a predetermined distance. Accordingly, the amount of liquid
      feed dispensed through the receptacle 17 may be controlled by varying the
      elevation of the liquid feed in the supply chamber 10.
PAR  Communicating with the end of the supply conduit 14 is an upstanding
      conduit 27 which extends to an elevation above the maximum liquid level in
      the supply chamber 10 and above the upper end of the receptacles 17.
      Mounted on the upper end of the conduit 27 is a suitable breather cap 28
      having a plurality of openings 29 therein which permits the escape of any
      gases whereby there is even flow of the liquid feed to the branch conduits
      16. A suitable clean-out plug 31 is mounted in the end of the supply
      conduit 14, as shown in FIG. 1.
PAR  From the foregoing description, the operation of my improved liquid feeder
      will be readily understood. The supply tank 10 is mounted at an elevation
      relative to the receptacle 17 whereby the maximum elevation of the liquid
      feed in chamber 10 is subjacent the upper ends of the receptacles 17 to
      prevent overflow of liquid feed from the receptacles 17. As the liquid
      feed flows through the supply conduit 14, any gases in the conduit are
      discharged through the breather openings 29 so that the liquid feed flows
      freely into the branch conduits 16. Any gases in the branch conduits 16
      are discharged through the open ends of the cup-shaped receptacles 17.
      That is, the gases are free to flow around the spherical member 18. As the
      level of the liquid feed in the receptacle 17 rises, the spherical member
      18 moves upwardly whereby the upper surface thereof projects through the
      centrally disposed opening 24. Accordingly, the upper surface of the
      spherical member 18 is in position to be licked by animals. As the
      animals, such as cattle, lick the upper surface of the spherical member
      18, rotary motion is imparted thereto whereby the liquid feed on the
      surface of the spherical member is transferred to the uppermost position
      in easy reach of the cattle. Accordingly, liquid feed is continuously
      supplied to the uppermost surface of the spherical member 18 as the cattle
      lick the feed therefrom.
PAR  From the foregoing, it will be seen that I have devised an improved liquid
      feeder for animals. By providing a spherical member which is mounted for
      flotation in the upper end of a cup-shaped member, rotary motion is
      imparted to the spherical member regardless of the direction of the lick
      by the animal. Accordingly, each time an animal licks the upper portion of
      the spherical member 18, some rotary motion is imparted thereto. Also, by
      providing the spherical member within the receptacle, the liquid feeder
      takes up a minimum of space whereby it is particularly adapted for use in
      a dairy cattle milking parlor. The small and compact unit thus provides an
      adequate and controlled amount of liquid feed in an easily accessible
      manner to the animal.
PAR  While I have shown my invention in but one form, it will be obvious to
      those skilled in the art that it is not so limited, but is susceptible of
      various other changes and modifications without departing from the spirit
      thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A liquid feeder for animals comprising:
PA1  a. a receptacle for receiving liquid feed and having an opening in the
      upper end thereof, (and)
PA1  b. a spherical member mounted for rotation in said receptacle in position
      to float in the liquid feed carried by said receptacle with a portion of
      said spherical member projecting upwardly through said opening with the
      upper surface of said spherical member in position for an animal to lick
      and thus rotate said spherical member to transfer feed to the upper
      surface thereof, and
PA1  c. a feed supply chamber communicating with said receptacle and mounted at
      an elevation for the liquid feed to flow by gravity to said receptacle
      with the maximum height of the liquid level in said supply chamber being
      at an elevation subjacent the elevation of the upper end of said
      receptacle so that liquid feed will not overflow from said receptacle by
      gravity.
NUM  2.
PAR  2. A liquid feeder as defined in claim 1 in which at least one inwardly
      extending lip is carried by the upper portion of said receptacle in
      position to limit upward movement of said spherical member so that the
      lower portion of said spherical member is submerged in the liquid feed in
      said receptacle.
NUM  3.
PAR  3. A liquid feeder as defined in claim 2 in which said inwardly extending
      lip carries angularly spaced arcuate members which engage said spherical
      member above the center thereof with passageways being left between
      adjacent arcuate members for passing liquid feed.
NUM  4.
PAR  4. A liquid feeder as defined in claim 2 in which said inwardly extending
      lip is carried by an annular member attached to the upper end of said
      receptacle.
NUM  5.
PAR  5. A liquid feeder as defined in claim 1 in which indentations are provided
      in the outer surface of said spherical member.
NUM  6.
PAR  6. A liquid feeder as defined in claim 1 in which said receptacle is of a
      depth greater than the diameter of said spherical member so that said
      spherical member moves downwardly out of the reach of animals as the
      liquid level in said receptacle moves downwardly a predetermined distance.
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ABST
PAL  A circuit for controlling transient occurrences in an electronic fuel
      injection system in which the occurrence is sensed and used to produce
      auxiliary injection signals which are combined with the main injection
      signals from the injection system computer. The time of production and the
      duration of the auxiliary signals can be controlled in response to
      operating conditions of the engine.
BSUM
PAR  The invention relates to a transitory regulating device for an electronic
      injection system, particularly for one used with an internal combustion
      engine of a motor vehicle.
PAR  In an electronic injection system it is known that it is sometimes
      necessary, for example during an acceleration or a deceleration, to
      temporarily modify the duration of an injection signal. It is known, for
      example, to proceed to do this by cutting off the injection signal or to
      increase the duration of the injection signal, or to produce a certain
      number of supplementary injection signals, the frequency of which depends,
      for example, on the variation in the position of the butterfly valve in
      the fuel system.
PAR  The present invention has a different conception and relates to a
      transitory regulating circuit for an electronic injection system for an
      internal combustion engine. In accordance with the invention, a first
      pickup measures a physical parameter of the engine and a circuit detecting
      abrupt variations in this parameter to produce an output signal. A first
      switching circuit responds to this output signal to deliver a controlled
      duration signal. An electronic gate receiving the controlled duration
      signal from the switching circuit and input pulses coming from a motor
      position pickup produces output pulses at the frequency of the input
      pulses or at some other frequency. A second switching circuit transforms
      the output pulses into auxiliary signals of determined duration. Said
      auxiliary signals and normal injection signals processed by a computer are
      then combined.
PAR  According to the invention, the duration of the signals produced by the
      first switching circuit is controlled either by the duration of the output
      signal of the detection circuit, or are of a predetermined fixed duration,
      or are controlled by a duration determined by a measured parameter of the
      engine.
PAR  As another feature of the invention, the frequency of the pulses coming
      from the motor position pickup can be divided by an intermediate circuit
      delivering the pulses to the electronic gate and to the computer.
      Moreover, the duration of the auxiliary signals delivered by the second
      switching circuit is determined, that is to say, either fixed or set by
      means of a second pickup sensing an operating parameter of the engine.
      Finally, the combining circuit for the normal and auxiliary injection
      signals is a gate of the AND or OR type, according to the mode of action
      selected, and it is followed by an amplifier for power drive of the
      injectors.
PAR  Thus, according to the invention, an abrupt variation in an operating
      parameter of the engine is detected. This variation is used with the
      appearance of electrical signals emitted synchronously with the motor at a
      frequency which, according to the choice, is equal to, higher than or
      lower than that of the normal injection signals, to produce auxiliary
      injection signals for the engine. The said auxiliary signals thus produced
      are square wave signals of fixed or variable duration. If the duration of
      the auxiliary signals is variable, they depend on at least one of the
      characteristic parameters of the motor, or on a parameter imposed
      externally. The production of said auxiliary signals ceases a certain time
      after the start of their production, this time also being fixed or
      variable. In the event that this time of production is variable, it
      depends on at least one of the characteristic parameters of the working
      state of the motor, or on an externally imposed parameter. The production
      of the auxiliary signals can also cease when the number of such signals
      produced has reached a predetermined value. The production always ceases
      with the appearance of a variation, in a direction opposite to that which
      triggered the original production. The said auxiliary signals are combined
      in such a way that they are added to, or subtracted from, the normal
      injection signals triggered by the principal motor regulating signal.
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PAR  Other characteristics of the invention will be apparent in the description
      which follows, made in reference to the attached drawing, in which:
PAR  FIG. 1 is a simplified schematic diagram of the regulating circuit
      according to the invention;
PAR  FIG. 2 is a circuit diagram of a typical embodiment of the regulating
      circuit according to the invention; and
PAR  FIG. 3 is a table of electrical signals.
DETD
PAR  Referring to FIG. 1, an operating parameter A of the engine is translated
      into an electric quantity, for example a difference in potential, by a
      pickup 1. The engine parameter measured can be, for example, a change in
      engine manifold air pressure, increase in acceleration, change in
      butterfly position, etc. The output signal from the pickup 1 is applied to
      input 2a of a circuit 2, whose output 2b changes its logic state, from
      "normal" to "excited," when the signal at its input 2a changes abruptly.
      The "normal" state originally existing at 2b is returned, necessarily, if
      the signal emitted by pickup 1 shows a variation in the direction opposite
      to that which initiated the procedure. Moreover, after passage of 2b from
      the normal to the excited state, the normal state is returned either
      naturally, a certain time after the end of the variation of the signal
      applied at 2a, or after a certain number of signals have been applied at
      an input 2c of circuit 2.
PAR  The change of 2b from the normal state to the excited state causes, in
      turn, the switching of a first switching circuit 3 whose input 3a receives
      the signal emitted by 2b. The output 3b of circuit 3 changes from a
      so-called "normal" state to a so-called "excited" state when input 3a
      itself changes from the normal state to the excited state. Circuit 3b
      returns from the excited state to the normal state, necessarily when
      circuit 2 returns from the excited state to the normal state, or after a
      fixed time, even if 2b remains in the excited state, or after a variable
      time even if 2b remains in an excited state. The return to the normal
      state of circuit 3 after a variable time depends on an electrical signal
      sent to the input 3c of switching circuit 3 by a pickup 4 of the control
      quantity of the time of the excited state of switching circuit 3.
PAR  Output 3b is connected to input 5a of a gate circuit 5. This circuit
      receives at a second input 5c, pulses produced by a circuit 7 receiving,
      at its input 7a, signals produced by a device 6, of a known type, which
      detects the passage of the motor through a certain number of positions
      marked out in advance. Output 7c of circuit 7 produces signals at a
      frequency equal to that of the signals applied to input 7a from the engine
      or just a certain number of these signals. Output 7b passes triggering
      signals selected from among those received at 7a to the main computer 9
      which controls the fuel injection for the engine. The computer can be of
      the type, for example, as disclosed in U.S. Pat. 3,710,763, granted Jan.
      16, 1973 and assigned to the assignee of this application.
PAR  When the excited state exists at 5a, and there simultaneously is a signal
      at 5c, a signal will appear at 5b which, at input 8a trips a second
      switching circuit 8. Circuit 8 then produces at its output 8b, an
      auxiliary signal of fixed, or perhaps variable, duration, the latter by
      means of a signal produced by a pickup 13 corresponding to an operating
      parameter of the engine. The signal produced at output 8b is addressed to
      input 10b of a combining circuit 10. Circuit 10 receives, at its other
      input 10a, the normal injection signal from computer 9 and it combines the
      two signals and from them forms either the sum or the difference. The
      combined signal appears at 10c which triggers, via an amplifier 11, the
      injection system.
PAR  If it is desired to limit the number of auxiliary signals, the signals
      emitted at 5b, for example, are likewise applied to output 5d of gate 5
      and input 2c of circuit 2 to determine the resetting into the normal state
      of switching circuit 2 after a certain number of signals from circuit 7.
PAR  There are a very large number of electronic circuits capable of fulfilling
      the roles assigned to circuits 2 to 11. Therefore, only one example for
      each circuit is given, the said example being replaced in the overall
      scheme of the device without imparting a limiting nature to this
      description.
PAR  In FIG. 2, the input signal A, which is assumed to be a DC voltage produced
      by pickup 1, is applied by a resistor 21 to the base of a transistor 22.
      This is connected as an emitter follower so as not to disturb the signal
      produced by the pickup 1, which is also used for other purposes. When the
      potential emitted by pickup 1 rises abruptly, the emitter potential of
      transistor 22 rises likewise. It should be understood that the direction
      of variation chosen here is positive by way of example but has no limiting
      character with respect to the invention. The voltage applied to the
      inverted (-) input of a comparator 26 also rises. As a matter of fact, the
      voltage of the inverted input of comparator 26 is that present across the
      terminals of a resistor 292, that is to say, the emitter voltage of
      transistor 22, reduced by the drop generated by a diode 291.
PAR  The output of comparator 26 is normally high. A transistor 24 is normally
      conductive, and hence it will produce, through a resistor 295, a low
      potential at the base of a transistor 23 causing this transistor to be
      conductive. Therefore, since transistor 23 is saturated in the normal
      state, a capacitor 290 connected to the collector of transistor 23 is
      charged through transistor 23 (and secondarily a resistor 293) and
      resistor 29. Resistor 29 is actually at the emitter voltage of transistor
      22, hence higher (by the junction voltage of diode 291) than the inverted
      input of comparator 26, whose output therefore is high since the voltage
      at the normal (+) input is higher than that of the inverted input.
PAR  If the variation measured is produced rather abruptly, so that capacitor
      290 cannot be charged quickly, the potential at the normal (+) input of
      comparator 26 becomes less than that at the inverted input. This causes
      switching (low output) of comparator 26 and the consequent blocking of
      transistors 24 and 23. The low output of comparator 26 is the excited
      state for circuit 2.
PAR  This excited state is maintained unless the polarity of the signal produced
      by pickup 1 reverses and the potential of the inverted input becomes less
      than that of the normal input of comparator 26. The resistor 293 which is
      connected in parallel with transistor 23, limits the duration of the
      excited state.
PAR  If positive pulses are applied to input 2c and at the base of a transistor
      27, through resistor 28, each pulse will make transistor 23 conductive.
      This leaves the charge of capacitor 290 until the time when sufficient
      pulses applied at input 2c will have permitted the charging of capacitor
      290 up to a level sufficient to produce switching of the comparator 26 to
      its normal state since transistor 23 becomes conductive again. This
      circuit, given by way of illustration of a type of circuit 2, satisfies
      the requirements given in the general description. The output signal at 2b
      is essentially a square wave signal since it is produced by comparator 26
      being turned on and off.
PAR  Switching circuit 3 is formed essentially by a monostable circuit and a
      large variety of such circuits are available. By way of example a simple
      circuit is illustrated. This circuit, for example, is modulated by an
      input 3c which receives a voltage generated by a pickup 4 (not shown),
      which measures an operating parameter of the engine. The voltage at 3c is
      lower in amplitude than the supply voltage (+) of the circuit and makes a
      transistor 32 conductive. Transistor 32 is connected as a current
      generator in series with a resistor 31. The current produced normally
      makes a transistor 33 conductive, so that the collector (output 3b) of
      transistor 33 is normally low.
PAR  When output 2b of circuit 2 switches to low as explained above, that is to
      say, in the excited state, a capacitor 30 supplies a negative giving pulse
      to the base of transistor 33. Transistor 33 is then blocked, so that its
      output 3b switches to the excited level (high) by means of resistor 34
      which applies voltage to its collector. Capacitor 30 receives the current
      furnished by transistor 32, thus depending on the voltage applied at 3c.
      At the end of a time depending on this voltage, when the base potential of
      transistor 33 reaches the level of conduction, the output 3c switches to
      the normal state. If, in the course of operation, output 2b of circuit 2
      switches high (normal) the signal transmitted by capacitor 30 immediately
      makes transistor 33 conductive, and output 3b low (normal). As a result,
      this circuit responds well to the requirements described in the general
      explanation.
PAR  If the duration of the action of circuit 2 is not to be limited by the
      switching circuit 3, but to be governed directly by the duration of action
      of the auxiliary signals, the circuit 3 of FIG. 2 would be replaced by a
      simple inverter. The output of circuit 3 at 3b is also essentially a
      square wave due to the switching action of the unit components.
PAR  Circuit 5 comprises, in the illustrative example, a NOT AND gate 50 and a
      NOR gate 51 whose operation is conventional. Gate 50, with two inputs,
      reeives, at the first, the output 3b of switching circuit 3. The other
      input receives triggering pulses selected, as is explained below, by
      circuit 7. These pulses are assumed to be positive going in nature. It
      follows that the triggering pulses from 7 arriving at input 5c are not
      transmitted through to 5b (as negative pulses) or to 5d or 5b (as positive
      pulses) unless switching circuit 3 is in an excited (high) state.
PAR  At 6 in FIG. 2 there is represented the pulses coming from a position
      pickup, of which there are a very wide variety. These pulses are
      synchronous with the motor rotation, and of a frequency which is equal to,
      or a multiple of, the frequency of revolution of the camshaft of the said
      motor. There is shown by way of illustration, which is not-limiting,
      however the case where only one out of four of these pulses is to trigger
      the normal process of injection. Circuits 70 and 71 are, for example,
      flip-flops of the JK type connected in series, whose operation is
      represented in FIG. 3. With the pulses coming from pickup 6 there is
      produced at S.sub.1, the output of flip-flop 70, the signals represented
      in second line of FIG. 3. The third line of FIG. 3 shows the signals at
      the output S.sub.2 of the second flip flop 71.
PAR  With the aid of inverter 73 and a NOT AND gate 72, the input at 7a and the
      outputs S.sub.1 and S.sub.2 are processed to obtain at 7b, a signal equal
      to that applied at 7a, but divided in frequency by four. This is the case,
      for example in a fourcylinder four stroke motor, in which pickup 6 would
      comprise the system of ignition and injection operated once per motor
      cycle. The lower frequency signals at 7b are applied to the computer 9
      which produces the normal injection signals. At 7c the signal from 7a is
      directly received, in the example described, with a frequency higher by a
      factor of four than the frequency of the "normal" injection signals at 7b.
      These higher frequency signals are applied to NOT AND gate 50.
PAR  According to the general circuit of FIG. 1, signals appear at 5b and 5d
      with a frequency higher by a factor of four than that of the normal
      injection signals present at 7b only when switching circuit 3 is in the
      excited state. These signals can be applied on the one hand through 2c to
      circuit 2 in order to obtain, as mentioned in regard to this circuit, a
      limitation on the number of auxiliary pulses, of the excited state of the
      circuit 2, and hence of the whole process. Furthermore, the same signals
      from 5b, applied to a second multivibrator 8, will determine the durations
      off the auxiliary injection signals. Circuit 8 here represented, is
      completely conventional.
PAR  Normally, a drive voltage applied at an input 8c from an external source to
      the base of a transistor 85 makes the latter conductive. The current
      furnished by this transistor is determined by the valve of the voltage
      applied at 8c, and by the value of resistance 86. This current, which is
      furnished to the base of a transistor 87, makes the latter conductive.
      When transistor 89 is conductive its collector is low, and consequently,
      through resistor 89, output 8b is low, and through resistor 810 a
      transistor 82 is blocked. The collector of transistor 82 is therefore high
      and capacitor 84 connected between the collectors of transistors 82 and 85
      is charged with positive polarity to the left and low to the right. A
      positive pulse delivered at 5b and applied to the base of transistor 82
      through a diode 80 and a resistor 81, makes transistor 82 conductive and
      its collector potential low. The base potential of transistor 87 is
      therefore very low, and transistor 87 is blocked. Its collector becomes
      high and hence, through resistor 89, the output 8b is high, and through
      resistance 810 the base of transistor 82 is high. This state will continue
      until the current delivered by transistor 85, which is modulated if
      necessary by a voltage applied at 8c by some pickup 13 sensing an engine
      operating parameter (not shown in FIG. 2) and characteristic of the motor
      or an outside action, has discharged capacitor 84. This causes a
      regenerative action to make circuit 8 switch back into the original state.
PAR  At 8b, signals with a width determined by switching circuit 8 as determined
      by the voltage at 8c, appear at a frequency synchronous with the motor as
      determined by circuits 7 and 5. These signals appear at 8b for a period of
      time limited by switching circuit 3 or by the excited state of circuit 2
      which is itself optionally dependent on the number of signals which have
      been delivered by 5d. These positive-going output signals at 8b are
      addressed through diode 101 to an inverter transistor 102, in parallel
      with the normal injection signals (assumed to be positive) delivered by
      normal computer 9 through a diode 100. Each time that one or the other of
      these signals appears, transistor 102, which functions as an inclusive OR
      circuit, becomes conductive so that its collector, which is normally high
      through resistor 103, goes low during the duration of the signal applied.
      The collector of transistor 103, which is connected to the inverting (-)
      input of an amplifier 11, causes the output of this amplifier to go high.
PAR  By combinations of normal signals of pulses and auxiliary signals, a wide
      variety of operations can be carried out, the description of which would
      be unnecessarily long and they form part of conventional technique.
PAR  For example, if, instead of the inclusive OR, an exclusive OR can be used
      at 102. Thus, the addition of the auxiliary signals can be obtained when
      they are outside a normal signal (addition of signals) and the subtraction
      (of duration) in case of coincidence.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for producing auxiliary control signals in an electronic fuel
      injection system for an engine of a motor vehicle in response to
      transitory changes in an operating condition of said engine comprising:
PA1  means for sensing said operating condition and producing a first signal
      corresponding thereto,
PA1  means responsive to abrupt changes in said first signal for producing a
      controlled duration output signal,
PA1  means for producing a series of pulses corresponding to the speed of
      rotation of the engine,
PA1  gate means receiving at one input thereof said controlled duration output
      signal and at another input thereof said series of pulses, said gate means
      delivering output pulses at the frequency of the series of pulses applied
      to its other input upon the application of said controlled duration output
      signal to its one input,
PA1  means for receiving said output from said gate means for producing said
      auxiliary control signals with a controlled duration,
PA1  computer means for producing normal fuel injection control signals, and
PA1  means for combining said auxiliary and said normal injection control
      signals to produce a composite control signal.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said series of pulses is applied to said
      computer means which includes means responsive to said series of pulses
      for determining the time of production of said normal control signals.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein said means for producing said controlled
      duration output signal produces said signal for the time of the abrupt
      change in said first signal.
NUM  4.
PAR  4. Apparatus as in claim 1 further comprising means for sensing an
      operating parameter of the engine and producing a second signal
      representative thereof, said means for producing said controlled duration
      output signal including means responsive to said second signal to
      determine the duration of production of said output signal.
NUM  5.
PAR  5. Apparatus as in claim 1 wherein said means for producing said controlled
      duration output signal includes means for fixing the duration of said
      output signal.
NUM  6.
PAR  6. Apparatus as in claim 3 further comprising means receiving said series
      of pulses and for producing a second series of pulses at a reduced
      frequency, said series of pulses being supplied to said gate means and the
      second series of pulses of the reduced frequency being supplied to said
      computer means.
NUM  7.
PAR  7. Apparatus as in claim 1 wherein said last-named means for producing said
      auxiliary control signals includes means for producing said signals with a
      fixed duration.
NUM  8.
PAR  8. Apparatus as in claim 1 further comprising means for sensing an
      operating condition of said engine and producing a third signal, said
      means for producing said auxiliary control signals including means
      responsive to said third signal for determining the duration of said
      auxiliary control signals.
NUM  9.
PAR  9. Apparatus as in claim 1 further comprising means for supplying said
      output pulses from said gate means back to said means for producing said
      controlled duration output signal, said last-named means including means
      responsive to receipt of said output pulses for determining the duration
      of said controlled duration output signal.
NUM  10.
PAR  10. Apparatus as in claim 1 wherein said combining means includes means for
      adding said normal and said auxiliary control signals.
NUM  11.
PAR  11. Apparatus as in claim 1 wherein said combining means includes means for
      subtracting said normal and said auxiliary control signals.
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ABST
PAL  A heat engine power system includes a fluid fuel heat engine designed to
       determined performance characteristics for military vehicles, and a
      cooling subsystem which has enough capacity to carry away the rejected
      engine heat. When the exigencies of parts support require replacement of
      the original engine by a more powerful one which at high ambient
      temperatures and wide-open throttle would overload the cooling subsystem,
      the speed controls are such that either of two heat sensors closes an
      electric circuit to a solenoid which is energized to move the throttle to
      a given position to restrict fuel flow to an amount which limits engine
      output so that the rejected heat is within the capacity of the cooling
      subsystem, thus avoiding overheating and failure, and keeping the military
      equipment in service without permanently sacrificing total available
      horsepower.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without payment to us of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In heat engine power systems, especially those designed for military
      vehicular propulsion, it is the practice to maintain a design balance
      among all components of the system. Thus a vehicle carrying a heat engine
      power system is equipped with a fluid fuel heat engine having sufficient
      horsepower at the wheel contact points on the road to provide the desired
      performance characteristics. The power system carries a cooling subsystem
      which has the capacity to carry away the rejected heat of the heat engine
      under assumed conditions, but that subsystem is not designed to carry away
      the rejected heat that would be generated by a substantially larger
      engine.
PAR  In military equipment, such a design balance is likely to be closely
      engineered for optimum performance. For example, a personnel carrier, or a
      tank, must have the maximum mobility and maneuverability possible for its
      size and consistent with other necessary capabilities, and the stated
      equipment will not be provided with a cooling subsystem twice as big as
      needed to cool the propulsion engine in the equipment, because the extra
      weight of such an oversize cooling subsystem could be more usefully
      devoted to another man, more ammunition, more fuel, heavier armor, or the
      like.
PAR  It sometimes happens that the engines in equipment already in the field
      must, when rendered unserviceable, be replaced by somewhat larger engines
      (longer stroke, and/or larger bore, and therefore greater displacement)
      which fit in the available space and which also fit one or more larger
      lines of equipment. Use of the bigger engine in the smaller equipment
      overloads the cooling subsystem if the replacement engine is driven at
      wide-open throttle, especially when the equipment is run at high ambient
      air temperatures.
PAR  2. The Prior Art.
PAR  The quick and easy solution to the problem of cooling subsystem overload is
      to place a baffle plate or some other restriction in the fuel line, as for
      example in the intake manifold, to limit the power output of the larger
      engine to original levels. Such an expedient does prevent overloading of
      the cooling subsystem. The disadvantage of such a solution is that it
      limits power output at all times, even when ambient temperatures are low.
PAR  It therefore is desirable to have a heat engine power system which enables
      the users to take advantage of maximum engine horsepower as long as such
      operation can take place without serious risk of damage to some part of
      the power system. As an example, when ambient air temperatures are low,
      the cooling subsystem which uses ambient air to cool a circulated liquid
      coolant will have a substantially greater capacity to carry away the
      rejected heat of the heat engine than when ambient air temperatures are
      high, and the larger, more powerful, engine can be operated at maximum
      horsepower in such circumstances (low ambient temperature). This gives the
      troops greater mobility and greater striking power than a power system
      forced to operate at restricted power all the time. At the same time, the
      system which we propose here offers as much protection against overload
      damage as can be afforded with conventional safeguards such as a fixed
      restriction, and without the drawbacks.
PAC  SUMMARY OF THE INVENTION
PAR  This invention consists of a heat engine power system having a fluid fuel
      heat engine delivering a given maximum horsepower coupled with a cooling
      subsystem capable of carrying away the rejected heat of said engine; the
      speed control means in the system enables use in the system of a
      replacement, more powerful, fluid fuel heat engine capable of delivering a
      maximum horsepower so much greater than said given maximum horsepower that
      the cooling subsystem would be significantly overloaded if the replacement
      engine were operated at wide open throttle at high ambient temperatures.
      The speed control means comprises a throttle in the fuel-air conduit and
      operator-operable between wide-open and closed-throttle positions. An
      overspeed governor is integral with the speed control means. A temperature
      responsive means for detecting overloading of the cooling subsystem is
      connected to means for limiting the throttle opening to an operating
      position such that the more powerful replacement engine would produce
      rejected heat within the cooling capability of the cooling subsystem.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of a heat engine power system made according
      to our invention, and showing the components in their de-energized,
      throttle-closed, position.
PAR  FIG. 2 is a view similar to FIG. 1, but showing the system at wide-open
      throttle; as here shown, the butterfly valve details reflect a view in
      section substantially on line 2--2 of FIG. 4.
PAR  FIG. 3 is another view similar to FIG. 1, showing the system at restricted
      throttle to limit the power of the replacement engine so as to avoid
      overheating the engine or overloading the cooling subsystem.
PAR  FIG. 4 is a view in section thru a carburetor throttle, being a section
      substantially on line 4--4 of FIG. 2.
PAR  FIG. 5 presents a family of performance curves, plotting horsepower against
      engine RPM at four different ambient air temperatures.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT SHOWN
PAR  It will be appreciated by those skilled in the art that the various
      elements of the system here illustrated are shown schematically. The
      carburetor art, for example, is very highly developed, and we do not deem
      it essential to show conventional details.
PAR  The illustrated embodiment shows a heat engine power system wherein a fluid
      fuel heat engine 2 draws fuel from a fuel tank 4. Speed control means
      comprise an operator-operable element 6 connected to control a throttle
      here shown as a conventional butterfly valve 8 mounted in a carburetor
      barrel 10 so as to have: a throttle-closed position, as shown in FIG. 1; a
      wide-open throttle position, as shown in FIG. 2; and an infinite number of
      positions between the closed position of FIG. 1 and the open position of
      FIG. 2, of which the partially-closed position of FIG. 3 is one. The
      reason for illustrating the FIG. 3 position as a special case will become
      apparent in a detailed discussion infra.
PAR  More specifically, heat engine 2 here shown is a fluid fuel engine having
      an intake manifold 12 connected with barrel 10 of a conventional
      carburetor outlined at 14. An air cleaner 16 is connected to the
      carburetor, which is conventionally provided with a venturi 18 to which
      the source of fuel 4 is connected thru a conduit 20 and a pump 22.
PAR  Operator-operable means 6 is here illustrated as an accelerator pedal
      pivotally mounted at 24 and biased by spring 26 toward throttle-closed
      position. Linkage 28 is connected with the pedal and with a throttle
      actuator 30, the pedal connection being here illustrated schematically as
      a simple pivot 32, while the actuator connection is shown as a lost-motion
      connection 34 having a slot 36 and a spring 38. A pin 40 on actuator 30 is
      adapted to ride in slot 36; spring 38 is connected to bias pin 40 toward
      the upper end of slot 36, pin 40 being at the extreme upper end of slot 36
      as shown in FIGS. 1 and 2. In FIG. 1, the throttle is closed; in FIG. 2 it
      is open, and pin 40 and slot 36 are positioned for positive movement of
      actuator 30 by linkage 28 toward throttle-closed position, and as shown in
      FIG. 1 for yieldably moving actuator 30 and throttle 8 toward a
      throttle-open position.
PAR  Throttle 8 is here shown as integral with a quill shaft 42. As is best seen
      in FIG. 4, quill shaft 42 is at least partially supported on a spindle 44
      which carries a substantially tangential projection or dog 46. Dog 46 is
      engageable with butterfly valve 8 for closing action (counterclockwise
      rotation of spindle 44) but cannot by itself open butterfly valve 8. To
      allow free passage of dog 46 axially for assembly purposes, and to permit
      arcuate movement of dog 46, quill shaft 42 is slotted as shown at 48.
PAR  Suitable conventional protection against overspeed operation of the engine
      is provided. As here shown, an overspeed governor 50 connects by a slotted
      link 52 with throttle actuator 30.
PAR  Engine 2 is cooled by a liquid coolant circulated in a closed system which
      includes a heat exchanger 54, here shown as a conventional radiator having
      a top tank 56 connected to receive hot water from engine 2, a bottom tank
      58 connected to supply cooled water to the engine cooling jacket, heat
      exchanger tubes 60 connecting the top and bottom tanks, a water pump 62,
      and a fan 64 preferably engine-driven to draw cold air over tubes 60.
PAR  Two conventional temperature-responsive sensors 66 and 68 are placed in top
      tank 56 and in the engine crankcase 70, respectively. These sensors are
      stock items, consisting of two internal fixed contacts connected with
      external terminals, a movable bridging contact adapted to establish an
      electric circuit, or break such circuit, between the two fixed contacts,
      and a temperature-sensitive element connected to move the bridging contact
      into and out of circuit making position.
PAR  The sensors are normally open circuit types, i.e., under normal operating
      conditions, the bridging contact does not complete an electric circuit
      between the two external terminals, but when a predetermined maximum
      temperature is reached, the temperature-sensitive element moves the
      bridging contact into engagement with the two fixed contacts to establish
      an electric circuit between the two external terminals, moving out of
      bridging position when the medium in which it is immersed cools back down
      to a predetermined temperature which is usually several degrees below said
      maximum temperature.
PAR  A conventional electric power source 72 is connected in parallel with the
      two sensors, to the coil 74 of a solenoid, whereby the solenoid coil is
      energized when either of the two sensors closes a circuit between its
      terminals. An armature 76 is adapted to have two operating positions, one
      of those shown in FIGS. 1 and 2 with coil 74 deenergized, and the other
      shown in FIG. 3 in which coil 74 is energized. Armature 76 is connected to
      pivot an arm 78 on spindle 44 into one of two corresponding operating
      positions for dog 46, namely the position shown in FIGS. 1 and 2 wherein
      dog 46 offers no bar to opening the throttle wide; the other position is
      shown in FIG. 3 in which dog 46 is shown turned counterclockwise from its
      wide-open position by an angle .phi., wherein butterfly valve 8 partially
      restricts the flow of fuel and air in barrel 10.
PAC  OPERATION
PAR  It will be recalled from the introduction supra that the invention
      comprehends a balanced heat engine power system for military equipment
      wherein a heat engine provides the power needed to accomplish carefully
      predetermined performance characteristics. In the course of performance,
      the heat engine generates rejected heat which is carried away by a
      balanced design cooling subsystem.
PAR  If enemy action knocks out the engine, it often happens that an immediately
      available replacement engine is one which fits the mounting and power
      train interfaces but which delivers a maximum horsepower substantially
      greater than the maximum horsepower of the original engine and, at high
      ambient temperatures, generates at wide-open throttle more rejected heat
      than the cooling subsystem can carry away due to the fact that it is
      designed to carry away the rejected heat of the smaller engine.
PAR  In FIG. 5, curves A, B, C, and D show plotted horsepower at ambient air
      temperatures of 100.degree.F, 105.degree.F, 110.degree.F, and 115.degree.F
      for the larger, replacement, engine. Curve D also shows the maximum
      horsepower of the replacement engine for the amount of rejected heat that
      is within the capability of the cooling subsystem.
PAR  If the replacement engine is provided with a fixed restriction to limit
      fuel intake to a quantity which limits engine output to that shown by
      curve D, the restriction works at all ambient temperatures, which results
      in horsepower losses (because the higher power is unavailable) at the
      lower ambient temperatures, in accordance with curves A, B, and C. A tank
      which could be operated at 100.degree.F ambient with the horsepower
      available as shown in curve A, without restriction, and do so without risk
      of damage to the heat engine power system, is nevertheless forced to
      function at a disadvantage, if the tank is provided with a replacement
      engine that is hobbled in the way that conventional methods solve the
      problem of too much power, i.e., with a fixed restriction. The added
      performance available at curve A might be exactly the margin needed for
      survival in combat, where speed and maneuverability are of the greatest
      importance.
PAR  To summarize the operation of an improved heat engine power system such as
      is herein disclosed and claimed, we again point out that the environment
      in which the invention is practiced is a carefully design-balanced heat
      engine power system, wherein the heat engine originally in the system has
      been disabled, as for example by enemy action, and to keep the equipment
      in service, the maintenance troops replace the disabled engine with an
      immediately available engine which happens to be more powerful than the
      original-equipment engine.
PAR  For so long a time as the operating conditions, such as low ambient cooling
      air temperatures, permit operation of the equipment at maximum horsepower
      of the replacement engine without destructive overheating of the system,
      sensors 66 and 68 remain in their normally-open circuit condition, and the
      operator can freely run the equipment at wide-open throttle if the need
      arises.
PAR  When conditions change such that operation at wide-open throttle would
      cause destructive overheating of the system, one, and possibly both, of
      the sensors 66 and 68 will close to complete a circuit for coil 74, moving
      arm 78 and dog 46 from the operating position shown in FIGS. 1 and 2 to
      the operating position shown in FIG. 3. With dog 46 in its FIG. 3
      operating position, butterfly valve 8 is no longer free to move to its
      wide-open throttle position it occupies in FIG. 2 but is limited to a
      position less than wide open by the angle .phi. shown in FIG. 3.
PAR  If the operator then moves pedal 6 to its wide-open throttle position, as
      soon as butterfly valve 8 comes into contact with dog 46, further
      advancement of the speed controls merely serves to stretch spring 38,
      shown somewhat exaggerated in FIG. 3 to illustrate the principle of
      operation.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A heat engine power system wherein a fluid fuel heat engine of a given
      maximum power capability rejects heat at a given maximum rate, a cooling
      subsystem connected to carry away the rejected heat of said engine and
      having a maximum cooling capacity capable of carrying away heat at said
      given maximum rate, and wherein a second fluid fuel heat engine of a
      larger power capability is capable of rejecting heat at greater than said
      given maximum rate and is a replacement in the system for the first-named
      engine, the invention consisting of fuel controls enabling use of either
      engine without overloading the cooling subsystem, the system comprising:
PA1  a. a throttle having a first operating position in which the throttle is
      capable of admitting as much fuel as will enable operation of the
      first-named engine at its maximum output and within the cooling capacity
      of the cooling subsystem and would enable operation of the replacement
      engine at its maximum output and rejecting heat at a substantially greater
      rate than said given maximum rate, which substantially greater rate would
      overload the cooling subsystem and cause mechanical failure of the system,
      and a second operating position in which the throttle limits fuel flow to
      the replacement engine to a rate which limits heat rejection by the
      replacement engine to a rate that is within the cooling capability of the
      cooling subsystem;
PA1  b. speed control means operably connected to actuate the throttle
      throughout its entire operating range including said first and second
      operating positions;
PA1  c. temperature-responsive means for detecting overloading of the cooling
      subsystem; and
PA1  d. means under control of the temperature responsive means for limiting the
      throttle opening to said second operating position.
NUM  2.
PAR  2. A system as in claim 1, wherein the cooling subsystem is a liquid
      coolant system, and the temperature-responsive means is located in the
      subsystem and senses coolant temperature.
NUM  3.
PAR  3. A system as in claim 1, wherein the temperature-responsive means
      includes a sensor located in the cooling subsystem and a second sensor for
      responding to lubricant temperatures.
NUM  4.
PAR  4. A system as in claim 1, in which the speed control means comprises
      operator-operable means and a governor-actuated maximum speed override;
      and said means under control of the temperature-responsive mean is
      connected with the speed control means.
NUM  5.
PAR  5. A system as in claim 4, wherein the speed control means comprises:
PA1  a. linkage mounted for positive movement by the operator-operable means in
      a direction to open the throttle against resilient means connected to bias
      the linkage toward closed-throttle position;
PA1  b. a throttle actuator movable between throttle-open and throttle-closed
      positions; and
PA1  c. lost-motion means connecting the linkage and the throttle actuator for
      positive movement of the actuator by the linkage toward throttle-closed
      position and having a resilient connection for yieldably moving the
      actuator toward throttle-open position.
NUM  6.
PAR  6. A system as in claim 5, wherein the temperature-responsive means
      includes an electric circuit comprising:
PA1  a. a source of electrical energy;
PA1  b. a solenoid having an operating coil an an armature; and
PA1  c. means for connecting the electrical energy source with said coil and
      including said temperature-responsive means in the form of a normally
      open-circuit sensor.
NUM  7.
PAR  7. A system as in claim 1, wherein the temperature-responsive means
      includes an electric circuit comprising:
PA1  a. a source of electrical energy;
PA1  b. a solenoid having an operating coil and an armature; and
PA1  c. means for connecting the electrical energy source with said coil and
      including said temperature-responsive means in the form of a normally
      open-circuit sensor.
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ABST
PAL  An explosion engine comprises: a rotary shaft with axis A; four cylinders
      6, 7, 8, 9 in a star aligned in pairs on two axes B and C perpendicular to
      the axis A and to each other, but not coplanar; a first assembly of two
      pistons 10, 11 suitable to slide within two of the said cylinders and
      connected together head to tail by a first rigid cross piece 12; a second
      assembly of two pistons 13, 14 suitable to slide in the other two
      cylinders and connected together head to tail by a second rigid cross
      piece 15; and a mechanism with eccentrics suitable to transform the
      alternating slidings of these two assemblies into rotations of the shaft
      or conversely. On the one hand, each cross piece 12, 15 is guided for
      smooth sliding in two sleeves 24 solid with the casing 1 of the machine
      and therefore with the cylinders 6, 7, 8, 9, and on the other hand, each
      piston 10, 11, 13, 14 is fixed on one extremity of the corresponding cross
      piece by a device permitting relative transverse, but not longitudinal,
      displacements or wobbling of said piston relative to the said cross piece.
BSUM
PAR  The invention concerns rotary machines of the type of explosion engines,
      pumps, and compressors including a rotary shaft with axis A, four
      cylinders in a star, aligned in pairs along two axes B and C both
      perpendicular to the axis A and to each other, but not coplanar; a first
      assembly of two pistons suitable to slide within two of said cylinders and
      connected to each other head to tail by a first rigid cross piece; a
      second assembly of two pistons suitable to slide within the other two
      cylinders and connected together head to tail by a second rigid cross
      piece; and a mechanism suitable to transform the alternating slidings of
      these two assemblies into rotation of the shaft or inversely, said
      mechanism including two eccentrics solid with one another and out of phase
      by 180.degree. relative to each other about the same journal, which is
      solid with the said shaft and is itself eccentric relative to this shaft,
      each eccentric being mounted in the central zone of one of the cross
      pieces in such a way as to be able to pivot within the same.
PAR  Such a rotary machine has been described in the first French Addition
      Certificate No. 95,879, filed on 1st Oct. 1968 and granted on 4th Oct.
      1971 to French Pat. No. 1,453,504, of the Applicant, filed on 13th Aug.
      1965 and granted on 16th Aug. 1966.
PAR  This rotary machine has proved very satisfactory.
PAR  The present invention proposes to improve it further in one detail as
      follows.
PAR  Because of the lateral forces exerted on the cross pieces by the rotation
      of the eccentrics, the pistons to which these cross pieces are rigidly
      connected have a tendency to wear laterally and thus to ovalise the
      cylinders within which they slide, which may well result in undesirable
      leaks and/or seizing.
PAR  This inconvenience is eliminated, according to the invention, by the
      combination of the following two arrangements:
PA0  Guiding with smooth sliding of each cross piece in two sleeves solid with
      the casing of the machine and thus with the cylinders,
PA0  Mounting the pistons each on an extremity of a cross piece by means of a
      device allowing transverse, but not longitudinal, displacements or
      wobbling of the said piston relative to said cross piece.
PAR  On account of the guiding as indicated, the lateral forces which were
      previously contained by the piston-cylinder contacts are now exerted at
      the level of cross piece-sleeves, a level at which they can be much more
      easily contained without wear or deformation.
PAR  Such guiding is made possible by the transverse floating mounting of each
      piston on the corresponding cross piece; if such a possibility of
      flotation were not to be provided the rigorous demands for relative axial
      alignment of the sleeves and the corresponding cylinders would have made
      the construction envisaged practically impossible.
PAR  In order to improve the guiding in question,
PA0  the sleeves are preferably given relatively great axial lengths, such
      lengths being preferably of the same order of magnitude as the travel of
      the pistons,
PA0  such sleeves are arranged with a maximum mutual separation, in particular
      by hollowing out the pistons accordingly in such a way that these latter
      are able to cap the said sleeves in their positions "lower dead center",
      the heads of said pistons being relatively thin,
PA0  and an anti-friction ring is advantageously interposed between each sleeve
      and that part of the cross piece which is surrounded by the said sleeve,
      which said part has the form of a cylindrical stem.
PAR  As concerns the device for fixing each cylinder on to the corresponding
      cross piece, so as to permit mutual transverse wobbling between the piston
      and the cross piece, this may advantageously include: a collar eccentric
      with respect to the axis of the cross piece and solid with the
      corresponding extremity of the same, a bayonet seating hollowed out of the
      face of the piston situated on the side of the cross piece, the said
      seating being adapted to accept the collar successively in an axial
      translation and in a rotation about the axis of the piston, said seating
      being designed in such a way as to make possible the transverse wobbling
      of the collar at the end of the said rotation; and means of locking the
      collar angularly within its seat at the end of the said rotation.
PAR  In addition to these principal features, the invention includes certain
      other features which are preferably employed at the same time and which
      will be described in more detail in the following.
PAR  In what follows we shall describe a preferred embodiment of the invention
      with reference to the attached drawings in a manner which is, of course,
      non-limiting.
DRWD
PAR  FIGS. 1 and 2 of these drawings show, respectively, a transverse cut away
      section approximately according to I--I of FIG. 2 and an axial section
      according to II--II of FIG. 1 through an explosion engine designed
      according to the invention.
PAR  FIGS. 3 and 4 show, respectively, in axial section according to III--III
      FIG. 4 and in transverse section according to IV--IV FIG. 3, a detail of
      the engine.
PAR  FIG. 5 is a view analogous to part of FIG. 4, showing the relative
      positions of certain of the elements of the engine during assembly.
PAR  FIG. 6 illustrates an enlarged perspective of a small part of this engine.
PAR  The engine illustrated here includes:
PA0  a casing or cylinder block 1 which can be fixed to the rest of the chassis
      by the bolting of perforated feet 2,
PA0  and a shaft 3 with axis A, pivoting in two roller bearings 4 and 5 carried
      by the block 1.
PAR  This block itself includes four cylinders 6, 7, 8, and 9 in a star and
      aligned in pairs along two axes B and C, both intersecting the axis A, and
      both perpendicular to that axis and to each other, but not coplanar.
PAR  Two pistons 10 and 11 connected together head to tail by a first cross
      piece 12 slide in two of cylinders 6 and 7.
PAR  In the other two cylinders 8 and 9 there slide two pistons 13 and 14
      connected together head to tail by a second cross piece 15.
PAR  A mechanism is provided to transform the alternating sliding of the two
      piston-cross piece assemblies into rotation of the shaft 3.
PAR  A mechanism includes two eccentrics 16 and 17, solid with each other and
      mutually out of phase by 180.degree. about the same journal 18, solid with
      the shaft 3 and itself eccentric with respect to said shaft.
PAR  In the mode of embodiment illustrated:
PA0  each eccentric is an eccentric disc pivoting by means of a ball bearing
      (respectively 19, 20) in an annular cage (21, 22) which forms the central
      part of one of the cross pieces,
PA0  the journal 18 constitutes an eccentric crank pin of the shaft 3, which is
      of the crank shaft type, and it is itself mounted in two eccentric discs
      16, 17 in the interior of a ball bearing 23.
PAR  There are also provided:
PA0  on the one hand two rigid sleeves 24, solid with the cylinder block 1, to
      guide rigidly each rigid cross piece and to contain the lateral forces
      exerted on each cross piece by the rotation of the eccentrics,
PA0  on the other hand, a system of mounting for each piston on the extremity of
      the corresponding cross piece which allows slight mutual displacements
      transversely but no mutual axial displacement.
PAR  In order that the desired guidance shall be ensured in the best possible
      manner, efforts are made to separate the two sleeves 24 of each pair by
      the maximum distance and to make each of them as long as possible.
PAR  For this purpose, in the embodiment illustrated,
PA0  each piston has a head which is relatively thin and which has the general
      form of a bell suitable to cap the corresponding sleeve, which, on the
      other hand, has the form of a frustrum allowing it to penetrate deeply
      into the interior of the piston,
PA0  and the axial length of each sleeve 24 is slightly greater than the travel
      of the pistons in their cylinders, the axial extremity of each sleeve
      which is furthest from the axis A being practically in contact with the
      head of the piston opposite when the latter is at its lower dead point and
      the axial extremity of that sleeve which is closest to the axis A being
      practically in contact with the cage (21 or 22) belonging to the
      corresponding cross piece when the piston mounted on the side of the
      sleeve in question is at its upper dead point.
PAR  Those parts of the cross pieces 12 and 15 which slide within the sleeves 24
      are advantageously parts of stems which have the form of cylinders of
      revolution.
PAR  In order to facilitate sliding of these parts of stem within their guides,
      rings 25 of anti-friction metal with good heat resistance, and producing
      an effect of automatic lubrication, are preferably introduced between
      these elements.
PAR  These rings are advantageously mounted in an easily dismountable manner in
      the sleeves in the following way: at one of the extremities of each ring
      an external flange 25a (FIG. 3) is provided, the said ring is introduced
      axially into the corresponding sleeve in the direction of the axis A until
      its flange 25a butts against the opposite edge of the sleeve, the assembly
      is then locked by screwing a threaded cap 26 on to the end of the sleeve,
      which is correspondingly threaded, with, if necessary, a sealing ring 27
      interposed.
PAR  In order to accept the cages 21 and 22 and their contents -- cages which
      are in practice displaced relative to each other in the direction of the
      axis A by the thickness of a cross piece, a thickness which is generally
      between 10 and 30 mm -- a chamber 28 with the general form of a flattened
      cylinder of revolution about axis A is provided at the centre of the
      cylinder block.
PAR  FIG. 2 also shows:
PA0  on the one hand eccentric equilibriating counterweights 29 and 30 arranged
      inside the chamber 28, said counterweights being in one piece with the
      eccentric discs 16 and 17 so as to compensate for the vibratory forces
      which said discs and their attached devices exercise radially on the
      journal 18,
PA0  and eccentric counterweights 31 and 32 solid with the shaft 3 to compensate
      the vibratory forces exerted on said shaft as a result of the eccentricity
      of the journal 18 and of the assembly coupled with said journal.
PAR  We shall now describe in more detail a preferred mode of embodiment of the
      mounting system, with transverse wobbling, of each piston on the
      corresponding extremity of the stem, with reference to FIGS. 3 to 6.
PAR  The extremity of the stem 12 under consideration is made solid with a
      collar 33, eccentric with respect to the axis of said stem, and a bayonet
      seating 34, suitable to accept the collar 33 successively in translation
      parallel to the axis of the stem and in rotation about said axis, is
      hollowed out of the face of the piston 10 in question which is situated at
      the cross piece side.
PAR  This seating is provided in such a way as to enclose the collar in the
      axial direction from edge to edge and to make possible its transverse
      wobbling at the end of the above-mentioned rotation, the amplitude of the
      said transverse wobbling corresponding to a play J.
PAR  This clearance J is chosen in such a way that the magnitude of J/2 remains
      greater than the maximum departure from coaxial alignment expected between
      the respective axes of a cylinder and the sleeve surrounded by the said
      cylinder.
PAR  Means for angularly locking the collar in its seating at the end of the
      above-mentioned rotation are also provided.
PAR  These means are here constituted by a finger 35 solid with the piston and a
      slot 36 hollowed out radially in the collar which is suitable to span the
      said finger from edge to edge.
PAR  The maximum spanning height of the finger by the slot is equal to the
      above-mentioned clearance J.
PAR  In the mode of embodiment illustrated the finger 35 for angular locking is
      constituted by the foot, with flattened rectangular section, of a pawn 37
      with a flat head 38, said pawn being lodged in a recess 39 hollowed out in
      the face of the piston at the cross piece side. This recess is designed in
      such a way that the pawn 37 remains imprisoned in it after the collar 33
      has been put in position in its seating 34 and after its slot 36 has
      spanned the finger 35: in fact, in such a position, the head 38 of the
      pawn butts axially against the edges of said slot, as can be seen in FIGS.
      3 and 4.
PAR  This type of locking has the following advantages: it allows the collar to
      be mounted in its seating and thus the piston mounted on the stem, without
      the use of any tool such as a screwdriver or the like, and it ensures a
      rigorous solidification of the piston with the stem in the axial direction
      while allowing its transverse wobbling which makes it possible to
      compensate for possible lack of axial alignment of the respective axes of,
      on the one hand, the sleeve 24 and, on the other hand, the piston 10, i.e.
      the cylinder 6 within which the latter is mounted to slide.
PAR  In these conditions assembly of the engine is particularly simple.
PAR  The various bearing and eccentric devices, including the cross pieces 12
      and 15, are first mounted on the shaft 3 and its crank pin 18.
PAR  The cylinder block 1 is then closed on this assembly, the said cylinder
      block being advantageously constituted by two half shells pressed against
      one another by screwing up systems of screw bolts 40.
PAR  The anti-friction rings 25 are then put in place by introducing them into
      the sleeves 24 from the outside and they are then locked by screwing the
      caps 26.
PAR  Then each of the four pistons is mounted on the extremity of the
      corresponding stem (12 or 15) by means of a bayonet displacement followed
      by light transverse pressure (FIG. 5) until the slot 36 and the finger 35
      are opposite to each other, after which the piston is recentered on the
      stem (FIG. 4).
PAR  It is then sufficient to assemble the four cylinders o the block 1 in such
      a way that each of them caps one of the pistons; after this final
      operation each piston is exactly centered within its cylinder by means, if
      necessary, of a small transverse displacement with respect to the
      corresponding stem, a displacement whose magnitude is less than J/2.
PAR  It should be noted that the centering in question can be made, not only in
      the transverse direction which joins the finger 35 to the axis of the
      corresponding piston, but equally well in a direction perpendicular to
      this since the play J permits, not only transverse translation of the
      collar 33 within its seat 34, but also slight transverse oscillations of
      said collar about the finger 35.
PAR  Preferably, each of the piston-cylinder assemblies operates as a two-stroke
      engine with precompression below the piston in a manner such that four
      explosions are observed for each complete revolution of the shaft 3, which
      ensures a high cyclic regularity.
PAR  After which, whatever the embodiment adopted, there is produced an engine
      with eccentrics which does not include any tie rod-crank system, which
      allows precise equilibration resulting in the suppression of vibrations;
      in addition, since each piston is subjected only to axial and non-oblique
      forces, the life time and robustness of this engine are remarkably high.
PAR  As is obvious, and as can also be concluded from the foregoing description,
      the invention is not limited to those of its applications and embodiments
      which have been more particularly discussed; on the contrary, it includes
      all variants, notably:
PA0  those in which one, two or three pistons are replaced by the same number of
      equilibriated guides, the motor then becoming, respectively, a three
      cylinder, a two cylinder, or a mono-cylinder engine,
PA0  those in which the rotary engine is not a two-stroke engine but is an
      engine of another type, or even a compressor or a pump, in which case the
      shaft of the machine becomes the driver instead of being driven,
PA0  or again, those in which several machines of the same type or of analogous
      types are mounted in line on the same shaft.
CLMS
STM  I claim:
NUM  1.
PAR  1. Rotary machine of the explosion engine type, pumps, or compressors
      including: a rotary shaft with axis A; four cylinders in a star aligned in
      pairs on two axes B and C perpendicular to the axis A and to each other,
      axis B lying in one plane and axis C being in a further separate plane; a
      first assembly of two pistons suitable to slide within two of the said
      cylinders and connected together head to tail by a first rigid cross
      piece; a second assembly of two pistons suitable to slide within the other
      two cylinders and connected together head to tail by a second rigid cross
      piece; and a mechanism suitable to transform the alternating slidings of
      these two assemblies into rotation of the shaft or conversely, said
      mechanism including two eccentrics solid with each other and mutually out
      of phase by 180.degree. around the same journal which is solid with the
      said shaft and is itself eccentric with respect to the shaft, each
      eccentric being mounted in the central zone of one of the cross pieces in
      such a way as to be able to pivot within it, wherein on the one hand, each
      cross piece is guided for smooth sliding in two sleeves which are integral
      with the casing of the machine and therefore with the cylinders and that,
      on the other hand, each piston is fixed on one extremity of the
      corresponding cross piece by a device permitting relative transverse, but
      not longitudinal, displacements of said piston relative to the said cross
      piece.
NUM  2.
PAR  2. Rotary machine according to claim 1, wherein the axial length of each
      sleeve is greater than the travel of the pistons within their cylinders.
NUM  3.
PAR  3. Rotary machine according to claim 1, wherein an anti-friction ring is
      interposed between each sleeve and that part of the cross piece which is
      surrounded by said sleeve, said part of the cross piece having the form of
      a cylindrical stem.
NUM  4.
PAR  4. Rotary machine according to claim 1, wherein the device for fixing each
      piston to the corresponding cross piece includes: a collar eccentric with
      respect to the axis of the cross piece and solid with the corresponding
      extremity of the latter; a bayonet seating hollowed out of the face of the
      piston on the cross piece side, the said seating being suitable to accept
      the collar successively in axial translation and in rotation about the
      axis of the piston, the said seating being designed in such a way as to
      make possible transverse displacements of the collar at the end of the
      said rotation; and means for locking the collar angularly in its seating
      at the end of the said rotation.
NUM  5.
PAR  5. Rotary machine according to claim 4, wherein the means of locking
      include a finger solid with the piston and a groove made in the lateral
      edge of the collar and suitable to span the finger.
NUM  6.
PAR  6. Rotary machine according to claim 5, wherein the maximum possible height
      through which the finger is spanned by the slot is equal to the maximum
      play (J) in the transverse displacements of the collar in its seating in
      the angularly locked position.
NUM  7.
PAR  7. Rotary machine according to claim 5, wherein the finger for angular
      locking is the foot of flattened rectangular section of a pawn with a flat
      head which is mounted in a recess formed in the face of the piston
      situated on the cross piece side, the said recess being provided in a
      manner such that the said pawn remains imprisoned within it after the
      collar has been mounted in its seating, by reason of the axial abutment of
      the head of said pawn against the said collar.
NUM  8.
PAR  8. Rotary machine according to claim 1 wherein said transverse
      displacements of each piston are multidirectional in radial planes
      relative to the longitudinal axis of the corresponding cross piece.
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PAL  Disclosed is an electronic vehicle speed control with a fluid actuating
      means. Typically the actuating force is derived from the vehicle engine
      manifold vacuum applied selectively to a bellows operatively connected to
      the throttle mechanism. A dead-band type control is provided. When the
      actual vehicle speed is below the dead band range a valve is operated to
      allow the control fluid to increase the throttle setting. When the vehicle
      speed is above the dead band range a valve is operated to allow the
      control fluid to decrease the vehicle setting. In the preferred and
      specifically described circuit a circuit is provided to translate a
      contact closure rate into a D. C. voltage proportional to vehicle speed. A
      constant current source drives a series circuit including a speed set
      potentiometer and a dead-band setting resistor. The set speeds at either
      end of the dead band are compared to the actual speed and vacuum is
      "admitted" to or "dumped" from the bellows to return the actual speed
      within the dead band. Such a system provides very satisfactory control
      while affecting engine operation much less than a conventional vacuum
      powered vehicle speed control. Several novel safety and operational
      sub-circuits are also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to vehicle speed controls and more particularly to
      such controls using electronic logic and fluid powered actuating means.
PAR  Vehicle speed controls have been known for some time and have been widely
      accepted. Because of their economics, reliability and accuracy, fluid
      actuated speed controls have become the dominant factor in this market.
      Such controls typically use vacuum from the vehicle engine manifold as the
      actuating force. The vacuum is applied to a bellows connected to the
      throttle linkage and thereby increases or decreases the throttle position
      to advance or retard the vehicle speed. The control for such a system
      compares actual vehicle speed with desired vehicle speed and adjusts the
      vacuum level in the bellows accordingly. Typically, the control is via a
      continuous modulated bleed of atmospheric air into the bellows. Such a
      bleed looks, to the engine, like a leak in the manifold gasketing and is
      somewhat detrimental to engine performance. This has not been a major
      problem in the past when typical vehicles having speed controls used large
      engines and were tuned in a range which allowed relatively wide latitude
      in fuel/air ratio.
PAR  Recently the average size of engines in vehicles equipped with speed
      controls has been decreasing. In addition engine tuning has been modified
      toward lean fuel/air ratios. Both of these factors have made it more
      critical to limit the amount of atmospheric bleed reaching the engine
      manifold. Because of their simplicity and wide acceptance, however, it
      remains desirable to use speed controls having operators utilizing engine
      vacuum for actuation.
PAR  Accordingly, it is an object of this invention to provide a vacuum actuated
      vehicle speed control which effects a minimum atmospheric bleed to the
      vehicle engine manifold.
PAR  It is a further object to provide such a speed control which is accurate to
      the high standards of previous units.
PAR  It is still a further object to provide such a speed control which includes
      a plurality of convenience and safety features for safe simple operation.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the invention is an electronic control for the speed of a vehicle
      with an internal combustion engine or the like including a vacuum source,
      typically the engine intake manifold. In the conventional manner a vacuum
      actuation member such as a bellows is connected to the engine throttle
      linkage. The bellows is selectively in communication with either the
      vacuum source or atmosphere thereby increasing or decreasing,
      respectively, the throttle setting and vehicle speed. A dead-band is built
      into the control circuit to allow the actual vehicle speed to drift over a
      narrow range (e.g., + or - 1/2 M.P.H.) around the set point speed without
      any control action taking place. Such a system, compared with conventional
      proportional vacuum actuated systems allows much less atmospheric bleed
      into the vacuum source. This is especially important with small engines
      and/or in engines which are tuned to run "lean" as such engines are
      particularly sensitive to the effect of atmospheric bleed.
PAR  In a typical system, a pair of solenoid valves are provided. A charge valve
      allows selective communication between the bellows and the vacuum source
      and a dump valve allows selective communication between the bellows and
      atmosphere.
PAR  A speed signal generating means provides a signal, typically an analog
      voltage, indicative of actual vehicle speed. A speed set point signal
      generating means provides a signal, also an analog voltage in a typical
      circuit, indicative of the desired speed. The dead band is normally
      provided in association with either the vehicle speed signal generating
      means or, more commonly, with the speed set point generating means.
PAR  A comparator and control means compares the speed set point signal and the
      vehicle speed signal. If the actual speed exceeds the set speed the dump
      valve is energized. If the set speed exceeds the actual speed the charge
      valve is energized. As used herein, speed set point means, where
      appropriate, speed set point range; the latter term indicating a dead-band
      with an overspeed "set point" at one end thereof and an underspeed "set
      point" at the other end thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims which particularly point out
      and distinctly claim the subject matter forming the present invention, it
      is believed that the same will be better understood with the following
      description of the preferred embodiments taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a representation of the overall control system of the present
      invention installed in a motor vehicle;
PAR  FIG. 2, shown on the second sheet of the drawings, is a schematic control
      circuit of the present invention; and
PAR  FIG. 3, shown on the first sheet of the drawings, is a partial schematic
      representation of a variation of the circuit of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of the drawings illustrates the overall speed control system of the
      present invention and generally indicates the physical location and
      association of parts.
PAR  A bellows is connected to the linkage joining the throttle pedal and
      carburetor and operates to increase the throttle position when in
      communication with vacuum source, typically the engine manifold. A charge
      valve provides selective communication between the manifold and the
      bellows and is opened by the control circuit when the actual vehicle speed
      is below the set speed. A dump valve provides selective communication
      between the bellows and atmosphere and is opened by the control circuit
      when the actual vehicle speed is above the set speed.
PAR  As will be described in more detail hereinafter, a dead-band is provided in
      the control circuit to provide a vehicle speed range of about + or - 1/2
      M.P.H. over which no control action takes place. When the vehicle speed is
      in this dead band, both the charge and dump valves are closed. This
      system, it has been discovered, provides highly satisfactory vehicle speed
      control while greatly minimizing the amount of atmospheric air entering
      the engine manifold. For the sake of convenience herein the term set point
      speed is used. It should be understood, however, that a set point speed
      range is usually meant; i.e., the set point speed typically comprises a
      high and low limit to the dead-band. Alternatively, the dead band can be
      associated with the actual vehicle speed in which case this term is
      understood to mean the dead-band range within which this variable may vary
      without initiating control action.
PAR  There are five basic inputs to the control circuit of the present
      invention. A power supply is preferably taken from the load side of the
      brake light fuse. A brake signal, typically from the load side of the
      brake light switch, is used to disable the control system upon actuation
      of the brakes. A vehicle speed signal is provided, preferably in the form
      of a switch contact which has a closure frequency proportional to actual
      vehicle speed. In a preferred embodiment, the switch is a reed relay and a
      magnet rotating with the speedometer cable provides the closure thereof.
PAR  The control circuit is actuated by a command from the vehicle operator. For
      use with the preferred control circuit, an on-off switch is provided
      together with a momentary contact engage switch which can be integral with
      the on-off switch. The operator also selects the speed at which the
      vehicle is to travel. Any of the means known in the art can be used but
      the preferred means is via a rheostat which can, for instance, be mounted
      on the end of the vehicle turn signal operator lever along with and
      preferably integral with the aforementioned momentary contact switch. When
      a rheostat is used, it preferably does not include graduations correlating
      its position to vehicle set speed. As is known in the art, it is difficult
      to calibrate a vehicle speed control system to the varying conditions of
      the range of vehicles to which it will be applied and the use of a "blind"
      set point eliminates the need to attempt such calibration, yet provides
      fully acceptable control.
PAR  Preferably, the operator is provided with an "on" reminder light indicating
      that the circuit is in a condition allowing actuation and a "set" light
      indicating that the control is operative.
PAR  Turning now to FIG. 2, the preferred control system of the present
      invention is shown. Broadly, the control consists of six sub-circuits
      indicated by the dashed-line boxes. The basic sub-circuits are a master
      control means to turn the system on and off, a set point signal generating
      means, a speed signal generating means and a means comparing the set and
      speed signals and controlling the dump and charge valves. A dead-band is
      provided with appropriate circuitry within the set point, speed signal or
      comparator means to provide a narrow range of vehicle speed over which no
      control action takes place.
PAR  Preferably a throttle position feedback means is provided to anticipate the
      effect of changes in throttle position and thereby limit control
      overshoot. The feedback signal is algebraically added to the vehicle speed
      signal to provide the desired overshoot control.
PAR  To provide smooth operation and additional safety an underspeed lockout
      means is additionally provided. This prevents actuation of the control if
      the actual vehicle speed is substantially (about 10 MPH) below the set
      speed. In addition, the lockout provides a redundant back-up to the action
      of the brake switch to de-energize the control. Thus, if the brake switch
      were broken, preventing normal de-activation of the control, braking of
      the vehicle by about 10 M.P.H. would also de-activate the control.
PAR  Each of the sub-circuits will now be discussed in detail.
PAC  CONTROL POINT GENERATING CIRCUIT
PAR  The speed set point is established by varying the resistance of
      potentiometer R1. The associated control point generating circuit operates
      as follows. A voltage divider comprising resistors R2 and R3 and diode D1
      is connected between the 8V supply and ground and provides the base
      voltage for transistor T1. That base voltage biases transistor T1 on and
      establishes a constant collector current I.sub.1 therefrom. The diode D1
      is chosen to have a threshold voltage and temperature characteristic
      comparable to the base to emitter junction of T1, thereby providing a
      temperature compensated circuit. I.sub.1, of course, will be a function of
      R2, R3, the emitter resistor R4 and to a small degree the gain of T1 and
      will preferably be about 0.1 ma. The circuit is generally designed so that
      an analog DC voltage of 0-8 corresponds to a speed range of 0-80 M.P.H.
PAR  Current I.sub.1 provides a (minimum) set point speed voltage V.sub.1
      proportional to the sum of resistances of the minimum speed resistor R5
      and the speed set resistor R1. Resistor R6 provides a dead-band associated
      with the set speed circuit and is in series with R5 and R1. To provide a
      dead-band of about + or - 1/2 M.P.H. (1 M.P.H. total) R6 will typically be
      1000 ohms. Thus V.sub.2, the upper speed limit of the dead band, will be
      0.1 volts above V.sub.1.
PAR  Preferably, a means is provided to limit the rate of vehicle acceleration
      when the set point potentiometer R1 is abruptly changed. Capacitor C1
      provides this function by limiting the rate at which V.sub.1 and V.sub.2
      can increase.
PAC  SPEED SIGNAL GENERATOR MEANS
PAR  Any suitable circuit or device can be used to provide an analog signal
      proportional to vehicle speed. As shown in FIG. 2 such a system is
      provided using the frequency of closing of switch S1 as the speed signal.
      S1 can, for instance, be a reed relay switch operated by a magnet rotating
      on or in synchronization with the speedometer cable.
PAR  Opening S.sub.1 imposes +8V on the base of transistor T2 through resistor
      R7 and coupling capacitor C2. This biases T2 into conduction and brings
      the collector voltage V.sub.3 thereof to virtual ground thereby
      discharging capacitor C3. T2 then turns off as a result of the discharge
      of C2 through grounding resistor R8. When T2 turns off V.sub.3, on the
      collector thereof, proceeds upward toward +8V at a rate determined by the
      RC constant of resistor R9 and capacitor C3 connected thereto. The typical
      wave form of V.sub.3 is illustrated; the period thereof is, of course the
      period between successive openings of S1 while the shape thereof is
      dictated by R9C3. Capacitor C4 is provided in parallel with S1 to
      eliminate the potential effects of switch contact bounce. Diode D2 is
      provided to protect T2 from reverse voltage transients.
PAR  V.sub.3 is applied to the negative (inverting) input of a comparator. The
      positive input of the comparator is held at +4V by the voltage divider
      comprising equal resistances R10 and R11 connected to the +8V supply. A
      capacitor C5 grounds electrical noise which would otherwise be present at
      the positive comparator input. The comparator is of the open collector
      output and provides a grounded output when the larger input is on the
      negative connection and a floating output when the larger input is on the
      positive input. Resistor R12 is connected to the +8V source and therefore
      provides an approximate +8V signal on the output of the comparator when
      the positive input is larger. The result of the sawtooth waveform V.sub.3
      on the negative input of the comparator is a square wave V.sub.4 which
      varies between +8V and 0 and has an on time percentage proportional to
      R9C3 and the frequency of closure of switch S1; i.e., proportional to
      vehicle speed.
PAR  A small positive feedback is provided via resistor R13 to assure sharp
      reliable switching of the output of the comparator. A RC network
      comprising resistor R14 and capacitor C6 converts square wave V.sub.4 to
      its DC average V.sub.5 which, as mentioned previously, will vary from 0-8
      VDC over a speed range of from 0-80 M.P.H.
PAC  COMPARATOR AND CONTROL MEANS
PAR  V.sub.5 is applied through a high impedence input resistor R15 to the
      negative inputs of a pair of analog to digital comparators in the
      comparator and control circuit. Such comparators have a digital (on or
      off, open or closed) output which switches as the magnitude of the two
      analog inputs switches from one being greater to the other being greater.
      These comparators compare the actual vehicle speed (V.sub.5) with the set
      point speed (V.sub.1 and V.sub.2). The dump valve is a normally (i.e.,
      when de-energized) open valve and therefore provides a fail-safe system
      de-activation. It is normally energized and therefore closed when the
      vehicle speed is at or under the set speed by the following circuit. At or
      below the set point speed the negative input to the comparator associated
      with the dump valve is less than the positive input thereto from the set
      point circuit. Consequently the comparator output is open and current is
      allowed to flow via resistor R16 and diode D3 to the base of transistor T3
      which, with transistor T4, provides a Darlington pair for high current
      gain. When the Darlington pair is conducting the dump valve is energized
      (closed). When the actual vehicle speed exceeds the (upper) set point
      speed the comparator output goes to ground thereby diverting the base
      current and turning the Darlington pair T3 and T4 off and opening the dump
      valve. The diodes D3 and D4 provide protection for the transistors T3 and
      T4 against base-emitter breakdown and from overvoltage spikes resulting
      from the field collapse of the dump valve.
PAR  A second comparator compares the actual speed with the (lower) set point
      speed and, when the former is lower than the latter, energizes (opens) the
      charge valve thereby placing the bellows in communication with the
      manifold vacuum and increasing the throttle setting. Specifically, this
      circuit comprises resistor R17, diodes D5 and D6 and transistors T5 and T6
      arranged identically to those associated with the dump valve.
PAC  DEAD BAND CONSIDERATIONS
PAR  In the preferred embodiment of FIG. 2 as hereinbefore described it will be
      appreciated that the charge and dump valves are operated only when the
      actual vehicle speed is outside the  deadband range established by R6
      associated with the set point circuit. This is a particularly preferred
      embodiment inasmuch as the dead-band is constant irrespective of speed
      setting due to the constant current (I.sub.1) circuit associated with R6.
      This provides optimum control over the entire speed range and in practice
      provides very satisfactory control with a minimum of atmospheric bleed to
      the engine manifold.
PAR  Although less preferred, other means can be used to provide the dead band
      for the control. One alternate system is shown in FIG. 3 which is a
      partial diagramatic schematic corresponding generally to a portion of FIG.
      2. In the variation of FIG. 3 a resistor R' is associated with the actual
      speed signal and is provided between the two actual speed inputs to the
      comparators and therefore provides a dead band operation. As will be
      appreciated, the variation, as illustrated, does not provide a constant
      width dead band, not varying in width with vehicle speed, and therefore is
      less preferred.
PAC  POSITION FEEDBACK
PAR  Returning now to FIG. 2 a means is preferably provided to anticipate the
      effect of changes in throttle position and minimize or avoid overshoot of
      the controls. The preferred means is a throttle position feedback circuit.
      A potentiometer R18 is mounted, as illustrated in FIG. 1, to be moved by
      the bellows movement and to provide a linear resistance variation with
      bellows, and therefor throttle, position. Because of the non-linear
      characteristics of the vehicle speed versus throttle position curve a
      biasing resistor R19 is provided in series with potentiometer R18 to
      provide feedback voltage V.sub.6 which is approximately linear with the
      steady-state vehicle speed associated with the actual vehicle speed.
PAR  As the throttle position increases in response to energization of the
      charge valve the wiper moves toward the positive end of the potentiometer.
      Capacitor C7 shunts the noise from R18 and its associated wiring to the
      ground. The increase in voltage on the wiper of R18 is seen by the
      comparators as an increase in actual vehicle speed because of the
      connection of R20 to the actual vehicle speed (negative) inputs thereof.
      Additionally, a transient increase in apparent (to the comparators)
      vehicle speed is provided through the lead network comprising resistor R21
      and capacitor C8. As will be appreciated, the relative weight given to the
      actual speed signal (V.sub.5) and the apparent speed signals (V.sub.6)
      from the throttle position feedback circuit is a function of the relative
      sizes of R15, R18, R19, R20, R21 and C8 and can be adjusted to suit the
      dynamics of any particular vehicle system.
PAC  MASTER CONTROL MEANS
PAR  A master control means is provided to turn the system on and off upon the
      happening of any of several events. As a minimum, the master control must
      provide for the selective engagement of the system and for the automatic
      disengagement of the system upon actuation of the brakes.
PAR  Resistor R22, as will hereinafter be more fully described, is at virtual
      ground on its left hand side when the system is operational. In this
      condition, transistor T7 is switched on through the base voltage supplied
      by the voltage divider comprising R22 and resistor R23.
PAR  The system is energized as follows. The on-off switch S2 provides ground
      from the vehicle chassis ground G to the control system common ground. A
      momentary "engage" signal provides a ground to the switch side of resistor
      R24. While R24 is grounded a current exists through diode D7, T7 and the
      voltage divider comprising R24 and resistor R25 thereby biasing transistor
      T8 into conduction. Capacitor C9 provides a shunt across the base to
      emitter junction of T8 and prevents noise from accidentally biasing T8
      into conduction.
PAR  When T8 conducts, it provides a current path through the coil of the lock
      in relay S3 and blocking diode D8 and through the low resistance path
      provided by the brake lights to ground. Current through this path locks
      relay S3 in through its own contacts and by passes T8 which stops
      conducting when the momentary engage contact is released. Diode D9
      provides a path for shorting out the reverse current from the coil of S3
      upon the deenergization thereof.
PAR  Transistor T9 is the system on-off transistor and is biased into conduction
      by current through T7, relay contact S3 and the voltage divider comprising
      resistors R26 and R27. As will be noted, conduction through T9 is required
      to provide a ground path for the dump and charge valves through their
      associated Darlington pairs of control transistors. T9 also provides the
      ground path to the "set" pilot light and its load resistor R28 to indicate
      to the operator that the control system is operating.
PAR  When T7 is conducting, but the system is not engaged, the "on" light is
      energized through resistor R29. When the system is energized the "on"
      light is shorted by diode D10 to the virtual ground provided by T9.
PAR  When the brake switch S4 is closed the brake lights function in the
      conventional manner. In addition, +12V is imposed through diode D11 on the
      base of T7 biasing it out of conduction and thereby dropping out relay S3,
      disabling the system regardless of the position of the "momentary" switch.
      In this connection, it should be noted that the function of D7 is to
      provide a voltage drop from +12V to the emitter of T7 equal to the voltage
      drop from +12V to the base of T7 by D11 thereby assuring that T7 will turn
      off. Closure of the brake switch S4 also imposes +12V on the ground side
      of the relay coil of S3 thereby insuring drop-out of that relay.
PAR  One very desirable safety circuit is one which prevents engagement of the
      system when the set point is substantially above the actual vehicle speed
      and to disable the system should the actual speed drop substantially below
      the set point. Such a system prevents the control from being engaged
      inadvertently when the vehicle is traveling at a low speed and provides a
      backup to the brake switch to disengage the system when braking.
      Additionally, this circuit drops out the controls should the set point be
      inadvertently adjusted upwardly abruptly by a substantial amount which
      could otherwise result in an undesired and potentially dangerous vehicle
      response.
PAR  The under speed disabling feature is provided by a comparator which sees,
      at its positive input, a fraction of the present set speed voltage V.sub.1
      as determined by the voltage divider comprising resistors R30 and R31.
      Normally these resistors will be in a ratio of about 1:4 so that the
      control action takes place at about 80% of the set speed. In addition R30
      and R31 should be large compared to R1 and R5 so as not to load, to any
      significant extent, the speed set circuit. A capacitor C10 is provided to
      the set speed input of the under speed cutout to prevent transient noise
      from disabling the control. The negative input of the under speed disable
      comparator is connected to the actual vehicle speed signal V.sub.5 through
      a resistor R32 which is preferably matched with R30.
PAR  A resistor R33 is preferably provided in the underspeed lockout circuit to
      provide reliable lock-in of the circuit at the limit of its range. If the
      actual vehicle speed is extremely close to the lower limit of the under
      speed disabling circuit it is possible to activate the system, receive
      confirmation thereof via the "set" light and have the under speed circuit
      system deactivate before the control increases the actual vehicle speed.
      To avoid this possible minor annoyance, R33 provides a limited drain on
      (and therefore lowering of) the set speed signal when the control is
      energized. Thus if V.sub.1 is 5.0 volts before energizing the system it
      will drop to about 4.9 volts after energization thereby, in effect,
      locking in the control.
PAC  COMPONENTS
PAR  A voltage regulator provides the regulated +8 volt supply used in the set
      point signal generating circuit and the vehicle speed signal generating
      means. A Motorola MC7808 voltage regulator performs satisfactorily in this
      capacity. Capacitors C11 and C12 provide transient filtering on the input
      and output of the power supply.
PAR  The four comparators are all contained in a single Motorola MC3302 logic
      chip. While not shown, the logic chip also includes a ground connection
      and a +12V connection.
PAR  With the circuit shown, the following components provide a highly
      satisfactory control system:
TBL  Resistors                                                                 
                          OHMS                                                 
            R1            50 K                                                 
            R2            130                                                  
            R3            1 K                                                  
            R4            20 K                                                 
            R5            62 K                                                 
            R6            1 K                                                  
            R7            1 K                                                  
            R8            10 K                                                 
            R9            100 K                                                
            R10           10 K                                                 
            R11           10 K                                                 
            R12           2.7 K                                                
            R13           220 K                                                
            R14           47 K                                                 
            R15           100 K                                                
            R16           4.7 K                                                
            R17           4.7 K                                                
            R18           10 K                                                 
            R19           10 K                                                 
            R20           560 K                                                
            R21           820 K                                                
            R22           2.7 K                                                
            R23           10 K                                                 
            R24           4.7 K                                                
            R25           10 K                                                 
            R26           470                                                  
            R27           10 K                                                 
            R28           390                                                  
            R29           390                                                  
            R30           1 Meg.                                               
            R31           3.6 Meg.                                             
            R32           1 Meg.                                               
            R33           4.7 Meg.                                             
PAR  All resistors are 1/2 Watt
TBL  Capacitors                                                                
                      microfarads                                              
            C1           1 at 35V                                              
            C2           0.12                                                  
            C3           0.1                                                   
            C4           0.1                                                   
            C5           0.1                                                   
            C6           22 at 25V                                             
            C7           0.1                                                   
            C8           5 at 25V                                              
            C9           0.1                                                   
            C10          0.1                                                   
            C11          10 at 25V                                             
            C12          100 at 25V                                            
PAR  All Capacitors are 100V unless specified otherwise.
TBL  ______________________________________                                    
     Diodes                                                                    
                           Type                                                
            D1            IN3064                                               
            D2            IN3064                                               
            D3            IN3064                                               
            D4            IN4001                                               
            D5            IN3064                                               
            D6            IN4001                                               
            D7            IN3064                                               
            D8            IN4001                                               
            D9            IN4001                                               
            D10           IN3064                                               
            D11           IN3064                                               
     Transistors                                                               
                           Type                                                
            T1            2N3703                                               
            T2            MPS3704                                              
            T3            MPS3704                                              
            T4            2N3725                                               
            T5            MPS3704                                              
            T6            2N3725                                               
            T7            2N3703                                               
            T8            2N3703                                               
            T9            2N3725                                               
     ______________________________________                                    
PAR  Valves -- 12 Volt, 150 ma
PAR  Relay S3 -- 12V, 20 ma
PAC  Indicator Lights -- Light Emitting Diodes
PAC  Texas Instrument FV-100
PAR  Many variations will occur to those skilled in the art, with reference to
      the foregoing disclosure. The embodiments described are intended to be
      illustrative and not limiting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speed control for a vehicle having a vacuum source and a vehicle
      throttle means moveable in two directions to increase and decrease vehicle
      speed comprising:
PA1  a. a vacuum bellows connected to and operable upon an increase in vacuum
      therein to move said throttle in the speed increasing direction;
PA1  b. a first valve means operatively connected to selectively communicate
      between said vacuum source and said vacuum bellows;
PA1  c. a second valve means operatively connected to selectively communicate
      between said bellows and the atmosphere;
PA1  d. a first speed signal means producing a signal proportional to the
      desired vehicle speed;
PA1  e. a second speed signal means producing a signal proportional to the
      actual vehicle speed;
PA1  f. dead-band signal means associated with one of said speed signal means;
PA1  g. comparator means receiving signals from said first and second speed
      signal means and said dead-band signal means and connected to said valves
      whereby said first valve provides its said communication when the vehicle
      speed is too low by reference to said set point speed and said second
      valve provides its said communication when the vehicle speed is too high
      with reference to said set point speed and both said first and said second
      valves do not provide their said communication over a narrow range
      determined by said dead band; and
PA1  h. a means to maintain said second valve in its said communication when the
      speed of said vehicle is less than said set speed by more than a
      predetermined amount.
NUM  2.
PAR  2. The speed control of claim 1 wherein said comparator means is responsive
      to the position of said vehicle throttle means as well as to the
      difference between said set speed and said actual speed.
NUM  3.
PAR  3. The speed control of claim 1 wherein the set speed signal is provided by
      a variable resistance and a constant current source applied to said
      variable resistance.
NUM  4.
PAR  4. The speed control of claim 1 wherein said second speed signal means
      comprises a contact adapted to open and close at a frequency proportional
      to actual vehicle speed and a means to translate said contact closure
      frequency to a proportional voltage.
NUM  5.
PAR  5. A speed control for a vehicle having a vacuum source and a vehicle
      throttle means moveable in two directions to increase and decrease vehicle
      speed comprising:
PA1  a. a vacuum bellows connected to and operable upon an increase in vacuum
      therein to move said throttle in the speed increasing direction;
PA1  b. a first valve means operatively connected to selectively communicate
      when energized between said vacuum source and said vacuum bellows;
PA1  c. a second valve means operatively connected to selectively communicate
      when de-energized between said bellows and the atmosphere;
PA1  d. a first speed signal means producing a voltage proportional to the
      desired vehicle speed;
PA1  e. a second speed signal means producing a voltage proportional to the
      actual vehicle speed;
PA1  f. dead-band signal means associated with one of said speed signal means;
PA1  g. first analog to digital comparator means comparing said first and second
      speed signal voltages and energizing one of said valves selectively when
      one of said voltages exceeds the other; and
PA1  h. second analog to digital comparator means comparing one of said first
      and second speed signal voltages to the combination of the other of said
      speed signal voltages and a voltage from said dead-band signal means and
      energizing the other of said valves selectively when one of the signals it
      is comparing exceeds the other of said signals it is comparing, whereby
      said first valve provides its said communication when the vehicle speed is
      too low by reference to said set point speed and said second valve
      provides its said communication when the vehicle speed is too high with
      reference to said set point speed and both said first and said second
      valves do not provide their said communication over a narrow range
      determined by said dead band.
NUM  6.
PAR  6. The speed control of claim 5 wherein a means is provided to maintain
      said second valve in its said communication when the speed of said vehicle
      is less than said set speed by more than a predetermined amount.
NUM  7.
PAR  7. The speed control of claim 6 wherein said second speed signal is
      combined with a signal indicative of the position of said vehicle throttle
      for comparison with said first speed signal by said first and second
      analog to digital comparators.
NUM  8.
PAR  8. The speed control of claim 7 wherein said second speed signal means
      comprises a contact adapted to open and close at a frequency proportional
      to actual vehicle speed and a means to translate said contact closure
      frequency to a proportional voltage.
NUM  9.
PAR  9. The speed control of claim 8 wherein the set speed signal is provided by
      a variable resistance and a constant current source applied to said
      variable resistance.
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PAL  The disclosed device comprises a thyristor and a first set of breaker's
      contacts serially interconnected across a second set of breaker's contacts
      used in the normal operation. In the idling and low speed operations, the
      thyristor is conducting so that the first contact set causes the receding
      ignition. In the dual system of ignition one series combination of
      thyristor and set of breaker's contacts is provided on either of the
      advancing and receding sides. Normally both thyristors are conducting but
      the receding thyristor alone is conducting to permit the receding ignition
      in the idling and low speed operations.
PARN
PAR  This is a continuation of application Ser. No. 173,986, filed Aug. 23, 1971
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a device for adjusting the ignition time of an
      internal combustion engine for a motor vehicle in order to minimize a
      volume of poisonous exhaust gas from the engine.
PAR  In the idling and low speed modes of operation, internal combustion engines
      for motor vehicles produce poisonous exhaust gases in large volumes. In
      order to minimize the volume of poisonous exhaust gas from such engines,
      it has been already practiced to adjust the ignition time of the engines
      in accordance with the mode of operation thereof. For example, a plurality
      of relays have be provided one for each of mode sensors for sensing the
      respective modes of operation of the engine and selectively energized in
      accordance with the outputs from the associated mode sensors to adjust the
      ignition time of the engine. Alternatively, the outputs from such mode
      sensors could be processed by a logic circuitry to control a single relay
      for adjusting the ignition time of the engine. With the sensors each
      formed of a semiconductor circuit or with the outputs from the sensors
      processed by a semiconductor logic circuitry, the resulting adjusting
      device has been often disposed within a compartment of the associated
      motor vehicle. This is because the device disposed within an engine space
      maintained at an elevated temperature of the vehicle causes a decrease in
      reliability of the same. In that event, if a control element involved is
      formed of a relay or relays then a problem has arisen as to noise
      generated upon closing and opening electric contacts included in the relay
      or relays. In order to avoid this problem, only the relay or relays might
      be disposed in the engine space. This, however, has resulted in the
      complicated wiring around the relay or relays and also in a decrease in
      the system reliability as well as very inconvenience in practice use.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is an object of the invention to provide a new and improved
      device for adjusting the ignition time of an internal combustion engine,
      including solid state control means wherein the disadvantages of the
      conventional devices as above described are eliminated.
PAR  The invention accomplishes this object by the provision of an adjustment
      device for adjusting the ignition time of an internal combustion engine,
      comprising a pair of first and second sets of breaker's contacts different
      in opening time from each other, and means for changing the operation of
      the engine from a first mode of operation in which the ignition thereof is
      caused by the opening operation of the first set of breaker's contacts to
      a second mode of operation in which the ignition of the engine is caused
      only by the opening operation of the second set of breaker's contacts and
      vice versa, characterized in that the means for changing the mode of
      operation of the engine includes a semiconductor switching element
      connected to at least one of the first and second sets of breaker's
      contacts and responsive to a predetermined one of the first and second
      modes of operation of the engine to be controlled in conduction to enable
      that set of breaker's contacts connected to the semiconductor switching
      element to effect the ignition of the engine thereby to adjust the
      ignition time thereof.
PAR  In a preferred embodiment of the invention, the adjustment device may
      comprise a single ignition coil, a first set of breaker's contacts
      connected in series to the ignition coil to form a first circuit for
      supplying an electrical energy to the ignition coil, a semiconductor
      switching element responsive to a predetermined mode of operation of the
      engine to be conducting, and a second set of breaker's contacts connected
      in parallel to the first set of breaker's contacts through the
      semiconductor switching element to form a second circuit for supplying an
      electrical energy to the ignition coil with the semiconductor switching
      element, the first and second sets of breaker's contacts providing
      different ignition times for the engine, the arrangement being such that,
      when conducting, the semiconductor switching element enables the second
      set of breaker's contacts to ignite the engine and when nonconducting,
      enables the first set of breaker's contacts to ignite the engine.
PAR  For use with the dual system of ignition, the adjustment device may
      advantageously comprise a first ignition coil, a first semiconductor
      switching element and a first set of breaker's contacts connected in
      series circuit relationships to form a first circuit for supplying an
      electrical energy to the first ignition coil, and a second ignition coil,
      a second semiconductor switching element and a second set of breaker's
      contacts connected in series relationship to form a second circuit for
      supplying an electrical energy to the second ignition coil, the first and
      second sets of breaker's contacts providing different ignition times for
      the engine, the first and second supply circuit being connected in
      parallel to each other, the arrangement being such that the first and
      second semiconductor switching elements respond to a predetermined mode of
      operation of the engine to be put in their conducting state to enable the
      first and second sets of the breaker's contacts to effect the dual
      ignition of the engine, and respond to another predetermined mode of
      operation of the engine to be nonconducting and conducting respectively
      whereby only that set of breaker contacts connected to the now conducting
      semiconductor switching element is enabled to ignite the engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will become more readily apparent from the following detailed
      description taken in conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a schematic circuit diagram of a device for adjusting the
      ignition time of an internal combustion engine, constructed in accordance
      with the principles of the invention; and
PAR  FIG. 2 is a diagram similar to FIG. 1 but illustrating a modification of
      the invention applied to the dual system of ignition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawing, it is seen that an arrangement
      disclosed herein comprises a source of electrical energy shown as a
      battery 10 having a negative terminal connected to ground, and an ignition
      coil 12 connected to the source 10 at its positive terminal. The ignition
      coil 12 has a primary winding connected to ground through a set of
      breaker's contacts 14 connected across a capacitor 16, and a secondary
      winding electrically coupled to an internal combustion engine (not shown).
      The primary winding of the ignition coil 12 is also connected to ground
      through a series combination of a semiconductor switching element 18 such
      as a thyristor and another set of breaker's contacts 20. The thyristor 18
      includes a gate electrode connected to a mode-of-operation sensor
      generally designated by the reference numeral 22. Thus it will be
      appreciated that the set of breaker's contacts 14 forms a first circuit
      for supplying an electrical energy to the ignition coil 12 and the
      thyristor 18 and the set of breaker's contacts 20 form a second circuit
      for supplying an electrical energy to the ignition coil 12. The sensor 22
      is adapted to sense a predetermined mode of operation of the engine (not
      shown), in this case, the idling and low speed modes of operation.
PAR  While the mode sensor 22 may be formed of any desired circuit responsive to
      the predetermined mode of operation of the engine to apply a gating signal
      to the thyristor 18 it is shown in FIG. 1 as including a set of normally
      open contacts 24 and a semiconductor diode 26 connected thereto and also
      to the gate electrode of the thyristor 18. Although not illustrated, the
      set of contacts 24 is operatively coupled to a throttle valve disposed
      within an intake tube so that the contacts are closed through the closure
      of the throttle valve occurring in the idling and low speed modes of
      operation in which the engine exhausts a large volume of poisonous exhaust
      gas. The closure of the contacts 24 causes the source 10 to apply a
      voltage to the gate electrode of the thyristor 18 through a resistor 28,
      the now closed contacts 24 and the diode 26 to put the thyristor 18 in its
      conducting state.
PAR  The thyristor 18 is so poled as to permit a current from the primary
      ignition winding to pass to the set of breaker's contacts 20 therethrough
      and has a semiconductor diode 24' connected thereacross with the polarity
      reverse from that of the thyristor 18. The sets of breaker's contacts 14
      and 20 are adapted to be opened and closed in synchronization with the
      rotational movement of the associated engine (not shown). It is assumed
      that the contacts 14 are opened at each time point at which the engine is
      to be ignited in the normal mode of operation while the contacts 20 are
      opened later than the contacts 14 which is suitable for the idling and low
      speed modes of operation. It is also assumed that both sets of contacts
      are disposed within a common distributor (not shown). If desired, both
      sets of breaker's contacts may be disposed within separate distributors
      (not shown), respectively.
PAR  The arrangement as above described is operated as follows: It is assumed
      that the engine (not shown) be delayed in ignition time. That is, the
      engine is in the normal mode of operation. Under the assumed condition,
      the mode sensor 22 has the contacts 24 maintained in their open position
      to supply no gating signal to the thyristor 18. Thus the thyristor 18 is
      maintained in its nonconducting state. This disables the set of breaker's
      contacts 20 and enables the set of breaker's contacts 14 to determine when
      the engine (not shown) is to be ignited. Therefore the normal ignition of
      the engine is accomplished under the control of the contacts 14.
PAR  It is now assumed that in the particular mode of operation, the ignition
      time of the engine should be delayed in order to clean the exhaust gas
      from the engine. That is, the engine is in the idling or low speed mode of
      operation. Under the assumed condition, the mode sensor 22 has the
      contacts 24 put in their closed position as will readily be understood
      from the above description. This permits the source 10 to apply a gating
      signal to the thyristor 18 to put the latter in its conducting state.
      Therefore the set of breaker's contacts 20 takes over the induction of an
      ignition voltage across the ignition coil 12. In other words, the contacts
      20 are opened to interrupt a flow of current through the primary ignition
      winding whereupon an ignition voltage is induced across the secondary
      ignition winding resulting in the ignition of the engine (not shown).
PAR  Under these circumstances, the ignition of the engine is delayed as
      compared with the normal mode of operation because the contacts 20 are
      later in opening time than the contacts 14. It is noted that the opening
      of the contacts 14 has no effect upon the system because the contacts 14
      are opened during the closure of the contacts 20.
PAR  After the termination of a flow of gating current through the thyristor 18,
      current flowing through the latter decreases below the holding current
      therefor due to the opening of the contacts 20 whereupon the thyristor 18
      is turned off. This is ready for the normal mode of operation of the
      engine.
PAR  Referring now to FIG. 2, there is illustrated a modification of the
      invention applied to the dual system of ignition wherein there are
      provided a pair of ignition coils controlled by the respective sets of
      breaker's contacts different in opening or ignition time from each other.
      In the arrangement shown in FIG. 2, a source of electrical energy in the
      form of a battery 110 is connected at its positive terminal to a pair of
      ignition coils 112 and 112' and at its negative terminal to ground.
      Connected across the source 110 are the primary winding of the first
      ignition coil 112, a first semiconductor switching element 118 in the form
      of a thyristor and a first set of breaker's contacts 120 in series circuit
      relationships, as in the arrangement shown in FIG. 1, to form a first
      circuit for supplying an electrical energy to the first ignition coil 120.
      A capacitor 116 is connected across the series combination of thyristor
      118 and contacts 120. Also the primary winding of the second ignition coil
      112', a second semiconductor switching element 118' in the form of a
      thyristor and a second set of breaker's contacts 120' are serially
      interconnected across the source 10 to form a second circuit for supplying
      an electrical energy to the second ignition coil 112'. That circuit is in
      parallel to the first supply circuit and has a capacitor 116' connected
      across the series combination of the thyristor 118' and the contacts 120'.
      The two sets of breaker's contacts 120 and 120' are disposed within
      separate distributors 130 and 130' although this is not necessarily
      essential.
PAR  Both ignition coils 112 and 112' each include a secondary winding
      selectively connected through the distributor 130 or 130' to a plurality
      of ignition plugs, in this case, three ignition plugs schematically shown
      respectively within three rectangles 132, 134 and 136 representing three
      cylinders of an internal combustion engine. Each of the cylinders 132, 134
      or 136 has disposed therein a pair of ignition plugs adapted to be
      energized by the first and second ignition coils 112 and 112'
      respectively.
PAR  Like the sets of breaker's contacts 14 and 20, the first and second sets of
      breaker's contacts 120 and 120' are adapted to be opened and closed in
      synchronization with the rotational movement of the engine 132-134-136 so
      that the first set of contacts 120 is opened at the normal ignition time
      while the second set of contacts 120' is opened later than the first
      contacts 120. Thus it will be appreciated that the contacts 120 and the
      associated thyristor 118 are on the advancing side and that the contacts
      120' and the thyristor 118' connected thereto are on the receding side.
PAR  In the normal mode of operation in which the dual ignition is successively
      effected within the cylinders 132, 134 and 136 of the engine, the first
      and second thyristors 118 and 118' have applied thereto the respective
      gating signals provided by separate mode sensors or a common mode sensor
      for sensing a predetermined mode of operation of the engine, in this
      example, the normal mode of operation. However, such a sensor or sensors
      is or are not illustrated in FIG. 2 only for purpose of simplification.
PAR  Therefore both thyristors 118 and 118' are put in their conducting state to
      permit the contacts 120 and 120' to be opened to induce ignition voltages
      across the secondary windings of the associated ignition coils 112 and
      112'. Those ignition voltages are supplied through the respective
      distributors 130 and 130' to those two ignition plugs as just then
      connected to the individual ignition coils 112 and 112' through the
      distributors respectively. Therefore electric sparks are established
      across such ignition plugs. The process as above described is repeated to
      effect the dual ignition of the respective cylinders.
PAR  Then if the engine is operated in the idling or low speed mode resulting in
      the necessity of cleaning the exhaust gas therefrom then the
      abovementioned sensor or sensors (not shown) is or are operated such that
      a gating signal is applied to the thyristor 118' on the receding side
      while no gating signal is applied to the thyristor 118 on the advancing
      side. Therefore, in response to another predetermined mode of operation,
      the thyristor 118' is put in its conducting state but the thyristor 118 is
      brought into its nonconducting stated. Under these circumstances, the
      ignition coil 112 connected to the advancing thyristor 112 is prevented
      from inducing the ignition voltage thereacross but the ignition coil 112'
      on the receding side continues to induce the ignition voltage thereacross
      to successively ignite the cylinders 132, 134 and 136 in the manner as
      above described in conjunction with the normal mode of operation resulting
      in the receding ignition.
PAR  The thyristors are automatically turned off in the same manner as already
      described in conjunction with FIG. 1
PAR  The invention has several advantages. For example there are exhibited the
      same results as those provided by the conventional devices including the
      relay or relays through the use of the thyristor or thyristors put in the
      conducting and nonconducting states in accordance with the modes of
      operation of the associated engine and without the necessity of using any
      movable mechanical component. This results in a silent operation. Further
      the invention has the reliability as high as exhibited by other
      semiconductor circuits. Also it is simple in construction because the
      turning-off of the thyristor is automatically accomplished by the
      operation of the associated set of breaker's contacts after the gating
      signal has terminated.
PAR  While the invention has been illustrated and described in conjunction with
      a few preferred embodiments thereof it is to be understood that various
      changes and modifications may resorted to without departing from the
      spirit and scope of the invention. For example, the thyristor shown in the
      form of a unidirectional triode thyristor or an SCR may be replaced by a
      bidirectional triode thyristor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an ignition system: a supply of electrical energy; a first set of
      breaker contacts operative for effecting timing of said ignition system in
      a first timing mode; an ignition coil having a primary winding connected
      in series with said first set of breaker contacts and said supply of
      electrical energy; a second set of breaker contacts operative for
      effecting timing of said ignition system in a second timing mode;
      switching means comprising a thyristor connected to said first set of
      breaker contacts and said second set of breaker contacts and operable for
      disconnecting and connecting said second set of breaker contacts in
      parallel with the first set of breakers contacts thereby selecting said
      first timing mode and said second timing mode; and means for enabling said
      thyristor to disconnect or connect said second set of breaker contacts in
      parallel with said first set of breaker contacts thereby enabling the
      opening and closing of said first and second sets of breaker contacts
      respectively to control the conduction of said thyristor and the timing of
      the ignition system.
NUM  2.
PAR  2. An ignition system according to claim 1 wherein said thyristor has a
      first terminal, a second terminal and a third terminal; means connecting
      said supply of electrical energy to said first terminal; means connecting
      said first set of breaker contacts to said second terminal in series
      circuit relationship; means connecting said second set of breaker contacts
      to said first terminal in parallel circuit relationship; and wherein said
      means for enabling said thyristor comprising said switching means is
      connected in series circuit relationship with said third terminal and
      connected in parallel circuit relationship with said supply of energy and
      operative in said first timing mode for switching said supply of
      electrical energy to said third terminal of said thyristor to render same
      operative for switching electrical energy to said first set of breaker
      contacts, and operative in said second timing mode for switching said
      supply of electrical energy to said first terminal of said thyristor to
      render same operative for switching electrical energy to said second set
      of breaker contacts.
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PAL  A tachometer and angular progression measuring system for a rotary device
      of the type including a pickup for producing a pulse each time the rotary
      device has rotated a given angle which includes a source of first pulses
      of a first frequency synchronized to the pulses from the pickup, means for
      counting the number of first pulses occurring between two successive
      pickup pulses, a source of second pulses of a higher frequency than the
      first pulses, and a means for producing output pulses whose period between
      two successive pulses correspond to a number of periods between successive
      second pulses depending on the number of first pulses counted by the
      counting means.
BSUM
PAR  The invention relates to a tachometric and angular programming system for a
      rotary device, such as the shaft of an engine.
PAR  In a rotary device it is often useful to know its speed, and also to be
      able to control a phenomenon during an angular sequence of the rotation of
      the device.
PAR  The known types of tachometric systems are extremely numerous and of widely
      divergent natures, for example, mechanical, electric and electronic. The
      purpose of the present invention is to provide a tachometer system that
      produces in quasi-numerical form a number which is a function of the
      speed, and more particularly proportional to the speed, of the rotary
      device. It is known to do this with the use of pulses produced by a
      generator, or pick-up, of a number of different types placed on the shaft
      whose speed is to be measured, and to count, for example, during a given
      time, the number of pulses that have appeared. Such a method, however,
      leads to practical difficulties when it is necessary to evaluate the speed
      over a short time with precision. To do this it becomes necessary to
      increase the number of pulses delivered per revolution of the rotating
      shaft to a degree that quickly becomes unacceptable.
PAR  It is also known to evaluate the speed by measuring the time separating,
      for example, two successive pulses delivered by the pick-up, when the
      geometric angle separating the two pulses on the shaft is known. In this
      case, of course, the response is hyperbolic making it more difficult to
      process the information desired.
PAR  The system of the present invention contemplates the use of a purely
      numerical method of making available pulses of a frequency proportional to
      the speed of rotation, but higher to a desired extent than the frequency
      normally produced by a pick-up.
PAR  The object of the invention is to provide a tachometric, or angular
      programming, system for a rotary device. The system includes a pick-up for
      delivering a pulse each time the rotaty device has rotated through a given
      angle, a first source of fixed-frequency pulses, a device for counting the
      number of pulses emerging from the said first source during the period
      separating two successive pulses delivered by the said pick-up, a second
      source of pulses of higher fixed frequency than the pulses from the first
      source, and a device furnishing output pulses whose period corresponds to
      a number of periods established by the pulses from the said second source
      depending on the number of pulses from the first source counted by the
      said counting device.
DRWD
PAR  The invention is described below with reference to the attached drawings in
      which:
PAR  FIG. 1 is an electrical schematic diagram of an embodiment of the
      tachometric system according to the invention.
PAR  FIG. 2 is a diagram showing the state of certain points of the circuit of
      FIG. 1.
PAR  FIG. 3 is a schematic diagram of an example of an embodiment of a
      triggering circuit, operated by the pulse from the pick-up from the
      circuit of FIG. 1.
PAR  FIG. 4 is an electrical schematic diagram of an example of an embodiment of
      an automatic counting device according to the invention for producing
      successive divisions of the counting frequency.
PAR  FIG. 5 is a diagram of an application of the invention to the control of
      the ignition point of an engine having a fuel injection system.
PAR  FIG. 6 is a diagram of a safety circuit for computing angles to be inserted
      into the circuit of FIG. 1.
PAR  FIG. 7 is a diagram of a modification of the circuit of FIG. 1 for
      producing a non-linear response.
PAR  FIG. 8 is a diagram of a circuit derived from the one of FIG. 1 for the
      establishing of a value approximating the period of the pulses to be
      measured.
DETD
PAR  In accordance with the invention, a pick-up is provided for delivering a
      pulse every time the rotating device has revolved by an angle .alpha.. The
      pick-up can be of any suitable type, mechanical, electromechanical,
      electro-optical, magnetic, etc.
PAR  The time separating two successive pulses is therefore:
PAR  T.sub.v = .alpha./.omega.; .omega. designating the speed of rotation.
PAR  With the aid of an electronic clock producing pulses at a frequency f.sub.R
      (or with a period of T.sub.R = 1/f.sub.R), we measure this time, i.e. we
      count the number of pulses n.sub.v delivered by the clock during time
      T.sub.v.
PAR  This number n.sub.v is equal to:
EQU  n.sub.v = T.sub.v.sup.. f.sub.R = T.sub.v /T.sub.R .
PAR  when a count of this type is made, the result is placed in a buffer memory,
      or buffer register, which latches so that the operation can be restarted.
      There is also a preselection counter which counts the pulses furnished by
      a second clock producing pulses of a frequency f.sub.H (of period T.sub.H
      = 1/f.sub.H) which can count from zero to a "loaded" or preselected value,
      return to zero when the said value is reached, and reload itself. The
      counter is loaded with the value n.sub.v, held in the buffer memory. The
      said counter thus carries out an operation from zero to n.sub.v in a time:
EQU  T'.sub.v = n.sub.v.sup.. T.sub.H =T.sub.v.sup.. T.sub.H /T.sub.R
PAL  or a frequency
      ##EQU1##
PAR  In order to know, when desired, the speed of rotation, there can be
      measured during a time T.sub.E, the number of pulses of period T'.sub.v
      received. This number n'.sub.v is:
      ##EQU2##
PAR  In the particular, non-limiting case, in which a single base clock is used
      with period T.sub.H, and in which the periods T.sub.E and T.sub.R are
      obtained by division of the base clock frequency, we have:
EQU  T.sub.E = K.sub.E .sup.. T.sub.H and T.sub.R = K.sub.R .sup.. T.sub.H
PAL  we obtain:
EQU  f'.sub.v = K.sub.R .sup.. .omega./.alpha.
PAL  and
EQU  n'.sub.v = K.sub.E.sup.. K.sub.R.sup.. T.sub.H .sup.. .omega./.alpha.
PAR  the operation of a practical embodiment of application of the method set
      forth is explained on the basis of the block diagram of FIG. 1. By way of
      example, the case of the use of a single base clock 1 is set forth. This
      clock 1 sends, through its ouptut 1.1, pulses of frequency f.sub.H to the
      input 2.1 of a divider 2 which divides by a factor K.sub.R. Divider 2
      therefore delivers at its output 2.3, pulses of frequency f.sub.H /K.sub.R
      ; or of period T.sub.H.sup.. K.sub.R. At input 19.1, connected hereto
      19.2, the pulses, assumed here to be negative, from the pick-up (not
      shown) are applied. As explained below, another circuit can be inserted
      between 19.1 and 19.2.
PAR  A "NAND" gate 3 has one of its inputs 3.1 linked to point 19.1, 19.2 and
      the other of its inputs 3.2 to output 2.3 of divider 2. As a result, at
      the output 3.3 of NAND 3 there cannot be pulses of frequency f.sub.R
      /K.sub.R produced at divider output 2.3 except when the signal at 19.1 is
      high, i.e. at times outside the pulses produced by the pick-up. The pulses
      emerging from NAND output 3.3 are applied to the input 4.1 of a counter 4
      which indicates, therefore, at every moment on its output lines 4.3 (here
      shown to be four by way of example, but this is non-limiting) the number
      of pulses which it has received at its input 4.1. Furthermore, divider 2
      receives on a suitable input 2.2, the signal from 19.2 which has the
      effect of resetting the divider to zero. As a result, the divider output
      2.3 is synchronized with respect to the signal appearing at 19.1 (or 19.2)
      and, more precisely, the first pulse emerging from divider output 2.3 is
      produced at a time T.sub.R = K.sub.R T.sub.H after the pulse from 19.1.
PAR  Generally speaking, K.sub.R is large enough so there are a number of clock
      pulses K.sub.R between the pulse at 19.1 and the output of the first pulse
      at divider output 2.3. We utilize this phenomenon, via an auxiliary
      counter 12, to carry out a certain number of operations. The auxiliary
      counter 12 is likewise reset to zero, on an input 12.1 provided for this
      effect, by the pulse at 19.1. This zero reset has the effect of making the
      outputs 12.3 and 12.4 of 12 low, hence making the output 13.3 of "NAND"
      gate 13, whose inputs are lines 12.3 and 12.4, high. This consequently
      permits the passage through a "NAND" gate 14 of the f.sub.H pulses
      delivered at 1.1.
PAR  It follows that after the end of the signal at 19.1 we obtain the following
      sequence: let t = 0 be the moment when the signal at 19.1 ends, we have:
TBL  t             12.3    12.4    13.3  14                                    
     ______________________________________                                    
      0            LOW     LOW     HIGH  passing                               
     + 1 T.sub.H complete                                                      
                   HIGH    LOW     HIGH  "                                     
     + 2 T.sub.H complete                                                      
                   LOW     HIGH    HIGH  "                                     
     + 3 T.sub.H complete                                                      
                   HIGH    HIGH    LOW   blocked                               
     + 4 T.sub.H complete                                                      
                   HIGH    HIGH    LOW   "                                     
     ______________________________________                                    
PAR  And we thus obtain a stable state up to the next pulse at 19.1.
PAR  A diagram of this sequence appears in FIG. 2.
PAR  When the two outputs of auxiliary counter 12 are high, the pulses can no
      longer arrive on 12.2 which is linked to output 14.3 of NAND 14 and the
      state is stabilized. If we designate by A and B the signals at 12.3 and
      12.4, a gate 18 receiving these signals through a pair of inverters 15, 16
      forms the quantity: A.B = A + B. The latter signal is produced immediately
      after the end of the pulse at 19.1 and lasts up to the end of the complete
      clock pulse (inverted by NAND 14) which follows it. The signal from gate
      18 is utilized on an input 5.1 of a buffer register 5 to make it transfer
      to its outputs 5.3 (here also indicated as four by way of example) the
      number indicated on its inputs 5.2, the latter themselves linked to the
      outputs 4.3 of counter 4.
PAR  The result is that the counting result which has just been made is put in
      the buffer memory before any other pulse emerging from divider 2.3 has
      been able to affect the number counted by counter 4 in the course of the
      preceding operation.
PAR  A NAND gate 17 receives the A signal from counter output 12.3, the B from
      gate 15 and the signal from 14.3 of NAND 14. The signal coming from the
      "NAND" gate 17 at 17.1 is A.sup.. B.sup.. 14.3. It is represented in FIG.
      2 and is produced for a duration T.sub.H and a time T.sub.H after the
      preceding one. It is used to reset counter 4 to zero before another
      counting starts. The "NAND" gates 17 and 18, and the inverters 15 and 16
      have the function of permitting the elaboration of the said signals.
PAR  Finally, this part of the system leads to the following results.
PAR  When a pulse from the pick-up system arrives, the following operations take
      place:
PA0  Arrival of the pick-up pulse causes:
PA0  Zero reset (in phase) of divider 2, and blocking of counter 4.
PA0  Zero reset of auxiliary counter 12.
PA0  The end of the pick-up pulse causes:
PA0  Restart from zero of divider 2.
PA0  Transfer of the preceding result on register 5.
PA0  Then, and in distinct fashion, zero reset of counter 4.
PA0  Blocking of auxiliary counter 12.
PAR  When the first pulse emerges at divider output 2.3 the circuit is ready to
      operate the counting, and it will count, until the next pulse at 19.1, a
      number of pulses
EQU  n.sub.v = f.sub.R.sup.. T.sub.V = f.sub.F .sup.. .alpha./.omega..
PAR  the rest of the circuit functions in the following manner. A counter 6
      receives pulses from clock 1.1 on its input 6.1. It follows, then, that
      when the outputs 6.4 of this counter, which are linked to inputs 7.1 of a
      "NAND" gate 7, are all high, the output of 7.2 of NAND 7 goes low and
      causes the forced loading of 6 by its input 6.3. Counter 6 begins its
      counting to a set number. We set it to the number (by means of an internal
      circuit) equal to the complement, at its capacity, of the number present
      at the moment of the charge on the outputs 5.3 of register 5 (i.e. as it
      is known by the complementary data). The result is that, in order to pass
      from this number to the value of its capacity (all outlets 6.4 high), it
      is necessary that n.sub.v pulses of frequency f.sub.H arrive at 6.1.
      Therefore, we have the appearance at 7.2 of negative pulses of period:
      ##EQU3##
      or
      ##EQU4##
PAR  Note that in the preceding explanation, the counting by counter 6 is
      blocked for the duration of the signal applied at 19.1, i.e. for the
      duration of the pick-up pulse. If this duration corresponds to a fixed
      angle, this being of no importance, it is then necessary merely to take,
      for the value of .alpha., the angle separating two pulses, less the value
      of the angle during which the pulse is present. This is not often the
      case, however, that occurs in practice with known pick-ups. We can use a
      duration in time, provided that the latter is very small compared to
      T.sub.v, and is reproducible. A simple RC differentiating circuit does not
      generally fill the role with sufficient precision. This is why, therefore,
      we can insert, between 19.1 and 19.2, if necessary, the circuit of FIG. 3.
PAR  As we have seen above, in the absence of pick-up pulses the input 19.1 is
      high. Therefore, the output 30.2 of an inverter 30 receiving those pulses
      is low. This output, applied to one input 31.1 of a NAND gate 31, makes
      output 31.3 of NAND 31 high. Furthermore, the output 30.2 of inverter 30
      is likewise applied to input 33.2 of a NAND gate 33 and likewise makes the
      output 33.3 of 33 high. The result is that the second input 31.2 of NAND
      of 31 is high, while the first is low, leaving 31.3 high. It is likewise a
      result that since input 32.2 to a NAND 32 is high, as well as its input
      32.1 from output 31.3 of NAND 31, that output 32.3 of NAND 32 is low.
PAR  When a (negative) pickup pulse arrives at 19.1, inverter 30.2 goes high,
      making gate 31, whose input 31.2 is still high, see its two inputs high.
      This causes output 31.3 to go low making input 32.1 of NAND 32 low and
      hence output 32.3 high. NAND gate 33, whose input 33.2 has gone high when
      30.2 went high, therefore sees its second input 33.1 likewise go high.
      Hence output 33.3 returns low, which causes a low conduction output 31.2
      of NAND 31 and hence a high output at 31.3. Therefore, at 31.3, which is
      connected to point 19.2 of FIG. 1, there appears an extremely brief
      negative pulse, equal to the time of propagation through 31, 32, and 33.
      This duration, which is quite sufficient for the operations produced and
      described in regard to the device of FIG. 1, is negligible compared to the
      duration of T.sub.v. When the pulse at 19.1 ceases, 30.2 goes low and
      places 31, 32 and 33 in the original condition.
PAR  The invention will now be described with respect to a particular example.
      It was demonstrated above that the frequency of the pulses delivered at
      7.2 is f'.sub.v = K.sub.R.sup.. .omega./.alpha. Assuming that on a shaft
      whose speed we wish to know, there is a pickup of a known type emitting m
      regularly spaced signals per revolution. If we call N the speed in rpm, we
      have: .omega.= 2.pi.N/60, whence f'.sub.v = K.sub.R mN/60. The frequency
      of the pickup pulses itself is: f.sub.v = mN/60. Consequently: f'.sub.v =
      K.sub.R.sup.. f.sub.v.
PAR  The frequency is therefore multiplied by the factor K.sub.R which can take
      considerable values, 10, 100, 1000. This is, of course, a trick based on a
      memory device. However, it makes it possible to know, by measurement of a
      high frequency, hence in a short time, the speed of the shaft according to
      a linear response. This is accomplished with a maximum period of 1/m
      revolution, if the pickup produces one signal per revolution. In practice,
      it is difficult to achieve measurement with this precision, and in a short
      time, with prior art devices. For example, direct measurement of the time
      separating two pickup signals requires, by definition, a time equal to
      that of the travel of 1/m revolution, and yields, in addition, a
      hyperbolic response. The direct measurement in number of signals in a
      given time, necessitates, in principle, in order to be precise, a large
      number of pickup pulses in a given time. Finally, the use of numerical
      techniques of the present invention provides high precision and insures
      very high fidelity for the system. Classic analog systems, whether
      mechanical (inertia devices) or electric (tachometric dynamos), are
      generally poorer performers, while introducing response time constants
      which are nonnegligible, i.e. significant errors.
PAR  All devices requiring a rapid precise and faithful tachometric measurement
      are therefore capable of profitably utilizing the system just described.
      More particularly, for devices commanding or controlling the speed of a
      rotating body, for example, the system described alone can be utilized
      with profit. For the regulation of functions such as ignition, or fuel
      injection in an internal combustion motor, it will also be possible to use
      it, and do so even more profitably if the computer is of the numerical
      type accepting information relative to the speed of the motor in the form
      of a frequency. Such devices have been described and are known. A
      particular example of application of the invention is, however, that of
      angular control.
PAR  It has been demonstrated above that if: T.sub.v = .alpha./.omega. is the
      period of the pickup signals, the period of the signals at 7.2 is:
      ##EQU5##
      During this time, the rotating device rotates by an angle .beta.
      ##EQU6##
      Hence, a mechanical angle .alpha. on the shaft is matched linearly by an
      angle .beta.. K.sub.R times smaller, K.sub.R being the ratio of two
      frequencies and therefore independent of the absolute value of these
      frequencies. This means that in the particular case of a single base
      clock, the ratio .alpha./.beta. is independent of the frequency of the
      said clock. This is an important point.
PAR  The choice is not arbitrary, however. It is guided, as a matter of fact, by
      the required precision and the capacity of the counters and registers 4,
      5, 6 in FIG. 1. In fact, counter 4 can register only a whole number, now,
      in view of the evaluation of T.sub.v, the number n.sub.v is known within
      one unit (by default).
      ##EQU7##
      hence
      ##EQU8##
      for
      ##EQU9##
PAR  It follows that the relative error introduced is greater as the speed is
      higher, or, if we prefer, the method is the more precise as the speed is
      lower. If we assume, at a maximum speed N.sub.M a (relative) error
      .epsilon..sub.M
      ##EQU10##
      we therefore need
      ##EQU11##
      This means, for example, that if we wish to know, with an approximation of
      better than 1%, at maximum speed, the speed of a rotating body covering a
      range of speeds of 1 to 10, we must provide a capacity of 1000 (or
      2.sup.10, or 10 bits) on counter 4. But at minimum speed, the uncertainty
      will be less than 0.1%. Moreover, if we modify both f.sub.H and f.sub.R,
      in the same proportion, (K.sub.R constant) the signal indicating the speed
      or the angle will remain valid, only the uncertainty varies.
PAR  We can then proceed, in the course of sampling, to a change of frequency.
      Call n.sub.1 the capacity of the counter 4 in FIG. 1. Assume that we are
      to measure a time T.sub.v = n.sub.2 T.sub.R, with n.sub.2 greater than
      n.sub.1 for example n.sub.2 = 3.6 n.sub.1. We can proceed in the following
      manner.
PAR  First, we begin measuring T.sub.v at normal frequency f.sub.R, at the end
      of a time t.sub.1
EQU  t.sub.1 = n.sub.1 T.sub.R = n.sub.1 /f.sub.R
PAR  the counter 4 is at maximum capacity. At this instant we divide the
      frequency f.sub.R by 2 (or by some other factor) and we divide by 2 the
      number which is marked on the counter. The counter 4 will then pass to
      n.sub.1 /2 and begin to count again at the frequency f.sub.R /2. At the
      end of a number of pulses, n.sub.1 /2 it is again at its maximum capacity
      n.sub.1, and during this new counting, a time t.sub.2 has elapsed:
EQU  t.sub.2 = n.sub.1 /2 .sup.. 2/f.sub.R = n.sub.1 T.sub.R
PAL  the accumulated time is therefore t.sub.1 + t.sub.2 = 2n.sub.1 T.sub.R. We
      then reduce the number at the output of the counter from n.sub.1 to
      n.sub.1 /2 and we again divide the frequency by 2. The counter begins to
      count again from n.sub.1 /2 at the frequency f.sub.R /4. The counter
      marks:
EQU  n.sub.1 /2 + 1 .sup.. n.sub.1 /2 + 2 . . .
PAL  and the accumulated time is then:
EQU  2n.sub.1 T.sub.R + 4T.sub.R 2n.sub.1 T.sub.R + 8T.sub.R 2n.sub.1 T.sub.R +
      12 T.sub.R . . .
PAL  the counter stops when it marks n.sub.1 /2 + n.sub.3 such that:
EQU  2n.sub.1 T.sub.R + 4n.sub.3 T.sub.R = n.sub.2 T.sub.R = 3.6n.sub.1 T.sub.R
PAL  in the sample chosen:
PAL  say
EQU  4n.sub.3 = (3.6 - 2) n.sub.1 = 1.6n.sub.1
EQU  n.sub.3 = 0.4n.sub.1.
PAL  The number marked by the counter is:
EQU  n.sub.1 /2 + n.sub.3 = 0.9 n.sub.1.
PAL  That is to say that this is exactly the number which would be marked if we
      had counted T.sub.v at frequency f.sub.R /4.
PAR  Generally speaking, if, in order to evaluate a time, between pickup
      signals, longer than the time equal to the capacity of the counter 4
      multiplied by T.sub.R, we divide by 2 the number marked by the counter
      each time that it is at the maximum of its capacity, and we restart the
      counting from n.sub.1 /2 at a frequency divided by 2 each time.
      ##EQU12##
      the number marked by the counter at the end of T.sub.v is equal to the
      number which we would have obtained by counting T.sub.v from the zero
      counting point and for the entire duration of T.sub.v at the last
      frequency used. The result is that if, after transfer by buffer 5, we
      apply at 6, pulses not of frequency f.sub.H but of frequency f.sub.H /2i,
      the frequency f'.sub.v delivered by 7 will be correct.
PAR  We can, therefore, by this arrangement, measure speeds varying within a
      wide ratio while retaining a limited capacity for counter 4. An automatic
      device utilizing this arrangement is represented in FIG. 4. The elements
      bearing the same reference numbers as those in FIG. 1 have the same role,
      and are identical. The clock 1 furnishes pulses of frequency f.sub.H to a
      circuit 4.25 a divider element which furnishes, at its outputs
      ##EQU13##
      (limited here to this level by way of example only).
PAR  Counter 4 is replaced by counter 4.4 with preselection.
PAR  When a pulse arrives at 19.2, there is a transfer on buffer register 5 as
      indicated with respect to FIG. 1, and likewise a transfer on an auxiliary
      buffer 4.21, the role of which is described below. Then as in FIG. 1,
      there is a reset to zero of 4.4 and of 4.20, which is an auxiliary
      counter. Element 4.23 is a decoder (here of the so-called "1 from 4"
      type).
PAR  A plurality of "NAND" gates 4.31, 4.32, 4.33, 4.34, 4.36, 4.37 of the open
      collector type are arranged in the "or connected " mode. As we have seen,
      at the moment of the arrival of a pulse at 19.2, the output of NAND 13
      goes high, hence the output of NAND 4.36 goes low, which blocks all the
      NAND gates 4.31 to 4.34 inclusive. Gate 4.37, having one of its inputs
      coupled to the output of circuit 4.25, producing frequency f.sub.H, and
      the other input coupled to the output of 13, allows divider 2 to
      immediately receive pulses of frequency f.sub.H. Decoder 4.23, after zero
      reset of auxiliary counter 4.20, receives the information zero at its
      inputs, which corresponds to a high output. The output of 4.23 is coupled
      to NAND 4.31 so that if the output of NAND 13 passes low after the program
      of transfer and zero reset, the pulses f.sub.H will reach divider 2 via
      NAND 4.31 when gate 4.37 is switched to the blocked condition by the low
      output of 13.
PAR  Counter 4.4 thus begins from the start to furnish counting pulses at the
      frequency of f.sub.H /K.sub.R, K.sub.R being obtained as discussed in
      regard to FIG. 1, by divider 2. When time T is long enough, the counter
      4.4 will mark, successively 0, 1, 2, 3, . . . 15, 16. When it marks 16, in
      the case of the figure (we could, obviously, use any other capacity) the
      output 2.sup.4 (16) marked 4.4.1 is high. The resulting pulse is
      transmitted to auxiliary counter 4.20 on the one hand and to the forced
      charge input of counter 4.4 on the other hand. At counter 4.20 the result
      is that its output passes from 0 to l. Consequently the ouput of decoder
      4.23, which is connected to gate 4.31, passes from high to low and blocks
      gate 4.31 while the output linked to gate 4.32, and it alone, passes from
      low to high so that 4.32 is unblocked and divider 2 recieves, from this
      moment on, f.sub.H /2 instead of f.sub.H. Moreover, the charge pulse
      causes counter 4.4 to pass from 16 to 8. There is shown at the left of
      block 4.4 the charge inputs corresponding to the outputs opposite. These
      have been coded 00010, or 8.
PAR  As a result, the output of 4.4 starts from 8 again and counts to f.sub.H
      /2K.sub.R instead of f.sub.H /K.sub.R. Each time that 16 (n.sub.1) is
      reached, the process if repeated, and counter 4.4 repasses to 8, while via
      gates 4.33, 4.34 the frequency changes from f.sub.H /2K.sub.R to f.sub.H
      /4K.sub.R, f.sub.H /8K.sub.R.
PAR  The generalization is obvious. Assuming that at the end of the counting of
      T.sub.V, we use f.sub.H /4. It is then necessary that counter 6, after
      transfer, also receive the frequency f.sub.H / 4. For this, on the arrival
      of the transfer pulse, we transfer, to the output of buffer 4.21, the last
      number from 4.20. The second decoder 4.22 then receives the code equal to
      the last code from 4.23 and hence, via gates 4.26 to 4.29, it insures,
      until the next transfer, that counter 6 will be fed at the same frequency
      as the last one used at divider 2. The resistances 4.30 and 4.35 have the
      sole function of defining the high state of the "or connected" gate units.
PAR  An example will demonstrate the process:
EQU  let N.sub.M = 7500 rpm
EQU  .epsilon..sub.max = 2%
EQU  m = 2 (2 pulses per revolution)
PAL  hence:
EQU  f.sub.R = 2/60 .sup.. 7500 .times. 100/2 = 750,000/60 = 12.5 KHZ
PAL  desired factor of angular division K.sub.R = 180 (1.degree. for
      180.degree.) we have:
EQU  f.sub.H = f.sub.R .times. 12.5 .times. 180 = 2.25 MHZ
EQU  n.sub.vmini = 1/.epsilon..sub.Max = 50.
PAR  Where the capacity of the counter is 8 bits, the highest point 2.sup.7 =
      128. N.sub.minimum measured for the required precision according to the
      formula established above is given as:
      ##EQU14##
      Number of bits in the counter 4.20: 2 bits. The ratio P.sub.total is
      therefore: 2.56 .times. 2.sup.3 = 20.48.
PA0  Minimum speed: 7,500 ; 20/48 = 367 rpm.
PAR  Below is summarized the performances of this arrangement:
     N 62,500                                                                  
            25,000                                                             
                 15,000                                                        
                      12,500                                                   
                           10,000                                              
                                7,500                                          
                                     6,000                                     
                                          5,000                                
                                               4,000                           
                                                    3,000                      
     .epsilon.                                                                 
       16.7%                                                                   
            6.7% 4%   3.3% 2.7% 2%   1.6% 1.3% 1.05%                           
                                                    0.8%                       
PAR  For the first automatic change of frequency and we obtain the rest of the
      measurement:
TBL  N 2,930                                                                   
            2,500                                                              
                 2,000                                                         
                      1,500                                                    
                           1,464                                               
     .epsilon.                                                                 
       1.6% 1.3% 1.1% 0.8% (second change of frequency)                        
PAR  For the second change of frequency we have:
TBL  N 1,464                                                                   
            1,400                                                              
                 1,300                                                         
                      1,250                                                    
                           1,100                                               
                                1,000                                          
                                     900 800 750 732                           
                                                 (third change                 
     .epsilon.                                                                 
       1.6% 1.5% 1.4% 1.3% 1.2% 1%   0.9%                                      
                                         0.8%                                  
                                             0.8%                              
                                                 of frequency)                 
PAR  For the third change in frequency, we have:
TBL  N   732     700     600   500    450   400   367                          
     .epsilon.                                                                 
         1.6%    1.5%    1.3%  1.05%  0.9%  0.8%  0.8%                         
PAR  We can observe the precision of the method, which we can extend as far as
      we wish, as a matter of fact, by raising frequencies (frequencies of 10
      MHZ are common at present) and the capacity of the counters.
PAR  However, in the example chosen, we have shown that with the system
      described, we can match 180.degree. of rotation of the shaft by a signal
      corresponding to 1.degree. (multiplication factor 180) with an
      approximation of better than 1.6%, within the range of 367 to 6000 rpm,
      the error amounting to 2% at 7500 revolutions, and only 4% at 15,000 rpm,
      using a pick-up system that gives out only two signals per revolution of
      the shaft.
PAR  The applications of this device are numerous, for example a high-frequency
      pulse system for examination of a cyclic phenomenon. Others include
      utilization for angular control of certain functions of an internal
      combustion motor. For example, for a combustion motor with a fuel
      injection device utilizing a mass flowmeter on the air indrawn, it is
      recommended to inject fuel, in the case of a synchronized injection system
      of the motor with constant momentary flow, during a given angle for each
      reading of the flowmeter, in order to maintain a given fuel-air mixture.
      With the process just described, it would be sufficient to inject fuel,
      for example, once per motor cycle, i.e. at the frequency of the pick-up
      pulse signals of the example, divided by 4, triggering the injection by
      the first pulse at gate output 7.2 immediately following a signal giving
      the order to inject, and then to count a number of pulses issuing from 7.2
      which would be dictated by the flowmeter.
PAR  Another example of application for such a device is that for controlling
      the ignition point or time. To do this, it will be advantageous to proceed
      as follows. A pick-up such as those in the examples described above, can
      be mounted on the cam shaft. The signals from the pick-up trigger
      computation of the angular retard at the ignition point according to the
      arrangement in FIG. 5.
PAR  In FIG. 5, circuit 5.4 is the one shown in FIG. 3, Circuit 5.10 is the one
      of FIG. 1 or 4. The parameters that are to regulate the ignition advance
      are introduced at 5.11 to a computer circuit 5.12. Additionally, via
      output 7.2 of circuit 5.10, the circuit 5.12 likewise receives motor speed
      information because this quantity generally governs the ignition advance.
      Finally, computer 5.12 is a circuit producing, on its outputs 5.6, a
      number representing at every moment the angular retard to be introduced
      between the moment when a pick-up signal exists, and that when the
      ignition is to be triggered. Computer 5.12 does not form part of the
      present invention. Computers of a type suitable for performing this
      function are known.
PAR  Circuit 5.5 is a preselection type counter capable of counting pulses from
      a number charged, or set, at 5.6 from a signal applied at input 5.5.2.
      When the pick-up signal transmitted via circuit 5.4 arrives at 5.5.2, the
      counter 5.5 is charged to the number present at 5.6 which has the effect
      of causing at least one of the outputs 5.7 to go low. A gate 5.8 therefore
      has a high output 5.8.2 and, since it applies a high signal on one of the
      inputs of NAND gate 5.9, it allows the pulses coming from 7.2 to pass
      through the gate 5.9.
PAR  When counter 5.5, which progresses according to the pulses from output 7.2
      of circuit 5.10, reaches saturation, that is its maximum count, all the
      outputs 5.7 are high. Then, gate 5.8.2 goes low and blocks pulses 7.2 at
      NAND 5.9.
PAR  If we let N.sub.A designate the number present at 5.6 at the moment
      preselect counter 5.5 is charged and N.sub.B, the capacity of 5.5, output
      5.8.2 remains high during a time equal to:
EQU  [N.sub.B - N.sub.A ]T'.sub.v,
PAL  and during this time the motor revolves one cycle equal to (N.sub.B -
      N.sub.A).beta.. We thus obtain, indisputably, with the precision selected
      for the proportioning of the elements of 5.10, an angular control of the
      ignition advance programmed by N.sub.A, and capable in the example
      described, of a power of resolution of 1.degree. of crankshaft.
PAR  For this kind of use, it is advantageous to make two alterations in circuit
      5.10.
PAR  First of all, in order to avoid any error (maximum = .beta.) in the
      computing of the angle, counter 6 of FIG 1 is synchronized in such a way
      that the first period at 7.2 (T'.sub.v) will begin at the same moment as
      the signal at the input 6.2 of counter 6. To do this, we use the
      modification shown in FIG. 6.
PAR  The arrangement in FIG. 1 or FIG. 4 not being altered, we use the pulse at
      output 7.2, inverted twice by inverters 6.9 and 6.8, to produce a pulse
      having the same polarity. Circuit 6.8 is an inverter with open collector.
      We likewise invert the pulse at 19.2 two times by inverters 6.5 and 6.6,
      inverter 6.6 having an open collector. Inverters 6.8 and 6.6 share a
      resistance 6.7 in an "or connected" mode, in such a way that the charging
      of counter 6 will take place normally with each pulse from 7.2, but also
      with the appearance of the pulse at 19.2.
PAR  A second addition consists in inserting, during the start-up (starter
      energizing in the case of a motor control) a divider between clock 1 and
      counter 4.25 in FIG. 4. This divider is normally unused, and is used only
      during the starting period, in such a way as to permit controlling
      extremely low speeds. For example, if we introduce a scale of 16 divider,
      the computation of the motor ignition point is correct up to 22 rpm, in
      the example described.
PAR  It is possible to obtain a non-linear resonse with the system. For example,
      we can have the system operate with a reaction loop by supplying the
      frequency divider 2 in FIG. 1 with the pulses emerging from 7.2, and not
      with the clock pulses. This is shown in FIG. 7. The divider input 2.1,
      instead of being linked to the clock output 1.1, is linked to 7.2. In this
      case, we will preferably synchronize counter 6, as shown with respect to
      FIG. 6.
PAR  The zero reset and transfer system is unchanged and supplied with the clock
      frequency at 14.1.
PAR  Here T.sub.v = n.sub.v T'.sub.v.sup.. K.sub.R since the period of the
      pulses at 2.1 is not T'.sub.v. Moreover, T'.sub.v = n.sub.v T.sub.H,
PAL  hence
EQU  T.sub.v = n.sub.v.sup.2 . K.sub.R .sup.. T.sub.H
PAL  or
      ##EQU15##
      or
      ##EQU16##
      which can be written
      ##EQU17##
      Finally, it is possible, as we know, to alter the relation between
      T'.sub.v and n.sub.v, by inserting a matrix between buffer register 5 and
      counter 6 (FIG. 1). Under these conditions, the matrix, by some law
      associates, with a number n.sub.v, a number m.sub.v and we have:
EQU  m.sub.v = f (n.sub.v), f() = some function
PAL  or, again
EQU  n.sub.v = g(m.sub.v), g () = inverse function of f.
PAR  We will therefore obtain, in "open loop":
      ##EQU18##
PAR  We can also have the system work with closed loop:
EQU  T.sub.v = n.sub.v T'.sub.v K.sub.R
EQU  t'.sub.v = T.sub.H.sup.. m.sub.v = T.sub.H f(n.sub.v)
EQU  T.sub.v = n.sub.v.sup.. f(n.sub.v) .sup.. K.sub.R T.sub.H
PAL  or
EQU  T'.sub.v = 1/K.sub.R .sup.. T.sub.v /n.sub.v
EQU  n.sub.v = g(m.sub.v) = g(T'.sub.v /T.sub.H )
EQU  t'.sub.v = g(T'.sub.v /T.sub.H) = T.sub.v /K.sub.R.
PAR  we have shown, in the preceding description of the tachometric circuit,
      that we had, in the buffer memory, a number n.sub.v = T.sub.V /T.sub.R and
      that from this number, by means, for example, of a pre-selection counter,
      charged at n.sub.v and looped on itself, we could obtain a time
EQU  T'.sub.v = n.sub.v T.sub.H.
PAR  it is interesting now to obtain, for example, in the case of the control of
      an ignition system or an angular control of a fuel injection system (with
      metering of the air flow intake, for example), an approximate value of the
      time T'.sub.v, such that after a certain number of measurements of this
      approximate value, the average value will be correct.
PAR  To do this, we proceed by forming times T.sub.v.sup.x and depending on the
      bits of highest weight of n.sub.vx, but varying slightly so that the
      average value of T.sub.v.sup.x will be correct. Take a number n.sub.v, the
      result of a sampling, which can be written as:
EQU  n.sub.v = a.sub.o 2.sup.o + a.sub.1 2.sup.1 +. . . + a.sub.j 2.sup.j +
      a.sub.n 2.sup.n
PAL  with a.sub.o, a.sub.1 . . . a = 0 or 1.
PAR  We form the number:
EQU  n.sub.v.sup.x = a.sub.j 2.sup.o + a.sub.j.sub.+1 2.sup.1 +. . . + a.sub.n
      2.sup.n.sup.-j.
PAL  We have, then:
EQU  n.sub.v = 2.sup.j n.sub.v.sup.x + .epsilon.
PAL  with
EQU  0 .ltoreq. .epsilon. &lt; 2.sup.j .
PAL  We form times T.sub.v.sup.x such that:
      ##EQU19##
      with
EQU  T.sub.v.sup.x = n.sub.v.sup.x T.sub.H + .epsilon..sup.x T.sub.H with
      .epsilon..sup.x = 0 or 1.
PAL  That is to say that T.sub.v.sup.x is defined to within one clock pulse
      T.sub.H. We set the circuit so that after 2.sup.j values of T.sub.v.sup.x
      we will have:
TBL  T.sub.v.sup.x1 =  n.sub.v.sup.x T.sub.H + .epsilon..sub.1.sup.x T.sub.H   
     T.sub.v.sup.x2 =  n.sub.v.sup.x T.sub.H + .epsilon..sub.2.sup.x T.sub.H   
     T.sub.v.sup.x2.spsp.j  =  n.sub.v.sup.x T.sub.H + .epsilon..sub.2.sup.x j 
     T.sub.H .                                                                 
PAL  So that:
      ##EQU20##
      with
EQU  .SIGMA..epsilon..sup.x = .epsilon..
PAL  This boils down to saying that a frequency 2.sup.j times higher, we have a
      value of T.sub.v.sup.x approximating the fraction of T'.sub.v /2.sup.j and
      such that after 2.sup.j measurements, the average value of T.sub.v.sup.x
      will be equal to T'.sub.v /2.sup.j.
PAR  The pickup pulses, which may be shaped by a circuit such as the one in FIG.
      3, arrive at a gate 8.3 (FIG. 8), and cause the reset to zero of a counter
      divider 8.1. A gate 8.2 at the output of divider 8.1 permits coding a
      number at 8.1, by a factor of division of T.sub.R which is applied to the
      clock input of 8.1. When the number thus coded is reached, divider 8.1
      recycles according to a known method. The same pulse whose period we wish
      to measure, is applied via 8.6 to storage or latching circuits 8.10, 8.11,
      8.12 for transfer to their output of the information existing at their
      respective inputs.
PAR  The counters of the number n.sub.v are 8.7, 8.8, and 8.9, which are
      connected in cascade. The first counter 8.7 receives, through a gate 8.44
      on its clock input, the pulses from 8.2, i.e. at frequency f.sub.R divided
      by the number coded at 8.1, 8.2. An RS type flip flop formed by gates 8.4
      and 8.5, changes state on the arrival of the pulse whose frequency is
      being measured, the output of 8.4 going high. This flip flop changes state
      again when 8.2 delivers the first pulse, i.e. after a cycle of 8.1. During
      this first cycle, the high output of 8.4 is applied to one of the
      zero-reset inputs (Z) of counters 8.7, 8.8, 8.9. In a large number of
      counters there are two zero reset inputs which should be high
      simultaneously if the operation is to take place. The description given
      here for explanation should not be considered as limiting.
PAR  In the course of this same first cycle of counter divider 8.1, one of its
      outputs goes high and it is applied to the other zero-reset input (R) of
      counters 8.7, 8.8, 8.9 so that this zero reset will take place in the
      course of the said first cycle of 8.1. After a transfer, we thus have, on
      the outputs of the storage, or latching, circuits 8.10, 8.11, 8.12, the
      number n.sub.v. If the speed to be measured is below the measuring
      threshold, i.e. leading to a number n.sub.v higher than the capacity of
      counters 8.7 to 8.8, the last output of counter 8.9 will pass high and
      block, through an inverter, the gate 8.44, thus preventing the application
      of the pulses, emerging from 8.2, to the clock input of 8.7.
PAR  Let a, b, c, d, be the bits of smallest weight of n.sub.v (4 in this
      non-limiting case being described). Counter 8.33, a counter with 4 bits A,
      B, C, D and the gates and inverters 8.34 to 8.41, are connected in such a
      way that we have, at the output of gate 8.41, the value S.sub.1 :
TBL  S.sub.1 =                                                                 
             Ad.ABc.ABCb.ABCD.a=                                               
             Ad+ABc+ABCb+ABCDa.                                                
PAL  It follows that, during a cycle of counter 8.33, S.sub.1 is high: one time
      out of 2 if bit d is high; plus one time out of 4 if bit c is high; plus
      one time out of 8 if bit b is high; and plus one time out of 16 if bit a
      is high.
PAR  Finally, in the case selected, S.sub.1 is high in proportion
      ##EQU21##
      with a, b, c, d = 0 or 1.
PAR  Furthermore, the seven following bits of n.sub.v are applied to the set, or
      charge, inputs of the pre-selection counters 8.21, 8.22. The eighth bit is
      a "guard" bit and the fourth bit of 8.22 being coded low at the input. The
      arrangement of 8.23, 8.25, 8.24, 8.26, 8.27 is such that, at the output of
      8.28 we have:
EQU  S.sub.3 = e.sup.. f.sup.. g.sup.. h.sup.. i.sup.. j.sup.. k.
PAL  If e . . . k are the seven bits following the fourth of n.sub.v and if we
      let W designate the last output of 8.22 (coded low at the output) we have:
TBL  Output of 8.32 =                                                          
     S.sub.1.W                                                                 
     Output of 8.29 =                                                          
     S.sub.1.S.sub.3                                                           
     Output of 8.30 =                                                          
     S.sub.1 W. S.sub.1 S.sub.3 = S.sub.1 W + S.sub.1 S.sub.3                  
PAL  That is to say that if S.sub.1 is low, a pulse for resetting counters 8.21
      and 8.22 (via 8.42) appears at the end of a time T.sub.v.sup.x =
      n.sub.v.sup.x T.sub.H., and if S.sub.1 is high, after a supplementary
      pulse, i.e.
EQU  T.sub.v.sup.x = (n.sub.v.sup.x + 1) T.sub.H.
PAL  let
EQU  [n.sub.v = a.sub.0 + a.sub.1.2 + a.sub.2 2.sup.2 + . . . a.sub.10 2.sup.10
      ].
PAL  If S.sub.1 is low, there is a reset when counters 8.21, 8.22 mark:
TBL  d f g h i j k =                                                           
     1 1 1 1 1 1 1.                                                            
PAL  We have:
EQU  a.sub.o = a, a.sub.1 = b, a.sub.2 = c, a.sub.3 = d.
PAL  We set 8.21 and 8.22 to:
EQU  a.sub.4, a.sub.5, a.sub.6, a.sub.7, a.sub.8, a.sub.9, a.sub.10,
PAL  8.21 and 8.22 therefore count a number of T.sub.H equal to:
TBL  1111111 - (a.sub.4, a.sub.5, a.sub.6, a.sub.7, a.sub.8, a.sub.9,          
     a.sub.10) =                                                               
                   1       1     1   1   1   1   1                             
              +    a.sub.10                                                    
                           a.sub.9                                             
                                 a.sub.8                                       
                                     a.sub.7                                   
                                         a.sub.6                               
                                             a.sub.5                           
                                                 a.sub.4                       
              +    0       0     0   0   0   0   1                             
              =1   a.sub.10                                                    
                           a.sub.9                                             
                                 a.sub.8                                       
                                     a.sub.7                                   
                                         a.sub.6                               
                                             a.sub.5                           
                                                 a.sub.4                       
PAL  Let T.sup.x .sub.Low v =
EQU  (a.sub.4 + a.sub.5 2 + a.sub.6 2.sup.2 + a.sub.7 2.sup.3 + a.sub.8 2.sup.4
      + a.sub.9 2.sup.5 + a.sub.10 2.sup.6) T.sub.H.
PAL  that is to say: T.sup.x.sub.low v = approximate value of T'.sub.v /2.sup.4.
      If S.sub.1 is high, T.sub.v.sup.x assumes the value T.sup.x.sub.High v =
      T.sup.x.sub.Low v + T.sub.H. Since the output pulse from 8.30 (inverted at
      8.42) is applied to 8.33, we have, after 2.sup.4 cycles of 8.21 and 8.22:
      ##EQU22##
      Hence we incontestably have:
      ##EQU23##
      We collect these pulses at the output of 8.43, which can be blocked by the
      twelfth bit of n.sub.v. That is to say that if the speed to be measured is
      very low, we block the output (equivalent to zero speed).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tachometric system for a rotary device of the type including a
      pickup for delivering a pulse each time the rotary device has revolved by
      a given angle the improvement comprising first means (2.3) for producing
      pulses at a given frequency synchronized with the pickup pulses, means (4)
      for counting the number of pulses produced by said first means during a
      period separating two successive pulses delivered by the said pickup,
      second means (1) for producing pulses at a frequency greater than the
      frequency of the pulses from the first means, and output means (5,6) for
      producing output pulses whose period between two of its successive output
      pulses corresponds to a number of periods between successive pulses from
      said second means depending on the number of pulses from said first means
      counted by the said counting means, a plurality of serially connected
      counting means (8.7 to 8.9), a respective storage means (8.10 to 8.12)
      connected to the output of each of said counting means for producing a
      number formed by a plurality of bits, one of said storage means (8.10)
      corresponding to the bits of lowest weight, logic circuit summation means
      (8.37 to 8.41), said one storage means (8.10) coupled to said logic
      circuit summation means, and preselection counter means (8.21 and 8.22),
      the other of said storage means (8.11, 8.12) connected to said
      preselection counter means and said preselection counter means connected
      to said counting means (4) for making the period of the output pulses from
      said output means (5,6) correspond to a number of periods of the second
      pulses from said second means (1) depending on the number formed by the
      bits of greater weight from said storage means, the bits of lesser weight
      intervening only as correction elements.
NUM  2.
PAR  2. A system as in claim 1 wherein the means (5,6) for producing the output
      pulses includes a further preselection counter means (6) and a buffer
      register means (5), said buffer register means (5) receiving the number
      counted by the counting means (4) and supplying it to said further
      preselection counter means.
NUM  3.
PAR  3. A system as in claim 2 further comprising logic circuit means (12)
      responsive to each pulse from the pickup for causing successively, the
      transfer of the corresponding number received from said counter means and
      stored in said buffer register means from the input to the output of the
      buffer register means (5) and the reset to zero of the counting means (4)
      before the arrival of the pulse from said first means (2) following the
      pulse from the pickup means.
NUM  4.
PAR  4. A system as in claim 2 further comprising memory means located between
      said buffer register means and said preselection counter means.
NUM  5.
PAR  5. A system as in claim 3 wherein said logic circuit means (12) includes
      auxiliary counter means.
NUM  6.
PAR  6. A system as in claim 3 wherein said logic circuit means includes flip
      flop means.
NUM  7.
PAR  7. A system as in claim 1 wherein said first means for producing said
      pulses includes first divider means (2), second divider means (4.25)
      receiving said pulses from said second means for producing a plurality of
      division ratios supplying input signals to said first divider means, a
      limited-capacity counting means (4.4) for receiving the signals from said
      second counting means and counting at decreasing frequencies, the number
      counted and the frequency of counting of said limited capacity counting
      means being divided by a given factor each time that said counting means
      reaches its maximum capacity, the said periods of the pulses of said
      second means used by said limited capacity counting means furnishing the
      output pulses 5,6) corresponding to the last frequency delivered by the
      second divider means (4.25) before the arrival of the preceding pulse from
      the pickup device (19.2).
NUM  8.
PAR  8. A system as in claim 1 wherein said logic circuit summation means
      includes means for periodically prolonging the period of the output pulses
      by a period of the pulses of said second means so that the average period
      of the output pulses will correspond to the number counted by the serially
      connected counting means (8.7 to 8.9).
NUM  9.
PAR  9. A system as in claim 1 further comprising means responsive to the
      highest weight bit from the said serially connected counting means (at
      8.44) for controlling the application of the pulses from the fitst means
      to the said counting means (4) to prevent the counting from continuing
      beyond the capacity of said counting means.
NUM  10.
PAR  10. A system as in claim 1 further comprising means responsive to the bit
      of highest weight from the buffer register means for blocking (at 8.20 -
      8.43) the furnishing of output pulses from the output means when the
      counting means (4) has counted a number of pulses corresponding to its
      maximum capacity.
NUM  11.
PAR  11. A system as in claim 1 for adjustment of the ignition advance of a
      combustion motor further comprising computer means (5.12) for receiving
      the adjustment parameters of the motor on its input and for delivering at
      its output a number representing at every moment the angular retard to be
      introduced between the start of the pickup pulse and the start of the
      signal triggering the ignition, and second preselection counter means
      (5.5) programmed by the said computer means counting said output pulses
      and delivering a signal for the angular control of the ignition advance.
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ABST
PAL  Engine performance is improved and nitrogen compound emission is reduced by
      introducing supplemental air to the intake manifold of an internal
      combustion engine which is fitted with a PCV valve. The supplemental air
      inlet device is connected so that it introduces air into the line between
      the PCV valve and the intake manifold. That line connects to the manifold
      immediately downstream from the carburetor at a special adaptor. The
      supplemental air inlet valve is specially constructed to utilize
      frictional forces arising out of air flow past the valve head, Venturi
      effect as the head nears closure, and finally pressure sealing at complete
      closure of the valve, in an efficient but low-cost design. The
      supplemental air valve is operated at a temperature, and supplemental air
      is introduced in a way, that results in condensation on its inner walls of
      oil vapors drawn through the PCV valve so that the condensed oil entraps
      particles of foreign matter that find their way through the supplemental
      air valve.
BSUM
PAR  Internal combustion engines and piston-type gasoline engines in particular
      are arranged so that downward movement of a piston within its cylinder
      results in reduction of cylinder pressure below atmospheric pressure. That
      negative pressure, or vacuum, is used to draw fuel into the cylinder. The
      fuel is a mixture of gasoline, or other hydrocarbon, and air. Customarily,
      a single mixing unit, called a carburetor, is employed notwithstanding
      that the engine includes a number of cylinders. In that case the output of
      the carburetor is applied to a piping system called an intake manifold
      which connects to all of the cylinders in parallel. During engine
      operation the pressure within the manifold is negative and its magnitude
      is referred to in positive terms as the "amount of vacuum". Because of
      increased carburetor opening at higher speeds and several other factors,
      the amount of vacuum measured at the intake manifold varies inversely with
      engine speed. In a typical case the vacuum may equal twenty inches of
      mercury during engine start-up and be diminished to one and one-half
      inches of mercury at maximum usable speed. The carburetor performs several
      functions. It is required to mix hydrocarbon fuel and air and to deliver
      to the intake manifold a quantity of mixed fuel that varies with required
      power output. In addition, the carburetor is employed to adjust the ratio
      of air to hydrocarbon fuel for different operating conditions. The number
      of variables and the range of variables that must be taken into account in
      the design of a carburetor have necessitated compromises, the effect of
      which has been less than optimum efficiency in certain operating
      conditions and the production of pollutants in the exhaust products of
      engine operation.
PAR  Experimenters have found, and it is now well-known, that engine efficiency
      can be increased and the generation of pollutants decreased by admitting
      air to the input manifold to supplement the air in the air hydrocarbon
      fuel mixture. At optimum condition the volume of added air is minimum at
      low engine speed and maximum at high engine speed. Employing a separate
      valve for admitting that additional air has proven to be more efficient
      than have attempts to redesign carburetion devices to achieve a similar
      air flow compensation.
PAR  Two forms of supplemental air input valves have been employed. Older
      systems simply add a valve in parallel with the carburetor to draw in
      outside air. That expedient worked well and the design of such
      supplemental air input valves proved to be relatively non-critical.
      However, attempts to reduce generation of pollutants have lead to the
      incorporation of positive crankcase ventilation valves which draw air and
      fumes from the crankcase of the engine at a rate that varies directly with
      the pressure differential between the engine crankcase and input manifold
      and then introduce them into the input manifold. PCV valves are
      springclosed valves which open in proportion to the pressure differential
      across them. That pressure differential is highest at low engine speeds
      and is lowest at high engine speeds. This is the reverse of the effect
      that is desired and that is intended to be produced by addition of a
      supplemental air valve. Newly developed carburetors accomplish some
      compensation but the need still exists to add supplemental air at high
      engine speeds. Moreover, it is still valid, both from a cost and a
      functional standpoint, to introduce that supplemental air through a
      structure separate from the carburetor and to introduce it at a point just
      downstream from the carburetor. The design of that valve has been made
      more difficult, however, by the addition of the PCV valve.
PAR  Use of PCV valves is generally mandatory now and addition of the
      supplemental air inlet valve cannot be permitted to degrade the
      anti-pollution characteristics of the system. Consequently, operation of
      the PCV valve cannot be permitted to change materially by addition of the
      supplemental air inlet valve. Instead, the latter must be designed to
      furnish less supplemental air at low speeds without change of air input at
      high speeds. It must be more sensitive to pressure differential and it
      must respond faster than the older air inlet valves. The advent of the PCV
      valve in the engine system signalled the appearance of some new
      supplemental air inlet valve designs, some of them radical departures from
      the old. One of the objects of this invention is to preserve some of the
      desirable attributes of the earlier valve while making a number of changes
      to provide the required modified and improved performance. Another object
      is to enhance system reliability while reducing some of the manufacturing
      costs. Some of the changes in the valve are quite subtle but important
      nonetheless, and they are combined with system changes to produce a result
      that aids materially in reducing certain of the components of pollution
      which the PCV valve is not particularly effective to reduce. More
      particularly, the combination of PCV valve and supplemental air inlet
      valve, in the system provided by the invention, serves to reduce nitrogen
      compounds as well as hydrocarbon compounds in the exhaust emissions of the
      engine.
PAR  The supplemental air valve provided by the invention employs an improved
      seat construction offering reduced resistance to flow downstream from the
      valve proper. At the same time, the seat construction discourages laminar
      flow through the valve whereby there is turbulence produced in a cavity
      downstream from the valve itself. Hot crankcase gasses flow through that
      cavity where they tend to be cooled by the turbulent air so that oil
      vapors are condensed and coat the cavity walls. Any foreign matter
      entering through the supplemental air valve tends to be caught and trapped
      by that film. The turbulence aids in this action by increasing the
      possibility that the foreign matter will reach an oily surface where it
      can be entrapped.
PAR  Since engine power is a function of differential between input fuel
      temperature and temperatures within the cylinder, it is desirable to cool
      the crankcase gasses before admitting them to the input manifold. The
      inclusion in the system of the supplemental air inlet valve affords an
      opportunity for cooling and valves made according to the invention may
      employ materials and constructions that tend to dissipate heat efficiently
      and the embodiments selected for illustration in the drawings have those
      attributes.
PAR  The supplemental air inlet valve is required to close as manifold vacuum
      increases. An initial closing action is accomplished by utilizing
      frictional forces arising out of air movement past the valve head. As the
      valve approaches closure, air velocity is greatly increased producing a
      Venturi effect which results in pressure differential in a direction to
      close the valve. Finally, the valve closes and is held sealed by pressure
      differential occasioned by the fact that the valve is subjected to
      atmospheric pressure upstream and to a vacuum downstream from the valve
      head. A spring biases the valve head open with a force that increases as
      closure is approached. The combination of bias spring and valve head mass
      produces an oscillatory system. A high ratio of resilience to mass is
      employed so that resonance is quite sharp. Both the resilience and mass
      have small value so that the resonant frequency is high. Damping for the
      system is provided by frictional force applied to the valve head by air
      moving past it. The flowpath is made long relative to the mass of the
      valve head so that the damping effect on valve closure is substantial. The
      arrangement insures damping on valve closure but not on valve opening.
PAR  One of the features that contributes to improved system performance is the
      use of an adaptor plate made of aluminum, or some aluminum-rich alloy,
      which is placed immediately below the carburetor in an engine that employs
      a carburetor body of aluminum or aluminum alloy and an inlet manifold of
      iron or steel. The adaptor serves as the entry point for crankcase gasses
      and supplemental air that are to be introduced into the inlet manifold.
      The adaptor admits the added fumes and air in a way that tends to make
      them flow around the outer circumference of the adaptor, cooling it. As a
      result the adaptor serves as a gasket (in conjuction with conventional
      gaskets) by introducing a degree of expansion and contraction that relates
      to expansion and contraction of the materials of the input manifold and
      carburetor such that a good seal is maintained at every engine
      temperature.
DRWD
PAR  Understanding how these and other objects and advantages of the invention
      are accomplished will be facilitated by examination of the preferred
      embodiment illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a pictorial view of an engine that has been provided with the
      system, including the supplemental air valve, provided by the invention;
PAR  FIG. 2 is a pictorial view of the system shown associated with a carburetor
      and a portion of an engine fuel inlet manifold;
PAR  FIG. 3 is a view in section taken on the vertical mid-plane of a
      supplemental air valve embodying the invention;
PAR  FIG. 4 is a view in top elevation of the body and inlet and outlet nipples
      of the apparatus shown in FIG. 3;
PAR  FIG. 5 is a pictorial view of several of the parts, shown exploded, that
      are employed in the valve of FIG. 3; and
PAR  FIG. 6 is a pictorial view of the special adaptor.
DETD
PAR  The invention is applicable primarily to piston-type internal combustion
      engines that use gasoline as a fuel. One such engine is illustrated in
      FIG. 1. Each cylinder houses a piston which reciprocates along the
      cylinder during engine operation. Its several pistons are connected by
      connecting rods to a common crank. The crank is located in a lower housing
      which serves also as the sump or reservoir for lubricating oils that are
      pumped and otherwise circulated to the moving parts of the engine. That
      reservoir is called a crankcase. When a fuel element fails to burn
      completely so that it is combined with less oxygen than is chemically
      possible, it is discharged from the engine as a pollutant. One of the
      expedients currently being employed to promote complete combustion is to
      lower the pressure in the crankcase and to do this by withdrawing air and
      vapors, and those products of combustion that pass by the piston rings,
      and introducing them back into the fuel inlet system in an attempt to burn
      them along with new fuel. Incorporation of such a system degrades engine
      performance. For this and some other reasons the system incorporates a
      valve which permits maximum flow from the crankcase to the fuel input
      manifold at low speeds and reduces that flow as engine speed increases.
      That valve is called a positive crankcase ventilation valve or simply a
      PCV valve.
PAR  Crankcase pressure is higher than input manifold pressure. That pressure
      differential is used to open the PCV valve against a spring arranged to
      bias the valve closed. Many engines employ cam actuated valves for
      controlling the inlet and exhaust valves of the engine and the cam
      mechanism is covered by a rocker arm cover. The interior of that housing
      and the interior of the crankcase are interconnected by a conduit or by an
      opening through the engine block so that the connection from the crankcase
      to the PCV valve can be made through the cover. The PCV valve usually is
      mounted directly on the rocker arm cover. It has an inlet fitting that
      communicates with the interior of that cover and utimately communicates
      with the crankcase. In FIG. 1 the crankcase is designated 12 and the cam
      housing is designated 13. The PCV valve 14 hidden from view in FIG. 1 but
      visible in FIG. 2, is connected by a nonmetallic conduit or hose 15 to the
      inlet nipple of the supplemental air inlet device 16. An output conduit
      for hose 17 connects the supplemental air inlet device to the inlet
      fitting 18 of the manifold inlet adaptor 20. That adaptor is connected
      between the inlet manifold 22 of the engine and the body 24 of the
      carburetor 26, the lower portion 28 of which houses a mixing chamber in
      which fuel and air are combined just prior to emerging from the
      carburetor.
PAR  The inlet 30 of the PCV valve 14 is a fitting by which the valve can be
      attached to the rocker arm housing of the engine. The non-metallic conduit
      15 is made of a flexible material, such as rubber or a synthetic
      elastomer, which can be bent to make installation easy and which is a poor
      conductor of heat whereby to minimize the transferance by conduction of
      heat from the PCV valve to the supplemental air inlet valve 16. The
      connection from the PCV valve leads to an outlet chamber at the lower end
      of the valve 16. The outlet from the valve leads from the same chamber
      through another non-metallic conduit 17 to the inlet fitting 18 of adaptor
      20. Again, the non-metallic output conduit is used to simplify
      installation and to minimize conduction of heat between the valve 16 and
      the adaptor 20. The adaptor fits between the lower end 28 of a carburetor
      24 and the upper flange 32 of the inlet manifold 22.
PAR  The construction of the supplemental air inlet valve is shown in FIGS. 3, 4
      and 5. It includes a housing 34 and in this case the housing is
      cylindrical. Its lower end is closed by an end wall 35. The inner wall at
      the upper end is threaded to receive the inlet cover plate 36. The large
      cavity formed when the cover 36 is in place is divided into an inlet
      cavity 38 and an outlet cavity 40 by a separator 42 whose margins rest
      upon a shoulder 44 at the point where the diameter of the inner wall
      changes from a large upper diameter to a reduced lower diameter. The upper
      face of that separator plate 42 serves as a valve seat. It is provided
      with a series of perforations arranged in a circle near its outer edge.
      Two of those perforations 45 and 46 are visible in FIG. 3. That they
      extend entirely around the partition is shown in FIG. 5.
PAR  These several perforations are all the same size and they are the same size
      as the several openings, like in number as well, of the cover plate 36. In
      the cover the openings are designated by the reference numeral 47.
PAR  The partition is provided with a central, threaded opening and one end of a
      pin 48 is threaded securely in that opening so that in assembled condition
      the pin extends upwardly through the inlet chamber 38 along the axis of
      the unit. The cover plate 36 is assembled by being screwed into the upper
      opening of the housing 34 until its lower face bears against the upper end
      of the pin. By this expedient a force is applied through the pin to the
      partition plate 42 to hold the outer margins of the latter sealed against
      the shoulder 44. The partition has an outer diameter only slightly less
      than the diameter of the upper chamber wall 50 so that the partition and
      the pin are held against lateral movement.
PAR  The head of the supplemental air inlet valve is formed by a cylindrical
      disk 52. It has a hole bored through its center only slightly larger in
      diameter than the pin 48 so that the head will slide easily along the pin.
      The diameter of the head 52 is greater than the diameter of the circle on
      which the openings 45, and all of the other openings of the valve seat,
      are arranged so that those openings are sealed when the head 52 rests with
      its lower face against the upper face of the partition 42. The assembly
      also includes two springs 54 and 56. Both of those springs encircle the
      pin 48. Spring 54 is placed between the head 52 and seat 42 and the upper
      spring 56 is placed between head 52 and the cover plate 36. The design is
      such that the two springs can be alike and so that they are reversible end
      for end. This arrangement reduces the cost of manufacture and the number
      of unique parts. They are both compression springs. The lower one, 54,
      serves to bias the valve to open position. The valve 16 is installed so
      that the pin is oriented vertically, extending upward above the separated
      plate 42. In assembled condition the weight of the spring 56 and the
      weight of the head 52 combine to compress the spring 54 slightly. The
      upper spring 56 applies no resilient downward force because its length is
      such that it does not engage the cover plate 36 when the head 52 is at
      rest. The upper end of the spring 54 extends into a recess formed in the
      lower face of the valve head 52 and it is compressed into the recess as
      the valve closes. That recess 60 serves also to reduce the weight of the
      head 52. It also serves to reduce the length of the pin opening in the
      head. That is, it reduces the area of possible contact between the valve
      head 52 and pin 48 whereby to diminish friction and binding that could
      minimize the freedom with which the head is movable toward and away from
      the seat.
PAR  The recess being formed in the head is one of the significant features of
      the invention. It is the friction of air moving past the outer surfaces of
      the head 52 that supplies the force that results in initial movement of
      the head toward the seat. Development of an appreciable force requires
      that a large area of the head be subjected to that air flow. This is
      accomplished by making the head thicker. Forming the recess in the lower
      face of the head means that the valve can be thicker at its margin for a
      selected head weight. Obviously, the ratio of outer length to weight could
      be adjusted by other expedients such as cutting grooves in the upper and
      lower faces of the head but doing that adds manufacturing cost. The
      preferred embodiment employs the simple head structure shown in the
      drawings. That structure can be produced easily with a minimum number of
      operations on an ordinary screw machine.
PAR  The head is shown in full open position in FIG. 3. If the pressure in
      chamber 40 is reduced, the head will move downwardly and the valve will
      begin to close. That downward motion results from friction developed by
      air as it flows past the head. As a result of the friction, a pressure
      differential is developed across the head in a direction to urge the head
      against the bias of spring 54 toward contact with the upper face of the
      separator plate 42. As the head nears closure with the seat, so that the
      spacing between head and seat is less than the spacing between the outer
      wall of the head and the inner wall of the inlet chamber 50, then the air
      is accelerated and its velocity greatly increased whereby an aspiration
      effect is produced tending to pull the head down toward the seat. Finally,
      when contact is made, the head seals the openings 45 and 46 and all of the
      other openings of the seat. At this point the force holding the valve head
      down is equal to the pressure differential between inlet and outlet
      expressed in units of force per unit of area, times the combined area of
      the seat openings, less the force exerted by bias spring 54. While they
      tend to merge into one another, there are, nonetheless, three distinct
      origins of the forces that close the valve. Since the bias spring obeys
      Hooke's Law, the structural arrangement that accounts for the development
      of those three forces must be arranged so that the pressure times area
      force exceeds the aspirating force and such that the latter exceeds the
      force arising from pure resistance to air flow past the sides of the head.
      The aspirating force and the air flow resistance force depend upon air
      velocity for a given vacuum or suction pressure in outlet chamber 40. The
      resistance presented to air flow downstream from the valve becomes
      important and the structure that accounts for that resistance is
      important. In the invention the partition plate 42 is arranged to provide
      minimum resistance to flow. Ordinarily that would suggest large flow
      openings but the force with which the valve is maintained closed after
      complete closure depends upon the area of those flow openings and the
      force of the spring 54. However, initial valve closure force depends upon
      the bias of that spring 54 and the area of the sidewalls of the head and
      the spacing from those sidewalls to the inner wall of the valve body.
PAR  It is obvious then that there is an interrelationship between the mass of
      the head 52, the scale of spring 54, the surface area of the sidewalls of
      the head, the flow area between the head and body walls, the area of the
      seat openings, and the resistance to flow downstream from the valve. To
      reduce that downstream resistance, the separator plate 42 is made quite
      thin, half or less as thick as the head. That serves the additional
      purpose that flow through the seat openings is less laminar than it would
      be if those openings were long through a thick plate. Turbulence, as will
      be explained later, is useful in the lower cavity 40.
PAR  The advantage of the recess 60 in the head 52 in adjusting the surface area
      to weight ratio has been discussed above. The opposition to air flow past
      the valve head should be approximately the same as the opposition to flow
      through the openings of the seat. The fact that the surface area of the
      head past which air must flow is relatively large means that the area of
      the flow passageway can be larger than it otherwise would be. Moreover,
      the actual dimension of the head becomes less critical.
PAR  The vapors that are drawn from the crankcase are laden with oil and that
      oil can be made to condense on the inner wall of the outlet chamber of the
      valve 16 if the valve body can be maintained at a temperature materially
      below the temperature of those vapors as they arrive at the air valve. The
      valve body can be maintained at a substantially lower temperature in
      practice. The preferred embodiment employs a good heat conductor,
      aluminum, in making the valve body and the exterior of the body is formed
      with heat dissipating fins such as the fins 66. Once the lower chamber is
      coated with oil it can serve as a means for trapping small bits of foreign
      matter that enter through the air valve. Turbulence in the incoming air
      helps to accelerate those foreign particles so that they will impinge upon
      an oil-coated sidewall.
PAR  The upper spring 56 is employed only to insure that the head is returned
      rapidly to operating position if through vibration or otherwise it is
      moved upwardly. The only other elements of the preferred air valve are the
      two nipples 68 and 70 by which communication is had from the outlet
      chamber 40 to the PCV valve and to the adaptor 20 respectively.
PAR  In addition to these considerations that result the certain relativity in
      the sizes and shapes of the parts of the supplemental air inlet valve, the
      absolute size of those parts are also important because they need to
      introduce predetermined rates of supplemental air flow at different speeds
      and because the rate of flow is not linear with speed. In an installation
      in which vacuum is equal to about twenty inches of mercury at slow idle
      speed and 1 and 1/2 inches of mercury at high speed, the preferred
      supplemental air valve introduces a maximum air flow of about 1 and 1/2
      cubic feet per minute and has the followig dimensions.
PAR  The inside diameter at the upper chamber or cavity 38 is 15/16  of an inch.
      The inside diameter of the lower chamber 40 is 7/8 of an inch. The
      partition plate 42 is 1/8 inch thick. It has ten perforations each 3/32
      of an inch in diameter and arranged to form a circle 5/8 of an inch in
      diameter. Pin 48 extends 1/2 inch above the partition 42. The valve head
      is 1/4 of an inch thick and 7/8 of an inch in diameter. The recess 60
      extends half-way through the head. The two springs have a scale of 9
      ounces per inch and are 3/16  of an inch long in relaxed condition. The
      head weighs 3.6 grams. The outlet cavity 40 is 3/4 of an inch deep. The
      diameter of the openings through nipples 68 and 70 is 1/4 inch.
PAR  The adaptor 20 is special in that it is made of aluminum or an aluminum
      alloy and in that its inlet opening is arranged so that air and vapors
      flowing through it are introduced into the circular inner cavity at a
      point off center whereby incoming air and vapor tends to circulate. It
      becomes thoroughly mixed with the output of the carburetor mixing chamber
      in a very short space to the end that that incoming material is uniformly
      distributed to the several cylinders. The adaptor is formed from a plate
      of uniform thickness. It has a central opening 80 which is aligned with
      the output opening of the carburetor and the input opening of the intake
      manifold when the adaptor is mounted between them. It is conventional to
      bolt the carburetor to the intake manifold and the adaptor 20 is provided
      with openings through which bolts of that kind can extend. This adaptor is
      arranged for incorporation in an arrangement that employs two mounting
      bolts and the mounting holes 81 and 82 are placed to align with
      corresponding openings in the carburetor and manifold. The input fitting
      18 is provided with conformations 84 at its inlet end that facilitate its
      coupling to the hose 17. The other end of the fitting extends through the
      wall of the adaptor to an opening in the adaptor wall. The axis of that
      fitting is perpendicular to the direction of the axis of the main opening
      80 of the adaptor. And the fitting axis has a direction so that it lies on
      one side of the axis of the main opening. Thus the gasses that are brought
      in at that fitting are brought in at one side of the opening such that
      they will be directed to circular movement by the opposite wall of the
      adaptor. When there is an appreciable flow of fuel from the carburetor
      then the air and fumes that are brought in at fitting 18 will be drawn
      down into the manifold inlet in a spiral motion. It is important that the
      air and fumes be introduced immediately after the carburetor to insure
      complete mixing in the short common section of the inlet manifold
      structure. Making the adaptor of aluminum or an aluminum alloy minimizes
      the mechanical problems in accomplishing that result.
PAR  Although I have shown and described certain specific embodiments of my
      invention, I am fully aware that many modifications thereof are possible.
      My invention, therefore, is not to be restricted except insofar as is
      necessitated by the prior art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination:
PA1  an air inlet valve body formed with an internal cavity extending from an
      inlet to an outlet and defining a flowpath for air;
PA1  a valve seat disposed in the cavity across said flowpath between said inlet
      and outlet affording communication between said inlet and outlet;
PA1  a valve head disposed in said cavity upstream from said seat and movable
      into and out of engagement with said seat whereby to preclude and to
      permit air flow from inlet to outlet;
PA1  resilient means comprising a spring for urging said head from said seat in
      a direction to permit air flow past the head and through said seat;
PA1  actuating means responsive to suction pressure at the outlet end of said
      cavity for urging said head toward said seat against the bias of said
      spring in a degree variable with suction pressure;
PA1  means for connecting said cavity at its outlet to the fuel and air inlet
      system of an internal combustion engine and to the crankcase of said
      engine at a point immediately downstream from the point at which fuel is
      mixed with air; and
PA1  a PCV valve interconnected in series with said means for connecting said
      cavity to the engine crankcase;
PA1  the maximum flow rate through the PCV valve being substantially twice the
      maximum flow rate through the air valve.
NUM  2.
PAR  2. The invention defined in claim 1 in which said means for connecting the
      cavity at its outlet to PCV valve includes a non-metallic conduit, said
      air valve being formed of aluminum and with means in the form of external
      conformations and promoting heat dissipation, whereby said air valve
      operates at lower temperature than said PCV valve whereby to promote
      condensation of oil from vapors drawn to said air valve through said PCV
      valve.
NUM  3.
PAR  3. In a supplemental air inlet system of the kind in which a valve body
      formed with a cylindrical cavity has an appertured partition extending
      transversely across the cavity to serve as a seat for a valve head
      disposed upstream from the seat on an axial pin and movable along the pin
      toward the seat against a bias spring surrounding the pin between the head
      and seat in response to suction downstream from said seat, the improvement
      in which:
PA1  said valve body is formed with an internal shoulder extending into said
      cavity and said seat rests on said shoulder; and in which said head is
      cylindrical and of a diameter only slightly less than the inner diameter
      of the cavity in which disposed and which has thickness exceeding
      substantially the thickness of said partition;
PA1  said head being recessed at its lower face toward said seat in a degree
      sufficient to receive the whole of said spring on closure of said valve.
NUM  4.
PAR  4. The invention defined in claim 3 in which said body is fitted with a
      cover plate which bears against said pin and forces said seat against said
      shoulder.
NUM  5.
PAR  5. The invention defined in claim 4 in which said body is formed, at a
      point downstream from said apperture, with two openings;
PA1  said invention further comprising a PCV valve having an output opening;
PA1  a non-metallic conduit connecting the outlet opening of the PCV valve with
      one of the openings of said valve body; and
PA1  means in the form of a conduit connected to the other opening of said valve
      body for connecting said valves in parallel to an input manifold of an
      engine.
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ABST
PAL  An ignition system for internal combustion engines comprises a spark plug
      located remote from the combustion chamber, a metering pump which supplies
      a mixture of hydrogen and oxygen gases to the remote spark plug and a
      capillary-like tube for projecting an explosive flame front, created by
      the ignition of the hydrogen and oxygen gases, into the combustion chamber
      to ignite a vaporized fuel-air mixture.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a hydrogen fired ignition system for
      firing the combustible charge in conventional internal combustion engines
      and, more particularly, such engines which use petroleum products (or
      other liquid fuels) which form explosive mixtures when vaporized in air.
PAC  BACKGROUND OF THE INVENTION
PAR  Referring now to FIGS. 1 through 4, there is shown the normal sequence of
      operation for a typical 4-cycle internal combustion engine. On the intake
      stroke (FIG. 1), an explosive mixture of vaporized fuel, such as gasoline,
      and air is drawn into the cylinder 10 through the open intake valve 14 as
      the piston 12 moves downward. On the compression stroke (FIG. 2), the
      intake valve 4 is closed and the piston 12 rises to compress the fuel-air
      mixture. On the power stroke (FIG. 3), the compressed fuel-air mixture is
      fired or ignited by an electric arc across the gap of a spark plug 18,
      thereby propelling the piston 12 downward. On the exhaust stroke (FIG. 4),
      the piston 12 travels upward expelling the burned gases through the open
      exhaust valve 16. After the burned gases have been expelled and the
      exhaust valve 16 closes, the piston 12 moves downward and the cycle is
      repeated.
PAR  A major disadvantage of such conventional internal combustion engines is
      the inability of the electric spark to generate an instant flame front
      with sufficient magnitude to provide efficient combustion of the fuel-air
      mixture. This incomplete combustion is characterized by a high percentage
      of unburned hydrocarbons resulting in wasted fuels and polluting gases
      which are discharged into the atmosphere.
PAR  Heretofore, prior art devices have attempted to eliminate these
      disadvantages by utilizing auxiliary or precombustion chambers. The prior
      art pre-combustion chambers, such as described in U.S. Pat. No. 3,066,661,
      function to ignite a fuel-air mixture which has a concentration that may
      be different from the fuel-air mixture in the main combustion chamber.
PAR  These prior art pre-combustion chambers suffer due to the following
      disadvantages. Firstly, such pre-combustion chambers must be of a
      sufficient size to hold the relatively large volume of fuel and air
      required to create a flame front of sufficient magnitude to cause complete
      combustion of the fuel-air mixture in the main chamber. Secondly, such
      large volume pre-combustion chambers make complete purging after firing
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to overcome the defects of
      the prior art, such as indicated above.
PAR  Another object of the present invention is to provide an improved firing
      system for internal combustion engines.
PAR  Another object is to provide a hydrogen fired ignition system for firing
      the fuel-air mixture in internal combustion engines which greatly
      magnifies the initial flame front in the combustion chamber and permits
      utilization of a relatively lean fuel-air mixture, thereby resulting in an
      increase in efficiency and a decrease in the emission of polluting gases.
PAR  A further object is to provide a firing system for internal combustion
      engines which avoids any redesign of the engine itself and accomplishes
      the desired results by relatively simple replacements which do not
      necessitate mechanical changes other than the readjustment of the fuel-air
      ratio, in the combustion chamber or in the carburetor system.
PAR  Yet another object of the present invention is to avoid the use of exotic
      fuels that would not be readily available and those that would be
      difficult or hazardous to handle.
PAR  In furtherance of these and other objects, a principal feature of the
      instant invention is an ignition system for internal combustion engines in
      which hydrogen and oxygen are used in minute quantities, not as prime
      fuel, but in a catalytic reaction for amplifying the relatively small
      spark from the igniter into a flame front of such magnitude that it fires
      the conventional fuel-air mixture in the main combustion chamber. Another
      feature is that the quantities of hydrogen and oxygen required are of such
      low order that they can be supplied from a small and easily carried
      electrolytic generator or other type hydrogen generator, at the rate of
      demand, so that large reservoirs or high pressure storage tanks are not
      required. Yet another feature is the absence of nitrogen bearing air mixed
      with hydrocarbon fuel vapor in the area of the arc of the igniter at the
      moment of firing.
PAR  The hydrogen fired ignition system of the instant invention is
      characterized by an ignitor or sparking means located remote from the
      combustion chamber, a metering pump which supplies a mixture of hydrogen
      and oxygen to the remote igniter and a capillary tube for projecting an
      explosive flame front, created by the ignition of the hydrogen and oxygen
      gases, into the combustion chamber to ignite the vaporized fuel-air
      mixture therein. The hydrogen and oxygen may be supplied by a simple
      electrolytic cell which is connected to the metering pump.
PAR  For a better understanding of the invention, a possible embodiment thereof
      will now be described with reference to the attached drawing, it being
      understood that this embodiment is intended to be merely exemplary and in
      no way limitative.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagram illustrating the intake stroke of a typical 4-cycle
      internal combustion engine.
PAR  FIG. 2 is a diagram illustrating the compression stroke of a typical
      4-cycle internal combustion engine.
PAR  FIG. 3 is a diagram illustrating the power stroke of a typical 4-cycle
      internal combustion engine.
PAR  FIG. 4 is a diagram illustrating the exhaust stroke of a typical 4-cycle
      internal combution engine.
PAR  FIG. 5 is a schematic diagram of one embodiment of the hydrogen fired
      ignition system of the instant invention as applied to a single piston
      cylinder in an internal combustion engine.
PAR  FIG. 6 is a schematic diagram of one possible embodiment of a metering pump
      at the instant of firing.
PAR  FIG. 7 is a diagram of the metering pump of FIG. 6 after firing.
PAR  FIG. 8 is an elevational view of one possible embodiment of a valve which
      connects the capillary or firing tube to the combustion chamber.
PAR  FIG. 9 is a bottom view of the valve shown in FIG. 8
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 5, the igniting spark plug 24 is completely removed
      from the combustion chamber of the piston cylinder 10'. In its place is a
      relatively small capillary-like tube 20. A metered mixture of hydrogen and
      oxygen gases is delivered through tube 20 to the combustion chamber by a
      small pump 22 at a pressure that is higher than that of the vaporized
      fuel-air mixture in the cylinder 10' when the piston 12 is at the top of
      the compression stroke. The metering pump 22, a possible embodiment
      thereof being described in detail hereinafter, also acts as a shut-off
      valve to prevent the backfiring of the hydrogen-oxygen charge into the
      feed line 36. Moreover, the pump is timed (by a linkage mechanism
      connected to the existing cam shaft or other synchronized member) to
      deliver the hydrogen-oxygen mixture at the highest pressure just prior to
      the firing of spark plug 24.
PAR  By employing a capillary-like tube having a small inner diameter, rather
      than a conventional pre-combustion chamber, a low volume of the
      hydrogen-oxygen mixture may be easily maintained. Also, the capillary-like
      tube is more easily and completely purged by the metering pump after each
      firing.
PAR  A capillary or firing tube 5 inches long and having an inner diameter of
      0.03 inches and a total volume of 0.005 cubic inches has been found to
      work satisfactorily. Because a relatively small tube may be used with
      effective results, the volume of the hydrogen-oxygen mixture is quite
      small in relation to the fuel-air mixture it fires. Therefore, in the
      present embodiment, only the hydrogen and oxygen gases surround the spark
      gap at ignition. At the moment of detonation they recombine to form a
      small amount of water which is exhausted as high temperature vapor which
      adds no noxious pollutants to the exhaust. The minute quantity of
      completely dispersed water vapor gives some benefits of water injection
      without the disadvantages normally associated with that operation.
PAR  The hydrogen-oxygen mixture may be supplied by a simple electrolytic cell
      26. When used in conjunction with a vehicle, the electrolytic cell may be
      powered by the direct current from the vehicle's electrical system. More
      particularly, when a direct current is passed through the cell's water 28
      which contains a small amount of sodium hydroxide (or other electrolyte)
      hydrogen is liberated at the cathode 30 and oxygen at the anode 32. Since
      the electrolytic cell forms the hydrogen and oxygen gases in
      stoichiometric proportions, they are easily recombined in the proper ratio
      when captured by collector 34. Upon collection the hydrogen and oxygen
      gases may be supplied to the metering pump 22 through the feedline 36 or
      any other suitable means. The rate of formation of hydrogen and oxygen in
      the electrolytic cell may be automatically adjusted to the demand, so that
      a large reservoir is not required. Therefore, to ensure a constant supply
      of hydrogen and oxygen, only replenishment of the water in the
      electrolytic cell is required.
PAR  The sequence of the operating cycle remains the same as in the conventional
      internal combustion engine described hereinabove. However, the normal
      spark is now instantly, upon detonation of the hydrogen-oxygen mixture,
      amplified into an explosive flame front which is projected into the
      combustion chamber to fire the vaporized fuel-air mixture. This flame
      front covers many times the area of that of the spark plug and, therefore,
      is of sufficient intensity to cause ignition and more efficient combustion
      of a fuel-air mixture that otherwise might be too lean to ignite with the
      spark alone.
PAR  Although the use of undiluted hydrogen and oxygen gases is preferred, an
      effective firing charge can still be produced even after one volume of
      hydrogen is diluted with up to three volumes of air. This allows use of
      even a smaller electrolytic cell with proportionately less electric power
      needed for generating the hydrogen and oxygen gases.
PAR  Referring now to FIGS. 6 and 7, there is shown one possible embodiment of a
      pump 37 that works well for low volume requirements. Sleeve-type pump
      cylinder 38 houses two small reciprocating pistons 40, 42. Piston 40,
      having a relatively long stroke, is mechanically synchronized with the
      engine crank (not shown) to arrive at the top of the stroke and delivering
      the highest pressure at the instant of firing (see FIG. 6). Piston 42,
      having a much shorter stroke, may also be synchronized. However, it has
      been found that it supplies the necessary compression only when spring
      loaded.
PAR  After firing by spark plug 24', pistons 40 and 42 move downward until
      piston 42 closes off port 44, which forms the entrance to the firing tube
      20'. Stops (not shown) limit the vertical travel of piston 42 in such a
      manner that it will just clear port 44 in the up position (see FIG. 6) and
      close it off completely when in the down position (see FIG. 7). As piston
      40 moves downward, a vacuum is created in the pump cylinder 38. Thus, when
      piston 40 clears port 46 in pump cylinder 38 (see FIG. 7), the
      hydrogen-oxygen mixture is drawn therein. As piston 40 rises, the
      hydrogen-oxygen mixture is compressed between it and spring loaded piston
      42 until piston 40 reaches the top of its stroke and nearly contacts
      piston 42. Thus, piston 40 forces piston 42 upward until it clears port
      44, thereby allowing the compressed hydrogen-oxygen mixture to flow into
      the firing tube 20'. After detonation of the hydrogen-oxygen mixture by
      spark plug 24' and the subsequent ignition of the fuel-air mixture in the
      combustion chamber, the cycle is repeated.
PAR  To better avoid the backfiring of the hydrogen-oxygen mixture into the
      feedline and the electrolytic cell in case of mishandling, the hydrogen
      and oxygen gases may be collected separately at the cell and recombined at
      the metering pump by a "Y" branch 48. The hydrogen and oxygen gases may be
      easily recombined at the intersection of the "Y" branches 48, since they
      are formed in stoichiometric proportions by the electrolytic cell (not
      shown).
PAR  As shown in FIG. 5, the capillary tube 20 may be connected directly to the
      combustion chamber of the cylinder 10'. However, for more efficient
      operation, a simple valve as shown in FIGS. 8 and 9 may be employed. The
      use of this valve prevents the hydrocarbon exhaust from backflowing into
      the firing tube and, thus ensures more complete purging as the fresh
      hydrogen-oxygen charge flows in.
PAR  The valve 50, which replaces the conventional spark plug, comprises a
      threaded portion 52 for insertion in the conventional spark plug socket
      and a hexagonal head 66. A firing tube 20" passes through the threaded
      portion 52 and communicates with chamber 54 located at the lower end of
      the valve 50. The opensided chamber 54 is defined by a top plate 60 and a
      bottom plate 62 which are connected by vertical supports 64. A floating
      disc valve 56 is housed within chamber 54 immediately below the firing
      tube 20". When the hydrogen-oxygen charge fires, the disc valve 56 is
      forced downward and the flame front is forced out of the open sides of
      chamber 54, thereby spreading the flame front around the combustion
      chamber for more complete combustion. As the fuel-air mixture in the
      combustion chamber is ignited (and the pressure in the firing tube
      decreases) disc valve 56 is forced upward closing off the entrance to
      firing tube 20".
PAR  Apertures 58 in the bottom plate 62 of chamber 54 allow the differential
      pressure to lift the disc valve 56. Since the volume that is controlled
      through the firing tube 20" is so small and the distance that disc valve
      56 must move is very short, it can be quite thin and light so that it is
      easily operated by the changing pressures. For instance, the prototype is
      only 0.005 inches thick and 5/16ths of an inch in diameter.
PAR  It should be understood that although the present embodiment is shown in
      conjunction with a 4-cycle reciprocating piston engine, the present
      invention may also be adapted to work with 2-cycle engines, rotary engines
      or any other type of engine which derives its power from a series of
      explosive charges of liquid fuel-air mixtures. Thus, the foregoing
      description of a specific embodiment will so fully reveal the general
      nature of the invention that others can, by applying current knowledge,
      readily modify such specific embodiment and/or adapt it for various
      applications without departing from the generic concept, and therefore
      such adaptations and modifications should and are comprehended within the
      meaning and range of equivalents of the disclosed embodiment. Further it
      is to be understood that the phraseology and the terminology employed
      herein is for the purposes of description and not of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combustion system for operating an internal combustion engine, having
      a main combustion chamber which may contain a vaporized fuel-air mixture,
      comprising:
PA1  igniting means located remote from the main combustion chamber for creating
      a spark;
PA1  supply means for supplying hydrogen and oxygen gases to said igniting
      means;
PA1  pre-combustion means housing said igniting means and connected to the main
      combustion chamber for projecting an explosive flame front created by the
      detonation of said hydrogen and oxygen gases by said igniting means into
      the main combustion chamber to ignite the vaporized fuel-air mixture when
      the fuel-air mixture is present in the main combustion chamber;
PA1  valve means connecting said pre-combustion means to the main combustion
      chamber for spreading said flame front around the main combustion chamber
      when said oxygen and hydrogen gases are detonated by said igniting means,
      wherein said valve means comprises;
PA1  a hexagonal head having a substantially planar surface;
PA1  an externally threaded portion connected at one end to said substantially
      planar surface and extending substantially perpendicularly therefrom;
PA1  a housing attached to the other end of said threaded portion and
      communicating with the main combustion chamber, said housing having open
      sides, a first plate abutting the other end of said threaded portion, a
      second plate having a plurality of apertures therein, a support member
      connecting said first and second plates and maintaining them in a
      substantially parallel relationship, and a disc valve movably sandwiched
      between said first and second plates; and
PA1  transporting means communicating with said housing through said first plate
      for transporting said hydrogen and oxygen gases from said precombustion
      means to said housing through said hexagonal head and said threaded
      portion,
PA1  wherein, during detonation of the hydrogen and oxygen gases by said
      igniting means, said disc valve is forced into contact with said second
      plate thereby forcing said flame front out of said open sides of said
      housing, and wherein, during firing of the vaporized fuel-air mixture,
      when it is present in the main combustion chamber, said disc valve is
      forced into contact with said first plate and said transporting means
      thereby preventing backflow of exhaust into the pre-combustion means.
NUM  2.
PAR  2. The combustion system of claim 1 further comprising generating means
      connected to said supply means for forming hydrogen and oxygen gases in
      stoichiometric proportions.
NUM  3.
PAR  3. The combustion system of claim 1 wherein said igniting means is a spark
      plug.
NUM  4.
PAR  4. The combustion system of claim 1 wherein said supply means is a pump.
NUM  5.
PAR  5. The combustion system of claim 2 wherein said generating means is an
      electrolytic cell comprising:
PA1  a casing;
PA1  an electrolyte in said casing, said electrolyte including water and sodium
      hydroxide;
PA1  a cathode immersed in said electrolyte;
PA1  an anode immersed in said electrolyte; and
PA1  means for supplying electrical current to said cathode and anode;
PA1  whereby hydrogen is liberated at said cathode and oxygen is liberated at
      said anode.
NUM  6.
PAR  6. The combustion system of claim 4 wherein said pump comprises:
PA1  a sleeve-type cylinder;
PA1  a first piston, having a stroke of a first length, mounted for
      reciprocating axial movement in said cylinder for regulating the supply of
      said hydrogen and oxygen gases; and
PA1  a second piston, having a stroke of a second length longer than said first
      length, mounted for reciprocating axial movement in said cylinder and
      synchronized to arrive at the top of its stroke and delivering the highest
      pressure at the instant of detonation of said hydrogen and oxygen gases by
      said igniting means,
PA1  whereby said hydrogen and oxygen gases are compressed between said first
      and second pistons and thereby forcibly supplied to said igniting means.
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ABST
PAL  An improvement in an injection internal combustion engine having at least
      one fuel injection pump therein which is connected to the fuel supply tank
      through a suction conduit having a check valve connected in circuit
      therewith. Fuel which is not injected into the internal combustion engine
      is returned to the supply tank through another check valve located in a
      separate conduit from the suction conduit. The check valve in the separate
      conduit, when it is in its seated position, permits a small flow of fuel
      between the injection pump and the separate conduit.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an injection internal combustion engine having at
      least one fuel injection pump which is connected to a fuel supply
      container through a suction conduit provided with a non-return valve, and
      in which fuel in excess of that used in an injection is conducted back to
      the supply container through a return flow conduit separately from the
      suction conduit and likewise including a non-return valve therein.
PAC  BACKGROUND OF THE INVENTION
PAR  In known arrangements of this kind, use is generally made of a fuel feed
      pump driven by the engine and this delivers the fuel from the supply
      container to the suction chamber of the injection pump during an operation
      thereof. These arrangements have the disadvantage that an additional unit,
      namely the feed pump, must be assembled and installed on the engine and,
      in addition, the drive to this feed pump has to be performed through
      additional drive transmitting means.
PAR  In order to avoid this drawback, in some known constructions, the fuel
      container has been arranged above the injection pump so that fuel can flow
      to the latter under gravity only. This makes a fuel feed pump in the
      suction conduit superfluous. This arrangement has, however, the
      disadvantage that when the supply container is installed in the engine,
      the gravity feed arrangement must be at a minimum elevation to ensure an
      adequate fuel feed to the injection pump. This involves consequent
      restrictions detrimentally affecting the capacity of the supply container
      and/or the overall size of the engine. It has also been proposed to
      provide a non-return valve in each of the suction conduit and return flow
      conduit of the fuel system, to enable the injection pump itself to act as
      the fuel feed pump and to be able to draw the fuel from the supply
      containers located therebelow. These constructions, however, have the
      disadvantage that, in consequence of the arrangement of the fully closing
      non-return valve being located above the injection pump, associated with
      the return flow conduit in that part of the return flow conduit which lies
      above the non-return valve, a fuel column may be set up which under
      certain conditions will very seriously obstruct the proper functioning of
      the system. For example, after an inadvertent emptying of the fuel supply
      tank, the conduit system will no longer be automatically evacuated of air
      because the fuel column which remains static in the return flow conduit
      above the non-return valve will prevent the escape of air during a fresh
      filling of the tank.
PAR  It is an object of the present invention to avoid these drawbacks in the
      known constructions and to provide an arrangement in which the operation
      of the injection pump itself can be relied on to draw the fuel from the
      supply tank without any constructional or functional limitations. This
      object is met in the present invention by the fact that a fully-closing
      non-return valve is incorporated in the suction conduit and that the
      non-return valve provided in the return flow conduit is of a construction
      such that when it is in its seated position, it permits a small flow of
      fuel between the return flow conduit and the injection pump.
PAR  Where using supply containers in which the lower-most part of the supply
      container is located below the injection pump and a manually operable
      auxiliary pump is provided in the suction conduit for filling the empty
      conduit system of the injection pump with fuel, in accordance with a
      special feature of the invention, the non-return valve associated with the
      suction conduit is installed in the auxiliary pump.
PAR  In systems of this character which have a fuel filter in the suction
      conduit, a very useful arrangement is acquired if the non-return valve,
      the auxiliary pump, and the filter are combined into a common unit.
PAR  In the case of injection combustion engines having a supply tank with a
      filling opening which is disposed above the injection pump, a simple and
      preferred embodiment of the invention resides in the arrangement whereby
      the non-return valve provided in the return flow conduit is arranged in
      such a way that it is disposed slightly below the filling part of the
      supply container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Examples of the embodiment of the invention will now be described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic illustration, partly in section, of the fuel
      system of an injection pump embodying the invention;
PAR  FIG. 2 is a sectional detail taken along the line II--II of FIG. 1.
PAR  FIG. 3 is an auxiliary fuel pump illustrated in a larger scale; and
PAR  FIG. 4 is an alternative construction of the injection system.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  An improvement in an injection internal combustion engine having at least
      one fuel injection pump which is connected to the fuel supply tank through
      a suction conduit having a non-return valve connected in circuit
      therewith, and in which fuel in excess of that used in an injection is
      conducted back to the supply tank through a return flow conduit separately
      from the suction conduit and likewise including a non-return valve
      therein. A fully closing non-return valve is connected in the suction
      conduit and the non-return valve connected in the return flow conduit has
      the characteristic such that when it is in its seated position, it permits
      a small flow of fuel between the return flow conduit and the injection
      pump.
PAC  DETAILED DESCRIPTION
PAR  In the apparatus illustrated in FIG. 1, fuel passes from a fuel reservoir
      10 through a suction conduit 12,12a to an injection pump 14, passing
      through a fuel filter 16 of known type. The fuel reservoir 10 as a whole
      is disposed at a level lower than the injection pump 14. The excess fuel
      which is not injected is returned to the reservoir 10 through a return
      flow conduit 18 in a manner which will be described in more detail below.
      The injection pump 14 forwards a shot of fuel to injected through a
      compression conduit 20 to an injection nozzle (not shown) of the internal
      combustion engine. The injection pump 14, illustrated in this example is a
      known so-called insertion pump, in which the downwardly projecting body
      14a thereof supports a hollow bushing 22 for a pump piston 24 movable
      longitudinally therein. When the lower part 14a of the pump 14 is inserted
      in a casing 13 of the internal combustion engine, it is fastened by means
      of a flange 14f equipped with two holes which receive fastening screws
      (not shown) therein. The piston 24 is driven upwardly from below by a cam
      and is moved in the opposite direction, i.e. downwardly, by a return
      spring (not shown). Disposed above the hollow piston bushing 22 is a
      screw-threaded insert 26 having a spring pressed valve element 28 therein.
      Fuel passes through this valve into the compression conduit 20.
PAR  The inflow conduit 12 is in fluid communication with an annular suction
      chamber 14s in the pump 14. Fuel passes from the suction chamber 14s
      through a duct 22s in the piston bushing 22 into an operating chamber 22a
      in the hollow bushing. The fuel is drawn from the suction chamber 14s in
      response to a downward movement of piston 24, and during the upward
      movement of the piston, a part of this indrawn fuel flows back from the
      operating chamber 22a into the suction chamber 14s until the upper edge of
      piston 24 completely covers and closes the duct 22s. The effective
      delivery stroke of the piston 24 now begins and continues until a control
      groove 24s on the periphery of the piston 24 reestablishes a connection
      between the operating chamber 22a and the return flow duct 22s and permits
      a renewed return flow of the fuel until the end of the piston stroke. In
      this way, only a minor part (approximately one-sixteenth to 1/4 depending
      on the quantity setting and the speed) of the total amount of fuel drawn
      in by the piston 24 passes to the injection nozzle, the maximum remainder
      of the fuel being forcibly returned back.
PAR  The suction conduit 12 is connected to the injection pump 14 by means of a
      hollow connecton nipple 30, with the interposition of sealing rings 29. A
      hollow element 32 connected to the return flow conduit 18 is screwed into
      a threaded recess in the nipple and the element 32 simultaneously serves
      as a stop to limit the movement of a ball valve which is disposed within
      the nipple 30. The seat 30a on the nipple 30 for a ball valve 34 is
      interrupted by a groove 30b whereby there is a small aperture for flow
      between the conduit 18 and the chamber 30c within the nipple 30 even when
      the ball valve 34 is on its seat in the valve-closed condition. A
      transverse groove 32a (FIG. 2) is provided above the ball valve 34 in the
      end of the hollow element 32 which acts as an abutment, and this cross
      groove ensures a full flow connection between the inner chamber 30c and
      the return flow conduit 18 when the ball valve 34 is in contact with the
      abutment element 32.
PAR  Arranged in the suction conduit 12 adjacent the filter 16 is a non-return
      valve constituted by a fully-closing ball valve 38 which is biassed by a
      spring 36 against a seat 40a in the body 40 of this valve. A flow
      connection between the valve 38 on the one hand and the filter 16 and the
      conduit 12 on the other is made by a short connecting piece 12b.
PAC  OPERATION
PAR  The apparatus described operates as follows:
PAR  Let it be assumed that the tank and the complete conduit system, including
      the injection pump, are filled with fuel. When piston 24 of the injection
      pump 14 performs a suction stroke, the non-return valve 38 opens under the
      suction effect and fuel is drawn from the reservoir or tank 10 by the
      piston of the injection pump itself and, consequently, fuel will flow into
      the suction chamber 14s. When the piston 24 performs a delivery stroke,
      the valve 38 re-closes under the excess pressure from the injection pump
      14 and the spring 36 so that a column of fuel in the part 12 of the
      suction conduit between the injection pump 14 and the valve 38 cannot flow
      back to the tank 10 during the delivery stroke, but remains static in the
      part 12. During the next suction stroke of the pump 14, which follows the
      delivery stroke just described, the column of fuel in the part 12 has only
      to be impelled from the static condition thus avoiding any counterflow
      movements of the fuel column in the part 12 during an operation of the
      pump. The excess fuel not injected into the conduit 20 flows back through
      the valve 34, which is fully opened during the return flow phase, and
      through the return flow conduit 18 into tank 10. As a consequence of this
      advantageous arrangement of the fluid circuitry and the valves of the
      injection system, the required fuel is drawn in by the injection pump
      itself from a supply container which, if required, can be located up to
      two meters lower than the injection pump itself and, for example, can be
      arranged entirely below ground.
PAR  Each fuel injection system must be evacuated of air before it is set into
      operation, that is to say, must be so completely charged with fuel that
      air is expelled completely from within the system. The system illustrated
      in FIGS. 1 and 2 may for example be vented of air, when the tank 10 is
      full, by unscrewing the element 32, removing the ball valve 34 and filling
      the internal chamber 30c completely with fuel from the exterior until any
      quantity of air in the system escapes at the filling point, where the
      excess fuel overflows. In order to avoid this somewhat troublesome venting
      operation, it is not known in the case of injection pump systems to effect
      the venting and filling of the system with fuel directly from the tank by
      arranging a manually-operable auxiliary pump in the suction conduit. The
      illustration in FIG. 3 shows an auxiliary pump of this nature mounted on
      the cover 16a of filter 16 and the non-return valve described in
      connection with the first embodiment above is arranged in the suction
      conduit as an operating valve in this auxiliary pump. (The injection pump
      14 and the return flow conduit 18 and valve 34 are used in the same way as
      in FIGS. 1 and 2.) The lower part 16b of the auxiliary pump is secured to
      the cover 16a of the filter 16 by some convenient method which is not
      illustrated in detail, for example by a threaded connection, and has a
      recess 16f therein which receives the ball valve 38' and a biassing spring
      36'. The seat for the ball valve 38' is designated 16c. A passageway 16d
      provides communication from the recess 16f to the interior of the filter
      16. A further ball valve 42 having a return spring 43 is provided at the
      suction side of the auxiliary pump and the seat of this ball is designated
      16e. The part 12a of the suction conduit is connected in fluid circuit
      with the valve seat 16e. Arranged in the upper part 44 of the auxiliary
      pump is a piston 46, the return spring 48 of which is mounted between a
      manually-operable press cap 50 and a sealing ring 52. The upper static
      position of the piston 46 is limited by a spring ring 54.
PAR  First filling of the system is brought about by depressing the piston 46 by
      manually pressing on cap 50. During the upward return movement of the
      piston, fuel is drawn from tank 10 into the conduit 12a and into the inner
      chamber 44a of the auxiliary pump through the valve 42 which has thereby
      been opened. During the next depression of the auxiliary piston 46 and the
      valve 42 closes and the valve 38' opens so that the fuel is delivered by
      the auxiliary piston 46 from the inner chamber 44a through the filter 16
      to the conduit system of the injection pump 14. A manual operation of the
      auxiliary piston 46 is continued until the complete fluid circuit in the
      system is filled with fuel and all air has been expelled from the system
      through the valve 34, which valve 34 opens during the pressure stroke of
      the piston 46, into the tank 10. (During an evacuation of air and a
      charging with fuel, the injection pump 14 is immobile.) During the
      operation of the injection pump 14, the piston 46 of the auxiliary pump
      remains in its upper static position illustrated in the drawing. The
      piston 24 of the pump 14 draws fuel from the tank 10 through the conduit
      system 12a, 44a, 12, into the suction chamber 14s of the injection pump,
      the valves 38' and 42 being opened during the suction stroke. When the
      piston 24 performs a compression stroke, the valve 38' closes and by this
      means takes over the above described function of the non-return valve 38
      in the suction conduit. The action of the injection pump 14 and the
      remainder of the conduit system in FIG. 3 is the same during the operation
      as in the case of the construction illustrated in FIGS. 1 and 2, so that
      there is no need to repeat the description of this.
PAR  FIG. 4 illustrates another form of construction, in which the tank 100,
      which for example is provided directly on the internal combustion engine,
      is arranged so that the lowest part thereof is disposed below the
      injection pump 14, but its upper part is in contrast somewhat above the
      valve 34 in the return flow conduit 18. An arrangement of this character
      has the advantage that it enables the volume of tank 100 to be
      substantially increased without the dimensional size of the engine being
      increased.
PAR  In the arrangement illustrated in FIG. 4, the injection pump 14 and the
      conduits 12, 12a and 18, as well as the valves 38 and 34, are used in the
      same way as in the first embodiment illustrated in FIGS. 1 and 2. For this
      reason, the operation of the pump 14 as a fuel delivery pump, as there
      described, does not need to be repeated here. It only remains to point out
      that the valve 34 is slightly permeable to liquid at 30b. This condition
      of the valve offers the advantage that no column of fuel can be set up in
      the riser part of the return flow conduit 18, such as would be possible
      if, for example, the valves were fully closed and there was an inadvertent
      idle movement of fuel from the tank 10 and the suction conduit 12,12a.
      Thus, fuel could escape from the return flow conduit 18 into the internal
      part of the system through the valve 34 open at 30b. If the tank 100 runs
      empty, the conduit 18 is also empty and by filling the tank 100 at its
      filling stopper 100a,  the system will be filled with fuel and the venting
      thereof will be performed at the same time through conduit 18. Thus, the
      FIG. 4 construction also provides an automatic venting procedure, even
      though an auxiliary pump 46 is not here provided.
PAR  Finally, it is pointed out that the invention is not limited to the
      embodiments thereof which have been described. Thus, for example, the
      auxiliary pump could be in the form of a diaphragm pump with flap valves.
      In every arrangement, however, valves used in accordance with the
      invention will prevent the oscillation of the fuel column in the suction
      conduit and by this means enable the injection pump to also act as a fuel
      delivery pump.
PAR  Although particular preferred embodiments of the invention have been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of part, lies within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an injection internal combustion engine having at least one fuel
      injection pump which is connected to the fuel supply tank through a
      suction conduit having a first non-return valve connected in circuit
      therewith, and in which fuel in excess of that used in an injection is
      conducted back to the supply tank through a return flow conduit separate
      from said suction conduit and likewise including a second non-return valve
      therein, the improvement comprising wherein the lowermost part of said
      fuel supply tank and an outlet therefrom are physically located below said
      fuel injection pump, said first non-return valve is a fullyclosing
      non-return valve connected in the suction conduit, said second non-return
      valve being connected in said return flow conduit and, when said second
      non-return valve is in its seated position, permits a small flow of fuel
      between the return flow conduit and said fuel injection pump, said fuel
      injection pump being the sole means for drawing fuel from said fuel supply
      tank whereby during operation of said injection internal combustion engine
      said fuel injection pump functions both as (1) a suction pump drawing fuel
      from said fuel supply tank and as (2) said fuel injection pump for
      injecting a quantity of fuel to said injection internal combustion engine.
NUM  2.
PAR  2. The improvement in an injection internal combustion engine according to
      claim 1 in which a manually operable auxiliary pump is provided in the
      suction conduit for filling the empty conduit system of said fuel
      injection pump with fuel before said injection internal combustion engine
      is in operation, said first non-return valve being mounted in said
      auxiliary pump and associated with said suction conduit.
NUM  3.
PAR  3. The improvement in an injection internal combustion engine according to
      claim 2, wherein at least one of said check valves functions an operating
      valve of said auxiliary pump.
NUM  4.
PAR  4. The improvement in an injection internal combustion engine according to
      claim 3 having a fuel filter arranged in said suction conduit wherein said
      first non-return valve, the auxiliary pump and the filter are combined
      into one constructional unit.
NUM  5.
PAR  5. The improvement in an injection internal combustion engine according to
      claim 1, in which at least the filling part of said supply tank is
      disposed at a higher level than said injection pump, and wherein said
      first non-return valve provided in said return flow conduit is arranged in
      such a way that it is disposed slightly below the filling opening of said
      supply tank.
NUM  6.
PAR  6. The improvement in an injection internal combustion engine according to
      claim 2, wherein said first non-return valve comprises a pair of check
      valves, one being located in the intake to said auxiliary pump, the other
      being in the outlet from said auxiliary pump, both of said check valves
      being biased to open upon the occurrence of a suction pressure in said
      suction conduit between said auxiliary pump and said fuel injection pump.
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ABST
PAL  An improved rpm regulator for a fuel injection pump associated with an
      internal combustion engine. The regulator includes a suction chamber, an
      intermediate lever, a fuel quantity control sleeve connected to the
      intermediate lever, a regulating spring assembly connected to the
      intermediate lever, a device including centrifugal weights and a governor
      sleeve for developing and transmitting an rpm signal through the
      intermediate lever to the fuel quantity control sleeve in opposition to a
      force exerted by the regulating spring assembly, a control lever, and an
      adjustable stop, including a cam member, mounted to the housing for
      limiting the motion of the intermediate lever. A working chamber is
      provided between the governor sleeve and an end of a guide shaft forming
      part of the device for transmitting an rpm signal. Openings are provided
      in the governor sleeve which communicate with the suction chamber for
      effecting a damping of oscillations of the governor sleeve during
      predetermined load conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an rpm regulator for fuel injection pumps
      associated with internal combustion engines of the type having an
      intermediate lever pivotably mounted about a shaft to which a fuel
      quantity control sleeve is coupled and a centrifugally operated device for
      generating an rpm signal and applying a corresponding force against the
      force of a regulator spring assembly to the intermediate lever and thereby
      to the fuel quantity control sleeve. The present invention relates, more
      particularly, to such an rpm regulator in which the centrifugally operated
      device is positioned in the suction chamber of the pump, the chamber being
      filled with fuel. The device for developing and transmitting an rpm signal
      includes an axial guide shaft of a centrifugal regulator and the
      displaceable governor sleeve. The frontal end of the governor sleeve is in
      contact with the intermediate lever and acts against an arbitrarily
      alterable force of the regulating spring assembly. Fuel quantity fed by
      the injection pump is determined by the position of the intermediate
      lever, the volume of the working chamber being varied with simultaneous
      fuel delivery through a throttle aperture connecting the working chamber
      with the suction chamber.
PAR  In known rpm regulators of such type the frontsided closed governor sleeve
      of the centrifugal regulator is displaced by action of centrifugal weights
      which are mounted about a guide shaft. The governor sleeve has a throttle
      bore on the frontal end, through which a working chamber, located between
      the guide shaft and the governor sleeve is connected with the suction
      chamber. When a volume change in the working chamber occurs because of
      displacement, the fuel is advanced through the throttle bore and thereby
      the adjusting motion of the regulator sleeve is damped. Consequently,
      damping is achieved which is effective over the entire rpm range in this
      prior art arrangement. Each type of a fuel engine, however, has an rpm or
      a load range at which it is especially sensitive to detrimental,
      mechanical, interruptive, nuisance oscillations which influence
      undesirably the control of the fuel injection quantities. The rpm and load
      ranges often differ only because of small structural changes in different
      types of internal combustion engines. According to the type of use to
      which the particular internal combustion engine is to be put, for example,
      for the propulsion of a vehicle or of a generator, it may be necessary or
      desirable to provide for a specific damping characteristic range or
      ranges, related to a particular load range for the rpm regulator of a fuel
      injection pump.
PAR  The critical range, at which the governor sleeve should not be damped but
      over which the full, fast-acting speed control of the regulator should be
      used, is the lowest load range, i.e. the idle range of internal combustion
      engines, such as those which are specifically designated for the
      propulsion of motor vehicles. The same is true, in other instances, for
      the highest load and final rpm range in internal combustion engines which
      are designated, for example, specifically for driving generators. In an
      internal combustion engine designated to drive a motor vehicle, it may
      happen that due to sluggishness of the regulator during a desired fast
      reduction in rpm, among other things, the internal combustion engine goes
      into a lower than desired preadjusted rpm range. This so called
      undercutting or overshooting must be corrected as soon as possible by
      means of a regulator since otherwise during idling, in an unfavorable
      case, due to the low drive rpm moment, the internal combustion engine may
      undesirably come to a standstill. Damping in this range would slow down
      the regulating velocity and would cause undercutting with detrimental
      consequences. On the other hand, the top load range of an internal
      combustion engine used in such a way has a relatively high non-uniformity
      characteristic, and can be damped substantially without disadvantage.
      Should the internal combustion engine, for example, be revved to the
      uppermost rpm range by a sudden acceleration, then the large
      non-uniformity degree is sufficient, even during damping, to obtain a fast
      control before overreaching of the maximum desired rpm.
PAR  On the other hand, when the internal combustion engine is used for driving
      a generator, then the fuel injection pump has the lowest possible
      non-uniformity range for maintaining the given rpm as exact as possible
      under variable loads of the generator. Here, damping in the upper load
      range is undesirable for such internal combustion engines, because the
      regulator must correct the rpm deviation as soon as possible.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide an rpm
      regulator for a fuel injection associated with an internal combustion
      engine in which effective damping of the control function is achieved over
      a predetermined load range or ranges.
PAR  The foregoing object, as well as others, is achieved in a regulator of the
      type with which the present invention is concerned by providing that a
      governor sleeve associated with an axial guide shaft of a centrifugal
      regulator encloses a working chamber having a connection through the
      throttle bore or aperture arranged on the governor sleeve, at least one
      other aperture, the opening of which is determined by the instant position
      of the governor sleeve, defines a bypass connection to a suction chamber.
      Thereby, in an advantageous manner, a possibility is achieved to switch
      off the effectiveness of the throttle aperture by controlling the relief
      bypass connection, so that in a particular load range, which is determined
      by the corresponding position of the governor sleeve, damping is achieved
      to the exclusion of damping in at least one other load range.
PAR  A further preferred embodiment of the invention provides that the bypass
      connection is developed as a relief aperture, in the cylindrical wall of
      the governor sleeve, controlled by the axial guide shaft of the
      centrifugal regulator. In this manner, the control of the bypass
      connection and the manufacture thereof is achieved in the most simple way.
PAR  Another novel embodiment provides that the relief aperture is controlled by
      at least one sleeve groove, which communicates with the working chamber
      through a traverse bore and a longitudinal bore in the axial guide shaft.
PAR  In this manner a regulated damping over a plurality of separated
      predetermined load ranges may be achieved.
PAR  A particularly favorable embodiment of the present invention provides that
      the relief aperture is controlled by the frontal surface of the axial
      guide shaft. This enables the damping over the uppermost load range in a
      very simple and effective manner, and without great expenditures.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Several examples of an improved rpm regulator according to the present
      invention are shown in the drawing and described hereinbelow,
PAR  FIG. 1 is a somewhat simplified sectional view of the fuel injection pump,
      in schematic representation, combined with a first exemplary embodiment of
      a novel rpm regulator constructed according to the present invention;
PAR  FIG. 2 is a sectional view of the principal novel main portion of the first
      embodiment of FIG. 1;
PAR  FIG. 3 is a graphical representation of a set of characteristic curves for
      an internal combustion engine equipped with the novel regulator of FIGS. 1
      and 2;
PAR  FIG. 4 is a sectional view of the novel principal portion of a second
      exemplary embodiment of an rpm regulator, its governor regulator sleeve
      being positioned on the axial guide shaft of a centrifugal regulator;
PAR  FIG. 5 is a graphical representation of a set of characteristic curves for
      an internal combustion engine equipped with a novel regulator which
      includes the arrangement of FIG. 4;
PAR  FIG. 6 is a sectional view of the novel main portion of a third exemplary
      embodiment of the rpm regulator according to the present invention;
PAR  FIG. 7 is a graphical representation of a set of characteristic curves for
      an internal combustion engine equipped with a novel regulator which
      includes the arrangement of FIG. 6;
PAR  FIG. 8 is a sectional view of the main novel portion of a fourth exemplary
      embodiment of an rpm regulator according to the present invention; and
PAR  FIG. 9 is a graphical representation of a set of characteristic curves for
      an internal combustion engine equipped with a novel regulator which
      includes the arrangement of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in FIGS. 1-3, an embodiment of an rpm regulator includes a
      housing 1 of a fuel injection pump having a bore 2 within which a pump
      piston 3 is set for simultaneous rotating and reciprocating motion by
      conventional means (not shown) against a force provided by a return spring
      (not shown). The bore 2 and piston 3 define a pump working chamber 4. The
      pump working chamber 4 is supplied with fuel through a respective one of a
      plurality of longitudinal grooves 5 provided in the outer cylindrical face
      of the pump piston 3 and a bore 6 traversing the housing 1 and leading
      from a suction chamber 7. The fuel is supplied to the working chamber 4
      during the suction strokes of the piston 3 and while it occupies its
      bottom dead-center position. During the pressure stroke of the piston 3
      and upon a corresponding rotation of the piston 3, the bore 6 is closed,
      or hydraulically disconnected from the grooves 5. Under these conditions,
      the fuel present in the pump working chamber 4 is fed to a longitudinal
      bore 8 in the piston 3. From the longitudinal bore 8 the fuel is further
      fed through a branching-off radial bore 9 and a longitudinal distributing
      groove 10, both formed in the wall of the pump piston 3, to one of several
      pressure conduits 11. From the respective conduits 11, the fuel is forced
      past a check valve 12 and discharged into a corresponding bore which leads
      to a corresponding fuel injection valve (not shown) of the internal
      combustion engine. There are, of course, as many conduits 11 and
      corresponding bores, distributed about the circumference of the housing 1,
      as cylinders of the internal combustion engine.
PAR  The suction chamber 7 is provided with fuel through a delivery pump 13 from
      the fuel tank 14. The pressure in the suction chamber 7 is regulated in
      accordance with rpm by means of a pressure control valve 15 in a manner
      known per se so that when the rpm increases, the pressure in the suction
      chamber 7 also increases.
PAR  The piston 3 is provided with a slidable annular control sleeve 16 which
      controls, during the pressure stroke, the extent to which a radial bore 17
      will open and thereby determine the ending of a fuel delivery period, and
      thus the delivered fuel quantity. This control effects the returning of
      excess fuel from the working chamber 4 back into the suction chamber 7.
PAR  The control sleeve 16 is displaced by an intermediate lever 18 which pivots
      about a pivotal axis defined by a shaft 19.
PAR  A centrifugal governor 20 serving as an rpm signal generator acting on the
      intermediate lever 18 works against the force of a regulator spring
      assembly 21. The centrifugal governor 20 is driven by conventional driving
      means (not shown) according to the rpm of the piston 3, with which the
      regulator is coupled by conventional motion transfer means (not shown).
      The governor 20 has a carrier 22 on which there are arranged centrifugal
      weights 23. The centrifugal weights 23 are acted upon by centrifugal force
      and displace a governor sleeve 24 which contacts the intermediate lever 18
      and acts against the force of the regulator spring assembly 21. The
      governor sleeve 24 is closed on its frontal side positioned opposite the
      intermediate lever 18 and is sealingly slidable by the centrifugal weights
      23 on an axial guide shaft 25, which is an extension of the drive shaft of
      the centrifugal governor. However, the guide member may also be a fixedly
      positioned shaft if the centrifugal weight carrier 22 for the weights were
      driven by gears. Between the guide shaft 25 and the governor sleeve 24
      there is a confined working chamber 26 which is connected through a
      throttle aperture 27, at the closed end of the governor sleeve 24, with
      the suction chamber 7. The working chamber 26 further has a bypass
      connection to the suction chamber 7 in the shape of a relief aperture 29
      in the cylindrical wall of the governor sleeve 24. The relief aperture 29
      is closed by the guide shaft 25 as long as the governor sleeve 24 is in
      its starting position shown in FIG. 1. Upon a certain control of the
      governor sleeve 24 against the force of the regulating spring assembly 21,
      the relief aperture 29 is opened through the frontal edge 30 of the guide
      shaft 25.
PAR  In order to have a substantially frictionless and momentum-free transfer of
      movement of the centrifugal governor, the governor sleeve 24 engages the
      intermediate lever 18 via a sphere 31 installed in the intermediate lever
      18 opposite the upper end of the guide shaft 25. The intermediate lever 18
      is provided with a spherical head 32 at the end adjacent to the control
      sleeve 16, the spherical head 32 interlocks in the complemental depression
      33 provided in the control sleeve 16. During the reciprocal movement of
      the intermediate lever 18, the control sleeve 16 is axially displaced on
      the piston 3 and thereby the timing is also changed upon opening the
      traverse bore 17 during the pressure stroke movement of the piston 3 and
      thereby the fuel feed into the pressure conduits 11 is interrupted. The
      further up the control sleeve 16 is displaced, the greater is the fuel
      quantity fed by the injection pump. A displaceable full load stop member
      34 is provided for limiting the pivotal movement of the intermediate lever
      18. Preferably the stop member is a screw with a cam 35 at one end. When
      the maximum permissible feed quantity is reached, movement of the
      intermediate lever 18 is stopped by the cam 35 carried by the stud 34. The
      cam, being rotatable by the threaded stud 34, can be adjusted to fix the
      stud stopping point.
PAR  The closure of the control sleeve 16 by the intermediate lever 18 is also
      controlled by the regulator spring assembly 21 in addition to the
      centrifugal governor 20. This regulating spring assembly 21 includes a
      tensioning spring 36 fastened at one end by a bolt 37 to a lever 38, which
      lever 38 is actuated by a control lever 39 and an interconnecting shaft 40
      for the purpose of alterably setting the pre-tensioning of the spring 36.
      At the other end of the spring 36 there is suspended a coupling member 41
      to which the tensioning spring 36 is connected. The coupling member 41
      extends through an aperture in the intermediate lever 18 and has a head
      42. The head 42 is provided with an idling spring 43 disposed about the
      head 42 and between the head 42 and the intermediate lever 18. The idling
      spring 43 functions together with the centrifugal governor 20 in the
      idling range and during the rpm increase or during the change of
      pretension on the regulating spring assembly 21. The idling spring 42 is
      compressed so far that the head 42 abuts the upper surface of the
      intermediate lever 18; thereupon only the tensioning spring 36 is
      operative.
PAR  In FIG. 2 the governor sleeve 24 is more clearly shown, its operation being
      set out below, reference also being made to other parts not shown in FIG.
      2, but shown in FIG. 1.
PAR  At a high load, i.e., at high pre-tension of the regulating spring assembly
      21, according to a full load adjustment on the control lever 39, the
      centrifugal weights 23 are not in the position to displace the governor
      sleeve 24 on the axial guide shaft 25 or to oscillate the intermediate
      lever 18. Only upon reaching a predetermined desired rpm are the
      centrifugal weights 23 displaced sufficiently enough to effect the
      position of the governor sleeve 24, thereby effecting a reduction of the
      fuel feed quantity. The rpm regulator regulates down. On the other hand,
      in the upper partial load range, at a lesser regulator spring pre-tension,
      the governor sleeve 24 can be displaced, whereby its movements, especially
      those which are caused by interference influence, are damped in such a
      manner that during every position movement the fuel must flow through the
      throttle aperture 27. From a certain control level onward, the frontal
      surface 30 of the driving shaft 25 releases the relief opening 29 so that
      from this point on no more throttling occurs between the working chamber
      26 and the suction chamber 7 of the to-and-fro flowing fuel quantities.
      Thus, no more damping of the governor sleeve 24 occurs.
PAR  In FIG. 3 is a graphical representation of a set of characteristic curves
      of an internal combustion engine equipped with the above described
      injection pump. The curves show the control path S of the control sleeve
      16 as a function of rpm and at various load conditions. The upper
      horizontal line corresponds to the full-load condition. The cross hatched
      area represents the damped load region. The non-cross-hatched area
      represents the undamped load region, the actual transition not in actual
      practice being as abrupt as the solid line beneath the cross-hatched area
      implies. Since the oscillations are primarily nuisance oscillations, an
      increasingly greater proportion of the half-waves of these oscillations is
      damped in the transition region between the damped and undamped regions
      shown in FIG. 3.
PAR  While the development of the governor sleeve 24, according to FIG. 2,
      effects damping in the upper load range, as can be seen from FIG. 3, it is
      possible to obtain damping in the lower load range as may be seen from the
      corresponding diagram in FIG. 5, showing a set of characteristic curves of
      an internal combustion engine equipped with an injection pump having a
      governor sleeve arrangement as shown in FIG. 4.
PAR  In the exemplary embodiment of FIG. 4, an axial guiding shaft 25a of a
      centrifugal governor has an axial deadend bore 45 opening from a working
      chamber 26, which bore 45 is connected to a groove 47 in the outer surface
      of the guide shaft 25a, via a transverse bore 46. In the illustrated
      position of a governor sleeve 24, a relief aperture 29 opens into the
      groove 47. In displacing the governor sleeve 24, while the relief aperture
      29 remains in communication with the groove 47, the damping does not take
      place. Only when, by virtue of a further displacement, corresponding to a
      lower load condition, the relief aperture 29 is closed, the volumetric
      fluctuations of a working chamber 26, caused by the oscillating movements
      of the governor sleeve 24, are compensated for through a throttle aperture
      27, which effects a damping of the governor sleeve 24.
PAR  The exemplary embodiment of FIG. 6 shows a possibility with which several
      separated load ranges within one overall range may be provided with
      damping, the damped load ranges being graphically represented by the
      cross-hatched areas of FIG. 7. As an exemplary embodiment of FIG. 4, the
      guide shaft 25b has also an axial dead end bore 45 opening from a working
      chamber 46, from which two traverse bores 46a, 46b lead respectively into
      respective sleeve grooves 47a, 47b in the outer surface of the guide shaft
      25b. A relief aperture 29 is provided, this aperture corresponding to that
      shown in the governor sleeve 44 (FIG. 4), but in the embodiment of FIG. 6
      the outlet position may be closed, as in the arrangement shown in FIG. 2.
      This would produce a damping of the topmost load region as long as the
      relief aperture 29 is not connected with the sleeve groove 47b due to
      displacement of the governor sleeve 24. During further displacement of the
      governor sleeve 24, in accordance with the decreasing load, the relief
      bore 29 may come into communication with the sleeve groove 47b, thereafter
      be closed again, then come into communication with the sleeve groove 47a
      and thereafter be closed again. In this manner in the spaced damping
      regions, illustrated in FIG. 7 by the cross-hatched areas, certain load
      range conditions are achieved, which are extremely low, extremely high and
      of a limited range, separate from both the other damped ranges.
PAR  In the exemplary embodiments of FIGS. 4 and 6 a further gradation can be
      achieved in that a frontal edge 30 of the guide shaft 25a or 25b is
      additionally used as the controlling edge for the relief bore 29. It is
      obvious from the exemplary embodiment of FIG. 6 that, even at starting
      position of the governor sleeve 24, the relief aperture 29 can be in
      communication with the sleeve groove 47b and thus the topmost load range
      is not checked.
PAR  The embodiment of FIG. 8 shows an alternative solution for the
      characteristics sought to be achieved by the exemplary embodiment of FIG.
      6. In this case a guide shaft 25a is similarly developed as the guide
      shaft 25a of FIG. 4, but it possesses a governor sleeve 24a having two
      relief bores 29a, 29b which are controlled via a sleeve groove 47. FIG. 9
      also shows by cross-hatching the damping associated with particular load
      ranges within an overall range, the non-cross-hatched areas in FIG. 8
      denoting the undamped ranges of the governor sleeve 24a. Thus, the
      governor sleeve 24a is not damped in the uppermost range and in a range
      above the lowest most range, and is damped in the lowermost range and over
      a range separated therefrom.
PAR  By means of the above-described exemplary embodiments of the invention the
      rpm regulator of an internal combustion engine, actuated by an injection
      pump, can be damped in a simple manner over different, predetermined load
      ranges.
PAR  Nuisance oscillations may thereby be eliminated which, particularly in
      these ranges, may cause damage to the parts and/or a faulty control.
PAR  It is to be appreciated that the foregoing description and accompanying
      illustrations are set out by way of example, not by way of limitation.
      Numerous other embodiments and variants are possible within the scope and
      spirit of the invention, the scope being defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an rpm regulator for use with a fuel injection pump associated with
      an internal combustion engine, said regulator including a housing within
      which a suction chamber is defined, an intermediate lever, a regulating
      spring means coupled to the intermediate lever, a guide shaft, a
      centrifugally operating governor sleeve positioned about the guide shaft
      and having its front end adjacent the intermediate lever for transmitting
      an rpm signal to the intermediate lever in opposition to a force exerted
      by the regulating spring means, and a working chamber defined by a space
      between an end of the guide shaft and the inside surface of the governor
      sleeve, the improvement comprising:
PA1  a. a throttle aperture formed in the wall of the governor sleeve for
      providing fluid communication between the working chamber and the suction
      chamber; and
PA1  b. at least one controllable relief bypass means connected to the governor
      sleeve for providing selective fluid communication between said working
      chamber and said suction chamber over a portion of the relative positional
      range of said governor sleeve with respect to said guide shaft whereby
      damping is effective over a predetermined load range.
NUM  2.
PAR  2. An improved rpm regulator according to claim 1, wherein said bypass
      means comprises at least one controllable relief aperture formed in the
      wall of said governor sleeve, relative axial movement between said guide
      shaft and said governor sleeve selectively closing said relief aperture
      under predetermined load conditions.
NUM  3.
PAR  3. An improved rpm regulator according to claim 2, wherein the guide shaft
      includes a longitudinal bore leading from said working chamber, at least
      one groove in the outer cylindrical surface of said guide shaft and a bore
      connecting said groove to said longitudinal bore, and wherein said relief
      aperture is controlled via said groove.
NUM  4.
PAR  4. An improved rpm regulator according to claim 2 wherein the guide shaft
      has a frontal edge, and wherein said relief aperture is controlled by the
      frontal edge of said guide shaft.
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ABST
PAL  A fuel injection system for externally ignited internal combustion engines
      including fuel injection nozzles, a fuel distributor unit, a fuel supply
      circuit, and a control pressure circuit. The distributor unit includes
      metering valves, pressure valves and a first throttle which separates the
      fuel supply circuit from the control pressure circuit. At least one of the
      pressure valves is embodied as a differential pressure control valve which
      has one chamber connected to the first throttle and the control pressure
      circuit. The control pressure circuit includes the above-mentioned chamber
      of the differential pressure control valve, a magnetic valve, a storage
      element and a second throttle. With the system noted, the pressure
      difference across the metering valves may be varied by varying the
      pressure difference across the first throttle by means of the magnetic
      valve via the storage element and the second throttle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fuel injection system for externally
      ignited internal combustion engines.
PAR  The system comprises a distributor unit and metering valves wherein
      metering is effected with a constant pressure difference. The metering
      valves are displaceable in common so as to vary their flow passage section
      and regulate the quantity of fuel flowing to the injection nozzles. In the
      fuel flow downstream of each of the metering valves there is connected a
      valve, the flow passage section of which may be varied by a flexible
      member separating two chambers, in the first chamber of which the pressure
      urges the flexible member in an opening direction. At least one of the
      valves, downstream of the metering valves, is in the form of a constant
      pressure valve, while at least one valve is in the form of a differential
      pressure control valve, the first chamber of which communicates with the
      second chamber of each constant pressure valve.
PAR  The purpose of the above-mentioned type of injection system is to obtain a
      corresponding change in the flow passage section of the metering valves
      with the regulated fuel quantity corresponding to the operating conditions
      of the engine acting on the metering valve and by means of as constant a
      pressure drop as possible through this flow passage section resulting in a
      uniform, exact metering of fuel as a function of the magnitude of the flow
      passage section, and with such metering being independent of the pressures
      downstream or upstream of the metering point.
PAR  In the known injection systems of this type the fuel for the individual
      cylinders of the engine is metered collectively by a leading edges of a
      servo valve spool at different control slots. While metering is carried
      out, a constant pressure difference is maintained which is
      electromagnetically varied as a function of the engine characteristics by
      means of a differential pressure control valve. However, this necessitates
      a relatively high construction cost.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a fuel
      injection system of the known type which is inexpensive to produce while
      yet achieving the requirements of such injection systems.
PAR  It is another object of the present invention to provide a fuel injection
      system including a control pressure circuit and a throttle which together
      can control the pressure difference across the metering valves of the
      system.
PAR  These and other objects are achieved according to the present invention in
      that between the fuel supply line and a control pressure circuit there is
      disposed a first throttle and downstream thereof the second chamber of the
      differential pressure control valve and in that the pressure difference
      across the metering valves may be varied by changing the pressure
      difference across the first throttle by means of a magnetic valve via a
      storage element and a second throttle.
PAR  An advantageous feature of the present invention consists in that the
      storage element, the second throttle and the magnetic valve are connected
      in series in the control pressure circuit and a third throttle is disposed
      parallel to the magnetic valve.
PAR  Another advantageous feature of the present invention consists in that the
      constant pressure valve is in the form of a flat seat valve comprising a
      membrane as the flexible member.
PAR  A further advantageous feature of the present invention consists in that
      the differential pressure control valve is in the form of a flat seat
      valve comprising a membrane as the flexible member, this membrane being
      urged in the opening direction by a spring having a flat characteristic.
PAR  Other objects, features and advantages of the present invention will be
      made apparent in the following detailed description of a preferred
      embodiment thereof which is provided in conjunction with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates in cross section and schematically a portion of the
      embodiment of the fuel injection system according to the present
      invention.
PAR  FIG. 2 is a cross sectional view taken along the line II--II in FIG. 1.
PAR  FIG. 3 is a diagrammatic view of the embodiment of the fuel injection
      system according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment of the fuel injection system or distributor unit
      represented in FIGS. 1, 2 and 3, a housing 1, an intermediate plate 2 and
      a base closure 3 are axially tightened together by means of bolts 4.
      Between the housing 1 and the intermediate plate 2 there is clamped a
      membrane 5 which serves as the membrane for the membrane valves formed
      with the chambers or axial bores uniformly distributed about the center
      axis of the housing 1. The distributor unit shown is intended for a
      four-cylinder internal combustion engine and therefore has four membrane
      valves, one of which is in the form of a differential pressure control
      valve 6 and the other three of which are in the form of constant pressure
      valves 7. In the case of each of these valves the membrane forms a flat
      seat valve with a fixed valve seat 8. The valve seat 8 is held in a valve
      seat holder 9 which is threadedly secured in the housing 1. The valve seat
      holder 9 serves as a connecting part for lines 10 leading to the injection
      nozzle 11. A coil spring 12, the characteristic of which has as flat a
      course as possible, rests on the valve seat holder 9 of the differential
      pressure control valve 6. This coil spring 12 urges the membrane 5 via a
      spring plate 13 in the opening direction such that the differential
      pressure control valve 6 is open when inoperative. The membrane 5 both
      separates a first chamber 14 of the differential pressure control valve 6
      from a second chamber 15 and also the first chambers 16 of the constant
      pressure valves 7 from the second chambers 17 thereof. A conduit 18 leads
      from the first chamber 14 of the differential pressure control valve 6 to
      the second chamber 17 of a constant pressure valve 7. The second chambers
      17 of the constant pressure valves 7 are interconnected via an annular
      conduit 19.
PAR  Fuel is drawn from a fuel container 24 by a pump 23. The pump 23 is driven
      by an electromotor 22. The fuel is supplied via a line 25 and a first
      throttle 26 to the second chamber 15 of the differential pressure control
      valve 6. A line 27 branches off from the line 25. A pressure limiting
      valve 28, which allows fuel to flow back into the fuel container 24 when
      there is excessive pressure in the system, is connected in the line 27.
PAR  In an axial bore 30 of the distributor unit there is disposed a bearing
      sleeve 31. The bearing sleeve 31 is secured against displacement and
      rotation by means of an elastic packing sleeve 32, which may be made of
      rubber. The packing sleeve 32 is axially compressed by means of a plug 33
      urging it against the base closure 3. This also ensures that no fuel will
      leak between the bearing sleeve 31 on the one hand and the housing 1 and
      the intermediate plate 2 on the other hand.
PAR  A servo valve spool or metering plunger 36 slides axially against the force
      of a spring 35. The spool 36 defines an annular groove 37. Pressure fluid
      could also be used in place of the spring 35 to cause a restoring force to
      act on the servo valve spool 36. The pressure fluid acting on the servo
      valve spool 36 would be controlled by a hydraulic control pressure system
      (not shown). In the bearing sleeve 31 are disposed longitudinal grooves 38
      which communicate with the inner bore of the bearing sleeve 31 via
      identical axially parallel longitudinal metering or control slots 39.
      Depending on the position of the servo valve spool 36, the annular groove
      37 controls a longer or shorter portion of the control slots 39. A fuel
      supply line 40 establishes a continuous communication between the annular
      groove 37 and the line 25. The longitudinal grooves 38 of the bearing
      sleeve 31 communicate with the first chamber 14 of the differential
      pressure control valve 6 or the first chambers 16 of the constant pressure
      valves 7 via channels 43. A longitudinal groove 38 with its control slot
      39 is associated with each valve, and the first chambers 14 and 16 are
      separated from one another.
PAR  The first throttle 26 separates the fuel supply line 40 from a control
      pressure circuit 44 in which the second chamber 15 of the differential
      pressure control valve 6, a storage element 45, a second throttle 46 and a
      magnetic valve 47 are disposed in series. A third throttle 49 is disposed
      in a line 48 parallel to the magnetic valve 47. When the magnetic valve 47
      is closed, the fuel from the control pressure circuit can flow through the
      throttle 49 via a return line 50 back to the fuel container 24.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  The fuel delivered by the pump 23 is supplied via the line 25 and the first
      throttle 26 to the second chamber 15 of the differential pressure control
      valve 6. From the line 25 the fuel flows also via the fuel supply line 40
      into the annular groove 37 of the servo valve spool 36. The servo valve
      spool 36 can be displaced in an axial direction, for example, by means of
      an air measuring element (not shown), so that the annular groove 37 opens
      the control slots 39 to a greater or lesser extent. From the annular
      groove 37 the fuel metered by the control slots 39 flows into the
      longitudinal grooves 38 and from there via channels 43 to the first
      chamber 14 of the differential pressure valve 6 and the first chambers 16
      of the constant pressure valves 7. The first chamber 14 of the
      differential pressure valve 6 communicates with the second chambers 17 of
      the constant pressure valves 7 via the conduit 18, the second chambers 17
      being interconnected by the annular conduit 19.
PAR  The stiffness of the membrane and the force of the spring 12 of the
      differential pressure control valve 6 are designed in such a manner that
      in case of a deviation from a predetermined pressure drop between the
      first chamber 14 and the second chamber 15, the flow passage section
      between the membrane and the valve seat continuously changes until said
      predetermined pressure drop is again obtained. By virtue of the valve
      structure described hereinbefore, this is accomplished in an extremely
      short time as even a small displacement of the membrane changes said flow
      passage section substantially. Because of the small displacement of the
      membrane 15, the force of the spring 12 only changes slightly and
      consequently control of the pressure drop proceeds in a very accurate
      manner.
PAR  The throttling of the fuel at the control slots 39 is practically uniform
      and thus a virtually uniform fuel pressure prevails in the first chamber
      14 of the differential pressure control valve 6 and the first chambers 16
      of the constant pressure valves 7. By virtue of the communication between
      the first chambers 14 of the differential pressure control valve 6 and the
      second chambers 17 of the constant pressure valves 7, the fuel pressure in
      these chambers is virtually identical with that in the chambers 16, even
      in the controlled state. The use of constant pressure valves offers the
      advantage that only the spring 12 of the differential pressure control
      valve 6 has to be selected to obtain the desired pressure difference at
      the metering valve 37, 39 and it is not necessary to adjust the individual
      constant pressure valves.
PAR  To adapt the fuel-air mixture to the operating conditions of the internal
      combustion engine, it may be necessary to change the pressure difference
      across the metering valves 37, 39. The differential pressure across the
      metering valves 37, 39 can preferably be regulated and adjusted in common
      with the pressure in the control pressure circuit 44. In the present
      embodiment the differential pressure is changed across the metering valves
      37, 39 by changing the differential pressure across the first throttle 26,
      thus varying the quantity of fuel flowing through the first throttle. The
      quantity of fuel flowing through the first throttle 26 can be varied by
      virtue of the fact that a second throttle 46 and a magnetic valve 47 with
      a third throttle 49 disposed parallel therewith are connected after the
      first throttle in the control pressure circuit 44. When the magnetic valve
      47 is closed, the quantity of fuel flowing through the first throttle 26
      is determined by the throttles 26, 46 and 49. The quantity of fuel flowing
      in the control pressure circuit when the magnetic valve 47 is open is
      determined only by the throttles 26 and 46. This results in a reduced
      throttling action and an increased pressure difference across the first
      throttle 26. Thus, the pressure difference across the metering valves 37,
      39 is also increased. The pressure difference across the first throttle 26
      can be changed by varying the duration of opening of the magnetic valve 47
      relative to the duration of closing of the same. With a continuously
      closed magnetic valve 47 there is obtained a minimal pressure difference
      and a low fuel-air mixture and with a continuously open magnetic valve 47
      the pressure difference is greatest and the fuel-air mixture richest.
PAR  This type of differential pressure alteration as a function of the
      characteristic data of the engine does not mean that the differential
      pressure across the metering valve should be constantly changed but that
      the differential pressure is only to be changed thereby to another value
      and then kept constant at this value.
PAR  The control pulses are supplied to the magnetic valve 47 through the
      characteristic data of the engine, either measured electronically or
      converted into electrical quantities, influencing the opening duration via
      an electrical control device. For example, control can be effected by
      means of the oxygen content in the exhaust gas, a so-called oxygen sensing
      element being disposed in the exhaust gas line of the internal combustion
      engine.
PAR  The storage element 45 is disposed between the second chamber 15 of the
      differential pressure control valve 6 and the second throttle 46 in the
      control pressure circuit 44 to absorb pressure surges.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuel injection system for externally ignited internal combustion
      engines comprising: a plurality of fuel injection valves; a distributor
      unit; means including a fuel supply line for supplying fuel to the
      distributor unit; and means connecting the injection valves to the
      distributor unit, the distributor unit including: a plurality of metering
      valves which are displaceable in common to vary their flow passage section
      and which regulate the quantity of fuel flowing to the injection valves,
      the metering operation being carried out with a constant pressure
      difference; an equal plurality of pressure valves, at least one of which
      is in the form of a differential pressure control valve and the remainder
      of which are in the form of constant pressure valves; and means connecting
      the pressure valves to respective ones of the metering valves, said
      pressure valves being located in the fuel flow downstream of the metering
      valves, the pressure valves each including: a first chamber; a second
      chamber; and a flexible member separating the first chamber from the
      second chamber, said flexible member serving to vary the flow passage
      section of its pressure valve, said pressure valves being arranged so that
      the pressure of the fuel downstream of the metering valves is communicated
      to the first chambers of the pressure valves which tends to urge the
      flexible member of the respective pressure valve in an opening direction
      and so that the first chamber of the differential pressure control valve
      communicates with the second chambers of the constant pressure valves, the
      improvement comprising:
PA1  a. a first throttle; and
PA1  b. a control pressure circuit including the second chamber of the
      differential pressure control valve, a magnetic valve, a storage element
      and a second throttle wherein:
PA2  i. the first throttle is disposed between the fuel supply line and the
      control pressure circuit;
PA2  ii. the first chamber of the differential pressure control valve is
      disposed downstream of the first throttle; and
PA2  iii. the pressure difference across the metering valves may be varied by
      varying the pressure difference across the first throttle by means of the
      magnetic valve via the storage element and the second throttle.
NUM  2.
PAR  2. The fuel injection system as defined in claim 1, wherein the storage
      element, the second throttle and the magnetic valve are connected in
      series in the control pressure circuit.
NUM  3.
PAR  3. The fuel injection system as defined in claim 2, wherein the control
      pressure circuit further includes a third throttle disposed in parallel
      with the magnetic valve.
NUM  4.
PAR  4. The fuel injection system as defined in claim 1, wherein each constant
      pressure valve is in the form of flat seat valve having a membrane as the
      flexible member.
NUM  5.
PAR  5. The fuel injection system as defined in claim 1, wherein the
      differential pressure control valve is in the form of a flat seat valve
      having a membrane as the flexible member, said membrane being urged in the
      opening direction by a spring having a flat characteristic.
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ABST
PAL  In a centrifugal rpm regulator for fuel injected internal combustion
      engines, a fuel quantity control rod is provided which receives the forces
      associated with the displacements of an adapter sleeve which, in turn, is
      displaceable under the influence of centrifugal flyweights and as a
      function of engine rpm. The regulator also includes an idling control
      spring, a maximum rpm control spring and an adapter stop having an
      adaptation spring, with the adapter sleeve comprising two mutually
      coaxially disposed portions and an intermediate spring therebetween. The
      pretension force of the intermediate spring is greater than the maximum
      force of the idling control spring and the pretension force and spring
      stiffness of the intermediate spring are smaller than the pretension force
      and spring stiffness of the adaptation spring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a centrifugal rpm governor, and in
      particular to a centrifugal rpm governor or regulator for fuel injected,
      internal combustion engines, especially diesel engines. Centrifugal rpm
      regulators of the type under consideration are provided with an adapter
      member (adapter sleeve) that is slidable under the influence of flyweights
      and in dependence on the rpm of the engine and in opposition to the force
      of idling and maximum rpm control springs. The adapter sleeve transmits
      its regulatory motions to a fuel supply quantity setting member which sets
      the fuel supply quantity of the fuel injection pump, this transmission
      taking place via at least one two-armed intermediate lever whose pivoting
      point is adjustable in dependence on the pivoted position of an operating
      lever. The excursion of the fuel quantity setting member in the direction
      of an increasing fuel supply quantity is limited by an adjustable stop
      equipped with a cam plate, which, in turn, is adjustable in dependence on
      engine rpm, the cam plate being adapted to determine the maximum fuel
      supply quantity. The stop is fastened by a stud to the regulator housing
      and is coupled with the adapter member via at least one control lever. The
      adapter member essentially comprises two mutually coaxially disposed
      portions, one a transmission member and the other a setting member which
      are held in their initial position by an intermediate spring installed
      between the two portions. The transmission member is coupled to the stop
      and the setting member is coupled to the intermediate lever. After
      performing an idling stroke, in opposition to the force of the idling
      control spring, the setting member encounters a stroke limiter which is
      influenced by the effective force of the top (maximum) rpm control spring.
      An energy storage mechanism is tensioned as soon as and as long as the
      intermediate lever attempts to move the fuel supply quantity setting
      member beyond the stop.
PAR  2. Description of the Prior art
PAR  A known centrifugal force rpm governor of the above-described construction
      operates as an idling rpm and maximum rpm regulator in which the position
      of the injection pump control rod, which serves as the fuel supply
      quantity setting member, is adjustable in dependence on the pivotal
      position of an operating lever. Further, a particular idling rpm,
      determined by an idling control spring, is maintained by control; and a
      maximum rpm, determined by a top rpm control spring, is limited. Still
      further, in the region between the idling rpm and the top rpm, the maximum
      fuel supply quantity is adapted to the full-load characteristics of the
      engine by an adjustable stop coupled to a transmission member of an
      adapter sleeve of the regulator. This process is known as a so-called
      "adaptation process." A cam plate disposed on the stop permits any desired
      process of adaptation, i.e., the fuel supply quantity of the injection
      pump can be altered in dependence on the rpm, both in the direction of an
      increasing, as well as in the direction of a decreasing, fuel supply
      quantity.
PAR  In this known centrifugal force rpm governor, the rpm-dependent path of the
      transmission member is determined by the pretension and the spring
      stiffness of an adaptation spring disposed between the transmission member
      and the setting member of the adapter sleeve. The utility of this governor
      is limited by the space available for installing the spring which itself
      is defined by the size of the adapter sleeve. Furthermore, an exchange of
      the adaptation spring, for example, or a change of the pretension or of
      the maximum path of the spring is possible only by substantial disassembly
      of the adapter sleeve and of other structural members of the regulator.
      The latter structural members include the idling and top rpm springs.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a centrifugal rpm governor
      of the type described above in which the characteristics of the adaptation
      spring and the spring path can be changed independently of the structural
      size of the adapter sleeve and where this may occur without influencing
      the setting of the idling control spring and top rpm control spring and
      without the disassembly of important structural members of the regulator
      which determine the fundamental setting of the regulator.
PAR  This object and others are accomplished according to the present invention
      in that a stroke limitation is performed in a per se known manner by an
      unyielding part of a support lever which is pivotable about a fixed point
      in the regulator housing and which abuts against a stop, integral with the
      housing, under the influence of the force of the top rpm control spring.
      Furthermore, the idling control spring has an adjustable counterbearing
      which is disposed within the support lever but displaced parallel with
      respect to the axis of the adapter member, with the pretension force of
      the intermediate spring being greater than the maximum force of the idling
      control spring and with the pretension force and spring stiffness of the
      intermediate spring being smaller than the pretension force and spring
      stiffness of an adaptation spring which affects a yielding adaptation
      stop, known per se, and inserted in the support lever coaxially with the
      adapter member against which the transmission member abuts at the end of
      the idling stroke. By the combination of the previously-cited
      characteristics, together with those of the regulator cited at the outset
      that operates as an idling and top rpm regulator, the objects are achieved
      with surprising success.
PAR  According to one preferred embodiment of the present invention the setting
      member is guided within the transmission member and has a connecting
      member coupled to the intermediate lever and extends through at least one
      opening in the wall of the transmission member. An advantageous further
      embodiment of the present invention is achieved in that the connecting
      member consists of at least one lateral bolt guided in a guide slot
      disposed within the support lever and whose end opposite the adapter
      member forms the stroke limitation for the idling stroke.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view in elevation illustrating a longitudinal section
      through a centrifugal rpm governor according to the present invention; and
PAR  FIG. 2 is a cross-sectional view taken along the line II--II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1, there is shown a centrifugal rpm governor or
      regulator having a drive shaft 10 of an injection pump (not shown). Both
      the regulator and injection pump are used in conjunction with an internal
      combustion engine. The regulator includes a centrifugal governor 11 which
      is mounted on the shaft 10. The governor 11 is provided with pivotably
      mounted flyweights 12 with arms 13 that engage a front surface 14 of a
      thrust bearing 15. The thrust bearing 15 is mounted on the end 16a of a
      cylindrical extension of an adapter sleeve 16 serving as a control member.
      The thrust bearing 15 serves to transmit the adjustment forces of the
      flyweights 12 to the adapter sleeve 16. The adapter sleeve 16 consists
      essentially of two mutually coaxial portions, a transmission member 17 and
      a setting member 18. The setting member 18 is slidably mounted within a
      bore 19 of the transmission member 17 and is held in the installation
      position shown in FIGS. 1 and 2 by an intermediate spring 21. The
      intermediate spring 21 is supported on the one hand by a shoulder 22 in
      the bore 19 and on the other hand by one axial end surface of the setting
      member 18. The setting member 18 includes another axial end surface 23
      which is pressed against a snap ring 24 inserted in the transmission
      member 17 to serve as a position limiter for the setting member 18. The
      setting member 18 is equipped with a transverse bolt 25 inserted
      transversely to its longitudinal axis. The transverse bolt 25 is fixed
      against rotation and includes two ends 25a and 25b which extend beyond the
      periphery of the adapter sleeve 16. This is made possible by openings 26
      in the form of longitudinal slots machined into the wall of the
      transmission member 17. The openings 26 are open in the direction of the
      end 16b  of the adapter sleeve 16, for the purpose of installing the
      setting member 18. These openings are long enough to enable a yielding
      motion, which will be described below, of the setting member 18 in
      opposition to the force of the intermediate spring 21.
PAR  The end 16a of the adapter sleeve 16 is slidably carried on a cylindrical
      guide or boss 27 of the drive shaft 10, while the guidance of the other
      end 16b of the adapter sleeve 16 is accomplished by the transverse bolt
      25. The two ends 25a and 25b are guided in guide slots 28 of a support
      lever 29. The guide slots 28 are machined into mutually parallel guide
      arms 29a of the support lever 29, which, in turn, laterally envelop the
      adapter sleeve 16. The closed end 28a of the guide slots 28 serve as
      stroke limiters for the idling stroke of the regulator. The idling stroke
      is determined by the stroke of the transverse bolt 25 and is designated in
      FIG. 1 by a. The idling stroke a is transversed in opposition to the force
      of an idling control spring 31, embodied as a leaf spring, which is
      fastened to an extension 29b of the support lever 29 by means of a bolt
      32. The support lever 29 carries an adjustable counter support bearing 33
      embodied as a screw bolt which is adjustable for the purpose of changing
      the pretension of the idling control spring 31. The bolt 33 is screwed
      into the support lever 29 parallel too the axis of the adapter sleeve 16.
      The idling control spring 31 has an end 31a which is formed into the shape
      of a fork which embraces the transmission member 17 and which is engaged
      with the adapter sleeve 16 via the transverse bolt 25 (see especially FIG.
      2). This arrangement of the idling control spring 31 has the advantage
      that when the idling stroke a has been traversed, it is not further moved
      during the remaining regulatory motions of the centrifugal rpm governor
      and hence is made inactive.
PAR  The support lever 29 is pivotably mounted to a housing 35 of the regulator
      by a bolt 34. The support lever 29 is influenced by the effect of the
      force of a top rpm control spring 36 supported on the one hand by the
      support lever 29 and on the other hand by an adjustable counterbearing 37
      screwed into the regulator housing 35 and held in the adjusted position by
      a lock nut 38. Through the effect of the force of the top rpm control
      spring 36, the end 29c of the support lever 29 is pressed against a stop
      39 fixed to the housing 35. The stop 39 is formed by the face of a stop
      screw 41 screwed into the regulator housing 35. In this way, the support
      lever 29 is held in its vertical normal position, as shown, until such
      time as a force deriving from the flyweights 12 and exerted by the adapter
      sleeve 16 on the support lever 29 is greater than the force of the top rpm
      control spring 36.
PAR  A lever 42 is connected on one end 25a of the transverse bolt 25 so that it
      will not rotate (FIG. 2), and together with the transverse bolt 25 forms a
      connecting member 43 which is mediately coupled to an intermediate lever
      45 through the intermediate action of a motion regersing lever 44. The
      intermediate lever 45 is embodied as a slotted lever. The motion reversing
      lever 44 serves only and in a known manner for the reversal of motion of
      the intermediate lever 45 and is carried by a bolt 46 in the regulator
      housing 35. If this motion reversal is not desired, the transverse bolt 25
      can also be coupled directly and pivotably with the intermediate lever 45.
      One arm of the motion reversing lever 44 has a bolt 47 which engages a
      guide slot 48 (FIG. 1) in the lever 42, while the other lever arm of the
      reversing lever 44 is pivotably connected with the intermediate lever 45
      via a connecting bolt 49.
PAR  The intermediate lever 45 is embodied in a known manner as a two-armed
      slotted lever having a pivot stud 52 guided in a guide slot 51; the
      position of the stud 52 is changeable depending on the pivotal position of
      an operating arm 53 for changing the fuel supply quantity to be set by a
      control rod 54 serving as a fuel quantity adjustment member. The stud 52
      extends in a known manner from a guide lever 55 which, in turn, is
      connected with the operating arm 53 via an adjustment shaft 56 mounted in
      the regulator housing 35. The control rod 54 and the intermediate lever 45
      are connected with one another via a tab 58 equipped with an energy
      storing mechanism 57.
PAR  The energy storing mechanism 57 is equipped with a compression spring 59
      and permits a further movement of the tab 58 and therefore also of the
      intermediate lever 45 in both of two possible directions of motion, i.e.,
      whenever the control rod 54 is prevented from further motion, either in
      the direction of arrow V for controlling the maximum fuel supply quantity
      or in the direction of arrow S in the stop position.
PAR  Mounted on that end of the control rod 54 which extends into the regulator
      is a pin 61 which engages a slot 62 formed in one end of a stop lever 63.
      The stop lever 63, in the exemplary embodiment shown, is a two-armed lever
      mounted by a stud 60 to the housing 35. The stud 60 defines a pivot axis
      which is adjustable in the direction of the axis of the regulator. The
      stop lever 63 is equipped at its other end with a cam follower nose 64
      which engages a cam plate 65 of a stop 66. The nose 64 engages the stop 66
      during motions of the control rod 54 in the direction of maximum fuel
      supply (in the direction of arrow V) and in this way the stop 66 controls
      the maximum fuel supply quantity to be supplied which, in turn,
      corresponds to the curved cam surface 67 of the cam plate 65. This control
      of the full-load supply quantity of the injection pump is known as
      so-called "adaptation". The cam plate 65 is attached at points 68 to a
      motion transfer plate 69 of the stop 66, and the motion transfer plate 69
      is rotatably mounted to the housing 35 by a stud 71. The motion transfer
      plate 69 includes an engaging slot 72 within which a pin 73 is received.
      The pin 73 is mounted to a guide lever 74 which, in turn, is pivotably
      mounted by a stud 75 to the housing 35. The guide lever 74 engages a stud
      76 with its fork-shaped end 74, the stud 76 being fixedly connected by a
      tab 77 with the transmission member 17 of the adapter sleeve 16. During
      the motions of the transmission member 17, which serves as an adaptation
      sleeve in a manner further described below, the guide lever 74 and hence
      the stop 66 is pivoted or turned from the position shown into a position
      corresponding to the position of the displaced transmission member 17.
PAR  As an extension of the axis of the adapter sleeve 16, an elastically
      yielding adaptation stop 78 is inserted in the support lever 29. The
      essential structural member of the stop 78 is a stop pin 79 (see also FIG.
      2) which is acted upon by an adaptation spring 81. The adaptation spring
      81 is supported on the one hand against a shoulder 82 of the stop bolt 79
      and on the other hand mediately against a bottom surface 83 of a bore 84,
      which serves for guiding the stop bolt 79. The bore 84 is machined into a
      threaded bushing 85. A disc 86 disposed between the adaptation spring 81
      and the bottom surface 83 of the bore 84 serves for adjusting the
      pretension of the adaptation spring 81. The stop bolt 79 is held in its
      installed position by a snap ring 87 and the stroke b, controllable by the
      adaptation stop 78, can be adjusted by exchanging a disc 90 for another
      having a different thickness.
PAR  The idling stroke a of the regulator is so adjusted that it is equal to the
      distance of the transverse bolt 25 from the closed ends 28a (stroke
      limit). The face of the stop bolt 79 facing toward the adapter sleeve 16
      is designated with the numeral 88 in FIG. 2. The face of the transmission
      member 17 lying opposite face 88 is designated 89 and the distance between
      the two is set for purpose of setting the idling stroke a (FIG. 1) by
      rotating the threaded bushing 85 of the stop 78 within the support lever
      29. A removable cover 91 provides access to the adaptation stop 78 and
      therefore makes possible adjustment thereof or an exchange thereof without
      influencing other structural members. The removal of a closure screw 92
      permits access to the adjustable counterbearing 33 of the idling control
      spring 31.
PAR  It is a prerequisite for the desired operation of the centrifugal rpm
      governor according to the present invention that the pretension Pz of the
      intermediate spring 21 is greater than the maximum force P1.sub.max of the
      idling control spring 31; and that the pretension Pz and the spring
      stiffness Cz of the spring 21 are smaller than the pretension Pa and the
      spring stiffness Ca of the adaptation spring 81. The fact that the
      pretension Pz of the intermediate spring 21 is larger than the maximum
      force P1.sub.max of the idling control spring 31 has the effect that in
      the region of idling regulation, during which the adapter sleeve 16
      traverses the idling stroke a, the setting member 18 and the transmission
      member 17 act like a fixed member and, thus, the regulatory motions which
      are transmitted in the idling control region from the flyweights 12 via
      the arms 13 onto the adapter sleeve 16, are directly transmitted to the
      control rod 54 via the motion reversing lever 44, the intermediate lever
      45 and the tab 58. For regulating the idling rpm, the operating arm 53 and
      the guide lever 55 connected thereto have been pivoted by a small amount
      in the counterclockwise sense. With the connecting bolt 49 fixed, the
      intermediate lever 45 is also pivoted counterclockwise and moves the
      control rod 54 via the tab 58 by a correspondingly small amount in the
      direction of arrow V. When the engine is running, the adapter sleeve 16
      moves in the region of the idling stroke a and the fuel supply quantity
      corresponding to maintaining the idling rpm is controlled by the control
      rod 54 in a known manner. Because of the fact that the regulatory paths
      traversed by the control rod 54 during idling regulation are substantially
      smaller than the full-load regulatory path, the cam-follower nose 64 of
      the stop lever 63 does not contact the curved cam surface 67 of the stop
      66 in the above-described motion of the control rod 54. Thus the control
      rod 54 can move freely. In the centrifugal force rpm regulator according
      to the present invention, which operates as an idling and top rpm
      regulator, all the movable parts in FIGS. 1 and 2 are shown in that
      position which they occupy when the engine is standing still and the
      operating arm 53 is in the shutoff position.
PAR  Having described the operation of the regulator during idling rpm
      regulation, regulator operation when maximum power, i.e., full-load power
      is demanded from the engine, will now be considered.
PAR  For the purpose of controlling the full-load power of the engine and the
      corresponding full-load fuel supply quantity, the operating arm 53 and the
      guide lever 55 fixedly connected thereto are either pivoted from the
      previously-described idling position or from the illustrated shutoff
      position, in the counterclockwise sense, until the operating arm 53 abuts
      a known full-load stop (not shown). In this process, the intermediate
      lever 45 is pivoted about its connecting bolt 49 in such a way that it
      moves the tab 58 and thus moves the control rod 54 in the direction of
      arrow V. This motion of the control rod 54 terminates when the
      cam-follower nose 64 of the stop lever 63, which is pivotable about its
      pivot stud 60, abuts the curved cam surface 67. If the adapter sleeve 16
      is still in its illustrated position, then the energy storage mechanism is
      pretensed by an amount corresponding to the motion of the tab 58 caused by
      the intermediate lever 45 during the idling stroke a of the adapter sleeve
      16.
PAR  When, during increasing rpm, the adapter sleeve 16 has traversed the idling
      stroke a in opposition to the force of the idling control spring 31, then
      the face 89 abuts the face 88 of the stop bolt 79 of the adaptation stop
      78. During this process, the lever 42 connected with the setting member 18
      has moved the intermediate lever 45 through the action of the motion
      reversal lever 44, so that the energy storage mechanism 57 is relaxed
      again.
PAR  Depending on the shape of the curved cam surface 67, it might be necessary
      that an appropriate pretension of the energy storage mechanism 57 must be
      present for the equalization of path differences effected by the curved
      surface 67.
PAR  When the rpm increases further, the forces exerted by the adapter sleeve
      16, due to the centrifugal forces developed by the flyweights 12, are
      transmitted according to the present invention only by the transmission
      member 17 onto the adaptation stop 78 or its stop bolt 79. This occurs
      because after the idling stroke a has been traversed, the transverse bolt
      25 of the setting member 18 is held fast to the end 28a of the guide slot
      28 in the support lever 29. This separation between the setting member 18
      and the transmission member 17 makes possible a flawless idling and top
      regulating characteristic of the regulator. Thus, by pivoting the
      operating arm 53, any desired partial load position of the control rod 54
      can be set, independent of the prevailing rpm, in the region between the
      idling rpm and the top rpm to be limited. This is so because when the
      transverse bolt 25 has reached its stroke limit against the end 28a, the
      motion reversal lever 44 retains its position and thus the connecting bolt
      49 serves as a fixed pivotal point for the intermediate lever 45.
PAR  When the idling stroke a has been traversed, and the rpm increases, and if
      the setting member 18 remains stationary, only the transmission member 17
      moves in the direction toward the support lever 29 corresponding to the
      yielding movement of the stop bolt 79. During this process, the guide
      lever 74 turns stop 66 and the curved cam surface 67 of stop plate 65
      moves past the cam-follower nose 64 of the stop lever 63 connected to the
      control rod 54, and, depending on the shape of the curved cam surface 67,
      the control rod 54 is displaced in the direction of arrow V, i.e. in the
      direction of an increasing fuel supply quantity, or in the direction of
      arrow S, i.e. in the direction of a decreasing fuel supply quantity. The
      shape of the curved cam surface 67 shown in FIG. 1 is such that, during
      the adaptation stroke b of the stop bolt 79, it causes at first a
      decreasing and subsequently an increasing fuel supply quantity. During
      this adaptation regulation and when the intermediate lever 45 is
      stationary, the spring storage mechanism 57 is tensed and subsequently
      relieved. If an opposite adaptation process is desired, then the
      previously pretensed spring 59 of the energy storage mechanism 57 is first
      relieved and then tensed again.
PAR  During the further motion of the transmission member 17, which can also be
      designated as an adaptation sleeve, by an amount equal to the adaptation
      stroke b, the intermediate spring 21 is compressed if the setting member
      18 remains stationary and, at the same time, the adaptation spring 81
      yields by the same amount.
PAR  It is possible that the cam plate 65 can be equipped in a known fashion
      with an offset (not shown) for controlling a starting excess fuel quantity
      and, by an appropriate shaping of the curved cam surface 67, any desired
      adaptation process can be realized.
PAR  If, in a partially loaded or unloaded engine, during further increasing
      rpm, the maximum rpm determined by pretensioning of the top rpm regulating
      spring 36 is exceeded, which is equivalent to a sleeve path greater than a
      + b, then the support lever 29 is pivoted counterclockwise about its fixed
      point 34 by the adapter sleeve 16 in opposition to the force of the top
      rpm regulating spring 36.
PAR  Since the stroke limiter end surface 28a of the transverse bolt 25 of the
      setting member 18 is a fixed structural member of the support lever 29,
      the transverse bolt 25 also moves away from the drive shaft 10 by the same
      amount as the transmission member 17 abutting the stop bolt 79. During
      this motion of transverse bolt 25, the motion reversal lever 44, pivotable
      about pivotal axis 46, is so pivoted by means of the lever 42 connected to
      the transverse bolt 25 that its connecting pin 49 rotates the intermediate
      lever 45 clockwise about its pivot 52 and, through tab 58, it moves the
      control rod 54 in the direction of arrow S into a position in which the
      fuel supply quantity of the injection pump is reduced until it corresponds
      to the power demanded from the engine and the rpm is held within the
      P-region or until such time as the fuel supply is entirely shut off.
PAR  Thus, by using the previously-describedd centrifugal force rpm regulator,
      operating as an idling and top rpm regulator, and desired adaptation
      process can be controlled in an advantageous manner in the speed region
      between the idling rpm and the top rpm in which no regulatory motions take
      place otherwise. The adaptation stop 78, which influences the
      rpm-dependent course of the adaptation stroke b, is so disposed, according
      to the present invention, that it can be adjusted or exchanged
      independently of and without influence on the setting of the idling
      control spring 31 and of the top rpm control spring 36 and this setting or
      exchange can occur in an advantageous manner without influencing the
      installed position of any movable part of the regulator.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a centrifugal rpm regulator for fuel injection regulation for fuel
      injected internal combustion engines, especially diesel engines, including
      a housing mounting; centrifugal weight means, an adapter sleeve slidably
      displaceable under the influence of the centrifugal weight means as a
      function of engine rpm and in opposition to the force of an idling control
      spring and a maximum rpm control spring, at least one two-armed
      intermediate lever, an operating arm, a fuel quantity control member, the
      adapter sleeve transmitting the forces associated with its controlled
      motions resulting from its slidable displacement through the intermediate
      lever to the fuel quantity control member for adjusting the fuel quantity
      delivered by an injection pump used in conjunction with the governor, the
      intermediate lever having a pivot point which is changeable in dependence
      on the pivotal position of the operating lever, the movement of the
      control member being limited in the direction of increasing fuel supply by
      an adjustable stop means having a cam plate which determines the maximum
      fuel supply quantity, at least one control arm which couples the stop
      means with the adapter sleeve thus rendering the position of the cam plate
      adjustable in dependence on engine rpm, the adapter sleeve including a
      transmission member and a setting member forming two coaxially disposed
      portions and an intermediate spring therebetween which biases the
      transmission member and the setting member toward an initial position
      which they can assume, the transmission member being coupled to the stop
      means by the control arm and the setting member being coupled to the
      intermediate lever by connecting means, an energy storing mechanism
      mounted between the control member and the intermediate lever, the energy
      storing mechanism including a spring which is tensioned when the
      intermediate lever moves the control member beyond the stop means, and
      stroke limiting means which is effected by the force of the maximum rpm
      control spring, such that the setting member moves against the idling
      control spring during the idling stroke of the governor and engages the
      stroke limiting means at the completion of the idling stroke, the
      improvement comprising:
PA1  a. a support lever;
PA1  b. means pivotably mounting said support lever to the housing; and
PA1  c. a support lever stop mounted to the housing, wherein,
PA1  the maximum rpm control spring biases one end of the support lever against
      the support lever stop,
PA1  the support lever has a yieldable adapter stop means mounted at its other
      end to be coaxial with the adapter sleeve, the adapter stop means
      including an adaptation spring and an abutment surface against which the
      transmission member abuts at the end of the idling stroke of the governor,
PA1  the support lever has an adjustable counter bearing mounted between its two
      ends to extend in a direction parallel with respect to the axis of the
      adapter sleeve for engaging the idling control spring,
PA1  the pretension force of the intermediate spring is greater than the maximum
      force of the idling control spring, and
PA1  the pretension force of the intermediate spring and its spring stiffness
      are smaller than the pretension force and spring stiffness of the
      adaptation spring.
NUM  2.
PAR  2. The regulator as defined in claim 1, wherein the setting member is
      guided within the transmission member, wherein the transmission member has
      at least one opening therein, and wherein the connecting means coupling
      the setting member to the intermediate lever extends through said one
      opening.
NUM  3.
PAR  3. The regulator as defined in claim 2, wherein the connecting means
      includes at least one transversely extending bolt, wherein the support
      lever includes an extended arm portion having a slot therethrough, wherein
      the bolt extends through said one opening and said slot, and wherein an
      end wall of said slot defines the stroke limiting means.
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ABST
PAL  A centrifugal rpm regulator for the fuel injection pump of an internal
      combustion engine is equipped with a separate, independent, rpm-responsive
      adjustment mechanism which rotates a cam. This cam serves as the limiting
      stop for a lever which controls the injected fuel quantity and it
      determines the maximum injected fuel quantity. The cam is linked to a
      plunger which is actuated by rpm-dependent fluid pressure. Axial motion of
      the plunger results in rotation of the cam. The cam is mounted on a pin
      which is affixed eccentrically and adjustably within the regulator
      housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an rpm regulator for fuel injection pumps for use
      in internal combustion engines of the type which includes at least one
      intermediate control lever, one arm of which is engaged by a primary
      rpm-dependent governor mechanism acting in opposition to the arbitrarily
      variable force of a regulator spring and whose other arm is coupled to the
      fuel quantity setting member of the fuel injection pump. A stop, which is
      adjustable against the force of a spring by rpm-dependent means, limits
      the path of the fuel quantity setting member in the direction of
      increasing the delivered fuel quantity and determines the maximum fuel
      quantity supplied to the engine. The rpm-dependent means which sets the
      stop is actuated by control fluid whose pressure increases with increasing
      rpm and the adjustment of the stop is independent of the state of the
      primary rpm-dependent governor mechanism.
PAR  In the known rpm regulator of this type, the rpm-dependent fuel pump
      pressure sets a plunger provided with a cam plate against the force of an
      adapter spring, and one arm of a bell crank lever serves as a stop for the
      above mentioned intermediate lever, whereas the other arm of the bell
      crank lever follows the track of the cam plate. The construction of such a
      cam plate is relatively expensive however, and, furthermore, the bell
      crank lever and the control spring cause relatively high forces to be
      transmitted to the plunger.
PAR  As examples of known prior art devices owned by the assignee of this
      application, see Eheim, U.S. Pat. No. 3,635,603, issued Jan. 18, 1972 and
      also Eheim, U.S. Pat. No. 3,638,631, issued Feb. 1, 1972.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an rpm regulator for
      fuel injection pumps which does not have the above mentioned disadvantages
      and to construct it with simpler means than has heretofore been possible.
PAR  It is another object of the invention to provide a regulator in which the
      rpm-dependently controlled adaptation process takes place independently of
      the primary rpm regulation of the engine.
PAR  This object is achieved, according to the invention, by providing a cam
      which functions as a stop that can be rotated by an actuating crank
      coupled to a plunger. The plunger is acted upon by control fluid and
      against the force of at least one spring. In order to adjust the basic
      setting of the cam with which it becomes effective at a particular rpm and
      to adjust the setting beyond which no further change occurs, a preferred
      characteristic of the invention is that the initial and final positions of
      the plunger can be changed by at least one adjustable stop.
PAR  Another feature of the invention is that the pivotal axis of the cam and
      the pivotal axis of the intermediate control lever are changeable by means
      of eccentrically located, adjustable pivot pins. This feature provides
      another method for adjusting the basic setting of the cam.
PAR  A particularly favorable characteristic of the invention provides that the
      cam is an eccentrically positioned bolt. This provision makes possible an
      adjustment of the stop such that the full load fuel quantity can either
      increase or decrease with increasing rpm, depending on the initial, basic
      position of the eccentric bolt. This adjustment mechanism can be produced
      very simply.
DRWD
PAR  The invention will be better understood as well as further objects and
      advantages will become more apparent from the ensuing detailed
      specification of a preferred, although exemplary embodiment of the
      invention taken in conjunction with the drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of the drawing is a front elevational, partially
      sectional diagram of the rpm regulator according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A housing 1 (partially shown) of a fuel injection pump includes a bore 2
      containing a pump piston 3 which is driven in simultaneously rotating and
      axial motion by means which are not shown, and in opposition to the force
      of a return spring 4. The working chamber of this pump is supplied with
      fuel flowing from a suction chamber 7 through a bore 6 within housing 1
      and thence through a longitudinal groove 5 within the outer surface of the
      pump piston. Delivery of fuel to the working chamber of the pump takes
      place while the pump piston executes its suction stroke or while it
      occupies its bottom dead center position. When the piston has executed a
      certain part of its pressure stroke and after an appropriate rotation of
      the pump piston, the bore 6 is closed and the fuel remaining in the pump
      working chamber is delivered through an axial channel 8 extending within
      the pump piston, through a radial bore 9 and through a longitudinal
      distribution groove 10, located in the surface of the pump piston, to one
      of several pressure lines 11, whose terminations are distributed about the
      circumference of the bore 2, and each of which leads to a cylinder of the
      internal combustion engine (not shown).
PAR  Sliding on and coaxially with the pump piston 3 is a control sleeve 12
      which controls the opening of a radial bore 13 connected to the axial
      channel 8 and thus determines the quantity of fuel delivered during the
      pressure stroke of the piston. Once the radial bore 13 has been opened,
      fuel flows out into the suction chamber 7.
PAR  The control sleeve 12 is moved by an intermediate control lever 14 which is
      pivotable about a pin 15 eccentrically mounted on a shaft 16 held in the
      housing 1. Thus, when the shaft 16 is rotated, the location of the pin 15
      is changed. The lever 14 is engaged by a centrifugal mechanism 17 which
      serves as the rpm-dependent governor mechanism and operates against the
      force of a regulator spring 18. The carrier 19 for the flyweights 20 of
      the centrifugal mechanism is driven at the rpm of the pump. The
      centrifugal force causes the excursion of flyweights 20 which push a
      sleeve 21 engaging the lever 14. This motion is opposed by the force of
      the regulator spring 18 whose precompression can be arbitrarily changed by
      a rod 22 and which is positioned between that rod 22 and the lever 14.
PAR  One end of lever 14 is equipped with a spherical head 23 which engages a
      complementary cavity 24 for the purpose of shifting the control sleeve 12.
      The farther the control sleeve 12 is shifted upwardly, the greater is the
      fuel quantity delivered by the injection pump, because the radial bore 13
      is opened at a correspondingly later time during the pressure stroke of
      the pump piston and thus a larger portion of the fuel quantity within the
      pump working chamber is injected. This upper position of the control
      sleeve 12, which determines the maximum fuel quantity supplied, is
      determined by a stop 25 (full-load stop) for the lever 14. This full-load
      stop 25 is formed by a cam 27 which is rotatable about a pin 26. In the
      embodiment shown, this cam 27 is a bolt eccentrically mounted on the pin
      26. Similar to the mounting of the lever 14 on pin 15, this pin 26 is also
      eccentrically disposed on a shaft 28 held in the housing 1 so that, when
      the shaft 28 is rotated, the location of the pin 26 may be changed.
PAR  Rotating with cam 27 is a crank 30, coupled to a further pin 31 which
      engages a parallel linkage 32 located adjacent to the upper end of a
      plunger rod 33. The plunger rod is an extension of a plunger 35 which
      glides within a cylindrical bushing 36 screwed into the housing 1 by means
      of external threads 37. The bushing 36 is open at the end which extends
      into the housing and is provided there with a first fixed stop 38 for
      limiting the motion of plunger 35. The opposite part of the cylindrical
      bushing 36 extends out of the housing 1 and carries a closure cap 39 that
      is screwed onto the external threads 37. Disposed between the closure cap
      39 and the plunger 35 is a compression spring 40 which urges the plunger
      35 toward the first stop 38.
PAR  The depth to which the bushing 36 is screwed into the housing 1 determines
      the relative position of the first fixed stop 38 with respect to the pin
      26. When the desired depth is reached, the bushing may be secured in that
      position by a lock nut 42 which is advantageously screwed onto the end of
      the bushing 36 extending from the housing 1.
PAR  The cap 39 also serves as the second stop for the plunger 35 and it may be
      screwed onto the cylinder bushing to a depth which is changeable by the
      choice of an appropriate spacer disk 43 located between the lock nut 42
      and the cap 39. In order that the plunger 35 may be freely displaced
      against the compression spring 40, the space between piston 35 and cap 39
      is pressure-relieved by a leakage line 41.
PAR  The suction chamber 7 is supplied with fuel by a fuel supply pump 45
      drawing fuel from a fuel container 46. The pressure within the suction
      chamber 7 is controlled in known manner in dependence on rpm by a pressure
      control valve 47 in such a way that the pressure within the suction
      chamber increases with increasing rpm.
PAR  This rpm-dependent pressure in the suction chamber urges the piston to move
      against the compression spring 40 and if, after overcoming the force of
      this spring, the rpm continues to increase, the plunger is displaced up to
      the second stop formed by the cap 39. The axial displacement of the
      plunger moves the pin 31 and the crank 30, rotating cam 27 which defines
      the position of the full load stop. Depending on the angular position of
      cam 27 with respect to the initial position of plunger 35, the
      rpm-dependent displacement of the plunger 35 may rotate the full load stop
      25 either in the sense of increasing or of decreasing the maximum fuel
      quantity. Thus, even the simple eccentric cam 27 makes possible an
      adaptation of the maximum injected fuel quantity to the prevailing
      requirements of the internal combustion engine serviced by this fuel
      injection pump. Additional possibilities for adaptation are provided by
      appropriate choice of stops 38, 39, of the characteristics of the spring
      40, of the shape of the cam and of the position of the pin 26 with respect
      to the rotational axis of shaft 28.
PAR  Of course, the parallel linkage 32 engaging pin 31 of crank 30 could be
      replaced by an elongated hole extending transversely with respect to the
      axis of the plunger rod. Again, the compression spring 40, which has been
      shown as a linear spring in the above described exemplary embodiment,
      could be a progressive spring or could be replaced by several springs with
      different force characteristics. The manner of fastening the cylindrical
      bushing 36 to the pump housing makes possible a very advantageous external
      adjustment of both stops for plunger 35.
PAR  By employing relatively simple means, the above described mechanism
      provides the possiblity to set the full-load fuel quantity delivered by
      the injection pump to the maximum amount which can still be smokelessly
      combusted by the internal combustion engine at different speeds, i.e., at
      different rpm's. Nevertheless, this mechanism does not limit the operation
      of the rpm-governor, and the primary regulation of engine rpm itself is
      not unfavorably affected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an rpm regulator for use with a fuel injection pump associated with
      an internal combustion engine, said regulator including a housing,
      rpm-dependent means, an intermediate lever, regulator spring means
      connected to said intermediate lever, said rpm-dependent means engaging
      one arm of said intermediate lever in opposition to the force of said
      regulator spring means causing said intermediate lever to be thereby
      adjusted, rpm-responsive stop means for limiting the motion of said
      intermediate lever, and means for supplying regulator fluid to the
      housing, wherein the pressure of the regulator fluid is rpm-dependent, and
      wherein the regulator fluid serves to interact with said rpm-responsive
      stop means, the improvement comprising:
PA1  a cam, affixed adjustably to said housing and engageable with said
      intermediate lever;
PA1  a crank, connected to said cam;
PA1  a plunger, slidably disposed with respect to said housing and connected to
      said crank; and
PA1  a spring mounted so as to exert a force against said plunger, whereby the
      regulator fluid acts on said plunger in opposition to said spring, causing
      said plunger to turn said crank and thereby rotate said cam.
NUM  2.
PAR  2. An improved rpm regulator as defined in claim 1, the improvement further
      comprising: adjustable stop means for limiting the axial motions of said
      plunger.
NUM  3.
PAR  3. An improved rpm regulator as defined in claim 2, the improvement further
      comprising: a bushing, provided with stop means affixed thereto and with
      external threads, said bushing forming a cylinder within which said
      plunger may slide limited by said stop means, said bushing being
      threadedly inserted in said housing.
NUM  4.
PAR  4. An improved rpm regulator as defined in claim 3, the improvement further
      comprising: a cap, for threaded engagement with that end of said bushing
      which protrudes from said housing.
NUM  5.
PAR  5. An improved rpm regulator as defined in claim 4, the improvement further
      comprising: a lock nut, threadedly engaging said bushing; and at least one
      spacer disk placed on said bushing, whereby the cooperation of said at
      least one spacer disk and said lock nut permits the adjustment of the
      depth of the threaded engagement of said bushing and of said cap.
NUM  6.
PAR  6. An improved rpm regulator as defined in claim 4, the improvement further
      comprising: adjustable, eccentric pins, affixed to the housing of the
      regulator to serve as pivots for said intermediate lever and for said cam,
      whereby an adjustment of the location of the pivotal axis of said
      intermediate lever and said cam is made possible.
NUM  7.
PAR  7. A improved rpm regulator as defined in claim 6, wherein said cam is a
      bolt held adjustably and eccentrically on one of said adjustable,
      eccentric pins.
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ABST
PAL  Upon the premises that carberation does not provide for substantial
      vaporization of the fuel to be combusted, this invention discloses a fuel
      vaporizer inserted in the air and fuel passage with liquid droplet
      feedback via a sieve providing a venturi effect in combination with a flow
      driven spinning bowl providing a centrifugal liquid return to the sieve
      for cycling of the liquid fuel until vaporization.
BSUM
PAC  SUBJECT MATTER OF THE INVENTION
PAR  The invention relates generally to fuel savings devices and relates more
      specifically to fuel vaporizing apparatus which has a liquid droplet
      feedback system for improving carberation and combustion.
PAC  OBJECTS OF THE INVENTION
PAR  According to the more popular opinion there is a significant amount of
      gasoline wasted in most automobiles due to inadequate vaporization of the
      gasoline in the carberator. This inadequate vaporization causes the
      gasoline liquid droplets to burn too slowly to assist in the power stroke
      of any reciprocating engine. It is therefore an object of this invention
      to improve the vaporization of any combustible liquid and vapor.
PAR  Another object of this invention is to separate the air and fuel vapor from
      the liquid droplets of fuel and recycle said droplets until evaporation is
      substantially complete.
PAR  A further object of this invention is to utilize the flow of air and fuel
      vapor to power the liquid fuel feedback system, thus making said system
      responsive to the rate of flow.
DRWD
PAR  Other objects and advantages of this invention will become apparent through
      consideration of the following description and appended claims in
      conjunction with the attached drawings in which:
PAC  DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a cross-section of a fuel vaporizing device inserted in an air
      and fuel passage.
PAR  FIG. 2 is a top view of a fuel vaporizing device in the air and fuel
      passage.
PAR  FIG. 3 is a bottom view of a fuel vaporizing device in the air and fuel
      passage.
PAR  FIG. 4 is a top perspective view of a fuel vaporizing device.
PAR  FIG. 5 is a cross-section of a fuel vaporizing device inserted in an
      enlargement of an air and fuel passage.
PAR  FIG. 6 is a bottom exploded perspective view of a fuel vaporizing device.
DETD
PAR  In describing one selected form of preferred embodiment of this invention
      as shown in the drawings and this specification, specific terms and
      components are used for clarity. However, it is not intended to limit the
      claimed invention to the specific form components, or construction shown
      and it is to be understood that specific terms used in this illustration
      of the invention are intended to include all technical equivalents which
      operate in a similar manner to accomplish a similar purpose.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT OF INVENTION
PAR  With reference to the patent drawings, my invention of a fuel vaporizer
      with centrifugal-venturi liquid droplet feedback 1 mounted in the air and
      fuel passage intake of a combustion engine comprises, in general: a
      conical shaped sieve 4 with the apex protruding in the direction of air
      and fuel flow; a spindle bearing 7 mounted securely in the apex of said
      conical shaped sieve; a spindle 6 rotatably inserted in said spindle
      bearing 7 and secured against movement along the axis of rotation; a
      centrifugal bowl 9 mounted to said spindle 6 and rotatable therewith, said
      centrifugal bowl 9 having openings 12 in the bottom of said bowl to allow
      air and fuel vapor flow with the slower fuel liquid droplets impacting on
      said bowl bottom and being conveyed by the bowl sides 10 to the bowl rim
      by centrifugal action and the backside of said conical shaped sieve 4 by
      the venturi effect of the air and fuel flow; and an axial impeller 11 also
      mounted securely to said spindle 6 and rotatable therewith, said axial
      impeller 11 being rotatably responsive to the air and fuel vapor flow
      through said fuel vaporizer 1.
PAR  The conical shaped sieve 4 being a main non-rotatable part can be easily
      mounted between the carberator passage 2 and the manifold intake entrance
      3 by a outer mounting flange 4a attached around the outer perimeter of
      said sieve 4. The sieve 4 could also by other mounting means be secured in
      the carberator passage 2 or the manifold intake entrance 3. The sieve
      openings 5 could be uniform in size and spacing or could be increasing in
      size and/or number toward the central protuberance to amplify the
      naturally faster air and fuel vapor flow in the central area of the
      passage.
PAR  The spindle 6 rotatably mounted in the spindle bearing 7 is illustrated to
      be a partially threaded shaft with a spindle cap 6a and a spindle spacing
      fastener 8 having a threaded hole 8a utilized for restricting the spindle
      axial movement and another threaded hole 14a in the spindle fastener 14
      which anchors the centrifugal bowl 9 to the spindle 6. Other methods are
      available in the art such as snap rings, soldering and welding to
      accomplish the functions of the illustrated fasteners and cap 6a of said
      spindle 6. The spindle 6 should be freely rotatable in said spindle
      bearing 7 with as little friction as possible while still being of such
      close tolerance to prevent any wobble which would allow contact between
      the other moving and stationary parts.
PAR  The centrifugal bowl 9 is fastened securely to said spindle 6 via the
      spindle hole 9a in the bowl bottom and rotates therewith being
      symetrically centered about the axis of rotation of said spindle. The
      spindle 6 and centrifugal bowl 9 are rotated by the air and fuel vapor
      flow through an axial impeller 11 securely fastened thereto. The axial
      impeller 11 could be a separate mechanical part fastened to said spindle
      before or after the conical shaped sieve 4 in the direction of flow,
      however, the axial impeller 11 is illustrated as being fashioned out of
      the openings 12 in the bottom of said centrifugal bowl, this being the
      most economical and functional configuration. In the event a greater
      driving force is necessary, multiple axial impellers 11 could be utilized.
PAR  The opening 12 in the centrifugal bowl bottom must be such as to allow the
      flow of the air and fuel vapor while causing the liquid fuel droplets to
      impact thereon. The collisions between the bowl bottom and the liquid
      droplets are multiplied by rotation of said bottom of the centrifugal bowl
      9 at right angles to the general direction of flow of the air and fuel
      vapor. In the event a separate axial impeller 11 is utilized the bowl
      bottom openings 12 could be a sieve. When the axial impeller 11 is
      fashioned out of the bowl bottom it is appropriate to include a baffle
      filter 13 secured inside the centrifugal bowl 9. The baffle filter 13
      still allows the flow of the air and fuel vapor while intensifying the
      impact of liquid droplets in the bowl bottom. A baffle filter 13 such as
      made from fiberglass mat would allow a circuitous path for the air and
      fuel vapor flow but the liquid fuel droplets, being of larger momentum
      could not turn the corners so readily and would thus impact on the
      rotating baffle filter 13 more readily. As illustrated said baffle filter
      13 is mounted on said spindle 6 through a hole 13a in said baffle filter
      13 and is secured to the bottom of the centrifugal bowl 9 between the
      spindle spacing fastener 8 and spindle fastener 14. Using a nut for the
      spindle fastener 14 would allow removal and replacement of the baffle
      filter 13. The filter cut-outs 13b  around the perimeter of the baffle
      filter 13 are provided so that the filter edges may be upturned in the
      centrifugal bowl 9 without wrinkling.
PAR  The centrifugal bowl sides 10 are upturned so that the rim is almost in
      contact with the backside of the conical shaped sieve 4. As the captured
      liquid fuel is centrifugally forced outward by the spin of the axial
      impeller driven centrifugal bowl 9, the bowl sides 10 direct the liquid
      flow to the backside of said conical shaped sieve 4, where upon said
      liquid flow is directed toward the apex of the conical shaped sieve 4 by
      the venturi effect of the air and fuel vapor flow through said sieve.
PAR  In the event that the carberator-intake manifold throat is too small for
      the insertion of said fuel vaporizer 1 a carberator-manifold throat
      enlarger-spacer 15 could be used between the carberator and the manifold
      intake to contain said fuel vaporizer.
PAR  All parts of the fuel vaporizer with centrifugal-venturi liquid droplet
      feedback 1 could be fabricated out of metal or a rigid plastic not
      desolvable by the fuel. Even the baffle filter 13 could be made out of a
      steel or metal wool or a catalytic vapor activating material.
PAC  OPERATION
PAR  The operation of the fuel vaporizer with centrifugal-venturi liquid droplet
      feedback 1 is for the purpose of filtering out, containing and feeding
      back the liquid fuel until the liquid fuel vaporizes in the air-fuel
      intake passage of an internal combustion engine.
PAR  As the air and fuel vapor pass through the conical shaped sieve 4, some
      liquid droplets will impact on the solid portions of said sieve and then
      flow toward the protuberant center of said sieve because of the greater
      central flow. As the air and fuel vapor pass through the openings in the
      bottom of the centrifugal bowl 9, again the liquid droplets will impact on
      the solid portion of the rotating bowl 9 bottom or, if provided, on the
      baffle filter 13 and the liquid fuel captured thereon will be forced
      outward by the centrifugal action of the spinning centrifugal bowl 9. Also
      any liquid fuel flowing down the spindle bearing from the protuberance of
      the conical shaped sieve 4 will flow outward and all of said liquid fuel
      will be returned to the backside of said conical shaped sieve by the
      centrifugal bowl sides, there again to flow toward the protuberant center
      of the conical shaped sieve 4 on its backside. The axial impeller 11 is
      driven by and responsive to the flow of the air and fuel vapor and is
      connected to the spinning centrifugal bowl 9 to provide the centrifugal
      action.
PAR  The continuous recycling of the liquid fuel until it vaporizes completely
      would be optimum operation for the fuel vaporizer 1.
PAC  ADVANTAGES OF THE INVENTION
PAR  A material advantage of the invention is that it provides for more adequate
      vaporization of fuel for internal combustion.
PAR  A further advantage of the invention is the recycling of the liquid fuel
      until substantial vaporization occurs.
PAR  A still further advantage of the invention is that combustion of a more
      substantial vapor would produce less carbon monoxide.
PAR  A still further advantage of the invention is that the vaporizing action
      and liquid feedback is responsive to the quantitative flow of air and fuel
      vapor.
PAR  Although this specification described but one embodiment of the invention
      with certain modifications thereof, it is understood that structural or
      material rearrangements of adequate or equivalent parts, substitution of
      equivalent parts and other modifications in structure can be made and
      other applications devised without departing from the scope of my
      invention. I therefore desire that the description and drawings herein be
      regarded as only an illustration of my invention and that the invention be
      regarded as limited only as set forth in the following claims, or as
      required by the prior art.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A centrifugal-venturi liquid droplet feedback fuel vaporizer inserted in
      the passage of fuel and air flow between the place of fuel mist
      introduction and a combustion chamber intake comprising:
PA1  A. a sieve mounted across the flow passage with a protuberant center
      extending in the direction of flow whereby the air and fuel vapor would
      accelerate through said seive openings and the slower liquid fuel droplets
      would tend to impact on said sieve face and flow toward the protuberant
      center because of differential flow characteristics;
PA1  B. a spindle bearing mounted securely in the protuberant center of said
      sieve;
PA1  C. a spindle rotatably installed in said spindle bearing, the axis of
      rotation corresponding to the direction of flow, and said spindle secured
      in said spindle bearing against movement along the axis of rotation;
PA1  D. a circular bowl with a rim nearly touching the backside of said sieve,
      and said rim outside of said sieve openings mounted securely to said
      spindle in the center of the bottom of said bowl after said sieve in the
      direction of flow with said bowl being free to rotate symetrically with
      said spindle;
PA2  1. the bottom of said bowl having openings allowing the accelerated flow
      through said openings of the air and fuel vapor with said slower liquid
      fuel droplets again tending to impact on the bowl bottom due to the
      rotation of bowl bottom openings at right angles to the general direction
      of air and fuel vapor flow, with said impacted liquid fuel centrifugally
      spun outward in said bowl;
PA2  2. the circular sides of said bowl directing the outward liquid flow back
      to the outer perimeter of the back side of said sieve, there again to flow
      toward the protuberant center of said sieve because of differential
      pressure; and
PA1  E. an axial impeller centrally secured to said spindle and rotatable
      therewith, said impeller rotatably responsive to said air and fuel flow,
      thus rotating said circular bowl.
NUM  2.
PAR  2. The centrifugal-venturi liquid droplet feedback fuel vaporizer described
      in claim 1 with said sieve provided with a flat mounting flange around the
      outer perimeter of said sieve for mounting the apparatus between the
      outlet passage of a carberator and the face of an intake manifold.
NUM  3.
PAR  3. In a fuel vaporizer apparatus according to claim 1, said sieve openings
      increasing in size toward said protuberant center to increase the
      differential flow of air and fuel vapor between said sieve perimeter and
      said protuberant center.
NUM  4.
PAR  4. The centrifugal-venturi liquid droplet feedback fuel vaporizer described
      in claim 1 further provided with a baffle filter secured in said circular
      bowl bottom, said filter being of such porousity to allow passage of the
      air and fuel vapor flow with said slower liquid fuel droplets tending to
      impact with the filter baffles, said impacts further increased by the
      rotation of said baffle filter at right angles to the general direction of
      flow of air and fuel vapor.
NUM  5.
PAR  5. In a fuel vaporizer apparatus according to claim 1, said axial impeller
      being fashioned out of the circular bowl bottom openings.
NUM  6.
PAR  6. The centrifugal-venturi liquid droplet feedback fuel vaporizer described
      in claim 2 provided with a passage enlargement insert when the apparatus
      is too large for a given air and fuel passage.
NUM  7.
PAR  7. The centrifugal-venturi liquid droplet feedback fuel vaporizer described
      in claim 3 provided with a baffle filter secured in said circular bowl
      bottom.
NUM  8.
PAR  8. The centrifugal-venturi liquid droplet feedback fuel vaporizer described
      in claim 5 provided with a baffle filter secured in said circular bowl
      bottom.
NUM  9.
PAR  9. In a fuel vaporizer apparatus according to claim 7, said axial impeller
      being fashioned out of the circular bowl bottom openings.
NUM  10.
PAR  10. The centrifugal-venturi liquid droplet feedback fuel vaporizer
      described in claim 9 with said sieve provided with a flat mounting flange
      around the outer perimeter of said sieve for mounting the apparatus
      between the outlet passage of a carberator and the face of an intake
      manifold.
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ABST
PAL  An elongated vertical bar or "spine" at its top carries an inverted cup
      containing a sponge plastic bottom pad for receiving the pointed tips of
      hunting arrows, and near its lower end carries a circumferentially
      keyhole-notched plate of resilient material fastened to one of a series of
      vertically-spaced holes in said bar. Secured to two others of these holes
      are two vertically-spaced upper and lower bow-attachment angle brackets
      adapted to be detachably attached to the bow by resilient O-rings looped
      around them and around the bow.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The quiver is quickly and easily attached to or detached from the bow by
      looping or unlooping the O-rings which extend from the inner end of each
      angle bracket around the bow to the outer end of the same angle bracket.
      This enables the arrows in the keyhole notches of the quiver to be
      rendered instantly accessible during hunting yet quickly and easily
      detached from the bow when the hunt is over and the quiver and bow are
      most conveniently transported separately. The spine located at the side of
      the cup and at the side of the keyhole-slotted plate serves to protect the
      arrows from contact with tree branches, brush and the like during hunting.
DRWD
PAR  In the drawing,
PAR  FIG. 1 is a view, on a reduced scale, of a hunting archery bow equipped
      with the quick-detachable quiver of the present invention, with an arrow
      indicated in dashed lines;
PAR  FIG. 2 is an enlarged perspective view, partly broken away, of the upper
      part of the quiver, attached to the bow;
PAR  FIGS. 3 and 4 are enlarged approximately horizontal sections taken along
      the lines 3--3 and 4--4 in FIG. 1;
PAR  FIG. 5 is an enlarged perspective view of one of the upper quiver-attaching
      angle brackets, removed from the spine, and encircled by an O-ring in its
      relaxed position; and
PAR  FIG. 6 is an enlarged horizontal section taken along the line 6--6 in FIG.
      1, showing the keyhole-notched arrow-holding plate and its attachment
      bracket secured to the spine.
DETD
PAR  Referring to the drawing in detail, FIG. 1 shows a quick-detachable archery
      quiver, generally designated 10, mounted on a hunting archery bow 12,
      according to one form of the present invention. The bow 12 is conventional
      and its details are beyond the scope of the present invention. The quiver
      10 is attached to the bow 12 at locations closely adjacent the upper and
      lower ends of the hand grip 14 thereof in the manner described below.
PAR  The quiver 10 has a single elongated approximately vertical support bar or
      spine 16, to the upper end of which is fastened, as by rivets 18, an arrow
      head cover or upper arrow holder in the form of an inverted cup 20 of oval
      cross-section. Secured as by an adhesive to the bottom of the cup 20 on
      the inside thereof is a sponge plastic or sponge rubber pad 22 for
      penetration by the pointed arrow tips. The cup 20 is conveniently made of
      synthetic plastic material. The spine 16 is conveniently made of wood,
      light metal or plastic and near its upper end is provided with an upper
      fastener hole 24 while extending upward from its lower end are multiple
      vertically-spaced lower fastener holes 26. Above the upper end of this
      series of holes 26 are two closely-spaced holes 28 which receive rivets 30
      or other suitable fasteners (FIG. 6) securing the upper arm 32 of an angle
      bracket 34 to the spine 16. The other arm 36 of the angle bracket 34 is
      drilled for the reception of fasteners 38, such as rivets, which secure to
      it an oval arrow-holding plate 40 of resilient material such as rubber
      provided at spaced intervals around its peripheral edge 42 with keyhole
      notches 44, the circular inner portions 46 of which are slightly less in
      diameter than the diameter of the shaft of an arrow 48 so as to lightly
      grip the shaft whereas the slot portions or necks 50 extending outward to
      the peripheral edge 42 are considerably narrower. The result is that the
      shaft of the arrow 48 must be pushed forcibly through the slot portions or
      necks 50 into the circular inner portions 46, and yieldingly held therein.
PAR  Mounted near the opposite ends of the spine in the upper hole 24 and in one
      of the lower fastener holes 26 are L-shaped upper and lower bow-attachment
      angle brakcets 52 and 54 of vertically-elongated cross-section (FIGS. 3
      and 4) respectively secured therein by bolts or other suitable fasteners
      56. The two attachment brackets 52 and 54 are of similar construction and
      differ only in the lengths of their inner arms. The upper attachment
      bracket 52 consists of a relatively short inner arm 58 and a slightly
      longer outer arm 60, whereas the lower attachment bracket 54 has a
      somewhat longer inner arm 62 and an outer arm 64 of approximately the same
      length as the outer arm 60 of the upper attachment bracket 52. Both of the
      attachment brackets 52 and 54 are provided on their upper edges with
      longitudinally-spaced upper and lower inner notches 66 and 68 (FIG. 5) and
      near their outer ends are similarly provided with dual upper and lower
      notches 70 and 72 respectively. These notches, at their open ends, are of
      approximately the widths of upper and lower O-rings 74 and 76 of resilient
      material such as rubber or other elastomeric material, adapted to be
      seated therein, as explained below.
PAR  In the use of the invention, let it be assumed that the quiver 10 is
      detached from the bow 12 and is to be attached thereto. To do so the user
      places the outer arm 60 of the upper attachment bracket 52 against the
      side 78 of the upper limb 80 of the bow 12 after threading an upper O-ring
      74 upon the outer arm 60 into the inner notches 66 and 68 thereof. He now
      stretches the upper O-ring 74 around the upper bow limb 80 and around the
      outer end of the outer arm 60 of the upper attachment bracket 62 and loops
      it into and around a pair of the outer notches 70 and 72. He then repeats
      this operation with the lower attachment bracket 54 (FIG. 4) by placing
      the outer arm 64 thereof against the side 82 of the lower limb 84 of the
      bow 12 and then looping the lower O-ring 76 from its inner notches 66 and
      68 around the lower bow limb 84 and into and around a pair of its outer
      notches 70 and 72. The quiver 10 and bow 12 are then ready for use in
      hunting, after arrows 48 have been installed in the quiver 10 with their
      pointed tips penetrating the pad 22 in the cup 20 and with the lower
      portions of their shafts snapped into the keyhole notches 44 in the
      resilient plate 40. The removal of the quiver 10 from the bow 12 is
      believed to be self-evident as it merely involves reversing the
      above-described procedure by unlooping the O-rings 74 and 76 from their
      respective positions around the upper and lower bow limbs 80 and 84 and
      from the outer ends of their respective outer arms 60 and 64 of their
      respective attachment brackets 52 and 54.
PAR  From the foregoing description and the figures of the drawing, it will be
      seen that the quiver of the present invention is quickly and easily
      mounted on or removed from either the right-hand or left-hand side of the
      bow, to adapt it to the use of either right-handed or left-handed archers.
      It will also be seen that this quiver is so mounted without drilling the
      bow or otherwise permanently marring the surface of any part of the bow.
      Finally, this quiver is extremely light in weight, and therefore adds the
      minimum of weight to the weight of the bow itself.
PAR  It will also be evident from FIG. 2 that the varied spacing of the
      different notches 70, 72 along the outer arms 60 and 64 enable the
      attachment brackets 52 and 54 to fit different widths of bow limbs 80 and
      84 more closely and tightly than would otherwise be possible, thus
      preventing slippage of the brackets 52 and 54 relatively to the bow limbs
      80 and 84.
CLMS
STM  I claim:
NUM  1.
PAR  1. A quick-detachable arrow quiver adapted to be attached to the upper and
      lower limbs of a conventional archery bow, said quiver comprising
PA1  a single elongated substantially vertical support bar,
PA1  an upper arrow holder stationarily secured adjacent an edge thereof to the
      upper portion of said support bar,
PA1  a lower arrow holder stationarily secured adjacent an edge thereof to the
      lower portion of said support bar in vertically-spaced relationship to
      said upper arrow holder,
PA2  said lower arrow holder having arrow grippers spaced apart from one another
      around the entire periphery thereof for releasably gripping a plurality of
      arrows,
PA1  and upper and lower L-shaped angle brackets of vertically-elongated
      cross-section having inner arms secured to said upper and lower portions
      of said support bar in vertically-spaced relationship thereon and having
      outer arms adapted to abuttingly engage respectively the rearward faces of
      the upper and lower limbs of the bow.
NUM  2.
PAR  2. A quick-detachable arrow quiver, according to claim 1, wherein said
      outer arms have upper and lower edges with upper and lower notches
      disposed in pairs therein and wherein said pairs of notches are spaced
      apart from one another along said arms.
NUM  3.
PAR  3. A quick-detachable arrow quiver, according to claim 1, wherein said
      elongated flexible securing elements are endless resilient securing
      elements.
NUM  4.
PAR  4. A quick-detachable arrow quiver, according to claim 1, wherein said
      lower arrow holder is of elongated approximately oval outline, and wherein
      said support bar is disposed on the a side of said arrow holder.
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PAL  A heater includes coaxially arranged an external heat radiating shell, a
      central gas fuel tube and an intermediate perforated air conducting tube,
      from inside of which air flows into a combustion chamber.
PAL  A tubular partition is provided with the space in between the air
      conducting tube and the central gas fuel tube, whereby the initial air
      flow blowing around and lengthwise of the gas fuel tube is to be turned
      near the end of this tube to pass to the perforated walls of the air
      conducting tube.
BSUM
PAR  The present invention relates to radiant gas heaters for ovens for chemical
      and heat treatment of metals in a controllable atmosphere, and more
      particularly, to radiant tube gas heaters closed at one end.
PAR  Known in the art is a closed-end radiant tube heater comprising a central
      fuel tube, an intermediate perforated air tube and an external radiant
      tube, located coaxially, and a gas burner arranged at the closed end of
      the external radiant tube.
PAR  These known designs of the closed-end radiant tube gas heater features a
      number of significant disadvantages. For instance, the construction of the
      gas burner unit made in the form of pre-mix cone at the end of the fuel
      and gas tubes does not permit the gap therebetween to be substantially
      reduced.
PAR  Release of a portion of the air through the end face of the air tube is not
      provided and this reduces the efficiency of cooling of the air tube along
      the whole length thereof and especially in its end portion.
PAR  In addition, the gas burner is provided only with axial holes for feeding
      the fuel and this practically results in an intensive deposition of soot
      on the air tube walls.
PAR  Perforations uniformly drilled along the length of the air tube do not
      provide for uniform heating of the external radiant tube, the
      maximum-to-minimum temperature ratio being equal to 1.2-1.3 which is
      inadmissible when using the radiant tubes in heating ovens.
PAR  Recuperation of the heat of the exhaust gases is not provided and as a
      result the efficiency of the known radiant tubes cannot be raised higher
      than 45-50% at a surface temperature of 1000.degree.C unless a specific
      recuperator is used.
PAR  To eliminate the above-mentioned disadvantages a closed-end radiant gas
      tube has been provided (inventor's certificate N 251743 issued June 30,
      1969 in the USSR), said tube comprising coaxially arranged elements--an
      external heat radiating shell and an air conducting tube the walls whereof
      form a combustion chamber, a central gas tube supplying gas fuel into the
      combustion chamber, wherein said air conducting tube is provided at its
      one, internally disposed end with a perforated bottom portion somewhat
      spaced apart from the bottom portion of the heat radiating shell, a
      plurality of perforations provided substantially over the length of the
      side wall portion of the air conducting tube to let the air flow being
      pumped to the other, externally disposed end of the tube pass into the
      combustion chamber, and a recuperator arranged adjacently to said
      perforated side wall portion in the zone of exhaust gas discharge from the
      combustion chamber.
PAR  Another serious disadvantage of the device specified consists in
      undesirable overheating of the central gas tube and the gas contained
      therein near the closed end portion of the external radiating shell up to
      the temperature close to that of the radiant surface.
PAR  This results in the temperature dissociation of a natural gas being used
      and the central gas tube is obstructed rapidly with free carbon.
PAR  The main object of the present invention is to provide such a radiant gas
      heater the design of which will improve resistance to the temperature
      loads in the course of the use and accordingly longer service life of the
      device without running repair.
PAR  Another object of the invention is to provide a radiant gas heater, wherein
      resistance and longer service life are obtained due to relatively simple
      and technological constructive means.
PAR  Still another object of the present invention is to provide such a radiant
      gas heater, wherein temperature being maintained in the combustion chamber
      would be substantially reduced and internal elements would not be
      subjected to destructive overheating during operation.
PAR  To meet these and other objects a radiant gas heater, in accordance with
      the present invention, comprising coaxially arranged elements-- an
      external heat radiating shell and an air conducting tube the walls whereof
      form a combustion chamber, a central gas tube supplying gas fuel into the
      combustion chamber, wherein said air conducting tube is provided at its
      one, internally disposed end with a perforated bottom portion spaced
      somewhat apart from the bottom portion of the heat radiating shell, a
      plurality of perforations provided substantially over the length of the
      side wall portion of the air conducting tube to let the air flow being
      pumped to the other, externally disposed end of the tube pass into the
      combustion chamber, and a recuperator arranged adjacently to said
      perforated side wall portion in the zone of exhaust gas discharge from the
      combustion chamber said gas heater is characterized in that an air
      conducting tube is provided with a passage means inside thereof for
      directing the air being delivered from the externally disposed end, to
      flow first along the central gas tube to the very bottom of said air
      conducting tube and then in the opposite direction along said perforated
      side wall portion of the air conducting tube. The above-mentioned
      improvement makes the cooling of the central gas fuel tube by the initial
      air flow being pumped into the heater more efficient.
PAR  In accordance with one of the modifications of the present invention, a
      radiant gas heater is characterized in that a tubular intermediate
      partition is disposed in the inner space of the air conducting tube
      coaxially therewith between the perforated walls of said tube and the
      central gas fuel tube, said tubular partition having one of its ends open
      and somewhat spaced from the bottom of the air conducting tube to permit
      the air flow to pass from the inner space of the tubular partition to the
      perforated walls. The other end of said partition is open to pump therein
      an initial air flow passing into the inner space of the tubular partition
      and is tightly attached to the air conducting tube to divide the space
      within said tube into two separate annular passages.
PAR  Such embodiment of the invention as proposed above allows by relatively
      simple structural means to effect in accordance with the invention proper
      turning over of the initial air flow by 180.degree. near the bottom of the
      air conducting tube.
PAR  To avoid drawing of the exhaust gas into the air collector the distance
      from the inner end of the tubular partition to the first perforations in
      the wall of the air conducting tube is obtained by the following
      expression:
EQU  l &gt; .sqroot. d.sub.1.sup.2 + d.sub.2.sup.2 - 1.5 d.sub.2,
PAL  where
PA1  l -- is the distance from the first perforations to the lower end of the
      tubular partition;
PA1  d.sub.1 the internal diameter of the air conducting tube;
PA1  d.sub.2 the external diameter of the tubular partition.
PAR  The foregoing structural embodiment of the invention prevents undesirable
      drawing of the exhaust gases from the combustion chamber into the space
      within the air conducting tube and, thus excludes overheating of the
      tubular partition and the central gas fuel tube.
PAR  In accordance with the present invention a radiant gas heater, is also
      characterized in that the central gas fuel tube made with a diameter not
      exceeding 0.03 .sqroot.d.sub.H, where d.sub.H is the outer diameter of the
      external heat radiating shell.
PAR  The above structural embodiment of the invention is provided for preventing
      the termal dissociation of the gas fuel to free carbon state (soot).
PAR  There is another modification of the invention according to which the
      distance between the adjacent walls of the external heat radiation shell
      and the air conducting tube is not more than 7 times as long as the
      diameter of the perforations made in the perforated wall portion of the
      air conducting tube.
PAR  This embodiment of the invention makes it possible to intensify heat
      exchanging process within the combustion chamber and, as a result of this,
      to reduce the temperature in the chamber and the possibility of
      overheating of the internal elements as well.
DRWD
PAR  Other objects and advantages of the invention will be more apparent from
      the following detailed description of an exemplary embodiment of the
      present invention which is given with reference to the accompanying
      drawing, wherein a sectional view of the radiant gas heater according to
      the invention is illustrated.
DETD
PAR  Referring now to the drawing, the radiant gas heater includes coaxially
      arranged elements an external heat radiating shell 1, an air conducting
      tube 2 provided with a recuperator 3 and a perforated wall portion 4, an
      intermediate tubular partition 5 and a central gas fuel tube 6.
PAR  At the point where the air conducting tube 2 is divided with the
      recuperator 3 and the perforated portion 4 a ring 7 is mounted closing a
      circular passage 8 formed inbetween the tubular partition 5 and the
      perforated wall portion 4 of the intermediate air conducting tube 2.
PAR  Air apertures 9 are drilled in a certain order throughout the length of the
      perforated wall portion 4 of the air conducting tube 2. The lower end of
      the perforated portion 4 of the air conducting tube 2 is provided with a
      bottom 10 having perforations therethrough.
PAR  In the space between the external heat radiating shell 1 and the air
      conducting tube 2 a combustion chamber 11 is formed.
PAR  The radiant gas heater according to the invention operates in the following
      way.
PAR  Being pumped into the radiant gas heater an initial air flow passes the
      recuperator 3 of the air conducting tube 2 and its temperature increases
      up to 400.degree.-700.degree.C (it depends on the efficiency of the gas
      heater), after that the air flow goes into the circular passage 8 formed
      inbetween the central gas fuel tube 6 and the tubular partition 5. A
      portion of the air flow escapes through the apertures of the perforated
      bottom 10, while the rest being turned for 180.degree. enters the circular
      passage 8 in the space between the tubular partition 5 and the perforated
      portion 4 of the air conducting tube 2. In the circular passage 8 the air
      discharges through the apertures 9.
PAR  A flow of exhaust gases moving from the closed end of the external heat
      radiating shell 1 to the output is penetrated by numerous air currents
      ensuring thereby the intensive mixing and burning process.
PAR  The central gas fuel tube 6 is efficiently cooled owing to the fact that
      the total air flow first washed this tube and only after that the air flow
      gets to be distributed over the apertures 9 of the perforated wall portion
      4 of the air conducting tube 2.
PAR  Besides, the tubular partition 5 reduces nearly by half the radiant flow
      from the air conducting tube 2 onto the central gas fuel tube 6.
PAR  According to the experimental data (c.f. I. L. Povkh "Airodinamichesky
      experiment v mashinostroenyi" [Airdynamic experiment in machine building
      industry ], M-L, 1965), the loss of the pressure in the course of turn of
      the air flow for 180.degree. (c.f. FIG. 1) is equal to 4 velocity
      pressures that corresponds to the contraction of the cross section of the
      flow in two times. This contraction of the air flow takes place due to
      formation of the break down zone near the intermediate tubular partition 5
      immediately after the turning point. The area of the cross section of the
      break down zone is equal to a half of the total cross section of the
      circular passage 8;
PAL  where:
PA1  f.sub.z/f =  0.5
PA1  f.sub.z is the area of the cross section of the break down zone;
PA1  f the area of the cross section or the circular passage 8.
PAR  If we designate the height of the break down zone as h.sub.z, we shall
      obtain
      ##EQU1##
      where d.sub.1 is the internal diameter of the air conducting tube;
PA1  d.sub.2 is the external diameter of the tubular partition.
PAL  Hence 2h.sub.z = 0.7 .sqroot.d.sub.1.sup.2 + d.sub.2.sup.2 - d.sub.2.
PAR  Investigation of the break down zones (G. N. Abramovitch "Teoria
      turbulentnikh strui" [Theory of turbulent currents ], Physmatgiz, 1960)
      has proved that the longitudinal size [l.sub.z ] of the break down zone is
      approximately six times as much as the transversal one [h.sub.z ].
      Consequently, l.sub.z .apprxeq. 6h.sub.z .sqroot.d.sub.1.sup.2 +
      d.sub.2.sup.2 -3d.sub.2.
PAR  In accordance with our experimental data obtained for the circular passage
      of the gas radiant tube with the diameter of its external heat radiating
      shell equal to 180 mm (d.sub.1 = 92 mm, d.sub.2 = 63 mm) the negative
      static pressure within the circular passage was observed at a distance up
      to 25 mm from the end of the tubular partition. Consequently, the presence
      of the apertures 8 within this zone of the perforated portion 4 will lead
      to the penetration of the hot components of the fuel into the circular
      passage 8. Burning of these components will result in the overheating
      (burning off) of the tubular partition 4 and the central gas fuel tube.
PAR  The calculation of the length (l.sub.z) of the break down zone in
      accordance with the above-mentioned formula gives the value 46 mm; the
      zone (1) of the negative pressure is a half of the total break down zone:
EQU  l = 0.5 l.sub.z .apprxeq. .sqroot.d.sub.1.sup.2 + d.sub.2.sup.2 - 1.5
      d.sub.2.
PAR  Absence of the apertures within this zone prevents drawing of the fuel
      components into the circular passage.
PAR  The choice of the optimum diameter of the central gas fuel tube 5 is made
      proceeding from the following considerations.
PAR  The rate of the gas flow into the radiant gas heater is defined on the one
      part by the conditions of the external heat exchange
      ##EQU2##
      and, on the other part by the conditions of gas flowing within the central
      gas fuel tube
      ##EQU3##
      wherein B.sub.g is the rate of the gas flow, m.sup.3 hour;
PA1  q the heat output of the radiant heater kkal/m.sup.2 h;
PA1  l the length of the effective portion of the gas radiant heater, m,
PA1  d.sub.H the outer diameter of the external heat radiating shell, m
PA1  d the inner diameter of the central gas fuel tube, m;
PA1  Q.sub.H.sup.p the heat release ability of the gas fuel, kkal/m.sup.3,
PA1  .tau. -- time of presence of the gas fuel in the central gas fuel tube,
      sec;
PA1  .eta. -- the efficiency of the radiant heater (.about.0.7).
PAR  Roughly, the minimum heat output of the radiant heaters is believed equal
      to 8000 kkal/m.sup.2 h.
PAR  Special experimental investigations showed that every temperature value of
      the wall of the central gas fuel tube corresponds to a definite minimum
      time of presence of the fuel within the tube; during this time the
      reactions of temperature, dissociation of the fuel do not lead to
      liberation of free carbon (soot in the volume). So, e.g. with the
      temperature of the wall being equal to 850.degree.C the minimum allowable
      time of presence of the natural gas within the central gas fuel tube is
      0.5 sec.
PAR  Thus, the optimum inner diameter of the central gas fuel tube is determined
      by the ratio:
      ##EQU4##
      and whereby d = 0.0275 .sqroot.d.sub.H.
PAR  Thus, to prevent liberation of the free carbon (soot) within the central
      gas fuel tube the inner diameter thereof is specified proceeding from
      unequality d = 0.03 .sqroot.d.sub.H.
PAR  The width of the combustion chamber confined by the external heat radiating
      shell 1 and the perforated portion 4 affects the heat exchange greately.
PAR  Experiments show that with the width of the combustion chamber up to 7
      diameters of the air apertures the perforated wall portion 4 is not
      overheated. With increasing the width of the combustion chamber heat
      output from flares is diminished and thereby the temperature of the air
      conducting tube increases and, hence, the temperature of the central gas
      fuel tube 5 increases too.
PAR  Taking into account the foregoing conditions, the gas radiant heater is
      reliable in use for the temperature processes with temperature of the
      space of the furnace up to 950.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A radiant gas heater comprising coaxially arranged elements -- an
      external heating heat-radiating shell having a bottom at one end thereof;
      an air-conducting tube inside said shell, the inner end of said
      air-conducting tube extending into said radiating shell, and being
      provided with a bottom somewhat spaced from the bottom of said external
      heat radiating shell and another top end, protruding outwardly from said
      external heat-radiating shell, which is open for supplying an air flow
      through said air-conducting tube, a combustion chamber formed inbetween
      said external heat-radiating shell and said air-conducting tube, said
      air-conducting tube having perforations in the side walls and the bottom
      thereof to let air pass into said combustion chamber; a central gas tube
      disposed within said air-conducting tube for supplying gas fuel into said
      combustion chamber; an intermediate tubular partition disposed in the
      air-conducting tube coaxially therewith between the perforated sidewall
      portion of said air-conducting tube and the central gas tube, said tubular
      partition having one end open and spaced somewhat apart from the bottom
      portion of said air-conducting tube to permit the air flow from the inner
      space of the tubular partition to said perforated side wall portion, the
      other end of said tubular partition being open to deliver therein the
      initial air flow into the inner space of said tubular partition and being
      tightly attached to said air-conducting tube to divide the space within
      said tube into two separate annular passages for the flow of air and a
      recuperator disposed at the portion of said air-conducting tube in the
      zone of output of exhaust gases from said combustion chamber.
NUM  2.
PAR  2. A radiant gas heater as claimed in claim 1, wherein the distance from
      the lower end of the tubular partition to the first perforations in the
      wall of said air conducting tube is obtained by the following expression:
EQU  l &gt;.sqroot.d.sub.1.sup.2 + d.sub.2.sup.2 - 1.5 d.sub.2,
PAL  wherein
PA1  l is the distance from the first perforations to said lower end of the
      tubular partition,
PA1  d.sub.1 the internal diameter of the tubular partition,
PA1  d.sub.2 the external diameter of the tubular partition.
NUM  3.
PAR  3. A radiant gas heater as claimed in claim 2, wherein the diameter of the
      central gas tube does not exceed 0.03 .sqroot.d.sub.o, where: d.sub.o is
      the outer diameter of the external heat radiating shell.
NUM  4.
PAR  4. A radiant gas heater as claimed in claim 2, wherein the distance between
      the adjacent walls of said external heat radiating shell and the air
      conducting tube is not greater than 7 times as long as the diameter of the
      perforations made in the perforated side wall portion of the air
      conducting tube.
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ABST
PAL  A self-contained apparatus for collecting, storing and transmitting solar
      heat includes an elongated insulated housing in which a quantity of heat
      retaining material is confined and a collector on one face of the housing
      which has a multi-layered glass face through which solar heat may pass and
      be collected upon a unique heat-collecting bed which is insulated from the
      ambient environment by the glass face. Conditioning pump means are
      provided within the housing to circulate conditioning air through the
      collector and the heat retaining material in the housing so that heat is
      transferred from the collector to the material in the housing. Specially
      designed and positioned ducts connect the collector to the interior of the
      housing in a manner such that air interchange between the collector and
      the interior of the housing is prevented except during operation of the
      conditioning pump. Both the collector and the interior of the housing are
      provided with appropriately positioned baffles to optimally expose the
      conditioning air to the heat collecting bed and to the heat retaining
      material in the housing. Reflective solar amplifiers are pivotally
      connected to the housing in a manner such that they are movable from an
      open operative position wherein they reflect solar radiation into the
      collector and a closed protective position overlying the glass face of the
      collector. Utility pump means are also provided in the apparatus for
      withdrawing air from the interior of the housing and circulating it
      through a building structure to be heated thereby.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of Application Ser. No. 445,473 filed Feb.
      25, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a method and apparatus of
      collecting, storing and transmitting solar heat and more particularly
      relates to a method and apparatus for heating building structures and the
      like.
PAR  2. Description of the Prior Art
PAR  The tremendous energy output of the sun has been recognized for many years
      and numerous attempts have been made at harnassing this energy so that it
      can be converted into a useful state. For example, the sun's energy has
      been successfully converted into electrical energy with solar batteries
      and similarly, the sun's energy has been converted into heating systems by
      so-called solar stoves, furnaces and the like. The solar furnace
      apparatusses, however, have been typified by extremely large collector
      plates covering large portions of the roof structure of a building to be
      heated with the apparatus and large storage chambers usually in the
      substructure of the building wherein the heat is stored after having been
      transferred from the collector by a liquid fluid medium. The heat in the
      storage chamber is then circulated through the building structure by a
      separate fluid flow.
PAR  These systems, which have not only been unwieldly and very expensive to
      install, have proven to be very inefficient in that there is an excessive
      heat loss when transferring the solar heat from the collector to the
      removed storage chamber. Furthermore, these systems have not been capable
      of being easily installed in existing building structures and have not
      been devised to cooperate as an auxiliary heating unit to the conventional
      forced air heating systems commonly found in building structures.
PAR  Typical examples of prior art solar heating systems may be found in the
      June, 1973 and October, 1973 issues of Popular Mechanics magazine and in
      the May, 1973 issue of Popular Science magazine.
PAC  OBJECTS OF THE INVENTION
PAR  The present invention has for its primary object the provision of a new and
      improved method and apparatus for collecting, storing and transmitting
      solar heat.
PAR  It is another object of the present invention to provide a compact,
      self-contained solar heating unit which can be positioned exteriorly of a
      building structure and with minimum time and expense connected to the
      building structure so as to convert solar radiation into heat for
      maintaining a desired temperature within the building structure.
PAR  It is another object of the present invention to provide a new and improved
      solar heating system which is readily connected into an existing forced
      air heating system so as to serve as an auxiliary heating system with
      minimum alteration to an existing building structure.
PAR  It is still another object of the present invention to provide a new and
      improved solar heating system which can also serve as a cooling system
      with minimal physical or mechanical alterations.
PAR  It is another object of the present invention to provide a solar heating
      unit which utilizes a small and compact heat collector yet has the
      capacity for adequately heating typical residential building structures.
PAR  It is another object of the present invention to provide a solar heating
      apparatus having a reflective panel to increase captured solar radiation
      and which can also serve as a protective covering for the collector
      portion of the apparatus in inclement weather conditions.
PAR  It is another object of the present invention to provide a solar heating
      method and apparatus wherein conventional valve means between a collector
      and storage chamber of the apparatus are eliminated through the unique
      positioning and types of air transfer ducts and baffles.
PAR  It is another object of the present invention to provide a hot air solar
      furnace in which baffle members are positioned on the collector and in the
      heat storage chamber to desirably circulate air in obtaining optimum
      temperature outputs from the unit.
PAR  It is another object of the present invention to provide a hot air solar
      furnace in which air is transferred from a solar heat collector to a
      storage chamber with a minimum of heat loss and removed from the storage
      chamber and transmitted into a building structure with a minimum heat
      loss.
PAR  It is another object of the present invention to provide a hot air solar
      furnace which has above ground heat storage eliminating the need for
      costly and disfiguring excavation.
PAR  It is another object of the present invention to provide means to
      containerize heat storage with a new and simplified framing technique.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects are obtained in accordance with the present
      invention whereby solar heat is collected and stored in an integrated
      compact unit which is capable of generating a heat flow equal to or
      surpassing those of much larger unwielding units which have been typical
      of prior art solar heating units. The solar heating apparatus of the
      present invention is self-contained in an elongated housing preferably of
      triangular transverse cross-sectional configuration. This configuration
      has been found to allow a maximum quantity of heat retaining material,
      such as gravel, to be stored in the apparatus with a minimum of structural
      reinforcement. The housing is basically constructed of two rectangular top
      panels, a rectangular bottom panel, and two triangular end panels which
      are interconnected to define an enclosed storage chamber for the heat
      retaining material. The panels are each laminated in such a manner as to
      give both structural strength and the required insulating qualities for
      maintaining the temperature of the heat retaining material in the storage
      chamber. A collector unit is mounted upon one of the top panels of the
      housing so as to be inclined relative to the vertical in a position to
      receive the maximum heat from the Winter sun.
PAR  The collector unit is uniquely designed to absorb solar radiated heat and
      retain the heat by converting the heat waves, which will readily pass
      through transparent glass or plastic panes on the collector face, into
      long wave heat radiation which will not readily pass back through the
      glass or plastic panes on the face of the collector. The solar heat is
      absorbed on a base panel of the collector which emits relatively long wave
      heat radiation that becomes trapped in the collector. The base panel of
      the collector has a plurality of forwardly opening cups which serve to
      increase the heat absorption and emission capability of the collector.
      Depending upon the material from which the cups are made, they usually
      will not retain the heat imparted thereto by the solar radiation for
      extended periods of time; accordingly, air is circulated through the
      collector to transfer the heat absorbed by the cups into the storage
      chamber of the apparatus wherein the gravel material not only absorbs the
      heat carried by the air but also retains the heat for extended periods of
      time due to inherent heat retaining characteristics of gravel and its
      inherent restriction of convection. The air which passes through the
      collector and into the storage chamber is re-circulated through the
      collector so as to continuously transfer heat, when desired, from the
      collector to the storage unit. For purposes of the present disclosure,
      this circulating air will be referred to as conditioning air. Since it is
      important to the optimum operation of the unit that the conditioning air
      be equally exposed to the entire base of the collector, a series of
      baffles are provided in the collector to direct the air stream through a
      series of reversing bends. Similarly, baffles are provided in the storage
      chamber to direct the conditioning air throughout the entire quantity of
      gravel in the storage chamber.
PAR  A conditioning air pump is positioned within the storage chamber to effect
      the desired conditioning air flow. The air is passed from the storage
      chamber to the collector and back into the storage chamber through inlet
      and outlet ducts which are positioned at an elevation below both the
      storage chamber and the collector so that when the pump is not in
      operation, the hot air which is lighter than cold air, and therefore urged
      to the top of the respective components of the apparatus, will not be able
      to freely flow between the components so that the ducts establish thermal
      traps that avoid the necessity of relatively expensive valve means to
      accomplish the same purpose.
PAR  A reflector panel is hinged to the framework of the housing along an edge
      of the collector unit so that by opening the reflective panel, the solar
      heat radiation being absorbed by the collector unit is increased. This
      reflective panel is designed so that in a closed position it overlies the
      collector unit and thereby protects the relatively fragile glass from
      detrimental environmental elements such as hail, sunlight in Summer
      months, and the like.
PAR  The heat retained by the heat retaining material in the storage chamber is
      transferred into an adjacent building structure or the like by a utility
      pump which may also be positioned within the storage chamber and connected
      to the building structure by suitable insulated duct work having outlets
      for selectively distributing the hot air through the building structure.
      This air flow, which will be hereinafter referred to as the utility air
      flow, is circulated back through the storage chamber in a manner so as to
      obtain a maximum heat transfer from the heat retaining material to the air
      and in a manner such that the utility air is not short circuited and
      directed through the collector with the conditioning air unless both pumps
      are operating simultaneously. As will be explained in more detail
      hereinafter, this is accomplished by positioning the inlet and outlet
      ducts for both the conditioning air circuit and the utility air circuit on
      appropriate sides of the baffle members within the storage chamber.
PAR  As will be more fully appreciated hereinafter, the unit is ideally suited
      for connection to an existing forced air heating system in a building
      structure so as to serve as an auxiliary unit to the forced air heating
      system even though in many instances, the solar heating unit is sufficient
      in itself to provide the necessary heat for the building structure.
PAR  According to the method of the present invention, heat is first absorbed
      from the sun on a collector surface wherein the collector surface is
      insulated from the ambient environment and internal air is passed across
      the collector surface in a heat transfer process so that the heat absorbed
      by the collector surface is transferred to the internal air. The air is
      then passed through a duct which is lower than the collector surface into
      a raised storage chamber wherein it is directed through heat absorbent and
      heat retaining material in the storage chamber so that the heat in the hot
      air is transferred to the material in the storage chamber. The heat
      retained by the material in the storge chamber is transferred into a
      building structure by directing a utility stream of air through the
      material in the storage chamber and into the building structure wherein it
      is distributed as desired throughout the structure.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the solar heating apparatus of the present
      invention with the reflector panel shown in an open position.
PAR  FIG. 2 is a perspective view of the solar heating unit of FIG. 1 with the
      reflector panel in a closed position.
PAR  FIG. 3 is a perspective view of the solar heating unit of the present
      invention as viewed from the reverse side of FIG. 1.
PAR  FIG. 4 is an end elevation of the solar heating unit of FIG. 1.
PAR  FIG. 5 is a side elevation of the solar heating unit of FIG. 1 showing the
      collector unit.
PAR  FIG. 6 is an enlarged vertical section taken along line 6--6 of FIG. 4.
PAR  FIG. 7 is an enlarged vertical section taken along line 7--7 of FIG. 5.
PAR  FIG. 8 is an enlarged fragmentary vertical section illustrating the
      connection of a top panel of the solar heating unit to the bottom panel.
PAR  FIG. 9 is an enlarged fragmentary section illustrating the connection of an
      end panel of the solar heating unit to the bottom panel.
PAR  FIG. 10 is a section taken along line 10-10 of FIG. 6.
PAR  FIG. 11 is an enlarged fragmentary vertical section taken along line 11--11
      of FIG. 6.
PAR  FIG. 12 is an enlarged section taken along line 12--12 of FIG. 5.
PAR  FIG. 13 is a vertical section taken along line 13--13 of FIG. 5.
PAR  FIG. 14 is a vertical section taken along line 14--14 of FIG. 5.
PAR  FIG. 15 is a section taken along line 15--15 of FIG. 4.
PAR  FIG. 16 is a section taken along line 16--16 of FIG. 5.
PAR  FIG. 17 is a section taken along line 17--17 of FIG. 5.
PAR  FIG. 18 is a diagrammatic horizontal section illustrating the floor plan of
      the solar heating apparatus of the present invention.
PAR  FIG. 19 is an enlarged section taken along line 19--19 of FIG. 4.
PAR  FIG. 20 is a diagrammatic perspective view illustrating the air currents
      through the storage chamber of the solar heating apparatus of the present
      invention.
PAR  FIG. 21 is a diagrammatic perspective view showing a modified form of the
      solar heating unit of the present invention.
PAR  FIG. 22 is an enlarged vertical section taken through an upper portion of a
      forced air furnace illustrating the connection of the solar heating
      apparatus of the present invention to the forced air furnace.
PAR  FIG. 23 is a section taken along line 23--23 of FIG. 22.
PAR  FIG. 24 is a perspective view of a valve plate shown in FIGS. 22 and 23.
PAR  FIG. 25 is a circuit diagram of the connection of the solar heating
      apparatus of the present invention to a conventional forced air furnace
      system.
PAR  FIG. 26 is a diagrammatic representation of the dual switch control for the
      conditioning pump of the apparatus of the present invention.
PAR  FIG. 27 is an electrical schematic of the dual switch control of FIG. 26.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The solar heating apparatus 28 of the present invention includes a housing
      30 defining an internal storage chamber 32, a collector unit 34 mounted
      upon one face of the housing 30, and a reflector panel 36 pivotally
      connected to the housing so as to be movable between an open position
      exposing the collector unit 34 to the ambient environment and a closed
      protective position overlying the collector unit.
PAR  The framework for the apparatus includes three insulating rectangular
      panels of substantially the same size which are interconnected along their
      longitudinal edges to form an elongated housing of triangular transverse
      cross-section. The three rectangular panels consist of two inclined top
      panels 38a and 38b and a floor panel 40 with the top panels 38a and 38b
      forming an angle of approximately 60.degree. with horizontal. Each of the
      top panels and bottom panel are laminated with conventional plywood sheets
      42 on opposite faces and an inner relatively thick core 44 of an
      insulating material such as a rigid polyurethane foam. The plywood panels
      are preferably painted or coated with a reflective paint such as a silver
      paint to better retain heat within the storage chamber.
PAR  The panels 38a, 38b, and 40 are connected along their edges with a
      relatively thin gauge angled metallic strip which is positioned to be
      self-tightening. Referring to FIG. 8, it will be seen that the lower edge
      of each top panel is tapered to fit flush against the horizontal top
      surface of the bottom panel 40 and an angled metallic strip 46, FIGS. 8
      and 13, is positioned along the outer edge of the top and bottom panels
      38a and 38b so as to have a horizontal leg 48 which lies between the
      panels and an upwardly inclined leg 50 which is flush with the outer
      surface of the top panel. Conventional fasteners, such as of the screw
      type, connect the horizontal leg with the bottom panel and the upwardly
      inclined leg with the top panel. These fastening strips 46 extend along
      the length of the bottom of the panels to securely and reliably
      interconnect the panels. The bottom panel extends beyond the lower edge of
      the top panel 38b for a reason which will become clear later.
PAR  At the juncture of the upper edges of the top panels 38a and 38b, one of
      the top panels 38a extends across the upper end of the other top panel 38b
      and is bevelled at its outer end so as to form a 60.degree. angle
      therewith and establish a smooth juncture of the two panels. The plywood
      laminate 42 on the outer surface of each of the top panels extends
      upwardly to the uppermost point of the housing and an angle iron strip 52
      is placed downwardly over the juncture of the two outermost plywood sheets
      to extend along the length of the panels. This angle iron strip 52 is
      suitable fastened to the respective top panels, such as with screw type
      fasteners, to reliably secure the panels along the top edges thereof.
PAR  Triangular shaped end panels 54 and 56 are secured to the end edges of the
      top and bottom panels 38a and 38b of the housing in a manner which is best
      illustrated in FIG. 9. There it will be seen that the end panels 54 and 56
      extend downwardly to the lower edge of the bottom panel 40 and likewise
      extend outwardly to the outer edges of the top panels 38a and 38b to
      completely cover the end edges of the top and bottom panels. The end
      panels actually extend beyond the top panel 38b at 58, FIGS. 12 and 19,
      for a purpose to be described later. The end panels are constructed
      identically to the top and bottom panels in that they are laminates having
      outer layers 60 of a rigid material such as plywood and an inner
      insulating rigid foam core 62. The end panels are connected to the top and
      bottom panels by angled metallic strips 64, FIG. 9, which extend along the
      junctures of the panels and are fastened thereto as with screw-type
      fasteners in a self-tightening manner. Each end panel has a removable door
      66 closing an opening 68 therein which provides selectable access to pump
      containing compartments 70 and 72 in the storage chamber 32 which will be
      described later.
PAR  A water-repellant sheet metal covering 74 is provided over the top panel
      38a and the end panels 54 and 56 so that these panels will be protected
      from deterioration by moisture in the ambient environment.
PAR  The top, bottom and end panels cooperate in confining a heat retaining
      material 76 such as gravel in a manner such that the weight of the gravel
      does not place excessive outward pressure on the housing. In other words,
      since gravel is naturally piled with inclining sides, the pressure on the
      top walls 38a and 38b of the housing, since they too are inclined, is
      minimal. In the preferred form, the heat retaining material 76 is a
      granite rock of approximately 11/2 inches in diameter so that the spaces
      between the rock particles are sufficient to allow the flow of air through
      the storage chamber. A fill opening 78, FIGS. 3 and 6, is provided near
      the top edge of one of the top panels so that gravel can be poured through
      the opening to fill the storage chamber. An insulated door 80 removably
      seals the opening 78 during operation of the apparatus.
PAR  The storage chamber 32 of the apparatus has a plurality of baffles or
      barrier plates 81, 82 and 84 positioned therein to encourage the desired
      circulation of air through the gravel material as will be described in
      more particularity later. The baffle members include two upstanding baffle
      members 81 and 82 of trapezoidal configuration which are flush with the
      bottom wall and extend slightly over half the height of each of the top
      panels thereby separating the lower portion of the storage chamber into
      two end sections 86 and 88 and a central section 90, FIGS. 6 and 20. The
      third depending baffle member 84 is suspended from the upper portion of
      the top panel members at approximately their longitudinal center and is of
      triangular configuration to fit flushly against the inner surfaces of the
      top panel members and extend slightly over half the height of the top
      panel members so as to overlap the upward extent of the upstanding
      baffles. Each of the baffle members is secured to the abutting top and
      bottom panel members by suitable fasteners 92, FIG. 10, which could be
      angle iron strips.
PAR  The reflector panel 36 in the preferred form includes a framework 37 in
      which three highly reflective sheets 39 of aluminum or the like are
      retained. The sheets may follow a modified parabolic curve to concentrate
      solar radiation on the collector unit 34. The framework 37 is pivotally
      mounted as by a hinge 41 to the floor panel 40 of the apparatus. The
      reflective sheets, of course, could be other suitable materials such as
      mirrors, or the like, and if the mirrors were readily susceptible to
      breakage, a large number of relatively small mirrors could be mounted in
      the framework 37 so that replacement of damaged or broken mirrors would
      not be a great economical burden.
PAR  The collector unit 34 which is probably best illustrated in FIGS. 1, 5, 7
      and 11-14, is of a size substantially the same as the top panels of the
      housing and is mounted directly on the outer face of the top panels 38b.
      The collector unit includes an outer peripheral rigid frame 94, a front
      insulating glass portion 96, and a back heat accumulator portion 98. The
      insulator glass portion and heat accumulator portion are separated by a
      plurality of baffle members 100 and 102 which, as will be explained
      hereinafter, serve to circulate air uniformly through the collector.
PAR  The peripheral frame 94 abuts the inner surfaces of the extensions 58 of
      the end panels beyond top panel 38b so as to be insulated along the
      associated two sides from the ambient environment and an elongated wedge
      shaped insulating block 104 lies across and is attached to the top portion
      of the peripheral frame to insulate the top portion from the ambient
      environment.
PAR  The insulating glass portion 96 of the collector unit consists, in the
      preferred form, of three spaced layers 106a, 106b and 106c of glass with
      each layer of glass having two coplanar glass or plastic panels 108a and
      108b separated at the longitudinal center of the collector by a center
      plate 110. Each glass or plastic panel is separated from the glass panel
      in the next adjacent layer by a rubber sealant strip 112 which extends
      around the periphery of the panel. Referring to FIG. 17, the rubber
      sealant strips extending along the adjacent ends of the glass panels at
      the longitudinal center of the collector are seen sandwiched with the
      glass panels between an outer angle iron strip 114 which is secured as by
      a rivet to the center plate 110 and an inner channel member 116 which is
      also secured to the center plate as by a rivet. The periphery of each
      glass panel is embedded along with the rubber sealant strips 112 in a
      caulking compound 118, FIG. 17, to hermetically seal the perimeter of the
      insulating glass portion of the collector so that heat accumulated in the
      heat accumulator portion of the collector cannot escape back to the
      ambient environment around the periphery of the glass panels. In FIGS.
      11-13, the top, bottom and side edges respectively of the glass panels are
      seen similarly sandwiched between an outer angle iron strip 120 and an
      inner channel member 122 each of which are affixed in any suitable manner
      to the outer frame 94 of the collector unit. Accordingly, the glass panels
      108a and 108 b on each half of the glass insulating portion of the
      collector unit are retained in parallel spaced relationship and are sealed
      around their periphery to prevent heat loss.
PAR  The heat accumulator portion 98 of the collector unit includes a planar
      back plate 124, preferably a sheet of black coated metallic coil or the
      like which lies against or is affixed to the outer plywood sheet 42 of the
      top panel 38b. A plurality of forwardly opening cups 126, preferably of
      cylindrical configuration and made of aluminum and coated black, are
      positioned upon the black aluminum back sheet and define spaces 128
      therebetween which expose the back sheet 124. Again, preferably the cups
      are coated or annodized in a black color as black is known to be the best
      heat absorbent color. The cups may be loosely disposed upon the back plate
      124 or could be secured thereto if desired. It will be appreciated that
      the cups enlarge the surface area of the heat accumulator 98 and thus the
      solar thermal energy capturing ability of the apparatus. In fact, by using
      cups which are approximately 2 inches in length and 23/4 inches in
      diameter, the surface area of the heat accumulator will be increased
      approximately 4.75 times over that of a planar heat accumulator. As
      clearly seen in FIGS. 11-13, the forward extent of the accumulator cups
      126 is rearwardly spaced from the insulator glass 96 defining an open
      space or passage 130 therebetween through which air can freely pass. The
      baffle members 100 and 102 are positioned within this space to direct the
      conditioning air currents along a predetermined path which fairly
      uniformly covers the entire array or matrix of accumulator cups whereby a
      complete and effective transfer of heat from the accumulator cups to the
      air can be effected.
PAR  As best illustrated in FIG. 15, in the preferred form, there are three
      rising baffle members 100 which extend upwardly from the lower edge of the
      collector unit in uniformly spaced relationship and two depending baffle
      members 102 which extend downwardly from the top edge of the collector
      unit into the centralmost spaces between the three rising baffle members.
      Each of the baffle members extend approximately three-fourths of the
      height of the collector. Referring to FIGS. 16 and 17, these baffle
      members can be seen to be comprised of the back-to-back channel members
      132 and 116 with the channel members 116 on the center baffle 100 being
      those at the longitudinal center of the collector unit which support the
      adjacent center edges of the glass panels 108a and 108b. The remaining
      baffle members, as shown in FIG. 15, serve to support the glass panels and
      additional rubber spacer sealant strips at intermediate locations so that
      the glass insulating portion 96 of the collector unit is adequately
      supported and less prone to damage. Of course, each of the baffles are
      secured to the back plate and the underlying plywood sheet of the top
      panel by suitable fasteners.
PAR  Referring now to FIGS. 13-15 and 20, it will be seen that the lower
      horizontal portion of the frame 94 of the collector unit has rectangular
      openings 134 and 136 at opposite ends thereof which communicate with the
      space 130 between the glass insulator section and the heat accumulator
      section of the unit. The opening 134 is the inlet opening to the collector
      while the opening 136 is the outlet opening. Air entering the collector
      through the inlet opening 134 is confined in the space 130 between the
      glass insulator portion 96 and heat accumulator portion 98 and is directed
      along a path defined by the baffle members which passes through a series
      of reversing bends as indicated by the arrows in FIG. 15, thereby forcing
      the air to pass across all of the accumulator cups in the collector.
      Turbulence created by the configuration and positioning of the cups
      assists in the more efficient transfer of heat.
PAR  Referring now to FIGS. 7, and 13-15, it will be seen that the inlet and
      outlet openings 134 and 136 respectively of the collector unit are
      connected through rectangular passages 138 and 139 in an insulating foam
      block 140 to insulated ducts 142 and 143 which are cut or otherwise formed
      in the floor panel 40 of the housing. The ducts 142 and 143 open into the
      storage chamber 32 of the apparatus. The duct 142 communicating with the
      inlet opening 134 of the collector unit is in fluid communication with a
      conditioning air pump 144 mounted within the enclosed compartment 70 in
      the storage chamber. The pump 144 is also in fluid communication with an
      outlet 146 from the storage chamber via a duct 148. The ducts 143 and 148
      each have screens covering their openings into the storage chamber 32 and
      each screen has a mesh size less than the size of the rock material stored
      in the storage chamber so that the rock material cannot pass into the
      ducts. The screened opening 150 connecting the duct 143 to the storage
      chamber, will hereafter be referred to as the conditioning air inlet to
      the storage chamber while the screened opening 146 will be referred to as
      the conditioning air outlet from the storage chamber.
PAR  It will, therefore, be seen that a circulating path is established through
      the collector and the storage chamber with the conditioning air pump
      serving as the means for effecting the desired circulation of the
      conditioning air. The conditioning air pump draws the air from the storage
      chamber through the duct 148 which again is cut or otherwise formed in the
      bottom panel of the housing so as to be at a level beneath both the
      collector and storage chamber and open into the conditioning air pump
      compartment as well as into the end section 86 of the remaining open area
      of the storage chamber so that air which has passed through the storage
      chamber is drawn downwardly into the duct 148 before being passed through
      the conditioning air pump and subsequently into the collector unit. The
      purpose for the three under-the-floor ducts 142, 143 and 148, is to
      prevent the free flow of air between the spaces connected by the ducts
      eliminating the need for conventional fluid flow valves.
PAR  It is important that once the heat has been transferred from the collector
      into the storage chamber that it not be allowed to escape from the chamber
      by convection during non-operation of the circulating pump. Since hot air
      rises to the top of the storage chamber and will not pass downwardly
      through any of the ducts connecting the storage chamber to the collector
      unit and thereby allow heat to escape from the storage chamber.
      Accordingly, by placing the ducts at a level beneath both the storage
      chamber and the collector unit, the hot air is prevented from escaping
      from the storage chamber and the use of conventional and relatively
      expensive valves are avoided. To insulate the ducts from the underlying
      terrain on which the apparatus is supported, insulated pads 152 are
      positioned beneath the ducts, even though a complete insulating panel
      approximately the size of the bottom panel could be used. Preferably, a
      vapor barrier 154 in the form of a corregated metal or plastic sheet would
      separate the insulating panel from the bottom panel and the ducts to
      prevent the ingress of moisture.
PAR  The flow of conditioning air through the storage chamber of the apparatus
      is best illustrated in FIG. 20 wherein it is seen that hot air leaving the
      collector unit through the outlet opening 136 emerges through the screened
      opening 150 at the inlet end of the storage chamber and is forced to pass
      unwardly over the baffle member 82 into the heat retaining gravel and then
      follow a downwardly and upwardly reversing path below and above the three
      baffle plates 80, 82 and 84 in the storage chamber until it is drawn
      downwardly through the screened outlet opening 146 at the opposite end of
      the storage chamber and subsequently blown by the conditioning pump into
      the collector unit through the inlet opening 134. In this manner, the hot
      air being directed into the storage chamber from the collector unit is
      forced to pass through the storage chamber in such a manner as to come
      into contact with substantially all of the heat retaining gravel material
      in the storage chamber. It should be realized that the inlet end of the
      storage chamber will normally be substantially hotter than the outlet end
      during operation of the conditioning pump since the hot air entering the
      storage chamber will lose its heat to the gravel material as it passes
      through the storage chamber (provided that circulated air temperature is
      higher than storage temperature) so that by the time the air reaches the
      outlet end of the storage chamber it is somewhat cooler than when it
      entered the storage chamber.
PAR  In addition to the three aforedescribed under-the-floor ducts 142, 143 and
      148, the apparatus has two additional under-the-floor ducts 156 and 158
      defining inlet and outlet ducts respectively of the utility air circuit so
      that the heat retained by the material in the storage chamber can be
      transferred via a flow of utility air through an adjacent building
      structure. The inlet duct 156 for the utility air is seen in FIG. 7 to
      comprise an elongated channel cut or otherwise formed in the floor panel
      40 of the apparatus and sealed by an insulating block 160 so as to extend
      beneath the lower edge of the top panel. The inner end of the inlet duct
      opens upwardly through the floor of the unit and has a screen 162 covering
      thereover of a smaller mesh than the particle size of the gravel heat
      retaining material so as to prevent the gravel material from falling into
      the duct. The outer end of the duct opens upwardly and extends above the
      floor of the storage chamber and is connected through a conventional air
      filter 164 to an elbow conduit 166 which is connected via an air flow
      conduit 168, FIG. 1, to a circulating duct system in the building
      structure (not shown). The circulating duct system in the building
      structure could be an existing forced air furnace duct system and the
      heating apparatus of the present invention could be connected thereto in a
      manner to be described in detail later. However, the solar system could
      have its own circulating duct system.
PAR  Similarly, the outlet duct 158 of the utility air circuit is formed in the
      floor panel the same as the the inlet duct and has its inner end opening
      upwardly in fluid communication with a utility pump 170, FIGS. 18 and 20,
      which is housed in the enclosed compartment 72 in the storage chamber at
      the diametrically opposite corner from the conditioning pump 144. The
      inlet of the utility pump opens through a screened opening 172 in the
      adjacent upstanding baffle plate 82 so as to draw air from the central
      section of the storage chamber. The outlet duct 158 of the utility system
      also opens at its outer end through an insulated block 174 and may be
      connected through an air filter (not shown) to a second elbow conduit 176
      and subsequently through an air flow conduit (not shown) to the
      circulating duct work in the building structure. It can, therefore, be
      appreciated that a circulating utility air flow circuit is established
      through the storage chamber and the heating duct work in the building
      structure whereby hot air can be drawn from the storage chamber and blown
      into the building structure wherein it may be selectively diverted through
      various vent openings into desired locations in the building structure.
PAR  As mentioned previously, the heat retaining gravel material 76 in the
      storage chamber is hottest at the inlet end of the storage chamber with
      respect to the conditioning circuit and progressively becomes relatively
      cooler toward the outlet end. It is, therefore, desirable that the utility
      air flow, or that air which is directed into the building structure, is
      withdrawn from the storage chamber at the hot end or the inlet end thereof
      and for this reason, the utility pump which withdraws air from the storage
      chamber and directs it into the building structure is positioned at the
      hot or inlet end in the section 88 of the storage chamber. However, to
      prevent air entering the storage chamber from the collector unit through
      opening 150 from being withdrawn directly by the utility pump 170, the
      inlet 172 to the utility pump is positioned on the opposite side of the
      upstanding baffle plate 82 from the opening 150 so that the hot air
      entering the storage chamber is forced to begin circulating and thereby
      transferring its heat into the gravel material whereby this heat will be
      retained by the gravel material and can be readily withdrawn when the
      utility pump is in operation. In other words, by positioning the inlet 172
      to the utility pump on the opposite side of the baffle plate 82 from the
      outlet of the collector, a short circuit in both the utility and
      conditioning air flows is avoided.
PAR  So that the utility air entering the storage chamber will have adequate
      time to absorb heat from the gravel storage material before it is
      withdrawn from the storage chamber by the utility pump, it is desirable
      that the inlet 162 to the storage chamber in the utility circuit be
      positioned as far away from the utility pump as possible. However, the
      inlet in the utility circuit is preferably not placed closely adjacent to
      the outlet 146 from the storage chamber in the conditioning circuit so
      that the air does not flow directly into the outlet of the conditioning
      circuit but rather flows toward the utility pump 170 and thus toward the
      hot end of the storage chamber in a counter-flow direction relative to the
      conditioning air circuit except when both pumps are in simultaneous
      operation. For this reason, the inlet 162 of the utility circuit has been
      positioned on the opposite side of the upstanding baffle plate 80 so that
      this air will migrate toward the hot end of the apparatus beneath the
      center baffle plate 84 and will not rise and pass over the upstanding
      baffle plate 80 and thereafter pass into the outlet 146 of the
      conditioning circuit. Accordingly, this relative relationship of the inlet
      162 in the utility circuit to the outlet 146 in the conditioning circuit
      prevents short circuiting of the utility air flow and encourages the air
      to flow in the desired direction.
PAR  It should be appreciated that the apparatus is designed so that if desired,
      the storage chamber can be essentially by passed whereby hot air can be
      circulated through the collector and the building structure with minimal
      contact with the heat retaining material. In this manner heat from the
      collector is transferred substantially directly into the building
      structure. This can be best understood by reference to FIG. 20 wherein it
      will be seen that if both the utility pump 170 and the conditioning pump
      144 are operated simultaneously, air leaving the collector and entering
      the storage chamber through opening 150 will pass upwardly over the baffle
      member 82 and will be immediately drawn into the inlet 172 of the utility
      pump wherefrom it will be circulated through the duct work in the building
      structure. In other words, when the hot air enters the storage chamber and
      passes over the baffle member 82, the low pressure existing at the inlet
      172 to the outlet pump during operation of the utility pump attracts the
      hot air so that it does not take its normal circulating path through the
      heat retaining material in the storage chamber. After the air has
      circulated through the duct work in the building structure it enters the
      storage chamber through inlet 162 and is drawn over baffle member 80 into
      outlet 146 from the storage chamber whereby it is cycled into the
      conditioning pump 144 and into the collector through the inlet 134 to the
      collector. Thus it will be seen that a closed circulating path directly
      connecting the collector to the duct work in the building structure, with
      minimal contact with the heat retaining material 76, is established by
      simultaneous operation of the conditioning and utility pumps.
PAR  The conditioning pump 144 in the preferred form is automatically controlled
      by a dual control system illustrated in FIGS. 26 and 27. A resistant
      temperature detector in the form of a probe 178, FIG. 18, is positioned in
      the storage chamber near the center thereof and a second resistant
      temperature detector in the form of a probe 179, FIG. 15, is mounted in
      the collector near the outlet from the collector so that each is disposed
      to sense the temperature at the respective locations. The temperature
      detectors are connected through a comparator circuit, illustrated in FIG.
      27, to the control switch of the conditioning pump. The comparator
      circuit, as will be explained hereinafter, is used to compare the
      temperatures of the detectors 178 and 179 and to switch the conditioning
      pump on when the temperature of the detector 179 equals or succeeds by a
      predetermined amount the temperature of detector 178. By so controlling
      the operation of the conditioning pump, breakage of the collector glass
      panels by thermal shock is alleviated, the use of less insulation at the
      collector glass panels is allowed since heat is extracted rapidly from the
      collector cutting heat loss through the glass panels, and the life of the
      conditioning pump is extended due to less cycling. While other comparator
      circuits could be utilized, in the preferred form, the comparator circuit
      is in the form of a conventional wheatstone bridge where identical
      resistors R1 and R2 are connected in the bridge with a third resistor R3,
      the detector 178, the detector 179, and a rheostat 181. The operation of
      the wheatstone bridge circuit is conventional with the rheostat 181
      serving to adjust or regulate the temperature differential between
      detectors 178 and 179 desired for operation of the conditioning pump. It
      will, therefore, be seen that with the dual control system, the
      temperature in the storage chamber is automatically maintained or raised
      during normal weather conditions.
PAR  As mentioned previously, the aforedescribed heating apparatus can be easily
      connected into an existing forced air furnace system in a building
      structure. Referring to FIGS. 22-25, the manner in which the heating
      apparatus can be connected to a forced air furnace system is illustrated.
      Looking first at FIG. 22, the upper end of a typical forced air furnace
      unit 180 is illustrated having heat exchangers 182 in a heat exchange
      portion 184 of the unit and a plenum chamber 186 above the heat exchange
      portion 184 wherein the hot air emitted from the forced air furnace unit
      is directed into the circulating duct work in the building structure for
      desired distribution through the building structure. An outlet conduit 188
      in the utility circulating system of the solar heating apparatus 28 of the
      present invention is connected to the plenum chamber 186 of the forced air
      heating unit through an opening 190 in one side thereof so that the air
      entering the plenum chamber from the solar heating apparatus will pass
      into the plenum chamber wherefrom it can be directed into the circulating
      duct work in the building structure for desired distribution throughout
      the structure. To prevent this air from passing downwardly into the forced
      air furnace when the forced air furnace is not in operation, a series of
      valve plates 192 are pivotally mounted across the open upper end of the
      heat exchange portion 184 of the forced air furnace apparatus so that in
      normal conditions when the forced air furnace is not in operation, these
      valve plates lie in the closed solid line positions of FIGS. 22 and 23.
      The valve plates include a rectangular planar section 194 with a pivet rod
      196 along one longitudinal edge. The pivot rod extends beyond the ends of
      the rectangular planar section so that the ends of the rod can be
      journalled in suitable bearing members 198 shown as U-shaped brackets in
      FIG. 23, to pivotally support the valve plates in a horizontal
      disposition. The width of the rectangular planar section of each plate is
      such that the plate overlies the pivot rod of the next adjacent plate
      whereby when the plates are in their closed positions, the outlet from the
      heat exchange portion of the forced air furnace is blocked. Accordingly,
      air entering the plenum chamber from the solar heating apparatus 28
      through the conduit 188 connot flow downwardly but must flow upwardly and
      into the circulating duct work for desired distribution through the
      building structure.
PAR  When the forced air heating apparatus is in operation, however, the air
      being blown upwardly through the heat exchange portion 184 and into the
      plenum chamber 186 is sufficiently strong enough to pivot the valve plates
      192 about their pivot rods so that they open into the dotted line position
      of FIG. 22 thereby allowing the air to pass into the plenum chamber and
      subsequently into the circulating duct work of the building structure. Pin
      stops 200 are provided for each valve plate to limit the pivotal movement
      of the plate. In this manner, the solar heating unit can be connected
      directly into the forced air heating unit and neither system will inhibit
      proper functioning of the other. Accordingly, when it is desired to
      operate the forced air furnace apparatus, it will operate independently of
      the solar heating unit and when the solar heating unit is operated, it can
      operate independently of the forced air heating apparatus.
PAR  Referring to FIG. 25, a schematic control circuit diagram is shown with the
      solar furnace system and a conventional forced air furnace system
      connected in a complementary fashion. It will be seen that as is
      conventional, a step-down transformer 204 converts the 110 volt A.C. input
      into a 24 volt potential which is placed on the coil 206 in a forced air
      gas furnace relay 208. The thermostat 210 in the house or building
      structure is also connected between the transformer 204 and the coil 206
      so that the coil is not energized unless the house thermostat is closed,
      such as when the temperature in the house is below a preselected
      temperature. When the coil in the forced air gas furnace relay is
      energized, it closes a switch 212 which places a potential on the forced
      air furnace blower 214 and on a thermostat 216 in the solar furnace
      storage chamber. The forced air furnace blower, however, will not operate
      unless a furnace control switch 218 which is also temperature controlled
      and which is positioned within the forced air furnace is closed. This
      furnace control switch, however, does not close until the temperature
      within the forced air furnace is above a preselected level. The solar
      furnace storage chamber thermostat 216 is a double-throw switch so that
      when the temperature in the storage chamber is below a preselected
      temperature, the forced air furnace gas valve 219 is energized thereby
      causing the forced air furnace to heat and once the temperature of the
      furnace unit is above a preselected level, the furnace control switch
      closes thereby energizing the forced air furnace blower so that the hot
      air from the forced air furnace will be circulated through the building
      structure. However, if the temperature within the solar furnace storage
      chamber is above a preselected level, the solar furnace storage thermostat
      rather than energizing the forced air furnace gas valve 219 energizes the
      solar furnace blower or utility pump 170 so that the utility circulating
      air in the solar furnace is operated to heat the building structure. It
      will be appreciated, that in this manner, the conventional forced air
      heating system and the solar heating system of the present invention are
      used to supplement each other and depending upon the solar radiation in
      the particular area in which the unit is in operation, the solar furnace
      system can be predominately used with the forced air furnace system only
      as a back-up during unusual weather conditions. The operation of the
      conditioning pump 144 is automatically controlled by a dual sensor
      thermostat.
PAR  Referring to FIG. 21, it is seen that additional reflector panels have been
      mounted upon the solar heating unit 28 to increase the solar radiation
      received by the collector unit 34. As illustrated, reflector panels 220
      are pivotally mounted along each side of the collector unit and a
      reflector panel 222 is mounted along the top edge of the collector unit to
      cooperte with the reflector panel 36 previously described as being
      connected along the bottom edge of the collector unit. Of course, during
      inclement weather conditions, when it is desirable that the glass or
      plastic insulator 96 on the collector unit be covered, each of the
      reflector panels can be folded inwardly into protective overlying
      face-to-face relationship with the collector unit.
PAR  It has been found by building the solar heating unit of the present
      invention in accordance with the previous description that the units can
      be made in a very compact manner and of a size to be positioned in a
      fairly inconspicuous manner adjacent to a building structure, such as a
      home, without materially detracting from the appearance of the home. In
      fact, it has been found that the unit can be placed in a normal sized
      backyard without taking up unreasonable ground space.
PAR  In a test unit, which was not placed in an optimum position for receiving
      maximum solar radiation, each of the top and bottom panels of the unit,
      the reflector panel, and the collector unit were approximately 8 feet by
      12 feet as opposed to the prior art arrangements wherein substantial
      portions of the roof of the building structures were needed to collect
      adequate solar radiation to heat the building structure. By utilizing the
      thermal cups in the collector unit, it was found that the solar heat
      absorbed by the unit was equivalent to a conventional planar collector
      unit that was sixteen feet by twenty-eight feet, or the solar absorbing
      capacity of the collector of the present unit was found to be
      approximately 4.75 times that of a conventional planar collector not
      utilizing the accumulator cups. When using gravel of approximately 11/2
      inches in diameter particle size, the unit has been found capable of
      obtaining temperatures at the hot end of the storage chamber of around
      300.degree.F, a mean storage chamber of approximately 240.degree.F, and
      was found to lose only 11/2.degree.  to 5.degree. (depending upon outside
      ambient temperature) per day when the conditioning and utility pumps were
      not operated. Since typical forced air furnace systems only obtain mean
      temperatures of about 130.degree. in the plenum chamber, it will be
      appreciated that due to higher operating temperatures, the solar unit
      utility pump does not require as long as duration of operating cycles as a
      forced air furnace to maintain a given temperature in the building
      structure with the same outside ambient temperatures. Since a particular
      storage material inherently absorbs and emits heat at approximately the
      same rate, and since the rate at which heat is exposed to the storage
      material is excessive in the present apparatus of the absorptive
      capability of the storage material, the rise and fall of the storage
      material temperature occurs at the same rate given similar pump capacities
      of the utility and conditioning pumps, and not unusual temperature
      differentials in the building structure being heated and exclusive of
      simultaneous conduction losses through the walls of the apparatus.
PAR  While the foregoing description has been directed to the heating capability
      of the apparatus of the present invention, it should be appreciated that
      the apparatus is also capable of cooling building structures and therefore
      has a dual capability. When using the apparatus to cool a building
      structure, it is connected to the building structure in the same manner as
      previously described but instead of storing solar heat during daylight
      hours, the unit is closed during the daylight hours with the reflector
      panel 36 lying over the collector unit 34 to prevent solar heat from being
      absorbed by the collector unit. Then, when the sun is not shining, the
      conditioning pump is then operated to circulate air through the collector
      and the storage chamber wherein heat is removed from the storage material
      76 or gravel in the storage chamber. After the gravel has been adequately
      cooled, and before the ambient air begins to warm up during daylight
      hours, the conditioning pump 144 is turned off thermostatically. When cool
      air is desired in a building structure, the utility pump 170 is operated
      to circulate air through the relatively cool storage material to thereby
      remove heat from the building structure.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solar heat collector unit comprising:
PA1  a heat conductive back plate,
PA1  a plurality of heat conductive partitions protruding away from one face of
      said back plate, said partitions being of cup-shaped configuration with
      the longitudinal axes of the cups extending perpendicularly to the back
      plate, and
PA1  a transparent sheet sealed in spaced relationship from said back plate
      through which solar heat can pass to be absorbed by the plate and
      partitions, said transparent sheet and back plate defining a passage
      therebetween through which fluid may pass and absorb heat from the back
      plate and partitions.
NUM  2.
PAR  2. The solar heat collector of claim 1 wherein said back plate and
      partitions are coated with a black material.
NUM  3.
PAR  3. The solar heat collector of claim 1 wherein said partitions are
      cylindrical in form with the longitudinal axes of the cylinders being
      perpendicular to the back plate.
NUM  4.
PAR  4. The solar heat collector of claim 3 wherein said partitions are in the
      form of cups with cylindrical side walls and wherein the cups are open at
      the end removed from said back plate.
NUM  5.
PAR  5. The solar heat collector of claim 3 further including baffle members
      bridging the space between said back plate and transparent sheet at
      selected intervals across the faces of the back plate and transparent
      sheet.
NUM  6.
PAR  6. The solar heat collector of claim 5 wherein said baffle members
      establish reversing bends in said passage to expose fluid flowing through
      the passage to substantially all of the cylindrical partitions.
NUM  7.
PAR  7. The solar heat collector of claim 6 wherein said baffle members are
      staggered and extend alternately from the top and bottom of the collector.
NUM  8.
PAR  8. The solar heat collector of claim 1 wherein there are at least two of
      said transparent sheets which are mounted in spaced parallel relationship
      to each other.
NUM  9.
PAR  9. The solar heat collector of claim 8 wherein there are three such
      transparent sheets.
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PAL  The method of collecting, storing and transmitting solar heat includes the
      steps of absorbing solar heat on a collector surface wherein the collector
      surface is insulated from the ambient environment, passing air across the
      collector surface in a heat transfer process whereby the heat absorbed by
      the collector surface is transferred to the air, passing the hot air
      leaving the collector surface through a horizontal duct disposed at a
      lower elevation than the collector surface, and passing the hot air
      flowing from the duct into an elevated storage chamber containing material
      with heat absorbent and heat retaining characteristics whereby the heat in
      the hot air is transferred from the hot air to the material and retained
      by said material until it is removed therefrom by a relatively cool air
      flow.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of Application Ser. No. 445,473 filed Feb.
      25, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a method and apparatus of
      collecting, storing and transmitting solar heat and more particularly
      relates to a method and apparatus for heating building structures and the
      like.
PAR  2. Description of the Prior Art
PAR  The tremendous energy output of the sun has been recognized for many years
      and numerous attempts have been made at harnessing this energy so that it
      can be converted into a useful state. For example, the sun's energy has
      been successfully converted into electrical energy with solar batteries
      and similarly, the sun's energy has been converted into heating systems by
      so-called solar stoves, furnaces and the like. The solar furnace
      apparatusses, however, have been typified by extremely large collector
      plates covering large portions of the roof structure of a building to be
      heated with the apparatus and large storage chambers usually in the
      substructure of the building wherein the heat is stored after having been
      transferred from the collector by a liquid fluid medium. The heat in the
      storage chamber is then circulated through the building structure by a
      separate fluid flow.
PAR  These systems, which have not only been unwieldly and very expensive to
      install, have proven to be very inefficient in that there is an excessive
      heat loss when transferring the solar heat from the collector to the
      removed storage chamber. Furthermore, these systems have not been capable
      of being easily installed in existing building structures and have not
      been devised to cooperate as an auxiliary heating unit to the conventional
      forced air heating systems commonly found in building structures.
PAR  Typical examples of prior art solar heating systems may be found in the
      June, 1973 and October, 1973 issues of Popular Mechanics magazine and in
      the May, 1973 issue of Popular Science magazine.
PAC  OBJECTS OF THE INVENTION
PAR  The present invention has for its primary object the provision of a new and
      improved method and apparatus for collecting, storing and transmitting
      solar heat.
PAR  It is another object of the present invention to provide a compact,
      self-contained solar heating unit which can be positioned exteriorly of a
      building structure and with minimum time and expense connected to the
      building structure so as to convert solar radiation into heat for
      maintaining a desired temperature within the building structure.
PAR  It is another object of the present invention to provide a new and improved
      solar heating system which is readily connected into an existing forced
      air heating system so as to serve as an auxiliary heating system with
      minimum alteration to an existing building structure.
PAR  It is still another object of the present invention to provide a new and
      improved solar heating system which can also serve as a cooling system
      with minimal physical or mechanical alterations.
PAR  It is another object of the present invention to provide a solar heating
      unit which utilizes a small and compact heat collector yet has the
      capacity for adequately heating typical residential building structures.
PAR  It is another object of the present invention to provide a solar heating
      apparatus having a reflective panel to increase captured solar radiation
      and which can also serve as a protective covering for the collector
      portion of the apparatus in inclement weather conditions.
PAR  It is another object of the present invention to provide a solar heating
      method and apparatus wherein conventional valve means between a collector
      and storage chamber of the apparatus are eliminated through the unique
      positioning and types of air transfer ducts and baffles.
PAR  It is another object of the present invention to provide a hot air solar
      furnace in which baffle members are positioned on the collector and in the
      heat storage chamber to desirably circulate air in obtaining optimum
      temperature outputs from the unit.
PAR  It is another object of the present invention to provide a hot air solar
      furnace in which air is transferred from a solar heat collector to a
      storage chamber with a minimum of heat loss and removed from the storage
      chamber and transmitted into a building structure with a minimum heat
      loss.
PAR  It is another object of the present invention to provide a hot air solar
      furnace which has above ground heat storage eliminating the need for
      costly and disfiguring excavation.
PAR  It is another object of the present invention to provide means to
      containerize heat storage with a new and simplified framing technique.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects are obtained in accordance with the present
      invention whereby solar heat is collected and stored in an integrated
      compact unit which is capable of generating a heat flow equal to or
      surpassing those of much larger unwielding units which have been typical
      of prior art solar heating units. The solar heating apparatus of the
      present invention is self-contained in an elongated housing preferably of
      triangular transverse cross-sectional configuration. This configuration
      has been found to allow a minimum quantity of heat retaining material,
      such as gravel, to be stored in the apparatus with a minimum of structural
      reinforcement. The housing is basically constructed of two rectangular top
      panels, a rectangular bottom panel, and two triangular end panels which
      are interconnected to define an enclosed storage chamber for the heat
      retaining material. The panels are each laminated in such a manner as to
      give both structural strength and the required insulating qualities for
      maintaining the temperature of the heat retaining material in the storage
      chamber. A collector unit is mounted upon one of the top panels of the
      housing so as to be inclined relative to the vertical in a position to
      receive the maximum heat from the Winter sun.
PAR  The collector unit is uniquely designed to absorb solar radiated heat and
      retain the heat by converting the heat waves, which will readily pass
      through transparent glass or plastic panes on the collector face, into
      long wave heat radiation which will not readily pass back through the
      glass or plastic panes on the face of the collector. The solar heat is
      absorbed on a base panel of the collector which emits relatively long wave
      heat radiation that becomes trapped in the collector. The base panel of
      the collector has a plurality of forwardly opening cups which serve to
      increase the heat absorption and emission capability of the collector.
      Depending upon the material from which the cups are made, they usually
      will not retain the heat imparted thereto by the solar radiation for
      extended periods of time; accordingly, air is circulated through the
      collector to transfer the heat absorbed by the cups into the storage
      chamber of the apparatus wherein the gravel material not only absorbs the
      heat carried by the air but also retains the heat for extended periods of
      time due to inherent heat retaining characteristics of gravel and its
      inherent restriction of convection. The air which passes through the
      collector and into the storage chamber is re-circulated through the
      collector so as to continuously transfer heat, when desired, from the
      collector to the storage unit. For purposes of the present disclosure,
      this circulating air will be referred to as conditioning air. Since it is
      important to the optimum operation of the unit that the conditioning air
      be equally exposed to the entire base of the collector, a series of
      baffles are provided in the collector to direct the air stream through a
      series of reversing bends. Similarly, baffles are provided in the storage
      chamber to direct the conditioning air throughout the entire quantity of
      gravel in the storage chamber.
PAR  A conditioning air pump is positioned within the storage chamber to effect
      the desired conditioning air flow. The air is passed from the storage
      chamber to the collector and back into the storage chamber through inlet
      and outlet ducts which are positioned at an elevation below both the
      storage chamber and the collector so that when the pump is not in
      operation, the hot air which is lighter than cold air, and therefore urged
      to the top of the respective components of the apparatus, will not be able
      to freely flow between the components so that the ducts establish thermal
      traps that avoid the necessity of relatively expensive valve means to
      accomplish the same purpose.
PAR  A reflector panel is hinged to the framework of the housing along an edge
      of the collector unit so that by opening the reflective panel, the solar
      heat radiation being absorbed by the collector unit is increased. This
      reflective panel is designed so that in a closed position it overlies the
      collector unit and thereby protects the relatively fragile glass from
      detrimental environmental elements such as hail, sunlight in Summer
      months, and the like.
PAR  The heat retained by the heat retaining material in the storage chamber is
      transferred into an adjacent building structure or the like by a utility
      pump which may also be positioned within the storage chamber and connected
      to the building structure by suitable insulated duct work having outlets
      for selectively distributing the hot air through the building structure.
      This air flow, which will be hereinafter referred to as the utility air
      flow, is circulated back through the storage chamber in a manner so as to
      obtain a maximum heat transfer from the heat retaining material to the air
      and in a manner such that the utilitiy air is not short circuited and
      directed through the collector with the conditioning air unless both pumps
      are operating simultaneously. As will be explained in more detail
      hereinafter, this is accomplished by positioning the inlet and outlet
      ducts for both the conditioning air circuit and the utility air circuit on
      appropriate sides of the baffle members within the storage chamber.
PAR  As will be more fully appreciated hereinafter, the unit is ideally suited
      for connection to an existing forced air heating system in a building
      structure so as to serve as an auxiliary unit to the forced air heating
      system even though in many instances, the solar heating unit is sufficient
      in itself to provide the necessary heat for the building structure.
PAR  According to the method of the present invention, heat is first absorbed
      from the sun on a collector surface wherein the collector surface is
      insulated from the ambient environment and internal air is passed across
      the collector surface in a heat transfer process so that the heat absorbed
      by the collector surface is transferred to the internal air. The air is
      then passed through a duct which is lower than the collector surface into
      a raised storage chamber wherein it is directed through heat absorbent and
      heat retaining material in the storage chamber so that the heat in the hot
      air is transferred to the material in the storage chamber. The heat
      retained by the material in the storage chamber is transferred into a
      building structure by directing a utility stream of air through the
      material in the storage chamber and into the building structure wherein it
      is distributed as desired throughout the structure.
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PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the solar heating apparatus of the present
      invention with the reflector panel shown in an open position.
PAR  FIG. 2 is a perspective view of the solar heating unit of FIG. 1 with the
      reflector panel in a closed position.
PAR  FIG. 3 is a perspective view of the solar heating unit of the present
      invention as viewed from the reverse side of FIG. 1.
PAR  FIG. 4 is an end elevation of the solar heating unit of FIG. 1.
PAR  FIG. 5 is a side elevation of the solar heating unit of FIG. 1 showing the
      collector unit.
PAR  FIG. 6 is an enlarged vertical section taken along line 6--6 of FIG. 4.
PAR  FIG. 7 is an enlarged vertical section taken along line 7--7 of FIG. 5.
PAR  FIG. 8 is an enlarged fragmentary vertical section illustrating the
      connection of a top panel of the solar heating unit to the bottom panel.
PAR  FIG. 9 is an enlarged fragmentary section illustrating the connection of an
      end panel of the solar heating unit to the bottom panel.
PAR  FIG. 10 is a section taken along line 10--10 of FIG. 6.
PAR  FIG. 11 is an enlarged framentary vertical section taken along line 11--11
      of FIG. 6.
PAR  FIG. 12 is an enlarged section taken along line 12--12 of FIG. 5.
PAR  FIG. 13 is a vertical section taken along line 13--13 of FIG. 5.
PAR  FIg. 14 is a vertical section taken along line 14--14 of FIG. 5.
PAR  FIG. 15 is a section taken along line 15--15 of FIG. 4.
PAR  FIG. 16 is a section taken along line 16--16 of FIG. 5.
PAR  FIG. 17 is a section taken along line 17--17 of FIG. 5.
PAR  FIG. 18 is a diagrammatic horizontal section illustrating the floor plan of
      the solar heating apparatus of the present invention.
PAR  FIG. 19 is an enlarged section taken along line 19--19 of FIG. 4.
PAR  FIG. 20 is a diagrammatic perspective view illustrating the air currents
      through the storage chamber of the solar heating apparatus of the present
      invention.
PAR  FIG. 21 is a diagrammatic perspective view showing a modified form of the
      solar heating unit of the present invention.
PAR  FIG. 22 is an enlarged vertical section taken through an upper portion of a
      forced air furnace illustrating the connection of the solar heating
      apparatus of the present invention to the forced air furnace.
PAR  FIG. 23 is a section taken along line 23--23 of FIG. 22.
PAR  FIG. 24 is a perspective view of a valve plate shown in FIGS. 22 and 23.
PAR  FIG. 25 is a circuit diagram of the connection of the solar heating
      apparatus of the present invention to a conventional forced air furnace
      system.
PAR  FIG. 26 is a diagrammatic representation of the dual switch control for the
      conditioning pump of the apparatus of the present invention.
PAR  FIG. 27 is an electrical schematic of the dual switch control of FIG. 26.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The solar heating apparatus 28 of the present invention includes a housing
      30 defining an internal storage chamber 32, a collector unit 34 mounted
      upon one face of the housing 30, and a reflector panel 36 pivotally
      connected to the housing so as to be movable between an open position
      exposing the collector unit 34 to the ambient environment and a closed
      protective position overlying the collector unit.
PAR  The framework for the apparatus includes three insulating rectangular
      panels of substantially the same size which are interconnected along their
      longitudinal edges to form an elongated housing of triangular transverse
      cross-section. The three rectangular panels consist of two inclined top
      panels 38a and 38b and a floor panel 40 with the top panels 38a and 38b
      forming an angle of approximately 60.degree. with horizontal. Each of the
      top panels and bottom panel are laminated with conventional plywood sheets
      42 on opposite faces and an inner relatively thick core 44 of an
      insulating material such as a rigid polyurethane foam. The plywood panels
      are preferably painted or coated with a reflective paint such as a silver
      paint to better retain heat within the storage chamber.
PAR  The panels 38a, 38b, and 40 are connected along their edges with a
      relatively thin gauge angled metallic strip which is positioned to be
      self-tightening. Referring to FIG. 8, it will be seen that the lower edge
      of each top panel is tapered to fit flush against the horizontal top
      surface of the bottom panel 40 and an angled metallic strip 46, FIGS. 8
      and 13, is positioned along the outer edge of the top and bottom panels
      38a and 38b so as to have a horizontal leg 48 which lies between the
      panels and an upwardly inclined leg 50 which is flush with the outer
      surface of the top panel. Conventional fasteners, such as of the screw
      type, connect the horizontal leg with the bottom panel and the upwardly
      inclined leg with the top panel. These fastening strips 46 extend along
      the length of the bottom of the panels to securely and reliably
      interconnect the panels. The bottom panel extends beyond the lower edge of
      the top panel 38b for a reason which will become clear later.
PAR  At the juncture of the upper edges of the top panels 38a and 38b, one of
      the top panels 38a extends across the upper end of the other top panel 38b
      and is bevelled at its outer end so as to form a 60.degree. angle
      therewith and establish a smooth juncture of the two panels. The plywood
      laminate 42 on the outer surface of each of the top panels extends
      upwardly to the uppermost point of the housing and an angle iron strip 52
      is placed downwardly over the juncture of the two outermost plywood sheets
      to extend along the length of the panels. This angle iron strip 52 is
      suitably fastened to the respective top panels, such as with screw type
      fasteners, to reliably secure the panels along the top edges thereof.
PAR  Triangular shaped end panels 54 and 56 are secured to the end edges of the
      top and bottom panels 38a and 38b of the housing in a manner which is best
      illustrated in FIG. 9. There it will be seen that the end panels 54 and 56
      extend downwardly to the lower edge of the bottom panel 40 and likewise
      extend outwardly to the outer edges of the top panels 38a and 38b to
      completely cover the end edges of the top and bottom panels. The end
      panels actually extend beyond the top panel 38b at 58, FIGS. 12 and 19,
      for a purpose to be described later. The end panels are constructed
      identically to the top and bottom panels in that they are laminates having
      outer layers 60 of a rigid material such as plywood and an inner
      insulating rigid foam core 62. The end panels are connected to the top and
      bottom panels by angled metallic strips 64, FIG. 9, which extend along the
      junctures of the panels and are fastened thereto as with screw-type
      fasteners in a self-tightening manner. Each end panel has a removable door
      66 closing an opening 68 therein which provides selectable access to pump
      containing compartments 70 and 72 in the storage chamber 32 which will be
      described later.
PAR  A water-repellant sheet metal covering 74 is provided over the top panel
      38a and the end panels 54 and 56 so that these panels will be protected
      from deterioration by moisture in the ambient environment.
PAR  The top, bottom and end panels cooperate in confining a heat retaining
      material 76 such as gravel in a manner such that the weight of the gravel
      does not place excessive outward pressure on the housing. In other words,
      since gravel is naturally piled with inclining sides, the pressure on the
      top walls 38a and 38b of the housing, since they too are inclined, is
      minimal. In the preferred form, the heat retaining material 76 is a
      granite rock of approximately 11/2 inches in diameter so that the spaces
      between the rock particles are sufficient to allow the flow of air through
      the storage chamber. A fill opening 78, FIGS. 3 and 6, is provided near
      the top edge of one of the top panels so that gravel can be poured through
      the opening to fill the storage chamber. An insulated door 80 removably
      seals the opening 78 during operation of the apparatus.
PAR  The storage chamber 32 of the apparatus has a plurality of baffles or
      barrier plates 81, 82 and 84 positioned therein to encourage the desired
      circulation of air through the gravel material as will be described in
      more particularity later. The baffle members include two upstanding baffle
      members 81 and 82 of trapezoidal configuration which are flush with the
      bottom wall and extend slightly over half the height of each of the top
      panels thereby separating the lower portion of the storage chamber into
      two end sections 86 and 88 and a central section 90, FIGS. 6 and 20. The
      third depending baffle member 84 is suspended from the upper portion of
      the top panel members at approximately their longitudinal center and is of
      triangular configuration to fit flushly against the inner surfaces of the
      top panel members and extend slightly over half the height of the top
      panel members so as to overlap the upward extent of the upstanding
      baffles. Each of the baffle members is secured to the abutting top and
      bottom panel members by suitable fasteners 92, FIG. 10, which could be
      angle iron strips.
PAR  The reflector panel 36 in the preferred form includes a framework 37 in
      which three highly reflective sheets 39 of aluminum or the like are
      retained. The sheets may follow a modified parabolic curve to concentrate
      solar radiation on the collector unit 34. The framework 37 is pivotally
      mounted as by a hinge 41 to the floor panel 40 of the apparatus. The
      reflective sheets, of course, could be other suitable materials such as
      mirrors, or the like, and if the mirrors were readily susceptible to
      breakage, a large number of relatively small mirrors could be mounted in
      the framework 37 so that replacement of damaged or broken mirrors would
      not be a great economical burden.
PAR  The collector unit 34 which is probably best illustrated in FIGS. 1, 5, 7
      and 11-14, is of a size substantially the same as the top panels of the
      housing and is mounted directly on the outer face of the top panels 38b.
      The collector unit includes an outer peripheral rigid frame 94, a front
      insulating glass portion 96, and a back heat accumulator portion 98. The
      insulator glass portion and heat accumulator portion are separated by a
      plurality of baffle members 100 and 102 which, as will be explained
      hereinafter, serve to circulate air uniformly through the collector.
PAR  The peripheral frame 94 abuts the inner surfaces of the extensions 58 of
      the end panels beyond top panel 38b so as to be insulated along the
      associated two sides from the ambient environment and an elongated wedge
      shaped insulating block 104 lies across and is attached to the top portion
      of the peripheral frame to insulate the top portion from the ambient
      environment.
PAR  The insulating glass portion 96 of the collector unit consists, in the
      preferred form, of three spaced layers 106a, 106b and 106c of glass with
      each layer of glass having two coplanar glass or plastic panels 108a and
      108b separated at the longitudinal center of the collector by a center
      plate 110. Each glass or plastic panel is separated from the glass panel
      in the next adjacent layer by a rubber sealant strip 112 which extends
      around the periphery of the panel. Referring to FIG. 17, the rubber
      sealant strips extending along the adjacent ends of the glass panels at
      the longitudinal center of the collector are seen sandwiched with the
      glass panels between an outer angle iron strip 114 which is secured as by
      a rivet to the center plate 110 and an inner channel member 116 which is
      also secured to the center plate as by a rivet. The periphery of each
      glass panel is embedded along with the rubber sealant strips 112 in a
      caulking compound 118, FIG. 17, to hermetically seal the perimeter of the
      insulating glass portion of the collector so that heat accumulated in the
      heat accumulator portion of the collector cannot escape back to the
      ambient environment around the periphery of the glass panels. In FIGS.
      11-13, the top, bottom and side edges respectively of the glass panels are
      seen similarly sandwiched between an outer angle iron strip 120 and an
      inner channel member 122 each of which are affixed in any suitable manner
      to the outer frame 94 of the collector unit. Accordingly, the glass panels
      108a and 108b on each half of the glass insulating portion of the
      collector unit are retained in parallel spaced relationship and are sealed
      around their periphery to prevent heat loss.
PAR  The heat accumulator portion 98 of the collector unit includes a planar
      back plate 124, preferably a sheet of black coated metallic coil or the
      like which lies against or is affixed to the outer plywood sheet 42 of the
      top panel 38b. A pluralty of forwardly opening cups 126, preferably of
      cylindrical configuration and made of aluminum and coated black, are
      positioned upon the black aluminum back sheet and define spaces 128
      therebetween which expose the back sheet 124. Again, preferably the cups
      are coated or annodized in a black color as black is known to be the best
      heat absorbent color. The cups may be loosely disposed upon the back plate
      124 or could be secured thereto if desired. It will be appreciated that
      the cups enlarge the surface area of the heat accumulator 98 and thus the
      solar thermal energy capturing ability of the apparatus. In fact, by using
      cups which are approximately 2 inches in length and 23/4 inches in
      diameter, the surface area of the heat accumulator will be increased
      approximately 4.75 times over that of a planar heat accumulator. As
      clearly seen in FIGS. 11-13, the forward extent of the accumulator cups
      126 is rearwardly spaced from the insulator glass 96 defining an open
      space or passage 130 therebetween through which air can freely pass. The
      baffle members 100 and 102 are positioned within this space to direct the
      conditioning air currents along a predetermined path which fairly
      uniformaly covers the entire array or matrix of accumulator cups whereby a
      complete and effective transfer of heat from the accumulator cups to the
      air can be effected.
PAR  As best illustrated in FIG. 15, in the preferred form, there are three
      rising baffle members 100 which extend upwardly from the lower edge of the
      collector unit in uniformly spaced relationship and two depending baffle
      members 102 which extend downwardly from the top edge of the collector
      unit into the centralmost spaces between the three rising baffle members.
      Each of the baffle members extend approximately three-fourths of the
      height of the collector. Referring to FIGS. 16 and 17, these baffle
      members can be seen to be comprised of the back-to-back channel members
      132 and 116 with the channel members 116 on the center baffle 100 being
      those at the longitudinal center of the collector unit which support the
      adjacent center edges of the glass panels 108a and 108b. The remaining
      baffle members, as shown in FIG. 15, serve to support the glass panels and
      additional rubber spacer sealant strips at intermediate locations so that
      the glass insulating portion 96 of the collector unit is adequately
      supported and less prone to damage. Of course, each of the baffles are
      secured to the back plate and the underlying plywood sheet of the top
      panel by suitable fasteners.
PAR  Referring now to FIGS. 13-15 and 20, it will be seen that the lower
      horizontal portion of the frame 94 of the collector unit has rectangular
      openings 134 and 136 at opposite ends thereof which communicate with the
      space 130 between the glass insulator section and the heat accumulator
      section of the unit. The opening 134 is the inlet opening to the collector
      while the opening 136 is the outlet opening. Air entering the collector
      through the inlet opening 134 is confined in the space 130 between the
      glass insulator portion 96 and heat accumulator portion 98 and is directed
      along a path defined by the baffle members which passes through a series
      of reversing bends as indicated by the arrows in FIG. 15, thereby forcing
      the air to pass across all of the accumulator cups in the collector.
      Turbulence created by the configuration and positioning of the cups
      assists in the more efficient transfer of heat.
PAR  Referring now to FIGS. 7, and 13--15, it will be seen that the inlet and
      outlet openings 134 and 136 respectively of the collector unit are
      connected through rectangular passages 138 and 139 in an insulating foam
      block 140 to insulated ducts 142 and 143 which are cut or otherwise formed
      in the floor panel 40 of the housing. The ducts 142 and 143 open into the
      storage chamber 32 of the apparatus. The duct 142 communicating with the
      inlet opening 134 of the collector unit is in fluid communication with a
      conditioning air pump 144 mounted within the enclosed compartment 70 in
      the storage chamber. The pump 144 is also in fluid communication with an
      outlet 146 from the storage chamber via a duct 148. The ducts 143 and 148
      each have screens covering their openings into the storage chamber 32 and
      each screen has a mesh size less than the size of the rock material stored
      in the storage chamber so that the rock material cannot pass into the
      ducts. The screened opening 150 connecting the duct 143 to the storage
      chamber, will hereafter be referred to as the conditioning air inlet to
      the storage chamber while the screened opening 146 will be referred to as
      the conditioning air outlet from the storage chamber.
PAR  It will, therefore, be seen that a circulating path is established through
      the collector and the storage chamber with the conditioning air pump
      serving as the means for effecting the desired circulation of the
      conditioning air. The conditioning air pump draws the air from the storage
      chamber through the duct 148 which again is cut or otherwise formed in the
      bottom panel of the housing so as to be at a level beneath both the
      collector and storage chamber and open into the conditioning air pump
      compartment as well as into the end section 86 of the remaining open area
      of the storage chamber so that air which has passed through the storage
      chamber is drawn downwardly into the duct 148 before being passed through
      the conditioning air pump and subsequently into the collector unit. The
      purpose for the three under-the-floor ducts 142, 143 and 148, is to
      prevent the free flow of air between the spaces connected by the ducts
      eliminating the need for conventional fluid flow valves.
PAR  It is important that once the heat has been transferred from the collector
      into the storage chamber that it not be allowed to escape from the chamber
      by convection during non-operation of the circulating pump. Since hot air
      rises to the top of the storage chamber and will not pass downwardly
      through any of the ducts connecting the storage chamber to the collector
      unit and thereby allow heat to escape from the storage chamber.
      Accordingly, by placing the ducts at a level beneath both the storage
      chamber and the collector unit, the hot air is prevented from escaping
      from the storage chamber and the use of conventional and relatively
      expensive valves are avoided. To insulate the ducts from the underlying
      terrain on which the apparatus is supported, insulated pads 152 are
      positioned beneath the ducts, even though a complete insulating panel
      approximately the size of the bottom panel could be used. Preferably, a
      vapor barrier 154 in the form of a corregated metal or plastic sheet would
      separate the insulating panel from the bottom panel and the ducts to
      prevent the ingress of moisture.
PAR  The flow of conditioning air through the storage chamber of the apparatus
      is best illustrated in FIG. 20 wherein it is seen that hot air leaving the
      collector unit through the outlet opening 136 emerges through the screened
      opening 150 at the inlet end of the storage chamber and is forced to pass
      unwardly over the baffle member 82 into the heat retaining gravel and then
      follow a downwardly and upwardly reversing path below and above the three
      baffle plates 80, 82 and 84 in the storage chamber until it is drawn
      downwardly through the screened outlet opening 146 at the opposite end of
      the storage chamber and subsequently blown by the conditioning pump into
      the collector unit through the inlet opening 134. In this manner, the hot
      air being directed into the storage chamber from the collector unit is
      forced to pass through the storage chamber in such a manner as to come
      into contact with substantially all of the heat retaining gravel material
      in the storage chamber. It should be realized that the inlet end of the
      storage chamber will normally be substantially hotter than the outlet end
      during operation of the conditioning pump since the hot air entering the
      storage chamber will lose its heat to the gravel material as it passes
      through the storage chamber (provided that circulated air temperature is
      higher than storage temperature) so that by the time the air reaches the
      outer end of the storage chamber it is somewhat cooler than when it
      entered the storage chamber.
PAR  In addition to the three aforedescribed underthe-floor ducts 142, 143 and
      148, the apparatus has two additional under-the-floor ducts 156 and 158
      defining inlet and outlet ducts respectively of the utility air circuit so
      that the heat retained by the material in the storage chamber can be
      transferred via a flow of utility air through an adjacent building
      structure. The inlet duct 156 for the utility air is seen in FIG. 7 to
      comprise an elongated channel cut or otherwise formed in the floor panel
      40 of the apparatus and sealed by an insulating block 160 so as to extend
      beneath the lower edge of the top panel. The inner end of the inlet duct
      opens upwardly through the floor of the unit and has a screen 162 covering
      thereover of a smaller mesh than the particle size of the gravel heat
      retaining material so as to prevent the gravel material from falling into
      the duct. The outer end of the duct opens upwardly and extends above the
      floor of the storage chamber and is connected through a conventional air
      filter 164 to an elbow conduit 166 which is connected via an air flow
      conduit 168, FIG. 1, to a circulating duct system in the building
      structure (not shown). The circulating duct system in the building
      structure could be an existing forced air furnace duct system and the
      heating apparatus of the present invention could be connected thereto in a
      manner to be described in detail later. However, the solar system could
      have its own circulating duct system.
PAR  Similarly, the outlet duct 158 of the utility air circuit is formed in the
      floor panel the same as the inlet duct and has its inner end opening
      upwardly in fluid communication with a utility pump 170, FIGS. 18 and 20,
      which is housed in the enclosed compartment 72 in the storage chamber at
      the diametrically opposite corner from the conditioning pump 144. The
      inlet of the utility pump opens through a screened opening 172 in the
      adjacent upstanding baffle plate 82 so as to draw air from the central
      section of the storage chamber. The outlet duct 158 of the utility system
      also opens at its outer end through an insulated block 174 and may be
      connected through an air filter (now shown) to a second elbow conduit 176
      and subsequently through an air flow conduit (not shown) to the
      circulating duct work in the building structure. It can, therefore, be
      appreciated that a circulating utility air flow circuit is established
      through the storage chamber and the heating duct work in the building
      structure whereby hot air can be drawn from the storage chamber and blown
      into the building structure wherein it may be selectively diverted through
      various vent openings into desired locations in the building structure.
PAR  As mentioned previously, the heat retaining gravel material 76 in the
      storage chamber is hottest at the inlet end of the storage chamber with
      respect to the conditioning circuit and progressively becomes relatively
      cooler toward the outlet end. It is, therefore, desirable that the utility
      air flow, or that air which is directed into the building structure, is
      withdrawn from the storage chamber at the hot end or the inlet end thereof
      and for this reason, the utility pump which withdraws air from the storage
      chamber and directs it into the building structure is positioned at the
      hot or inlet end in the section 88 of the storage chamber. However, to
      prevent air entering the storage chamber from the collector unit through
      opening 150 from being withdrawn directly by the utility pump 170, the
      inlet 172 to the utility pump is positioned on the opposite side of the
      upstanding baffle plate 82 from the opening 150 so that the hot air
      entering the storage chamber is forced to begin circulating and thereby
      transferring its heat into the gravel material whereby this heat will be
      retained by the gravel material and can be readily withdrawn when the
      utility pump is in operation. In other words, by positioning the inlet 172
      to the utility pump on the opposite side of the baffle plate 82 from the
      outlet of the collector, a short circuit in both the utility and
      conditioning air flows is avoided.
PAR  So that the utility air entering the storage chamber will have adequate
      time to absorb heat from the gravel storage material before it is
      withdrawn from the storage chamber by the utility pump, it is desirable
      that the inlet 162 to the storage chamber in the utility circuit be
      positioned as far away from the utility pump as possible. However, the
      inlet in the utility circuit is preferably not placed closely adjacent to
      the outlet 146 from the storage chamber in the conditioning circuit so
      that the air does not flow directly into the outlet of the conditioning
      circuit but rather flows toward the utility pump 170 and thus toward the
      hot end of the storage chamber is a counter-flow direction relative to the
      conditioning air circuit except when both pumps are in simultaneous
      operation. For this reason, the inlet 162 of the utility circuit has been
      positioned on the opposite side of the upstanding baffle plate 80 so that
      this air will migrate toward the hot end of the apparatus beneath the
      center baffle plate 84 and will not rise and pass over the upstanding
      baffle plate 80 and thereafter pass into the outlet 146 of the
      conditioning circuit. Accordingly, this relative relationship of the inlet
      162 in the utility circuit to the outlet 146 in the conditioning circuit
      prevents short circuiting of the utility air flow and encourages the air
      to flow in the desired direction.
PAR  It should be appreciated that the apparatus is designed so that if desired,
      the storage chamber can be essentially by passed whereby hot air can be
      circulated through the collector and the building structure with minimal
      contact with the heat retaining material. In this manner heat from the
      collector is transferred substantially directly into the building
      structure. This can be best understood by reference to FIG. 20 wherein it
      will be seen that if both the utility pump 170 and the conditioning pump
      144 are operated simultaneously, air leaving the collector and entering
      the storage chamber through opening 150 will pass upwardly over the baffle
      member 82 and will be immediately drawn into the inlet 172 of the utility
      pump wherefrom it will be circulated through the duct work in the building
      structure. In other words, when the hot air enters the storage chamber and
      passes over the baffle member 82, the low pressure existing at the inlet
      172 to the outlet pump during operation of the utility pump attracts the
      hot air so that it does not take its normal circulating path through the
      heat retaining material in the storage chamber. After the air has
      circulated through the duct work in the building structure it enters the
      storage chamber through inlet 162 and is drawn over baffle member 80 into
      outlet 146 from the storage chamber whereby it is cycled into the
      conditioning pump 144 and into the collector through the inlet 134 to the
      collector. Thus it will be seen that a closed circulating path directly
      connecting the collector to the duct work in the building structure, with
      minimal contact with the heat retaining material 76, is established by
      simultaneous operation of the conditioning and utility pumps.
PAR  The conditioning pump 144 in the preferred form is automatically controlled
      by a dual control system illustrated in FIGS. 26 and 27. A resistant
      temperature detector in the form of a probe 178, FIG. 18, is positioned in
      the storage chamber near the center thereof and a second resistant
      temperature detector in the form of a probe 179, FIG. 15, is mounted in
      the collector near the outlet from the collector so that each is disposed
      to sense the temperature at the respective locations. The temperature
      detectors are connected through a comparator circuit, illustrated in FIG.
      27, to the control switch of the conditioning pump. The comparator
      circuit, as will be explained hereinafter, is used to compare the
      temperatures of the detectors 178 and 179 and to switch the conditioning
      pump on when the temperature of the detector 179 equals or succeeds by a
      predetermined amount the temperature of detector 178. By so controlling
      the operation of the conditioning pump, breakage of the collector glass
      panels by thermal shock is alleviated, the use of less insulation at the
      collector glass panels is allowed since heat is extracted rapidly from the
      collector cutting heat loss through the glass panels, and the life of the
      conditioning pump is extended due to less cycling. While other comparator
      circuits could be utilized, in the preferred form, the comparator circuit
      is in the form of a conventional wheatstone bridge where identical
      resistors R1 and R2 are connected in the bridge with a third resistor R3,
      the detector 178, the detector 179, and a rheostat 181. The operation of
      the wheatstone bridge circuit is conventional with the rheostat 181
      serving to adjust or regulate the temperature differential between
      detectors 178 and 179 desired for operation of the conditioning pump. It
      will, therefore, be seen that with the dual control system, the
      temperature in the storage chamber is automatically maintained or raised
      during normal weather conditions.
PAR  As mentioned previously, the aforedescribed heating apparatus can be easily
      connected into an existing forced air furnace system in a building
      structure. Referring to FIGS. 22-25, the manner in which the heating
      apparatus can be connected to a forced air furnace system is illustrated.
      Looking first at FIG. 22, the upper end of a typical forced air furnace
      unit 180 is illustrated having heat exchangers 182 in a heat exchange
      portion 184 of the unit and a plenum chamber 186 above the heat exchange
      portion 184 wherein the hot air emitted from the forced air furnace unit
      is directed into the circulating duct work in the building structure for
      desired distribution through the building structure. An outlet conduit 188
      in the utility circulating system of the solar heating apparatus 28 of the
      present invention is connected to the plenum chamber 186 of the forced air
      heating unit through an opening 190 in one side thereof so that the air
      entering the plenum chamber from the solar heating apparatus will pass
      into the plenum chamber wherefrom it can be directed into the circulating
      duct work in the building structure for desired distribution throughout
      the structure. To prevent this air from passing downwardly into the forced
      air furnace when the forced air furnace is not in operation, a series of
      valve plates 192 are pivotally mounted across the open upper end of the
      heat exchange portion 184 of the forced air furnace apparatus so that in
      normal conditions when the forced air furnace is not in operation, these
      valve plates lie in the closed solid line positions of FIGS. 22 and 23.
      The valve plates include a rectangular planar section 194 with a pivet rod
      196 along one longitudinal edge. The pivot rod extends beyond the ends of
      the rectangular planar section so that the ends of the rod can be
      journalled in suitable bearing members 198 shown as U-shaped brackets in
      FIG. 23, to pivotally support the valve plates in a horizontal
      disposition. The width of the rectangular planar section of each plate is
      such that the plate overlies the pivot rod of the next adjacent plate
      whereby when the plates are in their closed positions, the outlet from the
      heat exchange portion of the forced air furnace is blocked. Accordingly,
      air entering the plenum chamber from the solar heating apparatus 28
      through the conduit 188 cannot flow downwardly but must flow upwardly and
      into the circulating duct work for desired distribution through the
      building structure.
PAR  When the forced air heating apparatus is in operation, however, the air
      being blown upwardly through the heat exchange portion 184 and into the
      plenum chamber 186 is sufficiently strong enough to pivot the valve plates
      192 about their pivot rods so that they open into the dotted line position
      of FIG. 22 thereby allowing the air to pass into the plenum chamber and
      subsequently into the circulating duct work of the building structure. Pin
      stops 200 are provided for each valve plate to limit the pivotal movement
      of the plate. In this manner, the solar heating unit can be connected
      directly into the forced air heating unit and neither system will inhibit
      proper functioning of the other. Accordingly, when it is desired to
      operate the forced air furnace apparatus, it will operate independently of
      the solar heating unit and when the solar heating unit is operated, it can
      operate independently of the forced air heating apparatus.
PAR  Referring to FIG. 25, a schematic control circuit diagram is shown with the
      solar furnace system and a conventional forced air furnace system
      connected in a complementary fashion. It will be seen that as is
      conventional, a step-down transformer 204 converts the 110 volt A.C. input
      into a 24 volt potential which is placed on the coil 206 in a forced air
      gas furnace relay 208. The thermostat 210 in the house or building
      structure is also connected between the transformer 204 and the coil 206
      so that the coil is not energized unless the house thermostat is closed,
      such was when the temperature in the house is below a preselected
      temperature. When the coil in the forced air gas furnace relay is
      energized, it closes a switch 212 which places a potential on the forced
      air furnace blower 214 and on a thermostat 216 in the solar furnace
      storage chamber. The forced air furnace blower, however, will not operate
      unless a furnace control switch 218 which is also temperature controlled
      and which is positioned within the forced air furnace is closed. This
      furnace control switch, however, does not close until the temperature
      within the forced air furnace is above a preselected level. The solar
      furnace storage chamber thermostat 216 is a double-throw switch so that
      when the temperature in the storage chamber is below a preselected
      temperature, the forced air furnace gas valve 219 is energized thereby
      causing the forced air furnace to heat and once the temperature of the
      furnace unit is above a preselected level, the furnace control switch
      closes thereby energizing the forced air furnace blower so that the hot
      air from the forced air furnace will be circulated through the building
      structure. However, if the temperature within the solar furnace storage
      chamber is above a preselected level, the solar furnace storage thermostat
      rather than energizing the forced air furnace gas valve 219 energizes the
      solar furnace blower or utility pump 170 so that the utility circulating
      air in the solar furnace is operated to heat the building structure. It
      will be appreciated, that in this manner, the conventional forced air
      heating system and the solar heating system of the present invention are
      used to supplement each other and depending upon the solar radiation in
      the particular area in which the unit is in operation, the solar furnace
      system can be predominately used with the forced air furnace system only
      as a back-up during unusual weather conditions. The operation of the
      conditioning pump 144 is automatically controlled by a dual sensor
      thermostat.
PAR  Referring to FIG. 21, it is seen that additional reflector panels have been
      mounted upon the solar heating unit 28 to increase the solar radiation
      received by the collector unit 34. As illustrated, reflector panels 220
      are pivotally mounted along each side of the collector unit and a
      reflector panel 222 is mounted along the top edge of the collector unit to
      cooperate with the reflector panel 36 previously described as being
      connected along the bottom edge of the collector unit, Of course, during
      inclement weather conditions, when it is desirable that the glass or
      plastic insulator 96 on the collector unit be covered, each of the
      reflector panels can be folded inwardly into protective overlying
      face-to-face relationship with the collector unit.
PAR  It has been found by building the solar heating unit of the present
      invention in accordance with the previous description that the units can
      be made in a very compact manner and of a size to be positioned in a
      fairly inconspicuous manner adjacent to a building structure, such as a
      home, without materially detracting from the appearance of the home. In
      fact, it has been found that the unit can be placed in a normal sized
      backyard without taking up unreasonable ground space.
PAR  In a test unit, which was not placed in an optimum position for receiving
      maximum solar radiation, each of the top and bottom panels of the unit,
      the reflector panel, and the collector unit were approximately eight feet
      by twelve feet as opposed to the prior art arrangements wherein
      substantial portions of the roof of the building structures were needed to
      collect adequate solar radiation to heat the building structure. By
      utilizing the thermal cups in the collector unit, it was found that the
      solar heat absorbed by the unit was equivalent to a conventional planar
      collector that was sixteen feet by twenty-eight feet, or the solar
      absorbing capacity of the collector of the present unit was found to be
      approximately 4.75 times that of a conventional planar collector not
      utilizing the accumulator cups. When using gravel of approximately 11/2
      inches in diameter particle size, the unit has been found capable of
      obtaining temperatures at the hot end of the storage chamber of around
      300.degree.F, a mean storage chamber of approximately 240.degree.F, and
      was found to lose only 11/2.degree. to 5.degree. (depending upon outside
      ambient temperature) per day when the conditioning and utility pumps were
      not operated. Since typical forced air furnace systems only obtain mean
      temperatures of about 130.degree. in the plenum chamber, it will be
      appreciated that due to higher operating temperatures, the solar unit
      utility pump does not require as long a duration of operating cycles as a
      forced air furnace to maintain a given temperature in the building
      structure with the same outside ambient temperatures. Since a particular
      storage material inherently absorbs and emits heat at approximately the
      same rate, and since the rate at which heat is exposed to the storage
      material is excessive in the present apparatus of the absorptive
      capability of the storage material, the rise and fall of the storage
      material temperature occurs at the same rate given similar pump capacities
      of the utility and conditioning pumps, and not unusual temperature
      differentials in the building structure being heated and exclusive of
      simultaneous conduction losses through the walls of the apparatus.
PAR  While the foregoing description has been directed to the heating capability
      of the apparatus of the present invention it should be appreciated that
      the apparatus is also capable of cooling building structures and therefore
      has a dual capability. When using the apparatus to cool a building
      structure, it is connected to the building structure in the same manner as
      previously described but instead of storing solar heat during daylight
      hours, the unit is closed during the daylight hours with the reflector
      panel 36 lying over the collector unit 34 to prevent solar heat from being
      absorbed by the collector unit. Then, when the sun is not shining, the
      conditioning pump is then operated to circulate air through the collector
      and the storage chamber wherein heat is removed from the storage material
      76 or gravel in the storage chamber. After the gravel has been adequately
      cooled, and before the ambient air begins to warm up during daylight
      hours, the conditioning pump 144 is turned off thermostatically. When cool
      air is desired in a building structure, the utility pump 170 is operated
      to circulate air through the relatively cool storage material to thereby
      remove heat from the building structure.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of collecting and storing solar heat comprising the steps of:
PA1  absorbing the heat on a collector surface wherein said collector surface is
      insulated from the ambient environment,
PA1  passing air across the collector surface in a heat transfer process whereby
      the heat absorbed by the collector surface is transferred to the air,
PA1  passing the hot air leaving the collector surface through a horizontal duct
      disposed at a lower elevation than the collector surface,
PA1  passing the hot air emanating from said duct into an elevated storage
      chamber wherein said storage chamber has material with heat absorbent and
      heat retaining characteristics so that heat in the hot air is transferred
      from the hot air to said material and retained by said material, and
PA1  passing air from said storage chamber through a second horizontal duct
      which is at a lower elevation than said collector surface and storage
      chamber, and directing the air emanating from said second duct across the
      collector surface to establish a circulating air current across said
      collector surface and through said storage chamber.
NUM  2.
PAR  2. The method of claim 1 wherein said air is passed through a series of
      reversing bends as it crosses said collector surface.
NUM  3.
PAR  3. The method of claim 1 wherein said air is passed through a series of
      reversing bends as it passes through the storage chamber.
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ABST
PAL  A mobile applicator for roofing tar having advance spray nozzles followed
      by spreader brushes carried on a wheeled motorized chassis which also
      supports a tar hopper which is maintained in heated condition and agitated
      by the exhaust of an internal combustion engine which drives the
      apparatus, the engine exhaust being selectively ported to heat the hopper
      or to by pass the same when the liquid tar becomes sufficiently hot to
      prevent overheating and also to maintain the lines from the hopper to the
      spray hot to prevent solidification of the sealant, viz., the tar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has come to my attention that no practical, easily manueverable
      self-contained apparatus is presently available for hoisting onto a
      building roof for facile application of roofing tars. The usual system
      requires a ground crew with a heating tank into which buckets are dipped
      and hoisted to the roof by a pulley line. The transit of the heated tar is
      inneficient, dangerous and odoriferous. The time consuming opeation is not
      only physically exhausting but also consumes enormous amounts of energy
      since the tar must be superheated so as not to solidify before
      application. Mops are used for spreading which are conductive to uneven
      application.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to a novel self-contained apparatus which is
      readily portable and maneuverable on a roof for directly applying a heated
      sealing compound thereto.
PAR  A general object of the invention resides in a novel assembly of components
      which contribute to provide a simple and effective applicator of the
      roofing compound.
PAR  A more specific object is to devise a novel apparatus in which the exhaust
      heat of the driving engine is utilized through a heat exchanger
      encompassing the tar tank to heat the tar and maintain it in liquid state.
PAR  A further object is to provide a novel system for not only heating the tar
      hopper but which also maintains the distributor lines in heated condition
      to prevent coagulation of the roofing compound.
PAR  Another object is to devise a novel recirculating system for returning
      excess sealing liquid to the hopper when the applicator nozzles are closed
      or throttled so as to prevent freeze up in the lines.
PAR  A still further object is to provide a novel applicator which provides a
      leading spray apparatus for pressure spraying of the liquid tar followed
      by intermediately positioned universally mounted rotary-driven spreader
      brushes to scuff the underpaper and thoroughly impregnate the same and
      then followed by a rearwardly position squeegee or rubber wiper blades to
      even the coating.
PAR  A further object is to provide a novel applicator apparatus in which the
      controls are mounted for easy manipulation. A still further object is to
      devise a novel apparatus having a wheeled, light-weight, skeletal
      framework and wherein the tar tank is located in a strategic location for
      holding the brushing apparatus against the work area and wherein the
      internal combustion engine is mounted in balancing relation to the tank
      and the exhaust system which heats the tank discharges remotely from the
      operator who guides the machine by a handle structure extending upwardly
      and rearwardly therefrom.
PAR  The invention contemplates a novel organization of components which serve
      in multiple capacities and in which the components are disposed in a
      close-coupled arrangement for weight saving and in such manner that loads
      are localized where required.
DRWD
PAR  These and other objects and advantages inherent in and encompassed by the
      invention will become more readily apparent from the specifications and
      the drawings, wherein:
PAR  FIG. 1 is a side elevational view partly in section of the invention;
PAR  FIG. 2 is a partly diagrammatic illustration of a portion of the structure
      shown in FIG. 1 on a different scale; and
PAR  FIG. 3 is a perspective view of the driving train of the apparatus.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The applicator apparatus generally designated 2 comprises a skeletal
      framework 3 which includes a deck plate 4 with a depending peripheral wall
      having front and rear wall portions 6 and 7 and laterally spaced side wall
      portions 8,8 which define a downwardly open housing.
PAR  A bracket 5 is mounted on the front wall portion 6 adjacent each side wall
      of the housing and mounts a caster wheel 9 which steerably carries the
      front end of the unit.
PAR  The side wall portions journal a transverse axle 10 adjacent to the rear
      wall 7, said axle being connected to drive wheels 12 which are disposed at
      opposite sides and support the rear end of the unit.
PAR  A handle structure 14 is attached to the rear portion of the framework 3
      and extends diagonally upwardly and rearwardly therefrom and terminates at
      its upper end in a pair of laterally diverging handle bars 15,15 which are
      adapted to be grasped by the workman to guide the unit.
PAR  The handle structure is reinforced by side bracing frames 16,16 each of
      which comprises an upper tension member 17 which at one end is connected
      to the upper end of one of the handles as at 18 and which slopes
      downwardly toward the forward end of the deck and is connected as at 19
      thereto. A column 20 is connected at one end 21 to the tension member 17
      intermediate its ends and the other end of the column is connected as at
      22 to the respective handle bar intermediate its upper and lower ends.
PAR  A prime mover in the form of an internal combustion engine 25 is mounted
      upon and bolted to the deck adjacent to the rear end thereof and adjacent
      to the forward end of the unit there is mounted upon the deck a tar hopper
      or tank 26 in counterbalancing relation to the engine. The hopper
      comprises a casing or outer shell 28 which has a cylindrical upper body
      portion 29 and a funnel-like lower portion 30. The lower portion 30 is
      integrally connected on its forward side to gusset plates 32 which are
      suitably connected as by welding or bolting to the deck plate 4. The rear
      side of the portion 30 is connected to the bight portion 34 of an inverted
      U-shaped brace bar 35 which has laterally spread legs 36, each of which
      are connected at their lower ends as at 37 to the intermediate portion of
      the deck plate 4.
PAR  The forward portion of the deck is apertured and supports a tar spray
      assembly 39 which comprises a nozzle structure 40 projecting below the
      deck plate 4 behind the front wall portion 6. The spray assembly has a
      manifold block 41 mounted by bracket 41a to the top of the deck and the
      block is provided with a suitable valving 42 and porting to control the
      spray through the nozzles. The valving 42 is controlled by a valve stem 43
      spring-biased to closed position, the stems projecting upwardly from the
      valve block or housing 41 and being connected to a control wire 45 which
      extends over a pulley 46 mounted from a bracket 47 on the deck plate 4.
      The wire 45 extends to the rear of the deck under a pulley 48 mounted on
      one of the handle bars and then extends upwardly to a pivoted handle
      control 49 supported with a friction or other incremental lock 50 on one
      of the handle bars, the control 49 being easily accessible to the
      operator.
PAR  Immediately rearwardly of the nozzles a rotary brush asembly 52 is
      supported from the deck plate, said assembly 52 comprising a support block
      54 which adjustably mounts a frame 55. The frame 55 carries a plurality of
      laterally spaced and fore and aft offset bearing sleeves 56,56 each of
      which journals a vertical shaft 57, the lower end of which is connected to
      a mounting plate 58. Each plate 58 supports and drives a plurality of
      annularly arranged dependent helical springs 59,59. The springs 59 serve
      as yieldable universal mounts for an annular backing base 60 of a brush 61
      which has its bristles 62 embedded therein.
PAR  The brush frame has a bearing 64 which journals an adjusting screw 65 which
      is threaded through the support block 54 which is secured (preferably
      weld-connected) to the deck plate 4. The upper end of the adjusting screw
      65 is provided with a sprocket 66 about which there is trained a chain 67
      of an adjustment control 68, the chain being trained under a guide pulley
      69 on the handle structure and behind a pulley 70 on the side frame brace
      and about a crank pulley 71 which is journaled on the upper beam 17 of the
      side frame of the unit.
PAR  The brush shafts 57 are each provided with a pulley 72. A drive belt 73
      (FIG. 3) is wrapped about the pulleys 72 and the brush shaft 57 is
      provided with an additional pulley 74 which is driven by a twisted belt
      75. Belt 75 is wrapped about a pulley 76 which extends from a transmission
      box 78 mounted on the deck plate 4 ahead of the engine. The gearing and
      clutch for the brushes (not shown) is controlled by a lever 79 mounted on
      the gear case and connected to wire 80 which is trained over a pulley 81
      supported on the frame element 17, the wire extending to the lower end of
      lever 82 which is pivotally supported on the frame element 17 adjacent the
      handles 15.
PAR  The gearing in the gear case is driven from an input shaft 83 which has a
      pulley 84 connected thereto. Pulley 84 is driven by a belt 85 which is
      trained about a pulley 86 on the output shaft 87 of the engine.
PAR  The gear train also has an output shaft 88 with a pulley 89 driving a belt
      90 which is wrapped about a pulley 91 of a pump shaft 92 part of a pump
      92'. The pump shaft 92 is rotatably mounted in a pump housing 95 which
      encloses an impeller (not shown) as is well known. The housing 93 is
      mounted on the deck plate 4 beneath the apex 94 of the tar hopper and has
      an upwardly extending hollow tubular portion 95 preferably integrally
      united with the apex of the outer shell portion of the hopper, it being
      understood that the portion 95 may be flanged and bolted to the shell
      portion 30. The tubular portion 95 of the pump housing surrounds an outlet
      pipe 96 which is centered in the portion 95 and at its upper end is
      integral with the apical portion 97 of the inner shell 98 of the hopper,
      the inner shell having a funnel-like conical lower end portion 99 which
      forms the bottom end of a cylindrical upper body portion 100. The upper
      end 101 of the body portion 100 is connected by a ring or annulus 102 to
      the upper end of the outer shell 28 forming therewith a hot gas chamber
      104 which blankets the inner shell and is connected adjacent to the ring
      102 to a muffler 105 which serves as an outlet for the hot exhaust gases
      generated by the internal combustion engine. These gases are ported from
      the engine exhaust port by a pipe 107 which leads to a temperature control
      by-pass valve 108 (FIG. 2) and in one position of the valve passes the
      gases through the valve to a line or pipe 109 which connects with the
      tubular extension 95 of the pump housing for delivering the hot exhaust
      gases thereto heating the exhaust tube 96 of the hopper to maintain the
      tar therein in a viscous or fluid state while also heating the pump
      housing and parts to prevent freeze up and also heating the hopper. The
      temperature control by-pass valve 108 is heat sensitive and is set to
      close its outlet to the pipe 107 upon the gas temperature reaching a
      predetermined maximum such as would excessively boil the tar as to cause
      it to smoke or deteriorate its quality. The valve then opens another port
      which communicates with an exhaust pipe 110 for conducting the hot exhaust
      gases through a muffler 112 to the atmosphere, the muffler 112 being
      located directly under the hopper to maintain a localized heated area
      under the tank at the outlet 114 of the hopper.
PAR  As best seen in FIG. 2 the temperature control by-pass valve has a standard
      116 preferably supported from an outlet pipe 115 of the pump located below
      the valve. This feature transmits vibratory pulses of the exhaust gases to
      the pump outlet piping and the plumbing generally designated 117 connected
      thereto to facilitate movement of the fluid tar through the same. This
      vibratory feature is also transmitted to the heat exchanger chamber of the
      hopper to continuously agitate the liquid to inhibit congealing and
      through the metal deck panel to the spray valving and nozzles to prevent
      plugging.
PAR  As best seen in FIG. 2 the pump outlet pipe 115 is connected to a pressure
      regulator valve 120 which is set to direct the liquid tar through a pipe
      122 to the spray manifold 41 through the valving 42 and thence to the
      nozzles 40. After a predetermined pressure rise in the pipe 122, the valve
      120 diverts a part or all of the fluid tar (if the nozzles malfunction) to
      a by-pass line 124 which leads upwardly and is turned into the tank or
      hopper thus recirculating the material.
PAR  The drive from the gear box to the pump is controlled by a lever and clutch
      assembly 125 mounted on the gear case and controlled by a wire or handle
      127, mounted on the unit side frame as best seen in FIG. 1, whereat
      movement of the handle 127 which may be locked in any selected position,
      moves the wire 126 and thus operates the mechanism 125.
PAR  The gear box also supports a wheel-drive shaft and pulley assembly 130
      (FIG. 3) which is suitably geared to the engine driven input shaft 83. The
      assembly 130 drives a belt 131 which in turn drives a pulley 132 connected
      to the rear axle shaft 10. The wheel-drive assembly 130 is controlled by a
      clutch and lever mechanism 135 of well known construction and such
      mechanism is connected by a cable 136 to a movable detent-controlled
      handle 137 mounted on the unit side frame adjacent to the handle
      structure.
PAR  Forwardly of the rear wheels below the deck plate 4 there is positioned a
      doctor blade or wiper 140 (FIG. 1) which may be of rigid metal or flexible
      plastic material of flat sheet stock. It is mounted for vertical movement
      within a slot 142 of a bracket 143 depending from the underside of the
      deck plate. The blade 140 has a forwardly projecting arm 144 attached
      thereto into which is threaded an adjuster 145 rotatably mounted in a
      fixed bearing secured to the deck plate 4. The upper end portion of the
      adjuster is secured to a sprocket 147 which is driven by a chain suitably
      guided by guides 148,149 to a sprocketed crank 150 mounted on the unit
      side frame adjacent handle 15 for easy access to the operator. The wiper
      blade or squeegee functions to level the tar into a uniform sheet or film
      over the substrata of tar paper and the like.
PAR  From the foregoing description it will be realized that a preferred
      embodiment of the invention has been disclosed which is intended to
      illustrate an exemplary mode of practicing the invention and is not to be
      regarded in any limiting sense, or the scope of coverage which is to be
      considered only as set forth in the appended claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. In a mobile roof tarring device, storage means for containing a quantity
      of molten tar compound, and combined unitary means for:
PA1  a. heating the compound in said storage means to melt the same and for
      maintaining the compound in a fluid state and for
PA1  b. agitating the compound for maintaining the same in said fluid state and
      for enhancing the flow of said compound from the hopper and through
      associated distributing means, and
PA1  said means for heating and agitating the compound comprising an internal
      combustion engine and means for conducting exhaust gases therefrom,
      including a heat exchanger means in heat transfer relation to the storage
      means, and a temperature control by-pass valve in said exhaust conducting
      means for diverting the exhaust gases from the heat exchanger means to an
      area providing localized heating of the storage means.
NUM  2.
PAR  2. The invention according to claim 1 and said unitary means comprising
      pulsating heated gases, and means for circulating such gases about the
      storage means.
NUM  3.
PAR  3. The invention according to claim 1 and means for inhibiting heating of
      said compound while continuing agitation of the compound to maintain the
      same in fluid state.
NUM  4.
PAR  4. The invention according to claim 1 and said device comprising an
      ambulatory unit and said storage means and unitary means supported thereon
      in counterbalancing relation.
NUM  5.
PAR  5. The invention according to claim 4 and said unitary means comprising
      said internal combustion engine and ducting for porting the exhaust gases
      to the storage means for heating and vibrating the same.
NUM  6.
PAR  6. The invention according to claim 1 and said area comprising outlet port
      means for the storage means.
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ABST
PAL  A switching adapter that provides a rapid and convenient apparatus for
      selective recording of vertical eye movements with a single channel
      recorder in electronystagmograph apparatus. A number of single channel
      recorders are used in the field to observe the horizontal eye movements
      elicited by thermally induced vestibular unbalance. In certain types of
      pathological unbalances, vertical eye movement is also present, therefore,
      it is highly desirable to be able to also record the vertical eye
      movement. The switching adapter conveniently converts single channel
      recorders that are normally used for recording horizontal eye movement for
      recording vertical nystagmus.
BSUM
PAR  This invention relates to apparatus used for measuring nystagmus, and more
      particularly, to electrode switching adapters for recording vertical
      movement of the subject's eye with a single channel recorder during
      electronystagmograph tests.
PAR  The phenomenon known as nystagmus is widely used to detect vestibular
      disorders. There is apparatus presently available which records the
      relative position of the patient's eyeballs under conditions of induced or
      spontaneous nystagmus.
PAR  Nystagmus may be induced by many known methods. This invention is not
      concerned with the method of inducing nystagmus; but is concerned with the
      apparatus utilized in recording the velocity of the movement of the
      eyeball. The invention is especially concerned with apparatus for adapting
      a single channel recorder for recording both the horizontal movements of
      the eyeball which are normally recorded, and in addition, for recording
      the less frequently recorded vertical movements of the eyeballs under
      nystagmus conditions.
PAR  To make the recording, electrodes are attached to the patient. A first set
      of electrodes is normally attached to the temples of the patient, for
      detecting the cornea-retina potential. The horizontal movement of the
      eyeball varies the magnitude and polarity of the voltage reaching the
      electrodes on each temple. These variations are translated by the recorder
      to show the horizontal movement of the patient's eyeball.
PAR  A second pair of electrodes are fastened above and below the patient's eye.
      For example, an electrode may be attached just above the brow of the left
      eye of the patient, and a second electrode of the second pair of
      electrodes attached to the left cheek bone below the left eye of the
      patient. The cornea-retina potential differences are measured through the
      second set of electrodes to determine the vertical position of the
      patient's eyeball.
PAR  If a two channel recorder is available as part of the electronystagmograph
      equipment, then there is no problem in recording both the horizontal and
      vertical movement of the eyeball. However, in may cases, there is only a
      single channel recorder available.
PAR  In the past to record the vertical movement of the eyeball, as well as the
      horizontal movement, nystagmus is induced with the electrodes which detect
      the horizontal movement of the eyeball connected to the single input of
      the recorder. After the horizontal movement is recorded, the nystagmus
      inducing procedure is repeated with the vertical electrodes connected to
      the single channel recorder. Obviously, with this type of procedure, the
      patient must be subjected to the nystagmus inducing procedure for a
      greater length of time with all of the inherent discomfitures. Further,
      the operator must remember to mark the recording paper so that when
      analysis is later made, it is readily discernible which are the vertical
      recordings and which are the horizontal recordings.
PAR  Another fault with the presently available way of recording the vertical
      eye movement is that the operator must remember to readjust the gain of
      the amplifier, since the vertical indications are much smaller than the
      horizontal indications; therefore, the gain must be increased to get
      meaningful recordings.
PAR  Accordingly, an object of the present invention is to provide electrode
      switching adapter means for enabling recordings of the horizontal and
      vertical eyeball movement with induced nystagmus utilizing a single
      channel recorder.
PAR  A related object of the present invention is to provide electrode switching
      adapters which automatically indicate when the vertical eyeball movement
      is being recorded.
PAR  Yet another object of the present invention is to provide an automatic gain
      control to automatically calibrate the vertical and horizontal channels to
      account for the scale factors between the vertical movement and the
      horizontal movement of the eyeball under induced nystagmus.
PAR  Yet another object of the present invention is to provide electrode
      switching adapters for adeptly switching between vertical and horizontal
      electrodes placed on the patient during nystagmus testing.
PAR  In accordance with one aspect of this invention an electrode switching
      adapter is used in the connection between two pairs of cornea retina
      potential detecting electrodes and a recorder used in measuring induced
      nystagmus. A first pair of electrodes are placed so as to detect the
      horizontal movement of the patient's eye during nystagmus testing. A
      second pair of electrodes is placed so as to detect vertical movement of
      the eye during nystagmus testing. The adapter comprises a simple
      four-pole, double-throw switch used to connect either the vertical or the
      horizontal electrodes into the input of the recorder.
PAR  Means are also provided for automatically placing a mark on a recorder
      which indicates that the vertical eye movements are being recorded.
      Further, means are provided for automatically changing the gain of the
      recorder amplifier to account for the different scale of readings obtained
      between vertical movements and horizontal movements during nystagmus
      testing.
DRWD
PAR  The above mentioned and other objects and features of this invention will
      become more apparent from a description of the apparatus in the following
      specification taken in conjunction with the following schematic drawing of
      the electroswitching adapter shown used to selectively interconnect one of
      the pairs of electrodes applied to the patient and the recorder.
DETD
PAR  Turning now to the drawing, the electrode switcing adapter apparatus is
      generally shown at 11, bordered by the dashed lines. The patient is
      indicated at 12 and is shown with means for detecting both horizontal and
      vertical eyeball movement under nystagmus conditions attached to him. More
      particularly, there is shown a pair of electrodes for detecting the
      horizontal eyeball movements, such as electrodes 13 and 14, attached to
      the opposite temples of the patient. Similarly, there is shown a second
      pair of electrodes 16 and 17 attached to the brow and cheek bones of the
      patient, respectively, proximate to the patient's left eye, for example.
      The middle electrode is a common ground.
PAR  The recorder is shown at block 18. The interior of the block is shown as
      including amplifying means, such as amplifier 19, which leads into the
      actual recording mechanism 21. The recording mechanism 21 includes a pen
      22 which makes a mark, such as mark 23, on paper 24 as the paper moves
      past the pen. The equipment further includes means, such as marker pen
      coil 26, for marking an indication in the recording paper that the
      vertical sensing electrodes are in use.
PAR  As is obvious, the recorder 18 is a single channel recorder. Prior to the
      use of adapter 11, the horizontal movement of the eyeball was detected
      through the first pair of electrodes, such as electrodes 13 and 14,
      attached to the input terminals 27 and 28 of the recorder, connected
      directly to the input of amplifier 19.
PAR  Subsequent to the horizontal eyeball movement testing, nystagmus was again
      induced in the patient with the horizontal electrodes 13 and 14
      disconnected and the vertical electrodes 16 and 17 connected in their
      place. Either a preamplifier was also connected or the gain of the
      amplifier was adjusted to record the smaller vertical movement signals
      with the necessary amplitude on the chart paper 24.
PAR  With adapter 11 both the horizontal movement detecting electrodes 13 and 14
      and the vertical movement detecting electrodes 16 and 17 are connected
      directly to the adapter 11. More particularly, the horizontal movement
      detecting electrodes 13 and 14 are connected to poles, such as poles 31
      and 32, of means such as double-pole, double-throw switch 30 through
      conductors 33, 34 respectively. The armature 36 of the switch is connected
      directly to terminals 27 and 28 of recorder 18. A grounding connection is
      also made through conductor 37 directly to a ground terminal 38 on the
      recorder, or the ground connection can go to a terminal 39 in the adapter
      unit and then from there to terminal 38 of the recorder.
PAR  When during the test the examiner or the doctor wishes to observe the
      vertical movements, the armature 36 is moved to make contact with poles 41
      and 42 connected respectively to electrodes 16 and 17 proximate to the
      patient's eyes for the detection of the vertical movement. The armature of
      the double-pole, double-throw switch is still connected to the input
      terminals 27 and 28 of amplifier 19 on the recorder 18.
PAR  Means are provided for causing the recorder to indicate that the vertical
      readings are being recorded. More particularly, as shown herein there is a
      switch 43 usually mechanically interconnected with switch 36 which is
      connected between a marker pen coil 26 and positive potential in the
      recorder at 44. When switch 43 is closed, a circuit is completed between
      positive potential 44 through conductor 46, switch 43, conductor 47, and
      through marker pen coil 26 to ground at 48. This causes a new current to
      flow through the coil, and change in current results in making a mark
      which is readily interpreted as indicating vertical readings.
PAR  Means are further provided for varying the gain of amplfier 19 as a
      function of whether the horizontal readings are being taken or the
      vertical readings are being taken. More particularly, when the horizontal
      readings are being taken, then switch 49 is in its normal position,
      wherein it is attached to potentiometer P1. Then, a circuit extends from a
      signal source in the recorder amplifier, indicated at 51, through
      conductor 52, switch 49 connected to pole 53, through conductor 54 to
      wiper 56 connected to potentiometer P1. One end of the potentiometer is
      connected to ground at 57 while the other end of the potentiometer is
      connected to the gain control terminal 58 of amplifier 19.
PAR  When switch 30 is controlled to connect the vertical electrode to the
      amplifier, then the armature of switch 49 is moved to make contact with
      pole 61 of the double-pole, single-throw switch, thereby connecting the
      potentiometer P2 into the circuit. More particularly, the circuit then
      extends from the signal source terminal at 51 through conductor 52, the
      armature of switch 49, pole 61, conductor 62, to the wiper 63 of the
      potentiometer P1 to the gain control terminal 58. The values of the
      potentiometer P1 and P2 are such that the proper gains are provided by
      amplifier 19 to accomodate the different signal levels when detecting the
      horizontal movement of the eyeball, as opposed to the vertical movement of
      the eyeball.
PAR  Means are provided for interconnecting and coordinating the operation of
      switches 49, 43 and 30. More particularly, these switches are preferrably
      relay contacts on relay 66. Relay 66 is energized responsive to the
      operation of single-pole, single-throw switch 67 which is preferrably
      interconnected with switch 30. Switch 67 controls the circuit that extends
      from negative potential at 68 in the recorder through conductor 69,
      single-pole, single-throw switch 67, conductor 71, relay coil 72 to ground
      73. Thus, when switch 67 is operated to the closed position, then the coil
      of relay 66 is energized and armatures 49 and 43 of the relay are operated
      to connect both the pen control circuit including the coil 26 and the gain
      control circuit, including the potentiometers P1 and P2.
PAR  Thus, in operation the operator of the electronystagmograph equipment can
      easily obtain either horizontal or vertical readings as desired.
PAR  Thermal fluid carrying means (not shown) are used to induce nystagmus in
      the patient. The operator then moves switch 30 to connect the first pair
      of electrodes 13, 14 to inputs 27, 28 of amplifier 19 in recorder 18. The
      gain of the amplifier is set over the circuit that extends from positive
      potential at 51 through conductor 52, contacts 49 and 53 on relay 66,
      wiper 56 of potentiometer P1, and through that potentiometer to input 58
      of the amplifier. The recorder makes a record of the horizontal eye
      movements.
PAR  The operator moves the armature 36 of switch 30 to connect the second pair
      of electrodes 16, 17 to the input of the recorder. The recorder now
      records the vertical eye movements. Moving armature 36 to connect the
      second pair of electrodes closes switch 67 to energize relay 66. The
      energization of relay 66 disconnects potentiometer P1 and connects
      potentiometer P2 to control amplification of amplifier 19 for the smaller
      vertically initiated potentials. The operated relay also completes the
      circuit to energize coil 26 and mark the record to note that the vertical
      readings are being recorded.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus and applications, it is to be
      understood that this description is made only by way of example, and not
      as a limitation on the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronystagmographic testing system for testing and recording
      nystagmus,
PA1  said electronystagmographic system comprising a first pair of electrodes
      attachable to a patient to detect signals responsive to the horizontal
      movement of the patient's eye,
PA1  a second pair of electrodes attachable to the patient to detect the
      vertical movement of the patient's eye,
PA1  single channel recording means for providing a trace indicating the eye
      movements of the patient,
PA1  input terminals on said recording means,
PA1  said trace being responsive to said detected signals received at the said
      input terminals,
PA1  an electrode switching adapter for selectively recording vertical eye
      movements or horizontal eye movements on said single channel recording
      means,
PA1  said electrode switching adapter comprising first switching means for
      selectively attaching either said first or said second pair of electrodes
      to the input terminals of said recording means,
PA1  said first switching means having first pole means attached to said first
      pair of electrodes and second pole means attached to said second pair of
      electrodes,
PA1  armature means on said first switching means for connecting to said first
      pole means or said second pole means and attached to the input terminals
      of said single channel recording means, whereby said single channel
      recording means records either the horizontal or the vertical movement of
      the eye depending on whether the armature means is connected to said first
      pole means or said second pole means, respectively,
PA1  said single channel recording means including amplifier means, for
      amplifying the detected signals to provide said trace,
PA1  means for coupling said input terminals to the input of said amplifier
      means, and
PA1  amplifier gain varying means in said switching adapter for automatically
      varying the gain of the amplifier means depending on whether the
      horizontal or vertical eye movements are being recorded.
NUM  2.
PAR  2. An electronystagmographic testing system for testing and recording
      nystagmus,
PA1  said electronystagmographic system comprising a first pair of electrodes
      attachable to a patient to detect the horizontal movement of the patient's
      eye,
PA1  a second pair of electrodes attachable to the patient to detect the
      vertical movement of the patient's eye,
PA1  single channel recording means for providing a trace indicating the eye
      movements of the patient,
PA1  input terminals on said recording means,
PA1  said trace being responsive to signals received at the said input
      terminals,
PA1  an electrode switching adapter for selectively recording vertical eye
      movements or horizontal eye movements on said single channel recording
      means,
PA1  said electrode switching adapter comprising first switching means for
      selectively attaching either said first or said second pair of electrodes
      to the input terminals of said recording means,
PA1  said first switching means having first pole means attached to said first
      pair of electrodes and second pole means attached to said second pair of
      electrodes,
PA1  armature means on said first switching means for connecting to said first
      pole means or said second pole means and attached to the input terminals
      of said single channel recording means, whereby said recording means
      records either the horizontal or the vertical movement of the eye
      depending on whether the armature means is connected to said first pole
      means or said second pole means, respectively,
PA1  said recording means including amplifier means for amplifying the detected
      signals to provide said trace,
PA1  means for coupling said input terminals to the input of said amplifier
      means,
PA1  amplifier gain varying means in said switching adapter for automatically
      varying the gain of the amplifier means depending on whether the
      horizontal or vertical eye movements are being recorded,
PA1  said amplifier gain varying means comprising first and second resistor
      means, and
PA1  second switching means for attaching said first resistor means to control
      the gain of the amplifier means when said first pair of electrodes are
      attached to the input terminals and for attaching said second resistor
      means when said second pair of electrodes is attached to the input
      terminals.
NUM  3.
PAR  3. The electrode switching adapter of claim 2 wherein said second switching
      means comprises a relay, said relay being unoperated when said first pair
      of electrodes are attached to the input of said recording means, and means
      for energizing said relay when said second pair of electrodes are attached
      to said recording means.
NUM  4.
PAR  4. The electrode switching adapter of claim 3 wherein said means for
      energizing said relay comprises a third switching means attached to said
      first switching means to be operated when said first switching means
      connects said second pair of electrodes to the input terminals of said
      recording means, and means responsive to the energization of said relay
      means for disconnecting said first resistor means, and connecting said
      second resistor means to control the gain of the amplifier means.
NUM  5.
PAR  5. An electronystagmographic testing system for testing and recording
      nystagmus,
PA1  said electronystagmographic system comprising a first pair of electrodes
      attachable to a patient to detect signals indicating horizontal movement
      of the patient's eye,
PA1  a second pair of electrodes attachable to the patient to detect signals
      indicating vertical movement of the patient's eye,
PA1  single channel recording means for providing a trace indicating the
      movement of the patient's eye,
PA1  input terminals on said recording means,
PA1  said trace being provided responsive to signals received at the input
      terminals,
PA1  an electrode switching adapter for selectively recording either the
      vertical eye movement or the horizontal eye movement on said single
      channel recording means,
PA1  said electrode switching adapter comprising first switching means for
      selectively attaching either said first or said second pair of electrodes
      to the input terminals of said recording means,
PA1  said first switching means having a first pole means attached to said first
      pair of electrodes and second pole means attached to said second pair of
      electrodes,
PA1  armature means on said first switching means for connecting to said first
      pole means or said second pole means and attached to the input terminals,
      whereby said single channel recording means records either the horizontal
      or the vertical movement of the eye depending on whether the armature
      means is connected to said first pole means or to said second pole means,
      respectively,
PA1  said recording means including means for leaving a trace on moving paper,
PA1  said trace being a function of the signals at the input terminals of said
      recording means,
PA1  means comprising coil means for moving said means for leaving the trace,
      and
PA1  second switching means for changing the current to said coil means
      responsive to said first switching means being operated to connect said
      second pair of electrodes to the input terminals of said recording means,
      whereby said means for leaving the trace moves responsive to the
      connection of said second pair of electrodes to the input terminals of
      said recording means.
NUM  6.
PAR  6. The electrode switching adapter of claim 5 wherein said recording means
      includes amplifier means for amplifying the detected signals to provide
      said trace, means for coupling said input terminals to the input of said
      amplifier means, and means are provided for varying the gain of the
      amplifier means depending on whether said first set of electrodes is
      connected to the input terminals of said recording means or whether said
      second pair of electrodes are connected to the input terminals of said
      recording means.
NUM  7.
PAR  7. The electrode switching adapter of claiim 6 wherein said means for
      varying the gain of the amplifier means comprises a first potentiometer, a
      second potentiometer, and relay means for connecting said first
      potentiometer to control the gain of the amplifier means when said first
      pair of electrodes is connected to the input terminals of the recording
      means and disconnecting said first potentiometer, while connecting said
      second potentiometer to control the gain of the amplifier means when the
      second pair of electrodes is connected to the input terminals of the
      recording means.
NUM  8.
PAR  8. The electrode switching adapter of claim 7 wherein said relay means is
      in a nonenergized condition when said first pair of electrodes are
      connected to the amplifier means, third switching means for energizing
      said relay means when the second pair of electrodes is connected to the
      input terminals of the recording means, and contact means or said relay
      means operated responsive to the energization of said relay means for
      disconnecting said first potentiometer and connecting said second
      potentiometer to control the gain of the amplifier means.
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ABST
PAL  A device which will find particular use as a medical catheter for measuring
      the pressure and rate at which blood flows through the heart and the blood
      vessels.
PAL  An integrated circuit chip having at least one field effect transistor
      thereon, which is sensitive to deformation of the chip is mounted at one
      end inside the device. An elastic membrane typically made from natural
      rubber, is mounted in an opening in the side of the device. An unattached
      core or plunger is positioned between the membrane and the other end of
      the semiconductor chip, thus when pressure is applied to the membrane, it
      deforms the chip and provides an electric signal.
BSUM
PAR  The invention relates to devices for measuring pressure and will find
      particular application for such measurements inside the heart or blood
      vessels.
PAR  Most systems found among the various devices currently available for
      measuring pressure are based on inductance variation created by
      displacement of a magnetic core in a solenoid to which pressure is
      applied. Other systems use strain gauges made by depositions on metal film
      or diffusions in silicon. These systems present certain disadvantages:
      --extremely low sensitivity and significant fluctuations from temperature
      due to the extremely small dimensions of the gauges. For example, strain
      gauges composed of Wheatstone bridges, powered by a voltage of about ten
      volts, deliver a signal varying from 5 to 50 mV depending on the technique
      used, for a pressure maximum of 300 mm Hg.
PAR  The strain gauge or transducer used in the present invention has an
      arrangement of field effect transistors in an integrated circuit formed in
      a silicon chip. This arrangement, known in the art, delivers a voltage in
      proportion to its elongation (deformation) with a sensitivity far greater
      than that of conventional resistive gauges.
PAR  The characteristics of this circuit are:
TBL  Applied voltage        + 20 V                                             
     Power consumed         20 m W                                             
     Output impedance       100 K .OMEGA.                                      
     Gauge voltage factor   1,000                                              
PAR  The chip is subjected to deformation in proportion to the amount of
      pressure to be measured.
PAR  An object of this invention is to provide a measuring device with improved
      sensitivity.
PAR  According to one aspect of the invention, the chip subjected to
      displacement is composed of a substrate having the integrated circuit.
PAR  The thickness of the substrate has been reduced as well as its length in
      order to improve the sensitivity of the instrument and to increase the
      displacements of the substrate in relation to the strains to which it is
      subjected.
PAR  According to another aspect of the invention, that area of the substrate
      which constitutes the chip subjected to deformation consists of the
      integrated circuit with only the addition of a small portion needed to
      separate the substrates from one another during their manufacture.
PAR  In one embodiment, the device for measuring pressure includes a measuring
      chamber which contains a chip sensitive to deformations. The chip is
      mounted at one end in a fixed support (cantilevered), while at its other
      end it is subject to deformations provoked by pressure from the outside.
PAR  In the case of devices for measuring pressure, the unattached end of the
      chip responds to pressure outside the chamber transmitted to it by means
      of an impermeable elastic membrane which acts upon a core sliding within a
      mandrel. This core is itself in contact with the unattached end of the
      chip.
PAR  In order to improve the sensitivity of the pressure-measuring device, the
      membrane is made of a substance the elasticity of which remains constant
      in every direction in spite of temperature, and over a period of time.
PAR  In order to further increase sensitivity, pressure is transmitted by the
      elastic membrane to the chip through a core sliding freely within a
      support, this core being in contact with both membrane and chip without
      adhering in any way to either one.
PAR  In another embodiment, the device for measuring pressure consists of a
      measuring chamber with a flat surface into which a window has been cut.
PAR  According to the invention, the edges of the chip are fixed directly to the
      edges of the window.
DRWD
PAR  Other characteristics of the invention will become apparent in the course
      of describing the various embodiments listed below:
PAR  FIG. 1 is a plane view of a chip on which an integrated circuit has been
      fabricated.
PAR  FIG. 2 is a longitudinal cross-section view of the chip of FIG. 1.
PAR  FIG. 3 is a longitudinal cross-section view of a device for measuring
      pressure according to the invention mounted in a catheter.
PAR  FIG. 4 is a cross-section view of another embodiment of the device for
      measuring pressure.
PAR  FIG. 5 is a perspective view of a catheter having two pressure-measuring
      devices.
DETD
PAR  In FIG. 1, there is shown a block or chip 1 having an integrated circuit
      represented schematically and bearing legend 2. It has three contact pads
      3 on which have been soldered connecting wires 5. The dotted line
      indicates the lateral and longitudinal limits of the integrated circuit.
      The integrated circuit is typically of the type having field effect
      transistors.
PAR  According to the invention, the substrate which constitutes the chip 1 has
      been cut with a zone or border 6 around the circuit. It is of the minimum
      area required to separate the chips without spoiling the edges of the
      circuit 2. (During manufacture many integrated circuits are formed on a
      slice or wafer which is then cut into chips or blocks.)
PAR  In FIG. 2, it can be seen that the substrate has been reduced in thickness,
      at 7 particularly on the opposite side from the integrated circuit. The
      thickness of the substrate is thus decreased from 150 microns to 30
      microns. This operation can be effected by photoetching or other known
      techniques.
PAR  By these two steps, which reduce to a minimum the dimensions and the
      thickness of the chip, there is a decrease in the device's rigidity and
      consequently an increase in the extent of its deformation when a given
      force is applied, and an increase in its sensitivity, while a diminution
      of size facilitates its use within the body.
PAR  FIG. 3 represents a measuring device of the invention mounted by one of its
      ends in a catheter. Transducer 1 is mounted in a support 8 to provide a
      cantilever-type configuration. An opening 9 in the middle of the support 8
      is connected to the central channel or lumen of the catheter and allows
      the air pressure in a measuring chamber 11 to be adjusted by connecting it
      to a source of reference pressure such as the atmosphere; this chamber 11,
      housing the transducer 1, being hermetically isolated from the medium (gas
      or fluid) whose pressure is to be measured. The wires 5 to the transducer
      run along grooves 12 and are soldered to connecting electrical conductors
      13 mounted in the support. A hollow cylindrical guide member or mandrel 14
      having a central aperture is inserted and imperviously secured at one of
      its ends to a mandrel support 15 which is integrally mounted within a
      protective cover 16 making up the casing of the distal tip of the
      catheter. Across the other, free end of the mandrel 14, a thin resilient
      membrane 17 is stretched to imperviously seal the central aperture of
      mandrel 14 and to form, together with supports 8 and 15 and casing 16; the
      sealed measuring chamber 11. This membrane, made of natural rubber, is
      thin enough (about 17 hundredths of a millimeter) to allow the pressure
      external to the chamber 11 applied to it, to be accurately transmitted in
      spite of its displacement. The membrane 17 is secured to the free end of
      the mandrel 14 by a binding wire 18 made for example of plastic tied
      around an annular groove in the outer wall of mandrel 14. An aperture in
      protective cover 16 allows the membrane 17 to be brought substantially
      flush with the casing 16 and the external pressure to be exerted on
      membrane 17. This pressure is transmitted to the unattached tip of the
      transducer by means of a core or rod 19 which slides freely within the
      central opening of the mandrel 14. This core, which has a diameter of
      about 45 hundredths of a millimeter is held in place between the
      elasticity of transducer 1 and the elasticity of membrane 17. A tip 21,
      rounded at the end to prevent trauma at the time the instrument is
      introduced or manipulated in the body, completes the micro-probe.
PAR  The silicon chip which constitutes transducer 1 is about 1.8 millimeters
      long, 0.9 millimeters wide and its thickness varies from 40 to 200 microns
      except along the area constituting the circuit where it is reduced to
      about 30 microns.
PAR  Elastic membrane 17 which covers mandrel 14, ensures impermeability and
      allows pressure to be transmitted to transducer 1 by the displacements of
      the core 19. It is made of natural rubber instead of a synthetic material.
      It has been discovered that natural rubber is best used in this
      arrangement since it does not put an initial strain on the core, this
      strain being due to the fact that the elasticity of a sheet of synthetic
      material is not the same in all directions.
PAR  In addition, this membrane 17 is tied to mandrel 14 by a binding wire 18
      and not by any form of adhesive. In this way, the tension along the
      circumference of the membrane is kept uniform. This results in an increase
      in the linearity of the displacement of the transducer in relation to the
      pressure exerted on the membrane.
PAR  Core 19 is held in place only by the elasticity of the transducer 1 and the
      membrane 17, and is not otherwise attached to either of these members in
      any way. This eliminates any strain in the displacements of core 19 due to
      the elasticity of an adhesive or other fixative. Since such strains vary
      with the temperature, the result is an instrument that is more precise
      because it is independent of the temperature.
PAR  With a difference in pressure of 300 mm of mercury between the inside and
      the outside of the membrane, the displacement of the membrane (and of the
      transducer) is on the order of a few microns. This makes it possible to
      obtain signals of an amplitude of 6 volts. These displacements are small
      and impart a high frequency response from the transducer, e.g. greater
      than 2,000 Hz. This enables at the same time a reading of both pressure
      and the intracardiac sounds (the latter of which has a working frequency
      band stopping at 1,000 Hz.)
PAR  FIG. 4 shows another embodiment of a device for measuring pressure. This
      one is situated outside the catheter. A protective cover 16 is shown with
      a mandrel support 15 attached. Transducer 1 is mounted in support 8 which
      is also fixed to cover 16. A mandrel 32, mounted in an opening in the
      support mandrel 15, is covered with a membrane 33 similar to the membranes
      described in the preceding devices. A core 34 moves in a compartment
      inside mandrel 32. This core is long enough to touch both transducer 1 and
      membrane 33 thus transmitting the pressure exerted on the membrane to
      transducer 1. As in the preceding embodiments, measuring chamber 11 is
      connected to the exterior (or to a pressurized enclosure) through an
      opening 9 in the center of the catheter.
PAR  FIG. 4 clearly shows a particular feature of this device which is that the
      core 34 (which transmits pressure to transducer 1) has a far greater
      diameter than the cores used in preceding devices. The diameter of this
      core is 2.7 millimeters instead of 0.45 millimeters. The device is
      therefore much more sensitive.
PAR  This instrument is designed principally to measure pressure inside an
      organ, as, for example, in the brain pan, without being itself introduced
      inside the brain.
PAR  In order to effect this operation, part of the device consisting of
      membrane 33 and the exterior surface of mandrel support 15 is applied to
      the organ. A measurement of pressure is possible only if the area of the
      device applied to the organ is a large, flat surface.
PAR  In the device described above, mandrel support 15 is much larger than
      protective cover 16 to which it is attached and the exterior surface of
      membrane 33 is situated along the same plane as the support face of
      support mandrel 15.
PAR  This tends to make the measurement of pressure less dependent on the force
      with which the device is applied against the organ whose pressure is being
      measured, and facilitates the orientation of the pickup against the
      membrane.
PAR  The embodiment shown in perspective in FIG. 5 is a catheter provided with
      two pressure gauges. In this case, and contrary to preceding embodiments,
      the transducer itself provides an air-tight barrier between the outside
      and the measuring chamber, and serves as the deformable membrane upon
      which pressure is exerted. These gauges have a chip 1 encased in a window
      cut into a flat surface 35.
PAR  According to a feature of the present invention, the chip constitutes an
      impermeable barrier between the measuring chamber and the outside because
      its edges are fixed to the edges of the window in a rigid manner. Thus the
      displacements of the chip are due only to the pressure exerted, without
      any sort of interference from the elasticity of an intermediary membrane.
      In addition, this method of attaching the chip reduces the risk of loss of
      seal.
PAR  Finally, the small dimensions of this transducer (1.8 millimeters long and
      0.9 millimeters wide) allow it to be placed at the forward end of the
      catheter at 36 in a direction transverse to its axis. By using a
      transducer 50 microns thick, signals greater than 500 millivolts for a
      difference in pressure of 300 mm Hg have been obtained.
PAR  This arrangement permits pressure to be measured in two directions. It then
      becomes possible to correlate the average pressure obtained by the lateral
      transducer and the dynamic pressure obtained by the frontal transducer. An
      evaluation can then be made of the speed of flux of the fluid into which
      the catheter has been immersed.
PAR  Conducting rings can be added to the device. These rings 37 enable
      potentials to be picked up and electrocardiagrams to be recorded.
PAR  Most of the embodiments described herein suggest medical applications and
      particularly cardiac catheterizations, but it is obvious that the
      invention can be applied to probes with industrial uses. The device
      described in FIG. 4, which has greatly improved sensitivity, is especially
      well adapted to precisely measure external pressures.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for measuring pressure of a medium comprising: a chip of
      semiconducting material whereon an integrated circuit including at least
      one field effect transistor sensitive to deformation is formed; means for
      defining a chamber housing said chip and impervious to said medium the
      pressure of which is to be measured relatively to that within said
      chamber, said chamber defining means including: a casing, a fixed support
      integrally secured to said casing and fixedly carrying one end of said
      chip, a mandrel-shaped hollow guide member having a central opening and
      one end tightly secured to said casing so as to locate one end of said
      central opening adjacent the other, free end of said chip, and a resilient
      membrane stretched across and secured to the other end of said hollow
      guide member for imperviously covering the other end of said central
      opening; and a rod-shaped core freely movably inserted inside said central
      opening having ends respectively in unattached contact with said membrane
      and said other, free end of said chip for transmitting the deformations of
      said membrane under pressure to said chip by axial displacements of said
      core.
NUM  2.
PAR  2. Device as claimed in claim 1, wherein said resilient membrane is made of
      natural rubber and is stretched across said other end of said guide member
      by binding means.
NUM  3.
PAR  3. Device as claimed in claim 1, wherein said fixed support includes an
      opening for connecting said chamber to a medium providing reference
      pressure.
NUM  4.
PAR  4. Apparatus for measuring the pressure in a fluid, which comprises:
PA1  a housing having a chamber formed therein;
PA1  an integrated circuit transducer fastened at one end to said housing and
      extending upwardly into said chamber, said transducer including at least
      one field-effect transistor which is sensitive to deformation;
PA1  a mandrel-shaped guide member fastened to said housing, said guide member
      having a longitudinally extending bore therethrough and being positioned
      such that said bore is aligned with the other end of said transducer;
PA1  a resilient membrane stretched across and secured to said guide member to
      imperviously cover one end of said bore, said membrane being positioned
      proximate a window in the outer wall of said housing to thereby contact
      the fluid whose pressure is to be measured; and
PA1  a rod-shaped core slideably positioned inside said bore, the ends of said
      core respectively contacting said membrane and said other end of the
      transducer for transmitting deformations of said membrane under pressure
      to said transducer by the axial displacement of said core.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said resilient membrane comprises
      natural rubber and is secured to said guide member by binding means.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said housing further includes an
      opening into said chamber to connect said chamber to a source of a
      reference pressure.
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ABST
PAL  The method consists in that immediately prior to surgery the difference
      between the maximum and minimum lengths of the R--R intervals for a
      predetermined number of heart contractions of the patient to be operated
      on is measured, this measured difference being accepted as a standard.
      Then, in the course of operation, the current values of difference between
      the maximum and minimum lengths of the R--R intervals for the same
      predetermined number of heart contractions are measured. Deviations of the
      measured current values of difference from the initial or reference value
      of difference between the maximum and minimum lengths of the R--R
      intervals characterize the degree of incompetence of anaesthesia and the
      level of anaesthesia. The means realizes the method by processing the data
      furnished by ECG electrodes applied to the body of the patient undergoing
      surgery.
BSUM
PAR  The present invention relates to the field of medical anaesthesiology and,
      more particularly, to a method for controlling the level of anaesthesia in
      surgery by measuring the biocurrents of the organism subjected to
      anaesthesia. The invention also relates to means realizing said method and
      adapted, inter alia, to check the state of the subject in the course of
      surgery with a view to determining the competence of the premedication
      level.
PAR  Several methods for determining the level or degree of anaesthesia are
      known to those skilled in the art. Among these, the most wide-spread by
      far is the technique of determining the level of anaesthesia by the degree
      of inhibition of cerebral bioelectrical activity, described by S. N.
      Yefuni in "Electroentsefalografiya v klinicheskoi anesteziologii"
      /Electroencephalography in Clinical Anaesthesiology/, MEDGIZ Publishers,
      1961.
PAR  According to this known method, the level of anaesthesia is determined by
      measuring the degree of inhibition of electrical activity of the nervous
      centers of the body.
PAR  The known method has several disadvantages, such as the discrepancy between
      the degree of inhibition of electrical activity of the nervous centers and
      the degree of anaesthesia in response to drugs and reflex effects, as well
      as different pathological states of the patient.
PAR  Also known are means for determining the level of anaesthesia, such as, for
      instance, a "Detector of Anaesthesia Stages" comprising a signal
      processing unit and a display unit, which is being commercially produced
      in the USSR. The disadvantage of this means consists in that the signal
      processing unit thereof comprises a cerebral biopotential amplifier, a
      frequency filter, a detector and a pointer indicator coupled thereto. Such
      an arrangement is inadequate for providing objective information as to the
      degree of anaesthesia in different forms of surgical intervention.
PAR  It is an object of the present invention, therefore, to obviate the
      above-mentioned disadvantages and to provide an objective
      anaesthesia-level monitoring method for determining the competence of
      anaesthesia in surgery at a higher level of accuracy, as well as means
      using said method which would be simple in design and trouble-free in
      operation.
PAR  It is another object of the present invention to provide an
      anaesthesia-level controlling method which would ensure objective and
      accurate indication of the competence of anaesthetization of the patient
      being operated on.
PAR  It is still another object of the present invention to provide an
      anaesthesia-level monitoring method which would provide for actively
      correcting the incompetence of premedication and maintaining a
      predetermined level of anaesthesia.
PAR  It is yet another object of the present invention to provide a trouble-free
      and simple means to effect the proposed method for determining the
      competence of anaesthesia.
PAR  The invention contemplates providing a method and means for monitoring the
      level of anaesthesia on the basis of such a parameter of the body which
      would most objectively and adequately indicate the level and competence of
      premedication.
PAR  These and other objects are attained by the provision of a method for
      monitoring the level of anaesthesia in surgery by measuring the
      biocurrents of the patient being operated on, characterized in that
      immediately prior to the operation the maximum and minimum lengths of the
      R--R intervals of heart contractions of the patient are measured in order
      to determine the difference between the maximum and minimum R--R intervals
      for a predetermined number of heart contractions, after which in the
      course of surgery, the values of the difference between the maximum and
      minimum R--R interval lengths for the same predetermined number of heart
      contractions are determined, and, by comparing said measured current
      values with the initially found value of difference of the R--R intervals
      taken as a reference value, the level of anaesthesia is determined.
PAR  Such a technique of monitoring the state of the patient gives the most
      objective and accurate evaluation of the level of anaesthesia in surgery
      and of the competence of anaesthesia.
PAR  In one embodiment of the invention, said initially measured difference of
      the R--R intervals is taken as an optimum for a given organism subjected
      to anaesthesia, so that in the course of operation the task is to maintain
      the current value of difference of the R--R intervals at a level close to
      or equalling said optimum level.
PAR  By maintaining the current value of the R--R interval difference at a
      desired level it is possible to maintain a sufficient level of anaesthesia
      in the course of surgery.
PAR  In accordance with the present invention, an apparatus for controlling the
      level of anaesthesia embodying said method is characterized in that it
      comprises ECG electrodes applied to the body of the patient to record
      heart biopotentials, a discriminator isolating R-waves from said signal, a
      R-wave counter coupled at the output of the discriminator and preset to a
      predetermined number of heart contractions, a R--R interval length meter
      coupled at the output of the R-wave discriminator, said counter being
      coupled to said meter so as to disconnect the R--R interval length meter
      as soon as the number of heart contractions to which the R-wave counter
      has been preset is over, and a detector of the maximum and minimum R--R
      intervals coupled at the output of said meter to determine the difference
      between the extreme values of R--R intervals.
PAR  The foregoing apparatus is one of the possible versions of a device
      embodying the above-mentioned method; in spite of its fairly simple
      design, it provides for reliable monitoring of the level of anaesthesia of
      the body subjected to surgery.
PAR  Finally, in accordance with the present invention, there is provided a
      logical control circuit which is coupled at the output of the R-wave
      counter and connected to said R--R interval length meter and to said
      detector in order to provide for said disconnection of the R--R interval
      length meter and to furnish a signal actuating the detector to determine
      the difference between the extreme values of R--R intervals, whereas at
      the output of the detector there is provided a memory unit which stores
      the value of R--R interval difference as measured prior to surgery, and
      between the memory unit and the logical control circuit there is coupled a
      comparator which compares the R--R interval difference value stored in the
      memory unit with the current values of said difference measured in the
      course of surgery.
DRWD
PAR  Presented hereinbelow is a detailed description of an exemplary embodiment
      of the present invention taken in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a block diagram of an apparatus for monitoring the level of
      anaesthesia, in accordance with the present invention; and
PAR  FIG. 2 is a graph illustrating the process of monitoring the level of
      anaesthesia, wherein the values of difference of the extreme R--R
      intervals given in seconds are plotted on the ordinate, while plotted on
      the abscissa are the stages of the operation designated by numerals, in
      accordance with the accompanying table.
PAR  The proposed monitoring method is realized by that, prior to
      anesthetization, the difference between the maximum and minimum R--R
      intervals for a predetermined number of cardiac cycles or heart
      contractions is calculated, this difference being taken as a standard,
      after which, throught the operation, the values of difference between the
      maximum and minimum R--R interval lengths for the same number of cardiac
      cycles are measured, the reference value is compared with the values
      obtained in the course of surgery, and the level of anaesthesia is
      evaluated by the degree of deviation of these differences from the
      standard.
PAR  The proposed method for determining the level of anaesthesia is illustrated
      by a table of data and a graph of the table data. The table gives the
      values of difference .DELTA.R--R between the maximum and minimum R--R
      interval lengths in seconds for two patients which were calculated during
      surgery.
TBL                Table                                                       
     ______________________________________                                    
                    .DELTA.R-R Sec                                             
     Stage of     No. of                                                       
     operation    stage   Patient A  Patient B                                 
       1           2        3          4                                       
     ______________________________________                                    
     Type of basic                                                             
     anaesthesia  1       0.21       0.15                                      
     Operation    2       0.16       0.1                                       
                  3       0.16       0.225                                     
                  4       0.2        0.175                                     
                  5       0.2        0.175                                     
     Termination of                                                            
     operation    6       0.2        0.175                                     
     Postoperative                                                             
     period       7       0.16       0.15                                      
                  8       0.2        0.125                                     
     ______________________________________                                    
PAR  Referring to the graph, plotted on the ordinate are the values .DELTA.R--R
      in seconds, and the abscissa indicates the stages of surgery given
      numerical designations.
PAC  EXAMPLE 1
PAR  The initial difference between the maximum and minimum R--R intervals of
      surgical patient A for a predetermined number of cardiac cycles measured
      at the instant when basic anaesthesia was administered, equalled 0.21 sec.
      In the course of operation, the values of the difference between the
      maximum and minimum R--R intervals for the same number of cardiac cycles
      were measured and compared with the initial value. As is seen from the
      graph of FIG. 2, during the operation the values of difference between the
      extreme R--R intervals of patient A never exceeded the initial one.
      Parallel biochemical analysis revealed the competence of anaesthesia.
PAC  EXAMPLE 2
PAR  The initial difference between the maximum and minimum R--R intervals of
      surgical patient B for a predetermined number of cardiac cycles measured
      at the moment when gasic anaesthesia was administered, amounted to 0.15
      sec. In the course of operation, the values of difference between the
      maximum and minimum R--R intervals for the same number of cardiac cycles
      were measured and compared with the initial value. As is seen from the
      graph of FIG. 2, the values of difference between the extreme R--R
      intervals of Patient B during the operation exceeded the initial value.
      Parallel biochemical analysis revealed the incompetence of anaesthesia.
PAR  The proposed method is an objective and accurate way of determining the
      level of anaesthesia.
PAR  The essential features of the proposed apparatus effecting the method of
      the invention are illustrated by a drawing which is a block diagram of the
      apparatus for determining the level of anaesthesia. The apparatus of this
      invention comprises an R-wave discriminator 1, a detector 2 which
      determines the difference between the maximum and minimum lengths of the
      R--R intervals, an R--R interval counter 3, a memory unit 4, a logical
      control circuit 5, a comparator 6 and a display unit 7, electrodes 8 and
      an R--R interval length meter 9.
PAR  The apparatus of this invention operates in the following manner.
PAR  Cardiosignals from electrodes 8 recording the biopotentials of the heart
      are supplied to the input of the R-wave discriminator 1. The R-waves
      isolated by the discriminator 1 are supplied, by way of an R--R interval
      length meter 9, to the input of the detector 2 for determining the
      difference between the maximum and minimum R--R intervals measured by the
      meter 9 and to the input of the R-wave counter 3. The counter 3 counts the
      number of R--R intervals, and as soon as a predetermined number or array
      of sequential cardiac cycles have arrived, the counter 3 furnishes a
      signal to the input of the logical control circuit 5.
PAR  The discriminator isolated R-waves are fed to the input of the detector 2
      which measures the difference between the maximum and minimum lengths of
      the R--R intervals. After the last R-wave has been processed, the measured
      value of difference is sent by the logical control circuit 5 to the memory
      unit 4 for storage, whereupon the logical control circuit 5 sends a
      resetting signal to the R--R interval counter 3 and to the detector 2
      measuring the difference between the maximum and minimum lengths of the
      R--R intervals so that the next value of difference may be similarly
      calculated.
PAR  Having received the above-mentioned values by the above-described
      technique, the logical control circuit 5 sends a signal to the comparator
      6 to compare the newly calculated value with the one stored in the memory
      unit 4. Should there be any deviation of the current value of the
      difference from the standard, the circuit 6 sends a signal to the display
      unit 7 which registers the degree of deviation indicative of the level of
      anaesthesia.
PAR  In a specific embodiment of the apparatus of this invention described
      hereinabove, a D.C. amplifier combined with a frequency filter may be
      employed as the R-wave discriminator 1, a coincidence circuit as the
      detector 2 determining the difference of the extreme values of R--R
      intervals, and an electronic decade counter as the R-wave counter 3. Said
      R--R interval length meter 9 may be a shift register combined with a
      flip-flop, the memory unit 4 may be a trigger counter, the comparator 6
      may be a coincidence circuit with a shift register, and the logical
      control circuit 5 may be interconnected AND, OR and NOT circuits and a
      trigger. The way the proposed means for monitoring the level of
      anaesthesia can be practically constructed will be apparent to those
      skilled in the art, for which reason the foregoing specification omits
      non-essential technical features which may be chosen depending on the
      requirements and conditions of measurement.
PAR  Many modifications will occur to those skilled in the art which clearly
      fall within the true spirit and scope of this invention as set forth in
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for providing an optimum level of anaesthesia during surgery
      comprising:
PA1  measuring immediately prior to surgery the maximum interval and the minimum
      interval between consecutive R waves which occur during a predetermined
      number of heart contractions of an anaesthetized patient on which surgery
      is to be performed;
PA1  calculating the difference between the maximum interval and the minimum
      interval between consecutive R waves which occurred immediately prior to
      surgery;
PA1  measuring during the course of surgery the maximum interval and the minimum
      interval between consecutive R waves which occur during said predetermined
      number of heart contractions;
PA1  calculating the difference between the maximum interval and the minimum
      interval between consecutive R waves which occurred during the course of
      surgery;
PA1  comparing the difference between the maximum and minimum intervals between
      consecutive R waves which occurred during surgery with the difference
      between the maximum and minimum intervals between consecutive R waves
      which occurred immediately prior to surgery; and
PA1  administering anaesthetic to the patient to minimize a difference between
      the difference between the maximum interval and minimum interval between
      consecutive R waves which occurred during surgery and the difference
      between the maximum interval and minimum interval between consecutive R
      waves which occurred immediately prior to surgery.
NUM  2.
PAR  2. A method for providing an optimum level of anaesthesia during surgery
      comprising:
PA1  sensing biopotentials including R waves of the heart of an anaesthetized
      patient on which surgery is to be performed;
PA1  discriminating the R waves from the sensed biopotentials;
PA1  measuring, immediately prior to surgery, the intervals between successive
      ones of the R waves;
PA1  detecting the difference between the maximum interval and the minimum
      interval between successive ones of the R waves occurring prior to
      surgery;
PA1  simultaneously with measuring the intervals and detecting the difference
      between the maximum interval and the minimum interval, counting the
      successive R waves and terminating measuring the intervals and detecting
      the difference between the maximum interval and the minimum interval after
      a predetermined number of R waves have been counted;
PA1  storing the detected difference between the maximum interval and the
      minimum interval between successive R waves after the predetermined number
      of R waves have occurred;
PA1  measuring, during the course of surgery, the intervals between successive
      ones of the R waves;
PA1  detecting the difference between the maximum interval and the minimum
      interval between successive ones of the R waves occurring during surgery
      while simultaneously counting the successive R waves;
PA1  terminating measuring the intervals and detecting the difference between
      the maximum interval and the minimum interval between successive ones of
      the R waves after said predetermined number of R waves have been counted;
      and
PA1  comparing the difference between the maximum interval and minimum interval
      between R waves determined prior to surgery with the difference between
      the maximum interval and minimum interval between R waves determined
      during surgery to determine the level of anaesthesia of the patient.
NUM  3.
PAR  3. An apparatus for measuring the level of anaesthesia during surgery
      comprising:
PA1  means for sensing the biopotentials including R waves of a patient's heart;
PA1  an R wave discriminator receptive of the sensed biopotentials for
      discriminating the R waves;
PA1  a counter cooperative with the R wave discriminator for counting the R
      waves;
PA1  interval measuring means receptive of the R waves from said R wave
      discriminator for measuring the interval between consecutive R waves;
PA1  detecting means cooperative with said interval measuring means for
      detecting the difference between the maximum interval and the minimum
      interval between consecutive R waves; and
PA1  comparator means for comparing the detected difference between the maximum
      interval and the minimum interval between consecutive R waves with an
      initial value of the difference between the maximum interval and the
      minimum interval between consecutive R waves.
NUM  4.
PAR  4. In an apparatus for measuring the level of anaesthesia according to
      claim 3, further comprising:
PA1  a logical control circuit responsive to the number of R waves counted by
      said counter for disabling said interval measuring means and enabling said
      detecting means when the number of counted R waves exceeds a predetermined
      number; and
PA1  wherein said comparator means includes a memory for storing said initial
      value of the difference between the maximum interval and the minimum
      interval between consecutive R waves, and a comparator for comparing the
      contents of said memory with the output of said detecting means.
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PAL  In a pulmonary diagnostic instrument that includes a breath transducer for
      use in conjunction with the instrumentation for detecting respiratory
      functioning of a patient or specimen, the transducer comprises a flow tube
      in which is suspended for lineal displacement a partial diaphragm
      generally constructed as a foraminous plate, and which during testing, the
      specimen's breath flows therethrough to achieve some degree of
      displacement of said diaphragm. The diaphragm incorporates and operates in
      association with various ferrous rings for enhancing the transfer of
      magnetic lines of flux which are generated by a charged E-core for
      determining the extent of said lineal displacement which is representative
      of and can be interpreted to provide information pertaining to pulmonary
      functioning for diagnosis of the respiratory system of the specimen. In
      another embodiment charged capacitive plates replace the aforesaid ferrous
      rings and E-core, and through a developed capacitive imbalance caused by
      the breath induced diaphragm displacement providing information that may
      be interpretive of pulmonary functioning, or flow of air.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to instrumentation for pulmonary
      diagnosis, and more particularly pertains to a breath transducer
      functioning under the force of specimen breath to provide lineal
      displacement of its diaphragm for allowing diagnosis of the specimen's
      lungs and a possible detecting of early signs of pulmonary disorders.
PAR  Various types of pulmonary diagnostic instruments have long been available
      upon the market for use as a means for broadly testing for respiratory
      dysfunction of persons who are believed to be inflicted with some form of
      respiratory impairment. Instrumentation of this nature appears to be one
      expediency available to the medical profession as a means for detecting
      such disorders, since any such disease or obstruction somewhere within the
      remote confines of the lung are difficult of detection, do not provide any
      form of direct manifestation of existence, and do not lend themselves to
      any form of probe for direct analysis, and hence, such difficulty of
      detection originally led to the various forms of tests that could be
      conducted upon the respire of breath as a means for sensing an indication
      of what perhaps might be a lung disfunction.
PAR  Any analysis of lung disease, heretofore, in this manner, for those forms
      of disease which lead to chronic airway obstruction, is generally
      recognized by the profession as one of the most important and yet
      frustrating health problems in existence, with the treatment of such
      diseases being particularly frustrating because by the time the patient
      usually seeks medical assistance, such as due to the physical
      manifestation of his shortness of breath, or the like, or because some
      form of diagnostic test has finally revealed an abnormal pulmonary
      function, the disease is generally to that stage of development that it
      has become incurable. Part of this problem is due to the fact that present
      pulmonary diagnostic instruments are not sufficiently sensitive enough to
      provide an early warning of incipient diseases of the lung, but rather,
      such present instrumentation exhibit a rather wide variance of tolerance
      limits in their measurements that are really of very little assistance to
      the pracititioners in their attempts to practice preventative type
      medicine for at least an early curtailment of any beginning lung disease.
PAR  Reportedly, among the most useful of pulmonary examinations that is
      currently receiving some attention as a means for detecting potential or
      developing disease of the lungs is the measurement for closing volume of
      the lungs during functioning of one's respiratory system. Closing volume
      has generally been defined as a measurement which may perhaps detect
      respiratory disease in its preclinical stages. It is the lung volume
      during expiration over which emptying of the dependent regions of the lung
      is severly reduced or ceases all together. A certain amount of closing
      volume exists in most individuals, with the capacity for closing volume
      gradually increasing with age, a phenomenon that is thought to exist and
      occur due to the changes in the lung elastic recoil over a lifetime.
      Hence, certain standarized forms of information are available regarding
      closing volume, and which can and do establish the health parameters for
      individuals with normal pulmonary functioning. On the other hand, persons
      that have either definite lung disease, or those that subject themselves
      to excessive tobacco smoking, exhibit changes generally of detrimental
      form in the measurement of their closing volumes which may give a ready
      indication that airway obstruction is developing or has long developed,
      and perhaps is amplifying to dangerous levels, so that the physician knows
      that disease is present and a medical reality in the lungs.
PAR  Medical authors have expressed the opinion that existing pulmonary devices
      are not accurate enough to provide the type of information that is needed
      for diagnosis of early airway diseases, but state that if such tests could
      be conducted upon instrumentation that would function sensitive and
      precision enough, then perhaps lung related diseases could be detected at
      their much earlier stages of development and lead to much more effective
      if not preventative treatment. Hence, sensitive instrumentation would be
      useful to provide patient pulmonary analysis on a much more great scale,
      and could even be used as a screening program for testing whole masses of
      people, and through the utilization of such sensitive test results, and
      their comparison with known health parameters, provide the medical
      examiner with sufficient information for determining whether any one
      individual tested may possibly be developing incipient lung and airway
      disease. Hence, such sensitive tests, including closing volume, could
      probably detect early lung damage, and possibly at a stage when it is
      still totally reversible.
PAR  Various types of pulmonary devices are presently available upon the market,
      and generally operate under a variety of principles to achieve breath
      analysis for determining, particularly, the closing volume of the lung in
      addition to other pertinent information. Such devices, as previously
      analyzed, have been of questionable accuracy, but in any event, they
      generally incorporate various types of spirometric instrumentation for
      analyzing the air respiring from the lungs. Such tests, more specifically,
      may provide an analysis of the nitrogen washout, including closing volume,
      vital capacity, and other lung air flow volumes of breath, and the
      information obtained from these tests is useful for providing some basis
      for medical analysis of the patient. Such devices may include the
      Expirometer as presently marketed by the Warren E. Collins, Inc., of
      Braintree, Mass. The spirometer functions under the principle of rotating
      turbine blade means to reflect a light on a photo-transistor for producing
      pulses that are counted by digital logic for yielding a direct volume
      readout of pulmonary flow rate. The Spirostat is a turbinometer, having
      bi-directional measuring attibutes, and which measures the rotational
      speed of turpine like vanes which is proportional to the flow of the
      specimen breath. This device is manufactured and marketed by
      Fibre-O-Optics Industries, Inc., of West Palm Beach, Florida. Other forms
      of prior art pulmonary analyzing devices include the Pulmonary Functioning
      Indicator, as manufactured and sold by Chemetron Corporation, of Chicago,
      Illinois, and the Pulmonary Function Analyzer, as marketed by the Monaghan
      Company of Denver, Colorado. Both of these two latter devices incorporate
      a thermistor, either of the hot wire type or the trimetallic bead type,
      which when cooled by expired breath provides a read out of information
      relating to lung volume and breath flow.
PAR  The problems with many of these prior art spirometers is accurately
      described in the New England Journal of Medicine, Volume 289, No. 24,
      commencing on page 1283, and entitled "Evaluation of Electronic
      Spirometers," by FitzGerald, Smith, and Gaensler. For example, in a test
      using the Spirometer for determining maximum voluntary ventilation, the
      subject instrument underestimated this measurement on the average of 44
      percent. The Pulmonary Function Analyzer underestimated by 21 percent the
      true measurement for maximum voluntary ventilation during the instrument
      evaluation. In their evaluation of these instruments for their
      effectiveness in measuring the forced vital capacity of the subjects being
      tested, the Pulmonary Function Indicator recorded volumes that were 20 to
      50 percent high. The Spirostat recorded accurate volumes only at rapid
      flow rates, but that when its syringe emptying time exceeded two seconds,
      the volume was seriously overestimated. In the forced expiratory volume in
      one second test, the Pulmonary Function Indicator showed almost random
      scatter of measurements, with values deviating from the expected by as
      much as plus 40 percent to a minus 85 percent. In forced vital capacity
      tests, the Expirometer recorded readings as much as 16 percent over what
      the reading should have been, and it was determined that this occurs in
      the turbinometer type of instrument due to the inability of vane type
      meters to quickly change their velocity during uneven breath flow type
      tests.
PAR  Such deviations in measurements of pulmonary function provide information
      that certainly cannot be utilized by the practitioner with any confidence
      as a means for determining the presence of pulmonary disease, particularly
      at an early stage. As the authors state in the aforesaid article: "The
      increasing prevalence of chronic obstructive lung disease underlines the
      importance of screening of ventilatory function in the physician's office,
      in the clinic, and at the bedside." But that unless the present
      instruments " . . . are accurate and stable in the clinical context their
      general use may prove misleading in individual cases and eventually may
      discredit screening procedures of proved value." They summarize that the
      permissible range of deviation of plus or minus 5 percent from the primary
      standard is needed to observe the course of disease or the effect of drugs
      in an individual patient. "Electronic spirometers offer sufficient
      convenience advantages to justify further development. The instruments
      that we examined would not be recommended in their present form because of
      insufficient accuracy and because three lacked facilities for calibration.
      Furthermore, convenience advantages are offset by high cost and lack of
      permanent record without expensive accessory equipment."
PAR  One other instrument is presently and commonly used for measuring the
      velocity of respiratory air currents. This device is entitled the
      Pneumotachograph, and is sold by Instrumentation Associates of New York,
      N.Y. This device operates upon the principle of passing the breath through
      a plurality of small diameter ducts, being approximately 0.8 mm. in
      diameter and 32 mm. in length. And, the instrument then measures the
      pressure differential between the air entering the series of ducts, and
      that leaving said ducts, and the measurement of this pressure drop
      providing a reading as to the representative velocity of expired breath.
      One advantage of utilizing this type of a pressure drop or differential
      measurement is that it is much more responsive instantaneously to the
      exact quantity and velocity of the passing breath, but one draw back is
      that it is difficult to control the conversion of such measurements to
      representative values of breath flow so as to provide accuracy in read
      out, and this is due mainly because there is no physical manifestation of
      this pressure differential that can be easily detected and gauged by
      supporting mechanism. In addition, this prior art instrument is quite
      elaborate of structure, and expensive of cost.
PAR  Hence, in view of the foregoing, it can be stated effectiveness, accuracy,
      and reliability of diagnostic equipment is just as important to patient
      welfare as the effectiveness, precise dosage, and purity of administered
      drugs. The need for instrumentation to provide accurate pulmonary
      diagnosis is readily apparent from the measurements and testing that has
      been made upon existing prior art devices.
PAR  It is, therefore, the principal object of this invention to provide a
      pulmonary diagnostic instrument and its accompanying transdueer which
      operates upon the principle of lineal displacement of its partial
      diaphragm to provide accurate measurements representative of information
      that may provide a determination of the closing volume of a specimen, in
      addition to other forms of related types of preliminary measurements.
PAR  It is another object to provide a pulmonary diagnostic instrument which is
      sufficiently sensitive to provide precise measurements regarding lung
      operation, and for furnishing more definite information for the physician
      to make early detection of potential and beginning lung disease.
PAR  It is a further object of this invention to provide a pulmonary instrument
      including a breath transducer that achieves a reproducible line or lineal
      displacement of its suspended diaphragm in direct relation to the force of
      movement, or flow rate, of the specimen breath therethrough, with the
      displacement being detected, gauged, and correlated to provide direct
      readout of information for lung analysis.
PAR  It is an additional object of this invention to provide a breath transducer
      for a pulmonary diagnostic instrument that functions to provide very
      sensitive and accurate information pertaining to the closing volume of a
      patient being screened.
PAR  Another significant object of this invention is the provision of a breath
      transducer for a diagnostic instrument which is replaceable and
      disposable.
PAR  A further object of this invention is to provide a mouthpiece transducer
      for a diagnostic instrument which can be quickly and promptly inserted or
      removed from its holder to facilitate its prompt usage and disposal.
PAR  Another object of this invention is to provide a breath transducer
      incorporating a lineal displacement suspension diaphragm which maintains a
      standard of tolerance consistently within, or less than, a plus or minus 5
      percent from the normal.
PAR  An additional object of this invention is the provision of a breath
      transducer that is disposable and thereby eliminates the possibility of
      communication of disease from one patient to another.
PAR  A further object of this invention is to provide a breath transducer for a
      diagnostic instrument that can be used for measuring and performing the
      standard closing volume tests, in addition to other forms of pulmonary
      tests generally administered by physicians, such as the nitrogen wash-out
      measurement.
PAR  Another object of this invention is to provide a breath transducer, and its
      associated diagnostic instrument holder, which are facile of manufacture,
      inexpensive in cost, and which lend themselves to assembly line
      manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  This invention contemplates the use of a suspended sensitive partial
      diaphragm which upon encountering the flow of breath enters into a degree
      of lineal displacement which is detectable and measurable to provide
      readings that can be electronically converted to furnish direct
      information relating to the functioning of the pulmonary system of a
      patient. Such information, as previously analyzed, and if of sensitive
      scope, can provide the physician with needed information for determining
      early signs of lung disease. As also previously analyzed, prior art
      devices of this nature are too insensitive and exhibit too great a
      tolerance for error, and therefore, can only be used in general screening
      tests of large numbers of people as a means for only detecting disease
      when it has become a major detriment to the patient itself, and in most
      cases has already reached the irreversible stage. Heretofore, various
      types of prior art breath analyzers have established the normals and
      averages for pulmonary functions for great masses of patients and
      populations, with said information having been derived over long periods
      of time. These measurements have led to the charting of classical
      parameters that provide understandable information regarding normal and
      properly functioning pulmonary systems for healthy individuals. In
      addition, the present invention can also be used to provide further
      accuracy in these established averages, and to refine them to the point
      where the normals for pulmonary systems of healthy individuals can be
      accurately plotted and charted, and then when a potentially diseased lung
      of a test patient is detected by comparing the latter's test results to
      the predicted, any divergence can be used to determine the degree of
      normalcy of the patient, with the discrepancy from the normal providing
      the physician with more sensitive information that can be analyzed for
      discerning just where the incipient disease may be germinating.
PAR  The present invention lends itself well to the accurate measuring of both
      the closing volume and nitrogen content of the pulmonary system, and is
      also adaptable for making other measurements in the category of vital
      capacity and forced vital capacity, in addition to related respiratory
      tests.
PAR  The invention utilizes the teachings of Poiseuille's law, wherein the
      velocity of a flow of a fluid through a tube varies directly with the
      pressure and diameter of the tube and inversely with the tube length and
      fluid viscosity. This invention utilizes an additional element by
      including a suspended diaphragm in the path of breath flow and subjecting
      its physical displacement to accurate detection for a determination of
      vital information pertaining to lung capacity and function.
PAR  The partial diaphragm of this invention includes a foraminous like screen
      that is suspended within the interior of a flow tube, and which screen can
      be deflected by the movement of the patient breath therethrough, which
      lineal deflection may be in the vicinity of one hundred thousandths of an
      inch, more or less. In the preferred embodiment, the screen further
      incorporates ferromagnetic means, such as rings, that may be mounted
      peripherally of the screen and designed for deflecting in unison with said
      suspended screen. An electrical detecting means, such as a wound core, but
      more specifically an E-core, may be packaged within a housing through
      which the flow tube or transducer may be insertably mounted, and which
      core, as in the case of the E-core, may incorporate a pair of coils, with
      one of each coils being arranged spatially to either side of the screen
      and its rings for equalization in the flow of the magnetic lines of flux
      generated by the core. Movement of the foraminous screen one way or the
      other longitudinally of the tube provides a type of lineal displacement
      that disrupts equality and the continuity of flow of the lines of flux
      around the core, and through the use of any standard form of electrical
      detecting means the imbalance in the generated inductance may be readily
      detected, electronically measured, amplified, converted, and readout as a
      direct reading for indicating the flow, volume, and other pertinent
      information pertaining to the breath being respired.
PAR  While the foregoing described transducer contemplates a form of
      peripherally suspended diaphragm within the flow tube, such as through the
      use of a series of arcuate arms which may extend the distance between both
      the foraminous plate and the interior of the flow tube, other forms of
      diaphragm mounts, such as center mounts, may be used for likewise
      suspending the screen in a quasi-free manner so that it will be directly
      influenced and lineally deflected by the passage of breath. Such center
      forms of mounts may include a pair of diametral supports spaced to either
      side of the screen, mounted within the flow tube a fixed distance apart
      longitudinally of the flow tube, and incorporate a form of rod means that
      may cooperate with suspension means for normally holding the foraminous
      plate under static conditions. But, when breath is forced through the flow
      tube as during specimen tests, such a plate is free for detectable
      displacement for providing measurements of medical value to the physician
      or technician analyzing the pulmonary system of the subject patient.
PAR  In addition, various forms of capacitive plate detecting means may be
      utilized for determining the degree of displacement of the partial
      diaphragm, and provide a source of measurements that can be converted into
      pulmonary function information. Such capacitive means may include a pair
      of capacitor plates, one mounted spatially to either side of the
      diaphragm, and in cooperation with similar type plates mounted to the
      diaphragm itself, providing for a direct reading of the capacitive
      imbalance as lineal displacement due to the force of the passing breath
      occurs. Once again, any type of standard electrical circuitry may be used
      for detecting this variation in capacitance, and through simple
      computation or computer means converting such readings to information
      regarding lung functioning.
PAR  The breath transducer of this invention includes other means for
      facilitating the quick insertion of the flow tube into its holder,
      including an indexing tab that provides for proper positioning of said
      tube, in addition to an annulus that limits the extent of insertion of the
      flow tube into said holder. Obviously any insertion limiting means is
      necessary to provide for accuracy in the readout from usage of one flow
      tube to the next, since the positioning of the E-core, capacitor plates,
      or any other form of lineal detecting means that measures the degree of
      displacement of the diaphragm must operate consistently from transducer to
      transducer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 provides a perspective view of the breath transducer of this
      invention shown inserted within its holder.
PAR  FIG. 2 presents a front end view of the instrument as shown in FIG. 1;
PAR  FIG. 3 provides a side view of the instrument shown in FIG. 1;
PAR  FIG. 4 provides a longitudinal sectional view taken along the line 4--4 of
      FIG. 2, showing a cross section of the breath transducer and its holder.
PAR  FIG. 5 provides an exploded view of the breath transducer showing its
      feature to separate as during installation of the diaphragm during
      manufacture;
PAR  FIG. 6 provides and end view showing the mouth piece portion of the breath
      transducer of this invention;
PAR  FIG. 7 provides a side longitudinal view of the breath transducer of this
      invention;
PAR  FIG. 8 provides a transverse section taken along the line 8--8 of FIG. 7,
      showing the diaphragm mounted within the transducer flow tube;  pg,17
PAR  FIG. 9 provides a side view of a modified form of breath transducer,
      showing in the cutaway portion another form of suspension means for the
      diaphragm of this invention;
PAR  FIG. 10 provides a transverse section taken along the line 10--10 of FIG.
      9, showing the modified from of diaphragm and suspension means of its
      transducer;
PAR  FIG. 11 provides a longitudinal view of the transducer of this invention
      with a portion being cutaway to disclose a modified form of diaphragm and
      suspension means;
PAR  FIG. 12 provides a transverse section taken along the line 12--12 of FIG.
      11, showing the modified form of a diaphragm and center mount suspension
      means therein; and
PAR  FIG. 13 provides a longitudinal view of the transducer of this invention
      showing the form of capacitive detecting means for gauging diaphragm
      displacement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In referring to the drawings, and in particular FIG. 1, there is disclosed
      the transducer or flow tube 1 of this invention shown mounted by insertion
      within the housing 2, thereby providing a convenient combination of
      components that may be easily handled by both the physician and the
      patient for achieving breath analysis. The transducer 1 may be constructed
      of any form of polymer, although a transparent material such as methyl
      methacrylate has been found to be of advantage. In addition, the housing
      may be constructed of any form of polymer of other material which lends
      itself to frequent use and handling, while yet maintaining an appearance
      that is consistent with professional usage. The housing 2 is formed having
      an upper segment 3 through which is provided longitudinally a series of
      apertures and through which the transducer 1 may insert, while the lower
      segment 4 of the housing has smooth curvature flared laterally to
      facilitate its hand grasping and retention, while interiorly providing
      ample space for mounting of the various electrical and electronic
      instrumentalities useful primarily as the means for detecting the
      functioning of the transducer during usage.
PAR  By referring also to FIGS. 2 and 3, it can be seen that the transducer
      desirably has sufficient length to provide for its projection from both
      ends of the housing, but that proximate its one end it is formed to
      provide the mouthpiece 5 which is normally disposed for oral grasping by
      the patient, as during pulmonary testing. An annulus 6 is formed
      integrally with the flow tube, being spaced a slight distance from its one
      end to form a limit to the length of the mouthpiece 5, while said annulus
      also circumscribes the depth of insertion of the flow tube into the
      housing upon its encountering a proximate wall of the upper segment 3 of
      the housing.
PAR  By referring also to FIG. 4, in addition to FIG. 2, it can be seen that the
      transducer 1 includes an indexing means 7, which is in the nature of an
      integral tab formed upon the surface of the flow tube, with said tab
      disposed for close contact insertion within a slot 8 formed through the
      front wall of the housing segment 3, and in this manner provides a means
      for insuring that the transducer is properly positioned for accurate usage
      in the housing 2. The front end 9 of the index tab 7 is conveniently
      tapered to facilitate its initial insertion into the said housing and its
      formed slot 8.
PAR  As further seen in FIG. 4, the housing 2 is formed into its two sections 3
      and 4, as previously described, and may include an intermediate wall 10
      for segregating the transducer mounting space, as in the section 3, from
      the electronic packaging space 11, as provided in the bottom section 4 of
      the housing. As shown within the interior of this lower section 4 of the
      housing, the electronic package, which may include the usual circuit board
      and other solid state or other form of electronic devices may be
      conveniently mounted, as at 12, to the underside of the partition 10, or
      may be located at any other convenient position within said lower section
      4. The usual conduit 13 may insert through one end of the section 4 for
      communication with the electrical package 12, and provide necessary
      connection thereto. And, where the transducer is to be utilized for
      testing other than the lung dead space component or for their closing
      volume, as for example in the standard nitrogen washout form of other
      test, then additional instrumentalities customarily used for this latter
      type of a test may be disposed within this lower section 4 of the housing,
      and also communicate exteriorly of the same as through the conduit 13 or
      others. Where the instrument is to be utilized for this type of a test, an
      aperture 14 may be provided through the wall of the flow tube 1 to provide
      the location where the nitrogen laden breath may be exhaled for eventual
      confinement and measuring of its nitrogen content.
PAR  As can further be seen in FIG. 4, a form of diaphragm 15 is suspended
      within the flow tube of the transducer, and as previously summarized and
      hereinafter described, is subject to lineal displacement due to the force
      and pressure of the moving breath there past. One means for detecting this
      degree of displacement of the diaphragm may comprise a form of electrical
      core 16, which is precisely mounted to the intermediate wall 10 of the
      lower section 4 of the housing, and disposed generally equidistant to
      either side of the transducer diaphragm 15. In this particular instance,
      the core may comprise an E-core, having a pair of electrically conductive
      coils 17 and 18 provided thereon, and which may be charged with a
      reference potential for the purpose of inducing the transfer of the
      magnetic lines of the flux on a path through the various proximate
      segments of the E-core, in addition to the surrounding environment,
      particularly thereabove, and within the influence of the said diaphragm.
      Generally, and in the preferred embodiment, a reference potential within
      the vicinity of 10 volts, peak to peak, and within a range of 5kHz
      frequency has been found useful for this purpose, although other ranges of
      voltages and frequencies may be useful to provide the same function. As is
      well known in the art, any for of electrical detecting means for
      determining the degree of imbalance of the inductances in the two segments
      of the core may be used for detecting the alternating current output of
      the core, and which output may be rectified and filtered to provide a
      direct current output signal that is directly proportional to the
      displacement of the diaphragm. Obviously this output can be correlated to
      provide a direct readout of the rate of flow and other characteristics of
      the sample breath, and can be electronically computed and converted into
      readings for furnishing a direct observation of these results.
PAR  The preferred style of transducer is shown in FIGS. 5 through 7, wherein
      the flow tube 1 is shown as being separable into two sections 19 and 20,
      the site of the separation being approximately at location where the
      diaphragm 15 mounts therein, so as to facilitate the manufacture of this
      device. As shown, one end section of the separated flow tube may have a
      reduced lip 21 that may insert within the mating end 22 of the other tube
      section, and in this manner provides means for embracing the periphery of
      the diaphragm 15 therein, with said tube then being adhesively or
      otherwise secured together to form an integral transducer. Obviously,
      though, a separable tube is not the only manner for mounting a diaphragm
      therein.
PAR  As previously described, the annulus 6, which acts as a stop means to limit
      the extent of insertion of the flow tube into its housing, and the index
      tab 7, are provided integrally upon the flow tube to regulate its precise
      positioning within the housing, as during usage.
PAR  The diaphragm 15 is more accurately shown in FIG. 8, and is formed as a
      apertured plate 23 useful for partially impeding the flow of breath
      therethrough so as to induce a slight pressure drop and the incident
      lineal displacement of the plate under the force of pressure of the
      breath. This plate may be formed of any type of material that may be
      reasonably precise and consistent in this degree of displacement with
      respect to the pressure of the breath it is subjected to, but preferably
      the plate is constructed of a beryllium copper or perhaps stainless steel,
      and chemically etched to form uniform apertures therethrough. Preferably
      the plate will have 200 to 500 mesh openings per square inch. Hence, the
      completed plate has the appearance of a foraminous screen, which is milled
      to those precise tolerances so as to provide consistent readout of
      information under identical test conditions. The foraminous plate 23 has
      integrally formed therewith, as around its periphery, a series of acruate
      shaped arms, the three arms 24 through 26 in this particular design, which
      integrally connect to the plate at one end, as for example as seen at 27,
      while at their opposite ends, as at 28, they integrally connect with a
      circumferential ring 29 which is mounted to the interior surface of the
      flow tube, as for example as previously described with respect to the
      intermating of the end sections 21 and 22 of the flow tube. On the other
      hand, many other means for adhesively mounting or adhering the
      circumferencial ring 29 within the flow tube should be readily apparent.
      Due to the arcuateness of the arms 24 through 26, it can be seen that the
      apertured plate 23 is capable of some displacement as pressure is applied
      to it, which in this particular instance is normally the pressure of the
      patient's breath, this deflection sometimes achieving a displacement of
      approximately one hundred thousandths of an inch, an amount which is
      easily detectable and measurable by the type of previously described
      electrical pickup and detecting means.
PAR  Surrounding the periphery of the apertured plate 23 are a pair of rings, as
      at 30 and 31, and these rings are secured to the plate at this location by
      any form of weld or other type of adhesive, and preferably are constructed
      of ferrous material that provides a more conductive path for transfer of
      the magnetic lines of flux generated in the E-core. As can be seen, one
      such ring is mounted to either side of the foraminous plate, and when this
      partial diaphragm of the transducer is located at the approximate midpoint
      of the detecting means core, there is provided a balanced relationship
      between the core inductances indicating a static condition for a null
      reading. On the other hand, when breath is forced through the transducer
      and displaces lineally the diaphragm 15, it can be seen that said
      diaphragm will be slightly urged in the direction of breath flow, thereby
      creating a more conductive path for the lines of flux to flow with respect
      to one end of the E-core than the other, thereby creating an inductance
      imbalance which is detectable by the usual electrical circuit means, such
      as from a center tab associated with the core, as is known in the art.
      This form of diaphragm may be described as a peripherally mounted
      displaceable diaphragm.
PAR  As seen in FIGS. 9 and 10, a modified form of the lineal displaceable
      diaphragm of this invention is shown, and this type of diaphragm is
      depicted as a centermount form of suspension for the lineally displacable
      diaphragm. As shown, the transducer or flow tube 32 has formed integrally
      therein a pair of spaced apart diametral supports 33 and 34, and which
      includes a rod member 35 which connects with and spans the longitudinal
      distance between said two supports. The partial diaphragm 36 is
      constructed as the type of foraminous screen or plate as previously
      analyzed with respect to the peripherally mounted diaphragm, but having
      the rod 35 extending therethrough, and around the periphery of this plate
      36 is provided at least one annulus or ring 37. This ring is constructed
      preferably of a ferro magnetic material, and functions similarly to the
      pair of rings 30 and 31 as previously described with respect to FIG. 7.
      Connecting between the annulus 37 and the rod member 35 are a series of
      arcuately shaped arms 38, in this particular instance being three arms,
      with said arms at their outer ends being secured to the annulus 37, while
      their inner ends are secured to the rod member 35. Hence, it can be seen
      that the force of breath flowing through the flow tube 32 will encounter
      the foraminous plate 36 and cause its displacement. Since this transducer
      is constructed to the same dimensions that provides for its ease of
      insertion and location within the housing 2, as previously described, the
      degree of displacement of the foraminous plate or diaphragm 36 can be
      gauged by any form of detecting means, such as the E-core 16 as previously
      described.
PAR  Another modified form of diaphragm suspension, in this particular instance,
      also comprising a centermount form of suspension, is shown in FIGS. 11 and
      12. In this particular embodiment, the transducer or flow tube 39
      incorporates the pair of diametral supports 40 and 41, which are arranged
      a fixed distance apart longitudinally of the flow tube, and spanning the
      distance between said supports is a rod member 42. Mounted for sliding
      movement upon said rod member is a sleeve 43, which is conveniently
      centered upon the rod member by means of a pair of springs 44 and 45,
      which normally sustain a stationary position for the slidably sleeve as
      when the transducer is at rest. Extending radially from the sleeve 43 is a
      foraminous plate or partial diaphragm 46, constructed of the same material
      and in the same manner as the plates previously described and analyzed.
      Peripherally mounted circumferentially of said plate in an annulus 47
      which is disposed for free sliding movement within the interior of the
      tube 39. This annulus may comprise a single or a pair of rings, and is
      preferably constructed of ferrous material so as to provide a more
      conductive path for the lines of magnetic flux to flow as during usage of
      the transducer. Once again, the transducer is insertable within a housing
      as at 2, and a detecting means such as the E-core 16 of FIG. 4, may be
      used for determining the degree and extent of lineal displacement of the
      diaphragm during transducer usage. And, as previously described, any
      inductance imbalance during usage of the transducer can be detected,
      measured, and converted by electronic means for providing a direct read
      out corresponding to the rate or volume of flow, or other measurements,
      characteristic of the specimen breath.
PAR  A final modification or variation upon a type of partial diaphragm and
      detecting means is shown in FIG. 13. In this embodiment, the transducer or
      flow tube 48 may incorporate the type of peripherally mounted diaphragm 49
      which may be constructed identical with the diaphragm and suspension means
      15 as previously analyzed, although the center mount form of suspended
      diaphragm may also be used in this modified embodiment. In this particular
      instance, the pair of rings 50 and 51 secure proximate the periphery of
      the foraminous plate of the diaphragm and function as capacitive plates,
      and each ring is spaced normally a fixed distance from corresponding
      capacitive plates 52 and 53 which are also secured rigidly to either the
      interior of the flow tube, as shown in the drawing, or even can be
      permanently mounted to the housing and disposed for accommodation of the
      flow tube therethrough. Actually, these capacitive plates 52 and 53 are
      also constructed in the form of rings. Hence, a charge, as from a battery
      or other electrical source 54, provides for charging of the respective
      pairs of plates 50 and 52, and 51 and 53, so that when the diaphragm 46 is
      maintained stationary an equal distance between the two plates 52 and 53,
      there will be no capacitive imbalance that is detectable of any
      measurement. On the other hand, as specimen breath flows through the
      transducer, thereby causing the diaphragm 49 to lineally displace, its
      associated capacitive rings 50 and 51 are likewise displaced providing for
      this capacitive imbalance being detected, measured, and amplified, as at
      54, to provide a readout of information corresponding to the flow of the
      patient's breath.
PAR  It should also be obvious that the principles of this invention can be
      adapted for use in detecting information about fluid or gas flow in
      industrial processes.
PAR  The foregoing provides a description generally of various types of
      sensitive means for analyzing breath flow, particularly through the lineal
      displacement of a diaphragm along the longitudinal length of a transducer,
      which detected information can be converted for readout of pulmonary
      function information. Such information can be analyzed by the physician or
      technician as an indicator of early warning of lung disease. Furthermore,
      the intergral formation of the transducer of this invention, apart from
      the detecting means, allows its once use and then disposal. Such provides
      great sanitation in the use of this medical instrument. In addition it is
      likely that the detecting means may be optically operative, such as
      through the use of light sensitive diodes, and detect the displacement of
      the diaphragm in this manner. Variations in the type of embodiments shown
      and described in this invention may occur to those skilled in the art in
      light of the foregoing disclosure, and such variations as within the
      spirit and scope of this invention are intended to be protected by any
      patent to issue hereon. The description of the preferred embodiment in
      detail is intended for illustration purposes only.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. A diagnostic instrument for use in detecting lung disfunction through
      specimen breathing and comprising a flow tube means adaptable for
      accommodating the flow of specimen breath therethrough, a resiliently
      mounted diaphragm means disposed within said tube means and subject to
      complete and uniform lineal displacement due to the force of the moving
      breath thereby, said diaphragm means comprising a plate means, said plate
      means having at least one aperture provided therethrough for allowing the
      obstructed passage of the breath there past, at least one conductive ring,
      said ring being secured to a side of the apertured plate means, said ring
      being mounted around the periphery of said apertured plate means,
      suspension means supporting the apertured plate means and ring within the
      flow tube means, said suspension means providing for peripheral mounting
      of said plate means within said flow tube means, said suspension means
      comprising a series of arcuate arms each having one end connected to and
      extending from the periphery of said plate means, the other end of each
      said arcuate arms secured within the flow tube means, said arcuate arms
      having sufficient resiliency to provide for the uniform lineal
      displacement of the full apertured plate means and ring within the flow
      tube means during passage of the specimen breath therethrough, and means
      cooperating with said flow tube means for detecting the degree of said
      lineal displacement of the ring for providing representative information
      pertaining to pulmonary functioning for specimen diagnosis.
NUM  2.
PAR  2. The invention of claim 1 wherein there are a series of apertures
      provided through said plate means.
NUM  3.
PAR  3. The invention of claim 2 wherein said apertured plate means comprises a
      foraminous plate.
NUM  4.
PAR  4. The invention of claim 3 wherein said foraminous plate comprises a
      screen.
NUM  5.
PAR  5. The invention of claim 3 wherein said foraminous plate is constructed of
      beryllium copper.
NUM  6.
PAR  6. The invention of claim 3 wherein said foraminous plate is constructed of
      stainless steel.
NUM  7.
PAR  7. The invention of claim 1 wherein there are a pair of said conductive
      rings, one of each ring being secured to each side of the apertured plate
      means, and said rings being made of ferrous material.
NUM  8.
PAR  8. The invention of claim 7 and including a housing provided for
      accommodating said flow tube means during instrument operation, said
      housing providing means for facilitating the retention of said flow tube
      means, said housing having a passage therein through which the flow tube
      means is removably inserted, said housing containing the detecting means
      for cooperating with the conductive rings of the diaphragm means of the
      flow tube means for determining the degree of lineal displacement of the
      apertured plate means and providing representative information pertaining
      to pulmonary functioning for specimen diagnosis.
NUM  9.
PAR  9. The invention of claim 8 wherein the detecting means comprises an
      electrically operative means.
NUM  10.
PAR  10. The invention of claim 9 wherein, said conductive rings being made of
      magnetic flux transferring material, said electrical detecting means
      comprising a core and associated coil capable of conducting a reference
      current therethrough, the displacement of the plate means and rings by the
      passage of specimen breath there past influencing the inductance resulting
      from current flow in the coil thereby providing representative information
      decipherable into pulmonary functioning for specimen diagnosis.
NUM  11.
PAR  11. The invention of claim 10 wherein said core comprises an E-core having
      a pair of coils provided thereon, each coil capable of being charged, the
      generated inductances resulting from the charge in each coil being
      influenced by the displacement and location of the plate means and its
      associated rings and providing detectable information decipherable into
      pulmonary functioning for specimen diagnosis.
NUM  12.
PAR  12. The invention of claim 8 and including a stop means provided upon said
      flow tube means and cooperating with said housing to limit the extent of
      flow tube means insertion therein.
NUM  13.
PAR  13. The invention of claim 12 wherein said stop means comprises an annulus
      formed integrally upon the said flow tube means and provided for
      encountering a side of the housing to limit the extent of flow tube means
      insertion therein.
NUM  14.
PAR  14. The invention of claim 13 and including a guide means provided upon
      said flow tube means and cooperating with said housing to provide proper
      positioning of said flow tube means when being inserted into the housing.
NUM  15.
PAR  15. The invention of claim 14 wherein said guide means comprises an index
      tab integrally connecting and extending partially along the length of said
      flow tube means and said housing includes a slot receiving said tab to
      provide for proper positioning of said flow tube means in the same.
NUM  16.
PAR  16. The invention of claim 1 wherein said arcuate arms are integral with
      said apertured plate means.
NUM  17.
PAR  17. The invention of claim 16 wherein there are three arcuate arms
      extending between the apertured plate means and the flow tube means.
NUM  18.
PAR  18. The invention of claim 16 wherein said arcuate arms are arranged
      adjacent the periphery of the apertured plate means.
NUM  19.
PAR  19. The invention of claim 1 wherein said flow tube means is separable
      proximate the location of the apertured plate means therein, thereby
      facilitating the mounting of said plate means during instrument
      manufacture.
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ABST
PAL  A flexible tube assembly for an endoscope consisting of a core tube formed
      by spirally winding an elastic metal band with a layer of material little
      permeable to X-rays coated on said core tube and a flexible sheath
      concentrically surrounding said core tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a flexible tube assembly for an endoscope and
      more particularly to a type adapted for medical treatment by emitting
      X-rays in conjunction with diagnosis by the endoscope. An endoscope for
      observing and photographing the inner walls of the body cavity consists of
      an observation section positioned at the forward end of a flexible tube
      assembly inserted into the body cavity and a control section fitted to the
      rear end of said flexible tube assembly exposed outside of the body and
      provided with an eyepiece for observation. The flexible tube assembly
      further includes a glass fiber member for image transmission, another
      glass fiber member for illumination of affected parts of the body, a
      passageway through which to conduct a clamp, an angle wire for allowing
      the bending of the forward end portion of said flexible tube assembly and
      a flexible sheath concentrically surrounding the core tube.
PAR  Where observation is made of the inner walls of the body cavity, the
      flexible tube assembly is inserted thereinto and light is emitted through
      the illumination glass fiber member to light up affected parts being
      observed. Reflections from the affected parts pass through an observation
      window, object lens and image transmission glass fiber member to
      concentrate the image of said affected parts at the rear end face of the
      glass fiber member. Said image is observed through the object lens of an
      eyepiece.
PAR  Such is the general application of an endoscope. In recent years, however,
      there has come to be practised medical treatment by emitting X-rays in
      conjunction with diagnosis by the endoscope. Where X-rays are irradiated
      to affected parts, the forward end portion of the flexible tube assembly
      inserted into the body is naturally exposed to said X-rays. At this time,
      the glass fiber members included in the flexible tube assembly are stained
      yellow by X-rays, resulting in a prominent decrease in their transparency.
PAR  It is accordingly the object of this invention to provide a flexible tube
      assembly for an endoscope capable of preventing the glass fiber members
      from being stained yellow by X-rays even when they are emitted in
      conjunction with the observation of the body cavity walls.
PAC  SUMMARY OF THE INVENTION
PAR  A flexible tube assembly for an endoscope according to this invention
      chiefly consists of a core tube formed by spirally winding an elastic
      metal band and a layer of material little permeable to X-rays coated on
      the inner and/or outer surface of said core tube. The core tube is further
      concentrically surrounded with a flexible sheath in close fit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a core tube included in a flexible tube
      assembly for an endoscope according to this invention;
PAR  FIG. 2 is a cross sectional view of a spirally wound metal band
      constituting the core tube coated on both sides with a layer of material
      little permeable to X-rays;
PAR  FIG. 3 is a cross sectional view of said metal band coated on the inside
      with said layer of material little permeable to X-rays; and
PAR  FIG. 4 is a cross sectional view of said metal band coated on the outside
      with said layer of material little permeable to X-rays.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A flexible tube assembly for an endoscope according to this invention has a
      core tube 11 formed, as illustrated in FIG. 1, by spirally winding an
      elastic metal band. Said core tube is tightly surrounded with a flexible
      sheath 13, for example, a synthetic resin pipe in concentric relationship.
      To render the flexible tube assembly of the aforesaid construction little
      permeable to X-rays, it may be deemed advisable to prepare the core tube
      itself from a material prominently resistant to the passage of X-rays.
      However, a core tube formed by spirally winding a band of lead is quite
      destitute of elasticity, failing to play the role of a core tube.
      According to the flexible tube assembly of this invention, therefore,
      X-rays are shut off by coating the elastic core tube 11 with a layer of
      material little permeable to X-rays such as lead, oxides thereof, cerium
      or oxides thereof.
PAR  According to the embodiment of FIG. 2, the core tube 11 made of elastic
      metal is coated on both inside and outside with a layer 12 strongly
      resistant to the passage of X-rays. However, said layer 12 may be applied,
      as shown in FIGS. 3 and 4, either on the outside or the inside alone.
      Attachment of the layer 12 may be effected by any means, for example,
      plating the layer material on the core metal, dipping the core metal in
      molten X-ray obstructing material, or cementing together both core metal
      and separately provided layer material.
PAR  An X-ray obstructing layer thus attached to the core tube 11 of the
      flexible tube assembly prevents the glass fiber members provided in said
      assembly from being stained yellow and keeps them sufficiently
      transparent, enabling the free observation of the body cavity.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A flexible tube assembly for an endoscope comprising a tubular, flexible
      core formed of a spiral winding of elastic metal strip, said metal strip
      having coated upon both the inner and outer surfaces a layer of X-ray
      opaque material and a flexible sheath concentrically surrounding said
      tubular core in close fit.
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ABST
PAL  A device for use in the surgical treatment of a patient suffering from a
      funnel breast condition is disclosed. The device comprises two mutually
      symmetrical clamping members each having an end portion adapted to be
      secured to a respective rib of such a patient, fastening means for rigidly
      connecting to one another the respective other end portions of the two
      clamping members, and a flexible member engageable with the fastening
      means and adapted to attach the latter to the breast bone of such patient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for use in the surgical treatment
      of a patient suffering from a funnel breast condition.
PAR  Until now, one has corrected the deficiency - typical for a so-called
      funnel breast condition - of the breast bone and of the ribs separating
      several pairs of ribs from the breast bone, fixing metallic clamps on to
      them, and securing the two clamps corresponding to each pair of ribs, on
      the one hand, to one another and, on the other hand, to the breast bone.
      Since previously one always employed only smooth clamps, and used wire for
      the connection of the same, the strength of the connection was not very
      high. The clamps could loosen themselves and be displaced relative to one
      another. For the securing of the clamps on the breast bone, one was forced
      to bore through the latter and to pass a wire through the bone. Moreover,
      the clamps might still be rotatably displaceable about their longitudinal
      axis. Indeed, the ends of the wire serving for the connection have been
      known to penetrate through the skin. It has also been found that pieces of
      such wire sometimes break off and begin to move along the ribs. A further
      disadvantage of the previous method of correction was that, in order to
      remove the clamps, it was often necessary to expose a relatively large
      area of the breast bone and the parts surrounding it to enable a surgeon
      to remove all such wires. Seen as a whole, the conventional method for the
      correction of a funnel breast is still subject to many disadvantages and
      therefore worthy of improvement.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a device for use in
      the surgical treatment of a patient suffering from a funnel breast
      condition, the device comprising two mutually symmetrical clamping members
      each having an end portion adapted to be secured to a respective rib of
      such a patient, fastening means for substantially rigidly connecting to
      one another the respective other end portions of the two clamping members,
      and a fastening element engageable with the fastening means and adapted to
      attach the latter to the breast bone of such a patient.
PAR  Preferably, each clamping member or clamp is substantially band-shaped and
      is provided with a plurality of equally spaced depressions disposed
      rectilinearly one behind the other in the longitudinal direction on one
      surface of the clamp and, on the other surface is provided with a
      plurality of protrusions, which are likewise disposed in a line one behind
      the other and which are disposed at the same spacing as the depressions to
      be complementary to the depressions, wherein the depressions and
      protrusions on each of the two clamps are of identical shape. The
      protrusions and depressions may each have a spherically shaped surface. It
      is advantageous if the fastening element is in the form of a tension band
      which is provided with a plurality of apertures disposed one behind the
      other in longitudinal direction and if one of its end portions is provided
      with anchoring means for the releasably attaching of the flexible strip
      member to the fastening means. The fastening means may comprise a base
      plate and a cover plate releasably connected with the latter, wherein the
      base plate defines a first guide groove of U-shaped cross-section to
      receive the two clamps and a second guide groove to receive the tension
      band. The floor or inner base surface of the first guide groove is
      provided with depressions, which are disposed in a straight line and which
      correspond to the protrusions of the clamps, and the depth of the groove
      corresponds to twice the thickness of each clamp. One end portion of the
      second guide groove is provided with a spigot, which projects out of the
      floor or inner base surface of the second groove and which is adapted to
      be engageable with the apertures of the tension band, the respective other
      end portion of the second groove being provided with engagement means to
      co-operate with the anchoring means of the tension band, a portion of the
      second groove intermediate its end portions being provided with
      projections which project inwardly from the groove side wall and which
      define a channel having depth corresponding to the tension band thickness
      between mutually facing surfaces of the projections and the groove floor,
      the two guide grooves each being closed off by the cover plate when the
      latter is connected to the base plate. The cover plate is preferably
      constructed as a guide channel, into which the base plate can be pushed.
PAR  To facilitate securing of the tension band to the fastening means, the base
      plate is provided with a transverse groove, which extends perpendicularly
      to the two guide grooves and which is disposed in the direct vicinity of
      the spigot, and serves as abutment for a pin provided as an assembly
      expedient during the connection of the fastening means with the tension
      band.
PAR  All parts of the device may consist of metal or of a suitable synthetic
      material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention will now be more particularly described with
      reference to the accompanying drawings, in which:-
PAR  FIG. 1 shows a plan view of a clamp;
PAR  FIG. 2 shows a side view of the clamp shown in FIG. 1;
PAR  FIG. 3 shows a detail of FIG. 2, in section;
PAR  FIG. 4 shows a tension band;
PAR  FIG. 5 shows a base plate in plan view;
PAR  FIG. 6 shows a side elevation of the base plate;
PAR  FIG. 7 shows a cover plate in bottom view;
PAR  FIG. 8 shows a side elevational view of the plate shown in FIG. 7;
PAR  FIG. 9 shows a section on the line IX--IX in FIG. 5, but with inserted
      tension band;
PAR  FIG. 10 shows a sketch for the illustration of the mode of operation of the
      anchoring means;
PAR  FIG. 11 shows a section according to the line XI--XI of FIG. 5, but with
      inserted clamps;
PAR  FIG. 12 shows a side elevation view of another construction of a base
      plate;
PAR  FIG. 13 shows a view in the viewing direction indicated in FIG. 12 by the
      arrow XIII;
PAR  FIG. 14 shows a view in the viewing direction indicated in FIG. 13 by the
      arrow XIV;
PAR  FIG. 15 shows a side elevation of the cover plate forming the counterpart
      to the base plate shown in FIGS. 12 to 14;
PAR  FIG. 16 shows a view in the viewing direction indicated in FIG. 15 by the
      arrow XVI;
PAR  FIG. 17 shows a view in the viewing direction indicated in FIG. 16 by the
      arrow XVII; and
PAR  FIG. 18 shows an axonometric illustration of a fastening formed by the
      plates illustrated in FIGS. 12 to 17.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a right hand clamping member or clamp 1. The clamp consists of
      a metal strip, one end portion 1a of which is bent out of the general
      longitudinal direction of the strip. The clamp displays a slight
      curvature, with the mentioned end portion 1a again being bent over through
      approximately 45.degree. against the general curvature. FIGS. 1 and 2 show
      this clearly. The longer, "straight" part of the clamp displays on its
      convex surface a series of depressions 1b, which are equally spaced from
      one another and disposed rectilinearly one behind the other. On the
      opposite surface, the clamp displays, exactly at the positions of the
      depressions lb, protrusions 1c, the shape of which corresponds exactly to
      that of the depressions 1b. The surfaces of the depressions and of the
      protrusions are each spherically shaped, but they could just as well also
      be constructed otherwise. FIG. 3 shows such a depression and protrusion
      disposed opposite to it.
PAR  The left hand clamp is constructed completely symmetrically with the right
      hand clamp, for which reason it is not separately represented in the
      drawing.
PAR  FIG. 4 shows a flexible strip member or tension band 2. The band 2 is in
      the form of a thin, flexible metal strip and is provided with apertures
      2a, which are disposed to be equally spaced in a straight line one behind
      the other and which all have the same diameter. One end portion of the
      tension band 2 is provided with anchoring means, which enables it to be
      fastened to the yet to be described fastening means. For this, the band
      end is provided with two lateral recesses 2b, which are so constructed,
      that the outermost band end 2c forms with the remainder of the band a T,
      the cross beam 2c of which serves to engage in a recess in the fastening
      means.
PAR  FIG. 5 shows a plan view of a base plate 3. This is provided with two
      parallel guide grooves 3a and 3b, which are each substantially U-shaped in
      cross-section and which are separated by a common wall 3c. The guide
      groove 3a is of such width that a clamp can be inserted into it, without
      it jamming. The guide groove 3b has a width slightly greater than that of
      the tension band 2, so that the latter can be inserted easily into it.
PAR  The guide groove 3a displays in its floor equidistant depressions 3d, which
      are disposed rectilinearly one behind the other and which are constructed
      completely similarly to those of the clamps 1.
PAR  The guide groove 3b possesses in one of its end portions a cylindrical
      spigot 3e, which projects out of its floor and the diameter of which is
      slightly smaller than the diameter of the apertures and in the tension
      band. After about three quarters of the groove length, reckoned from the
      spigot-side end, two projections 3f project out of the groove side walls,
      parallel to the groove floor, into the groove, and leave open between them
      and the groove floor a channel of which the cross-section is only slightly
      greater than that of the tension band. Immediately after these
      projections, the groove floor displays a depression 3g in the form of an
      oval extending transversely to the groove. The length of the oval
      corresponds to the width of the guide groove, while the depth of the oval
      corresponds to the thickness of the transverse web 2c of the tension band.
PAR  The last part of the groove floor is provided with a recess 3h, which is
      open towards the groove end. The width of the recess 3h corresponds to the
      width of the part of the tension band 2 narrowed by the recesses 2b.
PAR  As FIG. 6 shows, the base plate at its under surface is provided, on each
      side, with a longitudinal groove 3i, which extends at the edge and which
      serves for the securing of the cover plate 4 represented in FIGS. 7 and 8.
      The latter consists substantially of a profile rail U-shaped in
      cross-section, yet in each case a rib 4b projects from the edges of its
      limbs 4a perpendicularly to the limbs into the interior space of the U.
      The cover plate 4 is so dimensioned that it can be slidably pushed fully
      over the base plate 3, the ribs 4b engaging in the longitudinal grooves 3i
      and the floor 4c of the cover plate 4 closing off the guide grooves 3a and
      3b of the base plate, in that it rests on the edges of the groove side
      walls.
PAR  FIGS. 9 and 10 show how the tension band 2 is connected with the fastening
      means, of which only the base plate 3 is represented here. The T-shaped
      end 2c of the tension band 2 is inserted through the recess 3h into the
      guide groove 3b, and there engaged in the oval depression 3g, as in
      particular FIG. 10 illustrates. Thereupon one forms a loop and inserts the
      other end of the tension band into the guide groove 3b in such a manner
      that, on the one hand it runs through under the projections 3f and on the
      other hand however it leads away by its other, T-shaped end. By pulling in
      direction of the arrow 5, the size of the loop can now be varied.
PAR  By reason of the elastically resilient properties of the tension band, the
      latter during the drawing together of the loop endeavours, by one of its
      apertures 2a, to engage at the spigot 3e, which sometimes can act
      interferingly. For the simpler and more convenient fixing of the tension
      band to the fastening means, a pin 6 is provided which - during the
      drawing together of the tension band loop - can be inserted as an assembly
      expedient into a transverse groove 3k extending transversely to the guide
      grooves 3a and 3b in the direct vicinity of the spigot 3e, as shown in
      FIG. 9. When the loop has the desired size, the pin 6 is removed and the
      spigot 3e can engage in one of the apertures 2a of the tension band,
      whereby the latter is securely connected with the fastening means.
PAR  The securing of the right-hand clamp 1 to the left-hand clamp 1' (see FIG.
      11) ensues by simple superposition and insertion into the guide groove 3a
      of the base plate 3, as FIG. 11 shows. In this, in each case the
      protrusions of the clamp disposed thereabove engage in the depressions of
      the clamp disposed therebelow, and the latter's protrusions engage in the
      depressions in the groove floor. Now the cover plate 4 is pushed over the
      base plate 3, whereby the fastening means is now closed and neither the
      clamps nor the tension band can loosen or be released.
PAR  For the correction of the breast bone deficiency, one now proceeds in the
      following way: Initially one inserts into each of the separated pairs of
      ribs a respective left hand or right hand clamp, by the angled over end.
      Hereupon, one fixes the fastening in the described manner at the tension
      band, the tension band loop being guided around the breast bone. By
      drawing together of the loop, the base plate of the fastening means can be
      substantially rigidly secured to the breast bone. During this process use
      can be made of the assembly aiding pin 6. After the fixing of the base
      plate 3 to the breast bone, the clamps are inserted in the described
      manner into the guide groove 3a of the base plate 3. Any projecting
      portions of the clamps may now be cut off, as required. Finally, the cover
      plate is pushed on to the base plate, whereby all parts of the device as
      well as the breast bone and the ribs are securely connected with one
      another.
PAR  If it is desired to release the connection again, one needs only to proceed
      in the reverse sequence to that described above.
PAR  Shown in FIGS. 12 to 18 is a further example of embodiment of a fastening
      means, which likewise consists of a base plate 13 and a cover plate 14
      releasably connected with the base plate 13. The base plate 13 displays a
      guide groove 13a, the breadth and depth of which is so dimensioned that
      one of the clamps 1,1" can be inserted in it and thereby be secured
      against rotation. The guide groove 13a is provided along its centre line
      with equidistant bores 13d. These are so dimensioned, that the protrusions
      of the inserted clamp 1,1" engage in them on the fastening means 13, 14
      being closed, so that the clamp 1,1" is secured against longitudinal
      displacementS.
PAR  For the remainder, the base plate displays one limb 13b, 13c each on its
      long sides parallel to the guide groove 13a. These two limbs 13b, 13c are
      curved in such a manner that the base plate - as is evident from FIG. 12 -
      has a substantially C-shaped cross-section and thus forms a guide rail,
      into which the cover plate 14 can be pushed.
PAR  In its central section, the limb 13c displays an interruption, in which two
      plastically flexible tongues 13e are arranged. The base plate 13 further
      displays two further bores 13f. A hook 13g and a recess 13h of circular
      segment shape is further present on one side of the base plate 13. The
      cover plate 14 displays a guide groove 14a, which serves for guiding and
      retaining of one of the clamps 1 and the breadth and depth of which
      corresponds to the corresponding dimensions of the clamp 1 concerned.
      Furthermore, the cover plate 14 displays at one of its longitudinal edges
      a toothing, which is formed by teeth 14b and recesses 14 c disposed
      therebetween. The cover plate 14 is further provided with an elongate
      recess 14d, which extends parallel to the guide groove 14a. Additionally,
      it displays on one side a hook 14e and a recess 14f of circular segment
      shape.
PAR  For the fastening of the clamps 1,1", these are - as already described -
      taken apart and so inserted into the guide groove 13a of the base plate
      13, that the protrusions of the one clamp 1" engage in the openings 13d.
      Consecutively, the cover plate 14 is pushed into the base plate 13, so
      that this gets into the position shown in FIG. 18. The upper clamp 1 is
      now secured against rotation by the guide groove 14a and is undisplaceably
      connected with the lower clamp 1". In order to enable the frictional force
      arising on the pushing in of the cover plate 14 to be overcome
      effortlessly, round pliers can perhaps be employed and their cheeks
      applied at the recesses 13h and 14f, respectively.
PAR  So that the cover plate 14 can no longer be displaced relative to the base
      plate 13, one of the tongues 13e can now be bent by pliers and notched
      into one of the recesses 14c. The spacing of the two tongues 13e is about
      half a tongue breadth greater than the spacing of two adjacent recesses,
      so that according to the respective position of the cover plate 14
      relative to the base plate 13 either the one or the other tongue can be
      notched in. It is of course also possible to provide both longitudinal
      edges of the base or cover plate with tongues or recesses, so that in
      practically every position one of the tongues can be notched in.
PAR  When the fastening means 13, 14 is closed in this manner, it can be
      attached at the breast bone by means of a fastening element such as a loop
      of fastening wire 12, in which the two hooks 13g and 14e are hooked in. So
      that the hooks cannot cause any injuries, they are bent somewhat to the
      rear.
PAR  For the removal of the device, the fastening wire 12 is first cut or
      otherwise released, and removed. Consecutively, the notched-in tongue 13e
      is again bent outwardly, so that the two plates 13, 14 of the fastening
      means can again be displaced. The pushing apart of the two plates 13 and
      14 can ensue with the aid of round pliers, one cheek point of which is
      introduced into one of the bores 13f and the other is applied at the inner
      end of the recess 14d at the cover plate and the cheeks of which are then
      spread apart.
PAR  The device embodying the invention for the surgical treatment of a funnel
      breast condition has the advantage that it permits a simple and convenient
      connection of the ribs and of the breast bone and that the clamps cannot
      tip or slide about their longitudinal axis. Beyond this, it is also of
      importance that an entry only very small according to area need be made
      for the removal of the clamps after the funnel breast condition has been
      corrected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for use in the surgical treatment of a patient suffering from a
      funnel breast condition, the device comprising in combination: two
      mutually symmetrical clamping members each having an end portion adapted
      to be secured to a respective rib of such a patient; fastening means
      releasably rigidly connecting to one another the respective other end
      portions of said two clamping members; and a fastening element releasably
      engaging with said fastening means and adapted to attach the latter to the
      breast bone of such a patient; each clamping member comprising an elongate
      strip, one surface of said strip being provided with a plurality of
      depressions equally spaced in the longitudinal direction of the strip and
      the respective other surface of said strip being provided with a plurality
      of protrusions complementary with said depressions, said depressions and
      protrusions provided on said two clamping members being of identical
      shape; said fastening means comprising a base plate and a cover plate
      releasably connected to said base plate, said base plate defining a guide
      groove adapted to receive at least one of said clamping members, a portion
      of said base plate defining the floor of said groove being provided with a
      plurality of depressions which, upon said cover plate being connected to
      said base plate to close said fastening means, engage with said
      protrusions on a respective one of said clamping members disposed next
      adjacent said floor of said guide groove, said depressions on said one
      clamping member being engaged by said protrusions on the respective other
      said clamping member, which is being retained in engagement with said one
      clamping member by said cover plate.
NUM  2.
PAR  2. A device as defined in claim 1, wherein said base plate is provided with
      a second guide groove of substantially U-shaped cross-section and adapted
      to receive said flexible strip member, said first mentioned guide groove
      having a depth substantially equal to twice the thickness of each of said
      clamping members, said base plate being provided with a spigot which
      projects out of the inner base surface of one end portion of said second
      guide groove and which is adapted to be engageable with said apertures in
      said flexible strip member, being provided in the respective other end
      portion of said second guide groove with engagement means for co-operating
      with said anchoring means of said flexible strip member, and being
      provided with projections which project inwardly from the side walls of an
      intermediate portion of said second guide groove to define between
      mutually facing surface portions of said base surface and said projections
      a channel having a depth substantially equal to the thickness of said
      flexible strip member, said two guide grooves each being closed-off by
      said cover plate when the latter is connected to said base plate.
NUM  3.
PAR  3. A device as defined in claim 2, wherein said base plate is provided with
      a further groove which extends substantially perpendicularly to each of
      said two guide grooves and which is disposed in the vicinity of said
      spigot, said further groove being arranged to act as bearing means for a
      pin provided to facilitate adjustment of said flexible strip member during
      attachment of said fastening means to the breast bone of such a patient.
NUM  4.
PAR  4. A device for use in the surgical treatment of a patient suffering from a
      funnel breast condition, the device comprising in combination: two
      mutually symmetrical clamping members each having on end portion adapted
      to be secured to a respective rib of such a patient; fastening means
      releasably rigidly connecting to one another the respective other end
      portions of said two clamping members; a fastening element releasably
      engaging with said fastening means and adapted to attach the latter to the
      breast bone of such a patient; each clamping member comprising an elongate
      strip, one surface of said strip being provided with a plurality of
      depressions equally spaced in the longitudinal direction of the strip and
      the respective other surface of said strip being provided with a plurality
      of protrusions complementary with said depressions, said depressions and
      protrusions provided on said two clamping members being of identical
      shape; said fastening means comprising a base plate and a cover plate
      releasably connected to said base plate, said base plate defining a guide
      groove adapted to receive at least one of said clamping members, a portion
      of said base plate defining the floor of said guide groove being provided
      with a plurality of bore holes which, upon said cover plate being
      connected to said base plate to close said fastening means, engage with
      said protrusions on a respective one of said stamping members disposed
      next adjacent said floor of said guide groove, said depressions on said
      one clamping member being engaged by said protrusions on the respective
      other said clamping member, which is being retained in engagement with
      said one clamping member by said cover plate.
NUM  5.
PAR  5. A device for use in the surgical treatment of a patient suffering from a
      funnel breast condition, the device comprising in combination: two
      mutually symmetrical clamping members each having an end portion adapted
      to be secured to a respective rib of such a patient; fastening means
      releasably rigidly connecting to one another the respective other end
      portions of said two clamping members; a fastening element releasably
      engaging with said fastening means and adapted to attach the latter to the
      breast bone of such a patient; said fastening means comprising two plate
      members, one of said plate members being of substantially C-shaped
      cross-section to define a guide channel adapted to receive the respective
      other one of said plate members; said base plate being provided, at at
      least one of the edge portions of said base plate extending substantially
      parallel to said guide groove therein, with at least one plastically
      flexible tongue portion, and said cover plate being provided, in at least
      one edge portion thereof facing the respective said tongue portion, with
      at least one recess adapted to receive a respective tongue portion of said
      base plate.
NUM  6.
PAR  6. A device for use in the surgical treatment of a patient suffering from a
      funnel breast condition, the device comprising in combination: two
      mutually symmetrical clamping members each having an end portion adapted
      to be secured to a respective rib of such a patient; fastening means
      releasably rigidly connecting to one another the respective other end
      portions of said two clamping members; a fastening element releasably
      engaging with said fastening means and adapted to attach the latter to the
      breast bone of such a patient; said fastening means comprising two plate
      members, one of said plate members being of substantially C-shaped
      cross-section to define a guide channel adapted to receive the respective
      other one of said plate members; said cover plate being provided, at at
      least one of the edge portions of the cover plate extending substantially
      parallel to said guide groove in said base plate, with at least one
      plastically flexible tongue portion, and said base plate being provided,
      in at least one edge portion thereof facing the respective said tongue
      portion, with at least one recess adapted to receive a respective said
      tongue portion of said cover plate.
PATN
WKU  039467295
SRC  5
APN  515801&
APT  1
ART  335
APD  19741017
TTL  Ventilator patient monitor
ISD  19760330
NCL  13
ECL  1
EXA  Recla; Henry J.
EXP  Frinks; Ronald L.
NDR  5
NFG  5
INVT
NAM  Hanna; Kim L.
CTY  Acton
STA  MA
ASSG
NAM  Hewlett-Packard Company
CTY  Palo Alto
STA  CA
COD  02
CLAS
OCL  1281458
XCL  128DIG29
XCL  128  208
XCL   73194R
EDF  2
ICL  A61M 1600
FSC  128
FSS  145.5-145.8;142-142.3;203;188;DIG. 17;2.08;2.07;DIG. 29
FSC   73
FSS  194 R;194 E;194 M;195 R
UREF
PNO  3033195
ISD  19620500
NAM  Gilroy et al.
OCL  128145.8
UREF
PNO  3759249
ISD  19730900
NAM  Fletcher
OCL   73194M
UREF
PNO  3768468
ISD  19731000
NAM  Cox
OCL  128145.8
UREF
PNO  3894536
ISD  19750700
NAM  Tysk
OCL  128145.8
LREP
FR2  Fox; Stephen P.
FR2  Jones; Allston L.
ABST
PAL  A method and apparatus for obtaining an accurate measure of the gas volume
      expired by a patient by deriving a signal that provides a positive
      indication of when the patient is exhaling. This signal is used to limit
      the gas flow monitoring to the expired flow of the patient, thus
      eliminating the monitoring of a gas volume that leaks through a partially
      closed ventilator expiration valve during patient inspiration. The gas
      flow through the expiration valve and the mouth pressure of the patient
      are used to obtain an indication of the resistance of the expiration
      valve. This resistance indication is then compared with a preselected
      threshold valve resistance to accurately determine the time of expiration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned generally with medical electronics, and, more
      particularly, with ventilator patient monitors.
PAR  A ventilator is used to provide supplemental or complete respiration for a
      patient when the patient is unable to maintain sufficient respiration
      without assistance. The majority of ventilators used for supplemental or
      complete patient respiration are of the type known as intermittent
      positive pressure breathing (IPPB) ventilators. An IPPB ventilator
      provides positive pressure to force air into the lungs of the patient to
      accomplish inspiration. Inspiration is then followed by expiration by the
      patient without assistance. This cycle is then repeated at a predetermined
      rate.
PAR  The typical IPPB ventilator system comprises a gas supply, a pumping
      mechanism, interconnection tubing to the patient, an expiration valve with
      an input port and an output port, and either an electrical or a pneumatic
      control line from the pumping mechanism to the expiration valve. The
      tubing includes a tee connector and three lengths of tubing. One tube is
      connected between the pumping mechanism and one of the two coaxial stems
      of the tee connector, a second tube is connected between the input port of
      the expiration valve and the second of the coaxial stems of the tee
      connector, and a third tube is connected between the third stem of the tee
      connector and the patient.
PAR  The expiration valve is a low pressure pneumatic valve which typically
      experiences a maximum internal gas flow pressure of 0.9 to 1.2 PSI.
      Control of gas flow through the valve is performed by an electrically or
      pneumatically activated diaphragm in the flow stream to open and close the
      valve. The majority of the IPPB ventilators utilize a pneumatic valve
      control signal. In the pneumatically controlled expiration valve, the
      diaphragm is analogous to a small balloon in a pipe which is inflated by
      the pneumatic signal from the ventilator pumping mechanism to provide
      valve closure. The diaphragm deflates when the pneumatic signal is
      relaxed, allowing the valve to open.
PAR  The effectiveness of supplemental or complete respiration can be determined
      by observing the blood gas parameters of the patient. Adequate ventilation
      of the patient is indicated if the blood contains appropriate levels of
      oxygen and carbon dioxide. However, it has not been feasible to monitor
      blood gases continuously.
PAR  Although periodic blood gas measurements can still be taken, a more
      immediate indication of loss of ventilation is needed, as ventilation loss
      for more than one minute can be fatal. Consequently, most ventilator
      monitors measure the volume of gas used to ventilate the patient. The
      measured gas volume has been either the volume of gas supplied to the
      patient or the volume of gas expired by the patient. Expiratory monitoring
      avoids the adverse effects of loss of patient ventilation through leaks in
      the gas flow system. Leaks may cause some of the expired gas volume to
      escape detection by the monitor; however, the operator is assured that the
      patient receives at least as much of the ventilator output as is detected.
      On the other hand, if the output of the ventilator is monitored before the
      gas reaches the patient, there is no positive indication as to the minimum
      gas volume that reaches the patient since this gas flow system may have
      inherent leaks between the monitor and the patient.
PAR  Expiratory gas volume is measured by connecting the monitor to the output
      port of the expiration valve. The expiration valve ideally will permit the
      free-flow of expired gas from the patient to the monitor, and block the
      flow to the monitor of the inspiratory gas from the ventilator to the
      patient. There are many reasons why the expiration valve may leak, e.g. a
      defective diaphragm, a defective valve seat, a leak in the pneumatic valve
      control line so that the valve diaphragm is not fully closed, or a
      build-up of patient secretions in the valve. Secretions from the patient
      build-up between the expiration valve diaphragm and the valve seat causing
      gas leakage during inspiration. These secretions prevent complete closure
      of the expiration valve since the pressure applied to inflate the
      expiration valve diaphragm is typically only 1.5 to 3.0 PSI. This range of
      pressures is not sufficient to break through the secretions to achieve
      closure of the valve pipe against a back pressure that is nearly equal to
      the diaphragm control pressure. When leakage occurs, the volume of gas
      measured by the monitor will contain gas expired by the patient and that
      which leaked through the valve during inspiration. Therefore, the measured
      gas volume will be greater than that expired by the patient. In the
      extreme case where the valve leaks continuously in a fully open condition,
      the volume of gas measured by the monitor indicates that normal gas volume
      is being delivered to the patient, when in fact the patient has received
      none of the measured gas volume. Heretofore known monitors had no
      mechanism for distinguishing when the received gas was from the patient or
      from the ventilator. These monitors relied on the possibly leaky
      expiration valve to block the inspiratory gas from the ventilator.
PAR  Since the expiration valve must be sterilized, and the pneumatically
      controlled valves must be operational from the ventilator low pressure
      control line, only limited improvements are possible in the expiration
      valve itself. Many hospitals prefer to use disposible items wherever
      possible, thus placing a cost limitation on the expiration valve, in
      addition to the aforementioned limitations. The failure of the expiration
      valve is not readily detectable with the present monitors. Thus, a blood
      gas analysis is the method relied upon by the doctor and his staff to
      insure the proper ventilation of the patient.
PAC  Summary of the Invention
PAR  The present invention provides a fail-safe feature in the ventilator
      monitor circuitry to insure accurate measurement of expired gas volume
      from a patient despite the use of a leaky expiration valve. The system of
      the present invention is compatible with IPPB ventilators presently
      commercially available. An accurate patient expiration signal is generated
      by a ventilator patient monitor to electrically block the inclusion of a
      volume of gas leaked through a partially closed expiration valve from a
      volume of gas expired by the patient. There are derived signals
      representing expiratory flow rate and the volume of the gas expired by the
      patient. The accurate expiration signal gates the flow rate signal in such
      a way as to eliminate the adverse effects of a leaky expiration valve. The
      gated flow rate signal is then integrated over time to obtain the volume
      of gas expired by the patient. Thus, the gas volume recorded by the
      monitor is substantially equal to the expired gas volume of the patient.
PAR  In the illustrated embodiment of the invention, the accurate expiration
      signal which controls volume monitoring is generated by processing both a
      detected flow rate through the expiration valve and a detected mouth or
      air-way pressure of the patient. The method of generating the accurate
      expiration signal is independent of the type of expiration valve control
      signal from the ventilator, and thus can be used with any IPPB ventilator.
      Expiration is defined as that period of time when the expiration valve
      flow resistance is below a preselected threshold resistance. The gas flow
      through the expiration valve is monitored and processed to provide four
      signals: a first-estimate expiration signal; a gas flow-rate signal; an
      expired gas volume signal; and an expiration rate signal. Simultaneously,
      the mouth or air-way pressure of the patient is monitored and processed to
      provide three signals: a real-time mouth pressure signal; a maximum mouth
      pressure signal; and a minimum mouth pressure signal. The first two
      signals derived from the gas flow, and the first signal obtained from the
      mouth or air-way pressure are further processed and used to compare an
      estimate of the real-time resistance value of the expiration valve with
      the preselected threshold resistance value. When the valve resistance is
      less than the preselected threshold value, the expiration valve is defined
      to be open. This defined open time is indicated by the accurate expiration
      signal, which in turn controls the integration of the gas flowrate signal
      to provide an accurate representation of gas volume expired by the
      patient, independent of the valve leaks.
DRWD
PAC  Description of the Drawings
PAR  FIG. 1 is a block diagram illustrating the ventilator patient monitor
      interconnections.
PAR  FIG. 2 is a block diagram illustrating the preferred embodiment of the
      system of the present invention.
PAR  FIGS. 3(a) and (b) are waveforms illustrating the sequence of operation of
      some of the system components in the illustrated embodiment.
PAR  FIG. 4 is a block diagram illustrating another embodiment of a portion of
      the instant invention.
PAR  FIG. 5 is a set of waveforms illustrating the sequence of operation of the
      other embodiment shown in FIG. 4.
DETD
PAC  Description of the Preferred Embodiment
PAR  With reference to FIG. 1, there is shown an IPPB ventilator 11, tubing 13
      for directing the gas flow, an expiration valve 15, an expiration valve
      control line 17, a mouth or air-way (i.e. any air passage, natural or
      created, to provide patient ventilation) pressure detection line 18, a
      ventilator patient monitor 19, a monitor gas flow input tube 20, and a
      patient 21. During an inspiration cycle, the expiration valve control line
      17 is activated by the ventilator 11 to maintain closure of the expiration
      valve 15. Then the gas is pumped from ventilator 11, to patient 21,
      through tubing 13. Next, the gas flow from the ventilator 11 ceases, the
      expiration valve control line 17 is deactivated, thus allowing the opening
      of the expiration valve 15, and patient 21 expires, i.e., exhales the gas
      in his lungs without assistance. The expired gas flows to monitor 19
      through tube 20. The monitor measures the gas volume and displays the
      measured value. An error in the measurement of the expired gas volume from
      patient 21 occurs if the expiration valve 15 is not fully closed during
      inspiration and leaks result. Heretofore known monitors do not eliminate
      the effect of the volume of leaked gas from the expired gas volume
      measurement.
PAR  The preferred embodiment of the invention illustrated in FIG. 2 comprises a
      gas flow processing channel 23 to provide expiration rate and expired gas
      volume signals, a mouth or airway pressure processing channel 25 to
      provide maximum and minimum mouth or air-way pressure signals, and an
      accurate expiration signal generating circuit 27 to provide a gating
      signal to eliminate the adverse effects of a leaky expiration valve from
      the expired gas volume signal.
PAR  In gas flow channel 23 the input element is a pneumotachograph 31 coupled
      to the output port of the expiration valve 15 by tube 20 (FIG. 1). The
      pneumotachograph 31 includes a resistance element which provides a
      pressure differential across a pair of output ports that is proportional
      to the gas flow rate. The output ports of the pneumotachograph 31 are
      coupled to a differential input pressure transducer 33 by means of tubing
      35. The pressure differential developed by the gas flow across the output
      ports of pneumotachograph 31 is typically on the order of 0.015 PSI when
      the flow rate is three liters per second. Transducer 33 is a very low
      pressure transducer that provides an output current proportional to the
      flow rate, and this current is applied to preamplifier 37 for conversion
      to a voltage signal and linearization. Linearization is necessary because
      at higher patient expiratory flow rates the pneumotachograph 31 becomes
      nonlinear. The linearized signal from the preamplifier 37 is an analog
      representation of the gas flow-rate F.sub.v, through the expiration valve
      15 (FIG. 1). The output of circuitry 37 is applied to an analog-to-binary
      converter 39 which may be of the type described in U.S. Pat. No. 3,659,288
      issued Apr. 25, 1972, and now assigned to the same assignee as the present
      invention. The output of circuit 39 is a continuously variable frequency
      square wave signal that is a logical gas flow-rate signal, F.sub.L,
      typically as shown by signal 40 in FIG. 3a. More particularly, each pulse
      represents a gas volume of 1/16000 of a liter per pulse, and the flow-rate
      information is represented by the frequency of this square wave signal,
      this frequency increasing linearly with an increasing linear analog input
      voltage from preamplifier 37.
PAR  The output signal of circuit 39, F.sub.L, is applied to three circuits: a
      pulse rate threshold logic circuit 41, a gating circuit 43, and an
      automatic zero circuit 45. Since the output signal of transducer 33 drifts
      with time, the automatic zero circuit 45 periodically determines this
      signal drift and applies a feedback signal to a second input of
      preamplifier 37 that is proportional to the signal drift. This feedback
      signal to preamplifier 37 is then subtracted from the output signal of
      transducer 33, so that the output of preamplifier 37 does not reflect the
      drift-caused offset of transducer 33. The determination of the necessary
      correction signal for preamplifier 37 is accomplished by disconnecting
      transducer 33 from pneumotachograph 31 so that the differential pressure
      input to transducer 33 is zero. Thereafter sufficient time is provided for
      the automatic zero circuit to detect the steady-state output frequency of
      circuit 39, and to generate and hold a signal level proportional to this
      frequency that is applied to preamplifier 37. Thus, the output of the
      analog-to-binary converter 39 is corrected such that a zero frequency
      output corresponds to a zero gas flow rate.
PAR  With reference to FIG. 3b, the pulse rate threshold logic circuit 41
      generates two output signals. One of these is a first-estimate expiration
      signal, E.sub.F, shown as pulse train 42. The other output signal is a
      load-reset signal, L-R, as shown by pulse train 44 (FIG. 3b), and is
      hereinafter described. Circuit 41 includes two pulse-rate threshold
      circuits. One is an increasing pulse-rate threshold detector, and the
      second is a decreasing pulse-rate threshold detector. The outputs of
      circuit 41 remain a logical 0 until the pulse rate of signal 40 exceeds a
      preset threshold pulse rate for a preset period of time, then the
      first-estimate expiration signal 42 will attain a logical 1 at time
      t.sub.o and will retain that level until the pulse rate drops below a
      second preset threshold level for a second preset period of time. After
      the second threshold is crossed and the second preset time period expires,
      the first-estimate expiration signal 42 will reassume the logical 0 level
      at time t.sub.1. The result is that the first-estimate expiration signal
      42 becomes a logical 1  shortly after expiration starts and returns to a
      logical 0 toward the end of expiration. The first-estimate expiration
      pulses from the pulse rate threshold logic circuit 41 are then counted by
      counter 47 for a period of one minute determined by a clock 51. At the end
      of one minute, the count in counter 47 is loaded into a digital register
      49 by clock 51. Counter 47 is then reset by clock 51 and immediately
      starts counting the number of first-estimate expiration pulses 42 for the
      next one minute period. The count, which is held in register 49, is then
      applied to a digital-to-analog converter 53 for conversion to an analog
      voltage that is proportional to the number of breaths that patient 21 has
      taken during the next previous one minute interval. The analog expiration
      rate voltage from converter 53 is then applied to a RATE input of an alarm
      system 54. The alarm system 54 provides an upper and a lower threshold
      level for each of the input signals. Thus, if the expiration rate voltage
      is greater than or less than these preset upper and lower alarm threshold
      levels respectively, the audible and visible alarms are initiated.
PAR  Since each pulse of the logical gas flow-rate signal 40 from circuit 39
      represents a volume of 1/16000 of a liter, this signal can be integrated
      by counting the pulses to provide a signal representative of gas volume. A
      series coupled pair of counters 55 and 56 receives these pulses from gate
      circuit 43 and counts them to determine the gas volume of the patient
      expired flow. Gate circuit 43 transmits the pulses in response to a
      control signal described hereinafter. Counter circuit 55 divides the
      output pulses from gate 43 by 160, and counter 56 accumulates the gas
      volume count in units of 0.01 liters from counter 55. Circuit 41 produces
      a second signal pulse train 44, i.e., the load-reset pulse train (FIG.
      3b), that becomes a logical 1 shortly after each first-estimate expiration
      pulse 42 reassumes the logical 0 level. Pulse 44 remains a logical 1 for a
      preset length of time after which it returns to a logical 0. The leading
      edge of load-reset pulse 44 loads the count from counter 56 into a digital
      register 57 by actuating the load input line of register 57. The trailing
      edge of pulse 44 then resets counters 55 and 56 to zero by actuating the
      reset lines of counters 55 and 56 in preparation for measuring the gas
      volume count on the next expiration of the patient. The expired gas volume
      value that is stored digitally in the register 57 is applied to the
      digital-to-analog converter 59 to provide an analog expired gas volume
      signal which in turn is applied to the EGV input of alarm system 54. The
      alarm system 54 also provides upper and lower threshold limits for the
      expired gas volume signal, and a visual and audible alarm is initiated if
      either threshold is crossed.
PAR  In mouth pressure channel 25, the mouth or air-way pressure of patient 21
      is transmitted to a pressure transducer 61 by tube 18. Tranducer 61 then
      converts the mouth pressure, typically in the range of .+-.1.5 PSI, to an
      electrical signal which is proportional to the mouth pressure. This signal
      is then applied to preamplifier 63 to provide voltage scaling of the
      output signal of pressure transducer 61. The output signal of preamplifier
      63 is then an analog mouth pressure signal, P.sub.M, which is linearly
      related to the actual mouth pressure of the patient 21. This analog mouth
      pressure signal is then applied to a maximum-minimum voltage follower
      circuit 65. Voltage follower circuit 65 comprises two pairs of voltage
      followers, one pair of increasing voltage followers for tracking and
      holding the maximum input voltage over a preset time period, and a second
      pair of decreasing voltage followers for tracking and holding the minimum
      input voltage over the same preset time period. Each pair of voltage
      followers are essentially the same, and each voltage follower includes two
      operational amplifiers whose outputs are connected through diodes to a
      capacitor. One of these two operational amplifiers in each of the voltage
      followers is used to charge or discharge the capacitor if the circuit is a
      maximum or a minimum voltage follower respectively. The second voltage
      follower operational amplifier is used to reset the capacitor voltage to
      preset values below the lowest expected maximum voltage, or above the
      highest expected minimum voltage. The voltage followers for both the
      maximum and the minimum voltage are paired so that a continuous indication
      of the tracked voltage is always available from one of the voltage
      followers while the other is reset to provide an updated value. The
      voltage followers are reset alternately at a preset rate with one of each
      of the maximum and the minimum followers being reset simultaneously. A
      switching arrangement is utilized on the output of each follower pair to
      provide a measure of the maximum and minimum mouth pressure stored during
      the last previous measurement period. The resulting maximum and minimum
      voltages are representative of the maximum and minimum mouth pressures of
      the patient. The alarm system 54 is provided with these signals
      representative of the maximum and minimum mouth or air-way pressure of the
      patient on alarm input lines MXP and MNP respectively. The alarm system 54
      includes an upper and lower voltage threshold for each of these signals,
      and an alarm indication will be initiated if these signal thresholds are
      crossed.
PAR  The circuit for generating the accurate expiration signal enclosed in
      dashed outline 27 relies on a method by which the resistance of expiration
      valve 15 is compared with a selected threshold resistance value to
      determine if valve 15 is open or closed. Basically, valve resistance will
      be higher during patient inspiration than during patient expiration. By
      setting an appropriate threshold, inspiration is defined as the time when
      the valve resistance is above the threshold resistance, and expiration is
      defined as the time when the valve resistance is below the threshold
      resistance. Valve resistance can be defined as:
EQU  R.sub.V = P.sub.V /F.sub.V                                 (1)
PAL  where R.sub.V is the valve resistance, P.sub.V is the pressure across the
      valve, and F.sub.V is the flow through the valve. This formula can be
      rewritten as:
EQU  F.sub.V R.sub.V = P.sub.V.                                 (2)
PAL  substituting the preselected valve threshold resistance, R.sub.T, for the
      valve resistance, R.sub.V, in equation (2), an inequality results. If the
      comparison of the product F.sub.V R.sub.T with P.sub.V results in the
      following inequality
EQU  F.sub.V R.sub.T .ltoreq. P.sub.V,                          (3)
PAL  then
EQU  R.sub.V .gtoreq. R.sub.T                                   (4)
PAL  and inspiration of the patient is assumed. Otherwise, if the same
      comparison results in the following inequality
EQU  F.sub.V R.sub.T &gt;P.sub.V,                                  (5)
PAL  then
EQU  R.sub.V &lt;R.sub.T                                           (6)
PAL  and expiration of the patient is assumed.
PAR  An accurate expiration signal, E.sub.A, that is representative of the
      relationship between R.sub.T and R.sub.V (i.e., representative of the
      inspiration or expiration of the patient) is the output of the circuit
      within broken outline 27, and is the result of a comparison that results
      in equations 3 and 5 above. To generate E.sub.A, the circuit within broken
      outline 27 requires two signals from the flow channel 23 and one signal
      from the mouth pressure channel 25. The two signals from the flow channel
      23 are the first-estimate expiration signal 42, E.sub.F, and the analog
      gas flow-rate signal, F.sub.V, from preamplifier 37. The required signal
      from channel 25 is the analog mouth pressure signal, P.sub.M. The signal
      P.sub.M is used to generate an estimate of P.sub.V, i.e. the pressure
      across expiration valve 15. The difference between the mouth pressure,
      P.sub.M, at any given time and the mouth pressure at the end of an
      expiratory cycle, P.sub.EE, is a good estimate of the pressure, P.sub.V,
      across expiration valve 15. The mouth pressure when the flow rate falls to
      zero or some very small value is a good approximation of the time when the
      end of expiratory pressure, P.sub.EE, exists within the mouth of patient
      21. To generate P.sub.V, the first-estimate expiration signal, E.sub.F, is
      applied to differentiator inputs of a pair of edge detectors 71 and 72.
      The analog mouth pressure signal, P.sub.M, is applied to a minimum P.sub.M
      voltage follower circuit 67 and a substract circuit 75. The analog gas
      flow-rate signal, F.sub.V, is applied to an end F.sub.V voltage threshold
      circuit 69.
PAR  The purpose of circuits 67, 69, 71, 72 and 73 is to obtain an estimate of
      P.sub.EE within the mouth of the patient. Initially, the output voltage of
      a minimum P.sub.M voltage follower circuit 67 has been set by circuit 71
      to be above the voltage which represents the maximum expected mouth
      pressure. After circuit 67 has been reset by E.sub.F, via circuit 71, and
      before E.sub.F returns to a logical 0 level, F.sub.V from circuit 37
      should exceed the preset threshold level of an end F.sub.V voltage
      threshold circuit 69. When F.sub.V exceeds this threshold, voltage
      follower 67 is enabled by the output of circuit 69 to follow the voltage
      P.sub.M. Circuit 67 will follow the voltage P.sub.M to some minimum value
      during the time period established by E.sub.F maintaining a logical 1
      level and F.sub.V exceeding the preset threshold level of circuit 69. When
      F.sub.V crosses this threshold, the decrease of the output voltage of the
      minimum P.sub.M voltage follower circuit 67 is stopped. When the
      first-estimate expiration pulse E.sub.F becomes a logical 0 at the end of
      expiration, the trailing edge detector circuit 72 enables a sample and
      hold circuit 73 to receive the output voltage of the minimum P.sub.M
      voltage follower 67. The retained voltage of the sample and hold circuit
      73 represents the estimate of P.sub.EE within the mouth of the patient.
      When the first-estimate expiration signal, E.sub.F goes high during the
      next expiration of the patient, the leading edge detector circuit 71
      triggers the minimum P.sub.M voltage follower circuit 67 to reset the
      output voltage to a level that represents a pressure greater than an
      expected mouth pressure, and the process begins again. The voltage
      follower circuit 67 is very similar to one half of the minimum voltage
      follower portion of circuit 65. The estimated P.sub.EE voltage at the
      output of circuit 73 is then subtracted from the mouth pressure signal,
      P.sub.M, at the output of circuit 63 on a real-time basis by subtract
      circuit 75. The resulting output voltage from circuit 75 is an estimate
      proportional to the real-time valve pressure, P.sub.V.
PAR  Amplifier 77 receives the analog gas flow-rate signal, F.sub.V, from
      circuit 37 and has a gain equal to the preselected threshold resistance,
      R.sub.T, of the expiration valve 15 (FIG. 1). Thus, the output of circuit
      77 represents the product of the valve flow, F.sub.V, and the valve
      threshold resistance, R.sub.T. A comparator 79 with a digital output is
      used to compare the valve pressure signal, P.sub.V, on the positive input
      terminal and the signal that represents the product of valve flow rate,
      F.sub.V, and threshold resistance, R.sub.T, on the negative input
      terminal. If the output voltage of comparator 79 is a logical 1, then the
      actual valve resistance is greater than the valve threshold resistance,
      and if the output voltage of the comparator 79 is a logical 0, the actual
      vale resistance is less than the valve threshold resistance. Thus, a
      comparator output voltage that is a logical 1 indicates that the
      expiration valve 15 is closed, and an output voltage that is a logical 0
      indicates that the expiration valve 15 is open.
PAR  In some cases, there may be excessive noise on the analog flow-rate signal,
      F.sub.V, and the valve pressure signal, P.sub.V. With noise present, the
      output signal from comparator 79 may be unstable when the valve pressure
      signal, P.sub.V, and the product signal, F.sub.V R.sub.T, are
      substantiallly equal. To overcome this instability two valve threshold
      resistance values, R.sub.T1 and R.sub.T2, are used. By using two valve
      resistance thresholds, an hysteresis effect can be utilized to cause the
      state of the valve condition indicating signal (i.e. input to inverter of
      gating circuit 81 in FIG. 2) to change only after both thresholds are
      crossed. R.sub.T1 is selected to be the minimum and R.sub.T2 is selected
      to be the maximum expiration valve resistance threshold values that define
      an open versus a closed expiration valve.
PAR  The alternative embodiment of FIG. 4 can be used to directly replace
      amplifier 77 and comparator 79 in FIG. 2 to provide the above-described
      hysteresis effect. Amplifiers 87 and 89 each receive the analog gas
      flow-rate signal, F.sub.V, from circuit 37 (FIG. 2) and each has a gain
      equal to one of the two preselected threshold resistances, R.sub.T1 and
      R.sub.T2 respectively, of the expiration valve 15 (FIG. 1). Thus, the
      outputs of circuits 87 and 89 represent the product of the valve flow,
      F.sub.V, and the respective valve threshold resistance, R.sub.T1 or
      R.sub.T2. A pair of comparators 91 and 93 each with a digital output are
      used to compare the valve pressure signal, P.sub.V, on the positive input
      terminals with one of the signals that represent the product of the valve
      flow rate, F.sub.V, and one of the threshold resistances, R.sub.T1 and
      R.sub.T2, on the negative input terminals respectively. If the output
      voltage of comparator 91 or 93 is a logical 1, then the actual valve
      resistance is greater than the valve threshold resistance, R.sub.T1 or
      R.sub.T2 respectively, and if the output voltage of comparator 91 or 93 is
      a logical 0, the actual valve resistance is less than the valve threshold
      resistance, R.sub.T1 or R.sub.T2, respectively. Since R.sub.T1 is selected
      to be less than R.sub.T2, an inverter 95 and an R-S flip-flop 97 will
      provide the aforementioned hysteresis effect, i.e. the indicated state of
      the expiration valve will be unchanged until both thresholds are crossed.
      To implement this hysteresis effect, the comparison signal of the actual
      valve resistance with the lower valve threshold resistance, R.sub.T1, from
      comparator 91 is applied to the R terminal of flip-flop 97 via inverter
      95. Also, the second comparison signal of the actual valve resistance with
      the higher valve threshold resistance, R.sub.T2, from comparator 93 is
      applied to the S terminal of flip-flop 97. Thus, the Q output signal of
      flip-flop 97 is a logical 1 when the expiration valve 15 is closed, and is
      a logical 0 when the expiration valve 15 is open.
PAR  FIG. 5 illustrates the hysteresis effect of the circuit in FIG. 4. Assume
      that the actual valve resistance, R.sub.V varies as depicted by waveform
      99. As the actual valve resistance increases from the fully open valve the
      output of comparator 91 assumes a logical 1 level after the first
      resistance threshold, R.sub.T1, is exceeded as shown in waveform 101. As
      R.sub.V continues to increase, the output of comparator 93 assumes a
      logical 1 level after the second resistance threshold, R.sub.T2, is
      exceeded as shown in waveform 103. Similarly, as R.sub.V decreases the
      outputs of comparators 93 and 91 assume a logical 0 level after the
      respective threshold levels, R.sub.T2 and R.sub.T1, are crossed. Waveform
      105 shows the resultant Q output signal of flip-flop 97 as the outputs of
      comparators 91 and 93 switch as R.sub.V varies. Waveform 105 assumes a
      logical 1 level when both waveforms 101 and 103 assume a logical 1 level
      with an increasing R.sub.V, and assumes a logical 0 level when both
      waveforms 101 and 103 assume a logical 0 level with a decreasing R.sub.V.
      Thus, the Q output signal of flip-flop 97 in a logical 1 state indicates
      that the expiration valve 15 is closed, and in a logical 0 state indicates
      that the expiration valve 15 is open.
PAR  Since the many operational amplifiers used in the circuits of the
      illustrated embodiment have an inherent voltage offset, the comparator 79
      (FIG. 2) or flip-flop 97 (FIG. 4) outputs do not provide an accurate
      indication of the state of the expiration valve when both the valve flow
      and the valve pressure simultaneously become very low. As expiration
      approaches completion, P.sub.V and F.sub.V may be very low simultaneously,
      and if this occurs, an assumption is made that the valve is open. To
      include this possibility within the expiration time defined by the
      accurate expiration signal, the low P.sub.V voltage threshold circuit 85
      and a low F.sub.V voltage threshold circuit 83 are used to determine if
      these signals drop below predetermined low voltage levels. The output
      signals from circuits 79, 83, and 85 are applied to a gate circuit
      enclosed within the broken outline 81. The output of circuit 81 is the
      accurate expiration signal E.sub.A, previously described. If both the
      expiration valve pressure and flow signals (P.sub.V and F.sub.V) are below
      the thresholds of detector circuits 85, and 83, respectively, the output
      of the respective circuits will be logical 0. Thus, the output of the gate
      circuit 81 will be logical 1. As a result, the potential error is
      prevented and the time representing this final portion of expiration is
      included in the accurate expiration signal, E.sub.A. If at least one of
      the expiration valve pressure and flow signals is high, the E.sub.A output
      of gate circuit 81 will follow the reciprocal of the output of comparator
      circuit 79. The output signal of the gate circuit 81 is the accurate
      expiration signal, E.sub.A, which is applied to the control input of gate
      43 and used to gate the output of circuit 39. As described above, the
      accurate expiration signal, E.sub.A, gates the logical flow rate signal in
      such a way as to eliminate the adverse effects of a leaky expiration
      valve. The gated flow-rate signal is then integrated by counting over time
      to obtain an accurate measure of the gas volume expired by the patient.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of accurately measuring the gas volume expired by a patient
      through an expiration valve of a ventilator-patient system, the method
      comprising the steps of:
PA1  a. monitoring any flow of gas through said expiration valve during the
      inspiration and expiration phase received by a ventilation-monitor and
      generating a gas volume signal indicative of the gas flow received by said
      ventilator monitor;
PA1  b. developing an accurate expiration signal from the ventilator-patient
      system that defines the time period when the patient is expiring gas from
      his lungs; and
PA1  c. gating said gas volume signal to a gas volume accumulation register of
      said ventilator monitor only during the presence of said accurate
      expiration signal to eliminate from said gas volume signal the monitored
      gas flow through a leaking expiration valve during inspiration of the
      patient.
NUM  2.
PAR  2. The method according to claim 1 wherein the step of developing said
      accurate expiration signal comprises:
PA1  a. generating a gas flow-rate signal from the gas flow received by said
      ventilator monitor;
PA1  b. generating a mouth pressure signal from the gas pressure within the
      mouth of said patient; and
PA1  c. processing said gas flow-rate signal and said mouth pressure signal to
      determine the time of exhalation of the patient.
NUM  3.
PAR  3. A method of comparing an expiration valve resistance with at least one
      of two preselected threshold resistance values to eliminate the inclusion
      of a measure of the gas volume that leaks through the expiration valve
      during patient inspiration from a measure of the gas volume expired by the
      patient, the method comprising the steps of:
PA1  a. generating a gas flow-rate signal from the gas flow through the
      expiration valve to the ventilator patient monitor;
PA1  b. multiplying said flow-rate signal by at least one of two preselected
      values to obtain product signals, said preselected values being
      representative of an expiration valve resistance threshold value that
      defines an open versus a closed expiration valve.
PA1  c. generating an expiration valve gas pressure signal representative of the
      gas pressure across the expiration valve;
PA1  d. comparing said gas pressure signal and said product signals to generate
      a logical comparison signal having a first predetermined state for a valve
      resistance value that is less than or equal to at least one of the
      preselected threshold resistance values, and a second predetermined state
      for a valve resistance value that exceeds at least one of the preselected
      threshold resistance values;
PA1  e. gating said flow-rate signal under the control of said logical
      comparison signal to limit the resultant flowrate signal to that from the
      gas flow expired by the patient; and
PA1  f. integrating said gated flow-rate signal to obtain a measure of the
      volume of the gas expired by the patient during that time defined by the
      logical comparison signal as patient expiration.
NUM  4.
PAR  4. The method according to claim 3 wherein the step of generating said
      expiration valve gas pressure signal includes the steps of:
PA1  a. generating a real-time mouth pressure signal from the mouth pressure of
      the patient;
PA1  b. generating an end of patient expiration mouth pressure signal from said
      real-time mouth pressure signal; and
PA1  c. subtracting said end of patient expiration mouth pressure signal
      obtained at the end of a previous expiration from said real-time mouth
      pressure signal to form a difference signal representing a real-time
      estimate of the gas pressure across the expiration valve.
NUM  5.
PAR  5. The method according to claim 4 wherein the step of generating said end
      of expiration mouth pressure signal includes the steps of:
PA1  a. generating a logical first-estimate expiration pulse train from said gas
      flow-rate signal that assumes a third predetermined state during a first
      estimate of the expiration time of the patient, and a fourth predetermined
      state at all other times;
PA1  b. threshold detecting said gas flow-rate signal at a preselected minimum
      level to produce a threshold signal having a fifth predetermined value
      when the flow-rate signal is below said minimum level and being
      representative of the flow-rate signal when said minimum level is
      exceeded, said preselected minimum level being representative of the gas
      flow-rate from the patient when expiration starts and ends; and
PA1  c. tracking said real-time mouth pressure signal, during the time period
      when both said first-estimate expiration signal is in the third
      predetermined state and said gas flow-rate signal exceeds said preselected
      minimum level, to produce said end of expiration mouth pressure signal.
NUM  6.
PAR  6. The method according to claim 3, wherein the step of comparing said gas
      pressure signal and said product signals to generate said logical
      comparison signal further includes generating an accurate expiration
      signal to control the gating of said flow-rate signal, the generating of
      said accurate expiration signal including the steps of:
PA1  a. generating a flow-rate threshold signal from said flow-rate signal with
      said first predetermined state if the flow-rate signal is below a
      preselected signal level and said second predetermined state when the
      flow-rate signal exceeds the preselected signal level, said preselected
      signal level being representative of a minimum gas flow-rate defining
      expiration;
PA1  b. generating an expiration valve pressure threshold signal from said
      difference signal with said first predetermined state if the difference
      signal is below a preselected signal level and said second predetermined
      state when the difference signal exceeds the said preselected signal
      level, said preselected level being representative of a minimum expiration
      valve pressure defining expiration; and
PA1  c. gating the flow-rate threshold signal, the pressure threshold signal,
      and said logical comparison signal to generate said accurate expiration
      signal having said first and second predetermined states, the state of the
      accurate expiration signal being said second predetermined state when said
      pressure and flow-rate threshold signals are simultaneously in said first
      predetermined state, and the reciprocal of said logical comparison signal
      at all other times to include within the expiration time the time when
      said flow-rate and said difference signal levels are simultaneously below
      the preselected threshold levels.
NUM  7.
PAR  7. A ventilator monitoring system responsive to the mouth pressure of a
      patient and the gas flow through an expiration valve to measure the gas
      volume expired by the patient by eliminating the inclusion of the measured
      volume of the gas flow through a leaking expiration valve during
      inspiration of the patient from the total measured volume of the monitored
      gas flow from the expiration valve, said system comprising:
PA1  first means coupled to the mouth of the patient for detecting gas pressure
      within the mouth and generating a mouth pressure signal;
PA1  second means coupled to an output port of said expiration valve for
      measuring the gas flow through said valve and for generating a gas
      flow-rate signal and a first-estimate expiration signal;
PA1  third means responsive to said mouth pressure signal, said gas flow-rate
      signal, and said first-estimate expiration signal for generating an
      accurate expiration signal that defines the time period that the patient
      is expiring gas from his lungs; and
PA1  fourth means responsive to said accurate expiration signal for gating said
      gas flow-rate signal to permit integration of a portion of the flow-rate
      signal to provide a measure of the patient expired gas volume, said gating
      being operable to eliminate the inclusion of that portion of the flow-rate
      signal corresponding to the inspiratory gas leaking through the expiration
      valve from the gas flow-rate signal that corresponds to the expiratory gas
      from the patient, thereby to limit the gas volume value obtained by
      integration to the volume of gas expired by the patient.
NUM  8.
PAR  8. The ventilator monitoring apparatus as in claim 7 wherein said first
      means comprises:
PA1  a pressure transducer coupled to the mouth of the patient; and
PA1  means for amplifying the output of said pressure transducer to provide a
      mouth pressure signal that varies linearly with the mouth pressure of the
      patient.
NUM  9.
PAR  9. The ventilator monitoring apparatus as in claim 7 wherein said second
      means comprises gas flow-rate detection means coupled to the output port
      of the expiration valve, said gas flow-rate detection means having an
      output signal that is linearly related to the gas flow-rate through the
      expiration valve.
NUM  10.
PAR  10. The ventilator monitoring apparatus as in claim 7 wherein said third
      means comprises:
PA1  valve pressure estimation means responsive to said analog mouth pressure
      signal, said analog gas flow-rate signal, and said first estimate
      expiration signal for generating a signal representative of the pressure
      across the expiration valve;
PA1  valve condition indicating means responsive to said valve pressure
      estimation means and said gas flow-rate signal for generating a logical
      signal having a first predetermined state defining an open valve, and a
      second predetermined state defining a closed valve;
PA1  a low valve pressure voltage threshold circuit coupled to the output of the
      valve pressure estimation means to provide a logical indication of the
      first predetermined state when the signal representing the valve pressure
      falls below a preset level, and the second predetermined state when the
      signal representing the valve pressure exceeds the preset level, said
      preset level being representative of a valve pressure threshold value that
      defines a valve pressure error level;
PA1  a low valve flow-rate voltage threshold circuit coupled to the gas
      flow-rate signal to provide a logical indication of the first
      predetermined state when the signal representing the gas flow-rate falls
      below a preset level, and the second predetermined state when the gas
      flow-rate signal exceeds the last-named preset level, said last-named
      preset level being representative of a gas flow-rate threshold value that
      defines a gas flow-rate error level; and
PA1  gating circuit means responsive to inputs from the valve condition
      indicating means, the low valve pressure voltage threshold circuit, and
      the low valve flow-rate voltage threshold circuit for generating said
      accurate expiration signal having said first and second predetermined
      states, the state of the accurate expiration signal being said second
      predetermined state when said pressure and flow-rate threshold circuits
      are simultaneously in said first predetermined state, and the reciprocal
      of the output of said valve condition indicating means at all other times
      to include within the expiration time the time when said valve pressure
      and flow-rate signal levels are simultaneously below the preset threshold
      levels.
NUM  11.
PAR  11. The ventilator monitoring apparatus as in claim 10 wherein said valve
      condition indicating means comprises:
PA1  an amplifier circuit coupled to said analog gas flow-rate signal with gain
      equivalent to a preselected value to obtain an output signal that is
      proportional to the product of the expiration valve flow-rate and the
      preselected value, said preselected value being representative of an
      expiration valve resistance threshold value that defines an open versus a
      closed expiration valve; and
PA1  a comparator circuit responsive to the generated expiration valve pressure
      signal and said valve flow-threshold resistance product signal to provide
      a logical signal having said first predetermined state if the actual valve
      resistance is less than said preselected threshold resistance, and said
      second predetermined state if the actual valve resistance exceeds the
      preselected threshold resistance.
NUM  12.
PAR  12. The ventilator monitoring apparatus as in claim 10 wherein said valve
      condition indicating means comprises:
PA1  first amplifier circuit coupled to said analog gas flow-rate signal with
      gain equivalent to a first preselected value to obtain an output signal
      that is proportional to the product of the expiration valve flow-rate and
      the first preselected value, said first preselected value being
      representative of a minimum expiration valve resistance threshold value
      that defines an open versus a closed expiration valve;
PA1  a second amplifier circuit coupled to said analog gas flow-rate signal with
      a gain equivalent to a second preselected value to obtain an output signal
      that is proportional to the product of the expiration valve flow-rate and
      the second preselected value, said second preselected value being
      representative of a maximum expiration valve resistance threshold value
      that defines an open versus a closed expiration valve;
PA1  a first comparator circuit responsive to said expiration valve pressure
      signal and the output signal of said first amplifier circuit to provide a
      first logical signal having said first predetermined state if the actual
      valve resistance is less than said first preselected threshold resistance,
      and said second predetermined state if the actual valve resistance exceeds
      said first preselected threshold resistance;
PA1  a second comparator circuit responsive to said expiration valve pressure
      signal and the output signal of said second amplifier circuit to provide a
      second logical signal having said first predetermined state if the actual
      valve resistance is less than said second preselected threshold
      resistance, and said second predetermined state if the actual valve
      resistance exceeds said second preselected threshold resistance;
PA1  an inverter circuit responsive to the output of said first comparator
      circuit; and
PA1  a flip-flop circuit responsive to the outputs of said inverter circuit and
      said second comparator circuit to provide an output signal assuming said
      second predetermined state after the increasing actual valve resistance
      crosses the second preselected threshold resistance, and the first
      predetermined state after the decreasing actual valve resistance crosses
      said first preselected threshold resistance.
NUM  13.
PAR  13. The ventilator monitoring apparatus as in claim 7 wherein said fourth
      means comprises:
PA1  a gate circuit responsive to said accurate expiration signal and coupled to
      said scond means to block transmission of that portion of said gas
      flow-rate signal that is representative of the gas flow that leaks through
      the expiration valve during patient inspiration; and
PA1  patient expired gas volume accumulation means coupled to said gate circuit
      for integrating a gated gas flow-rate signal to provide an expired gas
      volume signal representative of the volume of gas expired by the patient.
PATN
WKU  039467309
SRC  5
APN  2196867
APT  1
ART  335
APD  19720121
TTL  Biomedical electrode assembly
ISD  19760330
NCL  12
ECL  1
EXP  Kamm; William E.
NDR  1
NFG  3
INVT
NAM  Monter; Robert Paul
CTY  Centerville
STA  OH
ASSG
NAM  NDM Corporation
CTY  Dayton
STA  OH
COD  02
CLAS
OCL  128  206E
XCL  128417
XCL  128DIG4
EDF  2
ICL  A61B  504
FSC  128
FSS  2.06 E;2.1 E;417;418;DIG. 4
FSC  252
FSS  518;521
UREF
PNO  2895479
ISD  19590700
NAM  Lloyd
OCL  128  2.06E
UREF
PNO  3027333
ISD  19620300
NAM  Friedman
OCL  128417
UREF
PNO  3048549
ISD  19620800
NAM  Adams
OCL  128417
UREF
PNO  3170459
ISD  19650200
NAM  Phipps et al.
OCL  128  2.06E
UREF
PNO  3464404
ISD  19690900
NAM  Mason
OCL  128  2.06E
UREF
PNO  3487827
ISD  19700100
NAM  Edmark
OCL  128  2.06E
UREF
PNO  3701346
ISD  19721000
NAM  Patrick, Jr. et al.
OCL  128  2.06E
LREP
FRM  Irons & Sears
ABST
PAL  A body electrode suitable for sensing bioelectrical potentials and adapted
      to be electrically connected to an external electrically responsive
      member, the body electrode including a stainless steel electrode and an
      aqueous alkali metal sulfate electrolyte; and methods of accurately
      receiving and transmitting for monitoring and diagnostic purposes small
      electrical voltages generated in the body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While biomedical instrumentation experts have long appreciated the
      diagnostic and monitoring value of bioelectrical potentials originating
      from, for example, the heart of a patient victimized by a myocardial
      infarction, accurately receiving, transmitting and recording the small
      voltages involved has never been an easy matter. Clinicians, general
      practitioners and specialists are all very much aware of the frustrations
      attending faulty recordings caused by motion artifacts, spurious
      electrical signals, corrosion, poor electrolyte stability, high skin
      impedance, and the like.
PAR  What with man now taxing his strength and endurance more and more at
      supersonic speeds, in aerospace explorations and in excursions to ocean
      depths, significantly increased reliance is placed on monitoring equipment
      and under greatly differing conditions. It is getting more important, for
      example, to provide electrodes which are versatile and reliable and which
      may be used almost as effectively with an active subject as with an
      immobilized person. Not only must the electrode fastened to the subjects's
      body be firmly secured for proper and accurate functioning, but it is
      necessary that the quantity of interposed electrolyte be such that it
      uniformly coats a predetermined area of the skin. Furthermore, this
      uniformity must be maintained throughout the recordings.
PAR  Also, both the comfort of the subject and the avoidance of distortions in,
      for example, electrocardiograms require that the electrolyte or electrode
      assembly should not irritate the skin even during prolonged contact.
PAR  Of course, the electrolyte must be of such a nature and composition that
      when in contact with the electrode it is electrically stable, i.e., it
      should provide good performance, such as low and stable offset voltages
      and low impedance throughout its use. It should not deteriorate, dry up or
      deleteriously affect the electrode. Nor should it be so viscous as to fail
      to adequately penetrate the skin. In short, storage stability or good
      shelf-like are very desirable.
PAR  Obviously, some very stringent requisites are being placed on body
      electrodes of the type contemplated herein. The search persists for
      improved electrode assemblies, as is evident from the following references
      which are deemed of interest: U.S. Pat. Nos. 3,027,333; 3,048,549;
      3,170,459, 3,265,638; 3,420,223; 3,487,827; 3,567,657; 3,590,810;
      3,607,788; "Principles of Applied Biomedical Instrumentation", by L. A.
      Geddes & L. E. Baker, 1968, pp. 208-9 and 243-245.
PAR  U.S. Application Ser. Nos. 11,208 and 103,498, now U.S. 3,701,346 patented
      Oct. 31, 1972, described in detail electrode assemblies of the type
      contemplated herein, particularly the latter application which is
      incorporated herein by reference and teaches a pre-filled electrode
      assembly essentially as shown in the drawing of the instant application.
PAR  It is the primary object of the present invention to provide a very unique
      and versatile electrode/electrolyte assembly having extremely desirable
      properties, included among which are a accuracy and reliable bioelectrical
      conductance.
PAC  THE INVENTION
PAR  The present invention relates to a novel body electrode and its use in
      sensing the bioelectrical potentials of a living animal body. More
      particularly the instant discovery concerns an electrode/electrolyte
      assembly wherein the electrode is made of stainless steel and the
      electrolyte is an aqueous alkali metal sulfate composition.
PAR  According to a more specific and preferred embodiment the electrolyte is an
      aqueous composition having an alkali metal sulfate concentration in the
      range, by weight, of about 1% upto about the saturation point of alkali
      metal sulfate in water. Preferably a small but effective amount of a
      water-soluble, water-swellable mucilage is present in the aqueous alkali
      metal sulfate solution to provide a viscous electrolytic mixture which,
      according to a still further embodiment, is absorbed by a sponge-like
      cellular matrix to provide a highly viscous semisolid electrolyte
      composition.
PAR  While a concentration of alkali metal sulfate in the range of about 1% to
      about the saturation point in water may be employed, a concentration in
      the range of about 10% to about 20%, by weight, is preferred.
PAR  Typical alkali sulfates within the purview of the present invention are the
      alkali metal sulfates, such as sodium, potassium and lithium sulfates.
PAR  Among the water-soluble, water-swellable mucilages (also known as gelling
      aids and water-soluble resins) useful herein are carboxymethylcellulose,
      polyvinyl alcohols, cellulosic gums, polymethylene oxide, sodium alginate,
      gum tragacanth, polyacrylic acids, such as those hydrophilic, high
      viscosity, polyacrylic acids having a molecular weight of about (1)
      million to about (6) million and useful in cosmetic and pharmaceutical
      preparations, e.g., the Carbopol water-soluble resins. (Carbopol is a
      trademark used by B. F. Goodrich Chemical Co.)
PAR  Best results are achieved with the polyacrylic acids by neutralizing same
      with any of a number of neutralizing agents, such as the fairly strong
      organic and inorganic bases, including but not limited to NaOH, KOH,
      NH.sub.4 OH, alkyl amines (mono-, di-, and tri-), alkanol amines (mono-,
      di-, and tri-), such as triethanolamine, triamylamine, dodecylamine,
      di(2-ethylhexyl)amine, and the like.
PAR  The resulting neutralized mucilage is usually present in the concentration
      of about 0.2% to about 8.0% preferably from about 0.85% to about 5.0%, by
      weight, based upon the total weight of the electrolyte composition.
PAR  If desired, conventional additives, such as mold inhibitors and the like,
      may be present in small quantities, usually less than about 1%. For
      example, very desirable results are achieved with chlorinated aromtic
      hydrocarbons, including 2-chloro-meta-5-xylenol, salts of organic acids,
      such as sodium benzoate, etc.
PAR  While the blending sequence of the electrolyte components admits of
      numerous variations, it is desirable and preferred to make the aqueous
      alkali metal sulfate solution separately and add thereto, with adequate
      stirring, the mucilage component which may then be neutralized in situ.
      The mold inhibitor or the like, if any, is preferably introduced with the
      neutralizing agent for more effective disbursement.
PAR  Generally, the electrolyte components are blended at ambient temperature
      and atmospheric pressure. If desired, for example, elevated temperatures
      and corresponding diminished pressure conditions, and vice versa (within
      the inherent tolerances and physical properties of the components) could
      be used very satisfactorily.
PAR  To better understand the present invention a preferred embodiment utilizing
      essentially the structure of U.S. application Ser. No. 103,498 heretofore
      alluded to and incorporated herein by reference will be described in some
      detail.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a protective covering for an electrode.
PAR  FIG. 2 is a cross sectional view of the electrode and protective covering
      taken along line 2-2 of FIG. 1.
PAR  FIG. 3 is a partially exploded perspective view of the underside of the
      electrode with the protective covering removed.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawing illustrates an electrode, generally designated 10, consisting
      of a circular flexible and resilient sheet 12 overlying a centrally
      located, inverted cup member 14 and sandwiched between a clamp plate 16
      located on top of the sheet 12 which is of the same form and in alignment
      with the inverted cup member 14. The inverted cup member 14 is in the form
      of a cavity washer having a circular flat base with a semi-circular or
      U-shaped annular flange. The diameter of the cup member 14 is
      substantially greater than its height. These parts are held together by a
      metallic conductor formed from a male snap fastener member, generally
      designated 18, and which includes a lower, circular plate portion 20, from
      the center of which a hollow stud 22 projects upwardly, and an upper plate
      portion 24 having an upwardly protruding hollow socket portion 26
      receiving the stud 22.
PAR  The parts are assembled and held together by centrally locating and
      aligning the cup member 14 and the clamp plate 16 on opposite sides of the
      sheet 12. The stud 22 is then inserted through aligned apertures in the
      centers of the sheet 12 and the members 14 and 16 and into the socket 26.
      The pressing together of the snap fastener portions causes the upper end
      of the stud 22 to fold inwardly and its side walls to collapse outwardly
      whereupon the snap fastener parts are tightly wedged together.
PAR  The bottom surface of the sheet 12 has a commercially available, medical
      grade acrylic pressure sensitive adhesive coating 28. Until the electrode
      10 is to be used, the adhesive coating 28 is covered by a protective paper
      sheet 30 having a release coating on its face which engages the adhesive
      coating 28.
PAR  The sheet 12 is preferably formed of a foamed plastic, such as polyvinyl
      chloride, which provides for adequate aeration or ventilation of the skin.
      Such a sheet is quite flexible, readily conforming to skin contours and
      permitting free movement of the skin to which it is applied. The cup
      member 14 may be vacuum formed from a thermoplastic sheet material which
      is slightly flexible but sufficiently rigid to prevent its collapse. A
      variety of plastic materials may be used to form the cup member 14,
      examples being vinyl, linear polyethylene, and cellulose acetate butyrate.
PAR  The electrolyte is preassembled with the electrode 10 by soaking a
      disc-shaped sponge-like cellular matrix 32 of non-conductive, open-cell
      material with an electrode jelly. The sponge-like matrix 32 preferably has
      a diameter substantially equal to the diameter of the base of the cup
      member 14 and a thickness greater than the depth of the cup member 14. It
      is sufficiently heavily laden with electrode jelly that, when the
      electrode 10 is pressed on the skin, the jelly fills the entire volume of
      the cavity between the skin and the conductive plate portion 20 whereupon
      good electrical contact between the skin and the conductor plate portion
      20 through the jelly is assured.
PAR  The sponge-like matrix 32 may be manufactured from open-cell polyurethane
      foam material although other cellular materials would be suitable. The
      sponge-like matrix 32 may be soaked with the jelly (e.g., sodium sulfate)
      by immersing it in a quantity of jelly, squeezing it under pressure and
      then gradually releasing the pressure before removing it from the jelly in
      the same manner that one would load a sponge with water. Of course it
      could be soaked with jelly by other methods.
PAR  Since wetted by the jelly, the soaked sponge-like matrix 32 tends to adhere
      to the conductive plate portion 20 and the base of the cup member 14. The
      adhesion is sufficient that the soaked sponge-like matrix 32 may simply be
      placed into position on the conductive plate portion 20 and the cup member
      14 without the use of additional adhesives. When so placed, the electrode
      10 is ready for use.
PAR  Further in accordance with this invention, a protective cover 38 in FIGS. 1
      and 2 is provided for the cup member 14 and the jelly soaked sponge-like
      matrix 32 so that the electrode 10 may be stored ready for immediate use.
      The cover 38 comprises an essentially flat strip of non-conductive plastic
      sheet having circular flat ends 40 and a raised center portion 42 formed
      as a cylinder, the inner diameter of which is substantially the same as
      the outer diameter of the cup member 14. The height of the cylindrical
      center portion 42 is greater than the combined height of the cup member 14
      and the pad 32 whereupon the inside base surface, designated 44, of the
      center portion 42 is spaced from the pad 32. However, the base of the
      center portion 42 has a centrally located, inwardly directed conical
      projection 46, the lowermost end of which is spaced from the plane of the
      protective sheet 30 by considerably less than the thickness of the
      sponge-like matrix 32. For reasons discussed below, the projection 46 is
      so designed that, when the parts are assembled, the area of contact
      between the projection 46 and the sponge-like matrix 32 is considerably
      less than the combined area of contact between the sponge-like matrix 32
      and the conductive plate portion 20 and the base of the cup member 14.
PAR  The cover 38 is assembled on the back face of the sheet 30 with the
      cylindrical center section 42 slipped over the cup member 14. The
      protective cover 38 serves not only to prevent soiling of the sponge-like
      matrix 32 but also, because the conical projection 46 engages the
      sponge-like matrix 32, it holds the sponge-like matrix 32 firmly in the
      cup member 14 and against the conductive plate portion 20. When the
      electrode 10 is to be used, the protective sheet 30 is merely peeled away
      from the sheet 12, taking with it the protective cover 38.
PAC  EXAMPLES
PAR  The present invention will best be understood from the following examples
      in which, unless otherwise indicated, percentages and parts are by weight.
PAC  Example I
PAR  The following components are blended into an electrolyte composition:
PA1  93.3 parts water
PA1  2.0 parts Carbopol* 940
PA1  1.6 parts triethanolamine
PA1  0.1 part 2-chloro-m-xylenol
PA1  3.0 parts sodium sulfate (anhydrous)
FNT  *Trademark used by B. F. Goodrich Chemical Co. for carboxypolymethylene
      (polyacrylic acid of 4-6 million molecular weight)
PAR  The anhydrous sodium sulfate is dissolved in water with mild stirring and
      the polyacrylic acid is then slowly sifted into the aqueous sall solution
      with rigorous stirring until the polyacrylic acid is homogeneously
      dispersed and/or dissolved. A solution of the triethanolamine and
      2-chloro-m-xylenol, which is prepared by mild heating and stirring of the
      two components, is rapidly added to the mixture (with rigorous stirring
      and following the method used just above for polyacrylic acid). Rigorous
      stirring is continued for 10-60 minutes until the proper viscosity is
      obtained.
PAC  Example II
PAR  The following components are blended into an electrolyte composition:
PA1  79.1 parts water
PA1  2.4 parts Carbopol 940
PA1  3.0 parts triethanolamine
PA1  0.5 part 2-chloro-m-xylenol
PA1  15.0 parts sodium sulfate (anhydrous)
PAR  Blending is carried out essentially as in Example I, above, with the
      exception that 2-chloro-m-xylenol and triethanolamine are added (after the
      polyacrylic acid) separately and sequentially with vigorous stirring upon
      each addition.
PAC  Example III
PAR  The following components are blended into an electrolyte composition
      essentially as taught in Example I, above:
PA1  74.3 parts water
PA1  2.4 parts Carbopol 940
PA1  3.1 parts triethanolamine
PA1  0.2 part 2-chloro-m-xylenol
PA1  20.0 parts sodium sulfate (anhydrous)
PAR  The electrolyte composition of each of the above examples exhibited the
      following very desirable properties when used to soak a sponge-like
      cellular flexible polyurethane matrix and the resulting semisolid
      composition tested by placing same in a body electrode of the type shown
      in FIGS. 1 to 3 of the drawing:
PA1  In the first place, electrodes thus prefilled did not - quite surprisingly
      corrode even after months and months; NaCl/stainless steel prefilled
      electrodes corroded in a matter of days, particularly those NaCl
      electrolytes having greater than isotonic concentrations of NaCl. Of
      course, any corrosion leads to very undesirable electrical artifacts.
PA1  The above examples also provide an electrode/electrolyte system which
      exhibits very low skin impedance, yet even after prolonged contact with
      the skin showed no dermatological effects.
PA1  Prior art emphatically and repeatedly points out that stainless steel is a
      poor choice of metal conductor to use in sensing bioelectric potentials.
      The art indicates that the use of stainless steel results in high,
      variable erratic offset potential causing distorted wave forms and base
      line drift in electrocardiographic and encephalographic monitoring,
      particularly with monitoring equipment of low input impedance. It has been
      found, pursuant to the present invention and quite surprisingly, that the
      stainless steel/alkali metal sulfate electrode system prepared as in the
      above examples and otherwise taught herein achieves not only lower but
      stable offset potentials, thus, resulting in a highly desirable
      bioelectrical sensing system.
PAR  Pursuant to statutory requirements, there are described above the invention
      and what are now considered its best embodiments. It should be understood,
      however, that the invention can be practiced otherwise then as
      specifically described, within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrode/electrolyte assembly for use in sensing the
      bioelectrical potentials of a living animal body and having means defining
      a cavity opening to the body and an electrode member at the base of the
      cavity and projecting therethrough, an electrolyte substantially filling
      said cavity and in direct contact with said electrode, and said electrode
      being adapted to be electrically connected to an external electrically
      responsive member, the improvement wherein the electrode is stainless
      steel and the electrolyte in said cavity means is an alkali metal surface.
NUM  2.
PAR  2. The assembly of claim 1 wherein the electrolyte is an aqueous
      composition containing, by weight, from about 1% to about an aqueous
      saturated solution of alkali metal sulfate.
NUM  3.
PAR  3. The assembly of claim 2 wherein the electrolyte is an aqueous
      composition containing, by weight, from about 10% to about 20% alkali
      metal sulfate.
NUM  4.
PAR  4. The assembly of claim 2 wherein the alkali metal sulfate is sodium
      sulfate.
NUM  5.
PAR  5. The assembly of claim 2 including a sponge-like cellular matrix wherein
      the electrolyte is an aqueous highly viscous semisolid composition
      comprising, by weight, from about 1% to about an aqueous saturated
      solution of alkali metal surface, and a small amount of a water-soluble,
      water swellable mucilage, said electrolyte being impedded in said
      sponge-like cellular matrix.
NUM  6.
PAR  6. The assembly of claim 5 wherein the mucilage is a neutralized,
      water-soluble, waterswellable carboxypolymethylene present in the
      concentration of about 0.2% to about 5.0%, based upon the total weight of
      the electrolyte composition.
NUM  7.
PAR  7. The assembly of claim 5 wherein the means defining a cavity opening of
      the body is a non-conductive cup member containing therein the aqueous
      highly viscous semisolid alkali metal sulfate electrolyte.
NUM  8.
PAR  8. The assembly of claim 7 wherein the aqueous highly viscous semisolid
      electrolyte composition substantially fills the interior of said cup
      member and has a thickness at least as great as the depth of said cup
      member.
NUM  9.
PAR  9. The assembly of claim 8 wherein the thickness of said aqueous highly
      viscous semisolid electrolyte composition exceeds the depth of said cup
      member.
NUM  10.
PAR  10. The assembly of claim 9 wherein a removable protective covering
      overlies the open end of the cup member, said covering being a sheet
      material having a raised portion overlying the semisolid electrolyte
      protruding from the cup member, said raised portion being spaced from said
      semisolid electrolyte but for a projection engaging the protruding end of
      said semisolid electrolyte for holding the semisolid electrolyte in said
      cup member.
NUM  11.
PAR  11. The assembly of claim 10 wherein an aperatured flexible and resilient
      sheet surrounds the generally centrally located cup member and overlies
      the exterior of the closed base end thereof, the surface of said flexible
      and resilient sheet in coplanar relationship to the open end of the cup
      member having a pressure sensitive adhesive coating thereon for adhering
      to a body surface, and means for securing said flexible, resilient sheet
      to said cup member including the stainless steel electrode which projects
      through the base of the cup member and through said aperature in said
      flexible and resilient sheet.
NUM  12.
PAR  12. The assembly of claim 11 wherein the electrode projecting through the
      base of said cup member base and the aperture in said flexible, resilient
      sheet is a conductive metal snap fastener, that portion of which in
      contact with the electrolyte is stainless steel.
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ABST
PAL  An apparatus for extracorporeal treatment of blood can carry through
      automatically such functions as dialysis and oxygenation compensating, in
      the process, for changes in the condition of the patient. A fail-safe
      monitor receives signals from a number of sensors all of which must
      provide signals within acceptable ranges in order for the apparatus to
      continue to function. Deviation of a signal outside the corresponding
      acceptable range for longer than a preset period causes the fail-safe
      monitor to stop the flow of blood taken from the subject and to activate
      an alarm. The apparatus may be so constructed that the ducting through
      which blood and other fluids flow can be caused to act as valves and pumps
      by suitably applied pressure. Also, such portions of the apparatus can be
      made in a form which is sufficiently economical so that they can be
      regarded as disposable. The apparatus may be designed so that it can be
      programmed for specific patients and for treatment of specific conditions.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of Ser. No. 395,214 filed
      Sept. 7, 1973, now U.S. Pat. No. 3,912,455 issued Oct. 14, 1975, itself a
      continuation-in-part of Ser. Nos. 108,118 filed Jan. 20, 1971 and 157,942
      filed June 29, 1971, now abandoned. Ser. No. 108,118 issued as U.S. Pat.
      No. 3,774,762 on Nov. 27, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The taking of blood from a subject for treatment and returning the blood to
      the subject requires control of a relatively large number of variables.
      Some of these are so critical that failure to control them adequately can
      result in death of the patient. As one of the simplest examples, the blood
      returning to the patient must be free of air bubbles. As another example,
      if the rate at which blood is being taken from the patient is such that
      there is an inadequate circulating blood volume, cardiovascular shock and
      death can result. Monitoring the patient's pulse rate and blood pressure,
      for example, allows anticipation of undesirable changes and the taking of
      appropriate compensating actions.
PAR  As aforenoted, the number of variables which must be monitored is such that
      extracorporeal treatment of blood, as exemplified by dialysis, has been
      almost prohibitively expensive. Much effort has already been expended in
      the attempt to decrease the cost of necessary equipment. The amount of
      supervision by technical personnel required, however, remains a major
      obstacle to utilization of this life-saving technique. This cost is
      principally due to the necessity for expert monitoring of the patient's
      condition. Also, the necessity of avoiding the dangers involved in passing
      blood from one patient through a system through which blood from another
      patient has passed, requires extensive cleaning procedures for
      contaminated hardware, and use of disposable equipment, again involving
      considerable expenditure of time by skilled personnel to perform the
      necessary steps preparatory to performing the procedure itself. For these
      reasons the need for automated, economical equipment is great. Moreover,
      the number of individuals capable of benefitting from extracorporeal
      treatments of blood is so great that not all can receive the required
      treatment unless suitable automatic equipment can be developed. Such
      equipment, preferably, should be automated to the point where
      self-treatment or markedly increased efficiency of existing treatment
      facilities and personnel can be anticipated.
PAR  It is recognized that the ultimate monitor must be human; the condition of
      the patient can vary so widely and in so many ways while under treatment
      that the judgment of skilled personnel must be available. However, once a
      set of conditions is selected within which the patient's condition and the
      patient's blood must be maintained, the task of determining whether the
      conditions are met can be turned over to a machine. Such a machine must be
      able to discriminate between a temporary deviation from set conditions,
      and must be able to apply corrective measures designed to bring said
      conditions within preselected limits. However, it is essential that when
      any significant variable deviates beyond preselected limits and when the
      corrective measures applied by the machine fail to bring said variable
      back to the appropriate range, the machine must then halt the circulation
      of blood for the protection of the patient and preferably should activate
      an alarm.
PAR  In view of the large number of individuals known to require treatment for
      such pathological conditions as uremia, and the potential for use of
      extracorporeal treatments of blood in other conditions, such as hypoxemia,
      intoxication and poisoning, there is a pressing need for improved
      treatment systems at substantially reduced cost per patient. Conventional
      apparatuses fail to meet these requirements.
PAC  SUMMARY OF THE INVENTION
PAR  In an apparatus for circulating and treating blood, the blood circuit must
      include a connection with the patient, a controllable-rate pump means, a
      treatment chamber, a bubble trap for eliminating the possibility of a gas
      bubble being transferred back into the patient and a connection for
      returning blood to the patient. Additional features for providing the
      required safety are a pressure sensor for determining the pressure in the
      blood stream immediately exterior to the patient in the absence of flow
      and during flow, a fail-safe monitor for receiving a signal from the
      pressure sensor and determining whether the pressure lies within a
      preselected range, fail-safe valves upstream and downstream from the
      treatment chamber, said valves closing when said fail-safe monitor
      receives a signal indicating that the blood pressure is outside the
      preselected range and a sensor for sensing and signalling the
      cardiovascular status of the patient, the fail-safe monitor also being
      sensitive to the signal emitted by this sensor. Additionally, the line
      blood pressure sensor is connected to a controller which controls the rate
      of flow of blood through the system by controlling the rate of operation
      of the pump. As aforenoted, the fail-safe monitor can be activated if the
      blood pressure either in the line or in the patient drops too low and
      remains low despite the application of corrective measures including
      slowing down the pump rate.
PAR  A further component of the blood circuit is an apparatus for supplying an
      anti-coagulant such as heparin where the ratio of anti-coagulant to blood
      is maintained at a preselected value which is independent of the flow rate
      of the blood.
PAR  In general, the pressure of the blood in the treatment chamber must be
      controlled within preselected limits. A pressure sensor is positioned to
      detect the pressure of the blood in the treatment chamber, this pressure
      sensor sending a signal to a controller which adjusts a valve downstream
      from the treatment chamber to hold the blood pressure therein within said
      desired limits. If the pressure in the chamber goes outside said
      preselected limits, it is provided that a signal will be sent to the
      fail-safe monitor which will shut down the blood-circulating system.
PAR  In the process of treating the blood, the treatment may be such that the
      volume of blood leaving the patient and being returned to the patient may
      differ. In general, the volume will decrease. This is particularly the
      case where the treatment consists of hemodialysis. In this form of
      treatment, water and metabolic waste are removed through a membrane in the
      treatment chamber. The valve which provides the resistance which maintains
      the blood pressure in the treatment chamber at the desired level also
      controls the rate of return of blood to the patient.
PAR  It is necessary that any gas evolved or introduced during the treatment be
      eliminated prior to returning the blood to the patient. For this purpose a
      bubble trap is inserted in the line. The bubble trap has therein a
      level-sensor which is connected to a controller which adjusts a valve
      downstream from the bubble trap to adjust the rate of flow when the level
      in the bubble trap deviates beyond preselected limits.
PAR  When the level falls below a preselected limit and remains below said limit
      despite gradual closure of said downstream valve saline solution is
      introduced by means of a controller. In the event that the level deviates
      beyond one of the limits and remains beyond the limit for a preset period
      despite corrective action, a signal is supplied to the fail-safe
      controller to shut down the system.
PAR  At least the ducting connecting the various parts of the blood-circulating
      system may be made of flexible tubing or of flexible plastic sheets sealed
      together in a pattern of channels and chambers. By means of one or more
      auxiliary sheets sealed together in appropriate patterns, pressure can be
      applied to the ducting between a first pair of sheets so that the effect
      is that of valving or pumping.
PAR  Where the apparatus is to be used for hemodialysis, means are provided for
      supplying premixed dialysate or for mixing concentrate and water and then
      supplying the mixture. The rate at which dialysate is supplied is fixed
      relative to the rate of blood circulation, within a range of ratios.
      During ultrafiltration water passes from the blood through a membrane and
      into the dialysate. Flow rate measurement means are provided both upstream
      and downstream of the blood-treatment chamber so that the rate of
      ultrafiltration may be monitored. Since the rate of ultrafiltration
      depends on the pressure difference across the membrane, means are provided
      for monitoring and controlling the pressure of dialysate in the treatment
      chamber. Again, when the pressure in the dialysate compartment of the
      blood-treatment chamber varies outside preselected limits, a signal is
      transmitted to the fail-safe monitor to shut the system down. The
      dialysate is heated before entering the blood-treatment chamber and the
      temperature of the dialysate entering the blood-treatment chamber is
      monitored both for controlling the transfer of heat to the dialysate and
      for activating the fail-safe monitor in the event of failure of the
      control system. The conductivity of the dialysate is similarly monitored
      as a means of determining the electrolyte concentration. Also, the
      dialysate leaving the blood-treatment chamber is monitored in order to
      make certain that no blood has leaked into same. This monitor as well as
      the conductivity monitor are also connected to the fail-safe monitor
      appropriately.
PAR  As is evident, adjustment can be provided for a number of the variables
      such as pressure difference in the blood-treatment chamber, the liquid
      level in the bubble trap and so forth. For these variables, a time delay
      can be provided so that the fail-safe monitor is not activated until after
      a preselected period has passed. However, in the event of a sudden drop in
      bubble trap fluid level beyond the preset safety limit, blood appearing in
      dialysate, or the cardiovascular status of the patient going outside
      preselected limits, the fail-safe monitor must act immediately.
      Consequently, there is a hierarchy of conditions or signals related to
      conditions as a result of which certain of these signals can override
      others. Thus, if the cardiovascular status of the patient goes outside
      absolute preset limits the system will shut down and emit an alarm signal.
      Smaller deviations can be compensated for by programmed adjustment of
      suitable related variables.
PAR  A principal feature in an embodiment of the invention is the construction
      of at least part of the ducting and, optionally, of pumps and treatment
      chamber, of materials such that pneumatic control can be applied, the
      combination of ducting and pneumatic controls and, optionally pumps, being
      in disposable form.
PAR  Accordingly, an object of the present invention is an apparatus for
      automatically circulating blood extracorporeally under conditions such
      that circulation of blood will be halted in the event that any of a number
      of selected variables deviates beyond preselected limits, thereby
      protecting the subject against harm.
PAR  Another object of the present invention is an apparatus for oxygenating
      blood extracorporeally under conditions such that the patient is protected
      from harm in the event that any of a number of variables deviates beyond
      preselected limits.
PAR  A further object of the present invention is an apparatus for carrying out
      hemodialysis in which the rate of ultrafiltration is controlled and
      monitored, and the transport of waste products out of the blood is
      controlled, and which provides the option of supplying dialysate in the
      form of a premixed composition or of mixing the composition from
      concentrate and an appropriate supply of water, and wherein the essential
      variables necessary for protection of the patient are monitored and
      provision is made for an alarm signal in the event that any of a number of
      crucial variables depart from a preselected range, the system being shut
      down simultaneously with signalling said alarm.
PAR  An important object of the present invention is an apparatus for
      extracorporeal circulation and treatment of blood wherein those portions
      which must be discarded subsequent to each use are of inexpensive
      construction and are therefore disposable.
PAR  Yet another object of the present invention is an apparatus for the
      extracorporeal treatment of blood wherein flexible ducting and pumps
      operable by pneumatic pressure are constructed of disposable flexible
      tubing and/or disposable flexible plastic sheets sealed together in
      appropriate patterns.
PAR  A significant object of the present invention is an apparatus for
      extracorporeal circulation and treatment of blood incorporating a
      fail-safe monitor for receiving signals from control members to indicate
      when said system should be shut down to prevent harm to a patient, said
      system further incorporating control members designed for holding a number
      of variables within preselected limits.
PAR  A vital object of the present invention is an apparatus for extracorporeal
      circulation of blood wherein control members are connected to a fail-safe
      member for conveying thereto signals arranged in a hierarchy of importance
      so that those most crucially associated with the well-being of the patient
      can override those of lesser importance, and wherein automatic
      compensation for variations in those parameters of lesses importance can
      be gauged by response to those parameters designated to be of greater
      significance to either the patient's well-being, primarily, or,
      secondarily, to continuation of the treatment procedure.
PAR  A primary object of the present invention is an apparatus for the
      circulation and extracorporeal treatment of blood requiring a minimum of
      attention by supervisory personnel.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 shows schematically the apparatus in accordance with the present
      invention for circulating blood from a patient to a blood-treatment
      chamber and back to the patient again under fail-safe conditions;
PAR  FIG. 2 shows schematically the apparatus in accordance with the present
      invention for hemodialysis, said apparatus to be used in combination with
      that shown in FIG. 1;
PAR  FIG. 3 shows schematically a system for monitoring and controlling the rate
      of ultrafiltration during hemodialysis;
PAR  FIGS. 4a and 4b show in plan and cross-section respectively, ducting and
      pumps of flexible plastic sheet sealed in appropriate patterns for
      pneumatic operation;
PAR  FIGS. 5a and 5b show in plan and cross-section respectively, an arrangement
      of flexible disposable tubing for use as circuit elements in an apparatus
      for extracorporeal circulation and treatment of blood;
PAR  FIG. 6 shows an arrangement of elements for providing either premixed
      dialysate or mixing concentrate and water prior to supplying same to
      hemodialysis apparatus;
PAR  FIG. 7 indicates schematically a hierarchy of controllers; and
PAR  FIG. 8 is a perspective view of an apparatus in accordance with the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A particularly convenient procedural step in preparation for drawing blood
      from a patient where the blood is to be treated extracorporeally is to
      establish surgically a channel between a neighboring artery and a vein
      thus enlarging and converting the adjacent venous channels into high
      pressure and high flow rate vessels. Such a channel, is termed an "A-V
      fistula." Vascular access for withdrawal of volumes of blood appropriate
      to extracorporeal circulation is accomplished by penetration through the
      skin into the enlarged venous channels with a hypodermic needle connected
      to appropriate tubing. A particularly appropriate region for such a
      fistula is the forearm. The pressure in the fistula is a variable largely
      dependent upon the patient's arterial blood pressure and to a lesser
      extent venous drainage. Fistula blood pressure is, therefore, one of the
      crucial variables in controlling the rate at which blood is taken from the
      patient. As is evident, blood must not be taken at such a rate that the
      patient's blood vessels collapse. Consequently a minimum blood-pressure in
      the fistula may be preselected and a control system organized around the
      criterion that the pressure in the fistula must not be allowed to fall
      below said preselected value. Moreover, for a blood-circulating system to
      be satisfactory, it is not enough that the system should be shut down when
      the pressure in the fistula drops below said preselected value. In
      addition, the capacity to adjust the rate of flow to fulfill the objective
      of holding the blood-pressure in the fistula within preselected limits
      must also be a feature of the system. This will enable an automatic
      compensation for variation in arterial pressure as reflected in mean
      fistula pressure allowing both continuous dialysis for a specifiable time,
      and automatic compensation for decreases in patient's blood pressure as
      reflected in the fistula blood pressure.
PAR  In view of the fact that the safety of the patient must take precedence
      over all other considerations, the conditions under which extracorporeal
      circulation of the blood takes place must predominate over consideration
      of the treatment to which the blood is subjected. In order to focus
      attention on the primary importance of the blood-circulating system
      itself, this system is shown separately in FIG. 1. Blood from the patient
      is taken through duct D.sub.1, pump P.sub.1, duct D.sub.2, treatment
      chamber 13, duct D.sub.3, bubble trap 11, blood-clot filter 12 and duct
      D.sub.4, and thence back to the patient, the blood being introduced into
      the patient at a vein by means of a hypodermic needle (not shown).
PAR  The pressure in duct D.sub.1 is determined by pressure sensor PS.sub.1.
      When blood is flowing through the system, the pressure in D.sub.1 will be
      different from that in the fistula of the patient, there being necessarily
      a pressure drop in the hypodermic needle connecting with the fistula and
      in D.sub.1 upstream from PS.sub.1. The pressure as determined by sensor
      PS.sub.1 during flow is indicative of the pressure in the fistula but is
      not exactly the same, and for optimum protection of the patient it is
      necessary that means be provided for determining, periodically, the
      pressure in the fistula. In order to carry out this determination, the
      flow of blood through the system must be halted periodically. A convenient
      arrangement for effecting this purpose is a pair of 3-way valves V.sub.10
      and V.sub.11 at the intake and delivery ends, respectively, of pump
      P.sub.1, and V.sub.10 and V.sub.11 being connected by duct D.sub.5
      externally to pump P.sub.1 and being under control of controller C.sub.1.
      Rotating valve V.sub.10 and valve V.sub.11 so that the pump circulates
      blood through bypass duct D.sub.5 rather than from duct D.sub.1 into
      D.sub.2, makes it possible to halt the flow of blood through the system
      for a short period of time without halting pump P.sub.1.
PAR  While the flow of blood through the system is halted, there is, of course,
      no pressure drop between the fistula of the patient and sensor PS.sub.1 in
      duct D.sub.1. Consequently, sensor PS.sub.1 then reads the blood-pressure
      in the fistula of the patient. The information as to the instantaneous
      value of the blood pressure in P.sub.1 as read by sensor PS.sub.1 is sent
      in the form of an appropriate signal to controller C.sub.1. In the Figures
      referred to herein, long-dashed lines are used to indicate signals from a
      sensor to a controller and short-dashed lines are used to indicate signals
      from a controller to a controlled device, such as a valve, for instance.
PAR  In preparing the blood-circulating system for operation with a patient, a
      technically-trained individual, such as a physician, establishes
      preselected pressure limits beyond which the pressure in D.sub.1 should
      not be allowed to vary. In the event that the pressure in D.sub.1 moves
      toward either of the preselected limits, controller C.sub.1 is programmed
      to change the pumping rate of pump P.sub.1 in the appropriate direction.
      Alternatively, valve V.sub.1 may be an adjustable valve, the resistance of
      which to flow of blood therethrough may be varied so as to keep the
      pressure upstream therefrom within said preselected limits. However,
      preferably, valve V.sub.1 is a normally closed valve which requires a
      signal from C.sub. 1, stating, in effect, that the pressure as read by
      PS.sub.1 is within said preselected limits, to hold said valve V.sub.1
      open.
PAR  As a further means of protecting the patient, the cardiovascular status of
      the patient may be continuously monitored as indicated schematically in
      FIG. 1 by sensor S.sub.1. The variables monitored may include the
      patient's pulse rate, (optionally from electrocardiogram), and blood
      pressure at various sites, among others. Signals from S.sub.1 are then
      transmitted to controller C.sub.2 which also can shut down valve V.sub.1
      in the event that S.sub.1 determines the patient's cardiovascular status
      to be unsuitable for the circulation of blood extracorporeally.
PAR  As is well known, when blood is taken from the body, it tends to coagulate.
      In order to prevent such coagulation, an anti-coagulant such as heparin
      may be supplied from a reservoir 14 into duct D.sub.1. The flow rate
      F.sub.1 of anti-coagulant from reservoir 14 is preferably held at a fixed
      ratio to the flow rate F.sub.2 of blood. In other words, F.sub.1 /F.sub.2
      is held at or near a fixed preselected value. Anti-coagulant may be taken
      from reservoir 14 by means of gravity and flow rate F.sub.1 controlled by
      means of an adjustable valve (not shown) set by C.sub.1. Alternatively,
      pump P.sub.2, the rate of which may be controlled by C.sub.1, may be used
      to hold ratio F.sub.1 /F.sub.2 within preselected limits.
PAR  Blood flowing through duct D.sub.2 is carried to a blood treatment chamber
      indicated generally by the reference numeral 13. The pressure in
      compartment 16 is a critical variable with respect to the treatment to
      which said blood is to be subjected. For this reason pressure sensor
      PS.sub.2 is provided for monitoring the pressure within compartment 16.
      Blood treatment chamber 13 is shown, arbitrarily, as being divided into
      two compartments 16 and 17 but such is not necessarily the construction of
      chamber 13. However, the division of blood-treatment chamber 13 into two
      compartments by means of a membrane 18 is a convenient arrangement for
      hemodialysis as will be detailed below. Taking hemodialysis as an example,
      the pressure difference maintained between compartments 16 and 17 is
      critical for controlling the rate of ultrafiltration. Consequently, means
      must be provided for holding the pressure in compartment 16 within
      preselected limits. Such means are constituted by controller C.sub.3
      receiving the pressure signal from sensor PS.sub.2 and adjustable valve
      V.sub.2 which is set by controller C.sub.3. A major advantage of the
      present invention is that the combination of adjustable-rate pump P.sub.1
      with adjustable valve V.sub.2 makes it possible to control both the
      blood-flow rate F.sub.2 and the pressure in treatment compartment 16
      without affecting adversely the pressure upstream from pump P.sub.1 and,
      thereby, the pressure in the fistula of the patient.
PAR  The circulating blood is carried by duct D.sub.3 to bubble-trap 11 fitted
      with level sensor LS.sub.1 and pressure sensor PS.sub.3. Again, pressure
      and level limits are preselected for bubble trap 11. The bubble trap is so
      shaped that it has a narrow section proximate the middle thereof, the
      purpose being to provide maximum change in level for a given change in
      volume of blood within the trap. Such an arrangement provides maximum
      sensitivity for monitoring and controlling the level of blood within the
      trap. When the level of blood within the trap moves toward either of the
      preselected limits, the change is monitored by level sensor LS.sub.1 and
      the information conveyed to controller C.sub.4. Controller C.sub.4 adjusts
      variable valve V.sub.4 to hold the level of blood within trap 11 and
      within said preselected limits.
PAR  Controller C.sub.4 is so selected that if the blood level deviates beyond
      either of the preselected limits and remains beyond said limits for more
      than a preselected period of time, then a signal will be provided to
      fail-safe monitor M which will shut down valve V.sub.6 in duct D.sub.4, as
      well as pump P.sub.1 and valve V.sub.1, thereby terminating flow of blood
      in the system. Preferably, fail-safe monitor M will also carry out other
      functions, such as the addition of saline solution from reservoir 47
      through valve V.sub.3 to make certain that no gas can enter duct D.sub.4.
      Further, fail-safe monitor M, desirably, activates alarm means A.sub.1 for
      the purpose of summoning a competent attendant. It will be noted that
      controller C.sub.2 which receives signals concerning the cardiovascular
      status of the patient is also connected to fail-safe monitor M, thereby
      providing for shutting down valves V.sub.1 and V.sub.6 and activating
      alarm means A.sub.1 in the event that such action is warranted by the
      condition of the patient.
PAR  It has already been noted that valve V.sub.1 is preferably of the
      normally-closed type, requiring a signal to keep it in open position. The
      same is true for valve V.sub.6. The signal, for instance, may be electric
      as when a solenoid is used to hold the valve open against the biasing
      action of a spring, or maybe pneumatic, in which case a piston (not shown)
      holds the valve open against biasing action. Such an arrangement has the
      advantage that in the event of failure of power, the system automatically
      shuts down. The alarm means A.sub.1 may also be constructed so that it
      requires a signal to keep it in the inactive state. So that alarm means
      A.sub.1 may function if power is cut off, a reserve tank of pressurized
      gas or a storage battery may be suitably connected to said alarm means to
      activate same under such conditions.
PAR  It will be noted that fail-safe monitor M can be caused to close valves
      V.sub.1 and V.sub.6 and activate alarm means A.sub.1 by either of
      controllers C.sub.2 or C.sub.4. Monitor M may also be made subject to a
      signal from controller C.sub.1 informing monitor M as to whether the
      pressure in duct D.sub.1 is within preselected limits, but, ordinarily,
      this is not necessary. Also, pressure sensor PS.sub.3 which monitors the
      gas pressure in bubble trap 11 supplies a signal to controller C.sub.5 to
      indicate when the gas pressure in bubble trap 11 rises beyond a
      preselected value. When such is the case, valve V.sub.5 is opened for a
      period long enough to vent enough gas to drop the pressure in bubble trap
      11 below the preselected upper limit. If desired, a signal can be taken
      from C.sub.5 to activate M in the event that the pressure in bubble trap
      11 rises so high that valve V.sub.5 cannot cope with the pressure rise.
      However, such a situation is unlikely, and, in general, it is unnecessary
      to connect C.sub.5 with M.
PAR  The construction of M is essentially that of an AND-gate which may be
      connected to any number of control devices all of which must send a signal
      indicating that the conditions which they are monitoring are within
      preselected ranges in order to prevent control M from shutting down the
      system. Additional variables monitored through intermediate controllers
      will be presented with respect to blood-treatment systems.
PAR  Oxygenation of the blood can readily be carried out with the present
      apparatus with addition of an antifoaming system (not shown). In a first
      embodiment oxygen may be introduced through valve V.sub.12 directly into
      the blood in blood compartment 16. In a second embodiment membrane 18 is
      permeable to oxygen, the oxygen being introduced into compartment 17.
PAR  The bubble trap 11 is particularly important where oxygen is introduced
      directly into the blood as in the first of the aforenoted embodiments.
      Obviously, some portion of the oxygen may not dissolve in the blood and
      this portion must be separated from the blood in order to avoid embolism.
PAR  The first of the embodiments is also suitable for intravenous alimentation
      or introduction of medicaments through valve V.sub.12.
PAR  An embodiment of the apparatus suitable for hemodialysis is shown in FIG.
      2. FIG. 2 is to be read in conjunction with FIG. 1 and shows only those
      parts of the blood circulation system of FIG. 1 with which the
      dialysate-transfer system of FIG. 2 must coact.
PAR  Dialysate transfer means P.sub.3, which, preferably, is a pump of
      controllable rate, transfers dialysate from dialysate supply 48 through
      flow rate sensor FR.sub.1. Flow rate sensor FR.sub.1 monitors the flow
      rate and supplies information to controller C.sub.6 which controls the
      operation of P.sub.3 to control the flow rate F.sub.3 of dialysate. At the
      discretion of the operator, the ratio of F.sub.3 to the blood flow rate,
      F.sub.2, may be set at a desired level. To maintain this level,
      information as to the bloodflow rate is transferred from controller
      C.sub.1 to controller C.sub.6, the latter then adjusting the operating
      rate of P.sub.3 to hold the ratio of F.sub.3 to F.sub.2 constant.
PAR  The dialysate is brought up to blood temperature in heater H and the
      temperature of the blood leaving heater H is monitored by temperature
      sensor TS.sub.1. In the event that the temperature of the blood deviates
      beyond preselected limits, TS.sub.1 signals fail-safe monitor M with which
      it is connected to shut down the system.
PAR  The conductivity of the dialysate is measured by conductivity meter CM.
      This is necessary to insure that the salt content of the dialysate is
      correct. Again, conductivity meter CM is connected with monitor M for
      shutting down the system in the event that the conductivity level passes
      beyond preselected levels.
PAR  Before entering dialysate compartment 17 of blood-treatment chamber 13, the
      dialysate passes through adjustable valve V.sub.7. The purpose of valve
      V.sub.7 is to make it possible for compartment 17 to be operated at
      sub-atmospheric pressure without causing interference with the operation
      of that portion of the dialysate system upstream from valve V.sub.7.
      Operation at sub-atmospheric pressure may be necessary in order to
      establish the requisite pressure difference across semipermeable membrane
      18, such a pressure difference being necessary to provide the desired rate
      of ultrafiltration in blood-treatment chamber 13. In view of the fact that
      both sub and super atmospheric pressure operations may be necessary,
      blood-treatment chamber 13 may be in the form of a canister, referred to
      as a dialyzer canister.
PAR  The pressure in dialysate compartment 17 is monitored by pressure sensor
      PS.sub.4, the output signal of which is passed to controller C.sub.7.
      Controller C.sub.7 adjusts valve V.sub.7 so as to permit the desired flow
      rate through the system while establishing the desired pressure difference
      between compartments 16 and 17. Pump P.sub.4 in the dialysate line
      downstream from compartment 17 is under the control of controller C.sub.7
      and operates to drop the pressure in compartment 17 below atmospheric when
      necessary. Adjustable valve V.sub.8, under the control of controller
      C.sub.7 provides the necessary resistance to flow for holding the pressure
      in compartment 17 at the desired level. In the event that the pressure in
      compartment 17 deviates beyond preselected limits, C.sub.7, operatively
      connected with monitor M shuts the system down. A detector Hb is also
      associated with the dialysate line downstream from compartment 17. In the
      event that a break occurs in membrane 18 so that blood enters the
      dialysate line 17, detector Hb detects the presence of blood such as by
      the change in color and transmits a signal to monitor M which shuts down
      the system.
PAR  The volume of fluid entering compartment 17 is measured by sensor FR.sub.1.
      Since ultrafiltration is taking place in canister 13, the volume of fluid
      leaving compartment 17 is greater than that entering. Flow rate monitor
      FR.sub.2 determines the flow rate of the fluid leaving the compartment and
      transmits the information to integrator I which also receives similar
      information from sensor FR.sub.1. Integrator I measures the difference
      between the two flow rates and integrates this difference as a function of
      time, so that the total volume of water removed from the blood at any
      given time can be determined. Moreover, integrator I may be so constructed
      as to show the instantaneous difference between the upstream and
      downstream flow rates so that the instantaneous rate of removal of water
      can be determined.
PAR  Means for determining the integrated volume of ultrafiltrate removed at any
      time must be coordinated with means for providing the necessary dialysate
      system pressure changes and flows. A preferred method is to drive P.sub.3
      and P.sub.4 synchronously so that they pass equal volumes of fluid per
      unit of time. The excess fluid arriving at P.sub.4 then backs into chamber
      19. The level of dialysate in chamber 19 rises until it reaches level
      sensor LS.sub.2. Level sensor LS.sub.2 transmits a signal to controller
      C.sub.8 which in turn opens dump valve V.sub.9 rapidly emptying chamber
      19. Controller C.sub.8 also sends a signal to a counter which totals the
      number of times that the chamber 19 has been filled and empties. The
      volume of 19 being known, the information supplied by the counter makes it
      possible to calculate the total volume of fluid dialyzed up to any given
      point. As is evident, the counter could be so constructed as to carry out
      the calculation. Chamber 19 may either have a vent (not shown) or  may be
      collapsible, so that no vent is needed. This latter form is particularly
      suitable where chamber 19 is formed as part of a heat-sealed or cemented
      pattern between a pair of flexible plastic sheets. Means for determining
      the increase in volume of dialysate resulting from hemodialysis have been
      described in my U.S. Pat. No. 3,774,762. Increase in pressure in a
      reservoir can also be used as means of delivering accumulated volume.
PAR  Dialysate, after leaving P.sub.4, normally is discharged to waste. Under
      certain circumstances, it may be desirable to recover a portion of the
      water in the dialysate. Such circumstances may arise when the system is
      designed to be portable. In that case the dialysate leaving P.sub.4 is
      taken to water separator means 23. The water removed from the dialysate is
      returned to duct D.sub.9 (FIG. 6) at which point it can be used for mixing
      with fresh dialysate concentrate. The water separator means 23 is
      preferably a reverse-osmosis canister. The water separated off may contain
      some salt but is essentially free of organic waste products. Pump P.sub.4
      generates the needed pressure difference, valve V.sub.15 providing the
      necessary outflow resistance. The concentrated dialysate containing waste
      products removed from the patient's blood stream flows through V.sub.15 to
      a drain.
PAR  As aforenoted, it is convenient to drive pumps P.sub.3 and P.sub.4
      synchronously and in preselected ratio to P.sub.1 and P.sub.4, as
      determined by the rate of P.sub.1, set by controller C.sub.1. This may
      readily be done by using a single motor or other motive means to drive all
      pumps. In a convenient form all pumps consist of flexible tubing
      sequentially compressed by moving fingers or rollers driven by single
      motor. Such devices are widely available and can be used for driving a
      multiplicity of pumps, using a separate flexible tube for each fluid
      transfer line. Desired, that is, selected flow rate ratios may be
      established by use of tubing of different sizes for the different flow
      lines. When such a device is used P.sub.1, P.sub.2, P.sub.3 and P.sub.4
      (see FIG. 8) will all be driven by the same motive means, using
      properly-sized tubing for each line to establish the desired flow ratios.
      Such devices are of the positive-displacement type so that the various
      adjustable valves in the system, for the most part, do not control flow
      rate but rather, provide pressure differences.
PAR  As aforenoted, when circulating blood extracorporeally and treating same,
      the status of the patient must be continuously monitored. If the blood
      pressure of the patient drops to a value considered unsuitable, despite
      the automatic compensation systems and adjustment of ultrafiltration rate,
      then controller C.sub.2 can be called into play to add saline, to increase
      the patient's intravascular volume, from reservoir 47 through adjustable
      V.sub.3 to bubble trap 11. In the event that sensor S.sub.1 discovers that
      the patient's pulse rate is rising, without a detectable decrease in blood
      pressure, it is generally necessary that the rate of ultrafiltration be
      decreased. This can be effected by transmitting a signal from C.sub.2 to
      C.sub.1 to decrease the pump rate of P.sub.1, and thereby the pressure in
      compartment 16 or by decreasing the pressure difference across membrane
      18.
PAR  It will be realized that the particular combination of sensors,
      controllers, pumps, adjustable valves and two-position valves is
      essentially arbitrary in that the controllers, particularly, can be
      increased or decreased in number depending upon the way in which they are
      constructed. The essential point is that it must be possible to control
      flow rate through the blood circulating system, flow rate through an
      auxiliary system such as a dialysate system, pressure drop across a
      membrane, volume of fluid in the system and temperature of dialysate. In
      addition, it is necessary that means be provided in the form of a
      fail-safe monitor which can shut down the system safely in the event that
      any crucial variable takes on a value outside preset limits.
PAR  As aforenoted, it is desirable that substantial portions of the apparatus
      described herein be disposable. In my application having the Ser. No.
      395,214 and filed on Sept. 7, 1973, I have described how a plastic sheet
      system sealed together in appropriate patterns may be used as ducting and
      may be manipulated to perform the functions of both valves and pumps.
      Referring now to FIGS. 4a and 4b, fluid enters plastic sheet portion 21 of
      the apparatus through duct 32 formed by heat sealing or cementing between
      two sheets of flexible plastic, these sheets, preferably, being
      transparent. The fluid passes through duct 26a also formed by sealing the
      two sheets of plastic together and into chamber 27. However, chamber 27 is
      formed between what may be termed a "primary" pair of plastic sheets 23
      and 24 between which are also formed ducts 38, 26a and 26b. At least a
      third sheet, 42, is sealed to the primary sheets as shown in FIG. 4b. If
      duct 44, formed between topmost sheet 42 and sheet 23 is pressurized
      sufficiently, either by liquid or gas, duct 26a will be closed off.
      Moreover, by varying the extent of pressurization of duct 44, the
      combination of duct 44 overlying duct 26a  functions as an adjustable
      valve. At full pressurization of duct 44 duct 26a is closed off
      completely.
PAR  When duct 44 is unpressurized, fluid may be introduced through duct 26a
      into chamber 27. It will be assumed, for the moment, that duct 46 is
      pressurized completely so that the combination of duct 46 and duct 26 acts
      as a valve. Now, if duct 46 is vented and duct 45 is sufficiently
      pressurized, the space between sheet 42 and sheet 23 will be pressurized
      to any extent commensurate with the strength of the system, whereupon the
      combination of sheet 42 and chamber 27 formed between sheets 23 and 24 act
      as a pump for displacing liquid through duct 26 into chamber 29. In a
      preferred form, a fourth sheet 43 is placed on the opposite side of
      chamber 27 from sheet 42. So that the pressure both above and below the
      chamber 27 may be equal, sheets 23 and 24 are perforated as shown at 66 in
      FIG. 4b.
PAR  From the above description it will be seen that a system of three, and
      preferably four flexible plastic sheets can function as a pneumatic or
      hydraulic system containing ducting, adjustable valves and adjustable rate
      pumps. Of course, the pumping action is pulsating rather than continuous,
      but allowance can be made for this feature by providing expansion or
      flow-equalization chambers. The significant feature of this type of
      arrangement is that the flexible sheets of which the device is formed can
      be assembled automatically into any desired pattern. Since the cost of the
      material and the cost of assembly are low, the system is disposable,
      making it possible to provide a new pneumatic system for each successive
      patient so that it is unnecessary to risk the danger of contamination,
      etc., involved in reuse.
PAR  Much the same type of arrangement can be provided through the use of
      flexible tubing and flexible chambers. Such an arrangement is shown
      schematically in FIGS. 5a and 5b. Two flexible tubes 31 and 32 are laid in
      cross channels in support block 34 and held together by any suitable
      clamping means as by nuts and bolts. FIG. 5a is a plan view of the system
      with the upper block 34 removed. FIG. 5b is a sectional view through one
      of the crossed channels. Pressurization of flexible tube 31 closes tube 32
      in exactly the same way as is done with the ducting formed between plastic
      sheets sealed together in a selected pattern. Pumps can also be formed
      using combinations of the arrangements shown in FIGS. 4a, 4b, 5a and 5b.
PAR  In carrying out hemodialysis, it may be preferred to use premixed dialysate
      or, conversely to mix the dialysate from concentrate and water. An
      arrangement which provides for both possibilities is shown in FIG. 6.
      Ducts D.sub.6, D.sub.7 and D.sub.8 are of flexible tubing which may be
      formed, if desired, between sealed-together plastic sheets. All three
      ducts are subject to manipulation by moving roller or fingers of a pump
      drive such as has been described above. The relative sizes of the ducts
      are such that when valves V.sub.13 and V.sub.14 are open, dialysate
      concentrate and water will be supplied in the correct ratio to form
      dialysate. Conversely, when premixed dialysate is to be supplied to the
      system, valves V.sub.13 and V.sub.14 are closed and valve V.sub.12 is
      open; duct D.sub.6 is of such a size that the rate of supply of dialysate
      will be equal to the sum of concentrate and water supplied when valves
      V.sub.13 and V.sub.14 are open. The ducts are brought to a junction
      through which dialysate flows to the hemodialysate canister.
PAR  Where preselected limits for one controller depend on the instantaneous
      value of another variable and particularly on the cardiovascular status of
      the patient, it is desirable that a master controller MC be provided. This
      master controller takes signals from each controller and, if necessary
      from sensors as well and then feeds back appropriate signals to selected
      controllers to change the preselected limits, within which selected
      controllers are to operate. The master controller may be preprogrammed to
      change said limits in accordance with the functions being carried out by
      the system or dynamically in response to the condition of the patient.
      Thus, an increase in the pulse rate of the patient without a decrease in
      blood pressure calls for a decrease in the pressure difference across the
      ultrafiltration membrane to decrease the rate of ultrafiltration. An
      increase in pulse rate accompanied by a decrease in blood pressure within
      limits acceptable for automatic compensation calls for a decrease in rate
      of withdrawal of blood from the patient as well as a drop in
      ultrafiltration rate to reestablish an acceptable set of operating
      conditions.
PAR  Further, said MC may be constructed to accept programs designed for
      specific individuals or specific conditions. Thus when attaching a patient
      to apparatus in accordance with the present invention, insertion of a
      tape, or punch card or cassette or the like may suffice to adjust all
      limits for variables and the relationships between them, as well as the
      course of the necessary treatment. The relationship of the master
      controller to the subordinate controllers C.sub.1, C.sub.2, C.sub.3 . . .
      , and sensors is shown schematically in FIG. 7. A signal is transmitted
      from each subordinate controller to MC which then adjusts the limits for
      each of the related variables according to either internal programming or
      programming desired for the specific patient and/or treatment.
PAR  FIG. 8 shows in perspective an embodiment of the invention in which the
      principal sections of the apparatus are mounted in appropriately shaped
      recesses in a back wall. In the embodiment shown, all of the pumps in the
      apparatus are driven by a single motor through a roller or fingers. This
      arrangement is particularly convenient in that it provides synchronous
      pumping. Fixed pumping ratios, where needed, are established by choice of
      the relative sizes of the tubing or ducting acted on by the roller or
      fingers. Also, these ratios are held constant even when conditions call
      for increasing or decreasing the blood flow rate. In sizing the tubing it
      should be noted that the blood flow rate usually is in the range of 0-500
      cc/min. and the dialysate flow rate is usually in the range of 0-1500
      cc/min.
PAR  The embodiment is also adaptable for incorporation of disposable members
      formed of tubing or plastic sheet sealed together in appropriate patterns.
      It will, of course, be realized that the embodiment shown in FIG. 8 is
      only one of many possible, and the claims are not to be considered as
      restricted to the embodiment shown.
PAR  The master controller also can accept programs specific to individuals or
      circumstances so that it becomes unnecessary to establish all of the
      preselected limits each time treatment of a new patient is started.
PAR  Preferably, either M or MC should give visible indication as to the status
      of all variables under control and whether any, and if so, which variable
      is out of control.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention, which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved apparatus for receiving blood or other fluid and
      physiological samples and carrying out diagnostic tests on said blood,
      fluid and samples, for automated therapeutic infusion, and being
      particularly suited for automated extracorporeal treatment of blood from a
      plurality of patients either in sequence or with a plurality of units
      simultaneously, said apparatus including in spatial sequence blood-taking
      means for taking blood from a patient, a blood treatment chamber for
      treating said blood, said treatment including oxygenation and dialysis,
      and blood returning means, said improvement comprising first sensor,
      signalling and controller means for holding the rate of taking blood from
      said patient within programmable limits, second sensor, signalling and
      controller means for controlling the pressure of said taken blood in said
      apparatus within programmable limits, third sensor, signalling and master
      controller means for monitoring the cardiovascular status of the patient,
      said master controller means being operatively connected to said first and
      second controller means for adjusting said programmable limits of same to
      hold said cardiovascular status within limits appropriate to the condition
      of said patient and the stage and progress of said treatment, and monitor
      means operatively connected to said first, second and third controller
      means for detecting divergence of any of said rate of taking of blood,
      pressure of blood in said apparatus and cardiovascular status of said
      patient beyond programmed limits for a period of time longer than a
      preselected period, said monitor means being programmed to shut down said
      apparatus on detection of such a divergence for said longer than
      preselected period thereby making said apparatus fail-safe, and making
      said monitor a fail-safe monitor, the information received by said master
      controller means from said third sensor means and from said first and
      second sensor means constituting a system in which said signals from said
      patient take precedence for shutting down said apparatus even when said
      first and second sensor means indicate that said apparatus is functioning
      with programmed limits, thereby establishing the safety and well-being of
      the patient as the dominating variable.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said master controller is
      adapted to be programmed for treatment of specific patients or conditions.
NUM  3.
PAR  3. The improved apparatus as defined in claim 1, further comprising a
      disposable flexible component including reaction and observation chambers,
      reservoirs for storing reagents, and passages connecting said chambers and
      reservoirs and said blood-taking means; and means for automatically
      transferring a fluid sample taken from an individual through said passages
      and into said reaction chamber in which a reagent is stored and into said
      observation chamber for examination optionally before or after being
      subjected to chemical reaction, provision being made for optionally
      dividing said sample into portions each of which can be subjected to a
      different reaction and observed by different means, said apparatus being
      such that it can be programmed to carry out said reactions and
      observations automatically and rapidly enough to utilize the results
      obtained therefrom in the treatment of blood being treated simultaneously.
NUM  4.
PAR  4. The apparatus as defined in claim 1, wherein said apparatus further
      comprises means for transferring oxygen from a gas consisting at least in
      part of oxygen into said blood.
NUM  5.
PAR  5. The improved apparatus as defined in claim 1, wherein said third sensor,
      signalling and master controller means includes EKG-monitoring means and
      said fail-safe monitor means is adapted to shut down said apparatus if
      said master controller means indicates that the cardiovascular status of
      said patient remains outside programmed limits for longer than a
      preselected period of time.
NUM  6.
PAR  6. The improved apparatus as defined in claim 1, further comprising a
      bubble trap means in said blood-returning means, fifth sensing means,
      signalling and controller means for sensing and controlling the level of
      blood in said bubble trap means, and first flow-rate adjusting means in
      said blood returning means, said first flow-rate adjusting means being
      controlled by said fifth controller means for holding said blood level in
      said trap means within programmed limits.
NUM  7.
PAR  7. The apparatus as defined in claim 6, further comprising vent means in
      said bubble trap and eighth sensing signalling and controlling means for
      measuring and controlling the pressure in said bubble trap by opening said
      vent means to release gas from above the level of liquid in said bubble
      trap, said eighth controller means being operatively connected with said
      fail-safe monitor for shutting down said apparatus in the event the
      pressure in said bubble trap deviates beyond programmed limits for longer
      than a preselected period.
NUM  8.
PAR  8. The improved apparatus as defined in claim 6, further comprising a
      saline reservoir under the control of said fifth controller means and
      connected to said bubble trap means for adding saline to said bubble trap
      means in the event of a sudden drop in liquid level in said trap, said
      fifth controller means being adapted to signal said fail-safe monitor to
      shut down said apparatus in the event that activation of said first
      flow-rate adjusting means and addition of saline fail to return said
      liquid level to within preselected limits within a preselected period of
      time.
NUM  9.
PAR  9. The improved apparatus as defined in claim 8, further comprising second
      flow-rate adjusting means in said blood-taking means, sixth sensing,
      signalling and controller means connected with said second flow-rate
      adjusting means for holding the rate of blood-taking within programmable
      limits, said sixth controller means being under the control of said master
      controller means for adjusting said programmable limits in accordance with
      the cardiovascular state of said patient and the stage of blood treatment
      in progress and for signalling said fail-safe monitor to shut down said
      apparatus in the event that the cardiovascular state of said patient
      deviates outside said programmable limits for a period in excess of a
      preselected period.
NUM  10.
PAR  10. The improved apparatus as defined in claim 1, further comprising
      seventh sensing, signalling and controller means, and pressure-adjusting
      means operatively connected with said blood treatment chamber, said
      seventh controller means being connected with said pressure-adjusting
      means for holding the pressure in said blood-treatment chamber within
      programmable limits, said programmable limits being under the control of
      and adjustable by said master controller in accordance with the condition
      of said patient and the progress of said treatment of said blood, said
      seventh controller means being adapted for signalling said fail-safe
      monitor to shut down said apparatus in the event that said pressure of
      blood in said blood-treatment chamber deviates outside said programmable
      limits for longer than a preselected period of time.
NUM  11.
PAR  11. The improved apparatus as defined in claim 1, wherein said
      blood-returning means includes first flow-rate adjusting and measuring
      means and said blood-taking means includes second flow-rate adjusting and
      measuring means.
NUM  12.
PAR  12. The apparatus as defined in claim 11, wherein at least said one of said
      flow-rate adjusting means includes flexible tubing, thereby making it
      possible to control the rate of flow of blood therethrough by selective
      and controlled compression of the wall of said tubing.
NUM  13.
PAR  13. The apparatus as defined in claim 11, wherein at least one of said
      flow-rate adjusting means includes a first pair of flexible plastic sheets
      sealed together in an appropriate pattern including duct and pump means
      thereby making it possible to control the rate of flow of blood through
      said duct means by selective and controlled compression of the walls of
      said duct means.
NUM  14.
PAR  14. The apparatus as defined in claim 13, wherein at least one of said pump
      and duct means is formed between said first pair of flexible plastic
      sheets and further comprising at least a second pair of flexible plastic
      sheets having appropriately shaped channels formed therebetween, said
      channels being connectable to pneumatic controls, said second pair of
      sheets being contiguous with said first pair so that selective
      pressurization of said channels by said pneumatic controls selectively
      compressing walls of said duct means, whereby the combination of said
      first and second pairs of plastic sheets with said pneumatic controls
      constitutes at least one of said pump means and said duct means.
NUM  15.
PAR  15. The improved apparatus as defined in claim 1, wherein said
      blood-returning means and said blood-taking means each include a
      normally-closed valve so that a power failure will result in shutting down
      said apparatus and isolating said patient.
NUM  16.
PAR  16. The improved apparatus as defined in claim 1, wherein said third
      sensor, signalling and master controller means includes means for
      monitoring the blood pressure and pulse rate of said patient and said
      fail-safe monitor means is adpated to shut down said apparatus if said
      master controller means indicates that the cardiovascular status of said
      patient remains outside programmed limits for longer than a preselected
      period of time.
NUM  17.
PAR  17. The improved apparatus as defined in claim 16, wherein said patient has
      an arterio-venous fistula and said third sensor means monitors the
      pressure in said fistula as a means of determining the blood pressure of
      said patient.
NUM  18.
PAR  18. The improved apparatus as defined in claim 1, wherein said apparatus is
      adapted for feeding anticoagulant at a controlled ratio into the blood
      taken by said blood-taking means.
NUM  19.
PAR  19. The apparatus as defined in claim 1, wherein said fail-safe monitor is
      programmed to activate an alarm on shutting down said apparatus.
NUM  20.
PAR  20. The apparatus as claimed in claim 1, including data display for
      indicating status of patient and treatment.
NUM  21.
PAR  21. The apparatus as claimed in claim 1, further comprising means for
      adding medicaments to said blood.
NUM  22.
PAR  22. The apparatus as defined in claim 1, wherein said treatment consists of
      dialysis for removal of excess water and solutes from said blood by
      ultrafiltration and mass action and said treatment chamber has therein a
      semi-permeable membrane dividing said chamber into a blood compartment and
      a dialysate compartment, each having ducts for entrance and exit
      respectively of blood and of dialysate, and further comprising fourth
      sensing, signalling and controller means for controlling the rate of flow
      of dialysate and the pressure difference and the rate of transfer of fluid
      and solutes across said membrane, between programmed limits said fourth
      controller means being connected to said master controller means for
      adjusting said programmed limits in accordance with established
      relationships among said operating conditions including the relative rates
      of flow of blood and dialysate, the pressure difference and the rate of
      transfer of fluid across said membrane, the cardiovascular status of said
      patient and the stage and progress of said dialysis, and being operatively
      connected to said fail-safe monitor means for shutting down said apparatus
      in the event that any of said operating conditions deviates beyond a
      programmed limit for a preselected period of time during which said
      controller means are programmed to return said deviated operating
      condition to within said programmed limits.
NUM  23.
PAR  23. The apparatus as defined in claim 22, further comprising third and
      fourth measuring means for measuring the rate of flow of dialysate
      entering and leaving the dialysate chamber respectively and integrating
      means operatively connected with said third and fourth flow-rate measuring
      means so that the total volume of water removed up to any time during
      treatment of blood from a patient may be determined.
NUM  24.
PAR  24. The apparatus as defined in claim 23, wherein said integrating means
      includes an essentially vertical vessel of known volume, having a top and
      a bottom, vessel level sensing means proximate the top of said vessel for
      sensing and signalling the accumulated volume of fluid, dump means
      proximate the bottom thereof, dump control means for activating said dump
      means on receiving a signal from said vessel level sensing means and
      counter means for recording the number of times said vessel has been
      filled and emptied, said vessel being positioned for collecting fluid
      leaving said dialysate compartment.
NUM  25.
PAR  25. The apparatus as defined in claim 22, further comprising means for
      selectively supplying premixed dialysate and means for mixing water and
      dialysate concentrate in appropriate ratio to form and supply dialysate.
NUM  26.
PAR  26. The apparatus as defined in claim 22 further comprising means for
      separating and recovering a portion of the water from the dialysate
      leaving the blood treatment chamber, and ducting for recirculating said
      water for combination with fresh dialysate concentrate, said water being
      essentially free of organic waste products.
NUM  27.
PAR  27. The apparatus as defined in claim 22, wherein said apparatus includes
      means for detecting blood in the stream of dialysate leaving said
      blood-treatment chamber, said blood-detecting means being operatively
      connected with said fail-safe monitor means for shutting down said
      apparatus in the event that blood in an amount greater than a
      preprogrammed limit is detected in said stream.
NUM  28.
PAR  28. The apparatus as defined in claim 22, wherein said master controller
      means is preprogrammed so that on detection of an increase in the pulse
      rate of the patient in the absence of a decrease in blood-pressure, said
      fourth controller means is adjusted to decrease the pressure difference
      across said membrane to decrease the rate of ultrafiltration and on
      detection of an increase in pulse rate in combination with a decrease in
      blood pressure said first controller means is adjusted to decrease the
      rate of withdrawal of blood from said patient and said fourth controller
      means is adjusted to decrease the pressure difference across said
      membrane.
NUM  29.
PAR  29. The apparatus as defined in claim 22, further comprising fifth
      controller means for adding saline to said bubble trap, said fifth
      controller means being under the control of said master controller means,
      and wherein said master controller means is preprogrammed so that on
      detection of a drop in the blood pressure of said patient below a
      programmed limit, firstly, said first controller means is adjusted to
      decrease the rate of withdrawal of blood from said patient, secondly, said
      fourth controller means is adjusted to decrease the rate of
      ultrafiltration, and in the event that said blood-pressure does not return
      to within said programmed limits within a preset period, thirdly said
      master controller means activates said fifth controller means to add
      saline to said blood, and in the event that said blood-pressure does not
      return to within said programmed limits within a second preset period,
      said master controller means activates said fail-safe monitor to shut down
      said apparatus.
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ABST
PAL  Two-chamber syringes for mixing a powdered medicament with a diluent and
      then injecting the mixed ingredients into a patient are disclosed,
      together with a technique for assembling those syringes. According to one
      aspect of the invention, the syringe includes a vial formed with a single
      glass cylinder closed at one end by a plunger and at its other end by a
      pierceable diaphragm. An intermediate pierceable diaphragm divides the
      cylinder into upper and lower chambers, and is locked against axial
      movement relative to the cylinder. A powdered medicament is provided in
      the upper chamber and a diluent is provided in the lower chamber. The
      ingredients are mixed by inserting the vial into a cup-shaped holder
      having a hollow, pointed needle extending from the base of the holder.
      Axial pressure on the vial causes the pointed end of the needle to
      sequentially pierce the end intermediate diaphragms, and to cause the
      diluent to flow into an opening in the sidewall of the needle, through the
      needle, and then into the upper chamber from the pointed needle end. The
      thus-mixed ingredients are dispensed by applying axial pressure to the
      plunger, or by drawing metered amounts into the medicament pressurizing
      chamber of a needleless, hypojet injector.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 386,594, filed Aug. 8, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to disposable hypodermic ampoules having two
      chambers for mixing a powdered medicament with a diluent prior to
      injecting the mixed ingredients into a patient through a needle externally
      affixed to the ampoule.
PAR  A number of drug compounds, including some antibiotics, some vaccines, and
      several other injectable products, require that an active ingredient
      (usually in a powder form) be mixed with an injection vehicle or diluent
      (usually water) shortly before administration. One widely accepted
      procedure for mixing powder and liquid medicament components is to provide
      them in separate vials, each having its own rubber stopper closing its
      outlet opening. The liquid is withdrawn from its vial by a needle and
      syringe, and is then injected into the vial containing the powder. The
      thus-mixed liquid and powder in the latter vial, after shaking it where
      required, is withdrawn as a dispersion by the same needle and syringe, and
      the injection is effected therewith in a conventional manner.
PAR  Since this is a relatively cumbersome and time-consuming technique, and
      since it requires careful handling of the syringe during the mixing
      operation to maintain sterility of the needle prior to the injection,
      attempts have been made to provide an injection syringe which itself
      contains the powder and liquid medicaments in separate chambers which are
      arranged so that the powder and liquid medicaments may be mixed just prior
      to an injection. Those ampoules may be broadly classified into
      contained-needle type injection devices and external needle-type injection
      devices.
PAR  The contained-needle type injection device is shown and described in U.S.
      Pat. No. 3,735,761 to Hurschman et al. In that patent, there is disclosed
      a multichamber, hypodermic device which includes first and second
      coaxially disposed cylinders. The cylinders respectively provide first and
      second medicament-containing chambers, the adjacent ends of which are
      separated by a first, puncturable, piston-like diaphragm. This first
      diaphragm extends across and around the end of the first cylinder to close
      and seal the same, and is slidably mounted in the adjacent end of the
      second cylinder to close and separately seal the same. The other end of
      the first cylinder slidably carries a plunger and a hypodermic needle is
      mounted on the plunger with its pointed end extending axially toward a
      pierceable, central portion of the first diaphragm. The other end of the
      second cylinder is closed and sealed by a puncturable diaphragm having its
      pierceable portion also axially aligned with the pointed end of the
      needle. A powder medicament in the first chamber and a liquid medicament
      in the second chamber are mixed by partially depressing the plunger so
      that the pointed end of the needle cannula pierces the first diaphragm.
      Liquid flows from the second chamber through the needle and into the first
      chamber as the first diaphragm moves toward and into engagement with the
      second diaphragm, thus mixing the two medicaments. An injection may be
      effected by further depressing the plunger to the end of its stroke while
      holding the ampoule against the skin of the patient.
PAR  While contained-needle type injection devices are suitable for many
      injection purposes, many physicians and nurses prefer to perform an
      injection with a more conventional syringe having an external needle which
      is manually inserted into the skin of the patient, since contained-needle
      type devices are primarily suited for use in a mechanical spring-actuated
      applicator. While the use of applicators has many advantages, it is
      impossible to express air from the ampoule prior to an injection and is
      impossible to aspirate the syringe during an injection to ensure that a
      blood vessel is not pierced by the needle. Also, applicators are not
      entirely suitable for veterinary use, since animals vary in size and coat.
PAR  In view of these problems, attempts have been made to provide two-chamber
      syringes having an external needle which are adapted to perform a standard
      injection after mixing the medicaments within the syringe. For example,
      U.S. Pat. No. 3,342,180 provides a vial which is separated into two
      chambers by a plunger. Powder is provided in a lower chamber and liquid is
      provided in the upper chamber. The plunger is provided with a one-way
      check valve so that upon retraction of the plunger, the liquid is forced
      through the valve and into the compartment containing the powder. The vial
      is provided with an external needle at its lower end so that the mixed
      medicament may be injected into the patient. This arrangement involves
      complicated valving in the separating plunger and therefore requires
      extremely complex plunger molding operations. A similar arrangement is
      shown in U.S. Pat. No. 3,330,280, wherein a plunger is provided with a
      displaceable plug to provide communication between the two chambers prior
      to injection. Other patents, such as U.S. Pat. No. 2,591,046, include
      complex passageways formed into the glass sidewall of the vial to provide
      communication between two chambers upon movement of an intermediate
      diaphragm. A major deficiency of prior art two-chamber devices is that,
      while they appear theoretically feasible, they are difficult, if not
      impossible, to assemble, fill, and/or freeze-dry with conventional
      equipment and know-how.
PAR  A more acceptable two-chamber syringe is set forth in U.S. Pat. No.
      2,193,322. In that patent, the patentees provide a two-chamber injection
      device having an end diaphragm and an intermediate diaphragm which are
      sequentially pierced by one pointed end of a double-pointed needle to
      provide communication between the two chambers. Since the two chambers are
      illustrated as having fluid therein, the intermediate diaphragm is
      hydraulically locked against movement relative to the vial. Therefore,
      although the device according to that patent is suitable for mixing and
      then injecting two liquids, it is not suitable for mixing a liquid with a
      powder, since the intermediate diaphragm would not be hydraulically locked
      in position and would be moved by the piercing needle upon engagement.
      Furthermore, the device shown in that patent is not capable of having air
      expressed from the mixed medicament chamber prior to an injection, since
      air would be trapped between the opening at the end of the needle and the
      intermediate diaphragm upon plunger movement.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a two-chamber mixing and injecting syringe having,
      or capable of being provided with, an external needle which overcomes
      these prior art problems. According to one aspect of the invention, the
      syringe includes a cylindrical, glass vial closed at one end by a plunger
      which is slidable relative to the vial and is closed at its other end by a
      pierceable diaphragm. An intermediate diaphragm divides the vial into
      first and second chambers, and that diaphragm is locked against axial
      movement relative to the vial. The lock is preferably a circumferential
      indentation in the sidewall of the vial to reduce the cross sectional area
      of the vial at that location. The intermediate diaphragm has a groove
      which is engaged by the indentation. A powdered medicament is provided in
      the chamber between the intermediate diaphragm and the plunger, and a
      diluent is provided in the other chamber. These ingredients are mixed by
      inserting the vial in a cup-shaped holder having a hollow, pointed needle
      extending through the base of the holder. Axial pressure on the vial
      causes the pointed end of the needle to sequentially pierce the end and
      intermediate diaphragms. The locking means ensures that the intermediate
      diaphragm will not be moved by the piercing needle. Diluent flows into an
      opening in the sidewall of the needle, through the needle, and then into
      the chamber containing the powdered medicament from the pointed needle
      end. The mixed ingredients are dispensed by applying axial pressure to the
      plunger.
PAR  Restraining intermediate diaphragm movement toward the end diaphragm is
      important in those situations where the powdered medicament is lyophilized
      in its chamber. Since the diluent is frozen and then thawed during the
      lyophilization cycle, an expansion takes place when the diluent is frozen
      and then a contraction of the chamber takes place upon thawing. If the
      intermediate diaphragm is not locked against movement toward the end
      diaphragm, the intermediate diaphragm and the end diaphragm tend to move
      together during the thawing operation, to thereby change the predetermined
      location of those two diaphragms. A precise and predetermined positioning
      of the end and intermediate diaphragms relative to each other and relative
      to the needle is important for proper piercing and mixing operations.
PAR  A wire clip surrounds the vial and has ends which are pointed and which
      drag along the sidewall of the cup-shaped plastic holder during the mixing
      operation. Reverse movement of the vial out of the holder is prevented
      since the ends of the clip would tend to dig into the holder. Thus after
      the mixing operation, the vial is held in a fixed position relative to the
      holder so that air may be expressed from the vial and so that the plunger
      may be retracted to aspirate blood prior to injection of the medicament.
PAR  The opening in the sidewall of the needle is dimensioned so that it bridges
      the pierced portion of the intermediate diaphragm after the mixing
      operation. This ensures the complete evacuation of diluent from its
      chamber and ensures that air will not be trapped between the end of the
      needle and the intermediate diaphragm when air is expressed from the first
      chamber prior to injection.
PAR  The pointed needle within the holder is maintained sterile by a rubber
      sleeve. The sleeve also ensures that the window opening in the needle will
      be maintained closed until that opening emerges from the end diaphragm as
      that diaphragm is pierced.
PAR  According to another aspect of this invention, the syringe comprises two
      glass cylinders. The glass cylinders are axially butted against an
      intermediate diaphragm or each cylinder may be provided with its own
      diaphragm and then butted against the other. An end diaphragm and a
      plunger close the non-butted ends of the cylinders, and the cylinder
      closed by the plunger is provided with a powder while the cylinder closed
      by the end diaphragm is filled with a diluent. A transparent plastic tube
      telescopingly embraces the cylinders and the entire assembly is received
      within a cup-shaped injection holder similar to the previously described
      holder, and a mixing operation is accomplished by providing axial pressure
      on the vial to sequentially pierce the two diaphragms.
PAR  The principles of this invention may be employed to provide a medicament
      feed cartridge for dispensing metered amounts of mixed medicaments into
      the medicament pressurizing chamber of a needleless, hypojet injector. For
      such use, a vial may be provided with a stopper rather than a plunger
      closing the end of the chamber containing the powdered medicament and the
      hypojet injector is provided with a cup-shaped holder. A diaphragm
      piercing needle in the cup-shaped holder communicates with the injector
      pressurizing chamber so that the mixed medicaments may be fed to the
      pressurizing chamber.
PAR  According to a further aspect of this invention, two, necked glass tubes
      are provided. The necked ends of the glass tubes are butted against an
      intermediate diaphragm or are each provided with their own diaphragm or
      stopper. The necks are banded together and a diluent is provided in one
      tube while a powdered medicament is provided in the other tube. The end of
      the diluent containing tube is provided with an end diaphragm and the end
      of the other tube is provided with a plunger. The assembly is mounted in a
      holder of the type previously described.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a syringe according to one aspect of
      this invention;
PAR  FIG. 1a is a fragmentary perspective view of a wire clip illustrating its
      position relative to the cup-shaped holder;
PAR  FIG. 2 is a cross sectional view similar to FIG. 1, but showing component
      parts of the syringe in positions attained after initiating a mixing
      operation;
PAR  FIG. 3 is a cross sectional view similar to FIGS. 1 and 2, but showing
      component parts of the syringe in positions attained after completion of
      the mixing operation and prior to an injection operation;
PAR  FIG. 4 is a fragmentary, cross sectional view illustrating an alternate
      arrangement for locking the intermediate diaphragm relative to the vial;
PAR  FIG. 5 is a cross sectional view of a syringe according to a further aspect
      of this invention;
PAR  FIG. 6 is a cross sectional view of a syringe according to a further aspect
      of this invention;
PAR  FIG. 7 is a cross sectional view similar to FIG. 6, but showing a
      modification of the intermediate diaphragm;
PAR  FIG. 8 is a fragmentary, cross sectional view of a syringe similar to the
      syringe illustrated in FIGS. 1 to 3, but showing a modification to the
      holder;
PAR  FIG. 9 is a fragmentary, cross sectional view of a syringe similar to FIG.
      8 but showing component parts to the syringe in positions attained after
      initiating a mixing operation;
PAR  FIG. 10 is a fragmentary, cross sectional view of a syringe similar to
      FIGS. 8 and 9 but showing component parts of the syringe in positions
      attained after completion of the mixing operation and prior to an
      injection;
PAR  FIG. 11 is a fragmentary, cross sectional view of a modified holder;
PAR  FIG. 12 is a cross sectional view of a one-chamber injection syringe
      showing a diaphragm locking arrangement according to this invention;
PAR  FIGS. 13 through 17 are cross sectional views illustrating the sequential
      steps employed to fill and assemble the syringe illustrated in FIGS. 1
      through 3, but showing a modified plunger arrangement;
PAR  FIG. 18 is a cross sectional view of a mixing vial suitable for use with a
      hypojet injector;
PAR  FIG. 19 is a cross sectional view similar to FIG. 18, but showing component
      parts of the vial in positions attained after initiating a mixing
      operation; and
PAR  FIG. 20 is a cross sectional view similar to FIGS. 18 and 19, but showing
      component parts of the vial in positions attained after completion of the
      mixing operation and prior to a dispensing operation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIGS. 1 through 3 of the drawings, a two-chamber syringe
      10 for mixing a powder medicament with a diluent and then dispensing the
      mixed ingredients is disclosed. The syringe 10 includes a vial means
      comprising a glass cylinder 11 having a plunger 12 closing one end
      thereof. The other end of the cylinder 11 is closed by an end diaphragm 13
      and has a radially inwardly extending bead 28. The end diaphragm 13 is
      provided with a plurality of circumferential ribs 14 which form a
      fluid-type sliding seal between the end diaphragm 13 and the cylinder 11.
      Similarly, the plunger 12 is provided with a plurality of circumferential
      ribs 15 to provide a seal between the plunger 12 and the cylinder 11. An
      intermediate diaphragm 16 is positioned between the plunger 12 and the end
      diaphragm 13 to divide the interior of the cylinder 11 into first and
      second chambers 17 and 18, respectively. The first chamber 17 is partially
      filled with a powdered medicament 19 and the second chamber 18 is filled
      with a diluent 20, such as water.
PAR  The intermediate diaphragm 16 and the cylinder 11 have coacting parts that
      lock the intermediate diaphragm against axial movement toward the plunger
      12 and against axial movement toward the end diaphragm 13. These coacting
      parts include an inwardly necked portion of the cylinder 11, which
      provides an inwardly extending circumferential rib 21 in the sidewall of
      the cylinder 11 and a circumferential groove 22 in the exterior sidewall
      of the cylinder 11. The rib 21 cooperates with a circumferential recess 23
      in the intermediate diaphragm 16 to securely lock the diaphragm 16 in its
      illustrated position.
PAR  For premixing the powder and diluent and for preforming an injection, the
      cylinder 11 is mounted in a cup-shaped holder 25. The holder 25 is
      provided with a cylindrical bore 26 which receives the cylinder 11 and has
      a closed end or base 27. In order to prevent reverse movement of the
      cylinder 11 relative to the holder 25 and to permit aspiration of the
      device, there is provided a wire clip 29 which surrounds the necked
      portion of the cylinder. The wire clip has prongs 30 which are directed
      toward the open end of the cup-shaped holder and which tend to dig into
      the sidewall if one attempts to pull the cylinder 11 out of the holder 25.
PAR  The cylinder 11 is inserted into the open end of the bore until the prongs
      30 snap over a rim 31. In this position, the end diaphragm 13 abuts or is
      slightly spaced from a pointed end 32 of a diaphragm piercing hollow
      needle 33, which is received within a conically recessed portion 34 of the
      end diaphragm 13. The needle 33 has a window opening 35 therein and is
      rigidly mounted coaxial with respect to a cylindrical, projecting end
      abutment portion 36 on the base 27. The base of the needle 33 terminates
      in a tapered nib 40.
PAR  In fluid communication with the interior of the needle 33, is a hollow
      injection needle 41 having a pointed injection end 42. To maintain the
      sterility of the injection needle 41 and to protect the user, a
      combination needle guard and plunger actuator 43 encases the needle 41 and
      frictionally engages the tapered nib 40 which depends from the bottom of
      the holder 25. For reasons which will hereinafter become apparent, the
      pointed end 42 of the needle 41 is embedded in a soft rubber plug 45 in
      the actuator 43. It will be appreciated by those skilled in the art that
      the needle 41 need not be intimately associated with the holder 25, but
      may comprise a standard detachable needle having an end fitting which
      frictionally engages the tapered nib 40 after removal of the actuator 43
      therefrom. If such a needle is employed, means (not shown) would be
      provided to temporarily plug the cylindrical bore through the base of the
      holder during the mixing operation, which will hereinafter be explained.
PAR  In order to maintain sterility of the needle 33 prior to the mixing
      operation and to block the opening 35 in the needle 33 during the mixing
      operation, a gum rubber sleeve 50 is provided to surround the sterile
      needle 33 and to butt and be compressed against the end diaphragm 13.
PAR  To mix the diluent 20 with the powdered medicament 19, axial pressure is
      applied to a rim guard 52 at the upper end of the cylinder 11 to apply
      axial force to the cylinder. As this axial force is applied, the cylinder
      11 moves downwardly toward the base 27. Downward movement of the cylinder
      11 causes the pointed end 32 of the needle 33 to pierce the diaphragm 13
      and to enter the second chamber 18, since the diaphragm 16 is locked
      relative to the cylinder 11 and the diaphragm 13 is hydraulically locked
      relative to the diaphragm 16.
PAR  Further axial movement of the cylinder 11 causes the needle 33 to pierce
      the intermediate diaphragm 16 and the component parts of the syringe 10
      assume the position illustrated in FIG. 2. In this position, the abutment
      portion 36 engages the end diaphragm 13 and the opening 35 in the needle
      is in fluid communication with the diluent 20 in the chamber 18. If the
      powdered medicament 19 is pre-dried and then introduced to the chamber 17,
      so that the chamber 17 is under atmospheric pressure, the abutment portion
      36 will force the diaphragm 13 toward the diaphragm 16 to force the
      diluent 20 into the chamber 17 while the volume of the chamber 18 is
      reduced to essentially zero. If the powdered medicament 19 is lyophilized
      in the chamber 17, and therefore the chamber 17 is at a sub-atmospheric
      pressure, the liquid will be drawn through the hollow needle 33 into the
      chamber 17 as soon as the hollow needle 33 communicates with the chamber
      17 and the opening 35 communicates with the chamber 18. In this instance,
      continued axial force should be exerted on the cylinder to ensure that the
      end diaphragm will not be drawn toward the pointed end of the needle 33
      and block the opening 35. In either case, however, it is important that
      the distance between the top surface of the abutment portion 36 and the
      needle opening 35 be such that at least a portion of the needle opening 35
      be located in the chamber 18 when the abutment portion 36 engages the end
      diaphragm 13 and when the needle 33 pierces the intermediate diaphragm 16.
      Without such communication, the diluent 20 would tend to displace the
      intermediate diaphragm upon further movement of the cylinder downwardly.
      It may be noted that there is no flow toward the needle 41 since its
      pointed end 42 is blocked to provide an air lock below the opening 35, and
      it may also be noted that the sleeve 50 is pushed downwardly along the
      needle shank.
PAR  Further axial movement of the cylinder 11 towards the base 27 causes or
      permits the diluent 20 to flow into the chamber 17 and be mixed with the
      powdered medicament 19 as the chamber 18 collapses or is collapsed to
      substantially zero volume, as illustrated in FIG. 3. It may be noted that
      with the component parts of the syringe 10 in the positions illustrated in
      FIG. 3, the axial extent to the window opening bridges the pierced portion
      of the intermediate diaphragm 16 to ensure complete evacuation of the
      chamber 18.
PAR  After the chamber 18 has been fully collapsed and the powdered and liquid
      medicaments mixed in the chamber 17, the actuator 43 is removed and one
      threaded end 61 of the actuator 43 is threaded onto a stud 62 which is
      molded into the plunger 12. Prior to an injection, the syringe 10 may be
      inverted and any air trapped in the chamber 17 may be expressed from the
      needle 41 by placing the index and middle fingers on holder flanges 63 and
      64 and advancing the plunger 12 by placing the thumb on a head portion 65
      of the actuator until a few drops of medicament are expressed from the
      pointed end 42 of the needle. This operation is facilitated by providing a
      conical recess 66 in the intermediate plunger 16 to ensure that air will
      be trapped in the area of the opening 35 ahead of the rising column of
      medicament.
PAR  An injection may then be performed by inserting the pointed end 42 of the
      needle into the skin of the patient. If desired, the syringe 10 may be
      aspirated by retracting the plunger slightly and noting whether or not
      blood is drawn into the chamber 17. For this reason, it is desirable that
      the holder 25 be made from a transparent or translucent plastic material
      so that aspiration may be observed. The chamber 17 is substantially
      completely evacuated by movement of the plunger 12 into contact with the
      intermediate diaphragm 16 since the plunger 12 has a conical surface 67
      which mates with the conical recess 66 in the intermediate diaphragm 16.
      Furthermore, an axial recess 68 is provided in the plunger 12 to receive
      the pointed end of the piercing needle 33.
PAR  Other arrangements may be provided to lock the intermediate diaphragm
      against movement at least toward the plunger 12. For example, in FIG. 4
      there is illustrated an intermediate diaphragm 70 which is locked relative
      to a cylinder 71 by a radially projecting rib 72 on the diaphragm 70 which
      cooperates with a radial bulge 73 in the sidewall of the cylinder 71.
PAR  Referring now to FIG. 5, there is illustrated a two-chamber vial 300
      according to a further aspect of the invention. The vial 300 includes two
      cut glass tubes 301 and 302. The use of cut tubing greatly minimizes the
      cost of the unit since such tubing is less expensive than tubing having
      beaded end portions. An intermediate diaphragm means comprises a flanged
      rubber stopper 303 closing one end of the tube 301 and a flanged stopper
      304 closing one end of the tube 302. The tubes 301 and 302 may be
      respectively filled with a powdered medicament and a diluent at separate
      locations and respectively provided with a plunger 305 and an end
      diaphragm 306. In order to form the vial 300, the two previously described
      sub-assemblies are telescoped into a plastic jacket 307 by sliding them
      through a beaded open end portion 308 of the jacket. The vial 300 may then
      be inserted into a cup-shaped holder such as the holder 25 shown in FIGS.
      1 through 3 and operated in the previously described manner. It will be
      noted that the jacket 307 is provided with a circumferential bead 308
      which is adapted to form an interference fit with the cut-shaped holder to
      permit the syringe to be aspirated.
PAR  In FIGS. 6 and 7 there are illustrated vials 400 and 401 according to still
      further aspects of the invention. The vials 400 and 401 comprise open
      ended, but otherwise standard, medicament bottles or vials 402 and 403
      respectively closed at one end by a plunger 404 and by an end diaphragm
      405. In the embodiment illustrated in FIG. 6 an intermediate diaphragm
      means comprises a single piece of rubber 406 which enters the necks of the
      vials 402 and 403 and which is mechanically locked from axial movement
      relative to the vials by an annular flange 407 interposed between the
      vials 402 and 403. The vials are clamped together by an annular band 408
      which is crimped over the neck flanges and the vial 402 is filled with a
      powdered medicament while the vial 403 is filled with a diluent. By
      providing the vial 400 with a wire clip, such as the wire clip 29, and
      inserting the vial in a cup-shaped holder, the contents of the vial may be
      mixed and dispensed in the previously described manner. This arrangement
      is particularly suited for dispensing relatively large doses wherein a
      vial having the cylindrical configuration shown in FIGS. 1 through 3 would
      be excessively long or have an excessive diameter. If the vial is
      excessively long the needle 33 of the cup-shaped holder would project
      excessively into the chamber containing the mixed ingredients, thus
      necessitating the use of a longer plunger to accommodate the projecting
      needle. If on the other hand, the vial is made with an excessive diameter,
      the plunger and intermediate diaphragms would have more bulk and present
      an excessive rubber area to the medicament to thereby cause possible
      instability to the medicament. Since in FIG. 6 the intermediate diaphragm
      is located in a relatively narrow neck portion of the vial, a smaller area
      of rubber is exposed to the medicament.
PAR  The arrangement shown in FIG. 7 is similar to the embodiment of FIG. 6 and
      therefore possesses all its advantages. However, the intermediate
      diaphragm comprises a first diaphragm 409 and a second diaphragm 410 which
      are respectively received within the neck portions of the vials 402 and
      403. The diaphragm 409 is provided with a projection 411 which is received
      within a recess 412 in the diaphragm 410. This arrangement permits the
      diluent and powder filling operations to be conducted at different
      locations.
PAR  In the embodiment illustrated in FIGS. 8 through 10 there is illustrated
      another approach to the problem of needle projection when using a
      relatively large dosage syringe. The syringe 500 illustrated in those
      Figures has component parts which are similar to the component parts
      illustrated in the embodiment of FIGS. 1 through 3 and those similar parts
      are provided the same reference numerals. A compression spring 501 is
      positioned within an abutment means 502 to surround a diaphragm piercing
      needle 503. It may be noted that the needle 503 does not have a window
      opening but has a bevel which will span the thickness of the pierceable
      portion of the intermediate diaphragm.
PAR  The syringe 500 may be activated by applying axial pressure to the rim
      guard 52 at the upper end of the cylinder 11 to apply axial force to the
      cylinder. As this axial force is applied the cylinder moves downwardly
      toward the base 27 and the force causes the pointed end 504 of the needle
      503 to pierce the diaphragm 13 and to enter the second chamber 18 while
      the spring 501 is compressed between the diaphragm 13 and the base 27.
PAR  Further axial movement of the cylinder causes further compression of the
      spring 501 and causes the needle 503 to pierce the intermediate diaphragm
      (FIG. 9). As soon as the end of the needle enters the first chamber 17 and
      with a relatively long beveled portion providing fluid communication
      between the chambers 17 and 18, the hydraulic lock in the chamber 18 is
      relieved and the stored energy in the spring drives the end diaphragm 13
      toward the diaphragm 16 to force the diluent into the chamber 17 while the
      volume of the chamber 18 is reduced essentially to zero. The position of
      the spring 501 in FIG. 3 is considered herein to be an abutment. It may be
      noted therefore that the point of the needle need not project into the
      chamber 17 to the extent necessary in the embodiment of FIGS. 1 through 3,
      i.e. the axial extent of the chamber 18.
PAR  Turning now to FIG. 11, a modified cup-shaped holder 600 is illustrated.
      The holder 600 includes a tapered receptable 601 in its base 602 which
      receives a tapered nib portion 603 of a diaphragm piercing needle 604. The
      needle 604 may be made from a hard plastic and has a window opening (not
      shown) covered by a rubber sleeve 607. A conical chamber 605 is formed at
      the bottom of the receptacle 601 and this chamber is provided with a
      suitable filter 606 such as wire gauze, open celled foam or the like.
PAR  Referring now to FIG. 12, there is illustrated a single chamber device or
      "wet unit" which employs the diaphragm locking means according to this
      invention. The single chamber device comprises a cylinder 11c closed at
      one end by a slidable plunger 12c and at the other end by an end diaphragm
      13c. The cylinder 11c, the end diaphragm 13c, and the plunger 12c define a
      chamber 18c containing a liquid medicament 20c. The end diaphragm 13c and
      the cylinder 11c having coacting parts that lock the diaphragm 13c against
      axial movement toward the plunger 12c and against axial movement out of
      the cylinder 11c. These coacting parts include an inwardly necked portion
      of the cylinder 11c, which provides an inwardly extending, circumferential
      rib 21c in the sidewall of the cylinder 11c and a circumferential groove
      22c in the exterior sidewall of the cylinder 11c. The rib 21c cooperates
      with a circumferential recess 23c in the diaphragm 13c to securely lock
      the diaphragm 13c in its illustrated position. An injection may be
      performed by inserting the cylinder 11c in a cup-shaped holder and
      applying axial force to the cylinder 11c so that the pointed end 126 of
      the needle 125 pierces the end diaphragm 13c and then applying axial force
      to the plunger 12c to express medicament through the injection needle.
      Although the window opening 128 in the needle 125 is not absolutely
      essential for injecting the medicament 20c, it is desirable to provide
      such an opening so that air may be properly expressed from the unit prior
      to an injection. Therefore, the window opening should be spaced above the
      base of the cup-shaped holder a distance which slightly exceeds the
      thickness of the pierceable portion of the diaphragm 13c.
PAR  Referring now to FIGS. 13 through 17, there is illustrated a technique for
      filling the cylinder 11 with a liquid diluent and a powdered medicament,
      and for assembling the diaphragms and plunger therein. The assembly
      technique includes the initial step of inserting the end diaphragm 13 into
      the non-beaded end (or upper end of the cylinder as viewed in FIG. 13) by
      a suitable cylindrical tool until the end diaphragm attains the position
      illustrated in FIG. 13 slightly above the projection 21. A metered amount
      of the diluent 20 is then introduced into the cylinder and the
      intermediate diaphragm 16 is pushed into the cylinder until it contacts
      the upper surface of the diluent 20. To permit air to escape during the
      insertion of the intermediate diaphragm 16, a wire 150 is positioned
      against the inner sidewall of the cylinder 11 to provide a path for the
      trapped air. After the intermediate diaphragm 16 contacts the liquid 20,
      the wire 150 is removed and a cylindrical tool 151 having a conical end
      portion 152 is brought into engagement with the intermediate diaphragm 16
      to force it, and therefore the liquid 20 and the end diaphragm 13,
      downwardly as indicated in FIG. 14. The assembly of the two diaphragms and
      the liquid 20 is complete when the recess 23 of the intermediate diaphragm
      engages the projection 21 as is indicated in FIG. 15.
PAR  If the diluent 20 has not been added aseptically, it is necessary to
      autoclave the assembly shown in FIG. 15 prior to adding the powdered
      medicament. If any air is trapped in the diluent chamber, a pressure of
      about 15 psi will build up in the diluent chamber during autoclaving at
      250.degree.F. The bead 28 serves to retain the end diaphragm 13 in the
      cylinder 11 as the end diaphragm is moved toward the end of the cylinder
      under the pressure of the expanding gas and liquid.
PAR  After autoclaving, a measured amount of powdered medicament is placed in
      the open end of the cylinder 11 and that end is closed by the plunger 12
      and the rim guard 52 (FIGS. 1 - 3).
PAR  The powdered medicament may be lyophilized or freeze-dried, however, in the
      unit, as is shown in FIGS. 16 and 17. In FIG. 16, a measured amount of
      medicament 155, adapted to be freeze-dried or lyophilized, is metered into
      the upper open end of the cylinder 11 and a rubber plunger 156 is
      partially inserted in the cylinder 11. The rubber plunger 156 comprises a
      cylindrical plug having a first cylindrical portion 157 and a second
      cylindrical portion 158. The first cylindrical portion 157 includes a pair
      of beads 159, which are separated by a land 160 and which have a diameter
      which is slightly greater than the inside diameter of the cylinder 11, to
      thereby effect a substantially liquid-tight seal with the cylinder when
      the beads are positioned as indicated in FIG. 17. The second cylindrical
      portion 158 includes a plurality of axially extending and radially
      projecting ribs 161 which are defined by axially extending slots 162. The
      slots 162 and the ribs 161 define axial passageways to the interior of the
      cylinder 11 when the plunger is partially inserted in the cylinder 11, as
      illustrated in FIG. 16.
PAR  With the component parts assembled as illustrated in FIG. 16, the assembly
      is placed in a lyophilization chamber and is subjected to a conventional
      freeze-drying cycle to remove substantially all of the moisture from the
      chamber 17. As is more fully set forth in the copending application of
      Hurschman, Ser. No. 256,407, filed May 24, 1972 now U.S. Pat. No.
      3,810,469, the assembly is subjected to extremely low temperatures to
      freeze the medicament in the chamber 17. The freezing process is
      controlled in a known manner so that the ice formation has a multiplicity
      of cracks or spaces between ice crystals. After the medicament is frozen,
      the frozen liquid matrix is removed by evacuating the lyophilization
      chamber to thereby subject the frozen medicament to extremely low
      pressures. In some instances, an inert gas at low pressures is admitted to
      the chamber. The frozen liquid matrix is thereby drawn off or sublimed as
      a vapor through the passageways provided by the ribs 161 and the slots 162
      and the plunger 156. When the moisture has been removed from the chamber
      17, and while the vacuum is applied, the plunger 156 is driven to the
      position illustrated in FIG. 17 to seal the chamber 17 containing the
      now-powdered medicament 19 therein.
PAR  During the freeze-drying operation, the liquid diluent 20 in the chamber 18
      freezes and expands to drive the end diaphragm 13 to the position
      indicated in phantom outline in FIG. 16. Since the intermediate diaphragm
      16 is locked in position, no movement of that diaphragm is possible.
      Therefore, upon melting of the diluent 20, the end diaphragm 13 merely
      returns to its predetermined position in the cylinder 11.
PAR  Referring now to FIGS. 18 through 20 of the drawings, a two-chamber vial
      200 for mixing a powder medicament with a diluent and then dispensing the
      mixed ingredients is disclosed. The vial 200 is particularly useful where
      the powder and liquid medicaments are to be mixed in the vial and then
      conveyed to or through an intervening instrumentality for subsequent
      injection into the patient rather than injection by a needle directly
      associated with the vial 200. For example, the diaphragm piercing needle
      may communicate with tubing which in turn communicates with an I.V. tube
      by a standard Y connection so that antibiotics may be periodically added
      to the flowing I.V. solution for injection into the patient's vein. A
      further use for the vial 200 is illustrated in FIGS. 18 through 20 of the
      drawings, which illustrate an assembly for dispensing mixed medicaments
      into the medicament pressure chamber of a needleless hypojet injector.
PAR  The vial 200 includes a glass cylinder 201 having one end thereof provided
      with a standard bottle neck 202 closed by a standard lyophilization
      stopper 203. The other end of the cylinder 201 is closed by an end
      diaphragm 204, which forms a fluid-tight sliding seal within the cylinder
      201. An intermediate diaphragm 205 is positioned between the stopper 203
      and the end diaphragm 204 to divide the interior of the cylinder 201 into
      first and second chambers 206 and 207, respectively. The first chamber 206
      is partially filled with a powdered medicament 208 and the second chamber
      207 is filled with a diluent 209, such as water.
PAR  The intermediate diaphragm 205 and the cylinder 201 having coacting parts
      that lock the intermediate diaphragm against axial movement toward the
      stopper 203 and against axial movement toward the end diaphragm 204. These
      coacting parts include an inwardly necked portion of the cylinder 201,
      which provides an inwardly extending, circumferential rib 210 in the
      sidewall of the cylinder 201 and a circumferential groove 211 in the
      exterior sidewall of the cylinder 201. The rib 210 cooperates with a
      circumferential recess 212 in the intermediate diaphragm 205 to securely
      lock the diaphragm 205 in its illustrated position.
PAR  For premixing the powder and diluent, and for providing a passageway to a
      medicament pressurizing chamber (not shown) of a needleless hypojet
      injector, the cylinder 201 is mounted in a cup-shaped holder 213 which
      projects from a portion 214 of a needleless hypojet injector. The holder
      213 is provided with a cylindrical bore 215 which receives the cylinder
      201 and has its end closed by the portion 214. The end of the cylinder 201
      is provided with radially inwardly and outwardly extending beads 216 and
      217, respectively, and the bead 217 is initially retained between upper
      and lower rows of projections 218 and 219, respectively, which are
      arranged in spaced, circumferential arrays about the inner sidewall of the
      bore 215. The cylinder 201 is inserted into the open end of the bore until
      the bead 217 snaps over the projections 218 and is stopped by the
      projections 219. In this position, the end diaphragm 204 abuts or is
      slightly spaced from a pointed end 220 of a diaphragm piercing hollow
      needle 221, which is received within a conically recessed portion 222 of
      the end diaphragm 204. The needle 221 has a window opening 223 therein and
      is rigidly mounted within a cylindrical, projecting end abutment portion
      224 on the portion 214. The interior of the needle 221 communicates with
      the medicament pressurizing chamber (not shown) of the hypojet injector.
PAR  In order to maintain sterility of the needle 221 prior to the mixing
      operation and to block the opening 223 in the needle 221 during the mixing
      operation, a gum rubber sleeve 225 is provided to surround the sterile
      needle 221 and to butt and be compressed against the end diaphragm 204. To
      further maintain sterility, or as an alternative to the sleeve 225, an
      O-ring 226 may be provided in the circumferential groove 211 and in
      sealing engagement with the bore 215. The O-ring 226 serves to trap a
      sterile gas in the space surrounding the needle 221.
PAR  To mix the diluent 209 with the powdered medicament 208, axial pressure is
      applied to the upper end of the cylinder 201. As this axial force is
      applied, the bead 217 will snap past the projections 219 so that the
      cylinder moves downwardly toward the portion 214. To prevent entrapment of
      the sterile gas, axially extending slots or grooves 227 are cut into the
      inner sidewall of the bore 215 just below the initial position of the
      O-ring 226 and for an axial extent substantially corresponding to the
      travel of the O-ring along the wall. Downward movement of the cylinder 201
      causes the pointed end 220 of the needle 221 to pierce the diaphragm 204
      and to enter the second chamber 207, since the diaphragm 205 is locked
      relative to the cylinder 201 and the diaphragm 204 is hydraulically locked
      relative to the diaphragm 205. As the needle pierces the diaphragm 204,
      the sleeve 225 collapses in an accordion fashion.
PAR  Further axial movement of the cylinder 201 causes the needle 221 to pierce
      the intermediate diaphragm 205 and the component parts of the vial 200
      assume the position illustrated in FIG. 19. In this position, the abutment
      portion 224 engages the end diaphragm 204 and the opening 223 in the
      needle is in fluid communication with the diluent 207 in the chamber 209.
      If the powdered medicament 208 is under atmospheric pressure, the abutment
      portion 224 will force the diaphragm 204 toward the diaphragm 205 to force
      the diluent 207 into the chamber 206 while the volume of the chamber 207
      is reduced to essentially zero. If the powdered medicament 208 is
      lyophilized in the chamber 206, and therefore the chamber 206 is at a
      subatmospheric pressure, the liquid will be drawn through the hollow
      needle 221 into the chamber 206 as soon as the hollow needle 221
      communicates with the chamber 206 and the opening 223 communicates with
      the chamber 207. In this instance, continued axial force should be exerted
      on the cylinder to ensure that the end diaphragm will not be drawn toward
      the pointed end of the needle 221 and block the opening 223. In either
      case, however, it is important that the distance between the top surface
      of the abutment portion 224 and the needle opening 223 be such that at
      least a portion of the needle opening 223 be located in the chamber 207
      when the abutment portion engages the end diaphragm 204 and when the
      needle 221 pierces the intermediate diaphragm 205. Without such
      communication, the diluent 207 would tend to displace the intermediate
      diaphragm upon further movement of the cylinder downwardly. Means (not
      shown) are provided within the hypojet injector to ensure that there is no
      flow below the opening 223 during the diaphragm piercing operation, and it
      may be noted that the sleeve 225 is collapsed between the abutment portion
      224 and the end diaphragm 204 in the conical recess 222.
PAR  Further axial movement of the cylinder 201 towards the portion 214 causes
      or permits the diluent 209 to flow into the chamber 206 and be mixed with
      the powdered medicament 208 as the chamber 207 collapses or is collapsed
      to substantially zero volume, as illustrated in FIG. 20. In this position,
      the bead 217 is locked at the bottom of the bore 215 by a plurality of
      projections 230 which extend radially inwardly from the inner surface of
      the bore 215. The projections 230 are relatively small to permit the vial
      200 to be removed after use, and they serve primarily as a means to ensure
      that the vial is properly driven home in the holder. It may be noted that
      with the component parts of the vial 200 in the positions illustrated in
      FIG. 20, the axial entent of the window opening bridges the pierced
      portion of the intermediate diaphragm 205 to ensure complete evacuation of
      the chamber 207.
PAR  If the powdered medicament is provided in the chamber 206 at substantially
      atmospheric pressure, the chamber 206 will be slightly pressurized when
      the medicaments are mixed, and this pressure will aid the flow of the
      mixed medicaments through the needle 221 and into the medicament
      pressurizing chamber of the hypojet injector. However, even if the
      powdered medicament is lyophilized in the chamber 206 and that chamber is
      at subatmospheric pressure after mixing the powder with the diluent, the
      mixed medicaments will be drawn into the medicament pressurizing chamber
      upon retraction of the force applying piston (not shown) which is slidable
      within the pressurizing chamber.
PAR  The invention is not restricted to the slavish imitation of each and every
      detail set forth above. Obviously, devices may be provided which change,
      eliminate or add certain specific details without departing from the scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two-chamber mixing syringe comprising:
PA1  a. vial means;
PA1  b. a plunger slidable within and closing one end of the vial means;
PA1  c. an end diaphragm closing the other end of the vial means;
PA1  d. a stationary intermediate diaphragm within said vial means separating
      the interior of the vial means into first and second chambers respectively
      defined by said plunger and intermediate diaphragm and by said
      intermediate diaphragm and said end diaphragm; said vial means and
      intermediate diaphragm having coacting parts that comprise means for
      locking the intermediate diaphragm against axial movement towards said
      plunger during a mixing operation and during a dispensing operation; said
      coacting parts comprising radially extending interengaging and interfering
      surfaces on said vial means and said intermediate diaphragm;
PA1  e. a cup-shaped holder having a cylindrical bore closed at one end and
      receiving said other end of said vial means with said other end of said
      vial means spaced from said closed end of said bore; and
PA1  f. hollow needle means having a pointed end within the space between said
      other end of said vial means and said closed end of said bore, whereby an
      ingredient in said first chamber may be mixed with an ingredient in said
      second chamber by applying axial pressure to said vial means so that said
      needle sequentially pierces said end diaphragm and said intermediate
      diaphragm and whereby said ingredients may be dispersed by advancing said
      plunger toward said intermediate diaphragm.
NUM  2.
PAR  2. A two-chamber mixing syringe according to claim 1 wherein said coacting
      parts lock the intermediate diaphragm against movement in both directions.
NUM  3.
PAR  3. A two-chamber mixing syringe according to claim 2 wherein said needle
      means includes another pointed end projecting from said holder in axial
      alignment with the pointed end within said space and in fluid
      communication therewith.
NUM  4.
PAR  4. A two-chamber mixing syringe according to claim 2 wherein said needle
      means has an opening therein spaced from said pointed end.
NUM  5.
PAR  5. A two-chamber mixing syringe according to claim 4 wherein said
      intermediate diaphragm and said end diaphragm have axially aligned
      pierceable portions.
NUM  6.
PAR  6. A two-chamber mixing syringe according to claim 5 wherein the axial
      longitudinal extent of said needle opening exceeds the thickness of the
      pierceable portion of said intermediate diaphragm.
NUM  7.
PAR  7. A two-chamber mixing syringe according to claim 6 wherein the needle
      means within said space projects from end abutment means extending from
      the closed end of said bore.
NUM  8.
PAR  8. A two-chamber mixing syringe according to claim 7 wherein the abutment
      means is adapted to be received within said other end of said vial means.
NUM  9.
PAR  9. A two-chamber mixing syringe according to claim 7 wherein the distance
      between the abutment means and the opening in the needle does not
      substantially exceed the thickness of said end diaphragm.
NUM  10.
PAR  10. A two-chamber mixing syringe according to claim 7 wherein the distance
      between said abutment means and the pointed end of the needle exceeds the
      combined axial extents of the thickness of said end diaphragm, the second
      chamber and the pierceable portion of said intermediate diaphragm.
NUM  11.
PAR  11. A two-chamber mixing syringe according to claim 2 wherein portions of
      the intermediate and end diaphragms defining said second chamber are
      complementary surfaces for mating engagement.
NUM  12.
PAR  12. A two-chamber mixing syringe according to claim 2 wherein portions of
      said plunger and said intermediate diaphragm defining said first chamber
      are complementary surfaces for mating engagement.
NUM  13.
PAR  13. A two-chamber mixing syringe according to claim 4 wherein said opening
      is covered by a flexible sleeve which surrounds said needle.
NUM  14.
PAR  14. A two-chamber mixing syringe according to claim 2 wherein said coacting
      parts include an inwardly extending circumferential rib in the vial means
      which cooperate with a circumferential recess in said intermediate
      diaphragm.
NUM  15.
PAR  15. A two-chamber mixing syringe according to claim 14 wherein a
      circumferential groove in the exterior sidewall of the vial means provides
      said inwardly extending circumferential rib and wherein a wire clip having
      prongs directed toward said one end encircles said groove.
NUM  16.
PAR  16. A two-chamber mixing syringe according to claim 2 wherein energy
      storing means is provided between said end diaphragm and the closed end of
      said bore and is adapted to apply increasing amounts of pressure to said
      end diaphragm as said axial pressure is applied, whereby said energy
      storing means drives said end diaphragm toward said intermediate diaphragm
      when said needle pierces said intermediate diaphragm.
NUM  17.
PAR  17. A two-chamber mixing syringe according to claim 16 wherein said energy
      storing means comprises a spring.
NUM  18.
PAR  18. A two-chamber mixing syringe according to claim 16 wherein said needle
      has a beveled edge, the axial entent of which exceeds the axial extent of
      a pierceable portion of said intermediate diaphragm.
NUM  19.
PAR  19. A two-chamber mixing syringe according to claim 3 wherein filter means
      is provided between the pointed ends of said needle means.
NUM  20.
PAR  20. A two-chamber mixing syringe according to claim 1 wherein there is
      provided means between said vial and said cup-shaped holder to prevent
      withdrawal of said vial from said holder prior to and during axial
      movement of said vial and cup-shaped holder relative to each other.
NUM  21.
PAR  21. A two-chamber mixing syringe according to claim 20 wherein said means
      for preventing said axial movement is located in a circumferential groove
      in the exterior sidewall of the vial means.
NUM  22.
PAR  22. A two-chamber mixing syringe according to claim 9 wherein the needle
      has a beveled edge which constitutes said window opening.
NUM  23.
PAR  23. A two-chamber mixing syringe comprising:
PA1  a. a glass cylinder;
PA1  b. a plunger slidable within and closing one end of the cylinder;
PA1  c. an end diaphragm closing the other end of the cylinder;
PA1  d. a stationary intermediate diaphragm within said cylinder separating the
      interior of the cylinder into first and second chambers respectively
      defined by said plunger and intermediate diaphragm and by said
      intermediate diaphragm and end diaphragm; said cylinder and intermediate
      diaphragm having coacting parts that comprise means for locking the
      intermediate diaphragm against axial movement toward said plunger during a
      mixing and during a dispensing operation; said coacting parts comprising
      radially extending interengaging and interfering surfaces on said vial
      means and said intermediate diaphragm;
PA1  e. a cup-shaped holder having a cylindrical bore closed at one end and
      receiving said other end of said cylinder with said other end of said
      cylinder spaced from said closed end of said bore; and
PA1  f. a hollow pointed needle within the space between said other end of said
      cylinder and said closed end of said bore, whereby an ingredient in said
      first chamber may be mixed with an ingredient in said second chamber by
      applying axial pressure to said vial means so that said needle
      sequentially pierces said end diaphragm and said intermediate diaphragm
      and whereby said ingredients may be dispersed by advancing said plunger
      toward said intermediate diaphragm.
NUM  24.
PAR  24. A two-chamber mixing syringe according to claim 23 wherein said
      coacting parts lock said intermediate diaphragm against axial movement
      toward said plunger and intermediate diaphragm.
NUM  25.
PAR  25. A two-chamber mixing syringe according to claim 24 wherein said
      coacting parts comprise an inwardly extending circumferential rib in the
      cylinder which cooperates with a circumferential recess in said
      intermediate diaphragm.
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ABST
PAL  Therapeutic device for locally topical treatment of the body comprising a
      skin-applicable open-mouthed combustion chamber, a grating support for
      herbs or other combustible material and means such as a pressurized air
      supply and/or a restricted combustion gas outlet to pressurize gases held
      at the skin by the combustion chamber mouth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention has to do with therapeutic devices and is more particularly
      concerned with improvements in moxibustion apparatus and like devices for
      the localized application of therapeutic herbal smoke and gases of
      combustion to the body of a user, for treatment of bodily ills.
PAR  The therapeutic effectiveness of herbs has long been recognized and even
      today herbal remedies sometimes rival the complex synthetic formulations
      of modern chemistry is their illness-reducing potency. More recently the
      localized application of treatment, long practiced as the oriental art of
      acupuncture for treatment of ills within the body has become popularized
      and given new recognition for effectiveness.
PAR  Moxibustion is a healing art generally involving the localized presentment
      to the skin of healing combustion products of moxa i.e. generally of the
      herb Mugwort (Artemisia vulgaris). Moxa, more broadly comprises a soft
      wooly mass prepared from the young leaves of various wormwoods of the
      Orient or the like, ignited at the skin as a counterirritant or curative
      treatment.
PAC  PRIOR ART
PAR  For purposes of topical application of moxibustion products there has been
      employed a chambered apparatus having a grating spaced from the skin upon
      which the herbal leaves are burned, the combustion products passing across
      the skin and freely out of the apparatus through a series of openings
      formed by a series of arches at the locus of engagement of the apparatus.
      The area under the arches generally greatly exceeds the grating area. A
      drawback to this form of treatment application is the inordinate length of
      time required for a treatment and the need for repeated, lengthy treatment
      sessions.
PAC  SUMMARY
PAR  It is an object therefore of the present invention to provide improvements
      in moxibustion apparatus and particularly to reduce the number of
      treatments and the period duration of treatments. It is another object to
      provide a more efficacious use of generated combustion gases, to generate
      these gases faster, to apply them more efficiently and withal to limit
      user discomfort. Other objects will appear hereinafter.
PAR  Thus and according to the invention, there is provided an apparatus for
      treatment of a user by periodic localized topical application of
      therapeutic combustion gases, comprising an open-mouthed combustion
      chamber adapted to define with the user's skin a topical treatment zone,
      and means generating therapeutic combustion gases within the chamber, the
      improvement comprising means pressurizing the gases within the topical
      treatment zone during treatment periods.
PAR  The invention further contemplates provision of means to add therapeutic
      volatiles to the combustion gases, and use of pressurized air supply to
      the combustion chamber and/or a restricted gas outlet from the topical
      treatment zone as the gas pressurizing means.
PAR  In a more specific embodiment, apparatus for treatment of a user by
      periodic localized topical applications of therapeutic combustion gases is
      provided, comprising a first chamber communicating with a
      blower-pressurized air supply, a second chamber within the first chamber
      and defining therewith an annular pressurized air supply plenum, the
      second chamber comprising a combustion chamber having a grating adapted to
      support for combustion therapeutic gas providing combustible material
      comprising herbs or the like, a third chamber beyond said combustion
      chamber grating and adpated to contain combustion gases generated within
      the combustion chamber, the third chamber having an opening for
      application of the combustion gases to the user's skin; port means
      communicating the plenum with the interior of the combustion chamber for
      passage of pressurized air into the combustion chamber for combustion of
      the combustible material; the pressurized air acting to differentially
      pressurize the combustion chamber to urge gaseous combustion products
      through the grating to the third chamber opening; and reduced gas outlet
      means in the third chamber to back pressurize the third chamber during
      treatment periods.
PAR  The apparatus may further comprise a blower and means to vary the blower
      output to correspondingly increase or decrease the pressurized air supply,
      and the airflow through the combustion chamber parts thereby, to control
      rate of combustible material combustion. Additionally there may be
      provided means to variably restrict the gas outlet means of the third
      chamber to correspondingly vary the back pressurizations of the third
      chamber.
PAR  In highly preferred embodiments, the first chamber is generally cylindrical
      and provided with an interfitting top, and therebelow an annular shoulder
      defining a reduced diameter bottom opening. The second chamber is
      typically likewise cylindrical and of lesser diameter than the first
      chamber, and is supported within the first chamber on the annular
      shoulder, the second chamber grating being alined with the first chamber
      bottom opening. Further there may be provided a bottom opening enclosure
      structure adapted to rest upon the user's skin, the structure being
      apertured for skin exposure to gases passing the second chamber grating to
      and through the first chamber opening and defining the gas outlet means
      beyond said aperturing. Further, the apparatus may include wall structure
      between the first and second chambers upwardly defining the annular plenum
      and a series of circularly distributed parts in the second chamber wall
      communicating the second chamber interior with the plenum. As in other
      embodiments, the apparatus may include a supply of therapeutic volatiles
      supported opposite the grating and open to the second chamber beyond the
      parts therein, and responsive to chamber combustion heat to deliver the
      heat generated volatiles into the second chamber, entrained into
      air-streams passing into the second chamber through the ports to the
      combustible material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described as to an illustrative embodiment
      thereof in conjunction with the attached drawing in which:
PAR  FIG. 1 is a pictorial view of moxibustion apparatus according to the
      invention in place for treatment on a user's arm;
PAR  FIG. 2 is a view in vertical section of the apparatus; and
PAR  FIG. 3 is a view in horizontal section, taken on line 3--3 in FIG. 2.
DETD
PAR  With reference now to the drawing in detail, in FIG. 1 the apparatus is
      shown at 10 and includes an outer or first chamber 12 having a threaded
      top closure 14 and a reduced diameter enclosure base structure 16 which
      may be a continuation of the chamber 12. A pressurized air supply in the
      form of air pump 18 is provided communicating with the apparatus chamber
      12 through tubing 20 and inlet fitting 22. An adjustable base clamp 24 is
      provided along this tubing 20 for purposes to appear. A second section of
      tubing 26 is provided, gas outlet communicating enclosure structure 16
      through fitting 28 and with the outside atmosphere. A base clamp 30 is
      provide on tubing 26 for purposes to appear.
PAR  With particular reference now to FIGS. 2 and 3, there is provided within
      the outer or first chamber 12 an inner combustion chamber 32. The
      combustion chamber 32 defines with the inner surface 12a of the chamber 12
      an annular plenum 36, enclosed above by wall 38 being a flared
      continuation of the vertical wall 40 of chamber 32, and enclosed below by
      annular shoulder 34 formed as a continuation of the vertical wall 42 of
      outer chamber 12 to support combustion chamber 32; the shoulder 34 being
      turned downwardly to form rim 44.
PAR  A series of circularly distributed ports 46 is provided at the upper end of
      chamber 32 above air supply inlet fitting 22, to communicate the interior
      48 of the combustion chamber 12 with the plenum 36 and thus serve as a
      locus of ingress of pressurized air from the pump 18 to the chamber
      interior. Within the chamber interior 48 is provided at the lower reaches
      thereof a grating 50 formed centrally of the combustion chamber base 52 on
      which there is supported a quantity of moxa 51, being herbal leaves as
      mentioned above. The grating 50 opens downwardly into rim 44. The base
      enclosure 16 encloses the rim 44 and has further a radially inwardly
      directed lip 54 which is centrally apertured at 56 to define the topical
      treatment zone 58 on the user's skin 60. The coaxial, equi-sized relation
      of zone 58 to rim 44 serves to downwardly direct and concentrate gases
      emanating through the grating 50 to the skin 60. Gases within the
      enclosure 16 exit through the outlet fitting 28 and tubing 26 subject to
      the adjustment of hose clamp 30.
PAR  Above the combustion chamber interior 48 there is provided a reservoir
      chamber 62, supported on flared wall portion 38 of the chamber 32 and
      containing volatile oils and herbal essences suited to user treatment.
      These materials are volatilized by the heat of combustion in chamber 12
      and the volatile gases enclosed upwardly by cover 63 pass downwardly
      through holes 64 into the chamber interior 48. The air streams entering
      the chamber interior 48 through ports 46 entrain and carry downwardly the
      volatiles from reservoir chamber 62 pass necessarily through grating 50
      and are directed by rim 44 to skin surface 60 at zone 58 defined by the
      opening 56. The contact of the combustion gases in zone 58 effects the
      therapy. The pressure within the zone 58 builds as additional gases are
      forced through grating 50 by fresh, incoming air from pump 18. The exit of
      gas is restricted by virtue of the small outlet fitting 28 and may be
      further controllably restricted by hose clamp 30 to establish a desired
      pressurized condition in zone 58; and as required for user comfort.
PAR  In operation, the pump 18 is started and a quantity of air, determined by
      the pump, and throttled by the hose clamp 24, is delivered under
      superatmospheric pressure into plenum 36. Thence the air passes uniformly,
      from all radial points through ports 46 into combustion chamber interior
      48. Volatiles from reservoir chamber 62 are entrained thereby and carried
      into the moxa 51 resting upon grating 50. The moxa 51 is lit and the heat
      of combustion further volatilizes the contents of reservoir chamber 62;
      the gases of combustion being the therapeutic agent in the apparatus.
PAR  The use of the described apparatus provides treatment from 2 to 10 times
      faster than heretofore known moxibustion apparatus both in duration of
      treatment periods and in number of such periods. Particularly the
      apparatus hereof is faster than those having atmospheric pressure merely,
      at the treatment zone due to unrestricted communication between the
      treatment zone and the surrounding atmosphere; and the absence of: A
      pressurized air supply for enhancement of combustion rate; Entrainment of
      superadded volatiles, and Treatment zone pressurization as well.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for treatment of a user by periodic localized topical
      application of therapeutic combustion gases, said apparatus comprising a
      first chamber communicating with a blower pressurized air supply, a second
      chamber within said first chamber and defining an annular pressurized air
      supply plenum therewith, said second chamber comprising a combustion
      chamber having a grating adapted to support for combustion therapeutic
      gas-producing combustible material comprising herbs or the like, a third
      chamber beyond said combustion chamber grating and adapted to contain
      combustion gases generated within the combustion chamber, said third
      chamber having an opening for application of said gases to the user's
      skin, port means communicating said plenum with the interior of said
      combustion chamber for passage of pressurized air into the combustion
      chamber and for combustion of said combustible material, said pressurized
      air acting to differentially pressurize the combustion chamber to urge
      gaseous combustion products through said grating to said third chamber
      opening, and reduced gas outlet means in said third chamber to
      back-pressurize said third chamber during treatment periods.
NUM  2.
PAR  2. Apparatus according to claim 1 including also a blower and means to vary
      the blower output to correspondingly increase or decrease the pressurized
      air supply and the airflow through said combustion chamber ports thereby,
      to control rate of combustible material combustion.
NUM  3.
PAR  3. Apparatus according to claim 2 including also means to variably restrict
      the gas outlet means of said third chamber to correspondingly vary the
      backpressurization of said third chamber.
NUM  4.
PAR  4. Apparatus according to claim 2 in which: said first chamber is generally
      cylindrical and provided with an interfitting top and therebelow an
      annular shoulder defining a reduced diameter bottom opening; said second
      chamber is generally cylindrical, of lesser diameter than said first
      chamber and is supported within said first chamber on said annular
      shoulder, said second chamber grating being alined with said first chamber
      bottom opening, and including also, bottom opening enclosure structure
      adapted to rest upon the user's skin, said structure being apertured for
      skin exposure to gases passing the second chamber grating to and through
      the first chamber opening and defining said gas outlet beyond said
      aperturing.
NUM  5.
PAR  5. Apparatus according to claim 4 including also wall structure between
      said first and second chamber upwardly defining said annular plenum, and a
      series of circularly distributed ports in said second chamber wall
      communicating the second chamber interior with said plenum.
NUM  6.
PAR  6. Apparatus according to claim 5 including also a supply of therapeutic
      volatiles open to said second chamber and responsive to chamber combustion
      heat to deliver said volatiles into said second chamber.
NUM  7.
PAR  7. Apparatus according to claim 6 in which said volatiles supply is
      supported opposite said grating and beyond said ports for entrainment of
      heat-generated volatiles into air-streams passing into the second chamber
      through said ports to said combustible material.
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ABST
PAL  The subject invention is directed to an apparatus which selectively
       contr the rate with which a drug contained therein is released to
      surrounding tissue. Moreover, the subject invention is directed to process
      for controlling said release which comprises sealing the end of a suitable
      vessel with a non-porous material, inserting into said vessel a suitable
      medicament, and sealing the opposite end thereof with a porous neutral
      hydrogel through which naturally occuring materials can diffuse and
      further through which said medicament may diffuse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As noted our invention relates generally to a method and a means for
      introducing a medicament into a living organism and in particular to the
      use of a neutral hydrogel to selectively control the rate at which such
      medicaments are released within a specified region and/or organ of the
      body.
PAR  In the past, drugs or pharmaceutical preparations have been mixed with
      carrier agents, such as beeswax, peanut oil, stearates, etc., and injected
      intramuscularly into the body. The carrier is then slowly broken down
      within the body allowing a slow release of the drug. Such carriers do not
      give satisfactory results because they often produce undesirable effects,
      such as foreign body reaction and scar formation; in addition, granulomas
      (benign fibrous tumors) and sterile abscesses are formed at the site of
      the injection. In most cases the rate of release of the therapeutic agent
      is so rapid that frequent injections become necessary with only small
      amounts of active agent in each injection. Furthermore, the bulk of the
      carrier substance limits the amount of active agent that may be used in
      each injection. A further practical drawback to this form of introducing
      medication follows from the fact that injections are active for only a few
      days or a week.
PAR  Heretofore, containers of many types have been designed for use within the
      body cavities whereby medicinal preparations are allowed to escape
      therefrom. Experience has demonstrated however that such previous attempts
      have not been fully satisfactory for a variety of reasons including the
      failure of such containers to adequately control the release of the
      medicament contained therein. Moreover, elaborate arrangements for
      depositing medication within the body involving the use of dense tablet
      forms which have a smooth compacted surface, a portion of which is covered
      with a protective undissolvable coating have also proved in certain cases
      to be ineffective. That is, the resorption of the medication from the
      exposed surface thereof cannot be controlled or predicted during the
      dissolution of such a tablet.
PAR  The problem of controlling the release of a medicament over a prolonged
      period of time when in contact with a living system has also been
      approached from a chemical point of view. That is to say, that soluble
      linear polymers have been utilized as drug carriers wherein the drugs are
      bound to said polymers by ionic and/or coordination bonds. It is further
      noted that polymeric salts of basic medicaments have also been employed to
      prolong the release thereof.
PAR  A still further approach to the subject problem has been the implantation
      of polymeric carriers such as three dimensional hydrophilic polymers which
      are fully insoluble in body liquids. It has been found that biologically
      active substances can be absorbed into such polymeric hydrophilic carriers
      and/or freely deposited any place therein, e.g., in its center, either as
      solids, dispersions, or as solutions. When exposed to living tissue the
      active substance diffuses gradually into the surrounding body tissue. The
      amount of active substance penetrating into the organism in a given time
      unit can be determined in advance according to the known, measured
      diffusion rate, the thickness of the polymer layer, the size of the
      contact surface and the concentration difference. In this connection it is
      noted that the release of the drug cannot be controlled through a single
      outlet therefor, but rather diffuses through the entire surface of the
      surrounding polymeric material.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of the subject invention to provide a device
      suitable for implanting into living tissue which device controls the
      prolonged release of a medicament into said living tissue.
PAR  Another object of the instant invention is to provide a process by which
      the rate of diffusion of a biologically active substance can be controlled
      when said substance is implanted into living tissue.
PAR  A further object of the instant invention is to provide an inert structure
      into which one may insert a biologically active substance and through
      which said substance can diffuse in a controlled manner.
PAR  A still further object of the instant invention is to provide a process for
      controlling the release of a biologically active substance from within an
      implantable carrier whereby said biologically active substance diffuses
      only after reaction with materials present in the surrounding body tissue.
PAR  As noted, one aspect of the subject invention resides in an apparatus which
      is implantable within living tissue. Such an apparatus hereinafter
      referred to as a difussion cell is constructed in such a way that the
      diffusion rate of a biologically active material contained therein is
      directly proportional to the area for diffusion and inversely proportional
      to the length thereof. The subject structure comprises a capillary having
      a relatively small bore and corresponding relatively small outside
      diameter. One end of said diffusion cell is sealed by anyone of several
      well known techniques. The opposite end is then filled with a biologically
      active substance and capped with a layer of neutral hydrophilic polymeric
      material.
PAR  The process of the subject invention is directed to the method whereby said
      biologically active material diffuses from within the diffusion cell into
      the surrounding body tissue. One may use in connection with the subject
      invention many relatively non-diffusible biologically active substances
      which are made diffusible by contact with surrounding body chemicals. That
      is to say that the biologically active substance employed in connection
      with said diffusion cell is employed in its non-active form and is later
      made active and/or diffusible by contact with chemicals contained in the
      tissue surrounding the implanted diffusion cell.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of the diffusion cell of the subject
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As previously noted, the subject invention is directed to an implantable
      apparatus and process for using same. Said apparatus is illustrated in
      FIG. 1 of the drawings, wherein 1 comprises the implantable capillary of
      the subject invention having a relatively small inside and comparable
      outside diameter. More specifically, said implantable diffusion cell has
      one end 2 thereof sealed with an impervious material and/or the material
      of which the capillary itself is made. Embedded therein 3, is a
      biologically active material, i.e., a drug and/or medicament. Element 4
      represents the neutral hydrophilic polymeric material through which the
      biologically active medicament must diffuse and 5 is an optional layer of
      polymeric material such as cellulose employed to limit access into the
      cell of certain body constituents.
PAR  According to the subject invention, one may employ a capillary tube 1,
      fabricated from any inert, impermeable, material such as, for example,
      glass, inert plastic, and the like. The structure of said capillary
      diffusion cell should have an inside diameter ranging from about 0.10 mm
      to about 2.5 mm and a corresponding outside diameter of from about 0.75 mm
      to about 3 mm although larger tubes may be useful for certain
      applications. The method of sealing the closed end of the diffusion cell
      may include plugging same with a totally inert impermeable material and/or
      sealing the end of the capillary with the same material from which the
      capillary has been prepared. Exemplary of such impermeable totally inert
      materials would be wax, various polymers, and the like. In connection with
      the neutral hydrophilic polymeric portion or layer, it is noted that the
      rate of diffusion of the medicament and/or biologically active substance
      contained within the diffusion cell is determined by the amount of the
      portion or length of said layer. Therefore, the length of said layer can
      be determined by previously calculating the rate at which said
      biologically active substance diffuses through the neutral hydrophilic
      polymer and further the rate by which the necessary body chemicals diffuse
      through said layer. In general, we have employed polymeric lengths of from
      about 2 mm to about 14 mm but other lengths of diffusion path, e.g., from
      about 0.5 to about 30 mm may be used.
PAR  As the biologically active material, one may employ any known drug which,
      because of its chemical nature does not normally diffuse through a neutral
      hydrophilic polymer, and further which is made diffusible by contact with
      materials contained in living body tissue which are diffusible through
      such neutral hydrophilic polymeric materials. This is to say, the process
      of the subject invention is operative when a non-diffusible biologically
      active substance is first contacted by normally present body chemicals and
      made diffusible as a result of such contact. Subsequent thereto, the
      diffusible biologically active substance passes through the neutral
      hydrophilic polymeric layer into the surrounding tissue.
PAR  However, in its broadest sense the device of this invention could employ
      biologically active materials of various diffusibilities and solubilities
      including but not limited to hormones, vitamins, antibiotics,
      anticoagulants, cancericidal agents, spermicidal agents, vasoactive
      agents, and other biologically active medicinals and medications effective
      in the treatment of undesirable conditions existing in or on an animal
      body or the fluid contained therein. In this connection, the invention may
      be utilized with such preparations as antibacterials, i.e., sulfathiozole;
      antibiotics, i.e. penicillin; antifungal agents, i.e., Nystatin;
      antimalarials, i.e., atabrine; and the antiprotozoans, i.e.,
      hydroxystilbamide isothionate. Antineoplastic agents such as methotrexate;
      cardiovascular agents, which include digitalis, quinidine and
      nitroglycerine; contraceptives, for instance spermicidal agents such a
      hexylresorcinol, may also be utilized in accordance with the present
      invention. Hormones and the synthetic substitutes and antagonists as
      represented by the thyroid hormones and by insulin may be used.
      Immunological agents including for example, tetanus toxoid, renal acting
      agents, for example, acetazolamide, skeletal muscle relaxants and their
      antagonists, for example, mephenesin, central nervous system stimulants,
      for example, ephedrine; and central nervous system depressants, which
      include the barbiturates in all their various chemical modifications are
      also included in the invention. Anesthetics which may be used in the novel
      drug carrier, include procaine, an antihistamine, i.e., benadryl; a
      detoxicant, dimercaprol; an enzyme, i.e., hyaluronidase. A radioactive
      isotope which may be included in the novel carrier is iodine 131-tagged
      albumen.
PAR  Examples of additional drugs which may be included in the present drug
      carriers in accordance with this invention include adrenal corticotrophic
      hormone; adrenal cortical hormones, such as aldosterone, desoxy
      corticosterone, hydrocortisone and cortisone; parathormone, pituitrin,
      estrodiol, progesterone and testosterone.
PAR  The actual size and geometry of the cell may be varied depending upon the
      diffusiblity and solubility of the biologically active substance as well
      as the total dose necessary for a given application. For example with
      highly soluble materials or for a large dose it may be desirable to
      include a bulbous reservoir at the drug end of the capillary.
PAR  Materials suitable for use as the neutral hydrophilic polymeric layer are
      biologically and medicament compatible, non-allergenic, insoluble in and
      non-irritating to body fluids and or tissues with which the subject device
      comes in contact. Exemplary materials include but are not limited to
      agarose, polyacrylamide; and the like.
PAR  According to one of the preferred embodiments of the subject invention, the
      biologically active substance employed in connection herewith is
      methotrexate in its acid form which as previously indicated is only
      slightly soluble and therefore relatively non-diffusible through a neutral
      polymeric hydrogel. The release thereof through said hydrogel, is
      dominated by the influence of basic ions contained in normal body tissue
      which subsequent to diffusion through said hydrogel, into the diffusion
      cell react with the drug thus enabling said drug to diffuse into the
      surrounding body tissue. Interstitial fluid which will surround the
      implanted diffusion cell contains numerous diffusible ions. It is noted
      that a large number of basic ions exist in the interstitial fluid but
      numerous other chemicals contained therein may also be employed in the
      unique process of the subject invention whereby the diffusion of same
      through the neutal hydrophilic layer to make the biologically active
      substance contained therein diffusible is controlled by controlling the
      length of the neutral hydrophilic polymeric substance and further the
      chemical state of the biologically active substance. In this connection,
      it is also noted that bicarbonate ions are a major constituent of said
      interstitial fluid with the normal value of same in human plasma being
      approximately 27 millequiv/l. Once the cell is implanted, either
      surgically and/or by means of a large gauge hypodermic, the plasma
      concentration of the active medicament can be determined. As a result, it
      was determined that the subject cell provided for a prolonged release of
      the biologically active substance over an extended period of time.
PAR  The subject invention will now be further illustrated by the following more
      detailed examples thereof. Said examples are not deemed as being limited
      thereof, but rather, serve only to further amplify the subject invention.
PAC  EXAMPLE I
PAR  Sections of a glass capillary tube were lightly flame polished and filled
      by capillary action with a solution of 1 percent agarose prepared with 0.9
      percent sodium chloride. A thick slurry of methotrexate was then forced
      into one end thereof and that end was then sealed by pressing same through
      a shallow layer of wet soft utility type wax. The diffusion cell was then
      treated with a room temperature vulcanizing silicone rubber to eliminate
      any problem with motion of the wax plug.
PAC  EXAMPLE II
PAR  The diffusion cells, prepared in Example I, were placed in a solution of
      0.25 percent sodium bicarbonate and 0.9 percent sodium chloride, to
      simulate in vivo conditions and approach a steady state release rate. It
      was determined that for a gel length of one centimeter at a room
      temperature of 20-23 C, the process took approximately 3 weeks. The long
      transition results from the requirement that sufficient biocarbonate must
      diffuse through the hydrogel into the drug to infiltrate part of it and
      establish a gradient of methotrexate ion.
PAC  EXAMPLE III
PAR  Diffusion cells prepared according to or substantially according to Example
      I, having a predicted release rate of from 0.2 to 9 .mu.g/hr in vivo as
      determined by in vitro testing were implanted in ether anesthetized mice
      (24g) for a variety of toxicologic and biochemical studies. The smaller
      cells were inserted by means of a 13 gauge trocar filled with normal
      saline and the larger cells were pushed through a small stab wound at the
      same site. Plasma concentration after implantation was determined using
      0.8 .mu.g/hr cells. The plasma concentration was found to reach 90 percent
      of plateau within 6 hours.
PAC  EXAMPLE IV
PAR  Several of the diffusion cells were removed from the mice by locating the
      same manually and pushing said cells through a tiny incision in the skin.
      The removed cells were then checked in vitro and found to sustain a rate
      of release in the absence of visible drug depletion following up to 13
      days implantation.
PAR  While the subject invention has been specifically illustrated in connection
      with methotrexate, it is noted that same is not limited thereto. That is
      to say, that the subject diffusion cell may be appropriately prepared
      having various neutral hydrophilic polymeric gel layers of any suitable
      length so as to control the desired release of any biologically active
      material. Moreover, any drug which is relatively insoluble may be
      incorporated therein and made soluble and or diffusible by contact with
      diffusing body chemicals.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A diffusion cell comprising a hollow small diameter capillary tube
      containing therein a biologically active substance adjacent one end, said
      one end thereof being sealed with an inert impervious material and the
      rest of the tube and the other end thereof closed with a neutral
      hydrophilic polymeric material.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said neutral hydrophilic polymeric
      material is agarose.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said neutral hydrophilic polymeric
      material has a length of from about 2 to 14 mm.
NUM  4.
PAR  4. A process for controlling the release of a biologically active substance
      in contact with living tissue which comprises implanting a diffusion cell
      comprising a small capillary tube containing a non-diffusible biologically
      active substance therein adjacent one end, which capillary tube has said
      one end thereof sealed with an impervious insoluble material and the rest
      of the tube and the other end thereof filled with a neutral hydrophilic
      polymeric gel.
NUM  5.
PAR  5. The process of claim 4, wherein said neutral hydrophilic polymeric gel
      is agarose.
NUM  6.
PAR  6. The process of claim 4, wherein said biologically active substance is
      methotrexate.
NUM  7.
PAR  7. The process of claim 4, wherein said neutral hydrophilic polymeric
      material contained in said diffusion cell has a length of from about 2 to
      about 14 mm.
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ABST
PAL  A surgical suction system which may be driven in a plurality of different
      ways. The basic component of the system is an enlarged container having an
      inlet and an outlet and being formed of a resilient material of the type
      which restores itself to its original shape following distortion from the
      original shape. The inlet is connected to apparatus for insertion to an
      area of a patient to be drained and includes a check valve for allowing
      fluid to pass into the container through the inlet while precluding
      substantial backflow. The outlet may be connected to a check valve and/or
      a regulated vacuum source. The walls of the container include pleated
      formations so that the same may be compressed to reduce the volume to
      establish a vacuum therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to surgical suction systems, and more particularly,
      to a surgical suction system which may be driven in a variety of ways.
PAR  In the practice of surgery, there are several situations which require the
      creation of an evacuation mechanism within existing body spaces or spaces
      which potentially may be formed within the body. Evacuation is
      accomplished by means of insertion of a tube within the space, which tube
      is connected to a conduit system which in turn may be connected to any one
      of a variety of systems which create a mild vacuum or suction and include
      means for collecting the evacuated material in a reservoir.
PAR  The thoracic cavity is one body area which requires such an evacuation
      system following surgery of the chest. Another application for surgical
      suction systems exists in potential spaces under widely dissected skin
      flaps such as are developed following a radical mastectomy. Other
      situations requiring evacuation also exist. For example, various body
      secretions such as blood and plasma collect in spaces following surgery
      and occasionally, air may leak from a lung into the thoracic cavity
      following injury or surgery. Healing is promoted by the evacuation of
      blood or the air, as the case may be.
PAR  Present systems are driven by means of external vacuum pumps or remote
      suction sources as are typically available in most hospitals. Typically,
      the systems include various valving mechanisms such as a so-called "water
      seal" chamber or bottle. Typically, air will bubble through such a bottle
      or chamber, or to a trap to establish a desired vacuum level within the
      system. The continued bubbling is resonated by any container or chamber
      and is rather loud thereby being a source of bother and disturbance to a
      patient. Additionally, the prior art systems generally are keyed to but a
      single mode of operation. As a result, their lack of adaptability to
      varying situations frequently requires the presence of an attendant to
      perform specialized operations as, for example, hand milking the tube,
      thereby increasing the cost of use of such systems.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a new and improved
      surgical suction system. More specifically, it is an object of the
      invention to provide such a system wherein the same may be driven by any
      of a variety of means to promote flexibility and eliminate absolute
      dependency on vacuum systems.
PAR  The exemplary embodiment of the invention achieves the foregoing object in
      a structure including an enlarged container having an inlet and an outlet.
      The container is formed of a resilient material of the type tending to
      restore itself to its original shape after distortion thereof such as any
      of a variety of plastics. Associated with the inlet is a check valve which
      is operative to substantially prevent backflow of fluid through the inlet.
      A check valve is also associated with the outlet so as to preclude
      backflow of fluid into the container through the outlet.
PAR  The container is provided with means formed in the walls thereof for
      facilitating compression of the same. Thus, by compressing the container
      to reduce the volume therein, fluid will be expelled through the outlet
      thereby establishing a partial vacuum within the container for drawing
      fluid from a patient into the container to be accumulated therein.
PAR  According to the preferred embodiment, the check valve associated with the
      inlet is actually within the container and includes a chamber having a
      compressible wall and terminating in a valve-like flap formation. When the
      container is compressed, the chamber of the valve will be slightly
      compressed so that the relatively small volume of fluid therein will be
      forced rearwardly through the inlet line to assist in agglomerating
      liquids or the like in a conduit connected to the inlet and to the
      patient.
PAR  The container also includes integral baffles therein of various
      configurations to assist in measuring fluid flowing into the container
      from a patient.
PAR  The check valve associated with the outlet may take on differing forms as
      desired. According to one embodiment of the invention, a U-shaped
      formation is employed with one leg thereof being connected to the outlet
      and the other leg being connected to atmosphere or to a source of
      regulated vacuum. Baffles are provided in each of the legs so that liquid
      in the base of the U cannot be forced out of the valve for sudden changes
      of pressure in the system.
PAR  Another embodiment of the invention employs rotameter-like floats in U
      tubes which also serve as check valve outlets.
PAR  The position of the floats within a leg of the system is taken as a
      measurement of the flow of fluid therethrough. Preferably, when this
      embodiment of a check valve associated with the outlet is employed, the
      container itself includes an integral manometer so that when the U tube is
      associated with a vacuum source, the vacuum may be regulated through
      adjustable constrictions in the vacuum line or the like and the precise
      degree of vacuum determined by reference to the manometer.
DRWD
PAR  Other objects and advantages will become apparent from the following
      specification taken in conjunction with the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a container defining a reservoir made
      according to the invention;
PAR  FIG. 2 is a somewhat schematic elevational view of a check valve and vacuum
      regulating device;
PAR  FIG. 3 is a somewhat schematic elevation of a modified embodiment of the
      container; and
PAR  FIG. 4 is a somewhat schematic, elevational view of a modified embodiment
      of a valve and flow measuring device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One embodiment of a container or reservoir made according to the invention
      is illustrated in FIG. 1 and is generally designated 10. The container 10
      is formed of a material that is resilient to the extent that once
      distorted from its original shape, it will return thereto. For purposes to
      be seen, it is also desirable that the container 10 be formed of a
      transparent material and to satisfy both of the foregoing requirements, it
      is preferred that the container 10 be formed of plastic.
PAR  The container 10 includes opposed end walls 12 and 14, a bottom wall 16, a
      top wall 18, and opposed side walls 20 and 22. The top wall includes an
      inlet tube 24 and an outlet tube 26, both of which are in fluid
      communication with the interior of the container 10. The upper ends of the
      side walls 12 and 14 are provided with accordion pleat-like formations 28
      so that at least the upper portion of the container 10 can be collapsed by
      manual squeezing or mechanical compression.
PAR  When the upper portion of the container 10 is collapsed, as by squeezing in
      the manner aforesaid, the interior volume thereof is reduced. However, due
      to the aforementioned resilient characteristic of the material of which
      the container 10 is formed, it will tend to restore itself to the shape
      iluustrated in FIG. 1.
PAR  Within the container 10 and in fluid communication with the inlet 12 is a
      balloon valve, generally designated 30, which acts as a check valve
      allowing fluid to enter the container 10 but precluding fluid in the
      container 10 from passing rearwardly through the inlet 24. The balloon
      valve 30 includes a bulbous chamber 31 which is in fluid communication
      with the inlet 24 by means of a tube 32. The bulbous chamber 31 is
      preferably formed of a flexible material such as plastic and normally will
      have an extremely thin wall such that when the container is partially
      collapsed, the resulting increase in pressure within the container will
      collapse the bulbous chamber 31.
PAR  The lower end of the bulbous chamber 31 includes a slightly elongated
      opening 34 through which fluid may pass from the inlet 24 to the interior
      of the container 10. Depending flaps 36, of which there are two arranged
      on opposite side of the opening 34, provide a valve-like formation which
      provide the above-mentioned check valve function. When the interior of the
      chamber 10 is at a lower pressure than that of the fluid to the inlet 24,
      such fluid may enter the chamber through the flaps 36. However, when the
      interior of the chamber 10 is at a greater pressure as, for example, when
      the upper end thereof is squeezed or compressed, such pressure will act
      against the exterior surfaces of the flaps to force the same together to
      seal against each other and at the same time collapse the bulbous chamber
      31, as mentioned previously.
PAR  The inlet 24 is adapted to be connected by any suitable tubing to the
      cavity to be drained in a patient. As will be seen, when the pressure
      within the chamber 10 is established at a suitably low level, fluid, which
      may either be liquid or gaseous, will be drawn into the container 10. When
      the chamber interior pressure periodically is increased, as by compressing
      the upper end of the container, that amount of fluid within the bulbous
      chamber 31 will be directed rearwardly through the inlet 24 to the tube
      connecting the container 10 to the patient. In this respect, the volume of
      the bulbous chamber 31 is quite small compared to that of the container
      and is such that a relatively low volume of fluid will be backed up the
      tube connecting the container to the patient. As a result, a "milking"
      action is established in the tube to the patient which aids in the
      agglomeration of liquids or the like in the tube to replace the need for
      so-called "hand milking" required by the attending staff during the use of
      prior art systems.
PAR  Directly below the opening 34 in the balloon valve 30, a small compartment
      40 is formed in the container 10. This is accomplished by the provision of
      diverging portions 42 in the side walls 20 and 22 and an upwardly
      extending baffle 44 interconnecting the side walls 20 and 22. The small
      compartment 40 will thus receive all liquid entering into the container
      10, and by means of suitable gradations 46 on the side wall 20, the
      quantity of liquid being drained from the patient can be ascertained with
      relatively great accuracy. Where large volumes of liquid are being drained
      from the patient, the liquid will eventually spill over the top of the
      baffle 44 into the remainder of the container 10 and a relatively accurate
      measurement of such liquid accumulation can be ascertained through the use
      of gradations 48.
PAR  The outlet 26 is adapted to be connected to a check valve and/or a
      regulated source of vacuum. To this end, a combination valve and
      regulating apparatus is provided. The apparatus is illustrated in FIG. 2
      and is adapted to accommodate two reservoirs so that a single regulating
      apparatus is sufficient for a two-bed hospital room.
PAR  With reference to FIG. 2, such an apparatus is illustrated. As is apparent,
      the same is symmetrical about its center line and, accordingly, only the
      left side thereof will be described. The same includes a U-shaped passage,
      generally designated 50, having a first leg 52, the upper end of which may
      be connected by tubing to the outlet 26. The opposite leg 54 is in fluid
      communication with a port 56 which, depending upon the mode of operation,
      may be connected to a vacuum source or open to atmosphere. A partition,
      schematically illustrated 57, separates the legs 52 and 54 and terminates
      at 58 short of the bottom wall 60 of the apparatus. In the area of the end
      58 is an enlarged chamber 62 which may be provided with a volume of water
      sufficient to achieve a level above the end 58 to establish a so-called
      "water seal" for the conventional purpose known in the art. The water seal
      will, of course, serve as a check valve, permitting the egress of fluid
      from the outlet 26 while preventing free ingress into the chamber 10
      through the outlet 26. The enlarged chamber 62 is preferably dome-shaped
      so that a small surface area of water is exposed to minimize evaporization
      and, furthermore, the volume provided is sufficient so that the presence
      of the water seal is assured for a prolonged period of time.
PAR  Near their upper ends, both of the legs 52 and 54 include bulbous
      formations 64 and 66 within which are disposed baffles 68. The bulbous
      formation 66 is open as at 70 to provide fluid communication to the port
      56 and the baffles 68 perform the function of precluding the outflow of
      the water located within the chamber 62 in the event of abrupt pressure
      changes in the system as, for example, when the apparatus is being
      employed for draining the thoracic cavity and the patient coughs.
PAR  The apparatus also includes an interior chamber 72 in fluid communication
      with the opening 70 and the port 56. The chamber 72 is purposely enlarged
      to provide adequate volume for the water placed therein so that the
      apparatus may be used for a prolonged period of time without providing
      additional water. Water may be added to the respective chambers 62 and 72
      quite easily through the ports 52 and 56.
PAR  The apparatus also includes a tube 74 which extends downwardly into the
      chamber 72 and has an open end 76 exposed to atmosphere. Indicia in the
      form of gradations 76 are located on the exterior wall of the apparatus
      adjacent the tube 74. As will be readily appreciated by those skilled in
      the art, when the chamber 72 is filled to a predetermined degree with
      water, and the port 56 is connected to a source of vacuum, the level of
      water in the chamber 72 acts to regulate the vacuum applied to the system.
PAR  As a result of the foregoing, it will be appreciated that through the use
      of the embodiments of the invention illustrated in FIGS. 1 and 2, the
      system may be driven either by connection to a conventional vacuum source
      or by periodic compression of the container 10. Such compression can be
      accomplished manually by squeezing the container or, if desired, a
      mechanical actuator could be employed for that purpose. For example, any
      mechanical or electromechanical apparatus having a reciprocal output can
      be arranged with respect to the container 10 so as to periodically cause
      compression of the upper portion thereof.
PAR  Turning now to FIG. 3, a modified embodiment of a container made according
      to the invention is illustrated. Where appropriate, reference numerals
      corresponding to those employed in the description of the embodiment in
      FIG. 1 are employed.
PAR  The embodiment illustrated in FIG. 3 includes a container, generally
      designated 10', which is provided with an inlet 24 and associated balloon
      valve 30, as described previously. The same also includes an outlet 26 and
      opposed side walls 12 and 14. In the case of the embodiment illustrated in
      FIG. 3, only the side wall 12 is provided with a pleated formation 28.
PAR  The bottom 16 of the embodiment illustrated in FIG. 3, includes a scalloped
      formation, generally designated 80. Inwardly directed peaks 82 within the
      container provide the same function as the baffle 44. That is, the peaks
      82 of the scalloped formation 80 define a plurality of small compartments,
      the first of which is directly below the balloon valve 30 and which
      receives liquids entering the same. The compartments will fill serially,
      providing an indication of the amount and rate of flow of liquids being
      drained from the patient.
PAR  The interior of the container 10' includes a serpentine seal 84, the upper
      end 86 of which is slanted to act as a deflector for liquids entering
      through the balloon valve 30 to insure that it passes to the leftmost one
      of the small compartments defined by the peaks 82. As the container fills,
      the various steps in the serpentine seal 84 provide an indication of the
      amount of liquid being received in the container. To avoid the presence of
      an air lock, an opening 87 is provided in the uppermost flute of the seal
      84.
PAR  The container 10' is also provided with a U-tube manometer 88. One of the
      legs 90 thereof is in fluid communication with the interior of the
      container, while the other leg 92 is in effective fluid communication with
      the surrounding atmosphere. For vacuum measuring purposes, any suitable
      liquid may be placed within the manometer 88 and the difference in levels
      in the two legs 90 and 92 judged by indicia in the form of gradations 94.
PAR  To preclude loss of liquid in the U-tube manometer 88 during abrupt changes
      in pressure within the vessel as, again, when the same is being employed
      in draining a thoracic cavity and the patient coughs, the openings of both
      of the legs 90 and 92 are covered with domes 96 of a soft, resilient, but
      liquid impervious material. The use of such material in a dome form
      permits accurate readings to be obtained on the manometer 88 while serving
      as a barrier to liquid expulsion during such abrupt pressure changes.
PAR  With reference now to FIG. 4, an apparatus providing a valving function for
      use in connection with the outlet 26 of the container 10' and for
      providing an indication of the rate of fluid flow from the cavity being
      drained is illustrated. Like the apparatus illustrated in FIG. 2, that
      shown in FIG. 4 is symmetrical about its center line and accordingly, only
      the left side will be described. A generally vertically arranged tube 100
      is provided and the upper end 102 thereof is adapted to be connected as by
      tubing to the outlet 26. The lower end includes an enlarged chamber 104
      which is connected to a second upwardly extending tube 106. Near the
      lowermost end of the tube 106 is a valve seat 108 and within the tube 106
      is a float 110 which, when seated against the valve seat 108, precludes
      fluid from flowing from the tube 100 to the outlet 26.
PAR  The tube 106 includes a slightly increasing cross section from the bottom
      to top in the same manner as a conventional rotameter. As a result, the
      position of the float 10 within the tube 106 is a measure of the
      volumetric flow rate of fluid from the patient through the tube 106 when
      the upper end thereof is connected via an outlet 112 to a source of
      vacuum.
PAR  The outlet 112 is also connected to a tube 114 tapered in the same fashion
      as the tube 106 and also containing a float 116 and a valve seat 118. The
      lower end of the tube 114 is connected via an enlarged chamber 120 to an
      upwardly extending tube 122 which is open at its upper end to atmosphere.
      Thus, the position of the float 116 within the tube 114 provides an
      indication of the rate of inflow of air through the tube 122 to the system
      when the outlet 112 is connected to a source of vacuum.
PAR  The purpose of the enlarged chambers 104 and 120 is to accommodate
      compensation without establishing a seal within the system.
PAR  The apparatus illustrated in FIG. 4 is ideally suited for use with the
      container 10' shown in FIG. 3 by connecting the upper end 102 of the tube
      100 to the outlet 26 with or without connection of the outlet 112 to
      vacuum. Without connection of the outlet 112 to vacuum, the container 10'
      and the suction system in which it is employed may be driven through
      periodic compression of the upper portion of the container 10'. In such a
      case, the float 110 serves as a check valve in fluid communication with
      the outlet 26.
PAR  When the outlet 112 is connected to a vacuum source, the flow rate to the
      source of vacuum may be suitably regulated by a clamp applied across a
      tube connecting the outlet 112 to the vacuum line and any desired vacuum
      established by monitoring the vacuum within the container 10' through the
      use of the U-tube manometer 88. This system has the particular advantage
      that volumetric flow rate of fluids being withdrawn from the patient can
      be observed by observing the position of the floats 110 and 116.
PAR  From the foregoing, it will be appreciated that a surgical suction system
      made according to the invention readily accomplishes the highly desired
      functions of permitting flexibility of drive methods, eliminating noise
      attendant the use of prior art systems, etc. The same is susceptible to
      formation of plastic through the use of blow molding techniques or the
      like so that the components thereof are readily disposable after but a
      single use.
CLMS
STM  I claim:
NUM  1.
PAR  1. A surgical suction device comprising: an enlarged container having an
      inlet for fluids and and outlet for fluids, said container being formed of
      a resilient material of a type tending to restore itself to an original
      shape following a distortion thereof from said original shape, said inlet
      being adapted to be connected to apparatus for insertion into an area of a
      patient to be drained; a check valve associated with said inlet for
      allowing fluid to pass into said container through said inlet while
      precluding substantial backflow of fluid from said container through said
      inlet; and means formed in at least a portion of said container
      facilitating compression of the same to reduce the volume therein said
      check valve associated with said inlet being located interiorly of said
      container and including a chamber formed of compressible material in fluid
      communication with said inlet and having a valve establishing fluid
      communication between the interior of said chamber and the interior of
      said container, said chamber having a relatively small volume compared to
      the volume of said container whereby compression of said container will
      cause partial collapse of said chamber to drive fluid contained therein
      backwardly through said inlet to provide a milking action assisting fluid
      in a conduit connected to said inlet to migrate to said container.
NUM  2.
PAR  2. The surgical suction device of claim 1 wherein said container is
      generally rectangular in cross section and wherein said means for
      facilitating compression of said container comprise pleated formations in
      opposed side walls thereof.
NUM  3.
PAR  3. The surgical suction device of claim 1 wherein said check valve
      establishing fluid communication between said chamber and said container
      comprises a pair of flaps on opposite sides of an opening between said
      container and said chamber and adapted to close said opening.
NUM  4.
PAR  4. A surgical suction device comprising: an enlarged container having an
      inlet and an outlet, said container being formed of a resilient material
      of a type tending to restore itself to an original shape following a
      distortion thereof from said original shape, said inlet being adapted to
      be connected to apparatus for insertion into an area of a patient to be
      drained, said outlet being connected to check valve means permitting fluid
      to be exhausted from said container while preventing backflow of fluid
      into said container through said outlet in excess of a predetermined
      amount; a check valve associated with said inlet for allowing fluid to
      pass into said container through said inlet while precluding substantial
      backflow of fluid from said container through said inlet; and means formed
      in at least a portion of said container facilitating compression of the
      same te reduce the volume therein so that a predetermined vacuum may be
      established within said container; a baffle in said container and
      extending upwardly from the bottom wall thereof at a location subjacent
      said inlet to divide said container into a small compartment and a large
      compartment with the small compartment being subjacent said inlet to
      receive fluid entering said chamber therethrough; and indicia means on
      said container adjacent said small compartment whereby the volume of fluid
      entering said container and received in said small compartment can be
      determined.
NUM  5.
PAR  5. The surgical suction device of claim 4 wherein said baffle is one of a
      series of inwardly directed projections in said container bottom wall
      provided by a scalloped formation thereof.
NUM  6.
PAR  6. A surgical suction device comprising: an enlarged container having an
      inlet and an outlet, said container being formed of a resilient material
      of a type tending to restore itself to an original shape following a
      distortion thereof from said original shape, said inlet being adapted to
      be connected to apparatus for insertion into an area of a patient to be
      drained, said outlet being connected to check valve means permitting fluid
      to be exhausted from said container while preventing backflow of fluid
      into said container through said outlet in excess of a predetermined
      amount, a check valve associated with said inlet for allowing fluid to
      pass into said container through said inlet while precluding substantial
      backflow of fluid from said container through said inlet; and means formed
      in at least a portion of said container facilitating compression of the
      same to reduce the volume therein so that a predetermined vacuum may be
      established within said container; a U-tube manometer integral with said
      container and having one leg thereof opening interiorly of said container
      and another leg thereof opening exteriorly of said container, at least
      said one leg being covered with a dome of a flexible, soft material to
      preclude liquid within said manometer from being expelled therefrom during
      sudden pressure changes within the container of short duration.
NUM  7.
PAR  7. A surgical suction system including a surgical suction device having an
      enlarged container having an inlet and an outlet, said container being
      formed of a resilient material of a type tending to restore itself to an
      original shape following a distortion thereof from said original shape,
      said inlet being adapted to be connected to apparatus for insertion into
      an area of a patient to be drained, said outlet being connected to check
      valve means permitting fluid to be exhausted from said container while
      preventing backflow of fluid into said container through said outlet in
      excess of a predetermined amount; a check valve associated with said inlet
      for allowing fluid to pass into said container through said inlet while
      precluding substantial backflow of fluid from said container through said
      inlet; and means formed in at least a portion of said container
      facilitating compression of the same to reduce the volume therein so that
      a predetermined vacuum may be established within said container; and means
      in fluid communication with said check valve means connected to said
      outlet adapted to be connected to a source of vacuum for regulating the
      vacuum within said container.
NUM  8.
PAR  8. A surgical suction system according to claim 7 wherein said check valve
      means includes a U-shaped passage having one leg thereof connected to said
      outlet and the other leg thereof connected to said vacuum regulating
      means, and further including a baffle disposed in said one leg and adapted
      to block the flow of liquid material in said other leg toward said vacuum
      regulating means during abrupt changes in pressure in said system.
NUM  9.
PAR  9. The surgical suction system of claim 8 wherein said one leg includes a
      bulbous chamber and said baffle is located in said bulbous chamber.
NUM  10.
PAR  10. The surgical suction system of claim 9 wherein both said legs include
      said bulbous chamber with baffles therein.
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ABST
PAL  A respirator assist device intended to be connected to a hand operated
      vacuum pump such as disclosed in U.S. Pat. No. 3,612,722 and includes a
      tubular tongue depressor and sealing means encircling the lips of the
      user; then, upon manually closing the nose of the user, and operating the
      pump, a vacuum is created in the throat above an object lodged therein,
      causing the object to be forced back into the mouth for removal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A common cause of death is due to lodging of an object, usually a large
      morsel of food in the region of the epiglottis or the entrance to the
      trachea in such a manner as to block passage of air to and from the lungs.
      For example, in the state of California, during the years 1970, 1971 and
      1972, it is reported that the average number of deaths due to inhalation
      and injestion of food was 271, of which 256 persons were 9 years and over.
      If such blockage is complete, the victim will become unconscious in
      approximately two minutes; brain damage may occur after an additional
      three minutes and death will occur a few minutes later.
PAR  While a doctor or one trained to act in such emergencies may actually reach
      into the throat and remove the clogging object, or use an appropriate
      surgical instrument to relieve the condition, usually such help is not
      available within the extremely short time before permanent damage or death
      occurs. The problem is further complicated by the usual panic generated by
      such an event.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a respirator assist device which can
      overcome the problems indicated and is summarized in the following
      objects:
PAR  First, to provide a respirator assist device, which may be successfully
      manipulated by an unskilled person without injury to the victim and well
      within the short time span available.
PAR  Second, to provide a respirator assist device which is arranged to apply
      vacuum pressure to the mouth and the throat in such a manner that a
      pressure differential can be quickly established across the object which
      blocks the respiratory passage to cause the object to be dislodged and
      drawn to the back of the mouth and restore respiration.
PAR  Third, to provide a respirator assist device which utilizes a hand operated
      vacuum pump such as disclosed in U.S. Pat. No. 3,612,722, the pump
      requiring only a few strokes within a few seconds to produce the needed
      pressure differential, the pump also serving to determine whether or not
      the blockage is complete or only partial.
PAR  Fourth, to provide a respirator assist device, which is adapted to be
      inserted in the mouth to depress the tongue and insure a dependable
      passageway from the mouth, the device also being provided with a mouth
      encompassing seal means, the nose being closed separately either manually
      or by a clamp so that once the assist device has performed its service,
      nasal air flow can be quickly re-established.
PAR  Fifth, to provide a respirator assist device which may be manufactured at
      such low cost that it may be discarded after use.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a top view of the respirator assist device with a portion shown
      in section.
PAR  FIG. 2 is an end view thereof.
PAR  FIG. 3 is a longitudinal sectional view thereof shown in position within a
      person's mouth adjacent portions of the mouth and throat being indicated
      in section and showing a typical location of a lodged food particle.
PAR  FIG. 4 is a fragmentary view similar to FIG. 3, showing the food particle
      as it may appear when dislodged and moved to the back of the mouth.
DETD
PAR  The respirator assist device includes a tubular member 1 which is
      rectangular in cross section and which includes a pair of plates 2 and 3
      connected by side walls 4 spaced inwardly from the side margins of the
      plates. Each plate includes a rearwardly extending semi-circular portion
      5.
PAR  The forward end of the tubular member 1 is joined integrally to a seal
      member 6 which includes a front wall 7, having a lateral angular portion
      8. The front wall and the angular portions are provided with a peripheral
      wall 9 having an outwardly directed flange 10. The center of the front
      wall 7 is provided with a nipple 11 centered with respect to the tubular
      member 1.
PAR  The nipple is connected by an air tube 12 to a source of vacuum pressure.
      Preferably, the vacuum source is a hand vacuum pump designated 13 which is
      more fully described in U.S. Pat. No. 3,612,722. More specifically, the
      vacuum pump includes a fixed handle 14 connected to a cylinder 15 and a
      pivotable handle 16 connected to a piston rod 17. The handles are
      positioned so that they may be squeezed together, return movement being
      accomplished by a spring not shown. The cylinder 15 is joined to a stem 18
      which is connected to the air tube 12. Between the stem 18 and cylinder 15
      there is provided a suitable gauge 19.
PAR  The respirator assist device is used as described below: The usual cause of
      blockage of the flow of air to and from the lungs occurs upon the
      premature swallowing of a partially chewed morsel of food which becomes
      lodged in the region of the epiglottis, larynx or trachea.
PAR  The tubular member 1 is inserted into the mouth of the victim as soon as
      possible, and is forced inward until the seal member 6 encompasses the
      lips of the victim as indicated in FIG. 3, causing the lower plate to
      depress the tongue so that an air passage is maintained which communicates
      with the throat at the back side of the tongue.
PAR  Preferably the tubular member 1 is preconnected to the air tube 12 and to
      the vacuum pump 13 so that when the member 1 and seal member 6 are in
      place, the vacuum pump may be immediately operated. During pumping time,
      the nose of the victim is held closed either manually or by a suitable
      clamp.
PAR  A few strokes of the hand pump usually produce sufficient vacuum pressure
      within the upper portion of the throat such that a pressure differential
      is created across the food morsel of sufficient magnitude that the ambient
      pressure within the lungs is sufficient to drive the morsel upwardly into
      the mouth against the inner end of the tubular member 1, or the size of
      the morsel may be such as to be drawn into the tubular member as wedge
      therein. In either case, the vacuum pressure is released by releasing the
      victim's nose. Should the vacuum pressure in the nose prevent the nose
      from opening, the vacuum pump is provided with a release valve, not shown,
      or the air tube may be disconnected. When atmospheric pressure is restored
      in the mouth, the tubular member 1 and the morsel are removed.
PAR  If the victim is merely choking on the food morsel, but is still able to
      breathe, use of the device will do no harm, and observation of the gauge
      will show no appreciable reduction in pressure.
PAR  The amount of pumping required to produce a substantial vacuum pressure
      such as a drop up to approximately twenty inches of mercury occurs rather
      rapidly if the food morsel is completely blocking the lungs; whereas, if
      the lungs are not completely blocked, the same amount of pumping will
      produce only nominal vacuum pressure. Thus, its readily determinable
      whether or not, there is in fact, a complete blockage. In the case of
      complete blockage, only a few seconds of time need elapse before the
      morsel can be forced free, well within the two minutes of time before
      damage is done.
PAR  It will be observed that the portions of the tubular member 1 and seal
      member 6 above and below a medium plane therethrough are identical. As a
      consequence, the tubular member 1 may be inserted either side up so that
      either plate may become the lower plate and serve to depress the tongue.
      The upper plate serves to maintain the lower or tongue depressing plate in
      spaced relation to the palate so as to insure that the tongue does not
      cause a blockage at the rear of the mouth.
PAR  It is, of course, necessary that the respiratory assist device be of
      approximately the right size; however, a large number of sizes is not
      required. A large size will accommodate most men; a ten percent smaller
      size will accommodate most women and older children, approximately
      two-thirds the large size and small size will accommodate small children.
      In this regard it should be noted that the variation in head size of an
      individual is not as great as the variation in other body measurements.
PAR  While reference has been made to the food morsel as the source of blockage,
      the blocking object may be other than food, particularly among children.
      For example, marbles or other objects may be lodged in the throat.
PAR  The respirator assist device is preferably injection molded as a single
      piece from a plastic material which is capable of sterilization and is
      sufficiently low in cost that the device may be discarded after use. By
      way of example, but not limitation, a suitable material is a high impact
      styrene.
PAR  Tests have indicated that the large size of the respirator assist device
      may have plates, approximately 23/4 inches long and 1 inch wide, and their
      external surfaces may be spaced about 1/2 inch. These dimensions enable
      the rear portion of an adult male's tongue to be adequately spaced from
      the palate to insure communication to the throat.
PAR  Having fully described my invention it is to be understood that I am not to
      be limited to the details herein set forth, but that my invention is of
      the full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A respirator assist device for removal of an object lodged in the
      throat, said device comprising:
PA1  a. a mouth covering plate having a marginal flange dimensioned to encase
      and seal the lips of the user;
PA1  b. a pair of flat blade elements extending from the mouth covering plate;
PA1  c. a pair of wall elements extending from the covering plate and joined to
      the balde elements to form a passageway;
PA1  d. the blade elements being insertable between the palate and the tongue of
      the user to depress the tongue from the palate, the covering plate
      limiting the depth of insertion of the blade elements to prevent contact
      with the back of the mouth and throat;
PA1  e. and means communicating with the passageway through the mouth covering
      plate for producing a negative pressure in the passageway thereby to
      produce a pressure differential across an object lodged in the throat and
      urge the object toward the blade elements.
NUM  2.
PAR  2. A respirator device as defined in claim 1, wherein:
PA1  a. the mouth covering plate is symmetrical along the plane of the
      passageway midway between the blade elements whereby either blade element
      may engage and depress the tongue, and the mouth covering plate in either
      position of the blade elements is sealingly engageable with the lips.
NUM  3.
PAR  3. A respirator device as defined in claim 1, wherein:
PA1  a. the mouth covering plate, blade elements and wall elements are integral.
NUM  4.
PAR  4. A respirator assist device for removal of an object lodged in the
      throat, said device comprising:
PA1  a. a mouth covering plate approximating the curvature of the face of the
      user for surrounding the mouth and including a marginal flange having a
      portion fitting between the lips and the nose of the user, the marginal
      flange being pressible against the lips of the user to form a seal;
PA1  b. an integral tubular extension centered between the marginal flange for
      insertion into the mouth of the user, the tubular extension including a
      pair of spaced essentially flat, blade elements either blade element being
      engageable with the tongue when the mouth covering plate is in sealing
      engagement with the user's face;
PA1  c. and means carried by the mouth covering plate for connection to a sourse
      of negative pressure thereby to produce a pressure differential across an
      object lodged in the user's throat urging the object toward the tubular
      extension.
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ABST
PAL  A catamenial tampon of compressed absorbent material manufactured in such a
      way, that a bulge is created in the center area of said tampon, said bulge
      having part of the fibers loosened creating therewith a softer surface on
      the bulge compared with the harder sections of the two neighboring
      cylindrical areas, whereby irritation of the vagina walls is avoided.
PAL  Catamenial Tampon for digital insertion with a bulge in the middle area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This tampon has no applicator and therefore the neighboring sections of the
      rounded bulge in the central portion are both hard compressed. The fibers
      in the bulge of the tampon had been loosened which makes the tampon softer
      in the bulge than the hard compressed neighboring sections on both sides
      of the bulge. The bulge being softer than the remaining parts of the
      tampon, said bulge does not irritate the walls of the vagina. But said
      bulge just the same soakes up any liquid immediately, and faster than a
      compressed bulge, until the hard cylindrical sections of the tampon have
      expanded.
PAC  SUMMARY OF THE INVENTION
PAR  When the tampon is enclosed in a protective wrapper, called an umbrella
      wrapper, the bulge in the middle section of the tampon serves as a stop
      and guide to hold the tampon at its middle section. That leaves sufficient
      length of the hard pressed section underneath the protective wrapper to be
      grasp with security by the fingers. This prevents that the tampon
      inadvertently slips from the users hand and is dropped, whereupon it must
      be discarded. To let the tampon slip out of the fingers is almost
      unavoidable, if the fingers grip the tampon underneath the protective
      umbrella only at its very end. It is obvious that it is very important to
      be able to grasp the tampon underneath the protective wrapper umbrella
      immediately and always even accurately through the aid of the bulge in
      said middle section of the tampon. With it the fingers get a very good
      grip on the hard compressed section of the tampon.
PAR  The middle section of the tampon with its central rounded bulge with
      loosened fibers serving as a stop and guide, and defining a soft porous
      absorbent section. With this stop and guide the tampon is always
      accurately held at its middle section, the fingers lightly touching the
      beginning of the bulge. This is very important, as the tampon is used in
      connection with a protective umbrella of a substantially fluid impervious
      sheet material and at the middle section bulge stop said umbrella material
      is draped over the hand, when the fingers are in contact with the bulge.
      Also at this middle section stop position one finger pushes the tampon
      further into the vagina which automatically places the tampon so deep into
      the vagina, that the closing muscle which is at the entrance of the
      vagina, cannot press on the tampon, which eliminates a painful sensation.
PAR  Furthermore the tampon has at least some circumferentially spaced
      longitudinally extending compressed strips, whose fibre portions in the
      bulge area are loosely compacted.
PAR  The packaging of the tampon may include a two section cover means contoured
      to receive said tampon and having a telescoping joint at the middle
      portion of said bulge.
PAR  The above and other advantages, objects, and features attendant the
      improved device of this invention will become apparent by reference to the
      specification and accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates the tampon with the central rounded bulge.
PAR  FIG. 2 shows the tampon having the shape of a cone.
PAR  FIG. 3 is a cut through the bulge area of the tampon.
PAR  FIG. 4 is a cut through the bulge area of a differently shaped tampon.
PAR  FIG. 5 is the tampon with a protective umbrella, the tampon showing the
      bulge.
PAR  FIG. 6 shows the loosened fibres located at a central portion spaced from
      ends of the tampon.
PAR  FIG. 7 shows circumferentially spaced longitudinally extending compressed
      strips on a tampon.
PAR  FIGS. 8 and 9 show a tampon including a two section cover tube with
      telescoping joint at the midportion of the bulge.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a compressed cylindrical tampon 5 having a central rounded bulge
      6 and a withdrawal cord 4, the bulge consisting of loosened fibers.
PAR  FIG. 2 shows the tampon 9 in the shape of a cone. Here too the bulge can be
      seen in the middle area of the tampon. The tampon has longitudinally
      extending compressed strips 8 whose fibre portions in the bulge area are
      loosely compacted.
PAR  FIG. 3 illustrates a cut through FIG. 1. The cylindrical hard compressed
      body of the tampon is shown by 5 and the circumference of the bulge with
      loosened fibers is indicated by 6 and 7.
PAR  FIG. 4 illustrates a cut through the tampon seen in FIG. 7.
PAR  This cut also shows the hard compressed strips 8. FIG. 5 shows tampon 10
      with bulge 11 and protective umbrella 12 provided with an easy sliding
      material (Battist) 13, which alone comes in contact with the human skin.
      Tampon 10 is held below protective umbrella 12 with the hand that
      introduces the tampon into the human body without touching the skin. FIG.
      6 shows tampon 17 with a bulge in the middle area of the tampon. This
      bulge is only on one side of the tampon. The lines 18 in this bulge 19
      show how the cotton fibers in bulge 19 may be slightly loosened.
PAR  FIG. 7 shows a tampon with circumferentially spaced longitudinally
      extending compressed strips 8, with fibre portions in the bulge 20 loosely
      compacted. This is indicated by a small oval shape of said strip 8 in the
      middle section of bulge 20, with it creating a slightly softer surface of
      the bulge than the remaining part of the tampon. In the cylindrical tampon
      parts the highly compressed strips 8 remain intact and are not broken.
PAR  FIG. 8 shows with 22 the left side of a plastic tube and with 23 the right
      side of said tube. 21 is the tampon inside the tube.
PAR  FIG. 9 shows the right side of the tampon with the right side of the
      plastic tube section taken off.
PAR  It is understood that the invention is not limited specifically to the
      preferred embodiments set forth above, and that suitable changes,
      modifications, and variations may be made without departing from the
      spirit and scope of the invention as defined in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A catamenial tampon for digital insertion comprising a compressed
      cylindrical body of absorbent fibre material having an insertion end and a
      withdrawal end, a means for obstructing and absorbing body fluid flow
      comprising a central rounded bulge means of loosened fibres located at a
      central portion spaced from ends and defining a soft porous absorbent
      section for contacting the vaginal walls.
NUM  2.
PAR  2. The tampon of claim 1 including a means for
PA1  protecting and shielding the hand comprising a flexible substantially fluid
      impervious sheet material umbrella means attached around said cylindrical
      body adjacent the portion of said bulge means facing said withdrawal end
      and arranged to drape over the hand when the fingers are in contact with
      the bulge.
NUM  3.
PAR  3. The tampon of claim 1 including at least four circumferentially spaced
      longitudinally extending compressed strips whose fibre portions in the
      bulge area are loosely compacted.
NUM  4.
PAR  4. The tampon of claim 1 further including a two section cover means
      contoured to receive said tampon and having a telescoping joint at the
      midportion of said bulge means.
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ABST
PAL  Circuitry for cancelling leakage current is disclosed. The leakage
      cancelling circuit is utilized in conjunction wih the active or patient
      electrodes of an electrosurgical instrument used in electrosurgery. In
      electrosurgery, a radio frequency current is passed through a patient
      between an active electrode and a patient electrode with the active
      electrode determining the point where surgery is performed and the patient
      electrode being made surgically inactive by large patient contact area.
      Current leakage at the electrodes is caused by stray capacity to ground in
      an isolated system and excessive leakage from the active electrode to
      ground can cause surgery to be performed without a patient connection
      while excessive leakage from the patient electrode to ground can cause RF
      burns to the patient and perhaps to operating room personnel having
      contact with the patient. In one embodiment, current leakage is cancelled
      by addition of current to the patient connection in correct phase and
      magnitude to cancel the existing patient leakage currents, the added
      current being supplied through circuitry that includes a capacitor in
      series with the tertiary winding on the output power transformer supplying
      current to the active and patient electrodes. In a second embodiment, a
      series LC circuit is placed in parallel with the stray capacitance to
      cancel the same.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a leakage current cancelling circuit and more
      particularly relates to a leakage current cancelling circuit for use with
      an electrosurgical instrument.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of electrosurgical instruments to perform electrical functions such
      as cutting and/or coagulation is well known. An example of such an
      electrosurgical instrument is shown in U.S. Pat. No. 3,699,967, issued
      Oct. 24, 1972 to Robert K. Anderson and entitled "ELECTROSURGICAL
      GENERATOR."
PAR  In this type of surgery, a radio frequency, (R.F.) current is generated at
      a generator and then coupled through an output power transformer and
      capacitors to the active and patient electrodes in the electrosurgical
      instrument, the electrosurgical function being performed by passing the
      R.F. current through a patient in contact with the electrodes. As is also
      well known, surgery is performed at the point where the active electrode
      is in contact with the patient and to this end the active electrode is
      normally of small size to achieve high current density at the point of
      contact with the patient. Since the patient electrode, however, is meant
      to be surgically inactive, a large area of contact with the patient is
      desired to thus create a low current density.
PAR  While the electrodes of the electrosurgical instrument can have the patient
      electrode connected with ground to thus provide a grounded output
      configuration, it has been found advantageous to isolate both electrodes
      from ground to thus establish an isolated output configuration. The
      isolated output configuration has been found advantageous in that power
      can be supplied only between the output terminals, rather than between one
      terminal and ground. The inability to develop power to ground alleviated a
      common problem in electrosurgery caused by a break in the patient
      connection which heretofore has been known to cause power burns at the
      point of ground contact with the patient. The isolated output
      configuration also has proved to be advantageous since the patient is not
      grounded and this reduces the possibility of low frequency
      ground-completed circuits through the patient which could result in
      electrocution of the patient.
PAR  A disadvantage of the isolated output configuration heretofore, however,
      has been due to the presence of ground-seeking R.F. leakage currents
      emanating from either pole of the generator. These leakages are caused by
      stray capacity to ground on either the active or patient side of the
      output circuit. Stray capacity on the active side of the output circuit
      can cause a current to flow between the patient connector and ground if
      this point is referenced near ground, while stray capacity on the patient
      side of the output circuit can cause currents to flow between the active
      side and ground.
PAR  Excessive leakage from the active side of the output circuit to ground can
      bring about a situation where surgery can be accomplished without a
      patient connection and result in severe risk of R.F. burns to the patient.
      Excessive leakage from the patient side of the output circuit to ground,
      on the other hand, can bring about a situation where the patient attains
      an R.F. voltage with respect to ground and this can result in R.F. burns
      to the patient and possibly also to operating room personnel having
      contact with the patient.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a novel leakage current cancelling circuit that is
      utilized to cancel the R.F. leakage current that exists at either the
      patient or active electrodes of an electrosurgical instrument.
PAR  It is therefore an object of this invention to provide a novel leakage
      current cancelling circuit.
PAR  It is another object of this invention to provide a novel leakage current
      cancelling circuit that cancels the R.F. leakage current that exists at
      either the active or patient electrodes of an electrosurgical instrument.
PAR  It is still another object of this invention to provide a leakage current
      cancelling circuit that operates to prevent burns to a patient in contact
      with an electrode of an electrosurgical instrument.
PAR  It is yet another object of this invention to provide a leakage current
      cancelling circuit that is simple yet effective in accomplishing the
      intended purpose.
PAR  With these and other objects in the view, which will become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel construction, combination, and arrangement of parts
      substantially as hereinafter described, and more particularly defined by
      the appended claims, it being understood that such changes in the precise
      embodiments of the herein disclosed invention are meant to be included as
      come within the scope of the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing illustrates two complete embodiments of the
      invention according to the best mode so far devised for the practical
      application of the principles thereof, and in which:
PAR  FIG. 1 is an electrical schematic circuit diagram of one embodiment of the
      leakage current cancelling circuit of this invention; and
PAR  FIG. 2 is an electrical schematic circuit diagram of a second embodiment of
      the leakage current cancelling cirucit of this invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, two embodiments for cancelling undesired
      leakage currents are shown. In the embodiment shown in FIG. 1, only the
      more critical patient leakage is cancelled, while the embodiment shown in
      FIG. 2 can operate to cancel leakage current in either the active side or
      the patient side of the output circuit.
PAR  The embodiment shown in FIG. 1 operates on the principle of addition of
      current to the patient connection of correct magnitude and phase to cancel
      the existing patient leakage current. As shown, the output power
      transformer 7 has a primary winding 9 connected with an R.F. source of
      current (not shown), and the isolated output to the active and patient
      electrodes of the electrosurgical instrument (not shown) is coupled from
      secondary winding 11 of the transformer. In addition, transformer 7 also
      has a tertiary winding 13. As is conventional, both sides of secondary
      winding 11 are connected with the active and patient electrodes through
      capacitors 15 and 17, respectively. As also shown in FIG. 1, tertiary
      winding 13 has one side connected with ground while the other side is
      connected to the patient side of the output circuit through capacitor 19.
      Finally, undesired leakage current is indicated as the total effective
      stray capacitance 21 extending between the active electrode and ground.
PAR  Thus, as can be seen from FIG. 1, the current to cancel the existing
      patient leakage current is taken from capacitor 19 in series with tertiary
      winding 13 of output transformer 7. The ratio of the number of turns of
      tertiary winding 13 and the secondary winding 11 of output transformer 7
      and the value of capacitor 19 are selected so that the leakage current due
      to stray capacitance 21 minus the current through capacitor 19 and
      tertiary winding 13 is minimum.
PAR  If desired, capacitor 19 can be made variable and cancelling can then be
      applied with a servo loop (not shown) to automatically adjust the amount
      of current added to bring the voltage at the patient terminal near zero.
      An analog of this cancelling technique would be a capacitance bridge where
      the null detector is an ammeter in the patient lead to ground (not shown).
PAR  The leakage current cancelling circuit shown in FIG. 1 has been found
      advantageous for use since the current added can easily have the correct
      wave form and is produced by the same driving voltage which generates the
      undesired leakage current. In addition, low frequency sink current can
      easily be made small through the use of a small series capacitor and a
      high driving voltage. Also, the circuit of FIG. 1 is insensitive to
      operating frequency since the capacitively coupled currents are balanced
      with one another. A disadvantage of the circuit as shown in FIG. 1,
      however, is that since there is increased loading on the patient
      connector, there is an increased active leakage when the active side of
      the output circuit is grounded.
PAR  Referring now to FIG. 2, output transformer 27 has a primary winding 29
      connected with an R.F. source of current (not shown) and a secondary
      winding 33 connected through capacitors 35 and 37 to the patient and
      active electrodes, respectively, of the electrosurgical instrument (not
      shown). The active side of the output circuit is connected with ground
      through series connected inductor 41 and capacitor 43, with inductor 41
      and capacitor 43 being indicated to be in parallel with the total
      effective stray capacitance 45 of the circuit.
PAR  For the circuit of FIG. 2, inductor 41 of the series LC circuit, formed
      with capacitor 43, is chosen in conjunction with capacitor 37 so that
      inductor 41 and capacitors 37 and 43 form a pole of impedance at output
      fundamental frequency (0.5 megahertz has been utilized), the line
      frequency sink current is minimal, and the resulting circuit admittance
      pole lies well away from any of the admittance pole places so that it does
      not fall on or near a significant component. Inductor 41 is chosen so as
      to have as high a Q as is practical, and capacitor 43 and inductor 41 are
      selected for acceptably low low frequency sink current and so that the
      current due to the stray capacitance minus the current through the series
      LC circuit is acceptably low for all fundamental frequencies of concern.
PAR  The leakage current cancelling circuit of the embodiment shown in FIG. 2
      has been found to be advantageous in that there is little increase in
      leakage current from the opposite output pole, but has been found to have
      disadvantages in that only the fundamental component will be effected if
      the current to be cancelled has a complex wave form, and in the creation
      of a difficulty in selecting capacitor 37 so as to attain acceptably low
      low frequency sink currents and at the same value placing the admittance
      pole far enough away from the impedence pole.
PAR  Overall, however, it has been found that the leakage current cancelling
      circuit of this invention provides an effective yet simple means for
      automatically cancelling undesired leakage currents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination comprising:
PA1  an electrosurgical instrument having an active electrode and a patient
      electrode;
PA1  a power transformer having an isolated output circuit connected to said
      active and patient electrodes for supplying current thereto;
PA1  means for supplying power to said power transformer; and,
PA1  a leakage current cancelling circuit for use in cancelling leakage current
      at said isolated output circuit, said cancelling circuit comprising means
      for offsetting leakage current caused by stray capacitance to ground at
      said output circuit, said offsetting means including inductive and
      capacitive elements connected with one side of said output circuit and
      ground and having values selected to accomplish said leakage current
      cancellation.
NUM  2.
PAR  2. The combination as claimed in claim 1 wherein said offsetting means
      includes a tertiary winding on said transformer and a capacitor connected
      in series with said tertiary winding, said capacitor being connected to
      said one side of said output circuit.
NUM  3.
PAR  3. The combination as claimed in claim 2 wherein said one side of said
      output circuit includes the patient electrode of said electrosurgical
      instrument.
NUM  4.
PAR  4. The combination as claimed in claim 1 wherein said offsetting means
      includes a series connected inductor and capacitor forming a series LC
      circuit connected between ground and said one side of said output circuit.
NUM  5.
PAR  5. The combination as claimed in claim 1 wherein said one side of said
      output circuit includes the active electrode of said electrosurgical
      instrument.
NUM  6.
PAR  6. In an electrosurgical unit having an electrosurgical instrument, an R.F.
      power source, and a transformer responsive to said R.F. power source, with
      said electrosurgical instrument having an active electrode and a patient
      electrode connected to said transformer by means of an isolated output
      circuit, the improvement comprising:
PA1  a leakage current cancelling circuit for use in cancelling leakage current
      on the patient electrode side of said isolated output circuit, said
      leakage current cancelling circuit comprising;
PA1  a first capacitor connected between said transformer and said patient
      electrode,
PA1  a tertiary winding on said transformer one side of which is connected with
      ground, and
PA1  a second capacitor connected at one side to the other side of said tertiary
      winding and at the other side between said first capacitor and said
      patient electrode whereby current of correct magnitude and phase are
      coupled to the patient side of said output circuit to cancel the existing
      leakage currents thereon.
NUM  7.
PAR  7. In an electrosurgical unit having an electrosurgical instrument, an R.F.
      power source, and a transformer responsive to said R.F. power source, with
      said electrosurgical instrument having an active electrode and a patient
      electrode connected to said transformer by means of an isolated output
      circuit, the improvement comprising:
PA1  a leakage current cancelling circuit for use in cancelling leakage current
      on one side of said isolated output circuit, said leakage current
      cancelling circuit comprising:
PA1  a first capacitor connected between said transformer and one said
      electrodes;
PA1  a second capacitor one side of which is connected with ground; and
PA1  an inductor one side of which is connected with the other side of said
      second capacitor and the other side of which is connected between said
      first capacitor and said one of said electrodes whereby existing leakage
      currents on said one side of said output circuit are cancelled.
NUM  8.
PAR  8. The leakage current cancelling circuit of claim 7 wherein the value of
      said inductor is such that it has as high a Q as is practical and in
      conjunction with said first capacitor such that said inductor and said
      first and second capacitors form a pole of impedance at the output
      fundamental frequency, the line frequency sink current is minimal, so that
      the resulting circuit admittance pole is spaced from any significant
      frequency component of the output waveform.
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PAL  A self-contained vacuum aspirator system is disclosed which comprises a
      container having a vacuum applied therein; a valve assembly secured to
      said container for selectively allowing the passage of fluid into said
      container; a curette in communication with an aperture in said valve
      assembly; and an air permeable collection means supported within said
      container by the aforementioned valve assembly in communication with an
      opening in said valve assembly for accumulating matter collected by said
      curette when the valve assembly is operating to establish communication
      between the aforementioned aperture and opening. The valve assembly
      includes a first member having the aforementioned aperture therethrough
      with the first member having a first surface on which is positioned first
      sealing means surrounding said aperture and second sealing means
      surrounding said first sealing means; and a second member secured to said
      first member with the second member having the aforementioned opening
      therethrough and a first surface on which is positioned third sealing
      means surrounding said opening and fourth sealing means surrounding said
      third sealing means; and a slide member having a passageway therethrough
      with the slide member being moveably mounted between said first surfaces
      of the first and second members and sealingly engaged on opposite sides
      thereof by the first, second, third and fourth sealing means, with the
      slide member being moveable between a first position which interrupts
      communication between a first position which interrupts communication
      between said aperture and said opening and a second position in which the
      passageway through the slide member establishes communication between the
      aperture in the first member and the opening in the second member to
      permit flow through the valve assembly.
PARN
PAR  This is a division of application Ser. No. 399,535, filed Sept. 21, 1973.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a self-contained vacuum aspirator system and in
      addition to an improved valve assembly utilized in such system.
PAC  BACKGROUND OF THE INVENTION
PAR  Vacuum curettage has received recent and extensive attention in the art as
      an improved means for pregnancy termination, endometrial biopsy, menstrual
      regulation, spontaneous incomplete abortion, and outpatient or office
      curettage, as well as other conditions. The vacuum procedure promises
      advantages over the conventional sharp curettage procedure in that more
      effective evacuation is obtained in a shorter time and with a lesser loss
      of blood. The art has come to recognize that there is a lesser likelihood
      of residual material remaining in the uterus after vacuum curettage than
      with sharp curettage.
PAR  In vacuum curettage, an elongated tube is used in which an aspiration inlet
      is provided at the front or proximal end, and to which a connecting vacuum
      end is joined to the rear or distal end. The normal procedure provides for
      dilating the cervix of the uterus to a size greater than the tube or
      curette so that the curette may be introduced into the uterus to the full
      depth of the endometrial cavity. The practitioner moves the front end of
      the curette over the surface of the uterus and suction induces the fetal
      or gestational tissue, or other biological material, through the
      aspiration inlet. This tissue is usually passed out of the curette into a
      communicating vacuum trap or container. A prior art vacuum curette system
      is disclosed, for example, in U.S. Pat. No. 3,542,031, in which a vacuum
      source is applied to a container to withdraw tissue collected by the
      curette through a stopper and into a tissue collection chamber. It will be
      appreciated, however, that the prior art as exemplified by the
      aforementioned U.S. Pat. No. 3,542,031, has inherent drawbacks which to a
      great extent limit its application.
PAR  For example, the system of the aforenoted patent requires the practitioner
      to have a vacuum pump at his disposal when employing the curette system
      described therein. Not only is this a relatively expensive item, but its
      operation requires addtional specialized knowledge not necessarily
      possessed by the relatively large number of practitioners who are now
      employing such systems as a result of recent changes in the law with
      regard to the performance of abortions.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to the prior art, the instant invention provides for a
      self-contained vacuum aspirator system which employs a prepackaged
      container having a vacuum applied therein and a curette associated
      therewith by means of which a vacuum curettage abortion can be simply and
      easily effectuated without the need for a separate vacuum source. In
      furtherance of this broad aspect of the invention, a novel valve assembly
      is provided through which a vacuum can be applied in the factory to the
      container and thereafter the valve assembly operated to maintain the
      vacuum in the container. When it is desired to perform the abortion, the
      curette is introduced into the uterus and the valve assembly is operated
      so as to communicate the curette with the vacuum in the container to
      thereby draw the tissue collected by the curette into an air permeable
      collection trap supported within the container. Thereafter, the valve
      assembly may be removed from the container and the entire subassembly,
      including the curette and the valve assembly, disposed of.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the instant invention to provide a
      self-contained vacuum aspirator system by which a vacuum curettage
      procedure may be performed without the necessity of a supplemental vacuum
      source.
PAR  Another object of the instant invention is to provide such a prepackaged
      vacuum aspirator system in which a vacuum can be applied during
      manufacture and, thereafter, the system stored at the physician's office
      until the operation is performed.
PAR  Still another object of the instant invention is to provide such a system
      which includes a novel valve assembly for maintaining a vacuum which has
      been preapplied to the container therof, thereby greatly increasing the
      "shelf life" of the entire system.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the self-contained vacuum
      aspirator system of the instant invention.
PAR  FIG. 2 is a side elevational view of a portion of the valve assembly shown
      in FIG. 1.
PAR  FIG. 3 is a bottom view of the element shown in FIG. 2 taken along the
      arrows 3--3 thereof.
PAR  FIG. 4 is a side elevational view of another portion of the valve assembly
      shown in FIG. 1.
PAR  FIG. 5 is a planned view of the member shown in FIG. 4 taken along the
      arrows 4--4 thereof.
PAR  FIG. 6 is a side elevational view of another portion of the valve assembly
      shown in FIG. 1.
PAR  FIG. 7 is a planned view of the element shown in FIG. 6 taken along the
      arrows 7--7 thereof.
PAR  FIG. 8 is a side view of the assembled valve assembly comprising the
      elements shown in FIGS. 2 through 7.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning to the Figures, wherein like numerals represent like elements,
      there is shown in FIG. 1 the self-contained vacuum aspirator system 10 of
      the instant invention. Broadly speaking, the system includes a container
      12, which is preferably a glass jar, a valve assembly broadly designated
      14, a collection trap 16 supported by the valve assembly 14 within the
      container 12, and a conventional curette 18 connected by appropriate
      tubing 20 to the valve assembly 14 as will be described in greater detail.
PAR  The valve assembly 14 comprises a first member 22 (FIGS. 2 and 3) having an
      aperture 23 therethrough. An undersurface 24 of the first member 22
      includes a circular recess 26 which carries a circular O-ring sealing
      member 27 therein and a second generally oval recess 28 carrying a
      generally oval O-ring like sealing member 29 therein. It will be seen from
      FIG. 3, that the circular O-ring 27 immediately surrounds the aperture 23
      while the oval O-ring like member 29, which is actually a circular O-ring
      placed in an oval recess, is relatively substantially larger than the
      circular O-ring 27 so as to provide a space 30 on the undersurface 24
      which lies within the confine established by the inner and outer O-ring
      like members 27 and 29, respectively.
PAR  For purposes to be further described, the first member 22 further includes
      depending side portions 32 and 34 which establish a guide channel 36
      therebetween. The first member 22 further includes an integrally
      upstanding cylindrical receptacle 38 which includes an internally tapered
      passage 40 in communication with the aperture 23. As suggested in FIG. 1,
      the passage 40 resides in a press-fit fashion the externally tapered
      terminating portion 42 of the curette 18.
PAR  As best seen in FIGS. 6 and 7, the valve assembly 14 further comprises a
      second member 44 which may be removably secured with respect to the first
      member 22 by means of fasteners 46 (FIG. 1) which pass through the
      depending guide portions 32 of the first member 22 into engagement with
      the second member 44. The second member 44 includes an opening 48 having a
      circular recess 50 disposed thereabout and a generally oval recess 52
      located about the inner recess 50. As best seen in FIG. 7, the circular
      recess 50 receives a circular O-ring sealing member 54 while the oval
      recess 52 receives an oval O-ring like sealing member 56 which is actually
      a circular O-ring placed in an oval recess. As was the case for the
      sealing member 27 and 29 for the first member 22, the sealing member 56 is
      substantially larger than the sealing member 54 to define a portion 58 of
      the top surface 60 of the second member 44 which is confined by portions
      of the sealing members 54 and 56.
PAR  The undersurface of the second member 44 further includes an integrally
      depending cylindrical embossment 62 which is in communication with the
      opening 48. In accordance with this aspect of the invention, the
      collection trap 16, preferably an air permeable woven plastic bag-like
      element or a plastic vial, has a diameter approximately the same as the
      diameter of the embossment 62 whereby the collection trap 16 can be
      telescopically urged onto the embossment 62 for a frictional press fit
      therebetween.
PAR  The second member 44 is further provided with an annular downturned flange
      portion 64 by which the entire valve assembly 14 can be removably secured
      to the container 12, for example, by being provided with internal threads
      66 which may be received on an externally threaded neck portion 68 of the
      container 12.
PAR  Slideably mounted within the channel 36 established between the depending
      guide portions 32 and 34 of the first member 22 is a slide member 70
      (FIGS. 4 and 5) having a passageway 72 therethrough. As thus established,
      the slide member 70 is "sandwiched" between the undersurface 24 of the
      first member 22 and the upper surface 60 of the second member 44 and is
      sealingly engaged on opposite sides thereof by the O-ring like sealing
      members 27, 29 and 54, 56 (see FIG. 8).
PAR  The slide member 70 may be moved between a first position which interrupts
      fluid communication between aperture 23 in first member 22 and the opening
      48 in the second member 44 and a second position illustrated in FIG. 8 in
      which the passageway 72 establishes an unobstructed communication between
      aperture 23 and opening 48. It will be appreciated that when the slide
      member 70 is in its first blocking position, the slide member 70 would be
      moved to the right as viewed in FIG. 8, such that the passageway 72 would
      be situated between the confronting intermediate portions 30 and 58 of the
      surfaces 24 and 60, respectively, which are defined between the O-ring
      sealing members 27 and 29 on the first member 22 and the O-ring sealing
      members 54 and 56 on the second member 44. Thus, even when the slide
      member 70 is in its blocking position, the passageway 72 therethrough will
      be sealingly retained within a sealed enclosure. As will be described
      below, this is a particularly important aspect of the valve assembly 14
      since it prevents the loss of vacuum in the jar 12 when the system is "on
      the shelf" in a physician's office.
PAR  To uniquely establish the aforenoted first and second positions for the
      slide member 70, limit stops in the forms of depending flanges 76 and 78
      are provided at opposite ends of the slide member 70. Thus, if the
      operator slides the slide member 70 all the way to the left in FIG. 8 such
      that the depending flange 78 confronts the second member 44, the
      passageway 72 will be properly established in alignment with the aperture
      23 and the opening 48 in the first member 22 and second member 44,
      respectively. When the operator slides the slide member 70 all the way to
      the right, as viewed in FIG. 8, such that the depending flange 76
      confronts the second member 44, the passageway 72 will properly be located
      within the confines of the sealing members 27, 29 and 54, 56, as described
      above. As best seen in FIG. 1, a removable U-shaped channel member 80 may
      be frictionally secured on the slide member 70 to prevent accidental
      displacement of the slide member 70 from the first blocking position to
      the second communicating position.
PAR  In employing the system of the instant invention, the valve assembly 14 is
      secured to the container 12 and the slide member 70 moved to its second
      position in which the passageway 72 establishes communication between the
      aperture 23 and the opening 48. At this time, and perferably at the site
      of manufacture, a vacuum is applied through the aperture 23 to evacuate
      the container 12. When the proper vacuum has been achieved, the slide
      member 70 is slid to its blocking position and the U-shaped channel member
      80 slid onto the slide member 70 to prevent accidental displacement of the
      slide member. It will be appreciated that the vacuum will be held in the
      jar 12 by virtue of the fact that the passageway 72 in the slide member 70
      is retained as aforedescribed, within the confines of the sealing members
      27, 29 and 54, 56. The completely self-contained aspirator system may now
      be shipped to the physician or hospital and stored on the shelf.
PAR  When it is desired to perform aspiration procedure, the end portion 42 of
      the curette 18 is press-fitted into the cylindrical receptacle 38 (or it
      could be assembled in this condition at the factory), the curette is
      introduced into the uterus, and, thereafter, the slide member 70 is moved
      to its second position in which the passageway 72 establishes unobstructed
      communication between the aperture 23 and the opening 48. The prepackaged
      vacuum in the jar 12 will induce a suction at the tip of the curette 18,
      thereby inducing the fetal or gestational tissue or other biological
      material through the aspiration inlet thereof, through the valve assembly
      14 and into the collection trap 16. When the operation is completed, the
      entire assembly may be used as a shipping container for sending the
      biological material to the pathology laboratory or the curette, valve
      assembly 14, and trap 16 may be completely disposed of and, for that
      matter, jar 12 can be disposed of if desired. Alternatively, the jar 12
      and valve assembly 14 can be washed, sterilized and recycled by the
      manufacturer. It will be appreciated that the parts of the valve assembly
      14 are manufactured of relatively inexpensive materials, thereby
      economically warranting their disposal.
PAR  Although this invention has been described with respect to its preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of the invention be limited, not by
      the specific disclosure herein, only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-contained vacuum aspirator system comprising
PA1  a container having a vacuum applied therein;
PA1  a valve assembly secured to said container for selectively allowing the
      passage of fluid into said container; said valve assembly comprising
PA2  a first member having an aperture therethrough, said first member having a
      first surface on which is positioned first sealing means surrounding said
      aperture and second sealing means surrounding said first sealing means;
PA2  a second member secured to said first member, said second member having an
      opening therethrough and a first surface on which is positioned third
      sealing means surrounding said opening and fourth sealing means
      surrounding said third sealing means; and
PA2  a slide member having a passageway therethrough, said slide member being
      movably mounted between said first surfaces of said first and second
      members and sealingly engaged on opposite sides thereof by said first,
      second, third and fourth sealing means, said slide member being movable
      between a first position which interrupts communication between said
      aperture and said opening and a second position in which said passageway
      establishes communication between said aperture and said opening to permit
      flow through said valve assembly,
PA1  a curette in communication with said aperture; and
PA1  air permeable collection means supported within said container by said
      second member of said valve assembly in communication with said opening
      for accumulating matter collected by said curette when said slide member
      is moved to its second position;
PA1  wherein first and second sealing means comprise first and second sealing
      members received in channels provided in said first surface of said first
      member, and said third and fourth sealing means comprises thrid and fourth
      sealing members received in channels provided in said first surface of
      said second member; and wherein a portion of said second sealing member is
      spaced from a corresponding portion of said first sealing member by a
      distance greater than the diameter of said passageway through said slide
      member, and a portion of said fourth sealing member is spaced from a
      corresponding portion of said third sealing member by a distance greater
      than the diameter of said passageway, said passageway through said slide
      member being sealingly located between said respective portions of said
      first, second, third and fourth sealing members when said slide member is
      located in its said first position.
NUM  2.
PAR  2. The self-contained vacuum aspirator of claim 1 wherein said slide member
      includes limit stop means for establishing said second position with said
      passageway aligned with said aperture and said opening and for
      establishing said first position with said passageway located between said
      respective portions of said first, second, third and fourth sealing
      members, and further including releasable locking means for maintaining
      said slide member in its said second position.
NUM  3.
PAR  3. The self-contained vacuum aspirator of claim 1 wherein a second surface
      of said second member includes a depending cylindrical portion extending
      therefrom and in communication with said opening for supporting said
      collection means.
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ABST
PAL  A suturing device including a pair of arms having a set of adjacent ends
      movable toward and away from each other for engaging opposite sides of
      tissue therebetween. One of the arms has a needle-holding channel formed
      therein which opens at one end in the direction of the other arm. A
      manually operable needle driving member is mounted for movement on the one
      arm to drive a needle from the channel, through the tissue, and into the
      region of the other arm. The other, or second, arm has a needle receiving
      chamber therein for receiving the pointed end of the needle driven through
      the tissue. A rotatable needle holding element adjacent the needle
      receiving chamber is shiftable between a release position permitting entry
      of the needle into the chamber and a holding position in which it grips
      and holds the needle in the chamber. The needle holding element is
      operatively connected to a manually operable handle mounted on the second
      arm, which handle is shiftable between released and holding positions for
      producing corresponding shifting of the holding element. The operator
      handle is spring biased from its release toward its holding position,
      following initial displacement from its release position. A tissue
      engaging element mounted on the second arm is operable to engage and force
      tissue over the shank of the needle to insure full passage of the needle
      through the tissue when the arms are swung away from each other. A needle
      retracting device on the first arm is operable to receive and grip a
      needle when the driving element is extended, and on retraction of the
      driving element grips the needle to draw it into the needle holding
      channel.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a suturing device operable to pass a needle
      through tissue, grasp the needle on the opposite side of the tissue, with
      gripping of the needle on the opposite side of the tissue being
      selectively produced by the operator from a region distant from the
      needle, and permitting withdrawal of the needle thus gripped from the
      tissue.
PAR  Various suturing devices have been devised in the past, however, for the
      most part, these have been rather complex devices which have been rather
      cumbersome to use and complex in their construction. Further, such
      previous devices generally have not had provision for driving a needle
      through tissue, and then selectively gripping the needle on the opposite
      side of the tissue to draw the needle fully through the tissue and
      withdraw it from the area of the tissue. Prior suturing devices also have
      lacked convenient means for loading a needle therein for operation.
PAR  A general object of the present invention is to provide a novel suturing
      device which overcomes the above set out disadvantages of prior known
      devices in a simple and economical manner.
PAR  More specifically, an object of the present invention is to provide a novel
      suturing device including a pair of elongate arms having an adjacent set
      of ends swingable toward and away from each other for gripping tissue
      therebetween. One of the arms has needle driving means thereon for driving
      a needle through the tissue and into the region of the other arm. The
      other arm has a needle holding element thereon which is selectively
      shiftable between a release position which permits passage of the needle
      freely into the region of the other arm, and a holding position in which
      the needle is gripped by the other arm. After passage of the needle
      through the tissue and gripping of the needle in the other arm, the arms
      may be spread apart, to fully draw the needle through the tissue and the
      device then is withdrawn from the tissue.
PAR  Such a device may be of particular advantage to surgeons who may have to
      suture tissue within a region which is not only difficult to reach, but
      also is obscured from view. With such a device, the surgeon may insert the
      operating ends of the arms into the region of the tissue to be sutured,
      operate the device to drive the needle through the tissue, after the
      needle has been driven through the tissue grip it in the holding means,
      and then pull it through the tissue on spreading the arms apart, and
      thereafter withdraw it from the region.
PAR  Another object of the present invention is to provide such a device wherein
      an operator handle for producing shifting of the needle holding means is
      positioned on one of the arms in a region spaced from the operating ends
      of the device, thus to permit manual actuation thereof by the user in a
      region spaced from the operating ends. This allows for selectivity of
      operation of the holding member, wherein the same does not grip a needle
      until such time as the user actuates the operating handle.
PAR  Yet another object of the present invention is to provide such a novel
      device wherein the operator handle is shiftable between released and
      holding positions and is operatively connected to the holding member for
      producing corresponding movement thereof between its release and holding
      positions, and which further includes yieldable biasing means operable to
      urge the operator handle toward its holding position after initial
      displacement thereof from its release position. With such construction
      once the operator handle is initially shifted from its release position
      the biasing means will operate to urge the holding member to its gripping
      position.
PAR  A still further object of the present invention is to provide a suturing
      device having a needle holding channel in one of its arms opening at one
      of its ends in the direction of the other arm, and including needle
      retracting means operable to receive and grip a needle and, upon operation
      to retract the needle to draw it into the channel. Not only is this a
      benefit in initially loading the device for use, but also permits the
      user, during operation, to retract the needle even after it has been
      forced partially through tissue.
PAR  Another object is to provide in a suturing device tissue shifting means
      which is operable to engage and shift tissue fully over the shank of a
      needle to assure full passage of the needle through the tissue before
      withdrawal of the device.
DRWD
PAC  DRAWINGS
PAR  These and other objects and advantages of the present invention will become
      more fully apparent as the following description is read in conjunction
      with the drawings wherein:
PAR  FIG. 1 is a view of a suturing device constructed according to an
      embodiment of the invention;
PAR  FIG. 2 is an enlarged view taken generally along the line 2--2 in FIG. 1 of
      an end of tissue engaging means in the device;
PAR  FIG. 3 is an enlarged view of the operating end of an arm in the device
      with portions broken away to illustrate needle driving and retracing means
      therein;
PAR  FIG. 4 is an enlarged view of adjacent operating ends of opposed arms in
      the device with portions broken away to illustrate a needle loaded therein
      and tissue gripped between the operating ends;
PAR  FIG. 5 is a cross-sectional view taken generally along the line 5--5 in
      FIG. 4;
PAR  FIG. 6 is a view somewhat similar to FIG. 4, but with a needle in the
      device driven from one of the operating arms through tissue and into the
      other operating arm;
PAR  FIG. 7 is a cross-sectional view taken generally along the line 7--7 in
      FIG. 6;
PAR  FIG. 8 is a view of the operating ends of the device somewhat spread apart;
PAR  FIG. 9 is an enlarged view of an operating member taken generally in the
      region of line 9--9 in FIG. 1, with portions broken away;
PAR  FIG. 10 is a view somewhat similar to FIG. 9, but with the operating handle
      shifted from its holding position, illustrated in FIG. 9, toward a release
      position;
PAR  FIG. 11 is a view of a suturing device according to the invention including
      modified tissue engaging means, with the operating ends of the device
      spread apart and the tissue engaging means positioned to receive tissue
      therebetween;
PAR  FIG. 12 is a view of a portion of the device of claim 10 with the operating
      ends closed to grip tissue therebetween, and needle driving means shifted
      forwardly to drive a needle through tissure.
PAR  FIG. 13 is a view of the device of FIG. 10 with the operating ends of the
      device spread apart and the tissue engaging means operating to force
      tissue over the shank of a needle; and
PAR  FIG. 14 is a view of the device taken generally along the line 14--14 in
      FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings, and first more particularly to FIG. 1, at 10 is
      indicated a suturing device constructed according to an embodiment of the
      invention. The device includes a pair of elongate arms 12, 14 pivotally
      interconnected at 16 intermediate their ends for swinging relative to each
      other.
PAR  Finger rings 20, 22 are formed at the rear ends of arms 12, 14
      respectively. Such finger rings are engagable by the thumb and a finger of
      an operator's hand for swinging the arms relative to each other about
      pivot 16. Projections 20a, 22a on rings, 20, 22 respectively project
      toward each other and have ratchet teeth on their facing surfaces which
      lock in to each other when the rings, or handle portions, are swung into
      closely spaced relation, as illustrated in FIG. 1. The ratchet teeth may
      be released for swinging relative to each other by shifting the handles
      and projections laterally outwardly from each other to disengage the
      teeth.
PAR  The opposite, or operating, ends 12a, 14a of arms 12, 14, respectively, are
      spaced on the opposite side of pivot 16 from rings 20, 22. The operating
      ends of the arms are swingable toward and away from each other
      concurrently with swinging of rings 20, 22 toward and away from each
      other, as is illustrated by the solid and dot-dash positions for arm 12 in
      FIG. 1.
PAR  Describing the operating end 12a of arm 12, and referring to FIGS. 3 and 4,
      it will be seen that it includes an elongate, tubular member having a
      cylindrical interior, needle holding channel 26 formed therein. The
      channel is open at its end directed toward the opposite arm 14a. The
      device illustrated is for use with arcuate suturing needles, such as that
      indicated generally at 28, and thus channel 26 is curved in an arc
      corresponding generally to the curvature of such a needle.
PAR  Such a needle generally would have a thread, such as that indicated at 32,
      secured to a shank portion of the needle. An elongate slot 30 extending
      longitudinally along one side of the tubular member into channel 26
      permits passage of thread 32 therethrough.
PAR  An elongate needle driving member 36 extends from a substantially adjacent
      finger ring 20 on arm 12, through a major portion of channel 26, and is
      mounted for movement longitudinally in the channel and relative to handle
      12. The portion of driving member 36 which extends through and is slidable
      within the arcuate portion of channel 26 has a degree of flexibility which
      allows it to conform to the arcuate shape of the channel, yet still has
      sufficient columnar strength that it can shove needle 28 through tissue,
      as will be described in greater detail below. The remainder portion of
      driving member 36, which extends along handle 12, is suubstantially rigid
      and has sufficient columnar strength throughout its length whereby it also
      may support needle driving force exerted thereagainst in a direction
      longitudinally of the member without buckling. A slide member 40 secured
      to the rear end of member 36 is mounted for sliding movement on arm 12.
      Manual shifting of member 40 from the retracted position illustrated in
      solid outline in FIG. 1 to the extended position illustrated in dot-dash
      outline, moved forwardly along arm 12 acts to force driving member 36
      between the retracted position illustrated in FIG. 4 and the extended
      position illustrated in FIG. 3.
PAR  Secured to the forward end of member 36 (see FIG. 3) is a needle gripping,
      or retracting, member 42. Member 42 has a pair of opposed leg portions
      42a, 42b which are yieldably biased outwardly and away from each other
      toward the position illustrated in FIG. 3. When the needle driving member
      36 is in its extended position as illustrated in FIG. 3, leg portions 42a,
      42b project outwardly beyond the end of channel 26 are spread apart, and
      thus are adapted to receive a shank portion of needle 28 therebetween.
      Upon retraction of driving member 36 and entry of gripping member 42 into
      channel 26, the sides of the channel force legs 42a, 42b toward each other
      to grip the needle, with further retraction of the gripping member
      producing retraction of the needle fully into the channel, as is
      illustrated in FIG. 4, with its pointed end directed toward the opposite
      operating arm 14a. As the needle is retracted into channel 26 thread 32
      may travel therewith through slot 30.
PAR  Operating end 14a of arm 14 includes an elongate, tubular section 44 at the
      outer end of which is secured a needle receiving chamber indicated
      generally at 46. The chamber is defined by a pair of spaced side walls 48,
      50 hingedly interconnected at 52 to permit opening of the chamber as
      illustrated generally in dot-dashed outline in FIG. 1 to facilitate
      cleaning and other operation. Releasable fastening means is operable to
      hold wall 50 in its closed position, as illustrated in solid outline,
      throughout normal operation.
PAR  As is best seen in FIG. 5, the opposed, laterally spaced, edge margins 48a,
      50a of walls 48, 50, respectively, diverge on progressing outwardly from
      chamber 46 toward arm 12 and thus form a guiding entry way through which
      needle 28 may pass from channel 26 into chamber 46.
PAR  Referring to FIGS. 1 and 4, an elongate, cylindrical rod 56 extends
      longitudinally and rotatably through the bore extending through tubular
      section 44 of arm 14. Secured to the forward end extremity of rod 56 for
      rotation therewith is an elongate needle holding member 60 (see FIGS. 4
      and 5). Member 60 has a lobe 60a which is mounted for rotation, or
      pivoting, about an axis spaced laterally of the path along which needle 28
      would pass upon being driven from channel 26 into chamber 46. On rotation,
      the lobe moves from a released, or inoperative, position as illustrated in
      FIG. 5 directed away from side wall 48, and a holding, or operative
      position, indicated generally in FIG. 7, rotated toward wall 48. As is
      seen in FIG. 5, when in its released position, the lobe on the needle
      holding member provides an extension of wall edge margin 50a directed
      inwardly toward chamber 46 to aid in guiding a needle as it passes from
      channel 26 toward chamber 46. With the lobe in its holding position, as
      seen in FIG. 7, it is operable to press a needle against side wall 48 of
      the chamber and thus grip and hold the needle therebetween.
PAR  Rod 56 is journalled for rotation in a bearing post 62 secured to arm 14
      adjacent finger ring 22 and at its rear extremity is journalled in a bore
      extending through projection 22a (see FIG. 9).
PAR  Referring to FIGS. 1, 9, and 10, a member 66 having a square cross-section
      when viewed longitudinally of rod 56 is secured to the rod intermediate
      post 62 and projection 22a for rotation with rod 56. An elongate operating
      lever 70 has a base portion 70a which is mounted slidably on rod 56 for
      movement longitudinally along the rod. The base portion 70a also has a
      square cavity 70b formed therein which receives member 66 in such a manner
      that lever 70 is slidable longitudinally of rod 56 on member 66, but
      rotation of lever 70 about the longitudinal axis of rod 56 serves to
      rotate member 66 and rod 56. A compression spring 74 interposed between
      member 66 and lever base 70a yieldably urges the lever forwardly toward
      bearing post 62.
PAR  Secured to the forward surface of base portion 70a is a cam member 76 which
      encircles rod 56. The cam member includes a flat forwardly facing surface
      76a, a sloping face 76b, and an upright side wall 76c opposite, and spaced
      circumferentially from face 76b. A pair of spaced projections 78, 80 are
      formed on the rearwardly facing surface of post 62. Projections 78, 80 are
      so positioned that when lever arm 70 is in the release position
      illustrated in FIG. 9 and holding member 60 is in its release position as
      illustrated in FIG. 5, a projection, such as indicated at 80, engages the
      upper marginal edge of side wall 76c to initially inhibit rotation of the
      lever in a direction away from the viewer in FIG. 9. This yieldably holds
      the operating lever and holding member 66 in their release positions.
      Forcing operating lever 70 away from the viewer in FIGS. 1 and 9 causes
      base portion 70a of the lever to shift rearwardly to pass under a
      projection with sloping face 76b then coming into contact with the
      projection. With spring 74 urging the operating lever forwardly the
      sloping face of cam member 76 coacts with the projection to yieldably urge
      the operating lever and holding member 60 to rotate in a direction away
      from the viewer to the holding position illustrated in FIG. 10. In this
      holding position the needle holding member is in its operative position as
      illustrated in FIG. 7.
PAR  Referring to FIGS. 1, 2 and 8, at 84 is illustrated an elongate, tissue
      shifting member. In the embodiment illustrated, member 84 is an elongate
      strip of spring steel secured at one of its ends to arm 14 with its other
      end interposed between the forwardmost end portions of operating ends 12a,
      14a of the arms.
PAR  As is seen in FIG. 2 the forward end portion of member 84 is bifurcated
      producing legs 84a, 84b to which are secured engaging pads 86. The tissue
      engaging member is so positioned in the device that legs 84a, 84b are
      disposed on opposite sides of the path along which a needle 28 may pass on
      being shifted from channel 26 in operating head 12a into chamber 46 on
      operating head 14a. The construction of tissue shifting member 84 is such
      that it is movable with arm 14, but its outer end bearing legs 84a, 84b is
      yieldably biased outwardly from arm portion 14a toward the normally at
      rest position illustrated in solid outline in FIG. 1.
PAR  Describing the operation of the device as it might be used by a surgeon to
      suture tissue, the arms 12, 14 are rotated away from each other as
      illustrated in dot-dash outline for arm 12 in FIG. 1. Slide member 40 is
      shifted forwardly along arm 12 to the position illustrated in dot-dash
      outline in FIG. 1. This slides needle driving member 36 to its extended
      position as is illustrated in FIG. 3. With the driving member extended,
      the leg portions 42a, 42b of needle gripping member 42 are spread apart.
      The shank of a needle 28 having a thread 32 secured thereto is inserted
      between leg portions 42a, 42b. Slide member 40 then is retracted to its
      position illustrated in solid outline in FIG. 4, thus retracting the
      needle driving member to the position illustrated in FIG. 4. Such
      retraction causes leg portions 42a, 42b of the gripping member to grasp
      the needle and draw it into channel 26 to the loaded position illustrated
      in FIG. 4. As the needle is drawn into the channel, thread 32 may follow
      therewith and extend outwardly from the channel through slot 30.
PAR  With the operating ends 12a, 14a of the device spread apart, tissue to be
      sutured is placed between the open end of channel 26 in operating arm 12a,
      and tissue shifting member 84. Swinging of finger ring portions 20, 22
      toward each other brings the operating ends of the arms into engagement
      with opposite sides of the tissue to hold it therebetween, with such
      tissue being illustrated in dot-dash outline and indicated at 90 in FIGS.
      4 and 5. In this position, needle 28 is aligned with and directed toward
      chamber 46.
PAR  To drive the needle through tissue 90 the operator forces slide member 40
      forwardly to the position illustrated in dot-dash outline in FIG. 1, which
      extends the needle driving member to shove the needle through the tissue
      and into chamber 46 as illustrated in FIGS. 6 and 7. Should the operator,
      in mid-stroke, wish to retract the needle and withdraw it from the tissue,
      he may do so merely by retracting slide member 40 which, because of needle
      gripping member 42 still grasping the shank of the needle, produces
      retraction of the needle back into channel 26.
PAR  When the needle has been driven fully from channel 26 as illustrated in
      FIG. 6, and into chamber 46, leg portions 42a, 42b of the gripping member
      spread apart to release the needle and operating lever 70 is manually
      rotated to shift holding member 60 from its release to its holding
      position, as illustrated in FIG. 7 gripping the needle and holding it in
      chamber 46. As has been mentioned previously, the coaction of spring 74
      urging lever 70 forwardly, and the sloping surface of camming member 76
      operate to yieldably bias holding member 60 to its holding position,
      thereby to assure a continuous gripping action by the holding member even
      if the user should release his force on the operating lever.
PAR  With the needle thus held in chamber 46, the operating ends of the arms are
      spread apart as illustrated in FIG. 8, thus to pull the needle fully
      through the tissue. To assure that the needle passes fully through the
      tissue, tissue engaging member 84, biased away from chamber 46, urges the
      tissue to pass fully over the shank of the needle, as is illustrated in
      FIG. 8.
PAR  The device then may be withdrawn from the area of the tissue, with thread
      32 passing therethrough. The needle then may be reloaded in channel 26 for
      making another pass through the tissue, or a new needle may be loaded
      therein to pass another thread through the tissue.
PAR  Referring to FIG. 11, a device similar to that previously described is
      illustrated generally at 10 with modified tissue shifting mechanism
      thereon indicated generally at 100. Tissue engaging, or shifting,
      mechanism 100 includes an elongate member 102 pivotally connected
      intermediate its ends at 104 on arm 14. Member 102 includes a pair of
      elongate laterally spaced, substantially parallel side portions 102a, 102b
      extending along opposite sides of arm 14 and pivoted for swinging about
      pivot 104 in parallel planes past opposite sides of arm 14. The forward
      end 102c is positioned adjacent the opening between previously described
      edge margins 48a, 50a of needle receiving chamber 46, and has an opening
      therein through which a needle may pass from operating end 12a to
      operating end 14a of the arms into chamber 46.
PAR  The opposite, or rear, end portions 102d, 102e of member 102 are curved as
      illustrated in FIG. 10 and are positioned to swing part opposite sides of
      a midportion of arm 12 when pivoted about connection 104.
PAR  A spring arm 106 is received at its rear end to member 102 and at its
      forward end engages arm 14, urging member 102 to swing in a clockwise
      direction about pivot point 104. Forward end portion 102c of the member
      engages edge margins 48a, 50a of walls 48, 50, whereby the member normally
      is at rest in the position illustrated in FIG. 11. The member 102,
      however, may be swung, against the yieldable biasing force of spring 106
      to rotate in a counterclockwise direction, as illustrated in FIG. 13, away
      from side walls 48, 50 and in the direction of operating end 12a of arm
      12.
PAR  Secured to, and movable with, slide member 40 on arm 12 is an elongate
      rigid member 110. Member 110 is mounted for sliding movement
      longitudinally along arm 12 with member 40 between the position
      illustrated in solid outline in FIG. 11 when member 40 is drawn to its
      rearmost position to retract the needle driving member in the device, and
      forwardly along arm 12 to the position illustrated in FIGS. 12 and 13. It
      will be noted that in its retracted position, as illustrated in FIG. 11,
      member 110 is disposed completely rearwardly of rear ends 102d, 102e of
      member 102, and in its forwardmost position as illustrated in FIG. 12 and
      13 it is adjacent ends 102d, 102e of member 102.
PAR  Describing the operation of tissue pushing mechanism 100, and referring to
      FIGS. 11--13, in sequence, initially with a needle retracted into the
      device and slide member 40 retracted, as illustrated in FIG. 11, spring
      106 maintains member 102 in the at-rest position illustrated with its
      forward end 102c held against marginal edge portions 48a, 50a of chamber
      46 to facilitate entry of tissue 90 between it and operating end 12a of
      arm 12 when the arms are swung apart. Following insertion of tissue 90
      between the operating ends of the arms, the arms are swung together, as
      illustrated in FIG. 12, and slide member 40 is pushed forwardly along arm
      12 to drive needle 28 through the tissue and into chamber 46. After the
      needle is driven through the tissue into chamber 46, needle holding member
      60 is rotated to hold the needle in chamber 46. With member 40 slid
      forwardly along arm 12, member 110 comes into position adjacent rear enda
      102d, 102e, of member 102. Thus, upon swinging of the arms to their open
      positions as illustrated in FIG. 13, member 110 engages rear ends 102d,
      102e and forces the same to swing in a counterclockwise direction relative
      to operating end 14a of arm 14 to shove tissue 90 fully over the shank
      portion of needle 28.
PAR  A device as described herein is particularly well adapted for use by
      surgeons when working in regions of difficult accessibility and in places
      where visibility may be obscured. With such device, the surgeon need not
      have a clear view of the tissue to be sutured, but can be assured that
      once the operating ends of the arms are placed in engaging relationship on
      opposite sides of the tissue to be sutured, and the device is operated as
      above described, that the needle will be passed positively through the
      tissue, held in the chamber, and may be withdrawn with the assurance that
      the thread passed through the tissue. This also assures that the needle
      will be passed through the tissue with the device maintaining control of
      the needle throughout the operation whereby sewing can be done in a region
      of obscured visibility, without risk of loss of an unseen needle.
PAR  Of particular advantage in the device described are the features which
      allow the user to select at which stage of the operation he wishes to
      grasp the needle as it is passed through the tissue and allows the user to
      retract the needle, even if in mid-stroke. The first of these features is
      provided by the selectively actuatable holding device for gripping a
      needle after it is passed into the needle holding region of chamber 46.
      The second feature is provided by the needle retracting member which grips
      and holds a needle while in channel 26 and permits selective retraction
      thereof if desired. Also of importance is the tissue engaging feature
      which assures that the tissue is forced completely past the shank of the
      needle before the needle is withdrawn from the area of the tissue.
PAR  While a preferred embodiment of the invention has been described herein, it
      should be apparent to those skilled in the art that variations and
      modifications are possible without departing from the spirit of the
      invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having a set of ends
      spaced from said pivot connection which are movable toward and away from
      each other for receiving tissue to be sutured therebetween and engaging
      opposite sides of said tissue and handle portions spaced from said ends
      for gripping by a user,
PA1  needle holding means on one of said arms for holding a needle with its
      point directed toward the other arm,
PA1  needle driving means on said one arm for driving said needle through tissue
      held between said arms and into a needle receiving region adjacent said
      other arm,
PA1  needle receiving means on said other arm in said needle receiving region,
PA1  holding means on said other arm for selectively engaging and holding a
      needle received in said needle receiving means, including a holding
      element mounted for selective shifting between a released position
      permitting free movement of a needle into and out of said needle receiving
      means and a holding position in which said needle is held in said
      receiving means to accommodate drawing the same through tissue on movement
      of said arms away from each other, and
PA1  an operator member mounted for rotational movement adjacent one of said
      handle portions and operatively connected to said holding element whereby
      rotating of said operator member between a released position and a holding
      position produces shifting of said holding element between its released
      and holding positions, and biasing means operatively connected to said
      operator member for yieldably urging said operator member and holding
      member toward their holding positions following initial displacement of
      said operator member from its released position.
NUM  2.
PAR  2. The device of claim 1, which further comprises releasable catch means
      operable to impede initial displacement of said operator member from its
      released toward its holding positions.
NUM  3.
PAR  3. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having a set of ends
      spaced from said pivot connection which are movable toward and away from
      each other for receiving tissue to be sutured therebetween and engaging
      opposite sides of said tissue, and handle portions spaced from said ends
      for gripping by a user,
PA1  needle holding means on one of said arms for holding a needle with its
      point directed toward the other arm,
PA1  needle driving means on said one arm for driving said needle through tissue
      held between said arms and into a needle receiving region adjacent said
      other arm,
PA1  needle receiving means on said other arm in said needle receiving region,
      and
PA1  holding means on said other arm for selectively engaging and holding a
      needle received in said needle receiving means, said holding means
      including a holding member mounted for rotation about a pivot axis which
      extends substantially longitudinally of its associated arm and is spaced
      laterally of said needle receiving region, said holding member having a
      lobe projecting outwardly from said pivot axis which is rotatable into and
      away from said needle receiving region, an operator member mounted
      adjacent one of said handle portions for rotation about an axis extending
      substantially longitudinally of said arm, and transmitting means
      interconnecting said holding and operator members for transmitting
      rotational motion therebetween, said holding means being selectively
      shiftable between a released position permitting free movement of a needle
      into and out of said needle receiving means and a holding position in
      which said needle is held in said receiving means to accommodate drawing
      the same through tissue on movement of said arms away from each other.
NUM  4.
PAR  4. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having a set of ends
      spaced from said pivot connection which are movable toward and away from
      each other for receiving tissue to be sutured therebetween and engaging
      opposite sides of said tissue,
PA1  needle holding means on one of said arms for holding a needle with its
      point directed toward the other arm, said needle holding means including
      means defining an elongate needle storing channel open at an end thereof
      directed toward said holding means,
PA1  needle driving means on said one arm for driving said needle through tissue
      held between said arms and into a needle receiving region adjacent said
      other arm, said needle driving means being shiftable in said channel
      between a retracted position spaced inwardly from said end and an extended
      position adjacent said end,
PA1  needle retracting means operatively connected to said driving means for
      movement therewith between its retracted and extended positions operable
      to receive a shank portion of a needle and to grip the same to draw the
      needle into said channel on retraction of said needle driving means and to
      release its grip on said needle on shifting of said driving means to its
      extended position,
PA1  needle receiving means on said other arm in said needle receiving region,
      and
PA1  holding means on said other arm for selectively engaging and holding a
      needle received in said needle receiving means, said holding means being
      shiftable between a released position permitting free movement of a needle
      into and out of said needle receiving means and a holding position in
      which said needle is held in said receiving means to accommodate drawing
      the same through tissue on movement of said arms away from each other.
NUM  5.
PAR  5. The device of claim 4, wherein said needle retracting means comprises a
      pair of oppositely disposed clip arms connected to said needle driving
      means, which arms are yieldably biased laterally outwardly from each
      other, whereby the same spread apart to receive a needle therebetween when
      said driving means is extended, and are forced toward each other by said
      means defining said channel on retraction of the driving means, thus to
      grip a needle therebetween.
NUM  6.
PAR  6. The device of claim 4, wherein said means defining said channel
      comprises an elongate tubular member having an elongate slot extending
      through a side thereof longitudinally of the member for receiving of
      thread attached to a needle.
NUM  7.
PAR  7. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having a set of ends
      spaced from said pivot connection which are movable toward and away from
      each other for receiving tissue to be sutured therebetween and engaging
      opposite sides of said tissue,
PA1  needle holding means on one of said arms for holding a needle with its
      point directed toward the other arm,
PA1  needle driving means on said one arm for driving said needle through tissue
      held between said arms and into a needle receiving region adjacent said
      other arm, said needle driving means including a driving member mounted
      for movement against the shank of a needle held in said needle holding
      means toward and away from said other arm, manually operable actuating
      means mounted for movement on said one arm in a region spaced from said
      driving member between needle driving and needle retracting positions, and
      means operatively connecting said actuating means to said driving member
      for producing movement of the latter on operation of the former,
PA1  needle gripping means on said driving means having opposed elements which
      open to receive a needle therein when said driving means is extended
      toward said other arm and which close on retraction of said driving member
      away from said other arm to grip said needle to retract the same into said
      needle holding means,
PA1  needle receiving means on said other arm in said needle receiving region,
      and
PA1  holding means on said other arm for selectively engaging and holding a
      needle received in said needle receiving means, said holding means being
      selectively shiftable between a released position permitting free movement
      of a needle into and out of said needle receiving means and a holding
      position in which said needle is held in said receiving means to
      accommodate drawing the same through tissue on movement of said arms away
      from each other.
NUM  8.
PAR  8. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having an adjacent set of
      ends swingable toward and away from each other for receiving tissue to be
      sutured therebetween and engaging opposite sides thereof,
PA1  needle holding means on one of said arms including means defining a needle
      receiving channel having an open end directed toward said other arm for
      holding a needle with its point directed toward said other arm,
PA1  needle driving means including a needle engaging element shiftable in said
      channel between an extended position adjacent said open end of the channel
      and a retracted position spaced inwardly along said channel from said open
      end,
PA1  needle retracting means operatively connected to said driving means for
      movement therewith between its extended and retracted positions, said
      retracting means including means operable to receive a shank portion of a
      needle to grip the same and draw the needle into said channel on
      retraction of said needle driving means and to release said needle on
      shifting of said needle to its extended position, and
PA1  manually operable actuating means mounted for movement in opposite
      directions on said one arm and spaced from said end of the arm,
      operatively connected to said driving means whereby movement of the
      actuating means in one direction produces extension of said engaging
      element to drive the element toward said other arm and movement in the
      opposite direction produces retraction of said element.
NUM  9.
PAR  9. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having a set of ends
      spaced from said pivot connection which are movable toward and away from
      each other for receiving tissue to be sutured therebetween and engaging
      opposite sides of said tissue,
PA1  needle holding means on one of said arms for holding a needle with its
      point directed toward the other arm,
PA1  needle driving means on said one arm for driving said needle through tissue
      held between said arms and into a needle receiving region ajdacent said
      other arm, said needle driving means including a driving member mounted
      for movement against the shank of a needle held in said needle holding
      means toward and away from said other arm and actuating means for moving
      said driving member between an extended needle driving position and a
      needle retracting position, and
PA1  needle gripping means on said driving means having opposed elements which
      open to receive a needle therein when said driving means is extended
      toward said other arm and which close on retraction of said driving member
      away from said other arm to grip said needle to retract the same into said
      needle holding means.
NUM  10.
PAR  10. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having a set of ends
      spaced from said pivot connection which are movable toward and away from
      each other for receiving tissue to be sutured therebetween and engaging
      opposite sides of said tissue,
PA1  needle holding means on one of said arms for holding a needle with its
      point directed toward the other arm,
PA1  needle driving means on said one arm for driving said needle through tissue
      held between said arms and into a needle receiving region adjacent said
      other arm,
PA1  needle receiving means on said other arm in said needle receiving region,
PA1  holding means on said other arm for selectively engaging and holding a
      needle received in said needle receiving means, said holding means being
      selectively shiftable between a released position permitting free movement
      of a needle into and out of said needle receiving means and a holding
      position in which said needle is held in said receiving means to
      accommodate drawing the same through tissue on movement of said arms away
      from each other, and
PA1  tissue shifting means interposed between said ends of the arms comprising a
      tissue engaging element mounted for movement with said other arm toward
      and away from said one arm and for movement relative to said other arm in
      the direction of said one arm, and biasing means urging said tissue
      engaging element to move from said other arm toward said one arm on
      spreading apart of said arms.
NUM  11.
PAR  11. The device of claim 10, wherein said tissue engaging element comprises
      an elongate member disposed with one of its ends adjacent said end of the
      other arm, said end of the tissue engaging member being bifurcated to
      present laterally spaced legs disposed on opposite sides of a path along
      which a needle passes on being driven from said one arm toward said other
      arm.
NUM  12.
PAR  12. A suturing device comprising
PA1  a pair of elongate, pivotally interconnected arms having a set of ends
      spaced from said pivot connection which are movable toward and away from
      each other for receiving tissue to be sutured therebetween and engaging
      opposite sides of said tissue,
PA1  needle holding means on one of said arms for holding a needle with its
      point directed toward the other arm,
PA1  needle driving means on said one arm for driving said needle through tissue
      held between said arms and into a needle receiving region adjacent said
      other arm, said needle driving means including a driving member mounted
      for movement against the shank of a needle held in said needle holding
      means toward and away from said other arm, manually operable actuating
      means mounted for movement on said one arm in a region spaced from said
      driving member between needle driving and needle retracting positions, and
      means operatively connecting said actuating means to said driving member
      for producing movement of the latter on operation of the former,
PA1  needle receiving means on said other arm in said needle receiving region,
PA1  holding means on said other arm for selectively engaging and holding a
      needle receiving in said needle receiving means, said holding means being
      selectively shiftable between a released position permitting free movement
      of a needle into and out of said needle receiving means and a holding
      position in which said needle is held in said receiving means to
      accommodate drawing the same through tissue on movement of said arms away
      from each other, and
PA1  tissue shifting means interposed between said ends of the arms including a
      tissue-engaging element mounted on said other arm for movement therewith
      toward and away from said one arm and for movement relative to said other
      arm in the direction of said one arm, and shifting means operable to
      produce shifting of said tissue-engaging element from said other arm
      toward said one arm on moving said arms apart with said actuating means
      moved to its said needle-driving position.
NUM  13.
PAR  13. The device of claim 12, wherein said tissue-engaging element comprises
      an elongate pusher member pivotally connected intermediate its ends to
      said other arm and said shifting means comprises a member operatively
      connected to said actuating means and shiftable therewith between an
      operative position when said actuating means is in its needle-driving
      position for engaging and swinging said pusher member about said pivot
      connection when said arms are spread apart and an inoperative position out
      of engagement with said pusher member when said actuating means is in its
      needle-retracting position.
NUM  14.
PAR  14. The device of claim 12, which further comprises biasing means yieldably
      urging said tissue-engaging element toward said other arm.
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ABST
PAL  Catheter of the telescope tube, expandable wing type, characterized by the
      provision of alternative forms of means for preventing outward leakage
      from between the tubes, the leakage preventing means also serving the
      additional purpose of retaining the wings in expanded position.
      Alternative forms of tube distal ends are disclosed including one form for
      removing clots from blood vessels. Also, a stiff trochar rod may be
      employed with various forms of seals and the tube distal ends.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Telescopic tube catheters of expandable wing type are well known, exemplary
      of which is that disclosed in U.S. Pat. No. 3,108,595 to Overment. In such
      type, the distal ends of the tubes are secured together, longitudinal
      angularly spaced slits are provided in the outer tube adjacent its distal
      end so that when the tubes are slid relatively, the wings formed between
      the slits are expanded to prevent unauthorized removal from a body
      passage. Suitable means are also provided to lock the wings in expanded
      position. Since the tubes are normally provided with some clearance
      therebetween to render them readily slideable, fluids may leak through the
      clearance to the outside of the catheter which is objectionable for
      obvious reasons.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a catheter of the type just referred to
      but adds alternative forms of sealing devices for preventing leakage from
      between the tubes. The sealing means also provides a lock for retaining
      the wings in expanded position. In one form, a chamber is secured to the
      proximate end of the outer chamber which chamber is sealed at its other
      end by a flange secured to the inner tube. In another form, the outer tube
      is squeezed onto and in sealing engagement with the inner tube. In still
      another form a resilient bellows is provided, one end of which is secured
      to the outer tube and the other to the inner tube, forming a chamber which
      may trap any leakage from between the tubes. One form of means for
      securing distal ends of the tubes together permits the wings to be
      disposed closer to the distal ends, reducing the projection of the distal
      ends into a body cavity or the like. Another form of outer tube provides
      helical wings which are adapted to remove clots from blood vessels rather
      than to form locking means for retaining the tubes in a fixed position.
PAR  In accordance with the foregoing, one of the principal objects of the
      invention is to provide various combined fluid seals and wing locks for
      telescopic tube catheters.
PAR  Another object is to provide a trochar which may be employed with catheters
      of the type, aforesaid.
PAR  A further object is to provide improved distal ends for slideable tube
      catheters and the like.
PAR  Still further objects, advantages, and salient features will become more
      apparent from the detailed description to follow, the appended claims, and
      the accompanying drawing to now be described.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a central longitudinal section through one form of the invention;
PAR  FIG. 1A is a like section illustrating a different position of the parts;
PAR  FIG. 2 is a like section through an alternative form of seal;
PAR  FIG. 3 is a like section through another alternative form of seal;
PAR  FIG. 4 is a like section through an alternative form of tube distal ends
      and expandable wings; and
PAR  FIG. 5 is a like section through another alternative form of tube distal
      ends and expandable wings.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and first to FIG. 1, catheter 10 comprises an
      outer plastic tube 12, an inner slideable plastic tube 14, the distal ends
      being secured together by a heat seal 16. The outer tube is provided with
      a plurality of equiangularly spaced slits 18, such as four, which provide
      expandable wings 20 when the tubes are moved relatively, the expanded
      position being shown in FIG. 1A. An aperture 22 is also provided in inner
      tube 12 which provides communication from the left or proximate end
      thereof and a body organ or the like, the wings permitting insertion of
      the catheter through a body passage when they are collapsed and preventing
      removal when they are expanded, usually adjacent the distal end of the
      body opening, the construction as so far described, being essentially the
      same as in the overment patent, previously referred to. Also, the
      clearance between the tubes is such that fluid may flow therethrough but
      differs in that any flow or leakage is prevented from flowing to the
      exterior of the catheter, the means for preventing such leakage to now be
      described.
PAR  A circular plastic cup shaped member 24, having a collar or boss 26, is
      secured to outer tube 12 in any suitable manner, such as by a heat seal or
      cement, and a similar cup shaped member 28 is similarly secured to cup
      member 24 at a joint 30. As will be apparent, the two cup members form a
      cylindrical chamber 32 having a frusto-conical wall 34 at one end thereof.
PAR  A conduit fitting 36, having a circular hub 38, is secured to inner tube
      14, the hub being slideable within a circular aperture in wall 34. The
      right or distal end of the hub is provided with a flexible circular flange
      40 and a pair of oppositely disposed detents 42 are provided at spaced
      points from the flange. When member 36 is moved from the position of FIG.
      1 to that of FIG. 1A, detents 42 pass through the aperture in wall 34 and
      lock against its outer edge. At this position, flange 40 engages the
      frusto-conical wall 34 in flexed condition, preventing leakage around its
      outer edge. As will be apparent, the detents also lock wings 18 in
      expanded position, all as best shown in FIG. 1A. The left or proximate end
      of member 36 is formed with a frusto-conical wall 43 into which a male
      fitting may be inserted, the fitting being connected to a hose for
      delivering fluid to inner tube 14 or draining fluid therefrom. My U.S.
      Pat. No. 3,692,029 discloses an exemplary fitting of such type.
PAR  The catheter of FIGS. 1 and 1A, as so far described, may be used in the
      normal manner for application through a curved or tortuous body passage
      since the telescopic tubes are sufficiently flexible to conform to the
      curvature of the passage. In some instances, however, a stiff catheter is
      desired for insertion through a portion of the body, such as through the
      body chest. To attain this a trochar rod 44 formed of metal, such as
      stainless steel, may be inserted into inner tube 14, the rod having a
      sharp conical point 46 at its distal end which extends slightly beyond the
      distal ends of tubes 14, 12 and provided at its proximate end with a
      frustoconical finger engaging member 48 which seats within frustoconical
      female fitting 36. After applying the catheter and its trochar into
      desired position the trochar is removed, and the wings are moved to
      expanded position, as previously described.
PAR  Referring now to FIG. 2, this illustrates an alternative form of seal. It
      comprises a member 52 affixed to the inner tube 14 having a portion 54
      which slideable receives outer tube 12 and including a conical portion 56
      which may be contracted onto the outer tube. The means for contracting
      same comprises an annular collar 58 affixed to the outer tube, and having
      knobs 60 extending through angularly spaced slots 62. When the two tubes
      are moved relatively by outward relative movement of member 52 and knobs
      60, collar 58 moves onto conical portion 56 contracting it and the outer
      tube onto the inner tube, providing a seal therebetween. Detent 61, which
      may be in the form of a flange, then locks in groove 63, locking the wings
      in expanded positions.
PAR  Referring now to FIG. 3, this illustrates another alternative form of seal.
      This comprises a member 52a secured to inner tube 14, as in FIG. 2, and a
      bellows 64, one end of which is secured to member 52a and the other to
      outer tube 12. The bellows is preferably resilient and disposed in its
      expanded position (not shown) with wings 20 disposed in their expanded
      positions. When it is desired to collapse the wings, the tubes are slid
      relatively to the position shown, collapsing the bellows. The bellows are
      retained in the collapsed position, as shown, by any suitable locking
      means or keeper 66. After inserting the tubes into a body passage, the
      lock or keeper 66 is removed and the resilience of the bellows moves the
      wings to their expanded positions. As will be apparent, this seal differs
      somewhat from the others disclosed in that leakage from between tubes 12,
      14 is prevented at all times whereas in the others leakage is prevented
      only when the wings are moved to their expanded positions. The latter,
      however, is of no disadvantage since leakage is a problem only when in
      use, that is, when the wings are expanded.
PAR  Referring now to FIG. 4, this illustrates an alternative manner of securing
      the distal ends of the tubes together. Outer tube 12 is provided with a
      fold or retroverted end 68 which is heat sealed to the end of inner tube
      14. This construction permits slits 18 and wings 20 to be disposed
      somewhat closer to the ends of tubes 12, 14 so that there is a reduced
      projection of the catheter beyond the wings.
PAR  Referring now to FIG. 5, this illustrates another form of wing
      construction. It comprises a plurality of helical slits 18a, such as six,
      which provide a plurality of wings 20a. Also, the distal ends of the tubes
      terminate at an angle to their axes, as illustrated. The principal utility
      of the helical wings is in removing blood clots from blood vessels. In
      use, it is inserted into the vessel through and beyond the clot and then
      expanded to a size to engage the wall of the vessel. It is then removed,
      usually with the aid of suction in the inner tube, forcing the clot ahead
      of the wings. The helix angle and length of helix should preferably be
      such that the expanded wings provide a plug ahead of the clot to obviate
      leakage between ends of the wings which could occur if the expanded wings
      were disposed parallel to the outer tube as in the other figures.
PAR  In addition to the various constructions disclosed herein to prevent
      leakage between the inner and outer tubes an O-ring may be used between
      the tubes.
PAR  As will be apparent, the various seals disclosed, the various tube distal
      ends, and the trochar rod may be employed in numerous combinations within
      the purview of the invention, the illustrations thus being exemplary and
      in the interest of simplifying the disclosure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an instrument of the type having inner and outer relatively slideable
      telescopic tubes having distal ends secured together and having wings on
      the outer tube adjacent its distal end adapted to expand upon relative
      axial movement of the tubes, said tubes adapted to be disposed within the
      human body with their distal ends at a desired position therewithin and
      their proximate ends outside of the body, the tubes being subject to fluid
      leakage therebetween to outside of the instrument at the proximate end of
      the outer tube, the improvements, in combination, comprising:
PA1  a. sealing means disposed adjacent the proximate end of the outer tube for
      preventing said outward leakage, at least when the wings are in expanded
      position,
PA1  b. said means being so constructed to also lock the wings in expanded
      position.
NUM  2.
PAR  2. An instrument in accordance with claim 1 wherein said means comprises a
      closed chamber having one end secured to the distal end of the outer tube,
      its other end having a wall with a central aperture therein, a member
      affixed to the proximate end of the inner tube and slideable within said
      aperture, said member having a flange thereon adapted to sealingly engage
      said wall within said chamber, and means for locking said flange in
      sealing engagement with said wall.
NUM  3.
PAR  3. An instrument in accordance with claim 1 wherein said means comprises a
      member affixed to the proximate end of the inner tube and having a conical
      portion in which the outer tube may slide, and means affixed to the outer
      tube adapted to engage said conical portion and contract the outer tube
      into sealing engagement with the inner tube, the last named means, when in
      the position aforesaid, adapted to lock the tubes against relative axial
      movement with the wings in expanded position.
NUM  4.
PAR  4. An instrument in accordance with claim 1 wherein said means is so
      constructed to prevent leakage in all positions of relative axial movement
      of the tubes.
NUM  5.
PAR  5. An instrument in accordance with claim 4 wherein said means comprises a
      bellows having ends secured to the two tubes.
NUM  6.
PAR  6. An instrument in accordance with claim 5 wherein the bellows is
      resiliently urged toward wing expanded position.
NUM  7.
PAR  7. An instrument in accordance with claim 6 including means for retaining
      the bellows in collapsed position with the wings also in collapsed
      position.
NUM  8.
PAR  8. An instrument in accordance with claim 1 wherein said means is provided
      with a frusto-conical bore adapted to receive a like shaped fluid
      communicating fitting.
NUM  9.
PAR  9. An instrument in accordance with claim 1 including a stiff metallic
      trochar rod extending through the inner tube, said rod having a pointed
      distal end disposed beyond the distal ends of said tubes adapted to
      facilitate entry of the tubes into the body, its proximate end being
      accessible for removing same from the inner tube after the two tubes have
      been disposed in desired position in the body.
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ABST
PAL  An endotracheal tube holder includes a support arm mounting a tube
      retainer, an elongated chin mount that is held by a neck strap against the
      chin and in turn positions the support arm with the tube holder located
      between the wearer's teeth. A releasable strap detachably holds the tube
      in the retainer. A friction pivot connects the base of the arm to the chin
      mount so as to permit adjustive shifting of the tube retainer transversely
      across the mouth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to medical devices and, more particularly, to an
      improved holder for endotracheal tubes.
PAR  Placement of endotracheal tubes inserted in the patient's trachea typically
      is maintained by adhesive tape adhered about the tube and over the face
      and mouth. The tape obstructs access to the mouth and trachea while the
      tube is in place and makes it difficult to temporarily remove or shift the
      tube during routine or emergency procedures. Endotracheal tube holders of
      various types have been devised to overcome the problems encountered with
      the use of tape. However, prior devices of this type have not been
      altogether satisfactory because they also substantially or totally
      obstructed access to the mouth. Examples are illustrated and described in
      U.S. Pat. Nos. 2,820,457 and 2,693,182 to Phillips. In those cases the
      tube has to be threaded endwise through a retainer, a procedure that is
      sometimes awkward and therefore potentially dangerous in an emergency
      situation. In U.S. Pat. No. 2,908,269 to Cheng there is disclosed a
      flanged tube holder which has an arcuate slot into and from which a tube
      may be inserted and withdrawn with the tube holder flange held in position
      covering the mouth opening. Limited mouth access is provided by a small
      port through the flange.
PAR  It is an object of the present invention, therefore, to overcome these and
      other disadvantages of such prior art devices by providing an endotracheal
      tube holder affording substantially improved access to the mouth and
      trachea, and providing a stable, compact, adaptable supporting assembly
      for the tube retainer element, quickly and easily secured to the patient
      regardless of facial characteristics.
PAR  Another object is to provide an improved endotracheal tube holder wherein
      the tube retainer element is adjustively movable in the patient's mouth.
PAR  Another object is to devise an endotracheal tube holder that may be
      installed with the tube already inserted into the patient's mouth, such as
      in emergency situations, and which permits quickly inserting and removing
      a tube with the holder in mounted position. It is also important that the
      tube retainer protect the tube against occlusion between the patient's
      teeth.
PAR  An additional broad object is to provide a versatile, practical, economic
      and safe endotracheal tube holder applicable to a wide range of medical or
      surgical conditions and needs.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the improved oral tube holder comprises
      a rigid protective tube retainer or bite member supported on an arm
      connected by a friction pivot to a base or chin mount such that the arm
      can be swung transversely across the mouth into selected different
      positions.
PAR  The retainer or bite member has a lateral opening through its side and is,
      preferably, C-shaped in cross-sectional configuration, to permit insertion
      and removal of a tube transversely of its length. Preferably formed of
      semi-rigid plastic material, the tube retainer protects the tube against
      occlusion by being clamped between the patient's teeth.
PAR  The slenderness of the support arm and the minimal cross section of the
      tube retainer minimizes obstruction of the patient's mouth with the holder
      in place. This allows the physician visual observation and physical access
      to the oral cavity. The pivotal support for the arm makes it possible to
      swing the bite member about the mouth with or without the tube in place,
      so as to further improve accessibility with a tube inserted. In an
      emergency the endotracheal tube can be inserted first and thereafter the
      holder can be mounted and the tube secured in the holder without necessity
      for withdrawing the tube from the trachea or sliding it coaxially through
      the bite or retainer member. Thus, tubes and holders may be easily
      installed, removed or interchanged.
DRWD
PAR  These and other objects, advantages, and features of the present invention
      will become apparent from the detailed description to follow in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the tube holder according to the present
      invention positioned on a patient to hold an endotracheal tube;
PAR  FIG. 2 is a perspective view of the tube holder of FIG. 1;
PAR  FIG. 3 is a top view of the tube holder of FIG. 1 with strap portions
      removed; and FIG. 4 is a corresponding front view;
PAR  FIG. 5 is a side view, partly in section, of the tube holder of FIG. 1;
PAR  FIG. 6 is a face view of an attachment strap of a modified embodiment;
PAR  FIG. 7 is a face view of the base member of the modified embodiment; and
PAR  FIG. 8 is an assembled view of the modified embodiment with the support arm
      broken away which carries the tracheal tube holder per se in the modified
      embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  in FIGS. 1-5, wherein like parts bear like reference numerals, there is
      shown a tube holder suitable for use in maintaining proper placement of an
      endotracheal tube 10 extending through the mouth between the occlusive
      portions thereof (i.e. the jaws, teeth, gums, etc.) and into the trachea.
      As depicted in FIG. 1, the outer end of a tube 10 so positioned by the
      illustrated tube holder projects upwardly from the mouth of a patient
      lying face up. It will be apparent that the tube holder of the present
      invention is suitable for use in other applications in which it is
      desirable to accurately position and restrain generally similar tubular or
      elongated medical apparatus insertable into a patient's mouth.
PAR  The illustrated tube holder includes a chin mount or base member 12 of
      elongated generally arcuate form that seats against the chin immediately
      beneath the lower lip, or if desired, over the upper lip, extending
      lengthwise in a transverse direction across the face. The ends of the base
      member 12 are secured to the ends of an adjustable neck strap 14 which
      holds the chin mount in position by tension in the strap encircling the
      patient's neck, as depicted in FIG. 1. Button-like fasteners 16 on each
      end of the base member 12 interconnect the ends of the strap 14 and base
      member 12. One of the base member fasteners 16 remains connected with one
      end of the strap by insertion through a hole therein, as shown (FIG. 2).
      The opposite base member fastener 16 is detachably interengaged with the
      other end of the strap 14 by entering a selected hole 18 of a series of
      spaced holes 18 (FIG. 2) formed in that end portion of strap 14. Strap 14
      is preferably of elastic material and may have a liner of moisture
      absorbent material that does contact the wearer's skin, as may the base
      member 12.
PAR  An arm 20 is connected at its lower end by a friction pivot pin 22 to the
      base member 12 intermediate the ends of the latter (see FIG. 5). The pin
      22 is oriented perpendicular to member 12 to permit adjustive swinging of
      the arm in a plane parallel to the patient's face.
PAR  A tracheal tube retainer 24 fixedly mounted on the upper end of the arm 20
      projects into the patient's mouth with the arm in its erect position
      perpendicular to chin mount. The retainer 24 comprises an open sided or
      C-shaped channel which accommodates a tracheal tube extending through the
      retainer in a direction parallel to its axis.
PAR  The lateral or side opening 29 in tube retainer 24 (see FIG. 4) extends it
      full length and thereby permits direct transverse insertion and removal of
      tracheal tubes in the retainer. It is desirable that its lateral opening
      29 have a width smaller than the diameter of the elastic tracheal tube 10
      so that once forced through the opening, the tube 10 tends to remain in
      the retainer channel. However, for more secure retention, an elastic tube
      retaining strap 40 is used to hold the tube 10 in place positively. Strap
      40 is secured by one end to the underside of a shoulder 42 projecting
      transversely from the supporting arm 20 oppositely to the holder but in
      alignment with its bottom wall. Shoulder 42 underlies a tube retainer
      segmental forward extension in the form of a troughed clamping surface 38
      over which a tracheal tube extends in passing through the retainer proper.
      Strap 40 stretched around the tube and shoulder is made fast by its
      opposite end on a button 43 projecting downwardly from the arm shoulder
      42.
PAR  The base member 12, arm 20 and bite member 24 typically are formed of a
      plastic material suitable for sterilization by heat treatment, chemicals,
      etc.
PAR  The base member 12 preferably comprises a thin, stiff, plastic strip
      sufficiently flexible that when under tension drawn by the nect strap it
      will lie flat against and conform to the face adjacent the mouth and
      stably hold the arm 20 and the tube retainer 24 in position during use. If
      desired, the neck strap 14 may be replaced by equivalent securement means
      such as by taping it to the face; hence in an emergency such as if the
      strap 14 is lost or broken the tube retainer carried by arm 20 on base
      member 12 is fully usable.
PAR  Preferably the retainer member 24 is formed of plastic material having
      sufficient stiffness to resist deformation and collapse when clamped
      between the patient's teeth. Because it will often be bitten it should be
      stiff enough to avoid injury to the teeth or gums and for that purpose
      also may be covered with a softer protective layer (not shown) such as a
      soft rubber-like material.
PAR  As best shown in FIG. 1, the retainer or bite member 24 in use is normally
      positioned by the base member 12 and arm 20 so that it projects rearwardly
      generally centrally into the oral cavity. In this operative position, its
      rear and forward ends 28 and 26 (see FIG. 5) are located respectively
      inside and outside the teeth thus forming a shield for the tube 10 which
      it holds. The tube 10 may be interengaged with and disengaged from the
      bite member 24 through the lateral opening 29 with the tube already
      inserted and with the tube holder in this position or in process of being
      placed there or of being itself removed. Thus other tubes and other
      elements or articles may be substituted for the illustrated tube 10
      without disturbing placement of the bite member. These may differ in size
      and form cross-sectionally because the open-sided or longitudinally
      slotted form of the retainer as a holder channel and the use of securement
      strip 40 lends added versatility to the holder. The bite member or
      retainer 24 supported on the upper end of the arm 20 is long enough that a
      portion of it will remain between the patient's teeth to protectively
      shield the tube 10 from occlusion even with the retainer swung fully to
      the side of the mouth. It also will be apparent that the minimal exterior
      cross section and compactness of the bite member 24 and the arm 20
      minimize obstruction of the oral cavity and oral orifice.
PAR  With reference to the modified embodiment shown in FIGS. 6, 7 and 8, the
      curved base member 12' which fits against the patient's face has rounded
      ends and is necked down in width to form notches 50 in both edges adjacent
      the ends. The flexible neck strap 14' is devised in this case for
      simplicity of manufacture and for use as a cushioning element. For this
      latter purpose a length portion 14'a underlies the base member between the
      opposite end notches 50 and is held in this position by elastic retention
      of the notched parts of the base member in apertures in the strap. Thus a
      slot 14'b in one end of the strap is slipped over one headed end of the
      base member as depicted at the right in FIG. 8. From this securement the
      strap extends along the back side of the base member to double slots 14'c
      and 14'd, where the strap is folded between slots to slip the latter over
      the headed opposite end of the base member with the fold projecting
      outward. The strap extends from there around the head of the patient, and
      its opposite end, provided with a slit 14'e (or a series of successively
      spaced slits for adjustable tensioning of the strap) secures to the
      notched first end of the base member. An inexpensive plain rubber strap
      without separate fasteners or snaps, therefor, performs the securement
      function and provides a safe, compatible and convenient means of
      attachment. The tracheal tube holder and support parts not shown in FIG. 8
      may be similar to those shown in the preceding figures.
PAR  it will be appreciated that various other modifications and/or changes can
      be made in the endotracheal tube holder, that the foregoing description
      and drawings are illustrative and not limiting, and that the spirit and
      scope of the present invention is to be determined by reference to the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An endotracheal tube holder comprising an endotracheal tube retainer
      member of elongated form adapted for operative positioning in a patient's
      mouth extending outwardly therefrom between the patient's teeth to serve
      as a bite protecting a tube retained therein against being clamped shut
      between the teeth, said retainer member being adapted to be shifted
      transversely of its length from side to side in the patient's mouth, and
      mounting means for the retainer member including base means formed to be
      seated against the patient's face adjacent to and extending along one lip,
      securing means engageable with the patient's head for holding the base
      means securely thus seated, and a support arm rigidly connected to the
      retainer member in mutually transverse relationship and movably connected
      to the base means to be supported thereby while permitting transverse
      movement of the arm to effect the aforesaid shifting of the operatively
      positioned retainer member.
NUM  2.
PAR  2. The holder according to claim 1 wherein the base means comprises an
      elongated seating member that flexes into substantial conformity with the
      patient's facial contour, the arm being pivotally connected to such
      seating member intermediate the ends of the latter.
NUM  3.
PAR  3. The holder according to claim 2 wherein the securing means comprises a
      neck-encircling strap engaging opposite ends of said elongated seating
      member and adapted to extend around the patient's neck to hold said
      seating member under tension seated against the patient's face.
NUM  4.
PAR  4. The holder according to claim 3, wherein the elongated retainer member
      is of semi-tubular form with a side opening extending from end to end
      thereof to permit insertion and removal of an endotracheal tube through
      said opening by moving the tube in a relatively transverse direction.
NUM  5.
PAR  5. The holder according to claim 1, wherein the elongated retainer member
      is of semi-tubular form with a side opening extending from end to end
      thereof to permit insertion and removal of an endotracheal tube through
      said opening by moving the tube in a relatively transverse direction.
NUM  6.
PAR  6. The holder defined in claim 5 wherein the retainer member includes a
      longitudinal extension adapted to project outwardly in relation to the
      patient's mouth and of open trough-like form for seating of an
      endotracheal tube therein which extends through the retainer member, and
      attachment means on said retainer member adapted for releasibly securing
      the endotracheal tube seated in said trough-like extension.
NUM  7.
PAR  7. The holder defined in claim 4 wherein the retainer member includes a
      longitudinal extension adapted to project outwardly in relation to the
      patient's mouth and of open trough-like form for seating of an
      endotracheal tube therein which extends through the retainer member, and
      attachment means on said retainer member adapted for releasibly securing
      the endotracheal tube seated in said trough-like extension.
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ABST
PAL  Electronic defibrillating mechanism in which the electrodes comprise
      handles to be grasped by an operator with electrodes in the form of discs
      to be placed against the chest of the patient. The handles are provided
      with push buttons, and a neon ready-light is provided in each push button
      to indicate when the apparatus is charged to the desired extent for the
      operator to effect a defibrillating discharge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic defibrillating appartus are well known in the art. It is
      recognized that when the heart of a person goes into fibrillation, a
      discharge of a predetermined amount of electrical energy into the chest of
      the patient may stop the fibrillation. In accordance with conventional
      practice electrodes are provided which are placed on the chest of the
      patient. A capacitor in the apparatus is charged until a predetermined
      number of watt-seconds of energy is stored. A meter on the apparatus
      indicates when this predetermined quantity of electrical energy has been
      stored, and the doctor or technician may then close a switch to discharge
      the capacitor into the body of the patient whereby, hopefully, to stop
      fibrillation of the heart. Additional charges subsequently may be
      discharged into the body of the patient if the first discharge does not
      stop fibrillation. Such an electric discharge can have other beneficial
      effects on a patient, such as restarting a heart which has stopped for one
      reason or another.
PAR  In all previous defibrillating apparatus with which we are familiar it has
      been necessary for the doctor or technician to observe a meter on the
      apparatus to determine when the capacitor has charged to the requisite
      extent. Thus, the doctor or technician must monitor the apparatus, while
      at the same time watching the patient for various medical signs, and
      simultaneously properly positioning the electrodes on the chest of the
      patient.
PAC  SUMMARY AND OBJECTS
PAR  In accordance with the present invention it is an object to provide
      defibrillating apparatus in which indicating means is provided on the
      electrodes for indicating when the capacitor has been charged to the
      proper extent.
PAR  More particularly, it is an object to provide defibrillating electrodes
      having neon indicator lamps thereon which glow when the capacitor has
      reached the proper level.
PAR  In accordance with the present invention electrodes are provided with
      handles to be grasped by the hands of the operator, there being provided
      push buttons which are lighted by the neon ready-light on the handles,
      whereby the operator need not visually monitor the defibrillating
      apparatus, but can watch the patient and cannot miss seeing the neon
      ready-lights come on. There may be neon ready-lights on each of a pair of
      electrodes, with push button switches in each electrode handle. However,
      it is contemplated by the present invention that there might be only one
      push button switch, with both handles having neon ready-lights, or with
      there being only a neon ready-light in the push button on the handle
      having the switch.
PAR  It is further within the contemplation of the present invention to use
      snap-in electrodes so that different sizes might be used for adults and
      for children.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS AND DETAILED SPECIFICATION
PAR  The present invention will be understood best with reference to the
      following drawings when taken in connection with the accompanying
      specification, wherein:
PAR  FIG. 1 is a plan, somewhat schematic view of apparatus constructed in
      accordance with the present invention;
PAR  FIG. 2 is a longitudinal sectional view through the electrode of the
      present invention;
PAR  FIG. 3 is a side view of an adult size electrode; and
PAR  FIG. 4 is a similar side view of a child size electrode.
DETD
PAR  Turning now in greater particularity to the drawings, a patient 10 is seen
      lying on a suitable support 12 which may be a bed, cot, stretcher, etc.
      Defibrillating apparatus is illustrated at 14, and will be understood to
      be generally conventional in nature, including a rectifier circuit for
      converting alternating current energy from an outlet to direct current of
      suitable voltage for charging a capacitor in the apparatus. Other types of
      power supplies might be used for portable equipment, and all of this is
      known to those skilled in the art. Flexible leads 16 extend from the
      apparatus 14 to electrodes 18 held in the hands 20 of an operator, such as
      a doctor or technician, with the active elements of the electrodes pressed
      against the chest of the patient 10.
PAR  As will be apparent from FIG. 1, it is substantially impossible for the
      apparatus 14 to be close enough to the patient for the operator to observe
      both closely at the same time. Furthermore, defibrillation or restarting
      of a stopped heart must often be accomplished in the dark, or in a poorly
      lit location which makes visual observation of the defibrillating
      apparatus 14 difficult or impossible.
PAR  One of the electrodes 18 is shown in considerable detail in FIG. 2 and
      comprises a plastic or other insulating hollow handle 22 having a
      transparent or translucent push button 24 reciprocably mounted in the
      upper end thereof. The top portion of the push button 24 as indicated at
      26 is removable, and a neon bulb 28 is suitably mounted within the push
      button, as by threading into a socket 30 with the center contact of the
      bulb engaging a center contact 31 mounted below the threaded socket. The
      center contact 31 is connected to a wire 32, while the socket 30 is
      connected to a wire 34, the wires 34 and 32 comprising a portion of one of
      the cables 16. As will be understood, the wires 32 and 34 are connected to
      the opposite sides of the capacitor which is charged in the apparatus 14.
PAR  Another wire 36 in the cable 16 leads to a switch 38 having a reciprocal
      plunger 40 which is spring urged upwardly, and which presses against the
      underside of the push button 26 for depression thereby.
PAR  A separable portion 42 of the electrode handle mounts a metal socket 44
      having a center cylindrical opening 46 having a snap ring 48 therein. The
      handle portion 42 upon mounting the socket 44 may be cemented or fused in
      place and need not thereafterwards be separable. The socket 44 is
      connected by a wire 50 to the opposite side of the switch 38 from the wire
      36.
PAR  A metallic stem 52 has an annular groove 54 therein, and is received in a
      bore 56 of the handle portion 42 and also in the bore 46 of the socket 44,
      the snap ring 48 snapping into the groove 54 to hold the stem 52 in place.
      A metallic electrode disc 58 is fixed to the outer end of the stem 52 and
      is spaced from an insulating disc 60 integral with the handle portion 42.
PAR  As may be seen by comparing FIGS. 3 and 4, the disc may be relatively large
      as indicated at 58 in FIG. 3, or it may be smaller as indicated at 58a in
      FIG. 4. The reason for this is that there are optimum positions on the
      chest of a patient for positioning of the electrode discs, and the larger
      discs as in FIG. 3 are most efficient for positioning on the chest of an
      adult whereas such discs could not be properly positioned on the chest of
      a child without contacting one another and shorting out the discharge.
      Thus, the larger disc and stem are snapped out of the handle and the
      smaller disc and stem are snapped in for use with a child.
PAR  As will now be understood, when the defibrillating apparatus 14 is turned
      on the capacitor will charge. When the desired charge level is reached,
      corresponding to a predetermined number of watt-seconds energy, the neon
      ready-lights 28 will both glow. Since they glow, they are readily seen by
      the operator, such as a doctor or technician who may be watching the
      patient's face for other vital signs. The operator then simply depresses
      both push buttons with his thumbs, providing the patient with the
      necessary direct current shock to stop fibrillation, or to restart a
      stopped heart, etc. It is not necessary for the operator to take his eyes
      from the face of the patient to see the lighted push buttons indicating
      where his thumb should be pushed. The push buttons are discernable to
      anyone in the area indicating that the capacitor is charged, and that
      everyone should keep his hands away except for the operator. Furthermore,
      the neon ready-lights are readily discernable in the dark, and may even
      help to locate the electrodes in a poorly lit area, such perhaps as in an
      ambulance, or in a combat field.
PAR  By having two duplicate electrodes, each with a push button, a certain
      safety factor is introduced in that both push buttons must be depressed.
      Synchronization of the depression is not important, but the second must be
      depressed before the first is released. Economies of manufacture may be
      obtained by utilizing only one switch, although it is preferable to retain
      both neon bulbs for location of the electrodes. Obviously, the neon bulb
      associated with the electrode which does not have a switch can also be
      eliminated for reasons of economy but this is undesirable as it detracts
      from the findability of the electrodes in a dark environment, and it
      detracts from the ability of the operator properly to position the
      electrodes on the chest without taking his eyes from the face of the
      patient.
PAR  The specific example of the invention as herein shown and described is for
      illustrative purposes. Various changes in structure will no doubt occur to
      those skilled in the art, and will be understood as forming a part of the
      present invention insofar as they fall within the spirit and scope of the
      appended claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. Electrode structure for application to a body of a patient comprising a
      handle adapted to be grasped in the hand of an operator, an electric
      contact on said handle to be pressed against the body of a patient, a
      normally open electric switch carried by said handle and electrically
      connected to said contact, a switch-closing device on said handle adapted
      to be depressed by a finger of an operator and mechanically interconnected
      with said switch to close said switch upon depression of said
      switch-closing device, electric connection means connected to said switch
      and adapted to be connected to a source of electric power for connection
      of said source to said contact upon closure of said switch, and a
      ready-light carried by said handle in close proximity to said device
      illuminating said device when energized, said ready-light being
      electrically connected to said electric connection means and thus being
      energized when said source is in a ready condition, said switch-closing
      device comprising a push button and the light being mounted in said push
      button, said push button being at least in part pellucid and thus
      transmitting light.
NUM  2.
PAR  2. An electrode structure as set forth in claim 1 wherein said contact
      comprises a plate.
NUM  3.
PAR  3. An electrode structure as set forth in claim 2 and including means
      quickly detachably mounting said plate on said handle.
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PAL  Described is method and apparatus for transmission of electrocardiography
      (EKG) signal wave trains from a patient's location via common carrier wire
      lines, such as telephone lines, to a central diagnostic office. The EKG
      signals consist of a composite train of Pacemaker potentials (artifacts)
      derived from an implanted Pacemaker, and of potentials derived from the
      heart itself. At the central, the EKG signals are pen-recorded, but
      additionally a train of Pacemaker artifacts only, is formed and from it is
      determined the Pacemaker frequency as an indication of remaining Pacemaker
      battery life. The central is provided with additional equipment, such as
      an arrhythmia analyzer which prepares an interval histogram from the
      patient's EKG signal. The histogram serves as an indication of "loss of
      capture" of the patient's heartbeat by the Pacemaker and such loss of
      capture is confirmed by the absence of correlation between the Pacemaker
      artifact and the "QRS complex" portion of the patient's EKG.
PAL  Also disclosed is a method and apparatus for precisely measuring the
      frequency of the Pacemaker artifacts in order to detect potential
      Pacemaker battery failure, which would be indicated by a change in the
      artifact frequency over a period of time. This apparatus includes timer
      marker generation means for recording precisely timed markers to provide a
      correction factor for compensating for a variation in the recording paper
      speed.
PARN
PAR  This application is a continuation of application Ser. No. 257,557 filed
      May 30, 1972, now abandoned.
BSUM
PAR  This invention relates to electrocardiography (EKG) signal
      transmission-reception method and apparatus, and more particularly to
      transmission from a patient's location via common carrier wire lines,
      preferably telephone lines, to a central diagnostic office. In this text,
      the terms "central," "central office", "central diagnostic office," are
      used interchangeably; the terms are not limited to a "central" in the
      usual telephony sense, but are applicable also to a hospital, a clinic, or
      even a single cardiologist's office or even a general practitioner's
      office, provided required equipment is present at that location.
PAR  EKG signal transmission schemes of the general character as contemplated by
      the present invention, have been previously proposed, but have not taken
      into account the peculiar problems which arise out of the use of the
      Pacemaker. The present invention has among its objects, the provision of
      EKG signal transmission-reception for patients with Pacemaker.
PAR  Beginning in the late nineteen-sixties, the Pacemaker has come into
      widespread use by cardiac patients. The Pacemaker is a heart-beat
      stimulator implanted in the patient's body. The most commonly used
      Pacemaker are designed to be inactive for so long as the patient's natural
      heart-beat rate is equal to or greater than a minimum rate acceptable for
      the particular patient. Whenever the patient's heart-beat rate slips below
      the minimum rate, the Pacemaker becomes active or "paces" to stimulate the
      heart beat. Above this rate Pacemaker stimuli are suppressed.
PAR  The pacing action is discernible in the electrocardiogram as a signal or
      "spike" of distinctive waveshape, herein also referred to as "artifact".
      The just described mode of Pacemaker operation is known as the "demand"
      mode in the sense that the Pacemaker operates only when needed or
      "demanded", and is otherwise inactive.
PAR  The Pacemaker is battery-powered; the life of the battery, although quite
      long is nevertheless finite; reduction in performance of the battery, and
      certainly erratic performance or total failure of the battery can be quite
      dangerous or even fatal to the patient. It therefore behooves to test the
      battery periodically to determine remaining useful battery life, and
      possible necessity for surgical replacement of the implanted Pacemaker
      including its battery.
PAR  In order to test the battery, it had been heretofore the practice to switch
      the Pacemaker from the demand mode to a "fixed" mode, in which the
      Pacemaker operates at a fixed frequency independent of the patient's
      heart-beat rate. Switching to the fixed mode is accomplished by placing a
      permanent magnet over the Pacemaker, externally to the patient's body. For
      the fixed mode, and in rather great contrast to the demand-mode action,
      the Pacemaker artifact is detectable at regular precise intervals. As a
      result, the Pacemaker induced heart rhythm may compete with the natural
      and independent rhythm of the heart. Under such conditions it is possible
      for the heart to stop beating normally and enter a state of fibrillation
      with possible fatal results.
PAR  Heretofore it had been the practice, for purposes of periodically checking
      battery life, to have the Pacemaker operate in the fixed mode, and measure
      the fixed-mode operating frequency. Change in operating frequency is an
      indication of future reduction in performance, or even total failure of
      the battery.
PAR  There exist no technological obstacles to measuring the Pacemaker fixed
      rate at a remotely located central, and it is within the purview of the
      present invention to do just that. However, there exist psychological
      obstacles to such measurements. The present invention contemplates that
      the patient transmit EKG signals to the central, even without supervision
      of a physician or of anyone else; that is, completely on his own. Many
      patients refuse to perform the things necessary to transfer to the fixed
      mode, namely, placing the magnet over the Pacemaker; this stems from
      unwillingness or fear to disturb something which appears to be functioning
      well and to which the patient owes his continuing life.
PAR  Not only the patients but also quite a few doctors are reluctant to operate
      the Pacemaker fixed mode, for fear of inducing fibrillation, as noted
      above; this is certainly a theoretical possibility, but has not happened
      even once as far as is known.
PAR  In arriving at the present invention, it was discovered that periodic
      measurement of the Pacemaker artifact frequency, even in the demand mode,
      is a good and reliable indication of residual battery life. This assumes,
      of course, that the Pacemaker artifacts have not been suppressed, as is
      generally the case. For this purpose, it is desirable to derive at the
      central, from the composite received EKG plus artifact signal train, a
      train consisting solely of artifact-corresponding signals, and measure
      their repetition rate. The present invention contemplates
      electrocardiography transmissions of the order of one minute; if during
      such a time interval there occurred as few as just two sequential
      artifacts in the demand mode, their time spacing would be a good
      indicator, considered in a history of similar periodic measurements, of
      the remaining useful battery life. In addition, measurements may be made
      in fixed mode Pacemaker operation since the artifacts are present on a
      regular basis. Timed marker signals permit precise measurement of the
      artifact frequency.
PAR  The present invention thus enables measuring at the diagnostic central, of
      the artifact frequency to the accuracy required to forecast battery
      failures. In addition, the described system not only checks the condition
      of the Pacemaker battery but also permits evaluation of possible failures
      in the mechanisms of interaction between the Pacemaker and the heart (such
      as failure to sense a conducted beat, or failure to properly stimulate the
      heart because of a damaged or inoperative catheter) which result in "loss
      of capture."
PAR  Previously proposed EKG signal transmission schemes had a major
      shortcoming, the overcoming of which is an object of this invention,
      namely, the transmitting apparatus could be provided only as "fixed
      station", that is at a "permanent" location and as a "permanent"
      installation. In contrast, by the present invention it is possible to
      attach the transmitting apparatus quickly at well-nigh any location
      equipped with a telephone, for only so long as the transmission is
      required, and thereafter remove it just as quickly, and without the need,
      at the transmitter or the telephone, of permanent and expensive coupling
      devices. In this manner, the transmission may be effected by the doctor,
      or even by the patient himself, from the patient's home, or wherever the
      patient may be located, either under emergency conditions, or as part of a
      periodic electrocardiography program.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following more detailed description, of which the appended claims
      form a part, considered together with the accompanying drawings, in which:
PAR  FIG. 1A is a block diagram of the preferred method of precisely measuring
      Pacemaker artifact frequency.
PAR  FIG. 1B is a block diagram of the equipment at the patient's or
      transmitting location;
PAR  FIG. 2 is a block diagram of the diagnostic central, or receiving location,
      both in accordance with a preferred embodiment of the invention;
PAR  FIG. 3 is a waveshape diagram useful in the interpretation of FIGS. 1B and
      2; and
PA1  Fig. 4 is a "histogram", that is, a graphical statistical synopsis
      machine-prepared in response to the EKG signals received at the central
      illustrated in FIG. 2.
DETD
PAR  The following description is presented as applied to a patient with
      implanted Pacemaker. Of the several signals or waveshapes obtainable by
      EKG methods, which waveshapes are known as "complexes", "segments" and
      "waves," the single one which by itself is most prominent is the QRS
      complex illustrated in waveform A of FIG. 3. The QRS complex results from
      depolarization of the ventricles prior to contraction. It is substantially
      coincident with the actual contraction of the cardiac muscle, which
      produces the pumping action. The QRS complex has in the case of a healthy
      heart, a relatively rapid rise and fall; the interval between half
      amplitude points may be typically about 0.04 seconds, and this width may
      increase when the heart muscle is damaged.
PAR  For purposes of FIG. 3, it is assumed that the patient is equipped with a
      Pacemaker operating in the demand mode. Illustrated are a number of QRS
      complexes QRS1, QRS2 .sub.- - - QRSx (observe the "break" in the time-axis
      following QRS3), but only some, and more specifically, complexes QRS1,
      QRS2 and QRSx, are preceded by Pacemaker "spikes" or artifacts, PM1A, PM2A
      and PMXA, respectively. In the fixed mode, each QRS complex would be
      preceded by a Pacemaker artifact. And in the use of a patient without
      Pacemaker, no artifacts would appear at all.
PAR  For a patient equipped with a Pacemaker, the QRS complex will be preceded
      by a Pacemaker "spike" or "artifact", designated in FIG. 3 as PM. Whereas
      the upper limit of the significant spectral components of the QRS complex
      is of the order of 80 Hz, those of the Pacemaker artifacts are somewhat
      higher, approaching 200 Hz; advantage of this fact is taken in separating
      out Pacemaker spikes, as described below with reference to FIG. 2.
PAR  In the composite Pacemaker artifact-QRS complex wave train A, an artifact
      PM precedes the QRS signal by a variable amount, here arbitrarily taken as
      about 0.06 seconds; the period for complete repetition of a composite
      PM-QRS signal for the fixed mode is arbitrarily taken as 0.8 seconds.
PAR  Referring to FIG. 1B, before transmission to the diagnostic central of FIG.
      2 begins, the patient will have attached to standard points on his body,
      EKG electrodes designated in FIG. 1 as 9 to 13. For satisfactory detection
      of the EKG and PM signals, a minimum of two electrodes is required; these
      are usually the right and left arm electrodes 9 and 10. When additional
      information is required three additional electrodes 11, 12, 13 are
      utilized; these are, in order, a left leg electrode; a right leg electrode
      (also known as indifferent or ground electrode); and a chest electrode
      (also known as precordial electrode). These will have been connected, for
      example by plug-in connector (not shown) into an amplifier 14, which
      accordingly delivers at its output an amplified version of the waveshape
      A. The amplifier may be of the type conventional for EKG purposes, but
      owing to the higher frequency components of the Pacemaker artifact PM,
      will have a higher upper cut-off frequency. In a working embodiment, the
      amplifier 14 was given lower and upper down-three-decibel frequencies of
      0.25 and 80 Hz respectively. Higher frequency Pacemaker components are
      also transmitted since their amplitude is considerably greater than the
      EKG signals. To suppress the conventional power line frequency, 60 Hz in
      the United States, the amplifier 14 is designed for "balanced" dual input
      with consequent common-mode suppression, that is self-cancellation of
      in-phase power-line and other pickup noise signals at the electrodes 9 and
      10. For this purpose, advantageously the right leg electrode 12 is placed
      on the patient's body and is grounded as shown. The amplifier 14 is
      battery-powered in order to maximize portability of the unit.
PAR  The amplified output signal A is applied to a frequency modulator or
      voltage-controlled oscillator 15, which operates at a carrier frequency in
      the middle audio frequency range, typically 1800 Hz, with maximum
      frequency deviation of about .+-. 25% or .+-. 450 Hz. The instant
      frequency deviation from carrier frequency is proportional to the instant
      amplitude of the signal in wavetrain A, thus giving rise to the term
      "voltage-controlled oscillator." For purposes of this text frequency
      modulation and phase modulation shall be considered synonymous.
PAR  The output of the modulator 15 drives a loudspeaker 16 which accordingly
      produces sound output in a frequency range from 1350 Hz to 2250 Hz.
PAR  The description so far given is preparatory to transmission of the EKG
      signals. Transmission is initiated by telephone dialing the diagnostic
      central, utilizing the telephone set 18 at the patient's station, via
      outgoing telephone lines indicated symbolically as 19; the double ended
      arrow signifies facility for two-way communication. When voice
      communication with the central has been established, and when readiness at
      both ends has been acknowledged, the telephone set 18 is placed with the
      mouthpiece 17 in proximity to or even placed directly over, the
      loudspeaker 16. Such direct acoustic coupling is in line with the
      objective of utilizing the equipment well-nigh anywhere. Transmission of
      the modulated carrier is thus commenced, and continued usually for a
      preagreed time of the order of 1 minute; this to afford the possibility of
      further voice communication.
PAR  A suitable EKG transmitter is disclosed in U.S. Pat. No. 3,872,251 filed
      Feb. 20, 1973 for Electrocardiography Transmitter and Transmission Method
      and issued Mar. 18, 1975 to the same assignee.
PAR  Referring to FIG. 2, the line 19 is shown symbolically as connected to a
      switchboard 20 at the central, along with numerous other lines the last of
      which is designated as 19x. The showing of plural lines may be considered
      symbolic, since in principle the invention may be practiced with the
      single telephone subscriber's line assigned to the central. However the
      plural lines 19, etc. may include plural public lines, to accommodate
      plural incoming calls simultaneously, and may even include private lines
      to cardiologist's offices. The switchboard 20 may be Model 507
      manufactured by Western Electric Co., and as such affords facility for
      receiving incoming calls, dialing outgoing calls, voice communication,
      connections to various extensions, facility for multi-party conference
      connections, etc.
PAR  The receiving station equipment proper may be considered to be the units
      shown to the right of the switchboard 20. When voice acknowledgement has
      been made between patient's station with the attendant at the switchboard
      20, as adverted to in the description of FIG. 1B, the attendant
      interconnects at the switchboard 20, the incoming call-line 19, now
      transmitting the modulated carrier, with the receiving equipment, and more
      particularly with a coupler or set of couplers 21, which may be of the RDY
      type, manufactured by the Western Electric Company. The couplers 21 are
      provided primarily for the purpose of isolating the telephone lines, in
      both directions, but they are not absolutely essential.
PAR  From the coupler 21, the received modulated carrier is inserted into a
      well-known frequency discriminator 23, which reproduces the original
      wavetrain A at its output. The thus reproduced or recovered wavetrain A is
      applied to inputs of a high-pass filter 24 (which in turn feeds a signal
      shaper 25, which is followed by a beats-per-minute counter digital display
      and printer 26), an arrhythmia analyzer 28, and to an EKG pen-recording
      mechanism 30 which accordingly plots the electrocardiograph on standard
      EKG paper; note the reproduced trace A within unit 30.
PAR  The pen-recording mechanism 30 may be considered a minimum requirement for
      a diagnostic central; the EKG trace is of itself sufficient to provide a
      basis for determining all the other data provided by the units 26 and 28,
      however with lesser accuracy, for the following reasons.
PAR  In accordance with standard practice the paper moves at a speed of 25
      millimeters per second, and is accurately ruled every millimeter. A
      frequency measurement is usually made by the human interpreter over a 12
      second interval. The number of Pacemaker spike-to-spike intervals
      (including fractional intervals) is measured within a convenient 30
      centimeter space, and the result, multiplied by five, is the Pacemaker
      spike frequency in beats per minute. This result, however, may be
      inaccurate by several percent because the paper speed varies with several
      uncontrolled factors, such as power line frequency, variable paper drag,
      etc.
PAR  In accordance with the invention, correction for the inaccuracy is made by
      having a timer 32 actuate a second pen-recorder typically every 3 seconds.
      This produces a second, parallel trace (see unit 30) of time markers. The
      number of millimeters separating 11 consecutive markers made by this pen
      should be 750, if the speed is precisely 2.5 cm per second. The actual
      number of millimeters separating 11 such markers is counted. If this
      actual number is "x", the factor (x/750) is a required correction on the
      frequency measured above, i.e., the true Pacemaker spike frequency will be
      the measured frequency multiplied by the factor "x/750". Since the time
      markers can be measured to better than 0.2 millimeters, the paper speed is
      thus calibrated to better than 1 part in 3750, which allows the Pacemaker
      spike frequency to be measured to better than 0.1 beats per minute (in
      contrast, the accuracy of the unit 26 is about 1 part in 5000). Timer 32
      may be a crystal oscillator with an output frequency of 3 pulses per
      second, of the type manufactured by Fork Standard Corporation, West
      Chicago, Illinois. The accuracy of unit 30 is desirable for Pacemaker
      patients and is considerably higher than is customarily accepted in
      electrocardiography as applied to a patient without Pacemaker. Thus the
      just described feature of the invention may of itself be sufficient to
      provide, at lesser accuracy to be sure, an approximation of the data
      available from the units 26 and 28, or may serve as a redundancy device to
      safeguard against failures or malfunctions of these units. In concluding
      part of the description there are given further examples of interpretation
      of the data produced by units 26, 28 and 30.
PAR  FIG. 1A is a flow chart of the overall method of precisely measuring the
      Pacemaker artifact frequency when EKG data is transmitted from a first
      location to a receiving location. The EKG data includes information
      relating to the heartbeat of a patient and the Pacemaker implanted in the
      patient's body. The purpose of the method is to precisely measure the
      frequency of the artifact signals to accurately assess the residual life
      of the battery or other power source of the Pacemaker, or any artificial
      heart stimulator. The method comprises the following steps:
PA1  a. sensing and generating a train of repetitive composite signals which
      include a plurality of QRS complex signals attributable to the heartbeat
      of the patient and a plurality of artifact signals attributable to the
      operation of the heart stimulator and wherein the artifact signals are
      interspersed with the QRS complex signals;
PA1  b. frequency-modulating the train of signals onto a carrier signal having a
      carrier frequency in the audio frequency range;
PA1  c. transmitting the frequency-modulated carrier to the receiving location
      via ordinary communication carrier lines;
PA1  d. demodulating, at the receiving location, the incoming
      frequency-modulated carrier signal to reproduce a signal train which has a
      waveform corresponding to the original signal train;
PA1  e. recording the reproduced signal train on a moving recording medium
      having equally-spaced calibration lines and designed to move at a desired
      speed;
PA1  f. generating and recording on the recording medium, at substantially the
      same time as the recording of the reproduced signal train, and completely
      independent from the recording medium moving means, periodically-timed
      marker signals spaced in time so that during that time the moving
      recording medium will move a desired space relative to the marker signals
      when at the desired speed;
PA1  g. measuring the linear distance between sequential artifact signals on the
      recording medium as indicated by the calibration lines to determine the
      measured artifact signal frequency, assuming that the recording medium is
      moving at the desired speed;
PA1  h. measuring the space between selected marker signals to determine if the
      moving recording medium was moving at the desired speed during the
      recording, thereby indicating that the measured artifact signal frequency
      is the correct artifact signal frequency;
PA1  i. and obtaining the precise artifact signal frequency if the moving
      recording medium was not-moving at the desired speed by correcting the
      measured artifact signal frequency in accordance with a correction factor
      determined by the ratio between the measured space between the selected
      marker signals and the desired space when the moving recording medium is
      moving at the desired speed.
PAR  The high-pass filter 24 serves to filter out those lower-frequency
      components in wavetrain A, which are due to the QRS complex and other
      components of the EKG, and thus serves to provide via signal shaper 25 a
      signal train B (see FIG. 3) consisting of reshaped pulses derived from the
      Pacemaker artifacts PM. The signal train B is applied to a counter 26,
      which is preferably of the type manufactured by Monsanto Company, Type
      107A, which has the capability of measuring and digitally displaying time
      intervals between successive input signals (here, the pulses in waveshape
      B) and also their frequency expressed in beats per minute, to an accuracy
      of 1 part in 5000 as previously stated.
PAR  The repetition rate of the Pacemaker artifacts (see FIG. 3) remains fairly
      constant throughout the life of the Pacemaker battery, but tends to change
      by several percent near the end of the battery life, and this is true not
      only for fixed mode operation, but also for demand mode operation; for the
      demand mode the resolution accuracy of frequency measurement is
      necessarily reduced, but is still sufficient for forewarning potential
      failure of the Pacemaker battery life.
PAR  The arrhythmia analyzer 28 may be of the kind manufactured by Instruments
      for Cardiac Research. When the "demand mode" EKG is transmitted and
      recorded, the unit 28 measures R--R intervals between consecutive R-waves
      (see FIG. 3) and groups these intervals into 20 millisecond classes. The
      number of intervals in each class is counted, and the counts are displayed
      as a function of the interval duration as shown in FIG. 4, by the
      arrhythmia analyzer 28. From the displayed data, it is possible to compute
      an average R--R interval from the succession of QRS complexes, and to
      compute the coefficient of variation (CV) of the R--R intervals. The
      various graphs or clusters shown in FIG. 4 are an indication of the
      statistical distribution of R--R intervals of various durations. The
      significance of these clusters will be explained in the concluding part of
      the description. The description so far given has been for "real time"
      operation of the diagnostic central of FIG. 2; however, it is desirable
      for some purposes, to have available the facility of having the functions
      of the units 26, 28, 30 or of units equivalent to them, at a later time.
      Such purposes are, amongst others:
PAR  As a redundancy safeguard against possible malfunction or failure of the
      equipment.
PAR  For re-constructing the final output records at a future time.
PAR  For generating the final output records in the first instance, later, when
      the equipment is busy with an earlier-commenced transmission.
PAR  For re-transmitting the transmission (voice and EKG, if desired) to another
      "central", for example a cardiologist's office.
PAR  Accordingly, the coupler 21 is also connected, and bidirectionally so, to a
      magnetic tape recorder 34, which under control of a retransmission control
      unit 36, may be switched in and out to record the incoming transmission,
      for concurrent real time processing by the units 26, 28, 30, or upon
      playback for subsequent processing; or for retransmission via switchboard
      and an outgoing line, again on a concurrent or a subsequent basis.
PAR  The described method and system is highly versatile and advantageous;
      amongst the many possible uses and advantages are the following:
PAR  The described system checks both the condition of the Pacemaker battery and
      "loss of capture" of the heart beat by the Pacemaker.
PAR  Lack of capture (adverted to in the specification introduction), either due
      to failure to sense the conducted beat or failure to stimulate the left
      ventricle, may be determined both by direct observation of the total EKG
      as well as by measurement of the coefficient of variation (CV) of the R--R
      interval. Direct observation of the total EKG indicates that the Pacemaker
      spike and the QRS complex no longer maintain an essentially constant phase
      relationship when there is "loss of capture." On other occasions, the QRS
      complex is missing altogether, despite the presence of the Pacemaker
      spike. The variability of the QRS complex (or its absence) is apparent to
      the trained cardiologist by direct observation of the total EKG record.
PAR  The normal variability of the QRS complex gives rise to a coefficient of
      variation (CV) usually on the order of 3-5%. During loss of capture, the
      variability exceeds 10%. This is recognized on the interval histogram (see
      FIG. 4) as a cluster of premature beats VPB, a normal cluster NB somewhat
      displaced in time (with a longer period), and a third cluster CP of
      "compensatory pauses," with an abnormally long period. The numerical value
      of the CV of such an interval histogram is consequently greater than
      normal. An increase in this CV quantifies the visual observation made by
      the cardiologist and thus helps define the specific Pacemaker defect.
      Under normal conditions, solely the cluster NB would be present. With the
      Pacemaker even in its normal demand mode, the EKG record itself, and the
      R--R interval histogram, indicate whether the heart Pacemaker interaction
      is normal. The data thus extracted from the transmitted signal is plotted
      for each transmission (usually monthly, but more often than once per month
      at the beginning and end of Pacemaker battery life). Changes in these
      extracted parameters (Pacemaker spike frequency and coefficient of
      variation), together with a cardiological interpretation of the
      transmitted EKG, permit a determination of the need for surgical
      replacement of the Pacemaker or of its catheter sensing and stimulating
      electrode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of transmitting electrocardiographic data from a first location
      to a receiving location, wherein the data includes information relating to
      the heartbeat of a patient and an artificial heart stimulator implanted in
      the patient's body for precisely measuring the frequency of the artifact
      signals to accurately assess the residual life of the power source of the
      artificial heart stimulator, said method comprising:
PA1  a. sensing and generating a train of repetitive composite signals which
      include a plurality of QRS complex signals attributable to the heartbeat
      of the patient and a plurality of artifact signals attributable to the
      operation of the heart stimulator and wherein the artifact signals are
      interspersed with the QRS complex signals;
PA1  b. frequency-modulating the train of signals onto a carrier signal having a
      carrier frequency in the audio frequency range;
PA1  c. transmitting the frequency-modulated carrier to the receiving location
      via ordinary communication carriers lines;
PA1  d. demodulating, at the receiving location, the incoming
      frequency-modulated carrier signal to reproduce a signal train which has a
      waveform corresponding to the original signal train;
PA1  e. recording the reproduced signal train on a moving recording medium
      having equally-spaced calibration lines and designed to move at a desired
      speed;
PA1  f. generating and recording on the recording medium, at substantially the
      same time as the recording of the reproduced signal train, and completely
      independent from the recording medium moving means, periodically-timed
      marker signals spaced in time so that during that time the moving
      recording medium will move a desired space relative to the marker signals
      when at the desired speed;
PA1  g. measuring the linear distance between sequential artifact signals on the
      recording medium as indicated by the calibration lines to determine the
      measured artifact signal frequency, assuming that the recording medium is
      moving at the desired speed;
PA1  h. measuring the space between selected marker signals to determine if the
      moving recording medium was moving at the desired speed during the
      recording, thereby indicating that the measured artifact signal frequency
      is the correct artifact signal frequency;
PA1  i. and obtaining the precise artifact signal frequency if the moving
      recording medium was not moving at the desired speed by correcting the
      measured artifact signal frequency in accordance with a correction factor
      determined by the ratio between the measured space between the selected
      marker signals and the desired space when the moving recording medium is
      moving at the desired speed.
NUM  2.
PAR  2. A method as claimed in claim 1, further comprising the step of deriving
      and displaying, at the receiving location, from the reproduced signal
      train, a separate signal train which contains solely signals which
      correspond time-wise to the original artifact signals.
NUM  3.
PAR  3. A method as claimed in claim 2 further comprising measuring at the
      receiving location by means of an interval counter the
      artifact-to-artifact time intervals in the derived artifact signal train.
NUM  4.
PAR  4. A method as claimed in claim 3 comprising machine-computing from the
      measured artifact-to-artifact time intervals, the artifact frequency.
NUM  5.
PAR  5. A method as claimed in claim 4 further comprising applying the
      reproduced signal train to an arrhythmia analyzer for computation, and
      automatic display by the arrhythmia analyzer, of a "histogram" of the
      received electrocardiographic information.
NUM  6.
PAR  6. A method as claimed in claim 1 further comprising retransmitting from
      the receiving location to a remote location, a frequency-modulated signal
      equivalent to the frequency-modulated signal received from the patient's
      location, demodulating, at the remote location, the incoming
      frequency-modulated carrier signal to recover a signal train which
      corresponds to the original signal train, and displaying the recovered
      signal train at the remote location.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the communication lines are
      telephone lines to which are linked telephone transmitting-receiving
      equipment at the patient's location and at the receiving location.
NUM  8.
PAR  8. A method as claimed in claim 7 further comprising recording, at the
      receiving location, the there received frequency-modulated signal, and at
      a later time, reproducing the recorded signal, transmitting the reproduced
      signal to a remote location via telephone lines and receiving and
      displaying the reproduced signal at the remote location.
NUM  9.
PAR  9. A method as claimed in claim 7 further comprising, after the
      frequency-modulating step, transducing the modulated carrier into an
      audible signal, and acoustically coupling the latter audible signal into
      the patient's telephone set for transmission to the receiving location.
NUM  10.
PAR  10. A method of precisely measuring the frequency of Pacemaker artifact
      signals included in electrocardiography signals recorded on a recording
      medium having equally-spaced calibration lines and designed to move at a
      desired speed comprising the steps of:
PAR  a. generating and recording on the recording medium, at substantially the
      same time as the recording of the electrocardiography signals and
      completely independent from the recording medium moving means,
      periodically-timed marker signals spaced in time so that during that time
      the moving recording medium will move a desired space relative to the
      marker signals when at the desired speed;
PAR  b. measuring the linear distance between sequential artifact signals on the
      recording medium as indicated by the calibration lines to determine the
      measured artifact signal frequency, assuming that the recording medium is
      moving at the desired speed;
PAR  c. measuring the space between selected marker signals to determine if the
      moving recording medium was moving at the desired speed during the
      recording, thereby indicating that the measured artifact signal frequency
      is the correct artifact signal frequency;
PAR  d. and obtaining the precise artifact signal frequency if the moving
      recording medium was not moving at the desired speed by correcting the
      measured artifact signal frequency in accordance with a correction factor
      determined by the ratio between the measured space between the selected
      marker signals and the desired space when the moving recording medium is
      moving at the desired speed.
NUM  11.
PAR  11. The method of claim 10 wherein the calibration lines on the recording
      medium are spaced X millimeter(s) apart, the desired speed of the moving
      recording medium is Y millimeter(s) per second, the time spacing of the
      timed marker signals is one every Z second(s) and the correction factor is
      the number of millimeters separating U recorded markers divided by X times
      Y times Z times U-1, the precise artifact signal frequency being the
      measured artifact signal frequency multiplied by the correction factor.
NUM  12.
PAR  12. The method of claim 24 wherein X equals 1, Y equals 25, Z equals 3 and
      U-1 equals 10 so that X times Y times Z times U-1 equals 750, the
      denominator of the correction factor.
NUM  13.
PAR  13. The method of claim 12 further comprising the step of recording the
      electrocardiography signals including sequential artifacts on the moving
      recording medium in a first trace and the marker signals in a second trace
      parallel to the first trace.
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ABST
PAL  Apparatus for treating organisms for therapeutic purposes consists in
      applying thereto by means of electrodes an electrical signal comprising
      successive pairs of pulses, the pulses of each pair being of opposite
      polarity. The apparatus has an electrode arrangement for application to
      the organism and a signal generator for supplying to the electrode
      arrangement the signal comprising successive pairs of pulses, the pulses
      of each pair being of opposite polarity. The generator has controls for
      varying independently of one another the amplitude of the pulses of each
      polarity, the duration of the pulses of each polarity, the interval
      between the pulses of each pair, and the interval between successive pairs
      of pulses.
BSUM
PAR  The present invention concerns apparatus for the application of electrical
      signals to an organism.
PAR  In accordance with the invention there is provided apparatus for treating
      organisms by applying thereto by means of electrodes an electrical signal
      comprising successive pairs of pulses, the pulses of each pair being of
      opposite polarity.
PAR  It has been found that the application of signals as defined in the
      preceding paragraph to a patient has important therapeutic value in
      certain types of illness. In this connection, it has been observed that
      the application of pairs of pulses in which the pulses are of opposite
      polarities is of vital importance in the therapeutic effect obtained. Each
      pair of pulses of opposite polarity may thus be considered as a unit, and
      may for convenience be referred to as a "bio-pulse".
PAR  As each bio-pulse consists of two pulses, it will be convenient to refer to
      these as the fore-pulse and the aft-pulse, the fore-pulse being the first
      pulse of each pair and the aft-pulse the second pulse of each pair.
PAR  Due to the nature of the bio-pulse, it is more meaningful to refer to the
      "density" and "intensity" of the electrical signals rather than to their
      frequency and voltage respectively.
PAR  The invention also includes apparatus as defined in the preceding paragraph
      but three of which the following properties of the pulses are
      independently variable: (a) the amplitude of the pulses of each polarity;
      (b) the duration of the pulses of each polarity; (c) the interval between
      the pulses of each pair; and (d) the interval between successive pairs of
      pulses.
PAR  The first pulse in each pair may be of either polarity, and the polarity of
      the pulses in each pair is advantageously reversible.
PAR  The invention also includes apparatus for the application of electrical
      signals to an organism, comprising an electrode arrangement for
      application to the organism and a signal generator for supplying to the
      electrode arrangement a signal comprising successive pairs of pulses, the
      pulses of each pair being of opposite polarity.
PAR  The invention further includes apparatus as defined in the preceding
      paragraph, in which the generator has controls for varying independently
      of one another: (a) the amplitude of the pulses of each polarity; (b) the
      duration of the pulses of each polarity; (c) the interval between the
      pulses of each pair; and (d) the interval between successive pairs of
      pulses.
PAR  The first pulse in each pair may be of either polarity, and the apparatus
      may advantageously comprise a control for reversing the polarities of the
      pulses in each pair.
DRWD
PAR  The invention will now be described in more detail, by way of example only
      and with reference to the accompanying drawings in which:
PAR  FIG. 1 is a circuit diagram of an electrical signal generator of apparatus
      for the application of electrical signals to an organism;
PAR  FIG. 2 is a block diagram of the signal generator;
PAR  FIGS. 3 to 7 show those parts of the circuit corresponding to the blocks of
      FIG. 2;
PAR  FIG. 8 shows some output signals provided by the generator;
PAR  FIG. 9 shows a simplified apparatus; and
PAR  FIGS. 10 and 11 show output waveform of the apparatus.
DETD
PAR  Referring to FIG. 1, the generator is powered by eight 1.5 volt batteries
      divided into two groups so as to give positive and negative 6 volts
      supplies. Thus a positive voltage of 6 volts is obtained at point A, earth
      voltage at point B and a negative voltage of 6 volts at point C. Points A
      and B are joined through a smoothing capacitance C16, and points B and C
      through a smoothing capacitance C17. Point A is connected to the positive
      pole of one group of batteries through a switch section S.sub.3 A and
      point C to the negative pole of the other group of batteries through
      switch section S.sub.3 B. These two switch sections are ganged together as
      indicated by the dashed line. Point B is connected directly to the
      junction of the two groups of batteries.
PAR  A variable resistance R1 has one end connected through a resistance R2 to
      the point A. Its other end is connected to its cursor and to a first
      cursor of a switch S1. This first cursor is associated with six fixed
      contacts each of which save one is connected to one end of a pre-set
      variable resistance R. The other end of each of these resistances is
      connected to a respective one of a set of capacitance C.sub.A to C.sub.F,
      the other terminals of these capacitances being connected to point B. The
      junction of each resistances R with its respective capacitance is
      connected to a fixed terminal associated with a second cursor of the
      switch S1.
PAR  The resistance R connected to capacitance C.sub.D is an exception in that
      it is connected to point A through a resistance R34 rather than through
      the switch S1.
PAR  The second cursor of switch S1 is connected to the emitter of a PNP
      transistor Q1 whose collector is connected to the base of a NPN transistor
      Q2. The base of transistor Q1 is connected to the collector of transistor
      Q2. The emitter of transistor Q2 is connected to point B through a
      resistance R3. The base of transistor Q1 is also connected to point A
      through a resistance R4 and to point B through a resistance R5, the
      series-connected combination of resistances R4 and R5 being shunted by a
      capacitance C5.
PAR  The collector of a NPN transistor Q3 is connected to point A through the
      series-connected combination of two resistances R6 and R7. Its emitter is
      connected to point B. Its base is connected to point A through the
      series-connected combination of a resistance R8, a variable resistance R9,
      and a resistance R10. The collector of transistor Q3 is connected to the
      base of a NPN transistor Q4 through a resistance R11, the base of
      transistor Q4 being connected to the emitter of transistor Q2 through the
      series-connected combination of a resistance R12 and a capacitance C7. The
      junction of variable resistance R9 and resistance R10 is connected to the
      collector of transistor Q4 through a capacitance C6, this collector being
      connected to point A through a resistance R14. The emitter of transistor
      Q4 is connected to the junction of resistance R6 and R7 through the
      series-connected combination of a resistance R13 and a capacitance C8.
PAR  A NPN transistor Q5 has it collector connected to point A through the
      series-connected combination of resistances R15 and R16. Its emitter is
      connected to point B, and its base is connected to point A through the
      series-connected combination of a resistance R19, a variable resistance
      R20, and a resistance R21. Its collector is connected to the base of an
      NPN transistor Q6 through a resistance R25, the collector of transistor Q6
      being connected to the junction of variable resistance R20 and resistance
      R21 through a capacitance C9 and through a resistance R27 to point A. The
      emitter of transistor Q6 is connected to point B. A capacitance C11
      connects point A to point B. Point A is also connected to point B through
      the series-connected combination of a resistance R29 and a variable
      resistance R30, the cursor of the variable resistance R30 being connected
      to the base of an NPN transistor Q9. The emitter of transistor Q9 is
      connected to point B and its collector is connected to the base of a PNP
      transistor Q11 the emitter of which is connected to point A and the
      collector of which is connected to that of an NPN transistor Q12. The
      emitter of transistor Q12 is connected to point C.
PAR  The collector of transistor Q12 is connected to point B through a
      capacitance C15 which is connected in parallel with the primary winding of
      a transformer T1 whose secondary winding is connected across a variable
      resistance R33. The cursor of the resistance R33 is connected to a first
      fixed terminal of each of a pair of ganged change-over switch sections
      S.sub.2 A and S.sub.2 B. Second fixed contacts of these switch sections
      are connected together and to one end of the resistance R33. The cursor of
      each of switch sections S.sub.2 is connected to a respective terminal of
      jack sockets J1 and J2. Socket J1 includes a resistance R35 closing the
      circuit when no jack plug is connected to the socket.
PAR  A PNP transistor Q7 has its collector connected to point C through the
      series-connected combination of resistances R17 and R18. Its emitter is
      connected to that of a PNP transistor Q10. Its base is connected to point
      C through the series-connected combination of a resistance R22, a variable
      resistance R23 and a resistance R24. The collector of transistor Q7 is
      connected through a resistance R26 to the base of a transistor Q8, the
      base of transistor Q8 being connected to the anode of a diode D2 whose
      cathode is connected to the junction of capacitance C8 and resistance R13
      and to the anode of a diode D1 whose cathode is connected to the base of
      transistor Q6. The emitter of transistor Q8 is also connected to that of
      transistor Q10, which is also connected to that of transistor Q4.
PAR  The collector of transistor Q8 is connected through a capacitance C10 to
      the junction of variable resistance R23 with resistance R24, and to point
      C through a resistance R28. The emitter of transistor Q8 is connected to
      point C through a capacitance C12 which is in parallel with the
      series-connected combination of a resistance R31 and a variable resistance
      R32, resistance R31 being connected at one end to point C. The junction of
      resistance R31 with variable resistance R32 is connected through a
      capacitance C14 to the junction of resistances R17 and R18. The cursor of
      resistance R32 is connected to the base of the transistor Q10 the
      collector of which is connected to the base of transistor Q12.
PAR  Referring to FIG. 2, this circuit has six basic units, namely the power
      supply (not shown in FIG. 2), a "density" control unit 1, a fore-pulse and
      aft-pulse separator 2 a control unit for the fore-pulse 3, a control unit
      for the aft-pulse 4, and an output unit 5.
PAR  The density control unit is basically an oscillator the operational
      frequency of which can be varied between limits of zero and 2000 Hz by
      means of a range selector and tuning control. Its output is fed to the
      fore- and aft-pulse separator.
PAR  The separator, when excited by oscillations, generates square waves at a
      given frequency but with variable pulse width. The leading edge and
      trailing edge of each square wave are then separately fed to the
      fore-pulse control unit and the aft-pulse control unit.
PAR  These control units are identical except in that they are concerned with
      opposite polarities. The fore-pulse control unit is also a square wave
      generator. It produces positive-going pulses with adjustable width. The
      frequency of these pulses is governed by the fore- and aft-pulse
      separator.
PAR  The aft-pulse control unit produces negative-going pulses.
PAR  The fore- and aft-pulses are fed to the output unit, which has two
      individual input controls which control the input amplitude of the fore-
      and aft-pulses. Intensity control is provided for adjusting the bio-pulse
      output. A normal and reverse switch is also provided for reversing the
      polarities of the two pulses in each bio-pulse.
PAR  The operation of each part of the signal generator will now be described
      with reference to FIGS. 3 to 7.
PAR  Referring to FIG. 3, the density control unit consists of that part of the
      circuitry comprising transistors Q1 and Q2. These are connected to form a
      negative resistance device. Transistors Q1 and Q2 will conduct abruptly
      when the voltage at the emitter of transistor Q1 is greater than that at
      its base. Due to the negative resistance effect, capacitance C (i.e. the
      selected one of the set C.sub.A to C.sub.F), will be instantly discharged.
PAR  When the base voltage of transistor Q1 exceeds its emitter voltage, this
      condition is reversed and the capacitance C will be charged through
      resistance R until the emitter voltage exceeds the base voltage, when the
      discharging action will be repeated. The repetition rate is controlled by
      the time constant RC.
PAR  The RC combinations are chosen and can be selected by means of the range
      switch S1 to give oscillations in the following ranges:
PAR  Position 1: 0 to 2Hz
PAR  Position 2: 2 to 8.3 Hz
PAR  Position 3: 8.3 to 50 Hz
PAR  Position 4: 125 Hz
PAR  Position 5: 50 to 333Hz
PAR  Position 6: 333 to 2000 Hz.
PAL  The output at E is applied to the fore- and aft-pulse splitter shown in
      FIG. 4.
PAR  Referring to FIG. 4, the fore- and aft-pulse separator consists of that
      part of the circuit comprising transistors Q3 and Q4. These form a
      one-shot multivibrator. When a trigger pulse is applied to transistor Q4
      it will conduct for a period determined by the time constant RC in its
      collector circuit.
PAR  The square wave pulse is picked up from the collector circuit of transistor
      Q3. Its leading and trailing edges are separated by diodes D1 and D2. The
      separated positive-going and negative-going pulses are fed to the
      respective control units. A separation of the fore- and aft-pulses of up
      to 1.4 milliseconds is available.
PAR  Referring to FIG. 5, the fore-pulse control unit consists of that part of
      the circuit comprising transistors Q5 and Q6. These transistors also form
      a one-shot multivibrator. When transistor Q6 is triggered it conducts for
      a period determined by the time constant RC in its collector circuit. It
      has a maximum span of 1.4 milliseconds. The positive-going square wave
      pulse is picked up from the collector circuit of transistor Q5 and is fed
      to the following circuit stage.
PAR  Referring to FIG. 6, the aft-pulse control unit is that part of a circuit
      comprising transistors Q7 and Q8. This unit is identical to the fore-pulse
      control unit except that it deals with the opposite polarity, so that PNP
      transistors are used rather than NPN transistors. The negative-going pulse
      is picked up from the collector circuit of transistor Q7 and has a maximum
      width of 1.4 milliseconds.
PAR  Referring to FIG. 7, the output unit consists of that part of the circuit
      comprising transistors Q9 to 12. The output unit consists of a positive
      pulse amplifier comprising transistors Q9 and Q11 and a negative pulse
      amplifier comprising transistors Q10 and Q12. Transistors Q9 and Q10 are a
      matched pair, as are transistors Q11 and Q12.
PAR  Each amplifier has an input control, resistance R1 and R2 respectively. The
      bio-pulse output is coupled to the load, i.e. the electrode arrangement,
      through the transformer T1. The resistance R35 is a 1 kilohm dummy load
      connected to the output jack socket to facilitate signal checking.
PAR  The signal generator is thus provided with controls for varying
      independently of one another: (a) the amplitude of the pulses of each
      polarity (R30, R32); (b) the duration of the pulses of each polarity (R20,
      R23); (c) the interval between the pulses of each group (R9); and (d) the
      interval between successive groups (R). The circuit also includes a
      control for reversing the polarities of the pulses in each group (S.sub.2
      A, S.sub.2 B).
PAR  The circuit is shown to include two output jacks J1 and J2. One of these
      may be used for monitoring the bio-pulse signal by means of an
      oscilloscope, or as an additional output.
PAR  Each electrode arrangement may consist of a pair of electrodes connected to
      a jack plug, and various forms of electrode may be used. For example, each
      may consist of a metal "crocodile" clip which may be attached to an
      acupuncture needle.
PAR  Alternatively, each electrode may consist of a spring-loaded ear-ring. As
      another alternative, each electrode may consist of a metal disc.
PAR  FIG. 8 shows the output signal of the generator with various pulse
      amplitudes and separations.
PAR  The apparatus as so far described is a multi-purpose unit, suitable for use
      in a wide variety of therapeutic applications. For many applications a
      restricted range of control will suffice, or even none at all.
PAR  For example, experience may indicate that many asthma sufferers obtain
      significant relief from a unit having certain bio-pulse parameters. Units
      can then be produced in large or small quantities exclusively for asthma
      sufferers. The elimination of the unnecessary control functions simplifies
      the apparatus and so reduces its cost.
PAR  FIG. 9 shows simplified apparatus, the part of which to the left of and
      including resistances R3 and R4 being identical to the density control
      unit shown in FIG. 3 except for the network R1 C1 connected between the
      emitter of transistor Q1 and the junction of resistance R and capacitance
      C. This network is a pulse width control circuit, value of R1 being so
      selected as to produce a required pulse width by controlling the discharge
      time of capacitance C through transistors Q1 and Q2.
PAR  The emitter of transistor Q2 is connected to an output unit comprising an
      NPN transistor Q3 having its base connected to the emitter of transistor
      Q2, its emitter connected to the negative pole of a supply provided by two
      1.5 volt dry cells, and its collector connected to the positive supply
      pole through the primary winding of a transformer T1. The secondary
      winding is shunted by a variable resistance R5 across which the output
      pulses appear.
PAR  The density control unit produces a square wave signal which is faithfully
      amplified by transistor Q3. Due to the back e.m.f. of the transformer T1,
      however, the output from the transformer distorts each pulse and has at
      the end of each pulse a spike of the opposite polarity. This particular
      circuit produces positive-going pulses followed by negative going spikes.
      As clearly seen in FIG. 10, the transformer output thus constitutes a
      "bio-pulse", the parameters of which are determined by the fixed component
      values and the settings of R and R5.
PAR  A further modification (not shown in the drawings) which may be made to
      both the multi-purpose unit of FIG. 1 and the simplified unit of FIG. 9 is
      to replace the output transformer T1 by a pair of resistances connected in
      parallel.
PAR  This has the advantage of producing an undistorted output, as shown in FIG.
      11, and also reduces the cost of the unit. A disadvantage, however, is
      that the patient is no longer isolated from the direct current source.
      This is why two resistances in parallel are used instead of a single
      resistance. Were a single resistance to be used and to go open circuit,
      the output power from the unit would be drained through the patient. Using
      two resistances, however, open-circuiting of one of them will result in
      the output current flowing through the other, rather than through the
      patient. The chances that the two resistances will both become
      open-circuited after very small.
PAR  Beneficial results have been obtained in using the bio-pulse in connection
      with drug addiction, asthma, insomnia and facial palsy. The bio-pulse is
      also useful for the relief of pain and has anaesthetic properties.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for generating positive and negative electrical pulses for
      application to a living body for therapeutic purposes comprising pulse
      generating means for producing at the output terminals thereof a
      succession of pairs of electrical pulses of opposite polarity and with
      adjustable repetition rate, pulse separating means for adjusting the time
      interval between pulses of opposite polarity of each pair of pulses and
      for supplying positive pulses to a first output terminal and negative
      pulses to a second output terminal, first pulse forming means connected to
      the first output terminal for adjusting the amplitude and width of the
      positive pulses, second pulse forming means connected to the second output
      terminal for adjusting the amplitude and width of the negative pulses, and
      output means for combining the pulses from the first and second pulse
      forming circuit into an output signal of the apparatus.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said pulse separating means includes
      means for adjusting the time of occurrence of pulses of opposite polarity
      with respect to each other independently of any other adjustment.
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ABST
PAL  The harvesting mechanism of the present invention uses a transversely
      extending threshing means and a rotary separating mechanism. The
      separating mechanism includes a transversely extending separating rotor
      having crop treating and crop conveying elements cooperating with a
      separating concave operable to receive crop material from the threshing
      means and separate grain from the crop material while the material is
      being conveyed spirally to one end for discharge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to harvesting machines such as combine
      harvesters (also referred to hereinafter as combines) and, more
      particularly, to the threshing and separating mechanisms of harvesting
      machines.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In a combine harvester, the grain is threshed, separated, cleaned and
      stored for subsequent transport from the field and this is considered to
      be the most economical method of harvesting crop material. In the standard
      commercially available combines, the rotatable threshing cylinder and
      co-operable concave extend transversely to the direction of movement of
      the combine. The crop is fed to the concave and passed between the concave
      and threshing cylinder whereby it is threshed. The straw is discharged
      rearwardly of the concave onto reciprocating or oscillating straw walkers
      that extend longitudinally of the combine. Much of the grain contained in
      the crop material fed to the threshing mechanism is threshed and separated
      by that mechanism and some of the remainder is separated from the straw
      whilst the latter is on the straw walkers. Straw walkers have proved to be
      the capacity-limiting components of the standard combine because, when
      operating at high capacity rates, much grain is discharged with the straw
      to the straw walkers which are unable to cope with the required
      separation, and hence unacceptable grain losses occur.
PAR  While the terms "grain" and "straw" are used principally throughout this
      specification for convenience, it should be understood that the terms are
      not intended to be limiting. Thus "grain" refers to that part of the crop
      material which is threshed and separated from the discardable part of the
      crop material which is referred to as "straw".
PAR  Recent developments in combine harvesters have led to a so-called
      axial-flow-type combine harvester, wherein the threshing and separating
      mechanism extends longitudinally (fore-and-aft) of the machine, parallel
      to the direction of movement and comprises at least one threshing and
      separating rotor and co-operable concave. The crop material is fed to the
      forward end of the threshing mechanism and is formed into a mat which
      passes generally axially therethrough in a spiral path. In axial flow
      machines, the crop material is subjected to a threshing and separating
      action far longer than in a standard machine of comparable size and,
      therefore, the efficiency of the former is greater than the efficiency of
      the latter but this of itself has to date not proved to be an over-riding
      advantage. Some of the problems associated with axial flow machines are
      that the power requirement is greater than with a comparable standard
      machine due to the sustained threshing and separation and that it is not
      always possible to cope with every condition and type of crop material
      which may be encountered. It will be appreciated that a harvesting machine
      must be able to handle a range of crop materials and all conditions
      thereof without necessitating major adjustment or replacement of
      components if it is to be a practicable, and therefore commercial,
      proposition. Another difficulty with axial flow machines resides in the
      flow of crop material through the threshing and separating mechanism. It
      only requires a relatively small amount of crop material to cease moving
      through the mechanism for a major obstruction soon to accumulate,
      resulting in jamming or breakdown due to power overload.
PAR  In another approach, a conventional transversely-extending threshing
      cylinder and concave has been combined with an axial-flow-type separating
      mechanism arranged generally behind the threshing mechanism. In this
      arrangement, the crop material is fed to the forward end of the threshing
      mechanism and is formed into a mat which passes in generally fore-and-aft
      direction of the machine between the threshing cylinder and co-operable
      concave and further in a generally fore-and-aft extending, spiral-shaped,
      path through the separating mechanism. The pattern of movement of the crop
      is thus changed abruptly at the transition between the threshing mechanism
      and the separating mechanism. This characteristic often results in
      considerable crop-feeding problems which make the machine impractical.
PAR  In a further embodiment of the foregoing principle, the axial-flow-type
      separating mechanism comprises two side-by-side and fore-and-aft extending
      rotors arranged in a single co-operable casing and the crop material has
      to move in a spiral path extending around both rotors. Major feeding
      problems are also inherent in this arrangement.
PAR  In still another approach, the orientation of the axial-flow-type
      separating mechanism has been changed so that it extends generally
      parallel to the threshing mechanism and has the infeed section thereof
      generally behind the threshing mechanism, with the discharge end in a
      substantially offset relationship with the threshing mechanism. This
      asymmetric arrangement of components has several disadvantages such as a
      complicated structure, an uneven distribution of weight and an uneven
      loading of the cleaning mechanism. Also, in order to have an appropriate
      grain separation action, the mat of crop material should move several
      times around the rotor of the separating mechanism, whereby much
      horsepower is required and the risk of jamming is increased.
PAR  Finally, there is known an arrangement in which a conventional threshing
      mechanism is combined with a separating cylinder and concave of the same
      width as the threshing mechanism and extending parallel thereto, and
      arranged to receive the crop discharged from the threshing mechanism at a
      central section thereof. The separating mechanism is operable spirally to
      convey part of the crop around the separating cylinder to one end and the
      remainder to the opposite end of the separating cylinder. However, this
      arrangement has failed to be successful due to crop-feeding problems at
      the transition between the threshing mechanism and the separating
      mechanism.
PAR  The foregoing is only a brief discussion of the major disadvantages of
      previously proposed harvesting machines and other disadvantages will be
      known to those skilled in the art. The main object of the present
      invention is to overcome or reduce one or more of these disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a harvesting machine
      comprising a transversely-extending threshing mechanism having a thresher
      cylinder co-operable with a thresher concave, and a rotary separating
      mechanism of a width greater than that of the threshing mechanism and
      disposed parallel thereto with its ends extending past the respective ends
      of the threshing mechanism and being arranged spirally to convey the crop
      material received from the threshing mechanism towards each of its ends
      while submitting the crop to a separating action.
PAR  The separating mechanism may comprise a transversely-extending separating
      rotor having crop-treating and crop-conveying elements co-operable with a
      separating concave and operable in use to separate grain from the straw
      while conveying approximately half the mat of the straw in a spiral path
      to one end for discharge and the remainder of the straw in an opposite
      spiral path to the opposite end for discharge. Preferably the separating
      mechanism comprises at least two transversely-extending rotors arranged in
      side-by-side relationship in a single separator casing part defined by
      separator concaves. The rotors may be driven in the same direction and the
      crop is conveyed thereby in spiral paths which extend around both rotors
      at the inner side of said casing. Preferably, the spiral paths do not
      comprise more than one and a half loops or turns.
PAR  One rotor may comprise a plurality of rearwardly-inclined (with respect to
      the direction of rotation) separator tines or the like located at the end
      and at a central area. At the central area the tines are preferably
      arranged to extend over a width which corresponds to the width of an
      infeed opening of the separator mechanism. Between the ends and the
      central area, two areas of the rotor are provided with separator vanes
      which are inclined with respect to the longitudinal axis of the machine
      and are operable to convey the crop spirally outwardly towards the
      respective ends of the rotor. The second rotor may comprise similar
      separator vanes over the major portion of its surface while at the ends
      discharge elements may be provided. It should be noted that the two halves
      of each rotor are mirror images of each other.
PAR  In operation, the separator tines and vanes beat and rub the crop to
      separate the grain therefrom. The pattern of movement of the crop between
      the rotors and the casing is in a rearward direction underneath the
      central area of the first rotor, then spirally around both rotors, and in
      outward direction at the areas provided with separator vanes. At the outer
      ends of the rotors the straw mats are conveyed underneath the rotors in a
      generally rearward direction towards the discharge end where the straw
      mats are discharged.
PAR  The present invention provides an optimum combination of threshing and
      separating components enabling operation at high capacity levels with
      comparatively low grain loss percentages, whereby the overall power
      requirements of the machine are reduced. Also a regular and fluent flow of
      crop material through the threshing and separating mechanism is obtained,
      reducing the likelihood of jamming. Furthermore, fewer small pieces of
      straw are produced so that the load on the cleaning mechanism is reduced
      accordingly. With this reduction or elimination of certain disadvantages
      of known harvesting machines, a greater efficiency is realised, whereby a
      smaller, and therefore more lightweight, machine can be produced for a
      given capacity compared to a conventional machine of the same capacity.
      The smooth flow of crop material also means that a relatively thin straw
      mat is operated on by the threshing and separating mechanisms which
      results in a more efficient grain separation and hence a reduced grain
      loss without any major sacrifice in the power requirements of the machine.
PAR  The threshing and separating components are of relatively simple
      construction so reducing manufacturing and servicing costs.
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PAC  IN THE DRAWINGS
PAR  A combine harvester embodying the invention will now be described in
      greater detail, by way of example, with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic side view of the threshing and separating
      mechanism of the combine,
PAR  FIG. 2 is a diagrammatic top view of FIG. 1,
PAR  FIG. 3 is an enlarged sectional view with more details taken along the line
      III--III of FIG. 2,
PAR  FIG. 4 is a view similar to that of FIG. 3 but taken along the line IV--IV
      of FIG. 2,
PAR  FIG. 5 is a view similar to that of FIG. 3 but taken along the line V--V of
      FIG. 2,
PAR  FIG. 6 is a partial development of the component indicated by VI in FIG. 2,
PAR  FIG. 7 is a partial development of the component indicated by VII in FIG.
      2,
PAR  FIG. 8 is a schematic development of the component indicated by VIII in
      FIG. 1,
PAR  FIG. 9 is a view similar to that of FIG. 1 but of another embodiment of the
      invention,
PAR  FIG. 10 is a diagrammatic view taken along the line X--X of FIG. 9,
PAR  FIG. 11 is a view similar to that of FIG. 1 but of still another embodiment
      of the invention,
PAR  FIG. 12 is a diagrammatic top view of FIG. 11, and
PAR  FIG. 13 is a side view of the combine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As in any conventional combine, the combine 122 illustrated in FIG. 13
      comprises a main frame 124 supported on a pair of drive wheels 126 and a
      pair of steerable wheels 128 (only one wheel of each pair being shown).
      Supported on the main frame are an operator's platform 130, a grain tank
      132, a grain cleaning mechanism 134 and an engine 136. A conventional
      header and feed conveyor 138 extends forwardly of the machine and the
      header is pivotally secured to the frame for general vertical movement
      which is controlled by extensible hydraulic cylinders 140. The main frame
      also supports a threshing and separating mechanism which is pertinent to
      the present invention and is generally indicated at 1.
PAR  As the combine is propelled forwardly over a field, the crop material to be
      harvested is severed from the stubble by a sickle bar cutter on the header
      and is conveyed by the feed conveyor 2 to the threshing and separating
      mechanism 1. The crop material received within the threshing and
      separating mechanism 1 is threshed, that is to say the crop material
      (which may be wheat, corn, rice, soy beans, rye, grass seed, barley, oats
      or other similar crop materials) is rubbed and beaten whereby the grain,
      seed etc., is loosed and separated from the straw, stalks, coils or other
      discardable part of the crop material.
PAR  The grain which has been separated from the straw falls onto the grain
      cleaning mechanism which includes means to separate chaff from the grain
      and means to separate unthreshed material (known in the art as tailings)
      from the grain. The cleaned grain is then elevated into the grain tank and
      the tailings are fed to unthreshed crop material delivered by the feed
      conveyor 2 to the threshing and separating mechanism.
PAR  The header as described is of the grain type but other forms of headers may
      be employed, as for example a corn header, depending on the crop to be
      harvested. The cut crop material is consolidated laterally of the machine
      by two opposed augers which feed the crop material centrally to the feed
      conveyor 2 in the form of a chain conveyor 3 mounted within a housing 4.
      The conveyor 3 in turn conveys the crop material to the threshing and
      separating mechanism 1.
PAR  The threshing portion 5 of the mechanism 1 comprises a rotatable thresher
      cylinder 6 co-operable with a stationary thresher concave 7. The thresher
      cylinder 6 is composed of a plurality of flanges 8 (FIG. 3) keyed on a
      transversely-extending shaft 9 rotatably mounted on the main frame. Around
      their peripheries the flanges 8 support a plurality of conventional rasp
      bars 10 which extend over a width generally corresponding with the width
      of the feed conveyor 2. The thresher concave 7 is composed of a number of
      fore-and-aft extending arcuate main bars 11 and a plurality of
      transversely-extending thresher bars 12. Furthermore, a plurality of
      arcuate wires 13 extend at regular intervals in fore-and-aft direction
      through apertures in the bars 12.
PAR  In between a discharge end 14 of the feed conveyor 2 and a forward end 15
      of the thresher concave 7 a stone trap 16 is provided, extending
      substantially over the width of the threshing mechanism 5 and the feed
      conveyor 2. The gap between the stone trap 16 and the feed conveyor 2 is
      sealed by an arcuate ramp 17 and a co-operable sealing strip 18.
PAR  Rearwardly of the thresher cylinder 6 and the thresher concave 7 there is
      provided a deflector beater or so-called straw beater 19 with a
      co-operable grate 20. The straw beater 19 and grate 20 are of
      substantially the same width as the threshing mechanism 5 and are arranged
      behind the latter in a manner to receive the crop passing between the
      threshing cylinder 6 and the threshing concave 7 in a rearward direction
      of the machine. The straw beater 19 comprises a generally cylindrical body
      portion 21 which is secured on a transversely-extending shaft 22 which
      itself is rotatably supported on the main frame. A number of deflector
      plates 23 extending over the total width of the straw beater 19 and
      inclined rearwardly relative to the direction of rotation (indicated by
      arrow 85) are provided on the body portion 21. The deflector plates 23 may
      be replaced by deflector tines. The structure of the grate 20 is similar
      to that of the thresher concave 7 in that it comprises fore-and-aft
      extending arcuate main bars 24, transversely-extending bars 25 and
      fore-and-aft extending wires 26. The position of the grate 20 relative to
      the beater 19 may be made adjustable so that when the crops are extremely
      dry and brittle, the grate 20 may be lowered, whereby less pieces of short
      straw will be produced.
PAR  Rearwardly of the straw beater 19 a separating mechanism 27 is provided
      which comprises a single casing or housing 28 and two
      transversely-extending rotor structures 29 and 30. The width of the
      separating mechanism 27 substantially exceeds the width of the threshing
      mechanism 5 but the plane of symmetry of the former coincides with the
      plane of symmetry of the latter, whereby the outer ends 31 of the
      separating mechanism 27 extend past the respective ends 32 of the
      threshing mechanism 5.
PAR  The rotors 29, 30 comprise respective generally cylindrical body portions
      33, 34 which are secured to transversely-extending rotatable shafts 35,
      36, although the body portions may be polygonal or of other shapes. Over a
      central area 37 of the body portion 33 of the forwardmost rotor 29 there
      are provided a plurality of rearwardly-inclined separator tines 38 as best
      seen in FIG. 6. The separator tines 38 are grouped in a number of
      transverse rows arranged at regular intervals around the body portion 33.
      The angle of inclination 39 (FIG. 3) of the tines 38 with respect to a
      radius of the rotor 29 is of the order of 30.degree..
PAR  The body portion 33 further supports similar separator tines 40 at its
      outer ends 31, but in addition to the rearward inclination 39 thereof,
      these tines 40 are also inclined in a transverse direction towards the
      outer ends defining thereby an angle 41 (FIG. 6) relative to the plane of
      symmetry 42 of the order of 30.degree.. All the separator tines 38 and 40
      have a general circular section but could have flat front operative
      beating surfaces.
PAR  In between the neighbouring groups of tines 38 and 40, the body portion 33
      also supports a plurality of separator vanes 43 having slightly
      rearwardly-inclined forward edges 44 (FIG. 4), arcuate outer edges 45,
      steeply inclined rearward edges 46 and lower mounting portions 47 (FIG.
      6). The separator vanes 43 also extend at an angle 48 relative to the
      plane of symmetry 42 in the range of 20 to 60.degree.. Adjacent separator
      vanes 43 are arranged in an overlapping relationship with respect to each
      other when seen in the direction of movement 91 of the crop material (FIG.
      6).
PAR  The body portion 34 of the rotor 30 supports along most of its width a
      plurality of separator vanes 50 which are identical to the vanes 43 and
      arranged in a similar pattern. At its outer ends, the body portion 34
      supports a number of discharge vanes 51 extending over an area 53 parallel
      to the axis of the rotor 30 and radially outwardly from the surface of the
      body portion. In-between each of the discharge areas 53 and a separator
      area 54 having the separator vanes 50, a free space 55 is left devoid of
      any crop treating elements. As seen from FIGS. 6 and 7, the transverse
      inclination of the separator vanes 43 and 50 as well as of the separator
      tines 40 on the left-hand side of the rotor bodies 33,34 is opposite to
      the transverse inclination of the corresponding vanes and tines on the
      right-hand side of those rotor bodies.
PAR  Turning now to the casing 28, it will be seen from FIG. 3 that it is
      provided with a central, rectangular, forwardly-facing infeed opening 56
      which extends over generally the total width of the straw beater 19. At
      the location of the outer sections of a rear wall of the casing 28, two
      rearwardly-facing generally rectangular discharge openings 57 and 58 (FIG.
      8) are provided having a width considerably smaller than the amount by
      which the casing 28 extends past the ends of the threshing mechanism 5.
      Furthermore, the casing 28 mainly comprises arcuate upper coverplates 59
      and arcuate separator concaves 60 of the type similar to the thresher
      concave 7 and grate 20, thus having arcuate fore-and-aft extending main
      bars 61, transversely-extending separator bars 62 and arcuate fore-and-aft
      extending wires 63 provided through apertures in the separator bars 62.
      The separator concaves 60 are composed of a number of sections 64 to 69
      (FIG. 8).
PAR  The concave sections 64 and 65 extend from respective sides of the infeed
      opening 56 and have a generally vertical orientation. The sections 66, 67
      and 68 extend over the total width of the casing 28, one behind the other.
      The sections 66 and 68 are of generally arcuate shape while the section 67
      is a relatively straight, rearwardly and upwardly extending transition
      concave between the sections 66 and 68. The concave section 68 is further
      extended in rearward direction by a smooth surface 70. The smooth surface
      70 could, however, be replaced by an additional concave section. Finally,
      the rearmost concave section 69 and the smooth surface 70 are positioned
      between the discharge openings 57 and 58 and, consequently, are less wide
      than the preceding sections 66, 67 and 68. The rearmost concave section 69
      has a generally vertical orientation. Some or all of the concave sections
      64 to 69 may be adjustable with respect to the associated rotor.
PAR  Troughs 94 with two opposed augers 95 are arranged underneath the ends of
      the separator concaves 60 beyond the main frame for collecting the grain
      separated at these locations and moving it laterally of the machine to
      convey it towards the cleaning mechanism.
PAR  The coverplates 59 mainly comprise two arcuate sections 71 and 72 and a
      downwardly and forwardly extending generally straight transition section
      73 connecting the sections 71 and 72 to each other. Spiral shaped fins 74
      and 75 are arranged on the inner surface of the casing 28 and extend in
      opposed senses from the plane of symmetry 42. These fins 74, 75 are in
      close relationship with an outer generating line 76 of the separator
      blades 50 of the body portion 34 of the rotor 30.
PAR  Spiral shaped fins 77 and 78 are also provided on the inner surface of the
      casing 28 at the location of the inner edges of the discharge openings 57
      and 58. These fins 77 and 78 extend forwardly and outwardly when seen in
      the direction of rotation of the neighbouring rotor 30 and are in close
      relationship to the cylindrical body portion 34 at the location of the
      free spaces 55 thereof. The coverplates 59 may be made readily removable
      for servicing purposes. Finally, annular fins 90 extend alongside the side
      edges of the infeed opening 56 and extend over the concave sections 66,
      67.
PAR  As will be seen from FIG. 3, the outer generating lines 80,81,82 and 76 of
      the various threshing and separating components are in close relationship
      with respect to each other. The directions of rotation of the chain
      conveyor 3, the threshing cylinder 6, the straw beater 19 and the rotors
      29 and 30 are indicated by respective arrows 83, 84, 86 and 87. Preferably
      both rotors 29 and 30 are driven at the same circumferential speed. Also
      this common rotational speed may be made adjustable by means of a belt
      variator, for example.
PAC  OPERATION
PAR  In operation, the chain conveyor 3 feeds the crop material in a generally
      flat mat extending over the total width of the feed conveyor 2, over the
      bottom plate of the housing 4 to the threshing and separating mechanism 1.
      The thresher cylinder 6 is rotated at a relatively high speed and the rasp
      bars 10 strike the crop material supplied thereto and entrail it in a
      rearward direction for passing between the thresher cylinder 6 and concave
      7. While passing therebetween, the crop material is rubbed and beaten
      whereby the grains are loosed from the ears and the straw. A major
      percentage of the threshed grain is thus already separated from the straw
      in passing over the concave 7. If accidentally a stone or other
      comparatively large and solid piece of waste material is supplied to the
      threshing mechanism together with the straw, it is struck by a rasp bar 10
      and projected into the stone trap 16, whereby the threshing and separating
      mechanism is safeguarded from damage.
PAR  The straw mat is passed from the thresher cylinder 6 and thresher concave 7
      in a rearward and upward direction towards the straw beater 19 which is
      operative to deflect the straw mat in a rearwardly-extending direction
      betwen itself and the grate 20 and to pass it on to the middle section 37
      of the rotor 29. The separator tines 38 of the rotor 29 are operative to
      convey the straw mat even further rearwardly between the rotor section 37
      and the co-operable separator concave sections 66 and 67. The width of the
      straw mat remains generally unchanged while passing from the feed conveyor
      2 to the middle section 37 of the rotor 29, via the threshing mechanism 5
      and the straw beater 19. While passing all along this path 120 (FIG. 6)
      underneath the straw beater 19 and the middle section 37 of the rotor 29,
      the beater blades 23 operate on the straw and the separator tines 38 rake
      the same to ensure further separation of grain from the straw, the grain
      falling through the grate 20 and the separator concave sections 66 and 67.
PAR  Finally, the straw mat is supplied to the rotor 30 whereupon the separator
      vanes 50 rub the mat to accomplish further grain separation and to divide
      the mat into two generally equal portions which are further conveyed
      around the rotors 30 and 29 at the inner side of the casing 28 in two
      oppositely and outwardly directed general spiral paths 91. The fins 74 and
      75 assist in securing a proper division of the straw mat into two equal
      portions and to convey them in the spiral paths 91. The straw is submitted
      to a further separating action by the separator vanes 43 and separator
      tines 40 of the rotor 29, and finally to the discharging action of the
      discharge vanes 51 of the rotor 30, whereby the straw mats are discharged
      from the separator means 27 in a direction 121.
PAR  The paths 120, 91 and 121 preferably only comprise one and a half loops or
      turns because, if more loops were involved, power consumption would very
      soon become too high. The transverse displacement of the straw mats is
      sufficiently great to ensure a fluent flow of the crop material around the
      rotors 29, 30 without any neighbouring loops obstructing each other. The
      fins 90 are also operative to assist in this. In this respect it should be
      noted that, after having completed the first loop, the transverse
      displacement of the crops is such that the mats are conveyed over the
      separator concave sections 64 and 65 along the side edges of the infeed
      opening 56. Consequently, the minimum width of the separator mechanism 27
      is twice that of the infeed opening 56, although preferably the separator
      mechanism 27 is made even wider than that. While being conveyed through
      the separator mechanism 27, the straw mat normally should not be
      consolidated laterally of the machine as this would adversely influence
      the grain separation. The spiral shaped fins 77 and 78 are particularly
      advantageous in preventing grain losses as a result of grain being thrown
      towards the discharge openings 57 and 58 from the middle area of the
      separator means 27 over which crop is conveyed which still has to move
      over a complete loop and which thus still contains much grain. Also the
      closed structure of the body portions 33, 34 assists in preventing grain
      kernals from being thrown from the middle area of the separator means 27
      to the discharge openings 57, 58.
PAR  As already mentioned, the separator tines 38 and 40, in conjunction with
      the associated separator concave sections, are operative to effect further
      grain separation. This is accomplished as the separator tines 38 and 40
      rake the straw mat in order to fluff the mat and enable the grain
      entrailed therein to fall and separate from the mat through the associated
      separator concaves. The fact that the free ends of the separator tines 38,
      40 trail with respect to the direction of rotation 85 prevents straw from
      becoming hooked around the tines which would otherwise cause jamming of
      the rotor 29. This orientation of the tines 38, 40 also enables the straw
      to move radially outwardly from the rotor 29 towards the inner walls of
      the casing 28, under the influence of centrifugal force, without any
      obstruction. The additional inclination 41 of the separator tines 40
      assists in inducing the transverse displacement of the straw. However the
      outermost tines 40 may not have this additional inclination 41 in order
      substantially to prevent transverse displacement of the crop material at
      the ends of the rotor 29.
PAR  The slightly upwardly inclined front edges 44 of the separator vanes 43 and
      50 urge the crop material radially outwardly against the inner walls of
      the casing 28, while the upper edges 45 thereof rub on the crop material
      and hold it in contact with said inner walls, whereby further grain
      separation is effected. The orientation of the vanes 43, 50 and this
      rubbing action also result in a positive spiral movement 91 as already
      explained. It should be noted that the overlapping of the separator vanes
      43, 50 in the direction of spiral movement 91 of the crop prevents the
      straw from becoming disposed in between neighbouring vanes and
      consequently causing jamming of the rotor.
PAR  Grain separation is further improved by the successive, rather abrupt,
      changes in the movement of the crop material at the transition areas
      between the rotors 29, 30 as at these locations the straw mats are struck
      so as to be deflected to another direction of movement. Also changes in
      the speed of the moving crop material further improves grain separation.
PAR  Finally, the smooth plate 70, which is positioned at the location where the
      straw mats have to move in an upward direction, is intended to reduce at
      that location the resistance to the movement of the crop and consequently
      to accelerate this movement, in order even further to improve grain
      separation.
PAC  ADVANTAGES OF THE PREFERRED EMBODIMENT
PAR  In the above described embodiment of the invention the threshing and
      separating mechanisms, and consequently the threshing and separating
      operations, are made independent from each other, whereby it is relatively
      easy to provide individual adjusting means for each of the mechanisms
      (e.g. speed variator means for the movable components and position
      adjusting means for the stationary components) so that one has a better
      control on the various characteristics of the threshing and separating
      functions, and hence it becomes possible to obtain an optimum combination
      in threshing and separation performance. As is known from conventional
      machines, the conventional type of threshing mechanism has a very adequate
      threshing operation and a large capacity at a reduced horesepower level.
      The separating mechanism of the embodiment of FIGS. 1 to 8 has an equally
      large capacity at an acceptable horsepower consumption and grain loss
      level.
PAR  In the present machine the crop is passed much faster therethrough than
      through conventional machines, whereby at any time the thickness of the
      straw mat is smaller resulting in a higher efficiency with comparatively
      lower grain loss levels at a given capacity. Also, it has been experienced
      that the present machine is less sensitive to a high degree of humidity of
      the crop, which in conventional machines very often causes considerable
      grain losses. Moreover, as the pattern of movement of the crop around the
      rotors 29, 30 only comprises a reduced number of loops, the risk of
      cessation of movement of the crop, and resultant jamming, occurring is
      reduced considerably, i.e. with the present invention a smooth, regular
      and continuous flow of crop through the machine is ensured. Also the
      movement of the crop from one component to another is very positive and
      hence trouble-free.
PAR  Another advantage is that no additional components are required when
      installing a stone trap in front of the threshing mechanism. In
      axial-flow-type combines, the provision of a stone trap also necessitates
      the provision of a beater or the like to impell the stones into the trap.
PAR  Normally the cleaning mechanism extends below the threshing and separating
      mechanism and is of a width corresponding to the width of the threshing
      mechanism. The grain precipitation through the threshing and separating
      concaves at the location above the cleaning mechanism is very even (seen
      in transverse direction of the machine) while the grain separated at the
      separator concaves extending past the side edges of the cleaning shoe can
      very easily be supplied in an even pattern to the grain pan of the
      cleaning mechanism. Also the percentage of grain separated at these outer
      locations is rather minor. This results in an even load of the cleaning
      mechanism, enabling an optimum operation thereof at high capacities. Also
      the threshing and separating mechanism according to the invention produces
      less short pieces of straw, when compared, for example, with
      axial-flow-type combines whereby improper operation of the cleaning
      mechanism (due to overload) is reduced. Furthermore, the threshing and
      separating mechanisms have little or no disturbing influence on the
      cleaning operation of the cleaning mechanism in that they do not produce
      troublesome currents during air or rotation.
PAR  Further, as the volume of the threshing and separating mechanism of a
      havesting machine embodying the present invention is considerably smaller
      than a conventional threshing and separating mechanism of comparable
      capacity, it is possible to provide a compact machine with a low profile,
      which in turn is very advantageous in many respects as is known to those
      skilled in the art. Also the present invention enables the provision of
      simple and cheap drive means for all components of the threshing and
      separating mechanism.
PAR  Finally, in conventional machines, the combine operator experiences much
      hindrance from dust originating in the header and rising therefrom towards
      the operator's platform. with the present invention, when in use, a
      substantial suction is created at the infeed opening of the feed elevator
      2 by the various spinning cylinders and rotors inside the machine. Thus,
      much of the dust is conveyed through the machine and hence the dust
      problem of conventional machines is substantially reduced if not
      eliminated.
PAC  MODIFICATIONS
PAR  Modifications and alterations to the described preferred embodiment of the
      invention may be made without departure from the spirit and scope of the
      invention. For example, as shown in FIGS. 9 and 10, the rotor 30 may be
      positioned above the rotor 29 rather than behind. Thereby it is possible
      even further to increase the total surface of separator concaves as in
      this arrangment it is possible to provide such concaves all around the
      rotors 29 and 30. Discharge conveyors for discharging the straw are
      generally indicated at 96.
PAR  In another modified structure, the straw beater 19 and co-operable concave
      20 may be removed, whereby the rotor 29 and co-operable concaves are
      positioned immediately behind the threshing mechanism 5. In a still
      further modified structure, the central area 37 of the rotor 29 and the
      associated separator concave sections may be replaced by the threshing
      mechanism 5 comprising a threshing cylinder 6 and a threshing concave 7.
      In this arrangement the threshing mechanism extends coaxially with the
      rotor 29.
PAR  Both of the foregoing modifications make it possible further to decrease
      the dimensions of the machine.
PAR  FIGS. 11 and 12 show another modified embodiment wherein the separator
      means 27 comprise a first rotor 101 and a second rotor 102 which are
      separated from each other by an intermediate wall 103 defining two
      independent sections 104 and 105 in the separator casing 28. Transit
      openings 106 at the outer ends of the casing 28 interconnect the sections
      104 and 105. A single discharge opening 108 is provided in the rear wall
      of the casing 28 at a central area thereof. In this arrangement the
      separating elements provided on the rotors 101 and 102 are arranged in
      such a manner as to convey the crop first in two opposite and
      outwardly-directed paths 109 around the first rotor 101, then to transfer
      the crop to the second rotor 102 through the openings 106 and then to
      convey the crop in opposite but inwardly-directed spiral paths 110 around
      the second rotor 102 towards the central discharge opening 108 through
      which the straw is discharged. The separator concaves 113 co-operating
      with the rotors 101 and 102 are principally identical to those described
      above with reference to FIGS. 1 to 8.
PAR  In this embodiment, as well as in all other preceding embodiments, cutter
      means may be arranged on the first rotor 101 or 29 and on the co-operable
      concave 60, 113 for co-operating with each other and to effect the
      required division of the single mat of straw material received from the
      threshing mechanism 5 into two substantially equal portions. For example,
      a stationary tine may be arranged exactly in the plane of symmetry 42 on
      the concave section 66 so as to be cooperable with those of the movable
      tines 38 which are positioned closest to the plane of symmetry in a manner
      to separate the mat of crop material into two equal portions. Vanes of the
      type similar to the vanes 50 may also be provided on the rotor 29 or 101
      at the location of the plane of symmetry 42 to assist in the separation of
      the mat of crop material.
PAR  Other modifications and alterations are still possible without departure
      from the present invention such as, for example, the provision of
      separator tines and vanes with flat or rounded off front operative
      surfaces, the provision of only one separating rotor, or the provision of
      more than two rotors. Also the tines 38 and 40 of the neighbouring rows
      may be staggered with respect to each other. Furthermore, the tines 38 may
      be replaced by beater plates of the type as provided on the straw beater
      19, while the vanes 43 and 50 may be replaced by spiral shaped separator
      plates or bars extending over the total width of the section of the rotors
      which according to FIGS. 6 and 7 have been provided with such vanes. These
      spiral shaped plates or bars are operable further to separate grain from
      the straw as well as to induce transverse displacement of the crop
      material.
PAR  The separator vanes 50, or similar vanes with a different inclination
      relative to the rotor axis, may extend almost as far as the inner ends of
      the discharge blades 51. However, in this latter arrangement the spiral
      fins 77-78 should then extend annularly in the housing 28.
PAR  Also, the tines, vanes, fins etc. may have shapes which differ from those
      already described herein.
PAR  The fins 90 may be provided on the outer circumference of the rotor 29 or
      101 instead of on the inner side of the housing 28. Also, when provided on
      the inner side of the housing 28, the fins 90 may extend spirally,
      similarly to the fins 74, 75, for example.
PAR  As far as the various concaves are concerned, it is clear that the
      construction thereof may differ from the constructions herebefore
      described. Indeed, the concave wires 63 may be provided at the upper side
      of the separator bars 62 or the concave sections 64-69 may be formed by
      perforated plates. Also the connecting section 73 between the sections 71
      and 72 of the cover plates may be spaced a greater distance from the
      rotors, thereby providing a much larger free space above the rotors. In
      this arrangement the crop material is thrown in a forward direction
      towards the rotor 29 through said free space and along the under side of
      the connecting section 73 which may be provided with crop material
      deflecting fins.
PAR  Finally, the straw beater 19 may be provided with special beater elements
      or the like which are operative laterally to consolidate the straw mat
      passing between the beater and the cooperable concave for feeding it
      through the infeed opening 56 of the separator mechanism 27 which has a
      smaller width than the threshing mechanism 5.
CLMS
STM  We claim:
NUM  1.
PAR  1. An agricultural harvesting machine comprising:
PA1  a. a frame adapted to travel across a field,
PA1  b. means for conveying crop material from the field to the frame,
PA1  c. means transversely mounted to said frame rearwardly of the conveying
      means for threshing grain from the crop material,
PA1  d. a rotary separating mechanism mounted to said frame rearwardly of the
      threshing means and disposed substantially parallel thereto with its ends
      extending over substantially equal distances past the respective ends of
      said threshing means, the separating mechanism being adapted to receive
      crop material from the threshing means over a width substantially
      corresponding to the width of the threshing means and to spirally convey
      said crop material in layers of substantially half the width of said
      threshing means towards each of its ends while submitting said layers of
      material to a separating action, and
PA1  e. said separating mechanism comprising a transversely-extending separator
      casing having a substantially forwardly facing infeed opening, the infeed
      opening having a width substantially corresponding to the width of said
      threshing means and adapted to receive crop material from said threshing
      means.
NUM  2.
PAR  2. An agricultural harvesting machine, as described in claim 1, wherein
      said separator casing comprises rearwardly facing discharge openings
      positioned at opposite ends of said casing.
NUM  3.
PAR  3. An agricultural harvesting machine, as described in claim 2, wherein
      said separator casing comprises substantially vertically extending
      concaves positioned between the discharge openings to enable grain to be
      separated from said crop material.
NUM  4.
PAR  4. An agricultural harvesting machine comprising:
PA1  a. a frame adapted to travel across a field,
PA1  b. means for conveying crop material from the field to the frame,
PA1  c. means transversely mounted to said frame rearwardly of the conveying
      means for threshing grain from the crop material,
PA1  d. a separator casing mounted to said frame rearwardly of the threshing
      means and disposed substantially parallel thereto for receiving said crop
      material from the threshing means over a width substantially corresponding
      to the width of the threshing means, the casing having ends extending over
      substantially equal distances laterally beyond the respective ends of said
      threshing means and comprising concaves mounted to said frame to enable
      separated grain to pass therethrough, said casing further including a
      forwardly facing opening having a width substantially corresponding to the
      width of the threshing means and adapted to receive crop material from
      said threshing means, said casing also including rearwardly facing
      discharge openings positioned at either end of said casing and
      transversely offset relative to the infeed opening for discharging crop
      material from said casing, and
PA1  e. means rotatably mounted within said casing and operably associated
      therewith to spirally convey crop material laterally in layers of
      substantially half the width of the threshing means towards each of its
      ends while submitting said layers of material to a separating action.
NUM  5.
PAR  5. An agricultural harvesting machine, as described in claim 4 wherein the
      rotatably mounted means comprise a transversely extending separating rotor
      rotatably mounted with said casing having means associated therewith for
      treating and conveying said crop material.
NUM  6.
PAR  6. An agricultural harvesting machine, as described in claim 4, wherein the
      rotatably mounted means comprise two transversely extending rotors having
      crop treating and crop conveying elements, the rotors being arranged in
      parallel relationship and driven in the same direction.
NUM  7.
PAR  7. An agricultural harvesting machine, as described in claim 4 wherein the
      rotatably mounted means comprise a plural number of transversely-extending
      separating rotors, the rotors being arranged circumferentially to convey
      the crop material in a pattern circumscribing the rotors, first in a
      rearward direction underneath the central area of the first rotor and then
      spirally around the rotors in outward directions.
NUM  8.
PAR  8. An agricultural harvesting machine, as described in claim 4, wherein
      means for receiving and consolidating the grain separated from said crop
      material is mounted to said frame below said separator casing.
NUM  9.
PAR  9. An agricultural harvesting machine, as described in claim 8, wherein the
      consolidating means comprises a trough mounted to said frame below said
      casing and a conveyor mounted within the trough for conveying grain within
      said trough to a cleaning mechanism.
NUM  10.
PAR  10. An agricultural harvesting comprising:
PA1  a. a frame adapted to travel across a field;
PA1  b. means for conveying crop material from the field to the frame;
PA1  c. means transversely mounted to said frame rearwardly of the conveying
      means for threshing grain from the crop material;
PA1  d. at least one separator casing mounted to said frame rearwardly of the
      threshing means and disposed substantially parallel thereto for receiving
      said crop material over a width substantially corresponding to the width
      of the threshing means, the casing having ends extending over
      substantially equal distances laterally beyond the respective ends of said
      threshing means and comprising concaves mounted to the bottom of said
      frame to enable separated grain to pass therethrough, said concaves having
      at least two fore-and-aft extending arcuate concave sections and a
      substantially straight concave section positioned between the two arcuate
      concave sections; and
PA1  e. means rotatably mounted within the casing and operably associated
      therewith to spirally convey said crop material laterally in layers of
      substantially half the width of the threshing means towards each of its
      ends while submitting said material to a separating action.
NUM  11.
PAR  11. An agricultural harvesting machine comprising:
PA1  a. a frame adapted to travel across a field;
PA1  b. means for conveying crop material from the field to the frame;
PA1  c. means transversely mounted to said frame rearwardly of the conveying
      means for threshing grain from the crop material;
PA1  d. at least one separator casing mounted to said frame rearwardly of the
      threshing means and disposed substantially parallel thereto for receiving
      said crop material from the threshing means over a width substantially
      corresponding to the width of the threshing means, the casing having ends
      extending over substantially equal distances laterally beyond the
      respective ends of said threshing means and comprising concaves mounted to
      said frame to enable separated grain to pass therethrough, said separator
      casing further comprising interior spiral fins operable to induce
      transverse displacement of said crop material; and
PA1  e. means rotatably mounted within said casing and operably associated
      therewith to spirally convey said crop material laterally in layers of
      substantially half the width of the threshing means toward each of its
      ends while submitting said material to a separating action.
NUM  12.
PAR  12. An agricultural harvesting machine comprising:
PA1  a. a frame adapted to travel across a field,
PA1  b. means for conveying crop material from the field to the frame,
PA1  c. means transversely mounted to said frame rearwardly of the conveying
      means for threshing grain from the crop material, and
PA1  d. a rotary separating mechanism mounted to said frame rearwardly of the
      threshing means, the separating mechanism comprising a casing with first
      and second rotors mounted therein, an intermediate wall in the casing
      defining two independent sections and separating the first and second
      rotors from each other, transit openings at the outer ends of the casing
      interconnecting said sections and a central discharge opening at the rear
      of said casing, the first rotor comprising crop treating and crop
      conveying elements which operate to separate grain from said crop material
      as well as to convey said crop material in two opposite and outwardly
      directed paths spirally around said first rotor and then transfer said
      crop material to the second rotor through the transit openings, and the
      second rotor comprising crop treating and crop conveying elements which
      separate grain from the crop material as well as convey said crop material
      in opposite but inwardly directed spiral paths around said second rotor
      towards the discharge opening to discharge said material therethrough.
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ABST
PAL  An improved machine for rolling cigarettes of the type in which tobacco is
      compressed and rolled onto a piece of cigarette paper by a moving bight in
      an apron formed between a roller and a platform and is subsequently
      dropped onto a cutting surface of a cutting tray where blades sever the
      cigarette to the desired length, in which the cutting surface is made of
      plastic and the cutting blades are fixedly engaged in blade holders. A
      series of spaced, parallel slots at the rear of the cutting surface
      provide frictional engagement for the blade holders. Safe, uniform and
      accurate insertion and withdrawal of the blades is thereby achieved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in manually operated, apron-type
      machines for making cigarettes. More particularly, this invention relates
      to an improved cutting tray for such cigarette making machines which
      produce a plurality of individual cigarettes simultaneously.
PAR  U.S. Pat. No. 2,740,433 of W. R. Brown et al., issued Apr. 3, 1956,
      describes an apron-type cigarette making machine of the general type under
      consideration. Essentially, the machine consists of a horizontal platform
      covered by a flexible apron fixed to and extending from the front of said
      platform to beyond the rear thereof where it is similarly fixed. A roller
      extends transversely from side to side across the machine beneath the
      apron and on top of the platform. The apron has sufficient slack in it to
      form a cigarette-forming trough behind the platform when the roller is in
      its rearward position, As the roller slides forward from this position, a
      moving bight is formed in the apron between the roller and the platform.
      Tobacco placed in the trough is compressed and rolled in this bight onto a
      piece of cigarette paper placed on the apron above the platform. The
      rolled "long" cigarette is then dropped from the bight at the front of the
      platform down a cutting slot onto a cutting surface where, by sliding the
      surface and blades rearwardly towards a downwardly and rearwardly curved
      projection from the lower portion of the front of the platform, a series
      of rearwardly slanted blades cut the rolled long cigarette into a number
      of cigarettes of a desired length. A single-bladed machine is described by
      Sledge et. al. in U.S. Pat. No. 3,515,147 issued June 2, 1970.
PAR  Earlier versions of such cigarette makers required withdrawal of the long
      cigarette dropped rom the apron, placing this cigarette in a cutting
      block, and cutting this cigarette manually to the desired length. The
      later versions of the machine, described above, incorporated the cutting
      step as a further step in the operation of the machine, thereby avoiding
      the necessity of manually withdrawing and cutting the long cigarette
      produced.
PAR  One of the chief problems created with these later versions has been the
      insertion or removal of blades from the machine and (particularly where a
      series of blades has been used to obtain a greater number of cigarettes
      from the long cigarette), the proper alignment of the blades once
      inserted. In Brown et. al. U.S. Pat. No. 2,740,433, the blades were
      positioned by resting them vertically on ledges beneath the platform to
      achieve the desired slant, and positioning blocks on either side of each
      blade to fix the blades in place. Not only does such a construction
      require much time consuming manipulation by the operator to ensure that
      the blades are properly oriented and secured, it has proved itself to be a
      difficult and costly one to manufacture.
PAR  As a result, manufacturers have sought more economical and simpler means of
      orienting the blades on the cutting surface. In one present commercial
      version, the cutting surface consists of two spaced stamped sheet metal
      plates, each having a series of location tabs punched therefrom and bent
      into an upright position, a tab from one sheet cooperating with a tab from
      the other sheet to clamp therebetween, at a predetermined slant and
      orientation, a particular cutting blade. Dimples in one tab cooperate with
      openings in the other to more securely lock the blade in place. By sliding
      one sheet in relation to the other, cooperating tabs are separated to
      permit removal of the blades. Several difficulties are inherent with this
      type of cutting surface. In the first place removal and insertion of the
      blades for replacement purposes is awkward and difficult. The cutting
      surface is designed not to be removed from the machine as a whole and
      requires the steps of removal of a safety guard (positioned above the
      blades so that the blades are not exposed at the front of the machine),
      sliding one sheet sideways, in relation to the other to loosen the blades
      between the tabs, and finally careful removal by hand of each individual
      blade. The complexity of this operation, as well as the danger inherent in
      handling the actual blades, can be immediately appreciated. In addition,
      since the tabs holding the blades in this construction are made from
      stamped metal, there has been great difficulty in ensuring that the blades
      as inserted are properly oriented and aligned. Moreover there has been a
      consequent tendency for such blades, once positioned, to wander out of
      orientation or alignment. Therefore, to ensure proper and continued
      operation of the cutting surface has been difficult for the operator. In
      addition, in view of the fact that stamped metal has been used, it has
      been impossible to design a cutting surface which is adaptable for either
      king size or regular cigarettes: such a cutting surface would have
      required so many tabs that the metal sheets would have lost much of their
      strength.
PAR  In the cigarette making machine described and illustrated in Sledge's U.S.
      Pat. No. 3,515,147, only a single blade is held at the cutting surface,
      the machine being designed only for making two cigarettes at a cut. Thus,
      problems of alignment of the blade have no significance with this machine.
      In the construction described, the blade is held in position by screws.
      For the operator to change the blade, these screws must be untightened and
      retightened, and the operator must again handle the blade itself when
      removing it from or placing it in the cutting surface. Such a means of
      holding the blade in place would be unacceptable where an array of blades
      on the cutting surface is required since tightening and untightening the
      screws for each blade as well as obtaining uniform orientation and
      alignment of the blades would be extremely difficult.
PAR  Accordingly, it is an object of the present invention to provide an
      improved means of removing the blades from and inserting them into the
      cutting surface of a machine having a series of blades with reduced risk
      to the operator. It is a further object of the invention to provide a more
      economical, more reliable means of achieving uniform orientation and
      alignment of blades in such a cigarette making machine.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a manually operated, apron-type machine
      for making cigarettes has been provided with a combined plastic cutting
      surface for cutting the long cigarette and a receiving surface for
      collecting cut cigarettes wherein the cutting blades are fixedly engaged
      in plastic blade holders. A series of parallel slots transversly spaced a
      predeterminded distance from each other extends inwardly from the rear
      edge of the cutting surface in the direction of movement of the tray.
      These slots are adapted to frictionally engage the blade holders to
      maintain the blades in proper orientation and alignment during operation
      of the machine. This construction permits the blade holders and not the
      blades themselves to be handled when being inserted into or removed from
      the cutting surface. Not only does this result in much greater safety when
      changing blades, it also permits much greater ease of handling when the
      blades are replaced. As well, the cutting tray according to the present
      invention ensures more uniform orientation and alignment of the blades
      when in position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon referring to the
      drawings in which:
PAR  FIG. 1 is a perspective view of a cigarette making machine according to the
      present invention;
PAR  FIG. 2 is a rear perspective view of a cutting tray according to the
      present invention, the tray having been removed from the machine frame;
PAR  FIG. 3 is a sectional view along line III--III in FIG. 1;
PAR  FIG. 4 is a perspective view of an open blade holder according to one
      embodiment of the present invention;
PAR  FIG. 5 is a side view of the blade holder of FIG. 4, encased about a
      cutting blade.
DETD
PAR  While the invention will be described in connection with an example
      embodiment, it will be understood that it is not intended to limit the
      invention to that embodiment. On the contray, it is intended to cover all
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning first to FIGS. 1 to 3, there is shown an improved cigarette maker
      according to the present invention having frame 2 and cutting tray 4
      slidable therein. Frame 2 consists of sides 6 between which extend
      platform 8 (best seen in FIG. 3), rear ledge 10 and blade guard 12.
      Flexible apron 14 (for example made from rubberized cloth) is fixed at the
      front to front edge of platform 8, and at the back to rear ledge 10.
      Cigarette forming trough 16 is seen in FIG. 3 between the rear of platform
      8 and the front of rear ledge 10, and is formed from slack in flexible
      apron 14. Steel roller 18 is positioned beneath apron 14 and is guided for
      forward and backward movement above platform 8 by guide 20 in sides 6.
      While it is not illustrated, it will be understood that tobacco placed in
      trough 16 is compressed and rolled onto a cigarette paper by a moving
      bight which is formed in the apron by moving the roller forward in guide
      20.
PAR  Cutting tray 4 (best shown in FIGS. 2 and 3), slides forwardly and
      rearwardly with respect to frame 2 within guides 30 in each side 6 of the
      frame. The cutting tray is made of any suitable plastic and consists of a
      rear cutting surface 32 and integrally joined front cigarette receiving
      surface 34. Lateral projections 36 on each side of the tray slidably
      engage guides 30. Stop 38 is positioned along projection 36 to strike
      abutment members 40 at the front edge of guides 30 and thereby restrict
      the forward movement of the cutting tray during normal operation of the
      machine. By spreading the lower front corners of sides 6 so that stops 38
      are free of abutment member 40, the cutting tray may be readily removed
      from frame 2.
PAR  Cutting surface 32 has a series of spaced, parallel slots 42 extending
      inwardly from the rear thereof in the direction of movement of the tray.
      These slots engage blade holders 44 in which are firmly seated cutting
      blades 46. In the embodiment illustrated, parallel lateral lugs 48 on each
      side of slots 42 slide into grooves 50 on each side of blade holders 44 to
      frictionally engage the blade holders and cutting blades in place at the
      rear of slots 42 on cutting surface 32.
PAR  Referring to FIGS. 4 and 5, blade holders 44 may consist of two sides 52
      having opposed interior surfaces for gripping the blade. Locking pin 54
      projecting from the interior surface of one side cooperates with aperture
      56 on the other side to block the sides in position about blade 46. Lugs
      58 projecting from the inner surfaces of sides 52 and cooperating with
      depressions 60 on opposite inner surfaces of the side act to firmly
      position the blade 46 in proper orientation for cutting.
PAR  When a long cigarette has been formed on the apron it is then dropped down
      cutting slot 62 onto cutting surface 32. By sliding cutting tray 4 from
      its forward position into the machine frame, the long cigarette is brought
      to bear against aligned abutment members 64, these members being fixed to,
      and downwardly and rearwardly curved from, the front of the lower surface
      of platform 8. Each blade 46 has an abutment member 64 facing it, the
      abutment member being appropriately slotted to permit passage of the blade
      as the tray is moved inwardly. Additional abutment members may be provided
      to give additional support to the long cigarette during the cutting
      operation. The cut cigarettes are then nudged onto cigarette receiving
      surface 34, which may have a central, transverse depression as shown for
      receiving the cigarettes as illustrated in the drawings, as the cutting
      drawer reaches its rear position, to complete the cutting step.
PAR  It will be understood that cutting surface 32 must be spaced downwardly
      from the lower surface of platform 8 a sufficient distance to permit free
      and unobstructed cutting of the long cigarette, as well as free passage of
      the blades 46 during the cutting operation.
PAR  In addition, it will be understood that sufficient slots 42 may be
      provided, and properly spaced from each other, so that a number of either
      king size or regular cigarettes may be cut by the same cutting tray,
      depending upon the location of the array of blade holders and blades. In
      FIGS. 1 to 3, the blades are in fact positioned to cut five regular
      cigarettes. By removing the four interior blades and blade holders, and
      placing them in the three vacant slots, the cutting tray will be set up to
      cut four king size cigarettes from the long cigarette.
PAR  In the embodiment illustrated, transverse support web 66 (shown in FIG. 3)
      extends between sides 6 at the rear of platform 8 to provide additional
      support to the machine frame. As has been mentioned, one of the advantages
      of the cutting tray according to the present invention is that the blades
      may be simply removed from the machine for replacement, without the
      necessity of the operator handling the blades themselves, by sliding blade
      holders 46 from their frictionally engaged position at the rear of slots
      42. To permit disengagement of these blade holders while cutting tray 4 is
      in position in the machine (as shown in FIG. 3), there must be sufficient
      space underneath platform 8 and in front of web 66 to permit this
      operation.
PAR  To remove the blade holders and blades, blade guard 12 need not be removed,
      as was the case with earlier cigarette making machines of this general
      type. Nor are additional tools such as screwdrivers, required. In addition
      one blade or as many blades as required may be changed, without exposing
      hands to more than one cutting surface at a time. Each blade holder also
      serves to protect the sharpness of the unexposed cutting surface, where
      double edged blades are used, until ready for use.
PAR  The cutting tray according to the present invention ensures that accurate,
      uniform and permanent orientation and alignment of the cutting blades can
      be achieved repeatedly, and simply and safely with an economical
      construction. The firm, fixed alignment of the blades as well as the exact
      positioning of the tray in the machine frame with a minimum of vertical
      movement, achieved by the tray according to the invention, ensures precise
      and clean cutting of the long cigarette.
PAR  Thus, it is apparent that there has been provided in accordance with the
      invention an improved cutting tray for a manual, apron-type cigarette
      making unit that fully satisfies the objects aims and advantages set forth
      above. While the invention has been described in conjunction with specific
      embodiments thereof, it is evident that many alternatives, modifications
      and variations will be apparent to those skilled in the art in light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a manually operated machine for making cigarettes comprising (a) a
      frame; (b) a horizontal platform supported thereby, elongated in the
      transverse direction, abutment members depending and rearwardly curved
      from beneath the front portion of said platform; (c) a flexible apron
      covering the platform, and extending from the front of said platform to
      beyond the rear thereof, adapted to define a transverse cigarette-forming
      trough at the rear of said platform; (d) a roller slidable above said
      platform to form a bight therebetween adapted to compress and roll tobacco
      onto a piece of cigarette paper to form a long cigarette; and (e) a
      cutting tray spaced below the bottom surface of said platform and slidable
      in and relative to said frame between forward and rearward positions, said
      cutting tray having a forward receiving surface for collecting cut
      cigarettes and an adjacent rearward cutting surface, a series of
      transversely spaced, aligned, vertical, rearwardly slanted razor blades
      projecting from said cutting surface towards and cooperating with said
      abutment members to cut said long cigarette, an improved cutting tray
      wherein said blades are clamped in position in blade holders, and said
      cutting surface has a series of parallel slots transversely spaced a
      predetermined distance from each other, extending inwardly from the rear
      edge of said cutting surface in the direction of movement of said tray,
      said slots comprising engaging means which cooperate with said blade
      holders to frictionally and releasably engage said blade holders in said
      slots, whereby the blades and blade holders are maintained in proper
      orientation and alignment during operation of the machine.
NUM  2.
PAR  2. An improved cutting tray according to claim 1 wherein said receiving
      surface has a central, transverse depression for receiving finished
      cigarettes.
NUM  3.
PAR  3. An improved cutting tray according to claim 1 wherein said series of
      slots are arranged transversely along said cutting surface so that either
      king size or regular cigarettes may be cut by proper arrangement of the
      blades and blade holders.
NUM  4.
PAR  4. An improved cutting tray according to claim 1 wherein parallel lateral
      lugs projecting from the surfaces of said slots cooperate with
      corresponding parallel lateral slots on opposite exterior surfaces of the
      blade holders to frictionally engage said blade holders.
NUM  5.
PAR  5. An improved cutting tray according to claim 4 wherein said blade holders
      each consist of two sides, the inner surfaces of which have lugs
      co-operating with receptacles on the opposed inner surfaces for locking
      the sides together about a blade and for firmly positioning the blade in
      the desired orientation.
NUM  6.
PAR  6. An improved cutting tray according to claim 1 wherein there is
      sufficient space provided beneath the platform to permit withdrawal or
      insertion of the blade and blade holder from the cutting tray when in
      forward position.
NUM  7.
PAR  7. An improved cutting tray according to claim 1 wherein lateral
      projections on the sides of the tray slidably engage guides in the sides
      of the frame, whereby said tray is permitted to slide in and relative to
      said frame between forward and rearward positions with a minimum of
      vertical movement.
NUM  8.
PAR  8. An improved cutting tray according to claim 1 wherein said cutting
      surface and said blade holders are made of plastic.
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ABST
PAL  A tobacco filter for smoking articles includes a holder having a tubular
      configuration and a filter medium disposed within the holder. The filter
      medium comprises a 2 .times. 2 twill woven double napped cotton fabric
      which has been treated with a sodium chloride solution containing sodium
      silico aluminate, dextrose, and potassium iodide. As the smoke travels
      through the 2 .times. 2 twill woven double napped cotton fabric treated
      with the sodium chloride solution the fabric absorbs and adsorbs many of
      the harmful constituents of the tobacco smoke to reduce the potential harm
      a user of the tobacco article may suffer. Means are provided for
      compressing the filter medium disposed in the holder at locations which
      are spaced apart along the longitudinal axis of the holder. The means for
      compressing the filter medium preferably comprise a plurality of
      projections disposed on the holder at spaced apart locations along the
      longitudinal axis of the holder. The spaced apart projections engage with
      the filter medium to compress the filter medium at spaced apart locations
      to enable the filter medium to remove harmful constituents from the smoke
      of the burning tobacco. Preferably, the projections also act as baffel
      members to provide a tortuous path for the tobacco smoke through the
      filter medium to further reduce the harmful constituents of the tobacco
      smoke that reaches a user of the smoking article.
PARN
PAR  This is a continuation of application Ser. No. 325,925, filed Jan. 22,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a tobacco filter for smoking articles and
      more particularly to a tobacco filter having a holder for supporting a
      filter medium composed of a 2 .times. 2 twill woven cotton fabric which
      has been chemically treated and wherein the holder acts to compress the
      filter medium at spaced apart locations along the longitudinal axis of the
      holder.
PAR  Many techniques have been utilized to remove harmful constituents from
      tobacco smoke. Some known tobacco filters rely on filter mediums which are
      chemically treated to remove harmful constituents from the tobacco smoke.
      These known filters are treated with various chemicals such as weak basic
      inorganic salts as disclosed in the Sloan U.S. Pat. No. 3,417,758 and
      inorganic water soluble salts as disclosed in the Sublett U.S. Pat. No.
      3,428,056. Other known tobacco filters attempt to direct the flow of the
      smoke through a tortuous path in the filter in an attempt to remove
      harmful by-products from the tobacco smoke. To this end baffels have been
      employed in the filters such as the one disclosed in the Wang U.S. Pat.
      No. 3,313,304.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a new and improved tobacco filter for
      smoking articles. The tobacco filter includes an elongate holder which
      supports a filter medium therein. Preferably, the filter medium comprises
      a 2 .times. 2 twill woven cotton fabric which is double napped. The
      construction of the 2 .times. 2 twill woven fabric is such as to maximize
      the retention therein of harmful constituents in the tobacco smoke. The
      double napping of the fabric increases the surface area of the fabric
      which comes in contact with the tobacco smoke to thereby increase the
      adsorption and absorption by the fabric of the dangerous constituents of
      the tobacco smoke. The double napping also increases the tortuous path
      through which tobacco smoke travels to thereby cool the smoke and provide
      for condensation of liquids in the smoke. The filter medium is chemically
      treated with a sodium chloride solution containing sodium silico
      aluminate, dextrose and potassium iodide to further increase the filter
      mediums ability to remove harmful constituents from the tobacco smoke. The
      chemical treatment of the cotton fabric increases the fabrics absorption
      and adsorption capabilities and significantly reduces the amount of
      liquids which are carried by the tobacco smoke through the filter medium.
PAR  The holder for the filter medium has an elongate construction with openings
      at opposite ends thereof. A plurality of projections are formed on the
      interior portion of the holder at locations which are spaced apart along
      the longitudinal axis of the holder. The projections engage with the
      filter medium to compress the filter medium at spaced apart locations. The
      compression of the filter medium at spaced apart locations by the
      projections causes the filter medium to trap a greater quantity of the
      harmful constituents of the tobacco smoke. The projections also act as
      baffels to further increase the tortuous path through which the tobacco
      smoke flows. Moreover, since the projections are at a cool temperature
      relative to the tobacco smoke they act to trap and condense tars thereon
      thereby further purifying the tobacco smoke. Thus, the filter for smoking
      articles functions to remove a large percentage of the harmful
      constituents from the tobacco smoke to thereby reduce the potential harm
      the smoke might cause to the user of the tobacco article.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved tobacco filter for smoking articles including a holder having a
      filter medium therein and wherein the filter medium includes a 2 .times. 2
      twill woven double napped cotton fabric treated with a sodium chloride
      solution to improve the filter mediums retention of the harmful
      constituents of the tobacco smoke.
PAR  Another object of the present invention is to provide a new and improved
      tobacco filter for smoking articles as set forth in the next preceding
      object wherein the filter medium is treated with a sodium chloride
      solution containing sodium silico aluminate, dextrose and potassum iodide.
PAR  Still another object of the present invention is to provide a new and
      improved tobacco filter for smoking articles including a tubular holder, a
      filter medium disposed within the holder and means for compressing the
      filter medium at spaced apart locations along the longitudinal axis of the
      holder.
PAR  A further object of the present invention is to provide a new and improved
      tobacco filter for smoking articles including a tubular holder having an
      elongate configuration and a plurality of projections spaced apart along
      the longitudinal axis of the holder for engaging with a filter medium
      supported within the holder and wherein the projections compress the
      filter medium at spaced apart locations along the longitudinal axis of the
      holder to provide alternate areas wherein the filter medium is compressed
      and non-compressed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the present invention will become apparent from
      the following detailed description of a preferred embodiment of the
      present invention taken in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of the holder in an open position before the
      filter medium has been inserted therein;
PAR  FIG. 2 is a cross sectional view with the filter medium disposed in the
      holder;
PAR  FIG. 3 is a planar view of a material having a plurality of ridges thereon
      for use as the filter medium;
PAR  FIG. 4 is a cross sectional view taken approximately along the lines 4--4
      of FIG. 3 more fully illustrating the ridges of the filter medium;
PAR  FIG. 5 is a perspective view of the 2 .times. 2 twill woven cotton material
      which is illustrated as a filter medium;
PAR  FIG. 6 is a cross sectional view taken approximately along the lines 6--6
      of FIG. 5 more fully illustrating the double napping of the 2 .times. 2
      twill woven cotton fabric;
PAR  FIG. 7 is a partially cross sectioned view of a cigarette having the holder
      of the present invention attached at one end thereof; and
PAR  FIG. 8 is a fragmentary view of a cigarette with another embodiment of the
      filter attached thereto.
PAR  FIG. 9 is a schematic illustrating another embodiment of the present
      invention wherein ridges having a diameter greater than that of the holder
      are utilized to compress the filter medium throughout spaced apart cross
      sectional planes.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present invention relates to a tobacco filter for a smoking article
      which includes a holder and a filter medium disposed in the holder. The
      holder with the filter medium can be attached to a smoking article to
      remove a large majority of the harmful constituents from the tobacco
      smoke. The holder has a tubular configuration with a plurality of spaced
      apart projections located on an interior surface thereof. The projections
      engage with the filter medium and compress the filter medium at spaced
      apart locations along the longitudinal axis of the holder to provide
      alternate areas wherein the filter material is compressed and relatively
      non-compressed. The filter medium is preferably a 2 .times. 2 twill woven
      double napped cotton fabric which has been treated with a sodium chloride
      solution containing sodium silico aluminate, dextrose, and potassium
      iodide. The filter medium and the holder cooperate to form a filter which
      effectively removes harmful constituents from the tobacco smoke and traps
      the constituents interiorly of the holder and filter medium to prevent
      them from escaping therefrom.
PAR  Referring to FIG. 1, a tobacco filter 10 is illustrated for filtering the
      smoke from a tobacco product such as a cigar or cigarette. The tobacco
      filter 10 includes a tubular holder 18 within which is disposed a filter
      medium 12. The holder 18 includes a tubular wall 22 having end portions 21
      and 25. During normal usage of the filter 10 the end portion 21 is
      attached in a well known manner to a tobacco article such as a cigarette
      (not shown). When the cigarette is smoked, the user of the cigarette
      establishes a partial vacuum at the end portion 25 of the holder 18 to
      affect the flow of smoke from the cigarette, through the filter medium 12
      and out the end portion 25 to the user of the tobacco article. The tubular
      wall 22 defines a cavity 24 through which the smoke travels from the
      tobacco to the user. The filter medium 12 is located in the cavity 24 and
      operates to filter the smoke as it passes therethrough.
PAR  The holder 18 is preferably formed of one piece and is divided into
      portions 27 and 29 which are connected by a hinged portion 16. The hinged
      portion 16 enables the portions 27 and 29 of the holder 18 to be separated
      to provide insertion of the filter medium 12 into the cavity 24 of the
      holder 18. When the filter medium 12 is inserted in the cavity 24 of the
      tubular holder 18 the portions 27 and 29 may be rotated about the hinged
      portion 16 to close the holder 18 and hold the filter medium 12 in place
      in the cavity 24 as is shown in FIG. 2. The tubular walls 22 include a
      plurality of projections 14 disposed thereon which engage with the filter
      medium 12 when the holder 18 is closed to compress the filter medium 12 at
      spaced apart locations along the longitudinal axis of the holder 18. The
      projections 14 also grip the filter medium 12 to support the filter medium
      12 in the cavity 24 and prevent movement of the filter medium 12 relative
      to the holder 18.
PAR  When the filter medium 12 is supported in the cavity 24 of the holder 18,
      the projections 14 disposed on the interior surface of the holder 18
      engage with the filter medium 12 to compress the filter medium 12 at
      spaced apart locations 31 along the longitudinal axis of the holder 18 as
      is more fully illustrated in FIG. 2. The engagement of the projections 14
      with the filter medium 12 compresses the filter medium at locations 31
      adjacent to the portions of the filter medium which are in engagement with
      the projections 14. The projections 14 located on the interior surface of
      the holder 18 are spaced apart by relatively flat surfaces 19. The filter
      medium 12 that is disposed adjacent to the flat surfaces 19 at locations
      33 is in a state of non-compression when compared relative to the portions
      of the filter medium 12 at locations 31 which are engaged with the
      projections 14. This construction causes the filter medium 12 to have
      alternate compressed and non-compressed areas with the compressed areas 31
      being disposed adjacent to the projections 14 and the non-compressed areas
      33 being disposed adjacent to the flat surfaces 19. The alternate areas of
      compression and non-compression of the filter medium 12 causes the smoke
      that flows thereto to take a tortuous path which effectively cools the
      smoke and reduces the harmful constituents contained therein. Since the
      projections 14 engage with only the outer portions of the filter medium
      12, the outer locations 31 disposed adjacent to the projections 14 tend to
      be compressed greater than the interior portions of the filter medium 12.
      In other words, if a cross sectional view were taken through the filter
      medium 12 disposed adjacent to a projection 14, the compression of the
      filter medium 12 would decrease as the distance the filter medium is
      located from the projection 14 is increased. This construction causes the
      smoke that passed through the filter medium 12 to assume a tortuous path
      due to the alternate areas of compression and non-compression of the
      filter medium 12. When the smoke enters a compressed area of the filter
      medium 12, the smoke tends to be pressed into close contact with the
      filter medium 12. The close contact causes harmful constituents such as
      tars and nicotine of the tobacco smoke to be absorbed and adsorbed by the
      filter material 12, thus removing these harmful constituents from the
      smoke. Moreover, when the smoke enters a compressed area the smoke tends
      to flow toward the center of the filter medium 12 away from the
      projections 14 due to the fact that the interior portions of the filter
      medium 12 is less compressed than the portions of the filter medium 12
      disposed adjacent to the projections 14. This flow of the smoke increases
      the length of the path that the smoke must travel.
PAR  When the smoke enters a relatively non-compressed area of the filter medium
      12 disposed adjacent to the flat surfaces 19, the smoke tends to expand.
      The expansion of the smoke also increases the length of the path that the
      smoke travels and also increases the contact of the smoke with the filter
      medium 12. It should be apparent that the greater the length of the path
      through the filter medium 12 the greater the absorption and adsorption
      capabilities of the filter medium 12. The smoke is then again compressed
      as it flows through the next compressed area adjacent to the next
      sequential projection 14 and more harmful constituents are forced
      therefrom.
PAR  The alternate compression and expansion of the smoke causes the smoke to
      travel a tortuous path which is longer than the path the smoke travels if
      the smoke traveled through a filter which was all compressed or all
      non-compressed. Moreover, the alternate compression and expansion of the
      filter enables the smoker of the tobacco to easily draw the smoke whereas
      if the filter material is all compressed the flow of smoke through the
      filter medium would be inhibited.
PAR  The projections 14 also act as baffel members in that smoke flowing along
      the interior surface 23 of the holder 18 engages with the projections 14
      and is forced to flow around these projections. Since the projections are
      formed on the wall 22 of the holder 10, they are relatively cooler than
      the interior portions of the filter medium 12. This causes harmful
      constituents of the tobacco smoke, especially harmful liquid constituents
      such as tars, to condense on the projections 14 thereby removing these
      harmful constituents from the smoke.
PAR  While the filter medium and the projections thereon have been illustrated,
      as only partially extending through the longitudinal length of the holder
      18 it is contemplated that the projections 14 could extend along the whole
      longitudinal length of the holder and the filter medium 12 could also
      extend the whole longitudinal length of the holder 18. Moreover, while
      projections 14 have been illustrated in the figures other means of
      alternating compressing the filter medium 12 could be utilized. For
      example, means could be utilized on the exterior portion of the holder 18
      to form alternate areas of compression and non-compression in the filter
      medium 12. These means could be in the form of bands which compress the
      tubular wall portion 22 of the holder 18 at spaced apart locations
      disposed along longitudinal length of the holder 18 to thereby create
      alternate areas of compression and non-compression in the filter medium
      12.
PAR  Another method of forming alternate areas of compression and
      non-compression in the filter medium 12 would be to form the filter medium
      with projections thereon as illustrated in FIG. 9 which when engaged with
      the interior surface 23 of the holder 18 would effect compression of the
      filter medium 12 adjacent to the ridges located thereon. The areas of the
      filter medium 12 not associated with a ridge would be in a relatively
      non-compressed state. To this end FIG. 3 and 4 illustrate a filter medium
      having a plurality of ridges or projections 30 disposed thereon. The
      utilization of the ridges 30 in the filter medium 12 could be with or
      without (as illustrated in FIG. 9), the utilization of the projections 14
      located on the interior surface 23 of the holder 18. The filter medium 12
      illustrated in FIGS. 3 and 4 utilizes a plurality of projections 30 which
      form hexagonal shaped ridges across the surface of the filter medium 12.
      The ridges 30 would be disposed in the holder 18 in a direction
      substantially perpendicular to the flow of the smoke through the tobacco
      article as illustrated in FIG. 9. Moreover, the ridges 30 should be
      disposed in engagement with the interior surface 23 of the holder 18 to
      affect the compression of the filter medium 12 adjacent to the ridges 30.
PAR  Preferably, the filter medium 12 illustrated in FIGS. 3 and 4 is a textile
      material which has a double nap disposed on opposite sides thereof. The
      double napping provides a plurality of filaments 32 through which the
      smoke must pass prior to exiting from the holder 18. The filaments 32
      increase the effective surface area of the filter medium 12 to enable the
      filter medium 18 to absorb and adsorb the harmful constituents of the
      tobacco smoke. The napping of the filter medium preferably extends in a
      direction substantially perpendicular to the flow of smoke through the
      filter medium 12 to thereby increase the surface contact between the smoke
      and the filter medium 12.
PAR  FIGS. 5 and 6 illustrate another filter medium which may be utilized in the
      present holder. The filter medium 12 disclosed in FIG. 5 is a 2 .times. 2
      twill single woven cotton fabric which has a double planetary nap disposed
      on opposite sides thereof. The 2 .times. 2 weave provides an excellent
      filter medium in that the smoke is forced to travel through a tortuous
      path around the individual threads 34 of the filter medium 12. Moreover,
      the double napping provides a plurality of filaments 36 on opposite sides
      of the 2 .times. 2 twill single woven cotton fabric to further increase
      the surface area thereof and increase the adsorption and absorption
      capabilities of the cotton fabric.
PAR  The 2 .times. 2 twill woven cotton fabric is treated with a sodium chloride
      solution containing potassium iodide, sodium silico aluminate, and
      dextrose, to improve the retention capabilities of the fabric to enable
      the fabric to remove a large percent of the harmful constituents from the
      tobacco smoke. Preferably, the sodium chloride solution is a one percent
      solution in water with 0.01 percent potassium iodide and dextrose added.
      These chemicals help to further enhance the ability of the cotton fabric
      to absorb harmful liquids such as tars and nicotine from the smoke. While
      the 2 .times. 2 twill woven cotton fabrc may be utilized in the present
      holder 18 without treating it with the sodium chloride solution the
      treatment of the cotton fabric substantially increases the fabric's
      ability to absorb liquids since many of the harmful constituents of the
      tobacco smoke take a liquid or vapor form when they travel through the
      filter medium 12. The chemical treatment of the fabric significantly
      increases the cotton's ability to remove the harmful constituents from the
      tobacco smoke. Moreover, the utilization of dextrose and potassium iodide
      increase the sweetness of the tobacco smoke to thereby increase the user's
      enjoyment of the smoking article. While the present embodiment of the
      invention contemplates the utilization of a sodium chloride solution to
      treat the filter medium it should be apparent that salts of alkali earth
      metals such as lithium, potassium and sodium with hallides such as
      florine, chlorine, bromine and iodine could also be utilized to treat the
      filter medium.
PAR  Referring to FIG. 7, the 2 .times. 2 twill woven double napped cotton
      fabric is illustrated as utilized in the holder 18 attached to one end of
      a cigarette 40. When the cigarette is smoked, the smoke travels into the
      end portion 21 of the holder 18, through the filter medium 12, which in
      the present instance is a 2 .times. 2 twill woven double napped cotton
      fabric, around the projections 14 and out the end portion 25 of the holder
      18. While the holder 18 and filter medium 12 are illustrated as
      permanently attached to the cigarette 40, it should be appreciated that
      the filter 10 could easily be a removable filter that could be attached to
      a cigarette 40 whether the cigarette 40 has a permanent filter or not.
      Thus, the present invention of the filter 10 could be utilized in a
      disposable filter for tobacco articles which could be attached to the
      tobacco article by the user of the article prior to smoking thereof.
PAR  FIG. 8 illustrates another embodiment of the present invention wherein the
      filter medium 12 comprises two separate portions of 2 .times. 2 twill
      woven cotton fabric with a liquid impermeable membrane 42 inserted
      therebetween. The liquid impermeable membrane 42 further removes liquids
      from the tobacco smoke and enhances the filtering capabilities of the 2
      .times. 2 twill woven cotton fabric. It has been found that many of the
      major harmful constituents of the tobacco smoke are in a liquid or vapor
      form when they pass through the filter medium 12. Thus, the provision of
      the liquid impermeable membrane 42 increases the filtering of the smoke
      before it reaches a user of the tobacco article. In this embodiment the 2
      .times. 2 twill woven cotton fabric operates in the same manner to remove
      the harmful constituents of the tobacco smoke as the filter medium 12
      illustrated in FIG. 5. However, the further addition of the liquid
      impermeable membrane 42 further increases the ability of the cotton fabric
      to remove the harmful constituents from the tobacco smoke.
PAR  From the foregoing it should be apparent that a new and improved filter for
      tobacco articles has been provided. The filter includes a tubular elongate
      holder having a plurality of projections therein which cooperate with the
      filter medium to provide alternate compressed and non-compressed areas of
      the filter medium disposed along the longitudinal axis of the holder. The
      alternate compressed and non-compressed areas cause the tobacco smoke to
      assume a tortuous path as it flows through the filter medium to increase
      the filter mediums' ability to absorb and adsorb harmful constituents from
      the tobacco smoke. The filter medium comprises a 2 .times. 2 twill woven
      double napped cotton fabric which is treated with a sodium chloride
      solution containing sodium silico aluminate, dextrose and potassium
      iodide. The 2 .times. 2 twill woven cotton fabric with its double
      planetary napping absorbs and adsorbs the harmful constituents from the
      tobacco smoke. The chemical treatment of the cotton fabric with the sodium
      chloride solution increases the fabric's ability to absorb liquids which
      constitute a large portion of the harmful constituents of the tobacco
      smoke. The utilization of the chemically treated 2 .times. 2 twill woven
      cotton fabric in the holder having the plurality of projections thereon
      provides a filter for tobacco articles which removes a large majority of
      the harmful constituents from the tobacco smoke thereby decreasing the
      health hazard presented to the user of the tobacco article.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tobacco filter for smoking articles comprising a holder for a filter
      medium, said holder having a substantially tubular configuration defining
      a substantially cylindrical chamber with openings at opposite end portions
      thereof, a solid unitary compressible filter medium disposed in said
      cylindrical chamber of said holder for removing harmful constituents from
      tobacco smoke that flows therethrough, said filter medium having a
      diameter as least as large as the diameter of said cylindrical chamber to
      effect engagement of said filter medium with the wall of said cylindrical
      chamber along substantially the entire length of said filter medium to
      fill said cylindrical chamber along at least a major portion of the
      longitudinal axis thereof, and a plurality of ridge means integrally
      formed with said wall of said cylindrical chamber for radially compressing
      said filter medium at all points throughout each of a plurality of spaced
      apart cross sectional planes at locations which are spaced apart along the
      longitudinal axis of said holder and disposed substantially perpendicular
      to the longitudinal axis of said filter medium to provide alternate cross
      sectional portions of compressed and noncompressed filter medium along the
      longitudinal axis of said filter medium.
NUM  2.
PAR  2. A tobacco filter as defined in claim 1 wherein said plurality of ridge
      means form a baffle means disposed substantially perpendicular to the
      longitudinal axis of said holder for compressing said filter medium
      throughout said spaced apart cross sectional planes at said spaced apart
      locations and for trapping harmful constituents of the smoke from burning
      tobacco, said baffle means extending in a direction substantially
      perpendicular to the flow of smoke from the tobacco article through said
      holder and said filter medium.
NUM  3.
PAR  3. A tobacco filter as defined in claim 1 wherein said ridge means for
      compressing said filter medium comprises an interior surface of said
      holder having threads formed thereon, which engage with said filter medium
      at said spaced apart locations to compress said filter medium at said
      locations which are spaced apart along the longitudinal axis of said
      holder.
NUM  4.
PAR  4. A tobacco filter as defined in claim 1 wherein said filter means
      comprises a 2 .times. 2 twill woven cotton fabric which is napped on both
      sides thereof, said napping increasing the surface area of said cotton
      fabric which engages with the smoke as it flows through said cotton fabric
      to increase said cotton fabric's ability to absorb and adsorb harmful
      constituents from the tobacco smoke prior to the smoke reaching a user of
      the tobacco article.
NUM  5.
PAR  5. A tobacco filter for smoking articles comprising a holder for a filter
      medium, said holder having a substantially tubular configuration defining
      a substantially cylindrical chamber with openings at opposite end portions
      thereof, a unitary filter medium disposed in said cylindrical chamber of
      said holder for removing harmful constituents from tobacco smoke that
      flows therethrough, and a plurality of ridge means integrally formed with
      said wall of said cylindrical chamber for radially compressing said filter
      medium at all points throughout a plurality of cross sectional planes
      disposed at locations which are spaced apart along the longitudinal axis
      of said holder to provide alternate cross sectional portions of compressed
      filter medium having a first density and noncompressed filter medium
      having a second density which is less than said first density along the
      longitudinal axis of said filter medium, said ridge means for compressing
      said filter medium including a plurality of projections disposed on the
      wall of said cylindrical chamber of said holder and spaced apart along the
      longitudinal axis of said holder, said projections engaging with the
      filter medium at spaced apart locations along the length of the filter
      medium to form said portions of compressed filter medium.
NUM  6.
PAR  6. A tobacco filter for smoking articles comprising a holder for a filter
      medium, said holder having a substantially tubular configuration defining
      a substantially cylindrical chamber with openings at opposite end portions
      thereof, a solid compressible filter medium disposed in said cylindrical
      chamber of said holder for removing harmful constituents from tobacco
      smoke that flows therethrough, said filter medium having a diameter at
      least as large as the diameter of said cylindrical chamber to effect
      engagement of said filter medium with the wall of said cylindrical chamber
      along substantially the entire length of said filter medium to fill said
      cylindrical chamber along at least a major portion of the longitudinal
      axis thereof, and means for compressing said filter medium throughout
      spaced apart cross-sectional planes at locations which are spaced apart
      along the longitudinal axis of said holder and disposed substantially
      perpendicular to the longitudinal axis of said filter medium to provide
      alternate cross-sectional portions of compressed and noncompressed filter
      medium along the longitudinal axis of said filter medium, said filter
      medium comprising a material having a plurality of ridges spaced apart
      along the longitudinal axis of said filter medium, said filter medium
      having a diameter at said ridges which is greater than the diameter of
      said cylindrical chamber to enable said ridges to cooperate with the wall
      of the cylindrical chamber of said holder when said filter medium is
      disposed therein to compress said filter medium throughout said spaced
      apart cross-sectional planes at said spaced apart locations along the
      longitudinal axis of said filter medium where said ridges engage with the
      wall of said cylindrical chamber of said holder.
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ABST
PAL  A cosmetic composition is provided which comprises at least one graft and
      cross-linked copolymer obtained by copolymerization of:
PA1  A. at least one non-ionic monomer,
PA1  B. at least one ionic monomer or N-vinyl pyrrolidone,
PA1  C. polyethylene glycol, and
PA1  D. a cross-linking agent selected from ethylene glycol dimethacrylate,
      diallyl o-, m- and p-phthalates, a divinylbenzene, tetrallyloxyethane and
      a polyallylsucrose possessing 2 to 5 allyl groups per mol of sucrose, and
      a cosmetically acceptable vehicle.
PAL  Such compositions are particularly useful as hair lacquers and wavesetting
      lotions; they adhere well to the hair while giving a good glossy
      appearance. Certain of the copolymers are novel.
BSUM
PAR  The present invention relates to new cosmetic compositions based on grafted
      and crosslinked copolymers and to certain new copolymers used therein.
PAR  It has already been proposed to use in cosmetic compositions such as
      lacquers and wavesetting lotions various different types of homo- and
      co-polymers. Among these, one can mention polyvinyl pyrrolidone,
      copolymers such as the vinylpyrrolidone/vinyl acetate copolymer;
      copolymers of vinyl acetate and an unsaturated carboxylic acid such as
      crotonic acid; copolymers resulting from the polymerization of vinyl
      acetate, crotonic acid and an acrylic or methacrylic ester or an alkyl
      vinyl ether; copolymers resulting from the copolymerization of vinyl
      acetate, crotonic acid and a vinyl ester of an acid with a long carbon
      chain or an allyl or methallyl ester of an acid with a long carbon chain;
      copolymers resulting from the copolymerization of an ester of an
      unsaturated alcohol and a saturated carboxylic acid with a short carbon
      chain, of an unsaturated acid with a short carbon chain, and of at least
      one ester of a saturated alcohol with a long carbon chain and an
      unsaturated acid with a short carbon chain, and copolymers resulting from
      the polymerization of at least one unsaturated ester and at least one
      unsaturated acid.
PAR  Some of these copolymers, which have been used to a very large extent, do
      possess good affinity for the keratin of the hair but nevertheless they do
      not have the combination of properties which are required for the
      production of excellent lacquers and wavesetting lotions.
PAR  It has now been found, very surprisingly, according to the present
      invention, that it is possible to produce excellent cosmetic compositions,
      in particular lacquers or wavesetting lotions, using a particular type of
      copolymer, which is, at the same time, grafted and cross-linked.
PAR  According to the present invention, there is provided a cosmetic
      composition containing, in a suitable cosmetic vehicle, at least one graft
      and cross-linked copolymer obtained by copolymerization of:
PA1  A. at least one non-ionic monomer,
PA1  B. at least one ionic monomer or N-vinylpyrrolidone,
PA1  C. polyethylene glycol, and
PA1  D. a cross-linking agent chosen from the group consisting of ethylene
      glycol dimethacrylate, diallyl phthalates, divinylbenzenes,
      tetraallyloxyethane and polyallylsucroses possessing 2 to 5 allyl groups
      per mol of sucrose.
PAR  Such cosmetic compositions give rise to better results than those available
      hitherto. Lacquers or wavesetting lotions containing such copolymers form
      films having a lacquerability which is noticeably better than that
      obtained with the known resins.
PAR  The copolymers which can be used according to the invention also impart
      other particularly valuable advantages to the lacquers and wavesetting
      lotions. In particular, the films obtained have a markedly higher gloss
      than that obtained with the known polymers. Furthermore, they possess a
      very great affinity for the hair, so that they make the hair style keep
      better, which enables the hair to be combed out without significant loss
      of the copolymer film. It is, of course, known that with the known hair
      lacquers and the like when one combs the hair effectively all of the resin
      becomes detached from the hair and falls in the form of a white powder. In
      contrast, with the compositions of the present invention, it is possible
      to comb the hair without significant loss of the copolymer although the
      copolymer can nevertheless easily be removed by brushing or by washing
      with a conventional shampoo.
PAR  By the expression "graft and crosslinked copolymer" is meant a copolymer
      which possesses a principal chain with branches or grafts which are
      attached to one another with the aid of a cross-linking agent. Thus, in
      effect, these grafted and cross-linked copolymers possess a network of
      branches the density of which depends largely on the degree of
      unsaturation of the cross-linking agent.
PAR  Grafted copolymers are, of course, well-known and they can be represented
      schematically as follows:
      ##EQU1##
PAC  FIGURE 1
PAR  The main chain -- A -- B -- A -- B -- B . . . A -- A -- B -- A -- B . . .
      forms "the backbone" of the graft copolymer and the chain links -- C -- D
      . . . D -- C -- constitute the grafts. A graft and cross-linked copolymer
      can be represented schematically as follows:
      ##EQU2##
PAC  FIGURE 2
PAR  The principal chain or "backbone" -- A -- B -- B -- B . . . A -- B -- A --
      B -- is identical to that in the graft copolymer, as are the grafts.
      However, in the case of the graft and cross-linked copolymers, the chain
      links -- E -- X -- E -- which connect the various grafts and/or the
      various "backbones" of the polymers present.
PAR  These chain links E -- X -- E originate from the cross-linking agent which,
      if it is doubly unsaturated (as in FIG. 2), gives rise to two-dimensional
      cross-linked networks. As indicated above, however, the cross-linking
      agent can have a higher degree of unsaturation which gives rise to
      three-dimensional structures. The degree of unsaturation is at least 2 and
      can, in the case of the polyallylsucroses, be 5.
PAR  Typical non-ionic monomers which can be used include: vinyl acetate, vinyl
      stearate, vinyl laurate, vinyl propionate, allyl stearate, allyl laurate,
      diethyl maleate, allyl acetate, methyl methacrylate, cetyl vinyl ether,
      stearyl vinyl ether and hexene-1.
PAR  Similarly, the ionic monomers can also be of very varied type; typical
      examples include monomers containing acid groups such as crotonic acid,
      allyloxyacetic acid, vinylacetic acid, maleic acid, acrylic acid and
      methacrylic acid.
PAR  The prepolymer onto which the grafting takes place suitably has a molecular
      weight between 200 and several millions, preferably between 300 and
      30,000.
PAR  The graft and cross-linked copolymers used in the present invention are
      preferably derived from:
PA1  a. 5 to 85% by weight of at least one nonionic monomer,
PA1  b. 3 to 80% by weight of at least one ionic monomer or N-vinylpyrrolidone,
PA1  c. 2 to 50%, preferably 5 to 30%, by weight of polyethylene glycol, and
PA1  d. 0.01% to 8% by weight based on the total weight of (a) + (b) + (c) of
      cross-linking agent.
PAR  Thus, if 246 g of vinyl acetate (82%), 24 g of crotonic acid (8%) and 30 g
      of polyethylene glycol (10%) are copolymerized, the amount of
      cross-linking agent can vary between 0.03 g (0.01%) and 24 g (8%).
PAR  The graft and cross-linked copolymers thus defined generally have a
      molecular weight of between 10,000 and 1,000,000, but preferably between
      15,000 and 500,000.
PAR  The cosmetic compositions according to the invention can be either in the
      form of wavesetting lotions or in the form of hair lacquers.
PAR  The wavesetting lotions according to the invention are suitably in the form
      of aqueous or aqueous-alcoholic solutions containing from 5 to 70% by
      weight of alcohol, the concentration of graft and cross-linked copolymer
      being between 0.4 and 5% by weight. The alcohols generally used for the
      production of such wavesetting lotions are preferably lower aliphatic
      alcohols (i.e. of 1 to 6, suitably 1 to 4, carbon atoms) such as ethanol
      or isopropanol.
PAR  The hair lacquers according to the invention are suitably obtained by
      dissolving at least one graft and cross-linked copolymer, as defined
      above, in an alcohol, this solution being placed in an aerosol container
      and mixed with a liquefied propellant gas under pressure. For example, a
      hair lacquer according to the invention can be obtained by adding 0.5 to
      4% by weight of at least one graft and cross-linked copolymer to a mixture
      consisting of 1/4 to 1/3 of an anhydrous aliphatic alcohol such as ethanol
      or isopropanol and 3/4 to 2/3 of a propellant or of a mixture of liquefied
      propellants such as a halogenated hydrocarbon, for example
      trichlorofluoromethane or dichlorodifluoromethane.
PAR  If the graft and cross-linked copolymers possess free carboxylic acid
      groups, the latter can be neutralized with a base, generally used in an
      amount between 50 and 100% of the amount corresponding to stoichiometric
      neutralization, the base employed being either an organic or inorganic
      base, such as ammonia, monoethanolamine, diethanolamine, triethanolamine,
      an isopropanolamine, morpholine, 2-amino-2-methyl-1-propanol and
      2-amino-2-methyl-1,3-propanediol.
PAR  Of course, it is possible to add to the cosmetic compositions according to
      the invention adjuvants such as plasticizers, perfumes, dyestuffs or other
      adjuvants conventionally employed in hair compositions.
PAR  The present invention also provides a process for wavesetting hair which
      comprises impregnating the hair with a lotion according to the invention,
      winding up the hair on wavesetting rollers, suitably of diameter 15 to 30
      mm and drying the hair thus rolled up.
PAR  The present invention also provides the graft and cross-linked copolymers
      obtained by the copolymerization of:
PA1  a. 5 to 85% by weight of at least one nonionic monomer which is vinyl
      acetate, vinyl stearate, vinyl laurate, vinyl propionate, allyl stearate,
      allyl laurate, diethyl maleate, allyl acetate, methyl methacrylate, cetyl
      vinyl ether, stearyl vinyl ether or hexene-1,
PA1  b. 3 to 80% by weight of at least one ionic monomer which is crotonic acid,
      allyloxyacetic acid, vinylacetic acid, maleic acid, acrylic acid or
      methacrylic acid, or N-vinylpyrrolidone,
PA1  c. 2 to 50% by weight, preferably 5 to 30%, by weight of polyethylene
      glycol and
PA1  d. 0.01 to 8% by weight based on the total weight of (a) + (b) + (c), of a
      cross-linking agent which is ethylene glycol dimethacrylate, diallyl
      phthalate, a divinylbenzene, tetraallyloxyethane or a polyallylsucrose
      having 2 to 5 allyl groups per mol of sucrose.
PAR  Naturally, the characteristics (molecular weight, structure and the like)
      indicated above for the graft and cross-linked copolymers which can be
      used in the cosmetic compositions according to the invention equally apply
      to these new copolymers.
PAR  The graft and cross-linked copolymers can be prepared by conventional
      polymerization methods, for example in bulk, in suspension, as an emulsion
      or in solution in a solvent. Preferably, the polymerization is carried out
      in bulk or in suspension.
PAR  Generally conventional radical polymerization initiators are used, the
      particular choice depending mainly on the different monomers used and on
      the reaction medium. Examples of such initiators which can be used include
      peroxides such as benzoyl peroxide, lauroyl peroxide, acetyl peroxide and
      benzoyl hydroperoxide; catalysts which on decomposition evolve an inert
      gas, such as azo-bis-isobutyronitrile; and oxidation-reduction catalysts
      such as sodium persulphate, sodium sulphite and hydrogen peroxide. The
      initiator concentration is generally between 0.2 and 15%, preferably
      between 0.5 and 12% by weight relative to the total weight of the
      reactants (monomers, polyethylene glycol and cross-linking agent).
PAR  In suspension polymerization it is important that the various reactants
      should not be miscible with water or with the inert liquid used for
      carrying out the polymerization. Hence, if water is used as the suspension
      medium, it is important that it should be saturated with an inorganic salt
      such as sodium chloride, because polyethylene glycol is soluble in water.
      If one of the monomers is also soluble in water (which is the case with
      acids), the effect of adding sodium chloride is to cause it to be
      suspended; hence all the reactants are present in the form of droplets.
PAR  The suspending agents which may be used according to the present invention
      include hydroxyethylcellulose, known under the trade name of "CELLOSIZE",
      cross-linked polyacrylic acid known under the name of "CARBOPOL" and the
      polyvinyl alcohols known under the trade name of "RHODOVIOL".
PAR  If the polymerization is carried out in an emulsion, the reaction generally
      takes place in the presence of an emulsifying agent such as potassium
      stearate, potassium palmitate, potassium laurate, or laurylamine
      hydrochloride.
PAR  The molecular weight of the graft and cross-linked copolymers can be
      regulated by introducing, during the polymerization, small amounts, for
      example 0.05 to 0.4% by weight, of a chain regulator such as an aldehyde,
      for example butyraldehyde, halogenated compounds such as chloroform,
      bromoform and carbon tetrachloride and mercaptans such as laurylmercaptan.
PAR  The following Examples further illustrate the present invention.
DETD
PAC  EXAMPLES OF PREPARATION OF COPOLYMERS
PAC  EXAMPLE 1
PAR  400 g of an aqueous solution containing 104 g of sodium chloride and 0.8 g
      of Cellosize are introduced into a 2 liter flask equipped with a
      mechanical stirrer, a nitrogen inlet tube, a thermometer and a condenser.
      A solution consisting of 246 g of vinyl acetate, 24 g of crotonic acid, 30
      g of polyethylene glycol (molecular weight (MW) = 20,000), 0.6 g of
      tetraallyloxyethane and 6 g of 100% strength benzoyl peroxide is then
      introduced. After the addition, the mixture is heated with stirring, and
      under reflux, for about 8 hours. After this time, the polymerization is
      complete. The beads obtained are washed and isolated in the usual manner.
PAR  Yield: 85%
PAR  Acid number: 53.8
PAR  Viscosity . . . (5% strength solution in DMF at 35.degree.C): 7.73 cps.
PAC  EXAMPLE 2
PAR  220 g of an aqueous solution containing 77 g of sodium chloride and 0.44 g
      of Cellosize are introduced into a 1 liter flask equipped with a
      mechanical stirrer, a nitrogen inlet tube, a thermometer and a condenser.
      Thereafter a solution consisting of 82 g of vinyl acetate, 8 g of crotonic
      acid, 10 g of polyethylene glycol (molecular weight: 20,000), 15 g of
      diallyl ether and 10 g of azo-bis-isobutyronitrile is introduced. After
      the addition, the mixture is heated at 70.degree.C for 24 hours. After
      this time, the polymerization is complete. The beads obtained are washed
      and isolated in the usual manner.
PAR  Yield: 82%
PAC  EXAMPLE 3
PAR  The following are polymerized according to the process described in Example
      1:
     Vinyl acetate              63 g                                           
     N-vinyl pyrrolidone        27 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.1 g                                          
     Azo-bis-isobutyronitrile   4 g                                            
     Sodium chloride            152 g                                          
     0.06% strength solution of Cellosize in water                             
                                400 g                                          
PAR  Characteristics of the polymer obtained:
PAR  Viscosity . . . (5% strength solution in DMF at 35.degree.C): 2.71 cps
PAC  EXAMPLE 4
PAR  The following are polymerized according to the process described in Example
      1:
TBL  Vinyl acetate              72 g                                           
     Crotonic acid              8 g                                            
     Polyethylene glycol of MW 20,000                                          
                                20 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           2 g                                            
     0.2% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 57
PAR  Viscosity (5 % strength solution in DMF at 35.degree.C): 6 cps.
PAC  EXAMPLE 5
PAR  The following are polymerized according to the process described in Example
      1:
TBL  Vinyl acetate              82 g                                           
     Crotonic acid              8 g                                            
     Polyethylene glycol of MW 4,000                                           
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     0.2% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
     Benzoyl peroxide           2 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 57.8
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 3.17 cps.
PAC  EXAMPLE 6
PAR  The following are polymerized according to the process described in Example
      1:
TBL  Vinyl acetate              82 g                                           
     Crotonic acid              8 g                                            
     Polyethylene glycol of MW 1,500                                           
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     0.2% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
     Benzoyl peroxide           2 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 57.9
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 2.83 cps.
PAC  EXAMPLE 7
PAR  The following are polymerized according to the process described in Example
      1:
TBL  Vinyl acetate              70 g                                           
     Crotonic acid              20 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           2 g                                            
     0.4% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 136
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 2.18 cps
PAC  EXAMPLE 8
PAR  The following are polymerized analogously to Example 1:
TBL  Vinyl acetate              85 g                                           
     Crotonic acid              5 g                                            
     Polyethylene glycol of MW 40,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           2 g                                            
     0.2% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 39
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 5.15 cps
PAC  EXAMPLE 9
PAR  The following are polymerized analogously to Example 1:
TBL  Vinyl acetate              82 g                                           
     Crotonic acid              8 g                                            
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Diallyl phthalate          0.2 g                                          
     Benzoyl peroxide           10 g                                           
     0.2% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 57
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 3.34 cps.
PAC  EXAMPLE 10
PAR  The following are polymerized analogously to Example 1:
TBL  Vinyl acetate              82 g                                           
     Crotonic acid              8 g                                            
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Diallylmelamine            0.2 g                                          
     Azo-bis-isobutyronitrile   2.2 g                                          
     0.2% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 59
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 2.77 cps.
PAC  EXAMPLE 11
PAR  10 g of vinyl stearate, 10 g of allyloxyacetic acid, 0.02 g of
      tetraallyloxyethane, 10 g of polyethylene glycol of molecular weight
      20,000 and 2 g of 100% strength benzoyl peroxide, dissolved in 70 g of
      vinyl acetate, are introduced into a 1 liter flask equipped with a
      mechanical stirrer, a nitrogen inlet tube and a condenser.
PAR  The mixture is heated under reflux, and then at 80.degree.C for 8 hours.
PAR  A polymer (with the following properties) is obtained:
PAR  Acid number: 31.4
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3.5 cps.
PAC  EXAMPLE 12
PAR  The following are polymerized according to the process described in Example
      11:
TBL  Vinyl acetate              71 g                                           
     Allyl stearate             15 g                                           
     Allyloxyacetic acid        4 g                                            
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           3 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 25
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 2.84 cps.
PAC  EXAMPLE 13
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              65 g                                           
     Allyl stearate             10 g                                           
     Allyloxyacetic acid        5 g                                            
     Polyethylene glycol of MW 20,000                                          
                                20 g                                           
     Tetraallylsucrose          0.2 g                                          
     Benzoyl peroxide           3 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 23
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3.18 cps.
PAC  EXAMPLE 14
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              70 g                                           
     Allyl acetate              10 g                                           
     Crotonic acid              10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           3 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 91
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 3.73 cps.
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3.63 cps.
PAC  EXAMPLE 15
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              70 g                                           
     Methyl methacrylate        10 g                                           
     Crotonic acid              10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           3 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 57
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 5.5 cps.
PAC  EXAMPLE 16
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              80 g                                           
     Vinylacetic acid           10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           3 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 63
PAR  Viscosity: (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 2.83 cps.
PAC  EXAMPLE 17
PAR  The following are polymerized analogously to Example 1:
TBL  Vinyl acetate              85 g                                           
     Crotonic acid              5 g                                            
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           3 g                                            
     0.2% strength solution of Cellosize in water                              
                                200 g                                          
     Sodium chloride            76 g                                           
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 37
PAR  Viscosity (5% strength solution in DMF at 35.degree.C): 2.63 cps
PAC  EXAMPLE 18
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl propionate           80 g                                           
     Crotonic acid              10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           2 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 84
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3.53 cps.
PAC  EXAMPLE 19
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              45 g                                           
     Diethyl maleate            35 g                                           
     Crotonic acid              10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Azo-bis-isobutyronitrile   1.5 g                                          
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 67.3
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 2.5 cps.
PAC  EXAMPLE 20
PAR  The following are polymerized analogously to Example 11:
TBL  Methyl methacrylate        80 g                                           
     Acrylic acid               10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Ethylene glycol dimethacrylate                                            
                                0.02 g                                         
     Azo-bis-isobutyronitrile   1.5 g                                          
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 68.6
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 5.7 cps.
PAC  EXAMPLE 21
PAR  The following are polymerized analogously to Example 11:
TBL  Hexene-1                   30 g                                           
     N-vinylpyrrolidone         60 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.1 g                                          
     Azo-bis-isobutyronitrile   1.5 g                                          
PAR  Characteristics of the polymer obtained:
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3 cps.
PAC  EXAMPLE 22
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              70 g                                           
     Cetyl vinyl ether          10 g                                           
     Allyloxyacetic acid        10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.01 g                                         
     Azo-bis-isobutyronitrile   1.75 g                                         
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 47
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 2.99 cps.
PAC  EXAMPLE 23
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              70 g                                           
     Stearyl vinyl ether        10 g                                           
     Crotonic acid              10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.01 g                                         
     Azo-bis-isobutyronitrile   1.75 g                                         
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 65
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3.85 cps.
PAC  EXAMPLE 24
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              70 g                                           
     Vinyl laurate              10 g                                           
     Crotonic acid              10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                10 g                                           
     Tetraallyloxyethane        0.02 g                                         
     Benzoyl peroxide           2 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 63
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3.7 cps.
PAC  EXAMPLE 25
PAR  The following are polymerized analogously to Example 11:
TBL  Vinyl acetate              70 g                                           
     Allyl laurate              5 g                                            
     Crotonic acid              10 g                                           
     Polyethylene glycol of MW 20,000                                          
                                15 g                                           
     Tetraallyloxyethane        0.2 g                                          
     Benzoyl peroxide           3 g                                            
PAR  Characteristics of the polymer obtained:
PAR  Acid number: 66
PAR  Viscosity (2% of polymer neutralized with 2-amino-2-methyl-1-propanol,
      dissolved in 50% strength aqueous ethanol, at 34.6.degree.C): 3.1 cps.
PAC  EXAMPLES OF COMPOSITIONS
PAC  EXAMPLE A
PAR  A hair lacquer is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 4                                   
                                8 g                                            
     2-Amino-2-methyl-1,3-propanediol, pH 7                                    
     Ethyl alcohol, q.s.p.      100 g                                          
PAR  25 grams of this solution are packaged in an aerosol container with 45 g of
      liquefied gaseous propellant F.sub.11 (trichlorofluoromethane) and 30 g of
      F.sub.12 (dichlorodifluoromethane).
PAR  After spraying this lacquer onto the head of hair, the hair is glossy and
      keeps its shape excellently.
PAR  This lacquer is completely removed by brushing and there is no accumulation
      of resin on the hair even after several applications.
PAR  In this example, the polymer prepared according to Example 4 can
      advantageously be replaced by the same amount of one of the polymers
      prepared according to Examples 3, 6, 8, 12 and 18.
PAC  EXAMPLE B
PAR  A hair lacquer is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 7                                   
                                6 g                                            
     2-Amino-2-methyl-1-propanol, pH = 8                                       
     Ethyl alcohol, q.s.p.      100 g                                          
PAR  25 grams of this solution are packaged in an aerosol container with 45 g of
      F.sub.11 and 30 g of F.sub.12.
PAR  An excellent lacquer, which causes the head of hair to keep its shape
      excellently, is thus obtained.
PAR  In this example, the polymer prepared according to Example 7 can
      advantageously be replaced by the same amount of one of the polymers
      prepared according to Examples 5, 9, 10, 22 and 23.
PAC  EXAMPLE C
PAR  An aerosol hair lacquer is prepared according to the invention by mixing
      the following ingredients:
TBL  Polymer prepared according to Example 14                                  
                                8 g                                            
     2-Amino-2-methyl-1,3-propanediol, pH = 7                                  
     Isopropyl alcohol, q.s.p.  100 g                                          
PAR  25 grams of this solution are packaged in an aerosol container with 45 g of
      F.sub.11 and 30 g of F.sub.12.
PAR  An excellent lacquer, which makes the hair glossy but not sticky, is thus
      obtained. It is also found that the head of hair keeps its shape
      excellently over a period of time.
PAC  EXAMPLE D
PAR  An aerosol lacquer is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 16                                  
                                7 g                                            
     2-Amino-2-methyl-1-propanol, pH = 7.5                                     
     Ethyl alcohol, q.s.p.      100 g                                          
PAR  30 grams of this mixture are then packaged in an aerosol container with 40
      g of F.sub.11 and 30 g of F.sub.12.
PAR  In this example, the polymer prepared according to Example 16 can
      advantageously be replaced by the same amount of the polymer prepared
      according to Example 19 or Example 2.
PAC  EXAMPLE E
PAR  A wavesetting lotion is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 19                                  
                                2 g                                            
     2-Amino-2-methyl-1-propanol, pH = 7                                       
     Ethyl alcohol              45 g                                           
     Water, q.s.p.              100 g                                          
PAR  When this lotion is applied to hair, it produces a non-sticky film which
      does not powder and which causes the head of hair to keep its shape
      excellently.
PAR  In this example, the polymer prepared according to Example 19 can
      advantageously be replaced by the same amount of one of the polymers
      prepared according to Examples 22 and 23.
PAC  EXAMPLE F
PAR  A wavesetting lotion is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 12                                  
                                1.5 g                                          
     2-Amino-2-methyl-1,3-propanediol, pH = 7                                  
     Isopropyl alcohol          30 g                                           
     Water, q.s.p.              100 g                                          
PAR  In this example the polymer prepared according to Example 12 can
      advantageously be replaced by the same amount of one of the polymers
      prepared according to Examples 4, 5, 14, 21 and 25.
PAC  EXAMPLE G
PAR  A wavesetting lotion is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 24                                  
                                3.5 g                                          
     2-Amino-2-methyl-1-propanol, pH = 7.2                                     
     Ethyl alcohol              40 g                                           
     Water, q.s.p.              100 g                                          
PAR  When this lotion is applied in the conventional manner it causes the hair
      to keep its shape excellently over a period of time.
PAC  EXAMPLE H
PAR  A wavesetting lotion is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 3                                   
                                2 g                                            
     Perfume                    0.1 g                                          
     Ethyl alcohol              45 g                                           
     Water, q.s.p.              100 g                                          
PAR  An excellent wavesetting lotion is thus obtained, which enables the hair to
      keep its shape very well.
PAR  In this example, the copolymer prepared according to Example 3 can
      advantageously be replaced by the same amount of the polymer prepared
      according to Example 21.
PAC  EXAMPLE I
PAR  A wavesetting lotion is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 2                                   
                                1.5 g                                          
     2-Amino-2-methyl-1,3-propanediol, pH = 7                                  
     Isopropyl alcohol          35 g                                           
     Perfume                    0.1 g                                          
     Water, q.s.p.              100 g                                          
PAR  When this lotion is applied in the conventional manner and the hair is
      dried on 15 to 30 mm rollers, excellent waves which keep for a long time
      are produced.
PAR  In this example, the polymer prepared according to Example 2 can
      advantageously be replaced by the same amount of a polymer prepared
      according to Examples 5, 11, 13 to 15 and 20.
PAC  EXAMPLE J
PAR  A wavesetting lotion is prepared according to the invention by mixing the
      following ingredients:
TBL  Polymer prepared according to Example 6                                   
                                2.2 g                                          
     2-Amino-2-methyl-1-propanol, pH = 7.3                                     
     Ethyl alcohol              60 g                                           
     Perfume                    0.2 g                                          
     Water, q.s.p.              100 g                                          
PAR  This lotion gives excellent wavesetting and the hair is glossy, supple and
      springy.
PAR  It is also found that the locks keep their shape excellently even in a very
      humid atmosphere.
PAR  In this example, the polymer prepared according to Example 6 can
      advantageously be replaced by the same amount of a polymer prepared
      according to Examples 7 to 10, 12 and 16 to 19.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hair cosmetic composition comprising in a solvent selected from the
      group consisting of water, an aliphatic alcohol having 1 to 6 carbon atoms
      and an aqueous-alcoholic solution of said alcohol, 0.4 to 5% by weight of
      a graft and cross linked copolymer constituted by:
PA1  a. 5 to 85% by weight of at least one monomer selected from the group
      consisting of: vinyl acetate, vinyl stearate, vinyl laurate, vinyl
      propionate, allyl stearate, allyl laurate, diethyl maleate, allyl acetate,
      methyl methacrylate, cetyl vinyl ether, stearyl vinyl ether and hexene-1;
PA1  b. 3 to 80% by weight of a monomer selected from the group consisting of:
      crotonic acid, allyloxyacetic acid, vinylacetic acid, acrylic acid,
      methacrylic acid and N-vinylpyrrolidone;
PA1  c. 2 to 50% by weight of polyethylene glycol having a molecular weight
      between 300 and 30,000; and
PA1  d. 0.01 to 8% by weight, based on the total weight of (a) + (b) + (c) of a
      cross-linking agent selected from the group consisting of: ethylene glycol
      dimethacrylate, diallyl O-phthalate, diallyl M-phthalate, diallyl
      P-phthalate, tetraallyloxyethane, and a polyallylsucrose having 2 to 5
      allyl groups per mol of sucrose, said copolymer having a molecular weight
      between 10,000 and 1,000,000.
NUM  2.
PAR  2. The composition according to claim 1 in which the copolymer contains
      free carboxyl groups which have been neutralized with an organic or
      inorganic base in an amount between 50 and 100% of the stoichiometric
      amount.
NUM  3.
PAR  3. The composition according to claim 2 in which the base is selected from
      the group consisting of ammonia, monoethanolamine, diethanolamine,
      triethanolamine, an isopropanolamine, morpholine,
      2-amino-2-methyl-1-propanol and 2-amino-2-methyl-1,3-propanediol.
NUM  4.
PAR  4. The composition according to claim 1 in which the aqueous-alcoholic
      solution contains from 5 to 70% by weight of said aliphatic alcohol.
NUM  5.
PAR  5. A method of setting hair which comprises applying to the hair an
      effective amount of the composition of claim 1, winding the hair on
      wavesetting rollers and drying the hair.
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ABST
PAL  Labels are removed from the bottles as they stand generally upright in the
      conveyor pockets at the bottom of the curved guide where they pass under
      the high volume nozzles fed by a supply manifold approximately at the
      center of the curvature of the solid guides. At the time of label removal
      the bottles are under the liquid level of the caustic bath in the bottle
      washing machine. The open slot on the bottom of the solid curved guide
      leads to a suction channel which pulls the labels from the caustic
      solution as fast as they are flushed off the bottles. The suction channel
      is tapered to obtain substantially equal suction across the slot. Since
      the bottles are moving on a curved path as they pass under the jet, there
      is an effective dwell during the flushing and a single nozzle can
      accomplish more flushing action than in prior designs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the usual bottle washing machine the bottles are conveyed through the
      machine in pockets which are shaped to permit liquid to be forced through
      the pocket from either the top or the bottom. The pockets are designed to
      retain the bottles when they are carried upside down or upright in
      conjunction with a guide. As the bottles travel through the machine they
      are first subjected to a caustic soak in a solution approximately
      71.degree.C. The caustic has a germicidal effect as well as loosening
      deposits present on or in the bottles and softening glue so that the old
      labels can be removed. After about four minutes soak time the labels are
      ready for removal. In the prior designs this has been accomplished by
      passing the bottles under a series of jets which function to flush the
      label from the bottle.
PAR  In order to increase production of bottle washing machines it is desirable
      to increase the conveyor speed and the prior type of label removal by
      passing the bottle under plural jets becomes less and less satisfactory
      since not enough time is spent under the jets to get a good flushing
      action. It becomes more and more difficult to remove labels as the speed
      increases. To mount the jets on a reciprocating cross head does not
      represent a viable answer since the reciprocating action must be fast and
      the forces and wear greatly increase.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a label remover which can
      operate in conjunction with high conveyor speeds and provides adequate
      time in the flushing station to remove the labels. This present
      arrangement does not involve any moving parts other than the conveyor
      transporting the bottles through the bottle washing machine. All the
      flushing nozzles are fixed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section through the label removing station in a bottle
      washing machine.
PAR  FIG. 2 is a vertical section taken at 90.degree. to FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As is customary in bottle washing machines, the present arrangement conveys
      bottles through the bottle washing machine in individual pockets 10. In
      the machine shown here there are four pockets in each flight. The four
      pockets in each flight are connected together by members 11 across the
      machine. At each end of each flight a pair of spaced rollers 12 are
      mounted to run inside the cam tracks 14. Thus each flight of bottles is
      always kept normal or perpendicular to the immediately adjacent cam track
      14. The pockets 10 are generally plastic and have an annulus 18 supported
      by webs 20 from the main body 22 of the pocket. The open webbing permits
      water to be passed into or drained from the pocket over substantially the
      entire diameter of the bottle and the annulus 18 permits water to be
      directed into the interior of the bottle as required at some of the
      operating stations. The bottle is centered in the pocket when the pocket
      is inverted. In FIG. 1 the pockets move down from a horizontal position
      into the curved guide. The bottles then rest on and are supported by the
      guide. The guide 16 is solid . . . imperforate. The label removal station
      is located below the level of the caustic solution so that the bottles and
      labels are wet when they arrive at the flushing station. When the bottle
      reaches the bottom of the curve as shown in FIG. 1, it is centered
      directly under the high volume nozzle 24 fed by supply manifold 26. These
      nozzles are designed to spray liquid (if spray can be used in the context
      of an underwater flow) down through the pocket. Since the bottle is
      following a curved path with the center of curvature being the center of
      the supply manifold, the bottle, in effect, is made to dwell under the
      nozzle and it has a longer period of time to enter and leave the spray
      pattern.
PAR  The solid guide 16 is provided with a slot 28 across the bottom of the
      guide. The slot or opening leads to the suction channel 30 and a
      substantial suction or reduced pressure is set up in the channel.
      Therefore, the liquids coming from the bottom of the pocket at the
      flushing station and all the entrained labels or parts of labels will be
      withdrawn immediately through the slot into the suction channel. It will
      be noted that the trailing side 32 of the slot is lower than the leading
      side 34. This, then, provides an opening under the bottle as shown through
      which labels can be drawn. As the bottle leaves the removal station the
      trailing part of the bottle passes over the slot and any label hung up on
      that side of the bottle can be flushed into the slot.
PAR  With the high pressure water jet hitting the bottle from above and
      substantial suction applied below the pocket, a high velocity flow is set
      up across the bottle in the flushing station. This is very effective in
      removing the label and immediately flushing it into the suction channel
      30.
PAR  The suction channel increases in cross sectional area from left to right in
      FIG. 2 as it approaches the conduit 35 leading to pump 38 which
      recirculates the liquid back to the supply conduit or manifold 26. Thus
      the area of the suction channel increases as it approaches the exit area
      36. At this point the liquid with the entrained labels must pass through
      the traveling screen 40. The surface of the traveling screen which picks
      up the labels is traveling upwardly in FIG. 2 and passes over rollers 42
      and 44 and on the return portion passes under the flushing nozzles 46
      which rinse the labels from the screen into the waste container 48. The
      screen then travels over roller 50 back to the bottom roller 52.
PAR  With the effective dwell achieved by passing the bottles on a curved path
      under the flushing nozzles, the conveyor can be operated at high speed
      while obtaining adequate time under the high volume, high velocity stream
      established by the high pressure, high volume nozzles in combination with
      the suction applied immediately below the bottle. This arrangement removes
      labels in less time than prior arrangements and makes increased conveyor
      speeds practical. The pockets confine the large volume of water and the
      water must pass through the space between the solid wall of the pocket and
      the bottle and this enhances the flushing action.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a bottle washing machine of the type which conveys bottles through
      the machine in individual pockets which allow flow of liquid through the
      pocket, an improved label removal structure, comprising,
PA1  a liquid supply manifold provided with a high volume downwardly directed
      nozzle,
PA1  an imperforate guide,
PA1  means conveying the pockets over a path in which the bottles in the pockets
      pass under the nozzle in an upright position,
PA1  an opening in the guide below the nozzle for withdrawal of liquid,
PA1  and a pump for pumping liquid through the opening and returning it to the
      supply manifold.
NUM  2.
PAR  2. Apparatus according to claim 1 in which the guide is curved about a
      center generally in the proximity of the nozzle whereby the bottle
      effectively remains in the nozzle flow pattern a longer period of time.
NUM  3.
PAR  3. Apparatus according to claim 2 in which the label removal structure is
      located below the level of liquid maintained in the washing machine at
      that location.
NUM  4.
PAR  4. Apparatus according to claim 3 in which the edge of the opening first
      encountered by the bottle is slightly closer to the center of curvature of
      the guide than is the edge last to be encountered.
NUM  5.
PAR  5. Apparatus according to claim 4 including means located between said
      opening and said pump for removing entrained labels from the liquid.
NUM  6.
PAR  6. Apparatus according to claim 3 in which the conveyor transports a
      plurality of bottles side-by-side on each conveyor flight and there is a
      separate nozzle positioned over each bottle path,
PA1  said opening being in the form of a slot across all the paths of bottle
      travel,
PA1  a channel located below the slot and leading to the pump,
PA1  said channel being shaped to generally equalize the suction applied across
      the length of the slot by the pump.
NUM  7.
PAR  7. Apparatus according to claim 6 in which the channel is shaped to
      increase the cross sectionsl area of the channel in the direction
      approaching the inlet of the pump.
NUM  8.
PAR  8. Apparatus according to claim 7 in which the body of each pocket is
      imperforate and confines the flow.
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ABST
PAL  A cell casing and a hermetically sealed sodium-sulfur cell are disclosed
      wherein the cell casing includes a hermetic mechanical seal joining two
      opposed outer metallic casing portions to a ceramic ring supporting an
      inner casing of a solid sodium ion-conductive material. A hermetically
      sealed sodium-sulfur cell has the above type of casing with a sodium
      negative electrode in the inner casing and a positive electrode of sulfur
      in conductive material in an outer casing portion surrounding the inner
      casing.
BSUM
PAR  This invention relates to improved cell casings and to hermetically sealed
      cells and, more particularly, to such a cell casing with a hermetic
      mechanical seal and to a hermetically sealed sodium-sulfur cell.
PAR  Sodium-sulfur cells, which operate at elevated temperatures, are known in
      the prior art as, for example, described in Kummer et al U.S. Pat. No.
      3,404,036 issued Oct. 1, 1968 under the title "Energy Conversion Device
      Comprising a Solid Crystalline Electrolyte and a Solid Reaction Zone
      Separator". The solid crystalline ion-conductive electrolyte in the
      above-mentioned sodium-sulfur battery can be sodium beta-alumina.
PAR  Sodium-sulfur batteries are shown also, for example, in Kummer et al U.S.
      Pat. No. 3,404,036 and in Kummer et al U.S. Pat. No. 3,413,150.
PAR  In above Kummer et al U.S. Pat. No. 3,404,036, there is shown in FIG. 2,
      and there is described in column 8, lines 24-32, and in column 9, lines
      1-19, a thermo-electric generator wherein sodium is contained in an inner
      tube and a vacuum is created in an outer metal tube. The outer metal tube
      has a flange at its open end which flange is provided with a groove or
      channel in which rests a rubber O-ring for a vacuum tight seal. A metal
      cover plate is secured to the outer tube by thread, bolt or other
      conventional attaching means not shown. The outer metal tube does not
      contain sulfur or a sulfur component. FIG. 1 of this patent shows and
      column 4, lines 19-39 describes a sodium-sulfur battery wherein glass
      tubes 11 are sealed by glass to the sodium beta-alumina.
PAR  Our present invention is directed to providing an improved cell casing with
      a hermetic mechanical seal and an improved hermetically sealed
      sodium-sulfur cell over the above-identified patents in that a glass seal
      joins a portion of an inner casing of a solid sodium ion-conductive
      material to the interior surface of a ceramic ring, and a hermetic
      mechanical seal joins two opposed outer metallic casing portions to the
      ceramic ring.
PAR  The primary objects of our invention are to provide an improved cell casing
      with a hermetic mechanical seal and an improved hermetically sealed
      sodium-sulfur cell which hermetic mechanical seal provides such a casing
      or battery with long life and resistance to corrosion.
PAR  In accordance with one aspect of our invention, a cell casing includes a
      glass seal which joins a portion of inner casing of a sodium beta-alumina
      ion-conductive material to the interior surface of a ceramic ring, and a
      hermetic mechanical seal joins two opposed outer metallic casing portions
      to the ceramic ring.
DRWD
PAR  These and various other objects, features and advantages of the invention
      will be better understood from the following description taken in
      connection with the accompanying drawing in which:
PAR  FIG. 1 is a sectional view of a cell casing with a hermetic mechanical seal
      made in accordance with our invention; and
PAR  FIG. 2 is a sectional view of a cell made in accordance with our invention.
DETD
PAR  In FIG. 1 of the drawing, there is shown generally at 10 a cell casing
      embodying our invention which has a ceramic ring 11, an inner casing of a
      solid sodium ion-conductive material 12 with one open end 13, and a glass
      seal 14 sealing a portion of the outer wall 15 of inner casing 12 adjacent
      its open end 13 within and to the ceramic ring 11. A first outer metallic
      casing portion 16 with opposite open ends 17 and 18 and a flange 19 at
      open end 17 surrounds inner casing 12 and is spaced therefrom. A removable
      closed end 20 for opposite open end 18 of first outer casing portion 16
      has a fill opening 21 in removable closed end 20, and a fill tube 22
      affixed to removable closed end 20 and in communication with the fill
      opening 21.
PAR  A second outer metallic casing portion 23 has opposite open ends 24 and 25
      and a flange 26 at open end 24. Second outer metallic casing portion 23
      extends in an opposite direction to first outer metallic casing 16. A
      second removable closed end 27 for opposite open end 25 of second outer
      casing portion 23 has a fill opening 28 in second removable closed end 27,
      and a fill tube 29 affixed to second removable closed end 27 and in
      communication with fill opening 28.
PAR  First and second outer metallic casing portions 16 and 23 are joined to
      ceramic ring 11 by a hermetic mechanical seal shown generally at 30
      thereby forming a continuous outer cell casing. Seal 30 comprises a pair
      of retainer rings 31, each of which is positioned between ceramic ring 11
      and an adjacent flange 19 or 26 of outer casing portions 16 and 23,
      respectively. A pair of open "C" shaped sealing rings 32 are positioned
      similarly to rings 31 but surround exteriorly and are spaced from rings
      31. The open portion of each "C" shaped sealing ring faces outwardly. A
      retaining collar 33 is positioned around each outer metallic casing
      portion and adjacent to the opposite surface of the casing flange. Each
      collar 33 has at least a pair of and preferably a plurality of apertures
      34 therethrough. The collars are positioned so that the respective
      apertures 34 are aligned. Threaded fasteners 35, each passing through a
      pair of associated apertures, are employed to tighten the mechanical seal
      to produce a hermetic mechanical seal 30. Electrical insulation 36 in the
      form of fiberglass tape is shown wound around the exterior surface of
      outer casing portions 16 and 23 adjacent the respective flanges 19 and 26
      to prevent short-circuiting of the cell by seal 30. Electrical insulation
      37 in the form of an inorganic fiber cloth ring is positioned between each
      flange 19 and 26 and the surface of each associated collar 33 to prevent
      short-circuiting of the cell by seal 30. While the opposite surfaces of
      ceramic ring 11 are smooth to insure a good seal, there is shown also a
      preferred ring 38 of aluminum foil between the opposite surface of
      retainer ring 31 and sealing ring 32, and the associated surface of
      ceramic ring 11 to provide a smoother surface. In FIG. 1, seal 30 is shown
      in position but fasteners 35 have not been tightened to show more clearly
      the details of the hermetic mechanical seal.
PAR  We found that we could form such a cell casing with a hermetic mechanical
      seal by providing a ceramic ring with opposite smooth surfaces, for
      example, of alpha-alumina. An inner casing of a solid sodium
      ion-conductive material of sodium beta-alumina with one open end has a
      portion of its outer wall adjacent its open end sealed within and to the
      ceramic ring with a glass seal. A first outer metallic or non-metallic
      casing portion with opposite open ends and a flange at one open end
      adjacent the ceramic ring is positioned around the inner casing and is
      spaced therefrom. A removable metallic or non-metallic closed end is
      provided for the opposite open end of the first outer casing. This closed
      end has a fill opening therein and a fill tube affixed thereto and is in
      communication with the fill opening. A second outer metallic casing
      portion with opposite open ends and a flange at one open end is positioned
      with the flange adjacent the ceramic ring whereby the second outer
      metallic casing portion is spaced from and extends in an opposite
      direction to the first outer metallic casing. A metallic removable closed
      end is provided for the opposite open end of the second outer casing
      portion. This closed end has a fill opening therein and a fill tube
      affixed thereto and is in communication with the fill opening.
PAR  We found further that we could form such a cell casing as described above
      but that either or both outer casing portions can be provided with a
      closed end rather than a removable closed end.
PAR  The first and second outer casing portions are joined to the ceramic ring
      by a hermetic mechanical seal thereby forming a continuous outer battery
      casing. The seal comprises a pair of retainer rings, each of which is
      positioned between the ceramic ring and an adjacent flange of the outer
      casing portion. A pair of open "C" shaped sealing rings are positioned
      similarly to the retainer rings but surround exteriorly and are spaced
      from the retainer rings. The open portion of each "C" shaped sealing ring
      faces outwardly. A retaining collar is positioned around each outer
      metallic casing portion and adjacent to the opposite surface of the casing
      flange. Each collar has at least a pair of and preferably a plurality of
      apertures therethrough. The collars are positioned so that the respective
      apertures are aligned. Threaded fasteners, each passing through a pair of
      associated apertures, are employed to tighten the mechanical seal to
      produce a hermetic mechanical seal. Electrical insulation is provided
      around the exterior surface of the outer casing portions adjacent the
      associated flanges and between each flange and the associated collars to
      prevent short-circuiting of the cell by the seal. While we have described
      fiberglass tape around the exterior surface of the casing and inorganic
      fiber cloth between each flange and its associated collar, it will be
      appreciated that a variety of electrical insulation materials can be
      employed. We found further that while a smooth faced ceramic ring insured
      a good seal, we found it preferable to employ a ring of material such as
      aluminum foil to produce an even smoother surface. In FIG. 1, the seal is
      shown in position but the fasteners have not been tightened to show more
      clearly the details of the hermetic mechanical seal.
PAR  We found that the first outer casing portion, which is adapted to contain a
      positive electrode of sulfur in an electrically conductive material, can
      be made of a metal or a non-metal. Suitable metals for the first outer
      casing portion include molybdenum, aluminum and stainless steel. A
      suitable non-metallic material for the first outer casing is aluminum
      oxide. The second outer casing portion, which is adapted to contain a
      sodium negative electrode, is made of metal since sodium attacks generally
      non-metals. Suitable metals include stainless steel, or an alloy of 20
      weight percent nickel, 17 weight percent cobalt, 0.2 weight percent
      manganese and the balance iron. It will, of course, be appreciated that if
      the positioning of the electrodes is reversed, the respective outer metal
      casing portion is then provided from one of the above discussed compatible
      materials for the casing portion.
PAR  We found that retainer rings of stainless steel or aluminum were preferred
      but other metallic and non-metallic materials can be employed. The sealing
      rings are resilient metallic open edge rings in configuration such as a
      "C" shaped ring or a "W" shaped ring. We prefer to employ an open edge
      metallic "C" shaped ring made of Inconel alloy but other metals can be
      employed. Such open edge metallic sealing rings are commercially
      available, for example, from Pressure Science Inc., 11842 Old Baltimore
      Pike, Beltsville, Maryland. The open edge of the sealing ring can face in
      either direction but we prefer to have the open edge facing toward the
      exterior of the cell. This particular sealing ring is provided because of
      its corrosion resistance when employed in a cell. When the threaded
      fasteners are tightened and a pressure from about 300 lbs. and above is
      applied by the retaining collars and threaded fasteners, a hermetical seal
      which is helium-leak-tight on thermal cycling is produced for the casing.
PAR  We found further that either or both of the outer casing portions can be
      provided with an open end and a flange at the open end with the other end
      closed. Further, either or both of the outer casing portions can be both
      opposite open ends and a flange at one open end. A removable closed end is
      then provided for the opposite open end of each of the outer casing
      portions.
PAR  In FIG. 2 of the drawing, there is shown a hermetically sealed
      sodium-sulfur cell 40 employing cell casing 10 of FIG. 1. The hermetic
      mechanical seal is shown in its tightened or hermetic position. A negative
      electrode 41 of sodium metal is positioned preferably within inner casing
      12 and partially within second outer casing portion 23. A positive
      electrode 42 of sulfur in an electrically conductive material is
      positioned preferably within outer casing portion 16 and is in contact
      with outer wall 15 of inner vessel 12 and with the interior surface of
      outer casing portion 16. A void volume is provided between ceramic ring 11
      and the upper portion of positive electrode 42 to provide space for
      reactant during operation of the cell. Fill tubes 22 and 29 are shown
      closed in any suitable manner such as by respective welds 43. Closed ends
      20 and 27 are affixed to outer casing portions 16 and 23, respectively, as
      by welding as at 44. The resulting structure is a hermetically sealed
      sodium-sulfur cell.
PAR  In one embodiment, we found that we could form a hermetically sealed
      sodium-sulfur cell by employing the above-described cell casing. The
      hermetic mechanical seal is shown in its tightened or hermetic position.
      The negative electrode, which consists of sodium metal is positioned
      preferably within the inner casing and its associated outer casing
      portion. The positive electrode is positioned preferably within the outer
      metallic casing portion surrounding the inner casing and is in contact
      with the exterior surface of the inner casing and with the interior of the
      outer casing portion except for a void volume at the upper end adjacent
      the ceramic ring. The inner casing and a portion of the associated outer
      casing are filled with sodium metal by filling the inner casing and by
      filling partially the associated outer casing through the fill tube and
      fill opening with molten sodium. The filltube is then closed, for example,
      by crimping or by welding. In this manner there is a hermetically sealed
      negative electrode reactant compartment for the cell. The positive
      electrode, which consists of sulfur in a conductive material, is then
      positioned within the other outer casing portion of the cell. This is
      accomplished, for example, by positioning an electrically conductive
      material such as carbon felt within this outer casing portion. This outer
      casing portion is filled with carbon or graphite felt, hereinafter
      referred to as graphite felt, so that it contacts the exterior surface of
      the inner casing, the inner surface of the first outer casing portion,
      extends to the initially open end of the surrounding outer casing portion,
      and provides a void volume adjacent the ceramic ring. The closed end is
      then welded to the outer casing portion. Molten sulfur is then filled into
      this outer casing portion through the associated fill tube and fill
      opening, and allowed to solidify within the graphite felt thereby
      providing the positive electrode. The fill tube is then closed, for
      example, by crimping or by welding. The filling tubes enable the
      evacuation of the cell compartments at temperatures up to 600.degree.C
      with subsequent introductions of sodium and sulfur, respectively, into the
      evacuated compartments without contact with the atmosphere. The resulting
      structure is a hermetically sealed sodium-sulfur cell. While we prefer to
      fill the inner casings with a sodium negative electrode and may position
      the positive electrode within the outer casing the electrodes are
      interchangeable providing the conductive material is included in the
      positive electrode compartment.
PAR  In another embodiment we found that we could form a hermetically sealed
      sodium-sulfur cell by embodying the above-described casing. The hermetic
      mechanical seal is in its tightened or hermetic position. The negative
      electrode which consists of sodium metal is positioned preferably within
      the inner casing and its associated outer casing portion. The positive
      electrode is positioned preferably within the outer metal casing portion
      and surrounds the inner casing and is in contact with the exterior surface
      of the inner casing and with the interior of the outer casing portion
      except for a void volume at the upper end adjacent the ceramic ring. In
      this embodiment the second outer casing portion has an open end and a
      flange at the open end and the opposite end is closed. The inner casing
      and a portion of the associated outer casing are filled with sodium metal
      in accordance with the method set forth in U.S. Pat. No. 3,740,206 issued
      June 19, 1973 and entitled "Method For Making Sealed Container For
      Elemental Sodium and Method of Forming". This patent is assigned to the
      same assignee as the present application. This patent and its subject
      matter is hereby incorporated by reference into the present application.
      Initially, the second outer casing with its closed end is joined to the
      ceramic ring by the above-described hermetic mechanical seal. The first
      outer casing portion and associated retaining ring and open edge sealing
      ring are not used. Since the second outer casing portion is closed ended
      at the end opposite its flanges, it is necessary to provide an electronic
      conductor in the form of a wire lead which extends through the second
      outer casing into the inner casing and in contact with the closed end of
      the inner casing. As set forth in the above-identified patent, the inner
      casing is immersed at least partially in a bath provided with sodium ions,
      the electronic conductor is connected to the negative terminal of a DC
      power source and a suitable electrode in the bath is connected to the
      positive terminal of the same source. A DC potential is applied across the
      inner casing thereby filling the casing with pure elemental sodium. The
      inner casing is removed from the bath and the hermetic seal is removed.
      The first outer casing portion, associated retaining ring and associated
      open end sealing ring are then tightened. The first outer casing has a
      removable end portion with an associated fill tube. The positive
      electrode, which consists of sulfur in a conductive material, is then
      positioned within the outer casing portion of the cell. This is
      accomplished, for example, as above-described by positioning an
      electrically conductive material such as graphite felt within this outer
      casing portion. This outer casing portion is filled with graphite felt so
      that it contacts the exterior surface of the inner casing, the inner
      surface of the first outer casing portion, extends to the initially open
      end of the surrounding outer casing portion and provides a void volume
      adjacent the ceramic ring. The closed end is then welded to the outer
      casing portion. Molten sulfur is then filled into this outer casing
      portion through the associated fill tube and fill opening, and allowed to
      solidify within the graphite felt thereby providing the positive
      electrode. The fill tube is then closed, for example, by crimping or by
      welding. The resulting structure is a hermetically sealed sodium-sulfur
      cell.
PAR  Additionally, a closed end first outer casing portion can be used in our
      invention. The cell is provided with a sulfur in an electrically
      conductive material positive electrode within the first outer casing by
      employing the sulfur in a graphite felt sheet which is wound around the
      exterior of the inner casing prior to attaching and sealing the first
      outer casing portion to the cell as described previously. This is
      accomplished, for example, in accordance with U.S. Pat. No. 3,770,502
      issued Nov. 6, 1973 and entitled "Sodium-Sulfur Storage Battery". This
      patent and its subject matter is hereby incorporated by reference. Such a
      positive electrode of sulfur in an electrically conductive material such
      as graphite felt can be preformed, and positioned within the first outer
      casing portion which is then attached and sealed to the cell as described
      previously. However, our positive electrode of sulfur in an electrically
      conductive material is in contact with the exterior surface of the inner
      casing and with the interior surface of the first outer casing portion.
PAR  For operation of this cell, an appropriate heating device (not shown)
      surrounds the cell to provide a necessary operating temperature of between
      285.degree.C and 400.degree.C. Such a heating device can take various
      conventional forms such as a heating coil or a furnace. In the operation
      of the present sodium-sulfur cell within its elevated operating
      temperature during its discharge half cycle sodium ions are passed into
      the sulfur reactant within the cathode compartment of the cell on the
      opposite side of the solid sodium ion-conductive material tube. When the
      sodium atoms are ionized, they release electrons which are carried from
      the negative electrode compartment by an electric lead (not shown) to the
      positive electrode. In this manner electric energy is generated. While a
      single cell casing and a single hermetically sealed sodium-sulfur cell are
      described above, it will, of course, be appreciated that a multitube cell
      or a plurality of these single cells can be used to provide a useful
      multicell battery.
PAR  Examples of cell casings with hermetic mechanical seals and of hermetically
      sealed sodium-sulfur cells made in accordance with our invention are set
      forth below.
PAC  EXAMPLE I
PAR  A cell casing was assembled generally as above-described and as shown in
      FIG. 1 by providing an alpha-alumina ceramic ring, and an inner casing of
      a solid sodium ion-conductive material of sodium beta-alumina with one
      open end which has a portion of its outer wall adjacent its open end
      sealed within and to the ceramic ring with General Electric Company glass
      No. 1013. A first outer metallic casing portion of stainless steel with a
      closed end and an open end and a flange at the open end was provided for
      subsequently surrounding the inner casing and being spaced therefrom. A
      removable stainless steel closed end was provided for the opposite open
      end of the first outer casing portion. This closed end had a fill opening
      therein and a fill tube affixed thereto and was in communication with the
      fill opening.
PAR  A second outer metallic casing portion of stainless steel was provided with
      opposite open ends and a flange at one open end. The second outer metallic
      casing portion extended in an opposite direction to the first outer
      metallic casing portion. A second removable stainless steel closed end was
      provided for the opposite open end of the second outer casing portion.
      This second closed end had a fill opening therein and a fill tube affixed
      thereto and was in communication with its associated fill opening.
PAR  The first and second outer metallic casing portions were joined to the
      ceramic ring by a hermetic mechanical seal thereby forming a continuous
      outer battery casing. The seal comprised a pair of metal retainer rings,
      each of which was positioned between the ceramic ring and an adjacent
      flange of the associated outer casing portion. A pair of open Inconel
      alloy "C" shaped sealing rings were positioned similarly to the retainer
      rings but surrounded exteriorly and were spaced from the retainer rings.
      The open portion of each "C" shaped sealing ring faced outwardly. A
      retaining collar was positioned around each outer metallic casing portion
      and adjacent to the opposite surface of the casing flange. Each collar had
      at least a plurality of apertures therethrough. The collars were
      positioned so that the respective apertures were aligned. The collars were
      insulated electrically from each outer casing portion. Threaded fasteners,
      each passing through a pair of associated apertures, were employed to
      tighten the mechanical seal to about 300 lbs. of pressure to produce a
      hermetic mechanical seal. During tightening the mechanical seal, the open
      "C" shaped rings were partially closed. The casing was thermal cycled and
      tested in a conventional manner to show that a helium-leak-tight hermetic
      mechanical seal had been produced. The resulting structure was a cell
      casing with a hermetic mechanical seal made in accordance with our
      invention.
PAC  EXAMPLE II
PAR  A hermetically sealed sodium-sulfur cell was assembled by providing an
      alpha-alumina ceramic ring, and an inner casing of a solid sodium
      ion-conductive material of sodium beta-alumina with one open end which has
      a portion of its outer wall adjacent its open end sealed within and to the
      ceramic ring with General Electric Company glass No. 1013. A first outer
      metallic casing portion of stainless steel with a closed end and an open
      end and a flange at the open end was provided for subsequently surrounding
      the inner casing and being spaced therefrom.
PAR  A second outer metallic casing portion of stainless steel was provided with
      a closed end and an open end and a flange at the open end. The second
      outer metallic casing portion extended in an opposite direction to the
      subsequently joined first outer metallic casing portion. The second outer
      casing portion was provided with an electronic conductor in the form of a
      nickel lead which extended through the second outer casing portion and
      through the outer open end thereof. The second outer casing portion had
      the flange at its open end positioned adjacent the ceramic ring whereby
      the electronic conductor extended into and was in contact with the
      interior surface of the closed end of the inner casing. Initially, only
      the second outer casing was joined to the ceramic ring by the previously
      above-described hermetic mechanical seal in Example I. Thus, this seal
      comprised a retainer ring and an open edge "C" shaped sealing ring between
      the outer edge of the casing flange and the ceramic ring. A retaining
      collar was positioned on the opposite side of the flange and insulated
      electrically from the flange and the associated portion of the second
      outer casing portion. A similar retaining collar was positioned on the
      opposite side of the ceramic ring and threaded fasteners were inserted
      through aligned openings in the respective collars. The threaded fasteners
      were then tightened to about 300 lbs. of pressure to provide a hermetic
      seal between the second outer casing portion and the ceramic ring. The
      inner casing and a portion of the second outer casing was then filled with
      sodium in accordance with the above mentioned U.S. Pat. No. 3,740,206 by
      immersing the inner casing in a bath containing sodium ions after which
      the external portion of the electronic conductor was connected to the
      negative terminal of the D.C. source and the bath was connected to the
      positive terminal of the same source. A D.C. potential was then applied
      across the inner casing thereby filling the casing and filling partially
      the second outer casing portion. The inner casing was then removed from
      the bath and the sodium allowed to solidify. The threaded fasteners were
      untightened and the lower retaining collar was removed. Since the sodium
      had solidified prior to the removal of the threaded fasteners, the upper
      casing was sealed to the ceramic ring by means of the solidified sodium
      whereby the one portion of the hermetic seal was not destroyed.
PAR  A positive electrode of sulfur in graphite felt in a preformed shape with a
      central opening therethrough was positioned within the first outer casing
      portion. The first outer casing was joined to the ceramic ring by the
      previously above-described hermetic mechanical seal in Example I. The
      positive electrode was in contact with the exterior surface of the inner
      casing and the interior surface of the first outer casing. A similar
      retaining ring and open edge "C" sealing ring were provided between the
      flange of the first outer casing portion and the ceramic ring. A portion
      of the inner casing adjacent the ceramic ring was not provided with
      positive electrode material to provide a void volume. The lower retaining
      collar was positioned around the opposite surface of the flange of the
      first outer casing. The threaded fasteners were reinserted and were
      tightened to a pressure of about 300 lbs. to provide a complete hermetic
      mechanical seal. As it was discussed above, electrical insulation was
      provided between the respective flanges and retaining collars, and between
      the respective area of the outer casing portions and the retaining collars
      to prevent electrical short-circuiting of the cell. The resulting
      structure was a hermetically sealed sodium sulfur cell made in accordance
      with our invention.
PAC  EXAMPLE III
PAR  At operating temperature, the hermetically sealed sodium-sulfur cell of
      Example II exhibited the following polarization behavior which is shown
      below in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Current Density-     Cell Voltage-                                        
     ma/cm.sup.2          Volts                                                
     ______________________________________                                    
     13                   2.0                                                  
     35                   1.9                                                  
     54                   1.8                                                  
     74                   1.7                                                  
     95                   1.6                                                  
     ______________________________________                                    
PAR  While other modifications of the invention and variations thereof which may
      be employed within the scope of the invention have not been described, the
      invention is intended to include such as may be embraced within the
      following claims:
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A cell casing with a hermetic mechanical seal comprising a ceramic ring,
      an inner casing of a solid sodium ion-conductive material with one open
      end, a glass seal sealing a portion of the outer wall of the inner casing
      adjacent its open end within and to the ceramic ring, a first outer casing
      portion with at least one open end and a flange at the open end, the first
      outer casing portion surrounding the inner casing and spaced therefrom,
      the flange of the first outer casing portion adjacent the ceramic ring, a
      second outer casing portion with at least one open end and a flange at the
      open end positioned with the flange adjacent the ceramic ring whereby the
      second outer casing portion is spaced from and extends in an opposite
      direction to the first outer metallic casing portion, the first and second
      outer casing portions joined to the ceramic ring by a hermetic mechanical
      seal thereby forming a continuous outer cell casing, the hermetic
      mechanical seal insulated electrically from the outer casing portions, the
      hermetic mechanical seal comprising a pair of retainer rings, each
      retainer ring of the pair of retainer rings positioned between the ceramic
      ring and an adjacent flange of an associated outer casing portion, a pair
      of open edge metallic sealing rings, each of the pair of sealing rings
      positioned exteriorly of and spaced from the associated retainer ring, a
      retaining collar positioned around each outer casing portion and in
      contact with the opposite surface of the outer casing portion flange, each
      collar provided with at least a pair of apertures therethrough, the
      collars positioned so that the respective apertures of the associated
      collars are aligned, and a threaded fastener passing through each of the
      pair of associated apertures the threaded fasteners positioned tightly
      thereby forming an hermetic seal.
NUM  2.
PAR  2. A cell casing as in claim 1, each of the outer casing portions has
      opposite open ends and a flange at one open end, a removable closed end
      for the opposite open end of each of the outer casing portions.
NUM  3.
PAR  3. A cell casing as in claim 1, in which each closed end has a fill opening
      therein, and a fill tube affixed to the closed end and in communication
      with the fill opening.
NUM  4.
PAR  4. A cell casing as in claim 1, in which an aluminum foil ring is
      positioned between each surface of the ceramic ring and the associated
      retainer ring and open edge sealing ring.
NUM  5.
PAR  5. A hermetically sealed sodium-sulfur cell comprising a ceramic ring, an
      inner casing of a solid sodium ion-conductive material with one open end,
      a glass seal sealing a portion of the outer wall of the inner casing
      adjacent its open end within and to the ceramic ring, a first outer casing
      portion with an open and a closed end and a flange at the open end, the
      first outer casing portion surrounding the inner casing and spaced
      therefrom, the flange of the first outer casing portion adjacent the
      ceramic ring, a second outer casing portion with an open and a closed end
      and a flange at the open end positioned with the flange adjacent the
      ceramic ring whereby the second outer casing portion is spaced from and
      extends in an opposite direction to the first outer casing portion, the
      first and second outer casing portions joined to the ceramic ring by a
      hermetic mechanical seal thereby forming a continuous outer cell casing,
      the hermetic mechanical seal comprising a pair of retainer rings, the
      hermetic mechanical seal insulated electrically from the outer casing
      portions, each retainer ring of the pair of retainer rings positioned
      between the ceramic ring and an adjacent flange of an associated outer
      casing portion, a pair of open edge metallic sealing rings, each of the
      pair of sealing rings positioned exteriorly of and spaced from the
      associated retainer ring, a retaining collar positioned around each outer
      metallic portion and in contact with the opposite surface of the outer
      casing portion flange, each collar provided with at least a pair of
      apertures therethrough, the collars positioned so that the respective
      apertures of the associated collars are aligned, a threaded fastener
      passing through each of the pair of associated apertures, the threaded
      fasteners positioned tightly thereby forming a hermetic seal, a sodium
      negative electrode in the inner casing, and a positive electrode in the
      first outer casing surrounding the inner casing and contacting the outer
      wall of the inner casing and the inner wall of the first outer casing, the
      positive electrode comprising sulfur in electrically conductive material.
NUM  6.
PAR  6. A hermetically sealed sodium-sulfur cell as in claim 5, in which the
      positive electrode is in the inner casing, and the negative electrode is
      in the outer casing surrounding the inner casing.
NUM  7.
PAR  7. A hermetically sealed sodium-sulfur cell as in claim 5, in which each
      closed end has a fill opening therein, and a sealed fill tube affixed to
      the closed end and in communication with the fill opening.
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ABST
PAL  To prevent explosions in oil tankers, flue gases from a furnace or boiler
      are used to fill the oil tanks or gas tanks to reduce the oxygen content
      below the burning point and below where explosions would occur and it has
      been the practice to use the flue gases from the boilers for this purpose.
      However, the flue gases must be cleaned and scrubbed to remove soot and
      particularly sulphur dioxide to prevent corrosion in the oil receiving
      tanks of the tanker. However, in prior practice there has been no
      satisfactory way to prevent flue gases from getting into the scrubber and
      pump for delivering the scrubbed flue gases to the tanker tanks and the
      present invention includes a valve structure for preventing the passage of
      flue gases beyond the valve. The conventional valve is not entirely fluid
      tight and therefor some flue gases have entered into the scrubber and the
      pump and the piping to the tanks resulting in corrosion of the scrubber,
      pump, pipes and tanks which resulted in great loss. The present invention
      includes a butterfly valve having a first disc with its periphery
      substantially fluid tight in the valve body and second disc spaced from
      the first disc in the direction of the boiler and having its periphery
      appreciably smaller than the adjacent portions of the valve body so that
      flue gases and air can pass through the space between the periphery of the
      auxillary disc and the valve body. When the valve is closed and it is not
      desired to have flue gases get to the tanks, air under pressure is
      introduced through the valve body into the space between the main and
      auxillary valve discs and such air is furnished by the draft fan for the
      boiler and forces any flue gases back toward the boiler rather than permit
      such flue gasses to pass to the scrubber, the pump, the water sealing
      tank, the pipes and the tanks of the tanker thereby preventing corrosion
      without requiring expensive noncorroding materials.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to improved valves which are used in flue gas
      supply ducts which extend from a gas generator to a liquefied fuel storage
      or cargo tank. The flue gas is refined to obtain inert gases which are
      supplied to the cargo tanks to fill any air spaces in the tanks and
      thereby decrease the possibility of an explosion.
PAR  For example, in an oil tanker, when the content of oxygen is reduced by
      replacing a gaseous mixture of oil gas and air in the cargo tank with a
      gaseous mixture of oil gas and inert gas, the oil gas becomes
      non-flammable and explosion will not occur even when a source of ignition
      is present. Generally, when the content of oxygen is less than 11 per cent
      which is less than the atmospheric oxygen content of 21 per cent,
      hydrocarbon gas in the gaseous state is not flammable regardless of its
      concentration. Therefore, should the content of oxygen be less than 5 per
      cent in an inert gas, the object of explosion prevention can be fully
      obtained.
PAR  Since this kind of inert gas is easily obtained by making use of flue gas
      from a boiler and a gas generator in a tanker, the flue gas is ordinarily
      used as inert gas. However, since sulphur dioxide which corrodes oil
      tanks, and soot which pollutes cargo oil, are contained in the exhaust
      gas, and also since the temperature of the flue gas is too high, a
      refining system is provided to remove these destructive gases and solids
      and to adequately cool the temperature of the flue gas.
DRWD
PAR  Herewith I will explain the objects and details of my invention more
      clearly by means of the following drawings.
PAR  FIG. 1 is an illustrative drawing of the conventional refining process in
      the Inert Gas System equipped in a tanker.
PAR  FIG. 2 is a drawing of the longitudinal cross section of the valve in the
      shut position as an example of the present invention.
PAR  FIG. 3 is a horizontal cross section of FIG. 2.
PAR  FIG. 4 is an illustrative front view of the valve of the present invention
      in an operating state.
PAR  In this drawing, a part of the valve is shown as a cross sectional view.
DETD
PAR  The outline of the system described above is shown in FIG. 1. The flue gas
      discharged from boiler 01 in the oil tanker is introduced from a flue gas
      conduit 02 of the boiler stack, and is led into the scrubbing tower 04
      through the flue gas valve 03. Large amounts of sea water for cooling and
      washing the flue gas are sprayed through spray nozzles on the multiple
      manifolds installed at the upper part of the scrubber. As the flue gas
      passes through this sea water, its temperature is reduced from between
      250.degree.-450.degree. C to sea water temperature, and at the same time,
      sulphur dioxide and soot in the gas are washed out. After it is sucked by
      the gas blower 05, the flue gas is led into the cargo tank 07 through a
      water seal tank 06 and other equipment to prevent the counterflow of gas.
PAR  In this case, since the flue gas valve comes in contact with a high
      temperature gas containing sulphur dioxide, a rubber packing cannot be
      used in the flue gas valve 03 used in the refining system described above
      to prevent leakage. However, there are two methods of preventing leakage
      along the flue gas conduit to the cargo tank. One of these methods is by
      shutting off the flue gas flow by use of an air curtain. The other method
      is a water seal one in which sea water is stored at the bottom of the
      scrubber into which the flue gas is immersed through the gas tube inlet.
      In the former method, the shutting off efficiency is very low as the
      diameter of the flue gas pipe usually ranges from 500 to 700 mm. In the
      latter method, the economic loss is increased as a larger load is imposed
      on the blower during operation, and further the sea water at the bottom of
      the scrubber must be present even when not in operation.
PAR  Under these circumstances, even if the flue gas valve, when it is shut, is
      constructed so as to prevent gas leakage as described above, the rubber
      packing for sealing cannot be used as mentioned previously; a metalic
      contact, therefore, should be made between the surface of the valve seat
      at the side of the valve housing and the surface of the valve seat at the
      valve disc. However, since a perfect contact cannot be established as a
      result of deformations caused by thermal expansion due to high
      temperatures, corrosion caused by sulphur dioxide gas, damage by dust and
      soot, etc., leakage of gas often occurs and the valve frequently gets
      stuck.
PAR  In view of the conventional type butterfly valve, it is impossible to
      completely shut off the flue gas regardless of the material and structure
      used for the valves. A similar result is obtained when a gate valve or a
      globe valve is used.
PAR  A description of the refining system of inert gas is given in the
      following. Judging from the purpose of the system, once the air in the
      empty tanks is first replaced by inert gas, the filling-up operation of
      inert gas is carried out mainly when unloading the cargo oil, and
      sometimes when the pressure of the inert gas in the tanks is reduced to a
      negative pressure due to a lowering of temperature during navigation, and
      furthermore, at the time when washing sludge and the like off the walls of
      the cargo tanks. All the instances mentioned only require the system to be
      operated for a short period.
PAR  For example, the operating period of this system including the time of
      unloading takes about 1-2 days per navigation which usually takes about 45
      days. During the rest of the navigational period, the system is not in
      operation. As shown above, as the operating period of the system is very
      short and a large amount of sea water is continuously supplied to the
      scrubber 04 for cooling and washing purposes, corrosion due to sulphuric
      acid does not occur even when usual acid-resistant materials are used in
      the system.
PAR  However, when the system is not in operation for a long period, cooling
      water is not supplied and the flue gas containing sulphur dioxide leaks
      through the shut flue gas valve 03 and enters the scrubber 04 or the gas
      blower 05. Here, the gas is cooled by the atmosphere through the outer
      wall. As a result, sulphuric acid is continuously formed on the inner wall
      causing damage to this system. Therefore, if an expensive, special
      material is not used, the life of the refining system of inert gas becomes
      extremely short in practice.
PAR  Judging from the situation described above, it is a purpose of the present
      invention to overcome the above-described defects by providing a flue gas
      valve of the air-sealing type for preventing flue gas leakage in which an
      auxiliary valve disc is provided in conjunction with the valve disc of the
      butterfly valve with a pressurized fresh air zone for sealing between
      these discs by providing a zone of increased pressure.
PAR  The present invention will be explained in detail refering to a preferable
      embodiment. In FIGS. 2 and 3, 1 designates the ring valve housing made of
      an acid and heat-resisting cast iron containing nickel and chromium. 2
      stands for the valve spindle which is made of a special steel containing
      nickel, chromium and molybdenum and which penetrates the valve housing 1
      in a radial direction.
PAR  3 stands for the circular-type main valve disc of the butterfly valve fixed
      by the valve spindle 2. These drawings show the shut position of the valve
      housing 1 in connection with the valve seat ring 4. The valve seat ring 4
      of the valve is screwed onto the surface of the swelled area 3a of the
      valve disc 3. The convex arc of the swelled or enlarged outer area 3a of
      the valve seat ring and the concave arc of the valve housing 1 can come
      into contact at 4'. 1' by making their spherical centers the center of the
      valve spindle and allowing the space between the arcs to be equal all
      around.
PAR  A circular-type auxiliary valve disc 5 is disposed in parallel relationship
      to the main valve disc 3. The auxiliary valve disc 5 is fixed to the valve
      spindle 2 in the same way as the main valve disc 3. It is designed so that
      a clearance S' is formed between the auxiliary valve disc and the inner
      circumference of the valve housing 1.
PAR  In FIG. 3 a sealing air port 1a is fitted on the valve housing 1 to allow a
      sealing air pipe 6 to be connected with the sealing air pocket S. The
      sealing air pipes 6 are connected to the boiler forced draft fan through a
      relief valve 6'.
PAR  A bracket 7 is provided for fixing the valve spindle 2 to both the main
      valve disc 3 and the auxiliary valve disc 5. Furthermore, the bracket 7 is
      designed to fix the valve spindle 2 to both the main valve disc 3 and the
      auxiliary valve disc 5 by bolts 8.
PAR  A packing gland 9 is provided for pressing the packing 10 in the stuffing
      box forming a part of the valve housing in which the valve spindle 2 is
      penetrated.
PAR  Coupling flanges 11 connect the pipes at both sides of the valve housing 1.
      On the flanges are drilled-through bolt holes 11' in which bolts are set
      to connect the pipe flanges. An operating arm 12 is fitted at the bottom
      of the valve spindle 2.
PAR  The butterfly valve in the present embodiment as described above is
      arranged so as the main valve disc 3 faces the scrubber side 04 and the
      auxiliary valve disc 5 faces the boiler side 01 of the flue gas conduit
      02. FIG. 4 shows the valve in its closed state. In the closed state, the
      sealing air pocket S is kept pressurized by the boiler draft fan, and
      fresh air which is adjusted to a suitable pressure by the relief valve 6'
      is led into the sealing air pocket S through the sealing air port 1a.
PAR  The air pressure AP in the sealing air pocket S is to be adjusted so as to
      be greater than the flue gas pressure GP in the flue gas conduit 02. Fresh
      air in the sealing air pocket S thereby passes into the flue gas conduit
      02 through the clearance S' made between the auxiliary valve disc 5 and
      the valve housing 1. On the other hand, flue gas never flows into the
      pressurized air zone in the sealing air pocket S through the clearance S'
      because of the higher air pressure AP in the sealing air pocket S.
PAR  However, as some fresh air in the sealing air pocket S leaks through the
      valve disc 3, it enters into the scrubber 04 and moreover into the blower
      05 during a long navigational period. As specified in FIG. 1, this leaked
      fresh air can be easily intercepted at valve 05' which utilizes a rubber
      packing. Should there be any trouble at the valve, however, fresh air can
      be intercepted at the water seal tank 06 which prevents the counterflow of
      oil gas into the cargo tanks. The pipe from the blower is led into the
      water seal tank and 300 mm of one end of this pipe is immersed in the
      water seal tank. Should the water colum pressure WP be lower than 300 mm
      AP in the sealing air pocket S, the leaked air is perfectly intercepted at
      the water seal tank and there is no longer any danger of the leaked air
      entering the cargo tanks.
PAR  The above-mentioned sealing air pressure is suitable at about 200 mm in
      view of the actual flue gas pressure being about 150 mm as well as the
      length of the pipe immersion being 300 mm. When the scrubber 04 is in
      operation, if the relief valve 6' is shut and the flue gas valve is open,
      this flue gas valve can be operated as an ordinary flue gas valve.
PAR  The present invention provides complete prevention of leakage by forming a
      stable sealing zone of pressurized air, while maintaining the previous
      structure of the butterfly valve and adding a simple construction of the
      auxiliary valve disc.
PAR  Therefore, should this present invention be applied on cargo oil tankers
      and liquefied gas carriers which are being built in large numbers in
      recent times, the inert gas system can be maintained for a longer period.
      The present invention is, therefore, to be a great contribution to the
      shipping industry, especially with a view to tankers.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the flue gas valve for controlling the flow of flue gas from a
      generator to a receiver having a valve body defining a flue gas passage
      therethrough, a shaft rotatably mounted on the body transverse to the flue
      gas passage, a main valve disc fixed to one side of the shaft between the
      shaft and the receiver and an auxiliary valve disc mounted generally
      parallel to the main valve disc on the other side of the shaft between the
      shaft and the generator, and having an air passage for introducing air at
      a higher pressure than the pressure of the flue gas, the passage for air
      opening into the space between the valve discs; the improvement comprising
      the main valve disc having a valve seat ring disposed around the outer
      periphery thereof for snugly engaging the valve body to close the flue gas
      passage when said main valve disc is in a closed position transverse to
      the flue gas passage, the auxiliary valve disc having an outer periphery
      of slightly smaller radial dimension than said flue gas passage of the
      flue gas valve so that an air space is provided between the auxiliary
      valve disc and the valve body when the auxiliary valve disc is in a closed
      position transverse to the flue gas passage, whereby when said valve discs
      are closed air passing through the air passage will prevent flue gases
      from passing through the flue gas passage of the valve while said valve
      seat ring of the main valve disc is maintained in snug engagement with
      said valve body.
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ABST
PAL  A brine system to manufacture brine for the regeneration of ion exchange
      material including a brine well positioned within a brine drum. A
      vertically adjustable air chamber activates a diaphragm and control arm
      assembly which in turn controls inlet shut-off valves associated with the
      brine well when the water level within the drum reaches a predetermined
      level. The control arm has a unique cam arrangement associated therewith
      which prevents premature shut-off of the valves. Water enters and is
      withdrawn from the brine well through a down tube having a vertically
      adjustable lower end extending down into the brine well to a predetermined
      level and an upper end in communication with the shut-off valves through a
      series of passageways and chambers. A floating disc seal is provided
      within one of these chambers to shut-off the air entering the chamber
      after the brine is drawn down to a level below the lower end of the down
      tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to a water conditioning system. It deals
      more particularly with the regeneration of ion exchange material.
PAR  Water softening with ion exchange material such as resin particles or the
      like is well known in the art. During the softening process or service
      cycle, the ion exchange resin particles acquire hardness inducing ions
      from the water in exchange for "soft ions", or ions which do not induce
      hardness. After prolonged contact of the resin particles with the raw
      water, their ion exchange capacity is diminished considerably and
      regeneration of the ion particles must be accomplished. Regeneration is
      conventionally accomplished by contacting the resin particles with the
      brine solution, viz an aqueous solution of sodium chloride or potassium
      chloride or the like.
PAR  The ion exchange process and the regeneration of ion exchange material are
      conventionally accomplished in a resin tank, while a separate brine tank
      is employed to manufacture and store brine between regeneration cycles.
      Whe regeneration is initiated in the water conditioning system by a
      suitable timing means control valve arrangement, brine is drawn from the
      brine tank and passed through the bed of ion exchange material in the
      resin tank to revitalize the bed by removing hardness inducing ions from
      it and replacing them with sodium ions from the brine solution.
PAR  Actually, as is well known, the regeneration of an ion exchange resin bed
      in a water conditioning system normally comprises several treatment cycles
      in addition to brining. These might include fresh water backwash of the
      ion exchange bed X, in addition, rinsing of the bed with fresh water to
      remove residual brine and other foreign material. It is normally during a
      rinsing cycle, subsequent to brining, that the brine tank water supply is
      replenished to create more brine for the next regeneration period. After a
      predetermined amount of fresh water has been introduced to the brine tank,
      brine tank refill is terminated and the brine system is at rest pending a
      signal from the timing device control valve for another regeneration.
PAR  Present water conditioning systems usually incorporate a float to regulate
      brine draw or function as an added safety feature to prevent the
      overflowing of the brine drum. To accomplish this double safety feature, a
      shut-off valve is built into the main valve body. On some water
      conditioning units the only shut-off device is in the float which is
      susceptible to malfunction and overflowing of the brine drum. This is
      especially objectionable because all the salt will eventually dissolve and
      go down the drain. Another objectionable occurrence is the tendency for
      premature shut-off especially if air enters the system. A fast refill
      rate, especially at high water pressure, tends to lift the float and
      shut-off before the water reaches its intended level. Most float valves
      incorporate a flow restrictor to overcome this tendency, but in commercial
      two tank units it is detrimental in that the brine drum must refill
      quickly enough to make up brine for units regenerating in sequence. In
      placing a float valve in a brine drum, it must be set inside a cylindrical
      brine well to function. The inside diameter of the brine well is dependent
      upon the specific valving and the diameter of the float.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      brine system which manufactures brine, maintains and controls its supply
      level, and dispenses it to the resin tank during regeneration, more
      effectively, more simply, and less expensively than systems presently in
      use.
PAR  Another object of the invention is to provide a brine system which permits
      the use of a smaller diameter brine well than heretofore known systems.
PAR  A further object is to provide a brine system which includes a double
      acting shut-off to ensure reliability in preventing brine overflow.
PAR  A still further object is to provide a brine system which includes means to
      prevent premature shut-off of the valve and permits a fast refill rate
      because a flow restrictor is not needed.
PAR  Another object of the invention is to provide a brine system which includes
      an accurate and simple brine adjustment and which may be used in brine
      drums of various heights.
PAR  These and other objects will be realized in accordance with the present
      invention which briefly stated includes a brine well positioned within a
      brine drum. A vertically adjustable air chamber, positioned within the
      brine well, activates a diaphragm and control arm assembly which in turn
      controls the inlet water shut-off valves when the water level within the
      drum reaches a predetermined level. The control arm has a unique cam
      arrangement associated therewith to prevent premature shut-off of the
      valves. Water enters and is withdrawn from the brine well through a down
      tube having a vertically adjustable lower end extending down into the
      brine well to a predetermined level and an upper end in communication with
      the shut-off valves through a series of passageways and chambers. A
      floating disc seal is provided within one of the chambers to shut-off the
      air entering the system when the brine is drawn down to a level below the
      lower end of the down tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description, when considered in connection with
      the accompanying drawing, in which the FIGURE is a front sectional view of
      a portion of a brine tank including a brine system embodying features of
      the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawing, a brine system embodying features of the present
      invention is illustrated generally at 10. The brine system 10 is mounted
      within a conventional brine drum 12. It includes an upright cylinder 13
      which separates a control compartment 14 within the cylinder from a brine
      compartment 15 without the cylinder.
PAR  Cylinder 13 extends through and is supported by a foraminous, horizontal,
      salt supporting platform 16 inside the drum. The platform 16 extends
      across the brine compartment 15 at a level spaced above the bottom of the
      drum and on it is maintained a layer of salt from which brine is formed
      according to the invention. The control campartment 14 is in communication
      with the brine compartment 15 through a series of vertically disposed
      slots 17 in the base of the cylinder.
PAR  The brine system 10 includes an assembly body 20 mounted in a closing
      relationship to the upper end of cylinder 13. Integrally formed within
      body 20 are chambers 30, 40, and 50 which are serially in fluid
      communication with one another through passages 35 and 45. Chamber 30
      houses a pair of shut-off valves 32 and 34 which respectively close off
      passages 35 and 37 formed through valve seats 36 and 38. Shut-off valves
      32 and 34 are positioned one on top of the other and are spaced apart such
      that as lower valve 32 is lifted from valve seat 36, it contacts upper
      valve 34 and lifts it off its valve seat 38. Valves 32 and 34 are of well
      known and similar construction and each respectively includes annular,
      resilient sealing lips 41 and 42 guided by stems 43 and 44, which extend
      respectively downward into passages 35 and 37. A fitting 39, threadedly
      received in body 20, closes off the retains valve seat 38 in place.
      Threaded opening 46 in fitting 39 is sized to receive conduit 47 from
      aspirator 48 (shown diagrammatically) to result in direct fluid
      communication between the upper portion of chamber 30 and aspirator 48.
PAR  Chamber 30 communicates with chamber 40 through passage 35 and chamber 40
      communicates with the lower end of chamber 50 through passage 45.
      Positioned within chamber 50 is a floating disc seal 52 having an annular,
      resilient sealing lip 53 for closing off fluid communication through
      passage 45 when in its down position. Guide ribs 54 are provided to
      control the vertical movement of disc seal 52 and permit liquid to pass
      therebetween through passages 55, 56, and 57 and in X cylinder 13. A cap
      58 is threadedly received in closing relationship to chamber 50.
PAR  Formed integrally with body 20 are a pair of fittings 62 and 64, having
      threaded lower ends, which extend downward into cylinder 13. A first down
      tube 66 has an upper end 67 received within fitting 62 and a lower end 68
      which extends downward towards the bottom of cylinder 13. A locking nut 69
      and O-ring 70 are provided to selectively secure upper end 67 to fitting
      62. A second down tube 72 has an upper end 74 received within fitting 64
      and a lower end 77 which extends downward into cylinder 13. A locking nut
      75 and an O-ring 76 are provided to selectively secure upper end 74 to
      fitting 64. Secured to the lower end 77 is an inverted cup-shaped air
      chamber member 78 in fluid communication with tube 72. The elevation of
      the respective lower ends 68 and 77 of tubes 66 and 72 may be adjusted by
      vertical movement of the tubes in their respective fittings 62 and 64
      after loosening of the locking nuts 69 and 75. Passage 57 is in fluid
      communication with tube 66 through fitting 62.
PAR  A cavity 80 is formed integrally with body 20 immediately above fitting 64
      and is in communication therewith through passage 82. Extending across
      cavity 80 in closing relationship thereto is a flexible diaphragm member
      84 having an upwardly extending rod 86 secured to a central portion
      thereof. A closure cap 88 is provided to secure diaphragm 84 against body
      20 and to support rod 86 in a substantially vertical position through an
      integrally formed opening 89.
PAR  A control arm 90 is provided having a flat undersurface of a first end 92
      thereof in contact with an upper surface of rod 86 and a second end 94
      which extends into chamber 40. End 94 passes through a tapered opening 95
      in a cover plate 96 which closes off chamber 40 from brine compartment 15.
      A flexible, annular seal 97 encircles arm 90 and is sandwiched in place
      between plate 96 and a cooperating portion of body 20. Arm 90 is pivotal
      about a substantially vertical plane passing through seal 97. The
      innermost portion of end 94 has a plurality of teeth 99 formed integral
      therewith which mesh with a pinion type gear 98 formed integral with a cam
      member 100 mounted within chamber 40 for rotation about a substantially
      horizontal axis. Cam member 100 has a cam surface 102 which is operative
      to contact valve stem 43 and thereby move valves 32 and 34 between their
      up and down positions as the cam member 100 is caused to rotate. The
      movement of diaphragm 84 is effective to vertically move rod 86, which in
      turn contacts and pivots control arm 90 and thereby causes cam member 100
      to rotate and control the movement of valves 32 and 34.
PAR  Turning now to operation of the system, assume that the water conditioning
      system is in its normal service cycle, shortly before regeneration. The
      brine level in the brine compartment 15 and the control compartment 14 is
      at the preselected brine fill level, BFL. The brine level being above the
      level of the bottom of air chamber 78 forces the air trapped in air
      chamber 78 to lift diaphragm 84 and rod 86 which in turn pivots arm 90 to
      its position shown in phantom lines in the FIGURE so as to turn cam member
      100 and allow shut-off valves 32 and 34 to seal respectively on seats 36
      and 38. When in this condition, the water level in chamber 50 is such that
      disc seal 52 is at its up position as shown in the FIGURE.
PAR  When the other control valve signals for regeneration-brining of the ion
      exchange resin bed in the system treatment tank, the aspirator 48 is
      effective to create a suction in the conduit 46. This suction is effective
      to lift valves 32 and 34 from seats 36 and 38 and draw brine from cylinder
      13 up through tube 66, the passages 57, 56, and 55, the chamber 50, the
      passage 45, the chamber 40, the passages 35 and 37, and the conduit 47 to
      the control valve for routing to the treatment tank. Brine continues to be
      drawn from the compartments 14 and 15 in the aforedescribed manner while
      suction is effective, that is, until the level of brine descends below the
      level of the bottom of the tube 66 indicated at BDL in the FIGURE. At this
      point, the brine within chamber 50 is withdrawn causing disc seal 52 to
      descend within the chamber 50 and sealing lip 53 to close off passage 45
      and shut off air from entering the system. It will thus be seen that the
      amount of brine drawn from the system during regeneration is determined by
      the level of air chamber 78 which determines the BFL level and the bottom
      of tube 66 which determines the BDL level.
PAR  After the brining cycle, it is characteristic of this type of system that a
      slow rinse cycle follows. During this slow rinse cycle, the aspirator
      valve 48 continues to develop suction past the valves 32 and 34 but no
      brine is drawn, nor is air drawn into the system past disc seal 52. When
      the aforementioned timing device signals the end of the slow rinse, the
      aspirator valve 48 cuts off suction to the assembly 10, and normally, a
      brine tank refill function begins during the next cycle of regeneration or
      normal service softening in the service system.
PAR  Immediately prior to the initiation of the refill cycle, the level of brine
      within compartments 14 and 15 is at the level indicated at BDL, the
      diaphragm 84 is in its down position, and arm 90 is in its position as
      shown in solid lines in the FIGURE causing the shut-off valves 32 and 34
      to be in their up or unseated positions. Refill water flows from the
      control valve through conduit 47 into chamber 30 and past valves 32 and 34
      into chamber 40 and then flows into passage 45. The force of the water
      passing through passage 45 is sufficient to unseat disc seal 52 and permit
      the entry of the water into chamber 50. As the water fills chamber 50, the
      disc seal 52 rises to the top of chamber 50 and the water exits therefrom
      and flows serially through passages 55, 56, and 57 into fitting 62 and
      then down tube 66 into compartment 14. As the refill water continues
      flowing in the aforementioned manner, the water rises in compartments 14
      and 15 until air is trapped in air chamber 78, forcing air to lift
      diaphragm 84 and rod 86 which in turn pivots arm 90 and thereby turns cam
      100 which causes shut-off valves 32 and 34 to respectively seal on seats
      36 and 38, closing off the passage of refill water through the system. The
      system is once more ready for the next regeneration brine draw cycle.
PAR  The brine fill level, BFL, can be varied to provide a means of controlling
      brine drawn according to the invention. To this end, the level of air
      chamber 78 is vertically adjustable by loosening locking nut 75 and
      raising and lowering tube 72 within fitting 64. Alternatively, the brine
      drawn can be controlled by varying the brine draw level, BDL. To this end,
      the level of the bottom of tube 66 is vertically adjustable by loosening
      locking nut 69 and raising or lowering tube 66 within fitting 62. This
      adjustability of tubes 66 and 72 also permits the brine system to be used
      on various height brine drums.
PAR  Other features of the brine system 10 of the present invention is the
      prevention of premature shut off of valves 32 and 34 due to air in the
      lines or excess water flow by the unique design of cam 100 and control arm
      90. This permits a fast refill rate because flow restrictors are not
      needed. It should also be noted that all the valves are above the salt
      brine which ensures more reliability and easy access for repair.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention and that numerous
      modifications or alterations may be made therein without departing from
      the spirit and the scope of the invention as set forth in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for a brine tank comprising; in combination:
PA1  a. cylinder means positioned within said tank defining a control
      compartment inside said cylinder means and a brine compartment outside
      said cylinder means;
PA1  b. perforations in a lower portion of said cylinder means to permit brine
      from said brine compartment to pass therethrough into said control
      compartment;
PA1  c. first tube means extending into said control compartment for
      alternatively introducing water and removing brine;
PA1  d. means associated with an upper end of said first tube means for
      alternatively introducing water into and drawing a vacuum on said first
      tube in accordance with a pre-selected cycle;
PA1  e. shut-off valve means positioned within a first chamber for controlling
      the influx of refill water therethrough into said tank;
PA1  f. second tube means extending into said control compartment having a lower
      end at a pre-selected level within said control compartment above the
      lower end of said first tube means;
PA1  g. a second chamber, having a diaphragm means positioned therein, in fluid
      communication with an upper end of said second tube means such that said
      diaphragm means deflects relative to the changing air pressure within said
      second tube means as the water level in said control compartment reaches
      said lower end of said second tube means;
PA1  h. actuation means associated with said shut-off valve means responsive to
      the deflection of said diaphragm means for movement of said shut-off valve
      means between an open and closed position dependent upon the water level
      in said control compartment; and
PA1  i. means for adjusting the relative elevations of the lower ends of said
      first and second tube means for selectively controlling the quantity of
      brine draw.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said actuation means
      includes a control arm, having a first end moveable in response to the
      deflection of said diaphragm means and a second end associated with said
      shut-off valve means, for translating movement of said diaphragm means to
      said shut-off valve means.
NUM  3.
PAR  3. The invention as defined in claim 2 further including cam means for
      movement of said shut-off valve means between its open and closed
      positions, said second end of said control arm having teeth formed therein
      which are positioned in meshing relationship to a pinion gear formed
      integral with said cam means for rotation of said cam means upon vertical
      movement of said first end of said control arm.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein said lower end of said
      second tube means has an air chamber means in fluid communication
      therewith for trapping air therein as the level of liquid with said
      control compartment rises above the lower edges thereof.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein said shut-off valve means
      includes a first valve member positioned immediately below a second valve
      member, said first and second valve members tending towards their closed
      positions preventing the downward flow of refill water through said first
      chamber, and said cam means operative to open said first and second valve
      means permitting the flow of refill water through said first chamber.
NUM  6.
PAR  6. The invention as defined in claim 5 further including a third chamber
      having a first passage through a lower end thereof in fluid communication
      with said first chamber and second passage in fluid communication with
      said first tube means, and float disc seal means vertically moveable
      within said second chamber for control of the brine flow through said
      second chamber.
NUM  7.
PAR  7. The invention as defined in claim 5 wherein said actuation means
      includes a control arm, having a first end moveable in response to the
      deflection of said diaphragm means and a second end associated with said
      shut-off valve means, for translating movement of said diaphragm means to
      said shut-off valve means.
NUM  8.
PAR  8. The invention as defined in claim 7 further including cam means for
      movement of said shut-off valve means between its open and closed
      positions, said second end of said control arm being operative to rotate
      said cam means and thereby move said shut-off valve meanss between said
      open and closed positions.
NUM  9.
PAR  9. The invention as defined in claim 8 wherein said shut-off valve means
      includes a first valve member positioned immediately below a second valve
      member, said first and second valve members tending towards their closed
      positions preventing the downward flow of refill water through said first
      chamber, and said cam means operative to open said first and second valve
      means permitting the flow of refill water through said first chamber.
NUM  10.
PAR  10. The invention as defined in claim 8 wherein said second end of said
      control arm has teeth formed therein which are positioned in meshing
      relationship to a pinion gear formed integral with said cam means for
      rotation of said cam means upon vertical movement of said first end of
      said control arm.
NUM  11.
PAR  11. The invention as defined in claim 4 wherein said lower end of said
      second tube means has an air chamber means in fluid communication
      therewith for trapping air therein as the liquid level within said control
      compartment rises above the lower edges thereof.
NUM  12.
PAR  12. A control system for a brine tank comprising; in combination:
PA1  a. cylinder means positioned within said tank defining a control
      compartment inside said cylinder means and a brine compartment outside
      said cylinder means;
PA1  b. perforations in a lower portion of said cylinder means to permit brine
      from said brine compartment to pass therethrough into said control
      compartment;
PA1  c. a body assembly mounted in closing relationship to the upper end of said
      cylinder means;
PA1  d. a first chamber in said body assembly for alternatively receiving refill
      water and removing brine;
PA1  e. shut-off valve means postitioned within said first chamber for
      controlling the influx of refill water through said first chamber;
PA1  f. a second chamber in said body assembly in fluid communication with said
      first chamber through a first passage which communicates with a bottom
      portion thereof;
PA1  g. a float seal means positioned within said second chamber to close off
      fluid communication through said first passage when the liquid level
      within said second chamber reaches a predetermined low level;
PA1  h. a first tube means extending into said control compartment having an
      upper end in fluid communication with said second chamber and a lower end
      in fluid communication with a lower portion of said control compartment;
PA1  i. a second tube means extending into said control compartment having a
      lower end at a pre-selected level within said control compartment above
      the lower end of said first tube means;
PA1  j. a third chamber in said body assembly, having a diaphragm means
      positioned thereacross, in fluid communication with an upper end of said
      second conduit means such that said diaphragm means deflects relative to
      the changing air pressure within said second tube means as the water level
      in said control compartment reaches said lower end of said second tube
      means;
PA1  k. actuation means associated with said shut-off valve means responsive to
      the deflection of said diaphragm means for movement of said shut-off valve
      means between an open and closed position dependent upon the water level
      in said control compartment, and
PA1  l. means for adjusting the relative elevations of the lower ends of said
      first and second tube means for selectively controlling the quantity of
      brine draw.
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ABST
PAL  Disclosed in an apparatus and method for changing or replacing domestic or
      residential-type gas meters without interrupting the gas supply to the
      service line downstream of the meter and obviating the necessity of
      shutting off the gas water heater, furnace on other gas appliances in the
      dwelling. The apparatus includes a member which is clamped around the
      outlet fitting of the gas meter. A slide carried by the member is moveable
      to simultaneously close the meter outlet and to introduce an alternate
      supply of gas to the service line downstream of the meter. After the
      normal gas supply to the meter inlet is shut off, the meter is removed and
      a replacement meter is installed by attaching its inlet to the gas supply
      line and its outlet to aforementioned member. The slide is then again
      moved to simultaneously place the meter outlet in communication with the
      service line and to shut off the alternate gas supply.
PARN
PAR  This is a division of application Ser. No. 483,672, filed June 27, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Domestic gas meters are systematically replaced at regular intervals (every
      ten years, for example). Meter malfunction also may require meter
      replacement outside the regular replacement cycle. Systematic replacement
      or repair of domestic gas meters has always encountered the difficulty
      that gas service to the home whose meter was to be replaced had to be shut
      off. This necessitated entry into the home to relight the pilot burners of
      the various gas appliances, bleeding of interior gas lines where
      necessary, etc. Since access to the interior of the home was required,
      even where the meter itself was installed on the exterior of the home,
      temporary absence of the occupants required numerous call-backs delaying
      coverage of specific areas or blocks of homes.
PAR  While various attachments or fittings for removing and replacing gas meters
      are not unknown in the prior art, such devices invariably require
      modification of existing meters or a specialized configuration of the
      meter itself, solutions having obvious economic disadvantages for the gas
      utility company using this equipment. Another attempted solution to the
      problem has been the use of a by-pass meter bar which, by use of manual
      valves joined with the by-pass bar, can by-pass and isolate the gas meter
      temporarily so that it can be replaced without shutting off gas service.
      The inherent presence of a usable tap on the upstream side of the meter
      has the disadvantage for the gas utility company in that it is an
      invitation to surreptitious, wrongful use of unmetered gas.
PAR  The present invention provides an apparatus and method for removing and
      replacing domestic gas meters without interrupting the gas supply, and
      requiring no permanent alteration of the meter. The apparatus is of
      relatively simple construction and appreciably reduces the time necessary
      to perform the meter changing operation, requires no altering or permanent
      attachments to the gas meter and involves no taps in the service line
      upstream of the meter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective, exploded view of the top plate component of the
      apparatus of the present invention.
PAR  FIG. 2 is a perspective view of the slide plate taken from its upper face.
PAR  FIG. 3 is a perspective view of the base or bottom plate component taken
      from its upper face.
PAR  FIG. 4 is a side view of the assembled apparatus of the present invention.
PAR  FIG. 5 is an end view (taken from the right-hand end of FIG. 4) of the
      apparatus shown in FIG. 4.
PAR  FIG. 6 is a perspective view of the apparatus of the present invention
      installed on a conventional gas meter with the parts in their positions
      assumed intermediately in the process of replacing the meter.
PAR  FIG. 7 is a top plan view of the apparatus of the present invention,
      showing a portion of the gas meter, the parts being shown in their
      position assumed during the meter changing operation.
PAR  FIG. 8 is an enlarged, fragmentary, sectional view of the meter outlet
      fitting and the union fitting joining the service line to the gas meter
      inlet fitting.
PAR  FIG. 9 is a view similar to FIG. 8 but showing a fragmentary cross-section
      of the meter outlet.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIGS. 1-5 and, initially, to FIG. 1, the apparatus
      of the present invention includes a top plate indicated generally at 10
      which is made up of plate components 10a and 10b, removably joined
      together by means of through-studs 11, the apertures through which the
      studs extend being threaded in the component 10b and unthreaded in the
      component 10a so as the studs 11 are turned, the plate component 10b is
      drawn edge-to-edge against plate component 10a. An aperture 12 extends
      through the plate 10, the aperture being bisected so that half of the
      aperture is formed in the plate component 10a and the other half in the
      plate component 10b. The aperture 12 is sized to accommodate the gas meter
      service pipe portion or fitting which is joined to the gas meter outlet
      and a locking screw 13 extends through the plate component 10a and permits
      locking of the plate onto the fitting or pipe extending through the
      aperture 12. The underface of the plate 10 has adhered to it a layer of
      elastomeric material such as rubber, this rubber underface for the plate
      being indicated at 14 and 14a. As will be evident from FIG. 1 the
      resilient rubber material bonded to the bottom surface of the top plate
      components terminates at a point spaced from the left-hand end of the
      plate components.
PAR  Extended completely through the plate 10a and its elastomeric underlayer is
      an aperture 16 to which is attached a fitting 17 communicating with a tube
      18. As will be pointed out subsequently in describing the operation of the
      apparatus of the present invention, the tube 19 communicates with an
      auxiliary or alternate source of gas supply which may preferably take the
      form of a cylinder of natural gas under elevated pressure. The cylinder
      may be carried on a small two-wheel cart and connected through a pressure
      regulator to the tube 18. The maintenance cart may be sized so as to
      accommodate the cylinder, the regulator valve, tools and the gas meter
      which is to replace the meter to be removed. The cart itself and the gas
      supply cylinder are not shown herein since their arrangement and use is
      well known in the art. Depending from the undersurface of the plate
      component 10a is a block 21 which is secured by any suitable means to the
      plate component and which extends through a cutaway portion of the
      elastomeric layer 14. A small aperture 22 extends through the plate
      component 10b and through its underlying rubber surface 14a. The aperture
      22 is closed at its upper end by means of the threaded plug 23 which can
      be removed from the aperture and subsequently replaced to again reclose
      it.
PAR  Referring to FIG. 2, a slide plate 24 is shown and this plate underlies,
      and its top surface is contiguous with, the surface of the rubber facings
      14 and 14a of the top plate component 10a and 10b, the rubber layer
      providing a resilient interface between the plates. One end of the slide
      plate has a cutaway portion having a curved boundary 26 which merges into
      a generally rectilinear boundary portion 26a. The slide plate has
      sidewardly extending portions or blocks 27 which carry registering,
      threaded apertures 28. The plate 24 has a central, generally L-shaped
      depression 29 in it which, it will be understood, does not extend
      completely through the plate. The L-shaped depression is formed by the
      merging longitudinal leg portion 29a of the chamber and transverse leg
      portion 29b of the chamber.
PAR  Referring now to FIG. 3, the base plate component of the apparatus is
      indicated generally at 31. It has a cutaway portion having a curved
      boundary 32 and, attached to each of its ends, upwardly extending blocks
      33 having registering apertures 33a.
PAR  FIGS. 4 and 5 show the assembled structure. As may be seen in FIG. 4, the
      top plate 10, slide plate 24 and base plate 31 are arranged in stacked
      position and held in that position by the screws 36 which extend freely
      through two of the plates and are threaded into the other plate. Extending
      freely through the registering apertures 33a in the spaced blocks 33
      carried by the base plate is a threaded shaft or traversing rod 38, the
      threaded shank portion of the rod 38 extending through the registering,
      threaded apertures 28 (FIG. 2) in the extending portions 27 of the slide
      plate 24. The ends of the rod (as viewed in FIG. 4) are journalled in the
      apertures 33a of the blocks 33 carried on the base plate. One end of the
      rod 38 is provided with a suitable hand crank indicated generally at 41.
      Rotation of the hand crank rotates the shaft 38 and causes the slide plate
      24 to move in a plane parallel to the plane of the top plate, the rod 38
      and hand crank 41 providing a translating member to produce such movement.
PAR  It will be noted from FIG. 5 that the journalling blocks 33 for the
      traversing rod 38 extend upwardly to span the thickness of the slide plate
      24 and thus act as stops defining a first position or far left-hand limit
      of motion of the slide plate along the traversing rod, a second position
      or far right-hand limit of motion being defined by engagement of the
      right-hand end (as viewed in FIG. 4) of the slide plate 24 with the
      right-hand journalling block 33.
PAR  Operation of the apparatus will now be explained in reference to FIGS. 6-8.
      FIG. 6 illustrates a conventional gas meter in a typical domestic
      installation in which a gas supply pipe 51 is connected by means of a
      conventional union fitting having a nut 52 which is threaded upon an
      externally threaded meter inlet 53. As may be seen in FIG. 8 the nut 52 of
      the union joint draws a shoulder 56 on the pipe 51 tightly against an
      elastomeric gasket 57 which abuts the outer end of the externally threaded
      meter inlet 53. The meter is also provided with an externally threaded
      outlet 61 which, in the completed installation, is threadedly received in
      a nut 62 which forms the union joint between the outlet and the shouldered
      outlet fitting or pipe 63. The pipe 63 communicates with the service pipe
      64 which extends to supply gas to the various gas appliances in the
      dwelling served by the meter 50. The union joint formed at the meter
      outlet 61 by the nut 62, and shown in FIG. 9, is identical to the
      corresponding elements of FIG. 8, the elements 61-63 being shown in detail
      in FIG. 9 but having an additional interior gasket 67 (FIG. 9) for a
      purpose which will be subsequently explained. As shown in FIG. 6 the nut
      62 forming a part of the union joint between the outlet pipe 63 and the
      meter outlet 61 is shown, not in its normal position of FIG. 9, but
      loosened and raised upwardly off the fitting, as will subsequently be
      described, a position in which the nut is placed during the transitional
      movement of the meter.
PAR  When the meter 50 is to be replaced, the nuts 52 and 62 joining the inlet
      pipe and outlet pipe to the meter inlet and outlet, respectively, are both
      loosened to hand-tight condition. Under these conditions the meter is
      still supported at the union joints and pressure on the resilient gaskets
      57 in the joints is sufficient to maintain the gas seal. If desired, a
      supporting, flexible strap (not shown) may be hooked from an adjacent pipe
      on one side of the meter to an adjacent pipe or abutment on the opposite
      side of the meter, the strap passing under the meter and serving as a
      safety support for the meter during the transitional operation. The nut 62
      is them completely removed and pushed upwardly, out of the way, on the
      pipe 63.
PAR  Next, the portion 10b of the top plate 10 is separated from the portion
      10a, the adjacent portion of the outlet pipe 63 is accommodated in the
      aperture 12 the slight inset 65 (FIG. 1) of the rubber underfacing of the
      top plate accommodating the collar on pipe 63 and the annular rubber
      insert 65a (FIG. 1) bearing against the pipe just above the collar. The
      two plate components 10a and 10b are then locked together by studs 11 to
      thus clamp the top plate and the slide plate 24 and base plate 31 carried
      by the top plate to the outlet pipe 63, the externally threaded meter
      outlet portion 61 extending substantially to the aperture 12 in the plate
      10 and in a position to be engaged by the surface 26 of the slide plate 24
      upon movement of the slide plate. With the plate assembly clamped about
      the outlet pipe as shown in FIG. 6, gas will be flowing through the meter
      to the outlet pipe. While the auxiliary gas supply tube 18 provides an
      available alternate supply of gas, since the slide plate 24 is in its
      position of FIG. 4, that is, its extreme left-hand position (as viewed in
      FIG. 4) the aperture 17, although it communicates with the supply chamber
      formed by the L-shaped depression 29 is, in effect, stopped since the
      supply chamber formed by the depression 29 and the adjacent face of the
      rubber layer 14 of the plate 10 is closed. The hand crank 41 is then
      utilized to rotate the threaded rod 38 causing the slide plate 24 to move
      rightwardly from its extreme left-hand position of FIG. 4 towards its
      extreme right-hand position. As the slide plate moves, its surface 26a
      and, subsequently, its curved surface 26 (FIG. 2) will engage the meter
      outlet 61 and further rightward transversing of the slide plate 24 will
      begin to pivot the gas meter 50 in a horizontal plane about the centerline
      of its inlet 53 (FIG. 8) which, as previously mentioned has been loosened
      somewhat with respect to the cooperating nut 52.
PAR  This pivotal motion of the meter permits completion of the rightward
      traversing of the slide plate, permitting it to reach its extreme
      right-hand position, and, as the slide plate moves toward this extreme
      position, the meter outlet 61 will be moved out of registration with the
      service pipe 63 and the chamber portion 29b will be moved into
      registration, or communication with, the service pipe 63. Thus as the
      service pipe 63 is deprived of the gas flowing through the meter from line
      61, it has introduced into it gas from the chamber 29, which, it will be
      recalled is under gas pressure from line 18 and the alternate gas source
      (pressurized cylinder) connected to it. Assuming that the pressure
      regulator on the alternate gas source or cylinder is set at the same value
      as the normal gas pressure in the line 51 (conventionally, 7 inches water
      column pressure), there is no drop or deviation in gas pressure to
      downstream service line 64 as its gas supply is transferred from the meter
      outlet 61 to the chamber 29 because the chamber portion 29b is brought
      into communication with pipe 63 just prior to movement of the meter outlet
      61 out of communication with pipe 63.
PAR  As the meter outlet 61 is moved out of communication with the pipe 63 it
      is, in effect, capped by its sealing engagement with the resilient
      underface of the top plate 10. The gas supply to the meter inlet, the
      normal supply in the upstream service line 51 may now be shut off by means
      of the conventional, manual shut-off valve (not shown) which is just
      upstream of the meter in domestic installations. Though the conventional
      supply is cut off gas continues to be supplied through line 18 to pipe 64
      from the alternate source.
PAR  With the gas supply to the meter inlet 53 shut off, the nut 52 may be
      turned off the meter inlet and the meter 50 removed and replaced by a new,
      duplicate meter. FIG. 7 shows a replacement meter 50a, after hand tight
      attachment of its inlet, by means of union fitting nut 52 (FIG. 6), being
      moved counterclockwise manually in a horizontal plane so that its inlet 61
      is beneath the slot-headed closure 23 of the purging aperture 22 (FIG. 4).
      Since the meter outlet is thus effectively closed or capped, the manual
      gas valve in the supply pipe 51 may now be opened and the air in the new
      meter purged from it by momentarily removing the cap 23 from the aperture
      22 and then replacing it. As an alternative the air-purging function can
      be performed by opening the manual inlet gas valve just before the meter
      inlet is completely masked or closed by the resilient underside of plate
      10 as the meter swings into its position of FIG. 7. As soon as the air is
      bled from the meter it is moved to its position of FIG. 7 closing off the
      meter outlet 61.
PAR  When a meter is replaced, it is, of course, advisable to replace the
      resilient gasket 57 (FIG. 8) and its counterpart gasket 60 (FIG. 9)
      forming a part of the union assembly at the inlet and outlet of the meter
      respectively. The gaskets, normally formed of a synthetic elastomer such
      as neoprene, can be stretched over the exterior of the meter portions 53
      and 61, respectively, before the meter is lifted into installed position.
      At the inlet side, which is not under gas pressure at this stage of the
      operation (the manual valve in the service line 51 having been closed as
      mentioned above), the old gasket 57 may be removed and discarded, the new
      one rolled into place at the top of the meter inlet 53 and the nut 52
      threaded hand tight into place just after the new meter has been lifted
      into place. A somewhat different procedure is required for changing the
      gasket 60 (FIG. 9) on the meter outlet 61 since the meter outlet is
      continuously under gas pressure, either from the auxiliary source (tube
      18) or from the regular service line 51 and through the meter.
PAR  With the replacement meter 50a generally in the position shown in FIG. 7
      and with cap 23 replaced on the bleed aperture 22, the meter may be
      manually moved about the center line of pipe 63 until the meter outlet
      engages the surface 26 on the slide plate. The spindle 38 is then manually
      rotated to cause the slide plate to retreat leftwardly from its extreme
      rightward position of FIG. 7, and the meter is manually urged to follow
      the retreating surface 26 of the slide plate. As the slide plate 24
      retreats leftwardly (as viewed in FIG. 7), the meter inlet moves into
      registration with the downstream service line portion 63 and the portion
      29b of the chamber 29 moves out of registration with pipe 73. The overlap
      in registration permits the gas supply to pipe 63 to be transferred from
      the alternate supply (tube 18 and chamber 29) to the normal supply
      (service line 51) without interruption or appreciable pressure variation.
PAR  The alternate gas supply, providing gas to the tube 18, may now be shut off
      and the tube disconnected from the passage 17. By loosening the screws 11,
      the plate portion 10b may be separated from the plate portion 10a and the
      assembly removed from the pipe 63, the meter being supported by the strap,
      previously mentioned, or by any other suitable means. Before the nut 62 is
      started on the threads to its position of FIG. 9, however, the gasket 60
      (FIG. 9) must be replaced. The old gasket can be cut from the assembly and
      the new one, previously stretched over the exterior threads of the meter
      outlet as mentioned above, may be then rolled upwardly into position at
      the upper end of the meter outlet. Because the union assembly is under gas
      pressure, some means must be provided for maintaining the gas seal in the
      short time interval between the removal of the old gasket 60 and the
      proper positioning of the new one. This means is the interior, annular
      gasket 67 (FIG. 9). Conventional gas meters for domestic use are all
      provided with an internal shoulder 60a spaced from the upper end of both
      the outlet and inlet fitting. This spacing of the internal shoulder from
      the end of the meter fitting may vary somewhat in meters of various
      manufacture and gaskets 67 of various thickness must be available to the
      serviceman making the meter change to accommodate the various meter types.
      Prior to installing a new replacement meter, an annular gasket 67 of
      proper depth is inseted in the meter outlet and seated against the
      shoulder 60a (FIG. 9). When the meter is lifted into place and held during
      the shifting of the slide plate 24, the lower end portion of the fitting
      or pipe will be forced into compressing engagement with the gasket 67 and
      the gas seal will be maintained at this gasket, independently of the
      gasket 60, the meter being suitably supported by a strap or other suitable
      means, previously mentioned. When the plate assembly is removed, since the
      gas seal is maintained at gasket 67, the old gasket 60 may be cut away and
      the new gasket 60 pushed upwardly into place without any gas leakage. As
      soon as the new gasket 60 is in place, the nut 62 may be threaded on the
      meter outlet 61 and tightened down, the union joint now having a dual seal
      at gaskets 60 and 60a. The nut 52 at the meter inlet 53 may now be
      tightened completing the installation of the replacement meter.
PAR  From the foregoing it will be apparent that the apparatus and method
      described permit convenient, rapid replacement of domestic gas meters
      without even momentary interruption of the gas service to the home
      monitored by the meter. It is possible that a dual version of the
      apparatus described can be utilized, with one unit connected at the meter
      inlet and the other at the meter outlet and with a gas flow by-pass
      conduit between the two units. Such an arrangement would obviate the
      necessity for the alternate (pressurized cylinder) gas supply.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for facilitating the disconnection and reconnection of a gas
      meter having inlet and outlet fittings connected to a supply pipe and a
      service pipe respectively, said device comprising a top plate having an
      aperture extending therethrough sized to accommodate said gas meter
      service pipe, said plate being adapted to be releasably clamped about the
      gas meter service pipe with the gas meter outlet fitting extending
      substantially to said aperture at the underface of said top plate, a slide
      plate underlying said top plate with the adjacent faces of the plates
      contiguous, said slide plate being supported by said top plate, a
      translating member for moving said slide plate in a plane parallel to the
      plane of said top plate, a depression in the upper face of said slide
      plate forming a supply chamber in conjunction with the contiguous
      underface of the top plate, a supply passage formed in said top plate for
      providing an alternate supply of gas to said chamber, said chamber
      registering only with said supply passage when said slide plate is in a
      first position with relation to said top plate and registering with both
      said supply passage and said top plate aperture when moved to a second
      position by said translating member, said slide plate permitting the meter
      fitting to be moved out of registration with said top plate aperture and
      said service pipe and simultaneously to move said supply passage into
      registration with the top plate aperture and said service pipe as said
      translating member moves said slide plate from its said first to its said
      second position.
NUM  2.
PAR  2. A device as claimed in claim 1 in which a layer of resilient material is
      interposed between the underface of said top plate and the adjacent upper
      face of said slide plate to provide a resilient interface between said
      surfaces.
NUM  3.
PAR  3. A device as claimed in claim 1 in which a purging opening is provided in
      said top plate registering with the meter fitting when the meter fitting
      is out of register with said top plate aperture.
NUM  4.
PAR  4. A device as claimed in claim 1 in which said slide plate is provided
      with a curved side surface adapted to engage the meter inlet fitting.
NUM  5.
PAR  5. A device as claimed in claim 1 in which the support for said slide plate
      comprises a bottom plate secured in spaced relation to said top plate with
      said slide plate interposed therebetween.
NUM  6.
PAR  6. A device as claimed in claim 5 in which said translating member includes
      a rotatable, threaded spindle journalled for rotation between said top and
      bottom plates and extending parallel thereto, the threaded portion of said
      spindle accommodating a correspondingly threaded portion of said slide
      plate whereby upon rotation of said spindle said slide plate is moved
      between its said first and second positions.
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ABST
PAL  A climb and dive valve for use as in a pressurized aircraft fuel tank
      characterized in that the movable valve member thereof is opened to vent
      the fuel tank in response to predetermined increase in tank pressure with
      respect to ambient pressure, and is opened by a valve actuator to admit
      ambient air into the fuel tank in response to predetermined decrease in
      tank pressure with respect to ambient pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known as from U.S. Pat. Nos. 3,587,618, 3,595,559, 3,628,758,
      3,693,915, 3,710,549, 3,732,668, 3,788,039, 3,788,040, and 3,830,307 to
      provide a vent valve, relief valve, or combination vent and relief valve
      in conjunction with an aircraft fuel tank inerting system in which an
      inert gas, such as nitrogen, is employed to pressurize the fuel tank and
      to maintain the oxygen content of the ullage gases at a level to prevent
      fire and explosion. Heretofore, such combination vent and relief valve,
      also commonly referred to as a climb and dive valve has comprised separate
      valve elements of which the vent valve element opens as during descent of
      the aircraft to admit ambient air into the fuel tank in the event of
      insufficient rate of flow of inert gas into the fuel tank, and of which
      the relief valve opens as during ascent of the aircraft to prevent the
      tank pressure-ambient pressure differential from exceeding a predetermined
      value.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide a climb and dive
      valve which is of simple and compact construction and which is foolproof
      in operation, said valve being characterized in the provision of a single
      valve element which cooperates with a seat encircling an ambient pressure
      port to maintain aircraft fuel tank pressures within predetermined
      positive and negative pressures with respect to varying ambient pressures
      during flight of the aircraft.
PAR  It is another object of this invention to provide a climb and dive valve
      which is capable of being pre-flight checked simply by pressurizing the
      ambient pressure port with a predetermined pressure and monitoring the
      operation of the valve by a position switch.
PAR  Other objects and advantages will appear from the ensuing description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of the drawing is a cross-section view substantially
      diametrically through a climb and dive valve embodying the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The climb and dive valve 1 herein comprises a housing member 2 to which the
      outer peripheral portions of flexible diaphragm assemblies 3 and 4 of
      different diameter are respectively clamped by the flange of a stop ring 5
      and the flange of a cover member 6. The housing member 2 has a central
      ambient pressure port 7 which, when the valve 1 is mounted in a vent duct
      8 having communication with the vapor space of a fuel tank, is exposed to
      ambient pressure.
PAR  The inner peripheral portion of the smaller diaphragm 3 is clamped between
      a ring 9 and a valve member 10 which are riveted together, and the latter
      carries a resilient gasket 11 which cooperates with the seat 12 encircling
      the ambient pressure port 7. The inner peripheral portion of the larger
      diaphragm 4 is clamped between a ring 14 and a closure plate 15 which are
      riveted together. The housing 2 and cover 6 have openings 16 and 17 as
      shown to expose the underside of the smaller diaphragm 3 around the seat
      12 and the upper side of the larger diaphragm 4 to tank pressure. A
      plurality of springs 18 are compressed between the cover 6 and the larger
      diaphragm assembly 4 to urge the latter into engagement with the upper end
      of the stop ring 5, and a spring 19 compressed between the central portion
      of the larger diameter diaphragm assembly 4 and the valve member 10 urges
      the valve member 10 into engagement with the seat 12 to close
      communication of tank pressure with the atmosphere.
PAR  The housing 2 has a sensing port 20 which has a conduit connected thereto
      which is exposed to ambient pressure and through which the chamber 21
      between the diaphragm assemblies 3 and 4 is subjected to ambient pressure.
      The housing 2 also has an override port 23 which is connected to a
      suitable pressure source to unseat the valve member 10 whenever desired.
      The housing 2 also carries a switch 24 which is actuated upon
      predetermined initial movement of the larger diameter diaphragm assembly
      by the switch operating lever 25 which is engaged with diaphragm assembly
      4.
PAR  The larger diameter diaphragm assembly 4 has a central valve actuator 26
      which has a radially outwardly extending flange 27 disposed beneath the
      inturned flange 28 of an upward extension 29 at the center of the smaller
      diaphragm assembly 3 and the clearance between said flanges is adjusted as
      by shims 30 to provide, say a 0.015 to 0.025 inch gap when the larger
      diameter diaphragm assembly 3 is engaged with the upper end of the stop
      ring 5. Similarly, shims as shown may be employed in association with the
      springs 18 and 19 to adjust and balance the loading of assembly 4 and to
      predeterminedly preload assembly 3.
PAR  The valve 1 is normally closed and when tank pressure increases to a
      predetermined level greater than ambient pressure, 0.5 psi for example,
      the tank pressure acting on the upper side of a larger diaphragm assembly
      4 together with springs 18 maintains the same in engagement with the stop
      ring 5, and the tank pressure acting on the annular area on the under side
      of the smaller diaphragm assembly 3 overcomes the force of spring 19 and
      ambient pressure in the chamber 21 whereby the spring 19 is compressed to
      allow upward opening movement of the valve member 10 thus to relieve such
      excessive tank pressure through the ambient pressure port 7 of the housing
      2. Thus, during climbing of the aircraft and consequent decreasing ambient
      pressure, the tank pressure is relieved whenever it exceeds ambient
      pressure by 0.5 psi.
PAR  On the other hand, as during descent of the aircraft and during withdrawal
      of fuel from the tank it is desired that the tank pressure be not less
      than a predetermined level lower than ambient pressure, say 0.25 psi, and
      in the case of a negative tank pressure of more than 0.25 psi lower than
      ambient pressure, the ambient pressure in the chamber 21 between the
      diaphragms 3 and 4 is effective because of the larger effective diameter
      of the diaphragm assembly 4 to move the larger diaphragm assembly 4
      upwardly, first to take up the clearance between the flanges 27 and 28 and
      then to lift the valve member 10 away from the seat 12 to admit air into
      the fuel tank via ambient pressure port 7 and duct 8.
PAR  In an aircraft fuel tank inerting system regulator means are provided to
      supply inert gas into the vapor space of the fuel tank in order to
      maintain the tank pressure within a specified range but, in the event that
      the rate of flow of inert gas into the tank is insufficient then the valve
      1 herein is effective to admit air into the tank to prevent an excessive
      ambient pressure to tank pressure differential.
PAR  As evident, the construction herein is compact and simple and there are no
      sliding parts which would vary the operating characteristics and moreover
      the diaphragm assemblies 3 and 4 are inherently self-centering. With
      reference to preflight checking of the valve 1 herein, an air pressure
      source may be connected to the port 7 and to the sensing port 20 and when
      the applied pressure at the ports 7 and 20 exceeds 0.25 psi above ambient
      pressure, the upper diaphragm assembly 4 should commence to move upwardly
      from stop ring 5 and predetermined movement (e.g. 0.020 to 0.080 inch)
      will be monitored by the actuation of the switch 24. Should it be found
      desirable to open the valve 1 at will irrespective of the ambient pressure
      and tank pressure differentials being within desired limits, the sensing
      port 20 may be closed and air pressure from a suitable source is admitted
      through the orifice 31 into the chamber 21 to build up sufficient pressure
      therein to cause the upper diaphragm assembly 4 to move upwardly to lift
      the valve member 10 out of engagement with the seat 12 to equalize ambient
      and tank pressures.
PAR  Although the valve 1 is herein described in relation to an aircraft fuel
      tank inerting system utilizing inert gas for pressurizing the tank, it may
      be used with a pressurized aircraft fuel tank in which the pressurizing
      medium is air, or with any tank to maintain ambient pressure and tank
      pressure differentials within predetermined limits.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A valve assembly comprising a housing having ports respectively exposed
      to different fluid pressure sources; a valve member movable in said
      housing to open and close fluid communication between ports exposed to
      such different fluid pressure sources; said valve member being
      spring-biased in a direction to close such fluid communication and having
      areas on opposite sides thereof exposed to the respective fluid pressure
      sources whereby predetermined predominance of one source relative to the
      other source overcomes said spring bias to move said valve member to open
      communication between said ports; an actuator spring-biased to a stop
      position in said housing and movable away from said stop position to
      engage said valve member to move the latter to open such fluid
      communication in response to predetermined predominance of said other
      source with respect to said one source; said actuator having areas on
      opposite sides thereof larger than those of said valve member exposed to
      the respective sources.
NUM  2.
PAR  2. The valve of claim 1 wherein said valve member and said actuator
      comprise coaxial axially spaced-apart diaphragm assemblies having their
      outer peripheral portions clamped in said housing, the central portion of
      said valve member diaphragm assembly constituting a valve portion which
      cooperates with a seat encircling a port having fluid communication with
      said other source and through which fluid flows in one direction or the
      other according to which fluid pressure source predominates; said actuator
      diaphragm assembly being of larger diameter than said valve member
      diaphragm assembly with the sides of said diaphragms remote from each
      other being exposed to said one fluid pressure source and with the space
      between said diaphragms being exposed to said other fluid pressure source;
      said diaphragm assemblies having overlapping portions to transmit movement
      of said actuator diaphragm assembly away from said stop means to said
      valve member diaphragm assembly as aforesaid by predetermined predominance
      of said other source with respect to said one source.
NUM  3.
PAR  3. The valve of claim 2 in which said housing has a port for fluid
      communication with another source of magnitude greater than said one and
      other sources and leading into the space between said diaphragm assemblies
      to move said actuator diaphragm assembly away from said stop position as
      aforesaid independently of said one and other sources.
NUM  4.
PAR  4. The valve of claim 2 wherein said housing has switch means to detect
      such movement of said actuator diaphragm assembly.
NUM  5.
PAR  5. A valve assembly comprising a housing having an ambient pressure port
      with a surrounding valve seat; a valve member diaphragm assembly having a
      central portion which cooperates with said seat to open and close said
      port; a stop ring through which the outer peripheral portion of said valve
      member diaphragm assembly is clamped in said housing; an actuator
      diaphragm assembly of larger diameter than said valve member diaphragm
      assembly disposed in coaxial and axially spaced relation to said valve
      member diaphragm assembly; a cover member secured to said housing to clamp
      the outer peripheral portion of said actuator diaphragm assembly; said
      housing having a sensing port exposed to ambient pressure leading to a
      chamber in said housing defined between said diaphragm assemblies; spring
      means between said cover member and said actuator diaphragm assembly
      yieldably urging the latter against said stop ring and spring means
      between said diaphragm assemblies yieldably urging said valve portion into
      engagement with said seat; said housing and cover member having openings
      adapted to expose the sides of said diaphragm assemblies which are remote
      from each other to fuel tank ullage gas pressure whereby predetermined
      predominance of fuel tank pressure with respect to ambient pressure in
      said chamber retains said actuator diaphragm assembly against said stop
      ring while said valve member diaphragm assembly is moved away from said
      seat for outflow through said ambient pressure port, and whereby
      predetermined predominance of ambient pressure in said chamber with
      respect to fuel tank pressure moves said actuator diaphragm assembly away
      from said stop means into engagement with said valve member diaphragm
      assembly away from said seat for inflow through said ambient pressure
      port.
NUM  6.
PAR  6. The valve of claim 5 wherein said diaphragm assemblies have radially
      overlapped portions through which movement of said actuator diaphragm
      assembly away from said stop ring is imparted to said valve diaphragm
      assembly.
NUM  7.
PAR  7. The valve of claim 5 in which said housing has an override port through
      which fluid pressure may be admitted at will to establish a predominance
      of fluid pressure in said chamber to move said actuator diaphragm assembly
      as aforesaid independent of relative ambient pressure and tank pressure.
NUM  8.
PAR  8. The valve of claim 5 wherein said housing has switch means operated by
      said actuator diaphragm assembly to check at what chamber pressure in
      excess of ambient pressure on said remote sides the actuator diaphragm
      assembly moves to facilitate prechecking of said valve.
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ABST
PAL  A pressure control valve for use in conjunction with a riser for supplying
      water, in case of a fire, at all levels of a multiple story structure at a
      predetermined regulated static and flowing discharge pressure. The valve
      includes a hand wheel on a stem engaging the valve, a normally
      inaccessible static pressure control collar on said stem and a diaphragm
      sensitive to flowing discharge pressure at the discharge side of the valve
      tending to close the valve and a spring opposing the diaphragm, said hand
      wheel arranged to move said valve stem relative to said diaphragm and
      close the valve without altering the pressure adjustment thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to pressure control valves of the type employed on
      the various floors of a multiple story structure in communication with
      vertical water supply pipes therein so that a high ground level pressure
      in the vertical water supply pipes may be reduced to a suitable working
      pressure at ground level and at various floors thereabove.
PAR  2. Description of the Prior Art
PAR  Prior structures of this type usually employ diaphragm operated valves
      sensitive to pressure at the discharge side and have been capable of
      controlling static pressure at various floor levels in a multiple story
      structure. See for example U.S. Pat. Nos. 1,302,538, 1,897,517, 1,984,792,
      3,189,041, 3,273,589, 3,400,734, 2,026,704 and 3,692,047.
PAR  This invention provides a pressure control valve that is capable of being
      adjusted to a preset static pressure and to a similar flowing discharge
      pressure and which will automatically maintain the desired preset flowing
      pressure equal to the static pressure at which it was preset.
PAC  SUMMARY OF THE INVENTION
PAR  A pressure control valve has a movable valve element positioned between
      inlet and outlet openings and a diaphragm in a chamber communicating with
      the outlet opening tending to close the valve element together with a
      spring opposing the same. A manually movable valve stem engages the
      movable valve element and a static pressure control collar is adjustably
      positioned on the valve stem so that the valve may be preset to a desired
      static pressure, the arrangement being such that the diaphragm fluctuates
      responsive to pressure changes in flowing pressure at the outlet opening
      to maintain the same equal to the static pressure at which the valve was
      preset.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section through the pressure control valve,
PAR  FIG. 2 is a side elevation of the pressure control valve with parts broken
      away and parts in cross section and illustrating a cap and pressure gauge
      used in presetting the valve.
PAR  FIG. 3 is a diagrammatical view showing a vertically arranged series of
      pressure control valves.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the form of the invention chosen for illustration and description
      herein, the pressure control valve consists of a body 10 having a chamber
      11 therein and an inlet opening 12 communicating therewith by way of a
      valve seat 13. An outlet opening 14 is also provided and the upper portion
      of the body 10 receives a two part diaphragm housing formed of lower and
      upper portions 15 and 16 respectively. A diaphragm 17 is positioned across
      the diaphragm housing formed by the portions 15 and 16 and the diaphragm
      17 is centrally apertured and secured in a fitting 18 from which a
      cylindrical sleeve 19 depends. A valve element 20 is positioned on the
      lower end of the cylindrical sleeve 19 and is therefor movable vertically
      responsive to changes in position of the diaphragm 17. An annular gasket
      20A is positioned in the lower surface of the valve element 20 for
      registry with the valve seat 13 and it will thus be seen that the valve
      element 20 controls fluid entering the pressure control valve body 10 by
      way of the inlet opening 12.
PAR  Still referring to FIG. 1 of the drawings, it will be seen that the
      cylindrical sleeve 19 is slidably sealed with respect to a central opening
      in the lower portion 15 of the diaphragm housing and that the interior of
      the cylindrical sleeve 19 defines an area in which a coil spring 21 is
      positioned with its upper end engaged against the fitting 18 and its lower
      end engaged on an annular member 22 which is fastened to the lower end of
      a valve stem 23, the middle portion of which is provided with a thread
      pattern 24 threadably engaging a similar pattern 25 in the center of the
      upper portion 16 of the diaphragm housing. A bonnet 26 is positioned on
      the upper portion 16 of the diaphragm housing and around an upwardly
      continuing portion of the valve stem 23 and a cap 27 is removably engaged
      on the bonnet 26 as hereinafter described.
PAR  A static pressure control collar 28 having a plurality of set screws 29 is
      positioned within the cap 27 on the valve stem 23 and is movable relative
      thereto when the set screws 29 are loosened. A hand wheel 30 is secured to
      the uppermost end of the valve stem 23 so that the same can be rotated
      thereby so as to move the valve element 20 toward the valve seat 13
      independently of similar motion imparted thereto by fluid pressure in the
      diaphragm housing engaging the upper surface of the diaphragm 17 therein.
PAR  Fluid pressure is admitted to the diaphragm housing and that portion
      thereof beneath the upper portion 16 thereof by openings 31 in the
      cylindrical sleeve 19 which establish communication between the chamber 11
      in the valve body 10 and the interior of the cylindrical sleeve 19. The
      fluid pressure communicates between the interior of the cylindrical sleeve
      19 and the upper portion of the diaphragm housing by way of the enlarged
      central opening in the fitting 18 through which the valve stem 23 passes.
      Thus fluid pressure in the chamber 11 which is the same as that in the
      outlet opening 14 of the pressure control valve is present on the upper
      side of the diaphragm 17 in the diaphragm housing of the valve.
PAR  By referring now to FIG. 2 of the drawings it will be seen that the
      exterior configuration of the pressure control valve heretofore described
      in connection with FIG. 1 has been illustrated and that the upper portion
      of the bonnet 26 has been broken away together with the cap 27 to show an
      adjusted positioning of the static pressure control collar 28. In
      operation a plurality of the pressure control valves disclosed herein are
      affixed to vertical water supply pipes in a multiple storage building, for
      example one on each of the floors of the building, so that fire hoses may
      be connected thereto and supplied with suitable working pressure
      therefrom. Normally such vertical water supply pipes are empty and have
      inlets at street level for connection to a water supply through the
      pumping equipment carried on fire trucks in case a normal high pressure
      water supply is not available. In order that there be adequate pressure at
      the roof of the building, the pressure at ground level may be excessive.
      For example, a 60 story building may require a ground level pressure in
      excess of 300 lbs. per square inch in order to maintain a suitable working
      pressure of 90 lbs. per square inch at roof level. Fire hoses however are
      usually designed for operation at working pressures of approximately 90
      lbs. per square inch so that the hose will not rupture or be too stiff to
      handle. It will therefore be obvious to those skilled in the art that it
      is necessary to equip the vertical water supply pipes in a multiple story
      building with pressure control valves such as disclosed herein and in
      order that the pressure control valves at the various levels of the
      building will provide a desired static pressure and a like flowing
      discharge pressure, a valve such as that disclosed herein is highly
      desirable.
PAR  In order to adjust the several valves in such a building it is necessary
      that each of the valves on each of the levels be preset to the particular
      water pressure to which the valves will be subjected in use, and by
      referring to FIG. 2 of the drawings it will be seen that in order to do so
      the pressure control valve of the present invention is attached to a
      suitable water pressure supply at its inlet opening 12. The discharge
      opening 14 is provided with a temporary cap 33 having radially extending
      lugs 34 and a sealing gasket 35 and to which cap 33 a pressure gauge 36 is
      attached so as to be in communication with the interior of the cap 33 and
      the chamber 11 in the valve body 10. A petcock 37 is also mounted on the
      cap 33 for communication with the interior thereof and the valve element
      20 is closed by manual operation of the hand wheel 30. In presetting the
      valve the hand wheel 30 is revolved to open the valve and thereby allow
      the chamber 11 to fill with water with the petcock 37 open to provide for
      the venting of air therefrom. When such air is vented the petcock 37 is
      closed and the hand wheel 30 is revolved to further open the valve until
      the gauge 36 indicates the desired outlet pressure. The hand wheel 30 is
      then removed from the stem 23, the cap 27 is also removed to expose the
      static pressure control collar 28 and the set screws 29 therein are
      loosened so that the static pressure control collar 28 can be moved
      upwardly on the valve stem 23 until it is 7/8th of an inch above the top
      of the bonnet 26 as illustrated in FIG. 2 of the drawings. The set screws
      29 are tightened to secure the collar 28 in such position and the cap 27
      and the hand wheel 30 are replaced. The collar 28 will then be positioned
      against the top of the cap 27 and the valve cannot be opened further but
      it can be closed by rotating the valve stem 23 to move it downwardly. The
      valve is thus permanently set at the static discharge pressure selected
      for the position on the vertical water supply pipe in which it is to be
      installed. The cap 33 is removed after setting.
PAR  Those skilled in the art will observe that when the valve is in
      communication with a vertical water supply pipe such as hereinbefore
      described and water pressure is present in the pipe, the valve is opened
      by turning the hand wheel 30 counter clockwise until the static pressure
      control collar 28 is stopped by contact with the top of the cap 27.
      Assuming a fire hose with a shut off nozzle thereon in closed position is
      attached to the discharge opening 14 of the valve the pressure will build
      in the hose and the valve to the preset static pressure. When the
      discharge nozzle is opened allowing the water to flow through the hose,
      the volume of water being discharged will cause a drop in pressure in the
      diaphragm housing above the diaphragm 17 which permits the supply pressure
      plus the urging of the spring 21 to further open the valve element 20 with
      respect to the valve seat 13. As more water enters the pressure again
      rises in the valve and in the diaphragm housing above the diaphragm 17
      causing the same to move downwardly and maintain the required positioning
      of the valve element 20 with respect to the valve seat 13 to provide a
      flowing pressure equal to the static pressure at which the valve was
      preset. When the nozzle on the fire hose is shut off the action reverses
      and the extra pressure in the valve causes increased pressure on the upper
      surface of the diaphragm 17 thus closing the valve and preventing a built
      up in the valve and hose which is undesirable.
PAR  It will thus be seen that a pressure control valve has been disclosed which
      can be quickly and easily adjusted to a desired set static pressure and
      that the valve will thereafter automatically adjust to a similar flowing
      discharge pressure.
PAR  Although but one embodiment of the present invention has been illustrated
      and described, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure-regulating valve for connection to a riser for use in
      multistory buildings to fight fire, wherein a valve is connected to the
      riser at each floor of the building and each valve is preset to obtain a
      desired flow therefrom at the respective floor, comprising: a valve body
      having an inlet and an outlet, the axes of the inlet and outlet disposed
      substantially at right angles to one another; a valve seat in the valve
      body between the inlet and outlet, the plane of the valve seat disposed
      transverse to the axis of the inlet; said valve body having an opening
      therethrough in alignment with the inlet and opposite thereto; a pressure
      chamber secured to the body in registry with the opening; a diaphragm
      extending transversely across the chamber and secured at its periphery in
      the chamber; a hollow, elongate sleeve secured at one end to the diaphragm
      and extending therefrom through the opening and into proximity at its
      other end with the valve seat; a valve closure member carried by the other
      end of the sleeve for opening and closing relationship with the seat; seal
      means slidably sealing said sleeve in said opening; a valve stem extended
      through the chamber and coaxially into the sleeve; said one end of said
      sleeve being open and said stem extended through said open end and
      threadably extended through an opening in a wall of the chamber; an
      annular spring abutment secured on one end of the stem inside said sleeve;
      a coil spring disposed around said stem and engaged at one end against
      said abutment and at its other end against said sleeve, urging said
      diaphragm, and thus said closure member, away from the valve seat; a
      bonnet secured on said chamber exteriorly thereof in sealing relationship
      with said stem; a cap removably secured on said bonnet, with said stem
      extended axially therethrough; a normally inaccessible pressure control
      adjusting collar adjustably secured on said stem between the bonnet and
      cap and engagable with said cap upon movement of the stem in a valve
      opening direction to limit opening movement of the valve and thus
      determine the maximum flow through the valve; a hand wheel secured to the
      stem exteriorly of the cap for manipulating the valve between open and
      closed positions; and fluid passage means extending through the sleeve to
      the pressure chamber on the side of the diaphragm opposite the valve
      closure member and in communication with the valve outlet, whereby when
      the valve is open, fluid pressure on the outlet side of the valve is
      communicated to the pressure chamber and tends to close the valve in
      opposition to the spring force acting on the diaphragm.
NUM  2.
PAR  2. A valve as in claim 1, wherein set screws are extended through the
      collar into engagement with the stem releasably securing the collar in
      position.
NUM  3.
PAR  3. A valve as in claim 2, wherein the fluid passage means extends through a
      side of the sleeve in open communication at all times with the outlet.
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ABST
PAL  A metering valve assembly for accurately controlling the flow of fluid
      independent of the pressure fluctuations at the input or at the output of
      the metering valve assembly. An electrical coil mounted on the assembly
      housing controls the position of an armature of an electromagnet in a
      permanent magnet field which, in conjunction with a nozzle assembly
      transmits pressure through suitable conduits to control a first slider
      valve. The displacement of the first slider valve controls the opening of
      a port area so that the flow through the port area is a function of the
      differential pressure developed across the port area with the output of
      the port directed through suitable conduit means to a second slider in the
      valve which is opposed to the upstream pressure of the metering valve. The
      second slider controls the opening and closing of another port which
      controls the flow of fluid through the output of the metering valve
      assembly to maintain the differential pressure across the first slider
      valve constant for all flows, downstream pressure changes, and upstream
      pressure changes to thereby render the flow of fluid a function of the
      electrical signal applied to the coil of the electromagnet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a metering valve and more particularly to
      a valve assembly for controlling the flow of fluid independent of the
      pressure fluctuations at the input and the output of the assembly.
PAR  The need for an electro-fluid-flow valve for use in automobiles has been
      necessitated by various government regulations regarding pollution control
      and fuel economy. It has therefore become economical to use electronic
      devices for automotive engine control. Such electronic devices seek to
      control the flow of fuel to the engine as a function of an electrical
      signal. These devices seek to render the flow of fuel independent of
      pressure fluctuations at the input and the output of the metering valve
      assembly and completely dependent on the electrical signal to the fluid
      flow assembly.
PAR  Typical prior art devices sought to achieve control of fuel flow
      independent of the pressure fluctuations by measuring the flow of fuel and
      then developing and electrical signal which is an analog function of the
      fuel flow. The electrical signal is monitored by an electronic device
      which controls the opening of an electro-fluid-flow valve as a function of
      pressure drop measurements which were also converted to electrical signals
      and monitored by the same electronic device. This prior art technique
      requires two relatively expensive measurement transducers. It also
      requires the complicated electronics required to regulate the flow with
      reasonable accuracy.
PAR  Such typical prior art devices are relatively expensive in view of the need
      for hardward to measure both fluid flow and pressure. They also require
      compensating circuits in the electronics to regulate the flow accurately.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a metering valve for controlling the flow of
      fluid independent of pressure fluctuations at the input or at the output
      of the assembly. To attain this, the invention provides an electromagnet
      assembly which is operative in response to an electrical signal to control
      the position of a first slider valve. The position of the first slider
      valve in turn controls the position of a second slider valve which
      controls the opening and closing of an output port. The net result is the
      control of the flow through an output port as a function of the electrical
      signal, applied to the electromagnet.
PAR  In the preferred embodiment, the assembly is mounted to a housing having a
      plurality of conduits. Electromechanical means is carried by the housing.
      In the preferred embodiment, the electromagnet includes a permanent magnet
      having a pair of poles which provides a magnetic field with an armature in
      the form of an iron bar between the poles of the permanent magnet. An
      electrical coil is wrapped around the bar and the terminals are suitably
      connected to be responsive to an electrical signal.
PAR  The bar is normally positioned on opposite sides of a pair of nozzles to
      control the flow of fluids through the nozzles. The first slider is
      mounted in a casing in the housing and the conduits from the fuel pump to
      each of the two nozzles are also respectively connected to the casing to
      apply hydraulic pressure to opposite sides of the first slider. When a
      signal is applied to the electromagnet, the armature bar is displaced to
      change the differential in fluid flow between the two nozzles to
      correspondingly change the pressure differential against the opposite
      sides of the first slider. The movement of the slider valve is dampened by
      a feedback spring securely mounted to the armature and positioned to abut
      a shoulder on the first slider valve. The spring causes the first slider
      valve to return to its quiescent position when there is no control
      current.
PAR  A conduit from the fuel supply system is directed to the chamber which
      houses the first slider valve and a second conduit is also connected to
      communicate with the chamber in which the first slider valve is
      positioned. The first slider valve has shoulders which permit
      communication between the first conduit and the second conduit in
      accordance with the position of the first slider valve. Since the position
      of the first slider valve is a function of the differential pressure
      developed between the opposite ends of the first slider valve, the flow of
      fluid from the first conduit to the second conduit is therefore a function
      of the differential pressure between opposite sides of the first slider
      valve.
PAR  The second conduit is directed to the second slider valve which is
      positioned to be opposed by the upstream pressure of the fuel pump. The
      position of the second slider valve controls the opening and closing of
      another port which controls the output flow of fuel from the metering
      valve assembly. A spring is formed around the second slider valve to
      maintain the differential pressure across the second slider valve constant
      for all flows, downstream pressure changes and upstream pressure changes.
PAR  Thus, the position of the second slider valve is a function of the position
      of the first slider valve. This position of the first slider valve in turn
      is a function of the electrical signal applied to the coil of the
      electromagnet. The present invention thereby combines an electrohydaulic
      valve and a pressure control valve in one assembly in a novel and
      non-obvious manner.
PAR  Accordingly, an object of the present invention is to provide a valve
      assembly which controls the flow of fluid as a function of an electrical
      signal.
PAR  Another object is to provide means to control the position of a first
      slider of fuel assembly valve in response to the position of an
      electromagnet.
PAR  Yet another object is to provide means to control the position of the
      second slider of a metering valve in response to the position of a first
      slider of the metering valve.
PAR  Still another object is to provide a slider apparatus for controlling the
      flow of fluid from a metering valve independent of the upstream and
      downstream pressure changes in the metering valve assembly.
PAR  A further object is to provide means to maintain the differential pressure
      across a slider valve constant for all flows downstream pressure changes
      and upstream pressure changes.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a detailed view of the assembly;
PAR  FIG. 2 is a view of the assembly with the slider valve positioned to permit
      flow of fluid through the assembly;
PAR  FIG. 3 is a sectional view of FIG. 1 taken along the plane III--III of FIG.
      1; and
PAR  FIG. 4 is a sectional view of FIG. 2 taken along the plane IV--IV of FIG. 2
     .
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown a housing for containing the
      assembly and transmitting fluid pressure through a plurality of conduits.
      The housing has an input port 15 and an output port 40 as shown.
      Electromechanical means is shown carried by the housing. In the preferred
      embodiment, the electromechanical means is an electromagnet having a coil
      10 through which an electrical signal is transmitted to control the the
      position of an armature 11. The position of the armature 11 in turn
      controls the displacement of first slider means shown in the form of a
      first slider 12 which in turn controls the position of second slider means
      shown in the form of a second slider 13. The position of the second slider
      13 controls the output flow of fluid. Thus the output flow of fluid is a
      function of the current through the coil 10.
PAR  The electromechanical means includes an electromagnet assembly shown
      mounted to the housing and operative to control the displacement of the
      first slider 12.
PAR  The electromagnet includes a permanent magnet 14 having opposite poles with
      the armature 11 mounted therebetween as shown. The armature is essentially
      an iron bar which is flat between the two poles of the electromagnet and
      circular in cross section in the lower portion thereof. The armature is
      mounted on a suitable pivot 16 and the lower portion extends downwardly
      into the conduit 31.
PAR  In the quiescent position, when no current is transmitted through the coil
      10, the lower portion of the armature 11 is in the vertical position as
      shown in FIG. 1. Spring means 17 in the form of a feedback spring is
      secured to the bottom of the armature and attached to rotate with the
      armature. The spring is preferably in the form of flat wire and the bottom
      portion of the spring is urged against a shoulder 18 of the first slider
      12. The spring force ordinarily urges the shoulder 18 of the slider 12 to
      the right. The feedback spring aids in maintaining an equilibrium between
      the armature 11 and the first slider 12.
PAR  The slider 12 is in a casing 19 and a right-hand piston 21 communicates
      with a conduit 23 and a left-hand piston communicates with a conduit 24 as
      shown. The casing 19 has an input port 20 and an output port 27 as shown.
      The slider 12 also communicates with and input conduit 26 having an input
      port 15 which provides pressure from a fuel pump. In the preferred
      embodiment the input pressure is in the order of 50 psi.
PAR  In the quiescent position as shown in FIG. 1, the fluid is transmitted via
      conduit 25 to a right-hand nozzle 28 and via conduit 30 to left-hand
      nozzle 29. The fluid is transmitted through a return conduit 31 which
      returns the fluid back to the source. When the valve is used to control
      the flow of fuel in an automobile, the return conduit 31 returns the fuel
      to the gas tank.
PAR  When a current of an electrical signal is applied to the coil 10, the
      armature 11 rotates in the counterclockwise direction as shown in FIG. 2.
      The counterclockwise rotation of the armature 11 reduces the flow through
      nozzle 28 and correspondingly increases the flow through nozzle 29 thereby
      reducing the pressure on the left-hand piston 22 of the first slider 12
      and correspondingly increasing the pressure on the right-hand piston 21 of
      the first slider 12. This causes the first slider 12 to slide in the
      left-hand direction. The displacement of the armature 11 causes the
      feedback spring 17 to act as a lever to urge the first slider 12 to the
      right. At the same time, the spring offers a reaction force against the
      armature 11 to urge it to rotate in the clockwise direction to aid in
      maintaining the system in equilibrium.
PAR  The displacement of the first slider 12 to the right thereby increases the
      fluid flow from the input conduit 26 through input port 20 of the casing
      19 to output port 27. The fluid is transmitted via conduit 32 to an input
      port 35 of a casing 33. The fluid communicates there with the second
      slider 13.
PAR  The second slider is urged to the right by the force of the out flowing
      fluid plus the force of the spring 34 against the shoulders of the second
      slider. The fluid is transmitted through passages 36 as shown in FIG. 3
      and apply pressure to the left-hand side of the second slider 13 as shown.
      The combined force of the fluid and the spring 34 is opposed by the
      upstream pressure from the fuel pump against the right-hand side of the
      slider 13. The positioning of the spring 34 maintains the differential
      pressure across the second slider 13 constant for all flows, downstream
      pressure changes and upstream pressure changes.
PAR  The displacement of the second slider 13 to the right permits fluid to be
      transmitted through the input conduit 26, input port 20 of casing 19,
      output port 27, conduit 32, input ports 35 of casing 33 through the
      passage 36 to an output port 37 of casing 33 as shown in FIGS. 2 and 4. In
      the use of the valve assembly for an automobile fuel control device, the
      fuel is transmitted through an output conduit 38 through output port 40 to
      the manifold of the fuel system. The position of the second slider 13 is
      thereby maintained as a function of the current through the coil 10 and is
      independent of the pressure fluctuations at either the input or the output
      of the metering valve assembly.
PAR  In the preferred embodiment, the feedback spring 17 may be a flat leaf
      spring in the form of a piece of wire. Ordinarily, when a current is
      applied to the coil 10, the rotation of the armature 11 in the
      counter-clockwise direction is stabilized by the pressure from the
      feedback spring 17 against the shoulder 18 of the first slider 12.
PAR  In a system which provides approximately 50 pounds per square inch of
      pressure from a fuel pump to the input conduit 26, the system may provide
      approximately 0.1 gallons per minute to the output manifold and transmit
      approximately 0.2 gallons per minute through the return conduit 21 to the
      fuel tank.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid metering valve assembly for controlling the flow of fluid as a
      function of an electrical signal comprising:
PA1  a housing for containing the assembly and transmitting fluid pressure, said
      housing including an assembly input port and an assembly output port,
PA1  electromechanical means carried by said housing and including an armature
      operative in response to the electrical signal to provide a mechanical
      displacement,
PA1  a pair of nozzles mounted in said housing and operative in conjunction with
      said armature whereby the displacement of said armature controls the flow
      of fluid through said pair of nozzles,
PA1  first slider means mounted in said housing and operatively responsive to a
      change in fluid pressure through said pair of nozzles caused by said
      mechanical displacement of said armature of said electromechanical means
      to be displaced in accordance with the displacement provided by said
      armature,
PA1  second slider means mounted in said housing and operatively responsive to a
      change in fluid pressure caused by the displacement of said first slider
      means to control the flow of fluid through the assembly as a function of
      the electrical signal, and
PA1  spring means secured to said armature of said electromechanical means and
      positioned to bias said first slider means to further maintain said first
      slider in equilibrium.
NUM  2.
PAR  2. The assembly as described in claim 1 and wherein said electromechanical
      means is an electromagnet.
NUM  3.
PAR  3. The assembly as described in claim 2 and wherein said electromagnet
      includes,
PA1  a permanent magnet having a pair of poles,
PA1  said armature having a section positioned between said poles, and
PA1  a coil wrapped around said armature and coupled to receive the electrical
      signal to provide said mechanical displacement.
NUM  4.
PAR  4. The assembly as described in claim 1 and wherein said housing further
      includes a plurality of conduits for transmitting said fluid pressure
      between said electromechanical means and said first slider means whereby
      said displacement of said electromechanical means controls the fluid
      pressure applied to said slider to displace said slider in accordance with
      the displacement provided by said electromechanical means.
NUM  5.
PAR  5. The assembly as described in claim 1 and wherein said housing includes a
      casing in which said first slider is mounted with said casing including
PA1  an input port through which fluid is transmitted into the assembly, and
PA1  an output port through which fluid is transmitted,
PA1  whereby the displacement of said first slider controls the flow of fluid
      between said input port and said output port.
NUM  6.
PAR  6. The assembly as described in claim 1 and wherein said housing includes a
      casing in which said second slider is mounted with said casing including
PA1  an input port through which fluid is transmitted, and
PA1  an output port through which fluid is transmitted as a function of the
      input fluid flow.
NUM  7.
PAR  7. The assembly as described in claim 1 and wherein said housing includes:
PA1  a first casing having a first casing input port for communicating with said
      assembly input port, said first casing further including a first casing
      output port, and
PA1  a second casing having a second casing input port for communicating with
      said first casing output port and a second casing output port for
      communicating with said assembly output port for transmitting fluid
      through the assembly at a rate determined by the electrical signal.
NUM  8.
PAR  8. A fluid metering valve for controlling the flow of fluid comprising:
PA1  a housing having a plurality of conduits,
PA1  an electromagnet assembly carried by said housing, said electromagnet
      assembly including an armature and a coil wrapped therearound with said
      coil coupled to pass an electrical signal to control the displacement of
      said armature,
PA1  a plurality of valve slider means mounted within said housing, said
      plurality of valve slider means including a first slider valve and a
      second slider valve with said first slider valve mounted within said
      housing to be displaced as a function of the displacement of said armature
      and said second slider valve mounted within said housing to be displaced
      as a function of the displacement of said first slider valve to thereby
      provide control of the flow of fluid as a function of said electrical
      signal, and
PA1  a feedback spring coupled between said armature and said first slider and
      operative in conjunction with hydraulic pressure from fluid in said
      conduits to maintain an equilibrium between said armature and said first
      slider.
NUM  9.
PAR  9. An electro-fluid-flow valve comprising:
PA1  electrical means responsive to an electrical signal, said electrical means
      including;
PA1  a permanent magnet having a pair of poles,
PA1  a displaceable armature having a section positioned between said poles, and
PA1  a coil wrapped around said armature and coupled to receive said electrical
      signal for controlling the displacement of said armature;
PA1  a housing for containing the valve and transmitting fluid pressure, said
      housing including a first casing having a first casing input port and a
      first casing output port, said housing further including a second casing
      having a second casing input port and a second output port,
PA1  a first slider mounted in said first casing and operative to be displaced
      in response to fluid pressure controlled by said armature of said
      electrical means, and
PA1  a second slider mounted in said second casing and operative to be displaced
      in response to fluid pressure controlled said first slider, whereby said
      electrical signal controls the displacement of said armature to control
      the position of said first slider to control the flow of fluid through
      said first casing input port and said first casing output port to thereby
      control the flow of fluid through said second casing input port and said
      casing output port.
NUM  10.
PAR  10. The valve as described in claim 9 and further including a spring
      secured to said displaceable armature and mounted to bias said first
      slider to maintain the pressure across said first slider independent of
      changes in fluid pressure at said first casing input port and said second
      casing output port.
NUM  11.
PAR  11. A metering valve assembly for accurately controlling the flow of fluid
      therethrough comprising:
PA1  a housing having conduit means through which said fluid is transmitted,
PA1  an electromagnet assembly carried by said housing, said electromagnet
      assembly including an armature and a coil wrapped therearound with said
      coil coupled to pass an electrical signal to control the displacement of
      said armature,
PA1  a pair of nozzles each connected to said conduit means and operative in
      conjunction with said armature whereby the displacement of said armature
      relative to said pair of nozzles controls the flow of fluid through each
      of said nozzles,
PA1  a first valve slider having pistons at opposite ends with each of said pair
      of conduits positioned to transmit fluid pressure caused by the
      displacement of said armature relative to each of said nozzles to each of
      said pistons to thereby provide displacement of said first slider with
      said conduit means connected to transmit fluid pressure between said pair
      of nozzles and said first valve slider means to control the displacement
      of said first valve slider, and a second valve slider in said housing and
      operatively responsive to fluid pressure determined by the position of
      said first slider to control the flow of fluid through the metering valve.
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ABST
PAL  In storage containers for fluids, a disperser/diffuser member is positioned
      between the inner end of the fillpipe and the interior of the container,
      to cause dispersion of the fluid flowing into the container from the
      fillpipe during a filling operation. The disperser member has therein a
      multiplicity of tortuous fluid passages, and may be used in a subterranean
      storage container, or in a mobile storage and transportation container
      (tank truck).
PARN
PAR  This application is a continuation-in-part of my prior application, Ser.
      No. 214,872, filed Jan. 3, 1972 now abandoned, and of Ser. No. 280,611,
      filed Aug. 14, 1972 now abandoned.
BSUM
PAR  This invention relates to filling arrangements for fluid storage
      containers, and in particular containers for the storage and/or
      transportation of hydrocarbons such as gasoline.
PAR  One embodiment of the invention is concerned with a filling arrangement for
      subterranean storage tanks, such as the tanks commonly used at service
      stations for the storage of liquid fuel (gasoline).
PAR  One of the problems facing the petroleum industry in its gasoline-marketing
      operations is contamination of gasoline by dirt and water. These foreign
      materials can cause both the service station operator and the motorist a
      great deal of trouble and inconvenience. Dirt can clog the small jets in
      modern carburetors and can also clog fuel line filters. Water can cause
      rust, corrosion, fuel line freezeups, and if it comes in slugs, can cause
      an engine to stop. This can lead to dollar cost liability borne by the oil
      company, for repairs, and also to loss of customer goodwill. Also, water
      may freeze in the service station gasoline pumps, which is a great
      inconvenience to the service station operator.
PAR  The problem of dirt has been attacked by installing filters, capable of
      removing very fine particles, ahead of the gasoline pump nozzle.
PAR  Reducing the water contamination is a much more difficult problem. Water
      gets into the fuel in service station storage tanks in many ways, some of
      which are: (1) the floating roofs on large storage tanks at the refinery
      may leak rain water, the water in these tanks then being conveyed by tank
      trucks to service stations and delivered into the service station storage
      tanks; (2) the "breathing" of service station storage tanks can cause
      water to condense in the tanks; (3) rain may leak into the fillpipes or
      vent tubes of service station storage tanks. As a result of the foregoing,
      there is commonly present, in the bottom of subterranean storage tanks
      used for the storage of liquid fuel, a layer of water.
PAR  Fillpipes for subterranean storage tanks customarily extend from the
      surface down through the interior of the tank, terminating a short
      distance (e.g., four inches) above the bottom of the tank. Assuming a
      fillpipe diameter of four inches (which is typical), and a delivery of 350
      to 400 gallons per minute from a tank truck into the subterranean storage
      tank, during a filling operation the gasoline travels through the fillpipe
      at a linear velocity on the order of 9 to 10 feet per second, and issues
      with this velocity from the lower end of the fillpipe, close to the bottom
      of the tank. The falling fuel (falling down through the fillpipe), exiting
      from the end of the fillpipe at this high velocity and thus possessing a
      substantial amount of kinetic energy, stirs up the layer of water and dirt
      present at the bottom of the subterranean tank, causing these contaminants
      to become entrained in the fuel, and hence subject to being dispensed
      along with the fuel. Therefore, the problem of contamination (both by
      water and dirt) is particularly acute just after a load of gasoline is
      delivered into the service station storage tank.
PAR  An object of this invention is to provide an improved filling arrangement
      for subterranean liquid fuel storage tanks.
PAR  Another object is to provide a filling arrangement for subterranean liquid
      fuel storage tanks characterized in that it functions to eliminate the
      mixing of water, dirt, etc. (present in the tank) with fuel during the
      tank-filling operation.
PAR  A further object is to provide a device of the aforesaid character which
      can be inserted into, or removed from, subterranean tanks in situ, by
      means operable from the surface. The ability to insert the device from the
      surface of the tank installation is of significant benefit since it
      eliminates the need for tank removal and costtly modification to the tank
      and its reinstallation. Also, the ability to remove the device from the
      surface without the need to dig around the tank for access is of value
      when it is desired to remove the device for inspection or replacement.
PAR  A still further object is to provide a novel disperser/diffuser member, for
      the fillpipes of subterranean storage tanks, which is rather inexpensive.
PAR  Another embodiment of the invention is concerned with a filling (or
      loading) arrangement for tank trucks, which are commonly used to transport
      liquid fuel from so-called bulk plants to service stations.
PAR  In the past, it was the usual practice to load tank trucks from the top,
      using a drop tube (fill line) extending into an open hatch. The operator,
      standing on the top of the truck, would watch the fuel rise in the tank
      truck compartment, shutting off a valve in the fill line when the
      compartment became full.
PAR  Today, by contrast, most oil companies are changing to bottom loading,
      wherein the fuel is pumped into the bottom of each tank truck compartment
      through a special, tight-fill connection. This change is being made for
      two reasons (1) it removes the operator from his former, hazardous
      position at the top of the truck; (2) it facilitates the addition of a
      vapor recovery system, which will be mandatory in the near future.
      However, bottom loading does present a serious problem. During the bottom
      loading (container filling) operation, the fluid (i.e., the fuel) flows
      through the fluid flow conduit (fill line) at a rather high velocity, such
      that the fluid possesses a substantial amount of kinetic energy. The
      initial flow of fuel into the empty tank from the bottom is therefore
      quite violent, causing the fuel to squirt all over the tank and vaporizing
      a considerable quantity of it. This violent flow has been known to
      actually cause structural damage to the tank.
PAR  According to prior practice, this undesirable action has been at least
      partially obviated by utilizing a costly, two-speed control valve which
      operates to cut down the filling or loading rate until there is a head of
      liquid (fluid) present in the tank which is adequate to absorb the high
      kinetic energy of the fluid under high flow (full flow) conditions.
PAR  Therefore, another object of this invention is to provide an improved
      filling arrangement for bottom loading of fluid containers.
PAR  A further object is to provide a filling arrangement, useful for bottom
      loading of fluid containers, which does not require the initial filling
      rate to be reduced, thus permitting faster loading of such containers.
PAR  A still further object is to provide a filling arrangemment for container
      bottom loading which does not necessitate the use of a relatively
      expensive two-speed control valve, but which can utilize a simpler and
      less expensive control valve.
PAR  Yet another object is to provide a filling arrangement for fluid container
      bottom loading which reduces the vaporization of the fluid being loaded
      into the container, thus reducing air pollution.
PAR  Still another object is to provide a novel filling arrangement, for bottom
      loading of fluid containers, which is rather inexpensive.
PAR  The various objects of this invention are accomplished, briefly, in the
      following manner: For filling various types of fluid storage containers
      with hydrocarbon fluids, a disperser/diffuser member, made from a material
      substantially unaffected by hydrocarbons and having therein a multiplicity
      of tortuous or labyrinthine fluid passages, is positioned in the fluid
      flow path between the filling conduit or fillpipe and the interior of the
      container. The disperser/diffuser member may be used, for example, in
      conjunction with the fillpipe in a subterranean storage tank, or it may be
      used in a bottom loading arrangement for a tank truck.
DRWD
PAR  A detailed description of the invention follows, taken in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a fragmentary vertical sectional view of a subterranean storage
      tank, illustrating one stage in the procedure of inserting a
      disperser/diffuser member thereinto;
PAR  FIG. 2 is a general perspective view of a disperser/diffuser member
      according to one embodiment of this invention;
PAR  FIG. 3 is a sectional view, on an enlarged scale, showing the lower portion
      of FIG. 1;
PAR  FIG. 4 is a horizontal section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a perspective view of a portion of an insertion tool;
PAR  FIG. 6 is a fragmentary sectional view, on an enlarged scale, of a fillpipe
      and a diffuser member, illustrating the tank-filling operation;
PAR  FIG. 7 is a fragmentary vertical sectional view illustrating the bottom
      loading of a tank truck absent the invention;
PAR  FIG. 8 is a view generally similar to FIG. 7 but illustrating bottom
      loading using a disperser/diffuser member according to the invention; and
PAR  FIG. 9 is a fragmentary section taken on line 9--9 of FIG. 8;
PAR  FIG. 10 is a general perspective view of a preferred disperser/diffuser
      member according to another embodiment of the invention;
PAR  FIG. 11 is a sectional view showing the positioning of the preferred device
      of FIG. 10 in a fillpipe;
PAR  FIG. 12 is a sectional view showing the preferred device in position at the
      bottom of a fillpipe.
DETD
PAR  Referring first to FIG. 1, numeral 1 denotes a subterranean storage tank,
      of the type customarily used at service stations for the storage of liquid
      fuel (gasoline). This tank is provided with the usual vent and discharge
      or dispensing (suction) lines (not shown), and is located below the
      surface or "grade" 2. A continuous fillpipe 3 (four inches in diameter,
      typically) extends substantially vertically downwardly from the surface 2
      (actually, from a point slightly below the surface, within a so-called
      "ground box" 4), to the top of tank 1. Pipe 3 is sealed at 5 through the
      top of tank 1, and continues downwardly, substantially vertically, through
      the interior of the tank 1 to a point near to but spaced from the tank
      bottom 6 or tank floor. Typically, the lower end of pipe 3 may be spaced
      four inches above the tank bottom 6.
PAR  The tank 1 may be cylindrical in shape, 51/3  feet in diameter and 24 feet
      long, for example, with its longitudinal axis positioned substantially
      horizontally. These dimensions are given merely by way of example. Other
      tanks may be eight feet in diameter (these being larger tanks).
PAR  The upper end of pipe 3, slightly below the surface 2, is normally closed
      by a removable fill cap of conventional construction (not shown).
PAR  In subterranean storage tanks of the type described, which are used for the
      storage of liquid fuel (gasoline) at service stations, there is commonly
      present some water (termed "water bottoms") which exists as a layer 7 at
      the bottom 6 of the tank. The interface between the water layer and the
      gasoline thereabove is indicated by numeral 8.
PAR  Refer now to FIGS. 2 and 6. According to a first embodiment of this
      invention, a disperser/diffuser member 9, formed as a cylindrical body
      about twelve inches in diameter and 41/2  inches high, for example, is
      positioned between the lower end of fillpipe 3 and the tank bottom 6. The
      cylindrical body 9 is porous, with a quite high void-volume relationship
      (about 97%, for example). The body 9 has a reticulated skeletal structure
      (having, for example, 10 pores per lineal inch), which thus provides a
      myriad (multiplicity) of slightly tortuous or labyrinthine passages for
      the flow of liquid therethrough. The body 9 is made of a material such as
      a polyurethane which is substantially unaffected by hydrocarbons such as
      gasoline, the material being foamed to provide the skeletal structure and
      porosity above described. Such foamed, highly porous, organic polymeric
      material is available commercially.
PAR  FIG. 6 illustrates the action of the disperser/diffuser member 9 (which may
      be thought of as a cylindrical pad) during a tank-filling operation. The
      member 9, being highly porous, permits the free passage of liquid
      therethrough. With the dimensions stated previously, the area of the
      cylindrical side wall of member 9, plus the area of the circular upper
      face thereof outside of the pipe 3, would be about 268.5 square inches, as
      contrasted to the pipe cross-sectional area (without member 9) of about
      12.5 square inches. Thus, the member 9 offers a very large cross-sectional
      area for fluid flow (as compared to the cross-sectional area of the pipe 3
      only, absent the pad).
PAR  The liquid flowing downwardly through pipe 3 during the tank-filling
      operation (indicated by the arrows within this pipe) is deflected by
      member 9 radically outwardly with respect to the pipe, and diffuses and
      disperses through the pad into the interior of the tank, as indicated by
      the arrows within the pad or member 9. Due to the very large
      cross-sectional area for fluid flow presented by the pad, as well as the
      slightly tortuous passages therein, the liquid diffuses from the member 9
      and disperses into the tank at a velocity substantially less than the
      velocity at which it would enter into the tank from pipe 3, without the
      member 9. Moreover, the direction of flow through the pad is more or less
      parallel to the interface 8, and not at substantially 90.degree. to this
      interface, as would be the case without member 9 (in which latter case the
      liquid would pour out of pipe 3 directly toward interface 8).
PAR  As a result of the above-described action of member 9, the water bottoms 7
      are not distrubed, even in the slightest, during a tank-filling operation,
      and hence are not mixed into the fuel. This is in sharp contrast to the
      action which would occur if the disperser/diffuser member 9 were not
      present. In this latter case, the falling fuel, exiting from the lower end
      of the pipe 3 at a high velocity and in a direction substantially at
      90.degree. to the horizontal interface 8, would churn up or stir up the
      layer 7 of water, causing it to become mixed into the fuel thereabove.
      Although the water so churned up does eventually settle back down to its
      original position, it takes a considerable length of time (often
      twenty-four hours or more) to do so, and in the meantime some water (or
      other contaminant) could very likely be dispensed with the fuel.
PAR  The member 9, being porous with a very high void-volume relationship, is
      capable of being compressed (upon the application of an appropriate force)
      to an outer diameter on the order of four inches, such that it can pass
      through pipe 3. However, it has a "memory," such that when the contraint
      or force is released, it will return to its original dimensions (shown in
      FIG. 6).
PAR  The pad 9 is insertable into the tank 1, and is withdrawable therefrom,
      from the surface 2. Assume for the moment that the device 9 is in its
      operative position, illustrated in FIG. 6. The procedure and tool for
      inserting the same into the tank will be described later.
PAR  A retrorse cord arrangement, denoted generally by numeral 10, is secured to
      pad 9. This arrangement is operable to provide a retrorse action of the
      pad, to enable it to be withdrawn from the tank 1. The arrangement 10
      includes a central loop 11 of cord which extends downwardly from one
      circular face of the pad (herein termed the top or upper face), close to
      the longitudinal axis thereof and in a longitudinal direction, and thence
      back upwardly. Both bights of the loop 11 extend through the interior of
      the pad to the center of the bottom or lower face thereof, and the two
      ends of this loop are secured to a retro or withdrawal metal ring 12 which
      is preferably just under 4 inches in diameter. Ring 12 is supported above
      the upper face of pad 9 by means of a rigid metal rod 13 which is integral
      with or welded to this ring and which extends downwardly from the ring and
      substantially axially through the pad 9, to a point adjacent the bottom
      face thereof. As illustrated, rod 13 may be located between the two bights
      of loop 11.
PAR  The retrorse arrangement 19 also includes four side loops 14-17 of cord
      (spaced at 90.degree. intervals with respect to the cylindrical outer
      surface of member 9) each of which has its two ends secured to the retro
      ring 12, and the bights of each of which extend downwardly from this ring,
      and thence downwardly and radially outwardly through pad 9, to locations
      near the outer periphery of the bottom circular face of the pad. It will
      be appreciated that, when an upward pull is applied by means of ring 12 to
      the cords 14-17, there will be a component of force which tends to pull
      the lower ends of these loops horizontally, that is, toward the axis of
      pad 9, and thus tends to in effect compress or fold this pad inwardly in
      the radial direction.
PAR  The side loops 14-17 are looser than the central loop 11, which is to say
      that the side loops have more slack than the central loop.
PAR  FIG. 6 illustrates the member 9, with its retrorse cord arrangement 10, in
      operative position, between the lower end of fillpipe 3 and the tank
      bottom 6. The height of pad 9 is slightly greater than the distance
      between the lower end of fillpipe 3 and the tank bottom 6, as shown in
      FIG. 6; this provides a frictional force between the upper face of the pad
      9 and the pipe 3 which helps to maintain the pad in its proper position.
      When the pad is in operative position, ring 12 is established within pipe
      3, about eight inches above the upper face of member 9, for example, and
      is held in this position by means of the rigid support 13.
PAR  When it is desired to retrieve or withdraw (i.e., remove) member 9 from
      tank 1, a suitable hook (not shown) is inserted into the upper end of
      fillpipe 3 at the surface 2, and lowered down through this pipe to engage
      the retro ring 12. An upward pull on the ring 12, by means of the
      aforesaid hook, first pulls the central area of the pad 9 upwardly by
      means of loop 11, in effect bowing the pad upwardly. A short time
      thereafter the side cords 14-17 come into play, to begin the retrorse
      action proper. These cords, due to the horizontal component of force
      acting on them as they are pulled upwardly, cause the pad to in effect
      bend backwardly and downwardly, this of course being aided by the
      continued upward movement of the center of the pad. This retrorse action
      compresses and folds the pad inwardly, in the radial direction, to a
      folded position somewhat as illustrated at 9F in FIG. 3. In such folded
      position, the member 9 fits into pipe 3, and may be drawn upwardly through
      this pipe (and out of tank 1 to the surface) by a continued upward pull on
      the withdrawal or retro ring 12.
PAR  It might be possible to eliminate the retrorse cord arrangement 10, and to
      retrieve or withdraw the member 9 from the tank 1 by lowering a set of
      mechanical fingers from the surface down through pipe 3 to grasp the pad 9
      itself at the lower end of pipe 3; by then pulling fingers upwardly, it
      might be possible to fold the pad into pipe 3 and then draw such pad
      upwardly and out of the tank to the surface.
PAR  Refer now to FIG. 1 and 3-5, which illustrate a procedure and insertion
      tool by means of which the member 9 may be inserted into subterranean
      storage tank in situ, from the surface. A thin-walled cylindrical casing
      18, having a diameter somewhat less than 4 inches, such that it can fit
      within pipe 3 and can move freely therein in a longitudinal direction, and
      having a length of about 16 inches for example, is open at its lower end
      and is rigidly secured at its upper end to a coupling member 19 which in
      turn is rigidly secured (as by welding, for example) to the lower end of
      an outer tubular member 20 within the bore of which is slidably mounted a
      central push rod 21. The member 20 and the rod 21 are elongated, having a
      length sufficient to extend from the lower portion of tank 1 through pipe
      3 to the surface or grade 2, (for example, the distance between the lower
      end of casing 18, and the upper end of member 20 may be about 12 feet).
PAR  Near the upper end of member 20 (that is, the end opposite casing 18) there
      is provided an adjustable stop platesupport 22 which is slidably mounted
      on member 20 and which has an outer dimension somewhat greater than four
      inches, adapted to span the upper end of pipe 3. A collar 23 is secured to
      plate 22, and a locking screw or set screw 24, threaded into collar 23,
      bears against member 20 to secure the slidable combination 22-23 in an
      adjusted position on member 20. Thus, by bringing plate 22 into engagement
      with the upper end of pipe 3 and tightening screw 24, the member 20, and
      various elements carried thereby, may be held in a fixed position within
      pipe 3 (by preventing downward movement of member 20 within this pipe).
PAR  The plunger push rod 21 is somewhat longer than member 20, and at the upper
      end of member 20 there is provided a removable key or pin 25 which passes
      through a transverse hole in push rod 21 and bears against the upper end
      of member 20, thereby to prevent downward movement of push rod 21 in
      tubular member 20 (from its upper limiting position in member 20), except
      when the key 25 is removed.
PAR  A plunger, denoted generally by numeral 26, is secured to the lower end of
      push rod 21, this plunger being located within casing 18 and being
      slidable therein in response to a downward movement of the plunger push
      rod 21 with respect to tubular member 20. The plunger 26 has a generally
      tubular body portion 27 (see FIG. 5) which is secured at its upper end to
      push rod 21 and which carries at its lower end a horizontal foot plate 28
      of somewhat larger diameter than body 27 (but somewhat smaller than the
      I.D. of casing 18). The foot plate 28 is in effect separated into two
      parts by two narrow, elongated, longitudinally-extending,
      diametrically-opposite slots 29 and 30 which extend upwardly from the
      lower end of body portion 27, but which terminate short of the upper end
      of this body portion (see FIG. 5).
PAR  For insertion of member or pad 9 into the tank 1 from the surface, the
      insertion tool 18-30 described would be available at the surface, but
      would not at first be inserted into fillpipe 3. For insertion of the
      disperser/diffuser member 9 into its operative position in tank 1, the pad
      9, with its retrorse cord arrangement 10, is compressed and folded into a
      position 9F (see FIG. 3, this position being similar to the retro position
      effected by the retrorse movement previously described, which takes place
      during withdrawal), and pushed into the lower end of casing 18 until the
      upper face of the pad 9F engages the foot plate 28 of plunger 26, as
      illustrated in FIG. 3. The foot plate 28 carries a plurality of
      downwardly-extending spikes 31 which "dig into" the pad 9F and help to
      retain it in position within the insertion tool, while it is being
      inserted into the tank. During loading (upward pushing) of the pad 9F into
      the casing 18 of the insertion tool, the retro ring 12 passes upwardly
      into the body portion 27 via the slots 29 and 30. It may be noted (see
      FIG. 3) that the pad at 9F, when properly loaded into the insertion tool,
      is contained entirely within casing 18. During pad loading, and during the
      initial part of the insertion procedure, the plunger 26 is in its
      uppermost position within casing 18 (upper end face of body 27 in
      engagement with lower end face of coupling member 19), and pin 25 is
      inserted into rod 21 and in engagement with the upper end of member 20.
PAR  After the pad has been loaded at 9F into the insertion tool, the cover or
      closure is removed from the upper end of the fillpipe 3, and the complete
      insertion tool assembly 18-31 is pushed downwardly (by means of member 20)
      through the fillpipe, the casing 18 end first. During passage down through
      the fillpipe, the pad 9F remains within the casing 18, as illustrated in
      FIG. 3 (since pin 25 prevents any downward movement of plunger 26 with
      respect to casing 18 at this time).
PAR  The insertion tool is pushed downwardly through fillpipe 3 until the lower
      end of the casing 18 contacts the tank bottom 6, following which the
      entire assembly is raised four inches off the bottom (this being the
      distance between the tank bottom and the lower end of fillpipe 3). When
      the insertion tool assembly has been thus properly positioned, member 20
      and casing 18 are fixed in this position by sliding stop plate 22
      downwardly on member 20 until this plate contacts the upper end of pipe 3,
      and then tightening the screw 24 into rigid engagement with member 20. At
      this stage in the procedure, the elements have the positions illustrated
      in FIG. 1.
PAR  Next, pin 25 is withdrawn or removed from push rod 21, and then the plunger
      push rod 21 is pushed downwardly, causing plunger 26 to move downwardly
      within casing 18 (the latter being held fixed in position). The downward
      movement of the plunger stop plate 28 pushes the pad or member 9F
      downwardly through casing 18 and out the open lower end thereof, which
      allows the pad 9 to expand or "bloom" outwardly into the full-diameter
      position illustrated in phantom lines in FIGS. 1 and 3, which latter
      position is its "released" or operative position, between the lower end of
      fillpipe 3 and the tank bottom 6.
PAR  When insertion of the pad into the tank 1 has been completed by pushing the
      pad completely out of the casing 18 as described, the entire insertion
      tool assembly 18-31 is withdrawn upwardly through the fillpipe 3, the pad
      9 remaining in its operative position at the lower end of fillpipe 3, as
      illustrated in FIG. 6.
PAR  There has been described previously a first embodiment of the invention,
      wherein the disperser/diffuser member forms part of a filling arrangement
      for a subterranean fluid storage container (tank), and wherein such member
      (in the form of a pad 9) is insertable into the tank, and withdrawable,
      from the surface. There will now be described another embodiment of the
      invention, wherein the disperser/diffuser member forms part of a bottom
      filling or bottom loading arrangement for a mobile fluid storage and
      transportation container (e.g., a tank truck).
PAR  First referring to FIG. 7, which shows a conventional arrangement, a
      portion of the bottom wall of one of the compartments of a
      multi-compartment tank truck is illustrated at 32, this bottom wall having
      a depressed central portion or area 33 which provides sump. The sump 33
      has a centrally-located hole 34 therein, and a rigid mounting plate 35 is
      firmly secured to the bottom of the sump at hole 34. The substantially
      horizontal mounting plate 35 has a central aperture therein, and in this
      aperture is sealed (on the outer or lower side of plate 35) one end of a
      loading and discharging fitting 36, illustrated as a pipe elbow. A
      coupling 37, for example of the so-called quickdisconnect type, is sealed
      to the other end of fitting 36, for attaching a hose 50 (used for loading
      of the tank truck compartment and also for unloading thereof) to the
      fitting 36. The arrangement 50, 37, 36, etc. provides a tight-fill
      connection for bottom loading.
PAR  The lower end of a valve housing 38 is sealed to the inner or upper side of
      plate 35 at the aperture therein, this housing having a cylindrical fluid
      passage 39 whose lower end thus can communicate with the fluid passage in
      fitting 36. The valve housing 38 has mounted therein an imperforate valve
      disc or plate 40 which is adapted to seal against a seat (not shown)
      provided at the lower end of passage 39 (or, essentially, at the upper end
      of fitting 36), but this plate is adapted to be moved upwardly, away from
      its seat (thus to place passage 39 in communication with fitting 36),
      against the bias provided by a spring 41. The cylindrical passage 39
      inside valve housing 38 opens to the interior of the tank truck
      compartment by way of a plurality of openings or ports 42 (there being
      four openings 42, centered at 90.degree. intervals around the
      circumference of housing 38) provided in the wall of housing 38, so that
      when the valve disc 40 is displaced from its seat, the fitting 36
      communicates with the interior of the tank truck compartment by way of
      passage 39 and openings 42. It may be noted that the disc 40 is
      illustrated in its closed or sealed position in FIG. 7.
PAR  For operating the valve disc 40, a push rod 43 is secured at its upper end
      to the lower face of this disc, this rod extending through plate 35,
      within the fitting 36. An arm 44, having at one end thereof a camming
      element 45 which is adapted to engage the lower end of rod 43, so secured
      at its other end to a rotatable shaft 46 which is rotatably sealed through
      the wall of fitting 36. One end of a valve operating arm 47 is secured to
      the outer end of shaft 46, and one end of a link member 48 is pivotally
      secured near the other end of this arm. One end of a valve operating cable
      49 is attached to the free end of link 48, this cable extending through a
      flexible bellows arrangement 51 to a remote manually-operable valve lever
      (not shown). When the valve lever is operated to pull cable 49 toward the
      right in FIGS. 7 and 8, arm 47 and shaft 46 will be rotated in the
      counterclockwise direction, rotating arm 44 in the counterclockwise
      direction also and pushing the rod 43 upwardly to lift disc 40 away from
      its seat (against the bias of the return or valve-closing spring 41) to
      open the valve.
PAR  A rod 52 passes slidably through the center of the helical spring 41, this
      rod being secured at its lower end to the upper face of disk 40. Rod 52
      passes slidably through a collar 53 which is secured to the fixed or
      stationary valve housing 38 and extends upwardly therefrom. The lower end
      of a push rod 54 has formed thereon a hook 55 which is adapted to pass
      through and hook into an eye threadably secured to the upper end of rod
      52. Push rod 54 extends upwardly to an emergency vent valve (not Shown)
      provided at the top of the tank compartment. Rod 54 is pushed upwardly (to
      open the emergency vent valve) by rod 52 when the valve disc 40 is lifted
      off its seat; thus, the emergency vent valve is necessarily opened
      whenever fuel flows into or out of the tank compartment. This provides a
      safety feature, which positively prevents damage to the tank at such
      times.
PAR  To fill or load the tank truck compartment, fluid (e.g., liquid fuel) is
      pumped through the hose 50 and fitting 36 toward the tank, in the
      direction indicated by arrow 56, at a high flow rate (on the order of
      500-550 gallons per minute), which means that this fluid possesses a
      substantial amount of kinetic energy. (Of course, the valve disc 40 is
      lifted away from its seat when the tank is to be bottom loaded as
      described. The initial flow of fuel into an empty tank compartment from
      the bottom, through the openings 42, is quite violent, as indicated by the
      various swirling lines 57 in FIG. 7. The fuel squirts all over the
      compartment, and a good deal of it is actually vaporized. This high flow
      rate has even been known to cause structural damage to the tank. To reduce
      this effect a little, using the conventional arrangement (FIG. 7) the
      initial flow rate is reduced, by means of a relatively expensive two-speed
      control valve in housing 38, until there is an adequate head of liquid
      inside the tank to absorb the high kinetic energy of the liquid under full
      flow conditions. Even after this time, however, when the flow rate in is
      increased to full, the liquid continues to churn and swirl around quite
      violently, with substantial vaporization of the fuel. Since the initial
      flow rate must thus be reduced when using the conventional bottom-loading
      arrangement (FIG. 7), the average filling rate or loading rate is slowed.
PAR  Refer now to FIG. 8, which illustrates a bottom loading arrangement
      according to the invention. An essentially doughnutshaped
      disperser/diffuser member or ring 9', made of the same highly porous or
      foamed material as pad 9, described hereinabove, is mounted around the
      outside of the bottom (loading and discharge) valve housing 38. Member 9'
      is preferably in the form of a cylinder with a longitudinal central bore
      (sized to fit rather closely around the outside of housing 38), and may
      be, for example, approximately 12 inches in diameter and 61/2  inches in
      height. The bottom of member 9' fits tightly against the compartment
      bottom wall 32, and the diameter of this member is sufficiently greater
      than that of the sump 33 to preclude any fluid from flowing out of the
      valve ports or openings 42 into the tank truck compartment without first
      passing through the fluid passages in member 9'.
PAR  The member 9' may be easily installed in each compartment of the
      bottom-loaded tank truck by way of the manholes at the top of the
      compartments. Member 9' is held in position by means of a circular (twelve
      inches in diameter) hold-down plate 58 which firmly engages the upper
      surface of this member, plate 58 having a relatively small central opening
      59 (adapted to loosely surround rod 52) but being otherwise imperforate.
      Plate 58 has fixed thereto, at its center, a downwardly-extending sleeve
      60 provided with integral hooks at its lower end which are adapted to hook
      over radially-outwardly-extending pins 61 secured to the stationary collar
      53. For installation of member 9', rod 54 may be unhooked and removed from
      rod 52, along with the eye into which hook 55 hooks, and then, after
      member 9' is placed in position, plate 58 may be placed on top of member
      9' and hooked to collar 53. Push rod 54 is then returned to its operating
      position.
PAR  With the ring 9' in place as described, the fluid must pass through this
      highly porous material on its way from the valve ports 42 to the interior
      of the tank or compartment. The fluid flow through the member 9' is mainly
      in a radial direction. The ring 9' absorbs a large portion of the kinetic
      energy of the fluid by dispersing it through the multiplicity or myriad of
      tortuous or labyrinthine fluid passages in the porous, foamed material of
      the ring. By thus breaking up the fluid flow into many directions, it is
      caused to diffuse from the foam in a smooth, even, or calm manner, as
      indicated in FIG. 8 by the arrows 62. There is a minimum of violent
      action, in sharp contrast to the action in FIG. 7 (without the member 9').
PAR  Using the disperser/diffuser member 9', fluid can be pumped at the full
      flow rate, even into an empty tank. So, a less expensive, one-speed
      control valve can be used, and faster loading can be achieved; the flow
      rate of fuel into the tank is not measurably reduced by the presence of
      member 9' in the fluid flow path.
PAR  The same hose 50 and fitting 36 and valve 38 are used for gravity flow out
      of the tank, for example into the subterranean storage tank previously
      described in connection with FIGS. 1-6, as indicated by the double-ended
      arrow 56' (FIG. 8). It has been found that the foam ring 9', since it is
      97% void, does not reduce by a measurable amount the discharge rate out of
      the tank. For example, the discharge rates both with and without the
      member 9' were found to be about 200 gallons per minute.
PAR  Since the fluid flow out of the member 9' is so smooth, even and
      non-violent, vaporization of the liquid fuel is greatly reduced, thus
      reducing air pollution.
PAR  The member 9' is rather inexpensive.
PAR  Although the second embodiment of the invention has been described in
      connection with the bottom loading of gasoline into tank trucks, it is
      also applicable to fuel oils, and in fact it would probably be even more
      advantageous for such latter fluids, since they foam quite readily. That
      is to say, the disperser/diffuser member 9' would greatly reduce the
      production of foam during bottom loading of fuel oils.
PAR  The member 9' has been described in connection with tank trucks, but it
      would also be applicable to many other types of tanks, for bottom loading.
PAR  A still further embodiment of the invention is illustrated in FIG. 10 which
      shows in perspective a preferred form of the porous disperser/diffuser
      body designated generally by numeral 9. In this embodiment the porous body
      9 is cut or sliced peripherally and parallel to its face to form two
      bodies, an upper section 9a and a lower section 9b. Each of these
      sections, 9a and 9b, is of essentially equal size and since the peripheral
      slice does not penetrate the porous body completely the two sections
      remain joined together at the bottom of section 9a and the top of section
      9b as shown at 63. A retrorse cord arrangement is secured to the upper
      portion 9a of porous pad 9 and comprises a plurality of cords 13 looped
      around or otherwise fastened to a withdrawal device, shown as a ring 12,
      which may be partially imbedded in a slot 64. The retrorse cords extend
      from the withdrawal device 12 in an essentially equally spaced apart
      relationship to the periphery of the porous body where the cords are
      looped, as shown at 65 and 66 and or fastened by knotting as shown 67 and
      68.
PAR  The porous body as just described is a preferred embodiment because it
      facilitates its placement within the thinwalled cylindrical casing 18.
      When inserting the porous body 9 in the lower end of casing 18, its upper
      portion 9a is folded upwardly and compressed and then positioned in the
      casing. As it is pushed into the casing, the lower section 9b is folded
      downwardly and compressed as insertion occurs. Thus, as shown in FIG. 11,
      the porous body is partially separated into two compressed sections; an
      upper section 9a and a lower section 9b, but the pad remains joined at its
      center 63. FIG. 12 illustrates the position of the pad after being pushed
      through the casing at the bottom of the tank and the casing removed where
      it is seen that the pad expands outwardly into the full-diameter operative
      position. Withdrawal of the pad when desired is accomplished as described
      above and this procedure is also aided by the preferred two sectioned pad
      9 since folding and compression occurs more readily because of the
      peripheral cut.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A storage tank for a volatile hydrocarbon fluid in which turbulance
      during fill is minimized which comprises in combination, a storage
      container for a volatile hydrocarbon fluid, a fillpipe extending into said
      container from outside the same and having a small transverse
      cross-sectional area compared to that of said container taken in the same
      plane, the velocity of fluid flow through said pipe during a container
      filling operation being such that said volatile hydrocarbon fluid
      possesses a substantial amount of kinetic energy; and a porous foamed
      hydrocarbon resistant disperser/diffuser member, having a high ratio of
      void volume to total volume, positioned at the bottom of said storage
      container adjacent the opening in said pipe and in the fluid flow path
      between said pipe and the interior of said container, said member having a
      surface area large compared to the transverse cross-sectional area of said
      pipe and having therein a multiplicity of tortuous fluid passages whose
      total area is large compared to the transverse cross-sectional area of
      said pipe.
NUM  2.
PAR  2. Combination set forth in claim 1, wherein said container is a
      subterranean storage container, and wherein said member is fitted with a
      retrose cord and is thereby insertable into said container, and
      withdrawable, from outside said container.
NUM  3.
PAR  3. Combination defined in claim 2, including also means operable from
      outside said container for inserting said member through said pipe and for
      positioning said member adjacent the opening in said pipe and in the fluid
      flow path between said pipe and the interior of said container.
NUM  4.
PAR  4. Combination set forth in claim 2 wherein said foamed member is
      cylindrical and peripherally sliced parallel to a face to form two bodies
      of essentially equal size centrally joined, and said retrose cord
      comprises a plurality of cords looped or fastened to a withdrawal device
      centrally located on a face of one of said bodies and extending in an
      essentially equally spaced apart relationship to the periphery of said
      same body where said cords are looped or fastened.
NUM  5.
PAR  5. Combination of claim 1, wherein said pipe extends upwardly through the
      bottom wall of said container from a point below the same, wherein the
      opening in said pipe is in the wall thereof near the bottom wall of said
      container, and wherein said member surrounds said pipe adjacent said
      opening.
NUM  6.
PAR  6. Combination set forth in claim 5, wherein said container is a mobile
      storage and transportation container, and wherein said pipe provides for
      the filling of said container by bottom loading.
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ABST
PAL  This invention relates to a pressure vessel and more particularly to a
      pressure accumulator of the type including a rigid container having a pair
      of ports at its respective ends with a deformable partition or bladder
      therein having a mouth at one end affixed to one of said ports, said
      bladder separating two fluids such as gas or liquid under pressure in said
      container.
PAL  The bladder is of the type formed from two separate sections, each
      substantially cup-shaped, so that when the rims of the sections are
      joined, a closed container will be formed.
PAR  As the bladder expands t o force liquid from the other port of the
      container, stress will be imparted to the wall of the bladder as a result
      of the stretching thereof, and such bladder wall is conformed to minimize
      the stress that would otherwise be imparted to the junction between the
      two sections of the bladder.
PARN
PAR  This application is a division of copending application Ser. No. 224,801,
      filed Feb. 9, 1972 now U.S. Pat. No. 3,830,259, Aug. 20, 1974.
BSUM
PAR  As conducive to an understanding of the invention, it is noted that a
      conventional pressure accumulator generally includes a rigid container
      having a pair of ports at its respective ends, and having a deformable
      partition in the form of an elongated bladder having a mouth at one end
      secured to one of said ports and separating two fluids such as gas and
      liquid under pressure charged into the accumulator.
PAR  To facilitate manufacture of the bladder, it is desirable that it be formed
      from two substantially cup-shaped sections, one of the sections having a
      gas fitting molded at the end thereof and extending axially therefrom, the
      rims of the two cup-shaped sections being secured together in any suitable
      manner, such as bonding by hot or cold valcanization or by the use of
      adhesives with or without heat treatment. For facility in describing the
      invention, such connected junction between the two rims will be
      hereinafter referred to as the bonded zone.
PAR  In addition to the bonded zone being at the junction of the two rims of the
      bladder sections, the invention may also be applied to the bonded zone at
      the junction of a valve member, particularly a rigid button, to the end of
      the bladder, which valve member cooperates with the liquid port of the
      pressure vessel.
PAR  The bladder of a pressure accumulator is designed to be charged with gas
      under pressure and to react against a liquid such as oil charged into the
      container through the liquid port so that when the port is subsequently
      opened, the bladder will expand to force the liquid out of the liquid port
      to actuate the components of the hydraulic system in which the pressure
      accumulator is utilized.
PAR  It is apparent that since the bladder normally, in its inflated but
      undistended condition, is of length considerably shorter than the
      container to prevent premature closing of the liquid port before all of
      the liquid in the container is forced therefrom, as the bladder expands in
      use, the wall thereof will be subjected to considerable stress and such
      stress will of course be imparted to the bonded zone above referred to.
PAR  Since the bonded zone in fact forms a discontinuity in the integral wall of
      the bladder, in order to strengthen the bonded zone it would be necesssary
      to increase the surface area of the bond and to use a cement or other
      means of adhesion that is as strong as possible.
PAR  Unfortunately, due to the physical size of the bladder wall, it is not
      always possible or desirable to have a bonded zone covering a large area.
PAR  Thus, where the bonded area involves the adjacent rims of two sections of
      the bladder, these rims can be bevelled so as to define an oblique bonding
      area.
PAR  Obviously, the bonded area can be increased by bevelling such rims so that
      the bevelled parts extend almost parallel to the wall of the bladder.
      However, manufacturing limitations do not generally permit a bonded area
      with surfaces almost parallel to the wall of the bladder and in practice
      the slope of the abutting rims is based on the physical configuration of
      the bladder wall itself.
PAR  In addition, where the bonded zone is formed between the bladder and
      another element such as a valve member, the dimensions of the bonded area
      is based upon the area of the valve member, for example, which is
      available for bonding.
PAR  Furthermore, it is not always possible in many applications to use very
      high performance adhesives or cements since the material from which the
      bladder is made, such as natural rubber, or plastics, may not be
      compatible with such cement or adhesives and in addition it may not be
      compatible with the particular liquid being used in the accumulator.
PAR  Furthermore, the cost of adhesives that might be compatible might be
      prohibitive.
PAR  It is accordingly among the objects of the invention to provide a bladder
      for use in a pressure vessel, which has a bonded zone that is subjected to
      stress during operation and which bladder is conformed to minimize the
      stress imparted to such bonded zone without need for having a bonded zone
      of large area or employ an adhesive or bond of high performance.
PAR  According to the invention, a partition or bladder is positioned in a rigid
      container to separate two fluids therein and is affixed in the container
      in such manner that the bladder defines two chambers for such fluids.
PAR  The bladder has a bonded zone which is formed either by the junction of two
      sections of the bladder or by the junction of a valve member to the
      bladder.
PAR  The wall of the bladder adjacent the bonded zone has a stress relief zone
      which at least partially relieves the bonded zone from stresses that would
      otherwise be applied thereto during operation. More particularly, such
      stress relief is accomplished by a reduction of the thickness of the
      bladder wall.
PAR  According to one embodiment of the invention, the width of the stress
      relief zone is at least equal to that of the bonded zone and the distance
      separating said zones is less than twice the width of the bonded zone to
      be protected.
PAR  As a result of the above arrangement, the stress on the bladder wall
      resulting from expansion of the bladder during operation will be primarily
      absorbed by the stress relief zone due to its reduced thickness.
PAR  Consequently, the area of the bonded zone is not critical and the bond
      material used need not be of a high performance high cost material, but
      only need satisfy the condition that it is compatible with the material of
      the bladder and the liquid used in the pressure vessel.
DRWD
PAR  In the accompanying drawings in which are shown one or more of various
      possible embodiments of the several features of the invention:
PAR  FIG. 1 is a longitudinal sectional view of a pressure accumulator according
      to the invention in which the bonded zone to be protected is located
      between two sections of the bladder.
PAR  FIG. 2 is a view similar to FIG. 1 of another embodiment of the invention
      in which the bonded zone to be protected is located between the bladder
      and a valve member;
PAR  FIG. 3 is a detail view on an enlarged scale showing the bonded zone and
      relief zone of FIG. 2;
PAR  FIG. 4 is a detail view on an enlarged scale showing the bonded zone and
      relief zone of FIG. 1, and
PAR  FIG. 4a is a schematic representation in rectilinear development of the
      portion of the bladder shown in FIG. 4 during expansion thereof.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 a pressure
      accumulator comprising a rigid container 10 of steel or aluminum, for
      example, capable of withstanding relatively high pressure. The container
      10 has a cylindrical body portion with substantially hemispherical ends,
      each having a port 11 and 12. The ports 11 and 12, which are axially
      aligned, define a gas port and a liquid pot respectively.
PAR  Positioned in the gas port is an externally threaded fitting 13 which has
      an axial bore therethrough, said fitting having an annular flange F at its
      inner end and protrudes outwardly from said port 11. A nut 13a screwed on
      the protruding end of said fitting 13 securely retains the latter in said
      port 11.
PAR  A deformable separator, illustratively a bladder 15 of rubber or similar
      material having like characteristics, is positioned in said container 10,
      to divide the latter into two chambers 16 and 17. One of the chambers 16
      defines a gas chamber which is in communication with the bore of fitting
      13, the bore having a conventional valve V such as a "Schrader" valve at
      its outer end, for charging of the chamber 16 with gas under pressure.
PAR  The bladder 15 has a mouth 14 which is secured as by bonding to the annular
      flange F of fitting 13.
PAR  The port 12 releasably mounts a poppet valve assembly comprising a sleeve
      18 which protrudes outwardly from port 12 and is internally threaded as at
      18' for connection to the hydraulic system with which the pressure
      accumulator is associated. The inner end of sleeve 18, which protrudes
      into the container, is beveled at 21 to define a seat for the poppet valve
      19, the latter normally being urged away from its seat by coil spring 20
      and being designed to be moved against the seat 21 when the bladder
      expands.
PAR  In operation, gas under pressure is forced through valve V to charge the
      chamber 16 with a predetermined pre-load. As a result, the bladder 15
      which in inflated but undistended condition, is of size smaller than the
      container 10, will expand against the entire inner surface of the
      container 10 and close the valve 19.
PAR  A liquid such as oil is then introduced through the bore 18' of sleeve 18
      under a pressure greater than the pre-load pressure in bladder 15 causing
      the latter to compress the gas contained in chamber 16. Thereupon a valve
      (not shown) positioned between sleeve 18 and the hydraulic system is
      closed. Thus, chamber 17 will contain a volume of oil under high pressure
      which is available for use when such valve is opened.
PAR  As the construction and operation of the pressure accumulator thus
      described is conventional and well known to those skilled in the art, it
      will not be further described except as is necessary for a clear
      understanding of the invention.
PAR  From the above description, it is apparent that the bladder 15 will be
      subjected to stresses, particularly when it expands and stretches to force
      oil from the container.
PAR  In the embodiment shown in FIGS. 1 and 4, the bladder is relatively long
      and is formed from two sections 15a, 15b joined as at 22. More
      particularly, the sections 15a and 15b are substantially cup-shaped and
      the junction 22 at which they are joined, is in the form of an annulus or
      band whose width measured along the axis of container 10 is shown at A in
      FIGS. 1 and 4.
PAR  As is clearly shown in FIG. 4, adjacent rims of the sections 15a, 15b are
      bevelled as at 22a, 22b and the juxtaposed faces 22a, 22b which are
      complementary, are bonded or cemented together to form a bonded zone that
      extends obliquely. Such inclination of the junction 22 affords a greater
      bonding area than would be present if the rims of section 15a, 15b were
      parallel to each other in a plane perpendicular to the axis of the
      bladder.
PAR  The junction or bonded zone 22 between the two rims 22a, 22b may be formed
      in any suitable manner, such as bonding by hot or cold vulcanization or by
      the use of adhesives with or without heat treatment or the like.
PAR  The bonded zone 22 must resist the force or stress applied thereto during
      movement of the bladder 15 and particularly during expansion or stretching
      of the bladder 15 which tends to pull the surfaces 22a and 22b away from
      each other, the form of the bladder when it stretches being shown
      schematically in FIG. 4a.
PAR  According to the invention, the bladder 15 as is shown in FIGS. 1 and 4, is
      provided with a stress relief zone 23 adjacent the bonded zone 22 to be
      protected, the function of the zone 23 being to absorb the majority of the
      stretch imparted to the bladder wall during expansion thereof so that a
      minimum amount of stretch will be imparted to the bonded zone 22.
PAR  The stress relief zone 23 is formed by reducing the thickness of the
      bladder wall and for the stress relief zone to be effective it must be of
      substantial dimensions.
PAR  More particularly, as is clearly shown in FIGS. 1 and 4, the width of the
      bonded zone 22 is identified by the letter A along the longitudinal axis
      of the bladder.
PAR  The width of the stress relief zone 23 is identified by the letter C along
      the longitudinal axis of the bladder and the distance separating the zones
      22 and 23 is identified by the letter B along the longitudinal axis of the
      bladder.
PAR  In the preferred embodiment shown, the width C of the stress relief zone is
      at least equal to and preferably greater than the width A of the bonded
      zone 22 to be protected and as shown, the width C is approximately four
      times the width of A.
PAR  It is desirable that the stress relief zone 23 be relatively close to the
      bonded zone 22 so that it can be more effective in relieving the stress.
      In practice it has been found that efficient results are obtained when the
      distance B along the longitudinal axis of the bladder separating the zones
      A and C is slightly less than twice the width of the zone A and in the
      illustrative embodiment shown, the width B is approximately 1.7 the width
      A.
PAR  As shown in FIGS. 1 and 4, the reduction in thickness of the portion of the
      bladder wall that forms the stress relief zone 22, is gradual from the
      extremities E of this zone 23 to its mid-portion e, also designated by the
      reference numeral 24, where the thickness of the bladder wall is
      approximately one-third or one-half the thickness of the bladder wall E.
PAR  As a result of such gradual reduction in thickness, there is a substantial
      wall thickness at e, so that likelihood of tearing of the bladder while
      stretching is substantially precluded.
PAR  Thus, in operation of the pressure accumulator, according to the invention,
      as the bladder 15 expands, due to the reduced wall thickness at the stress
      relief zone 23, the bladder wall will stretch more at such zone than at
      the remaining portions thereof, so that the stress on the bonded surfaces
      22a and 22b will be minimized.
PAR  In the embodiment of the invention shown in FIGS. 2 and 3, elements similar
      to those in FIGS. 1 and 4 have the same reference numerals primed.
PAR  Referring to FIGS. 2 and 3, the bladder 15' is positioned in a rigid
      container 10' having a gas port 11' at one end and a liquid port 12' at
      its other end.
PAR  The bladder 15' mounts a valve member 25 at its free end, which valve
      member is designed to move against annular seat 26 to close the port 12'
      when the bladder expands in use.
PAR  The valve member 25 is bonded as at 22' to the end of the bladder, such
      area 22' being the bonded zone identified by the letter A'.
PAR  The end of the bladder has a stress relief zone 23' also identified by the
      letter C', the thickness of the bladder wall being more at the ends E' of
      zone 23' than at the mid portion e' of said zone 23' identified by the
      numeral 24'.
PAR  As described with respect to the embodiment of FIGS. 1 and 4, the stress
      relief zone 23' of FIGS. 2 and 3 serves to relieve the bonded zone 22'
      from the stress resulting from expansion and stretching of the bladder in
      use.
PAR  In the embodiment of FIGS. 2 and 3, the width or distance C' is slightly
      greater than the distance A' while the width or distance B' is
      approximately one-third of the distance A'.
PAR  The wall thickness of the bladder at e' is approximately one-third or
      one-half the wall thickness at E'.
PAR  The reduced thickness of the bladder wall can be in a symmetrical manner as
      shown in FIGS. 1 and 4, or in an offset manner as shown in FIGS. 2 and 3,
      in which the thinning is on the inside of the bladder, but it can also
      have any other suitable configuration.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. As an article of manufacture, a bladder for a pressure vessel of the
      type comprising a rigid hollow container having axially aligned ports,
      said bladder intervening between said ports and defining two chambers in
      communication respectively with said ports, said bladder being of
      resilient deformable material and comprising two substantially cup-shaped
      sections, each having a rim, means connecting the rims of said sections to
      define a bond zone therebetween which is subject to the stresses imparted
      to the bladder as a result of the stretching thereof in operation,
      characterized by said bladder having in proximity to said bond zone, a
      stress relief zone, the width of said stress relief zone being at least
      equal to that of the bond zone and the distance separating said zones
      being less than twice the width of said bond zone, said stress relief zone
      being adapted substantially to absorb the stresses resulting from
      stretching of the bladder, to which the bond zone would otherwise be
      subjected, said bladder having a reduced wall thickness defining said
      stress relief zone, the latter comprising a decreasing thickness zone
      spaced from the bond zone immediately followed by an increasing thickness
      zone, the thickness of the portion of the bladder wall defining said
      stress relief zone being gradually reduced from the extremities of the
      stress relief zone to the middle portion thereof, the thickness of the
      bladder wall at the middle portion of the stress relief zone being between
      one-third to one-half the thickness of the bladder wall at the extremities
      of said stress relief zone.
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ABST
PAL  Disclosed herein is a hydraulic modulator valve for a control system of a
      hydraulically operated mechanism having a casing with a bore therein, a
      stepped spool axially and slidably engaged within the bore to form an
      annular fluid throttle passage against the circumference of the bore
      between a first and a second ports drilled through the casing, and spool
      actuator for controlling axial displacement of the spool. The stepped
      spool comprises a large diameter portion to be hermetically engaged within
      the bore, a small diameter portion and a medium diameter portion in
      sequence, the throttle passage being formed by the bore and the medium and
      small portions of the spool.
PARN
PAR  This is a continuation of application Ser. No. 269,102, filed July 5, 1972
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a hydraulic modulator valve, and more
      particularly to a novel improvement for the type of hydraulic modulator
      valve, of which the stepped spool makes axial displacements to regulate
      fluid pressure.
PAR  To modulate line pressure within a control system for a hydraulically
      operated mechanism, such as an automatic hydraulic frictional engaging
      mechanism of a forklift truck or other vehicles, there has been introduced
      a modulator valve including a stepped spool axially slidable therein. The
      stepped spool is provided with a large diameter portion to be hermetically
      engaged in the bore of the valve and a small diameter portion cooperating
      with inlet and outlet ports drilled on the valve casing so as to form an
      annular throttle passage.
PAR  The axial displacements of the spool control the line pressure to be
      supplied to a hydraulic actuator for the hydraulically operated mechanism.
      With the type of modulator valve as explained, the pressure control
      operation may be realized essentially in a desired condition in its
      initial and final stages. The problem is that no ideal fluid pressure
      control characteristics are obtainable in the middle stage which is
      important in the control operation particularly for the actuators of the
      hydraulically operated mechanism for vehicles. That is, the factors for
      pressure control are the difference in diameter between the large and
      small diameter portions of the spool and the axial length of the small
      diameter portion. Only with these factors, there exists a distinct
      limitation in controlling the modulating characteristics by this type of
      modulator valve.
PAR  Furthermore, in actual usage of the conventional type of modulator valve,
      the displacement of the spool is manually controlled for fluid pressure
      modulating operation. This causes unsmooth operation of the hydraulic
      actuators because of time gaps produced by differential operations between
      the valve and the actuator.
PAC  SUMMARY OF THE INVENTION
PAR  A prime object of the present invention is, therefore, to provide a
      hydraulic modulator valve which is enabled to realize ideal modulating
      characteristics all through the initial, middle and final hydraulic
      control operation thereof.
PAR  Another object of the present invention is to provide a hydraulic modulator
      valve, having the above mentioned characteristics, wherein the modulating
      characteristics thereof can be freely varied by changes of the shape of
      the annular throttle passage formed between the valve bore and the valve
      spool.
PAR  A further object of the present invention is to provide a hydraulic
      modulator valve, having the above mentioned characteristics, wherein the
      valve spool can automatically and properly be displaced in response with
      the line pressure bypassed into the valve, the pressure modulated by the
      valve itself or signal pressure responsive to the vehicle speed, thereby
      to control the operation of the actuator in the most desirable condition
      without time gaps.
PAR  Still another object of the present invention is to provide a hydraulic
      modulator valve, having the above mentioned characteristics, wherein an
      accumulator is combined with the valve so as to control functionally the
      initial operation of the valve, thereby to further improve the modulating
      characteristics of the valve.
PAR  A hydraulic modulator valve according to the present invention briefly
      summarized, therefore, comprises a casing including a bore therein and a
      stepped spool axially and slidably engaged within the bore to form an
      annular fluid throttle passage against the circumference of the bore
      between a first and a second ports drilled through the casing. And the
      modulator valve further includes spool actuating means for automatically
      controlling axial displacement of the spool. The stepped spool is provided
      with a large diameter portion to be hermetically engaged within the bore,
      a small diameter portion and a medium diameter portion in sequence, the
      throttle passage being formed between the bore and the medium and small
      portions of the spool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following detailed
      description of the preferred embodiments with reference to the
      accompanying drawings forming a part of the specification.
PAR  In the drawings:
PAR  FIG. 1 shows an elevational section of a modulator valve of a conventional
      type.
PAR  FIG. 2 is a graph showing the fluid pressure changes in response to the
      displacements of the spool of the modulator valve in FIG. 1.
PAR  FIG. 3 is an elevational cross-sectional view of a modulator valve in
      accordance with the present invention.
PAR  FIG. 4 is a graph showing relative relation between the displacements of
      the spool of the modulator valve in FIG. 3 and the changes of the
      modulated pressure values.
PAR  FIGS. 5, 5-A-5-F and 6,6-A-6-H illustrate various modifications of the
      spool used for the modulator valve in FIG. 3.
PAR  FIGS. 7 to 9, inclusive, show other embodiments of the modulator valve in
      FIG. 3.
PAR  FIG. 10 shows a hydraulic control system wherein another embodiment of the
      present invention is applied to a frictional engaging mechanism of a
      forklift truck, all the construction components being shown in an
      elevational cross-section.
PAR  FIG. 11 is a characteristic graph showing relative relation between the
      clutch pressure changes and time progress for operation of the modulator
      valve in FIG. 10.
PAR  FIG. 12 shows a hydraulic control system wherein another embodiment of the
      present invention is put in actual use, the modulator valve being
      illustrated in an elevational section.
PAR  FIG. 13 is a characteristic graph showing relative relation between the
      clutch pressure changes and time progress for operation of the modulator
      valve in FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the attached drawings, a first embodiment of the present
      invention is described in comparison with a conventional embodiment. For a
      better comparison, disclosed first in FIG. 1 is a preferred embodiment of
      a prior art modulator valve generally depicted with numeral 20. There is
      shown in the figure a casing 10 having a cylindrical bore 10a. The bore
      has a drain port 10c at the left end portion thereof in the figure and an
      inlet port 10b is provided approximately at the center of the bore 10a. A
      stepped spool 11 is snugly and slidably engaged within the bore 10a. The
      spool 11 is so designed as to have a large diameter portion 11a and a
      small diameter portion 11b, the difference being very small between the
      diameters of the two portions 11a and 11b. The inlet port 10b is connected
      to a bypass conduit 16 which is in turn connected to a line pressure
      conduit 15. The conduit 15 extends through a conduit 13 and an orifice 14
      to a fluid pressure source 12 which produces line pressure of an
      approximately constant value. The conduit 15 is to supply the line
      pressure to a hydraulically operated mechanism (not shown).
PAR  Fluid pressure discharged from the source 12 flows through the conduit 13
      and is reduced in value by the orifice 14. The fluid pressure further
      flows through the conduit 15 to the hydraulically operated mechanism, and
      at the same time, is delivered to the inlet port 10b through the bypass
      conduit 16. While the spool 11 is conditioned to the position illustrated
      in FIG. 1, however, the fluid pressure delivered to the inlet port 10b is
      blocked by the large diameter portion 11a of the spool 11. This situation
      corresponds with A portion in FIG. 2.
PAR  A gradual rightward movement of the spool 11 starts to connect the inlet
      port 10b with the drain port 10c through a narrow annular fluid throttle
      passage formed between the small diameter portion 11b and the bore 10a.
      The fluid pressure within the conduits 15 and 16 is rapidly lowered until
      throttling operation by the narrow passage is effected. This decrease of
      fluid pressure value corresponds with B portion in FIG. 2. Then, in
      accordance with the further rightward movement of the spool 11, the length
      of the throttle passage becomes shorter to decrease the value of the fluid
      pressure within the conduits 15 and 16 as shown in D portion in FIG. 2.
PAR  The D portion in FIG. 2 becomes a curve because the throttle passage
      between the small diameter portion 11b and the bore 10a is very narrow. As
      the diameter of the small diameter portion 11b gets smaller, the D portion
      becomes more linear. As long as the length of the small diameter portion
      11b is kept unchanged, however, the slope degree of the D portion only
      changes in accordance with the changes of the diameter of the small
      diameter portion 11b. And there is no change at all at the E portion,
      which results in deciding the height of the C portion in response with
      slope degree changes caused by diameter changes of the small diameter
      portion 11b in FIG. 2. When the spool 11 is displaced leftward from a
      rightward place over the E portion, the value of the fluid pressure is
      varied approximately in a reverse proportion to the variation caused by
      the rightward movement of the spool 11. Therefore, the two curves overlap
      approximately to each other. In FIG. 2 the curves are obtained from actual
      fluid pressure variation.
PAR  Furthermore, in actual usage of the conventional modulator valve 20, the
      displacements of the spool 11 are manually controlled for fluid pressure
      modulating operation. This causes unsmooth operation of the hydraulically
      operated mechanism because of time gaps produced by differential
      operations between the valve and the mechanism.
PAR  FIGS. 3 and 4 are referred to for a modulator valve 30 of the present
      invention and disclosed hereinafter are the construction and operation of
      the valve 30. In FIGS. 3 and 4, the same or similar reference numerals are
      used for the same or similar construction parts or portions in FIGS. 1 and
      2. Now particularly referring to FIG. 3, the large diameter portion 11a is
      designed to be same in diameter with the large diameter portion 11a in
      FIG. 1 and also a medium diameter portion 11d has the same diameter as
      that of the small diameter portion 11b in FIG. 1. A small diameter portion
      11c in FIG. 3 has a properly smaller diameter than that of the medium
      diameter portion 11d. The total axial length of the medium and small
      diameter portions 11d and 11c in FIG. 3 is equal to the axial length of
      the small diameter portion 11b in FIG. 1. All other portions of the valve
      30 in FIG. 3 remain as same as those in FIG. 1.
PAR  Shown in FIG. 4 are the modulated fluid pressure value changes within the
      conduits 15 and 16 in accordance with the rightward displacement of the
      spool 11 within the valve 30 in FIG. 3. FIG. 4 tells that the fluid
      pressure value within the conduits 15 and 16 rapidly decreases upon
      completion of connection between the inlet port 10b and the drain port 10c
      through the throttle passage. The reduced amount of the fluid pressure
      value is observed down to the H height which is decided by the proportion
      of the diameter D.sub.1 of the medium diameter portion 11d to the diameter
      D.sub.2 of the small diameter portion 11c and the proportion of the
      diameter D.sub.o of the large diameter portion 11a to the diameter D.sub.1
      of the medium diameter portion 11d.
PAR  In accordance with the rightward displacement of the spool 11, the throttle
      passage between the small diameter portion 11c and the bore 10a becomes
      gradually smaller, thereby to gradually decrease the fluid pressure
      throttling amount. Thus, produced within the conduits 15 and 16 is such
      fluid pressure as regulated by the changes of the fluid pressure
      throttling amount. The reduction amount of the line pressure is defined by
      the axial length T of the small diameter portion 11c and the amount stays
      within a range measured by t in FIG. 4.
PAR  When the small diameter portion 11c loses its fluid pressure reducing
      effect by further rightward displacement of the spool 11, the pressure
      reducing effect by the medium diameter portion 11d only remains. This
      remaining pressure throttling effect by the medium diameter portion 11d
      becomes gradually smaller responsive to further rightward displacement of
      the spool 11. Thus, the decreasing fluid pressure is controlled within a
      range shown with u in FIG. 4; in this u range, the curve is much sharper
      than in the t range. The curving degree is defined by the proportion of
      D.sub.o to D.sub.1. The u range corresponds to the axial length U of the
      medium diameter portion 11d. The sum n of the t and u ranges (FIG. 4)
      corresponds with the sum N of the axial lengths U and T of the medium and
      small diameter portions 11d and 11c (FIG. 3). With the present invention,
      the throttling effects of the valve 30 are obtained within the n range.
PAR  In FIG. 4 the slope of the curve in the u range and the length of the u
      range are defined respectively by the diameter D.sub.1 and axial length U
      of the medium diameter portion 11d. And the slope of the curve in the t
      range and the length of the t range are defined respectively by the
      diameter D.sub.2 and axial length T of the small diameter portion 11c. The
      valve 30 of the present invention is so constructed as detailed
      hereinabove, thereby even the sum N of the respective lengths U and T of
      the medium and small diameter portions 11d and 11c is kept constant,
      changes of the diameter D.sub.1 of the medium diameter portion 11d enables
      to vary freely the slope of the curve and the highest pressure value in
      the u range as well. And the slope of the curve and the highest pressure
      value or the height H in the t range can also be varied freely by changes
      of the diameter D.sub.2 of the small diameter portion 11c. This allows
      very free designing of the valve 30.
PAR  Disclosed in reference with FIGS. 5-A to 5-F in FIG. 5 are several
      modifications in shape of the medium diameter portion 11d. A common
      feature of the disclosed modifications is that when the lengths of
      D.sub.o, D.sub.1, D.sub.2, U and T are measured respectively to correspond
      with those used in FIG. 3, the curve of fluid pressure changes will have a
      slope very similar to that in FIG. 4. FIGS. 6-A to 6-H in FIG. 6 show
      other modifications, wherein disclosed are different shapes of the small
      diameter portion 11c. With these modifications, the fluid pressure changes
      can also be controlled correspondingly to the characteristic curve in FIG.
      4.
PAR  In all the cases in the above modifications, when the diameters of the
      small diameter portion 11c are designed to be small sufficiently to
      disable the fluid pressure throttling effect at this particular portion,
      the curve in the t range in FIG. 4 will be slopeless and become a
      horizontal line.
PAR  Reference is made again to FIG. 3, provided all the measurements of casing
      10 and the spool 11 of the valve 30 are kept unchanged, variation of the
      diameter of the orifice 14 can displace the fluid pressure control
      starting point of the valve 30. This variation of the orifice 14 will also
      cause vertical parallel displacement of the curve in the t range in FIG.
      4, which depicts the fluid pressure changes by the variation of fluid
      throttling effect of the small diameter portion 11c. Sequentially, the
      slope of the curve in the u range in FIG. 4 makes changes. The dotted
      curve in FIG. 4 shows the fluid pressure changes when the diameter of the
      orifice 14 is set larger than that of the orifice 14 with which the fluid
      pressure control is carried out along the solid curve.
PAR  In FIG. 3, the ports 10b and 10c are defined respectively to be an inlet
      port and a drain port, but reverse arrangement can provide the same fluid
      pressure control. It should also be very clear that when the port 10b (or
      10c) is connected with the pressure source 12, the port 10c (or 10b) being
      a drain port, the fluid pressure is regulated in accordance with the
      leftward displacement of the spool 11 in a reverse way against the control
      shown in FIG. 4, that is, in this case the fluid pressure changes from a
      low value to a high value.
PAR  Reference is made to FIGS. 7 and 9, inclusive, for modifications of the
      modulator valve 30 explained in the above embodiment. A modulator valve
      150 illustrated in FIG. 7 comprises a casing 151 with a cylindrical bore
      151a therein. A spool 152 is snugly and slidably engaged within the bore
      151a and is provided with small, medium and large diameter portions 152c,
      152d and 152a. The casing 151 is further provided with ports 151b and 151c
      respectively as an inlet port and an outlet port or vice versa, the ports
      151b and 151c being positioned in such places as to be affected by the
      small and medium diameter portions 152c and 152d of the spool 152 in
      proportion with gradual leftward displacement of the spool 152. The spool
      152 divides the bore 151a into two pressure chambers 151e and 151f. The
      pressure chamber 151e is normally in open communication with the ports
      151b and 151c, while the pressure chamber 151f is connected to an inlet
      port 151d.
PAR  In this modification, for example, the ports 151b and 151d are connected to
      the line pressure source and a signal pressure respectively, while the
      port 151c is connected to an actuator of the hydraulically operated
      mechanism. In operation, the line pressure is delivered to the inlet ports
      151b and the signal pressure is supplied to 151d at a time. The line
      pressure is then supplied into the pressure chamber 151e. The line
      pressure within the pressure chamber 151e, however, flows to the actuator
      through the outlet port 151c so as to cause a value difference between the
      pressures in the chambers 151e and 151f. This difference, the value being
      higher in the chamber 151f, causes the leftward displacement of the spool
      152 to effect the pressure throttling operation of the valve 150. And the
      fluid pressure changes controlled by the valve 150 corresponds with the
      changes shown in FIG. 4.
PAR  Disclosed in FIG. 8 is the same valve as illustrated in FIG. 7 with an
      additional extended portion from the left side wall of the bore 151a, this
      portion slidably engaging at its end with the inside circumference of the
      spool 152. And the extended portion is provided with a cylindrical passage
      therein, which opens to a port 151g.
PAR  In actual usage of this valve 150 when applied to an automatic transmission
      control system for vehicles, throttle pressure is supplied into the
      cylindrical passage through the port 151g to act on the spool 152 against
      governor pressure supplied into the pressure chamber 151f. And obtained is
      a hydraulic pressure in a value corresponding to the necessary torque to
      complete the clutch engagement of the transmission control system
      responsively to the necessary time for torque transmission. As it is
      clearly observed, this is realized by changes of the pressure throttling
      effect between the ports 151b and 151c, the changes being controlled
      automatically to produce the most desirable pressure value for engaging
      the clutch means. The same reference numerals are used in FIG. 8 as those
      in FIG. 7 indicate the same parts or portions.
PAR  Disclosed in FIG. 9 is another embodiment of the modulator valve, wherein
      similar construction parts and portions are depicted with the same
      reference numerals as in FIG. 7. Features characterized in this embodiment
      are the position of the spool 152 within the bore (151a) and a spring 153
      normally biasing the spool 152 to its right end position as illustrated in
      the figure.
PAR  When the port 151b is connected to the fluid line pressure source and the
      port 151c is used as a drain port, the line pressure supplied into the
      chamber 151f starts to displace the spool 152 leftward against the biasing
      force of the spring 153, being throttled at the same time by the throttle
      passage formed between the bore 151a and the small diameter portion 152c.
      In accordance with the leftward displacement of the spool 152, the
      throttling effect of the throttle passage decreases to decrease, in turn,
      the line pressure supplied to the actuator of the hydraulically operated
      mechanism through the drain port.
PAR  However, when the port 151c is connected to the line pressure source and
      the port 151b is used as an outlet port, the line pressure is supplied
      into the chamber 151f after reduced in value by way of the throttle
      passage. The resilient force of the spring 153 being proportionately
      determined, the throttled pressure urges the spool 152 leftward against
      the biasing force of the spring 153. The leftward displacement of the
      spool 152 works to decrease the throttling effect of the throttle passage
      to result in increase of the line pressure supplied to the actuator.
PAR  As described in detail hereinabove, the spools of the modified valves 150
      are automatically and properly displaced. And the flow of the fluid
      pressure is regulated without time gaps in accordance with the pressure
      throttling operation responsive to the displacement of the spools 152.
      This means continuous fluid pressure changes are automatically and
      smoothly obtained to operate the hydraulically operated mechanism.
PAR  FIG. 10 illustrates an actual application of a modulator valve 70 of the
      present invention, wherein the valve 70 is operatively connected with a
      hydraulic clutch servo-means (not shown) through a inching/selector valve
      60 (hereinafter called simply "inching valve").
PAR  The modulator valve 70 comprises a casing 71 having a cylindrical bore 71a.
      The casing 71 is also provided with an inlet port 71b and a drain port
      71c. Snugly and slidably engaged within the bore 71a is a spool 72
      provided with a large diameter portion 72a, a medium diameter portion 72d
      and a small diameter portion 72c. The spool 72 is provided with a
      partition wall 72g at the left end of the large diameter portion 72a, the
      wall 72g dividing the interior of the spool 72 into two chambers. A radial
      connecting hole 72e is drilled through the wall of the large diameter
      portion 72a for communication of the cylindrical bore 71a with the right
      chamber formed by the partition wall 72g inside the spool 72. A plug 73
      with a through hole 73a along its central axis and an axial orifice 73b at
      its upper portion is hermetically engaged in the opening 72f provided at
      the right end of the spool 72. A spring retainer 74 is mounted on the left
      side of the plug 73 so as to extend into the right chamber inside the
      spool 72. The spring retainer 74 contains therein a spring 76 for biasing
      a check ball 75 rightward in the figure to normally close the through hole
      73a. The modulator valve 70 further includes a spring 77 stretched between
      the left side wall of the bore 71a and the partition wall 72g so as to
      normally bias the spool 72 rightward.
PAR  The inching valve 60 comprises a housing 61 having therein a cylindrical
      bore 61a and thereon ports 61b, 61c, 61d, 61e, 61f, 61g and 61h. Snugly
      and slidably engaged within the bore 61a is a spool 62 provided with lands
      62a, 62c, 62d, 62e, 62f, 62g and 62h, said ports 61e and 61h are drain
      ports.
PAR  The ports 61c and 61d are in connection with a conduit 54 extending to a
      forward clutch means for completing the forward drive power train of the
      transmission of a vehicle. Meanwhile, the ports 61f and 61g are connected
      with a conduit 55 which is in turn connected to a rearward clutch means
      for completing the reverse drive power train. While the spool 62 is
      conditioned to its neutral position, the large, medium and small diameter
      lands 62a, 62d and 62c are situated between the ports 61c and 61d, and the
      large, medium and small diameter lands 62e, 62g and 62f are positioned
      inbetween the ports 61f and 61g. Under this condition, completed is
      communication of the port 61b with the ports 61c, 61d and 61e, and also
      with the ports 61f, 61g and 61h.
PAR  The inlet port 71b of the modulator valve 70 and the inlet port 61b of the
      inching valve 60 are connected to a line pressure source 50, which
      discharges fluid pressure of an approximately constant value, through a
      conduit 51, an orifice 52 and a conduit 53.
PAR  A selector lever 80 is swingably journalled on a vehicle body portion or
      the transmission of the vehicle by way of a pin 81 for conditioning the
      transmission for its forward, neutral or reverse position. The selector
      lever 80 has a detent claw 80a firmly mounted thereon. A detent 90 is
      mounted on the vehicle body portion or the transmission and has a hole
      therein to contain a spring 93 for biasing a ball 92 against the detent
      claw 80a, thus, by cooperated operation of the mentioned detent
      components, the selector lever 80 can be held in a selected position.
PAR  Fixed onto the lower end of the selector lever 80 is a flexible connecting
      member 82 on the other end of which an engaging member 83 is firmly
      secured. This engaging member 83 has an elliptic hole 83a to engage with a
      projecting pin 62k provided on the right margin of the spool 62 of the
      inching valve 60. An inching cylinder 100 is so provided that the pin 62k
      of the spool 62 is positioned in the upper portion of the Y-shaped open
      area of a V-shaped arm 102a of the cylinder 100. The inching valve 60 and
      the inching cylinder 100 are in such a relative arrangement that the pin
      62k of the spool 62 stays in the center of the upper portion of the
      Y-shaped opening while the spool 62 is conditioned to its neutral
      position.
PAR  The inching cylinder 100 comprises a casing 101 having a cylindrical bore
      therein to receive a piston 102 snugly and reciprocably. On the upper side
      of the piston 102, the V-shaped arm 102a is firmly fixed and on the other
      side of the piston 102, is provided a piston cup 103 for hydraulic sealing
      of a pressure chamber 101b formed between the lower side of the piston 102
      and the interior annular wall of the casing 101. An inlet port 101a is
      drilled through the lower wall of the casing 101 and is connected to a
      conduit 131 which is, in turn, connected to a conduit 130. This conduit
      130 leads to an outlet port of a conventional master cylinder 120
      operatively connected with a foot brake pedal 110. The conduit 130 is at
      its other end in connection with wheel cylinders 140.
PAR  Described below is operation of the control system explained in detail in
      reference with FIG. 10. In FIG. 10, the inching valve 60 is conditioned to
      its neutral position. The fluid line pressure discharged from the source
      50 is delivered into the inlet port 61b of the inching valve 60 through
      the conduit 51, the orifice 52 and the conduit 53 in sequence. At this
      time, the inlet port 61b is connected with the drain port 61e by way of
      the ports 61c and 61d and also with the drain port 61h by way of the ports
      61f and 61g. Thus, the fluid pressure delivered into the inlet port 61b is
      drained out from the drain ports 61e and 61h to keep the pressure value
      within the conduit 53 equal to the atomospheric pressure. Consequently,
      the modulator valve 70 stays inoperative.
PAR  Clockwise rotation of the selector lever 80 around the pin 81 results in
      leftward displacement of the spool 62 within the bore 61a by way of the
      flexible connecting member 82. The spool 62, when displaced leftward,
      closes the ports 61d and 61f respectively by the large diameter lands 62a
      and 62e thereof. And the fluid pressure within the conduit 53 is supplied
      to the servo chamber of the forward clutch means through the ports 61b,
      61c and the conduit 54. At the same time, the fluid pressure is also
      supplied to the modulator valve 70 through the inlet port 71b thereof. The
      fluid pressure is reduced by the medium diameter portion 72d of the spool
      72 and discharged through the drain port 71c. Under this state, the fluid
      pressure is regulated by the modulator valve 70 so as to be lower in value
      than the fluid pressure within the conduit 51 interposed between the
      pressure source 50 and the orifice 52. This fluid pressure is then
      supplied into a pressure chamber 71d of the modulator vlave 70 through the
      hole 72e of the spool 72 and the orifice 73b of the plug 73, thereby to
      urge the spool 72 leftward in the figure. And practically, when the fluid
      pressure exceeds the rightward resilient force of the spring 77, the spool
      72 makes its leftward displacement to form the narrow annular fluid
      throttle passage by the interior wall of the bore 71a and the
      circumference of the small diameter portion 72c. The additional pressure
      reducing effect to that of the passage by the medium diameter portion 72d
      causes gradual increases of the fluid pressure value within the conduit 53
      or the fluid pressure value regulated by the valve 70. The increased fluid
      pressure delivered into the pressure chamber 71d thrusts the spool 72
      further leftwardly so as to cause further increase of the fluid pressure
      value. This fluid pressure controlling operation terminates after the
      connection between the ports 71b and 71c is blocked by the large diameter
      portion 72a in accordance with the leftward movement of the spool 72.
      Consequently, the forward clutch means realized its gradual and smooth
      engaging operation by way of supply of the modulated fluid line pressure.
      After the inlet port 71b is closed by the large diameter portion 72a of
      the spool 72, the fluid pressure supplied to the clutch servo chamber
      continues to gradually increase while the pressure reducing effect of the
      orifice 52 remains. And when the fluid pressure within the clutch servo
      chamber increases to the equal in value to that within the conduit 51, the
      clutch means completes fully its engaging operation to start the vehicle.
      The changes of the fluid pressure control through the above operation is
      well illustrated in FIG. 11.
PAR  In necessity of inching operation during the above control operation,
      depressing actuation is given onto the brake pedal 110. This actuation
      pressurizes operation fluid within the master cylinder 120. The fluid
      pressure is delivered to the wheel cylinders 140 to effect braking
      operation, and at the same time, is bypassed into the pressure chamber
      101b of the inching cylinder 100. Then, the piston 102 of the inching
      cylinder 100 is pushed upward. Accordingly, the pin 62k of the spool 62
      displaced leftward is returned to its neutral position shown with solid
      line by way of a cam portion 102b of the arm 102a against the resilient
      force of the flexible connecting member 82.
PAR  In the case that the spool 62 of the inching valve 60 is selectively
      conditioned to its reverse position, the pin 62k is displaced rightward.
      And the upward movement of the piston 102 of the inching cylinder 100 lets
      a cam portion 102c of the arm 102a return the pin 62k to its neutral
      position shown with solid line in the figure against the resilient force
      of the flexible connecting member 82. Provided the depressing actuation
      onto the brake pedal 110 is maintained approximately at a certain constant
      value, the upward displacement of the inching cylinder piston 102 can
      return the inching valve spool 62 toward its neutral position until the
      hydraulic upward urging force onto the piston 102 is balanced by the
      resilient force of the flexible connecting member 82 to return the spool
      62 to its selected position.
PAR  When the inching valve spool 62 makes its displacement toward its neutral
      position after it is once conditioned to its forward or reverse position,
      clutch engaging presssure is changed in response to the displacing amounts
      of the spool 62. This means that proper or desired half- or non-clutching
      operation is obtainable in response to the depressing actuation given onto
      the brake pedal 110. The resilient force of the flexible connecting member
      82 is determined in respect to resilient force of a brake-shoe return
      springs (not shown) within the wheel cylinders 140. So that while the
      clutch means keeps its half-clutching operation, not enough braking effect
      is obtainable through the wheel cylinders 140 and the braking effect by
      the wheel cylinders is increased sufficiently to arrest the vehicle after
      the clutch means completes its disengaging operation.
PAR  Described in detail hereinafter in reference to FIGS. 12 and 13 is an
      actual application of a modified modulator valve according to the present
      invention. Now reference is made particularly to FIGS. 12 and 13, there is
      shown a modulator valve 40 which comprises a housing 41 including a
      cylindrical bore 41a therein, an inlet port 41b, an outlet port 41c, a
      drain port 41d, and a drain port 41e. Engaged snugly and slidably within
      the left portion of the bore 41a is a spool 42 provided with a large
      diameter portion 42a, a small diameter portion 42b and a medium diameter
      portion 42c in sequence from left to right in the figure. A spring 43 is
      stretched between the left side wall of the bore 41a and the right
      interior wall of the spool 42 so as to normally biase the spool 42
      rightward in the figure. In the rightward portion of the bore 41a, an
      accumulator piston 44 is snugly and reciprocably engaged. The accumulator
      piston 44 is combined with a spring 45 for biasing the accumulator piston
      44 normally leftward. A stop pin 46 is radially fixed in the bore 41a for
      regulating relative displacements of the spool 42 and the piston 44. A
      pressure chamber 41f is formed with the bore 41a, the right side wall of
      the spool 42 and the left side wall of the piston 44.
PAR  The inlet port 41b of the modulator valve 40 is connected to a fluid
      reservoir 260 by way of a conduit 212, a selector valve 230, a conduit
      211, a relief valve 220 disposed within conduit 211 and a fluid pump 210
      driven by a motor M. The conduits 211 and 212 are connected respectively
      to inlet and outlet ports of the selector valve 230. The relief valve 220
      is to keep the fluid presssure within the conduits 211 approximately at a
      constant value. The outlet port 41c of the modulator valve 40 is connected
      through the conduit 213 to an actuator of clutch means 250. The drain port
      41d and 41e are in connection with the reservoir 260. In FIG. 12, the
      ports 41b and 41c are utilized respectively for supplying fluid line
      pressure to the modulator valve 40 and for discharging the regulated fluid
      pressure to the clutch means 250, but these two ports can be utilized vice
      versa.
PAR  In operation of the above described modulator valve 40, line pressure is
      constantly discharged from pump 210 into the conduit 211 and controlled at
      an approximately constant value by the relief valve 220. This controlled
      line pressure is then delivered into the selector valve 230.
PAR  In FIG. 12, the selector valve 230 is conditioned to block the connection
      between the conduits 211 and 212, the conduit 212 being connected with the
      reservoir 260. Under this situation, the actuator of the clutch means 250
      is connected to the reservoir 260 through the conduit 213, the pressure
      reducing passage between the spool 42 and the bore 41a, the conduit 212
      and the selector valve 230 in sequence, thereby the clutch means is
      conditioned to its disengaged position.
PAR  When the selector valve 230 is switched over to connect the conduit 211
      with the conduit 212, the line pressure within the conduit 211 is supplied
      to the modulator valve 40 through the conduit 212 and the inlet port 41b.
      The line pressure is then delivered into the pressure chamber 41f through
      the narrow throttle passage between the bore 41a and the small diameter
      portion 42b of the spool 42 and, in turn, reaches to the actuator of the
      clutch means 250 through the outlet port 41c and the conduit 213.
PAR  When the value of the line pressure increases up to certain one within the
      pressure chamber 41f, the accumlator piston 44 starts its rightward
      displacement. Until the accumulator piston 44 starts its displacement, the
      pressure value increases rapidly as understood from a sharp slope shown by
      solid line a in FIG. 13. When the piston 44 starts its rightward
      displacement, the counter resilient force of the spring 45 against the
      piston 44 is effected so as to gradually increase the pressure value
      within the pressure chamber 41f as shown with solid line b of which the
      slope degree is less than that of the solid line a. Then, at the stroke
      end of the accumlator piston 44, the counter resilient force effect of the
      spring 45 becomes ineffective, and further increase of the line pressure
      within the pressure chamber 41f causes leftward displacement of the spool
      42 against resilient force of the spring 43. This leftward displacement of
      the spool 42 decrease gradually the length of the throttling passage
      between the bore 41a and the small and medium diameter portions 42b and
      42c of the spool 42. Therefore, at the starting point of the leftward
      movement of the spool 42, the pressure value within the pressure chamber
      41f shows still further gradual increase. As the length of the throttling
      passage decreases however, the pressure value within the pressure chamber
      41f makes rather sharp increase as shown with solid curve c and around the
      stroke end of the spool 42, the pressure value increase becomes sharper.
      When the spool 42 is displaced to its stroke end to complete full
      connection between the inlet port 41b and the outlet port 41c, the
      pressure value within the pressure chamber 41f or the actuation of the
      clutch means 250 increases to become equal to that of the line pressure as
      shown with solid lines d and e in FIG. 13.
PAR  The changes of the pressure values shown in FIG. 13 corresponds to the
      clutch engaging operation as explained hereinafter. The rapid pressure
      increase shown with the solid line a is utilized for compensating
      non-effective stroke of the actuator for the clutch means 250 at the
      initial stage of the clutch engaging operation. The gradual increase of
      the pressure represented by the solid line b is necessary for loose
      engagement of the clutch means 250. Then required is a smooth increase
      represented by the solid curve c up to the point where the solid curve c
      and the solid line d cross to each other, so that obtained is sufficient
      hydraulic pressure to complete the clutch engagement.
PAR  It should be clear that the highest pressure value, that is the line
      pressure, must be defined higher than that necessary for full engagement
      of the clutch means to secure the engaging operation of the clutch means.
      For this purpose, in prior art modulator valves, adopted is an orifice
      control device comprising an accumulator and a fixed orifice, thereby to
      obtain the hydraulic pressure changes shown with the solid line a, the
      solid line b, a dotted line f, a dotted line g, the solid line d and the
      solid line e. In this way of regulating the fluid pressure, however, as
      seen well in FIG. 13 the dotted line g is linear, which causes a very
      rapid pressure increase at the point where the two dotted lines f and g
      cross to each other. This produces shocks in the clutch engaging
      operation.
PAR  In the device illustrated in FIG. 12, however, the dotted lines g and f are
      replaced by a solid curve c for smooth pressure increase, so that the
      unpleasant shocks produced in the clutch engaging operation can
      substantially be eliminated.
PAR  Having now fully set forth both structure and operation of preferred
      embodiments of the concept underlying the present invention, various other
      embodiments as well as certain variations and modifications of the
      embodiments herein shown and described will obviously occur to those
      skilled in the art upon becoming familiar with said underlying concept. It
      is to be understood, therefore, that within the scope of the appended
      claims, the invention may be practiced otherwise than as specifically set
      forth herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an hydraulic modulator of the type including a casing with a bore
      therein, first and second ports in said casing, a stepped spool axially
      and slidably engaged within said bore and forming with the circumference
      of the bore an annular fluid throttle passage between said ports, and
      spool actuating means for controlling axial displacement of the spool, the
      improvement wherein said stepped spool comprises a large diameter portion
      hermetically engaged within said bore, a small diameter portion and a
      medium diameter portion in sequence and both slightly lesser diameter then
      said bore, said throttle passage being formed by said bore and said medium
      and small diameter portions of said spool, wherein said spool actuating
      means comprises a pressure responsive means on said spool and a pressure
      chamber formed in the bore of said casing in open communication with said
      second port, resilient means for biasing said spool to its normal position
      such as to hold said throttle passage in the maximum length thereof, and
      an accumulator disposed within said pressure chamber, wherein said
      accumulator comprises a piston axially slidably engaged within said bore
      and resilient means biasing said piston toward said spool, and wherein a
      stopper means is provided in said pressure chamber which engages both said
      spool and piston when in their normal positions to limit further motion of
      the spool and piston toward one another.
NUM  2.
PAR  2. An hydraulic modulator as set forth in claim 1, wherein said stopper
      means is a stop pin provided in said pressure chamber.
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ABST
PAL  A packer apparatus for the internal sealing of pipe leaks having a
      cylindrical structure and a single sleeve located on the exterior of the
      cylinder. The single sleeve has a pair of inflatable chambers connected
      together in spaced relationship to each other and air hoses connect
      through the cylinder to each of the inflatable chambers for inflating and
      deflating the chambers remotely with air pressure. Chemical lines are
      connected through the cylinder and through the sleeve between the
      inflatable chambers. The cylindrical structure is made of two or more
      segments and is collapsible for reducing the size of the packer. The
      single sleeve is made of rubber reinforced with tire chord and is held to
      the cylinder only by the connections with the chemical and air lines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the internal sealing of pipe leaks and
      especially to sleeve type packers for use with fast setting chemical
      grouts. The present packer apparatus is especially adapted for use in
      those systems in which a television camera in a waterproof housing may be
      pulled through a sewer line to detect leaks in the sewer pipe and assist
      in positioning the packer for sealing of the leak by remote control from a
      mobile unit located near an access to the sewer line.
PAR  Sewer pipes frequently develop leaks at the joints between sections of the
      pipe. Prior to the development of television cameras and internal pipe
      sealing equipment, the repair of subterranean pipe lines to correct the
      infiltration of water or the exfiltration of sewage had been to excavate
      along the pipe to locate the leak and repair the pipe. This, however, was
      time consuming and expensive or it was difficult to locate the exact site
      of a leak in the pipe. This resulted in experimentations for better ways
      of locating leaking joints and resulted in waterproof cameras such as TV
      cameras having lighting for pulling through the pipe line to examine the
      interior of the pipe line for leaks and structural damage. Once a fault or
      leak was located with a camera, a hole would be drilled to a spot near the
      leak and sealing material fed through conduits could repair the leak. This
      particular method and apparatus was described in the claims in U.S. Pat.
      No. 2,971,259 entitled METHOD AND APPARATUS FOR DETERMINING THE POSITION
      OF SEWER LEAKS, by Robert F. Hanau and Edward D. Toole and assigned to the
      assignee of the present invention. The next step in the evolution of
      repairing sewer lines involved the development of a mechanism for
      internally sealing a pipe leak having a packer movable within a pipe along
      its length for injecting a plugging material into the leak. Such a packer
      was described in U.S. Pat. No. 3,168,908 for a mechanism for the internal
      sealing of a pipe leak by James A. Zurbrigen and Jack C. Steinsberger and
      assigned to the assignee of the present invention. This type of sealing
      packer was used in association with an enclosed television camera to
      provide a method for sealing and repairing internal leaks in sewer lines
      by moving the packer along the pipe until a leak was detected by the
      television camera and a target located a fixed distance from the packer
      positioned under the leak, then advancing the packer a predetermined
      distance to place the packer directly over the leak and isolating the leak
      with the packer and injecting sealing material. This method was
      illustrated in U.S. Pat. No. 3,168,909 for a method of locating and
      sealing pipe leaks by James A. Zurbrigen and Jack C. Steinsberger and
      assigned to the assignee of the present invention. An improved packer
      mechanism for use for fast gelling chemical grouts was provided in the
      U.S. Pat. No. 3,103,235 entitled SLEEVE PACKER FOR CHEMICAL GROUTING by
      Edward D. Stringam, III and assigned to the assignee of the present
      invention in which a sleeve type packer was provided having a cylinder
      covered by an inflatable sleeve and banded at each end and having another
      band placed over the sleeve and in the middle thereof to provide a packer
      adapted for fast gelling grouts. One improved packer for use with fast
      gelling grouts was illustrated in U.S. Pat. No. 3,618,639 entitled PACKER
      FOR SEALING PIPE LEAKS by Daniel R. Daley and Clark J. Crooker and Thurman
      Soles and assigned to the assignee of the present invention, which
      illustrates a packer designed for rapid assembly of standard components
      and for rapid disassembly for repair or replacement of components. A
      method and apparatus for more precisely locating leaks in pipes utilizing
      a packer apparatus is described in U.S. Pat. No. 3,750,711 by James T.
      Conklin and James B. Rogers and assigned to the assignee of the present
      invention which packer uses air pressure or air flow fed into the void
      area in a pipe between the inflated end portions of a packer to detect
      leaking pipe joints.
PAR  The present invention provides for an improved packer apparatus which is
      especially useful in larger sewer lines in which the sewer pipe may have a
      greater diameter than the manhole opening and which may also require
      higher pressures in the inflatable sleeves and greater variation in pipe
      size for the use of a single packer. One prior art problem overcome by the
      present invention involves the banding or clamping of inflatable sleeves
      to cylinders which creates stress concentration where the sleeve may fail
      by breaking or coming loose due to the strain of expansion during
      inflation.
PAC  SUMMARY OF THE INVENTION
PAR  A pipe sealing mechanism is provided having a cylindrical structure with a
      single sleeve having a pair of annular inflatable chambers located around
      the exterior of the cylinder. The packer is provided with means for
      directing fluids, such as air, into each inflatable chamber for inflating
      the chambers with the fluid pressure. Means are also provided for
      directing chemical grouts through the cylinder and through that portion of
      the sleeve connecting the inflatable chambers. The inflatable chambers can
      be inflated to isolate a void area within the pipe between the chambers.
      Chemical grouts may then be directed into the void area for sealing a leak
      in the sewer pipe. The packer cylinder is segmented with at least one pair
      of abutting edges being disconnectedly connected and which other abutting
      edges may be hinged so that the cylinder may be collapsed for reducing its
      size for passing through the smaller opening and then reassembled for use
      in a pipe line. The single sleeve is made of rubber reinforced with tire
      chord, biased to allow the annular chambers to expand during inflation and
      providing higher inflation capability. The sleeve is placed on the
      cylinder with nipples passing through openings in the cylinder where fluid
      lines are connected for inflating the inflatable chambers and for
      injecting the chemical grouts into the void area for sealing pipe leaks.
      These connections are the only retaining attachments between the cylinder
      and the sleeve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of this invention will be apparent
      from a study of the written description and the drawings in which:
PAR  FIG. 1 is a cut-away perspective view of a packer according to the
      invention and is illustrated inflated in a pipe line;
PAR  FIG. 2 is a perspective view of a second embodiment of a packer in
      accordance with the present invention, and is illustrated deflated;
PAR  FIG. 3 is a cut-away perspective view of the base segment of a packer in
      accordance with the embodiment of FIG. 1;
PAR  FIG. 4 is a perspective view of the cylinder in accordance with the
      embodiment of FIG. 2 in the process of being folded and
PAR  FIG. 5 is a cut-away detailed perspective view of the base segment of a
      packer in accordance with the embodiment of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of the drawings illustrates a packer 10 for sealing pipe leaks
      inside of a pipe 11 and having a cylinder 12 with a sleeve 13 placed
      thereon. The single sleeve 13 has a pair of annular inflatable chambers or
      mandrels 14 spaced apart by center portion 15. Sleeve 13 is formed in one
      piece with annular inflatable chamber interiors 16 and connecting portion
      15 formed together with flexible rubber or similar material and has tire
      chord 17 reinforcing in the walls of the inflatable chambers 14 to add
      greater strength to the sleeve. The reinforcing also limits expansion of
      the inflatable chambers. The packer cylinder 12 has a base segment 20
      along with one or more segments 21 which are formed with the abutting
      edges 22 attached together. Abutting segment edges 22 are attached by
      plate 23 with bolts 24 to fasten the segments together and allow the bolts
      to be removed and the segments separated. Abutting edges 25 are connected
      with a hinge 26 to allow the segments 21 to be folded on the hinges 26 to
      collapse or reduce the size of the cylinder 12, when the abutting edges 22
      are disconnected, so that the cylinder 12 can be folded on the hinge 26.
      The base segment 20 has a pair of skids 27 on each end having a wheel or
      roller 28 which may be a ball bearing type roller secured with a bolt 30
      thereto for allowing the packer 10 to slide on skids when the packer 10 is
      being pulled through the pipe 11 so as to keep the single sleeve 13 from
      dragging against the pipe in its deflated position. The base segment 20
      has an air line 31 with a coupling 32 thereon which is connected to both
      of the inflatable chambers 14 through the cylinder segment 20 (not shown
      in this view) which allows the chambers 14 to be simultaneously inflated
      and deflated remotely during operation. A pair of chemical grout lines 33
      having couplings 34 are both connected through the segment 20 to openings
      passing through the sleeve center portion 15 to allow chemical grouts to
      be directed into the void area 35 formed between the inflated chambers 14,
      the pipe 11 interior wall, and the sleeve center portion 15. In operation,
      the assembly would normally be used with a TV camera or other means for
      locating a leak in a subterranean sewer line, aligning the packer 10 over
      the leak, and inflating the chambers 14 by means of the air line 31 until
      the chambers 14 seat against the internal surface of the pipe 11. A void
      area 35 is thus formed which is then filled with chemical grouts under
      pressure through grout lines 33. Chemical grouts are forced into the leak
      and rapidly set to seal the leak at which point the chambers 14 can be
      deflated and the packer pulled along to the next leak to be repaired.
      Packer 10 is adapted for use with large sewer lines and requires
      substantial strength in the cylinder 12 to withstand the pressure required
      to inflate the chambers 14, sealing off a void area 35 and in applying the
      chemical grouts. The reinforced chambers 14 with reinforcing 17 limits
      expansion of the chambers by allowing the chambers to be inflated from a
      flattened out deflated position extending along surface 36 to the inflated
      position which deforms the chambers to an elliptical shape. Sleeve 13 is
      attached to the cylinder 12 only at the points of connection with the
      lines 31 and 33. Thus, the chambers 14 can change shape without excessive
      stress, as required with most other types of sleeve packers which are
      attached at each end to the cylinder 12. Having enclosed chambers 14
      allows a segmented cylinder 12 inasmuch as there is no leakage of air
      through the cylinder 12. Large packers need a collapsible structure in
      order for the cylinder 12 to fit through the manhole opening which will
      frequently be smaller than the pipe 11. The cylinder 12 would then have to
      be reassembled by unfolding and attaching abutting segments back together,
      for use in large sewer lines. Sleeve 13 can be made of rubber and the
      reinforcing material can be rayon tire chord but it should be clear that
      other flexible reinforcing material and other flexible wall material can
      be utilized without departing from the spirit and scope of the invention.
PAR  Turning now to FIGS. 2 and 5, cylinder 12 is illustrated in a modified
      embodiment having the sleeve 13 in position thereon, with each of the
      inflatable chambers 14 deflated and in their flattened out position on
      each side of the sleeve center portion 15. The cylinder has a base segment
      20 having the air line 31 and the chemical lines 33 connected thereto and
      has skids 27 having wheels or rollers 28 secured with bolts 30 to the
      skids 27. The skids are attached with bolts 36 to the base segment 20. It
      should be clear that the other segments 21 may also have skids attached to
      protect the packer from scraping along the internal surface of the pipe,
      especially on small packers where the packer is more likely to roll over.
      The abutting segment edges 22 are attached together in this embodiment by
      a latching mechanism 37 having a hook 38 connected to a plate 40 on
      segment 21 adjacent the abutting edges 22 and having a toggle latch 41
      with a loop 42 for engaging the hook or catch 38. The latching mechanism
      37 is fastened to reinforcing plate 43 on the base segment 20. Two or more
      of these latching mechanisms 37 would normally be used on a segment of a
      large packer and may be quickly unsnapped and the segments 21 folded on
      the hinges 26 at the abutting edges 25 of the segments to fold a packer
      cylinder 12 to a reduced size quickly, as well as to rapidly unfold and
      reassemble the cylinder.
PAR  Referring to FIG. 3, the base segment 20 of the cylinder 12 is more clearly
      illustrated having a plurality of openings 45 and a plurality of openings
      46 therethrough. An air line 31 having a coupling 32 is shown connected at
      tee 47 and elbow 48 to nipples 50 which connect the interior 16 of the
      chambers 14 through the openings 45 to the air line 31. The nipples 50
      have threaded ends 51 for attachment to the air line but are attached with
      a connection which allows rapid disconnection of the sleeve for removal
      and replacement of the sleeve as desired. Grout lines 33 have couplings 34
      for connection to hoses extending to the surface from the subterranean
      pipe line and each has an elbow 52 on the end thereof. The center portion
      15 between the inflatable chambers 14 also has a pair of nipples 53 having
      threaded ends 54 for connecting to the elbows 52 for rapidly connecting
      the grout lines 33 through the openings 46 in the base segment 20 and also
      through the sleeve center portion 15 for injecting chemical grouts into
      the void area for sealing pipe leaks. The connection of the nipples 50 and
      53 advantageously retains the single sleeve 13 on the cylinder 12 without
      further attachment and leaves each end of the single sleeve free to change
      shape during inflation. One of the skids 27 is also illustrated in this
      view.
PAR  FIG. 4 illustrates the folding operation of the cylinder 12 in which the
      abutting edges 22 between the base segment 20 and the other segments 21
      have been disconnected and segments 21 are being folded on a hinge 26. It
      should be realized that a hinge is generally required for each pair of
      abutting edges 25. Cylinder 12 is illustrated in FIG. 4 as having three
      segments with abutting edges 22 released by the latching mechanism 37 and
      folding one segment 21 towards the next. The pair of segments 21 is folded
      down to the base segment 20. A more complete size reduction can be
      obtained by having one segment 21 smaller than its adjacent segment 21 so
      that each segment may fold adjacent to the other without preventing the
      folding of the next segment. It should of course be clear that a plurality
      of several segments can be utilized depending upon the size and strength
      required for a particular packer cylinder without departing from the
      spirit and scope of the invention. The cylinder 12 can be made of any
      material desired such as heavy gauge aluminum or steel. It should be clear
      at this point that a packer apparatus for internal sealing of pipes from a
      remote location has been provided which can be utilized with TV cameras,
      chemical grouts, compressed air or other pressurized fluids. However, this
      invention is not to be construed as limited to the particular forms
      disclosed herein since these are to be regarded as illustrative rather
      than restrictive.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pipe leak sealing apparatus for sealing pipes internally comprising:
PA1  a segmented hollow cylindrical structure having a plurality of openings
      therein and having a base segment and at least one foldable segment for
      partially collapsing said cylindrical structure;
PA1  a single sleeve having a pair of annular inflatable chambers formed in said
      sleeve, said single sleeve being located on said cylindrical structure;
PA1  means for directing fluid under pressure into each said annular inflatable
      chamber to inflate said chambers and to deflate said chambers by the
      removal of fluid from said chambers;
PA1  means for directing settable chemical grouts through said cylindrical
      structure and through said single sleeve between said pair of inflatable
      chambers whereby chemical grouts may flow into a void area between said
      inflatable chambers when inflated in a pipe and the adjacent internal
      surface of the pipe for sealing a leak in the pipe;
PA1  said single sleeve having a pair of annular, inflatable chambers of a
      flexible material, reinforced therein with reinforcing chord whereby
      greater inflated strength is provided for said chamber and each said
      chamber has a nipple passing through a cylindrical structure opening and
      operatively connected to said means for directing fluid thereinto, and
      said sleeve having an annular spacing portion connecting said inflatable
      chambers together in spaced relationship, said spacing portion of said
      sleeve being operatively connected to said means for directing settable
      chemical grouts between said cylinder for directing said chemical grouts
      through said connection portion of said sleeve; and
PA1  said single sleeve being held onto the exterior of said cylinder by the
      connections with said means for directing fluid into said chambers and the
      connections with said means for directing chemical grouts through the
      spacing portion between said inflatable chambers.
NUM  2.
PAR  2. The apparatus in accordance with claim 1 in which said annular chambers
      have connecting means for removably connecting said means for directing
      fluid thereinto.
NUM  3.
PAR  3. The apparatus in accordance with claim 2 in which said annular chamber
      connecting means are threaded.
NUM  4.
PAR  4. The apparatus in accordance with claim 1 in which said single sleeve
      inflatable chambers are rubber annular chambers.
NUM  5.
PAR  5. The apparatus in accordance with claim 4 in which said sleeve inflatable
      chambers are reinforced with rayon chord.
NUM  6.
PAR  6. The apparatus in accordance with claim 1 in which said base segment has
      a plurality of skids having rollers thereon attached thereto.
NUM  7.
PAR  7. The apparatus in accordance with claim 6 in which said cylinder folding
      segments are each hinged to at least one other segment for folding
      relative thereto.
NUM  8.
PAR  8. A pipe leak sealing apparatus for internally sealing pipes comprising:
PA1  a collapsible, segmented, generally cylindrical structure;
PA1  a single sleeve containing a pair of annular inflatable chambers located on
      said cylinder;
PA1  means for directing fluid under pressure into each said annular inflatable
      chamber to inflate said chambers and to deflate said chambers by the
      removal of fluid from said chambers;
PA1  means for directing settable chemical grouts through said cylinder between
      said pair of inflatable chambers whereby grouts may flow into a void area
      between said inflatable chambers when inflated against the internal
      surface of a pipe for sealing a leak in a pipe;
PA1  said collapsible segmented cylinder having at least two segments having one
      pair of adjacent edges disconnectably connected together for collapsing
      said cylinder by disconnecting said set of adjacent segments and said
      collapsible segmented cylinder having at least one hinge connecting
      adjacent edges of additional segments abutting edges together whereby
      disconnecting one set of adjacent segments allows folding said segmented
      cylinder for collapsing and reassembling said cylinder.
NUM  9.
PAR  9. The apparatus in accordance with claim 1 in which said disconnectably
      connected cylindrical segments includes a latching mechanism for removably
      latching said segments together in a rigid manner.
NUM  10.
PAR  10. The apparatus in accordance with claim 9 in which said latching
      mechanism includes a catch on one segment and a toggle latch on the other
      segment for latching said latch to said catch to hold said segments
      together.
NUM  11.
PAR  11. The apparatus in accordance with claim 1 in which said cylindrical
      segments includes different sized segments so that smaller segments can
      fold under larger segments.
NUM  12.
PAR  12. The apparatus in accordance with claim 1 in which one of said
      cylindrical segments is a base segment having openings therethrough for
      connecting said inflatable chambers through to said means for directing
      fluid thereinto and said base segment has skids attached thereto for
      sliding said apparatus along a pipe line.
NUM  13.
PAR  13. The apparatus in accordance with claim 12 in which said cylindrical
      base segment skids have rollers attached thereto for rolling said
      apparatus along a pipe line.
NUM  14.
PAR  14. The apparatus in accordance with claim 1 in which said pair of annular
      inflatable chambers are connected together and spaced to form a single
      sleeve held to said cylinder by the connections of said means for
      directing fluid to said inflatable chambers and by the connections to said
      means to direct chemical grouts through said cylinder, said means for
      directing chemical grouts passing through said connection between said
      inflatable chambers.
NUM  15.
PAR  15. The apparatus in accordance with claim 14 in which annular inflatable
      chambers are flexible material, reinforced with tire chord.
NUM  16.
PAR  16. A packer apparatus for sealing leaks in pipes comprising:
PA1  a collapsible, segmented, cylindrical structure, at least two segments
      being disconnectedly connected together at abutting edges for at least
      partially collapsing said cylinder, at least one segment of said cylinder
      having at least one connected abutting edge and at least one pair of said
      cylinder segments abutting edges being hinged to fold said cylinder;
PA1  a single sleeve having a pair of annular inflatable chambers surrounding
      the exterior of said cylindrical structure; said inflatable chambers
      having flexible reinforcing material formed therein and at least one
      opening thereinto;
PA1  means for directing fluid under pressure into each said annular inflatable
      chamber through the opening thereinto to inflate said chambers and to
      deflate said chambers by the removal of fluid from said chambers;
PA1  means for directing settable chemical grouts through said cylinder and
      through said single sleeve connection portion between said pair of
      inflatable chambers whereby chemical grouts may flow into a void area
      formed by said inflated chambers and the internal surface of a pipe for
      sealing a leak located in said void area.
NUM  17.
PAR  17. The apparatus in accordance with claim 16 in which said sleeve annular
      chambers are flexible, annular chambers reinforced with a flexible
      substantially non-elastic chord and connected in spaced relationship to
      each other by a flexible material.
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PAL  An irrigation or drainage system is provided comprising one or more
      conduits having radially positioned spaced apertures in the walls thereof,
      the system being otherwise closed except for an inlet/outlet aperture. The
      exterior of the conduits is covered by a snugly fitting fine mesh fabric
      sheath which covers all of the radial apertures, the interstices in the
      mesh of the fabric being very small and uniformly distributed such that
      fluid under slight to moderate pressure will flow through said sheath at
      least partially as the result of capillary action, and fluid distribution
      will be uniform throughout the length of the fabric sheath and about the
      periphery thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to irrigation systems and
      particularly to a system of fluid conduits to be installed preferably
      below ground to distribute irrigating liquids in controllable amounts
      uniformly dispersed along a given length. There have, in the past, been
      efforts to provide an underground irrigation system but which have not
      proven satisfactory after prolonged use. If a conduit is provided having
      apertures in the wall thereof and that conduit is then buried beneath the
      soil surface, certain problems arise. First of all, in order to obtain a
      uniform distribution of irrigating liquid, it is necessary to provide
      rather larger apertures, usually about 1/8 inch in diameter. When such a
      device is used, and particularly if pressure is not constantly maintained
      therein, soil particles and salts will gradually work their way into the
      pipe and build up, eventually clogging the system. Prior systems have
      failed to disclose a satisfactory method of preventing this difficulty
      while at the same time providing a uniform fluid flow.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved underground irrigation system in
      which fluid conduits are formed from material which is resistant to the
      chemical action of soil salts and irrigating fluids and which is provided
      with a plurality of radially positioned spaced apertures having sufficient
      diameter to provide a desirable rate of fluid flow. The exterior of the
      conduits in the areas where the apertures are provided is covered with a
      snugly fitting sheath of fabric material of a particular type having a
      uniform bi-directional weave, the interstices of which are very small such
      that flow through the fabric sheath is substantially by means of capillary
      type action. In addition, the material from which the fabric is made is
      also of a type which will not be affected by direct contact with soil
      salts, dissolved minerals or any chemicals commonly used for irrigation.
PAR  While the discussion in the present invention is directed primarily to the
      use of the system for irrigation purposes, it has been found that the
      system works equally well in the reverse direction so that it can be used
      as a drainage system. Here, the capillary action of the fabric sheath
      permits water to enter the interior of the conduits but filters out the
      soil salts and particules so that the conduits do not become clogged. The
      ensuing description will proceed on the basis of the use for irrigation
      purposes, it being understood that the invention is equally applicable to
      drainage purposes as well.
PAR  It is an object, therefore, of the present invention to provide an improved
      underground water distribution system.
PAR  More particularly, it is an object of the present invention to provide an
      improved underground irrigation system capable of distributing irrigating
      liquids underground in controllable amounts and evenly dispersing said
      liquids within desired areas. It is a specific object and advantage of the
      present invention that the same may be used without becoming clogged on
      account of back flow into the conduits of soil salts, soil particles and
      the like. It is also a specific object of the present invention to provide
      a sheathed undergound irrigation system which is resistant to chemical
      reactions with soil salts and irrigating chemicals.
PAR  Further objects and advantages of the present invention will become
      apparent upon reading the ensuing detailed description in conjunction with
      the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic elevation showing a typical conduit system
      contemplated by the present invention.
PAR  FIG. 2 is a perspective view, partially in section, of a portion of conduit
      made in accordance with the present invention.
PAR  FIG. 3 is a sectional view taken along line 3-3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a system generally designated 10 buried below soil surface 12
      and having an inlet or outlet end 14 controlled as desired by a valve 16.
      The system of conduits may include any number of T sections 18 or Y
      sections 20 as desired to provide lateral conduits such as 19 and 21 to
      cover a desired ground area. All of the unattached ends 22 of these
      conduits are sealed or closed off thereby providing an essentially closed
      irrigation system, except as hereinafter described. The conduit 15 itself
      is covered at intervals by a sheath 24 as will be more fully described
      hereinafter. It is to be noted from FIG. 1 that the sheath covers various
      sections of the conduit, but it is not always necessary to cover the
      entire conduit nor is it necessary to cover the T and Y sections 18 and
      20.
PAR  As shown in FIGS. 2 and 3, conduit 15 is provided with a plurality of
      apertures 26 which are located at intervals along the length of the
      conduit and positioned radially about the periphery of the conduit wall at
      varying radial positions. A fabric sheath 24 is fitted about conduit 15
      and extends over that length of conduit in which apertures 26 are provided
      thereby forming a continuous fluid-receiving annular chamber between the
      sheath and the conduit. The ends of the sheath 24 may be sealed to the
      conduit surface by means of an adhesive sealant such as that shown at 28,
      or by other suitable means for sealing the ends so as to prevent the
      escape of fluid from the ends of chamber.
PAR  The particular type of fabric is considered an important element of the
      present invention. The fabric from which the sheath 24 is constructed must
      be of a uniform weave preferably having at least a bi-directional fiber
      orientation. In addition, the weave must be sufficiently small such that
      the interstices of the fabric between the fibers are essentially capillary
      in size. Although the water leaves the conduit only at specific points, it
      fills slightly the entire chamber between the conduit and the sheath. The
      water then exceeds through the interstices uniformly over the entire
      surface area of the sheath appearing much like condensation on the
      surface.
PAR  In the preferred form of the invention, the conduit 15 is constructed from
      polyvinyl chloride material and the sheath 24 is a Dacron or Acrilan type
      of fabric. The sheath may be constructed in pre-determined sizes having a
      tubular configuration, or as an alternative flat stock may be used and the
      sheath doubled over and sewn as at 30 in FIG. 3.
PAR  The flow of irrigating fluid through the sheath is apparently the result of
      capillary action through the interstices of the fabric. The rate of flow
      can be varied in a number of ways, including varying the size and location
      of apertures 26, the diameter of conduit 15 or by varying the input
      pressure of the irrigating liquid. In addition, the soil chemistry and
      texture itself will to some extent determine the rate of fluid flow and
      this can be further varied by laying the conduits in a surrounding medium
      such as sand.
PAR  As an example of the present invention, I have constructed a portion of
      conduit utilized 1/2 inch diameter PVC pipe sheathed with Acrilan fabric
      sewn together using Dacron thread. One-eighth inch apertures were located
      at three inch intervals stationed around the periphery of the conduit. The
      conduit was then buried six inches below the soil surface on top of a
      three inch layer of sand covered by soil mixed with some sand. The length
      of this conduit was twenty feet. After connecting the conduit to a water
      source and applying water pressure thereto for a period of time,
      examination of the soil bed showed that soil moisture was substantially
      uniform along the entire length of the sheath, not only in the vicinity of
      the conduit itself but as far as 10 and 20 feet spaced laterally
      therefrom. It appears that the liquid is not only distributed uniformly
      along the length of the sheath but that it is also dispersed outwardly
      uniformly from the conduit. It is obvious that because the water seeps or
      sweats through the fabric covering, there is no noticeable soil erosion.
      In addition, by burying the conduit below the soil surface, water loss due
      to evaporation is substantially reduced. After prolonged usage of the
      sample product in the ground, it has been found that the conduits are
      substantially free of build-up due to any backflow of soil particles or as
      the result of any chemical reactions between soil salts and fluids inside
      the conduits.
PAR  While I have shown and described one particular embodiment of the
      invention, it would be obvious to those skilled in the art that changes
      and modifications might be made therein without departing from this
      invention in its broader aspects. One of the other advantages of the
      present invention not heretofore mentioned is that the rate of flow of
      fluid can be adjusted and the fluid heated so as to provide a radiant
      heating type of irrigation system to help alleviate frost damage for
      certain citrus crops. The use of the chemically impervious materials for
      the conduit and the sheat further enable the use of this system for
      radiant heating purposes without the prospect of increasing the chemical
      reaction of the system with the soil. What is intended to be covered by
      the present invention is described within the lawful scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conduit system particularly adapted for the distribution of fluid
      below the surface of the ground, comprising:
PA1  a tubular conduit having an open inlet end, said conduit having one or more
      other ends which are closed, said conduit having a plurality of apertures
      in the wall thereof located at spaced intervals along the length of said
      conduit and positioned radially about the periphery thereof;
PA1  a continuous fabric sheath surrounding the exterior of said conduit
      covering all of said apertures, the ends of said sheath being sealingly
      affixed to said conduit, said sheath having uniformly distributed
      interstices in the fabric thereof which are capillary in size.
NUM  2.
PAR  2. A conduit system particularly adapted for the distribution of fluid
      below the surface of the ground, comprising:
PA1  a tubular conduit having an open inlet end, said conduit having one or more
      other ends which are closed, said conduit having a plurality of apertures
      in the wall thereof located at spaced intervals along the length of said
      conduit and positioned radially about the periphery thereof;
PA1  a continuous fabric sheath surrounding the exterior of said conduit
      covering all of said apertures, said sheath defining a continuous
      fluid-receiving annular chamber, the ends of said sheath being sealingly
      affixed to said conduit closing the ends of the chamber defined thereby,
      said sheath having uniformly distributed interstices in the fabric thereof
      which are capillary in size.
NUM  3.
PAR  3. A conduit system particularly adapted for the distribution of fluid
      below the surface of the ground, comprising:
PA1  a conduit composed of material which is chemically inert with respect to
      irrigating fluids and soil constituents, said conduit having an open inlet
      end, the other end of said conduit being closed, said conduit having a
      plurality of apertures located at spaced intervals along the length of
      said conduit and positioned radially about the periphery thereof;
PA1  a continuous fabric sheath surrounding the exterior surface of said conduit
      covering all of said apertures, the ends of said sheath being sealingly
      affixed to said conduit, the fabric, of said sheath having the fibers
      thereof woven uniformly, the fibers of said fabric being tightly woven
      providing interstices of capillary size, said fabric being composed of
      material which is chemically inert with respect to irrigating fluids and
      soil constituents.
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ABST
PAL  A structure which may be in the form of a furnace skid comprises a metal
      pipe encased with prefabricated sections each consisting of a backing
      member anchored to a refractory layer with an insulating layer in between.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In, for example, a slab reheating furnace, it is known to make provision
      for heating the slabs from above and from below by supporting them above
      the furnace floor upon an open platform constituted by transversely spaced
      longitudinally extending skids. The skids are supported by columns, termed
      "verticals" through the intermediary of transversely extending members,
      termed "crossovers". The skids, verticals and crossovers may each be in
      the form of a central steel support pipe through which water flows as a
      coolant, and which is encased in a cladding of refractory material. In the
      case of a skid, a continuous segmented rider bar is set into the
      refractory cladding and makes contact with the slabs.
PAR  An object of the invention is to provide an improved structure which may be
      used in a furnace and which, with minor changes in design, may be used as
      a skid, vertical, crossover or the like.
PAR  Accordingly, the support pipe is clad with a number of prefabricated
      sections, each of which comprises a backing plate from which a number of
      metal anchor elements extend outwardly. The anchors are embedded in a
      refractory layer and may pass through an intermediate fibrous layer having
      low thermal conductivity which isolates the backing member and the root
      portions of the anchors from the heat of the furnace. The backing member
      may be formed from a steel plate or steel mesh and may be coextensive with
      the refractory material. Preferably, however, the backing member extends
      beyond the refractory material in the circumferential sense so as to
      provide one or more projecting tongues which may overlap a similar tongue
      or tongues of other similar prefabricated sections and be secured thereto
      and/or to the pipe.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a section through a unit suitable for use as a vertical or
      crossover; and
PAR  FIG. 2 is a cross-section through a unit suitable for use as a skid.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings, each of the units depicted is based upon a
      central support pipe 1 through which, when the furnace is in use, water
      flows as a coolant. In each case the pipe is enclosed by a composite
      jacket made up from a number of prefabricated sections, each consisting of
      a metal plate or mesh backing member 2, a refractory insulation 3, and an
      intermediate layer of material 4 having a very low thermal conductivity.
      The thermal conductivity of the layer 4 may be in the range of 0.5 to 1.5
      and that of the insulation 3 about 10, BTU's per square foot per .degree.F
      per hour per inch. The materials 3 and 4 are secured to the backing member
      2 by means of anchors 5 which are welded to and project radially from the
      backing member so as to pass through the layer 4 and be embedded in the
      insulation 3.
PAR  The backing member is formed from any suitable metal, such as mild steel or
      heat resisting stainless steel.
PAR  During fabrication of either unit, the prefabricated sections are applied
      to the pipe and secured in place by a layer 7 of suitable cement. The
      joints between the sections are then sealed with an in-situ refractory
      insulation 8 after insertion of a layer of material 9 corresponding to,
      and forming an extension of, the material 4.
PAR  The two constructions depicted both have the features described above but
      differ in the following respects. In the case of the unit for use as a
      vertical or crossover, FIG. 1, the backing member of each section projects
      beyond the insulation to form tongues 10 which overlap, and may be secured
      to, similar tongues of the other section. In the embodiment shown in FIG.
      2 which is intended for use as a skid, the presence of the rider bar 11
      which bears directly upon, or may be integral with, the pipe renders this
      arrangement impracticable so that projecting tongues 12 terminate short of
      each other at the upper side of the unit. On the lower side, the sections
      are narrowly spaced from each other so that the backing member is here
      coextensive with the insulation.
PAR  By making use of the invention, several advantages are achieved compared
      with the known constructions. Firstly the layer 4 which may be in the form
      of a slab or fibrous blanket, may be employed to reduce heat losses,
      secondly, the anchors which reinforce the insulation are located in the
      zone wherein the minimum temperature prevails, and thirdly, the
      prefabricated sections can be secured to the pipe by means other than
      welding.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. For use in a furnace, a construction comprising a hollow metal pipe for
      a coolant and a cladding assembled from a plurality of sections, each of
      which comprises a metal backing member in contact with the pipe, a first
      layer of material of low thermal conductivity in the range of 0.5 to 1.5
      BTU's per square foot per .degree.F per hour per inch surrounding the
      backing member, and a second layer of refractory material surrounding the
      first layer, said section being held together by anchors which are secured
      to the backing member and extend outwardly from the backing member and are
      embedded in the second layer, to hold the first and second layers to the
      backing member.
NUM  2.
PAR  2. The construction claimed in claim 1, wherein the backing member of each
      section has a tongue portion which projects beyond the first and second
      layers of that section into overlapping relationship with a tongue portion
      of another section.
NUM  3.
PAR  3. The construction claimed in claim 2, wherein said tongue portions are
      secured together and to the pipe.
NUM  4.
PAR  4. The construction claimed in claim 3, wherein said tongue portions
      project into a gap between adjacent sections and said gap is filled with a
      refractory material applied in-situ.
NUM  5.
PAR  5. A construction for use in a furnace, comprising a hollow metal pipe and
      a cladding assembled from two prefabricated sections, each including a
      backing member embracing the pipe and a refractory layer radially
      outwardly of the backing member and held thereto by anchors which extend
      from the backing member and are embedded in the refractory layer, a layer
      of insulating material being disposed between the backing member and
      refractory layer, the backing members of the two sections having
      projecting tongue portions which extend into a gap between the two
      sections and are secured together, the space outwardly of the tongue
      portions being filled with a refractory material applied in-situ, the
      insulating material having a thermal conductivity of between 0.5 and 1.5
      BTU's per square foot per .degree.F per hour per inch.
NUM  6.
PAR  6. The construction claimed in claim 5, wherein the backing member is
      formed from a steel mesh to which the anchors are welded.
NUM  7.
PAR  7. The construction claimed in claim 6, hwerein the second layer has a
      thermal conductivity of about 10 BTU's per square foot per .degree.F. per
      hour per inch.
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ABST
PAL  A metal sleeve is snapped transversely over an internal combustion engine
      exhaust system conduit to serve as a heat and/or sound insulator.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is the purpose of this invention to provide an easily installed
      insulator that is suitable, in particular, for use on conduits of internal
      combustion engine exhaust systems.
PAR  The invention achieves this purpose by means of a metal insulator sleeve
      that extends around the conduit through an arc of about 270.degree.,
      leaving an opening in the sleeve of about 90.degree.. The opening is
      smaller than the diameter of the conduit to be covered but large enough to
      be elastically expanded to the width of the conduit so that the sleeve can
      be transversely slipped over the conduit. Preferably, the longitudinal
      edges of the opening are turned radially inwardly to assert a ratchet
      effect that resists removal of the sleeve. The sleeve may be radially
      spaced from the conduit to provide a gap for cooling air flow or it may be
      substantially an outer laminate to reduce pipe ring.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation of an internal combustion engine for a
      motor vehicle (shown partially in phantom at V) having an exhaust system
      containing three embodiments of the invention;
PAR  FIG. 2 is a cross section along the line 2--2 of FIG. 1 and shows one form
      of the invention;
PAR  FIG. 3 is a cross section along the line 3--3 of FIG. 1 and shows another
      form of the invention; and
PAR  FIG. 4 is a cross section along the line 4--4 of FIG. 1 and shows a third
      form of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  An internal combustion engine 1 for a motor vehicle, such as an automobile,
      has an exhaust manifold 3 that delivers exhaust gases into the exhaust
      system 5. The system 5 has an exhaust pipe or conduit 7 connected at its
      upstream end to the manifold and at its downstream end to the inlet of a
      muffler or catalytic converter 9 of suitable construction. The system
      includes a tailpipe or conduit 11 connected to the outlet of the member 9
      and opening to atmosphere at its downstream end 13. The exhaust system
      parts are conventionally made of metal. In actual installations the
      tailpipe usually has one or more bends in it, these being omitted for the
      sake of simplicity in the drawings. Sleeve 15 is mounted on exhaust pipe 7
      and sleeves 17 and 19 are mounted on the tailpipe. These sleeves are made
      of metal, preferably low carbon steel, and illustrate three different
      forms of the invention. They are shown in cross section, respectively, in
      FIGS. 2, 3, and 4.
PAR  Sleeve 15 comprises a tubular member having an opening 23 that extends the
      full sleeve length along the bottom of the sleeve. It extends over an arc
      large enough so that its width can be expanded, by elastic circumferential
      expansion of the sleeve, to the outer diameter of the pipe 7, an arc of
      about 90.degree. being illustrated. Thus the sleeve can be manually forced
      transversely across and over the pipe. This can be done after the exhaust
      system 5 is installed, if desired. The longitudinal edges of the opening
      23 are turned in, as shown by flanges 25, to extend substantially radially
      to the pipe 7. This promotes ease of assembly since they tend to act as a
      funnel and also to provide significant holding power since they tend to
      dig into the surface of the pipe 7 and act as ratchet teeth. The flanges
      are preferably relatively short, preferably even shorter than illustrated,
      so that the sleeve is close to the surface of the pipe, practically a
      laminate. The sleeve, therefore, provides substantial acoustic attenuation
      and reduces pipe ring.
PAR  In the event that the unit 9 is a catalytic converter substantial heat will
      be released to the exhaust gas travelling through tailpipe 11. The sleeves
      17 and 19 are designed to act as heat shields. Sleeve 19 is very similar
      to sleeve 15 but has a series of dimples 27 formed in it, diametrically
      opposite to the centerline of its opening 29, and these act to space the
      sleeve away from the surface of the tailpipe 11 and provide an air flow
      gap 31 around the pipe. Flanges 33 correspond to flanges 25 but are longer
      to maintain a substantially uniform width air flow gap. Since the gap 31
      is open at both ends air can flow through it as the vehicle is moving to
      carry away heat from the tailpipe.
PAR  Sleeve 19 is similar to sleeve 17 but has the bottom closed so that it
      totally encloses a section of tailpipe. Thus, it comprises a tubular
      member that has a bottom opening 35 along its entire length that is
      defined by slightly diverging or tapered sides 37, for ease of
      installation, that have outwardly extending flanges 39 at their outer
      ends. The inner ends of the sides 37 blend into radii or corners 41 that
      contact the pipe 11 and are connected by lateral sections 43 to the
      circular portion 45 of the sleeve. The sleeve has spacing dimples 47
      formed in it which contact the pipe on the side opposite the mouth 35 and
      act with the corners 41 to provide an air flow gap 49 extending around
      most of the pipe, about 270.degree. being illustrated. A metal cover plate
      51 as long as the sleeve and having rebent longitudinal side edges is
      slipped on to the flanges 39 to cover the opening 35 and provide an air
      flow gap 53 along the bottom of the tailpipe 11, about a 90.degree.
      coverage being illustrated. The gaps 49 and 53 are open at opposite ends
      so that air can flow through them during vehicle movement. The plate 51
      may be imperforate or, to promote cooling, it may be expanded metal, a
      screen, or filled over its entire area with numerous perforations so that
      there is substantial air flow through it. It can be crimped, welded or
      otherwise fastened securely to flanges 39.
PAR  The invention therefore provides insulator sleeves for exhaust system
      conduits that can be slipped over the conduits at any time and snapped in
      place at the desired locations. They can be inserted from the bottom and
      then rotated 180.degree. to the position illustrated so that maximum
      insulation is between the pipe and vehicle floor. Obviously, they can be
      of various lengths, or cut to length, to suit the desired usage. If
      desired to fix the sleeve in position, one or more of the dimples can be
      spotwelded to the pipe.
PAR  Modifications may be made without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An insulator for the gas flow conduit of an internal combustion engine
      exhaust system, comprising a one piece imperforate wall sheet metal
      insulator sleeve elastically expandable to increase its circumference and
      adapted to be assembled and mounted on a selected intermediate section
      along the length of the conduit by movement thereof transverse to its
      length and to that of the conduit, said sleeve having a conduit receiving
      opening along one side extending the full length of the sleeve, said
      opening being less in width than the conduit but expansible to a width
      greater than that of the conduit upon elastic circumferential expansion of
      the sleeve whereby said sleeve may be installed on the conduit by movement
      transverse to the length of the circuit.
NUM  2.
PAR  2. The invention as set forth in claim 1 including radially inwardly
      extending flanges formed along the edges of said opening to provide
      holding means engaging the outer surface of the conduit.
NUM  3.
PAR  3. The invention as set forth in claim 1 wherein said sleeve is closely
      fitted to the outer surface of the conduit to form substantially an outer
      laminate that serves to attenuate pipe ring.
NUM  4.
PAR  4. The invention as set forth in claim 3 including radially inwardly
      extending flanges formed along the edges of said opening to provide
      holding means engaging the outer surface of the conduit.
NUM  5.
PAR  5. The invention as set forth in claim 1 including radially inwardly
      extending projections formed on the sleeve to contact the conduit and
      provide an air gap open at opposite ends between the sleeve and conduit.
NUM  6.
PAR  6. The invention as set forth in claim 5 including inwardly extending
      portions in longitudinal contact with the conduit and sides extending
      transversely to said portions, said portions and sides defining said
      opening, and a cover plate connected to said sides and defining therewith
      an air gap open at opposite ends extending along the length of the sleeve.
NUM  7.
PAR  7. The invention as set forth in claim 6 wherein said sides diverge in an
      outwardly extending direction.
NUM  8.
PAR  8. The invention as set forth in claim 1 wherein the two longitudinal edges
      of said opening along the full length of the sleeve are bent inwardly
      along radii of the sleeve to form flanges making right angle corners with
      the sleeve and diverging outwardly with respect to each other to form a
      tapered mouth to receive the conduit.
NUM  9.
PAR  9. A sheet metal insulator member for assembly on a fluid flow conduit
      comprising a one piece sheet metal sleeve having a longitudinal axis and a
      body extending the full length of the member around and substantially
      concentric with said axis through an arc of substantially 270.degree., the
      remaining substantially 90.degree. arc of said member being open to form a
      longitudinally extending mouth running the full length of the member, said
      sleeve being elastically expandable to increase its circumference so that
      said opening is expansible to a width greater than that of the conduit
      whereby the sleeve may be installed on the conduit by movement
      substantially normal to the axis of the sleeve.
NUM  10.
PAR  10. An insulator member as set forth in claim 9 including portions of said
      sleeve defining said opening extending angularly to the sleeve and into
      contact with a conduit when the sleeve is installed on a conduit.
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ABST
PAL  An improvement in an apparatus for feeding shuttles into a spiral groove
      between nose-like projections of driving hooks on a weave cylinder in an
      automatic wave shed loom which apparatus has a feeding apparatus
      comprising a conveyor means for inserting the shuttles into the spiral
      groove, the improvement comprising a plurality of vertically disposed
      drive pins on said conveyor means which pins engage said shuttles
      positively and move them into said spiral groove.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a feeding mechanism whereby shuttles in an
      automatic wave or progressive shed loom are positively fed into the spiral
      groove between nose-like projections of driving hooks on a weaving
      cylinder of an automatic wave shed loom. The apparatus of the present
      invention is directed to a positive insertion of the shuttles by means of
      a conveyor and driving pins into the spiral grooves between the nose-type
      projections of the driving hooks.
PAR  Automatic wave shed looms have been known. In these automatic wave shed
      looms, the movement of the shuttle into and out of the progressive sheds
      is effected by means for beating up the weft threads. This means has
      recesses therein which are responsible for releasing the temporarily
      guided shuttles. When the shuttle enters the sheds, it is released
      immediately above the groove of the beating up means formed by the driving
      hooks. After the shuttles have passed through the sheds formed, they are
      pushed by driving hooks of the beating up means into the recesses of the
      return drum. As soon as the return drum has performed a revolution up to
      the return device, the shuttles held in the recesses are released by
      loosening a pawl. The return device moves the shuttles into the recesses
      of the feed drum and after winding with weft thread of predetermined
      length, the shuttles are fed to the beating up means as described above
      and the cycle is closed.
PAR  It is already been proposed to effect the feeding of the shuttles into the
      sheds formed by means of a conveyor shaft with a rectangular spiral and a
      guide partly embracing the latter. The guide has recesses through which
      the shuttles can be fed.
PAR  While such a mechanism can work, it suffers from the disadvantage that in
      the use of the pawls, a specific control is required. If the pawl is not
      released at the exact, correct moment of time, the driving hooks can be
      destroyed and the shuttles can be damaged. The free fall movement can lead
      to the canting of the shuttle which can likewise cause breaks. These
      problems can only be eliminated by complicated and expensive apparatus and
      by extreme care in the use thereof.
PAR  The proposed feeding method for shuttles employing a revolving conveyor
      worm suffers from the disadvantage that it does not positively push the
      shuttles completely into the groove of the beating up means formed by the
      nose-type projections. This is due to the fact that the conveyor worm
      requires a separate support between the beating up means and the end of
      the conveyor worm. This support in turn requires a certain space which
      forms practically an interval between the beating up means and the
      conveyor worm. In this interval, there is a complete absence of a pushing
      action on the shuttles. At the high revolving speeds, the shuttles are
      pushed into the groove of the beating up means only by their inherent
      kinetic energy. The end position of the shuttles in the groove can thus
      not be exactly predetermined. There may be shocks when the shuttles slide
      farther to the front and the nose-type projections of the driving hooks
      follow somewhat later. Finally, an exactly predetermined positon of the
      shuttle of the head of the beating up means is necessary to insure a
      positive grip of the freely protruding weft end.
PAR  It, therefore, became desirable to provide a feeding apparatus for an
      automatic progressive shed loom whereby the shuttle would be positively
      fed into the spiral grooves defined by the nose-like projections of the
      driving hooks of a beating up means. Moreover, it became desirable to
      provide such an apparatus which would avoid shocks and breaks in the
      feeding of the shuttles into the beating up means. It became particularly
      desirable to provide for such an apparatus whereby the shuttle could be
      positively fed into the spiral grooves by a simple conveyor means which
      did not require the elaborate construction which apparatus avoids creation
      of an interval between a beating up means and a conveyor.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided an improved
      feeding mechanism for an automatic progressive shed loom. The present
      invention is therefor directed to an improvement in a feeding apparatus
      for automatic wave shed loom, which loom has a beating up means, shuttles,
      means for feeding weft yarn to said shuttles, which feeding apparatus
      comprises a conveyor means for inserting said shuttles into a spiral
      groove between nose-like projections of driving hooks in the form of discs
      comprising the beating up means, the improvement being for positively
      feeding shuttles into said grooves which improvement resides in that the
      conveyor means carries a plurality of vertically disposed drive pins which
      drive pins positively engage said shuttles and move them into said spiral
      groove.
PAR  In accordance with the present invention, there is provided a conveyor
      which generally consists of an endless horizontally disposed revolving
      conveyor chain which conveyor chain carries driving pins, each of which
      driving pins can positively engage a side of the shuttle and move said
      shuttle positively into a spiral groove. The present invention generally
      has a pair of sprocket wheels about which there is an endless sprocket
      chain. Means are provided, as more fully discussed below, to drive the
      sprocket wheels. The sprocket wheels have links joined together by
      vertically disposed link pins. The axis of the vertically disposed link
      pins is substantially coaxial with the vertical axis of the driving pins
      which are carried by the endless sprocket chain. The driving pins are
      connected to the chain through an elastic mounting. This can be
      accomplished by providing a generally U-shaped receiver on the chain which
      U-shaped receiver carries an elastic molded body which in turn carries, in
      pendant fashion, the vertically disposed drive pins. The U-shaped receiver
      is generally horizontally disposed.
PAR  A particularly desirable feature of the invention involves the use of
      shuttles which have a beveled side. The drive pins carried on the sprocket
      wheel engage the beveled side of the shuttles. During the movement between
      the sprocket wheels, the shuttle is positively engaged by the pins. As the
      pin is caused to revolve about the sprocket wheel at the return position
      of the chain, the pin gradually moves down the bevel on the shuttle and
      breaks away at the precise moment. No undue shocks or the like are
      encountered. In such a mechanism, therefore, from the operating station
      the point of action of the drive pin on the bevel of the shuttle is ahead
      of the first point of action formed by the beating up means. Similarly, as
      viewed from the beating up means in the feeding direction, the point of
      action of the drivng pin is ahead of the point of action of the beating up
      means.
PAR  In certain refinements of the invention, the drive pins are carried by the
      sprocket chain which has the aforementioned elastic molded body disposed
      there between. The elastic molded body has a specific shape in the form of
      generally back-to-back horizontally running U-shaped recesses. By use of
      these U-shaped recesses, the pins are moved precisely owing to the fact
      that in the region of the sprocket wheels, i.e., in the return region, the
      recesses are partially accommodated with facing guiding rails. Similarly,
      in the region of the reversing mechanism, i.e., at the sprocket wheel,
      there can also be a guide plate for guiding the pins disposed therebeneath
     .
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The present invention can be more readily understood and appreciated when
      reference is made to the accompanying drawings in which:
PAR  FIG. 1 shows a principle diagram of the feeding mechanism of the present
      invention in plan view;
PAR  FIG. 2 shows a partial section of a side elevation of the right side of the
      feeding mechanism with driving gear;
PAR  FIG. 3 shows in a partial section a side elevation of the left side of the
      feeding mechanism which mechanism is provided with a chain tightener;
PAR  FIG. 4 shows a section along A--A of FIG. 3;
PAR  FIG. 5 shows a section along line B--B of FIG. 7;
PAR  FIG. 6 shows a view in the direction X of FIG. 2 in the range of the
      driving gear;
PAR  FIG. 7 shows a top view of FIG. 2;
PAR  FIG. 8 shows a top view of FIG. 3;
PAR  FIG. 9 shows a section along the line C--C of FIG. 7 without the
      longitudinal guides;
PAR  FIG. 10 shows a section along the line E--E, where the driving pins are
      shown turned by 53.degree.;
PAR  FIG. 11 shows a section along the line D--D of FIG. 4;
PAR  FIG. 12 shows in a partial section a front view of the center of the
      feeding mechanism; and
PAR  FIG. 13 shows a top view of FIG. 12.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  The specific embodiment of the present invention is shown in the drawings.
      Referring to FIG. 1, the shuttles 1 pick the weft yarn by means of the
      beating up means 2 into the wavy progressive sheds of the automatic
      progressive shed loom. The beating up means 2, shown in FIG. 1 in a
      simplified form, has a groove 3 which extends spirally over the entire
      length of the beating up means 2. An endless conveyor chain 4 runs about a
      chain wheel 5 and carries a driving pin. By means of this driving pin 6,
      the shuttles 1 are completely pushed into the groove 3 of the beating up
      means 2. This is an important feature of the present invention whereby the
      shuttles are positively inserted into the spiral groove.
PAR  As can be seen from FIG. 2, the sprocket wheel 5 is set in revolution by a
      driving gear. This driving gear which is part of the driving means for the
      sprocket wheels comprises a pinion 7, which is connected by means of
      screws 8 with a flange 9. This flange 9, and also the sprocket wheel 5, is
      rotatably connected with the drive shaft 11 by means of adjusting springs
      10. As can be seen from FIG. 6, oblong slots 12 are provided in the pinion
      7. Thus, the pinion has an oblong slot therein and is connected by a screw
      through the slot to the flange 9, the flange 9 in turn being connected to
      a drive shaft, the drive shaft in turn being connected to one of the
      sprocket wheels, i.e., sprocket wheel 5. By loosening the screw 8, the
      pinion 7 can be adjusted relative to the flange 9. Thus, one can effect an
      infinite adjustment of the feeding position to the phase position of the
      beating up means 2.
PAR  In the lower portion of FIG. 2, there can be seen that the shuttles 1 on
      their slideway 13. The beating up means 2 with its drive shaft 14 can
      likewise be seen. The opposite left side of the feeding mechanism is shown
      in FIG. 3. There, a second sprocket wheel 15, which cooperates with the
      sprocket wheel 5, is mounted rotatably about a ball bearing 16 and a bolt
      17. The bolt 17 has at its end a thread and is secured by means of a nut
      18 and a tension ring 19 on the chain tightener 20. This chain tightener
      20 has an oblong slot 21, as can be seen from FIG. 8. By loosening the
      screws 22 fastened to fixed support 25, the upper surface of which
      provides a bearing for chain tensioner 20, the chain tensioner 20 can be
      displaced, with mounting 24. Thus, one can loosen or tighten the chain 23,
      i.e., chain 4, (FIGS. 12 and 13) by suitable adjustment of the chain
      tightener 20 using loosening screws 22. This is seen by way of example in
      FIG. 13.
PAR  The two screws 22 are secured in a stationary girder 25. As it can be seen
      from FIG. 4, the girder 25 is surrounded in the range of the chain 23 by a
      housing 26. The girder 25 is rigidly connected with the machine frame 29
      by means of a bracket 27 and screws 28.
PAR  On the chain link 30, there is secured a receiver 31 (FIG. 4) which
      receiver is in the form of a horizontally disposed generally U-shaped
      member. The receiver 31 carries a driving pin 32. The receiver 31 with a
      driving pin 32 has two opposite recesses 33 in the form of back-to-back
      generally U-shaped recesses on either side of an elastically molded part
      described below. In these opposite recesses 33, there are guide rails 34
      which guide the receiver 31 non-pivotally. In the center of the receiver
      31, there is provided the aforenoted elastic molded body 35 by which the
      driving pin 32 is held elastically as seen in FIG. 11. Both guide rails 34
      are provided at the opposite reversing points of the feeding mechanism. In
      the range of the reversal, i.e., at the ends of the chain where the chain
      goes about the outwardly disposed periphery of the sprocket wheels 5 and
      15, there are provided guide plates 36 so that as to guide the driving
      pins 32. This improves the guidance. This configuration can be shown in
      FIG. 10. The design of the receiver 31 is so selected that the pins 37 of
      the chain 23 are arranged directly above the driving pin 32 as seen in
      FIG. 4. By such a provision, there is assured that the speed of travel of
      the driving pins 32 will be the same as the speed of travel of the link
      pins 37 of the chain 23.
PAR  The beating up means 2 is formed of a plurality of discs in the form of
      driving hooks 38 with nose-type projections 39, between which are provided
      spacing discs 40. The discs are arranged on an axis of rotation side by
      side with the projections thereof progressively out of phase from one disc
      to the next so as to define a spiral groove between the projections. As
      can be seen from FIG. 9, the nose-type projections 39 of the driving hooks
      38 exert a pushing action on the shuttles 1. This is done in the range of
      the beating up means 2. But before the shuttles 1 arrive in the beating up
      means 2, a winding device (not shown) serves to fill the disc or spool
      (also not shown) in the shuttle 1 with weft yarn. From this winding
      device, the shuttles 1 arrive on the slideway 13 and are inserted only by
      the driving pins 32 into the groove 3 of the beating up means 2.
PAR  As can be seen from FIGS. 1 and 7, the driving pin 32 acts displacing on a
      bevel of shuttle 1 inclined in the feeding direction. As also can be seen
      from FIG. 1, the point of action 42 of the driving pin 32 on the bevel 41
      of the shuttle, seen from the operating station, is ahead of the point of
      action 43 formed by the beating up means. Seen from the beating up means 2
      in the feeding direction of the shuttle 1, the point of action 42 is ahead
      of the point of action 43. This has the great advantage that the shuttles
      1 are inserted positively and completely into the groove 3 of the beating
      up means 2. Since the longitudinal axis of the driving pin 32
      substantially coincides in a coaxial manner with the longitudinal axis of
      the link pins 37 of the chain 23, the centers of the two pins, i.e.,
      driving pins 32 and link pins 37, have the same circumferential speed
      during the rotation.
PAR  During the insertion of the shuttles 1 into the groove 3 of the beating up
      means, the driving speed is substantially reduced by the driving pin 32 on
      the shuttle 1. The driving pin 32 slides automatically out of range of the
      beating up means 2, so that an additional control with a displacement or
      rotation of the driving pin 32 is not necessary. Depending on the position
      of the sprocket wheel 5, the shuttles can be inserted more or less into
      the groove 3 of the beating up means.
PAR  It is apparent from the above that the invention solves the problem of the
      positive insertion of the shuttles into the spiral groove in a simple and
      efficient manner. Moreover, care is provided by the described apparatus
      for ensuring that no unnecessary space or time interval is involved. The
      driving pins act in a positive manner against the beveled side of the
      shuttles and ensure that without any irregular movement in the apparatus,
      the same are positively and completely inserted into the spiral grooves.
      From the description, it is apparent that the apparatus of the present
      invention can be constructed with readily available parts and can be
      readily maintained. By suitable regulating means such as the elongated
      slot 12 and the chain tightening means 20, the apparatus can be modified
      for any specific looming, weaving operation. Other advantages will be
      apparent to one of skill in this art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automatic progressive shed loom, comprising a plurality of
      shuttles, each having an inclined trailing edge, and means for beating up
      the weft threads and propelling the shuttles through the sheds, the
      beating up and driving means comprising a plurality of discs arranged on
      an axis of rotation side by side and each having a plurality of
      projections for driving the shuttles, the discs being arranged with the
      projections thereof progressively out of phase from one disc to the next
      so as to define a spiral groove between the projections, the improvement
      comprising means for inserting the shuttles into the groove, the inserting
      means comprising an endless conveyor, a plurality of driving pins mounted
      on the conveyor and means for guiding the conveyor in a straight path
      substantially parallel to the axis of said discs to an entry end of said
      groove and then guiding the conveyor through a path which substantially
      reverses the direction of the conveyor, the inclined trailing edge of each
      shuttle being engaged by one of said pins while the conveyor is moving
      toward the entry end of said groove, the conveyor being so positioned
      relative to the entry end of said groove and the direction of the
      inclination of the trailing edge of the shuttle being opposite the
      inclination of the groove so that as the shuttle enters the groove the pin
      engages said trailing edge of the shuttle at a point on the trailing edge
      located forward of the entry end of said groove.
NUM  2.
PAR  2. A loom according to claim 1, wherein said conveyor and conveyor guiding
      means comprise a pair of sprocket wheels, an endless sprocket chain
      disposed about said wheels and means for driving said wheels.
NUM  3.
PAR  3. A loom according to claim 2, wherein said sprocket chain has links
      joined together by vertically disposed link pins, the vertical axis of
      said link pins being substantially coaxial with the vertical axis of said
      driving pins carried by said endless sprocket chain.
NUM  4.
PAR  4. A loom according to claim 2, wherein said driving pins are connected to
      said chain through an elastic mounting.
NUM  5.
PAR  5. A loom according to claim 4 wherein to said chain there is attached a
      generally horizontally disposed U-shaped receiver which carries an elastic
      molded body, which in turn carries dependent therefrom said vertically
      disposed drive pins.
NUM  6.
PAR  6. A loom according to claim 5, wherein said molded body has two generally
      back-to-back U-shaped recesses which recesses are partially accommodated
      in the region about said sprocket wheels with facing guide rails.
NUM  7.
PAR  7. A loom according to claim 6, wherein said drive pins are guided in the
      region of the sprocket wheels through a guide plate.
NUM  8.
PAR  8. A loom according to claim 2, wherein said means for driving said
      sprocket wheels comprises a pinion having an oblong slot therein and
      connected by a screw through said slot to a flange, said flange connected
      to said drive shaft, said drive shaft connected to one of said sprocket
      wheels.
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ABST
PAL  This dobby shedding motion for power looms comprises essentially a series
      of twin cams mounted on a common drive shaft and oscillating arms each
      provided with a pair of roller followers adapted to co-operate with said
      cams. Each cam assembly comprises a pair of parallel discs slightly spaced
      in the axial direction and off-set angularly to each other, and each
      oscillating arm carries two pairs of strap-forming strips rotatably
      supporting a roller follower, each roller follower being adapted to engage
      one of the discs of the registering cam assembly. Said strips have
      extensions bent to provide inner surfaces adapted to engage the side
      surfaces of said discs to assist in centering the roller followers in
      relation to said discs. The cam assemblies and roller followers are
      mounted and assembled by means of bolts comprising each a frustoconical
      headed screw and a nut also formed with a frustoconical portion whereby
      tightening said bolts in properly countersunk holes will provide a
      reliable vibration proof assembly.
BSUM
PAR  This invention relates in general to power looms and has specific reference
      to a dobby shedding motion or weave motion of the type wherein the
      actuating members consist of cams mounted with mutual suitable angular
      settings on a common drive or camshaft and associated with oscillating or
      swinging arms supporting roller followers, said arms being operatively
      connected in turn to the tappet levers connected to the heddle or warp
      frames.
PAR  It is the essential object of this invention to provide a power loom dobby
      shedding motion or weave motion of the type broadly set forth hereinabove,
      which is of particularly simplified construction and very reliable in
      operation, notably with respect to the oscillating arm construction and
      the cam disposition.
PAR  The power loom dobby shedding motion according to this invention, which
      comprises a series of cams mounted on a common drive shaft for actuating
      roller followers carried by a corresponding series of oscillating or
      swinging arms operatively connected to the lift levers of the conventional
      heddle or warp frames, each cam of said series comprising a pair of
      complementary races axially spaced from each other and off-set angularly,
      each oscillating or swinging arm carrying a pair of roller followers
      disposed on either side of a pivot pin belonging to the relevant arm, the
      roller followers of each pair being likewise disposed in axially spaced
      planes to as to co-operate each with one of the pair of races of the
      corresponding cam, this dobby shedding motion being further characterized
      in that each oscillating arm consist of a flat elongated member to which
      two pairs of strips off-set laterally on either side of the plane of said
      member are secured as inserts, each pair of strips constituting a strap
      supporting the pivot pin of one of said roller followers.
DRWD
PAR  On the drawing:
PAR  FIG. 1 is a diagrammatic plane view of this motion.
PAR  FIG. 2 is a perspective view illustrating the relative arrangement of one
      of the actuating cams and the oscillating arm associated therewith, and
PAR  FIG. 3 is a section showing a detail of the mode of assembling the three
      component elements of each cam.
DETD
PAR  Referring first to FIG. 1 of the attached drawing the reference numeral 1
      designates the main power shaft driving the rotary cams 2 for actuating
      the oscillating arms or tappets 3 operatively connected to the lifting
      levers of the heddle or warp frames.
PAR  As shown more particularly in FIG. 2, each cam 2 is of the complementary
      type and comprises a pair of discs 4 and 5 suitably shaped and off-set
      angularly to each other. Interposed between the pair of discs 4, 5 is an
      annular spacer 6 keeping the discs 4, 5 are a relative axial spacing
      corresponding to the thickness of the annular member 6. In the example
      illustrated it will be seen that the diameter of the central aperture 7 of
      this spacer 6 is somewhat smaller than that of the corresponding aperture
      8 formed centrally of each disc 4 and 5, whereby the shaft 1 (of which
      only the geometric axis is shown in FIG. 2) is engaged only by the
      firstnamed aperture 7 of said distance piece 6.
PAR  The elements 4, 5 and 6 constituting the cam 1 are assembled by means of
      bolts designated in general by the reference numeral 9 in FIG. 2. As
      illustrated in detail in FIG. 3, each bolt 9 comprises a screw 10 having a
      relatively large head of frustoconical configuration; this screw 10
      extends through aligned holes formed in said elements 4 to 6 and is
      engaged at its end opposite said head by a nut 10' also formed with a
      frustoconical bearing surface of same taper as the head of screw 10.
      Besides, the outer edges of the holes formed in the pair of discs 4 and 5
      and engaged by said screw and nut assembly are also countersunk with the
      same taper as said screw and nut, as shown at 11, so that when the bolts 9
      are tightened home the frustoconical surfaces thereof fit accurately in
      said countersunk edges 11, thus providing a reliable wedging effect and a
      precise positioning of the bolts while preventing any untimely loosening
      thereof under the influence of vibration. Actually, each cam assembly 2
      behaves like a rigid, one-piece unit.
PAR  It is obvious that the above-described cam construction is both simple and
      economical, and permits of dispensing with the direct machining of a solid
      blank as in conventional practice in the manufacture of hitherto known
      complementary cams. Assembling the pair of discs 4, 5 with the
      intermediate spacer 6 is a simple matter, and it will be noted that the
      bolts 9 are located at irregular intervals to avoid any risk of faulty
      positioning of the two discs 4, 5 in relation to each other during the
      assembling step.
PAR  Each oscillating arm 3 of the dobby shedding motion according to this
      invention comprises a flat elongated member 12 (FIG. 2) cut out from sheet
      metal stock. This flat member 12 has formed through it a major aperture 13
      adapted to receive the pivot shaft (axis A) supporting the complete set of
      oscillating arms of the motion, and one or two minor apertures 14 for
      operatively connecting the corresponding lift lever 114 to this arm 12. On
      either side of the main aperture 13 the flat member 12 carries a strap
      constituting a support means for a roller follower 15, 16 respectively.
      Each strap consists of a pair of strips 17 bent at 17' to provide a pair
      of extensions parallel to the vertical axis of member 12 but in a plane
      off-set laterally thereto. It will be noted that these two straps are
      off-set laterally in opposite directions to each other, whereby the roller
      follower 16 carried by one strap registers with the race formed by the
      outer periphery of disc 5, while the other roller follower 15 engages the
      outer periphery of disc 4.
PAR  The roller followers 15 and 16 carried by each arm 3 between the strips 17
      of said straps may be mounted in any known and suitable manner. Thus, in
      the example illustrated this mounting designated generally by the
      reference numeral 18 in FIG. 2 comprises (cf. FIG. 1) a screw 18a having a
      frustoconical head and a nut 18b formed with an identical frustoconical
      bearing portion, as in the case of the screw and nut assemblies 10 and 11
      depicted hereinabove with reference to FIG. 3; said screw and nut 18a, 18b
      engage the corresponding countersunk  edges of suitably positioned holes
      formed in strips 17 and in the side faces of the inner race of the
      corresponding rolling-contact bearing of the roller follower. Thus, the
      roller followers 15, 16 are properly held in position and the strips 17
      are rigidly assembled about these followers, and any tendency to untimely
      shifting or loosening is safely precluded.
PAR  In the form of embodiment illustrated and described herein each roller
      follower 15 or 16 has a width or axial length, as far as its operative or
      outer periphery is concerned, slightly greater than the thickness of discs
      4 and 5 of the registering cam 2. In addition, in order properly to
      position the roller followers with respect to the discs 4, 5 and to impart
      a strict self-centering characteristic to the oscillating arms 3, each
      pair of strips 17 project somewhat beyond the outer contour of the
      relevant roller followers and comprise at their outer free end a portion
      19 bent twice, i.e. firstly inwards and then outwards (see FIGS. 1 and 2)
      so that the inner surface of this portion 19 can engage the registering
      side face of the companion disc in the assembled condition.
PAR  Of course, the assembly consisting of a stack of cams 2 of the dobby
      shedding motion according to this invention is rigidly assembled with the
      shaft 1, an annular distance-piece 20 being interposed between adjacent
      cam assemblies.
PAR  Although a specific form of embodiment of this invention has been described
      hereinabove and illustrated in the attached drawing, it will readily occur
      to those conversant with the art that various modifications and changes
      may be brought thereto without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power loom dobby shedding mechanism of the type having multiple arms
      mounted on pivot shaft means and connected respectively to operate the
      lift levers of conventional heddle or warp frames when the arms are
      oscillated about the axis of the pivot shaft means, and the mechanism
      having multiple pairs of cams mounted for rotation with a drive shaft of
      the dobby, the cams of each pair being spaced apart along the axis of the
      drive shaft and having respective peripheral races disposed in opposed
      relationship to an arm, and each arm having two follower rollers rotatably
      supported thereon on different sides of said pivot shaft means and
      respectively contacting different races of an opposed pair of cams, and
      the races of each pair of cams being mutually shaped and positioned about
      the axis of the drive shaft so that rotation of the shaft causes
      oscillation of the arms, the improvements wherein:
PA1  each arm comprises a thin flat member located opposite the cams of the
      associated pair and within the axial extent of their races;
PA1  first and second pairs of strips, the strips in each pair being fixed to
      opposite sides of the arm and each pair of strips extending toward and
      beyond the peripheries on opposite sides of a race and each pair of strips
      supporting rotationally a follower roller therebetween and in contact with
      one of said races, the first and second pairs being mutually offset
      axially of the shaft means in different directions so that each pair
      engages a different cam;
PA1  the follower rollers having axial thicknesses greater than the cams, and
      the outer ends of each pair of strips beyond the roller being formed
      toward and then away from each other to provide surfaces riding on the
      sides of the cams to keep the follower rollers centered on the races.
NUM  2.
PAR  2. The mechanism as set forth in claim 1, wherein each cam of a pair
      comprises a flat disc having a hole through its center larger than the
      diameter of said drive shaft, a spacer disc located between each pair of
      cam discs and each spacer disc having a hole through its center sized to
      fit said drive shaft, means for fastening said cam and spacer discs
      together through aligned holes therethrough where the holes in the cam
      discs are countersunk comprising headed screw and nut means threaded to
      engage each other in said aligned holes, and the heads of the screw and
      nut means being conically enlarged to fit within said countersunk holes in
      the cam discs.
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ABST
PAL  Weft thread storage means for a shuttleless web weaving machine includes
      weft thread supply means for each weft thread and at least one weft thread
      storage device. Each storage device comprises at least one pivotably
      mounted storage lever and control means to control each storage device in
      timed co-ordination with the operation of weft thread feed means of the
      machine. The control means comprises rotatable cam means respectively
      associated with each storage device to pivotably displace, before the
      start of each weft feed, the storage levers of the respective storage
      device from a first position to a second position, thereby to withdraw a
      predetermined length of each weft thread from its respective supply means.
      The storage levers are latched in their respective second positions to
      store the predetermined lengths of weft thread. Each weft thread is
      clamped before withdrawal from the supply means and the clamping means in
      each storage device is released, together with the lever latching
      mechanism, by releasing means co-ordinated with the operation of the weft
      feed means of the machine. On being released, each weft thread is fed from
      the storage device at substantially constant thread tension by the weft
      feed means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a shuttleless web weaving machine.
PAR  In shuttleless web weaving machines, the weft thread is fed into the weave
      during each weaving step by weft thread input means, while the required
      weft thread must be withdrawn from a weft thread reel. When the weft input
      feed begins after the formation of the weave, this has the consequence of
      a tensile loading of the weft thread, which starts suddenly and lasts up
      to the end of the input feed. In known shuttleless web weaving machines,
      this uneven tensile loading has the consequence, at high weaving speeds,
      of the formation of curls or the tearing of the weft thread and thereby
      leads to a limitation of the weaving speed. However, even at slow weaving
      speeds, the jerky withdrawal of the weft thread has the consequence of an
      uneven thread tension and thereby a worsening of the quality of the woven
      product.
PAR  Shuttleless broad web machines are also known, in which the weft thread is
      fed into the weave of a gripper or is blown in by a jet. In these machines
      between the weft thread reel and the weft thread input feed means, there
      is arranged a storage drum, on which a few turns of weft thread are wound
      before each input. During the input, this can be withdrawn from the drum.
      In such broad web machines; in contrast to other web weaving machines in
      which the weft thread carries on without break; the weft thread is cut off
      at each feed of the weft thread in the broad web machines. Therefore, an
      exact dimensioning of the thread section to be stored is not necessary in
      broad web machines.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided weft thread storage means for
      a shuttleless web weaving machine, the storage means comprising at least
      one weft thread supply means, at least one storage device comprising at
      least one pivotably mounted weft thread storage lever, and control means
      comprising rotatable cam means respectively associated with each storage
      device to actuate each storage lever thereof, the arrangement being such
      that, before each weft is fed to such machine, a length of weft thread
      corresponding to that to be inserted in the web is withdrawn from the
      corresponding supply means by actuation of the lever of the respective
      storage device, is stored in the respective storage device, and is
      released from the respective storage device in co-ordination with the
      operation of the weft feed means of such machine in such a manner that a
      substantially constant weft thread tension results.
PAR  Preferably, each storage device is provided with at least one stationary
      thread guide, either one or two movable thread storage levers, a thread
      clamping device and at least one thread tensioner device. The effective
      length of each thread storage lever is preferably adjustable so that the
      length of the thread section to be stored can be matched to the breadth of
      the woven product. The thread tensioner device has the effect, that the
      weft thread displays an approximately constant tension during the input
      feed as well as in the intermediate periods, in which the thread clamping
      device is closed.
PAR  Expediently, the storage means is provided with several storage devices for
      differently colored weft threads and the control system is provided with a
      rotatable axle provided with cam plates, a lever system and with a latch
      for each thread storage lever. These elements are so arranged that, during
      each weft thread input feed, the thread clamping device in a selected one
      of the thread storage devices may be released and the thread storage lever
      of the selected storage device may be unlatched. The thread storage levers
      associated with other than the selected storage device remain blocked,
      during that time, in the position in which the weft thread is stored.
PAR  The individual thread storage devices may be so constructed that several
      weft threads can be guided through each of them. This makes it possible to
      weave several webs simultaneously on one weaving machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be more particularly described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a schematic elevation of a weft thread storage means including
      a storage device provided with latched storage levers,
PAR  FIG. 2 shows the same elements as are shown in FIG. 1, however in the
      position during the feed of the weft thread, and
PAR  FIG. 3 shows a perspective view of the storage means including a plurality
      of storage devices.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The shown weft thead storage means is provided for a web weaving machine,
      by which up to 20 webs, each with four differently colored weft threads,
      can be woven simultaneously. For this, not all webs need of course display
      the same color composition. The sole condition is that those portions of
      the pattern, which have the same colored in the first web must likewise be
      uniformly colored in each following web. For this, the storage means must
      be provided with four storage devices, through which twenty weft threads
      can be guided each time. To obtain an easily viewable representation, a
      storage means with, in each case, only one of the total of four storage
      devices is however shown in FIGS. 1 and 2. FIG. 3 shows a perspective view
      of the storage means mounted in a suitable support frame schematically
      illustrated at 25 . In particular, in FIG. 3, only one of the eighty
      thread guides and only one weft thread is shown to be continuous, and the
      thread reels and the thread tensioners have been entirely omitted.
PAR  A weft thread 1 is withdrawn through a thread brake 2a from each of the
      eighty stationary weft thread supply means in the form of reels 2 and
      supplied to one of the four storage devices, each reel 2 and its
      associated thread brake 2a constituting a weft feed means.
PAR  Each storage device has a stationary thread guide 3 for each thread reel 2.
      Furthermore, each storage device includes two movable thread storage
      levers 4, at the ends of which are journalled respective rollers 4a, a
      thread clamping device 5 and a respective thread tensioner 6 for each
      thread. The rollers 4a are provided with 20 annular grooves (not shown),
      which serve for the guidance of the 20 weft threads.
PAR  Each thread storage lever 4 is releasably attached to a respective pivoted
      lever carrier 18 in such a manner, that its length can be adjusted and
      matched to the breadth of the woven product. Each thread clamping device 5
      includes a clamping piece 5b and an actuating rod 5c. Furthermore, two
      common clamping seats 5a are present for all clamping devices. These
      elements are so formed that the twenty weft threads can be clamped fast
      between the clamping piece 5b and the clamping seats 5a.
PAR  The control system is provided with a drive shaft 21, on which two storage
      cam discs 7 are attached, and with an intermediate shaft 22, which is
      displaceable radially of the drive shaft 21 and on which two rollers 8 and
      one hollow cylinder 23 for each storage device are arranged. The
      circumferential surfaces of the storage cam discs 7 and the rollers 8
      touch each other, so that the rotation of the drive shaft 21 effects a
      periodic up and down movement of the rollers 8 and of the hollow cylinders
      23 connected therewith. Each lever carrier 18 has an arm-shaped
      prolongation 18a engageable with the hollow cylinder or sleeve 23. By
      virtue of suitable means, such as tension springs 26 connected to lever
      carriers 18, the prolongations 18 a are biased upwardly to engage holloe
      cylinder 23 and, through shaft 22, thus maintain rollers 8 in engagement
      with cam discs 7. The up and down movement of hollow cylinders 23,
      mentioned above, oscillates lever carriers 18, when unlatched, so as to
      correspondingly swing storage levers 4 toward and away from each other.
PAR  Attached to the drive shaft 21 of the control system is a further cam disc
      9, which serves to actuate the thread clamping devices 5. Through the
      swivel arm 10 provided with a feeler roller 10a , cam disc 9 effects
      oscillation of the shaft 11, which in its turn is connected to be
      rotationally secured with the swivel arm 12. A shaft 14, on which a roller
      respective and cam plates 13, each having a cam 13a, for each storage
      device are attached, is journalled at the outer end of the swivel arm 12.
      A tension spring 27 connected to shaft 14 biases shaft 11 counterclockwise
      and thus maintains feeler roller 10a engaged with cam disc 9. the
      different cam plates 13 are offset angularly relative to one another. By
      angular displacement of the shaft 14 through the roller 15 as operated by
      rope 3d, the cam plates 13 can be brought into a position in which one of
      the cams 13a comes into coincidence with the end surface of the actuating
      rod 5c of one thread clamping device 5. A respective latching lever 16 is
      also articulated to each of these actuating rods 5c, and is pivoted
      intermediate its ends on a pivot 29. Attached at the bent-over end piece
      16a of each lever 16 is a pin 31, by which the L-shaped latching members
      17 can be actuated. Tension springs 28 bias latching lever 16 counter
      clockwise. The latching members 17 are provided with nose-shaped
      projections 17a , which engage the arm shaped prolongations 18a of the
      lever carriers 18, whereby the latter can be latched.
PAR  The entire control system is assembled in such a manner that the thread
      storage levers 4 are latched and the thread clamping devices 5 firmly
      clamp the weft threads for as long as none of the actuating rods 5c of the
      thread clamping devices 5 are pressed downwardly. This state is shown in
      FIGS. 1 and 3.
PAR  If now the twenty weft threads guided through a certain weft thread storage
      means are to be introduced, the shaft 14 is so angularly displaced by a
      control pull applied by rope 30 to roller 15, that the end surface of the
      actuating rods of the corresponding thread clamping device comes into
      coincidence with the cam 13a of the corresponding cam plate. On rotation
      of the drive axle 21, as shown in FIG. 2, the cam disc 9 urges the swivel
      arm 10 away from the drive shaft 21. This movement is transferred by the
      shaft 11 and the swivel arm 12 to the shaft 14 with the cam plates 13. The
      actuating rod 5c of the thread clamping device 5 is thereby pressed
      downwardly and the thread clamping device concerned is released.
      Simultaneously, the latching pieces 17 are actuated, and the lever
      carriers 18 are unlatched, through the resultant clockwise motion of the
      associated lever 16. The lever carriers 18 can now follow the upward
      movement of the hollow cylinders 23 arranged on the intermediate axle 22
      controlled by the storage cam discs 7 through the rollers 8. In this, the
      rollers 4a journalled on the thread storage levers 4 are brought closer to
      one another, so that the weft thread sections stored in this storage
      device are delivered and fed to the weft input means. The chronological
      course of the delivery is determined by the control cams of the storage
      cam discs 7. These are so structured that, at each point in time just so
      much thread is delivered as is required by the introduction process,
      wherein small deviations are absorbed by the thread tensioners 6. Thereby,
      a uniform thread tension is attained and a good quality of the woven
      product assured.
PAR  When the drive shaft 21 rotates further, the thread clamping device 5 is
      again closed and the spacing between the rollers 4a enlarges, while new
      thread sections are withdrawn from the weft thread reels 2. When the
      maximum spacing between the rollers 4a is reached, the thread storage
      levers 4 are again latched and the storage mechanism is ready to deliver
      in a further cycle.
PAR  The exemplary embodiment explained herein serves for the weaving of twenty
      webs each with four differently colored weft threads. Other embodiments
      are of course also possible, such as a storage mechanism for the weaving
      of twelve or even of twenty-four or more webs each with several, for
      example eight, differently colored weft threads.
PAR  In another embodiment of the invention, each storage device is provided
      with only one thread storage lever 4. Thereby, the construction of the
      device may be simplified.
PAR  In the described embodiment, the transmission of the movements and the
      control of the course of movement ensued by purely mechanical elements. It
      would however also be possible to employ electro-magnetically or
      pneumatically actuatable elements for certain functions. This concerns
      particularly the latching and the thread clamping devices, that is to say
      the elements by which the color of the weft thread section to be delivered
      is determined.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a shuttleless web weaving machine provided with weft thread feed
      means to feed periodically a predetermined length of at least one weft
      thread to web weaving means included in said machine, weft thread storage
      means comprising, in combination, a frame; said weft thread feed means
      including at least one weft thread supply means and an associated thread
      brake mounted on said frame; at least one weft thread storage device, each
      comprising at least one thread storage lever pivotably mounted on said
      frame and engaged with a weft thread drawn from said weft thread supply
      means through said thread brake; and control means operable to control
      each storage device in timed coordination with the operation of said weft
      thread feed means; said control means including cam means rotatably
      mounted on said frame and respectively associated with each storage device
      to pivotably displace, before the commencement of each weft thread feed,
      each storage lever of the respective storage device from a first position
      to a second position, thereby to withdraw said predetermined lengths of
      weft thread from the associated supply means through the associated thread
      brake, and to effect storage of said predetermined length of weft thread
      in the associated storage device, and means operable to release each
      stored weft thread at the commencement of each weft thread feed to provide
      for said weft thread feed means to feed the stored length of weft thread
      from the associated storage device at a substantially constant tension;
      respective tensioning means engageable with each weft thread delivered
      from a storage means; a respective thread clamping device operatively
      engaged with the weft thread between the associated tensioning means and
      the last storage lever of the associated storage device; the effective
      length of each thread storage lever being presettable to enable the length
      of thread stored in the respective storage device to be predetermined in
      accordance with the breadth of the web to be woven by said machine; said
      storage means comprising at least two storage devices; a shaft rotatably
      mounted in said frame; at least two cam members mounted on said shaft to
      be rotatable therewith; a respective latching mechanism to latch each
      storage lever of each storage device; and a respective linkage system
      operable to couple each latching mechanism and the associated clamping
      device to a respective one of said cam members; whereby, for each weft
      feed operation, the respective thread clamping device and the respective
      latching mechanism in only one of said storage devices is releasable.
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ABST
PAL  A wire harness board comprises a foamed plastic panel, a first layer of
      wire mesh secured to one surface of the panel, a second layer of wire mesh
      secured in parallel relationship to the opposite surface of the panel, and
      a border that snugly fits over the parallel surfaces of the foamed panel
      with the wire mesh joined thereto. A unique method of forming such wire
      harness board, including the application of heat and pressure for a
      predetermined interval of time, is also disclosed.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  A fuller appreciation of the instant invention may be obtained by reference
      to pending U.S. Pat. application Ser. No. 193,082, filed Oct. 27, 1971,
      now U.S. Pat. No. 3,752,198 in the name of Arthur A. Fiorentino and Alan
      C. McCree. Such application, which relates to the so-called modularity
      concept which enables a single sized, or universal, harness board to be
      built-up to any desired harness board size, has been assigned to the
      assignee of the instant application.
PAC  FIELD OF THE INVENTION
PAR  The instant invention relates to wire harness boards for facilitating the
      tying together of wires forming a harness and methods of forming such
      boards.
PAC  DESCRIPTION OF PRIOR ART
PAR  Wire harness devices, also known as boards or jigboards, that have been
      fabricated from several layers of wood or metal are well known; a
      representative device is disclosed in U.S. Pat. No. 3,346,020 issued to
      George H. Geisinger and has gained broad commercial acceptance. Such
      device employs a first or fixed upper board and a second or movable lower
      board disposed in parallel relationship; means are provided for moving the
      boards relative to one another. A sheet or stencil is secured to the work
      surface of the fixed board indicating the desired outline of the wire
      harness and the necessary pin locations. The pins are then driven through
      the fixed board at the necessary locations and into the lower board.
      Subsequently, the user routes or positions the bundle of wires between the
      pins. Upon completion of the routing operation, the boards are moved apart
      so that the pins are lowered to a level that does not interfere with the
      application of bundling straps, termination springs, etc., to the wire
      bundle. Lastly, the completed harness is removed from the wire harness
      device and the device may be reused for forming another wire harness in
      accordance with the sheet or stencil applied to the upper surface of the
      first board.
PAR  Whereas the above described wire harness devices function satisfactorily,
      several deficiencies have been encountered. For example, the process of
      removing the elongated pins from the boards is time-consuming and
      expensive; thus, the boards and pins are frequently discarded after but a
      single usage and several boards have to be maintained on hand at all
      times. Furthermore, the mechanisms necessary to move the boards relative
      to one another introduces an undesirable factor into the cost of forming
      the wire harnesses. Additionally, manual tools are required for driving
      the pins through the boards, and/or for removing same.
PAR  Alternative wire harness devices have been sought which would alleviate the
      deficiencies while maintaining the successful functional characteristics
      of the multilayered harness devices. To illustrate, U.S. Pat. No.
      3,633,096 issued to Clifford J. Bollman discloses a wire harness board
      including first and second metallic screens positioned in spaced parallel
      relationship on the top and bottom surfaces of a penetrable core. The core
      may be formed in two equal halves from honeycombed paper, cork, foam
      rubber, or particulate matter, and a third metallic screen is inserted
      between the two halves to impart structural rigidity. The openings in each
      of the three metallic screens are oriented randomly relative to the
      openings in the adjacent screen, so as to provide increased frictional
      contact with the elongated pins inserted therethrough. The screens and the
      core halves are secured together by fasteners which are passed through the
      several layers of the wire harness board.
PAR  While the harness board disclosed by Bollman may well solve some of the
      deficiencies encountered with known multilayered harness boards, other
      problems remain unresolved. To illustrate, since a plurality of components
      are utilized for each board, problems may be encountered in aligning the
      components so that the pins can be easily inserted therethrough and yet be
      maintained in the desired position by frictional forces. Furthermore, the
      vertically oriented fasteners that retain the components in the desired
      relationship exert a constant pull or tensioning force of the screens
      which tends to shorten the useful life of the board.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, with the shortcomings of known wire harness devices clearly in mind,
      the instant invention contemplates a harness board utilizing a panel of
      foamed plastic bounded on its top and bottom surfaces by parallel layers
      of wire mesh. The foamed plastic panel has "self-healing" properties which
      enable the pins to be inserted into the board repeatedly during the course
      of fabricating several different harnesses. The mesh layers, which are
      embedded into the plastic panel without resorting to fasteners, increase
      the useful life of the board by effortlessly guiding the pins
      therethrough.
PAR  The invention further contemplates an efficient method of fabricating such
      board which bonds the wire mesh layers to the foam panel by the
      application of heat and pressure. The wire mesh layers and the foam panel
      are then slipped, as a unit, into a C-shaped border element and are
      retained therein by a suitable adhesive.
PAR  Additional desirable objectives realized by the instant wire harness board,
      and the method of fabricating same, will become readily apparent from the
      ensuing specification when construed in harmony with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a harness board constructed in accordance
      with the principles of the instant invention;
PAR  FIG. 2 is a vertical cross-sectional view through a section of the harness
      board, such view being taken along line 2--2 in FIG. 1 and in the
      direction indicated; and
PAR  FIGS. 3A-3D depict successive steps in the unique process of fabricating
      the harness board.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in greater detail to the drawings, FIGS. 1 and 2 show a
      harness board constructed in accordance with the principles of the instant
      invention, such board being indicated generally by reference numeral 10.
      Board 10 includes a panel 12 of a resilient material, such as a foamed
      polyethylene plastic, a first layer 14 of wire mesh joined thereto, a
      second layer 16 of wire mesh joined thereto and an inwardly opening,
      C-shaped border 18 that fits over the top and bottom surfaces of the
      foamed panel. Border 18, which consists of a plurality of segments secured
      together in edge-to-edge contact, extends around the perimeter of the
      rectangular board 10 and is secured thereto by a suitable adhesive. An arm
      20 extends downwardly from border 18 and a slot 22 is defined between the
      arm and the border.
PAR  A harness layout sheet or stencil 24, fragmentarily shown in the lower left
      hand corner of the board, is positioned atop board 10 so that the outline
      of the desired harness configuration may be readily observed. Elongated
      pins 26 are inserted through at least the first layer 14 of wire mesh and
      panel 12, and, in some instances, through the second layer 16 of wire
      mesh, in accordance with the pin locations indicated on the layout sheet
      or stencil 24. Pins 26 physically define the boundaries of the desired
      harness form, and then wires 28 are threaded between the pins.
      Subsequently, the wire harness is completed by securing wires together
      into a bundle by passing bundling straps axially thereabout (not shown)
      and by securing the ends of the wires to appropriate termination devices
      (not shown).
PAR  FIGS. 3A-3D depict sequentially steps in the unique method of fabricating
      board 10. A panel 12 of foamed plastic is cut to size and is then passed
      between upper and lower banks of heating lamps 30 and 32, respectively, so
      that the exposed upper and lower faces of the panel become tacky and
      pliable, as shown in FIG. 3A. The lamps heat the surfaces of panel 12 to
      at least 325.degree. F; although temperatures greater than 325.degree. F
      are permissible, temperatures in excess of 400.degree. F will cause the
      foam panel to shrink away from the mesh layer.
PAR  After the heating operation, panel 12 is advanced into operative
      relationship to press 34, as shown in FIG. 3B. Layer 14 of wire mesh is
      inserted into the press, and then the press moves downwardly and securely
      embeds the mesh in the foam panel. Press 34 must exert a load at least one
      pound of pressure per square inch in order to permanently embed the mesh,
      and the mesh must be embedded to a depth of at least one-half of its
      overall thickness for optimum results. Excessive pressure, however, will
      cause a permanent reduction of the overall thickness of the assembled
      board.
PAR  After layer 14 is firmly embedded in panel 12, the panel is inverted and
      the second layer 16 of wire mesh is embedded into the exposed surface of
      panel 12, as indicated in FIG. 3C. Here again, a minimum load of at least
      one pound of pressure per square inch is required for successful bonding;
      similarly, the mesh must be embedded to a depth of at least one-half of
      its overall thickness.
PAR  One of the C-shaped segments that make up the rectangular border 18 is then
      slipped over one end of panel 12 with the mesh layers 14, 16 firmly
      embedded therein. The remaining C-shaped segments are united into a
      horizontally extending U-shaped structure, as shown in FIG. 3D. Border 18
      has adhesive placed on its inner surface so that it can be firmly secured
      to the mesh layers. Alternatively, if so desired, the adhesive may be
      added to the surface of layers 14, 16 and to the edge of foam panel 12.
      Lastly, the panel is inserted into the open end of the U-shaped structure
      and is adhesively secured thereto; the assembly is completed when the
      border sections are subsequently united by conventional techniques.
PAR  Although a preferred embodiment of the instant wire harness board, and a
      preferred method for fabricating same have been described above, it will
      be appreciated that numerous changes could be effectuated without
      departing from the thrust of this invention. For example, if desired,
      layers 14 and 16 of wire mesh need not be aligned and thus could be
      applied simultaneously to opposite faces of the central panel. The bonding
      time for each panel varies over a range of 1-5 minutes per panel,
      depending upon the temperature and pressure employed. Also, although the
      panel may satisfactorily utilize polyethylene foam, polystyrene,
      polyurethane, or other closed cell foams could also be used.
PAR  The closed cell structure of the foamed plastic panel inherently possesses
      a self-healing property that permits numerous and repeated insertions of
      various harnessing aids over the prolonged life span of the wire harness
      board. Moreover, since the layers of wire mesh are permanently embedded in
      the foam panel by a heat bond, without resorting to conventional fasteners
      passing therethrough for securement purposes, the wire mesh layers, which
      merely act as guides for the pins, are unstressed and not placed under
      constant tension. The absence of tension increases the useful life span of
      the wire board and thereby broadens its commercial appeal. The wire mesh
      layers need not be aligned with one another, but the openings in the mesh
      must be equal to, or slightly larger, than the diameter of the pins. In an
      exemplary embodiment, the pin diameter was 0.093 inches, while each
      opening in the wire mesh was 0.093 by 0.093 inches.
PAR  In light of the foregoing specification, it should be fully understood that
      many other modifications and embodiments can be devised by those skilled
      in the art to which this invention appertains that will fall within the
      spirit and scope of the principles of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wire harness board comprising:
PA1  a. a panel including a body with upper and lower parallel surfaces,
PA1  b. said panel being formed of a resilient closedcell material,
PA1  c. first and second layers of wire mesh secured to the upper and lower
      surfaces of said panel,
PA1  d. an inwardly opening frame for receiving said panel and retaining same
      therewithin,
PA1  e. a plurality of elongated pins detachably insertable through said panel
      and through selected openings in at least one of said layers of wire mesh,
PA1  f. the openings in the wire mesh being slightly greater in size than the
      diameter of the pins inserted therethrough,
PA1  the invention being characterized in that said wire mesh layers are
      permanently embedded within the body of said panel at the upper and lower
      surfaces thereof so that said pins are guided in a vertical direction
      through said panel.
NUM  2.
PAR  2. A wire harness board as defined in claim 1 wherein the panel of
      resilient material consists of a foamed, cellular plastic that becomes
      tacky when exposed to temperatures ranging between 325.degree.F. and
      400.degree.F.
NUM  3.
PAR  3. A wire harness board as defined in claim 1 wherein the layers of wire
      mesh are embedded in the panel to a depth corresponding to one-half of the
      thickness of the mesh.
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ABST
PAL  An automatic cable tie installation tool for assembling a cable tie about a
      bundle of wires or the like comprises a tool member, a dispenser member
      spaced from the tool member adapted to receive a cartridge containing a
      plurality of cable ties therein, and a conveyer member interconnecting the
      tool member and dispenser member. The dispenser member includes release
      means for releasing restraining means on the cartridge to permit egress of
      the cable ties contained in the cartridge, and transfer means for
      transmitting the cable ties into the conveyer member where the cable ties
      are transmitted to the tool member. The tool member comprises receiving
      means for receiving a cable tie from the dispenser, positioning means for
      positioning the cable tie in a closed loop about the bundle of wires,
      tensioning means for tensioning the cable tie about the bundle of wires,
      and severing means for cutting the tail of the cable tie once it has been
      tensioned about the bundle of wires.
BSUM
PAR  This invention relates to the field of bundling a plurality of wires or the
      like and specifically to an automatic cable tie installation tool for
      fastening a cable tie about a bundle of wires or the like.
PAR  The prior art tools of this type have comprised a complex structure
      including a cartridge mounted directly on the tool containing a plurality
      of cable ties. A complex transferring mechanism was required to transfer
      the cable ties to the jaws of the tool. Since such a device was
      necessarily heavy when including the aforementioned structure, it was
      additionally required to utilize some type of counterbalancing system to
      attempt to eliminate the operator fatigue associated with utilizing the
      heavy prior art tool. Accordingly, it would be desirable to fabricate an
      automatic cable tie installation tool that is light-weight and
      fatigue-free when used without an awkward counterbalancing system.
PAR  The prior art tools utilized a plunger or ram to apply the force required
      to position a cable tie around the bundle and through the head of the
      cable tie. The plunger in addition to increasing the weight of the cable
      tie installation tool also produced a safety hazard inasmuch as the
      operator could have a finger pinched or smashed by movement of the plunger
      toward the bundle of wires which movement once initiated was not capable
      of being terminated. Accordingly, it would be desirable to provide an
      automatic cable tie installation tool wherein such a heavy and dangerous
      ram is eliminated.
PAR  Another problem of the prior art tools is that the actuating mechanism of
      the tools could be teased such that a tool cycle could be actuated prior
      to termination of the preceding cycle which would cause jamming of the
      tool. Accordingly, it would be desirable to provide an automatic cable tie
      installation tool wherein once the tool cycle is initiated, inadvertent or
      deliberate movement of the actuating mechanism by an operator will not
      initiate a second cycle until completion of the first cycle. It would
      additionally be desirable to provide such a tool with reset means wherein
      deliberate cessation of the initiated cycle can be accomplished.
PAR  Another problem with the prior art tools is that the jaws of the tools
      adapted to be positioned about a bundle of wires or the like once actuated
      could not be stopped and an operator's fingers could be positioned between
      the jaws whereby upon actuation of the tool cycle the fingers would be
      smashed between the jaws. It would therefore be desirable to provide a
      safety mechanism such that a predetermined force against closing of the
      jaws will prevent their closing thereby eliminating any possible injury to
      the operator.
PAR  Still another problem area in the prior art tools was that the cycle could
      be completed independent of the cable tie being positioned for tensioning
      about the bundle of wires or the like. This could result in an operator
      assuming a cable tie was properly positioned merely because the tool
      mechanically finished a cycle. The operator would then continue subsequent
      assembly operations and later have to go back and apply a cable tie in the
      same position. Such a procedure results in the loss of valuable operator
      time. It would accordingly be desirable to ensure that cycle actuation is
      not completed until a cable tie is properly positioned about a bundle of
      wires or the like.
PAR  In the prior art cartridges containing cable ties, it was necessary before
      inserting the cartridge into the tool to perform secondary operations
      resulting in the loss of expensive operator labor time. Accordingly, it
      would be desirable to fabricate a cartridge for use with an automatic
      cable tie installation tool wherein placement of the cartridge in a
      dispenser renders the cable ties positioned in the cartridge ready for
      transmittal to the tool member.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved automatic cable tie installation tool. It is another object of
      the present invention to provide an automatic cable tie installation tool
      that is light-weight and fatigue-free even when used without a
      counterbalancing system. It is a further object of the present invention
      to provide an automatic cable tie installation tool wherein inadvertent
      movement of the actuating mechanism will not initiate a second cycle of
      the tool until completion of the first cycle. Yet another object of the
      present invention is to provide a cable tie installation tool wherein the
      tool orients a cable tie so as to guarantee threading the tip of the cable
      tie through the cable tie head. Still another object of the present
      invention is to provide an automatic cable tie installation tool wherein
      potential injury to an operator is substantially eliminated. An additional
      object of the present invention is to provide an automatic cable tie
      installation tool wherein cycle completion will not occur unless the cable
      tie is properly positioned in the tool. A still further object of the
      present invention is to provide an automatic cable tie installation tool
      wherein a dispenser containing a cartridge having cable ties disposed
      therein is spaced from the hand held tool member. Yet a further object of
      the present invention is to provide an automatic cable tie installation
      tool having a fluid operated mechanism which sequentially applies a cable
      tie about a bundle of wires or the like, tightens the cable tie to a
      predetermined tension, cuts off and ejects the severed tip of the cable
      tie. Yet an additional object of the present invention is to provide a
      cartridge adapted to contain a plurality of cable ties for use with the
      automatic cable tie installation tool wherein the cartridge may be simply
      inserted in a dispenser without secondary operations being required to
      permit egress of the cable ties contained in the cartridge. Still another
      object of the present invention is to provide an automatic cable tie
      installation tool wherein a signal is given to the operator indicating the
      dispenser must be reloaded. Other objects and advantages of the present
      invention will become apparent as the following description proceeds and
      the features of novelty characterizing the invention will be pointed out
      with particularity in the claims annexed to and forming a part of this
      specification.
PAR  Briefly, the present invention comprises an automatic cable tie
      installation tool for fastening a cable tie under a predetermined tension
      about a bundle of wires or the like. The tool comprises a hand held tool
      member, a dispenser member spaced from the tool member for receiving a
      cartridge containing cable ties, and a conveyer member interconnecting the
      tool member and dispenser member. The tool member comprises receiving
      means for receiving a cable tie from the dispenser, positioning means for
      positioning the cable tie in a closed loop about the bundle of wires,
      tensioning means for tensioning the cable tie about the bundle of wires
      and severing means for cutting the tail of the cable tie once it has been
      tensioned about the bundle of wires. The dispenser member comprises a
      cartridge receiving opening, release means for releasing restraining means
      on the cartridge to permit egress of the cable ties contained therein and
      transfer means for transferring the cable ties into the conveyer member.
DRWD
PAR  For a better understanding of the present invention, reference should be
      made to the accompanying drawings wherein the same reference numerals have
      been applied to like parts and wherein:
PAR  FIG. 1 is a reduced perspective view of the automatic cable tie
      installation tool built in accord with the present invention.
PAR  FIG. 2 is an enlarged sectional view taken along Lines 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged partial sectional view similar to FIG. 2 with parts
      removed and showing the relationship of the parts with a cable tie
      positioned for assembly.
PAR  FIG. 4 is a sectional view similar to FIG. 3 showing the relationship of
      the parts at cut-off.
PAR  FIG. 5 is an exploded isometric view showing the tool member mechanism.
PAR  FIGS. 6 through 11 are sectional views taken along Lines 6--6 of FIG. 1
      showing the parts of the valve thereof during a completed cycle of the
      automatic tool.
PAR  FIG. 12 is a sectional view taken along Lines 12--12 of FIG. 3 assuming
      FIG. 3 is shown in full.
PAR  FIG. 13 is a sectional view taken along Lines 13--13 of FIG. 3 assuming
      FIG. 3 is shown in full.
PAR  FIG. 14 is a partial sectional view taken along Lines 14--14 of FIG. 3
      assuming FIG. 3 is shown in full.
PAR  FIG. 15 is a partial sectional view taken along Lines 15--15 of FIG. 3.
PAR  FIG. 16 is a sectional view similar to FIG. 15 showing the position of the
      parts at initiation of the tool cycle.
PAR  FIG. 17 is a sectional view taken along Lines 17--17 of FIG. 1.
PAR  FIG. 18 is a sectional view taken along Lines 18--18 of FIG. 1.
PAR  FIG. 19 is a sectional view taken along Lines 19--19 of FIG. 17 assuming
      FIG. 17 is shown in full.
PAR  FIG. 20 is a sectional view taken along Lines 20--20 of FIG. 18 assuming
      FIG. 18 is shown in full.
PAR  FIG. 21 is a sectional view taken along Lines 21--21 of FIG. 17.
PAR  FIG. 22 is a top view taken along Lines 22--22 of FIG. 1, with the cover
      and cartridge removed.
PAR  FIGS. 23 through 28 are schematics showing the position of the dispenser
      valves during a complete tool cycle.
PAR  FIG. 29 is a partial sectional view taken along Lines 29--29 of FIG. 1.
PAR  FIG. 30 is a sectional view taken along Lines 30--30 of FIG. 29, assuming
      FIG. 29 is shown in full.
PAR  FIG. 31 is a front view of the dispenser member of FIG. 1, with the cover
      removed and parts broken away.
PAR  FIG. 32 is an enlarged sectional view taken along Lines 32--32 of FIG. 31.
PAR  FIG. 33 is a side view of FIG. 32 with parts broken away to show the
      positioning of the cartridge relative to the dispenser.
PAR  FIG. 34 is a sectional view taken along Lines 34--34 of FIG. 33 with the
      cartridge removed.
PAR  FIG. 35 is a partial sectional view taken along Lines 35--35 of FIG. 22,
      assuming a cartridge is positioned in the dispenser.
PAR  FIG. 36 is an enlarged partial sectional view taken along Lines 36--36 of
      FIG. 22.
PAR  FIG. 37 is a sectional view taken along Lines 37--37 of FIG. 36.
PAR  FIG. 38 is a sectional view taken along Lines 38--38 of FIG. 31.
PAR  FIG. 39 is a front view of the cartridge built in accord with the present
      invention.
PAR  FIG. 40 is a bottom view of FIG. 39.
PAR  FIG. 41 is a sectional view taken along Lines 41--41 of FIG. 39.
PAR  FIG. 42 is a sectional view taken along Lines 42--42 of FIG. 39.
PAR  FIG. 43 is a partial end view of FIG. 39 taken along Lines 43--43.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 an automatic cable
      tie installation tool generally indicated at 50 comprising a tool member
      generally indicated at 51, a conveyer member generally indicated at 52 and
      a dispenser member generally indicated at 53 having a cartridge 54
      containing a plurality of self-locking cable ties 55 positioned therein.
      The cable ties 55 are of the type comprising a strap portion and a head
      portion having a strap-receiving opening therethrough as exemplified by
      Caveney et al. U.S. Pat. No. 3,660,869 assigned to the same assignee as
      the present invention.
PAR  Referring now to FIGS. 39-43, the cable tie cartridge 54 is disclosed
      comprising a pair of sides 56 suitably secured together along the
      interface adjacent their outer edge 57 and having a feeder arm 58
      rotatably supported therebetween at 59. The feeder arm 58 has a keyed
      aperture 61 for receiving a driver to resiliently bias the cable ties
      contained therein to a cable tie exit opening 62. The sides 56 adjacent
      the edge 57 define a cable tie head opening 63 to permit passage of a
      cable tie head therethrough. The body portions 64 of the sides 56 are
      positioned apart a distance sufficient to permit the passage of the strap
      portion of a cable tie supported in the cartridge 54. Adjacent the exit
      opening 62, a flange 66 extends inwardly from each of the sides into the
      cable tie head opening a distance sufficient to prevent egress of a cable
      tie. Release means in the form of a projection 67 extends outwardly
      adjacent the cable tie exit opening 62 from each of the sides. As best
      shown in FIG. 41, a locator portion 68 of each of the sidewalls tapers
      inwardly adjacent the exit opening 62 to define locating means. As shown
      in FIG. 43, the rear of the cartridge adjacent the exit opening is
      provided with a probe opening 69. The cartridge is provided with a stop 71
      as shown in FIG. 35 to limit movement of the feeder arm 58 to a position
      wherein the feeder arm ensures movement of the last cable tie out of the
      cartridge.
PAR  As best shown in FIG. 22, the dispenser member 53 is shown with the cover
      72 removed therefrom and comprises an outside fluid fitting 73 adapted for
      suitable connection to a source of fluid under pressure. The dispenser
      member 53 includes a plurality of manifold mounted valve modules 74, the
      particular structure of which is not shown as these modules are
      commercially available and their function is pointed out with
      particularity in the description of FIGS. 24 through 29.
PAR  The dispenser member 53 includes a cartridge receiving means in the form of
      a pair of spaced sidewalls 76 defining a cartridge receiving opening 77
      therebetween as best shown in FIG. 22. A cable tie chamber 78, as shown in
      FIGS. 32, 33 is disposed adjacent the cartridge receiving opening 77. At
      the right hand end of the cartridge receiving opening, release means is
      positioned comprising in the preferred embodiment, a plurality of cam
      surfaces 79, 81, 82. A first pair of cam surfaces 79 converge to the left
      in FIGS. 22, 34, and a second pair of cam surfaces 81 converge in the
      direction of the cartridge receiving opening 77. The cam surface 82 tapers
      rearwardly from the cartridge receiving opening 77. Referring now to FIG.
      35, a pneumatic cylinder 83 having a rod 84 positioned for movement due to
      air pressure in the cylinder, is positioned adjacent the cable tie chamber
      78. The rod 84 is supported for movement from a first position behind a
      cable tie disposed in the chamber 78 to a second position wherein the rod
      transfers the cable tie from the cable tie chamber 78 into a dispenser
      cable tie tube 86. A passageway 87 is provided in the dispenser cable tie
      tube 86 for transmitting fluid under pressure behind the head of a cable
      tie positoned therein. It will be appreciated that when the rod 84 seals
      the end of the dispenser cable tie tube 86 as best shown in FIG. 36 and
      fluid under pressure enters passageway 86, the cable tie is transmitted
      through the conveyer member 52 to the tool member 51.
PAR  Cartridge locators in the form of a pair of spaced uprights 88 are
      positioned as shown in FIG. 38 extending into the cartridge receiving
      opening 77 to properly position the cartridge in the cartridge receiving
      opening by mating with the tapering locator portions 68 of the cartridge
      54. As shown in FIG. 1, the dispenser is provided with an access door 89
      having a releasable lock 90 positioning the door adjacent the cartridge
      receiving opening and defining a wall thereof. It will be appreciated that
      removal of the door permits access to the cable tie chamber for removing
      any cable ties that could possibly be jammed therein.
PAR  A load handle 91 rotatably supported on the door is best shown sectioned in
      FIG. 29 and comprises a keyed driver 92 spring biased so that the driver
      enters the cartridge receiving opening 77 for mating engagement with the
      keyed portion 61 of feeder arm 58. A coiled spring 93 as shown in FIG. 30
      biases the load handle 91 for movement in a clockwise direction from the
      position as shown in FIG. 1. In order to position a cartridge 54 in the
      cartridge receiving opening 77, the load handle 91 is engaged and moved to
      the phantom position of FIG. 29 whereupon the driver 92 is removed from
      the cartridge receiving opening 77 permitting insertion of the cartridge
      with the cartridge locator means 68 positioned in engagement with the
      cartridge locators 88 and the cam surfaces 79 engaging the projections 67
      to separate the cartridge sides 56 at the exit opening 62, as shown in
      phantom in FIG. 35, and widen the space between the flanges 66 to permit
      egress of a cable tie into the cable tie chamber 78. The handle is then
      rotated counterclockwise while in the phantom position of FIG. 29 and
      released whereupon the driver enters the keyed aperture 61 in the feeder
      arm 58 whereupon the cable ties 55 are resiliently biased to the exit
      opening 62. Upon retraction of the rod 84 from the cable tie chamber 78,
      the cable tie adjacent the exit opening 62 is resiliently biased into the
      cable tie chamber 78 by the feeder arm 58. As shown in FIG. 35, a probe 96
      is mounted in the dispenser for movement through the probe opening 69 in
      the cartridge 54 and pneumatically connected to a signal 97 (FIG. 22)
      thereby when the feeder arm 58 has resiliently urged the last cable tie in
      the cartridge into position in the cable tie chamber 78 and moved below
      the probe opening 69, the probe movement of the probe 96 into the
      cartridge 54 opens a valve which actuates the signal 97. When the probe 96
      enters the cartridge 54 and engages the feeder arm 58 or a cable tie, the
      signal 97 is not actuated.
PAR  Referring now to the tool member 51, it is adapted to be hand held and has
      positioned thereon jaw actuating means in the form of a jaw trigger 101
      resiliently connected to a lower jaw 102 such that movement of the jaw
      trigger 101 to the position shown in phantom in FIG. 3 so as to permit
      placement of the tool member about a bundle of wires 103 as shown in FIG.
      1. A thumb slide 104 is disposed in the tool housing as shown in FIG. 1
      for relative movement to initiate actuation of the tool cycle. The thumb
      slide 104 is suitably connected to a spring biased actuator block 106
      shown in FIGS. 15 and 16 as comprising an actuator pin 107 resiliently
      biased by a spring 108 into engagement with a reduced diameter portion 109
      of actuator means in the form of an actuator rod 111. The actuator rod 111
      is suitably supported in the tool member 51 by a plurality of actuator rod
      supports 112 as shown in FIGS. 2 and 15. Movement of the actuator block
      106 to the left in FIG. 16 will cause the actuator pin 107 to also move to
      the left engaging the shoulder 113 of the actuator rod 111 and urging it
      to also move. As the actuator pin 107 moves to the left, it engages an
      actuator pin retainer 114 and resiliently urges the actuator pin retainer
      114 against the bias of spring 116. As the actuator rod 111 continues to
      move to the left as will be hereinafter described, the actuator pin 107 is
      cammed outwardly against the bias of spring 108 by a cam surface 117 on
      the actuator rod 111 from the position in FIG. 16, to the position as
      shown in FIG. 15, whereupon the actuator pin retainer 114 abuts against
      the reduced diameter portion 118 of the actuator pin 107 and prevents the
      actuator pin 107 from returning to the position of FIG. 16. It should be
      appreciated that movement of the actuator block 106 relative to the pin
      retainer 114, once the actuator rod 111 is in the position of FIG. 15,
      will cause the actuator pin retainer 114 to engage the actuator pin 107
      and prevent movement thereof toward the actuator rod. If the actuator rod
      111 should return to the position of FIG. 16, it will be necessary to also
      return the actuator block 106 to the position of FIG. 16 before the
      actuator pin 107 is free is move into engagement with the reduced diameter
      portion 109.
PAR  The forward end of the actuator rod 111 as best shown in FIG. 3, comprises
      a conical cam surface 121 and retaining means in the form of a reduced
      diameter portion forming a detent 122. Movement of the actuator rod 111 to
      the position as shown in FIG. 3 causes the cam surface 121 to pass between
      a primary wire latch 123 and a secondary spring latch 124 such that the
      primary wire latch 123 is positioned in the detent 122 so as to prevent
      inadvertent rearward movement of the actuator rod 111 from the position as
      shown in FIG. 3. The primary wire latch 123 and secondary spring latch 124
      are longitudinally offset relative to the detent 122 so that when the
      primary wire latch 123 is positioned in the detent 122, the secondary
      spring latch 124 is spaced rearwardly therefrom as shown in FIG. 3.
PAR  As best shown in FIG. 5, the primary wire latch 123 has a pair of ends 126
      passing through apertures in a latch frame 127 and anchored in apertures
      128 in one of the actuator rod supports 112 thereby permitting both the
      primary wire latch 123 and latch frame 127 to pivot. The portion of the
      primary wire latch 123 engaging the detent 122 is positioned such that
      upward movement of the latch frame 127 from the position in FIG. 3 will
      cause upward movement of the primary wire latch 123 out of engagement with
      the detent 122. Limited downward movement of the latch frame 127 can occur
      without movement of the primary wire latch 123 since the primary wire
      latch extends through elongated vertical slots 129 in latch frame 127. The
      secondary spring latch 124 has its latching portion 131 positioned against
      the lowermost portion of the latch frame 127 and is pivotally wound around
      the ends 126 of the primary wire latch 123. Ends 132 of the secondary
      spring latch 124 are looped over the primary wire latch 123 to bias the
      primary wire latch into the position of FIG. 3.
PAR  Receiving means in the form of a cable tie tube 136 is positioned in the
      tool member 51 for receiving a cable tie 55 from the dispenser member 53
      as will be hereinafter more particularly described. Air pressure in the
      cable tie tube 136 urges the cable tie 55 to the position as shown in FIG.
      3 wherein the head of the cable tie is positioned against a head stop or
      abutment 137. The cross-sectional rectangular configuration of the cable
      tie tube 136 cooperates with the cable tie head configuration and
      maintains the desired orientation of the cable tie 55 as it is transmitted
      from the dispenser member 53 into position against the abutment 137. A
      cable tie head retainer rod 138 is positioned for movement with the
      actuator rod 111 and has a head retainer 139 connected thereto and
      positioned to engage the head of the cable tie 55 to prevent inadvertent
      removal of the cable tie prior to assembly of the cable tie about the
      bundle of wires or the like. As shown in FIG. 3, the head retainer rod 138
      is biased to the position as shown by a suitable spring 141. A retainer
      ring 142 is secured to the actuator rod 111 and constrained to move
      therewith whereby movement of the actuator rod to the right from the
      position shown in FIG. 3 causes the retainer ring to engage the end 143 of
      the head retainer rod 138 and move the head retainer 139 to the right
      permitting egress of the cable tie from the tool after completion of the
      cycle. An inlet passageway 146 passing through a cable tie tube support
      147 interconnects the cable tie tube 136 through its aperture with a
      diaphragm 148 through an air passage pin 149 positioned in mounting plate
      151 as best shown in FIGS. 5 and 12. The mounting plate 151 is provided
      with an air passageway permitting air to flow behind the diaphragm 148.
      The diaphragm 148 is connected to a diaphragm rod 152 which is resiliently
      biased to the position shown in FIG. 14, by a suitable biasing means as
      shown in the form of a spring 153. The end of the diaphragm rod 152
      opposite the diaphragm 148 is connected to a pin actuating link 154
      suitably pivotably supported in mounting plate 155.
PAR  An upper jaw 156 is pivotably secured to the tool housing by a jaw pivot
      157. Jaw actuating means in the form of a jaw actuator rod 158 is secured
      to the upper jaw 156 through the jaw actuating pivot 159. A retainer ring
      161 is positioned on the rod 158 for retaining a jaw actuator spring 162
      having one end disposed against the retainer ring and the other end
      disposed against a sleeve 163 having a plurality of arms 164 disposed in a
      detent 165 on the jaw actuator rod 158. The jaw actuator rod 158 is
      connected for relative movement to a jaw actuator block 167 by means of a
      jaw actuator pin 168 disposed in a slot 169 in the jaw actuator block 167
      and positioned in a hole 171 in the jaw actuator rod 158. Thus it will be
      appreciated that movement of the jaw actuator block 167 produces movement
      of the jaw actuator rod 158 unless a force is applied to the jaw actuator
      rod 158 sufficient to cam the arms 164 out of the detent 165 whereupon the
      pin 168 is free to move the length of the slot 169 before movement of the
      jaw actuator rod 158 will continue. Thus it will be appreciated that in
      the event an operator's fingers are placed between the jaws 102, 156,
      movement of the upper jaw 156 will cease prior to exerting a force on the
      operator's fingers sufficient to cause injury.
PAR  The end of the jaw actuator block 167 disposed opposite the sleeve 163 is
      forked and supported for movement on a flatted portion of a cam gear shaft
      172. A cam detent pin 173 is disposed in an actuator block aperture 174
      and provided with detents 175 for engaging a spring biased detent
      positioner 176. The jaw actuator block 167 is suitably spring biased to
      the position as shown in FIG. 3 by a return spring 177.
PAR  A fluid actuated motor 181 is suitably mounted in the tool member housing
      and drives a motor gear 182 positioned for engagement with bevel gear 183
      suitably supported in the housing on bevel gear shaft 184 mounted on
      bearings 185. Transfer gear 186 is also secured to the bevel gear shaft
      184 and positioned for engagement with a cam gear 187 supported for
      rotational movement about the flatted cam gear shaft 172. The cam gear as
      best shown in FIGS. 3, 4, and 5 has on one side a pair of radial ramps 188
      extending from the center of the gear arcuately radially outwardly
      therefrom. At the tip of each of the ramps 188, an additional lateral ramp
      189 extends transversely from the face of the gear outwardly from the face
      of the gear to a height corresponding to the height of the radial ramps
      188 as best shown at 190 on FIG. 4.
PAR  The tool member 51 is provided with tensioning means including a gripper
      gear 193 having a pair of gripper teeth on each of its gear teeth and
      positioned for driving engagement with the cam gear 187. The gripper gear
      193 is supported for relative movement between a pair of gripper plates
      194. The gripper plates are supported for pivotal movement in the tool
      member 51 about a pair of pivot pins 195 and have a strap guide 196
      positioned therebetween and spaced from the gripper gear 193 a distance
      sufficient to permit movement of the strap portion of a cable tie 55
      therebetween. In order to eliminate the influence of any external drive
      force to the gripper gear 193, pivot pin 195 is positioned on the pitch
      line between cam gear 187 and gripper gear 193. The gripper plates 194
      permit translational movement of the gripper gear 193 relative to the
      strap guide 196 by means of an elongated slot 197 rotatably supporting the
      gripper gear shaft 198. As best shown in FIG. 3, a gripper gear spring 199
      resiliently biases the gripper gear 193 to a position closely adjacent the
      strap guide 196. It will be appreciated that the geometry of the slots 197
      is such that the gripping forces on the strap portion of a cable tie 55
      positioned between the gripper gear 193 and the strap guide 196 are
      increased upon attempted removal of the strap portion so as to provide a
      self-energizing aspect to the gripper gear 193. As the gripper gear 193
      rotates to permit removal of the strap portion, a force is applied on the
      gripper gear shaft 198 urging it to the lower portion of slots 197 wherein
      the gripper gear teeth are closer to the strap guide 196. By providing a
      rotary feed the length of the strap portion capable of being tensioned
      through the head portion is theoretically infinite. The prior art tools
      relying on a gripper attached to a movable rod were limited to tensioning
      the strap an amount corresponding to the stroke of the rod.
PAR  A cam follower 201 is supported by a cam follower pin 202 positioned
      between the gripper plates 194. Each of the gripper plates 194 is provided
      with a cutter blade actuator 203 and the right gripper plate is provided
      with a latch release leg 204. The latch release leg 204 is positioned for
      engagement with the latch frame 127. Severing means in the form of a
      cutter blade 206 having upstanding arms 207 on each side is disposed
      adjacent the cable tie tube 136 having a cutter portion 208 positioned
      adjacent to a cable tie aperture 209 in the cable tie tube 136 such that
      movement of the cutter blade 206 to the right in FIG. 3 urges the cutter
      portion 208 against the strap portion of a cable tie 55 passing through
      the aperture 209 and forcing the strap portion against the rear abutment
      or wall of the cable tie aperture 209 severing the cable tie as shown in
      FIG. 4. The arms 207 are positioned for engagement with cutter blade
      actuators 203.
PAR  The cam follower 201 is positioned in a detent 210 on a pivotal arm 211
      suitably mounted in the tool member 51 for pivotal movement about pin 212.
      A cam surface 213 is provided opposite the detent 210 from the pivot 212
      on the pivotal arm 211. The arm 211 is suitably biased into the position
      as shown in FIG. 3 by any suitable adjusting biasing means connected to
      the pivotal arm 211 at a point on the opposite side of the pin 212 from
      the detent 210 and cam surface 213. As shown in FIGS. 3 and 4, suitable
      biasing means urging the detent 210 to the position as shown in FIG. 3
      comprises a rod 214 secured to a yoke pivotally mounted at one end to the
      pivotal arm 211 and having its other end disposed for longitudinal
      relative movement in a block 216. A spring 217 abuts against the block 216
      urging the rod 214 and connected arm 211 to the position as shown in FIG.
      3. At the end of the block 216 opposite the spring 217, a tension
      adjusting knob 218 is threaded into the end of the block 216 such that
      rotational movement of the knob will move the block 216 longitudinally
      thereby increasing or decreasing the biasing force on the pivotal arm 211.
PAR  Referring now to FIGS. 6 through 11, the valve spool is disclosed
      comprising a primary spool 222 connected to the actuator rod 111 and a
      secondary spool 223 as best shown in FIG. 2. FIG. 6 shows the normal
      position of the primary spool 222 and secondary spool 223 when the tool is
      connected to a source of fluid under pressure which enters the valve at
      224. For the purpose of clarity, the presence of fluid under pressure is
      shown in FIGS. 6 through 11 by means of dots. FIG. 7 shows the position of
      the primary spool 222 and secondary spool 223 after initial movement of
      the thumb slide 104 has moved the actuator block 106 and the actuator rod
      111 as hereinbefore described. Continued movement of the thumb slide 104
      moves the primary spool 222 to the position as shown in FIG. 8 which
      position is the maximum amount of travel brought about by movement of the
      thumb slide 104. In the position shown in FIG. 8, air moves behind the
      primary spool 222 at 226 urging the primary spool to the position as shown
      in FIG. 9. With the primary spool in the position of FIG. 9, the actuator
      rod 111 is in the position of FIG. 3 such that the primary wire latch 123
      is positioned in the detent 122 so as to prevent movement of the actuator
      rod 111. In this position, air enters the motor 181 through the line 227
      and turns the motor gear 182 and associated gears connected thereto. Air
      additionally enters the pilot line 228 so that a signal is transmitted to
      the dispenser member 53 to transmit a cable tie 55 from the dispenser
      member to the tool member. In the position of FIG. 9, air pressure on the
      motor end 229 of the secondary spool is equal to the pressure on the
      actuating piston end 230 thereof whereupon the difference in area where
      the pressure is applied causes the secondary spool 223 to move to the
      right in FIG. 9 to the position as shown in FIG. 10. In this position, air
      continues to be supplied to the motor 181 and into the pilot line 228. The
      motor will thus run until the primary wire latch 123 and secondary spring
      latch 124 are released permitting the actuator rod 111 to return to its
      stable position under the force of a return spring 231 shown in FIG. 2.
      Since the primary spool 222 is connected to the actuator rod 111, movement
      also returns the primary spool to the position of FIGS. 6 and 11 opening
      the air port 232 putting pressure on the actuating piston end of the
      secondary spool forcing the secondary spool into the position as shown in
      FIG. 6 whereupon the cycle is ready to be repeated. Air exhausts from the
      valve spool 221 at 233 and 234.
PAR  Referring now to FIG. 13, reset means is disclosed and comprises a reset
      button 236 connected to a reset shaft 237 having an aperture 238 extending
      therethrough. The reset button 236 is biased into the position as shown in
      FIG. 13 by a suitable reset spring 239. Latch release means in the form of
      a substantially tubular member 241 having an actuator arm 242 positioned
      in the aperture 238 is disposed around the actuator rod 111 and has a pair
      of latch release segments 243 and 244 projecting between the primary wire
      latch 123 and secondary spring latch 124. Looking at FIG. 13, it will be
      appreciated that upon movement of the reset button 236 to the left, the
      tubular member 241 will be rotated counterclockwise whereupon an upper
      edge 246 of the right latch release segment 244 will engage the primary
      wire latch 123 and the lower edge 247 of the left latch release segment
      243 will engage the secondary spring latch 124 and bring about relative
      separation between the primary wire latch and secondary spring latch. This
      disengages the detent 122 in the actuator rod 111 from the primary wire
      latch 123 and secondary spring latch 124 whereupon the actuator rod 111
      will return under its spring bias to its original position and terminate
      continuation of an existing cycle. It will be appreciated that the tool
      member 51 could be used with many combinations of dispensers or even a
      hand feed supplying a single cable tie into the cable tie tube 136.
PAR  Referring now to FIGS. 17 through 21, the conveyer means is disclosed and
      comprises a tool disconnect generally indicated at 251 in FIG. 17 having a
      pilot tube 252 pneumatically connected to the pilot line 228 and a supply
      tube 253 for pneumatic connection to the supply line 224. A cable tie
      conveyer tube 254 is positioned for connection to the cable tie tube 136
      in the tool member 51. A dispenser disconnect 256 is disclosed in FIG. 18
      also containing a pilot tube 252, supply tube 253, and cable tie conveyer
      tube 254 which tubes are continuous between the tool disconnect and
      dispenser disconnect. The cable tie conveyer tube 254 may be provided with
      a spring support 257 to prevent any possible bending of the tube that
      could possibly result in preventing a cable tie 55 from being transmitted
      from the dispenser member 53 to the tool member 51. The tool disconnect
      251 and dispenser disconnect 256 may be provided with any suitable means
      preventing inadvertent removal from the associated tool member and
      dispenser member respectively as shown by the latches 258 positioned for
      respective engagement with a detent in the tool member and in the
      dispenser member. A release button 259 is also provided to permit
      separation of the disconnects from their associated members.
PAR  Referring now to FIGS. 23 through 28, disclosed are the schematics
      disclosing the pneumatic circuitry of the dispenser member 53. It will be
      appreciated that many combinations could be utilized to bring about the
      desired end purpose and accordingly, these particular schematics are
      illustrated as disclosing the preferred embodiment. A dot at the
      intersection of the lines indicates a connection whereas the absence of a
      dot indicates a cross over.
PAR  FIG. 23 shows the schematics for a plurality of valves, 261-267, a
      regulator 268, the cylinder 83 and associated ram 84, in addition to the
      valve spool 221, the dispenser cable tie tube 86, all of which are shown
      in position with air pressure applied to the circuit. Arrows are utilized
      to show air pressure in the various lines. In FIG. 23, Valve 261 is
      shifted against its spring and the cylinder 83 is under pressure at the
      head end.
PAR  Upon actuation of thumb slide 104 to move actuator rod 111 into latched
      engagement with the primary wire latch 123, air enters the pilot line 228
      as hereinbefore described. In FIG. 24, line pressure shifts Valve 264
      thereby permitting pressure to shift Valves 265 and 266 whereupon air
      passes through the regulator 268 into the dispenser cable tie tube 86
      through passageway 87 thereby propelling the cable tie 55 through the
      cable tie conveyer tube 254 to the tool member 51. At this point as shown
      in FIG. 24, the cylinder 83 remains under pressure at the head end. Upon
      return of the actuator rod 111 to its initial position upon completion of
      the cycle due to the cable tie 55 being applied about a bundle of wires or
      the like, valve spool 221 closes eliminating air pressure in pilot line
      228 whereupon Valve 264 returns under spring pressure to the position
      shown in FIG. 25. Also in FIG. 25, Valve 263 shifts due to pressure
      supplied through Valve 264 from Line 269. The pressure is supplied even
      though Valve 264 has shifted since Valves 265 and 266 remain open slightly
      after Valve 264 has returned to the position of FIG. 25. Valves 265 and
      266 are shown shifted in FIG. 25 under the spring pressure due to loss of
      pressure in Lines 271 and 272. Accordingly, fluid pressure is no longer
      supplied to the dispenser cable tie tube 86. The rod 84 also retracts due
      to pressure in Line 273. Valve 262 shifts pressurizing Valves 265 and 266
      thereby preventing reactuation by improper signal from valve spool 221.
      Thus it will be appreciated that a new cycle cannot be started until the
      rod 84 has fully retracted permitting another cable tie 55 to be
      positioned in the dispenser cable tie chamber 78. Back pressure in Line
      274 from the head end of the cylinder keeps Valve 261 shifted against its
      spring as shown in FIG. 25.
PAR  Referring now to FIG. 26, the back pressure in the head end of the cylinder
      83 bleeds off through port 274 of Valve 263 which has not yet shifted.
      Valve 261 shifts under spring tension since back pressure from the
      cylinder in Line 274 is no longer present. Valve 261 now provides pressure
      to Valve 263 shifting it and changing the cylinder direction as shown in
      FIG. 27, where Valve 263 has shifted supplying pressure into the back end
      of the cylinder 83. Pressure in Line 274 shifts Valve 261 against its
      spring blocking a signal to shift Valve 263. Back pressure in Line 273
      keeps Valve 262 shifted against its spring permitting pressure in Line 276
      to pressurize Valves 265 and 266 preventing them from shifting while the
      cylinder 83 is in motion.
PAR  Turning now to FIG. 28, the cylinder has fully extended the rod 84 and
      delivered a cable tie to the dispenser cable tie tube 86 with the tip of
      the rod sealing the cable tie tube so that upon application of the air
      pressure into passageway 87 as described with reference to FIG. 24, the
      cable tie 55 will be transmitted to the tool member. Back pressure in Line
      273 bleeds off through Valve 262 upon full extension of rod 84 thereby
      removing line pressure from Line 276 and permitting Valves 265 and 266 to
      shift upon receipt of the pilot signal from the tool member 51 as shown in
      FIG. 24. This restores the circuit to the form of FIG. 23 whereby the
      circuit is ready for another cycle upon actuation of the valve spool 221.
PAR  Valve 267 is a manually operable valve actuated by removal or closure of
      the access door 89 of the dispenser member 53. When the access door is
      removed, Valve 267 shifts from the position shown and retracts the
      cylinder rod 84 permitting removal of any material which may be jamming
      the dispenser cable tie tube 86. Closure of the front cover permits Valve
      267 to return to its position as shown under the force of its return
      spring.
PAR  Referring back to FIG. 24, there is shown Valve 277. When air enters the
      Line 252, the probe 96 is urged between the sides of cartridge through the
      probe opening 69. If the probe 96 engages a cable tie or the end of the
      feeder arm 58, further movement thereof is limited and nothing happens. If
      the feeder arm 58 has moved below the probe 96 then the additional
      movement of the probe into the cartridge shifts Valve 277 sending air
      under pressure into Line 298 actuating the signal 97. In this manner, the
      operator is informed when a new cartridge should be inserted into the
      dispenser. It will thus be appreciated that a cable tie will always be
      positioned in the cable tie chamber 78 for transmittal into the dispenser
      cable tie tube for transmittal to the tool member 51 upon receipt of the
      pilot signal from the tool. In the event an operator should fail to
      respond to the signal 97 and the cycle is actuated, a cable tie will be
      transmitted to the tool but there will not be a cable tie available for
      positioning in the cable tie chamber 78. It should be appreciated that the
      next subsequent cycle cannot be completed since a cable tie will not be
      transmitted to the tool member 51 and the cutoff necessary to release the
      primary wire latch 123 and terminate the cycle will not occur.
      Accordingly, in this event, it will be necessary to actuate the reset
      button 236.
PAR  Having thus described the mechanism of the tool, a complete cycle will now
      be explained in order that the overall operation of the automatic cable
      tie installation tool and the interaction of the parts thereof may be
      better appreciated.
PAR  The operator first engages the lower jaw trigger 101 to separate the upper
      and lower jaws 156, 102 and permit the jaws of the tool to be placed
      around the bundle of wires 103. Next, the slide 104 is actuated a
      predetermined distance whereupon air pressure in Line 226 behind the
      primary spool 222 forces the actuator rod 111 to the position as shown in
      FIG. 3. Simultaneously, air is supplied to the motor 181 driving the gears
      182, 183, 186, 187, and 193. Also, simultaneously, a pilot signal is
      transferred through pilot line 228 to the dispenser whereupon fluid
      pressure enters the dispenser cable tie tube 86 forcing the cable tie 55
      from the dispenser member 53, through the conveyer member 52 into position
      adjacent the head stop 137 in the cable tie tube 136 in the tool member 51
      with the strap portion following the guide surface defined by the upper
      and lower jaws 156, 102, and coming to rest with the tip thereof in a
      position adjacent the opening in the cable tie head.
PAR  Once the cable tie head passes the inlet passageway 146 in the cable tie
      tube 136, fluid pressure enters behind the diaphragm 148 urging the
      diaphragm rod 152 to the left in FIG. 14 causing the pin actuating link
      154 to pivot and move the pin 173 to the right from its position in FIG.
      12. This brings the pin into engagement with one of the radial ramps 188
      of the cam gear driving the upper jaw 156 into the position as shown in
      FIG. 4. As the pin 173 is urged radially outwardly from the cam gear shaft
      172 by ramp 188, it engages one of the lateral ramps 189 and is urged
      laterally from the face of the gear 187 until it returns to the position
      of FIG. 12. The pin 173 cannot return from the position of FIG. 4 as long
      as the pin actuating link 154 is pivoted from the position in FIG. 14 as
      the link prevents its return once the pin 173 has moved to the position of
      FIG. 12. The movement of the upper jaw 156 relative to the lower jaw 102
      threads the cable tie tip through the opening in the cable tie head
      directing the tip through the aperture 209 and between the gripper gear
      193 and cable tie guide 196 whereupon the gripper gear continues to
      tension the cable tie until the predetermined tension as set by the bias
      on the detent 210 is reached whereupon the cam follower 201 moves out of
      its position in the detent and the gripper plates 194 rotate about the
      pivot pin 195 moving the cutter blade 206, due to the engagement of the
      cutter blade actuators 203 with the upstanding arms 207, as shown in FIG.
      4 and severing the threading portion of the cable tie adjacent the cable
      tie head.
PAR  Simultaneously, the latch release arm 204 engages the latch frame 127 and
      pivots the latch frame upwardly from the position in FIG. 3 to the
      position in FIG. 4 wherein the primary wire latch 123 is removed from the
      rod detent 122 and the secondary spring latch 124 engages the rod detent.
      The cam surface 213 adjacent the cutter detent 210, now that the force is
      removed from the gripper plates 194, urges the cam follower 201 back into
      position in the cutter detent 210 whereupon the latch frame 127 is moved
      back to its original position as shown in FIG. 3 removing the secondary
      spring latch 124 from engagement in the rod detent 122 permitting the rod
      actuator 111 to return to its original position. As the gripper plates 194
      return to their position as shown in FIG. 3, the cutter blade actuators
      203 return the cutter blade to the position of FIG. 3. Upon the return of
      the actuator rod 111, the head retainer 139 is removed permitting the
      cable tie head to be removed from the tool member 51. With the cable tie
      head removed from the end of the cable tie tube 136, pressure behind the
      diaphragm 148 is eliminated whereupon the diaphragm rod 152 and pin
      actuating link 154 will return to the positions as shown in FIG. 14
      permitting the pin 173 to return to the position of FIG. 3.
PAR  Upon return of the actuator rod 111 to its original position, another cable
      tie is transferred from the cable tie chamber 78 into the dispenser cable
      tie tube 86 and the rod 84 has sealed the end of the cable tie tube 86
      whereupon another cable tie is positioned for transmittal to the tool
      member 51.
PAR  The preceding cycle takes place in less than a second.
PAR  While there has been illustrated and described what is at present
      considered to be a preferred embodiment of the present invention, it will
      be appreciated that numerous changes and modifications are likely to occur
      to those skilled in the art and it is intended in the appended claims to
      cover all those changes and modifications which fall within the true
      spirit and scope of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tool for fastening a cable tie having a strap portion and a head
      portion about a bundle of wires or the like comprising tensioning means
      for tensioning the cable tie about the bundle of wires or the like,
      severing means for cutting the tail of the strap portion once it has been
      tensioned about the bundle of wires or the like, said tensioning means
      comprising a rotary driven member adapted to develop a tension in the
      cable tie, said rotary driven member being spaced from a fixed strap guide
      a distance to define an interference fit for the strap portion, and
      biasing means for restraining movement of said severing means until a
      predetermined tension is developed in said cable tie, actuation of said
      severing means being independent of operator decision once the
      predetermined tension is developed.
NUM  2.
PAR  2. A tool for fastening a cable tie having a strap portion and a head
      portion about a bundle of wires or the like comprising tensioning means
      for tensioning the cable tie about the bundle of wires or the like, and
      severing means for cutting the tail of the strap portion once it has been
      tensioned about the bundle of wires or the like, said tensioning means
      comprising a rotary driven member adapted to develop a tension in the
      cable tie, said driven member comprising a gear supported on a plate
      mounted for pivotal movement within said tool; said plate being biased to
      a first position whereby when a predetermined tension is developed in said
      cable tie, said plate pivots and moves to a second position.
NUM  3.
PAR  3. The cable tie installation tool of claim 2 wherein said plate is
      connected to said severing means whereby pivotal movement of said plate
      actuates said severing means.
NUM  4.
PAR  4. The cable tie installation tool of claim 2 wherein said plate is
      pivotally mounted by a pin positioned on the pitch line of said gear.
NUM  5.
PAR  5. A tool for fastening a cable tie having a strap portion and a head
      portion about a bundle of wires or the like comprising tensioning means
      for tensioning the cable tie about the bundle of wires or the like, and
      severing means for cutting the tail of the strap portion once it has been
      tensioned about the bundle of wires or the like, said tensioning means
      comprising a rotary driven member adapted to develop a tension in the
      cable tie, and biasing means for restraining movement of said severing
      means until a predetermined tension is developed in said cable tie, said
      rotary driven member comprising a gripper supported by supporting means
      for actuating said severing means, said supporting means being mounted in
      said tool for movement from a first position wherein said gripper is
      positioned to tension the cable tie to a second position wherein said
      supporting means actuates said severing means.
NUM  6.
PAR  6. A tool for fastening a cable tie having a strap portion and a head
      portion about a bundle of wires or the like comprising tensioning means
      for tensioning the cable tie about the bundle of wires or the like, and
      severing means for cutting the tail of the strap portion once it has been
      tensioned about the bundle of wires or the like, said tensioning means
      comprising a rotary driven member adapted to develop a tension in the
      cable tie, and biasing means for restraining movement of said severing
      means until a predetermined tension is developed in said cable tie, said
      rotary driven member being fluid driven.
NUM  7.
PAR  7. The cable tie installation tool of claim 6 wherein said tool further
      comprises a fluid actuated motor having a motor gear and said rotary
      driven member comprises a gear interconnected to said motor gear.
NUM  8.
PAR  8. A tool for fastening a cable tie about a bundle of wires or the like
      comprising positioning means for positioning the cable tie in a closed
      loop about the bundle of wires or the like, tensioning means for
      tensioning the cable tie about the bundle of wires or the like, severing
      means for cutting the tail of the cable tie once it has been tensioned
      about the bundle of wires or the like, and cycle actuating means for
      actuating the cycle of said tool member, said cycle actuating means being
      movable from a first position to a second position wherein the tool is
      actuated, said tool member having locking means for preventing premature
      cycling wherein movement of said cycle actuating means to said second
      position actuates both the cycle and said locking means and disengages
      said cycle actuating means from repeated initiation of a new cycle until
      the cycle has been completed and a cable tie has been positioned in a
      closed loop about the bundle of wires or the like and the tail of the
      cable tie has been severed.
NUM  9.
PAR  9. The tool of claim 8 wherein said cycle actuating means comprises an
      actuator rod mounted within said tool member for movement therein between
      first and second positions, a slide is mounted on the tool housing for
      slidable movement relative thereto, said slide being connected to a slide
      actuator having a rod actuator resiliently biased toward said actuator rod
      and adapted to engage a shoulder on said actuator rod for moving said
      actuator rod from said first position, said locking means comprises a
      latch positioned for engagement with said actuator to prevent movement of
      said rod actuator from said second position irrespective of movement of
      said slide.
NUM  10.
PAR  10. A tool for fastening a cable tie having a strap portion and a head
      portion about a bundle of wires or the like comprising positioning means
      for positioning the cable tie in a closed loop about the bundle of wires
      or the like, tensioning means for tensioning the cable tie about the
      bundle of wires or the like, and severing means for cutting the tail of
      the cable tie once it has been tensioned about the bundle of wires or the
      like, said positioning means comprising jaw means for threading a tip of
      said cable tie through said head portion into engagement with said
      tensioning means, said jaw means being movable from a first position
      permitting placement of the jaw means about a plurality of wires or the
      like to an additional position, movement of said jaw means from said first
      position to said additional position being adapted to thread the tip of
      said cable tie into engagement with said tensioning means, and jaw
      actuating means for moving said jaw means from said first position to said
      additional position.
NUM  11.
PAR  11. The tool of claim 10 wherein said jaw actuating means is provided with
      an override whereby application of a predetermined force to said jaw means
      prevents movement of said jaw means to said additional position.
NUM  12.
PAR  12. The tool of claim 11 wherein said jaw actuating means comprises a rod
      pivotably connected to said jaw means and a sleeve disposed on said rod
      having a detent positioned in a groove in the rod whereby movement of said
      sleeve brings about movement of said rod until a restraining force is
      developed in the rod sufficient to cam the detent out of said groove
      thereby permitting relative movement between said sleeve and said rod.
NUM  13.
PAR  13. The automatic cable tie installation tool of claim 10 wherein said
      tensioning means comprises a driven gear having a plurality of teeth
      thereon adapted to engage a cable tie and develop a tension in the cable
      tie.
NUM  14.
PAR  14. The cable tie installation tool of claim 13 wherein said gear is
      supported on a plate mounted for pivotal movement within said tool; said
      plate being connected to a cam follower positioned in a biased detent
      whereby when a predetermined tension is developed in said cable tie said
      plate pivots and moves said cam follower out of said detent.
NUM  15.
PAR  15. The cable tie installation tool of claim 14 wherein said plate is
      connected to said severing means whereby pivotal movement of said plate
      actuates said severing means.
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ABST
PAL  Bottle filling means suitable for filling a bottle with aerated or
      sparkling liquid, (for example sparkling wine) contained in a bowl at
      superatmospheric pressure, comprising a float valve in the bowl which
      establishes a liquid level therein, at least two valves carried by the
      bowl and operated by a cam track engaged by the valves upon rotation of
      the bowl, a first valve being a liquid flow valve, opening to initiate a
      syphon action of the liquid from the bowl into the bottle through a syphon
      tube depending from the valve, a second valve, a bottle venting valve,
      opening to vent displaced air and gas from the bottle as it is filled, the
      bottle venting valve being connected to a flow meter which regulates rate
      of release of gas to atmosphere, so that the bottle fills rapidly but with
      a minimum of turbulence, a minimum of loss of carbon dioxide gas, and a
      minimum of oxidation due to the air contained in the bottle.
BSUM
PAR  This invention relates both to a bottle filling means and also to a method
      which is useful for the filling of a bottle with liquid contained in a
      bowl and containing gas under superatmospheric pressure, for example,
      sparkling wine. Such a machine is known in the trade as a "counter
      pressure filling machine".
PAC  BACKGROUND OF THE INVENTION
PAR  Two main difficulties are encountered with counter pressure filling
      machines commonly used in the trade. The pressure at which they operate is
      often in the order of 60 to 70 pounds per square inch, and this
      comparatively high pressure causes some of the wine or other aerated
      liquid to "boil over" as filling takes place. Furthermore filling is
      usually effected into the bottle from near its open mouth, and this
      results in considerable turbulence of the liquid as it passes into the
      bottle with the consequential loss of carbon dioxide gas from the liquid.
      In order to reduce turbulence and therefore to reduce loss of carbon
      dioxide gas, the liquid is frequently directed against the inner walls of
      the bottle, but this results in a slower filling rate. One of the main
      objects of this invention therefore, is to provide a means and method
      whereby a bottle is filled with much less turbulence than theretofore, and
      further to use a lower pressure than heretofore, so as to reduce the
      boiling over effect, thus reducing and in some cases completely avoiding
      loss of liquid.
PAR  A second main difficulty which is encountered is oxidation of certain
      liquids. Delicate sparkling wines are adversely effected if they are
      subjected to the action of oxygen but of course there is oxygen present in
      a bottle before it is filled with liquid. With previously used counter
      pressure machines, turbulence has resulted in exposing a large amount of
      surface area of the sparkling wine to the effects of oxygen, and a further
      object of this invention is to reduce the surface area of the wine which
      is exposed to oxygen and thus in turn reduce oxidation of the wine, when
      the invention is made use of in the filling of bottles with sparkling
      wine.
PAR  In our copending application, Ser. No. 478,539, filed June 12, 1974, we
      described a bottle filling means and method the object of which was to
      fill still wines or other liquids with a minimum of aeration by utilising
      a syphon method. By using a syphon method a relatively large tube may be
      employed to give a large cross-sectional area for the liquid flow, and the
      tube may extend almost to the bottom of the bottle being filled, the
      liquid flowing into the bottle with very little turbulence so that there
      is a minimum of aeration. However a counter pressure filling device and
      method is essentially much more complex since the bottle is filled under
      pressure.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly the invention may be summarised as comprising a frame supporting
      the bowl which contains aerated or sparkling liquid (for example sparkling
      wine) to a liquid level which is determined by a float valve in the bowl,
      a liquid flow valve carried by the bowl but above the liquid level, a
      syphon tube extending down from the liquid flow valve into the bowl below
      the liquid level, a bottle venting valve, a gas flow conduit having its
      inlet adjacent the outer surface of a syphon tube which depends from the
      liquid flow valve, the gas flow conduit extending to the bottle venting
      valve, and a flow meter coupled to the outlet of the bottle venting valve
      so as to regulate release of gas contained at pressure to atmosphere. The
      valves may conveniently be operated by cam means carried on a frame with
      respect to which the bowl rotates.
PAR  More specifically the invention may be defined as bottle filling means
      suitable for the filling of a bottle with liquid contained in a bowl and
      containing gas under superatmospheric pressure, comprising a frame
      supporting the bowl, a liquid inlet conduit, a float valve supported by
      the bowl in liquid flow communication with said conduit and having a
      liquid discharge outlet and a float contained within the bowl establishing
      a liquid level therein, a liquid flow valve carried by the bowl, a liquid
      delivery tube terminating at its inlet end in the bowl below the liquid
      level and at its outlet end in the inlet of said valve above the liquid
      level, and a syphon tube having an open lower end depending from the
      outlet of said valve, a bottle venting valve, a gas flow conduit having
      its inlet adjacent the outer surface of said depending tube and extending
      to the inlet of the bottle venting valve, a flow meter, and a gas venting
      tube extending from the outlet of said bottle venting valve to the inlet
      of the flow meter, said flow meter being operable to regulate rate of
      release of gas contained at pressure in the venting tube to atmosphere,
      and valve control means coupled to said valves and opening the liquid flow
      valve and the bottle venting valve.
PAR  Again, more specifically the method of the invention may be defined as
      comprising the steps of charging the bowl with liquid and with carbon
      dioxide gas at superatmospheric pressure, positioning the bottle over the
      syphon tube, opening the liquid flow valve and the bottle venting valve to
      effect transfer of liquids from the bowl to the bottle by a syphon action,
      and removing the bottle from the syphon tube after filling. The liquid
      flow valve and bottle venting valve may conveniently be in a single valve
      body, although in some instances it may be preferred by those skilled in
      the art to utilise separate valves for these and other purposes. Further,
      the valve control means can be constituted by cam tracks, rollers or the
      like carried by the frame and engageable against a valve plunger as the
      bowl rotates together with its valves.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is described hereunder with reference to and
      as illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a partly sectioned view of a bottle filling machine showing a
      frame, a bowl rotatable with respect to the frame, a valve and a bottle
      being filled,
PAR  FIG. 2 is an enlarged section through the float valve which is illustrated
      generally in FIG. 1,
PAR  FIG. 3 is a section through a valve body containing the valves and showing
      the valves in their closed positions,
PAR  FIG. 4 is a view similar to FIG. 3 but showing the liquid flow and bottle
      venting valves in their partly open positions, namely at the first stage
      of filling a bottle with liquid,
PAR  FIG. 5 is again a similar section to that of FIGS. 3 and 4 showing a
      further (gassing) spool valve in its open position, while the liquid flow
      and bottle venting valves are fully open,
PAR  FIG. 6 is a section similar to FIGS. 3, 4 and 5, showing the gassing spool
      valve closed but the liquid flow and bottle venting valves still fully
      open (this being a neutral position for the valves),
PAR  FIG. 7 is a section again similar to FIGS. 3 through to 6 showing the
      liquid flow and bottle venting valves closed but the pressure release
      valves opened, and
PAR  FIG. 8 illustrates removal of the bottle from the valve after the bottle
      has been filled with liquid.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates only portion of a bottle filling machine designated 10
      the machine having a frame 11 with bearings 12 on the end of a stem 13 of
      the frame 11 to rotationally support a bowl 14. The machine is provided
      with rotating elevating feet 15 which support respective bottles 16, the
      bottles being elevated as the machine rotates. The elevating feet 15 form
      part of known prior art, most botting machines of the index type being
      provided with such mechanisms, and therefore the devices for elevating
      feet 15 are not described in detail herein.
PAR  The rotating bowl 14 has a closure member 19 containing a central aperture
      20, through which a liquid inlet tube 21 passes, there being provided a
      resilient non-metallic sealing ring 22 between the tube 21 and the walls
      defining the aperture 20 so that carbon dioxide gas from a gas container
      23 may be maintained in the space 24 above the level 25 maintained by a
      pressure regulator 28, in this embodiment to about 40 pounds per square
      inch, that is about two-thirds of the pressure usually employed in counter
      pressure filling machines. This low pressure is of value in reducing
      tendency of boil over of the liquid from the bottle 16 as the bottle is
      removed from being filled.
PAR  Referring now more specifically to FIG. 2, a float valve generally
      designated 30 carried on the lower end of the liquid inlet tube 21, the
      float valve 30 having a float 31 (which establishes the level 25), and a
      discharge opening 32 which are essentially contained within the bowl 14.
      It might be referred to at this point that in some embodiments the float
      valve 30 may itself be positioned externally of the bowl 14, so as to be
      more readily accessible for maintenance purposes. However in the
      embodiment illustrated the float valve 30 together with its float 31 is
      contained wholly within the bowl 14.
PAR  The float valve 30 is a servo valve and comprises a cylinder 34, a cup-like
      member 35 which is freely slidable in the cylinder 34, a master valve seat
      36 in the base of the cup-like member 35, a master valve member 37 within
      the cup-like member 35, and co-operable with the seat 36, a plunger 38 and
      a float arm 30 pivoted to a bracket 40 constituting means coupling the
      master valve member 37 to the float 31. The plunger 38 passes through an
      aperture 42 in a screw threaded closure cap 43 which sealably engages the
      cylinder 34, and a resilient seal ring 44 which sealably and slidably
      engages the plunger 38.
PAR  The master valve member 37 co-operates with the master valve seat 36 to
      open or close the master valve. The lower end of the cup-like member 35
      comprises a frusto conical slave valve surface 46 which co-operates with a
      slave valve seat 47 to open or close the float valve 30. The arrangement
      is such that some liquid can pass between the walls of the cup-like member
      35 and the cylinder 34 so that the cup-like member tends to continuously
      fill with liquid. The whole valve is submerged and the cup is always full.
      However, upon raising of the master valve member, liquid in the cup can
      discharge so that the effective pressure acting downwardly on the cup-like
      member 35 is reduced and this allows it to rise due to the reaction of
      liquid flow through the valve as it changes direction and also due to the
      upthrust of the pressure applied to the bottom of the cup-like member 35.
      The pressure reduces as the member 35 rises, and there is thereby provided
      a simple efficient and sensitive servo float valve which is found in
      practice to maintain liquid level in the bowl 14 within very close limits
      notwithstanding wide variations in discharge rates as the bottles are
      filled from the bowl.
PAR  As said above, use may be made of separate valves arranged side by side,
      but in this embodiment a more effective arrangement is disclosed wherein a
      liquid flow valve, a bottle venting valve, a gassing spool valve, a
      pressure release valve and a tube venting valve are all contained within a
      single valve body 50.
PAR  FIGS. 3 through to 8 illustrate in detail the valves contained in the valve
      body 50 and show the various stages in the filling of a bottle. In FIG. 3
      the valves are shown as all being closed, the condition which exists
      before commencement of filling. The valve body 50 contains within it a
      liquid flow valve 51, there being a liquid delivery tube 52 which
      terminates at its inlet end 53 within the bowl 14, below the liquid level
      25 and at its outlet end 54 in the inlet 55 of the liquid flow valve 51.
      The valve body 50 has depending from it a syphon tube 57 having an open
      lower end (not shown), and this depends from the outlet 58 of the liquid
      flow valve 51. The liquid flow valve 51 is a poppet valve having a head 60
      which co-operates with an annular valve seat 61 formed by the shoulder at
      the lower end of a bore 62 which extends vertically through the valve body
      50, and a stem 63 which is slidable within sleeves 64 retained in the bore
      62. The stem 63 has surrounding it a light spring designated 66 which
      biases it towards an open direction, but in the position shown in FIG. 3
      the spring 66 is compressed by an abutment disc 67 loaded downwardly by a
      spring 68 contained in a tube 69 which depends from a piston 70. The
      piston is normally urged upwardly by a heavier spring 71 but this is also
      compressed in FIG. 3 as described below.
PAR  The syphon tube 57 depends through the lower end of the valve body 50,
      passing through an opening 74 of larger diameter than the syphon tube 57
      so that the opening 74 constitutes an inlet to a gas flow conduit
      designated 75 in the body 50. Although not shown in the drawings, the
      resilient means are provided for sealing the mouth of a bottle which is
      moved upwardly over the syphon tube 57 against the lower end of the body
      50. Such sealing means are well known and in common use in the art. The
      opening 74 then provides means for venting air and other gas contained in
      the bottle into the gas flow conduit 75 as described below.
PAR  The gas flow conduit 75 extends to an opening 77 in the piston 70, the
      opening 77 itself extending in to a central bore 78 of the piston 70, the
      upper end of the piston 70 then having an annular surface 79 which forms a
      valve seat for co-operable engagement with the head 80 of a poppet valve
      81, the stem of the poppet valve 81 depending into a central recess 82 in
      the piston 70. As in the case of the liquid flow valve 51, the stem is
      surrounded by a light spring designated 84. This spring 84 biases the
      poppet valve 81 towards an open position. The poppet valve 81 and surface
      79 combine to form a bottle venting valve, and as explained above the gas
      flow conduit 75 opens into the inlet of the venting valve. The outlet of
      the venting valve is designated 85 and joins the inlet end of a gas
      venting tube 86 which extends into a manifold 87 (to which similar tubes
      86 are connected around the bowl 14), the mainfold 87 being coupled by a
      conduit 88 to the space 24 within the bowl 14. Also coupled to the
      manifold 87 is a flow meter designated 90 of known type which functions to
      regulate the rate of discharge of gas from the manifold 87. The discharge
      of gas is much faster than can flow through the conduit 88, so that there
      is normally an outward flow from the space 24 through the flow meter 90.
      Similarly there is an outward flow of gas from the gas flow conduit 75
      through the flow meter 90. Flow meters of many types are available which
      are useful for this purpose, and in the embodiment described herein the
      flow meter selected was producted by Societe L'Air Liquide, Paris, France
      and sold under the designation "Mini Bloc."
PAR  The upper end of the bore 62 carries in it a sleeve 92 retained by a
      circlip 93 against outward displacement, the lower end of the sleeve 92
      functioning as limit means to limit upward movement of the piston 70. This
      condition is illustrated in FIG. 5. The sleeve 92 has in it an annular
      groove 95 coupled to a gassing conduit 96 which is in turn coupled to the
      space 24 in the bowl 14 (see FIG. 1). A spool 97 is slidable in the sleeve
      92, and in the condition of closed valves abuts the head 80 of poppet
      valve 81, in turn depressing the piston 70 which in turn closes the liquid
      flow valve 51.
PAR  When a bottle 16 is first positioned on the machine, it contains air at
      atmospheric pressure. However the poppet valves 51 and 81 are retained
      closed against their respective springs by pressure, the pressure against
      valve 51 passing from the wine bowl through the delivery tube 52, and the
      pressure against valve 81 through the venting tube 86. The spool 97 is
      raised (as shown in FIG. 4), allowing gas to flow from gassing conduit 96
      into the bottle 16. As the pressure rises, it more nearly equalises the
      pressure in the wine bowl, and at a differential of 4 pounds per square
      inch, spring 66 lifts valve 51. This small differential is sufficient to
      urge wine to flow from the bowl 14, through delivery tube 52, and into
      bottle 16. The pressure difference continues to reduce, and at a
      differential of 2 pounds per square inch, the spring 84 lifts the venting
      valve 81 and venting proceeds as shown by the arrows in FIG. 4.
PAR  The valve body 50 contains two further poppet valves, one of the poppet
      valves designated 103 being a pressure release valve. The poppet valve 103
      comprises a stem 104 and a head 15, the head 105 being urged towards a
      valve seat 106 by means of a compression spring 107 so as to normally
      close the valve 103. The valve seat 106 is contained in a sleeve 108. The
      outlet of the poppet valve 103 opens into a short conduit 109 which is
      exposed to atmosphere.
PAR  The other poppet valve is designated 113 and forms a tube venting valve,
      comprising a stem 114 and a head 115 urged against a valve seat 116 by a
      spring 117, the valve seat 116 being the inner end of a sleeve 118 and the
      outlet of the valve 113 communicating with a low pressure gas conduit 119,
      the two valves 104 and 114 being otherwise similar. The low pressure gas
      conduit 119 is coupled to the space 24, but contains in its length a
      pressure regulator 120 which is set to a very low pressure (about 1.5
      pounds per square inch) so that the low pressure gas conduit functions
      merely to dispel the liquid contents of the syphon tube 57 as a bottle is
      removed after having been filled.
PAR  In the drawings of FIGS. 3 through to 8, only FIG. 3 has all the above
      designations attached thereto, for the sake of simplicity the other
      drawings are marked only with relevant designations to assist in following
      the description of the operation.
PAR  As shown in FIG. 1, the frame 11 carries on it two cams. The upper cam is a
      cam track designated 125 and this engages a roller on the projecting end
      of the spool 97, the spool 97 being raised and lowered upon rotation of
      the bowl 14, and with it the valve body 50. The other cam is designated
      126 and co-operates with stem 114 of poppet valve 113. The frame also has
      on it a roller 127 which co-operates with the stem 104 of poppet valve
      103. Upon rotation of the bowl 14, the elevating foot 15 firstly lifts the
      bottle 16 to sealably engage the lower end of the valve body 50 (FIG. 1).
      Thereupon the cam track 125 causes lift of the spool 97 to apply pressure
      gas to the bottle. As the spool 97 rises, the spring 68 lifts the piston
      70, but the valves 51 and 81 are retained closed by pressure as described
      above until the bottle pressure is sufficient to enable the liquid flow
      valve 51 to open and liquid flow to commence down the syphon tube 57 into
      the bottle 16. This initial flow is caused by the higher pressure in the
      space 24. After a short period of flow spring 84 causes opening of the
      poppet valve 81 which is the bottle venting valve. The flow meter 90 is so
      adjusted that there is a slightly lower pressure in the manifold 87 than
      there is in the space 24, and consequently air and any carbon dioxide
      released from the liquid moves upwardly through the gas flow conduit 75
      and outwardly through the gas venting tube 86, the manifold 87 and flow
      meter 90. This avoids the establishment of a higher air pressure than the
      gas pressure within the liquid, it dilutes the air with carbon dioxide.
      This stage of the filling is illustrated in FIG. 4 of the drawings.
PAR  As shown in FIG. 5 the upward position of the spool 97 allows the liquid
      flow valve 51 to fully open, and also allows the bottle venting valve 81
      to fully open, so that there is a comparatively free flow of liquid into
      the bottle 16 through the syphon tube 57, and of air/carbon dioxide
      mixture through the valve 81 to atmosphere (through the flow meter 90).
      However as the spool 97 reaches its maximum height carbon dioxide at bowl
      pressure is transferred by the gassing conduit 96 past the spool valve 97
      into the gas flow conduit 75. This has two functions. Firstly it still
      further dilutes any residual air which may be left in the conduit 75, and
      secondly it maintains equal pressures (through gas flow conduits 75)
      within the bottle 16 and within the bowl 14 so that continued flow is
      solely under the action of syphon, that is, the difference in height
      between the level 25 in the bowl 14 and the liquid level in the bottle 16.
      Thus the flow rate diminishes, the level then rising slowly in the bottle
      16 until it reaches the level 25. This is a substantially non-turbulent
      flow of liquid, and it greatly diminishes the danger of boil over when the
      bottle is subsequently removed.
PAR  However syphon is allowed to continue for a period of time during the
      circular traverse of the bowl 14. As shown in FIG. 6 the spool 97 is
      depressed to a neutral position where both the bottle venting valves,
      valve 81 and the liquid flow valve 51 are open. Once the pressure in the
      gas flow conduit 75 has been established to be that of the pressure in the
      space 24 of the bowl 14, there is no need for continued interconnection
      through the gassing conduit 96.
PAR  Continued downwardly movement of the spool 97 is illustated in FIG. 7, the
      spool 97 abutting the head 80 of the poppet valve 81 thus closing the
      bottle venting valve, in turn driving down the piston 70, compressing
      springs 71 and 68, in turn compressing spring 66 which surrounds the stem
      63 of the liquid flow valve 51 and thereby closing the liquid flow valve
      51. The gas flow conduits 75 all still contain gas at the same pressure as
      the space 24 of the bowl 14 and this must be released. Release is effected
      by means of the gas release valve 103, the stem 104 of which is
      temporarily depressed by engagement with the roller 127 on the frame 11
      (see also FIG. 1). This then maintains carbon dioxide within the neck of
      the bottle 16 but at atmospheric pressure and also allows the liquid and
      vent valves to be held shut by the bowl pressure. Although the liquid flow
      valve 51 is closed, the syphon tube 57 remains full of liquid and it is
      desirable that this should be transferred without turbulence into the
      bottle 16.
PAR  FIG. 8 illustrates the means by which the contents of the syphon tube 57
      are transferred into the bottle. In FIG. 8 the stem 114 of the poppet
      valve 113 is depressed by the cam 126, (see also FIG. 1) to allow very low
      pressure gas from the low pressure gas conduit 119 to flow into the syphon
      tube 57 and maintain the level therein at approximately the same level as
      the level of liquid in the bottle 16 during its descent.
PAR  The invention results in much faster bottle filling than has been achieved
      heretofore, less boil over and less oxidation of wines when they are
      bottled.
PAR  Various modifications of the illustrated embodiments of the disclosed
      invention are within the skill of the art. This invention is therefore not
      limited to the description and drawings and all such modifications are
      intended to be included within the scope of the appended claims.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. Bottle filling means suitable for the filling of a bottle with liquid
      contained in a bowl and containing gas under superatmospheric pressure,
      comprising:
PA1  a frame supporting the bowl, a liquid inlet conduit, a float valve,
      supported by the bowl in liquid flow communication with said conduit and
      having a liquid discharge outlet and a float contained within the bowl
      establishing a liquid level therein,
PA1  a liquid flow valve carried by the bowl, a liquid delivery tube terminating
      at its inlet end in the bowl below the liquid level and at its outlet end
      in the inlet of said valve above the liquid level, and a syphon tube
      having an open lower end depending from the outlet of said valve and
      extending into the bottle;
PA1  a bottle venting valve, a gas flow conduit having its inlet adjacent the
      outer surface of said depending tube and extending to the inlet of the
      bottle venting valve, a flowmeter, and a gas venting tube extending from
      the outlet of said bottle venting valve to the inlet of the flowmeter,
      said flowmeter being operable to regulate rate of release of gas contained
      at pressure in the venting tube to atmosphere, and means for inducing
      syphon action flow of liquid from the bowl through the syphon tube
      comprising valve control means coupled to said valves whereby the opening
      of the liquid flow valve initiates the syphon action and the bottle
      venting valve is opened to vent displaced air or gas from the bottle as it
      is filled.
NUM  2.
PAR  2. Bottle filling means according to claim 1 further comprising bearings
      interposed between the frame and bowl supporting the bowl for rotation
      about a vertical axis, said bowl having a closure member with a central
      aperture, said liquid inlet being a tube extending through said central
      aperture, a seal between the tube and walls defining said central
      aperture, said float valve being supported by the lower end of the inlet
      tube and contained wholly within the bowl.
NUM  3.
PAR  3. Bottle filling means according to claim 2 wherein said float valve is a
      servo valve and comprises a cylinder, a cup-like member freely slidable in
      the cylinder, a master valve seat in the base of the cup-like member, a
      master valve member within the cup-like member and co-operable with the
      master valve seat, and means coupling the master valve member to said
      float,
PA1  a slave valve seat in the base of the cylinder, and a slave valve annular
      surface on the bottom of the cup-like member co-operable with the slave
      valve seat,
PA1  said liquid inlet tube opening into the cylinder through its side wall
      adjacent the slave valve seat.
NUM  4.
PAR  4. Bottle filling means according to claim 1 further comprising a gassing
      valve, a gassing conduit extending from the bowl to the inlet of the
      gassing valve, said gas flow conduit extending to the outlet of the
      gassing valve.
NUM  5.
PAR  5. Bottle filling means according to claim 1 further comprising a pressure
      release valve, said gas flow conduit extending to the inlet of the
      pressure release valve, the outlet of said pressure release valve being
      exposed to atmosphere.
NUM  6.
PAR  6. Bottle filling means according to claim 1 further comprising a tube
      venting valve, a tube vent conduit extending from the syphon tube to the
      inlet of the tube venting valve, a low pressure gas conduit extending
      between the outlet of the venting valve and the bowl, and a pressure
      regulating valve in the low pressure gas conduit.
NUM  7.
PAR  7. Bottle filling means suitable for the filling of a bottle with liquid
      contained in a bowl and containing gas under superatmospheric pressure,
      comprising:
PA1  a frame, bearings on the frame supporting the bowl for rotation about a
      vertical axis, a closure member over the bowl having a central aperture, a
      liquid inlet tube extending through said central aperture, a seal between
      the aperture and the inlet tube, a float valve on the lower end of the
      tube contained wholly within the bowl and establishing a liquid level
      within the bowl, a valve body containing a liquid flow valve secured to
      the bowl, a liquid delivery tube terminating at its inlet end in the bowl
      below said liquid level and its outlet end in the inlet of said liquid
      flow valve, and a syphon tube having an open lower end depending from the
      outlet of said liquid flow valve and extending into the bottle,
PA1  a bottle venting valve contained in said valve body and co-axial with the
      liquid flow valve, a gas flow conduit within the valve body having as its
      inlet an annular space defined by walls of the valve body surrounding the
      syphon tube and extending to the inlet of the bottle venting valve, and
      means for inducing syphon action flow of liquid from the bowl to the
      bottle through the syphon tube comprising a gassing spool valve having its
      spool coaxial with the other said valves and being axially movable within
      the body to open or close said valves, a cam track on the frame, and cam
      engaging means on the spool engaging the cam track so that upon rotation
      of the bowl the spool is moved in an axial direction by the cam track,
PA1  a flow meter, and a gas venting tube extending from the outlet of the
      bottle venting valve to the inlet of the flow meter, the flow meter being
      operable to regulate the rate of release of gas contained at pressure in
      the venting tube to atmosphere,
PA1  a gassing conduit opening at one end into the the bowl and at the other end
      into the inlet of the spool valve, the spool upon being moved outwardly
      from the valve body opening the gassing valve whereby opening the liquid
      flow valve initiates the syphon action and the opening of the bottle
      venting valve allows gas or air in the bottle to vent through the flow
      meter.
NUM  8.
PAR  8. Bottle filling means according to claim 7 wherein said valve body
      contains a central bore and all said valves are movable in an axial
      direction in the central bore, said liquid flow valve being a poppet valve
      having a stem slidable within the body and a head co-operable with an
      annular valve seat within the bore, the bore further containing a piston
      slidable therein and positioned upwardly of the liquid flow valve, the
      piston having a depending tube containing a compression spring and an
      abutment member which bears against the upper end of said liquid flow
      valve stem, the upper end of said piston having an annular venting valve
      seat, said venting valve also being a poppet valve having a stem depending
      into a central recess in the piston and a head co-operable with the
      venting valve seat, respective springs around the stems of both poppet
      valves biassing them towards respective open positions, the bore having
      limit means therein which limit upward movement of the piston and a piston
      spring beneath the piston urging it in an upward direction, the dimensions
      of the valves, piston and spool being such that upon downward movement of
      the spool, its lower end bears against the venting valve head and closes
      it against the venting valve seat, while continued downward movement
      drives the piston downwardly so that the abutment member bears against the
      end of the liquid flow valve stem and closes the liquid flow valve against
      its seat.
NUM  9.
PAR  9. Bottle filling means according to claim 7 further comprising a tube
      venting valve in the valve body, a tube vent conduit extending through the
      body from the syphon tube to the venting valve inlet, a low pressure gas
      conduit extending between the outlet of the venting valve and the bowl,
      and a pressure regulating valve in the low pressure gas conduit,
PA1  a pressure release valve in the valve body, said gas flow conduit extending
      to the inlet of the pressure release valve, the outlet of the pressure
      release valve being exposed to atmosphere,
PA1  both the tube venting and pressure release valves being poppet valves
      having their heads urged outwardly to engage annular valve seats in the
      body by respective springs contained within the body, and having their
      stems projecting outwardly from the body,
PA1  said frame comprising respective valve engaging means which engage the
      outwardly projecting stems upon rotation of the bowl, to thereby open the
      valves.
NUM  10.
PAR  10. A method of filling a bottle with liquid containing gas under
      superatmospheric pressure comprising the steps:
PA1  a. charging a bowl with said liquid and with gas at superatmospheric
      pressure,
PA1  b. positioning said bottle over a syphon tube,
PA1  c. opening a liquid flow valve to initiate a syphon induced liquid flow
      from the bowl to the bottle and opening a bottle venting valve to vent
      displaced air or gas from the bottle and
PA1  d. removing the bottle from the syphon tube after filling.
NUM  11.
PAR  11. A method of filling a bottle according to claim 10 further comprising
      charging gas to said bottle from said bowl before said opening of the
      liquid flow and bottle venting valves, and venting the gas and any air
      contained in the bottle therefrom during said transfer of liquid from the
      bowl to the bottle.
NUM  12.
PAR  12. A method of filling a bottle according to claim 10 wherein the step of
PA1  positioning said bottle over said syphon tube urges the mouth of said
      bottle into sealable engagement with the valve body of the liquid flow
      valve,
PA1  a. rotating the bowl to in turn effect opening of said liquid flow valve,
      so as to commence liquid flow through a liquid delivery tube and syphon
      tube under the influence of the gas pressure, then opneing said bottle
      venting valve to vent displaced gas from the bottle to atmosphere at a
      rate regulated by a flow meter,
PA1  b. further rotating the bowl to effect closure of said valves, and
PA1  c. lowering the bottle form the syphon tube while simultaneously further
      rotating the bowl to effect opening of a tube venting valve and
      consequential application of gas at low but superatmospheric pressure to
      said syphon tube.
NUM  13.
PAR  13. The method of claim 12 comprising the step of applying gas at bowl
      pressure to the bottle being filled before effecting opening of said
      liquid flow and venting valves, said pressure being effective in causing
      said opening of these two valves.
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ABST
PAL  Disclosed is a novel nozzle assembly adapted to pass fluid, by means of a
      fluid outlet line, into any one of a plurality of tank lines, each of the
      tank lines defining a tank line port. The nozzle assembly is further
      adapted to receive vapors passing through the tank line port from any one
      of the tank lines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to improvements in nozzle assemblies used
      for controllably dispensing volatile fluids such as gasoline. The improved
      nozzle assembly preferably forms part of a vapor recovery system for
      capturing fumes displaced by gasoline in liquid form. The system includes
      means for pumping gasoline from an underground storage tank through an
      outlet line to a fluid line inlet port leading to the tank of a vehicle
      such as the gasoline tank of an automobile. The vapor recovery system
      further includes a fluid return line, isolated from the outlet line,
      adapted to pass fumes which collect in the vehicular tank to the storage
      tank. Such a system thus reduces pollution by capturing fumes in the
      storage tank instead of permitting them to escape into the ambient air.
      The system also conserves gasoline since the fumes, displaced by the
      gasoline entering the vehicular tank, are returned to the storage tank via
      the return line. Inside the storage tank the fumes may condense and
      thereafter be pumped as gasoline in liquid form through the outlet line to
      the tank of another vehicle.
PAR  The prior art teaches numerous systems which disclose the general concept
      of returning fumes collected in a vehicular tank, to a storage tank. For
      the most part, however, such systems have not met with great commercial
      success. One reason for this lack of success is that many systems of the
      prior art required nozzle assemblies which were either cumbersome, costly
      or difficult to install. Another drawback in some prior art systems is
      that the nozzle assemblies were ineffective in maintaining a proper seal
      with the fluid inlet port of the vehicular tank to prevent fumes from
      escaping into the ambient air during fill up. This problem was compounded
      by the fact that different makes and models of vehicles had fluid inlet
      ports of different sizes, shapes and locations.
PAR  It is thus an object of this invention to provide an improved nozzle
      assembly which is of relatively simple construction, inexpensive, and
      effective. It is another object of this invention to provide such a nozzle
      assembly which can be made by simply and inexpensively modifying existing
      assemblies. It is still another object of the invention to provide an
      improved nozzle assembly with the features and advantages recited, which
      is further capable of maintaining a proper seal with the various fluid
      inlet ports associated with different makes and models of vehicles. It is
      anticipated that the nozzle assembly of the invention will be used in
      connection with a vapor recovery system to conserve gasoline and reduce
      pollution, though other uses also exist.
PAC  SUMMARY OF THE INVENTION
PAR  The objects, features and advantages of the invention are achieved in a
      nozzle assembly adapted to engage any one of a plurality of fluid lines
      sometimes referred to herein as gasoline tank lines. The assembly
      comprises a fluid outlet line adapted to pass fluid into any one of the
      tank lines, each of the tank lines defining a tank line port. The nozzle
      assembly is further adapted to receive vapors passing through the tank
      line port from any of the tank lines, and includes spring means, secured
      to the fluid outlet line, having a member spaced therefrom. The member is
      adapted to be compressed toward the fluid outlet line upon insertion into
      any one of the tank lines for applying a force against the tank line to
      help maintain the fluid outlet line therein. The nozzle assembly also
      includes a collar means, surrounding a portion of the fluid outlet line
      and overlapping at least a portion of the spring means. The collar means
      have a distal end, secured to the fluid outlet line, and a free proximal
      end, terminating in lip means adapted to form a seal about the tank line
      port upon insertion of the fluid outlet line into the tank line. The
      nozzle assembly includes vapor return means, at least partially defined by
      a space between the collar means and the fluid outlet line, for passing
      vapors from the tank line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention summarized above can be best understood by reading the
      following detailed description in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a side view of an exemplary embodiment of a nozzle assembly
      incorporating the invention;
PAR  FIG. 2 is an enlarged, perspective view of a portion of the nozzle assembly
      shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged, sectional view, partially cutaway, taken along lines
      5--5 of FIG. 2;
PAR  FIG. 6 is a sectional view of a portion of the nozzle assembly shown in
      FIG. 1 in cooperating engagement with a fluid line inlet port;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 6; and
PAR  FIG. 8 is a schematic diagram illustrating the nozzle assembly of FIG. 1
      used as part of a gasoline conservation and pollution prevention system.
DETD
PAC  DETAILED DESCRIPTION OF AN EXEMPLARY EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIGS. 1-7, an exemplary
      embodiment of the nozzle assembly of the invention is represented
      generally by reference numeral 10. Nozzle assembly 10 includes a housing
      20 and an outlet line 12. As will be explained in greater detail in
      connection with the description of FIG. 8, nozzle assembly 10 is
      preferably used as part of a vapor recovery system to conserve gasoline
      and reduce pollution.
PAR  Housing 20 typically supports a trigger mechanism 21 adapted to actuate a
      spring-biased rod 22. Upon actuation, rod 22 renders nozzle assembly 10 in
      condition to pass volatile fluids such as gasoline through outlet line 12.
      As shown best in FIGS. 1 and 2, outlet line 12 has an end 17 defining an
      opening 29, and is of slightly arcuate shape to facilitate the insertion
      of end 17 into a vehicular tank such as the gasoline tank of an
      automobile.
PAR  Nozzle assembly 10 further includes urging means in the form of a spring
      15. Spring 15 has a plurality of members 26 bowed between a pair of end
      bands 27, 28. In this exemplary embodiment, band 27, which is closest to
      opening 29 of outlet line 12, is secured thereto by a pair of screws 32,
      33, and band 28, which is furthest from opening 29, is preferably slidably
      fit around outline 12 by any suitable means such as metal clasps stitched
      through openings 35 in band 28. Though it is preferred that springs 15 be
      about 4 inches long, and band 27 be secured approximately 11/2 inches from
      opening 29, these dimensions should not be construed as limitative.
PAR  Surrounding portions of outlet line 12 and spring 15 are coupling means
      which may be in the form of an accordion collar 14 characterized by a
      plurality of folds or pleats 19. Coller 14 is preferably fabricated from a
      resilient material, such as neoprene, or fitted with a coil spring (not
      shown) to provide additional resiliency along its longitudinal axis. The
      collar 14 further defines return means 16 which, in this exemplary
      embodiment, include the annular space between outlet line 12 and collar
      14, and a molded passageway 16a. Passageway 16a terminates in a return
      line aperture 39 adapted to receive a return line 13. Thus, nozzle
      assembly 10 includes two passages for passing fluid--outlet line 12 and
      return means 16.
PAR  Collar 14 has a free proximal end 37, defining a lip 18, disposed nearest
      opening 29 of outlet line 12, and a distal end 36 disposed furthest from
      opening 29. Distal end 36 defines an outlet line aperture 38 which is of
      such diameter as to snugly accommodate outlet line 12, preferably within
      about 1 inch of housing 20. In this manner, collar 14 is secured to outlet
      line 12 of nozzle assembly 10 in a normally relaxed state. When collar 14
      is so relaxed, it is in an extended position illustrated by FIG. 4. In
      such a condition, lip 18 is generally within approximately 2 inches of
      band 27. Collar 14 can also be urged into a retracted position, as
      illustrated by FIG. 6, to effect a seal between lip 18 of collar 14 and
      any one of a plurality of fluid line inlet ports such as the part 40 of an
      automobile gasoline tank line 41. When collar 14 is urged into this
      retracted position, lip 18 is generally more than approximately 2 inches
      from opening 29 of outlet line 12.
PAR  In an alternative embodiment, collar 14 can be initially held in its
      retracted position by frictional engagement with members 16 of spring 15.
      Upon insertion of fluid outlet line 12 into port 40, members 26 are
      compressed, allowing collar 14 to be urged towards its retracted position,
      thereby causing lip 18 to be sealed about port 40.
PAR  As shown best in FIG. 6, return line 13 is snugly accommodated by return
      line aperture 39 to produce a leakproof connection with collar 14. Thus, a
      fume return path is provided from gasoline tank line 41, through fluid
      line inlet port 40, return means 16, and return line aperture 39, to
      return line 13. Disposed in return means 16 of collar 14 is a check valve
      48 which serves to pass fumes flowing through collar 14 to return line 13,
      but block the passage of fumes flowing in the opposite direction.
      Accordingly, once the fumes pass through check valve 48, they are
      generally unable to return to gasoline tank line 41.
PAR  It should be recalled that trigger mechanism 21 is operated to initiate the
      flow of gasoline through outlet line 12. In general, however, this is not
      done until outlet line 12 sufficiently enters fluid line inlet port 40 to
      bring lip 18 into sealed relationship with gasoline tank line 41. The
      outward flow of gasoline from opening 29 of outlet line 12 into gasoline
      tank line 41 then prevents fumes emanating therefrom, from entering
      opening 29 and passing through outlet line 12. Instead, the fumes passing
      upwardly from gasoline tank line 41 will follow the fume path defined by
      return means 16 and return line 13 described above.
PAR  Referring now to FIG. 8, the operation of assembly 10 as part of a vapor
      recovery system can be explained. In particular, FIG. 8 illustrates a
      gasoline pumping station 52 having a pump 53. Pump 53 is connected via a
      fluid outlet line extension 12a to fluid outlet line 12 of nozzle assembly
      10. Fluid outlet line extension 12a is coupled through pump 52 to a
      stationary gasoline storage tank 55. Disposed in the top of storage tank
      55 is a fume return opening 54. A return line extension 13a is coupled
      between return line 13 and fume return opening 54 to facilitate the
      passage of fumes into gasoline storage tank 55.
PAR  In operation, an automobile 50, having a near-empty gasoline tank 51 is
      driven into close proximity to pumping station 52. Fluid outlet line 12 of
      nozzle assembly 10 is then inserted into fluid line inlet port 40 of
      gasoline tank line 41. More particularly, fluid outlet line 12 is moved a
      sufficient distance into gasoline tank line 41 to urge collar 14 into its
      retracted position from its relaxed position. Thus, as shown in FIG. 6,
      lip 18 forms a tight seal with gasoline tank line 41 to prevent fumes,
      collected inside gasoline tank 51 from escaping into the ambient air.
      Trigger mechanism 21 is then operated to allow gasoline to be pumped from
      storage tank 55, through fluid outlet line extension 12a and fluid outlet
      line 12, into gasoline tank 51. As gasoline in liquid form passes into
      gasoline tank 51, it displaces the fumes accumulated therein. These fumes
      are then urged through gasoline tank line 41, return means 16, return line
      13, and return line extension 13a to storage tank 55.
PAR  In storage tank 55, the fumes tend to condense into liquid gasoline which
      is stored in storage tank 55 until pumped via lines 12a and 12 into the
      gasoline tank of another vehicle. Check valve 48, of course, prevents the
      fumes from passing to the tank of another vehicle in a gaseous state via
      lines 13a and 13. The recovery system thus conserves gasoline while
      reducing pollution by preventing fumes from escaping into the ambient air.
PAR  To maintain lip 18 of collar 14 properly sealed with gasoline tank line 41,
      fluid outlet line 12 of nozzle assembly 10 should be inserted into
      gasoline tank line 41 as shown in FIG. 6. More particularly, the end 17 of
      fluid outlet line 12 should be urged into contact with the interior of
      gasoline tank line 41. When such contact is made, the bowed members 26 of
      spring 15 apply force against the edge of gasoline tank line 41 defining
      fluid inlet port 40 as shown in FIG. 7. This force, along with the weight
      of nozzle assembly 10, causes the end 17 of fluid outlet line 12 inside
      gasoline tank 41 to pivot, thereby increasing the friction between end 17
      and gasoline tank line 41. Accordingly, spring 15 helps prevent fluid
      outlet line 12 from spontaneously withdrawing from fluid line inlet port
      40, and assures a proper seal between lip 18 and fluid line inlet port 40
      during the fill up of gasoline tank 51. Moreover, spring 15 automatically
      adjusts to various sized fluid line inlet ports, and permits nozzle
      assembly 10 to be used with almost every vehicle make and model.
PAR  Not only is nozzle assembly 10 adaptable for virtually every vehicle, but
      it can be produced with only a few simple modifications of existing
      gasoline pump nozzles, such as Model No. 1 manufactured by the Cardinal
      Manufacturing Company of St. Louis, Mo. For example, distal end 36 of
      collar 14 is first slipped over end 17 and onto the arcuate portion of
      fluid outlet line 12. Next, band 28 of spring 15 is slid along the same
      arcuate portion of fluid outlet line 12 until positioned under a portion
      of collar 14. Band 27 is then aligned with predrilled holes in fluid
      outlet line 12, and attached thereto with screws 32, 33. Finally, the
      return line 13 coupled to storage tank 55 via return line extension 13a,
      is secured to return line aperture 39 of collar 14.
PAR  In view of the foregoing, it should be apparent that nozzle assembly 10
      overcomes many of the drawbacks and deficiencies of the prior art. It
      should also be apparent, however, that those skilled in the art will be
      able to devise numerous refinements and variations in the exemplary
      embodiment herein disclosed, without departing from the true scope of the
      invention. Accordingly, all such refinements and variations are intended
      to be covered by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A nozzle assembly adapted to pass fluid, by means of a fluid outlet
      line, into any one of a plurality of tank lines, each of said tank lines
      defining a tank line port; said nozzle assembly being further adapted to
      receive vapors passing through said tank line port from any of said tank
      lines, the invention comprising:
PA1  spring means, secured to said fluid outlet line, having a member spaced
      therefrom; said member being adapted to be compressed toward said fluid
      outlet line upon insertion of said fluid outlet line into any one of said
      tank lines for applying a force against said tank line to help maintain
      said fluid outlet line therein;
PA1  collar means, surrounding a portion of said fluid outlet line and
      overlapping at least a portion of said spring means, said collar means
      having a distal end, secured to said fluid outlet line, and a free
      proximal end, terminating in lip means adapted to form a seal about said
      tank line port upon insertion of said fluid outlet line into said tank
      line; and
PA1  vapor return means, at least partially defined by a space between said
      collar means and said fluid outlet line, for passing vapors from said tank
      line, whereby fluid may be passed from said fluid outlet line into said
      tank line, and vapors may be passed from said tank line into said vapor
      return means.
NUM  2.
PAR  2. The nozzle assembly set forth in claim 1 wherein said member spaced from
      said fluid outlet line is bowed outwardly therefrom, and is adapted to
      frictionally engage the interior of said tank line to help maintain said
      lip means in sealed relationship about said tank line port.
NUM  3.
PAR  3. The nozzle assembly set forth in claim 2 wherein said spring means
      include a plurality of bowed members spaced from said fluid outlet line,
      and wherein at least some of said bowed members define gaps therebetween
      to permit passage of said vapors from said tank line to said vapor return
      means.
NUM  4.
PAR  4. The nozzle assembly set forth in claim 1 wherein said coller means
      include a plurality of pleats to permit the extension and retraction of
      said coller means relative to said fluid outlet line.
NUM  5.
PAR  5. The nozzle assembly set forth in claim 1 wherein said collar means are
      resilient so that, upon retraction, said collar means are urged in the
      direction opposed to said retraction to help maintain said lip means in
      sealed relationship about said tank line port upon insertion of said fluid
      outlet line into said tank line.
NUM  6.
PAR  6. The nozzle assembly set forth in claim 1 wherein said collar means
      include integral passage means at said distal end; said integral passage
      means forming part of said vapor return means.
NUM  7.
PAR  7. The nozzle assembly set forth in claim 6 wherein said vapor return means
      include a return line cooperating with said integral passage means for
      passing said vapors from said nozzle assembly.
NUM  8.
PAR  8. The nozzle assembly set forth in claim 7 further including valve means,
      communicating with said vapor return means, for permitting the passage of
      said vapors from said tank line to said return line, and blocking the
      passage of said vapors from said return line to said tank line.
NUM  9.
PAR  9. A nozzle assembly adapted to pass fluid, by means of a fluid outlet
      line, into any one of a plurality of tank lines, each of said tank lines
      defining a tank line part; said nozzle assembly being further adapted to
      receive vapors passing through said tank line port from any of said tank
      line, the invention comprising:
PA1  spring means, secured about at least a portion of said fluid outlet line,
      including a plurality of members bowed outwardly from said fluid outlet
      line; said bowed members being adapted to be compressed toward said fluid
      outlet line upon insertion of said fluid outlet line into any one of said
      tank lines for applying a force against said tank line to help maintain
      said fluid outlet line therein;
PA1  collar means, surrounding a portion of said fluid outlet line and
      overlapping at least a portion of said spring means, said coller means
      having a distal end, secured to said fluid outlet line, and a free
      proximal end, terminating in lip means adapted to form a seal about said
      tank line port upon insertion of said fluid outlet line into said tank
      line; and
PA1  vapor return means, at least partially defined by a space between said
      collar means and said fluid outlet line, for passing vapors from said tank
      line, whereby fluid may be passed from said fluid outlet line into said
      tank line, and vapors may be passed from said tank line into said vapor
      return means.
NUM  10.
PAR  10. A nozzle assembly adapted to pass fluid, by means of a fluid outlet
      line, into any one of a plurality of tank lines, each of said tank lines
      defining a tank line port; said nozzle assembly being further adapted to
      receive vapors passing through said tank line port from any of said tank
      lines, the invention comprising:
PA1  spring means, secured about at least a portion of said fluid outlet line,
      having a plurality of members defining gaps therebetween to permit passage
      of said vapors; each of said members being spaced from said fluid outlet
      line, and being adapted to be compressed upon insertion of said fluid
      outlet line into any one of said tank lines for applying a force against
      said tank line to help maintain said fluid outlet line therein;
PA1  collar means, surrounding portion of said fluid outlet line and overlapping
      at least a portion of said spring means, said collar means having a distal
      end, secured to said fluid outlet line, and a free proximal end,
      terminating in lip means adapted to form a seal about said tank line port
      upon insertion of said fluid outlet line into said tank line; and
PA1  vapor return means, at least partially defined by a space between said
      collar means and said fluid outlet line, for passing vapors from said tank
      line, whereby fluid may be passed from said fluid outlet line into said
      tank line, and vapors may be passed from said tank line into said vapor
      return means.
NUM  11.
PAR  11. A nozzle assembly adapted to pass fluid, by means of a fluid outlet
      line, into any one of a plurality of tank lines, each of said tank lines
      defining a tank line port; said nozzle assembly being further adapted to
      receive vapors passing through said tank line port from any of said tank
      lines, the invention comprising:
PA1  spring means, secured to said fluid outlet line, having a member spaced
      therefrom; said member being adapted to be compressed toward said fluid
      outlet line upon insertion of said fluid outlet line into any one of said
      tank lines for applying a force against said tank line to help maintain
      said fluid outlet line therein;
PA1   retractable collar means, surrounding a portion of said fluid outlet line
      and overlapping at least a portion of said spring means, said colalr means
      having a distal end, secured to said fluid outlet line, and a free
      proximal end, terminating in lip means adapted to form a seal about said
      tank line port upon insertion of said fluid outlet line into said tank
      line; said collar means being resilient so that, upon retraction, said
      collar means are urged in the direction opposed to said retraction; said
      spring means being urged against said collar means, prior to the insertion
      of said fluid outlet line into said tank line, to help maintain said
      collar in a retracted position, and said spring means, upon compression,
      permitting said collar means to be urged in the direction opposed to said
      retraction so that said lip means are maintained in sealed relationship
      about said tank line port when said fluid outlet line is thereafter
      inserted into said tank line; and
PA1  vapor return means, at least partially defined by a space between said
      collar means and said fluid outlet line, for passing vapors from said tank
      line, whereby fluid may be passed from said fluid outlet line into said
      tank line, and vapors may be passes from said tank line into said vapor
      return means.
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PAL  Apparatus for selectively opening and closing a fluid-tight sealing gate
      for a storage bin or the like. A gate closure member is mounted on a
      carriage which is supported for lateral movement relative to a material
      flow opening. As the carriage assembly is laterally moved by a linear
      actuator, the closure member is moved in a direction perpendicular to the
      material flow opening to accomplish sealing and unsealing of the opening
      in proper timed relation with the lateral movement of the carriage
      assembly. A material flow guiding structure is connected to the carriage
      assembly for movement into position adjacent the material flow opening, as
      the carriage assembly is laterally moved to withdraw the closure member
      from closure relation with the flow opening.
BSUM
PAR  This invention relates in general to closure gate apparatus and in
      particular to gate apparatus for selectively closing and sealing an
      opening in a storage bin or the like.
PAR  Bulk storage bins are frequently used in various environments and
      manufacturing operations to provide a location for the temporary or
      semi-permanent storage of a flowable material. One example of the use of
      storage bins is found in connection with plants and equipment used in the
      manufacture of asphalt aggregate material for paving purposes, wherein an
      asphalt plant may provide more-or-less a continuous flow of asphalt
      aggregate material. The asphalt aggregate material produced by the plant
      is, however, typically transported in truckload batches from the plant to
      the actual paving site, and a storage bin known as a surge bin is
      typically used for temporary storage of the asphalt aggregate material
      produced by an operating asphalt plant. Those skilled in the art are aware
      that hot asphalt aggregate mix rapidly deteriorates through oxidation,
      when stored in exposure to air, and so hot asphalt storage bins are
      typically provided with some means for maintaining an inert or
      non-oxidizing atmosphere in the free space within the storage bin. One
      such means is shown in U.S. Pat. No. 3,820,687. Both the inlet opening of
      the storage bin and the asphalt discharge opening of the bin must,
      therefore, be equipped with gates which not only prevent unwanted material
      flow, but which also maintain a fluid-tight seal to maintain the
      non-oxidizing atmosphere within the bin and to prevent entry of ambient
      atmosphere into the bin.
PAR  Although hot asphalt mix is usually introduced into an asphalt storage bin
      by gravity flow from a conveyor into an opening at the top of the bin,
      this top opening must be maintained in closed and fluid-tight sealed
      relation, except when asphalt mix is actually being added to the storage
      bin, so as to maintain the inert atmosphere provided within the bin. Prior
      art techniques for closing and sealing the top opening of an asphalt
      storage bin are shown in U.S. Pat. No. 3,532,252, by way of example, and
      include a door assembly which is selectively movable to open or close the
      top opening of the bin. The requisite fluid-tight sealing between the top
      inlet opening and the door is accomplished through a fluid seal
      arrangement including a number of fluid actuators which must be operated
      to seal or to unseal the door, after which another actuator is operated to
      cause actual opening or closing of the door. An extensive and elaborate
      arrangement of interlocking controls is provided to ensure that the door
      actuator and the separate seal actuators can be operated only in the
      proper sequence, so as to prevent damaging the top door structure through
      careless or uninformed operation of the top gate controls. Such top gate
      sealing apparatus of the prior art is generally expensive to manufacture,
      and has a control complexity which is subject to substantial maintenance
      in operation.
PAR  Accordingly, it is an object of the present invention to provide improved
      sealing gate apparatus.
PAR  It is another object of the present invention to provide improved sealing
      gate apparatus for use with a material storage bin.
PAR  It is yet another object of the present invention to provide improved
      sealing gate apparatus for the top opening of an asphalt storage bin.
DRWD
PAR  The foregoing and other objects and advantages of the present invention
      will become more readily apparent from the disclosed embodiment thereof,
      including the drawing in which:
PAR  FIG. 1 shows a pictorial view of a top sealing gate according to the
      disclosed embodiment of the present invention;
PAR  FIG. 2 shows a vertical section view taken along line 2--2 of FIG. 1, with
      the sealing gate open and retracted;
PAR  FIG. 3 shows a top plan view of the disclosed embodiment, with the sealing
      gate in closed position.
DETD
PAR  Stated in general terms, the sealing gate of the present invention includes
      a gate closure means which is laterally movable to block or to unblock a
      material flow opening, and which is also movable in a perpendicular path
      relative to the flow opening to selectively provide a fluid tight sealing
      engagement of the closure with the opening. Means are provided to
      accomplish the lateral movement of the closure means, and the lateral
      movement means is interconnected with the closure means in such a way as
      to withdraw the closure means from sealing relation prior to lateral
      movement of the closure means away from blocking relation with the flow
      opening. Stated more particularly, the sealing gate apparatus of the
      present invention provides a carriage which is mounted for lateral
      movement relative to a material flow opening, and which carries a closure
      gate. The carriage is laterally moved by a suitable actuator, and an
      interconnection between the actuator and the carriage accomplishes timely
      sealing and unsealing movement of the closure.
PAR  The present invention is better described and understood with reference to
      the disclosed embodiment of sealing gate apparatus indicated generally at
      10 in the Figures and disposed above a storage bin 11 shown in broken
      line. The storage bin 11 has a material flow opening 12 to admit material
      into the interior of the bin; it should be understood that the
      herein-described characterization of the storage bin 11 as a bin for
      storing hot asphalt mix is merely one example of a bin with which the
      sealing gate apparatus of the present invention may advantageously be
      used. The sealing gate apparatus 10 includes vertical support members 11
      which may extend downwardly for connection with structure (not shown) of
      the storage bin 11, or to any other structural supporting surface.
PAR  A pair of horizontal L-shaped structural members 14 and 15 extend between a
      first end 16 and a second end 17 of the gate apparatus, and it is
      particularly apparent in FIGS. 1 and 3 that the members 14 and 15 have
      respective upward-facing support surfaces 21 and 22. The surfaces 21 and
      22 comprise track surfaces which extend laterally and along opposite sides
      of the flow opening 12.
PAR  There is provided a closure gate 25 having external dimensions at least
      sufficient to completely surround and enclose the flow opening 12 in the
      storage bin. The flow opening 12 in the storage bin of the depicted
      embodiment is of generally circular configuration and is surrounded by an
      annular flanged surface 26, as best seen in FIG. 2. The closure gate 25
      has an annular axially extending rim 27 which projects downwardly for
      contact with the flanged surface 26 to facilitate closure and sealing of
      the flow opening 11, and it will be understood that a suitable sealing
      gasket surface can optionally be provided on either or both of the
      confronting surfaces on the rim 27 and the flanged surface 26 to enhance
      the fluid-tight nature of the closure seal. It will also be understood by
      those skilled in the art that the herein-disclosed details of the closure
      structure, including the gate 25, the flanged surface 26, and the rim 27,
      are only exemplary of the specific embodiment disclosed herein and are not
      limiting features of the present invention.
PAR  The closure gate 25 is supported and moved by a carriage assembly indicated
      generally at 28 and including an axle 29 extending transversely between
      the two track surfaces 21 and 22. Flanged wheels 30a and 30b are rotatably
      attached to the ends of the axle 29, and are positioned for rolling
      movement along the respective track surfaces. A crank arm 31 is connected
      to the axle 29 intermediate the axle ends, and the free end of the crank
      arm is connected to the operating rod 32 of a suitable linear actuator
      such as the double-action fluid cylinder 33. A pair of forward motion stop
      members 36a and 36b are positioned with respect to each of the track
      surfaces 21 and 22 to define maximum movement of the wheels 30a and 30b in
      the forward position, as defined by extension of the operating rod 32.
      Another pair of motion stops 37a and 37b are mounted adjacent the first
      end 16 of the gate apparatus in a suitable position to limit the retracted
      position of the carriage assembly 28, in response to retraction of the
      operating rod 32.
PAR  The carriage assembly 28 further includes a second axle 42 which is
      supported in parallel and spaced-apart relation to the axle 29 by a pair
      of arms 43 and 44 through which the axle 42 is rotatably received. Each of
      the arms 43 and 44, as will become apparent, is the functional equivalent
      of a lever arm having the axle 29 as the fulcrum of rotation.
PAR  Flanged wheels 45a and 45b are rotatably mounted on the opposite ends of
      the second axle 42, and are received on the track surfaces 21 and 22 for
      rolling movement therealong. As best seen in FIGS. 1 and 3, each of the
      track surfaces 21 and 22 has a discontinuity 46a and 46b, taking the form
      of a cutaway portion of missing track surface in the disclosed embodiment,
      and the diameter and extent of the two wheels 45a and 45b is selected to
      permit such wheels to drop into the respective discontinuities 46a, 46b
      when the carriage assembly 28 is appropriately positioned by operation of
      the actuator 33. It is also apparent from FIG. 3 that the outermost axial
      extent of the wheels 45a, 45b is selected to permit such wheels to move
      laterally past the forward motion stops 36a and 36b without interference,
      as the carriage assembly is being laterally traversed by the actuator 33.
PAR  The closure gate 25 is connected to the carriage assembly 28 by way of a
      pair of rib members 47 and 48 which extend upwardly from attachment to the
      upper surface of the closure gate 25. The axle 42 extends through each of
      the rib members 47 and 48 and is affixed to such ribs.
PAR  The arms 52 and 53 are connected to the carriage assembly 28 and extend
      laterally in the forward direction from the closure gate 25 to terminate
      in connection with a third axle 54 parallel to and spaced apart from the
      axles 29 and 42. A pair of flanged wheels 55a and 55b are rotatably
      connected at the opposite ends of the axle 54. The arms 52 and 53 are
      mutually spaced apart to accommodate a material guide chute 56, which is
      secured to these two arm members. As best seen in FIG. 2, the bottom end
      57 of the chute 56 is high enough to clear the flanged surface 26
      extending around the flow opening 12 of the storage bin 11, when the
      carriage assembly 28 is laterally traversed to the retracted position. The
      top end 58 of the chute 56 is sufficiently low to enable the chute to pass
      beneath the lowermost portion of a material handling device 59, shown in
      phantom in the drawings. It will be understood that the material handling
      device 59 may be a material feed conveyor, a material flow chute, or any
      other apparatus which moves and/or directs material for admission into the
      flow opening 12 of the storage bin 11. It will also be understood that it
      is preferable to minimize the open space between the bottom of the
      material handling device 59 and the flow opening 12, while material is
      being admitted into the storage bin 11, so as to reduce the likelihood of
      flowing material missing the opening 12. The chute 56, when positioned
      between the material handling device 59 and the flow opening 12 of the
      storage bin 11, effectively provides a nearly-continuous guide structure
      for material flowing from the material handling device into the storage
      bin.
PAR  The operation of the sealing gate apparatus embodiment depicted and
      described above is now considered. The closure gate 25 is aligned with the
      flow opening 12 and maintained in sealing engagement with the opening, as
      long as the operating rod 32 of the actuator 33 is maintained in the
      extended position as shown in FIGS. 1 and 3. The wheels 45a and 45b are
      received within the discontinuities 46a and 46b at this time, allowing the
      axle 42 and the attached closure gate 45 to drop downwardly into the
      sealing position shown in FIGS. 1 and 3. The chute 56 is disposed in
      laterally spaced-apart relation to the flow opening 12 at this time.
PAR  When it is desired to admit material through the flow opening 12 into the
      storage bin, fluid pressure is applied to the actuator 33 through the
      conduit 62 and any suitable fluid valve arrangement (not shown) to retract
      the operating rod 32. Initial retracting movement of the operating rod 32
      is applied through the crank arm 31 to rotate the axle 29 in the
      counterclockwise direction (as viewed in the Figs.) and thus to rotate the
      crank arms 43 and 44 relative to the axle 29. Rotation of the crank arms
      43 and 44 causes the rotatably-attached second axle 42 to move upwardly,
      whereupon the closure gate 25 is raised upwardly away from the flow
      opening 12 in the storage bin. Upward movement of the axle 42 also raises
      the wheels 45a and 45b to remove the wheels from the discontinuities 46a
      and 46b in the track surfaces 21 and 22. The uppermost extent to which the
      axle 42 and the attached closure gate 25 can move is limited by the bar 64
      extending between the arms 52 and 53.
PAR  When the axle 42 is moved upwardly into contact with the bar 64, or at
      least to the extent which removes the wheels 45a and 45b from the
      respective discontinuities in the track surfaces, the continuing
      retractive movement of the operating rod 32 commences lateral movement of
      the carriage assembly 28 to the left, as viewed in the Figs., to withdraw
      the closure gate 25 from alignment with the flow opening 12 and to
      position the chute 56 in alignment with the flow opening. The wheels 45a
      and 45b roll along the track surfaces 21 and 22, maintaining the axle 42
      and the closure gate 25 in elevated relation at this time. The lateral
      retractive movement of the carriage assembly 28 continues until the wheels
      30a and 30b engage the retract motion stops 37a and 37b, at which time the
      carriage assembly is effectively maintained in retracted position by the
      continued application of fluid pressure on the conduit 62 of the actuator
      33. The dimensions of the arms 52 and 53 is selected to place the chute 56
      into alignment with the flow opening 12, as shown in FIG. 2, when the
      carriage assembly is fully retracted, so that a flow of material from the
      material handling device 59 can be initiated.
PAR  Reclosure of the gate is accomplished by removing operating fluid pressure
      from the conduit 62 of the actuator 33 and applying fluid pressure to the
      conduit 63, whereupon the operating rod 32 commences to move outwardly
      from the actuator. The carriage assembly 28 traverses laterally in the
      direction opposite from retraction, displacing the chute 56 from the flow
      opening 12 and moving the closure gate 25 toward alignment with the flow
      opening. The forward motion stops 36a and 36b are spaced apart along the
      track surfaces 22 and 21 from the respective discontinuities 46a and 46b
      to cause the wheels 30a and 30b to engage the forward motion stops at the
      point of lateral carriage assembly travel which places the wheels 45a and
      45b in alignment with the discontinuities 46a and 46b. The forward lateral
      motion of the carriage assembly 28 is thus terminated by the forward
      motion stops 36a and 36b at the point where the closure gate 25 is aligned
      with the flow openings 11, and continued extension of the operating rod 32
      causes clockwise rotation of the axle 29 and downward movement of the axle
      42 to lower the closure gate 25 into sealing relation with the flow
      opening 12. Fluid pressure may be maintained in the conduit 63 to provide
      positive locking of the closure gate in the closed and sealed position.
PAR  It will thus be seen that opening and closing of the flow opening 12, as
      well as sealing and unsealing of the closure gate, is accomplished in
      synchronized operation with only a single actuator and without need for
      the complex interlocking multiple controls and actuators which
      characterize the prior art.
PAR  It will be apparent that the foregoing relates only to a disclosed
      embodiment of the present invention, and that numerous changes and
      modifications may be made therein without departing from the spirit and
      the scope of the invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Gate apparatus for selectively opening and closing a material flow
      aperture, comprising:
PA1  closure means for a material flow aperture;
PA1  first means connected to said closure means and selectively operative to
      move said closure means either to a first position substantially aligned
      with such aperture or to a second position laterally displaced from such
      aperture;
PA1  second means interconnected between said closure means and said first means
      and responsive to further operation of said first means after attainment
      of said first position by said closure means to dispose said closure means
      in closure relation with such material flow aperture; and
PA1  said second means being operative in response to initial movement of said
      first means in a direction away from said first position to withdraw said
      closure means from said closure relation.
NUM  2.
PAR  2. Gate apparatus as in claim 1, wherein:
PA1  said second means includes track means mounted in laterally extending
      relation to such aperture;
PA1  support means disposed for movement along said track means and connected to
      support said closure in said withdrawn position; and
PA1  said track means having a region which is engageable by said support means
      to move said closure means toward said closure relation.
NUM  3.
PAR  3. Gate apparatus for selectively opening and closing a material flow
      aperture, comprising:
PA1  closure means for a material flow aperture;
PA1  first means connected to said closure means and selectively operative to
      move said closure means either to a first position substantially aligned
      with such aperture or to a second position laterally displaced from such
      aperture;
PA1  second means connected to said closure means and responsive to further
      movement of said first means upon attainment of said first position by
      said closure means to dispose said closure means in closure relation with
      such aperture;
PA1  said second means being responsive to initial movement of said first means
      away from said first position to withdraw said closure means from said
      closure relation;
PA1  said second means including track means mounted in laterally extending
      relation to such aperture;
PA1  support means disposed for movement along said track means and operative to
      support said closure in said withdrawn position; and
PA1  said track means having a region which is engageable by said support means
      to move said closure means toward said closure relation with said aperture
      when said first means is moved to said first position.
NUM  4.
PAR  4. Gate apparatus as in claim 3, wherein said region comprises a
      discontinuity in said track means.
NUM  5.
PAR  5. Gate apparatus as in claim 3, wherein:
PA1  said second means further includes a crank operatively interconnected
      between said first means and said second means to provide positive
      withdrawal of said closure means from closure relation with such aperture
      in response to initial movement of said first means away from said first
      position.
NUM  6.
PAR  6. Gate apparatus as in claim 3, further comprising:
PA1  material flow guide means operatively associated with said first means for
      movement into flow guiding relation with such aperture when said closure
      means is moved to said second position and for movement away from such
      aperture in response to movement of said closure means toward said first
      position.
NUM  7.
PAR  7. Gate apparatus as in claim 6, wherein said flow guide means is supported
      by said track means for movement therealong in response to said first
      means.
NUM  8.
PAR  8. Gate apparatus for selective closure of an opening, comprising:
PA1  closure means configured to obstruct such opening;
PA1  first means supporting said closure means for lateral movement with respect
      to such opening, said closure means being supported for lateral movement
      between a first position in alignment with such opening and a second
      position in laterally spaced apart relation to such opening;
PA1  motive means operatively connected to selectively urge said closure means
      either to said first position or to said second position;
PA1  second means operatively interconnected between said motive means and said
      closure means and operative in response to said urging away from said
      first position to withdraw said closure means from opening obstruction
      relation before said closure means is moved away from said first position,
      and additionally operative to return said closure means to opening
      obstruction relation when said closure means is moved to said first
      position.
NUM  9.
PAR  9. Apparatus for selectively closing a flow opening, comprising:
PA1  a pair of support members flanking such opening and extending to a location
      laterally spaced apart from the opening;
PA1  carriage means supported by said support members for selective
      reciprocating movement between a first position in proximate relation to
      such opening and a second position laterally spaced apart from such
      opening;
PA1  closure means carried by said carriage means for movement between said
      first position in proximate confronting alignment with such opening and
      said second position laterally spaced apart from the opening;
PA1  motive means connected to move said carriage means selectively to either of
      said first and second positions; and
PA1  said closure means being connected to said carriage means by further means
      responsive to further operation of said motive means after said carriage
      means becomes moved to said first position to urge said closure means into
      closure relation with such opening, and responsive to said motive means
      urging said carriage away from said first position to withdraw said
      closure means from said closure relation before said carriage means moves
      away from said first position.
NUM  10.
PAR  10. Apparatus as in claim 9, wherein:
PA1  said further means comprises means operative to maintain said closure means
      in said withdrawn position in response to displacement of said carriage
      means away from said first position.
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ABST
PAL  In order to prevent malfunctioning of an automatic liquid fuel dispensing
      nozzle which is being used for vapor recovery while dispensing, the
      pressure inside the tank (into which liquid fuel is being dispensed) is
      used as a reference pressure for the actuating diaphragm of the nozzle
      cut-off arrangement, rather than using atmospheric pressure for this
      purpose.
BSUM
PAR  This invention relates to dispensing nozzles of the type commonly used at
      service stations for dispensing liquid fuel into the fuel tanks of motor
      vehicles.
PAR  So-called automatic dispensing nozzles have been developed for the
      dispensing of liquid fuel. Typical nozzles of this type are disclosed in
      U.S. Pat. No. 2,582,195 and in U.S. Pat. No. 2,528,747. Such nozzles
      include automatic shut-off mechanisms that terminate the liquid fuel flow
      when the open end of an air duct at the discharge end of the nozzle is
      blocked by the rising liquid level in the tank being filled. Blocking of
      the air duct creates an increased vacuum inside a chamber which causes a
      flexible pressure-responsive diaphragm (the front side of which is coupled
      to the chamber and the back side of which is coupled to atmospheric
      pressure) to trip the nozzle valve, whereby liquid flow through the nozzle
      is terminated.
PAR  For the reduction of air pollution, as well as for other purposes, it is
      desirable to collect and recover the vapors which are displaced from the
      liquid fuel tanks of motor vehicles when fuel is dispensed thereinto. In
      order to collect and recover these vapors, there have been developed
      several vapor collection devices for liquid fuel (e.g., gasoline)
      dispensing nozzles, which sealingly couple the nozzle to the fillpipe of
      the motor vehicle fuel tank (into which the fuel is being dispensed);
      these collection devices also provide a passage for vapors displaced from
      the tank, so such vapors can be directed to a recovery system.
PAR  Tests on automatic nozzles of the aforementioned type, when used with vapor
      collection devices, have revealed a frequent malfunction, which is that
      the nozzle will not shut off properly. Such malfunction occurs when a
      liquid slug blocks the fuel tank fillpipe, or when there is a blockage (or
      restriction) in the vapor return line (which is coupled to the vapor
      passage in the collection device). When one of these conditions
      fortuitously occurs, pressure is built up in the vehicle fuel tank, and
      this is reflected on the front side of the diaphragm (by way of the air
      duct), thus holding the (automatic) quick-release mechanism in "valve
      open" (i.e., "on") position. The nozzle cut-off response time then being
      very slow or even non-existent, shut-off occurs only after liquid fuel has
      been pushed out around the seal, onto the service station driveway, and
      upward into the vapor return line. This type of nozzle malfunctioning
      defeats the main purpose of vapor recovery (which is the reduction of air
      pollution).
PAR  An object of this invention is to provide an improved automatic dispensing
      nozzle.
PAR  Another object is to provide an automatic nozzle which is particularly
      useful for vapor-recovery dispensing.
PAR  A further object is to provide an automatic nozzle construction which
      prevents malfunctioning in a vapor recovery dispensing situation.
PAR  A still further object is to adapt an automatic dispensing nozzle to a
      vapor recovery dispensing situation.
PAR  The objects of this invention are accomplished, briefly, in the following
      manner: In an automatic nozzle used for vapor recovery, the back side of
      the pressure-responsive diaphragm is vented to the pressure in the motor
      vehicle fuel tank, by means of a passage or conduit coupling the vapor
      return line to such back side. Also, a seal is placed around the plunger
      of the quick-release mechanism of the nozzle, to seal off the diaphragm
      back side from the atmosphere.
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PAR  A detailed description of the invention follows, taken in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a view in partial longitudinal section of a standard or
      conventional automatic dispensing nozzle, illustrated in a dispensing
      situation;
PAR  FIG. 2 is a view generally similar to FIG. 1, but wherein the nozzle is
      used in a vapor recovery situation;
PAR  FIG. 3 is a view in longitudinal section of an automatic dispensing nozzle
      adapted for vapor recovery according to this invention; and
PAR  FIG. 4 is a schematic view of a modified form of pressure balancing
      arrangement.
DETD
PAR  Referring first to FIG. 1, which illustrates a typical automatic dispensing
      nozzle used for conventional (i.e., non-vapor-collecting) dispensing, the
      dispensing nozzle comprises a body 1 having a normally closed main valve 2
      therein, a spout 3, a valve handle or lever 4 provided with a fulcrum 5,
      and a pressure-responsive diaphragm 6. With any quantity of liquid flowing
      through the nozzle, the diaphragm 6 operates mechanism which is arranged
      to trip or release the fulcrum 5 to a position wherein main valve 2
      automatically closes, when the discharge end of the spout 3 is submerged
      in a liquid to a predetermined depth. The body 1 is provided with an inlet
      passageway (not shown), communicating with a supply hose 7, which
      passageway leads to a valve seat 8 on which main valve 2 is normally
      pressed or seated by a main spring 9. When the main valve is open, the
      inlet passageway mentioned communicates with an outlet passageway 10
      which, in turn, is connected to the discharge spout 3. The tubular spout 3
      is threaded into body 1 and is secured by a lock nut 11.
PAR  The main valve 2 is provided with a valve stem 12 which extends downwardly
      and outwardly of body 1 through a packing gland 13. The lower end of the
      stem 12 is disposed to be engaged by hand lever 4 when the lever is
      actuated upwardly, to lift valve 2 off its seat 8 against the force of
      spring 9.
PAR  Fulcrum 5 comprises a pin 14 on which the lever 4 is pivotally mounted. The
      pin is supported by a clevis or yoke (not specifically shown, but between
      the arms of which the pivoted end of lever 4 is disposed) which is
      attached to the lower end of a plunger 15. Plunger 15 is slidably disposed
      in a housing or sleeve 16 which is integral with the valve body 1. Plunger
      15 is urged upwardly by a coil spring 17 as shown. It is urged downwardly
      by spring 9 as will be explained later.
PAR  Normally, the plunger 15 is held in a fixed position by a locking mechanism
      comprising a plurality of balls 18 nested in radial openings (not shown)
      in the plunger and an annular shoulder 19 on the interior of sleeve 16.
      The balls are held on shoulder 19, as shown, by a pin 20 secured to the
      back side of the diaphragm 6. Pin 20 is provided with a tapered portion at
      a location slightly below the balls. Thus, when the pin is raised to a
      position wherein the tapered portion is adjacent the balls, plunger 15
      will be actuated downwardly, provided hand lever 4 is in its valve opening
      position. This movement of the plunger results because of the strong force
      of spring 9 and the relatively weaker forces of spring 17 and of spring
      21, which latter urges the valve 2 toward its open position. When plunger
      15 moves downwardly, fulcrum 5 is moved downwardly to a position such that
      the valve stem 12 is disengaged from hand lever 4.
PAR  As shown somewhat schematically in FIG. 1 (this construction is illustrated
      in detail, for example, in the '195 patent, previously mentioned), the
      movable, flexible, pressure-responsive diaphragm 6 (which is clamped at
      its marginal edges) forms a partition between two chambers 22 and 23 which
      are provided in body 1; thus, the diaphragm comprises one wall of the
      first chamber 22, and also one wall of the second chamber 23. The chamber
      22 on the front side of the diaphragm comprises a suction chamber, while
      the chamber 23 on the back side of the diaphragm comprises a reference
      chamber.
PAR  Chamber 22 communicates with a tube 24 the open end of which is at 25
      adjacent the discharge end of the spout 3. Opening or inlet 25 extends
      through the side wall of the spout and is removed from the flow stream
      through such spout. Diaphragm chamber 22 also communicates with the flow
      passageway 10 adjacent and immediately below valve 2, through a passageway
      26. The flow passageway of the nozzle is designed to provide a Venturi
      effect on the diaphragm 6. A ring 27 is mounted in the passageway 10 below
      the valve seat 8, and this ring cooperates with a frusto-conical element
      28 secured to stem 12 to provide a converged or restricted throat.
      Immediately below this throat is an annular groove to which passageway 26
      is connected.
PAR  Due to leakage around the plunger 15, the reference pressure in the second
      chamber 23 (back side of diaphragm 6, and which pressure may be denoted by
      P.sub.BD) is the atmospheric pressure, P.sub.A.
PAR  When it is desired to fill a motor vehicle fuel tank, the nozzle spout 3 is
      placed in the fillpipe 29 of the tank, as illustrated in FIG. 1. A
      retention spring 30 is preferably mounted about the spout 3 in a
      conventional manner, to provide friction for holding the spout in the
      fillpipe 29, and also to assist in making electrical contact with the
      fillpipe (or fuel tank) and the nozzle body.
PAR  Assuming that the fulcrum 5 is in its locked position (illustrated in FIG.
      1) and that it is desired to dispense liquid fuel (gasoline) into the
      fillpipe 29, the nozzle is placed as shown. The operator then lifts the
      valve handle 4; since the fulcrum 5 is held is fixed position, valve stem
      12 will be lifted and main valve 2 opened. This results in the flow of
      fuel through passageway 10.
PAR  When fuel is flowing through the passageway 10, a low pressure is created
      at the Venturi or power unit 27, 28, so that vapor-containing air flows
      into outlet 25, then through the tube 24 and chamber 22 into the Venturi
      or power unit (by way of passageway 26).
PAR  When liquid rises in the fuel tank sufficiently to cover over the inlet 25,
      a low pressure P.sub.FD (less than atmospheric pressure) is established in
      the chamber 22 on the front side of the diaphragm 6. Atmospheric pressure
      on the back side of the diaphragm (P.sub.BD being equal to P.sub.A, in
      this case) then deflects the diaphragm 6 upwardly (this deflection being
      the result of the pressure differential between chambers 22 and 23). This
      upward deflection of diaphragm 6 raises pin 20, triggering the quick
      release mechanism for the fulcrum 5. Plunger 15 is actuated downwardly,
      moving the fulcrum downwardly and closing the main valve 2 to stop the
      fluid flow. Diaphragm 6 is moved upwardly, in the above-described manner,
      against the force of spring 40.
PAR  The foregoing has explained the operation of a typical automatic dispensing
      nozzle, when used for conventional (i.e., non-vapor-collecting)
      dispensing. In this case, vapors displaced from the fuel tank when liquid
      fuel is being dispensed thereinto pass out the upper open end of fillpipe
      29 into the atmosphere.
PAR  Now refer to FIG. 2, which illustrates the nozzle of FIG. 1 in a vapor
      recovery situation. In FIG. 2, elements the same as those of FIG. 1 are
      denoted by the same reference numerals. A vapor recover "boot" (denoted
      generally by numeral 31), which serves as a vapor collection device and
      which provides the initial portion of a passage for vapors displaced from
      the tank to which fillpipe 29 is joined, is positioned at the upper end of
      spout 3. This vapor collection device 31 may be of the form disclosed in
      my U.S. Pat. No. 3,566,928, or it may be of the form now to be more
      particularly described. A more or less cylindrical sleeve 32, made of a
      soft, flexible material, surrounds the upper end of nozzle spout 3, and
      the upper end of this sleeve is sealed to the outer diameter of an annular
      ring-like closure 33 which is sealed at its inner diameter to the outer
      surface of spout 3, adjacent the point where the spout is sealed into body
      1.
PAR  At its opposite (or lower) end, the sleeve 32 is sealed to the outer
      diameter of a ring-like arrangement 34 which includes a magnetic material;
      thus, the arrangement 34 can act like a permanent magnet, to hold (by
      means of magnetic attractive force) and seal the lower end of sleeve 32 to
      the upper end of the ferromagnetic fillpipe 29.
PAR  The ring 34 has therein an aperture 35 which surrounds and is spaced from
      the outside of spout 3, thereby to provide an annular passage through
      which vapors displaced from the motor vehicle fuel tank (and flowing
      upwardly in fillpipe 29) can enter the space inside sleeve 32. A body 36
      of a reticulated foamed material, which contains therein a multiplicity of
      tortuous, interconnected passages, is positioned within the sleeve 32. The
      body 36 serves to freely convey or transmit the vapors which pass through
      the aperture 35 (at the bottom of such body), to the upper end of sleeve
      32. A conduit 37, which provides a continuation, from the interior of
      sleeve 32, of the passage for vapors displaced from the tank, is coupled
      at one end to the upper end of body 36. Conduit 37 leads to a suitable
      vapor recovery system (not shown). Thus, vapors displaced from the motor
      vehicle fuel tank when liquid fuel (such as gasoline) is dispensed
      thereinto flow upwardly through fillpipe 29, then through opening 35 and
      the body 36 into the conduit 37, and then through this conduit to the
      recovery system. The boot structure just referred to is more particularly
      described and claimed in the copending application, Ser. No. 329,934,
      filed Feb. 5, 1973 now U.S. Pat. No. 3,566,928.
PAR  In the vapor recovery situation of FIG. 2, the pressure P.sub.T in the fuel
      tank (or in the fillpipe 29) is reflected onto the front side of the
      diaphragm 6, by way of the tube 24.
PAR  When there is a sudden pressure buildup in the system resulting from a
      blockage in the vapor return line 37, or from a liquid slug or spit back
      in the fillpipe 29, the pressure P.sub.T increases, to above atmospheric
      pressure P.sub.A. This pressure increase or buildup can easily, and often
      does, happen during vapor-recovery dispensing. Under these conditions, the
      pressure P.sub.FD on the front side of the diaphragm (which is
      substantially equal to P.sub.T) is greater than P.sub.A.
PAR  When the pressure P.sub.T thus goes above atmospheric, the pressure
      differential across the power unit 27, 28 decreases; when this pressure
      differential is reduced, the power unit or Venturi does not create its
      normal vacuum (since its ability to generate power is then decreased).
PAR  The combination of above-atmospheric pressure on the front side of the
      diaphragm (which would mean a longer time requirement for the power unit
      to pull down the P.sub.FD below atmospheric) and the reduction in the
      ability of the power unit to generate power means that, when fuel covers
      the air inlet 25, the nozzle cut-off response time is very slow, or even
      non-existing. This time lag allows fuel to be pushed out around the seal
      at 34, and also up into the vapor return line 37. These results are
      undesirable, and it is the purpose of this invention to prevent this
      malfunctioning of the automatic dispensing nozzle, vapor-recovery
      arrangement illustrated in FIG. 2.
PAR  Refer now to FIG. 3, wherein, again, parts the same as those previously
      described are denoted by the same reference numerals. According to this
      invention, the back side of the diaphragm 6 is vented to the tank pressure
      P.sub.T ; this is done in FIG. 3 by connecting a pressure balance line or
      conduit 38 from the reference chamber 23 (back side of diaphragm) to the
      conduit 37 (the pressure in this latter conduit being substantially equal
      to the tank pressure P.sub.T).
PAR  In order to use the tank pressure P.sub.T as a reference for the diaphragm
      6, rather than atmospheric pressure, a seal 39 (typically in the form of
      an O-ring) is provided around the plunger 15, to seal off the internal
      part of this plunger (and hence also the reference chamber 23) from the
      atmosphere.
PAR  With the FIG. 3 construction, if the tank pressure P.sub.T builds up for
      any reason, the pressure on both sides of the diaphragm goes up. Hence,
      P.sub.FD is substantially equal to P.sub.BD and also to P.sub.T, and these
      are all above P.sub.A. But, the pressure differential across the diaphragm
      (which is developed when the fuel tank becomes full) is about the same as
      under normal operation.
PAR  When liquid covers the inlet 25, the power unit 27, 28 lowers P.sub.FD
      below P.sub.BD, so the tank pressure P.sub.T on the back side of the
      diaphragm 6 pushes up the diaphragm quickly, and makes the automatic
      shut-off arrangement operate normally. That is to say, the tank pressure
      on the back side of the diaphragm now does the pushing, rather than
      atmospheric pressure. The shut-off mechanism of FIG. 3 operates in as
      sensitive a manner as does that of FIG. 1, and this regardless of the
      pressure in the system. The results are no spit back of fuel and no
      spillage.
PAR  Summarizing the foregoing, the automatic nozzle of FIGS. 1 and 2 is an
      atmospheric nozzle; to prevent malfunctioning when such automatic nozzle
      is used for vapor recovery, it must operate with tank pressure as its
      reference (as in FIG. 3), rather than atmospheric pressure.
PAR  Refer now to FIG. 4, which discloses a different arrangement (perhaps a
      more practical arrangement than that disclosed in FIG. 3) for venting the
      back side of the diaphragm 6 to the tank pressure P.sub.T (that is, for
      using the tank pressure as the reference in the reference chamber 23). In
      brief, the FIG. 4 construction comprises a one-way check valve, denoted
      generally by numeral 41, which is mounted in the diaphragm spindle 42
      which secures the pin 20 to the back side of diaphragm 6. The flow
      direction of the check valve 41 is from the suction chamber 22 to the
      reference chamber 23.
PAR  Spindle 42 has therein an internal channel 43 one end of which opens into
      the back side chamber 23 and the opposite end of which opens through a
      frusto-conical valve seat 44 into the front side chamber 22. A
      spring-loaded ball 45 is pressed against the seat 44, the operation being
      such that when the pressure in chamber 22 is slightly higher than the
      pressure in chamber 23, the force of the spring 46 is overcome and ball 45
      is pushed away from its seat 44, thus opening the valve 41 and placing
      chamber 23 in communication with chamber 22. When the pressure in chamber
      23 exceeds the pressure in chamber 22, ball 45 is pushed against its seat,
      closing valve 41.
PAR  In FIG. 4, the tube 24 communicates the tank pressure P.sub.T to the front
      side of the diaphragm (chamber 22); when this pressure goes up (e.g.,
      above P.sub.A) the check valve 41 opens, so that the tank pressure P.sub.T
      is also communicated to the back side of the diaphragm (chamber 23). In
      FIG. 4, then, P.sub.FD is substantially equal to P.sub.BD and to the tank
      pressure P.sub.T, these all being above P.sub.A (atmospheric pressure).
      Thus, in FIG. 4, just as in FIG. 3, the back side of the diaphragm 6 is
      again vented to the tank pressure P.sub.T, when the latter increases above
      atmospheric pressure.
PAR  In FIG. 4, just as in FIG. 3, when liquid covers the inlet 25, the pressure
      P.sub.FD (in chamber 22) is decreased below P.sub.BD (in chamber 23), so
      that the diaphragm 6 is again pushed up quickly. Under these conditions
      (pressure in chamber 23 higher than that in chamber 22), the valve 41
      remains closed, so does not interfere with the automatic shut-off
      operation.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A nozzle for dispensing fuel into a fillpipe of a motor vehicle fuel
      tank and having a vapor recovery system for recovering fuel vapors
      displaced from a fuel tank while it is being filled and also having a
      system for shutting off the fuel being dispensed when fuel backs up into a
      fillpipe, and comprising:
PA1  a. a discharge spout adapted for insertion into a fillpipe of a motor
      vehicle fuel tank;
PA1  b. means for sealingly coupling the nozzle to a fillpipe to prevent the
      venting into the atmosphere of fuel vapors displaced from a fuel tank
      while it is being filled;
PA1  c. passage means for providing a passage for fuel vapors displaced from a
      tank;
PA1  d. a shut-off valve for shutting off fuel being dispensed by the nozzle;
      and
PA1  e. actuating means for actuating said shut-off valve in response to fuel
      backed up into a fillpipe and including a first pressure chamber, a second
      pressure chamber adjacent to said first pressure chamber and separated
      therefrom by only one pressure responsive diaphragm such that when the
      pressure in said first chamber drops below the pressure in said second
      chamber the pressure responsive diaphragm will flex toward said first
      chamber in direct response to the pressure in said first chamber being
      lower than the pressure in said second chamber, a passageway extending
      from said discharge spout to said first pressure chamber to provide said
      first pressure chamber with access to the pressure in a fillpipe when the
      discharge spout is inserted therein, means for providing said second
      pressure chamber with access to the pressure in a fillpipe to
      substantially balance the pressures in said first and second pressure
      chambers when fuel is being dispensed from the nozzle in a normal fashion
      and fuel has not backed up into a fillpipe, means for introducing a vacuum
      source to said first pressure chamber, whereby when fuel is being
      dispensed from the nozzle in a normal fashion said vacuum source draws
      vapors through said first pressure chamber from said passageway and when
      fuel backs up into a fillpipe the end of the passageway at the discharge
      spout becomes covered with fuel which prevents vapors from being drawn
      into said first pressure chamber from said passageway and thereby results
      in a lowering of pressure in said first pressure chamber relative to the
      pressure in said second pressure chamber, and means responsive to a
      lowering of pressure in said first pressure chamber relative to the
      pressure in said second pressure chamber for closing said shut-off valve,
      said pressure responsive means including said only one pressure responsive
      diaphragm which flexes toward said first chamber in direct response to the
      pressure in said first chamber being lower than the pressure in said
      second chamber.
NUM  2.
PAR  2. A nozzle as set forth in claim 1 wherein said means for providing said
      second pressure chamber with access to the pressure in a fillpipe includes
      a conduit having one end coupled to said passage means and having its
      other end coupled to said second pressure chamber.
NUM  3.
PAR  3. A nozzle as set forth in claim 1 wherein said means for providing said
      second pressure chamber with access to the pressure in a fillpipe includes
      a check valve means intercoupling said first and second pressure chambers
      with the flow direction of said check valve means being from said first
      pressure chamber to said second pressure chamber.
NUM  4.
PAR  4. A nozzle as set forth in claim 1 and further including sealing means for
      sealing said second pressure chamber from atmospheric pressure.
NUM  5.
PAR  5. A nozzle as set forth in claim 1 wherein said means for sealingly
      coupling includes an enclosure means surrounding said discharge spout with
      one end of said enclosure means being secured to said discharge spout and
      the other end of said enclosure means being sealingly coupled to a
      fillpipe.
NUM  6.
PAR  6. A nozzle as set forth in claim 1 wherein said means for introducing a
      vacuum source includes a constricted portion in the fuel flow path through
      the nozzle which provides a Venturi effect as the fuel passes through the
      constricted portion, and a conduit leading from said constricted portion
      to said first chamber.
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ABST
PAL  This invention provides a device for employing a motorized hand tool, such
      as a portable router and the like, to cut a spiralled groove in a
      workpiece, such as a leg for a table, chair, and the like. Basically, the
      device comprises: frame means including end block means rotatably
      journalling chuck means for holding the workpiece for rotation around an
      axis and guide means interconnected to the end block means for guiding the
      motorized hand tool for movement with respect thereto in a direction
      generally parallel to the axis; and drive means mounted on the frame means
      and being interconnectable between the motorized hand tool and the chuck
      means to cause movement of the motorized hand tool in a direction
      generally parallel to the axis in response to rotary movement of the
      workpiece around the axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for cutting one or more grooves in a
      workpiece and, more particularly to a device for employing a motorized
      hand tool, such as a portable router and the like, to cut one or more
      spiralled grooves in a workpiece, such as a leg for a table, chair, and
      the like.
PAR  In the past, various means have been provided for cutting one or more
      grooves in a workpiece, such as a leg for a table, chair and the like, as
      a decoration thereof. This grooving, which is commonly known as "roping",
      "fluting", and the like, was originally achieved hundreds of years ago by
      hand carving. In later years, large, cumbersome, complex, and expensive
      machines were built for mechanization and mass-production. These old
      machines were similar to what are presently commonly known in the metal
      working industry as, "universal milling machines". Naturally, because of
      their great expense and complexity of construction and operation,
      ownership and operation of these old machines by small, individual, "home"
      craftsmen have been highly impractical and rare. And, "job shops", owning
      these old and expensive machines, which are willing to economically
      perform this decorative grooving function for small, individual, home
      craftsmen, have now almost become extinct.
PAR  There are presently several million motorized hand tools, such as portable
      routers, owned by small, individual, home craftsmen. And, in accordance
      with the present invention, there is provided a device, which is simple
      both in construction and operation and, consequently, inexpensive in cost
      of acquisition, when compared to the aforedescribed complex old machines,
      that permits the employment by a small, individual, home craftsman of a
      motorized hand too, such as a portable router and the like, to cut one or
      more spiralled grooves in a workpiece, such as a leg for a table, chair,
      and the like.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a device for employing a motorized hand
      tool, such as a portable router and the like, to cut a spiralled groove in
      a workpiece, such as a leg for a table, chair, and the like. Basically the
      device of the present invention comprises: frame means including end block
      means rotatably journalling chuck means for holding the workpiece for
      rotation around an axis and guide means interconnected to the end block
      means for guiding the motorized hand tool for movement with respect
      thereto in a direction generally parallel to the axis; and drive means
      mounted on the frame means and being interconnectable between the
      motorized hand tool and the chuck means to cause movement of the motorized
      hand tool in a direction generally parallel to the axis in response to
      rotary movement of the workpiece around the axis.
PAR  Preferably, the guide means includes: guide rod means interconnected to the
      end block means; and follower means, on which the motorized hand tool can
      be carried, that are mounted on the guide rod means for movement with
      respect thereto and are interconnectable to the motorized hand tool. It is
      further desirable that first adjustment means be provided on the follower
      means for selectively adjusting the radial spacing between the motorized
      hand tool carried thereby and the axis to thus selectively adjust the
      depth of the spiral groove that is to be cut in the workpiece by the
      motorized hand tool, and that second adjustment means be provided on the
      chuck means for selectively adjusting circumferential spacing around the
      axis between individual ones of a plurality of spiral grooves which are to
      be cut in the workpiece. And, the drive means preferably comprises: pulley
      means rotatably mounted on the frame means; endless cable means tightly
      mounted around the pulley means and the rotatable chuck means; and
      fastener means for readily detachably connecting the motorized hand tool
      to the endless cable means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention is illustrated in the accompanying drawings, wherein:
PAR  FIGS. 1A-1E are vertical side elevational views of several typical items,
      five table legs, as shown, which can be produced by utilizing a presently
      preferred form of the novel device that is provided in accordance with the
      present invention to employ a motorized hand tool, such as a portable
      router, to cut one or more grooves in a workpiece;
PAR  FIG. 2 is a somewhat schematic front perspective view illustrating a
      presently preferred form of the novel device of the present invention
      employing motorized hand tool, a portable router as shown, to cut a
      spiralled groove in a workpiece that is mounted in the device's chuck
      means;
PAR  FIG. 3 is a rear elevational view of the form of the novel device of the
      present invention shown in FIG. 2;
PAR  FIG. 4 is a somewhat enlarged fragmentary view taken along line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a fragmentary sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a somewhat enlarged fragmentary view taken along line 6--6 of
      FIG. 3;
PAR  FIG. 7 is a somewhat enlarged sectional view taken along line 7--7 of FIG.
      5;
PAR  FIG. 8 is a somewhat enlarged sectional view taken along line 8--8 of FIG.
      3; and
PAR  FIG. 9 is a greatly enlarged fragmentary perspective view illustrating a
      construction detail of the adjustable chuck means of the illustrated form
      of the novel device of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings, and more particularly to FIGS. 1A-1E thereof,
      there are illustrated vertical side elevational views of several typical
      items, five table legs 10a-10e as shown, that can be produced by a home
      craftsman utilizing a presently preferred form of a novel device 11 which
      is provided in accordance with the present invention, such as that shown
      in FIGS. 2-9, to employ a motorized hand tool 12, such as the illustrated
      portable router, or the like, to cut one or more grooves in a workpiece
      10, such as the wooden block shown in FIG. 2.
PAR  As illustrated in FIGS. 1A-1E and 2, the novel device 11 of the present
      invention can be utilized with the motorized hand tool 12 to cut into the
      outer periphery of the workpiece 10 both left-hand and right-hand
      spiralled grooves or "ropes" 13L and 13R, as well as circular grooves or
      "rings" 14 and axial grooves or "flutes" 15, with respect to its major
      axis 10'.
PAR  Basically, as shown in FIGS. 2-9, the novel device 11 of the present
      invention comprises: frame means including end block means, such as the
      illustrated two generally vertically arranged and horizontally spaced
      apart end blocks 16A and 16B which respectively journal first and second
      chuck means 17A and 17B for holding a workpiece, for rotation about an
      axis, such as the major axis 10' of the illustrated workpiece 10, and
      guide means, such as the illustrated generally horizontally arranged guide
      rods 18, that are interconnected to and span the space between the two end
      blocks 16A and 16B for guiding a motorized hand tool, such as the
      illustrated portable router 12 or the like, for movement with respect to
      the frame means in a direction generally parallel to the workpiece axis
      10'; and drive means, such as the illustrated pulley 19 and surrounding
      endless cable means 20, mounted on the frame means and being optionally
      interconnectable between the motorized hand tool 12 and the chuck means
      17A to cause movement of the motorized hand tool 12 in a direction
      generally parallel to its major axis 10' in response to rotary movement of
      the workpiece 10 mounted therein generally around that axis 10'.
PAR  In the illustrated form of the novel device 11 of the present invention,
      the first chuck means 17A which is rotatably journalled in a first one 16A
      of the two frame means end blocks 16A and 16B is adapted to receive and
      partially surround one end of the workpiece 10 (the upper end as
      illustrated in FIGS. 1A-1E and 2), while the second chuck means, which is
      rotatably journalled in the other one 16B of the two frame means end
      blocks 16A and 16B is adapted to engage the opposite end of the workpiece
      10.
PAR  As shown in detail in FIGS. 2-5, 7 and 9, the first chuck means 17A is
      rotatably journalled in the first end block 16A by bearing means 21 having
      a first bearing surface 21A mounted in the first end block 16A for
      rotation with respect thereto generally about the major axis 10' of the
      workpiece 10 and a second surface 21B which rotatably mounts the first
      chuck means 17A for possible rotation relative to that second bearing
      surface 21B and, of course, the bearing means 21, about that same axis
      10'. Retractable locking pin means 22 are mounted on the bearing means 21
      that are movable between an inserted first position (FIGS. 2-5)
      interlocking the bearing means 21 and the first chuck means 17A for united
      rotation together with respect to the frame means first end block 16A
      generally around the major axis 10' of the workpiece 10 and a retracted
      second position (FIG. 9) permitting relative movement between the first
      chuck means 17A and the bearing means 21 around the same axis 10'. And,
      handle means 23 are mounted on the first chuck means 17A for initiating
      relative rotary movement between the first chuck means 17A and the bearing
      means 21 when the retractable locking pin means 22 is in its retracted
      second position (FIG. 9), with indicator means 24A and 24B, as best shown
      in FIGS. 2 and 7, being respectively carried by the bearing means 21 and
      the first chuck means 17A to indicate the amount of any such relative
      rotary movement between the first chuck means 17A and the bearing means
      21.
PAR  As also shown in FIGS. 2-9, the bearing means 21 for the first chuck means
      17A has another outer surface 21C that is grooved to tightly receive the
      endless cable 20, which is, in turn, tightly mounted around the pulleys 19
      of the drive means, such that, when the retractable pin means 22 is
      located in its inserted first position (FIGS. 2-5) movement of the endless
      cable 20 will cause united rotation of the then interlocked bearing means
      21 and first chuck means 17A with respect to the frame means first end
      block 16A around the major axis 10' of the workpiece 10. As further
      illustrated, two of the drive means pulleys 19 are rotatably journalled on
      axles 19A and 19B provided on one of the guide rods 18 adjacent to its
      point of connection to the first one 16A of the frame means end blocks 16A
      and 16B while a third such pulley is rotatably journalled on another axle
      19C that is mounted on the same guide rod 18 adjacent to its point of
      connection to the other one 16B of these two end blocks 16A and 16B.
PAR  As further illustrated, the guide means of the novel device 11 of the
      present invention also preferably further includes follower means 25, such
      as the bracket best shown in FIGS. 2-4 and 8, that has one of its ends 25A
      loosely journalled on an uppermost one of the guide rods 18 for free
      movement relative thereto and upon which the motorized hand tool 12 can be
      readily engaged and disengaged, as by the illustrated screw clamps 25C,
      for carriage of it by the follower means 25 with its cutting means, such
      as the illustrated router bit 12B, aligned over the major axis 10' of the
      workpiece 10.
PAR  As still further shown in FIGS. 3 and 8, other screw clamp means 26 are
      provided adjacent this one end 25A of the follower means bracket 25 for
      optionally readily attaching and detaching it and, consequently the
      motorized hand tool 12 carried by it, to the endless cable 20 of the drive
      means in either a first position (as shown in solid lines in FIGS. 3 and
      8) or a second position (as shown in shadow lines in FIG. 8). And, the end
      25B of the follower means bracket 25 opposite the journalled one end 25A
      thereof is preferably movably supported atop another one of the guide rods
      18 by adjustable means, such as the illustrated pair of cushioned bolts 27
      threaded therethrough which can be manually operated to adjust the spacing
      between the cutting means 12B of the motorized hand tool 12 and the major
      axis 10' of the workpiece 10 to thus selectively adjust the depth of the
      groove 13L, 13R, 14 or 15 which is to be cut thereby into the outer
      periphery of the workpiece 10.
PAR  As best shown in FIGS. 2, 3 and 6, the second chuck means 17B which is
      rotatably journalled in the second end block 16B of the frame means need
      not be directly connectable to the endless cable 20 and pulleys 19 of the
      drive means, as is the case with the first chuck means 17A. In the
      illustrated form of the novel device 11 of the present invention, the
      second chuck means 17B merely comprises a screw 27 that is threaded into
      swiveled bearing means 28 that are mounted in the frame means second end
      block 16B for both rotation and swivel movement relative thereto generally
      around the major axis 10' of the workpiece 10. As shown in FIGS. 2, 3 and
      6, one end 27A of the second chuck means screw 27 is adapted to be tightly
      engaged with the end of the workpiece 10 opposite that which is engaged
      within the first chuck means 17A, while the opposite end of the second
      chuck means screw 27 is provided with second handle means 27B for
      threading the screw 27 through the second bearing means 28 to move its
      first end 27A into and out of tight engagement with the end of the
      workpiece 10 opposite that which is engaged within the first chuck means
      17A.
PAR  The aforedescribed arrangement of the second chuck means 17B permits the
      use of the novel device 11 of the present invention with workpieces 10 of
      a fairly wide variety of lengths. However, it is further desirable that
      the aforedescribed interconnections of both the first and second end
      blocks 16A and 16B to the guide rods 18 be made with readily attachable
      and detachable means such as the illustrated screws 29 to thus permit more
      gross adjustment of the spacing between the first and second chuck means
      17A and 17B which are respectively mounted therein. This latter feature is
      also beneficial to both storage and packaging of the novel device 11 of
      the present invention.
PAR  To utilize the illustrated form of the novel device 11 of the present
      invention, an operator first erects its frame means by interconnecting the
      two end blocks 16A and 16B thereof to the guide rods 18 with the screws 29
      provided for that purpose, as best shown in FIGS. 2 and 3, with the open
      end of the first chuck means 17A that is to receive one end of the
      workpiece 10 (the top end as shown in FIGS. 1A-1E and 2) facing the end
      27A of the screw 27 of the second chuck means 17B that is to be tightly
      engaged with the opposite end of the workpiece 10. At this time, the
      operator sets the gross spacing between the two end blocks 16A and 16B to
      broadly accommodate the average lengths of the workpiece 10 upon which the
      device 11 is to be employed. The thus erected frame means of the device is
      preferably located upon a workbench 30 as shown in FIGS. 3-6.
PAR  Next, the operator selects the particular workpiece 10 that is to be
      grooved and chucks it up in the now erected frame means of the novel
      device 11 of the present invention, as best shown in FIG. 2 by first
      inserting one of its ends (the upper end as shown in FIGS. 1A-1E) into the
      open end of the first chuck means 17A and then rotating the second handle
      means 27B of the screw 27 of the second chuck means 17B to tightly engage
      its end 27A with the opposite end (the bottom end as shown in FIGS. 1A-1E)
      of the workpiece 10 and thus align the workpiece 10 for rotation with
      respect to the frame means of the device 11 generally around the major
      axis 10' of the workpiece 10.
PAR  Then, the operator tightly mounts the drive means endless cable 20 around
      its pulleys 19 and the grooved outer surface 21C of the bearing means 21
      for the first chuck means 17A.
PAR  Next, the operator connects the desired cutter means, such as the
      illustrated router bit 12B, to the power chuck of the motorized hand tool
      12 in a well-known manner and mounts the motorized hand tool 12 on the
      follower means bracket 25, tightly attaching it thereto, as best shown in
      FIG. 2, with the screw clamps 25C provided for that purpose with its
      cutting means 12B aligned generally over the major axis 10' of the chucked
      up workpiece 10.
PAR  Then, assuming the operator wants to cut a left-hand spiralled groove, such
      as the left-hand spiralled groove 13L illustrated in FIGS. 1A, 1C, and 2
      of the drawing, in the periphery of the chucked up workpiece 10, the
      operator then performs the following additional steps:
PAR  A. Next, the operator manually moves the motorized hand tool 12 and the
      follower means bracket 25 to which it is attached along the guide rod 18
      to which the one end 25A of the follower means bracket 25 is loosely
      journalled to a point on the frame means of the device 11 aligning the
      cutting means 12B of the motorized hand tool 12 over the spot along the
      length of the periphery of the chucked up workpiece 10 where the operator
      desires the one end of the left-hand groove 13L to commence;
PAR  B. Then, the operator moves the retractable locking pin means 22 of the
      first chuck means 17A to its retracted second position (FIG. 9) and
      operates the handle means 23 of the first chuck means 17A to align the
      indicator means 24A and 24B at a first set position, preferably with the
      indicator means pointer 24A aligned with the "number 1 position" of the
      dial of the indicator means 24B, and then returns the retractable locking
      pin means 22 to its inserted first position (FIGS. 2-5) again interlocking
      the bearing means 21 and the first chuck means 17A for united rotation
      together with respect to the frame means first end block 16A generally
      around the major axis 10' of the chucked up workpiece 10;
PAR  C. Next, the operator threads and sets the cushioned bolts 27 at the other
      end 25B of the follower means bracket 25 to selectively adjust the radial
      spacing between the cutting means 12B of the motorized hand tool 12 and
      the major axis 10' of the chucked up workpiece 10 so as to give the
      desired cutting depth of the groove 13L that is to be cut in the periphery
      of the workpiece 10;
PAR  D. Then, the operator interconnects the motorized hand tool 12 and the
      follower means bracket 25 to which it is attached to the drive means by
      clamping the screw clamp means 26 at the end 25A of the follower means
      bracket 25 onto the endless cable 20 of the drive means in its first
      position (as shown in solid lines in FIGS. 3 and 8);
PAR  E. Next, the operator energizes the motorized hand tool 12 in a well-known
      manner as by connecting its partly illustrated electric power supply cord
      31 to an electric power source (not shown), thus initiating rotation of
      its cutting means 12B; and
PAR  F. Then, the operator manually rotates the handle means 23 of the first
      chuck means 17A in the direction shown by solid line arrow 34L in FIG. 2,
      thus imparting movement to the endless cable 20 of the drive means, as
      shown by the solid line arrows 33L in FIG. 2, and thereby causing movement
      of the motorized hand tool 12 and the follower means bracket 25 to which
      it is attached (towards the first chuck means 17A as shown by arrow 32 in
      FIG. 2) in a direction generally parallel to the major axis 10' of the
      chucked up workpiece 10 by slideably pulling the journalled end 25A of the
      follower means bracket 25 linearly along its guide rod 18 while also
      causing simultaneous rotary movement (as shown by the solid line arrow 34L
      in FIG. 2) of the chuck means 17A and 17B and the workpiece 10 chucked up
      therein about that same axis 10' with respect to the end blocks 16A and
      16B of the novel device 11 of the present invention to thus produce, in
      combination with the action of the cutting means 12B of the motorized hand
      tool 12, the left-hand spiral groove 13L. This step is continued until the
      desired length of the groove 13L is achieved, whereupon, of course, the
      motorized hand tool 12 is then deenergized by the operator, as by removing
      its cord 31 from connection with the unshown power supply.
PAR  Should the operator then desire to cut a second left-hand groove 13L in the
      periphery of the chucked up workpiece 10, he then manually returns the
      motorized hand tool 12 and the follower means bracket 25 to which it is
      attached to the starting point of the just cut left-hand spiral groove 13L
      by sliding the journalled end 25A of the bracket linearly with respect to
      its guide rod 18. Then, the operator moves the retractable locking pin
      means 22 of the first chuck means 17A to its retracted second position
      (FIG. 9) and operates the handle means 23 of the first chuck means to
      align the indicator means 24A and 24B at a second set position, such as
      with the indicator means pointer 24A aligned with the "number 4 position"
      of the dial of the indicator means 24B, thereby selectively adjustably
      setting the circumferential spacing between the second left-hand spiral
      groove 13L and the one just previously cut as described above with respect
      to the major axis 10' of the chucked up workpiece 10, and then returns the
      retractable locking pin means 22 to its inserted first position (FIGS.
      2-5) again interlocking the bearing means 21 and the first chuck means 17A
      for united rotation together with respect to the frame means first end
      block 16A generally around the major axis 10' of the chucked up workpiece
      10. Next, the operator essentially repeats the aforedescribed Steps C-F to
      complete cutting of this second left-hand spiralled groove 13L in the
      outer periphery of the workpiece 10. And, he may also, similarly, utilize
      the novel device 11 of the present invention to cut a third or more
      left-hand spiralled grooves that are selectively circumferentially spaced
      apart from one another around the major axis 10' of the chucked up
      workpiece 10.
PAR  The operating procedure for employing the novel device 11 of the present
      invention to cut one or more right-hand spiralled grooves 13R (FIGS. 1A,
      1B and 1E) is substantially the same as that previously described above
      regarding the left-hand spiralled grooves 13L, except that in the
      aforedescribed Step D, the operator fastens the motorized hand tool 12 and
      the follower means 25 to which it is attached to the drive means of the
      device 11 by clamping the screw clamp means 26 to the end 25A of the
      follower means bracket 25 onto the endless cable 20 of the drive means in
      the second position (as shown in shadow lines in FIG. 8). With this
      alternative right-hand spiralled groove cutting arrangement, manual
      rotation by the operator of the handle means 23 of the first chuck means
      17A in the direction shown by the shadow line arrow 34R in FIG. 2 will
      impart movement to the drive means endless cable 20 (as shown by the
      shadow line arrows 33R in FIG. 2) thereby causing movement of the
      motorized hand tool 12 and the follower means bracket 25 to which it is
      attached linearly along its guide rod 18 toward the first chuck means 17A,
      as shown by the arrow 32 in FIG. 2 in a direction generally parallel to
      the major axis 10' of the chucked up workpiece 10 by slideably pulling the
      journalled end 25A of the follower means bracket 25 linearly along its
      guide rod 18 while also causing simultaneous rotary movement (as shown by
      the shadow line arrow 34R in FIG. 2) of the chuck means 17A and 17B and
      the chucked up workpiece 10 generally around its major axis 10'.
PAR  Should the operator want to employ the novel device 11 of the present
      invention to cut circular grooves or rings 14 (as shown in FIGS. 1A-1D)
      into the workpiece 10, no connection is made between the motorized hand
      tool 12 and the follower means bracket 25 to which it is attached and the
      endless cable 20 of the drive means. Instead, the de-energized motorized
      hand tool 12 and the follower means to which it is attached by the screw
      clamps 25C are manually aligned by the operator by sliding the journalled
      end 25A of the follower means bracket 25 linearly with respect to its
      guide rod 18 to a point aligning the cutting means 12B over the spot along
      the length of the chucked up workpiece 10 where it is desired to cut each
      such circular groove or ring 14. Next, the operator locates the
      retractable locking pin means 22 in its retracted second position where it
      is so retained by its detents 22A (FIG. 9) to permit free relative
      rotation between the first chuck means 17A and its bearing means 21
      generally around the major axis 10' of the workpiece 10 chucked up
      therein. Then, the operator energizes the motorized hand tool 12 to
      commence rotation of its cutting means 12B and begins manual rotation of
      the chucked up workpiece 10 generally around its major axis 10' by
      manually rotating the handle means 23 of the first chuck means 17A.
      Preferably, means, such as the clamp 35 illustrated in FIG. 4, are
      provided for engaging the bearing means 21 to the first end block means
      16A to prevent any possible "sympathetic" rotation of the bearing means 21
      during this operation.
PAR  And, should the operator wish to employ the novel device 11 of the present
      invention with the motorized hand tool 12 to cut axial grooves or flutes
      15 (FIGS. 1C and 1D) in the outer periphery of the chucked up workpiece 10
      which are circumferentially spaced apart around the major axis 10'
      thereof, the operator does not make any connection between the motorized
      hand tool 12 and the follower means bracket 25 to which it is attached and
      the endless cable 20 of the drive means.
PAR  To cut such axial grooves or flutes 15 in the workpiece 10 with the novel
      device 11 of the present invention, the operator first manually moves the
      motorized hand tool 12 and the follower means bracket 25 to which it is
      attached linearly along the guide rod 18 to which one end 25A of the
      follower means bracket 25 is loosely journalled to a point on the frame
      means of the device 11 aligning the cutting means 12B over the spot along
      the length of the periphery of the chucked up workpiece 10 where the
      operator desires one end of the first such axial groove or flute 15 to
      commence. Next, the operator threads and sets the cushioned bolts 27 at
      the other end 25B of the follower means bracket 25 to selectively adjust
      the radial spacing between the cutting means 12B of the motorized hand
      tool 12 and the major axis 10' of the chucked up workpiece 10 so as to
      give the desired cutting depth of that axial groove 15 which is to be cut
      into the periphery of the workpiece 10. Then, the operator energizes the
      motorized hand tool 12 in a well-known manner as by connecting its partly
      illustrated electric power supply cord 31 to an electric power source (not
      shown) thus initiating rotation of its cutting means 12B. Next, the
      operator manually moves the motorized hand tool 12 and the follower means
      bracket 25 to which it is attached in a direction generally parallel to
      the major axis 10' of the chucked up workpiece 10 by sliding the
      journalled end 25A of the follower means bracket 25 linearly along its
      guide rod 18 and, thus, generally parallel to the major axis 10' of the
      chucked up workpiece 10. This step is continued until the desired length
      of the first such axial groove or flute 15 is achieved, whereupon, of
      course, the motorized hand tool 12 is then de-energized by the operator as
      by removing its cord 31 from connection with the unshown power supply.
      When employing the device for this axial grooving or fluting operation,
      the only rotation of the chucked up workpiece 10 about its major axis 10'
      that should occur is performed by the operator through rotation of the
      handle means 23 of the first chuck means 17A so as to employ the
      retractable locking pin means 22 to selectively adjustably set the desired
      circumferential spacing around the major axis 10' of the chucked up
      workpiece 10 between cuttings of the first and subsequent ones of such
      axial grooves or flutes 15 which may be cut in the periphery of the chuced
      up workpiece 10 through employment of the novel device 11 of the present
      invention.
PAR  The width of any of the aforedescribed grooves 13L, 13R, 14 or 15 is, of
      course, determined by the width of the cutting means 12B which is
      selectively employed by the operator in the powered chuck of the motorized
      hand tool 12. And, the tapering of certain of the illustrated ones of such
      grooves is, of course, accomplished through the selected positioning by
      the operator of the swiveled bearing means 28 which rotatably journals the
      screw 27 of the second chuck means 17B in the second end block 16B of the
      frame means of the novel device 11 of the present invention with respect
      to the major axis 10' of the chucked up workpiece 10.
PAR  It should be apparent that while there has been described what is presently
      considered to be a presently preferred form of the present invention in
      accordance with the Patent Statutes, changes may be made in the disclosed
      device without departing from the true spirit and scope of this invention.
      It is, therefore, intended that the appended claims shall cover such
      modifications and applications that may not depart from the true spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for employing a motorized hand tool, such as a portable router
      and the like, to cut a spiralled groove in a workpiece, such as a leg for
      a table, chair, and the like, comprising:
PA1  a. frame means including end block means rotatably journalling chuck means
      for holding the workpiece for rotation around an axis and guide means
      interconnected to said end block means guiding bracket means for
      supporting the motorized hand tool for movement with respect thereto in a
      direction generally parallel to said axis; and
PA1  b. drive means mounted on said frame means and being interconnectable
      between said bracket means and said chuck means to cause movement of the
      motorized hand tool in a direction generally parallel to said axis in
      response to rotary movement of the workpiece around said axis,
PA1  c. said guide means including guide rod means interconnected to said end
      block means; and
PA1  d. first adjustment means provided on said bracket means for selectively
      adjusting radial spacing between the motorized hand tool supported thereby
      and said axis to thus selectively adjust the depth of a spiralled groove
      that is to be cut in the workpiece by the motorized hand tool; and
PA1  e. second adjustment means provided on said chuck means for selectively
      adjusting circumferential spacing around said axis between individual ones
      of a plurality of spiralled grooves which are to be cut in the workpiece,
      and
PA1  f. said drive means comprising:
PA2  i. pulley means rotatably mounted on said frame means;
PA2  ii. endless cable means tightly mounted around said pulley means and said
      rotatable chuck means; and
PA2  iii. fastener means for readily detachably connecting said bracket means to
      said endless cable means.
NUM  2.
PAR  2. A device for employing a motorized hand tool, such as a portable router
      and the like, to cut a spiralled groove in a workpiece, such as a leg for
      a table, chair, and the like, comprising:
PA1  a. frame means including end block means rotatably journalling chuck means
      for holding the workpiece for rotation around an axis and guide means
      interconnected to said end block means guiding bracket means for
      supporting the motorized hand tool for movement with respect thereto in a
      direction generally parallel to said axis; and
PA1  b. drive means mounted on said frame means and being interconnectable
      between said bracket means and said chuck means to cause movement of the
      motorized hand tool in a direction generally parallel to said axis in
      response to rotary movement of the workpiece around said axis; and
PA1  c. adjustment means provided on said chuck means for selectively adjusting
      circumferential spacing around said axis between individual ones of a
      plurality of spiralled grooves which are to be cut in the workpiece, and
PA1  d. said drive means comprising:
PA2  i. pulley means rotatably mounted on said frame means;
PA2  ii. endless cable means tightly mounted around said pulley means and said
      rotatable chuck means; and
PA2  iii. fastener means for readily detachably connecting said bracket means to
      said endless cable means.
NUM  3.
PAR  3. A device for employing a motorized hand tool, such as a portable router
      and the like, to cut a spiralled groove in a workpiece, such as a leg for
      a table, chair, and the like, comprising:
PA1  a. frame means including end block means rotatably journalling chuck means
      for holding the workpiece for rotation around an axis and guide means
      interconnected to said end block means guiding bracket means for
      supporting the motorized hand tool for movement with respect thereto in a
      direction generally parallel to said axis; and
PA1  b. drive means mounted on said frame means and being interconnectable
      between said bracket means and said chuck means to cause movement of the
      motorized hand tool in a direction generally parallel to said axis in
      response to rotary movement of the workpiece around said axis; and
PA1  c. adjustment means provided on said chuck means for selectively adjusting
      circumferential spacing around said axis between individual ones of a
      plurality of spiralled grooves which are to be cut in the workpiece, and
PA1  d. said drive means comprising:
PA2  i. pulley means rotatably mounted on said frame means;
PA2  ii. endless cable means tightly mounted around said pulley means and said
      rotatable chuck means; and
PA2  iii. fastener means for readily detachably connecting said bracket means to
      said endless cable means; and
PA1  e. said adjustment means including:
PA2  i. bearing means having a first bearing surface mounted in said end block
      means for rotation with respect thereto about said axis and a second
      bearing surface mounting said chuck means;
PA2  ii. retractable locking pin means mounted on said bearing means and movable
      between an inserted first position interlocking said bearing means and
      said chuck means for rotation together around said axis and a retracted
      second position permitting relative rotary movement between said chuck
      means and said bearing means around said axis;
PA2  iii. handle means mounted on said chuck means for initiating said relative
      rotary movement between said chuck means and said bearing means; and
PA2  iv. indicator means carried by said bearing means and said chuck means to
      indicate the amount of said relative rotary movement between said chuck
      means and said bearing means.
NUM  4.
PAR  4. A device for employing a motorized hand tool, such as a portable router
      and the like, to cut a spiralled groove in a workpiece, such as a leg for
      a table, chair, and the like, comprising:
PA1  a. frame means including end block means rotatably journalling chuck means
      for holding the workpiece for rotation around an axis and guide means
      interconnected to said end block means guiding bracket means for
      supporting the motorized hand tool for movement with respect thereto in a
      direction generally parallel to said axis; and
PA1  b. drive means mounted on said frame means and being interconnectable
      between said bracket means and said chuck means to cause movement of the
      motorized hand tool in a direction generally parallel to said axis in
      response to rotary movement of the workpiece around said axis,
PA1  c. said drive means comprising:
PA2  i. pulley means rotatably mounted on said frame means;
PA2  ii. endless cable means tightly mounted around said pulley means and said
      rotatable chuck means; and
PA2  iii. fastener means for readily detachably connecting said bracket means to
      said endless cable means.
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ABST
PAL  A gripping arm for addition to tree harvesting apparatus having chain saw
      means, the arm being operable in opposition to a tree engaging anvil. The
      arm is angled and pivotally mounted on the underside of the tree engaging
      anvil and adapted to be hydraulically operated by its own controls
      simultaneously with the chain saw means. The arm swings below and parallel
      to the path of the chain saw means to engage and grip a tree to be
      harvested between itself and the tree engaging anvil as near to the ground
      as possible or convenient, thereby anchoring the tree harvesting apparatus
      to the stump part of the tree during and after its felling. The engaging
      edge of the arm and a lower engaging edge of opposition part of the tree
      engaging anvil are tapered downwardly to penetrate the stump part to
      firmly anchor the apparatus thereto. An upper engaging edge of the anvil
      is flat to non-penetrably engage the harvestable part of the tree.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The invention described hereinafter will be suitable for installation on a
      tree harvesting apparatus as described in my U.S. Pat. No. 3,874,432,
      hereby incorporated by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The invention relates generally to tree harvesting apparatus, and more
      particularly to means for establishing and maintaining said apparatus
      firmly anchored to the tree to be harvested and the ground in a good
      cutting position.
PAR  2. Description Of The Prior Art
PAR  It is old in the art to try to maintain a correct, firmly anchored cutting
      position by setting the brakes of power train of the apparatus, by
      penetrably engaging a tree both above and below the intended severance
      point with opposing double jaws, and by engaging a tree to be cut between
      a cutting chain saw and an opposing stationary anvil.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide means for gripping the stump part
      of a tree to maintain the relative position of the tree harvesting
      apparatus in a good cutting position to the tree to be cut and the ground.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
PAR  FIG. 1 is a perspective view of a tree harvesting apparatus in phantom with
      the invention in solid lines,
PAR  FIG. 2 is an enlarged bottom view, partially cut a way, of the invention
      mounted on and under the anvil of the tree harvesting apparatus, and
PAR  FIG. 3 is a diagrammatic end view of the gripping engagement of a tree to
      be harvested.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the figures, the invention comprises an angular arm 11
      connected by a linkage 13 to an hydraulic cylinder 15. The invention is
      fixed to a tree harvesting apparatus 10 having a chain saw 12 pivotally
      mounted in an anvil 14 which has a base 16 and a forward projection 18.
      The chain saw 12 is adapted to pivot between said base 16 and forward
      projection 18. The arm 11 is pivotally mounted under said base 16 to swing
      parallel with chain saw 12 when actuated by cylinder 15 mounted on top of
      base 16. The swing is in opposition to the forward projection 18 to grip a
      tree in the angle defined by the base 16 and projection 18. A separate
      control (not shown) is provided for the actuation of cylinder 15 which is
      operated in conjunction with hydraulic controls actuating the parallel
      swing of chain saw 12 to cut the tree and a pusher 26 which is provided to
      bias the tree as it is cut in a direction of fall.
PAR  In operation, the arm 11 is actuated to engage a tree positioned in the
      angle of base 16 and projection 18 of anvil 14. The gripping of the tree
      on three sides stabilizes apparatus 10 during the entire time of
      harvesting and makes the setting of brakes of a power train 38
      unnecessary. The single gripping edge of arm 11 and the lower gripping
      edge of projection 18 are tapered sharply downward to sharp edges for
      penetrating and biting into the stump part of a tree. The upper gripping
      edge of projection 18 is flat for pressure engagement only with the
      harvested part of the tree. This allows the severed part of the tree to
      easily disengage from the upper gripping edge of projection 18 without
      disturbing the grip of the lower edges on the stump part and the anchoring
      thereby of the tree harvesting apparatus 10 to said stump part.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tree harvesting apparatus having a pusher, a chain saw, and
      actuating means therefor, a stump gripper comprising:
PA1  a. a base having forwardly directed upper and lower parallel edges, and a
      projection portion extending forwardly on a side of said base with upper
      and lower edges facing and contiguous with said base parallel edges, the
      upper edge of the projection portion being flat for making surface contact
      with a trunk portion of a tree, and said lower edge being sharpened for
      penetrating engagement with a stump portion of said tree, and said chain
      saw being adapted to swing toward said forward projection between said
      projection portion parallel edges and cut said tree therebetween;
PA1  b. a stump gripping arm pivotally mounted on the bottom of said base and
      extending approximately parallel to said forward projection portion and
      adapted to swing toward it in opposition to said lower sharpened edge for
      engaging therebetween said tree by its stump portion below the path of
      said chain saw; and
PA1  c. hydraulic cylinder means mounted on said bottom of said base and
      operatively linked to said stump gripping arm for the actuation thereof
      toward and away from said forward projection portion to respectively grip
      and release said stump portion of said tree positioned between said arm
      and said forward projection respectively before and after said tree is cut
      to thereby anchor said harvesting apparatus to said stump portion between
      opposed arm and projection during cutting and felling a tree.
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PAL  A dual shear blade assembly for cutting through an article includes a frame
      having an outwardly opening article receiving slot therein, a first shear
      blade arrangement pivotally mounted on the frame and movable between an
      open position outwardly adjacent one side of the slot to a closed position
      within the slot, a second shear blade arrangement pivotally mounted on the
      frame and movable between an open position outwardly adjacent the opposite
      side of the slot to a closed position within the slot, a linkage apparatus
      which pivotally interconnectably couples the first and second shear blade
      arrangements for coordinated closing movement and separating opening
      movement thereof, and a motoring device pivotally connected to the frame
      and one of the first and second shear blade arrangements for powerably
      closing it, and thereby also the other one of said first and second shear
      blade arrangements for cleanly severing the article disposed in the slot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In general, dual shear blade assemblies are preferred by the tree
      harvesting industry because considerably less tearing and wood damage
      occurs to a tree trunk as it is being cut, and less force is required to
      urge the individually shorter and thinner cutting blades part way through
      the wood. Representative of these dual shear blade assemblies are U.S.
      Pat. No. 3,503,429 issued Mar. 31, 1970 to E. L. Whisler and U.S. Pat. No.
      3,627,003 issued Dec. 14, 1971 to K. Q. Kessler et al. The former uses a
      pair of opposing shear blade arrangements which are pivotally mounted on
      the frame, and each of which is individually controlled by a separate
      hydraulic actuating cylinder. Undesirably, the second hydraulic cylinder
      adds to the overall cost of the tree harvester and increases its overall
      size which, for example, can decrease its ability to be manipulated into a
      group of closely spaced trees. On the other hand, the latter of the
      aforementioned patents includes a pair of shear blade arrangements which
      are cooperatively manipulated by a single hydraulic cylinder. Such
      construction, however, includes a floating-type cylinder mounting that
      disadvantageously contributes to unsymmetrical opening and closing
      movement of the opposing shear blade arrangements. In addition, with the
      scissors type closing action of the cutting edges, a V-shaped slot is
      formed which creates forces tending to longitudinally separate the tree
      harvester and the tree which is being cut, which subsequently results in
      alignment problems and increased damage to the tree as it is being
      processed.
PAR  Other examples of prior art are disclosed in U.S. Pat. No. 3,509,922 issued
      May 5, 1970 to J. P. Lundberg and U.S. Pat. No. 3,565,141 issued Feb. 23,
      1971 to A. J. Galis. However, the former construction incorporates an
      undesirably complex mechanism for simultaneously shearing a tree with
      three blades, and the tree must be inserted within a circular hole or
      sleeve during the processing thereof. While the latter construction, in
      contrast, is able to conveniently shear a standing tree, its three-blade
      construction is also relatively complex and costly, and incorporates one
      sliding blade with accompanying bearing support disadvantages.
PAR  As far as is known, not before the dual shear blade assembly disclosed in
      U.S. patent application Ser. No. 550,329 filed Feb. 18, 1975 by L. A.
      Wirt, now U.S. Pat. No. 3,927,704 and assigned to the assignee of the
      present invention, have many of the aforementioned problems been overcome.
      The reference construction can relatively more cleanly sever a tree
      because the pivotal connections for the dual shear blade arrangements are
      positioned on the frame in such a way that an improved mechanical
      advantage exists, and the tree is positively biased toward a fully
      retained position within the tree receiving slot by the penetrating
      cutting engagement of the shear blade arrangements. While such
      construction is a considerable advancement over the prior art, a second
      actuating cylinder is utilized therein and the tree harvester frame is
      larger than desired in order to accommodate it.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Therefore, to overcome the above-noted problems, it is an object of the
      present invention to provide an improved dual shear blade assembly for a
      tree harvester which is more simply and economically adapted to cleanly
      sever a tree.
PAR  Another object of the present invention is to provide a dual shear blade
      assembly of the aforementioned type which is relatively compact, yet
      rugged in its construction.
PAR  Another object of the present invention is to provide a dual shear blade
      assembly of the character described which provides mechanically
      coordinated interconnecting movement of the dual shear blade arrangements
      in order to permit a single hydraulic cylinder to be utilized for
      effective cutting of a tree.
PAR  Other objects and advantages of the present invention, including the
      ability to conveniently adjust the opposing shear blade arrangements for
      full length abutting closing contact, will become more readily apparent
      upon reference to the accompanying drawings and the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a horizontal sectional view of the dual shear blade assembly of
      the present invention showing the dual shear blade arrangements thereof in
      their open tree receiving positions.
PAR  FIG. 2 is a horizontal sectional view similar to FIG. 1 but showing the
      dual shear blade arrangements disposed in their fully closed tree severing
      positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a tree harvesting apparatus 10 is shown which includes
      a dual shear blade assembly 12 which is constructed in accordance with the
      present invention. The dual shear blade assembly includes a laterally
      elongated boxlike frame 14 which extends laterally outwardly in an offset
      manner relative to a central longitudinal axis 16. Suitable pairs of ears,
      such as shown at 18, extend longitudinally rearwardly from the back of the
      frame to permit a laterally spaced pair of lift arms 20 to be coupled
      thereto. Such lift arms are pivotally associated with a wheeled vehicle or
      the like (not shown), and are pivotally secured to the ears through a pair
      of horizontally arranged pivots 22. In this manner, the tree harvesting
      apparatus is mountably carried and manipulated by the vehicle into a group
      of closely spaced trees for selecting an individual tree, such as shown at
      24. It will be appreciated that the aforementioned pivots are disposed on
      the frame at an elevationally low level, and one or more additional
      pivotal connections (not shown) would be made at an elevationally higher
      level between the frame and the vehicle for stabilization purposes in the
      usual manner. Reference is herein made to the aforementioned U.S. patent
      application Ser. No. 550,329 now U.S. Pat. No. 3,927,704 for supplementary
      details of such mounting.
PAR  More particularly, the box-like frame 14 includes a lower plate member 26
      and an upper plate member 28 substantially parallel thereto, and a
      forwardly divergingly opening slot 30 is defined therein adjacent the
      outermost corner thereof in convenient tree-receiving relation. This slot
      is cooperatively associated with a forwardly converging slender jaw 32 for
      aiding delivery of the tree 24 fully rearwardly into the slot. The plate
      member boundaries of the slot are defined by a pair of vertically
      separated inclined inner sidewall edges or sides 34 which extend
      rearwardly for tangent cooperation with a corresponding pair of arcuate
      tree-receiving rear walls 36, and a pair of inclined entry ramps or sides
      38 which extend forwardly from the rear walls in a continuously smooth
      manner to form a common boundary with the slender jaw. An outermost
      sidewall 40 and a laterally narrow nose or apex portion 42 span vertically
      between the plate members and cooperate with the inclined entry ramps to
      define the principal boundaries of the jaw. As is clearly illustrated, the
      outermost sidewall extends only limitedly rearwardly to laterally blend
      with an inclined or convex-shaped rear wall 44 for the purpose of
      providing a relatively compact, linkage receiving cavity 46 within the
      box-like frame.
PAR  Upon further inspection of the drawings, it will be noted that a laterally
      elongated primary shear blade arrangement 48 is pivotally mounted
      protectably within the box-like frame 14 on a pair of substantially
      upright pivotal connections 50 and 52, while a longitudinally
      foreshortened secondary shear blade arrangement 54 is also pivotally
      mounted within the frame on a substantially upright pivotal connection 56.
      The primary shear blade arrangement includes an elongated reciprocable
      motoring device or hydraulic jack 58 which is rotatably anchored to the
      pivotal connection 50, and a primary shear blade member or
      bellcrank-shaped blade carrier 60 similarly anchored to the frame at the
      pivotal connection 52. It is further apparent that the powerably
      extendable or retractable hydraulic jack is coupled to the primary shear
      blade member at a pivotal connection 62 for swinging operation thereof,
      and also that the blade member includes a relatively large and replaceable
      primary shear blade 64 having a cutting edge 66 thereon. Pursuant to the
      present invention, a rearwardly extending arm 68 integral with the primary
      shear blade member and a pivotal connection 70 thereon are caused to move
      in the same relative rotational direction about the pivotal connection 52
      as the movement of the pivot 62 with extension or retraction of the
      hydraulic jack. On the other hand, the foreshortened secondary shear blade
      arrangement 54 includes a secondary shear blade member or blade carrier 72
      and a relatively small or narrow secondary shear blade 74 having a cutting
      edge 76 which, like the cutting edge 66, is removable in a conventional
      manner for replacement or servicing purposes. Also, the secondary shear
      blade member has an integral, rearwardly extending arm 78 thereon on which
      is disposed a pivotal connection 80 whose purpose will subsequently be
      described.
PAR  In accordance with the present invention, a rigid actuating link or linkage
      apparatus 82 of easily adjusted length interconnectably couples the
      primary shear blade arrangement 48 and the secondary shear blade
      arrangement 54 for assuring coordinated closing movement and separating
      opening movement thereof. More specifically, the actuating link includes a
      threaded rod portion 84 with an eye 86 thereon which is pivotally secured
      to the arm 68 of the primary shear blade arrangement at the pivotal
      connection 70, and an internally threaded cylinder portion 88 with an eye
      90 thereon which is secured to the arm 78 of the secondary shear blade
      arrangement at the pivotal connection 80. Thus, in accordance with one of
      the main features of the present invention, the mechanical connection of
      the primary and secondary shear blade arrangements is such as to permit
      coordinated closing and opening movement therebetween through actuation of
      the single hydraulic jack 58.
PAC  OPERATION
PAR  While the operation of the present invention is believed clearly apparent
      from the foregoing description, further amplification will subsequently be
      made in the following brief summary of such operation. As shown in FIG. 1
      the dual shear blade assembly 12 of the present invention is shown with
      the hydraulic jack 58 in its fully retracted position so that both the
      primary shear blade member 60 and the secondary shear blade member 72 are
      rotated about their respective pivotal connections 52 and 56 in a fully
      counterclockwise manner when viewing the drawing. Under these conditions,
      the primary shear blade 64 and secondary shear blade 74 are disposed in
      their fully open positions outwardly adjacent the opposite sides 34 and 38
      of the tree-receiving slot 30.
PAR  The tree harvesting apparatus 10 may then be maneuvered by the vehicle to a
      point where the forwardly converging slender jaw 32 is conveniently
      positioned laterally outwardly of one tree 24 in a group of relatively
      closely spaced trees. Thereafter, forward movement of the vehicle causes
      the tree to be easily positively positioned fully rearwardly in the slot
      30 by way of the inclined entry ramps 38 or the opposite inner sidewall
      edges 34, substantially as shown in FIG. 1. At this point other
      implements, such as shown in U.S. Pat. No. 3,669,161 issued June 13, 1972
      to N. Gutman et al., and U.S. Pat. No. 3,717,185 issued Feb. 20, 1973 to
      R. L. Moser et al, and which are not shown, would normally be utilized to
      stabilizably grasp the tree at an elevated condition from the slot to more
      securely hold it in an upright relation with respect to the frame 14. For
      additional details in this regard, reference is herein made to U.S. patent
      application Ser. No. 550,329 mentioned previously above.
PAR  Pursuant to the present invention, the hydraulic jack 58 may then be
      extended to move the forwardly disposed pivotal connection 62 and the
      primary shear blade member 60 in a clockwise direction from the position
      shown in FIG. 1 to the position shown in FIG. 2 about the centrally
      disposed pivotal connection 52 on the frame 14. Simultaneously therewith,
      the rearwardly disposed pivotal connection 70 is moved in a clockwise
      manner about the same pivotal connection to cause the actuating link 82 to
      be positioned laterally inwardly, or upwardly when viewing the drawing.
      Because of the connecting link the rearwardly disposed pivotal connection
      80 is also moved laterally inwardly, and the secondary shear blade
      arrangement 54 is rotated in a clockwise manner about its forwardly
      disposed pivotal connection 56. Thus, both the primary and secondary shear
      blades 64 and 74 cooperatively approach each other in an opposite endward
      closing manner until they are in full length abutting relation as shown in
      FIG. 2.
PAR  It is significant to note that during closing movement of the dual shear
      blade assembly 12 of the present invention the primary shear blade 64
      exerts considerably more force than does the secondary shear blade 72
      during its more extensive penetrating cutting engagement with the tree 24,
      which greater force tends to positively maintain the tree in its fully
      rearwardly disposed position in the slot 30. It is apparent that the
      secondary shear blade cuts through a smaller portion of the tree than the
      primary shear blade, and with lesser force, because of the mechanical
      advantages that accrue due to the locations of the pivotal connections 52,
      56, 62, 70 and 80, and the interconnecting actuating link 82. In this way
      the secondary shear blade exhibits less tendency to urge the tree
      forwardly and out of the slot.
PAR  In accordance with one aspect of the present invention, the actuating link
      82 is constructed to be easily adjusted. More particularly, the overall
      length or distance between the pivotal connections 70 and 80 may be
      conveniently increased or decreased by releasing one of these pivotal
      connections and screw threadably inserting or retracting the threaded rod
      portion 84 from within the internally threaded cylinder portion 88. A
      predetermined length of the actuating link is thus established sufficient
      to pivotally swing the secondary shear blade arrangement toward or away
      from the primary shear blade arrangement so that the cutting edges 66 and
      76 are brought into full length abutting engagement at the proper location
      with respect to the tree with full closure thereof.
PAR  Thus, it is evident that the dual shear blade assembly 12 of the present
      invention is so constructed and arranged as to permit a single hydraulic
      jack 58 to be utilized for effective, clean cutting engagement of the
      opposing shear blades 64 and 74 with a tree or the like. This is in a
      large part achieved by the simple and compact link 82, and its fully
      pivotal interconnecting relationship with the arms 68 and 78 on the
      primary and secondary shear blade members 60 and 72, respectively. Such
      construction thereby effects mechanically coordinated approaching or
      separating movement of the blades in a relatively economical and compact
      manner, and while retaining a desirably high and disproportionate
      mechanical advantage of the cutting edge forces that better serve to
      retain the tree fully rearwardly in the slot 30.
PAR  It is contemplated that while the invention has been described in
      connection with a mechanically adjusted link 82, it is within the
      teachings thereof to replace it directly with a relatively compact
      fluid-adjustable or motorized link for interconnectably coupling the
      primary and secondary shear blade arrangements 48 and 54 between the
      pivotal connections 70 and 80.
PAR  While the invention has been described and shown with particular reference
      to a preferred embodiment, it will be apparent that variations such as
      that immediately described above are possible that would fall within the
      scope of the present invention which is not intended to be limited except
      as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dual shear blade assembly for cutting through an article, comprising;
PA1  a frame having an outwardly opening article receiving slot therein;
PA1  first shear blade means pivotally mounted on said frame and movable between
      an open position outwardly adjacent one side of said slot to a closed
      position within said slot;
PA1  second shear blade means pivotally mounted on said frame and movable
      between an open position outwardly adjacent the opposite side of said slot
      to a closed position within said slot;
PA1  linkage means pivotally interconnectably coupling said first and second
      shear blade means for coordinated closing movement and separating opening
      movement thereof; and
PA1  motor means pivotally connected to said frame and one of said first and
      seond shear blade means for powerably closing it, and thereby also the
      other one of said first and second shear blade means for cleanly severing
      the article disposed in said slot.
NUM  2.
PAR  2. The dual shear blade assembly of claim 1 wherein said first and second
      shear blade means are interconnected by said linkage means for swinging
      closing movement in the same relative rotational direction in an opposite
      endward manner, and with such swinging movement serving to better bias the
      article fully into said slot.
NUM  3.
PAR  3. The dual shear blade assembly of claim 2 wherein said motor means is an
      extendable and retractable hydraulic jack.
NUM  4.
PAR  4. The dual shear blade assembly of claim 3 wherein said linkage means
      includes a rigid, but adjustable interconnecting link.
NUM  5.
PAR  5. A dual shear blade assembly for a tree harvesting apparatus, comprising;
PA1  a frame having a forwardly opening slot defined therein adapted to receive
      a tree;
PA1  primary shear blade means pivotally mounted on said frame and movable from
      an open position outwardly adjacent one side of said slot to a closed
      position within said slot for penetrating cutting engagement with the
      tree;
PA1  secondary shear blade means pivotally mounted on said frame and movable
      from an open position outwardly adjacent the opposite side of said slot to
      a closed position within said slot;
PA1  actuating link means pivotally coupled intermediate said primary and
      secondary shear blade means; and
PA1  a hydraulic jack pivotally mounted on said frame and one of said primary
      and secondary shear blade means and powerably extendable or retractable
      for respectively effecting coordinated closing tree severing movement
      thereof and separating opening movement thereof.
NUM  6.
PAR  6. The dual shear blade assembly of claim 5 wherein said actuating link
      means includes a threaded rod portion and a threaded cylinder portion so
      that with screw threaded adjustment therebetween said primary and
      secondary shear blade means may be better interrelatably positioned for
      substantially full length closing contact.
NUM  7.
PAR  7. The dual shear blade assembly of claim 6 wherein said primary shear
      blade means includes a blade carrier having a centrally disposed pivotal
      connection to said frame, a forwardly disposed pivotal connection to said
      hydraulic jack, and a rearwardly disposed pivotal connection to said
      actuating link means.
NUM  8.
PAR  8. The dual shear blade assembly of claim 7 wherein said secondary shear
      blade means includes a blade carrier having a forwardly disposed pivotal
      connection to said frame and a rearwardly disposed pivotal connection to
      said actuating link means.
NUM  9.
PAR  9. A dual shear blade assembly for a tree harvesting apparatus, comprising;
PA1  a frame having an outwardly opening slot defined therein;
PA1  a primary shear blade arrangement including a primary shear blade carrier
      centrally pivotally mounted on said frame and a primary shear blade;
PA1  a secondary shear blade arrangement including a secondary shear blade
      carrier forwardly pivotally mounted on said frame and a secondary shear
      blade;
PA1  a hydraulic jack pivotally mounted intermediate said frame and said primary
      shear blade carrier for powerably closing and opening it; and
PA1  actuating link means pivotally connecting said secondary shear blade
      carrier to said primary shear blade carrier for effecting coordinated
      closing and separating movement thereof when said primary shear blade
      carrier is powerably moved.
NUM  10.
PAR  10. The dual shear blade assembly of claim 9 wherein said actuating link
      means is a fluid-adjustable link.
NUM  11.
PAR  11. The dual shear blade assembly of claim 9 wherein said actuating link
      means is a screw threadably adjustable rigid link.
NUM  12.
PAR  12. The dual shear blade assembly of claim 11 wherein said adjustable rigid
      link includes a threaded rod portion and an internally threaded cylinder
      portion adapted to receive it, so that with screw threaded adjustment
      therebetween said primary and secondary shear blades may be better
      interrelatably positioned for full length abutting contact at the desired
      location with respect to a tree being cut.
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ABST
PAL  An edge machining tool in which two substantially identical tool members
      are mounted on a work spindle with each tool member having peripheral
      axial portions extending into notches in the other tool member. The
      aforementioned axial portions are provided with cutting edges and incline
      downwardly toward the other tool member so that in cross section the tool
      members define a "V" shape therebetween. At least one threaded adjusting
      spindle is provided which is held against axial movement on the work
      spindle and which engages the tool members with threads of respective hand
      so that by rotation of the adjusting spindle the tool members can be
      caused to move toward and away from each other on the axis of the work
      spindle.
BSUM
PAR  The present invention relates to a tool construction for machining edges,
      especially workpieces such as veneer plates, thin plates with a cover
      thereon of synthetic material, or the like, which cause different tool
      wear over the thickness of such plates and which are provided with two
      adjacent individual tools which are arranged on a tool carrier and in the
      direction of their tool axes have overlapping working zones. At least one
      of said individual tools is adjustably mounted in the direction of the
      tool axis on guiding means of a tool carrier to be arranged on a working
      spindle, said adjustability being effected by means of an adjusting
      element engaging a counter-element.
PAR  It is an object of the present invention so to design an edge machining
      tool of the general type set forth above, that high working precision and
      easy adjustability as well as a simple construction will be assured.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a machining tool construction according to the invention,
      partially in section and partially in side view.
PAR  FIG. 2 is a view of FIG. 1, as seen in the direction of the arrow A.
PAR  FIG. 3 illustrates an axial section through a modification of the
      construction of FIGS. 1 and 2.
PAR  FIG. 4 shows the tool construction of FIG. 3, as seen in the direction of
      the arrow B.
PAR  The edge machining tool construction according to the invention which
      comprises individual tools arranged on a tool carrier of which individual
      tools at least one is adjustably mounted on guiding means by means of an
      adjusting element engaging a counterelement, is characterized primarily in
      that the adjusting element is formed by at least one adjusting spindle
      arranged in spaced relationship to the tool axis. With a tool construction
      according to the present invention it is possible over an adjusting
      element located along the tool axis to realize a considerably better
      guiding and holding of the individual tools, and to do this even with a
      very short construction of the machining tool. Furthermore, the adjusting
      spindle may form the only connecting element between the tool carrier and
      the respective individual tool so that in view of the low number of
      individual elements, very high precision can be realized.
DETD
PAR  Referring now to the drawings in detail, FIGS. 1 and 2 show a machining
      tool construction 1 with a sleeve-shaped tool carrier 2 which by means of
      its bore can be placed upon the working spindle 3 of a woodworking
      machine, or the like. A clamping sleeve 4 provided with an inner thread
      is, from the front end, inserted into the tool carriers 2. Sleeve 4 rests
      by means of a key collar against the pertaining end face of the tool
      carrier 2 and by means of its inner thread is screwed onto a threaded
      extension at the end of the working spindle 3.
PAR  The outer circumference of the tool carrier 2 which is cylindrical over its
      entire length forms a guiding means 5 for two individual tools 6, 7 which
      by means of bores 9 provided in hubs 8 are axially slidably movably
      mounted on the guiding means 5 and by means of wedges 10 engaging grooves
      are secured against distortion. The wall thickness of hubs 8 corresponds
      approximately to the maximum wall thickness of the tool carrier 2. Those
      ends of the hubs 8 which face each other, merge with an annular
      disc-shaped tool body 11. The tool bodies 11 comprise within the region of
      the outer circumferential zone extensions 12 which project from those
      sides thereof which face each other. Within the region of these extensions
      12, each tool body is provided in a star-like manner with annular
      segmental recesses 13 which extend over the entire axial extensions of the
      respective tool body. Between said recesses 13 there are provided
      corresponding annular segmental projections 14 having approximately the
      same arc angle. These projections are at those sides thereof which face
      the respective other individual tool provided with extensions 12 which
      respectively engage or enter a recess 13 of the other individual tool.
      Cutting edges 15 on the projections 14 extend over the entire axial
      extension of the outer circumference of the respective individual tool.
      These cutting edges 15 are in the form, for instance, of exchangeable
      cutting plates which project over the outer circumference of the
      individual tools 6, 7 and form the working zones of said tools. The
      working zones of the two individual tools 6, 7 overlap each other in the
      direction of the axis 16 of the tool 1.
PAR  When the two individual tools 6, 7 are moved out to their greatest possible
      extent, the said working zones just still overlap each other while those
      ends of the hubs 8 of the individual tools which face away from each other
      will be located near to the two end surfaces of the tool carrier 2, and
      while the hub 8 adjacent the machine with its end surface engages an
      abutment 17 of the tool carrier 2 which abutment may be formed, for
      instance, by a spring ring. From this position, the individual tools 6, 7
      can be moved axially approximately by the working width of an individual
      tool toward each other. A very safe and stabile guiding of the respective
      individual tools 6, 7 for limiting round and plane running errors to a
      minimum is realized by having the hub 8 of the respective individual tools
      6, 7 project on that side which faces away from the individual tool beyond
      the remaining individual tool and that the respective individual tool 6, 7
      is guided on the guiding means 5 over the entire length of its hub 8 which
      preferably forms one piece with the respective individual tool.
PAR  Those end faces of said tool bodies 11 of the two individual tools, which
      are facing each other are provided with depressions extending up to the
      extensions 12, said depressions forming a chamber 18 between the
      individual tools 6, 7. Furthermore, the hubs 8 of the individual tools 6,
      7 are provided with threaded bores 19 which are in alignment with each
      other and the diameters of which are less than the wall thickness of the
      hubs and for example may amount only to one-sixth of the diameter of the
      guiding means 5. These threaded bores 19 are located approximately within
      the axial region of the annular disc-shaped tool bodies 11, and within the
      region of the respective hub 8 merge with a bore 20 which is in alignment
      with said bores 19, said bores 20 extending to the end of the pertaining
      hub 8.
PAR  Directly adjacent to the guiding means 5 is an adjusting spindle 23 located
      along the axis 22. The spindle 23 is located in the hubs 8 of the
      individual tools 6, 7 whereby a protected arrangement and an easy
      accessibility will be realized.
PAR  For purposes of obtaining a simple construction, it is as a rule
      advantageous when the adjusting spindle 23 includes a pitch element, for
      instance, at least one threaded section 24, preferably threaded sections
      24, for both individual tools, which last mentioned threaded sections have
      an opposite pitch so that when turning the adjusting spindle 23 both
      individual tools will be adjusted in opposite direction and symmetrically
      or non-symmetrically to each other in the threaded sections 24 may be
      designed as fine or coarse thread. The equally long threaded sections 24
      engage the threaded bores 19 which are designed as counterelements, and
      have opposite equal or unequal pitch. Inasmuch as the respective thread
      section 24 is formed by an outer thread, the adjusting spindle 23 may be
      designed substantially solid and with a very small outer diameter, and the
      counterelement may in a simple manner be designed as a threaded bore 19 so
      that no separate part will be required on the individual tool 6 or 7 for
      the counterelement. The adjusting spindle 23 is by means of axial safety
      element 25 preferably with an annular collar engaging the groove, axially
      secured with regard to one of the two parts adjustable counter to each
      other, particularly with regard to the tool carrier 2, so that with a
      simple construction, a precise location of the adjusting spindle 23 and
      thus of the individual tools relative to the tool carrier 2 will be
      assured. This axial safety element 24 simultaneously forms the single
      axial safety element for axially securing the respective individual tools
      6, 7 relative to the tool carrier 2 in its respective adjusting position.
      The axial safety element is arranged between the thread sections 24 which
      together take up more than half the total length of the threaded spindle
      23, namely, approximately two-thirds thereof. The axial safety element
      forms one piece with the adjusting spindle 23 while its axial extension is
      by about one-half less than the distance between the threaded sections 24,
      and its outer diameter is greater than the outer diameter of the threaded
      sections 24.
PAR  Inasmuch as the axial safety element 25 is provided in particular in the
      center between the threaded sections 24 preferably having the same length,
      the adjusting spindle can equally well be mounted in two positions offset
      with regard to each other and can be designed symmetrically with regard to
      the center of its length.
PAR  The adjusting spindle 23 thus for obtaining a protected arrangement is
      located substantially completely within the individual tool 6, 7. The
      axial safety element 25 engages with its circumferential section that
      faces the tool axis 16, a groove 26 provided in the guiding means 5. This
      groove 26 may be formed by an annular groove around the tool axis 16 or by
      a rectilinear groove slot which is at a right angle to the rotor axis 16.
      At least in the first mentioned instance, an additional safety device
      against turning is provided for the respective individual tools 6, 7
      relative to the tool carrier 2. The axial safety element 25 is for
      purposes of obtaining a compact design within the hollow chamber 18,
      located between the individual tools 6, 7 which at those end faces thereof
      that face each other have annular depressions 27 extending to their bores
      9. The diameter of said depressions 27 is slightly greater than the
      distance of that side of the member 25 which faces away from the tool axis
      16, so that the member 25 can unimpededly emerge in the depressions 27.
      The bottom surfaces of the depressions 27 are passed through by threaded
      bores 19. The adjusting spindle 23 is thus located substantially
      completely within the individual tools 6,7 for obtaining a protected
      arrangement.
PAR  At the respective end formed by a threaded section 19, the adjusting
      spindle 23 has a connecting element 28 in the form, for instance, of an
      inner hexagon so that the adjusting spindle 23 does not have to be
      accessible between its ends. For purposes of turning the adjusting spindle
      23, there is provided an actuating element 29 in the form of a socket
      wrench which through the respective bore 20 can in a disengaging manner be
      brought into engagement with the pertaining connecting member 28 so that
      then the adjusting spindle 23 will be turnable and the actuating element
      is, during the working with the tool, withdrawn from the latter so that an
      accidental adjustment is completely impossible.
PAR  During the turning of the adjusting spindle 23, the individual tools 6, 7
      are moved toward each other or away from each other. In the first
      mentioned instance the individual tools can be displaced until the end
      faces adjacent to their depressions 27 are engaged. Through the openings
      or bores 20, the adjusting spindle 23 is likewise easily accessible from
      both ends and is simple to install. Also, the actuating element is safely
      guided in bore 20 and can be brought into engagement with the adjusting
      spindle.
PAR  The design according to the invention also makes it possible that the two
      individual tools 6, 7 are completely or nearly completely identical as to
      all details and therefore can be exchanged at will.
PAR  According to the arrangement of FIG. 3, above the tool axis 16a there is
      illustrated a second embodiment of the invention, whereas below the tool
      axis there is illustrated a third embodiment of the invention. For the
      second embodiment according to FIGS. 3 and 4, corresponding parts have
      been designated with the same reference numerals as in FIGS. 1 and 2, but
      with the additional character a, whereas for the third embodiment these
      reference numerals have been employed with the additional character b.
PAR  According to the embodiment of FIGS. 3 and 4, three adjusting spindles are
      preferably uniformly arranged about the tool axis 16a.  The adjusting
      spindles are uniformly distributed around the tool axis 16a which spindles
      are all rotatable by a common actuating element.
PAR  According to the second embodiment of the invention, the adjusting spindles
      23a have those thread sections 24a which are further removed from that end
      of the tool 1a located on the machine side provided with connecting
      members 28a which are in alignment with the thread sections 24a. These
      connecting members 28a are formed by cylindrical spindle sections which
      form one piece with the adjusting spindles and are passed through the hub
      8a of the pertaining individual tool 6 toward the outside. Directly
      adjacent to the end surface of this hub 8a, each connecting member 28a has
      a runner 30 which tapers and is, for instance, in the form of a frictional
      cone located at the outer circumference of an end section of the tool
      carrier 2a, which end section is reduced in daimeter. Axially secured and
      rotatable on said end section is the annular actuating element 29a which
      has a conical inner ring 31 forming a frictional surface. The inner ring
      31 extends over the runners 30 as well as over the end of hub 8a and
      engages the runners 30 so that the latter will, during the rotation of the
      cap-shaped actuating element 29a which latter may be knurled at its outer
      circumference, be taken along, and a plurality of all of the adjusting
      spindles 23a are simultaneously synchronously turned. Since the actuating
      element 29a is mounted on the tool, preferably along its axis on the tool
      carrier 2a, the actuating element 29a may during the working operation
      remain on the tool, and a very quick adjustment will be possible.
PAR  With the third embodiment of the invention, instead of friction cones,
      pinions 30b are provided which engage a cylindrical inner gear ring 31b of
      the actuating element 29b and thus are positively taken along. At those
      ends of the adjusting spindles 23a, 23b which face away from the actuating
      element 29a, 29b, the adjusting spindles 23a, 23b, may comprise connecting
      elements identical to those comprised by the adjusting spindle according
      to FIGS. 1 and 2 so that they will also be accessible by socket wrenches.
PAR  As will be evident from the above, in view of the design according to the
      invention, in addition to a high rounded and plane running precision, also
      a highly quiet running of the tool can be realized. Furthermore, the tool
      has expediently a closed form for safety technical reasons, because
      substantially all parts are nearly completely arranged within the
      individual tools or are covered by correspondingly protective parts such
      as the cap-shaped element 29a, 29b, so that they are covered toward the
      outside.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An edge machining tool especially for machining the edges of panels
      which comprises: a pair of disc-like tool members in adjacent coaxial
      relation and having cutting element means on the periphery thereof, a work
      spindle supporting said tool members and operable to drive the tool
      members in rotation, each said tool member having axial portions axially
      overlapping the other tool member, and at least one adjusting member
      connected to said tool members and operable for adjusting said tool
      members relatively in the axial direction on said work spindle, said
      adjusting member comprising a threaded spindle having a thread portion
      threadably engaging each tool member, said threaded portions having
      threads of respectively different pitch thereon, a collar on said threaded
      spindle disposed between said tool members, and recess means in said work
      spindle engaging opposite axial sides of said collar.
NUM  2.
PAR  2. An edge machining tool according to claim 1 in which said threaded
      portions have threads of respectively opposite hand thereon.
NUM  3.
PAR  3. An edge machining tool according to claim 2 in which said tool members
      comprise recesses for receiving said collar, said collar being centered
      between said tool members.
NUM  4.
PAR  4. An edge machining tool according to claim 1 in which each tool member
      has a hub portion thereon, said work spindle extending completely through
      both of said hub portions and supportingly engages said hub portions.
NUM  5.
PAR  5. An edge machining tool according to claim 4 in which said work spindle
      engages substantially the entire length of the hub portions of each tool
      member.
NUM  6.
PAR  6. An edge machining tool according to claim 1 in which said tool members
      are substantially identical.
NUM  7.
PAR  7. An edge machining tool according to claim 1 in which each tool member
      has peripheral axial notches to receive the axial portions of the other
      tool member, the cutting element means on each tool member being located
      on the said axial portions thereof.
NUM  8.
PAR  8. An edge machining tool according to claim 7 in which said tool members
      when viewed in cross section define a "V" shape therebetween.
NUM  9.
PAR  9. An edge machining tool according to claim 1 in which said work spindle
      includes recess means engaging the periphery of said collar to prevent
      axial displacement of said threaded spindle on said work spindle.
NUM  10.
PAR  10. An edge machining tool according to claim 2 in which the threads on
      said threaded portions of said threaded one of opposite hand and equal
      pitch whereby said tool members when adjusted move equal amounts in
      respective directions.
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ABST
PAL  Apparatus is described for the fastening of two or more planar structures.
      Specifically described is a saw which has a removable cutting edge and
      handle. The cutting edge fastening means includes mating chamfered
      surfaces as well as tensioned pin-in-slot retainers. The handle is
      retained by a pin-in-slot constraint coupled with having a saw handle
      groove tightly accommodate the saw body edge.
PAL  This invention relates generally to improvements in joining together
      substantially rigid coplanar bodies, and more particularly to providing a
      saw with an improved removable blade and handle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hand saws have frequently been cumbersome to store, bothersome to sharpen,
      difficult to use in places where space restrictions are critical, and slow
      to cut with because the space between teeth is so shallow that frequently
      the saw is riding on the layer of sawdust which builds up between the
      teeth, thereby causing the blade to lose the maximum "bite" of which it is
      capable.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the invention is to provide a sawing surface
      having superior sawing characteristics over blades of the prior art.
PAR  Another object of the invention is to provide a saw which is easily capable
      of being disassembled without the need for special tools to provide more
      efficient use of space in the storage of the saw. A further object is to
      provide a saw whose sharpness can easily be maintained.
PAR  Briefly, the invention comprises a saw structure which can be disassembled
      without the need for special tools for easy storage, and includes an
      easily removable saw edge so that a dull blade or dull parts thereof can
      be replaced with minimal time loss. Further, the handle can be oriented
      relative to the saw body many different ways to provide flexibility when
      sawing in restricted areas. The cutting edge is fashioned in such a way
      that more teeth per unit length are provided while improving the efficient
      removal of the sawdust.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects and advantages will become apparent from the following
      detailed description of the preferred embodiment illustrated in the
      accompanying drawing in which:
PAR  FIG. 1 shows a side view of the saw embodying the features of the
      invention;
PAR  FIG. 2 shows a three-quarter view of the sawing surface;
PAR  FIGS. 3 and 4 show cross-sections of FIG. 1 taken along lines 3--3 and 4--4
      respectively;
PAR  FIG. 5 shows a top view of the saw handle of FIG. 1; and
PAR  FIG. 6 shows two embodiments of the cutting edge.
DETD
PAR  Referring to FIG. 1, there is shown a saw body 14 having a removable saw
      edge generally defined by numerals 2, 5 and 6 and an edge guard 10. The
      saw handle 8 is affixed to the blade 14 by inserting the body 14 into slot
      22 of FIG. 5 until the blade is tangent to cushioning member 12 and
      aligning one of the holes 9 with the corresponding hole 21 of handle 8. A
      pin 7 is used to retain the blade in the handle, and lock washers 11
      firmly affix pin 7 to the handle 8. In this way there is a tight
      connection between the handle and blade but they are easy to separate, as
      well as readjust to provide an offset between the two bodies if the nature
      of the work requires same.
PAR  FIG. 2 shows the saw edge in which the two segments 5 and 6 are laminated
      together by any method well known in the art (welding, cementing, etc.).
      The two segments are oriented so that the tip of one tooth of one segment
      falls substantially medially of the tips of two teeth of the other
      segment. Such an arrangement provides more teeth per unit length than
      other arrangements and further provides greater gullet depth at 24 to
      provide efficient sawdust removal. The saw edge is retained to the saw
      body 14 by the spring strips 2 which terminate in pins 23. Pins 23 ride
      snugly in the apertures 1 of saw body 14 and tend to retard edge
      deflection not only in the direction of the sawing but also at right
      angles thereto. The resilient strips tightly engage the apertures as shown
      at 30. A lug 32 on the recess of the body, and a notch 33 in the chamfered
      edge of the segment acts to take up thrust and assists in properly
      positioning the segments.
PAR  FIGS. 3 and 4 show additional anti-deflection means as well as another view
      of pin retainer 23. Specifically, FIG. 4 shows the chamfered fit between
      the saw edge and body 14 defined by numerals 15 through 20. The saw body
      is milled or otherwise cut away adjacent its upper edge to provide a
      longitudinal recess or rabbet 17. The upper edge of the body section is
      beveled at 16 and the shoulder formed by the rabbet 17 is undercut to form
      a groove 20. The opposed face portion of the saw edge is similarly
      chamfered to provide a tight interlock between the two bodies. As shown in
      FIG. 4, surfaces 15, 18 and 19 are fashioned to closely mate respective
      surfaces 16, 17 and 20 of saw body 14, thereby providing further
      resistance to latitudinal and longitudinal deflection. FIG. 6 shows two
      contrasting embodiments of the saw edge configuration: the upper saw edge
      is linear, while the lower one shows an exaggerated view of a blade
      segment having a curve along the tooth line of the saw edge.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for the conjunction of plural substantially rigid planar bodies
      comprising:
PA1  a first elongated body provided with four edge surfaces, at least one of
      which is provided with a chamfer, said body being further provided with
      apertures along its length below said chamfered surface;
PA1  a second elongated body having four edges, the first edge of which has a
      surface chamfered to mate with the chamfered edge surface of said first
      body, said second body having resilient strips along its length
      substantially coplanar with said bodies but perpendicular to said edge
      surfaces, one end of said resilient strip being firmly affixed above said
      first edge to said second body, the other end of said resilient strip
      terminating in a pin which is transverse to said coplanar bodies, said pin
      being suitably oriented to be inserted in the apertures of the first body,
      and to tightly engage the upper edge of said aperture.
NUM  2.
PAR  2. A saw having a removable sawing edge comprising:
PA1  a saw body provided with four edge surfaces, at least one of which is
      provided with a chamfer, said body being further provided with apertures
      along its length below said chamfered surface;
PA1  a cutting body having four edges, the first edge of which has a surface
      chamfered to mate with the chamfered edge surface of said saw body, said
      cutting body having resilient strips along its length substantially
      coplanar with said bodies but perpendicular to said edge surfaces, one end
      of said resilient strip being firmly affixed above said first edge to said
      cutting body, the other end of said resilient strip terminating in a pin
      which is transverse to said bodies, said pins being suitably oriented to
      be inserted in the apertures of the saw body and to tightly engage the
      upper edge of said aperture.
NUM  3.
PAR  3. The invention according to claim 2 in which said cutting body comprises
      two sections defined by the plane which passes through said first and
      second edge surfaces along their longitudinal midpoints, said sections
      being laminated along said plane; and said second edge having teeth on
      both first and second sections which are staggered so that the point of
      one tooth of said first section falls substantially halfway between two
      teeth of said second section to form said cutting edge surface.
NUM  4.
PAR  4. The invention according to claim 2 in which said saw body has a second
      edge surface which is perpendicular to said first edge surface, said saw
      body further having a plurality of apertures parallel to said second edge
      surface and being closely spaced from said second edge surface;
PA1  a handle body having at least four edges, one edge of which is provided
      with a grooved recess to allow insertion of the second edge surface of
      said saw body therein;
PA1  said handle body being further provided with an aperture located
      approximately halfway up said grooved recess to be aligned with one of the
      apertures on the second edge of said saw body; and
PA1  a retention pin suitably disposed to pass through said aligned apertures to
      provide retention means for said saw and handle bodies; and
PA1  a rectangular cutaway on said handle body approximately parallel to said
      edge surface of said handle body to provide a hand grip on said handle
      body.
PATN
WKU  039467791
SRC  5
APN  518360&
APT  1
ART  323
APD  19741029
TTL  Nail guide
ISD  19760330
NCL  1
ECL  1
EXA  Zatarga; J. T.
EXP  Smith; Al Lawrence
NDR  1
NFG  5
INVT
NAM  Sudol; Daniel H.
CTY  Newark
STA  NJ
ASSG
NAM  The Raymond Lee Organization, Inc.
CTY  New York
STA  NY
COD  12
ITX  A part interest
CLAS
OCL  145 46
EDF  2
ICL  B25C  300
FSC  145
FSS  46
FSC   D8
FSS  14;71
FSC  215
FSS  307
UREF
PNO  337905
ISD  18860300
NAM  Wheelock
OCL  145 46
UREF
PNO  450766
ISD  18910400
NAM  Crawford
OCL  215307
UREF
PNO  3060442
ISD  19621000
NAM  Tomek
OCL  145 46
UREF
PNO  3603310
ISD  19710900
NAM  Mottin
XCL  215307
UREF
PNO  D26638
ISD  18970200
NAM  Meier
OCL   D8 14
FREF
PNO  195,504
ISD  19230400
CNT  UK
OCL  215307
FREF
PNO  390,385
ISD  19230300
CNT  DD
OCL  145 46
LREP
FR2  Tick; Daniel Jay
ABST
PAL  A block of resilient material has a radial slot formed therein for gripping
      a nail and holding it in position during initial driving thereof into an
      object.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a nail guide.
PAR  Objects of the invention are to provide a nail guide of simple structure,
      which is inexpensive in manufacture, used with facility and convenience by
      anyone, with or without skill, and functions efficiently, effectively and
      reliably to hold a nail in position during initial driving of the nail
      into an object.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be disclosed with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a view of an embodiment of the nail guide of the invention in
      use;
PAR  FIG. 2 is a schematic diagram of the nail guide of the invention;
PAR  FIG. 3 is a side view of the embodiment of FIGS. 1 and 2;
PAR  FIG. 4 is a view, taken along the lines IV-IV, of FIG. 3; and
PAR  FIG. 5 is a side view of another embodiment of the nail guide of the
      invention.
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
DETD
PAR  The nail guide of the invention holds a nail 1 (FIG. 1) in position during
      the initial driving of the nail into an object 2.
PAR  The nail guide of the invention comprises, as shown in FIGS. 1 to 4, a
      block 3 of substantially resilient material, such as, for example, rubber.
      A substantially radial slot 4 is formed in the block 3 for gripping a nail
      1. The slot 4 extends from the outer surface 5 (FIG. 4) of the block 3 to
      the center 6 of said block (FIG. 4) and tapers downward toward said
      center, as shown in FIGS. 2, 3 and 4.
PAR  The block 3 is of substantially frustoconical configuration having a pair
      of spaced substantially planar substantially parallel bases 7 and 8 (FIGS.
      2 and 3) and a substantially conical surface 5 between the bases. The slot
      4 extends from substantially the axis or center 6 of the block 3 to the
      substantially conical surface 5 and tapers outward from said axis as it
      approaches said surface.
PAR  In the embodiment of FIG. 5, the block 3' is identical to the block 3 of
      the embodiment of FIGS. 1 to 4, except that the slot 4 is replaced by a
      cut 9.
PAR  While the invention has been described by means of specific examples and in
      specific embodiments, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nail guide for holding a nail in position during initial driving of
      the nail into an object, said nail guide comprising
PA1  A substantially frustoconical block of substantially resilient material
      having a pair of spaced substantially planar substantially parallel bases
      and a substantially conical surface between the bases, and a substantially
      radial slot formed therein for gripping a nail, said slot extending from
      substantially the axis of the block to the substantially conical surface
      and tapering outward from said axis as it approaches said surface.
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ABST
PAL  A flexible fermentation container which has, in place of the common air
      lock, a diaphragm having a Gurley porosity of 2 to 120 seconds. The
      diaphragm material, such as spun bonded polyethylene, allows fermentation
      gases to pass out of the container, but does not allow bacteria or other
      contaminants to enter.
BSUM
PAR  This invention relates to the making of fermented beverages such as beers,
      wines and liquors in whatever quantity desired and it is especially
      suitable for the production of wine in small quantities. More
      particularly, this invention relates to a new container in which the
      fermentable juices or mashes are fermented to produce an alcoholic
      beverage.
PAR  One object of the present invention is to provide a container for
      fermentation which is inexpensive and can therefore be thrown away
      together with sediment after fermentation.
PAR  Another object of the present invention is to provide a container for
      fermentation which requires no water traps or air locks or attached tubes
      and yet prevents vinegar-forming bacteria from entering the container
      while allowing the escape of CO.sub.2 formed during fermentation.
PAR  Another object of the present invention is to provide a fermentation
      container which is inexpensive and easy to use by the average consumer who
      knows nothing about the fermentation process.
PAR  A further object of the present invention is to provide a fermentation
      container which does not allow the entry of contaminants, such as
      micro-organisms or moisture, over extended periods of use.
PAR  Another object of the present invention is to provide a fermentation
      container in which the means for escape of CO.sub.2 can be adjusted in
      size according to the volume of liquid to be fermented so that container
      pressure does not become excessive.
PAR  A further object of the present invention is to provide a fermentation
      container which does not have to be washed, sterilized or rinsed.
PAR  Another object of the present invention is to provide a fermentation
      container in which the fermentation lock can be eliminated.
PAR  A further object of the present invention is to provide a fermentation
      container which is easy to handle, space saving, economical and saves
      considerable labor in the fermentation process.
PAR  This invention is particularly suited for use as a home wine-making kit but
      can be made in sizes up to 50 gallons or more so that even commercial
      wine-making is practical and economical by this method.
PAC  BACKGROUND OF THE INVENTION
PAR  The home wine-making kits which can be found on the market today have
      re-usuable, permanent fermentation containers which are expensive and
      cumbersome and which must be washed, sterilized and rinsed after each
      batch of wine. This invention relates to a new container particularly
      adapted for use in the home wine-making kit which is inexpensive enough
      that it can be discarded after each use. The container is not a permanent,
      rigid structure but is made from a flexible, inexpensive plastic bag.
PAR  The type of nonporous plastic bag used with this invention is not critical.
      When using the container described herein, the pressure build-up is not
      great enough to burst any of the common plastic bags found on the market
      today. Common inexpensive plastic bags which can be used are, for example,
      made from a polyolefin such as polyethylene or polypropylene, or
      ethylene-vinyl acetate copolymer. Polyurethane bags function very well,
      but are more expensive than those listed above. Other types of laminated
      or coated bags can be used such as a bag made from one layer of
      polyvinylidene chloride and one or two layers of polyethylene (each layer
      of each material having a 1 to 2 millimeter thickness). One type of
      plastic bag which works quite well is made by the coextrusion of
      polyethylene and polyvinylidene chloride. However, any plastic bag can be
      used. Preferably, the bag will be heat sealable. In place of the common
      fermentation lock, applicants use a fitment sealed into an opening in the
      plastic bag. A cap which has a diaphragm sealed to its inside or outside
      diameter is sealingly engaged to the inside diameter of the fitment and
      allows the escape of CO.sub.2 which has been formed during the
      fermentation process. While allowing the escape of CO.sub.2, this cap does
      not allow the entrance of bacteria organisms, spores or any contaminant
      liquid or solid. The cap can be made from any nonporous material; plastic,
      e.g. polyethylene, is preferred because it is inexpensive.
PAR  Contaminants which are particularly undesirable in the formation of wine,
      cider, malt or dilute alcohol are the bacteria acetobacter aceti and
      bacterium aceti. When these bacteria are allowed to enter the fermentation
      container, they cause aerobic oxidation of alcohol to dilute acetic acid,
      thereby producing vinegar. The diaphragm of the present invention does not
      allow these bacteria to enter the fermentation bag.
PAR  Another common contaminant found in the production of wine is moisture. The
      diaphragm of the present invention also does not allow the entrance of
      water into the fermentation bag.
PAC  SUMMARY OF THE INVENTION
PAR  Applicant has found a limited number of materials which can function as a
      diaphragm when sealed on the inside diameter of the cap described above. A
      spun bonded polyolefin such as polyethylene or polypropylene having a
      Gurley porosity of 2 to 120 seconds functions quite well as a diaphragm.
      Other materials which have been found to allow the escape of fermentation
      gases but do not allow bacteria or moisture therethrough are glassine
      paper and other paper having a Gurley porosity of 2 to 120 seconds. The
      spun bonded polyolefins having the required porosity are readily
      available, e.g. Tyvek 1073B from Dupont. Spun bonded polyolefins having a
      porosity of 2 to 120 seconds are well known.
PAR  Paper having the required porosity is easily made by controlling the degree
      of hydration of the pump during refinement and beating. This control of
      porosity is common in the paper art.
PAR  The fitment can be sealed to the plastic bag in any manner known in the
      art, for example, by heat sealing, solvent welding, gluing or otherwise
      adhesively fixing the fitment to the plastic bag. The diaphragm is sealed
      to the inside diameter of a plastic cap. The method of sealing the
      diaphragm to the cap is not critical. The diaphragm can be sealed in any
      manner known in the art, as for example those methods mentioned above for
      sealing the cap to the bag. The cap can be made to snap on to the fitment
      or it can be threaded to be screwed on and off of the fitment. The method
      of connecting the cap to the fitment is not critical as long as the two
      are in sealing engagement so that gas cannot escape the fermentation bag
      except by passing through the diaphragm.
PAR  In another embodiment of the present invention, the diaphragm is simply
      sealed directly over a hole in the plastic bag rather than using a fitment
      and cap as described above. The diaphragm is located at a position at the
      top of the bag when in position for fermentation. In both embodiments, the
      size of the diaphragm is sufficient to allow enough fermentation gas to
      escape so that pressure in the bag does not become excessive. The
      diaphragm size in each of these embodiments can vary with the amount of
      fermentable juice or mash placed in the container. The determination of
      diaphragm size is simple. Half to one inch diameter diaphragms are ample
      for home wine-making batches of up to 5 gallons. Larger batches require
      proportionately larger diaphragms, for example, 6-10 gallons require about
      2 square inches of diaphragm area. Since there is no cap to be removed,
      another opening in the bag must be provided for filling and emptying. This
      embodiment is particularly useful in the "racking" of wines. In racking, a
      vertical rack holds a series of fermentation containers in vertical
      arrangement. In prior art racking procedures, after most of the
      sedimentation has accumulated, wine from the top fermentation container is
      siphoned to the next lower fermentation container. After further
      sedimentation in this next lower container, that wine is further siphoned
      to the third lower fermentation container and so on. In this manner, most
      of the sediment is confined to the uppermost container.
PAR  In accordance with the present invention, the wine stationed in the
      ordinary positions on a rack can be drained from the bottom of the
      fermentation container and thereby eliminate the extra energy requirements
      needed in siphoning. This can be done because the flexible bag when filled
      takes the shape of the rack on which it is placed. The rack can be made to
      have an inclined bottom surface so that the sediment settles at the
      lowermost end of the bag. In this manner, a tube can be positioned at the
      uppermost end of the bottom of the bag when placed in fermentation
      position. Since in ordinary operation there will be no sediment above this
      tube, the wine can simply be drained through the tube to the next lower
      fermentation container simply by opening a stopcock, pinch clamp or other
      type of valve connected to said tube.
PAR  Of course, the normal siphoning technique can also be used with the tube
      being positioned through the top of the plastic bag. When siphoning is
      preferred, a fitment can be sealed to the top of the bag having a snap-on
      cap as described in the first embodiment of this invention. The snap-on
      cap can have a diaphragm sealed therein as explained above or it can
      simply be sealed so that nothing passes therethrough when in sealing
      engagement with the fitment. When it is time to siphon the wine from the
      uppermost container to the next lower container, the cap can be removed
      and the siphon connected to the fitment. Of course, during fermentation,
      the fermentation gases are continuously passing through the diaphragm
      which is sealed to the plastic bag. By providing these racks with inclined
      bottom surfaces the fermentation process can be carried out quite
      conveniently and economically. In this manner, the fermentation containers
      themselves need not be manufactured with inclined bottom surfaces since
      the flexible bags disclosed herein will take the shape of the rack in
      which they are placed. At the end of the process, the bags which contain
      sediment can simply be thrown away since the replacement of the bags
      disclosed herein is less expensive than the labor involved in washing,
      rinsing and sterilizing an ordinary fermentation container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention is more particularly described with reference to the
      following drawings, in which:
PAR  FIG. 1 is a top plan view of a plastic fermentation bag embodying the
      present invention;
PAR  FIG. 2 is an enlarged fragmentary sectional view taken along line 2--2 in
      FIG. 1 showing a fitment which is sealed to the bag;
PAR  FIG. 3 is an elevational view in partial section illustrating a snap-on
      type cap for the fitment with a  pg,9 diaphragm within the cap;
PAR  FIG. 4 is an elevational view in partial section illustrating another cap
      for the fitment in which the diaphragm is disposed on an outer surface of
      the cap;
PAR  FIG. 5 is an elevational view illustrating a rack with vertically aligned
      fermentation bags;
PAR  FIG. 6 is an elevational view showing another embodiment of the
      fermentation bag supported in a rack and having a diaphragm sealed
      directly over an opening in the plastic bag; and
PAR  FIG. 7 is an elevational view of a wine making assembly including
      fermentation containers, each container having both a diaphragm sealed
      directly over a hole in the container and an assembly for draining the
      contents of the container by gravity.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED EMBODIMENT
PAR  Turning now more particularly to FIG. 1, a plastic bag or container 10 is
      there shown and comprises two or more nonporous polymeric sheets sealed
      together along their edges 10a, for example, by heat sealing, or in any
      other suitable manner. One of the sheets of the container 10 has a fitment
      or closure receiving structure 11 suitably secured thereto as by heat
      sealing a flanged portion 12 on the fitment 11 adjacent an opening 10b
      (FIGS. 1 and 2) formed near one end of the bag as shown in FIG. 1. The
      fitment or closure receiving structure 11 communicates with the opening
      10b through which fluids are introduced into and discharged from the bag
      10.
PAR  The fitment 11 is best shown in FIG. 2. Preferably, the fitment includes a
      cylindrical body portion 11a and an annular rim or shoulder 11b. The
      annular rim or shoulder portion functions as a snap-on fitting for the cap
      described with reference to FIG. 3. Of course, the fitment can have the
      annular rim or shoulder 11b shaped to protrude either outward or inward
      from the cylindrical body portion 11a for snapping the cap either around
      the outside or on the inside of the fitment.
PAR  FIGS. 3 and 4 show a cap or closure 20 with a diaphragm 22 sealed in
      alternate locations. An annular rim or shoulder portion 21b of the cap 20
      is shaped complementary to the annular rim or shoulder 11b portion of the
      fitment 11 so that the cap 20 can be snapped onto the fitment 11 in
      sealing engagement therewith. The cap 20 and fitment 11 can also be
      threaded to provide a screw-on cap rather than a snap-on cap. A diaphragm
      22 is sealed to the cap 20 either at its inside surface (FIG. 3) or its
      outside surface (FIG. 4). The diaphragm 22 is carried by the cap 20 as by
      sealing directly to the cylindrical body portion 21a of the cap, or it can
      be sealed to a top wall or covering 23 of the cap 20 so that fermentation
      gases must pass through both the diaphragm 22 and an opening 24 in the cap
      covering 23 to escape from the fermentation container 10.
PAR  FIG. 5 shows a vertical rack comprising a plurality of fermentation
      container trays 31 stacked one upon another and each having inclined
      bottom surfaces 32 on which the flexible fermentation containers 10 rest
      when in fermentation position. The flexible fermentation containers 10
      conform to the shape of the inclined bottom surfaces 32 of the
      fermentation container trays 31. The inclination of the bottom surface 32
      of each fermentation container 10 causes any sedimentation 33 which is
      formed during fermentation to accumulate at the lowermost end of the bag
      10, thus leaving the higher end of the bag free from sediment. By
      arranging the bag so that the fitment 11 and the cap 20 are at the higher
      end of the bag when in fermentation position, the wine 12 can be siphoned
      from successive fermentation bags 10 without the removal of the sediment
      33. When the sediment 33 becomes too cumbersome in some bags, those bags
      can be discarded and replaced.
PAR  FIG. 6 shows another embodiment of the racking process and the bag or
      container 10 wherein a diaphragm or diaphragm material 40 is sealed
      directly to the fermentation container 10 over an opening in the upper
      wall of said container. In this embodiment, the fitment 11 and cap 20 can
      be constructed the same as in previous embodiments, or the cap 20 can
      simply be sealed so that all fermentation gases pass through the diaphragm
      40. In this embodiment, the same type of trays 31 having inclined bottom
      surfaces 32 are used so that any sedimentation 33 formed during the
      fermentation of the wine 12 settles to the end of the container 10
      opposite the end containing the fitment 11 and the cap 20. The cap 20 is
      removed and a tube (not shown) for siphoning is connected to the fitment
      11 to remove the wine 12 from the container 10. In this embodiment,
      siphoning is required to remove the wine 12 to successive lower
      fermentation containers 10. During the siphoning procedure, only wine 12
      and not sediment 33 is passed to each lower fermentation container 10.
PAR  In another embodiment shown in FIG. 7, a tray 31 having an inclined bottom
      surface 32 supports a container 10 having the diaphragm material 40 sealed
      directly to the fermentation container 10. In this embodiment, a drainage
      tube or conduit 41 is connected to the bottom of the fermentation
      container. The tray 31 is provided with an opening in the bottom surface
      32 so that the drainage tube 41 can extend to the next lower fermentation
      container 10 when in a racking arrangement. The tube 41 can be connected
      to a fitment, as described above with reference to the attachment of the
      cap 20 to the fitment 11, or can be secured to the bag for the drainage of
      the wine 12 in any other manner. The tube 41 is provided with means for
      allowing and stopping the passage of the wine 12 therethrough. This can be
      a pinch clamp 42 as shown, a stopcock, a valve, or any other suitable
      means. When any sediment 33 approaches an opening 43 leading to the
      drainage tube 41, the fermentation container 10 is discarded together with
      the sediment 33, and a new container 10 is used.
PAR  While a preferred embodiment of the invention has been shown, it is to be
      understood that numerous modifications and changes will occur to those
      skilled in the art. The appended claims are intended to encompass all such
      modifications and changes as come within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A fermentation container, comprising
PA1  means for receiving a fermentable liquid and for storing said liquid during
      at least a portion of the fermentation of said liquid, said receiving and
      storing means comprising
PA2  a nonporous plastic bag having an opening,
PA2  a closure receiving structure secured to the bag communicating with said
      opening,
PA2  a closure in sealing engagement with the structure and removable from the
      structure and
PA2  diaphragm means disposed on said closure for enabling the escape of
      fermentation gases from said bag, said diaphragm means having a Gurley
      porosity in the range of 2 to 120 seconds and for preventing gas and
      moisture from entering said bag.
NUM  2.
PAR  2. A fermentation container as defined in claim 1 in which the closure
      receiving structure and the closure are shaped for detachable sealing
      engagement.
NUM  3.
PAR  3. A fermentation container as defined in claim 1 in which the closure
      receiving structure has an outside surface slightly larger than an inside
      surface of the closure so that the closure can be snapped into sealing
      engagement with the closure receiving structure.
NUM  4.
PAR  4. A fermentation container as defined in claim 1 wherein the diaphragm is
      a spun bonded polyolefin having a Gurley porosity of 2 to 120 seconds.
NUM  5.
PAR  5. A fermentation container as defined in claim 1 wherein the diaphragm is
      paper having a Gurley porosity of 2 to 120 seconds.
NUM  6.
PAR  6. A fermentation container as defined in claim 5 wherein the paper is
      glassine.
NUM  7.
PAR  7. A fermentation container as defined in claim 1 wherein the plastic bag
      is made from a material selected from the group consisting of polyolefin,
      ethylene-vinyl acetate copolymer, polyurethane, laminated polyethylene and
      polyvinylidene chloride, and a coextrusion of polyethylene and
      polyvinylidene chloride.
NUM  8.
PAR  8. A fermentation container, comprising
PA1  means for receiving a fermentable liquid and for storing said liquid during
      at least a portion of the fermentation of said liquid, said receiving and
      storing means comprising
PA2  a nonporous plastic bag having an opening and
PA2  diaphragm means disposed over said opening in said bag for enabling the
      escape of fermentation gases from said bag and for preventing bacteria
      organisms, spores, or any other contaminant from entering said bag said
      means having a Gurley porosity in the range of 2 to 120 seconds and
      disposed such that all gases leaving said bag during fermentation must
      pass through said means.
NUM  9.
PAR  9. A fermentation container as defined in claim 8 which further includes a
      closure receiving structure sealed to said bag, an inside surface of the
      closure receiving structure defining an opening in the bag; and a closure
      in sealing engagement with the closure receiving structure and removable
      from said closure receiving structure, said closure having said diaphragm
      sealed to its inside surface.
NUM  10.
PAR  10. A fermentation container, comprising means for receiving a fermentable
      liquid and for storing said liquid during at least a portion of the
      fermentation of said liquid, said receiving and storing means comprising
PA1  a nonporous plastic bag having a top surface and a bottom surface;
PA1  a first opening in said top surface;
PA1  diaphragm means disposed over said first opening for enabling the escape of
      fermentation gases from said bag and for preventing bacteria organisms,
      spores, or any other contaminant from entering said bag, said means having
      a Gurley porosity in the range of 2 to 120 seconds and disposed such that
      all gases leaving said bag during fermentation must pass through said
      means;
PA1  a second opening in said top surface;
PA1  means disposed over said second opening for providing an inlet for a liquid
      into said container;
PA1  an opening in said bottom surface; and
PA1  means disposed over said bottom surface opening for providing an outlet for
      said liquid from said container.
NUM  11.
PAR  11. A container as defined in claim 10 wherein said second opening is
      disposed near one end of the top surface of said container and wherein
      said third opening is disposed near the same end of the bottom surface of
      said container.
NUM  12.
PAR  12. A container as defined in claim 11 further including means for allowing
      and stopping the flow of liquid from said container.
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ABST
PAL  A billfold or wallet for carrying a plurality of credit cards or the like
      in readily accessible position including a flexible flap member protecting
      the cards. The wallet includes a pair of plastic liners each forming a
      plurality of separate pockets for receiving credit cards therein, and a
      flexible flap covering the pockets in order to protect the credit cards
      located therein from abrasive wear and to prevent the credit cards from
      inadvertently slipping out of the wallet. The flexible flap is made from a
      thin, transparent plastic material so that the cards may be easily
      selected, and the flap is secured in such a manner as to facilitate
      removal or insertion of the credit cards.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Multiple card wallets or billfolds have been proposed wherein means are
      provided for holding a plurality of credit cards in overlapping, shingled
      relationship, each of said cards being positioned in a separate pocket.
      The purpose of such an arrangement is to make the credit cards readily
      accessible to facilitate their selection and to facilitate reinsertion of
      the card into the wallet without it being obstructed by other items in the
      wallet. Multiple card wallets of this type are shown, for example by the
      patent to Dengel, U.S. Pat. No. 3,856,063, issued Dec. 24, 1974.
PAR  The present invention provides an improvement over the prior art wallets or
      billfolds by including a flexible flap means to cover the cards positioned
      in the separate pockets in order to prohibit the possibility that one of
      the cards may inadvertently fall out of the wallet and to prevent undue
      abrasive wear of the cards.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a billfold or wallet which includes at least
      one multi-pocket liner having a plurality of individual pockets for
      receiving credit cards in shingled relation and includes a flexible flap
      member which covers the credit cards to guard the cards from abrasive wear
      and to prevent the cards from inadvertently slipping out of their
      respective pockets.
PAR  The flexible flap may be constructed from a transparent material such that
      the cards in the pockets are readily visible through the flap and thus
      easily selected, and the flexible flap is attached to the wallet in such a
      manner that it may be conveniently lifted away from the cards contained in
      the pockets to facilitate removal or insertion of a card.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a billfold embodying the present invention,
      the view being taken generally from the inside of the billfold;
PAR  FIG. 2 is a perspective view of the flexible flap member used in the
      embodiment of FIG. 1;
PAR  FIG. 3 is a section view taken along the line 3--3 in FIG. 2, but on an
      enlarged scale and being exaggerated somewhat in that the individual
      pockets are pulled outwardly to show their construction;
PAR  FIG. 4 is a perspective view of a billfold including a second embodiment of
      the present invention, the view being taken from the inside of the
      billfold;
PAR  FIG. 5 is a front view of a multi-pocket plastic liner employed in the
      wallet shown in FIG. 4;
PAR  FIG. 6 is a schematic view of the plastic liner and flexible flap shown in
      FIG. 5 in an exploded position and before the members are secured
      together;
PAR  FIG. 7 is a sectional view taken along line 7--7 in FIG. 5, being somewhat
      exaggerated in that the individual pockets are pulled outwardly to show
      their construction;
PAR  FIG. 8 is a sectional view taken along the line 8--8 in FIG. 4, but on an
      enlarged scale and being exaggerated somewhat in that the individual
      pockets are pulled outwardly to show their construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One embodiment of the invention is shown in FIGS. 1 and 3 as embodied in a
      wallet or billfold B which is made generally from leather, for example,
      and which comprises an outside wall 1 lined with fabric 2, an inner
      flexible wall 3 which may be formed of fabric and a pair of flexible walls
      4, also formed of leather. It will be noted that the usual edging and
      stitching is provided around the periphery to form a binding 5. More
      specifically, the binding 5 secures the wall 1 and its lining 2 together
      and also binds together the flexible wall 3 with each of the flexible
      walls 4.
PAR  The inner flexible wall 3 and the front flexible walls 4 are secured
      together by binding 5 around the upper side 6, the vertical side 7 and the
      lower side 8, thus presenting envelope-like openings 10 along the other
      vertical side, and, more specifically, between walls 3 and 4.
PAR  Each of the front flexible walls 4 includes a series of slits 11, 12, 13,
      14, and 15 formed therein and arranged in parallelism with one another and
      also being spaced a vertical distance apart, generally in the nature of
      one-half inch. Credit cards or the like are inserted in these slits in
      such a manner that a portion of the credit card extends upwardly from the
      slit and such that they are in overlapping and shingled relationship with
      one another.
PAR  As shown in FIG. 3, each of the envelope-like openings 10 includes therein
      a one-piece, plastic multi-pocket liner L formed of heat sealable plastic.
      The one-piece liner L is comprised of a back member 20 having a generally
      rectangular shape and including a front side 21, two opposite vertical
      sides, an upper edge 23 and a back side 24. The plastic liner L also
      includes, in the illustration shown for purposes of describing the
      invention, four pocket members 30, 31, 32 and 33 which are also each
      formed of a plastic heat sealable material. Each of these pocket members
      is of a generally rectangular shape and has an upper edge 30a, 31a, 32a,
      and 33a respectively. Likewise, the pocket members each have a lower edge
      and opposite vertical side edges and are of sufficient size as to receive
      a portion of a credit card therein.
PAR  The pocket members 30, 31, 32 and 33 are arranged in a stacked relationship
      against the front side 21 of the back member 20, and heat sealed together
      along their vertical edges and also along the bottom edges by means of
      heat seal lines 42, 43, 44 and 45.
PAR  The upper edges 30a, 31a, 32a and 33a of the pocket members are arranged in
      overlapping and shingled relationship and are secured by cement to the
      front wall 4 in respective alignment with the slits 12, 13, 14, and 15.
      The pocket liner L is also secured along its edges between the flexible
      walls 3 and 4, for example, by the stitching 61 through the binding 5. The
      result of the above construction is a series of single edge pockets
      arranged in shingled relation for the acceptance of cards in overlapped
      and readily accessible relationship.
PAR  The billfold B of the present invention also includes a pair of generally
      rectangular flexible members 60 shown in FIG. 2, each secured by the
      stitching 61 so as to extend downwardly from the binding 5 of the upper
      side 6 to cover the front flexible walls 4 and the credit cards projecting
      from the slits 11 - 15. As shown in FIGS. 1 and 3, the flexible flap
      member 60 is secured only along its top edge so that it may be lifted
      upwardly and away from the front flexible wall 4 for removal or insertion
      of a credit card into one of the slits 11 - 15. It is generally desirable
      to construct the flexible members 60 from transparent plastic material
      such as dry vinyl or polypropinol which does not obscure view of the
      cards. Such a transparent plastic material may be of a thickness on the
      order of 0.010 inches to provide the desired strength, but to remain
      relatively flexible. The flexible members 60 may also be constructed of
      other flexible wear resistant materials such as leather or fabrics.
PAR  One of the primary functions of the flexible member 60 is to prevent the
      credit cards from inadvertently slipping out of the pockets. As shown by
      the flexible member 60 covering the credit cards in the right side of the
      billfold in FIG. 1, the flexible member 60 may be tucked into the lower
      slit 11 so that it may be pulled flat against the credit cards in the
      slits 11 - 15 to hold them in the pockets. The flexible member also
      functions to prevent abrasive wear of the cards since it completely covers
      the exposed portion of all of the cards. Since the flexible member is made
      of transparent plastic, even though it functions to guard the cards, it
      leaves the cards visible and does not inhibit the selection of the desired
      card.
PAR  A particular advantage of the present invention arises from the fact that
      the arrangement of the flexible flap avoids any substantial increase in
      the cost of manufacturing the billfold due to the addition of the flap. As
      previously stated, the flexible flap member is attached by the stitching
      61 through the binding 5 and the flexible walls 3 and 4. Since the
      stitching 61 is necessary regardless of the use of the flexible flap 60,
      the flexible flap can be incorporated during manufacture of the wallet
      without the addition of costly steps.
PAR  FIGS. 4 - 8 illustrate a second embodiment of the present invention. The
      elements of this embodiment which are common to that shown in FIGS. 1 - 3
      are similarly numbered.
PAR  In the billfold shown in FIGS. 4 - 8, a pair of front flexible walls 4' are
      secured to the flexible wall 3' to form envelopelike pockets 10'
      therebetween. The front flexible walls 4' each include vertically
      extending slits 11', 12' and 13' which are generally parallel to each
      other in a horizontally spaced relation. Credit cards are inserted
      laterally through the slits 11' - 13' to be received in individual pockets
      so that the cards can be arranged in overlapping, shingled relationship
      with one another.
PAR  Each of the envelope-like pockets 10' includes a plastic multi-pocket liner
      L' secured therein as shown in FIG. 8. As best shown in FIGS. 5 - 7, each
      of the multi-pocket liners L' are comprised of a back member 20' of
      generally rectangular shape which has a pair of pocket members 30' and 31'
      secured to its front surface 21'. The pocket members 30' and 31' are
      heat-sealed to the back member 20' along their bottom sides at lines 42'
      and 43' respectively, and along their lateral sides to form pocket members
      each having one open edge 30a' and 31a' respectively to receive a credit
      card therein. As shown in FIGS. 4 and 8, the pocket liner L' is arranged
      in pocket 10' with the edges 30a' and 31a' of the pockets 30' and 31'
      aligned with the slits 12' and 13' respectively such that credit cards can
      be received through slits 11' - 13' and supported by the pockets therein
      in shingled relationship.
PAR  The billfold of the embodiment of the invention shown in FIGS. 4 - 8 also
      includes a plastic transparent folded flexible member 60' which has a back
      flap portion 62' secured to the back portion 20' of the pocket liner L'
      and a front flap portion 63' which is folded around the upper edge 23' of
      the pocket liner L' and which is shaped to cover credit cards received in
      the pockets 11' - 13' and projecting therefrom. The back flap portion 62'
      is secured to the back portion 20', for example, by heat sealing along
      line 44'. The front flap portion 63' is generally of rectangular shape and
      covers each of the cards received in slits 11', 12' and 13'. The front
      flap 63' is also of such sufficient length as to be receivable in the slit
      11' in such a manner that said flap is secured against each of the cards
      projecting from the slits. The plastic transparent flexible material
      comprising the folded member 60' may be, for example, dry vinyl or
      polypropinol having a thickness on the order of 0.010 inches. The back
      flap portion 62' could also be attached to the back portion 20' by
      stitching, or it could be made as an integral extention of back portion
      20' constructed from a single piece of material.
PAR  As with the flexible flap member of the invention shown in FIGS. 1 - 3, the
      folded flexible flap shown in FIGS. 4 - 8 functions to prevent the credit
      cards within the pockets from inadvertantly slipping out of the pockets
      and it functions to prevent undue abrasive wear of the cards. The folded
      flexible flap member 60' is also relatively economical to include in the
      manufacture of the billfold since the folded flap 60' is integrally
      attached to the back portion 20' of the pocket liner L' and can be
      inserted in the billfold or wallet with a minimum of manufacturing steps.
      Therefore, it is feasible to add the flexible flap without substantially
      increasing the cost of production of the wallet.
PAC  RESUME
PAR  The present invention thus sets forth a billfold or wallet which includes a
      plurality of individual pockets for receiving credit cards in shingled
      relationship and also includes a flexible flap member which is designed to
      prevent abrasive wear of the portion of the credit cards projecting from
      the pockets and to prevent the credit cards from slipping out of the
      pockets. The arrangement and the manner in which the flexible flap is
      secured to the billfold allows it to be attached to the billfold during
      the manufacturing process without substantially increasing production
      costs.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multi-card billfold of the type for carrying a plurality of cards in
      shingled, and partially exposed relationship to one another, said billfold
      comprising at least one flexible wall having a plurality of parallel and
      spaced apart slits therein, a plurality of pockets disposed adjacent said
      flexible wall for receiving said cards through said slits in stacked,
      shingled relationship, and a flexible flap member secured along one edge
      to said flexible wall and liftably covering the front surface of said
      front flexible wall so as to cover cards projecting from said respective
      slits for securing said cards in said pockets.
NUM  2.
PAR  2. The billfold of claim 1 including a second flexible wall defining an
      envelope-like opening with said one flexible wall, a generally rectangular
      and flat plastic pocket liner defining said plurality of pockets, said
      pocket liner being received in said envelope-like opening such that said
      pockets are aligned with said spaced apart slits.
NUM  3.
PAR  3. The billfold set forth in claim 2, wherein said pocket liner includes a
      back member of heat sealable plastic having a generally rectangular shape
      and having a front side, a rear side and two opposite edges, a plurality
      of heat sealable plastic pocket members of generally rectangular shape and
      each having an upper edge, a lower edge, and opposite side edges, said
      pocket members being stacked in overlapping and shingled relationship
      against the front side of said back member, said pocket members and back
      member being heat sealed together to thereby form said pockets.
NUM  4.
PAR  4. A billfold for carrying a plurality of cards in shingled, and partially
      exposed relationship to one another, said billfold comprising a front
      flexible wall secured to a back flexible wall to form an envelope-like
      opening therein, said front wall having a plurality of parallel and spaced
      apart slits cut therein, a generally rectangular and flat plastic pocket
      liner including a plurality of pockets disposed in said envelope-like
      opening and secured between said flexible walls for receiving said cards
      through said slits in stacked, shingled relationship, and a generally
      rectangular flexible flap member liftably covering the cards projecting
      from said slits.
NUM  5.
PAR  5. The billfold of claim 4 wherein said flexible flap member is comprised
      of thin transparent plastic.
NUM  6.
PAR  6. The billfold set forth in claim 5 wherein said flexible flap member
      includes a top edge secured to an edge of said front flexible wall by
      stitching and includes an opposite lower edge slidably receivable in one
      of said slits.
NUM  7.
PAR  7. The billfold set forth in claim 5 wherein said flexible flap member is
      integrally connected to said pocket liner and is folded over said flexible
      wall to be slidably receivable in one of said slits.
NUM  8.
PAR  8. The billfold set forth in claim 4, wherein said pocket liner comprises a
      back member of heat sealable plastic having a generally rectangular shape
      and having a front side, a rear side and two opposite edges, a plurality
      of heat sealable plastic pocket members of generally rectangular shape and
      each having an upper edge, a lower edge, and opposite side edges, said
      pocket members being stacked in overlapping and shingled relationship
      against the front side of said back member, said pocket members and back
      member being heat sealed together to thereby form said pockets and wherein
      said flexible flap member is integrally connected to said back member and
      overlaps said pockets for securing said cards therein and protecting them
      from abrasive wear.
NUM  9.
PAR  9. The billfold set forth in claim 8, wherein said flexible flap member is
      heat sealed to the rear side of said back member and is folded over said
      back member and said pockets such that said pockets are disposed between
      said flexible flap member and said front side of the back member.
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ABST
PAL  This disclosure relates to a vehicle tire which is provided with light
      reflective elements. These light reflective elements are so situated on
      the tire that they give certain, predetermined optical effects when the
      tire is being operated in certain speed ranges. These effects give the
      observer a clear optical warning that a vehicle is present and, moreover,
      an indication of the speed of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  This invention relates to tires and, more particularly, to tires containing
      reflective elements.
PAR  Reflective elements have been employed on the sidewalls of tires for two
      reasons. They have been employed to esthetically improve the appearance of
      the tire as a decorative piece. An example of this type disclosure in U.S.
      Pat. No. 3,253,634.
PAR  Reflective elements have also been placed on the sidewalls of tires as
      safety features. The reflective elements give an observer warning of the
      existence of the vehicle at night time by reflecting back the light
      originating from the observer's vehicle or another source. An example of
      this type disclosure in U.S. Pat. No. 3,382,908. Most recently, this
      principle has been applied to the sidewalls of bicycle tires. In this
      recent application the bicycle tires are provided with annular bands of
      reflective tape, located on the lateral portion of the sidewall in a
      position similar to the white sidewall on an automobile tire.
PAR  This invention deals with the second of the above-disclosed uses. It will
      be noted that the use of the reflective element as a safety feature has
      only been disclosed as being located on the laterally visible portion of
      the sidewall so that the reflection occurs from light directed at the tire
      from a direction perpendicular to the circumferential plane of the tire.
      More importantly, this prior use has not disclosed any feature by which
      the relative speed of the tire, and accordingly, the vehicle carrying the
      tire, can be determined.
PAR  It is an object of this invention to provide the tire with a reflective
      surface that can reflect light which strikes the tire in a direction
      parallel to the circumferential plane of the tire; that is, light directed
      at right angles to the tread surface or the road-engaging surface of the
      tire.
PAR  It is a further object of this invention to place these reflective elements
      in the tire so that the relative speed of the tire may be determined by
      the optic response that the reflective elements provide. That is, it is an
      object of this invention to so locate the reflective elements on the tire
      that the observer can tell from the reflections therefrom the specific
      speed range in which the tire is rotating. Ideally, the observer will be
      able to determine if the tire is running at a slow or fast speed and, more
      specifically, whether the tire is running at speeds of 10 or 20 mile per
      hour increments.
PAR  The tire of this invention provides safe tires which includes elements
      which will enable an observer to determine the speed at which the tire is
      rotating during the night hours.
PAC  SUMMARY OF THE INVENTION
PAR  The tire construction that is the subject of this invention can be
      incorporated in any size or type tire; that is, bicycle, motorcycle,
      passenger, racing, truck, off-the-road, tractor or farm implement tires.
      The invention provides the tire with reflective elements which will
      reflect back light which falls upon these elements during the night
      season. This reflection gives an observer the knowledge that there is a
      wheeled vehicle which he is approaching. The specific novelty of this
      invention resides in the fact that these reflective elements are so
      located on the tire that they provide the observer with an indication of
      the speed at which the tire is being rotated. This knowledge enables the
      observer to quickly determine whether he need take safety measures to
      compensate for the relative speed of the vehicle he is approaching in
      relationship to the speed of his own vehicle. This safety feature is
      particularly important when considering slow moving vehicles, such as farm
      wagons or equipment, on unlighted roads in the night season. This
      invention is also helpful with bicycles and other such slow moving
      vehicles but is not limited to vehicles of this type and may be employed
      on any wheeled vehicle.
PAR  The reflective elements which are placed on the tires are the elements of
      the type disclosed in U.S. Pat. No. 3,382,908. These elements are of the
      reflex - reflective type and comprise aggregates consisting of transparent
      glass beads bonded around a rigid core with minute light reflecting layers
      under the beads. This type of material is disclosed in U.S. Pat. No.
      3,043,196.
PAR  These reflective elements may be located in the grooves of the tread design
      of the road-engaging tread surface of the tire where the design permits or
      may be located in a depression on the road-engaging tread surface. It is,
      of course, essential that these elements be located on a portion of the
      tire which will not be in contact with the road surface so that the
      elements will not be worn away during the service life of the tire.
PAR  The elements may also be located on a piece of the tire that is projected
      axially outwardly from the tire sidewall surface. In this later location,
      the elements must be so located that they reflect light which is directed
      on the road-engaging surface of the tire and must be visible to an
      observer located either in front of or behind the vehicle.
PAR  The novelty in this invention resides in the feature that the reflective
      elements are so placed on the tire that they provide the observer with an
      indication of the speed at which the tire is rotating. This indication may
      be achieved by locating the reflective elements so that the observer
      receives a different optical response from certain areas of the tire at
      different predetermined speed ranges. This may be accomplished by
      providing the tire with several series of reflective elements with each
      such series located in one circumferential plane of the tire. Depending
      upon the size and frequency of these elements in relation to the overall
      circumference of the tire, different optical effects may be obtained at
      different speeds.
PAR  For example, each of these circumferential planes may contain different
      numbers of the reflective elements at different spacings. This results in
      the tire giving different optical responses at different speeds. At one
      speed some of the circumferential planes would give intermittent flashing
      or pulsating phenomenon, others would give solid stationary points and
      others solid vertical lines.
PAR  The size, number and spacing between each element is very important in
      order to obtain the proper optical response. The elements must be of a
      sufficient intensity to give the optical warning at a sufficient distance
      so the operator may have time to make any necessary adjustments in speed
      or direction. However, if the intensity is too great, the pulsating
      response may be lost due to a "tracer" effect which occurs. This tracer
      effect may be so great that it will result in an optical response like a
      solid line instead of pulsations.
PAR  It is envisioned that a national standard could be established whereby
      every observer would know the speeds at which certain optical responses
      would occur so that the public would be able to determine the speed of
      vehicles as the vehicles were approached in the night season. The safety
      feature of this type of invention is obvious.
PAR  The second type of optical response is a sine wave or wavy type of optical
      phenomenon. This type of response is provided by placing the reflective
      means in different circumferential planes of the tire. These elements are
      all located on the path of a sine wave whose length is equal to the
      circumference of the tire. For example, the left-hand groove has one
      element placed at a peak of the sine wave, the next groove has two
      elements equally spaced on either side of the first element so that they
      fall on the path of the sine wave, the next groove has two more elements
      spaced so that they fall on the path of the sine wave equidistant from the
      second two elements and circumferentially farther from the first element
      and the fourth groove has one element spaced so that it is located at the
      other peak of the sine wave, 180.degree. from the first element. In this
      manner, a wavy optical response is accomplished. The relative speed of the
      tire may be determined by the frequency of this wavy response. This type
      of construction is not as readily adaptible to give the observer a quick
      indication of the general speed of the tire as is the former
      configuration, but it is more readily adapatable to a practical system of
      relative speed indication.
PAR  Both of these optical responses are of the type which provide a changing
      pattern so that they will be readily discernible to an observer and will,
      in fact, attract the observer's attention.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a front view showing one-half of a tire containing one embodiment
      of this invention;
PAR  FIGS. 2 and 3 are front views showing one-half of a tire containing other
      embodiments of this invention.
PAR  FIG. 4 is a plan view of the tread surface of FIG. 3.
DETD
PAR  The reflective elements may be located in any area of the tire that is
      visible to an observer that is standing either in front of or behind the
      vehicle upon which the tire is mounted. This surface is preferably a
      depression in the road-engaging surface of the tire but may be on the side
      of a protrusion on the sidewall of the tire. The depression in the
      road-engaging tread surface may be the base of a tread groove in the
      standard rib - groove type tread design or it may be a depression
      specifically molded into the tire to facilitate the inclusion of the
      reflective elements.
PAR  These reflective elements are preferably molded into the tire during the
      vulcanizing or curing operation. The elements may be placed on the
      external surface of the green tire in the proper locations prior to
      placing the tire in the tire mold. Great care must be taken in this method
      so that the reflective elements are properly located on the external
      surface of the green tire to correspond with the desired locations in the
      molded, cured product; that is, they must be located in the depressed
      portions of the cured product so that they are not worn off during use.
PAR  Alternatively, the reflective elements may be placed on the protrusion of
      the mold itself. These protrusions, of course, result in the depressions
      in the finished product. The reflective elements will be transferred to
      and vulcanized to the finished product during the curing operation.
PAR  Possibly, the elements may also be cemented onto the finished tire after it
      has been molded. In this manner, this invention may be applied to a tire
      that has already been manufactured.
PAR  Referring to FIG. 1, tire, 10, is shown as having its road-engaging tread
      surface, 11, containing four circumferentially extending tread ribs, 12,
      which define three circumferentially extending tread grooves, 13. These
      grooves are depicted as having a zig-zag pattern but may have any pattern.
      It is also understood that these grooves and ribs may be interrupted and
      need not be circumferentially continuous.
PAR  Tire, 10, is provided with a sidewall protrusion, 14, which is in the form
      of a continuous annular member extending axially outwardly from the
      sidewall. It is understood that the sidewall protrusion may have
      configurations other than an annular member. It is only necessary that the
      protrusion have a radially outwardly facing side which can form the base
      for mounting the reflective elements. It is further understood that both
      sidewalls of the tire may be equipped with sidewall protrusions and that
      such protrusions can differ in their configurations in the same tire.
PAR  The radially outwardly facing side, 15, of sidewall protrusion, 14,
      contains two, one inch long reflective elements, 16. The other half of the
      tire, not shown, contains two similar elements with the four elements
      spaced equidistant from each other. It is understood that the number of
      elements will be varied depending upon the size of the tire and the speed
      at which the certain optic effects are desired.
PAR  FIG. 1 depicts the tire of this invention with one circumferential plane
      containing reflective elements. It is understood that the invention is not
      limited to the number of circumferential planes having reflective
      elements. It is contemplated that more than one circumferential plane of
      the tire will contain reflective elements and that the number of such
      elements can either be identical in some of the planes or can vary from
      plane to plane. FIGS. 2 and 3 are examples of the embodiments of this
      invention wherein the tire contains several circumferential planes having
      different numbers of reflective elements.
PAR  Referring to FIG. 2, tire, 20, is shown as having its road-engaging tread
      surface, 21, contain five circumferential ribs, 22, which define four
      circumferential grooves, 23, 24, 25 and 26. In this embodiment grooves 24
      and 25 are shown as having a straight pattern, whereas grooves 23 and 26
      are shown as having a zig-zag pattern.
PAR  Reflective elements, 27, are located in each of the grooves. In FIG. 2 the
      grooves 23, 24, 25 and 26 are shown as containing three, six, 12 and 24
      elements, respectively, with each element spaced equidistant from the
      other elements in the same groove. FIG. 2, being a front view showing
      one-half of the tread surface of the tire, shows one element, 27, in
      groove 23; it is understood that this groove contains two other elements.
      Three elements are shown in groove 24; it is understood that three other
      such element are located in the other half of the groove. Six elements are
      shown in groove 25; it is understood that six similar elements are located
      in the remaining one-half of the groove. Twelve elements are shown in
      groove 26; it is understood that twelve other elements are located in the
      remaining one-half of the groove. As a result of varying the number of
      reflective elements in each groove, each groove would give a different
      optical response to the observer at different speeds.
PAR  The embodiment shown and described in FIG. 2 has been tested by the
      Applicant. In this embodiment, a farm implement tire having a 96 inch
      tread circumference and four tread grooves was provided with strips of
      reflective tape one inch long. The left-hand groove was provided with
      three such strips, the next groove with six, the next groove with 12 and
      the right-hand groove with 24. These strips were placed equidistant from
      each other around the circumference of the tire; that is, the groove which
      contains three strips had the strips placed 120.degree. from each other,
      the groove which contained six strips had the strips placed 60.degree.
      from each other, the groove which contained twelve strips had the strips
      placed 30.degree. from each other and the groove which contained 24 strips
      had the strips placed 15.degree. from each other. The placement of these
      strips is important. These particular strips were designed to give a
      pulsating or flashing optical response at certain speed ranges.
      Specifically, the groove having three strips gives a flashing response at
      about 40 miles an hour and below and a vertical line above 40. The groove
      with six strips gives a flashing response at about 20 miles an hour and
      below and a vertical line above 20.  The groove with 12 strips gives a
      flashing response at about 10 miles an hour and below, and a vertical line
      above 10. The groove with 24 strips gives a flashing response at about 5
      miles an hour and below and a vertical line above 5. Therefore, with the
      tire being operated at 35 miles an hour the observer would see a flashing
      or pulsating response and three vertical lines, at 20 miles an hour the
      observer would see two flashing responses and two vertical lines, at 10
      miles an hour the observer would see three flashing responses and one
      vertical line and at 5 miles an hour the observer would see four flashing
      responses. The location and size of these strips were predetermined per
      the mathematical calculations which follow:
PAR  The Applicants are able to design the tire of this invention to give
      predetermined optical effects at predetermined speeds regardless of the
      size of the tire. The Applicants are able to accomplish this by
      determining the linear inches of the tire's surface which the observer
      will be exposed to at a given speed. The Applicant accomplishes this by
      taking into consideration the length of the circumference of the tire and
      the number of revolutions made by the tire at certain speeds. After
      determining this factor, the Applicants taking into consideration the
      number of events which the human eye can detect to perceive motion, can
      determine the length in inches of each such event on the circumference of
      a tire when it is travelling at a predetermined speed. The Applicants then
      know how many reflective elements must be porvided in a circumferential
      plane on the selected tire to give the desired optical result at the given
      speed.
PAR  As an example, 1 mile per hour is the equivalent of 17.6 inches per second.
      In a farm implement tire having the size designation 11L-15, having a
      circumference of 96 inches, 24 equally spaced 1 inch elements would result
      in a unit spacing of 4 inches between comparable portions of the 1 inch
      elements. Therefore, at one mile an hour, 4.4 such units would be observed
      each second (17.6 inches per second per mile per hour divided by 4 inches
      per unit equals 4.4 units per second per mile per hour). Given the fact
      that the human eye is capable of recognizing up to 25 events per second,
      at 5.68 miles per hour the observer would see a solid, reflective light
      (25 units per second divided by 4.4 units per second per mile per hour
      equals 5.68 miles per hour).
PAR  If the remaining three grooves in a tire having four grooves, as depicted
      in FIG. 2, contain 12, 6 and 3 equally spaced 1 inch elements, the speeds
      at which a solid reflective light would be observed from these grooves
      would be 11.36, 22.72 and 45.44 miles per hour, respectively.
PAR  This type of calculation may be applied to any tire regardless of its
      circumference to determine the number of units, and thereby the number of
      reflective elements necessary to give a solid, reflective light at a
      predetermined speed and a flashing light at other speeds. This generic
      equation may be set out as follows:
      ##EQU1##
PAR  This equation may be simplified to give the following equation:
      ##EQU2##
PAR  This equation gives the number of units which should be placed at equal
      intervals on the tread surface. The spacing of the units on the tire is
      obtained by merely dividing the tire circumference by the number of units.
PAR  Having thus determined the number of units, and thereby the number of
      reflective elements, the size of the reflective element is related to the
      linear size of the unit. The Applicants have found that, in order to
      obtain a proper contrast, the reflective element in the unit should not be
      greater than one-half of the linear length of the unit. As an example, if
      the unit is determined to be 4.4 inches, the length of the reflective
      element should be no greater than 2.2 inches, in this example, the
      Applicant has found that a length of one inch for the reflective element
      gives very satisfactory contrast and an excellent optical response.
PAR  Using the equation set out above, the Applicants can determine the number
      of reflective elements necessary for a certain size of the tire to give a
      predetermined optical response at certain speeds. Applying this principle,
      the Applicant can provide a tire with circumferential planes, each plane
      having a different number of reflective elements. In this manner, each of
      the circumferential planes will give a different optical response at a
      predetermined speed. These different responses may vary between a solid,
      reflective point to a flashing or pulsating light or a solid vertical
      line.
PAR  Using these equations, the Applicants determined that the placement of the
      elements described above in relation to FIG. 2 would give a solid response
      above a certain speed and a flashing response at or below the certain
      speed. In actual practice, these flashing responses are somewhat masked by
      the "tracer" effect but are definitely present. The tracer effect causes
      the flashing to be somewhat smeared but a true pulsating light is still
      evident.
PAR  FIG. 3 shows yet another embodiment of this invention. In this embodiment,
      tire, 28, is shown having a tread surface 29, with five ribs, 30, which
      define four grooves, 31, 32, 33 and 34, respectively. The reflective
      elements, 35, all fall on a sine wave whose length is equal to the
      circumference of the tire. In the example, the sine wave path is shown as
      dashed line 40. Groove 31 contains one element, 35, which is located at a
      peak of the sine wave. Groove 32 contains two elements, 35, which are
      equally spaced from element 35 in groove 31 and fall on the sine wave
      path. Groove 33 contains two more elements, 35 not shown in FIG. 3 but see
      FIG. 4, equally spaced from the corresponding elements, 35, in groove 32
      and located on the sine wave path. Groove 34 would contain one element,
      not shown in FIG. 3 but see FIG. 4, which would be located at the other
      peak of the sine wave, 180.degree. from element 35 in groove 31.
PAR  FIG. 4 is a plan view of the total circumference of the tread, 29, in FIG.
      3. FIG. 4 shows all of the elements at their locations on the sine wave
      path, 40. Elements 35 in groove 32 are 67.5.degree. from element 35 in
      groove 31; elements 35 in groove 33 are 45.degree. from elements 35 in
      groove 32 and element 35 in groove 34 is 180.degree. from element 35 in
      groove 31 or is 67.5.degree. from elements 35 in groove 33.
PAR  This example has been manufactured and tested by the Applicants. Again, the
      tire so tested had a 96 inch circumference. This embodiment contained six
      one inch long elements with one element located in the left-hand groove
      and each of the other grooves having two such elements. The elements in
      each of the grooves were spaced equidistant from the closest element in
      the adjacent groove; in this example the distance was 10.3 inches. The
      tire described above gave a wavy, pulsating light reflection at different
      speeds. The frequency of the wavy nature of the optical response from this
      tire increased as the speed of the tire increased. Also, the four
      circumferential planes containing the reflective elements in this
      embodiment gave a solid line optical response at certain speeds and a
      flashing or pulsating response at other speeds.
PAR  It is understood that the location of the reflective elements on the tire
      as shown in FIGS. 1 and 2 or FIGS. 1 and 3 may be combined so that the
      grooves in tire 10 in FIG. 1 may also contain reflective elements on the
      sidewalls of the tires, 20 and 28, in FIGS. 2 and 3 may also contain
      protrusions which support reflective elements.
PAR  The reflective elements acceptable for this invention comprise any material
      which will reflect light when exposed to it. The Applicants have found
      that a reflective tape manufactured by the Minnesota Mining and
      Manufacturing Company and identified by the company as Scotch Lite Brand
      Reflective Tire Sheeting No. 401 is particularly suited for application in
      this invention. This reflective tape is comprised of minute glass beads
      mounted on a binder.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vehicle tire comprising a plurality of light reflective elements
      located on the periphery of said tire to reflect light in a direction
      perpendicular to the axis of rotation of said tire having one of said
      reflective elements located on each shoulder area of the tire 180.degree.
      from the corresponding reflective element in the opposite shoulder of the
      tire, said two elements each define a peak of a sine wave having a length
      equal to the circumference of said tire, and a plurality of reflective
      elements located on the tire periphery on said sine wave, defined by said
      peak elements and said tire circumference, intermediate said peak elements
      so that said tire gives a sine wave type optical response with the
      frequency of said sine wave dependent upon the rate of tire rotation.
NUM  2.
PAR  2. A pneumatic tire having a plurality of circumferentially discontinuous
      light reflective elements located on the periphery thereof to reflect
      light in a direction perpendicular to the axis of rotation of said tire,
      said elements located in at least two separate axial planes, each said
      plane containing at least one said element with said elements spaced equal
      distant from each adjacent element within its plane, the amount of said
      elements varying from at least one of said planes to another so that at
      least two of said planes yield a different optical response at
      pre-selected rotational speeds of said tire.
NUM  3.
PAR  3. The tire of claim 2 wherein said planes are the circumferential tread
      grooves in the tread design of said tire.
NUM  4.
PAR  4. The tire of claim 3 wherein said tire has at least 4 said tread grooves
      with one of said groove containing 3 said elements, another of said
      grooves containing 6 of said elements, another of said grooves containing
      12 of said elements and another of said grooves containing 24 of said
      elements.
NUM  5.
PAR  5. The tire of claim 2 wherein each said plane contains a different number
      of said elements in relation to all other said planes.
PATN
WKU  039467830
SRC  5
APN  5369452
APT  1
ART  311
APD  19741223
TTL  Pneumatic tires
ISD  19760330
NCL  15
ECL  1
EXP  Hoffman; Drayton E.
NDR  2
NFG  7
INVT
NAM  Edwards; Reginald Harold
CTY  Sutton Coldfield
CNT  EN
INVT
NAM  Coulter; Geoffrey Lionel
CTY  Sutton Coldfield
CNT  EN
INVT
NAM  Dodd; Alan Michael
CTY  Walsall
CNT  EN
INVT
NAM  Kenney; Michael John
CTY  Sutton Coldfield
CNT  EN
INVT
NAM  Bourne; Alan John
CTY  Sutton Coldfield
CNT  EN
INVT
NAM  Bird; David Alexander
CTY  Sutton Coldfield
CNT  EN
ASSG
NAM  Dunlop Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19720902
APN  40823/72
RLAP
COD  71
APN  353938
APD  19730424
PSC  03
CLAS
OCL  152330L
XCL  152158
XCL  152330RF
EDF  2
ICL  B60C 1700
ICL  B60C 1704
FSC  152
FSS  330 R;330 RF;330 L; 158;340
UREF
PNO  3142326
ISD  19640700
NAM  Lindley
OCL  152158
UREF
PNO  3143155
ISD  19640800
NAM  Knox
OCL  152330R
UREF
PNO  3254692
ISD  19660600
NAM  Travers
OCL  152340
UREF
PNO  3610308
ISD  19711000
NAM  McDonald
OCL  152330R
UREF
PNO  3739829
ISD  19730600
NAM  Powell et al.
OCL  152330R
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  A tire and wheel assembly having a lubricant to enable it to be operated in
      a deflated condition without destructive heating in which one or more
      ingredients of the lubricant composition are enclosed in an enclosing
      means, the other ingredient or ingredients of the composition being placed
      in the inflation chamber of the assembly. The enclosing means release the
      first ingredient or ingredients into the inflation chamber, upon loss of
      inflation pressure, to form the composition.
PARN
PAR  This is a continuation of Ser. No. 353,938, filed Apr. 24, 1973, now
      abandoned.
BSUM
PAR  This invention relates to tires and also to assemblies of such tires with
      wheels.
PAR  The assignee's co-pending U.S. application Ser. No. 150,627 filed June 7,
      1971 disclosed a pneumatic tire and wheel assembly comprising an enclosing
      means for lubricating material for the interior surface of the tire, said
      lubricating material being releasable from the enclosing means into the
      inflation chamber defined by the tire and wheel upon substantial loss of
      inflation pressure or deflation of the tire.
PAR  The lubricating material may comprise a composition which contains several
      ingredients for various purposes and in some cases it may be better for
      storage purposes if all the ingredients are not brought together until
      they are to be used.
PAR  According to the present invention a method for the manufacture of a tire
      and wheel assembly includes the step of incorporating into said tire and
      wheel assembly enclosing means for at least one ingredient of a lubricant
      composition for lubricating the interior surfaces of the tire, and
      locating a further ingredient or ingredients of the lubricant composition
      in the inflation chamber of the tire and wheel assembly without any
      enclosing means therefor, said enclosing means for the first ingredient
      being adapted to release said first ingredient into the inflation chamber
      defined by the tire and wheel upon substantial loss of inflation pressure
      or deflation of the tire to form the composition.
PAR  According to the invention also a pneumatic tire and wheel assembly
      comprises enclosing means for at least one ingredient of a lubricant
      composition for lubricating the interior surfaces of the tire, a further
      ingredient or ingredients of the lubricant composition being carried on
      the interior surface of the inflation chamber of the tire and wheel
      assembly, said enclosing means being adapted to release said ingredient
      into the inflation chamber defined by the tire and wheel upon substantial
      loss of inflation pressure or deflation of the tire to form said
      composition.
PAR  One ingredient of the lubricant composition may be loose in the interior of
      the inflation chamber or may be applied to the interior of the tire, or to
      the wheel rim, or to both. Preferably, however, it is applied to the
      interior surface of the tire in a position in which it will rapidly come
      into contact with the other ingredient of the lubricant composition when
      that is released from the enclosing means.
PAR  The lubricant composition may suitably be based on a liquid lubricant e.g.
      as described in the assignee's U.S. Pat. No. 3,739,829 issued June 19,
      1973, but preferably contains one or more solid or highly viscous
      constituents which are suitable to be carried on the interior surface of
      the assembly e.g. on the interior surface of the tire.
PAR  The lubricant composition is used to lubricate the interior surfaces of the
      tire but may also be utilized to perform two other functions, namely to
      seal a puncture in the tire and to at least partially reinflate the tire.
PAR  A liquid lubricant may be selected from a wide range of classes of
      compounds which include lubricants for rubber to rubber interfaces, for
      example:
TBL  Water                                                                     
     Animal oils                                                               
     Vegetable oils           e.g. castor oil,                                 
                              boiled linseed oils                              
     Alcohols, monohydric     e.g. n-octanol                                   
       dihydric (diols,       e.g. ethylene glycol                             
        glycols)                                                               
       trihydric (triols)     e.g. glycerol                                    
       polyhydric (polyols)                                                    
     Esters                   e.g. methyl caprylate                            
     Silanes                                                                   
     Non-ionic surface active agents                                           
     Cationic surface active agents                                            
     Anionic surface active agents                                             
     Poly(oxyalkylene) glycols of                                              
                              e.g. poly(oxyethylene)                           
       generalized formula    glycols and poly(oxy-                            
     RO-- CH.sub.2 --CH--O--R"                                                 
                              propylene) glycols of                            
     1                        various molecular                                
     R'x                      weights and blends of                            
                              these.                                           
     or                                                                        
     poly(oxyalkylene) glycols                                                 
     containing copolymers of two or                                           
                              e.g. blends of                                   
     more different oxyalkylene                                                
                              copolymers of various                            
     components of generalized formula                                         
                              molecular weights con-                           
     RO CH.sub.2 --CH--O -- CH.sub.2 --CH--O --...R"'                          
                              taining ethylene oxide                           
     1 1                      and propyleneoxide units,                        
     R"mR"n                   for instance Ucon 50-HB-                         
                              2000 ex Union Carbide.                           
     In these generalized formulae                                             
     R, R', R" and R'" represent alkyl                                         
     groups or H and m, n and x are                                            
     integers.                                                                 
     Glycol ethers            e.g. hexyl cellosolve                            
                              (C.sub.6 H.sub.13 OCH.sub.2 CH.sub.2 OH) butyl   
                              carbitol (C.sub.4 H.sub.9 O(CH.sub.2 CH.sub.2    
                              O)                                               
                              .sub.2 H)                                        
                              methoxy triglycol (CH.sub.3 O                    
                              (CH.sub.2 CH.sub.2 O).sub.3 H)                   
     Dibasic acid esters                                                       
     Chlorofluorocarbon polymers                                               
     Silicones                (organo-silicon                                  
                              oxide polymers)                                  
     Silicate esters                                                           
     Fluoroesters                                                              
     Neopentyl polyol esters                                                   
     Polyphenyl ethers                                                         
     Ferrocene derivatives                                                     
     Tetra-substituted urea derivatives                                        
     Heterocyclic derivatives                                                  
     Soaps                    e.g. sodium stearate                             
     Alkalis                  e.g. sodium carbonate                            
                              in aqueous solutions.                            
PAL  Blends of two or more such materials may be used.
PAR  It is useful if the lubricant composition will help to seal a puncture in
      the tire simply to prevent loss of lubricant but when the lubricant
      composition contains a volatile component it is most desirable that the
      composition should be capable of sealing the puncture. Thus the lubricant
      composition may have incorporated therein a separate puncture-sealing or
      reducing material, for example, chopped cotton wool, asbestos or synthetic
      fibers, e.g. of 0.0001 inch diameter and about 0.1 inch long which acts to
      form a better barrier over a puncture and is carried into position by
      escaping inflationary air and/or lubricant. Such materials preferably have
      a range of lengths and diameters. They can seal better if used in
      conjunction with other solid materials such as graphite, mica, crumb
      rubber, polyethylene flakes, etc.
PAR  A convenient method of obtaining a lubricant composition which will at
      least partially reinflate the tire after the puncture has been sealed is
      to use a lubricant composition containing a volatile component. Thus the
      lubricant composition may, with advantage, contain a volatile liquid,
      which may or may not in itself act as a lubricant for the rubber but which
      has a boiling point sufficiently low to appreciably volatilize at the
      temperature generated by running of tire in a deflated or partly deflated
      condition. In this way the volatile liquid functions to partially
      re-inflate the tire and so reduce the high stresses generated in the
      sidewall and tire/wheel assembly generally, due to the deflated or
      substantially deflated condition.
PAR  Alternatively the lubricant composition may include two ingredients which
      react when brought together producing a gas to at least partially
      reinflate the tire.
PAR  When a lubricant composition which achieves partial reinflation is used
      heat build-up in the tire is lowered due to the reduced sidewall
      deflection the reduced contact pressure and hence reduced frictional
      forces between the interior tire surfaces. When a volatile liquid is used
      to achieve the reinflation the volatilizing of the volatile liquid also
      assists the dissipation of heat over the entire tire and rim surface. The
      volatile liquid may have a boiling point (or, if two or more volatile
      components are used, an initial boiling point) up to, for example,
      150.degree. C. but preferably not below, for example, 60.degree. C, in
      order that the liquid may be readily handled and not volatilized
      appreciably during normal running of the tire.
PAR  The volatile liquid may itself be used to form the basis of the lubricant,
      e.g. an aqueous gel, although it is then particularly preferable to
      include in the lubricant composition some puncture-sealing material in
      order to at least partly seal a puncture occurring in the tire to minimize
      the rate at which lubricant and vapour is lost from the tire.
PAR  Preferably the lubricant composition containing a volatile liquid comprises
      also a high boiling point lubricant, e.g. glycerol, to ensure continued
      lubrication in the event of loss of the volatile component by evaporation.
PAR  A preferred volatile liquid is water, which has lubricating properties on
      rubber to rubber contacting surfaces. Preferably the water contains a
      further volatile liquid such as an alcohol, e.g. ethyl alcohol, to enhance
      the volatility (lower the initial boiling point) and also reduce the
      freezing point of the water (if this has not been adequately reduced by
      the high boiling component). Various components already mentioned such as
      cellulose derivatives e.g. carboxy methyl cellulose, hydroxy-ethyl
      cellulose; surface active agents -- cationic, anionic and non-ionic; and
      soaps can be used to enhance the lubricity of the water.
PAR  In the case of liquid lubricants containing water as the volatile liquid
      viscosities at 20.degree. C., at low shear, in the range 10,000 to 200,000
      centistokes, and good lubricant properties can be achieved by the use of
      gelling agents such as those available under the Trade Names of Natrosol
      (ex Hercules Powder Company), and Carbopol (ex Goodrich Chemical Company).
      The viscosity of these gels reduces with increasing shear. Viscous liquid
      lubricants such as gelled lubricants have the added advantage that they
      assist in sealing small punctures at least against the usually low, e.g. 4
      p.s.i., pressures produced by vapour pressure inflation.
PAR  Examples of liquid lubricants containing water as the volatile component
      are solutions of detergents e.g. "Teepol" in water, aqueous gels
      containing e.g. hydroxy-ethyl cellulose with or without a high boiling
      component such as glycerol, and mixtures of polyglycols, poly(oxyalkylene)
      glycols or glycerol with water.
PAR  The liquid components of the lubricant composition are preferably miscible
      with water so that leakage from a tire and wheel assembly onto a road
      surface can be washed away, e.g. by rain water although water insoluble
      components can be used if desired. It is also desirable that the lubricant
      composition should not freeze at temperatures above -20.degree. C. so as
      to withstand cold weather and for extreme climates at temperatures above
      -50.degree. C. The liquid lubricant may have a boiling point of at least
      90.degree. C. and preferably, in order to withstand high temperatures
      without severe loss through volatilization a liquid component of the
      lubricant has a boiling point above 140.degree. C.
PAR  As well as being formulated to have a suitable viscosity for low rubber to
      rubber friction at the working temperature two other factors are
      preferably taken into account.
PAR  The lubricant composition advantageously has a viscosity which is as high
      as is practicable to minimize lubricant loss through a puncture and
      perhaps even assist in sealing a puncture. At the same time the
      composition should have a viscosity a low as practicable to enable it to
      flow readily into the portions of the tire interior requiring lubrication.
      The preferred viscosity range for the liquid lubricant in operation is 4
      to 2,500 centistokes at the temperatures generated in the nip between
      contacting surfaces when the tire is run without any inflation pressure.
      This temperature is estimated to be in the range 50.degree. to 130.degree.
      C. In some formulations, however, the lubricant composition under
      pre-puncture conditions may be, for example, a gel having a much higher
      viscosity but whose viscosity may be reduced by shear or by the addition
      of an ingredient which dilates the gel.
PAR  The lubricant composition preferably has no deleterious affect on the tire
      although, if desired, compositions which normally swell or otherwise
      affect rubber could be used by the use of a special resistant inner liner
      in the tire. In the latter case an ingredient which swelled rubber could
      act to assist in sealing a puncture in the tire, since the puncture hole
      would permit the swelling agent to pass through the liner and swell the
      rubber in the walls of the puncture.
PAR  Further additives may also be used in the lubricant composition, for
      example, a lubricant composition based on an aqueous gel may contain, for
      example a freeze point lowering agent such as ethylene glycol or glycerol
      and agents to increase the lubricating power such as molybdenum
      disulphide, dispersible graphite powder and/or wetting agent or detergent
      such as "Teepol".
PAR  If, for example, a detergent is used in a lubricant containing water a
      defoaming agent may also be used in the lubricant composition to control
      the extent of foaming, or if desired, prevent foaming.
PAR  A dispersant may be used when fibers or other insoluble solids are
      incorporated in the composition.
PAR  In addition to the puncture sealing and other additives previously
      mentioned the lubricant composition may contain other substances such as
      antioxidant, to reduce the rate of oxidative attack on the lubricant,
      bactericide, wetting agent and viscosity index improver to broaden the
      range of temperatures at which the composition has a satisfactory
      viscosity, and corrosion inhibitor to protect the wheel rim, which will
      generally be of metal, from corrosion.
PAR  In order to minimize the weight of lubricant composition required and any
      detrimental effects on the balance of the wheel/tire assembly the
      lubricant composition preferably has a relatively low specific gravity
      e.g. a specific gravity less than 1.4.
PAR  In this invention a part of the lubricant composition is to be held
      enclosed in an enclosing means in the tire and wheel assembly and the
      remainder of the composition placed in the inflation chamber of the
      assembly. This has the effect of keeping apart the ingredients of the
      lubricant composition until tire deflation takes place and the composition
      is required.
PAR  There are several advantages to be gained by the invention:
PAR  When using a lubricant composition of the aqueous gel type, if the complete
      composition is enclosed ready mixed the viscosity of the composition may
      reduce with storage or the viscosity may be too high for easy flowability
      and thus delay its exit from the enclosing means when released.
PAR  When a volatile component such as water is present in a lubricant
      composition loss by evaporation and diffusion through the tire is a
      possible difficulty if this component is not enclosed. However, if the
      whole composition is enclosed there may be no lubricant in the tire in the
      first few moments after a tire bursts before the lubricant has had time to
      be dispersed in the tire. This difficulty can be avoided by enclosing the
      volatile part of the lubricant composition and placing the remainder of
      the composition in, or coating it on, the tire interior.
PAR  In a case where a lubricant composition is required to produce a vapour or
      gas to at least partially inflate the tire the two ingredients kept
      separate may be two substances which chemically react when brought
      together to produce a gas e.g. a solution of acid in the enclosing means
      and calcium carbonate on the interior surface. In this case the solution
      of acid may be enclosed separately from, or in admixture with other
      ingredients of a lubricant composition e.g. water, ethylene glycol. The
      gas generated in this case by mixing the ingredients would be carbon
      dioxide.
PAR  When the lubricant composition is to be an aqueous gel the ingredients of
      the part of the lubricant composition which is enclosed may for example be
      water, containing various additives dissolved or dispersed therein such as
      fine asbestos fibres, detergent, defoaming agent etc. A solid gelling
      agent such as hydroxyethyl cellulose, hydroxypropyl cellulose, sodium
      carboxymethyl cellulose, carboxymethyl hydroxymethyl cellulose and
      carboxyvinyl polymers, possibly with other soluble and insoluble
      ingredients, may simply be placed in the tire or may be applied to the
      interior of the tire or the surface of the wheel rim as a coating, with or
      without a suitable binder or carrier. A particularly suitable binder or
      carrier would be a highly viscous semi-solid lubricant for the
      rubber/rubber interfaces. The liquid water based ingredient is rapidly
      dispersed when released but on contact with the gelling agent coating
      becomes a composition of much higher viscosity which will help in sealing
      the puncture.
PAR  Where the lubricant composition comprises a poly(oxyalkylene) glycol or
      modified poly(oxyalkylene) glycol, as a non-volatile component, with or
      without one or more of the following: (i) alcohols, (ii) water, (iii)
      glycol ethers, (iv) silicones, (v) silicate esters, (vi) tetra-alkyl
      silanes, (vii) soaps, viii) alkalis, (ix) polymers containing functional
      groups, it is particularly useful to convert at least the non-volatile
      ingredients of the lubricant composition into a gel. The gel is thus
      coated on the interior of the tire while the volatile ingredients are
      enclosed in a suitable container to be released only when the tire
      deflates thereby ensuring that the volatile components are not lost or
      reduced by evaporation. It is convenient in this case to arrange that the
      volatile ingredients contain a dilatant for the gel so that the gel is
      broken down when the volatile ingredients are released into the tire.
PAR  For most purposes the gel is preferably of sufficiently high viscosity not
      to flow around inside the tire while the tire is stationary nor when the
      tire is rotating, otherwise unbalance may be caused. In some
      circumstances, however, this may not be necessary e.g. in large
      off-the-road tyres where unbalance is not a problem, or where the amount
      of gel is very small. The gel must also be thermally stable at the normal
      running temperatures generated in the tire and at temperatures to which
      the tire is liable to be subjected e.g. over the range -20.degree. C. to
      90.degree. C. The vapour pressure of the gel at 140.degree. C. is
      preferably less than 50 mm of Hg.
PAR  The gel may be made by any suitable methods, for instance:
PAR  A. The addition of finely divided fillers, especially those with colloidal
      dimensions (200-500 A) in the form of spheres, rods or platelets to the
      lubricant fluid. This causes a three-dimensional structure to be formed.
      The three dimensional network may be mechanically strengthened by the
      addition of additives (e.g. sodium carbonate, or hexamethylene diamine).
PAR  The inert filler may be organic or inorganic in kind and includes:
PA0  i. Silicates in the form of platelets (clays, micas, etc.) rods, fibres
      (asbestos), or spherical particles (silica - aerosil).
PA0  ii. Polar organic polymers such as cellulose and other polyamides (e.g.
      nylon) especially those polymers which may be obtained in a finely divided
      form.
PA0  iii. Crystalline polymers which will dissolve and crystallize and form a
      three-dimensional network.
PAR  In preparing these gels intensive mixing techniques may be used e.g.
      ultra-high speed mixers, paints mills, ultrasonic stirring.
PAR  B. The gelled compositions may be prepared from high and low molecular
      weight polymers containing functional groups such as hydroxyl tipped
      polyether or polyesters, or carboxyl or amine tipped polymers which may
      include the lubricant.
PAR  C. Cross-linking with isocyanates under controlled conditions or by the use
      of metal oxides (e.g. MgO, ZnO, Al.sub.2 O.sub.3).
PAR  As an alternative to process B the gel may be formed in situ by using the
      lubricant liquid as a solvent and adding monomers (e.g. acrylates) and
      polymerizing to give a gel which imbibes the lubricant.
PAR  The viscosity of the gel is preferably high e.g. in a range up to 5,000,000
      centipoises at room temperature. Where the gel is shear-sensitive the
      viscosity is that measured at a shear rate of 0.3 S.sup.-.sup.1.
PAR  On addition of the volatile ingredients of the lubricant composition to the
      gel the gel is preferably broken down to a viscosity in the range 4 to
      20,000 centipoises at 38.degree. C. The breakdown of the gel is best
      achieved by inclusion with the volatile ingredients of a chemical reagent
      whose precise function depends on the type of cross-linkages present in
      the gel, these being usually either hydrogen-bonds or ionic bonds, or
      lattice forces or a combination of each.
PAR  For the breakdown of hydrogen-bonded gels suitable reagents may be selected
      from water, alcohols, acids and alkalies, aprotic solvents (e.g. dimethyl
      formamide, dimethyl sulphoxide, tetra-hydrofuran) or inorganic salts, of
      Group I, II, III and IV e.g. LiCl, CuSO.sub.4, Al(NO.sub.3).sub.3, and Ce
      (SO.sub.4).sub.2. Mixtures of these reagents may be used.
PAR  For the breakdown of ionic bonds suitable reagents are solvents of low
      dielectric constant, and in the case of the gels prepared using metal
      oxides, proton donors (e.g. acids etc.) are necessary.
PAR  In the case of gels involving weak chemical bonds (e.g. allophonates in
      polyurethane systems) phenols may be used as the breakdown reagent.
PAR  The amount of reagent used to cause breakdown of the gel, where a liquid
      reagent is used, may, for example, be in the range 1% to 65% by volume of
      the volume of gelled lubricant, although particularly when water and
      alcohol or solutions in these solvents are being used larger amounts of
      breakdown reagent may be used if desired.
PAR  Breakdown reagents may themselves be volatile ingredients of the lubricant
      composition, or give rise to gaseous products, or may be mixed with or
      dissolved in the volatile ingredients, which will at least partly
      reinflate a punctured tire.
PAR  A number of suitable enclosing means for use in this invention are
      described in U.S. patent application Ser. No. 150,627 filed June 7, 1971
      e.g. rupturable sachets attached to the interior of the tire, lubricant
      containers on the wheel rim or built into the wheel rim, all of which may
      be used to enclose one ingredient to keep the two ingredients apart until
      required to be brought together. It will be appreciated that the enclosing
      means may be inside the inflation chamber of the tire and wheel assembly
      or may be carried on the wheel and connected to the inflation chamber by a
      suitable passage.
PAR  When the wheel rim being used is a split rim a particularly suitable
      arrangement consists of a plurality of containers mounted on a supporting
      band e.g. a metal band, which may simply be slid onto the rim when the two
      parts of the rim are separated.
PAR  The pneumatic tire is preferably a radial ply pneumatic tire of relatively
      low aspect ratio e.g. 50 per cent to 75 per cent and to ensure that, at
      least in a straight-ahead static position, the load from the rim flanges
      is carried by the tread of the tire, the tire preferably has a tread wider
      than the distance between the rim flanges when mounted on the rim in the
      tire/wheel assembly.
PAR  Preferably the tire is of the type described in U.S. patent application
      Ser. No. 290,814 filed Sept. 21, 1972 in which the stiffness of the tread
      and sidewall structure with the width of the tread is such that when in
      use with the tire deflated or substantially deflated and subject to a
      substantial lateral force one of the said sidewalls will be placed under
      tension in the region of the contact patch to restrain the tread from
      lateral movement while the other sidewall will be disposed in a folded
      state in the said region so as to be capable of acting as a buffer between
      a flange on a wheel rim on which the tyre is mounted and a road surface.
PAR  It will be appreciated that the present invention is concerned with a tire
      and wheel assembly which is to be capable of being used with the tire in a
      deflated or substantially under-inflated condition. This is not possible
      with a conventional tire/well-base rim assembly since when the tire
      becomes deflated the tire beads can move from their seats and, because of
      the well in the rim, lose contact with the rim so that controlled movement
      of the tire by the rim is lost.
PAR  In the use of the present invention steps therefore must be taken to ensure
      that the tire is not dislodged in this way. Thus either a rim without a
      well should be used, e.g. a split rim or a rim in which the well has been
      closed up by axial compression after the tire mounting has been
      facilitated, or restraining means should be provided to prevent either
      bead falling into a well. Many such restraining means have been previously
      proposed e.g. a bead spacer, spacer units, movable studs or projections on
      the wheel rim. A preferred means of restraining the laterally outer tire
      bead on a split or an axially compressed rim is to provide the tire bead
      with an extended toe portion in the form of an annulus which is inwardly
      directed and rests in the notch in the rim as described in the assignee's
      U.S. patent application Ser. No. 276,449 filed July 31, 1972. The annulus
      is compressed into the notch upon the tilting of the bead under the
      influence of lateral forces and the bead is thus restrained from axial
      movement.
DRWD
PAR  This invention will now be described in more detail in the following
      examples in which reference is made to the accompanying drawings of which:
PAR  FIG. 1 is a side view of a portion of a tire and wheel assembly from which
      a part of the tire and of the wheel rim has been cut away to reveal the
      interior;
PAR  FIG. 2 is a sectional side view of the wheel rim of FIG. 1 with containers
      attached;
PAR  FIG. 3 is a similar view to FIG. 2 but showing a split rim on which a wire
      band carrying a plurality of containers is mounted;
PAR  FIG. 4 is a perspective view of one of the containers of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of a tire and wheel assembly containing
      the band and containers of FIG. 3;
PAR  FIG. 6 is a perspective view of the wire band shown in FIG. 3; and
PAR  FIG. 7 is a pair of diagrams illustrating the detail construction of the
      wire band.
DETD
PAC  EXAMPLE I
PAR  As illustrated in FIGS. 1 and 2 the pneumatic tire and wheel assembly
      consists of a radial ply tire 1 and wheel having a well base rim 3. Within
      the well 4 of the rim are located four containers 5 which contain one
      component A of a lubricant composition. The remainder B of the lubricant
      composition is carried in the interior of the tire and wheel assembly as
      loose solid particles.
PAR  Parts A and B of the lubricating composition each contain more than one
      ingredient and their compositions are given below in Tables I and II, the
      amounts being suitable for a tire of size 185-60-13.
TBL                TABLE I                                                     
     ______________________________________                                    
     Teepol S (anionic surface active agent)                                   
          ex. Shell Chemical Ltd.)                                             
                                15 ml.                                         
     Water                      285 ml.                                        
     2% Belloid T.D. dispersent (80% sodium                                    
     dinaphthylmethane disulphonate ex. Geigy)                                 
                                15 ml.                                         
     Defoamer CVP (ex. Cray Valley Products)                                   
                                3 ml.                                          
     TABLE II                                                                  
     ______________________________________                                    
     Asbestos fibers            6 g.                                           
     Natrosol 250 (hydroxymethyl cellulose                                     
     ex. Hercules Powder Co.)   3 g.                                           
     ______________________________________                                    
PAR  The containers 5 are of the type in which each consist of a rigid shell of
      plastics material and are secured in position in a hole in the wheel rim
      by means of a screwed hollow metal spigot positioned centrally in the base
      of the container shell. The radially outer portion of the shell is
      arranged to project beyond the well of the rim and is provided with a
      valve plunger projecting beyond the shell. When deflation of the tire
      occurs the plunger is depressed once per revolution by the interior of the
      crown of the tire. This plunger operates a valve within the shell which is
      arranged to release reagent from the shell only when the plunger is
      depressed.
PAR  This arrangement has the advantage that all the contents cannot be released
      from the shell by a single impact on the tire.
PAR  The two-part lubricant system described in the Example above avoids the
      difficulty that asbestos fibers, being a solid and a puncture blocking
      medium, may be difficult to release rapidly from an enclosing means.
PAR  Also, the Natrosol thickener is kept separate from the water so that the
      component A on the enclosing means is a low viscosity liquid which can be
      released rapidly from the enclosing means.
PAC  EXAMPLE II
PAR  a. Preparation of gelled compositions containing a poly(oxyalkylene) glycol
      as a non-volatile lubricant component.
PAC  Process A
PAR  A variety of gelled compositions were obtained by dispersing finely divided
      fillers on a 3 roll paint mill into low molecular weight poly(oxyalkylene)
      glycol polymers.
TBL  ______________________________________                                    
     Typical Recipe                                                            
     Poly(oxyalkylene) glycol (Ucon 50-HB 5100)                                
                                25 g.                                          
     Silica (Aerosil 300)       1.25 g.                                        
     ______________________________________                                    
PAL  This mixture was passed four times through a 3 roll mill and gelled on
      standing at room temperature.
PAR  Mechanically stronger gels were formed by use of metal salt additives.
TBL  ______________________________________                                    
     Poly(oxyalkylene) glycol (Ucon 50-HB 5100)                                
                                25 g.                                          
     Silica (Aerosil 300)       1.25 g.                                        
     Sodium Carbonate           0.25 g.                                        
     ______________________________________                                    
PAL  Again the mixture was passed four times through a 3 roll mill and this time
      it gelled on the mill.
PAR  A lubricant containing further ingredients was gelled in a like manner.
TBL  ______________________________________                                    
     Recipe                                                                    
     Poly(oxyalkylene) glycol (Ucon 50-HB 5100)                                
                                25 g.                                          
     Water                      5 g.                                           
     Methylated Spirits         2.5 g.                                         
     (5% by volume of methano, 95% volume G4 OP Ethyl Alcohol)                 
     Silica (Aerosil 300)       1.63 g.                                        
     Na.sub.2 CO.sub.3          0.33 g                                         
     ______________________________________                                    
PAR  The following table contains examples of systems which have produced
      reasonably strong gels and which have undergone successful chemical
      breakdown. In all cases the poly(oxyalkylene) glycol UCON 50 HB 2000 was
      used with 5% by weight of Silica filler and a solid base (see below) and
      the final gel, prior to breakdown, contained 11% (by weight) of water:
TBL  ______________________________________                                    
                           Breakdown agent (in                                 
     Solid base added with aqueous or aqueous                                  
      the silica filler    ethanolic solution)                                 
     ______________________________________                                    
     Na.sub.2 CO.sub.3 - 1.0g/100q of final gel                                
                          hydrochloric acid 10cc/                              
                          100cc of final solution                              
      ditto               phosphoric acid 7.5cc/                               
                          100cc of final solution                              
      ditto               Maleic acid 10 g/100 cc                              
                          of final solution                                    
      ditto               Aluminium sulphate 10g/                              
                          100 of final solution                                
     Na.sub.2 CO.sub.3 /NaHCO.sub.3 - 0.25/0.25 - 1.0g/                        
                          Maleic acid 10g/100cc                                
            100 of final gel                                                   
                          of final solution                                    
     NaHCO.sub.3 - 1.0                                                         
              ditto           Aluminium sulphate 10g/                          
                              100cc of final solution                          
     1.0ax    ditto           Maleic acid 10g/100cc                            
                              of final solution                                
     ______________________________________                                    
PAC  Process B
PAR  A liquid poly(oxyalkylene) glycol (50g UCON 50 HB 5100) containing hydroxyl
      end groups was treated with 2:4, 2:6 toluene di-isocyanate (TDI) using
      Cobalt naphthenate as catalyst and the mixture heated in an oven for 30
      minutes at 115.degree. C. Various types of gels were obtained as the
      concentration of TDI was changed.
TBL  ______________________________________                                    
             TDI        Description                                            
     ______________________________________                                    
            3.3 g       Stiff gel                                              
            2.2 g       Medium gel                                             
            1.6 g       Soft gel                                               
     ______________________________________                                    
PAR  The gels made by Process A or Process B above may be coated on the interior
      of a tire and may be broken down by the addition of a suitable reagent,
      e.g. for those gels made by Process A, hydrochloric acid in an amount of
      50% by volume of the volume of gel, which will also serve as, or may be
      incorporated in, the volatile ingredients of the lubricant composition
      which are contained until needed by the enclosing means.
PAR  b. Use of a gelled lubricant in the tire and wheel assemblies illustrated
      in FIGS. 3 to 7.
PAR  The following gel was produced using the method described in Example II -
      Process A
TBL  Ucon 50-HB-2000       90 gms                                              
     Sodium carbonate      1.0 gms                                             
     Aerosil 300           5.0 gms                                             
     Water                 4.0 gms                                             
PAL  180 gms of this gel was uniformly applied to the inside crown of a
      185/60-13 radial ply tire 20 as a coating 21 and 18 gms of rubber crumb
      ground to pass through a 10 mesh sieve (width of aperture 1.7 mm) was
      sprinkled onto the surface of the gel so that it adhered to it.
PAR  The tire was then fitted to a split rim 12, (as shown in FIG. 5) together
      with an assembly of six metal containers 10, on a wire band 11, as shown
      in FIGS. 3 and 4. Each of the six containers was filled with 19 cc of the
      following mixture:
TBL  Water                   50 mls                                            
     Teepol solution         8 mls                                             
     Methylated Spirits      31 mls                                            
     Ucon 50-HB-2000         30 mls                                            
     Maleic acid             10 gms                                            
PAR  In FIG. 5 one such container is shown in section. The container is formed
      by pressing from an aluminium alloy in the conventional manner, the
      diameter was approximately 30 mm and the height approximately 34 mm. An 8
      mm diameter hole was pierced in the blind end of the container and the
      edge of the hole formed into a lip 13. The open end was closed by a
      conventional end 14, seamed 15, to the container. After filling the
      container through the 8 mm hole it was sealed with a polythene plug 16,
      which was standing proud of the container by approximately 3 mm.
PAR  The wire band is shown in detail in FIG. 6. In essence it was an endless
      band with equally spaced wire loops through which the containers could be
      pushed and retained by the bottom seam. The method used to fabricate the
      wire band is shown in FIG. 7 where one half of the loop was formed in the
      wire 17, and the other half in a separate piece 17a. The ends 18 of the
      piece 17a were bent over so that they could be hooked over the wire 17, to
      form a closed loop. To accommodate manufacturing tolerances in both the
      rim and the band, a small triangular crimp 19, with approximately 10 mm
      sides was formed in the wire at one point to act as a spring and allow a
      small expansion of the band. Thus, when the band and containers were
      fitted to the rim, the band fitted tightly around the rim holding the
      containers tight in place against the rim as shown in FIG. 5.
PAR  An alternative form of wire band which may conveniently be used (not
      illustrated) is a loop made up of a pair of wires closely twisted
      together, loops being left between the pair of wires at spaced intervals.
      The finished band is thus similar to that shown in FIG. 6 except that the
      portions between the loops are made of two wires twisted together instead
      of a single wire.
PAR  The tire and wheel was fitted to a car the aspect ratio of the tire in the
      assembly being 65% the tire tread width 152 mm and the rim width between
      flanges 90 mm. The tire was punctured in the crown, and on driving the car
      on the punctured and flat tire, the inside crown of the tyre pushed the
      plugs into the containers and released the fluid into the tire enabling it
      to mix with the gel. The puncture sealed and as the tire continued to be
      run in the deflated state the water and alcohols vaporized and reinflated
      the tire to a pressure of 5 lbs./sq.in. When the tyre was demounted from
      the rim it was found that the previously gelled Ucon was fully mobile and
      had performed its dual task of firstly lubricating the inner surfaces of
      the tire when running deflated and secondly carrying the rubber crumb
      around the tire to search out and seal the puncture.
CLMS
STM  Having now described our invention, what we claim is:
NUM  1.
PAR  1. A pneumatic tire and rim assembly capable of being run in a deflated
      condition comprising:
PA1  a. a pneumatic tire having an interior surface and mounted upon a rim, to
      define an inflation chamber, said assembly having means to prevent the
      tire beads from becoming dislodged from the rim when operated in a
      deflated condition;
PA1  b. means at least for lubricating contacting interior surfaces of the tire
      when operated in a deflated condition comprising a composition having a
      plurality of ingredients at least one of said ingredients being a
      lubricating material;
PA1  c. said composition being carried in the assembly in at least two parts,
      one part comprising a gelled lubricating material, the other part
      comprising a break down reagent for said gel;
PA1  d. enclosing means for enclosing the part comprising a break down reagent
      for the gel separately from the gel;
PA1  e. the gel being carried on the interior surface of the tire;
PA1  f. said enclosing means being adapted to release the part of the
      composition comprising break down reagent into said inflation chamber upon
      deflation or substantial loss of inflation pressure to permit said break
      down reagent to dilate the gel and form a mobile lubricating composition.
NUM  2.
PAR  2. A pneumatic tire and wheel assembly according to claim 1 in which the
      part of the composition carried on the interior surface of the assembly
      includes ingredients selected from the group consisting of a gelled
      poly(oxyalkylene) glycol and modified poly (oxyalkylene) glycol.
NUM  3.
PAR  3. A pneumatic tire and wheel assembly according to claim 2 in which part
      of the composition in said enclosing means includes the means to at least
      partially reinflate the tire comprising a volatile liquid which has a
      boiling point sufficiently low to appreciably volatilize at the
      temperature generated by running of the tire in a deflated condition, and
      comprises a break down reagent for the gel so that the gel is broken when
      the volatile ingredients are released from the enclosing means.
NUM  4.
PAR  4. A pneumatic tire and wheel assembly according to claim 1 in which said
      gelled lubricating material is selected from the group consisting of a
      gelled poly(oxyalkylene) glycol and a modified poly (oxyalkylene) glycol.
NUM  5.
PAR  5. A pneumatic tire and wheel assembly according to claim 4 in which the
      gel contains, as a gelling agent, a finely divided filler.
NUM  6.
PAR  6. A pneumatic tire and wheel assembly according to claim 4 in which the
      gel is one prepared from high and low molecular weight polymers containing
      functional groups.
NUM  7.
PAR  7. A pneumatic tire and wheel assembly according to claim 4 in which the
      gel is one prepared by cross-linking with isocyanates under controlled
      conditions.
NUM  8.
PAR  8. A pneumatic tire and wheel assembly according to claim 4 in which the
      gel is one prepared by cross-linking by the use of metal oxides.
NUM  9.
PAR  9. A pneumatic tire and wheel assembly according to claim 5 in which the
      filler is a silicate filler.
NUM  10.
PAR  10. A pneumatic tire and wheel assembly according to claim 1 in which the
      part of the lubricant composition enclosed in the enclosing means
      comprises at least one volatile ingredients selected from the group
      consisting of water, alcohols, dilute acids and alkalis, aprotic solvents
      and aqueous solutions of inorganic salts of group I, II, III, and IV.
NUM  11.
PAR  11. A pneumatic tire and wheel assembly according to claim 10 in which the
      enclosed ingredients comprise water, an alcohol and a weak acid.
NUM  12.
PAR  12. A pneumatic tire and wheel assembly according to claim 1 in which the
      gel is of sufficiently high viscosity not to flow around inside the tire
      while the tire is stationary or rotating.
NUM  13.
PAR  13. A pneumatic tire and wheel assembly according to claim 1 in which the
      wheel rim is a split rim having no well into which the tire bead can fall
      and the enclosing means comprises a plurality of containers mounted on a
      supporting band extending around the rim.
NUM  14.
PAR  14. A pneumatic tire and wheel assembly according to claim 1 in which the
      pneumatic tire is a radial ply pneumatic tire having an aspect ration in
      the range 50% to 75%.
NUM  15.
PAR  15. A pneumatic tire and wheel assembly according to claim 1 in which the
      pneumatic tire has a tread which is wider than the width between the
      flanges of the rim on which the tire is mounted.
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ABST
PAL  In the case of a retreading operation a conventional symmetrical tire
      casing is prepared for retreading by buffing the outer peripheral or crown
      portion of the casing and the outer peripheral portions of both side wall
      portions of the casing adjoining the crown portion are also buffed. In
      addition, one side wall portion of the casing is buffed to a point closely
      adjacent the bead portion thereof and the buffed portions of the tire
      casing then have cement applied thereto in a conventional manner prior to
      the application of a retread rubber strip or strips to the cemented
      portions of the buffed tire casing. Thereafter, the tire casing, with the
      retread rubber applied thereto is cured in the usual manner. The retread
      rubber overlying the one fully buffed side wall of the tire casing is
      generally radially straight and the other side of the retread rubber
      applied to the buffed outer peripheral portions of the other side wall of
      the tire casing is generally flush with the area of maximum width of that
      side wall of the casing, whereby the outer peripheral surface of the
      retreaded tire casing is generally twice the width of the crown portion of
      the casing. Further, the outer peripheral surface of the retreaded tire
      casing is generally cylindrical and thereby appreciably widens the ground
      contact area of the retreaded tire casing distributing the load of the
      vehicle portion supported therefrom over a greater area to thus reduce
      wear of the retreaded tire casing per unit of area of tread surface. In
      the case of new tire construction, a symmetrical tire casing is
      constructed in the usual manner and generally the same configuration of
      side wall and tread rubber is cured thereon in order to produce a wide
      laterally offset tread surface and an outer side wall which has a thicker
      covering of rubber than the inner side wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional vehicular pneumatic tires are utilized on some types of
      underground mining and construction equipment. Although such conventional
      tires provide reasonable service they are subject to considerably more
      abrasive wear due to the environments in which they are used.
PAR  In the case of mining equipment special over-sized tires may not be used
      due to side clearances of underground mining equipment to which they are
      applied being appreciably increased. In addition, the outer side wall
      portions of pneumatic tires used in underground mining operations are
      subject to excessive abrasive wear and are often caused to wear out or
      fail prematurely long before the tread portion is completely worn.
PAR  Accordingly, a need exists for a pneumatic tire constructed in a manner to
      provide a greater tread surface contact area and additional protection
      against abrasion and cuts in the outer side wall portions thereof.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The instant invention resides in the retreading or provision of a
      conventional symmetrical tire casing with the side wall and tread rubber
      thereon being such that the outer side wall portion thereof, in addition
      to the crown portion of the tire casing, is covered by a reasonably thick
      layer of rubber with the outer surface of the outer side wall of the tire
      being generally radially straight so as to provide a substantially double
      width tread portion. Of course, inasmuch as necessary steering movements
      of steerable wheels of undeground mining equipment and adjacent
      undercarriage portions of such equipment restrict the associated tires or
      tire casings from being increased in width inwardly, the increased width
      of the tire casing of the present invention is provided at the outside
      wall portion of the tire casing resulting in the transverse center of the
      outer tread portion of a tire constructed or retreaded in accordance with
      the present invention being laterally offset outwardly from the center of
      the symmetrical tire casing.
PAR  In addition to the extra thickness layer of rubber extending over the outer
      surface of the outside side wall portion of the tire casing to thus
      provide additional resistance against wear and cuts on the outside side
      wall of the tire casing, the extra thickness layer of rubber provided on
      the outside side wall casing adjacent the bead portion of the casing
      establishes a rim guard to protect the outside rim of the associated wheel
      against damage by contact with hard rocks or mine tunnel wall portions.
PAR  The main object of this invention is to provide an improved pneumatic tire
      casing construction designed specifically for use in the construction and
      underground mining industry and thus for use on slow speed vehicles having
      a need for additional outside side wall protection, outside wheel rim
      protection and additional tread surface ground contact.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide a tire construction which may be formed by
      generally conventional retreading operations and generally conventional
      new tire construction operations.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a tire casing construction in accordance with the preceding
      objects and which will conform to conventional forms of manufacture, be of
      simple construction and durable in use so as to provide a device that will
      be economically feasible, long lasting and relatively trouble free.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of one peripheral portion of a new tire
      constructed in accordance with the present invention.
PAR  FIG. 2 is a cross-sectional view similar to FIG. 1 but illustrating a tire
      casing retreaded in accordance with the present invention;
PAR  FIG. 3 is a cross-sectional view illustrating the manner in which a
      conventional vehicular tire casing is buffed preparatory to the retreading
      operation;
PAR  FIG. 4 is a sectional view illustrating the manner in which the buffed
      portions of the tire casing have cement applied thereto preparatory to
      applying the retread rubber to the tire casing; and
PAR  FIG. 5 is a sectional view similar to FIG. 2 but with the retreaded tire
      applied to a wheel rim construction and including a single piece of
      retread rubber cured thereon.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings and to FIGS. 3, 4 and 5 in
      particular, the numeral 10 generally designates a conventional form of
      tire casing. In FIG. 3 the tire casing has had the outer surface 12 of the
      crown portion 14 thereof buffed and the outer peripheral portion 16 of the
      inner side wall 18 of the tire casing also buffed. Further, the outer
      surface 20 of the outside side wall 22 of the tire casing 10 has been
      substantially fully buffed inwardly to a point 24 closely adjacent the
      outside side wall bead portion 26.
PAR  As may be seen from FIG. 4 of the drawings the buffed portions or surfaces
      12, 16 and 20 of the tire casing 10 then have a layer of cement 27 applied
      thereto and thereafter a preformed strip 28 of retread rubber is applied
      to the cemented buffed surfaces of the tire casing 10 in the manner
      illustrated in FIG. 5 after which the retreaded tire is cured in the
      conventional manner.
PAR  From FIG. 5 of the drawings it may be seen that the strip 28 includes a
      thick portion 30 which overlies the outside side wall 22 of the casing 10
      and that the outside surface 32 of the strip 28 is substantially radially
      straight. Further, the inside surface 34 of the strip 28 is generally
      radially straight and the outer peripheral tread surface 36 of the strip
      28 is cylindrical and almost doubled in width over the width of the
      conventional tread area.
PAR  The tire casing 10 is illustrated in FIG. 5 as applied to a wheel rim 38
      and it will be noted that the thick outside portion 30 of the strip 28
      overlying the outside side wall 32 of the casing 10 not only provides an
      additional layer of rubber on the outside side wall portion 22 to protect
      against abrasion and cuts but also forms a shoulder 40 immediately
      radially outwardly of the outside bead retaining flange 42 of the wheel
      rim 38 to thereby protect the bead retaining flange 42 against abrasion
      and contact with rocks and mine passageway side walls.
PAR  Inasmuch as the retreaded tire casing is designed for slow speed operation
      the increased thickness of the tread portion 44 disposed outwardly of the
      crown portion 14 of the casing 10 does not cause excessive heat buildup
      during use of the tire. Additionally, flexure of the thickened portion 30
      overlying the outside side wall 22 of the casing 10 does not cause
      excessive heat buildup due to the slow speed of rotation of the retreaded
      tire when in use.
PAR  Further, because the extra double width of the tread surface 36 is disposed
      primarily on the outer side of the casing 10, the transverse center of the
      tread surface 36 is laterally offset outwardly relative to the transverse
      center of the crown portion 14 of the tire casing 10.
PAR  With attention now invited more specifically to FIG. 2 of the drawings
      there will be seen a second tire casing retreaded in accordance with the
      present invention and generally referred to by the reference numeral 10'.
      The tire casing 10' is prepared for retreading in the same manner as the
      tire casing 10 illustrated in FIGS. 3 and 4. However, when the tire casing
      is of too large a diameter for the single tread strip 36 to be properly
      handled, the equivalent of the tread strip 28 is applied to the casing 10'
      in four different strips 46, 48, 50 and 52. The strips 46 and 48 together
      comprise the equivalent of the outer thickened portion 30 of the tread
      strip 36, the strip 50 comprises that portion of the tread strip 36
      defining the inside side surface 34 of the tread strip 28 and the strip 52
      is last applied and defines the equivalent of the tread portion 44 of the
      tread strip 36.
PAR  Although the retreading operation illustrated in FIG. 2 utilizes four
      different retreading strips 46, 48, 50 and 52 the end result, after the
      tire casing 10' has been cured in the conventional manner results in
      substantially the same structure as the retreaded tire casing 10.
PAR  In FIG. 1 of the drawings there may be seen a new tire 100 constructed in
      accordance with the present invention. The tire 100 includes the usual
      symmetrical casing defining bead portions 112 and 114 and inner and outer
      side wall portions 116 and 118 interconnected along their corresponding
      outer peripheral portions by means of an integral casing crown portion
      120. The inner side wall portion 116 of the casing is provided with the
      usual thickness cover portion 122 of rubber, but the outer side wall
      portion 118 is provided with a considerably thicker cover portion 124 of
      rubber. The cover portion 124, from a point spaced slightly radially
      outwardly of the bead portion 114, is substantially radially straight as
      opposed to the at least slightly inwardly curving portion of the outer
      periphery of the cover portion 124 disposed outwardly of the zone of
      maximum axial thickness of the casing. The outer peripheral portions of
      the side wall cover portions 122 and 124 are interconnected by means of an
      integral radially thicker than usual crown or tread portion layer 126 of
      rubber including a cylindrical outer surface 128 thereby defining a wide
      tread surface which is of an axial width greater than the maximum axial
      thickness of the casing as defined by the radial mid-portions of the side
      wall portions 116 and 118 exclusive of the cover portions 122 and 124.
      Accordingly, the end result of the tire 100 constructed in accordance with
      the present invention is substantially the same from a structural and
      operational standpoint as the retreaded tire casings 10 and 10'.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A tire construction for use on underground mining equipment subject to
      considerable abrasive wear due to the environment in which they are used
      and wherein regular oversized tires cannot be used because of clearances
      of the mechanical linkages underneath the vehicle and between the wheels
      and yet the outerside tire walls are subject to much greater wear than the
      tread portion, including a basic symmetrical casing structure of the type
      including a pair of outwardly arched annular side wall portions
      interconnected at their outer peripheral portions by means of an integral
      outwardly arched generally cylindrical crown portion extending
      therebetween, and a tread strip extending about said casing, said tread
      strip including opposite side annular portions and an outer connecting
      portion connecting the outer peripheries of said opposite side annular
      portions, said opposite side annular portions overlying and adhered to
      said side wall portions completely along the annular casing without any
      gaps and said connecting portion overlying and adhered to said crown
      portion, one of said side annular portions extending inwardly to a point
      disposed radially outwardly of the zone of maximum width of said casing
      and the other side annular portions extending inwardly past the zone of
      maximum width of said casing and including a thick portion thereof
      overlying the outer surface of the corresponding casing side wall and
      approximately as thick again as the regular casing structure for
      protecting the outer side of the casing from cuts and abrasive wear, the
      outer side face of said other side annular portion extending generally
      radially outwardly to the outer surface of said connecting portion,
      whereby the center zone of said connecting portion is laterally offset
      from the center plane of said casing toward said other side annular
      portion.
NUM  2.
PAR  2. The combination of claim 1 wherein the inner peripheral portions of said
      side walls of said casing define bead portions adapted to sealingly seat
      against the inner surface of the bead retaining flanges on an underground
      mining equipment wheel, said one side annular portion inner peripheral
      portion being spaced only slightly outwardly of the corresponding bead
      portion so that the tire will not interfere with the mechanical linkage of
      the underground mining equipment.
PATN
WKU  039467856
SRC  5
APN  4940180
APT  1
ART  311
APD  19740801
TTL  Simplified bead construction for pneumatic tires
ISD  19760330
NCL  10
ECL  1
EXA  Bartuska; Francis J.
EXP  Hoffman; Drayton E.
NDR  1
NFG  5
INVT
NAM  Powers; Robert Pope
CTY  Akron
STA  OH
INVT
NAM  Gardner; James Dennis
CTY  Akron
STA  OH
ASSG
NAM  The Firestone Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
CLAS
OCL  152354
XCL  152362R
EDF  2
ICL  B60C 1500
FSC  152
FSS  362 R;354;357;362 CS
UREF
PNO  1393952
ISD  19211000
NAM  Miller
OCL  152362R
UREF
PNO  2966933
ISD  19610100
NAM  Boussu et al.
OCL  152362R
UREF
PNO  3062259
ISD  19621100
NAM  Boussu et al.
OCL  152356
UREF
PNO  3386486
ISD  19680600
NAM  Kovac et al.
OCL  152354
FREF
PNO  995,645
ISD  19650600
CNT  UK
OCL  152362R
FREF
PNO  990,524
ISD  19650400
CNT  UK
ABST
PAL  This disclosure relates to a radial ply pneumatic tire having one or more
      body plies containing radially directed inextensible reinforcing cords
      with the ply ends of such cords terminating on the same side of the bead
      bundle as the ply; that is, the ply ends are neither turned up or turned
      down around the bead bundle. The tire further has a bead connector ply
      containing radial, inextensible reinforcing cords, which is wrapped around
      the bead bundle. The inextensible radial cords of the bead connector ply
      and the radial cords of the body ply give the effect of one ply which is
      wrapped around the bead bundle. These plies may be considered to nest
      together to form a strong tire construction.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  This invention relates to radial ply pneumatic tires which are used on
      passenger, truck, off-the-road, tractor and industrial vehicles, but
      particularly to truck tires. It specifically relates to such tires in
      which the reinforcing cords in the body plies are radially directed and
      consist of an inextensible material, such as glass, steel wire and Kevlar.
      The normal, commercial tire employing this type of construction, whether
      it be truck or passenger, has the end of the reinforcing body ply wrapped
      around the bead bundle either by turning the ply end up or down around the
      bead bundle. In the usual construction, the tire may also have a bead wrap
      around the bead bundle. The cords in the bead wrap usually form an angle
      to the radial plane of the tire.
PAR  In the prior art constructions of this type of tire, the manufacturing
      costs and problems have been extreme. Due to the inherent stiffness in the
      inextensible reinforcing cords of the body ply, it is difficult and costly
      to wrap the ply ends around the bead bundle. It is also difficult and
      costly to wrap the bead wrap around the bead bundle when it contains
      stiff, inextensible cords that form an angle to the radial direction of
      the tire. These problems often result in a tire failure in the bead area
      due to a separation at either the turned up edge of the body reinforcing
      ply or at the edges of the bead wrap.
PAR  The prior art constructions contain a bead reinforce ply having
      inextensible cords at a bias to the radial plane of the tire to strengthen
      and stiffen the tire bead area. The presence of this ply causes
      construction problems and resulting failures by separation at the edges of
      these reinforce plies. In this invention these bias reinforce plies may be
      eliminated.
PAR  The present invention departs from the prior art in several aspects, one of
      which is the elimination of the necessity to wrap the end of the
      reinforcing body ply around the bead bundle. The concept of no turn ups of
      the ends of the body ply has been taught, see, for example, U.S. Pat. Nos.
      1,219,420; 1,393,952; 3,062,259 and 3,386,486; French Pat. Nos. 1,124,766
      and 1,127,521 and British Pat. No. 990,524.
PAR  The patents listed above disclose (1) the elimination of wrapping the ends
      of body fabrics around the bead bundle, (2) the cord angle of such body
      plies may be radial or biased, (3) the cords in the body plies may be an
      inextensible or extensible material, (4) the cords of the bead wrap may be
      an extensible or inextensible material that are parallel to or form angles
      to the radial direction of the tire, and (5) the body ply may be
      sandwiched between the ends of the bead wrap.
PAR  Some of the prior art referred to above, specifically British Pat. No.
      990,524, discloses a radial ply body and a radial ply bead wrap. However,
      in this type of prior art the body ply is made of an extensible cord,
      rayon, and the bead wrap is made of an inextensible cord, steel. The
      inherent differences in the properties of the cords in these two plies,
      specifically modulus, result in the cords not acting together as if they
      were one ply, as does the present invention.
PAR  Also, in the prior art the body ply ends are sandwiched between the ends of
      the bead wrap. This means that the bead wrap may not be assembled onto the
      bead bundle prior to the application of the bead bundle on the tire
      building drum but that the bead wrap must first be placed on the building
      drum, then the bead bundle, then the body ply and then the free end of the
      bead wrap turned up to engulf the bead bundle and the body ply end. This
      prior art construction obviously does not eliminate the need for the
      expensive turn up operation in the tire building operation as does the
      present invention.
PAR  It is an object of this invention to provide a bead construction for a
      radial ply tire which is economic to manufacture, strong and performs
      satisfactorily.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention eliminates the necessity of turning up or down
      (wrapping) the end of a ply of inextensible material, whether the ply be a
      body ply or a bead reinforcing ply, when the tire is being assembled on
      the tire building drum. The elimination of this step results in a
      significant simplification of tire construction, tire building machines
      and an ultimate, overall cost savings. The construction of this invention
      has a radial body ply which is not wrapped around the bead bundle and a
      radial bead connector ply which is wrapped around the bead bundle. These
      two plies, which both must have inextensible reinforcing cords, overlap to
      give a construction that has the effect of the body ply being wrapped
      around the bead bundle.
PAR  The construction has four basic features; (1) the cords of the body ply and
      bead connector ply must have an inextensible nature, (2) the cords of the
      body ply and the bead connector ply must be radial, (3) the end of the
      body ply is located on the same side of the bead bundle as the ply itself
      and (4) the end of the body ply is located either axially inside or
      outside of the bead connector.
PAR  In the construction described above, the bead bundle is provided with a
      bead connector ply which is wrapped around the bead bundle with its ends
      in the lower sidewall area of the tire an unequal distance from the bead
      bundle. The cords in the bead connector ply all extend radially of the
      tire and are of an inextensible material. Likewise, the cords in the body
      ply are all of an inextensible material and all are radial. Therefore,
      when the tire is cured, the cords of the body ply can be considered to
      nest with the cords of the bead connector. Due to the radial direction and
      inextensible nature of the cords of both plies, this construction has the
      strength and acts like one in which a body ply is wrapped around the bead
      bundle. This construction also has the same resistance to forces as a
      radial body ply that is wrapped around the bead bundle. This results in a
      strong construction which can be economically manufactured. It is
      understood that there must be a sufficient amount of overlap of the
      contiguous portions of these plies to give adequate nesting of the cords.
      This distance should be between 20 and 50 percent of the distance between
      the bead bundle and the edge of the tread belt plies. This distance is
      measured along the body ply periphery from the center of the bead bundle
      to the point on the body ply radially under the edge of the tread ply.
PAR  The body ply in the tire of this invention may be located either axially
      inwardly of the bead connector ply and bead bundle or axially outwardly.
      The building of the tire of this invention is simple compared to the prior
      art tires it replaces. In its manufacture, the bead connector ply is
      wrapped around the bead bundle to form a single, preconstructed unit, the
      bead unit. In the embodiment of this invention where the body ply is
      located axially outwardly of the bead bundle, a bead unit is placed at
      both edges of the tire building drum (an open-ended cylinder). The body
      ply is wrapped around the cylinder with its ends merely being stitched by
      the standard tread stitches to the bead unit. It is not necessary to make
      any ply turn ups. The tread ply belt, tread and sidewalls are then applied
      in the normal manner and the tire is later vulcanized. The only difference
      in the embodiment of this invention where the body ply is located axially
      inwardly of the bead unit is that the body ply is applied to the drum
      prior to the bead units.
PAR  This type of construction is applicable to conventional type tubed or
      tubeless truck tires, for example 10.00-20 or 11-22.5. It is applicable to
      similar off-the-road tires, the cantilever type tires of all types and to
      passenger car tires. The drawings which follow are diagrammatic, rather
      than true contours.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a partial cross-sectional view of a pneumatic tire disclosing one
      embodiment of this invention;
PAR  FIGS. 2, 3, 4 and 5 are partial cross-sectional views of the bead area of a
      pneumatic tire disclosing other embodiments of this invention.
PAR  FIG. 1 shows a partial cross-sectional view of a pneumatic tire in which
      the tire is divided at its circumferential mid-point. In FIG. 1 the
      road-engaging tread surface, 1, contains a circumferential tread ply belt,
      2, which is shown as containing two plies, 3, of tire cord fabric. The
      ends of these plies are identified as 4. This tread ply belt may be any of
      the known constructions. The road-engaging tread surface is connected to
      the bead area, 6, by sidewall, 5. FIG. 1 shows the sidewall containing one
      body ply, 7, the cords of which run radially of the tire; that is,
      perpendicular to the circumferential plane of the tire. These cords
      contain an inextensible material, such as steel wire, Kevlar or glass
      cords. The annular bead bundle, 12, may be any of the known bead bundle
      constructions. The bead connector ply, 9, is wrapped around the bead
      bundle with its ends, 10 and 11, located in the lower sidewall area of the
      tire at different radial distances from the bead bundle, 12. The end of
      the body ply, 8, is located axially outwardly of the bead bundle and bead
      connector ply on the same side of the bead bundle and bead connector ply
      as the body ply itself.
PAR  The length of the body ply and the bead connecting ply where they are
      contiguous to one another is at least 20% and not greater than 50% of the
      peripheral distance of the body ply measured from the mid-point of bead
      bundle, 12, along the body ply to the point on the body ply where the
      edges of the tread ply are located. In FIG. 1 this is represented by the
      distance from Point A, the mid-point of the bead bundle, to Point B, the
      end of the portion of the bead connector ply contiguous with the body ply,
      as compared to the distance between A and Point C, the point on the
      periphery of the body ply which is radially below the outside edge of the
      tread ply belt.
PAR  As with the body ply, the bead connector ply contains radially extending
      inextensible reinforcing cords, such as glass cords, steel wire or Kevlar.
      As a result of this identical disposition of the cords in the bead
      connector ply and body ply, the cords in the plies effectively contact
      cords in the contiguous plies to form a strong construction. The effect of
      this effective contracting is to give a construction which has strength
      and resistance to forces comparable to a construction wherein the body ply
      ends are wrapped around the bead bundles. It is envisioned that the bead
      connector ply, due to this effective contracting feature, merely acts as
      an extension of the body ply. It is, therefore, possible with the
      construction of this invention to obtain the strength of a construction
      wherein the body ply is wrapped around the bead bundle without the
      necessity of actually wrapping the body ply around the bead bundle.
PAR  FIG. 2 is a partial cross-sectional view of the bead area of a pneumatic
      tire showing another embodiment of this invention. All of the references
      in FIG. 1 apply to FIG. 2. The embodiment in FIG. 2 shows the body ply
      located entirely axially inwardly of the bead bundle and the bead
      connector ply.
PAR  FIG. 3 is a partial cross-sectional view of the bead area of a pneumatic
      tire showing yet another embodiment of this invention. In this embodiment,
      as in FIG. 1, the body ply is located axially outwardly of the bead bundle
      and bead connecting ply. This embodiment differs from FIG. 1 in that the
      axially inner end of the bead connector ply, 10, is located radially
      farther from the bead bundle than the axially outer end, 11, of the bead
      connector ply. It is envisioned that a similar reversal in the location of
      the ends of the bead connector ply may occur in the embodiment shown in
      FIG. 2, that is, the axially inner end, 10, may be located radially
      farther from the bead bundle than the axially outer end, 11. In
      embodiments of this type, it is still necessary for the contiguous
      portions of the bead connector to be the required length; that is, 20 to
      50 percent of the specified length of the body ply.
PAR  It is also envisioned that the body ply end could be located directly under
      the bead bundle where the stiffness of the body ply cord material permits
      such a location. FIG. 3 shows this embodiment wherein the end of the body
      ply, 8, is located radially under the bead bundle. This is accomplished
      merely by use of the standard tread stitches in the building process. The
      ply end does not engulf the bead bundle.
PAR  FIG. 4 is a partial cross-sectional view of the bead area of a tire showing
      yet another embodiment of this invention. In FIG. 4 the body ply, 7, has
      its end, 8, located axially inwardly of the bead bundle and bead
      reinforcing plies. In this embodiment the bead connector is formed of two
      plies, 20, instead of one. In this embodiment the axially inner ends, 21,
      of the bead connector plies are located a greater radial distance from the
      bead bundle than the axial outer ends, 22. It is understood that these
      radial distances may be reversed.
PAR  FIG. 5 is a partial cross-sectional view of the bead area of a tire showing
      yet another embodiment of this invention. In this embodiment two body
      plies, 7 and 7' are shown with their ends, 8 and 8', selectively located
      axially inwardly and axially outwardly of bead bundle, 12, and bead
      connector ply, 9. In this construction the contiguous length of both sides
      of the bead connector ply shown ending at 10 and 11, respectively, is 20
      to 50 percent of the specific length of the body plies, 7 and 7',
      respectively. It is understood that both body plies in this embodiment may
      also selectively end on the same side of the bead bundle and bead
      connector ply, either axially inwardly or outwardly thereof.
PAR  It is contemplated that the inextensible reinforcing cords in the bead
      connector ply or plies may be made of a different inextensible material
      than the inextensible cords of the body ply. It is preferable that the
      cords of the bead connector ply and the body ply be made of materials
      having the same inextensibility, the same tensile and modulus. Also,
      different types and constructions of the same material may be used in
      these plies. For example, the body ply may be constructed of heavy, stiff
      cords of steel wire, whereas the connector ply may be constructed of
      lighter and more flexible cords of steel wire.
PAR  It is also contemplated that a tire may contain two embodiments of this
      invention; that is, the left hand bead area may have the body ply end
      located axially outwardly of its bead bundle and bead connector ply
      whereas the right hand bead area may have the body ply end located axially
      inwardly of its bead bundle and bead connector ply. Any such combination
      of the embodiments of this invention within one tire is permissible.
PAR  The Applicants have successfully tested a radial ply tubeless truck tire
      having the construction set out in FIG. 1. The tire tested was an 11-22.5
      size. The single body ply contained radial cords of steel wire having a
      cable construction which is known in the industry as
      1.times.4+6.times.4.times..175+1.times..15 and having 14 cords per inch.
      The bead connector ply contained radial cords of steel wire having a cable
      construction known to the industry as 1.times.4+6.times.4.times..175+
      1.times..15 and had 14 cords per inch. This tire performed satisfactorily
      under test conditions of high overload on a test designed by the
      Applicants to induce failures in the bead area of the tire.
PAR  This invention permits the elimination of some of the cord reinforcing
      strips presently used in the bead area; however, it is understood that the
      principle of this invention is not lost by providing strips or pieces of
      other materials in the bead area of the tire. Such strips could be cover
      strips around the ends of the bead connector plies or the body ply, chafer
      strips to resist the abrasion of the tire on the rim or reinforcing plies
      in the bead area of the tire to supply more strength and resistance to
      flexibility in this area, giving the tire greater lateral stability.
CLMS
STM  We claim:
NUM  1.
PAR  1. A radial ply pneumatic tire having an annular road-engaging tread
      surface reinforced with a tread ply belt, sidewalls extending from the
      sides of said tread surface and terminating in annular bead bundles, said
      tire having at least one body ply of radially extending, parallel,
      inextensible, reinforcing cords extending from one said bead bundle to the
      other, each said bead bundle having at least one bead connector ply
      wrapped around it, said bead connector ply having radially extending,
      parallel, inextensible, reinforcing cords with its ends in the lower
      sidewall area of said tire, the ends of said body ply terminating near
      said bead bundles in the bead areas on the same axial side of both ends of
      said bead connector ply and on the same axial side as said body ply, each
      said end of said body ply being continuous with only one bead connector
      ply, said bead connector ply and said body ply being contiguous for a
      sufficient radial distance so that the inextensible cords of said bead
      connector ply and said body ply effectively contact one another to equally
      distribute the shear over said contiguous length to give the tire a strong
      construction without said body ply ends being wrapped around said bead
      bundles and said bead connector ply.
NUM  2.
PAR  2. The tire of claim 1 wherein said contiguous length of said bead
      connector ply and said body ply is between 20 and 50 percent of the
      peripheral length of said body ply measured from the mid-point of said
      bead bundle to the point on said body ply axially under the edge of said
      tread belt.
NUM  3.
PAR  3. The tire of claim 1 wherein said body ply is located axially inwardly of
      said bead connector ply.
NUM  4.
PAR  4. The tire of claim 1 wherein said body ply is located axially outwardly
      of said bead connector ply.
NUM  5.
PAR  5. The tire of claim 1 having at least two body plies in which at least one
      of the ends of one of said body plies is located axially inwardly of said
      bead connector ply and at least one end of another of said body plies is
      located axially outwardly of said bead connector ply in the same bead
      area.
NUM  6.
PAR  6. The tire of claim 1 having at least two body plies in which all of the
      ends of said body plies are located axially inwardly of said bead
      connector ply.
NUM  7.
PAR  7. The tire of claim 1 containing at least two said bead connector plies
      wrapped around each said bead bundle.
NUM  8.
PAR  8. The tire of claim 1 wherein said inextensible cords in said bead
      connector ply and said body ply are both of the same inextensible
      material.
NUM  9.
PAR  9. The tire of claim 1 wherein said inextensible cords in said bead
      connector ply are different than the inextensible cords in said body ply.
NUM  10.
PAR  10. The tire of claim 1 having at least two body plies in which all of the
      ends of said body plies are located axially outwardly of said bead
      connector ply.
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PAL  An improvement to a known pneumatically operated tire changing apparatus.
      The improvement includes a sleeve having internal threads and a flange
      extending substantially perpendicular to the axis of the sleeve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art includes a variety of pneumatically powered tire changing
      apparatus. One such apparatus is shown in U.S. Pat. No. 3,212,552 issued
      to Foster which shows a single lever for translating the motion of the
      power source into movement of the upper and lower bead breaker shoes and
      rotation of the tired tool drive shaft. Such tire changing stands are most
      often used in service stations or garages or the like where there is a
      supply of compressed air. It is desirable to use the compressed air to
      drive the functional components of such tire changing stands because of
      the greater speed which is possible.
PAR  A substantial problem has developed with respect to the use of such
      pneumatically powered tire changing stands in conjunction with magnesium
      wheels. Such wheels have become quite popular because of their relative
      lightness and attractiveness when a chrome plating is applied thereto.
      Such magnesium wheels however are somewhat brittle and tend to crack
      easily. Personnel using the existing mechanisms ordinarily will not
      attempt to either remove or install a tire on such a magnesium wheel and
      in those cases where such work is done it is often done at the risk of the
      owner of the wheel. Cracks which do occur are not repairable and because
      such wheels often cost an excess of $50 each there is a significant
      problem in changing such tires.
PAR  Accordingly, it is a primary object of the invention to provide simple
      apparatus which may be readily manufactured, which will permit the use of
      the existing machine in conjunction with magnesium wheels.
PAR  More particular, a problem with the prior art apparatus has been a tire
      hold down member has been used having a tapered exterior surface which
      rests on the inside diameter of the magnesium wheel. Accordingly, there is
      line contact between the hold down member and the wheel resulting in high
      stress concentration during the mounting removal operation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention in one form an adaptor is provided for use
      in conjunction with a pneumatically operated tire changing stand and a
      magnesium wheel which includes a sleeve having a bore coaxially disposed.
      The bore has threads therein dimension and configured for cooperation with
      the associated tire changing mechanism, the exterior surface of the sleeve
      is dimensioned to be substantially equal in diameter to the inside
      diameter of the wheel with which it will be used. A flange extends
      substantially at right angles, at one extremity of the sleeve, to the axis
      of the sleeve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which I regard as my invention, is
      believed the invention will be better understood from the following
      description taken in conjunction with the accompanying drawing which:
PAR  FIG. 1 is a perspective view of one embodiment of the invention mounted on
      a pneumatic power tire changing stand such as is shown in the Foster U.S.
      Pat. No. 3,212,552;
PAR  FIG. 2 is a plan view of the adaptor in accordance with the invention which
      is shown in FIG. 1; and
PAR  FIG. 3 is a sectional view taken through the line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the present invention may be most suitable for magnesium wheels it
      may also be used with steel wheels. Referring now to FIG. 1 there is shown
      the apparatus disclosed in Foster U.S. Pat. No. 3,212,552 in addition to
      the apparatus of the present invention. The tire changing stand 10 has a
      generally box like frame 11 of sheet metal material having upstanding
      walls which serve to enclose most of the functional components thereof as
      well as further serving as a bearing or support means for the components.
      The tire changing stand has a generally horizontal rim or tire supporting
      surface or platform 12 on the top thereof. The tire supporting surface 12
      is adapted to support vehicular rims for tires of different sizes. An
      upright spindle 16 extends through an opening in the platform and has a
      tire tool drive shaft 17 rotatably journaled therein. The tire tool drive
      shaft 17 is provided with a tire tool engaging surface 17A for operable
      engagement with a conventional tire tool (not shown) to drive the same
      peripherally of the wheel rim to aid in mounting and demounting of a tire
      from a vehicular rim. A hold down device 18 in accordance with the
      invention is carried on the spindle and is used to secure the rim and tire
      on, the platform against vertical movement relative thereto. A
      substantially upright positioning pin 19 also extends upward from a
      depending boss 18a which may have the tire supporting platform and is
      adapted to be position in the bolt holes of a vehicular rim to secure the
      rim on the platform against rotational movement relative thereto.
PAR  The lower bead breaker means 21 is provided at one edge of the tire
      supporting platform and upper bead breaker means 22 is positioned on the
      opposite side of the tire supporting platform from the lower bead breaker
      means for cooperatively breaking the tire bead from the rim thereof in a
      known manner. A foot pedal 32 is provided for selective operation of the
      mechanism.
PAR  Referring now to FIGS. 2 and 3 there is shown in greater detail. The tire
      hold down device 18 illustrated in FIG. 1 comprises a sleeve 34 having an
      internal diameter 36 which is cooperatively threaded for engagement with
      the exterior surface of the spindle 16. The external diameter of the
      sleeve 34 is sized to be slightly less than the wheel with which it will
      be used. This is necessary because in the prior art apparatus the tapered
      exterior surface of the hold down device provided hold down action as well
      as centering action. Accordingly very large forces were necessary for it
      to function. Since these forces were applied to the line contact between
      the magnesium wheel and the hold down device that structure was not
      satisfactory. It will be apparent to those skilled in the art that the
      inside diameter of the wheels may vary somewhat and it may be necessary to
      provide a set device 18 of various sleeve 34 sizes to accommodate a large
      variety of wheels. Extending at right angles to the axis of the sleeve is
      a flange 38 having a generally planar upper surface 38A and a generally
      planar lower surface 38B. In the embodiment shown the circumferential
      portion of the flange 38 is circular however this is not essential to the
      invention. Similarly holes (not shown) may be disposed in the flange if
      desired to reduce material cost particularly where the hold down device is
      cast as opposed to being machined. The holes or upstanding ribs 38C may be
      provided to impose a torque on member 38 for tightening or loosening. The
      hold down device may be manufactured of iron, steel or aluminum. It will
      be seen that the apparatus in accordance with the invention provides for a
      greater contact surface with the magnesium wheel with which it will be
      used and does not rely on vertical forces for centering of the wheel and
      accordingly the danger of cracking magnesium wheels is essentially
      eliminated. While particularly suited for magnesium wheels it will be
      apparent that it can also be used with steel wheels. It will be apparent
      while the apparatus disclosed is particularly suited for use with the
      apparatus shown in the Foster patent it will also have application to
      other powered tire changing apparatus.
CLMS
STM  Having herein described the invention, what is claimed as new is:
NUM  1.
PAR  1. In a device for changing a tire on a wheel, said device including a
      platform for support of said wheel, a threaded spindle upstanding from
      said platform for passage through the center of said wheel and powered
      means for vertically moving the spindle relative to the platform, the
      improved wheel hold down device comprising: a unitary body including a
      downwardly projecting tubular sleeve having a cylindrical outside diameter
      dimensioned for loose fitting engagement in the center of said wheel, an
      internally threaded inside diameter for engagement on said spindle and
      flange extending radially outwardly from an upper end of said sleeve, said
      flange having a bottom surface for engagement against said wheel, said
      bottom surface being planar at an intersection with the cylindrical
      exterior of said sleeve.
NUM  2.
PAR  2. The apparatus as described in claim 1 wherein the circumferential
      portion of said flange is circular and coaxial with the axis of said
      sleeve.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said flange has a generally planar top
      surface including plural angularly spaced apart, radially directed ribs
      upstanding from said top surface.
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ABST
PAL  Apparatus for use in mounting tires on and removing tires from wheel rims
      including wheel supporting means comprising a plurality of gripping arms
      and claws, each claw being provided with an extension block for supporting
      the adjacent bead and lower sidewall of the tire on the wheel rim clear of
      its bead seat on the rim. The extension block may be detachable from each
      claw, or pivotally secured to it and held in an operative position by self
      locking means.
PARN
PAR  This is a continuation, of application Ser. No. 251,084, filed May 8, 1972,
      now abandoned.
BSUM
PAR  This invention relates to apparatus for use in removing tires from and
      mounting tires on wheel rims. In particular it relates to apparatus
      comprising a supporting means on which a wheel rim is gripped and rotated
      about its axis while a stationary tool engages with a tire to remove the
      tire from or mount it on a wheel rim.
PAR  In accordance with the invention apparatus for use in removing tires from
      and mounting tires on wheel rims includes a supporting means for a wheel
      rim comprising gripping means for gripping a wheel rim flange, which
      gripping means comprises a plurality of arms each arm being provided with
      a claw for engaging said rim flange and means for supporting the adjacent
      bead and lower sidewall of a tire on the wheel rim clear of its bead seat
      on the rim when the rim is engaged by said gripping means.
PAR  Preferably the means for supporting the adjacent bead and lower sidewall of
      the tire comprises extension blocks each integrally formed with or secured
      to the claws, one block to a claw.
DRWD
PAR  Two alternative embodiments of the invention will now be described by way
      of example, with reference to the accompanying drawings of which:
PAR  FIG. 1 shows a fragmentary side view of the claw and arm end of the first
      embodiment, the extension block being in its operable position;
PAR  FIG. 2 shows a fragmentary side view of the claw and arm end of the first
      embodiment, the extension block being in its inoperable position;
PAR  FIG. 3 shows an end elevation of the claw and arm end shown in FIG. 1;
PAR  FIGS. 4 and 5 show fragmentary side views of a claw and arm end of the
      second embodiment, two different sizes of extension block being shown;
PAR  FIG. 6 is a sectional view through a tire and its wheel rim showing an
      extension block in its operative position supporting [the whole of] the
      bead a distance from the rim flange sufficient to ensure that while the
      tire is being removed from the wheel rim that no part of the lower tire
      bead falls back into engagement with its bead seat.
DETD
PAR  As described in our co-pending application U.S. Pat. No. 3,818,968 of June
      25, 1974 filed on May 12, 1971 a wheel supporting means for supporting a
      wheel comprises three arms disposed in a single plane, each arm having on
      its outer end a wheel rim gripping claw for gripping the lower rim flange
      of a wheel supported on the supporting means. The arms can be moved
      inwards or outwards so that the claws can move into or out of engagement
      with the flange.
PAR  In each embodiment each claw is formed so as to extend from below the plane
      formed by the axially outer edge of a rim into the space between the two
      wheel rim flanges and, in particular, into that region normally occupied
      by the lower bead region of a tire when the tire is located in seating
      engagement with the tire bead seat and on the axially inner surface of the
      wheel rim flange. Each claw is provided with an extension in the form of a
      block which, when the claw is gripping the rim flange, engages with the
      tire bead region and lower sidewall to hold the whole of the tire bead
      away from its bead seat. The height of the extension on the lower wheel
      rim flange, i.e. the distance a portion of the tire bead is held from the
      flange, is at least sufficient to ensure that while the tire is being
      removed from the wheel no part of the lower tire bead falls back into
      engagement with its bead seat. This greatly facilitates the removal
      operation as is illustrated in FIG. 6 where one extension is shown by way
      of example holding, in conjunction with the other similar extensions which
      are not shown, the whole of the tire bead away from its bead seat.
PAR  In the first embodiment illustrated in FIGS. 1-3 the extension blocks 1 are
      each secured to their respective claw 2 by means of a pivot shaft 3
      extending through the claw at right angles to the length of the arm 4 on
      which the claw is located into two side members 6 of the extension block
      which are located one at each side of the claw 2. Self-locking means
      comprising a ball-catch 7 located on one side of the claw, the ball 9 of
      the ball-catch being engageable in a depression 8 in one side member 5 of
      the extension block 1, are provided on each claw 2 allowing the extension
      blocks to be used with the blocks held in an operative position as shown
      in FIGS. 1 and 3 or withdrawn to an inoperative position as shown in FIG.
      2, depending on the rim/tire fitment. This embodiment allows for part,
      e.g. half, of the preferred extension height to be built into the claw,
      the remainder on the pivoted block which is suitably positioned and
      dimensioned e.g. for wide rims.
PAR  In the second embodiment shown in FIGS. 4 and 5 the blocks 1 are completely
      detachable from the claws 2 by means of screws 10, 11 and a range of
      blocks of different dimensions each suitable for a particular size
      wheel/or tire is provided.
PAR  The blocks may be of the same shape as illustrated in FIGS. 1, 2 and 3
      i.e., having two side members, or as shown in FIGS. 4 and 5 with one limb
      12 provided with screw holes.
PAR  Two different sizes of extension blocks are shown, one in each of FIGS. 4
      and 5.
PAR  However, under the conditions which usually exist in tire fitting and
      removal workshops detachable blocks would be liable to become lost or
      damaged and for this reason it is advantageous to make the block/claw of a
      single size suitable for a range of wheel sizes and not readily detachable
      from the claw for example, as shown in FIG. 6.
PAR  The dimensions of an integral block/claw in accordance with the invention
      found to be most suitable for wheels having 10 inch to 17 inch rims are X
      = 26 mm, Y = 37 mm, Z = 18 mm, the dimensions X, Y and Z being indicated
      in FIG. 1.
CLMS
STM  Having now described my invention, what I claim is:
NUM  1.
PAR  1. Apparatus for use in removing tires from and mounting tires on wheel
      rims including a wheel supporting means for a wheel rim comprising
      gripping means for gripping a wheel rim flange, said gripping means having
      a plurality of arms, each arm having a claw for engaging said rim flange
      and extension block means projecting outwardly above said claw for
      engaging at least part of the adjacent bead and lower sidewall of a tire
      on a wheel rim, and supporting the whole of the adjacent bead a distance
      from the flange sufficient to ensure that while the tire is being removed
      from the wheel no part of the lower tire bead falls back into engagement
      with its bead seat when the rim is engaged by said gripping means.
NUM  2.
PAR  2. The apparatus of claim 1 in which each extension block means is
      integrally formed with its respective claw.
NUM  3.
PAR  3. The apparatus of claim 1 in which the block means are secured to the
      claws, one block to a claw.
NUM  4.
PAR  4. The apparatus of claim 3 in which the blocks are detachably secured to
      the claws.
NUM  5.
PAR  5. The apparatus of claim 4 including screws for detachably securing the
      blocks to the claws.
NUM  6.
PAR  6. The apparatus of claim 3 in which the blocks are pivotally secured to
      the claws.
NUM  7.
PAR  7. The apparatus of claim 6 including self-locking means for holding the
      blocks in an operating position.
NUM  8.
PAR  8. The apparatus of claim 7 in which a depression is formed in each
      extension block and the self-locking means comprises spring loaded ball
      catches, one on each claw, each ball being engageable in a depression.
NUM  9.
PAR  9. Apparatus for removing tires from and mounting tires on wheel rims
      including a wheel supporting means for a wheel rim comprising gripping
      means for gripping a wheel rim flange, such gripping means having a
      plurality of arms, each arm having a claw for engaging said rim flange and
      extension block means pivotally attached to each claw and moveable from a
      first position where said extension block means projects outwardly above
      its respective claw for engaging the adjacent bead and lower sidewall of a
      tire on the wheel rim to a second inoperative position where it will not
      so engage such tire.
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ABST
PAL  A screen or blind construction comprising a plurality of overlapped,
      horizontally reversely folded sections. The sections, including the
      overlapped portions, are provided with aligned holes through which
      vertical cords are passed. The cords provide lifting means for the blind
      as well as preventing horizontal separation of the overlapped sections.
BSUM
PAR  The invention relates to foldable curtain screen or blind constructions.
PAR  Such screen or blind constructions are generally formed from a web-type
      material which retains its folds, for example inpregnated textile fabric,
      paper or board-type material, metallized textile material etc. Other
      materials may also be used, such as plastics and even metal. The problem
      which occurs in the case of such foldable curtain blind constructions is
      the width restrictions to which one is bound on account of the
      mechanically prepared standard web widths.
PAR  The production of a blind whose width is smaller than that of the
      manufactured web requires critical cutting of the web, with the loss of
      material resulting therefrom.
PAR  The preparation of a screen or blind of a larger width requires a wider
      manufactured web width, either the use of a second web, cutting to the
      desired width thereof, with the subsequent loss of material, or fastening
      the webs together to form a whole. Hitherto these two unfavourable
      complicated and expensive methods were used alongside each other.
PAR  According to the invention there is provided a foldable curtain screen or
      blind construction wherein the screen or blind is assembled with a final
      width which can be determined as required from a plurality of corrugated
      or zig-zag folded loosely overlapping web portions of the same and/or
      different width wherein the corrugations or folds of the overlapping web
      portions are identical in shape and direction and continue in their
      longitudinal direction which differs from the folding direction over the
      web portions and wherein guide members keep the loose web portions
      permanently in place relative to each other at their point of overlap.
PAR  In the construction proposed, one may start from a plurality of web
      portions which are manufactured separately or are cut without any loss of
      material from webs of the standard width and then positioned. In this way,
      for example, when proceeding from a minimum desired width of 80 cm, three
      web portions with widths of 45, 50 and 55 cm and/or three web portions
      with widths of 40, 50 and 60 cm can be cut out from standard webs 150 cm
      wide. By combining web portions of the same or different widths a blind
      can be formed of practically any width in a simple and quick way without
      any loss of material wherein the guide members keep the loosely
      overlapping web portions in place relative to each other at their point of
      overlap. Obviously, the choice of the widths of the web portions is free
      and can be fitted to the place of use. In this way, by adding a web
      portion of 25 cm and with the two above rows of web portion any width from
      40 cm can be achieved with a maximum width difference of 5 cm.
PAR  In a preferred embodiment of the guide members they consists of elongate
      members which are attached by a set of overlapping zones or along these
      overlapping zones of the web portions. In a practical embodiment the
      elongate members continue in the aligned holes in the said overlapping
      zones. The web portion can be supplied to the builder/assembler with the
      holes already made.
PAR  A very practical and simple embodiment of the curtain blind construction is
      obtained if according to a further feature of the invention the elongate
      members consist of flexible members, such as cords or strips which form
      actuating members for folding and unfolding the blind. In this case, the
      elongate members thus serve a double function.
PAR  If, according to a further feature of the invention, the web portions have
      different widths, the difference between the adjoining widths being .+-. 5
      cm, then by a combination of these web portions blind widths can be
      assembled, increasing at the most with the said difference, which screen
      widths are sufficient to meet particularly all the demands and
      restrictions which appear in practice.
PAR  By providing the overlapping zones of the web portions with a specific
      width, the blind can be made to the exact size. This can be achieved for
      example by proceeding from measuring the exact size, choosing the nearest
      web portions and then determining the exact place for the holes for the
      operating cords and then punching out these holes. If the overlapping
      zones with the different widths are correctly distributed over the screen
      or blind, then a regular pattern results which is completely acceptable as
      regards the external appearance even when using material which is to some
      extent transparent.
PAR  The invention further comprises a method for preparing a guided, foldable
      curtain blind construction with a final width which can be determined as
      required, consisting of:
PA1  a. the formation of a blind or screen from a number of loose web portions
      of the same or different width, by joining together the web portions in a
      loose overlapping position,
PA1  b. making wavy or zig-zag shaped folds or loops in the blind material
      before or after in such a way that these folds or loops for the different
      web portions coincide with each other as regards shape and direction, and
      continue in their longitudinal direction which differ from the folding
      direction over the web portions,
PA1  c. keeping each two abutting, loosely overlapped web portions in place in
      the overlapping position of the said web portions by attaching guide
      members through the overlapping zones of the web portions or along these
      said zones,. Holes may be made in the overlapping zones before or after
      the web portions are joined together.
PAR  A preferred embodiment of this method of operation is characterized in that
      more or less the final width is maintained by selecting the constituent
      overlapping web portions, and the final width is achieved by making the
      aligned holes in the overlapping zones of the web portions at a position
      to be determined for this purpose.
DRWD
PAR  The invention will now be explained by way of example with reference to the
      accompanying drawings.
PAR  FIG. 1 is a perspective view of a screen or blind construction according to
      the invention;
PAR  FIG. 2 is a front view of part of an embodiment of a screen or blind
      construction which is true to scale.
DETD
PAR  The drawing only illustrates examples of two embodiments of the curtain
      blind construction according to the invention. The invention is not
      restricted to these embodiments, but includes all variations which may
      fall within the claims.
PAR  In FIG. 1, the curtain blind construction is shown in the unfolded state.
      The blind is formed with a final width which is to be determined from
      choice - in the embodiment illustrated - from four zig-zag folded web
      portions 1 which at their longitudinal edges loosely overlap each other
      and in their embodiment do not all have the same width. The folds of the
      overlapping web portions are identical in shape and direction and continue
      in the longitudinal direction over the web portion. In the illustrated
      embodiment, the longitudinal direction of the folds is at right angles to
      the folding direction of the screen or blind. The web portions are held
      firmly in place relative to each other at the point of their overlapping
      zones 2 by flexible cords 3 which at the same time form the actuating
      members for folding and unfolding the blind. These cords which extend
      parallel relative to each other pass through holes 4 which are present in
      the overlapping zones and are in alignment for each two adjoining web
      portions. The upper rail is marked 5 and the lower rail 6. In the upper
      rail there are holes for the cords with rollers 7 positioned thereabove to
      act as a guide for the cords. In the embodiment illustrated, the upper
      rail 3 is at one end longer than the lower rail 6. In the protruding part
      of the upper rail there is a groove 8 with a roller mounted thereabove
      serving to lead out the cord. Furthermore, the illustrated embodiment of
      the rails 5 and 6 only serves as an example. The same applies to the way
      in which the blind is fastened to the rails.
PAR  FIG. 2 illustrates the part of a blind which has received the required
      accurate size. This is achieved by taking five webs in this specific case
      wherein the two outer webs 9 have the same width a and the three
      intermediate webs 10 have the same width b, wherein a &gt; b. Approximately
      the desired width was obtained by this choice. The total overlapping width
      was then determined in the light of the given exact final size and the
      holes were made in the edges of the web portions so that of the four
      overlapping zones the two outer zones had a width c and the two inner
      zones a width d wherein c &gt; d. A blind of precisely the desired size was
      obtained with a perfectly acceptable appearance. It will be seen that the
      webs 9 and 10 have lateral margins 11 and 12, respectively, which overlap
      the margins of the adjacent webs with the holes 4 of the overlapped
      margins being aligned for the free passage of the cords 7 therethrough.
PAR  It is clear that within the scope of the invention a large number of
      variations is possible so that any existing problem can be easily solved
      with these constructions, namely the blind can be made to any size
      required.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A foldable curtain including a fixed upper rail, a movable lower rail, a
      plurality of flexible vertical cords extending vertically between said
      rails and guidably associated with said upper rail to permit the lifting
      of said lower rail when said cords are pulled and a plurality of vertical
      web sections extending between said rails, said web sections being
      horizontally reversely folded and having overlapping lateral margins
      provided with aligned holes receiving at least one of said cords whereby a
      curtain of a desired width may be constructed from a plurality of
      overlapping web sections which are selected from web sections of one or
      more standard widths, said cord extending through said aligned holes to
      prevent horizontal separating movement of the web sections.
NUM  2.
PAR  2. The structure set forth in claim 1 in which the web sections are of at
      least two different standard widths.
NUM  3.
PAR  3. The structure set forth in claim 1 in which said cords are fixed to said
      lower rail and in which said upper rail has rollers for guiding said
      cords.
NUM  4.
PAR  4. The structure set forth in claim 1 in which said overlapping web
      sections are selected in both number and width from web sections having a
      plurality of standard widths.
NUM  5.
PAR  5. The method of making a foldable curtain having a predetermined width
      which includes the steps of selecting top and bottom rails, selecting a
      plurality of web section of widths less than said predetermined width,
      said web sections being horizontally reversely folded and having
      perforated lateral margins, overlapping said web sections so as to align
      the perforations of the margins thereof and produce a web having a total
      width equal to said predetermined width and passing cords extending
      between said rails through the perforations of said overlapped sections to
      hold the overlapped margins of said web sections in registry and prevent
      horizontal separating movement thereof.
NUM  6.
PAR  6. The method set forth in claim 5 in which said web sections are selected
      from standard web sections of varying width.
NUM  7.
PAR  7. The method set forth in claim 5 in which said web sections are connected
      to one another solely by said cords.
NUM  8.
PAR  8. The method set forth in claim 5 in which the number of said web sections
      is varied to produce a web of the desired predetermined width.
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ABST
PAL  A slatted curtain having covering slats and transparent slats arranged so
      that when the curtain is open each two adjacent covering slats form two
      sides of an H, while the transparent slat between them forms the
      crosspiece of the H.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a slatted curtain with parallel and angularly
      adjustable covering slats and with interposed transparent slats followed
      one another in alternation and flexibly interconnected, the covering slats
      being far less translucent than the transparent slats and enabling the
      entering light to be dimmed as a result of their adjustment to a certain
      angle.
PAR  2. Description of the Prior Art
PAR  A slatted curtain of this kind is already known from Ger. Regd. Design
      7,008,554. By comparison with other known slatted curtains, which have
      only covering slats, gaps being left between the latter, a slatted curtain
      of the aforementioned kind offers the advantage that it performs the
      function of three known types of window covering i.e:
PA1  The curtain, which makes it difficult to see into the room by day and which
      also agreeably filters the daylight.
PA1  (Open position: the covering slats are transverse to the window surface).
PA1  The outer curtain (decoration), making it difficult to see into the lighted
      room in the evening.
PA1  (Closed position: the covering slats are approximately parallel to the
      window surface).
PA1  The Venetian blind, in the case of strong sunlight, protects the room from
      heat.
PA1  (Half-open and half-closed position: the covering slats are oblique in
      respect of the window surface, in accordance with the angle of the sunrays
      themselves).
PAR  In the known slatted curtain the covering slats and the transparent slats
      consist of fabric, that of the former being as non-transparent and that of
      the latter as transparent as possible. The covering slats are in each case
      connected by both longitudinal edges to the two adjacent transparent
      slats, the method adopted in one version being the connection of each
      longitudinal edge to one transparent slat, on the respective two sides,
      while another version is based on a zigzag arrangements of the transparent
      slats between the covering slats, so that the former are connected with
      the mutually opposite longitudinal edges of two of the latter, adjacent to
      each other. The first version suffers from the drawback that when the
      curtain is open two transparent slats are resting one above the other,
      which not only involves consumption of a greater quantity of material but
      is also a disadvantage because it is in any case difficult, in a
      continuous web of fabric, to weave the transparent slats in such a way
      that they will let appreciably more light through than the covering slats.
      In the other version the operating efficiency depends on the accuracy of
      the zigzag folds between the covering slots and the transparent slats. It
      is true that these folds can be made initially accurate, but they become
      less so after the curtain has been washed a number of times. Furthermore,
      the zigzag folding of the slatted curtain only enables it to be closed
      towards one side and not towards either side desired.
PAR  Despite the appreciable basic advantages of the known type of slatted
      curtain, as described in Ger. Regd. Design 7,008,554, the constructional
      versions thereof have not proved satisfactory, as too many defects have
      come to light in its practical operation.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a slatted curtain of the type
      mentioned at the beginning which will meet practical needs more
      satisfactorily, without sacrificing the aformentioned basic advantages,
      and which, in particular, will be easier to manufacture, in addition to
      being less liable to fail when carelessly handled and remaining efficient
      after a long period of use. It is also capable of fulfilling in an optimum
      manner, the functions of curtain, outer curtain and Venetian blind as
      mentioned at the beginning.
PAR  This invention provides a slatted curtain of the aforementioned kind in
      which the covering slats and the transparent slats, when the curtain is in
      the open position, are so arranged in relation to one another as to
      present an H-shaped cross section, each two adjacent covering slats
      forming the two sides of an "H," while the transparent slat between them
      forms its crosspiece.
PAR  This arrangement of the transparent slats in relation to the covering slats
      offers the advantage that in the open position there is only one single
      layer of transparent slats, resulting in extra translucency, in addition
      to which the transparent slats are always situated in one common plane,
      which is usually parallel to the window surface, so that by comparison
      with the known zigzag arrangement a saving of material is obtained and
      operational efficiency greatly improved, as it no longer depends on
      accurate folds. The curtain can also be opened towards either side
      desired. Furthermore, the covering slats can be made about twice as wide
      as the transparent slats, so that in the closed position they completely
      cover these latter. If the covering slats are given a different colour,
      e.g. red, on the side facing towards the right-hand transparent slats, for
      instance, from the colour, e.g. blue, of their other side, facing towards
      the left, then either a red or a blue visible complete surface can be
      obtained in the closed position, according to whether the latter is
      reached by pivoting the covering slats toward the left or towards the
      right. This enables the decorative scheme of the interior of the room to
      be varied. On the outside, this effect can be utilized for the choice
      between an external surface which will reflect light to the maximum and
      one which will absorb as much heat as possible.
PAR  The "H-configuration" in which the covering slats and and the transparent
      slats are combined according to the invention can also be obtained with
      slats consisting, for example, of strips of plastic foil having certain
      degrees of intrinsic rigidity, in which case the articulated connection
      can be provided by means of so-called foil hinges. A further version of
      the invention relates to a construction in which, in the foregoing manner,
      the covering slats and the transparent slats are provided by a cohesive
      web of fabric consisting of alternating sections of varying transparency.
      A cohesive web of some other covering material, such as plastic foil,
      would also be suitable. In this case the covering slats are formed,
      according to the invention, by double-layered hose-like portions of the
      web of textile or foil, each section containing a stiffening element. This
      stiffening element is then turned, inside the hose-like portion, in such a
      way as to produce the desired H-configuration for the covering slats and
      transparent slats in conjunction with one another. The entire web of
      textile or foil can be removed for washing or other cleaning operations.
      It is no longer necessary to form any particular folds, so that this does
      not even have to be considered in the washing. Reduced translucency will
      already be ensured in the covering slats as a result of the double layer
      of the web of textile or foil on the hose-like portions. The inserted
      stiffening elements, e.g. in the form of strips of intrinsically rigid
      strips of plastic foil, may likewise be non-translucent.
PAR  It is also perfectly possible to make the hose-like portions of a far
      denser fabric. In one preferred embodiment the double-layer hose-like
      portios alternate with single-layer sections, to form continuous fabric,
      these latter forming the transparent slats. It is true that this method
      was already adopted in the known slatted curtain mentioned at the
      beginning, but it was found that the single-layer covering slats provided
      therein could not be woven densely enough to ensure the desired reduced
      translucency without at the same time making the transparent slats
      insufficiently translucent. The reason is that with a continuous fabric
      all the slats must have common horizontal woof threads, so that it is only
      by varying the vertical warp threads that the translucency can be varied.
      If comparatively thick woof threads are adopted, so that in conjunction
      with their thick warp threads the covering slats will be as
      non-translucent as possible, then the translucency of the transparent
      slats likewise will be correspondingly reduced as a result of the thick
      woof threads. It is true that attempts have been made to remedy this
      difficulty by leaving the transparent slats entirely without warp threads,
      but the said slats thereby lose part of their strength and their ability
      to retain the correct shape. As the covering slats according to the
      invention are double-layered, a high degree of non-translucency is
      obtainable even with comparatively thin common woof threads, so that the
      transparent slats can likewise be woven with warp threads without thereby
      being rendered excessively non-translucent. It is thus possible for the
      transparent slats to be woven with fine woof and warp threads, in the form
      of a fine fabric highly permeable to light, the covering slats being
      produced with the same fine woof threads and with thicker warp threads, to
      form a denser fabric having the desired non-translucency as a result of
      its two layers. The invention thus enables the required webs of textile
      material and thus the slatted curtains in their entirety to be produced in
      large quantities on rational lines, to which must be added the great
      reduction in cost and improvement in operational efficiency as a result of
      the elimination of certain folds. Thanks to these two improvements in
      conjunction, the invention represents a break-through to the manufacture
      of a textile-based Venetian-blind-type shutter as a mass product
      satisfying all requirements arising in practice.
PAR  The stiffening element to which the invention relates, within the hose-like
      portions belonging to the web of textile or foil and forming the covering
      slats, provides the conditions for further very advantageous
      constructional versions of the slatted curtain. For in the first place the
      stiffening element can be designed as a stretching element acting
      transversally to the longitudinal direction of the slats, so that the web
      of textile or foil is always free of folds in that position and does not
      have to be ironed after washing, while in the second plate suspension
      devices for the covering slats can be provided on the said stiffening
      elements, so that the web of textile or foil is not strained by the
      suspension and operation of the slats. In the case of vertical slats the
      stiffening element is provided, at its upper end, with a suspension device
      to support the entire slat, while in the case of horizontal slats this
      device may be provided at both ends, in order to guide the slat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 through 5 show schematic plan views of a slatted curtain in
      accordance with the invention, in an open, half-open, another half-open,
      closed and "collapsed" position respectively;
PAR  FIG. 6 shows an oblique diagram of the slatted curtain of FIGS. 1 through
      5, in the open position;
PAR  FIGS. 7 & 8 show another version, shown on the same lines as FIGS. 1 and 2,
      in an open and almost closed position respectively;
PAR  FIGS. 9 & 10 show an oblique diagram and a view from below, respectively,
      of an entire slatted shutter, with rail, in the open, closed and
      "collapsed" position respectively;
PAR  FIG. 11 shows an embodiment of the invention on an enlarged scale (1:1),
      providing a plan view of the slat arrangement (in the direction shown by
      the arrow XI of FIG. 12);
PAR  FIG. 12 shows a section along the line XII--XII of FIG. 11, showing one
      single covering slat;
PAR  FIG. 13 shows a schematic cross-sectional diagram of part of a cohesive web
      of fabric for the slats; and
PAR  FIG. 13a shows the web of fabric after the introduction of a stiffening
      element in each case and the way in which it is arranged to form an
      H-shaped combination of covering slats and transparent slats.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The slatted curtain shown in FIGS. 1 - 6 consists of parallel angularly
      adjustable covering slats 1 and interposed transparent slats 2 which, when
      the curtain is in the open position, as shown in FIG. 1, are so arranged
      in relation to one another as to form a combination of H-shaped cross
      section, in which each two covering slats 1 next to each other form the
      branches of an "H," while the transparent slat 2 situated between them
      forms the crosspiece thereof. The covering slats 1 have a width B1 which
      in each case is greater than the width B2 of the transparent slats 2, this
      width B2 being the distance between the two covering slats 1, i.e., the
      transparent slats 2 are situated in one and the same plane, parallel to
      the row of covering slats, so that they are usually parallel to the window
      surface. The covering slats 1 are made as non-translucent as possible,
      while the covering slats 2 are as permeable as possible to light. In the
      open position of the curtain, shown in FIG. 1, the transparent slats 2 are
      completely visible. They form a smooth flat complete surface. For closing
      the curtain the covering slats may be moved either to the right (FIG. 2)
      or to the left (FIG. 3) from the open position shown in dot-and-dash lines
      in FIGS. 2 - 4, so that they will then occupy a position in which the
      curtain is half open or half closed respectively. The almost closed
      position is shown in FIG. 4. In this version of the invention, shown in
      FIG. 1 - 6, the width B1 is only somewhat greater than the width B2, so
      that in the closed position the width B2 of the transparent slats is
      covered half by one and half by the other adjacent covering slat, one half
      being situated in front of and the other half behind the transparent slat
      2 concerned, with a certain overlapping in the middle. In the closed
      state, just half of each transparent slat is then visible on each side of
      the curtain. With the slats in the position shown in FIG. 1, the entire
      curtain can be "collapsed" in the known manner (FIG. 5) to form a "stack"
      of slats. In this position the transparent slats 2 are completely
      concealed by the covering slats.
PAR  In the version shown in FIGS. 7 and 8 the covering slats 1 are at a smaller
      distance apart, so that their width B1 is double the width B2 of the
      transparent slats. The result is that in the closed state, as shown in
      FIG. 8, the transparent slats 2 are completely or almost completely
      concealed by the covering slats 1. If the covering slats 1 have a
      different colour on one side 1a from that of the other side 1b, then the
      closed curtain will always show either the side 1b alone or the side 1a
      alone, according to whether the covering slats have been pivoted towards
      the right or towards the left. This enables attractive decorative effects
      to be obtained. In the direction of the window surface this effect can be
      utilized to ensure that a highly light-reflective and heat-reflective
      layer or slightly reflective or non-reflective layer, as the case may be,
      faces outwards.
PAR  FIGS. 9 and 10 show the slatted curtain suspended in a curtain bar 3, the
      diagram on the left, in the middle and on the right showing the curtain in
      the open, closed and "collapsed" position respectively. On each side of
      the curtain a slat adjusting cord 4 acts on the upper outer corners of the
      covering slats 1, this cord being of the "endless" type and descending by
      the side of the curtain to the usual convenient level for handling. A cord
      tension pulley 5 is loosely inserted in the reversal end of the endless
      cord and keeps the latter taut by its weight.
PAR  While FIGS. 1 through 10 provide schematic diagrams showing the principle
      of the slatted curtain, FIGS. 11 through 13 illustrate constructional
      details of one particular embodiment. In this case the covering slats 1
      and transparent slats 2 consist of portions, of different transparency, of
      a cohesive web of textile, the covering slats 1 being formed by
      double-layer hose-like portions 1' and 1" of the web of textile, each such
      portion containing a stiffening element 6. This principle is shown in
      FIGS. 13 and 13a. In this preferred embodiment the double-layer hose-like
      portions 1' and 1" alternate with single-layer sections forming the
      transparent slats 2, thus providing a continuous fabric, in the position
      shown in FIG. 13. The stiffening element 6 is then inserted in each of the
      hose-like portions 1' and 1" and moved into a position, shown in FIG. 13a,
      in which it will stand perpendicularly to the single-layer portions
      forming the transparent slats, the desired H-shaped configuration thus
      being produced.
PAR  The stiffening element 6 may consist, as shown in FIG. 13a, of an
      intrinsically rigid strip of plastic foil, the thickness of the strip of
      plastic foil 6 and the distance between the strip 6 and the portions 1'
      and 1" of the covering slat 1 having been exaggerated in the drawing, for
      the sake of greater clarity.
PAR  In the example shown in FIGS. 11 and 12 the stiffening element 6 consists
      of a wire frame with two branches 7 and 8 mounted in the longitudinal
      direction of the slats and having the effect of stretching the textile
      covering transversally to the said longitudinal direction. The lower end
      of the wire frame is formed by a U-shaped bracket 10 which can be mounted
      with a clamping effect on the two branches 7 and 8 of the frame.
PAR  At the upper end the two branches 7 and 8 of the wire frame are bent to
      form horizontal portions 13. The ends of these two portions 13 are brought
      together and then once again bent upwards to form a portion 14. These
      portions 14 are then inserted in a "sliding head" 15 which can move to and
      fro in a curtain rail of the "internal runner" type. The portions 14 thus
      form a "neck" which extends through the runner slit of the curtain rail.
      In order to facilitate this movement the two portions 14 can be positioned
      side by side, as viewed in the direction of the slit. The "sliding head"
      15 and the portions 14 of the wire frame which form the "neck" provide the
      suspension device for the entire slat. Clamps 18 are inserted in the
      portions 13 of the wire frame, in the vicinity of the portions 14, and
      serve to secure the respective transparent slats 2 on both sides.
PAR  The sliding head 15 is circular in plan view and capable of rotating in the
      rail when the covering slat 1 is adjusted to the oblique position.
PAR  FIG. 11 is a plan view of part of the entire slatted curtain in the open
      position, while the broken lines show the half open position. The
      individual stiffening elements 6, with their textile covering which forms
      the covering slats 1, are suspended via their sliding heads 15 in an
      "internal runner" curtain rail not shown in FIG. 11, the portions 14
      extending through the "runner slit" 19 shown in dot-and-dash lines. On the
      left-hand end the last transparent slat 2 is held by a round bar 20,
      likewise suspended by a sliding head 15. In addition, a pulley 21 is
      provided for the slat adjusting cord 4, which is of the "endless" type and
      attached at the top to both sides of the wire frame. For this purpose the
      slat adjusting cord 4 is provided with loops 22, at a certain distance
      apart, by which it can be suspended over the portions 14 and 13 of the
      wire frame and rests on the upper edge of the textile covering of the
      covering slats 1. On the removal of the textile covering, for cleaning
      purposes, the slat adjusting cord 4 can be left in place.
PAR  The examples described relate to a vertical slatted curtain. The same
      constructional principle, however, can be adopted for the production of a
      horizontal slatted curtain. In this case the stiffening elements 6 may be
      provided at both ends with a suspension device running in a rail or along
      some other guiding device (e.g. on a span wire).
CLMS
STM  I claim:
NUM  1.
PAR  1. A decorative window curtain assembly featuring angularly adjustable
      louver slats of drapable material for the achievement of a variety of
      different decorative and translucency effects, the curtain assembly
      comprising in combination:
PA1  a series of parallel regularly spaced slats of substantially opaque quality
      arranged to serve as louvers;
PA1  means for rotatably mounting said opaque slats ao as to admit light
      therebetween when they are oriented perpendicularly to the general plane
      of the curtain assembly and to progressively shut out the light, as they
      are re-oriented at a decreasing angle to said plane; and
PA1  a series of linking slats of substantially translucent quality occupying
      the spaces between said opaque slats, without substantially affecting the
      light-controlling action of the latter; the translucent slats being
      longitudinally connected to the opaque slats, so as to form a continuous
      assembly of alternatingly opaque and translucent slats in the direction
      transverse to the extent of the slats; and wherein
PA1  said continuous assembly of alternatingly opaque and translucent slats is
      constituted by a continuous web of said drapable material extending in
      said transverse direction, whereby single-layer web sections alternate
      with double-layer, tubular web sections of at least equal web length, the
      former serving as said translucent linking slats, while the latter,
      transversely flattened so as to leave a minimum interval in the web
      direction between successive single-layer sections, serve as said opaque
      slats; and
PA1  the opaque slats further include slat shaping means holding their
      constituent double-layer web sections in the aforementioned transversely
      flattened shape and giving them the character and appearance of louver
      slats, by stiffening at least their edge portions, thereby creating an
      H-shaped cross-sectional curtain configuration, two adjacent opaque slats
      forming the two legs of the H-shape, and the intermediate linking
      translucent slat forming its cross bar.
NUM  2.
PAR  2. A curtain assembly as defined in claim 1, wherein
PA1  the slat shaping means includes a flat rectangular frame inserted between
      the two web layers of each opaque slat.
NUM  3.
PAR  3. A curtain assembly as defined in claim 2, wherein said frame is a
      rectangular wire frame.
NUM  4.
PAR  4. A curtain assembly as defined in claim 1, wherein
PA1  the slat shaping means is a stiffening component which is permanently
      united with the two web layers of each opaque slat.
NUM  5.
PAR  5. A curtain assembly as defined in claim 1, wherein
PA1  the slat shaping means is a thin strip or batten of plastic material
      inserted between the two web layers of each opaque slat.
NUM  6.
PAR  6. A curtain assembly as defined in claim 1, wherein
PA1  the slats extend vertically; and
PA1  said means for rotatably mounting the opaque slats includes: a stationary
      curtain rail extending above the curtain and having a downwardly facing
      longitudinal slot, and a sliding head at the upper extremity of each
      opaque slat riding in said curtain rail in a vertically guided, rotatable
      engagement therewith.
NUM  7.
PAR  7. A curtain assembly as defined in claim 1, wherein said drapable material
      is a woven fabric.
NUM  8.
PAR  8. A curtain assembly as defined in claim 7, wherein
PA1  said continuous web with its alternating single-layer and double-layer web
      sections is woven without seams between successive web sections.
NUM  9.
PAR  9. A curtain assembly as defined in claim 1, wherein
PA1  the opaque slats are approximately twice as wide as the translucent slats.
NUM  10.
PAR  10. A curtain assembly as defined in claim 9, wherein
PA1  the opaque slats have different surface characteristics on their opposite
      sides.
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ABST
PAL  The invention relates to a guidance arrangement for opening and closing
      panels which are articulated relative to each other and relative to a
      stationary frame. The arrangement is characterized by an articulated joint
      between a guide channel and the panel to be guided, this joint comprising
      a support plate holding two rollers, one guided by the inside of an
      omega-shaped channel, the other forming a rolling bearing for the panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an arrangement for guiding, during
      opening and closing, garage or closet door panels which are articulated
      relative to each other and relative to a stationary frame.
PAR  It is known to provide various types of doors for closets, garages and
      other enclosures. The awkwardness of rigid-panel doors has led to the
      development of more adaptable doors constituted of at least two panels,
      articulated relative to each other so as to be parallel to the plane of
      the door frame when closed, and perpendicular to that plane when open.
      Each door pane is formed of at least two such panels, joined to each other
      by a hinge and one of these panels being pivotally joined to one of the
      side joints of the door frame.
PAR  The panels of these doors are generally guided by pegs, which slide in
      channels formed in the head and the sill of the door frame. This type of
      door is difficult to build and adjust, and inconvenient to operate due to
      friction between the edges of the door panels and that channel on the one
      hand, and the friction of the guiding pegs within their channel on the
      other hand.
PAR  In his French Pat. No. 70-40839, granted Nov. 15, 1971, the applicant
      proposed to replace the pegs of the prior art by a roller which was
      rotatably mounted on a horizontal rod and run in a horizontal,
      laterally-opened, straight channel. The rod was connected to the outer
      panel of the closure assembly, that is, the panel remote from the hinging
      vertical frame member. This construction improved over the prior art in
      eliminating friction between the guiding pegs within the channels and
      between the edges of the door panels and that channel. One drawback found
      in this construction resided in that the joint was such that the guiding
      channel was positioned below the upper horizontal frame member and thus
      became visible when the closure assembly was open.
PAR  To obviate this new drawback, the applicant proposed an improvement in
      French patent of addition No. 71-01499 granted Aug. 7, 1972. According to
      this improvement, the joint of the main French Pat. No. 70-40839 was
      replaced by a crank with two vertical end shafts, one end shaft bearing a
      roller through a horizontal rod and the other end shaft being pivoted in a
      bracket to the outer door panel. This construction raised the roller and
      consequentially the laterally opened guiding channel. The guiding channel
      thus became at least partly invisible behind the upper horizontal frame
      member. This improvement presented another drawback in that the mechanical
      connection between the upper end shaft of the crank and the roller,
      through an ear and a rod, was too complicated.
PAR  In a second patent of addition No. 71-09561 granted Oct. 2, 1972, the
      applicant proposed a new improvement wherein the laterally opened guiding
      channel was replaced by a downwardly opened channel which accommodated a
      roller rotatably mounted directly on the upper end shaft of a crank. It
      was found in this construction that friction occurred between the guiding
      channel and the upper part of the vertical free edge of the outer panel of
      the closure assembly, this upper part being at an angle with the guiding
      channel for the main part of the movement of the closure assembly. As at
      the end of the closure movement, the outer panel of the closure assembly
      was linked to the frame only through the crank whose roller was free to
      slide in the channel, the vertical free edge of the outer panel could
      reach its final position, when outwardly offset in relation with the plane
      of the door. Thus the user had to push the outer panel inwardly to bring
      it back to this plane. If the closure assembly included two panel sets,
      this meant that the user had to push inwardly simultaneously the outer
      panels of both panel sets so as, for instance, to engage a tongue on the
      vertical free edge of one outer panel into a groove in the vertical free
      edge of the other outer panel. Additionally, the door assembly of French
      patent of addition No. 71-09561 must include locking means to keep each
      closure assembly in its closed position.
PAR  U.S. Pat. No. 3,066,730 shows a typical prior art guidance arrangement
      which differs from the present invention in that it does not show any
      second guiding roller which is adapted to engage the unobstructed vertical
      surface of the channel. Further, a rigid stop is employed rather than
      resilient so that the toggle (or over dead center) effect can not be
      achieved.
PAC  SUMMARY OF INVENTION
PAR  Accordingly, the object of the present invention is to overcome these
      difficulties by providing a guidance arrangement which is of simple
      construction, easy to install and adjust, and free of friction during
      opening and closing.
PAR  To this end there is provided, in accordance with the invention, a guidance
      arrangement for the opening and closing of panels which are articulated
      relative to each other and relative to a stationary frame comprising two
      vertical side members connected at the top by a horizontal head member to
      which latter there is attached a channel of inverted U-shaped
      crosssection. This arrangement is characterized by an articulated joint
      between the free vertical edge of one member of a pair of articulated
      panels and the omega-shaped channel, this joint comprising a support plate
      affixed to said panel and supporting two rollers. One of these is
      positioned inside the channel for guiding the panel. The other rests
      against the outer vertical face of the channel, parallel to the plane of
      displacement of the free edge of said panel, and forms a rolling bearing
      for the panel. It is the object of the present invention to obviate the
      drawbacks found in the prior art type of panel guidance arrangements. To
      this end, a support plate has been provided which rotatably carries the
      lower end part of a guide roller bearing crank. Additionally, the support
      plate carries a vertical shaft upon which is mounted a roller which is
      adapted to cooperate with the adjacent vertical surface of the channel. A
      resilient stop is placed within the channel to cooperate with the crank
      guide roller. A door equipped with a guidance arrangement according to the
      invention is illustrated in the accompanying drawings, wherein;
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of such a door with articulated panels;
PAR  FIG. 2 is a perspective view showing partially in cross-section, the
      components of the guidance arrangement associated with the guided panel of
      a closure composed of at least two articulated panels;
PAR  FIG. 3 is a cross-sectional view of the components shown in FIG. 2;
PAR  FIG. 4 is a plan view, partially in cross-section, of the components of the
      guidance arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In accordance with the invention, as shown in FIG. 1, the arrangement is
      particularly intended to provide guidance during opening and closing of
      panels articulated relative to each other and to a stationary frame. The
      stationary frame comprises two vertical members 1 and 2, connected at
      their upper ends by a transverse horizontal member 3. A panel 4 is
      pivotally attached to the vertical members 1 and 2, and itself pivotally
      joined to a second panel 4a. In this embodiment, a door pane composed of
      two panels can occupy two distinct positions, one perpendicular to the
      plane defined by the stationary frame, and the other parallel to that
      plane.
PAR  The components of the guidance arrangement for opening and closing these
      panels appear in detail in FIGS. 2 to 4. The arrangement itself consists
      of an articulated joint designated by general reference 5. This joint is
      located between a guide channel 6 of inverted U-shaped cross-section and
      the inside free edge of panel 4a. Channel 6 is partially recessed in the
      transverse horizontal member 3 of the door frame, in such a manner that
      the outer vertical face 6a of channel 6 provides a track whose function
      will be described later.
PAR  Joint 5 consists of a support plate 7 attached near the upper inside edge
      of panel 4a. This plate supports two rollers, one 8 for guiding the panel
      4a, the other 11 forming a rolling bearing for that panel. Guide roller 8
      is positioned inside the inverted U-shaped channel 6. This roller is
      connected to plate 7 by a double-ended crank 9 pivotable relative to plate
      7. In the embodiment shown, the pivot consists of a support sleeve 10,
      which receives the lower vertical extremity 9a of crank 9. Crank 9 can
      therefore pivot by at least one hundred and eighty degrees during opening
      and closing of panels 4 and 4a. Roller 11, which forms the rolling
      bearing, is connected to plate 7 by a shaft 12, attached to the end of an
      arm 13, which arm is formed of one piece with plate 7. Arm 13 has a bent
      end, which follows the contour of a notch 14, which is carved out of the
      width of panel 4a in such a manner that roller 11 is recessed partially
      within the notch, thereby reducing the spacing between the plane defined
      by the inside face of panel 4a and the track provided by the vertical face
      6a of guide channel 6. The advantage of this construction is most apparent
      from FIGS. 3 and 4 which show that face 4b of panel 4a is kept out of
      direct contact with side 6a of the channel by means of support roller 11.
      This assures free movement of the door pane during opening and closing,
      since it eliminates the friction which constituted a serious drawback of
      prior arrangements. By combining guide roller 8 and roller 11, which forms
      a rolling bearing, silent opening and closing is assured, with ease and
      without jamming. A stop 14a is provided for guide channel 6 against which
      guide roller 8 bumps at the end of its travel. Stop 14a is preferably made
      of elastic material, partly to provide silent contact and partly to
      provide a certain amount of elasticity which contributes to immobilization
      of the door when it is closed.
PAR  It will be understood that the invention is not limited to the embodiment
      described and shown above. Other modes and forms of embodiment could be
      used if desired without departing from the inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a door assembly of the type comprising a stationary frame including
      two vertical members connected at their upper ends by a transverse
      horizontal member, the horizontal member being interiorly defined by a
      vertical face, a closure assembly including a set of two rigid panels, to
      wit an inner panel and an outer panel, said panels having interior faces,
      said inner panel being pivoted to one of said vertical members by a first
      hinge means and said outer panel being pivoted to the inner panel by a
      second hinge means so that the panels are parallel to the plane of the
      frame when closed and perpendicular to that plane when open, and a
      guidance arrangement including an integral crank and a downwardly opened,
      inverted U-shaped channel secured laterally to said transverse horizontal
      member exteriorly from the vertical face to define a space between the
      channel and the said vertical face and provided with a substantially
      unobstructed vertical surface facing the closure assembly, said crank
      being formed with an horizontal intermediate portion and with two vertical
      end portions, to wit an upper end portion and a lower end-portion, the
      lower end-portion being pivoted in a support plate secured to the outer
      panel adjacent the top of its vertical edge remote from the second hinge
      means and the upper end-portion extending into said channel and rotatably
      mounting a first guiding roller within said channel;
PA1  the improvement which comprises the support plate independently rotatably
      carrying a second guiding roller, said roller adapted to engage said
      vertical surface of the channel, said second roller being positioned
      within the space defined between the channel and the vertical face, and
      means to position the interior faces of the panels in substantially
      co-planar relationship with the vertical face.
NUM  2.
PAR  2. Door assembly of claim 1, wherein the support plate is formed with a
      sleeve for pivoting the lower vertical end-portion of said crank and
      wherein the means to position includes a notch formed in the outer door
      panel rearwardly of the interior face, at least a portion of the second
      guiding roller being positioned within the notch.
NUM  3.
PAR  3. A guidance arrangement for opening and closing panels having interior
      faces, said panels being articulated relative to each other and relative
      to a stationary frame comprising two vertical members joined by an upper
      transverse horizontal member which is interiorly defined by a vertical
      face, and to which a track having an outside vertical surface is attached
      rearwardly of said vertical face, said track defining an inverted U-shaped
      channel, at least one of said panels having a free vertical edge, the
      combination of
PA1  A. an articulated joint between the free vertical edge and the track,
PA2  1. the free edge being provided with a recessed notch,
PA2  2. said joint including a support plate attached to said free vertical
      edge, a crank, and two rollers, one roller being carried by the crank,
PA3  a. one said roller being positioned inside the channel for guiding the one
      said panel,
PA3  b. the second roller being rotatably carried by the support plate and being
      positioned at least partially within the notch,
PA3  c. the second roller rolling against the outside vertical surface of the
      track,
PA3  d. the second roller forming a rolling bearing for the said panel parallel
      to the plane of movement of the vertical free edge of the panel,
PA3  e. said second roller, said vertical surface of the track and said notch
      cooperating to position the interior faces of the panels in substantially
      co-planar arrangement with the vertical face of the frame member.
NUM  4.
PAR  4. A guidance arrangement according to claim 3 wherein the second roller is
      rotatably connected to the plate, said second roller connection being
      independent of the one said roller.
NUM  5.
PAR  5. The invention of claim 3 wherein the one said roller is pivotally
      connected to the support plate by a the crank and wherein the one said
      roller can pivot relative to the support plate independently of the second
      roller.
NUM  6.
PAR  6. The guidance arrangement of claim 3 wherein a portion of the second
      roller extends exteriorly of the notch towards the track, the said portion
      spacing the panel from the outside vertical surface of the track, the said
      spacing being a sufficient distance to prevent frictional engagement of
      the panel and the track.
NUM  7.
PAR  7. A guidance arrangement in a door assembly comprising a stationary frame
      including two vertical members connected at their upper ends by a
      transverse horizontal member; a closure assembly including a set of two
      rigid panels, to wit an inner panel and an outer panel, said inner panel
      being pivoted to one of said vertical members by a first hinge means and
      said outer panel being pivoted to the inner panel by a second hinge means
      parallel to the first hinge means so that the panels are parallel to the
      plane of the frame when closed and perpendicular to that plane when open,
      and a guidance arrangement including an integral crank and a downwardly
      opened, inverted U-shaped channel secured laterally to said transverse
      horizontal member and provided with a substantially unobstructed vertical
      surface facing the closure assembly, said crank being formed with an
      horizontal intermediate portion and with two vertical end-portions to wit
      an upper and a lower end-portion, the lower end-portion being pivoted in a
      support plate secured to the outer panel adjacent the top of its vertical
      edge remote from the second hinge means and the upper end-portion
      extending into said channel and forming a first vertical shaft rotatably
      mounting a first guiding roller within said channel;
PA1  the improvement consisting in that the support plate rotatably carries on a
      second vertical shaft separate from said first shaft a second guiding
      roller adapted to engage said vertical surface of the channel, which
      channel carries a resilient stop adapted to be abutted against by the
      first guiding roller near the end of the closing movement of the closure
      assembly.
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ABST
PAL  A one way draw curtain rod assembly providing either a left or right hand
      draw cord location. A pulley assembly on the curtain rod is invertible
      into either of two positions to enable the relocation of the draw cords
      with respect to the curtain on the rod. Triangularly disposed pulleys
      serve to rotatably support the draw cords with the pulley-cord
      relationship being changed upon curtain rod inversion so as to function in
      a like manner in either position. The pulley assembly is affixed to the
      larger telescopic rod member to partake of the added strength of said
      member. A master carrier includes a detachable component removable upon
      curtain rod inversion and reattachable to locate a curtain bar to receive
      the outer segment of the curtain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to curtain rod structures and more
      particularly to a one way draw curtain rod equally adaptable to locating
      the draw at either end.
PAR  Conventional one way curtain rod construction includes curtain rods having
      a pulley assembly mounted at one or the other end of the rod in a fixed
      manner to locate the draw cords as desired, either a right or a left hand
      draw. Additionally, within the curtain rod field are one way rod
      assemblies where the pulley assembly is mounted to both ends of the rod
      such being termed a convertible one way draw.
PAR  An objectional feature found in right or left hand one way draw curtain rod
      assemblies is that they may not be altered should the homeowner desire to
      alter the location of the draw cords, therefore changing the direction in
      which the curtains will pull. The problem is somewhat alleviated by the
      above mentioned convertible one way draw. Said convertible one way draw
      curtain rods require the retailer or homeowner to pull the cords through
      the rod, change the master slide arm, and change the curtain slides to the
      opposite end to provide the left or right hand pull desired. This is, in
      effect, a two way rod converted into a one way rod. An objection to such
      an arrangement is that it results in the pulley assembly and associated
      brackets supporting same being associated in some instances with the
      weaker or smaller of the telescopic curtain rods. After a lengthy period
      of use, forces imparted to the pulley assembly, which is partially
      supported by the smaller telescopic member, result in adverse wear and
      early failure of the rod and/or other components.
PAC  SUMMARY OF THE INVENTION
PAR  The present curtain rod is directed toward providing a durable one way draw
      curtain rod adaptable for use as either a right hand or left hand pull
      such being accomplished simply upon inverting and turning of the rod
      end-for-end without removal and reinstallation of the pulley assembly
      being required.
PAR  Telescopic rod members of the present rod are substantially conventional in
      that they are slotted throughout their lengths to receive slides for
      reception of curtain hooks. Secured to the larger or primary telescopic
      rod is a pulley assembly having multiple pulleys about some of which are
      routed the curtain draw cords. The unique pulley arrangement permits the
      pulley assembly to function when inverted such inverting permitting
      selective locating of the cord pull at either side of a window. A master
      carrier assembly includes a detachable component which may be repositioned
      upon rod inversion. A hinged component of the master carrier is also
      repositionable upon inversion of the traverse rod.
PAR  Objectives of the present reversible curtain rod assembly include: the
      provision of a rod having a pulley assembly secured in a permanent manner
      to one end of the curtain rod, said assembly being operable in an inverted
      position to enable the curtain rod to be turned end-for-end and inverted
      to provide left or right hand draw cords as desired without rod or pulley
      disassembly and without cord removal and reinstallation; the provision of
      a curtain rod having a pulley assembly permanently associated with the
      main telescopic rod member thereby avoiding the undesirable consequences
      of combining a pulley assembly with a secondary (smaller sized) telescopic
      rod member resulting in undue loads being imparted to the last mentioned
      member; the provision of a curtain rod including a master carrier
      including a detachable curtain bar component for removal and
      reinstallation on the master carrier slide without the use of tools to
      support the outer edge of the curtain in a normal manner; the provision of
      a reversible curtain rod having components arranged so as to operate with
      equal ease and in a trouble free manner regardless of the rods installed
      position; the provision of a curtain rod equally adaptable to locating the
      cord draw at either of its ends thereby obviating large curtain rod
      inventories and installation problems encountered by those in the trade.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a front elevational view of the reversible draw curtain rod
      embodying the present invention,
PAR  FIG. 2 is a fragmentary front elevational view of the curtain rod of FIG. 1
      relocated by turning end-for-end and inverting same to reposition the draw
      cords at the right hand side of a curtain,
PAR  FIG. 3 is a plan view of FIG. 1,
PAR  FIG. 4 is an elevational view of the unseen side of the curtain rod end and
      master carrier assembly viewed in FIG. 1, and
PAR  FIG. 5 is a perspective view of the master carrier assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawing wherein applied
      reference numerals indicate parts similarly identified in the following
      specification, the reference numeral 10 indicates generally the present
      curtain rod assembly including a primary rod member 11 and secondary or
      lesser sized rod member 12 in telescopic engagement in the well-known
      manner. Supporting the rod members 11 and 12 are adjustable brackets 13
      and 14 which may be of conventional style as are the slides at 15 carried
      by each of the rod members and apertured at 15A to receive inserted
      curtain supporting hooks (not shown).
PAR  Integral with primary rod member 11 is a pulley assembly 16 including
      angular pulley mounting plates 20 and 21 which serve to mount pulley
      spindles 22, 23 and 24 on which are journalled pulleys 25, 26 and 27.
      Pulley mounting plate 20 terminates outwardly in a reduced sleeve 30
      within which is permanently affixed one end of primary rod 11. Pulley
      plates 20 and 21 are both of an angular nature having segments at 20A and
      21A extending generally parallel into wedged engagement with a holder 31
      comprising part of a conventional bracket 32 in place on a wall surface
      WS.
PAR  As aforesaid the two telescopic rod members 11 and 12 are of conventional
      design with the interfitted end of member 12 extensible from member 11 to
      provide adjustment for the length desired in a particular installation.
      The distal end of rod member 12 carries a pulley 33 about which is
      entrained a curtain draw cord at 34 while a similar draw cord is indicated
      at 35.
PAR  A master carrier indicated generally at 36 includes a slide member 37 for
      travel internally within rod members 11 and 12 in response to oppositely
      exerted forces imparted thereto by the draw cords 34 and 35 terminating in
      opposite attachment to slide member 37 having cord receiving openings
      therein. Slide member 37 is bifurcated at 37A lengthwise to provide
      slotted areas therealong which receive the opposing edges of each cutain
      rod member 11 and 12. Accordingly, member 37 is entrained for rectilinear
      movement along members 11 and 12 during opening and closing of a curtain
      supported from slides 15 and a later described curtain bar.
PAR  With reference to FIGS. 3 and 4, it will be seen that master carrier
      assembly 36 includes a detachable curtain bar 40 and bar carrier plate 41
      the latter having keyhole shaped openings 41A formed therein for
      detachable engagement with studs 42 each having an enlarged head portion
      for retention of bar carrier plate 41. The enlarged open areas 41A permit
      detachment of plate 41 upon lifting and separating motions of plate 41
      relative to slide 37. As best viewed in FIG. 5, plate 41 is of irregular
      shape having an offset lower portion 44 which pivotally mounts at 43
      curtain support bar 40 of U-shape. Ears at 45 are struck from offset lower
      portion 44 and serve as limit stops when relocating bar 40 about pivot 43.
      Changing of the present curtain rod from a right hand pull to a left hand
      pull or vice versa necessitates removal of plate 41 from slide 37 with
      reattachment adjacent the opposite edge of the curtain rod which, of
      course, has been inverted. The offset medial portion of component 41 is
      always directed toward the front side of the curtain rod so as to position
      curtain bar 40 substantially in alignment with slides 15 to receive
      curtain hooks associated with the outer end of the curtain.
PAR  While I have shown but one embodiment of the invention it will be apparent
      to those skilled in the art that the invention may be embodied still
      otherwise without departing from the spirit and scope of the invention.
CLMS
STM  Having thus described the invention what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. A reversible one way draw curtain rod assembly enabling the draw cords
      to be located at either side of a curtained window upon relocation of a
      wall mounted bracket and rod holder without curtain rod disassembly, said
      curtain rod assembly comprising,
PA1  a one way curtain rod with curtain supporting slides, said rod supported at
      one of its ends by a holder and at points therealong,
PA1  a pulley assembly affixed to the supported end of the curtain rod and
      projecting outwardly therefrom, said pulley assembly including three
      pulley members, at least two pulley members at all times supporting a pair
      of entrained draw cords, the remaining pulley member serving to receive
      one of the cords upon the rod being turned end-for-end in an upright path
      during reversing the curtain rod, and
PA1  a master carrier assembly comprising,
PA2  a slide member slidably disposed within said curtain rod for travel
      lengthwise of the curtain rod in response to curtain cord movement,
PA2  a carrier plate,
PA2  a curtain bar pivotally attached to said carrier plate,
PA2  means detachably supporting said carrier plate on said slide member
      permitting removal of said carrier plate from the slide member and
      subsequent reinstallation thereon upon inversion of the curtain rod so as
      to relocate said curtain bar in substantial alignment with the curtain
      slides on the rod.
NUM  2.
PAR  2. The reversible one way draw curtain rod assembly as claimed in claim 1
      wherein said pulley assembly includes pulley mounting plates oppositely
      spaced from said pulley members, said pulleys carried by spindles secured
      at their ends to said mounting plates.
NUM  3.
PAR  3. The reversible one way draw curtain rod assembly as claimed in claim 1
      wherein said detachable mounting means includes slide mounted studs
      engageable with keyhole shaped openings formed in the curtain bar carrier
      plate whereby removal and reattachment of the carrier plate to said slide
      may be accomplished manually without the aid of tools.
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ABST
PAL  A method of operating a continuous casting installation with high
      throughput wherein a metal, typically steel, is cast into a cooled
      continuous casting mold, withdrawing from the mold the cast strand
      possessing a liquid core and which is formed in such mold, guiding and
      cooling the withdrawn strand. At least in a partial zone between the mold
      and the complete solidification of the strand the strand surface is
      subjected to the action of a pressurized gaseous medium, primarily in the
      form of water vapor, the pressure of the gaseous medium essentially
      corresponding to the ferrostatic pressure prevailing in the strand, the
      water vapor being generated by spraying the strand surface with water, and
      deviations in the vapor pressure from the required vapor pressure are
      compensated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of operating a
      continuous casting installation with high capacity or throughput and also
      pertains to a new and improved construction of continuous casting
      installation for the performance of the aforesaid method.
PAR  During the continuous casting of steel, the strand emanating from the
      essentially vertically arranged continuous casting mold, and which strand
      possesses an outer shell or skin and a long liquid core, normally is
      guided and simultaneously cooled at a roller apron along a desired path of
      travel into a horizontal path of travel. By means of a withdrawal and
      straightening apparatus the strand is conveyed and straightened. The
      ferrostatic pressure acting upon the shell of the strand is taken-up by
      the rollers.
PAR  In the case of continuous casting installations operating at high
      throughput, that is to say, with continuous casting speeds exceeding 1
      meter per minute for the casting of large slab cross-sections, there are
      required rollers of large diameter for supporting the forces acting upon
      the strand shell owing to the ferrostatic pressure. Thus, at the region
      following the continuous casting mold, that is to say, at the region of
      the strand which still has a thin outer shell or skin, it is not possible
      to prevent bulging thereof owing to the large distances between the
      supports and the absence of longitudinal supports between the rolls or
      rollers. This bulging produces the well known metallurgical defects, such
      as fissures and the like, which can also lead to metal breakout.
      Furthermore, a large withdrawal force is necessary since such bulging
      portions of the strand again must be pressed back by the rollers to the
      adjusted rated value.
PAR  In order to avoid such bulging between the rollers with higher casting
      speeds, it is known in this particular field of technology to arrange
      cooling plates and/or cooling grids at the region of the still thin strand
      shell or skin.
PAR  According to an unpublished proposal, the drawbacks of the bulging
      phenomenon arising at strands with large cross-sections at continuous
      casting installations operating with high throughput or capacity, for
      instance with casting speeds in the order of 2 meters per minute and more,
      are intended to be avoided in that the surface of the strand between the
      mold and the location of the complete solidification of the strand is
      subjected to pressurized water vapor. There is required for this purpose a
      pressure compartment arranged about the strand. The water vapor is
      generated by spraying water onto the surface of the strand. Since the
      ferrostatic pressure changes at the curved portion, the pressure
      compartment is subdivided at this region or portion, so that it is
      possible to approximately adjust the counter-pressure corresponding to the
      momentary ferrostatic pressure.
PAR  When the machine or continuous casting installation is cold, i.e., during
      interruptions in the casting operation, generating the required vapor
      pressure is associated with difficulties. Maintaining the machine in a
      warm condition or pre-heating the machine is associated with considerable
      costs.
PAR  If there is chosen the procedure of pre-heating the casting machine, then
      the machine is not operationally ready at all times because pre-heating
      requires a considerable amount of time. During disturbances in the casting
      operation, when exchanging the ladle during sequential pours, or at the
      end of casting with the therewith required reduction in the casting speed,
      the pressure in the compartment varies, producing damage at the solidified
      marginal zone with inclusions of water or vapor throughout the liquid
      steel and thus promoting the danger of explosions.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide an
      improved method of operating a continuous casting installation and an
      improved continuous casting installation for the performance of the
      aforesaid method which are not associated with the previously discussed
      drawbacks prevailing in the art.
PAR  Another and more specific object of this invention aims at realizing an
      operational readiness of the continuous casting installation working at
      high throughput at any moment in time and preventing the pressure
      fluctuations in the pressurized compartment which endanger the casting
      operation.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention contemplates that the liquid metal, typically steel, is cast
      into a cooled continuous casting mold, the strand which is formed and
      possessing a liquid core is withdrawn from the mold, guided and cooled. At
      least in a partial zone or region between the mold and complete
      solidification of the strand, the strand surface is subjected to a
      pressurized gaseous medium, primarily in the form of water vapor, the
      pressure of the gaseous medium essentially corresponding to the
      ferrostatic pressure prevailing in the strand, the water vapor being
      produced by spraying the strand surface with water, and deviations from
      the required or predetermined vapor pressure are compensated.
PAR  This installation which operates at a high casting throughput or capacity
      is ready for operation at any moment in time. There are no costs, as are
      necessary with the prior art proposals, for pre-heating and maintaining
      the installation in a heated state. Deviations from the required pressure
      which are brought about due to operation of the installation, for instance
      owing to reduced heat transfer by the strand, together with its
      deleterious effects for the outer shell or skin of the strand, can be
      effectively avoided.
PAR  As previously indicated the invention is not only concerned with the
      aforementioned method aspects but also with a new and improved
      construction of continuous casting installation for the performance of
      such method which comprises a casting or pouring vessel, a cooled mold and
      following such mold a strand guide assembly with cooling means. A partial
      region or zone of the strand guide assembly is equipped with a closed or
      sealed pressurized compartment provided at its ends with means for sealing
      the throughpassing strand. Rollers for guiding the strand along a
      predetermined path and devices for conveying as well as spraying the
      strand are arranged within such compartment. There is also provided means
      for compensating for pressure deviations.
PAR  Upon dropping below the required vapor pressure, for instance during
      insufficient heat transfer through the strand, the prevailing difference
      is compensated by the infeed of pressurized or compressed air.
PAR  By means of the waste heat of the strand an excess pressure can exist in a
      given one or a number of individual compartments. In such cases, upon
      exceeding the required or predetermined vapor pressure the difference is
      compensated by lowering the level of the cooling water in a collecting
      basin, and the signal of a level feeler or sensor for the level of the
      cooling water can be rendered ineffectual.
PAR  To compensate for deviations below the required vapor pressure there is
      provided a device for producing compressed or pressurized air and
      consisting of a blower, for instance an axial blower, with associated
      storage vessel or reservoir, whereby the latter serves for delivering the
      pressurized or compressed air until a supply of pressurized air can be
      produced by the axial blower which starts to run.
PAR  The device for compensating the necessary pressure consists of a pressure
      feeler having three threshold values, an electromagnetic valve for the
      infeed of pressurized air and a motor valve for the withdrawal of the
      cooling water with associated level feeler or sensor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein the single FIGURE thereof schematically
      illustrates an exemplary embodiment of continuous casting installation
      suitable for the performance of the method aspects of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawing, there will be considered an exemplary
      embodiment of continuous casting installation suitable for use in carrying
      out the method of this development, and wherein the metal to be cast,
      typically steel, supplied from a suitable casting or pouring vessel 2, for
      instance a tundish flows into a curved cooled continuous casting mold 1.
      For starting-up the continuous casting installation or machine the mold 1
      is closed at its outlet end by any suitable and therefore not particularly
      illustrated dummy bar, as is well known in this particular art. The
      continuously cast strand 3 which possesses a liquid core and which is
      formed in the continuous casting mold 1 is withdrawn therefrom with the
      aid of the dummy bar by means which will be more fully considered
      hereinafter. A strand guide assembly or strand guide 4 which follows the
      continuous casting mold 1 and which guides the strand along a desired path
      of travel -- in the embodiment under discussion along a circular
      arc-shaped path -- into a horizontal path of travel, is subdivided into
      two regions or zones up to the location of the complete solidification of
      the strand, namely a first partial region or zone 5 which follows the
      continuous casting mold 1 and a second partial region or zone 6. The
      partial region or zone 5 consists of cooling means, here shown as cooling
      plates 10, for instance of the type disclosed in Swiss Pat. No. 456,859,
      corresponding to U.S. Pat. No. 3,399,716, and cooling grids 15, for
      instance of the type disclosed in German Pat. No. 2,143,962, corresponding
      to U.S. Pat. No. 3,753,459 the disclosure of which is incorporated herein
      and to which reference may be readily had.
PAR  The partial region or zone 6 of the strand guide assembly 4 is equipped
      with a compartment or chamber 20 which surrounds the cast strand 3. The
      end 20' of the compartment 20 which confronts the not particularly
      illustrated cutting unit is equipped with a labyrinth seal or sealing
      means 21 for reducing the pressure prevailing in the pressure or
      pressurized compartment 20 to the atmospheric pressure. The end 20" of the
      pressure compartment 20 confronting the continuous casting mold 1 is
      provided with a seal 22. This seal or seal means 22 is constructed as a
      plate structure or plates and connected with the upstream arranged grid
      15, wherein the last transverse guide of the grid extends such plate
      structure. In these extended plates 22 there are likewise mounted
      labyrinth compartments or chambers 22'. The plates 22 are provided with
      cooling compartments like the plates 10, hence possess a similar
      construction, yet are not equipped with any device for the direct cooling
      of the strand.
PAR  The compartment 20 is subdivided by partition walls 23 into different
      individual compartments or partial chambers 24, 25, 26 and 27. These
      individual or partial compartments 24 to 27 are provided at the outer side
      of the strand radius i.e., at the lower side or face of the strand, with
      guide rollers 28 which guide the strand 3 along a predetermined path of
      travel. However, such rollers 28 are also provided at the inside of the
      radius of the strand, that is to say, at the inside surface of the strand,
      and take-up the traction forces acting on the strand. Roller pairs 29, 30
      and 31 form a withdrawal- and straightening device of known construction
      which conveys and linearly straightens the cast strand 3. Furthermore, an
      additional strand withdrawal assembly is arranged after the compartment
      20. This assembly or unit also serves for the infeed of the dummy bar.
      Between the rollers 28 to 31, but also at the inner strand radius, there
      are arranged spray nozzles 32 of a device for the infeed of cooling water
      which further cools the strand 3. The individual compartment or chamber 24
      furthermore possesses an outlet opening 40 for the water vapor which is
      formed and leading into the compartment 20. This outlet opening 40 is
      connected through the agency of a regulating or control valve 41 with a
      not particularly illustrated water vapor recirculation device for the
      condensation of the water vapor.
PAR  A collecting basin 24' to 27' for the not vaporized water, but also for the
      formed cinders or scale, is associated with each individual compartment or
      chamber 24 to 27. Each collecting vessel or basin 24' to 27' is equipped
      with a drain or dishcharge 33' having a motor valve 33. Each motor valve
      33 is connected through the agency of a conductor 35 with an electric
      level feeler or sensor 34. As soon as the water at the relevant collecting
      basin has reached a predetermined level, then the motor valve 33 opens
      owing to its response to a signal transmitted by the feeler or sensor 34,
      so that the collected water which is admixed with the scale can drain or
      flow-off. As soon as the water level has reached a lower predetermined
      level then the valve 33 closes.
PAR  The continuous casting installation has associated therewith a device or
      means for generating compressed or pressurized air. In the embodiment
      under consideration such consists of a suitable blower, here shown as an
      axial blower 50 provided with a suitable electric motor 51. The
      pressurized air generated by the blower 50 is delivered to a storage
      vessel or reservoir 52. This storage vessel 52 is connected through the
      agency of a conduit 53 with devices for the infeed of the pressurized air
      into the individual compartments or chambers 24 to 27. One such device
      consists of an electromagnetic valve 60 with an associated air conduit 61
      and an electric pressure feeler 62 which is electrically connected via a
      conductor or line 63 with the valve 60. Furthermore, the pressure feeler
      62 is electrically connected via a conductor or line 64 with an associated
      motor valve 33. The pressure feeler 62 works with three threshold values,
      to wit, an intermediate threshold value, a lower threshold value and an
      upper threshold value. The upper threshold value is associated with the
      maximum pressure in the corresponding individual or partial compartment.
      Upon the occurrence of a maximum pressure signal there is opened an
      interrupter contact in the associated conductor or line 35, so that the
      signal of the associated level feeler 34 becomes ineffectual at the
      associated motor valve 33. Furthermore, the maximum pressure signal opens
      the motor valve 33. The lower threshold value is associated with a minimum
      pressure. Upon occurrence of the minimum pressure signal the
      electromagnetic valve 60 is opened. The intermediate threshold value
      generates a signal which renders ineffectual the signals of the minimum-
      and maximum pressures and closes the valves 33 and 60.
PAR  The heretofore described continuous casting installation, for instance when
      casting slabs of a dimension of 2000 .times. 250 mm. with a casting speed
      of 2 meters per minute, is operated as follows: for these conditions there
      is selected a machine radius of about 10 meters. The length of the partial
      zone or region 5 amounts to about 2 meters. The continuous casting mold 1
      possesses a standard length of 0.8 meters. The cooling plate zone 10
      following the continuous casting mold possesses a length of 0.5 meters.
      The cast strand 3 departing from the partial zone or region 5 has a
      solidified marginal zone of about 40 mm., in other words it is strong
      enough to prevent the occurrence of metal breakouts. At the pressure or
      pressurized compartment 20 i.e., in the individual compartments 24 to 27
      the surface of the strand is subjected to the pressurized gaseous medium
      essentially consisting of water vapor, the vapor being generated by
      spraying the strand with water. The water emanating from the recirculation
      apparatus possesses a pressure which is greater, for instance, by 6 bars
      than the compartment pressure and is sprayed by the nozzles 32 onto the
      strand and partially vaporized. Consequently, the strand is further
      cooled. The pressure prevailing in the compartment 20 is different from
      one partial or individual compartment to the other partial or individual
      compartment, and essentially corresponds to the ferrostatic pressure
      prevailing at the corresponding strand section. The vapor generated in
      these individual compartments or chambers flows in the direction of the
      decreasing individual compartment pressure -- the individual compartment
      walls are not sealed at the strand -- in other words opposite to the
      movement of the strand and flows via the regulating valve 41 to the
      recirculation device or apparatus. The water which has not vaporized and
      which collects at the individual compartments 24 to 27 is withdrawn by
      means of the control valves 33, filtered and delivered to a pump which is
      part of the recirculation apparatus. Further details of the construction
      and operation of the pressure compartment have been set forth in the
      German Pat. No. 2,228,317, incorporated herein and to which reference may
      be readily had.
PAR  The pressurized air portion of the installation is operated as follows: for
      the selected radius of the installation the pressurized air portion is
      designed for a chamber or compartment pressure of 10 bars. When
      starting-up the casting operation with the installation cold or in a warm
      condition part of the dummy bar is located in the compartment 20. As soon
      as the dummy bar is located at the region of the seal 22 then the pressure
      feelers or sensors 62 are switched-on. Since all of the individual
      compartments 24 to 27 are without pressure, the associated valves 60 are
      opened and the pressurized air flows from the storage vessel 52 into the
      individual compartments. At the same time the spray nozzles 32 are also
      placed into operation. As soon as the hot strand 3 reaches the compartment
      24 there is produced vapor and the pressure in the individual compartment
      24 increases. Depending upon the increase in pressure the pressure feeler
      62 switches-on or switches-off the associated valve 60, and specifically
      for such length of time until the waste heat of the strand can maintain
      the necessary pressure. In this condition the valve 60 remains closed. The
      other individual compartments 25 to 27 are placed into operation in the
      same manner. If the entire compartment 20 no longer requires any
      pressurized air then the axial blower 50 is automatically shutdown.
PAR  During disturbances in the casting operation or upon the occurrence of the
      previously mentioned changes in such casting operation, which require a
      reduced transfer of heat of the strand, upon a pressure drop in one or a
      number of the individual compartments or chambers there is automatically
      further supplied pressurized air until the deviations from the required or
      predetermined vapor pressure are compensated. The storage vessel 52 is
      designed such that there is available the required pressure until there
      occurs the complete delivery of the pressurized air by means of the axial
      blower 50 which begins to run.
PAR  Upon reaching the predetermined water level in the corresponding collecting
      basin the associated motor valve 33 opens. In the event that the pressure
      in the associated individual compartment or chamber drops, then the
      minimum pressure signal of the pressure feeler 62 opens the valve 60 and
      the pressure drop is compensated for such length of time until the level
      feeler or sensor 34 has reached its lower level and the motor valve 33
      closes.
PAR  If an excess pressure prevails in an individual compartment or chamber,
      then the associated motor valve 33 opens for such length of time until the
      deviation from the required vapor pressure is compensated. The upper
      threshold value of each pressure feeler 62 renders the signal of the level
      feeler 34 ineffectual, so that independent of the water level in the
      collecting basin -- even if no water level is present longer --longer--
      the motor valve remains opened.
PAR  In the described installation the strand guide section which follows the
      continuous casting mold is provided with a mechanical support, whereas the
      pressure component or portion of the equipment only begins thereafter.
      This pressure component can also, however, extend up to the region of the
      mold.
PAR  The described invention also can be employed at an installation having a
      straight or linear mold as well as at inclined or horizontally arranged
      molds.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A method of operating a continuous casting installation with high
      throughput, wherein the steel is cast into a cooled mold, the strand which
      is formed in the mold possessing a liquid core and such strand is
      withdrawn from the mold, guided and cooled, the improvement comprising the
      steps of: subjecting the surface of the strand to the action of a
      pressurized gaseous medium, primarily in the form of water vapor, at least
      at a partial region between the mold and the point of complete
      solidification of the strand, the pressure of the gaseous medium
      essentially corresponding to the ferrostatic pressure prevailing at the
      cast strand, the water vapor being generated by spraying the surface of
      the strand with water, compensating deviations of the vapor pressure from
      a required vapor pressure, and upon falling below the required vapor
      pressure the difference therefrom is compensated by the infeed of
      pressurized air.
NUM  2.
PAR  2. A method of operating a continuous casting installation with high
      throughput, wherein the steel is cast into a cooled mold, the strand which
      is formed in the mold possessing a liquid core and such strand is
      withdrawn from the mold, guided and cooled, the improvement comprising the
      steps of: subjecting the surface of the strand to the action of a
      pressurized gaseous medium, primarily in the form of water vapor, at least
      at a partial region between the mold and the point of complete
      solidification of the strand, the pressure of the gaseous medium
      essentially corresponding to the ferrostatic pressure prevailing at the
      cast strand, the water vapor being generated by spraying the surface of
      the strand with water, compensating deviations of the vapor pressure from
      a required vapor pressure, and upon exceeding the required vapor pressure
      the difference therefrom is compensated by lowering the level of cooling
      water located in a collecting basin.
NUM  3.
PAR  3. The method as defined in claim 2, further including the step wherein
      upon exceeding the required vapor pressure shutting-off a level feeler
      which senses the level of cooling water located in the collecting basin.
NUM  4.
PAR  4. A method of operating a continuous casting installation with high
      throughput, wherein the steel is cast into a cooled mold, the strand which
      is formed in the mold possessing a liquid core and such strand is
      withdrawn from the mold, guided and cooled, the improvement comprising the
      steps of: subjecting the surface of the strand to the action of a
      pressurized gaseous medium, primarily in the form of water vapor, at least
      at a partial region between the mold and the point of complete
      solidification of the strand, the pressure of the gaseous medium
      essentially corresponding to the ferrostatic pressure prevailing at the
      cast strand, the water vapor being generated by spraying the surface of
      the strand with water, compensating deviations of the vapor pressure from
      a required vapor pressure, and rendering ineffectual the signal of a level
      feeler which senses the level of cooling water located in a collecting
      basin upon exceeding the vapor pressure and which signal when effectual
      opens a motor valve for draining the collecting basin.
NUM  5.
PAR  5. A method of operating a continuous casting installation with high
      throughput, wherein the steel is cast into a cooled mold, the strand which
      is formed in the mold possessing a liquid core and such strand is
      withdrawn from the mold, guided and cooled, the improvement comprising the
      steps of: subjecting the surface of the strand to the action of a
      pressurized gaseous medium, primarily in the form of water vapor, at least
      at a partial region between the mold and the point of complete
      solidification of the strand, the pressure of the gaseous medium
      essentially corresponding to the ferrostatic pressure prevailing at the
      cast strand, the water vapor being generated by spraying the surface of
      the strand with water, compensating deviations of the vapor pressure from
      a required vapor pressure, upon exceeding the required vapor pressure
      switching-off a level feeler which senses the level of cooling water
      located in a collecting basin, opening a motor valve for venting excess
      pressure from the collecting basin, and upon reaching the required vapor
      pressure reclosing the motor valve and again switching-on the level
      feeler.
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ABST
PAL  A method of forming a high-temperature abrasion-resistant hard facing or
      coating on a ferrous metal substrate by employing an aluminothermic
      reduction reaction. The resultant article has a hard facing layer
      containing from 2 to 8 percent boron. Hard faced composite articles made
      by the invented method, such as sintering machine crash decks, coke pusher
      ram shoes and grizzly bars are also disclosed.
PARN
PAR  This is a division of application Ser. No. 332,987, filed Feb. 15, 1973,
      now abandoned.
BSUM
PAR  This invention relates to ferrous metal articles, each having a thick layer
      of a high-temperature, abrasion-resistant alloy material tightly bonded to
      its surface. More particularly this invention relates to articles, such as
      sintering machine crash decks, coke pusher ram shoes, chutes and grizzly
      bars, which require a wearing surface which is resistant to abrasion at
      high temperatures, that is, temperatures between about 900.degree.F and
      1600.degree.F.
PAR  Many steel alloys possess the necessary strength to withstand considerable
      stress. However, these alloys are often deficient in resistance to erosion
      or wear when encountered in their intended service. To provide the proper
      wear resistance, these steels are often coated or "hard faced" with
      wear-resistant materials. High temperature service introduces such
      mechanical and metallurgical variables into the hard facing materials that
      they no longer perform satisfactorily. As a result, only a few of the more
      conventional hard facing alloys are satisfactory for such high temperature
      service, notably cobalt-based, nickel-based or austenitic-nickel-iron
      alloys. Unfortunately, these hard facing alloys are extremely expensive
      and time comsuming to apply.
PAR  Steels boronized by various techniques including pack cementation and
      chemical vapor deposition possess extremely high resistance to erosion.
      Coatings applied by these techniques generally are quite thin, ranging in
      thickness from 0.001 to 0.0001 inch thick. To increase the thickness of
      such coatings requires considerable effort. Boronizing methods are
      described in U.S. Pat. Nos. 3,029,162 and 3,622,402. These methods are
      extremely slow and require the use of chambered furnaces or retorts and
      generally do not lend themselves to the boronizing of large objects, such
      as sintering machine crash decks. Further such coatings are unsuited for
      high impact applications because they are too thin and are extremely
      brittle.
PAR  We are aware of the following prior art concerning aluminothermic welding
      processes:
     Carpenter et al U. S. Patent                                              
                          2,515,191                                            
     Funk U. S. Patent    3,264,696                                            
     Funk U. S. Patent    3,396,776                                            
     Guntermann U. S. Patent                                                   
                          3,421,570                                            
PAR  We have discovered a method of facing crash decks and other objects subject
      to extreme wear from high temperature, high abrasion uses, by
      metallurgically bonding a unique ferroboron hard facing to a ferrous metal
      substrate by a rapid and relatively inexpensive aluminothermic reduction
      (ATR) deposition method. We have found that when from about 2 to about 8
      weight percent of boron is present in the final outer surface of the
      composite that surface is hard and wear resistant. Unexpectedly, the wear
      resistance remained good at elevated temperatures, i.e., 1,000.degree. to
      1,600.degree.F.
PAR  It is the primary object of the subject invention to provide a ferrous
      metal article having a wear resistant surface for use at elevated
      temperatures at which it is subject to high abrasion from impact or
      sliding friction.
PAR  It is another object of our invention to provide a method for making such
      an article.
PAR  It is also an object to provide an ATR bonding method which requires no
      cleaning of the substrate prior to emplacement of the ATR charge, and no
      special igniter material in the charge.
PAR  It is also an object to provide an improved sintering machine crash deck.
PAR  It is also an object to provide an improved coke pusher ram shoe.
PAR  It is also an object to provide a coke chute.
PAR  It is also an object to provide an improved grizzly bar.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a sectioned elevational view of a refractory-lined perimeter and
      the necessary materials properly disposed for carrying out the method of
      the invention.
PAR  FIG. 2 is a cross-sectioned elevational view similar to FIG. 1 taken after
      the aluminothermic reduction reaction of the subject method has taken
      place.
PAR  FIG. 3 is a cross-sectioned elevational view of the composite product of
      our invention. FIG. 4 is a cross-sectioned elevational view similar to
      FIG. 1 showing an alternative configuration for a refractory-lined
      perimeter.
PAR  FIG. 5 is a graph comparing the wear resistance of the ferroboron alloy of
      our hard facing as a function of the percentage of boron in the hard
      facing.
PAR  FIG. 6 is a partially cross-sectioned side view of a coke pusher ram and
      shoe.
PAR  FIG. 7 is a cross-sectioned side view of an alternative coke pusher ram
      shoe.
PAR  FIG. 8 is a cross-section of a hard faced chute for hot granular material.
PAR  FIG. 9 is an isometric view of a grizzly bar for a hot sinter breaking
      application.
DETD
PAR  As shown in FIG. 1, a steel substrate 10 is placed on a bed of sand 12, and
      the level of the sand is brought up to the level of the upper surface of
      the substrate. A refractory-lined perimeter 14 comprising a steel exterior
      with flanges 16 for crane hooks and a refractory lining 20, which is in
      this case graphite, has an interior dimension identical to the exterior
      dimensions of the steel substrate. The perimeter is positioned on the sand
      base 12 surrounding the substrate. An aluminothermic reduction charge or
      mixture 24 is placed within the perimeter on the substrate to a generally
      uniform depth of at least about 1/2 inch and up to a depth of about 12
      inches. The resulting hard facing layer 25 will have a thickness about 1/6
      the average depth of the original powdered charge. The charge consists of
      about three parts powdered iron oxide, which is preferably Fe.sub.2
      O.sub.3 but can be Fe.sub.3 O.sub.4, preferably having a size at least as
      fine as -35 mesh, one part aluminum powder preferably having a size
      between about -20 mesh and +325 mesh, and sufficient ferroboron to provide
      from 2 to 8% boron in the final hard facing composition. The ferroboron is
      added in the form of crushed pellets, preferably having a size of -20
      mesh. The composition range of the basic ATR charge is 65 to 85 parts iron
      oxide and 15 to 35 parts aluminum. Stoichiometric amounts are ordinarily
      used, but we have employed up to  5% excess of either component with good
      results.
PAR  Optionally, refractory plates, such as graphite plates 26 shown in FIG. 1,
      are placed atop the refractory perimeter. One of the plates is provided
      with a hole 30 through which the charge is ignited. These refractory
      plates prevent splashing, contain the heat of reaction of the charge and
      force such heat into the substrate to enhance the adherence of the hard
      facing 25. The charge 24 is ignited by a convenient means, such as a
      welding torch inserted in the hole which ignites the fuel powder, in this
      case aluminum. Other fuels that might be used instead of aluminum are
      magnesium, calcium, silicon and calcium silicon alloy. These fuels may
      replace only a portion of the aluminum powder, if desired. The reaction is
      very exothermic which produces products having a high degree of superheat
      from which the dense metal phase separates and metallurgically bonds to
      the substrate 10. The less dense slag layer 32 collects on top of the
      metal phase. After the reaction is complete, the graphite plates 26 are
      removed from atop the refractory perimeter and the product is insulated.
      Insulation (not shown) is provided by placing a blanket of Kaowool or
      pouring sand on top of the slag crust. This causes the metal to solidify
      from the bottom and promote a sound, pore-free hard facing 25. The product
      is allowed to cool until the hard facing has solidified at which time the
      insulation and the perimeter can be removed. The slag 32 is removed merely
      by breaking it to leave a ferrous metal substrate 10 having a
      boron-containing abrasion-resistant surface 25. Heretofore, the surface of
      any substrate clad by an aluminothermic reaction has been required to be
      cleaned as shown in Funk U.S. Pat. No. 3,264,696; however, we have found
      surface preparation of the substrate to be totally unnecessary.
PAR  As can be seen by the graph of FIG. 5, when less than about 11/2 % boron is
      present in the hard facing, it has no better wear resistance than regular
      1045 grade steel. Additional boron in the hard facing increases the wear
      resistance until the maximum wear resistance is obtained from a boron
      content of approximately 5.5%. The curve levels out thereafter and there
      is no advantage in adding boron in any amount above 7 to 8%. Additional
      boron merely increases the cost without an attendant increase in wear
      resistance, and also makes the hard facing more brittle. Thus, while 11/2
      to 8% boron is within the purview of our invention, we prefer 4 to 7%
      boron with the optimum boron level being 5.5 to 7%.
PAR  Heretofore it has been known that diffusion of boron into ferrous surfaces
      enhances wear resistance by hardening the outer layer. It is also known
      that a ferroboron coating can be applied to ferrous surfaces by flame or
      plasma spraying. Prior to our invention, however, the maximum thickness of
      such ferroboron coastings has been limited to about 1 mil.
PAR  We form a ferroboron hard facing which consists of an iron-base matrix
      containing from about 20 to 90 volume percent of Fe.sub.2 B, preferably 45
      to 80 volume percent of Fe.sub.2 B, with the optimum range of 60 to 80
      volume percent of Fe.sub.2 B. This hard facing has a minimum thickness of
      about 0.1 inch and preferably is not less than 0.25 inch. We can form hard
      facings 2 inches thick or more by our method.
PAR  While in our preferred embodiment an iron-base matrix containing Fe.sub.2 B
      is formed on a ferrous metal substrate, we can form hard facing layers of
      any matrix-forming metal or alloy on most metallic substrates. Copper,
      tin, nickel, chromium, cobalt and molybdenum as well as brass, bronze,
      ferrous and non-ferrous alloys and stainless steels are all suitable
      substrates.
PAR  The substrate should be preheated prior to placing it on the sand base.
      While the substrate can be preheated to any temperature below its fusion
      point, we prefer to preheat to within the range of 1400.degree. to
      2000.degree.F, with an optimum temperature of 1800.degree.F.
PAR  An alternative perimeter configuration is shown in FIG. 4. The sides 34
      extend above the height of the graphite lining 20. This provides a better
      seat for plates 26.
PAR  A sintering plant crash deck is formed of a composite as shown in FIG. 3
      which is suspended, usually at an angle, for hot sinter to fall on and
      slide down toward a breaker. Sintering plant opertion requires such crash
      decks to withstand abrasion at temperatures generally about 1200.degree.F.
      A crash deck or other composite having a hard facing comprising a
      stainless steel matrix containing an effective amount of Fe.sub.2 B will
      be both corrosion resistant and abrasion resistant.
PAR  A coke pusher ram 38 is shown in FIG. 6, which has a ram shoe 40 comprising
      three composite plates 41, 42 and 43, hard faced in accordance with the
      invented method. Since the coke pusher ram moves along the bottom of a hot
      coke over to push out the coke, the hard facing is on the bottom of the
      shoe where the wear resistance is most urgently required.
PAR  An alternative coke pusher ram shoe 44, as shown in FIG. 7, has a ferrous
      metal substrate 46, beveled at each end. The bottom 47 is first hard
      faced, then beveled edges 48 and 49 are hard faced either in turn or
      simultaneously using a special perimeter.
PAR  A chute 50 for hot granulated material, such as coke or sinter, is shown in
      FIG. 8. Three elongated plates 52, 53 and 54 are hard-faced and welded
      longitudinally to form a chute with the hard facing 56 on the inside or
      wearing surface.
PAR  FIG. 9 shows a grizzly bar 60 for a sintering plant rotary breaker 62. We
      form a hard facing 63 at the point of greatest wear, beneath the breaker
      arm 64, and at 66, dso the grizzly bar can be turned around to double its
      useful life. Alternatively, the entire upper surface of the bar can be
      hard faced.
PAR  It is possible to form our hard facing on a substrate having an inclined or
      curved surface by using special perimeter (or mold) configuration.
PAR  Our invention comprehends the hard facing composition comprising exothermic
      reaction mixture of an exothermic fuel powder, such as aluminum or other
      fuels named hereinbefore, a particulate matrix-forming material comprising
      a reducible oxide of at least one matrix-base metal, such as Fe.sub.2
      0.sub.3 or Fe.sub.2 O.sub.3 and Cr.sub.2 0.sub.4 (which will form a
      stainless steel matrix), and an effective amount of boron (boric oxide or
      ferroboron, preferably as FeB) sufficient to impart the desired abrasion
      resistance to the resulting hard facing layer.
PAR  It can readily be seen from the foregoing that we have invented a method
      for cladding a metal article with a high-temperature, abrasion-resistant
      hard face. We have also invented a high-temperature, abrasion-resistant
      sintering machine crash deck, a high-temperature, abrasion-resistant coke
      pusher ram shoe, a high-temperature, abrasion-resistant grizzly bar, and a
      high-temperature, abrasion-resistant chute for hot granular meterial.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing a high-temperature, abrasion-resistant layer on
      the surface of a metal base, comprising igniting on said surface an
      exothermic reaction mixture, said mixture consisting essentially of an
      exothermic fuel powder, a particulate matrix-forming material consisting
      essentially of a reducible oxide of at least one matrix-base metal, and
      sufficient ferroboron to provide from 20 to 90 volume percent of Fe.sub.2
      B in said layer.
NUM  2.
PAR  2. A method according to claim 1 wherein said exothermic fuel powder is
      selected from the group consisting of aluminum, calcium, magnesium,
      silicon, calcium silicon alloy and mixtures thereof.
NUM  3.
PAR  3. A method according to claim 1 wherein said fuel powder is aluminum.
NUM  4.
PAR  4. A method according to claim 1 wherein said fuel powder has a particle
      size between -20 mesh and +325 mesh.
NUM  5.
PAR  5. A method according to claim 1 wherein said particulate matrix-forming
      material is at least partly iron oxide.
NUM  6.
PAR  6. A method according to claim 1 wherein the size of said particulate
      matrix-forming material is at least as fine as -35 mesh.
NUM  7.
PAR  7. A method according to claim 1 wherein sufficient ferroboron is present
      in said mixture to provide from 11/2  to 8 weight percent boron in said
      layer.
NUM  8.
PAR  8. A method according to claim 1 wherein sufficient ferroboron is present
      in said mixture to provide from 4 to 7 weight percent boron in said layer.
NUM  9.
PAR  9. A method according to claim 1 wherein said exothermic reaction mixture
      is contained in a refractory perimeter positioned around the portion of
      the surface of the metal base on which the abrasion-resistant layer is to
      be produced.
NUM  10.
PAR  10. A method of making a ferrous metal article having a hard facing
      resistant to abrasion at high temperatures comprising:
PA1  forming a ferrous metal substrate of any desired configuration;
PA1  positioning a refractory perimeter around the portion of the substrate to
      be hard faced;
PA1  placing an exothermic reaction mixture within the perimeter to a generally
      uniform depth of at least about 1/2 inch, said charge consisting
      essentially of
PA2  65 to 85 parts iron oxide powder,
PA2  15 to 35 parts fuel powder, and
PA2  sufficient ferroboron to provide from 11/2  to 8 weight percent boron in
      the hard facing composition;
PA1  igniting the charge to set off an exothermic reduction reaction, allowing
      the metal to form a tightly adherent alloy metallurgically bonded to the
      substrate and a brittle slag layer thereon,
PA1  cooling the product, and
PA1  removing the perimeter.
NUM  11.
PAR  11. A method according to claim 10 wherein the substrate is preheated to
      any temperature below the fusion point of the substrate.
NUM  12.
PAR  12. A method according to claim 10 wherein the substrate is preheated to
      temperature between 1400.degree. and 2000.degree.F.
NUM  13.
PAR  13. A method according to claim 10 wherein said iron oxide is Fe.sub.2
      0.sub.3.
NUM  14.
PAR  14. A method according to claim 10 wherein said iron oxide powder has a
      size at least as fine as -35 mesh.
NUM  15.
PAR  15. A method according to claim 10 wherein said fuel powder is aluminum.
NUM  16.
PAR  16. A method according to claim 10 wherein said fuel powder has a particle
      size between -20 mesh and +325 mesh.
NUM  17.
PAR  17. A method according to claim 10 wherein said ferroboron is crushed to a
      size at least as fine as -20 mesh.
NUM  18.
PAR  18. A method according to claim 10 wherein sufficient ferroboron is present
      in said mixture to provide from 4 to 7 weight percent boron in the hard
      facing composition.
NUM  19.
PAR  19. A method according to claim 10 wherein sufficient ferroboron is present
      in said mixture to provide from 5.5 to 7 weight percent boron in the hard
      facing composition.
NUM  20.
PAR  20. A method according to claim 10 wherein the cooling of the product is
      accomplished by air cooling.
NUM  21.
PAR  21. A method according to claim 10 further comprising placing refractory
      cover plates on the perimeter above the mixture prior to igniting the
      charge, to contain the heat of reaction and to force the heat into the
      substrate to enhance the adherence of the hard facing thereto.
NUM  22.
PAR  22. A method according to claim 21 further comprising removing said cover
      plates after the reaction is complete and insulating the resulting
      composite article.
NUM  23.
PAR  23. A method according to claim 22 wherein insulating said resulting
      composite article is accomplished by placing a sand blanket atop said slag
      layer.
NUM  24.
PAR  24. A method according to claim 22 wherein insulating said resulting
      composite article is accomplished by placing sand atop said slag layer.
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ABST
PAL  A method is provided for preventing orifice plugging when melt extruding a
      steel-titanium alloy to form fine diameter wire. This is accomplished by
      controlling the oxygen potential in the melt above the orifice at a level
      wherein the activity of titania within the melt is maintained at from 0.3
      to unity -- the standard state of unit activity being defined as the melt
      saturated in titania at the concentrations of titanium and oxygen therein
      and at the melt temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in the method wherein steel alloys
      are melt extruded to produce fine diameter wire.
PAR  Until quite recently, it was not possible to fabricate filamentary
      structures from metals or metal alloys by the method of melt extrusion.
      The limiting factor was that the melt viscosity of these materials is so
      low as to be practically negligible. In other words, the melts of metals
      and metal alloys are essentially inviscid.
PAR  The problem presented by an inviscid melt when attempting to extrude it to
      form filaments is that the surface tension of the filamentary jet, as it
      issues from the shaping die, is so great in relation to its viscosity that
      the molten stream breaks up before sufficient heat can be transferred for
      conversion to the solid state.
PAR  This intractable problem has now yielded to a unique solution as described
      in U.S. Pat. Nos. 3,216,076 and 3,658,979. In accordance therewith, the
      nascent molten jet, as it issues from the shaping die, is brought into
      contact with a gas capable of instant reaction with the jet surface. The
      result is the formation of a thin film which envelopes the jet surface.
      This thin film has been found to be capable of holding the jet stream
      together until sufficient heat can be transferred to effect
      solidification. For example, fine diameter wire may be formed from
      aluminum by extruding the melt at an appropriate velocity into an oxygen
      medium. When the hot jet issuing from the extrusion orifice contacts the
      oxygen-containing atmosphere, a stable film of melt insoluble aluminum
      oxide forms almost instantaneously about the peripheral surface of the
      jet. In essence, a sheath is formed which protects the filamentary jet or
      stream against surface tension break-up until solidification takes place.
PAR  The oxide of aluminum is a solid which is insoluble in the non-oxidized
      molten metal. This, of course makes film formation by contact with oxygen
      below the orifice possible. However, in the instance of ferrous metals, as
      for example steel, the iron oxide is soluble in the liquid melt.
      Consequently, a film will not form when a molten jet is extruded into an
      oxidizing atmosphere.
PAR  A solution to this problem is provided in the teachings of U.S. Pat. No.
      3,216,076. As disclosed therein, filamentary structures may be formed from
      metals whose oxides are soluble in the non-oxidized molten metal by
      alloying them with a minor percentage of a compatible metal whose oxide is
      insoluble in the non-oxidized molten metal. By compatible metal there is
      meant a metal or combination of metals having the ability to form an
      alloy. According to U.S. Pat. No. 3,216,076 metals which may be used for
      this purpose include aluminum, magnesium, beryllium, chromium, lanthanum
      and combinations thereof. The particular metal employed is generally
      present in amounts in excess of 0.5% by weight of the alloy. The upper
      limit on the quantity of metal which will produce a stable oxide is only
      determined by the physical characteristics desired in the ultimate
      filamentary product. The metal most commonly alloyed with steel for
      effecting film formation when extruding steel melts has been aluminum.
PAR  The extension of the capability for producing filaments directly from the
      melt to metals like steel constitutes an important advance in the art.
      However, commercial scale practice of this potentially attractive method
      for producing steel wire has been inhibited by an inability to control the
      tendency for the orifice to plug during extrusion. Oxidation reactions
      occurring in the melt prior to extrusion are largely responsible for the
      partial or complete plugging of the orifice. Contributing to this problem
      has been a premature oxidation of the second metal used to stabilize the
      molten stream of steel. As has been noted, aluminum is commonly used for
      this purpose, and it has not been found practical to maintain the melt
      oxygen content at the very low levels required for avoiding a premature
      precipitation of alumina and complexes thereof with the oxides of other
      metal impurities. Such precipitates form solid inclusions in the melt
      which accumulate in the orifice area and tend to plug it. Likewise, a
      similar problem exists with other metals heretofore proposed for alloying
      with steel to provide a stabilization capability.
PAR  It is therefore a principal object of this invention to provide a means for
      extruding a steel alloy melt to form fine diameter wire in the absence of
      orifice plugging caused by insoluble oxide formation above the extrusion
      orifice.
PAR  It is another object of this invention to provide a means for controlling
      the oxygen potential of the melt upstream from the extrusion orifice
      during the extrusion of molten steel to prevent the occurrence of orifice
      plugging.
PAR  Other objects and advantages will become apparent from a description of the
      invention which follows:
PAC  SUMMARY
PAR  The above objects are achieved when steel alloy melts are extruded in
      accordance with a procedure which includes: (1) employing a melt of steel
      alloyed with titanium, with the titanium being present in an amount of at
      least 0.2 percent by weight of the alloy; (2) maintaining a pressurized
      gas mixture over the melt consisting of an inert gas and an oxygen
      containing gas; (3) controlling the oxygen potential of the melt upstream
      from the extrusion orifice at a level wherein the titania within the melt
      has an activity of from 0.3 to unity -- such control being effected by
      maintaining the partial pressure of the oxygen containing gas at an
      appropriate predetermined value; (4) extruding the melt as a molten
      filamentary stream directly into an oxygen-containing medium of sufficient
      oxidizing capacity to cause titania to precipitate and form a stabilizing
      film about the surface of the stream; and (5) cooling the film stabilized
      stream to the solid state.
PAC  DESCRIPTION
PAR  As above noted, the method of this invention is directed to the production
      of fine diameter wire from a steel alloy by melt extrusion. For purposes
      of definition, fine diameter wire may be considered as any wire having a
      diameter of less than about 35 mils. It is well known, of course, that
      steel is an alloy of iron and carbon. Generally, the carbon content will
      be in the range of from about 0.01 to 4.30 by weight of the alloy in
      steels intended for use in the production of wire products.
PAR  According to this invention, steels of the type just described are alloyed
      with titanium to provide a film-forming component for the melt extrusion
      procedure. Generally, the titanium concentration will range from between
      about 0.2 and 5.0 percent on the total weight of the alloy, although there
      is no process criticality with respect to the upper limit. That is, the
      upper limit may be determined merely on the basis of the physical
      characteristics desired in the ultimate product. However, it does appear
      desirable that the titanium be present in the alloy in an amount of at
      least 0.2 percent by weight in order to form a stabilizing film of the
      required strength.
PAR  The temperatures employed when extruding the melt are critical only to the
      extent that they obviously must be at or above the melting point of the
      alloy. Although not required, it is generally good practice to keep the
      temperature 10.degree.-20.degree.C. above the liquidus temperature of the
      alloy during extrusion to provide a margin for any heat loss which might
      occur. Likewise, the head pressures employed are critical only to the
      extent that they must impart a sufficient stream velocity to form an
      efficient jet in accordance with the parameters as set forth in U.S. Pat.
      No. 3,658,979.
PAR  In the film stabilization of inviscid steel jets according to this
      invention, the viscous film is generated by oxidation of the titanium
      added to the steel expressly for that purpose. This is brought about by
      extruding the titanium-containing molten jet directly into an oxidizing
      medium. Thus, as the jet emerges from the extrusion orifice it is
      immediately contacted with an oxidizing atmosphere and a film of titania
      is caused to form almost instantaneously.
PAR  It has now been found that when carrying out melt extrusion operations in
      accordance with the procedure as outlined above, the formation of
      orifice-plugging inclusions can be greatly reduced by maintaining the
      activity of titania in the molten mass above the orifice at values between
      0.3 and unity. The standard state of unit activity for the purposes of
      this invention is defined as the melt saturated in titania at the
      concentration of titanium and oxygen therein and at the temperature of the
      melt.
PAR  The activity of titania within the melt is controlled by means of an
      oxygen-containing gas which is introduced into the system with an inert
      gas to provide a positive gas pressure for effecting extrusion. That is,
      the partial pressure of the oxygen-containing gas in the gas mixture
      provides the mechanism for this control. The appropriate partial pressure
      for any given run will, of course, depend upon the particular gas
      employed, the carbon and titanium concentrations within the melt and the
      melt temperature. With these parameters being known for any contemplated
      operation, those skilled in the art can readily calculate the particular
      partial pressure values which are needed to accomplish the desired result.
PAR  Among the oxygen-containing gases which may be employed are carbon
      monoxide, carbon dioxide, oxygen and steam with carbon monoxide having
      particular advantages in practice. However, since the purpose of the gas
      is to function merely as an oxygen donor to the melt chemistry, the choice
      of an oxygen-containing gas is essentially without limitation. Any
      suitable inert gas may be employed as the second component in the
      pressurized gas mixture. For example, argon and helium are commonly
      employed.
PAR  As previously noted, the oxygen content in the melt above the orifice
      should be controlled at a level which will insure a titania activity of
      from 0.3 to unity. Generally, best results are realized when the oxygen
      level in the melt is at or relatively near saturation with respect to
      titania and the value of the titania activity is from about 0.9 to unity.
      The reason for this is that the ease of stabilizing titanium-containing
      steel jets as they emerge from the extrusion orifice is determined by the
      amount of oxygen dissolved in the molten jet. Hence, a titanium-containing
      steel melt which is saturated or substantially saturated with oxygen,
      vis-a-vis titania, is stabilized with greater facility than one which is
      highly under-saturated in relation to titania.
PAR  As previously noted, film stabilization is brought about by extruding the
      titanium-containing molten jet directly into a gaseous medium having a
      sufficient oxidizing capacity for causing titania to precipitate and form
      a film about the peripheral surface of the jet. Although an oxidizing
      atmosphere rich in carbon monoxide is generally preferred, any
      oxygen-containing gas or gas mixture having sufficient oxygen potential
      for effecting titania formation in the molten stream may be employed. In
      addition to carbon monoxide other suitable examples which may be mentioned
      are carbon dioxide, oxygen, sulfur dioxide and steam. For purposes of
      illustration only, the film stabilization chemistry will be described in
      terms of a carbon monoxide oxidizing medium. It will be understood that
      other oxygen-containing gases could likewise be employed. The reactions
      which occur may be set forth as follows:
PAR  1. the absorption of gaseous carbon monoxide (CO.sub.(g)) by the liquid jet
      to give dissolved carbon (C) and oxygen (O).
EQU  2co.sub.(g) .revreaction. 2C + 2O
PAL  followed by;
PAR  2. the reaction of titanium in the liquid steel with dissolved oxygen to
      form a solid titania (TiO.sub.2(s)) film
PAL  2O + Ti .revreaction. TiO.sub.2(s) + 2C
PAL  the overall reaction is, thus, the sum of reactions (1) and (2).
PAR  3. 2CO.sub.(g) + Ti .revreaction. TiO.sub.2(s) + 2C
PAR  For the stabilizing film of solid titania to form, it is necessary that the
      solubility limit of oxygen on the steel jet surface be exceeded with
      respect to titania. This is brought about by exceeding the equilibrium
      partial pressure of carbon monoxide in the oxidizing atmosphere into which
      the steel jet is extruded. The total carbon monoxide pressure required for
      stabilization may be defined as follows:
EQU  P.sub.CO *** = P.sub.CO * + P.sub.CO **
PAL  where
PAR  P.sub.CO *** is the total CO partial pressure required for stabilization,
PAR  P.sub.CO * is the equilibrium partial pressure, and
PAR  P.sub.CO ** is the driving force required to form a sufficient strong
      stabilizing film within the required time limit.
PAR  It is seen from the above discussion that orifice plugging is avoided and a
      proper stabilization of the extruded jet is achieved by an ability to
      control the oxygen content within the steel-titanium melt at the desired
      level both above and below the extrusion orifice. That is, before the
      steel passes through the orifice the activity of titania in the steel melt
      is controlled to a value of between 0.3 to unity, with from 0.9 to unity
      generally preferred. As soon as the melt exits from the orifice as a
      filamentary jet, the oxygen level is increased and a film of precipitated
      titania is thereby formed before varicose breakup of the molten jet can
      take place.
PAR  As a final step in the production of fine diameter steel wire in accordance
      with this invention, the film stabilized molten stream or jet is passed
      into a cooling medium to effect solidification. It is desirable to utilize
      a gas with good thermal conductivity for this purpose. That is, gases such
      as helium, hydrogen, carbon dioxide, nitrogen or mixtures thereof may be
      suitably employed with hydrogen and helium or mixtures of hydrogen and
      nitrogen being of particular preference.
DRWD
PAR  For a description of a representative type apparatus which may be employed
      for producing fine diameter wire in accordance with this invention,
      attention is directed to the drawing wherein the single FIGURE depicts a
      schematic, partially sectionalized, vertical view of an induction heated
      extrusion apparatus.
DETD
PAR  As shown there, such apparatus is comprised of a crucible 2 having a base
      plate 3, the crucible and base plate being supported on pedestal 4 and
      enclosed within an insulating cylinder 5 and a susceptor 6 employed in
      conjunction with induction heating coils 7. The unit is pressurized by
      gases brought into the head 9 through conduit 8. Sealing rings 10 serve to
      maintain the pressure within the enclosure by preventing leakage past the
      base plate. The molten metal 1 is forced through orifice 11 in orifice
      plate 12 by the gaseous head pressure and emerges from orifice 11 as a
      cylindrical molten jet 13. The nascent jet passes through an
      oxygen-containing gaseous atmosphere contained within cavity 14 provided
      by the pedestal 4. The oxygen-containing gas is brought into cavity 14 via
      conduit 15.
PAR  It is to be understood that the just-described extrusion apparatus is
      merely a schematic representation of a typical assembly which may be
      employed in the practice of the present invention. Many design variations
      are possible and will readily occur to those skilled in the art. For
      example, all or part of the pressurizing gas mixture could be introduced
      into the system by providing a means for bubbling the gases up through the
      melt as an alternative or supplementary means to the introduction above
      the melt surface as shown in the drawing. The important consideration is
      that the oxygen-containing gas be provided to the system at the proper
      partial pressure. Moreover, a resistance-heated assembly could be
      substituted for the illustration induction-heated unit. The following
      illustrative example will serve to further amplify the invention.
PAC  EXAMPLE
PAR  A steel alloy made from electrolytic iron alloyed with 0.4 percent by
      weight of carbon and 1.0 percent by weight of electrolytic titanium was
      melted at a temperature of 1550.degree.C., and the temperature was
      thereafter decreased to 1540.degree.C. and held at this level. Under a 9.0
      psig head pressure provided by a mixture of argon and carbon monoxide
      gases, the melt was ejected through a 10 mil orifice and thence into a
      mixture of carbon monoxide and helium. During streaming, the partial
      pressure of the carbon monoxide above the melt was maintained at
      approximately 0.2 atmospheres (the equilibrium value for the
      oxygen-titanium-carbon reaction within the melt). As the molten stream
      exited from the orifice, this equilibrium value was caused to be exceeded
      by the partial pressure of carbon monoxide in the gaseous atmosphere (i.e.
      a mixture of carbon monoxide and helium) immediately below the orifice. As
      a consequence, titania precipitated and formed an enveloping film about
      the periphery of the extruded stream. The film-stabilized stream then
      passed through a gas cooled tube where it solidified in the form of a fine
      diameter steel wire. An orifice plugging or erosion problem was not
      encountered during the extrusion.
PAR  While there has been described what presently are considered to be the
      preferred embodiments of this invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      without departing from the invention. It is to be understood, therefore,
      that the invention is limited only by a proper construction of the
      language in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for producing fine diameter wire from the melt of a steel
      alloy wherein said melt is extruded through an orifice as a continuous
      molten stream and into an oxygen-containing atmosphere where a stabilizing
      film is caused to form about the surface of the stream to preserve its
      continuity until solidified, the improvement which comprises:
PA1  a. heating to the melt an alloy comprised of steel and at least 0.2 percent
      by weight of titanium;
PA1  b. maintaining a pressurized gas mixture over the melt consisting of an
      inert gas and an oxygen-containing gas;
PA1  c. controlling the oxygen potential of the melt by means of said
      oxygen-containing gas at a level wherein the titania formed in the melt by
      oxidization of said titanium has an activity of from about 0.3 to unity;
PA1  d. causing said melt to extrude through an orifice as a continuous molten
      stream and into an oxygen-containing gaseous atmosphere having the
      capacity for increasing the oxygen potential of said stream to a level
      wherein said titania is caused to precipitate and form a stabilizing film
      about the periphery of said stream;
PA1  e. cooling said film-stabilized molten stream to the solid state.
NUM  2.
PAR  2. The method of claim 1, wherein said steel-titanium melt contains from
      about 0.01 to 4.3 percent by weight of carbon and from about 0.2 to 5.0
      percent by weight of titanium.
NUM  3.
PAR  3. The method of claim 1, wherein said gas mixture over the melt consists
      of an inert gas and a gas selected from the group consisting of carbon
      monoxide, carbon dioxide, oxygen and steam.
NUM  4.
PAR  4. The method of claim 3, wherein said inert gas is argon.
NUM  5.
PAR  5. The method of claim 1, wherein said melt is extruded as a molten stream
      into a gaseous atmosphere selected from the group consisting of carbon
      monoxide, carbon dioxide, oxygen, sulfur dioxide and steam.
NUM  6.
PAR  6. The method of claim 1, wherein the oxygen containing gas in the gas
      mixture over the melt is carbon monoxide and the melt is extruded as a
      molten stream into a carbon monoxide containing atmosphere.
NUM  7.
PAR  7. The method of claim 1, wherein the oxygen potential of the melt is
      controlled to where the activity of titania is from 0.9 to unity.
NUM  8.
PAR  8. The method of claim 1, wherein hydrogen or helium are employed as a
      cooling gas to cool said film-stabilized molten stream to the solid state.
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ABST
PAL  A method of and apparatus for regulating the molten metal level in the mold
      of a continuous casting installation wherein deviations from a reference
      value determined by measuring the molten metal level in the continuous
      casting mold are overcome by regulating the infeed of metal to the mold
      and/or by regulating the withdrawal speed of the strand from the mold. The
      invention contemplates simultaneously delivering the adjustment values or
      magnitudes generated at the metal infeed regulation circuit to the strand
      withdrawal regulation circuit and changing the predetermined or preset
      reference value of the withdrawal regulation as a function of such
      adjustment values in accordance with a predetermined or preset function
      and this function is prescribed or preset such that the reference value of
      the withdrawal regulation is only then influenced when the change in the
      adjustment value in the infeed regulation circuit per unit of time exceeds
      a predetermined or preset value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of regulating
      the level of the molten metal in the molds of continuous casting plants or
      installations, wherein deviations from a reference value as determined by
      measuring the level of the molten metal in the mold are overcome by
      regulating the metal infeed to the mold and/or by regulating the
      withdrawal speed of the strand from the mold.
PAR  It is known during continuous casting of metals to employ a molten metal
      level regulation or control wherein initially by carrying out an infeed
      regulation, for instance by means of a stopper, the degree of filling or
      molten metal level in the mold is regulated in accordance with a
      prescribed or preset reference value. If the degree of filling of the mold
      exceeds predetermined or preset boundaries of such reference value, then
      there is switched over from the metal infeed regulation to a regulation of
      the withdrawal speed i.e. the casting speed of the strand. During
      regulation of the withdrawal speed the sets of drive rolls conveying the
      continuously cast strand are controlled such that by slowing down or
      accelerating the withdrawal speed of the strand there is maintained the
      required level of the molten metal in the mold. The withdrawal regulation
      first then becomes operational when the deviation of the level of the
      molten metal in the mold from the reference value has exceeded a
      predetermined upper or lower boundary value.
PAR  Such type regulation with switching-over or reversal from the metal infeed
      regulation circuit to the strand withdrawal regulation circuit and vice
      versa possesses the drawback that at the moment of switching-over from the
      regulation of the stopper to the regulation of the withdrawal of the
      casting or strand, the control or regulator for the withdrawal speed has
      delivered thereto the maximum deviation signal of the level of the molten
      bath, because the withdrawal regulation has not followed the actual value
      of the molten bath level. Hence, related to the reference value, there
      initially occurs a sudden drop or rise in the level of the molten metal in
      the mold. During sudden rise of the level of the molten metal there
      however occurs an immediate switching back to regulation of the stopper,
      so that initially it is not possible to prevent an unrest or surging of
      the regulation. This occurs in that each time there is reached the
      switch-over value from the metal infeed regulation to the strand
      withdrawal control the regulation again switches back to regulation of the
      stopper, again resulting in a drop or rise in the molten bath level.
      Hence, upon reaching the transition conditions from the regulation of the
      stopper to the regulation of the withdrawal of the strand there arises a
      frequent switching from the one to the other regulation circuit, producing
      a so-called surging or hunting of the regulation system. As a result,
      there prevail unavoidable disturbances, such as overflow of the liquid
      steel from the upper edge of the mold during operation as well as
      break-outs in and beneath the mold, requiring increased expenditure in the
      supervision and maintenance of the continuous casting installation by the
      operating personnel. However, also at the region of the simultaneous
      working of the infeed regulation circuit and the withdrawal regulation
      circuit there hardly can be attained a constant bath level in the mold,
      since due to the simultaneous action of both circuits each circuit is
      influenced by the other, generally resulting in an unsuitable regulation.
      Additionally, the strand withdrawal speed considerably deviates from the
      desired speed, with the result that the quality as well as the continuous
      operation, that is the economies of the installation, are considerably
      impaired.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, from what has been explained above, it should be apparent that this
      particular field of technology is still in need of methods of, and
      apparatus for, controlling the molten metal level at a continuous casting
      mold of a continuous casting installation in a manner not associated with
      the aforementioned drawbacks and limitations of the prior art proposals.
      Thus, it is a primary object of the present invention to provide an
      improved method of, and apparatus for, controlling the level of the molten
      metal in a mold of a continuous casting installation in a manner which
      effectively and reliably fulfills the existing needs in the art and is not
      associated with the aforementioned drawbacks and limitations of the prior
      art proposals.
PAR  Another object of the present invention relates to the provision of an
      improved method of, and apparatus for, regulating the molten metal level
      in a mold in a manner rendering it possible to exactly regulate and
      maintain the degree of filling or level of the metal bath in the mold by
      means of the infeed of metal to the mold as well as the withdrawal speed
      of the formed strand from the mold.
PAR  A further object of this invention relates to an improved method of, and
      apparatus for, regulating the level of the molten metal in a continuous
      casting mold in a manner rendering it possible to control the level of the
      molten metal in the mold by means of the infeed of such molten metal into
      the mold as well as the withdrawal speed of the casting from the mold
      without there being present the drawbacks of overflow of steel from the
      mold, frequent break-outs in and beneath the mold and increased personnel
      requirements.
PAR  Now in order to implement there and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      method aspects of this development contemplate that the adjustment
      magnitudes generated at the metal infeed regulation circuit are
      simultaneously delivered to the strand withdrawal regulation circuit and
      the prescribed or preset reference value of the strand withdrawal
      regulation is changed as a function of such adjustment magnitudes
      according to a prescribed or preset function and this function preset or
      is predetermined such that the reference value only then influences the
      withdrawal regulation when the change in the adjustment magnitude in the
      infeed regulation circuit per unit of time exceeds a predetermined value.
PAR  Due to the simultaneous infeed of the adjustment magnitudes generated at
      the metal infeed regulation circuit to the strand withdrawal regulation
      circuit there is possible the simultaneous regulation or action of both
      regulation circuits. The change of the reference value of the withdrawal
      regulation according to a predetermined or preset function which is
      dependent upon the deviations of the adjustment magnitudes at the infeed
      regulation circuit which are generated by deviations of the molten metal
      level, prevents the undesired reversing or switching-over from one
      regulation circuit to the other, that is to say, the so-called hunting or
      fluttering, prevents the overflow of the mold and reduces the number of
      break-outs in and beneath the mold. By means of such technique it is
      possible to exactly maintain the degree of filling of the mold at the
      desired level, whereby the prescribed or preset function in the withdrawal
      regulation circuit permits maintaining the withdrawal speed constant for
      the normal case, something which is generally desired in practice. If the
      quantity of melt flowing into the mold markedly changes during a given
      period of time, which with the prior art regulators only first then will
      be recognized upon reaching the boundary value, then the bath level
      regulation of this invention begins to immediately carry out its
      cooperative regulating function by uniformly changing the withdrawal
      speed. The strand withdrawal regulation which is dependent upon such
      function prevents sudden and uncontrollable changes in the bath level
      owing to changes in the infed quantity of melt and the sudden changes of
      the strand withdrawal speed resulting therefrom with the prior art
      regulation systems.
PAR  During slow clogging of the outflow nozzle of the tundish, that is, slow
      decrease of the quantity of metal fed into the mold, the method aspects of
      the invention can be advantageously further supplemented in that upon
      reaching a certain upper and lower boundary value of the molten metal
      level in the mold, independent of the change in the adjustment magnitude
      at the inflow control circuit per unit of time, the adjustment magnitude
      can be influenced at the withdrawal control circuit. If the reference
      value of the withdrawal control is likewise influenced independently of
      the change of the adjustment magnitude per unit of time upon reaching
      certain upper and lower boundary values, then the method can be carried
      out more positively and fewer additional operating personnel are required
      in that there is prevented a slow increase in the level of the bath and
      the thus resulting overflow of the mold or a slow decrease with subsequent
      break-out beneath the mold.
PAR  A further advantageous solution is realized in that after a change in the
      adjustment magnitudes at the withdrawal regulation circuit, i.e., also the
      withdrawal speed, the withdrawal speed is again restored to the original
      reference value. This return to the original value of the adjustment
      magnitude after a change in the withdrawal speed owing to a change of the
      bath level, which brings about the response of the infeed regulation
      circuit as well as the withdrawal regulation circuit, renders possible
      withdrawing the strand for such length of time at the most favorable speed
      until the bath level in the mold is no longer influenced by the regulation
      of the infeed of metal. After a change of the withdrawal speed owing to a
      change of the adjustment magnitude at the inflow or infeed regulation
      circuit which change exceeds a certain value per unit of time, the
      withdrawal speed is reset with a certain speed to the original value. This
      restoring or return speed is calculated such that the change in the level
      of the molten metal and the thus resulting change in the adjustment
      magnitude at the inflow regulation circuit does not reach the boundary
      value for response of the withdrawal regulation circuit. If the infeed
      regulation circuit, for instance due to reaching the boundaries of the
      regulation range, no longer is capable of influencing the bath level, the
      resetting or restoring is discontinued and deviates from the most
      favorable casting speed.
PAR  Not only is the invention concerned with the aforementioned method aspects,
      but as indicated above is also concerned with an improved apparatus for
      carrying out the aforementioned method which is manifested by the features
      that the measuring device, the reference value adjustment means, the
      comparators and the regulator for the molten metal level are common to
      both regulating circuits and both circuits are connected in parallel with
      one another. Further, an additional function transmitter or generator
      having a reference value adjustment means is connected with the withdrawal
      regulation circuit.
PAR  By means of the measurement device there is determined the level of the
      molten metal of the continuous casting mold, such is delivered to the
      comparator and regulator, as a result of which there is produced the
      adjustment magnitude for influencing the adjustment element of the inflow
      regulation mechanism. This adjustment magnitude is simultaneously
      delivered to a function transmitter or generator of the withdrawal
      regulation circuit, this function transmitter determining whether the
      reference value generated by the reference value adjustment or determining
      means for the withdrawal control circuit influences the withdrawal speed.
      Owing to this arrangement there is ensured for reliable operation of the
      molten bath level regulation and hunting is completely prevented upon
      obtaining the transition conditions from regulation of the stopper strand
      withdrawal regulation. At the same time there can be obtained with less
      personnel a more economical and positive operation of the continuous
      casting installation.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein:
PAR  FIG. 1 is a schematic illustration of a continuous casting installation and
      the principal block circuit diagram of the bath level regulation; and
PAR  FIG. 2 is a block circuit diagram of the function transmitter or generator
      of the strand withdrawal regulation circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, it is to be understood that only enough of
      the construction of the continuous casting installation or machine has
      been depicted herein to enable those skilled in the art to readily
      understand the underlying concepts of this development. Hence, the
      exemplary embodiment of continuous casting machine or installation as
      depicted in FIG. 1 will be understood to comprise a tundish 1 with an
      outflow or discharge opening 2 which can be closed by a stopper or stopper
      rod 3. Beneath the tundish 1 there is located the continuous casting mold
      4, after which are arranged guide elements for instance in the form of
      rollers or rolls 8. Further downstream of the system there are arranged
      drive rolls or rollers 9 which withdraw the casting or strand 7 which is
      formed at the mold 4 out of the latter. During the casting operation
      liquid metal is cast from a non-illustrated ladle into the tundish 1.
      Initially, the stopper or stopper rod 3 remains closed until the molten
      metal at the tundish 1 has reached a certain level or fill height. At this
      moment the outflow opening or nozzle 2 is manually or automatically opened
      by raising the stopper rod 3. Liquid melt or metal then flows through the
      outlet opening or nozzle 2 into the hollow compartment 34 of the mold 4,
      the lower end of which is closed in the usual way by a non-illustrated
      stopping and withdrawing head connected with a dummy bar. If the molten
      metal level 35 at the mold 4 reaches a lower boundary value, then the
      drive rolls 9 being to withdraw the stopping and withdrawing head and the
      solidifying casting out of the mold 4. Determination of the molten metal
      level takes place by means of a radioactive emitter 5 and associated
      receiver 6 as is known in this art. The withdrawal speed of the drive
      rolls 9 is increased according to a prescribed or preset function which is
      not further discussed at this point, until reaching a certain reference
      value of the molten metal level 35 at the mold 4. Only when this reference
      value has been reached does the inventive molten metal level regulation or
      control of this development begin to function. Switching-in of the molten
      metal level regulation can be carried out automatically or through the
      agency of a non-illustrated control switch.
PAR  The receiver 6 records all deviations in both the positive as well as the
      negative direction of the molten metal level 35 of the bath, and
      transforms such at the measurement device 11 into suitable measurement
      signals. These measurement signals are delivered via a connection line 12
      to a comparator 13. Comparator 13 is connected through the agency of a
      connection line 14 with a reference value-adjustment means 15 for the
      level of the molten metal bath at the continuous casting mold 4.
      Deviations in the bath level determined by the comparator 13 are delivered
      via a connection line 16 to a transmission element 17. Transmission
      element 17 determines the adjustment or settling value for the metal
      inflow control or regulation, that is to say, in this case, for the
      displacement of the stopper rod 3 upwards or downwards. Serving as the
      adjustment of the stopper rod 3 is an adjustment element 19 which is
      coupled via a connection line 21 with regulator or control 18. The
      adjustment magnitudes determined by the regulator 18 for the stopper rod 3
      are simultaneously delivered via a connection line 20 to a function
      transmitter or generator 28. This function transmitter 28 is coupled
      through the agency of a connection line 30 with a reference
      value-adjustment means 29 for the withdrawal speed of the casting 7 during
      normal casting operation. The values determined by the function
      transmitter 28 are delivered through the agency of a connection line 31 to
      a rotational speed regulator 25 for the drive rolls 9. This rotational
      speed regulator 25 is mounted at a drive motor 24 for the drive rolls 9
      and consists of a block 22 which incorporates a comparator, transmission
      element and adjustment element as well as a tachogenerator 23.
PAR  If, during a casting operation the molten metal level 35 deviates, for
      instance upwards from its reference value, then, this deviation is
      determined by the comparator 13 and delivered to the transmission element
      17. At the transmission element 17 there is selected an adjustment value
      in accordance with the regulation or control function and the bath level
      deviation, this adjustment value placing into operation the adjustment
      element 19. Adjustment element 19 now moves the stopper or stopper rod 3
      downwardly to such extent until only that quantity of liquid metal now
      flows out of the nozzle opening 2 which prevents further rise of the
      molten metal bath level 35 and permits such bath level to again go back to
      the desired reference value. The adjustment value, which is delivered via
      the line 21 to the adjustment element 19, is simultaneously delivered via
      the function transmitter 28 also to the strand withdrawal regulation or
      control circuit.
PAR  The function generator or transmitter 28 has been shown in block circuit
      diagram in FIG. 2. The individual components of such function transmitter
      are standard commercially available components as the same are employed in
      conventional regulation devices and process controls. An input signal
      distributor 45 is provided with inputs for the connection lines 20, 30 and
      48. The signals of the connection line 20 are delivered to a signal
      processing unit 40 and the signals of the line 30 are delivered to the
      unit 40 as well as a feedback or return unit 43. The signal processing
      units 41 and 42 receive their signals via the connection line 48 directly
      from the measuring or measurement device 11. All units 40, 41, 42 and 43
      deliver their output signals to output stage 44 which is coupled via the
      line 31 with the rotational speed regulator 25. The signal for the
      rotational speed regulator 25 is simultaneously also delivered to the
      feedback unit 43. The change of the prescribed or preset reference value
      of the strand withdrawal regulation in the function transmitter 28 is
      undertaken according to a prescribed or preset function such that this
      function transmitter 28 only then permits influencing the casting
      withdrawal speed by the adjustment value delivered by the regulator 18
      when the change of such adjustment magnitude or value at the inflow
      control circuit per unit of time exceeds a predetermined value, that is to
      say, during a slight and slow change of the molten metal bath level 35
      towards the bottom or the top, the withdrawal regulation circuit initially
      should not respond to such deviation. If the bath level 35 however
      suddenly increases owing to a breakout of the nozzle or discharge opening
      2, then this increase cannot be controlled alone by the stopper regulation
      circuit within the time available until overflow of the mold. This rapid
      increase in the level of the bath of molten metal is, however, also
      determined by the function generator or transmitter 28 by means of the
      signal processing unit 40 and owing to the change in the adjustment
      magnitude at the inflow regulation circuit which exceeds a certain value
      per unit of time, the reference value emanating from the reference value
      adjustment means 29 is changed which, in turn, brings about via the
      rotational speed regulator 25 an increase in the withdrawal speed.
PAR  With a slow rise or fall of the molten metal bath level 35, the reference
      value of this bath level is initially only regulated by means of the
      inflow regulation circuit. During casting of certain qualities of steels,
      it can be observed that constituents of the cast material are separated at
      the discharge or nozzle opening 2 and deposit at the walls thereof. As a
      result, the nozzle opening 2 always becomes smaller, resulting in the
      phenomenon that less steel also flows out thereof, that is to say, the
      bath level 35 drops slowly. This dropping of the bath level is now
      initially corrected in that the stopper or stopper rod 3 is moved upwards.
      The stopper rod 3 can be, however, only moved upwards through a certain
      amount or, in other words, influencing the discharge or nozzle opening 2
      is only possible for such length of time until the nozzle opening is
      completely freed or the stopper rod 3 bears against its upper impact or
      stop. Now if further material deposits at the wall of the nozzle opening
      2, then less and less material will flow out of such nozzle opening and
      the bath level 35 will further slowly drop. Since this decrease in the
      bath level only occurs slowly and the change of the adjustment magnitude
      at the inflow control circuit does not exceed a certain value per unit of
      time, the reference value of the withdrawal control circuit is not
      changed. In this case it is particularly advantageous if upon reaching
      certain upper and lower boundary values the degree of filling or molten
      metal level 35 is influenced independent of the change of the adjustment
      magnitude per unit of time of the reference value of the withdrawal
      regulation circuit by the prescribed or preset function. As soon as the
      molten bath level 35 for the mentioned example has dropped to the
      predetermined lower boundary value, a signal is delivered by the
      measurement device 11 which causes the signal processing unit 41 at the
      function transmitter 28 to change the reference value emanating from the
      reference value transmitter 29 via the output stage 44, and specifically
      for such length of time until the bath level 35 has again reached its
      prescribed reference value. The same procedures in the reverse direction
      can arise if the nozzle or discharge opening 2 becomes larger owing to
      flushing out. In this case the increase of the material per unit of time
      which departs from the nozzle opening 2 is slight, so that the bath level
      35 only rises slowly. If it however reaches the upper boundary value of
      the bath level 35, then a signal is likewise delivered by the measurement
      device 11 which causes the signal processing unit 42 at the function
      transmitter 28 to change the reference value emanating from the reference
      value transmitter 29 via the output stage 44 until the bath level 35 again
      has attained its prescribed reference value.
PAR  Since the casting speed is generally fixed at as high as possible a value,
      at which simultaneously there are insured good surface and good casting
      qualities, it is desirable that the casting speed remain as constant as
      possible throughout the entire casting operation. In order to guarantee
      for such, a feedback unit 43 is associated with the function generator or
      transmitter 28 which after each change of the reference value of the
      withdrawal speed, strives to again adjust the original reference value.
      The feedback unit 43 compares the value delivered by the output stage 44
      with the reference value of the reference value-adjustment means 29 and in
      the presence of deviations strives to again maintain the desired reference
      value with a certain time delay through direct action upon the output
      stage 44. During control of the bath level 35 with the aid of the metal
      inflow regulation circuit as well as the strand withdrawal regulation
      circuit owing to a change of the adjustment magnitude at the inflow
      regulation circuit which exceeds a certain value per unit of time, the
      favorable prescribed withdrawal speed for the casting operation is
      increased or reduced. After the bath level 35 has again reached its
      prescribed reference value, the feedback unit 43 at the function
      transmitter 28 insures that the withdrawal speed is changed for such
      length of time until it again reaches the value most favorable for the
      casting operation. This change in the withdrawal speed brings about a
      deviation of the bath level 35 in the positive or negative direction which
      is then recorded by the measurement device or mechanism 11. These changes
      are, however, only of such magnitude per unit of time that only the inflow
      regulation or control circuit responds thereto. As a result, the position
      of the stopper or stopper rod 3 is changed for such length of time until
      the bath level 35 again reaches the prescribed or preset reference value
      and the withdrawal speed of the casting 7 likewise corresponds to the
      desired casting speed most favorable for the casting operation. If a
      correction of the bath level 35 is no longer possible by changing the
      position of the stopper rod 3, then, also in this case the bath level
      changes until it has reached the predetermined upper or lower boundary
      value which then insures that the reference value of the withdrawal
      circuit is changed independently of the change in the adjustment magnitude
      per unit of time at the inflow control circuit with the aid of the units
      41 or 42. In this case in order to prevent that the regulation or control
      system surges or hunts about one of the boundary values there is generally
      insured that upon switching-in the withdrawal regulation circuit through
      one of the boundary values, that is to say with a regulation or control
      via the units 41 or 42 there is bridged or shunted the feedback unit 43 at
      the function transmitter 28. Hence, in the case where the inflow
      regulation circuit no longer can carry out the desired influence upon the
      reference value of the bath level 35, there is a deviation from the most
      favorable casting speed, that is to say, casting proceeds with an
      increased or reduced withdrawal speed. This is however only possible until
      reaching predetermined upper or lower boundary values of the withdrawal
      speed. Upon reaching these boundary values an alarm signal is triggered or
      in fact the entire casting operation is shutdown or interrupted.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      linited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of regulating the level of molten metal in a continuous casting
      mold of a continuous casting installation, wherein deviations in the level
      of the molten metal in the continuous casting mold, as determined by
      measuring such level, from a reference value are eliminated by regulating
      either the inflow of metal to the mold, the withdrawal speed of the strand
      from the mold, or both the inflow of metal to the mold and the withdrawal
      speed of the strand from the mold, the improvement comprising the steps of
      generating a signal indicative of deviations from said reference value,
      generating adjustment magnitudes at a metal inflow regulation circuit in
      response to said signal, delivering such adjustment magnitudes to a strand
      withdrawal regulation circuit, altering a preset reference value of the
      strand withdrawal regulation in dependency of such adjustment magnitudes
      according to a preset function, and presetting said function such that the
      reference value of the strand withdrawal regulation is only then
      influenced when the change in the adjustment magnitude in the metal inflow
      regulation circuit per unit of time exceeds a preset value.
NUM  2.
PAR  2. The method as defined in claim 1, further including the step of
      influencing the adjustment magnitude at the strand withdrawal regulation
      circuit independent of the change of the adjustment magnitudes at the
      metal inflow regulation circuit per unit of time upon attaining certain
      upper and lower boundary values of the molten metal level.
NUM  3.
PAR  3. The method as defined in claim 2, including the step of restoring the
      strand withdrawal speed again to an original reference value after a
      change of the adjustment magnitude in the strand withdrawal regulation
      circuit.
NUM  4.
PAR  4. An apparatus for controlling the molten metal level in a mold of a
      continuous casting installation, comprising a first regulation circuit for
      the regulation of the infeed of molten metal to the mold, said first
      regulation circuit comprising reference value-adjustment means for
      presetting a reference value of the level of the molten metal in the mold,
      a comparator in circuit with said reference value-adjustment means, a
      first transmission element in circuit with said comparator, an adjustment
      element for adjusting the flow of metal into the mold in circuit with said
      transmission element, and output means connecting said transmission
      element with said adjustment element for transmitting adjustment signals
      thereto, a second regulation circuit for regulating the withdrawal speed
      of the cast strand from the continuous casting mold, said second
      regulation circuit incorporating a comparator, a second transmission
      element in circuit with said comparator, and an adjustment element for
      adjusting the withdrawal speed of the strand from the mold, measuring
      means for determining the degree of filling of the mold, both regulation
      circuits being connected in parallel with said measuring means, a function
      generator operatively connected with said measuring means and said second
      regulation circuit, a reference value-adjustment means for presetting a
      reference value of the withdrawal speed of the strand operatively
      connected with said function generator, and means for altering the
      reference value of the withdrawal speed in dependence upon adjustment
      signals generated by said first transmission element.
NUM  5.
PAR  5. The apparatus as defined in claim 4, wherein said output means is
      operatively connected both with said adjustment element for adjusting the
      flow of metal into the mold and with said function generator.
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ABST
PAL  In foundry core-making or mold-making apparatus employing a rotary mixer
      working in a chamber and mixing together a sand-resin mix and a
      sand-catalyst mix to produce a cold quick-setting mixture that is then
      quickly discharged through the bottom of the chamber into a core-blower or
      molding machine, the chamber is fixed and has two separately movable
      sliding shutters controlling openings in its floor (it may be one long
      opening), one shutter controlling discharge into the blower or molding
      machine and the other controlling discharge of any residue to a waste
      chute. Preferably the first shutter uncovers a peripheral portion of the
      floor first, the discharge area thus growing from the periphery in a
      radial inward direction.
BSUM
PAR  This invention relates to the manufacture of foundry cores, although it may
      be extended to the production of foundry moulds as well. It has been
      proposed to form cores by taking two bodies of sand, one containing resin
      and the other containing a catalyst and, after mixing the two bodies
      together, rapidly blowing them into a core box. It is important that the
      mixing and blowing should take place in quick succession so that the
      mixture does not set while still within the mixing chamber. In British
      patent specification No. 1 133 255 there is described a particularly rapid
      method where the mixing is itself done by blowing, and a further
      development is described in British patent specification No. 1 225 036.
PAR  It has also been proposed to do the mixing mechanically by the use of a
      paddle rotating about a vertical axis. Because of the difficulties that
      would be caused if any of the mixture were to be left in the mixer to set
      between cycles, it has been found necessary in that apparatus for the
      entire mixer to be shifted laterally, after each blowing cycle, to a
      station at which it can be purged by a blast of air.
PAR  The aim of the present invention is to allow complete and effective purging
      of the mixing chamber without the need for moving the chamber bodily. A
      further aim is to provide means for discharging the material in a way so
      that the part of the material which has been most thoroughly mixed is
      discharged first and any unmixed or inadequately mixed material is left
      until last or is left in the chamber. According to the invention there is
      proposed mixing apparatus for foundry sand mixtures comprising a
      stationary mixing chamber equipped with a rotary mechanical mixer and
      having in its floor at least one discharge opening, the opening or
      openings being controlled by two separate shutters each capable of
      separate movement to control its associated opening or its associated
      portion of the single opening, a first one of the shutters controlling
      discharge of the contents of the chamber into a foundry core-making or
      mould making machine and the second controlling discharge of the contents
      of the chamber to a waste chute.
PAR  In a preferred arrangement the shutters are horizontally moving
      power-actuated sliding shutters, and they move along a common line,
      diametrically across the circular base of the mixing chamber. The base is
      completely open apart from two relatively narrow segment-shaped portions
      on opposite sides of the path of the shutters, that is to say, the width
      of the shutters and of the combined single opening that they close off is
      at least half the diameter of the base.
DRWD
PAR  The invention will now be further described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a general diagrammatic view of apparatus according to the
      invention;
PAR  FIG. 2 is a horizontal section through the lower part of the mixing
      chamber;
PAR  FIGS. 3, 4 and 5 are views similar to FIG. 2 and show three successive
      positions taken up by the shutters.
DETD
PAR  Referring first to FIGS. 1 and 2 the apparatus illustrated comprises a
      cylindrical drum-like mixing chamber 1 with its axis vertical and
      containing a rotary paddle mixer 2 rotating about the axis of the chamber
      and having blades which extend virtually to the outer wall of the chamber.
      An inlet chute 3 receives measured quantities of two bodies of foundry
      sand, one containing resin and the other containing catalyst, from
      measuring chambers, not shown, in accordance with a known principle for
      forming foundry cores. By this principle, the two bodies of sand are mixed
      together and, because the resin and catalyst will immediately start
      reacting together and cause the resin to set the sand into a solid body,
      the mixture must be passed into the core blower shown at 4, as rapidly as
      possible; in the core blower the mixture sets in core boxes to form
      foundry cores, which are then ejected. The process is convenient, in that
      the setting is quick, and is done cold, so there is no question of heating
      the core boxes, but its success is dependent on the mixing being rapid and
      on the mixing chamber being completely cleared of sand mixture at each
      cycle of operation as any residues which are left will set hard and
      interfere with the next cycle.
PAR  To control the discharge of the sand mixture into the core blower 4 we
      provide in the floor of the mixing chamber 1 a flat horizontally sliding
      shutter 5 actuated by a pneumatic cylinder 6. This shutter 5 occupies at
      least half the width of the floor of the chamber, and in length it extends
      more than half way across in its closed position.
PAR  Abutting one end of the shutter 5 is a second shutter 7 of the same width,
      actuated by a pneumatic cylinder 8. The two shutters together extend
      across the full diameter of the floor of the chamber 1 and so the opening
      in the floor that receives them thus leaves only two relatively narrow
      segment-shaped portions of floor 9 present. In fact, in a modification, it
      would be possible for the floor to be formed wholly by the two shutters.
PAR  The part of the opening controlled by the second shutter 7 lies over a
      waste chute 10. The first shutter 5, in its closed position, shown in FIG.
      2, extends beyond the cylindrical wall of the chamber 1 and has in this
      extended portion an aperture 11. To discharge the contents of the mixing
      chamber into the core blower 4 the shutter has to be advanced (to the left
      as viewed in FIGS. 1 and 2) to bring this opening over the inlet of the
      core blower; in advancing to the left, the shutter 5 pushes the shutter 7
      also to the left.
PAR  FIG. 3 shows the positions of the shutters at the start of a cycle. The
      first shutter 5 is closed and the second shutter 7 is open, i.e. retracted
      to the left, allowing any sand mixture left over from the previous cycle
      to pass to the waste chute 10.
PAR  To start the cycle the shutter 7 is closed. A limit switch (not shown) that
      responds to this shutter reaching its fully closed position, shown in FIG.
      4 and dependent also on the other shutter being closed, initiates, or at
      least allows, the feeding of the appropriate charges of sand-resin mixture
      and sand-catalyst mixture from the inlet chute 3. After the rotary paddle
      mixer 2 has mixed the two charges together for a predetermined time, of
      the order of a few seconds, the cylinder 6 is actuated to shift the
      shutter 5 to the left, bringing the aperture 11 within the periphery of
      the floor of the chamber 1, and allowing the contents of the chamber to
      pass into the core blower 4, where they are immediately blown into core
      boxes in a conventional manner.
PAR  It is an important feature of the apparatus described that the shutter
      moves in such a direction as to start uncovering the aperture 11 from the
      periphery of the chamber 1 inwards, rather than from the centre outwards.
      Because of the greater velocity of the paddle blades at the periphery as
      compared with the centre, the mixing will have reached an adequate extent
      first at the periphery, and so one can start discharging the material from
      the region of the periphery of the chamber even while the mixing in
      regions nearer the centre is still incomplete. Also this arrangement
      ensures that the very small amount of unmixed material which may remain in
      the mixer chamber will be discharged last and will not, therefore, enter
      the critical parts of the core box which would result in an imperfect
      core.
PAR  On completion of the opening movement the shutters occupy the positions
      shown in FIG. 5, with the leading edge of the shutter 5 having pushed the
      shutter 7 clear of the left-hand side of the chamber 1. When sufficient of
      the contents of the chamber 1 have been discharged into the core blower 4,
      the shutter 5 is retracted by the cylinder 6 to the position shown in FIG.
      3 while the paddles 2 continue to revolve, and any residue of
      sand-resin-catalyst mixture still left in the chamber 1 passes down the
      waste chute 10, leaving the apparatus ready for the start of another
      cycle.
PAR  This purging action, i.e. the clearance of residual mixture from the
      chamber, may be assisted by vibration of the blades or of the chamber, or
      by a blast of air. There may be a shutter (not shown) that closes off the
      inlet to the chamber 1 from the chute 3 during the application of such an
      air blast.
PAR  It will be understood that the cylinders 6 and 8 lend themselves to the
      application of automatic control, and the whole cycle can be automatic,
      with the operations of the cylinders and the feeding of the materials
      interlinked by limit switches and timers. Hydraulic cylinders or even
      mechanical drives may be used in place of the pneumatic cylinders.
PAR  The arrangement shown, in which the two shutters meet near the axis of the
      chamber and in which the shutter 5, in advancing, pushes the other shutter
      7 back, radially away from the axis, has the advantage that the cylinder 8
      need only be single acting. In an alternative, though less satisfactory,
      arrangement, the shutters could be allowed to overlap.
PAR  Also, instead of a single opening stretching the full width of the chamber
      and controlled by the two shutters, one could have two separate openings,
      although again this would be less satisfactory in that it would increase
      the scope for residues of hard sand mixture to lodge in the chamber and
      fail to be discharged.
CLMS
STM  I claim:
NUM  1.
PAR  1. Mixing apparatus for foundry sand mixtures, said apparatus comprising a
      stationary mixing chamber having in its floor an opening extending across
      the full width of the floor, a rotary mechanical mixer within said
      chamber, first and second separate shutters each capable of separate
      movement horizontally across the opening from opposite sides and adapted
      to come into mutual contact to close the opening, said shutters
      controlling associated opening portions, a foundry core-making or
      mould-making machine having an inlet placed to receive material from the
      opening portion covered by said first shutter and a waste chute having an
      inlet placed to receive material from the opening portion covered by said
      second shutter.
NUM  2.
PAR  2. The mixing apparatus of claim 1 wherein said shutters meet, to close the
      opening, near the middle of the floor of said chamber, said second shutter
      being retractable horizontally away from this position radially outwards
      with respect to the axis of said chamber to uncover its associated portion
      of said opening.
NUM  3.
PAR  3. The mixing apparatus of claim 2 wherein said first shutter has in it an
      aperture which, in the closed position of said shutters, lies outside the
      periphery of said chamber, and in which said first shutter uncovers its
      associated portion of the opening by advancing to bring said aperture
      within the periphery of said chamber, thereby uncovering a peripheral
      portion of said opening first.
NUM  4.
PAR  4. The mixing apparatus of claim 3 wherein said first shutter is adapted to
      engage and push back said second shutter, whilst itself maintaining closed
      that portion of the opening which is associated with said second shutter.
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ABST
PAL  An apparatus for continuous casting with high throughput, wherein the metal
      to be cast, typically steel, is poured into a cooled mold, the strand
      which is formed and possessing a liquid core is withdrawn, guided and
      cooled. The continuous casting installation embodies a casting vessel and
      a cooled mold. The first partial region or zone following the mold
      comprises a strand guide assembly formed of plates and/or grids equipped
      with devices for the infeed of a cooling agent. The second partial zone or
      region comprises a closed pressurized compartment with means arranged at
      its ends for sealing the throughpassing strand. Within such compartment
      there are arranged rollers for guiding the strand along a predetermined
      path of travel and devices for conveying the same as well as for the
      infeed of the cooling agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      apparatus or installation for continuous casting metals, typically steel,
      with high throughput.
PAR  During the continuous casting of steel, the strand departing from the
      essentially vertically arranged continuous casting mold, and which strand
      possesses an outer shell or skin and a long liquid core, normally is
      guided and simultaneously cooled at a roller apron along a desired path of
      travel into a horizontal path of travel. By means of a withdrawal and
      straightening apparatus the strand is conveyed and straightened. The
      ferrostatic pressure acting upon the shell of the strand is taken-up by
      the rollers.
PAR  In the case of continuous casting installations or plants operating at high
      throughput capacity, in other words, with continuous casting speeds
      exceeding 1 meter per minute for casting large slab cross-sections, there
      are required rollers of large diameter for supporting the forces acting
      upon the strand shell owing to the ferrostatic pressure. Hence, at the
      region following the continuous casting mold, that is to say, at the
      region of the strand which still has a thin outer shell or skin, it is not
      possible to prevent bulging thereof because of the large distances between
      the rolls or rollers. Such bulging produces the well-known metallurgical
      defects, such as fissures and the like, which also can lead to metal
      breakout. Furthermore, a large withdrawal force is necessary since such
      bulging portions of the strand must be again pushed back by the rollers to
      the adjusted rated value.
PAR  To avoid such bulging between the rollers at higher casting speeds, it is
      known in this particular art to arrange cooling plates and/or cooling
      grids at the region of the still thin strand shell. In the case of cooling
      plates, the ferrostatic pressure acting upon the strand shell is taken up
      in the lengthwise and transverse directions by the plate surfaces and
      cooling water is introduced between the strand- and plate surfaces. In the
      case of cooling grids the support action occurs only partially lengthwise
      and transverse to the strand, the unsupported surfaces being impinged with
      cooling water. Such equipment permits casting at high casting speeds
      without bulging of the thin shell or skin. However, what is
      disadvantageous with such equipment is the presence of great frictional
      forces, so that the length of such support zones is limited.
PAR  According to an unpublished proposal, the drawbacks associated with the
      bulging at the strand having a large cross-section at a continuous casting
      installation operating at high throughput, for instance with casting
      speeds in the order of 2 meters per minute and more, are intended to be
      avoided and the withdrawal force reduced, in that the surface of the
      strand between the mold and the location of complete solidification of the
      strand is subjected to a gaseous medium which is under pressure. For this
      purpose there is required a pressure compartment or chamber arranged about
      the strand and as the gaseous medium there is employed water vapor
      produced by the water sprayed onto the surface of the strand. Since the
      ferrostatic pressure at the curved portion changes; the pressure
      compartment is subdivided at this region or portion, so that it is
      possible to approximately adjust the counterpressure corresponding to the
      momentary ferrostatic pressure.
PAR  Since for practical reasons such compartment subdivision, however, cannot
      be carried out to be too small, there are present small pressure
      differences between the ferrostatic pressure and the counterpressure.
      Likewise there cannot be avoided defect locations at the frozen shell, for
      instance slag inclusions and so forth, so that the danger of metal
      breakout at the immediate regions following the mold is not completely
      eliminated. Steel flowing out to the pressure compartment containing the
      vapor and water, however, leads to the inlcusion of such media, so that
      there cannot be prevented explosions and thus damage to the pressure
      compartment.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved continuous casting installation which is not associated with the
      previously discussed drawbacks prevailing in the prior art proposals.
PAR  Another and more specific object of the present invention aims at
      effectively avoiding the danger of explosions of a continuous casting
      installation operating at high throughput and when using a pressure or
      pressurized compartment system.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      method aspects of this development contemplate that the metal to be cast,
      particularly steel, is poured into a cooled mold, the strand which is
      forming in the mold and possessing a liquid core is withdrawn from the
      mold, guided and cooled. The ferrostatic pressure which acts upon the
      strand shell is taken-up at a first partial zone or region of a strand
      guide assembly which follows the mold by supports which act at least
      partially lengthwise and transversely of the strand and the strand is
      simultaneously cooled. Following this partial zone of the mechanical
      support of the strand, the surface of the strand until its complete
      solidification is subjected to the action of a gaseous medium which is at
      a pressure essentially corresponding to the ferrostatic pressure at a
      second partial zone or region and the strand is further cooled.
PAR  Due to the arrangement of the pressure or pressurized compartment in spaced
      relationship from the mold and the upstream arrangement of a short
      mechanical support of the strand surface and which support acts lengthwise
      and transversely with regard to the strand and the simultaneous cooling of
      the strand, the thin strand shell or skin emanating from the mold -- even
      in the presence of flaw locations -- is sufficiently thick, so that upon
      passage of the strand through the pressure compartment there cannot occur
      any metal breakout. Possible breakouts owing to the still thin shell or
      skin of the strand occur in the zone of the mechanical support, in which
      so-to-speak there is not present any danger of explosions and the
      accessibility for eliminating the breakout damage is better than at the
      pressure compartment.
PAR  As already mentioned heretofore, not only is the invention concerned with
      the aforementioned method aspects but also deals with a continuous casting
      installation or plant for the performance of such method incorporating a
      casting or pouring vessel e.g. a tundish and a cooled mold. According to
      the invention the partial zone or region following the mold comprises a
      strand guide or strand guide assembly composed of guide elements formed by
      plates and/or grids, there being operatively associated therewith devices
      for the infeed of a cooling agent. The second partial zone or region
      comprises a closed or sealed compartment which is under pressure and
      equipped at its ends with means for sealing the throughpassing strand.
      Within such compartment there are arranged rollers for guiding the strand
      along a predetermined path of travel and devices for conveying the same as
      well as for the infeed of the cooling agent.
PAR  The seal or seal means confronting the mold is advantageously connected
      with the forwardly arranged or upstream arranged plate or the forwardly or
      upstream arranged grid, so that the seal can be installed at such
      component.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein the single FIGURE of the drawing
      schematically illustrates an exemplary embodiment of continuous casting
      installation or plant suitable for the performance of the method aspects
      of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawing, there will be considered an exemplary
      embodiment of continuous casting installation suitable for use in carrying
      out the method aspects of this development, and wherein the metal to be
      cast, typically steel, supplied from a suitable casting or pouring vessel
      2, for instance a tundish, flows into a curved cooled continuous casting
      mold 1. For starting-up the continuous casting installation or machine the
      mold 1 is closed at its outlet end by any suitable and therefore not
      particularly illustrated dummy bar, as is well known in the art. The
      continuously cast strand 3 which possesses a liquid core and which is
      formed in the continuous casting mold 1 is withdrawn therefrom with the
      aid of this dummy bar by equipment which will be more fully considered
      hereinafter. A strand guide assembly or strand guide 4 which follows the
      continuous casting mold 1 and which guides the strand along a desired path
      of travel -- in the embodiment under discussion along a circular
      arc-shaped path -- into a horizontal path of travel, is subdivided into
      two regions or zones up to the location of the complete solidification of
      the strand, namely a first partial region or zone 5 which follows the
      continuous casting mold 1 and a second partial region or zone 6.
PAR  The partial region or zone 5 firstly consists of cooling means or members,
      here in the form of cooling plates 10 which guide the strand 3 emanating
      from the mold 1. The ferrostatic pressure acting on the thin strand shell
      or skin, which with a casting speed of 2 meters per minute possesses a
      thickness of about 6 mm, is taken-up by these plates 10 in the lengthwise
      and transverse direction with respect to the strand 3. Between the strand
      surface and the plate surfaces there is introduced cooling water via a
      coolant infeed device 11, and which serves to further cool such strand.
      The construction and function of such cooling plates are well known in the
      continuous casting art and have been described, for instance, in Swiss
      Pat. No. 456,859, corresponding to U.S. Pat. No. 3,399,716, the disclosure
      of which is incorporated herein and to which reference may be readily had.
PAR  Owing to the aforementioned cooling by the plates 10, the skin or shell of
      the strand becomes thicker, so that its complete mechanical support
      lengthwise and transverse to the strand is no longer necessary. Therefore
      the strand guide assembly 4 at the partial zone or region 5 after the
      cooling plates 10 is equipped with grids 15. These grids 15 are provided
      with openings which are equipped with a device 16 for the infeed of
      cooling water which is sprayed onto the surface of the strand. Such grids
      15 only partially support the strand in the lengthwise and transverse
      directions. Also the structure and operation of such grids is well known
      in the continuous casting art, for instance has been disclosed in German
      patent publication No. 2,143,962, corresponding to U.S. Pat. No. 3,753,459
      incorporated herein and to which reference may be readily had.
PAR  The partial region or zone 6 of the strand guide assembly 4 is equipped
      with a pressure or pressurized compartment or chamber 20 which surrounds
      the cast strand 3. The end 20' of this compartment 20 which confronts the
      not particularly illustrated cutting unit is equipped with a labyrinth
      seal 21 for reducing the pressure prevailing in the compartment to
      atmospheric pressure. The other end 20" of the compartment 20 confronting
      the continuous casting mold 1 is provided with a seal 22. This seal or
      seal means 22 is constructed as plates or a plate structure and is
      connected with upstream arranged grid 15, the last transverse guide of the
      grid extending such plate structure. In these extended plates or plate
      means 22 there are mounted labyrinth compartments or chamber 22'. The
      plates 22 are provided with cooling compartments like the plates 10, hence
      possess a similar construction, yet are not equipped with any device for
      the direct cooling of the strand.
PAR  The compartment 20 is subdivided by partition walls 23 into different
      individual compartments or chambers 24, 25, 26 and 27. These individual
      compartments 24-27 are provided at the outer side of the strand radius
      i.e. at the lower side or face of the strand, with guide rollers 28 which
      guide the strand 3 along a predetermined path of travel. However, such
      rollers 28 are also provided at the inside of the radius of the strand,
      that is to say, at the inside surface of the strand, and take-up traction
      forces acting on the strand. Roller pairs 29, 30 and 31 form a withdrawal
      and straightening device of known construction which conveys and linearly
      straightens the cast strand 3. Furthermore, an additional strand
      withdrawal assembly is arranged after the compartment 20. This assembly
      also serves for the infeed of the dummy bar. Between the rollers 28-31,
      but also at the inner strand radius, there are arranged spray nozzles 32
      of a device for the infeed of cooling water which further cools the
      strand. Each individual compartment or chamber 24-27 is provided at its
      underside with an outlet line or conduit 33' having a control valve 33. By
      means of these control valves, which respond to a conventional level
      indicator or sensor mounted at the corresponding individual compartments
      24-27, in a manner disclosed more fully in my commonly assigned,
      concurrently filed copending U.S. application Ser. No. 421,085, entitled
      "Method of Operating a Continuous Casting Installation With Compensation
      of Deviations In Water Vapor Pressure", incorporated herein by reference,
      there is withdrawn the water which has not vaporized and which has
      collected in each such compartment. The individual compartment 24
      furthermore possesses and outlet opening 40 for the water vapor in the
      compartment 20. This outlet opening 40 is connected through the agency of
      a regulating or control valve 41 with a not particularly illustrated
      recirculation device for condensation of water vapor. Each individual
      compartment or chamber 24-27 is connected with its neighboring compartment
      via a respective pressure regulating valve 42, 43 and 44.
PAR  The heretofore described continuous casting installation, for instance when
      casting slabs of a dimension of 2000 by 250 mm, with a casting speed of 2
      meters per minute, is operated as follows: for these conditions there is
      selected a machine radius of about 10 meters. The length of the partial
      zone or region 5 amounts to about 2 meters. The continuous casting mold 1
      possesses a standard length of 0.8 meters. The cooling plate zone 10
      following the continuous casting mold 1 possesses a length of 0.5 meters.
      The cast strand 3 departing from the partial zone or region 5 has a
      solidified marginal zone of about 40 mm, in other words it is strong
      enough to prevent the occurrence of a metal breakout. At the pressure or
      pressurized compartment 20 the surface of the strand is subjected to the
      gaseous medium which is at a pressure. This medium is water vapor. The
      water emanating from the recirculation device possesses a pressure which
      is greater by, for instance, 6 bars than the compartment pressure and is
      sprayed by the nozzles 32 onto the strand 3 and partially vaporized. In
      this way the strand is further cooled. The pressure prevailing in the
      compartment 20 is different from each partial compartment or chamber to
      each partial compartment or chamber, and essentially corresponds to the
      ferrostatic pressure which prevails at the corresponding strand section.
      The pressure regulating valves 42, 43 and 44 regulate the desired pressure
      in the individual or partial compartments 24-27. The vapor generated in
      these individual compartments flows in the direction of the decreasing
      individual compartment pressure -- the individual compartment walls are
      not sealed at the strand -- in other words contra to the strand movement
      and flows via the regulating valve 41 to the recirculation device. The
      water which has not vaporized and which has collected at the individual
      compartments or chambers 24-27 is withdrawn by the control valves 33,
      filtered and delivered to a pump which is part of the recirculation
      device. The control valves 33 open as soon as the water in the individual
      compartments or chamber 24-27 has reached a predetermined level.
      Additional details regarding the structure of the pressure compartment 20
      which are not absolutely necessary for understanding the underlying
      concepts of the invention have been disclosed, for instance, in German
      patent publication No. 2,228,317 incorporated herein and to which
      reference may be had.
PAR  At the partial zone or region 5 there are arranged in the exemplary
      embodiment under discussion cooling plates and cooling grids. This partial
      zone, however, depending upon requirements, can be equipped only with
      cooling plates or cooling grids.
PAR  In the illustrated exemplary embodiment there has been disclosed an
      arc-type mold with a circular arc-shaped strand guide assembly. Yet, it is
      to be clearly understood that the invention also can be used with a
      straight and verically arranged mold, with vertically extending strand
      guide assembly or with subsequent bending of the strand into the
      horizontal direction. The curved or bent strand also can be straightened
      in steps or stages in the pressure compartment. Also the teachings of the
      invention can be used with inclined or horizontal strand casting
      operations.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  I claim:
NUM  1.
PAR  1. A continuous casting installation for the continuous casting of metals,
      especially steel, comprising a cooled mold for continuously casting a
      strand, a casting vessel for delivering the metal to be cast into the
      mold, a strand guide assembly incorporating a first partial region and a
      second partial region, the first partial region of the strand guide
      assembly directly following the mold and terminating at a location prior
      to solidification of the strand, said first partial region comprising
      guide elements for contacting areas of the surface of the cast strand
      which are supported thereby and means for directly cooling the strand with
      a cooling agent, the second partial region incorporating a closed
      compartment which is under pressure, said closed compartment having
      opposed ends, said opposed ends being provided with means for sealing the
      throughpassage strand, rollers arranged within such compartment for
      guiding the strand along a predetermined path of travel, means for
      conveying the strand and means for the infeed of cooling agent.
NUM  2.
PAR  2. The continuous casting installation as defined in claim 1, wherein said
      guide elements comprise cooling plates.
NUM  3.
PAR  3. The continuous casting installation as defined in claim 1, wherein said
      guide elements comprise cooling grids.
NUM  4.
PAR  4. The continuous casting installation as defined in claim 1, wherein said
      means for directly cooling are arranged upstream of the compartment, said
      sealing means comprising a seal arrangement confronting the mold but in
      spaced relation therefrom and connected with the strand guide assembly of
      the first partial region.
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ABST
PAL  A cast piece guide roll segment in continuous casting equipment having a
      curved cast piece guide path which is used in the structure for supporting
      the roll groups in the respective curved portions for guiding the cast
      piece leaving the mold along the curve between the vertical and horizontal
      paths. In view of the problems inherent in continuous casting equipment
      such as the need for frequent roll changes and emergency shut-downs, the
      roll segment disclosed includes roll units having at least a pair of rolls
      and bearings provided at opposite ends thereof and removable from a frame,
      on which frame are mounted pivotable caps for holding roll units.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1.Field of the Invention:
PAR  The present invention relates generally to continuous casting equipment and
      more particularly to a cast piece guide roll segment in continuous casting
      equipment.
PAR  2. Description of the Prior Art:
PAR  Curved-type continuous casting equipment includes a mold having a curved
      inner wall, a secondary cooling zone having a curved guide path including
      therein a plurality of rolls arranged along any suitable curved portion,
      such as an arc, parabola, hyperbola or the like, for guiding the cast
      piece leaving the mold from the vertical position to the horizontal
      position, pinch rolls disposed subsequently to the secondary cooling zone
      for continuously drawing the cast piece, and a cutter for cutting the cast
      piece drawn by the pinch rolls into any desired size. For the roll groups
      of the secondary cooling zone, in such curved-type continuous casting
      equipment, it is necessary to replace the rolls due to wear of the rolls
      in this zone caused by constant contact thereof with the cast piece, due
      to damage of the rolls caused by a thermal effect from the cast piece, or
      due to the requirement for changing the cast piece size. In view of the
      feasibility of roll replacement, it is practiced that the roll groups in
      the secondary cooling zone are separated into cast piece guide roll
      segments having a plurality of roll pairs as a unit. Since each of the
      rolls in the cast piece guide roll segment is subjected to hydrostatic
      pressure due to unsolidified molten steel remaining in the interior of the
      cast piece, thereby producing the bulging of the solidified shell of the
      cast piece, sufficient mechanical strength to prevent such bulging is
      required. Particularly, with the recent tendency to enlarge the cast piece
      size, the construction itself of the cast piece guide roll segment is
      correspondingly enlarged and increased in weight, resulting in difficulty
      in the replacement operation of the cast piece guide roll segment.
      Particularly, the cast piece guide roll segment in the portion comprising
      the curved guide path is disposed in a curved and inclined condition, and
      therefore, it must be removed in the radial direction of the curved path
      or in the direction transverse to the guide path, thereby rendering the
      replacement of the cast piece guide roll segment extremely difficult. It
      is therefore very difficult to accomplish a smooth replacing operation of
      the cast piece guide roll segment. As a result, the cast piece guide roll
      segment requires a long time for replacement, and the shut-down time of
      the equipment is necessarily increased, that is, the high productivity
      inherent in such equipment is hindered.
PAR  In such continuous casting equipment, it is also known that a failure in
      the form of a rupture occurs when the solidified shell of the cast piece
      leaving the mold is broken and unsolidified molten steel in the interior
      flows out. The generation of this rupture causes interruption of the
      operation of the equipment, such that the cast piece is allowed to remain
      in the cast piece guide roll segment of the secondary cooling zone. As the
      cast piece remaining in the cast piece guide roll segment cools, it
      contracts and curves inwardly to a greater extent that the curved cast
      steel guide path as the cooling progresses. Therefore, the cast piece
      itself acts as a large spring. This contraction and curving of the cast
      piece exerts an undue force of deformation on the rolls of the secondary
      cooling zone supporting the cast piece, that is, on each roll of the cast
      piece guide roll segment, and the cast piece guide roll segment breaks
      under the force of deformation. Particularly, such tendency is extensive
      in the curved-type continuous casting equipment wherein the secondary
      cooling zone is in the form of any of the continuous curves as described
      above. Therefore, it has been considered necessary to protect the cast
      piece guide roll segment during generation of the rupture as an inherent
      problem in such continuous casting equipment.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel
      cast piece guide roll segment, which permits rapid replacement of the roll
      groups in the secondary cooling zone necessitated by wear and damage to
      the rolls or change of the cast piece size, and thereby minimizes the
      shut-down time of the equipment, allowing the high productivity to be
      maintained.
PAR  It is another object of the invention to provide a novel cast piece guide
      roll segment which protects the roll groups in the secondary cooling zone
      from undue force of deformation exerted on them by contraction and curving
      due to natural cooling of the cast piece during generation of a rupture.
PAR  The foregoing objects of the invention can be accomplished by inserting
      roll units by rotatably mounting rolls of the cast piece guide roll
      segment into a frame having an upwardly opening aperture, and by fixing
      the roll units by means of caps pivotably mounted on the frame.
PAR  More particularly, roll units which rotatably support at least a pair of
      rolls with the interval of opposing rolls unfixed are to be removable from
      a frame receiving them, and the frame is provided with an aperture at the
      top for removal and insertion of the roll units and with caps pivotable to
      close the aperture, and a drive mechanism for the caps is provided which
      is capable of transmitting force acting on the rolls to the frame through
      the caps even when the caps are stopped at any pivoting position thereof.
      The cast piece guide roll segment according to the present invention
      permits easy replacement and prevents damage during generation of a
      rupture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered with
      the accompanying drawings, wherein like reference characters designate
      corresponding parts throughout the several views and in which:
PAR  FIG. 1 is a front view, partly in cross-section, of an embodiment of the
      present invention,
PAR  FIG. 2 is a plan view, partly in cross-section of FIG. 1;
PAR  FIG. 3 is a side view, partly in cross-section of FIG. 1; and
PAR  FIGS. 4, 5 and 6 are front views, partly in cross-section of other
      embodiments of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The cast piece guide roll segment, according to the present invention will
      now be described in detail with particular reference to a first embodiment
      shown in FIGS. 1 and 3.
PAR  A frame 1 of a cast piece guide roll segment having an upwardly opening
      aperture which frame is provided in its inner surface with grooves 2a, 2b
      for insertion of roll units 18a, 18b to be described. Caps 3 are pivotally
      mounted through pins 4 on the top of the frame 1. Caps 3 are respectively
      connected by pins 10 and 11 and through connecting rods 9 to screw shafts
      5. Shafts 5 mate with worm wheels 8 in worm reduction gears 6a and 6b
      which are in turn fixed to the bottom of the frame 1. The worm reduction
      gears contain worms 7 and the worm wheels 8. The worm reduction gears 6a
      and 6b are synchronously rotated through couplings 13 by a transmission
      shaft 12, while a worm shaft 14 of the worm reduction gear 6a is connected
      through a coupling 16 to a suitable drive source, for example, an electric
      motor 15 mounted on a support 17 fixed to the frame. The lower roll unit
      18a rotatably mounts through bearings 20a a group of rolls 19a for
      contacting and supporting a cast piece S. Lower roll unit 18a is mounted
      in the frame 1 by a projection 21a formed on the side of the roll unit 18a
      which is inserted into the groove 2a of the frame 1. The upper roll unit
      18b rotatably mounts through bearings 20b a group of rolls 19b on the
      frame 1 above the lower roll unit 18a through a spacing retaining member
      22. The upper roll unit is mounted in the frame 1 by a projection 2/b
      formed on the side of the upper roll unit 18b which is inserted into the
      groove 2b. Caps 3 fix a pair of the lower and upper roll units 18a and 18b
      in the frame 1. In the FIG., the numeral 3' is a crossarm brace secured to
      the cap 3.
PAR  In the cast piece guide roll segment constructed as described above, the
      condition shown is that during operation, and the replacement of the roll
      due to a size change of the cast piece, or damage or wear of any roll in
      the roll groups will now be described. When the electric motor 15 mounted
      on the support 17 is actuated, the rotation of the electric motor 15
      rotates through the coupling 15 the worm 7 in the worm reduction gear 6a.
      Rotation of this worm 7 is simultaneously transmitted through the
      transmission shaft 12 to the worm 7 in the worm reduction gear 6b, such
      that the worm wheels 8 meshing with the worms 7 are rotated. The screw
      shafts 5 are thereby moved axially upwardly (in the direction of arrow A
      in FIG. 1) since they are threadably engaged with the worm wheels 8. The
      caps 3 connected by pins 10 and 11 through the connecting rods 9 to the
      screw shafts 5 pivot about the pins 4 (the condition shown in phantom line
      in FIG. 1), such that the roll units 18a, 18b inserted in the frame 1 are
      released from restraint. After releasing the roll units 18a, 18b from
      constraint, they are removed by any suitable means such as an overhead
      travelling crane. However, since the roll units 18a, 18b are constructed
      by merely mounting the roll groups 19a, 19b by means of bearings, they are
      generally reduced in weight as compared to the conventional cast piece
      guide roll segment, and therefore, they can be quite easily removed. After
      the removal of the roll units 18a, 18b, new roll units 18a, 18b prepared
      on an off-line are introduced, which operation is performed in the
      reversed procedure to the operation described above. That is, the roll
      units 18a, 18b are transported above the frame by any suitable
      transporting means, and the lower roll unit 18a is first gradually
      inserted in the frame 1, with the projection 21a provided on the side of
      the roll unit 18a being fitted in the groove 2a in the inner side surface
      of the frame 1, to thereby dispose the lower roll unit 18a in place. The
      upper roll unit 18b is then inserted in the frame 1 in the same manner as
      the lower roll unit 18a, such that the upper roll unit 18b will rest on
      the spacing retaining member 22 provided on the lower roll unit 18a
      previously inserted in the frame 1. The spacing between the roll groups
      19a and 19b in the lower and upper roll units 18a, 18b is thereby retained
      at a predetermined cast piece size. When the electric motor 15 is then
      rotated in the opposite direction to that described above, the screw
      shafts 5 are lowered through the worm reduction gears 6a, 6b and thus the
      caps 3 secure the roll units 18a, 18b to the frame 1.
PAR  When utilizing the cast piece guide roll segment according to the present
      invention, if a rupture is generated in the casting process, an undue
      force of deformation is exerted on the upper roll unit due to contraction
      and curving accompanying cooling of the cast piece. In this event, if the
      electric motor 15 is actuated to raise the screw shafts 5 and release the
      roll units 18a, 18b from restraint, the upper roll unit 18b floats in the
      frame 1 to thereby absorb the undue force of deformation, and damage to
      the roll groups 19a, 19b, particularly to the roll group 19b can be
      avoided.
PAR  FIGS. 4 to 6 show other embodiments of the present invention wherein the
      parts corresponding to those in the construction shown in FIGS. 1 to 3 are
      indicated by the same reference characters. The embodiments shown in FIGs.
      4 to 6 are alternative forms of the drive mechanism for driving the
      pivotable caps 3, and there is no difference from the embodiment of FIGS.
      1 to 3 in the fact that the roll units 18a, 18b are secured in the frame 1
      by means of the caps. The drive mechanisms of FIGS. 4 to 6 will now be
      described. FIG. 4 shows a drive mechanism wherein the frame 1 is provided
      with a screw shaft 31 pivotable about a pin 30, and an electric motor 15
      is attached through a worm reduction gear 32 to the screw shaft 31. The
      reduction gear 32 or the electric motor 15 and the cap 3 are connected by
      a pin 33. Thus, when the electric motor 15 is actuated, the cap 3
      pivotally secured to the reduction gear 32 or the electric motor 15 opens
      and closes. This movement is accompanied with pivoting of the screw shaft
      31 and movement of the reduction gear 32 and the electric motor 15 along
      the screw shaft 31.
PAR  FIG. 5 shows a drive mechanism comprising a pin 40 secured to the frame, a
      pin 41 vertically slidable in the frame, a connecting rod 43 connecting
      the pin 41 and a pin 42 of the cap 3, a link for changing the interval of
      the pin 41 and the pin 40 by horizontal movement of a pin 44, a screw
      shaft 45 forcing the pin 44 in the horizontal direction, and an electric
      motor 15 and worm reduction gear 46 for driving the screw shaft 45. Thus,
      actuation of the electric motor 15 causes the pin 41 to be moved
      vertically in the frame 1, and the cap to be pivoted for opening and
      closing thereof.
PAR  FIG. 6 shows a drive mechanism comprising a rotary disc 50 rotated by an
      electric motor 15, an eccentric pin 41 attached to the rotary disc, and a
      connecting rod 43 for connecting a pin 42 of the cap 3 and the pin 41.
      Thus, rotation of the electric motor 15 is converted through the rotary
      disc 50 and the connecting rod 43 to the pivoting of the cap 3, and the
      cap 3 is opened and closed for outgoing and incoming of the roll units
      18a, 18b and changing of the interval of the rolls 19a and 19b.
PAR  As described above with reference to the embodiments, in the cast piece
      guide roll segment according to the present invention, roll units
      including rotatably mounted rolls are inserted in a frame having an
      upwardly opening aperture, and said roll units are secured by caps
      pivotably provided on said frame. With this arrangement, it is only
      necessary to replace the roll units upon replacement of the rolls, since
      the roll units are lighter than the conventional cast piece guide roll
      segment, such that the replacement can be rapidly made as well as easily
      performed, the shut-down time of the continuous casting equipment is
      minimized and high productivity can be maintained. The rolls can be
      protected from undue stress due to contraction and curving of the cast
      piece in the cooling process if rupture is generated.
PAR  Furthermore, since the drive mechanism converts the rotational force to a
      linear force by means of a screw shaft before transmitting it to the cap,
      the great force exerted by the rolls on the cap cannot be transmitted to
      the drive source, such as the electric motor supported directly by the
      frame. Furthermore, if the caps are in the range of the operative position
      at which the roll units are pressed thereagainst, the force from the rolls
      will be positively transmitted to the frame at any operative position.
PAR  Obviously, many modifications and variations are possible in light of the
      above teachings. It is to be understood therefore that within the scope of
      the appended claims, the invention may be practiced otherwise than as
      specifically described herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cast piece guid roll segment in continuous casting equipment
      comprising:
PA1  roll units rotatably supporting at least a pair of rolls with the interval
      between opposing rolls being variable;
PA1  a frame having an aperture defined on the top thereof for removal and
      insertion of said roll units;
PA1  caps pivotably mounted on said frame and movable between a first position,
      at which said aperture is entirely uncovered and opened so as to permit
      said removal and insertion of said roll units through said aperture, and a
      second position, at which said aperture is covered so as to prevent the
      removal of said roll units and to press said roll units downwardly through
      said aperture, and through intermediate positions for varying said
      interval between said opposing rolls; and
PA1  a cap drive mechanism for pivotal movement of said caps, and capable of
      being held by a force sufficient to hold the rolls at any position
      corresponding to the pivoting position of said caps.
NUM  2.
PAR  2. A cast piece guide roll segment according to claim 1, wherein the cap
      drive mechanism includes a screw shaft in the frame, said screw shaft
      having a threaded portion and being connected to said cap and being
      vertically slidable.
NUM  3.
PAR  3. A cast piece guide roll segment according to claim 1, wherein the cap
      drive mechanism includes a screw shaft pivotably connected to the frame
      and having a threaded portion and an electric motor for vertically moving
      said screw shaft.
NUM  4.
PAR  4. A cast piece guide roll segment according to claim 1, wherein the cap
      drive mechanism includes a horizontally movable screw shaft and a link
      mechanism.
PATN
WKU  039467996
SRC  5
APN  5639891
APT  1
ART  322
APD  19750401
TTL  Machine for centrifugally casting iron pipes
ISD  19760330
NCL  11
ECL  1
EXA  Hampilos; Gus T.
EXP  Shore; Ronald J.
NDR  2
NFG  5
INVT
NAM  Fort; Pierre Henri Marie
CTY  Nancy
CNT  FR
INVT
NAM  Pierrel; Michel
CTY  Pont-a-Mousson,
CNT  FR
ASSG
NAM  Pont-a-Mousson S.A.
CTY  Nancy
CNT  FR
COD  03
PRIR
CNT  FR
APD  19740403
APN  74.11792
CLAS
OCL  164286
XCL  164292
XCL  164298
EDF  2
ICL  B22D 1302
FSC  164
FSS  114;115;117;286;292;298;287;299-301
UREF
PNO  2030105
ISD  19360200
NAM  Eurich et al.
OCL  164286
UREF
PNO  2671260
ISD  19540300
NAM  Jessen et al.
XCL  164114
FREF
PNO  680,520
ISD  19300500
CNT  FR
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  Maintaining devices maintain the rotary casting mould. Each device
      comprises a set of coplanar rollers arranged around a region of the mould.
      Each set comprises two lower support rollers and an upper pressing roller
      carried by a pivotal arm. Each pressing roller is a driving roller and
      each roller has a diameter at least equal to the diameter of the mould and
      a length at least equal to the diameter of the roller.
BSUM
PAR  The present invention relates to machines for centrifugally casting iron
      pipes about a roughly horizontal axis. It more particularly concerns
      machines of the type in which a casting mould is maintained by maintaining
      devices which comprise sets of rollers, each set comprising at least three
      rollers which are coplanar and arranged around a region of the mould,
      namely two lower supporting rollers and an upper pressing roller which is
      carried by a pivotal arm.
PAR  Machines of this type are known in particular from French Pat. No. 680,520.
PAR  This patent discloses a machine in which the rollers are of small diameter
      and short length, the upper roller being applied against the upper
      generatrix of the mould during each centrifugal casting operation. The
      mould is driven in rotation through a rotary plate fixed by bolts to an
      end flange carried by the mould.
PAR  This known machine is not fully satisfactory for the following reasons:
      during casting, the mould is subjected to thermic shocks and is
      consequently liable to undergo deformations, in particular in deflection.
      This is particularly noticeable when pipes of relatively small diameters
      are cast, for example of the order to 150 to 200 mm diameter or less for a
      length of several meters. In this case, the mould, which has great length
      with respect to a small diameter, has a low moment of inertia and lacks
      stiffness. In the machine disclosed in the aforementioned patent, such a
      mould is frequently liable to deform to such an extent that it becomes
      impossible to manufacture a suitable pipe and extract it from the mould or
      even to introduce inside the mould a rectilinear pouring channel.
PAR  An object of the present invention is to provide a centrifugal casting
      machine whereby it is possible to rotate a mould, even of small diameter,
      while avoiding, or at least sufficiently delaying, the deformations of the
      mould.
PAR  According to the invention, there is provided a machine of the
      aforementioned type wherein the pressing roller of each set of rollers is
      a driving roller and the rollers of each set have a diameter at least
      equal to the diameter of the mould and an axial length at least equal to
      the diameter of the rollers.
PAR  With such an arrangement, the mould is very well supported and has no
      tendency to deviate from its axis during its rotation and is unhindered as
      to radial expansions and contractions.
DRWD
PAR  Further features and advantages of the invention will be apparent from the
      ensuing description given by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic partial perspective view of a centrifugal casting
      installation comprising a machine according to the invention;
PAR  FIG. 2 is a diagrammatic longitudinal sectional view in a vertical plane
      containing the axis of the mould of this machine;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 3 showing the discharge or the
      introduction of the mould into the machine, and
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 2.
DETD
PAR  In the illustrated embodiment, the invention is applied to an installation
      for centrifugally casting iron pipes which have a socket and a small
      diameter.
PAR  The installation comprises in the known manner: machine A movable in
      translation along roughly horizontal rails B, for example under the action
      of a driving jack (not shown) disposed under the machine.
PAR  The machine is movable rearwardly toward a pouring spout C which is
      extended by a pouring channel D whose length corresponds to the length of
      the machine so as to introduce this channel in a casting mould 1 disposed
      within the machine A.
PAR  At the opposite end to the spout C and in the extension of the runway
      constituted by the rails B, there is disposed a second runway F along
      which is movable a carriage which carries a pipe extractor (not shown) and
      is driven by an endless chain E. Two pivotable supports G are adapted to
      support each pipe which has just been stripped from the mould.
PAR  The machine A is surrounded by a case 2 provided at its longitudinal ends
      with two circular apertures 3 having a common axis X--X. The aperture
      located adjacent the pipe extractor can receive before each casting a
      pivotable breech 4 carrying a core for forming the inner surface of the
      socket of the pipes. The axis X--X is parallel to the rails B but is
      laterally offset with respect to the plane of symmetry P--P of the case.
PAR  A control desk H for controlling the machine disposed near to the end of
      the rails B adjacent the extractor completes the installation.
PAR  The case 2 of the machine A has the general shape of a prism whose
      generatrices are parallel to the rails B. Adjacent the control desk H the
      case has throughout its length a lateral panel 5 which is pivotally
      mounted along its upper edge and which, when pivoted upwardly, uncovers a
      rectangular-shaped opening giving access to the inside of the case. An
      inner partition wall 6 which will be described hereinafter divides in a
      fluidtight manner the interior of the case 2 into two chambers 2.sup.a and
      2.sup.b (FIG. 5).
PAR  The chamber 2.sup.a, of larger volume, located adjacent the partition wall
      6 into which the end aperture 3 of the case opens, contains three devices
      7 adapted to maintain the mould 1 when it is driven in rotation and is
      being handled. A device 7 is provided near to each aperture 3 and midway
      along the length of the case. Each device 7 comprises a set 7.sup.a of
      three rollers and a pivotal unit 7.sup.b.
PAR  Each set 7.sup.a comprises two lower rollers 8 which are freely rotatable
      on fixed shafts 9 parallel to the rails B and located at the same level
      and an upper roller 12. These shafts 9 are carried by support members 10
      fixed to the lower wall 11 of the case 2.
PAR  The upper roller 12 of each set 7.sup.a is rotatably mounted between ends
      of two branches of a pivotal arm 13. This arm 13 is movable in the plane
      transverse to the lower rollers 8 by pivoting about a fixed horizontal pin
      14 which extends through the other ends of the two branches of the arm 13.
PAR  The movements of the arm 13 are controlled by a hydraulic jack 15 operating
      between a fixed point 16 to which the body of the jack is pivoted and a
      point 17 of the arm 13 to which the end of the piston rod 18 of the jack
      is pivoted.
PAR  Each arm 13 also carries laterally a hydraulic motor 19 for directly
      driving the corresponding roller 12 in rotation.
PAR  Each unit 7.sup.b comprises, in addition to the arm 13, an L-shaped lever
      21 which is pivoted at one end to the same horizontal pin 14 as the
      associated upper arm 13.
PAR  The pivoted end of the lever 21 has a projecting portion 22 which extends
      toward the rollers and defines a lower shoulder 23 against which is
      capable of abutting a pin 24 carried laterally by the arm 13. The other
      end, or free end, of the L-shaped lever 21 is provided with a projecting
      portion 25 and an inclined ramp 26 the purpose of which will be explained
      hereinafter. It will be understood that the levers 21 are constituted by
      two identical parallel branches located on each side of the associated
      rollers.
PAR  The three devices 7 are on the whole identical but the intermediate device
      also carries a tachometric dynamo 20 driven by the upper roller 12, this
      dynamo being fixed to the pivotal arm 13 in facing relation to the
      electric motor 19.
PAR  The casting mould 1 is disposed on the lower rollers 8 and when the jacks
      15 are in the withdrawn position, the upper rollers 12 bear downwardly
      against the upper generatrix of this mould.
PAR  In this position, the lever 21, under the effect of its own weight, takes
      up the position shown in FIG. 3 in which the end ramp 26 is located
      completely below the level of the upper generatrices of the lower rollers
      8 and inclined outwardly and in which the pin 24 of the upper arms 13 is
      not in contact with the shoulder 23 of the lever 21.
PAR  In this position also, the mould 1 occupies the entire length of the case
      between the two end apertures 3 of the latter and its axis X--X is
      consequently offset with respect to the vertical plane of symmetry P of
      the case 2 in the direction of the lateral opening which the pivotal panel
      5 closes under the effect of its own weight.
PAR  The axial positioning of the mould is ensured by a single flange 1.sup.a
      carried by the end of the mould adjacent the pipe socket and guided by a
      grooved roller 1.sup.b.
PAR  The mould 1 is of small diameter with respect to its length. For example,
      it may have a diameter of between 60 mm and 200 mm for a length of 4 to 6
      meters. The rollers 8 and 12 are all identical and they have a diameter at
      least equal to, and preferably greater than, that of the mould of the
      largest diameter intended to be employed in the machine and an axial
      length L at least equal to, and preferably greater than, their own
      diameter.
PAR  The end of the arms 13 which carries the upper rollers 12 is also provided
      with a pivoted hook 27 having a generally S shape (not shown in FIG. 2)
      the function of which will be explained hereinafter.
PAR  The devices 7 occupy in the transverse direction the major part of the
      width of the case 2 as can be seen in FIGS. 2 and 4. The partition wall 6
      dividing the interior of the case has in plan the shape of a zig-zag line
      extending behind each device 7 and deeply penetrating between any two of
      the devices toward the interior of the case, that is to say toward the
      mould, roughly to the median plane P of the case. Almost the whole of the
      available space inside the case is thus used for housing all the accessory
      means and control means of the machine which are known per se and are
      necessary for the operation of the installation.
PAR  Thus there are in particular housed in compartments of the chamber 2b (FIG.
      5) a hydraulic unit 28 for furnishing oil under pressure to the various
      hydraulic means, a unit 29 controlling the translation of the machine A
      along the rail B, the unit being for example a slide distributor valve
      connected to the jack effecting the movement of translation, a unit
      controlling the rotation of the mould 30 and a pipe box 31 extending
      throughout the length of the outer lateral wall of the chamber 2b and
      containing all the piping for the distribution of the fluid furnished by
      the hydraulic unit 28.
PAR  FIGS. 2 - 5 show a flexible pipe or hose 32 for supplying fluid for driving
      a hydraulic motor 19 which drives an upper roller 12 in rotation. All the
      pipes, such as the pipe 32, extend in a fluidtight manner through the
      partition wall 6. The chamber 2b of course also contains all the means
      necessary for the synchronization of the operation of the three devices 7.
PAR  The machine just described operates in the following manner:
PAR  When it is desired to dispose the mould 1 inside the machine, the jacks 15
      are extended (FIG. 4). The upper arms 13 therefore pivot rearwardly about
      their fixed pivot pin 14. In the course of this pivoting movement the pin
      24 abuts the shoulder 23 of the L-shaped levers 21 and the travel of the
      jacks 15 is arranged in such manner that, when they are in their
      completely extended position, the levers 21 have effected about the same
      fixed pins 14a pivoting movement under the action of the pins 24 of such
      extent that the ramps 26 of the levers 21 are put into facing relation to
      the lower edge of the lateral opening of the case at a level higher than
      that of the upper generatrices of the lower rollers 8 and slightly
      inclined outwardly. Simultaneously, the levers 27 carried by the upper
      arms 13 cooperate by their outer faces with the upper edge of this opening
      which causes them to pivot and amplify the movement of the arms 13. The
      lower end of the levers 27 thus raises the panel 5 to a horizontal
      position. The rails 33 are then moved transversely of the machine toward
      the latter until they bear against the lower edge of the lateral opening
      of the case and are in the extension of the ramp 26 and then the mould 1
      is rolled along these rails 33 and the ramp 26 until it encounters the
      abutment 25 on the levers 21. The jacks 15 are then actuated to withdraw
      so as to pivot the upper arms 13 in the opposite direction until the upper
      rollers 12 press against the upper generatrix of the mould 1. The jacks 15
      enable this pressure to be regulated. In the course of this movement of
      the arms 13, the pins 24 enable the levers 21 to pivot toward their
      position of rest and thereby deposit the mould on the lower rollers 8
      before the mould has been pressed by the upper rollers 12. Thereafter, the
      pins 24 move away from the corresponding shoulders 23. The return movement
      of the upper arms 13 to the position shown in FIG. 3 also has for effect
      to shift the hooks 27 away from the pivotal panel 5 and this automatically
      closes the opening of the case. The motors 19 associated with each roller
      12 are then started up. These motors then drive the mould 1 frictionnally
      and in a synchronized manner. The tachometric dynamo 20 is connected to a
      comparator which is part of the control unit 30 into which the desired
      speed of rotation is fed so as to correct at each instant any deviation
      between the reel speed and the desired speed. The latter may moreover be
      modified in the course of the casting, for example when passing from the
      region of the socket to the region of the pipe of constant diameter.
PAR  When it is desired to withdraw the mould 1 from the machine, for inspection
      or for replacing it by another mould, the operations which are the reverse
      of those just described for introducing the mould 1 are carried out and
      the panel 5 is automatically opened and the mould is automatically raised
      by the ramps 26 and laterally expelled under the action of the abutments
      25 carried by the levers 21. The rails 33, which are shifted transversely
      to the position shown in FIG. 4, enable the mould to be moved away from
      the casing.
PAR  The essential advantages of the machine just described are the following:
PAR  Owing to the fact that the pressing rollers are also driving rollers and to
      the dimension of the rollers with respect to the dimension of the mould,
      it is observed that the latter is very well maintained in position and the
      inequalities in the thermic stresses liable to deform the mould (either
      bending it or rendering it oval) are absorbed by the rollers.
PAR  The upper rollers 12, being carried by pivotal arms 13, can move slightly
      away from or toward the lower rollers, the jacks 15 performing the
      function of shock absorbers. Consequently, the machine can be provided
      with moulds of different diameters without transformation.
PAR  Further, the radial and longitudinal expansions of the mould are not
      hindered by this machine.
PAR  The great length of the rollers enables the number of devices 7 to be
      limited. Consequently, room is made inside the case for providing
      fluidtight compartments which are well protected and easily accessible in
      which there may be disposed all the control means and the auxiliary means
      for the operation of the machine. Consequently, it is unnecessary to place
      all these means on the roof of the case and this affords great safety for
      the maintenance personnel and permits constructing the case from a
      non-rigid material, such as thin metal sheet or even a plastics material.
      This advantage is still further improved by the offsetting of the axis of
      the mould from the median plane of the case.
PAR  It will be observed that this machine permits an automatic and rapid
      withdrawal of the mould with no disassembly of the case nor any auxiliary
      lifting apparatus by means of an extremely simple pivotal device.
PAR  Owing to the ramp 14 and the abutment 15, the mould 1 can be positioned and
      handled in a precise and easy manner.
CLMS
STM  Having now described our invention what We claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. A machine for centrifugally casting iron pipes comprising a rotary
      casting mould, a plurality of maintaining devices for maintaining the
      mould, each device comprising sets of rollers, each set comprising at
      least three rollers which are coplanar and arranged around a region of the
      mould, namely two lower support rollers and an upper pressing roller, a
      pivotal arm carrying the pressing roller, the pressing roller of each set
      of rollers being a driving roller and the rollers of each set having a
      diameter at least equal to the diameter of the mould in the corresponding
      region of the mould and an axial length at least equal to the diameter of
      the rollers.
NUM  2.
PAR  2. A machine as claimed in claim 1, comprising a motor carried by each
      pivotal arm and directly drivingly connected to the corresponding pressing
      roller, and means for operating the motors in a synchronized manner.
NUM  3.
PAR  3. A machine as claimed in claim 1, comprising a lever for laterally
      discharging the mould and combined with each pivotal arm so as to be
      actuated by the arm in the course of the movement of the arm for moving
      the pressing roller away from the mould.
NUM  4.
PAR  4. A machine as claimed in claim 3, wherein the mould-discharging lever has
      an L-shape and has one end which is pivotally mounted and an opposite end
      provided with a ramp, the ramp having an upper surface which is laterally
      inclined and movable, in accordance with the position of the corresponding
      lever, between a level lower and a level higher than the level of the
      upper generatrices of the support rollers.
NUM  5.
PAR  5. A machine as claimed in claim 4, wherein each mould-discharging lever
      has a projecting portion and a pin carried by the corresponding pivotal
      arm is capable of coming in contact in the course of the movement of the
      pivotal arm away from the mould in contact with the projecting portion for
      shifting the lever toward said higher level.
NUM  6.
PAR  6. A machine as claimed in claim 3, wherein each pivotal arm and the
      associated mould-discharging lever are pivotally mounted on a common fixed
      pin.
NUM  7.
PAR  7. A machine as claimed in claim 4, wherein each mould-discharging lever
      comprises a mould-ejecting abutment in the vicinity of the ramp.
NUM  8.
PAR  8. A machine as claimed in claim 1, comprising a case defining a lateral
      opening for passage of the mould through the case laterally of the case,
      and a panel for selectively closing and opening the lateral opening and
      mounted to pivot about an axis parallel to the axis of the mould, the
      maintaining devices being disposed inside the case.
NUM  9.
PAR  9. A machine as claimed in claim 8, comprising a pivotal lever pivotally
      mounted on an outer end portion of each pivotal arm, the case having a
      fixed wall, the second lever being cooperative with the fixed wall and
      with the panel for opening and closing the panel in the course of the
      movements of the pivotal arm.
NUM  10.
PAR  10. A machine as claimed in claim 8, comprising inside the case a
      fluidtight partition wall extending behind the maintaining devices
      relative to said opening and penetrating, in the direction of the mould,
      between said maintaining devices so as to define at least one lateral
      compartment for housing control means for the machine.
NUM  11.
PAR  11. A machine as claimed in claim 8, wherein the axis of the mould is
      laterally offset with respect to a longitudinal plane of symmetry of the
      casing.
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ABST
PAL  The amount of wrap between a web and a heated drum is varied as a function
      of web speed by adjusting the position of idler rollers in response to a
      reference speed signal.
PARN
PAC  COPENDING APPLICATION
PAR  This is a continuation-in-part of U.S. patent application Ser. No. 373,720,
      filed June 26, 1973, now abandoned.
BSUM
PAC  BACKGROUND
PAR  In a corrugator for making corrugated paperboard, there is provided a
      double facer machine and at least one single facer machine. Each of said
      machines processes two webs. At least one web processed by each machine is
      preheated by peripheral contact with a heated drum. The heated drum and
      its associated elements constitutes a preheater.
PAR  A preheater for heating a web moving in a paperboard corrugator includes a
      frame supporting a drum. The drum is supported for rotation about the
      longitudinal axis thereof and is constructed to transmit heat to a web in
      surface contact therewith. First and second idler rollers are supported by
      the frame for movement about the periphery of said drum for effecting the
      wrap of the web over the surface of said drum. A drive means is provided
      including a motor responsive to changes in the speed of the web in the
      corrugator for causing said first and second idler rollers to move between
      a minimum wrap position and a maximum wrap position as the speed of the
      web varies from a minimum to a maximum.
PAR  At a control panel, an operator may select a speed which is indicative of
      the lowermost position for the idler rollers. In the lowermost position of
      the idler rollers, maximum heat is transferred to the web. The position of
      the idler rollers is moved automatically relative to the drum axis in
      proportion to changes in web speed to maintain a uniform transfer of heat
      to the web.
PAR  A voltage sensitive relay is coupled across first and second
      potentiometers. One such potentiometer is part of the speed setting means
      of the drive power unit for the single facer machine or the double facer
      machine. The other potentiometer is coupled to a motor to effect up and
      down movement of the idler rollers. If the speed of the single facer
      machine decreases, the voltage-sensitive relay will detect it and cause
      the idler rollers to move upward so as to decrease the wrap of the web on
      the drum and thus decrease the amount of heat transferred to the web and
      vice versa. Thus, the position of the idler rollers is automatically
      responsive to a reference speed signal indicative of the speed of the
      single facer machine or double facer machine which in turn corresponds to
      web speed.
PAR  It is an object of the present invention to provide a novel preheater.
PAR  It is another object of the present invention to provide a preheater
      wherein the amount of wrap is varied as a function of web speed.
PAR  It is another object of the present invention to provide a preheater which
      may be used in conjunction with a single facer machine or double facer
      machine to control the amount of wrap as a function of web speed.
PAR  It is another object of the present invention to provide a preheater which
      is relatively simple, inexpensive, and reliable for use in an automated
      corrugator for producing corrugated paperboard.
PAR  Other objects will appear hereinafter.
DRWD
PAR  For the purpose of illustrating the invention, there is shown in the
      drawing a form which is presently preferred; it being understood, however,
      that this invention is not limited to the precise arrangements and
      instrumentalities shown.
PAR  FIG. 1 is a side elevation view of a preheater in accordance with the
      present invention.
PAR  FIG. 2 is a partial perspective view of components of the preheater.
PAR  FIG. 3 is a schematic circuit diagram of the drive means for the preheater.
DETD
PAR  Referring to the drawing in detail, wherein like numerals indicate like
      elements, there is shown in FIG. 1 a preheater which may be used in
      conjunction with a single facer or double facer machine. For the purpose
      of a preferred embodiment, the preheater is associated with a single facer
      machine. The preheater as shown in FIG. 1 includes two preheaters 10 and
      12 in tandem with a guard 14 therebetween. Since the preheaters are
      identical, only preheater 10 will be described in detail.
PAR  The preheater 10 includes end frames 16 which rotatably support a drum 18
      for rotation about its longitudinal axis. The shaft 24 which supports the
      drum 18 may be hollow so that steam or some other fluid such as heated oil
      may be introduced into the drum 18 to heat the same. Other means for
      heating the drum such as electrical resistors may be utilized.
PAR  Associated with the drum 18, there are provided idler rollers 20 and 22
      pivotable about the periphery thereof. The idler rollers 20 and 22 have a
      thread-up position as shown in FIG. 1. Each of the idler rollers may be
      moved to position A which designates the minimum wrap position. Also, the
      idler rollers may have anyone of a variety of intermediate positions down
      to position B which is the maximum wrap position. As web speed decreases,
      the amount of wrap decreases and vice versa.
PAR  Idler roller 20 is supported by arms 26 at opposite ends of the drum 18.
      Each arm 26 is fixedly secured to a gear segment 28 rotatably supported by
      shaft 24. The idler roller 22 is supported by arms 30 at opposite ends of
      the drum 18. Each arm 30 is fixedly secured to a gear segment 32. Gear
      segment 28 is slightly larger in diameter than the gear segment 32. See
      FIG. 2. A single idler roller may also be provided in which instance a
      smaller sector of the drum would be utilized. A gear 34 is provided on
      shaft 36. Shaft 36 is parallel to shaft 24. Gear 34 is sufficiently wide
      so as to be in meshing engagement with gear 38 and a portion of the
      periphery of gear segment 28.
PAR  Gear 38 is mounted on shaft 40 and meshes with gear segment 32. Shaft 40 is
      parallel to shaft 36. The gears 34 and 38 are of the same size and have
      the same number of teeth. A gear 42 is fixedly secured to shaft 36 and is
      in meshing engagement with a smaller gear 44 on shaft 45. Shaft 45 is a
      drive shaft parallel to shaft 36. A reversible motor 46 is connected to
      shaft 45.
PAR  Rotation of motor 46 causes rotation of shaft 45 and small gear 44 which is
      meshed with gear 42. The gear 34 on shaft 36 rotates the gear segment 28
      which in turn causes the arm 26 to pivot whereby the idler roller 20 may
      assume various positions between the thread-up position shown in FIG. 1
      and the maximum wrap position B. Likewise, gear 38 causes gear segment 32
      to rotate causing arm 30 to pivot and move the idler roller from the
      thread-up position in FIG. 1 to any one of a plurality of intermediate
      positions down to the maximum wrap position B.
PAR  Referring to FIG. 3, the single facer drive power unit 70 which controls
      single facer drive motor 72 includes manually adjustable potentiometer 50.
      The unit 70 also includes a motor operated potentiometer 90. The motor
      operated potentiometer 90 is connected to voltage sensitive relay 54 by
      way of conductor 52. The voltage sensitive relay include normally open
      contacts 88. The contacts 88 of the relay 54 are connected by way of
      conductors 56 and 58 to reversible motor 46.
PAR  A preheater arm positioner 60 includes a resistor 64 in series with motor
      operated potentiometer 62. The motor operated potentiometer 62 is
      connected to the voltage sensitive relay 54 by way of conductor 66 and is
      mechanically driven in any convenient manner, such as by a coupling with
      shaft 36, as a function of the position of arms 26 and 30.
PAR  The direction of rotation of motor 46 will be dictated by the relationship
      of the signals communicated to the voltage sensitive relay 54 from
      potentiometer 90 and 62 by way of the conductors 52 and 66 respectively.
      Potentiometer 50 provides a manually adjustable bias or control for
      balancing out the resistor 64.
PAR  The single facer drive power unit 70 sets the speed of the single facer
      machine and the motor operated potentiometer 90 generates a speed
      reference signal which is used to control reversible motor 46. Any
      difference in the potential of signals communicated to relay 54 by
      conductors 52 and 66 causes voltage sensitive relay 54 to close one of the
      contacts 88 and activate reversible motor 46. Reversible motor 46 causes
      idler rollers 20 and 22 to move between positions A and B or vice versa.
      As rollers 20, 22 move, potentiometer 62 is also simultaneously driven
      inducing a signal in conductor 66.
PAR  When the operator wishes to introduce a new web over the preheaters 10, 12
      the "manual/automatic" switch is turned to "manual". Engaging the "raise"
      pushbutton causes the arms 26, 30 to rise to the point of zero wrap shown
      in FIG. 1 at A and to continue to the highest point. When the arms reach
      the highest point as shown in FIG. 1, a limit switch is engaged to turn on
      a green light. This is the "go" signal for the operator to thread the web.
      After threading the web, the operator pushes a "lower" pushbutton to lower
      the arms. As the arms 26, 30 lower the green light goes off. The arms 26,
      30 continue to the zero wrap point. A limit switch at this point allows
      the machine to be put in the automatic mode. When the "manual/automatic"
      switch is turned to "automatic" a red light is turned on.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A preheater for heating a web moving in a paperboard corrugator
      comprising a frame, a drum supported by said frame for rotation about the
      longitudinal axis thereof, said drum being constructed to transmit heat to
      a web in surface contact therewith, first and second idler rollers
      supported for movement about the periphery of said drum for effecting the
      wrap of a web over the surface of said drum, drive means including a motor
      responsive to changes in the speed of the web in the corrugator for
      causing said first and second idler rollers to move between a minimum wrap
      position and a maximum wrap position as the speed of the web varies from a
      minimum to a maximum.
NUM  2.
PAR  2. A preheater in accordance with claim 1 wherein each idler roller is
      supported by at least one arm extending from a gear segment, each gear
      segment being mounted for rotation so that the maximum wrap position is
      below the elevation of the longitudinal axis of said drum, whereby said
      idler rollers pivot as they move between their minimum and maximum wrap
      positions.
NUM  3.
PAR  3. A preheater in accordance with claim 1 wherein the reversible motor
      included in said drive means is coupled to a potentiometer and an arm
      positioner.
NUM  4.
PAR  4. A preheater in accordance with claim 3 wherein said potentiometer is
      connected to a voltage sensitive relay, a second potentiometer responsive
      to the speed of the web is also connected to said voltage sensitive relay
      whereby said reversible motor operates in response to a difference in
      potential between said potentiometers as detected by said relay.
NUM  5.
PAR  5. A preheater for a combining unit in a corrugator for heating a web
      comprising a frame, a drum supported on its longitudinal axis by said
      frame, said drum being constructed to heat a web in surface contact
      therewith, means supported for movement about the periphery of said drum
      for effecting the wrap of a web over the surface of said drum, means
      including a motor for driving said combining unit, means associated with
      said driving motor for generating a signal indicative of the speed
      thereof, means including a reversible motor for causing said wrap
      effecting means to pivot about the periphery of said drum, means
      associated with said reversible motor for generating a signal indicative
      of the position of said wrap effecting means on the periphery of said
      drum, and means for comparing said position signal with said drive motor
      speed signal and generating an output signal whereby said reversible motor
      is operated to vary the wrap of the web on said drum as a function of the
      said drive motor speed.
NUM  6.
PAR  6. A preheater in accordance with claim 5 wherein said comparing means
      includes a voltage sensitive relay for detecting a difference between the
      signal indicative of the speed of said driving motor and the signal
      indicative of the position of said wrap effecting means.
NUM  7.
PAR  7. A method of controlling the transfer of heat between a web and a heated
      drum of a preheater forming part of a corrugator by varying the wrap of
      the web on the drum comprising generating a reference signal indicative of
      the speed of the web, generating a second signal indicative of the
      position of an idler roller associated with said drum so long as its
      position is within a range defined by minimum and maximum wrap positions,
      comparing said signals, and moving the idler roller within said range in
      response to a difference in the signals so that the amount of wrap varies
      as the speed of web varies with maximum wrap occurring at maximum web
      speed.
NUM  8.
PAR  8. A method in accordance with claim 5 wherein said signals are generated
      using potentiometers.
NUM  9.
PAR  9. A method in accordance with claim 7 wherein said comparing step includes
      comparing voltages, and said step of moving the idler roller includes
      driving a reversible motor coupled to the idler roller.
NUM  10.
PAR  10. A method in accordance with claim 7 including generating said reference
      signal at the drive power unit of a machine which acts on the web
      downstream from said preheater.
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ABST
PAL  A recuperative heat exchanger for a gas turbine or similar source of
      intermittent heat having an auxiliary heating unit that provides heat to
      maintain the heat exchanger at a substantially constant temperature when
      heat being exhausted from the gas turbine varies. Included also are
      controls that vary the supply of heat being given off by the auxiliary
      heating unit to compensate for changing operating conditions and provide a
      gradual heating or cooling of the unit to preclude thermal distortion and
      structural damage from an unstable temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recuperative heat exchangers such as those being used in conjunction with
      gas turbines operate most effectively and have a minimum amount of thermal
      distortion when they are maintained at an even temperature. Accordingly,
      the present invention is directed to a recuperative type heat exchanger
      that includes supplemental heating means to maintain the temperature
      thereof at a continuously high temperature irrespective of operating
      conditions that prevail in the gas turbine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention therefore relates to a recuperative heat exchange
      apparatus used in conjunction with a gas turbine. More particularly, the
      specific arrangement here defined combines an independently fired heating
      unit with a recuperative heat exchanger being used for gas turbine
      operation wherein the heating unit is adapted to supply a quantity of heat
      necessary to maintain a constant temperature therein when operation of the
      gas turbine varies.
PAR  The apparatus would include all controls necessary to vary the output from
      the heating unit as required to provide a quantity of heat that
      supplements the heat being supplied by the gas turbine to provide stable
      temperature and a continuously high effectiveness.
PAR  The heat exchanger also includes all the controls necessary to provide a
      programmed increase or decrease of temperature at a reduced rate whereby
      "start-up" or "shut-down" conditions would produce a minimum of thermal
      distortion within the heat exchanger.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A more complete understanding of our invention may be realized by referring
      to the following description in conjunction with the accompanying drawings
      in which:
PAR  The FIGURE is a perspective view of a combined heat exchanger and heating
      unit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention generally defines an arrangement that includes a heat
      exchange device in combination with a unit heater whereby heat from the
      heater is supplied to the heat exchanger to maintain it at a uniform
      operating temperature.
PAR  More specifically, the heat exchanger includes a housing 10 having an inlet
      12 for hot fluid and an outlet 14 for the exhaust of cooled fluid after it
      has passed in contact with a fluid to be heated. The fluid to be heated,
      such as cool air, enters the heat exchanger through an air inlet 16 and is
      exhausted through outlet 18 after having passed in heat exchange relation
      with the heating fluid.
PAR  The usual source of heating fluid is an exhaust duct 22 from a gas turbine
      or the like whereby the hot gases may be directed to the inlet 12 of the
      housing 10.
PAR  A transition duct 24 intermediate the exhaust duct 22 and the heat
      exchanger 10 includes a blower 26 arranged to draw ambient air through
      inlet 28 and exhaust it into the inlet 12 of the heat exchanger.
PAR  Inasmuch as turbine exhaust gas being delivered to the heat exchanger
      through exhaust duct 22 may quickly vary from very hot to very cold,
      special heating means 32 are provided in transition duct 24 to provide
      supplemental heat. Heating means 32 are preferably direct-fired, fuel
      burning air heaters of any convenient form having a predetermined supply
      of fuel and air, however electric resistance heaters or other type of
      independent heating unit may be utilized without resorting to invention
      inasmuch as a continuous supply of heat from any source would have the
      same effect upon the adjacent heat exchanger.
PAR  When activated, the heating units 32 are adapted to quickly off a quantity
      of heat that is absorbed by the turbine exhaust gas and subsequently
      directed through the heat exchanger at approximately the same temperature
      as gas which is being exhausted through duct 22 when it is operating at
      normal temperature.
PAR  Means which activates the heating unit and maintains it at a predetermined
      temperature for a given period of time comprises one or more thermocouples
      36 preferably positioned in the heat exchanger housing 10 and made
      responsive to the temperature of the turbine exhaust flowing therethrough.
      The thermocouples may be set by a controller 38 that controls valve 42 in
      the fuel line 44 to maintain the temperature of the heating fluid and
      thermocouple 36 at their "SET" temperature. By this arrangement any
      fluctuation in temperature of the heating fluid will be immediately
      compensated for inversely by an increase or decrease of the heating means
      32 whereby an increase in temperature of the turbine exhaust will provide
      for a decrease in output from the heating means, and conversely, a
      decrease in temperature of the turbine exhaust will call for an increase
      in output from the heating means.
PAR  Prior to "start-up" of the apparatus the controller 38 would be set at
      "LOW" to provide minimum heat to burners 32 and to the housing 10. The
      controller 38 would then be slowly raised from LOW to HIGH to supply an
      increased amount of heat to housing 10 until it would approximate the
      temperature of the normal turbine exhaust. The turbine (not shown) would
      then be activated and a full blast of high temperature turbine exhaust gas
      in duct 22 would produce a minimum amount of the thermal shock on the
      already hot heat exchange apparatus.
PAR  Shut-down of the apparatus would require a reverse procedure in that
      movement of the controller 38 slowly from HIGH to LOW would be effected to
      supply a decreasing amount of heat to housing 10 whereby the entire heat
      exchanger would be cooled slowly and there would be a minimum of thermal
      shock accompanying an abrupt termination of the gas turbine. The control
      means 38 described herein may be readily modified by the use of an
      automatic timing device of the type disclosed by U.S. Pat. No. 3,724,401.
PAR  To facilitate thorough and rapid heating of the heat exchange apparatus in
      the absence of a normal stream of hot exhaust gas being supplied through
      duct 22, a damper arrangement 46 is provided with actuators 48 whereby
      closure of the dampers will isolate the turbine exhaust from the
      transition duct 24.
PAR  As the actuators 48 are closed, a switch 52 is similarly closed to activate
      the blower 26 whereby a flow of ambient air is supplied to the heat
      exchanger by the heating means 32 and circulated to all parts of the heat
      exchanger so as to maintain a constant temperature therein.
PAR  Although considered not essential to successful operation, a second damper
      means 54 at the outlet of the heat exchanger and actuated similarly
      thereto will permit closure of both dampers 46 and 54 to produce a
      "bottled-up" effect whereby a minimum amount of heat from heating means 32
      will produce a more uniform heat throughout the heat exchanger.
PAR  The invention described herein and illustrated in the accompanying drawings
      is believed to admit to various modifications within the ability of
      persons skilled in the art, and all such modifications are considered to
      lie within the spirit and scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Heat exchange apparatus that provides supplemental heating of the heat
      exchange structure including means that retard a change of temperature to
      obviate thermal shock thereof comprising in combination a housing having
      an inlet and an outlet for a heating fluid, inlet and outlet ducts in said
      housing that direct a fluid to be heated in heat exchange relation with
      the heating fluid, auxiliary heat generating means connected to the inlet
      for the heating fluid, means responsive to the temperature of the heating
      fluid, and means responsive to said temperature responsive means
      controlling the auxiliary heat generating means whereby the auxiliary heat
      generating means varies in accordance with the temperature of the heating
      fluid.
NUM  2.
PAR  2. Heat exchange apparatus as defined in claim 1 wherein the means
      controlling the auxiliary heat generating means is inversely proportional
      to the temperature at the inlet whereby the temperature of the air heated
      by the heat generating means increases as the temperature of the heating
      fluid decreases.
NUM  3.
PAR  3. Heat exchange apparatus as defined in claim 1 including a timing device
      that controls the auxiliary heat generating means.
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ABST
PAL  A method and apparatus for a recovery of heat in connection with water and
      waste pipe systems of the kind wherein a supply pipe for supplying cold
      water to a water heater and a waste pipe which is supplied with waste
      water from different consumption points by using the waste water for
      preheating the cold water before the cold water is supplied to the water
      heater.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method and an apparatus for recovering
      heat in water and waste pipe systems, preferably in dwelling houses.
PAR  The great waste of the energy resources of the earth has recently been
      noticed, and it has become a very urgent purpose to reduce this waste.
      Economy with the energy resources is based on a recovery and re-use of the
      consumed resources.
PAR  In this connection the recovery of heat is of great importance, as this
      recovery can provide for a substantial saving of the resources which are
      required for generating the heat, for example oil, water power and nuclear
      power. A reduction of the consumption of these energy resources provides
      for a reduction of the costs as well as a reduction of the pollution of
      the environments, which accompanies the consumption of the energy
      resources.
PAR  The invention is based on the idea of using the heat contents of waste
      water from for example washing and dishing machines, which including its
      great heat contents has hitherto been supplied directly to the waste pipe
      system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance therewith the method according to the invention provides for
      a recovery of heat in connection with water and waste pipe systems of the
      kind comprising a supply pipe for supplying cold water to a water heater
      and a waste pipe which is supplied with waste water from different
      consumption points by using the waste water for preheating the cold water
      before the cold water is supplied to the water heater. This preheating is
      accomplished in a heat exchanger which is supplied with the waste water as
      well as the cold water from the supply pipe before the cold water is
      supplied to the water heater.
PAR  In accordance with the invention the relationship between the temperature
      of the waste water already present in the heat exchanger and the
      termperature of the waste water escaping from the consumption points is
      determined, the waste water escaping from the consumption points being
      conducted to the heat exchanger only if the temperature of the escaping
      waste water is higher than the temperature of the waste water already
      present in the heat exchanger. Otherwise the escaping waste water is
      directed past the heat exchanger.
PAR  The waste water which by-passes the heat exchanger can be supplied directly
      to the final waste pipe or can be supplied to a further heat exchanger in
      which the temperature of the waste water is in the same way compared with
      the temperature of the waste water already present in the further heat
      exchanger and the waste water in accordance with the same principles as in
      the first mentioned heat exchanger either is supplied to the further heat
      exchanger or is supplied to the final waste pipe.
PAR  Of course it is possible to make use of a desired number of heat
      exchangers.
PAR  The invention also comprises an apparatus for providing a preheating of
      cold water by means of waste water before the cold water is supplied to a
      water heater in accordance with the method defined above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is further described with reference to the drawing
      schematically showing an apparatus according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus shown in the drawing is adapted to be installed in a dwelling
      house in which the water and waste pipe systems comprise a main supply
      pipe 2 for cold water and a branch pipe 4 supplying cold water to a water
      heater 6. The water heater 6 is provided with supply pipe 8 for hot water
      extending to different consumption points. Further the system comprises a
      waste water pipe 10 through which waste water from the different
      consumption points leaves the house. In a conventional water and waste
      pipe system in dwelling houses the waste water leaving the house through
      the waste water pipe 10 often has a high temperature, especially when the
      waste water emanates from dishing and washing machines.
PAR  The object of the apparatus according to the invention is to take advantage
      of the heat of the waste water and use this heat for preheating the water
      which is supplied to the water heater to be heated therein.
PAR  Waste water from consumption points where the waste water has a relatively
      high temperature, for example dishing machines, washing machines, bath
      tubs, kitchen sewages and the like which in the drawing have reference
      numerals 12 and 14, is directed to a common waste pipe 16 extending to a
      collecting receptacle 18. To the receptacle 18 there is connected a
      discharge pipe 20 which extends up into the collecting receptacle 18 for
      constituting an overflow therein maintaining a constant water level in the
      receptacle. The pipe 20 extends to a threeway valve 22 from which the
      waste water can be directed either to pipe 24 or to pipe 26. The pipe 26
      conducts the waste water to the lower end of a heat exchanger 28. The
      waste water escapes from the heat exchanger 28 at the upper end thereof
      through a pipe 30 after having circulated through the heat exchanger.
PAR  The pipe 26 conducts the waste water to a collecting receptacle 32 of the
      same kind as the receptacle 18. Thus, the collecting receptacle 32 has a
      discharge pipe 34 constituting an overflow and extending to a three-way
      valve 36 which directs the water either to a pipe 38 or to a pipe 40. The
      pipe 38 conducts the waste water to the lower end of heat exchanger 42
      which has at its upper end a discharge pipe 44 for waste water which has
      been circulated through the heat exchanger. The pipe 44 conducts the waste
      water supplied thereto to the final waste pipe 10. Also the pipe 40
      conducts waste water supplied to this pipe to the final waste pipe 10.
PAR  Cold water from the main supply pipe 2 is supplied to the heat exchanger 42
      through the branch pipe 4. In the heat exchanger the water absorbs heat
      from the waste water present in the heat exchanger 42 by being circulated
      through a heat exchanger coil 46. From the heat exchanger coil 46 the
      water is conducted through a pipe 48 to the heat exchanger 28 wherein the
      water circulates through a heat exchanger coil 50 and is further heated by
      the waste water present in the heat exchanger 28.
PAR  From the heat exchanger 28 the water is conducted through pipe 52 to the
      conventional water heater 6 to be heated to its final temperature and to
      be supplied to the consumption points through the pipe 8.
PAR  In order to provide for the best possible exchange of heat the supplying of
      the waste water to the heat exchangers is controlled by means of a
      detector device 54 detecting the difference in the temperature of the
      waste water in the receptacle 18 and in the heat exchanger 28 and a
      detector device 56 detecting the difference in the temperature of the
      waste water in the receptacle 32 and in the heat exchanger 42. In the case
      that the waste water which is supplied to the collecting receptacle 18
      from any of the consumption points 12 and 14 has a higher temperature than
      the waste water in the heat exchanger 28 the detector device 54 positions
      the three-way valve 22 so that the waste water is supplied to the heat
      exchanger 28 in order to raise the temperature therein. However, if the
      waste water supplied to the receptacle 18 from any of the consumption
      points 12 and 14 has a lower temperature than the waste water in the heat
      exchanger 28 the detector device 54 positions the three-way valve 22 so
      that the waste water is supplied to the pipe 26 and by-passes the heat
      exchanger 28 to the collecting receptacle 32. In this receptacle there is
      provided a corresponding determination of the difference between the
      temperature of the waste water supplied to the receptacle 32 and the
      temperature of the waste water in the heat exchanger 42. Thus, if the
      temperature of the waste supplied to the receptacle 32 is higher than the
      temperature of the waste water in the heat exchanger 42, the waste water
      is supplied to the heat exchanger 42 for raising the temperature therein.
      However, if the waste water supplied to the receptacle 32 has a lower
      temperature than the temperature of the waste water in the heat exchanger
      42, the waste water is conducted from the receptacle 32 to the pipe 40 to
      be supplied to the final waste water pipe 10.
PAR  In this way the heat exchanger 28 will work at a higher temperature than
      the heat exchanger 42 and the cold water from the pipe 4 will be heated
      step by step in the heat exchangers before the water is supplied to the
      water heater 6.
PAR  Of course it is possible to provide the plant with the desired number of
      heat exchangers without departing from the principle of the invention.
PAR  It is also possible to modify the apparatus shown in the drawing so that
      the waste water from the discharge pipe 30 is supplied from the heat
      exchanger 21 to the heat exchanger 42 by means of a three-way valve and a
      further pipe and by comparing the temperature of the waste water in the
      pipe 30 with the temperature of the waste water in the heat exchanger 42
      to determine if the waste water from the pipe 30 shall be supplied to the
      heat exchanger 42 to raise the temperature therein or shall be supplied
      directly to the final waste pipe 10. It is also possible to connect the
      discharge pipe 30 with the pipe 26 for conducting waste water from the
      heat exchanger 22 to the collecting receptacle 32 from which the waste
      water according to the principles described above is supplied either to
      the heat exchanger 42 or to the final waste pipe 10 through the pipe 40.
PAR  It is suitable to use in the apparatus a separate waste pipe which is
      positioned wholly outside the heat exchanging system for waste points
      which are normally not supplied with waste water having a higher
      temperature. In the drawing this is represented by the pipe 58 which is
      connected with for examples toilets.
PAR  The invention can be modified within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for recovering heat in water and waste pipe systems,
      comprising a main supply pipe for cold water, a water heater supplied with
      water from said supply pipe, a waste pipe which is supplied with waste
      water from different consumption points and a heat exchanger which is
      connected with the waste water pipe and is connected between said supply
      pipe for cold water and the water heater for providing a preheating of the
      cold water by means of the waste water before the cold water is supplied
      to the water heater, wherein the apparatus is provided with a branching
      point before the heat exchanger, from which a first pipe extends to the
      heat exchanger and a second pipe extends past the heat exchanger and the
      apparatus comprises a detector and control device for determining the
      relationship between the temperature of the waste water escaping from said
      consumption points upstream from the branching point and the temperature
      of the waste water in the heat exchanger and for directing the escaping
      waste water to the heat exchanger if the temperature of the waste water
      therein is lower than the temperature of the escaping waste water and in
      the opposite case directing the escaping waste water past the heat
      exchanger.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, comprising a further heat exchanger
      adapted to be supplied with the escaping waste water directed past said
      first mentioned heat exchanger, a further branching point and a further
      detector and control device associated with the further heat exchanger for
      providing the same function in relation thereto as the first mentioned
      branching point and the first mentioned detector and control device in
      relation to the first mentioned heat exchanger.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein the same pipe for cold water
      from the main supply pipe extends through two heat exchangers.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, comprising a separate waste pipe for
      waste water without substantial heat contents, said pipe extending past
      the heat exchanger or heat exchangers.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, comprising a collecting receptacle
      before each heat exchanger.
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ABST
PAL  The temperature of an extruder screw having an axial bore therein is
      controlled by providing a closed temperature control system within the
      screw which is in heat transfer relationship with a second temperature
      control system through which is circulated a cooling medium from an
      outside source. The quantity of outside cooling medium may be monitored to
      control the closed temperature control system. The apparatus for carrying
      out this process comprises a cooling medium retained within the screw and
      a heat exchanger extending into the cooling medium. A second cooling
      medium from an outside source is circulated through the heat exchanger so
      that heat is transmitted from the closed circuit cooling medium to the
      open circuit cooling medium.
BSUM
PAR  The present invention relates to an extruder screw of the type having an
      axial bore therein, more particularly, to a process and apparatus for
      controlling the temperature of such an extruder screw.
PAR  It has been known to control the temperature of extruder screws.
      Essentially, two different types of systems have been used. One such
      system may be described as a closed system wherein the screw is provided
      with a hollow cavity in the portion of the screw threads and the cavity is
      filled partially at room temperature and under a subatmospheric pressure
      with a cooling liquid subjected to its own vapor pressure. The cavity is
      hermetically closed and the cooling liquid is conveyed to the tip of the
      screw by the rotation of the screw during its operation. (German DOS No. 1
      729 344). The second system may be described as an open system wherein a
      cooling liquid is circulated through a hollow portion of the screw. The
      liquid is generally introduced into the screw through a coaxial pipe whose
      open end is adjacent the tip of the screw so that the entering liquid
      initially cools off the end of the screw and flows from there backwardly
      against the flow of the mass. (D. Schenkel, "Schneckenpressen fur
      Kunststoffe," Screw presses for synthetic resins, Munchin, page 255, and
      German Publication Document DOS No. 1 729 347).
PAR  The closed system has the disadvantage that the condensation process cannot
      be influenced in any way from outside of the extruder screw since the
      process occurs within a hermetically sealed enclosure. In order to
      increase the efficiency of such an enclosed cooling system German DAS No.
      1 267 833 proposed to insert a screw conveyor into the bore enclosing the
      cooling medium. However, this proposal has not been satisfactory for
      exerting influence on a closed cooling system of an extruder screw.
PAR  The open cooling system has the disadvantage that the oil used as the
      cooling medium does not have the same cooling effect as steam. In
      addition, the use of oil presents serious sealing problems particularly on
      the rotary coupling which is required between the extruder and the outside
      source of coolant. A further disadvantage is that the oil may find its way
      into the plasticizing cylinder which may adversely affect the process of
      working the plastic. Other disadvantages are that the automatic device
      used for oil temperature control may incur a leakage after a period of
      operation so that the extruding apparatus and the environment become
      soiled with the cooler oil.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved process and apparatus for temperature control of an
      extruder cylinder.
PAR  It is a further object of the present invention to provide a process and
      apparatus for temperature control of an extruder screw which can be
      controlled from outside the screw.
PAR  It is another object of the present invention to provide an apparatus for
      the temperature control of an extruder screw which employs a closed
      temperature control system but which avoids the disadvantages of known
      processes and apparatus.
PAR  The objects as set forth above are achieved by the present invention
      wherein a closed temperature control system is combined with an open
      temperature control system in such a manner that the closed system
      arranged within an axial bore of the extruder screw transmits heat energy
      through a heat exchanger extending into the bore and the heat exchanger is
      traversed by a flowing cooling medium applied from an outside source in
      metered quantities and then removed so that the heat exchanger controls
      the closed system. According to one aspect the process may comprise
      establishing a closed temperature control system including a cooling
      medium within the bore of an extruder screw. A cooling medium from an
      outside source is circulated through the bore in heat exchange
      relationship with the closed system cooling medium but independent
      therefrom so that heat energy is transmitted from the closed system to the
      circulated cooling medium. The quantity of cooling medium circulated from
      the outside source is metered to control the closed temperature control
      system.
PAR  One aspect of the apparatus according to the present invention may comprise
      a first cooling medium within the bore of the extruder screw to define a
      closed temperature control system and a heat exchanger extending into the
      bore in heat exchange relationship with the first cooling medium. Means
      are provided for circulating from an outside source a second cooling
      medium through the heat exchanger whereby heat energy is transmitted from
      the first cooling medium to the second cooling medium. Means are also
      provided for metering the quantity of second cooling medium circulated so
      that the closed system is controlled by the heat exchanger.
DRWD
PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein;
PAR  FIG. 1 is a longitudinal sectional view through an extruder screw
      incorporating the present invention; and
PAR  FIG. 2 is a portion of FIG. 1 in the vicinity of the heat exchanger but in
      enlarged scale.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment of the
      present invention will be described in detail.
PAR  As may be seen in FIG. 1, an extruder screw 1 is provided with an axial
      bore 2 that defines the interior space of the screw. The bore 2 comprises
      two smooth walled sections of different diameters 2a and 2b. The larger
      diameter portion 2a has positioned forwardly thereof a large sleeve 3 of a
      non-ferrous metal which has good heat conducting properties and which
      comprises an internal helical path 4 or thread to convey the cooling
      medium from the area of the heat exchanger toward the tip end of the
      screw.
PAR  Rearwardly of the smooth wall portion 2a is a smaller sleeve 5 having a
      helical path 6 for conveying cooling medium and made of the same material
      as sleeve 3. The inner diameter of the sleeve 3 is substantially equal to
      the diameter of bore portion 2a.
PAR  The bore 2 extends throughout the length of the screw which is provided
      with threads by means of which the plastic is conveyed to the extrusion
      die. The bore 2 is closed hermetically at the front end by a tip 7 which
      is provided with a plurality of incisions 7a on its inner face for the
      purpose of increasing the cooling surface and thus to provide for a more
      effective transfer of heat which may be concentrated at the front of the
      screw. A packing 8 is provided around the base portion of the tip to seal
      the bore 2.
PAR  At the rear end of the bore 2 there is mounted a cylindrical heat exchanger
      9 provided with a helical fin 9a on its outer surface. The heat exchanger
      9 is connected to a rotary coupling 13a, 13b by means of an insertion
      coupling 10 which seals the bore 2 hermetically at the rear portion
      thereof. An inlet pipe 11 passes through the coupling 10 and opens at a
      point adjacent the front end of the heat exchanger 9. To provide intensive
      cooling at that point. Also within the coupling 10 is the return tube 12.
      A suitable cooling medium which may comprise oil, water, or a suitable
      coolant as known in the art is supplied through supply tube 14 from an
      outside source to inlet tube 11 and then returned through return tube 12
      and return pipe 15 back to the source.
PAR  The splined sleeves of the drive for the extruder screw, which is not
      illustrated in the drawing, are designated at 16a and 16b.
PAR  The bore 2 retains a suitable tempering medium which remains at all times
      within the bore and which is separate and distinct from the cooling medium
      circulated through the heat exchanger 9. Except for a heat transfer
      relationship, there is no direct connection between the two cooling media.
PAR  There is only the possibility of indirect heat exchange through the outer
      jacket of the heat exchanger 9. The tempering medium enclosed within bore
      2 is controlled by regulating or metering the quantity as well as the
      temperature of the coolant circulating through heat exchanger 9. In
      applicant's process water may be used as both the tempering medium and the
      cooling medium which would eliminate all of the above discussed
      disadvantages of oil as a tempering and/or cooling medium.
PAR  The invention can be carried out without the use of sleeves 3 and 5.
      However, these sleeves may be employed for concentrating the cooling
      effect at certain designated portions of the screw. The different diameter
      portions 2a and 2b of the screw can be located corresponding to the
      different torques exerted upon the extruder screw during the extruding
      operation.
PAR  The present invention can also be applied to extruders using a single screw
      or multi-screw structures as well as to injection molding machines.
PAR  The apparatus according to the present invention has the advantage of
      achieving a temperature control which can be regulated much mor
      effectively than previously employed systems used in controlling the
      temperature in extruder screws. The condensation process in the bore of
      the extruder screw can thus be controlled by means of the heat exchanger
      positioned within the bore of the screw. The accumulation of heat in the
      extruder screw itself can thus be effectively counter-acted by removing
      these localized heat areas by the effective circulation of the cooling
      media and the use of the sleeves within the bore.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an extruder screw having an axial bore therein and said axial bore
      having tip and rear ends, the combination of a first cooling medium
      substantially throughout the length of said bore to define a closed
      temperature control system to cool the length of the extruder screw, a
      heat exchanger extending into said axial bore from said rear end thereof
      and extending a portion of the length of said bore such that the first
      cooling medium flows in heat exchange relationship with said heat
      exchanger, means for circulating from an external source a second cooling
      medium through said heat exchanger independently of said first cooling
      medium whereby heat energy is transmitted from said first cooling medium
      to said second cooling medium, means within said bore for conveying the
      first cooling medium from the area of the heat exchanger toward the tip
      end of the bore, means for closing hermetically said axial bore at both
      ends thereof and means for metering the quantity of second cooling medium
      circulated so that the closed system is controlled by said heat exchanger.
NUM  2.
PAR  2. In an extruder screw as claimed in claim 1 and a rotary coupling
      connecting said heat exchanger to said outside source of circulating
      second cooling medium.
NUM  3.
PAR  3. In an extruder screw as claimed in claim 1 wherein said conveying means
      comprises a helical sleeve of a non-ferrous material having good heat
      conducting properties inserted into said sleeve.
NUM  4.
PAR  4. In an extruder screw as claimed in claim 1 wherein said heat exchanger
      has a helical fin along the outer surface thereof.
NUM  5.
PAR  5. In an extruder screw as claimed in claim 1 wherein said bore has
      different diameter portions corresponding to the varying torques exerted
      on the screw.
NUM  6.
PAR  6. In an extruder screw as claimed in claim 1 and an inlet tube within said
      heat exchanger opening near the outer end thereof for introducing the
      second cooling medium into the heat exchanger.
NUM  7.
PAR  7. In an extruder screw as claimed in claim 1 and a tip on the outer end of
      the screw and closing said bore therein, said tip having a plurality of
      cuts in the inner face thereof.
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ABST
PAL  A plate heat exchanger generally for media liberating a gaseous agent from
      a liquid heat-transfer medium during heat-exchanging process characterized
      in that stacks of heat-exchanging plates are placed inside a housing, the
      interior of this housing being in communication with channels for passing
      a gaseous heat-transfer medium, whereas each of the heat-exchanging plates
      has partitions providing a required flow direction for the gaseous agent
      liberated from the liquid heat-transfer medium and contributing to its
      discharging from the zones of its liberation disposed at different height
      of the channel.
PAL  The heat exchanger is provided with a device for external passing of the
      liquid heat-transfer medium between the adjacent heat-exchanging sections
      34 and 33 made as a vertical chamber 35 with bubbling elements 36 therein,
      a union 38 for additional introduction of the gaseous heat-transfer medium
      being placed in the lower portion of the chamber 35, while the upper
      portion thereof is provided with a union 40 for gas discharge.
PAL  The heat exchanger according to the invention can be effectively used for
      carrying out heat-exchange processes followed by liberation of a gaseous
      agent from the liquid heat-transfer medium instead of the pipe heat
      exchangers traditionally used in the art.
BSUM
PAR  The present invention relates generally to plate heat exchangers and, more
      particularly, to plate heat exchangers for those media which liberate a
      gaseous agent during heat-exchanging process.
PAR  Plate heat exchangers are well known and widely used in various industries
      and in the chemical industry in particular.
PAR  Conventional plate heat exchangers comprise stacked heat-exchanging plates
      forming alternate channels for passing a liquid heat-transfer medium and a
      gaseous heat-transfer medium. The liquid heat-transfer medium and the
      gaseous heat-transfer medium are introduced respectively into their
      associated channels through distributing manifolds handling liquid and gas
      or steam. Upon completion of the heat-exchanging process effected through
      the agency of the heat-exchanging plates, the liquid and gaseous
      heat-transfer media are discharged through respective manifolds.
PAR  An important advantage of plate heat exchangers with respect to tubular
      heat exchangers consists in higher specific velocities of heat-transfer
      media along with a high heat transfer coefficient.
PAR  However, this advantage of plate heat exchangers have not been up to now
      efficiently utilized in those liquid-to-gas heat exchanging processes
      which are accompanied by the liberation from the heat-transfer medium of a
      gaseous agent contained therein.
PAR  For example, during the process of heat exchange between the filter liquid
      used in ammonia soda process and comprising essentially aqueous solution
      containing NH.sub.4 Cl, NaCl, (NH.sub.4).sub.2 CO.sub.3, NH.sub.4
      HCO.sub.3 and a steam-gas mixture at the stage of distillation of the
      above filter liquid, the latter liquid liberates carbon dioxide during
      heating.
PAR  Attemps to utilize plate heat exchangers in this process for heating a
      filter liquid have brought no success because the gas liberated from the
      liquid takes the form of bubbles providing gas cushions hampering the
      liquid flow, increasing the pressure in the channel for passing the liquid
      heat-transfer medium and causing overheating of the heat-transfer
      surfaces, resulting in a sharp decrease of heat exchange efficiency.
PAR  It is an object of this invention to provide a plate heat exchanger of a
      design which makes it possible to efficiently use the heat exchanger with
      media liberating gaseous agent from a liquid heat-transfer medium during
      the heat transfer process.
PAR  It is a further object of the invention to provide a plate heat exchanger,
      wherein during liberation of a gaseous agent from a liquid heat-transfer
      medium, it would be possible to avoid forming gas cushions in the channels
      along which the liquid heat transfer medium passes, thereby providing free
      passing of the liquid and preventing a pressure rise as well as an
      overheating of the heat transfer surfaces in said channels.
PAR  It is another object of the invention to provide a plate heat exchanger of
      a design ensuring a high degree of distilling a gaseous agent off the
      liquid heat-transfer medium.
PAR  Still another object of the present invention is to intensify the heat
      exchange process under conditions of liberating a gaseous agent from the
      liquid heat-transfer medium.
PAR  It is a specific object of the present invention to provide a plate heat
      exchanger of design which makes it possible to use the heat exchanger in
      those liquid-to-gas heat exchange processes which are accompanied by
      liberation from a liquid heat-transfer medium of a gaseous agent contained
      therein.
PAR  According to the invention, these and other objects are achieved by the
      provision of a heat exchanger, wherein stacks of heat-exchanging plates
      are placed in a housing the interior of which is communicated with
      channels for passing a gaseous heat-transfer medium, while each plate at
      the side forming channel for passing the liquid heat-transfer medium is
      provided with a device for directing the gaseous agent liberated from the
      liquid heat-transfer medium and for discharging it from the liquid
      heat-transfer medium at the zones of liberation thereof arranged at
      different height of said channels, and with a device for discharging the
      gaseous agent from said channels for passing the liquid heat-transfer
      medium therethrough.
PAR  It is expedient to make the plate heat exchanger with stacks of
      heat-exchanging plates forming heat-exchanging sections positioned one
      under the other with free space left therebetween.
PAR  It is also advisable that in the heat plate exchanger the heat-exchanging
      sections should be offset with respect to one another so that channels for
      passing a gaseous heat-transfer medium of one section be aligned with
      channels for passing a liquid heat-transfer medium of another section.
PAR  In the heat exchanger of the above-mentioned type, the heat exchanging
      plate at the side forming channels for passing the liquid heat-transfer
      medium is provided with devices determining flow direction of the gaseous
      agent liberated from the liquid heat-transfer medium and promoting
      discharging thereof from differing in height channel zones of its
      liberation from the liquid heat transfer medium. It is expedient to make
      these devices in the form of partitions, whereas the device for
      discharging the gaseous agent from the channels for passing the liquid
      heat-transfer medium should take the form of at least one union connecting
      two adjacent channels for passing the liquid heat-transfer medium.
PAR  It is preferable that said partitions are made with horizontal and vertical
      portions, whereas the vertical portions are arranged to form passages for
      the gaseous agent.
PAR  It is also possible, according to the invention, to make the partitions as
      vertically arranged left-hand and right-hand rakes with a passage for the
      gaseous agent arranged between the bases of said rakes.
PAR  In case the partitions are made to include only horizontal portions, it is
      desirable to provide ports for drawing the gaseous agent off the channel
      for passing the liquid heat-transfer medium, said ports being disposed
      below the horizontal portions.
PAR  To intensify distillation of a gaseous agent off the liquid heat-transfer
      medium and to increase the rate of such a distillation, devices providing
      external flow of the liquid heat-transfer medium and interconnecting
      adjacent heat-exchanging sections each may have a form of a vertical
      chamber supplied with bubbling elements, whereas a union is provided in
      the low portion of the chamber for additional supply of the gaseous
      heat-exchange medium, and a union for gas discharge is arranged in the
      upper portion of the chamber. Said bubbling elements may comprise contact
      mass-exchange elements such as perforated horizontal plates.
DRWD
PAR  In order that the invention may be more clearly understood a specific
      embodiment thereof will now be described with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal sectional view of a plate heat exchanger according
      to the invention;
PAR  FIG. 2 is a schematic view along arrow A of a heat-exchanging plate
      according to the invention;
PAR  FIG. 3 is another embodiment of a heat-exchanging plate;
PAR  FIG. 4 is one more embodiment of a heat-exchanging plate;
PAR  FIG. 5 is a view showing a plate heat exchanger provided with means for
      external passing of a liquid heat-transfer medium equipped with bubbling
      elements;
PAR  FIG. 6 is a longitudinal sectional view of means for external passing of a
      liquid heat-transfer medium;
PAR  FIG. 7 is a view along arrow A of a bubbling element provided in the means
      for external passing of a liquid heat-transfer medium.
DETD
PAR  A plate heat exchanger comprises stacked heat-exchanging plates 1 (FIG. 1)
      interconnected at the top in pairs by means of a manifold 2 for
      introducing a liquid heat-transfer medium and at the bottom by means of a
      manifold 3 for discharging the liquid heat-transfer medium.
PAR  The heat-exchanging plates 1 connected in pairs are arranged to form
      channels 4 for passing the liquid heat-transfer medium. Each channel 4 for
      passing the liquid heat-transfer medium between the heat-exchanging plates
      1 is provided with peripheral sealing partitions 5 made of chemically
      stable material. The plates are tightened in stacks by rods 6 and strips
      7. Each pair of interconnected plates 1 is adapted to arrange in
      combination with an adjacent pair of plates a channel 8 for passing a
      gaseous heat-transfer medium.
PAR  Each heat-exchanging plate 1 (FIG. 2) has a port 9 for introducing the
      liquid heat-transfer medium and a port 10 for discharging thereof.
PAR  The stacks of the heat-exchanging plates 1 (FIG. 1) are placed in a housing
      11 the interior 12 of which is in direct communication with the channels 8
      for passing the gaseous heat-transfer medium.
PAR  A gaseous heat-transfer medium inlet pipe (not shown in the drawings)
      terminates in the interior 12 of the housing 11.
PAR  Each heat-exchanging plate at the side forming the channels for passing the
      liquid heat-transfer medium is provided with devices determining the
      required flow direction of a gaseous agent liberated from the liquid
      heat-transfer medium and for discharging it from the zones of its
      liberation located at different heights of channels 4, said devices being
      made as partitions 13 pressed out in the body of the plate 1. The device
      for discharging said gaseous agent from the channel 4 has a form of a
      union 14 interconnecting the adjacent channels for passing the liquid
      heat-transfer medium.
PAR  The partitions 13 on the heat-exchanging plate 1 (FIG. 2) have horizontal
      portions 15 and vertical portions 16 and are arranged on the plate 1 in
      groups on the left and on the right sides so that the horizontal portions
      15 (FIG. 2) of the partitions 13 in the left-hand and right-hand groups
      are alternating within the height of the channel 4 for passing the liquid
      heat-transfer medium. The vertical portions 16 of the partitions 13 in
      each of the above-mentioned groups are adapted to form passages for the
      gaseous agent liberated from the liquid heat-transfer medium. Passages for
      the liquid heat-transfer medium are arranged between the alternating
      horizontal sections 15 of the partitions 13 in the left-hand and in the
      right-hand groups thereof. The flow direction of the liquid heat-transfer
      medium is indicated by arrows 17.
PAR  There is a port 18 for discharging the gaseous agent from the channel 4,
      said port being in the top portion of the plate 1. Arrows 19 (FIG. 2)
      indicate the flow direction of the gaseous agent liberated from the liquid
      heat-transfer medium.
PAR  In another structural embodiment of the heat-exchanging plate 1 (FIG. 3)
      the partitions are made as vertically arranged right-hand and left-hand
      rakes 20, a central passage 21 for the gaseous agent being arranged
      between the bases of said rakes.
PAR  In this case a port 22 for discharging the gaseous agent is separated from
      a port 23 for introducing the liquid heattransfer medium by means of a
      partition 24, whereas a partition 26 is provided above a port 25 for
      discharging the liquid heat-transfer medium.
PAR  Apart from the central passage 21 for the gaseous agent formed by the bases
      of the rakes 20, the vertical portions of partitions 27 are adapted to
      form peripheral passages for the gaseous agent.
PAR  FIG. 4 shows a structural embodiment of a heat-exchanging plate wherein all
      partitions are arranged horizontally. In this case horizontal partitions
      28 alternately form passages on the right and on the left for the liquid
      heat-transfer medium and at the same time they serve to direct the gaseous
      agent liberated from zones having different height along the channel 4
      (FIG. 1) to ports 29 (FIG. 4) which are used for discharging said gaseous
      agent from the channel for which purpose the partitions are curved above
      the ports 29.
PAR  A port 30 for introducing the liquid heat-transfer medium and a port 31 for
      its discharging are located in the top and bottom portions of the plate
      respectively.
PAR  An output of the gaseous heat-transfer medium (not shown in the drawings)
      is provided in the upper portion of the housing.
PAR  In all the above embodiments of the heat-exchanging plates 1 a device for
      discharging the gaseous agent from the channels 4 for passing
      heat-transfer medium comprises at least one union 14 connecting the ports
      for discharging the gaseous agent from the channel for passing the liquid
      heat-transfer medium, said ports being made in the heat-exchanging plates
      isolating the adjacent channels for passing the liquid heattransfer
      medium.
PAR  The unions 14 leading from each channel 4 and provided for passing the
      liquid heat-transfer medium, as shown in FIG. 1, come through the channels
      8 for passing the gaseous heattransfer medium to form a common offtake
      duct 32.
PAR  In all the above-described embodiments of the partitions in the channels
      for passing the liquid heat-transfer medium, said partitions may be
      constructed in different ways. For example, they may be stamped out
      directly in the heat-exchanging plates, or may comprise partitions
      specially installed in the channels for passing the liquid heat-transfer
      medium, said partitions being made of suitable resilient materials, or
      metal and the like.
PAR  A plate heat exchanger comprises sections 33, 34 (FIG. 1) of
      heat-exchanging plates 1 arranged one above the other with free space 12
      left between the sections. It is quite obvious that more than two such
      sections (FIG. 1) may be provided. The heat-exchanging sections 33 and 34
      are offset with respect to each other in a lateral direction so that the
      channels 8 for passing the gaseous heat-transfer medium of the section 33
      are found just against the channels 4 for passing the liquid heat-transfer
      medium of the other section 34.
PAR  A heat exchanger shown in FIG. 5 is provided with devices for external flow
      of a liquid heat-transfer medium between the heat-exchanging sections 34
      and 33. In the specific embodiment shown in the drawing this device
      comprises a vertical chamber 35 with two bubbling elements 36 (FIGS. 6 and
      7) inside this chamber, said elements being made in the form of a
      mass-exchanging element, such as a horizontal perforated plate. A number
      of such vertical chambers 35 may be provided depending on the number of
      heat-exchanging sections 33, 34 (FIG. 5). In the latter case they have a
      common manifold 37 for introducing the gaseous heat-transfer medium into
      the vertical chambers 35.
PAR  The manifold 37 may be connected either to the interior 12 of the housing
      11 under the lowest heat-exchanging section 33, or to the pipe adapted to
      feed the gaseous heat-transfer medium into this interior. (said pipe is
      not shown in the drawings).
PAR  Unions 38 are intended for introducing the gaseous heattransfer medium into
      the low portion of the vertical chambers 35. A union 39 is used for
      discharging gaseous components from the upper portion of the vertical
      chambers 35 through unions 40 and at the same time it is adapted for
      discharging the gaseous agent liberated from the liquid heat-transfer
      medium in the sections 33 and 34 by means of gas offtakes 32 connected to
      the manifold 39 through a pipe 41.
PAR  The introduction of the liquid heat-transfer medium from the top
      heat-exchanging section 34 to the vertical chamber 35 is carried out
      through the manifold 3.
PAR  To ensure more uniform distribution of the liquid heattransfer medium over
      the surface of the element 36, a perforated tube 42 connected to the
      manifold 3 may be disposed above this element.
PAR  A plate heat exchanger constructed according to the present invention
      operates as follows.
PAR  A liquid heat-transfer medium, such as the filter liquid used in soda ash
      production containing carbon dioxide together with other components, is
      delivered through the manifold 2 to the channels 4 for passing the liquid
      heattransfer medium.
PAR  A gaseous heat-transfer medium, such as steam or steamgas mixture, is
      delivered from the interior 12 of the housing 11 to the channels 8 for
      passing the gaseous heat-transfer medium. The heat-exchange process is
      effected through the thin-walled heat-exchanging plates 1. The
      above-mentioned partitions 13 made on the plates contribute to increasing
      the stay period of the heat-exchanging liquid and the speed of its flow.
PAR  The liquid heat-transfer medium flowing through the channel 4 to the lower
      portion of each section of the heat exchanger is discharged from this
      section via the manifold 3 and through the device for external flowing it
      is delivered to the manifold 2 of the below disposed heat-exchanging
      section 33.
PAR  The gaseous heat-transfer medium containing drops of a condensate flows
      upwards along the channels 8 and enters the interior space 12 between the
      sections 33 and 34.
PAR  In this interior space the drops of a condensate lose their speed and upon
      striking against the end face of the channel 4 in the top section 34, said
      channel being opposed to the channel 8 of the bottom section 33, flow down
      towards the walls of the heat exchanger, while the gaseous heat-transfer
      medium is directed to the channels 8 of the top section 34 for heat
      exchange through the agency of the heat-exchanging plates 1 with the
      liquid heat-transfer medium delivered to the top section 34.
PAR  During the heat exchange process, the heat-transfer liquid liberates a
      gaseous agent discharged from the channels 4 via the unions 14 and the
      common gas offtake 32.
PAR  The flow pattern of the liquid and the gaseous agent liberated therefrom in
      the channel 4 may differ depending on the shape of the plate 1 and the
      shape of the partitions 13.
PAR  When the heat-exchanging plate and the partitions are made with horizontal
      and vertical portions, as shown in FIG. 2, the liquid heat transfer medium
      enters the channels 4 via the port 9 in the heat-exchanging plate and
      flows downwards over the horizontal portions 15 of the partitions 13. The
      gaseous agent liberated at heating the liquid heat-transfer medium is
      collected, due to the horizontal sections 15 of the partitions 13 disposed
      in the zones of the channel differing in height, above said sections 15,
      and obtains, due to the provisions of the vertical sections 16 of the
      partitions 13, a required flow direction in the passages formed by these
      partitions towards the port 18 provided in the heat-exchanging plate
      wherethrough the gaseous agent is discharged from the channel 4 for
      passing the liquid heat-transfer medium.
PAR  When a part of the heat-exchanging plates is made as vertically arranged
      rakes (as shown in FIG. 3), the liquid heat-transfer medium enters the
      channel 4 to be uniformly distributed due to the rakes 20 on the right and
      left sides of the central passage 21 for the gaseous agent formed by the
      bases of the rakes 20.
PAR  Owing to the rakes 20 and the horizontal portions of the partitions 27, the
      liquid heat-transfer medium is uniformly distributed over the
      heat-exchanging plate. The gaseous agent liberated from said medium in
      heating is collected under the horizontal portions of the partitions 27 in
      the zones of the channel disposed at different height. Then the gaseous
      agent is directed to the port 22 for discharging from the channel 4 via
      the peripheral passages formed by the vertical partitions 27 and via the
      central passage 21 formed by the bases of the rakes 20.
PAR  Upon completion of heat exchange the liquid heat-transfer medium flows down
      the partition to be discharged via the port 25 provided in the
      heat-exchanging plate.
PAR  When all partitions in the channel for passing the liquid heat-transfer
      medium are made horizontal (FIG. 4), this medium enters said channel via
      the port 30 in the heat-exchanging plate and flows down the horizontal
      partitions 28 in a zigzag pattern. The gaseous agent liberated from the
      liquid heat-transfer medium at heating is accumulated under the partitions
      28 in the zones of the channel disposed at different height and discharged
      from the channel to the ports 29 located below the horizontal partitions
      28, while the liquid heat-transfer medium is discharged from the channel
      via the port 31. It is apparent that the invention is not limited to the
      disclosed embodiment as it is obvious that the partitions may be made in
      other shapes and forms provided they are adapted to ensure passages for
      the gaseous agent liberated from the liquid heat-transfer medium with
      subsequent discharging this agent from the zones disposed at different
      height of the heat-exchanging plate. Thus, for example, the vertical
      portions of the partitions may be somewhat curved.
PAR  In embodiment of the heat exchanger equipped with the vertical chambers 35
      having bubbling elements 36, as it is shown in FIGS. 5, 6 and 7, the flows
      of the liquid heat-transfer medium and the gaseous agent liberated
      therefrom occur in the channels 4 in the same way as in above-described
      embodiment and depend on the specific form and arrangement of the
      partitions 13 to be used. The effect of liberation and distillation of the
      gaseous agent from the liquid heat-transfer medium may be further
      increased by the use of the device for external flow of the liquid
      heat-transfer medium, said device comprising the vertical chambers 35 with
      the bubbling elements 36.
PAR  In this case upon completion of the heat-exchanging process in the channels
      4 of the upper heat-exchanging section 34, the liquid heat-transfer medium
      flows by gravity via the discharging port 25 provided in the lower portion
      of the heat-exchanging plate 1, through the manifold 3 and the perforated
      tube 42 to the upper portion of the vertical chamber 35 and then to the
      bubbling element 36. At the same time the gaseous heat-transfer medium
      enters the lower portion of the vertical chamber 35 via the union 38 from
      the common manifold 37.
PAR  The counterflow conditions of the liquid and gaseous heat-transfer media
      and direct contact therebetween on the bubbling elements 36 in the
      chambers 35 contribute to the liberation of some additional quantity of
      the gaseous agent from the liquid heat-transfer medium, said liberation of
      the gaseous agent being made under the conditions of intensive
      distillation and blowing thereof from the liquid heat-transfer medium
      having been heated in the channels 4 of the heat-exchanging section 34.
PAR  The process is most effective in case of using contact elements in the form
      of perforated plates.
PAR  The gaseous agent additionally liberated from the liquid heat-transfer
      medium in the vertical chamber 35 is removed from the upper portion of
      said chamber via the union 40 to the manifold 39 with simultaneous
      admission to this manifold via the gas offtake 32 and the pipe 41 of a
      portion of the gaseous agent liberated from the liquid heat-transfer
      medium in the channel 4 of the heat-exchange section 33.
PAR  Having passed the vertical chamber 35, the liquid heat-transfer medium
      flows by gravity via the manifold 2 to the channels 4 of the
      heat-exchanging section 33 for the subsequent treatment.
PAR  In a like manner the process is carried out in the other vertical chambers
      35.
PAR  Thus, a plate heat exchanger according to the invention allows it for the
      first time to be employed in such chemical and petrochemical processes,
      for example in the ammonia soda process, in which hithereto only tubular
      heat exchangers of much lower efficiency have been traditionally used
      through decades.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plate heat exchanger for heat exchange between a gaseous heat-transfer
      medium and a liquid heat-transfer medium which liberates a gas that rises
      through the liquid in the form of bubbles during the heat exchange
      process, comprising:
PA1  a. at least two superimposed stacks of parallel, vertically disposed
      heat-exchanging plates;
PA1  b. peripheral sealing means for sealing together alternate pairs of plates
      within each said stack to form chambers adapted therein to direct the flow
      of the gas-liberating liquid heat-transfer medium, each pair of alternate
      pairs of thus sealed plates defining therebetween a channel for the
      passage of a gaseous heat-transfer medium;
PA1  c. means for separately feeding the liquid heat-transfer medium into the
      upper portion of each of said chambers;
PA1  d. means for separately discharging the liquid heat-transfer medium from
      the lower portion of each of said chambers;
PA1  e. exhaust conduits connected to said chambers for discharging the gas
      which has been liberated from the liquid heat-transfer medium therein;
PA1  f. partitions within each of said chambers carried by one of the plates
      forming the respective chambers for directing the liberated gas therein to
      the exhaust conduit therefor, said partitions being so positioned that the
      rising bubbles of gas are directed away from the downward flow of the
      liquid heat-transfer medium whereby intermixing of the gas with the liquid
      heat-transfer medium is prevented; and
PA1  g. a hollow housing containing said stacked plates therein, the interior of
      said housing being in direct communication with said channels for
      unidirectional straight-through passage of the gaseous heat-transfer
      medium through said channels.
NUM  2.
PAR  2. A plate heat exchanger according to claim 1, wherein said stacks of
      plates are arranged one above the other with free space therebetween, said
      stacks being interconnected by devices for external flow of the liquid
      heat-transfer medium.
NUM  3.
PAR  3. A plate heat exchanger according to claim 2, wherein the device for
      external flow of the liquid heat-transfer medium comprises at least one
      vertical chamber with bubbling elements arranged therein, the lower
      portion of the vertical chamber being provided with means for introducing
      the gaseous heat-transfer medium the upper portion of said vertical
      chamber being provided with means for discharge of the gas.
NUM  4.
PAR  4. A plate heat exchanger according to claim 1, wherein the heat-exchanging
      stacks are superposed and are offset with respect to one another so that
      the channels for passing the gaseous heat-transfer medium of one stack are
      located opposite the channels for passing the liquid heat-transfer medium
      of the next adjacent stack.
NUM  5.
PAR  5. A plate heat exchanger according to claim 1, wherein said partitions
      have horizontal and vertical portions, the vertical portions of said
      partitions forming passages for the evolved gases.
NUM  6.
PAR  6. A plate heat exchanger according to claim 1, wherein a part of the
      partitions is made as vertically arranged right-hand and left-hand rakes
      with a passage formed between the bases of said rakes for bubbles of the
      evolved gas.
NUM  7.
PAR  7. A plate heat exchanger according to claim 1, wherein the partitions are
      made horizontal with ports provided therebelow in the heat-exchanging
      plate for discharging the bubbles of the gas being evolved from the
      channels for passing the liquid heat-transfer medium.
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PAL  The establishment of control of a stack of underwater well head equipment
      is achieved by preliminarily positioning a locating means at the well
      head, and then:
PAL  A. lowering to the well head first and second connector means and effecting
      reception thereof by the locating means so that the first and second
      connector means extend in laterally spaced apart relation as determined by
      the locating means, and
PAL  B. lowering to the well head crossover third and fourth connector means and
      effecting generally vertical coupling thereof to the previously located
      first and second connector means respectively, for operatively
      interconnecting the first and second connector means via the crossover
      connector means.
PAL  The first connector means typically has control line communication with a
      surface control station, and the second connector means typically has
      control communication with equipment in the stack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the control of undersea well head
      equipment, and more particularly concerns the establishment of electrical
      and/or fluid pressure connections at sub-sea well head locations.
PAR  In the past, considerable difficulties and problems have been encountered
      in making remote electrical and fluid pressure connections at well heads
      on the ocean floor. Such connections are required to provide for remote
      control of the well head equipment such as valves, blowout preventers,
      accumulators, etc. In certain installations, elaborate procedures have
      been set up for ensuring alignment and effective interconnection of
      connectors in response to this relative horizontal movement; however, the
      equipment to effect such interconnections is complex, and retrieval
      procedures for such connectors become cumbersome and unreliable.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide method and apparatus
      characterized as overcoming the above as well as other problems
      encountered in this environment.
PAR  Basically, and as regards the procedure contemplated by the invention, a
      locating means is positioned at a well head; first and second connector
      means are then independently lowered to the well head and downwardly
      received by the locating means to become accurately laterally spaced
      apart; and crossover third and fourth connectors are then lowered to the
      well head and vertically coupled to the first and second connectors for
      operatively interconnecting the latter via the crossover means. In this
      regard, a control line may extend from the surface to the first connector,
      and another control line may extend from the second connector to the well
      head equipment. Since all couplings and interconnections are made in a
      vertical direction, both make-up and retrieval of the connectors is
      greatly simplified, and connection dependability enhanced. Both electrical
      and fluid pressure line connections and couplings, in such vertical modes,
      are contemplated.
PAR  Additional objects of the inventions include the provision of apparatus for
      independently lowering and retrieving the first and second connectors, as
      well as the crossover connector means, such apparatus including guides
      independently lowered on control lines, the provision of retrievable
      pedestal means to receive the first and second connectors; and the
      provision of redundant or dual first and second connectors, as will be
      described.
PAR  These and other objects and advantages of the invention, as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a plan view of a sub-sea well head installation;
PAR  FIG. 2 is a side elevation on lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view like FIG. 1, but after predestal means has been installed
      at the well head.
PAR  FIG. 4 is a side elevation on lines 4--4 of FIG. 3;
PAR  FIG. 5 is a view like FIG. 4, but after further installation of a control
      connector on the pedestal means;
PAR  FIG. 6 is a plan view taken on lines 6--6 of FIG. 5;
PAR  FIG. 7 is a view like FIG. 6 but after further installation of a Christmas
      Tree at the well head, and associated connector means on the pedestal
      means;
PAR  FIG. 8 is a side elevation on lines 8--8 of FIG. 7;
PAR  FIG. 9 is a view like FIG. 7 but after further installation of a pilot
      control valve package on the pedestal oriented connectors;
PAR  FIG. 10 is a side elevation on lines 10--10 of FIG. 9;
PAR  FIG. 11 is an enlarged side elevational showing of the pedestal means and
      installed connectors;
PAR  FIG. 12 is an enlarged side elevational showing of the pilot control valve
      package; and
PAR  FIG. 13 is a system block diagram.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 2 show a sub-sea well head 10 including a stub casing 11 and a
      horizontal base plate or platform 12 anchored to the casing, as by means
      of members 13 extending between and connected to the casing and corner
      intersections of platform members 15. Vertically extending guides
      including posts 16 and lines 160 are anchored at 17 to the corners of the
      platofrm structure, it being understood that other forms of platforms and
      guides may be employed. In this regard, the well head in FIGS. 1 and 2 is
      awaiting completion operation, in that the production packers have been
      set, production tubing and hangers have been run, and plugs have been left
      in the tubing hangers for safety purposes.
PAR  In accordance with the invention, a locating means is positioned at the
      well head so as to downwardly telescopically receive first and second
      connector means, to be described. The locating means may typically include
      structure such as a base 18 and dual locators such as pedestals 19 and 20
      thereon and which project upwardly in laterally spaced apart relation to
      similarly orient the first and second connector means. In this regard, the
      locating means typically includes guide means for downwardly guiding the
      described structure, during lowering thereof, into locating position at
      the well head, and the guide means may comprise arms 21 integral with and
      extending oppositely from the base 18 for locating the latter generally
      mid-way between two of the guides 16a and 16b, to which the arms are
      operatively coupled. Thus, the arms may form or carry sockets 21a and 21b
      guidably or slidably receiving the posts 16a and 16b, respectively, so
      that the assembly including the arms, base and pedestals may be lowered to
      the well head position shown in FIG. 4, near the stub casing. If desired,
      the base 18 may be removably or otherwise locked to the platform 12 as by
      means of depending jaws 23 embracing a member 15, as seen in FIG. 4. A
      spacer 24 on base 18 seats on member 15. A lowering line connection to one
      or both pedestals is indicated at 25; however, the base 18 may be
      permanently locked to the platform.
PAR  Referring now to FIGS. 5 and 6, a first connector means, generally
      indicated at 26, is next lowered to the well head, with a control line 27
      attached, the latter typically extending to a surface barge 28 or vessel
      other than the usual workover or drilling vessel 29 above the well head.
      Vessel 28 carries a reel or reels 30 for line 27, which may include an
      electrical cable 27a and/or a fluid pressure hose or conduit 27b, as
      indicated in FIG. 13. A line 110 may be employed to lower the first
      connector 26, there being a first guide arm or arms 31 attached to a
      coupling 90 (to be described) carried by line 110 and which releasably
      couples to the connector nipple 91 to be described. The arms have sockets
      32 to slidably interfit the guide line elements 16 and 160.
PAR  In the example seen in FIG. 11, the first connector means 26 may include a
      sleeve 33 which fits downwardly over the locating pedestal, and locks
      thereon in the manner to be described. Note that the first connector may
      include a first upwardly presented electrical connector indicated at 34
      and at the lower terminus of cable 27a. Merely as illustrative, the
      connector 34 includes upwardly extending plug pins, and is received in a
      receptacle 35 carried by sleeve 33 via a top mounting plate 36. The first
      connector may optionally include a dual electrical plug connector
      indicated at 34', and which has vertically separable telescopic interfit
      with connector 34, as via socket 37 which receives the latter. Connector
      34' is received in a receptacle 35' carried by sleeve 33' via a top
      mounting plate 36'. Sleeve 33' seats on plate 36, as shown. Accordingly,
      should the upper connector 34' become inoperable for some reason, the
      assembly 33', 34', 35' and 36' may be removed upwardly, to disconnect
      socket 37 from plug 34, exposing the latter for reception of a third
      electrical connector in the form of a crossover socket element to be
      described.
PAR  Note the provision of a latch 37a carried by the connector sleeve 33 to
      interfit a groove 38 on the pedestal, and to be locked in that position by
      a locking pin 39 urged downwardly by spring 39a. Housing structure for
      these elements is indicated at 60-62, the pin 39 being yieldably upwardly
      removable to free the latch for retraction from groove 38. While the
      connector is being run into latching position, an interior sleeve 125 in
      lowered position holds latches 37a outwardly.
PAR  Referring to FIGS. 7 and 8, a second connector means, generally indicated
      at 40, is next lowered to the well head for removable downwardly
      telescopic reception by the dual structure, i.e. pedestal 20 in the
      example, so as to be upwardly retrievable independently of the first
      connector 26. In this regard, the second connector 40 may be carried or
      associated with well head equipment, such as a Christmas tree 41 lowered
      to the well head for attachment onto the stub casing 11, as via a well
      head connector 42. One example of the latter is described in U.S. Pat. No.
      2,962,096 to Knox. The tree 41 may include production valves, blowout
      preventers, etc. schematically shown at 43 and 44, and guide arms 45
      extending outwardly from the tree for guiding on lines 16 as via arm
      sockets 45a. Another arm 146 carries the second connector 40 previously
      referred to, at a location to telescopically interfit pedestal 20 in the
      same manner that connector 26 interfits pedestal 19. For example, as seen
      in FIG. 11, a sleeve 46 associated with connector 40 is received
      downwardly over the pedestal 20.
PAR  Note that the second connector may include a second upwardly presented
      electrical connector 50 like that at 34, at the terminus of a cable 51
      extending to the Christmas tree junction box 52. Connector 50 includes
      contact or plug pins and is received in a receptacle 56 like that at 35,
      and suspended by plate 55.
PAR  The second connector may also optionally include a dual electrical plug
      connector indicated at 50', and which has vertically separable telescopic
      interfit with connector 50 via a socket 53, which receives the pins of
      plug 50. Connector 50' is received in a receptacle 56' carried by sleeve
      46' via a top mounting plate 55'. Accordingly, should the upper connector
      50' become inoperable for any reason, the assembly 46', 50', 55' and 56'
      may be removed upwardly to disconnect socket 53 from plug 50, exposing the
      latter for reception of a fourth electrical connector in the form of a
      crossover socket element to be described. Latching of the second connector
      40 in the vertical positions shown is achieved by the well head connector
      attachment to the stub casing, as previously described, although there may
      be slight vertical and horizontal play of the second connector sleeve 46
      relative to arm 146.
PAR  While electrical connections have been described in FIG. 11, it will be
      understood that fluid pressure connections may also, or alternatively, be
      established; thus, in FIGS. 11 and 13, first fluid connectors are
      indicated at 58, and second fluid connectors at 59, and dual fluid
      connectors 58' and 59' may be respectively associated with connectors 58
      and 59 via conduits 140 and 141 in a similar manner as dual electrical
      connectors 34' and 50' are associated with connectors 34 and 50.
      Connectors 58 are at the lower terminus of control line 27b. Connectors 59
      are connected via lines 66 with valve operators, the well head connector
      42 and accumulators at the tree 41, and connectors 50 are connected via
      line 51 with limit switches, pressure switches and transducers at the
      tree, as seen in FIG. 13.
PAR  Lastly, third and fourth crossover connector means are lowered to the well
      head locations and coupled to the first and second connectors,
      respectively, for operatively interconnecting the latter, thereby
      establishing control of the Christmas tree equipment from the surface. See
      in this regard the control station 66 in FIG. 13, and to which the upper
      terminus of lines 27a and 27b may be transferred from the barge 28. Such
      third and fourth connectors means may be carried by the control package 70
      seen in FIG. 10, to which guide arms 71 are connected, the arms having end
      sockets 72 which pass the guides 16. A connection for a lowering line is
      shown at 73 on arm 71 in FIG. 9.
PAR  Turning to FIG. 12, the package 70 includes a base plate 74, from which
      third and fourth electrical connectors in the form of sockets 75 and 76
      extend to connect with first and second electrical connector plugs 34' and
      50' respectively; alternatively, if these dual plugs have been removed,
      the connections may be made to the first and second plugs 34 and 50,
      respectively. Suitable guide pins may be carried by plate 74 to interfit
      guide receptacles on plate 36' and alternately receptacles on plate 36.
PAR  Operative connection between electrical sockets 75 and 76 may be made
      directly, as by a crossover cable of which cable 81a may be considered as
      representative; or, the operative crossover connection may be made via
      electronic logic of which panel or board 82 is representative. Similarly,
      crossover third and fourth hydraulic connections 83 and 84 on the package
      70 may be connected with hydraulic connections 58 and 59, respectively, as
      is clear from FIG. 13, or with connections 58' and 59' as is seen in FIG.
      12, and direct crossover connections may exist between connections 83 and
      84, or some of the crossover connection may include pilot valves in series
      therewith, such valves indicated at 85 in FIG. 12. Both valves and
      electronic logic are shown at 85 and 82 in FIG. 13. Thus, when the package
      70 is in place, the electrical and hydraulic connections between the
      surface control panel 66 and the tree 41 have been established.
PAR  Subsequently, the package 70 may be retrieved upwardly if desired, the
      second connector means 40 may be retrieved, the first connector means 26
      may be retrieved upwardly, and finally the locating pedestals 19 and 20
      may be retrieved.
PAR  Referring to FIG. 11, the number 90 indicates a retrieval tool operable to
      couple onto the nipple 91' carried by the upper or dual first connector
      assembly 26', for upwardly retrieving the latter. Tool 90 may be lowered
      to the well head on a line 110 guided by guide lines 16 and 160 via
      suitable guide arms 31 as described. Similarly, the lower first connector
      assembly 26 may be retrieved by coupling of tool 90 onto nipple 91
      integral with locking pin 39. Upward displacement of the pin unblocks
      latch 37a, allowing it to cam out of groove 38 as the connector 26 is
      pulled upwardly. Shoulder 94 on pin 39 engages top plate 36 to urge
      assembly 26 upwardly; Similarly, shoulder 94' on pin 39' engages plate 36'
      to urge assembly 26' upwardly.
PAR  The numeral 92 generally designates latching structure for the upper first
      connector 26' which is similar to latching structure 37a, 39a, 60, 61 and
      62 previously described, and to cooperate with pin 39' in a similar manner
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of controlling a stack of underwater well head equipment,
      and wherein a locating means is preliminarily positioned at the well head,
      the steps that include
PA1  a. separately lowering to the well head first and second connector means
      and effecting reception thereof by the locating means so that the first
      and second connector means are brought into generally upright laterally
      spaced apart relation and laterally spaced from the stack, as determined
      by the locating means, and
PA1  b. subsequently lowering to the well head crossover third and fourth
      connector means and effecting generally vertical coupling thereof to the
      previously located first and second connector means respectively, for
      operatively interconnecting the first and second connector means via the
      crossover connector means.
NUM  2.
PAR  2. The method of claim 1 wherein said coupling is effected by downwardly
      telescopically interfitting the third and fourth connector means with the
      first and second connector means, respectively.
NUM  3.
PAR  3. The method of claim 1 including the step of guiding said lowering steps
      by means of common guide lines.
NUM  4.
PAR  4. The method of claim 1 including the step of lowering a control line in
      the sea with the line attached to the first connector means.
NUM  5.
PAR  5. The method of claim 4 including the step of lowering well head equipment
      to the underwater well head simultaneously with said lowering of the
      second connector means.
NUM  6.
PAR  6. The method of claim 1 wherein said lowering steps include lowering first
      and second fluid pressure connector means in conjunction with lowering of
      first and second electrical connector means, respectively, lowering third
      and fourth fluid pressure connector means in conjunction with lowering of
      third and fourth electrical connector means, and wherein said coupling
      step is carried out by effecting generally vertical coupling of the third
      and fourth fluid pressure connector means with the first and second fluid
      pressure connector means, respectively, and generally vertical coupling of
      the third and fourth electrical connector means with the first and second
      electrical connector means, respectively.
NUM  7.
PAR  7. The method of claim 6 wherein said lowering of said third and fourth
      electrical and fluid pressure connector means is carried out by lowering
      common crossover structure supporting said third and fourth electrical and
      fluid pressure connector means and also supporting fluid pressure valve
      means connected with at least one of said third and fourth connector
      means, and electrical actuator means connected with at least one of said
      third and fourth electrical connector means.
NUM  8.
PAR  8. The method of claim 1 including the step of disconnecting from the first
      and second connector means said third and fourth electrical connector
      means supported on common structure by upwardly displacing said support
      structure.
NUM  9.
PAR  9. The method of claim 8 that includes the subsequent step of upwardly
      retrieving at least one of said first and second connector means.
NUM  10.
PAR  10. The method of claim 8 including the subsequent steps of upwardly
      retrieving said second and then said first connector means, and there
      after upwardly retrieving said locating means.
NUM  11.
PAR  11. In apparatus for controlling a stack of underwater well head equipment
      through use of connector means to be operatively interconnected at the
      well head,
PA1  a. locating means at the well head and having dual structure to downwardly
      telescopically receive said first and second connector means in laterally
      spaced relation, and
PA1  b. said dual structure including a base and two upwardly projecting
      pedestals which are laterally spaced apart,
PA1  c. first and second connector means removably downwardly telescopically
      received by said pedestals to be upwardly and independently retrievable
      therefrom, and
PA1  d. said first and second connector means including electrical sockets which
      are upwardly exposed to downwardly telescopically receive electrical
      elements associated with crossover third and fourth connector means,
      respectively.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said locating means includes guide
      means for guiding said dual structure into a locating position at the well
      head to downwardly receive said first and second connector means, as
      aforesaid.
NUM  13.
PAR  13. In apparatus for controlling a stack of underwater well head equipment
      through use of connector means to be operatively interconnected at the
      well head,
PA1  a. locating means at the well head and having dual structure to downwardly
      telescopically receive said first and second connector means in laterally
      spaced relation, and
PA1  b. first and second connector means removably downwardly telescopically
      received by said dual structure to be upwardly and independently
      retrievable therefrom,
PA1  c. said dual structure including a base and two upwardly projecting
      pedestals which are laterally spaced apart,
PA1  d. said locating means including guide means for guiding said dual
      structure into a locating position at the well head to downwardly receive
      said first and second connector means, as aforesaid, and
PA1  e. crossover third and fourth connector means respectively removably and
      downwardly telescopically received by said first and second connector
      means.
NUM  14.
PAR  14. The apparatus of claim 13 including a first guide arm connected with
      said first connector means and configured to interfit a vertical guide
      line.
NUM  15.
PAR  15. The apparatus of claim 14 including a second guide arm connected with
      said second connector means and configured to interfit a vertical guide
      line.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said first and second connector means
      include first and second electrical connectors, respectively.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said first and second connector means
      also include first and second fluid connectors, respectively.
NUM  18.
PAR  18. The apparatus of claim 17 including well head equipment lowered to the
      well head, the second connector means integral with said well head
      equipment.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said first and third connector means
      include intercoupled first and third electrical connectors, and said
      second and fourth connectors means include second and fourth intercoupled
      electrical connectors.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said first and third connector means
      also include intercoupled first and third fluid connectors, and said
      second and fourth connector means include second and fourth intercoupled
      electrical fluid connectors.
NUM  21.
PAR  21. In apparatus for controlling a stack of underwater well head equipment
      through use of connector means to be operatively interconnected at the
      well head,
PA1  a. locating means at the well head and having dual structure to downwardly
      telescopically receive said first and second connector means in laterally
      spaced relation, and
PA1  b. first and second connector means removably downwardly telescopically
      received by said dual structure to be upwardly and independently
      retrievable therefrom,
PA1  c. said locating means including guide means for guiding said dual
      structure into a locating position at the well head to downwardly receive
      said first and second connector means, as aforesaid,
PA1  d. crossover third and fourth connector means respectively removably and
      downwardly telescopically received by said first and second connector
      means,
PA1  e. each of said first and second connector means including dual connectors
      having vertically separable telescopic interconnection, each of the dual
      connectors configured to receive downward telescopic connection of one of
      said third and fourth connector means so that when one of the connectors
      is selectively separated from the other, said other connector is then
      presented to receive downward telescopic connection of said one of the
      third and fourth connector means.
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ABST
PAL  There is disclosed a ram-type blowout preventer for shearing a pipe which
      may be disposed within its bore and then sealing across the bore.
PARN
PAR  This is a division, of application Ser. No. 263,602, filed 6/16/72 and now
      U.S. Pat. No. 3,817,326.
BSUM
PAR  This invention relates generally to ram-type blowout preventers; and, more
      particularly, to the type of blowout preventer having means on the rams
      for shearing a pipe which may be disposed within its bore and then sealing
      across the bore.
PAR  As well known in the art, a ram-type blowout preventer comprises a housing
      having a bore through it and adapted to be connected to a wellhead in
      alignment with the well bore. Rams are movable within guideways extending
      from the bore between outer positions removed from the bore and inner
      positions across the bore and engaging with one another to seal off the
      bore. The inner ends of the rams may have recesses for sealing about a
      pipe within the bore, or they may be flat or otherwise complementary for
      sealing across an open bore.
PAR  In the drilling of offshore wells from vessels at the water level, the
      preventer may be mounted on a wellhead located a considerable distance
      below water level. In the event of a storm or other emergency condition,
      it may be desirable to move the vessel from the well site, and
      circumstances may not permit the drill string to be pulled from the well.
      In order to meet this and other eventualities, it has been proposed to
      provide rams with blades having cutting edges for shearing the pipe as the
      rams move to their inner positions, and with seal means so arranged as to
      seal between the rams and between each ram and the preventer housing to
      close the bore upon shearing of the pipe.
PAR  One such preventer is shown in U.S. Pat. No. 3,561,526, assigned to the
      assignee of the present improvement. Some concern has been expressed by
      users as to whether or not a perfect seal could be attained if the cut
      ends of the pipe or other junk remain between the rams after shearing. It
      is therefore an object of this invention to overcome that problem by
      providing a blowout preventer of this type in which the rams will seal
      with respect to one another, and thus permit the bore of the preventer to
      be closed off, even though such junk may be disposed between them.
PAR  Another object is to provide a blowout preventer of the type above
      described in which the seal means of each ram is protected against damage
      by the sheared pipe as the rams are moved inwardly to shear the pipe and
      close off the bore.
PAR  A further object of the present invention is to provide a blowout preventer
      of the type above described in which, as in the aforementioned prior
      patent, the rams seal entirely across their widths.
PAR  These and other objects are accomplished, in accordance with the
      illustrated embodiment of the present invention, by a ram-type preventer
      in which, as in prior preventers for use in shearing a pipe within the
      bore through the housing thereof, each ram comprises a body having
      shearing means including a cutting edge across its inner end and a surface
      extending outwardly of the cutting edge. More particularly, the ram bodies
      are arranged in the guideways of the housing for movement in an axial
      direction with these surfaces facing in opposite directions in generally
      the same plane so that the cutting edge of each body moves closely past
      the cutting edge and over the surface of the other body to shear a pipe
      within the bore as the rams move to their inner positions.
PAR  However, as distinguished from the rams of prior preventers of this type, a
      seal member is carried by one of the ram bodies on and across the width of
      its surface and substantially flush therewith for disposal opposite the
      surface of the other ram body, and thus for sealing between said surfaces,
      when the rams have been so moved. More particularly, this seal member is
      cooperable with additional seal means portions carried by the ram bodies
      for sealing between the ram bodies at opposite ends of said seal member
      and between each ram body and its guideway, so as to seal off the bore of
      the housing when the ram bodies are moved to their inner positions. Also,
      the surfaces on the ram bodies are of such outward extent as to provide
      space for the cut ends of the pipes when the rams have been moved to their
      inner positions, and thus permit the ram bodies to move to their inner
      positions to seal off the bore of the housing upon shearing of the pipe
      therein. More particularly, each surface extends outwardly to a wall which
      extends from the outer end of the surface to the outside, that is the top
      or bottom of the ram body, to provide a recess for receiving a cut end of
      the pipe between the inner end of one ram body and the wall of the other
      ram body.
PAR  In accordance with the preferred embodiment of the invention, said seal
      means includes faces abuttable with one another so as to deform the seal
      means and seal member into sealing engagement as said ram bodies move into
      their inner positions. The seal means also includes parts on their inner
      sides past which the other ram moves, following abutment of the faces of
      said seal means, to protect deformable material of the seal means against
      damage by the ram bodies.
PAR  As illustrated, each ram body has flanges which extend from its inner end
      to provide surfaces which face oppositely to surfaces on said body on
      opposite sides of the outwardly extending surfaces on the body, and said
      seal means comprise side seal parts disposed between said oppositely
      facing surfaces on the body to engage on their sides with the guideways
      and with opposite ends of the seal member carried by one of the ram bodies
     .
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PAR  In the drawings, wherein like reference characters are used throughout to
      designate like parts:
PAR  FIG. 1 is a side view, partly in section and partly in elevation, of a
      blowout preventer constructed in accordance with the present invention,
      and with the rams thereof in their outer positions;
PAR  FIG. 2 is a view similar to FIG. 1, but with the rams moved to their inner
      positions to shear a pipe in the bore of the preventer and seal off the
      bore;
PAR  FIG. 3 is an isometric view of the rams removed from the guideways in the
      preventer housing;
PAR  FIG. 4 is an exploded view of the right-hand ram, as seen from the top and
      one side thereof;
PAR  FIG. 5 is an exploded view of the left-hand ram, as seen from the bottom
      and one side thereof;
PAR  FIG. 6 is a top view of the rams within the guideways, and moved to their
      inner positions, as seen along section line 6--6 of FIG. 2;
PAR  FIG. 7 is a vertical cross-sectional view of the rams, as seen along line
      7--7 of FIG. 6; and
PAR  FIG. 8 is a horizontal sectional view of the rams of FIG. 7, as seen along
      section line 8--8 of FIG. 7.
DETD
PAR  With reference now to the details of the abovedescribed drawings, the
      over-all preventer 10 is shown in FIGS. 1 and 2 to comprise a housing 11
      having a bore 12 therethrough and a pair of rams 13A and 13B movable
      axially within guideways 14 extending laterally from opposite sides of the
      bore. The lower end of the housing is adapted to be connected to a
      wellhead in axial alignment with the bore of an underwater well, which may
      be disposed a substantial distance beneath the water level. The rams are
      shown in FIG. 1 in their outer positions, wherein they are removed from
      the bore 12 of the housing to permit a drill pipe 15 to extend
      therethrough and thus into the well bore.
PAR  The rams are caused to move between the outer position of FIG. 1 and the
      inner position of FIG. 2 by means of operators 16 connected to the housing
      at the outer ends of the ram guideways 14. These operators include
      reciprocating hydraulic actuators releasably connected to the outer ends
      of the rams, as by means of "T" slots, as well known in the art. Reference
      may be had, for example, to U.S. Pat. No. 3,272,222 for a detailed
      description of the construction and function of operators 16, including
      their releasable connection to the preventer housing to permit
      installation and removal of the rams. As will be described below, when
      moved to their inner positions, the rams shear pipe 15 and then seal off
      the bore so as to contain well fluid therebelow.
PAR  As best shown in FIGS. 3 and 4, ram 13A comprises a body 17A consisting of
      a carrier 18A and a shear blade 19A removably mounted thereon. The carrier
      has inner and outer ends, and a top and bottom and opposite sides which
      slide axially within its guideway in response to operation of the operator
      16 connected to its outer end. As shown, the opposite sides of the carrier
      are curved for fitting closely within its guideway. The bottom of the
      carrier 18A includes a flange 20A which extends entirely across its inner
      end to provide an upwardly facing surface on which the blade 19A is
      mounted. When so mounted, the blade is releasably secured to the carrier
      by means of bolts extending through aligned holes in the flange and bottom
      side of the blade.
PAR  The inner end of blade 19A projects beyond the inner end of flange 20A and
      has a cutting edge 22A which is of a wide "V" shape for cooperation with a
      similarly shaped cutting edge on the blade of the other ram 13B, as will
      be described below. With the balde mounted on the carrier, its top surface
      23A is disposed in a plane perpendicular to the axis of the bore 12 and
      equidistant from the top and bottom of the carrier. The blade 19A is not
      as wide, from side to side, as the flange 20A, so that when it is mounted
      on the carrier, its opposite sides are spaced from the opposite sides of
      the carrier.
PAR  A wall 21A extends vertically upwardly from the rear end of the upwardly
      facing surface provided by the flange 20A to intersect the top of the
      carrier intermediate its inner and outer ends, and the space above this
      surface is unobstructed to provide a recess to receive the blade of the
      other raam and the upper cut end of a pipe. A pair of flanges 24A extend
      forwardly from the upper, outer corners of wall 21A to provide surfaces
      which are axially coextensive with and which are parallel and face
      oppositely to the opposite ends of the upwardly facing surface of flange
      20A. More particularly, these downwardly facing surfaces on flanges 24A
      are spaced above the upwardly facing surfaces of the flange 20A a distance
      approximately twice the thickness of the blade 19A so as to permit a blade
      of the same thickness on the left-hand ram 13B to be moved into the space
      between the top of blade 19A and the flanges 24A, as will be described
      below.
PAR  The seal means mounted on the carrier 18A includes side seal parts 25A and
      26A adapted to be mounted on the sides of the carrier, each between a
      flange 24A and the oppositely facing surface of flange 20A. The outer
      sides of the side seal parts are curved to form continuations of the
      curved sides of the ram body carrier for sliding within a guideway 14, and
      the inner sides of such parts face the opposite sides of the recess.
PAR  The side seal parts 25A and 26A abut the vertical wall 21A, and protrude
      inwardly beyond flanges 24A and 20A. Thus, they provide vertical faces 27A
      and 28A, respectively adapted to abut similar faces on ram 13B, as will
      also be described below.
PAR  The seal means mounted on carrier 18A also includes a top seal part 29A
      which is substantially U-shaped and adapted to fit closely within a
      similarly shaped groove 30A formed over the top and along the opposite
      sides of the ram body carrier 18A. The opposite ends of the top seal part
      29A are notched at 31A so as to fit closely adjacent the upper rear
      corners of the side seal parts 25A and 26A to provide a continuous sealing
      surface over the top of the ram and along its opposite sides to its inner
      end. Top seal part 29A is curved so as to form substantially a
      continuation of the top and sides of the ram carrier 18A.
PAR  It will be understood that these parts of the seal means of ram 13A are
      similar in construction and function to corresponding portions of the rams
      of the preventer of the aforementioned U.S. Pat. No. 3,272,222. That is,
      as will be apparent from FIGS. 1 and 2, the top seal part 29A and side
      seal parts 25A and 26A are confined by the guideway 14 in both the inner
      and outer positions of the ram. Consequently, with the ram in its inner
      position, these seal parts will, upon deformation in response to
      engagement with the other ram 13B, provide a continuous seal between the
      ram and guideways across its top and along its sides.
PAR  The opposite ends of the top seal part are provided with pins 32A which are
      adapted to fit within holes 33A formed in the groove 30A near its opposite
      ends. Also, a pin 34A extends from the rear end of each side seal part 25A
      and 26A for fitting within a hole 35A formed in the wall 21A of the
      carrier near its opposite sides. The holes 33A and 35A on opposite sides
      of the carrier intersect, and the other ends of the pins 34A are grooved
      so that with the side seal parts first mounted on the carrier, the top
      seal part 29A may be moved into position to cause the lower ends of its
      pins 32A to engage in the grooved portions of the side seal part pin 34A,
      as shown in FIG. 8, and thus lock the side seal parts in place on the
      carrier.
PAR  The outer bottom corner of blade 19A is grooved at 36A to receive a seal
      part 37A of deformable material for extension across the width of the
      blade so as to dispose its opposite ends adjacent the inner sides of the
      side seal parts 25A and 26A. Thus, when the seal part 37A is deformed by
      deformation of the side seal parts, its prevents well fluid from
      by-passing the blade.
PAR  As best shown in FIG. 4, each side seal part comprises a body of deformable
      sealing material having thin rigid plates 38A, 39A and 40A molded to its
      top, bottom and inner sides, respectively. Each of the top and bottom
      plates extends lengthwise of each side seal part from its front end for
      less than its entire length, and each inner plate 40A extends vertically
      from the top of each side seal part for less than its height and from its
      rear end longitudinally for less then its length. Top plate 38A has a
      rearwardly extending leg which is spaced from and along the outer side of
      side plate 40A, and the side plate has an outwardly extending flange at
      its outer end which is spaced from and rearward of the rear end of the leg
      of the top plate. These flanges on the outwardly extending flanges on the
      side plate 40A support the pins 34A. The inner ends of plates 38A and 39A
      extend across most of the width of the side seal parts, and thus prevent
      the deformable sealing material thereof from being extruded between
      adjacent faces of the carriers.
PAR  The lower edge of each inner plate 40A extends below the top surface 23A of
      blade 19A, and a leg 41A extends downwardly from the lower surface of each
      flange 24A to provide a surface closely adjacent the upper rear corner of
      the plate 40A, which surface cooperates with shear blade 19A to prevent
      plate 40A from being pushed into the space in which the blade of the other
      ram is to be received.
PAR  As best shown in FIGS. 3 and 5, ram 13B is quite similar to ram 13A, in
      that is comprises a body 17B consisting of a shear blade 19B removably
      mounted on a carrier 18B. Also, the carrier 18B has inner and outer ends,
      and a top and bottom and opposite sides which are caused to slide axially
      within a guideway by an operator mounted across the outer end of the
      guideway. The carrier has a flange 20B extending across its inner end to
      provide a surface on which the blade is mounted, and a vertical wall 21B
      at the outer end of the surface on the flange to provide a recess for
      receiving the blade 19A of ram 13A and the lower cut end of a pipe.
      However, when the ram 13B is assembled in its quideway 14, these parts are
      reversed top for bottom with respect to the corresponding parts of ram
      13A. Thus, flange 20B extends inwardly from the top of carrier 18B to
      provide a downwardly facing flat surface to which the top side of blade
      19B is secured by bolts which extend through aligned holes in flange 20B
      and top side of plate 19B. Also, wall 21B extends downwardly to intersect
      the bottom of the carrier intermediate its inner and outer ends.
PAR  The blade 19B has a "V" shaped cutting edge 22B and projects forwardly of
      the inner end of the carrier to provide a surface 23B -- in this case
      downwardly facing -- which is disposed in a plane perpendicular to the
      axis of bore 12. More particularly, blade 19B is of the same size as blade
      19A, and its surface 23B is approximately equidistant from the top and
      bottom of the carrier. Thus, as will be more fully understood from the
      description to follow, when the rams 13A and 13B are mounted in their
      guideways, the top and bottom surfaces, respectively, of their blades are
      disposed in substantially the same plane, so that during movement of the
      rams to their inner positions, the cutting edges of each will shear the
      pipe 15 by moving past one another and over the surface of the other.
PAR  As in the case of blade 19A of ram 13A, the opposite sides of blade 19B are
      spaced inwardly from the opposite sides of carrier 18B. Also, the space
      below the bottom surface 23B of the blade is unobstructed, except for a
      pair of flanges 24B which extend forwardly from the lower, outer corners
      of wall 21B. The tops of these flanges provide surfaces which are axially
      coextensive with and which are parallel and face oppositely to the
      opposite downwardly facing surfaces at the sides of the flange 20B.
      Flanges 24B are spaced below the surfaces of flange 20B a distance
      approximately twice the thickness of plate 19B so as to permit blade 19A
      to be moved into the space between blade 19B and flanges 24B, as blade 19B
      simultaneously moves into the space between blade 19A and flanges 24A of
      ram 13A.
PAR  More particularly, the shear blades are of such length end-for-end that,
      when moved to their inner positions, they will overlap for a considerable
      axial distance, so as to dispose a seal member 42 carried on and extending
      across surface 23B of blade 19B opposite the upwardly facing surface 23A
      of blade 19A, and at the same time leave a substantial space between the
      inner end of each ram and the vertical wall of the other ram to receive
      the cut ends of the pipe. As best shown in FIG. 5, seal member 42 is
      somewhat enlarged across its top and is slidable into and out of a groove
      43 of conforming cross section. When in the groove, it provides a lower
      surface which forms a continuation of surface 23B so that is will move
      freely over surface 23A as the rams are moved into and out of their inner
      positions. However, when the rams are moved into their inner positions,
      the seal member is deformed to cause its lower surface to protrude and
      thus sealingly engage blades 19A and 19B across their entire widths. The
      lower edges of seal member 42 are retained against extrusion by means of
      imbedded elongate coil springs 44.
PAR  In other respects, the construction and function of ram 13B will be
      understood from the foregoing description of ram 13A, and hence
      corresponding parts have been given corresponding reference characters,
      with those of rams 13B using the letter "B" rather than the letter "A".
PAR  Thus, as best illustrated in FIG. 6, the protruding faces 27A and 27B, as
      well as 28A and 28B, of the seal means of the rams abut one another only
      after shearing of the pipe 15 and movement of the blades into an
      overlapping position in which the seal member 42 is opposite the surface
      23A of the blade 19A of the ram 13A, but before final movement of the rams
      into their inner positions. Upon continued inward movement of the rams,
      the abutting faces are forced against one another to deform the deformable
      sealing material of the side seal parts, which deformation is in turn
      transmitted to top seal parts 29A and 29B, to seal parts 37 and 38, and to
      seal member 42. Consequently, when the rams have been moved to their inner
      positions, all such portions have been deformed to provide a continuous
      seal between one ram and the other as well as between each ram and its
      guideway so as to seal off the upper end of the bore 12.
PAR  This continuous seal includes the sealing engagement of the inner side of
      each side seal part of each ram with the side of the blade of the other
      ram. However, as will be apparent from FIGS. 6 and 7, the side plates 40A
      and 40B on the side seal parts of the two rams are of such axial length
      that the shear blades move past the front edges of such plates prior to
      abutment of the side seal parts with one another, and thus prior to
      deformation of the deformable sealing material. Consequently, the shear
      blades are prevented from damaging the side seal parts during continued
      movement of the rams in an inward direction. Thus, as indicated above and
      and as shown in the drawings seal member 42 is substantially flush with
      surface 23B and is adapted to seal against surface 23A (the latter being
      complementary to surface 23B) when the rams are in closed position. Also,
      the groove 43 can be termed a means adapted to mount seal member 42
      substantially flush with surface 23B. Further, surface 23A can be said to
      extend in an axial direction and to terminate in cutting edge 22B.
PAR  Although it is preferred that the surfaces 23A and 23B of the rams 13A and
      13B, respectively, be flat and disposed in planes perpendicular to the
      axis of the bore 12 of the preventer housing, it is comtemplated that such
      surfaces may instead be other than perpendicular to the axis of the bore
      of the preventer housing, and even curved as long as all straight line
      elements on the surface are parallel to the axis of the ram. In any event,
      however, the surfaces extend across the rams for a sufficient extent to
      provide cutting edges which cooperate with one another in shearing the
      pipe in the bore.
PAR  Also, although it is preferred that the shear blades be removable from the
      ram carriers, they may instead be made integral therewith. Still further,
      the seal member 42 could instead be mounted on the upwardly facing surface
      of the ram 13A; and, in fact, two such seal members may be provided, one
      on each such surface and positioned either to engage one another or engage
      axially spaced-apart portions of the surfaces opposite to which they are
      disposed.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. A side seal part for blowout preventer ram comprising a body of
      deformable sealing material having front and rear ends, horizontal sides,
      and vertical sides, a first rigid plate secured to a first horizontal side
      of the body and extending rearwardly from its front end for less than its
      length, a second rigid plate secured to a second horizontal side of the
      body and extending rearwardly from its front end for less than its length,
      the front end of each of the first and second plates extending across
      substantially the entire width of the front end of the body at the upper
      and lower portions thereof, and a third rigid plate secured to a first
      vertical side of the body and extending forwardly from its rear end for
      less than its length and vertically from its first horizontal side for
      less than its height.
NUM  2.
PAR  2. A side seal part of the character defined in claim 1, wherein the first
      plate includes a narrow leg extending rearwardly from its front end along
      and spaced from the inner side of said third plate.
NUM  3.
PAR  3. A side seal part of the character defined in claim 2, wherein the third
      plate includes a flange extending from its rear end to a position spaced
      from and behind the end of the leg.
NUM  4.
PAR  4. A side seal part of the character defined in claim 3, including a pin
      secured to the flange and extending rearwardly therefrom.
NUM  5.
PAR  5. For use as a part of a blowout preventer ram having a carrier which is
      longitudinally movable within a guideway of a blowout preventer housing, a
      blade adapted to be mounted on the carrier for movement therewith, said
      blade having a cutting edge extending substantially from one side to the
      other thereof, a surface extending from said edge, and a groove in the
      surface extending from one side to the other thereof, and a sealing member
      in said groove.
NUM  6.
PAR  6. A blade of the character defined in claim 5 having means thereon for
      connecting it to the ram body carrier.
NUM  7.
PAR  7. A blade of the character defined in claim 5, wherein the opposite ends
      of the sealing member are substantially flush with the sides of the blade.
NUM  8.
PAR  8. A blade of the character defined in claim 7, wherein said groove is
      dove-tailed in cross section.
NUM  9.
PAR  9. A blade of the character defined in claim 5, wherein the groove in the
      blade is near the cutting edge thereof.
NUM  10.
PAR  10. For use as a part of a blowout preventer ram having a carrier which is
      longitudinally movable within a guideway of a blowout preventer housing, a
      blade adapted to be mounted on the carrier for movement therewith, said
      blade having upper and lower surfaces, inner and outer ends, and opposite
      sides, a cutting edge extending across the inner end of the blade, a
      groove in one of the surfaces of the blade extending from one side to the
      other thereof, and a sealing member in said groove.
NUM  11.
PAR  11. A blade of the character defined in claim 10, wherein the other surface
      of the blade has means thereon for connecting the blade to the ram carrier
      for movement therewith.
NUM  12.
PAR  12. A blade of the character defined in claim 10, wherein said blade has
      another groove extending from one side to the other thereof at the
      intersection of its other surface and outer end.
NUM  13.
PAR  13. A blade of the character defined in claim 10, wherein the opposite ends
      of the sealing member are substantially flush with the sides of the blade.
NUM  14.
PAR  14. A blade of the character defined in claim 13, where said groove is
      dove-tail in cross section.
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PAL  Precompletion apparatus for use in air drilling and casing a problem
      formation in a well including a casing landing nipple at the lower end of
      a first string of solid well casing installed by suitable conventional
      techniques, an expendable plug for engagement in the casing landing nipple
      to plug a well bore after air drilling below the casing landing nipple to
      control the well during inserting of a slotted liner, an expending shoe
      for engaging and displacing the plug downwardly from the landing nipple, a
      slotted well bore casing for lining a well bore along a problem formation
      which has been air drilled, and a casing hanger for supporting the slotted
      liner along the air drilled portion of the well bore from the landing
      nipple. The plug and hanger each have locking keys engagable with a casing
      landing nipple and expandable seals for sealing with a seal surface along
      the casing landing nipple. The expendable plug is used to close the well
      bore above the air drilled portion for pressure control while lowering the
      liner into the well bore. The plug is engaged and lowered in the well bore
      by the expending shoe which is supported on the lower end of the liner.
      The liner is lowered into the air drilled section of the well bore and
      supported from the casing landing nipple by the hanger. The plug remains
      supported from the lower end of the liner after installation of the liner
BSUM
PAR  This invention relates to well tools and more particularly relates to
      apparatus for use in air drilling and lining a well bore along a
      particularly troublesome earth formation.
PAR  In the drilling of wells, particularly oil and gas wells, the normal
      procedure is to pump a drilling fluid which normally is a mud-like liquid
      generally containing water into the formation to wash the drilled cuttings
      up the well bore around the drill bit and drill pipe and to impose a
      hydrostatic head on the formations being drilled so that any natural
      formation pressure encountered in drilling into oil and gas bearing
      formations will be safely contained until the drilling process is
      completed and the well is properly equipped to control the fluid
      pressures. Occasionally an earth formation is encountered which presents
      extremely formidable obstacles to continued normal drilling. One such type
      formation is the Mesa Verde found in the state of Colorado which is a
      heaving shale or bentonitic formation including a type of clay which
      swells when contacted by water. When such a formation is initially drilled
      into, the drilling will proceed in the normal manner for the first several
      hours of drilling during which water in the drilling fluid soaks from the
      bore hole into the formation around the hole. The formation then swells
      causing the drill bit and pipe to stick if drilling is continued. If the
      drill bit and pipe are pulled from the bore hole the formation may swell
      to the extent that the previously drilled hole essentially closes.
      Oftentimes in practice such formations have been drilled over periods of
      many months with efforts to complete a well having to be abandoned. In one
      known instance of such a problem a well was drilled for a period of seven
      months without success in completing it. It has been found, however, that
      formations comprising heaving shale may be successfully drilled using a
      fluid such as air for circulation through the well bore to wash out the
      cuttings and maintain the desired pressure on the formations being
      drilled. The air does not cause the heaving shale to swell as does water
      containing drilling mud. After such air drilling the well is cased with a
      slotted liner. The liner generally is quite long and cannot be inserted
      using conventional apparatus to close the well at the surface as the well
      could not be kept under pressure control due to flow which would occur
      through the slotted liner at the wellhead.
PAR  It is a particularly important object of the invention to provide new and
      improved apparatus for air drilling and precompleting a well in problem
      formations.
PAR  It is another object of the invention to provide an expendable plug, a
      slotted liner, a liner hanger, and related handling tools for use in
      precompleting an air drilled well bore.
PAR  It is another object of the invention to provide apparatus for controlling
      a well under pressure while inserting a slotted liner into a lower portion
      of the well bore.
PAR  In accordance with the invention there is provided apparatus for air
      drilling and precompleting a well bore which includes a casing landing
      nipple secured at the lower end of conventional casing placed in a well
      bore above a problem formation, an expendable plug securable in the casing
      landing nipple for shutting in the well bore above an air drilled lower
      portion of the well bore, a slotted well bore liner for installation along
      the air drilled portion of the well bore, an expending shoe connected to
      the lower end of the slotted liner for engaging and moving the expendable
      plug downwardly in the well bore as the liner is installed, a liner hanger
      secured with the upper end of the slotted liner for supporting the slotted
      liner in the air drilled portion of the well bore from the casing landing
      nipple, and handling tools for installing the expendable plug and the well
      bore. The expendable plug and liner hanger each have expendable and
      contractable locking keys engageable with the casing landing nipple and
      expendable seals for sealing with a seal surface along the casing landing
      nipple. The expendable plug includes a pressure equalization feature for
      equalizing the pressure across the plug preliminary to disengaging and
      lowering the plug into the air drilled portion of the well bore.
DRWD
PAR  A more thorough understanding of the details of a preferred embodiment of
      the apparatus of the invention together with the foregoing objects and
      advantages will be obtained from reading the following detailed
      description taken in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic view in section and elevation showing a well bore
      drilled with the apparatus of the invention at the end of the first stage
      of drilling and liner installation above a problem zone in the formation
      being drilled;
PAR  FIG. 2 is a schematic view similar to FIG. 1 illustrating the completion of
      a second phase of air drilling the well bore through the problem zone in
      accordance with the invention;
PAR  FIG. 3 is a schematic view similar to FIGS. 1 and 2 showing an expendable
      plug installed in the well bore to contain well pressure within the well
      bore below the plug after the completion of the air drilling step;
PAR  FIG. 4 is a schematic view similar to FIGS. 1-3 illustrating an
      intermediate stage in the installation of the liner hanger, the slotted
      liner, and the removal and lowering of the expendable plug;
PAR  FIG. 5 is a schematic view similar to FIGS. 1-4 showing the apparatus of
      the invention fully installed in a well bore;
PAR  FIGS. 6A and 6B taken together constitute a fragmentary view in section and
      elevation of an expendable plug coupled with a running tool in accordance
      with a preferred embodiment of the invention;
PAR  FIGS. 7A and 7B taken together constitute a fragmentary view in section and
      elevation of the expendable plug fully set in the casing landing nipple at
      the lower end of the first string of casing installed in the well bore;
PAR  FIGS. 8A, 8B, 8C, and 8D taken together constitute a fragmentary broken
      view in section and elevation showing a running tool, a liner hanger, a
      slotted well bore liner, a plug expending shoe, and the expendable plug
      coupled together during the running procedure represented in FIG. 4;
PAR  FIG. 9 is a fragmentary view in section and elevation illustrating the
      locking dogs on the liner hanger expanded into the casing landing nipple
      preliminary to locking the hanger at the landing nipple and expansion of
      the hanger seals; and
PAR  FIGS. 10A and 10B taken together constitute a fragmentary view in section
      and elevation showing the liner hanger fully locked with the seal expanded
      in the casing landing nipple and the handling tool removed.
DETD
PAR  Referring to the drawings a well bore 20 is drilled in accordance with the
      invention using a combination of conventional mud and air drilling
      techniques utilizing equipment for lining the well bore which includes a
      first upper string of well casing 21 including a casing landing nipple 22,
      an expendable plug 23, a plug running tool 24, FIG. 6A, a liner hanger
      running tool 25, FIG. 8A, a liner hanger 30, a slotted liner 31, and a
      plug expending shoe 32. In accordance with the invention the well bore 20
      is drilled by conventional techniques using drilling mud to drill a first
      upper portion of a well bore 20 after which a suitable string of well
      casing 21 including a casing landing nipple 22 is installed in the well
      bore. The well is drilled using drilling mud to a depth of within about
      two hundred feet of the formation which is expected to present a drilling
      problem. The well is then air drilled through the casing 21 downwardly
      through the problem formation 33 forming a lower air drilled well bore
      20b. The expendable plug 23 is installed in the well bore at the landing
      nipple 22 to confine the air pressure within the well bore portion 20b
      below the plug while the well bore is opened above the plug to admit the
      casing liner 31. The expending shoe 32 is secured on the lower end of the
      liner while the casing hanger 30 is connected with the upper end of the
      liner. The casing hanger is coupled with the handling tool 25 supported
      from a work string 29 of tubing or drill pipe for lowering the casing
      hanger liner and expending shoe downwardly in the well bore. After the
      casing hanger is lowered into the well, pressure control means such as
      blowout preventers, not shown, are closed at the wellhead around the work
      string to keep the well under control during the lowering of the slotted
      liner. The plug 23 is engaged by the expending shoe forcing the plug
      downwardly from the casing nipple while supporting the plug from the shoe.
      The plug, show, liner, and hanger are lowered until the liner is within
      the lower air drilled well bore portion 20b with the liner being
      permanently installed supported by the hanger from the casing nipple 22.
PAR  Referring to FIGS. 10A and 10B, the casing landing nipple 22 is a
      conventional tubular member having upper internal threads 22a for
      connection with the casing string 21 and an internal locking recess
      profile which includes an upper internal annular recess 22b, a middle
      recess 22c, and a lower recess 22d. At the lower end of the recess 22b the
      landing nipple is provided with an internal annular stop shoulder 22e for
      supporting the well tools locked in the nipple against downward movement.
      The landing nipple permits the releasable locking of the plug 23 and the
      hanger 30 at the lower end of the upper string of well casing 21. The use
      of the multiple recess profile in the landing nipple permits selectivity
      in the use of the nipple in the sense that only locking keys which have a
      compatible boss profile may be landed and locked in the nipple while other
      locking keys on well tools will pass through the nipple during well
      operations.
PAR  Referring to FIGS. 6A and 6B the expendable plug 23 has an inner mandrel 34
      formed by a tubular head member 35 and a main body member 40 telescoped
      together and secured by a pin 41. The head 35 has an enlarged upper
      portion 42 provided with an external annular locking recess 43. The main
      body member has an upper external annular seal boss 44 which supports a
      pair of seal rings 45, an external annular release recess 50 below the
      boss 44, and a pair of lower seal rings 51 supported around the lower end
      portion of the body. The expendable plug has an outer mandrel 52 which is
      slidably fitted over the inner mandrel 34. The outer mandrel 52 has a
      reduced upper end portion 53 providing an upwardly facing external annular
      stop shoulder 54 for the connection of a running tool 55 which is secured
      with the outer mandrel by a shear pin 60. As shown in FIG. 6B the outer
      mandrel 52 has an internal annular seal recess 61, the upper end of which
      defines a downwardly facing stop shoulder 62 within the outer mandrel. The
      recess 61 receives the seal boss 44 and the ring seal 45 for sealing
      between the inner and outer mandrels at the relative positions of the
      mandrels shown in FIGS. 6A and 6B. The lower end portion of the outer
      mandrel 52 has an internal annular recess 63 and an external annular
      flange 64. The mandrel 52 is provided with circumferentially spaced
      lateral bores 65 in each of which is positioned a locking ball 70. An
      annular locking head and key retainer 71 is secured on the upper end
      portion of the outer mandrel 52. The head 71 is connected by a shear pin
      72 with the mandrel 52. The shear pin 72 extends through the head 71 into
      an external recess 73 formed in the outer surface of the mandrel 52. The
      head 71 has an internal annular upwardly opening conical recess 74 which
      holds a plurality of circumferentially positioned slips 75 each having a
      toothed internal surface for gripping the outer surface of the mandrel 52
      to hold the mandrel against downward movement relative to the head 71. A
      coil spring 80 is disposed in the recess 74 between the upper ends of the
      slips 75 and a spacer ring 81 which is held against the spring by an
      internal lock ring 82 secured within the upper end portion of the head 71.
      The head 71 is threaded onto a sleeve 83 which fits in sliding
      relationship around the outer mandrel 52. The lower end of the sleeve 83
      is threaded into a lower key retainer 84. A plurality of locking keys 85
      are disposed around the sleeve 83 between the head 71 and the lower key
      retainer 84 for releasably supporting the expendable plug at a locking
      recess such as in the casing landing nipple 22. The keys 85 have upper and
      lower retainer flanges 90 and 91 which are held by corresponding flanges
      92 and 93, respectively, on head 71 and the lower key retainer 84. The
      keys 85 are biased outwardly by springs 94 fitted within internal recesses
      of the keys around the sleeve 83. Each of the keys has an external locking
      boss profile which is compatible with the locking recesses 22c and 22d in
      the casing landing nipple 22 for locking the expendable plug against
      upward movement in the casing. The keys 85 have upwardly facing locking
      shoulders 95 which are engageable with the downwardly facing internal
      annular locking shoulder 22f in the landing nipple 22. The keys 85 are
      biased constantly outwardly by the springs 94 and serve to properly locate
      the expendable plug at a compatible landing nipple recess and hold the
      plug against movement in the desired direction which in the present
      instance is against upward movement. It will be recognized that the keys
      85 cannot be locked or wedged outwardly and thus are pressed inwardly upon
      downward movement of the plug in passing or being forced from a locking
      recess. Sufficient lateral movement is permitted the keys 85 so that the
      keys will freely slide along the inner wall surfaces of a tubing or casing
      string and will expand into the desired locking recess.
PAR  As seen in FIG. 6B the expendable plub 23 has an external annular seal 100
      disposed on the outer mandrel 52 between the key retainer 84 and a ring
      member 101. The member 101 has an internal locking recess 102 which
      receives the outer portions of the locking ball 70 during the steps in the
      operation of the plug when the seal 100 is relaxed as shown in FIG. 6B and
      when the seal is expanded as in FIG. 7B. The ring member 101 is threaded
      onto the upper end of a bottom nose member 103 which has an upper internal
      annular recess 104 providing an upwardly facing stop shoulder 105. The
      lower end portion of the outer mandrel 52 extends into the recess 104 with
      the lower end edge of the mandrel engaging the stop shoulder 105 at the
      relative position of the plug members shown in FIG. 6B. The nose member
      103 has a pressure equalization side port 110. The member 103 is secured
      by a shear pin 111 to the lower end of the inner mandrel 34 of the
      expendable plug. By manipulation of the inner and outer mandrels 34 and 52
      of the expendable plug the plug may be set and released during the initial
      and final phases of the operation of the well apparatus as described in
      more detail hereinafter. The plug is designed to isolate the lower air
      drilled portion 20b of the well bore from the upper portion 20a to confine
      the air drilling fluid pressure within the well bore below the plug prior
      to running in the slotted liner 31.
PAR  The liner hanger 30 used to support the slotted liner 31 in the well bore
      from the casing landing nipple 22 is illustrated in detail in FIGS. 8A and
      8B which show the hanger as it is run into the well bore and in FIGS. 10A
      and 10B illustrating the hanger locked in the casing landing nipple 22.
      Referring to FIGS. 8A and 8B the liner hanger 30 includes a tubular body
      mandrel 120 formed by an upper mandrel section 121 and a lower mandrel
      section 122. The upper mandrel section is threaded into a head member 123
      which is provided with an inwardly extending handling lug 124. A guide
      head 125 is threaded on the upper end of the head member 123 provided with
      an inwardly sloping upper end guide surface 130 to guide a handling tool
      such as the tool 25 into the upper end of the liner hanger. A ring seal
      131 is carried by the head member 123 within an internal annular recess
      132 at the lower end of the member to seal between the mandrel section 121
      and the head member 123. A seal assembly 133 including upper and lower
      identical seals 134 separated by a spacer ring 135 is disposed on the
      mandrel section 121 below the head member 123. An annular slip retainer
      and seal assembly support member 140 is mounted on the mandrel section 121
      below the seal assembly 133. The member 140 has an internal annular recess
      141 which includes a conical upper portion 142 which holds a plurality of
      circumferentially spaced slips 143. The slips 143 are biased upwardly by a
      spring 144 so that the toothed inner surfaces of the slips engage the
      outer surface of the mandrel section 121 to resist upward movement of the
      mandrel which tends to tightly wedge the slip within the conical recess
      portion 142 between the mandrel section and the member 140. The member 140
      is secured by a pin 145 to a tubular key mandrel 150 which is connected
      along an upper end portion by a shear pin 151 to the slightly enlarged
      head portion 122a of the mandrel section 122. The key mandrel has a pair
      of longitudinal windows 152 each of which accommodates a locating and
      locking key 153 which has an outer profile compatible with the inner
      profile of the casing landing nipple 22 for locating the liner hanger at
      and locking the hanger in the landing nipple. Each of the keys 153 has
      upper and lower retainer flanges 154 and 155 which extend behind lip
      portions 160 and 161 on the key mandrel 150 projecting into the windows
      152 for retaining the keys with the mandrel and permitting the keys to
      move radially inwardly and outwardly. Each of the keys is biased radially
      outwardly by a leaf spring 162 secured at an upper end by a screw 163
      within the key. The lower end of the key mandrel 150 is supported on a
      tubular member 164 secured as by welding at 165 to the lower hanger
      mandrel section 122. Each of the keys has an internal release recess 170
      permitting each key to compress inwardly to a release position in the
      position of the hanger mandrel illustrated in FIG. 8B. The hanger mandrel
      section 122 is provided with an external annular locking flange 171
      secured as by welding at 172 on the mandrel section. When the hanger
      mandrel is driven downwardly relative to the keys for expanding the seal
      elements 134 the lower end 122a of the head of the lower mandrel section
      122 is aligned behind the upper ends of the keys and the key locking
      flange 171 is aligned behind the lower ends of the keys preventing
      compression of the keys so that the keys will not release from a landing
      nipple locking recess.
PAR  As shown in FIG. 8A the liner hanger 30 is coupled with a handling tool 25
      which is a tubular member such as a pipe section having an external J-slot
      to receive the handling lug 124 of the head member 123 on the liner
      hanger. The J-slot feature comprises an inverted J-shaped recess which is
      a standard handling tool feature wherein the vertical portion of the
      J-slot opens downwardly to permit entry of the handling lug 124 into the
      slot and the handling tool is rotated to align the handling lug in the
      curved closed end portion of the slot so that the liner hanger may hang by
      means of the lug engaged in the slot from the handling tool. Such J-slot
      arrangements are shown in detail in illustrations at page 3951 of the
      Composite Catalog of Oilfield Equipment and Services, 1974-75 Edition,
      published by World Oil, Houston, Texas. The lower end of the liner hanger
      mandrel section 122 is threaded into the upper end portion 31a of the
      slotted liner 31.
PAR  As represented in FIG. 8C the slotted liner 31 is a tubular well casing
      member which has a plurality of elongated narrow slots 31b distributed
      circumferentially along the length of the liner to provide lateral support
      along the well bore wall for the formation while permitting substantial
      well fluid flow into the well bore from the formation. Thus the liner
      provides substantial formation wall support along the well bore while
      permitting ready flow of well fluids into the well bore from the
      formation.
PAR  The lower end of the liner 31 is threaded into the expending shoe 32 which
      is used to engage, remove, and support the expendable plug 23 when
      installing the liner in the well bore. The detail features of the
      expending shoe are shown in FIG. 8C which illustrates the shoe coupled
      with the inner mandrel of the plug 23 as the plug is released from the
      casing landing nipple 22 and pushed downwardly in the well bore. The
      expending shoe includes a tubular housing 180 having an enlarged head end
      portion 181 threaded on the lower end of the liner. The housing 180 has an
      internal flange 181a defining a downwardly facing stop shoulder 182 at the
      upper end of an upper recess 183 which is concentric with a larger lower
      recess 184 opening through the lower end of the housing. The lower end of
      the housing is threaded into a retainer 185 which has a bore 190 forming a
      sliding fit with the inner mandrel of the plug 23. A collet 191 is
      disposed within the bore of the housing 180 for coupling the expending
      shoe with the plug mandrel. The collet has an annular head portion 192
      which fits within the upper bore portion 183 of the housing and has
      dependent circumferentially spaced collet fingers 193 having locking heads
      194 sized to engage the locking recess 43 of the inner mandrel 34 of the
      expendable plug. The retainer 185 has an enlarged bore portion 190a
      defining an upwardly facing stop shoulder 190b. When the expending shoe 32
      is lifted as seen in FIG. 8C, the collet heads 194 move into the bore
      portion 190a against the shoulder 190b holding the heads inwardly locked
      on the upper end of the mandrel 34.
PAR  The well tools and equipment illustrated in the drawings are used to carry
      out an air drilling process and precomplete a well in particularly
      troublesome areas such as bentonitic formations. In the first step of the
      process using such tools and equipment the well bore 20 is drilled with
      conventional techniques such as using liquid drilling mud to form the bore
      hole portion 20a. This portion of the bore hole is drilled to within as
      close as two hundred feet to what is expected to be the troublesome
      formation. The location of the troublesome formation 33 as it is
      designated in the drawings is generally based on past drilling experience
      in the particular area of the well. After completion of the standard
      drilling procedures recognized steps are followed to install the tubular
      well casing 21 which includes substantially at the lower end of the casing
      the casing landing nipple 22. After completion of drilling with the liquid
      mud the liquids are removed from the bore hole and the hole is made as dry
      as possible. Air drilling techniques are then used to advance the hole
      through the troublesome formation 33 forming the lower portion 20b of the
      hole. The air drilling techniques include circulating air downwardly
      through the drill string, outwardly through the drill bit and back up the
      bore hole through the annulus between the bore hole wall and the drill
      string. The air is pumped at a sufficient velocity to lift the cuttings to
      the surface in the usual manner.
PAR  At the completion of the air drilling phase forming the bore hole the
      expendable plug 23 is installed in the landing nipple at the lower end of
      the casing string 21 to shut in the lower portion of the bore hole which
      had been air drilled confining air under pressure within such bore hole
      portion. The expendable plug 23 is connected with the running tool 24 by
      means of the shear pin 60 as shown in FIG. 6A. The running tool is
      connected on a handling string 29 used to lower the plug in the well bore.
      The seal 100 of the plug is relaxed as shown in FIG. 6B with the outer
      mandrel 52 of the plug being secured by the shear pin 73 to the head
      member 71 while the inner mandrel 34 of the plug is secured by the shear
      pin 111 to the outer mandrel. The plug and handling string are lowered
      through suitable pressure confining apparatus such as blowout preventers,
      not shown, at the wellhead to confine the air pressure within the well
      bore while the plug and handling string are being lowered. The plug is
      lowered through the casing landing nipple 22 and then lifted upwardly to
      latch the keys 85 in the landing nipple recesses. All of the downwardly
      facing surfaces on the keys 85 taper upwardly and outwardly whereby the
      keys readily move downwardly as the plug passes through the landing
      nipple. The only abrupt locking shoulder on the keys is the upwardly
      facing surface 95. As the plug is lifted upwardly back into the landing
      nipple the keys expand outwardly into the locking recesses of the nipple
      with the shoulder 95 on each of the keys engaging the downwardly facing
      locking shoulder surface 22f of the landing nipple which stops the upward
      movement of the keys holding the plug at the landing nipple with the keys
      expanded as shown in FIG. 6A into the locking recesses of the nipple.
      Upward force is continued on the handling string 29 to expand the seal 100
      within the landing nipple and lock the plug at the nipple. The shear pin
      72 is weaker than the shear pin 60 so that the pin 72 shears initially
      releasing the outer mandrel 52 to be pulled upwardly by the handling tool
      24 to the position illustrated in FIGS. 7A and 7B. The mandrel 52 is
      released when the pin 72 breaks so that the mandrel 52 is lifted within
      the member 71, the sleeve 83 supporting the keys 85, and the seal 100. The
      member 71, the sleeve 83, and the keys 85 cannot move upwardly as the keys
      are locked in the landing nipple. The upward movement of the outer mandrel
      52 lifts the locking balls 70 which are confined between the member 101
      and the inner mandrel since the balls are below the recess 50. The upward
      force on the balls 70 raises the member 101 against the lower end of the
      seal 100. The upper end of the seal cannot move upwardly since the keys
      are holding the member 84 against upward movement so that the seal is
      expanded radially outwardly as shown in FIG. 7B engaging the inner wall
      surface along the casing landing nipple recess to seal around the plug
      mandrel 52 with the landing nipple recess wall. The mandrel 52 is lifted
      within the slips 75 which are wedged downwardly and inwardly by the spring
      80 against the outer wall surface of the mandrel. The slips lock the
      mandrel against downward movement so that the mandrel is held upwardly to
      keep the seal 100 in compression expanded outwardly. When the seal 100 is
      fully expanded the upward force on the handling tool shears the pin 60
      releasing the handling tool and string 29 from the plug 23 so that the
      tool and string are lifted upwardly leaving the plug in the casing landing
      nipple. FIG. 7A illustrates the lifting of the handling tool from the
      upper end of the plug mandrel after the pin 60 has sheared. Also in FIG.
      7A the upward movement of the mandrel 52 will be evident from the two
      portions of the shear pin 72, the inner portion being displaced upwardly
      from the outer portion showing the upward movement of the mandrel. As the
      outer mandrel 52 is lifted the inner mandrel 34 is raised with the outer
      mandrel by the pin 111 since there is no force at this time resisting the
      upward movement of the inner mandrel. Since the outer and inner mandrels
      go up together they remain in the same longitudinal relationship so that
      the locking balls 70 remain confined between the mandrels holding the
      member 101 at an upper end position to retain the seal 100 in the
      compressed expanded condition of FIG. 7B. The nose 103 is solid below the
      side portion 110 and since the seals 51 remain engaged with the inner wall
      of the nose and the seals 45 are in contact with the outer mandrel bore
      portion 61 the expendable plug 23 fully closes the bore of the casing
      landing nipple 22 to shut off the lower portion 20b of the well bore
      retaining such well bore portion under the pressure of the air drilling
      fluid.
PAR  After removal of the handling string 29 and the running tool 24 from the
      well bore the surface end of the well bore is opened bleeding down the air
      pressure within the upper portion 20a of the well bore above the plug 23.
      The upper end of the well bore is opened to permit installation of the
      liner 31 which can be of very substantial length such as two thousand
      feet. The expending shoe 32 is secured on the lower end of the bottom
      section of the liner 31 as illustrated in FIG. 8C. The expending show
      comprises the retainer 185, the housing 180, and the collet 191. The
      housing 180 is threaded to the lower end portion of the bottom liner
      section. The liner is then assembled section by section as the liner
      string is lowered in the well bore until a sufficient length of liner
      string has been suspended in the well bore at which time the upper end
      portion of the top liner section is secured by threading onto the lower
      end portion of the liner hanger mandrel 122 as represented in FIGS. 8B and
      8C. The liner hanger is then assembled with the handling tool 25 by
      insertion of the handling tool into the guide head 125 of the hanger until
      the J-slot 172 is engaged with the handling lug 124 as seen in FIG. 8A.
      The expending shoe, the liner, and the liner hanger are thus supported in
      an assembled relationship from the handling tool 25 as they are lowered on
      the handling string 29 into the upper portion of the well bore. When the
      hanger 30 is within the upper casing 21 below the wellhead, not shown,
      blowout preventers at the wellhead are closed around the handling string
      so that the well may be pressure controlled after the plug is expended
      opening well pressure into the upper well bore portion. The liner is then
      lowered on the work string. When the expending shoe telescopes downwardly
      over the upper end of the mandrel 34 of the plug 23 the collet 191 of the
      expending shoe snaps into the locked relationship on the plug mandrel
      shown in FIG. 8C. The collet 191 is pushed upwardly to the position
      illustrated at which the collet finger heads 194 are free to expand
      outwardly to snap over the mandrel head downwardly into the locked
      relationship illustrated. A downward force applied by the liner string and
      expending show on the inner mandrel 34 shears the pin 111 permitting the
      inner mandrel to be driven downwardly to the lower end position
      illustrated in FIG. 8D at which the recess 50 of the inner mandrel is
      aligned with the locking balls 70. The camming force of the member 101 on
      the locking balls caused by the expanding tendency of the compressed seal
      100 forces the balls 70 radially inwardly into the recess 50 so that the
      member 101 is free to move downwardly on the outer mandrel 52 relaxing the
      seal 100 so that the seal contracts. As the mandrel 34 is pushed
      downwardly after the shearing of the pin 111 the seals 45 on the mandrel
      move downwardly into the larger bore portion 63 of the outer mandrel 52 so
      that the higher air pressure below the plug 23 is applied through the side
      port 110 in the nose 103 and upwardly past the seals 45 along the annulus
      between the inner and outer mandrels 34 and 52 to equalize the pressure
      across the plug 23 between the higher pressure lower portion 20b of the
      well bore and the upper portion 20a of the well bore. The pressure
      equalization occurs before displacing the plug 23 downwardly from the
      casing landing nipple. Continued downward force by the liner on the
      expending shoe after the relaxation of the seal 100 causes the keys 85 to
      be compressed inwardly as the downwardly sloping faces on the keys engage
      the downwardly sloping landing nipple recess surfaces. As soon as the keys
      are compressed inwardly to the position of FIG. 8D the plug 23 is released
      from the landing nipple and the plug, the liner, and the liner hanger
      continue downward movement as represented schematically in FIG. 4 showing
      the liner and expendable plug moving into the lower air drilled bore
      portion 20b. The plug 23 does not drop freely in the well bore but rather
      is suspended and remains suspended by means of the collet 191 from the
      lower end of the expending shoe 32.
PAR  The displaced plug 23 supported from the suspending shoe 32, the liner 31,
      and the liner hanger 30 are lowered by means of the handling tool 25 until
      the keys 153 of the liner hanger reach and expand into the locking
      recesses of the landing nipple 22 as illustrated in FIG. 9. Since the key
      bosses are compatible with the two upper landing nipple recesses 22b and
      22c the keys readily expand into the recesses when they are aligned with
      the recesses. The downwardly facing lock shoulder 153a on the keys engages
      the upwardly facing lock shoulder 22e of the landing nipple so that no
      further downward movement of the keys can occur. Downward force on the
      handling tool applied to the upper end of the liner hanger at the handling
      lug 124 forces the head member 123 downwardly driving the mandrel 120
      downwardly while the keys 153 are held against downward movement. The
      members 150 and 140 together with the expandable seals 134 are held
      against downward movement by the expanded locked keys. The pin 151 shears
      releasing the mandrel 120 with the head 123 to move downwardly expanding
      the seals 134 and driving the mandrel locking flange 171 behind the lower
      ends of the keys 153 while the head portion 122a of the mandrel section
      122 moves behind the upper ends of the keys as shown in FIG. 10B. The
      spring biased slips 143 engage the outer surface of the mandrel section
      121 thereby locking the mandrel 120 at the lower position of FIG. 10B so
      that the seals 134 are expanded in sealed relationship with the inner wall
      surface of the landing nipple and the keys 153 are locked outwardly. The
      liner is thus suspended as schematically shown in FIG. 5 from the liner
      hanger with the annulus around the upper end of the liner at the hanger
      being sealed by the expanded seals 134 so that production of well fluids
      into the casing of the well bore must occur through the slots in the liner
      31. The plug 23 remains suspended from the expending shoe at the lower end
      of the liner as seen in FIG. 5. The running string is then disengaged from
      the liner hanger by rotation until the vertical open J-slot portion of the
      slot 172 is aligned with the handling lug 124 so that the handling tool 25
      is lifted freely upwardly from the upper end of the liner hanger 30. The
      handling tool and string are withdrawn from the well bore which is
      thereafter fitted out as desired for fluid production from the well.
PAR  Thus in accordance with the apparatus of the invention a well bore is
      drilled by conventional means and processes through earth formations which
      are compatible with conventional liquid drilling fluids following which a
      suitable conventional well casing is installed including a casing landing
      nipple at the lower end of the casing string. The well is thereafter dried
      out and drilled by air drilling techniques through troublesome formations
      which are affected by water contained in conventional drilling fluids.
      Following the air drilling the well is plugged at the casing landing
      nipple by an expendable plug to confine the air drilling fluid pressure
      and any formation pressure within the lower air drilled portion of the
      well bore while the upper portion of the bore is opened to the atmosphere
      for running in the string of slotted liner. Without keeping the lower
      portion of the well bore sealed off by the plug, the liner, which may be
      several thousand feet long, could not be run into a well under pressure.
      An assembly including the expendable shoe, the required length of slotted
      well liner or casing, and the liner hanger are assembled and lowered into
      the well bore. The expendable plug is engaged by the expending shoe,
      supported in the shoe, and pushed downwardly from the casing landing
      nipple. The liner supported from the hanger with the expending shoe and
      displace plug are lowered until the hanger is in locked relationship in
      the casing landing nipple. The precompletion of the well is thus finished
      and the well may be properly fitted for production which may include the
      lowering of production tubing, valves, and related structure necessary to
      properly flow and control well fluids coming from the formation upwardly
      through the well bore.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for precompletion of a well bore through a problem formation
      comprising: expendable plug means releasably connectible in said well bore
      above said problem formation; expending shoe means for engaging and
      forcing said plug means downwardly in said well bore and supporting said
      plug means in said well bore; well liner means connectible at a first
      lower end thereof with said expending shoe means for supporting said shoe
      means in said well bore and for lining said well bore along said problem
      formation; and liner hanger means connectible with an opposite upper end
      of said well liner means for supporting said well liner means in said well
      bore along said problem formation.
NUM  2.
PAR  2. Apparatus for precompletion of a well bore through a problem formation
      in accordance with claim 1 including a running tool for supporting and
      installing said well liner hanger means in said well bore.
NUM  3.
PAR  3. Apparatus for precompletion of a well bore through a problem formation
      in accordance with claim 1 wherein said expendable plug means includes
      locating and locking keys for locating said plug means at a compatible
      landing nipple locking recess along said well bore and holding said plug
      means against upward force; and expandable and contractible seal means on
      said plug means for sealing around said plug means within said landing
      nipple of said well bore.
NUM  4.
PAR  4. Apparatus for precompletion of a well bore through a problem formation
      in accordance with claim 1 wherein said well liner hanger means includes
      locating and locking keys for engagement with a locking recess of a
      landing nipple in said well bore to support said hanger means against
      downward movement in said well bore; and expandable seal means for sealing
      in said well bore around said hanger means at said landing nipple.
NUM  5.
PAR  5. Apparatus for precompletion of a well bore through a problem formation
      in accordance with claim 1 wherein: said expendable plug means includes
      locating and locking keys adapted to releasably lock said plug means
      against upward movement in said well bore at a landing nipple recess along
      said well bore; said plug means includes expandable seal means for sealing
      around said plug means in said well bore at said landing nipple recess;
      said well liner hanger means includes locating and locking keys for
      locking the said hanger means against downward movement in said well bore
      at said landing nipple recess; and said hanger means includes expandable
      seal means for sealing around said hanger means at said landing nipple
      recess along said well bore.
NUM  6.
PAR  6. Apparatus for precompletion of a well bore along a problem formation in
      accordance with claim 5 including a well casing landing nipple secured in
      a string of well casing along said well bore above said problem formation
      for supporting said expendable well plug means and said well liner hanger
      means in said well bore.
NUM  7.
PAR  7. Apparatus for precompletion of a well bore through a problem formation
      in accordance with claim 6 wherein said well liner means comprises a
      string of slotted well casing pipe.
NUM  8.
PAR  8. Apparatus for precompletion of a well bore through a problem formation
      comprising: a casing landing nipple adapted to be secured at the lower end
      of a string of upper casing in a well bore; an expendable plug having
      means to releasably secure said plug in said landing nipple for pressure
      isolating a lower portion of said well bore below said plug from an upper
      portion of said well bore above said plug including locating and locking
      keys having external profiles for positioning said plug at said casing
      landing nipple when said landing nipple is secured at said lower end of
      said upper casing and for locking said plug against upward movement in
      said nipple, expandable seal means on said plug for sealing around said
      plug with said casing landing nipple, and said plug having means for
      releasing said plug from said landing nipple to move downwardly responsive
      to a downward force on an upper end portion of said plug; an expending
      shoe securable on the lower end of a string of lower casing for said well
      bore, said expending shoe including means for engaging said expendable
      plug to drive said plug downwardly for releasing said plug from said
      casing landing nipple and means for coupling with said expendable plug to
      suspend said plug from the lower end of said lower casing string; a lower
      casing string for installation in a lower portion of said well bore below
      said upper casing string; and a lower casing string hanger secured to the
      upper end of said lower casing string for suspending said lower casing
      string from said casing landing nipple at the lower end of said upper
      casing string, said hanger including locating and locking keys for
      locating said hanger at said casing landing nipple and locking said hanger
      in said casing landing nipple, and a seal on said hanger expandable in
      said casing landing nipple for sealing between said hanger and said casing
      landing nipple to close the annulus around said hanger at the upper end of
      said lower string of casing.
NUM  9.
PAR  9. Apparatus for precompletion of a well bore through a problem formation
      in accordance with claim 8 wherein said expendible plug comprises: an
      inner mandrel having an upper end adapted to be engaged by a running tool
      and having spaced external seals at a lower end thereof and an annular
      release recess between said seals along said lower end; an outer mandrel
      concentrically disposed around said inner mandrel; locking means carried
      by a lower end portion of said outer mandrel; said locating and locking
      keys being supported on said outer mandrel for locating said plug at a
      landing nipple and locking said plug against upward movement in said
      nipple; outer mandrel locking means supported on said outer mandrel
      coupled with said locating and locking keys for holding said outer mandrel
      at an upper position relative to said keys; an expandable seal on said
      outer mandrel below said locating and locking keys; a seal expander ring
      on said outer mandrel below said seal, said seal expander ring being
      engageable by said locking means on said outer mandrel for compressing
      said seal between said locating and locking keys and said expander ring
      responsive to upward movement of said outer mandrel within said locating
      and locking keys and said seal; releasable means coupling said locating
      and locking keys with said outer mandrel for holding said outer mandrel at
      a first position at which said seal is contracted and for releasing said
      outer mandrel for upward movement to expand said seal; a lower end cap
      connected with said seal expander ring and releasably secured with said
      inner mandrel for closing the lower end of said plug, said inner mandrel
      being initially held at a first position within said outer mandrel at
      which said locking means on said outer mandrel is held in engagement with
      said seal expander ring, and said inner mandrel being releasable from said
      plug in said outer mandrel for downward movement to align said release
      recess around said inner mandrel with said locking means on said outer
      mandrel to release said seal ring for contraction of said seal responsive
      to a downward force applied to the upper end portion of said inner
      mandrel; said lower end cap having port means communicating to an annulus
      defined between said inner and outer mandrels located between said spaced
      seals on said inner mandrel for equalizing pressure across said plug
      responsive to a downward force on said inner mandrel positioning the upper
      one of said seals on said inner mandrel at a lower non-sealing
      relationship within said outer mandrel.
NUM  10.
PAR  10. Apparatus for precompletion of a well bore through a problem formation
      in accordance with claim 9 wherein said casing hanger comprises: a body
      mandrel having means at an upper end thereof for engagement of a running
      tool and means at a lower end thereof for connection with an upper end of
      a string of well casing; said expandable seal being on said body mandrel
      for sealing around said hanger within a landing nipple; said locating and
      locking keys being on said body mandrel for and locking said hanger
      against downward movement in said landing nipple; said body mandrel being
      movable relative to said seal and said locating and locking keys, said
      mandrel having means thereon to permit said locating and locking keys to
      expand and contract radially at a first upper position of said body
      mandrel and for locking said keys outwardly at upper and lower ends of
      said keys at a lower position of said body mandrel; means on said body
      mandrel compressing and expanding said seal responsive to downward
      movement of said body mandrel relative to said seal and said locating and
      locking keys; means between said locating and locking keys and said body
      mandrel releasably holding said body mandrel against movement relative to
      said locating and locking keys at a first upper position of said body
      mandrel and adapted to permit said body mandrel to move downwardly for
      expanding said seal and locking said keys outwardly responsive to a force
      applied to said body mandrel; and means connected with said locating and
      locking keys for holding said body mandrel at said lower position for
      maintaining said seal expanded and said keys locked outwardly.
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ABST
PAL  A method for operating an in situ combustion process in a petroleum
      containing reservoir wherein a plurality of air injection wells are spaced
      so that the approximate distance between the wells will be twice the
      distance at which the flux of air to the burning front from a single
      injection well becomes negligible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the production of hydrocarbons from
      underground hydrocarbon bearing formations by in situ combustion
      processes.
PAR  2. Description of the Prior Art
PAR  In order to produce hydrocarbons from permeable underground hydrocarbon
      bearing formations it is customary to drill one or more boreholes or wells
      into the hydrocarbon bearing formation and produce the hydrocarbons such
      as oil through designated production wells either by the natural formation
      pressure or by pumping the wells. At some point, however, the flow of
      hydrocarbons diminishes and may even cease even though substantial
      quantities of hydrocarbons are still present in the underground
      formations. In other cases the petroleum in the reservoirs is so viscous
      that it will not initially flow to production wells.
PAR  Thus, secondary recovery programs are now an essential part of the overall
      production planning for every petroleum reservoir in underground
      hydrocarbon bearing formations after primary production has ceased to be
      economical. In general, secondary recovery operations involve injecting an
      extraneous fluid such as water or gas into the hydrocarbon bearing zone to
      drive the petroleum toward production wells by the process frequently
      referred to as flooding. Other methods of secondary recovery or even
      primary recovery involve heating for the recovery of hydrocarbons from the
      subterranean formation, particularly containing viscous crude and tar sand
      bitumen. When heated, the hydrocarbon material in the formation becomes
      less viscous or the chemical composition of the hydrocarbon material is
      changed to form a material which has a lower viscosity. In either case,
      the hydrocarbon material in the formation is able to flow more readily
      through the formation and is recovered from a production or output well.
      One of these thermal recovery methods involves the combustion of a portion
      of the hydrocarbon material within the formation. In this method an
      oxidizing gas (normally oxygen in the form of air) is passed into the
      formation through an input or injection well and the hydrocarbon material
      within the formation is ignited by suitable means. This oxidizing gas may
      be referred to as a combustion supporting gas. The zone of combustion or
      combustion front produced by the ignition migrates through the formation
      and the hydrocarbons displaced from the formation by the traveling
      combustion front are driven through the formation in the direction of the
      output well. The hydrocarbons enter the output well and they are removed
      therefrom and brought to the surface of the earth. While this method,
      termed the in situ combustion method, is satisfactory from the standpoint
      of the results desired it is subjected to certain drawbacks.
PAR  Due to the heat generated within the formation by the in situ combustion
      process, oxidation reactions at moderate to low temperatures may continue
      to occur behind the combustion front. This oxidation is a result of
      injected oxygen in air contacting some of the remaining crude oil or coked
      hydrocarbons which are usually found behind the combustion front. This
      reduces the concentration of the combustion supporting gas (oxygen) before
      it is able to reach the leading edge of the combustion zone or high
      temperature front. The region behind the front is usually heated to
      moderate temperatures by the passing combustion front and some areas of
      this region retain a sufficient amount of hydrocarbons to oxidize a great
      deal of the combustion supporting gas at these moderate temperatures even
      after the combustion front has passed. The combustion supporting gas is
      normally oxygen which may be contained in air or derived from any other
      source desired.
PAR  For a given oxygen injection flux the oxygen concentration reaching the
      combustion front decreases as the distance from the injection well to the
      front increases. Inevitably at some distance from the injection well the
      oxygen flux at the front becomes too small to sustain combustion and the
      combustion front velocity becomes negligible. At this point the in situ
      combustion process becomes inefficient as oxygen injection is wasted by
      the low temperature oxidation and oil is no longer displaced. This
      condition is reached as the temperature at the front decreases to below a
      temperature where combustion efficiency for displacing petroleum becomes
      negligible. As the velocity of the combustion front decreases, the
      tendency in the past has been to increase the amount of oxygen injected in
      order to maintain a higher oxygen flux and increase the velocity of the
      combustion front. However, this soon becomes uneconomical at the higher
      injection pressure as the ever widening heated combusted zone behind the
      front consumes more and more injected oxygen. A condition of diminishing
      returns in the form of an even slower moving combustion front steadily
      overtakes the injection well's capacity to handle the increased pressure
      and volumes of oxygen. Also, since more and more oxygen is needed which
      may not even maintain the velocity of the combustion front, the economics
      of the in situ combustion process steadily deteriorates and soon becomes
      prohibitive.
PAR  Our invention overcomes these drawbacks by providing for an in situ
      combustion process with a plurality of combustion supporting gas injection
      wells spaced so as to anticipate the maximum distance a combustion front
      will travel. The term "injection wells" as used herein means a
      geographical injection center containing one or more actual wells or
      completions equidistant from the injection center.
PAC  SUMMARY OF THE INVENTION
PAR  A method for operating an in situ combustion process in a petroleum
      containing reservoir wherein a plurality of air injection wells are spaced
      so that the approximate distance between the wells will be twice the
      distance at which the flux of air to the burning front from a single
      injection well becomes negligible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an Arrhenius plot for 20.6.degree. API crude in Silica Sand.
PAR  FIG. 2 depicts a typical drilling pattern for the invention.
PAR  FIG. 3 depicts in situ combustion fronts expanding outward from each
      injection well.
PAR  FIG. 4 depicts the area swept by the combustion fronts at the end of an in
      situ combustion operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As explained above the term "injection well" is used for simplicity. It may
      refer to a single well or completion, but since only a finite amount of
      air may be injected through a single completion a plurality of wells or
      completions fairly close together may be needed. Therefore, the term
      "injection well" is also intended to encompass a plurality of single wells
      and denote their geographic center which is deemed to be the point at
      which air is injected.
PAR  Our invention involves determining the maximum distance a combustion front
      will efficiently travel from a combustion supporting gas injection well
      and then utilizing this information in order to place additional
      combustion supporting gas injection wells in the reservoir in order to
      most efficiently recover oil from that reservoir. The principal advantage
      of the present invention lies in maximizing the efficiency of an in situ
      combustion process. Where the maximum distance a combustion front
      efficiently travels is not known two mistakes are commonly made. Either
      the combustion supporting injection wells are spaced too closely together,
      or they are spaced too far apart. In the former instance an excessive
      number of wells are drilled resulting in higher costs with no additional
      oil recovery. Combustion areas will intercept each other while they are
      still expanding, but no further oil will be produced. In the latter case
      widely spaced injection wells will result in unrecovered pockets of oil
      which are too small to be economically produced. Once the maximum distance
      an efficient combustion front will travel is known, options are then
      available to improve the oil recovery by in situ combustion in that
      particular reservoir. For example, if a very large reservoir is involved
      sets of combustion supporting gas injection wells may perhaps be set at a
      distance from each other approximating twice the distance a combustion
      front will travel in the reservoir. The additional wells may be added
      after the original combustion front has ceased to travel outward or the
      calculations may be made beforehand and all of the wells may be put into
      operation at once and the combustion operation may be simultaneously begun
      at a plurality of points in the reservoir. If the aerial extent of the
      reservoir is small so that it is not practical to place a plurality of
      wells at twice the maximum combustion front traveling distance, additional
      injection wells may be placed at a distance equal to or exceeding the
      combustion front traveling distance in order to sweep a large portion of
      the field with the fewest possible wells.
PAR  The in situ combustion process of our invention may be used in reservoirs
      containing a wide range of crude oil. The invention may prove especially
      useful in tar sands such as those found in the McMurry formations in
      Alberta, Canada.
PAR  As mentioned the injected combustion supporting gas, oxygen, for example
      flow through the burned out area and is partially consumed by low to
      moderate temperature oxidation reactions before the gas reaches the
      combustion front. Laboratory studies have shown that the oxidation rates
      of crude oil at low to moderate temperature, for example, 75.degree.F. to
      250.degree.F., are significant. Due to this consumption of oxygen, at some
      distance from the injection well the oxygen flux will become too small to
      sustain adequate combustion and the combustion front velocity will become
      negligible. Oil displacement essentially stops. This condition is reached
      as the combustion temperature at the front falls below a minimum
      temperature, Tm. In order to predict this maximum distance where
      combustion becomes negligible the following equations and their derivation
      are offered.
PAC  DERIVATION OF THE EQUATIONS
PAR  The stoichiometric equation for combustion of fuel having an atomic (H/C)
      hydrogen to carbon ratio equal to x can be expressed by
      ##EQU1##
      where .DELTA.H.sub.c is the total heat of combustion, 1/A is the mole
      ratio of oxygen to carbon consumed, and f is the mole fraction of carbon
      gasified to carbon monoxide CO/(CO+CO.sub.2). From Equation (1), the
      carbon to oxygen comsumption ratio is given by
      ##EQU2##
      The combustion front velocity, V.sub.f, at steady-state condition can be
      expressed by
      ##EQU3##
      where F.sub.o is the oxygen flux consumed in SCF/(hr-ft.sup.2) and C is
      the carbon concentration consumed at the front in lb/ft.sup.3 of rock.
PAR  The energy balance between heat of combustion and temperature increase of
      the reservoir matrix, .DELTA.T, is obtained from the equation, assuming no
      heat losses. Heat Generated by Combustion = Heat Stored by Matrix
      ##EQU4##
      where .DELTA.H.sub.o is the heat generated per oxygen volume consumed in
      Btu/SCF of O.sub.2 and .rho.cp is the heat content of the rock in
      Btu/ft.sup.3 -.degree.F. Also, the reservoir volume within the combustion
      zone of a finite thickness, .DELTA.r, is
EQU  Volume = (Area) .DELTA.r
PAL  then, Equation (4) can be written
      ##EQU5##
      and Equation (5) becomes
      ##EQU6##
      Therefore, the carbon concentration consumed at the combustion front is
      obtained from the equation
      ##EQU7##
      where (.DELTA.H.sub.o /A) is also equal to (.DELTA.H.sub.c /12 ) from
      Equation (1) in Btu per pound of consumed carbon and .DELTA.T = T.sub.f
      -T.sub.R in .degree.F. Equation (6) is used in determining the minimum
      carbon concentration which corresponds to the minimum front temperature,
      T.sub.f =T.sub.M.
PAR  Laboratory experiments concerning low temperature oxidation (LTO) of crude
      oils have shown that the remaining oxygen concentration in air, %O.sub.2,
      at any time, t, can be expressed by the following equation
EQU  %O.sub.2 = 21.epsilon. .sup..sup.-Kt                       (7)
PAL  where K is the oxidation rate constant in hr.sup..sup.-1 and t is the time
      of oxidation in hours. This rate constant is related to the oxidation
      temperature of the crude oil by the equation
EQU  K = a.epsilon. -b/T                                        (8)
PAL  where a and b are constant obtained from LTO experiments and T is the
      absolute temperature in .degree.R.
PAR  The time, t, in Equation (7) can be related to the time for the injected
      air to reach the combustion front. This time corresponds to the gas
      velocity or injected air flux, F.sub.air, within the pore channels. The
      travel time equation expressed as a function of the radius to the front,
      r.sub.f, is
      ##EQU8##
      where
      ##EQU9##
      and
PAR  V.sub.I = air injection rate in SCF/day
PAR  h = sand formation thickness in feet
PAR  r.sub.f = radius from the injection well to the front in feet
PAR  .phi. = formation porosity; fraction of rock volume
PAL  Combining Equations (7), (9), and (10), the front radius, r.sub.f, from the
      air injection well(s) is calculated below
      ##EQU10##
      and solving for
      ##EQU11##
      The above Equation (11) is used to calculate the front radius for a given
      field condition. Most of the parameters in Equation (11) are usually known
      with exception of the oxygen concentration at the front, %O.sub.2, and the
      oxidation rate constant, K. This information is obtained from results of
      LTO experiments and composition of the produced gas of the in situ
      combustion field project. Also, the average formation temperature behind
      the combustion front is needed to calculate the oxidation rate constant
      from Equation (8). This information is not always available, and both K
      and %O.sub.2 in Equation (11) can be estimated from field data obtained
      during steady-state combustion of the project. In this case, the following
      equations are used to calculate the minimum oxygen concentration as a
      function of the minimum carbon concentration, C.sub.m
      ##EQU12##
      where
      ##EQU13##
      and (%O.sub.2).sub.ss and C.sub.ss are the oxygen and carbon concentration
      consumed at steady-state combustion, respectively. These values are
      obtained from field or laboratory results of in situ combustion. The
      oxygen utilization of the injected air is often used to determine the
      steady-state oxygen concentration at the front
      ##EQU14##
      The oxidation rate constant behind the front can be estimated from the
      reservoir volume burned to the front under steady-state conditions.
      Equation (11) is used for this period as shown below:
      ##EQU15##
      The oxidation rate constant calculated from Equation (13) for steady-state
      combustion can also be used in Equation (11) for determining the maximum
      radius to the front. Also, the minimum oxygen concentration is obtained
      from Equation (12). It is assumed that the average oxidation temperature
      behind the front remains constant during these periods of combustion. In
      addition, the rate constant can be used in Equation (8) to calculate the
      average temperature of the coked formation behind the combustion front.
PAC  FIELD EXAMPLE
PAR  A large oil field is to be subjected to in situ combustion to recover the
      oil present in the reservoir. In order to insure that the combustion
      patterns sweep the maximum portion of the field the radius from each air
      injection well that a combustion front will efficiently move is
      calculated.
PAC  FIELD CALCULATION
PAR  The calculations are based on the following field and laboratory results
      for an actual reservoir after a pilot in situ combustion flood.
PAC  FIELD DATA
PA0  Formation Sand Thickness, h = 8 feet
PA0  Formation Porosity, = 0.33
PA0  Reservoir Temperature, T.sub.R = 80.degree.F.
PA0  Formation Heat Content, .rho.cp = 26 Btu/ft.sup.3 -.degree.F.
PAC  STEADY-STATE COMBUSTION DATA
PA0  Avg. Air Injection Rate, V.sub.I = 4.75 .times. 10.sup.6 SCF/day
PA0  Avg. Reservoir Vol. Burned, V.sub.B = .pi.hr.sub.f.sup.2 = 402 Acre-ft.
PA0  Carbon Concentration Consumed, C.sub.ss = 0.80 lb/ft.sup.3 -rock
PA0  Avg. Oxygen Utilization, (O.sub.2) utilization = 70%
PAC  LABORATORY DATA
PAR  LTO experiments (FIG. 1) give the oxidation rate constant,
PAR  K = a e.sup..sup.-b/T, hr.sup..sup.-1
PAR  a = 9.5 .times. 10.sup.10
PAR  b = 20,300
PAR  .DELTA.H.sub.o = 476 Btu/SCF O.sub.2
PAR  A = 0.0238 lb C/SCF O.sub.2
PAR  .DELTA.H.sub.c /12 = 20,000 Btu/lb C
PAL  Minimum Combustion Temperature, T.sub.M = 450.degree.F.
PAR  .DELTA.T.sub.m = T.sub.M - T.sub.R = 370.degree.F.
PAR  The steady-state oxygen concentration at the combustion front at a given
      point in time in the field is estimated by
EQU  (%O.sub.2).sub.ss = 21/100 (70) = 14.7
PAL  and the formation volume burned to that time is
EQU  .pi. h(r.sub.f).sub.ss.sup.2 = 402(43560) = 17.5 .times. 10.sup.6,
      ft..sup.3
PAL  and
EQU  (r.sub.f).sub.ss = 835 ft.
PAR  Then, the oxidation rate constant is calculated from Equation (13).
      ##EQU16##
PAR  Using this oxidation rate constant in FIG. (1), the average temperature of
      the coked formation behind the front is 212.degree.F. the minimum
      temperature increase, .DELTA.T.sub.m, is used in Equation (6), and the
      minimum carbon concentration is
      ##EQU17##
PAR  This value corresponds to a minimum oxygen concentration at the front
      calculated from Equation (12)
      ##EQU18##
      This oxygen concentration value is used in Equation (11) to calculate the
      distance to the combustion front at which time combustion becomes
      negligible under the given field conditions. Thus, the maximum front
      radius is
      ##EQU19##
      This distance from the air injection well(s) to the combustion front
      corresponds to an average front radius at which time combustion is too
      small to sustain an efficient front.
PAR  Using the information thus generated, FIGS. 2-4 illustrate the development
      of the field for a full scale in situ combustion process. FIG. 2 depicts
      the drilling pattern to be used based on the radius of 1300' calculated
      above. As shown, the production wells are preferably placed 1300 feet from
      the injection wells. If multiple injection wells are used as shown, the
      production wells should be placed about equidistance between opposite
      injection wells. This is of course, limited to the case where the
      reservoir is large enough in areal extent to place production wells a
      distance r.sub.f from all injection wells. Where a smaller reservoir is
      encountered, production wells may be placed at a distance r.sub.f from an
      injection well and, if desired, other injection wells may be placed as far
      from the production wells as possible not to exceed the distance r.sub.f.
      The wells are drilled and FIG. 3 depicts the in situ combustion patterns
      as they travel outward from the injection wells. FIG. 4 depicts the area
      swept at the end of the in situ combustion flood is the maximum area which
      can be swept without either excessive overlapping or unswept areas.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for producing hydrocarbons from an underground
      hydrocarbon-bearing formation involving injection wells and production
      wells wherein a combustion supporting gas is introduced into the injection
      wells and the hydrocarbons are ignited in situ around the injection wells
      in order to propagate a combustion front radiating from the injection
      wells so that hot gases are generated to force hydrocarbons to the
      production wells the improvement which comprises
PA0  determining the distance at which the flux of the combustion supporting gas
      becomes negligible by the formula
      ##EQU20##
      wherein
PAR  V.sub.I = air injection rate in SCF/day
PAR  h = sand formation thickness, Feet
PAR  .phi. = formation porosity, fraction of rock volume
PAR  K = oxidation rate constant, hr.sup..sup.-1 and
PAL  placing production wells at said distance r.sub.f from said injection
      wells.
NUM  2.
PAR  2. A method as in claim 1 wherein the combustion supporting gas is oxygen
      contained in air.
NUM  3.
PAR  3. A method as in claim 1 wherein the hydrocarbons are tar sand bitumen.
NUM  4.
PAR  4. A method of producing hydrocarbons from an underground
      hydrocarbon-bearing formation containing a first injection well and one or
      more producing wells spaced some distance from the injection well
      comprising
PA1  injecting a combustion supporting gas into the injection well,
PA1  igniting the hydrocarbons around the injectin well to form a moving burning
      front which causes the hydrocarbons ahead of the front to migrate away
      from the injection well and toward the production well,
PA1  determining the distance the burning front moves before the flux of
      combustion supporting gas to the front becomes negligible,
PA1  placing additional injection wells at a distance from the first injection
      well equal to approximately twice the distance traveled by the burning
      front before the flux of combustion supporting gas becomes negligible,
PA1  placing additional production wells at some distance from the additional
      injection wells,
PA1  injecting a combustion supporting gas into the additional injection wells,
PA1  igniting the hydrocarbons around the additional injection wells, and
PA1  producing hydrocarbons from the additional production wells.
NUM  5.
PAR  5. A method as in claim 4 wherein the combustion supporting gas is oxygen
      contained in air.
NUM  6.
PAR  6. A method as in claim 4 wherein the hydrocarbons are tar sand bitumen.
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ABST
PAL  Disclosed herein is a method for recovering oil from a subterranean
      oil-bearing formation in which adjacent wells are subjected to steam
      stimulation to create a zone around each well which is initially heated to
      approximately steam temperature and which has a high water saturation
      following steam injection and oil production. Subsequently, a fluid having
      a relatively high electrical conductivity, such as a brine solution, is
      injected into the heated zone around the wells. Preferably the injected
      volume of high conductivity fluid is sufficient to displace the steam
      condensate from the zone and to fill the zone with the high conductivity
      fluid. The wells are then completed as electrodes and current is passed
      through the formation to heat the oil which was not heated to any
      significant amount by the steam. Following one or more cycles of steam
      stimulation and electrical heating, additional oil is recovered from the
      formation, preferably by line-drive steam displacement or by pattern steam
      flooding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the recovery of petroleum from a subterranean
      formation utilizing wells for injecting heated fluids into the formation,
      for passing electrical current through the formation, and for withdrawing
      petroleum from the formation.
PAR  2. Description of the Prior Art
PAR  Among the more promising methods that have been suggested or tried for the
      recovery of oil from viscous oil reservoirs are those which introduce
      thermal energy into the reservoirs. The viscosity of the oil in these
      reservoirs is generally so high that the oil cannot be recovered at
      economical rates using conventional techniques. However, the viscosity of
      these oils can generally be radically reduced by heating. Consequently,
      when thermal energy is introduced into these reservoirs and the oil is
      heated, the viscosity will generally be reduced to a point that the oil
      can be made to flow at efficient and economical rates.
PAR  The thermal energy may be in a variety of forms. Hot water flooding, in
      situ combustion, electric heating, and steam injection are examples of
      methods using thermal energy that have been used to recover oil from these
      viscous oil reservoirs. Each of these thermal methods can be useful under
      certain circumstances. However, hot water flooding and in situ combustion
      are not widely used in recovering highly viscous oils. In such
      applications both methods have proven to be deficient in certain respects.
      Also, as will be discussed later in more detail, electrical and steam
      heating have been found to have undesirable drawbacks under certain
      circumstances.
PAR  Steam flooding, also known as steam displacement or steam drive, has been
      used successfully to recover low and medium viscosity crude oils from
      subterranean formations. In this process, steam is continuously injected
      into a pattern of injection wells to displace oil to interspersed
      producing wells. Application of this process to formations containing
      highly viscous crude oils, however, often requires unachievable pressure
      gradients or extremely close, uneconomical well spacing. It is desirable,
      therefore, to preheat the formation by some means prior to the initiation
      of a steam flood and thereby reduce the oil viscosity to a level that will
      permit displacement with reasonable pressure gradients and well spacings.
PAR  One method for preheating the formation involves cyclic steam stimulation
      of all wells in a pattern for several years. Heat transfer by conduction
      and convection causes the heated volume around each well to increase with
      successive cycles until heat connection between the wells is achieved.
      Subsequently, the steam stimulation pattern can be converted to a steam
      drive process with steam being injected into one row of injection wells
      and oil withdrawn from a row of offset producing wells. Advantages of this
      method include relative simplicity and significant oil production during
      the preheating phase. A major shortcoming of this method is that the rate
      of advance of the heat front decreases significantly as the heated area
      increases. Also in reservoirs containing highly viscous crudes, it may be
      necessary to inject steam at pressures in excess of the parting or
      fracturing pressure for the formation to provide a path for steam entry.
      This will cause the heated area to assume an elliptical configuration with
      the major axis oriented in the direction of the parting or fracturing
      trend for the area. Heat transfer normal to this preferred flow trend may
      be quite slow and hence it might be quite difficult to heat the area
      between adjacent wells in a direction normal to this preferred flow trend.
PAR  Efforts to overcome this problem have included preliminary injection of a
      relatively small volume of steam at a pressure which is less than the
      formation breakdown pressure. Subsequently a second and larger volume of
      steam is injected into the formation at a pressure greater than the
      formation breakdown pressure. The first injection step creates a heated
      zone which is substantially cylindrical. The second injection step
      generally creates a fracture or pressure parting of the formation which is
      highly conductive to injected fluids. As a consequence, the heated region
      around the injection well is larger and it remains approximately
      cylindrical (U.S. Pat. No. 3,739,852,  Woods et al.). While this method is
      promising, it does not overcome the problem of large areas of unheated oil
      existing between adjacent rows or producers. Hence, subsequent steam
      flooding may not be successful.
PAR  A second proposed method for preheating a formatioon involves completing
      wells as electrodes and passing a current through the formation thus
      increasing the temperature through resistive heating (U.S. Pat. No.
      2,801,090 Hoyer et al.). The principal advantage of this method is that
      electrical current can flow where fluid flow is difficult or impossible.
      Although this method shows promise, it suffers from some disadvantages.
      There is no significant oil production during the preheating phase which
      is unfavorable from an economic standpoint. Also, geometric effects result
      in very high current densities near the electrode well which results in
      excessive power losses and temperatures near the well. These very high
      current densities occur near the well since the well is, in effect, a
      relatively small-diameter electrode compared to the size of the reservoir
      being heated. Temperatures near the electrode very rapidly reach steam
      temperature for the existing reservoir pressure and this causes the
      connate water within the reservoir to begin to vaporize. The resultant gas
      saturation causes a drastic increase in formation resistivity since the
      conductive flow path for electrical current -- connate water -- is removed
      and this effectively blocks further power input into the formation. Thus,
      after a short time, the oil in the regions between electrode wells cannot
      be effectively heated.
PAC  SUMMARY OF THE INVENTION
PAR  In the practice of this invention, the major disadvantages of the prior art
      methods for recovering oil from subterranean formations utilizing thermal
      energy are overcome. The wells within the formation are first subjected to
      cyclic steam stimulation. Preferably, steam stimulation is continued until
      there is an interconnection of the steam heated zones between wells
      aligned in rows parallel to the preferred flow trend. Following oil and
      water production at the termination of cyclic steam stimulation, a
      conductive fluid is injected into the wells. Preferably, the conductive
      fluid will be a saline water having an electrical resistivity which is
      lower than the resistivity of the formation or connate water. In the
      preferred embodiment, the volume of saline water will be sufficient to
      displace substantially all of the water from the heated region of the
      formation surrounding the well. Following the injection of the
      electrically conductive fluid, the wells are completed as electrodes and
      current is passed between the wells or rows of wells to increase the
      temperature of the oil in the reservoir which was not heated by the cyclic
      steam injection. Power losses in the previously heated formation
      surrounding each well are reduced because the high temperature and
      increased saturation of high salinity water both serve to reduce formation
      resistivity. Power losses and the consequent transfer of thermal energy
      are thus concentrated in the unheated portion of the reservoir. Also, the
      high conductivity regions serve as large area electrodes which reduce
      current density and temperatures near the electrode wells. After the
      formation has been preheated sufficiently to allow mobilization of the
      formation oil with reasonable pressure gradients, the wells would be
      converted from electrode wells to injection and producing wells. Finally,
      a conventional pattern steam flood would be initiated to increase oil
      recovery.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic elevation view in partial section showing a typical
      well installation for use in the practice of this invention.
PAR  FIG. 2 is a plan view of an array of wells in an oil-bearing subterranean
      formation which shows the steam-heated portions of the formation around
      each well.
PAR  FIG. 3 is a plan view of one-fourth of a five-spot well pattern which shows
      the temperature distribution in the formation after heating the formation
      with one megawatt of power for one year.
PAR  FIG. 4 shows the temperature distribution in the pattern illustrated in
      FIG. 3 after three years of electrical heating.
PAR  FIG. 5 is a plan view of one-fourth of a five-spot well pattern which shows
      the temperature distribution in the formation after the steam-heated zones
      around adjacent wells along a preferred flow trend have interconnected and
      after heating the formation with one megawatt of power for one year.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Prior to discussing the practice of the method of this invention it will
      perhaps be helpful to first discuss a typical well installation for the
      introduction of thermal energy into the formation. This well installation
      illustrates an adaptation of the well for passing electrical current from
      the surface to the subterranean formation. However, as will be understood
      by one of ordinary skill in the art, this installation is easily modified
      for the injection of steam into the formation and production of heated
      fluids from the formation.
PAR  Referring now to FIG. 1, as well shown generally at 10, passes from the
      surface of the earth 11 to a subterranean oil-bearing formation 12. The
      wellbore 13 is lined with a suitable length of steel pipe or casing 14 and
      bonded in place by cement sheath 15. As an example, the casing may be
      51/2inch OD with standard threads and couplings. The bottommost portion of
      casing 14 is electrically insulated from the uppermost portion of the
      casing by one or more annular insulators 16 and has perforations 17 which
      permit the flow of fluids between the formation 12 and the interior of the
      casing 14.
PAR  A string of tubing 18 (for example, 31/2inch OD) extends from the wellhead
      19 to approximately the oil-bearing formation 12. Tubing 18 may be
      maintained separate from casing 14 by means of insulating spacers in
      annulus 21. Tubing 18 is set on a packer 20 to provide a sealed annulus 21
      which may be filled with oil or other fluid of low electrical conductivity
      to retard the flow of electrical current across this annular space.
      Concentrically disposed within tubing string 18 is a second tubing string
      22 (for example, 11/4inch OD) bearing a suitable electrode 23 at its
      lowermost end. Tubing string 22 extends from a point approximately
      adjacent the oil-bearing formation 12 to a flange member 24 on wellhead
      19. Flange member 24 has an opening 25 which permits the circulating of
      brine down tubing 22 and up annulus 30 to cool electrode 23 and to provide
      electrical connection between electrode 23 and formation 12.
PAR  Flange member 24 also contains connector means 26 to provide electrical
      interconnection with power cable 27 extending from connector means 26 to
      electrode 23. Alternatively, power can be supplied to electrode 23 by
      means of tubing 22. Flange 24 is suitably bolted to spool flange 28 which
      is provided with an opening 29 for the passage of fluids between the
      surface and formation 12 by means of tubing-tubing annulus 30. Spool
      flange 28 is bolted to bottom flange 31 and is electrically insulated from
      flange 31 by means of insulating spacers 32.
PAR  During the steam stimulation cycle or cycles and subsequent production of
      heated fluids, a well installation such as that shown in FIG. 1 or other
      suitable well installations for use in the injection or production of
      heated fluids may be used. When the well installation shown in FIG. 1 is
      employed for this purpose, tubing string 22 will normally be removed from
      the well along with electrode 23 and power cable 27 and thermal insulation
      may be applied to outer tubing member 18. Normally, during such thermal
      operations the tubing-casing annulus 21 will be evacuated of oil.
PAR  The cyclic steam stimulation process is a technique designed to increase
      oil productivity by heating the formation near each well to decrease the
      viscosity of the oil in the formation so as to permit more efficient use
      of natural formation energy. In the application of this technique to the
      practice of this invention, a heated fluid, such as steam, is injected
      through opening 29 in spool flange 28, down the interior of tubing string
      18, through perforations 17, and into formation 12. Generally, the steam
      is injected at the highest practical rate for periods ranging from 10 to
      60 days, depending on specific reservoir conditions.
PAR  After the injection of the initial volume of steam, it will generally be
      preferred to shut the well in and permit the formation to "heat soak" for
      a period of two days to a week. During this heat soaking period, thermal
      energy is transferred from the condensing steam to the rock matrix and to
      the formation fluids, including oil. The heating of the oil reduces its
      viscosity and makes it more susceptible to flow.
PAR  Preferably the well is then open to production and formation fluids
      including the heated oil are withdrawn by means of tubing string 18. The
      production phase of the cycle may last from several months to more than a
      year depending on factors such as the volume of steam injected and well
      productivity. Such steam stimulation cycles will be repeated on the well
      until the rate of heat front advance and oil production reach unacceptably
      low values.
PAR  FIG. 2 illustrates the condition existing in a typical reservoir after it
      has been subjected to cyclic steam stimulation. In this instance, the
      reservoir is completed with wells 39 aligned in parallel rows 41-49. The
      wells in alternate rows, for example row 46, are spaced midway between the
      wells on adjacent rows 45 and 47. As can be seen in FIG. 2, there is an
      area 50 surrounding each well which has been subjected to steam
      stimulation which has been initially heated to approximately the
      temperature of saturated steam at reservoir pressure and which has a high
      water saturation resulting from production of oil and condensation of the
      injected steam. The area of the reservoir which lies beyond the heated
      zones is substantially at the original reservoir temperature and water
      saturation. It will also be noted from FIG. 2 that the steam heated areas
      50 are substantially elliptical. Very often the steam heated areas will
      have a preferred orientation due to geologic forces imposed on the
      formation or to directional permeability characteristics of the formation.
      This preferred orientation is referred to as the preferred flow or
      fracture trend and, in the case shown in FIG. 2, this trend is parallel to
      the rows of wells.
PAR  This trend can be used to advantage in another aspect of this invention.
      Where the well rows (vertical, horizontal or diagonal) are parallel to the
      trend or where the rows are drilled parallel to a known trend, the heated
      areas surrounding the wells can be made to interconnect. This
      interconnection can provide a more efficient distribution of heat in the
      reservoir as will be discussed in more detail later and can be
      accomplished by continuing the steam stimulation cycles until
      interconnection occurs or by fracturing each well to create a zone of high
      fluid conductivity between wells.
PAR  FIG. 2 also illustrates one convenient basic well pattern for use in
      practicing this invention and in analyzing the performance of the
      operation. This basic well pattern 51 is a so-called five-spot pattern and
      comprises four corner wells and one center well. This type of pattern will
      be referred to in the discussion of the electric heating phase of this
      invention.
PAR  One last observation should be made with reference to FIG. 2. Following
      steam stimulation the steam heated areas 50 will be highly saturated with
      water from the condensed steam. This water is substantially distilled with
      a very low content of salt or other ionic substances and hence is a very
      poor electrical conductor.
PAR  During the next stage, the condensed steam is displaced from the wellbore
      by injecting a fluid having a higher electrical conductivity than the
      formation water. Generally, an aqueous solution of sodium chloride at a
      concentration, for example, of 10 weight percent will be injected into the
      heated portion of the reservoir to provide good electrical conductivity in
      the heated regions surrounding the well. As an alternative, a relatively
      high concentration of ionic solute may be entrained in the steam injected
      during the injection phase of the last stimulation cycle. Generally, this
      will not be preferred, however, due to the fact that during the subsequent
      production phase in the cycle, the electrical conductivity of this
      material may be reduced by dilution with connate water.
PAR  Preferably, the volume of high conductivity fluid should be sufficient to
      displace substantially all of the water condensed from the steam from the
      heated area. The volume should not be so great, however, as to displace
      substantial amounts of high-electrical-resistivity connate water from the
      unheated portion of the reservoir. Although these volumes cannot be
      determined exactly, they can be closely approximated by one of ordinary
      skill in the art utilizing the general principles of fluid flow and
      reservoir engineering.
PAR  After placement of the highly conductive saline solution into the
      formation, the wells are then completed as electrodes and alternating
      current is passed between wells through the highly conductive fluid placed
      in the formation and the naturally occurring connate water. Power losses
      in the previously heated formation surrounding each well are reduced
      because the high temperature and increased saturation of highly saline
      water both serve to reduce formation resistivity. Power losses are thus
      concentrated in the unheated portion of the reservoir. Distribution of
      heating is improved because geometrical effects are reduced, i.e. the
      heated volume containing highly conductive water serves as a large
      electrode. The larger electrode results in reduced current densities at
      the edge of the steam heated volume which in turn results in lower
      temperature levels. This circumvents one of the major problems in the
      prior art techniques of electric heating -- the problem of very high
      current densities occurring near the relatively small diameter electrode.
      As has been previously stated, this rapidly causes the connate water near
      the wellbore to flash to steam giving a drastic reduction in formation
      resistivity near the wellbore, blocking power input into the formation,
      and dissipating a large amount of input energy in the near vicinity of the
      wellbore. In contrast, in the practice of this invention the electrical
      energy is converted to thermal energy in the area of high oil saturation,
      i.e. the unheated regions of the reservoir containing unheated formation
      oil.
PAR  Generally, it will be preferred to employ alternating current rather than
      direct current in the practice of this invention. Direct current may cause
      corrosion of the electrodes and may cause the evolution of gases at the
      electrodes which will reduce current flow at that point.
PAR  After the formation has been preheated sufficiently to allow mobilization
      of the oil which was unheated by the steam, the wells are converted from
      electrode wells to steam injection and production wells and a conventional
      pattern steam flood would be initiated to increase oil recovery.
PAR  The invention of this application can perhaps be more clearly understood
      with reference to the following examples:
PAC  EXAMPLE I
PAR  This Example I and the following examples illustrate the application of
      this invention to a reservoir having the following characteristics:
TBL  Thickness      105 feet                                                   
     Porosity       30 percent                                                 
     Connate water saturation                                                  
                    45 percent pore volume                                     
     Salinity of connate water                                                 
                    1 weight percent sodium chloride                           
     Original reservoir temp.                                                  
                    55.degree.F.                                               
     Reservoir pressure                                                        
                    450 psi                                                    
PAR  At the initiation of the process the wells are subjected to cyclic steam
      stimulation process. For example, at a given well, steam at 600.degree.F
      and having a 70% steam quality is injected into a well over a period of
      38.2 days. The volume of steam injected has a mass equal to that of 25,250
      barrels of water at standard temperature and pressure. The well is then
      shut in for a period of two days to one week to permit the injected steam
      to condense and transfer its latent heat of condensation to the formation
      rock and fluids. The well is then placed on production and 23,327 barrels
      of fluid (oil, water and steam) are withdrawn from the formation over a
      period of 90 days at which time the production rate has declined to an
      unacceptably low level. The foregoing steps in the steam stimulation cycle
      are repeated until the oil recovery per cycle reaches its economic limit.
PAR  At the termination of the steam stimulation cycle or cycles, a heated area
      surrounds each well in the pattern. In this example, this heated area in
      the formation is originally at substantially steam temperature of the
      existing reservoir pressure, has a water saturation of approximately 75%
      with very low salinity, and is elliptical in horizontal configuration
      having minor axis of approximately 33 feet and a major axis of 180 feet.
PAR  A high conductivity fluid is then injected into the heated region of the
      reservoir. In this instance the high conductivity fluid is an aqueous
      solution containing 10 weight percent sodium chloride and is injected at a
      temperature of 250.degree.F.  The injection period for this brine solution
      is approximately 15 days. Following this step, the heated region in the
      reservoir surrounding the well has a water saturation of 75% having a
      salinity of approximately 10 weight percent NaCl. Beyond this region, the
      water saturation decreases sharply to the original connate water
      saturation of 45% with a salinity equivalent to one weight percent sodium
      chloride.
PAR  During the electrical heating phase the wells are completed as shown in
      FIG. 1 with a 10 acre, five-spot being a completion unit. The circuitry at
      the surface can be arranged in any conventional manner, for example as
      shown in FIG. 1 of U.S. Pat. No. 2,801,090.
PAR  FIG. 3 shows the temperature distribution within the formation after a
      period of heating by electrical energy. FIG. 3 illustrates onefourth of
      the basic 10 acre, five-spot with the center well 31 and one of the corner
      wells 32. Surrounding wells 31 and 32 are zones of high electrical
      conductivity 33 and 34 respectively. FIG. 3 shows the temperature
      distribution at the horizontal center of the formation after one year of
      electrical heating with one megawatt of power. The temperature at wells 31
      and 32 is approximately 390.degree.F which is substantially below steam
      temperature (456.degree.F) at the reservoir pressure -- approximately 450
      psi. It can be noted from FIG. 3 the reservoir has been heated to at least
      80.degree.F over approximately one-half of its areal extent.
PAR  FIG. 4 shows the thermal distribution within the formation area illustrated
      in FIG. 3 after three years of electrical heating with one megawatt of
      power. As can be seen a substantial portion of the reservoir has been
      heated to a temperature in excess of 120.degree.F. For the particular
      crude existing in this formation, the viscosity of the oil at 120.degree.F
      is sufficiently low that the oil can be displaced by steam without
      inordinate pressure drops. It should also be noted that the temperature at
      wells 31 and 32 following this period of electrical heating is only
      412.degree.F -- still substantially below steam temperature at formation
      pressure.
PAR  After the reservoir has been electrically heated to the temperature
      distribution shown in FIG. 4 a conventional steam flood is initiated. The
      corner wells of each five-spot are converted to steam injection wells and
      the center well of the five-spot is converted to a producing well. This
      results in a pattern flood in a single five-spot or in a well-known
      staggered, line-drive flood in repeated five-spots. The steam flooding
      would continue until the produced oil/water ratio reaches a predetermined
      economic limit.
PAC  EXAMPLE II
PAR  Example II illustrates another embodiment of this invention. In this
      embodiment the steam stimulation cycles discussed in Example I are
      continued until the steam heated region surrounding a well connects with
      the steam heated region surrounding an adjacent well in the same row along
      the preferred flow trend. Alternatively, the wells may be fractured to
      create a path for fluid flow between wells. Subsequent to steam injection
      and/or fracturing, the high conductivity fluid is injected into the wells
      to create a flow path for current along the lines of the wells. The wells
      are then completed as electrodes in the manner previously described and
      power is supplied to the formation for heating.
PAR  FIG. 5 illustrates the condition obtained in the reservoir shown in FIG. 3
      subsequent to one year of electric heating with one megawatt of power.
      Center well 35 and corner well 36 are completed as electrodes as
      previously described. The zones of high electrical conductivity for these
      wells are shown at 37 and 38 respectively.
PAR  As can be seen with reference to FIG. 5 this embodiment gives improved
      distribution of heat within the formation. After approximately one year of
      heating nearly two-thirds of the formation has been heated to a
      temperature of 80.degree.F or higher. The temperature at wells 35 and 36
      is only 375.degree.F -- still well below steam temperature at the
      formation pressure. When the temperature in the center of the quadrant
      shown in FIG. 4 has reached a level where the formation oil can be
      mobilized by steam flood, electrical heating will be discontinued and
      steam flood initiated as previously described.
PAR  The principle of the invention and the best mode in which it is
      contemplated to apply that principle have been described. It is to be
      understood that the foregoing is illustrative only and that other means
      and techniques can be employed without departing from the true scope of
      the invention defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for recovering oil from a subterranean formation containing oil
      and connate water and penetrated by a plurality of wells which comprises
      injecting steam into said formation at each of said wells to heat said
      formation and said oil contained in said formation, withdrawing heated oil
      from said formation by means of the same said wells and thereby decreasing
      the oil saturation in the steam heated portion of said formation and
      increasing the water saturation within said heated portion of said
      formation, injecting an electrically conductive fluid into said formation
      at a volume sufficient to occupy at least a part of the portion of the
      formation heated by said steam, passing an electrical current between said
      wells to further heat said formation and said oil contained in said
      formation, and withdrawing oil from said formation.
NUM  2.
PAR  2. A method as defined in claim 1 further comprising, subsequent to passing
      an electrical current between said wells, injecting steam at one of said
      wells to drive heated oil toward a second of said wells and withdrawing
      heated oil from said formation by means of said second well.
NUM  3.
PAR  3. A method as defined in claim 2 further comprising repeating the steps of
      injecting steam into said formation at each of said wells, withdrawing oil
      from said formation by means of the same said wells, injecting an
      electrically conductive fluid into said formation, and passing an
      electrical current between said wells prior to injecting steam at one of
      said wells to drive heated oil toward a second of said wells and
      withdrawing heated oil from said formation by means of said second well.
NUM  4.
PAR  4. A method as defined in claim 1 wherein the electrically conductive fluid
      is a brine having a higher electrical conductivity than the connate
      formation water.
NUM  5.
PAR  5. A method as defined in claim 4 wherein said brine is heated at the
      surface prior to injection into said formation.
NUM  6.
PAR  6. A method as defined in claim 1 wherein the volume of electrically
      conductive fluid injected into the formation is sufficient to occupy
      substantially all of the water saturated portion of the steam heated
      portion of the formation.
NUM  7.
PAR  7. A method as defined in claim 1 wherein steam is injected concurrently
      into each of said wells to heat said formation and oil contained in said
      formation.
NUM  8.
PAR  8. A method as defined in claim 1 wherein steam is injected into said
      formation until the steam heated portion of the formation at one well
      interconnects with the steam heated portion of the formation at a second
      well.
NUM  9.
PAR  9. A method as defined in claim 1 wherein each of said wells is fractured
      prior to injecting an electrically conductive fluid into said formation.
NUM  10.
PAR  10. A method as defined in claim 1 wherein the electric current is passed
      between said wells by completing said wells as electrodes and applying
      alternating current between said wells.
NUM  11.
PAR  11. A method as defined in claim 1 wherein, during the passage of
      electrical current between said wells, brine is circulated down each of
      said wells to cool said wells and to provide electrical contact between
      said wells and said formation.
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ABST
PAL  Hydrocarbon products from viscous tar sands are recovered by continuously
      injecting a hot solvent containing relatively large amounts of aromatics
      into the formation. Alternatively, steam and solvent are cyclically and
      continuously injected into the formation to recover the values. The last
      stimulation is by steam so that solvent is recovered. A third alternative
      is to continuously inject a mixture of steam and solvent vapors and liquid
      into the formation. In all cases, the solvent, except perhaps for startup,
      is produced at the site, as in a conventional topping unit, which
      alternatively is combined with a conventional visbreaking or reforming
      unit to increase the volume and/or aromaticity of the solvent produced.
PARN
PAR  This is a division of Ser. No. 363,596, filed May 24, 1973, now U.S. Pat.
      No. 3,881,550.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to the art of oil recovery and,
      more in particular, to recovery of hydrocarbons from heavy crudes or
      bitumens by stimulation.
PAR  There are large petroleum deposits in the form of very viscous crudes or
      bitumens. These deposits may be residuals from naturally developed fields
      or deposits which have never been produced. An example of very viscous tar
      deposits is in the Peace river and Athabasca regions of Canada. These tars
      have a gravity of from 6.degree. to 20.degree. API, a clean oil viscosity
      of to 20,000 cps, and an emulsion viscosity of to more than 100,000 cps.
      The asphaltene content of these deposits is up to 30% and sulfur up to 6%.
      Because these tars are so viscous, they cannot be recovered by natural
      techniques and must be stimulated.
PAR  Stimulation of petroleum deposits by steam flooding is a known and tested
      technique. In this type of stimulation, high pressure and temperature
      steam is injected into injection wells for recovery of petroleum from
      production wells. During steam stimulation, steam heats a deposit in a
      steam zone. Values are distilled there and are forced by steam pressure
      away from the injection wells towards the production wells. Some of the
      distilled hydrocarbons will condense in the steam zone because of heat
      loss from the zone to surrounding strata. Some of the distilled
      hydrocarbons will reach a front between a hot condensate zone and the
      steam zone and condense there. The driving force of the steam pressure,
      however, continuously advances the condensed hydrocarbons towards the
      production wells. The hot condensate zone itself fronts on a cold water
      zone more remote from the steam zone. Finally, there is an oil zone
      bordering the cold water zone which is the formation unaffected by
      stimulation. In typical steam flooding, the cold water zone is water
      flooded and oil is removed by this known technique to the water flooding
      saturation level. The advancement of the hot condensate zone itself
      stimulates recovery by lowering viscosity of the oil and by thermal
      expansion of the oil. Within the steam zone, recovery is promoted, in
      addition to distillation, by the temperature produced agencies of
      viscosity reduction and formation swelling. Hydrocarbons are usually
      recovered at the production wells in primarily liquid form. The
      considerable driving force of the steam flooding technique is ultimately
      lost when breakthrough occurs at a production well. This is an event where
      the steam front advances to the production well and steam pressure is
      largely dissipated in the well. The well becomes a short circuit. After
      steam stimulation, the usual practice is to produce without stimulation
      until further stimulation is necessitated or production terminated.
PAR  Obviously, in the steam flooding technique distillation plays only a modest
      role at best for very heavy crudes such as the Peace River bitumens
      because they do not contain any considerable light values. Consequently,
      the action of steam in stimulating recovery from deposits such as the
      Peace River bitumens must be by viscosity reduction from heating, thermal
      expansion of the formation, and the driving force of the steam. Even then,
      recovery can be modest because of channeling resulting from the
      permeability of the deposits, fractures, and gravity override between the
      steam and liquid in the hot and cold zones.
PAR  Importantly also, is the effect of even modest distillation on bitumens or
      tars. With these crudes, the boiling away of lights will cause the
      residual crude to become so viscous that no further recovery would be
      possible, even with the viscosity lowering effect of high temperature from
      the steam.
PAR  Consequently, it has been thought that steam drive recovery is limited to
      deposits with an API gravity of 20.degree. or greater.
PAR  Cold solvent stimulation of oil deposits has improved recovery. Solvents
      can repair organic and inorganic damage, clean deposited asphaltenes and
      waxes out from around well bores, and lower the viscosity of the
      hydrocarbons in the deposit by cutting and demulsification.
      Demulsification reduces the viscosity of the hydrocarbon deposit because
      emulsions of water-in-oil and oil-in-water have higher viscosities than
      oil alone. Solvent stimulation also removes asphaltenes from the deposits.
      Removal of asphaltenes is especially good with aromatics.
PAR  The removal of crude oil from the deposit, however, can create a situation
      where the solubility of remaining asphaltenes is reduced. Remaining
      asphaltenes precipitate on surfaces of the deposit and block the passage
      of crude. Accordingly, to prevent asphaltene precipitation and blockage of
      the deposit, surfactants have been added to maintain the wetability of
      deposit surfaces, which prevents blockage.
PAR  One of the major drawbacks of solvent stimulation is the high cost of
      solvent. Quite obviously, if the cost of solvent required to produce
      effective stimulation of a deposit becomes too great, then solvent
      stimulation cannot be practiced. Heretofore it has been the practice to
      produce at least most of the solvents away from the stimulation site. This
      is so especially with aromatic solvents which are very useful in
      dissolving asphaltenes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides solvent stimulation of hydrocarbon deposits
      having extremely high viscosities, such as found in the Peace River region
      of Canada.
PAR  In brief, the present invention contemplates the use of a hot solvent
      generated from product on site to recover hydrocarbon product values from
      heavy crudes or bitumens. The hot solvent is injected into the deposit and
      functions to reduce deposit viscosity by demulsifying viscous emulsions of
      crude-in-water and water-in-crude, solvent cutting of crude and raising
      the temperature of the crude. The solvent also solubilizes production
      restricting precipitated waxes and asphaltenes. The solvent can be used to
      remove scale deposited from produced water, sand deposited around well
      bores, and drilling and completion damage. The solvent is introduced at a
      temperature of from about 200.degree. to about 650.degree.F. and is
      preferably depentanized naphtha of up to about an 800.degree.F. end point.
      This naphtha has substantial quantities of aromatics, the aromatics being
      useful in the dissolving of asphaltenes and waxes. The solvent may be
      manufactured from recovered bitumen by topping or by a combination of
      topping with visbreaking or reforming. Surfactants may be added to the
      solvent to prevent deposition of asphaltenes on deposit formations by
      keeping surfaces in the formation water wetable. Suitable surfactants are
      butylamines or mixed alkyl phenols.
PAR  The presently preferred embodiment of the present invention contemplates
      the use of both solvent and steam extraction of hydrocarbon values from
      tars or bitumens typified by the Peace River deposits. This is done by
      either injecting steam and solvent vapors and liquids continuously into
      the formation or by cyclic injection of steam and hot solvent. With steam,
      thermal reduction in crude viscosity results and reservoir fluids expand.
      There will be some, though small, distillation of hydrocarbons by the
      steam from heat and partial pressure reduction. With the decrease in
      viscosity, gravity drainage is promoted. The steam pressure, say, 1500
      p.s.i.a. at injection, will strongly drive crude towards production wells.
PAR  The steam-solvent process retains the production resulting from thermal
      stimulation of deposits by the steam while eliminating or minimizing
      production restrictions occasioned by viscous emulsions, precipitated
      waxes and asphaltenes, scale and sand deposition, and drilling and
      completion damage.
PAR  When steam and solvent are used together, the difficult problem of
      solvent-crude mixing is not present because the steam is a low viscosity
      fluid which will rapidly fill all available voids in the reservoir and
      carry solvent with it. The solvent can then function more completely
      throughout the formation.
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 illustrates schematically a prior art steam driving technique for
      the recovery of hydrocarbons as it would apply in tar deposits of the
      Peace River type;
PAR  FIG. 2 illustrates schematically steam and solvent recovery of hydrocarbon
      values in a deposit of the Peace River type; and
PAR  FIG. 3 is a flow diagram of a plant for the implementation of the process
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates schematically a typical steam drive system which has
      been implemented before the present invention. Its description is helpful
      in understanding the principles behind the process of the invention.
PAR  In the Figure, injection wells 10 are provided through overburden and to
      and through tar sands 12. The overburden is, say, 2000 feet and the
      production interval is, say, 100 feet. In the Peace River deposit, the
      production interval varies from about 50 to about 1000 feet. Production
      wells 14 are also provided through the overburden and the production
      interval.
PAR  Steam of a quality of 70 to 80% and at a pressure up to about 2500 p.s.i.a.
      and at about 668.degree.F. is injected into the injection wells. A
      pressure seal in the overburden prevents backflow of this steam from
      either the injection wells or production wells.
PAR  The gravity of the tars or bitumen in the Peace River deposits is from
      about 6.degree. to about 20.degree. API. The clean oil viscosity is up to
      about 20.000 cps. In the emulsion, however, the viscosity increases to
      more than 100.000 cps. The asphaltic content of the Peace River type of
      tars is up to about 30%. The sulfur content is also high, being up to
      about 6%. The tar sands may be bottomed by a water zone indicated at 16.
PAR  Steam injected through the injection wells will progress from that well
      radially toward the production wells. During the steam drive, a steam zone
      18 will continuously expand radially away from the steam injection well.
      Within the steam zone hydrocarbon vapors will be generated, but immobile
      hydrocarbons will remain. Owing to temperature rise, the deposit will also
      expand and there will be a reduction in viscosity. A steam front 20
      separates a hot condensate zone 22 from the steam zone. Along this front
      and into the hot condensate zone condensation of hydrocarbon vapors will
      occur as steam condenses. Within the hot condensate zone, the temperature
      varies from steam temperature to reservoir temperature. The hot condensate
      zone, as is the case in the steam zone, progressively increases with time.
      Reservoir heating in the hot condensate zone is augmented by the latent
      heat of the steam and condensing hydrocarbon vapors. A cold water zone 24
      is ahead of the hot condensate zone and receives some heat from fluids
      passing into it from the hot condensate zone. The balance of the reservoir
      indicated at 26 and is at the original reservoir temperature. As will be
      seen, with a steam drive system alone, no production occurs from this zone
      because the hydrocarbons are too immobile to be recovered at the original
      reservoir temperature.
PAR  A production mechanism in the steam drive system illustrated in FIG. 1 is
      the steam distillation of hydrocarbons in the steam zone. The transfer of
      the heat energy from the steam to the reservoir deposits will thermally
      expand these deposits which also results in the production of
      hydrocarbons. The heating of the deposit also reduces viscosity which
      makes the oil values there more mobile and results in production. The
      heated hydrocarbons will drain by gravity and be recovered at the
      production wells which may have bottom hole pumps. A driving force form
      the pressure differential between the injection wells and the production
      wells will continuously force hydrocarbons towards the latter for
      recovery.
PAR  Prior techniques of steam stimulation also include the so-called "huff" and
      "puff" system. In this system, steam is injected for a considerable period
      of time into a well without attendant oil production. The injection steam
      is eventually stopped and oil production commences with the stimulation by
      steam improving the production rate from the well for a time. Ultimately,
      the well may be restimulated or not, depending on economics. This
      technique is an alternative to that known as the "steam drive" discussed
      above.
PAR  FIG. 1 also shows a condition which is known as steam breakthrough during
      steam drive. Steam breakthrough occurs when steam appears at the
      production wells. The result of this phenomenon is the loss of the driving
      pressure of the steam and a marked diminution in the efficiency of the
      system. A second phenomenon is also illustrated in FIG. 1, and that is
      steam channeling. It will be noted that the steam zone breaks through at a
      production well along a very short vertical distance. This channeling is
      the result of gravity override, permeable strata and horizontal fractures
      in the reservoir. Gravity override results from the different densities of
      the steam and the condensate, with the latter tending by gravity toward
      lower depths. When steam breakthrough occurs, economy precludes continued
      steam injection, for excessive heat is lost to surrounding strata and is
      vented up the casing of the production well, this notwithstanding
      continued gravity drainage due to the rise in temperature of hydrocarbon
      values in the reservoir. Other problems encountered in the steam drive
      system is the production of extremely viscous emulsions of oil-in-water
      and water-in-oil. As previously mentioned, emulsion viscosities can exceed
      100,000 cps.
PAR  The problem of hydrocarbon immobility from excess viscosity is compounded
      by removal of distillates from the formation by the steam distillation in
      the steam zone.
PAR  The precipitation of waxes and asphaltenes can effectively block recovery
      of hydrocarbon values and this precipitation can occur when lighter
      hydrocarbons are taken from the reservoir. Scale deposition from produced
      water can also reduce recovery. Steaming can also result in sand
      deposition around well bores with the result that recoveries are adversely
      affected. Finally, drilling and completion damage adversely affect
      recovery.
PAR  These problems are reduced by the implementation of hot solvent stimulation
      of the present invention. The solvent is produced at the production site.
      With reference to FIG. 2, injection wells 28 are formed in the same manner
      as the injection wells of FIG. 1. Similarly, production wells 30 are
      formed in the same manner. The overburden and production zones and water
      zones are the same. In FIG. 2, production of hydrocarbons is effected by
      the injection of a mixture of steam and solvent vapors and liquid. The
      solvent is in two phases, that is, both liquid and vapor. Since the steam
      has a quality of less than 100% a water phase is also present.
PAR  An important aspect of the present invention is the manufacture of solvent
      on site. THe solvent should have a relatively low viscosity and a high
      aeromatic content. An ideal solvent is depentanized naphtha having a
      maximum end point of up to about 800.degree.F.
PAR  The production mechanism of the FIG. 2 system includes an increase in
      mobility of the hydrocarbons through viscosity reduction. Viscosity
      reduction, as in the steam drive system, results from temperature rise.
      But in addition to the purely thermal effects of viscosity reduction, an
      important reduction in viscosity will also be the result of solvent
      cutting or mixing with the hydrocarbons of the reservoir and the
      demulsification of the extremely viscous emulsions within the reservoir.
      This production mechanism also results in thermal expansion of the
      reservoir fluids due to their heating by both the steam and the solvent.
      The thermal expansion results in the release of hydrocarbons for recovery.
      The steam-solvent system also recovers values by gravity drainage. The
      reduction in viscosity and increased mobility allows hydrocarbon values to
      drain for recovery. Again there is a driving force because of the pressure
      differential between the injection fluid at the injection well and the
      produced fluid at the production well. The steam may act as a solvent
      carrier to expose a considerable amount of the deposit to the solvent.
PAR  Steam channeling will again occur due to the factors previously set forth,
      gravity override, permeability of strata, and horizontal fractures.
      However, the steam channeling may be effectively used to disperse solvent
      throughout the reservoir. This solvent also prevents precipitation of
      waxes and asphaltenes at the well bores and washes out scale, sand, and
      drilling and completion damage.
PAR  In FIG. 2, a hot vapor zone 32 is illustrated and it has a front with a
      cold water and solvent zone 34. The unaffected portion of the reservoir is
      shown at 36 and it has the originally constituted hydrocarbons at original
      reservoir temperature. It should be noted that the use of both steam and
      hot solvent as recovery vehicles results in greater recovery. The hot
      solvent conditions the deposit for greater thermally induced recovery over
      that which would result from steam alone.
PAR  Initially, with deposits such as in Peace River, about 10 to about 25% of
      the gross product is recycled as hot solvent, after the solvent is made by
      the processing steps set out below. As the process continues, the gross
      product increases because the injected solvent is being recovered with the
      crude. It is possible that product solvent will be left over.
PAR  The making of the solvent on site is inexpensive and, with surplus product
      solvent sold with crude, the quality of the crude increases. Solvent
      purchased for stimulation, say, cyclohexane, is normally much more
      expensive than the products produced.
PAR  In the simultaneous injection of steam and solvent, in general for each
      barrel of crude produced and removed from the reservoir, there then may be
      used about 3 170  barrels of water converted to steam and about 1/3 barrel
      of solvent produced. This ratio, however, is no wise limiting and any
      ratio of steam to solvent may be employed depending on conditions and
      process economics.
PAR  The solvent produced, such as depentanized naphtha having a high aromatic
      content, should be heavy enough to dissolve the heavier hydrocarbons of
      the bitumen, but not so heavy as to create mobility problems and remain in
      the formation. The preferred solvent has a boiling point range of from
      about 200.degree. to about 800.degree.F. An acceptable range is from about
      200.degree. to about 500.degree.F. The solvent must have a high aromatic
      content to dissolve asphaltenes. Small quantities of non-ionic surfactants
      may be used with the solvent. These surfactants are useful in maintaining
      the wetability of the deposit being processed so that precipitated
      asphaltenes will not prevent recovery.
PAR  As was previously mentioned, hot aromatic solvent will break highly viscous
      emulsions in the reservoir. They also increase crude temperature and, as
      such, further decrease the viscosity of the crude.
PAR  The present invention also contemplates the cyclic introduction of steam
      and solvent. The steam stimulates in the manner previously described,
      i.e., primarily by viscosity reduction and formation swelling, resultant
      gravity drainage, and pressure drive. In the steam zone, distillation of
      some values will occur. These values form a solvent slug.
PAR  After steam termination the solvent is injected hot at from about
      200.degree. to about 650.degree.F, to stimulate the steam flooded
      formation by demulsification, solvent cutting and temperature effects. The
      solvent cleans up the deposit by removing asphaltenes, waxes, sand and the
      like. With demulsification, solvent cutting and removal of asphaltenes,
      the residual crude is conditioned for processing again by steam.
PAR  As indicated steam is injected first and steam injection continues until
      breakthrough at a production well. Steam injection is then terminated and
      hot solvent injection commenced. Solvent injection is continued until the
      solvent-to-crude ratio is about 1 to 3. Steam is then injected again until
      breakthrough. Steam is always injected last to recover solvent from the
      deposit. As an alternative the "huff" and "puff" technique may be employed
      with solvent and steam, or steam followed by hot solvent injected into the
      well for a period of time during which production is periodically
      terminated while stimulation occurs.
PAR  The present invention also contemplates recovery of hydrocarbons from
      highly viscous deposits of tars or bitumens by hot solvent stimulation
      alone. The solvent is injected into the injection wells at a temperature
      of from about 200.degree. to about 650.degree.F. The solvent is produced
      from recovered crude at the site and is preferably depentanized naphtha
      having an end point of less than about 800.degree.F. The solvent has a
      high aromatic content for the solubilizing of asphaltenes. The production
      mechanism is demulsification of oil-in-water and water-in-oil emulsions,
      solvent cutting of heavy components of the crude, some formation heating,
      and removal of physical and chemical impediments to production in the
      formation.
PAR  With reference to FIG. 3, a system to implement the present invention is
      illustrated. Again there are a series of production wells that may be
      bottom-hole pumped. These wells are indicated by the single line 40. A
      series of steam injection wells are provided at 42. A production zone or
      interval 43 is the same as in the previous Figures, that is, it varies
      from 50 feet to 1000 feet and is very heavy in tars of the type found in
      the Peace River deposits. The production zone has a fairly thick
      overburden 44 on it and is bottomed by a water zone 46.
PAR  Product from the recovery leaves the deposit as a steam 48 and consists of
      heavy crude or tar, water and sand. Stream 48 is introduced at the well
      head into a separator 50. The separation is of the gaseous constituents of
      the product and steam from liquid product, sand and water. The gaseous
      constituents are H.sub.2 S, CO.sub.2, steam and light hydrocarbons and
      they leave the separator as a stream 52. The well head separator is
      provided to measure the production streams and also provides a preliminary
      breakup of emulsions, which may be by known chemical treatment with the
      addition of heat, if required. Stream 52 is compressed in a compressor 54
      and a compressed stream 56 is introduced into a stream 58 from an emulsion
      breaker 60 to form a new stream 62. The stream from the emulsion breaker
      contains crude oil. The united streams enter a topping unit 64, such as a
      distillation column.
PAR  A crude oil, sand and water stream 68 leaves well head separator 50, passes
      through a pump 72 before entering line 74. The stream 74 is combined with
      a recycled stream of light hydrocarbons 76 as a diluent to constitute a
      stream 78 which passes through heater 80 into a desander 82. A sand and
      sludge stream 84 from the desander goes to disposal. A stream 86 from a
      desander enters emulsion breaker 60 where the emulsion is further broken.
      The requisite input for emulsion breaking is indicated by the flow arrow
      88. Emulsion breaking may consist of chemical dehydration,
      chemical-electrical treaters, flotation and skimming, filtration,
      centrifuging, or a combination of these methods.
PAR  Crude oil stream 58 from the emulsion breaker combines with gas stream 56
      to form a stream 62 which is introduced into topping unit 64, which may
      include a visbreaking and/or reforming unit to increase the aromaticity of
      the solvent produced.
PAR  A water and oil stream 89 leaves the emulsion breaker and is introduced
      into a flotation cell 90. In the flotation cell, air is introduced at 92
      and the water and oil are separated. In addition, any residual sand is
      separated from the water and oil, as indiciated by an egress sand stream
      94. The separated water stream 96 from flotation cell 90 enters a water
      treater 98. There, the water may be treated in such a manner as to be
      suitable for disposal or, alternatively, for makeup water for a steam
      generator. Alternate streams for these purposes are indicated at 100 and
      102, respectively. The oil stream leaving the flotation cell is a recycle
      stream and it passes by pump 104 for recycling as stream 76.
PAR  Sand slurry 94 is pumped to settling ponds where sand will be precipitated
      and retained water and oil returned to the process plant. Surplus water
      not required for the sand slurry mix is directed to settling ponds for
      skimming remaining oil contaminants and for final settling before being
      returned to a feed water treatment facility of the plant or a water
      disposal facility.
PAR  Water pumped to flotation cell 90 is air injected to cause any remaining
      oil particles or sediment to float to the surface. These oil particles or
      sediment are skimmed resulting in very clean water. Water can be further
      purified by pumping it through diatomaceous earth filters. Water treatment
      may also include its softening to zero hardness.
PAR  Stream 62 entering topping unit 64 provides on-site generation of solvent
      for the recovery process. The topping unit may also employ visbreaking and
      reforming, the latter operations being employed to increase the
      aromaticity of the solvent and provide, where necessary, a sufficient
      volume of solvent to recover very heavy tars such as 6.degree. to
      8.degree. A.P.I. tars. The products of the topping unit include heavy
      crude or tar, which leave the topping unit as a stream 106. The generated
      solvent leaves the topping unit as a stream 108 and goes to a solvent
      storage facility 110. This solvent is high in aromatic content. The high
      aromaticity is valuable in removal of asphaltenes from the deposit. A
      heavy pitch stream 112 from the topping unit provides fuel for a steam
      generator 114 and/or fired tubular heater 115. Noncondensable gases are
      taken from the topping unit as a stream 116. These gases can be used as
      fuel or can be disposed of in any other suitable manner. An excess reflux
      stream 118 is introduced into stream 76 to provide a diluent for the
      stream entering emulsion breaker 60.
PAR  Excess solvent may be taken from solvent storage as a stream 120, or
      earlier, as product solvent, which may be commingled with the heavy crude
      as tar or sold separately.
PAR  Stream from steam generator 114 passes through a line 122 and may be:
PA0  a. combined with solvent in the recovery of values from the deposit,
PA0  b. used in cyclic flooding of the deposit with steam and solvent, or,
PA0  c. used to heat solvent for the introduction of hot solvent in a solvent
      flooding production process.
PAR  For the production of hot solvent, steam passes through line 122, which is
      valved at 124, and into a heat exchanger 126 where it passes in heat
      exchange relationship with the aromatic solvent pumped through the heat
      exchanger from storage 110 by a pump 128. The solvent is heated to a
      temperature of from about 200.degree. to about 650.degree.F. The hot
      aromatic solvent is then introduced through a line 130 and into a line 132
      downstream of a valve 134 in line 132. Line 132 goes to the injection
      wells. Steam in the heat exchanger is condensed and the steam condensate
      stream 138 is used as makeup for the steam generator and is introduced to
      thee generator in a stream 140.
PAR  Another alternative is to introduce the steam and solvent together. This
      may be done by a line 142 from solvent storage 110 which bypasses heat
      exchanger 126 and joins line 130 to the injection wells. In this instance
      a valve 144 in line 130 is closed and a valve 146 in line 142 is open. On
      the steam side, valve 124 is closed and valve 134 is open. The result is
      that both steam and solvent pass through line 132 to the injection wells.
PAR  For the introduction of steam and solvent in a cycle, valves 124 and 134
      are alternately opened and closed on the steam side, and on the solvent
      side valves 144 and 146 are alternately opened and closed.
PAR  The steam generated from generator 114 is at high temperature and pressure
      and is of a quality substantially lower than 100%, say, 80%. The reason
      for this quality is that the water can prevent scale buildup in the steam
      generator and ancillary lines.
PAR  The maximum introduction pressure of steam into the formation is set by
      formation and overburden characteristics and for 2000 feet of overburden
      will average about 1500 p.s.i.g. This requires that the steam generator
      have a maximum working pressure of about 2500 p.s.i.g.
PAR  In cases where hot solvent alone is used to stimulate the reservoir the
      solvent may be heated in a fired tubular heater 115 and this will, in
      general, be required if the solvent is employed at high introduction
      temperatures. Fired tubular heater 115 may be used in conjunction with
      steam heating of the solvent, in most instances steam and/or solvent
      temperatures should be maximized for maximum stimulation.
PAR  While the process has been described in terms of Canadian tar sands, the
      process of this invention is useful in recovery of carbonaceous values
      from many other deposits. Tar sands are found in the United States,
      Venezuela and other countries.
PAR  The process of this invention may also be employed to recover values from
      old oil fields which have been depleted by primay production i.e., natural
      production followed by water flooding. These systems do not recover the
      tars present. These fields may still contain from 40 to 90% of their
      original carbonaceous values as tars.
PAR  Yet another example are oil and tar deposits in which the crude is too
      viscous to process by conventional means or which would be uneconomic to
      process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for recovering hydrocarbons from a subterranean deposit of
      hydrocarbons having high viscosities including tar sands, oil and tar
      deposits by stimulating the deposit through the injection of fluid, an
      improvement which comprises:
PA1  a. simultaneously injecting steam and a solvent of high aromatic content
      produced from the hydrocarbon deposit;
PA1  b. carrying the solvent by the steam into the deposit;
PA1  c. heating the hydrocarbon in the deposit by the steam and solvent to
      thereby decrease its viscosity;
PA1  d. thermally expanding the deposit by the steam and solvent to release
      hydrocarbons therefrom;
PA1  e. breaking viscous emulsions by the solvent;
PA1  f. dissolving contained waxes and asphaltenes by the solvent;
PA1  g. cutting heavy hydrocarbons by the solvent; and
PA1  h. recovering hydrocarbons from the deposit at least in part by a pressure
      drive of the injected steam and solvent and producing from the recovered
      hydrocarbon a solvent of high aromatic content for reintroduction with
      steam into the deposit.
NUM  2.
PAR  2. The improvement claimed in claim 1 wherein the solvent is depentanized
      naphtha having a maximum end point of about 800.degree.F and having a
      substantial quantity of aromatics.
NUM  3.
PAR  3. The improvement claimed in claim 1 wherein the solvent has a boiling
      point range of from about 200.degree. to about 500.degree.F.
NUM  4.
PAR  4. The improvement claimed in claim 1 wherein the solvent is produced by
      topping recovered hydrocarbons.
NUM  5.
PAR  5. The improvement claimed in claim 4 in which the aromatic content of the
      solvent is further increased by reforming.
NUM  6.
PAR  6. The improvement claimed in claim 4 wherein the solvent has a boiling
      point range of from about 200.degree. to about 500.degree.F.
NUM  7.
PAR  7. The improvement claimed in claim 4 in which the aromatic content of the
      solvent is further increased by visbreaking.
NUM  8.
PAR  8. The improvement claimed in claim 7 wherein the solvent has a boiling
      point range of from about 200.degree. to about 500.degree.F.
NUM  9.
PAR  9. The improvement claimed in claim 4 wherein the solvent is depentanized
      naphtha having a maximum end point of about 800.degree.F. and having a
      substantial quantity of aromatics.
NUM  10.
PAR  10. The improvement claimed in claim 9 wherein the steam and solvent are
      both injected into the deposit in liquid and vapor phases.
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ABST
PAL  A preslug of polyalkene oxide, e.g., polyethylene oxide, is injected before
      injection of a displacement fluid, e.g., a micellar dispersion or
      thickened water, in order to prevent contact between the displacement
      fluid and polyvalent, e.g., divalent and trivalent ions in the formation
      water, which ions are detrimental to many displacement fluids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates primarily to processes classified in Class 166 of
      the United States Patent Office, and more particularly to the production
      of earth fluids by displacement fluids.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,482,631 teaches injecting an aqueous preslug containing a
      viscosity imparting agent, e.g., high molecular weight polymers such as
      partially hydrolyzed polyacrylamides, biopolymers, e.g., polysaccharides,
      and other similar materials, and electrolyte and/or semipolar organic
      compounds.
PAR  U.S. Pat. No. 3,324,944 teaches injecting a nonpolar organic liquid
      preslug, e.g., hydrocarbons that are fluid under formation conditions,
      preferably with a viscosity about that of the crude (low viscosity
      hydrocarbons such as propane, butane, and straight run gasoline, thickened
      by agents such as polyisobutylenes) into the formation to improve the
      stability of subsequent microemulsion injection into the formation.
PAR  U.S. Pat. No. 3,343,597 teaches injecting an aqueous slug of controlled ion
      content into the formation prior to the injection of the micellar
      dispersion. The micellar system is thus protected from ions in formation
      water during the secondary type oil recover.
PAR  U.S. Pat. No. 3,698,479 teaches injecting oil external micellar solution
      which comprises in part a cosurfactant such as ethylene oxide. The
      viscosity of the slug increases from its leading edge to its trailing
      edge.
PAR  U.S. Pat. No. 3,692,113 teaches use of polyalkene oxide polymer solutions
      with added metal ions to provide increased flow resistance.
PAC  SUMMARY OF THE INVENTION
PAC  General Statement of the Invention
PAR  Divalent and trivalent ions are detrimental to certain petroleum
      displacement fluids, e.g., those that contain anionic or cationic
      surfactants such as water-surfactant fluids for "surfactant floods",
      emulsions for "emulsion floods", and micellar systems for high-efficiency
      flooding with soluble oils; as these ions are also detrimental to water
      solutions of mobility control agents, e.g., biopolymers such as
      polysaccharides, polyacrylamides, particularly the high molecular weight,
      partially-hydrolyzed polyacrylamides, e.g., those sold under the Dow
      Chemical Company trademark, "Pusher", polyalkene oxides different from the
      one used in the preslug and modifications and derivatives of the
      foregoing.
PAR  The inventors have discovered that polyethylene oxide is able to interact
      with polyvalent cations, e.g., divalent and trivalent cations such as
      calcium, magnesium, strontium, barium, ferric, manganese, chromic,
      aluminium, and rare earths.
PAR  While the inventors are unable to definitely state the exact mechanism of
      their invention and do not wish to be bound by any particular hypothesis,
      it seems likely that the present invention works primarily by weak
      associated bonds between such deleterious polyvalent cations and the
      dipolar sites on the comparatively much larger polyalkene oxide polymer
      molecule.
PAR  The polyalkene oxides are described in more detail below. Generally the
      preslug of polyalkene oxide-water will be injected in quantities of from
      about 0.01 to about 1.00, more preferably from about 0.025 to about 0.50,
      and most preferably from about 0.05 to about 0.10 PV, based on the pore
      volume of the reservoir being flooded.
PAR  Additional information is available in the article entitled, "Reservoir
      Brines Influence Soluble-Oil Flooding Processes", by L. W. Holm and V. A.
      Josendal, Oil and Gas Journal, Vol. 70, No. 46, p. 158, Nov. 13, 1972, and
      from the descriptions of polyalkene oxide and techniques in U.S. Pat. No.
      3,692,113 issued Sept. 19, 1972, to the present inventors.
PAC  Utility of the Invention
PAR  The present invention is primarily useful in the displacement of petroleum
      from formations and can be used in secondary recovery in which the
      recovery is increased by use of displacement, or in tertiary recovery
      (utilized after the field has been water flooded). The invention is
      primarily useful in increasing the efficiency of the displacement fluid by
      preventing its contact with deleterious polyvalent ions. This permits both
      an increased spacing between the injection and the recovery well, and also
      in many instances reduces the quantities of chemicals in the displacement
      fluids.
PAR  The inventors know of no U.S. patent application which relates to the
      present invention except Ser. No. 359,816 filed May 14, 1973, by Richard
      W. McAtee and Marvin A. Svaldi and entitled "Mobility Control in Adjacent
      Wellbores" and now U.S. Pat. No. 3,882,939. This application relates to
      the use of polyalkene oxide polymer within the front portion of an aqueous
      bipolymer solution used for displacement of petroleum and not a separate
      preslug of aqueous polyalkene oxide, as taught by the present invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Starting Materials
PAR  Polyalkene Oxide: The polyalkene oxides are most preferably poly lower
      alkene oxides and can include polyethylene oxide, polypropylene oxide,
      mixed copolymers of polyethylene oxide and polypropylene oxide, and
      mixtures of the foregoing. The preferred polyalkene oxides have molecular
      weights of from about 10.sup.4 to about 10.sup.8, more preferably from
      about 10.sup.5 to about 10.sup.7, and most preferably from about 1.0
      .times. 10.sup.6 to about 6.0 .times. 10.sup.6. Preferably, the polyalkene
      oxides will be present in the aqueous solutions in amounts of from about
      0.001 to about 10.0, more preferably from about 0.01 to about 1.0 and most
      preferably from 0.05 to about 0.5 weight percent based on the weight of
      the total solution. Polyalkene oxides which are commercially available,
      e.g., from Union Carbide Corporation under the trade name, "Polyox" are
      suitable for use with the invention. Various commercial polyalkene oxides
      are described in Union Carbide Corporation Bulletin F-40246E, 10M-1968.
      Mixed polyethylene-polypropylene oxides are described in Wyandott Chemical
      Company Bulletin F-3018R. Factors influencing mobility control by polymer
      solutions are discussed in paper number SPE-2867 of the Society of
      Petroleum Engineers of the American Institute of Mining and Metallurgical
      Engineers.
PAR  Water: The water used with the present invention may be conate water, e.g.,
      weakly saline Palestine line water, fresh water, or brackish water or
      mixtures thereof. It is preferable that the water contain less than about
      300,000, more preferably less than about 100,000, and most preferably less
      than about 20,000 ppm but more than 1000 ppm of dissolved solids (e.g.,
      invention works best in Henry Plant Water).
PAR  While not necessary to the practice of the present invention, various other
      ingredients including, among others, cellulose derivatives, surfactants,
      e.g., alkaryl sulfonates and other conventional fluid displacement
      additives may be added to the liquid polymer solution. In addition to
      polyalkene oxides, other viscosity increasing agents, e.g., carboxymethyl
      cellulose, polyacrylamides, partially-hydrolyzed polyacrylamides,
      polyvinylpyrrolidone and polysaccharides may be employed.
PAR  Examples: Two conventional floods with partially hydrolyzed polyacrylamide
      (Dow 700) thickener uniformly dissolved in Palestine water (low salinity
      water from the Palestine Lease in Crawford County, Illinois, U.S.A.) are
      made in 3-inch diameter by 4-foot long Berea sandstone cores using
      standard procedures of core flooding (see, e.g., U.S. Pat. No. 3,692,113).
PAR  The Berea sandstone cores are initially saturated with Henry brine
      (O.sub.i), then saturated with Henry crude oil both from the Henry Lease,
      Crawford County, Illinois, to the initial oil saturation. The cores are
      then subsequently primary waterflooded with Henry brine to residual
      saturation (O.sub.r).
DETD
PAC  EXAMPLES I AND II
PAR  No polyethylene oxide preslug is used in these experiments. A 0.02 PV
      micellar solution is injected which is followed by 1.0 PV of 500 ppm Dow
      700 which gave a residual oil recovery of 66.0 and 66.1 percent in repeat
      experiments.
PAC  EXAMPLE III
PAR  A core is prepared in the usual manner and waterflooded to residual oil
      saturation. A 0.1 PV of 500 ppm polyethylene oxide preslug formulated in
      Palestine water (soft water) is injected into the core followed by 0.02 PV
      micellar slug. This is followed by 1.0 PV 500 ppm Dow 700 which gave a
      residual oil recovery of 51.6 percent.
PAC  EXAMPLES IV AND V
PAR  Two cores are prepared in the usual manner and waterflooded to residual oil
      saturation. A 0.1 PV 500 ppm polyethylene oxide preslug formulated in
      Henry plant water (hard water) is injected into each core, followed by
      0.02 PV micellar slug. This is followed with 1.0 PV 500 ppm Dow 700 which
      gave a residual oil recovery of 73.5 and 71.1 percent.
PAC  MODIFICATIONS OF THE INVENTION
PAR  It is intended that all equivalents obvious to those skilled in the art be
      incorporated within the scope of the invention as defined within the
      specification and appended claims.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     POLYETHYLENE OXIDE IN HARD WATER IMPROVES SURFACTANT-THICKENED WATER      
     SUPPLEMENTAL OIL RECOVERY.sup.1                                           
     Core Data           Preparative Waterflood        Total Thickened         
                         % Pore Volume (PV)            Water Recovery          
     PV      Porosity                                                          
                  Permeability             Thickener                           
     Examples                                                                  
          cc %    md     O.sub.i                                               
                            W.sub.i                                            
                               O.sub.r                                         
                                  W.sub.r                                      
                                     % Eff.                                    
                                             ppm       PV  % of                
     __________________________________________________________________________
                                                           O.sub.r             
     I    535                                                                  
             21.7 --     333                                                   
                            202                                                
                               153                                             
                                  382                                          
                                     54.1                                      
                                         No preslug; 500 ppm                   
                                                       1.0 66.0                
                                          Dow 700.sup.2                        
     II   540                                                                  
             21.9 242    336                                                   
                            204                                                
                               168                                             
                                  372                                          
                                     50.0                                      
                                         No preslug; 500 ppm                   
                                                       1.0 66.1                
                                          Dow 700                              
     III  506                                                                  
             20.5 198    316                                                   
                            190                                                
                               161                                             
                                  345                                          
                                     49.1                                      
                                         500 ppm Polyox.sup.3                  
                                                       1.1slug                 
                                                           51.6                
                                          (PW).sup.4 ; 500 ppm Dow 700         
     IV   519                                                                  
             20.9 205    324                                                   
                            195                                                
                               158                                             
                                  361                                          
                                     51.2                                      
                                         500 ppm Polyox preslug                
                                                       1.1 73.5                
                                          (HPW).sup.5 ; 500 ppm Dow 700        
     V    531                                                                  
             21.5 180    323                                                   
                            208                                                
                               157                                             
                                  374                                          
                                     51.4                                      
                                         500 ppm Polyox preslug                
                                                       1.1 71.1                
                                          (HPW); 500 ppm Dow                   
     __________________________________________________________________________
                                         700                                   
      .sup.1 Flooding sequence: 0.1 PV 500 ppm preslug, 0.02 PV 119-R slug, 1.0
      PV 500 ppm Dow 700 Palestine Water (PW)                                  
      .sup.2 A partially hydrolyzed polyacrylamide made by Dow Chemical Company
      .sup.3 A polyethylene oxide made by Union Carbide Corporation            
      .sup.4 Palestine water (PW) contains 500 ppm total dissolved solids.     
      .sup.5 Henry Plant Water (HPW) contains 18,500 ppm total dissolved solids
                                                                               
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In processes for displacement of petroleum from polyvalent
      cation-containing formations by displacement fluids comprising water and a
      mobility control fluid which substantially decreases the the mobility of
      said water, wherein said mobility control fluid is not a polyalkeneoxide
      and is deleteriously affected by contact with polyvalent cation, the
      improvement comprising injecting into said formation prior to injection of
      said displacement fluid composition, from 0.01 to about 1.00 pore volumes
      of a composition comprising water and from about 0.001 to about 10.0
      weight percent of polyalkene oxide polymer.
NUM  2.
PAR  2. The process according to claim 1 wherein the polyalkene oxide polymer
      has a molecular weight of above 100,000.
NUM  3.
PAR  3. The processes according to claim 1 wherein said polyalkene oxide polymer
      is present in a concentration from about 0.005 to about 5 percent by
      weight, based on the weight of water.
NUM  4.
PAR  4. The processes according to claim 1 wherein the polyalkene oxide has a
      molecular weight of from about 1,000,000 to about 10,000,000 prior to said
      injection.
NUM  5.
PAR  5. The processes according to claim 1 wherein said polyalkene oxide polymer
      has a concentration of from about 0.01 to about 1 percent by weight, based
      on the weight of water.
NUM  6.
PAR  6. The processes according to claim 1 wherein said polyalkene oxide
      comprises polyethylene oxide.
NUM  7.
PAR  7. The processes according to claim 1 wherein said polyalkene oxide
      comprises groups containing the structure:
      ##EQU1##
      wherein R', R", R'", and R"" may be the same or different and are each
      selected from the group consisting of of hydrogen, alkyl, and containing
      from 1 to 20 carbon atoms, and n is in the range of about 10.sup.3 to
      10.sup.6.
NUM  8.
PAR  8. The process of claim 7, wherein R', R", R'", and R"" each contain from 1
      to 6 carbon atoms, the balance of the constituents being hydrogen.
NUM  9.
PAR  9. A process according to claim 1 wherein said mobility control fluid
      composition comprises: partially hydrolyzed polyacrylamides, biopolymers,
      mixtures of the foregoing.
NUM  10.
PAR  10. A process according to claim 1 wherein said polyalkene oxide-containing
      composition and said mobility control fluid are injected into an injection
      well and said petroleum is displaced from said formation through a
      producing well spaced a distance from said injection well.
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ABST
PAL  One embodiment includes an oil recovery process, more particularly a
      secondary or tertiary type crude oil recovery process utilizing a drive
      fluid to move a displacing fluid through a subterranean formation wherein
      the displacing fluid displaces crude oil therefrom and is driven through
      the formation by means of the drive fluid. The crude oil recovery process
      is improved by utilizing as the drive fluid a thickened, transparent,
      aqueous solution of a water-soluble sulfated, polyethoxylated C.sub.10
      -C.sub.18 primary alcohol or alkylated phenol. The displacing fluid is
      generally an aqueous surfactant solution, a miscible displacing medium or
      most preferably a microemulsion. In a further embodiment, the
      water-soluble, polyethoxylated C.sub.10 -C.sub.18 primary alcohol or
      alkylated phenol is employed as a mobility control agent in a waterflood
      thereby increasing the sweep efficiency thereof.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of copending application Ser. No. 430,330,
      filed Jan. 2, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in one embodiment to a method of recovering crude
      oil from subterranean formations wherein a displacing fluid is injected
      into the formation through at least one injection means to displace crude
      oil and is driven by means of a drive fluid toward at least one production
      means; more specifically, this invention in that embodiment relates to a
      secondary and/or tertiary recovery method for recovering crude oil from a
      subterranean formation wherein an improved drive fluid is employed to
      drive through the formation a displacing fluid capable of displacing the
      crude oil in the formation to the production means. In a further
      embodiment of the present invention a waterflood of improved sweep
      efficiency is provided through the use of a specific mobility control
      agent.
PAR  2. Description of the Prior Art
PAR  Knowledge is widespread in the oil industry that the so-called "primary
      recovery" techniques, which include natural flow, gas lifting, gas
      repressurization and pumping methods, leave substantial quantities of oil
      in oil-bearing reservoirs. Recognition of the large amount of oil
      remaining in many oil-producing reservoirs has led to the use of so-called
      "secondary and tertiary recovery" techniques which have as their primary
      purpose the economical recovery of additional quantities of the oil known
      to be present in the reservoir.
PAR  Probably one of the more common secondary recovery techniques is the
      so-called "waterflooding" in which aqueous fluids are injected at one or
      more points in the reservoir at pressures sufficient to force the fluids
      out into the reservoir and toward a spaced production well or wells. This,
      in effect, displaces oil from the pores of the reservoir and drives the
      oil ahead of the water front.
PAR  However, such techniques, e.g. waterflooding, are only advantageous when
      the cost of injecting water and necessary chemical modifiers is less than
      the value of the oil recovered. As a result the displacement efficiency of
      waterfloods or the like has been the determining factor of whether such a
      technique will be used.
PAR  Generally, the difficulty with waterfloods is that the small pores and
      capillaries of the reservoir contain hydrocarbons (oil and/or oil and gas)
      which are generally water immiscible. The existence of high interfacial
      tensions between the boundary of the water and hydrocarbons seriously
      impedes the ability of the water to displace oil trapped in the reservoir
      by capillarity.
PAR  Since in many oil-bearing reservoirs the oil tends to be trapped within the
      pores of the rock formations by capillarity, merely forcing water
      therethrough will not displace this trapped oil. However, a sufficient
      reduction in the interfacial tension between the water and the oil will
      increase the amount of oil that will be displaced by the water. Thus,
      various aqueous surfactant systems have been proposed for use in
      waterflooding processes for recovering oil, the surfactants having the
      ability to reduce the interfacial tension between the oil and water.
PAR  Many aqueous systems containing surfactants have also been proposed in
      which the effective oil recovery is improved by treating the formation
      with a liquid which contains an oil-solubilizing, aqueous solution of
      surfactant micelles that are combined with molecules of an amphiphilic
      organic compound of low water solubility; the amphiphilic material being
      capable of swelling the surfactant micelles and causing the aqueous
      solution to solubilize a significant proportion of oil. In using such
      systems oil is recovered by injecting an aqueous liquid to drive the
      surfactant system and the oil towards the production means.
PAR  A fluid which has been used in secondary and tertiary oil recovery is one
      which employs a solvent that is miscible with both the connate oil and
      with the flood water. This fluid is introduced into the formation ahead of
      the flood water. Alcohols and various other organic solvents have been
      proposed as suitable miscible agents for use in the so-called miscible
      flooding operation. Methods utilizing hydrocarbons as miscible fluids are
      extremely successful with regard to the displacement efficiency of the
      crude oil, particularly the ability to displace essentially all of the
      crude oil from the formation contacted. However, the volumetric sweep
      efficiency of these flooding media is a disadvantage. The hydrocarbons
      inherently finger and channel to a great extent and a large portion of the
      reservoir is bypassed although the volume of injected hydrocarbons may be
      great. This is economically disadvantageous.
PAR  A typical miscible flooding process is the miscible slug process. This is a
      process which consists of injecting a limited quantity of fluid, e.g.
      propane, LPG, or similar solvent, into an oil reservoir and pushing this
      liquid bank toward producing wells with another fluid injected
      subsequently. The injected fluid being miscible with reservoir oil results
      in efficient displacement of the oil.
PAR  More recently, attention has turned toward the injection of a microemulsion
      in the form of a microemulsion slug. Such microemulsion can be defined as
      a stable transparent or translucent micellar solution of oil and water
      that may contain one or more electrolytes, and a surfactant, optionally
      containing one or more cosurfactants. The oil, water and surfactant are
      essential components of the microemulsion with the surfactant being
      present in an amount greater than the critical micelle concentration so as
      to form the desired microemulsion. The microemulsion can be a
      water-external microemulsion, an oil-external microemulsion or a
      microemulsion in which there is no discernible external phase.
PAR  Regardless of the type of displacing fluid which is employed in the
      secondary and/or tertiary recovery process, one or more slugs of the
      displacing fluid are driven through the formation by means of a driving
      fluid. To eliminate a "fingering" effect of the displacing fluid slug
      through the formation, the displacing fluid slug is generally provided
      with a mobility control agent. Likewise, in order to eliminate an
      unwarranted fingering effect between the displacing fluid and drive fluid,
      it has been proposed to thicken the drive fluid so that the mobility of
      the drive fluid is substantially equal to or less than the mobility of the
      displacing fluid slug.
PAR  Various materials have been proposed for use as thickening agents or
      mobility control agents to increase the viscosity of the flood water. Such
      materials include fatty acid soaps, alginates, sucrose, dextran, amines,
      glycerine, and a number of water-soluble polymers. The materials which
      have been found commercially satisfactory fall into two general
      categories, the first being the natural polymers such as polysaccharides
      with the second being a class of polyacrylamides, specifically partially
      hydrolyzed polyacrylamides. Commercially available thickeners falling
      within the foregoing groups include a material sold by Kelco Industries
      under the name of "Kelzan XC," a polysaccharide, and materials sold by Dow
      Chemical under the name "Pusher," a partially hydrolyzed polyacrylamide.
      While these materials are effective in thickening the aqueous flood and
      decreasing the mobility thereof, they have certain serious drawbacks,
      particularly when utilized to drive a microemulsion slug and in waterflood
      applications.
PAR  For example, the polysaccharides, while showing sufficient thickening
      characteristics, have the disadvantage of poor filtration characteristics;
      particularly in saline water. The polyacrylamide materials are also
      disadvantageous in that they show permanent shear degradation effects even
      at low shear rates. Materials of the foregoing types, cannot be
      advantageously employed as driving fluids for microemulsion slugs since
      both types of material show very poor phase behavior with microemulsions,
      the microemulsions quickly breaking down into multiphase systems, thereby
      shortening the efficient miscible displacement of single phase
      microemulsions. Accordingly, the art has long sought a drive fluid which
      can be effectively employed with all typically employed displacing fluids
      which eliminates the disadvantages of the materials proposed heretofore.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered in accordance with the present invention that the
      foregoing disadvantages can be eliminated and an improved process for
      recovering crude oil can be provided in one embodiment by injecting into
      the formation at least one displacing fluid and driving such displacing
      fluid through the formation by means of an aqueous driving fluid
      comprising a thickened, transparent, aqueous solution of a water-soluble
      sulfated, polyethoxylated C.sub.10 -C.sub.18 alcohol, e.g., primary
      alcohol or alkyl phenol. In this regard it has been discovered that the
      use of such driving fluid eliminates the fingering and degradation
      disadvantages and demonstrates good phase behavior, particularly when
      driving a microemulsion slug through the subterranean formation. Still
      further, it has been discovered that the use of the specific materials
      enumerated above and illustrated hereinbelow provides a thickening effect
      at least comparable in cost per centipoise to the materials commercially
      available thus providing an economical drive fluid. Accordingly through
      the foregoing an advantageous process for the recovery of crude oil from a
      subterranean formation has been developed, such process being particularly
      applicable in secondary and tertiary recovery.
PAR  In a further embodiment of the present invention an improved waterflood is
      provided by utilization of a thickened, transparent, aqueous solution of a
      water-soluble, sulfated polyethoxylated C.sub.10 -C.sub.18 alcohol, e.g.,
      primary alcohol or alkylated phenol, ahead of the waterflood thereby
      increasing the sweep efficiency of the waterflood and increasing oil
      production, not by surfactant action but through the provision of a more
      favorable mobility and sweep of the reservoir.
PAR  Therefore it is a primary object of the present invention to provide a
      process for the recovery of crude oil from a subterranean formation
      wherein a displacing fluid is injected into the formation through at least
      one injection means and the displacing fluid is driven through the
      formation by means of a drive fluid, wherein such process eliminates the
      inherent disadvantages and deficiencies of previously proposed processes.
PAR  It is a further object of the present invention to provide an improved
      process for the recovery of oil from a subterranean formation by injecting
      into such formation at least one displacing fluid and driving the
      displacing fluid through the formation by means of a driving fluid
      comprising a thickened, transparent, aqueous solution of a water-soluble
      sulfated, polyethoxylated C.sub.10 -C.sub.18 primary alcohol or alkylated
      phenol.
PAR  It is yet a further object of the present invention to provide such
      improved process for the recovery of crude oil from a subterranean
      formation wherein the driving fluid comprises a thickened, transparent,
      aqueous solution of a water-soluble, sulfated, polyethoxylated C.sub.10
      -C.sub.18 primary alcohol or alkylated phenol, in an amount sufficient to
      reduce the mobility of the driving fluid and increase the production of
      the crude oil.
PAR  It is yet a further object of the present invention to provide such process
      in which the displacing fluid is a microemulsion slug and the poor phase
      behavior associated with conventional driving fluids is eliminated by use
      of a driving fluid comprising a thickened transparent aqueous solution of
      a water-soluble, sulfated polyethoxylated C.sub.10-18 primary alcohol or
      alkylated phenol.
PAR  It is yet a further object of the present invention to provide an improved
      waterflood process in which the sweep efficiency of the waterflood is
      improved through the injection of a slug of an aqueous solution of a
      water-soluble sulfated polyethoxylated C.sub.10 -C.sub.18 primary alcohol
      or alkylated phenol ahead of the waterflood.
PAR  Still further objects and advantages of the process of the present
      invention will be apparent from the following more detailed description
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a ternary diagram of a microemulsion system illustrating superior
      phase behavior associated with the water-soluble, sulfated polyethoxylated
      alcohols of the present invention when compared with commercially
      available thickeners; and
PAR  FIG. 2 is a plot of viscosity versus concentration illustrating the
      viscosity increase effect in accordance with the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The process of the present invention is applicable to all phases of crude
      oil recovery; however, the process is particularly adapted for secondary
      and tertiary recovery. Accordingly, the description hereinabove and the
      description which follows is presented to embrace not only secondary and
      tertiary recovery of oil but any and all waterflooding processes and
      processes in which a driving fluid is utilized to drive a displacing fluid
      which is injected into the formation through at least one injection means
      and which displaces crude oil toward at least one production means.
PAR  One embodiment of the process is applicable to driving any and all slugs
      which are introduced into the formation for the purpose of displacing
      crude oil. Accordingly, the process of the present invention finds
      application in driving aqueous surfactant slugs which, as previously
      indicated, optionally contain an amphiphilic material of low water
      solubility so as to enhance the displacement associated with the
      employment of the aqueous surfactant system. Still further the process
      finds application in those recovery techniques in which a slug of a
      miscible solvent is employed to provide a miscible displacement of the
      crude oil within the formation. As indicated above however the process of
      the present invention has particular applicability in driving a slug of
      microemulsion since an advantageous characteristic of the present
      invention, not associated with previously employed systems, involves the
      unexpectedly superior phase behavior associated with the specific
      materials of the present invention and microemulsion slugs.
PAR  The displacing fluids applicable in accordance with the present invention
      are well known in connection with techniques for recovering crude oil. For
      example surfactants employed in the aqueous surfactant system can be any
      of the anionic, nonionic, or cationic types as well as mixtures thereof.
      Similarly the miscible displacement fluids are generally comprised of
      semipolar, organic compounds such as alcohols, ketones, esters, etc.
      and/or hydrocarbons as well as other known agents miscible with the
      formation crude, with the microemulsions being stable, transparent or
      translucent micellar solutions of oil, water, and surfactant, optionally
      containing one or more electrolytes and/or cosurfactants. Any type of
      microemulsion is applicable, it being noted that two of the criteria for
      successful microemulsion flooding are a minimization of the multiphase
      region and low interfacial tension in the multiphase region eventually
      reached by breakdown of the single-phase microemulsion by dilution with
      formation water, oil, and drive fluid thereby turning effective miscible
      displacement into the less effective immiscible displacement. Again any
      displacing fluid which can be utilized for displacing and recovering crude
      oil can be advantageously employed in the process of the present
      invention.
PAR  Generally, the displacing fluid viscosity is controlled so as to eliminate
      an undesirable "fingering" of the displacing fluid through the formation.
      Likewise, to achieve the objects and advantages of the present invention,
      the viscosity of the driving fluid utilized to drive the displacing fluid
      slug or slugs through the formation, should be substantially equal to or
      greater than that of the displacing fluid so as to eliminate unwarranted
      fingering effects. These objects and advantages are achieved by employing
      in the driving fluid a water-soluble, sulfated, polyethoxylated C.sub.10
      -C.sub.18 alcohol or alkyl phenol which provides a transparent,
      single-phase, aqueous driving fluid which can effectively promote crude
      oil recovery by allowing the displacing fluid to displace the crude oil
      without any of the disadvantages inherent in systems previously utilized.
PAR  The materials utilized to effectively reduce water mobility behind
      displacing fluid slugs are water-soluble, sulfated, polyethoxylated
      C.sub.10 -C.sub.18 alcohols, more specifically water-soluble, sulfated,
      polyethoxylated C.sub.10 -C.sub.18 primary alcohols and alkyl phenols.
PAR  Typical ethoxylated alcohols are available commercially from Shell Chemical
      Company under the trade name "Neodol" or from Conoco under the name
      "Alfol" and others. A typical "Neodol" identified as Neodol 23-6.5 which
      is a mixture of C.sub.12 -C.sub.13 alcohol having an average of 6.5 (EO)
      ethoxylate groups has the properties shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Detergent alcohol    C.sub.12 -C.sub.13                                   
      carbon number range                                                      
     Melting Range, .degree.C.                                                 
                          11-15                                                
     Color, APHA (Pt-Co)  40                                                   
     Specific Gravity,                                                         
      50/25.degree.C.     0.963                                                
     Flash Point,                                                              
      Cleveland Open Cup, .degree.F.                                           
                          410                                                  
     Fire Point,                                                               
      Cleveland Open Cup, .degree.C.                                           
                          445                                                  
     Cloud Point,                                                              
      1% solution, .degree.C.                                                  
                          45                                                   
     Hydroxyl number,                                                          
      mg. KOH/gm.         116                                                  
     Water (Karl Fischer),                                                     
      percent weight      0.3                                                  
     Acid value, eq./100 g.                                                    
                          Less than 0.001                                      
     Odor                 Mild                                                 
     ______________________________________                                    
PAR  Other typical ethoxylated alcohols are shown in Table 2 and have the
      following properties where EO is --CH.sub.2 CH.sub.2 O-- radical.
TBL                TABLE 2                                                     
     ______________________________________                                    
               Ethoxylates                                                     
                 C.sub.12 -C.sub.15                                            
                            C.sub.12 -C.sub.15                                 
                                       C.sub.12 -C.sub.15                      
     Analyses    3 EO       7.5 EO     9 EO                                    
     ______________________________________                                    
     Ash, percent                                                              
                 0.2 max    0.01 max   0.01 max                                
     Color, APHA 100 max     75 max     75 max                                 
     pH, 1% Solution                                                           
                 5.5-6.5    Within 0.5 Within 0.5                              
                            water used water used                              
     Acid value, 0.004 max  0.0003 max 0.0003 max                              
     eg./100 g.                                                                
     ______________________________________                                    
PAR  Conoco "Alfol" alcohols such as "Alfonic" 1012-6 or 1218-6 have the
      structural formula:
EQU  CH.sub.3 --(CH.sub.2).sub.x --CH.sub.2 --(OCH.sub.2 CH.sub.2).sub.n --OH
PAL  where x is 8-16 and n = 5.8.
PAR  Thus, Alfonic 1012-6 is a C.sub.10-12 primary alcohol containing six
      ethylene oxide units and 1218-6 is a C.sub.12-18 primary alcohol
      containing six ethylene oxide units.
PAR  The ethoxylated alcohols can be easily sulfated by reacting the ethoxylated
      alcohol with chlorosulfonic acid or any other conventional sulfating
      agent. Sulfated ethoxylated alcohols are also commercially available
      materials, for example, by Shell Chemical Company under the trade name
      Neodol 23-3A having the following formula:
EQU  C.sub.12-13 O(CH.sub.2 CH.sub.2 O).sub.3 SO.sub.3 NH.sub.4
PAL  and Neodo 25-3S having the following formula:
EQU  C.sub.12-15 O(CH.sub.2 CH.sub.2 O).sub.3 --SO.sub.3 Na
PAL  The foregoing sulfated, ethoxylated alcohols have the following properties:
TBL                TABLE 3                                                     
     ______________________________________                                    
     Typical Physical and Chemical Properties                                  
     of Neodols                                                                
                       Neodol Ethoxysulfates                                   
     Analyses           23-3A     25-3S                                        
     ______________________________________                                    
     Molecular weight   423       441                                          
     Active content,                                                           
      percent weight    59        59                                           
     EO content,                                                               
      percent weight    31.2      29.8                                         
     Color, APHA                                                               
      (Klett Color)     35        35                                           
     Specific gravity,                                                         
      25/25.degree.C    1.01      1.02                                         
     Ethanol, percent wt.                                                      
                        14        14                                           
     Unsulfated organic                                                        
      matter,                                                                  
      percent weight    2.5       2.5                                          
     Inorganic salt,                                                           
      percent weight    1.0       1.0                                          
     Odor               Mild      Mild                                         
     pH                 7.3       7.7                                          
     ______________________________________                                    
PAR  Other anionic, sulfated, ethoxylated alcohols are available from Union
      Carbide under the trade name "Tergitol S," which have the properties shown
      in Table 4.
TBL                TABLE 4                                                     
     ______________________________________                                    
                      Tergitol Anionic.sup.1                                   
     Property           15-S-3A.sup.2                                          
                                   15-S-3S.sup.3                               
     ______________________________________                                    
     Alkyl carbon range C.sub.11 -C.sub.15                                     
                                   C.sub.11 -C.sub.15                          
     Average moles of                                                          
      ethylene oxide    3          3                                           
     Active content,                                                           
      percent by weight 435        440                                         
     Color platinum-cobalt                                                     
                        60.sup.4   60.sup.4                                    
     Odor               Mild and characteristic                                
     Pour Point, .degree.F                                                     
                        -33        -49                                         
     pH, 1.0% aqueous solution                                                 
      at 77.degree.F    6.5-7.5.sup.5                                          
                                   8.0-10.0.sup.5                              
     Solubility in water at 77.degree.F                                        
                        Soluble    Soluble                                     
     Apparent specific gravity                                                 
      at 25/25.degree.C 1.039      1.057                                       
     Pounds per gallon at 68.degree.F                                          
                        8.65       8.80                                        
     Viscosity, cks:                                                           
      At 68.degree.F    43         49                                          
      At 104.degree.F   22         23                                          
     Flash point, .degree.F,                                                   
      Cleveland Open Cup                                                       
      (ASTM Method D 92)                                                       
                        195        172.sup.6                                   
     ______________________________________                                    
      .sup.1 Composition: ethoxysulfate                                        
      .sup.2 Cation: ammonium                                                  
      .sup.3 Cation: sodium                                                    
      .sup.4 10 percent solution in water; Klett-Summerson units               
      .sup.5 Determined on a 2% aqueous solution                               
      .sup.6 Determined by ASTM Method D 1310 using Tag open cup               
PAR  Any and all of the foregoing water-soluble, sulfated, polyethoxylated
      alcohols can be employed in accordance with the present invention, the
      alcohols being primary alcohols or alkyl phenols. In this regard
      ethoxylated materials such as polyethoxylated alkyl phenols, specifically
      octyl and nonyl phenols, are commercially available under the trade name
      "Triton X-100." Similarly the well known sulfated polyoxyalkylated
      glycols, esters, and ethers may be employed to increase the viscosity of
      the aqueous flood and to reduce water mobility behind aqueous surfactant,
      microemulsion and miscible slugs, etc.
PAR  In the preferred embodiment of the present invention, the watersoluble,
      sulfated, polyethoxylated C.sub.10 -C.sub.18 alcohol is a sodium sulfate
      of a polyethoxylated C.sub.10 -C.sub.18 primary alcohol with the product
      sold under the name "Neodol 25-3S" being a representative example. This
      material is one in which an average of three ethylene oxide groups are
      attached to the molecule. Of course, greater or lesser amounts of ethylene
      oxide can be attached and the present invention finds application in the
      use of those watersoluble, sulfated materials which contain from 1 to
      about 100 moles and preferably 1 to about 10 moles of ethylene oxide per
      mole of compound. Still further, those sulfates which have from 10 to 18
      carbon atoms are applicable with those from 12 to 15 carbon atoms being
      most preferred. In this regard it has been discovered that the selection
      of any particular material for any specific use can be easily determined
      through routine experimentation. By changing the carbon content and/or
      ethylene oxide content based upon the salinity of the aqueous flood, it is
      possible to achieve optimum viscosity and optimum mobility for the aqueous
      flood behind the displacing fluid slug. Thus, it has been discovered that
      to accommodate a higher salinity it is merely necessary to increase the
      ethylene oxide content or decrease the carbon chain length within the
      limits set forth above. Again, the selection of any particular material
      within the foregoing limits to achieve the objects and advantages of the
      present invention can be easily carried out.
PAR  The selection of materials for use in secondary and tertiary recovery is
      always governed by economics since the value of recovered crude oil must
      be greater than the cost of materials utilized. Accordingly, the cost of
      materials is a factor which must be seriously considered in the
      development of any process for the displacement of crude oil and recovery
      of the same through secondary and tertiary techniques. The process of the
      present invention compares favorably with the commercially available
      materials and processes since it has been determined that the cost per
      centipoise of the water-soluble, sulfated, polyethoxylated alcohol
      employed in accordance with the present invention is no greater than that
      of the commercially available products.
PAR  An adequate increase in viscosity and associated decrease in mobility of
      the aqueous flood behind the displacing fluid slug can be achieved by
      utilizing up to about 1.5% of the water-soluble, sulfated, polyethoxylated
      alcohol or alkyl phenol based on the weight of the aqueous flood. No lower
      limit for the amount of the sulfate exists and in actuality it should be
      the smallest amount possible governed by the results which provide the
      desired increase in viscosity and the desired decrease in mobility.
      Although the maximum of 1.5% is set forth above, it should be recognized
      that this upper limit is for economic reasons primarily and the
      water-soluble, sulfated, polyethoxylated alcohol can be employed in
      slightly greater amounts to achieve specific results.
PAR  The drive fluid employed in accordance with the present invention is a
      transparent, aqueous solution of the water-soluble, sulfated,
      polyethoxylated alcohol or alkyl phenol. In this regard it is important
      that a multiphase system not be present but that a transparent,
      single-phase, aqueous solution be utilized as the drive fluid. Moreover,
      since the water-soluble, sulfated, polyethoxylated alcohol or alkyl phenol
      is not subject to limitations based upon salinity, the salinity can vary
      within wide limits. In this regard the process of the present invention
      finds particular applicability in high salinity environments, i.e.,
      salinities of 2% or more, where other conventionally utilized materials
      encounter difficulties when used. Moreover, since the water-soluble,
      sulfated polyethoxylated alcohol or alkyl phenol is compatible with the
      ions normally present in the formation, the presence of divalent calcium
      and magnesium ions does not adversely affect the objects and advantages
      which are achieved through the use of the drive fluid in the process of
      the present invention. Similarly, problems of poor filtration and
      degradation are completely avoided.
PAR  It should be apparent that the percent formation pore volume of displacing
      fluid utilized in the process of the present invention depends among other
      factors, upon the crude oil, the formation, and the type of displacing
      fluid slug utilized. While the above is true, in general practice the
      displacing fluid slug is employed in an amount from about 1% to about 40%
      or more formation pore volume to displace the crude oil. Also, the pore
      volume of the driving fluid is not subject to any particular limitations
      and amounts less than, equal to, or greater than 100% pore volume can be
      advantageously employed. The drive fluid is employed in an amount
      sufficient to drive the displacing fluid through the formation, thereby
      displacing the crude oil and driving the same toward the production means.
      Volumes typical in the environment of the present invention, e.g. from
      about 10% to about 60% PV or more, can be used without limitation.
PAR  In the typical embodiment employing the process of the present invention
      one or more displacing fluid slugs is injected into the subterranean
      formation through one or more injection wells spaced apart from one or
      more production wells. The displacing fluid slugs are driven by injecting
      the aqueous flood drive fluid containing the water-soluble, sulfated,
      polyethoxylated alcohol or alkyl phenol in accordance with the present
      invention. The displacing fluid slugs displace the crude oil toward the
      production wells wherein the crude oil is withdrawn to the surface of the
      earth. Accordingly, in the preferred embodiment of the present invention
      one or more injection wells are in communication with one or more
      production wells through the subterranean formation. While this is the
      case, it should be readily apparent that the process of the present
      invention is also applicable to a system wherein the same well acts both
      as the injection well and production well in a "push-pull" type of
      operation. Accordingly, the description set forth above is deemed to
      embrace this type of operation as well as the conventional operation
      employing one or more injection wells spaced from one or more production
      wells.
PAR  As indicated previously, the process of the present invention finds great
      application with regard to driving a microemulsion slug employed in
      secondary or tertiary crude oil recovery. The application of the process
      of the present invention to the foregoing environment is based upon the
      fact that the transparent, aqueous drive solution shows a favorable phase
      behavior with the microemulsion slug. In this respect previous drive
      solutions containing natural and synthetic polymeric thickeners have been
      unsatisfactory with respect to microemulsion slugs since the phase
      behavior is quite poor and the microemulsion readily breaks down to a
      multiphase system in the presence of the thickening agent. Reference to
      FIG. 1 will readily explain the unexpected superiority of the drive
      solution containing the water-soluble, sulfated, polyethoxylated alcohol
      when compared with conventionally employed thickeners such as
      polysaccharides or partially hydrolyzed polyacrylamides.
PAR  In FIG. 1 four curves are set forth in order to compare the phase behavior
      of the water-soluble, sulfated polyethoxylated alcohol of the present
      invention with respect to microemulsions and the phase behavior of the
      commercially available Kelzan XC and Dow Pusher. It should be noted in
      reference to FIG. 1 that the ability of a microemulsion to effectively
      displace crude oil in a subterranean formation is dependent upon a
      minimization of the multiphase region and a low interfacial tension in
      this region since in the single phase region the displacement of the crude
      oil is miscible and substantially all of the oil can be recovered and upon
      breakdown of the microemulsion into the multiphase region, the
      displacement of the crude oil becomes immiscible and a portion of the oil
      remains trapped in the pores of the subterranean formation. Accordingly,
      for a drive fluid to be effective, the same must not only possess the
      appropriate mobility ratio with the microemulsion slug, but in addition
      the phase behavior of the microemulsion in the presence of the drive fluid
      must be such that breakdown of the single phase microemulsion into the
      multiphase region must not be accelerated.
PAR  Turning to FIG. 1, curve A represents the binodal curve developed for a
      water-oil-surfactant system wherein the water is high salinity Tar Springs
      Brine (approximately 100,000 ppm dissolved solids). The oil was a 90/10
      Isopar-M/Heavy Aromatic Naphtha (HAN) mixture, Isopar-M and Heavy Aromatic
      Naphtha being tradenames for refined paraffinic and aromatic oils
      respectively sold by Exxon Company, U.S.A. and the surfactant was an 86.2%
      active mixture of a monoethanolamine C.sub.12 orthoxylene sulfonate and a
      sulfate of a C.sub.18 phenol containing approximately 13 moles of ethylene
      oxide, the sulfate being present in the surfactant system to provide
      increased brine tolerance for the monoethanolamine C.sub.12 orthoxylene
      sulfonate so as to allow an effective comparison of the thickeners in the
      high salinity Tar Springs Brine. For purpose of reference it is noted that
      with regard to the binodal curve representing this control example without
      any added thickener, the area above binodal curve A represents the single
      phase region with the area below the binodal curve representing the
      multiphase region. For purposes of an effective microemulsion flooding
      procedure minimization of the multiphase region is desired so that
      miscible displacement of the crude oil can take place for a longer period
      of time.
PAR  Binodal curve B represents an embodiment within the scope of the present
      invention wherein the Tar Springs Brine contains 1.5% of a water-soluble,
      sulfated polyethoxylated alcohol, in this case a sulfate of a C.sub.14
      alcohol containing approximately 4.7 moles of ethylene oxide. The
      water-soluble, sulfated, polyethoxylated alcohol was employed in the Tar
      Springs Brine in an amount of 1.5%. It is noted when comparing Binodal
      curve B with Binodal curve A that when utilizing this water thickener the
      area of the ternary diagram below the binodal curve, i.e., the multiphase
      region, has in fact been reduced. This therefore illustrates the effective
      phase behavior associated with the water-soluble, sulfated,
      polyethoxylated alcohol of the present invention when employed in
      combination with the microemulsion.
PAR  Curve C represents the binodal curve for an embodiment outside the scope of
      the present invention utilizing 750 ppm Kelzan XC in the Tar Springs
      Brine. It can be observed that the multiphase region in the ternary
      diagram has been greatly increased and in fact an area exists in which the
      single phase region could not be observed (denoted with dotted lines).
      This feature associated with the binodal curve when Kelzan XC is employed
      in the brine and the increase in the multiphase region of the ternary
      diagram with the resulting decrease in the single phase region indicate
      the poor phase behavior of the Kelzan XC with the microemulsion and
      indicates that an early breakdown of a microemulsion into the multiphase
      region will occur when Kelzan XC is employed as a thickening agent or
      mobility control agent in a drive fluid. Accordingly, binodal curve C
      illustrates the disadvantageous characteristics of Kelzan XC in the
      environment of the present invention, specifically in connection with the
      employment of microemulsions in the recovery of crude oil.
PAR  The last curve in the FIGURE, curve D, represents the binodal curve wherein
      750 ppm Dow Pusher was introduced into the Tar Springs Brine. Here again,
      as was the case with regard to curve C, it is noted that the area below
      the binodal curve, i.e., the multiphase region, is greatly increased with
      the corresponding decrease in the single phase region and a similar area
      exists in which the single phase region cannot be appropriately
      identified. This therefore establishes the poor phase behavior associated
      with Dow Pusher and microemulsion systems such that the microemulsion
      would tend to break down earlier into the multiphase region in the
      presence of the Dow Pusher thereby illustrating the ineffectiveness of
      this thickener or mobility control agent in a drive fluid associated with
      microemulsions utilized for the recovery of crude oil.
PAR  It is noted that the compositions utilized to prepare binodal curves C and
      D contained the Kelzan XC and Dow Pusher in amounts less than
      water-soluble sulfated, polyethoxylated alcohol utilized in the
      composition in the preparation of binodal curve B. The use of even greater
      amounts of the Kelzan XC and Dow Pusher will produce even further adverse
      effects such that a true comparison between the thickener or mobility
      control agent of the present invention and those of the prior art is made
      through the foregoing. However, as indicated previously, due to the lower
      cost of the water-soluble, sulfated, polyethoxylated alcohols when
      compared with conventionally employed thickeners or mobility control
      agents, the thickening effect achieved in accordance with the present
      invention on a cost per centipoise basis is equivalent to the
      conventionally employed thickeners. Accordingly, the improved phase
      behavior associated with the water-soluble, sulfated, polyethoxylated
      alcohols or alkyl phenols of the present invention when compared with the
      conventionally employed materials is an advantage which illustrates the
      superiority of the present invention over the use of commercially
      available materials.
PAR  While the foregoing discussion deals primarily with the employment of the
      aqueous solution of the water-soluble, sulfated, polyethoxylated C.sub.10
      -C.sub.18 alcohol, e.g., primary alcohol or alkylated phenol, as a driving
      fluid to drive a displacing fluid through a subterranean formation, a
      further embodiment of the present invention, an improved waterflood, is
      provided by utilizing a thickened, transparent, aqueous solution of a
      water-soluble, sulfated, polyethoxylated C.sub.10 -C.sub.18 alcohol ahead
      of the waterflood, thereby increasing the sweep efficiency of the
      waterflood, increasing oil production not by surfactant action but through
      the provision of a more favorable mobility and sweep of the reservoir.
      When utilized in this manner, the thickened, transparent, aqueous solution
      will be injected into the subterranean formation as a slug prior to the
      waterflood, thereby increasing the oil production which can be achieved
      through the waterflooding operation. Generally the volume of the injected
      slug of thickened, transparent, aqueous solution will be from about 10% to
      60% pore volume with the waterflood being injected in greater amounts to
      recover the crude oil trapped within the subterranean formation.
      Accordingly, the utilization of the thickened, transparent, aqueous
      solution of the water-soluble, sulfated, polyethoxylated C.sub.10
      -C.sub.18 alcohol in this environment constitutes a further improvement
      associated with the present invention.
PAR  The method of the present invention will now be described by reference to
      the following examples. It is to be understood that such examples are
      presented for purposes of illustration only and the present invention
      cannot under any circumstances be deemed limited thereby.
PAC  EXAMPLE 1
PAR  This example was conducted in order to demonstrate the viscosity increasing
      ability of various water-soluble, sulfated, polyethoxylated alcohols
      within the scope of the present invention. In this experiment the
      viscosity of solutions of the water-soluble, sulfated, polyethoxylated
      alcohols was investigated as a function of surfactant concentration and
      structure, with each viscosity being determined in a capillary viscometer
      at 100.degree.F using 100% Tar Springs Brine as the dispersing medium. The
      compounds investigated were as follows:
EQU  C.sub.12 --O--(EO).sub.3.6 SO.sub.3.sup.-
EQU  C.sub.12 --O--(EO).sub.3.8 SO.sub.3.sup.-
EQU  C.sub.12 --O--(EO).sub.2.0 SO.sub.3.sup.-
EQU  C.sub.18 --O--(EO).sub.3.4 SO.sub.3.sup.-
EQU  (C.sub.12 -C.sub.15) --O--(EO).sub.3.0 SO.sub.3.sup.-
PAR  fig. 2 plots the viscosity in centipoise versus the concentration of
      surfactant in weight percent. It can be seen from FIG. 2 that all of the
      water-soluble, sulfated, polyethoxylated alcohols enumerated above showed
      a substantial viscosity increasing ability in the high salinity brine.
      Based upon the low cost of the water-soluble, sulfated, polyethoxylated
      alcohols it can be determined from the viscosity increase data above that
      a viscosity increase in cost per centipoise of the water-soluble,
      sulfated, polyethoxylated alcohols is at least equivalent to the
      commercially available Kelzan XC and Dow Pusher.
PAC  COMPARATIVE EXAMPLE 1 and EXAMPLE 2
PAR  The effectiveness of the water-soluble, sulfated polyethoxylated, alcohol
      in a driving fluid to drive a high salinity microemulsion when compared
      with a similar driving fluid containing Kelzan XC can be readily seen in
      this Comparative Example 1 and Example 2 carried out in accordance with
      the present invention.
PAR  The microemulsion employed was one comprising 40.4% Tar Springs Brine,
      47.0% of an oil, a 90/10 Isopar-M/HAN mixture, 4.1% of the surfactant
      monoethanolamine C.sub.12 orthoxylene sulfonate, 5.1% of an ethoxylated
      alkyl phenol sulfate having a chain of 18 carbon atoms and an average of
      13.2 moles of ethylene oxide, the ethoxylated sulfate being employed to
      increase the brine tolerance of the monoethanolamine C.sub.12 orthoxylene
      sulfonate surfactant, and 3.4% isopropyl alcohol to reduce the viscosity
      of the microemulsion.
PAR  A 10% PV bank of the foregoing microemulsion was injected into a 4' long
      Berea core containing residual Loudon crude oil (an oil from the Loudon
      Field Illinois) with the microemulsion being driven by a 1,000 ppm
      solution of Kelzan XC in Tar Springs Brine for comparative purposes.
      Severe core plugging was experienced making the microemulsion flooding
      process unsatisfactory. From the flooding test it was determined that when
      the microemulsion was diluted with the Tar Springs Brine in the presence
      of the Kelzan XC, a quite viscous material arose at the multiphase
      boundary and the multiphase region was encountered almost immediately, the
      viscosity of the material being much higher than that observed with the
      brine alone. It is this encountering of the multiphase region almost
      immediately which eliminates the effectiveness of the microemulsion
      flooding process in that the miscible displacement of the crude oil occurs
      only with the microemulsion being in the single phase region. Accordingly,
      it can be concluded from this comparative experiment that the Kelzan XC
      shows poor phase characteristics with the microemulsion.
PAR  In comparison with the above an example was carried out in accordance with
      the present invention in which a 10% PV bank of the same microemulsion
      composition was followed by 8,000 ppm Neodol 25-3S in Tar Springs Brine.
      As a result of such procedure, almost 90% of the crude oil was recovered
      and when the oil present in the microemulsion phases was accounted for the
      total recovery amounted to 100% of the crude oil and more than half of the
      oil injected in the slug. Since no actual formation of two or more phases
      was observed with the Neodol 25-3S in the Tar Springs Brine in association
      with the microemulsion, it is concluded that the excellent phase behavior
      attributed to the water-soluble, sulfated, polyethoxylated alcohol in
      conjunction with the microemulsion provides for the effective recovery of
      the crude oil.
PAR  Still further, when Tar Springs Brine alone followed a 5% PV bank of the
      same microemulsion above, the maximum pressure exceeded 35 psi and no
      appreciable surfactant was produced. When the Neodol 25-3S was present in
      the Tar Springs Brine following the 5% PV slug of the microemulsion,
      however, a maximum pressure of 4.9 psi was observed and surfactant was
      produced. Also, a lower final oil saturation was achieved in the case of
      employing the water-soluble, sulfated, polyethoxylated alcohol in the
      drive fluid when compared to the case of its absence. This therefore
      establishes the effectiveness of the water-soluble, sulfated,
      polyethoxylated alcohol to release entrapped surfactants thereby improving
      recovery results.
PAR  While the present invention has been described primarily with regard to the
      foregoing specific exemplification, it should be understood that the
      present invention cannot under any circumstances be deemed limited thereto
      but rather must be construed as broadly as all or any equivalents thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of recovering crude oil from a subterranean formation by a
      waterflooding process, the improvement wherein the waterflood is preceded
      by injection into said formation of a slug of a transparent, aqueous
      solution of a water-soluble, sulfated, polyethoxylated alcohol, said
      aqueous solution being substantially free of any other thickening agent
      and any other surface active agent.
NUM  2.
PAR  2. The method of claim 1 wherein said sulfated, polyethoxylated alcohol is
      a sulfated, polyethoxylated C.sub.10-18 primary alcohol or alkylphenol.
NUM  3.
PAR  3. The method of claim 2 wherein said sulfated, polyethoxylated alcohol is
      a sulfated, polyethoxylated C.sub.12-15 primary alcohol.
NUM  4.
PAR  4. A method of recovering crude oil from a subterranean formation having at
      least one injection means in fluid communication with at least one
      production means which comprises:
PA1  injecting into said formation through said injection means a slug of a
      transparent, aqueous solution of a water-soluble, sulfated,
      polyethoxylated alcohol, said aqueous solution being substantially free of
      any other thickening agent and any other surface active agent;
PA1  subsequently injecting into said formation through said injection means a
      waterflood; and
PA1  recovering crude oil through said production means.
NUM  5.
PAR  5. The method of claim 4 wherein said sulfated, polyethoxylated alcohol is
      a sulfated, polyethoxylated C.sub.10-18 primary alcohol or alkylphenol.
NUM  6.
PAR  6. The method of claim 5 wherein said sulfated, polyethoxylated alcohol is
      a sulfated, polyethoxylated C.sub.12-15 primary alcohol.
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ABST
PAL  The production of hydrocarbons from a subterranean hydrocarbon-bearing
      formation containing acid-soluble components, such as one composed at
      least in part of dolomite or limestone, is stimulated by injecting into
      the formation a composition comprising an aqueous solution of a mineral
      acid having dissolved therein a compound hereinafter described. The
      elimination of plugging of capillary openings within the formation and
      mineral scale deposition on production equipment due to post-precipitation
      of dissolved salts subsequent to acidization by means of the said compound
      results in a substantial improvement in hydrocarbon recovery.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method for stimulating the production of fluids
      from earthen formations. More particularly, this invention relates to a
      method in which the productivity of a hydrocarbon-bearing formation
      containing acid-soluble components and with or without water-sensitive
      clays or shales is improved upon treatment of the formation with an
      aqueous solution of a mineral acid and a compound as hereinafter
      described, said compound effecting the elimination of plugging of
      capillary openings due to post-precipitation of dissolved salts subsequent
      to the acidization as well as effecting elimination of mineral scale on
      production equipment such as pumps, tubing, etc., caused by such
      precipitation.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The technique of increasing the permeability of a subterranean
      hydrocarbon-bearing formation and of removing obstructing acid-soluble
      mineral scale for the purpose of stimulating the production of fluids
      therefrom has long been practiced in the art. One such method commonly
      employed is known as acidizing which is widely utilized in treating
      subsurface acid-soluble geological formations, e.g., limestone, dolomite,
      etc. The technique is not limited to application in formations of high
      acid solubility. Sandstone and gypsum-containing formations may require
      acidization if the produced water is unstable with respect to CaCO.sub.3.
      In the usual wellacidizing procedure, a non-oxidizing mineral acid is
      introduced into the well and under sufficient pressure is forced into the
      adjacent subterranean formation where it reacts with formation components,
      and deposited mineral scale, particularly the carbonates such as calcium
      carbonate, magnesium carbonate, etc., to form the respective salt of the
      acid, carbon dioxide and water. The usual mineral acid employed in such
      acidization procedures is hydrochloric acid.
PAR  During the acidizing process passageways for fluid flow are created or
      existing passageways therein are enlarged thus stimulating the production
      of oil, water, brines and various gases. If desired, the acidization may
      be carried out at an injection pressure sufficiently great to create
      fractures in the strata or formation which has the desired advantage of
      opening up passageways into the formation along which the acid can travel
      to more remote areas from the well bore. The salt formed upon
      neutralization of the acid is extensively water soluble and is readily
      removed by reverse flow from the formation via the well bore.
PAR  There are, however, troublesome complications attending the use of
      hydrochloric acid or other similar non-oxidizing mineral acids. In the
      acidizing process, the following primary beneficial reaction occurs:
      CaCO.sub.3 + 2HCl.fwdarw. CaCl.sub.2 + H.sub.2 O + CO.sub.2. Under the
      higher pressures required to conduct an acidization, the CO.sub.2 is
      dissolved in the reaction mixture consisting of spent acid and connate
      water: CO.sub.2 + H.sub.2 O.revreaction.H.sub.2 CO.sub.3
      .revreaction.H.sup.+ + HCO.sub.3 .sup.-.revreaction. 2H.sup.+ +
      CO.sub.3.sup.+. . The equilibria may be summarized and written:
      Ca(HCO.sub.3).sub.2 .revreaction.CaCO.sub.3 +
      ##EQU1##
PAR  After acidization is completed, the well is often back-flowed in the case
      of a water injection well (in order to clean out formation and tubing) and
      put back on production in the case of a producing oil or gas well. In both
      cases, pressure diminshes, CO.sub.2 breaks out of solution, inducing
      CaCO.sub.3 to precipitate. Such precipitation, when it occurs within the
      capillaries of a tight formation or on the tubing or annulus as a mineral
      scale, can severely lessen production or injection rate by plugging such
      capillaries or well equipment.
PAR  It is known that molecularly dehydrated polyphosphates are effective in
      retarding CaCO.sub.3 precipitation. These polyphosphates are
      unsatisfactory in the method of the present invention because they undergo
      rapid hydrolysis in the presence of the mineral acid component required in
      the method of the present invention. As a result, the scale inhibiting
      properties of these polyphosphates are destroyed. In addition, one
      hydrolytic reaction product, the phosphate ion (PO.sub.4.sup..sup.- 3),
      can precipitate with calcium .sup.+.sup.2 or barium .sup.+.sup.2 ions
      present in the produced water, causing additional plugging or scale
      deposition, further aggravating the problem. The so-called "glassy"
      phosphates are known scale inhibitors. However, these glassy phosphates
      are unsatisfactory because of their slight solubility in acidic media and
      the tendency to form objectionable hydrolytic reaction products.
PAR  It is also known to employ various organic polymers to prevent the
      precipitation of mineral salts. Many of these polymeric materials are
      unstable in mineral acids. In such acidic media they undergo spontaneous
      depolymerization to an ineffective species. A representative polymeric
      material which undergoes such hydrolysis in the presence of acids is
      polyacrylamide. In addition, this polymer has a further disadvantage in
      that it is unstable in aqueous media at temperatures of about
      250.degree.F. and upwards. Many wells that may be treated by the method of
      the present invention have bottom hole temperatures of
      250.degree.-300.degree.F. or higher.
PAR  The chemically altered natural polymers and natural polymers themselves,
      are effective inhibitors to prevent the precipitation of mineral salts.
      However, some materials such as sodium carboxymethylcellulose precipitate
      or decompose in the presence of mineral acids. Other known sequestering
      agents such as citric or tartaric acids, and/or complexing agents such as
      ethylenediaminetetraacetic acid and its water-soluble salts are known
      inhibitors to prevent the deposition of boiler scale in aqueous media.
      However, such materials are not applicable in the method of the present
      invention because they are not appreciably surface active and do not
      adsorb on the formation face.
PAR  It is therefore, the principal object of the present invention to overcome
      the defects of the prior art in acidizing fluid bearing formations such as
      hydrocarbon-bearing formations, etc., by providing a method of acidization
      employing the novel composition of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention encompasses and includes a method of increasing the
      production of fluids from a subterranean fluid-bearing formation having
      present acid-soluble components comprising injecting down the well bore to
      said formation and therefrom into said formation under a pressure greater
      than the formation pressure an aqueous acidizing composition hereinafter
      more fully described, maintaining said composition in contact with the
      formation strata for a time sufficient for the acid to chemically react
      with the acid-soluble components of the formation and/or acid-soluble
      mineral scale deposited on production equipment, to etch or enlarge
      passageways through the strata and remove the scale and thereby increase
      substantially the flow capacity of the said subterranean formation.
PAR  The novel aqueous acidizing composition of this invention comprises an
      aqueous solution of a non-oxidizing mineral acid, such as hydrochloric or
      sulfuric acid, having dissolved therein a compound hereinafter described.
      The concentration of acid present in the subject composition is such that
      it is capable of reacting with the acid-soluble components of the
      fluid-bearing strata.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE of the drawing graphically illustrates thermal stability of the
      additive of Examples X-XII of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In its broadest embodiment the method of the present invention comprises
      introducing into a subsurface formation containing acid-soluble components
      an aqueous acid solution of a compound hereinafter described, wherein the
      said solution is maintained in contact with the formation for a time
      sufficient to chemically react with the formation and/or acid-soluble
      mineral scale deposited on production equipment so as to increase
      substantially the flow capabilities of the formation and to release carbon
      dioxide concomitantly whereby a beneficial effect due to the mutual
      miscibility of carbon dioxide in the fluid phases is realized as a
      reduction in viscosity and retentive capillary forces, while another
      beneficial effect is realized in the form of increased formation energy,
      due to the pressure generated by the released carbon dioxide.
PAR  An advantage resulting from the employment of the method of this invention
      in acidizing fluid-bearing formations is that the post-precipitation of
      dissolved carbonates is prevented or materially decreased. Such
      post-precipitation occurs because of the nature of the dissolution
      reaction:
EQU  Ca(HCO.sub.3).sub.2 .revreaction.CaCO.sub.3 + H.sub.2 O + CO.sub.2 .uparw..
PAL  when pressure is released so that spent reaction products from the
      acidization process can be removed, carbon dioxide gas can break out of
      solution, causing post-precipitation of calcium carbonate. Such
      post-precipitation occurring within the formation matrix near the bore
      hole can decrease permeability by plugging the formation capillaries,
      particularly those near the well bore, and result in a lower production
      rate. Furthermore, such post-precipitation can occur in the tubing or
      annulus of the well itself and manifest itself as mineral scale, reducing
      their diameter(s) and resulting in a lower production rate.
PAR  The compound useful in preparing the aqueous acidic solution of the present
      invention is a water-soluble sulfonated, ethoxylated alcohol having the
      following general formula
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub.3 .sup.-A.sup.+
PAL  wherein R is an aliphatic hydrocarbon group containing from about 8 to
      about 20 carbon atoms, n is a number from 1 to 10, and A.sup.+ is a
      monovalent cation selected from the group consisting of sodium, potassium
      and ammonium, including mixtures.
PAR  Representative examples of compounds useful in the practice of the
      invention include the sulfonated, ethoxylated octyl, decyl, dodecyl,
      tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
      nonadecyl, and eicosyl alcohols including the branched chain isomers
      thereof. The alcohol can be either a primary or secondary alcohol or a
      mixture of any of these alcohols.
PAR  The ethoxy portion of the alcohol can be, for example, di-, tri-, tetra-,
      penta-, hexa-, octa-, nona-, and deca.
PAR  A particularly preferred group are the C.sub.12 -C.sub.18 primary alcohols
      containing from about 3 to 10 ethoxy groups therein, and especially the
      sodium and ammonium salts of these materials.
PAR  Preferably the aqueous acid composition of this invention is one comprising
      an aqueous solution which may include brine and from about 0.5 to about
      28%, preferably 3 to 15% by weight of a non-oxidizing mineral acid, such
      as hydrochloric acid and which contains therewith between from about 0.005
      to about 2%, preferably from about 0.05 to about 1% by weight of the
      aforesaid compound.
PAR  Generally, the aqueous acidic solution will contain an inhibitor to prevent
      or greatly reduce the corrosive attack of the acid on metal. Any of a wide
      variety of compounds known in the art and employed for this purpose can be
      used, e.g., certain compounds of arsenic, nitrogen or sulfur as described
      by Grebe et al. in U.S. Pat. No. 1,877,504.
PAR  The amount of the inhibitor utilized is not highly critical and it may be
      varied widely. Usually this amount is defined as a small but effective
      amount, e.g., from 0.02% to about 2.0% by weight.
PAR  In carrying out the method of this invention, a solution containing the
      desired amount of the non-oxidizing mineral acid dissolved in water is
      first prepared. An inhibitor to prevent corrosion of acid on the metal
      equipment associated with the well is usually added with mixing in the
      next step. The compound in an amount within the stated concentration range
      is then admixed with the aqueous acid solution. The thus-prepared acid
      solution is forced, usually via a suitable pumping system, down the well
      bore and into contact with the production equipment and formation to be
      treated. As those skilled in the art will readily understand, the pressure
      employed is determined by the nature of the formation, viscosity of the
      fluid, and other operating variables. The acidization method of this
      invention may be carried out at a pressure of sufficient magnitude to
      overcome the weight of the overburden and create fractures in the
      formation. Propping agents, to prop open the fractures as created, for
      example 20 to 60 mesh sand, in accordance with known fracturing
      procedures, may be employed in admixture with the aqueous acidic solution.
      Generally, it is advisable to allow the aqueous acid solution to remain in
      contact with the formation and production equipment until the acid therein
      has been substantially depleted by reaction with the acid-soluble
      components of the formation and the deposited scale. After this, the
      substantially spent treating solution is reversed out of the well, i.e.,
      it is allowed to flow back out or to be pumped out of the formation.
      Further, as those skilled in the art will understand, the concentrations
      of the compound and acid components should be chosen to provide an
      acidizing fluid of the desired rheological properties.
PAR  In the method of this invention, the compound of the composition provides
      means whereby calcium ions with tendencies to precipitate as CaCO.sub.3
      from a supersaturated solution of CaCO.sub.3 or Ca(HCO.sub.3).sub.2 that
      is produced by the reaction of acid component with the formation, or
      previously deposited acid-soluble mineral scale, combine with the compound
      moiety to form a highly stable complex therein so that solid calcium
      carbonate does not precipitate from the spent treating solution. This
      binding up of the aforementioned calcium ions from weakly ionizable
      compounds permits the formed complex to remain dissolved in the treating
      solution and pass through the formation pores and production equipment.
PAR  Further, the compound component of the aqueous acidic solution of the
      invention provides means whereby the nucleation and growth of the solid
      itself is thwarted, so that solid calcium carbonate does not precipitate
      from the spent treating solution.
PAR  Finally, the compound provides means whereby continuous protection against
      post-precipitation of CaCO.sub.3 is obtained for a considerable period of
      time subsequent to treatment due to continuous slow desorption of the
      component from the formation surfaces. In contrast, use of surfactants
      having merely dispersant and suspending properties and not possessing the
      capability of molecularly binding up these produced calcium ions or
      thwarting the nucleation and growth of the solid CaCO.sub.3 will permit
      deposition of calcium carbonate to occur from such treating solution with
      the likelihood of plugging the formation passageways and production
      equipment during subsequent recovery of desirable formation hydrocarbons
      therethrough.
PAR  If desired, one can also add to the aqueous acidic solution containing the
      compound a polymeric material to retard the acid components tending to
      attack the calcareous components of the formation. Suitably, a
      polyvinylpyrrolidone, as more particularly described in U.S. Pat. No.
      3,749,169, issued July 31, 1973, is particularly desirable and the
      disclosure of said patent is herein incorporated by reference.
PAR  Following is a description by way of example of the method of the
      invention.
PAC  EXAMPLE I
PAR  A producing well in East Texas can be treated in the following manner.
PAR  A treating mixture is prepared by mixing 10 barrels of salt water
      containing about 2.6% sodium chloride and 13 barrels of 28% by weight
      aqueous hydrochloric acid. There is added thereto 0.1 barrel of the sodium
      salt of sulfonated, pentaethoxylated mixed C.sub.12 -C.sub.18 alcohols.
PAR  The treating mixture is squeezed into the formation at a rate of about 1/2
      BPM at 450 psig. The shut-in tubing pressure is 450 psig which is bled
      down to zero in a short time. The well can then be returned to production.
PAC  EXAMPLE II
PAR  A treating mixture is prepared from 10 barrels of salt water (2.6% sodium
      chloride) and 9 barrels of 15% by weight aqueous hydrochloric acid
      solution containing 0.2 barrel of the same compound. The aqueous acidic
      solution is injected into the production formation in the manner
      approximating that used in Example I. Thereafter 20 barrels of water are
      used to overflush the treated formation by injection down the tubing,
      followed by injection of 10 barrels of water down the casing. The well is
      then able to be returned to production.
PAC  EXAMPLE III
PAR  The aqueous acidic solution of Example II is injected into another
      producing formation. An overflush of 10 barrels of water is used to force
      the aqueous acidic solution into the formation by injection down the
      tubing. The well is able to be returned to production.
PAC  EXAMPLES IV - XII
PAR  The procedure set forth in Examples I-III above is repeated using
PA0  Iv-vi -- sulfonated, triethoxylated mixed C.sub.12 -C.sub.18 alcohols
      containing 40% dodecyl, 30% tetradecyl, 20% hexadecyl, and about 10%
      octadecyl groups, sodium salt.
PA0  Vii-ix -- sulfonated, triethoxylated mixed C.sub.10 -C.sub.14 alcohols
      containing 80% decyl, 10% dodecyl and 10% tetradecyl groups, sodium salt.
PA0  X-xii -- sulfonated, pentaethoxylated mixed C.sub.10 -C.sub.14 alcohols
      containing 85% decyl, 9% dodecyl, and 6% tetradecyl groups, sodium salt.
PAR  It has been found that the compounds used in the acid solutions of the
      present invention are especially effective in the presence of high calcium
      ion concentrations to 1% by weight or more, and particularly and somewhat
      uniquely in application where high aqueous solution temperatures are
      encountered such as above 100.degree.C. The compounds of the present
      invention are temperature stable and effective as scale inhibitors at
      temperatures up to about 150.degree.C., e.g., 100.degree.-150.degree.C.
PAR  The unusual thermal stability of one of the species of the compounds is
      graphically shown by the accompanying drawing.
PAR  In the drawing the graph is constructed on one cycle semi-logarithmic paper
      having 70 linear divisions along the abscissa.
PAR  These data were obtained using the compound of Examples X-XII.
PAR  At normal operating pH's of 7.5 and 6.3 in deionized water and a
      representative field water, respectively, half lives at 116.degree.C.
      (240.degree.F.) are 57.4 and 33 years. The actual experiments were
      conducted at 400.degree.F., and the half lives extrapolated to
      240.degree.F. It is seen that at pH 6.3 in field water at as high a
      temperature as 204.5.degree.C. (400.degree.F.), a half life of 25 days is
      attained. At a pH of 1, 23% activity remained after 15 days at
      400.degree.F.
PAR  In a separate experiment, the unusual stability of the compound is
      exhibited by the fact that after exposure of an aqueous solution of the
      compound of Examples I-III at 177.degree.C., for 5 days, 93.5% activity
      remained. Furthermore, after 3 hours exposure to 13% sulfuric and at
      177.degree.C., 66% of its activity remained.
PAR  The disclosed compounds may be prepared in the following manner:
PAR  The ethoxylated alcohol is reacted with thionyl chloride for about 18 hours
      at about 100.degree.C., to form the monochloro derivative, followed by
      reaction of said monochloro derivative with sodium sulfite for about 18
      hours at about 155.degree.C., in a 1/1 by volume admixture of water and
      ethanol in a Paar Bomb. The resulting recovered sulfonated product, on
      analysis, showed about 75% sulfonation of the terminal ethoxy group.
PAR  This method of preparation is exemplary only, but was the method employed
      to prepare some of the compounds. Those skilled in the art may perceive
      other synthetic schemes.
PAR  For example, the sulfonated ethoxylated alcohols of the present invention
      can be prepared from sulfated ethoxylated alcohols by treatment with
      sodium sulfite at 200.degree.C. for about 10-12 hours, resulting in
      relatively high yields (75-80%) of the desired sulfonate. The (sulfate)
      starting material, can be prepared by reaction of an ethoxylated aliphatic
      alcohol, including mixtures thereof with such reagents as sulfuric acid or
      chlorosulfonic acid to obtain the sulfated ethoxylated alcohol.
PAR  The compounds used in Examples I-VI in the above were prepared by reacting
      a commercially available mixed C.sub.12 -C.sub.18 alcohols (Conoco-Alfol
      1218) with ethylene oxide to adduct thereto 5 and 3 ethoxy groups
      respectively. The resulting respective ethoxylated alcohols were then
      sulfonated as described above. In a similar manner, the compounds of
      Examples VII-XII were prepared using commercially avaialble mixed C.sub.10
      -C.sub.14 alcohols, (Conoco Alfols 1014 and 1012).
PAR  Obviously, many modifications and variations of the invention as
      hereinabove set forth may be made without departing from the spirit and
      scope thereof, and therefore only such limitations should be imposed as
      are indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of increasing the production of fluids from a subterranean
      fluid-bearing formation having present therein acid-soluble components
      comprising injecting down the well bore penetrating said formation and
      injecting therefrom into said formation under a pressure greater than the
      formation pressure, an aqueous acidic solution containing from about 0.5
      to about 28% by weight of a mineral acid having a compound therein in an
      amount of from about 0.005% to about 2% by weight, said compound being a
      water soluble sulfonated, ethoxylated compound having the general formula
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub. 3.sup.- A.sup.+
PAL  wherein R is an aliphatic hydrocarbon group containing from about 8 to
      about 20 carbon atoms, n is a number from 1 to about 10, including
      fractions, and A.sup.+ is a monovalent cation selected from the group
      consisting of sodium, potassium, and ammonium, including mixtures,
      maintaining said solution in contact with the formation and production
      equipment for a time sufficient for the acid component to chemically react
      with the acid-soluble components of the formation to etch passageways
      therethrough thereby increasing substantially the flow capacity of the
      said subterranean formation and whereby said sulfonated, ethoxylated
      compound component is effective to prevent the formation of insoluble
      calcium compounds or the precipitation of calcium carbonate from the
      acid-spent solution.
NUM  2.
PAR  2. Method as claimed in claim 1, wherein said compound is present in said
      aqueous solution in an amount of from about 0.05% up to about 1% by
      weight.
NUM  3.
PAR  3. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated pentaethoxylated dodecyl alcohol.
NUM  4.
PAR  4. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated hexaethoxylated hexadecyl alcohol.
NUM  5.
PAR  5. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated heptaethoxylated pentadecyl alcohol.
NUM  6.
PAR  6. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated pentaethoxylated mixed C.sub.12 -C.sub.18 aliphatic
      alcohol.
NUM  7.
PAR  7. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated, pentaethoxylated mixed C.sub.12 -C.sub.18 aliphatic
      alcohol containing from about 35 to 45% C.sub.12 alkyl, 25 to 35% C.sub.14
      alkyl, 15 to 25% C.sub.16 alkyl and 5 to 15% C.sub.18 alkyl groups.
NUM  8.
PAR  8. Method as claimed in claim 1, wherein said acid is present in the
      solution in an amount of from about 3 to about 15% by weight.
NUM  9.
PAR  9. Method as claimed in claim 1, wherein said acid is hydrochloric acid.
NUM  10.
PAR  10. Method as claimed in claim 1, wherein said acid is sulfuric acid.
NUM  11.
PAR  11. Method as claimed in claim 1, wherein the said formation is a
      hydrocarbon-bearing formation.
NUM  12.
PAR  12. Method as claimed in claim 1, wherein the said aqueous acidic solution
      is injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure and sufficient to create fractures in
      the formation.
NUM  13.
PAR  13. Method as claimed in claim 1, wherein the said aqueous acidic solution
      is injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure but less than the pressure required to
      create fractures in the formation.
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ABST
PAL  The production of hydrocarbons from a subterranean hydrocarbon-bearing
      formation is stimulated by injecting into the formation an aqueous
      solution of a compound hereinafter described. The elimination of plugging
      of capillary openings within the formation and mineral scale deposition on
      production equipment due to post-precipitation of dissolved salts
      subsequent to treatment by means of said compound results in a substantial
      improvement in hydrocarbon recovery.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method for stimulating the production of fluids
      from earthen formations. More particularly, this invention relates to a
      method in which the productivity of a hydrocarbon-bearing formation is
      improved upon treatment of the formation with an aqueous solution of a
      compound later described, said compound effecting the elimination of
      plugging of capillary openings due to post-precipitation of sparingly
      soluble salts, effecting elimination of mineral scale on production
      equipment such as pumps, tubing, etc., caused by such precipitation, and
      effecting enhanced oil recovery by reduction of retentive forces of
      capillarity.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The technique of increasing the deliverability of a subterranean
      hydrocarbon-bearing formation by injection of water and thereby
      stimulating the production of fluids therefrom has long been practiced in
      the art. The technique is applicable in both limestone and sandstone. In
      the usual treatment procedure, the aqueous medium is introduced into the
      well and under sufficient pressure is forced into the adjacent
      subterranean formation where it dissolves formation components,
      particularly the carbonates such as calcium carbonate and magnesium
      carbonate.
PAR  During the stimulation process passageways for fluid flow are created or
      existing passageways therein are enlarged thus stimulating the production
      of oil, water, brines and various gases. If desired, the stimulation may
      be carried out at an injection pressure sufficiently great to create
      fractures in the strata or formation which has the desired advantage of
      opening up passageways into the formation along which the aqueous medium
      can travel to more remote areas from the well bore.
PAR  There are, however, troublesome complications attending the use of this
      process. After stimulation is completed, the well is put back on
      production. The sparingly soluble carbonates, dissolved at the higher
      reservoir temperatures, may re-precipitate as temperature and hence
      solubility decrease. Such precipitation, when it occurs within the
      capillaries of a tight formation or on the tubing or annulus as a mineral
      scale, can severely lessen production rate by plugging such capillaries or
      well equipment. In actual practice, the short-lived effectiveness of some
      stimulations is attributed to salt re-deposition.
PAR  In addition, with the exception of increasing the drainage area, and
      therefore the average permeability by matrix dissolution or hydraulic
      fracturing, little benefit is obtained. The complete immiscibility of the
      oil in the water and the retentive forces of capillarity which maintain
      the oil in the matrix severely limit the production of incremental oil by
      mere injection of water alone.
PAR  It is therefore, the principal object of the present invention to overcome
      the defects of the prior art in treating fluid-bearing formations such as
      hydrocarbon-bearing formations, etc., by providing a method of and
      composition for stimulation employing the novel composition of this
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention encompasses and includes a method for increasing the
      production of fluids from a subterranean fluid-bearing formation
      comprising injecting down the well bore to said formation and therefrom
      into said formation under a pressure greater than the formation pressure
      an aqueous solution of a compound hereinafter more fully described,
      optionally containing a propping agent therewith, maintaining said aqueous
      solution in contact with the formation strata for a time sufficient for
      the compound to chemically interact with the components of the formation.
PAR  The novel method of this invention uses an aqueous solution having
      dissolved therein a compound hereinafter described. The concentration of
      the compound present in the aqueous solution is such that it is capable of
      interacting with the soluble components of the fluid-bearing strata so as
      to prevent reprecipitation of sparingly soluble salts and enhance oil
      production by reducing retentive forces of capillarity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE of the drawing graphically illustrates the thermal stability of
      the compound of Example IV of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In its broadest embodiment the method for the present invention comprises
      introducing into a subsurface formation an aqueous solution of a compound
      hereinafter described wherein the said solution is maintained in contact
      with the formation for a time sufficient to chemically interact with the
      formation so as to increase substantially the oil-producing efficiency of
      the formation by reducing interfacial tension and hence retentive forces
      of capillarity. The selection of the correct compound to effect such a
      reduction in interfacial tension is based upon the formation water
      salinity, hardness, temperature and other operating variables. This
      selection may be made basis laboratory displacement tests.
PAR  An advantage resulting from the employment of the method of this invention
      in stimulating fluid-bearing formations is that the post-precipitation of
      dissolved carbonates is prevented or materially decreased. Such
      post-precipitation occurs because the salts become less soluble as
      temperatures decrease. Such a decrease occurs as the fluids approach the
      production equipment. Such post-precipitation occurring within the
      formation matrix near the bore hole can decrease permeability by plugging
      the formation capillaries, particularly those near the well bore, and
      result in a lower production rate. Furthermore, such post-precipitation
      can occur in the tubing or annulus of the well itself and manifest itself
      as mineral scale, reducing their diameter(s) and resulting in a lower
      production rate.
PAR  The compound used in preparing the aqueous solution of the present
      invention is a water-soluble sulfonated, ethoxylated compound having the
      general formula:
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub.3 .sup.-A.sup.+
PAL  wherein R is an aliphatic hydrocarbon group containing from about 8 to
      about 20 carbon atoms, n is a number from one to about 10 including
      fractions, and A.sup.+ is a monovalent cation selected from the group
      consisting of sodium, potassium, and ammonium, including mixtures.
PAR  Representative examples of compounds useful in the practice of the
      invention include the sulfonated, ethoxylated octyl, decyl, dodecyl,
      tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
      nonadecyl, and eicosyl alcohols and also the branched chain isomers
      thereof. The alcohols can be either a primary or secondary alcohol or a
      mixture of any of these alcohols.
PAR  The ethoxy portion of the alcohol can be, for example, di-, tri-, tetra-,
      penta-, hexa-, octa-, nona-, and deca.
PAR  A particularly preferred group is the C.sub.12 -C.sub.18 primary alcohols
      containing from about 3 to 10 ethoxy groups therein, and especially the
      sodium and ammonium salts of these materials.
PAR  The concentration of the compound in the aqueous solution can vary from
      about 0.005% to about 2% by weight, preferably from about 0.05% to about
      1% by weight.
PAR  In carrying out the method of this invention, an aqueous solution is
      prepared by mixing the compound with water at the desired concentration.
      The thus-prepared aqueous solution is forced, usually via a suitable
      pumping system, down the well bore and into contact with the production
      equipment and formation to be treated. As those skilled in the art will
      readily understand, the pressure employed is determined by the nature of
      the formation, viscosity of the fluid, and other operating variables. The
      stimulation method of this invention may be carried out at a pressure
      sufficient merely to penetrate the formation or it may be of sufficient
      magnitude to overcome the weight of the over-burden and create fractures
      in the formation. Propping agents, to prop open the fractures as created,
      for example 20 to 60 mesh sand, in accordance with known fracturing
      procedures, may be employed in admixture with the aqueous compound. The
      solution is best kept in contact with the formation and production
      equipment until the compound can adsorb upon the formation matrix and
      reduce the interfacial tension. After this, the treating solution is
      reversed out of the well, i.e., it is allowed to flow back out or to be
      pumped out of the formation.
PAR  In the method of this invention, the compound in the aqueous solution
      provides means whereby calcium ions having tendencies to precipitate as
      CaCO.sub.3 or CaSO.sub.4 that is produced by the reaction of the aqueous
      system with the formation, does not precipitate from the spent treating
      solution. This binding up of the aforementioned calcium ions from weakly
      ionizable compouds permits the formed calcium-compound complex to remain
      dissolved in the treating solution and pass through the formation pores
      and production equipment.
PAR  Further, the compound of the invention provides means whereby the
      nucleation and growth of the solid itself is thwarted, so that solid
      calcium carbonate does not precipitate from the spent treating solution.
PAR  Further, the compound or the invention provides means whereby continuous
      protection against post-precipitation of CaCO.sub.3, or CaSO.sub.4 is
      obtained for a considerable period of time subsequent to treatment due to
      continuous slow desorption of the compound from the formation surfaces. In
      contrast, use of surfactants having merely dispersant and suspending
      properties and not possessing the capability of molecularly binding up
      these produced calcium ions or thwarting the nucleation and growth of the
      solid CaCO.sub.3 will permit deposition of calcium carbonate or calcium
      sulfate to occur from such treating solution with the likelihood of
      plugging the formation passageways and production equipment during
      subsequent recovery of desirable formation hydrocarbons therethrough.
      Finally, the compound of the invention reduces the retentive forces of
      capillarity within the formation providing enhanced oil recovery over
      treatment with water alone.
PAR  Following is a description by way of example of the method of the
      invention.
PAC  EXAMPLE I
PAR  A producing well in the Lincoln Southwest Field is treated in the following
      manner.
PAR  A treating mixture is prepared by mixing 10,000 gallons of source pond
      water containing about 200,000 ppm of total dissolved solids with 90
      gallons of the sodium salt of sulfonated, pentaethoxylated mixed C.sub.12
      -C.sub.18 alcohols. Fifteen thousand pounds of frac sand is added to the
      aqueous surfactant admixture. The treating mixture is introduced into the
      formation at a rate of about 7 BPM a 3,000 psig. The shut-in tubing
      pressure is 2,500 psig. which bled down to zero in a short time. The well
      is shut in for 13 hours and then returned to production. Estimated
      production rate increase is from 50 BOPD to 300 BOPD.
PAC  EXAMPLES II-IV
PAR  The procedure set forth in Example I above is repeated using
PA0  Ii -- sulfonated, triethoxylated mixed C.sub.12 -C.sub.18 alcohols
      containing 40% dodecyl, 30% tetradecyl, 20% hexadecyl, and about 10%
      octadecyl groups, sodium salt.
PA0  Iii -- sulfonated, triethoxylated mixed C.sub.10 -C.sub.14 alcohols
      containing 80% decyl, 10% dodecyl, and 10% tetradecyl groups, sodium salt.
PA0  Iv -- sulfonated, pentaethoxylated mixed C.sub.10 -C.sub.14 alcohols
      containing 85% decyl, 9% dodecyl, and 6% tetradecyl groups, sodium salt.
PAR  It has been found that the compounds used in the method of the present
      invention are especially effective in the presence of high calcium ion
      concentrations to 1% by weight or more, and particularly and somewhat
      uniquely in applications where high aqueous solution temperatures are
      encountered such as about 100.degree.C. The compounds of the present
      invention are temperature-stable and effective as scale inhibitors at
      temperatures up to about 150.degree.C., e.g. 100.degree.-150.degree.C.
PAR  The unusual thermal stability of one of the species of the compounds is
      graphically shown by the accompanying drawing.
PAR  In the drawing the graph is constructed on one cycle semi-logarithmic paper
      having 70 linear divisions along the abscissa.
PAR  These data were obtained using the compound of Example IV, above.
PAR  At normal operating pHs of 7.5 and 6.3 in deionized water and a
      representative field water, respectively, half lives at 116.degree.C.
      (240.degree.F.) are 57.4 and 33 years. The actual experiments were
      conducted at 400.degree.F., and the half lives extrapolated to
      240.degree.F. It is seen that at pH 6.3 in field water at as high a
      temperature as 204.5.degree.C. (400.degree.F.), a half life of 25 days is
      attained. At a pH of 1, 23% activity remained after 15 days at
      400.degree.F.
PAR  In a separate experiment the unusual stability of the compounds is again
      exhibited by the fact that after exposure of an aqueous solution of the
      compound of Example I to a temperature of 177.degree.C. for 5 days, 93.5%
      activity remained.
PAR  The disclosed compounds may be prepared in the following manner:
PAR  The ethoxylated alcohol is reacted with thionyl chloride for about 18 hours
      at about 100.degree.C., to form the monochloro derivative, followed by
      reaction of said monochloro derivative with sodium sulfite for about 18
      hours at about 155.degree.C., in a 1/1 by volume admixture of water and
      ethanol in a Paar Bomb. The resulting recovered sulfonated product, on
      analysis, showed about 75% sulfonation of the terminal ethoxy group.
PAR  This method of preparation is exemplary only, but was the method employed
      to prepare the tested compositions. Those skilled in the art may perceive
      other synthetic schemes.
PAR  For example, the sulfonated ethoxylated alcohols of the present invention
      can be prepared from sulfated ethoxylated alcohols by treatment with
      sodium sulfite at 200.degree.C. for about 10-12 hours, resulting in
      relatively high yields (75-80%) of the desired sulfonate. The (sulfate)
      starting material, can be prepared by reaction of an ethoxylated aliphatic
      alcohol, including mixtures thereof with such reagents as sulfuric acid or
      chlorosulfonic acid to obtain the sulfated ethoxylated alcohol.
PAR  The compounds in Examples I-II above were prepared by reacting a
      commercially available mixed C.sub.12 -C.sub.18 alcohols (Conoco-Alfol
      1218 ) with ethylene oxide to adduct thereto 5 and 3 ethoxy groups
      respectively. The resulting respective ethoxylated alcohols were then
      sulfonated as described above. In a similar manner, the compounds of
      Examples III and IV were prepared using commercially available mixed
      C.sub.10 -C.sub.14 alcohols, (Conoco Alfols 1014 and 1012).
PAR  Obviously, many modifications and variations of the invention as
      hereinabove set forth may be made without departing from the spirit and
      scope thereof, and therefore only such limitations should be imposed as
      are indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of increasing and sustaining the production of fluids from a
      subterranean fluid-bearing formation comprising injecting down the well
      bore penetrating said formation and injecting therefrom into said
      formation under a pressure greater than the formation pressure, an aqueous
      solution consisting essentially of water and a water-soluble sulfonated,
      ethoxylated compound having the general formula
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub.3 .sup.-A.sup.+
PAL  wherein R is an aliphatic hydrocarbon group containing from about 8 to
      about 20 carbon atoms, n is a number from 1 to about 10, including
      fractions, and A.sup.+ is a monovalent cation selected from the group
      consisting of sodium, potassium, and ammonium, including mixtures.
NUM  2.
PAR  2. Method as claimed in claim 1, wherein said compound is present in said
      aqueous solution in an amount of from about 0.05% to about 1% by weight.
NUM  3.
PAR  3. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated pentaethoxylated dodecyl alcohol.
NUM  4.
PAR  4. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated hexaethoxylated hexadecyl alcohol.
NUM  5.
PAR  5. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated heptaethoxylated pentadecyl alcohol.
NUM  6.
PAR  6. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated pentaethoxylated mixed C.sub.12 -C.sub.18 aliphatic
      alcohol.
NUM  7.
PAR  7. Method as claimed in claim 1, wherein said compound is the sodium salt
      of a sulfonated, pentaethoxylated mixed C.sub.12 -C.sub.18 aliphatic
      alcohol containing from about 35 to 45% C.sub.12 alkyl, 25 to 35% C.sub.14
      alkyl, 15 to 25% C.sub.16 alkyl and 5 to 15% C.sub.18 alkyl groups.
NUM  8.
PAR  8. Method as claimed in claim 1, wherein a frac sand is also present in
      said solution.
NUM  9.
PAR  9. Method as claimed in claim 1, wherein the said aqueous solution is
      injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure and sufficient to create fractures in
      the formation.
NUM  10.
PAR  10. Method as claimed in claim 1, wherein the said aqueous solution is
      injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure but less than the pressure required to
      create fractures in the formation.
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ABST
PAL  The present application discloses an invention whereby the common gardening
      tasks of sod cutting and lawn edging may be performed by a single tool. By
      providing a structural member of thin cross section and generally
      rectangular shape with a reinforcing member along its top edge, a suitable
      handle, and a pair of removable wheels, one on each side of said member,
      with one of said wheels being a larger lawn edging wheel and the other
      being a smaller sod cutting wheel, a dual-purpose lawn and garden tool is
      provided.
PAL  With the small sod cutting wheel mounted in the appropriate position, the
      sharpened leading edge of the structural member will easily cut sod, and
      with the smaller wheel removed and the larger wheel mounted, the lawn
      edging operation can be performed. Removable spacer members of varying
      widths, and a deflector member, combine to determine the width of cut and
      direct the pieces of sod away from the trench produced.
BSUM
PAR  This application discloses an improved dual purpose tool for use around the
      home, and, more specifically, discloses a dual purpose lawn and garden
      tool whereby the tasks of sod cutting and lawn edging may be speedily and
      economically performed by a simple, relatively inexpensive tool, in place
      of the two tools previously necessary.
PAR  Heretofore, when the garden enthusiast desired to remove a piece of sod for
      the purposes of planting a garden or for various other purposes, it was
      necessary for him to procure a separate sod cutting tool specifically
      designed for this purpose, or to use a common, ordinary household knife,
      and to remove the sod by hand. Neither of these alternatives is
      satisfactory because one involves the relatively great expense of
      procuring a separate sod cutting tool, and the other involves danger to
      one's personal safety should the knife slip while the relatively heavy
      forces needed for sod cutting are being applied.
PAR  A natural solution for this problem was for the gardening enthusiast to try
      to use one of the commonly available lawn edging tools for this purpose,
      but this solution proved unsatisfactory because of the fact that all of
      such edging tools were adapted to have the cutting member, whether a blade
      or rotating cutter, penetrate the sod for a distance of approximately
      one-half inch below the sidewalk level, which is all that is needed for
      edging the lawn, and they were not intended to cut deep enough to go below
      root level, and thus, allow easy removal of the sod, therefore, this
      solution proved impractical. Thus, if one desired to cut sod for a garden,
      and to edge one's lawn, the purchase of two tools at relatively great
      expense was a necessity. However, I have now solved this problem after
      much thought in a relatively simple and inexpensive manner.
PAR  Thus, one of the objects of the present invention is to provide a dual
      purpose lawn and garden tool which can be used both for cutting sod and
      for lawn edging with relative ease.
PAR  Another object of the present invention is to eliminate the necessity for
      purchasing separate tools for lawn edging and sod cutting.
PAR  Another object of the present invention is to provide a lawn edging tool
      which is easily modifiable to perform the job of sod cutting.
PAR  A still further object of the present invention is to provide a tool of the
      above mentioned nature, which, when used for the sod cutting function, has
      a cutting member which will cut the sod to below the root level, thus,
      facilitating its easy removal.
PAR  A still further object of the present invention is to provide a dual
      purpose lawn and garden tool whereby the tool may be converted from its
      sod cutting function to its lawn edging function by the removal of one sod
      cutting wheel and the addition of one lawn edging wheel.
PAR  Another object of the present invention is to provide a spacing member for
      my dual purpose lawn and garden tool which may be mounted thereon when it
      is used for its lawn edging function so that the desired width of edging
      around the lawn may be easily obtained.
PAR  A still further object of the present invention is to provide a deflector
      member which may be mounted at the rear of the frame member of my tool to
      direct the portion of the grass which has been removed away from the newly
      edged lawn on to the sidewalk, and thus, provide a neat appearance to the
      lawn.
DRWD
PAR  Further objects and advantages of this invention will be apparent from the
      following description and appended claims, references being had to the
      accompanying drawings forming a part of the specification, wherein like
      reference characters designate corresponding parts in the several views.
PAR  FIG. 1 is a perspective view of an embodiment of my improved dual purpose
      lawn and garden tool showing it being used in its lawn edging mode.
PAR  FIG. 2 is a plan view of my improved lawn and garden tool.
PAR  FIG. 3 is a sectional view taken in the direction of the arrows on the
      section line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken in the direction of the arrows on the
      section line 4--4 of FIG. 2.
PAR  FIG. 5 is a perspective view of the spacer member adapted to be attached at
      the lower edge of the frame member of the dual purpose lawn and garden
      tool of the present invention.
PAR  FIG. 6 shows an alternate embodiment of the portion of my invention shown
      in FIG. 4, showing the use of a wider spacer member.
PAR  FIG. 7 is a partial cut-away view of an embodiment of my invention adapted
      for the purposes of sod cutting.
DETD
PAR  It is to be understood that the invention is not limited in its application
      to the details of construction and arrangement of parts illustrated in the
      accompanying drawings, since the invention is capable of other
      embodiments, and of being practiced and carried out in other ways within
      the scope of the invention. Also, it is to be understood that the
      phraseology and terminology used is for the purpose of description and not
      of limitation.
PAR  My invention, when used for lawn edging, consists of a structural frame
      member generally designated by the numeral 10, which is of relatively thin
      cross section and is preferably made out of some sheet material such as
      aluminum or steel. The frame member 10 is of generally rectangular
      configuration and has an upper edge 11 and a lower edge 12, together with
      a trailing edge 13, and a leading edge consisting of two portions, an
      upper straight portion 14 and a lower curved portion 15, both of which are
      sharpened to a knife-like edge. Since the frame member 10 is made of
      relatively thin cross section, a stiffening member 18 having a lip portion
      16 and an elongated downwardly extending portion 17 is placed over the top
      edge 11 thereof.
PAR  When it is desired to use my invention for lawn edging, a suitable
      supporting wheel 19 is removably but rotatably mounted on an axle 20,
      which forms a portion of the fastening means for a suitable handle 21,
      when it is passed through a hole provided through the stiffening member 18
      and the frame member 10. A second fastening means, such as a bolt and nut
      22, is used to firmly secure the handle 21 in place. It is not believed
      that additional description of the handle 21 is needed as any handle of
      sufficient strength may be used.
PAR  A spacer member generally designated by the numeral 24 is provided and
      attached by suitable fastening means, such as the nuts and bolts 25, by
      its flange portion 26 along the lower edge 12 of the frame member 10, with
      its ramp portion 27 parallel to the upper edge of the frame member. A
      second spacing flange 28 and a guiding member 29 extend below the ramp
      surface 27 of the spacer member, with the forward edge of the ramp surface
      27, indicated by the numeral 30, being sharpened to form a cutting edge. A
      deflector flange 33 is attached to the rear of the spacer member 24 to
      deflect the pieces of sod which have been cut from the edges of the lawn,
      away from the lawn edge 34 and deposit them cleanly on the sidewalk 35.
      The deflector flange may be a separate part of my device, as shown in FIG.
      2, or may be an integral part of the spacer member 24 as shown in FIG. 5.
PAR  In operation, my dual purpose lawn and garden tool, when operated in its
      edging mode, is placed proximately to the edge of the sidewalk 35, and a
      downward force is applied on the handle 21 causing the lower leading edge
      15 of the frame member 10 to cut into lawn 34 at a distance Y away from
      the sidewalk 35 depending on the width of the spacer member 24. Continued
      force on the handle 21 causes the edge 15 to sink to a depth determined by
      the size of the wheel 19 and the design of the deflector member 33 which
      will now be resting on the sidewalk 35 by means of its load bearing
      surface 32.
PAR  Continued forward pressure will bring the cutting edge 30 in contact with
      the edge of the lawn 34, and will cause the cutting edge 30 and the
      leading edge 15 of the frame member 10, in cooperation, to begin cutting
      rectangular pieces of sod from the lawn. These pieces of sod are guided up
      the ramp surface 27 of the spacer member 34 until they contact the
      deflector flange 33, and more particularly, surface 31 thereof. Without
      the deflector bar 33, the pieces of sod would be re-deposited in the
      trench left between the lawn edge 34 and the sidewalk 35 making for a very
      untidy job, and additional clean up work; but with the deflector bar
      guiding the sod over the trench between the lawn and the sidewalk, the
      piece of sod 40 is neatly deposited on the sidewalk 35.
PAR  Referring now specifically to FIG. 3, it can be seen that the spacer member
      can be made of any desired width, such as indicated by the letter Y, or
      referring to FIG. 6, X, or any other width which is desired and practical.
      Thus, any desired width of the trench, or in other words, any desired
      distance of trimming the edge of the lawn 34 away from the sidewalk 35,
      can be had.
PAR  Referring now to FIG. 5, therein is shown the spacer member 24 in greater
      detail, showing the attachment flange 26 by which the spacer member 24 is
      attached to the frame member 10 by fastening means 25 passed through the
      holes 37, with the cutting edge 30 of the ramp portion 27 being clearly
      shown, as is the spacing flange 28. FIG. 6 shows, in a view similar to
      FIG. 4, a wider spacer member.
PAR  Referring now specifically to FIG. 7, when it is desired to use my improved
      dual purpose lawn and garden tool for sod cutting rather than lawn edging,
      the spacer member 24 and the large supporting wheel 19 are removed, and a
      small wheel 39 is placed over a second axle 38 (see FIG. 3) and rotatably
      attached thereto. In this embodiment, downward pressure on the handle 21
      will immediately force the lower leading edge 15 of the frame member 10
      into the sod it is desired to cut, making a clean cut therein in a very
      simple and easy fashion without the use of a separate sod cutting tool.
      Continued pressure on the handle 21 will move my tool forward on the small
      supporting wheel 39, and any desired shape of cut can be made simply by
      removing and re-inserting my tool whenever a change in direction is
      desired.
PAR  Whether my tool is used for sod cutting or lawn edging the sharpened upper
      leading edge 14 can aid in making the first cut of the sod, thereby
      starting the tool in an easy manner. It should be understood that the
      small wheel 39 and small axle 38 can be left attached to my improved tool
      during lawn edging operations if desired, but it is preferred that it be
      removed to avoid any possible interference. Thus, by virtue of the above
      disclosed discussion, the objects of the present invention listed above
      and numerous additional advantages are obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dual-purpose lawn and garden tool for the purposes of cutting sod and
      edging the portion of the lawn adjacent the sidewalk and the like, said
      tool including a structural frame member of thin cross section having a
      sharpened leading edge consisting of a short vertical portion and a
      rearwardly extending concave portion, an upper edge adapted to receive a
      stiffening member, and a lower edge, a stiffening member having a lip
      portion and a downwardly extending elongated portion, with said lip
      portion engaging said upper edge of said frame member, a suitable handle
      adapted to be attached to said frame member through said stiffening
      member, a plurality of fastening means to attach said handle to said frame
      member through said stiffening means, an axle attached to said frame
      member through said stiffening member ahead of any of said fastening
      means, a small support wheel removably mounted to said axle, and wherein
      one of said fastening means is located proximate the lower extremity of
      said handle, and has an axle-like portion extending parallel to said axle,
      but in the opposite direction, and including a second larger lawn edging
      wheel rotatably mounted on said axle-like portion for support of said
      structural member only, but adapted to be easily removed therefrom when
      desired.
NUM  2.
PAR  2. The device defined in claim 1, and including a spacer member which is
      adapted, when in use, to determine the width of cut made in the sod
      adjacent the sidewalk.
NUM  3.
PAR  3. The device defined in claim 2, wherein said spacer member includes a
      horizontal ramp portion having a leading edge, an attaching flange
      extending vertically upwardly from said ramp portion, a spacing flange
      extending vertically downward from a portion of said ramp opposite said
      attaching flange, and a guiding member extending downwardly from said
      attachment flange rearward of said spacing flange.
NUM  4.
PAR  4. The device defined in claim 3, wherein the spacer member is attached to
      said frame member with suitable fastening means proximate to the lower
      edge thereof in a manner to assure that said ramp portion of said spacer
      member is parallel with said upper edge of said frame member.
NUM  5.
PAR  5. The device defined in claim 4, and including a deflector flange attached
      at the rear of said frame member adjacent said spacer member and having a
      deflecting portion and a loading bearing portion, with said deflecting
      portion being adapted to guide the sod cut from adjacent the edge of the
      sidewalk during forward motion of the tool by the cooperation of the
      leading edges of said frame member and said spacer member over and away
      from the edge of the sidewalk after it has traveled up the ramp portion of
      said spacer member, and the load bearing portion thereof, being adapted,
      in cooperation with said larger wheel to stabilize said tool during use
      and to tip it at a predetermined angle.
NUM  6.
PAR  6. The device defined in claim 5, wherein said deflector member is an
      integral part of said spacer member.
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PAL  A harrow has rotary soil-working members in driving connection and spaced
      apart from one another to work non overlapping paths through the soil
      being cultivated. Between the rotary soil-working members, non rotary
      tines are positioned to work the strips remaining between the paths
      already worked. The non rotary tines are pivoted to the frame to move to
      and fro through the strips during travel. The rotary soil-working members
      are tined supports and the supports are elongated horizontal members to
      which arcuate-shaped brackets are attached. The brackets afford stops for
      the non rotary tines that are moving to and fro during operation so that
      the to and fro movements of the non rotary tines are limited.
PARN
PAR  This is a continuation of application Ser. No. 338,606 filed Mar. 6, 1973,
      now abandoned.
BSUM
PAR  According to the invention, there is provided a rotary harrow of the kind
      set forth, wherein at least one further soil working member is arranged
      between at least two of the rotatable soil working members or rotors, the
      or each further soil working member being arranged so that it can move to
      and fro relative to a frame portion of the harrow during the use of the
      latter.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which;
PAR  FIG. 1 is a plan view of a rotary harrow in accordance with the invention
      connected to the rear of an agricultural tractor,
PAR  FIG. 2 is a side elevation, to an enlarged scale, corresponding to FIG. 1,
PAR  FIG. 3 is a section, to an enlarged scale, taken on the line III--III of
      FIG. 1, and
PAR  FIG. 4 is a section taken on the line IV--IV of FIG. 3.
DETD
PAR  Referring to the drawings, the rotary harrow which is illustrated has a
      hollow frame portion 1 that extends substantially horizontally
      perpendicular to the intended direction of operative travel of the harrow
      which is from right to left as seen in FIGS. 1 and 2 of the drawings. The
      hollow frame portion 1 accommodates parts of upwardly extending, and
      preferably substantially vertical, shafts 2 whose lower downwardly
      projecting ends have corresponding soil working members or rotors 3
      rigidly secured to them. In the embodiment which is being described, there
      are eight soil working members or rotors 3 arranged side-by-side in a
      single row that extends parallel to the transverse length of the frame
      portion 1, the axes of rotation (afforded by the shafts 2) of neighbouring
      soil working members or rotors 3 being spaced apart from one another by
      distances of substantially 40 centimeters.
PAR  Each soil working member or rotor 3 comprises a substantially horizontally
      extending tine support 5 that is rigidly secured to the lowermost
      downwardly projecting end of the corresponding shaft 2 so as to extend
      radially therefrom in two relatively opposite directions. The free ends of
      the tine support 5 carry substantially vertically disposed sleeve-like
      tine holders 6 each of which receives the upper fastening portion 5A of a
      corresponding rigid tine 4. The fastening portions 5A are of circular
      cross-section and their upper ends are screw-threaded to receive
      corresponding retaining nuts 7. The fastening portions 5A are also
      provided, towards their lower ends, with two lugs 8 that project radially
      therefrom at diametrically opposite sides thereof to co-operate with
      recesses formed in the lower ends of the holders 6 to prevent the tines 4
      from turning about the longitudinal axes of their fastening portions 5A in
      the holders 6.
PAR  Each tine 4 also includes a lower soil working portion 9 whose upper end
      makes an integral angular junction with the corresponding fastening
      portion 5A. An angle of substantially 8.degree. is preferably enclosed
      between the longitudinal axes of the fastening portion 5A and soil working
      portion 9 of each tine 4 and it will be noted that the lugs 8 co-operate
      with the recesses in the tine holder 6 in such a way that the soil working
      portions 9 normally trail with respect to the intended direction of
      rotation of the corresponding soil working member or rotor 3. This
      arrangement can be seen best in FIG. 4 of the drawings where the soil
      working member or rotor 3 that is illustrated in that Figure is intended
      to rotate in a clockwise direction. However, it should also be noted that
      it is possible to loosen the nuts 7, turn the fastening portions 5A
      through 180.degree. in their holders 6 and re-tighten the nuts 7 whereupon
      the lugs 8 and the recesses in which they are entered will co-operate with
      the nuts 7 in retaining the tines 4 in positions in which their soil
      working portions 9 lead with respect to the intended directions of
      rotation of the soil working members or rotors 3. There are operating
      conditions under which such an arrange-ment of the tines 4 is prefabrable
      to the normal trailing disposition thereof.
PAR  The soil working portions 9 of the tines 4 have a generally rectangular or
      other angular cross-section and taper downwardly towards their tips, the
      flat sides of the angular cross-section being formed with concave grooves
      that extend downwardly to the lowermost free ends or tips of the portions
      9. Each soil working member or rotor 3 is provided with a stop in the form
      of two substantially arcuately curved brackets 10 that are disposed
      symmetrically at opposite sides of the corresponding tine support 5 with
      their opposite ends welded or otherwise rigidly secured to opposite sides
      of lower regions of the corresponding two tine holders 6. During the
      operation of the harrow, the brackets 10 co-operate with further soil
      working members in the form of rigid tines 11. Each tine 11 comprises a
      substantially vertical soil working portion 12 formed with a point at its
      lower end, the upper end of said portion 12 merging by way of an integral
      bend disposed at substantially the same level as the tine supports 5 into
      a fastening portion 13 which is inclined upwardly and forwardly with
      respect to the intended direction of operative travel of the harrow. The
      two portions 12 and 13 are of substantially equal lengths and the
      magnitude of the bend by which they are interconnected is such that an
      angle of substantially 120.degree. is enclosed between their longitudinal
      axes. Each tine 11 is of substantially circular cross-section throughout
      its length and the upper leading end of each fastening portion 13 thereof
      is received in a corresponding sleeve-like holder 14 in which it is
      releasably retained by a pair of locking bolts 15A. Each holder 14 is
      rigidly secured to the lowermost end of a corresponding substantially
      vertical shaft 15 that is turnably journalled in a corresponding bush 16
      mounted at the leading end of a corresponding support 18 fastened to the
      top of the frame portion 1. The shafts 15 project above the upper ends of
      the bushes 16 and their projecting portions are provided with washers and
      transverse pins 17 that releasably retain the shafts 15 in the bushes 16.
      In the embodiment which is being described, there are seven supports 18
      that all extend parallel, in plan view (FIG. 1), to the intended direction
      of operative travel of the harrow, said supports 18 being located, in plan
      view, midway between the shafts 2 that correspond to two neighbouring soil
      working members or rotors 3.
PAR  Two plates 20 that are normally substantially vertically disposed are
      provided immediately beyond the opposite ends of the single row of soil
      working members or rotors 3, said plates 20 being connected by pairs of
      arms 19 to pivotal mountings on top of the frame portion 1 adjacent the
      opposite lateral ends thereof. The pivotal mountings define substantially
      horizontal axes that extend substantially parallel to the intended
      direction of operative travel of the harrow and allow the plates 20 to
      turn upwardly and downwardly to some extend to match any undulations in
      the surface of the ground over which their lowermost edges slide during
      operative travel of the harrow. When the harrow is undergoing inoperative
      transport, the plates 20 and their arms 19 can be tilted upwardly through
      substantially 180.degree. about their pivotal mountings to bring the
      plates to inverted inoperative positions in which they are disposed on top
      of the frame portion 1. Substantially vertical and generally sector-shaped
      plates 22 are fastened to the opposite lateral ends of the frame portion 1
      and are provided at the front with respect to the intended direction of
      operative travel of the harrow with stub shafts defining a substantially
      horizontal axis that is perpendicular to the direction which has just been
      mentioned. Arms 21 that extend rearwardly from the stub shafts are
      turnable upwardly and downwardly about those stub shafts alongside the
      plates 22. The plates 22 have curved rear edges alongside which arcuately
      curved rows of holes 23 are formed, each hole 23 being at the same
      distance from the axis defined by the stub shafts at the leading ends of
      the plates 22. The arms 21 carry horizontal locking pins 24 at the same
      distances from the stub shafts as the holes 23 and the tip of each locking
      pin 24 can be entered in any chosen one of the corresponding row of holes
      23 to retain that arm in a corresponding angular setting about the axis
      defined by the stub shafts at the leading ends of the plates 22.
PAR  The rearmost ends of the two arms 21 carry horizontal bearings 25 which
      receive stub shafts at the opposite ends of a rotary soil compression
      member in the form of a roller 26. The roller 26 comprises a plurality,
      such as five, of vertical support plates 27 that are regularly spaced
      apart from one another along the axial length of the roller and whose
      peripheries are formed with holes to receive a plurality, such as eight,
      of elongated tubular elements 28 that are entered loosely through said
      holes and that are wound helically around the longitudinal axis of the
      roller. The front of the frame portion 1 with respect to the intended
      direction of operative travel of the harrow is provided with a generally
      triangular coupling member 29 arranged for connection, in the generally
      known manner which is shown in FIGS. 1 and 2 of the drawings, to the
      three-point lifting device or hitch at the rear of an agricultural tractor
      30 or other operating vehicle. The connection of the coupling member 29 to
      the frame portion 1 is strengthened by two tie bars 31 that extend between
      the apex of the coupling member and anchorages at the top and rear of the
      frame portion 1, said tie bars 31 diverging rearwardly from the coupling
      member 29 as seen in plan view (FIG. 1).
PAR  Each of the shafts 2 is provided inside the hollow frame portion 1 with a
      corresponding spur- or straight-toothed pinion 32 that preferably, but not
      essentially, has 17 teeth. Two substantially vertical shafts 34 are
      provided inside the hollow frame portion 1 between each pair of shafts 2
      and these shafts 34 each have corresponding straightor spur-toothed
      pinions 33 mounted on them in a freely rotatable manner. Each pinion 33
      preferably, but not essentially, has 18 teeth and the pinions 33 cooperate
      with the pinions 32 in such a way that the perpendicular distance between
      the axes of rotation defined by each pair of neighbouring shafts 2 has the
      aforementioned magnitude of substantially 40 centimeters. One of the
      centre pair of soil working members or rotors 3 has its supporting shaft 2
      extended upwardly beyond the top of the hollow frame portion 1 into a gear
      box 35 that is mounted on said frame portion. The upward extension of said
      shaft 2 is provided, inside the gear box 35, with a bevel pinion 36 and
      the teeth of said bevel pinion 36 are in driven mesh with those of a
      smaller bevel pinion 37 that is disposed inside the gear box 35 at the
      rear end of a rotary input shaft 38 of the harrow whose leading end
      projects substantially horizontally forward from the gear box 35 in a
      direction parallel to the intended direction of operative travel of the
      harrow. The forwardly projecting leading end of the rotary input shaft 38
      is splined or otherwise keyed in such a way as to enable it to be placed
      in driven connection with the power take-off shaft of the aforementioned
      agricultural tractor 30 or other operating vehicle through the
      intermediary of a telescopic transmission shaft 39 of known construction
      that is provided with universal joints at its opposite ends.
PAR  In the use of the rotary harrow which has been described, its coupling
      member 29 is connected to the three-point lifting device or hitch of the
      agricultural tractor 30 or some other suitable operating vehicle and the
      rotary input shaft 38 of the gear box 35 is placed in driven connection
      with the power take-off shaft of the same tractor 30 or other vehicle by
      way of the telescopic transmission shaft 39. The harrow is moved over a
      field from right to left as seen in FIGS. 1 and 2 of the drawings with
      each soil working member or rotor 3 revolving in the opposite direction to
      its neighbour or to both of its neighbours. It will be seen from FIG. 1 of
      the drawings that the tine supports 5 of the eight soil working members or
      rotors 3 are so arranged that, when one of them extends substantially
      parallel to the intended direction of operative travel, the support 5 that
      corresponds to the or each neighbouring soil working member or rotor 3 in
      the single row extends substantially perpendicular to said direction. This
      substantially perpendicular disposition of the tine supports 5 of
      neighbouring soil working members or rotors 3 is, of course, maintained
      during the rotation of the soil working members or rotors.
PAR  With the construction which has been described, each of the eight soil
      working members or rotors 3 cultivates a strip of land that is spaced a
      short distance from the or each of the neighbouring strips. However, the
      narrow intermediate strips of land are worked by the tines 11 which tines
      can oscillate or otherwise turn to and fro about the axes afforded by the
      corresponding co-operating shafts 15 and bushes 16 relative to the frame
      portion 1. When one of the tines 11 strikes an obstacle, such as a stone,
      a piece of wood, root or the like, it can deflect laterally of the
      direction of travel about the corresponding foregoing axis afforded by the
      parts 15 and 16 but cannot become hooked behind one of the rotor tines 4
      because the rotating brackets 10 will displace it laterally before such
      hooking engagement can occur. A possible cause of serious damage is thus
      positively avoided. When one of the tines 11 is laterally deflected with
      respect to the direction of travel of the harrow, the stops that are
      afforded by the brackets 10 of the soil working members or rotors 3 at
      opposite sides thereof successively contact that tine and positively turn
      the tine about the axis afforded by the corresponding shaft 15 and bush
      16. This arrangement ensures that the tines 11 are rapidly returned to
      their normal operating positions in which their soil working portions are
      contained in substantially vertical planes that also contain the axes
      afforded by the shafts 15 and bushes 16 and that are parallel to the
      intended direction of operative travel of the harrow. The brackets 10 also
      serve as protective screens against stones and the like which might
      otherwise make damaging contact with the tine supports 5 and tine holder 6
      when the tines 11 are laterally deflected.
PAR  In the harrow which has been described, neighbouring soil working members
      or rotors 3 work strips of ground that are laterally spaced apart from one
      another by short distances, the narrow strips of ground corresponding to
      these short distances being worked by the rigid tines 11 that are capable
      of moving to and fro in directions transverse to the direction of
      operative travel of the harrow. A single broad strip of soil is thus
      cultivated while allowing passage between the tines 4 and 11 of any
      stones, pieces of wood, roots or other like obstacles. The harrow is thus
      particularly suitable for use on stoney land.
PAR  Although not illustrated in the accompanying drawings, it is possible to
      provide a construction in which oscillatory to and fro movement of the
      further soil working members afforded by the rigid tines 11 is brought
      about solely by a positive mechanical drive thereto. The arms 21, sector
      plates 22 and locking pins 24 afford means for setting the level of the
      axis of rotation of the roller 26 relative to the remainder of the harrow
      and it will be apparent from FIG. 2 of the drawings that the particular
      holes 23 in the sector plates 22 that are chosen to co-operate with the
      locking pins 24 primarily determine the depth of penetration of the tines
      4 and 11 into the soil that is to be worked by the harrow. The upwardly
      and downwardly movable plates 20 that are located at the opposite ends of
      the single row of the soil working members or rotors 3 and furhter soil
      working members that are afforded by the tines 11 slide over the ground
      surface during the use of the harrow when they occupy the operative
      positions thereof that are illustrated in FIGS. 1 and 2 of the drawings
      and serve both substantially to prevent the formation of soil ridges at
      the margins of the broad strip of ground that is worked by the harrow and
      to guard against stones and other heavy objects being flung laterally of
      the harrow by the rapidly rotating tines 4. Any lumps of soil that are
      displaced by the tines 4 and/or 11, but that are not broken up thereby,
      tend to be crushed and broken by the elongated tubular elements 28 of the
      following roller 26.
PAR  While various features of the rotary harrow that has been described and/or
      illustrated in the accompanying drawings will be set forth in the
      following claims as inventive features, it is emphasised that the
      invention is not necessarily limited to those features and that it
      includes within its scope all of the parts of the rotary harrow that have
      been described and/or illustrated both individually and in various
      combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A rotary harrow comprising a movable frame and a plurality of rotary
      soil-working members mounted on upwardly extending shafts supports on said
      frame, driving means for rotating said soil-working members, said shafts
      and soil-working members being positioned side by side in a row that
      extends transverse to the direction of travel, said soil-working members
      being substantially spaced from one another to work paths and leave a
      strip between adjacent paths in the soil, non rotary further soil-working
      members positioned between adjacent rotary soil-working members, said non
      rotary members being pivotally connected to the front of said frame and
      extending downwardly to the rear to work the strips between the worked
      paths, said non rotary members being movable to and fro through the
      strips.
NUM  2.
PAR  2. A harrow as claimed in claim 1, wherein deflection means is positioned
      to deflect each further soil-working member during operation of said
      harrow.
NUM  3.
PAR  3. A harrow as claimed in claim 2, wherein said deflection means is
      positioned to bear directly against said further member in its extreme to
      and fro movements to limit the lateral movements of the further
      soil-working member.
NUM  4.
PAR  4. A harrow as claimed in claim 3, wherein said deflection means are
      arcuate brackets connected to each end of substantially horizontal tine
      supports of said rotary soil working members.
NUM  5.
PAR  5. A rotary harrow comprising a movable frame and a plurality of rotary
      soil-working members mounted on upwardly extending shafts supported on
      said frame, driving means for rotating said soil-working members, said
      soil-working members being positioned side by side in a row that extends
      transverse to the direction of travel, said soil-working members being
      substantially spaced from one another to work paths and leave a strip
      between adjacent paths in the soil, further non rotary soil-working
      members connected to said frame on pivot connections, said non rotary
      soil-working members being positioned between adjacent rotary soil-working
      members and each of said non rotary members comprising a straight
      soil-working portion that extends downwardly to work the strips between
      the worked paths, each non rotary member being located adjacent
      corresponding deflection means connected to at least one adjacent rotary
      member, said soil-working portions of said non rotary members being turned
      by said deflection means during the operation of said rotary members and
      moved through the strips to work same.
NUM  6.
PAR  6. A harrow as claimed in claim 5, wherein the pivot connections of the
      further soil-working members comprise substantially vertical shafts
      journalled to said frame.
NUM  7.
PAR  7. A harrow as claimed in claim 6, wherein each substantially vertical
      shaft is located in front of its corresponding further soil-working
      member.
NUM  8.
PAR  8. A harrow as claimed in claim 7, wherein each substantially vertical
      shaft is journalled in a sleeve of a support which is secured to a portion
      of said frame.
NUM  9.
PAR  9. A harrow as claimed in claim 8, wherein the supports are all secured to
      a common portion of said harrow.
NUM  10.
PAR  10. A harrow as claimed in claim 5, wherein said deflection means comprises
      stops interconnected to at least two rotary soil-working members and the
      latter are located at opposite sides of said further soil-working member.
NUM  11.
PAR  11. A harrow as claimed in claim 10, wherein each of said rotary
      soil-working members comprises substantially horizontal tine supports and
      said stops are brackets connected to the supports, said brackets being
      mounted to perform movements that allow them to come successively into
      contact with said further soil-working member positioned between them.
NUM  12.
PAR  12. A harrow as claimed in claim 11, wherein said tine supports are
      elongated and said stops are fixed to ends of the tine supports.
NUM  13.
PAR  13. A harrow as claimed in claim 12, wherein said tine supports extend
      substantially perpendicular to the upwardly extending shafts and said
      stops extend at least partly along the lengths of said tine supports.
NUM  14.
PAR  14. A harrow as claimed in claim 13, wherein said stops are located at
      opposite sides of the tine supports.
NUM  15.
PAR  15. A harrow as claimed in claim 14, wherein said stops extend along the
      entire lengths of the tine supports.
NUM  16.
PAR  16. A harrow as claimed in claim 10, wherein said stops are arcuate
      brackets connected to each end of said tine supports.
NUM  17.
PAR  17. A harrow as claimed in claim 16, wherein each further soil-working
      member is comprised of a tine.
NUM  18.
PAR  18. A harrow as claimed in claim 17, wherein each tine includes a
      substantially vertically extending soil-working portion the upper end of
      which is connected to a fastening portion and the latter portion extends
      upwardly and forwardly to its pivot connection with said frame.
NUM  19.
PAR  19. A harrow as claimed in claim 18, wherein the longitudinal axes of said
      fastening portion and said soil-working portion of the further
      soil-working member enclose an angle of substantially 120.degree. between
      them.
NUM  20.
PAR  20. A harrow as claimed in claim 18, wherein the tine is of substantially
      circular cross-section.
NUM  21.
PAR  21. A harrow as claimed in claim 5, wherein the driving means includes
      toothed pinions on said upwardly extending shafts and said toothed pinions
      are in connection with at least one similarly toothed drive-transmitting
      pinion between each toothed pinion.
NUM  22.
PAR  22. A harrow as claimed in claim 21, wherein two drive-transmitting pinions
      are arranged between adjacent toothed pinions.
NUM  23.
PAR  23. A harrow as claimed in claim 22, wherein each drive-transmitting pinion
      is freely rotatable about the axis of a corresponding shaft that is
      substantially parallel to the upwardly extending shafts of the rotary
      soil-working members.
NUM  24.
PAR  24. A harrow as claimed in claim 23, wherein each drive-transmitting pinion
      has a number of teeth which is one less than the number of teeth on the
      toothed pinions.
NUM  25.
PAR  25. A harrow as claimed in claim 5, wherein there are eight rotatable
      soil-working members positioned in a single row.
NUM  26.
PAR  26. A harrow as claimed in claim 5, wherein the shafts of adjacent rotary
      soil-working members are spaced apart from one another by perpendicular
      distances of substantially 40 centimeters.
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ABST
PAL  Disclosed herein is a cutter for a rock bit that has an interior bearing
      race area carburized by pack carburization methods to achieve a high
      carbon content for extreme hardness. The exterior of the cutter is
      carburized also, but to a lesser degree, to avoid brittleness in the tooth
      area. The differential carburizing is accomplished by gas carburizing the
      exterior while simultaneously pack carburizing the interior. Conventional
      heat treatment for hardening follows. This results in a cutter having a
      bearing area much harder than the exterior, giving a long bearing life and
      reducing tooth breakage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to earth boring drill bits, particularly
      to improved cutters for rock bits that have a high hardness on an interior
      bearing race and a lower hardness on the exterior tooth area to avoid
      tooth breakage.
PAR  2. Description of the Prior Art
PAR  A typical cutter for an earth boring rock bit is cone-shaped and contains
      earth disintegrating teeth on the exterior. The interior is partially
      hollow with bearing races to support bearings upon which each cutter
      rotates on the bearing pin of a head section.
PAR  It is known that higher carbon content in a steel cutter increases
      hardenability. To achieve high carbon content, normally a cutter
      carburized, then hardened and tempered. These processes act on the entire
      cutter, providing a fairly uniform degree of hardness and carbon content
      both on the interior and exterior.
PAR  Long bearing life is essentially and therefore the carburizing process of
      necessity produced a high carbon content. After hardening and tempering,
      excessive hardness in the exterior tooth area caused brittleness,
      occassional fatigue and tooth breakage.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the discovery that rock but cutter life is
      improved if the carbon content in the interior bearing area is higher than
      that on the exterior of the cutter. By packing the interior with a solid
      particle carburizing material, sealing, then gas carburizing the exterior,
      a differential carbon gradient is simultaneously achieved. Conventional
      hardening and quenching provides a cutter with an extremely hard interior
      bearing area because of the high carbon content from the solid particle
      carburizing material, and a softer exterior because of the lower carbon
      content from the gas carburizing on the exterior. Long bearing life is
      retained and tooth failure due to breakage reduced. Other objects,
      features and advantages will become apparent hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view, partially in section, showing a
      rotatable cutter mounted on suitable bearing means extending in
      cantilevered fashion from a drill bit leg or head section.
PAR  FIG. 2 is a fragmentary side elevational view, partially in section, of the
      cutter of FIG. 1.
PAR  FIG. 3 is a graph of preferred carbon gradients in the interior bearing
      area and exterior tooth area of a cutter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 11 in the drawing designates a leg or head section of a typical
      earth boring drill bit that supports a toothed, rotatable cutter 13.
      Typically a drill bit will contain three sections 11 and cutters 13.
PAR  A cutter 13 such as that shown in FIGS. 1 and 2 is generally mounted on a
      head section 11 with a cantilevered shaft or bearing pin 15 that forms a
      bearing means for the interior of the cutter 13. The particular bearing
      means illustrated has a friction bearing 17, a row of ball bearings 19,
      and additional friction bearing means utilizing the bushings 21 and thrust
      button 23. In this instance a seal means such as O-ring 25 is placed in a
      suitable groove means between the bearing pin 15 and cutter 13 to retain a
      lubricant within the bearing region. Teeth 27 disintegrate the earth as
      the cutter 13 rotates.
PAR  The graph of FIG. 3 shows the percent of carbon by weight in A.I.S.I. 4815
      steel versus depth, plotted linearly for the interior and exterior of a
      cutter of a 77/8 inch rock bit, respectively identified by the numerals 26
      and 28. The vertical grid lines represent the depth of a standard cut used
      to analyze carbon gradient. The two curves represent the carbon gradients
      of the preferred carburized cases, and case is defined herein to be the
      layer near the surface wherein the carbon content has been increased over
      the nominal uniform carbon content of the steel. The curves 26, 28 show
      the carbon gradients down to 0.24% carbon content, which corresponds to
      Rockwell "C" hardness of 50 Rc after hardening, as later described, while
      the nominal carbon content for that steel is 0.15%.
PAR  The carbon gradients are the slopes of the curves or the change of the
      carbon content over a given depth distance. These desired carbon gradients
      may be achieved by differential carburizing.
PAR  The preferred procedure of differentially carburizing the cutter 13 is
      achieved by combining the process of pack carburizing with the process of
      gas carburizing, both known arts. Pack carburizing is described on pages
      115-118 of Vol. 2 of the 8th Edition of the Metals Handbook, "Heat
      Treating, Cleaning and Finishing" (American Society for Metals, 1964). Gas
      carburizing is described on pages 93-114 of the same reference, all the
      material of which is incorporated in this specification by reference.
PAR  One method of differential carburizing a rotatable cutter made of A.I.S.I.
      4815 steel to achieve the carbon gradients of FIG. 3 includes the
      following steps. First the interior bearing area of the cutter is packed
      with a solid particle carburizing compound. These compounds are
      commercially available and preferably have a chemical analysis
      approximately as follows:
TBL  Barium Carbonate   3.5 - 5.2% (by weight)                                 
     Calcium Carbonate  1.0 - 2.0%                                             
     Binder             4.0 - 6.0%                                             
     Charcoal           balance                                                
PAL  The compound is held in place with a metal cap which fits over the mouth of
      the cutter and seals the interior from the exterior atmosphere.
PAR  Then the cutter is placed in a carburizing furnace, either continuous or
      batch type. The furnace atmosphere is endothermic gas enriched with
      methane to have a carbon potential of approximately 1.00-1.10% carbon.
      This potential may vary with the type of fuel used, and a typical analysis
      of the carburizing gas (atmosphere) is as follows:
PA1  40%N.sub.2 (by weight)
PA1  20%CO (CO.sub.2 about 0.07%)
PA1  38%H.sub.2
PA1  2%ch.sub.4
PAR  the cutter is heated to approximately 1700.degree. F. for about 9 hours at
      this carbon potential. Carbon from the gas enters the cutter 13 exterior
      forming a carbon gradient of substantially linear slope represented by the
      curve 28 between the points 29 and 31 on FIG. 3. Also during this part of
      the process, carbon from the solid particle compound enters the cutter
      interior bearing area forming a carbon gradient curve 26, which appears
      approximately linear as in FIG. 3.
PAR  Then the carbon on cutter 13 exterior is diffused by increasing the percent
      of CO.sub.2 of the atmosphere to lower the carbon potential of the furnace
      to approximately 0.45-0.55% carbon. Heating is continued at 1700.degree.
      F. for an additional 6 hours. This creates a non-linear portion of the
      carbon gradient curve as represented by the line 30 between points 31 and
      33 in FIG. 3. During the diffusion process no additional carbon is added
      to the cutter exterior, resulting in a carbon content at the surface which
      appears in FIG. 3 to be about 0.40%. The maximum carbon content appears in
      FIG. 3 to be about 0.45% at 0.020 inch case depth. The surface carbon
      content and maximum carbon content may vary in the preferred embodiment
      within the range of 0.30-0.50% for the surface, and less than 0.55%
      maximum. Having the maximum carbon in the case and not at the surface
      lessens the tendency for fatigue cracks in the surface. Without the
      diffusion process, the carbon gradient would appear approximately linear
      on the graph of FIG. 3 similar to the cutter exterior curve, resulting in
      a much higher surface carbon. The interior which is sealed from the
      atmosphere is not affected by the diffusion process.
PAR  The next steps of the process are hardening and tempering. The solid
      particle carburizing compound is removed prior to these steps. Then
      hardening, usually quenching in agitated oil, from a temperature of at
      least 1390.degree. F., can be performed using one of the following
      procedures for carburized A.I.S.I. 4815 steel to produce a substantially
      martensitic case:
PA1  a. Double quench from a carburizing or reducing atmosphere maintained at
      2.2% CO.sub.2 and temperature of respectively 1,650.degree. F. and
      1,440.degree. F. is preferred;
PA1  b. Single quench from a carburizing or reducing atmosphere and a
      temperature of 1,500.degree. F.
PAR  The tempering temperature is usually low, 290.degree. F. - 510.degree. F.,
      preferably about 335.degree. F. for 1 hour to toughen the carburized case
      without appreciably lowering its strength (hardness) to produce tempered
      martensite.
PAR  After machining the interior bearing area of the cutter, the following
      results can be expected:
TBL            Cutter Exterior                                                 
                             Cutter Interior                                   
     ______________________________________                                    
     Surface carbon                                                            
                 .30 - .50%      .85 - 1.05%                                   
     Maximum carbon                                                            
                 .55%            at surface                                    
     Surface hardness                                                          
                 42 - 50 Rc      57 - 63 Rc                                    
     Maximum hardness                                                          
                 57 Rc at .020 inch                                            
                                 at surface                                    
     ______________________________________                                    
PAR  Various case depths can be obtained by using shorter or longer time cycles.
      Deeper case depths may be required for larger bit size and for different
      types of bits; i.e., a cutter for a 121/4 inch bit may be in the range
      from 0.100-0.120 inch case depth while a cutter for a 57/8 inch bit may be
      in the range from 0.50-0.70 inch. The depth at which maximum carbon
      content occurs within the cutter exterior case also varies accordingly. In
      any case, however, the case depths of the interior and exterior will be
      substantially equal.
PAR  The case microstructure of the cutter exterior should have no ferrite at
      the surface. The carbon gradient should have a maximum carbon level of
      0.55% and the microstructure should be similar to that of quenched and
      tempered A.I.S.I. 4340 steel. The case microstructure and carbon gradient
      of the cutter interior bearing area should be the same as on a standard
      steel tooth cutter.
PAR  Drop impact tests to indicate impact strength of the cone exterior of this
      invention were performed on notched specimens. One group of specimens were
      gas carburized in the normal manner used in manufacturing cutters, giving
      a fairly high surface carbon content. A second group was gas carburized in
      accordance with the teachings of this specification, that is; 9 hours at
      1,700.degree. F. in an atmosphere containing 1.00-1.10% carbon potential,
      then 6 hours at 1,700.degree. F. in an atmosphere containing 0.45-0.55%
      carbon potential. A third group was gas carburized as the first group
      except the notch was painted with case preventative paint to avoid
      carburization in that area.
PAR  The impact strength of the first group averaged 26 in-lbs, the second group
      approximately 49 in-lbs and the third group approximately 33 in-lbs. The
      higher impact strength of the cutter exterior with a carburized case of
      this invention indicates more toughness or overall capacity of the tooth
      area to absorb energy, indicating less breakage.
PAR  The advantages of the differential carburized cutter were further
      demonstrated by field tests of three cutters constructed in accordance
      with the teachings of this specification. They were assembled with head
      sections to form an earth boring drill bit, which was secured during
      operation to the lower end of a drill string member by threads. The drill
      string was then lowered and rotated to urge the cutter teeth into the
      earth's formation. The bits of the present invention exhibited a bearing
      life comparably to that obtained with the prior art cutter. In addition,
      there was a significant reduction of tooth breakage in some instances.
PAR  While the differential carburized cutter has been shown in only one form,
      it should be apparent to those skilled in the art that it is not so
      limited, but cutters and bearing surfaces or other configurations may also
      contain differential carburized cases. In addition selective portions of
      the cutter may be painted with a commercially obtainable case preventive
      paint should carburization of only certain portions be desired. Also the
      method of achieving the different carburized cases may be modified without
      departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an earth boring bit, an improved rotatable cutter comprising:
PA1  a first carburized case on the cutter exterior;
PA1  a second carburized case on the cutter interior;
PA1  said second case having a substantially higher carbon content at its
      surface than said first case;
PA1  said first and second carburized cases being hardened to produce a cutter
      with an interior substantially harder than the exterior, providing a
      cutter resistant to tooth breakage while maintaining a wear resistant
      bearing surface.
NUM  2.
PAR  2. The cutter as defined by claim 1 wherein the case depths of said first
      case and said second case are substantially equal.
NUM  3.
PAR  3. The cutter as defined by claim 1 wherein the surface carbon content by
      weight of said first case is within the range of 0.30-0.50% and said
      second case within the range of 0.85-1.05%.
NUM  4.
PAR  4. The cutter as defined by claim 1 wherein the maximum carbon content by
      weight of said first case is less than 0.55%. and the maximum carbon
      content by weight of said second case after machining is greater than
      0.85%.
NUM  5.
PAR  5. The cutter as defined by claim 1 wherein the first carburized and
      hardened case has a surface hardness in the range from 42-50 Rc and the
      second carburized and hardened case has a surface hardness in the range
      from 57-63 Rc.
NUM  6.
PAR  6. The cutter as defined by claim 1 wherein the maximum hardness of the
      first carburized and hardened case is less than 57 Rc and occurs within
      the case, and the second carburized and hardened case has a maximum
      hardness greater than 57 Rc and occurs at the surface.
NUM  7.
PAR  7. In an earth boring bit, an improved rotatable cutter comprising:
PA1  a first carburized case on the cutter exterior;
PA1  said first case having a carbon gradient with the maximum carbon content of
      said case within said case and not at the surface;
PA1  a second carburized case on the cutter interior;
PA1  said second case having a substantially higher carbon gradient than said
      first case substantially throughout the depths of said cases;
PA1  said second case having a carbon content which is maximum at surface and
      decreases with depth;
PA1  said first and second carburized cases being hardened to produce a cutter
      with an interior substantially harder than the exterior, providing a
      cutter resistant to tooth breakage while maintaining a wear resistant
      bearing surface.
NUM  8.
PAR  8. In an earth boring bit, an improved rotatable cutter comprising:
PA1  a first carburized case on the cutter exterior;
PA1  the carbon content by weight of said first case at the surface being in the
      range from 0.30-0.50%;
PA1  the carbon content by weight within said first case varying with depth,
      with the maximum carbon content less than 0.55% and occurring within said
      case;
PA1  a second carburized case on the cutter interior;
PA1  the depth of said second case and said first case being substantially equal
      and in the range from 0.050-0.120 inch;
PA1  the carbon content by weight of said second case being substantially higher
      than said first case at least to the depth at which the carbon content of
      said first case is 0.24%;
PA1  the carbon content by weight of said second case at the surface being
      within the range of 0.85-1.05% after machining;
PA1  the carbon content by weight within said second case decreasing with depth,
      with the maximum carbon content occurring at the surface of said second
      case;
PA1  the surface hardness of said first and second cases after heat treatment
      being in the range from 42-50 Rc on said first case and after machining
      57-63 Rc on second case;
PA1  the maximum hardness in said first case being less than 57 Rc occurring
      within said case, and maximum hardness in said second case occurring at
      the surface;
PA1  whereby said cutter is resistant to tooth breakage while maintaining a wear
      resistant bearing surface.
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ABST
PAL  A dust guard intended for preventing drill dust from being spread out into
      the atmosphere during air flushed rock drilling. The dust guard comprises
      a bell-shaped suction shell which in operation is located around the drill
      stem at the rock surface and which is continuously discharged by a suction
      source. The shell is provided with a flexible collar the object of which
      is to hinder dust particles from leaving the shell along the drill stem.
      The flexible collar comprises an outer ring and a number of resilient
      tongues arranged in a fan-like manner between the outer ring and a central
      drill stem opening. The collar may be made in one piece.
BSUM
PAR  This invention relates to a dust guard intended for preventing free escape
      of drill dust during air-flushed rock drilling.
PAR  In particular, the invention relates to dust guard comprising a drill stem
      surrounding shell having a drill stem opening and an outlet opening.
PAR  A serious problem concerning such devices is to obtain an efficient and
      wear resistant packing for the drill stem opening.
PAR  Existing packings for this purpose are disadvantageous in that they are
      exposed to heavy wear from the drill stem and that they interfere with the
      drill stem handling. The heavy wear is due to the fact that such packings
      are designed to rest against the drill stem under some contact pressure to
      make sure that no leakage occurs. Further, such packings are designed to
      match the drill stem outer surface but are not flexible enough to let the
      drill bit through which means that those packings and the entire shell
      have to be dividable. Each time the drill bit is going to pass the
      packing, the shell has to be opened.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention aims to solve these problems by introducing a
      flexible collar in the drill stem opening of the shell, which collar
      comprises an outer ring and a plurality of resilient tongues extending
      radially, inwardly from said outer ring leaving a central opening for the
      drill stem. Adjacent ones of the tongues overlap each other so as to
      prevent free passing of dust particles out of said shell in a direction
      parallel the axis of the drill stem.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is hereinafter described in detail with
      reference to the drawings in which:
PAR  FIG. 1 shows an elevational view partly in section, of a dust guard
      according to the invention arranged in working position;
PAR  FIG. 2 shows a vertical view, partly in section, of the dust guard shown in
      FIG. 1, the section shown in FIG. 1 being taken along line I--I in FIG. 2
      and the section shown in FIG. 2 is being taken along line II--II in FIG.
      1;
PAR  FIG. 3 shows a flexible collar according to the invention intended for
      sealing off the drill stem opening of the shell; and
PAR  FIGS. 4 and 5 show two different views of a shape from which the flexible
      collar according to the invention is formed by bending.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  The device shown in FIGS. 1 and 2 comprises a shell 1 which is fully open
      toward the rock surface and provided with an outlet opening 2. To the
      outlet opening 2 there is connected a tangentially directed outlet conduit
      3. The shell 1 is also provided with an opening 4 in its upper part for
      receiving the drill stem 5. The drill stem 5 is provided with a drill bit
      6 at its forward end and a number of sleeve joints 7. The drill stem 5 is
      also provided with a channel 8 through which flush air is conducted into
      the drill hole via a drill bit 6. In the drill stem opening 4 of the shell
      1 there is mounted a collar 9 the purpose of which is to seal or screen
      off the drill stem opening relative to the drill stem. The collar 9 is
      described in detail below.
PAR  The shell 1 is drained by a suction source communicating with the outlet
      conduit 3. The suction source shall have overcapacity which means that it
      transports a greater amount of air than what is introduced through the
      flush air channel 8. The reason for using an overcapacity suction source
      is to accomplish an inwardly directed air flow through the collar 9. Some
      air also enters the shell through the inevitable gap between the front
      edge of the shell 1 and the rock surface. Thereby, drill dust is
      effectively prevented from leaking out of the shell into the atmosphere.
PAR  In the device shown in FIGS. 1 and 2, the suction device is located within
      the outlet conduit 3 itself just outside the outlet opening 2. The suction
      source comprises an air ejector 10 which includes a neck ring 11 and a
      pressure air nozzle 12 the end of which is situated within the neck ring
      11. The air nozzle 12 includes a pipe which is coaxial with the outlet
      conduit 3 and which extends through the shell 1. The air nozzle 12 of the
      ejector 10 is connected to a pressure air source (not shown) through a
      supply conduit 13. If there is no other suitable pressure air source
      available, the exhaust air from the rock drill could very well be used.
      (However, the invention, as defined by the claims, is not limited to this
      particular type of suction source).
PAR  The collar 9, as clearly shown in FIG. 3, includes an outer ring 14 and a
      number of resilient tongues 15 which extend radially, inwardly from said
      ring 14 leaving a central opening 17 for the drill stem 5. The collar 9
      may be formed in a single piece and is preferably made of plastic or
      rubber.
PAR  As is apparent from FIGS. 3, 4 and 5, the tongues 15 are inclined relative
      to the geometric plane of the outer ring 14 like the blades of a fan. The
      tongues are so located that they overlap each other in the axial direction
      of the collar 9. By this lay out, the tongues prevent free axial passage
      of dust particles coming out of the drill hole but permit air to enter the
      shell 1 in order to meet and retard these particles. By inclining the
      tongues 15, it is obtained not only the above mentioned over-lapping
      effect but also a rotation of the air that enters the shell through the
      collar 9. The inclination of the tongues 15 is chosen so as to give the
      same direction of rotation of the air within the shell as that obtained by
      the tangentially directed outlet conduit 3.
PAR  In FIGS. 4 and 5 there is shown a shape from which the flexible collar 9 is
      formed. This shape comprises an elongated sectional bar from which the
      tongues 15 project. The sectional bar has a determined length equal to the
      circumference of the drill stem opening 4 of the shell 1. To form the
      collar 9, the shape is bent into a circle, whereat its ends meet in a
      joint 18. Then, the sectional bar of the shape forms the outer ring 14 of
      the collar 9 (see FIG. 3). Because of the fact that the tongues 15 will be
      radially directed in the collar after that the shape has been bent to a
      circle, they may very well be tapered away from the bar. (See FIG. 4).
PAR  The operation order of the dust guard according to the invention is
      described below.
PAR  At the start of a drilling operation the shell 1 is placed upon the rock
      surface. The drill stem 5 and the drill bit 6 are lowered down through the
      collar 9 and the shell 1 into contact with the rock surface. When passing
      the collar 9, the drill bit 6 causes deflection of the resilient tongues
      15. As the central hole 17 of the collar is adapted to the drill stem, the
      tongues 15 will reoccupy their original position after that the drill bit
      6 has passed through. Before the drilling operation is started the outlet
      conduit 3 is connected to a dust collecting device and the pressure air
      supply conduit 13 is connected to a pressure air source. By introducing
      pressure air through the nozzle 12 a secondary air flow is created through
      the neck ring 11 and the outlet opening 2. This secondary air flow shall
      be larger than the flush air flow in order to obtain an inwardly directed
      air flow through the collar 9.
PAR  As the drilling operation is started and flush air is circulated through
      the drill hole, dust and cuttings rush out into and is trapped by the
      shell 1. At least adjacent the rock surface the direction of the dust
      particles is parallel to the drill stem 5 (see arrows in FIG. 1) but later
      on they are deflected and caught by the current air flow within the shell
      1. However, the bigger, heavier dust particles are not deflected as easily
      as the smaller, lighter particles but tend to pass through the shell along
      the drill stem without being deflected. These particles, however, cannot
      pass the collar 9 without hitting the tongues 15 (illustrated by the arrow
      in FIG. 5). Because of the fact that the velocity of these particles is
      strongly reduced after hitting the collar and, because of the overcapacity
      of the ejector 10 which creates a counter directed air flow down through
      the collar 9, these particles are stopped and sucked out through the
      outlet opening 2. Accordingly, the collar 9 acts more like a screen than a
      packing.
PAR  Owing to the fact that the outlet conduit 3 is directed tangentially
      relative to the shell 1 and owing to the inclination of the collar tongues
      15, a current air flow rotation is maintained within the shell 1. The
      purpose of this air rotation is to keep all dust particles suspended by
      the air until they leave the shell 1. Otherwise dust will settle within
      the shell 1 and cause choking up of the shell 1.
PAR  By forming the collar 9 by bending of an originally straight plastic or
      rubber shape, there is obtained an efficient as well as simple and cheap
      dust guard packing which can be easily and rapidly exchanged when worn
      out. Further, the dust guard according to the invention does not interfere
      with the drill stem handling because the drill bit as well as drill stem
      sleeve joints, if any, may pass through without opening or disassembling
      the shell.
PAR  The invention is not limited to the shown and described embodiment but can
      be freely varied within the scope of the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a dust guard for preventing free escape of drill dust from a drill
      hole during air-flushed rock drilling, comprising a drill stem surrounding
      shell (1) provided with an outlet opening (2) and a drill stem opening
      (4), the drill stem opening (4) being lined with a flexible collar (9),
PA1  the improvement wherein:
PA1  said flexible collar (9) comprises an outer ring (14) and a plurality of
      resilient tongues (15) extending radially, inwardly from said outer ring
      (14) leaving a central opening (17) for a drill stem (5), each of said
      tongues (15) having a width substantially greater than the thickness
      thereof and having at least a portion which is inclined relative to a
      plane in which said flexible collar (9) lies, at least adjacent ones of
      said tongues (15) commonly extending from the same outer ring (14)
      overlapping each other so as to prevent free passing of dust particles out
      of said shell between the drill stem (5) and said flexible collar (9) and
      between said adjacent tongues (15).
NUM  2.
PAR  2. Dust guard according to claim 1, wherein the shell (1) is circular, an
      outlet conduit (3) which is tangentially directed relative to the shell
      (1) is provided which communicates with the outlet opening (2) for
      producing an air rotation within the shell (1) during drainage thereof and
      said tongues (15) are inclined so as to cause air that enters the shell
      (1) through the collar (9) to rotate in the same direction as the air
      rotation produced by the tangentially directed outlet conduit (3).
NUM  3.
PAR  3. Dust guard according to claim 1, wherein said tongues (15) are inclined
      relative to the geometric plane of said outer ring (14).
NUM  4.
PAR  4. Dust guard according to claim 3, wherein the shell (1) is circular, an
      outlet conduit (3) which is tangentially directed relative to the shell
      (1) is provided which communicates with the outlet opening (2) for
      producing an air rotation within the shell (1) during drainage thereof and
      said tongues (15) are inclined so as to cause air that enters the shell
      (1) through the collar (9) to rotate in the same direction as the air
      rotation produced by the tangentially directed outlet conduit (3).
NUM  5.
PAR  5. Dust guard according to claim 1, wherein said flexible collar (9) is
      made of a resilient material, and said tongues (15) and said outer ring
      (14) are formed in one piece.
NUM  6.
PAR  6. Dust guard according to claim 3, wherein the outer ring (14) of said
      collar (9) comprises an originally straight sectional bar which is bent
      into a circle, said tongues (15) projecting from said sectional bar and
      being disposed parallel to each other when said sectional bar is straight,
      and being spaced at such distances that they overlap each other at least
      at their base portions viewed in a direction perpendicular to said
      sectional bar.
NUM  7.
PAR  7. Dust guard according to claim 5, wherein said tongues (15) are inclined
      relative to the geometric plane of said outer ring (14).
NUM  8.
PAR  8. Dust guard according to claim 5, wherein the shell (1) is circular, an
      outlet conduit (3) which is tangentially directed relative to the shell
      (1) is provided which communicates with the outlet opening (2) for
      producing an air rotation within the shell (1) during drainage thereof and
      said tongues (15) are inclined so as to cause air that enters the shell
      (1) through the collar (9) to rotate in the same direction as the air
      rotation produced by the tangentially directed outlet conduit (3).
NUM  9.
PAR  9. Dust guard according to claim 1, wherein the diameter of said central
      opening (17) of the flexible collar (9) is substantially equal to that of
      the drill stem (5) but smaller than the diameter of a drill bit (6) which
      is coupled to the drill stem and smaller than the diameter of the drill
      stem joints (7).
NUM  10.
PAR  10. Dust guard according to claim 9, wherein said flexible collar (9) is
      made of a resilient material, and said tongues (15) and said outer ring
      (14) are formed in one piece.
NUM  11.
PAR  11. Dust guard according to claim 10, wherein the shell (1) is circular, an
      outlet conduit (3) which is tangentially directed relative to the shell
      (1) is provided which communicates with the outlet opening (2) for
      producing an air rotation within the shell (1) during drainage thereof and
      said tongues (15) are inclined so as to cause air that enters the shell
      (1) through the collar (9) to rotate in the same direction as the air
      rotation produced by the tangentially directed outlet conduit (3).
NUM  12.
PAR  12. Dust guard according to claim 10, wherein said tongues (15) are
      inclined relative to the geometric plane of said outer ring (14).
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ABST
PAL  A tool adapted for connection to the lower end of a fluid supply line
      comprising: a housing; a tubular stem telescopically received by the
      housing for relative reciprocal movement therewith in response to fluid
      pressure communicated to the housing through the supply line; a working
      element attached to one end of the stem for movement therewith; and a
      valve assembly carried by the housing and responsive to predetermined
      movement of the stem relative to the housing to relieve fluid pressure
      within the tool, permitting a return of the stem and housing to their
      initial position relative to each other. In the method, the tool is
      attached to the end of a fluid supply line and inserted into a well
      conduit, the continuous supply line is inserted into the conduit until the
      tool reaches a preselected level; the tool is operated by applying fluid
      pressure thereto through the supply line; and the supply line is further
      fed into the conduit as the tool advances through the conduit. When the
      working element engages a firm obstruction, the housing and tubing are
      repeatedly reciprocated relative to the stationary bit imparting hammering
      blows thereto. When the working element is substantially free to move, it
      reciprocates relative to the stationary housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to well tools and methods of use therefor.
      In particular, the present invention pertains to a tool for cleaning out,
      reshaping or reaming well conduits, or for making new hole in a well or
      for other uses. Specifically, the present invention pertains to well tools
      and methods for use thereof which are especially designed for use with
      continuous coiled pipe operations but which may advantageously be used
      with any suitable fluid supply line, including conventional jointed
      tubing. As used herein, the term "fluid" is intended to include both
      liquid and gas.
PAR  2. Background of the Prior Art
PAR  Drilling a well requires expensive equipment and operation. Usually the
      drill string comprises joints of pipe which are connected together as
      drilling progresses. A derrick is required for handling such pipe. In the
      past, it has been necessary, in changing a bit or in other operations, to
      pull the drill string, disconnecting and stacking joints of pipe. This
      also requires, in addition to the derrick, a considerable amount of time.
PAR  In the past, even working over a non-productive or malfunctioning well has
      required equipment capable of pulling strings of pipe and disconnecting
      the joints thereof. To eliminate derricks and associated equipment, some
      workover or remedial operations have been handled by running various tools
      into the well on a cable. However, cable workover methods have several
      limitations, including the inability to utilize fluid flow in the remedial
      operations.
PAR  In recent years, continuous pipe or tubing units have been developed to
      eliminate some of the problems of conventional workover operations. In the
      continuous tubing units, a continuous string of small diameter pipe or
      tubing is coiled on a reel device and the continuous pipe is fed through
      an injector device which straightens the tubing and feeds it from the reel
      down into the well. Such an operation eliminates the need for a derrick
      and for the time-consuming operation of connecting joints of pipe
      together. Coiled tubing units are described in U.S. Pat. Nos. 3,116,793;
      3,313,346; and 3,346,045.
PAR  Coiled tubing units may be used for several types of workover operations.
      For example, wells having sand bridges or which are filled with sand from
      top to bottom may be cleaned by injecting the continuous pipe into the
      well while circulating fluids therethrough. Coiled tubing units are often
      used to "kick wells off," in place of gas lifting or swabbing, by
      injecting nitrogen or natural gas into the well or by replacing workover
      fluid with diesel or lease crude. Production zones may be acidized,
      inhibited, sand-consolidated, gravel packed, squeezed off or partially
      plugged back to shut off bottom water using coiled tubing units. Foreign
      matter in the tubing, such as paraffin, may be removed by circulation of
      hot oil or solvent through continuous coiled tubing units. It will be
      appreciated that such units are highly flexible in workover operations.
PAR  However, there may be situations where circulation of a fluid through a
      coiled tubing unit will not remedy the problems of a potentially
      productive well. For example, the well tubing may become plugged with
      inoperative equipment or foreign matter which cannot be dissolved or
      washed out by circulation of fluids. In other cases, the production tubing
      itself may be corroded, deformed or otherwise defective.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, a tool is provided which is adapted for
      connection to the end of a fluid supply line. In the preferred form, the
      supply line is a continuous string of coiled tubing. Due to the torsional
      stresses involved and the impracticability of rotating a string formed
      from coiled tubing, conventional drill bits and other rotary tools are not
      suitable with such tubing. Therefore, the tools of the present invention
      have been designed for reciprocal, percussion type operation which are
      powered by pressurized fluids supplied through a supply line.
PAR  A preferred form of the invention comprises a drill tool which includes: a
      housing; a tubular stem member telescopically received in the housing for
      relative reciprocal movement therewith between a first terminal position
      and a second terminal position in response to fluid pressure communicated
      to the housing through the fluid supply line; a drill bit attached to one
      end of the stem member for movement therewith between its first and second
      terminal positions; and a valve assembly responsive to predetermined
      movement of the stem member toward its second terminal position to relieve
      fluid pressure and permit the stem member to return to its first terminal
      position. When the bit is against a firm surface, the fluid pressure and
      valve operation causes the housing and attached tubing to raise and lower
      relative to the stationary bit which in effect causes hammering blows to
      be delivered to the bit. Thus, a drill tool is provided with a hammered
      bit for drilling out stubborn foreign matter within a well. Although it is
      not primarily intended for such use, such a drill tool may even be used to
      initially drill or "make hole" for a new well.
PAR  In workover operations, where a tubing is to be cleared of sand or other
      material, the drill tool is attached to one end of a reel of continuous
      pipe and inserted into the well conduit, the continuous pipe is fed from
      the reel into the conduit until the drill tool reaches a preselected level
      and the drill tool is then operated by applying hydraulic or pneumatic
      pressure thereto through the continuous pipe. As the drill tool advances
      through the conduit, the continuous pipe is fed from the reel into the
      well conduit. When a solid obstacle is encountered, the valve assembly of
      the tool is operable in response to reciprocation of the housing relative
      to the drill bit to open and close providing intermittent fluid flow from
      the continuous pipe string into the well conduit. When no substantial
      opposition is met by the bit, the bit reciprocates relative to the
      stationary housing. The combined bit action and fluid flow serves as an
      aid in washing out or eroding unwanted foreign matter and in removing
      cuttings or dislodged material from the well conduit.
PAR  Thus, with the drill tool of the present invention, the continuous coiled
      tubing units of recent development can be made even more flexible and
      useful for working over wells. Such flexibility and reduced operational
      costs are extremely important in solving the energy problems of today.
      Other objects and advantages of the invention will be apparent from a
      reading of the specification which follows in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view, in section, of a drill tool according to an
      embodiment of the invention, in which the bit is shown in its running or
      retracted position;
PAR  FIG. 2 is a sectional elevation view of the drill tool of FIG. 1 showing
      the bit in an extended position;
PAR  FIG. 3 is a sectional elevation view, similar to FIG. 1, showing a
      preferred embodiment of the invention;
PAR  FIG. 4, taken along line 4--4 of FIG. 1, is a horizontal cross-sectional
      view of the drill tool of FIG. 1;
PAR  FIG. 5, taken along line 5--5 of FIG. 2, is another horizontal
      cross-sectional view of the tool of FIGS. 1 and 2;
PAR  FIG. 6, taken along line 6--6 of FIG. 3, is a horizontal cross-sectional
      view of the alternate drill tool of FIG. 3; and
PAR  FIG. 7 is a schematic representation of a drill tool, such as the one shown
      in FIGS. 1--6, attached to the end of a coiled tubing unit for removing
      foreign matter from a well conduit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1, 2, 4 and 5, there is shown a drill tool T,
      according to one embodiment of the invention. The drill tool T may
      comprise a housing made up of a tubular body 1, a running and pulling sub
      2, and collar or hammer 3. The bore of the body 1 may be reduced at 4 so
      as to provide an upper annular chamber 5 and a lower annular chamber 6.
PAR  The running and pulling sub 2 may be threadedly attached, as at 7a, to the
      body 1 and provided with a suitable seal 7 for such connection. Sub 2 may
      also be provided with upper threads 8 by which the drill tool may be
      attached to the lower end of a pipe string P. The exterior of the sub 2
      may be relieved so as to provide a downwardly facing annular surface 9 by
      which the drill tool may be retrieved in the even that it becomes
      disconnected from the pipe string P for any reason.
PAR  Telescopically received within the housing is a tubular stem member 10 to
      the lower end of which is attached, by threads 11 or the like, a suitable
      drill bit 12 or other working element. The working element 12 may be
      referred to as the cooperating "anvil" for hammer 3. The stem member 10
      slidingly engages the bore of collar 3 so that it may be reciprocated,
      relative thereto, between a first terminal position, as shown in FIG. 1,
      and extended positions such as shown in FIG. 2. An annular seal 13 may be
      carried by the collar 3 to provide a sliding seal between the housing and
      tubular stem 10.
PAR  The upper portion of the tubular stem 10 may be provided with an annular
      flange or extension 14 for reciprocation within the chamber 6. The flange
      portion 14 creates a downwardly facing shoulder 15 against which one end
      of a helical biasing spring 16 may rest. The other end of the spring 16 is
      in contact with the upwardly facing annular surface 17 provided by collar
      or hammer 3. The spring 16 biases the stem member 10 toward the first or
      upper terminal position shown in FIG. 1.
PAR  Also disposed within the housing is a plunger 18. The diameter of the
      plunger 18 is such as to fit closely but slidingly within the reduced bore
      portion 4 of the housing body 1. The plunger member may also be provided
      with an annular flange or extension 19 for limited relative reciprocation
      within annular chamber 5. The plunger flange 19 and reduced bore of
      housing body 1 provide downwardly and upwardly facing shoulders 20 and 21,
      respectively, between which is disposed a second helically wound biasing
      spring 22. The spring 22 biases the plunger member 18 toward an upper or
      first terminal position against a shoulder 23 provided by running and
      pulling sub 2. It should be noted that the free length and solid height
      difference of the stem spring member 16 is greater than that of the
      plunger spring member 22.
PAR  The plunger member 18 may be provided with at least one elongated
      passageway 24 through which fluid communication is established between the
      first and second annular chambers 5 and 6. The purpose of such
      communication will be more fully understood hereafter.
PAR  The lower end of plunger 18 may be tapered, as at 25, to sealingly engage a
      correspondingly tapered seat 26 provided at the upper end of stem member
      10. The plunger 18 and upper end of stem member 10 cooperate as a valve or
      control device by which relative reciprocation of the stem member 10 and
      drill bit 12 can be effected.
PAR  The preferred embodiment of the drill tool, as illustrated in FIGS. 3 and
      6, is essentially the same as the embodiment of FIGS. 1 and 2. One
      difference lies in the provision of a plurality of elongated passageways
      24a for providing fluid communication between annular chambers 5a and 6a.
      Another is placement of seal ring 13a on the flange member 14a rather than
      on the collar, as in the previously described embodiment. This provides a
      larger effective pressure area on the stem 10a than in the previous
      embodiment. To prevent the build up of opposing pressures within the lower
      portion of chamber 6a, ports O are provided in stem 10a. This eliminates
      large opposing pressures below seal 13a, but provides some positive
      pressure to prevent entry of sand or other deleterious materials into the
      chamber 6a on upward movement of stem 10a relative to the surrounding
      housing. In other respects, the preferred drill tool Ta is essentially the
      same in construction and operation as the previous tool embodiment T.
PAR  It should be understood that although drill bits 12 and 12a have been shown
      with these embodiments other "working elements" such as broaches, swedging
      devices, simple driving members or the like may be used. The type of
      working element depends on the job the tool is called on to perform.
PAC  STATEMENT OF OPERATION
PAR  Referring now also to FIG. 7, operation of the present invention for
      working over a well will be described. Schematically illustrated in FIG. 7
      is a well W having a tubing string or conduit C which has become plugged
      by unwanted foreign matter M. A coiled tubing unit is provided including a
      reel or coil R of continuous pipe P and an injector device I. No further
      description of the reel R and injector device I is needed since these
      items known in the industry.
PAR  In operation, a drill tool T, such as the ones shown in FIGS. 1, 2, 4 and 5
      would be attached to one end of the reel of continuous pipe P. The tool T
      and continuous pipe would be inserted into the conduit C, after
      straightening by the injector unit I, and the continuous pipe fed from the
      reel R until the drill tool T reaches a preselected level, for example the
      level of unwanted foreign matter M. At this point, fluid pressure would be
      applied to the tool T through the continuous pipe string, such as by pump
      F, for operation thereof. Although hydraulic operation is described it
      should be understood that gases, such as compressed nitrogen, may also be
      used in the present invention.
PAR  As pressure is communicated to the well tool T, the housing and pipe string
      P are forced upwardly, relative to the plunger 18, stem member 10 and
      drill bit 12, due to the pressure differential between the pipe string P
      and the conduit C. This pressure is communicated to the plunger 18 and,
      via passageway 24, to the upper end of stem member 10.
PAR  The housing moves upwardly until the biasing spring 22 reaches its solid
      height, arresting relative movement between the housing and plunger 18. At
      this point, the tapered end 25 of the plunger 18 is lifted from the seat
      26, provided on the upper end of stem member 10 (opening the valve). Once
      the valve is open, fluid may flow through the stem member 10 and drill bit
      12, allowing pressure to equalize within the tool T. Upon relief of
      pressure, the weight of the pipe string P and the compressive forces
      created therein forces the housing to return to its original or first
      terminal position. During this movement, compressed springs 22, 16,
      plunger 18, and stem member 10 return to their relative initial or first
      terminal positions. When the housing is forced to return to its initial
      position, a percussion blow is delivered by the hammer 3 to the anvil or
      working element 12.
PAR  The internal pressure within the pipe string P is then allowed to rise to
      the point necessary for again forcing the housing and pipe string P
      upwardly relative to the plunger 18 and stem 10. This cycle continues,
      causing the housing to continue in a reciprocating motion imparting blows
      to the working element 12 for pushing or drilling out the unwanted matter
      M within the conduit C. As previously mentioned, this drilling is also
      aided by the intermittent flow of fluid through the stem 10 when the valve
      is open. This flow also aids in returning cuttings or dislodged matter to
      the surface of the well through conduit C. As the drill tool advances
      through the conduit C, the continuous pipe P is fed from the reel R.
PAR  It can easily be understood that if the unwanted matter within conduit C is
      relatively soft, such as paraffin, the housing may remain stationary while
      the plunger 18 and stem 10 move downwardly under the influence of fluid
      pressure in the pipe string P. The movement of the various components of
      tool T described herein are, therefore, relative.
PAR  It should also be understood that several types of working elements may be
      used in place of the bit 12 shown herein. A broach tool may be used to
      chisel or ream out the inside of a conduit which has been "dimpled" or
      bent so as to create an unwanted obstruction in the conduit. A swaging
      tool may be used to reshape the interior of a conduit. A simple punching
      type tool may be used to drive irretrievable inoperable tools or control
      devices out the bottom of a conduit. In fact, plugs such as those used to
      plug the end of a conduit may even be driven out with a punching type
      tool. These are merely examples, without limitation, of working elements
      which may be substituted for bit 12.
PAR  Although the drill tool and method of the present invention have been
      described primarily for use in workover operations, it is conceivable that
      such a tool may be used to initially drill or make new well hole,
      particularly for shallow wells. In fact, many variations and uses of the
      invention can be made by those skilled in the art without departing from
      the spirit of the invention. It is therefore intended that the scope of
      the invention be limited only by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A well tool comprising:
PA1  a. a housing having means for connecting said tool in fluid communication
      with the lower end of a pipe string and defining at least one annular
      chamber therein;
PA1  b. tubular stem means telescopically received by said housing for relative
      reciprocal movement and sealing engagement therewith between a first
      terminal position and a second terminal position in response to fluid
      pressure communicated to said housing through said pipe string;
PA1  c. a working member attached to one end of said stem means for said
      relative movement therewith between said first and second terminal
      positions;
PA1  d. valve means carried by said housing responsive to predetermined movement
      of said stem means, relative to said housing, to relieve said fluid
      pressure, permitting return of said stem means and housing to said first
      terminal position; and
PA1  e. biasing means disposed in said annular chamber biasing said stem member
      and housing toward said first terminal position and biasing said valve
      into a closed position when said stem member and housing are in said first
      terminal position.
NUM  2.
PAR  2. A well tool as set forth in claim 1 in which the upper portion of said
      stem means is of an enlarged diameter which sealingly engages said annular
      chamber and reciprocates relative thereto, port means being provided
      through the walls of said stem means providing fluid communication between
      the interior of said stem means and said annular chamber.
NUM  3.
PAR  3. A well tool as set forth in claim 1 in which said biasing means
      comprises a spring member disposed between an upwardly facing surface of
      said annular chamber and a downwardly facing surface on said enlarged
      diameter portion of said stem means.
NUM  4.
PAR  4. A well tool as set forth in claim 3 in which said valve means comprises
      an annular seat at the upper end of said stem means and a plug member
      engageable therewith.
NUM  5.
PAR  5. A well tool as set forth in claim 4 in which said housing defines a
      second annular chamber in which the upper portion of said plug member is
      disposed for relative reciprocation therein between a first terminal
      position and a second terminal position, said biasing means biasing said
      stem means toward its first terminal position for sealing engagement of
      said annular seat with said plug member when said plug member is in its
      first terminal position.
NUM  6.
PAR  6. A well tool as set forth in claim 5 including second biasing means
      carried by said housing for biasing said plug member in a direction away
      from said seat.
NUM  7.
PAR  7. A well tool as set forth in claim 6 in which said second biasing means
      comprises a spring member disposed between an upwardly facing surface of
      said second annular chamber and a downwardly facing surface on said
      plunger member.
NUM  8.
PAR  8. A well tool as set forth in claim 7 in which the free length and solid
      height difference of said stem spring member is greater than that of said
      plunger spring member.
NUM  9.
PAR  9. A well tool as set forth in claim 8 in which said plunger member
      communicates with said seat through a reduced diameter bore between said
      first and second annular chambers.
NUM  10.
PAR  10. A well tool as set forth in claim 9 in which said first and second
      chambers are at all times in fluid communication through an elongated
      passage in said plunger member.
NUM  11.
PAR  11. A well tool as set forth in claim 1 in which said stem means and said
      working member define a passageway through which fluid communication may
      be established between said pipe string and the exterior of said tool when
      said valve means is opened.
NUM  12.
PAR  12. A well tool as set forth in claim 11 in which said valve means
      comprises an annular seat surrounding said passageway at the upper end of
      said stem member and a plunger member carried by said housing means for
      engagement therewith to close said valve means.
NUM  13.
PAR  13. A well tool as set forth in claim 12 in which said biasing means biases
      said stem means and housing toward said first position in which said valve
      means is always in a closed position.
NUM  14.
PAR  14. A well tool as set forth in claim 13 in which said plunger means
      remains fixed relative to said stem means during at least initial relative
      movement of said stem means toward said second terminal position.
NUM  15.
PAR  15. A well tool as set forth in claim 14 including means for stopping
      movement of said plunger means, relative to said housing, while said stem
      means is allowed to continue movement toward said second terminal
      position, so as to disengage said plunger and seat, opening said valve
      means.
NUM  16.
PAR  16. A well tool as set forth in claim 15 including second biasing means
      biasing said plunger means in a direction away from said engagement with
      said seat means.
NUM  17.
PAR  17. A well tool as set forth in claim 16 in which said first mentioned
      biasing means biases said stem means toward said plunger means.
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ABST
PAL  Improved cutter elements for drill bits of the type having two to four
      conical-shaped cutters mounted in a supporting body for rotation about
      their respective axes with their apices inclined downwardly-inwardly
      toward the axis of rotation of the body; the cutter elements are spaced
      apart from one another both axially and circumferentially of the
      substantially conical exterior of each conical-shaped cutter and, usually,
      disposed in spaced circumferential rows, each cutter element including a
      pair of interacting chisel or wedge-shaped teeth intersecting each
      other--preferably at their medial portions in perpendicular
      relationship--coextensive from crest to root and having their respective
      crests extending approximately radially of the axis of rotation of said
      cutter and generally circumferentially of said cutter axis; the
      circumferentially--oriented teeth have coextensive cutting edges at their
      ends and are adapted to cut through ridges created in the formation by the
      radially-oriented teeth and laterally displace cuttings of the latter as
      well as contact said formation ahead or prior thereto so as to permit
      greater penetration of said radially-oriented teeth.
PAL  Both teeth of each cutter element may be of relatively narrow transverse
      dimensions or thickness as well as minimum taper, such as 40.degree. or
      less, and the circumferential spacing between adjacent cutter elements may
      be relatively wide without unduly weakening said teeth, whereby a drill
      bit having such cutter elements may be utilized in varying formations,
      from relatively soft to relatively hard, so as to minimize the necessity
      of replacing the bit before exhaustion of its usefulness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional earth boring drill bits of the roller cone or rotary conical
      cutter type have discrete chisel or wedge-shaped teeth with their crests
      extending longitudinally of their respective cone and in planes
      approximately radially of the respective axis of rotation thereof or
      transversely of its respective direction of rotation. Usually, these teeth
      have a taper in the range of 42.degree. to 46.degree. in order to prevent
      excessive tooth breakage, and this tooth angle is maintained regardless of
      the density (soft, medium, hard) of the formation to be drilled as well as
      of the length and spacing of said teeth. In addition to the
      circumferential spacing thereof, the teeth are disposed in spaced
      circumferential or concentric rows with the rows of each cone being offset
      relative to the rows of adjacent cones. In most instances, the length of
      and the distance between adjacent circumferential teeth is determined by
      the density of the earth formation to be drilled, which is generally
      classified as soft, medium or hard and which varies according to the
      strata of the earth, with such teeth length and distance therebetween
      decreasing with increasing density or hardness and with the shortened
      teeth being as close together as possible. It is noted that formations of
      varying density or hardness are disposed frequently in adjacent strata of
      relative thinness.
PAR  The aforesaid approximate 42.degree. to 46.degree. taper results in
      thickened crests or cutting edges, which thickness increases in proportion
      to the extent of wear of the teeth and is amplified when said teeth are
      relatively long, thereby requiring the application of additional weight in
      order to penetrate the formation. Obviously, the applied weight must not
      exceed the bearing capacity of the roller cones or the total weight of the
      collars of a string of drill pipe. Teeth of this type are prone to
      breakage when a denser or harder formation is encountered, and attempts to
      reduce this tendency have included increasing the taper and the thickness
      or lesser transverse dimension of the teeth (tooth width transverse to
      taper) and/or shortening the length of said teeth; however, this manner of
      strengthening the teeth, again results in thickened crests or bread
      cutting surfaces upon wear of the teeth so as to resist penetration of the
      formation and necessitate the application of additional weight on the
      drill bit in order to obtain a satisfactory penetration rate.
PAR  Drill bit cones having rows of closely spaced teeth for use in medium to
      medium hard formations usually create a pattern in the formation known as
      "gearing", the teeth tending to contact the formation in depressions
      formed by said teeth during a previous revolution of the cone. Due to this
      "gearing" action, ridges are created between adjacent depressions which
      strengthen the formation and resist fracture thereof by the teeth.
PAR  In a drill bit cone having tooth crests extending longitudinally thereof
      and in planes extending approximately radially of the axis of rotation
      thereof, the depth of penetration of each tooth into the formation is
      restricted by the engagement of its adjacent teeth in each row of teeth
      with said formation whereby the amount of penetration is dependent upon
      the distance between said teeth. As shown in FIGS. 5-8, each center tooth
      of any group of three adjacent teeth in any row penetrates the formation
      until the following or trailing tooth contacts the formation. Since the
      lead or preceding tooth remains in engagement at this point, penetration
      ceases because all three of the teeth attempt to enter the formation at
      different angles whereby additional penetration is impossible. This action
      is repeated by each group of three teeth and determines the maximum
      penetration by a drill bit during each revolution. As each cone rotates on
      its axis, the following tooth of each of the aforesaid groups presents a
      flat surface to the formation (FIG. 5), and this tooth cannot penetrate
      until the cone revolves sufficiently to position said tooth directly under
      said cone so that its cutting edge or crest fractures and forces the
      formation to either side of said tooth.
PAR  If the teeth are widely spaced circumferentially to permit deeper
      penetration by each tooth in turn, the following or trailing tooth may
      break as the load or weight of the drill string is applied to its flat
      side. If it does not break, this tooth must lift the load until it is
      directly beneath the cone so as to penetrate the formation. Another
      disadvantage is that in soft or gummy formations, such as gumbo or shale,
      cuttings pack in the recesses between the flat surfaces of adjoining teeth
      in each row and the shell of the cone. This mass of cuttings is dehydrated
      by engagement with the formation and the hydrostatic pressure of the fluid
      column in the well hole, this condition being commonly known as and
      referred to as bit balling (a balled up drill bit). It is noted that the
      mass of cuttings between adjacent teeth becomes firm and dense and may
      extend to the crest of said teeth, whereby it supports the weight applied
      to a drill bit and prevents penetration into the formation by said teeth.
PAR  Another problem frequently encountered is known as "tracking" which is
      caused by a circumferential row of teeth sliding into a depression caused
      by an offset row of teeth on one of the other cones. This action leaves
      circumferential ridges of uncut formation which create wear on the ends of
      the radial teeth crests and stop penetration since the height of the
      ridges exceeds the remaining tooth length or height and the cone shell or
      exterior rests on said formation ridges. Also, the "tracking" action
      causes the guage surfaces of a drill bit to abrade the wall of the well
      hole and drill a bore which is of greater diameter than said bit. Under
      these conditions penetration of the bit ceases and it must be replaced by
      another type.
PAR  In order to increase the rate of penetration in formations, such as shale,
      the roller cones of a conventional drill bit have the inner ends of their
      axes of rotation offset relative to the axis of rotation of said bit
      whereby said cones bear outwardly so as to provide radial or transverse
      movement for more efficiently fracturing the formation, particularly the
      annular ridges formed therein during previous revolutions. Unfortunately,
      the rotation of the drill bit causes the radial teeth of each cone to
      slide inwardly toward the rotational axis of said bit; and the resultant
      abrasion of said teeth causes more rapid wear thereof and increases the
      radial load or thrust exerted on the bearings of the cones so as to
      appreciably shorten the life of said bearings.
PAC  SUMMARY OF THE INVENTION
PAR  Herein for convenience, the radially-oriented teeth may be referred to as
      "radial" or "transverse" teeth, the circumferentially-oriented teeth as
      "circumferential" or "parallel" teeth, and the bottom of a well as the
      "hole bottom" or "formation".
PAR  The essence of the invention resides in providing novel cutter elements for
      the cone-shaped rotary cutters of drill bits, wherein each cutter element
      is quadrangular at its base, of X-shape or cruciform configuration in plan
      and has intersecting radially-oriented and circumferentially-oriented
      chisel or wedge-shaped teeth which intersect to reinforce each other so as
      to have sufficient strength to efficiently penetrate and disintegrate
      medium or relatively hard or dense formations without premature wear and
      breakage, the interacting reinforcement of the teeth permitting minimum
      taper, such as 40.degree. or less in comparision to the standard
      42.degree. to 46.degree. taper, of said teeth so that a faster penetration
      rate may be attained without the use of excessive weight, and said minimum
      taper permitting said teeth to be of sufficient length and thinness to
      disintegrate relatively soft formations efficaciously, whereby a drill bit
      need not be withdrawn from a well and replaced prior to exhaustion of its
      usefulness when harder or softer formations are encountered. Preferably,
      the teeth of each cutter element intersect at the medical portions thereof
      in perpendicular or right anglar relationship.
PAR  The crest of one of the intersecting teeth of each cutter element is
      disposed in a plane transverse to the direction of rotation of its cutter
      and approximately radially of the axis of rotation of said cutter, while
      the crest of the other intersecting tooth is linear and extends
      approximately circumferentially or concentrically of the approximately
      conical exterior of said cutter as well as transversely of said
      radially-oriented tooth. The teeth of each cutter element are coextensive
      in length from crest to base or root and, preferably, the crest of the
      circumferentially-oriented tooth is convex longitudinally so as to taper
      toward its ends whereby said element may be of maximum length without
      danger of striking adjacent rotary cutters. Although it is desirable for
      each circumferentially-oriented tooth to be perpendicular to its
      intersecting radially-oriented tooth and for the teeth to bisect the
      medial portions of each other, it is readily apparent that the
      intersection of said teeth may be offset relative to their respective
      centers and for said teeth to be disposed obliquely to each other. Also,
      the teeth crests of each cutter element may, but need not, be of equal
      length.
PAR  In addition to the cutter elements of each cone-shaped cutter being spaced
      from one another both axially and circumferentially thereof, it is noted
      that the circumferentially-oriented teeth are spaced from one another so
      as to ensure circulation of drilling fluid and cleansing of the cutter
      elements. As well as contacting the formation prior to the
      radially-oriented teeth, the circumferentially-oriented teeth of the
      cutter elements cut the formation, particularly any ridges formed by said
      radially-oriented teeth, and laterally displace the formation cuttings of
      the latter so as to permit greater penetration of said radially-oriented
      teeth. The leading and trailing ends of the circumferential teeth have
      coextensive cutting edges which face the tapered flat sides or surfaces of
      the radial teeth of the adjacent cutter elements in each row so as to
      project into the recesses or spaces between said elements and thereby
      minimize bit balling.
PAR  Although illustrated as being convex and terminating flush with the crests
      of the radially-oriented teeth, the crest of the
      circumferentially-oriented teeth need not be convex and/or need not so
      terminate but may extend slghtly beyond the aforesaid teeth crests so as
      to penetrate the formation much sooner than said radially-oriented teeth.
      Attention is directed to the utility of the cutter elements provided by
      the interacting reinforcement by and between the intersecting teeth of
      each element, whereby said teeth may be of relatively narrow thickness or
      transverse dimension, conventional length and minimum taper, preferably
      40.degree. or less, without sacrificing strength or versatility. It is
      noted that the taper of the radial and circumferential teeth need not be
      identical and that it is more important for the radial teeth to be of
      minimum taper than the circumferential teeth since there is greater
      resistance to penetration by said radial teeth.
PAR  An important feature of the novel X-shaped or cruciform outer extremities
      of the cutter elements of this invention is that each of the cutting edges
      as well as the crest of each circumferentially-oriented tooth is a linear
      or straight edge whereby the front or leading edge of said tooth and the
      ends of said crest are a greater distance than the medial portion thereof
      from the rotational axis of the rotary cutter. As a result, the path of
      travel of the circumferential teeth is noncircular or polygonal in that it
      consists of a multiplicity of minute angles, whereby the front or leading
      end of the crest of each circumferential or parallel tooth as well as its
      adjacent cutting edge engage the formation prior to the intermediate
      portion of said tooth crest. Whether or not the rear or trailing end of
      each tooth crest follows the path of its front or leading end is dependent
      upon the angular relationship of the tooth crest to the axis of rotation
      of the rotary cutter and, consequently, the distance of said trailing end
      from said axis. Usually, however, the paths of travel are the same or
      thereabout. In any event, the entire tooth and its crest undergo a
      continuous slight twisting motion relative to the aforesaid rotational
      axis. In addition to cutting and laterally displacing any ridges in the
      formation formed by the radially-oriented teeth, the leading edges and
      crest ends of the circumferential teeth continually chip said formation
      due to the twisting action thereof. It is noted that the centerline of
      each cutter element is parallel to the axis of rotation of the drill bit
      when said element is at its lowest point in the path of rotation of its
      respective rotary cutter.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an earth boring drill bit having the
      cruciform-rectangular cutter elements of its approximately conical-shaped
      rotary cutters constructed in accordance with the invention.
PAR  FIG. 2 is a greatly enlarged perspective view of one of said novel cutter
      elements, illustrating its intersectng diagonal teeth,
PAR  FIG. 3 is an enlarged plan view of one of novel said cutter elements,
      illustrating its equilateral rectangular base and its cruciform outer
      extremity,
PAR  FIG. 4 is a reduced transverse vertical sectional view taken on the line
      4--4 of FIG. 1 and showing the relationship of two of said novel rotary
      cutters and their diagonal  teeth,
PAR  FIG. 5 is an enlarged elevational view of a portion of one of a prior art
      rotary cutter having conventional chisel-or-wedge-shape teeth
      schematically illustrating the penetration of an earth formation by the
      lowermost teeth of said cutter and both of its immediately adjacent teeth,
PAR  FIG. 6 is a view, similar to FIG. 5, showing the penetration of the
      formation by the lowermost cutter element of this invention and both of
      its immediately adjacent cutter elements,
PAR  FIG. 7 is an enlarged elevational view of a portion of a prior art rotary
      cutter having conventional chisel or wedge-shaped teeth and showing the
      build-up of formation cuttings between said teeth,
PAR  FIG. 8 is a view, similar to FIG. 7, illustrating the absence of build-up
      between said cruciform cutter elements of this invention and the greater
      penetration thereof, and
PAR  FIG. 9 is a view, similar to FIG. 3, of a modified cutter element in the
      shape of a rhombus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the numeral 1 designates the body of an earth boring drill
      bit having cutter elements 2, embodying the principles of the invention,
      on the substantially conical exterior of each of its conical-shaped rotary
      cutters or roller cones 3, 4, 5. As shown in FIG. 4, the bit body 1 has a
      plurality, such as two to four, or a trio of depending shanks 6 for
      rotatably supporting the rotary cutters 3, 4, 5 and one or more ports 7
      therein for directing drilling fluid from a drill stem (not shown) between
      said cutters in the conventional manner. Each shank 6 has a spindle or
      trunion 8 extending inwardly-downwardly therefrom and one of the cutters
      is suitably mounted on each spindle for rotation about the axis thereof
      with the base or larger end portion of said cutter positioned outermost
      relative to the longitudinal axis of the drill bit body. Each of the
      rotary cutters 3, 4, 5 may be of the usual configuration, being shown
      (FIGS. 1 and 4) as having a relatively slight longitudinal curvature
      between its base and apex so as to present a modified convex exterior.
PAR  The cutter elements 2 of each rotary cone or cutter are spaced from one
      another both longitudinally and circumferentially of the substantially
      conical exterior of said cone or cutter as well as being disposed in
      spaced circumferential or concentric rows. Generally, the circumferential
      spacing of the cutter elements 2 of each row and/or the length of the
      cutter elements are varied in accordance with the density or hardness of
      the formation to be encountered, the spacing and/or length decreasing with
      the increase of density. As illustrated, it is customary for the rows of
      cutter elements of each rotary cutter to be offset or staggered with
      respect to the cutter element rows of each of the other cutters so as to
      engage different annular portions of the hole bottom or formation and
      substantially the entire area of the latter upon each revolution of the
      drill bit. Although shown as being integral with the cutters 3, 4, 5, it
      is readily apparent that the cutter elements 2 may be in the form of
      inserts for mounting in the approximately conical exteriors of said
      cutters whereby said elements may be of harder metal than said cutters.
PAR  Each cutter element may be substantially square or equilateral- rectangular
      in plan or cross-section (FIGS. 2 and 3) so as to have four equal or right
      angular margins or corners 11, 12, 13, 14 longitudinally coextensive
      therewith. Preferably, the opposed right angular margins or corners 11, 13
      of each cutter element are aligned in a plane extending approximately
      radially of or perpendicular to the axis and direction of rotation of the
      rotary cutter carrying said cutter element, while the margins or corners
      12, 14 of each element are aligned in a plane extending approximately
      circumferentially of said cutter and parallel to its rotational axis and
      direction. A chisel or wedge-shaped radial or transverse tooth 15 extends
      between the margins or corners 11, 13 diagonally of each element 2 and
      intersects a similar circumferential or parallel tooth 16 extending
      between the margins or corners 12, 14 diagonally of said element, the
      intersection being at the common center or medial portion of the teeth as
      shown at 10.
PAR  The radial tooth 15 and circumferential tooth 16 each have a pair of flat
      coacting flanks or surfaces 17, 18, respectively, disposed in acute
      angular relation to the flanks of the other tooth and tapering at
      40.degree. or less from a base point 21, 22, 23, 24 (common to the
      adjacent ends of both teeth and positioned between the margins or corners
      11-12, 12-13, 13-14, 14-11) to respective radial and parallel intersecting
      crests 19, 20 at the apexes or points of said teeth. The radial or
      transverse crest 19 and the circumferential or parallel crest 20 are
      coextensive with their respective teeth 15, 16 and may be sharpened as
      shown by opposed bevel or chamfer faces 25, 26, respectively, having
      greater angular relationship than the flanks 17, 18 of said teeth. It is
      readily apparent that the radial tooth 15 and its crest 19 of each cutter
      element 2 extend substantially longitudinally of the exterior of each
      rotary cutter 3, 4, 5 as well as transversely of the direction of rotation
      and that the parallel tooth 16 and its crest 20 of said element extend
      circumferentially of said cutter exterior as well as generally parallel to
      said direction of rotation. Since the corners 11-14 are right angular and
      are coextensive with the teeth, cutting edges are provided by these
      corners for coacting with the crests.
PAR  It is noted that the teeth of each cutter element interact to reinforce
      each other, whereby said teeth are of sufficient strength to penetrate and
      disintegrate relatively hard or dense formations without premature
      excessive wear and breakage and of sufficient length and narrow thickness
      to efficiently disintegrate relatively soft formations. Also, it is
      pointed out that the interacting reinforcement by and between the teeth 15
      and 16 of each cutter element permits said teeth to be of minimum taper,
      such as 40.degree. or less, whereby the rate of penetration of said teeth
      may be increased without exceeding the load capacity of the collars of a
      drill string. Although it is not known how small the minimum taper of the
      teeth may be, said taper can be appreciably less than the conventional
      42.degree. to 46.degree. since said teeth reinforce each other. At the
      present time, it is contemplated that this taper will be in the range of
      from 20.degree. to 40.degree. and that said taper may vary with the
      density of the formation. Since the penetration resistance of the radial
      teeth is greater than that of the circumferential teeth, the minimum taper
      is of primary importance with respect to said radial teeth.
PAR  Due to the aforesaid structure, it is unnecessary to withdraw and replace a
      drill bit (having the cutter elements 2 of this invention) prior to
      exhaustion of its usefulness when harder or softer formations are
      encountered. As shown in FIG. 6, it is readily apparent that the leading
      cutting edge 11 of the circumferential or parallel tooth 16 of each cutter
      element contacts the bottom hole or formation ahead of the radial or
      transverse tooth 15 of said element and that said parallel tooth is
      adapted to cut the ridges in said formation formed by said radial tooth as
      well as laterally displace or sweep the cuttings of the latter tooth. Due
      to the coacting reinforcement of the teeth of each cutter element 2, the
      circumferential spacing between adjacent elements is sufficient to ensure
      circulation of drilling fluid and thorough cleansing of said elements so
      as to minimize buildup of formation cuttings therebetween as shown in FIG.
      8; the buildup of cuttings between conventional radial wedge-shaped teeth
      of prior art rotary cones or cutters being shown in FIG. 7.
PAR  It is manifest that the teeth of each cutter element may be disposed
      obliquely to each other as well as intersect at points other than their
      centers, although the aforesaid perpendicular or right angular center
      intersection of said teeth is preferred. In any event, each element 2 is
      X-shaped or cruciform in shape at its outer extremity due to the
      intersection of its teeth 15, 16 and the crest of each tooth is linear so
      as to present a straight edge to the formation. It is contemplated that
      one or more rows of the cutter elements may be of entirely different types
      of modified within the scope of this invention since many commercial drill
      bits have more than one type of cutter elements or teeth. As pointed out
      hereinbefore, both teeth of each cutter element may be of relatively
      narrow transverse dimensions or thickness, conventional length and minimum
      taper without sacrificing strength or versatility in view of the
      interacting reinforcement or bracing of the intersecting teeth.
PAR  Attention is directed to the fact that the intersecting teeth of each
      element 2 need not be identical, the crest 20 of the circumferential or
      parallel tooth 16 being shown at 28 as being convex and tapering from the
      common center point 10 to the ends of said tooth whereby said cutter
      element may be of maximum length without danger of striking adjacent
      rotary cutters. This tooth crest 20 or its center point may project beyond
      the crest 19 of the radial or transverse tooth 15 whereby the parallel
      tooth penetrates the formation much sooner than said radial tooth. Also,
      the crest 20 may be shorter or longer than the crest 19 or of equal
      length.
PAR  As shown by the numeral 30 in FIG. 9, the cutter elements may be
      rhombus-shaped in plan rather than equilateral-rectangular as illustrated
      in FIGS. 2 and 3. As a result, each element 30 has a radially-oriented
      tooth 31 and crest 33 of less width than its circumferentially-oriented
      tooth 32 and its crest 34 whereby the cutting edges 36 of the tooth 32 are
      more acute or sharper than the cutting edge 35 of the tooth 31. In all
      other respects, the cutting elements are identical; it being noted that
      the element 30 may have a rear or trailing half of less taper than its
      leading half so as to be trapezoidal in plan. For greater efficiency,
      namely, faster disintegration of the formation and consequent more rapid
      penetration it is essential that the parallel tooth engage said formation
      prior to the radial tooth of each cutter element. Obviously, there is less
      resistance to penetration of the formation by the parallel teeth 16 due to
      their circumferential or concentric orientation relative to the axis of
      rotation of the respective axis of rotation of the cutter 3, 4, 5 of their
      respective element 2. Also, the disposition of the crests 20 of the
      parallel teeth in the direction of rotation of the drill bit contributes
      materially to the minimization of penetration resistance. In addition, it
      is noted that the orientation of the intersecting teeth of each cutter
      element may vary from exactly radial and/or parallel directions relative
      to the axes of rotation of its rotary cutter and the drill bit.
PAR  As stated hereinbefore, the angular relationship of the crest of the
      circumferential tooth of each cutter element determines the path of
      rotational travel of said crest. In any event, the front or leading end of
      the aforesaid tooth crest always is a greater distance than the major
      portion thereof from the rotational axis of its rotary cutter, while the
      rear or trailing end of said tooth crest may be the same or less distance
      from said axis. Therefore, the aforesaid tooth and its crest undergo a
      continuous twisting motion so as to displace fractured formation cuttings
      laterally. In addition to this sweeping action, the twisting action
      assists chipping of the formation and fracturing of ridges formed therein
      by the radial teeth.
PAR  It is further noted that the twisting action obviates the necessity of
      offsetting the axis of rotation of the cutters 3, 4, 5 with respect to the
      axis of rotation of the drill bit in order to provide a sliding, scraping
      action which assists in removing shale cuttings from the holebottom with
      conventional bit types for soft or medium hard formations. Instead, the
      inner ends of the aforesaid rotational axes of the rotary cutters have a
      common center at the rotational axis of the drill bit and there is no
      tendency for said cutters to drill an overgauge bore. Due to the aforesaid
      common center, sliding movement of the cutters is prevented whereby the
      useful life of the teeth and bearings of said cutters is extended. As set
      forth hereinbefore, the longitudinal axis of each cutter element is
      parallel to the axis of rotation of the drill bit when said element is at
      its lowest point in the path of rotation of its respective rotary cutter.
PAR  The foregoing description of the invention is explanatory thereof and
      various changes in the size, shape and materials, as well as in the
      details of the illustrated construction may be made, within the scope of
      the appended claims, without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an earth boring drill bit having at least one bearing means
      projecting downwardly-inwardly from the peripheral portion of its hollow
      body and a conical-shaped rotary cutter journaled on the bearing means
      with its large end outermost from the axis of the drill bit, the
      improvement which comprises
PA1  a plurality of discrete cutter elements on the substantially conical
      exterior of the conical-shaped rotary cutter and spaced apart from one
      another both axially and circumferentially thereof,
PA1  each of at least some of the cutter elements having a quandrangular base
      and including a pair of chisel-shaped teeth having crests at the outer
      extremity of and oriented diagonally of each of said cutter elements and
      intersecting at their medial portions,
PA1  one of the chisel-shaped diagonally-oriented teeth of each of said
      quadrangular cutter elements having its crest extending generally radially
      of the axis of rotation of said conical-shaped rotary cutter,
PA1  the other chisel-shaped diagonally-oriented tooth of each of said
      quadrangular cutter elements having its crest extending generally
      circumferentially of said cutter exterior,
PA1  said teeth being coextensive from crest to root of each other and from the
      outer extremity to the base of each of said quadrangular cutter elements,
      whereby said teeth reinforce each other so as to permit minimum taper
      thereof and consequent faster penetration without the use of excessive
      weight and whereby circumferential spacing between said cutter elements
      may be relatively wide without unduly weakening said teeth,
PA1  each of the circumferentially-oriented teeth having a linear longitudinal
      coextensive cutting edge at least at its leading end extending from its
      crest to its root at the base of its cutter element due to the orientation
      of said teeth diagonally of their respective cutter elements,
PA1  the leading end of each of said circumferentially-oriented teeth having a
      coextensive face on each side of its longitudinal cutting edge with each
      face disposed in angular relation to the other and decreasing in width
      from said base to said outer extremity of its cutter element so as to
      reduce the thickness of the leading end crest portion of said tooth and
      thereby increase its penetration capability.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein
PA1  at least some of the quadrangular cutter elements are equilateral in plan.
NUM  3.
PAR  3. The improvement defined in claim 1 wherein
PA1  at least some of the quadrangular cutter elements are parallelogrammatical
      in plan.
NUM  4.
PAR  4. The improvement defined in claim 1 wherein
PA1  at least some of the quadrangular cutter elements are rectangular in plan.
NUM  5.
PAR  5. The improvement defined in claim 1 wherein
PA1  at least some of the quadrangular cutter elements are diamond-shaped in
      plan.
NUM  6.
PAR  6. The improvement defined in claim 1 wherein
PA1  the angular relation between the faces at the leading ends of at least some
      of the circumferentially-oriented teeth is not more than 90.degree..
NUM  7.
PAR  7. The improvement defined in claim 1 wherein
PA1  the leading faces of at least some of the circumferentially-oriented teeth
      are equilateral.
NUM  8.
PAR  8. The improvement defined in claim 1 wherein
PA1  each of at least some of the circumferentially-oriented teeth has a pair of
      opposed lateral flanks tapering from the base to the outer extremity of
      its cutter element and terminating at the crest of said tooth in a
      coextensive linear cutting edge.
PA1  the leading margins of the opposed flanks forming the trailing margins of
      the leading faces of said circumferential teeth.
NUM  9.
PAR  9. The improvement defined in claim 1 wherein
PA1  the circumferential-oriented teeth of at least some of the quadrangular
      cutting elements have coextensive linear longitudinal cutting edges at
      both ends and a pair of coextensive faces, one on each side of each
      longitudinal cutting edge at each end of each tooth in angular relation to
      the other face of each pair and decreasing in width from the base to the
      outer extremity of each of said cutter elements.
NUM  10.
PAR  10. The improvement defined in claim 1 wherein
PA1  the circumferentially-oriented teeth of at least some of the quadrangular
      cutter elements have coextensive linear longitudinal cutting edges at both
      ends.
NUM  11.
PAR  11. The improvement defined in claim 10 wherein
PA1  each of at least some of the circumferential teeth has a pair of opposed
      lateral flanks tapering from the base to the outer extremity of its cutter
      element and terminating at the crest of said tooth in a coextensive linear
      cutting edge.
NUM  12.
PAR  12. The improvement defined in claim 1 wherein
PA1  the radially-oriented teeth as well as said circumferentially-oriented
      teeth of at least some of the quadrangular cutter elements have
      coextensive linear longitudinal cutting edges and coextensive faces at
      both ends.
NUM  13.
PAR  13. The improvement defined in claim 12 wherein
PA1  both teeth of at least some of the quadrangular cutting elements have a
      pair of coextensive faces, one on each side of each longitudinal cutting
      edge at each end of each tooth in angular relation to the other face of
      each pair and decreasing in width from the base to the outer extremity of
      each of said cutter elements.
NUM  14.
PAR  14. In an earth boring drill bit having a plurality of conical-shaped
      rotary cutters carrying a plurality of discrete cutter elements, the
      improvement comprising
PA1  at least some of the cutter elements of the rotary cutters being
      quadrilateral in plan,
PA1  each of said quadrilateral cutter elements including a pair of
      chisel-shaped teeth coextensive from crest to root and from the outer
      extremity to the base of said element,
PA1  the teeth being oriented diagonally of each quadrilateral cutter element
      whereby the crests of said teeth extend between opposed corners of said
      element and intersect at their medial portions.
PA1  the crest of one of said teeth being directed radially of the axis of
      rotation of each rotary cutter,
PA1  the crest of the other tooth being directed circumferentially of the
      exterior of said rotary cutter whereby said tooth and its crest have
      leading and trailing ends at opposed corners of said quadrilateral cutter
      elements,
PA1  a coextensive cutting edge at the leading end of each circumferential tooth
      coinciding with the longitudinal edge of the leading corner of said
      quadrilateral cutter element and extending from the crest to the root of
      said tooth,
PA1  the leading corner of said circumferential tooth having a pair of surfaces
      receding from and coextensive with the longitudinal cutting edge thereof,
PA1  the pair of surfaces extending outwardly and rearwardly to points medially
      of said cutter element at its base.
NUM  15.
PAR  15. The improvement defined in claim 14 wherein
PA1  at least some of said quadrilateral cutter elements are rectangular in
      plan.
NUM  16.
PAR  16. The improvement defined in claim 14 wherein
PA1  at least some of said quadrilateral cutter elements are diamond-shaped in
      plan.
NUM  17.
PAR  17. The improvement defined in claim 14 wherein
PA1  the pair of surfaces of the leading corner of at least some of said
      quadrilateral cutter elements are equilateral in plan.
NUM  18.
PAR  18. The improvement defined in claim 14 wherein
PA1  at least some of said circumferential teeth have coextensive cutting edges
      at both their leading and trailing ends and opposed corners of the
      quadrilateral cutter elements as well as a pair of surfaces receding from
      each of said cutting edges toward the other opposed corners of said
      elements.
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ABST
PAL  Balances having a reference mass and means for compensating for thermally
      induced errors such as shift of the zero-point and change of steepness in
      the characteristic of the balance. Bimetallic members are fastened to
      movable parts such as levers or other force transmitting members, or to
      the reference mass, and function as supports for masses acting as
      compensating masses. This allows for offsetting the two kinds of errors
      independently. Moreover, the bimetallic supports can be mounted on
      adjustable members, e.g. rotary disks or the like, to further adjust the
      desired amount of correction.
BSUM
PAR  This invention relates to balances having a reference mass and more
      particularly it relates to such balances having means for compensating for
      thermally induced errors such as shift of the zero-point and change of
      steepness of the characteristic of the balance.
PAR  It is known from the prior art to offset said thermally induced errors by
      means of bimetallic members mounted to the framework of the balance and
      acting upon a member transmitting the force derived from the weight of the
      mass to be measured and/or upon the reference mass by means of elastic
      members such as springs. Such compensating apparatus is difficult to
      realize in balances with big lift and leads to weighing errors in balances
      working under severe vibration conditions. Due to the fact that the
      bimetallic members in such compensating apparatus are mounted to the
      framework of the balance, extensive experimentation is necessary in order
      to select and to install the bimetallic members taking care of the
      temperature induced errors of a specific balance.
PAR  A compensating apparatus of the kind described above is known from the
      Swiss Pat. No. 541 132. In addition to the aforesaid this apparatus has
      means facilitating the adjustment of the compensating means of every
      single balance.
PAR  According to the present invention the bimetallic members are not mounted
      to the framework and do not act upon the weight transmitting means and/or
      the reference mass by means of springs. Instead the bimetallic members are
      fastened to moveable parts such as levers or other force transmitting
      members, or to the reference mass, and function as supports for masses
      acting as compensating masses. This allows for offsetting the two kinds of
      errors independently. Moreover the said bimetallic supports can be mounted
      onto adjustable members, e.g., rotary disks or the like, therefore also
      the desired amount of correction can be taken care of.
DRWD
PAR  Embodiments of the invention are represented schematically in the enclosed
      drawings.
PAR  FIG. 1 is an elevational view, partly in section, of an inclination scale
      incorporating two compensating masses carried by bimetallic supports,
      according to this invention;
PAR  FIG. 2 is a diagrammatic illustration of a balance with vibrating strings
      incorporating two compensating masses on bimetallic supports carried by
      adjusting members;
PAR  FIG. 3 is an enlarged sectional view of a compensating mass shown in FIG.
      2;
PAR  FIG. 4 is an elevational view of a compensating mass carried by a ductile
      bimetallic support;
PAR  FIG. 5 is a sectional view of a compensating mass carried by a frame
      combined from bimetallic strips of different bending direction;
PAR  FIG. 6 is a schematic illustration of the behaviour of the frame shown in
      FIG. 5 under different temperature conditions.
DETD
PAR  FIG. 1 of this drawing shows an inclination scale. Pivoting on two hinges
      6, 6a mounted to a base 1 there are two parallel radius rods 3, 4 linked
      to a loading bar brace 2 by means of two hinges 9, 9a. Due to the said
      arrangement the loading bar brace 2 is guided in parallel to itself, when
      a mass 10 is put on a pan 2a  mounted rigidly to the loading bar brace 2.
      The base 1 carries a scale 11 on which the weight of the mass 10 is
      indicated by a needle 12 fastened to the pan 2a. Extending from and
      fastened to the radius rod 4 is a lever 5 having a reference mass 8
      fastened to its end. In a first bow 13 of the lever 5 a first compensating
      mass 14 is fixed by means of a bimetallic support 15. In a second bow 16
      of the lever 5 a second compensating mass 17 is fixed by means of a
      bimetallic support 18. Reference numeral 19 indicates the location of the
      center of gravity of the lever 5 and all parts mounted thereto by means of
      the bimetallic supports. At reference temperature the center of gravity
      19, the centers of gravity of the compensating masses 14, 17 and the hinge
      6 all are contained in the same plane perpendicular to the plane of the
      paper and indicated by a dashed line 7. Moreover at reference temperature
      the bimetallic supports 15, 18 are flat, the direction of the support 15
      coinciding with the abovementioned plane, the direction of the support 18
      being perpendicular thereto. At elevated temperature the lever 5 becomes
      longer, shifting the zero point. This error is compensated by the
      reference mass 14 the bimetallic support 15 of which bends towards the
      loading bar brace 2. Likewise the bimetallic support 18 of the
      compensating mass 17 bends towards the hinge 6, thereby offsetting the
      shift of the center of gravity 19 the location of which determines the
      steepness of the characteristic of the balance. From the aforesaid it is
      obvious, that the two corrections work independently from each other and
      are dependent only on the temperature changes with respect to the
      reference temperature. It is furthermore obvious to those skilled in the
      art, that the compensating masses 14, 17 can either both or only one of
      them be fixed to another moving part of the balance, as long as the
      desired effect is maintained, e.g. the mass 14 is fixed to a protrusion of
      the radius rod 3, and mass 17 to a lever moving in parallel to lever 5. If
      only one of the abovementioned errors shall be compensated for, obviously
      only the corresponding mass on its bimetallic support is necessary for
      taking care of the desired correction.
PAR  In Fig. 2 a balance with vibrating strings is diagrammatically illustrated.
      Mounted to a base 21 there are two supports 22, 23 to each of which is
      fixed one end of two vibrating strings 24, 24a, respectively, whose
      oscillations are maintained and monitored by four exciting- and
      sensing-heads 37, which are electrically connected (not shown) to a
      computing and display unit 38.
PAR  The other ends of said strings 24, 24a are held by a central member 25, to
      which two wires 26, 35 are equally fastened. The wire 26 is fixed to the
      upright arm 27 of an L-shaped lever 29, the level arm 30 of which is
      loaded by the weight of a reference mass 31, thereby the strings 24, 24a
      are pretensioned. The lever 29 pivots on an axle 28 fixed to the base 21.
      The reference mass 31 carries a rotary disk 44 to which a compensating
      mass 47 is mounted by way of a bimetallic support 46. The rotary disk 44
      can be secured with a set-screw 45.
PAR  The wire 35 is fixed to the upright arm 36 of an L-shaped lever 32,
      pivoting on an axle 48. The substantially level arm 33 of the lever 32
      carries a pan 34 with a mass 10 to be measured, and a socket 39 for a
      rotary disk 40. A reference mass 43 is mounted to the socket 39 by way of
      a bimetallic support 42. Again the rotary disk 40 can be secured with a
      set-screw 41.
PAR  At reference temperature the bimetallic supports are flat and substantially
      perpendicular to the level arms 30, 33 of the levers 29, 32. At elevated
      temperature with respect to reference temperature, the support 46 bends
      towards the axle 28, thereby offsetting the increase in length of the arm
      30. The compensating mass 47 on its bimetallic support thus takes care of
      maintaining the steepness of the characteristic. Under the same
      temperature conditions the bimetallic support 42 bends likewise towards
      the axle 48, thereby offsetting the increase in length of the arm 33 of
      the lever 32. The compensating mass 43 on its bimetallic support 42 takes
      care of compensating for the shift of the zero-point. In order to keep
      this correction independent from the correction of the steepness, the
      center of gravity of the mass 43 is to be contained in a plane defined by
      the axle 48 and the extension of the arm 33.
PAR  By rotating the disks 40, 44 the amount of correction can be adjusted,
      since only the components of the shifts of the said compensating masses
      43, 47 parallel to the directions of the respective level arms are
      effective, the components being perpendicular thereto are absorbed by the
      bearings of the axles 28, 48 respectively.
PAR  In FIG. 2 the invention is adapted to a balance with vibrating strings
      forming a Vee. It is obvious that it can be adapted likewise to a balance
      with vibrating strings where the strings are substantially parallel and/or
      the reference mass is not mounted to a lever but is guided in parallel
      instead. In the latter case the compensating mass can be mounted to an
      additional two armed lever pivoting with respect to the frame of the
      balance, the other arm of said lever being connected to the reference mass
      with a wire which extends parallel to the direction of the movement of the
      reference mass.
PAR  FIG. 3 is an enlarged sectional view of the rotary disk 40, the set-screw
      41, the compensating mass 43, and its bimetallic support 42. The support
      42 is shown in bent position corresponding to a temperature deviation with
      respect to reference temperature.
PAR  FIG. 4 is another embodiment of a bimetallic support 49. It is fastened to
      a convenient member by means of a bolt 50. The bimetallic support 49 is
      made from ductile metals which can be forced. In order to adjust the
      amount of correction, the support 49 will be twisted with a suitable tool,
      along a zone 51 adjacent to the bolt 50. In this embodiment the zone 51
      assumes the function of the rotary disk 40 according to FIG. 3.
PAR  In the embodiment shown in FIG. 5, the compensating mass 47 is carried by a
      frame of four bimetallic strips 52, 56, 53, 57. The strips 52, 56 are
      welded together at a location indicated by a numeral 58; the strips 53, 57
      are welded together at a location indicated by a numeral 59. The
      compensating mass 47 is welded to the strips 56, 57 at points 60, 61, and
      the strips 52, 53 are welded to the rotary disk 44 at points 54, 55. At
      elevated temperature with respect to reference temperature the strips 52,
      53 bend to the right, the strips 56, 57 bend to the left. Thereby the mass
      47 is shifted to the right. The desired direction and amount of the shift
      will be set by means of the rotary disk 44, in FIG. 5 shown as being
      carried by the lever 29. The position of the rotary disk 44 can be secured
      with a set-screw 45.
PAR  In FIG. 6 three positions of the compensating mass 47 according to FIG. 5
      are shown corresponding to three different temperatures: The solid lines
      represent the position at elevated temperature, the dashed lines represent
      the position at reference temperature, the lines with dots and dashes
      represent the position at reduced temperature.
CLMS
STM  I claim:
NUM  1.
PAR  1. A balance, comprising:
PA1  a balance pan for receiving an object to the weighed;
PA1  object force transmitting means coupled to said balance pan for
      transmitting forces produced by the weight of an object on said pan;
PA1  a reference mass;
PA1  reference force transmitting means coupling said reference mass to said
      balance pan for transmitting forces produced by said reference mass to
      said pan to compensate for the mass of said pan, thereby to provide a
      reference zero-point force when no object is located on said pan;
PA1  a first compensating mass;
PA1  a first bimetallic support coupling said first compensating mass to said
      reference force transmitting means to compensate for a thermally induced
      shift of said zero-point;
PA1  a second compensating mass; and
PA1  a second bimetallic support coupling said second compensating mass to said
      object force transmitting means to compensate for a thermally induced
      change in the slope of the characteristic of said balance.
NUM  2.
PAR  2. A balance according to claim 1, wherein the said bimetallic supports are
      ductile and are twisted to stay permanently in the twisted position
      whereby the amount of compensation is adjusted.
NUM  3.
PAR  3. A balance according to claim 1, further comprising:
PA1  a first rotatable member mounting said first bimetallic support to said
      reference force transmitting means for adjusting the direction in which
      thermally induced movement of said first compensating mass due to said
      first bimetallic support occurs; and
PA1  a second rotatable member mounting said second bimetallic support to said
      object force transmitting means for adjusting the direction in which
      thermally induced movement of said second compensating mass due to said
      second bimetallic support occurs.
NUM  4.
PAR  4. A balance according to claim 3, wherein each of said bimetallic supports
      comprises two pairs of bimetallic strips mounting the respective
      compensating mass, its corresponding rotatable member for moving said
      compensating mass in one direction at temperatures above a reference
      temperature and in an opposite direction at temperatures below said
      reference temperature.
NUM  5.
PAR  5. A balance, comprising:
PA1  a frame;
PA1  a balance pan for receiving an object to be weighed;
PA1  a first member coupled to said balance pan and movable therewith, said
      first member being pivotably mounted to said frame;
PA1  a second member coupled to said first member for movement therewith, said
      second member mounting a reference mass to compensate for the weight of
      said balance pan and provide a zero-point when said pan is unloaded;
PA1  first and second compensating masses; and
PA1  first and second bimetallic support members mounting said first and second
      compensating masses to said second member to compensate for thermally
      induced shifts in the zero-point and slope of the characteristic of said
      balance.
NUM  6.
PAR  6. A balance according to claim 5, wherein the longitudinal axes of said
      first and second bimetallic support members are located substantially at
      right angles to each other to produce thermally induced movement of said
      compensating masses in directions substantially at right angles to each
      other.
NUM  7.
PAR  7. A balance, comprising:
PA1  a frame;
PA1  first and second vibrating strings mounted between said frame and a central
      member;
PA1  a balance pan for receiving an object mass to be weighed;
PA1  object force transmitting means, comprising a first force transmitting
      member mounted to said frame for pivotal movement in a first plane, said
      first force transmitting member having one end portion coupled to said
      balance pan and a second end portion coupled through a wire to said
      central member for transmitting forces produced by an object mass to said
      vibrating strings;
PA1  a first rotatable member mounted to said first force transmitting means;
PA1  a first compensating mass;
PA1  a first bimetallic support coupling said first compensating mass to said
      first rotatable member, wherein the plane of thermally induced movement of
      said first compensating mass due to said first bimetallic support is
      adjustable by said first rotatable member relative to the plane of
      movement of said first force transmitting member;
PA1  a reference mass;
PA1  reference force transmitting means, comprising a second reference force
      transmitting member mounted to said frame for pivotal movement in a second
      plane different from the plane of pivotal movement of said first force
      transmitting member, said second force transmitting member having one end
      portion coupled to said reference mass and a second end portion coupled
      through a wire to said central member for transmitting a zero-point
      compensating force to said vibrating strings when no object mass is
      located on said balance pan;
PA1  a second rotatable member mounted to said reference force transmitting
      means;
PA1  a second compensating means;
PA1  a second bimetallic support coupling said second compensating mass to said
      second rotatable member, wherein the plane of thermally induced movement
      of said second compensating mass due to said second bimetallic support is
      adjustable by said second rotatable member relative to the plane of
      movement of said second force transmitting member.
NUM  8.
PAR  8. A balance according to claim 7, wherein each of said bimetallic supports
      comprises two pairs of bimetallic strips mounting the respective
      compensating mass, its corresponding rotatable member for moving said
      compensating mass in one direction at temperatures above a reference
      temperature and in an opposite direction at temperatures below said
      reference temperature.
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ABST
PAL  A tracklaying vehicle comprises first and second laterally spaced
      tracklaying units which are spaced apart in a travel direction from third
      and fourth tracklaying units which are spaced laterally from each other. A
      substructure which is supported on and located in between the tracklaying
      units includes a carrier shaft extending in the travel direction which
      provides a journal for rotatably mounting a cross beam which extends
      between one set of the tracklaying units, for example, the first and
      second tracklaying units. The other set of tracklaying units, the third
      and fourth one, are designed as steering units, and they are mounted on
      individual arms which are pivotally mounted on vertical pivots of the
      substructure and which are connected to steering devices for pivoting them
      about the rotatable mountings on each side of the substructure in order to
      shift the position of the third and fourth tracklaying units.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in general, to the construction of tracklaying
      devices and, in particular, to a new and useful tracklaying vehicle,
      comprising four tracklaying units.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Tracklaying units are known which includes a stirring mechanism for four
      tracklaying units and in which two tracklaying units, operating side by
      side, are connected to each other by means of a cross beam which is
      pivotable about a vertical axis and supports the superstructure of the
      vehicle. They are orientable through a steering lever by means of a screw
      spindle gear. With such a construction, the cross beam by which the
      stirrable front tracklaying units are connected and upon which the
      stirring lever acts to affect the steering, is connected to the
      superstructure by means of a ball joint. The screw spindle is mounted on
      the cross beam of the rear tracklaying units and it is made fast to the
      superstructure. With such a design, the entire steering mchanism is
      disposed below the supporting structure of the vehicle which is carried by
      the tracklaying units. This results in a disadvantage of a relatively high
      center of gravity of the whole vehicle. Vehicles equipped with booms have
      the additional disadvantage that if work is to be done at the level of the
      undercarriage, the booms must be correspondingly longer because of the
      high supporting structure.
PAR  Also known is a supporting and steering device for tracklaying vehicles
      which comprises one or more steerable track guide frames, and in which the
      undercarriage rests on each of these guide frames by means of a pivotal
      supporting member which acts unilaterally on the respective track frame
      and which forms the horizontal pivot of the guide frame and is
      horizontally guided on the undercarriage.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a tracklaying vehicle which comprises four
      tracklaying units which can be steered in a manner as simple as possible
      and has a small overall height as well as a simple, weight-saving
      structure. In accordance with the invention, the substructure is mounted
      entirely or partly in the space between the four tracklaying units and is
      pivotally supported on a crossbeam connecting two of the tracklaying units
      by means of a carrying beam or support shaft which extends in the travel
      direction.
PAR  The inventive construction offers the advantage of a low center of gravity
      and a small overall height of the substructure and, consequently, smaller
      total height of the entire device. Therefore, shorter and lighter booms
      can be used. In addition, the total weight of the device is thereby
      reduced. According to a development of the invention, the two other
      tracklaying units may be designed as steering units which are pivotable
      about a vertical axis of the substructure. The steering tracklaying units
      may be of various design. A simple design provides that the two steering
      tracklaying units are pivotally mounted about a common vertical axis. In
      accordance with a further development of the invention and to further
      simplify the steering of the device, the steering tracklaying units may
      comprise a supporting arm which is connected to a track frame and
      pivotally supported on the substructure and which, at its end remote from
      the track frame, is supported on the substructure through a slide guide
      and connected to the substructure through a steering mechanism acting on
      this end. Such a construction offers the combination of small steering
      angles with good maneuverability. In consequence, the tracklaying units
      can be mounted close to the substructure with the result of saving in
      weight.
PAR  Accordingly, it is an object of the invention to provide a tracklaying
      vehicle which includes two sets of tracklaying units with a substructure
      arranged therebetween and having a carrier shaft extending in the travel
      direction which pivotally supports a cross beam connected at its
      respective ends to each of the tracklaying units of a first set or the
      other tracklaying units of the other set connected to respective carrier
      beams which are pivotally mounted about vertical axes on each side of the
      substructure and which may be shifted for the purposes of steering the
      vehicle.
PAR  A further object of the invention is to provide a tracklaying vehicle
      having a relatively low profile and which is simple in design, rugged in
      construction and economical to manufacture.
DRWD
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a top plan view of a tracklaying vehicle constructed in
      accordance with the invention;
PAR  FIG. 2 is a section taken along the line 2--2 of FIG. 1; and
PAR  FIG. 3 is a section taken along the line 3--3 of FIG. 1.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, in particular, the invention embodied therein,
      comprises a tracklaying vehicle which includes a substructure generally
      designated 1 which includes a central cylindrical part 2 and which is
      provided with a carrier shaft which extends in the travel direction and is
      located centrally between a first set of first and second tracklaying
      units 14 and 15. The carrier shaft 4 extends through a bearing 8 of a
      cross beam 9 so as to rotatably support the crossbeam thereon. The limit
      of pivotal or rotative movement of the crossbeam is defined by outwardly
      extending cantilever arms 34 and 35 of the substructure. The carrier beam
      is provided with a journal 10 at one end and a journal 11 at the opposite
      end for supporting track frames 12 and 13 of the respective tracklaying
      units 14 and 15. The two tracklaying units 14 and 15 are capable of
      swinging commonly about the carrier shaft 4 and thereby about the
      substructure 1, and each is capable of separate pivotal movement about the
      journal 10 and 11, which extends transverse to the travel direction. The
      substructure 1 is also provided with a central portion 5 which extends
      forwardly. Two slide guides 6 and 7 are mounted, one above the other, on
      the structure 5. The substructure 1 also is provided with two laterally
      extending supporting brackets 16 and 17 on respective sides which are
      pivoted to respective supporting arms 20 and 21 by means of vertical
      pivots 18 and 19 respectively. Such a connection offers a single degree of
      freedom, that is, pivotal movement about a vertical axis. The construction
      may also be be made with a universal or ball joint at such location where
      further pivotal movement is desired.
PAR  The exteriors of the supporting arms 20 and 21 are provided with journals
      22 and 23, respectively for the pivotal mounting of a second set of third
      and fourth track frame 24 and 25 which are part of tracklaying units 26
      and 27. The free ends of the supporting arms 20 and 21 extend into slide
      guides 6 and 7 and they, in turn, are part of a steering mechanism 28 and
      29 which include fluid pressure operated cylinders or similar fluid drive
      motors for pivoting the respective arms 20 and 21 about the respective
      pivots 18 and 19. Pivotal pin connections 30 and 31 permit horizontal
      pivoting and this drive mechanism 28 and 29 are pivotally mounted on the
      substructure 1 by means of pivots 32 and 33.
PAR  As shown in FIGS. 2 and 3, the substructure is entirely or partly disposed
      in the zone of the tracklaying units 14, 15, 26, 27 and between crossbeam
      9 and the supporting arms 20 and 21. Thus, the substructure 1 is mounted
      so that it is very low. On its upper side 36, the substructure 1 is
      provided, for example, with a support assembly (not shown) such as a
      ball-bearing slewing gear for the superstructure which is also not shown.
PAR  At the side of the crossbeam 9, the substructure 1 is further provided with
      two cantilever arms 34 and 5 which extend in a position above and spaced
      from crossbeam 9 so that an excessive inclination of the crossbeam 9 is
      prevented.
PAR  With the vehicle of the invention having the two tracklaying units 26 and
      27, any desired steering motion can be carried out. As a rule, the two
      tracklaying units 26, 27 are adjusted so as to perform a parallel motion.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tracklaying vehicle comprising first and second laterally spaced
      tracklaying units, third and fourth laterally spaced tracklaying units
      spaced longitudinally from said first and second tracklaying units, a
      substructure supported on said tracklaying units and mounted between said
      first and second and third and fourth units, a longitudinally extending
      carrier shaft on said substructure, a crossbeam having a bore receiving
      said carrier shaft, said crossbeam being rotatably mounted on said carrier
      shaft between said first and second tracklaying units and interconnecting
      said first and second tracklaying units,
PA1  said first and second tracklaying units being pivotally supported adjacent
      respective ends of said crossbeam for pivotal movement about a horizontal
      axis, said crossbeam being pivotable with said first and second
      tracklaying units about said longitudinally extending carrier shaft, and
      support means for pivotaly supporting said third and fourth tracklaying
      units on said substructure so that the units may be pivoted only about a
      substantially verfical axis for steering the vehicle.
NUM  2.
PAR  2. A tracklaying unit according to claim 1, said support means including an
      arm pivotally mounted on said substructure adjacent each side and adjacent
      each of said third and fourth tracklaying units respectively, said arms
      having outer ends having journals pivotally supporting said tracklaying
      units, and steering motors connected to said arms inwardly of said pivots
      and carried on said substructure for shifting said arms to pivot said arms
      about a vertical axis for varying the position of the third and fourth
      tracklaying units for steering.
NUM  3.
PAR  3. A tracklaying vehicle comprising first and second laterally spaced
      tracklaying units, third and fourth laterally spaced tracklaying units
      spaced longitudinally from said first and second tracklaying units, a
      substructure supported on said tracklaying units and mounted between said
      first and second and third and fourth units, a carrier shaft on said
      substructure extending in the travel direction, a crossbeam having a bore
      receiving said carrier shaft and being rotatably mounted on said carrier
      shaft between said first and second tracklaying units and interconnecting
      said first and second tracklaying units, a slide guide connected to each
      arm, said drive motors including fluid pressure operated pistons and
      cylinders connected to said slide guide for shifting said arms to pivot
      them about respective vertical axes.
NUM  4.
PAR  4. A tracklaying vehicle comprising first and second laterally spaced
      tracklaying units, third and fourth laterally spaced tracklaying units
      spaced longitudinally from said first and second tracklaying units, a
      substructure supported on said tracklaying units and mounted between said
      first and second and third and fourth units, a carrier shaft on said
      substructure extending in the travel direction, a crossbeam having a bore
      receivng said carrier shaft and being rotatably mounted on said carrier
      shaft between said first and second tracklaying units and interconnecting
      said first and second tracklaying units, a portion of said substructure
      extending outwardly from each side thereof and overlying said crossbeam
      and limiting pivotal movement thereof on said carrier shaft.
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ABST
PAL  A low profile air cushion loading platform is provided with a driving and
      steering device comprising a plurality of laterally spaced steering boxes
      located under the platform. Each steering box includes a plurality of
      wheel members adapted to be driven by motors about horizontal axes of
      rotation, with the wheel members and their driving motors being located
      within a ball race and rotatable with said ball race as a unit about a
      vertical axis. The ball race has gear teeth which cooperate with a driving
      gear operated by an electrohydraulic steering system to rotate the ball
      races of different ones of the steering boxes through different angles
      respectively during the steering operation, to cause the wheel members of
      all the steering boxes to be driven along arcs having a common center of
      curvature.
BSUM
PAR  The present invention relates to a driving and steering device for a low
      loading platform. The loading platform is particularly intended for use
      when handling containers in connection with container traffic.
PAR  In container traffic, it is of great importance that loading and unloading
      of the containers can take place quickly. Particularly in container
      traffic with ships, it is important that the waiting time for the ships in
      the harbours will be as short as possible. Loading and unloading each
      container individually with a truck or crane has proved to be altogether
      too time-consuming. Therefore, special loading platforms can be designed
      for handling several containers simultaneously. These loading platforms
      are given such a size that several containers can be placed in a row
      beside each other, and can also be stacked on top of each other. The
      purpose of these loading platforms is that it shall be possible to stack
      the containers in a goods terminal to a height corresponding to the cargo
      space in the ship, and thereafter move several containers simultaneously
      to the cargo space of the ship, without having to do any further stowing.
      In order to be able to utilize the height of the cargo space in the ship
      properly, the loading platform must be very low.
PAR  A method of lifting a loading platform of the kind mentioned above is based
      upon the air cushion principle. The advantage of such an air cushion
      platform is that it can be made very low, but can still be used for
      lifting big loads. However, a substantial drawback is the poor
      manoeuverability, which is particularly noticeable when loading and
      unloading ships, as there are then often height level differences and
      inclined surfaces that can cause the air cushion platform to slide off in
      the wrong direction.
PAR  The purpose of the present invention is therefore, for a low loading
      platform of the kind mentioned in the introduction, to achieve a driving
      and steering device which makes it possible to manoeuvre the platform on
      an uneven base and at junctions at ramps to ships and the like.
PAR  According to the invention, this is achieved by having one or several
      so-called steering boxes provided with wheels or driving tracks arranged
      under the loading platform in such a way that the wheels or driving tracks
      can be given a rotating movement for driving and a turning movement for
      steering. The steering of the loading platform and a possible unit for
      machinery and driver are co-ordinated particularly with an
      electrohydraulic steering system.
DRWD
PAR  The present invention will be described in more detail with reference to
      the accompanying drawings, in which
PAR  FIG. 1 shows the loading platform in its lower position,
PAR  FIG. 2 shows the loading platform in its upper (raised) position,
PAR  FIGS. 3-6 show examples of different forms of steering geometry for the
      loading platform,
PAR  FIG. 7 shows the steering box viewed from above,
PAR  and FIG. 8 shows the steering box viewed from the side.
DETD
PAR  FIG. 1 shows schematically a load 1 placed on a carrying frame 2. The load
      can consist of several units, e.g. several containers, placed in a row or
      stacked upon each other. When these containers are to be moved, for
      instance when being loaded on board a ship, a low air cushion platform 3
      is run into the space between the base and the load e.g. by supplying air
      from an air supply via an air inlet to the underside of platform 3 as
      depicted in FIG. 4. The air cushion platform can then either be connected
      to a towing vehicle or can be self-propelled. On the under side of the
      platform 3, one or several steering boxes 6 (see FIGS. 3-8) provided with
      wheels 4 for driving and steering the loading platform are arranged. In
      FIG. 1, which shows the loading platform in a lowered position, the wheels
      4 can partly be seen, and it is assumed that each steering box 6 comprises
      four wheels.
PAR  FIG. 2 shows the loading platform in its raised position, and the load
      together with the carrying frame have then been lifted up from the base.
      In this position, the load is mainly supported by the air cushion
      generated by the loading platform and, in principle, it should be possible
      to do without the steering boxes 6 and the platform could be driven away
      by a towing vehicle. As previously mentioned, however, the manoeuvrability
      will be altogether too poor if such an air cushion platform is used, and
      there will be a risk that it will slide away on an inclined base.
      Therefore, the air cushion platform has been provided with steering boxes
      6 which are provided with equipment 5 which presses the wheels 4 against
      the base and in this way compensates the unevenness of the base and
      junctions at ramps to ships and the like. The equipment 5 can consist of
      hydraulic pistons as shown in FIG. 2, or some mechanical spring device.
PAR  As shown in FIG. 2, the carrying frame 2 is made in such a way that it
      accompanies the load when this is lifted. This is an advantage, as at the
      unloading the load will automatically come to rest against the carrying
      frame when the load is lowered.
PAR  In order that it may be steered, the vehicle is provided with steering
      equipment that can be actuated by means of a steering wheel or a similar
      member for turning of the steering boxes around their vertical axes. The
      steering is particularly coordinated with an electrohydraulic steering
      system of the kind described in Swedish Pat. No. 320,590, assigned to the
      assignee of the instant invention and corresponding to Lindbom U.S. Pat.
      No. 3,532,178 issued Oct. 6, 1970, for "Vehicle Having Four Wheels
      Steerable About Associated Vertical Steering Axes," the disclosure of
      which is incorporated herein by reference. Such a steering system makes
      the loading platform easy to operate, even within the very limited
      surfaces on which the loading platform is to be manoeuvred. From FIG. 3 it
      will be noted that when the loading platform 3 is to be turned, the
      steering boxes 6 are set so that they describe circular arcs with a common
      center of curvature M. Also the wheels 7 of a possible separate towing
      unit 8 for machinery and driver are co-ordinated with the steering system,
      and describe arcs with the same center of curvature. FIG. 4 shows an
      alternative design of the separate towing unit 8. When the loading
      platform is to be turned, in this case the entire separate towing unit is
      turned around the vertical axis through the point 0 in the figure. The
      steering boxes 6 and the entire towing unit 8 are set in such a way that
      they describe arcs with a common center of curvature M.
PAR  FIG. 5 shows a similar embodiment in which, however, the loading platform 3
      has been provided with a much greater number of steering boxes 6. As in
      the two embodiments described in the foregoing, at the turning of the
      loading platform, all of the steering boxes 6 are set to describe arcs
      with a common center of curvature.
PAR  FIG. 6 shows a further example of how the steering system can be
      co-ordinated with steering boxes 6 and the wheels 7 of the towing unit 8.
      In this case, all of the wheels have been set parallel to one another. The
      loading platform 3 can then be made to move along an arbitrary straight
      line, without any change of the orientation of the actual platform taking
      place.
PAR  FIGS. 7 and 8 show the design of the steering box 6. The steering box
      consists of a fixed part 9 and a rotatable part 10 which acts as a ball
      race and is provided with a gear arc 11 on its outer periphery. The ball
      race 10 is arranged to rotate around the center axis of the steering box
      with the aid of the gear wheel 12 which is in turn driven, as shown in
      FIG. 7, by an electrohydraulic steering system of the type described in
      aforementioned U.S. Pat. No. 3,352,178. The four wheels or driving tracks
      4 of the steering box are placed within the ball race 10, which is
      provided with gear teeth 11. Each pair of wheels 4 is driven by a motor 13
      via a gear box 14, and is connected to a swivel 15. It is an advantage to
      have the wheel axles designed in such a way that they balance the load if
      the base is uneven.
PAR  The invention is not limited to the embodiment shown above as an example,
      but can be varied within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a loading platform, a driving and steering device for
      said loading platform comprising a plurality of laterally spaced steering
      boxes arranged under the loading platform, each of said steering boxes
      including a plurality of wheel members disposed within a ball race, said
      wheel members being rotatable about horizontal axes and said ball race
      being rotatable with said wheels as a unit about a vertical axis, whereby
      said wheel members can be given a rotating movement for driving said
      loading platform and a turning movement for steering said loading
      platform, each of said steering boxes including motor means located within
      said ball race connected to said wheel members and movable with said unit
      about said vertical axis for selectively rotating said wheel members to
      drive said loading platform, gear teeth on said ball race, a driving gear
      in mesh engagement with said gear teeth, and an electrohydraulic steering
      system operative to rotate said driving gear thereby to rotate said unit
      through an angle about said vertical axis to steer said loading platform
      as it is driven by said wheel members.
NUM  2.
PAR  2. The structure of claim 1 wherein said steering system is operative to
      turn the ball races of different ones of said steering boxes through
      different angles respectively to cause the wheel members of all of said
      steering boxes to be driven along arcs having a common center of
      curvature.
NUM  3.
PAR  3. The structure of claim 1 wherein said loading platform is adapted to
      support a load thereon and includes means for producing an air cushion in
      the space between the load and a base surface below said load to lift said
      loading platform away from said base surface for transport of said load
      along said base surface, said steering boxes being positioned within said
      air cushion with said wheel members in engagement with said base surface
      for guiding said loading platform as it is transported along said base
      surface on said air cushion.
NUM  4.
PAR  4. In combination, a loading platform consisting of a low profile air
      cushion platform adapted to be selectively moved into the space between a
      load and a base surface below said load for transporting said load along
      said base surface, a driving and steering device for said loading platform
      comprising a plurality of laterally spaced steering boxes arranged within
      the air cushion under said loading platform, each of said steering boxes
      including a plurality of wheel members disposed within a ball race, said
      wheel members being rotatable about horizontal axes and said ball race
      being rotatable with said wheels as a unit about a vertical axis, whereby
      said wheel members can be given a rotating movement for driving said
      loading platform and a turning movement for steering said loading
      platform, each of said steering boxes including motor means located within
      said ball race connected to said wheel members and movable with said unit
      about said vertical axis for selectively rotating said wheel members to
      drive said loading platform, gear teeth on said ball race, a driving gear
      in mesh engagement with said gear teeth, a steering system operative to
      rotate said driving gear thereby to rotate said unit through an angle
      about said vertical axis to steer said loading platform as it is driven by
      said wheel members, and means on said loading platform for forcibly
      pressing said wheel members against said base surface.
NUM  5.
PAR  5. The structure of claim 4 wherein said last-named means comprises at
      least one hydraulic piston.
NUM  6.
PAR  6. In combination, a loading platform, a driving and steering device for
      said loading platform comprising a plurality of laterally spaced steering
      boxes arranged under the loading platform, each of said steering boxes
      including a plurality of wheel members disposed within a ball race, said
      wheel members being rotatable about horizontal axes and said ball race
      being rotatable with said wheels as a unit about a vertical axis, whereby
      said wheel members can be given a rotating movement for driving said
      loading platform and a turning movement for steering said loading
      platform, each of said steering boxes including motor means located within
      said ball race connected to said wheel members and movable with said unit
      about said vertical axis for selectively rotating said wheel members to
      drive said loading platform, gear teeth on said ball race, a driving gear
      in mesh engagement with said gear teeth, a steering system operative to
      rotate said driving gear thereby to rotate said unit through an angle
      about said vertical axis to steer said loading platform as it is driven by
      said wheel members, and a wheeled towing unit connected to said loading
      platform, said steering system including means operative to coordinate the
      steering of the towing unit wheels with the rotations of said steering
      boxes about their respective vertical axes.
NUM  7.
PAR  7. The structure of claim 6 wherein said loading platform is adapted to
      support a load thereon and includes means for producing an air cushion in
      the space between the load and a base surface below said load to lift said
      loading platform away from said base surface for transport of said load
      along said base surface, said steering boxes being positioned within said
      air cushion with said wheel members in engagement with said base surface
      for guiding said loading platform as it is transported along said base
      surface on said air cushion.
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ABST
PAL  A chassis for a vehicle having three large diameter, low soil pressure
      tires includes two elongate linear side rails which diverge from one
      another from back to front and are spaced far enough apart at the front to
      house a large engine and more closely at the rear to reduce the wheel
      span. A special front portion to which the front wheel assembly and
      associated steering means are mounted is constructed of beam-like members
      extending forwardly and upwardly from the side rails. The beamlike sides
      of the front portion are bent to forwardly approach one another,
      terminating at a bearing which receives a mounting yoke carrying the front
      tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a structurally improved chassis for a
      self-propelled vehicle having three large diameter "balloon" tires. More
      particularly, the invention is directed toward providing a frame of
      suitable configuration and strength for supporting a large engine and for
      accommodating the heavy loads often carried by vehicles of this type.
PAR  In the agriculture industry, application of liquid and solid fertilizers,
      lime, insecticides, and herbicides has played an increasingly important
      part in raising the production level and quality of crops. In applying
      these compounds in the field, it has proven advantageous to utilize a
      self-propelled vehicle of the tricycle wheel type that is supported on
      three large diameter balloon tires which produce a low soil loading effect
      on the field. This type of vehicle is well suited for carrying the
      required load, while being easily maneuverable on muddy or soft fields
      without rutting or gouging tracks which later promote soil erosion and
      similar undersirable effects.
PAR  Although the use of such equipment for the recited purpose is already
      practiced, some problems have been encountered. It is desirable to supply
      such vehicles with a relatively large engine in order to carry heavy loads
      through often soft fields; however, a problem has arisen in providing an
      economical frame structure that will support such an engine in a manner to
      provide the vehicle with a low profile and practical width and frame
      clearance at the rear wheels.
PAR  There is thus a need in the art to provide a low profile, economically
      produced chassis having structural strength to support the engine and the
      heavy loads carried by the vehicle. One of the primary goals of this
      invention is to fulfill that need.
PAR  More specifically, an object of our invention is to provide a structurally
      strong, economically produced low profile chassis for a vehicle having
      three oversized tires.
PAR  Another object of the invention is to provide a vehicle chassis of the
      character described that has a low profile, high strength front frame
      portion for mounting the single front tire and associated steering means.
PAR  Yet another object of the invention is to provide a vehicle frame of the
      character described that is broad enough to house a relatively large
      engine, while presenting a relatively narrow rear wheel span with
      sufficient clearance between the wheels and frame to prevent clogging with
      mud.
PAR  Other and further objects of the invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawings, which form a part of the specification and
      are to be read in conjunction therewith and in which like reference
      numerals are employed to indicate like parts in the various views:
PAR  FIG. 1 is a perspective view of a vehicle embodying a preferred form of the
      invention, the tank or box in which materials are carried not being shown;
PAR  FIG. 2 is a side elevational view of the vehicle shown in FIG. 1, the tires
      being illustrated in broken lines and the engine hood removed;
PAR  FIG. 3 is a top plan view of the vehicle shown in FIG. 2, the front screen
      and hood being removed;
PAR  FIG. 4 is an enlarged fragmentary sectional view taken generally along line
      4--4 of FIG. 3 in the direction of the arrows, the rear axle and
      differential being shown in broken lines;
PAR  FIG. 5 is a sectional view taken generally along line 5--5 of FIG. 4 in the
      direction of the arrows;
PAR  FIG. 6 is a sectional view taken generally along lines 6--6 of FIG. 5 in
      the direction of the arrows; and
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 5 in the direction
      of the arrows.
DETD
PAR  Referring now to the drawings in more detail, reference numeral 10
      generally designates the main frame of the chassis. Frame 10 comprises two
      elongate side rails 12 disposed on opposite sides of the vehicle. As is
      most clearly seen in FIG. 4, side rails 12 are constructed by welding
      together two uniform C-shaped channel sections 14 with their open sides
      confronting one another and their upper flanges 14a and lower flanges 14b
      overlapping to form a box beam type structure. The welds are fill welds as
      indicated at W, being located at the tips of the flanges 14a, 14b and
      running along the channels.
PAR  The side rails 12 of the chassis are so connected and oriented that rather
      than being parallel, as in the conventional construction, they diverge
      from one another in the direction from the rear of the vehicle toward the
      front. This is best seen in FIG. 3. In the preferred embodiment, the
      spacing of the rails is approximately 32 inches (outside face to outside
      face) at the rearward tips and 41 inches at the forward tips. The channels
      are 21/4inches .times. 16 inches, providing each rail with an overall
      thickness of 3 inches, which means that at the forward end, the inside
      spacing between the rails is approximately 34 inches. The side rails are
      also set at an angle with the horizontal, being upwardly inclined from
      back to front and at an angle of approximately 3.degree..
PAR  The forward ends of side rails 12 are joined to a special front frame
      portion 16, which is generally V-shaped in plan and includes a pair of
      side sections 18, a front plate 20, and a forward bottom plate 22 (See
      FIG. 7). Each side section 18 has a plate-like rear portion 18a and a
      forwardly tapering beam-like portion 18b. The portions 18b are preferably
      constructed by overlappingly welding together two channel sections in a
      manner similar to that described in connection with the construction of
      side rails 12.
PAR  As illustrated in FIG. 2, the side sections 18a, being of greater depth
      than side rails 12, overlap the forward portions of the respective side
      rails and extend forwardly and upwardly therefrom. Each side section 18 is
      bent inwardly about a substantially vertical axis (as at 21) at an angle
      of approximately 20.degree. relative to the side sections 18 a,  the two
      beam-like forward portions 18b gradually approaching one another as they
      extend forwardly. Front plate 20 is joined to the undersides of portions
      18b, and the generally triangular bottom plate 22 continues forwardly of
      front plate 20 and is disposed beneath the foremost parts of the portions
      18b.   The joints between the foregoing components are preferably made by
      continuous welds.
PAR  A vertical bearing 24 is carried on front frame portion 16 between the
      forward ends of the beam-like portions 18b. Bearing 24 rotatably receives
      a substantially upright pin 26, which is secured to and extends upwardly
      from a front wheel yoke assembly 30. The bearing 24 is a combined thrust
      and rotary bearing and may be of any conventional type that permits free
      turning of assembly 30 about the axis of pin 26.
PAR  Yoke assembly 30 comprises a pair of side panels 30a and a top panel 30b to
      which pin 26 is secured. Fore and aft hood members 32 are carried on yoke
      30, each hood member 32 comprising triangular sides 32a and a bent top
      portion 32b.   The large diameter, wide tread front tire 34 is mounted to
      front axle 36 within the yoke assembly in a conventional manner. A pair of
      reinforcing plates 38 and 40 provide a firm support for the front wheel
      assembly.
PAR  Steering of the front wheel is controlled by the operation of a pair of
      hydraulic cylinders 42, which have pistons 44 pivoted to yoke 30 on either
      side of pin 26, as at 45. Cylinders 42 are pivotally mounted to the
      respective brackets 46 by suitable couplings 47, brackets 46 being secured
      to side panels 18 in outward extension therefrom. The hydraulic system for
      cylinders 42 comprises a fluid reservoir 48, a hydraulic line 49, and a
      fluid pump (not shown). The flow of hydraulic fluid to and from the
      cylinders is controlled by suitable valves responsive to the operation of
      the steering wheel, but the details of the hydraulic system do not play a
      part in the invention and will not be described in further detail.
PAR  A conventional internal combustion engine 50 is mounted between the forward
      portions of side rails 12 on appropriate motor mounts (not shown). An
      expanded metal screen 52 covers the open top of front frame 16, allowing
      air to enter and be channeled through the frame and through the radiator
      53 (FIG. 6) for cooling purposes. The operator's cab 54 is mounted behind
      the engine on cab mounts 55 and 56, and an engine hood 58 covers the
      engine, seating on the cross member 59 which ties the side sections 18
      together and the cab extension 60.
PAR  A conventional transmission (not shown) connects the engine with a drive
      shaft 61 to transmit power through a conventional differential 62 to the
      rear axle 64. Rear axle 64 is mounted to the underside of the frame by
      sets of nuts 66 and bolts 67, which firmly secure a pair of flanged
      mounting brackets 68 to respective mounting plates 70. Plates 70 in turn
      are secured (as by welding) to sets of octagonal plates 71 and 72. Plates
      71 and 72 are secured flushly upon the inward and outward surfaces,
      respectively, of side rails 12, the sets of outwardly extending triangular
      braces 74 providing additional support for the mounting of axle 64. The
      rear axle carries wheel mounts 76 on which the rear tires 77 are
      conventionally mounted. Like front tire 34, the rear tires 77 are of the
      oversize balloon variety having a low soil compaction effect.
PAR  As earlier described and as shown by FIG. 3, side rails 12 become
      progressively closer together as they extend rearwardly, giving frame 10 a
      tapered nature. At appropriate intervals along their lengths, side rails
      12 are joined together by tubular cross beams or struts, as by the
      intermediate strut 78 and rear strut 79. Another structural cross member
      in the form of tube 80 extends between side rails 12 at a location
      directly above rear axle 64. As seen in FIGS. 4 and 5, cross member 80 is
      connected to the octagonal plates 71 disposed flushly with the inward
      surface of side rails 12, the support braces 82 assisting in the support
      of the cross member.
PAR  It should be noted that the tapered nature of frame 10 allows for a
      relatively narrow span between the wide tread rear wheels, while providing
      plenty of width for a large engine to be mounted between the forward
      portions of the side rails. This structural configuration permits a
      powerful vehicle to have adequate clearance for passing through areas of
      reduced width, such as gates and the like.
PAR  It is also pointed out that the stress imposed upon front frame portion 16
      by any load carried on the vehicle is applied to the high strength
      beam-like side portions 18. Since the axes 21 about which sides 18
      approach one another are not located at junctions between different frame
      members, but instead extend across the thick beam sections 18a, the areas
      near the axes 21 exhibit good structural characteristics. The gradual
      approach of sides 18 toward one another also provides an inherently
      stronger structure than if the sides 18 were to be abruptly set in from
      side rails 12 to form a narrow neck-like portion.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawing is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A chassis for a vehicle having a single front tire, said chassis
      comprising:
PA1  a pair of spaced apart elongate linear frame members extending along a
      major portion of the length of said chassis and diverging from one another
      in a gradual manner from the rear of the chassis toward the front, said
      frame members being sloped gradually upwardly relative to horizontal from
      the rear of the chassis toward the front;
PA1  a rear axle secured to said elongate frame members toward the rearward
      portion thereof, said rear axle rotatably carrying a pair of rear wheels
      outwardly of the respective frame members;
PA1  a front chassis portion having opposite beam-like sides greater in cross
      sectional area than said elongate frame members, said sides being secured
      to the forward portions of said elongate frame members in forward and
      upward extension therefrom with the rearward section of each side being
      substantially coplanar with the corresponding frame member for a
      significant distance, said sides being bent toward one another at the
      forward ends of said rearward sections about generally vertical axes
      spaced forwardly of the junction of said sides with said elongate frame
      members and terminating in substantially horizontal arm portions, said arm
      portions gradually approaching one another as they extend forwardly;
PA1  an engine housing between the forward end portions of said elongate frame
      members and behind said vertical axes;
PA1  a wheel yoke positioned beneath said arm portions and carrying said front
      tire; and
PA1  means for pivotally connecting said wheel yoke with said arm portions near
      the forward ends thereof.
NUM  2.
PAR  2. The combination of claim 1, wherein each side of said front portion
      comprises a pair of oppositely oriented channels secured together, each
      flange portion of one of said channels overlapping the corresponding
      flange portion of the other of said channels.
NUM  3.
PAR  3. The chassis as in claim 2, wherein the oppositely oriented channels of
      said sides present openings in the rearward ends thereof, the forward
      portions of said elongate frame members being received in said openings
      and being secured to the respective sides with the sides overlapping said
      frame members.
NUM  4.
PAR  4. The combination of claim 1, each arm portion comprising a pair of
      oppositely oriented channel sections, each flange portion of one of said
      channels overlapping the corresponding flange portion of the other of said
      channels.
NUM  5.
PAR  5. The combination of claim 1, including at least one tubular strut
      extending between and secured at its opposite ends to the respective frame
      members.
NUM  6.
PAR  6. The chassis as in claim 1, the angle of upward slope of said linear
      frame members being approximately 3.degree. .
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ABST
PAL  A standing-crop harvester has a chassis adapted to be displaced along the
      ground in a transport direction and carrying a pair of guide wheels which
      are normally controlled from a steering wheel. A sensor carried on an arm
      in front of the machine detects the edge of a swath in a standing crop and
      generates an output which varies the impedance of one element of a bridge
      circuit. Another element of this bridge circuit has its impedance varied
      in accordance with inclination of the harvester on the ground, another
      element is varied in accordance with the speed of the harvester on the
      ground, and a fourth element is varied in accordance with the position of
      the wheels of the harvester relative to the direction of travel. A
      zerovoltage detector connected across this bridge operates an
      electromechanical valve which steers the vehicle automatically,
      compensating for inclination of the ground under the harvester and speed
      of the harvester along the ground, and using the feedback signal from the
      wheel positions so as to accurately guide the harvester along the edge of
      the swath. The steering wheel is provided with an electrical capacitative
      sensor which shuts off the automatic steering system immediately when the
      operator touches the wheel so that he can readily take over manual
      operation of the machine. In addition a double check valve is provided
      between the power steering system and the hydraulic cylinder serving to
      steer the wheel so as to prevent rotation of the steering wheel when the
      automatic pilot is in operation.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is related to copending and commonly assigned patent
      application Ser. No. 421,494 filed on Dec. 3, 1973 now U.S. Pat. No.
      3,904,345 by Helmut Oni and Dieter Grabenhorst for a HEIGHT CONTROL FOR
      IMPLEMENT SUPPORT ON AN AGRICULTURAL MACHINE.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of and an apparatus for
      automatically steering a crop harvester. More particularly this invention
      concerns such a steering system which automatically guides a harvester
      along the edge of the previously cut swath in a standing crop.
PAC  BACKGROUND OF THE INVENTION
PAR  A crop harvester is an extremely complicated and unwieldy piece of farm
      equipment. The operator of a typical standing-crop harvester must
      constantly survey various aspects of the harvesting operation, such as
      cutting height, obstacles in the path of the harvester, proper discharge
      of the cut crop to the wagon, and the like. It is absolutely essential
      that the harvesting machine be used with maximum efficiency, as the proper
      harvesting time must be observed and the elevated cost of the machinery
      requires its efficient use.
PAR  It has therefore been suggested as described in the above-copending
      application to provide automatic means for controlling the height of the
      harvesting implement on the front of the agricultural machine. It has also
      been suggested to provide automatic steering means which senses the edge
      of a cut swath and automatically guides the harvester along this edge so
      as to obtain a cut of maximum possible width without the driver's
      supervision. Thus the operator can merely guide the machine manually as he
      cuts his first swath and at each end of each swath; in between the machine
      automatically will guide itself and he can attend to other phases of the
      harvesting operation.
PAR  Relative to the normal direction of travel of the harvester the back wheels
      are usually the steered wheels, so as to permit the machine to turn in a
      minimum radius, literally making it possible for the machine to pivot on
      one of the front wheels. These rear wheels are usually operated by a
      double-acting hydraulic cylinder controlled from a power-steering
      arrangement at the driver's station. The automatic pilot is switched on by
      the driver and serves to operate this double-acting cylinder in accordance
      with an output produced by the crop sensor which is mounted on the front
      of the harvester. When the steering wheel is not in use the operator must
      throw the automatic steering control switch, and thereafter keep his hands
      free of the steering wheel which follows movements of the rear steered
      wheel. Since it is customary practice to provide such harvester steering
      wheels with a so-called spinner knob this continuously moving steering
      wheel presents a considerably hazard for the operator.
PAR  Another disadvantage with the known automatic steering systems is that the
      harvester is inadequately controlled when operating on a slope or
      inclination so that it tends to move in a downhill direction, the
      automatic steering controls frequently being inadequate to cope with this
      downhill bias. Furthermore, such a servosteering system frequently hunts
      excessively, as a result of the crop sensor only cancelling a steering
      instruction after an excessive steering compensation, so that the
      harvester is constantly hunting for a proper path.
PAR  Further disadvantages of such systems is that the steering composition
      which is necessary to correct the course at relatively low harvester
      speeds is excessive at high harvester speed so that the steering-control
      is only effective at a predetermined operation speed of the device. Such a
      limitation is disadvantageous in that it prevents the automatic steering
      control from being used when the vehicle is operating at a normally high
      or low speed.
PAR  An automatic steering system as described above must be manually switched
      on and manually switched off. This requires an extra motion by the driver
      in case a potentially dangerous situation arises, such as an obstacle
      suddenly appearing in the path of the harvester. He must first shut down
      the automatic steering control and then manually steer the harvester
      around the obstacle. The necessity of previously preforming these two
      functions creates a potentially harzardous situation in that the response
      time for taking over manual steering of the harvester is considerably
      increased.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      steering system for a standing-crop harvester.
PAR  Another object is the provision of an improved method of and apparatus for
      automatically steering such a harvester which overcomes the above-given
      disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are obtained according to the present invention in a
      harvester provided with sensor means ahead of the chassis in the transport
      direction for detecting the edge of a swath cut in the standing crop and
      for generating an output corresponding to the position of this edge
      relative to the chassis. Actuation means independent of the steering
      element and connected to the sensor means receives this output and
      controls the guide wheels in accordance with the output. According to the
      present invention means is provided which is responsive to the inclination
      of the ground under the chassis for altering the output so as to basis the
      chassis directionally in the uphill direction. Also in accordance with the
      present invention means are provided responsive to the displacement speed
      of the chassis in the transport direction for altering this output so as
      to reduce the steering response with increasing speed and vice versa.
PAR  Further according to the present invention feedback means is responsive to
      the position of the steering wheels relative to the transport direction of
      the chassis for altering the output so as to eliminate this output when
      the guide wheels have made a response adequate to compensate for the
      alignment of the chassis with the swath, even though this compensation has
      not yet moved the chassis fully into the proper position along the edge of
      the swath.
PAR  Thus in accordance with the present invention the harvester automatically
      travels along the edge of a cut swath, following its edge closely. In case
      the ground under the swath is inclined the operator need merely sets a
      control so that the tendency of the harvester to move downhill is
      compensated in the automatic steering mechanism. Furthermore as the
      operator increases or decreases the speed of this harvester the automatic
      steering response is automatically altered in such a manner that with
      relative high speed compensation is small whereas with relatively slow
      speed the compensation is great, thereby ensuring proper following of the
      swath edge under all conditions. The feedback directly from the wheels
      prevents the machine from constantly swinging back and forth across the
      edge of the cut swath, as the output from the edge sensor is automatically
      cancelled out once a steering compensation has been made which is adequate
      to put the harvester back on its proper course, without having the machine
      swing back and forth across the swath edge hunting for the right position.
PAR  According to yet another feature of the invention means is provided at the
      steering wheel which is responsive to contact with the driver's hand for
      cutting out the automatic steering control the instant he grasps the
      steering wheel. Should he see an obstacle or the like he need merely take
      hold of the steering wheel and guide the harvester manually around it.
      Similarly at the end of the swath he need merely steer the harvester
      manually around and then release the steering wheel to automatically cut
      the automatic steering control back in. This automatic cut off is embodied
      as an electrocapacitative switch connected to the spinner knob on the
      spinning wheel so that presence of the hand alters the capacity and
      terminates the automatic steering control.
PAR  According to yet another feature of this invention the automatic steering
      control comprises a Wheatstone bridge circuit having four impedance legs.
      The impedance of one of the legs of one of the sides is affected by the
      crop sensor and the other leg of this same side has an impedance which is
      controlled according to the inclination of the harvester relative to the
      horizontal. The other leg of the other side is connected to the vehicle
      wheel for feedback, and the impedances of both of the other legs of both
      of the sides are controlled by the harvester speed control. One leg of the
      other side has its impedance also controllable by a crop-addition setting
      so that the output from the crop sensor, which controls the impedance of
      the one leg of the one side can be corrected according to type of crop. A
      zero-voltage detector connected between the middles of the two sides and
      is connected through the above-mentioned electrocapacitative switch to a
      electromechanical servovalve which operates the double-acting cylinder
      that steers the harvester. Thus the steering control is responsive to crop
      condition, position of the crop edge relative to the chassis, displacement
      speed of the harvester in the transport direction, and position of the
      guide wheels relative to the chassis. In this manner all of the
      information which has any effect on the automatic steering is employed so
      as to provide an automatic steering system which guides the harvester
      surely and efficiently along the edge of a swath, regardless of crop
      condition, vehicle speed, or inclination of the ground under the
      harvester. All of the various parameters are formed by steplessly varying
      impedance so as to give the system maximum sensitivity and flexibility.
PAR  In accordance with the present invention the sensor means is provided with
      a potentiometer and a flexible fiberglass rod which is spring biased
      toward the crop edge to be sensed. Thus the output of the potentiometer
      mounted at the pivot point of this rod is proportional to the deflection
      of this rod by the crop. Alternatively it is possible to provide an array
      of small light closets which detect the crop optically and produce outputs
      which are fed via a comparator circuit to the impedance bridge.
PAR  In accordance with yet another feature of this invention there is provided
      between the pump controlled by the steering wheel and the double-acting
      cylinder which is controlled both by this steering-wheel pump and by the
      electromechanical valve of the automatic steering apparatus a double check
      valve which normally prevents fluid flow back toward the steering-wheel
      pump so that the steering wheel remains at rest when the automatic
      steering control is in operation. In this manner the operator can rest his
      elbows on the steering wheel when the automatic pilot is in operation, and
      need merely grasp the spinner knob to cut out the automatic pilot and
      operate the harvester manually.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the invention will
      become more readily apparent from the following description, reference
      being made to the accompanying drawing in which:
PAR  FIG. 1 is a block diagram illustrating the operation of the system
      according to the present invention;
PAR  FIG. 2 is a top largely diagrammatic view of the harvester according to the
      present invention;
PAR  FIG. 3 is a largely schematic view of the automatic steering control in
      accordance with the present invention;
PAR  FIG. 4 is a top view of a crop sensor according to the present invention;
PAR  FIG. 5 is a detailed sectional view of the structure indicated by arrow V
      of FIG. 4,
PAR  FIG. 6 is a view similar to FIG. 4 illustrating another crop sensor in
      accordance to this invention;
PAR  FIG. 7 is a sectional view of the detail indicated at VII in FIG. 6;
PAR  FIG. 8 is a schematic view of the steering system according to this
      invention; and
PAR  FIG. 9 is a schematic view illustrating the harvester speed control.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1 the servosystem according to the present invention
      basically comprises a crop sensor 1, a zero-voltage detector 2, an
      electromechanical hydraulic valve 4 connected to the zero-voltage detector
      and in turn connected to a hydraulic cylinder 5 which operates the steered
      wheels of the vehicle. Steered wheels 6 are carried on the vehicle frame
      7. Feedback 9 from the wheels and an input 11 indicating the inclination
      of the frame 7 on the ground is fed to the zero-voltage detector. In
      addition a speed input 12 is combined with the feedback so as to affect
      the valve 4.
PAR  A manual steering system 10 can override this servosystem and a crop
      condition input 13 is compared with the output of the sensor so as further
      to control the zero-voltage detector 2.
PAR  As shown in FIG. 2 the harvester frame 7 carries front wheels 81 which are
      driven through a transmission 85 by a large hydraulic motor 75. A diesel
      engine 63 is connected to a heavy-duty axial-piston hydraulic pump 62
      connected to the motor 75. The swash plate 62' of the pump 62 can be
      displaced back and forth so as to vary the displacement speed of the
      chassis 7 along the ground while the speed of engine 63 remains constant.
PAR  FIG. 9 shows the speed control in more detail. An operating lever 12 on the
      control panel 3 is connected via a link 56 to a double-acting cylinder 59.
      Both sides of this cylinder are connected via hydraulic lines 57 and 58 to
      a slave cylinder 20 whose position is connected to the swash plate 62' of
      the pump 62. Thus the displacement of the lever 12 in either direction
      will correspondingly displace the swash plate 62' of the pump 62 which and
      thereby varies the displacement speed of the apparatus along the ground.
      Pressure is maintained in this speed-control system by a pump 71 connected
      with the pump 62 to the engine 63 and having an output line 59' connected
      to a pair of check valves 60 and 61 to the lines 57 and 58 respectively. A
      pressure regulator valve 78 is connected between the lines 59' and the
      hydraulic reservior 77 of the system so as to maintain the pressure in
      line 59' uniform. In addition check valves 79 and 80 (FIG. 2) are provided
      between the lines 57 and 58 to compensate for leakage between the pump 62
      and the motor 75.
PAR  Also as shown in FIG. 2 there is provided at the back of the chassis 7 the
      pair of steering wheels 6 each carried on a respective steering arm 55
      connected via a respective piston rod 72 to the piston 5' of a
      double-acting hydraulic cylinder 5. FIG. 8 also shows how this cylinder 5
      is connected via respective hydraulic lines 47 and 48 to a double-acting
      check valve 46 whose operation is described below FIG. 8). The primary
      chambers of this check valve 46 are connected via hydraulic lines 44 and
      45 to a power-steering system 18 basically comprising a steering wheel 10
      having a shaft 42 which operates a steering valve 73 and a positive
      displacement pump 76. During manual steering of the harvester the pump 71
      is connected via a line 74 to the valve 73. Another hydraulic line 85
      connects one side of the pump 76 to this valve 73.
PAR  Thus when the device is being steered manually straight ahead the valve 73
      only connects the high-pressure input line 74 with the reservior 77 and
      fluid flow between the lines 44 and 45 is blocked so that the piston 5' of
      the cylinder 5 is immovable and the wheels 6 are locked. Clockwise
      rotation of the wheel 10 connects the line 85 to the line 74 and the line
      45 to the reservoir 77 so that operation of the positive-displacement pump
      76 serves to pressurize the left-hand chamber of cylinder 5 and guide the
      vehicle to the right. Counterclockwise rotation of the wheel 10 will
      connect the high-pressure input line 74 to the line 45 and through the
      valve 46 to the line 47, thereby pressurizing the right-hand side of the
      cylinder 5. Simultaneously the line 85 to the pump 76 is connected to the
      reservoir 77 so that, as the steering wheel is rotated, a quantity of
      hydraulic fluid directly proportional to the angular displacement of the
      pump 66 is bled out of the left-hand chamber of the cylinder 5, thereby
      causing the wheels to turn the vehicle to the left.
PAR  As also shown in FIG. 8 the valve 4 of the automatic-steering system
      comprises a three-part slide valve 84 controlled by respective solenoids
      82 and 83. So long as the vehicle is on proper course or is being manually
      steered neither of the solenoids 82, 83 is actuated and the pump 71 is
      connected only to the valve 73 of the power steering system 18. When, as
      will be described below, the automatic steering system is operating and
      requires a right-hand turn, the solenoid 83 pulls the valve 84 to the
      right and connects the pump 71 to a line 87 connected itself to the line
      48 so as to pressurize the left-hand chamber of the cylinder 5.
      Simultaneously the right-hand chamber of the cylinder 5 is connected
      through lines 47 and a line 88 to the valve 4 and thence through the line
      74 which is connected itself at this time by the valve 73 to the reservoir
      77. Therefore the piston 5' moves to the right and the harvester is guided
      to the right. For a left-hand turn the solenoid 82 is actuated and the
      connections to line 88 and 87 are reversed.
PAR  FIG. 4 shows the crop sensor 1 according to the invention. This sensor 1 is
      mounted on an arm 54 extending forwardly to the left-hand side of the
      cutter assembly 53 on the front end of the harvester chassis 7. The
      spacing between the cutter 53 and the head 1 is 2-3 meters. A
      potentiometer 27 is provided with a feeler rod 49 of flexible light
      material such as fiberglass-reinforced synthetic resin and has another arm
      50 which is biased by a pair of springs 51 and 52 so that the arm 49
      extends at an angle .alpha. of approximately 75.degree. to the transport
      direction T of the harvester under normal circumstances. When the arm 49
      strikes a standing crop as shown at 13 in FIG. 5 this potentiometer is
      therefore operated so as to produce an impedance output which varies
      according to the extent of deflection of the arm 49. Deflection of
      approximately 30 degrees from the normal position as shown in FIG. 4
      indicates that the head is moving at the proper angle along next to the
      edge of the crop 13. When the arm is swung out as shown in FIG. 5 the
      machine needs to be steered to the right into the uncut swath, and when
      the arm is deflected further towards the direction T the harvester must be
      steered to the left so as better to follow the crop edge.
PAR  FIG. 6 and FIG. 7 show a sensor 1' provided instead of with a
      potentiometer, with nine light-relection compartments having 18 sending
      diodes 37', 37", nine cover glasses 38', 9 infrared filters 39', nine
      photo transistors 40', and a comparator 41 which produces an impedance
      output that corresponds to the proximity of the crop 13. The sensor head
      1' is arranged at an angle of substantially 45.degree. to the direction of
      travel T and, therefore, to the crop edge.
PAR  As shown again in FIG. 8 the steering wheel shaft 42 is journaled in a
      housing 43 in which is provided a fixed coil 15 faced from another coil 14
      carried on the shaft. The spinner knob 16 of the wheel 10 is connected to
      this coil 14 and constitutes an electrocapacitative sensor. High-frequency
      electric current generated from a detector 64 shown in FIG. 3 energizes
      the coil 15 and the coil 14 inductively so that when a hand grasps the
      spinner knob 16 the tuning characteristics change. This change is fed to a
      amplifier 33 which normally conducts electricity from lines 67 and 68 of a
      zero-voltage detector 2 to lines 69 and 70 that serve to operate the
      solenoids 82 and 83 (FIG. 8). When a hand grasps the spinner knob 16
      current flow from lines 67 and 68 to lines 69 and 70 is interrupted, but
      when the hand is remote from this knob 16 the current flow from lines 67
      and 68 is amplified and fed to lines 69 and 70.
PAR  The control system shown in FIG. 3 is energized by a generator 65 (FIG. 2)
      which is connectable across a bridge circuit 22 in the control panel 3.
      This circuit 22 has one side with one leg formed by a fixed resistor 26
      and the potentiometer 27 and another leg formed by a potentiometer 32, a
      fixed resistor 25, and another potentiometer 31. The other side of the
      bridge circuit has one leg formed by a potentiometer 28 and a fixed
      resistor 23 and in its other leg a fixed resistor 24 in parallel with a
      potentiometer 29 and both connected to the opposite ends of another
      potentiometer 30 in this other leg. The potentiometer 29 is carried on one
      of the steered wheels 6 of the harvester and has an impedance which
      increases as the vehicle is steered to the left and decreases as it is
      steered to the right. In series with the resistor 26 in the one leg of the
      one side of the bridge circuit is the potentiometer 27 of the crop sensor
      1 and in the corresponding leg of the other side of the bridge circuit 22
      there is provided the potentiometer 28 which is set according to the type
      of crop and how far from the edge of the mower 53 the sensor 1 is to be
      held. The potentiometer 32 is operated by the knob 11 according to the
      inclination on which the apparatus is being used. Alternatively it is
      within the scope of this invention to provide an automatic level sensor
      which automatically sets the potentiometer 32 according to ground
      inclination.
PAR  The potentiometers 30 and 31 have their wipers ganged and operated by a
      link 21 connected to the speed control 19. At a predetermined intermediate
      speed both the wipers of potentiometers 30 and 31 will lie in the center
      of their respective paths so that the resistance to both sides of these
      wipers in the potentiometers is equal. Both of the wipers of these
      potentiometers 30 and 31 are connected to one side of the input line. The
      other side of the input line is connected through the automatic-pilot
      ON-OFF switch 34, a motor drive switch 35 only closed when the mower is in
      operation, and a mower position switch 36 only closed when the mower is
      down and ready to function. Thus the bridge 22 is only energized when the
      mower is operating in the proper position and the switch 34 has been
      closed. In addition the zero-voltage detector 2 interconnecting the two
      sides of the bridge 22 is only connected through the amplifier 33 to the
      valve 4 when the operator's hand is away from the sensor 17 on the
      steering wheel 10.
PAR  The speed control 19 affects the potentiometers 30 and 31 so as to vary the
      steering response by increasing or decreasing the effect of a change in
      impedance in potentiometer 29 which gives the wheel-position feedback of
      the system. The inclination adjustment 11 in the same side of the bridge
      as the crop sensor 27 serves to bias the harvester directionally toward
      one side by unbalancing the bridge to an extent which is determined
      according to the inclination on which the harvester is operating.
PAR  The valve 46 shown in FIG. 8 in detail prevents the steering wheel 10 from
      turning when the automatic steering control is functioning. This valve 46
      has a housing 46a with a pair of primary chambers 46a' and 46a"
      respectively connected to the input lines 44 and 45. It also has a pair of
      secondary chambers 46b' and 46b" connected to the outlet lines 48 and 47,
      respectively, and able to communicate with the respective chambers 46a'
      and 46a" when a valve element 46c having a pair of heads 46c' and 46c" is
      moved to the right against the force of a spring 46d. If either of the
      chambers 46a' or 46a" is pressurized more than the respective chamber 46b'
      or 46b", the valve body 46c moves to the right and allows fluid
      communication between the primary chambers 46a' and 46a" and the
      respective secondary chamber 46b' and 46b". This pressurization of the
      primary chambers only occurs, however, when the steering wheel is actuated
      either in one direction so as to pump liquid with pump 76 into the chamber
      46a' or so as to open the valve 73 and connect the line 45 with the
      high-pressure line 74. Otherwise the valve 46 remains closed and prevents
      rotation of the steering wheel 10.
PAR  Thus the operator of the harvesting machine need merely cut the first swath
      in the field with the machine under manual control. Then he starts the
      machine at the edge of the swath, closes the switch 34, makes sure the
      mower is down in position and operating, and lifts his hand from the
      spinner knob 16. This automatically starts the automatic pilot so that the
      machine follows the edge of the swath itself. The operator can then vary
      the speed with lever 12 either faster or slower while in no way
      interfering with the normal steering response, and can otherwise attend to
      his duties on the machine without having to worry about steering. Should
      any obstacle be sighted or should he need to take over control of the
      machine, for instance, to turn it around at the end of the swath, he need
      merely grasp the knob 16 and execute the necessary steering operation.
      Once this operation is completed the operator sets the mower back more or
      less on course and releases knob 16 so that the machine will again follow
      the edge of the swath.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic steering system for a standing-crop harvester having a
      chassis adapted to travel in a transport direction along the ground and
      carrying guide wheels operated by a steering element on the chassis, said
      system comprising:
PA1  sensor means at a forward location of said chassis in said transport
      direction and mounted on said chassis for detecting the edge of a swath
      cut in a standing crop and generating an output corresponding to the
      position of said edge relative to said chassis;
PA1  actuation means independent of said steering element and connected to said
      sensor means for receiving said output and controlling said guide wheels
      in accordance with said output; and
PA1  means for altering said output before reception thereof by said actuation
      means in accordance with the inclination of the ground under said chassis
      for biasing said chassis directionally in an uphill direction.
NUM  2.
PAR  2. An automatic steering system for a standing crop harvester having a
      chassis displaced by a drive having a speed-control element along the
      ground in a transport direction and carrying guide wheels operable by a
      steering element on the chassis, said system comprising:
PA1  sensor means ahead of said chassis in said transport direction and mounted
      on said chassis for detecting the edge of a swath cut in a standing crop
      and generating an output corresponding to the position of said edge
      relative to said chassis;
PA1  actuation means independent of said steering element and connected to said
      sensor means for receiving said output and controlling said guide wheels
      in accordance therewith; and
PA1  means connected to said speed-control element and to said sensor means for
      altering said output in accordance with displacement speed of said chassis
      along the ground for reducing the steering response of said guide wheels
      in response to said output with increased displacement speed.
NUM  3.
PAR  3. An automatic steering system for a standing crop harvester having a
      chassis displaceable along the ground in a transport direction and
      carrying guide wheels operable by a steering element on said chassis, said
      system comprising:
PA1  sensor means ahead of said chassis in said transport direction and mounted
      on said chassis for detecting the edge of a swath cut in a standing crop
      and generating an output corresponding to the position of said edge
      relative to said chassis;
PA1  actuation means independent of said steering element and connected to said
      sensor means for receiving said output and controlling said guide wheels
      in accordance therewith; and
PA1  means responsive to the position of said guide wheels relative to said
      chassis and to said transport direction for altering said output so as to
      control displacement of said guide wheels by feedback once said guide
      wheels are set thereby in an orientation to bring said chassis into a
      predetermined position relative to said edge.
NUM  4.
PAR  4. The system defined in claim 3 wherein said means responsive to said
      guide wheels includes a variable impedance having a portion connected to a
      one of said guide wheels and displaceable thereby so as to have an
      impedance dependent on wheel position.
NUM  5.
PAR  5. A steering system for a harvesting-machine chassis displaceable along
      the ground in a transport direction and having at least one guide wheel
      operable by a steering element, said system comprising:
PA1  a crop-swath sensor on said chassis;
PA1  automatic steering means connected to said guide wheel and connected to
      said sensor for steering said chassis along the ground according to a
      predetermined path corresponding to a swath independent of displacement of
      said steering element;
PA1  means for operatively coupling said steering element to said guide wheel to
      terminate operation of said automatic steering means; and
PA1  pump means connected to said steering element and cylinder means connected
      to said pump means and to said guide wheel for hydraulic actuation of said
      cylinder means by said pump means on actuation of said steering element,
      said means for coupling including at least one check valve between said
      pump means and said cylinder means, said automatic steering means being
      connected to said cylinder means and means for controlling said check
      valve to prevent displacement of said steering element by movement of said
      guide wheel.
NUM  6.
PAR  6. The system defined in claim 5 wherein said check valve includes a double
      check valve only allowing fluid flow between said pump means and said
      cylinder means on actuation of said steering element.
NUM  7.
PAR  7. An automatic steering system for a chassis displaceable along the ground
      and having at least one guide wheel directable by a steering element, said
      system comprising:
PA1  automatic steering means connectable to said guide wheel for steering said
      chassis along the ground according to a predetermined path independent of
      displacement of said steering element, said steering element comprising a
      steering wheel and a spinner knob on said wheel; and
PA1  a capacitive switch on said knob responsive to the grasping of said knob by
      the driver of said chassis for uncoupling said automatic steering means
      from said guide wheel.
NUM  8.
PAR  8. A method of guiding a standing-crop harvester comprising the steps of:
PA1  sensing the edge of a swath in said standing crop and generating an
      impedance output;
PA1  detecting the speed of displacement of said harvester along the ground and
      generating an impedance output corresponding to said speed;
PA1  generating an impedance output having a magnitude corresponding to the
      side-to-side inclination of the ground under said harvester; and
PA1  combining said impedance outputs and controlling the orientation of guide
      wheels of said harvester in accordance with the combined outputs.
NUM  9.
PAR  9. The method defined in claim 8 wherein said outputs are signals derived
      from respective resistors.
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ABST
PAL  A vehicle dash assembly is provided with pivoting mount means which allows
      for greater accessibility to the dash mounted instrument and associated
      control members. A latching mechanism permits the dash assembly to be
      supported in the open position for servicing operations.
BSUM
PAC  BACKGROUND
PAR  This invention relates generally to vehicle dash assemblies, and more
      particularly to a dash assembly which may be pivoted upward to permit
      access therebehind for servicing and the like.
PAR  Servicing of dashboard components and the like has long been a problem.
      This problem exists in automobiles as well as heavy construction vehicles.
      In most automobiles, one must generally lie on the floor of the front seat
      in order to work on the underside of the dash assembly. Providing service
      from this position is at best most undesirable.
PAR  This problem also exists in trucks, off-highway vehicles, and heavy
      construction equipment. With the advent of the roll-over protection cab
      system, which is a superstructure by itself, the problem of servicing the
      dash assembly was highlighted. In the independent cab structure of the
      roll-over protection cab system, the under-the-dash space was
      substantially decreased.
PAR  Accordingly, it is an object of this invention to provide a vehicle dash
      assembly which will simplify the servicing of the dash assembly components
      mounted thereon.
PAR  Another object of this invention is to provide a vehicle dash assembly
      which permits servicing of the dash assembly instruments and associated
      control members from inside the cab.
PAR  A still further object of this invention is to provide a vehicle dash
      assembly which is pivotally supported and wherein the dash assembly may be
      pivoted upwardly for service.
PAC  SUMMARY
PAR  A vehicle dash assembly is pivotally mounted to the vehicle cab structure.
      Pivoting of the dash assembly permits access to the backside thereof for
      servicing requirements. A supporting mechanism operatively connects the
      hinged dash to the cab structure. The supporting mechanism permits the
      dash panel to be held in the open position. Bias means cooperate with the
      support mechanism so as to lock the dash panel in the respective open
      positions.
PAR  Other objects and advantages of the present invention will become more
      readily apparent upon reference to the accompanying drawings and following
      description of the exemplary embodiment thereof presented proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show a present exemplary embodiment of this
      invention in which:
PAR  FIG. 1 is a perspective view of the dash assembly of this invention;
PAR  FIG. 2 is a fragmentary rear view of the dash assembly showing the
      supporting mechanism; and
PAR  FIG. 3 is a side view of the dash assembly showing the dash assembly in a
      plurality of positions.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  Reference is now made to the figures, which illustrate one exemplary
      embodiment of the vehicle dash assembly of this invention, which is
      designated generally by the reference numeral 10. As seen in FIG. 1, the
      dash assembly 10 is comprised of an instrument panel 12 which is mounted
      to the vehicle cab structure shown generally as 14. The panel 12 is
      secured in the operating position by a plurality of retaining screws or
      the like 16.
PAR  Referring now to FIGS. 2 and 3, it is seen that the instrument panel 12 is
      pivotally connected to the cab structure 14 by means of suitable hinge
      member 18. The hinge member 18 may be of any suitable type and may be a
      single elongated hinge or a plurality of smaller hinge members. It is only
      necessary that the instrument panel 12 be supported along the entire top
      length of the panel in a pivoting manner. The hinge 18 is secured to the
      cab structure 14 by means of suitable screws or the like 20. The
      instrument panel 12 is likewise secured to bent portion of the hinge 18 by
      suitable fasteners such as screws or the like 22. The hinge member 18 will
      permit the instrument panel 12 to be pivoted in a counterclockwise
      direction, as seen in FIG. 3, and shown therein in phantom lines.
PAR  An elongate prop or support member 24 is pivotally mounted at one end to a
      shaft or pivot pin 26. The pivot pin 26 is secured to a mounting bracket
      28 which is fixedly secured to the backside of the instrument panel 12.
      The elongated support member 24 is held in place on the pivot pin 26 by a
      suitable C-clip or washer and cotter pin arrangement and shown generally
      by washer 30.
PAR  The support member 24 is formed with an elongated slot 32 extending
      therethrough. Guide means such as a shaft or pin 34 is mounted on the cab
      structure so as to project through the slot 32. A C-clip or washer and
      cotter pin arrangement may be utilized to prevent the member 24 from
      becoming disengaged with the pin 34. Such arrangement is shown generally
      by the washer 36. It is thus seen that as the instrument panel 12 is
      pivotally rotated in the counterclockwise direction, relative sliding
      between the member 24 and pin 34 will occur due to the cooperative
      engagement of the pin 34 with the slot 32.
PAR  The slot 32 is formed with shoulders 38 and 40 along one side thereof.
      These shoulders provide a means to lock the member 24 in either of two
      positions and thereby maintaining the instrument panel in the respective
      positions shown in FIG. 3.
PAR  A biasing spring 42 is mounted about the pivot pin 26. One end of the
      spring 42 engages the member 24 and provides a biasing force thereto. In
      the illustrative embodiment shown in FIG. 3, it is seen that the biasing
      force is generated in a counterclockwise direction about the pivot pin 26.
      The biasing force thus tends to urge the member 24 in a counterclockwise
      direction about pivot pin 26. The biasing force of the spring 42 will thus
      hold the member 24 in a locked condition due to the engagement of the pin
      34 with the respective shoulders 38 and 40. The tapered wall 44 permits
      the pivot pin 34 to move therealong as the instrument panel 12 is moved
      from the midposition to the full open position. To close the panel 12, it
      is necessary to provide a counterbiasing force against the member 24 so as
      to disengage the pin 34 from either of the shoulders 38 or 40. This
      counterbiasing force is provided by the service operator.
PAR  In the illustrative embodiment shown and described, a single support member
      is shown. In most instances, the single supporting mechanism will be
      sufficient. However, it is obvious that in certain situations a second
      supporting mechanism may be employed at the other end of the instrument
      panel. In addition, the supporting member may be provided with additional
      shoulders therein such that a multiplicity of open positions may be
      utilized.
PAR  It is seen that a vehicle dash assembly is provided which may be pivoted
      upwardly from the operatinng position. This permits ready access to the
      instruments and components mounted thereon. Accordingly, the objectives
      hereinbefore set forth have been accomplished.
PAR  While a present exemplary embodiment of this invention has been illustrated
      and described, it will be recognized that this invention may be otherwise
      variously embodied and practiced by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle dash assembly in a cab area comprising:
PA1  an instrument panel extending transversely across substantially the entire
      width of the cab area and upon which the vehicle instruments and
      associated control members are mounted, said panel having an upper side
      visible from the cab area and an underside;
PA1  a hinge along the top of said panel, said hinge pivotally connecting said
      panel with the vehicle cab structure such that said panel is movable from
      a closed condition to a fully pivoted open condition;
PA1  pivot means mounted to the underside of said panel;
PA1  an elongated support member having one end pivotally rotatably mounted on
      said pivot means, said member being formed with an elongated slot;
PA1  guide means mounted on the cab structure, said guide means cooperatively
      engaging said member slot wherein said member is guided by said guide
      means as said panel is moved from the closed condition to the open
      condition;
PA1  a plurality of shoulders formed in said member elongated slot, said
      shoulders cooperating with said guide means to hold said panel in a
      corresponding open condition; and
PA1  a bias spring mounted about said pivot means and acting against said
      elongated member, said spring force urging said member in a direction
      wherein said guide means will engage one of said plurality of shoulders
      such that said panel is held in the open condition.
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PAL  This invention relates to a control unit with which is equipped a vehicle
      provided with a steering wheel coupled to the rotary member controlling
      the steering members, comprising at least two control members disposed on
      the side opposite the driver with respect to the steering wheel, whilst
      these members have actuating surfaces whose centres define, with the axis
      of the rotary member, half-planes shifted by a first angle. The directions
      perpendicular to the actuating surfaces and passing through the centres
      are contained in planes parallel to the axis which form a second angle
      larger than the first, whilst the intersection is disposed with respect to
      the plane parallel to the axis of the rotary member and containing the
      centres of the two actuating surfaces, substantially on the side where
      said axis is itself disposed.
PAL  This invention may be applied to the production of a dashboard providing
      greater safety.
PARN
PAR  This is a continuation, of application Ser. No. 312,305, filed Dec. 5,
      1972, now abandoned.
BSUM
PAR  In the domain of vehicles, particularly motor vehicles, great importance is
      attached to the present preoccupation of obtaining an increased safety in
      driving.
PAR  One of the most effective means generally retained for increasing safety
      resides in a simplification of the driving manoeuvres. It is for this
      reason that the functioning of an increasing number of members is being
      rendered automatic.
PAR  However, at the same time as this tendency, there is an opposite trend
      which results in a complication in driving, caused by the presence of an
      increasing number of equipment members, e.g. direction indicator,
      windscreen washer, window raiser, radio, etc. which are of relatively
      recent general use. This equipment is controlled by means of control
      members which are most often spread out all over the dashboard and are not
      easily accessible, to the driver sitting in the driver's seat.
PAR  However, combined assemblies have been known for a long time, which unite
      the controls of the headlights, direction indicators or horn, the control
      members then being constituted by levers disposed beneath the steering
      wheel. The control members of such assemblies can therefore be easily
      reached by the driver, without his having to remove his hands from the
      steering wheel. Nevertheless, the above-mentioned assemblies are not
      certain to handle, since the control members that they comprise are in
      very similar positions and are also too similarly constructed to be able
      to be identified rapidly and with certitude. This results in errors in
      driving which may be serious, the driver not experienced in driving the
      vehicle in question switching off the headlights, for example, when he
      intended to use the horn.
PAR  It is to remedy the above-mentioned gaps that the invention proposes a new
      control unit of which the control members are simple and sure to
      manipulate, and which is also easy to assemble on the vehicle; this leads
      to the production of a satisfactorily visible and accessible dashboard,
      thus contributing to the driving safety of the vehicle.
PAR  The invention has therefore firstly for an object a control unit with which
      is equipped a vehicle provided with a prehension element such as a
      steering wheel, a rotary member for controlling the steering members of
      said vehicle, comprising at least two control members, with little or no
      displacement, disposed on the side opposite the driver with respect to
      said prehension element, whilst two of said control members have actuating
      surfaces, the centres of which define, with the axis of the rotary member,
      halfplanes shifted by a first angle.
PAR  The directions perpendicular to the actuating surfaces and passing through
      said centres are contained in planes, parallel to said axis, which form a
      second angle larger than the first angle. The intersection of said planes
      containing said directions is disposed, with respect to the plane parallel
      to the rotary member and containing the centres of the two actuating
      surfaces, substantially on the side where said axis is itself disposed.
PAR  The intersection is preferably contained substantially in the angle defined
      by the half-planes containing said axis and each of the centres of the two
      actuating surfaces respectively.
PAR  Moreover, the prehension element being in the position corresponding to the
      rectilinear displacement of the vehicle, said intersection is
      advantageously disposed with respect to the cylindrical surface of
      generatrices parallel to the axis of the prehension element and bearing on
      said prehension element, substantially on the side opposite said axis.
PAR  In addition, the first angle is preferably an acute angle.
PAR  When the control members may be displaced slightly, the direction of
      displacement of each of said control members is substantially parallel to
      the direction perpendicular to the actuating surface of the corresponding
      control member.
PAR  When the control members are with zero displacement, said control members
      have a capacitive effect.
PAR  Said two control members are also advantageously disposed at different
      distances from the prehension element.
PAR  Similarly, the outside appearances of the two control members are
      preferably distinct and in particular have forms which differ as far as
      touch is concerned.
PAR  This control unit often comprises, in addition to the two control members
      mentioned, a third control member which is in a relative disposition with
      respect to a first of the two control members, substantially identical to
      the relative disposition of the first and second of said two control
      members with respect to each other.
PAR  Moreover, this third control member is distinct from said two control
      members and has in particular a distinctly different touch from those of
      the two control members,
PAR  The third control member and the second of said two control members are
      grouped into a single rocker switch in the case of members with slight
      displacement or a switch having two projections with respect to the
      external face adjacent said control unit, when the control members are
      with zero displacement.
PAR  This control unit is advantageously defined at least partly by a
      substantially cylindrical surface which has an upper face and a lower
      face. The single switch is then disposed on the upper face, whilst the
      line perpendicular to the actuating surface of the first of said two
      control members and passing through the centre of said actuating surface
      is substantially horizontal.
PAR  The actuating surface of the first of said two control members is disposed
      in the zone of connect of the upper and lower faces, said zone being
      substantially continuous.
PAR  In addition, a control member is sometimes disposed on said lower face and
      is constituted by a lever mounted to pivot about an axis substantially
      parallel to the axis of the rotary member.
PAR  The control unit is provided to be adjustable in position with respect to
      the structure of the vehicle, by a means known per se.
PAR  After the prehension element has been disposed in a given position with
      respect to the structure, the position of the control unit is adjusted
      with respect to said prehension element as a function of the morphological
      form of the driver, and particularly the size of his hands, so that the
      control members are disposed within reach of at least one of these hands,
      when they rest on said prehension element in the normal driving position.
PAR  Moreover, this control unit is fixed to the structure of the vehicle by
      means of a device for removably holding it in position, provided with a
      means for rapidly making the connections.
PAR  Furthermore, in an advantageous disposition, a support is coupled to the
      structure and constitutes a projection from the dashboard directed
      longitudinally in the vehicle, whilst said control unit is fixed to this
      projection.
PAR  Finally, this control unit comprises an inner face oriented substantially
      towards the rotary member, whilst one of the control members comprises a
      control light which indicates functioning, which is advantageously
      disposed on said inner face.
PAR  The invention also has for its object a dashboard incorporating said two
      units, these two units being disposed substantially symmetrically with
      respect to a plane parallel to the vertical longitudinal plane of the
      vehicle and passing substantially through the axis of the rotary member.
PAR  In addition, this dashboard comprises an assembly which groups
      substantially all the members for visually checking the functioning of the
      vehicle, said checking assembly being disposed between the two control
      units.
PAR  This visual checking assembly is preferably adjustable in position with
      respect to the structure of the vehicle. The adjustment of position of
      said assembly, particularly the adjustment of its inclination
      substantially parallel to the vertical longitudinal plane of the vehicle;
      is effected as a function of the location of the driver's eyes, when he is
      sitting in his normal driving position.
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PAR  The invention will be more readily understood upon reading the following
      description given with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a control unit according to the invention;
PAR  FIGS. 2 to 5 are schematic projections, on a plane perpendicular to the
      axis of the rotary member, of a control unit according to the invention;
PAR  FIG. 6 is a perspective view of a control unit according to the invention;
PAR  FIG. 7 is a view in the direction of arrow F of FIG. 6;
PAR  FIG. 8 is a view showing the mode of assembling a control unit according to
      the invention on the structure of the vehicle.
PAR  FIG. 9 shows a detail of a control unit according to the invention;
PAR  FIG. 10 shows a plan view of a variant assembly of control units according
      to the invention;
PAR  FIG. 11 shows a detail of the inner face of a control unit according to the
      invention;
PAR  FIG. 12 is a perspective view of a dashboard using the control units
      according to the invention;
PAR  FIG. 13 shows a detail of the dashboard shown in FIG. 12.
DETD
PAR  Referring now to the drawings, FIG. 1 shows a control unit 1 provided with
      a rocker switch 2 for controlling the direction indicators of a vehicle,
      which comprises a steering wheel 3 connected with the drive wheels and
      mounted to rotate on the structure about the axis 4 of a hub 5. The unit 1
      also comprises the push button 6 of a horn. The switch 2 and button 6 have
      actuating surfaces and centres of actuating surfaces 2a, and 6a, and 2b
      and 6b respectively. The directions perpendicular at 2b, 6b to the
      surfaces 2a, 2b constitute the perpendicular lines 2c, 6c to the two
      surfaces.
PAR  The following five planes or half-planes are then taken into consideration:
      -half-plane 4-2b containing axis 4 and passing through centre 2b;
PAR  -half-plane 4-6b containing the axis 4 and passing through centre 6b;
PAR  -plane 2c containing the perpendicular line 2c and parallel to the axis 4;
PAR  plane 6c containing the perpendicular line 6c and parallel to the axis 4;
PAR  -and plane 2b-6b passing through the centres 2b and 6b and parallel to axis
      4.
PAR  It is firstly ascertained that planes 2c and 6c have an intersection I
      which, of course, is parallel to the axis 4, the perpendiculars 2c and 6c
      not necessarily being secant with respect to one another, as shown in FIG.
      1.
PAR  In order to facilitate the subsequent description, a projection is then
      made on a plane perpendicular to axis 4. It is then ascertained that the
      unit 1, switch 2, steering wheel 3, button 6, intersection I, centres 2b
      and 6b and axis 4 are projected into 7, 8, 9, 10, 11, 12 and 13 and 14,
      respectively.
PAR  It will be noted that the angle 12-11-13 is greater than angle 12-14-13.
      This first arrangement is in accordance with the invention and is also
      noteworthy in that the projections 11 of the intersection and 14 of the
      axis 4 are located on the same side with respect to straight line 12, 13.
PAR  This disposition is particularised as shown in FIG. 2, by indicating that
      the projection 11 is contained in the angle 12-14-13.
PAR  Still with the disposition of FIG. 1 in mind, another particular
      disposition is reached, which is shown in FIG. 3, in which not only the
      projections 11 and 14 are located on the same side with respect to the
      straight line 13, 13 but also the projection 11 is disposed, with respect
      to the projection 9 of the steering wheel, on the side opposite the one
      where the projection 14 is located. Of course, the recommended
      dispositions are only approximate and the limiting dispositions are also
      protected within the scope of the present invention.
PAR  FIG. 4 consequently shows an advantageous combination of the two preceding
      solutions, the projection 11 then being contained in the angle 12-14-13,
      and substantially on the side opposite the projection 14 with respect to
      the projection 9 of the steering wheel, being in fact within the limits of
      the projection 9 of said steering wheel.
PAR  FIG. 5 shows an arrangement in which there is no single member having a
      projection 8, but two control members having projections 8a and 8b, which
      are in an identical disposition with respect to the prpjection 10. The
      projections of the respective intersections are at 11a and 11b, the
      projections of the centres of the surfaces themselves being at 12a and
      12b. The control members are at unequal distances from the steering wheel,
      in the same way as their projections are from projection 14.
PAR  On this disposition are found two variant embodiments which are shown, one
      in FIGS. 6 and 7, the other in FIG. 8.
PAR  The actual representation of the control unit is taken in FIGS. 6 to 8.
PAR  FIG. 6 shows that the unit 1 is limited by a cylindrical surface having an
      upper face 15 and a lower face 16. A push button 6 is disposed in the zone
      of connection of faces 15 and 16, which is substantially continuous.
      Furthermore, the two members which have projections 8a and 8b, constitute
      in fact members with zero displacement, preferably with capacitive effect,
      and are shown by projections 17 and 18, of the same switch 19.
PAR  The projections 17 and 18 pass beyond the upper face 15 which is adjacent
      thereto. Finally, it may be seen that the projections 17 and 18 have
      distinct slopes which enable them to be distinguished with certitude, and
      are also distinct from the push button 6 which is curved and not flat like
      said projections 17 and 18.
PAR  It may be seen from FIG. 7 that a slide 21 is integral with the structure
      22 of the vehicle. The unit 1 is slidably mounted thereon and is
      adjustable in position, in its whole, with respect to the steering wheel
      3, by means of a screw 23, so that the driver's hand 20, resting on the
      steering wheel 3, may reach the projection 17 and the push-button 6.
      Furthermore, it will be noted that the projection 17 and button 6 have
      their respective centres 24 and 6b disposed at distances from the steering
      wheel 3, D and d respectively, which are unequal.
PAR  FIG. 8 shows another type of control unit according to the invention. There
      is a push button 6 and a switch 19a similar to 19, but rocking, these two
      control members being disposed substantially in the same way as shown in
      FIGS. 6 and 7. This unit 1 is provided with clips 25 and a guide plate 26
      which, when the unit 1 is disposed opposite the structure 22, for the
      purpose of being mounted, are respectively disposed opposite openings 27
      and 28 arranged in said structure. The control unit 1 is therefore
      removably mounted on the structure 22. Moreover, this unit 1 comprises a
      lever 29 pivoting about an axis substantially parallel to that of the hub
      5 of the steering wheel 3. The lever 29 is disposed on the lower face 16
      of the unit 1.
PAR  The unit of FIG. 8 is shown again in FIG. 9, but seen from the rear side.
      FIG. 9 shows an element 30 which contains all the circuits and mechanisms
      ensuring a given function, such as for example the direction indicating
      control. This element 30 may be plugged into connection sockets 31 made in
      the unit 1 and is consequently removably mounted on the unit 1.
PAR  FIG. 10 shows a plane view of the interior of a vehicle provided with a
      steering wheel 3. It will be noted in this view that the lower edge 32 of
      the windscreen is curved, whilst the structure 22 of the dashboard
      extends, at the level of the steering wheel 3, into a projection 33 which
      is oriented longitudinally in the vehicle, parallel to a vertical plane
      passing through the longitudinal axis 34 of said vehicle. It will be noted
      that two control units 1 are disposed substantially symmetrically with
      respect to the vertical plane passing through the hub 5, whilst between
      these two units 1 is disposed an assembly 35 which groups substantially
      all the visual functioning controls of the vehicle (speedometer,
      revolution-counter, etc.).
PAR  FIG. 11 shows a control unit 1 which is disposed on the structure 22
      symmetrically with respect to the control unit of FIG. 8, but already
      mounted on said structure 22. This unit has a rocker switch 19a, a push
      button 6 and a pivoting lever 29, but there is also provided, on the inner
      face 36 of the unit 1, a control light 37 which corresponds to the
      actuation of one of the control members, for example the rocker switch 29.
PAR  FIG. 12 shows the symmetry of the disposition of two control units 1 with
      respect to a vertical plane 38 containing the hub 5 of the steering wheel
      3. Between the two units 1 is located an assembly 35 which groups the
      major part of the visual functioning controls, such as petrol gauge 35a,
      speedometer 35b, revolution counter 35c or clock 35d.
PAR  Finally, with reference to FIG. 13, it will be noted that an assembly 35 is
      mounted to pivot, on structure 22, about an axis 39 whose inclination is
      adjustable by means of an adjusting screw 40.
PAR  The advantages that may be procured from the arrangements that have just
      been described as follows;
PAR  Firstly, the requirements concerning the value of angle 12-11-13 and the
      position of point 11 lead to the obtaining of control members which are
      grouped together, which may thus be reached almost simultaneously by the
      same hand, but which have distinct directions of actuation (relatively
      large angle 12-11-13). In this way, not only is it easy to recognize the
      member which it is desired to actuate, but also one avoids actuating
      another one. The risk of false manoeuvers is therefore eliminated.
PAR  Moreover, in order further to increase the safety of manoeuvre, it has been
      seen (FIGS. 6 and 7) that said members were also distinct to the
      touch-projections 17 and 18 substantially flat and push button 6 very
      curved-- and that they were disposed at unequal distances from the
      steering wheel 3. Consequently, the desired control member is actuated
      with certitude without it being necessary to look at said member nor to
      make an effort to remember which control is which. The inequality of the
      distances, particularly d and D of course avoids the risk of actuating by
      mistake a control member which would have been disposed too close the
      effectively actuated member. Moreover, the position of the unit 1 is
      adjusted as a function of the actual morphology of the driver, by
      actuating screw 23.
PAR  FIGS. 8 and 9 show the advantages of rapid assembly on the vehicle as well
      as rapid repair of the control units 1. Assembly is instantaneous and is
      effected by introducing the clips 25 and guide plate 26 into openings 27,
      28. The replacement of a possibly faulty element 30 is also almost
      instantaneous.
PAR  In vehicles having highly curved and very inclined windscreens, the
      steering wheel 3 (FIG. 10) is necessarily disposed relatively far away
      from the lower edge 32 of the windscreen. The units 1 will then
      advantageously be mounted on the projection 33, thus clearing the adjacent
      interior space.
PAR  Of course, it is also judicious, in order to constitute a complete
      one-piece assembly, to provide the control unit with one or more light
      controls, such as light 37 shown in FIG. 11, indicating that the control
      members supported by said unit 1 are being actuated.
PAR  The symmetry of disposition of the dashboard shown in FIG. 12 enables the
      driver to have the control units 1 permanently within hand-reach, when he
      is in his normal driving position, without having to let the steering
      wheel 3 go. Furthermore, the driver has a good view of the assembly 35,
      and this may be improved by adjusting the inclination thereof by acting on
      screw 40.
PAR  It will further be noted that the invention may be applied to all vehicles
      whether the prehension element be a steering wheel 3 or another element
      such as a handle bar, or a not completely circular steering wheel.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Control unit for use in a vehicle provided with a prehension element
      such as a steering wheel, and a rotary member connected to said prehension
      element for controlling the steering members of said vehicle, said unit
      being mounted adjacent said prehension element and comprising two control
      members disposed on the side opposite the driver with respect to said
      prehension element, said control members being disposed within reach of at
      least one of the hands of said driver when the driver's hands are resting
      on said prehension element in the normal driving position, said control
      members having actuating surfaces, the centres of which define, with the
      axis of the rotary member, half-planes shifted by a first angle, wherein
      the directions perpendicular to the actuating surfaces and passing through
      said centres, are contained in planes parallel to said axis, which planes
      form a second angle larger than the first angle, and the intersection of
      said planes containing said directions is disposed, with respect to the
      plane parallel to the axis of the rotary member and containing the centres
      of the two actuating surfaces, substantially on the side where said axis
      is itself disposed, said control unit further comprising a third control
      member which is in a relative disposition with respect to a first of said
      two control members, substantially identical to the relative disposition
      of the first and second of said two control members with respect to each
      other.
NUM  2.
PAR  2. Control unit for use in a vehicle provided with a prehension element
      such as a steering wheel, and a rotary member connected to said prehension
      element for controlling the steering members of said vehicle, said unit
      being mounted adjacent said prehension element and comprising two control
      members disposed on the side opposite the driver with respect to said
      prehension element, said control members being disposed within reach of at
      least one of the hands of said driver when the driver's hands are resting
      on said prehension element in the normal driving position, said control
      members having actuating surfaces, the centres of which define, with the
      axis of the rotary member, half-planes shifted by a first angle, wherein
      the directions perpendicular to the actuating surfaces and passing through
      said centres, are contained in planes parallel to said axis, which planes
      form a second angle larger than the first angle, and the intersection of
      said planes containing said directions is disposed, with respect to the
      plane parallel to the axis of the rotary member and containing the centres
      of the two actuating surfaces, substantially on the side where said axis
      is itself disposed, said control unit further comprising a third control
      member being formed with an exterior configuration which is distinct from
      said two control members whereby it is identifiable by the sense of touch.
NUM  3.
PAR  3. A control unit according to claim 1 wherein the third control member and
      the second of the two said control members are grouped into one single,
      rocker switch.
NUM  4.
PAR  4. A control unit according to claim 1 wherein, when the control members
      are with zero displacement, said control members have a capacitive effect,
      and wherein the third control member and the second of said two control
      members are grouped in a single switch having two projections with respect
      to the external face adjacent said control unit.
NUM  5.
PAR  5. A control unit according to claim 3 wherein said control unit is defined
      at least partially by a substantially cylindrical surface which has an
      upper face and a lower face, the single switch being disposed on said
      upper face, and the line perpendicular to the actuating surface of the
      first of the two control members and passing through the centre of said
      actuating surface being substantially horizontal.
NUM  6.
PAR  6. A control unit according to claim 5 wherein the actuating surface of the
      first of said two control members is disposed in the zone of connection of
      the upper and lower faces, said zone being substantially continuous.
NUM  7.
PAR  7. A control unit according to claim 5 wherein a control member is disposed
      on said lower face and is constituted by a lever mounted to pivot about an
      axis substantially parallel to the axis of the rotary member.
NUM  8.
PAR  8. A control unit according to claim 1 wherein said control unit is
      adjustable in position with respect to the structure of the vehicle, by a
      means known per se.
NUM  9.
PAR  9. A control unit according to claim 8 wherein means are provided so that
      after the prehension element has been disposed in a given position with
      respect to the structure, the position of the control unit is adjustable
      with respect to said prehension element as a function of the morphological
      form of the driver, and particularly the size of his hands, so that the
      control members are disposed within reach of at least one of said hands,
      when they rest on said prehension element in the normal driving position.
NUM  10.
PAR  10. A control unit according to claim 1 wherein said unit is fixed to the
      structure of the vehicle by means of a device for removably holding it in
      position, and provided with a means for rapidly making the connections.
NUM  11.
PAR  11. A control unit according to claim 1 wherein said control unit comprises
      an inner face oriented substantially towards the rotary member and one of
      the control members comprises a control light which indicates functioning
      thereof, which light being disposed on said inner face.
NUM  12.
PAR  12. A control unit according to claim 1 wherein said unit comprises two
      devices mounted on the vehicle dashboard disposed substantially
      symmetrically with respect to a plane parallel to the vertical
      longitudinal plane of the vehicle and passing substantially through the
      axis of the rotary member.
NUM  13.
PAR  13. A control unit according to claim 12 wherein said unit further
      comprises an assembly which groups substantially all the members for
      visually checking the functioning of the vehicle, and said checking
      assembly being disposed between said two devices.
NUM  14.
PAR  14. A control unit according to claim 13 wherein the visual checking
      assembly is adjustable in position with respect to the structure of the
      vehicle and the adjustment of the position of said assembly, particularly
      the adjustment of its inclination substantially parallel to the
      longitudinal vertical plane of the vehicle, is effected as a function of
      the location of the driver's eyes, when said driver is sitting in his
      normal driving position.
NUM  15.
PAR  15. A control unit according to claim 1 wherein each of said control
      members is formed with exterior configurations which are distinct from one
      another whereby they are identifiable respectively by the sense of touch.
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ABST
PAL  The skirt of a surface effects vehicle is made up of a plurality of oblong
     lements which are slanted toward the stern of the vessel. Each element
      partially rests against and/or supports the adjacent elements. This
      configuration reduces skirt drag, cushion leakage, skirt wear, as well as
      reducing the impact forces transmitted to the vehicle itself and increases
      obstacle heights which can be successfully crossed.
BSUM
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefore.
PAC  BACKGROUND OF THE INVENTION
PAR  Prior art Surface Effects Vehicle skirts have been generally large unitary
      bag-like appendages which were inflated to retain the cushion air. The
      bag-cell incorporated large amounts of air volume within the bags which
      would not easily move out of the way of obstacles. They were also
      virtually incapable of deflating in order to reduce drag across obstacles.
      The bag-cell was adapted by extending less rigid segments of material
      which were fixed to each other and arced into the cushion to reduce drag
      but maintain the air cushion. For an example, see U.S. Pat. No. 3,770,079
      issued on Nov. 6, 1973 to Wheeler et al.
PAR  Another approach to the air cushion vehicle attempted to permit localized
      deflation of the air cushion containing skirt by providing multiple cell
      arrangements which are attached across the underbody of the craft. While
      permitting localized deflation this concept increased drag by increasing
      the number of skirts that would have to pass over an obstacle.
      Sophisticated and complex mechanisms had to be devised to selectively
      retract individual cushions of the multiple cushion arrangement as shown
      by U.S. Pat. No. 3,515,238 issued on June 2, 1970 to Knuth et al.
PAR  Clearly a skirt was needed which reduced drag and skirt wear due to passage
      over obstacles. It was also desirable that the skirt be as compliant to
      the terrain as possible so that the vehicle would be habitable for
      extended periods and so that the skirt would minimize air escape from the
      cushion.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide an improved Surface Effects
      Vehicle skirt which permits higher obstacle clearance, reduce skirt drag,
      improve habitability and ride quality, reduce cushion leakage and reduce
      skirt wear.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the skirt of this invention.
PAR  FIG. 2 is the top view of the skirt taken at a slant angle down the inside
      and perpendicular to the centerline of the elements of this invention.
DETD
PAC  Summary of The Invention
PAR  Briefly, the skirt configuration of this invention provides a Surface
      Effects Vehicle skirt which has low drag characteristics and conforms to
      the terrain with a minimum of cushion air loss. It comprises a plurality
      of elements which are air inflated. Each element is attached to the main
      body of the vehicle and is otherwise independently suspended with respect
      to the other elements. Each element is oblong shaped as shown in both
      FIGS. 1 and 2 with its main cross-sectional axis in the beam wise
      direction of the vehicle. Each element is fully or partially open at the
      bottom and is fed air from the top where it is attached to the vehicle
      body. The elements slant rearwardly from top to bottom at an angle shown
      in FIG. 1, to deflect easily upon encountering an obstacle. Also, and very
      importantly, the slant angle permits mutual support of one element by
      adjacent elements. The cross-section of the elements are tapered from top
      to bottom as shown best in FIG. 2 wherein the larger ovals are the tops
      and the smaller ovals are the bottoms of the skirt elements. This taper is
      most satisfactory if the decrease in width from top to bottom of the
      element is in the beamwise direction only.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, each element 1 is in a frictional sealing engagement with
      adjacent elements. This engagement among elements is only frictional where
      their respective material is juxtaposed at lines 3. This permits the
      elements to deflate or deflect in the beamwise direction freely and
      independently. The elements are air fed in their open tops 8 and are open
      fully or partially at their bottoms 10 against the terrain, and are
      therefore tube-like from top to bottom at the point of attachment 7 to the
      vehicle 9. A semiconical front element 5 and a closed rear bag 6 are
      provided to support the first and last element respectively.
PAR  As the elements of the skirt traverse obstacles they deflect in two ways.
      First, they deflate and deflect into themselves vertically with the
      deflation initiated at the bottom of the cell since the bottoms 10 are
      open except for being subject to being pressed against the terrain.
      Second, they bend either along the primary axis of the vehicle, fore and
      aft, or along the secondary axis of the vessel or some combination of the
      two. Experiments have shown the first mode of deflection to be dominant.
      It is also the most compliant and least drag producing mode. Since each of
      the elements is slanted in the rearward direction at an angle 4, and
      tapered from top to bottom, the element material does not snag transversed
      obstacles. As the elements pass over obstacles they reinflate quickly to
      cut off air leakage so that the skirt conforms to the terrain with very
      little cushion leakage. FIG. 2, taken at the slant angle 4, and thereby
      perpendicular to the centerline of the elements 1, shows an internal view
      of the elements 1, indicating a taper from top 8 to the bottom 10.
PAR  The bottom of the elements may be indented at the midpoint of the
      cross-section to decrease the drag of the elements 1.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surface effects vehicle skirt, comprising:
PA1  a multiplicity of air-inflatable tube-like elements each having a top end
      and a bottom free end wherein said elements are attached to said surface
      effects vehicle at the top end and wherein each of said elements is free
      to move independently of the other elements and free to deflate
      independently of the other elements and engage by friction only the next
      foreward adjacent element and the next rearward adjacent element and
      wherein each element is at a slant angle with the vertical rearward from
      top to bottom of the element and each element lies above a forward
      adjacent element and frictionally engages said forward adjacent element
      and inturn supports the next rearward adjacent element by frictional
      engagement so that the multiplicity of elements at least partially define
      one or more cushions of pressurized gas beneath the vehicle; and
PA1  a semi-conical front element and a closed rear bag to support the first and
      last elements, respectively.
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ABST
PAL  An ultrasonic device for convergently radiating ultrasonic energy including
      a metallic ring vibrated to resonance by at least one electromechanical
      transducer fixed on the outer circumference of the ring, thereby to
      deliver high power ultrasonic waves from the inner circumference of the
      ring into the vacant center thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a novel device for providing high
      vibrational energy in the sonic or ultrasonic frequency range, i.e.,
      greater than about 15 KHz. More specifically, the present invention is
      directed to the provision of an ultrasonic device for providing high
      intensity ultrasonic waves in the radial direction in response to the
      application of electric energy.
PAR  A conventional ultrasonic device which is capable of delivering ultrasonic
      waves convergently in the radial direction has heretofore utilized as its
      ring-like or circular ultrasonic radiator an electromechanical transducing
      element which is made of piezoelectric or electrostrictive ceramic
      material such as lead zirconate titanate Pb (Ti--Zr) O.sub.3 and has been
      employed, for example, in continuous ultrasonic mixing or emulsifying
      liquids as in a pipe or tube. Although the ultrasonic device of this type
      is known for its intense radiation of ultrasonic waves toward the center
      or central axis of the ring-like or circular ultrasonic radiator, it has
      various disadvantages in its manufacturing and in its practical use
      described as follows.
PAR  For one thing, a precise formation of such a ring-like or circular
      piezoelectric ceramic radiator is difficult in the manufacturing thereof
      and even more difficult is the formation of electrical insulation on the
      radially inner circular wall of the radiator without damaging the
      piezoelectric transducing property of the radiator. And further, even if
      the inner circular wall of the radiator of piezoelectric ceramic is well
      electrically insulated, there is a danger that the coated insulating layer
      will come off in operation due to fluid ultrasonic cavitational vibration
      or due to the difference of heat expansion between the coating layer and
      the piezoelectric ceramic radiator, thus rendering the inner wall thereof
      susceptible to erosion or corrosion. A still further disadvantage of the
      conventional ultrasonic device is a weakness of the piezoelectric ceramic
      radiator per se to impacts. A still further drawback is that the
      conventional ultrasonic device is not capable of producing a desired high
      power ultrasonic vibrational energy and its use is thus limited to
      producing a low power ultrasonic field since the size of the ring-like or
      circular piezoelectric ceramic ultrasonic radiator is limited by the
      difficulty in manufacturing.
PAR  All the above-mentioned disadvantages can be traced in their origin back to
      the use of a piezoelectric ceramic transducing element per se as a
      ring-like or circular ultrasonic radiator.
PAR  Although there have been requests from various fields of an ultrasonic
      application engineering such as ultrasonic chemical acceleration,
      ultrasonic diffusion, ultrasonic suspension, ultrasonic destruction,
      ultrasonic emulsion, etc., of a highly strenuous ultrasonic device of the
      kind which is capable of emitting an extremely high powered ultrasonic
      wave in the radial direction toward the center or central axis, the prior
      art in referring to the ultrasonic device of the above types refers to "up
      to 500 watts."
PAR  It is accordingly an object of the present invention to provide a novel
      acoustic device which is capable of radiating extremely high powered
      acoustic waves convergently in the radial direction.
PAR  It is another object of the present invention to provide a novel structural
      arrangement for an ultrasonic device wherein the ultrasonic radiator can
      withstand the mechanical impacts, cavitational erosion, corrosion, etc.
      caused in various applications such as ultrasonic acceleration of chemical
      reaction, suspension, destruction or diffusion of powders in a liquid,
      mixing or emulsifying of different liquids, and so forth.
PAR  It is a further object of the present invention to provide a novel
      ultrasonic device for ultrasonically treating vibration-receptive things
      such as fluids, fine powders and the like in a speedy and continuous
      manner.
PAR  These and many other objects and advantages of the present invention will
      become apparent from the claims and from the following detailed
      description when read in conjunction with the appended drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is an end view in elevation of one embodiment of the ultrasonic
      device of the present invention;
PAR  FIG. 2 is a top plan view in partial section of two ultrasonic devices as
      illustrated in FIG. 1 in place on a tube; and,
PAR  FIG. 3 is a section in elevation taken along the line III--III of FIG. 2.
DETD
PAC  THE DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, a metallic ring 1 has a number of faces 2 on its
      outer polygonal circumference which may be preferably made by forming the
      outer circumference of a circular steel ring (e.g., 346 mm in outer
      diameter, 45 mm in width) into a regular 16 sided polygon. On each of the
      faces 2 may be fixed an electromechanical transducer E such as an
      electrostrictive or piezoelectric transducer which vibrates at a
      thickness-vibration-mode frequency in response to a high frequency voltage
      (e.g., 400 KHz) produced by a voltage frequency oscillator (not shown)
      which is electrically connected to the transducer. The vibration energy
      from the electromechanical transducers E are well transmitted to the
      metallic ring 1 and the ring vibrates resonantly, if the thickness of the
      ring 1 corresponds to n/2 .lambda. where .lambda. is the wave length and
      n, by way of example, is 7. The ring 1 convergently radiates, from its
      inner circumference into the circular vacant center, resonant ultrasonic
      vibrational waves which are highly powered by the resonating effect of the
      ultrasonic radiator ring 1.
PAR  In FIGS. 2 and 3, two ultrasonic devices A are shown in accordance with the
      present invention in more practical construction connected by a tube 4 in
      the longitudinal or axial direction thereof. Each edge of tube 4 between
      the devices A and A' is embedded into a groove 3 cut circularly along the
      lateral face of the metallic rings 1. The groove 3 must be cut at the
      nodal point of radial vibration of the ring 1. A flange 5 circularly
      supports the outer circumference of each section of the tube 4 at the
      nodal point of longitudinal vibration thereof as modified by the radial
      vibration of the ring 1 by Poisson's phenomenon.
PAR  When ultrasonic vibration receptive things such as suspension liquids, etc.
      flow through the tube 4 and the rings 1 of the ultrasonic device B shown
      in FIG. 2, it is apparent for those skilled in the art that the ultrasonic
      vibration receptive things are subjected for a longer time to stronger
      cavitation ultrasonic vibration energy, and that the ultrasonic device of
      this invention is particularly useful in a productive, continuous and
      speedy ultrasonic treating.
PAR  A preferable means for clamping the device B firmly is making each flange 5
      large in outer diameter and tightly bolting it to other vibration damping
      means.
PAR  It is to be understood that the ultrasonic vibration receptive things
      passed through the inner vacant center of the ultrasonic device A or B of
      the present invention may be passed by various means such as of consisting
      of pumping system, transporting pipes, flow rate meter, etc.
PAR  Although the outer circumference of the ring 1 illustrated above is made a
      regular polygon, it is desired from the theoretical point of vibration
      that the outer circumference of the ring is made a regular circle, for the
      more similar to the regular circle is the outer circumference, the less
      vibration loss and the higher efficiency of radial ultrasonic vibration
      energy transmission are attained, but the more difficult is the fixing of
      the transducers.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practical otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ultrasonic device comprising:
PA1  a plural segment, elongate, hollow tube of generally circular cross
      section;
PA1  a metallic ring separating adjacent segments of said tube, each of said
      segments being secured to one of said metallic rings at a nodal point of
      radial vibration; and,
PA1  a plurality of electromechanical transducers fixed to the radially outer
      circumference of said metallic ring, each of said plurality of transducers
      being adapted to be vibrationally energized to deliver ultrasonic waves
      from the inner circumference of said ring radially inward into the cavity
      defined by said hollow tube.
NUM  2.
PAR  2. The ultrasonic device of claim 1 wherein each segment of said tube is
      provided with a flange on the outer circumference thereof, said flanges
      being spaced at the nodal points of longitudinal vibration.
NUM  3.
PAR  3. The ultrasonic device of claim 2 wherein the outer circumference of said
      ring is a regular polygon; and,
PA1  wherein each of said transducers is on a fixed face corresponding to one
      side of said polygon.
NUM  4.
PAR  4. The ultrasonic device of claim 1 wherein the outer circumference of said
      ring is a regular polygon; and,
PA1  wherein each of said transducers is on a fixed face corresponding to one
      side of said polygon.
PATN
WKU  039468305
SRC  5
APN  5037514
APT  1
ART  211
APD  19740906
TTL  Inlet noise deflector
ISD  19760330
NCL  11
ECL  1
EXA  Miska; Vit W.
EXP  Hix; L. T.
NDR  2
NFG  5
INVT
NAM  Kutney; John T.
CTY  Cincinnati
STA  OH
INVT
NAM  Mishler; Rodger B.
CTY  West Chester
STA  OH
ASSG
NAM  General Electric Company
CTY  Cincinnati
STA  OH
COD  02
CLAS
OCL  181 33HA
XCL  137 151
XCL  415119
EDF  2
ICL  E04B  199
FSC  181
FSS  33 H;33 HA;33 HB;33 HC
FSC  415
FSS  119
FSC  239
FSS  127.3;521;523
FSC  137
FSS  15.1
UREF
PNO  2970431
ISD  19610200
NAM  Harshman
OCL  137 15.1
UREF
PNO  3027710
ISD  19620400
NAM  Maytner
OCL  239127.3
UREF
PNO  3545464
ISD  19701200
NAM  Brown
OCL  137 15.1
LREP
FR2  Lawrence; Derek P.
FR2  Sachs; Lee H.
ABST
PAL  An inlet duct for use with gas turbine engines or the like is provided with
      an axially upstream projecting deflector means to reduce noise propagation
      emanating within said duct. The deflector member has an essentially double
      arcuate contour of the lip in the axial direction which improves noise
      attenuation and inlet total pressure recovery. The contour is provided
      with at least one point of curvature inflection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the present era of environmental awareness, the gas turbine engine
      designer, and particularly the designer of such engines for aircraft
      propulsion, is faced with the dilemma of reducing engine pollutants while
      sacrificing the minimum engine performance. One type of pollution which
      recently has received considerable attention is noise.
PAR  Gas turbine engine noise is generated from two primary sources. First,
      there is that associated with the viscous shearing of rapidly moving gases
      exhausted into the relatively quiescent surrounding atmosphere. In
      turbofan aircraft engines, such gases are emitted from the fan and core
      nozzles at the rear of the engine. Various approaches have been utilized
      to reduce this "shear" noise, most approaches incorporating mixers to
      comingle fan and exhaust gases with each other and with the surrounding
      environment.
PAR  The second source of noise, and the one to which the present invention is
      directed, is generated by the rotating turbomachinery itself. This results
      from the relative motion between the rapidly rotating blade rows and the
      interflowing gas stream. The noise is affected by such parameters as blade
      rotational speed, blade-to-blade spacing, blade geometry, and by the
      proximity of stationary hardware to such rotating blade rows, as in the
      case of an outlet guide vane arrangement. Another example of the latter
      condition occurs in typical multistage axial compressors where stationary
      blade rows are alternated with rotating blade rows. Some of the noise
      generated in this manner can be absorbed and suppressed by means of
      acoustic or sound absorbing paneling disposed about the periphery of the
      nacelle enclosing the rotating turbomachinery. Such sound absorbing
      material is well known in the art. However, because of the close proximity
      of the fan or compressor to the inlet frontal plane, and the lack of
      acoustic shielding in the forward direction, a significant percentage of
      noise propagates forward from the gas turbine inlet duct.
PAR  Prior attempts to solve this problem have concentrated on the application
      of sound absorbing material to the inlet duct inner wall. This does little
      to attenuate unreflected noise propagating in the axially forward
      direction. Additional benefits have been obtained by providing coaxial,
      circumferential rings of sound absorbent material within the inlet.
      However, such rings produce a loss of inlet total pressure and, therefore,
      bring about performance losses which remain throughout the engine
      operating envelope even when noise propagation presents no hazard or
      nuisance to inhabitants below.
PAR  Another concept incorporates an axially translating wedge-shaped scoop on
      the bottom of the inlet duct to selectively reduce the downward
      transmission of noise from the inlet. However, this configuration is
      inadequate for two reasons. First, it has been shown that an inlet
      incorporating such a scoop has a poor pressure recovery characteristic
      (i.e., it is inherently a high loss system). Secondly, and somewhat
      related to the foregoing problem is that the total pressure pattern is
      highly distorted, as for example in the plane of a gas turbine fan stage
      disposed within the duct. While the former characteristic results in
      degraded engine performance, the latter may, under certain conditions,
      cause excessive fan blade stresses and possible destruction of the
      rotating turbomachinery.
PAR  Yet another approach has been to extend axially forward the lower
      cylindrical half of the inlet duct. In side profile, this results in a
      stepped duct wall contour. Although the configuration tends to reduce
      noise level, it is aerodynamically undesirable from the inlet recovery and
      distortion aspects discussed hereinbefore.
PAR  The problem facing the gas turbine designer is, therefore, to provide a
      means for attenuating noise emanating from the duct without incurring
      overall performance penalties.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the primary object of this invention to reduce noise
      emanating from within a duct without sacrificing overall performance.
PAR  This, and other objects and advantages, will be more clearly understood
      from the following detailed description, the drawings and specific
      examples, all of which are intended to be typical of rather than in any
      way limiting the present invention.
PAR  Briefly stated, the above objective is attained by providing within a
      predetermined sector of the duct inlet an axially upstream protruding
      deflector. The profile of the transition between the extended deflector
      and the downstream inlet duct sector opposite the deflector is arcuate,
      having no sharp corners at the inlet lip. Further, the curvature thus
      imposed upon the inlet lip has a point of inflection, thereby causing the
      radius of curvature to change in sense during the transition.
PAR  While this invention will aid in inlet noise suppression, most significant
      is that it will accomplish this suppression without substantial
      performance degradation from that of an ideal inlet wherein the plane of
      the inlet is essentially normal to the inlet longitudinal axis.
PAR  Further, limits have been established for the length of the deflector and
      the radius of curvature of the transition within which maximum noise
      attenuation will result, and beyond which noise attenuation improvement is
      offset by increased duct length and weight.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as part of the
      present invention, it is believed that the invention will be more fully
      understood from the following description of the preferred embodiment
      which is given in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic representation of a gas turbine engine incorporating
      the subject invention;
PAR  FIG. 2 is an enlarged view of the inlet portion of FIG. 1 incorporating the
      subject invention;
PAR  FIG. 3 depicts schematically a plurality of prior art gas turbine inlets;
PAR  FIG. 4 is a plot depicting the reduction in perceived noise level of the
      present invention over that of prior state-of-the-art inlets as a function
      of angular position from the inlet; and
PAR  FIG. 5 is a plot depicting the reduction in perceived noise level of the
      present invention as a function of length of the deflector and depicting
      optimum deflector length.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings wherein like numerals correspond to like elements
      throughout, reference is initially directed to FIG. 1 wherein an engine
      depicted generally at 10 embodying the present invention is
      diagrammatically shown. This engine may be considered as comprising
      generally a core engine 11, a fan assembly 12 and a fan turbine 14 which
      is interconnected to the fan assembly 12 by shaft 16. The core engine 11
      includes an axial flow compressor 18 having a rotor 20. Air enters inlet
      assembly 22 and is initially compressed by fan assembly 12. A first
      portion of this compressed air enters the fan bypass duct 24 and
      subsequently discharges through a fan nozzle 25. A second portion of the
      compressed air enters inlet 26, is further compressed by the axial flow
      compressor 18 and then is discharged to a combustor 28 where fuel is
      burned to provide high energy combustion gases which drive a turbine 30.
      The turbine 30, in turn, drives the rotor 20 through a shaft 32 in the
      usual manner of a gas turbine engine. The hot gases of combustion then
      pass to and drive the fan turbine 14 which, in turn, drives the fan
      assembly 12. A propulsive force is thus obtained by the action of the fan
      assembly 12, discharging air from the fan bypass duct 24 through the fan
      nozzle 25 and by the discharge of combustion gases from a core engine
      nozzle 36 defined, in part, by plug 38.
PAR  The above description is typical of many present-day engines and is not
      meant to be limiting, as it will become readily apparent from the
      following description that the present invention is capable of application
      to any duct having noise emanating from within. It is not intended to be
      restricted to application in gas turbine engines. The above description of
      the engine depicted in FIG. 1 is, therefore, merely meant to be
      illustrative of one type of application.
PAR  Referring now to FIG. 2, the inlet assembly of FIG. 1 is shown to include
      an essentially cylindrical duct wall 39 having a lip 41. A deflector
      member 40 is disposed about a predetermined sector of the duct assembly
      and comprises an extension of lip 41 in the axially upstream direction.
      The rearward-most sector of the inlet lip is depicted at 42 and, although
      shown in FIG. 2 to be diametrically opposite the forward-most extension of
      deflector 40, it is contemplated that sector 42 and deflector 40 could be
      disposed in a variety of circumferential relationships with respect to
      each other. The lip of the deflector 40 is shown to be contoured as at 44
      in the axial direction, having a generally double arcuate profile (i.e., a
      smooth curve having a point of inflection 46). The diameter of the inlet
      duct 22 is represented as D and the length of the deflector member 40 as
      L. A rotating stage of gas turbine fan blades 48 is disposed within the
      duct to pressurize the flow of air therethrough. Acoustic paneling 49 of
      the honey-comb type known in the art may be disposed upon the walls to
      enhance acoustic suppression.
PAR  FIGS. 3a, 3b, and 3c represent prior art inlets which have been adapted for
      gas turbine application. FIG. 3a depicts a typical ideal axisymmetric
      fixed lip inlet (hereinafter referred to as a conventional inlet) wherein
      the inlet frontal plane is essentially perpendicular to the duct
      longitudinal axis. FIGS. 3b and 3c depict attempts to extend the lower lip
      axially forward to shield noise in the downward direction. While the inlet
      of FIG. 3a could be extended forward to provide improved sound
      suppression, an extended 360.degree. structure results in significant
      weight increases which are undesirable in aircraft applications. In such
      applications, it is most desirable to shield noise in the essentially
      downward 180.degree. sector during aircraft approach or landing. It is
      desirable to maximize the shield area in the lower inlet quadrant to
      maximize noise attenuation in that direction since the human observer is
      on the ground.
PAR  Previously, the configuration of FIG. 3b was considered optimum for noise
      attenuation since for a given axially forward extension L of the lower
      half of the essentially cylindrical inlet duct 50, this would yield the
      maximum shielded area. Configuration 3b is inherently better than that of
      FIG. 3c with wedge-shaped deflector member 52 since the shielded area in
      the lower quadrant is substantially increased, the shaded area 54 of FIG.
      3c representing the increased shielded area of inlet 3b over inlet 3c when
      superimposed. Each of the prior art configurations of FIG. 3, however,
      have been found to be deficient in either inlet total pressure recovery
      (the ratio of total pressure at the plane of the fan blades 48 to that of
      the free stream ahead of the fan) or to produce less sound attenuation
      than the present invention, or both. Unexpectedly, the duct inlet of FIG.
      2 produces better sound attenuation than the inlet of FIG. 3b, heretofore
      thought to constitute an optimum deflector from acoustic considerations.
PAR  FIG. 4 depicts a graph showing reduction in perceived noise level of the
      inlet of the present invention and that of FIG. 3b with respect to a
      conventional inlet as a function of the angular position from the inlet.
      The characteristic of the deflector of FIG. 3b is denominated as curve A
      and that of the present invention as curve B. The angle .theta. is defined
      as that measured between the inlet duct longitudinal axis and a line
      constructed from the observer to the inlet duct noise source in a plane
      defined by the inlet duct longitudinal axis and the centerline of the
      deflector as shown in FIG. 3b. As is readily apparent, the present
      invention has superior sound suppression over the prior art inlet
      throughout the angular range of interest. This is attributed to the fact
      that the corner 56 of the deflector 50 (FIG. 3b) has been eliminated. This
      prior art corner is suspected of shedding a vortex of swirling air which
      impinges upon the fan and creates its own noise source. In essence, though
      the deflector of the present invention has a smaller projected area than
      the prior art deflector, it has improved sound suppression through
      elimination of vortices. This also results in a lighter inlet, which is of
      critical importance in aircraft gas turbine applications. Further, it has
      been found that due to the elimination of the sharp corners, the inlet
      pressure recovery of the present invention is superior to that of the
      prior art devices.
PAR  The subject invention, as tested, comprises a structure wherein the arcuate
      transition 44 of the axially forward deflector 40 consists of two tangent,
      essentially circular arcs of opposite senses, with radii of curvature of
      R.sub.1 and R.sub.2, FIG. 2. Though the value of the ratios R.sub.1 /D and
      R.sub.2 /D were essentially 0.4 and 0.6, respectively, it is contemplated
      that values of R.sub.1 /D between essentially 0.3 and 0.5, and values of
      R.sub.2 /D between 0.5 and 0.7 would yield acceptable performance.
      Similarly, a sinusoidal curvature could be employed.
PAR  Further, through parametric studies, Applicant discovered that for an L/D
      ratio greater than 0.4, no noise reduction occurred even though the
      deflector length was increased substantially. This is graphically depicted
      in FIG. 5 wherein reduction in perceived noise level is plotted as a
      function of the ratio of L/D. It is clear that the improvement starts to
      attenuate rapidly between an L/D of 0.3 and 0.4, and beyond a value of 0.5
      the curve is essentially flat. Therefore, the weight-conscious inlet
      designer would choose a ratio of L/D between essentially 0.3 and 0.5 for
      optimum noise reduction with minimum duct length and weight.
PAR  It should be obvious to one skilled in the art that certain changes can be
      made to the above-described invention without departing from the broad
      inventive concepts thereof. For example, as previously mentioned, the
      subject deflector may be employed on any duct having noise emanating
      within and not necessarily restricted to gas turbine engine applications.
      Further, it is contemplated that the subject deflector could be disposed
      at other than the bottom of the inlet duct and that it could be made
      axially and circumferentially translatable. It is intended that the
      appended claims cover these and all similar variations of the present
      invention's broader inventive concepts.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An inlet duct for selectively reducing noise propagation emanating
      within said duct and improving inlet pressure recovery, said inlet duct
      including a circumscribing lip and an upstream deflector means positioned
      within a first circumferential sector of said inlet duct, said deflector
      comprising an extension of said lip and projecting axially forward of a
      second circumferential sector of said duct, the improvement comprising:
PA1  a substantially arcuate axial contour of said lip at said deflector means
      wherein said contour has at least one point of curvature inflection.
NUM  2.
PAR  2. The inlet duct of claim 1 wherein said inlet duct is substantially
      cylindrical.
NUM  3.
PAR  3. The inlet of claim 1 wherein said first sector is disposed at
      essentially the bottom of said inlet duct.
NUM  4.
PAR  4. The inlet duct of claim 1 wherein said inlet duct is adapted for use
      with a gas turbine engine.
NUM  5.
PAR  5. The inlet duct of claim 2 wherein:
PA1  D = diameter of the inlet duct;
PA1  L = length of the deflector projection axially forward of the rearward-most
      projection of said lip; and
PA1  the ratio of L/D is substantially between 0.3 and 0.6.
NUM  6.
PAR  6. The inlet duct of claim 2 wherein said arcuate contour is substantially
      sinusoidal.
NUM  7.
PAR  7. The inlet duct of claim 2 wherein said arcuate contour predominantly
      comprises a first circular arc and a second circular arc, said arcs
      tangent to each other and of opposite sense, and further wherein:
PA1  said first arc has a center of curvature axially downstream of the
      forward-most projection of said lip, and
PA1  said second arc has a center of curvature axially forward of said
      rearward-most projection of said lip.
NUM  8.
PAR  8. The inlet duct of claim 7 wherein said first arc is further tangent to
      the forward-most projection of said lip and said second arc is tangent to
      said rearward-most projection of said lip.
NUM  9.
PAR  9. The inlet duct of claim 7 wherein said first and second arcs are
      contoured to merge with said forward-most and rearward-most projections of
      said lip, respectively.
NUM  10.
PAR  10. The inlet duct of claim 7 wherein:
PA1  D = diameter of the inlet duct;
PA1  L = length of the deflector projection axially forward of the rearward-most
      projection of said lip;
PA1  R.sub.1 = radius of curvature of said first circular arc;
PA1  the ratio of L/D is substantially between 0.3 and 0.6; and
PA1  the ratio of R.sub.1 /D is substantially between 0.3 and 0.5.
NUM  11.
PAR  11. The inlet of claim 10 wherein:
PA1  R.sub.2 = radius of curvature of said second circular arc; and
PA1  the ratio of R.sub.2 /D is substantially between 0.5 and 0.7.
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ABST
PAL  A transmitter of acoustic energy which propagates that energy in a
      directional manner is described. An acoustic signal generator is connected
      at one end of an acoustic transmission line which exhibits a certain
      characteristic impedance. The line has a number of ports spaced along its
      length. Surrounding each port is a coupler section which is antiresonant
      at the driven frequency and which presents a high acoustic driving point
      impedance to its associated port. In one embodiment, the interior diameter
      of the line is changed following each port as to make the acoustic
      pressure along the line and at each port constant, and the acoustic energy
      radiated in each coupler equal. Accordingly, acoustic energy is
      partitioned evenly at each port so as to define an array of equal strength
      radiators having directional acoustic signal propagating characteristics.
PARN
PAR  This case is a division of application Ser. No. 276,467, filed July 31,
      1972.
BSUM
PAR  The present invention relates to acoustic apparatus and particularly to a
      directional transmitter of acoustic energy.
PAR  The invention is especially suitable for providing directional transmission
      of acoustic energy from a single high power acoustic source for underwater
      applications such as sonar and long-range signalling. Aspects of the
      invention include transmitting acoustic energy from a source efficiently
      into a fluid medium, either gaseous or liquid, which acoustic transmission
      may have directional propagational characteristics and in which the
      direction of propagation may be steered or shifted.
PAR  Conventionally, directional sources of acoustic energy have utilized arrays
      of separate acoustic transducers which translate electrical signals into
      acoustic waves properly phased to propagate in desired directions.
      Alternatively, reflectors have been used to provide for directivity.
      Acoustic arrays are complex and expensive in that they require large
      numbers of transducers, especially where high power is needed.
      Conventional arrays also require electrical phase control systems in order
      to obtain controlled directivity from the array. Reflectors for long range
      underwater use are generally extremely large in size, thus making them
      difficult to handle at sea. In addition, the efficiency of reflector
      systems at desired operating depths is frequently quite low.
PAR  Accordingly, it is an object of the present invention to provide an
      improved transmitter of acoustic energy.
PAR  It is another object of the present invention to provide an improved
      acoustic transmitter suitable for radiating acoustic energy in underwater
      applications.
PAR  It is a further object of the present invention to provide an improved
      acoustic transmitter which can exhibit directional transmission
      characteristics.
PAR  It is a still further object of the present invention to provide an
      improved acoustic transmitter capable of radiating acoustic signals at
      high power.
PAR  It is a still further object of the present invention to provide an
      improved acoustic transmitter having higher efficiency than radiators
      which have heretofore been provided and which has directional radiating
      characteristics.
PAR  It is a still further object of the present invention to provide an
      improved acoustic transmitter which may readily be deployed underwater,
      the performance of which is not degraded at great operating depths.
PAR  It is a still further object of the present invention to provide an
      improved acoustic transmitter of directional energy which is relatively
      low in weight and can be made compact in size.
PAR  It is a still further object of the present invention to provide an
      improved directional acoustic transmitter which propagates a beam of
      acoustic energy, which beam can be steered to a desired direction of
      propagation.
DRWD
PAR  The invention itself both as to its organization and method of operation,
      as well as additional objects and advantages thereof, will become more
      readily apparent from a reading of the following description in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a front view of an acoustic transmitter provided in accordance
      with the invention;
PAR  FIG. 2 is a fragmentary, front sectional view of the transmitter shown in
      FIG. 1;
PAR  FIG. 2A is a sectional view taken along the line 2A--2A in FIG. 2.
PAR  FIG. 3 is a fragmentary, sectional front view of the upper end of the
      acoustic transmitter as illustrated in FIG. 1;
PAR  FIG. 4 is a fragmentary sectional view illustrating the lower end of the
      transmitter shown in FIG. 2;
PAR  FIG. 5 is a diagrammatic sectional view, enlarged to illustrate the process
      of acoustic radiation from the transmitter illustrated in FIG. 2;
PAR  FIG. 6 shows a pair of curves illustrating the pressure and volume velocity
      distribution along the portion of the acoustic transmitter illustrated in
      FIG. 5;
PAR  FIG. 7 is a perspective view of the acoustic transmitter shown in FIGS. 1
      and 2 in the process of being deployed into operating position;
PAR  FIG. 8 is a fragmentary cross-sectional view of a portion of the
      transmitter shown in FIG. 1 which illustrates one of the articulated
      joints which is used in the transmitter;
PAR  FIG. 9 is a sectional view taken along the line 9--9 in FIG. 8;
PAR  FIG. 10 is a sectional view taken along the line 10--10 in FIG. 8;
PAR  FIG. 11 is a fragmentary sectional view of an acoustic transmitter similar
      to the transmitter shown in FIGS. 1 and 2 which is assembled through the
      use of mounting bolts between the coupler and line rather than bridging
      members as shown in FIG. 2;
PAR  FIG. 12 is a sectional view of the transmitter shown in FIG. 11, the
      section being taken along the line 12--12 in FIG. 11;
PAR  FIG. 13 is a curve showing a typical radiation pattern of the transmitter
      shown in FIGS. 2 and 11;
PAR  FIG. 14 is a simplified fragmentary sectional view of an acoustic
      transmitter in accordance with another embodiment of the invention whereby
      the amplitude of the transmitted acoustic energy may be controlled to
      shape the radiation pattern produced by the transmitter;
PAR  FIG. 15 is a diagrammatic sectional view of one of the units of the
      transmitter shown in FIG. 14;
PAR  FIGS. 16 and 16A are views from the front and top, respectively, of a
      planar array acoustic transmitter in accordance with the invention;
PAR  FIGS. 17 and 17A are views from the front and top, respectively, of a
      volumetric array acoustic transmitter in accordance with the invention;
      and
PAR  FIGS. 18 and 19 are horizontal and vertical radiation patterns produced by
      the transmitter array shown in FIGS. 17 and 17A.
DETD
PAR  An embodiment of acoustic apparatus embodying the invention which is
      adapted for underwater application is shown in FIG. 1. This apparatus is
      an acoustic transmitter having directional sound radiating properties. The
      transmitter is capable of construction so as to propagate acoustic waves
      at any frequency throughout the entire acoustic frequency range; the term
      "acoustic" should be taken to include frequencies in the audio, infrasonic
      as well as in the ultrasonic frequency range. The transmitter includes an
      array of antiresonant couplers 10, 12, 14, 16, 18 and 20. These couplers
      may be thought of as acoustic antennas or radiators. A plurality of the
      couplers are provided to form the array. In the embodiment illustrated in
      FIG. 1, six (6) couplers, 10, 12, 14, 16, 18, and 20 are provided and are
      spatially distributed along an acoustic transmission line 22 which is
      driven by an acoustic signal generator 24.
PAR  The acoustic signal generator 24 is contained in a cylindrical housing 26
      which is connected by a plate 28, having gussets 29, to the lower end of
      the line 22. Opposing radiating surfaces 30, 32, 34, 36, 38, 40, 42, 44,
      46, 48, 51, and 53 are preferably separated by a distance equal to or less
      than one-half wavelength of the acoustic signals generated by the source
      24 in the medium surrounding the apparatus. The couplers 10, 12, 14, 16,
      18 and 20 are fed at high impedance drive points by ports, the
      construction of which will be discussed hereinafter, from the line 22.
PAR  The couplers each may be characterized as two port structures which are
      disposed in parallel relationship in an acoustic circuit sense. The output
      ports are disposed in this illustrated embodiment at the opposite ends of
      each of the couplers. The opposing radiating surfaces 30, 32; 34, 36;
      38,40; 42,44; 46,48; 51,53; being parts of the output ports of their
      respective couplers. These output ports provide a large acoustic volume
      velocity injection into a relatively low impedance radiation load, such as
      sea water in which the transmitter is immersed. The input port is located
      at the center of each coupler and presents a relatively high drive
      impedance to the drive ports located along the acoustic transmission line.
      The characteristic impedance of the transmission line 22 at any position
      along its length and the drive point impedances presented to the line at
      the successive ports along the line are coordinated and correlated with
      each other so as to partition the acoustic energy from the generator 24
      into the several couplers 10, 12, 14, 16, 18 and 20, and to minimize the
      standing wave ratio in the line 22, thus minimizing reflected energy. In
      the embodiments of the invention illustrated in FIGS. 1 to 12, the
      cross-sectional area of the acoustic transmission line changes at each
      port so as to obtain the desired net acoustic impedance for partitioning
      equally the acoustic energy into each of the couplers. Other partitioning
      arrangements may be used whereby, for example, the energy radiated from
      each coupler may be different, thereby providing for shading of the
      radiation from the openings along the line to control the side-lobes of
      the directional transmission.
PAR  Joints 50 are provided between adjacent sections of the line so as to
      permit the lines and the couplers thereon to be stored in a compact
      package as shown in FIG. 7. A hawser 52 is connected at the upper end of
      the line 22, and this hawser may be connected by a length of line 54 to a
      floating object such as a buoy. The length of line 54 between the hawser
      52 and the buoy best determines the depth at which the transmitter is
      deployed. During the deployment, as the more massive housing 26 descends
      into the water, the several joints 50 successively articulate into
      extended position (see FIG. 7).
PAR  As will be more apparent from FIG. 2, the transmission line will be liquid
      filled when the transmitter is deployed under water. It is a feature of
      the invention that the transmitter as provided in accordance therewith is
      depth independent, such that its performance is not degraded even when
      deployed at great (deep) ocean depths. This feature is attributable to the
      liquid filled line 22 and couplers. The generator 24 may also be liquid
      filled. Thus pressure release mechanisms which are used in deep
      submergence acoustic devices have been eliminated in accordance with the
      invention.
PAR  When the transmitter is extended into operating position, the extended
      operating position being shown in FIG. 1, the equal partitioning of
      acoustic energy to each of the couplers 10, 12, 14, 16, 18 and 20 results
      in an array of equal strength radiators providing for a directional
      radiating pattern. When the drive or input ports of the individual
      couplers are spaced a wavelength apart relative to the axial longitudinal
      speed of sound within the liquid within the transmission line 22, the
      principal lobe of the pattern is symmetrical about a plane through the
      center of the array. The plane is perpendicular to the line 22 and
      intersects the line half the distance between the adjacent radiating
      surfaces 40 and 42 of the couplers 14 and 16. This radiation pattern is
      illustrated in FIG. 13 wherein the entire array including the line and the
      couplers is illustrated by a cylinder 56 and the housing 26 containing the
      signal generator 24 is represented by a circle 58.
PAR  Consider the directional characteristics of the array (see FIG. 2 and FIG.
      13). The acoustic signal experiences a delay as it passes up the line 22
      between each of the input ports (82 and 84 for example) of successive
      couplers (10 and 12 for example). When this delay corresponds to one
      wavelength or 360.degree. at the speed of sound in the fluid within the
      line 22, the signals at the input ports of the successive couplers,
      although delayed in time with respect to each other, are in like phase
      relationship. Inasmuch as the sources of acoustic signals from all of the
      driving ports are in the same phase, the signals emanate and are
      transmitted from the array in additive relationship in a plane normal to
      the axis of the array (the axis of the line 22), which plane bisects the
      array. Thus, the directional characteristic shown in FIG. 13 is obtained.
      Steering of the pattern (viz., changing the angle which the axis of the
      beam makes with the axis of the array) may be accomplished by changing the
      spacing of the couplers or the frequency of the acoustic signal.
PAR  In the event that there exists a mutual coupling between the couplers 10
      through 20, the effective amplitude of acoustic energy from each coupler
      may vary slightly from equality. This variation can be minimized by
      changes in spacing between the couplers or changing coupler dimensions.
PAR  The basic building block of the array is diagrammatically shown in FIGS. 5
      and 6. This building block consists of one of the couplers, the coupler 14
      being taken by way of example, and two adjacent sections 64 and 66 of the
      transmission line 22. The line 22 itself is tubular and is made up of a
      plurality of tubular sections, except for the section at the upper end of
      the line which is a solid cylindrical rod for reasons which will be
      discussed more fully hereinafter. The successive line sections each have a
      different internal cross-sectional area and the gaps between the line
      sections (the gap 68 between the adjacent ends 64 and 66) provide the
      ports in the line.
PAR  The couplers are annular members; the coupler 14, as shown in FIG. 5, is a
      substantially rigid cylindrical tube 70 which surrounds the line 22. The
      tube 70 provides an interior fluid-filled annulus between the line and the
      inner periphery of the tube 70. The distance from the port (the center of
      the gap 68) to each end of the annular fluid column is set at
      approximately 1/4 wavelength at the design driving frequency, and, more
      particularly, at a length whereby the fluid annular column is in
      anti-resonance. Such antiresonance provides an input or a driving point
      impedance at the column midpoint which is of high acoustic impedance.
PAR  The pressure and volume velocity distributions along the annular column are
      shown in FIG. 6 which is drawn to the same scale as FIG. 5. FIG. 6 shows
      that the maximum acoustic volume velocity, Q.sub.AC, occurs at the
      radiating surfaces of the ends of the coupler and that the volume velocity
      ejection into the radiation load (sea water) at each end is in the same
      phase. The maximum acoustic pressure P.sub.MAX is at the midpoint of the
      column corresponding to the driving port location in the line 22, thus
      showing that the drive point location is the point of highest impedance.
      Preferably the physical length of the coupler tube 70 (from end to end) is
      slightly shorter than one-half wavelength at the drive frequency to
      account for the mass components of the radiation load, and to enable a
      nominally tuned resistive load to be presented at the drive port of the
      transmission line.
PAR  To minimize acoustic reflection at each port in the transmission line, the
      drive point impedance presented at the drive port of each coupler and the
      cross-sectional area of the transmission line section immediately
      following that port are sized so as to present at that drive port a total
      load matched to the nominal characteristic impedance of the transmission
      line section immediately preceding said port.
PAR  Under the aforementioned preferred operating condition of column
      antiresonance, the drive point impedance Z.sub.DP presented to the drive
      port is resistive and may be expressed as R.sub.DP. For n couplers, each
      exhibiting the same drive point resistance R.sub.DP, the magnitude of this
      resistance is chosen relative to the characteristic impedance,
      Z.sub.OL.sup.(0), of the first section 72 of the transmission line by the
      relationship
      ##EQU1##
      where .rho.c is the specific characteristic impedance of the fluid in the
      line and A.sub.OL.sup.(O) is the cross-sectional area of the transmission
      line section preceding the first port (viz., section 72 FIG. 2).
PAR  Then, to achieve the desired matched condition, it can be shown that the
      line cross-sectional area, A.sub.OL.sup.(j) following the j.sup.th port is
      given by the expression
      ##EQU2##
PAR  Under the above conditions, the transmission line is matched along its
      length so that standing waves are minimized, the acoustic pressure is
      constant along the line length, and equal acoustic power is delivered to
      each port. From the above equation, the line section following the last
      coupler (j = n) has zero area indicating that the transmission line is
      capped at this point and that all the input energy to the line has been
      distributed evenly to the n ports.
PAR  Under the foregoing conditions, the acoustic power, W.sub.AC,  delivered to
      the line is given by
      ##EQU3##
      where P.sub.AC is the peak acoustic pressure signal incident upon the
      first section 72 of the transmission line. Since P.sub.AC has been
      constrained to be constant along the line, the power, W.sub.AC.sup.(j),
      delivered at the j.sup.th port to its corresponding coupler is
      ##EQU4##
PAR  Upon substitution of Equations (1) and (3) into Equation (4)
      ##EQU5##
      Illustrating the equal partitioning of power to each port.
PAR  FIG. 2 illustrates the couplers in greater detail. Only the first two
      couplers 10 and 12 are shown. The configuration of the next 3 couplers 14,
      16, and 18 is similar. FIG. 3 shows the last coupler 20 at the upper end
      of the array.
PAR  The line has a first section 72, and a second section 74 which contains the
      first of the articulated joints 50. The first coupler 10 is a cylindrical
      tube 76 similar to the tube 70 shown in FIG. 5. The second coupler 12 is
      provided by another of these tubes 78. The sections of the line 22 are
      assembled together in series to form the total line. This assembly is
      accomplished by webs 80 which bridge the gaps between the line sections
      which provide the drive ports in the line. These webs may be fastened as
      by welding to the tubes 76 and 70 and their adjacent line sections 72, 74
      and 66 (see FIG. 2A). Each of these webs is a C-shaped member with the
      outer side of the member connected to the tubes 76 and 78 and the inner
      side legs of each web connected to the outer peripheries of the line
      sections.
PAR  The midpoint of each coupler tube is at the location of a driving port.
      Thus, the first port 82 is disposed at the midpoint of the tube 76 and the
      second port 84 is disposed at the midpoint of the tube 78. The distance
      between midpoints of the individual couplers (that is the distance between
      the ports 82 and 80) are spaced nominally one wavelength apart to provide
      equal phase volume velocity injection from the line 22 into the drive
      ports and, hence, from each annular coupler into the radiation load. The
      opposing ends of each coupler tube are separated by a distance equal to
      approximately a half wavelength which, of course, corresponds to twice the
      antiresonant length of the coupler annular fluid column. The array
      illustrated in FIGS. 1 and 2 provides 12 radiating spots of nominally
      equal acoustic strength spaced one-half wavelength apart for a total array
      length from the lower end of the coupler 10 to the top end of the coupler
      20 of approximately 51/2 wavelengths.
PAR  The last coupler 20 at the upper end of the line (see FIG. 3) is configured
      similarly to the other couplers. This last coupler is made up of a
      cylindrical tube 86 having its midpoint at the gap between the next to the
      last section 88 of line 22 and the last section 90 of the line. The last
      section 90 is a solid cylindrical rod having zero internal cross-sectional
      area as provided for by the equation (2) above dictating the
      cross-sectional area of the line. The line sections 88 and 90 are
      assembled by means of webs 80 as described in connection with couplers 10
      and 12.
PAR  The lower end of the transmitter is illustrated in FIG. 4. The housing 24
      contains a transducer with its associated power pack. This transducer may
      be of the electrostrictive type as exemplified by electrostrictive
      transducers having piezoelectric elements which are vibrated by an
      electric signal, or a hydroacoustic transducer of the type illustrated in
      U.S. Pat. No. 3,105,460 issued in the name of J. V. Bouyoucos on Oct. 1,
      1963. These transducers have an output piston 90 which vibrates at the
      desired frequency or frequencies of acoustic waves which are to be
      propagated. The signal generator has an output cavity 92 which is filled
      via the line through the openings therein with the fluid in which the
      entire array is immersed (e.g., sea water), which enters the line and the
      cavity 92 through the gaps between the various line sections. Accordingly,
      when the transducer of which the piston 90 is a part (e.g., the output
      piston -- see element reference numeral 32 in U.S. Pat. No. 3,105,460) is
      vibrated, acoustic energy is generated which propagates along the line 22.
      Alternatively the output cavity 92 may be driven directly from the output
      cavity (viz. cavity 30 of U.S. Pat. No. 3,105,460) without interposition
      of a piston.
PAR  One of the articulated joints 50 is shown in FIGS. 8, 9 and 10. Each joint
      is made up of two parts 100 and 102. Each part has a separate cylindrical
      socket 106 and 108. The ends 110 and 112 of the line sections utilizing
      the joint are formed with discs 114 and 116 which are rotatably mounted in
      respective sockets 106 and 108 by means of flanged pins 118. The disc 114
      on the left hand side of the joint 50 is shown in extended position, while
      the disc 116 on the right hand side of the joint is shown in folded
      position. The two parts 100 and 102 are also rotatable with respect to
      each other about their longitudinal axis. The parts 100 and 102 have
      overlapping cylindrical sections 103 and 105, which provide bearing
      surfaces. A pair of set screws 104 prevents the overlapping sections 103
      and 105 from separating as the parts rotate.
PAR  Each of the discs carries a separate spring-loaded pin 120 and 122. When
      the discs rotate 90.degree. from the packaged or compressed position,
      which is the position of the disc 116, to the extended and deployed or
      operating position, which is the position of the disc 114, the pins fall
      into a cooperating hole (hole 124 being provided in the case of the pin
      122, and hole 126 in the case of the pin 120.) The line sections 110 and
      112, the discs 114 and 116, and the parts 100 and 102, each have a central
      line passage of the same diameter and cross-sectional area. All of these
      passages become coaxial and aligned with each other when the discs 114 and
      116 rotate into deployed position with their pin arrangements 120 and 122
      locked in position. Once deployed, the pin arrangements 120 and 122
      maintain the discs in locked position.
PAR  The operation of the articulated joints may be observed in FIG. 7. In
      packaged or undeployed position the axes of the discs and their associated
      line sections are perpendicular to the axis of the body parts 100 and 102.
      In the course of being deployed the body part and discs turn; the discs
      turning 90.degree. until they become locked by their pin arrangements in
      deployed position.
PAR  A transmitter essentially similar to the transmitter described above in
      connection with FIGS. 1 through 10 and 13, but differing therefrom in the
      means by which the line sections are assembled to the annular tubes which
      provide the couplers, is shown in FIGS. 11 and 12. As discussed above, the
      line sections have like outside diameters but progressively smaller inside
      diameters to afford the cross-sectional area relationships determined by
      the above equations so as to provide equal impedances and equal
      partitioning of acoustic energy from the source 24. The first line section
      22 may have a cup-shaped end 130 which is threaded into the upper end of
      the housing 26. A seal is provided by an O-ring 132. This assembly may be
      more convenient than the plate 28 and webs 29 in some applications.
PAR  The rigid tubes forming the couplers 10 to 20 are fastened to the line
      sections by a pin and bolt arrangement. Four pins 134 extend along radial
      lines to the line sections. The axis of each of the pins 134 may be in the
      same plane. Two of the pins 134 are located on opposite sides of the
      midpoint of each tube and two near the ends of the tubes. A pair of bolts
      136 and 138 are provided to cooperate with each of the pins 134. These
      bolts extend along radial lines and through threaded holes in their
      respective coupler tubes. The axes of the bolts 136 and 138 are in the
      same horizontal plane as the axes of the pins 134 and are spaced
      120.degree. apart. The pin and bolt arrangement allows for adjustment of
      the size of the gaps between the line sections which provide the ports 82
      in the line adjacent to coupler 10 and the ports 83 and 85 in the sections
      adjacent to the upper couplers 16 and 20. The assembly arrangement
      utilizing the pin and bolts also gives some latitude and tolerance in the
      adjustment of the ends of adjacent ones of the couplers. The apparatus
      shown in FIGS. 11 and 12 is especially adapted for use in the design of
      acoustic transmitters of different size, line section lengths, coupler
      spacings, different numbers of coupler sections, and otherwise having new
      or different parameters. The optimum spacings and dimensions of various
      parts of the acoustic source may be readily determined with the apparatus
      shown in FIGS. 11 and 12.
PAR  FIGS. 14 and 15 illustrate an acoustic transmitter embodying the invention
      which is adapted for amplitude shading to provide control of the level of
      the side lobes of the radiation pattern of the transmitter.
PAR  The acoustic transmitter 200 shown in FIG. 14 has means for partitioning
      the acoustic energy unequally, thus shading the array and controlling the
      side lobes of the directional radiation pattern. By non-symmetric
      partitioning the directional transmission may be sterred upwardly and
      downwardly. Also the vertical height (beamwidth) of the pattern may be
      controlled by appropriately partitioning the energy from each of the
      couplers.
PAR  In an acoustic transmitter adapted for amplitude shading, similarly with
      the transmitter described above, the reflection of energy at each input or
      drive port from the liquid-filled line is minimized. Thus the driving
      acoustic pressure at each port and to each coupler is the same value.
      Stated generally, for both the case where each coupler radiates equal
      levels of acoustic energy as discussed in connection with FIGS. 2 and 5,
      and the amplitude shaded transmitter, this condition pertains when the sum
      of the driving point admittance Y.sub.AC.sup.(j) of the j.sup.th drive
      port and the driving point admittance Y.sub.AL.sup.(j) of the next (in a
      direction away from the generator) section of the line equal the
      characteristic admittance Y.sub.OL.sup.(j.sup.-1)  of the preceding
      section of the line, or
EQU  Y.sub.OL.sup.(j-1) = Y.sub.AC.sup.(j) + Y.sub.AL.sup.(j)   6.
PAR  The imaginary parts of Y.sub.AC.sup.(j) and Y.sub.AL.sup.(j) are preferably
      zero. The antiresonant condition of the couplers insures that
      Y.sub.AC.sup.(j) = G.sub.AC.sup.(j) where G.sub.AC.sup.(j) is the driving
      point conductance of j.sup.th coupler at the j.sup.th drive port. There
      being no reflections and standing waves in the line the driving point
      admittance Y.sub.AL.sup.(j) equals the characteristic conductance
      G.sub.OL.sup.(j) of the j.sup.th line section. These relationships may be
      stated as
      ##EQU6##
PAR  where .rho.c is the specific characteristic impedance presented by the
      liquid filling the line and A.sub.OL.sup.(j) is the cross-sectional area
      of the interior of the j.sup.th line section.
PAR  By combining equations (6) and (7) the transmission line design equation is
      derived, namely
EQU  A.sub.OL.sub.(j) = A.sub.OL.sup.(j-1) - .rho.cG.sub.AC.sup.(j) (l.ltoreq.j
      .ltoreq.n)                                                8.
PAR  Equation (2) may be derived from equation (8) using the relationships (3)
      through (5).
PAR  For antiresonant couplers, the following relationships apply as long as ka
      &lt;0.3 where a is the coupler radius and k = 2 .pi./.eta., .lambda. being
      the wavelength of sound in the medium at the coupler antiresonant
      frequency.
      ##EQU7##
PAR  The term R.sub.AR in equation (9) is the radiation resistance presented by
      the medium to the coupler mouth.
PAR  Equation (10) rearranged to state the volume current Q.sub.AC.sup.(j) from
      the coupler into the radiation load is
      ##EQU8##
PAR  Thus, equation (11) shows that at antiresonance and for ka &lt;0.3 the volume
      currents Q.sub.AC.sup.(j) are independent of load impedance but depend
      upon the cross-sectional areas A.sub.OC.sup.(j). By insuring no standing
      waves and constant P.sub.AC along the transmission line and at the various
      drive ports, (by adjusting the interior cross-sectional areas of the line
      sections), the desired amplitudes of the A.sub.OC.sup.(j) s can be
      obtained by selecting the proper A.sub.OC.sup.(j) s.
PAR  An exemplary acoustic transmitter 200 embodying the features of the
      invention, which provides for amplitude shading of the radiation pattern,
      is schematically shown in FIG. 14. This transmitter includes a line 204
      having several successive sections. This line is similar structurally to
      the line shown in FIG. 2 in that its sections have selected interior
      cross-sectional areas which are, in operation, filled with liquid and
      which provide nominally fixed driving pressures at each drive port 222,
      224, 226, 218 and 228, and minimal reflection and standing waves. The
      first of these line sections 230 is coupled to a generator 201. The drive
      ports are nominally one wavelength apart. The topmost line section 231 may
      be a solid rod as explained for the top section 90 (FIG. 3).
PAR  Couplers 206, 208, 223, 210 and 212 are disposed coaxially around the line
      204 at each of the drive ports 222, 224, 226, 218 and 228 respectively.
      These couplers are nominally one-half wavelength in axial length. Upper
      and lower halves of the axial length of each coupler are symmetrically
      disposed with respect to a plane perpendicular to the axis of the line
      through the center point of the line which in the case illustrated in FIG.
      14 is the drive port 226. The coupler halves are nominally one-quarter
      wavelength in axial length. The annular cross-sectional area of each
      coupler half may be different. The coupler 202 at the center of the array
      is shown to have the same annular cross-sectional area in each half so as
      to satisfy the shading criteria selected for this exemplary case. Although
      five couplers are shown, more or less couplers may be used to satisfy the
      radiation pattern requirements desired for the transmitter. For beams to
      be steered in directions other than normal to the axis of the array (the
      line 204), suitable delays can be established by altering the separation
      of the couplers from the nominal one-wavelength value shown in FIG. 14.
      The illustrated array provides m output spots (2 spots for each drive
      port), at which acoustic energy emanates into the surrounding medium
      (viz., the sea water in the instant exemplary case.) The particular number
      of spots m from which the individual volume velocities Q.sub.AC.sbsb.1
      .sbsb.2.sup. (j) emanate (see FIG. 15) is determined from the acoustic
      signal level and pattern requirements (viz., beamwidth, steering angle,
      and side lobe levels). The Q.sub.AC.sbsb.1 .sbsb.2.sup.(j) are dictated by
      the pattern requirements and can be derived by the application of known
      radiation pattern equations. For example, the amplitude distribution for a
      12 spot array with Tschebycheff shading to achieve side lobes down 20 dB
      from the main lobe is contained in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     12 Element (Spot) Array                                                   
     Tschebyscheff Shading                                                     
     Side lobes 20 dB down                                                     
     Beamwidth = 9.degree.(Nom) at 3 dB                                        
     Gain = 10.6 dB                                                            
     Spot Spacing =.lambda./2                                                  
                 Normalized     Normalized                                     
     Spot No.    Distr. (Q.sub.AC.sup.(j))                                     
                                Power W.sub.AC.sup.(j)                         
     ______________________________________                                    
      1           0.7127         0.0647                                        
     2            0.5530         0.0389                                        
     3            0.7090         0.0640                                        
     4            0.8453         0.0910                                        
     5            0.9463         0.1140                                        
     6            1.0000         0.1273                                        
     7            1.0000         0.1273                                        
     8            0.9463         0.1140                                        
     9            0.8453         0.0910                                        
     10           0.7090         0.0640                                        
     11           0.5530         0.0389                                        
     12           0.7127         0.0647                                        
     ______________________________________                                    
PAR  It will be noted that the Q.sub.AC.sup.(j) s are normalized with respect to
      spots adjacent opposite sides of the center of the array. The absolute
      values of the Q.sub.AC.sup.(j) s depend on the radiated power required and
      the maximum acoustic pressure allowed by cavitation considerations at the
      depth at which the transmitter is employed.
PAR  Using Equation (11), the A.sub.OC.sup.(j) s are selected for each coupler.
      FIG. 15 illustrates the results for the coupler 210. Q.sub.AC.sbsb.1.sup.
      (j)  and Q.sub.AC.sbsb.2.sup.(j) from the upper and lower halves of the
      coupler are provided from the pattern requirements. The A.sub.OC.sbsb.1
      .sbsb.2.sup.(j) s, which are the interior areas of the upper and lower
      coupler halves respectively, are selected using Equation (11), with regard
      for the level requirements and the cavitation threshold which together
      enable P.sub.AC.sup.(j) to be set. The A.sub.OC.sup.(j) s are made large
      enough to obtain adequate coupler bandwidth but not so large as to make
      the inner diameters of the coupler halves an appreciable fraction of a
      wavelength, if it is desired that the volume velocities be largely
      independent of the radiation load. Preferably the radius of the interior
      of each coupler half should be selected such that the following expression
      is satisfied.
      ##EQU9##
PAR  where .eta. is the wavelength of the acoustic signal in the liquid in the
      line and a is the radius of the coupler halves.
PAR  After the A.sub.OC.sbsb.1 .sbsb.2.sup.(j) s are selected the driving point
      conductances G.sub.AC.sbsb.1 .sbsb.2.sup.(j) presented by each coupler
      half are obtained.
      ##EQU10##
PAR  Equation (13) is derived from Equation (9) and includes an explibit
      expression for the radiation resistance of the medium R.sub.AR in terms of
      the j.sup.th coupler radii, a.sub.1 and a.sub.2.
PAR  The total driving point conductance presented to the drive port 218 by each
      half of the coupler 210 is then obtained.
EQU  G.sub.AC.sup.(j) = G.sub.AC.sbsb.1.sup.(j) + G.sub.AC.sbsb.2.sup.(j) 14.
PAR  The area of the first line section 230 next to the generator 201 is
      obtained from the following equation which is obtained by combining
      equation (1) and (5).
      ##EQU11##
PAR  Using the values of G.sub.AC obtained from equation (14), the areas of each
      of the remaining transmission line sections are obtained from equation
      (8).
PAR  Referring to FIGS. 16 and 17 it will be observed how different groups of
      transmitters can be combined, in accordance with further features of the
      invention to provide planar (FIG. 16) and volumetric (FIG. 17) arrays.
PAR  The exemplary planar array shown in FIGS. 16 and 16a has four transmitters
      254, 256, 258, and 260, each of which may be similar to the array shown in
      FIG. 2. Shaded transmitters of the type shown in FIG. 14 may also be used.
      The lines of these transmitters have their axes in a common plane. The
      array is therefore planar in nature and, in one embodiment, propagates a
      directional beam broadside (perpendicular to the plane) of the array. A
      bar 263 holds the lines in their common plane. The first sections 262,
      264, 266 and 268 of each of these lines is connected to communicate with
      the inside of a chamber 270 at the upper end of the generator 250. In the
      embodiment above mentioned, these first line sections are of equal
      lengths. The array may be steered by adjusting the relative lengths of
      these first line sections 262, 264, 266, and 268. Such steering may be
      only a few degrees from broadside, or may extend to endfire in which case
      the major lobe of the beam extends in a direction in the plane of the
      array and normal to the individual lines. Additional or fewer transmitters
      may be included in the planar array to achieve desired radiation pattern
      requirements.
PAR  An exemplary volumetric array is shown in FIGS. 17 and 17A. The array
      contains three transmitters 274, 276, and 278 which may be of the type
      shown in FIG. 2 or in FIG. 14. The lines of these transmitters are spaced
      with their axes at the apexes of an equilateral triangle having sides
      .lambda..sub.o /3  long, where .lambda..sub.o is the wavelength of the
      acoustic signal to be transmitted. A triangular support 289 holds the
      transmitters in spaced relation. A generator 252 is connected via a common
      chamber 280 to the first sections 282, 286, 288 of each line. In one
      embodiment, the cross-sectional areas of two of these first sections
      282,288 are equal, while the cross-sectional area of the remaining line
      first section 286 is 1.25 times greater than the others. The entire
      transmitters (viz., coupler and line) are correspondingly scaled. The
      length of the latter first line section 286 is also 1/3 of a wavelength
      longer than the lengths of the first sections 282, 288. For this
      configuration it can be shown that the unidirectional radiation pattern
      illustrated in FIGS. 18 and 19 is obtained, providing for a 10 dB front to
      back ratio and a beam width of 120.degree. to the -3 dB points. FIG. 18
      shows the pattern in a plane normal to vertical axes of the transmitters.
      The pattern shown in FIG. 19 is taken in a vertical plane including the
      line 278 which plane is normal to the vertical plane passing through the
      lines 274 and 276. Volumetric arrays according to the invention may have
      more than three transmitters as well as other spacings to provide selected
      control to satisfy various pattern width, beam steering and side lobe
      requirements.
PAR  For purposes of clarity in explaining the invention, the mathematical
      analysis herein is based upon a simplifying assumption that the losses
      within the transmission line sections and couplers are negligible, and
      that when no reflections occur at the ports the pressure is constant and
      has the same value along the line for beginning to end. Even in the
      absence of reflection, there may be in practice some variation in pressure
      amplitude along the line due, for example, to loss mechanisms in the fluid
      and in the boundary layer at the fluid-wall interface. These losses can
      result in a monotonically decreasing pressure amplitude along the
      transmission line. In most circumstances, this pressure reduction due to
      internal losses will in practice be negligible, and can be neglected.
      However, in cases where the reduction from end to end approaches several
      decibels as in extremely long lines or at very high pressure amplitudes
      and is not compensated for, some modification of the beam pattern may
      occur, including a steering or shifting of the axis of the main beam. Such
      unwanted beam steering may be compensated for by progressive increases in
      the diameter of the coupler annuluses (and a corresponding modification to
      the transmission line section areas to again minimize reflection.) Such
      relatively larger annuluses would be made large enough to produce the
      originally intended volume velocities in the presence of the reduced
      driving pressure.
PAR  From the foregoing description it will be apparent that there has been
      provided an improved acoustic source which is especially adapted for
      propagating acoustic energy directionally. Applications for the acoustic
      transmitter provided by the invention will be found in geophysical
      exploration, underwater signalling, and otherwise as a source of sonar
      energy under water. The principles of the invention, however, are
      generally applicable to the propagation of acoustic energy in any fluid
      medium both liquid and gaseous. It will also be appreciated that
      variations and modifications in the herein described apparatus, within the
      scope of the invention, will undoubtedly suggest themselves to those
      skilled in the art. Accordingly, the foregoing description should be taken
      merely as illustrative and not in any limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acoustic transmitter which comprises
PA1  a. an acoustic transmission line having a plurality of ports disposed at
      spaced intervals along said line,
PA1  b. means included in each section of said line on opposite sides of each of
      said ports and around each of said ports for preventing reflection of
      acoustic energy within said line at each of said ports, and
PA1  c. a source of acoustic energy coupled to one end of said line for driving
      said line.
NUM  2.
PAR  2. An acoustic transmitter which comprises
PA1  a. an acoustic transmission line having a plurality of ports disposed at
      spaced positions along said line,
PA1  b. means included in each line and external thereto for providing
      substantially equal values of acoustic driving pressure at each of said
      ports when acoustic pressure of the same value as each of said
      substantially equal values is applied to one end of said line,
PA1  c. a source of acoustic energy for providing acoustic input pressure at one
      end of said line of the same value as each of said equal values.
NUM  3.
PAR  3. An acoustic transmitter which comprises
PA1  a. an acoustic transmission line having a plurality of ports disposed at
      positions spaced successively along said line, so as to define successive
      line sections disposed on opposite sides of each of said ports, said ports
      each having a driving point admittance Y.sub.AC.sup.(j), each of said line
      sections succeeding each of said ports having an admittance
      Y.sub.AC.sup.(j), each of said line sections preceding each of said ports
      having a characteristic admittance Y.sub.OL.sup.(j-1),
PA1  b. means for providing said line sections with the acoustic parameters
      which satisfies the following equation
EQU  Y.sub.OL.sup.(j.sup.-1) = Y.sub.AC.sup.(j) + Y.sub.AL.sup.(j), and
PA1  c. means for applying an acoustic signal to the input of a line section at
      one end of said line for driving said line.
NUM  4.
PAR  4. An acoustic transmitter which comprises
PA1  a. a source of acoustic energy,
PA1  b. an acoustic transmission line having a plurality of ports disposed at
      spaced positions along said line for extracting acoustic energy from said
      line at each of said ports, successive sections of said line being
      disposed on opposite sides of successive ones of said ports, the first
      section of said line being disposed at one end of said line and being
      coupled to said source, and
PA1  c. means provided in each of said successive sections of said line for
      presenting to the preceding section of said line an acoustic impedance
      which together with the acoustic impedance of the port therebetween equals
      the characteristic acoustic impedance of the preceding section of said
      line.
NUM  5.
PAR  5. The invention as set forth in claim 4 including a plurality of coupler
      members each disposed at a different one of said ports for presenting each
      of said ports with a resistive driving point impedance.
NUM  6.
PAR  6. The invention as set forth in claim 4 wherein said line is a cylinder
      and each successive section of the line after the first section has a
      cross-sectional area determined by multiplying the cross-sectional area of
      said first section of said line by the following factor:
EQU  n - j/n
PAL  where n is the total number of said ports and j is the number of ports
      disposed between said source and the section the area of which is being
      determined.
NUM  7.
PAR  7. The invention as set forth in claim 6 wherein said cylinder is a tube
      having the cross-sectional areas of the openings therethrough in each of
      said sections determined by multiplying the area of the opening in said
      first section by said factor.
NUM  8.
PAR  8. The invention as set forth in claim 7 including a plurality of coupler
      members each disposed at a different one of said ports for presenting each
      of said ports with a high acoustic impedance, said coupler members each
      being an annular member spaced from said tube to define a substantially
      open annulus therebetween.
NUM  9.
PAR  9. The invention as set forth in claim 8 wherein said sections are
      separated from each other to define intersection annular gaps which
      provide said ports.
NUM  10.
PAR  10. The invention as set forth in claim 9 wherein the opposite ends of said
      couplers are equidistant from the ones of said gaps at which they are
      disposed.
NUM  11.
PAR  11. The invention as set forth in claim 5 wherein said sections are spaced
      from each other to define gaps therebetween; which provide said ports,
      said gaps being spaced from each other by predetermined distances.
NUM  12.
PAR  12. The invention as set forth in claim 11 wherein said predetermined
      distances are one wavelength or an integral multiple thereof at the speed
      of sound in the interior of said line at the frequency of said acoustic
      energy.
NUM  13.
PAR  13. The invention as set forth in claim 11 wherein said couplers are
      antiresonant and present a high impedance at said frequency at said gaps.
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ABST
PAL  A diaphragm for a loud speaker is manufactured by impregnating a diaphragm
      blank made of natural or man-made fibers or formed by molding a synthetic
      resin, with a water-soluble inorganic flame retarder, and thereafter with
      an aqueous solution of a fluorine containing water repellent and oil
      repellent agent, and then by heating and molding into a speaker diaphragm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a diaphragm for a loud speaker.
PAR  In order to prevent a fire, flame-retarding treatment of various components
      not only in electrical equipment but also in acoustic equipment is
      required. Therefore, flame-retarding of speakers is also required. In
      conventional flame-retarded speakers, a flame-retarding coating is formed
      upon the surface of a diaphragm made of natural or synthetic fibers or
      formed by molding a synthetic resin. Consequently, the mass of such
      speaker diaphragm is inevitably increased, resulting in a decrease in
      acoustic pressure and in the degradation of the better physical properties
      of the original diaphragm. Thus, the acoustic characteristics of the
      speaker are considerably degraded.
PAR  It is well known that salts of phosphoric acid, especially ammonium
      phosphate, is a preferred inorganic flame retarder for cellulose, but
      ammonium phosphate has high hygroscopic property, and strongly attacks
      metals, especially copper. Moreover, it is difficult to apply ammonium
      phosphate to cellulose, and ammonium phosphate gives rise to the growth of
      mold.
PAR  The organic flame retarders containing halogens and phosphorus are very
      expensive in general and have a fatal defect in that smoke is produced
      when the articles treated with such a flame retarder are exposed to fire.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, according to the present invention, a diaphragm for a loud
      speaker is manufactured by impregnating a flat blank of a diaphragm which
      is made of natural or synthetic fibers or formed by molding a synthetic
      resin, with a water soluble inorganic flame retarder such as diammonium
      hydrogen phosphate, polyammonium phosphates, or the like and thereafter
      with an aqueous solution water repellent and oil repellent agent
      containing fluorine and by molding the blank into the diaphragm.
      Therefore, the flame-retarding of the speaker diaphragm may be attained;
      water repellency may be improved; and the growth of mold and the corrosion
      of metal parts may be positively prevented.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Single FIGURE shows a fragmentary sectional view of a speaker using a
      diaphragm in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  According to the present invention, a diaphragm for a loud speaker is made
      by impregnating a flat sheet of pulp fiber or the like with a 20% aqueous
      solution of a watersoluble inorganic flame retarder such as diammonium
      hydrogen phosphate, polyammonium phosphate, or the like; drying the sheet;
      impregnating the sheet with a 3% aqueous solution of water repellent and
      oil repellent agent containing fluorine such as polytetrafluoroethylene;
      and thereafter heating and molding into a speaker diaphragm at a
      temperature of from 180.degree.C to 200.degree.C.
PAR  With respect to various properties, the speaker diaphragm in accordance
      with the present invention was compared with the conventional speaker
      diaphragms, and the results are shown below.
PAC  1. Growth of Mold
PAR  The speaker diaphragms were placed in a constant temperature chamber kept
      at 55.degree.C and higher than 95% in humidity.
PA0  1. Speaker diaphragm not treated:
PA1  No growth of mold for three months.
PA0  2. Speaker coated with a water-soluble inorganic flame retarder:
PA1  Growth of mold was observed after 20 days.
PA0  3. Speaker diaphragm in accordance with the present invention:
PA1  No growth of mold for 3 months.
PAC  2. Sizing Effect (mean value of testing five sheets at a time)
PA0  1. Speaker diaphragm not treated:
PA1  17.8 sec.
PA0  2. Speaker diaphragm coated with a water-soluble inorganic flame retarder:
PA1  7.0 sec.
PA0  3. Speaker diaphragm in accordance with the present invention:
PA1  27.8 sec.
PAC  3. Water Repellency
PA0  1. Speaker diaphragm not treated:
PA1  R.sub.o
PA0  2. speaker diaphragm coated with a water-soluble inorganic flame retarder:
PA1  R.sub.o
PA0  3. speaker diaphragm in accordance with the present invention:
PA1  R.sub.10
PAL  water repellency is denoted by R.sub.0 through R.sub.10, and the higher the
      subscript, the better the water repellency becomes.
PAC  4. Corrosion
PAR  The samples were attached with copper wires and placed in a constant
      temperature chamber kept at 55.degree.C and higher than 95% in humidity.
PA0  1. Speaker diaphragm not treated:
PA1  Turned to light black in color after 30 days.
PA0  2. Speaker diaphragm coated with a water-soluble inorganic flame retarder:
PA1  After 30 days, turned to green-blue in color, exhibiting considerable
      corrosion.
PA0  3. Speaker diaphragm in accordance with the present invention:
PA1  After 30 days, turned to light black in color.
PAR  Next referring to the single FIGURE, a diaphragm 4, which is impregnated
      with a flame retarder in the manner described hereinbefore, is attached
      with a gasket 3 upon the periphery of a frame 2 which in turn is attached
      to a magnet structure 1. At the center of the diaphragm 4 is suspended a
      coil bobbin 6 around which is attached a voice coil 5. At the midpoint of
      the coil bobbin 6, it is supported by a damper 7, and a dust cap 8 is at
      the central upper surface portion of the diaphragm 4. Both ends of the
      voice coil 5 are extended along the coil bobbin 6 and the diaphragm 4, and
      are connected at the midpoint of the diaphragm to lead wires 9 which in
      turn are connected to terminals 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A diaphragm for a loud speaker made of cellulose impregnated with a
      solution of a water-soluble inorganic flame retarder and with a solution
      of a water repellent and oil repellent agent containing fluorine.
NUM  2.
PAR  2. A diaphragm as defined in claim 1 wherein said water soluble inorganic
      flame retarder is diammonium hydrogen phosphate; and said water repellent
      and oil repellent agent containing fluorine is polytetrafluoroethylene.
NUM  3.
PAR  3. A diaphragm as defined in claim 1 wherein said water soluble inorganic
      flame retarder is a polyammonium phosphate; and water repellent and oil
      repellent agent containing fluorine is polytetrafluoroethylene.
NUM  4.
PAR  4. A diaphragm as defined in claim 1 wherein said solution of said water
      soluble inorganic flame retarder is a 20% aqueous solution of diammonium
      hydrogen phosphate; and said solution of said water repellent and oil
      repellent agent containing fluorine is a 3% aqueous solution of
      polytetrafluoroethylene.
NUM  5.
PAR  5. A diaphragm as defined in claim 1 wherein said solution of said water
      soluble inorganic flame retarder is a 20% aqueous solution of polyammonium
      phosphate; and said water repellent and oil repellent agent containing
      fluorine is a 3% aqueous solution of polytetrafluoroethylene.
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ABST
PAL  A collapsible ladder suitable for installation on high-rise buildings and
      capable of modification to be architecturally unobstrusive and compatible
      with a variety of architectural designs is described. The ladder comprises
      two or more telescoping stile pair sections in which the upper stile
      section has an attached upper rung and the lower stile section has an
      attached lower rung. The intermediate rungs are slidably mounted in the
      telescoping stile members which are made of channel stock. In the normal
      position covering a window the telescoping stile pairs are retracted and
      the rungs are stacked one over the other adjacent to the attached upper
      rung. In an emergency the ladder can be released to the extended position
      for use from inside a window whereby it falls on pivot arms down and away
      from the building at a distance sufficient to permit passage of a person
      between the building and the ladder, the lower stile section extends, and
      the rungs fall into spaced position held by spacer arms between them.
      Release of one ladder actuates a release mechanism on the similarly
      mounted ladder on the floor below and so on, allowing an escape passage to
      a safe level or, if necessary, to the ground.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to collapsible ladders particularly suitable for use
      in series as an emergency escape mechanism for high-rise buildings.
PAR  Modern high-rise buildings are typically designed with no provision for
      emergency escape, such as during a fire, except for the elevators and
      internal stairways. Elevators are likely to be inoperative in a serious
      fire and are, in any event, not recommended as an escape route. Similarly,
      internal stairways often become blocked during a fire. As a consequence, a
      serious tragedy has occurred where internal escape routes are unavailable.
PAR  Accordingly, there is a need for alternative external escape means.
      Preferably, such escape means would be of a design versatile enough for
      installation on a large percentage of existing and future high-rise
      constructions which vary considerably in their designs. It is also
      desirable that such escape means not detract from the esthetic design of
      the building but that it be capable of modification to blend with any of a
      variety of architectural styles.
PAR  It is, therefore, an object of this invention to provide a collapsible
      ladder suitable for installation on high-rise structures for emergency
      escape.
PAR  It is a further object of this invention to provide a fire escape for
      high-rise buildings which is both highly functional and esthetically
      pleasing in design.
PAR  Another object of this invention is the provision of a collapsible ladder
      mounted in a window frame which could be supplied as a single unit for
      easy incorporation into a building.
PAR  Still another object of this invention is the provision of a fire-escape
      ladder capable of modification to blend with a variety of high-rise
      designs.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a collapsible ladder having an
      esthetically pleasing basic design that lends itself to modification for
      use with a variety of architectural styles as a fire-escape comprises a
      plurality of telescoping stile sections made from channel material in
      which the upper stile section has a permanently mounted upper rung and the
      lower stile section has a permanently mounted lower rung, the intermediate
      rungs being slidably mounted in the channeled stiles and pivoted spacer
      arms, "no-kink chain", or the like hold the slidable rungs in the desired
      normal spaced relation. In the storage position the ladder is mounted
      flush against the building over a window or within a window frame, the
      telescoping stile sections retracted to their minimum length, the upper
      mounted rung and the slidably mounted rungs stacked as a deck of cards.
      The ladder mechanism is held in the storage position on pivot arms which,
      upon actuation of a release mechanism, allow the ladder to fall in a
      downward and outward arc away from the building far enough to permit
      passage of a person between the ladder and the building. At the same time
      the lower telescoping section falls by gravity to the extended ladder
      position and the slidable rungs fall from their stacked position into
      normal ladder spacing held by the spacer arms. The release mechanism can
      be actuated from within the window or in response to a central alarm, or
      both.
PAR  Each floor of the high-rise building is provided with one of the
      afore-described ladder sections, each ladder section having a release
      mechanism actuated by the release of the ladder immediately above it.
      Thus, the release of the ladder section on an upper story causes the
      release of the ladder section immediately below it in turn releasing the
      next section below, one after the other, until all sections are released
      in a "domino" effect allowing passage to the ground level. The ladder can
      be installed in existing buildings with appropriate attachment by means of
      the pivot arms mentioned above. The ladder can also be supplied as a
      structural unit attached within a window frame or use in new construction.
PAR  In itself, the ladder of this invention has a rather pleasing appearance
      which would not detract from the appearance of a building on which it was
      installed since in the storage position all that is visible are the stile
      members and the bottom rung which can be designed to blend with the design
      of the window frame and the horizontal slats of stacked rungs which can be
      designed to cover only a small portion of the upper section of the window.
      Moreover, design possibilities are enhanced by the possibility of covering
      the ladder assembly in whole or in part with suitable materials, such as
      structural aluminum, fiberglas or plastic panels. For instance, in a
      building utilizing tinted or mirrored glass in the windows, the covering
      over the ladder unit can be tinted or mirrored plastic either transparent
      or opaque, as desired. In such a case, the windows containing the ladder
      unit would be virtually indistinguishable from the other windows from the
      outside of the building. Aside from the esthetic advantages, the use of
      such a covering would also serve to obstruct the escapee's outward view
      and thus provide a safety feature by reducing the escapee's consciousness
      of height.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the ladder of this invention, in the
      extended position, installed as a window unit in a building, details shown
      in other drawings are omitted;
PAR  FIG. 2 is a front elevation of the ladder in the collapsed storage
      position;
PAR  FIG. 3 is a section taken along line 3-3' in FIG. 2;
PAR  FIG. 4 is a section taken along line 4-4' in FIG. 2;
PAR  FIG. 5 is a side elevation of the ladder of this invention, extended away
      from the frame member but with the lower ladder in the unextended
      position.
PAR  FIG. 6 is a front elevation of a slidable rung including the spacer arms in
      the extended position;
PAR  FIG. 7 is a section of the rung taken along line 7-7' of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The essential features of this invention are illustrated in FIGS. 1 and 2
      which show a ladder of this invention mounted as a unit in a frame member
      of a window suitable for use as a fire-escape. It is to be understood,
      however, that this invention is not limited to fire-escapes nor to ladders
      which are supplied as an integral unit with a window frame member but can
      be used advantageously in other applications in which foldable ladders are
      suitable.
PAR  Referring to FIG. 1 the ladder comprises upper stile members 12a,b made of
      channel stock having a rung 13 attached near their upper extremities.
      Lower stile members 14a and 14b telescope within the upper stile members
      12a and 12b and have a rung 15 attached to their lower extremities.
      Intermediate rungs 16a-k are slidably mounted in the upper stile members
      12a,b and lower stile members 14a,b. Each of these slidable rungs is held
      in appropriate spaced relationship by a pair of upper spacer arms 23 and
      lower spacer arms 24, all of which are not shown. The operation of the
      spacer arms will be described in more detail in the discussion of FIGS. 6
      and 7 below.
PAR  When not in use the ladder appears in the storage position shown in FIG. 2
      in which the slidable rungs 16a-k are stacked one atop each other as a
      deck of cards immediately below the upper attached rung 13. The entire
      ladder assembly is attached to the window frame 18 or otherwise attached
      to the building by pivot arms 25, 26, 27, 28, 29 and 30, as shown in FIG.
      5. As shown in FIG. 5 in the storage position the ladder is within a
      window frame (shown in dotted lines within the frame member 18) or
      otherwise substantially flush with the building. In the event of an
      emergency the ladder can be released from its storage position whereby it
      falls outwardly and downwardly from the building in the arc 32 held in
      position by the pivot arms 25-30. The length of the pivot arms are
      selected so that the distance between the building and the ladder in its
      use position is sufficient to permit passage of a person between the
      building and the ladder. As the upper section of the ladder defined by
      upper stile members 12a,b and attached rung, 13 falls away from the
      building the lower section of the ladder defined by lower stile members
      14a and b and attached rung 15, is free to fall by gravity. Also free to
      fall are the slidable intermediate rungs 16a-k forming the extended ladder
      shown in FIG. 1 reaching to the floor below.
PAR  The ladder can be locked into the storage position by the device shown in
      FIG. 5 comprising locker lever 39 mounted on pivot 40 which engages
      locking bar 41 when the ladder is in the storage position. The locking
      lever is preferably provided with an extension operative from inside the
      window so that the ladder can be released from inside the window. Also
      provided is an outside release mechanism which is attached to each of the
      upper stile members 12a and b comprising release bar 35 perpendicularly
      attached to rod 37 which is slidably mounted in rod guides 34. The lower
      end of rod 37 is bent outwardly to engage flange 42 which extends from
      locking lever 39. The release mechanism is constructed so that when a
      series of ladders are mounted in windows one above each other the release
      of one of the upper ladders will cause its upper stile members to contact
      the release bars 35 on the next lower ladder causing release of the next
      lower ladder which in turn contacts the release bar on the ladder beneath
      it causing its release, seriatim, until all of the ladders are released.
PAR  To facilitate movement of the ladder pivot arms 27 and 30 can be provided
      with springs 31 mounted in guides 33 so that springs exert additional
      force urging the ladder to the extended position once the release
      mechanism has been actuated.
PAR  Free movement between the telescoping upper stile members 12a and b and
      lower stile members 14a and b is assisted by the provision of slides 20a-d
      which can be made of hemispheres of Teflon. Stile members 12a and b are
      provided with slots 43a and 43b respectively. Stile members 14a and 14b
      are provided with slots 44a and b respectively. Rung guides 47a and b are
      accomodated within the slots 43 and 44 permitting free movement of the
      rungs along the slots. The slot in lower stile members 14a and 14b extends
      along only part of the length of the lower stile members. To prevent the
      lower stile members from falling out completely, the upper stile members
      are provided with studs 45 which permit the lower stile members 14a and b
      to telescope downwardly only up to the point to which they are slotted.
      Slidable rungs 16 are provided with guides 47a and b made of a suitable
      material such as Teflon and held by screws 48a and b. Each rung 16 is also
      provided with a pair of slots 51a and c in its upper surface near the
      front and back edges of the rungs to permit movement of spacer arms 23 and
      24 which are rotatably mounted on spacer arm rods 50a and b. Each pair of
      upper spacer arms 23a and 23c are mounted inside the lower spacer arms 24a
      and 24c. Rivets 52a and 52b connect upper spacer arms 23a and 23b
      respectively with the lower spacer arms 24a and 24c of the identical rungs
      above. Similarly, rivets 53a and 53b connect lower pivot arms 24a and 24c
      to the upper spacer arms 23a and 23c of the identical rung below. In the
      collapsed position shown in FIG. 2 the spacer arms pivot inwardly toward
      the center of the rungs 16 so that the entire arrangement can be collapsed
      accordian fashion. Since uppermost slidable rung 16a must be accommodated
      in the slots 44a and 44b in the lower stile members 14a and 14b the entire
      weight of the lower stile section will assist in pulling slidable rung 16
      into the spaced position.
PAR  Having set forth my invention and what is considered to be the best
      embodiment thereof, it will be understood that changes may be made from
      the specific embodiments set forth without departing from the spirit of
      the invention exceeding the scope thereof as defined in the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ladder unit for installation in a building comprising a ladder, a
      frame suitable for mounting in a window, and means for attaching said
      ladder to said frame; said ladder comprising a plurality of telescoping
      pairs of stile means including an upper pair of stile means having a rung
      attached adjacent to its upper end; a lower pair of stile means having a
      rung attached adjacent to its lower end; a plurality of slidable rungs
      slidably mounted in said stile means permitting positioning of said
      slidable rungs substantially adjacent to the attached rung on the upper
      stile means in the storage position; said slidable rungs having means to
      maintain the rungs in substantially equal and parallel spaced relation
      over the length of said ladder in extended position; in which said ladder
      is mounted in said frame in the storage position by arms pivotally
      attached to said frame and said ladder which allow movement of said ladder
      outwardly and downwardly to an extended position and means attached to
      said frame and said ladder for limiting outward and downward movement of
      said ladder to the extended position in which the ladder is spaced
      parallel from said frame by a distance sufficient to permit access by a
      person between said frame and said ladder; said ladder unit including
      means responsive to actuation from inside or outside of said frame for
      releasing said ladder from the storage position.
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ABST
PAL  A self storing fire escape ladder of foldable type, including a plurality
      of pivotally interconnected rung sections and enlarged hook means for
      engaging a window sill or similar structure during use. The hook means is
      of effective width less than that of the rung sections, and so contoured
      that when the rung sections are folded against each other to form a
      compact unit, the hook means may at least partially encircle the rung
      sections to hold them in mutually folded relation and form carrying handle
      means. Optional latching means is provided to prevent movement of the hook
      means relative to the compact unit when the former is employed as a
      carrying handle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the field of folding emergency ladders
      suitable for assisting the occupants of a burning building to escape
      through an available window or other opening. Such ladders are well known
      in the art, and the invention lies in specific constructional details
      which permit the device to be conveniently stored in a small space while
      maintained in folded condition, and readied for instant use as required.
PAR  U.S. Pat. No. 3,315,762 to Torrey illustrates the desirability of forming
      ladders of this type so that they may be conveniently stored in folded
      compact condition while supported within a stand adapted to rest upon a
      floor surface adjacent an escape window. A stand supporting the folded
      ladder rungs serves as a window engaging hook during use.
PAR  While constructions of this type are of obvious utility, the presence of
      the stand contributes to the floor area occupied during storage, as well
      as the effective height of the stored device. Additionally, such
      constructions do not provide means for preventing unfolding of the ladder
      sections should the device be accidentally overturned.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention contemplates the provision of a folding fire
      escape ladder of the type disclosed in U.S. Pat. No. 412,752 to Hewitt, in
      which the hook means for engaging a window sill attached to the uppermost
      rung section is so contoured that it alternately serves as a storage means
      for enclosing rung sections in folded condition to permit individual
      unfolding when the device is used. The hook means also includes latching
      means selectively engageable with at least one of the rung sections to
      maintain the hook means in position, so that the device may be hand
      carried. The hook means is of effective width less than that of any of the
      rung sections, so as to readily fit between the side rails of each rung
      section when disposed in juxtaposed stacked mutual relation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, to which reference will be made in the specification,
      similar reference characters have been employed to designate corresponding
      parts throughout the several views.
PAR  FIG. 1 is a side elevational view of an embodiment of the invention showing
      the same in folded condition.
PAR  FIG. 2 is an end elevational view thereof, as seen from the right hand
      portion of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary view showing optional latching means.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENT
PAR  In accordance with the invention, the device, generally indicated by
      reference character 10 comprises broadly: a plurality of rung sections 11,
      sill-engaging hook means 12 and latching means 13.
PAR  The rung sections 11, as illustrated, may be of any suitable configuration,
      each section including a pair of side rails 20 interconnected by at least
      one rung or step 21. The lowermost rung section will include a second rung
      at the lower end thereof. The side rails and rung may be of any suitable
      form, and may be conveniently formed from extruded or welded aluminum
      tubing offering the advantages of substantial strength and light weight.
      The end portions 23 thereof may be fitted with protective synthetic
      resinous caps 24, as is well known in the art. Most conveniently, the rung
      sections are formed so that each alternate rung section is of the same
      effective width, whereby they may conveniently interconnected for mutual
      pivotal movement, and be capable of being stacked as shown in FIG. 1,
      wherein the side rails of alternate rung sections overlie each other. The
      rungs 21 are also preferably formed as hollow tubular sections penetrated
      by threaded shafts (not shown) which hold the rung sections together, and
      which may be fitted with capnuts 30, well known in the art.
PAR  The hook means 12 is pivotally connected to the uppermost rung section 11
      at a first end 34 thereof. It will be noted that the uppermost rung
      section is of the narrower of the two widths of rung sections employed, so
      that the effective width of the hook means 12 is still less wide,
      facilitating engagement of the folded rung sections as shown in FIG. 1.
      The means 12 includes first and second U-shaped members 36 and 37,
      respectively, interconnected at a point 38 adjacent the free ends thereof
      by a cross piece 39.
PAR  The latching means 13, as has been mentioned, is optional, and serves to
      selectively interconnect the cross piece 39 with one of the rungs 21 so as
      to prevent relative movement between the hook means 12 and the rung
      sections 11 when the device is in folded condition. This enables the hook
      means 12 to be manually grasped at any portion thereof, as when carrying
      the device, without fear of permitting the folded rung sections to
      accidentally unfold. While the latching means may be a captive chain
      surrounding the cross piece 39 and any of the rungs 21, it is conveniently
      formed to include a pair of bracket members 41 pivotally interconnecting
      with the outer surface of the cross piece 39 and supporting a laterally
      extending shaft 43 having an oppositely disposed end 44 mounting a single
      bracket member 45 which cooperates with a recess 46 in the end 44 to
      resiliently engage the outer surface 42 of the interconnected rung 21. The
      device 10 will normally be stored in this condition until used, and upon
      the occurrence of an emergency, the bracket member 45 is disengaged, the
      shaft 43 moved outwardly, following which the hook means 12 may be
      disengaged from the rung sections 11, engaged with a window sill, and the
      rung sections allowed to unfold in well known manner.
PAR  It will be observed that in folded condition, the hook means 12 occupies
      very little additional volume over that occupied by the folded rung
      sections 11 themselves, and further, that the device may be stored in any
      desired orientation relative to a floor surface, depending upon the
      availability of the ladder.
PAR  We wish it to be understood that we do not consider the invention limited
      to the precise details of structure shown and set forth in this
      specification, for obvious modifications will occur to those skilled in
      the art to which the invention pertains.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved self-storing fire escape ladder comprising: a plurality of
      rung sections, each including a pair of parallel side rails, and at least
      one interconnecting rung extending laterally between said side rails,
      means pivotally interconnecting a plurality of said rung sections whereby
      the same may be selectively extended for use and folded upon each other to
      form a compact unit; and a generally U-shaped hook means pivotally
      connected at one end thereof to an uppermost of said rung sections, said
      hook means being of an effective width less than that of any of said
      sections, whereby the same, upon pivoting relative to said compact unit
      may substantially enclose said compact unit by fitting between the side
      rails thereof and prevent accidental separation thereof; and latching
      means for selectively interconnecting portions of said hook means and the
      lowermost of said rung sections to maintain said hook means in enclosed
      condition relative to said compact unit.
NUM  2.
PAR  2. Structure in accordance with claim 1, said hook means including a
      transversely-extending brace member, said latching means including a shaft
      pivotally mounted at one end thereof to said brace member, and having
      means at an opposite end thereof selectively engaging a rung on one of
      said rung sections.
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PAL  A method and a device are disclosed for lubricating the internal bearings
       thin-layer evaporators used in polycondensation or polymerization
      installations, in which the lubricant used for said internal bearings is
      the same polymer in an appropriate intermediate degree of polymerization
      where it exhibits the fluidity required to serve as a lubricant. Means are
      provided for circulating and recycling the polymer and critical viscosity
      values are suggested for the polymer when used as a lubricant.
BSUM
PAR  This invention relates to a method which can be used in the industry to
      ensure the efficient lubrication of the bearings arranged and operating in
      the interior of apparatus of the kind called "thin-layer evaporators,"
      more particularly of the lower centering bearings of the respective
      rotors, when said apparatus are used for performance of stages, more
      particularly intermediate stages, of polymerization or polycondensation
      processes of macromolecular synthetic compounds. This invention will be
      described by way of example hereinafter in its application in the field of
      the production of polyesters, for example, but not compulsorily, for
      textile applications, it being however apparent that it is extended to the
      solution of equivalent technical problems, in the polymerization of other
      synthetic compounds, by the use of such thin layer evaporators.
PAR  These thin layer evaporators are well known in the field of the
      installations used in the chemical industry. They essentially comprise an
      elongate vertical cylindrical chamber, along whose inner walls there is
      caused to ooze, as a thin layer, the compound under progress of treatment
      of reaction. Within said body there is coaxially arranged a rotary
      assembly (which for simplicity will be called "the rotor" in the ensuing
      disclosure) which is properly borne by appropriate bearings and connected
      to adequate motive means.
PAR  The rotor sustaining and driving shaft is extended upwards and passes
      through the header of the treatment chamber, and is surrounded by
      appropriate glands and other sealing means, outside which and thus
      externally of the chamber, appropriate bearings are arranged, generally of
      the roller type, which are adapted to withstand both radial and axial
      loads, to ensure centering and, respectively, to sustain the weight of the
      rotary assembly. However, due to the considerable axial dimensions of the
      chamber and the rotor, and the narrow tolerances to be anode by as to
      coaxiality, it is essential that the mounting of the rotor be completed by
      at least a second lower bearing, even only for centering, and which is
      unavoidably present in the treatment chamber, if not in the lower portion
      thereof, where the compound falling as a thin layer is collected.
PAR  These thin-layer evaporators, properly arranged beforehand to operate at
      the required temperatures and extremely low absolute pressures, are used
      with advantage as autoclaves for the polymerization or polycondensation of
      synthetic compounds, more particularly for carrying out a few intermediate
      stages of such processes which are well known in the chemical industry. It
      is apparent and well known that such an industrial utilization subjects
      the internal bearings of these apparatus to extremely heavy ambient
      conditions. It should be borne in mind that, for example in the course of
      intermediate polyester polycondensation stages, the operations take place
      at temperatures of the range 265.degree.C - 290.degree.C and at absolute
      pressures lower than 20 millimeters of mercury.
PAR  On account of these conditions, the lower centering bearing is embodied as
      a simple bushing, generally of carbon, in which a short cylindrical shaft
      is rotated, which is integral with the bottom end of the rotor. It is
      imperative, however, in order to obtain a minimum service life and
      efficiency, that between the confronting surfaces of the relatively
      movable parts (bushing and shaft) a liquid film is inserted and
      maintained, having a viscosity sufficient to afford a certain lubricating
      action.
PAR  In the indicated field of industrial use, the lubrication of the internal
      bearings considered leads to the occurrence of technical problems which
      have been incompletely and unsatisfactorily solved heretofore. Obviously,
      the use of ordinary or special lubricants should be excluded, which would
      unavoidably pollute and contaminate the polymer. In the field of polyester
      production, more particularly polyethyleneterphthalates, the use has been
      suggested and adopted of ethylene glycol as the lubricant for the internal
      centering bearings, inasmuch as this glycol is one of the starting
      materials for polycondensation.
PAR  The efficiency of the glycol as a lubricant, is extremely low in the
      applications considered in this invention. As a matter of fact, it
      evaporates almost immediately under the temperature and absolute pressure
      conditions obtaining internally in the reaction chamber. It must be fed-in
      continually and in a large amount to the bearings in order to maintain a
      certain liquid layer between the relatively movable solid parts, thus also
      altering in a not negligible amount the reaction environment. It is
      essential to employ particular thin-layer evaporators, in which the lower
      bearing is positioned at a level above that of the liquid mass which is
      collected at the base of the reaction chamber since the feed of glycol to
      said mass would lead to product depolymerization phenomena. The latter
      requirement involves considerable structural complications, dismantling
      difficulties and others.
PAR  The lubrication with glycol, anyhow, is a low efficiency one. The bushings
      become very rapidly worn out and should be frequently replaced, bearing in
      mind, in addition, that their replacement should forerun, with a wide
      safety margin, the occurrence of conditions which may imply risks of
      breakage, the serious damage both to the apparatus and the product being
      self-explanatory. These replacements involve long stoppages of the
      production cycle and long and costly dismantling and reassembling
      operations.
PAR  An object of the invention is the solution of the technical problems
      inherent in overcoming the above enumerated difficulties while
      substantially removing the above listed defects and other limitations
      which occur when the current methods of lubrication of the inner bearings
      of thin-layer evaporators are adopted, as used in the above indicated
      field of polymerization and polycondensation of synthetic compounds having
      a high molecular weight.
PAR  According to the invention, it has been observed that these compounds
      exhibit, in at least one intermediate and transitional stage of the
      process of gradual increase of the degree of polymerization, and at the
      temperatures and absolute pressures of the local treatment, a physical
      state, more particularly as regards dynamic viscosity and kinematic
      viscosity, such as to permit their use as a lubricant with satisfactory
      results, in at least a part of the inner centering bearings of the
      thin-layer evaporator in which said intermediate polymer has been
      produced, and possibly in the evaporators in which a higher degree of
      polymerization is attained and where similar environmental conditions are
      maintained.
PAR  In the case of the production of polyesters, such a transitional physical
      state occurs when the polymer has attained an intrinsic viscosity in the
      order of 0.15-0.30 to which corresponds, under the usual reaction
      temperatures, a dynamic viscosity which is preferably in the range of 5 to
      50 poises, the latter viscosity then becoming rapidly higher up to
      unacceptable values as the degree of polymerization is increased.
PAR  In the industrial continuous-polymerization installations, which include
      numerous reaction apparatus or chambers in cascade, thin-layer evaporators
      are notoriously used as the reaction vessels, in those phases or stages
      which individually lead to the production of a polymer having an intrinsic
      viscosity of from 0.15 to 0.20 (at the inlet to the extreme upstream
      evaporator) to about 0.35 - 0.45 (at the outlet of the extreme downstream
      evaporator). More particularly the polymer taken at the outlet of the
      upstream evaporator (and maintained to a temperature adapted to retain a
      sufficient fluidity) can be fed to the internal bearings of at least one
      part if not to all the evaporators of the set, and used in them as the
      lubricant, without obviously polluting the product being treated, or
      physically and/or chemically polluting the reaction environment.
PAR  The feeding-in of the polymer, as the lubricant, can be effected, moreover,
      in bearings immersed in the liquid mass at the base of the treatment
      chamber, since the lubricant emerging from the bearing and introduced in
      said mass is nothing else than the compound forming said mass, possibly to
      a lesser polymerization degree. This possibility is extremely advantageous
      since the immersion of the bearing improves its lubrication conditions
      and, above all, permits the bearing to be placed at the lowest possible
      level and to be structurally associated with the bottom of the apparatus,
      whose sidewalls thus become continuous and whose interior is not broken by
      radial arms or other structural components which are required for
      sustaining the bearing itself, in the case that the latter is positioned
      at a level higher than that of the liquid mass. This fact very
      considerably simplifies the construction of the apparatus as well as the
      possible operations of assembling and disassembling and the working
      efficiency of same.
PAR  Summing up, the method according to the invention can be expressed in the
      sense that (a) one identifies, in the overall plant in which the polymer
      compound is sequentially treated so as gradually to increase its
      polymerization degree, the point or points where the polymer
      transitionally exhibits the desired physical state at the temperature and
      at the absolute pressure of the treatment, (b) the quantity of polymer is
      drawn from said point or points, as it is necessary to the end of
      lubrication and (c) it is fed to the internal bearings of the thin-layer
      evaporators as employed for carrying out said polymerization stages.
DRWD
PAR  The foregoing and other features, advantages and industrial possibilities
      of the invention, along with an example of actual reduction to practice of
      the invention and the means necessary therefor, will become apparent in
      the course of the ensuing detailed description as referred to the
      accompanying drawings, wherein, in a merely diagrammatical form, with the
      omission of all the structural details and all means and devices known in
      the appertaining art and being not a part of the invention:
PAR  FIG. 1 diagrammatically shows the intermediate fraction of a complete
      installation for the polycondensation of polyethylene terephthalates,
      including a plurality of thin-layer evaporators, and
PAR  FIG. 2 is a fragmentary view of the bottom wall of one of said evaporators,
      as structurally associated to the relevant rotor centering internal
      bearing.
DETD
PAR  In the example as diagrammatically shown in FIG. 1, the part of interest in
      the installation comprises four thin-layer evaporators, used as
      polycondensation reactors. For example, it comprises an upstream reactor
      R1, an intermediate reactor R2 and two downstream reactors R3' and R3"
      mutually in parallel. Obviously, the portion of the installation which is
      of interest could comprise a different number of thin-layer evaporators,
      with different arrangements in cascade and/or in parallel.
PAR  By observing for example the upstream reactor R1, these apparatus comprise
      (the following also applies to the other devices diagrammatically shown
      herein) an elongate vertical chamber 10 (equipped with a suitable jacket,
      not shown, for circulating a heating fluid, for example biphenyl) having a
      header 12 equipped with a vapor outlet 14, and having, near the top of its
      cylindrical portion 10, means for the entrance at 16 of the intermediate
      polymer as produced by the upstream apparatus (not shown), and which is
      further treated by causing it to fall as a thin layer along the inner
      walls of said part 10, to be then collected in the form of a liquid mass
      at the bottom 18 of the apparatus, wherefrom it is finally drawn at the
      outlet in 20 to be sent, by appropriate pumps 22 (and 22/2' and 22/2") to
      the respective downstream apparatus.
PAR  In the interior of the apparatus there is arranged the rotor 24
      (diagrammatically shown) which is driven, at its top end, by a mechanism
      26, which can comprise a motor or the driven member of a drive-transfer
      assembly.
PAR  In said mechanism 26 are also arranged the radial and axial centering top
      bearings and those for sustaining the rotor. The centering is completed by
      a lower bearing, preferably internally of the bottom 18, and which engages
      a short shaft 28 integral with the bottom end of the rotor 24, and whose
      lubrication originates the technical problems which are solved by the
      present invention.
PAR  FIG. 1 diagrammatically shows the path of the compound undergoing the
      treatment, which is sequentially fed to the inlets 16/2, 16/3' and 16/3"
      of the downstream apparatus.
PAR  During progress of its treatment in a portion of the installations as
      described above, the polymer, fed at 16 to the inlet of the upstream
      reactor R1, at an intrinsic viscosity of about 0.15 - 0.20, gradually has
      its degree of polymerization increased and attains as a rule the following
      intrinsic viscosity values: at the outlet 20 of R1 : 0.20 - 0.25; at the
      outlet 20/2 of R2 : 0.25 - 0.30; and at the outlets 20/3' and 20/3" of R3'
      and R3" : 0.30 - 0.45, to be then sent to the subsequent apparatus of the
      installation (not shown) in order to complete the process, said following
      apparatus not comprising thin-layer evaporators.
PAR  On considering that, at the outlet at 20 from the upstream apparatus R1,
      the polymer, at the temperature and the absolute pressure of the reaction,
      has a physical transitional state which is adapted to its use as the
      lubricant, of sufficient efficiency, and precisely a dynamic viscosity in
      the order of 15 - 50 poises, such a polymer can be used to lubricate all
      the internal bearings of said thin-layer evaporators. Obviously, to
      determine whether or not the polymer at the outlet 20 has the desired
      viscosity, the viscosity of the polymer at outlet 20 can be tested by any
      standard viscosity measuring apparatus.
PAR  These internal bearings can be embodied, for example, as shown in FIG. 2.
      In these bearings, the short bottom shaft 28 of the rotor 24 is housed
      under conditions of idle rotation in a bushing 30, preferably of carbon,
      mounted in a structural body 32 which is made integral with the bottom
      wall 34 of the apparatus, and in which means are prearranged for
      discharging the polymer. The bushing is fastened in place by means of an
      adjustable bottom piece 36, in registry with a deformable ring 38 or other
      sealing means. Inasmuch as the rotor 24 is borne by axial bearings
      arranged in the mechanism 26 at the top of the apparatus, such a shaft 28
      does not rest against the bottom piece. Thus a chamber 40 is left in which
      the lubricant is introduced, for example through a piping 42.
PAR  On account of the fact that, according to the invention, there is used as
      the lubricant the polymer under its thermal conditions of treatment, such
      a piping 42 is surrounded, at least to the majority of its extension, by a
      jacket 43 through which biphenyl is caused conventionally to flow, or
      another suitable heating fluid, at the desired temperature.
PAR  Also, as diagrammatically indicated in FIG. 1, for the reduction to
      practice of the method in question, the assembly of the thin-layer
      evaporators is obviously associated with an appropriate auxiliary
      installation for feeding the polymer, used as the lubricant, to the
      several bearings to be lubricated. This auxiliary installation may
      comprise for example a branching-off at 44 for drawing the polymer, in the
      desired physical state, at the outlet at 20 from the upstream apparatus
      R1. By means of a primary pump 46, the drawn polymer is introduced at 48
      into a distributing circuit 50 from which, by means of as many metering
      pumps 52, 52/2, 52/3' and 52/3" it is sent to the individual pipings 42
      and 42/2, 42/3' and 42/3", respectively, for feeding the lubricating
      polymer to the respective centering bearings of the bottom shafts 28 and
      28/2, 28/3' and 28/3", respectively, of the rotors of all the thin-layer
      evaporators which are a part of the installation. By means of a return
      circuit 54, the excess polymer as fed by the primary pump 46 is recycled,
      for example at 56, downstream of the pump 22, into the duct which connects
      the outlet 20 of R1 to the inlet 16/2 of R2, that is, at a point where
      said polymer has the same physical state as above. Obviously all the
      pipings which make up said auxiliary installation are maintained at the
      temperature which is required in order to ensure the fluidity of the
      polymer taken at 44, which polymer, at the degree of polymerization
      corresponding to an intrinsic viscosity of about 0.20 - 0.25, would
      solidify at lower temperatures, more particularly at the atmospherical
      temperature.
PAR  Obviously, two or more auxiliary installations, with polymer-drawing points
      in different positions, could be useful, if desired, to a selective
      lubrication of internal bearings of several evaporators.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of lubricating the internal rotor bearings of a series of
      thin-layer evaporators of the type that are connected in cascade to form
      part of a continuous polymerization or condensation installation in which
      the viscosity of the polymeric compound being treated increases until it
      reaches a viscosity range in which the physical state of the compound
      makes it suitable for use as a lubricant for said bearings, comprising the
      steps of
PA1  testing samples of the compound in at least one of the evaporators of said
      series of evaporators to determine which evaporator has the compound of
      proper viscosity for use as a lubricant for the bearings of said series of
      evaporators,
PA1  drawing off part of said polymeric compound from the selected evaporator,
      and
PA1  transporting the drawn compound to said bearings of said evaporators while
      maintaining the drawn compound at a temperature sufficient to keep it
      suitable for use as a lubricant for said bearings.
NUM  2.
PAR  2. A method according to claim 1, including
PA1  determining the evaporator in said installation at which the compound being
      treated has, at the reaction temperature range of 265.degree.C -
      290.degree.C, a dynamic viscosity (coefficient of ordinary viscosity) in
      the order of 5-50 poises, and
PA1  withdrawing the compound from said last-named evaporator and transporting
      it to said bearings.
NUM  3.
PAR  3. A method according to claim 1, including
PA1  determining the evaporator in said installation where the compound being
      treated exhibits an intrinsic viscosity in the order of 0.15 - 0.30, and
PA1  withdrawing said compound from the last-named point and transporting it to
      said bearings.
NUM  4.
PAR  4. A method according to claim 1, wherein
PA1  said bearings are mounted in the bottoms of said evaporators to be immersed
      in the polymeric compound which condenses in said evaporators and flows to
      the bottom thereof for discharge to the next-successive evaporator, and
      including transporting the compound, which is drawn from said selected
      evaporator in said installation, into said bearings at the bottom of said
      evaporators.
NUM  5.
PAR  5. Apparatus for lubricating the internal rotor bearings of a series of
      thin-layer evaporators of the type of which each has an input conduit and
      an output conduit, and said evaporators being connected in series as part
      of a continuous polymerization or condensation installation in which the
      output conduit of each evaporator in the series is connected to the input
      conduit of the next-successive evaporator downstream in the series
      thereof, the improvement comprising
PA1  means for withdrawing from the output conduit of one of said evaporators a
      portion of the polymeric compound which passes through said series of
      evaporators,
PA1  a plurality of supply conduits connecting each of the bearings in said
      evaporators to said withdrawing means, and
PA1  pump means connected to said supply conduits to pump to each of said
      bearings at least a portion of the compound withdrawn from the output
      conduit of said one evaporator,
PA1  said withdrawing means comprising a fitting connected at one end to the
      output conduit of said one evaporator, and means connecting the opposite
      end of said fitting to one of said supply conduits which is operatively
      connected through the remaining supply conduits to said bearings,
PA1  said pump means comprising a primary pump connected to said fitting for
      drawing part of said compound from the output conduit of said one
      evaporator and feeding same to said one supply conduit,
PA1  a plurality of metering pumps connected, respectively, between said one
      supply conduit and each of said bearings to supply part of the withdrawn
      compound to each bearing, and
PA1  recycling circuit means for returning excess compound to the input conduit
      of another one of said evaporators located downstream from the point where
      the compound enters said primary pump.
NUM  6.
PAR  6. Apparatus as defined in claim 5, wherein
PA1  said primary pump is connected to the output conduit of the first
      evaporator in said series thereof, and
PA1  said recycling circuit means is connected between the last evaporator in
      said series thereof, and the input conduit to the second evaporator in
      said series.
NUM  7.
PAR  7. Apparatus as defined in claim 5 including a jacket surrounding a
      substantial portion of said one supply conduit and being spaced therefrom
      so that a heating fluid may be circulated between said jacket and said one
      supply conduit to maintain the compound in said one supply conduit at a
      desired temperature.
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ABST
PAL  An elevator system with a carriage for moving a payload such as personnel
      or cargo traversely along a vertically lofty silo or other vertically
      elongated structural environment, the elevator system comprising a
      finite-length framework along which the vertically movable carriage
      through a guidable yoke slidably traverses and including at least one
      upright lugged-rail having laterally projecting horizontal lugs spaced at
      liberal-increments-intervals therealong. Confined to the carriage and
      wholly co-movable therewith is a crawling-propulsion assembly which
      includes a vertically elongated short-length tightenable annular-belt
      having regularly-spaced openings for removably securely engaging
      successive lug projections whereby the annular-belt linear leadward
      frontal-length suspendably supports and crawlably propels the loadable
      carriage along the framework upright lugged-rail. There is a
      dual-directional powering means such as, on the carriage, electrical motor
      and switch for selectively powering the annular belt in both directions
      for coincident directional movement of the carriage. In certain
      embodiments, detoothed sprockets are employable to drive the annular-belt.
BSUM
PAR  Suspended and vertically movable elevator carriages are intended to
      vertically traverse some finite-length lofty framework of a vertically
      elongated structural environment such as a lofty farm silo or other
      towering stationary structure. For most such elevator systems of the prior
      art, the carriage is both suspended and vertically motivated through
      propulsion means normally including a very lengthy component such as
      moving cables, extendible hydraulic pistons, pinion racks, etc., which
      component at least equals the framework finite-length. Such exceedingly
      lengthy propulsion means necessarily require very elaborate safety means
      to prevent the carriage from falling or being precariously disabled should
      mis-function of the propulsion means occur, require overlydesigned and
      elaborate powering means and transmission for vertically moving the
      carriage, and (in part contributed by the very lengthiness exceeding the
      framework finite-length) usually require very heavy capital expenditures.
      Especially prevalent are these and other problems of elevator propulsion
      means as applied to outdoor structural environments wherein the elevator
      system is utilized along the exposed sides of agricultural structures such
      as farm silos, construction sites, and similarly lofty stationary
      environments.
PAR  It is the general object of the present invention to provide elevator
      systems that are economical to build, install, operate, and maintain, and
      that can be utilized in several environmental situations and desirably
      (through not limited to) for the particular exigiencies encountered with
      lofty towering farm silos.
PAR  It is another general object of the present invention to provide an
      elevator system that is adapted to traverse along a finite-length lofty
      framework wherein the means for both suspending and propelling the
      carriage comprises unusually short length components which bear only a
      very minor ratio as compared to the carriage traversable finite-length.
PAR  It is a further object to provide an elevator system that can be
      manufactured in a form that is relatively easily assembled and erected by
      relatively unskilled or semi-skilled persons.
PAR  It is another object to provide an elevator system that is of reliable and
      safe operation, and particularly for outdoor structural environments, such
      as at construction sites, agricultural installations, warehouse loading
      areas, etc.
PAR  It is a further object to provide an elevator system having an unusually
      low ratio of mass as compared to payload weights manipulatable and
      handlable by its moving carriage.
PAR  With the above and other objects and advantages in view, which will become
      more apparent as this description proceeds, the novel elevator system
      concepts herein generally comprise: a lofty framework including a
      lugged-rail with a finite-length thereof traversable by a carriage and
      having a plurality of laterally projecting horizontal lugs spaced at
      liberal-intervals, a platformed carriage vertically guidably associated
      along the frame through a yoke means, a crawling-propulsion assembly
      including at least two vertically spaced-apart roller type members
      attached to the carriage and for a short-length annular belt therearound,
      driving means for the annular belt including a driver-sprocket of the
      radial teeth type, at least one radial tooth of the driver-sprocket being
      purposely deleted whenever employed in the direct pathway of lugged-rail
      projecting lugs, regularly-spaced openings for the driven annular-belt and
      securely removably engageable with the said projecting lugs thereby both
      suspending and propelling the carriage, dual-directional powering means
      for powerably driving the annular belt in both directions controllably,
      anti-slack tightener means for the annular belt, and safety-catch means
      biased against the annular belt to catch a projecting lug and prevent
      falling or precariousness of the carriage should the annular belt
      misfunction or break.
DRWD
PAR  In the drawing, wherein like characters refer to like parts in the several
      views, and in which:
PAR  FIG. 1 is a side elevational view of a representative embodiment elevator
      system of the present invention, shown in transversely offset and
      vertically movable relationship with a towering farm silo typical
      structural environment.
PAR  FIG. 2 is a sectional elevational view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional elevational view taken along lines 3--3 of FIGS. 1,
      4, and 5.
PAR  FIG. 4 is a sectional plan view taken along lines 4--4 of FIGS. 1, 2, and
      5.
PAR  FIG. 5 is a sectional elevational view taken along lines 5--5 of FIGS. 3
      and 4.
PAR  FIG. 3A is a sectional elevational view similar to FIG. 3, but devoid of
      the annular belt for clarity, to show an alternate type rollers system for
      supporting, driving, and tightening the annual belt.
PAR  FIG. 3B is a sectional elevational view similar to FIGS. 3 and 3A, and
      devoid of the annular belt, to show an alternate type rollers system for
      supporting, driving, and tightening the annular belt (not shown).
DETD
PAR  FIGS. 1 and 2 illustrate a typical stationary structural environment for
      the elevator system concepts of the present invention (herein as elevator
      system embodiment E) in transversely offset combination with a lofty farm
      silo structure S. Tubularly cylindrical conventional farm silo S comprises
      a bottom end R securely anchored at the earth's surface G and a towering
      annular top-end T.
PAR  As alluded to in the several figures of the accompanying drawing, the lofty
      elevator system framework (e.g., 10) is attached to and is transversely
      offset from the structural environment therefor (e.g. farm silo S) and
      having a vertically linearly extending carriage-traversable finite-length
      FL defined by at least one lugged-rail 15. Herein the framework embodiment
      10 has a regular lateral-width defined by two substantially parallel rails
      including a lug-free leftward rail 11 in addition to a lugged-rail 15.
      Rails 11 and 15 are attached (as by welding) at the silo top-end T with
      angular top brackets 10D and at the silo bottom-end R with bottom-brackets
      10C. Also, rails 11 and 15 are herein rigidly spaced apart in parallel
      relationship with laterally extending bracer bars including top bar 10B
      and bottom bar 10A which aptly define therebetween the herein lineal
      finite-length FL. Rail 15 along the finite-length distance FL thereof
      includes a finite-number plurality of horizontally projecting lugs 16
      spaced at liberal-increments-intervals (e.g. FS, FSS) between the lugs,
      herein as identical lugs 16 which project inwardly toward leftward rail
      11. The liberal-increments (FS, FSS) between lugs 16 bears an integral
      multiple of the annular-belt (e.g. 31) openings spacings dimensional value
      (rs) which multiple is preferably at least eight. The liberal-intervals
      are preferably regular FS. Thus, the projecting lugs 16 lugged-rail
      differs from a so-called conventional rack for combination with a
      conventional pinion.
PAR  There is a platformed carriage, indicated generally as 20, which is
      vertically movably associated along the framework 10 through an
      appropriate yoke means portion 27 that restrains the carriage in the
      transverse and lateral directions with respect to the upright framework.
      Herein, the linear parallel rails 11, 15 framework acts as a guide means
      for a collar-like yoke means 27 vertically slidable therealong, the yoke
      embodiment 27 comprising four inter-connected members slidably surrounding
      parallel rails 11 and 15 including two lateral horizontal bars 28 and two
      tranverse horizontal bars 29. Extending vertically rigidly uprightly from
      the carriage horizontal platform deck 21 and connected to yoke 27 is a
      transverse panel 22. There is a lateral panel 23 extending rigidly
      uprightly from carriage platform deck 21 and connected to (but of shorter
      height than) transverse panel 22. Platformed carriage 20 is desirably
      provided with an upright guard means 200 to ensure against a passenger
      from falling thereoff and including a closable door portion to permit
      passenger entrance to the platformed carriage. Herein, guard means
      embodiment 200 includes a curvilinear upright stationary reticulated main
      portion 201 extending rigidly upwardly of platform deck 21 and a
      curvilinear upright door portion 202 slidably associated therewith.
PAR  There is a crawling propulsion assembly, generally indicated as
      representative embodiment 30 thereof in FIGS. 3.5, for both suspending and
      vertically propelling (selectively "up" or "down") the carriage 20 along
      the lugged 16 vertical framework. As is seen, the entire weight of the
      crawling propulsion assembly 30 is carried by and is directly co-movable
      with the platformed carriage 20 and necessarily comprises a vertically
      elongated shortlength flexible annular-belt 31 having regular-spaced (rs)
      openings or apertures for successively removably securely engaging the
      lugged-rail lugs 16. Although flexible annular belts might include a
      multi-link metallic chain having conventional regular-spacing between
      identical open links, the annular belt embodiment 31 conveniently is of
      the simplified structurally continuous form of FIGS. 3-5 having apertured
      openings or holes 32 with regular-spacing rs therebetween. The number of
      regularly-spaced lugs-engaging openings 32 for flexible annular belt 31 is
      typically less than one hundred.
PAR  The shape of the annular belt is at least partially defined by at least two
      belt-surrounded roller type members which respectively surround generously
      vertically separated horizontal internal axes for the annular belt (e.g.
      shaft 24 as an upper axis, shaft 25 as a lower axis) which axes lie along
      a common vertical plane P. The term roller type members is sufficient to
      include conventional flanged pulleys (e.g., 34, 35) and also both
      conventional and modified sprockets (e.g., 36, 136) of the radial teeth
      type. It will be seen that the belt annular shape in FIGS. 3 and 3A is
      generally triangular and in FIG 3B is substantially oval. In the FIGS. 3
      and 3A embodiments shafts 24 and 25, which provide the upper axis and the
      lower axis along vertical plane P, are attached at fixed elevations to
      lateral panel 23. The annular belt includes a lineal
      leadward-frontal-length 33 extending in vertical elevation between said
      co-planar axes 24 and 25 and lying parallel alongside the lugged rail 15.
      The frontal-length 33 vertically exceeds the lugs' liberal-interval
      spacing and thereby simultaneously removably securely engages at least two
      laterally projecting lugs 16.
PAR  There is driving means for the short-length upright annular belt 31 and
      including a driver-sprocket (e.g. 36) of the radial teeth type. Thus, as
      the lugs-engaging annular belt 31 is controlled to move in the respective
      angular directions with respect to the co-planar axes (e.g. 24 and 25),
      the platformed carriage 20 is motivated in the "up" and "down" directions
      with respect to the lugged framework 10. There is necessarily anti-slack
      tightening means for the annular belt, which in the FIG. 3 embodiment
      comprises mounting the driver-sprocket onto an elongate pivotal arm 38
      with central shaft 39, elongate arm 38 being pivotably attached to lateral
      panel 23 with pivot pin 26. Thus, driver-sprocket 36 is spaced in
      elevation between axes 24 and 25 and is in laterally inwardly offset
      relationship with respect to vertical plane P. There are means for
      adjustably moving and stabilizing this third (e.g. laterally offset)
      roller type member (e.g. driver-sprocket 36) away from vertical plane P,
      as by adjusting screw 42 bearing against arm 38 and which screw 42 is
      threadedly engaged with an integral boss portion 41 of lateral panel 23.
      Thus, the driver-sprocket third roller member 36 is adjustably movable
      inwardly of vertical plane P to function as an anti-slack tightening
      means. Lateral panel 23 is providable with an upwardly extending arcuately
      slotted portion 23A through which adjustably movable shaft 39 horizontally
      passes.
PAR  There is dual-directional powering means for powerably rotating a
      driver-sprocket (e.g., 36, 136) controllably (e.g., switch S) in both
      angular directions thereby selectively "upwardly" and "downwardly"
      propelling the carriage 20 through the lugs-engaging annular-belt 31.
      Herein, the powering means includes an electric motor 45 mounted upon
      carriage platform deck 21 and which is dualdirectional e.g. motor shafted
      pulley 46 is capable of being selected (S) for rotation in both angular
      directions. Preferably, the voltage for electric motor 45 is supplied from
      earth-level G through an elongate flexible electrical cord 44 extendible
      along traversable finite-length FL. The angular direction of motor pulley
      46 and hence carriage "upward" or "downward" travel direction is
      determined by two-positions electric switch S mountable on transverse
      panel 22 and thereby manually accessible for control by a carriage
      passenger. However, the switch S might be stationarily located as at earth
      level G, if the carriage is to be devoted solely for cargo. Herein, the
      central shaft 39 (horizontally passing through lateral panel slot 23A)
      carries a pulley 47 which is made co-revolvable with electric motor
      powering means 45, through transmission belt 48.
PAR  Safety-catch means are employed to catch against a rail lug 16 to prevent
      the vertically movable carriage 20 from falling or other danger in the
      contingency of annular belt breakage or mis-function. In this vein, the
      safety-catch means is continuously biased against the annular belt. The
      safety-catch means herein illustrated comprises an L-shaped member 50
      pivotally attached with lateral pin 51 to the upper end of lateral panel
      23. There is a compression helical spring 53 connected to lateral panel
      finger 52 which biases depending member 50 to continuously ride against
      the operating annular belt 51.
PAR  In the alternate crawling propulsion systems of FIGS. 3A and 3B, the
      driver-sprocket surrounds lower axis 25, and hence, at co-elevation with
      motor shaft pulley 46 whereby the transmission-belt required in FIGS. 3A
      and 3B is horizontal and shorter than the upwardly laterally extending
      elongated transmission belt of FIG. 3. Nor is the FIG. 3 lateral panel
      slot 23A required for the FIGS. 3A and 3B embodiments. The shorter and
      horizontal transmission-belt and the very close proximity of the
      driver-sprocket to the rail lugs 16 for the FIGS. 3A and 3B embodiments
      provide a more affirmative and efficient driving and powering means
      combination. Because of the very close proximity of the driver-sprocket to
      the sequentially encountered lugs 16, at least one (but not exceeding a
      minor proportion) of the radial teeth for the driver-sprocket is purposely
      deleted therefrom. The deleted tooth or teeth is empirically selected to
      synchronizably coincide with the sequentially encountered lugs 16. This
      synchronization of a deleted tooth position 137 is shown relative to
      driver-sprocket 136 in FIGS. 3A and 3B. In the FIG. 3A embodiment, second
      and third type roller members utilized include a similarly detoothed 137
      idler-sprocket 136 surrounding co-planar (P) upper axis horizontal shaft
      24 and a flanged pulley 34 revolvably 39 secured to the adjustable pivotal
      arm 38. In the FIG. 3B embodiment, upper axis horizontal shaft 24 passes
      through adjustably positional pivotal arm 138 rather than through lateral
      panel 23.
PAR  From the foregoing, the construction and operation of the elevator system
      having co-moving short-length annular belt will be readily understood and
      further explanation is believed to be unnecessary. However, since numerous
      modifications and changes in the elevator system will readily occur to
      those skilled in the art, it is not desired to limit the invention to the
      exact constructions shown and described, and accordingly, all suitable
      modifications and equivalents may be resorted to, falling within the scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a towering farm silo and analogous vertically lofty
      stationary structural environment, an elevator system for traversing a
      finite-length distance along said structural environment and comprising:
PA1  A. a lofty framework attached to and transversely offset of the structural
      environment and having along a vertically linearly extending finite-length
      distance thereof a lateral width defined by a pair of substantially
      parallel upright rails, at least one of said upright framework rails being
      a lugged-rail having along a finite-length distance a finite-number
      plurality of identical horizontally laterally projecting lugs spaced at
      liberal-increments which represents an integral multiple of a
      regular-spacing dimensional value;
PA1  B. a platformed carriage vertically movably associated along the framework
      through a connected yoke means that restrains the carriage in the
      transverse and lateral horizontal directions with respect to said upright
      rails as a carriage guide means;
PA1  C. a crawling-propulsion suspension assembly for both suspending and
      vertically propelling the carriage with respect to the lofty framework,
      the entire weight of the crawling propulsion assembly being carried by and
      directly vertically co-movable with the platformed carriage and
      comprising:
PA2  i. A vertically elongated short-length annular belt having lugs-engageable
      openings spaced at a regular-spacing dimensional value therealong, the
      annular shape being at least partially defined by at least two roller type
      members respectively surrounding vertically separated horizontal internal
      axes which lie along a common vertical plane including an upper axis and a
      lower axis, the annular belt having a lineal frontal-length extending in
      vertical elevation between said co-planar axes and lying parallel
      alongside the lugged-rail and having a vertical length sufficiently to
      simultaneously removably engage at least two laterally projecting lugs;
PA2  ii. driving means for the short-length annular belt and including a
      driver-sprocket type roller member having teeth engaged with the
      short-length annular belt;
PA2  iii. anti-slack tightening means for the annular belt, and
PA2  iv. dual-directional powering means for powerably rotating said
      driver-sprocket and controllable in both angular directions thereby
      propelling the carriage through the carried annular belt selectively
      upwardly and downwardly along the lugged-rail; and
PA1  D. safety-catch means biased against the annular belt to catch against a
      lugged-rail lug in the contingency of annular belt mis-function.
NUM  2.
PAR  2. The combination of claim 1 wherein the finite-number lugs plurality are
      spaced at regular liberal-increments along and laterally inwardly project
      from the lugged-rail toward the other framework rail; wherein the
      liberal-intervals represents an integral multiple of at least eight with
      respect to the regular-spacing of lugs-engageable openings; and wherein
      the number of annular belt lugs engageable openings is less than 100.
NUM  3.
PAR  3. The combination of claim 2 wherein the driver-sprocket is spaced in
      elevation between the two horizontal axes of the annular belt and is
      inwardly laterally offset from the said common vertical plane.
NUM  4.
PAR  4. The combination of claim 1 wherein a roller type member surrounding one
      of the co-planar horizontal axes for the annular belt is a driver-sprocket
      having a central shaft, said driver-sprocket having at least one radial
      tooth purposely deleted whereby the driver-sprocket can pass by the
      lugged-rail projecting lugs.
NUM  5.
PAR  5. The combination of claim 4 wherein the second roller type member is a
      centrally shafted roller type member as an idler-sprocket surrounding the
      second of the co-planar horizontal axes whereby said annular-belt
      surrounds both sprocket type roller members, said second sprocket roller
      too having at least one empirically selected radial tooth purposely
      deleted therefrom whereby both the idler-sprocket and the driver-sprocket
      can pass by the lugged-rail projecting lugs.
NUM  6.
PAR  6. The combination of claim 5 wherein the finite-number lugs plurality
      laterally inwardly project from the lugged-rail, there being an inter-lugs
      liberal-interval representing an integral multiple of at least eight with
      respect to the annular belt lugs-engaging openings dimensional value;
      wherein the anti-slack tightener means comprises a third roller type
      member spaced in elevation between the two coplanar horizontal axes and is
      inwardly laterally offset from the said common vertical plane, the annular
      belt passing around the three roller type members and thereby having a
      generally triangular shape, the third roller type member being carried by
      an elongated pivotal arm which arm is adjustably movable and stabilizable
      with respect to the co-planar horizontal axes.
NUM  7.
PAR  7. The combination of claim 4 wherein the platformed carriage is provided
      with a rigidly upward lateral panel, the driver-sprocket cental shaft
      being attached at fixed elevation to said lateral panel, said lateral
      panel being provided with an upwardly extending slotted portion located
      laterally inwardly of said common vertical plane and the driver-sprocket
      central shaft; wherein the anti-slack tightener means comprises a third
      roller type member having a central horizontal shaft intersecting the
      lateral panel upright slot, together with means for adjustably moving and
      stabilizing the third roller type member away from said vertical plane,
      the annular belt passing around the three roller type members and thereby
      having a generally triangular shape; and wherein the dual-directional
      powering means includes a dual-directional electric motor attached to and
      vertically co-movable with the carriage, said electric motor being
      actuatably connected to the driver-sprocket, there being an "up" and
      "down" electric switch control means on the carriage maniplulatable by a
      passenger thereon.
NUM  8.
PAR  8. The combination of claim 1 wherein the platformed carriage is provided
      with an upright guard to prevent a riding passenger from falling off, the
      guard means beinng provided with a closable door portion for passenger
      entrance to the platformed carriage; and wherein the "up" and "down"
      directional control for the annular belt powering means is located at and
      co-movable with the platformed carriage for control by a passenger
      thereat.
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ABST
PAL  The brake, including a brake housing, is characterized by a housing having
      an inwardly extending flange forming a pressure chamber with an annular
      piston slidably positioned in the brake housing, and the annular piston
      and a secondary piston are operatively associated with opposed sides of
      the inwardly extending flange to form pressure chambers therewith for
      individual actions in the brake. Spring means operatively engage the
      secondary piston for moving the same into operative pressure braking
      position for fail safe braking operation. Air pressure is supplied to the
      two pressure chambers or cylinders for controlling brake release and
      braking action.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Heretofore there have been many different kinds of fail safe brake
      mechanism provided and where the brakes have spring actuated parking or
      fail safe brake pressures set up therein. Typical prior art patents in
      this brake field include U.S. Pat. Nos. 3,638,773; 3,730,301 and
      3,696,898.
PAR  In these prior braking structures, satisfactory results have been obtained
      in many instances. However, there is always a need for an improved,
      simplified braking assembly for pressure controlled braking actions and
      which will have fail safe characteristics but yet be provided by a
      mechanically uncomplicated, relatively inexpensive, sturdy braking
      structure.
PAR  The general object of the present invention is to provide a novel and
      improved fail safe type of a brake which is air actuated for normal
      braking action.
PAR  Another object of the invention is to provide an oil-sheer brake unit
      wherein primary and secondary pressure cylinders and pistons are provided
      and wherein braking pressure is normally produced by the primary pressure
      piston and the secondary piston and cylinder control the brake fail safe
      braking action.
PAR  Another object of the invention is to position a primary pressure piston
      and a secondary pressure piston in operative association with each other
      for independent braking action by the primary piston and for relative
      movement of the primary and secondary pistons.
PAR  Another object of the invention is to provide a mechanically sound,
      relatively uncomplicated brake which will provide good brake action over a
      long service life.
PAR  The foregoing and other objects and advantages of the invention will be
      made more apparent as the specification proceeds.
DRWD
PAR  Reference now is made to the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal vertical section through a brake embodying the
      principles of the invention; and
PAR  FIG. 2 is a fragmentary section taken on line 2--2 of FIG. 1.
PAR  When referring to corresponding members shown in the drawings and referred
      to in the specification, corresponding numerals are used to facilitate
      comparison therebetween.
DETD
PAC  SUBJECT MATTER OF THE INVENTION
PAR  The wheel braking apparatus includes a brake housing and is characterized
      by the housing having a radially inwardly extending flange means thereon,
      an annular piston slidably positioned in the brake housing and forming a
      pressure cylinder with the housing and the annular flange, a tubular hub
      for the associated wheel extending into the brake housing and being
      concentric to a tubular portion thereof, a stack of brake discs
      alternately keyed to the brake housing and to the hub by spline means, a
      secondary piston carried by the annular piston for axial movement
      therewith and with relation thereto, which secondary piston forms a
      secondary pressure chamber with the inwardly extending housing flange and
      associated means, spring means positioned between the housing and the
      secondary piston to urge such piston axially into operative engagement
      with the pressure discs, air pressure supply means connecting to both
      pressure cylinders to advance the annular piston and apply braking action
      and to the secondary chamber to retract the secondary piston against the
      force of said spring means.
PAR  Regarding the details of the structure shown in the drawings, a brake of
      the invention is indicated as a whole by the numeral 10. This brake 10 is
      designed for use with an axle drive shaft 12 suitably journalled in a
      removable lead tube 14a carried by an axle housing 14b. The drive axle 12
      is conventionally secured to a tubular hub 16 by an end plate 15. The hub
      16 is journalled on the lead tube 14a as by bearings 18. This hub has a
      radially directed flange 20 protruding outwardly therefrom and to which a
      wheel 22 is secured by bolts 24 in a conventional manner.
PAR  A brake housing 30 is secured to the axle housing 14b as by bolts 32
      extending through associated radially directed flanges formed on the brake
      housing and axle housing so that the brake housing is operatively
      positioned on and fixed to the axle housing immediately adjacent the
      wheel. The brake housing 30 includes an end wall 34, a tubular sleeve 36
      and an end or back up wall 38. These end walls 34 and 38 are secured to
      the sleeve 36 as by cap screws 40 or the like. The sleeve 36 has an
      internal ring or sleeve 42 suitably secured thereto or formed therewith
      and such internal ring 42 has a radially inwardly extending flange 44
      formed thereon intermediate its ends.
PAR  An annular piston 46 is slidably engaged with the flange 44 and such piston
      includes an axially extending sleeve section 48, a radially outwardly
      extending section 50 and an end pressure face or wall 52. A conventional
      O-ring seal 54 or other known means slidably seals the sleeve 48 to the
      radially inner end of the flange 44.
PAR  Two sets of brake discs 31a and 31b are operatively positioned within the
      brake housing 30 and alternate discs 31a are in splined engagement with
      axially extending lugs 56 secured to or formed on a radially inner portion
      of the sleeve 36. The discs 31b engage axially extending splines 58 formed
      on a radially outer portion of the tubular hub 16 for operatively
      positioning these brake discs between the stationary axle housing and the
      rotary hub to apply controlled braking action to the associated wheel.
PAR  Operative pressure is supplied to a pressure cylinder 60 formed between the
      primary annular piston 46 and the axle housing by an air pressure supply
      tube 62 connecting to a suitable fitting and passing pressure air through
      a bore 64 formed in the axle housing and connecting to such pressure
      cylinder 60. Normally the pressure supplied by the tube 62 is manually
      controlled, as by a brake pedal (not shown) actuating a hydraulic pressure
      or air low pressure brake system. A secondary pressure cylinder or chamber
      66 is provided within the axle housing on the opposite axial face of the
      flange 44 and such second cylinder has a secondary annular piston 68
      operatively positioned therein. Such piston is slidably supported on the
      sleeve 48 and sealed in relation thereto by a seal 70. It is in sealed
      engagement with an inner wall of the housing section or sleeve 48 by a
      seal 72. This secondary piston 68 has a radially inwardly extending
      shoulder or flange 74 formed thereon that can engage the end of the sleeve
      48 of the piston 46 remote from the stack of brake discs 31a and 31b.
      Operative pressures are applied to the secondary piston 68 by springs 76
      positioned in equally spaced circumferential relationship around the brake
      housing and operatively compressed between the secondary piston 68 and the
      end wall 34 of the housing. Thus, when no pressure is set up in the
      secondary cylinder 66, the springs 76 urge the secondary piston 68 to
      engage its flange 74 with the primary annular piston 46 and move it into
      compressive engagement with the stack of brake discs 31a and 31b for
      applying static, parking or dynamic emergency or "fail safe" braking
      pressures regardless of the pressure supplied to the chamber 60 of the
      brake. When it is desired to release the brake, pressure release fluid is
      supplied to the secondary cylinder 66 by a pressure supply tube 82 that
      connects to a suitable control source of pressure, normally air, for
      forcing the secondary piston 68 axially away from the brake disc stack and
      compressing the springs 76 to release the brake and permit controlled
      braking action through pressure supplied by the tube 62 to the chamber 60.
PAR  Preferably the braking action is obtained by an oil shear action set up
      within the stack of brake discs. Thus, a suitable oil supply tube 84
      connects to the brake housing 30 and such tube may connect to or be a part
      of the pressure lubricant system of the vehicle or other supply system
      with which the brake means is associated for continuous supply of oil to
      the brake housing. Such oil flows into the brake housing under suitable
      pressure and it flows within a guide sleeve 86 that is suitably positioned
      in the brake housing 30. The oil will flow through circumferentially
      spaced axially extending bores 88 formed in the wheel hub 16 and then out
      through axially extending recesses 90 provided in the periphery of the hub
      16 and connecting to the bores 88. Oil thus flows out, under the
      relatively low oil lubricant pressure provided in the engine, intermediate
      the stack of brake discs 31 whereby the brake discs need not be forced
      into full operative pressure engagement but which provide a braking action
      by an oil shear action through the films of oil between adjacent brake
      discs as compressed together. At the radially outer ends of the brake
      discs, oil will flow through axially extending openings 92 in the brake
      housing and through bores 94 formed in the sleeve 42. The oil then is
      discharged through a discharge 96 connecting to the brake housing and
      leading back to the lubricating system of the engine on the vehicle, or to
      the supply source used.
PAR  Axial adjustment of the springs 76 can be provided as by individual end
      caps engaging the springs and secured to the end wall 34. The springs
      would extend through holes in the end wall 34 and seat against the end
      caps.
PAR  Obviously, in use, if desired, braking action can be provided by
      combination of the forces set up by the springs 76 and by pressure
      provided in the chamber 60 from the tube 62 if no pressure is provided in
      the chamber 66 to remove the forces created by the springs 76 from the
      brake system.
PAR  The brake 10 can have any suitable anti-skid means associated therewith.
      Thus, a slotted ring 97 is secured to the hub 16 and extends inwardly
      therefrom immediately adjacent the end of a speed sensor device 98. Such
      device 98 is positioned on the axle housing 14b and transmits signals by
      wires 99 to a remote conventional brake control means for anti-skid
      action.
PAR  From the foregoing, it is believed that a novel and improved brake action
      has been obtained. Simplified but positive acting brake means is supplied
      by the present invention and the objects thereof are submitted to be
      achieved.
PAR  While one complete embodiment of the invention has been disclosed herein,
      it will be appreciated that modification of this particular embodiment of
      the invention may be resorted to without departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a wheel braking apparatus including a drive axle, an axle housing, a
      wheel journalled on said housing, and a brake housing characterized by
PA1  an annular piston slidably positioned in said brake housing and forming a
      first pressure cylinder with said housing,
PA1  said wheel having a tubular hub extending into said brake housing and being
      concentric to a tubular portion thereof,
PA1  a stack of brake discs alternately keyed to said brake housing and to said
      hub by spline means,
PA1  a second piston operatively carried by said annular piston for limited
      axial movement therewith and in relation thereto, said pistons having
      axially aligned portions and pressure chambers, said annular piston being
      positioned for operatively engaging an end of said stack of brake discs to
      apply compressive pressure thereto,
PA1  said brake housing having an inwardly extending flange thereon positioned
      between axially aligned portions of said pistons and forming a wall of
      both of said pressure chambers, and said annular piston having an axially
      extending tubular section thereon extending away from said brake discs and
      being in sealed sliding engagement with said flange,
PA1  said second piston being slidably mounted on said tubular section, said
      second piston having a radially inwardly extending shoulder for engaging
      the end of said tubular section of said annular piston to force it towards
      said brake discs when said second piston is moved in that direction, said
      annular piston being independently movable towards said brake discs,
PA1  spring means positioned between said housing and said second piston to urge
      said second piston axially to move it and said annular piston into
      operative engagement with said brake discs,
PA1  fluid pressure supply means connecting to said first pressure cylinder to
      advance said annular piston and compress said stack of discs,
PA1  said housing, housing flange and said tubular section forming said second
      pressure cylinder,
PA1  said second piston being positioned in said second pressure cylinder, and
PA1  fluid pressure means connecting to said second pressure cylinder to move
      said second piston away from said brake discs against the force of said
      spring means whereby braking pressure can be provided solely from said
      first pressure cylinder.
NUM  2.
PAR  2. In a wheel braking apparatus as in claim 1 where said annular and second
      pistons and said tubular section of said annular piston are of a size and
      are operatively correlated to said brake discs so that brake pressure can
      be applied by said spring means when no fluid pressure is supplied to said
      cylinders.
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ABST
PAL  A disc brake having a spring for mechanical actuation of the brake and a
      fluid pressure system for releasing and maintaining the brake in the
      released condition. Upon failure of the fluid pressure system, the brake
      is automatically actuated by the spring. Interposed between a friction
      member and a supporting body of the brake is a slant coil spring having an
      axis extending in a direction generally parallel to the disc surface. The
      coils are inclined at an angle with respect to the axis of the spring and
      the opposing edges of each of the coils are in engagement with the
      supporting body and the friction member to provide a substantially
      constant braking force over a range of braking positions with a spring
      requiring a minimum of space.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to disc type brakes and particularly to fail-safe
      disc brakes in which mechanical actuation of the brake friction elements
      is provided by a spring or other mechanical energy storing apparatus.
      Release of the brake is provided by hydraulic or air pressure for moving
      the brake friction elements out of braking engagement and holding them in
      the released or off position. In the event of air of hydraulic pressure
      failure, mechanical actuation of the brake will take place automatically.
PAR  Brakes of this type have utilized relatively long compression springs with
      relatively large diameters to produce the necessary braking forces. This
      has resulted in a brake requiring greater space than is desirable for
      brake installations.
PAR  The space required is substantially greater for brakes where high braking
      forces or high torque are desired because they require either an increased
      number of springs, a series of stacked rotor and stator elements or a
      large friction radius or brake diameter. This increased need for space has
      also increased the cost of the brake.
PAR  The high force compression springs used with these brakes have high spring
      rates and require frequent adjustments with small amounts of lining wear
      because of the limited travel of the springs. This limitation and the
      others set forth above have restricted the torque forces which can be
      economically handled by fail-safe disc brakes.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention a fail-safe disc brake is provided with a
      spring and brake design which produces high forces in a relatively small
      space. The brake is also capable of developing a predetermined minimum
      torque during the entire lining life without requiring adjustment of the
      brake. Mechanical actuation of the brake is provided by a slant coil
      spring interposed between the supporting body or housing and one or more
      friction members. The coils extend around a spring axis which is in a
      plane generally parallel to the surface of the rotating brake disc and the
      opposing edges of the coils are in engagement with a friction member and
      the brake housing. The spring may be annular and extend around a centrally
      located hydraulic piston and cylinder assembly interposed between the
      housing and a centrally located reaction plate connected by tie bolts to
      the friction member. The tie bolts may be used to release the brake after
      hydraulic failure. A floating disc and friction member in combination with
      the slant spring construction automatically compensate for the lining
      wear. With this design torque limitations are not imposed because the
      space requirements for springs acting on stacked rotor and stator elements
      with a large friction radius or brake diameter have been substantially
      reduced or eliminated.
PAR  The accompanying drawings show one preferred form of fail-safe disc brake
      made in accordance with and embodying this invention and is representative
      of how this invention may be practiced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation of a disc brake assembly showing the end through
      which the drive shaft passes, with parts being broken away.
PAR  FIG. 2 is a cross sectional view taken along the plane of line 2--2 of FIG.
      1.
PAR  FIG. 3 is a cross sectional view taken along the plane of line 3--3 of FIG.
      2 with parts being broken away.
DETD
PAC  DETAILED DESCRIPTION
PAR  A fail-safe disc brake 10 is shown in FIGS. 1, 2 and 3 and is of a type
      used for a crane, hoist, vehicle drive shaft or other application in which
      the brake needs to be automatically applied if there is a control system
      failure. The brake 10 has a supporting body or housing 11 which may be
      made in two parts with a front housing member 12 fastened to a rear
      housing member 13 by screws 14 extending through holes 15 in the rear
      housing member and threaded into holes 16 in the front housing member.
PAR  The front housing member 12 has radially extending ears 17 with holes 18
      spaced at suitable positions around the housing for receiving fasteners
      (not shown) to fixedly mount the housing 11 against turning.
PAR  A rotatable shaft 19 extends through annular bushings 20, 21 mounted in an
      opening 22 in the front housing member 12 and has a radially extending
      flange 23 mounted at the end thereof. The flange 23 has splines 24
      extending axially of the shaft 19 for slidable engagement with grooves 25
      of a floating disc 26 extending radially outward from the flange 23. The
      disc 26 is interposed between a friction surface 27 on the front housing
      member 12 and a friction surface 28 on an annular friction member such as
      floating shoe 29. Friction linings 32 and 33 of suitable friction material
      may be adhered to the disc 26 by a suitable adhesive for engagement with
      the friction surface 27 of the front housing member 12 and the friction
      surface 28 of floating shoe 29.
PAR  An annular slant coil spring 34 is interposed between the floating shoe 29
      and the rear housing member 13 for resiliently moving the floating shoe 29
      to the left as shown in FIG. 2. This movement urges the friction surface
      28 of the shoe 29 into braking engagement with the friction lining 33 of
      the floating disc 26. It also urges the disc 26 to the left, as shown in
      FIG. 2, moving the lining 33 into frictional engagement with the friction
      surface 27 of the front housing member 12. The axis X of the spring 34
      preferably lies in a plane A--A which is generally parallel to the surface
      of the floating disc 26. Opposite edges 35 and 36 of each of the coils of
      the slant coil spring 34 engage seats in the shoe 29 and rear housing
      member 13, respectively.
PAR  The floating shoe 29 is supported by circumferentially spaced-apart tie
      bolts 39 extending through holes 40 in the rear housing member 13 and
      holes 41 in a floating reaction plate 44. The tie bolts 39 are in threaded
      engagement with holes 45 in the floating shoe 29. The reaction plate 44 is
      movable to the right, as shown in FIG. 2, by fluid pressure means such as
      a centrally located piston and cylinder assembly 46. A piston 47 of the
      piston and cylinder assembly 46 is slidably mounted in a cylinder 48 in
      the rear housing member 13 providing a fluid chamber 49. A seal 50 is
      mounted in a groove 51 in the wall of the cylinder 48 for sealing
      engagement with the piston 47. The fluid chamber 49 may contain hydraulic
      fluid 52 under pressure to actuate the piston 47. The hydraulic fluid 52
      may be communicated to the fluid chamber 49 through an inlet 53 in the
      cylinder 48 which is connected to a suitable source of hydraulic pressure
      fluid such as a hydraulic pump by a tube 54 extending from the inlet 53
      through the rear housing member 13 and through a protective shield 55. The
      shield 55 when needed may extend over the reaction plate 44 and be
      fastened to the rear housing member 13 by screws 56.
PAR  As shown in FIGS. 2 and 3, the slant coil spring 34 is a round wire spring
      coiled in such a manner that its coils are all slanted at a predetermined
      angle resembling a conventional helically coiled spring that has been
      partially flattened at its sides. The slant coil spring 34 is then formed
      into a ring or annulus and the ends of the wire are welded. As shown in
      dot-dash lines in FIG. 2, energy is stored in the spring 34 by applying a
      load in a direction B--B normal to the plane A--A of the ring. As this
      load is applied, each coil continues to flatten until contact is made with
      the adjacent coil. By proper selection of parameters a nearly constant
      load can be obtained through part of the total deflection. Also, extremely
      high forces are obtainable in a very small space as compared to
      conventional compression springs. This is especially desirable for
      fail-safe disc brakes of this type where high torque values are desired
      without adjustment for wear of the linings 32 and 33.
PAR  In assembly of the brake 10, the slant coil spring 34 is compressed between
      the rear housing member 13 and floating shoe 29 by threading the screws 14
      into the holes 16 in the front housing member 12. This initial compression
      provides the necessary force to urge the friction surface 28 of the shoe
      29 into frictional engagement with the friction lining 33. The floating
      disc 26 is moved to the left, as shown in FIG. 2, and the friction lining
      32 is urged against the friction surface 27 on the front housing member 12
      providing the necessary braking engagement to stop the rotation of the
      shaft 19 relative to the housing 11.
PAR  Release of the brake is provided by introducing fluid pressure into the
      fluid chamber 49 of cylinder 48 causing the piston 47 to move to the
      right, as shown in FIG. 2, uring the reaction plate 44 to the right and
      pulling the floating shoe 29 away from the disc 26 through tie bolts 39
      and thereby further compressing the slant coil spring 34.
PAR  In the event there is a control system failure and the hydraulic pressure
      is released, piston 47 will no longer hold the floating shoe 29 away from
      the disc 26 and the slant coil spring 34 will urge the shoe 29 to the
      left, as shown in FIG. 2, providing actuation of the brake.
PAR  Release of the brake after power failure may be obtained by removing the
      shield 55 and tightening the tie bolts 39 which will again compress the
      spring 34 and pull the floating shoe 29 to the right, as shown in FIG. 2,
      out of engagement with the friction lining 33 of the disc and permit
      release of the friction lining 32 from the friction surface 27 of the
      front housing member 12.
PAR  As the friction linings 32 and 33 wear, the coil spring 34 will be required
      to move the floating shoe 29 a greater distance to the left, as shown in
      FIG. 2, and with this type of spring a nearly constant pressure against
      the floating shoe can be obtained for braking as the disc 26 is moved from
      the braking position, shown in FIG. 2, to a braking position to the left
      due to the wear of the friction linings.
PAR  In the embodiment shown, the coil spring 34 extends 360.degree. around the
      piston and cylinder assembly 46; however, a segmental construction in
      which the coil spring is in segments extending over angles of less than
      360.degree. may be desirable in certain applications. Hydraulic fluid
      pressure means have been used in the embodiment shown and described;
      however, other fluids may be used such as air. The present invention may
      also be applied to other types of brakes such as the floating caliper
      brake. It is understood that this invention may be utilized in a multiple
      rotor-stator brake where the discs may be of a floating type. The front
      housing 12 may be part of the structure of a vehicle on which the brake is
      mounted and the shaft 19 could extend through the housing 11 as well as
      the housing 12 with bearings or bushings in housing 12. In such a case,
      the piston 47 and cylinder 48 could be of an annular design or a series of
      piston-cylinder assemblies could be provided around the shaft 19. It is
      also contemplated that alternative apparatus such as links of keyways
      could be provided to allow for relative slidable engagement of the shaft
      19 and disc 26.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fail-safe disc brake comprising a supporting body, a disc mounted for
      rotation relative to said supporting body, a friction member disposed
      between said supporting body and said disc, fluid pressure means
      connecting said supporting body and said friction member for moving said
      friction member in a direction away from said disc, spring means
      interposed between said supporting body and said friction member for
      moving said friction member of said disc, said spring means including a
      slant coil spring having coils extending around a spring axis in a plane
      generally parallel to said surface of said disc whereby opposite edges of
      each of said coils are urged apart for moving said friction member towards
      said disc.
NUM  2.
PAR  2. A fail-safe disc brake in accordance with claim 1 wherein said slant
      coil spring is annular for exerting a braking force on said surface of
      said disc throughout the circumferential extent of said surface.
NUM  3.
PAR  3. A fail-safe disc brake in accordance with claim 1 wherein said fluid
      pressure means further comprises a piston and cylinder assembly.
NUM  4.
PAR  4. A fail-safe disc brake in accordance with claim 3 wherein said piston
      and cylinder assembly has a piston connected to said friction member by a
      reaction plate mounted on said piston and tie bolts extending between said
      reaction plate and said friction member.
NUM  5.
PAR  5. A fail-safe disc brake in accordance with claim 2 wherein said fluid
      pressure means further comprises a centrally located piston and cylinder
      assembly with said slant coil spring extending generally around said
      assembly, said piston and cylinder assembly having a piston connected to a
      centrally located reaction plate and tie bolts connecting said reaction
      plate and said friction member for transmitting brake releasing forces to
      said friction member from said piston-cylinder assembly.
NUM  6.
PAR  6. A fail-safe disc brake comprising a supporting body, a disc mounted for
      rotation relative to said supporting body having a first side and a second
      side for frictional braking engagement, a friction member located on said
      first side of said disc between said supporting body and said disc and
      having a surface movable into and out of braking engagement with said
      disc, and disc being mounted for axial movement relative to said
      supporting body, a supporting body friction surface located on said second
      side of said disc for engagement by said disc, fluid pressure means
      connecting said supporting body and said friction member for moving said
      friction member in a direction away from said disc, spring means
      interposed between said supporting body and said friction member for
      moving said surface of said friction member toward said disc into braking
      engagement with said first side of said disc and simultaneously moving
      said second side of said disc into braking engagement with said supporting
      body friction surface, said spring means including a slant coil spring
      having coils extending around a spring axis disposed in a plane generally
      parallel to the surface of said disc whereby opposite edges of each of
      said coils are in engagement with said supporting body and said friction
      member.
NUM  7.
PAR  7. A fail-safe disc brake in accordance with claim 6 wherein said slant
      coil spring is annular and engages said supporting body and said friction
      member at circumferentially continuous positions.
NUM  8.
PAR  8. A fail-safe disc brake in accordance with claim 7 wherein said fluid
      pressure means further comprises a centrally located piston and cylinder
      assembly with said spring extending around said assembly, said piston and
      cylinder assembly having a piston connected to a centrally located
      reaction plate, said reaction plate being movable relative to said
      supporting body and tie bolts extending between said reaction plate and
      said friction member for transmitting brake releasing forces from said
      reaction plate to said friction member to move said friction member away
      from said disc and permit said disc to move away from said supporting body
      friction surface.
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ABST
PAL  A plurality of recesses are formed in the bottom of a suitcase in spaced
      relation with each other. A plurality of mounting devices are provided,
      each movably mounted in a corresponding one of the recesses. Each of a
      plurality of wheels is rotatably mounted on a corresponding one of the
      mounting devices. A control system in the suitcase selectively controls
      the movement of the mounting devices in the recesses in a manner whereby
      the wheels are spaced from the bottom of the suitcase for supporting the
      suitcase in one position and are retracted into the recesses in another
      position.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a suitcase device. More particularly, the
      invention relates to a suitcase device for a suitcase having a top and a
      bottom.
PAR  Objects of the invention are to provide a suitcase device of simple
      structure, which is inexpensive in manufacture and functions efficiently,
      effectively and reliably to considerably enhance the comfort of a user by
      providing wheels for rolling the suitcase on a supporting surface whenever
      desired by the user, and retracting such wheels when the suitcase is used
      in the usual manner.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a side view of an embodiment of the suitcase device of the
      invention in extended condition;
PAR  FIG. 2 is a view, partly in section, on an enlarged scale, of part of the
      control system of the suitcase device of the invention;
PAR  FIG. 3 is a view, partly in section, on an enlarged scale, of the handle of
      the suitcase device of the invention; and
PAR  FIG. 4 is a circuit diagram of the suitcase device of the invention.
DETD
PAR  The suitcase device of the invention is for a suitcase having a top 1 and a
      bottom 2 (FIG. 1).
PAR  The suitcase device of the invention comprises a plurality of recesses 3, 4
      (FIG. 1), 5 and 6 (not shown in the FIGS.) formed in the bottom 2 of a
      suitcase in spaced relation with each other.
PAR  A plurality of mounting devices 7, 8 (FIG. 1), 9 and 10 (not shown in the
      FIGS.) are provided. The mounting device 7 is mounted in the recess 3
      (FIG. 1). The mounting device 8 is mounted in the recess 4 (FIGS. 1 and
      2). The mounting device 9 is mounted in the recess 5 (not shown in the
      FIGS.). The mounting device 10 is mounted in the recess 6 (not shown in
      the FIGS.).
PAR  A wheel 11 is rotatably mounted on the mounting device 7 (FIG. 1). A wheel
      12 is rotatably mounted on the mounting device 8 (FIGS. 1 and 2). A wheel
      13 is rotatably mounted on the mounting device 9 (not shown in the FIGS.).
      A wheel 14 is rotatably mounted on the mounting device 10 (not shown in
      the FIGS.).
PAR  An additional recess 15 is formed in the bottom 2 of the suitcase and an
      umbrella 16 is stored therein (FIG. 1).
PAR  A control system in the suitcase selectively controls the movement of the
      mounting devices 7, 8, 9 and 10 in the recesses 3, 4, 5 and 6,
      respectively, in a manner whereby the wheels 11, 12, 13 and 14 are spaced
      from the bottom 2 of the suitcase for supporting said suitcase in one
      position, shown in FIGS. 1 and 2, and are retracted into the recesses in
      another position, shown by broken lines in FIGS. 1 and 2.
PAR  The control system comprises a source of electrical energy 17 of any
      suitable type such as, for example, any desired type of battery or
      batteries, as shown in FIG. 4. A switch 18 (FIGS. 1 and 4) is mounted at a
      telescopic handle 19 (FIGS. 1 and 3) extending from the top 1 of the
      suitcase. The telescopic handle 19 permits the adjustment of the handle to
      enable people of different heights to carry or roll the suitcase with
      comfort and facility. The handle 19 may thus be close to the top 1 of the
      suitcase, as shown by solid lines in FIG. 1 and by broken lines in FIG. 3,
      or may be adjusted to a position farther from the top of the suitcase, as
      shown by broken lines in FIG. 1 and solid lines in FIG. 3.
PAR  The control system further comprises a plurality of electromagnets 20, 21,
      22 and 23 (FIG. 4). The electromagnet 20 is in operative proximity with
      the mounting device 7. The electromagnet 21 is in operative proximity with
      the mounting device 8 (FIG. 2). The electromagnet 22 is in operative
      proximity with the mounting device 9. The electromagnet 23 is in operative
      proximity with the mounting device 10.
PAR  An electrical circuit 24, 25, 26, 27, 28, 29, 30, 31, 32 electrically
      connects the source of electrical energy 17, plurality of electromagnets
      20, 21, 22 and 23 and the switch 18 in circuit, as shown in FIG. 4. Thus,
      when the switch 18, which is preferably a push-button, is closed, the
      wheels 11, 12, 13 and 14 are retracted, and when said switch is open, said
      wheels are extended on their mounting devices and the suitcase may be
      rolled on a supporting surface.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A suitcase device for a suitcase having a top and a bottom, said
      suitcase device comprising
PA1  a plurality of recesses formed in the bottom of a suitcase in spaced
      relation with each other;
PA1  a plurality of mounting means each movably mounted in a corresponding one
      of the recesses;
PA1  a plurality of wheels each rotatably mounted on a corresponding one of the
      mounting means; and
PA1  control means in the suitcase for selectively controlling the movement of
      the mounting means in the recesses in a manner whereby the wheels are
      spaced from the bottom of the suitcase for supporting said suitcase in one
      position and are retracted into the recesses in another position, said
      control means comprises a source of electrical energy, a switch mounted at
      the handle, a plurality of electromagnets each in operative proximity with
      a corresponding one of the mounting means and circuit means electrically
      connecting the source of electrical energy, plurality of electromagnets
      and switch in circuit.
NUM  2.
PAR  2. A suitcase device as claimed in claim 1, further comprising a telescopic
      handle extending from the top of the suitcase.
NUM  3.
PAR  3. A suitcase device as claimed in claim 2, further comprising an
      additional recess formed in the bottom of the suitcase and an umbrella
      stored therein.
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ABST
PAL  A clutch assembly is located in the bore of a flywheel for drivingly
      connecting a coaxially located shaft. The assembly is comprised of a first
      series of discs mounted for rotation with the shaft, and a second series
      of interleaved plates supported for rotation with the flywheel. The
      flywheel is connected to the drive shaft in response to displacement of an
      actuating means which compressively engages the discs and plates. A
      separate brake assembly is provided which can be located at either axial
      end of the shaft, and in one form of the invention, hydraulic fluid is
      circulated through each of the clutch and brake assemblies from a common
      source.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to clutching devices and, more
      particularly, to a new and improved oil cooled clutch assembly adapted
      particularly, although not necessarily, for use in operative association
      with punch presses and the like.
PAR  It is accordingly a general object of the present invention to provide a
      new and improved clutch assembly.
PAR  It is a more particular object of the present invention to provide a new
      and improved clutch-brake unit that is extremely small or compact in size
      to facilitate installation in the bore of a flywheel.
PAR  It is another object of the present invention to provide a new and improved
      clutch assembly that utilizes a plurality of oil submerged, torque
      transmitting friction discs which will exhibit a minimal amount of wear by
      virtue of the fact that the torque transmitting function is achieved by
      the shearing of oil interjacent the discs.
PAR  It is still another object of the present invention to provide a new and
      improved clutch assembly of the above character that can be operated at
      high speeds and at high cyclic rates as a result of a low drive inertia
      and an effective oil cooling medium.
PAR  It is a further object of the present invention to provide a clutch
      assembly disposed coaxially relative to a shaft means and which is
      compatible for operation and assembly with a separate brake assembly.
PAR  It is yet another object of the present invention to provide a clutch
      assembly of the above described type that features an axially movable,
      spring loaded cylinder or enclosure defining first and second working
      chambers on opposite sides of an axially immovable partition whereby the
      force applied by the springs can be assisted by introducing a pressurized
      fluid in one of the working chambers.
PAR  It is another object of the present invention to provide a new and improved
      clutch assembly that will find universality of application.
PAR  Further important objects of the present invention are to provide a new and
      improved clutch assembly which is simple in design, economical to produce
      and operate, extremely rugged and maintenance-free during operation, and
      wherein the input flywheel and output shaft thereof are readily adapted
      for mounting to any associated machine, gears, sheaves, couplings, etc.
PAR  It is yet a further object of the present invention to provide a new and
      improved clutch assembly that is adapted to be mounted directly within the
      hub of a rotating member, such as for example, a rotatable flywheel or the
      like.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevational view of an upper crown section of
      an exemplary machine or press with which the clutch assembly of the
      present invention may be operatively associated, and including a separate
      brake assembly located axially adjacent to the clutch assembly;
PAR  FIG. 2 is a fragmentary side elevational view of an upper crown section of
      another exemplary machine or press with which the clutch assembly of the
      present invention may be operatively associated and including a separate
      brake assembly located at an opposite axial end of a driven shaft relative
      to the clutch assembly.
PAR  FIG. 3 is a longitudinal side half sectional view of the clutch assembly
      illustrated in FIG. 1 in accordance with a first preferred embodiment of
      the subject invention; and
PAR  FIG. 4 is a longitudinal side half sectional view of the clutch assembly
      illustrated in FIG. 2 in accordance with a first preferred embodiment of
      the subject invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Generally speaking, the clutch assembly of the present invention is adapted
      to find particularly useful application in connection with a flywheel or a
      similar rotatable member of a metal forming, or metal drawing, stamping
      press or the like. Although the present invention will find varied use in
      many other types of applications, due to the especially useful application
      of the present invention with a typical rotary flywheel, the present
      invention is shown and described, by way of example, in operative
      association therewith.
PAR  With reference now to FIG. 1 of the drawings, an exemplary clutch unit 10
      in accordance with a first preferred form of the subject invention is
      disposed in the bore of a flywheel 12. The flywheel 12 is drivingly
      connected to a source of motive power such as an electric motor (not
      shown) and the torque transmitted therefrom is transferred to a drive
      shaft 14 in response to selective actuation of the unit 10. The clutch
      unit 10, flywheel 12, and drive shaft 14 are rotatably supported in a
      crown section 16 of a machine or press 18. In this regard it will be seen
      that the press 18 includes a pair of upwardly extending column portions 20
      and 22, each having a laterally extending mounting flange 24 and 26,
      respectively. The left end of the drive shaft 14 is located in a
      anti-friction bearing means 28 carried by a suitable pillow block 30. The
      pillow block 30 has a complementary flange section 32 which is connected
      to the flange 24 by a plurality of suitable screws, bolts, or the like 34.
      Correspondingly, the right end of the clutch unit 10, flywheel 12 and
      drive shaft 14 is rotatably supported by an adapter ring 36, the ring 36
      having a complementary flange 38 connected to the flange 26 by suitable
      bolts, screws, or the like 40. As shall hereinafter be described in
      detail, the ring 36 also functions to support a brake unit 42, the latter
      being utilized to preclude rotation of the drive shaft 14 and the rotary
      elements of the press 18 connected thereto. In this regard and by way of
      illustration, the rotary elements may include an intermediate or main gear
      44 of the drive train of the press 18 which is drivingly connected to the
      shaft 14 via a pinion gear 46.
PAR  Referring now to the drawings and in particular to FIG. 3, a clutch unit 10
      in accordance with the present invention is shown generally as comprising
      an internal cavity or fluid reservoir 48 located between an outer
      peripheral surface of the shaft and an inner peripheral surface of a bore
      50 of the flywheel 12, and axially between adjacent marginal surfaces of
      first and second axially spaced end housing members 52 and 54. The member
      52 carries a plurality of radially extending ribs or fins 56 which
      function as a fan means for circulating air across the outer marginal
      surface of the member 52 whereby to dissipate heat from the reservoir 48
      as shall hereinafter be more fully described. The member 52 is provided
      with an outwardly extending radial flange 58 which is adapted to be
      connected to the flywheel 12 via a plurality of suitable bolts, screws or
      the like 60. The member 52 also includes an axially extending shoulder
      section 62 which inwardly engages the bore 50 of the flywheel 12 and
      carries an O-ring 64 which provides a fluid tight seal therebetween. A
      plurality of integral circumferentially spaced lugs 66 project inwardly
      and to the right as viewed in FIG. 3 from an inner surface of the member
      52, and form a spider formation adapted to slidably support a plurality of
      axially spaced clutch plates 68 which shall hereinafter be more
      particularly described. The inward radial end of the member 52 has an
      axially extending, annular shaped flange 70 having a central opening which
      defines a circumferentially extending shoulder 72. The shoulder 72
      supports the outer race of an anti-friction bearing assembly 74 which is
      adapted to rotatably support an adjacent end of the flywheel 12 for rotary
      movement relative to the drive shaft 14. The assembly 74 is fixedly
      secured by a retainer ring 76 having an annular shaped section 78 which
      engages the shoulder 72 and bears against the outer radial surface of the
      race of the assembly 74. The ring 76 is connected to the member 52 by a
      plurality of circumferentially spaced bolts, screws, or the like 80 and is
      fluidly sealed relative to the member 52 via an O-ring sealing means 82.
      The retainer ring 76 also supports an annular lip seal 84 carried in a
      shoulder 86 formed in the central opening thereof and cooperating with an
      outer peripheral surface of a shaft retaining sleeve 88. The sleeve 88 is
      fixedly connected to the drive shaft 14, and preferably carries an O-ring
      sealing means 90, the latter providing a fluid tight seal between the
      outer peripheral surface of the shaft 14 and the inner peripheral surface
      of the sleeve 88.
PAR  The second end housing member 54 also includes a plurality of radially
      extending fins or ribs 92 also adapted for heat dissipation, and is
      sealingly connected to the flywheel 12 via an O-ring sealing means 94, and
      a plurality of circumferentially spaced fastener means 96. The O-ring 94
      is carried in a groove of an axially extending projection 98 having an
      outside diameter adapted to be snugly received in a counterbore 100 formed
      in the flywheel 12. The member 54 and correspondingly the right end of the
      flywheel 12, is rotatably supported by the drive shaft 14 via an
      anti-friction bearing assembly 102. In this regard, the outer race of the
      assembly 102 is disposed in a central opening of an axially extending hub
      section 104 of the member 54, the section 104 including an inwardly
      extending flange 106 which sealingly engages the left axial end of the
      outer race. The opposite end of the assembly 102 is engaged by an annular
      shaped projection 108 of a bearing retainer member 110 which is detachably
      connected to the end housing member 54 via a plurality of suitable
      fastener means. The member 110 includes a cylindrically shaped, axially
      extending hub section 114 having a central opening 116 which defines an
      annular fluid passage 118 between an outer peripheral surface of a bearing
      spacer ring 120. The ring 120 is interposed between the assembly 102 and
      the inner race of a second anti-friction bearing assembly 122. The bearing
      assembly 122 functions to support the right end of the drive shaft as
      viewed in FIG. 3 and is retained by an outer housing assembly of the brake
      unit 42 as shall hereinafter be described in detail.
PAR  In the subject invention torque is transmitted from the flywheel 12 to the
      drive shaft 14 by axially compressing the clutch plates 68 with a
      plurality of interleaved friction discs 124. In this regard, each of the
      clutch plates 68 are provided with a plurality of external,
      circumferentially spaced, notches in accordance with the number of lugs
      66, and are slidably keyed thereto for rotation with the flywheel 12. The
      friction discs 124, on the other hand, can each include an internal spline
      formation formed about a central opening which is adapted for cooperative
      axially sliding engagement with an external spline formation 126 formed
      about the outer periphery of a hub member 128. The member 128 is connected
      for rotation with the drive shaft 14 by a key 130 located in a keyway 132.
      It therefore will be noted that the complementary spline formations
      permits relative axial movement of the friction discs 124 along the member
      128, but precludes relative rotatable movement between the discs 124 and
      the drive shaft 14.
PAR  The subject clutch unit 10 is preferably of the viscous shear or "wet
      clutch" type. In such units a film of a viscous liquid disposed on
      adjacent radially extending surfaces of the plates 68 and discs 124 is
      sheared in response to compressively engaging the plates 68 and friction
      discs 124. The utilization of a viscous liquid between the plates 68 and
      discs 124 provides the advantages of minimizing plate and disc wear and
      also permits a means for heat dissipation. In this regard, the member 128
      is provided with a plurality of axially extending circumferentially spaced
      fluid passages 134. Each of the passages 134 are in fluid communication
      with the plates 68 and discs 124 via a plurality of axially spaced,
      radially extending, passages 136. The left end of the passage 134 is in
      fluid communication with an annular groove or recess 138 formed in the
      right face of a bearing retainer ring 140. The viscous liquid is supplied
      to the groove 138 by a longitudinally extending, centrally located, bore
      142 located in the drive shaft 14, the bore 142 being in communication
      with the outer periphery of the shaft 14 by one or more radially extending
      passages 144. Correspondingly, the ring 140 has an annular shaped groove
      146 disposed in the outer periphery thereof which fluidly communicates the
      recess 138 via a plurality of radially extending passages 148. Thus, by
      communicating the longitudinal passage 142 to a source of viscous liquid,
      a liquid film can be maintained on the adjacent faces of the plate 68 and
      discs 124 and heat can be efficiently dissipated therefrom via flow
      control of the quantity of liquid.
PAR  In the subject clutch unit 10, the flywheel 12 is drivingly connected to
      the shaft 14 by compressively engaging the clutch plates 68 and the
      friction discs 124. In this regard an axially fixed, annular shaped flange
      150 is located at the left end of the series of plates and discs 68 and
      124, respectively. The inner peripheral surface of the flange 150 is
      seated in a counterbore 152 formed in the left end of the hub member 128
      and fixedly connected therewith by a weld fillet 154. The plates 68 and
      discs 124 are compressively urged to the left against the flange 150 by an
      actuating assembly indicated generally at 156. The assembly 156 is
      comprised of an axially stationary piston member 158 and an axially
      displaceable cylinder 160 forming an enclosure therearound. The cylinder
      160 is comprised of a generally cup-shaped member 162 having a thrust
      plate section 164 located at its left end as viewed in FIG. 3 which
      contactingly abuts the right end of the series of plates and discs 68 and
      124, respectively. The inward peripheral surface of the section 162
      includes an internal spline formation which slidably engages the external
      spline formation 126 formed on the hub member 128. An inward peripheral
      surface of the member 162 carries an O-ring 166 for providing a fluid
      tight seal between the outer peripheral surface of the drive shaft 14 and
      the cylinder 160. A skirt section 168 extends to the right and engages aa
      circumferentially formed shoulder 170 formed in a radially extending cover
      plate member 172. An inner peripheral surface of the member 172 carries an
      O-ring 174 which fluidly seals the opposite axial end of the cylinder 160.
      The members 162 and 172 are connected by a plurality of circumferentially
      spaced screws, bolts, or the like 176 and a pair of compartments 178 and
      180, formed on opposite axial sides of the piston 158 is fluidly sealed by
      an O-ring 182 carried in an outer peripheral surface thereof. The cylinder
      160 is biased to the right by a plurality of circumferentially spaced coil
      spring members 184. The springs 184 are located in a plurality of
      circumferentially spaced, axially extending, counterbores 186 formed in
      the right end of the hub member 128, with each of the counterbores 186
      being coaxial with one of the fluid passages 134. Each of the
      intersections of the coaxial passages 134 and counterbores 186 define a
      radially extending shoulder 188 which is adapted to seat one end of the
      spring 184, an opposite end engaging an outer radially extending surface
      portion of the cylinder 160.
PAR  The clutch plates 68 and friction discs 124 are compressively engaged by
      introducing a pressurized media in the compartment 178. In this regard it
      will be seen that the drive shaft 14 is provided with a longitudinally
      extending, centrally located passage 190 having a radially enlarged,
      threaded section 192 located at the right end of the shaft 14 which is
      adapted to threadably receive a rotary union (not shown). The union is
      connected to a source of pressurized fluid media such as compressed air
      via suitable conduit or piping means which preferably includes valving
      means for selectively introducing the pressurized media from the source to
      the passage 190. The left end of the passage 190 is in fluid communication
      with the compartment 178 via one or more radially extending passages 194,
      and an annular groove or recess 196 formed on the inner periphery of the
      piston 158.
PAR  The compartment 180 on the other hand is vented to atmosphere. To
      facilitate fluid communication between the compartment 180 and an
      atmospheric environment, the drive shaft 14 is provided with an
      eccentrically located, longitudinally extending passage 198 which is
      outwardly radially spaced relative to the passage 190. The passage 198 is
      in fluid communication with the compartment 180 via one or more radially
      extending passages 199, an annular groove 200 formed in a central opening
      of an annularly shaped spacer element 204, and a plurality of radially
      extending passages 202 formed in the left end of the element 204. The
      element 204 is axially located between the piston 158 and the bearing
      assembly 102, and the outer peripheral surface thereof is utilized to
      slidably support the right end of the cylinder 160 for axial slidable
      movement. The radial passage 199 is fluidly sealed by suitable O-ring
      sealing means 206 and 208, the sealing means 206 and 208 being located in
      axially spaced, circumferentially extending, grooves or recesses 210 and
      212, respectively formed in the outer periphery of the drive shaft 14.
PAR  In the form or arrangement of the invention illustrated in FIGS. 1 and 3,
      the brake unit 42 is disposed adjacently to the right of the unit 12. This
      arrangement permits the transfer of viscous liquid from the reservoir 48
      to the unit 42 as shall hereinafter be more fully described in detail. The
      brake unit 42 includes an outer housing assembly comprised of a pair of
      axially spaced end walls 214 and 216, and first and second axially
      extending outer wall members 218 and 220. The end wall member 214 is
      connected to the ring 36 by a plurality of circumferentially spaced bolts,
      screws, or the like 226 and includes a circumferentially extending
      shoulder 222 which is adapted to be cooperatively seated in an enlarged
      central opening 224 formed therein. The member 214 also includes a central
      opening which defines a circumferentially extending shoulder 228 and is
      adapted to cooperatively receive the outer race of the anti-friction
      bearing assembly 122. The outer race of the assembly 122 is axially
      secured by a combination seal and bearing retainer ring 230 detachably
      connected to the wall member 214 by a plurality of suitably located
      fastener means 236. The retainer ring 230 has an axially extending hub
      section 234 which carries an annular lip seal 232 adapted to provide a
      fluid tight seal between the ring 230 and the sleeve portion 114 of the
      retainer member 110. The end wall 214 is also provided with a plurality of
      circumferentially spaced brake lugs 240 which extend inwardly and to the
      right as viewed in FIG. 3, and collectively define a brake spider
      formation of preferably similar arrangement as the clutch spider formation
      66. A plurality of externally notched brake plates 242, preferably
      identical with the clutch plates 68, are axially slidably supported by the
      lugs 240 and individually interleaved with a plurality of friction discs
      244. Each of the discs 244 has an internal spline formation which is
      cooperatively slidably located on an external spline formation 246 formed
      on the outer periphery of a cylindrically shaped hub member 248. The
      member 248 is connected for rotation with the drive shaft 14 by a key
      member 250 disposed in a keyway indicated generally at 252. The left end
      of the member 248 has an axially extending shoulder 254 which bears
      against the inner race of the bearing assembly 122, and the opposite axial
      end of the member 248 is urged to the left by a washer element 258 and a
      retainer ring 256 which is threadably engaged to a threaded section 260
      located on the outer peripheral surface of the shaft 14. The left end of
      the housing member 218, as viewed in FIG. 4, is seatingly located in a
      circumferentially extending shoulder 219 formed in an adjacent outer
      radial surface 219 of the end wall 214, and is connected thereto by a
      plurality of suitable bolts, screws, or the like 262. A radially extending
      threaded bore 264 is located in the top or upper peripheral surface of the
      member 218 and is adapted to receive a threaded fitting and suitable
      conduit (not shown) whereby the viscous hydraulic fluid may be returned
      from the brake unit 42 to the fluid source. The right axial end of the
      member 218 has a radially enlarged, circumferentially extending flange 266
      which is connected via a plurality of suitable fastener means 270 to a
      complementary flange section 268 of the member 220.
PAR  The housing member 220 forms a cylinder housing for an axially displaceable
      actuating piston 272 and is comprised of an inward, radially extending
      wall section 274 carrying an O-ring sealing means 276 in a central
      opening, and an axially extending, cylindrically shaped section 278 having
      an end section engaged in a circumferentially shaped shoulder 280 formed
      in the end wall 216. The end section of the housing member 278 is
      connected to the end wall 216 by a plurality of circumferentially spaced
      bolts, screws, or the like 282 threadably engaged to complementary bores
      suitably spaced in the end face of the member 278.
PAR  The piston 272 has an axially extending hub section 284 which defines an
      integral annular shaped thrust plate 286 which confronts the right radial
      end of the series of plates 242 and discs 244. The opposite or left end of
      the plates and discs 242 and 244 are disposed proximate an axially,
      relatively stationary face 288 formed on the inner surface of the end wall
      214. The piston 272 is biased to the left by a plurality of
      circumferentially spaced, coil spring members 290, the springs 290 having
      one end located in cylindrically shaped openings 292 formed in the hub
      section 284 and an opposite end disposed in suitably aligned coaxially
      extending bores 294 formed in the end wall 216. First and second
      compartments 296 and 298 are defined on opposite axial sides of the piston
      272 which are fluidly sealed by an O-ring sealing means 300 carried in the
      outer periphery of the piston 272. Correspondingly, a central opening 301
      formed in the piston 272 is fluidly sealed by an O-ring sealing means 302
      carried in an annular shaped groove or recess 303 formed in the end wall
      216. The compartment 296 is in fluid communication with a radially
      extending passage 304 formed in the housing member 220 via an inclined
      passage 306. The outward end section of the passage 304 is threaded and
      adapted to receive a suitable conduit or pipe fitting whereby the bore 304
      can be connected to a source of pressurized media, such as compressed air.
      Correspondingly, the compartment 298 can be vented to atmosphere or
      alternatively can be in fluid communication with a source of compressed
      air whereby to assist the force applied by the coil springs 290. With
      respect to the latter, an axially extending threaded passage 308 is
      disposed in the end wall 216 for receiving a suitable pipe or conduit
      fitting (not shown). The end wall 216 also includes a circumferentially
      extending shoulder 310 which is engaged by an annular shaped seal
      supporting ring 312. The ring 312 is connected to the end wall 216 by a
      plurality of suitable bolts, screws, or the like 314 and carries in a
      circumferentially extending shoulder 316, an annular lip seal 318 adapted
      to provide a fluid tight seal between the shaft 14 and the end wall 216.
PAR  One particularly important feature of the present invention resides in the
      fact that effective cooling or heat dissipation is achieved without the
      need for any ancillary forced air fans or the like. Note that the
      longitudinal passage 142 is adapted to be in fluid communication with a
      source of pressurized hydraulic fluid. In the subject invention this
      hydraulic fluid is utilized to transfer the heat generated by frictional
      engagement of the clutch and brake, and additionally for maintenance of a
      hydraulic film on the clutch and brake plates 68 and 242, respectively,
      and the friction discs 124 and 244 whereby to reduce to a minimum any
      tendency for wear. Moreover, the ribs of fins 56 and 92 disposed on the
      outer periphery of each of the end walls 62 and 54 function as an air
      circulating means to transfer a substantially large volume of air across
      the outer housing of the unit 12, the air circulation effecting a heat
      transfer away from the clutch to cool the hydraulic fluid interiorly in
      the reservoir 48. Additionally, the inner periphery of the flywheel 12 is
      in direct contact with the hydraulic fluid and thereby functions as a heat
      sink for also reducing the temperature of the hydraulic fluid within the
      reservoir 48. In the subject embodiment, the brake unit 42 is supplied
      with hydraulic fluid from the clutch unit 12. Note that hydraulic fluid is
      circulated from the right end of the clutch unit 10 across the bearing
      assemblies 102 and 122 and through the annular passage 118 to the brake
      unit housing 42. After passing over the brake plates 242 and friction
      discs 244, the fluid is preferably returned to the source of hydraulic
      fluid via suitable conduit means connected to the bore 264. As required, a
      suitable heat exchanger can be interposed between the return and supply
      lines whereby to accommodate the particular application of the clutch and
      brake units 10 and 42, respectively.
PAR  To operate the clutch and brake units 10 and 42, assume that the
      longitudinal passage 190 is connected to a source of pressurized fluid
      media, such as compressed air, and the supply system is provided with
      suitable valve means for selectively pressurizing the compartment 178.
      Correspondingly, the compartment 296 is also connected to a source of
      compressed air, and if desired, the compartments 298 may also be connected
      to a source of compressed air to accommodate those instances when it is
      desired to supplement the applied forces provided by the set of coil
      springs 184.
PAR  Initially, it will be noted that the applied force of the coil springs 184
      will bias the actuating cylinder 160 to the right whereby to disengage the
      clutch plates 68 from the friction discs 136 and permit the flywheel 12 to
      rotate independently of the drive shaft 14. Simultaneously, the coil
      springs 290 of the brake unit biases the piston member 272 to the left as
      viewed in FIG. 3 whereby to frictionally engage the brake plates 242 to
      the friction discs 244 with result that the drive shaft 14 is fixedly
      secured to the stationary support structure of the press or machine 18. To
      release the brake plates 242 and the friction discs 244, the pressurized
      media is introduced to the compartment 296 to overcome the spring force
      and to displace the piston 272 to the right. In this position of the
      piston 272, it will be seen that the drive shaft is released from the
      support structure. To drivingly connect the flywheel 12 to the drive shaft
      14, a pressurized fluid media is introduced into the compartment 178 which
      tends to urge the cylinder 160 to the left against the bias of the coil
      springs 184. Movement to the left compressively engages the clutch plates
      68 with the friction discs 136 whereby to viscously shear the oil film
      between adjacent radially extending surfaces, and accordingly drivingly
      connecting the drive shaft 14 for rotation with the flywheel. The steps
      recited above are simply reversed when it is desired to disconnect the
      flywheel 12 and the drive shaft 14.
PAR  Another form or arrangement of the subject invention is illustrated in
      FIGS. 2 and 4. For purposes of clarity, the same numeral that was used in
      FIGS. 1 and 3 are used to designate similar elements and components but
      with the addition of a prime (') suffix. In this arrangement a drive shaft
      14' extends longitudinally outwardly from oppositely spaced end walls 20'
      and 22' of a machine or press 18'. The press 18' includes an enclosed
      crown section 16' housing a pair of longitudinally spaced, intermediate or
      main gears, indicated generally at 44'. The gears 44' are driven by a pair
      of axially spaced pinion gears 46' mounted on the outer periphery of the
      shaft 14'. The left end of the shaft 14', as viewed in FIG. 2, is
      rotatably supported by a suitable bearing means 28' supported in an
      opening formed in the end wall 20'. A separate brake unit 42' is mounted
      on an outer marginal surface of the wall 20', the unit 42' being of
      substantially similar construction to the brake unit illustrated in FIGS.
      1 and 3. The right end of the shaft 14' is also rotatably supported by a
      bearing means 102 carried in the end wall 22'. The drive shaft 14' is
      selectively drivingly connected to a flywheel 12' by a clutch unit 10'
      again mounted in an inner peripheral bore thereof. The clutch unit 10' can
      be identical to the clutch unit 10 but includes various modifications
      which are best seen with reference to FIG. 4.
PAR  With reference to FIG. 4, the drive shaft 14' projects outwardly and to the
      right through a coaxially formed opening 320 disposed in the side wall 22'
      of the press crown 16'. A combination bearing and seal supporting member
      322 is disposed in the opening 320, and includes a circumferentially
      extending shoulder 324 which is adapted to engageably receive the outer
      race of an anti-friction bearing assembly 326. The assembly 326 is
      retained in the shoulder 324 by an annular shaped retaining ring 328, the
      latter carrying an annular lip seal 330 in an outer end of a hub section
      332 thereof to provide a fluid tight seal between the shaft 14 and the
      ring 328. The ring 328 also includes an outward, radially extending,
      flange 334 which is connected to the member 322 by a plurality of
      circumferentially spaced screws, bolts, or the like 336 and fluidly sealed
      by an O-ring sealing means 340, the latter being located in a groove
      formed in an inwardly projecting, annular shaped, lug section 338. The
      opposite axial end of the bearing assembly 326 is fluidly sealed by an
      annular lip seal 342 carried in a shoulder formed in the member 322. A
      bearing retainer ring 344 is connected to the end wall 52' by suitable
      fastener means 345, and includes an axially extending hub section 346
      having an inner peripheral surface radially spaced from an outer surface
      of a bearing spacer ring 348 whereby to define an annular shaped fluid
      passage 352. The passage 352 partially defines a fluid path for returning
      hydraulic fluid to the source. In this regard, an axially extending,
      threaded return port 354 is located in a top or upper surface of the ring
      328 which is adapted to receive a suitable conduit or pipe fitting (not
      shown) for fluidly connecting the unit 10' to the source.
PAR  The right end of the clutch unit 10' includes an end wall 54' carrying an
      anti-friction bearing assembly 102'. The assembly 102' is fixedly secured
      by a retainer ring 352 having a flange portion 354 connected to the end
      wall 54' by suitable fastener means indicated generally at 356. The ring
      352 also carries an annular lip seal 358 which provides a fluid tight seal
      for the right end of the clutch unit 10'.
PAR  The remaining parts, components and elements of the clutch unit 10' can be
      substantially identical to the corresponding parts, components and
      elements described in conjunction with the clutch unit 10 and are
      therefore omitted. Correspondingly, the operation of the clutch unit 10'
      and brake unit 42' can also be accomplished in accordance with the
      operation previously described and is therefore also omitted.
PAR  An alternate arrangement with respect to mounting the clutch unit 10'
      within the flywheel 12' is also illustrated in FIG. 4. In this regard, it
      will be seen that the flywheel 12' includes an inward, radially extending,
      flange 360 located in a centrally located opening or bore 50' thereof. The
      flange 360 is connected to an axially extending housing member 362 which
      extends between first and second, axially spaced end walls 52' and 54'.
      The flange 360 is engageably disposed in a circumferentially extending
      shoulder 364 formed in the member 326 and connected thereto by a plurality
      of suitably circumferentially spaced bolts, screws, or the like 366.
      Correspondingly, the right and left end portions of the housing member 362
      are connected to the end walls 52' and 54' and respectively, by a
      plurality of suitable bolts, screws, or the like 60' and 96'. An advantage
      of the alternate arrangement resides in the fact that the outer periphery
      of the member 362 can also be used in an air circulating function. In this
      regard it will be seen that a plurality of axially extending ribs or fins
      368 are circumferentially spaced about the outer periphery of the member
      362. Thus, these ribs or fins 368 can be utilized to supplement the air
      circulation provided by the radially extending fins 56' and 92'
      respectively. The alternate arrangement also offers the advantage that the
      clutch unit 10' can be preassembled preparatory to the flywheel being
      operatively positioned and mounted whereby the unit 10' can be thoroughly
      adjusted, tested, and generally placed in a workable position.
PAR  Both of the preferred embodiments of the clutch unit 10 and 10' of the
      present invention will be seen to have a wide variety of different
      applications, including virtually all types of flywheel type metal
      forming, metal drawing, or stamping presses, with the present invention
      finding particularly useful application in replacing conventional
      so-called dry clutch presses heretofore known in the art so that such
      presses may be readily converted or up-dated through the installation of
      the clutch-brake unit 10 of the present invention.
PAR  While it will be apparent that the preferred embodiments illustrated herein
      are well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a rotatable housing formed of a flywheel and spaced
      rotatable end plates mounted on a pair of spaced bearings on a drive shaft
      supported in bearings in which it is to be driven by said flywheel, a
      clutch unit disposed internally of the flywheel between said spaced
      bearings and comprising a plurality of clutch plates connected to the
      flywheel and a plurality of clutch discs connected to said drive shaft, a
      non-rotatable housing axially spaced from said rotatable flywheel, a brake
      within said non-rotatable housing comprising a plurality of brake plates
      connected to said non-rotatable housing and a plurality of brake discs
      connected to said drive shaft, first actuating means disposed within said
      rotatable flywheel and movable in one direction for selectively
      frictionally engaging said clutch plates with said clutch discs, said
      actuating means including an enclosure concentric with said drive shaft
      and adapted to slide axially thereof, a radially disposed partition
      located within said enclosure and separating the interior thereof into
      first and second axially spaced chambers, said partition being relatively
      axially immovable relative to said drive shaft, and fluid passage means
      communicable with a source of pressurized fluid for selectively
      pressurizing one of said chambers and thereby causing said enclosure to
      move axially of said drive shaft, and second actuating means within said
      non-rotatable housing for frictionally engaging said brake plates with
      said brake discs.
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ABST
PAL  A clutch mechanism includes forward and reverse driving gears rotatably
      mounted on the input shaft which has first and second oppositely threaded
      driving spiral threads thereon. First and second clutch elements
      threadedly engage the spiral threads on the input shaft. In the neutral
      position, the clutch elements rotate with the input shaft but when
      rotation is impeded, the spiral threads drive the clutch elements axially
      into engagement with the driving gears. An improved shift mechanism
      includes a yoke having two legs which extend over flanges on the clutch
      elements. A pin member moves the clutch elements upon axial movement of
      the shift linkage. Drag is provided for the yoke so that the flange of the
      clutch element is pinched between the pin member and the yoke to impede
      rotation of the clutch element. The shift mechanism engages and disengages
      the clutch smoothly and with the engine torque providing most of the force
      required for engagement and disengagement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved shifting mechanism for a marine
      clutch.
PAR  In marine drives, both dog and friction clutches have been employed. Dog
      clutches operate with a jerk when engaged, particularly when the engine
      speed is high. Friction clutches require a considerable amount of power
      for actuation and are not well suited to remote control.
PAR  U.S. Pat. No. 3,212,349 Bergstedt shows the use of a cone clutch in a
      marine drive. This cone clutch has the advantage that there is a natural
      force driving the two mating clutch surfaces into engagement, one with the
      other. While engagement is good in the Bergstedt clutch mechanism,
      disengagement is a problem. The Bergstedt mechanism uses a disengagement
      arrangement whereby the mating cone clutch surfaces are literally hammered
      out of engagement one with the other. This arrangement is subject to
      malfunction.
PAR  The shift mechanism of this invention is for use in conjunction with the
      clutch claimed in U.S. Pat. No. 3,901,361 Brownlie. The shift mechanism
      and clutch are applicable to and can be used in the marine drive fully
      described in copending application Ser. No. 416,228, filed Nov. 15, 1973,
      abandoned in favor of continuation application Ser. No. 574,620, filed May
      5, 1975.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a shifting mechanism for a marine cone
      clutch operates in a manner such that only slight force of the shift
      linkage is required to initiate a shifting action and the principal
      engagement and disengagement force is provided by the engine torque.
PAR  It is an important object of this invention to provide a shift mechanism
      for a marine clutch which easily engages and disengages the clutch.
PAR  More particularly, the shifting mechanism includes a yoke having two legs
      extending over flanges on two cone clutch elements. In accordance with an
      important aspect of the invention, drag is provided on the yoke so it is
      not completely free for axial movement. Because of this, upon axial
      movement of the shift linkage, the flange on a clutch element is pinched
      between a member which is moved axially and a leg of the yoke. This slows
      down rotation of the clutch element and the spiral threads drive the
      clutch element axially into engagement. To disengage the clutch, the
      opposite axial movement of the shift linkage pinches the flange on the
      other clutch element between the member and the other leg of the yoke.
      This slows down rotation of the other clutch element and movement in the
      opposite axial direction is affected by the spiral threads to disengage
      the clutch.
PAR  The foregoing and other objects, features and advantages of the invention
      will be better understood from the following more detailed description and
      appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-section through the clutch and shifting mechanism;
PAR  FIG. 2 is an end view of the yoke; and
PAR  FIG. 3 shows the details of the frictional device providing drag on the
      yoke.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  First, consider the clutch mechanism which is the subject of the copending
      Brownlie application. The clutch mechanism includes an input shaft 11
      which is connected to the marine engine. Bevelled forward driving gear 12
      and bevelled reverse driving gear 13 rotate on the input shaft 11. Forward
      gear 12 has a cone clutch surface 14 and reverse gear 13 has a cone clutch
      surface 15.
PAR  Gears 12 and 13 engage an output gear 16 which is affixed to the output
      shaft 17. The shaft 17 is connected to a marine propulsion unit, usually a
      propeller. The details of the connection between the output shaft and the
      propeller are more fully shown in the aforesaid Brownlie patent
      application. In the neutral position, the output shaft 17 and the engaged
      gears 12, 13 and 16 do not rotate.
PAR  The input shaft 11 has a right hand spiral thread 18 and a left hand spiral
      thread 19. Clutch element 20 has, on the inner surface thereof, a right
      hand spiral thread which matches that of the spiral thread 18. Clutch
      element 21 has a left hand spiral thread which matches that of the spiral
      thread 19. Clutch element 20 has a clutch surface which mates with the
      clutch surface 15. Clutch element 21 has a cone clutch surface which mates
      with the surface 14.
PAR  In the neutral position, both clutch elements 20 and 21 rotate with the
      input shaft 11.
PAR  The shifting mechanism includes a yoke 22 which has legs 23 and 24. Clutch
      element 20 has a flange 25 and clutch element 21 has a flange 26. The two
      legs of the yoke extend over the flanges so that the clutch elements 20
      and 21 move together axially. A pin member 27 is moved axially by a shift
      linkage. The shift linkage includes cable 29 which is movable in the
      sheath 30. The sheath 30 is affixed to the casing 31 by a cable lock. The
      cable 29 is screwed into a shifting guide 33. The guide 33 moves in the
      guide tube 34.
PAR  As best shown in FIG. 2, the yoke is semi-circular and it has an upper
      portion 35. Guide tube 34 passes through a hole in the upper portion of
      the yoke so that the yoke can ride axially along the guide tube. The upper
      portion 35 of the yoke has a boss 36 extending to the left. As best shown
      in FIG. 3 (a top view), a set screw 37 is threaded into the boss 36. Four
      small Belville springs 38 bear against the friction disk 39. The set screw
      37 provides the means for adjusting the drag of the yoke along the guide
      tube.
PAR  The clutch surface on each driving gear includes a cup member. The cup
      member 41 is attached to gear 12 by the key 42, and the cup member 43 is
      attached to gear 13 by the key 44. The cup member has a larger radius than
      the radius of the driving gear. Therefore, the clutch has greater torque
      capacity than would otherwise be provided by a clutch surface limited by
      the radius of the driving gear.
PAR  Consider the operation of the clutch. The clutch is in the neutral position
      as shown. When it is desired to shift the clutch into forward, the shift
      linkage is moved to the right. The flange 26 is pinched between the pin
      member 27 and leg 24 of the yoke. This pinching retards rotation of the
      clutch element 21. The threads 19 drive the clutch element 21 axially
      toward the right. The conical surface on element 21 engages the mating
      surface 14 of the cup member 41. Friction between the two mating conical
      surfaces drives the member 21 hard toward the right into firm mating
      engagement with the cup member 41. This drives the output shaft 17 in the
      forward direction. The motor torque is effectively used to drive the
      clutch element 21 to the right into firm mating engagement with the clutch
      surface of the cup member 41.
PAR  Antifriction bearings, such as Teflon coating or roller bearings, are
      inserted between the yoke and the flanges 25 and 26. Because of this, the
      tendency of the clutch element 20 to apply a counter axial force is
      reduced. This counter axial force would otherise counteract the axial
      force of element 21 driving the clutch elements toward the right. Clutch
      element 20 is free to counter-rotate as the elements 20 and 21 are driven
      toward the right. It can also be seen that the drag on the yoke is
      important. If the yoke freely moves to the right, a good pinching action
      between the yoke and the pin member is not obtained. It is this pinching
      action which slows rotation of the clutch element 21. A friction material
      may be added to the surface of the pin member 27 to increase the slowing
      of rotation of the clutch elements when engaged by pin member 27.
PAR  When the clutch is to be disengaged from the forward position, the clutch
      element 20 is frictionally held by moving the pin 27 toward the left. This
      pinches flange 25 between pin 27 and leg 23 of the yoke thereby slowing
      rotation of clutch element 20. The threaded engagement between the spiral
      threads 18 and the mating spiral threads on element 20 drives the clutch
      element 20 toward the left. This brings the element 21 along to the left,
      counter-rotating with respect to element 20 as it moves out of engagement
      with the bevelled gear 14. In this manner, the engine torque is
      effectively used to disengage the clutch as well as to engage it.
PAR  Shifting the clutch into reverse is effected in the same manner as
      previously described except that the pin 27 is moved toward the left from
      the neutral position.
PAR  Although a particular embodiment of the invention has been shown and
      described, it will, of course, be understood that various modifications
      may occur to those of ordinary skill in the art. The appended claims are,
      therefore, intended to cover all embodiments and modifications which fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a clutch mechanism of the type comprising:
PA1  an input shaft having first and second oppositely threaded drive spiral
      threads thereon, an output shaft, forward and reverse driving gears
      rotatably mounted on said input shaft, each of said gears having a clutch
      surface, an output gear affixed to said output shaft and engaged with said
      driving gears, and first and second clutch elements each having threads
      which respectively match said first and second driving spiral threads,
      each having a clutch surface respectively mating with the clutch surface
      of said forward and reverse driving gears and each having a flange, an
      improved shifting mechanism;
PA1  a yoke having two legs extending over the flanges on said clutch elements;
PA1  a member movable axially by a shift linkage, said member engaging said
      first and said second clutch elements so that said axial movement of said
      member causes axial movement of said clutch elements;
PA1  means for providing axial drag on said yoke so that axial movement of said
      member pinches a flange between said member and said yoke to slow down the
      rotation of said element on said input shaft whereby the spiral threads
      drive said element in the axial direction into clutch engagement or
      disengagement; and
PA1  friction material on said member to increase the slowing of rotation of
      said clutch elements when engaged by said member.
NUM  2.
PAR  2. The clutch mechanism recited in claim 1 wherein said shift linkage is
      contained in a guide tube, wherein said yoke has a projecting upper
      portion through which said guide tube extends, and wherein said means for
      providing drag includes screw means threaded in said upper portion and
      producing frictional engagement with said guide tube to provide said drag.
NUM  3.
PAR  3. The clutch mechanism recited in claim 2 further comprising:
PA1  a friction disc and springs between said screw means and said guide tube to
      provide an adjustable guide frag force.
NUM  4.
PAR  4. In a clutch mechanism of the type comprising:
PA1  an input shaft having first and second oppositely threaded drive spiral
      threads thereon, an output shaft, forward and reverse driving gears
      rotatably mounted on said input shaft, each of said gears having a clutch
      surface, an output gear affixed to said output shaft and engaged with said
      driving gears, and first and second clutch elements each having threads
      which respectively match said first and second driving spiral threads,
      each having a clutch surface respectively mating with the clutch surface
      of said forward and reverse driving gears and each having a flange, an
      improved shifting mechanism;
PA1  a yoke having two legs extending over the flanges on said clutch elements;
PA1  a member movable axially by a shift linkage, said member engaging said
      first and said second clutch elements so that said axial movement of said
      member causes axial movement of said clutch elements;
PA1  means for providing axial drag on said yoke so that axial movement of said
      member pinches a flange between said member and said yoke to slow down the
      rotation of said element on said input shaft whereby the spiral threads
      drive said element in the axial direction into clutch engagement or
      disengagement; and
PA1  a cup member attached to each driving gear, said cup member providing the
      clutch surface on each driving gear, each cup member having a larger
      radius than the radius of its driving gear, said larger radius providing
      increased torque capacity.
NUM  5.
PAR  5. The clutch mechanism recited in claim 4 wherein said shift linkage is
      contained in a guide tube, wherein said yoke has a projecting upper
      portion through which said guide tube extends, and wherein said means for
      providing drag includes screw means threaded in said upper portion and
      producing frictional engagement with said guide tube to provide said drag.
NUM  6.
PAR  6. The clutch mechanism recited in claim 5 further comprising:
PA1  a friction disc and springs between said screw means and said guide tube to
      provide an adjustable guide drag force.
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ABST
PAL  A gear box having driving members and driven members and hydraulically
      actuated means for engaging the driving members with driven members to
      effect gear change is provided with a friction clutch for coupling the
      engine to the input shaft. The friction clutch is actuated by a piston
      slidably disposed in a cylinder. The piston is connected to the movable
      part of the clutch. The piston is actuated by a hydraulically operated
      main valve of relatively large volume which in turn is actuated by a
      smaller electromagnetically operated primary valve to provide for rapid
      actuation of the clutch.
PARN
PAR  This is a division of application Ser. No. 46,555, filed June 15, 1970, now
      U.S. Pat. No. 3,808,738.
BSUM
PAR  The invention relates to a method of performing gear changes in multi-ratio
      change-speed gear-boxes, especially for heavy goods vehicles, in which the
      axially sliding pinions or dog clutches providing the different gear
      ratios are moved electro-hydraulically and in which, on initiation of a
      gear change the disengagement of the previous ratio, the subsequent
      bringing into synchronism of the pinions or clutches to be brought into
      engagement for the next selected ratio and the engagement of these are
      performed automatically, and preferably also the declutching of the engine
      before the above-mentioned disengagement of the gears, and the renewed
      engagement of the engine after the gears are engaged. The invention
      further relates to means for carrying out the method according to the
      invention comprising an electric or electronic control member which is set
      in motion by hand and/or automatically in accordance with the engine load
      and speed and the ratio already engaged, and which controls the automatic
      performance of each gear change, and which further is provided with a
      source of pressure fluid and with actuating cylinders of which the pistons
      are each connected to a respective one of the members in the gear box to
      be moved during a gear change.
PAR  Various endeavours have already been made to allow the changing of the gear
      in multi-ratio gear boxes to be performed automatically. All these
      developments have been in one direction leading to relatively long
      gear-change times, during which period the engine and the driven component
      of the machine on which the gear-box is mounted or of the vehicle with
      which it is equipped are disconnected from each other. Because of the
      disadvantage that results from this and also because of other
      disadvantages to be mentioned these proposals have not proved successful
      and have not been able to become adopted.
PAR  In contrast to these it is the aim of the invention to allow rapid
      performance of the gear changes in multi-ratio gear-boxes. This is
      achieved by a method of the kind outlined above but distinguished
      according to the invention in that the engagement of the pinions or dog
      clutches when they reach synchronism is performed in a sudden manner by
      the piston of an hydraulic actuating cylinder in that this piston is acted
      on or relieved of a sufficiently large volume of fluid to cause this
      sudden displacement by means of an instantaneously acting two-stage
      electro-hydraulic control. According to a further feature of the invention
      particularly rapid reduction or acceleration of the speed of rotation of
      one of the two members that are to be brought into engagement during the
      gear-change, is undertaken in order to bring them into synchronism, while
      the connections of these members to the driving engine associated with the
      gear-box and the output shaft driven by the gear-box are interrupted so
      that only small masses need to be slowed down or speeded up. The slowing
      down or speeding up of one of the two components to be undertaken in order
      to bring into synchronism those components that are to be brought into
      engagement at each gear-change is preferably initiated by the attainment
      of the condition of disengagement of the previously engaged components.
PAR  The apparatus according to the invention for carrying out the method
      characterised above, comprising an electric or electronic control member
      which is initiated by hand and/or automatically in accordance with the
      engine load and speed and the ratio already engaged, and which controls
      the automatic course of each gear-change, and which further comprises a
      source of pressure fluid and actuating cylinders of which the pistons are
      connected respectively to one of the components of the gear-box to be
      moved during a gear-change, is characterised in that the actuating
      cylinders are each connected through a large diameter pipe to at least one
      hydraulically operated two-position three-way main valve, the valve being
      moreover connected through large diameter pipes to a pressure fluid
      reservoir and a fluid sump, and uncovering a large cross-sectional area in
      each direction of operation, and each such valve is controlled by an
      electro-magnetic two-position three-way primary valve with a small
      actuating winding connected to the control member, which primary valve
      uncovers only a small cross-sectional area in each direction of movement
      and is connected through pipes of small diameter to the operating cylinder
      of the associated main valve on the one hand and to the fluid reservoir
      and sump on the other hand.
PAR  In a preferred embodiment of the apparatus according to the invention each
      axially movable pinion or dog clutch is engaged with one toothed member or
      another in each of two different gear ratios and is connected to a piston
      movable in a cylinder into two end positions and an intermediate position,
      the cylinder having connected to it three large diameter pipes of which
      one leads to the fluid reservoir and the other two are connected to
      respective hydraulically operated two-position three-way main valves,
      which two main valves are each connected in addition through
      large-diameter pipes to the reservoir and sump and uncover a large
      cross-sectional area in each direction of movement and are controlled by
      respective electro-magnetic two-position three-way primary valves with
      small actuating windings connected to the control member, which two
      primary valves only uncover a small cross-sectional area in each direction
      of movement and which are connected on the one hand to the operating
      cylinder of one of the main valves and on the other hand to the reservoir
      and the sump through small-diameter pipes, the main valves being
      controlled so that in the intermediate position of the piston two of the
      pipes leading to the cylinder are connected to the reservoir while the
      third is connected to the sump whereas in the one end position of the
      piston all three pipes are connected to the reservoir and in the other end
      position only one of the pipes is connected to the reservoir and the other
      two to the sump.
PAR  Each cylinder can advantageously have an annular stop which divides the
      cylinder into a front portion in which moves the first piston connected to
      the pinion or clutch to be moved, and a rear portion in which moves a
      second piston which, on engaging the annular stop, has its piston rod
      projecting so far into the front portion of the cylinder that the first
      piston, which now engages against the free end of this piston rod, is in
      its intermediate position in which it is equidistant from the annular stop
      and from the front end face of the cylinder, the rear portion of the
      cylinder being at least long enough so that on engagement of the piston
      against the rear end face of the cylinder the free end of its piston rod
      is just clear of the front portion of the cylinder and further the
      effective surface area of the first piston on that face of it which is
      towards the second piston is greater than its area facing the front end of
      the cylinder, and furthermore of the three large-diameter pipes leading to
      the cylinder those two which are connected to a main valve open into the
      cylinder in or near the rear end face of the cylinder and in or near the
      annular stop respectively, whilst the third pipe, which is without a main
      valve, opens into the cylinder in or near its front end face.
PAR  An electro-magnetically operated two-position three-way valve can
      advantageously be connected in the pipes between the reservoir and the
      primary and main valves and it is connected also to the sump through a
      further pipe so that in one direction of operation of this last-mentioned
      valve the reservoir is connected to the pipes leading to the primary and
      main valves and in the other direction of operation it is the sump that is
      connected to these pipes.
PAR  Preferably the electro-magnetically operated primary valves and the
      hydraulically operated main valves, at least however the primary valves,
      are constructed as poppet valves, for example ball valves.
PAR  It has been found particularly advantageous for one of the components that
      is to brought into synchronism at each gear change and which is freely
      rotatable when the engine is disconnected and the gear is itself
      disengaged, to be connected to a special device, controlled by electric
      control means, and acting at will either to accelerate or slow down the
      component. Preferably this device is in the form of an hydraulic assembly
      acting as a motor or pump. This assembly could preferably be connected
      through two pipes to an electromagnetically operated three-position
      four-way valve which is controlled by the control member and which
      moreover is connected to the reservoir and the sump and in its first
      position it puts the said two pipes into communication with the reservoir
      and the sump respectively, in its second position it cuts off these two
      connections and connects the said two pipes together, and in its third
      position it cuts off the connections of the two pipes both to the
      reservoir and sump and also to each other, and between the two pipes, in
      parallel with the assembly, there is a pressure relief valve which opens
      from the exhaust side to the feed side of the assembly.
PAR  Alternatively the above-mentioned assembly may advantageously be made up of
      a separate braking device and separate motor. Preferably the assembly is
      connected to the auxiliary shaft of a gear-box having a main and auxiliary
      shaft.
PAR  According to a further feature of the invention the friction clutch
      provided ahead of the gear-box can be operable by an hydraulic actuating
      cylinder of which the piston is connected to the movable member of the
      clutch, the clinder being connected to an electro-magnetically operated
      valve arrangement which is controlled by the electric control member and
      which moreover is connected to the reservoir and sump and in one position
      connects the cylinder to the reservoir whilst in the other position it
      connects the cylinder to the sump. Preferably the valve arrangement
      comprises an hydraulically operated two-position three-way main valve
      which uncovers a large cross-sectional area in each end position, and an
      electro-magnetically operated two-position three-way primary valve which
      uncovers only a small cross-sectional area in each end position and is
      connected by a small operating winding to the control member, and main
      valve being connected on the one hand through a large diameter pipe to the
      cylinder and on the other hand through large diameter pipes to the
      reservoir and sump, and the primary valve being connected through small
      diameter pipes on the one hand to the operating cylinder of the main valve
      on the other hand to the reservoir and the sump.
PAR  The electro-magnetically operated primary valve can preferably be formed as
      a poppet valve, for example a ball valve and the same applies to the
      hydraulically operated main valve. Also in the pipe between the
      clutch-operating cylinder and the valve arrangement or main valve there
      can be inserted a one-way restriction acting only in a direction away from
      the cylinder so that its restricting action is only effective when the
      fluid is flowing from the cylinder to the valve arrangement or main valve
      but the fluid is unrestricted when it flows in the other direction towards
      the cylinder.
PAR  According to a further advantageous feature of the invention the actuating
      cylinders for the pinions or dog clutches to be moved at each gear change
      can be mounted side-by-side on a common housing component which carries
      the guides and seals for the piston rods and the switches for indicating
      engagement or disengagement of the gear and which is secured in its turn
      to a second housing component which is provided with connections leading
      to the primary and main valve for the actuating cylinders. These two
      housing components are preferably connected by a common cover. Moreover
      they may have matching surfaces and bolt holes for mounting them on the
      gear-box housing. The passages leading to the actuating cylinders can
      likewise be machined with advantage in the two housing components and, at
      the mutually engaging surfaces between the cylinders the first and second
      housing components, can be sealed by inserted sealing rings. For supplying
      the pressure fluid medium a special connection body can preferably be
      secured to the side of the second housing component, which body has at
      least two check valves in the passage leading to the pump, arranged so
      that the pressure after the first check valve acts both on the reservoir
      and also on the primary valves and the pressure after the second check
      valve reaches the main valves.
PAR  According to a final characterising feature of the invention two main
      valves and two primary valves are associated with each actuating cylinder,
      the main valves being arranged parallel to each other in the lower part of
      the second housing component adjacent the gear-box housing, while the
      primary valves are secured in a special recess in the second housing
      component above the main valves, parallel to the latter and to each other,
      the recess fitting a recess in the first housing component carrying the
      switches for indicating the gear position and defining together with the
      other recess and cover portion a closed space which is filled with oil to
      prevent the formation of condensed water vapour.
DRWD
PAR  An embodiment of the invention by way of example is described in the
      following in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic illustration of one embodiment of the apparatus
      according to the invention for performing gear changes in multi-ratio
      change-speed gear-boxes;
PAR  FIG. 2 is a plan view of a partially cut away component of the apparatus of
      FIG. 1;
PAR  FIG. 3 shows the component of FIG. 2 in end elevation looking from the
      right;
PAR  FIG. 4 shows a section along the line IV-IV in FIG. 2.
DETD
PAR  In the apparatus according to the invention illustrated diagrammatically in
      FIG. 1 there is shown the equipment suitable for a heavy goods vehicle.
      The engine 1 of the vehicle is connected through a shaft 2 to a friction
      clutch 3 of which the moving member 4 is secured to rotate with, but to be
      axially movable with respect to, the input shaft 5 of the change-speed
      gear-box 6. The gear-changing mechanism 7, to be explained further, is
      mounted on the gear-box 6 in place of a cover.
PAR  The gear-box 6 is of ordinary construction and has a main shaft 8 and a
      layshaft 9. The main shaft 8 forms the output shaft connected to the
      vehicle wheels that are to be driven. It is connected through the layshaft
      9 to the input shaft 5. The pinions 10 to 17 and sliding dogs 18 and 19
      are provided for this purpose. The shaft 5 carries the pinion 10 and the
      shaft 9 carries the pinions 11, 12, 13 and 14 which are keyed to it to be
      fast against rotation and also axially fixed. While the gear wheel 11 on
      the shaft 9 meshes with the pinion 10 on the shaft 5, the gear wheels 12,
      13 and 14 on the layshaft 9 are in constant mesh with the pinions 15, 16
      and 17 of the gear-box 6, which pinions are mounted on the main shaft 8 to
      be axially located but freely rotatable.
PAR  In contrast the sliding dogs 18 and 19 are mounted on the main shaft 8 to
      rotate with it but to be axially slidable on it so that they can be
      brought into engagement with their dog teeth 20 provided on both faces
      engaging at will with mating dog teeth on the pinions 10 and 15 or 16 and
      17. When the dogs 18 and 19 are in their intermediate position as shown in
      FIG. 1 then when the shaft 5 is rotating all the gear wheels and pinions
      10 to 17 and also the layshaft 9 of the gear-box 7 rotate with it, but not
      the main shaft 8. This is only caused to rotate with them if the sliding
      dog 18 or 19 is caused to engage the teeth 20 on the pinion 10 or 15 or 16
      or 17. In this way, for a given speed of rotation of the shaft 5, the
      shaft 8 rotates at different speeds according to which of the pinions 10,
      15, 16 or 17 is coupled to it by means of the sliding dog 18 or 19. For a
      given speed of the shaft 5 the engagement of the dog 19 with the teeth 20
      on the pinion 17 produces the lowest speed for the shaft 8, engagement of
      the dog 19 in the teeth 20 of the pinion 16 produces a higher speed for
      the shaft 8, engagement of the dog 18 in the teeth 20 of the pinion 15
      produces a still higher speed for the shaft 8, and engagement of the dog
      18 in the teeth 20 of the pinion 10 produces the highest speed of the
      shaft 8, equal to the speed of the shaft 5. It will be clear that only one
      of the two dogs 18 and 19 can be engaged at one time and the other must
      remain in its central position as shown in FIG. 1.
PAR  The axial displacement of the dogs 18 and 19 is effected by means of a
      respective lever 21 which is mounted to pivot about a fixed point 22. The
      pivoting movement of each lever 21 is effected hydraulically in the same
      manner and so we need only explain and illustrate in FIG. 1 the
      corresponding steps in connection with one of the levers 21 and one of the
      sliding dogs.
PAR  Each lever 21 is provided with a fork 23 at that end which is furthest from
      the dog 18 or 19. This fork is engaged by the finger 24 on the piston rod
      25 of a piston 26 which is guided for axial sliding movement in a cyliner
      29 together with a second piston 27 and piston rod 28. The piston 26 is
      movable into three different positions in a manner now to be described,
      namely, into the intermediate positon illustrated in FIG. 1, a left-hand
      end position in which it engages against an annular stop 30 in the
      cylinder 29, and a right-hand end position in which it engages against the
      right-hand end face of the cylinder 29. Associated with each of these
      three positions of the piston 26 are three corresponding positions of the
      sliding dog 19 connected to it. In the intermediate position of the piston
      26 the associated sliding dog 18 or 19 is in its corresponding central,
      disengaged, position as shown in FIG. 1. In the left-hand end position of
      the piston 26 the dog 18 or 19 has its teeth 20 engaging the teeth 20 of
      the pinion 15 or 17 and in the right-hand end position of the piston 6 on
      the other hand the sliding dog 18 or 19 has its teeth 20 engaging in the
      teeth 20 on the pinion 10 or 16.
PAR  The actuating cylinder 29 is operated hydraulically and accordingly it has
      a number of connecting pipes which can be put into communication with a
      source of fluid under pressure or instead with a sump at zero pressure.
      Thus a pressure fluid pipe 31 opens into the cylinder 20 near that end
      face through which the piston rod 25 passes. This pipe 31 is connected to
      one side of an electro-magnetic two-position three-way valve 32 of which
      the other side is connected through a pipe 33 to a pressure fluid
      reservoir 34. This reservoir is fed with fluid from the pump 35 and when
      the reservoir 34 is full the excess oil returns through the pipe 36 and
      relief valve 37 to the sump 38.
PAR  In addition the said other side of the valve 32 is connected through a
      return pipe 39 to the sump 38. There are thus three fluid connections
      leading from the valve 32.
PAR  In addition to the pipe 31 two further pipes 40 and 41 are connected to the
      cylinder 29. Whereas the pipe 40 opens into the rear end face of the
      cylinder 29, opposite that end through which the piston rod 25 passes, the
      pipe 41 enters the cylinder 29 in the neighbourhood of the annular stop
      30. Pipes 40, 41 are each connected to a respective hydraulically actuated
      two-position three-way main valve 42 or 43, these valves being connected
      through respective pipes 44 and 45, together with the pipe 31, to the
      valve 32 mentioned earlier and through pipes 46 and 47 to the return pipe
      39 which leads to the sump 38. The two main valves 42, 43 are each
      operated by a respective electro-magnetic two-position three-way primary
      valve 52 or 53 through a respective pipe 48 or 49 which is connected to
      the operating cylinder 50 or 51 of main valve 42 or 43.
PAR  In addition to the pipe 48 or 49 each primary valve 52 or 53 has in
      addition a respective pipe 54 or 55 leading to the valve 32 and a pipe 56
      or 57 connected to the return pipe 39. In order to shift the pistons 26
      and 27 in the cylinder 29 in a sudden manner and accordingly to allow the
      necessary quantityy of fluid to flow into or out of the corresponding end
      of the cylinder 29 extremely rapidly, the pipes 31, 40, 41, 44, 45, 46, 47
      and 33 and 39 are made of appropriately large inside diameter and
      furthermore the valves 32, 42 and 43 are constructed so that they likewise
      uncover correspondingly large cross-sectional area in each direction of
      movement. In addition, for sudden shifting of the piston 26 in the
      cylinder 29 on receipt of an appropriate command from a control member, to
      be described later, it is arranged that a large-volume main valve 42 or 43
      is associated with each of the pipes 40 and 41 and is controlled
      hydraulically by a low-volume electro-magnetic primary valve 52 or 53.
PAR  The valves 52 and 53 require only a low force for their operation and so
      that their electrical windings can be small and the magnetic fields which
      they have to build up are of low strength and can be built up rapidly.
      Operation of the valves 52 and 53 is accompanied almost simultaneously by
      operation of the associated valve 42 or 43 as the hydraulic connection
      between the valves 42 and 52 or 43 and 53 allows virtually no delay.
PAR  Finally, further to ensure rapid switching of the pipes 40, 41 to the valve
      32 or to the return pipe 39 it is arranged that the valves 42, 43, 52, 53
      are constructed as ball valves having no positive overlap travel of the
      closure member and accordingly a very short working stroke. In orthodox
      valves having central rotationally symmetrical control slides or spools
      and annular pressure spaces arranged around them, a positive overlap of
      the pressure chambers by the spool is necessary in order to keep the loss
      of fluid by leakage as low as possible. Therefore on each operation of the
      valve the amount of this overlap must first be taken up before the spool
      uncovers a free passage. This needs extra time and furthermore the magnet
      for the valve must be correspondingly powerful because of the longer
      stroke, i.e. its winding will have increased inductance. All these
      drawbacks are eliminated by the use of the ball valves 42, 43, 52, 53.
PAR  The layshaft 9 in the gear-box 6 is connected to an hydraulic assembly 58
      which can act as a motor or a pump at will. It is connected through a
      fluid supply pipe 59 and a return pipe 60 to an electro-magnetic
      three-position four-way valve 61, which is further connected through two
      pipes 62 and 63, to the pressure fluid reservoir 34 and the zero-pressure
      sump 38. In one operative position of the valve 61 the pipes 59, 60, 62
      and 63 are shut off and so the hydraulic assembly 58 operates as a pump
      which delivers fluid to the pipe 60 and from there through a further pipe
      64 in which there is a pressure relief valve 65 leading to the pipe 59
      from which the assembly 58 draws its fluid. In this way the assembly 58
      has to maintain continuously the pressure necessary to overcome the
      closing pressure to which the relief valve 65 is set and so it has a
      braking effect on the layshaft 9 of the gear-box 6.
PAR  In the second position of the valve 61 the pipes 62 and 63 are shut off as
      before but the pipes 59 and 60 are now connected to each other so that the
      pipe 64 and its appropriate relief valve 65 are by-passed. Thus the
      assembly 58 driven by the layshaft 9 works as before as a pump but without
      having to deliver fluid against any pressure in the pipes 60 and 59 and
      therefore exerting virtually no braking effect on the layshaft 9. In its
      third position the valve 61 connects the pipe 59 to pipe 62 and the pipe
      60 to the pipe 63 so that the hydraulic assembly 58 is fed with fluid from
      the reservoir 34 and can act as a motor which drives the layshaft 9.
PAR  To operate the friction clutch 3 of the heavy goods vehicle provided with
      the installation of FIG. 1 there is an actuating cylinder 66 on which the
      piston 67 is connected to the movable member 4 of the clutch 3. The
      cylinder 66 is in communication through a pipe 68 with an hydraulically
      operated two-position three-way valve 69 which is connected through a pipe
      70 to the reservoir 34 and through a pipe 71 to the sump 38. The operating
      cylinder 72 of the valve 69 is connected through a pipe 73 to an
      electro-magnetically operated two-position three-way primary valve 74
      which is further connected through pipes 75 and 76 likewise to the
      reservoir 34 and the sump 38. In order to ensure rapid operation of the
      cylinder 66 by the necessary volume of fluid, the pipes 68 and 70 have a
      correspondingly large inside diameter and furthermore the valve 69 is
      arranged so that it uncovers a correspondingly large cross-sectional area,
      at least in that position in which it connects the pipes 68 and 70. For
      the reasons already explained above in connection with the actuation of
      the cylinder 29, we do not provide an electro-magnetic main valve 69 but
      instead we make the main valve 69 as an hydraulically operated valve which
      is controlled by the primary valve 74 which is of low volume and is
      electro-magnetically operated. Again for the reasons given above the
      valves 69 and 74 are constructed as ball valves.
PAR  In order to ensure rapid disengagement of the clutch 3 but slow engagement
      a restriction 77 including a one-way check valve is incorporated in the
      pipe 68 providing a large cross-sectional area in the direction of flow
      towards the cylinder 66 but a restricted cross-section in the opposite
      direction.
PAR  A tachometer 78 is driven by the main shaft 8 of the gear-box and a
      tachometer 79 is driven by the layshaft 9 and these have electric
      connections 80 and 81 leading from them. Electric switches 82, 83 and 84
      are also provided, closed by a control cam 85 on the piston rod 25. The
      switches 82, 83 and 84 are arranged so that they are closed by the cam 85
      when the piston 26 is in its left-hand position, in its intermediate
      position as shown in FIG. 1, and in its right-hand position respectively,
      and thus when the sliding dog 19 is connected to the pinion 17 or is in
      its central idling position shown in FIG. 1 or is coupled to the pinion
      16. Electric leads 86, 87 and 88 are joined to the switches 82, 83, 84.
PAR  The winding of the solenoid of the valve 32 is energised through an
      electric connection 89. The windings of the solenoids of the primary
      valves 52 and 53 are energised through leads 90 and 90'. For the same
      purpose the windings of the solenoids of the valve 74 and the winding of
      the solenoid of the valve 61 are connected to electric leads 91 and 92.
PAR  All the electric leads 80, 81 and 86 to 92 are connected to an electric or
      electronic control member 93 to which a device 94 for visual indication of
      the gear ratio engaged in the four-speed gear-box 6 is connected. The
      control member 93 (similar to that disclosed in U.S. Pat. NO. 3,530,668)
      of which the construction is not explained further (nor is that of the
      visual indicator 94) is provided with four push buttons 95, operation of
      which pre-selects the ratio to be engaged in the gear-box 6. The button 96
      serves to set in motion the gear-changing sequence by which the
      preselected ratio is automatically engaged. This is performed in the
      manner now to be explained.
PAR  It will be assumed that the vehicle provided with the mechanism shown in
      FIG. 1 is running in first gear and is to be changed up into second gear.
      In first gear the shaft 8 driving the rear axle of the vehicle is driven
      from the layshaft 9 through the gear pair 17, 14 and the layshaft is
      driven from the input shaft 5 through the gear pair 10, 11. The shaft 5 is
      driven from the engine 1 as the clutch 3 is in engagement. The hydraulic
      assembly 58 has neither a braking nor an accelerating action on the shaft
      9 as the valve 61 is in its second or intermediate position in which the
      pipes 62 and 63 are shut off and the pipes 59 and 69 are connected
      together. The cylinder 66 and also the cylinders 29 are both without
      pressure as the valve 32 is in the position shown in FIG. 1 and so the
      pipe 31 is connected to the return pipe 39 leading to the sump 38 and so
      all the pipes in which the valves 42, 43, 52 and 53 are connected are at
      zero pressure.
PAR  Depression of the pre-selector button 95 that is associated with second
      gear prepares the control member 93 for engaging second gear. In
      particular within the control member 93 the comparator which determines
      the condition of synchronism of those components in the gear-box which are
      to be brought into engagement in a gear change is set to the ratio of the
      selected gear, in the present case therefore to the ratio determined by
      the gear pair, 13, 16. In addition there is selected within the control
      member 93 which of the primary valves 52 and 53 needs to be energised.
PAR  When he wants to engage the pre-selected second gear all the driver of the
      vehicle has to do is to press the button 96 which can for example take the
      form of that foot pedal which would normally serve for actuating the
      clutch of the vehicle. This is particularly convenient as then the driver
      of the vehicle has to learn virtually no new actions for performing a gear
      change but on the contrary similarity to the gear changing sequence in
      vehicles with orthodox gear-boxes remains. On operation of the button 96
      the valves 74 and 32 are energised. The quick acting valve 74 immediately
      connects the operating cylinder 72 of the valve 69 to the reservoir 34 so
      that the valve 69 is operated almost simultaneously with operation of the
      valve 74 so that the cylinder 66 is likewise put in communication with the
      fluid reservoir 34. The piston 67 is acted on suddenly by such a quantity
      of fluid that the clutch 3 is rapidly disengaged, disconnecting the engine
      1 from the input shaft 5 of the gear-box.
PAR  At the same time actuation of the valve 32 causes the cylinder 29 to be
      connected to the reservoir 34 through the pipe 40 so that the piston 26
      moves from its left-hand end position to the intermediate position shown
      in FIG. 1 and the teeth 20 on the sliding dog 19 are disengaged from the
      teeth 20 on the pinion 17, with the dog 19 taking up its central position
      as likewise shown in FIG. 1. The valves 52, 53 and 42, 43 are constructed
      and connected so that when the leads 90 and 91 are without power,
      accordingly the valves 52 and 53 are not energised, the operating cylinder
      50 of the valve 42 is under pressure and the cylinder 51 of the valve 43
      is not under pressure, and the valve 42 connects the pipe 40 to the
      reservoir 34 through the pipe 44 and the valve 32, and the pipe 33, while
      the valve 43 connects the pipe 41 to the sump 38 through the pipe 47 and
      the return pipe 39. Thus the pipes 31 and 40 are under pressure, whilst
      the pipe 41 is not. The piston 27 is moved towards the annular stop 30,
      and urged up against it, by the fluid passing through the pipe 40. By
      means of its piston rod 28 it carries with it the piston 26 which is acted
      on at its piston rod face by the fluid from the pipe 31. The surface area
      of the piston 26 on which the pressure of the fluid fed through the pipe
      31 acts is that much smaller than the surface area of the piston 27 on
      which the pressure of the fluid fed through the pipe 40 acts on the piston
      27 so that the above-mentioned sudden displacement of the piston 26 occurs
      from its left-hand end position is the intermediate position shown in FIG.
      1.
PAR  The attainment of this intermediate position of the piston 26 and thereby
      of the sliding dog 19 is signalled to the control member 93 by the switch
      83 closed by the cam 85 on the piston rod 25. The receipt of this signal
      from the switch 83 immediately brings the hydraulic assembly 58 into
      action as a brake, i.e. it brings the valve 61 into its lowermost position
      shown in FIG. 1, in which the pipes 59, 60, 62 and 63 are all shut off and
      the assembly 58 works as a pump against the pressure set in the relief
      valve 65, this pump being driven by the layshaft 9 of the gear-box 6,
      thereby rapidly reducing the speed of this shaft. As soon as the pinion 16
      and the sliding dog 19 (and thereby the main shaft 8) are rotating at the
      same speed the comparator in the control member 93 gives the signal for
      the teeth 20 on the sliding dog 19 to be brought into engagement with the
      teeth 20 on the pinion 16, i.e. the valve 53 is energised from the control
      member through the lead 90'. The primary valve 53 is energised with
      virtually no delay and puts the operating cylinder 51 of the main valve
      into communication with the reservoir 34 through the pipes 49 and 55 and
      the valve 32 and the pipe 33. The cylinder 51 of the valve 43 is therefore
      immediately put under pressure and the valve 43 connects the pipe 41,
      leading to the cylinder 29, with the pipe 45 which is in communication
      through the valve 32 and the pipe 33 with the reservoir 34. The piston 26
      is immediately and suddenly shifted to its right-hand end position and
      equally rapidly the sliding dog 19 engages with its teeth 20 in the teeth
      20 of the pinion 16. It will be understood that simultaneously with the
      energisation of the valve 53, the valve 61 is shifted to the position
      shown in FIG. 1, so that the hydraulic assembly 58 no longer exerts any
      braking action on the layshaft 9 of the gear-box 6.
PAR  Despite the fact that the same pressure acts on both sides of the piston 26
      the piston is displaced rapidly to the right because its left-hand face
      has a correspondingly larger surface area than the right-hand face. The
      attainment of the right-hand end position of the piston 26 is signalled to
      the control member 93 by the switch 84 which is closed by the cam 85 on
      the piston rod 25.
PAR  On receipt of the signal coming from the switch 84, the valves 32 and 74
      are simultaneously switched off, the valve 32 being transferred from the
      reservoir 34 to the sump 38 and the pipe 73 leading to the actuating
      cylinder 72 of the valve 69 is also connected to the sump 38, so that the
      valve 69 is switched over and the pipe 68 is likewise connected to the
      sump 38. Because of the one-way restriction 77 in the pipe 68 the piston
      67 in the cylinder 66 only returns to its starting position slowly and so
      the clutch 3 engages slowly and the engine 1 is coupled to the input shaft
      5 of the gear-box in a smooth and gentle manner. The digit 2 appears in
      the indicator 94 showing what gear ratio is engaged in the gear-box 6.
PAR  Furthermore, after the arrival of the signal from the switch 84 the primary
      valves 52 and 53 and accordingly the corresponding main valves 42 and 43
      are switched back with a pre-determined delay in relation to the
      switching-over of the valve 32 and are put in communication with the
      return pipe 39 and the sump 38.
PAR  The gear-changingg sequence described above takes place, from operation of
      the push button 96 to closing of the switch 84, in about 250 msec. The
      engagement of the teeth 20 on the sliding dog 19 and the teeth 20 on the
      pinion 16 occurs in about 35 msec. This extremely short period of time
      extends between the energisation of the electric lead 90' and thereby of
      the primary valve 53 and the operation of the switch 84, i.e. the
      completion of the engagement of the teeth 20 in the sliding dog 19 and the
      pinion 16.
PAR  The change down from a higher to a lower ratio, for example from third to
      first gear, takes place in the same short period of time. Again this is
      started by depression of the push button 95 corresponding to first gear,
      which pre-sets the electric control member 93. Then follows operation of
      the initiating button 96 so that the valve 32 and the pipe 31 as well as
      the primary valves 52, 53 and the main valves 42, 43 not only of the
      cylinder 29 shown in FIG. 1 but also of a second such cylinder 29, not
      shown, are connected to the pipe 33 and thereby to the pressure fluid
      reservoir 34, and in addition the clutch 3 is disengaged suddenly in the
      manner described above. The second cylinder 29, of which the piston 26 is
      in its left-hand end position against the annular stop 30, is shifted
      suddenly to its intermediate position in the manner described, in which
      position the first cylinder 29 already is, as shown in FIG. 1. Thereby the
      sliding dog 18 has its teeth 20 disengaged from the teeth 20 of the pinion
      15 and it takes up its central position shown in FIG. 1. A second switch
      83 signals this fact to the control member 93.
PAR  The control member 93 then causes actuation of the valve 61 into its
      position indicated by the upper symbol in FIG. 1, in which the pipe 62 is
      connected to the pipe 59 and the pipe 60 is connected to the pipe 63.
      Fluid under pressure flows from the reservoir 34 through the hydraulic
      assembly 58 and from there back to the sump 38. The assembly 58 operates
      as a motor and speeds up the layshaft 9 of the gear-box. As soon as the
      comparator in the control member 93 detects a condition of synchronism
      between the pinion 17 and the sliding dog 19 (and thereby of the main
      shaft 8 of the gear-box) and sends out an electric signal, the piston 26
      of the first cylinder 29, shown in FIG. 1, is suddenly displaced into its
      left-hand end position against the stop 30, so that the teeth 20 of the
      sliding dog 19 engage the teeth 20 on the pinion 17. The cam 85 on the
      piston rod 25 then closes the switch 82 so that the control member 93
      initiates the switching over of the valve 61 into its intermediate
      position shown in FIG. 1 in which the pipes 62 and 63 are closed off and
      the pipes 59 and 60 are connected together, initiates switching over of
      the valve 32 into the lower position shown in FIG. 1, and which initiates
      the delayed switching over of the valve 52, and thereby of the valve 42,
      into the position likewise shown in FIG. 1, so that the two pipes 31 and
      all the primary valves 52, 53 and all the main valves 42 and 43 are at
      zero pressure, being connected to the sump 38.
PAR  The sudden movement of the piston 26 into its left-hand end position is
      effected by the control member 93 energising the primary valve 52 through
      the electric lead 90 so that the valve 52 changes over to the position
      shown by the upper symbol in FIG. 1 and puts the actuating cylinder 50 of
      the main valve 42 into communication with the return pipe 39, and thereby
      with the sump 38, through pipes 48, 56. This brings the main valve 42 into
      the position shown by the lower symbol in FIG. 1, in which the pipe 40 is
      put in communication through pipe 46 with the return pipe 39 and thereby
      with the sump 38. The fluid present behind the piston 27 can thus escape
      suddenly so that the fluid fed through the pipe 31 to the other side of
      the piston 26 displaces the piston 26 together with the piston 27 suddenly
      to the left until the piston 26 comes up against the annular stop 30.
PAR  As already made clear by what has been said above, it will be evident that
      the gear-box 6 can be changed from any ratio in which it is engaged, that
      is to say from each effective gear ratio, into the neutral position shown
      in FIG. 1. Thus after operation of the appropriate pre-selector button 95
      and the initiating button 96, the sliding dog 18 or 19 that is already
      engaged is brought into its intermediate position shown in FIG. 1 without
      the speed comparison and without the engagement of one of the dogs 18 or
      19 with the teeth 20 of one of the pinions 10, 15, 16 or 17 taken place,
      and without the hydraulic assembly 58 having to be brought into action.
PAR  Starting off from rest also is performed in the manner described above. The
      gear-box 16 is initially in its neutral position as shown, with the shafts
      5 and 9 rotating at speeds dependent respectively on the engine speed and
      on the speed of the shaft 5 and the gear ratio of the pair 10, 11, whilst
      the shaft 8 and the sliding dogs 18 and 19 are stationary. Each of the
      pinions 15, 16 and 17 rotates at the speed corresponding to the speed of
      the layshaft 9 and the gear ratio of the pair 12, 15 or 13, 16 or 14, 17.
      First gear is now selected by operation of the appropriate button 95 and
      the gear-changing sequence is initiated by operation of the button 96.
      This first disengages the clutch 3 and switches over the valve 32 so that
      both cylinders 29 have fluid under pressure fed to them through the
      respective pipes 40, 31. As both switches 83 are closed, the hydraulic
      assemlby 58 is started up. Because the comparator and the control member
      93 ascertains that the shaft 8 and thus the sliding dog 10 is at rest
      whereas the shaft 9 is rotating, and therefore that to achieve synchronism
      between the dog 19 and and the pinion 17 the latter must be brought to a
      halt, the assembly 58 is connected to act as a brake in that the control
      member 93 shifts the valve 61 to the position shown by the lowest symbol
      in FIG. 1, in which the assembly 58 pumps fluid against the opening
      pressure of the relief valve 65. As soon as the comparator in the control
      apparatus 93 signals that the sliding dog 19 and the pinion 17 are
      stationary, the piston 26 in the cylinder 29 is shifted to its left-hand
      end position in the manner described already above, so that the teeth 20
      on the sliding dog 19 engage the teeth 20 on the pinion 17. The completion
      of this engagement is signalled to the control member 93 by the switch 82
      which is closed by the cam 85. The slow engagement of the clutch 3 then
      takes place, as well as the changing over of the valve 32. The valve 61 is
      already changed back to its central position shown in FIG. 1 by the
      control member 93 on initiation of the displacement of the piston 26.
PAR  The cylinder 29 shown in FIG. 1 together with its associated valves 42, 43,
      52 and 53, switches 82, 83 and 84 and lever 21, together with the second
      cylinder 29, already mentioned above but not illustrated, together with
      its assosiated valves 42, 43 52 and 53 and switches 82, 83 and 84 and
      lever 21 are brought together in a constructional unit 7 of which the form
      will now be described with reference to FIGS. 2 to 4. The arrows a to c in
      FIG. 1 signify that the appropriate associated components of the further
      cylinder 29 are connected to the pipes in question. Leads 86 to 88 of the
      switches 82 to 84 and the leads 90, 90' of the second cylinder 29, not
      shown, are likewise not illustrated in FIG. 1.
PAR  In order to make absolutely sure that, in a gear-changing sequence, the
      sliding dog 18 or 19 that was prevously engaged is only disconnected from
      the pinion 10, 15, 16 or 19 when the clutch 3 is disengaged, there is
      provided a switch 111 connected through a lead 112 to the control member
      93. The switch 111 is closed by the actuating lever 4 of the clutch or by
      the rod of the piston 67 when the friction clutch 3 is disengaged. Only on
      receipt of the electric signal in the control member 93 is the valve 32
      switched over.
PAR  With the arrangement according to the invention shown in FIG. 1 such a
      rapid gear-changing sequence makes it possible for the first time for the
      engine 1 to be able to run always in its best speed range in which it
      delivers maximum torque. Experiments have shown that the device according
      to the invention even in travel of fully laden goods vehicles of maximum
      weight (for example 32 tons total weight of vehicle with trailer) through
      mountainous country, permits gear-changing without difficulty. Previously
      this was not possible because the gear-changing operation took up so much
      time that, while the vehicle was running idle during the gear-change, it
      slowed down too much to be able to be driven in the selected higher gear
      at an engine speed lying in the range of maximum torque. After engagement
      of the higher ratio and re-engagement of the clutch the engine was thin
      running at a speed associated with such a reduced torque that it was no
      longer able to drive the vehicle and the engine stalled.
PAR  Moreover it has been found that the arrangement according to the invention
      allows completely shock-free gear-changes. The change from one ratio to
      the next is not detectable. This not only spares all the components of the
      vehicle but also its occupants and its load.
PAR  The apparatus of FIG. 1 can be modified in numerous ways. For example the
      gear-box 6 can equally well be constructed as a multi-shaft box with more
      that two shafts or it can be constructed as an epicyclic box. Instead of
      sliding dogs 18, 19 provided with dog teeth on both faces, one could
      provide driving keys which, in one position, connect the pinion associated
      with them to the associated shaft whereas in their other positions the
      pinion is free of the shaft. Also it is possible, instead of the sliding
      dogs 18, 19, to mount the pinions 15, 16 and 17 on the shaft 8 so that
      they are keyed against relative rotation but are axially slidable, or
      alternatively these pinions can be rigidly keyed to it and for the gear
      wheels 12, 13 and 14 to be axially slidable on the shaft 9 but keyed to it
      for rotation with it.
PAR  It has already been stated that the button 96 for initiating a gear change
      can be in the form of a pedal which, in a vehicle equipped with the
      arrangement according to FIG. 1, is put in place of the normal clutch
      pedal. In order to obtain further as great similarity as possible for the
      vehicle to an orthodox vehicle in the matter of operation and equipment of
      the actuating levers, instead of the pre-selector buttons 95 we could
      provide an orthodox gear lever on the floor of the driver's cab or below
      the steering wheel, operation of which in the orthodox manner results in
      the same pre-selection as occurs on operation of one of the push buttons
      95.
PAR  The arrangement shown in FIG. 1 could also be constructed so that instead
      of the pre-selection and initiation of a gear change being performed by
      hand these steps could be performed automatically in accordance with the
      vehicle speed and load, thus resulting in a fully automatic gear-box. For
      this purpose the electric control member 93 is supplied with an indication
      of the vehicle speed and engine speed and accelerator pedal position.
PAR  The pressure fluid reservoir 34 can be eliminated when a pump 35 of
      sufficiently large power and volume is employed. However use of a
      reservoir 34 is preferred as this allows a smaller pump 35 to be used and
      in addition fluid is available even when the pump 35 is stationary.
      Moreover the reservoir 34 can be one which is already provided on the
      vehicle for other purposes.
PAR  The speed-indicating 78, 79 are preferably tachogenerators of which the
      output voltages or frequencies are compared with one another in the
      electric or electronic control member 93 according to the gear ratio that
      has been pre-selected. In this way one can get away with only two speed
      indicators 78, 79 and it is not necessary to provide each of the pinions
      10, 15, 16 and 17 with an individual indicator of which the output signal
      would be compared with the output signals of the speed indicator 78 of the
      sliding dogs 18, 19.
PAR  In the gear-change according to the invention it is also of particular
      significance that only relatively small masses have to be slowed down or
      accelerated to obtain synchronism of those components which are to be
      brought into engagement, these masses being the layshaft 9 with its gear
      wheels 11, 12, 13 and 14 and the pinions 10, 15, 16 and 17 which mesh with
      them, and the shaft 5 to which the pinion 10 is secured. This allows
      extremely rapid change of speed of these components to be achieved with
      the aid of a specially provided hydraulic assembly 58 which can act at
      will as a motor or a brake. Instead of the convertible hydraulic motor 58
      one could also use a convertible electric motor, a convertible exhaust
      gas-turbine or a convertible fly-wheel motor. Moreover it is also possible
      to employ motors which are not convertible, which must then be combined
      with a braking device of known construction.
PAR  The hydraulic components 66, 69, 74 and 77 allow extremely rapid
      disengagement of the clutch 3 and engagement of it which is as rapid as
      can be permitted by the attainment of smooth take-up of the engine 1 with
      the shaft 5. This likewise leads to a reduction in the over all
      gear-changing time. In place of the restriction 77 one could insert in the
      shaft 2 between the engine 1 and the clutch 3 an hydraulic torque
      convertor or an hydraulic coupling.
PAR  The clutch 3 could be operated directly by the driver by means of a clutch
      pedal in an orthodox manner in addition to or instead of the operation,
      shown in FIG. 1 and described above, by the control member 93. In the
      first case a change-over valve is inserted in the pipe 68 between the
      valve 69 and the restriction 77 and it connects the valve 69 or a cylinder
      operated by the clutch pedal at will to the restriction 77.
PAR  In FIGS. 2 to 4 there is illustrated a preferred embodiment of a
      gear-changing arrangement 7 for a six-speed gear-box. The same parts are
      provided with the same reference numerals as in FIG. 1. Apart from the
      fact that the device shown in FIGS. 2 to 4 has three actuating cylinders
      29, each with two primary valves 52, 53 and two main valves 42, 43, it is
      distinguished from the device 7 of FIG. 1 further in that it is provided
      with its own pressure fluid reservoir 34' and accordingly it is connected
      to the pump 35 and the sump 38 without the interposition of the valve 32
      of FIG. 1, so that the device is also under pressure when no gear-changing
      operation is in progress. The provision of a valve 32 is preferred and in
      the device of FIGS. 2 to 4 it can be mounted in the same manner as
      described with reference to the valves 42, 43 or 52, 53 with the valve 32
      between the pipe 107' (FIG. 2) and the valve 108 (FIG. 2) still to be
      described, which valve 108 acts to reduce pressure of flow away from the
      pipe 107' but allows the fluid to flow unhindered in the opposite
      direction. The pipe 54, 55 (FIG. 2) is then obviously not connected to the
      check valve 107 to be descirbed later, but extends away from the valve 32
      in parallel with the valve 108, the valve 32 being also connected to the
      return pipe 39. Where no differences in pressure arise in the pipes 44, 45
      and 54, 55 (FIG. 2) the valve 108 can be omitted.
PAR  In the construction shown in FIGS. 2 to 4 the three actuating cylinders 29
      are mounted side-by-side in bores in a housing component 97 and are each
      secured by four screws 29'. The piston rods 25 project through a guiding
      and sealing member 29" and are connected through a fork 23 to an actuating
      shaft 21 mounted for rotation in the housing portion 97. The shafts 21
      each carry a cam 85 for operating microswitches 82, 84 for signalling
      engagement of a gear and a switch 83 (not shown) for signalling the
      neutral position. A terminal box 97' is secured to the side of the housing
      portion 97 for the connection of the electric leads 86, 87, 88 or
      microswitches 82, 83, 84 and the leads 90, 90'.
PAR  The housing portion 97 is secured to a further housing portion 98 by screws
      98' and locating dowel 98", this portion 98 contains the main valves 42,
      43 and the primary control valves 52, 53 of which there are two associated
      with each actuating cylinder 29. The main valves 42, 43 are mounted
      side-by-side in parallel bores in the portion 98, whilst the
      electro-magnetically operated primary control valves 52, 53 have their own
      housing secured in the portion 98 by screws.
PAR  Both housing portions 97 and 98 have a common cover 99 and they are
      provided in addition with a machined surfaces 100, 101 and bores 102, 103
      for mounting them on the gear-box housing 104. Fluid connections between
      the main valves 42, 43 and the cylinders 29 and between the main valves
      42, 43 and the primary valves 52, 53 are formed in the housing portions 97
      and 98 and in the cylinder 29. Sealing rings 105 are provided in the
      mating surfaces of the housings.
PAR  A connection block 106 is secured to the side of the housing portion 98 by
      screws. The block 106 has bores in its outer face for connecting the
      return pipe 39 and the pipe 35' coming from the pump 35 and it also
      carries a pressure fluid reservoir 34'. Opening into the co-operating
      surface of the housing portion 98 are the connections for the passages 54,
      55 leading to the primary valves 52, 53, for the passage 44, 45 leading to
      the main valves 42, 43 and for the return passage 46, 47, 56, 57 for the
      valves 42, 43, 52, 53. Two check valves are provided in the connection
      block 106. The first of these 107, prevents the reservoir 34' discharging
      into the pipe 35'. The second check valve 108 maintains the pressure in
      the pipe 54, 55 a few atmospheres below the pressure level in the pipe 44,
      45. The fluid can flow unchecked from the reservoir 34' through the
      passage 54, 55 to the primary valves 52, 53.
PAR  As shown in detail in FIG. 4, the primary valves 52, 53 are secured in a
      specially provided recess 109 in the housing portion 98 above the main
      valves 42, 43, parallel to these and to each other, the recess 109 mating
      with a recess 110 in the first housing portion 97 which carries the
      switches 82, 84 and forming, together with the other recess and with the
      cover 99, a closed chamber which is filled with oil to prevent the
      formation of moisture by condensation.
PAR  The arrangement according to FIGS. 2 to 4 is secured on the gear-box
      housing 104 (FIG. 1) in place of the whole of or of only part of the
      gear-box cover and the main pipes 39, 35' are connected up. No further
      alteration of pipework is necessary as all the other connections are
      formed within the housing portions 97, 98 and the cylinders 29. The
      assembly of the equipment can with advantage be broken down into
      sub-assemblies in that housing portion 97 with the cylinders 29 and the
      housing portion 98 are pre-assembled and tested in separate groups and
      then the final assembly only comprises screwing on the two portions 97 and
      98.
PAR  The extremely rapid operation of the apparatus 7 of FIG. 1 or the actuating
      arrangement 66, 69, 74 and 77 by the electric control member 93 on receipt
      of a command is achieved by the combination of two steps, namely the
      provision of a electro-magnetically operated two-position three-way valve
      which only has a small cross-section in each operative position and an
      hydraulic two-position three-way valve which is controlled by this
      magnetic valve and which uncovers a large cross-sectional area in each
      operative position, there being such an arrangement for each of the fluid
      pipes to be controlled, combined with the fact that at least the magnetic
      valves, and preferably also the hydraulic valves actuated by them, are
      formed as poppet valves. The magnetic valves can be made extremely small.
      Their correspondingly small windings accordingly have only small
      inductance and so only a very short time is needed for the build-up of the
      magnetic field. As the main valves controlled by the magnetic valves are
      operated hydraulically and as there is only a short pipe connection
      between each magnetic valve and its associated main valve, these main
      valves operate almost simultaneously with the associated magnetic valves.
      If, in place of a magnetic valve followed by an hydraulic valve, each of
      the pipes to be controlled were to be provided with a large
      electro-magnetically operated valve, these must have correspondingly large
      magnets appropriate to the large volume of flow and these magnets must
      have windings of correspondingly large inductance. The build-up of the
      magnetic field necessary to execute the movement would take up a
      substantial time and in fact, in comparison with the arrangement according
      to the invention with a magnetic valve followed by an hydraulic valve, a
      change-over time four or five times as long could not be bettered.
PAR  A further reduction in the actual change-over time is achieved by making
      the valves in question in the form of poppet valves. In orthodox valves
      with central rotationally symmetrical control slides or spools and with
      annular spaces arranged around these spools, it is necessary to provide
      positive overlap of the pressure spaces by the spool in order to keep the
      loss by leakage as low as possible. Accordingly, on each operation, the
      spool must first take up the travel represented by this overlap before it
      starts to uncover a free passage in the one direction or the other. This
      requires additional time and furthermore the magnet which actuates the
      valve must be correspondingly more powerful to match the longer stroke and
      it must be provided with a winding of correspondingly large inductance. In
      contrast to these, poppet valves have no positive overlap by the closure
      member and they have a correspondingly shorter working stroke. Their
      magnets can therefore have smaller windings of lower inductance than the
      above-mentioned slide valves. All this results in a substantial further
      reduction in the operating time.
PAR  The provision of the valve 32 allows the possibility of leaving the
      actuating arrangement 7 at zero pressure except when a gear-change
      operation is to be performed. This leaves the entire operating link work
      unloaded and reduces the wear on the actuating forks and other components.
      As is known in itself, the gear-box 6 can be provided with detents into
      which the sliding dogs 18 and 19 snap in their three operative positions
      (engaging the pinion 10 or 16, neutral intermediate position, and engaging
      the pinion 15 or 17) so that the sliding dog 18 or 19 is retained
      resiliently in each of these positions.
PAR  The invention can be put to use not only in heavy goods vehicles but also
      in all machines, installations, devices and apparatus, as well as
      vehicles, in which gear-boxes are provided. It can be used with particular
      advantage in machine tools.
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STM  We claim:
NUM  1.
PAR  1. In an apparatus comprising a gear-box having driven members, driving
      members and members to be moved to selectively engage a driven member with
      a driving member, and hydraulic means for moving said members to be moved,
      means for driving said driven members comprising an input shaft, an
      engine, a friction clutch for coupling the shaft to the engine and means
      for actuating the clutch comprising a cylinder having a piston slidably
      disposed therein and connected to a movable part of the clutch, a source
      of fluid under pressure, a fluid return reservoir, a hydraulically
      operated main valve for actuating the piston, said main valve being
      connected to the cylinder, the fluid source and the fluid return
      reservoir, an electromagnetically operated primary valve of smaller volume
      than that of the main valve for actuating the main valve, said primary
      valve being in fluid connection with the main valve, the fluid source and
      the fluid return reservoir, means comprising an electrical control unit
      for actuating the primary valve, and
PA1  a fluid flow restriction means having a one-way valve parallel thereto
      effective only to allow fluid flow towards the piston-cylinder assembly
      from said valve arrangement.
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ABST
PAL  A mechanical torque transmitting device such as a one-way clutch comprising
      a cylindrical engagement surface and one or more disc elements having
      members extending therefrom and flexibly attached thereto. The members are
      adapted to edgewise frictionally engage the cylindrical surface whereby
      relative rotation between the cylindrical surface and the disc elements in
      one direction causes frictional slippage of the members and relative
      rotation in the opposite direction causes tight driving engagement. In a
      preferred embodiment the flexible attachment of a member is spaced from
      the radial plane intersecting the engagement thereby providing compressive
      loading at the attachment during tight driving engagement. The attachment
      is relatively stiff in compression and flexible in bending, a bending load
      being applied thereto during frictional slippage. The preferred
      embodiments disclose versatile and economical constructions possible with
      the invention.
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PAC  BACKGROUND OF THE INVENTION
PAR  Prior art mechanical torque transmitting devices, such as clutches and
      brakes, are typified by U.S. Pat. Nos. 3,129,798; 3,730,316; and
      1,967,749, as well as the many devices in common everyday use. One way
      automatically engageable clutches and brakes often require the assembly of
      a plurality of small separate parts such as pawls that unduly add to the
      manufacturing cost. Therefore, further simplification of such devices for
      more economical manufacture and with equal or greater versatility in use
      is a desirable goal.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a cylindrical surface element and one or more disc
      elements having members extending therefrom and adapted to edgewise
      frictionally engage the cylindrical surface. The members are flexibly
      attached to the discs in a geometrical relationship that allows frictional
      slippage of the engagement with relative rotation of the cylindrical
      surface in one direction and tight torque transmitting engagement with
      relative rotation in the opposite direction. In a preferred embodiment
      having a plurality of discs, a typical disc includes a plurality of
      members integrally extending therefrom and formed from a single relatively
      thin piece of stock. The attachment or connection of each member to the
      disc is located relative to the frictional engagement of the member with
      the cylindrical surface and relative to the center of the disc such that
      under tight driving engagement the vector sum of the frictional driving
      force on each member is directed substantially through the center of the
      member's attachment. With increasing driving torque the curved engaging
      surface of each member contacts the cylindrical surface at an increasing
      distance from the attachment thereby causing tighter engagement. Relative
      motion in the opposite direction causes the vector sum of the frictional
      force and the normal force on each member to be directed substantially
      outside the connection of each member to the disc. The result is a bending
      load on each member which tends to disengage the member from the
      cylindrical surface. Thus, under tight driving engagement the driving
      force at the connection of each member to the disc is a substantially
      compressive force whereas under slipping engagement a bending load is
      applied at the connection. The discs with members integrally attached may
      be stamped, extruded or otherwise formed from suitable materials as simple
      units thereby greatly simplifying subsequent assembly steps of the clutch.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of the clutch taken along the line 1--1 of FIG.
      2;
PAR  FIG. 2 is a longitudinal section taken along the line 2--2 of FIG. 1;
PAR  FIG. 2A is a vector diagram illustrating the forces imposed on a member;
PAR  FIG. 3 is a cross section of an alternate embodiment of the clutch taken
      along the line 3--3 of FIG. 4;
PAR  FIG. 4 is a longitudinal section taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross section of a second alternate embodiment of the clutch
      taken along the line 5--5 of FIG. 5--5 of FIG. 6; and,
PAR  FIG. 6 is a longitudinal section taken along the line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2 the clutch is embodied as a part of a sheave mounted on a
      keyed shaft. Usage as a sheave is shown only for illustrative purposes and
      other driven or driving elements such as sprockets and splines may be
      easily envisioned. The clutch has an outer first element 10 having a
      cylindrical engagement surface 12 comprising the inner surface thereof.
      The clutch is mounted on a shaft 14 and either the shaft 14 or the first
      element 10 may be the driving or driven member. Located within the first
      element 10 are a plurality of relatively thin disc members 16 engaging the
      shaft 14 with a key 18. Integrally attached to each disc 16 are a
      plurality of engagement members 20 having curved surfaces or edges 22
      formed for engagement with the cylindrical engagement surface 12. The
      connection of each member 20 with the disc 16 comprises a narrow neck 24
      which can flex in the plane of the disc 16. Four members 20 are shown for
      each disc in FIGS. 1 and 2, however a lesser or greater number may be
      utilized as preferred to obtain the torque transmitting capacity per disc
      desired or to meet limiting external dimensions of the first element 10.
      Discs having three members will tend to be automatically self centering.
PAR  Typically the discs and members may be stamped or otherwise formed from
      thin flat sheet stock of a suitable material such as steel and the
      surfaces 22 may be flame hardened and ground or otherwise treated for
      suitable wear resistance and accuracy. For some applications further
      treatment after stamping is unnecessary thus allowing extremely
      inexpensive manufacture of the disc elements. Alternatively the discs and
      members may be formed integrally by an extrusion or moulding process and
      sliced to the thickness desired. Such a forming process is advantageously
      suited to easily extrudable or moldable metals and plastics for light duty
      clock applications. Thus a single relatively thick disc having all members
      integrally attached thereto can be manufactured very economically for a
      clutch utilizing a single disc element.
PAR  Assuming the first element 10 to be the driving member and rotating
      counterclockwise in FIG. 1 as given by the arrow 26, tight driving
      engagement with the members 20 will ensue. As assembled, the clutch
      members 20 engage the cylindrical surface 12 with a slight normal force at
      engagement lines 28. The engagement lines 28 are parallel to the axis of
      rotation (centerline of shaft 14). In the vector diagram of FIG. 2A the
      normal force is shown by the radial arrow 30. The tangential friction
      force developed at the engagement line 28 is illustrated by the arrow 32
      and for most engineering materials is assumed to be directly proportional
      to the normal force 30. Under tight driving engagement the friction force
      32 tends to rotate the member 20 counterclockwise relative to the disc;
      however, the engagement surface 22 is shaped to provide increasing
      distance from the neck 24 in the clockwise direction, as shown by the
      arrows 34 and 36, arrow 34 being as shown shorter than arrow 36. The
      actual shape of a curved surface 22 may be a circular arc as shown in FIG.
      1 or non-circular as shown in FIG. 3. The increasing distance from the
      neck 24 effectively tightens the engagement. In actual operation the
      radial distance of the engaging line 28 from the clutch centerline is
      permitted to increase only a slight amount because of the rigidity of the
      surface 12 on the first element 10. Thus with typical engineering
      materials and manufacturing accuracy the arcuate shift of the engagement
      line 28 is very slight for tight driving engagement. The slight movement
      of each member 20 counterclockwise relative to the disc 16 is strongly
      resisted. Increasing the torque transmitted by the clutch causes normal
      force 30 and tangential force 32 to increase in direct proportion to each
      other. The result of these forces therefore continues to be directed
      substantially along line 38 through the neck 24. The substantially
      compressive load at the narrow neck 24 thereby increases with increasing
      input torque under tight driving engagement of the clutch.
PAR  In order to assure that buckling under the compressive load at the neck 24
      does not occur the discs 16 may be located next to each other as shown at
      the center of the clutch in FIG. 2 or spacing discs 40 may be positioned
      adjacent the discs 16 to provide lateral supporting means. The provision
      of spacing discs 40 allows the load carrying capacity of each clutch to be
      individually selected at the time of assembly merely by specifying the
      number of discs 16 to be assembled on the shaft 14 with the remaining
      volume substantially filled by discs 40. As shown in FIG. 2 there are four
      driving discs 16 and six spacing discs 40. However, up to ten driving
      discs 16 could be inserted in the clutch of FIGS. 1 and 2. Thus, the total
      member of discs is only restricted by the individual disc thicknesses
      relative to the axial length of the clutch interior.
PAR  The clutch of FIGS. 1 and 2 also include circular side plates 42
      longitudinally positioning the clutch on the shaft 14 with retaining rings
      44 located in circumferential grooves 46 in the shaft. O-ring seals 50 and
      axial thrust pads or journals 48 are provided to prevent foreign matter
      from entering the clutch mechanism and to accommodate any axial thrust
      that may occur although under normal operation such thrust is minimal and
      merely required to maintain alignment. The plurality of thin discs 16 with
      individual members 20 allows the members to individually accommodate
      variations in the concentricity of the cylindrical surface 12 in the axial
      direction. For light duty use a clutch embodying only one disc 16 may be
      utilized. Such a clutch may be more suitably constructed by matching the
      axial length of the cylindrical engaging surface 12 to the thickness of
      the disc 16. The disc 16 and integral members 20 may be formed by
      extrusion as noted above and sliced to match the surface 12.
PAR  Returning to FIGS. 1, 2 and 2A, assuming the first element 10 to be the
      driving member and rotating clockwise in FIG. 1, slippage of the driving
      engagement will ensue as follows. The tangential frictional force
      developed at the engagement line 28 is illustrated by the arrow 52 and is
      assumed to be directly proportional to the normal force 30. However, the
      vector sum of the normal force 30 and the frictional force 52 is directed
      along a line 54 which passes substantially beyond the neck 24. Thus, the
      force on the member 20 relative to the disc 16 flexes the member 20
      clockwise about the neck 24. Since the distance of the engagement line 28
      from the neck 24 decreases as the member 20 is slightly flexed clockwise,
      the engaging surface 22 will tend to recede from the cylindrical surface
      12 and the normal force 30 will decrease to a minimum amount prescribed by
      an equilibrium condition between the tangential frictional force 54 and
      the restoring couple developed at the flexible neck 24.
PAR  The use of a plurality of thin discs and members allows each member to
      independently achieve the equilibrium condition thereby reducing the
      frictional drag induced by slippage to a bare minimum.
PAR  In FIGS. 3 and 4 an external clutch is embodied inside a sheave. The clutch
      has a first element 110 comprising a sleeve having the cylindrical
      engaging surface 112 on the outer surface thereof and engaging a shaft 114
      with a key 118. The key 118 is fitted in key slots 117, 119 in the shaft
      114 and the sleeve 110 respectively. Retaining rings 144 fitted in
      circumferential grooves 146 position the sleeve and clutch axially on the
      shaft 114. Concentrically positioned about the sleeve 110 are a plurality
      of relatively thin flat ring members 116 which correspond to the disc
      members 16 above. The rings 116 each have a plurality of engagement
      members 120 extending inwardly therefrom and having curved surfaces 122
      for engagement with the cylindrical surface 112. The surfaces 122 of the
      external clutch, however, need not be restricted to convex but may be
      straight or concave as desired. Each member 120 is attached to a ring 116
      by a narrow neck 124 which is relatively flexible in the plane of the ring
      116 and member 120. Surrounding the plurality of rings 116 is a sheave
      member or other suitable driving or driven element 125. On each side of
      the element 125 are circular side plates 142 enclosing the rings 116 and
      fastened to the element 125 by bolts 127 as best shown in FIG. 4. The
      bolts fit in semicircular keyways 121, 123 in the element 125 and the
      rings 116 thereby serving to drivingly engage the rings 116 with the
      element 125, O-ring seals 150 and axial thrust pads 148 are positioned
      adjacent the side plates 142 to prevent the ingress of foreign matter and
      to accommodate any axial thrust, as above. The O-ring seals 150 and thrust
      pads 148 are held in position by circumferential thrust rings 143 which in
      turn are press fit or otherwise fastened to the sleeve 110 and accurately
      located by retaining rings 145 fitted in grooves 147 in the sleeve 10.
      Alternative means for preventing the ingress of foreign matter and
      accommodating any axial thrust may of course be envisioned.
PAR  The operation of the clutch in FIGS. 3 and 4 is similar to the clutch of
      FIGS. 1 and 2. More specifically, a normal force 130 is developed at a
      typical engagement location 128. Assuming the shaft 114 and sleeve 110 to
      be drivingly rotated clockwise as given by the arrow 126, a frictional
      driving force occurs at the line 128 as shown by the arrow 132. The
      resultant driving force is indicated by the arrow 138 located on a line
      extending from the line 128 through the narrow neck 124 of the member 120.
      Slight flexing of the member 120 results in tight driving engagement
      because of the distance of the engagement line 128 from the neck 124
      increasing as above. The changing arcuate position of the line 128 on the
      surface 122 increases the distance between the center of the shaft 114 and
      the element 125. This increase is resisted by the overall structure
      resulting in a tight engagement. While no spacing discs are shown in the
      embodiment of FIGS. 3 and 4 they could be similarly used in the form of
      rings to replace some of the rings 116.
PAR  If the shaft 114 is drivingly rotated counterclockwise, frictional slippage
      will occur. Since the frictional force developed at the engagement line
      128 is as shown by arrow 152, the member 120 slightly flexes
      counterclockwise and disengages the surface 122 until the friction force
      152 and the couple developed by the flexure at the neck 124 are in
      equilibrium. Alternatively, the element 125 may be the driving element.
      Thus, in FIG. 3 slippage will occur with clockwise driving rotation of
      element 125 and tight driving engagement will occur with counterclockwise
      driving rotation of element 125.
PAR  In FIGS. 5 and 6 a third embodiment of the clutch is shown. This embodiment
      combines both the internal and external clutches above with the driving
      input to an element 201 directly fastened to ring members 216. Bolts 227
      engage a head ring 202, pass through holes 221 in the rings 216 and are
      threaded into the driving element 201 at 203. The rings 216 include
      integrally attached members 220 adapted to engage the peripheral element
      210 on the cylindrical surface 212 in a manner similar to that above. As
      shown in FIG. 5, clockwise driving movement of element 201 will cause
      tight driving engagement of the members 220 with the peripheral element
      210. The members 220 are joined to the rings 216 by flexible necks 224.
      The rings 216 also include members 220' extending towards the axial shaft
      214 and adapted to engage the cylindrical surface 212' of the sleeve 210'.
      Driving rotation of the element 201 in the counterclockwise direction will
      cause tight driving engagement of the members 220' with the sleeve 210' in
      turn driving shaft 214 through the key 218. In summary therefore,
      clockwise driving rotation of the element 201 causes tight driving
      engagement of the peripheral element 210 and slipping engagement with the
      sleeve 210' whereas counterclockwise driving rotation of the element 201
      causes tight driving engagement with the sleeve 210' and slippage with the
      peripheral element 210. The clutch of FIGS. 5 and 6 therefore combines the
      features of the clutches shown in FIGS. 1 through 4 into a single unit.
      Ball bearings 248 and dust seals 250 are shown as required to complete the
      unit.
CLMS
STM  I claim:
NUM  1.
PAR  1. Torque transmitting means comprising, a first element having cylindrical
      engagement means, a second element coaxial with the first element and
      rotatable relative thereto;
PA1  a plurality of members integrally connected to the second element and
      extending therefrom, surfaces on the members adapted to frictionally
      engage the cylindrical engagement means, the integral connections adapted
      to flexibly urge the members into contact with the first element, whereby
      relative rotation between the first element and the second element in one
      direction causes slippage of the frictional engagement and opposite
      relative rotation causes tight frictional driving engagement;
PA1  and characterized by, the surfaces having radii of curvature substantially
      different from the radius of the cylindrical engagement means and the
      corresponding integral connections being displaced from the corresponding
      radii joining the frictional engagements to the cylindrical axis whereby
      the respective vector sums of the normal and tangential forces on the
      members are directed along imaginary chordal lines joining the respective
      frictional engagements and the centers of the integral connections during
      tight frictional driving engagement.
NUM  2.
PAR  2. The torque transmitting means of claim 1 wherein a substantially
      compressive force is directed through the integral connection during tight
      frictional driving engagement.
NUM  3.
PAR  3. The torque transmitting means of claim 1 wherein a bending force is
      applied about the integral connection during slippage of the frictional
      engagement.
NUM  4.
PAR  4. The torque transmitting means of claim 1 wherein the surfaces engage the
      cylindrical engagement means along lines parallel to the axis of the
      cylindrical engagement means.
NUM  5.
PAR  5. The torque transmitting means of claim 1 wherein the respective vector
      sums of the normal and tangential forces on the members are substantially
      directed along imaginary chordal lines extending from the respective
      frictional engagements and spaced from the integral connections during the
      slippage engagement.
NUM  6.
PAR  6. The torque transmitting means of claim 1 wherein the second elements and
      members attached thereto comprise thin flat discs with the members
      extending therefrom.
NUM  7.
PAR  7. The torque transmitting means of claim 1 wherein the second elements and
      members attached thereto comprise thin flat rings with the members
      extending therefrom.
NUM  8.
PAR  8. The torque transmitting means of claim 1 wherein the effective distance
      between the connection and the engagement tends to increase with
      increasing tight driving engagement.
NUM  9.
PAR  9. The torque transmitting means of claim 1 wherein the effective distance
      between the connection and the engagement tends to decrease with
      increasing slippage engagement.
NUM  10.
PAR  10. The torque transmitting means of claim 1 wherein the surfaces on the
      members are curved.
NUM  11.
PAR  11. The torque transmitting means of claim 1 wherein the second element is
      exchangeable with a substitute second element having a different number of
      members integrally extending therefrom whereby the torque transmitting
      capacity and the frictional slippage resistance can be changed.
NUM  12.
PAR  12. Torque transmitting means comprising, a first element having
      cylindrical engagement means, a plurality of relatively thin second
      elements coaxial with the first element and rotatable relative thereto;
PAR  a plurality of members integrally connected to and extending from each of
      the second elements and surfaces on the members adapted to edgewise
      frictionally engage the cylindrical engagement means, whereby relative
      rotation between the first element and the second elements in one
      direction causes slippage of the frictional engagements and opposite
      relative rotation causes tight frictional driving engagement;
PA1  and characterized by, the surfaces having radii of curvature substantially
      different from the radius of the cylindrical engagement means and the
      corresponding integral connections being displaced from the corresponding
      radii joining the frictional engagements to the cylindrical axis whereby
      the respective vector sums of the normal and tangential forces on the
      members are directed along imaginary chordal lines joining the respective
      frictional engagements and the centers of the integral connections during
      tight frictional driving engagement.
NUM  13.
PAR  13. The torque transmitting means of claim 12 wherein individual second
      elements are exchangeable with spacing means whereby the torque
      transmitting capacity and the frictional slippage resistance can be
      changed.
NUM  14.
PAR  14. The torque transmitting means of claim 12 wherein individual second
      elements are exchangeable with substitute second elements having a
      different number of members integrally extending therefrom whereby the
      torque transmitting capacity and the frictional slippage resistance can be
      changed.
NUM  15.
PAR  15. The torque transmitting means of claim 12 wherein the integral
      connections of the members to the second elements are (by flexible means)
      adapted to flexibly urge the members into contact with the first element.
NUM  16.
PAR  16. The torque transmitting means of claim 15 including lateral supporting
      means adapted to substantially prevent lateral flexibility of the integral
      connections.
NUM  17.
PAR  17. The torque transmitting means of claim 16 wherein the supporting means
      are located adjacent the integral connections.
NUM  18.
PAR  18. The torque transmitting means of claim 15 wherein the respective vector
      sums of the normal and tangential forces on the members are substantially
      directed along imaginary chordal lines extending from the respective
      frictional engagements and spaced from the flexible means during the
      slippage engagement.
NUM  19.
PAR  19. The torque transmitting means of claim 15 wherein the second elements
      and members attached thereto comprise thin flat discs with the integral
      connections flexible in the planes of the discs.
NUM  20.
PAR  20. The torque transmitting means of claim 19 wherein the second elements
      and members attached thereto comprise thin flat rings with the integral
      connections flexible in the planes of the rings.
NUM  21.
PAR  21. The torque transmitting means of claim 15 wherein the surfaces on the
      members are curved.
NUM  22.
PAR  22. The torque transmitting means of claim 15 wherein the effective
      distance between the connection and the frictional engagement tends to
      increase with increasing tight driving engagement.
NUM  23.
PAR  23. The torque transmitting means of claim 15 wherein the effective
      distance between the connection and the frictional engagement tends to
      decrease with increasing slippage engagement.
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ABST
PAL  The invention is an improved clutching means for tapping attachments and
      particularly adaptable in attachments having free axial float. Direct and
      reverse drive is provided for by way of planetary gears for driving in
      direct and reverse drive in the exemplary attachment in which the
      clutching means is embodied. An adjustment is provided for depth. Spring
      biased clutch drive members are provided for both the direct and reverse
      drive providing a narrow, neutral position. Each clutch driver member is
      in the form of a sleeve having a ball race carrying driving balls
      interposed between axial splines on a driving part and on the driven
      spindle. The splines have arcuate side surfaces to confrom to the driving
      balls providing for substantially frictionless drive in both direct and
      reverse modes, the balls being free to roll. The splines are especially
      configurated to facilitate engagement of the balls with them. In one form
      the splines have slanted or inclined end surfaces to achieve this purpose
      and in a preferred form the splines have arcuate side and end surfaces
      forming a continuous oval shaped track.
PARN
PAR  This application is a continuation-in-part of Ser. No. 508,344 filed on
      Sept. 23, 1974 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of the invention is that of clutching means particularly adapted
      for tapping attachments. The exemplary forms of the invention are embodied
      in tapping attachment of the type having free axial float and providing
      for both direct and reverse drive. Improvements are provided in the device
      as described in detail herein, particularly adapting it for substantially
      frictionless drive of the tapping spindle. The drive is through clutch
      members which provide for engagement and disengagement without chattering.
      The drive is through ball members engageable with splines of special
      configuration to accommodate the purposes described hereinafter.
PAR  2. Description of the Prior Art
PAR  The background of the invention with respect to tapping attachments is
      exemplified in prior patents of this inventor U.S. Pat. Nos. 3,002,206;
      3,041,893; 3,397,588; 3,717,392; and 3,791,756, which are hereby
      incorporated herein by reference. Reference is also made to U.S. Pat. No.
      2,325,184. The background patents disclose the characteristics of tapping
      attachments having free axial float and direct and reverse drive. U.S.
      Pat. No. 3,397,588 discloses a type of construction wherein for the direct
      drive there is provided a spring biased clutch driver member which
      functions to eliminate chattering, when the clutch engages or disengages
      for direct drive. A similar clutch driver member may be and has been
      embodied in attachments having reverse drive as in U.S. Pat. No.
      3,717,892. The herein invention improves particularly on the clutch driver
      members and their cooperation with the drive means and spindle.
PAC  SUMMARY OF THE INVENTION
PAR  The improvements of the herein invention are adapted to realizing the
      objective that the drive of the floating spindle in a tapping attachment
      is accomplished substantially without friction, while still having the
      advantages and capabilities of the patents referred to. The realization of
      this end is an objective of the invention. The reverse drive is by way of
      planetary gears in such a way that the driving speed can be the same in
      direct drive as in reverse drive or it can be different. Spring biased
      clutch drive members are provided for both direct and reverse drive. An
      adjustment collar is preferably provided on the attachment which
      cooperates with the tapping spindle to provide depth control as shown in
      U.S. Pat. No. 3,717,892, incorporated herein by reference. This adjustment
      in combination with the spring biased clutch driver members makes it
      possible to have a very narrow neutral zone or area between direct and
      reverse drive, as in the patents referred to. The clutch driver members
      provide drive through balls carried by a spring biased sleeve (clutch
      driver member). The balls engage between axial splines on a clutch driving
      sleeve and on the tapping spindle, the splines having arcuate sides
      corresponding to ball radius allowing the balls to rotate while moving
      axially providing substantially frictionless drive.
PAR  The splines have their top and bottom ends formed or configurated on a
      slant, that is at an angle to the axis of the spindle. The upper and lower
      end edges are parallel. These slanted ends form an upper corner point and
      a lower corner point. The spindle moves axially to provide for engagement
      and disengagement for direct drive and for engagement and disengagement
      for reverse drive. These functions are facilitated by the upper and lower
      corner points, and the arcuate sides of the splines. As can be seen, upon
      engagement of the balls with the splines, the corner points facilitate the
      balls coming into position into engagement with the arcuate spline side
      grooves.
PAR  A further improvement resides in a modified form of spline. This
      modification carries forward the principle explicated in the foregoing. In
      this modification the top and bottom edges of the splines are generally
      horizontal and these ends as well as the sides are formed with an arcuate
      groove corresponding to the radius of the drive balls. These splines are
      essentially oval shaped or race track shaped with a continuous arcuate
      groove around the sides of the splines. As can be seen, this modification
      further facilitates the engagement of the driving balls with the splines
      both in direct and reverse drive. It may be seen that whenever the balls
      move axially so as to engage the splines upon contacting the splines the
      contact will be made with an arcuate or grooved surface, which by cam
      action causes the balls to roll essentially without friction into desired
      positions for engagement with grooves at one side or the other of the
      splines.
PAR  As may be observed, the invention basically is an improved clutching
      arrangement which facilitates clutching engagement between a driving and
      driven member and improves the driving relationship.
PAR  The specific nature of the improvements are described in detail hereinafter
      in connection with preferred exemplary forms of the invention.
PAR  In the light of the foregoing, further specific objects of the invention
      are as follows:
PAR  Another object is to provide mechanism capable of substantially
      frictionless drive without chattering or knocking with respect to both
      direct drive and reverse drive clutching and declutching.
PAR  A further object is the realization of a tool of this type, having the
      improved characteristics set forth and with a very few parts subject to
      wear, and having long and maintenance free life.
PAR  Another object of the invention is to realize a mechanism having parts
      which are easy to fabricate and particularly that the splines themselves
      are provided on an easily replaceable part.
PAR  A further object is to realize a tool of this type wherein the danger of
      damage or breakage of the tool when operated is minimized.
PAR  A further object is to achieve or realize the foregoing objects by way of
      specific improvements, residing in ball driving members interposed between
      rotating parts and co-operating with splines on one of the parts wherein
      the splines are provided with arcuately grooved side edges, the grooves
      having a radius corresponding to that of the balls. A corollary object is
      to provide these splines with slanted or biased upper and lower ends
      providing upper lower and corner points to facilitate the engagement
      between balls and splines.
PAR  A further object is to achieve or realize the foregoing objects by way of
      specific improvements in the splines, residing in that the upper and lower
      ends of the splines as well as the sides, are provided with arcuate
      grooves having a radius corresponding to that of the balls so that in
      effect a continuous oval track is provided completely around the splines.
DRWD
PAR  Further objects and additional advantages of the invention will become
      apparent from the following detailed description and annexed drawings
      wherein:
PAR  FIG. 1 is a view of a preferred form of the tapping attachment mounted on a
      machine;
PAR  FIG. 2 is a cross-sectional view of the tapping attachment of FIG. 1;
PAR  FIGS. 3A and 3B are partial views illustrating the clutch driver member or
      sleeve, for direct drive in different positions;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a detail view of a part of the spindle illustrating the
      configuration of the splines.
PAR  FIG. 6a is a transverse cross-sectional view through the spindle and
      through the splines of FIG. 6;
PAR  FIG. 6b is an elevational view of the spindle section and splines of FIGS.
      6 and 6a;
PAR  FIG. 7 is a partial cross-sectional view of a modification wherein the
      splines are on a removable part of the spindle.
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 7.
PAR  FIG. 9 is a detail view of a replaceable part having splines.
PAR  FIG. 10 is a partial perspective view of a spindle having a modified form
      of splines;
PAR  FIG. 11 is a transverse sectional view through the spindle and splines of
      FIG. 10;
PAR  FIG. 12 is an elevational view of the section of spindle of FIGS. 10 and 11
      showing the spline configuration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more in detail to the various figures of the drawing, numeral
      10 designates a machine tool with which the attachment embodying the
      invention may be used. It has an arbor 11 and the tapping attachment is
      designated generally at 12. Numeral 13 designates a radial holding arm
      which engages a stop rod or column 14 which will hold the body of the
      attachment against rotation as will be described more in detail
      hereinafter. Numeral 16 designates the chuck on the tapping spindle 18 and
      the tap itself is designated at 20.
PAR  The tool arbor 11 is threaded and it engages a bore 24 in the body 26. Body
      26 has a lower part 27 of smaller diameter that is threaded as shown. It
      has a bore 28 with web 29 between bores 24 and 28, web 29 having bore 30
      in it.
PAR  Numeral 31 designates a cylindrical housing having a top cover 32 held on
      by screws 34 and 36. Arm 13 extends from cover 32. The housing 31 has a
      bore 40 and a counter bore 42. Numeral 43 designates a cylindrical clutch
      sleeve having threaded bore 44 threaded onto body 26. The clutch sleeve
      has a bore 45 and outer diameters 46, 47, 48, and 49.
PAR  Within the bore 40 between housing 31 and clutch sleeve 43 engaging square
      shoulder 50 of clutch sleeve 43 is a ball-bearing designated generally at
      52 and which comprises the usual ball races and interposed balls. Numeral
      53 designates a separate similar ball-bearing with spacer 54 between them.
      The parts of the attachment are shown assembled in FIG. 2 and in the
      cross-sectional views.
PAR  The clutch sleeve 43 has a counter bore 45 in its skirt 62. It has axial
      ways as shown at 63a, b, and c, which engage with and drive balls that are
      carried by a direct drive clutch driver member as will be described. The
      relationship of the parts as so far described may be observed by
      considering the sectional views FIGS. 2, 3A, 3B, 4 and 5.
PAR  Numeral 43 designates the clutch driver member or sleeve for direct drive
      and numeral 170 designates the clutch driver member for reverse drive. In
      the fabrication and production of parts as will be observed, these two
      parts are very similar, as will be noted.
PAR  The member 66 is a sleeve having flange 71 within clutch sleeve 43. It is
      cylindrical and is biased by spring 74. The three angularly spaced axial
      grooves or splines 78a, b, and c are arcuate to conform to the radius of
      driving balls as will be described. Sleeve 66 forms a skirt or ball race
      and formed in the skirt are three equally angularly spaced ball receiving
      opensings 75a, b, and c (see FIG. 4). Received in the openings are driving
      balls 76a, b, and c. The balls engage splines 78a, b, and c, on spindle 18
      (see FIGS. 6 6a, and 6b). The splines have arcuate axial sides of a radius
      conforming to that of the balls. Referring to spline 78a, FIG. 6, its
      axial sides 79 and 80 are arcuate, having a radius corresponding to that
      of the balls. The upper and lower ends, 81 and 82, are at an angle or
      slant, but are parallel, forming upper and lower corner points 83 and 84
      for a purpose which will presently be described.
PAR  The member 70 for reverse drive is similar to the member 66 but does not
      have the flange 71. It similarly provides a ball race carrying similar
      balls that cooperate with corresponding splines, as will be referred to
      again presently. It is biased upwardly by spring 84.
PAR  Numeral 90 designates a cylindrical cage member within the housing 31 which
      supports the planetary gears of the gear drive. This cage has a central
      bore 92 through which skirt 62 extends. It has cutouts or openings 94A, B
      and C which provide for spaces to receive the three planetary drive gears
      as will be described.
PAR  The three planetary drive gears are shown best in FIG. 5 as designated at
      100A, B and C positioned as shown in the cutouts of the cage 68. These
      gears have shafts or arbors as designated at 102 and 103 for gear 100C in
      FIG. 2. The ends of these shafts are received in bores formed in the cage
      90 as designated at 104 amd 105. The cage 90 has an axial groove 120
      whereby it can be keyed by way of a key 121 to a corresponding axial
      groove 122 on the inside of the housing 31 to hold the cage against
      rotation.
PAR  The planetary gears are bevel gears and cooperating with them are two bevel
      drive gears including the direct drive bevel gear 126 and the reverse
      drive bevel gear 128. The opening in these bevel gears is of a
      configuration to accommodate them to the clutch drive members, as will be
      described.
PAR  FIG. 2 shows the assembled relationship of the planetary gears, the direct
      drive gear 126 and the direct drive clutch driver member 132.
PAR  Positioned in the bore 30 in the body 26 is a spring retainer 140. The
      member 140 has a lug 141 and hooked into it is a hook 142 on the end of a
      suspension spring 144 which has a hook 146 at its opposite end which hooks
      into the end of support member 150 that extends through a ball bearing 152
      in a counter bore 154 in the cylindrical end part 156 of the spindle 18,
      which has axial bore 158.
PAR  It is to be observed that there is a coil spring 160 positioned in
      counterbore 162 of the spindle 18 between the spindle and web 29 whereby
      the spindle is allowed to move against this bias, cushioning the spindle.
PAR  Referring to the Figures, numeral 170 designates the reverse clutch drive
      sleeve. The reverse clutch driver member of sleeve 170 engages in the
      opening of the reverse drive bevel gear 128 in the same manner that the
      direct drive clutch driver member or sleeve 66 engages in the direct
      clutch drive sleeve 43. The sleeve 170 has diameters 171, 172, and 173,
      and bore 174, and flange 176 which, as shown in FIG. 2, is under
      ball-bearing 182 which is interposed between the sleeve 170 and the
      housing 31. The ball-bearing 182 is positioned by a snap ring 184 received
      in annular groove 186 in the housing 31 (see FIG. 2). The sleeve 170 has
      diameter 172 fitting within gear 128.
PAR  The sleeve 170 has a bore 174 (see FIG. 2) and received in this bore is a
      spindle bearing member or bushing 200 having a bore 202 and an upper
      counter bore 204 in an upper enlarged part 205. Retained in the counter
      bore 204 is coil spring 84 which corresponds to the spring 74, this being
      a biasing spring which biases the reverse drive clutch driver member 70
      permitting it to move axially in the same way and for the same purpose as
      the upper clutch driver member 66 moves.
PAR  Numeral 210 designates an adjustment collar which has internally threaded
      bore 212, the collar being threaded on to the threaded part of the
      spindle-bearing 200. This collar is in the form of a cap having an end
      part which has a bore 214 through which the spindle 18 extends. In
      operation, the spindle 18 can float as described in the previous patents,
      being suspended by the spring 144. The amount of this float is adjustable
      by adjusting the position of collar 210 on the bearing 200, that is by way
      of adjusting the position of the end of the collar relative to the chuck
      16 on the end of the spindle, so that the axial float may be adjusted from
      any maximum amount to a minimum 1/16 inch for example. Collar 210 can
      engage thrust bearing 220 limiting the degree of freedom of float while in
      direct drive.
PAR  The thrust bearing 220 comprises a flange member 221 as shown, within which
      is a ball race with balls that bears on the top surface of the chuck or
      tap holder 156. The collar 210 can be adjusted to a set position, which
      determines the relative position of the spindle 18 in the attachment, and
      therefore determines the amount of relative movement that will cause the
      direct clutch drive to release and, therefore, serving as a depth of
      control. The position of the collar 262 can be set by screw 264.
PAR  The tap holder or chuck 16 is of conventional construction, being a
      cylindrical shape, having a bore at 230 with tap holding jaws 232 and 234,
      actuatable by threaded stem 236. The lower end of the bore 230 is flared
      outwardly or tapered as shown in 240. In this tapered part is received an
      expansible, collapsible tap collet 242, adapted to receive and hold tap
      20. The end of the spindle is threaded as shown at 246 to receive the
      chuck nut 250. Between the chuck nut 250 which has a bore 251 and the
      collet 242 is a washer 252, having a tapered bore as shown.
PAR  In the light of the foregoing description and the disclosures contained in
      the prior patents, those skilled in the art will readily understand the
      operation of the attachment and will fully understand and appreciate the
      manner in which the objective set forth in the foregoing are realized.
PAR  The tap holding spindle has the characteristic of free axial float which is
      limited as described in the foregoing, the axial float being like that
      described in the previous patents. The tap follows its own lead. No lead
      pressure is applied. The machine moves the machine spindle behind the lead
      of the tap until the desired depth is reached. The direct drive bevel gear
      126 is driven from the body 26 by reason of its engagement therewith as
      described in the foregoing. Body 26 drives the direct drive clutch driver
      member 43 by reason of its engagement therewith as described. In
      operation, it will be understood that the attachment as it starts tapping,
      moves forwardly with spindle 18 advancing relatively to the housing 31.
      The adjustment collar 210 can be adjusted to a spacing as between it and
      the chuck 16 so that when the tool reaches the limit of its travel, that
      is, as determined by the setting of collar 210, the balls 76a, b, and c.
      will move down with the member 66 as shown in FIG. 3A, the splines on
      spindle 18 moving down relatively. Since the balls can roll while moving
      axially, the drive is transmitted substantially without friction. Friction
      causes member 66 to be moved down against spring 74. When the extending
      corners on the splines 78a, b, and c, as shown at 81 in FIG. 6 reach the
      centers of the balls, the clutch releases, the parts moving back into the
      position of FIGS. 2 and 3B. The direct drive clutch driver member
      disengages without knocking or chattering as described in U.S. Pat. Nos.
      3,397,588 and 3,717,892, and the reverse drive clutch driver member
      disengages similarly without chattering or knocking; it too is cushioned
      by a biasing spring, this being the spring 84.
PAR  The configuration of the splines as shown in FIGS. 6, 6a, and 6b,
      facilitates engagement in both direct and reverse drive. As may be seen,
      if the balls engage surfaces 81 or 82 or corners 83 or 84, the balls can
      readily roll to come into engagement with an arcuate side of the splines.
PAR  The neutral position of the spindle in between direct and reverse drive can
      be very sensitive; that is, very narrow. The spindle preferably feeds in
      and out at the same rate and drives at the same speed in direct and
      reverse drive. The adjustable collar 210 is adjusted with respect to the
      chuck or spindle so that when the tap has reached the specified depth,
      movement of the spindle of the machine is stopped without stopping the
      rotation. The tap is still turning in the work and it pulls the spindle
      down the small amount necessary to bring the drive balls into neutral
      position after which the engagement can then be made in the manner
      described for reverse operation.
PAR  FIGS. 7-9 show a modified form of the invention wherein the driving splines
      on the spindle are formed on a separate part or component for purposes of
      realizing certain advantages. This part or component can then be readily
      fabricated by appropriate techniques and it is readily, and economically
      replaceable for purposes of repair or substitution. The modified spindle
      as shown in these figures is essentially like that of the previous
      embodiment except as described hereinafter. The spindle has an upper
      portion 270 and a lower portion 272. The splines are on a separate
      intermediate cylindrical portion as designated at 274. The upper part 270
      has a counterbore 275, a hexagonal counterbore 276 to accommodate a
      hexagonal wrench, and clearance bore 277 and a bore 278 which corresponds
      to the bore 158 of the previous embodiment, which accommodates the
      suspension spring. The lower portion 272 of the spindle has a
      corresponding bore 280. The power portion of part 272 is shown broken
      away, it being like that of the previous embodiment.
PAR  The upper part 270 has an extended threaded nipple 282. The lower part 272
      has an extending boss part of a smaller diameter as designated at 284 and
      it has a threaded bore 285 of a size to have the nipple 282 threaded into
      it. The replacement part 274 has an outer diameter corresponding to the
      diameters of the upper part 270 and the lower part 272 and it has a bore
      286 of a size to be received on the extending boss 284. It has an axial
      extent corresponding to that of the boss 284 to be positionable about this
      boss, in between the upper and lower parts of the spindle. The replaceable
      part 274 has on it the splines 290a, b, and c, which have a configuration
      corresponding to the splines as previously described in connection with
      the previous embodiment, and thus, they need not be described in detail
      again.
PAR  The modified spindle can be readily disassembled to remove and replace the
      component 274 carrying the splines. The upper part 270 can be unthreaded
      from the threads in the boss 284 by means of a wrench fitted into the
      hexagonal hole 276. Upon separation of the parts 270 and 272, the
      component 274 can readily be removed and it is readily replaceable. The
      modified spindle is installed in the attachment in the same manner as the
      spindle is installed in the previous embodiment and as shown in the
      previous figures.
PAR  FIGS. 10, 11 and 12 show a modified form of splines as designated at 300a,
      b, and c. As may be observed, from FIGS. 10, 11 and 12, the spline 300a
      has an arcuate groove all the way around it, that is, along the sides and
      the top and bottom, forming an oval "racetrack", the groove having a
      radius corresponding to that of the balls.
PAR  The function of the particular configuration of the splines in FIGS. 6, 6a,
      6b, and FIGS. 10, 11, and 12, as well, will be readily understood and
      appreciated by those skilled in the art. The function of the splines in
      FIGS. 6, 6a, and 6b has been previously explained. This function is
      further improved and perfected in the modification of FIGS. 10, 11, and
      12, wherein this can be seen by reason of the continuous oval
      configuration. Irrespective of where balls come into engagement with the
      splines, either at the top or bottom, they will engage the arcuate track
      causing relative motion between the balls and the spindle and splines,
      which as respects the balls will be frictionless rolling motion whereby
      the balls come into the desired engagement with one side or the other of
      the splines.
PAR  The foregoing disclosure is representative of a preferred form of the
      invention and is to be interpreted in an illustrative rather than a
      limiting sense, the invention to be accorded the full scope of the claims
      appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In coupling means for transmitting torque, in combination, a first
      rotating member, a second axially aligned rotating member, said members
      being relatively movable axially, means for transmitting rotary drive from
      one member to the other, said means including at least one ball member
      positioned between the members, both members having axial configurations
      engageable with the ball member whereby drive is transmitted through the
      ball member, a circular carrier for said ball member, resilient means
      biasing the circular carrier, said ball member having rolling engagement
      to move said carrier against said resilient means upon relative movement
      of said rotating members.
NUM  2.
PAR  2. Coupling means as in claim 1 wherein said configurations on one of said
      rotating members are splines having ball engaging surfaces that are
      arcuate in cross-section having a radius of curvature to accommodate
      rolling movement of the ball member, the splines being spaced angularly an
      amount greater than the diameter of the ball member.
NUM  3.
PAR  3. Coupling means as in claim 2 including a plurality of said ball members,
      and each of said rotating members having a number of splines corresponding
      to the number of ball members.
NUM  4.
PAR  4. Coupling means as in claim 1 wherein said circular holder is a sleeve
      between the rotary members, and spring means urging said sleeve in one
      direction.
NUM  5.
PAR  5. Coupling means as in claim 1 wherein said biasing means is positioned to
      resist said axial movement of the holder and to quickly reposition said
      holder and ball upon disengagement of the ball from the end of a spline.
NUM  6.
PAR  6. Coupling means as in claim 1 wherein the second rotating member is a
      spindle of a tapping attachment.
NUM  7.
PAR  7. Coupling means as in claim 6, a tapping attachment carrying the said
      spindle, and means for transmitting reverse rotary drive from one member
      to the other including a second similar ball member, a circular carrier
      for the second ball member, and second resilient means biasing the second
      circular carrier.
NUM  8.
PAR  8. In coupling means for transmitting torque, in combination, a first
      rotating member, a second axially aligned rotating member, said members
      being relatively movable axially, means for transmitting rotary drive from
      one member to the other, said means including at least one ball member
      positioned between the members, and both members having configurations
      engageable with the ball member whereby drive is transmitted through the
      ball member, said configurations on the members being axial splines, said
      splines having ball engaging surfaces that are arcuate in cross-section
      having a radius of curvature to accommodate rolling movement of the ball
      member, one of the rotating members being a cylindrical tapping spindle,
      said spindle having a removable section having said splines formed on it.
NUM  9.
PAR  9. Coupling means as in claim 8 wherein said spindle is formed in two
      separable parts, said removable section being ring shaped and positioned
      between the said parts.
NUM  10.
PAR  10. In coupling means for transmitting torque, in combination, a first
      rotating member, a second axially aligned rotating member, said members
      being relatively movable axially, means for transmitting rotary drive from
      one member to the other, said means including at least one ball member
      positioned between the members, and both members having configurations
      engageable with the ball member whereby drive is transmitted through the
      ball member, said configurations on the members being axial splines, the
      splines having at least one end surface positioned at an angle to the axis
      of the member whereby to be on a slant so that a ball engaging the spline
      causes relative movement to bring the ball into engagement with the side
      of the spline.
NUM  11.
PAR  11. Coupling means as in claim 10 wherein the said end of the spline and an
      adjacent side form a corner point such that when the corner point reaches
      the center of a ball, disengagement occurs.
NUM  12.
PAR  12. Coupling means as in claim 10 wherein said spline has both ends formed
      to corresponding angles so as to be on a slant.
NUM  13.
PAR  13. In coupling means for transmitting torque, in combination, a first
      rotating member, a second axially aligned rotating member, said members
      being relatively movable axially, means for transmitting rotary drive from
      one member to the other, said means including at least one ball member
      positioned between the members, and both members having axial
      configurations engageable with the ball member whereby drive is
      transmitted through the ball member, said configurations on the members
      being axial splines, said splines having ball engaging surfaces that are
      arcuate in cross-section having a radius of curvature to accommodate the
      rolling movement of the ball member, the said splines having end surfaces
      that are arcuate in cross-section, corresponding to the radius of the
      ball, the side and end surfaces being joined to form a continuous movable
      arcuate track around the splines.
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ABST
PAL  For ensuring a safer and more satisfactory operation of a clutch system,
      clutch release clearance may be maintained constant by the integration
      into the system of a clearance adjuster. This adjuster may provide a
      warning when the clutch facing has undergone excessive wear.
BSUM
PAR  This invention relates to a device to keep clutch release clearance
      constant.
PAR  In conventional oil clutch systems for automobiles and industrial vehicles
      such as lift trucks, clutch release clearance adjusters heretofore have
      not been installed. Therefore, as abrasion of the clutch facing material
      increases, clutch pedal idle stroke increases relatively. Drivers have to
      be more careful during operation, since the clutch is not sharply released
      according to the long idle stroke.
PAR  This invention avoids the above discussed problems and the principal object
      of the invention is to provide a novel clutch release clearance adjuster
      which can be easily attached changeably to most of the oil clutch systems
      now in use or on the market.
PAR  Another object of the invention is to provide a clutch release clearance
      adjuster which operates accurately over a very long time.
PAR  A third inventive object is to provide a clutch release clearance adjuster
      which can notify an operator of the abrasion or wear-in amount of the
      clutch facing, and can even alarm signifying that the life or duration
      term of the facing is about over.
PAR  These and other objects and advantages will be apparent from the following
      detailed description, when read in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a schematic view of an oil clutch system embodying this
      invention;
PAR  FIG. 2 is an elevational sectional view of a slave (or release) cylinder
      shown in FIG. 1; and
PAR  FIG. 3 is a diagram showing relation between axial force applied on a push
      rod and the stroke of the push rod.
DETD
PAR  Referring now to FIG. 1 of the drawing, the device to keep clutch release
      clearance at a constant value is installed in a slave cylinder 1 which is
      attached outside a clutch housing 2 by means of a bracket (not shown), and
      is connected to a master cylinder 3 through a high-pressure pipe 4.
      Slidably inserted inside the cylinder 3 is a piston 5 which is connected
      to a clutch pedal 6 by way of a rod 7 and pin 8.
PAR  Pedal 6 is pivoted on a pin 9 supported on a stationary bracket 10. Numeral
      11 illustrates a filler tank for working fluid. When a clutch release
      force is applied, by the operator, on the pedal 6; fluid inside the
      cylinder 3 is compressed by piston 5, and this pressure is transmitted to
      slave cylinder 1 whereby to push out a push rod 12 to the right in FIG. 1,
      extending a return spring 13 to release a clutch 14.
PAR  Pushrod 12 is connected to a release yoke lever 16 by a pin 17. The yoke
      lever 16 is fixed and on axle 18 which is provided with yoke 19 inside the
      housing 2.
PAR  Yoke 19 engages on a pin 20 projecting on the side wall of a thrust bearing
      21 which is slidably journalled on a top shaft 22. Bearing surface 23
      faces toward the radially inner ends of three release levers 24 a clutch
      release clearance C.sub.1 between said face and said levers. When the
      clutch 14 is engaged, each release lever 24 is pivoted on a pin 25 of an
      adjustment stud 26 which is supported on a clutch cover 27. The cover 27
      is fixed, by an array of bolts 28, to an engine flywheel 29.
PAR  At the radially outward ends of release levers 24, a pressure plate 30 is
      connected by pins 31, and the plate 30 is pressed to a clutch facing 32 of
      clutch disc 33 by clutch springs 34 to engage the disc 33 with fly wheel
      29. The disc 33 is slidably supported on top shaft 22 through splines as
      shown.
PAR  When push rod 12 projects to the right, the release yoke lever 16 declines
      anti-clockwise around axle 18 and, in turn, thrust bearing 21 slides to
      the left for the idle stroke equal to clearance C.sub.1, then contacts and
      starts to apply release force on the inner ends of release lever 24. Upon
      rotation of release levers 24 around pin 25, pressure plate 30 is pulled
      by pins 31 to the right leaving the driven clutch disc 33 released from
      the engine fly wheel 29.
PAR  In the prior art oil clutch systems, clutch release clearance C.sub.1
      decreases gradually as abrasion of the facing (32) increases. This causes
      an undesirable change in the clutch pedal position where the clutch is
      released. After the release levers 24 touch the bearing surface 23,
      abrasive sliding or slip of clutch facing 32 as well as abrasion between
      release levers 24 and bearing surface 23 occurs.
PAR  The present invention avoids the above disadvantages. FIG. 2 illustrates
      the inside of the slave cylinder 1 including a device A according to the
      present invention when the clutch is in engaged state as shown in FIG. 1
      holding a predetermined release clearance C.sub.1. In FIG. 2, an annular
      holder plate 36 abuts an opening end surface of slave cylinder 1 and is
      held in position by a rubber boot 37 which engages at its leftmost inner
      flange 38 in an annular groove formed on the cylinder 1, and its rightmost
      cylindrical portion 39 fits on the push rod 12. The holder plate 36
      functions as an important member to give the device "A"
      interchangeability. Slidably journalled in a round hole 40 is a
      cylindrical smaller diameter portion 41 of a sleeve 42 the stroke or
      clearance C.sub.2 of which is defined by a snap ring 43 engaged in an
      annular groove on the sleeve. The clearance C.sub.2 relates to the release
      clearance C.sub.1 (FIG. 1) in the manner that, during movement of sleeve
      42 to the right as far as snap ring 43 abuts to holder plate 36, thrust
      bearing 21 (FIG. 1) is forced to the left as far as C.sub.1. The sleeve 42
      abuts the holder plate 36 at its annular stepped portion 44 under the
      influence of return spring 13, as explained later. Between the plate 36
      and another stepped portion 45, a compression coil spring 46 is installed,
      the strength of which spring 46 being weaker than that return spring 13.
PAR  Slidably journalled inside the sleeve 42 is a pipe portion 48 which is
      formed at left half part of push rod 12 in one piece and is plugged by a
      head 49 forming a cylindrical chamber 50 inside the pushrod 12 where a
      lock piece 51 with a tapered portion 52 is inserted. Between the tapered
      portion 52 and longitudinal groove 53 with semi-circular cross section,
      two steel balls 54 are wedged with their axial movement restricted by
      respctive holes 55 each of which opens on pipe portion 48 just snugly
      facing to the respective groove 53.
PAR  The lock is effected by a compression spring 56 which is stronger than
      return spring 13. The lock piece 51 is provided with a subsidiary
      one-piece push rod 57 which fits in a central hole 58 of the head 49 and
      projects a distance C.sub.3 from the leftmost end of the head 49 to
      contact with a piston 59 slidably lifting in the slave cylinder 1.
PAR  Between the piston 59 and end wall 61 there is formed a clearance C.sub.4
      which is equal to a clearance C.sub.4 ' formed between sleeve 42 and snap
      ring 62.
PAR  Push rod 12 is adjustably connected to a coupling 63.
PAR  During operation, when a driver wants to release the clutch and pressurized
      fluid is supplied to a fluid chamber 64 (FIG. 2), piston 59 moves to the
      right together with push rod 12 against the tension of stretching return
      spring 13, with push rod 57 remaining in projecting position to the left,
      as is shown in FIG. 2. So positioned, it maintains the locked state
      between three members, i.e. sleeve 42 and push rods 12, 57 in that the
      spring 56 is stronger than return spring 13 whilst spring 46 is much
      weaker than is spring 13. The locked state terminates when snap ring 43
      comes into abutting engagement with holder plate 36 to stop the sleeve 42.
      At the same time, thrust bearing 21 (FIG. 1) comes into press contact with
      release lever 24 after shifting to the left as far as release clearance
      C.sub.1, thereby transmitting reaction force to the push rod 12. Then,
      subsidiary push rod 57 shifts to the right in the hole 58, against
      compression spring 56, leaving two balls 54 in freed condition until
      piston 59 and push rod head 49 directly abut each other. After that,
      piston 59 and push rod 12 move to the right in unison, thus rotating yoke
      lever 16 anti-clockwise (FIG. 1) around axle 18. Thrust bearing 21
      continues to shift to the left, pressure plate 30 recedes from clutch
      facing 32 and clutch disc 33 is set free from engine fly wheel 29.
PAR  When clutch engagement is required, as the driver's force applied on clutch
      pedal 6 (FIG. 1) decreases, thrust bearing 21 recedes to the right mainly
      under the influence of clutch spring 34, the effective force of which is
      greater than is the effective force of compression spring 56, with the
      clutch facing 32 gradually pressed to the fly wheel 29 by pressure plate
      30 to effect a complete engagement. As soon as complete engagement is
      achieved, and contact relation between thrust bearing 21 and release lever
      24 is broken, strong spring 56 (FIG. 2) extends and tapered portion 52
      engages balls 54 in wedge-like manner to completely prevent relative axial
      movement between sleeve 42 and push rod 12. Then sleeve 42 and push rod 12
      move to the left by return spring 13 as though they are in one piece, as
      far as stepped portion 44 abuts holder plate 36. Thus the adequate release
      clearance C.sub.1, which is determined by clearance C.sub.2, is provided
      as shown in FIGS. 1 and 2.
PAR  FIG. 3 illustrates the above operation in view of axial force applied to
      push rod 12. At point P.sub.1, ball 54 (FIG. 2) is locked when the axial
      force is decreasing, or is unlocked when the force is increasing.
PAR  As the abrasion of clutch facing 32 (FIG. 1) increases, the axial contact
      position of thrust bearing 21 with respect to release lever 24 recedes to
      the right. Also, locked position of push rod 12 moves to the left (FIG.
      2). But predetermined release clearance C.sub.1 is always kept constant as
      long as clearance C.sub.4 (FIG. 2) is maintained. When face abrasion
      reaches its allowable amount, piston 59 comes into abutting contact with
      the bottom wall 61. After that, constant release clearance C.sub.1 is not
      maintained. Since clearance C.sub.4 ' is set as equal to clearance
      C.sub.4, operator can inspect the degree of face abrasion only by peeling
      end portion 39 of rubber boot 37. A limit switch (not shown) may be
      attached in place of snap ring 62 to automatically alarm that the face
      wear reaches up to its allowable extent. For that purpose, the limit
      switch, an alarm means such as warning lamp or buzzer, and a battery are
      connected to form a series circuit, and the limit switch is adapted to
      close the circuit when its contact piece comes in contact with sleeve 42.
PAR  According to the present invention, the adjusting device A, which is mainly
      composed of sleeve 42, push rod 12 and locking means such as balls 54, can
      be interchengeably applied to various kinds of slave cylinders simply by
      changing the size of holder plate 36. Since the device A is held by boot
      37 in position, it is easy to separate the device from slave cylinder 1 in
      case of inspection. This also ensures easy assembling. Since in the
      clearance C.sub.2, there is nothing installed (such as a cone spring) to
      keep the clearance open, accurate release clearance C.sub.1 is always
      given and thus a stable performance is maintained.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a clutch system including a clutch master cylinder (3), a clutch
      release clearance adjusting mechanism which comprises
PA1  a slave cylinder (1) having an open end, and being connected to said clutch
      master cylinder (3);
PA1  a piston (59) slidably inserted in slave cylinder (1);
PA1  a release yoke lever (16);
PA1  a push rod (12) connecting said piston (59) with said release yoke lever
      (16);
PA1  a sleeve (42) coaxial with push rod (12);
PA1  an annular holder plate (36) abutting the open end of slave cylinder (1)
      and being held inside a boot (37) attached between slave cylinder (1) and
      push rod (12) and being connected to push rod (12) by way of an adjuster
      assembly which permits push rod (12) to recede only as far as a
      predetermined clearance C.sub.2, so as to give a predetermined release
      clearance C.sub.1 soon after the clutch is fully released, said adjuster
      assembly consisting essentially of locking means in cooperation with said
      push rod (12) and said sleeve (42),
PA1  said holder plate (36) being provided with an inner hole (40) in which
      aforesaid sleeve (42) is slidably journalled as far as clearance C.sub.2
      corresponding to release clearance C.sub.1, said sleeve (42) being loaded
      to project outwardly from cylinder (1) by a spring (46) which is weaker
      than a return spring (13), push rod (12) being slidably inserted in sleeve
      (42), and a lock device being installed between sleeve (42) and push rod
      (12) which device is released only when thrust bwaring (21) is pressed
      against release levers (24), and
PA1  said push rod (12) being provided with a pipe portion (48) where a head
      (49) with axial hole (58) is fixed, a lock piece (51) with a tapered
      portion (52) is inserted in the pipe portion (48), a subsidiary push rod
      (57) integral with lock piece (51) slidably fits inside hole (58), a
      compression spring (56) the effective force of which is weaker than the
      effective force of spring (34) but which is stronger than is return spring
      (13) being disposed between lock piece (51) and the bottom of pipe portion
      (48), steel balls (54) are disposed in respective holes (55) facing sleeve
      (42) and tapered portion (52), and push rod (57) projects from head (49)
      as far as C.sub.3 against piston (59) when steel balls (54) lock sleeve
      (42) and push rod (12).
NUM  2.
PAR  2. A clutch release clearance adjusting mechanism as defined in claim 1,
      wherein each ball (54) engages in a groove (53) axially extending inside
      surface of sleeve 42.
NUM  3.
PAR  3. A clutch release clearance adjusting mechanism as defined in claim 1,
      wherein push rod (12) is provided with a snap ring (62), and the distance
      C.sub.4 ' between snap ring (62) and sleeve (42) is determined equal to
      distance C.sub.4 between piston (59) and bottom (61) of cylinder (1).
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ABST
PAL  A vending device for dispensing newspapers or the like, said device
      comprising a coin acceptor mechanism, a master dog assembly operatively
      connected to the coin acceptor mechanism for coacting with dispensing
      shelves and including a pivotally mounted master dog which permits rapid
      reset upon reloading of the device, and a stop pin located at the end of
      the path of travel of the master dog assembly to prevent full return of
      the coin acceptor, such that further acceptance of coins is not possible
      after the last newspaper has been dispensed.
BSUM
PAR  The present invention is generally related to vending machines and, more
      particularly, to an improved coin-operated vending device for individually
      dispensing newspapers or the like.
PAR  In the past, a variety of coin-operated vending devices for dispensing
      newspapers have been provided. However, such conventional devices, for the
      most part, have been unreliable in operation and have permitted the
      acceptance of coins after the last newspaper was dispensed, thereby
      irritating unsuspecting customers who deposited change without knowing the
      machine was empty. Furthermore, most such conventional vending machine
      constructions have been difficult to reset and refill after the sale of
      each load of newspapers, thereby causing the loss of time and annoyance to
      the vending machine attendant.
PAR  Therefore, it is an object of the present invention to provide a novel
      vending device for newspapers and similar articles which may be quickly
      and easily reset and reloaded by a single attendant in a minimum amount of
      time, thereby significantly reducing the cost of the vending machine
      operation.
PAR  Another object of the present invention is to provide a unique
      coin-operated vending machine for newspapers and the like, the machine
      including a reciprocal coin acceptor which is prevented from returning to
      its coin-receiving position upon dispensing the last newspaper stored in
      the machine, thereby avoiding the acceptance of coins from customers
      unaware that the machine is empty.
PAR  It is a further object of the present invention to provide a versatile
      coin-operated vending device which includes a minimum number of moving
      parts, is durable, long-lasting, and relatively inexpensive to maintain,
      yet, is relatively inexpensive to manufacture.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a perspective view of the coin-operated vending device of the
      present invention.
PAR  FIG. 2 is a sectional side elevation of the vending device illustrated in
      FIG. 1 with sections removed.
PAR  FIG. 3 is a sectional view taken along section 3--3 of FIG. 2.
PAR  FIG. 4 is a partial sectional view taken along section 4--4 of FIG. 2.
PAR  FIG. 5 is a sectional view taken along section 5--5 of FIG. 2.
PAR  FIG. 6 is a sectional view of the manually releasable ratchet mechanism
      associated with the present invention.
PAR  FIG. 7 is a partial elevation illustrating the master dog assembly in
      engagement with the stop pin after dispensing the last newspaper.
DETD
PAR  Referring now, more particularly, to FIG. 1, the coin-operated vending
      device of the present invention is generally indicated by the numeral 10
      and includes a rectangular-like housing 12, preferably, formed of sheet
      metal or similar light weight materials. The housing may include a
      plurality of support legs 14 adapted to engage the ground or other support
      surface to maintain the device in a stable position. Housing 12 is
      provided with an access door 16 which is preferably hinged to the housing
      along one vertical side and is provided with a key-operated lock 18 to
      prevent unauthorized opening of the access door or the theft of the
      articles stored within the housing. A coin acceptor mechanism 20 is
      mounted near the top of the machine to accept coins for purchase in a
      manner well known. The access door may be provided with a window 22 of
      transparent material which permits observation of the contents of the
      vending device and may aid the attendant or customer in determining the
      number of newspapers or similar articles remaining for sale. An internal
      chute 24 terminates at an access opening 26 at which a purchaser may
      remove the purchased article from the vending device. Preferably, this
      access opening is relatively narrow in size to prevent unauthorized
      entrance into the interior of the device, the minimum dimension being
      determined by the thickness of the articles being dispensed.
PAR  Referring to FIGS. 2-5, the internal mechanism and operation of the vending
      device of the present invention may be more fully understood. A
      substantial portion of the space within housing 12 is occupied by a
      plurality of shelves 28 which are vertically spaced from each other and
      each of which is hinged or pivotally connected to the housing along one
      edge as indicated at 30. As such, each shelf is movable between a
      substantially horizontal storing position and an inclined dispensing
      position, as best illustrated in FIG. 2. Each shelf is supported in the
      storing position by way of a pivotally mounted release dog 32 with an
      upper support surface 34 engaging a corresponding lower corner surface of
      the associated shelf. The release dogs are vertically spaced from each
      other and are pivotally mounted to the housing in a channel member 36 with
      a plurality of openings 38 in one wall through which the release dogs
      extend. The bottom edge of each opening 38 provides a stop means which
      prevents pivotal rotation of the release dogs due to the weight of the
      shelves they are supporting.
PAR  Release of each shelf from the storing position is achieved by way of a
      master dog assembly generally indicated by the numeral 40 and including a
      pivotally mounted master dog 42 with upper surfaces adapted to engage
      corresponding lower surfaces on each release dog to pivot such and release
      the associated shelf. The master dog assembly is mounted in a guide
      channel 44 for movement along a predetermined path of travel, such that
      the master dog sequentially engages the release dogs to release a single
      shelf at a time.
PAR  The master dog assembly is advanced in the upward direction by way of a
      cable or rope 46, or similar elongated flexible member which is
      operatively connected to a drive mechanism including a drive pulley, such
      as that indicated at 48. Idler pulleys 50 and 52 are provided at opposite
      ends of guide channel 44 to permit unhindered movement of the master dog
      assembly along its vertical path of travel.
PAR  Drive pulley 48 is rotated through a predetermined angular displacement by
      way of the coin acceptor mechanism 20 of the reciprocal type. The coin
      acceptor includes a pair of elongated coin receivers 54 and 56 which are
      slidably mounted for movement between innermost and outermost positions
      and are operatively connected to a pair of actuation members 58 and 60 by
      way of thumbscrews 62 and 64, respectively. Each actuation member is
      provided with an elongated slot which is adapted to receive an actuation
      pin 66 connected to or integral with drive arm 68 which effects rotation
      of drive pulley 48 through a ratchet mechanism indicated at 70, as best
      illustrated in FIG. 6. A coil tension spring 72 may be connected to the
      drive arm to aid in return of the coin receivers to their outermost
      positions.
PAR  Referring, more particularly, to FIG. 6, the drive mechanism may be seen in
      more detail and includes a main support shaft 73 rigidly connected to
      housing 12 and adapted to rotatably support a hollow drive shaft 74. Drive
      pulley 48 is keyed or otherwise fastened to drive shaft 74, such that they
      rotate in unison. The drive mechanism is further provided with a ratchet
      wheel 76 of a conventional type which is also keyed to drive shaft 74,
      such that rotation of the ratchet wheel is transmitted to drive pulley 48.
      A pawl 78 is pivotally connected at 80 to the drive arm 68 and is biased
      against the ratchet wheel teeth by way of a leaf spring 82, or similar
      means. As illustrated in FIG. 6 clockwise pivotal rotation of drive arm 68
      is transmitted to the ratchet wheel, thereby advancing the drive pulley
      through an incremental angular displacement. However, counterclockwise
      movement of the drive arm does not advance the ratchet wheel, but merely
      keys the pawl for the subsequent incremental rotation. As such, it will be
      appreciated that the drive mechanism is advanced upon return of the coin
      receivers to their outermost positions, inward movement of the coin
      receivers merely keying the pawl with the ratchet wheel. The dimensions of
      the drive pulley are such that each reciprocation of the coin receivers
      advances the master dog assembly a distance equal to the vertical spacing
      between the release dogs. Therefore, a single reciprocation of the coin
      receivers is effective to release one of the shelves and thereby dispense
      a single newspaper by way of chute 24 and opening 26.
PAR  It will be appreciated that one of the versatile features of the vending
      device of the present invention is that it includes means which prevents
      further operation of the coin acceptor after the last newspaper or article
      has been dispensed. This is achieved by way of a stop pin 84, or similar
      rigid member, mounted near the upper end of guide channel 44 and adapted
      to engage the master dog assembly to prevent further advancement thereof.
      Release of the uppermost shelf is best illustrated in FIG. 7. Upon
      operation of the coin acceptor to dispense the next-to-last newspaper the
      master dog stops at a position immediately below the engagement surfaces
      of the uppermost release dog. Subsequent operation of the coin mechanism
      is such that the return pull of the coin receivers is limited to
      approximately one quarter the distance of normal return travel. This
      partial return of the coin receivers is effective to advance the drive
      mechanism and master dog assembly just enough to trip the uppermost
      release dog and dispense the last newspaper. Further travel of the master
      dog assembly or return of the coin receivers is inhibited by stop pin 84.
      This arrangement is such that the coin holes associated with each coin
      receiver are not exposed to accept additional coins, thereby preventing a
      subsequent purchaser from operating the coin mechanism, not knowing that
      the vending device is empty.
PAR  It will be appreciated that the shelves and master dog assembly may be
      quickly and conveniently reset by an attendant reloading the device. This
      operation is achieved by way of a reset arm 86 integral with pawl 78 and
      effective to disengage the pawl from the ratchet wheel, thereby freeing
      drive wheel 48 to return the master dog assembly to its lowermost position
      or to an intermediate position if partial reloading of the device is
      desired. By manipulating reset member 86 to a reset position, indicated at
      87 in FIG. 6, a reset knob 88 coupled to the drive pulley may be rotated
      by the attendant, thereby moving the master dog assembly in a backward
      direction. Since the master dog 42 is pivotally mounted for clockwise
      rotation, as illustrated in FIG. 7, it is free to ride over the upper
      surfaces of the release dogs during the reset operation. Each of the
      shelves may be swung upward to its horizontal position, the associated
      release dog pivoting back to permit passage of the shelf and returning to
      its normal position to support the under corner surfaces of the shelf.
PAR  From the foregoing description, it will be appreciated that the
      coin-operated vending device of the present invention provides simple and
      convenient reset and reloading by an attendant in a minimum amount of
      time, thereby significantly reducing the costs of operating the device.
      Furthermore, the unique stop pin arrangement prevents further operation of
      the device after the last newspaper or article has been dispensed. It
      should also be noted that by utilizing thumbscrews 62 and 64, either of
      the coin receivers may be disconnected from the drive mechanism. This
      permits the disconnection of one coin receiver for less expensive daily
      newspapers, while both coin receivers are connected for the sale of more
      expensive issues, such as the Sunday News. It will be appreciated that
      minor changes in the number, location, or shape of the release dogs may be
      made as required. In addition, the release dogs may be provided with
      return springs, rather than a gravity drop operation as illustrated in the
      drawings. It will also be appreciated that the drive mechanism for
      advancing the master dog assembly may include a chain and sprocket for a
      geared type transmission mechanism, rather than the pulley and cable
      arrangement illustrated in the drawings. It is apparent from the foregoing
      description that the coin-operated vending device of the present invention
      is comprised of a relatively small number of moving parts, is convenient
      to operate and reload, is durable, long-lasting, yet, relatively
      inexpensive to manufacture and maintain.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vending device for newspapers or the like, said device comprising a
      housing, a plurality of spaced, pivotally mounted shelves in said housing,
      each movable between a storing position and a dispensing position, a
      plurality of release dogs each associated with one of said shelves and
      normally connected thereto for supporting it in said storing position,
      said release dogs being spaced along a predetermined path of travel and
      being pivotally mounted for movement from a normal shelf-supporting
      position toward a shelf-release position, master dog means adapted to be
      advanced in a first direction along said path of travel to move each
      release dog from its support position to its self-release position, said
      master dog means including a pivotally mounted master dog rotatable
      between an actuation position and a reset position, first stop means
      defined by a first stop surface associated with each of said release dogs
      to prevent pivotal rotation of said release dogs in one direction due to
      the weight of the supported shelves but permit pivotal rotation in the
      opposite direction by said master dog as it is advanced along said path of
      travel in said first direction, said master dog means including second
      stop means defined by a second stop surface to prevent pivotal movement of
      said master dog when actuating said release dogs by advancement of said
      master dog means in said first direction of travel and permit pivotal
      rotation of said master dog when said master dog means is moved backward
      in a direction opposite said first direction of travel, actuation means
      for normally selectively advancing said master dog means a predetermined
      incremental distance in said first direction along said path of travel to
      release a shelf to its dispensing position, and reset means associated
      with said actuation means for selectively returning said master dog means
      in said second direction along said path of travel, each of said release
      dogs including a release surface which lies directly in said path of
      travel of an actuation surface associated with said master dog and is
      engaged thereby to effect release of the associated shelf, said release
      surface being on the lower side of said release dog, said actuation
      surface being on the upper side of said master dog, each of said release
      dogs being provided with first reset surfaces on its upper side, said
      master dog being provided with second reset surfaces on its lower side,
      said first and second reset surfaces wipingly engaging each other upon
      reset movement of said master dog means in said second direction and
      effecting pivotal rotation of said master dog toward its reset position.
NUM  2.
PAR  2. The structure set forth in claim 1 wherein said actuation means includes
      drive means with a flexible member connected to said master dog means to
      impart movement thereto along said path of travel, and reciprocally
      operated coin acceptor means operatively connected to said drive means for
      advancement thereof upon manual actuation of the coin acceptor means.
NUM  3.
PAR  3. The structure set forth in claim 2 wherein said drive means is connected
      to said coin acceptor means by way of ratchet means for moving said drive
      means when said coin acceptor means is moved in one direction only.
NUM  4.
PAR  4. The structure set forth in claim 3 wherein said reset means includes
      disengagement means associated with said ratchet means for disengaging
      said coin acceptor means from said drive means to permit return of said
      master dog means in said second direction of travel.
NUM  5.
PAR  5. A coin-operated vending device comprising a housing, a plurality of
      spaced shelves mounted in said housing, each being movable between a
      storing position and a dispensing position, master dog means mounted in
      said housing and movable between first and second locations along a
      predetermined path of travel to sequentially release said shelves to their
      dispensing positions, drive means for advancing said master dog means from
      said first position to said second position, coin acceptor means for
      accepting coins and advancing said drive means and said master dog means
      in increments along said path of travel to release a shelf for each
      increment of movement, and means mounted in said housing at said second
      location for stopping travel of said master dog means along said path
      beyond said second location to disenable said drive means and said coin
      acceptor means when said master dog means reaches said second position
      whereby coins may not be accepted by said coin acceptor means.
NUM  6.
PAR  6. The structure set forth in claim 5 wherein said shelves are vertically
      spaced, said master dog means being prevented from traveling further by
      said stop means subsequent to release of the uppermost of said shelves.
NUM  7.
PAR  7. The structure set forth in claim 6 wherein said stop means is in said
      path of travel of said master dog means and engages said master dog means
      at said second location.
NUM  8.
PAR  8. The structure set forth in claim 5 wherein said coin acceptor means
      includes a coin receiver reciprocally mounted to said housing for inward
      and outward movement relative thereto and operatively connected to said
      drive means for movement thereof upon outward movement of said coin
      receiver, said stop means being effective to prevent full return of said
      coin receiver when said master dog means reaches said second position.
NUM  9.
PAR  9. The structure set forth in claim 8 wherein said shelves are vertically
      spaced, said master dog means being prevented from traveling further by
      said stop means subsequent release of the uppermost of said shelves.
NUM  10.
PAR  10. The structure set forth in claim 9 wherein said stop means is
      positioned in said path of travel of said master dog means and engages
      said master dog means at said second location.
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ABST
PAL  A coin-controlled, manually operable golf ball vending machine. The vending
      machine has a ball hopper and a ramp below the hopper defining a ball
      dispensing opening between them. A gate rotatably mounted at the opening,
      extends partially thereacross in its closed position to cause the balls to
      bridge the opening and is swung into the mass of balls to break up the
      bridging of balls for releasing them down the ramp when the actuating
      lever is pulled. The balls on the ramp are received in descending ballways
      for introduction into ball tubes formed in a rotatable cylinder extending
      across the bottom of the ballways. The actuating lever is operatively
      linked to both the gate and the cylindrical ball receiver for
      simultaneously rotating the gate to release balls down the ramp and the
      ball receiver for dumping balls therefrom. The actuating lever is
      maintained inoperative by a coin-releasable locking mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to machines for dispensing a predetermined number of
      spherical articles from a hopper and more particularly to the golf ball
      vending machine.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Presently, the most widespread manner of dispensing golf balls for practice
      at golf courses and driving ranges is for an individual in the pro shop or
      office to rent a "bucket" of golf balls to the golfer by handing same to
      the golfer in exchange for payment. Although widespread, this is
      recognized from both the owner's and the customer's point of view as a
      somewhat bothersome and inefficient way of handling the matter.
PAR  Various golf ball vending machines are known such as for example that shown
      in U.S. Pat. No. 2,702,336 wherein a plurality of elongate ball tubes are
      individually manually filled with a predetermined number of balls and then
      placed in a coin-controlled machine from which each column of balls is
      then dispensed.
PAR  Another known golf ball vendor is an electrically driven machine in which a
      single pocket in a large diameter cylinder is loaded with a mass of balls
      as it passes under a hopper and is then dumped. A separate roller
      mechanism is provided to kick the overflow of balls out of the ball pocket
      to prevent binding of the machine.
PAR  Other machines for handling and dispensing various spherical articles are
      known such as shown in U.S. Pat. Nos. 2,429,510 and 2,479,878.
PAC  SUMMARY OF THE INVENTION
PAR  I have invented a new and improved golf ball vending machine which is
      coin-controlled and manually operated by the customer which faithfully
      dispenses a predetermined number of balls from a large hopper in a simple
      and efficient manner. My vendor which comprises only mechanical systems is
      simple, compact, and wheel portable so that it can be stored in the
      evenings to prevent vandalism and moved about to any location where it is
      needed.
PAR  The vendor has a large ball hopper with a ramp extending below the hopper
      to define a ball dispensing opening. A combination gate and "bridge
      buster" is positioned at the opening which causes balls to bridge across
      the opening in its closed position and breaks up the bridging as it is
      swung into the mass of balls for releasing balls down the ramp to the
      plurality of vertical ballways each accommodating a file or column of
      balls. An elongate generally cylindrical ball receiver having ball tubes
      formed therein extends across the bottom of the ballways for receiving a
      predetermined number of balls therefrom. The balls in the receiver are
      dumped into an outlet pan when a customer inserts a coin and pulls the
      operating lever forward. The movement of the operating lever
      simultaneously rotates the gate to maintain a full supply of balls in the
      vertical ballways and consequently in the ball tubes of the rotatable
      dumping cylinder. A window is provided through which the customer can see
      that the ball tubes are filled before inserting his coin.
PAR  Further objects, features and advantages of my golf ball vendor will be
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings showing a preferred embodiment of my invention
      for exemplification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the front and one side of a ball vendor
      constructed in accordance with the present invention.
PAR  FIG. 2 is a schematic section view showing the ball path through a golf
      ball vendor with the ball cylinder in its ball receiving position.
PAR  FIG. 3 is a broken-out schematic section view showing the ball path through
      the vendor with the ball cylinder in its dumping position.
PAR  FIG. 4 is a front elevation view of the vendor of FIG. 1 with the cabinet
      removed to show the working mechanisms.
PAR  FIG. 5 is a right side elevation view of that portion of the golf ball
      vendor shown in FIG. 4.
PAR  FIG. 6 is a side elevation view of the coin-releasable locking mechanism in
      its coin receiving position, with portions thereof shown in phantom.
PAR  FIG. 7 is a side elevation view of the coin-releasable locking mechanism of
      FIG. 6 shown in its locked position.
PAR  FIG. 8 is a side elevation view of the locking mechanism being released by
      a coin.
PAR  FIG. 9 is a side elevation view of the locking mechanism in its coin
      releasing position.
PAR  FIG. 10 is a sectional view taken along line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings wherein like numerals refer
      to like parts throughout the several views, my golf ball vendor is
      generally shown in FIG. 1.
PAR  Referring to FIGS. 1 and 2 the vendor has a cabinet 1 with a top cover 2
      hinged at 3 for access to the ball hopper 4. The vendor is wheel supported
      at 5 and has a handle bar 6 for tipping the vendor rearwardly to
      facilitate moving.
PAR  The ball hopper 4 is tapered and has a rearwardly declining bottom pan 7. A
      forwardly declining ramp 8 extends below the pan 7 in spaced relation so
      as to provide a ball dispensing opening 9 therebetween.
PAR  A gate 10 is rotatably mounted across the ball opening 9 as shown in FIGS.
      2-4. As best seen in FIG. 2, the gate, in its closed position, extends
      downwardly to a point more than a diameter of one ball but less than the
      diameter of two balls from the ramp 8 which causes the balls to bridge the
      opening and thereby stop and flow of balls therethrough. The gate is
      pivotable about 90.degree. into the mass of balls in the hopper to a
      release position shown in FIG. 3 to break up the bridged mass of balls at
      the opening and to loosen the mass of balls throughout the hopper to
      maintain flow as desired. The ramp is preferably curved as shown in 8a to
      facilitate the slightly backward and upward movement of the balls
      therealong as the gate is swung rearwardly to the ball release position.
PAR  Balls released through the dispensing opening 9 roll down the ramp 8 which
      has a plurality of dividers, one of which is shown at 11, for separating
      the balls into a plurality of single file rows prior to stacking in a
      number of chutes or ballways 12 formed by a storage unit 13. Seven
      ballways are shown in FIG. 4 from which the front plate 13a shown in FIG.
      2 has been removed. A guard plate 14 stops any balls which might come
      flying through the opening 9 at a time when the empty hopper is first
      being filled.
PAR  As shown in FIGS. 2-4, a rotatably journalled, generally cylindrical ball
      receiver 15 extends across the lower ends of the descending ballways 12.
      The ball receiver cylinder has a plurality of ball tubes 16 equal in
      number to the number of ballways (seven shown). The tubes shown are each
      two balls deep so that the cylinder 15 will hold and dispense fourteen
      balls at a time. Each of tubes 16 is aligned under a corresponding ballway
      for receiving two balls from the ballway when the cylinder 15 is in the
      ball receiving position shown in FIGS. 2 and 4.
PAR  The rear surface 15a of the ball receiver cylinder 15 rotatably trails the
      ball tubes across the lower end of the ballways to maintain the stacks of
      balls therein as the cylinder is rotated forwardly about 115.degree. to
      dumping position depicted in FIG. 3. In this position the balls in the
      tubes 16 spill onto the delivery pan 17 for exit from the vendor. The
      rotation of the cylinder is stopped by a pin 18 which abuts flange 20 on
      the cylinder.
PAR  Referring now to FIGS. 4 and 5, the vendor is operated by a manually
      movable actuating lever 21 which extends through the end of the ball
      receiving cylinder. The cylinder 15 is also connected by adjustable
      mechanical linkage shown at 22 to the protruding journal bar 10a of the
      gate 10. The actuating lever is pivotable forwardly about 115.degree. so
      that the ball tubes extend downwardly about 25.degree. from the horizontal
      as shown in FIG. 3. The gate 10 is simultaneously rotated about 90.degree.
       from its closed position to its release position through linkage 22. A
      return spring 23 is attached to flange 20 and anchored to housing 24 for
      returning the cylinder to its ball receiving position and the gate to its
      closed position when the handle is released.
PAR  Referring to FIGS. 4-10, the vendor is coin-controlled in that it has a
      coin-releasable locking mechanism shown generally at 25 in FIG. 5. The
      vendor has a forwardly open coin slot 26 and a rearwardly declining coin
      chute 27 for carrying a coin of predetermined denomination to a coin
      pocket 28 formed in the inner face of a slide bar 29. The coin pocket has
      a narrower portion 28a extending downwardly through the slide bar through
      which coins smaller than the predetermined denomination fall from the coin
      pocket so as not to permit actuation of the vendor. The slide bar is
      mounted for rectilinear movement by a pair of mounting plates 30 and 31
      and a backing plate 32. The ball receiving cylinder 15 has adjustable
      linkage shown at 33 connecting it to the slide bar for moving the slide
      bar sequentially from a coin receiving position shown in FIG. 6, to a
      locking position shown in FIG. 7, to a coin release position shown in FIG.
      9 and return. A notch 34 is formed in the upper edge of the slide bar and
      provides a shoulder 34a. A gravity drop latch 35 has a hook portion 35a
      for dropping into the notch and engaging said shoulder when the slide bar
      is moved from its coin receiving position, FIG. 6, into locking position
      when no coin is present in the coin pocket of the slide bar as depicted in
      FIG. 7. When a coin of the predetermined size is present in the coin
      pocket as shown in FIG. 8, the coin engages the drop latch and prevents
      the hooked portion thereof from dropping into the notch thus permitting
      the slide bar to move through the locking position into said coin release
      position and permitting the ball receiving cylinder 15 to thus be rotated
      into its dumping position.
PAR  A slot 36 is formed through the side of the slide bar 29 into the coin
      pocket 28. A wire spring 37 attached by a screw 38 extends through a slot
      39 formed in mounting plate 30 and through slot 36 when slot 36 is in
      register with slot 39 when the slide bar reaches its coin release position
      shown in FIG. 9. The spring pushes the coin out of the coin pocket, as
      shown in FIG. 10 into a release chute 40 formed in back plate 32 and when
      the slide bar begins its return movement, the coin is disengaged by the
      spring and drops by gravity into a coin box 41 shown in FIGS. 4 and 5.
PAR  It is understood that my invention is not confined to a particular
      construction and arrangement of parts herein illustrated and described,
      but embraces all such modified forms as come within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A golf ball vendor comprising:
PA1  a. a ball hopper having a bottom pan;
PA1  b. a declining ramp extending below said hopper bottom pan in spaced
      relation thereto, said pan and ramp defining a ball dispensing opening
      therebetween;
PA1  c. a gate pivotably mounted below said hopper bottom pan and above said
      discharge ramp at said opening rotatable between (1) a downwardly
      extending closed position wherein the lower edge of said gate is spaced
      more than the diameter of one ball and less than the diameter of two balls
      from said ramp to cause said balls in said hopper to bridge across said
      opening and (2) a release position into which said gate is swung toward
      the mass of balls in said hopper to break up the bridging of the balls
      therein for releasing balls down said ramp;
PA1  d. means providing a plurality of descending ballways each accommodating a
      single file roll of balls;
PA1  e. rotatably mounted ball receiver extending across the lower ends of said
      descending ballways for receiving a predetermined number of balls from
      said ballways; and
PA1  f. manually movable actuating means operatively linked to said ball
      receiver and said gate for rotating said ball receiver for dumping balls
      therefrom and for rotating said gate from said closed position to said
      release position.
NUM  2.
PAR  2. The golf ball vendor as specified in claim 1 wherein said ball receiver
      comprises:
PA1  a. a plurality of ball tubes equal in number to said plurality of ballways,
      one each of said ball tubes being aligned under a corresponding ballway
      for receiving balls from said ballways when said ball receiver is in ball
      receiving position; and
PA1  b. a surface on said ball receiver rotatably trailing said ball tubes
      across the lower end of said ballways to maintain the balls therein as
      said ball receiver is rotated to dumping position.
NUM  3.
PAR  3. The golf ball vendor as specified in claim 1 wherein said means
      providing a plurality of descending ballways comprises:
PA1  a. a plurality of dividers on said ramp providing a series of ball channels
      each accommodating a single file row of balls; and
PA1  b. a plurality of substantially upright ball chutes at the end of said ramp
      for receiving balls from the channels of said ramp.
NUM  4.
PAR  4. The golf ball vendor as specified in claim 1 having a coin-releasable
      locking mechanism for preventing operation of said manually movable
      actuating means.
NUM  5.
PAR  5. The golf ball vendor as specified in claim 4 wherein said
      coin-releasable locking mechanism comprises:
PA1  a. a slide bar mounted for rectilinear movement sequentially from a coin
      receiving position, to a locking position, to a coin releasing position,
      and return; said slide bar having (1) a coin pocket formed therein for
      receiving a coin of predetermined size through the top thereof, said coin
      pocket having a narrower portion extending downwardly through said slide
      bar through which coins smaller than said predetermined size fall from
      said pocket and (2) a notch formed in the upper edge of said slide bar
      providing a shoulder on said slide bar;
PA1  c. a gravity drop latch having a hook portion for dropping into said notch
      and engaging said shoulder when said slide bar is moved from said coin
      receiving position to said locking position in the absence of a coin in
      the coin pocket of said slide bar, when a coin of the predetermined size
      is present in said coin pocket as said slide bar is moved from said coin
      receiving position toward said locking position said coin engages said
      drop latch and prevents the hook portion thereof from dropping into said
      notch permitting said slide bar to move through said locking position to
      said coin releasing position; and
PA1  d. means linked to said manually movable actuating means for sliding said
      slide bar from said coin receiving position to said locking position
      before said ball receiver reaches its ball dumping position when no coin
      is present in the coin pocket of said slide bar.
NUM  6.
PAR  6. The golf ball vendor as specified in claim 5 having:
PA1  a. a slot formed through the side of said slide bar into said coin pocket,
      and
PA1  b. a spring disposed to extend through said slot for pushing a coin out of
      said pocket as said slide bar reaches said coin releasing position, said
      spring disengaging said coin when said slide bar is returned toward its
      coin receiving position whereby said coin drops by gravity.
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ABST
PAL  A coin totalizer mechanism utilized in vending machines or the like for the
      purpose of providing access to the contents of a given machine upon the
      depositing of a predetermined amount of coins into the mechanism. A coin
      chute defines a common flow path through which coins of various
      denominations pass and are directed into engagement with a totalizer
      actuator element substantially in the form of a walking beam having a
      portion thereof positionable in driving engagement with a register. Free
      selective incremental advancement of the register is accomplished by
      actuation of the coins having predetermined coin characteristics,
      including size and weight, with a totalizer actuator element positionable
      to regulate, at least in part, movable engagement between the walking beam
      or a portion thereof and the register. A price setter plate is attached to
      and movable with the register wherein linkage is in turn attached to the
      price setter plate and related structure to accomplish opening of any
      access door or the like to allow access to or dispensing of the contents
      of the machine upon the totalizer mechanism determining that the proper
      amount of money has been deposited.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A coin activated mechanism utilized for the regulating of dispensing
      products from a dispensing machine wherein a totalizer assembly
      accomplishes determination of the cumulative value of coins inserted so
      that access to or dispensing of a desired product may be accomplished.
PAR  2. Description of the Prior Art
PAR  In today's modern, rapid paced society, a large number and a wide variety
      of vending machines are being utilized for the dispensing of almost an
      infinite variety of goods and products to the general public. The vast
      majority of these types of machines are operated by means of depositing
      therein a preselected amount of money in the form of coins. Alternately,
      various checks which are similar to coins both in dimension and weight are
      utilized.
PAR  It is obvious that the utilization of an efficient, accurate and reliable
      coin totalizer mechanism is crucial in the succcess and growth of the
      vending machine industry. Generally, these coin mechanisms are mechanical,
      electrical or a combination of electro-mechanical in their mode of
      operation.
PAR  An increasing number of electrically actuated coin controlled vending
      machines are becoming available. Basically, these machines may be
      considered somewhat more "sophisticated" in that they are designed to vend
      or dispense a plurality of different kinds of brands of merchandise within
      a varying price range. In this type of application, electrically operated
      vending machines are considered to have certain advantages over mechanical
      vending machines. These generally relate to the factor of reliability
      wherein it may be considered that mechanical vending machines are more
      susceptible to abuse due to slamming, shaking or general rough treatment.
      This type of abusive treatment frequently results in mechanical failure of
      the mechanically operated vending machine because of the disruption of the
      linkage or gearing, etc. found therein.
PAR  Until recently, it is also considered that mechanical vending machines did
      not have the versatility to accept a wide variety of coins of various
      denomination in order to accomplish efficient dispensing of a product at
      one or more preselected prices. Accordingly, mechanical vending machines
      are more specifically, the coin totalizer mechanisms essentially
      controlling the dispensing of the product have been designed to handle a
      wide variety of coins deposited therein in any given sequence such that
      the mechanism will activate dispensing upon reaching or totalizing a
      predetermined quantity of money being deposited. In order to accomplish
      this versatility the design and structure of prior art coin totalizer
      mechanisms have become relatively complex thereby leading to increased
      rates of breakdown, less reliability and a greater expense for initial
      purchase and maintenance.
PAR  In accomplishing the handling of coins of different denominations and
      accordingly, different characteristics including weight and size, the
      complexity of commercially available coin mechanisms have increased with
      frequently questionable improved efficiency and performance in operation.
      Conventional prior art devices necessarily include some type of separation
      device wherein coins of various dimensional and/or weight characteristics
      are separated into separate coin passages or chutes whereby individual
      actuators are engaged or otherwise caused to react with some type of
      totalizer assembly so that the coins having the various different
      characteristics may be accurately registered. Dividing or separating the
      coins of various characteristics for the purpose of registering their
      denominations has been a common solution to the use of a wide variety of
      coins of various denominations. The disadvantages associated with such
      mechanisms, however, are again related to overly complex structures being
      both expensive, unreliable and also the very important fact that
      mechanisms of this type are considered to be generally bulky and take up
      more space than that originally intended or desired.
PAR  In addition, individual actuators have previously been required due to the
      fact that coin characteristics including both size and weight vary to a
      sufficient degree that a single actuator mechanism would be capable of
      handling all of the various differences in coin characteristics has
      previously not been found to be efficient or reliable. For instance, both
      the size and the weight of a dime varies greatly from the size and weight
      of a quarter. A common problem associated with mechanical coin mechanisms
      and totalizers is the fact that normally dimes or ten cent pieces have not
      had sufficient weight to do an adequate amount of "work" in terms of
      activating a mechanism to in turn register the passage of a dime through
      the totalizer mechanism. To the contrary, a quarter has more than enough
      weight to "trip" a lever-type actuator or other structural mechanism and
      thereby be efficiently registered with a controlling totalizer. The prior
      art has attempted to overcome such differernces in coin characteristics by
      providing different actuator mechanisms to handle the coins of varying
      sizes and weights. Again, this has led to overly expensive and
      unnecessarily complex and bulky mechanisms being commercially available
      which still do not have the high degree of reliability desired.
PAR  Accordingly, it is obvious that there is a need in the vending machine
      industry for a coin totalizer mechanism having a structure of relatively
      simple and efficient design capable of handling a number of coins with
      varying degrees of coin characteristics and also which is capable of
      providing high efficiency, reliability and economic feasibility.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a coin totalizer mechanism including a totalizer
      means for registering the total amount of coins deposited in a vending
      machine for the purpose of dispensing or rendering access to goods within
      the machine once a preselected total has been reached. The totalizer means
      includes a register means capable of incremental advancement upon the
      depositing and resulting registering of coins in various denominations.
      More specifically, a register actuator means which may be in the form of a
      pivotally mounted walking beam movably interconnected between a flow path
      of coins passing through the mechanism and the register means itself.
PAR  One end of the walking means is disposed in movable, driving relationship
      to a ratchet wheel comprising the register means. Another portion of the
      walking beam has mounted thereon a coin engaging means which is disposed
      contiguous or immediately adjacent to a coin chute means which at least
      partially defines a flow path of travel of coins as they are deposited
      into and passed through the coin mechanism. Engagement of the coins with
      the coin engaging means or "coin catch" serves to pivot the walking beam
      into direct driving engagement with the ratchet wheel of the register
      means serving to advance it a predetermined amount dependent upon the
      regulated displacement of the walking beam. This displacement is in turn
      dependent upon the denomination, or more specifically, the coin
      characteristic of the particular coin engaging the coin catch.
PAR  A totalizer actuator means comprises a gauge element disposed in
      communicating relation with the coins as they pass along the coin flow
      path. Coin engagement with the gauge element serves to displace the
      totalizer actuator means, and more particularly the stop means associated
      therewith, into predetermined relation relative to the register actuator
      means. This displacement in turn varys upon the coin characteristics (size
      an/or weight) and the amount of displacement regulates the position of the
      stop means relative to movement of the register actuator as it is
      drivingly engaging the register means or ratchet wheel. For example,
      passage of a quarter along the coin flow path would cause displacement of
      the totalizer actuator means and more particularly the stop means
      associated therewith a sufficient degree to allow greater incremental
      advancement of the register than if a nickle or coin having
      characteristics different from a quarter would pass along the coin flow
      path.
PAR  By virtue of this structure, a single assembly or mechanism may be utilized
      to activate the totalizer means through advancement of the register
      without separating the various coins deposited due to the differences
      existing in the size or weight of the coin.
PAR  Other structural features of the present invention include an orienting
      means normally biased into path interruptive engagement relative to the
      gauge element of the totalizer actuator means. The orienting means is
      disposed and configured to maintain the gauge element in its displaced
      position after engagement with a coin passing along the coin flow path.
      This serves to maintain the stop means in the predetermined position
      relative to a portion of the register actuator means in order to limit its
      movement as it drivingly engages the register means or ratchet wheel.
      This, in turn, of course limits the incremental advance of the register
      means dependent upon the denomination of the coin passing through the
      mechanism.
PAR  An orienting release means is also provided to contact the orienting means
      in such a manner as to cause its disengagement with the gauge element of
      the totalizer actuator means. Biasing means are associated with the
      totalizer actuator means forcing its return to its normal or original
      position relative to the coin chute means and the coin flow path partially
      defined thereby. The orienting release means is positioned in coin
      engaging position relative to a coin passing through the mechanism and is
      thereby coin actuated dependent upon the coin characteristic (weight) of
      the coin it engages.
PAR  A primary rejector means is operated by a push button or similar lever-type
      mechanism disposed at least in part on the exterior of the case in which
      the mechanism is mounted. This primary rejector also includes a register
      stop which is normally biased into engagement with the periphery of the
      ratchet wheel comprising the register means and which also includes a
      finger member serving to engage the orienting means causing its
      disengagement with the totalizer actuator means. This primary rejector is
      normally utilized to bring all of the working structural elements of the
      mechanism back to their initial position if for some reason the various
      elements become jammed, etc.
PAR  A secondary coin rejector is mounted in communicating relation with the
      coin flow path and is specifically disposed and configured to cause
      blockage of a coin of predetermined dimension from passing completely
      through the coin chute means or along the coin flow path. For instance, if
      it is desired that the mechanism should not register pennies, the
      secondary rejector is disposed and configured to cause blockage of the
      flow path relative to any penny or coin having similar size
      characteristics. This secondary rejector means is further configured to be
      dislodged out of blocking relation to the coin flow path upon sufficient
      displacement of the totalizer actuator means as will be described in
      greater detail hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth and the scope of the invention
      will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a front view of a typical vending machine and mechanism casing in
      which the totalizer mechanism is mounted.
PAR  FIG. 2 is a fragmentary detail view of the totalizer means including the
      price setter plate and associated linkage serving to release the opening
      or door providing access to or dispensing of the products within the
      vending machine.
PAR  FIG. 2a is a fragmentary detail view of the price setter plate and
      associated linkage.
PAR  FIG. 3 is a front view of the various structural elements comprising the
      main working portion of the coin totalizer mechanism of the present
      invention.
PAR  FIG. 4 is a top view taken along line 4--4 of FIG. 3 showing details of the
      coin passage means and coin flow path defined thereby.
PAR  FIG. 5 is a fragmentary side view of the inner workings of the totalizer
      actuator means and register actuator means serving to advance the register
      means upon insertion of a coin of predetermined denomination.
PAR  FIG. 6 is a fragmentary side view of the structural elements shown in FIG.
      5 wherein a coin of different predetermined denomination is passing
      through the mechanism.
PAR  FIG. 7 is a fragmentary side view of the structural element shown in FIGS.
      5 and 6 wherein a coin of yet a different predetermined denomination and
      accordingly coin characteristics is passing through the coin mechanism.
PAR  FIG. 8 is a detailed view of the orienting means and orienting release
      means in working relation to one another.
PAR  FIG. 9 is a detailed side view of the orienting means and orienting release
      means shown in engaged relation to one another for release of the
      totalizer actuator means.
PAR  FIG. 10 is a side fragmentary view of the totalizer actuator means and the
      secondary rejector means disposed relative thereto.
PAR  FIG. 11 is a top sectional view taken along line 11--11 of FIG. 10 showing
      the relation of the secondary rejector means to the coin chute means and
      coin flow path defined thereby.
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawings.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention is directed to a coin totalizer mechanism designed to
      be used in combination with vending machines generally represented as 30
      in FIG. 1. A coin mechanism casing 32 is mounted on top thereof and is
      interconnected by virtue of the structural features of the coin mechanism
      itself to door extension generally indicated as 2. A coin slot 34 is
      formed in the front wall 1b of housing 32 and is disposed to provide
      various coins of predetermined denomination passing into a coin chute
      means generally indicated as 35 to be explained in greater detail
      hereinafter. A primary rejector button 36 is also mounted for access on
      the front wall 1b of casing 32 and is interconnected to the remainder of
      the mechanism for the purpose of dislodging jammed coins or the like as
      also will be explained in greater detail hereinafter. The coin totalizer
      mechanism which comprises a major portion of the present invention is
      connected to the totalizer structure and linkage resulting in the release
      of door 2 upon the depositing of a predetermined amount of money in the
      form of coins of various denominations. Structure shown in FIGS. 2 and 2a
      is representative of such a totalizer structure and accompanying linkage
      which serves to unlock door 2 thereby rendering access to the products in
      the vending machine 30. This type of totalizer structure and accompanying
      linkage may be similar to that structure disclosed and claimed in U.S.
      Pat. No. 3,733,466 to Knickerbocker. For the purpose of clarity and
      explanation, the structural features as shown in FIGS. 2 and 2a will be
      hereinafter explained in detail. It should be further noted, however, that
      the scope of the present invention is not intended to be limited to the
      structure shown in FIGS. 2 and 2a and applicable totalizer structure
      fitting within the structural parameters of the present invention could be
      utilized.
PAR  Referring to FIG. 2 of the drawings, the coin mechanism of this invention
      is shown mounted on the front inside wall 1b of a newspaper rack coin
      mechanism housing, to conserve space, the rack housing part of the drawing
      is a fragmentary section. The newspaper rack's door extension 2 and the
      coin mechanism angle plate extension 3 have been cut away in a manner that
      the rack door latch hook plate 4 and coin mechanism's latch plate 5, also
      the front portion of the coin mechanism's ratchet plate return crank plate
      6, can be viewed. It will be noted that the left end of latch plate 5b has
      dropped over the hook section 4a of door latch hook plate 4, the
      rectangular slot 5a in latch plate 5 makes the latching possible. Plate 7
      is rigidly secured to the inside top wall of latch plate 5 and extends
      downward from that point on an angle and comes in contact with a section
      of the door latch hook plate 4, to rock the latch plate 5
      counter-clockwise on its mounting shaft 6a. When latch plate 5 is rocked
      clockwise, connecting link plate 8 having its lower end secured to a tab 9
      on the top front end of latch plate 5 by shoulder stud 10 and the top end
      secured to hinge plate 11 by shoulder stud 12. Hinge plate 11 is swingably
      mounted to channel section of plate 13 by shaft 14, 11a of plate 11 is a
      tab formed outward at a right angle to the plate this tab normally rests
      on the top outer left end of plate 13 and limits the downward travel of
      the left end of plate 11 that is being biased by tortional spring 15.
      Tortional spring 15 is mounted around shaft 14, between the channel shaped
      walls of plate 13. The lower end of the tortional spring 15 is anchored to
      plate 13 and the opposite end rests against tab 11a of plate 11. Plate 13
      is swingably mounted on shoulder stub 16 that in turn is rigidly secured
      to the coin mechanism base plate, and expansion spring 17 having the upper
      end anchored to plate 13 through an opening 151a and the lower end secured
      to a shoulder stud that is rigidly rivited to the coin mechanism base
      plate, biases plate 13 to rock on its pivot stud 16 clockwise. The
      clockwise travel of plate 13 is limited by link plate 8 being anchored to
      latch plate 5 that in turn has its clockwise travel limited by angle plate
      7, that is a part of the latch plate 5 coming to rest against a section of
      latch hook plate 4. The extreme right end 18 of plate 13 is formed outward
      at a right angle to the plate and extends over the top side of the price
      setter plate.
PAR  When the paper removable door 2 is swung outward, the latch hook plate that
      is secured to the door extension moves away from latch plates 5, angle
      plate extension 7 and allows the latch plate 5 to rock on its mounting
      shaft 6a clockwise. It is obvious that the clockwise movement of the latch
      plate 5 will permit angle section 18 of plate 13 to come to rest on the
      top edge of the price setter plate 19, thus stopping the clockwise travel
      of the extreme left end of the latch plate 5a, therefore preventing the
      latch plate 5 from disengaging latch hook 4a of latch hook plate 4. It
      will be noted that the price setter plate 19 in this instance is set to
      accommodate a 35 cent sale. It will therefore be necessary to insert
      thirty five cents into the coin mechanism, to rotate the price setter
      plate 19 clockwise to position opening 19b of the price setter plate
      directly under angle section 18 of plate 13. With the price setter plate
      19 in this position, angle section 18 of plate 13 will enter opening 19b
      of the price setter plate 19, therefore, when the top of the paper removal
      door is swung outward the added clockwise travel of plates 11, 13 and
      linkage 8 will permit section 5a of latch plate 5 to disengage section 4a
      of the door latch hook plate 4 and release the door. When the paper
      removal door is swung open, the price setter plate is returned to normal
      position as shown in FIG. 2 of the drawings to be described hereinafter. A
      crank plate 6 is swingably and coaxially mounted on the coin mechanism
      base plate by shoulder stud shaft 6a that in turn is rigidly secured to
      the base plate section of crank plate 6 and extends on a horizontal plane
      from each side of the channel shaped mounting section, of the crank plate
      (not shown). Shoulder stud 6b is rigidly secured to the left end of crank
      plate 6 and extends inward to pass over section 20 of door latch hook
      plate 4. Crank plate 6 is biased to swing counter-clockwise by expansion
      spring 21 that has the lower end anchored to crank plate 6 through opening
      22, the upper end is anchored to shoulder stud. When the top of paper
      removal door is swung outward, shoulder stud shaft 6b, that is riding on
      section 20 of door latch hook plate 4, will follow the ramp shape section
      20a of the plate and swing downward the right end of the crank plate will
      be swung upward is a section of crank plate that is formed inward from the
      plate at right angles to the plate, to pass through opening 23f of the
      coin mechanism base plate and under section of the stationary ratchet pawl
      24 that is mounted on the opposite side of the base plate. By referring to
      FIGS. 8 and 9, it will be obvious that the ratchet and price setter plates
      that are held in their rotated positions by the stationary ratchet pawl
      120 will be released. However, inasmuch as angle section 18 of plate 13
      has dropped into opening 19b of the price setter plate 19, it will prevent
      the return of the ratchet and price setter plate to normal position.
      Therefore, connecting link plate 25 that has the top end connected to
      plate 13 by shoulder stud 26 and E washer 27 and the lower end connected
      to crank plate 6 by shoulder stud 23c will rock plate 13
      counter-clockwise, angled section 18 of plate 13 will move out of opening
      19b of the price setter plate 19. Thus, the plate 19 will return to normal
      position. These plates are biased by a tortional type clock spring that
      will be outlined in detail later on in the specification.
PAR  When the paper removal door 2 is closed, shoulder stud 6b of crank plate 6
      will come in contact with the ramp 20a of door latch hook plate 4 and
      force that end of crank plate, that was lowered by the opening of the door
      2, upward to normal position. The opposite end of crank plate 6 will move
      downward and release the stationary ratchet pawl 24. Section 5a of latch
      plate 5 will come in contact with the ramp 4c of the door latch hook plate
      5 and cam that end of the latch plate, that was lowered by the opening of
      door 2 upward to normal position. It will be obvious that it will be
      necessary for the outer left end of hinge plate 11 to swing upward on
      pivot shaft 14 inasmuch as angle section 18 of plate 13 that is a part of
      that assembly will come to rest on top edge of price setter plate 19, as
      the door 2 latch hook plate moves inward it will come in contact with
      plate 7 of latch plate 5 and rock the latch plate counter-clockwise into
      latched or normal position.
PAR  Referring to FIG. 2a of the drawings in FIG. 2 of the drawings the price
      setter dial is shown set to accommodate a 35 cent Sunday newspaper sale.
      In FIG. 2a, the price setter dial assembly has been rotated manually with
      the quick set components 28, 28a and to accommodate a 15 cent daily
      newspaper sale. The quick change components can also be arranged in a
      manner, that they can be operated by remote control (not shown) from the
      outside of the coin mechanism housing without departing from the spirit of
      the present invention.
PAR  Referring to FIG. 3, the coin mechanism of the present invention comprises
      coin slot or insert 34 disposing in communicating relation with coin chute
      means generally indicated as 35 which includes a pair of side walls 39 and
      40 arranged in substantial parallel relation to one another (FIG. 4). The
      space 42 defined therebetween may be termed the coin flow path since coins
      passing into slot 34 are specifically directed along the path 42 by virtue
      of the locations of the side walls 39 and 40. A conventional connector and
      bushing 41 is interconnected to a portion of the casing 43. Totalizer
      means comprises register means generally indicated as 44 in the form of a
      ratchet wheel 45 rotatably mounted to casing by means of shaft 46. Ratchet
      wheel 45 is fixedly attached to shaft 46 and also interconnected to price
      setter plate 19 by virtue of the fact that shaft 46 is fixedly connected
      to price setter plate 19 on the opposite side of casing plate 43. In
      operation, advancement in predetermined increments of ratchet wheel 45 in
      a clockwise direction as indicated by directional arrow 47 serves in turn
      to rotate price setter plate 19 in the same direction until the desired
      total is reached as indicated on price setter plate 19. The linkage is
      thereby activated as described with reference to FIGS. 2 and 2a to release
      door 2 of the vending machine. Advancement of register means 44 occurs by
      driving engagement of ratchet wheel 45 with register actuator generally
      indicated as 48. The register actuator means comprises a walking beam
      structure 49 mounted to movably pivot about pin 50 in the direction
      indicated by directional arrow 51. One portion of the walking beam
      comprises a lever arm 52 pivotally connected to the remainder of the
      walking beam 49 by virtue of pivot pin 53. A lever arm biasing means 54 is
      disposed and configured relative to lever arm 52 to cause it to be
      directed into normal biasing relation relative to the outer periphery of
      ratchet wheel 45 as shown in FIG. 3. Pivotal movement of the walking beam
      49 in the direction indicated by directional arrow 51 causes a similar
      pivotal movement of lever arm 52 about pivot point 53 in the direction
      indicated by directional arrow 56.
PAR  The register actuator means further comprises a coin engaging means
      generally indicated as 58. This coin engaging means comprises a catch
      means 59 pivotally connected to the remainder of walking beam 49 at pivot
      pin 61. It is important to note that the catch means 59 is configured and
      disposed relative to the lower portion (as shown in FIG. 3) of coin chute
      means 35 and the defined coin flow path 42 to engage or receive coins of
      varying coin characteristics. More specifically, the catch means 59 is
      configured to receive any denomination coin irrespective of its size and
      weight as it passes along the coin flow path 42 and leaves the lower
      portion 37 (FIGS. 5 through 7) of coin chute means 35. A release means 60
      is pivotally attached at 61 to catch means 59 and is specifically
      positioned to maintain the coin received in the catch means 59 until the
      release means 60 is moved to its release position. This is accomplished by
      release pin 62 engaging a positioner means as shown in detail with
      reference to FIGS. 5, 6 and 7.
PAR  The positioner means generally indicated as 65 comprises a block, stop or
      like element positioned in interruptive relation to pin 62. This thereby
      causes its pivotal movement about pin 61.
PAR  In operation, and with reference to FIGS. 3, 5, 6 and 7 the receiving of a
      coin in catch element 59 causes its pivotal movement in the direction
      indicated by arrow 63. This, in turn, of course causes pivotal movement of
      walking beam 49 in the direction indicated by arrow 64 about pivot point
      50. This, in turn, causes the upward movement of lever arm 52 bringing it
      into driving engagement with the outer periphery of ratchet wheel 45.
      Ratchet wheel 45 is thereby advanced a predetermined incremental amount
      dependent upon the denomination of the coin passing through coin chute
      means 35 defining the coin flow path, as will be explained hereinafter.
      Upon the downward movement of catch element 59, release pin 62 engages
      positioner means. The positioner means has at least a first and second
      portion indicated as 65 and 66 (FIGS. 3 and 7) respectively. First portion
      of positioner means 65 includes a plurality of blocks 67 and 68 which are
      respectively positioned into interruptive engagement relative to the
      travel of release pin 62 dependent upon the position of gauge element 73
      as also will be explained hereinafter. The second portion of positioner
      means 66 is stationary and serves to engage release pin 62 when positioner
      means 65 is out of path interruptive position relative to release pin 62
      as shown in FIG. 7. As briefly explained above, the walking beam 49 and
      more particularly lever arm 52 serves to advance ratchet wheel 45 a
      predetermined amount dependent upon the denomination of the coin and more
      particularly, the coin characteristics (size and weight) of the coin being
      deposited. This preselected incremental advancement is accomplished
      through actuation of the totalizer actuator means generally indicated as
      72 and includes a gauge element 73 and a stop means 74. The gauge element
      and stop means are interconnected by linkage 76 or any other conventional
      connector element so as to move or be displaced a proportionate amount
      simultaneously with one another. The gauge element comprises an elongated
      member positioned contiguous or adjacent to the coin chute means 35 and in
      coin engaging relation to the coin flow path defined thereby. The gauge
      element is pivotally mounted as at 75 so as to accomplish displacement
      away from the coin flow path as it engages a coin of predetermined coin
      characteristics (size). By virtue of connector link 76 attached to
      engagement element 73 by connector plate 77, the stop means 74 is movably
      displaced into a predetermined position in the same direction as the gauge
      element 73 as indicated by directional arrows 78 and 79 respectively. It
      can be seen from a review of FIGS. 5, 6, and 7 that the particular size of
      coins passing through coin chute means 35 serve to position or displace
      gauge element 73 a predetermined amount relative to the coin chute means
      35 and coin flow path defined thereby. Specifically, with reference to
      FIG. 5, the coin characteristic or size of a dime passing along the flow
      path in the direction indicated by arrow 80 does not engage gauge element
      73 and therefore does not cause any displacement of gauge element 73. In
      turn, stop means 74 is not displaced and one of a plurality of stop
      elements 81 is positioned in path interruptive relation to lever arm 52 as
      it drivingly engages ratchet wheel 45 in the direction indicated by arrows
      47. Similarly, as shown in FIG. 6, a nickle passing along the coin flow
      path will engage gauge element 73 causing its displacement a predetermined
      amount. Accordingly, the stop means as shown in FIG. 6 will also be
      displaced simultaneously a related amount such that stop element 82
      comprising the plurality of stop means 72 will be positioned in path
      interruptive relation to lever arm 52 thereby limiting the incremental
      advancement of ratchet wheel 45 as it is drivingly engaged by the lever
      arm 52.
PAR  With reference to FIG. 7, the coin characteristics (size) of a quarter
      passing along the coin flow path will, upon engagement with gauge element
      73 cause its displacement even a greater amount so that stop elements 81
      and 82 will be positioned out of interruptive relation to lever arm 52
      allowing it to continue its driving engagement with ratchet wheel 45. This
      driving rotation of wheel 45 will continue until lever arm 52 engages
      stationary stop element 83 which will then be positioned in path
      interruptive relation relative to the lever arm 52. By virtue of
      connectors 86 supportingly engaging stationary stop element 83, this
      element can be adjusted or adjustably positioned relative to the lever arm
      52 so as to allow versatility in determining preselected incremental
      advancement of the ratchet wheel 45 upon engagement with the lever arm 52.
PAR  Actuator biasing means 90 in the form of a weight is attached to the stop
      means 74 and is disposed and configured to normally bias gauge element 73
      into coin engaging relation relative to the coin flow path and the coin
      chute means 35. Again, this biasing force exerted on gauge element 73 is
      accomplished by virtue of the interconnection between stop means 74 and
      gauge element 73 through connecting links 76.
PAR  In order to accomplish proper disposition of the stop means 74, an
      orienting means 92 is movably attached to the casing at 93 and includes an
      elongated leg member normally biased, by virtue of its inherent weight
      into sliding engagement with extending finger 94 formed on gauge element
      73. A plurality of orienting stops 95 and 96 are integrally connected to
      orienting means 92 and disposed in path interruptive position relative to
      finger 94 as gauge 73 is displaced outwardly or further from coin passage
      means 35 and the coin flow path defined thereby. As shown in FIGS. 6 and
      7, the path of a nickle and a quarter or any coins of varying coin
      characteristics (size) serves to displace the gauge element 73 a
      predetermined, different distance from the flow coin path. This, of
      course, is due to the configuration and disposition of the chute passage
      means 35 and the relative position of gauge element 73 thereto.
PAR  In order for stop means 74 to accurately regulate the movement of lever arm
      52 as it drivingly engages ratchet wheel 45, the preselected stop element
      81 or 82 must be maintained in position to engage the top portion of lever
      arm 52 a predetermined amount of time to allow for the coins to pass from
      the point where it engages gauge 73 to the point where it is caught by
      catch element 59. This maintenance of stop means in its displaced position
      is caused by the finger engaging either of the stop elements 95 or 96
      while the coin is allowed to pass downwardly and activates the walking
      beam 49 through its engagement with the coin.
PAR  Referring to FIGS. 8 and 9, once the coin passes from the catch element 59
      it engages the orienting release means 99 comprising a pivotally mounted
      member 100 having biasing means 102 attached thereto and also including a
      platform 103 disposed in coin engaging relation to the coin flow path. An
      upwardly extending pivot shaft 104 is attached to the orienting release
      means 99 and due to its pivotal motion about point 106 it serves to engage
      projecting flange 107 integrally formed on orienting means 92.
PAR  With specific reference to FIGS. 8 and 9, a coin passing either directly
      from the coin passage means 35 along the flow coin path or alternately
      from the catch element 59 serves to fall on platform 103. This, in turn,
      causes pivotal movement of member 100 about point 101 as best shown in
      FIG. 6. Movement of platform 103 downwardly as indicated by directional
      arrow 109 causes pivotal movement of pivot shaft 104 as indicated by
      directional arrows 105. This pivotal movement serves to displace pivot
      shaft 104 into engagement with finger 107 as shown by the sequence in
      FIGS. 8 and 9. Upon engagement with disposed ledge 110 with finger 109
      orienting means 92 which is normally biased in the direction indicated by
      arrow 111 then serves to be lifted from engagement with finger 94 on gauge
      element 73 causing disengagement therebetween and automatically return of
      gauge element 73 and interconnected stop means 74 into the normal coin
      engaging position relative to the coin flow path and coin passage means
      35.
PAR  Additional structural features of the present invention include a primary
      rejector means generally indicated as 120 and including a push button or
      like lever 36 disposed at least in part on the exterior of casing 43. The
      primary rejector includes a register stop 122 which is normally biased
      into engagement with the periphery of ratchet wheel 45 by a biasing means
      131 in the form of a spring. The primary rejector further includes a
      finger member 124 serving to engage the orienting means 92. The relative
      disposition of the orienting means 92 and the finger element 94 is such as
      to cause disengagement between orienting means 92 and the element 94 on
      the gauge means so that the totalizer actuator means may return to its
      normal coin engaging position relative to the coin flow path. This primary
      rejector is normally utilized to bring all the working structural elements
      of the coin totalizer mechanism back to their initial position if for some
      reason the various elements become jammed, etc.
PAR  Turning to FIGS. 10 and 11, a secondary coin rejector means generally
      indicated as 130 is mounted in communicating relation with the coin flow
      path and is specifically disposed and configured to cause blockage of a
      coin (P) of predetermined dimension from passing completely through the
      coin chute means 35 or along the coin flow path. To accomplish this,
      support arm 132 is provided in communicating relation with the coin flow
      path and has mounted thereon a blockage element 133 disposed and
      configured in cooperative relation to a portion 134 of the coin chute
      means which helps defint the coin flow path. The support arm 132 is
      pivotally mounted at 135 to the case in the communicating position
      relative to the coin flow path and in coin engaging position relative
      thereto as shown in FIG. 11. The outer extremity or at least a portion
      thereof 136 of the support arm 132 is disposed in path interruptive
      position relative to gauge element 73 upon coin engagement between the
      gauge element 73 and the coin (P) the gauge 73 will of course be displaced
      outwardly as described above and as shown with reference to directional
      arrow 138. (FIG. 10). This, in turn, will cause engagement between portion
      136 and gauge element 73 causing the pivotal rotation of the support arm
      132 about pivot point 135. Since block element 133 is secured to the
      support arm 132 it, in turn, will be pivoted out of blocking engagement
      relative to coin (P) thereby allowing it to pass through the coin
      mechanism automatically upon actuation or displacement of gauge element 73
      in the manner described.
PAR  It will thus be seen that the objects made apparent from the preceding
      description, are efficiently attained, and, since certain changes may be
      made in the above construction without departing from the scope of the
      invention, it is intended that all matter contained in the above
      description or shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of of scope fo the invention, which, as a
      matter of language might be said to fall therebetween.
CLMS
STM  Now that the invention has been described, what is claimed is:
NUM  1.
PAR  1. A coin totalizer mechanism of the type to be used with a vending
      machine: said machine comprising, a casing to which at least a portion of
      said coin totalizer mechanism is attached, coin chute means connected to
      said casing and configured to at least partially define a coin flow path;
      totalizer means connected to said casing and including register means,
      register actuator means engaging said register means in driving relation
      thereto and disposed at least in part in coin interruptive relation to
      said coin flow path; totalizer actuator means movably disposed in
      interruptive relation to said register actuator means and in coin
      engageable relation to said flow path, said totalizer actuator means
      comprising gauge means movably mounted in coin engageable relation to said
      coin flow path, said gauge means disposed for displacement relative to
      said coin flow path by engagement with coins of predetermined coin
      characteristics, said totalizer actuator means further including stop
      means mechanically coupled to said guage means to at least partially move
      therewith, said stop means disposable in movement regulating position
      relative to said register actuator means, whereby displacement of said
      guage means controls displacement of said stop means to regulate movement
      of said register actuator means in response to coins of predetermined
      characteristics.
NUM  2.
PAR  2. A coin totalizer mechanism as in claim 1 wherein said guage means is
      dimensioned and configured to engage coins of predetermined size passing
      along said flow path, said guage means displaced relative to said coin
      flow path based on the individual size of the coins passing therealong.
NUM  3.
PAR  3. A coin totalizer mechanism as in claim 1 wherein said stop means
      includes a plurality of stop elements disposed in predetermined relation
      to one another, each of said stop elements positionable in interruptive
      relation to said register actuator means dependent upon the disposition of
      said gauge means relative to said coin flow path, whereby coin
      characteristics determine displacement of said totalizer actuator means
      and the amount of advancement of said register means.
NUM  4.
PAR  4. A coin totalizer mechanism as in claim 1 wherein said totalizer register
      means comprises a ratchet wheel rotatably mounted on said casing; said
      totalizer register means further comprising lever arm means positioned in
      driving engageable relation with said ratchet wheel whereby advancement of
      said register means through driving engagement with said register actuator
      means is determined by the disposition of said stop means.
NUM  5.
PAR  5. A coin totalizer mechanism as in claim 4 wherein said totalizer means
      comprises a price setter plate connected to said ratchet wheel so as to be
      movable therewith, whereby advancement of said price setter plate is
      accomplished by driving engagement of said lever arm with said ratchet
      wheel.
NUM  6.
PAR  6. A coin totalizer mechanism as in claim 1 further comprising coin
      rejector means mounted on said casing in communicating relation to said
      coin flow path, said coin rejector means including blocking means disposed
      in blocking relation to a coin of predetermined dimension, whereby the
      predetermined dimensioned coin is prevented from continuing along said
      flow path beyond said blocking means upon engagement therewith.
NUM  7.
PAR  7. A coin totalizer mechanism as in claim 6 wherein said coin rejector
      means is movably mounted on said casing and disposable into and out of
      coin blocking relation to said coin flow path, at least a portion of said
      coin rejector means disposed in path interruptive position relative to
      said totalizer actuator means whereby movement of said totalizer actuator
      means relative to said coin flow path positions said coin rejector means
      out of blocking relation to said coin flow path.
NUM  8.
PAR  8. A coin totalizer mechanism as in claim 1 further comprising actuator
      biasing means connected to said totalizer actuator means and disposed
      relative thereto so as to movably bias said totalizer actuator means in
      coin engaging relation to said coin flow path, at least a portion of said
      totalizer actuator means configured to engage coins of predetermined
      characteristics passing along said flow path, said totalizer actuator
      means further configured to accomplish displacement thereof relative to
      said coin flow path upon engagement with coins of predetermined
      characteristics, against the force exerted by said actuator biasing means.
NUM  9.
PAR  9. A coin totalizer mechanism as in claim 8 further comprising a second
      portion of said totalizer actuator means disposed and configured in path
      interruptive position relative to said register actuator means, said first
      and second portions of said totalizer actuator means interconnect for
      concurrent movement upon displacement of said first portion of said
      totalizer actuator means whereby coin characteristics of a coin passing
      along said coin flow path determines the displacement of said totalizer
      actuator means and the amount of advancement of said register means.
NUM  10.
PAR  10. A coin totalizer mechanism as in claim 1 wherein said register actuator
      means includes coin engaging means disposed in coin engaging relation to
      said coin flow path, said coin engaging means disposed relative to the
      remainder of said totalizer actuator to cause said driving engagement
      between said register means and said register actuator means.
NUM  11.
PAR  11. A coin totalizer mechanism as in claim 10 wherein said coin engaging
      means comprises a catch element configured to individually receive coins
      passing from said coin chute means, said catch element movably connected
      to said casing so as to travel with the received coin a predetermined
      distance, whereby a portion of the remainder of said registered actuator
      means is pivoted into driving engagement with said register means thereby
      causing its advancement.
NUM  12.
PAR  12. A coin totalizer mechanism as in claim 10 further comprising release
      means attached to said coin engaging means and disposed and configured to
      maintain engagement between said coin engaging means and a coin for a
      predetermined displacement of said coin engaging means.
NUM  13.
PAR  13. A coin totalizer mechanism as in claim 12 wherein said release means is
      movably attached to said coin engaging means and disposable between a
      release and non-release position.
NUM  14.
PAR  14. A coin totalizer mechanism as in claim 13 further comprising positioner
      means disposed in path interruptive position relative to the path of
      travel of said release means, said positioner means oriented in
      predetermined relation to said release means whereby placement of said
      release means in said release position is dependent upon engagement of
      said positioner means with said release means.
NUM  15.
PAR  15. A coin totalizer mechanism as in claim 14 comprising said positioner
      means oriented in engageable relation to said release means, whereby
      engagement therebetween causes movement of said release means in said
      release position, said totalizer actuator means movably positioned in coin
      engaging relation to said coin and flow path for displacement therefrom
      upon engagement with a coin passing along said flow path, at least a
      portion of said positioner means connected to said totalizer acutator
      means and movable therewith, said totalizer actuator means, said
      positioner means and said release means all being disposed in
      predetermined relation to one another such that the displacement of said
      totalizer actuator means relative to said coin flow path defines
      orientation of at least a portion of said positioner means relative to
      said release means.
NUM  16.
PAR  16. A coin totalizer mechanism as in claim 1 further comprising orienting
      means movably mounted on said casing in engageable relation with said
      totalizer actuator means, said orienting means movably mounted on said
      casing in engageable relation with said totalizer actuator means, said
      orienting means including orienting stop means positioned to define a
      predetermined orientation of said totalizer actuator means upon a
      predetermined movement of said totalizer actuator means in engagement
      thereof with said orienting stop means.
NUM  17.
PAR  17. A coin totalizer mechanism as in claim 16 wherein said orienting stop
      means includes a plurality of orienting stop elements each disposed in
      predetermined location relative to said coin flow path, said totalizer
      actuator means disposed in movable engagement with said orienting means
      and in engageable relation with said orienting stop means, whereby a
      corresponding predetermined number of orientation positions of said
      totalizer actuator means are established by engagement between said
      orienting stop elements and said totalizer actuator means.
NUM  18.
PAR  18. A coin totalizer mechanism as in claim 16 further comprising orienting
      release means movably mounted on said casing in engaging relation to said
      orienting means and said orienting release means disposable in coin
      engaging relation to a coin passing through said mechanism, platform means
      disposed in substantially spaced relation to said coin flow path, whereby
      movement of said orienting release means is coin actuated.
NUM  19.
PAR  19. A coin totalizer mechanism as in claim 18 wherein said orienting means
      is disposed relative to said totalizer actuator means and said orienting
      release means to be disengaged therefrom upon coin actuation of said
      orienting release means.
NUM  20.
PAR  20. A coin totalizer mechanism as in claim 18 wherein said orienting
      release means includes release bias means disposed on said orienting
      release means to exert a predetermined biasing force on said orienting
      release means, said release bias means disposed relative to said platform
      means to offset displacement of said orienting release means upon
      engagement of said platform with a coin.
NUM  21.
PAR  21. A coin totalizer mechanism as in claim 20 wherein said release bias
      means is disposed to force engagement between said orienting release means
      subsequent to a coin engaging said platform means.
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ABST
PAL  An inclined coin chute includes devices for testing the ferrous content of,
      the weight of, and the presence or lack of a central aperture in
      coin-tokens which are present in and advancing through the coin-receptive
      chutes of the inclined coin-chute, wherein the testing devices are
      operable to intercept and eject spurious coin-tokens from the coin-chute.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a ferro-magnetic slug detector, a
      hole-detector and a coin-weight testing mechanism housed in and forming
      part of an inclined coin chute.
PAR  2. Description of the Prior Art
PAR  Hole detectors and coin-weight testing mechanisms which are designed to
      operate in substantially horizontal coin-pathways are not adapted for use
      in the substantially vertical coin-receptive channels of an inclined coin
      chute or the like. Said devices are often exposed to the environment of
      the associated vending apparatus, and therefore, are highly susceptible to
      contamination by undesirable elements such as dirt, moisture and the like
      which are present in many operations such as, by way of example,
      coin-operated laundries.
PAC   SUMMARY OF THE INVENTION
PAR  The present invention provides for a ferro-magnetic detector, a hole
      detector and a coin-weight testing mechanism which are housed in and form
      part of the coin-receptive channels of an inclined coin chute. The testing
      devices are not adversely effected by lint, moisture and other forms of
      contaminants which are present in many coin-operated industries, and will
      readily withstand vibration or uneven mounting of support structure for
      the coin chute.
PAR  Each channel of the coin chute includes an elongate, through aperture for
      gauging the diameter of coin-tokens which are advanced therethrough. The
      devices of the present invention are operable to deflect unacceptable
      coin-tokens into said aperture, whereby the coin-tokens are ejected from
      the coin chute.
PAR  The ferromagnetic slug detector comprises a permanent magnet which is
      secured to and carried by each channel whereby the magnet attracts and
      deflects ferromagnetic coin-tokens into the elongate aperture.
PAR  The hole detector includes a projecting finger which is mounted in each
      channel and is pivotable between advanced and retracted positions, wherein
      the finger is disposed in interferring and non-interferring relationship
      with advancing coin-tokens, respectively. The finger is advanced into and
      strikes the face of the coin-token as it passes in the vicinity of the
      hole detector. If a hole is detected in the face of the coin-token, the
      finger is operable to deflect the coin-token into the elongate aperture.
PAR  The coin-weight testing mechanism comprises a balanced finger which
      projects into the channel and is pivotable therefrom when subjected to a
      force which overcomes the counter weight of the balanced finger. When an
      authentic, acceptable coin-token is advanced through the channel, the
      weight of the coin-token is sufficient to overcome the force acting upon
      the balanced finger, and the finger is deflected out of the channel,
      whereby the coin-token is free to advance through the chute. An
      underweight, unacceptable coin-token strikes the finger with insufficient
      force, whereby the finger intercepts and deflects the coin-token into the
      elongate aperture.
PAR  It is, therefore, a primary object of the present invention to provide
      means in an inclined coin chute for testing the ferromagnetic content of,
      the weight of and the presence or lack of apertures in the face of
      coin-tokens which are present in and are advancing through the coin
      receptive channels of the coin chute, wherein the testing devices are
      automatically operable to intercept and eject spurious coin-tokens from
      the coin chute.
DRWD
PAR  Other objects and features of the present invention will be readily
      apparent from the drawings and from the detailed description which
      follows.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view illustrating the various components
      of an inclined coin chute which embodies the teachings of the present
      invention.
PAR  FIG. 2 is a side elevational view of the assembled coin chute of FIG. 1.
PAR  FIG. 3 is a fragmentary view of the lower end of FIG. 2 and illustrates the
      fastener in an open position.
PAR  FIG. 4 is a view taken at line 4--4 of FIG. 2 illustrating the path of a
      spurious coin-token.
PAR  FIG. 5 is a view similar to FIG. 4 and diagrammatically illustrates the
      advancement of an authentic, acceptable coin-token through the coin chute.
PAR  FIG. 6 is a rear elevational view of the coin chute wherein a portion of
      one channel has been deleted for clarity of detail and understanding.
PAR  FIG. 7 is a sectional view taken on line 7--7 of FIG. 6.
PAR  FIG. 8 is a view similar to FIG. 7 and illustrates the position of the
      coin-weight testing mechanism and the hole-detector when intercepted by an
      advancing authentic coin-token.
PAR  FIG. 9 is a view similar to FIG. 8 and illustrates the position of the
      coin-weight testing mechanism when intercepted by an advancing,
      underweight slug-token or the like.
PAR  FIG. 10 is a view similar to FIG. 8 and illustrates the position of the
      hole-detector when intercepted by an advancing slug-token or the like
      having a central aperture therethrough.
PAR  FIG. 11 is a fragmentary view taken in the direction of arrow 11 of FIG. 7.
PAR  FIG. 12 is a view partly in section taken at line 12--12 of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An inclined coin chute which embodies the teachings of the present
      invention is illustrated in FIG. 1. The guide member 20 is separated into
      a plurality coin-receptive chutes or channels 31, 32, 33 and 34 by a
      plurality of spaced, substantially parallel, elongate ribs or side walls
      30, wherein the chutes 31-34 are accurately sized for receiving specific
      coin-tokens P, N, D and Q, respectively.
PAR  The wall of each chute 31-34 includes an elongate, through opening or
      reject slot 36. Undersize coin-tokens which are inserted in the chutes and
      do not span opening 36 are discharged therethrough and fall free of the
      coin chute into a suitable receptacle as diagramatically illustrated by
      "REJECT" side of wall 122 (FIG. 2).
PAR  A plurality of ferromagnetic detectors 22 are adapted to be received by the
      tapered slots 38, 39 of ribs 30, one each associated with each coin chute
      31-34, as shown, for example, in FIGS. 5 and 6. The ribs 30 include
      elongate channels 42 which are spaced below notches 38-39 and are adjacent
      openings 36. Ferromagnetic slug-tokens which are inserted in the chutes
      are detected by ferromagnetic detectors 22, and are deflected into the
      respective channels 42, afterwhich the ferromagnetic tokens fall through
      opening 36 and are ejected from the coin chute (see FIG. 4). Other
      spurious tokens are detected by hole detectors 26, and/or coin-weight
      testing mechanisms 28 and are intercepted and similarly deflected into
      opening 36 (see FIGS. 9 and 10).
PAR  It will be noted that the lower edge 37 of opening 36 is inclined. Spurious
      coin-tokens which are detected by the various testing mechanisms are urged
      transversley relative to the guide, as shown in FIG. 4, whereby the
      leading edge of the coin-token falls through the "highest" point of the
      lower edge.
PAR  Cover 24 comprises a pair of spaced, parallel, substantially horizontal
      cross-members 48 and 50 which are held in rigid, spaced, parallelism with
      one another by a series of adjacent pairs of upright supports 54--54,
      55--55, 56--56 and 57--57. It will be noted that each adjacent pair of
      supports is associated with one of the chutes 31-34, wherein the innermost
      edge 60 of each support is accurately spaced from guide member 20 and
      precludes the insertion of oversize coin-tokens into the chutes (FIGS. 1,
      6 and 7).
PAR  Cross member 50 includes a plurality of mounting holes 52 which are adapted
      to accomodate posts 46 of ribs 30, whereby the posts accurately align the
      cover 24 with the guide member 20. A plurality of depending wire fasteners
      62 are mounted for axial movement relative to cross-member 50 (FIGS. 2 and
      3). Each wire fastner comprises a stiff, spring-like leg 64 which
      terminates in closed loop 65, whereby loop 65 resiliently urges guide
      member 30 and cover 24 into abutting engagement with one another when each
      fastener 62 is axially advanced into cross-member 50, as diagramatically
      illustrated by arrow a (FIG. 2).
PAR  Generally, the assembled guide member 20 and cover 24 are secured to and
      carried by support frame 67 or the like, wherein the chutes, 31-34 are
      inclined to ensure that advancing coin-tokens or slug-tokens which are
      deflected into openings 36 will gravitationally and automatically fall
      free of the guide member (FIGS. 2 and 3). In the preferred embodiment
      support frame 67 includes a pair of depending tabs 68, 69 or the like
      which are adapted to receive and securely hold the upper ends of cover 24
      and guide member 20.
PAR  As illustrated in FIG. 1, guide member 20, ferromagnetic slug detectors 22,
      cover 24, hole detectors 26 and coin-weight testing mechanisms 28 may be
      completely assembled without the use of any tools, wherein ferromagnetic
      slug detectors 22 are slidably inserted in the respective notches 38, 39
      of ribs 30; mounting posts 46 of the ribs 30 are inserted in mounting
      holes 52 of the cover 24; and wire fasteners 62 are advanced into abutting
      relationship with the cover and guide member as shown in FIG. 2. The upper
      ends of the cover and guide member are received by the space between tabs
      68, 69 of support frame 67, and posts 84 and 100 of devices 26 and 28,
      respectively, are slidably inserted in mounting holes which are provided
      in cover 24 (FIGS. 1, 2, 6 and 7).
PAC  THE FERROMAGNETIC SLUG DETECTOR
PAR  Each ferromagnetic-slug detector 22 comprises an elongate permanent magnet
      76 which is secured to and carried by bracket 78 by suitable means such
      as, by way of example, rolled-over tabs 80 or the like. Bracket 78
      terminates in a pair of outwardly projecting tabs 82 which are securely
      though releasably accomodated by notches 38, 39 in the ribs 30 of the
      guide member 20. The permanent magnet 76 of each detector attracts
      ferromagnetic-slug tokens which are deposited in the corresponding chute
      31-34 (FIGS. 2 and 4) and deflects the slug-token into channel 42,
      afterwhich the slug-token is ejected through opening 36 and falls free of
      the guide member.
PAC  THE HOLE DETECTOR
PAR  Each hole-detector 26 comprises an elongate, upstanding rigid post 84. A
      horizontal support 73 is secured to and carried by each set of upright
      supports 54-57 of cover 24 (FIGS. 1 and 6), wherein post 84 is rotatably
      mounted in and is loosely accommodated by the mounting holes 86 and 88
      provided in cross member 48 and the support 73, respectively. A stiff,
      wire-like member 90 is secured to and carried by the post 84 and
      terminates in a pair of spaced, parallel, outwardly projecting fingers 92,
      94 which are normally disposed in open communication with the
      corresponding chute 31-34, see, for example, FIG. 7.
PAR  Biasing means such as, by way of example, the permanent magnet 96 which is
      secured to and carried by cover 24 by a suitable means such as an adhesive
      or the like, normally urges the projecting finger 92 into the
      corresponding chute and into interfering relationship with advancing
      coin-tokens (FIG. 7). Finger 94 is normally urged out of the path of the
      coin tokens. Slots or channels 98 in certain of the upright members 54-57
      (FIGS. 7-10) provide clearance for finger 92 as it swings into and out of
      the chute. Notch 44 is provided in each chute adjacent the aperture 36 and
      provides clearance for finger 94 (FIGS. 7-10).
PAR  Coin-tokens which are advanced through the chute strike finger 92 and
      overcome the force of magnet 96 thereon, whereby finger 92 is deflected
      into notch 44 (FIG. 8) and finger 94 is advanced into the chute and
      strikes the face of the coin-token. If a hole is present in the face of
      the coin-token, finger 94 is advanced into and received by the hole (FIG.
      10), whereby the coin-token strikes the finger and is deflected into
      aperture 36. Where an authentic coin-token is advanced through the chute,
      finger 94 strikes the face of but does not intercept the coin-token, and
      the coin-token is free to advance through the chute (FIG. 8).
PAC  THE COIN-WEIGHT TESTING MECHANISM
PAR  Each coin-weight testing mechanism 28 comprises an elongate, upstanding
      rigid post 100. A horizontal support bracket 72 is secured to and carried
      by each set of upright supports 54-57 of cover 24 and is spaced upwardly
      from the support bracket 72 (FIGS. 1 and 6), wherein post 100 is rotatably
      mounted in and loosely accomodated by the mounting holes 102 and 104
      provided in the brackets 72, 73 respectively. A stiff, wire-like member
      106 is secured to and carried by the post 100 and terminates in the
      projecting, elongate, Z-shaped finger 108 and a short, hook-defining
      member 110. The finger 108 is in open communication with the corresponding
      chute and is normally urged into interfering relationship with coin-tokens
      which are advancing therethrough.
PAR  Biasing means, such as, by way of example, the calibrated, adjustable
      tension spring 116 is secured to hook 110 for resiliently urging finger
      108 into the corresponding chute for intercepting advancing coin-tokens
      (FIG. 7). The spring is calibrated and is operable to respond to a
      predetermined force provided by an authentic, advancing coin-token,
      whereby the coin-token deflects finger 108 out of the chute. After the
      coin-token has passed, the tension spring 116 automatically returns finger
      108 to the position of FIG. 7.
PAR  The calibrated, adjustable tension spring 116 is mounted in cover 24 by
      means of the U-shaped bracket 112 which is slidably mounted in channels
      114, 115 of each pair of upstanding members 54-57 (FIGS. 7 and 11). The
      bracket includes an integral hook 113, wherein one of the ends of spring
      116 is secured to hook 110 and the other end of the spring is secured to
      hook 113 for normally urging finger 108 into the path of advancing
      coin-tokens. The bracket may be slidably adjusted relative to the
      upstanding members for calibrating the tension spring 116 (FIGS. 11 and
      12), whereby weighted finger 108 readily responds to the force provided by
      various advancing coin-tokens P, N, D and Q.
PAR  When an authentic coin-token is inserted in the chute, it strikes finger
      108 with a force sufficient to overcome the tension force of spring 116,
      and swings finger 108 into notch 44 (FIG. 8), whereby the coin-token is
      free to advance through the chute. A spurious, underweight coin-token
      strikes finger 108 with insufficient force to overcome the tension force
      of spring 116, whereby finger 108 intercepts the spurious, underweight
      coin-token and deflects same into aperture 36 (FIG. 9).
PAC  OPERATIONAL MODE
PAR  Coin tokens P, N, D and Q or the like are deposited in the respective
      chutes 31-34 and tested for thickness by guide 20 and edges 60 of cover
      24, for diameter by aperture 36, for ferromagnetic content by detectors
      22, for the presence of a central aperture in the face of the coin-token
      by detectors 26 and for weight by mechanism 28.
PAR  As illustrated in FIG. 5, the authentic coin-token Q which is deposited in
      and advancing through chute 34 is of sufficient diameter to properly
      engage the guide member 20 at 123, 124 and bypass opening 36 thereof. The
      authentic coin-token Q is not attracted by magnet 76 (FIG. 5), compensates
      for the force of spring 116 on finger 108 whereby finger 108 swings out of
      the coin path of coin-slide 34 (FIG. 8), and is not intercepted and
      deflected by finger 92 of the hole detector when said finger is advanced
      into the slide 34 (FIG. 8). After coin-token Q has successfully passed
      each of the devices 22, 26 and 28, biasing means 96 and 116 automatically
      return the projecting fingers 92, 94 and 108 to their normal position
      (FIG. 7) and the accepted coin-token passes through the chute and is
      deposited in a suitable depository as diagramatically illustrated by the
      "ACCEPT" side of the upstanding partition 122 (FIG. 2).
PAR  When spurious coin-tokens such as thhe ferromagnetic slug F (FIGS. 2 and
      4), the underweight slug U (FIG. 9), and/or the ring-shaped slug H (FIG.
      10) are deposited in the coin chute, the various testing devices 22, 26
      and 28 are operable to detect the presence thereof and to deflect each
      slug into channel 42, whereby one edge thereof is disengaged from slide
      member 20, and the slug falls through opening 36 and is ejected from the
      coin-chute as a rejected token, as illustrated at the REJECT side of
      partition 122 (FIG. 2).
PAR  Referring particularly to FIGS. 2 and 4, the ferromagnetic slug F is
      attracted by magnet 76 of the slug detector 22 and is urged into elongate
      channel 42. The periphery of the slug is disengaged from guide member 20
      at 120 (FIG. 4) and falls through opening 36.
PAR  As shown in FIG. 9, the underweight slug U is not ferromagnetic and
      successfully passes the magnet 76 of slug detector 22. The slug strikes
      the projecting finger 108 of coin weight-testing mechanism 28 with
      insufficient force to overcome the tension force of spring 116. The slug
      is deflected by the finger into channel 42 whereby the slug is disengaged
      from guide member 20 and falls through opening 36.
PAR  As shown in FIG. 10, the ring-shaped slug H successfully passes slug
      detector 22 and strikes finger 108 of device 28 with sufficient force to
      overcome the tension force of spring 116. The slug H strikes finger 92 of
      the hole detector and deflects the finger into notch 44. Finger 94
      advances into the chute and strikes the face of the slug. As the slug
      continues to advance in the chute, the finger 94 is received by hole 130
      and the peripheral edge of the hole strikes the finger, whereby the finger
      94 intercepts the advancing slug H and deflects the slug into channel 42.
      The slug falls into aperture 36 through which it is ejected from the
      coin-chute.
PAR  It should, of course, be understood that biasing means 96 and 116
      automatically return the projecting fingers 92, 94 and 108 of the hole
      detector 26 and the coin weight testing mechanism 28, respectively, to
      their normal positions when the slugs are ejected from the coin chute.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coin-chute having an upper coin-token receptive end, an intermediate
      coin-token testing portion, and a lower discharge end for acceptable
      coin-tokens, comprising
PA1  a. an inclined guide for slidably supporting a face of a coin-token,
      wherein said guide includes an elongate aperture having a lower edge, said
      aperture located in said intermediate testing portion and defining an area
      through which spurious coin-tokens are rejected;
PA1  b. first means in said intermediate portion for detecting and ejecting
      spurious coin-tokens having a ferrous content;
PA1  c. second means in said intermediate portion for detecting and ejecting
      spurious coin-tokens having an aperture therethrough; and
PA1  d. third means in said intermediate portion for detecting and ejecting
      spurious coin-tokens having less than a predetermined weight,
PA1  e. wherein said guide includes a pair of side walls laterally spaced to
      accommodate the diameter of an acceptable coin-token, one of said walls
      being discontinuous adjacent said elongate aperture, wherein coin-tokens
      deflected by any of said means are shifted transversely of said guide from
      the other of said side walls, for gravitationally urging the coin-token
      into said aperture.
NUM  2.
PAR  2. A coin-chute as called for in Claim 1, wherein each of said first,
      second and third means is operable to deflect a leading edge of a spurious
      coin-token rearwardly of the lower edge of said elongate aperture.
NUM  3.
PAR  3. A coin-chute as called for in claim 1, wherein the lower-edge of the
      elongate aperture is inclined downwardly from the said other side wall
      toward the said discontinuous side wall.
NUM  4.
PAR  4. A coin-chute as called for in claim 1, wherein said elongate aperture is
      dimensioned to eject advancing, spurious coin-tokens of less than
      predetermined diameter.
NUM  5.
PAR  5. A coin-chute as called for in claim 1, wherein said first means
      comprises a magnet adjacent the discontinuous side wall of said guide for
      attracting and shifting a spurious coin-token transversely of the guide.
NUM  6.
PAR  6. A coin-chute as called for in claim 1, wherein said second means
      comprises:
PA1  a. an elongate, stiff, wire-like member mounted for pivotal movement
      relative to said guide, including a free outer end movable between
      coin-face engaging and disengaging positions;
PA1  b. biasing means normally urging the free outer end into
      disengaging-position; and
PA1  c. means operable in response to the presence of a coin-token in the
      intermediate testing portion of the guide for advancing the free outer end
      of said member to coin-token face engaging position whereby to enter an
      aperture in a spurious coin-token and shift the coin-token transversely of
      the guide.
NUM  7.
PAR  7. A coin-chute as called for in claim 6, wherein:
PA1  a. said wire-like member includes a second free, outer end movable between
      coin-token edge intercepting and non-intercepting positions; wherein
PA1  b. said biasing means normally urges the first mentioned and said second
      free outer ends of the member into coin-token face disengaging and
      coin-token edge intercepting positions, respectively; and wherein
PA1  c. said second free outer end of the member is operable, when struck by an
      advancing coin-token, to move to non-intercepting position, thereby
      advancing the first mentioned free outer end of the member into coin-token
      face engaging position.
NUM  8.
PAR  8. A coin-chute as called for in claim 6, which includes:
PA1  a. an elongate shaft mounted for rotational movement in a plane
      substantially parallel with said guide; wherein
PA1  b. said wire-like member is secured to, carried by and projects radially
      outward from said shaft; and wherein
PA1  c. the biasing means comprises a magnet secured relative said shaft for
      normally urging the free outer end of said member into coin-token face
      disengaging position.
NUM  9.
PAR  9. A coin-chute as called for in claim 1, wherein said third means
      comprises:
PA1  a. an elongate, stiff, wire-like member mounted for pivotal movement
      relative to said guide, including a free outer end movable between
      coin-token edge intercepting and non-intercepting positions; and
PA1  b. means resiliently urging the free outer end of said member into
      coin-token edge intercepting position with a predetermined force such that
      an advancing coin-token of predetermined weight will strike the free outer
      end of said member with sufficient force to move the free outer end of
      member to non-intercepting position, allowing the coin-token to be
      advanced to the lower, discharge end of the coin-chute, whereas an
      advancing coin-token of less than predetermined weight is intercepted by
      the free outer end of said member and is shifted transversely of said
      guide.
NUM  10.
PAR  10. A coin-chute as called for in claim 9, wherein the resilient means
      comprises an elongate tension spring having opposite ends secured to the
      wire-like member and said guide.
NUM  11.
PAR  11. A coin-chute as called for in claim 9, wherein said resilient means is
      adjustable for exerting a specific, predetermined tension force which is a
      function of the weight of a specific coin-token.
NUM  12.
PAR  12. A coin-chute as called for in claim 9, which includes:
PA1  a. an elongate shaft mounted for rotational movement in a plane
      substantially parallel with said guide; wherein
PA1  b. said wire-like member is secured to, carried by and projects radially
      from said shaft.
NUM  13.
PAR  13. A coin-chute as called for in claim 1, which includes means disposed in
      spaced parallelism with said guide precluding the introduction of
      coin-tokens of greater than predetermined thickness into the upper end of
      said coin-chute.
NUM  14.
PAR  14. A coin-chute as called for in claim 1, which includes:
PA1  a. a plurality of outwardly projecting posts secured to and carried by said
      guide;
PA1  b. a cover disposed in spaced parallelism with said guide, including a
      plurality of mounting holes for receiving said posts; and
PA1  c. a plurality of spring-like clamps securely though releasably maintaining
      the guide and cover in assembled relationship.
NUM  15.
PAR  15. A coin-chute as called for in claim 14, wherein said clamps are secured
      to and carried by said cover, and are releasably engageable with said
      guide for facilitating assembly and disassembly of the coin-chute.
NUM  16.
PAR  16. A coin-chute as called for in claim 14, wherein each of said clamps
      comprises a stiff, substantially L-shaped, wire-like element, having:
PA1  a. an upstanding leg carried by and mounted for axial movement in said
      cover in a plane substantially parallel with said guide;
PA1  b. a substantially horizontal leg projecting outward from the unstanding
      leg toward said guide; and
PA1  c. an upwardly turned, spring-like loop at a free outer end of the
      horizontal leg adapted for engaging a rear wall of said guide for
      securely, though releasably, urging said guide into abutting engagement
      with said cover.
NUM  17.
PAR  17. A coin-chute as called for in claim 14, wherein each of said second and
      third means is mounted in said cover and includes:
PA1  a. an elongate shaft securely though releasably mounted for axial rotation
      in the cover in a plane substantially parallel to said guide;
PA1  b. an elongate, stiff, wire-like member secured to, carried by and
      projecting radially outward from the shaft, having a free outer end which
      is movable between coin-token edge intercepting and non-intercepting
      positions; and
PA1  c. resilient means normally urging the free outer end of said member into
      coin-token edge intercepting position.
NUM  18.
PAR  18. A coin-chute as called for in claim 17, wherein said second means
      further includes:
PA1  a. a magnet mounted in said cover normally urging the said outer end of
      said member into coin-token edge intercepting position; wherein
PA1  b. said wire like member includes another free outer end which is movable
      between coin-token face engaging and disengaging positions; and wherein
PA1  c. the first mentioned outer end of said member is operable, when struck by
      an advancing coin-token, to move from edge intercepting to
      non-intercepting position for shifting the other outer end of said member
      to coin-token face engaging position for detecting the presence of an
      aperture in a spurious coin-token.
NUM  19.
PAR  19. A coin-chute as called for in claim 17, wherein said third means
      further includes an elongate tension spring securely though releasably
      mounted in said cover exerting a force on said wire-like member which is a
      function of the weight of a predetermined, authentic coin-token, whereby
      the free outer end of said member, when struck by an authentic coin-token,
      is moved to the non-intercepting position, and is operable, when struck by
      an underweight spurious coin-token, to intercept and eject same from the
      coin-chute.
NUM  20.
PAR  20. A coin-chute as called for in claim 1, wherein:
PA1  a. said guide is subdivided into a plurality of coin-receptive channels
      disposed in parallel, side-by-side relationship, each of said channels
      adapted for receiving and advancing a specific, coin-token toward the
      lower discharge end of the coin-chute; and wherein
PA1  b. first, second and third means are disposed in one-to-one correspondence
      with said channels for detecting and ejecting spurious coin-tokens.
NUM  21.
PAR  21. A coin-chute having an upper coin-token receptive end, an intermediate
      coin-token testing portion, and a lower discharge end for acceptable
      coin-tokens, comprising:
PA1  a. a guide for slidably supporting a face of a coin-token, wherein said
      guide includes an elongate aperture having a lower edge, said aperture
      located in said intermediate testing portion and defining an area through
      which spurious coin-tokens are rejected, and a pair of side walls
      laterally spaced to accommodate the diameter of an acceptable coin-token,
      one of said walls being discontinuous adjacent said elongate aperture;
PA1  b. a cover securely though releasably mounted in abutting relationship with
      said side walls and spaced from said guide to accommodate the thickness of
      an acceptable coin-token;
PA1  c. a magnet releasably mounted in said discontinuous side wall adjacent the
      elongate aperture and secured therein by said cover for attracting and
      shifting spurious coin-tokens of ferrous content transversely of said
      guide toward said discontinuous side wall for gravitationally urging the
      coin-tokens into said elongate aperture;
PA1  d. means securely though releasably mounted in said cover adjacent the
      intermediate testing portion of the coin-chute for intercepting and
      shifting spurious coin-tokens having an aperture therethrough transversely
      of said guide toward said discontinuous side wall for gravitationally
      urging the coin-tokens into said elongate aperture; and
PA1  e. means securely though releasably mounted in said cover adjacent the
      intermediate testing portion of the coin-chute for intercepting and
      shifting spurious coin-tokens of less than predetermined weight
      transversely of said guide toward said discontinuous side wall for
      gravitationally urging the coin-tokens into said elongate aperture.
NUM  22.
PAR  22. A coin-chute as called for in claim 21, wherein said elongate aperture
      is dimensioned to eject spurious coin-token of less than predetermined
      diameter from said coin-chute.
NUM  23.
PAR  23. A coin-chute as called for in claim 21, wherein the lower-edge of said
      elongate aperture is inclined downwardly from said other side wall toward
      said discontinuous side wall.
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ABST
PAL  A dual speed electrostatic printer having a displaceable printing stylus
      adapted on one position to provide maximum visibility of the characters
      being printed and in a second position to provide maximum printing speed
      and minimum interference with the developing apparatus, together with
      drive means to index the toner bearing donor roll to present fresh donor
      roll surface.
BSUM
PAR  This invention relates generally to a recording apparatus and specifically
      to a recording apparatus to an improved dual speed recording apparatus.
PAR  Ever since the advent of electrography, or the act of placing electrostatic
      charges on an insulating recording medium using conductive electrically
      biased electrodes or styli and rendering these charges visible, efforts
      have been directed to finding applications to which this new art could be
      put. Such endeavors produced high speed computer printer terminals,
      communications printers, label printers, facsimile machines and many
      special purpose apparatus where the advantages of electrography were
      essential.
PAR  One application which has not yet been exploited is that of a very low
      speed printer which is capable of competition with the conventional office
      impact typewriter. Workers in the electrographic arts attribute this
      failure to many different reasons. But one reason which is generally cited
      in common is the present inability to meet the condition of instant
      visibility of the printed information.
PAR  By "instant visibility" it is meant that as a single alphanumeric symbol or
      character is recording in the form of a latent electrostatic image or
      pattern it is developed or rendered visible before or during the recording
      of another character. This capability is critical to the success of any
      keyboard input printer terminal since the operator is most desirous of
      "seeing" what he or she is "typing". The desire stems from both an
      operational need, viz., to detect errors, and a psychological need, viz.,
      to occupy the eyes when entering information via the keyboard from a
      written message. The second need can be better appreciated when it is
      considered that by nature a keyboard operator is unaccustomed to typing
      without a visual indication of the results of this operation. By the term
      "typing" it is meant to select and depress or otherwise actuate a key on a
      keyboard for purposes of information recording or transmission.
PAR  Conventional impact typewriters accommodate the aforementioned needs of the
      typist by moving a carbon or inked ribbon up and into position between the
      paper and type piece for recording and then returning the ribbon down to a
      position which does not obstruct the typist's view of the last recorded
      character.
PAR  However, the electrographic process necessitates development of the
      electrostatic charge pattern which is required to render the recorded
      character optically discernible. Conventional developing techniques are
      all available to effect such development, however, the prior art
      mechanical forms by which these techniques are implemented do not lend
      themselves to allow viewing each developed character after it is recorded
      electrographically.
PAR  One technique for providing "instant visibility" places the image
      developing means, such as developer brush in close proximity to the path
      followed by the recording stylus. This is with the intent that as soon as
      a line is finished, the developer brush may immediately be brought into
      play to develop, i.e., render visible, the line just imaged. However,
      printing in this manner is relatively slow and time consuming,
      particularly where a high speed source of information such as a computer
      is to be printed. Indeed, not only is the aforedescribed "instant
      visibility" technique slower, but the close juxtaposition required between
      the printing stylus and the developing brush to provide "instant
      visibility" often results in interference and contact between the stylus
      and the brush during printing movements of the stylus. This in turn
      requires that the stylus be displaced more slowly if damage and dust are
      to be avoided rendering this technique more unsuited to high speed
      printing.
PAR  Therefore, it is an object of the present invention to provide an improved
      electrostatic recording apparatus.
PAR  Another object of the present invention is to provide novel stylii
      arrangement designed to facilitate rapid development of the line images
      without interference by or delay because of stylii movement.
PAR  It is a further object of the present invention to provide an improved
      support for the printing stylus of an electrostatic type recorder designed
      to enhance recorder processing speeds.
PAR  It is an object of the present invention to provide an improved dual mode
      recording apparatus capable of relatively low speed printing with
      attendant instant visibility or high speed printing of electronic data.
PAR  It is a further object of the present invention to provide a new and
      improved carriage support for the stylus of an electrostatic recorder.
PAR  It is a further object of the present invention to provide an improved
      apparatus for replenishing developer material used in developing the
      images printed.
PAR  This invention relates to a recording apparatus, adapted for dual speed
      recording, the combination including, a recording stylus for generating
      electrical charge patterns corresponding to images to be reproduced on a
      recording medium; means supporting the stylus for movement across the
      recording medium to image in line by line fashion; drive means to move the
      stylus back and forth across the medium to form an image line and then
      return the stylus for start of a new line; means to index the recording
      medium one line at a time; an image developing brush for developing the
      image charge patterns, the brush cooperating with the recording medium to
      form a preset developing zone; and means supporting the stylus for
      movement between a relatively low speed recording position within the
      developing zone of the brush to thereby enable the image charge patterns
      to be viewed instantly on development and a relatively high speed
      recording position without the developing zone of the brush to thereby
      permit printing movement of the stylus without interference by the
      developing brush.
PAR  The invention further relates to an electrostatic recording apparatus, the
      combination of, a developing member adapted when actuated to bring marking
      material into developing relationship with latent electrostatic images
      formed on an imaging member, a movable donor member adapted to bear
      marking material on the periphery thereof and engageable with the
      developing member to replenish marking material removed from the
      developing member through developing of the latent images, means for
      actuating the developing member to develop the images with marking
      material, and means responding to actuation of the developing member to
      move the donor member through a predetermined arc whereby to bring a fresh
      portion of the donor member periphery into replenishing position for
      engagement by the developing member.
DRWD
PAR  Other features and advantages of the present invention may become more
      apparent from reading the following detailed description in connection
      with the appended drawings wherein:
PAR  FIG. 1 is a perspective view of one embodiment of the present invention
      with broken away portions in an electrographic printer;
PAR  FIG. 2 is a cross-sectional view of the present invention showing the
      printing stylus in the low speed printing mode;
PAR  FIG. 3 is a cross-sectional view of the present invention showing the
      printing stylus in the high speed printing mode;
PAR  FIG. 4 is a block schematic of the control system for the present
      invention; and
PAR  FIG. 5 is a side view showing details of the drive mechanism for indexing
      the donor roll in the developing apparatus of the present invention.
DETD
PAR  Reference will now be made to FIGS. 1 and 2 which illustrate one embodiment
      of the present invention as it could be incorporated in an electrographic
      recorder or printer 1. Since the mechanical details of printer 1 form no
      part of the present invention, a complete printer is not illustrated but
      only those parts necessary to show the advantages and utility of the
      present invention.
PAR  As is well known, electrography may be defined as the deposition of
      electrostatic charge on an insulating medium in a configuration
      corresponding to an electrode suitably biased. The electrode may be in
      contact with the medium or spaced therefrom during this deposition. The
      insulating medium may be constituted by a plastic-coated paper, predried
      paper, or any other dielectric sheet having a sufficiently high resistance
      to hold an electrostatic image at least until development is completed.
PAR  Such a recording medium designated by reference numeral 2 is shown in FIGS.
      1 and 2 as supported in a recording zone generally by a backing electrode
      or support member 4 which holds the recording medium against contact by an
      electrographic stylus array, herein stylus 6, as it traverses the
      recording zone.
PAR  This array is not shown in detail but may include a liner configuration of
      parallel conductive electrodes suitably isolated electrically from one
      another. It may be mounted in or on insulative support 8 through which
      electrical conductors may be provided to supply electrical recording
      signals individually to each stylus. Support 8 is in turn mounted on
      movable carriage assembly 26. These electrical conductors may terminate at
      any suitable place on the carriage assembly in the form of a socket or
      other type of electrical connection to facilitate connection to a source
      of recording signals such as a character generator.
PAR  This technique is well known in producing alphanumeric recordings where
      each symbol or character is composed of selected areas from a matrix of
      areas. For example, a five by seven matrix may be employed while a larger
      matrix may also be useful depending upon the quality of recorded symbols
      desired.
PAR  As will appear, the stylus 6 is arranged to traverse back and forth across
      the recording medium at one of two levels, the raised or low speed
      position shown best in FIG. 2 or the lowered or high speed position
      illustrated in FIG. 3. In the aforementioned low speed position, the
      stylus 6 is disposed within the developing zone or area of brush 30
      permitting individual characters, or groups of characters, or even a
      complete line to be developed for viewing by the operator. As will appear,
      the flat portion 33 of developer brush 30 permits viewing of the line
      being printed if desired.
PAR  In the aforementioned high speed position, the stylus 6 is disposed below
      the developing zone or area of brush 30, and development of the characters
      so printed must await advancement of the recording medium 2 through the
      development zone of brush 30 and into the operator's viewing area. On the
      other hand, in the low speed position of stylus 6, rotation of brush 30
      provides immediate development of the electrostatically charged areas
      rendering the printing visible substantially immediately.
PAR  The traversing motion of the stylus 6 is provided by a suitable servo motor
      10. Motor 10 is drivingly coupled to shaft 12 and drive pulley 14 affixed
      thereto to move stylus 6 back and forth across the recording medium as
      will appear herein. The operation of motor 10 is controlled by appropriate
      signals, the origin of which will be described in more detail hereinafter.
      The drive pulley 14 has a cable 16 attached thereto, cable 16 extending
      over idler pulleys 18 and 20 and serving to translate the driving force of
      the motor 10 to the stylus support 8. Stylus support 8 is carried on a
      carriage assembly 26 which in turn is slidably mounted on a pair of guide
      shafts 22 and 24 which pass through the carriage assembly 26. As shown
      through the broken away portions of FIG. 1, the carriage assembly 26 is
      attached to opposite ends of the cable 16.
PAR  In the printing operation, the carriage assembly 26 including stylus 6 is
      moved from left to right (as seen in FIG. 1) across the recording medium 2
      during which suitable recording signals are applied to the stylii
      themselves. The stylus 6 is moved in predetermined increments one
      character space at a time to record the characters on the electrographic
      recording medium 2 in the form of a latent electrostatic charge patterns.
      The recording medium 2 is preferably stationary in the recording zone
      during the left-to-right traversal of the stylus, during which an entire
      line of characters may be recorded. The recorded information, in the form
      of the alphanumeric shaped electrostatic charge patterns are rendered
      visible by depositing electroscopic marking particles or toner on these
      patterns. This is accomplished by a developing applicator such as
      developer brush 30.
PAR  As shown in FIGS. 1 through 3, brush 30 includes an applying member 32
      which preferably comprises rabbit fur mounted on a support 34. Support 34
      is in turn affixed to a shaft 36. The applying member 32 is shown to have
      a cylindrical developing surface 37 which extends between the left and
      right portions of the recording zone.
PAR  This developing surface of brush 30 is loaded with conventional
      electroscopic marking particles, commonly referred to as toner, by donor
      roller 38. As will appear donor roll 38 is rotated incrementally with each
      rotational cycle of brush 30 to present a fresh surface to brush 30.
PAR  The part cylindrical developing surface 37 has as its center of radius the
      shaft 36 which supports the developer brush 30 for rotation during the
      development cycle. The necessary rotative force applied to shaft 36 is
      provided ultimately from a suitable motor 40, the drive shaft 42 of which
      is suitably coupled to a drive pulley 46 affixed to shaft 42. A timing
      belt 50 is entrained on the drive pulley 46 and pulley 52 to which is
      affixed the clutch shaft 141. Clutch 140 selectively couples drive shaft
      141 to brush shaft 36. By engaging clutch 140, brush 30 is rotated in the
      direction of the arrow 30' so as to move the developing surface 37 into
      contact with the recording medium 2 at the recording zone. This is shown
      with reference to the broken line 54 which illustrates the volume
      developed or swept out by the developer brush rotation.
PAR  Referring now particularly to FIGS. 1 and 5 of the drawings, clutch 140
      comprises a conventional wrap spring type clutch having an externally
      toothed control ratchet 142. As will be understood by those skilled in the
      art, the clutch coupling spring, i.e., the wrap spring, is coiled into
      engagement with the clutch shaft 141. The terminus of the spring is
      secured to ratchet 142 which is rotatably supported with driven shaft 141.
      The other end or terminus of the clutch spring is coupled directly to the
      driven shaft, i.e., brush shaft 36. When it is desired to disengage the
      clutch, ratchet 142 is braked to a stop, causing the clutch spring to
      unwind and uncouple clutch shaft 141 from brush shaft 36.
PAR  To brake ratchet 142, a clutch control solenoid 143 is provided, pawl 144
      thereof being disposed in operative relationship with the external tooth
      of ratchet 142. Energization of solenoid 143 retracts pawl 144 to free
      ratchet 142 and engage clutch 140.
PAR  To index donor roll 38 from time to time to provide toner to brush 30, an
      eccentric 146 is rotated with brush shaft 36. A drive linkage consisting
      of cam follower link 147 and cooperating actuating link 148 drivingly
      couple eccentric 146 to drive shaft 149 for donor roll 38, link 147 being
      connected to link 148 via pin and slot connection 150, 151, respectively.
      Link 147 is pinned at 152 to an adjoining machine frame portion. Link 148
      is carried by adjusting link 166 which in turn is pinned at 167 to the
      machine frame. Follower 154 on cam link 147 rides against the periphery of
      eccentric 146.
PAR  A suitable one way clutch, such as pawl and ratchet clutch 156, serves to
      drivingly couple input shaft 149 to donor roll end shaft 171. A drive link
      158 is provided on input shaft 149. Drive pin 159 on link 158 drives leg
      148' of actuating link 148, spring 160 serving to maintain the cooperative
      links in driving engagement with one another.
PAR  In operation, rotation of brush shaft 36 results in commensurate rotation
      of eccentric 146. Rotation of eccentric 146 moves follower link 147 to
      pivot actuating link 148 which in turn rotates, via clutch 156, donor roll
      38 through a pre-set arc.
PAR  The degree of rotation of donor roll 38 may be advantageously controlled by
      means of a manually operated knob 165 operatively connected to adjusting
      link 166 through rod 168. Knob 165 is coupled to rod 168 as by threads 169
      such that rotation of knob 165 works, via rod 168, to displace the pivot
      point of actuating link 148 and thus the arc through which actuating link
      148 turns.
PAR  As best seen in FIGS. 1 and 2, donor roll 38 comprises a hollow metal
      cylinder 170 having end shafts 171, 171' for rotatably supporting roll 38
      in the printer frame (not shown). The outer periphery 172 of cylinder 170
      bears a thin coating of tribo-electric enhancing material such as
      polymethyl methracralate. Donor roll 38 is partially immersed in toner
      within toner supply hopper 174. A flexible wiper blade assembly 175 serves
      to remove excess toner from the surface of roll 38.
PAR  In operation of the developing brush, toner is loaded onto the applying
      surface of brush 30 via donor roller 38 and is retained by tribo-electric
      attraction to be conveyed during the rotation of the applicator to the
      developing zone 41. At the developing zone 41 the toner is attracted by
      and deposited on the latent electrostatic charge patterns placed on the
      recording medium 2 by the action of the stylus 6 in cooperation with the
      recording signals.
PAR  As the brush 30 moves toward its developing position, which can be
      considered as that position when its applying surface 37 is in contact
      with the recording medium in the recording zone, it is loaded with toner
      by the donor roller 38. The position of brush 30 in FIGS. 1 through 3 is
      in a non-developing position, or what may be referred to as a viewing
      position. Since the non-developing surfaces of the brush 30 is
      substantially planar and passes through the axis of the shaft 36, the user
      may directly see the recording zone without any portion of the applying
      member 32 obstructing his line of vision.
PAR  The non-developing surface of developer brush 30 has been referred to a
      planar, but more specifically it may include two planar surfaces not
      necessarily coplanar. Each of these surfaces extend from the shaft 36 of
      the brush 30. If the developing surface subtends at an angle of
      180.degree. relative to the axis of rotation of the brush, then these two
      planar surfaces would lie in the same plane through this axis. However, if
      the developing surface subtends an angle less than 180.degree. then this
      non-developing surface is actually composed of two planar surfaces which
      are not coplanar.
PAR  In the low speed printing mode seen in FIG. 2, the viewing position of the
      developer brush 30 is important since it is by reason of the configuration
      of the brush that immediate visual accessibility of the developed
      information is possible. Therefore, the viewing position should be further
      defined in terms of a viewing angle. As hereinabove described, the backing
      electrode or support 4 provides support to the recording medium 2 in a
      recording zone so that the stylus 6 may be moved through the recording
      zone and uniformly with the recording medium thereat. This means that the
      recording zone is substantially defined by the distance between the
      uppermost and lowermost stylii in the linear array of stylus 6 and by the
      margins of the recording information. Therefore, for example, if the
      alphanumeric symbols to be recorded have a maximum height of one tenth of
      an inch and the recording medium is approximately 81/2 inches wide, then
      the recording zone will be approximately one tenth of an inch by a little
      less than 81/2 inches.
PAR  In order to insure uniform quality in the recorded characters, it is
      preferable that the backing support 4 be such as to provide a
      substantially flat surface at the recording zone upon which the recording
      medium may rest. Therefore, the latent electrostatic charge patterns
      recorded on the medium 2 by the moving styli can be considered to lie in a
      predetermined plane which is, in effect, a function of the position and
      configuration of the backing support 4. Hence, if this support 4 is
      substantially flat, all the electrostatic charge patterns recorded during
      one traversal of the carriage assembly 26 will lie in the same plane.
      Consequently, the viewing angle may be defined by an imaginary line
      (broken line 56 in FIG. 2) passing through the plane of the recording zone
      which is, in effect, the plane occupied by the last recorded symbols on
      the medium 2 and which is substantially perpendicular to the direction of
      traversal of the stylus 6 and a line (broken line 58 in FIG. 2) extending
      from the lower extremity of a recorded character in the recording zone and
      passing in close proximity to the uppermost portion of developer brush 30
      in its viewing position. Stated another way, this second line 58 starts at
      the lower edge of the recording zone and extends over the top of the brush
      30 and as close to it as it can be and still remain straight. As shown in
      this figure, the viewing angle is approximately 45.degree. . Of course,
      for a greater angle, it may be desirable to reduce shaft 36 to a
      semi-circular cross-section.
PAR  After development, the toner may be fixed to the recording medium in any of
      several conventional manners. For example, recording medium support and
      guide member 39 may house a platen fuser employing a resistance heating
      coil over which the medium is moved.
PAR  Having described the mechanical structure of the printer 1, the control
      circuit therefor will be described with reference to the schematic of FIG.
      4. The input to printer 1 for the low speed printing mode may, for
      example, comprise a conventional keyboard 62 which may generate an
      appropriate binary code uniquely identifying the alphanumeric symbol
      corresponding to the actuated key of this keyboard. For high speed
      printing, the input may comprise a computer 63.
PAR  The binary code, such as used in the American Standard Code for Information
      Interchange, is provided to the input of a suitable decoder control
      circuit 64 which decodes the binary code to generate a character pulse on
      one of a series of parallel outputs indicative of the alphanumeric symbol
      selected at the keyboard 62 and integrates printing operation of stylus 6
      with movement thereof along the recording medium, and in the low speed
      position, operation of developing brush 30 to develop the character just
      printed. Output conductor 66 is intended to represent a number of outputs
      each of which would correspond to a separate alphanumeric character in the
      particular alphabet incorporated in the keyboard 62 or computer 63 while
      conductor 70 represents the operational control signal.
PAR  The outputs of conductor 66 collectively provide one input to a character
      generator 68 which may take various conventional forms. As an example
      only, generator 68 may consist of a diode matrix having a number of
      character select input wires which corresponds to the outputs of the
      decoder circuit 64. These wires are selectively coupled to readout wires
      via diodes which are forward biased when their respective character select
      wire is energized. Another form which the character generator may take is
      a magnetic core matrix, having five columns and seven rows, wherein a
      particular character select wire associated with one of the outputs 66
      intertwines an appropriate pattern of magnetic cores corresponding to the
      alphanumeric symbol to be recorded. The character generator as well as the
      other parts of the block diagram of FIG. 4 are not intended to form a
      particular part of the present invention per se and therefore are shown
      schematically only since well known conventional circuits may be used to
      provide their functions.
PAR  The control signal output from decoder 64 in conductor 70 identifies
      decoding of a binary code by the decoder. In this manner, for each
      character entered at the keyboard 62 which effects a decoding process in
      the decoder 64, a control signal normally in the form of a pulse or series
      of pulses will be generated in conductor 70. This signal pulse to the
      character generator 68 actuates, for example, in the case of a magnetic
      core matrix, a distributor circuit to sequentially read out each column of
      the core matrix at a rate correlated to the speed of the styli movement.
      As each column is sampled by the distributor circuit, a group of parallel
      outputs would be energized depending on the cores set by the character
      select wire. The signals on these parallel outputs would be supplied to a
      suitable drive stage which would provide recording signals to the styli
      via output conductor 71.
PAR  The control signal pulses in conductor 70 also serve to pulse motor 10 in
      the forward or recording direction via forward drive control circuit 86.
      The motor 10 works through drive belt 16 to move the stylus 6 in the
      recording direction the equivalent of one character space, subject to any
      delay imposed by circuit 87. Delay circuit 87 is relied on to maintain
      stylus 6 in place for a sufficient time for the stylii to place a symbol
      on the recording web before the stylus is moved.
PAR  In the low speed printing mode, development takes place on a
      character-to-character basis to enable the user to see the character
      printed immediately. Following completion of each character, a signal
      pulse from circuit 87 actuates developer control circuit 84 to energize
      solenoid 143 and engage clutch 141. Clutch 140 couples motor 40 via belt
      50 to developing brush 30 to initiate rotation of brush 30. Circuit 84
      maintains solenoid 143 energized, and brush 30 rotating for a sufficient
      duration, normally one revolution, to develop the character just printed.
      Following rotation of brush 30 through the requisite developing cycle, a
      stop signal is generated in conductor 85 to a de-energize solenoid 143 and
      stop rotation of brush 30. At the same time, printing of the next
      character is enabled. The aforesaid stop signal may be generated by means
      of a suitable optical type encoder 85' on shaft 36 of brush 30, it being
      understood that the stop signal in conductor 85 reflects return of brush
      30 to the position shown in FIG. 2 permitting the operator to view the
      character just printed.
PAR  Signal pulses from decoder 64 in conductor 81 drive a suitable counter 80.
      The signal from counter 80 indicates when a predetermined maximum number
      of characters representing one line have been decoded by decoder 64. For
      example, where the recording web 2 will accommodate eighty characters per
      line, counter 80 would provide a signal output when a count of eighty has
      been reached. The signal output of counter 80 may be suitably delayed as
      by delay circuit 82 for the time necessary to allow the line to be
      completed.
PAR  The end of the line signal from counter 80 triggers motor reverse control
      circuit 88 to operate motor 10 in the reverse direction and return stylus
      6 to the start of line position as determined by stylus position
      responsive circuit 89. Circuit 89 includes a suitable pickup 89'
      responsive to the position of carriage 26, such as an optical encoder on
      the output shaft 12 of motor 10, which identifies the line start position.
PAR  The signal from counter 80 may also be used to actuate recording medium
      advance circuit 90 to advance or index the recording medium 2 one line.
      For use in the low speed printing mode, keyboard 62 preferably includes a
      suitable carriage return key which may be used by the operator to trigger
      via OR type circuits 94, 95, circuits 88, 90 directly to return stylus 6
      to the start of line position and index the recording medium one line. As
      will be appreciated, an index signal via conductor 91 from computer 63
      also triggers circuits 88, 90 as where the line being printed is less than
      the maximum number of characters responded to by counter 80.
PAR  To provide either high or low speed printing modes, a suitable mode
      selector 92 is provided. Selector 92 when in the solid line position of
      FIG. 4 operatively couples keyboard 62 with OR type circuit 98 and decoder
      64. When disposed in the dotted line position of FIG. 4, selector 92
      operatively couples computer 63 with decoder 64. In this latter
      disposition of selector 92, binary coded signals from computer 63 to
      decoder 64 are printed out by stylus 6 as described heretofore. In this
      mode of operation, development takes place subsequent to completion of the
      line being printed. Since developing brush 30 and the developing zone 41
      thereof are spaced from stylus 6, development may take place during return
      of stylus 6 to the start of line position and/or during printing of the
      succeeding line or lines. Conveniently, a control signal from computer 63
      may be applied to developer control circuit 84 via conductor 93 and OR
      type circuit 96 to initiate rotation of developing roll 30 as described
      hereinbefore.
PAR  The guide rods 22, 24 for the stylus bearing carriage assembly 26 are
      carried by a pair of end plates 100, 101, the carriage suppor assembly so
      formed being in turn supported via the lower rod 24 and notched swing
      plates 103, 104 from base rod 105. Guide rod 22 is in turn rotatably
      journaled in the printer frame (not shown). Rotation of base rod 105 works
      through swing plates 103, 104 and guide rod 24 move stylus 6 along a
      preset path between the high and low speed printing modes. For this
      purpose, a suitable driver such as solenoid 107 is provided, plunger 108
      thereof being operatively secured to base rod 105 through depending link
      and pin 109, 110, respectively. A suitable solenoid control circuit 117 is
      provided to control energization of solenoid 107 and raising and lowering
      of stylus 6 as will appear.
PAR  To move stylus 6 into and out of printing position adjacent recording
      medium 2, a second driver such as solenoid 111 is provided, plunger 112 of
      solenoid 111 being drivingly connected to the upper guide rod 22 via link
      113. Solenoid 111 is swingably mounted on the printer frame (not shown) as
      by pin 114. Spring 115 serves to bias the stylus 6 away from the recording
      medium 2. A suitable solenoid control circuit 118 is provided for
      operating solenoid 111.
PAR  Upon disposition of mode selector 92 in the low speed printing mode (the
      solid line position in FIG. 4), solenoid control circuit 117 is triggered
      to energize solenoid 107. Energization of solenoid 107 raises stylus 6
      from the high speed position shown in FIG. 3 to the low speed position
      shown in FIG. 2. Stylus 6 is now in position for low speed printing under
      the control of keyboard 62 as described earlier.
PAR  Upon disposition of mode selector 92 in the high speed printing mode (the
      dotted line position in FIG. 4), solenoid control circuit 117 is reset to
      de-energize solenoid 107 and permit stylus 6 to drop to the high speed
      printing position. It is understood that suitable return spring means (not
      shown) may be provided to enhance movement of stylus 6 to the high speed
      position.
PAR  To facilitate returning stylus 6 to the start of line position, solenoid
      III is energized to draw stylus 6 back from the recording medium 2 and out
      of recording position. The signal from gate 95 initiating energization of
      motor 10 in the reverse direction to return carriage 26 and stylus 6
      therewith to the start of line position at the same time triggers control
      circuit 118 which in turn de-energizes solenoid 111. De-energization of
      solenoid 111 enables spring 115 to swing stylus 6 away from the recording
      medium 2. On completion of the carriage return stroke, solenoid 111 is
      energized to move stylus 6 into printing position.
PAR  While the invention has been described with reference to the structure
      disclosed, it is not confined to the details set forth, but is intended to
      cover such modifications or changes as may come within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrostatic recording apparatus having a developing member when
      actuated to bring marking material into developing relationship with
      latent electrostatic images formed on an imaging member and a movable
      donor member with marking on the periphery thereof and engageable with
      said developing member to replenish marking material removed from said
      developing member through developing of said latent images, the
      improvement comprising:
PA1  means for actuating said developing member to develop said images with
      marking material, said developing member actuating means including means
      for rotating said developing member to develop images on said imaging
      member; and, driving means for said donor member responsive to actuation
      of said developing member to move said donor member through a
      predetermined arc whereby to bring a fresh portion of said donor member
      periphery into replenishing position for engagement by said developing
      member, said donor driving means including an eccentric rotatable with
      said developing member, a follower riding on said eccentric, and link
      means drivingly coupling said follower with said donor member to move said
      donor member through said predetermined arc upon rotation of said
      developing member; said link means including one way clutch means to
      prevent reverse movement of said donor member and a pair of link members,
      one of said link members having a slot-like aperture, a drive pin on the
      other of said link members disposed within said aperture whereby to
      drivingly couple said pair of link members together, said follower being
      supported on said one of said link members, said other of said link
      members being coupled to said clutch whereby said pair of link members
      form a driving connection from said follower to said clutch, and adjusting
      means for changing the position of said drive pin in said aperture.
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ABST
PAL  An electromagnetic circuit for controlling the travel of a stylus by
      attaching the stylus to a movable core. The movable core cooperates with a
      drive coil to form a magnetic circuit with annular portions extending into
      the drive coil from both ends thereof.
PARN
PAR  This is a continuation of application Ser. No. 330,659, filed Feb. 8, 1973,
      now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to wire printers, used as output devices for
      electronic calculators or for computers.
PAR  In such printers, the individual signs are formed by a certain number of
      printed points. Each point is obtained on a medium, for example, paper, by
      means of a wire or stylus which is actuated by an electromagnet which
      strikes an inked ribbon and causes a printed point on the medium.
PAR  Although the word "wire" is a term of art for a writing element thus
      actuated, in the following description and in the claims the term "stylus"
      will be used which corresponds better to the function of a writing
      element. The term "wire printer", however, will not be modified.
PAR  More particularly, this invention concerns a driving-electromagnetic set of
      the wire printer type. Such a printer includes in general a plurality of
      actuating elements, suitably arranged to allow simultaneous printing
      according to a predetermined distribution of dots.
PAR  The electromagnetic actuating means for styli of known type include one or
      several control coils used for the printing movement. They include in
      general release springs for the return of the stylus.
PAR  The control means of styli are subject to two technical requirements which
      are in fact contradictory: (1) on one hand, the mass of the movable part
      must be reduced as much as possible, and the consumption of electric
      energy needed for the actuation must also be reduced as much as possible.
      (2) on the other hand, to obtain a correct printing, it is necessary for
      the movable means to have a determined speed at the time of the stylus
      impact. This speed increases with the increase in the number of ampere
      turns of the coil, with the increase in mass of the movable part. The
      foregoing is based on the movable part having a predetermined course.
PAR  To have the magnetic flux produced by the coil suitably arranged relative
      to the movable core, it is necessary that its size and consequently its
      mass be in relation to the size and the mass of the coil.
PAR  Further, it is necessary to increase as much as possible the output of the
      movable electromagnetic core means to obtain the smallest values possible
      for both the consumption in electric energy and for the mass of the
      movable part.
PAR  Moreover, the use of return springs results in a pull-back strength which
      is maximized when the spring is stretched out as much as possible; i.e. at
      the point of printing the electric energy provided in the actuation coil
      is used partially to overcome this pull-back force which increases the
      electric consumption of the device.
PAR  On the other hand, the pull-back strength of the spring is minimized when
      the core is in the pullback position which results in producing
      considerable rebound.
PAR  Further the pull-back systems of the prior art and, more specifically, of
      the return spring systems work only for frequencies which depend on the
      mechanical linkage between the stylus and the movable core on the one
      hand, and the electromagnetic actuation means on the other hand. These
      frequencies comprise very low frequencies with a higher nominal frequency
      being possible by the actuation of a stylus which is in phase with the
      rebound of a different stylus. Accordingly, devices of this type can not
      work at high variable frequencies.
PAR  One of the main objects of the present invention is to provide
      electromagnetic means of actuation for a wire printer in which the rate of
      output is higher than in the devices of the prior art.
PAR  Another purpose of this invention is to provide electromagnetic means with
      little or no rebound.
PAR  Another purpose of the invention is to provide such electromagnetic means
      in which the return of the movable part is realized in such a manner that
      the pull-back force is zero at the time of the print.
PAR  Another object of the present invention is to provide an electromagnetic
      actuation means for wire printers with no resonance effect at a high
      nominal frequency.
PAR  The electromagnetic means according to the invention is characterized in
      that inside the driving coil the magnetic circuit includes a fixed core
      and an annular part placed on both sides of the center of the coil and
      further characterized in that the movable core attached to the stylus is
      placed more or less at the center of this coil and partially surrounded
      with the annular part. The position of the movable core in the middle of
      the coil allows to the reduction as much as possible, of the leakage flux.
      The annular part provides a guiding of the movable core.
PAR  According to another embodiment of the invention, the electromagnetic
      driving set includes a second movable core joined to the printing stylus,
      and a permanent magnet cooperating with a second magnetic circuit to apply
      to the second movable core a pull-back force, which is consequently
      transmitted to the printing stylus.
PAR  This embodiment provides a pull-back force which is at a maximum in the
      home position of the printing stylus, and reduces substantially the
      phenomenon of rebound.
PAR  The electromagnetic driving set includes also an auxiliary coil driven at
      the same time as the driving coil and arranged so as to suppress the
      pull-back force due to the permanent magnet at the time of the printing
      command. This auxiliary coil includes a magnetic circuit comprising a
      permanent magnet arranged like the magnetic circuit associated with the
      driving coil.
DRWD
PAR  Other characteristics and advantages of this invention will appear in the
      following description, made with reference to the enclosed drawings, given
      solely by way of a non-limited example and on which:
PAR  FIG. 1 is a longitudinal section of an electromagnetic set of the prior
      art;
PAR  FIG. 2 is a longitudinal schematic section of electomagnetic means for
      printing styli according to the present invention and shows the
      arrangement of the magnetic circuit of the driving coil;
PAR  FIG. 3 is a longitudinal section of a preferred embodiment showing the
      construction of the electromagnetic means according to this invention; and
PAR  FIGS. 4A and 4B are schematic longitudinal sections of the device of the
      FIG. 3 showing passage of the magnetic flux when at home position and
      during the forward printing movement, respectively.
DETD
PAR  FIG. 1 shows a known construction of an electromagnetic set: a coil 10 is
      associated with a magnetic circuit 11 including a fixed core 12 which goes
      practically through the whole coil 10, and which is closed by an external
      part 13 which surrounds a movable core 14 at the free end of the coil 10
      which is connected to the printing stylus. When the coil 10 is excited,
      the fixed core 12 attracts the movable core 14, thus tending to close the
      electromagnetic circuit as much as possible.
PAR  A pull-back spring 09 returns the movable core 14 to its initial position
      as soon as the exciting of the coil has been removed.
PAR  In the schematic section of FIG. 2 which shows a device according to this
      invention, a coil 20 is placed within a magnetic circuit 21 including a
      fixed axial core 22 which extends inside the coil on one end thereof, and
      an elongated annular part 23 extending inside the coil but from the other
      end thereof. The fixed core 22 and the annular part 23 are thus placed on
      both ends of the center of the coil 20, and spaced a certain distance from
      said center, so that the magnetic circuit is not closed between these two
      parts.
PAR  A movable core 24 joined to a printing stylus 25 can be moved through the
      center of the coil, while being at the same time partially positioned
      inside the annular part thereof. The stylus 25 extends through the axis of
      the fixed core 22 as well as through the contiguous part of the magnetic
      circuit on the left part of FIG. 2. The displacement sense of the stylus
      for printing is on the left of the figure. The position of the movable
      core 24 in on FIG. 2 is the one during non-printing.
PAR  When the core 20 is excited a magnetic flux goes through the magnetic
      circuit 21, through the annular part 23, the movable core 24 and the fixed
      core 22.
PAR  The annular air gap situated between the movable core 24 and the annular
      part 23 of the magnetic circuit is crossed by the magnetic flux, which
      causes radial forces being equal to one another; consequently, the
      resulting radial forces applied at the level of this annular air gap on
      the movable core 24 are zero.
PAR  On the other hand, the axial air gap situated between the fixed cylindrical
      core 22 and the movable core 24 is crossed by a magnetic axial flux which
      results in applying an axial force toward the left of this movable core
      24.
PAR  It is noted that the arrangement of FIG. 2 diminshes the leakage flux
      compared with the devices of the prior art and especially the one shown in
      FIG. 1. If the mass of the movable cores 24 and 14 are the same, the
      decrease of the leakage flux thus obtained according to the invention
      gives a better transmission of energy to the printing stylus.
PAR  For better results the annular part 23 of FIG. 2 includes a gradual
      tapering on the end extending into the coil. This arrangement allows to
      reduce as much as possible the leakage air gap between the annular part 23
      and the fixed core 22 thus giving the lines of the magnetic field a
      preferential path through the movable core 24. Of course, the coil 20 is
      wound according to a suitable manner around the fixed core 22 and the
      annular part 23 to provide the maximum flux into these two parts of the
      magnetic circuit while leaving the movable core free to move.
PAR  FIG. 2 shows a preferred embodiment of the invention, according to which
      the return of the printing stylus to its normal position is obtained by
      means of a permanent magnet.
PAR  In FIG. 3 an arrangement similar to that in FIG. 2 is shown which includes
      a coil 30, a magnetic circuit housing 31 surrounding the coil 30, an axial
      core 32 fixed in a aperture in said housing 31, and going through the coil
      nearly up to its center. As illustrated in FIG. 3, the core 32 is disposed
      concentrically about the printing stylus 35.
PAR  Of course, the coil includes a central aperture for this purpose.
PAR  The magnetic circuit has also as an element thereof an annular part 33
      disposed concentrically about the stylus 35 at the inside of the coil 30
      in the axial aperture provided for it, and extending nearly up to the
      center, on the opposite side of the fixed core 32. Outside the coil 30 and
      on the same side, the magnetic circuit is closed by a radial extension 36
      of the annular part 33 having the form of a flange.
PAR  A first movable core 34 is arranged on the axis near the center of the coil
      30, while being at the same time partially surrounded by the annular part
      33 whose diameter has been suitably provided for this purpose. Thus the
      annular part 33 is used also for guiding the movable core 34.
PAR  The said core 34 is joined to the printing stylus 35 which goes through it
      completely and which extends freely into the axis of the fixed core 32.
PAR  A shoulder 37 is used for the mounting of the back part (permanent magnet
      and return magnetic circuit).
PAR  As indicated above, the annular part 33 includes in the direction of the
      coil center 30 a tapered portion 38 toward the inside.
PAR  An annular permanent magnet 39 with an external diameter more or less the
      same as the external diameter of the flange 36 is arranged coaxially with
      this flange and in contact therewith on the opposite side of the housing.
      A second cylindrical; movable core 40 is joined to the stylus 35 and
      positioned with regard to the first movable core 34 on the side lying
      opposite the side of the fixed core 32. The spacing between the first and
      the second movable cores is such that the said second movable core 40 is
      arranged near the center of the permanent magnet 39.
PAR  The annular part 33 extends on the other side of the flange 40 by another
      magnetic circuit element, elongated annular part 41, which is disposed
      concentrically about the stylus 35 and reaches nearly up to the center of
      the permanent magnet 39. This annular part 41 includes in the direction of
      the said center a portion which is tapered toward the inside 42. The
      second movable core 40 is partially surrounded by the second annular part
      41 which provides a radial air gap or space between the two parts and
      axial guiding of the second movable core 48.
PAR  The second magnetic circuit formed by the second annular part 41, the
      flange 36 and the permanent magnet 39 is closed by a portion with a radial
      extension in form of a disc 43 which bears a second fixed, cylindrical
      magnetic core element 44, extending axially toward the inside to close
      said second magnetic circuit. The second magnetic circuit is thus arranged
      with the second movable core 40 as the first magnetic circuit is with the
      first movable core 34. However, the spacing between the first and the
      second movable cores is chosen slightly smaller than the spacing between
      the centers of the coil 30 and the permanent magnet 39 so that when the
      stylus is (very briefly) in printing position or in home position, only
      the first movable core 34 or the second movable core 40 respectively is
      subject to a force of substantial magnetic attraction.
PAR  For better results, this design includes an auxiliary coil 45 placed within
      the second magnetic circuit to cooperate therewith. The auxiliary coil 45
      is preferably connected electrically in series with the driving coil 30
      and thus arranged in such a manner that when the two coils are excited,
      the flux produced by the auxiliary coil 45 in the second magnetic circuit
      cancels the flux due to the permanent magnet 39 so as to cancel the
      pull-back force due to the latter. It is then advantageous but not
      necessary that the interior wall for both the annular parts 33 and 41
      should be cylindrical with a diameter slightly larger than the external
      diameter of the two movable cores 34 and 40. It can be noticed that this
      internal wall of the annular parts and the external wall of each movable
      core are not necessarily cylindrical. The same applies for the fixed
      cores.
PAR  In connection with the above-mentioned statement about the annular part and
      the fixed cores: "extending nearly up to the center of the coil or the
      permanent magnet" it must be understood that, when the associated movable
      core is attracted by the said core or the said magnet, and is then
      substantially in the center, the fixed core is so arranged that the
      movable core substantially engages it, and the annular part is arranged
      for the radial air gap which has with the movable core in attracted
      position an axial size sufficient for the magnetic flux produced by the
      said core or the said magnet to pass.
PAR  The parts which make up the electromagnetic means of FIG. 3 are maintained
      in contact by mounting means, not shown, which rest on one hand, on the
      shoulder 37 and on the other hand, on the radial and external extension of
      the end-part 43. This contact is necessary to attain a good closing of the
      external parts of the magnetic circuits.
PAR  FIGS. 4A and 4B are simplified diagrams of the design of FIG. 3, showing
      the magnetic flux produced in the normal position of the printing stylus
      and during the forward movement of the printing stylus, respectively.
PAR  In normal position, the magnetic flux (represented by a short dotted line)
      of the permanent magnet 39 (whose magnetizing direction is represented by
      an arrow in the axial direction) goes through the said 43 and the second
      fixed core 44 through the second movable core 40, the second annular part
      41 and the flange 36. This results in causing in the radial air gap
      separating the second movable core 40 from the second annular part 41,
      radial forces F1 and F2 whose components cancel each other.
PAR  On the other hand, the flux going through the axial air gap separating the
      second movable core 40 and the second fixed core 44 creates an axial force
      F3 which draws the movable core 40 toward the fixed core 44 and maintains
      it there. Thus, the movable core 40 is biased in a home position by the
      action of the permanent magnet 39.
PAR  On FIG. 4B the driving coil 30 and the auxiliary coil 45 are excited in
      series by a current pulse. The direction of this current in the coil 45 is
      such that the flux produced by this coil (represented by a dash-dot-line)
      balances notably the flux produced by the permanent magnet 39 (represented
      by a dotted line). The second movable core 40 is then no longer attracted
      by the second fixed core 44. Of course, the same applies to the first
      movable core 34 and to the printing stylus 35.
PAR  The same current pulse going through the driving coil 30 creates a magnetic
      flux (represented by a dashed line) which goes through the first movable
      core 34. The radial components of the forces is directed to the movable
      core 34 because this magnetic flux is canceled out. However, the axial
      components going through the first core 32 create an axial attractive
      force toward the left of the core 34 and thus against the direction of the
      biasing force generated by action of the permanent magnet 39 and nullified
      by excitation of the coil 45. This results in moving the printing stylus
      35 and the movable cores 34 and 40 up into contact with the paper or the
      inking ribbon (not shown) and thus leads to the printing of a point.
PAR  When the printing is obtained, the current is switched off. This can be
      done either because the above-mentioned current printing has a
      predetermined length or in response to a driving signal of switching off.
      At this moment, the magnetic flux is once more the one represented in FIG.
      4A. The second movable core and thus the whole movable means are attracted
      on the right because of the attractive force due to the flux created by
      the magnet 39. Then, the movable means returns to home position.
PAR  It must be noted that during the forward movement up to the printing of a
      point, the first movable core 34 does not necessarily come into contact
      with the first fixed core 32. The current pulse length and/or the spacing
      between the movable cores 34 and 40 are thus chosen.
PAR  The return movement of the movable means by a permanent magnet creates a
      maximum return force when the core is in normal position (minimum air
      gap). The spring return system of the prior art provides a maximum release
      force when the stylus is at the end of the forward movement and a minimum
      return force in the home position. The release by means of a permanent
      magnet diminishes or even obviates the rebounds of the movable means at
      the time of the impact of the second movable core 40 against the second
      fixed core 44. Further, to obtain a given impact energy, the necessary
      electric energy is less important because the force applied to the movable
      means by the driving coil is not opposed to a release force progressively
      increasing which is the case with springs. On the contrary, with the
      auxiliary coil, according to this invention, the pull-back force is
      canceled at the time of the command of printing whatever the position of
      the movable means may be.
PAR  On the other hand, the reduction of rebounds has two main technical
      consequences:
PAR  -- the risk of double printing (one wanted, the second due to the rebound)
      is reduced for the same course of the movable means. This allows to
      shorten the course of the stylus;
PAR  -- and, the fact of not having rebounds and of cancelling the release force
      for each command of printing allows working with variable frequencies,
      while in the case of a release force such as the one obtained with
      springs, and in the case of rebounds, the device can work correctly only
      on a very low or nominal frequency when each new command of printing is in
      phase with the rebound.
PAR  The magnetic circuits are made of magnetic, soft materials, especially as
      far as the housing 31, the first fixed core 32, the two annular parts 33
      and 41 with their flange 36, the second endpiece 43 with the second fixed
      core 44, as well as the first and second movable cores 34 and 40 are
      concerned.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnetic assembly for moving a stylus in a wire printer
      between a retracted home position and an actuated print position
      comprising:
PA0  first magnetic circuit means having as an element thereof a first movable
      core adapted to be connected to said stylus to move with said stylus
      between said retracted home position and said actuated print position;
PA0  second magnetic circuit means having a second movable core adapted to be
      connected to said stylus to move with said stylus between said retracted
      home position and said actuated print position;
PA0  permanent magnetic retaining means forming part of said second magnetic
      circuit means for producing a first magnetic flux biasing said second
      movable core toward said retracted home position;
PA0  first energizable means for inducing in said first magnetic circuit means a
      second magnetic flux for forcing said first movable core into said
      actuated print position; and
PA0  second energizable means for inducing in said second magnetic circuit a
      third magnetic flux for nullifying said first magnetic flux produced by
      said permanent magnetic retaining means concurrent with the energization
      of sais first energizable means.
NUM  2.
PAR  2. The electromagnetic assembly of claim 1 wherein said permanent magnetic
      retaining means comprises an annular permanent magnet and wherein said
      second energizable means comprises a first coil wound within said
      permanent magnet.
NUM  3.
PAR  3. The electromagnetic assembly of claim 2 wherein said first energizable
      means comprises a second coil connected in series with said first coil.
NUM  4.
PAR  4. An electromagnetic assembly for moving a stylus in a wire printer
      between a retracted home position and an actuated print position
      comprising:
PA0  first magnetic circuit means including a first elongated annular magnetic
      circuit element disposed concentrically about said stylus; a first fixed
      magnetic core element disposed concentrically about said stylus and
      separated axially from said first annular element; and a first movable
      magnetic core attached to said stylus and movable with said stylus between
      said retracted home position and said actuated print position, said first
      movable core being disposed partially within said first annular element
      and partially outside said first annular element toward said first fixed
      core element;
PA0  second magnetic circuit means including a second elongated annular magnetic
      circuit element disposed concentrically about said stylus; a second fixed
      magnetic core element disposed concentrically about said stylus and
      separated axially from said first annular element; and a second movable
      magnetic core attached to said stylus between said retracted home position
      and said actuated print position, said second movable core being disposed
      partially within said second annular element and partially outside said
      second annular element toward said second fixed core element;
PA0  permanent magnetic retaining means for producing a first magnetic flux in
      said second magnetic circuit means for biasing said second movable core in
      said retracted home position;
PA0  first energizable means for inducing a second magnetic flux in said first
      magnetic circuit means for forcing said first movable core to move into
      said actuated print position; and
PA0  second energizable means for inducing in said second magnetic circuit a
      third magnetic flux for nullifying said first magnetic flux produced by
      said permanent magnetic retaining means, concurrent with the energization
      of said first energizable induction means.
NUM  5.
PAR  5. The electromagnetic assembly of claim 4 wherein said first elongated
      annular magnetic circuit element has a tapered portion.
NUM  6.
PAR  6. The electromagnetic assembly of claim 4 wherein said second elongated
      annular magnetic circuit element has a tapered portion.
NUM  7.
PAR  7. A magnetic circuit for actuating a stylus comprising:
PA0  an energizable coil having a first end and a second end;
PA0  an elongaged annular magnetic circuit element located at the first end of
      said coil and having an end extending axially partially into the interior
      of said coil;
PA0  a cylindrical fixed magnetic core having an end extending axially partially
      into the interior of said coil from said second end and separated axially
      from said elongated annular magnetic circuit element, said end of said
      elongated annular magnetic circuit element and said end of said fixed core
      being in axial alignment and in close juxtaposition with each other and
      having an air space therebetween;
PA0  magnetic circuit means for connecting a magnetic path between said fixed
      core and said elongated annular magnetic circuit element; and
PA0  a cylindrical magnetic core adapted to be attached to said stylus and
      positioned for limited movement within said air space and said annular
      magnetic element for completing said magnetic circuit upon energization of
      said coil.
NUM  8.
PAR  8. An electromagnetic assembly for actuating a stylus comprising:
PA0  a housing comprising an annular magnetic circuit element having an aperture
      in one end and an open end;
PA0  a flange of magnetic material having a first side and a second side, said
      first side being mounted on said open end, said flange further having an
      opening adapted to have a stylus passed therethrough;
PA0  a first elongated annular magnetic circuit element attached to said flange
      and extending partially into the interior of said housing;
PA0  a first cylindrical stationary magnetic core fixed in the aperture of said
      housing, protruding into the interior of said housing, spaced apart from
      said first elongated annular element and adapted to have said stylus
      passed therethrough;
PA0  a first cylindrical movable magnetic core adapted to be attached to said
      stylus and partially disposed within said first elongated annular element;
PA0  a first energizable coil disposed within said housing around said first
      elongated annular element, said first stationary core and said first
      movable core;
PA0  an annular magnet mounted on the second side of said flange;
PA0  a second elongated annular magnetic circuit element attached to the second
      side of said flange and extending partially into the interior of said
      annular magnet;
PA0  a second cylindrical stationary magnetic core extending into said magnet
      and spaced apart from said second annular element;
PA0  a second cylindrical movable magnetic core adapted to be attached to said
      stylus and disposed partially within said second elongated annular
      element;
PA0  means for completing a magnetic circuit between said second stationary core
      and said annular magnet; and
PA0  a second energizable coil disposed within said annular magnet and around
      said second elongated annular element, said second movable core and said
      second fixed core to counteract the magnetic field of said annular magnet
      upon energization.
NUM  9.
PAR  9. The electromagnetic assembly of claim 8 wherein said first elongated
      annular element has a tapered portion.
NUM  10.
PAR  10. The electromagnetic assembly of claim 8 wherein said second elongated
      annular element has a tapered portion.
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ABST
PAL  A printer includes a print wheel having an outer circular row of typefaces
      comprising digits and punctuation signs and an inner circular row of
      typefaces comprising symbols, and hammer apparatus for actuating the
      typefaces of the print wheel to effect printing. The type wheel and the
      hammer apparatus are mounted on a carriage which travels along a path
      defining a left-hand group of printing positions and a right-hand group of
      printing positions. A cam extending along the path of the carriage
      functions to pivot the type wheel between a position wherein the outer row
      of typefaces is aligned with the hammer apparatus when the carriage is
      aligned with the left-hand group of printing positions and a position
      wherein the inner row of typefaces is aligned with the hammer apparatus
      when the carriage is aligned with the right-hand group of printing
      positions. A drive motor is mounted on the carriage and functions both to
      continuously rotate the print wheel and to continuously propel the
      carriage back and forth along the path. The print wheel includes a
      plurality of radially extending arms each mounting a type font comprising
      one typeface of the outer row and one typeface of the inner row, a shield
      plate engaging the arms and comprising a plurality of apertures each
      receiving one of the type fonts, and a damper disk which cooperates with
      the shield plate to dampen vibrations of the arms following actuation of
      the hammer apparatus.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a printer, and more particularly to a low cost
      printer that is especially adapted for use in conjunction with electronic
      calculators, and the like.
PAR  As is well known, there is currently considerable interest in the field of
      low cost electronic calculators. In the case of the small pocket type
      calculators, the output typically comprises a visual readout. However, in
      the case of larger calculators, and particularly in the case of
      calculators intended for office use, it is considered preferable to
      provide a printed output, either alone or in combination with a visual
      readout. Thus, a need has arisen for a printer that is economical to
      manufacture, reliable in operation, and capable of long term,
      substantially maintenance free service.
PAR  The present invention comprises a printer that fulfills the foregoing
      requirements and is therefore particularly adapted for use in conjunction
      with low cost electronic calculators and similar applications. The printer
      is adapted for fabrication from a small number of relatively simple parts
      and thus is economical to manufacture. At the same time, the printer is
      adapted for long term, substantially maintenance free service. These
      combined characteristics of the printer of the present invention render
      its use highly advantageous over printers of the prior art.
PAR  In accordance with more specific aspects of the invention, a printer
      includes a continuously rotating print wheel having two rows of typefaces.
      Hammer structure is provided for actuating the typefaces to effect
      printing. The print wheel and the hammer structure are mounted on a
      carriage which functions to continuously move the print wheel and the
      hammer along a plurality of printing positions.
PAR  The printing positions are arranged in two groups with the left-hand group
      including nine printing positions and the right-hand group including two
      positions, the latter being separated from the left-hand group by a space.
      A cam includes a first portion corresponding to the first group of
      printing positions, a camming surface corresponding to the space
      separating the two groups of printing positions, and a second portion
      corresponding to the second group of printing positions. A cam follower
      engages the cam and functions to pivot the print wheel on the carriage
      mechanism between a first position wherein the first row of typefaces is
      aligned with the hammer mechanism, and a second position wherein the
      second row of typefaces is aligned with the hammer mechanism. The first
      row of typefaces includes the digits 0 through 9, inclusive, the comma (,)
      and the decimal (.) so that only numerical and punctuation entries are
      printed in the left-hand group of printing positions. The second row of
      typefaces includes all of the symbols, so that only symbols are printed in
      the right-hand group of printing positions.
PAR  The carriage mechanism includes a drive motor which rotates the drive
      pinion. A print wheel drive gear meshes with the drive pinion and is
      operatively connected to the print wheel to effect rotation thereof under
      the action of the drive motor. A reduction gear also meshes with the drive
      pinion and a pinion mounted on the reduction gear meshes with a rack to
      effect movement of the carriage mechanism under the action of the drive
      motor.
PAR  The print wheel comprises a plurality of radially extending arms each
      having a type font mounted thereon which includes a typeface in the first
      row and a typeface in the second row. The arms are nominally 30.degree.
      apart but are offset from this positioning so as to properly align the
      typefaces with the printing positions. Structure is provided for damping
      the movement of the arms following actuation thereof by the hammer
      structure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by reference to
      the following Detailed Description when taken in conjunction with the
      accompanying Drawings, wherein:
PAR  FIG. 1 is an exploded view of a printer incorporating the invention;
PAR  FIG. 2 is a side view of the printer in which certain parts are illustrated
      diagrammatically;
PAR  FIG. 3 is an illustration of the line feed mechanism of the printer;
PAR  FIG. 4 is an illustration useful in understanding the operation of the
      printer;
PAR  FIG. 5 is an illustration of the hammer mechanism of the printer;
PAR  FIG. 6 is an illustration of the print wheel of the printer;
PAR  FIG. 7 is an illustration useful in understanding the positioning of the
      arms of the print wheel;
PAR  FIG. 8 is a side view of the print wheel assembly of the printer; and
PAR  FIG. 9 is a simplified diagram of a calculator system employing the printer
      of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, and particularly to FIG. 1 thereof, there is
      shown a printer 20 incorporating the invention. The printer 20 includes a
      frame 22 comprising a guide rod 24 defining a path of carriage movement
      and a combined guide, rack, and cam member 26 extending parallel to the
      guide rod 24. The member 26 includes a guide surface 28 formed on the
      underside thereof, a rack 30 extending parallel to the guide rod 24, and a
      cam 32 extending above the rack 30.
PAR  A carriage 34 includes a housing 36 supported for sliding movement on the
      guide rod 24 by means of bearings 38 (only one of which is shown). A drive
      motor 40 is secured in the housing 36 by suitable fasteners and has an
      output shaft 42. A drive pinion 44 is mounted on the output shaft 42 for
      rotation under the action of the drive motor 40.
PAR  A reduction gear 46 is mounted in mesh with the drive pinion 44. The gear
      46 is rotatably supported on the housing 36 by means of a shaft 48 and has
      a pinion 50 affixed thereto. The pinion 50 is mounted in mesh with the
      rack 30, whereby the drive motor 40 operates through the drive pinion 44,
      the reduction gear 46, the pinion 50, and the rack 30 to continuously
      propel the carriage 34 back and forth along the guide rod 24.
PAR  In the practice of the invention the drive motor 40 is utilized both to
      propel the carriage 34 in one direction to effect printing and to propel
      the carriage in the opposite direction to effect carriage return. The
      printer is provided with conventional switching apparatus which
      automatically reverses the direction of current flow to the motor 40 when
      the carriage 34 reaches the opposite ends of its travel. Moreover, the
      magnitude of voltage flow to the motor 40 is increased during carriage
      return so as to move the carriage back to the starting position relatively
      rapidly.
PAR  It will be understood that since the reduction gear 46 is rotatably
      supported on the housing 36, and since the pinion 50 engages the rack 30,
      the housing 36 is prevented from pivoting downwardly toward the member 26.
      Pivoting of the housing 36 in the opposite direction is prevented by a
      roller 52 which engages the guide surface 28 on the underside of the
      member 26. The roller 52 is pivotally supported on the housing 36 by a
      shaft 54. Thus, by means of the pinion 50 of the reduction gear 46 and the
      roller 52, the carriage 34 is constrained to movement back and forth along
      the guide rod 24.
PAR  The printer 20 further includes a print wheel support assembly 56. The
      assembly 56 comprises a pair of spaced, parallel plates 58 and 60 which
      are pivotally supported on a pair of collars 62 and 64 extending from the
      opposite ends of the drive pinion 44, respectively. Since the drive pinion
      44 is mounted on the output shaft 42 of the drive motor 40, it will be
      understood that the plates 58 and 60 are supported for pivotal movement
      about the axis of the shaft 42. A print wheel drive gear 66 is rotatably
      supported on the plates 58 and 60 and is mounted in mesh with the pinion
      44. A print wheel assembly 68 includes a drive shaft 70 which receives the
      gear 66. Thus, the drive motor 40 functions through the drive pinion and
      the gear 66 to continuously rotate the component parts of the print wheel
      assembly 68.
PAR  The print wheel support assembly 56 includes a support member 72 which
      receives the drive shaft 70 of the print wheel assembly 68. A slot 74 is
      formed in the lower end of the support member 72 and receives the roller
      support shaft 54 to control the pivotal positioning of the support member
      72. A bearing-type cam follower 76 is received in the support member 72
      and is rotatably supported on the drive shaft 70. The outer periphery of
      the cam follower 76 engages the cam 32 of the member 26 to control the
      pivotal positioning of the plates 58 and 60, the gear 66, the print wheel
      assembly 68, and the support member 72 relative to the remaining
      components of the carriage 34. The cam follower 76 is maintained in
      engagement with the cam 32 by a spring 78 connected between the roller
      support shaft 54 and a shaft 80 mounted between the plates 58 and 60 of
      the roller support assembly 56.
PAR  The construction of the print wheel assembly 68 is illustrated in FIGS. 1,
      6, 7 and 8. The drive shaft 70 includes a hub 71 which supports a print
      wheel 82. The print wheel 82 is retained by means of a back disk 84 and a
      plurality of rivets 86. The print wheel 82 supports a plurality of type
      fonts 88 each extending through an aperture 90 formed in a shield plate
      92. It will be noted that the shield 92 is mounted in engagement with the
      print wheel 82.
PAR  The print wheel assembly 68 further includes a damper disk 94 positioned on
      the opposite side of the shield plate 92 from the print wheel 82. A
      control disk 96 is mounted between the damper disk 94 and a print wheel
      disk 98. As is best shown in FIG. 1, the print wheel 82 comprises a
      plurality of arms 100. The print wheel disk 98 comprises a corresponding
      number of edges 102 each serving to establish the point of flexure of one
      of the arms 100 of the print wheel 82.
PAR  The construction of the print wheel 82 of the print wheel assembly 68 is
      shown in greater detail in FIG. 6. The print wheel 82 comprises 12 arms
      100 each having one of the type fonts 88 mounted thereon. Each of the type
      fonts 88 in turn comprises two typefaces. Thus, the print wheel 82 may be
      considered as comprising two spaced, concentric, circular rows of
      typefaces 104 and 106. In the particular embodiment of the invention
      illustrated in the Drawings, the row of typefaces 104 comprises the 10
      digits 0 through 9, inclusive, plus the punctuation signs decimal (.) and
      comma (,). On the other hand, the row of typefaces 106 is comprised
      entirely of symbols. These include the common addition, subtraction,
      multiplication and division symbols; the equals sign; total and subtotal
      symbols; the percent symbol; the "number" symbol which is commonly used
      for non-add, a diamond symbol; the "M" symbol; and an error symbol.
PAR  As is indicated by the lines 108 in FIG. 6, the 12 arms 100 comprising the
      print wheel 82 are nominally spaced at 30.degree. intervals. However, the
      arms 100 are actually positioned with respect to the lines 108 in
      accordance with a predetermined pattern in which the arm 100' is aligned
      with the corresponding line 108 and in which the offset of the arms 100
      with respect to the corresponding lines 108 is progressively increased to
      a maximum in the case of the arm 100". In the operation of the printer 20,
      the print wheel assembly 68 is continuously rotated and the carriage 34 is
      continuously moved relative to the guide rod 24 under the action of the
      drive motor. Thus, referring to FIG. 7, and assuming that the bold lines
      110 and 110' represent adjacent printing positions, the lines 112
      illustrate the actual positioning of the axis of rotation of the print
      wheel 82 at the time when each of the arms 100 is in the printing
      position. The arms 100 are therefore offset from the nominal positions as
      indicated by the lines 108 in order to properly position the type fonts 88
      to effect printing when their respective arms 100 are brought into the
      printing positions by the rotation of the print wheel.
PAR  It will be noted that the type fonts 88 are supported in the midportions of
      the arms of the print wheel 82. The distal ends of the arms 100 comprise
      identification portions 114 each having a leading edge 116 and each
      varying in width. In addition, the arm 100' at the home position is
      provided with an aperture 118 in the identification portion 114 thereof.
PAR  Referring again to FIG. 1, a print wheel position identification assembly
      120 is mounted on the support member 72 of the print wheel support
      assembly 56. The assembly 120 includes a light source, for example a light
      emitting diode, which directs light towards the rotating arms 100 of the
      print wheel 82. The assembly 120 further includes a photosensitive member
      which receives light generated by the source and reflected from the
      identification portions 114 of the rotating arms 100. By this means the
      assembly 120 functions in conjunction with associated electronic circuitry
      to precisely identify the particular typeface which is in the printing
      position.
PAR  A more complete understanding of the operation of the printer 20 may be had
      by reference to FIG. 4. The cam 32 of the member 26 includes a first
      portion 122 extending parallel to the path of movement of the carriage 34,
      a second portion 124 extending parallel to the path of movement of the
      carriage 34 and at a different elevation than the first portion 122, and a
      camming portion 126 interconnecting the first and second portions 122 and
      124. When the cam follower 76 engages the first portion 122 of the cam 32
      the component parts of the print wheel support assembly 56 and
      particularly the print wheel 82 are positioned as shown in the right-hand
      portion of FIG. 4. This positions the typefaces comprising the circular
      row 106, i.e., the symbols, in alignment with the printing position 128.
      On the other hand, when the cam follower 76 engages the second portion 124
      of the cam 32, the typefaces comprising the circular row 104, i.e., the 10
      digits 0 through 9 and the punctuation signs decimal (.) and comma (,) are
      positioned in alignment with the printing position 128. It will thus be
      understood that the printer 20 functions to automatically shift between
      the row of typefaces comprising the symbols and the row of typefaces
      comprising the digits and the punctuation signs in accordance with the
      positioning of the carriage 34 along its path of travel.
PAR  The printer 20 utilizes a printing format corresponding to the printing
      format typically employed in conjunction with electronic calculators and
      similar devices. Thus, the right-hand portion of the printing format
      corresponding to engagement of the cam follower 76 with the first portion
      122 of the cam 32 is the portion of the format in which only symbols are
      printed. The left-hand portion of the printing format corresponding to
      engagement of the cam follower 76 with the second portion 124 of the cam
      32 is the portion in which only digits and punctuation signs are printed.
      The intermediate portion of the format corresponding to engagement of the
      cam follower 76 with the camming portion 126 of the cam 32 represents a
      blank space between the right-hand symbols portion and the left-hand
      digits portion. Operation of the printer 20 to effect printing is
      inhibited when the carriage 34 is in this portion of its travel.
PAR  Referring now to FIGS. 2 and 3, the frame 22 of the printer 20 further
      includes a rearwardly extending arm 130 which supports a shaft 132. The
      shaft 132 in turn supports a roll of printing paper 134 which comprises
      the paper tape typically employed in electronic calculators and similar
      devices. A spring-loaded arm 136 engages the roll of printing paper 134 to
      prevent undesirable unwinding of the printing paper.
PAR  The leading end of the roll of printing paper 134 extends between a pair of
      pinch rollers 138 and 140 and then around a platen 142. A guide assembly
      144 is provided to facilitate the initial positioning of the printing
      paper in the printer 20. Printing is effected by means of the print wheel
      82, a hammer assembly 146, and a ribbon 148 positioned between the print
      wheel 82 and the printing paper on the platen 142. In the operation of the
      printer 20 the ribbon 148 is perodically advanced by means of a
      conventional ribbon advance mechanism.
PAR  The feeding of the printing paper 34 in the printer 20 is effected by means
      of a line feed mechanism 150. A ratchet wheel 152 is secured to one end of
      the pinch roller 138. A pawl 154 is maintained in engagement with the
      ratchet wheel 152 by a spring 156. The pawl 154 is pivotally supported at
      one end of an oscillating arm 158.
PAR  Referring to FIG. 3, the opposite end of the arm 158 has a bent-over
      portion 160 which is connected to a pivotally supported arm 162 by means
      of a pin 164. A pin 166 is mounted on the carriage 34 for movement
      therewith. When the carriage 34 reaches one end of its travel, the pin 166
      engages a camming surface 168 on the arm 162, whereupon the arm 162 is
      pivoted from the position shown in full lines in FIG. 3 to the position
      shown in dashed lines therein. During return movement of the carriage 34
      the pin 166 engages the camming surface 170 on the arm 162, whereupon the
      arm 162 is returned to the position shown in full lines in FIG. 3. This
      completes a full oscillation of the arm 158 which in turn causes the pawl
      154 and the ratchet 152 to effect the advance of the printing paper 134
      relative to the platen 142.
PAR  The construction and operation of the hammer assembly 146 of the printer 20
      will be better understood by reference to FIG. 5. A subframe 172 is
      supported on the housing 36 of the printer 34 for movement therewith. A
      hammer 174 is supported on the subframe 172 by a leaf spring 176. The
      hammer 174 is normally retained in the position shown in full lines in
      FIG. 5 by an electromagnet 178 comprising a yoke 180 and a coil 182
      mounted thereon. Upon de-energization of the coil 182 the hammer 174 moves
      forwardly under the action of the leaf spring 176. The movement of the
      hammer is accelerated by engagement of the leaf spring 176 with a pivot
      point 184 comprising part of the subframe 172. This causes the hammer 174
      to move rapidly into engagement with the selected typeface of the print
      wheel 82, whereupon the typeface drives the ribbon 148 into engagement
      with the printing paper 134 to effect printing of the selected character.
      Following a printing operation the coil is energized whereby the
      electromagnet 178 captures the hammer on its return stroke.
PAR  The hammer assembly 146 comprises a highly advantageous feature of the
      printer 20. It will be understood that because the printer 20 is an
      "on-the-fly" printer, the hammer must operate very rapidly in order to
      effect printing without smearing of the printed characters. An important
      aspect of the hammer assembly 146 in this regard is the use of the pivot
      point 184 which serves to greatly accelerate the movement of the hammer
      174 into and out of engagement with the type fonts 88 on the front wheel
      82.
PAR  Other important advantages in the operation of the printer 20 are realized
      by means of the construction of the print wheel assembly 68. Upon
      actuation of the hammer assembly 146 to effect printing, the selected arm
      100 of the print wheel 82 is caused to slide on the engaging surface of
      the shield plate 92. Further damping is provided by the print wheel damper
      disk 94. The combined effect of these component parts is to rapidly and
      positively return the selected arm 100 to the dormant position without
      detrimental subsequent vibration of the arm 100 and the font 88 carried
      thereby. This in turn permits the printer 20 to accomplish the printing of
      highly legible characters and to eliminate any noticeable smearing of the
      printed characters even though the print wheel 82 rotates continuously
      during the operation of the printer 20.
PAR  A simplified electrical diagram of the printer 20 as described above as it
      may be used in a calculator system is shown in FIG. 9. The electrical
      parts of the printer 20 include the drive motor 40, the coil 182 for the
      hammer 146, and the print wheel position identification assembly 120.
      These devices are all connected to a controller 190 which generates
      appropriate electrical signals to operate the printer. The drive motor 40
      receives drive current from the controller 190 via lines 191, and a
      suitable power amplifier 193 is connected in line 194 between the
      controller 190 and the coil 182 for the hammer, since several amps at
      perhaps 50 volts may be needed for operating the hammer rapidly. The
      assembly 120 includes a light emitting diode 195 which may be continuously
      powered, and a photosensor 196 which is connected to the controller 190 by
      a line 197 to provide signals as seen in FIG. 7 representing the radial
      position of the print wheel 82. The controller 190 receives data and print
      commands from a calculator chip or chip set 200 which may be of the type
      disclosed in co-pending applications Ser. No. 255,856, filed May 22, 1972,
      and Ser. No. 397,060, filed Sept. 13, 1973, assigned to TEXAS INSTRUMENTS
      INCORPORATED. The chip set 200 receives numerical data and functional
      commands from a keyboard 201 on input lines 202, performs various
      manipulation on the data in accordance with the commands and its internal
      programming, and sends out data to be printed on lines 203. The data
      output is usually in binary-coded-decimal format, and is bit-parallel and
      serial digit. The calculator chip set also produces print commands which
      are connected to the controller 190 via line 204. Actually, the commands
      and related timing signals may require several such lines. The controller
      190 sends back a "busy" signal on line 205 to stop the calculator while
      the printer is operating; the calculator sends a data word of perhaps 16
      digits via lines 203 in a time period of a few microseconds, but the
      printer 20 needs perhaps a half-second or so to execute a print command
      for one line. Thus, the busy signal indicates that the printer is
      operating and no further data can be accepted. The controller 190
      functions to activate the drive motor 40 via line 191 when a print command
      is received, then detect the position of the print wheel 82 via signals on
      line 197. Further, the BCD data which comes in on lines 203 is stored in
      the controller and converted from BCD to a representation of radial
      position of the print wheel for each digit to be printed so that a signal
      is applied to the line 194 at the proper time to actuate the hammer 146 to
      print the desired character for each column. The controller 190 may be a
      general purpose MOS/LSI processor chip which is programmed to execute
      these functions.
PAR  From the foregoing it will be understood that the present invention
      comprises a printer incorporating numerous advantages over the prior art.
      Considered structurally, the printer of the present invention is
      characterized by a relatively small number of easily fabricated parts, and
      is therefore adapted for extremely low cost manufacture. These same
      characteristics also result in a printer which is adapted for long term,
      substantially maintenance free service. Considered functionally, the
      printer of the present invention operates automatically to print
      characters and punctuation signs in the left-hand portion of the print
      format and to automatically print symbols in the right-hand portion of the
      printing format while completely eliminating the usual shifting mechanism
      and control apparatus therefore. The printer also dispenses with the
      carriage return mechanism which is characteristic of many prior art
      printers.
PAR  Although particular embodiments of the invention have been illustrated in
      the accompanying Drawings and described in the foregoing Detailed
      Description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A printer comprising:
PA1  a type wheel having two radially spaced, concentric, circular rows of
      typefaces;
PA1  hammer means for selectively actuating the typefaces of the print wheel to
      effect printing;
PA1  carriage means for moving the print wheel and the hammer means along a
      predetermined path defining a plurality of printing positions;
PA1  said printing positions being arranged in first and second groups;
PA1  means rotatably supporting the printing wheel on the carriage means and
      supporting the printing wheel for pivotal movement on the carriage means
      between a first position wherein the first row of typefaces is aligned
      with the hammer means and a second position wherein the second row of
      typefaces is aligned with the hammer means;
PA1  a cam extending generally along the predetermined path and including a
      first portion extending parallel to the path and adjacent to the first
      group of printing positions, a second portion extending parallel to the
      path and at a different elevation than the first portion and adjacent to
      the second group of printing positions, and a camming surface
      interconnecting the first and second portions;
PA1  a drive motor mounted on the carriage means and having an output shaft;
PA1  a drive pinion mounted on the output shaft of the drive motor for rotation
      thereby; a print wheel drive gear meshing with the drive pinion;
PA1  a drive shaft interconnecting the print wheel drive gear and the print
      wheel;
PA1  a cam follower mounted on the print wheel drive shaft and engaging the cam
      so that the first row of typefaces on the print wheel is aligned with the
      hammer means when the cam follower engages the first portion of the cam
      and so that the second row of typefaces on the print wheel is aligned with
      the hammer means when the cam follower engages the second portion of the
      cam;
PA1  a reduction gear meshing with the drive pinion;
PA1  a pinion mounted on the reduction gear for engagement therewith; and
PA1  a rack extending along the predetermined path and meshing with the
      reduction gear pinion to move the carriage means along the predetermined
      path under the action of the drive motor.
NUM  2.
PAR  2. The printer according to claim 1 wherein the drive motor functions to
      continuously rotate the print wheel and to continuously move the carriage
      means along the predetermined path.
NUM  3.
PAR  3. The printer according to claim 1 wherein the first and second portions
      of the cam are disposed on the right-hand and left-hand sides of the
      predetermined path, respectively, and wherein the first and second rows of
      typefaces on the print wheel comprise symbols and numerical digits,
      respectively.
NUM  4.
PAR  4. The printer according to claim 1 further including means for positioning
      a length of paper to receive printing, and means responsive to movement of
      the carriage means across the complete length of the predetermined path to
      advance the paper by one line space.
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ABST
PAL  A C-shaped resilient housing for encompassing at least three sides of an
      escalator belt and biasing a solution bearing pad into continuous abutment
      with the escalator belt. Ribs interior to the housing and flanges exterior
      to the rear of the housing may be included to hold the pad in place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to belt cleaning apparatus and more
      specifically to an escalator belt cleaner for the cleaning and
      disinfection of the belt during normal operating conditions.
PAR  2. Description of the Prior Art
PAR  In department stores, etc., of some countries, until several years ago, an
      escalator girl has been stationed for each escalator and the cleaning and
      disinfection of the escalator belt were effected at ordinary times by the
      escalator girl using a house-cloth to which disinfecting solution was
      applied. Such stationing of elevator girls, however, has been abolished
      due to the difficulty of obtaining a personnel for such purpose and to an
      increased personnel expenses. However, there has not yet been developed a
      simple device capable of effecting during use of the belt the cleaning and
      disinfection of the belt in a manner sufficient to act for the role which
      escalator girls have played. For this reason, escalator belts, including
      those used in subway stations which have rapidly increased in recent
      years, are either left to be dirty or, at best, taken care of by an
      occasional cleaning. Such a situation is deleterious from the standpoint
      of public health and further, it gives an unclean feeling to those who
      utilize the escalator.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a device for enclosing at least the top and two
      sides of an escalator belt and to clean and disinfect the belt during use.
      A generally C-shaped resilient housing which encompasses more than the top
      and two sides of the escalator belt is provided for biasing a solution
      bearing pad into continuous abutment with the top and two sides of the
      escalator belt. The solution bearing pad is a generally U-shaped member
      having a first layer of cleansing agent impregnated material for abutting
      the belt and a second layer of resilient material between the first layer
      and the housing for biasing the first layer into abutment with the belt.
      The solution bearing pad is removably secured within said housing. Flanges
      are provided at the rear edge of the housing for engaging the pad and
      preventing it from lateral movement relative to the housing. Ribs may also
      be provided internal to the housing for engaging the edge of the cleansing
      pad holding it in place. A horizontal plate or struts or other structures
      internal to the generally C-shaped housing may be provided to add
      additional biasing for the portion of the U-shaped pad which comes into
      contact with the top of the belt. The impregnated layer and the resilient
      layer of the pad may be mounted on a third layer which provides a degree
      of rigidity to the cleaning pad. The inside width of the housing is to be
      less than the sum of the width of the top of the escalator belt and twice
      the thickness of the cleansing pad, so as to produce the biasing condition
      against the sides of the belt. The general C-shaped housing ends extend
      around the bottom of the belt and lies adjacent thereto so as to prevent
      the cleaning device from falling off the belt during use.
PAC  OBJECTS OF THE INVENTION
PAR  To an object of the present invention is to provide a device which performs
      the function of cleaning and disinfecting belts during their operation.
PAR  Another object of the invention is to provide an inexpensive device for
      cleaning and disinfecting an escalator belt during their operation.
PAR  A further object of the invention is provision of a replacable cleansing
      pad within a housing so as to extend the life of the present invention by
      using substitute pads.
PAR  Another object is to provide an inexpensive, economical and easy to install
      escalator belt cleansing and disinfectives device.
PAR  A further object of this invention is to provide an escalator cleaning
      device which remains in continuous contact or abutment with the top and
      two sides of the escalator belt during normal operation of the belt. Other
      objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the housing.
PAR  FIG. 2 is a perspective view of the cleansing pad.
PAR  FIG. 3 is a perspective view of the pad and housing in combination.
PAR  FIG. 4 is a cross-sectional view of one embodiment of the housing and pad
      inserted therein.
PAR  FIG. 5 is a perspective view of a second embodiment of the housing with the
      pad therein.
PAR  FIG. 6 is a cross-sectional view of the embodiment of FIG. 5.
PAR  FIG. 7 is a perspective view of the second embodiment of the housing.
PAR  FIG. 8 is a perspective view of the insertion of the pad into the housing
      of FIG. 7.
DETD
PAC  PREFERRED DESCRIPTION OF THE EMBODIMENTS
PAR  FIG. 1 illustrates a preferred embodiment of the housing 10 as being
      generally C-shaped. A solution bearing pad 12, as shown in FIG. 2, is
      generally U-shaped and is received within the housing 10 as shown in FIG.
      3. After the insertion of the cleansing pad 12 into the housing 10 a plate
      or flange 14 is added to one end of the housing 10.
PAR  The pad 12 has side portions 16 and 18 and a top portion 20. Portions 16,
      18 and 20 will be in continuous contact or abutment with and thereby
      cleanse the two sides and the top of an escalator belt 21, as shown in
      cross-section in FIG. 4. Flange 14 of housing 10 overlaps a portion of the
      top segment 20 of the pad 12 to prevent it from moving laterally relative
      to housing 10. At the other end of housing 10 another plate 14 may be
      provided but it is not necessary for the effective operation of the
      present invention. Since the belt moves relative to the housing in one
      direction, the placement of the plate 14 at the back end of the housing
      will prevent the pad 12 from moving relative to the housing 10.
PAR  As illustrated in the cross-section of FIG. 4, the solution bearing pad 12
      is made up of a cloth or cleansing agent impregnated material 22 over a
      second layer of resilient or cushioning material 24, both of which are
      mounted to a third layer of material 26 which provides a degree of
      rigidity to the cleansing pad 12. The first material layer 22 may be of a
      conventional cloth which directly abuts the belt face. The thick
      cushioning member 24 maintains the material layer 22 in a uniform contact
      or abutment with the belt faces (top and two sides). The material of layer
      22 must be strong enough so as to not be destroyed or abraded during its
      frictional contact with the faces of the belt, yet be porous enough so as
      to retain a cleansing and disinfectant solution. Suitable natural or
      synthetic fibers such as woven or non-woven cloths may be used for this
      purpose. The cushioning or biasing layer 24 may be made from synthetic
      resins such as foam, polyurethane, and styrols (cotton, sponge,
      wastepaper, etc.). Though the layers 22 and 24 are shown as one continuous
      piece, it is well within the scope of the present invention that each
      segment or leg 16, 18 and 20 of the pad 12 may be separate and distinct
      elements.
PAR  The third layer of material 26 which provides a degree of rigidity to the
      cleansing pad 12 may be made of synthetic resins or thick papers such as
      cardboard and corrogated cardboard. The cloth layer 22 is secured to the
      cushion or biasing layer 24 which in turn is secured to the base member
      26. The three layers 22, 24 and 26 may be secured to each other by
      adhesive for example. The cleansing pad 12 may be made in a flat
      configuration and folded so that it is substantially U-shaped having legs
      16 and 18 and bight 20. Base 26, by action of its own elastic stress
      maintains the top abutting portion 20 in abutment with the belts top or
      upper face, and at the same time acts as the base for mounting the total
      pad 12 to the frame 10. The base 26 having such a function should be made
      of material having an elastic stress and rigidity above the average
      pressure which will be experienced by the bight 20 when in abutment with
      the escalator belt. By forming the general C-shape from pad 12, the
      elastic stress across base 26 provides pressure upon bight 20 to maintain
      it in contact with the top face of the belt. To assist plate 26 in
      providing a biasing effect upon the cleansing layer 22 a pair of struts 28
      are provided interior to the C-shaped housing.
PAR  The housing 10 is generally C-shaped and is constructed of such dimensions
      so as to bias legs 16 and 18 of pad 12 into continuous abutment with the
      sides of the escalator belt for cleaning thereof. The length of bight 20
      or of the space between legs 16 and 18 is less than the width of the belt
      carrying base. Using this criteria, the inside width between the outer
      walls of housing 10 must be less than the width of the belt plus twice the
      thickness of legs 16 or 18. These dimensions will allow the flexible
      housing 10 to provide a biasing effect in combination with the cushion or
      biasing layer 24 of the pad 12.
PAR  The frame 10 terminates in two seizing portions 30, which are adapted to be
      opposed each other at the lower or under sides of the escalator belt. When
      the outer frame 10 is positioned on the belt seizing portions 30 are also
      opposed to the sides of the belt carrying base, and thereby prevent the
      housing 12 from inadvertently falling off from the belt during use.
      Seizing portions 30 extend from two opposite acting portions 32 which are
      adapted to grasp therebetween the pad 12. Elastic top portion 34, from
      which portions 32 and 30 extend, gives rise to the pressure in the
      direction of the sides of the belt against the pressure in the adverse
      direction which tends to expand the opposing acting portions 32. The frame
      10 maintains the side abutting portions 16 and 18 in abutment with the
      sides of the belt with the utilization of pressure of the oppose acting
      portions 32 in the direction of the side of the belt which is generated by
      the elastic stress of elastic portion 34.
PAR  These elastic stresses are produced since the overall configuration of the
      housing and the pad are less than the width of the belt. Materials
      suitable for providing the elastic stress includes synthetic resins,
      cardboards, sheet metal as examples. To increase the elastic stress in the
      housing 10 and to insure continuous abutment of the pad 12 with the
      escalator belt, the distance between the upper tip ends of the seizing
      portions 30 and the lower face of the bight 20 of the pad 12 is slightly
      shorter than the height of the belt.
PAR  Pad 12 is placed within the housing 10 and end plates 14 secured thereto,
      as previously described, to prevent lateral movement of the pad 12 with
      respect to housing 10 when in use. The pad 12 may be made of inexpensive
      materials so that spare pads may be inserted. Similarly, the materials of
      pad 12 may be such as to not cause serious sanitary problems in waste
      disposal. For example, layer 22 may be cotton cloth, cushion or biasing
      layer 24 may be waste paper and base 26 may be cardboard.
PAR  The escalator belt cleaner of the present invention is mounted on an
      escalator belt in a manner to seize hold and abut the belt by expanding
      the opposed acting portions 32 against the elastic stress of the elastic
      portion 34. Similarly the seizing portions 30 are opposed to both side
      portions of the lower face of the escalator belt so that the device is
      prevented from falling off. The present device is dimensioned so that the
      portions 30, 32 and 34 encompass greater than the top and two sides of the
      belt. The opposed acting portions 32 exert a force in the direction of the
      sides of the belt by action of the elastic stress of the elastic portion
      34 so that the side abutting portions 16 and 18 are maintained in perfect
      abutment with the belt's sides. Also by the action of the elastic stress
      of base 26 the upper abutting portion or bight 20 is in complete abutment
      with the belt's upper face.
PAR  In up escalators, the device is fastened to the escalator device at the
      inlet of the forward direction where the belt is passed into the interior
      of the escalator device. In down escalators, the device of the present
      invention is also fastened to the escalator device where the belt enters
      the interior of the escalator. In both up and down escalators and in
      general the position where the belt is passed into the interior of the
      escalator it is at the lower portion which is difficult to be seen and
      therefore people will seldom become aware of the escalator belt cleaner of
      the present invention fastened to the escalator belt.
PAR  The device of the present invention cleanses, disinfects, polishes, etc.,
      escalator belts continuously during the operation of the escalator by
      application of a polish, detergent, disinfectant or perfume to the pad 12.
PAR  Further embodiments of the present invention are shown in FIGS. 5-8. As
      shown in FIG. 5 for example, supplementary flanges or protrusions 36 are
      shown extending from the edge of housing 10. These flanges in combination
      with plate 14 provide a stop for the pad 12 once inserted within housing
      10. As mentioned above with respect to plate 14 the flanges 36 need only
      be placed at the back portion of housing 10. As shown in FIG. 6, in lieu
      of the struts 28, an additional support number or plate 38 is provided
      interior to the general C-shaped housing 10 generally parallel to the top
      of the escalator belt. Plate 38, as did struts 28, hold or bias the bight
      or top portion 20 of pad 12 into continuous abutment engagement with the
      top of the escalator belt.
PAR  Also provided in the embodiment of FIGS. 5-8 are a pair of ribs 40 interior
      to and extending substantially the length of the interior of housing 10.
      The ribs 40 engage the lower edge of legs 16 and 18 and prevent the total
      pad 12 from moving up and down relative to the housing 10.
PAR  As shown in FIG. 10, the escalator belt cleaner of the present invention is
      formed by inserting the pad or spare pad 12 from the forward end of
      housing 10 so that the lower edge of legs 16 and 18 ride above ribs 40 and
      the top portion 20 below plate 38 or struts 28. The pad 12 is inserted
      until it strikes flanges 36 and the plate 14. Under such conditions, the
      pad 12 within the frame 10 can be moved only forward towards the front end
      of the frame 10 and is prevented from moving right or left, up or down and
      towards the rear when in use.
PAR  As set forth hereinbefore, the escalator belt cleaner of the present
      invention is easy to attach and detach, and once it has been attached to
      the escalator device, it will continually seize hold of the escalator belt
      so as to effect cleaning the belt without any additional care until it is
      replaced. With only a little time required for attaching and detaching
      operation, the belt cleaning may be continually effected while requiring
      no assistance. For the users of escalator belt there is provided a cleaned
      and disinfected belt at all times, which is not only very preferable from
      sanitary point of view but always satisfies the users' feeling that the
      belt is clean.
PAR  The apparatus of the present invention is so simply constructed that it can
      readily be manufactured and the raw materials thereof are inexpensive. In
      addition, the pad in abutment with the belt is made replaceable, which is
      attractive to purchasers because of its reduced cost. The apparatus of the
      present invention is further advantageous in that it can dispense with
      such materials as are likely to cause sanitary harm due to waste disposal.
      The apparatus of the present invention having the foregoing functions and
      effects is an extremely superior apparatus.
PAR  From the preceding description of the preferred embodiments, it is evident
      that the objects of the invention are attained and although the invention
      has been described and illustrated in detail, it is to be clearly
      understood that the same is by way of illustration and example only and is
      not to be taken by way of limitation. The spirit and scope of this
      invention being limited only by the terms of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a moving escalator belt having a top, bottom and two
      sides and a device for cleaning said moving escalator belt, said device
      comprising:
PA1  means for cleansing and abutting said top and two sides of said belt, said
      cleansing means being generally U-shaped and including a first layer of
      cleansing agent impregnated material for abutting said belt and a second
      layer of resilient material for biasing said first layer into abutment
      with said belt; and
PA1  means engaging said cleansing means and having a generally C-shaped
      resilient housing, which encompasses more than said top and two sides of
      said belt for securing said cleansing means to said belt and biasing said
      cleansing means into continuous abutment with said top and two sides of
      said belt.
NUM  2.
PAR  2. A device as in claim 1 wherein said housing has an inside width less
      than the sum of the width of said top of said belt and twice the thickness
      of said cleansing means so as to effect said biasing.
NUM  3.
PAR  3. A device as in claim 1 wherein said housing includes at least one flange
      at a rear edge of said housing for engaging said cleansing means and
      preventing said cleansing means from lateral movement relative to said
      housing.
NUM  4.
PAR  4. A device as in claim 3 wherein said cleansing means being generally
      U-shaped and said flange engage a substantial portion of an edge of the
      bight of said U.
NUM  5.
PAR  5. A device as in claim 3 wherein said cleansing means being generally
      U-shaped and said housing includes at least two flanges each for engaging
      a portion of an edge of a leg of said U.
NUM  6.
PAR  6. A device as in claim 1 wherein said housing includes a pair of ribs
      interior to and spaced from the ends of said C for engaging an edge of
      said cleansing means.
NUM  7.
PAR  7. A device as in claim 1 wherein said housing includes a plate interior to
      said C and parallel to said top of said belt for engaging and maintaining
      a portion of said cleansing means in abutment with said top of said belt.
NUM  8.
PAR  8. A device as in claim 1 wherein said housing includes struts interior to
      said C for engaging and maintaining a portion of said cleansing means in
      abutment with said top of said belt.
NUM  9.
PAR  9. A device as in claim 1 wherein said cleansing means further comprises a
      generally third layer having said first and second layers secured thereto,
      said third layer being of a material capable of providing a degree of
      rigidity to said cleansing means.
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ABST
PAL  A method of transporting objects wherein when the presence of one or more
      object is detected in a first stock apparatus, a transfer apparatus
      adapted to transport objects picks up one of the objects from said first
      stock apparatus and transports it towards a second stock apparatus, and
      only when the presence of a space for mounting such objects in said second
      stock apparatus is detected, said transfer apparatus transfers said object
      onto said second stock apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for transporting
      such objects as electrodes, namely what are referred to as anodes and
      cathodes, which are mounted on stock apparatuses.
PAR  Up to now, for example, in a metallic salt electrolysis operation, in order
      to facilitate the operation of those mechanical devices which are provided
      to load and unload electrodes into and from the electrolysis bath, stock
      conveyors have been utilized which are designed to arrange and stock a
      suitable number of electrodes in the neighborhood of said mechanical
      devices. However, in order to perform the operations smoothly, a
      substantial number of electrodes has to be stocked on hand, requiring huge
      stock conveyors. Such huge stock conveyors carrying many electrodes are
      disadvantageous not only because the great loads require strong conveyor
      construction and driving power, but also because of the hugeness, their
      operating expense becomes great.
PAR  Accordingly, an object of the present invention is to eliminate these
      disadvantages of conventional designs by arranging several stock conveyors
      in such a manner that they are linked by an automatically travelling
      transfer apparatus provided among them, so that with a very simplified
      stock conveyor design and with relatively small driving power, not only
      said electrodes, but also similar objects can be efficiently and correctly
      arranged, stocked and transported.
PAR  Another object of the present invention is to provide a transporting
      apparatus of such a design that comprises a first stock apparatus, a
      second stock apparatus, and a transfer apparatus disposed between said
      first and second stock apparatuses, said transfer apparatus so connecting
      said two stock apparatuses that as soon as the presence of an object on
      the first stock apparatus is detected, said transfer apparatus lifts it up
      and transports it to a position above the second stock apparatus, and only
      when the presence of a space on the second stock apparatus is detected,
      said transfer apparatus then transfers its load object such as an
      electrode to the second stock apparatus, thereby even if the first and
      second stock apparatus have different speeds, a smooth transporting of
      objects is achieved without such undesirable situations developing as one
      stock apparatus being fully loaded while the other stock apparatus being
      empty, and therefore when this transporting apparatus is utilized in
      transporting electrodes to be supplied to an electrolytic cell, said
      apparatus can be freely adapted to any automatically operating electrode
      supplying devices to cause a substantial reduction of the operating
      expenses.
PAR  The present invention will be explained more particularly with reference to
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic front view of an apparatus embodying the present
      invention;
PAR  FIG. 2 is a schematic side view of a part of the apparatus shown in FIG. 1,
      illustrating the method of suspension of the handling object;
PAR  FIG. 3 is a schematic drawing showing the arrangement of the control limit
      switches installed on the apparatus shown in FIG. 1;
PAR  FIGS. 4 through 9 are electric control circuit diagrams showing the control
      circuit of the apparatus shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows an embodiment of the present invention arranged as an
      apparatus for inserting electrodes into electrolytic cells, which are not
      shown. The objects to be transported by an apparatus based on the present
      invention, namely electrodes 25 in this embodiment, are, as shown in FIG.
      2, from 30 to 50 mm in thickness and are provided with lugs 26 outwardly
      extending from their two top corners.
PAR  The illustrated embodiment of the present invention includes a first stock
      apparatus a, a second stock apparatus b, an arranging apparatus c, and a
      transfer apparatus d provided between said first and second stock
      apparatuses.
PAR  Said first stock apparatus a comprises a first stock conveyor 4
      incorporating two parallel endless belts 3 spanning driving wheels 1 and
      guide wheels with the space between the two belts nearly equal or slightly
      winder than the width of the electrode 25, and a conveyor 5 disposed at
      the inlet end, intersecting therewith at a descending inclination from a
      higher position, said first stock conveyor 4 being driven by a motor M1 as
      shown in FIG. 3, and said conveyor 5 having a plurality of hooks, not
      shown, arranged at a uniform space on the periphery thereof each of which
      hooks is adapted to suspend one each electrode.
PAR  Said second stock apparatus b comprises a second stock conveyor 9 that has
      its inlet end at a predetermined distance from the outlet end of said
      first stock conveyor 4 and that is disposed on the same plane as the first
      stock conveyor 4, said second stock conveyor 9 being made up of two
      endless belts 8 that span driving wheels 6 and guide wheels 7, in the same
      way as the first stock conveyor 4, and being driven by a motor M2 as shown
      in FIG. 3.
PAR  Said arranging apparatus c comprises an arranging conveyor 13 that has its
      inlet end at a predetermined distance from the outlet end of said second
      stock conveyor 9 and that is disposed on the same plane as the second
      stock conveyor 9, said arranging conveyor 13 being made up of two endless
      belts 12 that span driving wheels 10 and guide wheels 11, in the same way
      as the first stock conveyor 4, and being driven by a motor M3 as shown in
      FIG. 3.
PAR  Said endless belts 3, 8 and 12 incorporated respectively in said conveyors
      4, 9 and 13 are all adapted to transport the electrodes 25 by suspending
      them by the two lugs 26.
PAR  There are disposed two rails 14, extending throughout said three stock
      conveyors 4, 9 and 13 in parallel therewith at a predetermined distance
      from said conveyors 4, 9 and 13, which rails 14 are spaced above and
      outwardly of the upper conveyor belt reaches as shown in FIG. 3.
PAR  On said rails 14, there is disposed a carriage or truck 16 reciprocating
      between said stock conveyors 4 and 9, running on wheels 15, said truck 16
      constituting said transfer apparatus d, and said truck 16 being provided
      with two vertical power cylinders 17, one each disposed at each side of
      said truck 16, with their actuating rods 18 carrying at their lower ends
      hanging hooks 19 having their longitudinal axis horizontally extending
      along their travelling direction.
PAR  There is also provided a transfer apparatus 20 for transferring the
      electrodes 25, one at a time, from the outlet end of the second stock
      conveyor 9 on to the arranging conveyor 13, said transfer apparatus 20
      being provided with arms, not shown, which are driven vertically by
      vertical power cylinders 21 and which are adapted to suspend the electrode
      25, said transfer apparatus 20 being driven horizontally by means of a
      horizontal power cylinder 22. A similar horizontal power cylinder is
      provided for moving the truck 16.
PAR  There is disposed above the arranging apparatus c, a hanger 24 that is
      designed to be moved by a crane, not shown, and that is provided with a
      plurality of hanging hooks 23 at its lower portion.
PAR  FIG. 3 shows the locations of the driving systems and the limit switches
      that control those driving systems incorporated in the embodiment shown in
      FIG. 1. The locations of these limit switches will now be explained in
      conjunction with the movement of the electrodes 25 as follows:
PAR  The limit switch LS1 disposed approximately at the middle of the conveyor 5
      within the moving range of the electrode suspended from said conveyor, is
      connected to a counter circuit for counting the passing electrodes and to
      the control circuit of the first stock conveyor driving motor M1, in such
      a manner that as soon as an electrode 25 trips said limit switch LS1, said
      counter registers it, and then, when the electrode 25 descends further and
      reaches the first stock conveyor 4, the motor M1 is started.
PAR  The limit switch LS2 connected to the control circuit of said motor M1 is
      so actuated by a limit switch actuating disc connected to the motor M1
      that it is actuated to stop the motor M1 each time said disc is driven
      through a preset angle, thereby an intermittent motion is given to the
      first stock conveyor 4.
PAR  Through this intermittent motion of the conveyor 4, electrodes 25 are
      arrayed on the conveyor 4 in blocks 27 which are normally made up of 10
      electrodes arranged at a uniform distance, a plurality of such blocks 27
      being disposed, as will be described later, at a uniform spacing on the
      conveyor 4.
PAR  The limit switch LS3 installed on the first stock conveyor 4 at the forward
      end thereof, is connected to the control circuit of the motor M1 in such a
      manner that when it is tripped by the forwardmost electrode 25 on the
      first stock conveyor 4, the motor M1 is stopped.
PAR  The limit switch LS14 installed at the bottom left portion of the truck 16
      is so connected to the return motion (motion from right to left) control
      circuit of the truck 16 that when there is no electrode or there is less
      than one block 27 on the first stock conveyor 4, it is tripped by a
      stopper, not shown, installed at the left end of the conveyor, thus
      providing the return end position signal for stopping the truck 16. The
      limit switch LS15 that is installed, together with the limit switch LS18,
      to be described later, on a limit switch base, not shown, that is
      vertically movably incorporated in the truck 16 in such a position that it
      is always in the tripping range of a suspended electrode in the first
      stock conveyor 4, is connected to the return motion control circuit of the
      truck 16 in such a manner that when there are one or more blocks of
      electrodes 25 on the first stock conveyor 4, the returning truck 16 is
      stopped by the detection (by switch LS15) of the extreme right electrode
      25 at such a position as suitable to pick up the block 27 in which the
      detected electrode belongs.
PAR  The limit switches LS16 and LS17, installed on the truck 16 are connected
      to the control circuit of the vertical movement power cylinders 17 that
      drives the electrodes hanging hooks 19 in such a manner that when they are
      tripped during the ascending or descending movement of the hooks, the hook
      motion is interrupted, thereby the upper stroke end and the lower stroke
      end are defined for the hooks. The block 27 is engaged with and freed from
      the hooks 19 at an approximate middle position in this hook stroke.
PAR  The limit switch LS13 installed at the bottom right portion of the truck
      16, serves to provide an interlocking function for the hook descending
      power cylinders 17, whereby it is installed in such a position that when
      the truck 16 is in a forward travelling motion, it is tripped by a stopper
      that is provided at such a position near the left end of the second stock
      conveyor 9 that there is a distance corresponding to the space of
      approximately one block 27 of the electrodes from the left end of the
      conveyor, with the result that the truck 16 advancing (from left to right)
      with one block 27 of electrodes suspended therefrom is not allowed to
      operate the switch for the power cylinder 17 unless at least said limit
      switch LS13 reaches the position to be tripped by said stopper or moves
      past it, and furthermore, even if said limit switch LS13 is tripped, the
      hook 19 still does not descent as long as the truck 16 is kept in motion,
      whereby the hook 19 is automatically lowered to transfer the block 27 of
      electrodes only immediately after the truck 16 is brought to a stop.
PAR  The limit switch LS18' installed at the upper right end of the truck 16 is
      connected to the forward motion control circuit of the truck 16 in such a
      manner that when there is no electrode 25 on the second stock conveyor 9,
      said limit switch LS18' is tripped by a stopper provided at the right end
      of said conveyor 9, with the result that a forward stroke end signal is
      produced and the truck 16 is stopped at that position. The limit switch
      LS18 installed on the limit switch base is connected to the forward motion
      control circuit of the truck 16 in such a manner that when there is at
      least one electrode 25 on the second stock conveyor 9, it is tripped by
      the leftmost electrode 25 on said conveyor to stop the truck 16, before
      the limit switch LS18' is tripped by its stopper, with the result that the
      hooks 19 are allowed to descend and transfer the block 27 of electrodes in
      the position next to said electrode 25 on the conveyor 9. When the second
      stock conveyor 9 is fully loaded with electrodes or when there is only a
      space of size less than one block of electrodes, the advancing truck 16 is
      stopped as soon as the limit switch LS18 detects the leftmost electrode on
      the conveyor, but because at this time, the limit switch LS13 is still
      short of its stopper so that the control circuit of the hooks 19
      descending power cylinders is still kept open, even when the truck 16 is
      stopped, the hooks 19 do not descend. The truck 16 is thereafter allowed
      to move forward stepwise in phase with the reduction of the electrodes 25
      on the conveyor 9, until at last it moves so far to the right that the
      limit switch LS13 is tripped by its stopper, whereupon the truck 16 stops
      and simultaneously the hooks 19 descend to transfer the block 27 of
      electrodes on to the conveyor 9.
PAR  The limit switch LS19 is installed on the truck 16 in the moving range of
      the limit switch base and is connected to the lift motion control circuit
      of the limit switch base in such a manner so as to provide the upper
      stroke limit for said base during its upward movement, which is initiated
      simultaneously with the initiation of a backward motion of the truck 16,
      which in turn is initiated by the closing of the limit switch LS17 which
      takes place when the truck 16, appropriately positioned over the stock
      conveyor 9, lowers the hooks 19 first to transfer a block 27 of electrodes
      onto the stock conveyor 9, and further lowers finally to actuate the limit
      switch LS17. Said limit switch base automatically descends after a preset
      time. The reason for this lifting of the limit switch base is that if it
      is left in its lower position when the truck 16 returns, the limit switch
      LS15 installed on it is tripped by the block 27 that has been just
      transferred on the second stock conveyor 9 with the result that the truck
      16 is stopped. It is necessary that at least during the time the truck 16
      moves over this block 27, the limit switch base be lifted clear of the
      block, and then lowered again so as to detect electrodes 25 on the first
      stock conveyor 4.
PAR  The limit switches LS4 (A, B) installed one each on each side of the belts
      8 at the right end of the second stock conveyor 9 are connected to the
      control circuit of the driving motor M2 of that conveyor in such a manner
      that only when both the limit switches LS4 (A, B) are tripped by an
      electrode, the motor M2 stops, and the motor keeping on running when only
      one of the limit switches LS4 is tripped, with the result that any skew
      hanging position of an electrode on the belts 8 is thereby corrected.
PAR  The limit switches LS5, LS6, LS7, LS8 and LS9 all installed on the transfer
      apparatus 20 are all related to the control circuit of the transfer arm of
      that transfer apparatus 20 and operates as follows: When said arm trips
      the limit switch LS5 while the limit switches LS4 (A, B) are being tripped
      by an electrode 25, immediately, this arm is set in a lifting motion; on
      its way said arm takes picks up said electrode and lifts it up further
      until said arm trips the limit switch LS6 at its upper stroke end;
      thereupon, said arm starts to move forward (moves from left towards right)
      keeping its height, and moves on until it trips the limit switch LS7 when
      it reaches a position above the arranging conveyor 13 of the arranging
      apparatus c. Because said limit switch LS7 is related not only to the arm
      control circuit but also to the control circuit of the conveyor 9 driving
      motor M2, when said arm trips said switch LS7, not only the arm starts to
      descend immediately, but also the motor M2 is started to drive the second
      stock conveyor 9, with the result that a next electrode 25 is carried
      forward until it trips the two limit switches LS4 (A, B) and is stopped by
      them. On the other hand, said arm keeps on its descending motion,
      transferring the electrode onto the arranging conveyor 13 on its way,
      until it trips the limit switch LS8 at its lower stroke end; because this
      limit switch LS8 is related not only to the arm control circuit but also
      to the control circuit of the arranging conveyor 13 driving motor M3, when
      it is tripped, not only said arm starts to move backward (motion from
      right towards left), but also the motor M3 is started to drive the
      arranging conveyor 13, thereby sending the electrodes 25 which are found
      on the arranging conveyor 13 forward. When the returning arm reaches its
      left stroke end, it trips the limit switch LS5 which in turn initiates the
      upward motion of said arm; because by this time, an electrode has been
      sent to the position of the limit switches LS4 (A, B) and the second stock
      conveyor 9 is at a standstill, the rising arm lifts this electrode on its
      way and thus the series of motions just described is started again. The
      limit switch LS10 installed on a disc that is connected to the motor M3 is
      connected to the control circuit of the motor M3 in such a way that each
      time the disc is rotated through a predetermined angle, the motor is
      stopped, thereby the arranging conveyor 13 is driven in an intermittent
      motion, with the result that the electrodes 25 transferred from the
      transfer apparatus 20 by the transfer arm one by one are arranged at
      approximately uniformly spaced intervals on the arranging conveyor. The
      limit switch LS11 installed at the right end of said arranging conveyor 13
      is related to the control circuit of the motor M3 in such a way that when
      an electrode 25 reaches the right end position, tripping the limit switch
      LS11, the motor M3 is stopped and the arm of the transfer apparatus 20 is
      stopped upon tripping the limit switch LS7. The limit switch LS9 installed
      between the limit switches LS7 and LS8 may be connected to the control
      circuit of the arranging conveyor 13 driving motor M3 in such a way in
      replacement of the limit switch LS8, that it starts the conveyor driving
      motion of the motor M3 as soon as the arm of the transfer apparatus 20
      transfers an electrode 25 onto the arranging conveyor 13, thereby somewhat
      reducing the time required to start the transfer conveyor from the
      previously described method wherein the limit switch LS8 is connected to
      the control circuit of the motor M3. In this way, when the arranging
      conveyor 13 is fully loaded with electrodes 25 or a sufficient number of
      electrodes are arranged on it to be lifted by the hanger 24, the whole
      electrodes are lifted by the hooks on the hanger 24, for the purpose of
      bringing it to and inserting in an electrolytic cell or in other devices.
PAR  Now those motions of the embodiment shown in FIG. 1 will be described in
      reference to the circuit diagrams shown in FIGS. 5 through 10, wherein
      each line is identified by one of the numbers 20 through 77 attached at
      one end thereof, relays related to contacts X0, X2 . . . and MS1, MS2 . .
      . are represented by X/0, X/2 . . . and MS/1, MS/2, time delay contacts
      and their related timer relays are represented by TY1, TY2 . . . , and
      push buttons are control circuit diagrams mainly related to the first
      stock apparatus a, FIGS. 6 and 7 are control circuit diagrams mainly
      related to the transfer apparatus d, and FIGS. 8 and 9 are control circuit
      diagrams mainly related to the second stock apparatus b and the arranging
      apparatus c.
PAC  1. Arrangement of electrodes or other objects on the first stock apparatus
      a
PAR  As cast electrodes 25 are delivered to the conveyor 5, they are hung on the
      hooks provided thereon, one by one, and are sent down at a uniform space
      towards the first stock conveyor 4 located beneath it. In their way down,
      when they trip the limit switch LS1, the relay X/1 in the line 22 (object
      detection line) closes contact X1 in the line 26 (counter line) thereby
      counting the number of electrodes that passed the limit switch LS1, and at
      the same time, energizes the timer TY4 in the line 22. The timer TY4 is so
      adjusted that after an electrode 25 descending on the conveyor 5 trips the
      limit switch LS1, just coinciding with the transfer time of the electrode
      onto the first stock conveyor 4, said timer TY4 is actuated to close the
      time delay contact TY4 in the line 24 (control line for the first stock
      conveyor 4), thereby starting the motor M1 through the relay MS/1 and thus
      starting the first stock conveyor 4. Then, when the first stock conveyor
      carries the received electrode through 20 to 50 mm, the limit switch LS2
      is tripped thereby closing the contact X2 on the line 24 by the actuation
      of the relay X/2, and consequentially deenergizing the relay MS/1 to stop
      the motor M1. By repeating these motions, on the first stock conveyor 4,
      the number of electrode suspended at a regular interval is steadily
      increased until there are 10 electrodes that form one block 27. When the
      last electrode 25 forming one block trips the limit switch LS1, in
      addition to the abovementioned functions, the contact K on the line 27
      (block detection line) is closed by a command from the counter line 26,
      with the result that because the contact X23 on the line 24 is closed by
      the relay X/23, the first stock conveyor driving motor is kept in an
      operable state even when the contact X2 on the same line is opened by the
      actuation of the limit switch LS2. On the other hand, by the actuation of
      the timer TY2 on the line 27, the time-delay contact TY2 is switched over
      with the result that current is sent through the time delay contact TY5 --
      the motor M1 is driven -- the first stock conveyor 4 is driven, -- then
      one block 27 is sent through approx. 200 mm. At this time, through the
      actuation of the timer TY5, the time delay contact TY5 on the line 27 is
      opened -- relay X/23 is deenergized -- contact X23 on the line 23 opens --
      then, motor M1 is stopped. In this way, when the first electrode 25 of the
      next block arrives at the first stock conveyor 4, there is approx. 200 mm
      space after the last electrode 25 of the last block 27, and there will be
      always a uniform interval between all subsequent blocks 27. By repeating
      these motions, finally, several blocks of electrodes, each block 27
      consisting of a uniform number of electrodes, will be arrayed at a uniform
      interval on the first stock conveyor 4. The blocks of electrodes arrayed
      on the first stock conveyor 4 are transported in this way towards the
      right until the foremost electrode 25 of the foremost block 27 trips the
      limit switch LS3, whereupon the relay X/3 in the line 28 (full load
      detection line for the first conveyor 4) is actuated to open the contact
      X3 on the line 23, and thereby to stop the motor M1. The conveyor 5 is
      stopped similarly thereby.
PAC  2. Conveying electrodes through transfer apparatus d
PAR  i. Transfer of blocks 27 from the first stock conveyor to the truck 16
PAR  The truck 16 is provided with two hanging hooks 19 which are actuated by
      the hydraulic cylinders 17, and which are always positioned underneath the
      lugs 26 of the electrodes 25, as shown in FIG. 2, in such a way that
      whenever the hooks 19 are lifted, the block 27 of electrodes can be
      immediately lifted. If there is no electrode 25 or there are only
      electrodes less than one block, when the truck 16 moves towards the left
      end of its stroke, the limit switch LS14 is tripped by said stopper
      installed at the left end thereby opening the contact X14 on the line 51
      (return control line for truck) by the action of the relay X/14 on the
      line 30 (truck return limit detection line), thereby deenergizing the
      relay X/35 to open the contact X35 on the line 52, with the result that
      the truck 16 is stopped and kept in the stopped condition until one block
      27 of electrodes will be accumulated. When sufficient number of electrodes
      to form one block 27 is mounted on the first stock conveyor 4 and the
      foremost electrode 25 comes in contact with the limit switch LS15, the
      contact X15 on the line 36 (hook lifting control line) is closed by the
      relay X/15 on the line 34 (object detection line), thereby the contact X31
      on the line 37 is closed by the relay X/31, with the result that the
      hydraulic valve SOL1U is actuated to drive the cylinders 17, to lift the
      hooks 19, suspending the complete block 27. When the hooks trip the limit
      switch LS16 at the upper stroke end of the hooks, the contact X16 on the
      line 36 is opened by the relay X/16 on the line 38 to stop the hook
      lifting motion, and simultaneously the contact X16 on the line 40 is
      closed so that the hydraulic valve SOL2U is energized with the result that
      hydraulic fluid is supplied to a horizontal power cylinder so that the
      truck 16 is driven forward with one block 27 of electrodes suspended
      therefrom.
PAR  If one or more blocks of electrodes are arrayed on the first stock conveyor
      4 when the truck 16 moves from right to left, the limit switch LS15 is
      tripped by the forwardmost electrode of the forwardmost block 27, before
      the limit switch LS14 is tripped by the stopper, with the result that the
      contact X15 on the line 51 is opened by the relay X/15 on the line 34, to
      stop the return motion of the truck 16 and the contact X15 on the line 36
      is closed to lift the hooks 19, thereby lifting the block 27 of electrodes
      and sending the truck forward in the same sequence as in the previously
      described case.
PAR  ii. Transferring the block 27 from the truck 16 on to the second stock
      conveyor 9
PAR  When the truck 16 moves forward towards the second stock conveyor 9, if
      there is no electrode 25 on the second stock conveyor, first, the limit
      switch LS13 is tripped by a dog disposed on the second stock conveyor 9 at
      a distance approximately corresponding to the space of the suspended block
      27, from the left end of conveyor 9, thereby the interlock is released by
      the closing of the contact X13 on the line 44 (hook descend control line)
      by the relay X/13 on the line 29 (hook descend interlocking line), and
      then, the truck 16 moves on further forward until the limit switch LS18'
      is tripped by the stopper provided at the right end of the second stock
      conveyor 9. The tripping of the limit switch LS18' then results in the
      actuation of the relay X/18 on the line 42 (truck forward limit position
      detection line) -- opening the contact X18 on the line 40 -- deenergizing
      the relay X/32 -- opening the contact 32 on the line 41 -- deenergizing
      the hydraulic valve SOL2U -- stopping the truck 16, and simultaneously,
      closing the contact X18 on the line 44 -- closing the contact X33 on the
      line 45 by the relay X/33 -- energizing the hydraulic valve SOL1D --
      lowering the hooks 19. In descending, the hooks transfer the block 27 onto
      the second stock conveyor 9, but goes on descending until it trips the
      limit switch LS17 at the lower end of its stroke, whereupon opening the
      contact X17 on the line 44 by the relay X/17 on the line 46 -- opening the
      contact X33 on the line 45 by deenergizing the relay X/33 -- deenergizing
      the hydraulic valve SOL1D -- stopping the descending motion of the hooks
      19, at the same time, closing the contact X17 on the line 48 (limit switch
      base lift cylinder driving line) -- closing the contact X34 on the line 49
      by the relay X/34 -- energizing the hydraulic valve SOL3 -- lifting the
      limit switch base. The limit switch base trips the limit switch LS19 at
      its upper stroke end thereby closing the contact X19 on the line 52 by the
      relay X/19 on the line 50 (limit switch base upper limit detection line)
      -- closing the switch X35 on the line 53 by the relay X/35 -- energizing
      the hydraulic valve SOL2D -- driving the truck 16 backward, on the other
      hand, the timer TY2 on the line 48 opens the time delay contact TY2 after
      a preset time -- deenergizing the relay X/34 -- opening the contact X34 on
      the line 49 -- deenergizing the hydraulic valve SOL3 -- the limit switch
      base descends to the original position.
PAR  If there are one or more electrodes on the second stock conveyor 9 the
      advancing truck 16 first has the limit switch LS13 tripped by the stopper
      on the second stock conveyor 9, thereby releasing the interlock on the
      descending motion of the hooks 19, as before, then the truck 16 moves on
      further so that the limit switch LS18 is tripped by the leftmost electrode
      25 on said stock conveyor 9, before the limit switch 18' is tripped by the
      stopper at the right end of said conveyor. Thereupon the truck 16 is
      stopped by the actuation of the relay X/18 on the line 42, and at the same
      time, the hooks 19 are lowered, thereby the block 27 is transferred onto
      the second stock conveyor 9 and the truck starts to return as in the
      previous case.
PAR  If the second stock conveyor 9 is fully loaded with electrodes or if there
      is only a space smaller than one block space, the limit switch LS18 on the
      advancing truck 16 is tripped by the leftmost electrode on the second
      stock conveyor 9, before the limit switch LS13 is tripped by the stopper,
      thereby the truck 16 is stopped because the contact X18 on the line 39 is
      opened by the relay X/18. However, in this case, although the contact X18
      on the line 44 is closed by said relay X/18, because the limit switch LS13
      is still open and therefore the relay X/13 on the line 29 is not
      energized, the contact X13 on the line 44 is kept open, with the
      consequence that even when the truck 16 is stopped, the hooks 19 remain at
      their upper positions. Thus, the truck 16 is left in that position
      motionless, only to be driven forward as the electrodes on the second
      stock conveyor 9 are reduced. Only when the truck 16 moves so far forward,
      advancing stepwise, as to have its limit switch LS13 tripped by the dog,
      then, the contact X13 on the line 44 is closed, this closing signifying
      the presence of a sufficient space for one block of electrodes on the
      stock conveyor, thereby the hooks descend first to transfer the block on
      the conveyor and then to retreat.
PAC  3. Movement of electrodes or other objects on the second stock apparatus b
      and on the arranging apparatus c
PAR  When the block 27 transferred onto the second stock conveyor that
      constitutes the principal member of the second stock apparatus b from the
      truck 16 arrives at the right end of said conveyor, through the
      intermittent driving motion thereof, the block trips both the limit
      switches LS4 (A, B), thereby actuating the relays X/4B and X/4A on the
      lines 58 and 59 respectively to open the contacts X4A and X4B on the line
      57 (control line of the second stock conveyor 9), with the result that the
      relay MS/2 is actuated to stop the motor M2 and consequently to stop the
      second stock conveyor 9. However, because at this time, in the electrode
      suspension region underneath the position of said limit switches LS4 (A,
      B), the arm (not shown) of the transfer apparatus 20 is stationed in
      readyness, keeping the limit switch LS5 in a tripped condition, thereby
      keeping the contact X5 on the line 62 (arm lift cylinder control line) of
      the relay X/5 on the line 60 in the closed condition, when said relays
      X/4A and X/4B close their contacts X4A and X4B on the line 62, thereby the
      relay X/24 closes its contact X24 on the line 63, the hydraulic valve SOL1
      is energized to lift the arm of the apparatus 20, which arm picks up one
      electrode 25 on its way. At the upper stroke end, the arm trips the limit
      switch LS6, thereby actuating the relay X/6 on the line 64 which closes
      its contact X6 on the line 66 (arm advance cylinder control line), thereby
      the relay X/25U energizes the hydraulic valve SOL2, which drives the arm
      towards the right without letting it to descend until the electrode 25 is
      carried to the right stroke end of the arm above the arranging conveyor
      13. At this position, the electrode trips the limit switch LS7, which then
      actuates the relay X/7 on the line 68 to open the contact X7 on the line
      65, with the result that the arm stops its advance motion, and
      simultaneously, because the contact X7 on the line 61 is opened, the
      hydraulic valve SOL1 is deenergized so that the arm transfer is lowered
      automatically. At the same time, because the contacts X7 on the line 58
      and on the line 59 are also opened when the relay X/7 is energized, relays
      X/4A and X/4B are deenergized, thereby the contacts X4A and X4B on the
      line 57 are closed, the motor M2 is again driven through the relay MS/2,
      thereby the next electrode is sent up to where it trips the limit switches
      LS4 (A, B), stopping the second stock conveyor 9 as before. In the
      meantime, the descending arm transfers the electrode it carried onto the
      arranging conveyor 13 on its way down, and then, descending further, trips
      the limit switch LS8 at the lowest point of its stroke, thereby closing
      the contact X8 on the line 71 (arm retreat cylinder control line) by its
      relay X/8 on the line 69, and consequently closing the contact X25D on the
      line 72 by its relay X/25D to energize the hydraulic valve SOL3, which
      makes the transfer arm move back from right towards left. Simultaneously,
      the contact X25D on the line 75 (control line of the arranging conveyor)
      of said relay X/25D is closed, thereby the relay MS/3 drives the motor M3,
      which in turn drive the arranging conveyor 9 forward, consequently sending
      the electrode 25 transferred from the arm forward. On the other hand, the
      retreating arm trips the limit switch LS5 again at its left stroke end,
      thereby closing the contact X5 on the line 62 by its relay X/5 on the line
      60, and consequently lifting the arm immediately, which in its way upward,
      picks up an electrode 25 as before, thus initiating another transfer cycle
      of the electrode onto the arranging conveyor 13. In the meantime, when the
      motor M3 drives the arranging conveyor through a predetermined distance, a
      disc mounted on the shaft of the motor M3 trips the limit switch LS10,
      which actuates the relay X/10 on the line 76 to open its contact X10 on
      the line 74, which deenergizes the relay MS/3 to stop the motor M3, with
      the result that there is a predetermined space made before the electrode
      that comes onto the arranging conveyor next. In this way, all the
      electrodes on the arranging conveyor 13 are arranged at a uniform spacing,
      and are conveyed forward, until the foremost electrode trips the limit
      switch LS11, whereupon the relay X/11 on the line 77 (electrode full load
      detection line) is energized to open the contact X11 on the line 65, with
      the result that the arm forward driving cylinder is kept motionless even
      when the arm, rising with a next electrode, trips the limit switch LS6 to
      close the contact X6 on the line 66. If there is no electrode on the
      second stock conveyor 9, because the contact X5 is connected in series
      with the contact X4A and X4B on the arm lift conveyor between the power
      source, unless the contact X4A and X4B are closed by an electrode, even
      when the contact X5 is closed, the arm is prevented from rising and is
      kept in its lower position in readyness for a next motion. It should be
      noted furthermore, that while in the foregoing description, the contact
      25D in the line 75 (control line for the arranging conveyor 13) is assumed
      to be closed as a consequence of the tripping of the limit switch LS8, if
      the limit switch LS9 is re-arranged so as to be tripped by the arm just
      when it has transferred an electrode onto the arranging conveyor 13 on its
      descending stroke carrying that electrode, and further if the contact X25D
      on the line 75 is replaced by a contact X9 so that this contact on the
      line 75 is closable by the actuation of the relay X/9 on the line 73, the
      arranging conveyor 13 is set in motion already before the limit switch LS8
      is tripped, thereby some advantage is gained from the accelerated function
      of the arranging conveyor 13. When the arranging conveyor 13 becomes fully
      loaded, the whole electrodes on it are lifted by the hanger 24 disposed
      thereabove, with the result that the limit switch LS11 is opened, thereby
      deenergizing the relay X/11 to close the contact X11 on the line 65 which
      enables the advance motion of the transfer apparatus and consequently
      enables the same cycle of operations as before. While a few embodiment of
      the invention have been illustrated and described in detail above, it is
      particularly understood that the invention is not limited thereto or
      thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of transporting articles, particularly electrode plates,
      comprising the steps of:
PA1  providing a first conveyor having a first endless conveyor belt adapted to
      have said articles deposited thereon and transported thereby, said first
      belt having a substantially horizontally extending upper reach with a
      loading station and a discharge station associated therewith for
      respectively permitting articles to be deposited on and removed from the
      first belt;
PA1  sequentially depositing said articles one-by-one on said first conveyor
      belt at said loading station;
PA1  intermittently moving said first belt and the articles deposited thereon in
      timed relationship with the depositing of articles on said first belt so
      that the articles as deposited on said first belt are located in
      succession one after the other with a predetermined uniform distance
      between each pair of adjacent articles, the intermittent moving of said
      first belt causing said articles to be advanced toward said discharge
      station;
PA1  providing a second conveyor having a second endless conveyor belt
      associated therewith and adapted to have groups of said articles deposited
      thereon and transported therealong, each said group containing a
      preselected number of adjacent and aligned articles, said second belt
      having a substantially horizontally extending upper reach with supply and
      removal stations associated therewith for respectively permitting the
      articles to be deposited on and removed from said second belt;
PA1  providing transfer means disposed above and movable back and forth between
      said first and second conveyors for transferring articles from said first
      belt to said second belt;
PA1  moving said transfer means in a rearward direction from said second belt
      toward said first belt and then stopping said transfer means (1) upon
      sensing the frontmost article of a group as supported on said first
      conveyor belt, or (2) upon reaching a predetermined position relative to
      said first conveyor belt without having sensed the presence of a said
      group;
PA1  after stoppage of said transfer means, transferring said group from said
      first conveyor to said transfer means by lifting said group upwardly
      through a preselected distance so that said group is removed from said
      first belt and is supported on said transfer means;
PA1  moving said transfer means containing thereon said group of articles in a
      forward direction toward said second conveyor until said group is
      positioned over and spaced upwardly from the upper reach of said second
      belt;
PA1  maintaining said group on said transfer means while continuing the forward
      movement of said transfer means until said transfer means senses the
      presence of a preselected space on said second belt of a size capable of
      permitting said group to be deposited on said second belt;
PA1  continuing the forward movement of said transfer means, while maintaining
      said group of articles supported thereon, and then stopping the forward
      movement of said transfer means (1) upon sensing the rearmost group of
      articles on said second belt or (2) upon reaching a preselected position
      relative to said second conveyor;
PA1  after stoppage of said transfer means, then transferring said group from
      said transfer means to said second belt by moving said group downwardly
      until it is deposited and supported on said second belt; and
PA1  then moving said transfer means rearwardly toward said first conveyor upon
      detecting the completion of the transfer of said group to said second belt
      to permit the initiation of a further cycle of operation.
NUM  2.
PAR  2. A method according to claim 1, including the additional step of:
PA1  moving said first belt forwardly through a greater distance after said
      preselected number of articles have been positioned on said first belt
      before permitting a further article to be deposited on said first belt,
      whereby the articles as deposited on said first belt are collected in said
      groups with said groups being spaced apart by a preselected uniform
      distance which is greater than the spacing between the adjacent articles
      within said group.
NUM  3.
PAR  3. A method according to claim 2, including the additional step of:
PA1  stopping said transfer means containing thereon said group when said
      transfer means is being moved in said forward direction and said transfer
      means senses the rearmost group of articles on said second belt prior to
      sensing the presence of said preselected space, and then continuing the
      forward movement of said transfer means as the rearmost group of articles
      on said second belt advances until said transfer means senses the presence
      of said preselected space.
NUM  4.
PAR  4. A method according to claim 1, including the additional steps of:
PA1  providing a third conveyor having a third endless conveyor belt adapted to
      have said articles deposited thereon and transported therealong, said
      third belt having a substantially horizontally extending upper reach;
PA1  providing second transfer means disposed above and movable back and forth
      between said second and third conveyors for transferring articles from
      said second belt to said third belt;
PA1  moving said second transfer means in a rearward direction from said third
      belt toward said second belt;
PA1  stopping the rearward movement of said second transfer means when
      positioned over the discharge end of said second belt;
PA1  transferring a single one of said articles from said second belt to said
      second transfer means by lifting said single article upwardly a
      preselected distance so that said article is removed from said second belt
      and is supported on said second transfer means;
PA1  moving said second transfer means containing said single article thereon in
      a forward direction toward said third conveyor until said article is
      positioned over and spaced upwardly from the upper reach of said third
      belt, and then stopping the forward motion of said second transfer means;
PA1  transferring said single article from said second transfer means to said
      third belt by moving said article downwardly until it is deposited and
      supported on said third belt; and
PA1  then moving said second transfer means rearwardly toward said second
      conveyor to permit a further article to be removed from said second belt.
NUM  5.
PAR  5. A method according to claim 4, including the additional steps of:
PA1  intermittently moving said second belt through a preselected distance
      during each cycle of the second transfer means to thereby advance the
      endmost article on the second belt into a discharge position wherein it
      can be transferred to said second transfer means; and
PA1  intermittently moving said third belt and the articles deposited thereon in
      timed relationship with the depositing of articles on said third belt so
      that the articles as deposited on said third belt are located in
      succession one after the other with a predetermined uniform distance
      between each pair of adjacent articles.
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ABST
PAL  A device for delivering items such as stacks of cheese slices from an
      intermittently operating feed device to a rapidly and regularly operating
      packaging machine. A series of rollers feed the items regularly at lower
      speed to the packaging device after having received these items at higher
      speed from the intermittent feed device. A control unit controls the
      speeds of individual rollers to cause their speeds to change in a
      pre-determined sequence from the low speed to the high speed in a way
      which minimises spacing between successive articles.
BSUM
PAR  The invention relates to a device for conveying articles requiring careful
      handling, for example cheese slices, which have to be conveyed quickly
      from an intermittently working discharge device to a rapidly and regularly
      operating packaging machine. Machines of the form-fill-seal type, into
      which the articles have to be moved at a steady speed and following each
      other closely are of this type.
PAR  Form-fill-seal machines, as is well known, work according to a method in
      which one or two webs of a moving material are shaped into a moving tube,
      a transverse heat-sealing operation is carried out, the article to be
      packed is placed into the pocket formed in this way, and a further
      heat-sealing operation is subsequently carried out so as to close the
      first filled pocket by sealing it and forming a subsequent pocket. In some
      cases this type of machine is designed for horizontal forming, whilst in
      others the method of operation is vertical.
PAR  The present invention relates to an apparatus which is particularly suited
      for the delivery of articles to the above-mentioned horizontal type of
      machine.
PAR  Where the delivery or feed device, for example a cheese slicing and
      stacking machine, works intermittently an accumulator conveyor can be used
      which, by means of a speed adjustment device controlled by a
      photo-electric cell, enables a row or queue of articles to accumulate,
      which move at a constant speed, the articles at the end of the queue being
      fed in arbitrarily at a higher speed. A machine of this type is known from
      U.S. Pat. No. 3,187,878; with this known machine the articles must,
      however, be conveyed at the end of the system to a second conveyor moving
      at right angles beneath the first one whilst maintaining wide spaces
      between the articles.
PAR  This method is not suitable for cheese slices, as the fast change of
      direction could upset the stacks, nor for stacks which have to be conveyed
      to a form-fill-seal machine direct without any intervening steps being
      taken.
PAR  A solution to this problem has been suggested in published Belgian Patent
      No. 767,497 of which applicant is inventor. In this Belgian patent
      (corresponding to Canadian Pat. No. 934,964) the articles, which have been
      assembled to form a queue by means of a series of accumulation conveyors,
      are arranged to be fed out intermittently by means of a series of rollers,
      starting at the front of the row or queue. Each roller has its own driving
      motor with two operating speeds and its own photocell detector system
      which controls the speed of the roller in question and thus the extent to
      which the articles are moved forward by the system. The latter is
      synchronised with the form-fill-seal machine and enables the clearance or
      gap between successive articles to be reduced.
PAR  In practice, however, the use of a separate photocell for each roller has
      proved to be unduly complex where the size of the different slices was
      much the same, so that the equipment was more expensive and less reliable
      than was desirable. In particular the question of reliability proved to be
      a problem, as a fault in just one of the photocells would lead to the
      unsatisfactory performance of the entire equipment.
PAR  It has meanwhile been found that, since the sequence of operation of the
      successive rollers is always the same when two successive articles are fed
      through, it is not necessary for each roller to have a photocell control
      of its own. The invention therefore provides for a device for delivering
      successive articles to a packaging machine comprising a series of rollers
      each of which is driven by its own motor and arranged so that an article
      is supported and conveyed jointly by a number of successive rollers as it
      passes through the device, and control means for the control of each
      roller individually to effect a first stage of transport in the course of
      which the article is fed into the device and taken to a synchronisation
      position at a high speed, and to effect a second stage of transport in the
      course of which the article is fed out of the device at a low speed in
      response to a synchronisation signal from the packaging machine, said
      control means incorporating a timing unit which is arranged to control the
      speeds of the rollers in such a way that an article is moved out from the
      synchronisation position at the low speed and subsequently to change the
      speeds of successive rollers over from the low speed to the high speed at
      subsequent and predetermined time intervals after activation of the
      control means, so as to enable a subsequent article to be moved into the
      synchronisation position at the high speed, whilst the preceding article
      is still being fed out of the device at the low speed.
PAR  The timing device can control the times of operation and speeds of the
      rollers electronically or electromechanically. To this end RC timing
      circuitry or rotary-cam actuated switches can be used. The device is
      preferably used in conjunction with a horizontal form-fill-seal machine,
      and for conveying the articles away from the series of rollers at
      intervals to coincide with the strokes of the form-fill-seal machine.
PAR  Preferably the device will comprise a series of belt conveyors for
      accumulating the articles ready for feeding them to the series of rollers.
DRWD
PAR  An embodiment of the invention is described below by way of example with
      reference to the diagrams, in which
PAR  FIG. 1 is a side elevation of a conveyor according to the invention;
PAR  FIG. 2 is a plan view of the conveyor including a block circuit diagram;
      and
PAR  FIG. 3 is a complex graph showing the velocities of the rollers while
      articles are conveyed.
DETD
PAR  The device comprises a series of rollers 1, 2, 3, 4, 5, 6, 7, each carried
      in bearings 8 and driven by separate motors, 9, 10, 11, 12, 13, 14, 15.
      The rollers lead on to a web of packaging material 16 carried on a roller
      17 and forming the first stage of a horizontal form-fill-seal packaging
      machine (the remainder of this form-fill-seal machine is conventional and
      of well known form such as is described in Modern Packaging Encyclopaedia
      July 1971 issue at pages 448 to 456. )
PAR  Leading on to the rollers (1 to 7) are a series of belt conveyors 18 of
      which the first 18' is shown in full and the second 18" is shown
      fragmented. Any number of further belt conveyors similar to those shown
      may be provided in sequence back up the line.
PAR  Each belt conveyor is carried on rollers mounted in bearings 8 and has its
      own separate driving motor 19', 19" etc.
PAR  The motor for the individual rollers (1 - 7) each have either one or two
      operating speeds, fast and/or slow, the belt conveyor motors 19', 19" etc.
      each having the higher operating speed while the packaging film motor has
      the lower speed. In each case the motors, except the motor of the
      packaging machine, are step wound so as to be able to change in speed
      between the stationary condition and the low and high operating speeds at
      a constant rate of acceleration or deceleration. In principle other motors
      are also possible, e.g. direct-current motors, although step-wound motors
      are preferred as they are readily controlled by altering the supply
      frequency.
PAR  In the diagram the web 16 is shown as being driven by a roller 17 mounted
      in bearings 8 and a driving motor 20. In practice the driving arrangements
      for the web 16 will be determined by the particular form-fill-seal machine
      used, and in consequence may differ slightly from that shown.
PAR  Having described the mechanics of the conveyor, the control means will now
      be described.
PAR  Separate light beam sources 21, 22, 23', 23", are provided to direct beams
      of light across the photocell detectors 24, 25, 26', 26".
PAR  The light source and detector combination 21, 24 is the conventional one
      supplied with the form-fill-seal machine to react to a synchronisation
      mark on the web 16. The source and detector 22, 25 is located so that the
      beam is broken by the presence of an article, generally a cheese slice or
      stack of slices, cuting across the beam and carried on the rollers 1 to 7.
PAR  A source and detector 23', 26' is provided for the belt conveyor 18' and
      again reacts to the presence of an article cutting across the beam and
      carried by the conveyor 18'. Similar source and detector combinations 23",
      26" etc. are provided for each belt conveyor 18" etc. further back up the
      line.
PAR  The outputs from each of the photocell detectors 24, 25, are fed to
      synchronisation unit S, and synchronisation signals dependent on the
      passage of a synchronisation mark on the web, and on the presence or
      absence of an article on the set of rollers 1 to 7 are then fed to a
      timing and control unit TC.
PAR  The output of the photocell 26' is fed to a conveyor-synchronisation unit
      BSI and from there both to the driving motor 19' of the appropriate
      conveyor and to the driving motor 19" of the preceding belt conveyor. In
      the same way the photocell system of the belt conveyor controls the
      appropriate motor and the motor of the preceding conveyor for each of the
      belt conveyors situated further back up the line. Each motor 19 is
      designed and fitted so as to enable it to convey at high speed and to stop
      if an article cuts across the appropriate photocell beam, and when the
      subsequent path is not free, or until it is free. Each belt or
      conveyor-synchronisation unit is provided with the usual amplifier and
      circuitry to enable this method of operation to be carried out. The
      articles are thus taken to the rollers 1 to 7 at high speed, are halted
      and in this way form an accumulation queue when the path to the point of
      discharge from the system via the rollers 1 to 7 is not free.
PAR  The timing and control unit TC has separate connections to each of the
      motors 20, 9, 10, 11, 12, 13, 14, 15 (and to the synchronisation unit BSI)
      and sends signals to each of these motors at appropriate times to start
      them, stop them and to change their speed.
PAR  The output of the photocell 25 is taken to the control mechanism of the
      motors 20 and 19' via the synchronisation unit S and the timing and
      control unit TC by means of the usual ampliier and circuitry which
      corresponds to those of the belt synchronisation unit BSI. In this way the
      motor 20 is started up to move the web 16 at a constant, low speed when an
      article cuts across the beam between the source and the detector 22 or 25,
      that is to say, when an article is in the correct position for conveying
      it into the form-fill-seal machine for packaging. The motor 19' is
      controlled so as to enable it to stop when an article crosses the
      appropriate beam between the source and the detector 23' or 26', unless
      such a stop is prevented by a starting signal from the timing and control
      unit TC via the conveyor-synchronisation unit BSI.
PAR  When the web moves a combination of the light source and the photocell
      detector 21, 24 reacts to a synchronisation mark at the appropriate time.
PAR  The output from 21, 24 is then fed via the synchronisation box to the
      timing and control unit to cause each of the motors 9, 10, 11, 12, 13, 14,
      15, 19' to start up at appropriate speeds and after appropriate time
      intervals. Thus each of the rollers 1 to 7 and the first conveyor belt 18'
      will each start up in a controlled manner, and cause successive articles
      to be fed up to the synchronisation position and from there onto the web
      16.
PAR  The manner of this will be described with reference to FIG. 3. FIG. 3 shows
      graphs of the distances of movement of articles Ax and Ay against time T.
      Graph X indicates the movement of the trailing end of article Ax, while
      graph Y shows the movement of the leading end of article Ay. The graphs
      are shown in this way to indicate how closely the two articles can
      appproach without one touching the other, i.e. the point where the two
      curves come closest.
PAR  Shown to the right of FIG. 3 and aligned with and to the same scale as the
      distance scales is an enlarged section from FIG. 1 indicating the position
      of each of the rollers 1 to 7, the light beam 22, 25, between the source
      and the detector and the article Ax when at the synchronisation position.
      Opposite each of the rollers are velocity profiles of each respective
      roller, using the same time scale but velocity scales V instead of the
      distances scales.
PAR  From the composite graphical diagram of FIG. 3 the velocity of each roller
      in relation to the position of the article Ax or Ay can be obtained. Two
      examples are shown dotted in the Figure, showing the relative positions of
      Ax and Ay at different times in the cycle and it will be noted that in
      each case the article is supported by rollers which are all travelling at
      the same velocity.
PAR  By switching and time delay circuitry in the timing and control unit TC the
      velocity profiles for each of the rollers 1 to 7 are achieved. Solid state
      circuitry of a conventional nature using RC time delay circuits,
      amplification and relays is used to achieve this, although the same can be
      achieved mechanically by rotary cam actuated switches.
PAR  The roller 1 has a velocity profile taking it immediately at constant
      acceleration to the slow speed and then at the end of the cycle returns at
      constant deceleration to the stop condition. The roller 2 has a similar
      initial profile but near the end of the cycle changes to a higher speed
      and finally decelerates at a constant rate to the stop condition.
PAR  Rollers 3, 4 and 5 have similar profiles but switch over to the faster
      speed at progressively earlier times in the time cycle, while rollers 6
      and 7 operate only at the higher speed.
PAR  The reason for the changeover in speed is so that the leading rollers 1 to
      5 can be feeding out the leading article Ax at the lower speed, while the
      rearmost rollers 7, 6 and then progressively 5 back to 2 can feed the next
      article in at the higher speed without subjecting the articles to sudden
      changes of speed or the risk of being supported by rollers travelling at
      different speeds, all of which would cause slipping and unsatisfactory
      operation.
PAR  In operation articles are fed on to the input of the line of belt conveyors
      18 and are successively fed at the higher conveyor speed onto the rollers
      2 to 7 until the position is reached where the leading article Ax cuts the
      beam between the source and the detector 22, 25. The output of the
      detector 25 then, via units S and TC causes the rollers to slow down at a
      constant deceleration to the stop condition and also causes the web 16 to
      start moving. Thereafter steady state conditions should be reached where
      the web travels continuously at constant speed.
PAR  While the leading article Ax is reaching the position shown in the Figures,
      the next following article Ay will eventually cross the beam 23', 26
      between the source and the detector and cause the conveyor 18' to stop.
      Successive articles will follow behind and accumulate as they cross
      successive beams and cause their belts to stop.
PAR  Articles Ax and Ay will now have reached the start of curves X and Y of
      FIG. 3. Then as soon as a web synchronisation mark passes beam 21, 24
      between the source and the detector the cycle indicated by curves X and Y
      will commence, the rollers starting up immediately in accordance with the
      velocity profiles in FIG. 3 while the belt conveyor 18' will start after a
      short time interval as can be seen from curve Y.
PAR  Thereafter as curve X shows, article Ax will be fed out at the constant low
      conveying speed while the article Ay will end up at the synchronisation
      position previously occupied by Ax.
PAR  While Ax and Ay are being fed forward in this manner, the motor 19" will be
      started up as soon as beam 23', 26' between the source and the detector is
      no longer broken, in this manner the motor 19" will be started at the same
      time as motor 19' or later with a time delay in response to a signal from
      BS1, so as to cause the next article to take the place previously occupied
      by Ay. Similarly each previous aricle up the accumulation queue will be
      caused to shift up one station.
PAR  Thereafter Ay and successive articles continuously flow through the system,
      with the cycles previously described being repeated. In practice, once
      steady state conditions have been reached, transfer of an article from
      curve Y to curve X will be virtually continuous with the rollers hardly
      stopping, but decelerating only slightly and to an exent to synchronise
      with movement of the web 16.
PAR  In a practical example of the embodiment described, the two speeds for the
      rollers were 0.87 and 0.33 meters/sec. Roller 2 had a slightly lower high
      speed setting to ensure that it decelerated at the same rate as the other
      rollers (see FIG. 3). The total time period for the graph (i.e. the period
      of the roller speed cycles) was 600 m. secs, the articles were 16 cm long
      giving a corresponding distance scale of about 20 cm, and the length of
      the set of rollers 1 to 7 (centre to centre) was 25 cm. The operating
      speed of the belt conveyors was 0.87 meters/sec and that of the web was
      0.33 meters/sec corresponding with the high and low speed settings for the
      roller 1 to 7.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for delivering successive articles to a packaging machine
      comprising a series of rollers each of which is driven by its own two
      speed constant acceleration/deceleration motor and arranged so that an
      article is supported and conveyed jointly by a number of successive
      rollers as it passes through the device, control means for the control of
      each roller motor individually to effect a first stage of transport
      wherein the article is fed into the device at a high speed and taken to a
      synchronisation position and to effect a second stage of transport wherein
      the article is fed out of the device at a low speed said control means
      switching individual rollers from a high speed to a low speed in response
      to a synchronisation signal from the packaging machine, said conrol means
      incorporating a timing means which is arranged to control the speeds of
      the rollers such that after an article is moved out from the
      synchronisation position at the low speed it can subsequently change the
      speeds of successive rollers over from the low speed to the high speed at
      predetermined time intervals after activation of the control means, to
      thereby enable a subsequent article to be moved into the synchronisation
      position at the high speed, while the preceding article is still being fed
      out of the device at the low speed.
NUM  2.
PAR  2. A device as claimed in claim 1, comprising a series of belt conveyors on
      which the articles are arranged to be accumulated ready for conveying to
      said series of rollers.
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ABST
PAL  Apparatus for proofing lumps of dough comprises a series of elongate
      conveyors for successively transporting the lumps of dough, equipment for
      mounting the elongate conveyors in a spatially staggered relationship, a
      plurality of auxiliary conveying systems each associated with a different
      pair of elongate conveyors for transferring lumps of dough from an end of
      one conveyor of the particular pair to a portion of the other conveyor of
      that particular pair, equipment for feeding lumps of dough to the first
      and from the last elongate conveyor in the series, an enclosure for the
      elongate conveyors and the auxiliary conveying systems, and equipment for
      providing inside the enclosure a proofing environment for the lumps of
      dough. Said auxiliary conveying systems include a further endless conveyor
      loop being smaller than each of said conveyor loops of said series of
      elongate conveyors, equipment for mounting said further conveyor loop in
      the vicinity of an adjacent pair of elongate conveyors at a spacing from
      the adjacent pair of elongate conveyors sufficient for the transfer of
      lumps of dough between said further endless conveyor loop and the adjacent
      pair of elongate conveyors, equipment for driving said further endless
      conveyor loop and said distinct endless conveyor loops in mutual
      synchronism, said mounting equipment including a curved support for
      guiding said further conveyor loop in a concave path adjacent the latter
      pair of elongate conveyors and a spaced pair of retaining strips for
      retaining and guiding edge portions of said further conveyor loop in said
      concave path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject invention relates to automatic bakery machinery and, more
      particularly, to apparatus for proofing or similarly processing lumps of
      dough.
PAR  2. Description of the Prior Art
PAR  Several instances are known in the art of baking or dough processing which
      require dough to be brought to a proper condition for a subsequent
      operation. For instance, after dough has been divided into lumps, the
      lumps are rounded up and the rounded up lumps are allowed to stand a given
      time to recuperate from the dividing and rounding up action, before they
      are processed further. Similarly, it is frequently necessary to bring
      lumps of dough to a certain humidity or temperature level which renders
      them suitable for a desired operation. Frequently, time delays in the
      handling of dough are necessary to permit dough to rise under the
      influence of yeast or a similar agent, or in order to enable another
      desired chemical reaction inside the dough.
PAR  These and other processes which require lumps of dough to be subjected to a
      delayed time action or to a controlled period of inaction are herein
      consolidated under the designation "proofing", with the latter term being
      employed in a broad and generic sense without any intention of limitation
      to a strict and technical meaning.
PAR  In terms of human history, the classical method for providing the time
      element requisite to the proofing of dough has been and for the most part
      still is letting the dough rest for a while in a stationary condition.
PAR  In modern bakery enterprises, this time-honored method has brought about
      considerable inconvenience, as the lumps of dough in question typically
      had to be gathered onto pans with the aid of manual labor and, after the
      proofing step, had to be redistributed into the further manufacturing
      process.
PAR  With the advent of the machine age, various attempts were made to mechanize
      the proofing process. While some limited success was achieved in this
      area, the need for reliable and effective automatic proofing equipment has
      persisted up to the present.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to overcome the above mentioned
      disadvantages.
PAR  It is a related object of the invention to provide improved equipment for
      proofing lumps of dough.
PAR  Other objects of the invention will become apparent in the further course
      of this disclosure.
PAR  The invention resides in apparatus for proofing lumps of dough comprising
      in combination a series of elongate conveyors for successively
      transporting the lumps of dough, each conveyor having its own distinct
      endless conveyor loop, means for mounting the elongate conveyors in a
      spatially staggered relationship, means coupled to the conveyors for
      driving the endless conveyor loops of the conveyors, a plurality of
      auxiliary conveying systems each associated with a different pair of
      elongate conveyors for transferring lumps of dough from an end of one
      conveyor of the particular pair to a portion of the other conveyor of that
      particular pair spaced from an end of that other conveyor, means for
      feeding lumps of dough to a first elongate conveyor in the series, means
      for deriving transported lumps of dough from a last elongate conveyor in
      the series, enclosure means for the elongate conveyors and the auxiliary
      conveying systems, and means for providing inside the enclosing means a
      proofing environment for the lumps of dough. According to the subject
      invention, said auxiliary conveying systems include a further endless
      conveyor loop being smaller than each of said conveyor loops of said
      series of elongate conveyors, means for mounting said further conveyor
      loop in the vicinity of an adjacent pair of elongate conveyors at a
      spacing from the adjacent pair of elongate conveyors sufficient for the
      transfer of lumps of dough between said further endless conveyor loop and
      the adjacent pair of elongate conveyors, and means for driving said
      further endless conveyor loop and said distinct endless conveyor loops in
      mutual synchronism, said mounting means including a curved support for
      guiding said further conveyor loop in a concave path adjacent the latter
      pair of elongate conveyors and a spaced pair of retaining strips for
      retaining and guiding edge portions of said further conveyor loop in said
      concave path.
PAR  By way of example, the latter proofing environment may comprise or involve
      the provision of a controlled humidity and temperature atmosphere.
PAR  In accordance with a preferred embodiment of the subject invention, each
      elongate conveyor has a series of distinct compartments distributed along
      its conveyor loop for receiving lumps of dough, the mentioned mounting
      means include means for mounting adjacent pairs of conveyors in such
      proximity that corresponding compartments of conveyors in each adjacent
      pair of conveyors form traveling chambers for receiving lumps of dough,
      the mentioned driving means include means for moving adjacent compartments
      in temporal synchronism and spatial coincidence, and the mentioned
      auxiliary conveying systems include means for transferring lumps of dough
      from compartments of a conveyor to chambers between conveyors of an
      adjacent pair of conveyors.
PAR  The expression "chambers" as herein employed is not intended to be limited
      to any closed structure. Rather, chambers may simply be formed by adjacent
      and sometimes even mutually spaced compartments, as will become more
      readily apparent in the further course of this disclosure.
PAR  In accordance with a further preferred embodiment of the subject invention,
      the mentioned auxiliary conveying systems include at least one rotary
      structure for conveying lumps of dough, and means for driving this rotary
      structure.
PAR  In accordance with another preferred embodiment of the subject invention,
      the mentioned auxiliary conveying systems include a further endless
      conveyor loop being smaller than each of the conveyor loops of the series
      of elongate conveyors, means for mounting the further conveyor loop in the
      vicinity of an adjacent pair of elongate conveyors, and means for driving
      the further endless conveyor loop.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The subject invention and its objects and aspects will become more readily
      apparent from the following detailed description of preferred embodiments
      thereof, illustrated by way of example in the accompanying drawings, in
      which like reference numerals designate like or functionally equivalent
      parts, and in which:
PAR  FIG. 1 is a side view, partially broken away of proofing equipment in
      accordance with a preferred embodiment of the subject invention;
PAR  FIG. 2 is a side view on an enlarged scale, of a detail of the apparatus of
      FIG. 1, concerning an auxiliary conveyor in accordance with a preferred
      embodiment of the subject invention;
PAR  FIG. 3 is a top view of the equipment shown in FIG. 2;
PAR  FIG. 4 is a part of a section taken along the line 4 -- 4 in FIG. 2;
PAR  FIG. 5 is a side view on an enlarged scale of a further detail of the
      apparatus of FIG. 1, showing another auxiliary conveyor in accordance with
      a further preferred embodiment of the subject invention;
PAR  FIG. 6 is a top view of the equipment shown in FIG. 5; and
PAR  FIG. 7 is a view taken along the line 7 -- 7 in FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The proofing machine or proofer 10 shown in the drawings is provided with
      lumps of dough in the form of dough balls 12 from a schematically
      illustrated supply 13.
PAR  Conventional machines, such as "Union Bun Machines" (not shown) exist for
      forming the balls of dough 12 from a mass of flour dough.
PAR  The proofer 10 comprises a series of elongate conveyors, six of which are
      visible at 15 to 20, for successively transporting the dough balls 12 from
      a proofer inlet 22 to an outlet 23. Each conveyor 15 to 20 has its own
      distinct endless conveyor loop 25 as specifically shown for the conveyors
      15 and 16.
PAR  The elongate conveyors 15 to 20 are mounted into a spatially staggered
      relationship as seen in FIG. 1 whereby the ends of adjacent conveyors are
      offset relative to each other.
PAR  The proofer 10 has a base 27 which resets on legs 28. Uprights 31 and 32
      are attached to and rise from the base 27. Each of the elongate conveyors
      15 to 20 has a conveyor frame 34 attached to the uprights 31 and 32.
PAR  The endless conveyor loops 25 of the elongate conveyors 15 to 20 are driven
      by a variable speed electric motor 36 via meshing gear wheels, four of
      which are seen at 37 to 41.
PAR  In practice, each gear wheel rotates a conventional roller or sprocket
      wheel (not shown) which engages and drives the endless conveyor loop 25 of
      a different one of the elongate conveyors 15 to 20. A chief purpose of the
      meshing gear wheels 37 etc. is to assure perfect temporal and spatial
      mutual synchronism of the conveyors 15 to 20.
PAR  By way of example, the endless conveyor loops 25 may comprise a conveyor
      belt or a series of interconnected articulate conveyor links or members.
PAR  In the preferred embodiment illustrated in FIG. 1, the means for feeding
      the dough balls 12 via the proofer input 22 to the first or top conveyor
      15 in the series of conveyors 15 to 20 include an extension of the endless
      conveyor loop 25 of the first conveyor 15 to a feeding region outside the
      proofer enclosure in the vicinity of the dough ball supply 13. The feeder
      extension 43 has its own conveyor frame 45 which is attached to the top
      conveyor 15 at 46 and supported by its own legs 47.
PAR  In accordance with the subject invention, the proofer 10 includes a
      plurality of auxiliary conveying systems, some of which are seen at 51, 52
      and 53. Each of these auxiliary conveying systems 51 etc. is associated
      with a different pair of elongate conveyors. In this respect, it is to be
      noted that the conveyors 15 and 16, for instance, may be considered as
      belonging to a first pair of adjacent conveyors, while the conveyors 16
      and 17 may be considered as belonging to a second pair of adjacent
      conveyors.
PAR  In that case, the conveyor 16 is common to both of these pairs.
PAR  Because of the illustrated positioning of the auxiliary conveying systems
      51 etc. and the staggered relationship of the conveyors 15 to 20, each
      auxiliary conveying system transfers dough balls 12 from an end of one
      conveyor of a particular pair of adjacent conveyors to a predetermined
      portion of the conveyor of that pair. That predetermined portion onto
      which the transferred dough balls are deposited is spaced from the end of
      that other conveyor.
PAR  The latter will now be more fully explained with the aid of FIG. 1. In
      particular, the top auxiliary conveying system 51 transfers dough balls 12
      from an end 56 of the top conveyor 16 to a portion 57 of the next lower
      conveyor 16. As seen in FIG. 1, that portion 57 is spaced from the end 58
      of the conveyor 16, which improves the positioning of the transferred
      balls onto the endless loops 25 of the conveyor 16.
PAR  In accordance with a preferred embodiment of the invention, each of the
      auxiliary conveying systems 51, 52 and 53 is driven in mutual synchronism
      with its adjacent conveyors. To this end, the roller or sprocket 61 which
      supports the endless conveyor loop 25 of the conveyor 16, and which is
      rotated by that conveyor loop, drives the auxiliary conveying system 15
      via a drive chain 62.
PAR  The auxiliary conveying systems 52 and 53 are similarly driven from
      adjacent conveyor loops.
PAR  Each of the conveyors 15 to 20 is compartmentalized by a series of conveyor
      cleats 64 which are attached to the endless conveyor loops 25. In this
      manner, each elongate conveyor has a series of distinct compartments 65
      distributed along its conveyor loop 25 for receiving the dough balls 12.
      The uprights 31 and 32 mount adjacent pairs of conveyors in such proximity
      that corresponding compartments 65 of conveyors in each adjacent pair of
      conveyors form traveling chambers 66 for receiving the dough balls 12. In
      practice, these chambers 66 need not be completely enclosed. Rather, they
      are delimited by adjacent cleats 64 and by portions of the endless
      conveyor loops 25 as seen in FIG. 1. To preserve the integrity of the
      chambers 66, the conveyor cleats 64 are moved in synchronism and spatial
      coincidence. The same applies to the compartments 66 themselves.
PAR  The auxiliary conveying system 51 and 53 then transfer dough balls 12 from
      compartments 65 of a conveyor to chambers 66 between conveyors of an
      adjacent conveyor pair. By way of example, the auxiliary conveying system
      51 transfers dough balls from compartments 65 of the conveyor 15 to
      chambers 66 between the conveyors 15 and 16. To render this possible, the
      endless conveyor loops 55 of the pair of adjacent conveyors 15 and 16 are
      driven in opposite senses as seen from a comparison of the arrow 68 with
      the arrow 69 shown in FIG. 1. Unmarked further arrows in FIG. 1 indicate
      that the other endless conveyor loops of pairs of adjacent conveyors are
      also driven in opposite senses by the drive including the motor 36 and the
      gear wheels 37 to 41.
PAR  An enclosure 71, which may be formed of stainless steel panels or other
      suitable material, houses the endless conveyors 15 to 20 and the auxiliary
      conveying systems 51 to 53 etc. An extension 72 of the lower or bottom
      conveyor serves as a means for deriving transported dough balls 12 from
      the last elongate conveyor in the series. A receptacle 73 symbolizes a
      means for processing the derived dough balls. In practice, the proofed
      dough balls may be processed in any desired manner and with any suitable
      machinery. By way of example, the proofed dough balls may be supplied to a
      flour head or similar equipment (not shown) for rolling the proofed dough
      balls into sheets of dough for the manufacture of tortillas, pizzas, pies,
      or other bakery goods.
PAR  The proofer 10 further includes equipment 75 for providing inside the
      enclosure 71 a proofing environment for the dough balls 12. The term
      "proofing environment" is herein employed to designate the requisite
      environment or atmosphere for accomplishing a desired proofing effect, as
      generally well known in the art. In the illustrated preferred embodiment,
      the equipment 75 includes an air blower 76 feeding air to a humidifier and
      heater 78 which provides the requisite humidity and temperature
      environment inside the proofer 10.
PAR  As seen in FIGS. 2 to 4, the auxiliary conveying systems may include at
      least one rotary structure for conveying lumps or balls of dough 12 from
      the conveyor 18 to the conveyor 19, for instance, and means 62 for driving
      the rotary structure 53.
PAR  As indicated above, the drive means 62 are preferably geared to one of the
      conveyors, such as the conveyor 19 to assure mutual synchronism among the
      rotary structure 53 and the adjacent conveyors 18 and 19.
PAR  In accordance with the preferred embodiment illustrated in FIGS. 2 and 3,
      the auxiliary conveying system includes a wheel structure 81 for conveying
      the dough balls 12. The wheel structure 81 includes circumferentially
      distributed compartments 82 for receiving the dough balls 12. The
      compartments are defined by paddles or dividers 83 arranged in a radial
      fashion. Two sheaves 84 and 85 laterally define the wheel 81. Guides or
      deflectors 86 properly center the dough balls 12 inside the wheel
      structure.
PAR  The wheel structure 81 further has a shaft 88 for rotatably mounting the
      wheel structure to an adjustable mount 89. Lateral deflectors on the
      mount, one of which is visible at 91, help to center conveyed dough balls
      12 relative to the conveyor 19. An elongate slot 92 in the mount 89 and a
      corresponding set screw 93 render the mount adjustable so that the spacing
      of the wheel structure 81 relative to the end of the elongate conveyor 18
      can be adjusted to accommodate different sizes of dough balls 12.
PAR  As best seen in FIG. 2, the desired synchronism of the wheel structure 81
      is achieved by the use of a drive chain 82 cooperating with a sprocket 95
      attached to the shaft 88. It is, however, to be understood that other
      synchronous drive means, such as those involving timing belts and bead
      chains, may be employed if desired.
PAR  Further in accordance with the preferred embodiment illustrated in FIGS. 2
      to 4, the endless conveyor loop 25 may be composed of a series of links or
      conveyor elements 97 which may be interconnected in a male-and-female
      fashion in a conventional manner.
PAR  The links 97 ride on strips 98 of Teflon or another low-friction material
      attached to the conveyor frame 100.
PAR  The conveyor 18 further includes a sprocket 102 for supporting the endless
      loop 25. A shaft 103 rotatably mounts the sprocket 102. The sprocket 102
      has circumferential indentations 104 at which the sprocket wheel is
      engaged by corresponding protuberances 105 of the endless conveyor loop
      25. In this manner, the sprocket wheel 102 is caused to rotate in
      synchronism with the conveyor loop 25. For synchronism of the wheel
      structure 81 with the adjacent conveyors, the drive chain 82 may be driven
      by a shaft corresponding to the shaft 103 shown in FIG. 2 and being
      associated with the conveyor 19.
PAR  The auxiliary conveying system 51 shown in FIGS. 5 to 7 includes a further
      endless conveyor loop 112 being smaller than each of the conveyor loops 25
      of the series of elongate conveyors 15 to 20. A mount 113 positions the
      conveyor loop in the vicinity of an adjacent pair of elongate conveyors at
      a spacing from the adjacent pair of elongate conveyors sufficient for the
      transfer of the dough balls 12 between the further endless conveyor loop
      and the adjacent elongate conveyors, such as the conveyors 15 and 16. The
      previously described synchronous driving means 62 and 95 may again be
      employed for driving the endless conveyor loop 112 in synchronism with the
      conveyors 15 and 16 for a perfect transfer of the dough balls 12 from the
      compartment 65 on top of the conveyor 15 to the chambers 66 between the
      conveyors 15 and 16.
PAR  The endless conveyor loop 112 may be formed by an endless belt or an
      endless wire mesh of the type sometimes employed in bakery machinery.
PAR  A curved support 114 is attached to the mount 113 and holds a pair of
      retaining strips 115 for guiding the conveyor loop 112 in a concave path
      adjacent the conveyors 15 and 16. The retaining strips 115 retain and
      guide edge portions of the conveyor loop 112 in its concave path.
PAR  Dough balls 12 which leave the end of the conveyor 15 are guided and
      transferred by the concave auxiliary conveyor 112 to the next lower
      conveyor 16 for further transport thereby. Various ball sizes can readily
      be accommodated by adjusting the position of the mount 113 with the aid of
      adjustment screws 118, elongate slots 119, in the mount 113.
PAR  The proofer construction according to the subject invention and its
      preferred embodiments has various advantages not possessed by conventional
      machinery. In particular, the use of a series of distinct elongate
      conveyors instead of one endless conveyor system has the substantial
      advantage of preventing undue adherence of the dough balls to the conveyor
      parts. This is particularly important in the case of certain doughs, such
      as doughs employed in the making of tortillas, pizzas and similar goods,
      which have a strong tendency of sticking to surfaces to which they have
      been applied for a longer period of time. The construction according to
      the subject invention conveniently solves this problem by continually
      removing the dough balls from one conveyor and transferring it to another
      conveyor with the aid of the disclosed auxiliary conveying systems.
PAR  Moreover, the compartmentalization of the conveyor system into a series of
      distinct conveyors generally facilitates the manufacture of the proofer,
      renders it more easily repairable and significantly reduces unavoidable
      down time. It also makes for a very sanitary construction that is easily
      inspected and kept clean. Another advantage resides in the saving of floor
      space through a stacked construction.
PAR  Various modifications and variations within the spirit and scope of the
      subject invention will become apparent from, or will suggest themselves
      by, the subject extensive disclosure to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for proofing lumps of dough, comprising in combination:
PA1  a series of elongate conveyors for successively transporting said lumps of
      dough, each conveyor having its own distinct endless conveyor loop;
PA1  means for mounting said elongate conveyors into a spatially staggered
      relationship;
PA1  means coupled to said conveyors for driving the endless conveyor loops of
      said conveyors;
PA1  a plurality of auxiliary conveying systems each associated with a different
      pair of elongate conveyors for transferring lumps of dough from an end of
      one conveyor of the particular pair to a portion of the other conveyor of
      that particular pair spaced from an end of said other conveyor, said
      auxiliary conveying systems include a further endless conveyor loop being
      smaller than each of said conveyor loops of said series of elongate
      conveyors, means for mounting said further conveyor loop in the vicinity
      of an adjacent pair of elongate conveyors at a spacing from the adjacent
      pair of elongate conveyors sufficient for the transfer of lumps of dough
      between said further endless conveyor loop and the adjacent pair of
      elongate conveyors, and means for driving said further endless conveyor
      loop and said distinct endless conveyor loops in mutual synchronism, said
      mounting means including a curved support for guiding said further
      conveyor loop in a concave path adjacent the latter pair of elongate
      conveyors and a spaced pair of retaining strips for retaining and guiding
      edge portions of said further conveyor loop in said concave path;
PA1  means for feeding lumps of dough to a first elongate conveyor in said
      series;
PA1  means for deriving transported lumps of dough from a last elongate conveyor
      in said series;
PA1  enclosure means for said elongate conveyors and said auxiliary conveying
      systems; and
PA1  means for providing inside said enclosure means a proofing environment for
      said lumps of dough.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein:
PA1  said feeding means include an extension of the endless conveyor loop of
      said first conveyor to a feeding region outside said enclosure means.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein:
PA1  said driving means include means for driving the endless conveyor loops of
      each pair of adjacent conveyors in opposite senses.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, wherein:
PA1  each elongate conveyor has a series of distinct compartments distributed
      along its conveyor loop for receiving lumps of dough;
PA1  said mounting means include means for mounting adjacent pairs of conveyors
      in such proximity that corresponding compartments of conveyors in each
      adjacent pair of conveyors form traveling chambers for receiving lumps of
      dough;
PA1  said driving means include means for moving adjacent compartments in
      temporal synchronism and spatial coincidence; and
PA1  said auxiliary conveying systems include means for transferring lumps of
      dough from compartments of a conveyor to chambers between conveyors of an
      adjacent pair of conveyors.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein:
PA1  said compartments are delimited by conveyor cleats on said endless conveyor
      loops; and
PA1  said driving means include means for moving conveyor cleats of adjacent
      conveyors in synchronism and spatial coincidence.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, wherein:
PA1  said further endless conveyor loop includes an endless belt.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, wherein:
PA1  said further endless conveyor loop includes an endless wire mesh.
NUM  8.
PAR  8. Apparatus as claimed in claim 1, wherein:
PA1  said auxiliary conveying systems are adjustable relative to said elongate
      conveyors to accommodate different sizes of lumps of dough.
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ABST
PAL  An endless belt conveyor system for transporting articles along a path
      which includes straight line and curved sections. The straight line
      section is constituted by a pair of parallel rails over which the belt is
      movable, the opposing outer margins of the belt overhanging the rails and
      riding thereover whereby the rails function as a bed for the belt. Rollers
      are mounted on the underside of the overhangs of the belt at spaced
      positions along the outer margins, the rollers engaging the outer surfaces
      of the rails and being tracked thereby whereby lateral movement of the
      belt in the course of movement is prevented.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of copending application Ser. No. 411,082,
      filed Oct. 30, 1973, now U.S. Pat. No. 3,854,575.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to conveyor belt systems, and more
      particularly to a system including an endless belt adapted to transport
      articles along a path having a straight line section and a curved section.
PAR  The conventional endless belt conveyor assembly, whether the belt is
      fabricated of flexible sheet material in metallic or fabric form, or is of
      mesh or link construction, is only capable of transporting articles in a
      straight path from an input to a discharge point. In many instances, it is
      desirable for the conveyor to change the direction of travel by making a
      lateral bend in the travel path in order, for example, to transport
      articles from the output of one work station to the input of a subsequent
      station whose position is laterally displaced from the first station.
PAR  Thus in some manufacturing operations, products emerging say from a heating
      station must be conveyed in a right angle path to a packaging or
      processing machine, in which event a conveyor capable of making a
      90.degree. turn is required. In other instances, it is necessary to
      transport products in a reverse direction in which case one must make a
      180.degree. turn. Conveyor belt assemblies are commercially available
      which are capable of negotiating 90.degree. and 180.degree. turns, but
      such assemblies have numerous practical drawbacks, particularly in food
      handling operations.
PAR  In one such known belt assembly, the belt is made of links and rods covered
      by a woven wire mesh or grid. Though such belts are capable of making
      lateral turns, they inherently possess a high degree of friction and must
      be frequently lubricated. Where the belt serves to convey food products,
      the need for lubrication is objectionable, for the lubricant may
      contaminate the conveyed food products. Moreover, a grid or mesh belt is
      difficult to clean and maintain in a sanitary condition.
PAR  Also where the belt is inherently difficult to advance because its
      construction gives rise to frictional resistance, the driven belt tends to
      vibrate or chatter, rather than to move smoothly and effortlessly, as a
      result of which the products conveyed thereby may be jostled.
PAC  SUMMARY OF THE INVENTION
PAR  It is the main object of this invention to provide an endless chain belt
      conveyor system for transporting articles along a path having a curved as
      well as straight line sections with a smooth, relatively effortless
      movement, free of jitter and strain.
PAR  It is a further object of this invention to provide roller brackets which
      are attachable to rubberized, fine mesh and other forms of standard
      belting, the rollers in conjunction with guide rails serving to effect
      straight line tracking of the conveyor belt. A salient feature of a
      conveyor belt having rollers attached to both edges thereof is that on
      curves, the stress is always on the outer radius and on straight runs, the
      rollers maintain positive tracking to prevent lateral displacement of the
      belt.
DRWD
PAC  OUTLINE OF THE DRAWING
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawing,
      wherein:
PAR  FIG. 1 is a perspective view of an endless chain, lateral-bend conveyor
      belt embodying the principles underlying the invention, as seen looking
      toward the inner rail of the conveyor trackway;
PAR  FIG. 2 is a perspective view of the same conveyor, as seen looking toward
      the outer rail of the trackway;
PAR  FIG. 3 is a plan view showing a portion of the conveyor chain belt
      structure;
PAR  FIG. 4 shows an individual link;
PAR  FIG. 5 shows the manner in which the chain belt is driven;
PAR  FIG. 6 schematically illustrates the relationship between the belt and the
      rails of the trackway;
PAR  FIG. 7 is a perspective view of a double cross-rod and roller assembly
      according to the invention;
PAR  FIG. 8 shows the cross-rod without the roller;
PAR  FIG. 9 is a plan view of the double cross-rod and roller assembly;
PAR  FIG. 10 shows the relationship of the assembly to the outer rail of the
      trackway;
PAR  FIG. 11 shows another form of linkage for the conveyor belt;
PAR  FIG. 12 shows a conveyor belt system employing the linkage of the type
      shown in FIG. 11;
PAR  FIG. 13 shows still another form of linkage for the conveyor belt;
PAR  FIG. 14 shows in end view a double-ended bracket and roller assembly for a
      standard belt; and
PAR  FIG. 15 illustrates the double-ended bracket and roller assembly in plan
      view.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIGS. 1 and 2, there is shown an endless chain belt
      conveyor assembly in accordance with the invention, which is adapted to
      negotiate a 90.degree. turn. It is to be understood, however, that a
      lateral-bend conveyor operating on essentially the same principle may be
      designed to negotiate other turns, such as 180.degree..
PAR  The conveyor assembly includes an endless chain belt generally designated
      by numeral 10, operating within an arcuate trackway defined by a curved
      inner rail 11 and a curved outer rail 12 concentric therewith. The
      trackway is supported on a frame 13. The chain belt extends between a
      driven roll 14 supported in suitable bearings at the output end of the
      conveyor and an idler roll 15 disposed at the input end thereof. The
      driven roll is operatively coupled by a pulley and belt system or other
      conventional power transmission means, to a motor (not shown). The lower
      reach of the endless chain belt runs over a series of supporting rolls 16,
      17, 18 and 19.
PAR  As best seen in FIG. 3, the endless chain belt 10 is constituted by a
      continuous train of interlinked equi-spaced cross rods 20 which diverge
      1.degree. from each other, so that as one goes from the end of the rods
      adjacent the inner rail toward those adjacent the outer rail, the rods fan
      out and the spacing between adjoining rods increases progressively.
PAR  Pivotally connected to the cross rods are eight rows of slat-like links
      designated as rows A to H. In practice, one may use a greater or smaller
      number of rows, depending on how wide a belt is specified.
PAR  Each slat-like link in rows A to H, as shown by representative link 21 in
      FIG. 4, is formed by a piece of sheet metal or other material having a
      trapezoidal form, the long sides thereof being turned in to define tubular
      channels 21A and 21B for receiving the associated cross rods. The links in
      row A adjacent the inner rail of the trackway each bridge a respective
      pair of cross rods 20, and since the cross rods are divergent, the tapered
      width of the links in row A is made such as to match the spacing between
      rods joined thereby. Since each link in row A bridges a respective pair of
      rods in the train thereof, no link exists in row A between the trailing
      rod in one rod pair and the leading rod in the next rod pair in the train.
PAR  Thus in FIG. 3, it will be seen that link A.sub.1 in row A bridges the pair
      of rods 20.sub.1 and 20.sub.2, and that link A.sub.2 bridges the pair of
      rods 20.sub.3 and 20.sub.4, whereby rods 20.sub.2 -20.sub.3 and 20.sub.4
      -20.sub.5 remain unbridged. However, the links installed in row B are
      staggered with respect to those in row A, so that link B.sub.1 in row B
      bridges the pair of rods 20.sub.2 and 20.sub.3, while link B.sub.2 bridges
      the pair of rods 20.sub.4 and 20.sub.5. Here again the width and taper of
      the links are such as to match the spacing between rods, and since the
      spacing between the rods increases progressively, the links in row B are
      broader than those in row A.
PAR  Similarly in row C, the links in this row are staggered with respect to
      those in row B, and their dimensions are such as to match the spacing
      between the cross rods bridged thereby, this relationship being continued
      in rows D, E, F, G and H.
PAR  Drive roll 14, as best seen in FIG. 5, is provided with sprocket wheels 29
      whose teeth fall into the spaces between the cross rods intermediate the
      rows of links, thereby advancing the chain belt as the drive roll rotates.
      Because of the spacing between links, air is free to circulate. Also the
      arrangement lends itself to easy and thorough cleaning, for all surfaces
      are exposed and there are no intermeshing wires which resist cleaning.
PAR  Secured to the outer marginal end of belt 10, as shown in FIG. 3, are
      rollers 30 which engage and roll along the outside surface of the outer
      rail 12, the inner marginal end of belt 10 being out of engagement with
      inner rail 11. The relationship between belt 10, inner rail 11 and outer
      rail 12 is illustrated schematically in FIG. 6. It will be seen that
      within the 90.degree. turn, inner rail 11 is of small length and has a
      short radius r and that outer rail 12 is much longer and has a large
      radius R with respect to the common center C.
PAR  Since the belt is provided at its outer margin with a series of spaced
      rollers 30 which engage the outside surface of the outer rail, as the belt
      negotiates this turn, the resultant stresses are broadly distributed or
      dispersed along the full length of the curved outer rail, whereas no
      stresses are applied to the shorter inner rail, for the belt is out of
      contact with the inner rail. Thus there is no undue concentration or
      build-up of stresses and the movement of the belt in the curved trackway
      is smooth and free of jitter or strain.
PAR  Referring now to FIGS. 7, 8, 9 and 10 there is shown a preferred form of a
      double cross-rod and roller assembly having in lieu of individual cross
      rods, a double rod 31 which is formed by hair-pin bending a long wire so
      as to define a pair of rods 31A and 31B joined together by a bight 31C
      which is folded at right angles to the rods to create an end abutment.
      Mounted on the double rod is a roller fixture formed by a roller 32
      supported for rotation between two spaced plates 33 and 34 extending
      laterally from a bracket member 35 having a pair of bores therein to
      receive cross rods 31A abd 31B, the bracket member lying against bight
      31C. Thus to put together a double-rod and roller assembly, one has merely
      to insert the rods in the bores in the bracket wall and push the roller
      fixture to the bight position.
PAR  The links which join the cross rods may be of the type shown in FIG. 3 as
      in my prior patent, or they may be of other commercially-available types,
      such as the links 36 shown in FIGS. 7 and 11. These links are constituted
      by precision formed, flat wire pickets whose vertical legs are perforated
      with slot holes. The chain belt is assembled by inserting the cross rods
      through the trailing hole of the lead picket and the front end slot of the
      following picket. The free ends of the cross rods, that is those ends not
      having the rollers attached thereto, are terminated by button head welds.
      The hinging of the pickets on the rods provides the flexibility normally
      associated with all metal belts. The added function of the slot
      perforation is to permit the pickets to slide longitudinally on the rods.
      This nesting or telescoping action makes possible lateral flexibility,
      that is the ability of the belt to turn right or left.
PAR  Thus in FIG. 12, there is shown a chain belt which is formed by pickets in
      combination with ordinary individual cross rods terminated by button welds
      at either end and with double cross-rod and roller assemblies 37 and 38
      mounted at spaced positions along the belt. The rollers along the upper
      reach of the belt engage and run along the outside surface of a curved
      outer rail 39 while the rollers in the lower reach of the belt roll along
      the outside surface of a second outer rail 40 positioned directly below
      rail 39.
PAR  The belting may alternatively be of the type shown in FIG. 13 wherein the
      transverse rods 41 include double cross-rod and roller assemblies in
      accordance with the invention to provide marginal rollers on the belt, the
      rods being inserted through the hinges of relatively elongated spiral
      wires 42 which are woven together. Thus each link is formed by two stable
      triangles.
PAR  The problem often encountered with standard fine mesh or rubber conveyor
      belts is that of straight line tracking. Should the belt be confined
      between guide channels, the resultant friction may make it difficult to
      advance the belt smoothly. In accordance with the invention as shown in
      FIGS. 14 and 15, attached by means of rivets or other suitable means to
      the conveyor belt 43 is a double-ended bracket 44 having rollers 45 and 46
      mounted at either end thereof, which rollers engage the outside surface of
      rails 47 and 48 to prevent lateral displacement of the belt in the course
      of movement.
PAR  When this belt is operated through a trackway having curved as well as
      straight sections, then on curves the stress is always on the outer
      radius, whereas on straight runs the rollers maintain positive tracking.
PAR  While there has been shown preferred embodiments of the invention, it will
      be appreciated that many changes and modifications may be made therein
      without, however, departing from the essential spirit of the invention as
      disclosed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An endless chain belt conveyor system for transporting articles along a
      path which includes a straight line section, said straight line section
      comprising:
PA1  A. a trackway extending along said straight line section and constituted by
      a pair of parallel rails,
PA1  B. an endless belt movable along said trackway and having a width which is
      greater than the distance between the outer surfaces of said pair of
      rails, the opposing outer margins of said belt overhanging the respective
      rails of said trackway and riding thereover whereby said rails which lie
      below the belt function as a bed for said belt, and
PA1  C. rollers mounted on the underside of the overhangs of said belt at spaced
      positions along the outer margins thereof, the rollers on one of said
      margins engaging and rolling along the outer surface of one of said rails
      and being tracked thereby, the rollers on the other of said margins
      engaging and rolling along the outer surface of the other of said rails
      and being tracked thereby, whereby lateral displacement of the belt in the
      course of movement is prevented, the upper side of said overhangs being
      free of obstruction to provide an uninterrupted belt surface which may be
      lifted relative to said rails, the rollers at opposing margins of the belt
      being rotatably supported at either end of a double-ended bracket whose
      shank is attached to said belt.
NUM  2.
PAR  2. A conveyor system as set forth in claim 1, wherein said belt is of the
      fine mesh type.
NUM  3.
PAR  3. A conveyor system as set forth in claim 1, wherein said belt is
      fabricated of rubber.
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ABST
PAL  A keeper for retaining opposite ends of a pair of idler rolls fixed within
      apertures in the first and second supports of a common bracket. Keeper is
      unitary rigid member including a planar body with a raised rib on its
      upper surface and a pair of shallow, substantially triangular legs
      depending therebelow. Such legs extend away from the body at an obtuse
      angle and the apex of each triangular leg is flattened slightly to form a
      run parallel to longitudinal dimension of the body so that legs can span
      the distance between the supports of the bracket and engage the wrench
      flats at the ends of a pair of idler rolls. Keeper is forced into locking
      position by simple manual tools, and once in position, the rib on the
      keeper is trapped between the opposite walls defining the apertures in the
      bracket and the reaction of the idler rolls presses on the legs of the
      keeper so that the keeper exhibits a self-captivating characteristic.
PARN
PAR  This is a continuation of application Ser. No. 389,163, filed Aug. 17,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to keepers for idler rolls which lock the
      ends of a pair of adjacent rolls in fixed position within a bracket.
PAR  2. Description of the Prior Art
PAR  The desirability of providing a sturdy, inexpensive, easily insertable and
      removable device for retaining idler rolls in fixed position within a
      bracket has long been recognized. Several attempts have been made to
      realize these goals, although the most common approach has been to provide
      a resilient spring clip that is secured to the bracket and fits over the
      end cap of the idler roll to capture the roll within an aperture in the
      bracket. One particular clip configuration is disclosed in U.S. Pat. No.
      3,157,272, granted Nov. 17, 1964, to James Bay.
PAR  The strength of such resilient clips, however, which make contact with the
      roll at a very limited area, is sorely limited, so that the vibrations
      encountered during transport of an idler roll assembly to a job site may
      cause the clip to spring out of locking position. Alternatively, the clip
      may be deformed and its strength and effectiveness further diminished.
      Also, two resilient clips are required for each roll, i.e., one clip for
      each end of the roll, and the insertion of a pair of clips into the
      closely spaced supports of an interior bracket of an idler roll set may
      prove to be difficult to accomplish.
PAR  Another common attempt to realize the goals set forth above has been to
      provide a rigid sheet metal clip having a planar body and a pair of
      depending legs. Ears or tabs are struck in the depending legs, and
      cooperating abutments are formed in the bracket adjacent to its upper end.
      The ends of adjacent rolls are positioned in the apertures in the bracket,
      and then the clip is forced downwardly over the caps until the ears and
      abutments interengage to lock the rolls in fixed position within the
      bracket. A representative clip configuration is disclosed in U.S. Pat. No.
      2,843,432, granted July 15, 1958 to A. J. Kindig.
PAR  While one rigid clip can hold a pair of rolls in fixed position, and the
      rigid clip is thus better suited for use with the interior brackets on an
      in-line, idler roll assembly, such as used in a troughing conveyor, the
      clip disclosed in the Kindig patent necessitates the modification of
      existing brackets to form abutments thereon, or alternatively, the
      manufacture of new brackets with such abutments. Furthermore, the
      insertion and removal of such clips may be difficult where the vertical
      spacing between the underside of the conveyor belt and the upper end of
      the central bracket is limited.
PAC  SUMMARY
PAR  Thus, with the defects of known securing devices for idler rolls clearly in
      mind, the instant invention contemplates an inexpensive rigid metal keeper
      that is sturdy, can positively retain adjacent rolls in fixed position
      within appropriate apertures in a bracket, will not work free even during
      transport to the job site, and yet is compatible with the vast majority of
      existing brackets. Such metal keeper can be installed in a horizontal
      direction within limited clearances between the supports of a central
      bracket. Additionally, once the instant keeper is installed with simple
      manual tools, it exhibits a self-captivating ability and can only be
      removed by the application of horizontally directed forces preparatory to
      the replacement or repair of the idler rolls.
PAR  Other desirable objectives achieved by the unique keeper will become
      readily apparent from the ensuing description when construed in harmony
      with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an idler roll set supporting a conveyor
      belt thereupon;
PAR  FIG. 2 is a front elevational view, on a reduced scale, of the idler roll
      set of FIG. 1;
PAR  FIG. 3 is a side elevational view of an end bracket of the idler roll set;
PAR  FIG. 4 is a fragmentary side elevational view of a keeper in locking
      position within an interior bracket of the idler roll set, such view being
      taken along line 4--4 in FIG. 2 and in the direction indicated;
PAR  FIG. 5 is a cross-sectional view of the keeper, end cap and interior
      bracket of FIG. 4, such view being taken along line 5--5 of FIG. 4 and in
      the direction indicated; and
PAR  FIG. 6 is a perspective view of the keeper constructed in accordance with
      the principles of the instant invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIGS. 1 and 2 depict an idler roll set
      within which the keeper of the instant invention finds particular
      applicability. The upper run of a conveyor belt 10 is entrained over the
      idler roll set to define a troughing conveyor. The idler roll set
      comprises a right end bracket 12, a first interior bracket 14, a second
      interior bracket 16, and a left hand end bracket 18. A channel 20 extends
      between the end brackets and supports the interior brackets 14 and 16.
      Bolts 21 passing through the longitudinal braces 23 at the base of end
      brackets 12 and 18 are employed to secure the idler roll set in fixed
      position.
PAR  FIG. 2 also clearly shows that interior bracket 14 comprises a first
      support 14a and a second support 14b interconnected by a continuous loop
      14c. Bracket 16 also comprises a first support 16a, a second support 16b,
      and a continuous loop 16c, but support 16 is the mirror-image of support
      14. The supports are angularly disposed relative to one another to
      accommodate rolls held at various angular orientations to achieve
      troughing of belt 10. As indicated by the dotted lines in FIG. 4, a
      substantially U-shaped, upwardly opening aperture 16d is defined at the
      upper ends of supports 16a, 16b; a similar aperture is defined at the
      upper ends of supports 14a, 14b. The dimensions of the apertures are
      chosen to be slightly larger than the dimensions of the wrench flats 25
      (see FIG. 5) defined at opposite ends of the central shaft passing
      laterally through the idler rolls, so that the flats 25 can easily be
      inserted into the aperture and follow the U-shaped contour of its walls. A
      collar 27 is situated at opposite ends of the central shaft so that the
      idler roll cannot be forced laterally out of the aperture within which
      flats 25 are seated. Although flats 25 and collar 27 are described as
      separate components, a multi-purpose end cap of conventional design could
      readily perform both of these functions.
PAR  One end of a first canted idler roll, or wing roll, 22 is seated in an
      aperture in end bracket 18, and the opposite end is seated in an aperture
      in support 16a of interior bracket 16. The outer end of idler roll 22 is
      secured in position in a conventional fashion (not shown). One end of
      second idler roll 24, which extends laterally between the wing rolls, is
      seated in an aperture in support 16b and the opposite end of roll 24 is
      seated in an aperture in support 14b of bracket 14. The inner end of a
      second canted idler roll, or wing roll, 26 is seated in an aperture in
      support 14a of bracket 14, and the outer end of roll 26 is seated in an
      aperture in outer bracket 12. Conventional means are used to secure the
      outer end of roll 26 within the aperture in bracket 12. Since rolls 22 and
      26 are mounted at an acute angle to the plane passing laterally through
      roll 24, belt 10 assumes a concave configuration. A grease fitting 28 is
      located at the outer end of roll 22 and a similar fitting (not shown) is
      located at the outer end of roll 26 so that the idler roll set can be
      lubricated at either lateral end thereof. FIG. 3 shows additional details
      of end bracket 18 and grease fitting 28 in relation to idler roll 22.
PAR  FIGS. 4-6 reveal a keeper, indicated generally by reference numeral 32,
      constructed in accordance with the principles of the instant invention.
      Keeper 32 is a unitary, rigid metal member including a sturdy,
      substantially rectangular body 34 with a pair of legs 36,38 of shallow,
      substantially triangular configuration extending therebelow. The apex of
      each triangular leg is foreshortened to provide a run 39,41 that parallels
      the longitudinal extent of body 34. The runs are of sufficient length so
      that a relatively large area of contact will be defined between the keeper
      and the wrench flats on the roll shafts. When viewed in end elevation as
      in FIG. 5, legs 36,38 diverge slightly outwardly from the body at an
      obtuse angle so that the lateral span between the lower ends of the legs
      exceeds the lateral dimension of the body 34 of the keeper.
PAR  An upstruck rib 40 interrupts the upper surface of body 34. The
      longitudinal dimension of rib 40 is chosen to be slightly less than the
      longitudinal distance between the opposing walls that define the apertures
      in the supports and interconnecting loops of interior brackets 14 and 16.
      Accordingly, as depicted in FIG. 4, when keeper 32 is driven into locking
      position within the bracket, rib 40 is trapped between the opposing walls
      and runs 39,41 on depending legs 36,38 rest upon flats 25 on the ends of
      adjacent rolls retained within the interior brackets. The reaction of the
      free end of each roll exerts an upward lifting force on the end of each
      roll seated within the apertures in the supports of the interior brackets;
      such lifting force is transmitted to the legs of the keeper and presses
      the upper surface of body 34 firmly against the underside of the loops,
      such as 14c and 16c, that laterally span and interconnect the supports of
      the interior bracket. The interaction between the lifting force applied to
      the keeper, once inserted into operative position, and the entrapment of
      rib 40 between the opposing walls that define the apertures, contribute to
      the self-captivating characteristic of the instant keeper. Phrased in
      another manner, once keeper 32 is driven into operative position by simple
      manual tools, it cannot work its way free but must be driven from its
      operative position by manipulation of the simple manual tools, such as a
      hammer, etc.
PAR  The structural configuration of the instant keeper, and the functional
      advantages attributable thereto, is susceptible of minor changes and
      modifications which fall within the inventive scope of this application.
      To illustrate, with slight modification, the keeper could be used with
      brackets of different design and with idler rolls of sundry
      configurations. Consequently, it is submitted that the appended claims
      should not be severely limited to their literal terms, but should be
      accorded an interpretation commensurate with the technical advance in the
      conveyor art represented by the instant keeper.
CLMS
STM  I claim:
NUM  1.
PAR  1. A support and keeper assembly for a roll shaft: comprising
PA1  a. support means carrying at least a seat and provided with at least an
      aperture through which at least a portion of a roll shaft may enter to be
      received by said seat;
PA1  b. said support means further extending into substantially horizontally
      disposed abutment means proximate to and on each side of said aperture and
      raised with respect to said aperture and seat; and
PA1  c. keeper means of a configuration having a top surface and a bottom
      surface and being of an extent sufficient to span said aperture and to be
      housed between said abutment means and a portion of the roll shaft when
      disposed in said seat, so that said top surface is disposed beneath and
      for coaction with said substantially horizontally disposed abutment means
      and so that said bottom surface is disposed above and for coaction with
      the portion of the roll shaft, to prevent movement of the portion of the
      roll shaft upwardly out of said seat and through said aperture.
NUM  2.
PAR  2. The support and keeper assembly of claim 1 wherein detent means are
      provided between said keeper means and said abutment means.
NUM  3.
PAR  3. The support and keeper assembly of claim 2 wherein said detent means
      comprises a rib carried by said keeper means for co-operation with an
      opening formed in said abutment means.
NUM  4.
PAR  4. The support and keeper assembly of claim 1 wherein,
PA1  a. said support means includes a first support provided with a first
      aperture and a first seat for receiving a portion of a first roll shaft;
PA1  b. said support means further including a second support provided with a
      second aperture and a second seat for receiving a portion of a second roll
      shaft; and
PA1  c. said abutment means comprising a continuous loop spanning said first
      support and said second support.
NUM  5.
PAR  5. The support and keeper assembly of claim 4 wherein said keeper includes
      a projection and said abutment means includes an opening disposed for
      co-operation with said projection to detent said keeper in position.
NUM  6.
PAR  6. The support and keeper assembly of claim 5 wherein said continuous loop
      is formed as two loop like member spanning said first support and said
      second support each such loop like member being to one said of said
      aperture so as to form said opening therebetween.
NUM  7.
PAR  7. The support and keeper assembly of claim 1 wherein said keeper means is
      provided with leg means and wherein the spacing between said seat and said
      abutment is less then the extent of said legs and the size of the roll
      shaft portion to be received in said seat so that said keeper must be
      forced into place.
NUM  8.
PAR  8. The support and keeper assembly of claim 7 wherein said keeper includes
      an upstanding rib and said abutment includes an opening for receiving said
      upstanding rib after said keeper has been forced into place and so that
      said keeper is detented into position.
NUM  9.
PAR  9. An idler roll set comprising, in combination,
PA1  a. a bracket having a first and a second support interconnected by a
      continuous loop that spans the lateral distance between said supports,
PA1  b. said first and said second supports having upwardly opening apertures
      defined therein,
PA1  c. idler rolls having flattened surfaces defined at each end thereof,
PA1  d. said surfaces being insertable into said apertures in a vertical
      direction so that opposite ends of a first and a second idler roll are
      positioned adjacent to one another within said bracket,
PA1  e. said loop having a central portion removed therefrom so that a
      continuous opening extends throughout said first support, said loop, and
      said second support, and
PA1  f. a keeper having a rigid rectangular body, a pair of legs depending
      therebelow, and a rib formed atop its body with the longitudinal extent of
      said rib being slightly less than the longitudinal dimension of said
      opening,
PA1  g. said keeper being forced into said bracket in a longitudinal direction
      substantially parallel to said loop so that said body spans the lateral
      distance between the supports, said depending legs firmly engage the
      surfaces on opposite ends of the first and second idler rolls, and so that
      said rib is captured within the walls defining said openings.
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ABST
PAL  A drive mounting for an elevator of a scraper vehicle having a main drive
      shaft carrying a pair of driving sprockets coupled to an elevator drive
      unit at one side of the frame, in which the drive unit is mounted in a
      spherical type joint at one end thereof and is carried at the other end
      thereof by a resilient mounting carried in a vertical socket capable of
      limited swivel and pivotal movement. The resilient mounting also has a
      pivot along a horizontal axis offset from the drive shaft axis. This
      mounting prevents stresses from being set up therein when the drive unit
      is mounted, and also absorbs shock during operation. Means are also
      provided for holding the main drive shaft in place separate from its
      associated motor and gear drive to facilitate assembly and motor
      maintenance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in a drive mounting for an
      elevator scraper, and more particularly, to such a drive mounting having
      means for preventing axial misalignment.
PAR  Elevator scrapers typically contain a large rectangular frame member
      mounted on a vehicle, with the frame member supporting all of the elevator
      structure including the drive unit therefor. Such drive mountings
      generally comprise a main drive shaft mounted on the frame at each side
      thereof, with main drive shaft having a pair of drive sprockets adapted to
      drive a pair of endless chains. The chains are supported on suitable
      idlers also carried on the frame and comprise a plurality of transverse
      flights for conveying dirt and like material into the bowl of the scraper.
      The main drive shaft is provided with a motor and gear reduction unit
      suitable for driving said shaft, and in the present invention, the motor
      and gear unit are preferably carried at one end of the shaft externally of
      the main drive.
PAR  Such elevator scraper drive systems have been in use for a long time and
      are eminently satisfactory. However, certain problems have arisen which
      contribute to the wear of the device and facility of use thereof. The
      present invention is directed toward improvements in solving these
      problems.
PAR  Specifically, when the drive structure is mounted onto the frame, the
      manufacturing tolerances of the frame frequently cause one end of the
      drive structure to be axially misaligned with the other. Consequently,
      mountings should be provided to accommodate for such misalignment between
      the opposite ends of the drive structure to prevent the creation on undue
      stresses in the various components thereof, because such stresses may
      eventually cause a failure and reduce the useful life of the structure. In
      addition, stresses are caused in the elevator frame during use of the
      scraper such as when rocks or the like are struck, because such forces
      tend to temporarily affect slight changes in the frame configuration. Due
      to the large size of the frame, very slight changes in alignment and
      stress forces are sufficient to affect these alignment problems.
      Accordingly, means should be provided to protect the mounting bearing
      structures. However, it is also important that the structure be strong and
      maintain rigidity in order to operate effectively.
PAR  Another problem which has been encountered in elevator scrapers resides in
      the fact that the drive motor for the scraper frequently needs more
      maintenance and/or replacement than the other drive elements. When such
      motor maintenance is conducted, it has heretofore been necessary to
      provide support for the extremely heavy elevator drive components
      externally of the machine. In other words, the motor and associated
      gearing could not be removed without disconnecting a support for the main
      drive shaft on which all of the other elevator drive elements are
      supported.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a
      drive mounting for elevator scrapers in which means are provided to
      compensate for axial misalignment, which is likely to occur both in the
      assembly and use of the machine.
PAR  Another object of the invention is to provide a drive mounting arrangement
      of the character described in which means are provided to absorb shocks
      during the operation of the device.
PAR  A further object of the invention is to provide a construction designed to
      facilitate maintenance thereof.
PAR  These and other objects are achieved by the provision of a drive mounting
      for an elevator of a scraper vehicle having a main drive shaft mounted to
      the frame with a spherical-type joint at one end and a special resilient
      supporting attachment at the other end. The resilient support includes an
      offset pivot together with a socket having a resilient bushing. The
      bushing provides for a small amount of swivel along a vertical axis
      together with a very slight amount of pivot in any axis on a somewhat
      horizontal plane.
PAR  The main drive shaft carries a drive motor at one end thereof, with the
      drive motor being carried at the same end as the resilient socket joint so
      as to provide protection for the motor. In addition, means are provided
      for supporting the drive shaft on the resilient mount when the motor is
      removed in order to support the heavy elevator mechanism in place during
      motor maintenance.
PAR  Further features of advantage are obtained from additional specific
      structures which are more fully described in connection with the
      description of the preferred embodiment below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred form of the invention is illustrated in the accompanying
      drawing forming a part of this description, in which:
PAR  FIG. 1 is a front elevational view showing the upper portion of an elevator
      construction equipped with a drive mounting constructed according to the
      invention;
PAR  FIG. 2 is an enlarged fragmentary view of the side portion of the structure
      shown in FIG. 1, having the drive unit thereon with part being broken away
      to illustrate internal parts, some of which are shown in section;
PAR  FIG. 3 is a fragmentary side elevational view of a portion of the structure
      shown in FIG. 2; and
PAR  FIG. 4 is a fragmentary view of a portion of the structure shown in FIG. 2
      illustrating the attachment utilized during maintenance of the drive motor
     .
DETD
PAR  While only the preferred form of the invention is shown, it should be
      understood that various changes or modifications may be made within the
      scope of the claims attached hereto without departing from the spirit of
      the invention.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings, a drive mounting assembly
      11 is shown in association with a rearwardly inclined elevator 12 for a
      scraper vehicle (not shown). The elevator 12 is provided with a box-type
      main frame, the upper end of which is shown at 13. The frame 13 comprises
      a pair of transverse frame members with upper frame members 14 being shown
      extending between the interconnecting upper ends of a pair of right and
      left-hand side frame members 16 and 17.
PAR  The elevator 12 is provided with a conveying mechanism 18, which includes a
      pair of laterally-spaced endless chains 19 and 21 interconnected by a
      plurality of transverse flights 22. The main frame 13 also comprises a
      pair of intermediate idler wheels 23 and 24 individually secured to the
      opposite side frame members 16 and 17, and which are utilized for
      supporting the endless chains of the conveying mechanism in their
      circumposed relationship about the main frame.
PAR  The elevator further includes a drive means 26 mounted transversely across
      the upper end of the main frame 13 for driving the conveying mechanism 18
      about the perimeter of the frame. The drive means comprises an elongated
      tubular drive shaft 27 having a pair of sprocket wheels 28 and 29 mounted
      thereon for rotation therewith disposed adjacent the opposite ends
      thereof. The drive means further comprises a drive unit 30 including a
      hydrostatic motor 31 connected in driving relation to the shaft 27 through
      a speed-reducing gear drive 32.
PAR  The end of the drive shaft 27 opposite the motor is rotatably mounted by a
      universal-type bearing such as the spherical bearing 33 carried by a
      bracket 34, which in turn is attached to the upper end of the side frame
      member 16. The other end of the drive shaft 27 is mounted to the upper end
      of side frame member 17 through a resilient supporting attachment 36.
PAR  As best seen in FIG. 2, the sprocket wheel 29 is disposed between a pair of
      radially extending flanges 37 and 38. A plurality of
      circumferentially-spaced bolts, one of which is shown at 39, secure the
      flanges and the sprocket wheel together. The radial flange 37 is fixedly
      secured to the adjacent end of the tubular drive shaft 27 by welding or
      other suitable means, while the radial flange 38 is formed integrally with
      an axially-disposed stub shaft 41.
PAR  The gear drive 32 is provided with a tubular output shaft 42 which is
      adapted to receive stub shaft 41 through a slip-spline connection 43. Such
      shafts are radially supported by a pair of tapered rolling bearing units
      44 which are mounted in a cover 46 attached to gear drive 32. The stub
      shaft 41 and output shaft 42 are axially coupled by a flanged retainer 47.
      The retainer 47 is secured to the outer end of the output shaft 42 by
      bolts 48, and is detachably mounted to the flange 38 of the stub shaft 41
      by a plurality of externally-accessible bolts 49. A duo-cone seal 51 is
      disposed between the relatively rotatable retainer 47 and the cover 46,
      and a static O-ring seal 52 is disposed between the stub shaft 41 and the
      retainer for sealing purposes.
PAR  The resilient supporting attachment 36 is normally connected through cover
      46 of gear drive 32, which cover includes a pair of parallel legs 53 and
      54 (see FIG. 3). A mounting bracket 56 is disposed between such legs, and
      a pin 57 is fed through suitable bearing surfaces in mounting bracket 56
      and the legs 53 and 54. This pin is utilized for pivotally connecting the
      drive mounting assembly about a first pivot axis "X," which is disposed in
      elevationally-offset perpendicular relation to the rotational axis of the
      drive system substantially as shown in the drawing.
PAR  The bracket 56 is provided with a trunnion 58 received in a cylindrical
      socket 59 formed into the upper end of the side frame member 17. Axial
      loads, relative to the trunnion, are carried through a thrust-washer 61
      disposed between the outer end of socket 59 and the bracket 56. Radial
      loads relative thereto are carried through a resilient bushing 62 disposed
      between the trunnion and socket. The resilient bushing 62 is made as a
      separate unit and comprises an elastomeric sleeve 63 securely bonded
      between an inner metal sleeve 64 and an outer metal sleeve 66.
PAR  In addition, resilient bushing 62 is press-fitted into the socket and the
      trunnion 58 pressed into the bushing. In this way, the trunnion is
      securely anchored into the socket, but with a certain amount of freedom of
      movement being allowed by the resiliency in the elastomeric sleeve. Thus
      limited swivel movement of the bracket relative to the socket is permitted
      through the elastic properties of the sleeve in shear. Such swivel
      movement is about a second axis "Y" which is disposed perpendicular to
      both the first pivot axis "X" and the rotational axis of the drive shaft
      27. In addition, a slight transverse shift and corresponding pivoting
      within the socket is permitted in the form of a very slight tilt of the
      "Y" axis. In this way, it is seen that the drive mounting assembly is
      firmly held in place, yet is capable of sufficient movement to compensate
      for slight variations in manufacturing tolerances, and is equipped with a
      resilient mounting sufficient to help absorb shocks during operation.
PAR  As explained above, the resilient supporting attachment 36 is formed to
      hold the drive mounting assembly through the cover 46 of gear drive 32.
      However, during servicing and maintenance, it is often desirable to remove
      the motor 31 and gear box 32 by disconnecting them from the rest of the
      drive mounting assembly through uncoupling of spline connection 43. In
      order to effect this removal, it is important to hold the drive mounting
      assembly in place. In order to obviate the need for utilizing external
      means such as a hoist in order to hold this very heavy piece of machinery,
      the preferred form of the invention provides holding means separate from
      the normal cover attachment.
PAR  As best shown in FIGS. 3 and 4, the mounting bracket 56 also comprises a
      pair of upstanding ears 67 and 68 protruding therefrom and disposed
      adjacent to the sprocket wheel 29. Each ear is provided with a threaded
      aperture 69, with such apertures positioned so that they may be axially
      aligned with a pair of adjacent sprocket mounting bolts 39 upon
      appropriate rotation of the sprocket wheel 29. With the axial alignment
      thus made, bolt 39 is replaced with a longer bolt 71 formed to fit into
      the threaded apertures 69 of ears 67 and 68.
PAR  From the foregoing description, it is seen that the resilient attachment 36
      cooperates with the spherical mounting 33 to permit self-alignment of the
      drive structure and thereby prevent undue stresses which might otherwise
      be caused by the usual slight misalignment of such ends. In addition to
      the compensating alignment, it is seen that the supporting structure
      provides an excellent, strong and firm support for the drive mounting
      arrangement, which is important in assuring accurate control in the use
      thereof. In addition, the resilient supporting attachment provides for a
      degree of shock-absorbing in the area adjacent the motor and associated
      parts thereby protecting bearing surfaces from excessive stresses when the
      scraper strikes rock or the like.
PAR  In order to service the hydrostatic motor 31 and associated gear drive 32,
      the following procedure is utilized: first the sprocket 29 is rotated to
      align bolts 39 with the threaded apertures 69 of ears 67 and 68, two of
      the bolts 39 are removed and replaced by the longer bolts 71, which thread
      into the apertures 69 as illustrated in FIG. 4. With sprocket 29 thus
      secured, bolts 49 are removed to disconnect the retainer 47 from the
      flange 38, and pin 57 is removed to disconnect the gear cover 46 from the
      resilient supporting structure 36. The drive unit is then removed by
      pulling it axially outward to slidably remove it from the stub shaft 41
      and disengage the spline connection 43.
PAR  It will be appreciated that in the absence of the supporting structure
      utilized herein, some type of hoist would normally have to be used to
      support the drive structure when removing the drive unit. Due to its
      excessive weight, such operation involves certain difficulties. These
      difficulties not only include the need for supporting the elevator, but in
      realigning the holes for pin 57 and bolts 49 to be re-inserted on
      re-assembly. However, the holding means not only avoids the use of a hoist
      or the like, but it retains the drive shaft in its aligned position to
      facilitate this reassembly.
PAR  From the foregoing description, it is seen that an improved drive mounting
      for elevator scrapers and the like is provided which has improved
      self-compensating features and other advantages which reduce the wear of
      the device to facilitate maintenance therefor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a scraper elevator having a main supporting element and a conveying
      mechanism comprising a drive structure having a pair of laterally disposed
      drive sprockets carried on a drive shaft driven by a demountable elevator
      drive unit, in combination, means for mounting the drive structure on the
      main supporting element comprising
PA1  universal support means pivotable on three axes for connecting one end of
      the drive shaft to the main supporting element; and
PA1  resilient support means connecting the other end of the drive shaft to the
      main supporting element and acting in cooperation with said universal
      supporting means for compensating for misalignment of said main supporting
      element relative to said drive shaft and for maintaining said drive shaft
      in said relation upon removal of said drive unit, said main supporting
      element defining a bore having an axis substantially parallel to the
      longitudinal axis of said main supporting element and wherein said
      resilient support means comprises a pivot means offset from the axis of
      the drive shaft and pivotable on an axis perpendicular to the axis of the
      main supporting element, a trunnion received in said bore and having an
      axis substantially perpendicular to the axis of said drive shaft, and an
      elastomeric bushing member disposed around said trunnion for allowing
      limited restrained movement of said trunnion in said bore.
NUM  2.
PAR  2. A drive mounting for elevator scrapers and the like, the elevator having
      an associated conveying mechanism, the drive mounting comprising
PA1  main frame means formed for mounting on a vehicle and adapted to carry said
      elevator and associated conveying mechanism, said main frame means
      comprising a first frame element, a second frame element substantially
      parallel to said first frame element, and a transverse element rigidly
      interconnecting the first frame element of the second frame element;
PA1  a drive shaft for driving said elevator and associated conveying mechanism;
PA1  a geared drive unit demountably connected to one end of said shaft;
PA1  a universal supporting attachment connecting the other opposite end of said
      drive shaft to said first frame element; and
PA1  a resilient supporting means acting in cooperation with said universal
      supporting attachment and connecting the one end of said drive shaft to
      the second frame element for compensating for misalignment of said first
      frame element with said second frame element while allowing removal of
      said geared drive unit from said drive shaft, said resilient supporting
      attachment comprising
PA1  a pivot means offset from the axis of the drive shaft and perpendicular to
      the axis of said drive shaft, and wherein the second frame element defines
      a socket having an axis substantially perpendicular to the axis of said
      drive shaft and said pivot axis,
PA1  a trunnion associated with said pivot and providing a male section adapted
      to fit within said socket, and
PA1  a resilient bushing force-fitted between said socket and said trunnion.
NUM  3.
PAR  3. A drive mounting for elevator scrapers as defined in claim 2, in which
      the resilient bushing comprises an inner metal sleeve and an outer metal
      sleeve, and an elastomeric sleeve fitted therebetween, said elastomeric
      sleeve being bonded to both of said metal sleeves.
NUM  4.
PAR  4. A drive mounting for elevator scrapers as defined in claim 3, in which
      the resilient supporting attachment has its pivot axis substantially
      perpendicular to the plane of the main frame means, and its trunnion axis
      substantially parallel to longitudinal axis of the main frame.
NUM  5.
PAR  5. A drive mounting for elevator scrapers and the like, comprising:
PA1  elevator frame means formed for mounting on a vehicle and adapted to carry
      an associated conveying mechanism,
PA1  a drive shaft mounted on said frame for driving said elevator conveying
      mechanism,
PA1  a universal supporting attachment for connecting one end of said drive
      shaft to the main supporting frame,
PA1  a resilient supporting attachment for connecting the other end of the drive
      shaft to the main support frame,
PA1  a drive unit carried on one end of said shaft and comprising a drive motor
      and gear means carried in a suitable housing,
PA1  removable connecting means for drivingly connecting the drive unit with the
      drive shaft,
PA1  said resilient supporting attachment comprising a socket carried on the
      main frame, a trunnion pivotally attached to the housing for the drive
      unit, and a resilient bushing fitting between said trunnion and said
      socket for securing the trunnion and socket together, and
PA1  independent holding means for temporarily attaching the drive shaft to the
      resilient supporting attachment whereby the drive unit may be removed
      without moving the drive shaft.
NUM  6.
PAR  6. A drive mounting for elevator scrapers as defined in claim 5, in which
      the resilient bushing comprises an inner and outer metal sleeve, and an
      elastomeric sleeve fitting therebetween, said elastomeric sleeve being
      bonded to both of said metal sleeves.
NUM  7.
PAR  7. A drive mounting for elevator scrapers as defined in claim 6, in which
      the resilient supporting attachment has its pivot axis substantially
      perpendicular to the plane of the main frame, and its socket axis
      substantially parallel to the main frame.
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ABST
PAL  A scraper conveyor has a conveyor trough composed of at least two
      longitudinally adjacent trough sections having respective side walls and
      juxtaposed terminal faces. A pair of first connecting members is welded to
      the side walls of one of the sections and recessed longitudinally thereof
      from the terminal face of the one section. These first connecting members
      have convex first end faces directed towards the terminal face of the one
      section, and exposed outer surfaces. A pair of second connecting members
      is welded to the side walls of the other of the sections and each of these
      has an end portion projecting beyond the terminal face of the other
      section. The end portions have second end faces which are each formed with
      a concave recess in which one of the convex end faces is received, and
      also exposed outer surfaces. Substantially keyhole-shaped recesses are
      formed in the exposed outer surfaces and each of these has a narrow
      portion provided with an open end located at the respective end face, and
      with a wider portion spaced from the respective end face. Coupling
      elements are received in the keyhole-shaped recesses and each of these has
      two enlarged end sections received in the respective wider portions, and a
      narrower section received in the narrow portions of the cooperating
      recesses. With this construction the thus connected trough sections have
      limited freedom of relative angular displacement in vertical and in
      horizontal direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to conveyors and particularly to a
      novel conveyor construction, which is especially but not exclusively
      suitable for use in scraper conveyors.
PAR  The invention will be described with respect to a scraper conveyor, but it
      is not intended to be limited to this application.
PAR  In conveyors, particularly in scraper conveyors, a conveyor trough is
      provided which is usually composed of a plurality of longitudinally
      adjacent trough sections, which must be connected with one another. It is
      known to effect such connections by means of bolts, chain links or even
      rope connectors. Scraper conveyors are widely used in mining applications
      in which the surface on which they rest or the lateral surfaces of which
      then may come in contact, is frequently rough and uneven. For this reason,
      the connection between adjacent trough sections of such a conveyor should
      be such that it not only holds the connected trough sections together, but
      also permits a certain relative angular displacement in vertical and
      horizontal direction, within a limited range. On the other hand, care must
      be exercised that the trough sections remain properly aligned with one
      another, in order to avoid interference with the scraper chain or chains
      that move in the trough sections.
PAR  Experience has shown that in certain instances, particularly when these
      prior art conveyors are used in conjunction with high-production automatic
      coal mining machines, for instance of the coal plough type the
      instrumentalities used for connecting the consecutive trough sections are
      not as effective as is desirable. This is particularly true if such a
      conveyor is used in conjunction not only with a coal-removing machine but
      also in connection with a walking mine-roof support. When such a mine-roof
      support is advanced from one location to another, it is inevitable that
      consecutive conveyor sections be frequently angled relatively sharply with
      reference to one another. This causes substantially stresses to act upon
      the connecting and centering instrumentalities that have been used in the
      prior art, leading to damage and destruction. If bolts are used, the
      associated nuts are frequently simply stripped or the shaft of the bolt
      will be torn. This then requires repairs which are time consuming and
      which require unnecessary down-time. In instances when it is necessary
      under these circumstances to remove nuts, this is frequently very
      difficult, or not possible at all, because of corrosion due to the ambient
      moisture underground, or because of other problems. This then causes
      further difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to avoid the
      aforementioned disadvantages.
PAR  More particularly, it is an object of the present invention to provide an
      improved conveyor, particularly but not exclusively a scraper conveyor,
      which is not possessed of these disadvantages.
PAR  Still more specifically, it is an object of the present invention to
      provide an improved conveyor in which longitudinally adjacent trough
      sections of the conveyor trough are so connected that even when they are
      angled substantially with reference to one another, no damage will occur
      to the connecting and centering instrumentalities.
PAR  A further object of the invention is to provide such a conveyor wherein the
      connection of longitudinally adjacent trough sections can be carried out
      simply and rapidly, and the same is true of a disassembly.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in a conveyor,
      particularly a scraper conveyor, in a combination which comprises a
      conveyor trough composed of at least two longitudinally adjacent trough
      sections having respective side walls and juxtaposed terminal faces. A
      pair of first connecting members are welded to the side walls of one of
      the sections and recessed longitudinally thereof from the terminal face of
      the one section. The first connecting members have respective convex first
      end faces which are directed towards the terminal face of the one section,
      and they also have exposed outer surfaces. A pair of second connecting
      members is welded to the side walls of the other of the sections and each
      of these has an end portion projecting beyond the terminal face of the
      other section. These end portions have second end faces each formed with a
      concave recess in which one of the convex end faces is received, and they
      also have exposed outer surfaces. Substantially keyhole-shaped recesses
      are formed in the exposed outer surfaces and each of these has a narrow
      portion provided with an open end located at the respective end face, and
      with a wider portion spaced from the respective end face. Coupling
      elements are received in the keyhole-shaped recesses and each of these has
      two enlarged end sections received in the wider portions of adjacent
      keyhole-shaped recesses of the first and second connecting members and a
      narrower section received in the narrrow portions of the cooperating
      recesses, so that the trough sections are firmly connected but can be
      angled relative to one another to a limited extent both in vertical and in
      horizontal direction.
PAR  The outer surfaces of the side walls of the trough sections are inwardly
      recessed in a V-shaped configuration, so as to form a V-shaped groove
      extending longitudinally of the respective side wall. The first and second
      connecting members are located in these respective grooves, and extend
      over the entire height of the latter. This means that the connecting
      members, which act as centering means for the conveyor trough sections,
      can be relatively large; this in turn, means that the coupling elements
      can be constructed and mounted much more advantageously than would
      otherwise be the case, there being more space available and there being no
      need to resort to threaded coupling elements. The coupling elements
      mentioned above are instead simply inserted into the keyhole-shaped
      recesses and, as will be clear from the subsequent detailed description,
      they will not be subjected to bending moments in a horizontal plane, but
      instead will be subjected only to tensile forces. The welds connecting the
      connecting members to the side walls of trough sections can be very long,
      thus serving to further secure the connecting members against bending and
      breaking. Thus, the invention eliminates a major source of damage and
      repair as well as the machine down-time connected therewith.
PAR  It is particularly advantageous if the coupling elements are each of one
      piece and are either produced by casting or by forging. The narrower
      section of the coupling elements, which is in operation subjected to
      tensile stresses, may be of rectangular cross section, or could also be of
      trapezoidal cross section, although other cross sections are also
      suitable.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary side view, illustrating connected end portions of
      two longitudinally connected trough sections which are incorporated in the
      invention;
PAR  FIG. 2 is a section taken on line II--II of FIG. 1; and
PAR  FIG. 3 is a section taken on line III--III of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the Figures we have illustrated two longitudinally adajcent conveyor
      trough sections 3, 4, and in particular (see FIG. 1) the longitudinally
      adjacent end portions 1 and 2 of the trough sections 3 and 4. As shown
      diagrammatically in FIG. 3 (see the dotted lines) conveyor chains C
      forming an upper and a lower run travel in concave recesses 7 formed in
      the inner side of side walls 5 (one shown) of the respective conveyor
      trough sections. The chains C have connected to them scraper elements S
      which advance longitudinally of the conveyor trough sections and scrape
      material such as coal or the like, over the upper surface of a horizontal
      partition wall 6 which connects the two side walls 5 of the respective
      trough section with one another. Only a single side wall 5 is shown in
      FIG. 3, it being understood that the other side wall of the same trough
      section is identical with the one shown, but is mirror-symmetrical
      relative thereto. The partition wall 6 is welded to the side walls as
      indicated in FIG. 3.
PAR  The outer sides of the side walls 5 are formed with respective
      longitudinally extending grooves 8 of substantially V-shaped cross-section
      with the V lying on its side.
PAR  The connection of two longitudinally extending trough sections of a
      conveyor trough, especially of a scraper conveyor trough, necessitates
      that these trough sections be capable of being angled relative to one
      another in horizontal as well as in vertical direction, for the reasons
      outlined earlier, namely to be able to accommodate them to uneven
      supporting or contact surfaces, and also to be able to accommodate
      themselves to forces acting upon them when an associated coal plough or
      the like travels along them and acts upon the mine face.
PAR  To make this accommodation of the trough sections with reference to one
      another possible, a pair of connecting members 9 (one shown) is received
      in the respective grooves 8 (see FIG. 3), being welded to the trough
      section 4 at 9a. It will be understood that in the opposite side walls of
      the trough section 4 the connecting members 9 are arranged
      mirror-symmetrically relative to one another. As FIGS. 1 and 2 show, the
      connecting members 9 are recessed from the terminal face 10 of the trough
      section 4 in longitudinal direction of the latter; they are located in the
      plane of the outer surfaces 11 of the side walls 5, extend over the entire
      height of the respective grooves 8 and have a cross-section (see FIG. 3)
      which is as faithfully as possible acccommodated to the cross-sectional
      configuration of the grooves 8.
PAR  Those end faces of the connecting members 9 which face towards the terminal
      face 10 of the trough section 4 are convexly curved and are identified
      with reference numeral 12. The outer exposed surfaces of the connecting
      members 9 are formed with inwardly extending recesses which also extend
      rearwardly from the end faces 12 and are identified with reference numeral
      14. They are substantially keyhole-shaped and are composed of a slot
      portion 5 which slightly diverges towards the respective end face 12, and
      which has rounded corners, and with an inner enlarged portion 16 which in
      the illustrated embodiment is of substantially circular outline. The depth
      of the recesses 14 in direction inwardly of the respective side walls 5 is
      so chosen that in the innermost region of the grooves 8 there remain wall
      portions 17 between the upper and lower portions 18 and 19 of the
      respective connecting portions 9 (see FIG. 2). This assures that the
      connecting members 9 have a particularly good resistance to twisting.
PAR  The opposite ends of the connecting members 9, that is the one that are
      remote from the end faces 12, are formed with upper and lower cutouts 21
      which may be of the T-groove type, and into which bolts can be inserted
      which may serve to mount guide tracks for a coal plough, or any other
      desired component. Intermediate the cutouts 21 there are formed
      depressions 22 from whose inner end faces 23 bores 24 extend to the
      respective recess portions 16.
PAR  A pair of second connecting members is associated with the trough section
      3. These are also located in the grooves 8 of the trough section 3 and are
      welded in place just as the connecting members 9. They have the full
      height of the grooves 8 and fill substantially the entire cross-section
      thereof. The connecting members 26 are flush with the outer surfaces 11 of
      the side walls 5. Their length is greater than that of the connecting
      members 9 and they are provided with end portions 27 which extend
      outwardly past the terminal face 13 of the trough section 3 and into the
      respectively opposite grooves 8 of the trough section 4. These end
      portions 27 therefore serve to center the trough sections 3, 4 by
      providing great stability for them. The free ends or end faces of the end
      portions 27 are formed with concave recesses 28 which are largely
      accommodated to the convexity of the end faces 12 of the connecting
      members 9, which end faces indeed are received in the respective
      concavities 28.
PAR  The exposed outer surfaces of the connecting members 26 are also provided
      with keyhole-shaped recesses 29 which extend inwardly with reference to
      the respective side walls 5 and rearwardly from the concavities 28. The
      recesses 29 are also composed of a slot portion 30 which diverges towards
      the respective concavity 28 and of a substantially pear-shaped enlarged
      portion 31. The larger cross-sectional surface area of the portion 31 is
      located closer to the center of the trough section, and the depth of the
      recesses 29 is so selected as is the depth of the recesses 14, that over
      the major portion of the length of the connecting members 26 and along the
      innermost part of the grooves 8 there remain wall portions 32 between the
      upper and lower wall portions 33 and 34, so that the connecting members 26
      retain a high strength despite the presence of the recesses 29.
PAR  The wall portions 32 are omitted approximately in the region of the greater
      cross-sectional surface areas of the enlarged portions 31 so that behind
      these portions there are provided spaces 35 (see FIG. 2) whose purpose
      will be discussed later.
PAR  The rear ends 36 of the connecting members 26 are provided with upper and
      lower cutouts 37 corresponding to the cutouts 20 and which may be of
      T-groove cross-section and serve to accommodate screw bolts which again
      may be used to hold in place guide tracks for a coal plough or any other
      desired component.
PAR  The recesses 14 and 29 serve to accommodate coupling elements 36. In the
      illustrated embodiment, these coupling elements are each formed of a
      one-piece steel strip that is bent double upon itself, so that at one end
      there is formed a knot-shaped enlargement 39 the configuration of which
      corresponds substantially to that of the portion 16 of the recess 14. At
      the apex of the enlargement 39 there is formed a bore 40 having a greater
      cross section than the bore 24 which is provided in the wall portion 41
      and through which an expansion bolt 25 may be inserted for mounting
      purposes.
PAR  At the opposite end of the coupling elements 38, where the free ends 42 of
      the steel strip are located, the latter are deformed so as to form another
      knot-shaped enlargement 43. FIG. 2 shows that the width of the free ends
      42 is reduced by approximately half the total width of the steel strip, so
      that the remaining portions can project into the aforementioned space 35.
      The thickness of each steel strip section corresponds to approximately
      one-third to one-quarter the width of the steel strip section.
PAR  The coupling elements 38 are installed in the following manner. First, the
      terminal faces 10, 13 of the trough sections 3, 4 are abutted or
      substantially so. Now, the portions 42 are inserted into the space 35 at
      an angle and the enlarged portion 43 enters into the recess portion 31.
      The opposite end of the coupling element 38 (the right-hand end in FIG. 1)
      is then also pushed into the recess until the enlarged portion 39 becomes
      lodged in the recessed portion 16 and the entire coupling element 38 is
      located in the cooperating slot-shaped recesses 14, 29, of the two trough
      sections 3, 4. The expansion bolt 25 is then driven into the bore 40 and
      the coupling element 38 is now reliably fixed.
PAR  When for any reason the coupling element 38 is to be removed, it is
      advantageous to first fully drive the expansion bolt 25 into the interior
      of the enlarged portion 39, whereupon the latter can be laterally
      withdrawn from the recess portion 16 and subsequently withdrawn at an
      angle from the recess portion 31 and the space 35.
PAR  To further fix the connecting members 26 in place, the latter may also be
      formed with an inner projection 44 (compare FIG. 2) which engages in a
      corresponding recess 45 of the trough section 3 and is there welded in
      place.
PAR  The connecting members 9 and 26 are welded to the side walls 5 along the
      upper and lower longitudinal edges 46 and 47, and in the region of the end
      faces in the angle defined between the end faces and the walls bounding
      the grooves 8. This means that there are very long welding seams present
      which assure a reliable connection of the connecting members 9 and 26 with
      the respective side walls 5.
PAR  It will be noted that the connecting members 9 and 26 are so configurated
      that they can be readily produced in one piece by stamping or else by
      casting. It will also be understood that the coupling elements 38 need not
      be of steel strips but could be forgings or castings which would
      preferably be of solid cross section rather than having the hollows shown
      for the portions 39 and 43 in the illustrated exemplary embodiment.
PAR  To further protect the positioning of the coupling elements 38 it is
      advantageous if those surfaces which in tension come in contact with the
      convexly curved surfaces of the portions 39 and 43 of the coupling
      elements 38, are conically undercut. This conecity assures a
      self-centering of the coupling elements 38 in the respective recesses 14,
      29 when subjected to tension. Moreover, stresses on the expansion bolts 25
      are reduced and there will be an optimum surface-to-surface engagement
      between the coupling elements and the surfaces bounding the recess
      portions 16, 31. in this case the expansion bolts 25 serve only the
      purpose of preventing the coupling elements 38 from falling out of the
      recesses 14, 29 under no-stress conditions.
PAR  The spaces 35 may also be modified to constitute a part of the portion 31,
      in which case the latter is somewhat enlarged and a nose provided in the
      circumferential region of the portion 31 which faces away from the curved
      end face 28.
PAR  The expansion bolts 25 could be replaced with solid cross-section bolts in
      which case it is advantageous if these are provided with a nose-shaped
      radially extending projection located in the cutout or recess 22, by means
      of which they can be manipulated.
PAR  The connecting members 9, 26 could also be so configurated that in the end
      regions of the trough sections 3, 4 they reverse the wall portions
      bounding the grooves 8.
PAR  If a steel strip is used to produce the coupling elements 38, as in the
      illustrated exemplary embodiment, this is a particularly advantageous and
      inexpensive way of making the coupling elements 38, and it has the further
      advantage that the portions 39, 43 of the coupling elements 38 provide a
      spring characteristic since they can yield somewhat, which is advantageous
      because it tends to absorp sudden stresses at least to some extent.
PAR  It is also advantageous if one of the enlarged portions of the coupling
      elements 38, such as the portion 39, has its free end slightly flattened
      or thickened in a T-shaped configuration. This makes it possible to
      connect other components to it.
PAR  The largely mating configuration of the portion 39 and of the recess
      portion 16, and the play between them, assures that the portion 39 can
      tilt or pivot to some extent in the recess portion 16 but cannot perform
      any other substantial movements therein.
PAR  The installation of the expansion bolt 25 is effected by placing the
      expansion bolt into the depression 22 and driving it through the bore 24
      so that it projects into the bore 40. It is currently preferred that the
      bolt be received with play in the bore 40, in order to obtain a maximum
      relative angling in horizontal and vertical directions of the connected
      trough sections 3, 4. In place of the expansion bolt 25 it is possible to
      use a solid cross-section bolt having the radial projection mentioned
      before, or else a screw.
PAR  The somewhat pear-shaped configuration of the recess portion 31 assures
      that the portion 43 of the coupling elements 38 can perform a certain
      amount of movement in longitudinal direction of the trough section 3,
      which facilitates horizontal and vertical angling of the trough sections
      3, 4 relative to one another.
PAR  One of the significant advantages of the construction according to the
      present invention is that in the event of extreme forces acting upon the
      trough sections, the coupling elements 38 will be destroyed long before
      the forces can reach such a level that they could do damage to the
      connecting members 9, 26 or the trough sections 3, 4 themselves. This
      keeps any possible damage to an absolute minimum, since it will require
      only the replacement of he coupling elements 38.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      conveyor, particularly a scraper conveyor, it is not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a conveyor, particularly a scraper conveyor, a combination comprising
      a conveyor trough composed of at least two longitudinally adjacent trough
      sections having respective side walls and juxtaposed terminal faces; a
      pair of first connecting members welded to said side walls of one of said
      sections and recessed longitudinally thereof from the terminal end face of
      said one section, said first connecting members having convex first end
      faces directed towards said terminal end face of said one section, and
      outer surfaces facing away from the side walls of said one section; a pair
      of second connecting members welded to said side walls of the other of
      said sections and each having an end portion projecting beyond the
      terminal end face of said other section, said end portions having second
      end faces each formed with a concave recess in which one of said convex
      end faces is received, and outer surfaces facing away from the side walls
      of said other section; substantially keyhole-shaped recessed formed in
      said outer surfaces and each having a narrow portion with an open end
      located at the respective end face and a wider portion spaced from the
      respective end face, each of said narrow portions diverging from the
      respective wider portion toward the associated end face and said wider
      portions of said keyhole-shaped recesses in said first connecting member
      being of substantially circular outline; and coupling elements received in
      said keyhole-shaped recesses and each having two enlarged end sections
      received in the wider portions of said adjacent keyhole-shaped recesses of
      said first and second connecting members and a narrow section received in
      said narrow portions of said cooperating recesses, said enlarged end
      sections received in said wider portions of said keyhole-shaped recesses
      in said first connecting members having an outer surface substantially
      matching said circular outline so that said trough sections are connected
      against separation in longitudinal direction but can be tilted relative to
      one another to a limited extent in vertical and horizontal direction.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said coupling elements are
      each of one-piece construction.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said end sections are at
      least in part bounded by outer surface parts which are convexly curved
      about an axis extending normal to the elongation of said trough sections.
NUM  4.
PAR  4. A combination as defined in claim 3, wherein said keyhole-shaped
      recesses have undercut portions which are arranged to engage with said
      outer surface parts.
NUM  5.
PAR  5. A combination as defined in claim 1, wherein each of said coupling
      elements is composed of a steel strip which is doubled back upon itself
      and formed at spaced locations with eyelet-shaped bulges constituting said
      end sections.
NUM  6.
PAR  6. A combination as defined in claim 1, wherein the contours of said wider
      portions of said keyhole-shaped recesses correspond at least substantially
      to the contours of the end sections which are respectively received in
      said wider portions.
NUM  7.
PAR  7. A combination as defined in claim 1, wherein said side walls of said
      trough sections each have an outer side formed with a groove which extends
      longitudinally of the respective trough section and is of V-shaped
      cross-section; each connecting member being received in and having an
      inner surface facing inwardly of a respective groove; and wherein said
      keyhole-shaped recesses each extend from said outer surfaces towards but
      over at least part of their length short of the respective inner surface.
NUM  8.
PAR  8. A combination as defined in claim 7, wherein said inner surfaces are
      contoured to mate with the V-shape of the respective groove.
NUM  9.
PAR  9. A combination as defined in claim 7, wherein one end section of each
      coupling element is formed with a flattened part.
NUM  10.
PAR  10. A combination as defined in claim 1, wherein the enlarged end sections
      received in the wider portions of said keyhole-shaped recesses in said
      first connecting members are each formed with a bore extending
      longitudinally of the respective coupling element; and further comprising
      a securing member received in the respective bore and connected with the
      respective first connecting member adjacent said bore.
NUM  11.
PAR  11. A combination as defined in claim 10, wherein said first connecting
      members are each formed with a cutout extending longitudinally of the
      respective connecting member to the region of the respective wider
      portion, to permit installation of said securing member in said cutout.
NUM  12.
PAR  12. A combination as defined in claim 10, wherein said securing members are
      bolts each having a portion which is received with play in the
      respectively associated bore.
NUM  13.
PAR  13. A combination as defined in claim 10, wherein said securing members are
      bolts each having a main portion and an engaging portion which projects
      radially from said main portion.
NUM  14.
PAR  14. A combination as defined in claim 10, wherein said securing members are
      expansion bolts.
NUM  15.
PAR  15. A combination as defined in claim 1, wherein the wider portions of the
      keyhole-shaped recesses in said second connecting members are of
      substantially pear-shaped contour.
NUM  16.
PAR  16. A combination as defined in claim 1, wherein said coupling elements
      each have an end projection which extends from that one of said end
      sections that is received in the wider portion of said keyhole-shaped
      recesses in said second connecting members, said end projection having a
      depth in direction inwardly of the respective recess which is less than
      the depth of the remainder of the respective coupling element, and said
      end projection engaging into a space formed adjacent said wider portion in
      which the associated end section is received.
NUM  17.
PAR  17. A combination as defined in claim 1, wherein said connecting members
      each have rear end faces facing away from said first and second end faces,
      respectively, and being provided with cutouts arranged to receive
      respective bolts.
NUM  18.
PAR  18. A combination as defined in claim 1, wherein said connecting members
      are forgings.
NUM  19.
PAR  19. A combination as defined in claim 1, wherein said connecting members
      are castings.
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ABST
PAL  A conveyor assembly having a spring loaded belt tension roller mounted in
      slots on the sides of the frame to provide automatic adjustment of an
      endless belt to maintain optimum tautness. The frame has a relatively low
      profile with the belt guided by the vertical side rails of the frame in
      the forward and reverse directions to prevent lateral shifting of the
      belt, with the side rails connected by coupling bars. The drive roller is
      mounted on a single roller bearing with the inner race secured to a bolt
      which is fitted to a keyed hole on the side of the frame with the other
      end of the drive roller directly coupled to a drive motor. An idler roller
      mounted in close proximity to the drive roller provides contact of the
      belt with a substantial portion of the circumference of the drive roller
      to increase the frictional drive between the drive roller and the conveyor
      belt. A slide surface on the top of the frame is removable to provide
      access to the tension roller, drive roller, and idler roller for purposes
      of threading the tension roller and ease of maintenance of all the
      rollers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a conveyor and more particularly to a low
      profile system for material transfer which avoids the numerous problems
      inherent in similarly employed prior art devices.
PAR  Various prior art conveyor systems have been developed and proposed to take
      up the slack in a conveyor belt. Often the conveyor belt expands due to
      stress under normal conditions of usage. Furthermore, the belt may become
      loose due to change in temperature or humidity in the immediate
      environment. Various prior art devices have attempted to solve this
      problem using a spring loaded idler roller. U.S. Pat. No. 2,955,701 to
      Schwertl is typical of such prior art devices. This patent employs a
      spring loaded roller at the end of the conveyor belt. Such devices,
      however, cause a change in the linear distance from one end of the
      conveyor system to the other in proportion to the movement of the spring.
      This variation in the effective length of the system renders it
      impractical to utilize such systems to interface with other stationary
      equipment at either end of the module.
PAR  Various prior art devices have attempted to achieve compactness and low
      profile. U.S. Pat. No. 2,523,829 to Hubbell is typical of such prior art
      devices. The Hubbell patent discloses a low profile module. Such devices
      however fail to disclose the utilization of the vertical sidewalls of the
      frame for guidance of the conveyor belt in the forward and reverse
      direction to prevent lateral shifting of the conveyor belt.
PAR  Another problem inherent in prior art conveyor modules is the
      inaccessibility to the apparatus and particularly the idlers within the
      frame. Often it is necessary to obtain access to the apparatus within the
      frame for purposes of threading the belt, repairing the apparatus and
      routine maintenance. It is therefore important to be able to obtain ease
      of access to the apparatus. U.S. Pat. No. 3,120,303 to Leonard discloses
      conveyor sections which provide access to the apparatus within the frame.
      Such devices however require a substantial amount of disassembly.
      Furthermore, the guide rails of the frames of such devices do not provide
      sufficient guidance to prevent lateral shifting of the belt.
PAR  Various prior art conveyor systems require a number of bearings coupled to
      the rollers particularly the drive rollers. U.S. Pat. No. 1,943,998 to
      Adams is typical of such prior art devices. These devices require two or
      more bearings coupled to the rollers shown therein. It has been found
      desirable to eliminate one of the roller bearings and couple the drive
      motor directly to the drive roller.
PAR  In order to increase the friction between various rollers in the conveyor
      belt in typical prior art devices, an assembly including a number of
      rollers has been employed to cause the belt to contact one of the rollers
      for a substantial part of its circumference. Such devices however have not
      been used to their optimum capacity since typically they do not increase
      the contact by the belt with a substantial portion of the circumference of
      the drive roller.
PAC  SUMMARY OF THE INVENTION
PAR  The general purpose of the present invention is to provide a conveyor
      assembly which embraces all the advantages of similarly employed prior art
      devices and possesses none of the aforedescribed disadvantages. To attain
      this, the present invention provides a spring loaded belt tension roller
      mounted in slots to provide automatic adjustment of the endless belt to
      maintain optimum tautness. The spring loading reduces the stress of the
      belt behind the load and in a substantial portion of the belt moving in
      the reverse direction behind the tension belt to thereby increase the
      useful life of the belt. The spring loading also retains the belt taut to
      compensate for any stretching of the belt due to change in temperature or
      humidity in the immediate vicinity of the belt. The tautness of the belt
      tension roller is maintained without any variation in the over-all length
      of the conveyor module.
PAR  The conveyor frame has a low profile with the belt guided by vertical
      members in the form of side rails of the frame in the forward and reverse
      directions to prevent lateral shifting of the belt.
PAR  The drive roller is mounted on a single roller bearing with the inner race
      secured to a bolt which is fitted through a keyed hole on one side of the
      frame. The bolt has two arcuate surfaces and a threaded nut engages the
      arcuate surfaces to secure the bolt and the inner race of the roller
      bearings while permitting the outer race to rotate on the rollers. The
      other end of the drive roller is directly coupled to the roller. Thus,
      only one roller bearing assembly is required.
PAR  An idler roller provides contact of the belt with a substantial portion of
      the circumference of the drive roller. This increases the friction between
      the drive roller and the conveyor belt to thereby provide better
      conversion of the energy from the drive motor to the belt.
PAR  The frame has a slide surface on the top which may be removed to provide
      access to the belt tension roller, the drive roller and an idler roller to
      permit access to them for purposes of adjusting the belt, repairs, and
      routine maintenance. The frame also has coupling bars to connect adjacent
      vertical side members. The coupling bars couple adjacent vertical side
      members to maintain them in a uniform plane in their respective associated
      side without impeding the path of the belt. The bottom of the frame is
      mounted on rubber feet rather than screw fasteners used in similarly
      employed prior art devices. This renders the bottom of the frame smooth to
      prevent any scratching against the conveyor belt while the belt is
      travelling in the reverse direction in the conveyor module.
PAR  Accordingly, an object of the present invention is to provide means for
      retaining a conveyor belt taut without varying the over-all length of the
      conveyor module.
PAR  Another object is to provide means to retain a conveyor belt taut while
      reducing the stress on the belt in the reverse direction.
PAR  Still another object is to provide means for imparting rotational energy to
      a drive roller of a conveyor system using only one roller bearing.
PAR  Yet another object is to provide means to increase the frictional contact
      of the drive roller of a conveyor assembly and the belt.
PAR  Still another object is to provide means to prevent lateral shifting of a
      conveyor belt.
PAR  A further object is to provide a conveyor module having a compact low
      profile.
PAR  Yet a further object is to provide means to retain the sidewalls of the
      frame of a conveyor assembly in a single plane.
DRWD
PAR  Other objects, advantages, and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end view of the conveyor assembly of the present invention;
PAR  FIG. 2 is a side view with portions broken away of the conveyor assembly of
      the present invention;
PAR  FIG. 3 is a vertical sectional view of a portion of the drive roller within
      the dotted circle III of FIG. 1;
PAR  FIG. 4 is a vertical sectional view of a portion of the roller bearing for
      the drive roller within the dotted circle IV of FIG. 1;
PAR  FIG. 5 is a vertical sectional view of the nut and bolt assembly of the
      roller bearing taken along the plane IV--IV of FIG. 4;
PAR  FIG. 6 is a sectional view of FIG. 2 taken along the plane VI--VI.
PAR  FIG. 7 is an exploded perspective view of the conveyor module of the
      present invention; and
PAR  FIG. 8 is an exploded perspective view of mating adjacent sections of the
      conveyor module showing the coupling bars.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, there is shown the conveyor assembly of the
      present invention having an endless belt 11 mounted on a frame 12 having
      vertical side members 13 and 14 respectively. The side members 13 and 14
      guide the forward and return movement of the belt 11. As shown in the
      embodiments of FIGS. 3 and 4, the side members 13 and 14 may be mounted so
      that their tops are slightly below the stop surface of belt 11.
PAR  A tension roller 16 is spring loaded by springs 17 and 18 shown in FIG. 7.
      The springs are coupled to a bar 19 which is connected to the tension
      roller 16 between a washer 21 and a nut 22 at one end as shown in FIG. 6.
      Although it is not shown, a similar washer and nut combination is provided
      for at the opposite end of the roller 16. The roller 16 is mounted for
      movement in the slots 23 and 24 of the frame 12 as shown in FIG. 7 to take
      up the slack in the belt to thereby maintain it taut. The spring loading
      of the belt reduces the stress on the belt behind the load and in the
      reverse direction past an idler 27.
PAR  A drive roller 26 is provided for driving the belt 11. The belt is kept
      extra tight to the drive roller in the forward direction to provide a
      friction lock. This reduced stress area of the belt increases the useful
      life of the belt. An idler roller 28 is mounted in close proximity to the
      drive roller 26 to increase the frictional drive between the drive roller
      26 and the belt 11.
PAR  One of the features of the present invention is the provision of the
      tension roller 16 at some intermediary position between the forward and
      reverse end of the frame 12. This maintains the length of the conveyor
      assembly constant regardless of the stretching of the belt 11 by the
      tension due to the springs 17 and 18. Thus, the stretching of the belt due
      to change in temperature, humidity or normal stress is compensated for by
      the tension roller 16 and the associated springs which provide spring
      loading without affecting the over-all length of the module. This permits
      interfacing of the module with other equipment at the forward and reverse
      ends of the frame 12.
PAR  The drive roller is mounted on the frame with a single roller bearing
      assembly as shown in FIG. 4 on one side and a drive motor 31 shown coupled
      to the other side as shown in FIG. 3. The roller bearing 29 has an inner
      race 32 which is mounted on a bolt 33 having two flat surfaces 34 and 35
      as shown in FIG. 5. A keyed hole 37 is formed in one of the vertical sides
      13 of the frame 12 to permit the bolt 33 to be fitted therethrough as
      shown and prevent it from turning. The bolt 33 has two threaded arcuate
      surfaces 38 and 39. A threaded nut 41 secures the bolt to the vertical
      side 13 of the frame 12 to maintain the inner race stationary. The outer
      ring of the roller bearing 29 is press fit into the drive roller 26 to
      rotate with the drive roller. Thus, the outer race 42 is rotatable on the
      rollers 43 while the inner race is maintained stationary by the nut 41 and
      bolt 33 assembly.
PAR  The opposite end of the drive roller 26 is coupled by a shaft 44 to the
      motor 31 and secured thereto by a set screw 46 as shown in FIG. 3. Thus,
      the direct connection of the drive motor 31 to the drive roller 26
      requires only one bearing. The motor may be any suitable motor such as a
      gear motor. The nut and bolt assembly for securing the roller bearing 29
      to the vertical side member 13 prevents the roller bearing from shifting
      laterally.
PAR  The drive roller assembly may be easily mounted by first inserting the bolt
      33 in the keyed hole 37 and lowering the end connected to the motor 31.
      The shaft 44 is then inserted in the drive roller 26 and secured thereto
      by the set screw 46.
PAR  A slide surface 51 shown in FIG. 7 is easily removable to provide ease of
      access to the tension roller 16, the drive roller 26 and the idler roller
      28. Access may also be had to the remaining apparatus beneath the slide
      roller for ease of maintenance and for threading the belt 11.
PAR  Coupling bars 52 shown in greater detail in FIG. 8 couple adjacent vertical
      side members of the frame to maintain the vertical side members in a
      uniform plane in their respective associated sides.
PAR  The frame is mounted on rubber feet 53 to thereby avoid the use of screw
      fasteners. The lower surface of the frame 12 thereby is unimpeded to avoid
      any scratching of any such fasteners against the belt 11 while it is
      travelling in the reverse direction.
PAR  Thus, the present invention provides a conveyor assembly which has a low
      profile and is therefore relatively compact. The side rails are flush with
      the belt to prevent lateral shifting of the belt. As shown in the
      embodiment in FIGS. 3 and 4, the tops of the side rails are slightly below
      the top surface of the belt to thereby permit the belt to transport
      objects having a greater width than the belt. The belt tension roller
      retains the belt taut without any change in the over-all length of the
      assembly. The idler roller increases the frictional drive between the
      drive roller and the conveyor belt.
PAR  A slide surface on the top of the frame is removable to provide access to
      the drive roller, the idler roller and the tension belt for ease of
      maintenance. The coupling bars maintain the sides of the frame in a
      uniform plane to maintain the sides flush with the belt to thereby prevent
      any lateral shifting of the belt.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teaching. It is therefore to be understood
      that within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conveyor assembly comprising:
PA1  an endless belt,
PA1  a frame having vertical members on both sides for guiding the forward and
      return movement of said belt,
PA1  a spring loaded belt tension roller mounted to said frame in slots in
      opposite vertical members of said frame for maintaining said belt taut
      with said belt tension roller being spring loaded by two springs each
      mounted to said frame and each connected to a bar connected to said belt
      tension roller to maintain the spring loading on said tension roller,
PA1  a drive roller mounted to said frame for driving said endless belt, and
PA1  an idler roller mounted in close proximity to said drive roller to increase
      the contact of said endless belt with said drive roller to provide a
      friction lock to thereby increase the frictional drive between said drive
      roller and said endless belt.
NUM  2.
PAR  2. The assembly as described in claim 1 and wherein said drive roller is
      mounted on a single roller bearing on one side and further including a
      drive motor coupled to said drive roller on the other side.
NUM  3.
PAR  3. The assembly as described in claim 1 and wherein said drive roller is
      mounted at one end of said frame and said belt tension roller is mounted
      at some intermediary position between the ends of said frame to thereby
      maintain the length of said conveyor assembly constant regardless of the
      stretching of said endless belt.
NUM  4.
PAR  4. The assembly as described in claim 3 and wherein said drive roller is
      mounted on a single roller bearing on one side and further including a
      drive motor coupled to said drive roller on the other side.
NUM  5.
PAR  5. The assembly as described in claim 4 and further including a removable
      slide surface on the top of said frame for ease of access to said tension
      roller, drive roller, and idler roller.
NUM  6.
PAR  6. The assembly as described in claim 5 and further including coupling bars
      for coupling adjacent vertical side members of said frame to maintain said
      vertical side members on either side in their respective vertical planes.
NUM  7.
PAR  7. The assembly as described in claim 1 and wherein the top of said
      vertical members is slightly below the top of the portion of said endless
      belt moving in the forward direction.
NUM  8.
PAR  8. A conveyor assembly comprising:
PA1  a frame having a plurality of vertical side members on both sides and a
      plurality of coupling bars for coupling adjacent vertical side members to
      maintain them in a uniform plane in their respective associated sides,
PA1  an endless belt mounted on said frame to permit said vertical members to
      guide the forward and reverse movement of said belt,
PA1  a spring loaded belt tension roller mounted in slots in a pair of vertical
      members on opposite sides of said frame for maintaining said belt taut,
      with said belt tension roller being spring loaded by two springs each
      mounted to said frame and each connected to said belt tension roller to
      maintain the spring loading on said tension roller, and
PA1  a slide surface removable from the top of said frame to provide ease of
      access to said tension roller and ease of threading of said endless belt
      around said tension roller.
NUM  9.
PAR  9. The assembly as described in claim 8 and further including a drive
      roller mounted on a single roller bearing on one of said vertical members
      and a drive motor coupled to said drive roller on the opposite vertical
      member with said drive roller mounted at one end of said frame and said
      belt tension roller mounted at some intermediary position between the ends
      of said frame to thereby maintain the length of said conveyor assembly
      constant regardless of the stretching of said endless belt.
NUM  10.
PAR  10. The assembly as described in claim 8 and further including a drive
      roller mounted to said frame for driving said endless belt and an idler
      roller mounted in close proximity to said drive roller to provide a
      friction lock to thereby increase the frictional drive between said drive
      roller and said endless belt.
NUM  11.
PAR  11. The assembly as described in claim 8 and wherein the top of said
      vertical members is slightly below the top of the portion of said endless
      belt moving in the forward direction.
NUM  12.
PAR  12. A conveyor assembly comprising:
PA1  a frame having a plurality of vertical side members on both sides and a
      plurality of coupling bars for coupling adjacent vertical side members to
      maintain them in a uniform plane in their respective associated sides,
PA1  an endless belt mounted on said frame to permit said vertical members to
      guide the forward and reverse movement of said belt,
PA1  a spring loaded belt tension roller mounted in slots in a pair of vertical
      members on opposite sides of said frame for maintaining said belt taut,
PA1  a slide surface removable from the top of said frame to provide ease of
      access to said tension roller and ease of threading of said endless belt
      around said tension roller,
PA1  a drive roller mounted on a single roller bearing on one of said vertical
      members and a drive motor coupled to said drive roller on the opposite
      vertical member with said drive roller mounted at one end of said frame
      and said belt tension roller mounted at some intermediary position between
      the ends of said frame to thereby maintain the length of said conveyor
      assembly constant regardless of the stretching of said endless belt, and
      wherein said single roller bearing has an inner race mounted on a bolt
      having two arcuate surfaces adapted to be threaded through a hole in one
      of said vertical members and secured thereto by a threaded nut to maintain
      the inner race stationary while permitting the outer race of said roller
      bearing to rotate on said roller bearing.
NUM  13.
PAR  13. The assembly as described in claim 12 and further including an idler
      roller mounted in close proximity to said drive roller to increase the
      contact of said endless belt with said drive roller to thereby increase
      the frictional drive between said drive roller and said endless belt.
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ABST
PAL  There is disclosed a package comprising a plurality of containers such as
      bottles, a plastic sheet material carrier member individually encircling
      and gripping top portions of each container and a complementary sheet
      material carrier member having interconnected portions, each of which
      encircles and grips at least two of the containers adjacent lower ends
      thereof.
BSUM
PAR  The present invention relates to a novel container package, and more
      particularly to novel plastic sheet material carrier means for such a
      package.
PAR  In U.S. Pat. No. 3,721,337, there is disclosed a package which utilizes a
      plastic sheet material carreier having individual pockets for receiving
      and engaging upper ends of bottles and a lower or supplementary carrier
      member having individual pockets separately encircling and gripping lower
      end portions of the bottles for enhancing stability of the bottles in the
      package. The present invention is concerned with an improved package
      utilizing such an upper carrier member and a novel lower or supplementary
      carrier member.
PAR  More specifically, it is an important object of the present invention to
      provide a novel multiple container package and carrier structure therefor
      including an upper carrier member engagable with individual containers and
      a lower or supplementary carrier member which is constructed so as to
      facilitate assembly thereof with multiple containers in the package
      whereby to simplify the assembly method and/or the machinery required to
      accomplish assembly.
PAR  A further object of the present invention is to provide a novel
      supplementary carrier member for a multiple container package of the
      above-described type wherein the supplementary carrier member may be
      easily and economically formed from sheet material such as plastic and is
      of substantially scrapless construction.
PAR  A further object of the present invention is to provide a novel multiple
      container package and carrier structure therefor of the above described
      type which include the supplementary carrier member for retaining lower
      end portions of containers in the package in a manner which facilitates
      removal of a container from the package after the container has been
      disengaged from the upper or primary carrier member.
PAR  A further and more specific object of the present invention is to provide a
      novel container package such as a six-pack or eight-pack of bottles and
      the like and including an upper or primary carrier member preferably
      formed from a sheet of tough resilient plastic material including pockets
      or individual aperture means respectively for embracing and securely
      retaining upper end portions of the bottles and a lower or supplementary
      carrier member also formed of a tough resilient plastic sheet material
      which is slit in a substantially scrapless manner to provide
      interconnected portions, each of which is adapted to encircle and tightly
      embrace at least two of the containers whereby to simplify not only the
      structure of the secondary carrier member but also to simplify both
      application of the secondary carrier member to the containers and
      subsequent removal of the containers from the package.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description and the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a multiple container package
      incorporating features of the present invention;
PAR  FIG. 2 is a plan view showing an upper or primary carrier member which may
      be incorporated in a package constructed in accordance with the present
      invention;
PAR  FIG. 3 is a plan view of a lower or supplementary carrier member
      incorporating features of the present invention in its normal condition
      prior to being assembled with containers in a package;
PAR  FIG. 4 is a cross-sectional view taken generally along the line 4--4 in
      FIG. 1 and particularly showing the manner in which the lower or
      supplementary carrier member of FIG. 3 is manipulated for bracing
      containers in the package;
PAR  FIG. 5 is an enlarged fragmentary sectional view taken generally along line
      5--5 in FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary view of a portion of FIG. 4 showing the
      structure in greater detail; and
PAR  FIG. 7 is a plan view similar to FIG. 3 showing a blank for a lower or
      supplementary carrier member incorporating a modified form of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more specifically to the drawings wherein like parts are
      designated by the same numerals throughout the various figures, a package
      10 incorporating features of the present invention is shown in FIG. 1. The
      package comprises an upper or primary carrier member 12 formed from a
      tough resilient plastic sheet material and a lower or supplementary
      carrier member 14 also formed of a tough resilient plastic sheet material.
      In the embodiment shown, the package includes six containers 16 in the
      form of bottles having reduced diameter neck portions including annular
      shoulders or enlargements 20 and closed by caps 18. The dimensions of the
      carrier members and the containers or bottles are correlated so that, in
      the finished package, the bottles are retained and resiliently drawn by
      the carrier members substantially against each other so as to provide a
      compact and relatively rigid and self-supporting package.
PAR  In the embodiment shown herein, the upper or primary carrier member 12 is
      identical to the corresponding carrier member disclosed in the
      aforementioned U.S. Pat. No. 3,721,337. Therefore, the disclosure need not
      be repeated in great detail. It suffices to state that the carrier member
      12 is formed from a sheet of tough resilient deformable or stretchable
      plastic material such as polyethylene and is provided with a plurality of
      individual apertures or pocket means 22. These apertures or pocket means
      are provided by slitting the sheet material so as to form knockouts or
      tabs 24 which remain connected to the sheet at 26. The apertures or pocket
      means 22 are arranged in a predetermined pattern so as to be in alignment
      with and to receive upper end portions of the containers in the package.
      The carrier member 12 is assembled with the containers by inserting the
      upper end portions of the containers to the pocket means so that the
      annular enlargements 20 are snapped through the apertures. The dimensions
      of the pocket means or apertures are such that the material of the plastic
      sheet must be slightly stretched to accomplish this assembly whereupon the
      pocket means retracts for securely retaining the bottles.
PAR  As shown in FIG. 1, prior to assembly of the carrier member 12 with the
      containers, the tabs 24 are deflected downwardly so as to avoid
      interfering with the bottle necks. These tabs provide pull means for
      enabling a user to tear the container for removal of the bottles as
      described more in detail in the above-mentioned prior patent. The carrier
      member 12 also includes finger openings 28 so that the central portion 30
      of the carrier member comprises handle means by which a user may carry the
      package.
PAR  In the embodiment shown, the container package includes six bottles
      arranged in groups of twos with the bottles in each group being in
      side-by-side abutting relationship as shown best in FIG. 4. Furthermore,
      the bottles of one group are disposed in substantially abutting
      relationship with the bottles of an adjacent group and are separated only
      slightly adjacent lower ends thereof by portions of the carrier member 14
      as will be described more in detail below.
PAR  It is to be understood, that the present invention contemplates a container
      package having any desired plurality of groups of containers. In other
      words, while the embodiment shown includes three groups of two containers,
      the package with appropriate modifications of the carrier members could be
      constructed so as to include more than three groups of containers and even
      only two groups of containers. Furthermore, while each group of containers
      in the embodiment shown comprises two containers, it is contemplated that
      the supplementary carrier member may be modified so as to accommodate
      groups comprising three or more containers. In any event, the containers
      in each group will be disposed in abutting relationship with each other
      and in substantially abutting relationship with the containers of an
      adjacent group.
PAR  As shown in FIG. 3, the carrier member 14 is initially formed from a flat
      sheet of tough resilient and deformable plastic material such as
      polyethylene. In the embodiment shown, the carrier member 14 is provided
      with a plurality of interconnected band portions 32 each having opposite
      side sections 34 and 36 joined at opposite ends by connecting sections 38
      and 40. In order to form the band portions, the sheet material is provided
      with parallel slits 42 which extend substantially entirely across the
      sheet and terminate at the connecting sections 38 and 40. Preferably,
      opposite ends of the slits are defined by small punched apertures or as in
      the embodiment shown by semi-circular slits 44 and 46 so as to prevent
      tearing of the connecting sections 38 and 40 when the carrier is applied
      to the bottles as described below.
PAR  In addition to the slits 42, the sheet material is formed with opposite
      side slits 48 and 50 between each band portions. These slits extend
      inwardly from margins of the sheet material to uninterrupted connecting
      areas 52 and 54 between adjacent band portions. Inner ends of the slits 48
      and 50 are defined by small punched apertures 56 and 60 so as to resist
      tearing of the material during assembly with the containers. Preferably
      the sheet material is scored or coined along lines 62 between the
      uninterrupted connecting areas 52 and 54 so as to provide readily bendable
      junctions between adjacent band portions. In the embodiment shown, the
      outer ends of the connecting sections 38 and 40 are slightly rounded and
      this can be accomplished by providing the sheet stock material with
      scalloped edges. In any event, it will be apparent that the carrier member
      14 is slit and scored so that there will be little or no scrap material.
PAR  The supplementary carrier member 14 is assembled with the container package
      by manipulating the flat blank so as to open and slightly stretch each of
      the band portions so that each band portion is adapted to receive all of
      the containers in one of the groups of containers. In other words, in the
      embodiments shown, each of the band portions extends around and
      resiliently grips and retains two containers.
PAR  As shown in FIG. 4, the side sections 34 and 36 of each band portion 32 are
      related to the dimensions of the containers so that the containers in each
      group are snugly drawn against each other. In addition, the slits 48 and
      50 between adjacent band portions extend so that the uninterrupted
      junction areas 52 and 54 are located somewhat inwardly of the container
      package and preferably substantially at the points of substantial abutment
      between the containers of adjacent groups.
PAR  As shown in FIG. 4 and in greater detail in FIGS. 5 and 6, when the carrier
      14 is assembled with the containers, adjacent sections 34 and 36 of
      adjacent band portions are folded together so that the containers of
      adjacent groups are slightly spaced from each other only by the double
      thickness of the thin sheet plastic material and the uninterrupted
      junctions or connecting areas 52 and 54 are between the adjacent
      containers of adjacent groups so as to insure that these containers will
      be held together as tightly as possible without increasing the space
      therebetween.
PAR  In the container package including the novel supplementary carrier member
      14, it is seen that the individual containers are tightly drawn by the
      resilient plastic band portions into abutting relationship with adjacent
      containers in their own groups and are additionally securely held in
      substantially abutting relationship with the containers in the adjacent
      groups whereby the package is relatively rigid and self-supporting. Such
      an arrangement facilitates both handling and stacking or storing of the
      package.
PAR  It is further seen that since each band portion of the carrier 14 encircles
      a plurality of containers, assembly of the carrier member in the package
      is greatly facilitated and machinery requirements for such assembly are
      simplified. Furthermore, removal of the containers from the package by a
      user is facilitated. In this connection, it is seen that the primary or
      upper carrier member 20 which snugly embraces the upper ends of each of
      the containers has the tear tabs 24 for facilitating rupturing or the
      aperture or pocket means 22 and removal of a container. When the upper end
      of a container is freed from the carrier, the lower end may be relatively
      easily slipped axially upwardly since the band portion of the lower
      container only engages the container for approximately 50 percent of the
      container circumference.
PAR  FIG. 7 shows a lower or supplementary carrier member 14a embodying a
      modified form of the present invention. It is to be understood that the
      carrier member 14a may be substituted in the container package described
      above for the carrier member 14. In this embodiment, elements which
      correspond to those described above are indicated by the application of
      the same reference numerals with the suffix a added and therefore need not
      be described in detail. In this embodiment, opposite end portions of the
      slits 42a are formed with elongated narrow and inwardly tapered slots 44a
      and 46a rather than the generally semi-circular slits described above. In
      addition, the slits between adjacent band portions have been replaced by
      elongated narrow slots 48a and 50a tapered oppositely from the slots 44a
      and 46a. This arrangement facilitates forming of the band portions around
      the containers without creating undue amounts of scrap material.
PAR  In the embodiment of FIG. 7, it is also important to note that the slits
      42a are interrupted by narrow tear sections 64 at midportions thereof.
      Additional narrow tear sections 66 and 68 interrupted by slits 70 and 72
      are provided between opposite ends of adjacent band portions and more
      specifically at outer ends of the slots 48a and 50a. During assembly of
      the carrier member 14a with the containers, the tear sections 64, 66 and
      68 are easily ruptured so that the carrier member is applied to the
      containers in substantially the same manner as the carrier member 14
      described above. However, these tear sections make the sheet material from
      which the carrier member is formed more stable or self-supporting so as to
      facilitate handling of the carrier member. In this connection, it is to be
      understood that the carrier member 14a as well as the carrier member 14
      described above may be readily manufactured from a long continuous strip
      of sheet material stock. Furthermore, a plurality of the carrier members
      may be retained together in a strip of stock material from which they may
      be cut during or shortly before assmbly with the containers. Similarly,
      the upper or primary carrier member 12 is adapted to be formed from a
      strip of sheet material and to be cut from the strip of stock material
      during or shortly before assembly with the containers.
PAR  While preferred embodiments of the present invention have been shown and
      described herein, it is obvious that many details may be changed without
      departing from the spirit and scope of the appended claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A supplementary carrier member for a container package of the type
      described comprising a plurality of containers arranged in groups of at
      least two containers with the containers in each group being in abutting
      relationship with each other and in substantially abutting relationship
      with containers in adjacent groups, said carrier member comprising a sheet
      material member having a plurality of parallel slits extending between and
      terminating short of opposite margins of the member and defining a band
      portion having opposite side sections and opposite end connecting
      sections, said member including uninterrupted connecting areas joining
      adjacent band portions at locations substantially inwardly from opposite
      margins of the member, slit means extending from adjacent said opposite
      margins substantially to said uninterrupted areas for separating adjacent
      band portions from each other, and each of said band portions having a
      circumferential extent for encircling all of the containers in one of said
      group of containers, said sheet material member including rupturable
      connecting elements between the opposite side sections of each of said
      band portions and interrupting said slits and additional rupturable
      connecting elements between adjacent band portions adjacent opposite
      margins of said member for facilitating handling of said member prior to
      assembly with the containers, said rupturable connecting portions being
      rupturable for permitting manipulation of the band portions for assembly
      with the containers.
NUM  2.
PAR  2. A supplementary carrier member for a container package of the type
      described comprising a plurality of containers arranged in groups of at
      least two containers with the containers in each group being in abutting
      relationship with each other and in substantially abutting relationship
      with containers in adjacent groups, said carrier member comprising a sheet
      material member comprising a series of interconnected bands, each of said
      bands comprising opposite side sections and opposite end connecting
      sections, the longitudinally central portion of said opposite side
      sections of each of said bands being joined by a plurality of rupturable
      connecting portions whereby rupturing of said rupturable connecting
      portions enables each of said bands to be circumferentially applied about
      one group of said containers, the opposite end connecting sections and the
      portions of said opposite side sections from said longitudinally central
      portion to said opposite end connecting sections being formed to define
      apertures tapering from said end connecting sections to said
      longitudinally central portion, and each of said bands being
      interconnected to adjacent ones of said bands at the outer marginal edges
      of the junctions of said end connecting sections to said side sections.
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PAL  A package consisting of an open topped outer box and an inner box which is
      received within said outer box and cooperates therewith to define a
      channel between the perimeters of the inner and outer boxes. The inner box
      includes a cover, on which a decoration may be imprinted or secured, and
      after the package contents have been removed the cover can be affixed to
      the inner box and the package used as a wall hanging with the channel
      between the inner and outer boxes forming a "shadow frame".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the packaging of decorative items or craft
      kit materials which may be formed into decorative items. More
      specifically, this invention is directed to a box which, when emptied of
      its contents, may be used as a decorative frame for those contents or some
      other object. Accordingly, the general objects of the present invention
      are to provide novel and improved methods and apparatus of such character.
PAR  2. Description of the Prior Art
PAR  While clearly not limited thereto in its utility, the present invention has
      been found to be particularly well suited for the packaging of puzzles
      and, accordingly, will be discussed in connection with this type of
      handicraft activity. In the past puzzles have typically been packaged in
      either conventional boxes having complimentary top and bottom sections or
      open topped box sections with a transparent or similar material stretched
      thereover to form a retaining cover for the contents of the box. These
      prior art boxes have, as a general rule, had utility only for storage of
      the contents in unassembled form. In some cases the box was sized so as to
      permit assembly of the puzzle therein. However, in the latter case, the
      intent of the sizing was merely to permit the unfinished puzzle to be
      moved from location to location or to store a finished puzzle in assembled
      form. No prior art packages for puzzles or similar craft activities have
      had secondary utility as a decorative frame whereby the puzzle, when
      assembled and after treatment with a suitable adhesive or similar
      material, could be affixed to the package which would serve as a
      decorative frame suitable for a wall hanging.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above briefly discussed and other
      deficiencies and disadvantages of the prior art by providing a novel
      package for craft materials, and particularly puzzles, wherein the package
      itself is capable of defining a decorative frame for the assembled
      contents of the package. In accordance with the invention a package
      generally comprises a box within a box. The package of the present
      invention thus consists of an open topped outer box and an inner box which
      is received within the said outer box; a margin of suitable size and shape
      being defined between the perimeters of the inner and outer boxes. This
      margin is in the form of a depression or channel whereby a shadow frame is
      defined about the inner box. The inner box is provided with a cover for
      retaining the disassembled puzzle or other craft materials in the package
      during shipment to the retailer. This cover is commensurate in size with
      or slightly larger than the inner box. In the case of a puzzle, the pieces
      may be assembled on the cover and will be affixed thereto by any suitable
      means. The cover will thereafter be reattached to the inner box and the
      entire structure may be used as a wall hanging with the aforementioned
      channel defining, as previously noted, a shadow frame about the assembled
      puzzle. At the time of the initial packaging of the puzzle the cover will
      typically be held to the inner box by means of a covering of cellophane or
      similar packaging material which envelopes the entire package.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention may be better understood and its numerous objects and
      advantages will become apparent to those skilled in the art by reference
      to the accompanying drawing wherein like reference numerals refer to like
      elements in the several figures and in which:
PAR  FIG. 1 is a perspective view, partly broken away to show the contents, of a
      package in accordance with the present invention as that package would be
      presented to a potential purchaser;
PAR  FIG. 2 is a exploded perspective view, on a reduced scale, of the package
      of FIG. 1 after the contents thereof have been assembled by the purchaser;
      and
PAR  FIG. 3 is a rear elevation view of the package of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now simultaneously to FIGS. 1-3, a package in accordance with the
      present invention comprises an open topped outer box indicated generally
      at 10. An inner box, indicated generally at 12, is positioned within box
      10. Inner box 12 is provided with a cover 14. Cover 14 performs the dual
      functions of retaining the contents, for example the puzzle pieces
      indicated in FIG. 1 at 16, within the inner box during shipment and, as
      indicated in FIG. 2, cover 14 may also form a support backing for the
      assembled puzzle. In the FIG. 1 embodiment the cover 14 is represented as
      being maintained in position subsequent to initial packaging by means of a
      conventional cellophane cover sheet. Cover 14 is provided, about its
      periphery, with a lip which engages the sides of inner box 12 to enhance
      the content retention function performed by the cover and, of course, to
      add strength to the total package.
PAR  As may be seen from FIGS. 1 and 2, a margin or channel is defined between
      the walls of the inner and outer boxes. This margin permits the box to be
      employed, as indicated in FIG. 2, as a ahadow frame for the contents of
      the box, when assembled, or any other print or decorative item the
      purchaser may wish to display. To this end the outer box 10 is provided,
      at its rear side as indicated in FIG. 3, with means 18 whereby the box may
      be used as a wall hanging. The hanger 18 may, of course, be packaged in
      the box and applied to the rear face of box 10 by means of an adhesive by
      the purchaser.
PAR  To facilitate assembly, inner box 12 will typically be provided with a
      bottom and will be attached to the inside bottom of outer box 10 by means
      of a suitable adhesive. It would, of course, be possible to define inner
      box 12 merely through the use of a side wall or walls secured to the
      bottom of the outer box. It is also to be understood that, while a
      rectangular package is shown in the drawing as the preferred embodiment,
      the inner and outer boxes which form the package of the present invention
      can be any desired shape.
PAR  FIG. 2 depicts the puzzle, indicated by pieces 16 of FIG. 1, after assembly
      and mounting on cover 14. The means by which a puzzle, after assembly, may
      be formed into an integral picture are well known in the art and will not
      be discussed herein. Application of puzzle 16 to cover 14 will also be by
      means of a suitable adhesive.
PAR  The box of the present invention has been discussed above principally in
      terms of its utility in the packaging of items such as puzzles which are
      assembled by the purchaser. The invention, of course, has much wider
      utility. Thus, by way of example, the box of the present invention may be
      employed in the packaging of any item or commodity and the cover 14 may be
      imprinted with a picture or other decoration whereby the cover may be
      reinstalled and cemented in position after the package contents have been
      removed and the container can then be used as a frame for the picture on
      the cover of the inner box.
PAR  While a preferred embodiment has been shown and described various
      modifications and substitutions may be made thereto without departing from
      the spirit and scope of the invention. Accordingly, it is to be understood
      that the present invention has been described by way of illustration and
      not limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package comprising:
PA1  an outer box, said outer box including a planar base portion and side wall
      defining means extending transversely from a first side of said base
      portion about the periphery thereof;
PA1  means defining an inner box, said inner box defining means being secured to
      said first side of the base portion of said outer box and having a
      cross-sectional area less than the cross-sectional area of said outer box,
      said inner box including side wall defining means extending parallel to
      said outer box side wall defining means, a channel being defined between
      said inner and outer box side wall defining means, said outer box, said
      inner box and said channel cooperating to form a shadow frame for a work
      to be displayed; and
PA1  a removable cover for said inner box.
NUM  2.
PAR  2. The package of claim 1 wherein said cover includes a planar portion
      which is parallel to the base portion of said outer box with the cover
      positioned on said inner box, said cover further including a downwardly
      extending lip which engages the side wall defining means of said inner
      box.
NUM  3.
PAR  3. The package of claim 2 further comprising:
PA1  hanger means affixed to the second side of said outer box base portion.
NUM  4.
PAR  4. The package of claim 1 further comprising:
PA1  hanger means affixed to the second side of said outer box portion.
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PAL  The specification discloses a package for a plurality of semiconductor
      chips which enables both visual and physical inspection and testing of the
      chips prior to the opening of the package. The package includes first and
      second transparent plastic sheets each having an array of depressions
      formed therein. The sheets are adjacently disposed and the depressions are
      mated and nested with one another in order to form a plurality of discrete
      compartments for containing the semiconductor chips. The sheets are
      attached about the peripheries to form a package for transmitting the
      chips. Apertures are formed through each of the plastic sheets in the
      region of each of the compartments, the apertures being smaller than the
      chips to constrain the chips within the compartments while allowing access
      to the chips through the apertures to enable physical testing of
      electrical characteristics of the chips. Due to the transparent nature of
      the plastic sheets, the chips may also be visually inspected prior to
      opening of the package.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to semiconductor devices, and more particularly
      relates to packages for semiconductor chips.
PAC  THE PRIOR ART
PAR  In the manufacture of semiconductor devices, often one manufacturer
      fabricates semiconductor chips and transports the chips to a second
      manufacturer which then adds the leads and packaging to form complete
      semiconductor devices. Plastic packages have been heretofore developed for
      shipping a plurality of the semiconductor chips. However, in order to
      perform quality control checks on the chips such as testing by electrical
      probes, the chips have heretofore been required to be removed from the
      package. A problem has thus long existed in such an arrangement as to
      where the line of responsibility for chip quality ends for the first
      manufacturer. For example, disputes as to responsibility have arisen in
      cases when the semiconductor chips may have been damaged during such
      inspection and testing by the second manufacturer.
PAR  A need has thus arisen for a package for semiconductor chips which protects
      the semiconductor chips during shipment, but which allows both visual
      inspection and physical testing of the semiconductor chips prior to
      removal from the package. With such a package, after the chips have been
      tested and removed from the package, the chips may then be deemed to have
      been accepted by the second manufacturer and the line of responsibility is
      then clearly defined.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a package is provided for
      semiconductor chips which enables the semiconductor chips to be visually
      inspected and physically tested while still in the shipping package. When
      the chips are removed from the package, the chips are deemed to be
      acceptable.
PAR  In accordance with the present invention, a package for a plurality of
      semiconductor devices is constructed from transparent material and
      provided with a plurality of compartments each dimensioned to contain a
      semiconductor device. Structure defines apertures in each of the
      compartments which are smaller than the semiconductor devices to prevent
      removal of the devices while allowing access to portions of the devices
      from the exterior of the package.
PAR  In accordance with a more specific aspect of the invention, a package for a
      plurality of semiconductor chips includes first and second transparent
      plastic sheets each having an array of depressions formed therein. The
      sheets are adjacently disposed and the depressions mated and nested with
      one another to form a plurality of discrete compartments dimensioned to
      contain the semiconductor chips. The sheets are then sealed about the
      peripheries thereof. Structure defines apertures through each of the
      plastic sheets in the region of each of the compartments. The apertures
      are smaller than the chips to constrain the chips within the compartments,
      while allowing access to the chips through the apertures for testing.
PAR  In accordance with another aspect of the invention, a method of packaging
      semiconductor chips includes depositing one of the chips in each of a
      plurality of depressed regions in a first transparent plastic sheet. A
      second transparent plastic sheet is oriented relative to the first plastic
      sheet, the second sheet having depressed regions which are mated with the
      depressed regions of the first sheet to form compartments for containing
      the chips. The first and second sheets are then attached. An electrical
      probe may then be inserted through the apertures in the compartments to
      test electrical characteristics of the chips.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete description of the presnet invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying Drawings, in which:
PAR  FIG. 1 is a top view, partially broken away, of a package for a plurality
      of semiconductor chips;
PAR  FIG. 2 is a perspective view of a portion of the package shown in FIG. 1;
PAR  FIG. 3 is an enlarged top view of one of the compartments shown in FIG. 1;
      and
PAR  FIG. 4 is a sectional view of the compartments shown in FIG. 3 illustrating
      the use of an electrical test probe through an aperture in the package.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the package according to the invention is designated
      generally by the numeral 10. The package 10 includes a plurality of
      compartments 12 arranged in a symmetrical array. Each of the compartments
      12 is dimensioned to contain a rectangular semiconductor device 14 which
      may comprise any type of semiconductor device. In particular, the package
      is useful for accommodating a plurality of semiconductor chips comprised
      of alternating layers of opposite semiconductor conductivity types. The
      chips are typically shipped ready for metallization and packaging to form
      silicon controlled rectifiers, triacs and the like. While only a portion
      of the package 10 is illustrated in FIG. 1, typically the package will
      contain 100 compartments 12 for shipping 100 of the semiconductor devices
      14.
PAR  Referring to FIG. 2, the package 10 is comprised of a first transparent
      plastic sheet 16 having a plurality of rectangular depressions 18 formed
      therein. A second transparent plastic sheet 20 also has an array of
      rectangular depressions 22 formed therein.
PAR  The semiconductor chips 14 are placed in the depressions 18 in sheet 16.
      The depressions 18 are dimensioned to be slightly larger than the
      semiconductor chips 14 to be transported. The second sheet 20 is then
      disposed adjacent sheet 16 and the depressions 22 are mated and nested
      with the depressions 18 as illustrated in FIG. 2. The mating depressions
      form the array of compartments 12 in order to contain the chips 14 for
      shipment. The transparent plastic sheets 16 and 20 may be formed from any
      suitable type of thin plastic material. The depressions 18 and 22 may be
      formed in the plastic sheets by any conventional process such as vacuum
      forming or the like.
PAR  After the chips have been inserted into the compartments, the package is
      sealed about the outer periphery or margin 28, as shown in FIG. 1, by heat
      sealing, stapling or the like.
PAR  Since the plastic sheets 16 and 20 are transparent, the semiconductor
      devices 14 may be visually inspected through the sheets such that any
      obvious defects in the chips 14 may be determined without removing the
      chips 14 from the package. Any defective chips may then be marked prior to
      removal of the chips from the package. In this way, a device manufacturer
      will be able to return the defective chips in the unopened package to the
      chip manufacturer for replacement or credit, without any question being
      raised as to the responsibility for the defects.
PAR  A very important aspect of the present invention is the provision of
      apertures 24 through sheets 20 and apertures 26 formed through sheet 16.
      In the preferred embodiment, apertures 24 and 26 are circular and are
      smaller than the chips 14. Apertures 24 and 26 are formed generally in the
      center of the depressions 18 and 22 such that the center regions of the
      chips 14 are exposed. It will of course be understood that the circular
      shape of the apertures 24 and 26 could be modified.
PAR  Referring to FIGS. 3 and 4, the purpose of the apertures 24 and 26 will
      become more apparent. The device shown in FIGS. 3 and 4 includes a gate
      region 30 which is exposed by virtue of the positioning of the aperture
      24. Thus, an electrical probe 32 may be disposed through the aperture 24
      in order to perform electrical testing of various electrical
      characteristics of the gate regions 30 of the chip 14. Similarly, the
      probe 13 may be disposed through the aperture 26 in order to check
      electrical characteristics of the underside of the chip 14. Due to the
      symmetrical array of the compartments 12 and the apertures 24 and 26, the
      probing may be accomplished with an automatic probing system.
PAR  It will thus be seen that the present package will provide protection to a
      plurality of semiconductor chips during shipment. Upon receipt, the chips
      may be visually inspected for defects due to the transparent nature of the
      package. In addition, the semiconductor chips may be electrically tested
      for all desired parameters to insure that the devices are defect free. The
      chips are glass passivated and are thus not harmed due to the exposure to
      the atmosphere because of the apertures 24 and 26.
PAR  If the chips within the package pass all quality control visual inspections
      and electrical tests, the package may then be opened by breaking the seal
      about the periphery thereof. The devices may then be removed and utilized
      in the construction of complete semiconductor devices. If, however, one or
      more of the chips are deemed to have defects, the defective chips may be
      marked and the entire package sent back unopened to the chip manufacturer.
      The present package thus protects both the chip manufacturer and the
      device manufacturer by providing a clear line of demarcation of
      responsibility for chip defects.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. A package for a plurality of semiconductor chips comprising:
PA1  a plurality of semiconductor chips each having opposed gate regions,
PA1  first and second transparent plastic sheets each having an array of
      depressions formed therein, said sheets being adjacently disposed and said
      depressions of said first sheet nested with said depressions of said
      second sheet to form a plurality of discrete compartments between said
      sheets and spaced from the plane of said sheets, each of said compartments
      being dimensioned to contain one of said semiconductor chips and to allow
      visual inspection of said chips,
PA1  means for attaching said sheets about the peripheries thereof with a
      permanent bond,
PA1  structure defining apertures through each of said plastic sheets in the
      region of each of said compartments,
PA1  said apertures being aligned and centrally disposed relative to said
      depressions and being oriented adjacent said gate regions to enable
      electrical testing of said chips,
PA1  said apertures being smaller than said chips to constrain said chips within
      said compartments while allowing access to said chips through said
      apertures to enable electrical testing of the chips.
NUM  2.
PAR  2. The package of claim 1 wherein said depressions and said chips are
      rectangular.
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PAL  Container suitable for accommodating a tape cassette.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recording tapes of 6.25mm width and of average thickness are used in the
      form of open spools and are usually stored in cases or boxes made of
      plastic or cardboard. Narrow and extra-thin magnetic sound tapes are
      normally supplied in cassettes designed to prevent dust from finding its
      way onto the sensitive tape and also to protect the tape from mechanical
      damage. Since the thin (and very fragile magnetic tape) is exposed at the
      mouth of the cassette, a plastic box is usually supplied, which contains
      one or more cassettes and from which the latter are removed as and when
      required. Difficulties are encountered, however, in the storage or
      stacking of the widely-used so-called "compact" cassettes; the plastic box
      which protects them has, when closed, a parallelpipedal shape with smooth
      outer surfaces, so that, owing to the light weight of the cassette and its
      box and the resulting danger of slipping, it is not practicable to stack
      more than a very small number of boxes on top of one another.
PAR  Various aids have therefore already been devised for the methodical storage
      of small and large numbers of boxes containing compact cassettes. One
      simple device consists of a stand having a flat base surface which
      accommodates the narrow longitudinal sides of the boxes and causes them to
      stand upright by means of narrow side panels and partitions, while the
      rear wall of the stand consists of a continuous strip. If the stand is
      inclined, it is possible to slide a number of cassettes and their boxes
      into the angle formed by the base surface and the rear strip, so that the
      cassettes occupy exactly similar positions. A device designed to
      accommodate six boxes can be extended as desired, by connecting similar
      devices together in side-by-side relation in accordance with the
      form-locking principle. In this system the boxes themselves are exposed
      and subject to dust, as are the stands, and, if the boxes are numerous,
      the number of stands which are required form an excessively long row.
PAR  Another known device for accommodating a larger number of cassettes (each
      in its own box) comprises four compartments, each open at the front and
      mounted in a square on a turntable in such a way that six cassettes in
      their boxes can be inserted into each of the compartments through its open
      front. While it is true that the capacity of this system can be increased
      by mounting a number of such devices one above the other, the rotatable
      arrangement is inhibited by the fixed order in which the sets or
      collections of cassettes are arranged. The cost and amount of apparatus
      involved in a system of this kind are by no means negligible and, although
      the cassettes in their boxes are protected, the apparatus as a whole is
      exposed to dust. A common feature of the known devices for accommodating a
      number of compact cassettes is that they are more or less open and thus
      exposed to the ingress of foreign matter. The compact cassettes
      themselves, however, are protected inside their separate boxes, standing
      in the said devices. These and other difficulties experienced with the
      prior art devices have been obviated in a novel manner by the present
      invention.
PAR  It is, therefore, an outstanding object of the present invention to provide
      a plastic box to accommodate a cassette of recording tape such as that
      widely used at the present time, (the so-called "D" cassette).
PAR  Another object of this invention is the provision of a plastic box of the
      said type which can be used to form a device for accommodating a number of
      compact cassettes and which enables each compact cassette itself to be
      gripped by the user with a simple manipulation and removal from the box in
      readiness for playing, thus providing, practically without the need for
      any essential additional components, an ideal means of storing and
      accommodating compact cassettes.
PAR  With these and other ojbects in view, as will be apparent to those skilled
      in the art, the invention resides in the combinations of parts set forth
      in the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the present invention consists of a container formed of plastic
      material suitable for holding a compact cassette of recording tape and
      formed as a shallow box of rectangular form having an opening in one of
      its longer sides through which the cassette is introduceable into the box.
      Each of the two shorter sides of the box has a leaf spring associated with
      the internal wall thereof, the springs being resiliently secured to the
      wall adjacent the open side of the box. Each spring has a pair of detent
      surfaces formed thereon in spaced apart relation, so that, when a cassette
      is inserted completely into the box, the detent surfaces of each spring
      engage opposite ends of a guide bar on the adjacent edge of the cassette
      to retain the cassette in the box. A pressure spring engageable by the
      cassette is provided on the internal surface of the longer side of the box
      which faces said opening.
PAR  More specifically, it has been found useful to provide the leaf springs
      with guide grooves or perforations which extend around the flanks of the
      guide bars on the conventional compact cassettes. It has also been found
      useful to allow the detent surfaces to extend beyond the surfaces of the
      leaf springs and to connect them at the rear with abutting surfaces.
PAR  A simple construction for the pressure spring is in the form of a
      symmetrical leaf spring whose length exceeds the width of the compact
      cassette (at least in the zone in which the free ends are supported) and
      which affixed to the center of its base. The distance between the ends of
      the symmetrical leaf springs, when the compact cassette is inserted and
      fixed, is preferably made somewhat greater than its length and the free
      ends of the symmmetrical leaf springs are provided with bearing surfaces
      for the supporting surfaces of the leaf spring. It has been found useful
      to design the bearing surfaces to extend into supporting surfaces and be
      held thereby.
PAR  The connection between the individual plastic boxes is facilitated if their
      outer surfaces are provided with undercut recesses and with projections
      corresponding in shape to the recesses. On the other hand, the outer
      surfaces of the plastic box can be provided with undercut recesses serving
      to accommodate connecting pieces; such connecting pieces of elastic
      plastic, corresponding in shape to the combination of two recesses of the
      plastic box, placed one upon the other, have been found advantageous. In a
      similar manner, feet formed of elastic plastic can be made, the shape of
      their upper part corresponding to one of the recesses of plastic box. The
      height of the plastic box can be reduced almost to that of the compact
      cassettes, so that it takes the form of a U-shaped bracket having open
      surfaces on both sides. Satisfactory results have been obtained with a
      covering that covering that consists of a plate, made of transparent
      plastic, the length corresponding to that of the box and the width being
      several times that of the box. The plate is provided with hinge elements
      on one longitudinal side and with a handle in the vicinity of the opposite
      longitudinal side. The hinge elements may take the form of levers which
      extend backwardly from the plane of the parallelepipedal structure and
      grips a box in the manner of a fork and engages it by means of pins and
      borings. The longitudinal side which is situated opposite the hinge
      elements can be provided with locking pins extending toward the rear; the
      box has appertures which widen inwardly and serve to accommodate the said
      locking pins. The hinge elements, however, can engage as well as separate
      parallelepipedal body whose base surface corresponds to that of the box
      and which is provided with recesses to accommodate connecting pieces or
      feet. Constant pressure of the covering surfaces can be obtained if the
      parallelepipedal body has a recess for a loop of rubber thread stretched
      between bolts or hooks provided at the bottom of the said recess and hooks
      provided on the rear side of the covering surface. The apparatus is
      rendered easier to view if at least one of the base surfaces of the hinged
      parallelepipedal body is provided with projections or recesses to
      accommodate labels.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a horizontal sectional view through a plastic container
      constructed in accordance with the invention, the outline of an inserted
      compact cassette being shown in one half of the section,
PAR  FIG. 2 is an end view of the container,
PAR  FIG. 3 is a side view of a connecting piece,
PAR  FIG. 4 is a side view of a foot,
PAR  FIG. 5 is a side view, partly in section, of a number of plastic containers
      connected together and positioned one above the other, with a cover member
      and with a holding device by which the cover member is supported and
      prestressed,
PAR  FIG. 6 is a horizontal sectional view of a modification of the invention,
      with a cassette shown in place in the left half only,
PAR  FIG. 7 is front elevational view of the container,
PAR  FIG. 8 shows in perspective the container and a protective covering,
PAR  FIG. 9 is an elevational view of a modified form of the foot, and
PAR  FIG. 10 is an elevational view of a still further modification of the foot.
DETD
PAC  DESCRIPTION OF THE PREFERREDD EMBODIMENT
PAR  FIGS. 1 and 2 show parallelepipedal container 1 formed of plastic material
      with an opening 2 at one end through which a compact cassette can be
      inserted into the box. The opening leads to a cavity in the box and the
      depth of the opening and cavity in a central zone 3 is such as to
      accommodate the thickest part of the compact cassette. Two edge zones 4 of
      the cavity and opening are of smaller depth to accommodate the reduced
      thickness of the sides of the cassette. The mouth of the cassette, that
      is, the end of the cassette at which the recording tape is exposed, is
      introduced first into the box.
PAR  A pair of leaf springs 6 are connected one to each of the internal surfaces
      of the short narrow sides of the plastic box by means of dovetail keys 5
      engaging dovetail grooves, each of said springs being subdivided along
      most of its length by means of a guide groove 7 for the reception of a
      guide bar 8 which is formed on each of the opposite edges of a compact
      cassette 9. The grooves are bridged by projections 10 and 11 of which the
      flanks facing toward one another are at the two ends of a guide bar on a
      cassette inserted into the box.
PAR  To the end wall of the box which faces towards the opening 2 there is
      connected a pressure spring 12 in the form of a symmetrical leaf spring of
      plastic material. The central portion of the spring is connected to the
      wall of the plastic box by means of pins 13 inserted and held by an
      adhesive in holes in the end wall. The leaf springs 6 and the pressure
      spring 12 are so constructed that their free ends extend towards the
      center of the plastic box. Upon introducing the compact cassette 9 into
      the box, it is guided by means of its guide bars 8 sliding in the guide
      grooves 7 of the leaf springs 6; the said leaf springs are pressed apart.
      As the insertion continues, the end surface of the compact cassette 9
      engages the free ends of the pressure spring 12 and bends them rearwardly
      backwards. The free ends of the pressure spring 12, slide over the leaf
      springs 6 and their projections 11, thus spreading the free ends still
      farther apart. Just before the cassette has been inserted as far as it
      will go, the free ends of the pressure spring 12 pass over the ends of the
      leaf springs 6 and these are able (due to the inherent elasticity of the
      springs) to pivot back again the distance required to enable them to come
      to rest on the flanks of the compact cassette.
PAR  If the cassette is now released relatively slowly, it is pushed forwardly
      by the action of the pressure spring 12. After it has covered a short
      distance, however, bearing surfaces 14 at the ends of the pressure spring
      12, are intercepted by supporting surfaces 15 at the free ends of the
      pressure springs 6. The dimensions are selected to ensure in this position
      the projections 10 and 11 of the pressure springs 6 will abut the cassette
      on opposite sides of the guide bars 8 and secure the cassette in position.
PAR  To remove the cassette completely from the box, the cassette is once again
      pressed inwardly for a short distance and then released. When pressed in,
      the front ends of the guide bars 8 move up on the internal flanks of the
      projections 11 and spread the leaf springs apart, thus releasing the ends
      of the springs 6 from the spring 12 and forcing back the pressure spring
      at the same time. When the cassette is released, the stronger pressure
      spring 12 is able to accelerate the cassette. Its free ends pass through
      the zone of the supporting surfaces 15 of the leaf spring 6 before these
      springs (which are weaker and which are subjected to the mass of the
      projections 10 and 11) are able to move back and engage with their
      supporting surfaces the bottom of the bearing surfaces of the pressure
      spring 12. This process is assisted by the fact that the acceleration of
      the cassette from its innermost position takes place under the action of
      the pressure spring 12, while the projection 11 is at first still moving
      on the cassette or its guide bar and is also still stationary. Therefore,
      under the effect of the pressure spring 12, the cassette has already been
      accelerated to a substantial ejection speed before the leaf springs 6 are
      allowed to move back. During this process, the rear ends of the guide bars
      8 encounter the upper flat zone of the inner flanks of the projections
      100, thus spreading the leaf springs 6 apart once again. Thus, the
      pressure spring is able to expand completely and eject the cassette from
      the box a distance which is sufficient to enable the cassette to be
      conveniently gripped by the user. As the cassette now no longer has any
      special covering, it is ready to be used as soon as it is taken out of the
      box, so that the operation of changing a cassette involves very little
      labor.
PAR  The upper and lower surface of the plastic box, as well as the two side
      walls and the rear surface, are provided with recesses 16 to accommodate
      connecting pieces. In the arrangement shown, the recesses take the form of
      two opposed truncated cones of moderate height on a common base. The
      connecting pieces 17 shown in FIG. 3 are used for connecting together
      plastic boxes of this type. The connecting piece 17 in FIG. 3 is made of
      an elastomer plastic material, so that its two halves can be fitted into
      two recesses 16 located opposite each other in a pair of adjacent plastic
      boxes. The connecting piece 17 is made in one piece selected for the
      recesses 16 from two connected bodies 18, each of which takes the form of
      two opposed truncated cones of moderate height sharing a common base. The
      lowermost of a stack of interconnected plastic boxes is preferably
      provided on its underside with feet. FIG. 4 shows a substantially
      hemispherical foot 19 which is connected to and is integral with a fitting
      body 18. Alternative versions are possible; for example, a foot of this
      kind can be provided with an insert of a harder or softer plastic. It is
      likewise possible for a foot of this type to be constructed or designed
      with a suction cup, so that, when it is connected with the bottom piece of
      a plastic box, it can be affixed to vertical walls, or else, when the foot
      is simply used as such, the entire system is secured against lateral
      displacement.
PAR  The recesses 16 are arranged so that the plastic boxes can be assembled not
      only one above the other or side-by-side, but also in a manner already
      known per se, connected with other boxes disposed 90.degree. apart. In
      that way projecting corners are surrounded by walls, or plastic boxes
      provided within one plane can be connected to one or more rows of adjacent
      plastic boxes, or else the column-form arrangement already known per se
      can be adopted, with the possibility of extracting boxes in four different
      directions, in which case, for example, two plastic boxes placed
      side-by-side can be provided for each of the said directions. It may also
      prove desirable however, to provide more than two recesses on the flanks,
      rear and cover surfaces. The large number of recesses makes it possible,
      when they are appropriately spaced apart, to obtain a great number of
      possible combinations of ways of connecting boxes together. For example,
      individual cassettes can be removed from or replaced in a system of
      plastic boxes that are arranged one above the other in stacks and
      side-by-side horizontal rows in order to divde up the total areas formed.
      In the known column-shaped arrangements with access from all directions it
      is possible (by selecting the appropriate number of recesses and by
      positioning them in a suitable manner) to ensure that those flanks of a
      stack of plastic boxes forming the column-shaped arrangement which are
      exposed sideways will fit closely against those end surfaces of an
      adjacent stack which face towards the same side. On the other hand, the
      flanks can extend a short distance beyond the end surfaces, preferably
      corresponding to the thickness of a cover plate which covers the said end
      surfaces, so that they will be situated in the same plane as the outer
      surfaces of the cover plates. It is also advisable to provde a larger
      number of recesses 16 per surface if it is desired to increase the safety
      in the suspension by means of suction cups. For example, when "feet"
      having suction cups are used, a pile of boxes can be affixed not only to
      vertical surfaces, but also to horizontal or inclined surfaces, such as
      the underside of the dashboard of a motor vehicle. The feet fitted with
      suction cups are then inserted in the upper surface of the uppermost
      plastic box of a stack and pressed against the surface provided to
      accommodate them. Feet can also be constructed in such a manner that a
      lower "height zone" is created, corresponding to the height of the
      recesses 16, and having a cross-section slightly smaller than the clear
      entry cross section of the said recesses. This permits existing stacks of
      plastic boxes to be erected one above the other but also to be removed in
      stacks, if necessary, and used as a separate unit. It is also possible to
      use filling pieces similar in form to the the fitting bodies 18, so that
      exposed recesses 16 can be covered over by "blind plugs" formed by the
      fitting bodies, thus providing smooth surfaces on the boxes which can be
      easily given the required care.
PAR  A stack of cassette boxes arranged one above the other is shown
      schematically in FIG. 5. The plastic boxes 20 (of which the drawing shows
      six) are arranged one above the other and are joined by connecting pieces
      17. A parallelepipedal structure 21 in the form of an end piece is
      provided above these plastic boxes, and also beneath them, the latter not
      being shown. Each such structure is provided with recesses 22 engaged by
      hinge pins 23 of a cover plate 24. Two pegs 25 pass through the structure
      to hold a rubber band 26 with a slight amount of prestress. The rubber
      band 26 is looped around a hook 27 provided on the inside of the cover
      plate 24. To make it easier to handle, the cover plate 24 has two grip
      cavities 28, one facing upwards and the other facing downwards. The cover
      plate 24 also has T-shaped detent pins 29 which are hammer-shaped and
      which, when the cover plate is pivoted downwards and pressed, enter
      undercut recesses 30 formed on the plastic boxes 20. By moving the cover
      plate 24 a slight distance upwards or downwards, the free ends of the
      detent pins 29 are caused to engage the undercut parts of the recesses 30
      and to secure the cover plate in position. The rubber band 26 may
      alternatively be a helical or torque spring. It ensures that the cover
      plate 24 rests against the end surfaces of the elastic boxes 20 with a
      certain amount of pressure to close off the openings 2 in the boxes. The
      cover plate 24 can be raised or lowered by means of the grip cavities 28
      in order to extract a cassette from a box in the stack. If the end
      surfaces of all the plastic boxes 20 are to be exposed at the same time
      (in order to enable compact cassettes to be rapidly selected or
      re-sorted), then the cover plate is pivoted upwards through an angle of
      90.degree. and its hinge pins 23 lifted out of the recesses 22 in which
      they are guided. The rubber band 26 draws the cover plate 24 into the
      recess 33 of the structure 21 as far as the detent pins 29 of the cover
      plate permit, so that the plate is located in the structure in an
      approximately horizontal condition. For the safe and reliable handling of
      the cover plate the provision of a prestressing spring or of detent pins
      is sufficient.
PAR  The stock of ten plastic boxes 20 has a further structure 21, which is not
      shown in the drawing, located beneath it with its cover plate extending
      upwardly, so that the cover plate 24 shown in FIG. 5 as well as that not
      shown face one another. The handling of the system is facilitated by the
      grip cavities 28 being directed in opposite directions. On the other hand,
      the second structure could be located between the fifth and the sixth
      boxes. Furthermore, another stack of boxes could be provided behind the
      plastic boxes 20 shown in the drawing and all the boxes could be closed by
      a special cover plate. It is also possible to provide, in addition to the
      stack illustrated, another stack with end surfaces facing away and this
      stack can be likewise provided with parallelepiped structures and with
      cover plates. Again, it is possible for more than two parallelepipedal
      structures 21 to be provided in a stock of plastic boxes. Stacks of any
      desired height can be terminated in a completely dust-tight manner by
      selecting the appropriate number of cover plates and constructing them to
      the necessary width in each case.
PAR  This new system allows various alternatives. As regard to the construction
      of the connecting pieces, "feet" and "blind plugs", of which the number
      and pitch may vary, this has already been explained. The use of cover
      plates does not depend on separate parallelepipedal structures
      (particularly in a lateral connection) or on maintaining a certain
      distance, which object can be achieved by selecting an appropriate
      construction for the connecting pieces. Cover plates can be provided with
      pivot pins mounted on levers and caused to engage recesses provided in the
      plastic cassette box from the side, unless hinge pins or borings
      accommodating them are already provided in recesses of the plastic boxes
      themselves. As shown in FIG. 5, the cover plate 24 is preferably provided
      on its inner side with ribs, recesses, or compartments 31 into which
      labels or marking strips can be pushed, laid or stuck. It has also proved
      to be advantageous to mark the narrow rear strips of the cassettes with
      the necessary text and to use transparent cover plates, so that this text
      can be seen even when the cover plate is closed. A clearer view of the
      apparatus is provided and the text rendered more legible if the parts of
      the cover plate situated opposite to the rear side of inserted cassettes
      are provided with horizontal cylindrical lenses, so that the text appears
      enlarged when viewed.
PAR  The version of the plastic box shown in FIGS. 6 to 8 in which the height is
      reduced to double the thickness of the cover surfaces in the central zone
      3 has proved advantageous. This leaves a box 101 formed as a U-bracket
      with a U-shaped profile wherein the lateral branches 104 correspond to the
      edge zones 4 of FIG. 1 and surround the thinner edge strips of the
      inserted compact cassette 109. The legs of the U are connected to a root
      zone or bight to which the pressure spring 112 is attached. The remaining
      cover surfaces are thus limited to the edge zones 104, and also to a
      further narrow zone which covers the root of the pressure spring 112. The
      later branches are provided on the outside with the recesses 116, so that
      plastic boxes of this kind can be connected together to form comparatively
      low stacks. For use as an individual box and also for the purpose of sale,
      the cassette is protected by a special cover 120 with a U-profile, which
      is made of a thin plastic material and of which the legs 121 and 122
      protect the cover surfaces of the plastic box, while its bight 123 is
      situated in front of the end face of the said plastic box 101. In the
      simplest case the said protective cover 120 can be made easily attachable
      by constructing it in such a way that its legs slightly converge and also
      by adapting them to the dimensions of the plastic box. It can be secured
      by connecting elements, such as dimples 124 and pegs 125 which engage one
      another in accordance with the form-locking principle. If the plastic box
      101 is constructed so that those edge zones of the cover surfaces which
      are close to the pressure spring are provided with concavities having
      oblique flanks and if the inner edge strips of the cover surfaces of the
      protective covering have lugs which engage the said concavities, a detent
      system is provided which can be easily released. If the mutually-opposite
      connecting devices are constructed on one side as concavities and lugs,
      while on the other side (as shown in the right hand half of FIGS. 1 and 2,
      for instance), they take the form of cylindrical bores and cylindrical
      pins engaging them, this system provides a pivotable box which can be
      easily opened by pivoting the protective covering donwards and which
      engage and is held in place after being closed. An identical or similar
      protective covering, a cap or a covering strip can also be used in order
      to seal the cassette boxes shown in FIGS. 1 and 2 on all sides for sale
      purposes. The sealing strip can in this case be constructed in such a way
      as to indicate whether the cassette has already been used before being
      sold. When the cassette box with open covering surfaces and of limited
      height is assembled in accordance with the version just described, this
      leaves a continuous internal space within which the individual compact
      cassettes are held in a defined position between the edge zone 4, which
      extend inwards in the manner of ribs. The said internal space is covered
      at the top and at the bottom by parallelepipedal structure 21, which may
      be made lower than shown in FIG. 5, in order to save space. Stacks of
      limited height can be sealed on one side by a simple plate provided with
      recesses 16 or by a parallelepipedal structure 21 having no cover plate.
      FIGS. 9 and 10 show variations in the form of the feet 126 and 127,
      respectively, that can be used in supporting a stack of containers.
PAR  The cover plates need not be designed to slide in, or their travel can be
      limited by the use of special lugs, stops, or similar devices. The compact
      cassettes can be guided in the plastic box solely by the guide groove 7 on
      the leaf springs 6. On the other hand, the guiding action can also be
      provided by the edge zones 4, as well as by any central zone 3 which may
      be provided, a specially reinforced edge zone being unnecessary if, for
      example, the portion demarcating the edge zone from the central zone
      contains a pair of ribs between which the clear width corresponds to the
      thickness of the edge zones of a compact cassette, and which surrounds an
      edge zone of this kind in the manner of a fork.
PAR  When plastic boxes are assembled in the form of a vertical column, it may
      be considered desirable (as a means of facilitating their handling), to
      provide a sub-structure consisting of a turntable, a base plate fitted
      with a handle extending vertically upwards, a turntable fitted with such a
      handle, or a similar device. The mounting surfaces of the base plate,
      turntable, or similar device are preferably provided with recesses 16
      arranged in such a manner that in each case such recesses 16 or certain
      selected recesses 16, inside the base surface of a column-shaped
      arrangement of plastic boxes, are also situated opposite recesses 16 of
      the mounting surface. By means of connecting pieces 17, the column-shaped
      assembly of plastic boxes can be rigidly connected to the mounting
      surface; if, however, use is made of feet 19 or of a kind which can
      loosely engage recesses 16 by means of an approximately prismatical
      cylindrical portion, then the column-shaped assembly (although it can be
      firmly erected on the base surface and caused, if necessary, to rotate
      together with the turntable) can also be removed therefrom as a complete
      assembly, where necessary.
PAR  At further embodiments of the invention recesses 16 may omitted. Connecting
      the boxes to piles may be done by sticking by means of a sticker for
      plastics. For facilitate adjusting the boxes at sticking them together,
      surfaces or halves of surfaces of said boxes may be provided with small
      protruding pins for adjusting, while adjacent surfaces or halves of
      surfaces comprise small bores for accepting (embracing) said pins. In
      connection with arch-shaped guide grooves, the cross-sections of which are
      adapted to that of the pins and being provided in plates, structures 21,
      covering plates, surfaces of boxes, or the like it is possible to turn
      (pivot) the above described columns of boxes without providing shafts,
      links or the like. The pins are guided in the grooves forming a closed
      circuit. Connecting U-shaped boxes or boxes of rectangular form also may
      be done by inserting the boxes in a common housing in which they will be
      fixed by sticking or by means of notches jumping in grooves.
PAR  In each of these cases the object is to provide a plastic box which serves
      as a sales package for a compact cassette and which can also be assembled
      with the use of a moderator number of additional parts to form any desired
      type of assembly for storage. An advantage of this type of cassette
      reserve is that it is completely closed, so that the compact cassettes
      themselves are protected from dust and other foreign matter, in addition
      to which the entire apparatus in which they are accommodated will only
      have smooth outer surfaces which are easy to clean. The cassette box can
      be adapted to any form of cassette storage, whether of small or very
      simple capacity.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. A container of plastic material suitable for receiving a compact
      cassette of recording tape, comprising a shallow box of rectangular form
      having an opening in one of its longer sides through which the cassette
      can be introduced into the box, each of the two shorter sides of the box
      having a leaf spring associated with the internal wall thereof, the
      springs being resiliently secured to the wall adjacent the open side of
      the box and each spring having a pair of detent surfaces thereon in spaced
      apart relation, such that, when a cassette is inserted completely into the
      box, the detent surfaces of each spring engage opposite ends of a guide
      bar on the adjacent side edge of the cassette to retain the cassette in
      the box, and a pressure spring is provided on the internal surface of the
      longer side of the box which faces said opening to be engaged by the
      cassette.
NUM  2.
PAR  2. A container as recited in claim 1, wherein each leaf spring is provided
      with a guide groove extending along its length for receiving the guide
      bars of the compact cassette.
NUM  3.
PAR  3. A container as recited in claim 1, wherein the detent surfaces extend
      beyond the surfaces of the leaf springs.
NUM  4.
PAR  4. A container as recited in claim 1, wherein the pressure spring engages
      the ends of the leaf springs when the cassette is fully inserted in the
      box.
NUM  5.
PAR  5. A container as recited in claim 1, wherein the pressure spring is in the
      form of a symmetrical leaf spring affixed to the middle of the side wall
      of the box.
NUM  6.
PAR  6. A container as recited in claim 5, wherein the distance between the ends
      of the pressure spring, when the cassette is inserted and fixed in the
      box, slightly exceeds the width of the cassette, and the free ends of the
      spring are provided with bearing surfaces for receiving the supporting
      surfaces at the ends of the leaf springs.
NUM  7.
PAR  7. A container as recited in claim 6, wherein the bearing surfaces extend
      into openings on the supporting surfaces of the leaf springs and are held
      thereby.
NUM  8.
PAR  8. A container as recited in claim 1, wherein the outer surfaces of the box
      are provided with undercut recesses and with projections corresponding
      thereto, serving for mutual engagement and connection of two or more boxes
      on the form-locking principle.
NUM  9.
PAR  9. A container as recited in claim 1, wherein undercut recesses are
      provided in outer surfaces of the box.
NUM  10.
PAR  10. A container as recited in claim 9, wherein connecting pieces are
      provided consisting of elastic plastic material and of a shape which
      corresponds to that of two recesses placed one upon the other for
      connecting two boxes together.
NUM  11.
PAR  11. A container as recited in claim 9, wherein feet are provided formed of
      an elastic plastic material having an upper portion and a lower portion,
      the upper portion being constructed as a fitting body corresponding to the
      shape of the recesses.
NUM  12.
PAR  12. A container as recited in claim 11, characterized by the fact that the
      lower portion, at least over a lower zone whose height corresponds to the
      depth of the recesses 16 is smaller in cross-section than the clear
      cross-section of the recesses 16.
NUM  13.
PAR  13. A container as recited in claim 12, characterized by the fact that the
      height lower portion has a lower zone whose height is less than the depth
      of the recesses 16, while above the said zone the said lower portion
      suddenly increases in cross section, forming supporting flanks.
NUM  14.
PAR  14. A container as recited in claim 1, characterized by the fact that its
      thickness is only slightly less than that of the conventional cassette, so
      that its large covering surfaces are limited to the flanks of a U-bracket
      having a U-profile, while the U-bracket is surrounded by a protective
      covering having a U-profile, which rests on the covering surfaces and the
      end face.
NUM  15.
PAR  15. A container as recited in claim 14, characterized by the fact that the
      U-bracket and the protective covering are detachably interconnected by
      depressions provided on the internal sides of the covering surfaces of the
      protective covering, in the zone of its free edges, and also in the
      opposite zones of the U-bracket, and by projections engaging the said
      depressions.
NUM  16.
PAR  16. A container as recited in claim 15, characterized by the fact that at
      least one pair of the connecting devices take the form of concavities and
      of lugs engaging them in the manner of a catch.
NUM  17.
PAR  17. A container as recited in claim 15, characterized by the fact that at
      least one pair of the connecting devices take the form of a cylindrical
      hole or blind hole and of a pin engaging it.
NUM  18.
PAR  18. A container as recited in claim 1, characterized by the provision of a
      covering plate of limited thickness and made of transparent plastic
      material, its length corresponding to that of the box while its width is
      several times that of the box, the said plate being provided on one
      longitudinal side with hinge elements and, in the vicinity of the opposite
      longitudinal side, with grip cavities.
NUM  19.
PAR  19. A container as recited in claim 18, characterized by the fact that the
      hinge elements are provided with levers which extend backwards from the
      plane of the covering plate 24 and which surround in the box a fork-like
      manner of and which hingedly engages the said container by means of a
      pin-and-bore connection.
NUM  20.
PAR  20. A container as recited in claim 19, characterized by the fact that the
      longitudinal side of the covering plate which is situated opposite to the
      hinge element is provided with locking pins, while the container is
      provided with recesses which enlarge inwardly by and which serve to
      accommodate the said locking pins.
NUM  21.
PAR  21. A container as recited in claim 20, characterized by the fact that the
      hinge elements engage recesses of a comparatively low parallelepipedal
      structure of which the base surface corresponds to that of the container
      and which is provided with recesses.
NUM  22.
PAR  22. A container as recited in claim 21, characterized by the fact that the
      parallelepiped is provided with a recess for an endless rubber band which
      is stretched between elements provided on the base of the recess and a
      hook provided on the rear side of the covering plate.
NUM  23.
PAR  23. A container as recited in claim 18, characterized by the fact that the
      covering plate is provided with recesses to accommodate an identification
      plate.
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PAL  A protector for the nose of a yarn cone having conical sides connecting an
      inner cup with a hemitoroidal portion such that the protector fits over
      the nose of the cone and prevents damage thereto.
BSUM
PAC  BACKGROUND
PAR  For many years packages of yarn which are wound on cones or bobbins have
      been packaged in corrugated cartons for shipping from one location to
      another. There has long been a problem to the textile industry in
      packaging the yarn in such containers because of the yarn package weight
      and potential damage to the yarn by movement. A further substantial
      problem that has existed is that during the take off or delivery of the
      yarn from the cone it is essential that the nose of the cone be in good
      condition. Because of the past methods of packaging the yarn for shipment
      there has been substantial damage to the nose of the cone.
PAR  Various attempts have been made to remedy and solve the problem of cone
      nose damage and yarn package damage during the shipment. For example, the
      patent to Paffen, et al., U.S. Pat. No. 2,646,166 shows an article used to
      separate the yarn packages in a carton and to hold them substantially
      rigid. Similarly the patent to Schmidt U.S. Pat. No. 2,876,898 shows a
      protective separator for cones or bobbins to be packaged in a carton. Each
      of these prior devices requires that the yarn packages be separated into a
      prearranged alignment and each provides a flange for fitting within the
      bottom of one cone and onto the nose of the cone which would be located
      therebelow in the carton. Thus, neither of these patents provides the
      protection for the cone nose to prevent damage thereto and permit the
      smooth delivery of yarn from the cone during processing. Furthermore, many
      of the previously known packaging devices cause the damage to the nose of
      the cone.
PAR  A further problem that has been encountered in the textile industry is that
      during the winding of yarn on the cone or bobbin, it is attempted to have
      uniform packages of a given amount of yarn or weight of package.
      Unfortunately, in many instances, the yarn will break prior to completion
      of the package. Because of the complexity of the machines and the time
      involved in rethreading and tying the yarn, as well as a need to avoid
      knots in the yarn, it has been found expeditious and proper to merely ship
      yarn packages which are of less than the full size. This arrangement
      causes a considerable waste of space in shipping containers where there is
      a predetermined arrangement for the yarn packages. A random disposal of
      the packages permits the yarn packages to be packed into the containers in
      a much more economical arrangement by permitting several of the smaller
      packages to be included with larger packages. This avoids the wasted space
      which would result from a predetermined spacing arrangement as set forth
      in the noted prior art patents. Some textile manufacturers having recently
      placed the yarn packages in the shipping containers in a completely at
      random manner. That is, the packages are not necessarily shipped in an
      upright position, but are placed in the shipping container on the side,
      upside down, upright or as they fall into the container.
PAR  In order to overcome the above disadvantages, the instant concept utilizes
      a conical side portion connected to an inner cup by a hemitoroidal portion
      such that the conical side portion overlys, i.e., contacts the outer
      surface of the cone nose and the hemitoroidal portion fits over, i.e., is
      spaced above the axial end of the cone such that the inner cup portion
      will hold the protector in place and the complete cone nose is protected.
      A flange may extend outwardly from the side of the conical side portion to
      provide rigidity since the protector does not have to be of substantial
      strength. This construction permits a random disposal of the yarn packages
      which may be of varying sizes and stacking of yarn packages in the
      shipping containers.
DRWD
PAC  DESCRIPTION
PAR  Reference is now made to the drawings wherein like numerals refer to
      similar elements throughout and in which:
PAR  FIG. 1 is an isometric view of a cone nose protector of the instant
      invention;
PAR  FIG. 2 is a top view of the instant invention;
PAR  FIG. 3 is a side cross-sectional view taken on Line 3--3 of FIG. 2;
PAR  FIG. 4 shows an enlarged diagramatic side view, partially in section, of
      the instant invention as applied to a cone with a package separator in
      place;
PAR  FIG. 5 shows a partial side view of a shipping container incorporating the
      instant invention;
PAR  FIG. 6 shows a diagramatic plan view of a shipping container with the yarn
      packages randomly disposed.
DETD
PAR  Referring now to FIGS. 1-3 wherein cone nose protector 10 is shown to
      include conical side portion 12 connected by hemitoroidal portion 14 to
      inner cup 16. Inner cup 16 includes substantially cylindrical side portion
      18 and bottom 20. Bottom 20 has central opening 22 which permits trapped
      air to flow from the interior of the cone, as well as providing a
      resiliency to protector 10 to permit a firm attachment of the protector to
      the nose of a cone. A reinforcement flange 24 may extend outwardly from
      conical side portion 12 to provide rigidity to the overall protector and
      provide a means of removing the cone nose protector 10 at the point of use
      and after protection of the cone nose is unnecessary. However, it is to be
      understood that generally flange 24 is omitted to provide protector 10
      with a smooth configuration which permits the protector to remain in place
      during delivery of the yarn from cone 30.
PAR  FIG. 4 diagramatically shows cone 30 having protector 10 positioned thereon
      with the hemitoroidal portion 14 spaced above the axial end of the cone 30
      the shipping container layer separator 38 in the approximate location it
      would assume with reference to the yarn package during shipment. Separator
      38 may be of corrugated paperboard or any other material as is well known
      in the textile industry for this type of shipping container.
PAR  FIG. 5 shows several yarn packages 34 wound on cones 30 with protector 10
      properly positioned to protect cone nose 32. A plan view of shipping
      container 36 is shown in FIG. 6 wherein yarn packages 34 are randomly
      positioned to effectively utilize the complete space within shipping
      container 36.
PAR  Cone nose protector 10 may be made of any easily formable material.
      Thermoforming of plastic such as vinyl, polystyrene and polyethylene is
      considered to be the best method for manufacture of protector 10. It is to
      be noted that vinyl is an excellent material for the embodiment without
      flange 24 as it provides a protector more difficult to remove and thus
      remains on the cone during removal of the yarn therefrom. Although vacuum
      forming has been found to be a preferable method of forming the cone nose
      protector, it is to be understood that injection molding of the protectors
      may provide more efficient and economical production for some embodiments
      of the protector. However, it has been found that thin, lightweight, high
      density polyethylene which has been vacuumed formed is an excellent
      embodiment and provides substantial protection for the yarn package. For
      example, in drop tests conducted from heights of 1, 3 and 5 feet a
      shipping carton incorporating the cone nose protectors of the instant
      invention was compared with an identical carton of cones without the
      protector. The weight of each of the cartons was approximately 215 pounds.
      The results of this test are set forth below.
TBL  ______________________________________                                    
                 Damages Noses Damages Noses                                   
     Height of Drop                                                            
                 Protected     Controlled                                      
     ______________________________________                                    
     1 ft.          0             0                                            
     3 ft.          0            25 (40.32%)                                   
     5 ft.          4 (7%)     (Test not perform-                              
                               ed due to large                                 
                               number of fail-                                 
                               ures at 3 ft.)                                  
     ______________________________________                                    
PAR  It is possible to continue with a yarn identification system similar to
      that currently in use when utilizing a cone nose protector by either
      forming the protector from colored plastic material or coating the
      protector with a paint or dye.
PAR  Thus it is seen that the instant invention provides a means of protecting
      the individual cones or yarn packages while permitting the various sized
      packages to be positioned in a shiping container in a most efficient
      manner. The weight of the upper packages can be borne on the protected
      nose cone without damage thereto and proper yarn delivery from the cone at
      the time of use is permitted. The protector is easily applied and is
      capable of multiple uses while being of lightweight and, therefore,
      reduces shipping costs. The protector permits the separation of the yarn
      packages, as well as the utilization of varying sized shipping containers.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. A protector for the nose of a cone comprising:
PA1  a conical side portion wherein one end is of smaller diameter than the
      other end;
PA1  a hemitoroidal portion extending from said smaller end portion and inwardly
      thereof;
PA1  said conical side portion being adapted to space said hemitoroidal portion
      above the axial end of the nose of the cone whereby said conical side
      portion is adapted to interfit with and be held by the nose of the cone to
      provide protection thereof with said hemitoroidal portion spaced above the
      axial end of the cone.
NUM  2.
PAR  2. The nose cone protector of claim 1 including an inner cup extending
      downwardly into said conical side portion.
NUM  3.
PAR  3. In the cone nose protector of claim 2 said inner cup having an opening
      in said bottom.
NUM  4.
PAR  4. The cone nose protector of claim 1 including a flange extending
      outwardly from said other end of said conical side portion.
NUM  5.
PAR  5. The cone nose protector of claim 1 having identification means for the
      package to which the protector is attached.
NUM  6.
PAR  6. A shipping container for packages of yarn wound on conical members
      comprising:
PA1  a container having sides and a bottom;
PA1  a plurality of yarn packages wound on cones and randomly disposed in said
      container;
PA1  nose cone protectors on the nose of said cones;
PA1  said nose protectors having a conical side portion wherein one end is of
      smaller diameter than the other end and a hemitoroidal portion extending
      from said smaller end portion and inwardly thereof to provide resilient
      attachment of said protector to the nose of said cone; and
PA1  said conical side being adapted to space said hemitoroidal portion above
      the axial end of the nose of said cone.
NUM  7.
PAR  7. The combination of claim 6 wherein said nose cone protectors have an
      inner cup extending downwardly into said conical side portion.
NUM  8.
PAR  8. The shipping container of claim 6 wherein a separator is positioned on
      the lower packages of yarn to permit a second layer of yarn packages to be
      positioned randomly thereon.
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ABST
PAL  A covered book comprises: a stack of aligned sheets, including a front and
      back cover, providing an edge surface; a first protective sheet located
      adjacent the outside of the front cover; a second protective sheet located
      adjacent the outside of the back cover; and a binding strip fixed to the
      edge surface, to an area on each of the covers, and to an area on each of
      the protective sheets. The first protective sheet is wrapped around the
      unbound edge of the book and is fixed with a pressure sensitive adhesive
      to the second protective sheet, thereby providing a protective cover for
      the book. Each of the protective sheets is scored to permit removal of at
      least part of the protective cover when it is no longer required.
BSUM
PAR  The subject invention generally relates to books having protective covers
      and, in particular, to a book integrally manufactured with a removable
      protective cover. It should be noted that a method, disclosed hereinafter,
      for manufacturing said book is the subject matter of a U.S. application
      contemporaneously filed herewith.
PAR  In business offices multi-page reports are frequently bound with adhesive
      strips to provide books for local and distant distribution. To keep the
      books closed during distribution the books are often placed in envelopes
      or have a band individually placed around them. While bands facilitate
      handling of books during a distribution process they are not useful when
      books contain sensitive subject matter because bands may be slipped into
      association and disassociation with a book without detection. Similarly,
      when envelopes are used for distributing or mailing books, books may be
      removed from the envelopes, may be read, and may be reinserted in suitably
      addressed and similar envelopes.
PAR  It is an object of the present invention to provide mailable books having
      integrally associated protective covers.
PAR  It is another object of the present invention to provide a book having a
      security cover, any opening or removal of the cover being readily
      detectable.
PAR  Briefly, the invention herein provides a covered book. Structurally, the
      book comprises: (a) a stack of aligned sheets providing an edge surface;
      (b) a first protective sheet located adjacent the first sheet of the
      stack; (c) a second protective sheet located adjacent the last sheet of
      the stack and said first protective sheet; (d) an adhesive binding strip
      fixed to the sheets along said edge surface and to the outside of the
      protective sheets; and (e) means for fixing the first protective sheet to
      the second protective sheet.
DRWD
PAR  Additional objects and features of the invention will become apparent by
      reference to the following description in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a book, according to the invention;
PAR  FIG. 2 is a plan view of an end of the book shown in FIG. 1; and
PAR  FIG. 3 is a plan view of an end of the adhesive bearing strip, used in
      making the book, shown in FIGS. 1 and 2, a section of the strip having
      been removed to more fully disclose components of the strip.
DETD
PAR  Referring to FIGS. 1 and 2, a book 10, according to the invention, includes
      a rectangular stack of aligned sheets 11, 17, and 18 providing an edge
      surface 16. Adjacent the first sheet 18 of the stack there is located a
      rectangular protective sheet 12. Sheet 12, for example, may be
      manufactured from kraft paper with length and width dimensions suitable
      for covering a longitudinal section of sheet 18. Adjacent the last sheet
      17 of the stack there is located another protective sheet 14 which, for
      example, may be manufactured from kraft paper. Rectangular sheet 14 has a
      width dimension large enough to cover the length of the book and long
      enough to extend around edge 30 of the stack into overlapping relationship
      with sheet 12. The stack of aligned sheets 11, 17 and 18 and the
      protective sheets 12 and 14 are mutually coupled by an adhesive bearing
      strip 19.
PAR  As disclosed in FIG. 3, adhesive strip 19 comprises a formable substrate 20
      of, typically, relatively heavy paper stock, and adhesive coatings 21 and
      22. Adhesive coatings 21 and 22 constitute a plurality of strip-like
      formations comprising two heat activated adhesive types. Heat activated
      adhesive may be either of the low or high tack types. A low tack adhesive
      comprises an adhesive material which when heated becomes fairly molten or
      fluid, thereby providing a high degree of surface wet-out with a minimum
      application of pressure or heat. A typical low tack adhesive may be a
      mixture of about 80 percent by weight of an ethylene/vinyl acetate
      copolymer having a 90 percent ratio of ethylene to vinyl acetate and about
      20 percent by weight of rosin acid ester. A high tack adhesive comprises
      an adhesive material which when heated remains highly viscous and somewhat
      immobile so that a definite amount of heat is necessary to wet-out a
      surface being adhered. A typical high tack adhesive may be a mixture of
      polyethylene, a rosin acid, and a metal salt of a carboxylic acid, present
      in weight proportions of 80/10/10, respectively. High tack adhesives have
      the advantage that, on application of heat and pressure, the bond created
      thereby immediately possesses a high degree of strength. On the other
      hand, the low tack adhesive flows readily or is wicked into the edges of
      paper sheets to be bound. The strip 19 preferably has the high tack
      adhesive 21 uniformly applied to the substrate 20 while the low tack
      adhesive 22 is applied along the center line of the substrate with a
      relatively greater thickness than that of the high tack material.
      Typically, the width of the adhesive 22 is approximately equal to or
      slightly greater than the overall thickness of the stack of sheets 11.
PAR  Referring to FIGS. 1 and 2, protective sheet 14 extends snugly around the
      unbound edge 30 of the stack of sheets and is fixed, near its end 24, by
      an adhesive 25 to protective sheet 12. Adhesive 25 may be of the pressure
      sensitive type and, preferably, should have a holding strength sufficient
      to prevent separation of protective sheets 12 and 14 unless detectable
      tearing of either of the sheets 12 and 14 occurs.
PAR  Sheet 12 is scored with a linear series of slits 28 spaced from and
      parallel to edge 13 of the sheet and binding strip 19 is fixed to an area
      between slit 28 and edge 13. Similarly, sheet 14 is scored with a linear
      series of slits spaced from its end 15 and adhesive strip 19 is fixed to
      an area of sheet 14 which is located between slit 27 and end 15. Thus,
      substantial sections of the protective sheets 12 and 14 may be separated
      from the book along the series of slits 28 and 27, respectively, when they
      are no longer required.
PAR  Ends 13 and 15 of protective sheets 12 and 14, respectively, may be located
      so as to coincide with edge surface 12; however, it is preferred that they
      be spaced away from the edge surface to provide areas on sheets 17 and 18
      engageable by strip 19. The stated preference exists because when said
      substantial parts of the protective sheets 12 and 14 are removed sheets 17
      and 18 will remain as covers and in normal use shear stresses between
      adhesive strip 19 and sheets 17 and 18 are expected. Since sheets 17 and
      18 will serve as covers when the protective sheets are at least partially
      removed they should be manufactured from stock which is thicker and more
      durable than the sheets which make up the pages of book 10.
PAR  The book 1, described above, may be manufactured by aligning the stack of
      sheets 11, 17 and 18 to provide edge surface 16. The alignment may be
      accomplished, for example, by jogging the sheets against a flat surface.
      During or after the alignment step sheets 12 and 14 may be located, as
      described above, adjacent sheets 18 and 17, respectively. Thereafter,
      adhesive strip 19 is fixed to the edge surface 16, the protective sheets
      12 and 14, and when the preference stated above is desired, to sheets 17
      and 18. The alignment of the stack of sheets and the location of the
      protective sheets are steps which may be adequately performed manually.
      However, fixing of the adhesive strip 19 to the resulting structure is
      best accomplished with a bookbinding machine such as is dsclosed in
      pending U.S. patent application Ser. No. 474,840, filed May 30, 1974 by R.
      Kuhns. Subsequently, protective sheet 14 may be fixed to protective sheet
      12 with, for example, a suitable adhesive.
PAR  It is noted that binding strips and applicators other than those described
      above may be used to provide covered books according to the invention. In
      view of this and the fact that other modifications which do not deviate
      from the spirit of the invention will be readily apparent to those skilled
      in the art, it is to be understood that the description set forth above of
      a preferred embodiment of the invention has been set forth as an example
      thereof and is not to be construed or interpreted as a limitation on the
      claims which follow and define the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A covered book, comprising:
PA1  a. a stack of aligned sheets providing an edge surface;
PA1  b. a first protective sheet located adjacent the first sheet of the stack;
PA1  c. a second protective sheet located adjacent the last sheet of the stack
      and said first protective sheet;
PA1  d. an adhesive binding strip fixed to the sheets along said edge surface
      and to the outside of the protective sheets; and
PA1  e. means for fixing the first protective sheet to the second protective
      sheet.
NUM  2.
PAR  2. A covered book as defined in claim 1 wherein said first protective sheet
      is scored along a region which is adjacent to but out of contact with the
      binding strip; and wherein said second protective sheet is scored along a
      region which is adjacent to but out of contact with the binding strip.
NUM  3.
PAR  3. A covered book as defined in claim 2 wherein said adhesive binding strip
      includes a low tack adhesive for binding the strip to said edge surface of
      the stack and high tack adhesive for fixing the binding strip to said
      protective sheets.
NUM  4.
PAR  4. A covered book as defined in claim 3 wherein said means for fixing the
      first protective sheet to the second protective sheet is a pressure
      sensitive adhesive.
NUM  5.
PAR  5. A covered book as defined in claim 4 wherein each of the first and last
      sheets of said stack are thicker than the other sheets in the stack.
NUM  6.
PAR  6. A covered book as defined in claim 4 wherein each of the protective
      sheets is a sheet of kraft paper.
NUM  7.
PAR  7. A covered book as defined in claim 2 wherein said binding strip is
      adhesively fixed to an area on the first sheet of the stack and to another
      area on the last sheet of the stack, each of the areas being contiguous
      with said edge surface.
NUM  8.
PAR  8. A covered book as defined in claim 7 wherein said adhesive binding strip
      includes a low tack adhesive for binding the strip to said edge surface of
      the stack and high tack adhesive for fixing the binding strip to said
      protective sheets.
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PAL  The present invention relates to a package comprising a stack of flexible
      light-sensitive sheet material. Four corner pieces of a strong material
      embrace the short side edges of the stack, the pack is placed in a rigid
      box, and spring means are provided in the closed box for urging each
      corner piece towards the diagonally opposite corner piece on the stack of
      sheet material.
PARN
PAR  This patent application is a continuation-in-part of my application Ser.
      No. 255,480 filed on May 22, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a package comprising a stack of flexible
      light-sensitive sheet material.
PAR  It is difficult to pack stacks of sheets of light-sensitive material such
      as sheets of X-ray film material to ensure that during transportation of
      the stack there is no movement of the sheets relative to each other. Such
      relative movement cause scratching or marking of the surfaces of the sheet
      material if any particulate material such as dust is entrapped between the
      sheets of the stack. Such surface scratching or marking effects the
      light-senstive emulsion, which is on the surface of the sheet and alters
      its sensitometric properties in such a way that, depending on the
      conditions, either a sensitised or desensitised spot is produced,
      resulting in either a black or a white spot on development of the
      material. As it is almost impossible to exclude dust completely from the
      atmosphere when packing sheet material, it is very important to lessen the
      scratching effect of entrapped dust particles by preventing the relative
      movement of the sheets in a stack. A relative movement of as little as one
      hundreth of an inch (one fourth of a millimeter) can cause each entrapped
      dust particle to produce a very noticeable black or white spot on the
      developed material.
PAR  In U.S. Pat. No. 3,720,035 there is described a method of packing a stack
      composed of a plurality of flexible sheets which comprises stacking the
      flexible sheets to form a stack having two opposed face surfaces and two
      pairs of opposed side surfaces which define the thickness of the stack,
      one side surface of each pair being adjacent to both side surfaces of the
      other pair, the face surfaces and side surfaces of the stack forming edges
      which terminate in four corners where the two face surfaces are joined by
      two adjacent side surfaces, positioning four corner pieces made of a
      strong material so as to embrace each of the four corners of the stack of
      flexible sheets over the full thickness of the stack and thus encircling a
      portion of each face surface and the adjacent side surfaces which make up
      each corner to form a snug fit thereon, placing a length of strapping
      material around the side surfaces of the thus formed pack so that the
      strapping material passes around each of the positioned corner pieces,
      placing the pack into a rigid box or box-like structure, the dimensions of
      which are so chosen that the pack fits snugly in the box or box-like
      structure, thereafter applying a tension to the length of strapping
      material so causing the corner pieces to pull into close contact with the
      stack of flexible sheets, and then joining the length of strapping
      material to form a tension band around the pack. The stack of flexible
      sheets can be a stack of light-sensitive material.
PAR  The stack of flexible sheet material has preferably superimposed on each of
      its two large faces a sheet of stiff cardboard of the like rigid material,
      of slightly smaller dimension than the stack of flexible sheet material.
PAR  The length of strapping material under tension thus prevents the individual
      sheets from moving relatively to each other, and the stack of sheet
      material can not buckle due to the presence of the rigid box-like
      structure around the pack.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a package comprising a
      stack of flexible sheet material of the type described above, but wherein
      the use of a length of strapping material is no longer required.
PAR  This object and others which will become apparent hereinafter are attained,
      according to the invention, by providing a package comprising a stack of
      easily scratchable flexible sheets of light sensitive material;
PAR  a light-tight folder enclosing the stack;
PAR  a rigid box open at one end thereof and a lid adapted for covering the open
      end of the box, the box being so dimensioned as to enclose the stack so
      tightly that the latter is prevented from buckling;
PAR  four corner pieces, each of which is constructed of strong material and
      embraces one of the four small vertical edges of the stack at right angles
      to the plane of the sheets forming the stack and extends to embrace the
      corner portions of the two large side faces of the stack to form a tight
      fit thereon, each of the corner pieces being so dimensioned as to permit
      the side walls of the box to lie tightly against the light-tight folder
      enclosing the stack of easily scratchable flexible sheets, thereby
      preventing movement of the sheets in the stack relative to one another;
      and spring means engaging each of the corner pieces at the outside thereof
      and urging each of them toward a diagonally opposite corner piece.
PAR  Corner pieces to be placed on the four corners of a stack of sheet
      material, and extending to embrace not only the small vertical edges of
      the stack but also the corner portions of the two large side faces thereof
      have been known, e.g. from U.S. Pat. Nos. 1,998,5l5 and 3,618,755, in the
      packaging of glass sheets, while spring means placed in the four corners
      of a case or box or the like have been know even longer, e.g. form U.S.
      Pat. No. 1,821,692, for the purpose of enclosing fragile goods in a
      container in such a manner that, for instance, during shipping, the goods
      do not come into harsh contact with any solid surface but will be hung in
      the container in such a way that they will be cushioned in all directions.
PAR  In the package of the present invention, there is employed a novel
      combination of the above-described known corner pieces and the known
      spring means, in conjunction with a tight-fitting box, for the purpose of
      preventing buckling of a stack of flexible, light-sensitive sheets liable
      to be scratched and thereby seriously damaged, and at the same time
      preventing any relative movement of the individual sheets in the stack.
PAR  It is a particular advantage of the package according to this invention
      over the package described in U.S. Pat. No 3,720,023 that it does not
      require the use of a strap to hold the stack together. Also, the
      stiffening cover sheets which are indispensable in the last-mentioned
      known package, are not required in the package according to the invention.
PAR  The spring means for urging each corner piece toward a diagonally opposite
      corner piece when the box is closed may be for example moulded plastic
      integral springs secured in each corner of the box, including the corners
      formed when the lid is closed.
PAR  The spring means for two adjacent corner pieces are located in the two
      inner corners in the box, and the spring means engaging the other two
      corner pieces are located in the two inner corners of the lid.
PAR  It is not essential that the spring means employed be secured either to the
      box or to the corner pieces, but it is preferred that the spring means be
      secured to either one or the other.
PAR  Preferably the spring means are leaf springs for ease of manufacture and
      cheapness but they may be coil springs. In either case the springs are so
      mounted that when the stack is inserted into the box and the box is
      tightly closed the springs urge each of the corner pieces toward the
      diagonally opposite corner piece.
PAR  It is another essential feature of the present invention that the
      dimensions of the box are so chosen that when the stack together with the
      spring means is inserted therein the stack and the spring means are of a
      tight fit in the box. This tight fit is important over all the six faces
      of the box, and this means that the thickness of those parts of the corner
      pieces which rest on the corner portions of the large side faces of the
      stack are sufficiently thin so as to allow practically no play between the
      two large sidewalls of the box and the light-tight wrapping of the stack
      coming into contact therewith, thus effectively preventing any buckling of
      the sheets of the stack in the box.
PAR  By rigid material from which the box and lid may be made is meant material
      which can not easily bend, for example wood, plastics material or thick
      cardboard.
PAR  By corner pieces of relatively strong material is meant a material which
      will withstand a constant tension without distortion, for example metals
      such as copper, steel or aluminium, wood or plastics material such as high
      impact strength polystyrene or polypropylene may be used.
PAR  The corner pieces are so shaped that each of them fits over and embraces a
      corner of the stack of sheets of light-sensitive material enclosed in the
      light-tight folder. They may be of any size as long as all four can be
      fitted on to the stack, but preferably, because it is envisaged that these
      pieces will be non-returnable and thus must be cheap to produce, they
      embrace only small corner portions of the stack. The thickness of the
      stack of sheets of light-sensitive material must be such that the corner
      pieces fit tightly over each corner.
PAR  As the light-tight folder or wrapping there is preferably used a
      black-pigmented polyethylene bag.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawings illustrate a preferred embodiment of the package
      according to the invention, and parts thereof.
PAR  FIG. 1 is a diagrammatic cross-sectional view of a complete package having
      four corner pieces each of which bear two lateral springs in a closed box.
PAR  FIG. 2 shows a cross-sectional view of the package taken in a plane
      indicated by II -- II in FIG. 1.
PAR  FIG. 3 is a diagrammatic front elevation of a corner piece bearing two
      lateral springs fitted on to a stack of resilient sheet material enclosed
      in a light-tight polythylene bag.
PAR  FIG. 4 is a diagrammatic cross-sectional view of the corner piece of FIG. 3
      in a corner of the closed box.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIGS. 1 to 4 like numbers refer to the same parts. In these figures a
      stack 1 of resilient light-sensitive sheet material enclosed in a
      light-tight polyethylene bag 2 is embraced at each vertical corner by a
      corner piece 4. Each corner piece 4 extends partially along two narrow
      side faces 3, 3a of the stack. Attached to the two sides 4a and 4b of each
      corner piece 4 are resilient parts in the form of lateral springs 5 and
      5a. While blade springs are shown, they can be replaced by coil springs,
      as shown by 5b in the lower left corner of FIG. 1, or by spring means
      shown in U.S. Pat. Nos. 1,821,692, 2,984,399 or 3,344,916.
PAR  In FIG. 3 the lateral springs are shown in the nondeflected state. In FIG.
      4 one of the corner pieces 4 is shown in position in a closed box 6. The
      lateral springs 5 are now deflected. This deflection urges corner piece 4
      toward the diagonally opposite corner piece, as shown in FIG. 1. In the
      latter Figure, the arrows indicate the direction in which the four corner
      pieces are urged by the deflected springs 5. In FIGS. 1 and 2 the position
      of the lid 7 when the box is tightly closed is indicated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A package, comprising:
PA1  a stack of easily scratchable flexible sheets of light-sensitive material;
PA1  a light-tight folder enclosing said stack;
PA1  a rigid box open at one end thereof and having a bottom wall, two major
      frontal walls opposite one another, and two minor intermediate side walls
      joining said frontal walls, and a lid having an open end fitting over said
      open end of said box and a top wall covering the open end of the box, said
      box being so dimensioned as to enclose said stack so tightly that said
      stack is preventing from buckling;
PA1  four corner pieces, each of said corner pieces being constructed of strong
      material and embracing one of the four small vertical edges of the stack
      at right angles to the plane of the sheets forming the stack and extending
      over the corner portions of both large side faces of the stack to form a
      tight fit thereon, each of said corner pieces being so dimensioned as to
      permit the side walls of said box to lie tightly against said light-tight
      folder enclosing said stack of easily scratchable flexible sheets, thereby
      preventing movement of the sheets in the stack relative to one another;
      and
PA1  four spring means, one each engaging one of said four corner pieces at the
      outside thereof and urging said respective corner piece toward a
      diagonally opposite corner piece, first and second of said spring means
      engaging respective first and second of said corner pieces located in two
      inner corners of said box, each said first and second spring means
      including a first resilient part resting on said bottom wall of said box
      and a second resilient part resting on an adjacent said side wall of said
      box, third and fourth of said spring means engaging respective third and
      fourth of said corner pieces located in two inner corners of said lid,
      each of said third and fourth spring means including a first resilient
      part resting on an adjacent said side wall of said box and a second
      resilient part resting on said top wall of said lid when said lid is in a
      fully closed position over said open end of said box, said lid thereby
      comprising means, when in said fully closed position, for fully tensioning
      said spring means and for holding said stack in an elastically suspended
      position in said box.
NUM  2.
PAR  2. A package as described in claim 1, wherein said spring means are moulded
      plastic integral springs secured in each corner of the box, including the
      corners formed when the lid is closed.
NUM  3.
PAR  3. A package as described in claim 1, wherein said resilient parts of each
      said spring means associated with a respective said corner piece comprise
      two springs, one each attached to a side wall of said respective corner
      piece.
NUM  4.
PAR  4. A package as described in claim 3, wherein the springs which are
      attached to each corner piece are leaf springs.
NUM  5.
PAR  5. A package as described in claim 3, wherein the springs which are
      attached to each corner piece are coil springs.
NUM  6.
PAR  6. A package as described in claim 1, wherein said light-tight folder is a
      light-tight polyethylene bag.
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ABST
PAL  A package comprises a relatively stiff rectangular backing board with a
      transparent substantially rectangular bag of a smaller size secured to the
      backing board along a small marginal area adjacent its top edge. The
      backing board advantageously includes a fold down top edge or collar which
      engages over an upwardly extending portion of the underside of the bag and
      the bottom edge of the collar is spaced from the opening edge on the top
      side of the bag and the bag may be torn off the backing board by tearing
      it along the lower edge of the collar. The backing board advantageously
      includes one or more recesses which are engageable by a driver member to
      move the package assembly. The package is advantageously formed by feeding
      a continuous roll of plastic which has been creased along a central fold
      line into association with means for separating the two layers to insert
      materials therein and for then sealing the separated layers at spaced
      locations along the length of the material and for also sealing the bag
      adjacent its folded edge to an underlying cardboard to form the completed
      package.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention relates to a transparent package, particularly for
      flat articles such as banknotes. Such packages are used, for example, by
      financial institutions in order that prepared amounts of money are
      available at the counters to permit quicker serving of the customers.
      However, these packages are not suitable for mechanical transport, i.e.
      particularly not for use in automatic dispensing machines because they
      cannot be readily pulled off the stack. It is known to place flat articles
      on cardboard and effect the packaging by sealing the articles on the
      cardboard with a shrink film; such a package can be mechanically
      transported if suitable measures are taken, but the packaged articles can
      no longer be seen from both sides.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is aimed at providing a remedy for this by proposing a
      transparent package for flat articles which can be stacked and pulled off
      the stack, it still being possible to see the package articles from both
      sides. The package is to be simple and is to serve as a
      tear-open/disposable package. The invention therefore relates to a
      transparent package for flat articles, such as banknotes, which is
      suitable for mechanical transport and/or for being pulled off a stack.
PAR  The fundamental idea of the invention is to hinge the enclosed, bag-like
      package along one edge, in the case of a rectangular size preferably along
      one short edge, to a card-like substrate covering at least the total area
      of the bag and having means for mechanical transport. The inventive design
      of the package permits the bag to be turned upwards, so that the packaged
      articles can be inspected from both sides.
PAR  The card-like substrate may have transport holes which are engaged by
      corresponding drivers of the transporting or pull-off device. If the
      transport holes are arranged to be covered by the bag resting flat on the
      substrate, it is insured that the driving device always takes along only
      one package whereby always only one package is pulled off the stack, for
      example.
PAR  It may be advantageous to provide at the long sides of the substrate a
      grooved profile which serves as an aid to transport.
PAR  According to a further feature of the invention, the articles are packaged
      in a vacuum by vacuum-welding that side which is open last; appropriately,
      that side of the bag is welded last which will be connected with the
      substrate. Through the packaging in a vacuum, the film of the bag clings
      tightly to the contours of the contents of the package because the air
      cushions between the individual flat objects as well as between the
      packaging film and the packaged articles are drawn off, so that areal
      adhesion is obtained between the individual layers, the latter thereby
      being held in position. This type of package also permits the packaged
      articles to be imbricated without the latter being able to slip out of
      place after packaging. Through the imbricate arrangement, all parts of the
      package's contents can be seen.
PAR  Advantageously, the bag may be attached to the substrate by providing at
      the respective end of the substrate a suitably shaped turn-down collar
      which extends over a portion of the bag and is sealed with the bag. The
      edge of the turn-down collar may serve as the tear-off edge for the bag.
      If the weld of the bag is covered by the turn-down collar or is at least
      flush with the latter's edge, the bag is automatically opened when being
      torn off. Together with the welding in a vacuum, this automatic opening
      affords safety from unauthorized manipulation on the bag. If the package
      could be torn off without being opened, one could open the bag at a
      suitable point, take out a banknote, for example, and weld it up again,
      then making a claim with the bank concerning the wrong contents.
PAR  In the case of the novel bag, however, re-welding would be possible at the
      short side only; this would be very difficult and could only be done with
      a special tool. This will deter a forger from manipulations, the more so
      since the subsequently produced weld is perceptible, too.
PAR  Accordingly, it is an object of the invention to provide a package which
      comprises a relatively stiff substantially rectangular backing board with
      a transparent substantially rectangular bag of a smaller size than the
      backing board mounted on the board and secured thereto along a marginal
      area adjacent one edge and wherein the backing board advantageously
      includes a foldable collar adjacent its edge which is foldable downwardly
      over the secured portion of the bag and it advantageously includes means
      permitting engagement thereof by a driver to move the bag.
PAR  A further object of the invention is to provide a transparent package which
      is simple in design, rugged in construction and economical to manufacture.
DRWD
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a front or top perspective view of a package constructed in
      accordance with the invention;
PAR  FIG. 2 is a rear perspective view of another embodiment of the invention;
PAR  FIG. 3 is a top perspective view indicating the manner in which the bag may
      be lifted from the backing board of another embodiment of the invention;
PAR  FIG. 4 is a plan view of still another embodiment of the invention;
PAR  FIG. 5 is a longitudinal sectional view of still another embodiment of the
      invention;
PAR  FIG. 6 is a longitudinal sectional view of the embodiment of the invention
      shown in FIG. 5 indicating the manner in which the packages may be stacked
      and transported away from the stacking;
PAR  FIG. 7 and FIG. 8 are perspective views, partly in section, indicating the
      detailed construction of the bags and the vacuum effect of the overall
      package;
PAR  FIG. 9 is a top perspective view of another embodiment of the invention;
      and
PAR  FIG. 10 is a schematic perspective view of a device for making, packing and
      sealing the package of the invention.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention embodied therein
      comprises several types of package made in accordance with the invention.
PAR  FIG. 1 shows one example of the novel package; the package essentially
      consists of the actual bag 2 with the piece of cardboard 1. The piece of
      cardboard is the stabilizing element which permits the mechanical
      processing, particularly the transport, of the package.
PAR  FIG. 2 shows that the cardboard 1 is card-like in shape and has transport
      holes 3. The turn-down collar 4, which is connected to the cardboard via
      the flute 5, serves to attach the bag 2 as will be explained below. The
      two sides A and B of the piece of cardboard 1 may be provided with
      imprints because the bag 2 is connected with the cardboard 1 at one side
      only and thus can be turned upwards as can be seen from FIG. 3. FIG. 3
      also shows how the bag 2 is sealed with the cardboard 1 at its short side
      8 after the turn-down collar 4 has been turned down.
PAR  The hinge obtained in this way permits the packaged articles to be
      inspected from both sides C and D after the bag has been turned upwards
      (arrow 7).
PAR  In the example of FIG. 3, the transport holes 3 and 6 of the other
      embodiments have been replaced by a transport recess 6, while in the
      example of FIG. 4, grooved rims 10 on the cardboard 1' are provided as
      transport means. The perforation 11 facilitates the turning-down of the
      turn-down collar 4, which is narrower than the piece of cardboard by the
      recess 9 in order that the grooved rims are not covered when the turn-down
      cover is turned down.
PAR  FIG. 5 shows a cross section of the package similar to FIGS. 1 and 2. It
      can be seen that the bag 52 is connected with the cardboard 51 by means of
      a turn-down collar 54 and that there is an interspace 12 between the
      tear-off edge 46 of the turn-down collar 54 and the open edge 58 to permit
      the tear-off of the bag 20 with the contents 13 of the bag. This insures
      that the contents of the bag are not damaged when the bag 2 is torn off
      the cardboard 1.
PAR  In the position shown in FIG. 5, several packages may be piled up (FIG. 6)
      and pulled off in the direction of arrow 14. To accomplish this, a driver
      16 of a suitable transporting device enters the interspace formed by the
      transport holes 60. The interspace is limited above by the bag 52, so that
      the driver 16 cannot reach a second package; this permits reliable
      pull-off, the more so since the bag 52 remains fixed on the cardboard
      during this movement.
PAR  FIG. 7 is to illustrate that the contents of the bag are held in position
      as a result of the vacuum-packing technique. The bag is made from the
      transparent plastic film 17, which may be filled either as a bag having
      one open side or, as shown in FIG. 10, as a half-hose. It is assumed that
      the articles to be packaged are the three flat objects 18-20 of different
      size. Through the packaging in a vacuum, the film 17 clings positively to
      the contents of the package, this being indicated at 21. As a result, the
      packaged articles are fixed in the bag. The positive connection 21 also
      affords safety against any unauthorized opening of the bag. Located
      between the weld 22 and the packaged articles is the selaed area 23.
PAR  FIG. 8 shows the sealing between the cardboard 61 and the bag 62 in the
      sealed area 23. The cardboard 61 has a side 24 coated with the material of
      the film bag 17 as well as an uncoated side 25. The bag 2 lies on the
      coated side 24 and is partially enclosed by the turned-down turn-down
      collar 64. The limit 26 of the sealed area 23 lies flush under the
      cardboard edge 27 of the turn-down collar 64. Between the cardboard edge
      27 and the packaged articles 13 there is an interspace 12 within which the
      bag 2 can be torn off the cardboard 61 for being opened.
PAR  FIG. 9 shows the tearing-off operation in the direction of tearing 29. The
      bag 72 is torn off along the cardboard edge 27, with the latter serving as
      the tear-off edge. In addition to this feature, which facilitates the
      tearing-off, the film bag 72 is weakened at the limit of the sealed area
      23 through the sealing operation. Since, however, the tear-off line lies
      outside the sealed area and within the interspace 12, the bag 2, when
      being torn off, is also automatically opened as indicated at 30. The
      turned-down turn-down collar 74 stabilizes the sealed area, so that it is
      insured that not the entire, and thus still closed, bag 72 can be torn off
      the cardboard 1, but that the bag 2 is always torn open. Furthermore, the
      enclosure of the film bag 72 by the turn-down collar 74 and the
      consequently double sealing in the sealed area 23 afford safety against
      any unauthorized opening of the bag 72.
PAR  FIG. 10 shows schematically a possibility of manufacturing the package
      according to the invention, as shown in FIGS. 1 to 9, mechanically. The
      bags may be made from a so-called half-hose 31, with the latter being
      spread apart in the region of the filling station 32 so that the articles
      to be packaged can be filled in automatically. After the filled half-hose
      has passed through the vacuum-welding station 33, the complete, welded
      bags are ready for further processing, either joined together with
      perforation welds or, as shown, separately with parting welds.
PAR  The pieces of cardboard 1 may also be fed from the reel 34 or as
      prefabricated cards from the stack 35 to the sealing station 36, in which
      the complete package is produced. In the example shown it is assumed that
      three packages are always manufactured at the same time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package comprising a relatively stiff substantially rectangular board
      having top, bottom and two side edges with said top and bottom edges being
      of smaller dimension than said side edges, a transparent substantially
      rectangular bag of a size smaller than said board having a straight top
      edge and a top marginal area adjacent said top edge secured on its
      underside to said board and having an open edge on its top side parallel
      to and spaced from said top edge, said board having an engagement recess
      for engagement by a driver to move said package, and a narrow single
      collar formed in said board along said top edge of said board and spaced
      inwardly from said side edges and being folded downwardly into abutting
      engagement with and sealed to said bag between said straight top edge of
      said bag and said opening edge, said narrow single collar having straight
      lower edge extending across said bag forming a severing edge along which
      said bag may be turn.
NUM  2.
PAR  2. A package, according to claim 1, wherein said engagement recess
      comprises at least one hole through said board.
NUM  3.
PAR  3. A package, according to claim 1, wherein said engagement recess
      comprises a plurality of grooves formed between projections extending
      along a side edge of said board.
NUM  4.
PAR  4. A package, according to claim 1, including articles in said bag, said
      bag being vacuum packed and sealed.
NUM  5.
PAR  5. A package, according to claim 1, wherein said bag is sealed adjacent its
      top edge.
NUM  6.
PAR  6. A package, according to claim 5, wherein said collar tapers inwardly
      toward the opposite end of said backing board.
NUM  7.
PAR  7. A package, according to claim 1, wherein said board comprises a
      cardboard having a plastic coating, said bag being of a plastic material
      comparable to said coating, said bag being heat-sealed to said coating.
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ABST
PAL  Collapse-resistant paperbox packaging for small articles, comprising an
      outer paperbox shell and an inner corrugated paperboard sleeve removably
      encased within said paperbox shell, said corrugated paperboard sleeve
      having a transparent plastic skin laminated thereto with an article
      secured between them, and said corrugated paperboard sleeve having
      upwardly extending flanges which juxtapose side panels in the paperbox
      shell. The corrugated paperboard sleeve reinforces the paperbox shell and
      combines with it to provide a strong box construction highly resistant to
      collapsing. A window is provided in the paperbox shell so that the article
      may be exposed to view through said window and through the transparent
      plastic skin.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  This invention relates to the packaging of small articles for display and
      sale in self-service stores.
PAR  2. Prior Art
PAR  There are three basic prior art packaging arrangements which are pertinent
      to the present invention:
PAR  1. A package consisting of a flat sheet of paperboard (or equivalent) and a
      transparent plastic skin laminated thereto over an article supported
      thereon. This package provides no real protection for the article against
      damage resulting from crushing or rough handling, especially if the
      article is heavy, but it does protect against damage from moisture, dust
      and other conditions, and it does expose the article to the view of
      customers.
PAR  2. A package comprising an outer shell and an inner sleeve removably
      carried thereby. In this type of packaging the emphasis is on protecting
      the article carried therein, but it lacks the protection of a plastic skin
      which immobilizes the article and protects it from damage by moisture,
      dust and other conditions. Moreover, the article is not exposed to the
      view of customers.
PAR  3. A package comprising an outer shell -- generally a paperbox -- with a
      window and a transparent plastic sheet or film extending across the
      window. This is a structurally weak package with little protection for the
      article contained therein against crushing, rough handling and like
      conditions.
PAC  SUMMARY OF THE INVENTION
PAR  This invention combines the advantages of all three forms of packaging last
      above described, and adds features of its own. It comprises an outer shell
      which has a generally weak structure, usually a paperbox, and an inner
      removable sleeve which has an essentially strong structure, but only when
      combined with the outer shell. The inner sleeve has a corrugated
      paperboard base with upturned flanges. This base provides the paperbox
      outer shell with structural strength in one plane and the upturned flanges
      provide it with structural strength in a plane normal to the first
      mentioned plane.
PAR  The article carried by the corrugated paperboard base is protected by said
      base, by the flanges which are upturned therefrom, and by the transparent
      plastic skin which is laminated to said corrugated paperboard base. It is
      also protected by the paperbox outer shell which is now strengthened by
      the corrugated paperboard inner sleeve. The article is exposed to the view
      of customers through a window formed in the paperbox outer shell and
      through the transparent plastic skin.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of a collapse-resistant paperbox package made in
      accordance with this invention.
PAR  FIG. 2 is an end view thereof.
PAR  FIG. 3 is a side view showing the inner sleeve extending partly into and
      partly out of the shell.
PAR  FIG. 4 is a plan view of the inner sleeve shown spread flat.
PAR  FIG. 5 is an enlarged cross-section taken on the line 5--5 of FIG. 1.
PAR  FIG. 6 is a greatly enlarged fragmentary section taken on the line 6--6 of
      FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT OF INVENTION
PAR  Collapse-resistant paperbox structure 10 shown in the drawing comprises an
      outer shell 12 and an inner sleeve 14 removably supported within said
      outer shell. The inner sleeve carries an article 16 which is protected by
      both said inner sleeve and said outer shell, and is exposed to the view of
      customers through both the inner sleeve and the outer shell. As indicated,
      article 16 may be any product (or plurality of products) normally
      pre-packaged at the factory for display and sale to ultimate consumers.
      Illustrative of such products are plumbing parts and supplies, e.g.,
      replacement parts for kitchen sinks, hardware items such as door knobs and
      locks, tools and accessories such as portable electric drills and drill
      bits, and various other products in other fields and categories.
PAR  The inner sleeve comprises a generally rectangular corrugated paperboard
      base 20 having a pair of side flanges 22 extending upwardly from its sides
      and a pair of end flanges 24 extending upwardly from its ends. These side
      and end flanges are integral with the base and are die-cut from the same
      corrugated paperboard sheet. Score lines 26 separate said side and end
      flanges from the base and enable them to be bent upwardly from the base to
      form the sides and ends of the sleeve. It should be understood that under
      certain conditions (e.g., in packaging light-weight articles) the use of
      the two side flanges, alone, or the two end flanges alone (as
      distinguished from the use of all four flanges) will suffice for the
      purposes of the invention. The use of two flanges instead of four will
      produce a strong package, but not as strong as a package utilizing four
      flanges.
PAR  It will be seen that, in the preferred form of this invention, the
      corrugated paperboard base (with its side and end flanges) is formed from
      a sheet of single-face corrugated paper 20a laminated to a sheet of
      non-corrugated paper 20b which may be printed for decorative or functional
      purposes or both. Paper sheet 20b may be plastic-coated for adhesion with
      transparent plastic skin 28. As is conventional in the use of such plastic
      skin, the corrugated paperboard base and, preferably, its side and end
      flanges, are perforated for the vacuum forming process whereby the plastic
      skin is drawn over the article (or articles) 16 and laminated to paper
      sheet 20b. As will be noted, score lines 26 are die-cut only into said
      paper sheet 20b so that the side and end flanges may be bent upwardly from
      the corrugated paperboard base while remaining joined thereto. If need be,
      the corners of the flanges may be trimmed as shown in the drawing.
PAR  It will be seen that the article (or articles) 16 is protected by the
      corrugated paperboard base as well as by its side and end flanges which
      extend at least as high as the article itself, and it is also protected by
      the plastic skin. Since the plastic skin is transparent, the article (or
      articles) will be exposed to the view of customers.
PAR  Turning now to the outer shell 12, it will be seen that it may comprise a
      conventional generally rectangular window-type paperbox having a bottom
      wall 30, a top wall 32, a pair of side panels 34 and a pair of end flaps
      36. These end flaps serve as closures for the paperbox and may be opened
      to insert or remove the inner sleeve or closed to confine the inner sleeve
      in said paperbox. It will be observed that an opening 38 is diecut into
      the top wall of the paperbox and it will be understood that this opening
      constitutes a window through which the article carried by the inner sleeve
      may be viewed.
PAR  When the inner sleeve is slipped into the paperbox, the side flanges of the
      inner sleeve juxtapose the side panels of the paperbox and the end flanges
      of the inner sleeve juxtapose the end flaps of the paperbox. The
      corrugated paperboard base and its side and end flanges provide structural
      strength along their respective planes and cooperate with the bottom and
      top walls and side panels and end flaps of the paperbox to provide a
      relatively strong, collapse-resistant enclosure for the article or
      articles contained therein.
PAR  The foregoing is illustrative of a preferred form of the present invention
      and it will be understood that design modifications may be incorporated
      therein to meet individual packaging requirements, without departing from
      the essential principles of the invention as defined in the appended
      claims. Also, different materials may be used in the construction of the
      several component parts of the invention, for example, du Pont de Nemours'
      ionomer resins which are sold under the trademark Surlyn, plasticized
      polyvinyl chloride shrink films, polyethylene-acetate laminates and
      polycarbonate films may be used to form the plastic skin component.
CLMS
STM  We claim:
NUM  1.
PAR  1. Collapse-resistant paperbox packaging for small articles, such as
      plumbing parts and accessories, hardware, tools and other pre-packaged
      products, said collapse-resistant paperbox packaging comprising:
PA1  a. an outer shell and an inner sleeve removably encased in said outer
      shell,
PA1  b. said inner sleeve consisting of a generally rectangular corrugated
      paperboard base having a pair of side flanges extending upwardly therefrom
      and a transparent plastic skin securing at least one article to said
      corrugated paperboard base, between said side flanges,
PA1  c. said outer shell consisting of a generally rectangular paperbox having
      top and bottom walls joined by a pair of side panels,
PA1  d. said inner sleeve being disposed within said outer shell between said
      top and bottom walls and between said side panels of the paperbox
      juxtaposed,
PA1  e. whereby said inner sleeve reinforces the outer shell and resists
      collapse of said outer shell under conditions of normal use and abuse,
PA1  f. said corrugated paperboard base being provided with a pair of end
      flanges, in addition to its side flanges, and
PA1  g. said paperbox being provided with a pair of end flaps, in addition to
      its side panels,
PA1  h. said end flanges and said end flaps being juxtaposed to further
      reinforce the outer shell and resist its collapse.
NUM  2.
PAR  2. Collapse-resistant paperbox packaging in accordance with claim 1,
      wherein:
PA1  a. the end flaps of the paperbox function as closures therefor,
PA1  b. said end flaps being adapted to be opened and closed to open and close
      the paperbox,
PA1  c. said inner sleeve being slidably supported in said paperbox for slidable
      removal therefrom when one of the end flaps is opened.
NUM  3.
PAR  3. Collapse-resistant paperbox packaging in accordance with claim 1,
      wherein:
PA1  a. the corrugated paperboard base with its side and end flanges comprises a
      laminated structure consisting of:
PA1  b. a single face corrugated paper sheet, its single face directed
      downwardly from said base and outwardly from said flanges, its corrugated
      flutes directed upwardly from said base and inwardly from said flanges,
      and
PA1  c. a sheet of paper adhesively laminated to said corrugated flutes and
      providing a second face on said corrugated paper sheet,
PA1  d. said laminated structure being perforated for a vacuum forming operation
      performed on the transparent plastic skin,
PA1  e. whereby the transparent plastic skin is laminated to the corrugated
      paperboard base, over the article supported thereon, to secure said
      article to said base.
NUM  4.
PAR  4. Collapse-resistant paperbox packaging in accordance with claim 1,
      wherein:
PA1  a. the top wall of the paperbox has a window formed therein in substantial
      registration with the placement of the article which is secured to the
      corrugated paperboard base,
PA1  b. whereby said article is exposed to view through said window and the
      transparent plastic skin which secures said article to said corrugated
      paperboard base.
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PAL  A sealable and sterilizable package having a bottom of metal foil or
      light-gauge sheet with a thermoplastic lining and a lid of metal foil or
      light-gauge sheet with a thermoplastic lining sealingly adhered around its
      edge portion to the bottom lining to provide a fully sealed, sterilizable
      and shelf-stable container for food products or the like. The lid is
      manually peelable from the bottom, with defoliation of the lid lining
      along the locality of the seal, providing a neat and attractive appearance
      for the opened container. The lid lining is constituted of a material that
      effectively and reliably adheres to the metal surface of the lid at
      sterilization temperatures while forming with the bottom lining a complete
      but peelable seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sealable and sterilizable packages made of metal
      foil or light-gauge sheet suitable for containing products such as
      foodstuffs and the like. More particularly, it relates to packages of the
      type described including a bottom and a lid readily separable by manual
      peeling of the lid for access to the contents. In an important specific
      sense, the invention is directed to aluminum foil and/or light gauge sheet
      packages having a bottom member and lid member each internally lined with
      a coating of thermoplastic material. The term "aluminum," as herein used,
      embraces aluminum metal and alloys thereof.
PAR  For simplicity of discussion, detailed reference will be made herein to
      aluminum foil containers as an illustrative and indeed especially
      advantageous example of the types of containers with which the present
      invention is concerned; but it is to be understood that in a broad sense
      the invention generally embraces containers made of metal foil and/or
      light-gauge metal sheet.
PAR  Aluminum foil and light-gauge sheet are widely employed in the packaging of
      foodstuffs, e.g. in containers for retail sale. By way of example, an
      aluminum foil package for such purposes may comprise a relatively stiff,
      shaped foil bottom and a lid of foil lighter in gauge than the bottom,
      with an internal thermoplastic lining or coating on both the lid and the
      bottom to separate the contained food from the metal of the foil. These
      linings must be inert with respect to the foodstuff; i.e. they must not
      exhibit water staining or blushing or affect the taste of the food.
PAR  Aluminum foil containers and the like have heretofore commonly been used
      for packaging frozen foods. There are various disadvantages associated
      with frozen foods, however, including the necessity of providing
      refrigerated storage as well as the energy consumption and sometimes
      inconvenient delays involved in heating the food from frozen condition
      before or during cooking. It has, of course, long been known to package
      foods for preservation at room temperature under sterile conditions by
      canning, but metal containers for that purpose have conventionally been
      relatively heavy cans adapted to be opened only by means of a tool.
PAR  The provision of a manually openable aluminum foil or like container, which
      can be sealed and sterilized to provide shelf-stable packaging of foods at
      room temperature (i.e. packaging that preserves the contained food in
      unimpaired and safely usable condition for extended periods of
      room-temperature shelf storage) constitutes a particularly important
      aspect of the present invention. Such packaging is desirable as obviating
      both the disadvantages of frozen foods and the inconvenience and other
      drawbacks of conventional cans. In this aspect, the invention is concerned
      with provision of a foil or like container that is capable of replacing
      conventional "tin cans" for shelf-stable room-temperature food storage, as
      distinguished from frozen food packages, and which provides at the same
      time the advantages of light-weight and easy manual access to the contents
      without use of a can opener.
PAR  For these and other uses of aluminum foil containers, preservation of the
      contents in satisfactory condition for safe use requires that the
      container be sealed and sterilized. It has heretofore been proposed to
      seal the lid and bottom thermoplastic linings of an aluminum foil package
      together, utilizing as the lining materials thermoplastic substances which
      are stable at sterilization temperatures. A typical sterilization
      temperature for many food products is about 120.degree. C.
PAR  At the same time, it is desirable that such a package be readily manually
      openable for convenience of access to the contents by a consumer. Prior
      foil packages adapted for sealing and sterilization have been difficult to
      open, either tearing unevenly when an attempt is made to separate the lid
      from the bottom, or requiring the use of an implement such as a knife for
      cutting through the lid and its associated lining. Efforts previously made
      to achieve a sealable and sterilizable shelf-stable foil package in which
      the lid and bottom are easily separable by parting of the seal between
      them, so as to enable manual peeling of the lid from the bottom, have been
      unsatisfactory owing to failure to achieve a reliably sealed and sterile
      package. This failure is presently believed attributable to the fact that
      the lid lining material selected to provide a seal separable by peeling
      has failed to maintain satisfactory adherence to the foil surface of the
      lid and/or to the lining material of the bottom with which it is supposed
      to form a seal.
PAR  A further important consideration, in a practical sense, is that opening of
      the package should not result in visible and unsightly irregularities
      along the rim of the bottom. Such irregularities are aesthetically
      undesirable, especially where the bottom may be used as a serving vessel
      for the contents, and may seriously detract from consumer acceptance of
      the package.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new and improved sealed,
      sterilizable light-gauge metal sheet and/or foil package characterized
      both by high reliability of the sterile seal and ease and neatness of
      manual opening of the package. Another object is to provide such a package
      which is shelf-stable, i.e. capable of preserving contained foodstuffs for
      extended periods of room-temperature shelf storage. Still another object
      is to provide such a package wherein the lid separates cleanly from the
      bottom when manually opened, leaving no unsightly marring or visible
      irregularity along the rim of the bottom. A further object is to provide a
      sealed sterilizable aluminum light-gauge sheet and/or foil package which
      can be opened by peeling of the lid from the bottom.
PAR  To these and other ends, the present invention broadly contemplates the
      provision of a package including a metal foil or light-gauge sheet bottom,
      a first thermoplastic lining adhering to and covering the inner surface of
      the bottom, a metal foil or light-gauge sheet lid, and a second lining of
      thermoplastic material adhering to and covering the inner surface of the
      lid, the bottom having a lip over which the first lining extends, and the
      lid having an edge portion overlying the lip with the second and first
      linings sealed together along the lip. Both thermoplastic linings are
      formed of material or materials which are inert with respect to the
      contents of the package (that is, materials which are not attacked by
      foods or by acids or salt present in or with the contained food) and which
      are stable at sterilization temperatures of at least about
      120.degree.-125.degree. C. In accordance with the present invention and as
      a particular feature thereof, the thermoplastic material of the second
      (i.e. lid) lining is a material which effectively and reliably adheres to
      the metal surface of the lid and to the first lining material at
      temperatures up to and including the aforementioned sterilization
      temperatures and which forms with the first lining material a fully
      effective sterilizable seal providing a shelf-stable package that opens
      evenly and neatly when the lid is peeled manually from the bottom without
      tearing of the lid, unsightly disfigurement of the bottom rim, or
      separation of the lid lining from the metal of the lid except along the
      locality of the seal.
PAR  More particularly, the lid lining in accordance with the invention is of
      such character that when the lid is peeled from the bottom of the
      container, that portion of the lid lining which is bonded to the bottom
      lining (i.e. along the rim of the bottom) is selectively or partly
      stripped from the metal surface of the lid. Stated in other words, the
      seal formed by the mutually bonded portions of the lid and bottom linings
      parts from the lid metal as the lid is peeled off but remains adherent to
      the rim of the bottom, and also parts from the remainder of the lid
      lining, which thus remains adherent to the lid metal. This selective
      stripping or parting of the seal-forming portion of the lid lining, both
      from the lid metal and from the remainder of the lid lining, is herein
      termed defoliation. By virtue of such defoliation, visible marring or
      disfigurement of the bottom rim is avoided, because the rim remains fully
      coated with material of the linings (so that no bare metal is exposed at
      the rim), yet no unsightly loose fragments or tatters or lid lining
      material project therefrom.
PAR  The metal of both the lid and the bottom may be aluminum, e.g. aluminum
      foil. In such case, the foil of the bottom may for example be of a heavier
      gauge than the lid foil so as to retain a desired container shape when
      formed into such shape.
PAR  In a specific embodiment of the invention, the material of the bottom
      lining may be polypropylene while the lid lining is constituted of a graft
      copolymer as hereafter further defined. The graft copolymers herein
      contemplated are found to form fully effective yet readily peelable seals
      with polypropylene, characterized by the property of defoliation described
      above, and to provide completely satisfactory adherence to the lid foil
      surface throughout the range of temperatures to which the container is
      subjected during and after sterilization.
DRWD
PAR  Further features and advantages of the invention will be apparent from the
      detailed description hereinbelow set forth, together with the accompanying
      drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a foil container embodying the present
      invention in a particular form;
PAR  FIG. 2 is an enlarged fragmentary elevational sectional view of one side
      portion of the container, with the lid sealed to the bottom;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the lid being peeled away;
      and
PAR  FIG. 4 is an enlarged perspective view of a marginal portion of the lid
      undersurface after peeling, further illustrating the property of
      defoliation.
DETD
PAC  DETAILED DESCRIPTION
PAR  For purposes of specific example, the invention will be described as
      embodied in a container 10 (FIG. 1) having a bottom 11 and lid 12 both
      fabricated of aluminum. In the illustrated embodiment of the invention,
      the container 10 is generally rectangular in plan, with rounded corners.
      It will be understood that the rectangular container shape shown is merely
      exemplary and that the invention may be embodied in containers of circular
      or other configuration as well.
PAR  The bottom 10 is formed from light-gauge sheet, or from foil sheet of
      sufficiently heavy gauge to sustain its illustrated shape when filled with
      a food product or the like. A suitable range of gauges for the bottom, in
      this embodiment, is about 0.001-0.012 inch; conventionally, the term
      "foil" is used for sheet up to 0.008 inch in thickness. The bottom has a
      base 14 and side walls 15 integral therewith, cooperatively defining an
      upwardly open but otherwise fully liquid-and gas-tight receptacle. The
      upper edges of the side walls are bent outwardly to provide a continuous
      annular lip or rim 16 extending entirely around the circumference of the
      container with the outer margin of the lip shaped to form a bead 18.
PAR  The lid 12 is a single continuous sheet of aluminum foil, typically
      somewhat lighter in gauge (e.g. about 0.001-0.005 inch) than the foil of
      the bottom for desired flexibility and ease of peeling. As shown, the lid
      is generally rectangular in configuration with three rounded corners
      corresponding to three of the corners of the bottom, and is so dimensioned
      that the peripheral edge 20 of the lid uniformly overlies the lip 76 of
      the bottom (terminating just inwardly of the bead 18), thereby to provide
      full closure of the package. The fourth corner 22 of the lid is not
      rounded, but instead projects outwardly beyond the underlying rounded
      corner 23 of the lip, to constitute a free tab that can readily be grasped
      for manual peeling of the lid from the bottom.
PAR  As best seen in FIGS. 2 and 3, the inner surface of the bottom 10 is
      entirely covered with a first lining 24 of thermoplastic material, i.e. a
      layer or coating of the thermoplastic material which adheres fully and
      uniformly to the inner foil surface of the bottom. This coating extends
      over the entire upwardly facing surface of the lip 16. Similarly, the
      inner or downwardly facing surface of the lid 12 is entirely covered with
      a second lining 26 of thermoplastic material which completely coats and
      uniformly adheres to the lid foil surface and extends outwardly to the
      edges thereof, so that when the lid is placed on the bottom with its
      peripheral edge overlying the lip 16, the peripheral portion of the lid
      lining 26 is in facing contact with the portion of the bottom lining 24
      that coats the lip. The linings 24 and 26 are bonded together to form a
      seal 28 extending entirely around the circumference of the package and
      holding the lid securely on the bottom, thus providing fully sealed
      enclosure of the package contents. Stated in general, the thermoplastic
      material or materials of the linings 24 and 26 are selected to be inert
      with respect to the contents of the package, so as not to be attacked e.g.
      by acids or salt in the contained food, and are selected to have a melting
      range above the temperature of sterilization (e.g. about
      120.degree.-125.degree.C) so that sterilization procedures will not
      disrupt the integrity of the linings and the seal they cooperatively
      provide.
PAR  In accordance with the present invention, and as a particular feature
      thereof, the thermoplastic material constituting the lid lining 26 (in
      addition to satisfying the foregoing general criteria) is a material that
      effectively and reliably adheres to the aluminum foil surface of the lid
      and to the first lining material at temperatures ranging upwardly through
      sterilization temperatures of e.g. about 120.degree.C, and which forms
      with the first lining material a sterilizable seal that provides a
      shelf-stable package and parts by defoliation from the lid when the lid is
      peeled manually from the bottom.
PAR  More particularly, the package of the invention advantageously has lid and
      bottom linings characterized by such bonding and strength properties that
      peeling of the lid selectively strips the material of seal 28 (including
      the lid lining portion previously incorporated in the seal by bonding)
      from the metal surface of the lid, leaving the seal material fully
      adherent to the bottom ring 16, and also leaving the remainder of the lid
      lining 26 full adherent to the lid. This selective defoliation of the seal
      28 (or more precisely the seal-forming portion of lid lining 26) exposes
      bare metal of the lid as indicated at 30 in FIGS. 3 and 4, but this is of
      no consequence; since the metal of the bottom rim remains fully covered
      with lining material, there is no unsightly marring or disfigurement of
      the rim as would occur if lining material were stripped therefrom.
PAR  As best shown in FIG. 4, when the lid is peeled, that portion of the lid
      lining which is united with the bottom lining (i.e. to form the seal 28
      along the rim) parts from the remainder of the lid lining quite smoothly
      and uniformly along the lateral margin or margins of the seal.
      Consequently, the rim 16 of the opened container is essentially completely
      free of loose scraps or tatters of lid lining material which again would
      detract from the desired appearance of the rim. In other words,
      essentially only that portion of the lid lining which is bonded to the
      bottom lining at the rim is stripped from the lid.
PAR  This property of selective defoliation of the seal 28 from the lid may be
      explained as follows: the strength of the bond between the bottom lining
      24 and the rim metal, and also the strength of the seal 28 formed by
      bonding linings 24 and 26, are both greater than the strength of the bond
      between the lid lining 26 and the lid metal, but the latter bonding
      strength exceeds the tearing strength of the lid lining material per se.
      Thus, when the lid is peeled, the lid lining material which is bonded to
      bottom lining material at seal 28 pulls away from the lid metal but also
      separates cleanly from the adjacent lid lining material along the margins
      of the seal.
PAR  In fabricating a container of the type shown, the linings are first
      laminated to sheet or foil for the bottom and lid, by preheating the sheet
      or foil to about 200.degree. C, applying the lining materials and passing
      the coated sheet through a nip between laminating rollers heated to about
      200.degree. C, and thereafter post-heating the laminate at about
      200.degree. C. The bottom 11 may then be formed as by deep-drawing. The
      food to be packaged is placed in the bottom, and covered over by the
      laminated foil stock for the lid; thereafter any food which may be
      interposed between the rim 16 and the lid material is expelled by
      application of high pressure at the rim, and the package is heat-sealed to
      bond the linings 24 and 26 together entirely around the rim (thereby
      forming the seal 28) under appropriate conditions of elevated temperature
      and pressure, and the lid is cut or trimmed to size. The sealed package
      may be sterilized, e.g. by heating to a temperature in the range of about
      120.degree.-125.degree. C; after sterilization, the seal 28 maintains the
      sterility of the contents providing a shelf-stable package for room
      temperature storage.
PAR  The material of the first or bottom lining 24 may, for example, be
      polypropylene; and in such case, in accordance with the invention, the
      material of the lid lining 26 may be a so-called graft copolymer. The term
      "graft copolymer" as herein used includes materials obtained by
      polymerization of a mono-olefin having 2 or 3 atoms of carbon and grafting
      a minor proportion (e.g. even less than 1% by weight of the olefin) of an
      unsaturated monoethylenic carboxylic acid thereon. The acid may, for
      example, be acrylic or methacrylic acid, and the polymerized mono-olefin
      may be polyethylene.
PAR  In specific embodiments of the invention, the graft copolymer is
      polyethylene having suitable carboxylic acid monomers grafted thereon and
      constituting a minor proportion by weight of the graft copolymer. Thus, a
      suitable graft copolymer for the lining 26 is made by treating high
      density polyethylene granulates with electron beam radiation and
      subsequently grafting thereon substituted acrylic acid monomers, to
      produce a polymeric molecule of about 50,000 mol. wt. carrying about 3-7%
      by weight acrylic groups, such material being termed "PEG" herein.
PAR  An aluminum foil package having a bottom 11 with a polypropylene lining 24
      and a lid 12 with a lining 26 of the PEG graft copolymer just described
      can be sealed by heat-sealing the lid and bottom linings at the lip 16
      around the entire periphery of the package, and subsequently sterilized
      e.g. at 121.degree. C, with maintained reliability of the seal and
      continued fully effective bonding of the lining 26 to the lid foil. When
      the tab 22 is pulled up manually (i.e. in a direction transverse to the
      major surfaces of the lid), however, the seal parts readily and evenly for
      assured easy opening of the package without tearing of the lid or
      separation of the lining therefrom, except for the above-described
      defoliation.
PAR  It is to be understood that the invention is not limited to the features
      and embodiments hereinabove specifically set forth, but may be carried out
      in other ways without departure from its spirit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sterilizable, shelf-stable, easily openable package comprising:
PA1  a. a light-gauge sheet metal bottom having an inner surface defining a
      receptacle for material to be packed and a continuous peripheral rim;
PA1  b. a first lining of thermoplastic material extending over, and adhering
      to, the entire inner surface of said bottom including said rim;
PA1  c. a light-gauge sheet metal lid extending over said bottom and having a
      peripheral edge portion continuously overlying said rim;
PA1  d. a second lining of thermoplastic material extending over, and adhering
      to, the entire surface of said lid facing said bottom, including the
      peripheral edge portion thereof,
PA1  e. a portion of said second lining adjacent said peripheral edge portion of
      said lid being in continuous contact with, and sealed to, the portion of
      said first lining at said rim, around the entire periphery of the package;
PA1  f. said second lining consisting of a thermoplastic material which
      effectively and reliably adheres to the metal surface of the lid and to
      said first lining at temperatures up to at least about 120.degree. C and
      which forms with the first lining a seal that opens evenly and completely
      by defoliation of only said last-mentioned portion of said second lining
      from said lid when the lid is peeled manually from the bottom,
PA1  g. the material of said second lining being different in composition from,
      and lower in bond strength than, the material of said first lining.
NUM  2.
PAR  2. A package as defined in claim 1, wherein the light-gauge sheet metal of
      said lid is metal foil.
NUM  3.
PAR  3. A package is defined in claim 2, wherein the light-gauge sheet metal of
      said bottom is metal foil.
NUM  4.
PAR  4. A package as defined in claim 1, wherein the metal of both said lid and
      said bottom is aluminum.
NUM  5.
PAR  5. A sterilizable, shelf-stable, easily openable package comprising:
PA1  a. an aluminum foil bottom having an inner surface defining a receptacle
      for material to be packed and a continuous peripheral rim;
PA1  b. a first lining of thermoplastic material extending over, and adhering
      to, the entire inner surface of said bottom including said rim;
PA1  c. an aluminum foil lid extending over said bottom and having a peripheral
      edge portion continuously overlying said rim, said lid further having a
      manually graspable tab portion projecting outwardly beyond said rim;
PA1  d. a second lining of thermoplastic material extending over, and adhering
      to, the entire surface of said lid facing said bottom, including the
      peripheral edge portion thereof;
PA1  e. a portion of said second lining adjacent said peripheral edge portion of
      said lid being in continuous contact with, and sealed to, the portion of
      said first lining at said rim, around the entire periphery of the package;
PA1  f. said second lining consisting of a thermoplastic material which
      effectively and reliably adheres to the metal foil surface of the lid and
      to said first lining at temperatures up to at least about 120.degree. C
      and which forms with the first lining a seal that opens evenly and
      completely by defoliation of only said last-mentioned portion of said
      second lining from said lid when the lid is peeled manually from the
      bottom by lifting and pulling on said tab portion,
PA1  g. the material of said second lining being different in composition from,
      and lower in bond strength than, the material of said first lining.
NUM  6.
PAR  6. A sterilizable, easily openable package comprising:
PA1  a. a light-gauge sheet metal bottom having an inner surface defining a
      receptacle for material to be packed and a continuous peripheral rim;
PA1  b. a first lining of polypropylene extending over, and adhering to, the
      entire inner surface of said bottom including said rim;
PA1  c. a light-gauge sheet metal lid extending over said bottom and having a
      peripheral edge portion conttinuously overlying said rim;
PA1  d. a second lining of graft copolymer extending over, and adhering to, the
      entire surface of said lid facing said bottom, including the peripheral
      edge portion thereof,
PA1  e. said second lining adjacent said peripheral edge portion being in
      continuous contact with, and sealed to, the portion of said first lining
      at said rim, around the entire periphery of the package.
NUM  7.
PAR  7. A package as defined in claim 6, wherein said graft copolymer consists
      essentially of polyethylene having substituted acrylic acid monomeric
      groups grafted thereon, said acrylic groups constituting about 3-7 percent
      by weight of said graft copolymer.
NUM  8.
PAR  8. A package as defined in claim 7, wherein said lid includes a tab portion
      projecting outwardly beyond said rim for manually peeling said rim from
      said bottom.
NUM  9.
PAR  9. A package as defined in claim 6, wherein the light gauge sheet metal of
      both said bottom and said lid is aluminum foil.
NUM  10.
PAR  10. A package as defined in claim 9, wherein said graft copolymer consists
      essentially of polyethylene having a minor proportion of carboxylic acid
      monomeric groups grafted thereon.
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ABST
PAL  A package made of metal foil or light-gauge sheet, having a bottom and lid
      each lined internally with a lacquer and heat-sealed together by means of
      the lacquer to provide a sealed, sterilizable, shelf-stable container for
      food or the like, which does not require refrigeration for storage. The
      lid is manually peelable from the bottom, with defoliation of the lid
      lining along the locality of the seal, providing a neat and attractive
      appearance for the opened container. Specifically different vinyl resin
      based lacquer systems may be employed for the bottom and lid linings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sealable and sterilizable packages made of metal
      foil or light-gauge sheet suitable for containing products such as
      foodstuffs and the like. More particularly, it relates to packages of the
      type described including a bottom and a lid readily separable by manual
      peeling of the lid for access to the contents. In an important specific
      sense, the invention is directed to aluminum foil and/or light gauge sheet
      packages having a bottom member and lid member each internally lined with
      a coating of thermoplastic material. The term "aluminum," as herein used,
      embraces aluminum metal and alloys thereof.
PAR  For simplicity of discussion, detailed reference will be made herein to
      aluminum foil containers as an illustrative and indeed especially
      advantageous example of the types of containers with which the present
      invention is concerned; but it is to be understood that in a broad sense
      the invention generally embraces containers made of metal foil and/or
      light-gauge metal sheet.
PAR  Aluminum foil and light-gauge sheet are widely employed in the packaging of
      foodstuffs, e.g. in containers for retail sale. By way of example, an
      aluminum foil package for such purposes may comprise a relatively stiff,
      shaped foil bottom and a lid of foil lighter in gauge than the bottom,
      with an internal thermoplastic lining or coating on both the lid and the
      bottom to separate the contained food from the metal of the foil. These
      linings must be inert with respect to the foodstuff; i.e. they must not
      exhibit water staining or blushing or affect the taste of the food.
PAR  Aluminum foil containers and the like have heretofore commonly been used
      for packaging frozen foods. There are various disadvantages associated
      with frozen foods, however, including the necessity of providing
      refrigerated storage as well as the energy consumption and sometimes
      inconvenient delays involved in heating the food from frozen condition
      before or during cooking. It has, of course, long been known to package
      foods for preservation at room temperature under sterile conditions by
      canning, but metal containers for that purpose have conventionally been
      relatively heavy cans adapted to be opened only by means of a tool.
PAR  The provision of a manually openable aluminum foil or like container, which
      can be sealed and sterilized to provide shelf-stable packaging of foods at
      room temperature (i.e. packaging that preserves the contained food in
      unimpaired and safely usable condition for extended periods of
      room-temperature shelf storage) constitutes a particularly important
      aspect of the present invention. Such packaging is desirable as obviating
      both the disadvantages of frozen foods and the inconvenience and other
      drawbacks of conventional cans. In this aspect, the invention is concerned
      with provision of a foil or like container that is capable of replacing
      conventional "tin cans" for shelf-stable room-temperature food storage, as
      distinguished from frozen food packages, and which provides at the same
      time the advantages of light-weight and easy manual access to the contents
      without use of a can opener.
PAR  For these and other uses of aluminum foil containers, preservation of the
      contents in satisfactory condition for safe use requires that the
      container be sealed and sterilized. It has heretofore been proposed to
      seal the lid and bottom thermoplastic linings of an aluminum foil package
      together, utilizing as the lining materials thermoplastic substances which
      are stable at sterilization temperatures. A typical sterilization
      temperature for many food products is about 120.degree. C.
PAR  At the same time, it is desirable that such a package be readily manually
      openable for convenience of access to the contents by a consumer. Prior
      foil packages adapted for sealing and sterilization have been difficult to
      open, either tearing unevenly when an attempt is made to separate the lid
      from the bottom, or requiring the use of an implement such as a knife for
      cutting through the lid and its associated lining. Efforts previously made
      to achieve a sealable and sterilizable shelf-stable foil package in which
      the lid and bottom are easily separable by parting of the seal between
      them, so as to enable manual peeling of the lid from the bottom, have been
      unsatisfactory owing to failure to achieve a reliably sealed and sterile
      package. This failure is presently believed attributable to the fact that
      the lid lining material selected to provide a seal separable by peeling
      has failed to maintain satisfactory adherence to the foil surface of the
      lid and/or to the lining material of the bottom with which it is supposed
      to form a seal.
PAR  A further important consideration, in a practical sense, is that opening of
      the package should not result in visible and unsightly irregularities
      along the rim of the bottom. Such irregularities are aesthetically
      undesirable, especially where the bottom may be used as a serving vessel
      for the contents, and may seriously detract from consumer acceptance of
      the package.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new and improved sealed,
      sterilizable light-gauge metal sheet and/or foil package characterized
      both by high reliability of the sterile seal and ease and neatness of
      manual opening of the package. Another object is to provide such a package
      which is shelf-stable, i.e. capable of preserving contained foodstuffs for
      extended periods of room-temperature shelf storage. Still another object
      is to provide such a package wherein the lid separates cleanly from the
      bottom when manually opened, leaving no unsightly marring or visible
      irregularity along the rim of the bottom. A further object is to provide a
      sealed sterilizable aluminum light-gauge sheet and/or foil package which
      can be opened by peeling of the lid from the bottom.
PAR  To these and other ends, the present invention broadly contemplates the
      provision of a package including a metal foil or light-gauge sheet bottom,
      a first thermoplastic lining adhering to and covering the inner surface of
      the bottom, a metal foil or light-gauge sheet lid, and a second lining of
      thermoplastic material adhering to and covering the inner surface of the
      lid, the bottom having a lip over which the first lining extends, and the
      lid having an edge portion overlying the lip with the second and first
      linings sealed together along the lip. Both thermoplastic linings are
      formed of material or materials which are inert with respect to the
      contents of the package (that is, materials which are not attacked by
      foods or by acids or salt present in or with the contained food) and which
      are stable at sterilization temperatures of at least about 120.degree. -
      125.degree. C. In accordance with the present invention and as a
      particular feature thereof, the thermoplastic material of the second (i.e.
      lid) lining is a material which effectively and reliably adheres to the
      metal surface of the lid and to the first lining material at temperatures
      up to and including the aforementioned sterilization temperatures and
      which forms with the first lining material a fully effective sterilizable
      seal providing a shelf-stable package that opens evenly and neatly when
      the lid is peeled manually from the bottom without tearing of the lid,
      unsightly disfigurement of the bottom rim, or separation of the lid lining
      from the metal of the lid except along the locality of the seal.
PAR  More particularly, the lid lining in accordance with the invention is of
      such character that when the lid is peeled from the bottom of the
      container, that portion of the lid lining which is bonded to the bottom
      lining (i.e. along the rim of the bottom) is selectively stripped from the
      metal surface of the lid. Stated in other words, the seal formed by the
      mutually bonded portions of the lid and bottom linings parts from the lid
      metal as the lid is peeled off but remains adherent to the rim of the
      bottom, and also parts from the remainder of the lid lining, which thus
      remains adherent to the lid metal. This selective stripping or parting of
      the seal-forming portion of the lid lining, both from the lid metal and
      from the remainder of the lid lining, is herein termed defoliation. By
      virtue of such defoliation, visible marring or disfigurement of the bottom
      rim is avoided, because the rim remains fully coated with material of the
      linings (so that no bare metal is exposed at the rim), yet no unsightly
      loose fragments or tatters of lid lining material project therefrom.
PAR  The metal of both the lid and the bottom may be aluminum, e.g. aluminum
      foil. In such case, the foil of the bottom may for example be of a heavier
      gauge than the lid foil so as to retain a desired container shape when
      formed into such shape.
PAR  Specifically, the present invention embraces the provision of containers as
      generally described above having bottom and lid linings constituted of
      particular types of lacquers which are characterized by resistance to
      attack by food acids and salt; a melting range above sterilization
      temperatures; appropriate bonding and sealing properties to provide a
      sterilizable, shelf-stable package for storage of food in unrefrigerated
      conditions; and, in the case of the lid lining, the further property of
      defoliation. As a particular feature of the invention, the bottom and lid
      linings may be constituted of vinyl resin-based lacquers of specifically
      different compositions, wherein the lid lining lacquer incorporates as a
      resin system a mixture of vinyl and acrylic resins while the bottom lining
      lacquer has as a resin system a mixture of vinyl and low molecular weight
      epoxy resins together with a suitable cross-linking agent or other
      ingredient having a linking effect.
PAR  Typical resin blends which may be employed include vinyl copolymers with
      reactive hydroxyl or carboxyl groups and low molecular weight epoxy resins
      of the diepoxide type. Suitable cross-linking agents include butylated
      melamine or other substituted melamins or aliphatic pre-condensated
      isocyanates. The cross-linking reaction runs at an optimum at temperatures
      greater than 180.degree. C with a surplus of vinyls and epoxies so that
      only traces of unreacted cross-linking agent remain in the coating; i.e.
      the cross-linking reaction stops at a point at which the coating retains
      sufficient thermoplasticity for heat sealing.
PAR  It is found that an aluminum foil package having such lacquer coatings can
      be heat-sealed and sterilized to provide a fully sealed, sterilized
      container which can nevertheless be opened by manually peeling off the
      lid, without tearing of the lid or separation of the lid foil and lining,
      because the lacquer seal defoliates evenly from the lid when the lid is
      thus peeled.
PAR  An additional advantage of the use of lacquers for the linings resides in
      the facility with which lining properties may be tailored to the specific
      requirements of a particular application by variations of composition,
      since the compositions of these lacquers (i.e. lacquers which are broadly
      suitable for the purposes of the present invention) are capable of
      substantial variation e.g. in relative proportions and/or selection of
      specific resins used.
PAR  Further features and advantages of the invention will be apparent from the
      detailed description hereinbelow set forth, together with the accompanying
      drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a foil container embodying the present
      invention in a particular form;
PAR  FIG. 2 is an enlarged fragmentary elevational sectional view of one side
      portion of the container, with the lid sealed to the bottom;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the lid being peeled away;
      and
PAR  FIG. 4 is an enlarged perspective view of a marginal portion of the lid
      undersurface after peeling, further illustrating the property of
      defoliation.
DETD
PAC  DETAILED DESCRIPTION
PAR  For purposes of specific example, the invention will be described as
      embodied in a container 10 (FIG. 1) having a bottom 11 and lid 12 both
      fabricated of aluminum. In the illustrated embodiment of the invention,
      the container 10 is generally rectangular in plan, with rounded corners.
      It will be understood that the rectangular container shape shown is merely
      exemplary and that the invention may be embodied in containers of circular
      or other configuration as well.
PAR  The bottom 10 is formed from light-gauge sheet, or from foil sheet of
      sufficiently heavy gauge to sustain its illustrated shape when filled with
      a food product or the like. A suitable range of gauges for the bottom, in
      this embodiment, is about 0.001 - 0.012 inch; conventionally, the term
      "foil" is used for sheet up to 0.008 inch in thickness. The bottom has a
      base 14 and side walls 15 integral therewith, cooperatively defining an
      upwardly open but otherwise fully liquid- and gas-tight receptacle. The
      upper edges of the side walls are bent outwardly to provide a continuous
      annular lip or rim 16 extending entirely around the circumference of the
      container with the outer margin of the lip shaped to form a bead 18.
PAR  The lid 12 is a single continuous sheet of aluminum foil, typically
      somewhat lighter in gauge (e.g. about 0.001 - 0.005 inch) than the foil of
      the bottom for desired flexibility and ease of peeling. As shown, the lid
      is generally rectangular in configuration with three rounded corners
      corresponding to three of the corners of the bottom, and is so dimensioned
      that the peripheral edge 20 of the lid uniformly overlies the lip 16 of
      the bottom (terminating just inwardly of the bead 18), thereby to provide
      full closure of the package. The fourth corner 22 of the lid is not
      rounded, but instead projects outwardly beyond the underlying rounded
      corner 23 of the lip, to constitute a free tab that can readily be grasped
      for manual peeling of the lid from the bottom.
PAR  As best seen in FIGS. 2 and 3, the inner surface of the bottom 10 is
      entirely covered with a first lining 24 of thermoplastic material, i.e. a
      layer or coating of the thermoplastic material which adheres fully and
      uniformly to the inner foil surface of the bottom. This coating extends
      over the entire upwardly facing surface of the lip 16. Similarly, the
      inner or downwardly facing surface of the lid 12 is entirely covered with
      a second lining 26 of thermoplastic material which completely coats and
      uniformly adheres to the lid foil surface and extends outwardly to the
      edges thereof, so that when the lid is placed on the bottom with its
      peripheral edge overlying the lip 16, the peripheral portion of the lid
      lining 26 is in facing contact with the portion of the bottom lining 24
      that coats the lip. The linings 24 and 26 are bonded together to form a
      seal 28 extending entirely around the circumference of the package and
      holding the lid securely on the bottom, thus providing fully sealed
      enclosure of the package contents. Stated in general, the thermoplastic
      material or materials of the linings 24 and 26 are selected to be inert
      with respect to the contents of the package, so as not to be attacked e.g.
      by acids or salt in the contained food, and are selected to have a melting
      range above the temperature of sterilization (e.g. about 120.degree. -
      125.degree. C) so that sterilization procedures will not disrupt the
      integrity of the linings and the seal they cooperatively provide.
PAR  In accordance with the present invention, and as a particular feature
      thereof, the thermoplastic material constituting the lid lining 26 (in
      addition to satisfying the foregoing general criteria) is a material that
      effectively and reliably adheres to the aluminum foil surface of the lid
      and to the first lining material at temperatures ranging upwardly through
      sterilization temperatures of e.g. about 120.degree. C, and which forms
      with the first lining material a sterilizable seal that provides a
      shelf-stable package and parts by defoliation from the lid when the lid is
      peeled manually from the bottom.
PAR  More particularly, the package of the invention advantageously has lid and
      bottom linings characterized by such bonding and strength properties that
      peeling of the lid selectively strips the material of seal 28 (including
      the lid lining portion previously incorporated in the seal by bonding)
      from the metal surface of the lid, leaving the seal material fully
      adherent to the bottom rim 16, and also leaving the remainder of the lid
      lining 26 fully adherent to the lid. This selective defoliation of the
      seal 28 (or more precisely the seal-forming portion of lid lining 26)
      exposes bare metal of the lid as indicated at 30 in FIGS. 3 and 4, but
      this is of no consequence; since the metal of the bottom rim remains fully
      covered with lining material, there is no unsightly marring or
      disfigurement of the rim as would occur if lining material were stripped
      therefrom.
PAR  As best shown in FIG. 4, when the lid is peeled, that portion of the lid
      lining which is united with the bottom lining (i.e. to form the seal 28
      along the rim) parts from the remainder of the lid lining quite smoothly
      and uniformly along the lateral margin or margins of the seal.
      Consequently, the rim 16 of the opened container is essentially completely
      free of loose scraps or tatters of lid lining material which again would
      detract from the desired appearance of the rim. In other words,
      essentially only that portion of the lid lining which is bonded to the
      bottom lining at the rim is stripped from the lid.
PAR  This property of selective defoliation of the seal 28 from the lid may be
      explained as follows: the strength of the bond between the bottom lining
      24 and the rim metal, and also the strength of the seal 28 formed by
      bonding linings 24 and 26, are both greater than the strength of the bond
      between the lid lining 26 and the lid metal, but the latter bonding
      strength exceeds the tearing strength of the lid lining material per se.
      Thus, when the lid is peeled, the lid lining material which is bonded to
      bottom lining material at seal 28 pulls away from the lid metal but also
      separates cleanly from the adjacent lid lining material along the margins
      of the seal.
PAR  In fabricating a container of the type shown, the linings are first applied
      to sheet or foil for the bottom and lid. The bottom 11 may then be formed
      as by deep-drawing. The food to be packaged is placed in the bottom, and
      covered over by the coated foil stock for the lid; thereafter any food
      which may be interposed between the rim 16 and the lid material is
      expelled by application of high pressure at the rim, and the package is
      heat-sealed to bond the linings 24 and 26 together entirely around the rim
      (thereby forming the seal 28) under appropriate conditions of elevated
      temperature and pressure, and the lid is cut or trimmed to size. The
      sealed package may be sterilized, e.g. by heating to a temperature in the
      range of about 120.degree. - 125.degree. C; after sterilization, the seal
      28 maintains the sterility of the contents providing a shelf-stable
      package for room temperature storage.
PAR  As embodied in a package of the type described, the present invention
      resides in the use of certain lacquer compositions (hereinafter set forth)
      to provide the linings for the bottom and the lid. The lacquer for the
      bottom lining may incorporate, as a resin system, a mixture of vinyl and
      epoxy resins with a cross-linking agent, while the lid lining lacquer may
      have a vinyl-acrylic resin system. The vinyl resins employed for both may
      include vinyl copolymers with reactive hydroxyl and carboxyl groups, the
      relative proportions of such groups in the lid lining and bottom lining
      being specifically different from each other.
PAR  Thus, the bottom lining may be constituted of a lacquer which incorporates
      a two-component (vinyl and epoxy) resin system and a cross-linking agent
      in a solvent, characterized by a controllable cross-linking reaction and
      the properties of being sufficiently thermoplastic for heat-sealing, ,
      providing a heat seal (i.e. between the lid and bottom) that maintains a
      peel strength of at least about 800 - 1000 gr. when subjected to
      sterilization at temperatures of about 120.degree. - 125.degree. C, and
      being inert with respect to the food contents of the package, i.e. being
      resistant to attack by food acids and salt (this being also a requirement
      for the lid lining). In this lacquer, the relative proportions are such
      that a surplus of the resins (in relation to the cross-linking agent) is
      initially present, i.e. so that only trace amounts of unreacted
      cross-linking agent remain in the coating and the cross-linking reaction
      stops while the coating remains sufficiently thermoplastic to be
      heat-sealable. The cross-linking reaction runs at an optimum at
      temperatures above 180.degree. C. Suitable vinyl resins include vinyl
      copolymers with reactive hydroxyl or carboxyl groups. Suitable epoxy
      resins include low-molecular-weight epoxy resins of the diepoxide type,
      i.e. having a molecular weight between about 300 and about 900, with two
      epoxy groups per mole. Suitable cross-linking agents include butylated
      melamine or other substituted melamins or aliphatic pre-condensated
      isocyanates.
PAR  The lid lining may have a resin system which is a mixture of vinyl and
      acrylic resins, again in a suitable solvent system. For the lid lining as
      for the bottom lining, suitable vinyl resins include vinyl copolymers with
      reactive hydroxyl or carboxyl groups. However, it is preferred that the
      vinyl resin used for the bottom lining have a relatively higher carboxyl
      content and that the vinyl resin used for the lid lining have a relatively
      higher hydroxyl content, exemplary ratios of relative proportions
      (carboxyl : hydroxyl) being about 3:2 for the bottom lining resin and
      about 2:3 for the lid lining resin. In this connection, it may be
      explained that hydroxyl groups are better for cross-linking while carboxyl
      groups are better for adhesion.
PAR  Exemplary ranges of proportions for bottom and lid lining lacquer
      compositions in accordance with the invention are as follows:
TBL                Bottom     Lid                                              
     ______________________________________                                    
     vinyl resins  12 - 15 parts.sup.1                                         
                                5 - 7 parts.sup.2                              
     epoxy resins  3.5 - 4 parts                                               
                                -- 0 --                                        
     acrylic resins                                                            
                   -- 0 --      17 - 19 parts                                  
     cross-linking agent                                                       
                   2 - 2.5 parts                                               
                                -- 0 --                                        
     solvent blend balance to 100%                                             
                                balance to 100%                                
     ______________________________________                                    
      .sup.1 Mixture of vinyl copolymers, respectively containing free carboxyl
      and free hydroxyl groups, in a ratio of about 3:2                        
      .sup.2 Mixture of vinyl copolymers, respectively containing free carboxyl
      and free hydroxyl groups, in a ratio of about 2:3.                       
FNT  .sup.1 Mixture of vinyl copolymers, respectively containing free carboxyl
      and free hydroxyl groups, in a ratio of about 3:2
FNT  .sup.2 Mixture of vinyl copolymers, respectively containing free carboxyl
      and free hydroxyl groups, in a ratio of about 2:3.
PAR  A presently preferred lacquer composition in accordance with the invention,
      for use to provide the bottom lining 24, consists essentially of about 45%
      polyvinyl terpolymer, about 30% polyvinyl chloride-acetate, about 15%
      precondensed isocyanate, and about 10% epoxies, all percentages herein
      being expressed by weight. The polyvinyl terpolymer contains 1% free
      carboxyl groups and polyvinyl chloride-acetate contains free hydroxyl
      groups. The above-mentioned blend of resins is dissolved in about three
      times its weight of solvents, utilizing a solvent mixture of 75%
      methylethylketone, 15% toluene, and 10% ethylacetate. One example of a
      suitable epoxy resin for the foregoing composition is the resin
      commercially available from Union Carbide Corporation under the trade name
      "Bakelite" designated "ERL-2774." This is a monomeric, low-molecular
      weight, diepoxide epoxy resin possessing a high proportion of reactive
      epoxy groups. Another example is the resin commercially available from
      Shell Corporation under the trade name "EPIKOTE 828," which has an average
      molecular weight of 380, and (like ERL-2774) two epoxy groups per mol,
      with an epoxy assay of 180-190 g/g mole. The epoxy assay of ERL-2774 is
      180-195 g/g mole.
PAR  Other examples of such sterilizable cross-linked lacquers may contain,
      e.g., butylated melamine and cymel resins instead of pre-condensed
      isocyanates. Such blends also may contain paratoluene-sulfuric acid as a
      catalyst. If an opaque white coating is desired, titanium dioxide may be
      incorporated in the mixture; in such case the cross-linking agent may be
      omitted from the bottom lining lacquer, since the titanium dioxide
      provides sufficient effective cross-linking although it does not
      disappear, as does a cross-linking agent. Other pigments may be
      incorporated in the lacquers to provide opaque linings of other colors,
      e.g. yellow organic pigment for a yellow lining, or carbon black for a
      grey lining.
PAR  In preparing an aluminum foil package in accordance with the invention, the
      appropriate surfaces of the sheets for the bottom and the lid are coated
      with lacquer compositions as described above, and the coatings are cured
      at about 180.degree.-195.degree. C to effectuate cross-linking and to
      provide the thermoplastic linings 24 and 26. It will be understood that
      since a surplus of the resins (in relation to cross-linking agent) is
      initially present in the bottom lining lacquer composition, only traces of
      unreacted cross-linking agent are present in the cured bottom lining (i.e.
      when such agent is used therein), and the lining is sufficiently
      thermoplastic to be heat-sealable. The thus-formed linings adhere
      effectively and reliably to the foil surfaces at temperatures up to and
      including sterilization temperatures of about 120.degree.-121.degree. C
      (or somewhat higher, e.g. up to about 125.degree. C), and provide a fully
      reliable seal that nevertheless defoliates readily and evenly from the lid
      upon pulling of the tab 22 (i.e. in a direction transverse to the lid
      major surfaces) so that the lid can be peeled from the bottom to open the
      package.
PAR  In performance of curing as described above, the lid is cured at a lower
      temperature, and has a lower bond strength than the bottom lining, as well
      as having a different composition. Reasons for these differences include
      the fact that the lid sheet is not subject to deep drawing and is
      manufactured at higher speeds, so that it is feasible to use a relatively
      less costly material for the lid lining; also, the lower bond strength of
      the lid lining provides the desired defoliation upon peeling the lid from
      the bottom, i.e. with separation of the seal-forming portion of the lid
      lining from the lid metal accompanied by tearing of this portion from the
      remainder of the lid lining, and maintained adherence of the bottom lining
      to the rim 16.
PAR  A further lacquer system, suitable for providing the lid lining 26 when the
      bottom lining 24 is constituted of polypropylene, is based on low
      molecular weight polypropylene resins, for example resin 4257 manufactured
      by Swale Chemicals Ltd. or resin Adcote 491-75A manufactured by Morton
      Chemical Comp. This system also provides a sealable and sterilizable
      package having a peelable lid.
PAR  It is to be understood that the invention is not limited to the features
      and embodiments hereinabove specifically set forth but may be carried out
      in other ways without departure from its spirit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sterilizable, shelf-stable, easily openable package comprising:
PA1  a. a light-gauge sheet metal bottom having an inner surface defining a
      receptacle for material to be packed and a continuous peripheral rim;
PA1  b. a first lining of thermoplastic material extending over, and adhering
      to, the entire inner surface of said bottom including said rim;
PA1  c. a light-gauge sheet metal lid extending over said bottom and having a
      peripheral edge portion continuously overlying said rim;
PA1  d. a second lining of thermoplastic material extending over, and adhering
      to, the entire surface of said lid facing said bottom, including the
      peripheral edge portion thereof,
PA1  e. said second lining adjacent said peripheral edge portion being in
      continuous contact with, and sealed to, the portion of said first lining
      at said rim, around the entire periphery of the package;
PA1  f. each of said linings consisting essentially of the cured product of a
      vinyl resin based lacquer composition which is resistant to attack by food
      acids and salt and has a melting range above about 125.degree. C and which
      forms with the other lining a seal that parts by defoliation from the lid
      when the lid is peeled manually from the bottom,
PA1  g. said linings being respectively constituted of different compositions
      having respectively different bond strengths such that the second lining
      peels more readily from the lid than the first lining peels from the
      bottom.
NUM  2.
PAR  2. A package comprising:
PA1  a. a light-gauge sheet metal bottom having an inner surface defining a
      receptacle for material to be packed and a continuous peripheral rim;
PA1  b. a first lining extending over and adhering to the entire inner surface
      of said package, said first lining consisting essentially of the cured
      product of a first lacquer composition comprising a mixture of vinyl and
      epoxy resins and a linking compound in a solvent;
PA1  c. a light-gauge sheet metal lid extending over said bottom and having a
      peripheral edge portion continuously overlying said rim; and
PA1  d. a second lining of thermoplastic material extending over, and adhering
      to, the entire surface of said lid facing said bottom, including the
      peripheral edge portion thereof, said second lining consisting essentially
      of the cured product of a second lacquer composition comprising a mixture
      of vinyl and acrylic resins in a solvent;
PA1  e. said second lining adjacent said peripheral edge portion being in
      continuous contact with, and sealed to, the portion of said first lining
      at said rim, around the entire periphery of the package.
NUM  3.
PAR  3. A package as defined in claim 2, wherein said epoxy resin comprises a
      diepoxide having a molecular weight between about 300 and about 900, and
      wherein said vinyl resins of said first and second linings each comprise a
      mixture of vinyl copolymers containing free hydroxyl and carboxyl groups.
NUM  4.
PAR  4. A package as defined in claim 3, wherein said linking compound is a
      cross-linking agent and said first lacquer composition contains a surplus
      of resins in relation to the amount of cross-linking agent present.
NUM  5.
PAR  5. A package as defined in claim 4, wherein said first lacquer composition
      comprises about 12 to about 15 parts vinyl resins, about 3.5 to about 4
      parts epoxy resin, about 2 to about 2.5 parts cross-linking agent, balance
      solvent; and wherein said second lacquer composition comprises about 5 to
      about 7 parts vinyl resins, about 17 to about 19 parts acrylic resin,
      balance solvent.
NUM  6.
PAR  6. A package as defined in claim 5, wherein the mixture of vinyl copolymers
      of said first lacquer composition contains free carboxyl and hydroxyl
      groups in a ratio of about 3 to 2, and the mixture of vinyl copolymers of
      said second lacquer composition contains free carboxyl and hydroxyl groups
      in a ratio of about 2 to 3.
NUM  7.
PAR  7. A package as defined in claim 6, wherein said cross-linking agent is
      selected from the class consisting of substituted melamins and aliphatic
      pre-condensated isocyanates.
NUM  8.
PAR  8. A package as defined in claim 7, wherein said cross-linking agent is
      pre-condensed isocyanate.
NUM  9.
PAR  9. A package as defined in claim 7, wherein said cross-linking agent is
      butylated melamine.
NUM  10.
PAR  10. A package as defined in claim 7, wherein said vinyl copolymers are
      polyvinyl terpolymer and polyvinyl chloride-acetate.
NUM  11.
PAR  11. A package as defined in claim 10, wherein said mixture, exclusive of
      solvent, consists essentially of about 45 percent by weight polyvinyl
      terpolymer, about 30 percent by weight polyvinyl chloride-acetate, about
      15 percent by weight pre-condensed isocyanate, and about 10 percent by
      weight of said epoxy resin.
NUM  12.
PAR  12. A package as defined in claim 3, wherein said linking compound is
      titanium dioxide.
NUM  13.
PAR  13. A package as defined in claim 3, further including a pigment in each of
      said lacquer compositions.
NUM  14.
PAR  14. A package as defined in claim 3, wherein the ratio of free carboxyl
      groups to free hydroxyl groups in the mixture of vinyl copolymers in said
      first lacquer composition is greater than that in said second lacquer
      composition.
NUM  15.
PAR  15. A package as defined in claim 2, wherein said metal is aluminum.
NUM  16.
PAR  16. A package as defined in claim 15, wherein said light-gauge sheet is
      foil.
NUM  17.
PAR  17. A sterilizable, easily openable package comprising:
PA1  a. a light-gauge sheet metal bottom having an inner surface defining a
      receptacle for material to be packed and a continuous peripheral rim;
PA1  b. a first lining of thermoplastic material extending over, and adhering
      to, the entire inner surface of said bottom including said rim;
PA1  c. a light-gauge sheet metal lid extending over said bottom and having a
      peripheral edge portion continuously overlying said rim;
PA1  d. a second lining of thermoplastic material extending over, and adhering
      to, the entire surface of said lid facing said bottom, including the
      peripheral edge portion thereof,
PA1  e. said second lining at said peripheral edge portion being in continuous
      contact with, and sealed to, the portion of said first lining at said rim,
      around the entire periphery of the package;
PA1  f. said first lining being a lining of polypropylene; and
PA1  g. said second lining consisting essentially of the cured product of a
      lacquer composition comprising low molecular weight polypropylene resin.
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ABST
PAL  A dual purpose shipping cover serving, in conjunction with locking means,
      as a cover for a conventional air brake cylinder containing an AB type
      railroad air brake piston assembly and serving in a matched pair, in
      conjunction with said locking means as a composite container for the AB
      piston. The cover has a stepped cylindrical contour to conform to both the
      piston end and the head end of the piston assembly.
PARN
PAR  This is a continuation of application Ser. No. 273,219, filed July 19,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a shipping cover serving to provide a composite
      shipping package that includes a piston assembly for the well known
      standardized AB-type air brake system for which detailed service and
      maintenance instructions are prescribed under the authority of the AAR in
      connection with the procedures for reconditioning and testing brake
      cylinder pistons.
PAR  In accordance with the standardized maintenance procedures, it is required
      periodically to remove the air brake piston assemblies and replace them
      with new or reconditioned parts of the same type. Generally, all cleaning
      and conditioning of the removed piston assemblies is performed in a
      central service yard. After being removed from a railroad car, the piston
      assembly is shipped back to the service yard. After being removed from a
      railroad car, the piston assembly is shipped back to the service yard.
      After servicing, it is then shipped out to repair tracks for storage until
      it is needed again. During shipment and storage, the piston assemblies
      which are required to function precisely and which are required to be free
      of contaminants are exposed to rough handling, inclement weather and dust
      and dirt, all of which tends to degrade its internal mechanisms.
PAR  In the past, there has been no suitable container provided for protecting
      the piston assembly during shipment and storage. The fact is that the
      equipment is frequently protected only by a gunny sack or other fragile
      wrapping incapable of preventing mechanical damage or contamination. The
      result of this is that the essential purpose of the extensive and careful
      maintenance procedures is lost.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a dual purpose shipping cover for
      the air brake piston assembly is provided to facilitate shipping and
      storage of the piston assembly. The particular AB-type piston assembly
      includes a sleeve, a piston, a head having a stepped diameter free end
      profile and spring means biasing the piston and head apart.
PAR  The shipping cover of the invention cooperates with the conventional air
      brake cylinder for defining a shipping package or it serves in a matched
      pair to define a shipping package for the piston assembly.
PAR  The shipping cover comprises a body of stepped diameter having a main
      length portion to accept the piston, a reduced end portion to accept the
      free end of the head, the main length portion having an open end bordered
      by a circumambient marginal flange of a shape to engage the outboard
      mounting flange of the cylinder in confronting face-to-face relation, the
      main length portion of the cover having a depth corresponding to the depth
      of the cylinder.
PAR  To complete the shipping package, locking means are provided for securing
      the confronting flanges together. The locking means of the preferred
      embodiment comprises an open-loop locking ring generally U-shaped in
      transverse section to define an annular pocket opening inwardly of the
      ring for receiving the flanges edgewise. The ring has confronting opposite
      ends and releasable clamping means connecting these ends to hold the ring
      contracted upon the flanges for compressing the same together.
PAR  To facilitate sealing the shipping cover either against the cylinder flange
      or against the flange of a matching cover, the cover flanges have a
      marginal lip portion of the same thickness as the cylinder flange such
      that the total flange thickness presented to the locking ring is the same
      for both types of shipping containers.
PAR  Other features and advantages of the invention will be apparent from the
      following description and claims and are illustrated in the accompanying
      drawings which show structure embodying preferred features of the present
      invention and the principles thereof, and what is now considered to be the
      best mode in which to apply these principles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of the specification, and in
      which like numerals are employed to designate like parts throughout the
      same:
PAR  FIG. 1 is an elevational view of a shipping package that includes an
      AB-type railroad air brake piston assembly, a shipping cover engaging a
      conventional cylinder and a clamping ring;
PAR  FIG. 2 is a plan view showing the flanges of the cylinder and the shipping
      cover in superimposed relation;
PAR  FIG. 3 is an enlarged section through the flange region of the shipping
      package of FIG. 1 and showing a clamping ring in contracted relationship
      upon the flanges of the cylinder and shipping cover;
PAR  FIG. 4 is a view similar to FIG. 1 and showing a shipping package comprised
      of a pair of matched shipping covers enclosing an AB-type piston assembly
      and secured by a clamping ring;
PAR  FIG. 5 is an enlarged section through the flange region of the shipping
      package of FIG. 4 and showing a clamping ring in contracted relationship
      upon the flanges of the shipping covers; and
PAR  FIG. 6 is a perspective view of the clamping ring.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, as shown in FIG. 1 a shipping package
      designated generally at 10 includes the piston assembly 11 for an AB-type
      air brake system mounted in a conventional air brake cylinder 12 and
      covered by a shipping cover 13 that seats on the cylinder 12. A locking
      means L secures the cover 13 in sealed relation upon the cylinder 12.
PAR  The piston assembly is entirely conventional and includes a sleeve 14, a
      piston 15, a head 16 having a stepped diameter free end profile 16E, and
      spring means 17 biasing the piston 15 and the head 16 apart.
PAR  In accordance with the present invention, the shipping cover 13 comprises a
      body of stepped diameter having a main length portion 13M to receive the
      piston, a reduced end portion 13E to receive the free end of the head and
      a marginal outboard flange 13F bordering the open end of the main length
      portion to cooperate with the usual flange 12F on the cylinder.
PAR  The cylinder flange 12F, as shown in plan outline in FIG. 2, has a
      cylindrical inner diameter equal to that of the shipping cover and has a
      generally rectangular outer periphery that has corner dimensions equal to
      the outer diameter of the shipping cover flange 13F.
PAR  The shipping cover flange 13F has a marginal upstanding lip portion 13P to
      present a flange thickness substantially equal to that of the cylinder
      flange. It should also be noted that the main length portion of the cover
      has a depth corresponding to the depth of the cylinder. This depth
      dimension provides a snug relation at the intermediate region of the
      stepped diameter head 16, and it allows the covers to be used in matched
      pairs for providing a complete shipping package for the piston assembly 11
      as shown in FIGS. 4 and 5. The dimensioning of the flanges 13F being
      matched to the thickness and to the outside dimensions of the cylinder
      flange allows the same locking means L to be used for both types of
      shipping package.
PAR  The locking means L comprises an open loop locking ring 18 which is shown
      to be generally U-shaped in transverse section (see FIGS. 3 and 5) to
      define an annular pocket 18P opening inwardly of the ring for receiving
      the flanges 12F, 13F edgewise therein. The ring 18 has confronting
      opposite ends interconnected by a toggle-type clamping mechanism that
      includes a lever 19 pivoted to one of the ring ends and a bail 20 pivoted
      to the other ring end and pivoted centrally to the lever. The lever 19 is
      shiftable between a fully open position through an intermediate position,
      as shown in dotted lines in FIG. 6, to a locking position as shown in full
      lines in FIG. 6.
PAR  In the locking position the lever 19 holds the ring 18 contracted upon the
      abutting flanges for compressing the flanges together.
PAR  The composite shipping package of FIG. 4 provides a particularly effective
      seal in that the locking ring exerts substantially uniform seal pressure
      throughout the full 360.degree. periphery of the flanges 13F. It is
      preferred that where the piston assembly is removed, the locking ring 18
      is actuated to its contracted position where is serves to hold the empty
      package components together, thus minimizing possible loss and also
      precluding mechanical damage to the seal face.
PAR  In the disclosed embodiment, the shipping drum 12 is formed of a high
      impact plastic material such as a rotor-molded, cross-linked polyethylene.
      This material provides light-weight easy formability, high impact, shock
      and compressive strength, and a degree of resiliency capable of cushioning
      the piston assembly 11 against shocks in the event of accidental dropping.
PAR  Drop tests of the shipping package show that the drum can withstand free
      falls of several feet without buckling while free falls of more than 20
      feet are handled by limited temporary flexing or bowing followed by
      automatic restoration of the original shape.
PAR  It should be noted that some clearance exists between the piston assembly
      and the cover walls to allow the cover, in the event of accidental
      dropping, to flex or bow inwardly and develop effective cushioning without
      damage to the assembly.
PAR  The properties of cross-linked polyethylene at temperatures as low as
      -35.degree.F are comparable to the properties of most substitutes at room
      temperature. Its properties are good up to 200.degree.F.
PAR  Thus, while preferred constructional features of the invention are embodied
      in the structure illustrated herein, it is to be understood that changes
      and variations may be made by those skilled in the art without departing
      from the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite shipping package comprising, in combination:
PA1  an AB type railroad air brake piston assembly, a dual purpose shipping
      cover engaging a container component to provide a container for said
      piston assembly, and locking means for maintaining said shipping package
      in assembled relationship;
PA1  said AB piston assembly including a sleeve, a piston, a head having a
      stepped diameter free end and spring means biasing said piston and said
      head apart; said container component comprising an air brake cylinder
      including a cylindrical main body having a circular open end bordered by
      an outboard mounting flange, said mounting flange having a generally
      rectangular profile; said shipping cover comprising a body of stepped
      diameter having a main length portion cooperating with and enclosing said
      piston and a reduced end portion cooperating with and enclosing the free
      end of said head, said main length portion of said cover and said
      container component having substantially the same depth, said main length
      portion of said cover also having an open end bordered by a marginal
      flange to engage said container component mounting flange in face-to-face
      confronting relation, said mounting flange and said shipping cover
      marginal flange having substantially the same thickness; and said locking
      means securing said marginal flange to said mounting flange to maintain
      the shipping package in assembled relationship.
NUM  2.
PAR  2. A composite shipping package as defined in claim 1 wherein the locking
      means includes an open-loop locking ring generally U-shaped in transverse
      section to define an annular pocket, opening inwardly towards said
      flanges, to receive and contract said flanges together.
NUM  3.
PAR  3. A composite shipping package as defined in claim 1, wherein said cover
      is formed from polyethylene having high impact, resilience and shape
      restoring characteristics.
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ABST
PAL  A one-piece, relatively thick, resilient corner pad which is used in the
      packaging of fragile articles. The pad is formed from three identical
      pieces of resilient material, and assembled so as to form a polyagonal,
      generally triangular, enrapment in the shape of a truncated, hollow
      triangular pyramid for the corner of a box or similar container, whereby,
      when the pad is placed over and around the meeting point of three sides of
      the container, the container will be spaced and resiliently held within a
      larger shipping container, without damage from high impact shocks. The
      unique design cuts costs since only four of such corner pads or cushions
      are needed -- one each diagonally opposite another. The pads provide
      excellent dynamic cushioning under heavy static loads. The configuration
      of each of the three pieces is identical and so designed so that a minimum
      of raw material is utilized, with no significant waste when the pieces are
      cut from a sheet. The corner pads may be assembled at the factory into the
      truncated, hollow, triangular, pyramidal shape, or the individual pieces
      may be shipped in a more compact form to the customer who can quickly and
      easily assemble the corner pad on site.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of resilient packaging material and spacers is not new, as is
      clearly shown in Knapp U.S. Pat. No. 3,314,568 (Apr. 18, 1967) and Linnell
      U.S. Pat. No. 3,064,801 (Nov. 20, 1962). Such devices are designed so that
      less packaging material is used than the type of total enclosure shown in
      Smithers U.S. Pat. No. 2,860,768 (Nov. 18, 1958).
PAR  More importantly, the utilization of relatively thick, resilient packaging
      material, adapted to enclose only the corners of the package to be
      supported and protected, is more clearly shown in Reese U.S. Pat. No.
      3,580,469 (May 25, 1971).
PAR  As is quite clear from the disclosures of the Reese and Knapp patents, it
      is highly desirable to fabricate the shock-absorbing devices from flat
      stock in such a manner as to utilize the maximum amount of material from
      the flat stock and to create the minimum amount of waste.
PAR  Thus the corner pad of the present invention (though being a unitary
      structure designed to enrap the corner of a package and separate the
      package, in three directions, from an enveloping outer shipping container)
      is constructed from three identical pieces of shock absorbing material
      such as polystyrene or foamed polyurethane. The distinguishing
      characteristic of the present invention is the utilization of a trio of
      absolutely identical portions assembled to form the three-sided, hollow
      triangular frusto-conical dynamic cushioning pad of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide the design for a corner
      pad used in packaging of fragile items contained in a generally
      rectangular carton, said pad formed of resilient or yieldable material,
      and constructed from three identically shaped, thick, foamed-plastic or
      rubber members, which, when assembled, provide a three-sided
      multi-dimensional hollow frusto-conical pad for enrapping the corner of a
      package containing fragile material.
PAR  The corner pad of the present invention may be assembled at the factory and
      shipped, ready for use, to the customer, or the individual items, three of
      which are later assembled to form a corner pad, may be shipped to the
      customer in a flatter, less space-consuming configuration, where the
      ultimate assembly may be performed by the customer.
DRWD
PAC  DETAILED DESCRIPTION
PAR  For the purpose of illustrating the invention there is shown in the
      accompanying drawings a form thereof which is at present preferred,
      although it is to be understood that the various instrumentalities of
      which the invention consists can be variously arranged and organized and
      that the invention is not limited to the precise arrangement and
      organizations of the instrumentalities as herein shown and described.
PAR  In the drawings, wherein like reference characters indicate like parts,
PAR  FIG. 1 represents a perspective view of the assembled corner pad of the
      present invention.
PAR  FIG. 2 represents a perspective view of a fragile container supported by
      four of the corner pads of the present invention, within an outer
      protective shipping container.
PAR  FIG. 3 represents a perspective view of one of the elements used in
      constructing the corner pad of the present invention.
PAR  FIG. 4 is a side elevational view of one of the corner pads of the present
      invention.
PAR  FIG. 5 is a top plan view of a sheet of resilient material with a plurality
      of the corner-pad elements laid out thereon, showing the arrangement of
      the material and the elements so as to use almost all the raw material.
DETD
PAR  In the present invention, the corner pad 10, as shown in FIG. 2, is
      intended to enwrap three sides, at the corner, of a generally rectangular
      container for fragile items. The pad is so constructed and arranged that
      four of the pads can be utilized and disposed on the container at
      diagonally opposite corners, completely to support, from all directions,
      the inner container.
PAR  The corner pad 10 is constructed of three units or elements 11 which have a
      thickness or spacing dimension 12 appropriate to the shock absorbing and
      load bearing characteristics of the material and to the selectable space
      desired between the inner container and outer shipping box. This thickness
      or dimension 12 is chosen in advance by the manufacturer of the corner pad
      and may thus vary in relation to the inherent dynamic and static load
      bearing characteristics of the material being used.
PAR  The elements 11 are shaped in a generally angular configuration having a
      base 13 and an arm 14, and are so designed that, as shown in FIG. 5, a
      plurality of such units, properly laid out on a sheet of raw material,
      will use almost all of the raw material.
PAR  The base 13 has a lower end 15, the length of which is identical to the
      length of the end 16 of the end of arm 14, thus, as shown particularly in
      FIG. 4, the two matching dimensions 15 and 16 mate properly when two of
      the elements are appropriately assembled, as shown in FIGS. 4 and 1.
PAR  In addition, the thickness 12 of the material determines the height 17 of
      the base 13 so that these dimensions 12 and 17 match appropriately during
      the assembly, as shown more particularly in FIG. 1.
PAR  The length 18 of the arm 14 may be chosen, as desired, to provide the
      opening through which the corner 19 of the package to be protected may
      extend, as shown in FIG. 2. However, the shorter the dimension 18, the
      smaller will be the opening and the less will be the protrusion of the
      corner 19 therethrough.
PAR  Similarly, the length 18 of the arm 14 must not be too long (relative to
      the thickness 12) so that the corner 19 will not be exposed unduly to
      shock or impact.
PAR  As is shown in FIG. 1, three of the elements 11 (here identified as "A,"
      "B," and "C" ) are assembled so that the end 16 of each arm 14 is in
      contact with a face of an adjacent base portion 13 of an adjoining
      element. Thus the end 16 of the arm A is adjacent to the face of the base
      portion of element C, with the end of the arm of element C in contact with
      the face of the base portion 13 of the element B, and similarly the end of
      the arm 14 of element B is in contact with the face of the base portion 13
      of the element A.
PAR  Thus it can be seen that the angle which the arm 14 makes with the base
      portion 13, and the corresponding angle of the end of the arm are
      appropriately chosen so that the end of each arm is flatly in contact with
      the face of the adjoining adjacent base portion 13.
PAR  Moreover, the angular disposition of the base and arm of each unit or
      element, with the corresponding angular disposition of the base and end of
      the arm, make it easy for the workmen to assemble the three elements into
      one corner pad merely by appropriately treating a face of the base portion
      and the end of the arm, and bringing the two elements into contact as is
      shown clearly in FIG. 1.
PAR  The unique characteristic of the corner pad of the present invention is the
      fact that the elements of which the corner pad are constructed are
      identical, and so designed that they can be cut or die-stamped from a flat
      continuous sheet of base material with substantially no waste of material.
      This is shown clearly in FIG. 5 where adjacent elements 11, are
      alternately and inversely disposed on the sheet so that the ends of the
      arms of adjacent elements are in contact with each other, as shown at 20,
      and with such pairs of elements repetitively disposed along the sheet of
      base material. This is particularly important as the price of such
      resilient material increases and the availability of the polymer or
      chemical material to form the base material becomes less and less.
PAR  It is also particularly important that the similarity of these elements
      provides the unique polygonal, hollow, frustoconical corner pad, without
      the need for complicated dies and designs, and without the requirement of
      having more than one shape for the elements combine to form the corner
      pads.
PAR  It is to be understood, however, that the present invention may be embodied
      in other specific forms without departing from the spirit or special
      attributes hereof, and it is therefore desired that the present
      embodiments be considered in all respects as illustrative and therefore
      not restrictive, reference being made to the appended claims rather than
      to the foregoing description to indicate the scope of the invention.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be protected by Letters Patent are the following:
NUM  1.
PAR  1. A blank for use in fabricating a resilient corner pad comprising.
PA1  a sheet of yieldable material having a plurality of identical V-shaped
      units arranged thereon,
PA1  each unit so designed and constructed so that substantially all of the
      sheet is utilized,
PA1  said units each comprising a base and an arm with the arm disposed at an
      obtuse angle to the base,
PA1  said base having a longitudinal dimension and said arm having a
      longitudinal dimension,
PA1  the longitudinal dimension of the arm and the longitudinal dimension of the
      base being identical,
PA1  said base having a transverse dimension and said arm having a thickness
      dimension,
PA1  the transverse dimension of the base and the thickness dimension of the arm
      being identical.
NUM  2.
PAR  2. The invention of claim 1 wherein the yieldable material is foamed
      polyurethane resilient polymer material.
NUM  3.
PAR  3. The invention of claim 1 wherein the yieldable material is a natural
      cellular elastomer.
NUM  4.
PAR  4. The unit of claim 1 formed of resilient vistroelastic polymer material.
NUM  5.
PAR  5. The unit of claim 1 formed of foamed styrene.
NUM  6.
PAR  6. The invention of claim 1 wherein the yieldable material is styrene of
      high cellular structure.
NUM  7.
PAR  7. A corner pad of hollow, frusto-conical, triangular, pyramidal
      configuration comprising
PA1  three identical V-shaped elements formed of relatively thick, resilient
      material,
PA1  each of said elements having a base and an arm at an obtuse angle thereto
      and a thickness,
PA1  the end of each of said arms being flatly in contact with the face of the
      base of an adjacent element,
PA1  all of said arms being disposed to form, with adjacent bases of elements in
      contact with faces of adjacent arms
PA1  a continuous hollow, truncated, frusto-conical, triangular, pryamidal
      shock-absorbing member.
NUM  8.
PAR  8. The corner pad of claim 7 wherein each of the three identical elements
      is formed of styrene.
NUM  9.
PAR  9. The corner pad of claim 7 wherein each of the three identical elements
      is formed of a natural cellular elastomer.
NUM  10.
PAR  10. The corner pad of claim 7 wherein each of the three identical elements
      is formed of vistro-elastic polymer material.
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PAL  A vehicle mounted cane cleaning apparatus is disclosed including a large
      drum having inwardly facing conveyor pockets mounted for rotation about a
      horizontal front-to-rear axis on a tracked vehicle; cane segments are
      hurled from a conventional segmentizer into a lower portion of the drum
      against a shroud plate and rotating perforated cylinder across which a
      trash removing airflow is provided by blower means. Rotation of the drum
      carries the can upwardly to a location at which it falls downwardly in a
      cascade of segments across which a fan driven airflow extends for removing
      remaining additional trash particles with the cleaned cane segments
      falling on conveyor means carrying the segments rearwardly and then
      transversely to a receiving vehicle. A lower shroud and fan arrangement
      providing the airflow across the lower portion of the drum includes a
      mechanical conveyor receiving heavier trash particles from the rotating
      perforated cylinder for conveying such heavier particles rearwardly for
      discharge from the vehicle.
BSUM
PAR  This invention is in the field of agricultural equipment and is
      specifically directed to sugar cane harvesting machinery capable of
      severing standing cane in the field, or of lifting previously severed
      windrowed cane from the field, segmentizing the cane in short segments by
      the operation of cutting means and thoroughly cleaning the cane to remove
      trash and other particles.
PAR  There have been substantial advances in the art of cane harvesting in
      recent years with emphasis being placed upon automation of the cutting,
      segmentizing and cleaning of the cane in order to reduce the labor cost
      involved in the harvesting and refining processes. Presently known
      harvesting devices are of two general types in that they are for
      harvesting standing cane or for harvesting previously cut windrowed cane.
      In both types of harvesting machines, the cane is conveyed through
      segmentizing means generally comprising rotating blade members capable of
      chopping the cane into small cane segments for subsequent discharge into
      an accompanying trailer, truck or other vehicle for removing the cane
      segments from the field. A primary problem encountered with both the
      windrow type harvesters and the standing cane harvesters substantial that
      both types of harvesters pick up a substantialy amount of trash along with
      the cane leaves and cane members. It is desirable that all of the leaves,
      trash and similar material be separated from the cane segments and
      returned to the field rather than conveyed to the refinery. While prior
      known devices such as those exemplified by U.S. Pat. Nos. 2,246,352 to
      Falkiner, 3,325,982 to Fogels et al. 3,599,404 to Fernandez and 3,788,048
      to Stiff et al, have provided various mechanisms in an effort to eliminate
      the trash and leaf particles, such devices have not been totally effective
      and the problem of trash and leaf removal from the cane segments has
      remained an inadequately solved problem up until the present invention.
PAR  Therefore, it is the primary object of this invention to provide a new and
      improved cane cleaning and loading apparatus.
PAR  Another object of the invention is the provision of a new and improved cane
      cleaning and loading apparatus for cleaning cane segments in a standing
      cane harvesting machine.
PAR  Yet another object of the present invention is the provision of a new and
      improved cane cleaning and loading apparatus in conjunction with a
      windrowed cane harvesting machine.
PAR  Achievement of the objects of this invention is obtained by the preferred
      embodiment of the invention through the provision of a motor driven
      tracked vehicle having a vehicle frame having a conventional standing cane
      harvesting and cutting apparatus extending forwardly in a cantilever
      manner for severing the cane at or near ground level. The cane is conveyed
      rearwardly to a conventional segmentizing means provided for receiving the
      cane, chopping the cane into small segments and hurling the segments
      rearwardly for further handling. The foregoing structure is completely
      conventional; however, unique cleaning and handling means is provided to
      receive the cane segments which are hurled rearwardly from the
      segmentizing means. This structure more specifically includes a relatively
      large open ended cleaner drum mounted for rotation about a horizontal axis
      extending parallel to the axis of the vehicle immediately to the rear of
      the segmentizer means. Deflector means is provided on the vehicle frame
      extending internally of the drum so that cane segments and accompanying
      trash and leaf particles hurled from the segmentizer strike the deflector
      and are deflected downwardly into the lower portion of the rotary cleaner
      drum. The deflector means includes a metal deflector shroud plate
      extending internally of the drum across a portion of the width of the drum
      in a generally horizontal manner near the axis of the drum and a rotary
      perforated cylinder means mounted adjacent the rear side of the drum for
      motor driven rotation about an axis transverse to the axis of the vehicle
      and the axis of the drum with the perforated cylinder means being
      positioned immediately adjaent the rearmost portions of the portions of
      the deflector shroud inside the drum with a small clearance being provided
      between the deflector shroud plate and the surface of the perforated
      cylinder. A motor driven blower is positioned at the rear end of a trash
      removing hood having its forward end enclosing the perforated cylinder and
      extending rearwardly from the deflector shroud plate. Operation of the
      last-mentioned blower creates a trash removing draft of air through the
      trash removing hood, the perforated cylinder and through portions of the
      cleaner drum immediately upstream of the perforated cylinder through which
      the cane segments are being hurled by the operation of the segmentizer
      means. The trash removing air draft causes leaf and other trash particles
      accompanying the cane segments from the segmentizer to be carried against
      the surface of the perforated cylinder facing the air draft to adhere to
      the cylinder so that subsequent rotation of the perforated cylinder moves
      the trash particles to a position in which the air draft removes the
      particles from the cylinder and discharges same upwardly through the
      blower means. Additionally, a mechanical conveyor is provided beneath the
      perforated cylinder and extending rearwardly within the trash removing
      hood for receiving the heavier particles and conveying them mechanically
      toward the rear of the machine from which they are discharged.
PAR  The cleaner drum includes inwardly facing open pockets about its periphery
      and is driven by hydraulic or other conventional motor means so that
      rotation of the drum lifts the cane segments upwardly to upper portions of
      the drum from which the segments fall in a substantially continuous
      cascade. The cascade of falling cane segments is contained within the
      interior of the cleaner drum and a second stage trash removal blower means
      is provided immediately to the rear of the uppermost portions of the drum
      in which the cascade occurs for creating an airflow through the falling
      cane segments to remove leaf or other trash particles remaining with the
      cane members. A cane removal conveyor means extending from front to rear
      has its infeed end positioned internally of the cleaner drum in the cane
      segment cascade for receiving the cane segments and conveying same
      rearwardly onto a transversely extending discharge conveyor extending
      outwardly of the vehicle for feeding the cane segments to an accompanying
      truck or other vehicle.
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PAR  A better understanding of the preferred embodiment of the invention will be
      achieved when the following written description is considered in
      conjunction with the appended drawings in which:
PAR  FIG. 1 is a side elevation view of the preferred embodiment of the
      invention;
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1; and
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2.
DETD
PAR  Attention is initially invited to FIG. 2 of the drawings which comprises a
      side elevation view of a tracked field-operated cane harvester vehicle
      generally designated 10 in which the preferred embodiment of the invention
      is provided. The vehicle frame provides support for a forwardly extending
      conventional standing cane harvester unit 20 for severing the standing
      cane and conveying same rearwardly to a segmentizer in which the cane is
      received between the nip of rotary cutting members mounted on cutter
      shafts 22 and 24 which cut the cane into short segments S which are hurled
      rearwardly from the segmentizer means into a large rotary cleaner drum 26.
      The standing cane harvester unit and the segmentizer means form no part of
      the invention and any conventional unit capable of providing these
      functions can be employed. For example, the harvester means and the
      chopper means of the previously mentioned Fogels et al. Fernandez and
      Stiff et al. patents could be employed for cutting and segmentizing the
      cane members. Additionally, the segmentizer means can be of other
      conventional construction such as that illustrated in Pool et al. U.S.
      Pat. No. 3,723,669 or my prior co-pending application Ser. No. 358,695.
PAR  Moreover, the harvester unit can also be of the windrowed cane harvesting
      type such as that disclosed in my co-pending application Ser. No. 358,695
      in which previously cut windrowed cane is lifted from the field and
      segmentized.
PAR  The vehicle frame includes a plurality of transverse box frame members 28
      illustrated in FIGS. 2 and 3 which provide support for a drum support
      shaft 29 on which drum support rollers 30 are mounted for supporting the
      drum member 26 for rotation about a horizontal axis extending from front
      to rear of the vehicle. Hydraulic motors 31 are connected to each of the
      shafts supporting the rollers 30 for providing driven rotation of the
      rollers in the direction of the arrows in FIG. 2 which provide resultant
      rotation of drum 26 as also indicated by the arrows in FIG. 2. Idler
      rollers 32 and 32' maintain the drum in position for easy rotation in
      conjunction with the driven rollers 30 in an obvious manner.
PAR  The transverse frame members 28 also provide support for vertical standards
      34 which support various other components such as the driver's station 36
      and the conveyor and blower means to be discussed hereinafter.
PAR  Drum 26 includes an outer coaxial cylindrical wall 40 connected at its
      front and rear edges to a front wall 42 reinforced by a peripheral rib 41
      and side flanges 41' which are engaged by rollers 32. The front wall 42 is
      oriented in a plane perpendicular to the axis of rotation of the drum
      which is coextensive with the axis of the cylindrical wall 40. A rear wall
      44 is oriented in a plane parallel to the plane of front wall 42 as shown
      in FIG. 3. Front and rear walls extend inwardly from the cylindrical wall
      40 to a circular edge termination respectively at 46 and 48 so that the
      drum 26 is open on its front and rear faces. A plurality of equidistantly
      spaced lift plates 50 extend inwardly from the cylindrical wall portion 40
      between the front and rear walls 42 and 44 to which they are fixedly
      attached by welding or other suitable means to define a plurality of
      inwardly facing pockets P which receive the cane segments S in a manner
      and for a purpose to be discussed hereinafter.
PAR  Cane segment deflector means is mounted on the frame to extend internally
      of the drum 26 and includes a metal deflector shroud plate 52 illustrated
      in FIG. 3 and a rotary perforated cylinder 54 formed of screen or the like
      and motor driven by a hydraulic motor 56 (FIG. 2) to rotate in the
      direction of the arrows in FIG. 3. The rotary perforated cylinder 54
      contains substantially large openings that are of sufficient size to
      permit the flow of air through the cylinder as shown by the arrows in FIG.
      3 with the airflow being effected by means of a blower fan 58 driven by
      motor means 60. A trash removing hood 62 encloses the fan 58 and extends
      forwardly for juncture with the deflector shroud plate 52 at the rear edge
      termination of the shroud plate 52.
PAR  It should be noted that the upper surface of the perforated cylinder 54 is
      spaced from the hood 62 and the deflector side plate 52 by an amount
      adequate to permit trash particles engaging the surface of the cylinder 54
      and held thereon by the airflow to be carried around with the cylinder as
      it rotates to be subsequently discharged from the face of the cylinder by
      the airflow in an obvious manner. Additionally, a mechanical trash
      removing conveyor 64 is provided in the bottom of the trash removing hood
      62 for receiving the heavier trash particles 66 to convey same to the rear
      portion of the machine from which the heavier trash is discharged as shown
      in FIG. 3. Trash removing conveyor 64 is driven by a hydraulic motor 68
      illustrated in FIG. 1 and seal means 69 and 71 at opposite ends of the
      conveyor prevent air leakage through the conveyor area so as to
      concentrate airflow through the area of perforated cylinder 54 as shown in
      FIG. 3.
PAR  Cane segments S hurled from the segmentizer means strike the deflector
      shroud plate 52 and/or the perforated cylinder 54 to be deflected
      downwardly into the pockets P in the lower portion of the drum 26 as shown
      in FIG. 3. The force with which the cane segments strike the shroud and
      the perforated cylinder serves to dislodge adhering trash and leaf
      particles on the cane segments which trash and leaf particles are removed
      along with other similar particles by the airflow through the drum created
      by fan means 58.
PAR  Rotation of the drum 26 lifts the cane segments in the pockets P upwardly
      to the upper portions of the drum from which the cane segments fall in a
      relatively continuous cascade C downwardly onto a cane drum removal
      conveyor 70 mounted on the frame and positioned in a front to rear
      orientation as shown in FIG. 3. Cane drum removal conveyor 70 is driven by
      a hydraulic motor 72 (FIG.1) in the direction of the arrows in FIG. 3 so
      that the cane segments falling on the conveyor are removed rearwardly to
      fall downwardly onto a transversely extending discharge conveyor 74 which
      includes a horizontal portion 74' and an upwardly inclined portion 75
      (FIG. 2) both of which are driven by hydraulic motor means in a
      conventional manner. The outer end of the upwardly inclined portion 75 is
      positioned to discharge the cane segments into an accompanying truck or
      the like.
PAR  The cascade C of cane segments is subjected to an airflow created by a
      second fan 80 driven by hydraulic motor 82 and mounted in a shroud for
      providing airflow as shown in FIG. 3. Additionally, the airflow created by
      the fan 80 extends across the cane removal conveyor 70 and the discharge
      conveyor 74 for removing any remaining additional trash or leaf particles
      from the cane. The continuous cascade of cane onto the conveyor 70 and the
      falling of the cane from the end of conveyor 70 onto horizontal portions
      74' of the discharge conveyor provides additional mechanical agitation of
      the cane serving to dislodge trash particles adhering thereto.
PAR  A front screen 90 is provided in front of the drum 26 forwardly of the
      conveyor 70 for preventing the segments from falling forwardly out of the
      confines of drum 26 while permitting the airflow through the screen for
      trash removal purposes. Screen 90 is positioned adjacent a hydraulic oil
      cooler 92 positioned forwardly of the screen member as shown in FIG. 2.
PAR  Therefore, it will be appreciated that the preferred embodiment provides a
      substantial amount of mechanical agitation of the cane segments which are
      also subjected to substantial quantities of high speed airflow while
      airborne at least three different locations in the system so as to achieve
      an effective removal of substantially all of the trash and leaf particles
      accompanying the cane segments. While numerous modifications of the
      preferred embodiment will undoubtedly occur to those of skill in the art,
      it should be understood that the spirit and scope of the invention is to
      be limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle mounted cane loader-cleaner device for receiving relatively
      short cane segments hurled from a cane chopping segmentizer means,
      removing trash from the cane segments and conveying the clean cane
      segments to a discharge conveyor for deposit into an accompanying
      receiving trailer vehicle or the like, said loader-cleaner including frame
      means supporting rotary drum support means, segmentizer means from which
      plural cane segments are ejected in a rearward line of flight with respect
      to said vehicle, an open-ended cleaner drum mounted for rotation about a
      horizontal axis on said rotary drum support means and positioned
      rearwardly of and adjacent said segmentizer to receive cane segments from
      said segmentizer, said cleaner drum including inwardly facing pockets
      defined by an outer cylindrical wall, first and second radially extending
      end walls joined to said outer cylindrical wall along opposite edge
      portions thereof and equidistantly spaced lift plates extending inwardly
      from said outer cylindrical wall between and perpendicular to said end
      walls so that the space between adjacent lift plates, portions of the end
      walls and the outer cylindrical wall between said adjacent lift plates
      defines individual ones of said inwardly facing pockets, means for
      drivingly rotating said cleaner drum about a horizontal axis so that said
      inwardly facing pockets move in a circular path, deflector means
      positioned internally of said rotary cleaner drum in the line of flight of
      said cane segments for deflecting cane segments hurled from said
      segmentizer into the pockets of said drum in the lower portion of said
      drum so that continued rotation of said drum lifts the cane segments
      upwardly to upper portions of the drum from which the segments fall to
      provide a cascade of cane, second stage trash removal blower means for
      creating an upper front to rear airflow through said drum across said
      falling cascade of cane segments above said deflector means for removing
      trash particles from said cane segments, a cane removal conveyor extending
      into said cascade of falling cane segments for receiving said cane
      segments and conveying said cane segments rearwardly outwardly of said
      rotary cleaner drum, discharge conveyor means receiving said cane segments
      from said cane removing conveyor for conveying said cane segments to a
      receiving trailer, vehicle or the like and infeed trash removal blower
      means for creating a lower front to rear airflow through said drum across
      the line of flight of infeed cane hurled from said segmentizer.
NUM  2.
PAR  2. The invention of claim 1 wherein said deflector means includes a front
      to rear extending metal shroud plate extending internally of said drum
      across the width of said drum in a generally horizontal direction and a
      rotary perforated cylinder means mounted closely adjacent rear portions of
      said shroud plate on the rear side of said cleaner drum opposite the side
      from which said cane segments are hurled, said infeed blower means
      including trash removing hood means enclosing said perforated cylinder and
      motor driven fan means for pulling air through said drum and subsequently
      through said perforated cylinder transversely with respect to the axis of
      said perforated cylinder so that said airflow causes trash particles to
      engage the side of said perforated cylinder facing said drum, means for
      drivingly rotating said perforated cylinder whereby trash particles
      engaging said cylinder are carried by said cylinder to a position in which
      said infeed air blast operates to remove said trash particles rearwardly
      of said vehicle.
NUM  3.
PAR  3. The invention of claim 2 additionally including mechanical conveyor
      means extending along the bottom portion of said trash removing hood for
      receiving heavier trash particles and conveying same rearwardly for
      discharge from said vehicle.
NUM  4.
PAR  4. The invention of claim 3 wherein said cane removing conveyor extends
      transversely of said conveyor and said second stage trash removal blower
      means is mounted above said cane removing conveyor adjacent the rear side
      of said drum.
NUM  5.
PAR  5. A vehicle mounted cane loader-cleaner device for receiving relatively
      short cane segments hurled from a cane chopping segmentizer means,
      removing trash from the cane segments and conveying the clean cane
      segments to a discharge conveyor for deposit into an accompanying
      receiving trailer vehicle or the like, said loader-cleaner including first
      blower means creating a trash removing airflow across an area adjacent the
      segmentizer means through which area cane segments are ejected by the
      segmentizer means, lifting means for receiving cane segments from said
      segmentizer and conveying said cane segments to an elevated position to
      provide a cascade of falling cane segments, second trash removal blower
      means for creating an airflow through said falling cascade of cane
      segments for removing trash particles from said cane segments, a cane
      removal conveyor extending into said cascade of falling cane segments for
      receiving said cane segments and conveying said cane segments rearwardly
      outwardly of said cascade of falling cane segments and discharging said
      cane segments in a second cascade across which a portion of the airflow
      created by said second blower extends to remove trash particles in said
      second cascade, discharge conveyor means extending in said second cascade
      for receiving said cane segments from said cane removing conveyor for
      conveying said cane segments to a receiving vehicle.
NUM  6.
PAR  6. The invention of claim 5 wherein said lifting means for receiving said
      cane segments from said segmentizer means comprises a driven rotary drum
      conveyor mounted adjacent said segmentizer.
NUM  7.
PAR  7. The invention of claim 6 additionally including a rotary perforated
      cylinder means mounted adjacent the side of said rotary drum opposite said
      segmentizer means, said first blower means including trash removing hood
      means enclosing said perforated cylinder and motor driven fan means for
      pulling air through said drum and subsequently through said perforated
      cylinder transversely with respect to the axis of said perforated cylinder
      so that said airflow causes trash particles to engage the side of said
      perforated cylinder facing said drum, means for drivingly rotating said
      perforated cylinder whereby trash particles engaging said cylinder are
      carried by said cylinder to a position in which said infeed air blast
      operates to remove said trash particles from said perforated cylinder to
      discharge said trash particles from said vehicle.
NUM  8.
PAR  8. The invention of claim 7 additionally including mechanical conveyor
      means extending along the bottom portion of said trash removing draft hood
      for receiving heavier trash particles incapable of being discharged by the
      airflow in said hood and conveying said heavier particles rearwardly for
      discharge from said vehicle.
NUM  9.
PAR  9. The loader-cleaner device of claim 8 wherein said cane removing conveyor
      extends transversely of said vehicle and said second trash removal blower
      means is mounted above said cane removing conveyor adjacent the rear side
      of said rotary drum conveyor.
PATN
WKU  039468763
SRC  5
APN  4518012
APT  1
ART  355
APD  19740318
TTL  Hinged post storage rack
ISD  19760330
NCL  6
ECL  1
EXA  Lewis; Terrell P.
EXP  Frazier; Roy D.
NDR  3
NFG  9
INVT
NAM  Jay; Richard S.
CTY  Evanston
STA  IL
ASSG
NAM  Jarke Corporation
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  211 60R
XCL  108 55
XCL  220  15
EDF  2
ICL  B65D 1944
FSC  108
FSS  53;55;56;51;57;58
FSC  211
FSS  60;148;177;41
FSC  214
FSS  10.5 R
FSC  220
FSS  1.5;97 R
FSC  248
FSS  188.4;.5;188.6
UREF
PNO  2699911
ISD  19550100
NAM  Chase et al.
OCL  211148
UREF
PNO  2863566
ISD  19581200
NAM  White et al.
OCL  211 41
UREF
PNO  2956763
ISD  19601000
NAM  D'Arca
OCL  108 53
UREF
PNO  2998141
ISD  19610800
NAM  Moore et al.
OCL  211 41
UREF
PNO  3499398
ISD  19700300
NAM  Murray
OCL  108 53
UREF
PNO  3565018
ISD  19710200
NAM  Jay
OCL  108 53
UREF
PNO  3804033
ISD  19740400
NAM  Izawa et al.
OCL  108 55
UREF
PNO  3807581
ISD  19740400
NAM  Nichols
XCL  108 53
LREP
FRM  Dominik, Knechtel, Godula & Demeur
ABST
PAL  A storage rack is disclosed and formed by a base; a pair of rear support
      tubular members mounted on the base and extending upwardly therefrom, a
      pair of front support tubular members mounted on the base and extending
      upwardly therefrom and in opposed relation with respect to the rear
      support tubular members, each of the front support tubular members being
      vertically shorter than the corresponding rear support tubular members,
      and each of the front support tubular members provided with an extension
      member hingedly mounted thereon for accommodating arcuate and pivotal
      movement of the extension member with respect to the front support tubular
      member, each extension member including a collar mounted on the lower end
      thereof and having an overall diameter slightly less than the diameter of
      the corresponding front support tubular member thereby to be positionable
      within the open confines of said front support tubular member and
      functioning to axially align and stabilize the extension member when
      vertically mounted on the front support tubular member.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The provision of a variety of storage racks to accomplish specific purposes
      is a well-developed art. Generally, the overall goal is to maximize
      storage space while at the same time minimizing usable warehouse space, or
      in other words, to achieve compactness while at the same time permitting
      the storage of the greatest number of articles per unit of warehouse
      space. In many cases, the provision of modularized racks has been deemed
      to be an improvement in this art field, since modularized racks permit the
      user the widest latitude possible in terms of the utilization of warehouse
      space for the desired number of articles. Other types of improved racks
      permit the vertical stacking of one rack atop the other in order to
      achieve full utilization of the vertical height of the warehouse space.
PAR  With respect to the types of racks utilized for storing articles in a
      horizontal posture between front and rear supports, several problems are
      encountered. For example, if a plurality of such racks is employed in a
      vertical orientation, the user is bounded either by the height of the
      warehouse space, or the height to which a fork lift truck or other
      unloading device extends to its ultimate vertical reach. It is therefore
      been deemed desirable to develop a storage rack which permits for the
      front loading and unloading of items stored in horizontal alignment while
      still permitting the maximum utilization of vertical height in warehouse
      space.
PAR  To this end, storage racks having telescopically oriented and coupled
      sections have been provided whereby the front support posts are
      telescopically oriented along the vertical axis to permit sequential
      reduction of height from the front portion of the storage rack and hence
      permit the front loadng and unloading of articles stored therein. However,
      when such types of racks are dismantled, storage of these units is
      rendered difficult. In addition, from a manufacturing and economics
      standpoint, such types of racks employing telescopic oriented segments
      generally require a number of parts which are progressively decreasing in
      diameter, and hence, not of uniform configuration overall.
PAR  It is therefore deemed desirable to provide a storage rack which permits
      full and complete utilization of vertical storage space while at the same
      time permitting the front loading and unloading of articles stored therein
      and utilizing relatively standard sized parts. In addition, it is deemed
      desirable to formulate such storage racks such that the problem of
      elevating articles over the top of the rack to effect the loading and
      unloading operation is obviated, whereby the equipment utilized in the
      loading and unloading operations need not be extended to its ultimate
      vertical reach. The minimizing or obviating of this problem thereby
      permits the maximum utilization of vertical storage space while at the
      same time simplifying the loading and unloading operation.
PAC  OBJECTS AND ADVANTAGES
PAR  The principal object of the invention is to provide a storage rack formed
      by a segmented post assembly at the front portion thereof thereby
      permitting full utilization of vertical storage while at the same time
      obviating the need for elevating articles over the top of the rack during
      the loading and unloading operation.
PAR  In connection with the foregoing object, it is yet a further object of this
      invention to provide a storage rack formed of a front segmented post
      assembly wherein the movable segment is pivotally hinged to a lower
      section and further including a lock means for lockingly engaging the said
      segmented member in vertical alignment with the adjacent lower segment.
PAR  Yet a further object of this invention is to provide a storage rack having
      a vertically oriented storage well formed by a base, at least a pair of
      rear support members upstanding from the base, at least a pair of front
      support members upstanding from the base and in directly opposed relation
      with respect to the rear support members, the front support members being
      of a shorter height than the rear support members, each of the front
      support members including an extension member, hinge means interconnecting
      said front support member and the extension member in arcuately pivoting
      relation such that each extension member is permitted to travel through an
      arc of approximately 180.degree. with respect to the front support member
      and lock means for lockingly engaging the extension member in vertical
      alignment with respect to the front support member.
PAR  In connection with the foregoing object, it is yet a further object of this
      invention to provide a storage rack of the type described, wherein at
      least the front support members and the extension member are each of
      tubular construction and the lock means comprises a collar extending
      downwardly from the lower portion of the extension member and having a
      diameter slightly less than the interior diameter of the corresponding
      front support member such that the collar is nestable within the confines
      of the upper portion of the front support member, thereby to axially align
      and stabilize the extension member when pivoted and locked into the use
      position.
PAR  Still in connection with the foregoing objects, it is yet a further object
      of this invention to provide a storage rack of the type described wherein
      the hinge means comprises of a pair of side plates mounted on each of the
      extension in opposed relation, the front support member provided with an
      arch plate confining a horizontal pivot pin for movement therein and
      wherein the outer extremities of the horizontal pivot pin are mounted on
      the opposed side plates of the extension member such that the extension
      member is pivotally and arcuately interconnected with respect to the
      corresponding front support member.
PAR  A further object of this invention is to be provide a storage rack of the
      type described above, wherein the hinge means may be modified to the
      extent that the opposed side plates are provided with vertical slots, and
      each of the front support members is provided with a horizontally mounted
      pivot pin having the outer extremities of the pivot pin carried within the
      opposed slots of opposed side plates on the extension member such that the
      extension member moves relative to the front support member with the
      horizontal pivot pin held in fixed and secured relation with respect to
      the front support member.
PAR  Another object of this invention is to provide a still further modified
      embodiment of a segmented post assembly wherein the extension member
      includes a collar mounted thereon and extending outwardly from the lower
      portion thereof and having a diameter slightly less than the interior
      diameter of a corresponding front support member, and the hinge means is
      formed by a hook member having one end thereof mounted on the extension
      member interiorly thereof and the opposed end carried within the confines
      of the front support member, the front support member carrying a stop boss
      interiorly thereof for limiting the travel of the opposed end of the hook
      whereby the extension member may be moved in an arcuate path throughout
      180.degree. with respect to the front support member while the hook
      retains the extension member in pivoted relation with respect to the front
      support member.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts and the operating features whereby the above objects and
      advantages are attained.
DRWD
PAR  These, and other features of the invention will best be understood by
      reference to the following specification taken in connection with the
      following drawings, in which:
PAR  FIG. 1 is a perspective view showing a storage rack of the present
      invention, having articles stored horizontally therein in vertical
      orientation and wherein the segmented extension portion is shown in both
      the open and closed position:
PAR  FIG. 2 is a front elevational view, partly in cross section of the joint
      portion of a post assembly, showing the extension member mounted on and in
      vertical alignment with the front support member;
PAR  FIG. 3 is a side elevational view, partly in cross section, of the joint
      portion of a post assembly, showing the extension member in mounting
      relationship with respect to the front support member and illustrating one
      embodiment of the hinge assembly provided by this invention;
PAR  FIG. 4 is a top view of the extension member in mounting relationship with
      respect to the front support member taken in the direction of the arrows
      along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a side elevational view, partly in phantom, showing the path of
      travel of the extension member depicted in FIGS. 2, 3 and 4 of the
      drawings, as well as the manner in which locking engagement of the
      extension member with respect to the front support member is achieved;
PAR  FIG. 6 is a front elevational view, partly in cross-section of the joint
      portion of a post assembly, showing a modified embodiment of the present
      invention, wherein the hinge assembly is formed by a horizontally mounted
      pin and the extension member includes a pair of side plates having
      vertical slots positioned therein;
PAR  FIG. 7 is a side elevational view of the embodiment depicted in FIG. 6 of
      the drawings, and showing the details of the side plate and the
      relationship thereof with the pivot pin relative to the extension member
      and front support member respectively;
PAR  FIG. 8 is a side elevational view, partly in cross-section, of the joint
      portion of a post assembly, showing still another modified embodiment of
      the present invention wherein the hinge assembly consists of a hook
      interconnected between the extension member and the front support member;
      and
PAR  FIG. 9 is a side elevational view, partly in phantom, illustrating the
      pivotal and arcuate movement of the extension member with respect to the
      front support member of the embodiment of the invention employing a
      concealed hook member as the hinge means.
DETD
PAC  DETAILED DESCRIPTION OF DRAWINGS
PAR  With specific reference to FIG. 1 of the drawings, the storage rack,
      generally referred to by the numeral 10 is illustrated with a plurality of
      articles stored horizontally in vertical orientation. The storage rack 10
      includes a base 12 formed by a series of four cross braces, 13, 14, 15 and
      16, respectively. The storage rack 10 further includes a pair of rear
      support members 18 and 20 respectively, each of the rear support members
      18 and 20 being tubular and having a square cross section. Positioned in
      directly opposed relation with respect to the corresponding rear support
      members 18 and 20 respective, are front support members 22 and 24
      respectively. It will be observed that each of the front support members
      22 and 24 are shorter in vertical height than the corresponding rear
      support members 18 and 20 respectively and each is further tubular in
      construction and square in cross section. Furthermore, each of the front
      support members 22 and 24 respectively are provided with an extension
      member 25 and 27 respectively, the extension members 25 and 27 being
      hingedly secured to the corresponding front support members 22 and 24 by
      means of a hinge assembly 30. The storage rack as depicted in FIG. 1 is
      completed by means of a plurality of tube inserts 11, which may be
      utilized to vertically stack one rack atop the other rack, the tubular
      inserts 11 being sized to nest within the open portion of the front and
      rear support members respectively.
PAR  With respect to FIGS. 2 through 5 of the drawings, the details of
      construction of the hinge assembly 30 are illustrated. While reference
      will be made to the extension member 25 in conjunction with the front
      support member 22, it will be understood that each of the front support
      members and extension members are provided with identical structures. It
      will be observed that the extension member 24 is provided with a pair of
      side plates 32 and 34 respectively, mounted thereon by weldments 35, the
      side plates 32 and 34 being angularly mounted as more clearly shown in
      FIG. 3 of the drawings. The angular mounting of the side plates 32 and 34
      thereby provide an offset portion 36 which function for a purpose which
      will be more fully defined hereinafter.
PAR  The front support member 22 is provided with an arch plate 38 mounted at
      the top and bottom portions thereof by weldments 39. The construction of
      the arch plate 38 is such as to provide a confinement channel 40 which
      permits the riding movement of the pivot pin 42 along the vertical length
      thereof. The pivot pin 42 is mounted between the opposed side plates 32
      and 34 respectively and rides within the confinement channel 40 of the
      arch plate 48.
PAR  The extension member 25 is further provided with a tubular collar 44 which
      has an overall exterior diameter slightly smaller than the interior
      diameter of the corresponding front support member 22. In this manner, the
      tubular collar 44 is nestable within the confines of the front support
      member 22, thereby to both vertically align and stabilize the extension
      member 25 when positioned in vertical alignment atop the front support
      member 22.
PAR  It now becomes apparent that by providing angularly mounted side plates 32
      and 34 respectively, which include an offset portion 36, and wherein the
      offset portion 36 of the two side plates 32 and 34 carry the pivot pin 42
      which simultaneously rides within the confinement channel 40 of the arch
      plate 38 both pivotal and arcuate movement of the extension member 25 with
      respect to the front support member 22 is accomplished.
PAR  With reference to FIG. 5 of the drawings, the movement of the extension
      member 25 with respect to the front support member 22 is illustrated. It
      will be observed that by providing the free movement of the pivot pin 42
      within the confinement channel 40 of the arch plate 38, and along the
      vertical length thereof, the free pivotal and arcuate movement of the
      extension member 25 into the vertically and axially aligned position with
      respect to the front support member 22 is accomplished. In addition, the
      provision of the tubular collar 44 provides a convenient locking means as
      well as a means for vertically aligning the extension member 25 with
      respect to the front support member 22 is further accommodated.
PAR  In FIGS. 6 and 7 of the drawings, a modified embodiment of the invention is
      illustrated. With respect to the description of FIGS. 6 and 7 of the
      drawings, like numerals will be used to refer to like elements. The
      extension member 25 is similarly provided with a tubular collar 44, which
      is nestable within the confines of the front support member 22 at the top
      portion thereof. Each extension member 25 further includes a pair of side
      plates 46 and 48 respectively, the side plates 46 and 48 each being
      provided with a vertical slot 49. The front support member 22 carries a
      pivot pin 50 mounted horizontally thereon by means of a weldment 51. The
      horizontal pin 50 extends laterally for a short distance beyond the side
      edges of the front support member 22, a distance sufficient to ride within
      the vertical slots 49 of the opposed side plates 46 and 48 respectively.
PAR  It will be apparent from a view of FIGS. 6 and 7 of the drawings, that the
      extension member 25 is freely movable both pivotally and arcuately with
      respect to the front support member 22 in view of the fact that the side
      plates 46 and 48 permit the free movement of the extension member 25 as
      the pin 50 rides along the vertical slot 49. In this manner, the tubular
      collar 44 may be moved into or out of nesting relationship within the
      confines of the front support member 22 as the extension member is
      manually lifted out of or into engaged position. It is apparent that the
      concept of providing a hinged assembly for the extension member 25 is to
      provide a structure which permits the free pivotal and arcuate movement of
      the extension member 25 with respect to the front support member 22 in
      order to accommodate the insertion of the tubular collar 44 into nesting
      engagement within the confines of the front support member 22.
PAR  Finally, FIGS. 8 and 9 of the drawings illustrate still another embodiment
      of a hinged assembly to accomplish the objects and advantages of the
      present invention in that the hinged extension member is provided on a
      front support member. Once again, like numerals are used in connection
      with similar elements. Again, the extension member 25 is provided with a
      tubular collar 44 for nesting engagement within the upper confines of the
      front support member 22. The hinge assembly comprises a hook member, 55
      having a U-shaped upper portion 56 pivotally mounted within the internal
      confines of the tubular collar 44 at a pivot point 58 such that the
      extension member 25 is freely movable about the pivot point 58 with
      respect to the hook member 55. The opposed end of the hook member 55
      comprises an enlarged foot 59 which freely rides within the confines of
      the front support member 22. In addition, the front support member 22 is
      provided with a bolt forming a stop boss 61 which functions to limit the
      travel of the hook member 55 by engaging the enlarged foot 59 thereof.
PAR  It will be observed from a view of FIG. 9 of the drawings that the
      extension member 25 may be removed from the front support member 22 by
      manually withdrawing the tubular collar 44 from within the confines of the
      front support member 22. Once this movement has been achieved, the
      extension member 25 may then be arcuately and pivotally moved into the
      down or resting positon in view of the fact that the U-shaped portion 56
      of the hook member 55 is freely pivotal about the pivotal point 58. In
      addition, the enlarged foot 59 of the hook member 55 will travel until the
      same meets the bolt/stop boss 61 provided in the front support member 22.
      At this point, the extension member 25 comes to rest in the down or
      disengaged position as more clearly shown in FIG. 9 of the drawings.
PAR  Insofar as the materials utilized in construction of the subject storage
      rack 10 is concerned, it is contemplated that a standard tubular steel may
      be employed. In point of fact, any gauge steel suitable for the purposes
      to which the storage rack is to be utilized may be employed. In addition,
      where it is contemplated that lighter materials are intended to be stored,
      it is further within the contemplation of the invention that the storage
      rack 10 may be formed of a plastic material, such as a hard plastic. It is
      therefore apparent that the particular materials of construction are not
      relevant with respect to the invention, except and only insofar as the
      materials have any relevance to the ability to form and fixedly secure the
      hinge assembly as prescribed above.
PAR  It will be apparent from the above description that the invention provides
      a storage rack which permits the reduction of the vertical height of the
      front portion of the rack, thereby to accommodate ease of loading and
      unloadng of materials from within the rack. This is especially useful
      where the vertical height involved in the warehouse space does not permit
      the insertion or removal of articles by elevating the same over the upper
      confines of the rack. In addition, this simplifies the procedure of
      loading and unloading where the equipment to be utilized has a limited
      vertical reach.
PAR  With respect to details of the invention, it is clear that the novel hinge
      assembly for accomplishing the stated objects and advantages permits both
      pivotal and arcuate movement of the extension member with respect to the
      front support member, while at the same time the extension member is
      provided with positive aligning and locking means for vertically aligning
      and locking the extension member into position with respect to the front
      support member. It will further be apparent that the invention is equally
      applicable where a plurality of extension members are interconnected by
      means of the novel hinge assembly as disclosed herein, such that the
      vertical height of the overall front support member may be increased as
      desired.
PAR  It is further apparent that the storage rack as described herein
      accomplishes all of the objects and advantages as set forth above, and
      that a storage rack is provided having a segmented and hinged post
      assembly permitting the free pivotal and arcuate movement of the extension
      member with respect to the front support member. In addition, the
      extension members is provided with a collar which accomplishes the
      vertical orientation and stabilization of the extension member when
      mounted in position and in vertical alignment with the front support
      member. It will therefore be appreciated that ease of front loading is
      accomplished by the present invention, thereby obviating the necessity for
      elevating articles to be stored or removed from storage over and above the
      upper confines of the storage racks. It is therefore submitted that these
      and other objects and advantages are provided by virtue of the present
      invention.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it is clear that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A storage rack providing a vertically oriented storage well for storing
      articles therein, comprising in combination,
PA1  a base,
PA1  a plurality of support members mounted on said base and extending upwardly
      therefrom, said support members forming front and rear support means for
      articles stored within the rack,
PA1  each of said support members provided with an extension member,
PA1  hinge means for pivotally hinging each of said extension members to a
      corresponding support member and accommodating the pivotal movement of
      each of said extension members throughout an arc of 180.degree. relative
      to said support members,
PA1  said hinge means formed by a pivot pin horizontally mounted on each of said
      support members adjacent the upper portion thereof,
PA1  each of said extension members including a pair of side plates mounted
      thereon in opposed relation adjacent the lower end thereof,
PA1  each of said side plates being mounted horizontally offset with respect to
      each of said extension members,
PA1  the offset portion of each of said side plates provided with a vertical
      slot therein,
PA1  said pivot pin mounted on said front support member extending beyond the
      side edges of said corresponding support member for a short distance
      sufficient for constrained alignment with each of said slots provided in
      said side plates of said extension member,
PA1  lock means for lockingly engaging each of said extension members in
      vertical alignment with said corresponding support members thereby to
      present an increase of vertical height for each of said support members
      thereby to increase the overall vertical storage well of said storage
      rack,
PA1  whereby the hinge movement of said extension member with respect to said
      support member is accomplished by the movement of said pivot pin within
      the slotted confines of said slot and said side plate thereby to permit
      the arcuate pivotal movement of said extension member throughout an arc of
      180.degree. into vertical alignment with said support member.
NUM  2.
PAR  2. The support rack as set forth in claim 1 above, wherein each of said
      support members and said extension members are tubular in configuration
      and said lock means is formed by a collar extending outwardly from the
      lower portion of said extension member having an overall diameter slightly
      smaller than the interior diameter of said tubular support member whereby
      said collar is insertable within said support member along the upper end
      thereof, such that said extension member may be pivotally moved into
      vertical alignment with said support member arcuately moving said
      extension member throughout an arc of 180.degree. as said pivot pin rides
      within said slots of said side plates and vertical alignment and stability
      is achieved by inserting said collar within the upper confines of said
      support member until said extension member is firmly seated upon and
      within said support member.
NUM  3.
PAR  3. The storage rack as set forth in claim 1 above, wherein each of said
      support members and extension members are tubular in configuration and
      said extension member includes a collar mounted on the lower end of said
      extension member extending outwardly therefrom, said collar having an
      overall diameter slightly less than the interior diameter of said support
      member and said hinge means comprises a hook member having the inner end
      thereof pivotally mounted adjacent the lower end of said collar and the
      opposed end thereof confined within the upper portion of said support
      member whwereby the arcuate pivot movement of said extension member with
      respect to said support member is accommodated by said hook member thereby
      to permit said collar on said extension member to be inserted within the
      upper confines of said support member until seated therein.
NUM  4.
PAR  4. The storage rack as set forth in claim 3 above, wherein the outer
      opposed end of said hook member includes an enlarged foot confined within
      the upper confines of said support member and wherein said support member
      includes a stop boss mounted interiorly thereon, whereby said stop boss
      limits and confines the movement of said hook member by engaging the
      enlarged foot of said hook member when said extension member has been
      pivoted throughout 180.degree. into the folded down posture.
NUM  5.
PAR  5. A storage rack providing a vertically oriented storage well for storing
      articles therein, comprising in combination,
PA1  a base,
PA1  at least a pair of rear support tubular members mounted on said base and
      extending upwardly therefrom and forming a rear support means for articles
      stored within the rack,
PA1  at least a pair of front support tubular members mounted on said base
      extending upwardly therefrom and positioned in opposed relation with
      respect to said rear support tubular members,
PA1  said front support tubular members being vertically shorter than said rear
      support tubular members,
PA1  each of said front support tubular members being provided with a tubular
      extension member,
PA1  each of said extension members including a tubular collar extending
      outwardly from the lower portion thereof, each of said collars having an
      overall diameter slightly less than the interior diameter of said front
      support tubular member such that said collar is positionable within the
      confines of said front support tubular member adjacent the upper portion
      thereof,
PA1  hinge means for pivotally hinging each of said extension members to a
      corresponding front support tubular member and accommodating the arcuate
      pivotal movement of said extension members throughout an arc of
      180.degree. relative to said front support tubular members,
PA1  said hinge means formed by at least one hook member pivotally mounted on
      said collar of said extension member, along the interior portion thereof,
      and having the opposed end of said hook member riding within the open
      confines of said front support tubular member,
PA1  said front support tubular member further includng a stop boss mounted
      thereon and interiorly thereof,
PA1  such that the upward travel and movement of said opposed end of said hook
      member is limited by said stop boss,
PA1  whereby each of said extension members may be freely pivoted throughout an
      arc of approximately 180.degree. thereby to position each of said collars
      within the confines of said front support tubular members at the top ends
      thereof, to vertically axially align said extension members with said
      front support tubular members and lockingly engage the same in position,
      thereby to present an increased vertical height for each of said front
      support tubular members and increase the overall vertical storage well of
      said storage rack.
NUM  6.
PAR  6. The storage rack as set forth in claim 5 above, wherein the opposed end
      of said hook member is provided with an enlarged foot which cooperates
      with said stop boss thereby to limit the path of movement of said hook
      member and thereby said extension member with respect to said front
      support tubular member when the same is pivoted into the open posture
      position.
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ABST
PAL  A multiclip plastic holder for toothbrushes, razors and other like articles
      has a base strip coated with a pressure-sensitive adhesive on its back
      side permitting the strip to be applied securely to any clean, firm
      surface whether flat or round. Integral with the base strip at spaced
      intervals therealong is a plurality of sets of coacting clip fingers each
      with outwardly-flared tips and suitably larger spacing midway therebetween
      to permit the handle of a toothbrush to be pressed therebetween from the
      outer end and to grip the handle and hold the same releasably in place.
      Each set of clip fingers is integral with the base strip over a
      sufficiently narrow length thereof to retain a flexibility for even
      adhesive application of the base strip to uneven surfaces without
      affecting the grip of the coacting clip fingers. In an alternative
      embodiment, the base strip has also clip members at the ends receiving
      cores to which a protective liner for the pressure-sensitive coating is
      attached. One of these cores is enlarged to serve as a spool which when
      pulled from one clip can be rolled along the back side of the base member
      to wind up the liner and to be then snapped into the second clip at the
      other end. When the holder is detached from a wall and is to be packed
      with other belongings for a later use, the spool is pulled from the second
      clip, rolled along the back side of the base strip to reapply the
      protective liner and is then snapped back into the first clip.
BSUM
PAR  An object of the invention is to provide improved plastic holders of the
      character described which are of a very economical design adapted for
      permanent or temporary use in any one location and which can be reused as
      desired.
PAR  Another object of the invention is to provide an improved plastic holder
      suitable especially for traveling persons -- i.e., tourists, salesmen,
      etc. -- which can be easily applied releasably to a wall in one's room to
      hold various utilities in a sanitary way during one's stay, and which can
      be then detached, stored and reused on any later trip.
PAR  Another object is to provide such holder having a flexible base strip
      provided with a series of sets of coacting clip fingers on its front side
      and a pressure-sensitive coating on its back side permitting it to be
      applied with a strong grip to any flat or curved supporting surfaces
      without reducing the grip by which the clip fingers can hold the handles
      of various utilities.
PAR  Another object is to provide such holder having a flexible base which can
      be applied evenly to existing flat and/or round bathroom fixtures and
      which has gripping fingers to hold the handle of a toothbrush without
      slippage so as to support the toothbrush hygienically without contact of
      the bristles with any surface or object.
PAR  Another object is to provide such plastic holder with a protective liner
      over the pressure-sensitive coating, which can be readily rolled up and
      retained to the holder while the holder is gripped adhesively to a wall
      surface, and which can then be easily reapplied over the
      pressure-sensitive surface to protect it for reapplication later to a wall
      surface while maintaining the pressure-sensitive coating clean without
      loss of grip.
PAR  These and other objects and features of the invention will be apparent from
      the following description and the appended claims.
DRWD
PAR  In the description of my invention reference is had to the accompanying
      drawings, of which:
PAR  FIG. 1 is a top plan view of a first embodiment of the present plastic
      holder;
PAR  FIGS. 2 and 3 are front and side elevational views of this holder;
PAR  FIG. 4 is a top plan view of a second embodiment adapted especially for
      reuse and wherein the protective liner is shown in place;
PAR  FIG. 5 is a front elevational view of this second embodiment; and
PAR  FIG. 6 is another top plan view of this second embodiment showing the
      protective liner removed and wound on a spool clipped to the far end of
      the holder.
DETD
PAR  The present plastic holder 10 for toothbrushes and the like is of a
      one-piece molded construction comprising a base strip 11 typically 1/2
      inch wide and about 7 inches long, made of a plastic having a suitable
      rigidity and spring character such as polystyrene. The base strip has a
      pressure-sensitive adhesive coating 12 on its back side along the length
      thereof of a type which will have a strong grip to a wall surface. This
      coating is covered by a releasable protective liner 13 which is removed
      when the holder is to be applied to a wall surface. Holes 11a in the base
      strip permit the holder to be secured further by screws (not shown) to a
      wall when a permanent mounting is desired. Formed on the front side of the
      base strip is a series of sets 14 of coacting spring fingers 15 and 16
      having outwardly-bowed central portions 15a and 16a and outer ends 15b and
      16b flared apart to permit a rounded handle 17 as of a toothbrush or razor
      to be pressed sidewise while in upright position between a pair of clip
      fingers, camming the fingers first apart and becoming then engaged by
      clamping pressure of the fingers as the handle enters a center position
      between the clip members.
PAR  In order that the clip fingers of each set will have a strong clamping
      grip, the fingers are made progressively thicker in cross section
      proceeding from the outside towards the base portion 18 thereof. However,
      this base portion is secured integrally to the base strip 11 over only a
      narrow portion of the width thereof so that the flexibility of the base
      strip 11 is not impaired and so that bending of the base strip will not
      affect the grip of the respective sets of clip fingers. Also, this design
      permits the handle to be pulled out without loosening the adhesive grip of
      the base strip to the wall.
PAR  In order that the protective liner 13 can be easily preserved and held in
      place for an easy and immediate reapplication over the pressure-sensitive
      coating 12 when the holder has been peeled from a supporting wall and is
      to be packed until it is to be used again, the holder is provided with a
      wide-open clip 20 at its left end and with a similar but slightly larger
      clip 21 at its right end, of which the latter has also an inner smaller
      clip 22. A small rod 23 which has an end of the liner cemented thereto or
      looped therearound is pressed into the inner clip 22 whereby to secure the
      liner to the holder. The liner leads from the rod 23 across the inner
      rounded wall portion of the larger clip 21 and around the end of the
      holder lengthwise of the base strip in overlying relation to the
      pressure-sensitive coating. The liner is then led around the left end of
      the base strip to a larger rod or spool 26 to which the liner is secured
      as by cementing. This spool is pressed releasably into the clip 20.
PAR  When the holder is to be mounted on a wall surface, the user grips the ends
      of the spool 26 which extend beyond the sides of the holder and draws the
      spool from the clip 20, whereupon he rolls the spool along the back side
      of the base strip to peel off the liner and wind it on the spool.
      Thereupon, he presses the spool with the liner wound thereon into the clip
      21. When the holder is removed from a supporting wall to be packed away
      for another later use, he withdraws the spool from the clip 21 and rolls
      it back across the base strip to reapply the liner over the coating in
      protective relation thereto and then snaps the spool back into the clip 20
      until the holder is to be reused.
PAR  The embodiments of my invention herein particularly shown and described are
      intended to be illustrative and not necessarily limitative of my invention
      since the same is subject to changes and modifications without departure
      from the scope of my invention, which I endeavor to express according to
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A molded one-piece plastic holder for toothbrushes and the like
      comprising a flexible base strip having a pressure-sensitive adhesive
      coating on its back side for releasably holding the base strip by adhesive
      grip to a supporting wall, a plurality of sets of coacting clip fingers on
      the forward side of said base strip formed integrally therewith, the clip
      fingers of each set having narrow, outwardly-flared tips enabling a handle
      of a toothbrush when held at right angles to said fingers to be pressed
      therebetween, and having outwardly-bowed central portions for gripping
      said handle with a clamping pressure and holding the same releasably
      therebetween each set of clip fingers terminating at a common base wherein
      the common base of each set of clip fingers is joined through a section
      narrower than said common base to said base strip so that the base strip
      has a uniform flexibility for even adhesive application to both flat and
      rounded wall surfaces and so that the grip of the respective sets of clip
      fingers is not affected when the base strip is applied to a rounded wall
      surface.
NUM  2.
PAR  2. A molded one-piece plastic holder for toothbrushes and the like
      comprising a flexible base strip having a pressure-sensitive adhesive
      coating on its back side for releasably holding the base strip by adhesive
      grip to a supporting wall, a plurality of sets of coacting clip fingers on
      the forward side of said base strip formed integrally therewith, the clip
      fingers of each set having narrow, outwardly-flared tips enabling a handle
      of a toothbrush when held at right angles to said fingers to be pressed
      therebetween, and having outwardly-bowed central portions for gripping
      said handle with a clamping pressure and holding the same releasably
      therebetween, wherein said adhesive coating is protected by a flexible
      releasable liner when the holder is not in use, including means on said
      holder for removably retaining said liner thereto after its removal from
      said adhesive coating for reapplication over said adhesive coating after
      the holder is stripped from a wall surface, said liner being permanently
      secured to one end of said holder.
NUM  3.
PAR  3. A molded one-piece plastic holder for toothbrushes and the like
      comprising a flexible base strip having a pressure-sensitive adhesive
      coating on its back side for releasably holding the base strip by adhesive
      grip to a supporting wall, a plurality of sets of coacting clip fingers on
      the forward side of said base strip formed integrally therewith, the clip
      fingers of each set having narrow, outwardly-flared tips enabling a handle
      of a toothbrush when held at right angles to said fingers to be pressed
      therebetween, and having outwardly-bowed central portions for gripping
      said handle with a clamping pressure and holding the same releasably
      therebetween, wherein said adhesive coating is protected by a flexible
      releasable liner when the holder is not in use, including means on said
      holder for removably retaining said liner thereto after its removal from
      said adhesive coating for reapplication over said adhesive coating after
      the holder is stripped from a wall surface, wherein said liner-retaining
      means comprises a spool to which one end of said liner is secured, a clip
      at one end of said base strip for releasably holding said spool when said
      liner applied to said adhesive coating, and a clip at the other end of
      said base strip for releasably holding said spool with said liner wound
      thereon after the spool has been detached from said first clip and rolled
      along the back side of said base strip to peel the liner from said
      adhesive coating.
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ABST
PAL  A message holder rack is used to hold a plurality of written messages for a
      plurality of users. The rack comprises a bottom base with end upward
      extending columns, wherein a clip assembly cooperates between the upper
      portions of the columns. The clip assembly consists of a plurality of
      clothespin clips and cylindrical members arranged in an alternate
      sequence, wherein the clips are rotatably joined to the cylindrical
      members.
BSUM
PAR  Our invention relates to a unique and novel rack for holding written
      messages.
PAR  A number of U.S. Pat. Nos. 1,178,237; 1,893,570; 2,116,386; and 3,343,683
      have been employed as racks for holding various articles, but these
      aforementioned patents are non-applicable to our present invention.
PAR  An object of our present invention is to provide a rack for holding
      messages, wherein a plurality of persons can simultaneously use the rack.
PAR  A further object of our present invention is to provide a plurality of clip
      members for holding the messages, wherein the clip members are capable of
      being vertically rotated.
PAR  A still further object of our present invention is to provide a message
      holder rack of simple design and low manufacturing cost, wherein the rack
      is lightweight and portable.
PAR  Briefly, our present invention comprises a bottom base with end upward
      extending columns, wherein a clip assembly cooperates between the upper
      portions of the columns. The clip assembly consist of a plurality of
      clothespin clips and cylindrical members arranged in an alternate
      sequence, wherein the clips are rotatably joined to the cylindrical
      members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a front view of the message holder rack;
PAR  FIG. 2 illustrates a top cross sectional view of the message holder rack;
PAR  FIG. 3 illustrates an end sectional view of an upper end of a column of the
      message holder rack;
PAR  FIG. 4 illustrates a front view of a clothespin clip rotatably joined to
      two juxapositioned cylindrical members; and
PAR  FIG. 5 illustrates a side cross sectional view of FIG. 4 along line 5--5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1,
      2 show a message holder rack 10 used to hold a plurality of pieces of
      paper. The rack 10 consist of an elongated rectangular base 11 having a
      pair of upward extending support columns 12, 13 affixed to the top face 36
      at the outer ends 14, 15 of base 11. The upper portion 18, 19 of each
      column 12, 13 contains a transverse aperture 16, 17 therethrough, wherein
      aperture 16, 17 are aligned. A horizontally placed clip assembly 20
      cooperates between the upper portions 18, 19 of the columns 12, 13. The
      clip assembly 20 comprises a plurality of conventional styled clothespin
      clips 21 and clyindrical members 22 arranged in an alternate sequence,
      wherein the clips 21 and members 22 are rotatably joined to each other in
      the alternate sequence, and two members 22 forms the outer ends of the
      assembly 20.
PAR  Each clip 21 as shown in FIGS. 4, 5 consist of a pair of duplicate
      companion parts 23, 24 with upper end providing jaws 25, 26, wherein the
      median portion of parts 23, 24 are joined together by a conventionally
      uniting spring assembly 26. The spring assembly 37 joins the parts 23, 24
      together, wherein the lower finger grip ends 27, 28 are spread apart a
      normal divergent relationship. When the finger grip ends 27, 28 are
      squeezed together, the jaw ends 25, 26 are spread apart allowing the paper
      to be inserted within the jaw ends 25, 26. When pressure is released from
      the finger grip ends 27, 28 the jaw ends 25, 26 clamp together on the
      paper. An L shaped stout wire 29 has a longer 30 and a shorter 31 leg,
      wherein the shorter leg 31 and inner portion of the longer leg 30 is
      embedded into each jaw end 25, 26 of each clip 21. The free end 32 of each
      longer leg 30 protrudes laterally outward from the outside face 33 of each
      jaw grip 25, 26. A bearing assembly 34 is contained in a longitudinal
      opening 35, contained in each end of each cylindrical member 22. The free
      end 32 of each longer leg 30 is rotatably contained within each bearing
      assembly 34, wherein the longer leg 30 can move longitudinally back and
      forth within the bearing assembly 34 as the jaw ends 25, 26 of the clip 21
      open and close.
PAR  The combination of each clip 21 and two joined L shaped wires 29 can freely
      rotate in a vertical plane as shown by phantom lines 38 of FIG. 1 with
      respect to the two juxapositioned cylindrical members 22 on either side of
      the clip 21. When a piece of paper is inserted between the jaw ends 25, 26
      of the clip 21, the weight of the paper causes the jaw ends 25, 26 to
      vertically rotate downward 180.degree. from their normal top position. The
      clips 21 can be formed from wood, metal or plastic in a plurality of
      colors, wherein a plurality of messages can be held for a plurality of
      persons assigned different colored clips 21.
PAR  As shown in FIG. 3, each outer cylindrical member 22 is joined to the upper
      portion 18, 19 of columns 12, 13 by a screw member 39 passing through each
      aperture 16, 17 and threadly engaging each longitudinal opening 35 of each
      outer cylindrical member 22.
PAR  Hence, obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as an illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what we claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A message holder rack adapted to hold a plurality of pieces of paper,
      which comprises:
PA1  a. an elongated base;
PA1  b. a pair of upwardly extending columns affixed to an upper surface at each
      end of said base, an upper portion of each said column having a transverse
      aperture therethrough;
PA1  c. a clip assembly consisting of conventional clothespin clips and
      cylindrically shaped members arranged in an alternate sequence, two said
      cylindrically shaped members forming the outerends of said clip assembly,
      said clothespin having two companion parts joined together at their median
      portions with a spring assembly, each said companion part having a finger
      grip end and a jaw grip end, each said cylindrically shaped member having
      a longitudinal opening in each end of said cylindrically shaped member;
PA1  d. a bearing assembly contained in each said longitudinal opening of said
      cylindrically shaped member;
PA1  e. a plurality of L-shaped wires, each said wire having a longer and a
      shorter leg, said shorter leg and an inner portion of said longer leg of
      each said wire embedded in said grip end of each said companion part, a
      free end of said longer leg of each said wire rotatably contained in one
      said bearing assembly in one said cylindrically shaped member, said longer
      leg having longitudinal freedom of movement back and forth within said
      bearing assembly as each said jaw grip end opens and closes; and
PA1  f. a means for joining said clip assembly to said upwardly extending
      columns.
NUM  2.
PAR  2. A rack as recited in claim 1, wherein said means for joining includes
      one screw member extending through each said aperture of each said column
      and threadably engaging into one said longitudinal opening of one said
      cylindrically shaped member.
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PAL  Bundles of paper, or the like, are conveyed along a horizontal table from
      which they pass onto a downwardly inclined table arranged at the end of
      the horizontal table. The bundles slide down this inclined table into the
      hopper where they are collected. A pin is mounted in the vicinity of the
      downwardly inclined table for reciprocating movement through an aperture
      in the table. The pin and aperture are arranged so as to lie a certain
      distance from the path of travel of the center of gravity of the bundles
      so that when the pin is translated through the aperture to interrupt the
      path of every second bundle, it causes the bundle to rotate by 90 degrees
      and thereby form a crosswise laying of the bundles in the collection
      hopper. The aperture through which the pin extends can be in the form of a
      hole, or of a slot through which the pin is rotated.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to the preparation of papers, or the like,
      into bundles and then into compendiums, pamphlets, and the like.
PAR  In the prior art, the papers, after being gathered into a bundle, were laid
      partly overlapping in a vibration machine where each bundle became
      separate from the other and was evened up.
PAR  The present invention provides a simple and reliable solution to the
      problem of gathering and laying the bundles in overlapping relation and of
      evening each bundle.
PAR  According to the present invention, papers stored in feeding hoppers are
      conveyed along a horizontal roller table by an endless belt and pad
      attached to the belt and are formed into bundles. After reaching the end
      of the horizontal table, the bundles drop to a downwardly inclined table
      where they slide down under the force of gravity to a collecting hopper
      located directly beneath the downwardly inclined table. The collecting
      hopper is inclined relative to a horizontal and vertical plane
      intersecting the top edge of the hopper. A pair of abutments emanate from
      two mutually perpendicular edges of the hopper to arrest the movement of
      the bundles and gather them into a stack. A vibration machine is mounted
      under the bottom face of the collecting hopper and bundles stacked within
      it so as to even up each bundle in a neat, orderly arrangement.
PAR  In order to properly discriminate between each bundle, the present
      invention provides a reciprocating pin that is translated through an
      aperture in the downwardly inclined table. The pin, when extended through
      the aperture, interrupts the path of travel of a bundle such that the
      bundle is caused to rotate through an angle of 90.degree.. By extending
      the pin through the aperture so that only every other bundle has its path
      of travel interrupted and, therefore rotated, a crosswise laying of the
      bundles in the collecting hopper is achieved. Accordingly the bundles are
      arranged in a stack where each bundle positioned at right angles to the
      one on either side of it.
PAR  The movement of the pin is controlled by the path of travel of the bundles
      along the horizontal table. The pin could be controlled by any well-known
      device such as an electromagnetic switch arranged to be contacted by the
      pad mounted on the endless belt.
PAR  To provide different sized papers or the like, the downwardly inclined
      table may be mounted for longitudinal and transver movement relative to
      the horizontal roller table. By adjusting this downwardly inclined table,
      bundles of different sizes may be collected in the hopper in a crosswise
      fashion.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic side view of a device according to the present
      invention;
PAR  FIG. 2 is a front view taken along line II--II in FIG. 1; and
PAR  FIG. 3a - FIG. 3c each afford a top view taken along line III--III in FIG.
      1, and show how a typical bundle is rotated through a 90.degree. by the
      obstructing pin.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, feeding hoppers 1 store the papers, or the like, that are to be
      formed into bundles. Located above the feeding hoppers 1 is a roller table
      2 on which the papers are conveyed and formed into bundles in a
      conventional manner. The papers are formed into bundles 15 and conveyed
      along the roller table 2 by a gathering pad 3 attached to an endless belt
      4. The endless belt 4 runs over a pulley 5, and may be driven by any
      conventional means such as an electric motor (not shown). The bundles are
      transported downstream which is to the left in FIG. 1.
PAR  Mounted downstream of the roller table 2 is a downwardly inclined table 6.
      The upstream end of the table 6 lies adjacent to and somewhat below the
      downstream end of the roller table 2. When the bundles are conveyed along
      the roller table 2 and reach the downstream end they drop onto the table
      6. Table 6 is inclined so that each bundle 15 slides down it under the
      force of gravity.
PAR  The table 6 has an aperture formed in its downstream half. A pin 8
      connected at its lower end to a driving means 9, which may be an
      electromagnetic motor, or any other conventional power source, is movable
      in the aperture 7. The driving means 9 is mounted below the table 6 on the
      side opposite to the path of the bundles 15. Pin 8 is reciprocated in the
      aperture 7 by driving means 9 such that its top portion is moved from a
      position where it extends above the plane of table 6 to a position where
      it is located below the plane. The pin 8, and therefore the aperture 7, is
      located such that the path of travel of the center of gravity of the
      bundles 15 is a certain distance from the pin 8 (FIG. 3).
PAR  Mounted below the table 6 at its downstream end is a collecting hopper 10.
      The collecting hopper 10 has an upstream edge 20 located a certain
      distance below the downstream end of the table 6.
PAR  The hopper 10 is inclined relative to a vertical plane extending in a
      direction perpendicular to the horizontal plane of the table 2, and a
      horizontal plane parallel with the table 2, both planes intersecting the
      upstream edge 20. Typically, the angle with respect to the vertical plane
      is about 20.degree. (FIG. 1) and the angle with respect to the horizontal
      plane is about 35.degree.. As seen in FIG. 2, the angle with respect to
      the horizontal plane makes the hopper 10 tilt to the left causing the
      bundles 15 to descend to the lower left corner of the hopper. Edges 21 and
      22, which are perpendicular to each other, mount edgings 12. Each edging
      12 extends to near the lower left corner of the hopper 10 but does not
      reach it. The bundles 15 falling from the table 6 strike the face of the
      hopper 10 and accumulate in the lower left portion of the hopper as seen
      in FIG. 2.
PAR  Mounted beneath the hopper 10 on the face opposite to the one supporting
      the bundles 15 is a vibration machine 11 that vibrates the hopper 10 for
      causing all the papers in the bundles to even up and afford a neat
      package.
PAR  The operation of the device will now be described. The papers stored in the
      feeding hoppers a are conveyed downstream by the pad 3 and endless belt 4.
      Upon reaching the downstream end of the roller table 2, the bundles that
      are formed drop onto the downwardly inclined table 6 where they descend by
      the force of gravity. The reciprocating pin 8 is extended through the
      aperture 7 so that every other bundle 15 is rotated by 90 degrees as shown
      in FIGS. 3a - 3c. The driving means 9 which reciprocates the pin 8 is
      actuated by a microswitch 18 (FIG. 1) controlled by the movement of the
      pad 3. The switch 18 is connected in series with a power source (not
      shown) and the driving means 9. After the bundle has travelled the full
      distance of table 6, it falls into the hopper 10 where it rests in the
      lower left portion. The fall from the table 6 is facilitated by cutting
      out the right hand part of the table front as shown in FIGS. 3a - 3c.
      Since every other bundle is rotated by 90.degree., the bundles are
      arranged in a crisscross fashion in the hopper for subsequent use.
PAR  The table 6 is also made adjustable in the longitudinal directional
      parallel with the path of transport, and the transverse direction which is
      perpendicular to the path of transport. This is done to accommodate
      different sized papers and bundles. For every paper size there is a most
      suitable distance between the center of gravity of the bundles and the pin
      8, and this distance is determined by the linear velocity of the bundles,
      the friction between the bundles and the table 6, and the inclination of
      the table 6. Therefore, the displacement in the longitudinal direction is
      determined by the fact that one must let the bundles 15 go free from the
      pad before it engages the pin 8. The displacement in the transverse
      direction is determined by that for every bundle size there should be a
      certain distance between the path of travel of the center of gravity of
      the bundle and the pin 8.
PAR  In order to simplify an adjustment of the table 6, two edges of the table
      may be provided with markings corresponding to specific paper sizes.
      Corresponding markings are arranged, for example, at the frame of the
      table. Therefore, the present invention may be easily adapted to handle
      bundles of different standard sizes such as A3, A4, A5, or the like.
PAR  Several modifications of the device are possible. The driving means 9 for
      the pin 8 may be a linear motor having a short stroke length, or a relay
      rocker whose movement displaces the pin 8 at its end positions.
      Alternatively, the pin 8 may be arranged radially on the shaft of a step
      motor where rotation controls the position of the pin. Here, the aperture
      7 will be in the form of a slot so that the pin 8 may enter and exit
      radially. The driving means may also be a cam controlled lever.
PAR  Other modifications are possible. For example, the angle of the hopper 10
      may be altered about 20.degree. to 25.degree. with respect to the
      horizontal or vertical planes.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for crosswise stacking of rectangular bundles of paper or the
      like comprising
PA1  conveying uniformly the bundles in a horizontal plane and then permitting
      the bundles to freely slide on a downwardly inclined plane at an angle to
      the horizontal plane along a substantially straight path,
PA1  interrupting said path of movement of every other bundle at a point
      displaced from the path of movement of the center of the gravity of the
      bundles,
PA1  gathering all of the bundles in a stack by letting them freely slide over
      the downstream edge of said inclined plane and drop down onto each other,
      the first bundle being received on a second plane sloping downwardly
      partly in the direction of said conveying path and partly in a direction
      transverse to the last mentioned direction, and
PA1  arresting the movement of the bundles in said directions,
PA1  the distance between said point and said path of movement of the center of
      gravity being chosen to provide a generally 90.degree. rotation of said
      every other bundle during its unobstructed movement between said
      interruption and the engagement with said stack.
NUM  2.
PAR  2. A method as set forth in claim 1 further comprising the step of
      vibrating said stack during and after the stacking operation in order to
      bring the bundles into full contact with the arresting means.
NUM  3.
PAR  3. A device for crosswise stacking of rectangular bundles of paper or the
      like comprising
PA1  means for uniformly conveying the bundles along a substantially horizontal
      path,
PA1  an inclined table having one upstream end in the vicinity of the ending
      downstream point of said horizontal path and inclined downwardly from and
      forming an angle with said means for conveying,
PA1  an opening formed in said table in an area distant from the path of travel
      of the center of gravity of the bundles as the bundles freely slide along
      said inclined table from said means for conveying in a straight
      continuation of said conveying path,
PA1  means for interrupting the path of travel of the bundles, reciprocation in
      said opening,
PA1  means for reciprocating said means for interrupting the bundles through
      said opening so that every other bundles is interrupted,
PA1  means controlled by the movement of the bundles along said horizontal path
      for activating said means for reciprocating,
PA1  a gathering hopper below said inclined table, comprising a face plate
      having a front upstream edge in the vicinity of the downstream end of said
      table,
PA1  said hopper being inclined downward and forming an angle with a horizontal
      plane partly in the direction of said collecting path and partly in a
      direction transverse to last mentioned direction, said hopper further
      comprising two abutments, one abutment formed on each of the two lowermost
      edges of said front plate, said abutments being arranged perpendicular to
      each other,
PA1  the distance between said interrupting means and said path of travel of the
      center of gravity of the bundles being arranged such as to cause said
      every other bundle to unobstructedly rotate substantially 90.degree.
      during its movement between said interrupting means and said hopper.
NUM  4.
PAR  4. The device according to claim 3, wherein said means for interrupting the
      path of travel comprises a pin extending at a right angle to the table.
NUM  5.
PAR  5. The device according to claim 4, wherein said means for reciprocating
      comprises a motor.
NUM  6.
PAR  6. The device according to claim 5, wherein said means for activating said
      motor comprises a microswitch, said microswitch located along the path of
      travel of said means for conveying and to arranged to be controlled
      thereby.
NUM  7.
PAR  7. The device according to claim 3, wherein said table is movable
      longitudinally along the path of transport of the bundles, and
      transversely perpendicular to the path of transport of the bundles.
NUM  8.
PAR  8. The device according to claim 3, further comprising vibration means
      located at one face of said face plate for vibrating said hopper so as to
      even up the edges of the bundles.
NUM  9.
PAR  9. The device according to claim 3, wherein said means for conveying
      comprises an endless conveyor belt movable along said horizontal path, a
      roller table parallel with and directly beneath said conveyor belt, and a
      gathering pad attached to said conveyor belt for moving the bundles along
      said roller table till the bundles fall from the end of said roller table
      on to said inclined table.
NUM  10.
PAR  10. The device according to claim 3, wherein said opening in said inclined
      table is a slot extending transversely across said inclined table, said
      means for interrupting comprises a pin, and said means for reciprocating
      comprises a step motor having a shaft, said pin connected to said shaft
      for reciprocating movement into and out of said slot in a radial direction
      taken along the axis of the shaft.
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ABST
PAL  Apparatus for receiving a stack of articles, such as rectangular cartons,
      disposed in a plurality of substantially horizontal layers and
      successively removing layers from the stack. The apparatus includes a
      bottom support onto which the stack may be conveyed, and an upright side
      support against which one side of the stack is supported. A top support is
      mounted on the side support in a position overlying the bottom support and
      is shiftable under power toward and away from the bottom support to clamp
      against the top of the stack. The bottom support, side support, and top
      support may be swung, concurrently, about a common, substantially
      horizontal axis 90.degree. in the direction of the side support to lay the
      stack over on its side with the same being supported by the bottom, side
      and top supports. The bottom support then is swingable under power from
      this laid-over position to return to its substantially horizontal position
      to return the bottommost layer in the stack to its initial, substantially
      horizontal position, while remainder layers in the stack remain supported
      in their laid-over position by the side and top supports. A conveyor is
      operable to carry the removed layer from the receiving station, after
      which the bottom support is swung under power to its upright position
      again, the top support is shifted under power toward the bottom support to
      slide the stack toward the bottom support, and the bottom support again is
      returned to its horizontal position to remove the next layer from the
      stack.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to apparatus and a method for removing successive
      layers of articles from a stack, and thereafter forming them into a row
      wherein each article in the row has a preselected orientation.
PAR  Various articles, such as cases, or cartons, of bottled or canned goods
      often are stacked in a plurality of vertically stacked, unconnected,
      substantially horizontal layers on a pallet, for transporting and
      handling. Various means and methods have been devised in the past in an
      attempt to provide efficient and safe means for unloading, or
      depalletizing, articles from such a stack. However, past devices, for the
      most part, have proved less than desirable, and for this reason hand labor
      is still the most used means for depalletizing a load.
PAR  A general object of the present invention is to provide novel apparatus for
      receiving a stack of articles disposed in vertically stacked, unconnected,
      substantially horizontal layers and successively removing layers from the
      stack.
PAR  Another object is to provide such novel apparatus in which the articles
      when removed from the stack, and carried away from the stack, are in
      substantially the same orientation they had on arriving at the unstacking
      apparatus, in that they are neither inverted, nor laid on their side when
      fully unloaded.
PAR  More specifically, an object of the present invention is to provide novel
      unstacking, or depalletizing, apparatus which includes a bottom support
      adapted to receive a stack of articles thereon, a side support operable to
      support an upright side of the stack, and means for laying the stack over
      in the direction of the side support with the side support and bottom
      support remaining in contact with their respective sides of the load, to
      support the load as it is laid over. The apparatus also includes means for
      then returning the bottom support to its substantially horizontal position
      to return the bottom layer of the stack to a horizontal position where it
      may be conveyed away, while remainder layers in the stack are held in
      their laid-over positions by the side support. With such apparatus, the
      articles are unstacked, or depalletized, in such a way that they are
      carried away from the stack in substantially the same orientation they had
      on arriving at the apparatus.
PAR  Yet another object is to provide such novel apparatus in which the bottom
      support is returned to an upright position after removal of the first
      layer, and which further comprises a top support operable to engage a top
      side of the stack of articles, and slide it along the side support toward
      the bottom support to facilitate removal of the next layer in the stack.
      In this way, successive layers of the stack may be removed.
PAR  A still further object of the invention is to provide such novel apparatus
      which, after removing a layer of articles from a stack, is operable to
      rearrange the articles from a layer into an elongate row, and carry such
      row away from the unstacking apparatus.
PAR  Where rectangular articles, such as elongate cartons, are carried on a
      pallet in a plurality of layers, they often are disposed in their
      individual layers with various ones of the cartons extending substantially
      normal to other cartons in the layer. With such angular orientation of
      articles in one layer, and a different angular orientation between
      articles in overlying and underlying layers in the stack, a somewhat keyed
      together condition is provided in the stack to provide a more stable load
      and to prevent the stacked articles from toppling from the pallet.
PAR  A still further object of the present invention is to provide novel
      apparatus which is operable to receive a layer of articles in which
      certain articles in the layer are in angularly disposed relationships to
      other articles in the layer, form the articles into an elongate row with
      various ones of the articles having their lengths extending transversely
      of the row, carrying the row along a path extending longitudinally of the
      row, and turning such transverse articles to a position in which their
      lengths extend longitudinally of the row. With such apparatus, all of the
      articles from a layer may be disposed with their lengths extending
      longitudinally of the row.
PAR  Another object of the present invention is to provide a novel method for
      removing articles from a layered stack including the steps of receiving
      the stack at a receiving station, laying the stack of articles over on its
      side, and thereafter removing successively from the bottom of the stack
      layers of such articles and conveying them away from the receivng station.
DRWD
PAC  DRAWINGS
PAR  These and other objects and advantages will become more fully apparent as
      the following description is read in conjunction with the drawings,
      wherein:
PAR  FIG. 1 is a perspective view of apparatus constructed according to an
      embodiment of the invention;
PAR  FIG. 2 is an enlarged view of a portion of the apparatus taken generally
      along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a view taken generally along the line 3--3 in FIG. 2;
PAR  FIG. 4 is a top plan view taken generally along the line 4--4 in FIG. 2;
PAR  FIG. 5 is an enlarged view of a pallet magazine in the apparatus taken
      generally along the line 5--5 in FIG. 1;
PAR  FIG. 6 is a view of a pallet holding member in the pallet magazine taken
      generally along the line 6--6 in FIG. 5;
PAR  FIG. 7 is a top plan view of article orienting apparatus taken generally
      along the line 7--7 in FIG. 1; and
PAR  FIGS. 8--13 are views taken generally along the line 2--2 in FIG. 1,
      illustrating sequentially the pattern of operation of a portion of the
      apparatus of the invention.
DETD
PAC  DETAIL DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings, and first more specifically to FIG. 1, at 10 is
      indicated generally apparatus constructed according to an embodiment of
      the invention. The apparatus includes generally an infeed conveyor section
      12, a tilt frame depalletizer section 14, an outfeed conveyor section 16,
      a pallet receiving and storage magazine 18, and an article orienting
      section 20.
PAR  Infeed conveyor 12, tilt frame depalletizer 14, and outfeed conveyor 16 are
      all mounted on a common mounting frame indicated generally at 22. Mounting
      frame 22 includes a pair of laterally spaced, parallel, elongate side
      plates 24, 26 which are supported intermediate their opposite sets of ends
      on a base frame 30.
PAR  Referring to FIGS. 1--4, base frame 30 includes a pair of elongate,
      horizontal, laterally spaced end beams 32, 34 paralleling side plates 24,
      26. End beam 32 is disposed beneath and intermediate side plates 24, 26
      and end beam 34 is spaced laterally outwardly a distance from side plate
      26, as is best seen in FIGS. 1, 2 and 4. Elongate, laterally spaced,
      substantially horizontal side beams 36, 38 extend between and are secured,
      as by welding, to opposite sets of ends of end beams 32, 34 to form a
      substantially rectangular base frame.
PAR  A pair of laterally spaced, substantially parallel, support plates 42, 44
      (see FIGS. 2, 3 and 4) are secured, as by welding, to side beams 36, 38,
      respectively, and project upwardly therefrom adjacent side plate 26.
PAR  An elongate, substantially horizontal, shaft 46 extending substantially
      parallel to side plate 26 is jouraled for rotation adjacent its opposite
      ends in upper portions of plates 42, 44.
PAR  Infeed conveyor section 12 includes a plurality of elongate, parallel,
      substantially horizontal rollers 50 journaled adjacent their opposite sets
      of ends in side plates 24, 26. The upper surfaces of rollers 50 lie in a
      common horizontal plane. Rollers 50 are connected to powered drive means,
      whereby they may be rotated under power to carry a load, such as that
      indicated generally at 54 in FIG. 1 toward depalletizer section 14.
PAR  As is illustrated in FIGS. 1--3, load 54 may be a palletized stack of
      cartons or other articles. Explaining further, a pallet 56 supports a
      plurality of cartons, or other articles thereon. In the illustrated load,
      a plurality of rectangular cartons 60 having lengths greater than their
      widths, such as would be used for carrying bottled or canned goods, are
      stacked in a plurality of vertically stacked, unconnected substantially
      horizontal layers, indicated geneerally at 60a, b, c, d, e, with layer 60a
      being the bottom layer in the stack. In each layer, certain of the cartons
      may be oriented with their lengths extending normal to other cartons in
      the layer. Further, various cartons in overlying and underlying layers are
      disposed normal to each other to form a stack in which the cartons in the
      various layers aare somewhat keyed together to produce greater stability
      and resistance to separation in the stack.
PAR  An elongate guide, or positioning, member 62 is disposed adjacent the set
      of ends of rollers 50 nearest side plate 24. Member 62 is adjustable to
      desired positions to urge a load, such as that indicated generally at 54,
      in the direction of side plate 26 to a desired position on the infeed
      conveyor section.
PAR  Describing tilt frame depalletizer section 14 in greater detail, it
      includes generally a bottom support 68, an upright side support 70, and a
      top support 72.
PAR  Describing bottom support 68 in detail, it includes a pair of laterally
      spaced, parallel, elongate side support plates 78, 80 (see FIGS. 2, 3 and
      4) which extend transversely between side plates 24, 26 of the mounting
      frame. Each of support plate 78, 80 has the configuration illustrated in
      FIG. 2 for plate 80, with an elongate leg 80a and a shorter leg 80b
      projecting normally outwardly therefrom. Each of side support plates 78,
      80 is journaled in the region of its shorter leg portion on shaft 46 for
      rotation freely thereabout.
PAR  Disposed intermediate side support plates 78, 80 is an intermediate support
      plate 82 which has generally the side view configuration of that
      illustrated for side support plate 80, but which also has a rearwardly
      projecting leg portion 82a (see FIG. 2) which projects outwardly therefrom
      on the opposite side of shaft 46. Intermediate support 82 similarly is
      journaled for rotation freely on shaft 46.
PAR  An elongate, substantially horizontally disposed angle member 84 is secured
      to and extends transversely of the outer set of ends of support plates 78,
      80, 82 adjacent side plate 24 of the mounting frame. An elongate, upright
      plate 86 extends in the direction of and adjacent side plate 26 of the
      mounting frame and is secured to the shorter leg portions of support
      plates 78, 80 and 82.
PAR  A plurality of elongate, parallel, laterally spaced, rollers 90 extend
      transversely between and are journaled adjacent their opposite sets of
      ends on angle member 84 and plate 86. As is best seen in FIGS. 2 and 3,
      the tops of rollers 90 are disposed in a substantially common plane above
      the elongate legs of support plates 78, 80 and 82, while plate 86 projects
      a distance above the tops of rollers 90 to form a lip projecting above the
      rollers. Plate 86 projects above rollers 90 a distance slightly less than
      the height of the shortest layer in load 54, whether that be pallet 56 or
      one of the layers of cartons 60. In the embodiment illustrated, pallet 56
      has the smallest vertical dimension, and thus lip 86 extends above rollers
      90 a distance slightly less than the height of pallet 56.
PAR  With the construction of bottom support 68 as thus far described, it is
      mounted for swinging about shaft 46 between a generally horizontal, or
      first, position (as illustrated in FIGS. 1, 2, 3 and 4) in the direction
      of arrows shown in FIG. 2 to a substantially upright, or second, position.
PAR  As is seen in FIG. 2, each of rollers 90 has an annular groove 92 formed
      therein adjacent its end journaled on angle member 84. Referring to FIG.
      3, a pair of laterally spaced pulleys 96, 98 journaled on side plate 24 of
      the mounting frame, and a plurality of support pulleys 100 interposed
      therebetween, support an elongate, endless, flexible V-belt 94 with an
      upper horizontally disposed elongate reach adjacent the grooved ends of
      the rollers. The V-belt is in a position to fit within grooves 92 in
      rollers 90 when bottom support 68 is in its first position, as illustrated
      in the figures. Should the bottom support be swung upwardly from the
      position illustrated, rollers 90 are moved out of contact with V-belt 94.
      A hydraulic motor 102 is operatively connected to pulley 96 for driving
      belt 94 to rotate rollers 90 when the support frame is lowered to produce
      movement of a load supported on rollers 90.
PAR  A pair of laterally spaced control rollers 106, 108 (see FIG. 1) are
      interposed between spaced sets of rollers 90 adjacent what may be
      considered the downstream end of the tilt frame depalletizer. Rollers 106,
      108 are spring biased upwardly into a normally raised position with their
      upper surfaces above rollers 90. A load, such as that indicated generally
      at 54, carried on rollers 50 and rollers 90 of the infeed conveyor and
      tilt frame depalletizer sections respectively, will be carried into
      positions over rollers 106 and 108 to depress the same. Rollers 106, 108
      are operatively connected to control mechanism for motor 102 whereby when
      a load depresses roller 106, it shuts off a portion of the supply of the
      operating fluid flowing to motor 102 to slow the rotation of rollers 90,
      and upon the load reaching roller 108 and depressing the same, control
      mechanism interconnecting it and the supply of pressure fluid to motor 102
      stops the motor to stop the load in a desired position on the
      depalletizer. A load stopped in the desired position is illustrated in
      dot-dash phantom outline at 54A in FIG. 1 and in solid outline in FIGS. 2,
      3 and 4.
PAR  Mounted on angle member 84 and extending over the outer sets of ends of
      rollers 90 in the direction of plate 86 are three hydraulic rams 110.
      Attached to the rod end of each of rams 110 is a gripping member 112 which
      is shiftable toward and away from plate 86 in a plane overlying rollers
      90.
PAR  Referring to FIGS. 2 and 3, mounted on and projecting upwardly from end
      beam 32 of the mounting frame are a pair of laterally spaced, upright,
      screw-adjustable support devices 114. Each of devices 114 underlies a side
      support plate 78, 80 of the bottom support and is adapted to provide
      support for the bottom support when it is in its first position
      illustrated in FIGS. 2 and 3.
PAR  Describing side support 70, it includes a pair of laterally spaced,
      parallel, elongate columns 116, 118 which are journaled at their lower set
      of ends for rotation freely on shaft 46. A substantially rectangular side
      support plate 120 is secured to what may be considered the inwardly facing
      set of edges of columns 116, 118. The lower edge of plate 120 overlies and
      is contiguous the upper edge of plate 86 on the bottom support when the
      two sections aare in the positions shown in FIGS. 1, 2 and 3. A pair of
      elongate, laterally spaced slots 122 in side support plate 120 extend
      parallel to columns 116, 118.
PAR  Describing top support 72, it includes a pair of laterally spaced, elongate
      side plates 124 having rollers, such as those indicated generally at 128
      (FIG. 2) journaled thereon for engaging and rolling longitudinally along
      columns 116, 118. A substantially rectangular top support plate, or
      clamping member, 134 is supported on plates 124 in a position cantilevered
      substantially normally outwardly from side support plate 120 and overlying
      rollers 90 of the bottom support. Top support plate 134 thus is mounted,
      through rollers 128, for movement along columns 116, 118 toward and away
      from rollers 90 with plate 134 maintained substantially normal to side
      support plate 120 throughout such movement.
PAR  Referring to FIGS. 2, 3 and 4, an elongate substantially horizontal shaft
      138 extends transversely of the tops of columns 116, 118 and is journaled
      for rotation thereon. A pair of laterally spaced sprockets 140 are secured
      to shaft 138 substantially in line with slots 122. A similar set of
      sprockets are secured to shaft 46 adjacent the bottom of columns 116, 118,
      also substantially in line with slots 122. A pair of elongate, endless,
      chains 142 are trained over sprockets 140 on shaft 138 and their
      corresponding sprockets on shaft 46. A pair of lugs 146 secured to top
      support plate 134 extend through slots 122 and are connected to chains
      142.
PAR  A reversible motor 150, operatively connected to shaft 46 through a
      combination of sprockets and a drive chain 152 is operable, to rotate
      shaft 46 to produce movement of chains 142, thus to move top plate 134 as
      desired longitudinally along columns 116, 118.
PAR  A pair of elongate, extensible-contractible rams 158, 160 are operatively
      connected at one set of their ends to base frame 30 adjacent end beam 34
      and adjacent their opposite set of ends to intermediate regions of columns
      116, 118 on side support 70. With rams 158, 160 extended, as illustrated,
      side support 70 and top support 72 are in their first positions
      illustrated in solid outline in FIG. 2, with side support plate 120
      substantially upright, and top support plate 134 substantially horizontal
      and overlying rollers 90. Retraction of rams 158, 160 serves to swing side
      support 70 and top support 72 concurrently about shaft 46 to lay them over
      in the direction of the arrows in FIG. 2 to the laid-over position shown
      in dot-dash outline at 70A, 72A.
PAR  An elongate, extensible-contractible ram 164 is connected adjacent one of
      its ends to leg portion 82a of the intermediate support member 82 for the
      bottom support and at its other end to an upper section of side support
      70. With ram 164 extended as illustrated, and held in this position,
      bottom support 68 will be maintained substantially normal to side support
      70. This allows it to be swung with side support 70 and top support 72
      about shaft 46 on retraction of rams 158, 160, whereby when the side
      support is swung to its laid-over, substantially horizontal, second
      position as illustrated at 70A, bottom support 68 projects upwardly
      therefrom to the position shown in dot-dash outline in FIG. 2 at 68A.
      Retraction of ram 164 then swings bottom support 68, independently of side
      support 70 and top support 72, back toward its first position illustrated
      in solid outline in FIG. 2.
PAR  A pair of screw-adjustable support devices 170 are positioned to provide
      support for side support 70 and top support 72 when they are swung to
      their laid-over position illustrated in dot-dash outline in FIG. 2.
PAR  Outfeed conveyor section 16 includes a plurality of elongate, parallel,
      laterally spaced, substantially horizontal rollers 174 which are journaled
      adjacent their opposite sets of ends in side plates 24, 26. A motor 176 is
      operable to drive rollers 174, whereby a load supported thereon is
      conveyed in a downstream direction, away from tilt frame depalletizer
      section 14. an elongate guide plate 178 extending along one side of the
      outfeed conveyor section is operable to guide a load as it is carried
      along rollers 174.
PAR  The operation of the apparatus thus far described is as follows. A load 54
      is carried by infeed conveyor section 12 onto depalletizer section 14. As
      the load is moved toward the depalletizer section, it is urged by guide
      plate 62 into a position where its upright side facing side support 70
      will be contiguous side support plate 120. Operation of motor 102
      connected to V-belt 94 serves to rotate rollers 90 whereby they carry load
      54 in a downstream direction thereover. As the load arrives at and
      depresses control roller 106 it slows motor 102 to slow movement of the
      load along rollers 90. As the load reaches and depresses control roller
      108, this stops motor 102 to stop rollers 90 and load 54 in the position
      shown in FIGS. 2, 3, 4 and 8, and as shown in phantom outline at 54a in
      FIG. 1. Motor 150 then is operated to move top support plate 134 to the
      position shown in dot-dash outline at 72B in FIG. 2, clamped against the
      top of load 54.
PAR  Rams 158, 160 then are contracted to swing bottom support 68, side support
      70 and top support 72 about shaft 46 to the laid-over positions shown at
      68A, 70A and 72A in FIG. 2 and as shown in solid outline in FIG. 9. The
      load thus is held and swung from a position in which its layers are
      disposed horizontally (as shown in FIGS. 1, 2, 3 and 8) to a laid-over
      position in which the layers extend substantially vertically (as shown in
      phantom outline in FIG. 2 and as shown in solid outline in FIG. 9). In
      this position, the load is supported on one of its sides on side support
      plate 120, while bottom support 68 and top support 72 support opposite,
      upright ends of the load.
PAR  Gripping rams 110 then are extended to clamp pallet 56 against side plate
      86 on the bottom support. Ram 164 is contracted to swing bottom support 68
      back to its horizontally disposed position (as illustrated in solid
      outline in FIGS. 1, 2, 3 and 10) independently of side support 70 and top
      support 72. This results in returning of pallet 56 to a horizontal
      position. Operation of motor 102 then actuates rollers 90 to carry the
      pallet away from the depalletizer and onto outfeed conveyor section 16.
      After the pallet is conveyed away, bottom support 68 is returned to its
      upright position by extension of ram 164, as illustrated in FIG. 11. Motor
      150 is operated to shift top support 72 and load 54 supported on side
      plate 70 toward bottom support 68 until the bottommost layer 60a is
      clamped against bottom support 68. Gripping rams 110 then again are
      extended to grip the articles in layer 60a, and ram 164 again is retracted
      to return bottom support 68 to its horizontal position (as shown in FIG.
      13) with layer 60a of cartons returning to the horizontal position
      therewith. Motor 102 then is operated again to convey layer 60a in a
      downstram direction onto outfeed conveyor 16, and bottom support 68 is
      swung again to the upright position shown in FIG. 11 and the sequence just
      described from FIGS. 11 through 13 is repeated to successively remove
      individual layers of articles from the stack until the stack is completely
      separated.
PAR  Referring to FIGS. 1 and 7, extending transversely between the downstream
      set of ends of side plates 24, 26 is an elongate shaft 180 on which are
      secured a plurality of rubber rollers 182. Shaft 180 is connected to
      rotating means operable to rotate the same independently of and at a
      faster speed than rollers 174. Rollers 174 and shaft 180 both are
      rotatable under power intermittently and independently of each other.
PAR  Referring still to FIGS. 1 and 7, article orienting section 20 includes a
      pair of elongate, laterally spaced side plates 186, 188 extending normal
      to side plates 24, 26. A plurality of elongate, substantially horizontal,
      laterally spaced power-driven rollers 189 extend between and are journaled
      at opposite sets of their ends in side plates 186, 188 adjacent the
      downstream end of outfeed conveyor 16. Another set of elongate,
      substantially horizontal, laterally spaced, power-driven rollers 190
      extend between and are journaled at opposite sets of their ends in side
      plates 186, 188 laterally of side plate 26 of outfeed conveyor section 16
      as is best seen in FIG. 7, in what may be considered a downstream
      direction from rollers 189.
PAR  Referring to FIG. 1, a motor 191 is operatively connected to rollers 189
      for producing powered turning of rollers 189. Referring to FIG. 7, a motor
      193 is operatively connected to rollers 190 for producing powered turning
      of rollers 190 at a speed faster than the turning of rollers 189. Rollers
      189, 190 together form a powered article conveyor which extends normal to
      outfeed conveyor 16.
PAR  A pair of elongate, laterally spaced, aligning plates 194, 196 are mounted
      adjacent opposite sets of ends of rollers 190 and project upwardly
      therefrom. Plates 194, 196 are mounted for adjustment toward and away from
      each other to selected positions for guiding articles of various sizes.
PAR  Disposed adjacent one set of ends of rollers 190, intermediate outfeed
      conveyor section 16 and aligning plates 194, 196, is an article turning
      device indicated generally at 200. Device 200 includes an elongate
      substantially horizontal bar 202 at opposite ends of which pulleys 204,
      206 are journaled for rotation about substantially vertical axes.
PAR  An elongate, endless, flexible friction belt 210 is trained about pulleys
      204, 206. This produces an elongate, substantially horizontal reach 210a
      for the belt. Bar 202 is mounted on side plate 186 through adjustment
      devices 212 which permit positioning reach 210a as desired relative to
      rollers 190. In the illustrated embodiment, reach 210a is illustrated
      extending at an angle to the path along which articles may be conveyed
      along rollers 190, and thus toward the longitudinal center line of the row
      of rollers 190. A motor 208 operatively connected to pulley 206 is
      operable to drive the pulleys and belt 210 in such a manner that reach
      210a of the belt travels at a substantially faster speed than an article
      will be carried on rollers 190.
PAR  Outfeed conveyor 16 and article orienting section 20 are operable to remove
      articles from a layer conveyed onto the outfeed conveyor section, and to
      form thm into an elongate row wherein all of the articles have like
      orientation in the row. Explaining further, a portion of layer 60a of the
      load removed from the stack is illustrated at the downstream end of
      outfeed conveyor 16 in FIG. 7. As such a layer is moved to a position in
      which the leading group of cartons, or articles, are resting on rollers
      182 conventional control apparatus in the apparatus is operable to stop
      the layer at this point. Shaft 180 then is rotated independently of
      rollers 174 to carry the forwardmost, or leading, row of articles onto
      rollers 189 of section 20. Two of such cartons are illustrated at 60f and
      60g, respectively, in phantom outline.
PAR  As will be noted, the lengthwise dimension of carton 60f is disposed normal
      to the axes of rollers 189, 190, while the lengthwise direction of carton
      60g is disposed parallel to rollers 189, 190. The article orienting
      section of the apparatus is set up to orient all of the articles removed
      from the stack with their lengthwise directions extending normal to
      rollers 189, 190, as illustrated for article 60f.
PAR  When a row of articles, or cartons, are moved by rollers 182 onto rollers
      189, powered rotation of rollers 189 initiates movement of the carton to
      the right in FIG. 7, in the direction of the arrow. As the lead carton in
      the row, herein indicated as 60g, reaches rollers 190 which are being
      rotated faster than rollers 189, the lead carton is accelerated to
      separate it from the following cartons in the row. Subsequent cartons
      moving from rollers 189 onto faster rollers 190 also will be spaced from
      following cartons, thus to provide sufficient room between cartons on
      rollers 190 to allow turning as required.
PAR  As article 60g is conveyed to the right in FIG. 7, over rollers 190,
      turning device 200 is operable to turn it to a position as illustrated for
      carton 60f. Explaining further, as article 60g is carried in a downstream
      direction along rollers 190 at a preselected speed, its side nearest
      article turning device 200 comes into contact with reach 210a of belt 210.
      Since belt 210 is moving at a faster speed than rollers 190 are carrying
      the carton, the carton is rotated about an upright axis, as illustrated in
      the sequential views of FIG. 7, to reorient the carton to a position
      similar to the position of carton 60f. As carton 60f is carried
      therethrough the positioning of belt 210 is such that carton 60f will not
      be turned.
PAR  After the cartons in the first, or lead, row from layer 60a have been moved
      past article-turning device 200, the next row in the layer is moved by
      rollers 174, 182 onto rollers 189, 190 and the same are carried along
      rollers 190 to the right in FIG. 7, with cartons oriented as illustrated
      for carton 60g being turned 90.degree. to the orientation illustrated for
      carton 60f. In this way, a layer may be removed from a load, disassembled,
      and the articles then formed into a row with the articles in the row all
      oriented in a common direction.
PAR  Referring to FIGS. 1 and 5, pallet storage magazine 18 and means for
      diverting pallets thereto will now be described. Storage magazine 18
      includes a main frame having a pair of laterally spaced, parallel,
      substantially horizontal upper support beams 220, 222 and a pair of
      laterally spaced lower support beams such as that indicated generally at
      224, 226, A pair of laterally spaced, elongate, endless support belts,
      such as that indicated generally at 230, are trained over pulleys 232
      adjacent opposite ends of the magazine frame to provide substantially
      horizontal upper reaches 230a for the belts. Upper reaches 230a of the
      belts lie in a substantially common horizontal plane with the upper
      surfaces of rollers 174, 182 of outfeed conveyor section 16, while rollers
      189 of articles orienting section 120 are spaced slightly therebelow.
      Belts 230 are powered for movement whereby their upper reaches may be
      moved to the right in FIG. 5.
PAR  Pivotally connected to the forward end of the magazine frame is an elongate
      fence 234. Fence 234 is swingable about a substantially horizontal pivot
      axis, provided by pivot shaft 236 to which the fence is secured, between a
      stop position, indicated in solid outline in FIG. 5, in which it prevents
      articles from moving beyond rollers 189 and into the magazine and a raised
      position, illustrated in dot-dash outline at 234A, in which articles may
      move through the forward end of the magazine onto belts 230. An extensible
      contractible ram 240 is operatively connected to fence 234 for swinging
      the same between its stop and open positions, respectively. An elongate
      lever arm 242 is secured to shaft 236 adjacent the end of the fence
      farthest from the viewer in FIG. 5. An elongate, upright rod 244 is
      connected at its upper end to lever arm 242. An elongate, substantially
      horizontal support frame 250 is pivotally connected adjacent one of its
      ends at 252 to the lower end of rod 244 and adjacent its opposite end at
      pivot point 254 to the downstream end of the support frame for rollers
      174, 182.
PAR  A pair of upright pulley supports, such as that indicated generally at 256
      are mounted on support frame 250 intermediate rollers 182 and fence 234
      and between laterally spaced pairs of adjacent rollers 189. Pulley support
      256 supports a pair of upright pulleys 260, 262 adjacent its upper end and
      a pulley 264 adjacent its lower end. An elongate, endless, flexible
      friction belt 266 is trained over pulleys 260, 262, 264, respectively, on
      each of the pulley supports. These pulleys and belts are driven through a
      drive chain, indicated generally in dashed outline at 268 which also is
      connected to the power drive for rollers 174 on the outfeed conveyor
      section.
PAR  The mounting of pulley supports 256 on support frame 250 is such that when
      fence 234 is in its lowered, stop, position, as shown in solid outline,
      belts 266 are disposed below the upper surfaces of rollers 189. With
      swinging of fence 234 to its raised, or open, position as shown at 234A,
      belts 266 are raised to the position shown in dot-dash outline with belts
      266 above rollers 189, thus to carry a pallet from the downstream end of
      outfeed conveyor section 16 into magazine 18. After the forward end of a
      pallet has been received on belts 230 powered movement of the upper
      reaches 230a of belts 230 pulls the pallet fully into the magazine.
PAR  Disposed between spaced belts 230 are a pair of parallel, elongate,
      horizontal lifting bars 280. Each of these bars is connected to a vertical
      lifting rod, such as that illustrated at 282, which is shiftable
      vertically through a guide sleeve 284. An extensible-contractible ram 286
      is connected, through a bell crank 288, to the lower end of each of rods
      288 in such a manner that with ram 286 contracted, as illustrated in FIG.
      5, bars 280 are below reaches 230a of the belts and upon extension of ram
      286 bars 280 are raised above reaches 230a of the belts.
PAR  Supported on beams 220, 222 are a plurality of pallet holdings dogs 290
      having the general configuration illustrated in FIG. 6. Each of the dogs
      is mounted between a pair of upstanding supports 292 and is freely
      swingable on a shaft 294 extending between supports 292.
PAR  Each dog 290 has a sloping surface 290a which slopes inwardly toward the
      center of the magazine on progressing upwardly. A substantially horizontal
      support surface 290b extends inwardly on the dog toward the center of the
      magazine from pivot shaft 294.
PAR  On lifting of a pallet, by raising bars 280, opposite edge portions of the
      pallet 56 contact the inclined, inwardly facing surfaces 290a of opposed
      dogs 290 and swing them outwardly whereby the pallet may move upwardly
      past the dogs. As the pallet moves above the dogs, the dogs swing back in
      and under the pallet with their support surfaces 290b under the edges of
      the pallet. Subsequent lowering of bars 290 causes the pallet to come to
      rest on support surfaces 290b of the dogs, as illustrated in phantom
      outline at 56A for a pallet in FIG. 6.
PAR  Describing operation of the pallet storage magazine and means for diverting
      pallets thereto, when a pallet is conveyed toward the magazine on outfeed
      conveyor section 16, ram 240 is extended to raise fence 234 to its open
      position and to raise belts 266 above the level of rollers 189. A pallet
      conveyed off of the downstream ends of the rollers of section 16 are
      carried by belts 266 into the pallet magazine and onto belts 230.
      Thereafter, the pallet is raised by bars 280 to be supported on dogs 290.
      Thereafter, fence 234 and belts 266 are lowered to prevent other articles,
      such as cartons, from moving into the magazine. The pallet storage
      magazine thus is operable to accept pallets for storage and stack them in
      an accumulated stack after which they may be removed by a lift truck or
      other carrying means.
PAR  Conventional forms of sensing and control mechanism are connected to
      operating components in the apparatus to produce the desired sequence of
      operation as outlined above. Thus, the apparatus is operable to receive a
      palletized stack of articles as indicated at 54, and convey them along
      infeed conveyor section 12 into tilt frame depalletizer section 14, with
      the pallet and load supported on the rollers of the bottom support of the
      depalletizer and an upright side of the load contiguous and facing support
      plate 120 of the side support 70. Control rollers 106, 108 are depressed
      by the load and, as has been described, act first to slow rollers 90 and
      then to stop the rollers, thus to stop the load in position as shown in
      FIGS. 2, 3 and 4.
PAR  With the load thus positioned in the depalletizing section, top support 72
      is moved downwardly along side support 70 to clamp against the top of the
      load as illustrated at 72B in FIG. 2 and in solid outline in FIG. 8.
PAR  The bottom support 68, side support 70 and top support 72 are swung
      concurrently in a clockwise direction as viewed in FIG. 2 about shaft 46
      to the laid-over positions shown in phantom outline in FIG. 2. This lays
      the load over on its side, with the load then being supported on side
      support 70.
PAR  Bottom support 68 then is returned to its first, substantially horizontal
      position, as shown in solid outline in FIGS. 2 and 10, to swing pallet 56
      to a horizontal position, while remainder portions of the load are
      retained supported on side support 70. When bottom support 68 is returned
      to its substantially horizontal position, rollers 90 come into contact
      with drive belt 94, which then is operable to drive the rollers to carry
      the pallet in a downstream direction in the apparatus onto outfeed
      conveyor 16.
PAR  As the pallet is conveyed toward the downstream end of outfeed conveyor 16
      ram 240 (see FIG. 5) on the pallet storage magazine is extended to raise
      fence 234 and diverting belts 266. The pallet is carried from the
      downstream end of outfeed conveyor 16 across belts 266 and onto belts 230
      in magazine 18. Extension of ram 286 in the magazine raises bars 280 under
      the pallet, lifting the same upwardly into a supported position on lugs
      290. After the pallet has been passed into the magazine, ram 240 is
      contracted to lower fence 234 and diverting belts 266.
PAR  After pallet 56 is conveyed away from bottom section 68 of the
      depalletizer, the bottom support is swung again to an upright position, as
      seen in FIG. 11, and top support 72 is moved under power along side
      support in the direction of bottom support 68 to slide the bottom layer
      60a of the load against the bottom support 68. Bottom support 68 then is
      swung independently of side support 70 and top support 72 to the
      horizontal position shown in FIG. 13 to lower layer 60a to a horizontal
      position, with remainder layers in the stack still supported on side
      support 70. Rollers 90 coming into contact with belt 94 once again serves
      to operate the rollers to convey this layer of cartons in a downstream
      direction along the apparatus onto outfeed conveyor 16.
PAR  Referring to FIG. 7, as the removed layer reaches the downstream end of
      outfeed conveyor 16, rollers 174 are stopped with the cartons farthest
      downstream in the layer partially overlying rollers 182. Rollers 182 then
      may be operated at a faster speed than rollers 174 to move this first
      layer onto rollers 189. Fence 234 on the storage magazine in its lowered
      position prevents the cartons from moving beyond rollers 189.
PAR  Rollers 189, 190 are operated to carry the row of cartons removed from the
      layer to the right in FIG. 7. As a carton which is oriented with its
      lengthwise direction extending transversely of the path along which
      cartons are moved by rollers 190 arrives adjacent the turning device belt
      reach 210a which is traveling faster than the article itself engages an
      upright side of the article and serves to turn it 90.degree. to a position
      in which its lengthwise direction extends longitudinally of the path for
      the articles. Thus, the articles from a layer in which various articles
      are disposed at 90.degree. to each other are formed into an elongate row
      in which all of the articles are oriented in a common direction.
PAR  After bottom layer 60a has been conveyed away from depalletizer section 14,
      the steps illustrated in FIGS. 11 through 13 are repeated until all of the
      layers have been removed from side support 70.
PAR  The apparatus thus is operable to receive a stack of articles in vertically
      disposed, substantially horizontal layers, and remove layers successively
      from the stack. After an individual layer has been removed from the stack,
      the apparatus further is operable to break the layer into an elongate row
      and produce reorientation of articles taken from the layer to place them
      all in an elongate row with a preselected common orientation in the row.
PAR  While an embodiment of the invention has been described herein, it should
      be apparent to those skilled in the art that variations and modifications
      are possible without departing from the spirit of the invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. Apparatus for receiving a stack of articles disposed in a plurality of
      vertically stacked, substantially horizontal layers and successively
      removing layers from said stack, said apparatus comprising
PA1  bottom support means operable, in a substantially horizontally disposed
      first position, to receive and support the underside of a stack of
      articles,
PA1  side support means adjacent one side of said bottom support means having a
      stack-supporting side operable, in a substantially upright first position,
      to support an upright side of a stack of articles on said bottom support
      means,
PA1  means pivotally mounting said side support means for swinging about a
      substantially horizontal pivot axis between its first position and a
      second, substantially laid-over, position with said stack-supporting
      surface facing upwardly,
PA1  stop means for limiting swinging of said support means whereby when in its
      second position its stack supporting side is horizontal,
PA1  means pivotally mounting said bottom support means for swinging in the
      direction of said side support means about a substantially horizontal
      pivot axis between its first position and a second, substantially upright,
      position,
PA1  first powered means for swinging said side support means and bottom support
      means concurrently from their first to their second positions to lay a
      stack of articles held by said side and bottom support means over onto its
      side, and
PA1  second powered means for swinging said bottom support means from its second
      to its first positions independently of said side support means to swing
      the bottom layer of said stack from an upright position to a horizontal
      position, while remainder layers of said stack remain in their laid-over
      positions on said side support means.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said second powered means is operable
      to swing said bottom support means from its first to its second position
      following removal of a layer therefrom, and which further comprises means
      for sliding the rermainder of said laid-over stack on said side support
      toward said bottom support means.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said first powered means comprises an
      extensible-contractible ram operatively connected at one of its ends to
      said side support means.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said second powered means comprises an
      elongate, extensible-contractible ram operatively interconnecting said
      bottom support means and side support means for swinging said bottom
      support means relative to said side support means.
NUM  5.
PAR  5. The apparatus of claim 1, wherein said bottom support means comprises a
      support frame which projects substantially normally outwardly from said
      stack supporting side of the side support means when both are in their
      first positions and an article-engaging member projecting upwardly from
      said frame a distance less than the height of a layer in the stack
      adjacent and paralleling said stack supporting side of the side support
      means.
NUM  6.
PAR  6. The apparatus of claim 1, which further comprises article-engaging means
      secured to an edge margin of said bottom support means adjacent said side
      supprt means and projecting substantially normally outwardly from said
      bottom support means in the direction of said side support means a
      distance less than the height of a layer to be removed from a stack.
NUM  7.
PAR  7. The apparatus of claim 6, which further comprises means on said bottom
      support means operable to grip a layer of a stack to aid in removing such
      a layer from the stack and lowering it from an upright to a substantially
      horizontal position.
NUM  8.
PAR  8. The apparatus of claim 1, which further comprises top support means
      mounted on an projecting outwardly at a substantial angle from said side
      support means, said top support means being mounted for swinging with said
      side support means between a first position overlying said bottom support
      means when said bottom support means and side support means are in their
      first positions, and a second position projecting upwardly from said side
      support means when the side support means is in its second position.
NUM  9.
PAR  9. The apparatus of claim 8, wherein said top support means is movably
      mounted on said side support means for movement therealong in the
      direction of said bottom support means to clamp against the top of a stack
      of articles held on said bottom support means.
NUM  10.
PAR  10. The apparatus of claim 8, wherein said top support means comprises an
      elongate element cantilevered outwardly from said side support means and
      mounted for movement along said side support means toward and away from
      said bottom support means, and powered means operatively connected to said
      top support element operable to shift the same toward and away from said
      bottom support means under power.
NUM  11.
PAR  11. Apparatus for receiving a stack of articles disposed in a plurality of
      vertically stacked, substantially horizontal layers anad successively
      removing layers from said stack, said apparatus comprising
PA1  bottom support means operable, in a substantially horizontally disposed
      first position, to receive and support the underside of a stack of
      articles,
PA1  side support means adjacent one side of said bottom support means having a
      stack-supporting side operable, in a substantially upright first position,
      to support an upright side of a stack of articles on said bottom support
      means,
PA1  elongate top support means cantilevered outwardly from said side support
      means, extending substantially normal thereto and overlying said bottom
      support means when said side support means is in its first position with
      the end of said top support means spaced outwardly from the side support
      means being spaced from the bottom support means providing on opening
      between said top support means and bottom support means in a region
      opposite said side support means,
PA1  means mounting said top support means for movement longitudinally of the
      side support means toward and away from said bottom support,
PA1  means pivotally mounting said side support means for swinging about a
      substantially horizontal pivot axis between its first positon and a
      second, substantially horizontal laid-over, position with said
      stack-supporting surface facing upwardly and said top support means
      extending substantially vertically upwardly therefrom,
PA1  means pivotally mounting said bottom support means for swinging in the
      direction of said side support means about a substantially horizontal
      pivot axis between its first position and a second, substantially upright,
      position,
PA1  first powered means for swinging said side support means, top support
      means, and bottom support means concurrently from their first to their
      second positions to lay a stack of articles held by said side and bottom
      support means over onto its side, and
PA1  second powered means for swinging said bottom support means from its second
      to its first positions independently of said side support means to swing
      the bottom layer of said stack from an upright position to a horizontal
      position, while remainder layers of said stack remain in their laid-over
      positions on said side support means.
NUM  12.
PAR  12. The apparatus of claim 11 which further comprises third powered means
      operatively connected to said top support means for moving the same along
      said side support means toward and away from said bottom support means.
NUM  13.
PAR  13. The apparatus of claim 11 wherein said means mounting said top support
      means on said side support means comprises an elongate guide extending
      longitudinally of said side support means and roller means operatively
      supporting said top support means on said guide for movement therealong.
NUM  14.
PAR  14. Apparatus for receiving a stack of articles disposed in a plurality of
      vertically stacked, substantially horizontal layers and successively
      removing layers from said stack, said apparatus comprising
PA1  bottom support means operable, in a substantially horizontally disposed
      first position, to receive and support the underside of a stack of
      articles,
PA1  side support means adjacent one side of said bottom support means having a
      stack-supporting side operable, in a substantially upright first position,
      to support an upright side of a stack of articles on said bottom support
      means,
PA1  an article engaging member secured to and projecting substantially normally
      upwardly from a side portion of said bottom support means adjacent said
      side support means, said article engaging member projecting upwardly from
      said bottom support means a distance less than the height of a layer in
      the stack and defining with said side support means a substantially
      continuous support for a side of a stack of articles from said bottom
      support means to the top of said stack when said bottom and side support
      means are in their said first positions,
PA1  means pivotally mounting said side support means for swinging about a
      substantially horizontal pivot axis between its first position and a
      second, substantially laid-over, position with said stack-supporting
      surface facing upwardly,
PA1  means pivotally mounting said bottom support means for swinging in the
      direction of said side support means about a substantially horizontal
      pivot axis between its first position and a second, substantially upright,
      position,
PA1  first powered means for swinging said side support means and bottom support
      means concurrently from their first to their second positions to lay a
      stack of articles held by said side and bottom support means over onto its
      side, and
PA1  second powered means for swinging said bottom support means and the article
      engaging member secured thereto from their second to their first positions
      independently of said side support means to swing the bottom layer of said
      stack from an upright position to a horizontal position, while remainder
      layers of said stack remain in their laid-over positions on said side
      support means.
NUM  15.
PAR  15. The apparatus of claim 14 which further comprises article gripping
      means mounted on said bottom support means opposite and facing said
      article engaging member and powered means for shifting said article
      gripping means toward and away from said article engaging member to grip
      articles therebetween.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said gripping means comprises a
      plurality of gripping heads mounted on extendible contractible rams
      directed toward said article engaging member.
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ABST
PAL  The invention relates to a transverse travelling crane for ships which
      comprises a fixed horizontal crane beam extending transversely of the ship
      through a superstructure thereon. The beam has substantially the same
      length as the width of the ship, and the superstructure is accommodated
      with access openings on either side thereof. At each end of the fixed beam
      is an upwardly pivotable cantilever crane beam. In inactive position the
      cantilever beam or beams are swung up to vertical position along the side
      of the ship. A winch carriage is adapted for travelling along the crane
      beams. The carriage is provided with a travelling and hoisting wire system
      having wires extending out to pulleys located at the respective outer end
      of each cantilever beam, and these wires run beneath guiding means such as
      pulleys in the vicinity of the pivoting axes of the cantilevered beams.
      Thus the wires are operative so that the crane without readjustments can
      be used with none, one or both cantilever beams in the active position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a travelling or transverse crane for
      sea-going ships of any kind.
PAR  The invention relates more particularly to a fixed transverse crane with a
      travelling winch trolley or carriage, particularly a crane of the
      auxiliary type for handling small cargo such as ships stores and
      provisions, machinery parts and equipment, luggage, etc.
PAR  An object of the invention is to provide a transverse crane of this type
      having cantilevered beams extendable outside the ship sides such that
      cargo can be handled from a position along either side of the ship to
      various positions below the ship deck.
PAR  2. Description of the Prior Art
PAR  There are known several types of so-called gantry cranes wherein the crane
      beam or beams supporting a winch trolley or a travelling carriage are
      provided with a cantilevered beam or beams extended beyond the supporting
      posts on the ship. There are also known various types of gantry cranes
      wherein the horizontally extending carrier beam can be retracted from a
      cantilevered position, and furthermore there are known cantilevered crane
      beams which are pivotally connected to the carrier beam mounted on the
      ship.
PAR  Although effective in use such crane constructions present several well
      known disadvantages. Thus the crane structures are heavy, space consuming
      and quite expensive. A special problem arises frequently in connection
      with the total height of the crane structure, impeding the stability of
      the ship. Furthermore, such cranes to a large extent are exposed to the
      weather which naturally leads to corrosion and the risk of incidental
      malfunctions, due to failing bearings, cables and/or control equipment,
      etc.
PAC  OBJECTS OF THE INVENTION
PAR  The main object of the present invention is to provide a transverse crane
      which can be built of a relatively light construction, which is
      correspondingly simple to install and which takes up comparatively little
      space on the ship. A further aim is to provide a construction wherein two
      cantilevered parts of the carrier beam for the winch trolley in a simple
      and quick manner can be retracted to a flush position with the sides of
      the ship without impeding the operation of the crane.
PAR  A particular object of the invention is to provide a travelling transverse
      crane which can be adapted for installation on a normal accommodation deck
      height and therefore can be installed, partly internally, in or in
      connection with the forward wall of a ship casing, superstructure or other
      erections.
PAR  A special object of the invention is to provide a travelling crane wherein
      the operating equipment for the crane, such as the winch trolley,
      controls, etc. can be mounted and partly positioned in closed position in
      a closure on the ship.
PAC  SUMMARY OF THE INVENTION
PAR  The transverse crane in accordance with the invention essentially includes
      a fixed horizontal crane beam extending transversely of the ship through a
      superstructure thereon and having substantially the same length as the
      width of the ship, the superstructure being accommodated with access
      openings on either side thereon, at each end of the fixed beam an upwardly
      pivotable cantilever crane beam, a winch carriage adapted for travelling
      along the crane beams, the winch carriage being provided with a travelling
      and hoisting wire system having wires extending out to pulleys located at
      the respective outer end of each cantilever beam, such wires running
      beneath guiding means such as pulleys in the vicinity of the pivoting axes
      of the cantilevered beams. The travserse crane can thereby, without
      re-adjustments, operate with the one or the other or both cantilever beams
      in the inoperative, retracted position.
PAR  The transverse crane in accordance with the invention also possesses other
      important advantages. Such advantages includes the special deck space
      saving positioning of the crane, and the fact that it is possible to use
      one or both cantilever beams simultaneously handling goods from either
      side of the ship and bringing the goods directly down to desired level in
      the ship through doors or access openings in the ship superstructure walls
      below the crane beam, thus making it unnecessary to use the usual deck
      hatches or similar accesses. Other advantages include simplicity of
      construction and maintainance, and furthermore improved safety in that no
      hatches are required, but only door openings, which inherently are safer.
DRWD
PAC  BRIEF DISCRIPTION OF THE DRAWINGS
PAR  An embodiment of a tranverse crane in accordance with the invention shall
      in the following be further described in connection with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a schematic perspective view of the assembled crane, both
      cantilever beams being in operative position.
PAR  FIG. 2 is a detail perspective view similar to FIG. 1, and showing one of
      the cantilever beams in raised position.
PAR  FIG. 3 is a detail sectional view shown in an enlarged scale taken along
      the III--III of FIG. 1.
PAR  FIGS. 4 and 5 are fragmentary views perspectively showing parts of a ship
      with a superstructure and illustrating the installation of a transverse
      crane in accordance with the invention.
DETD
PAC   DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIGS. 1, 2 and 3 the reference number 1 designates a crane carrier beam
      which in the illustrated embodiment comprises two parallel U-beam sections
      4 and 6, which are installed and supported by an adjacent supporting
      structure in the casing, and which in the Figures for sake of clarity, are
      only indicated in the shape of two supporting parts 7. At each end 9, 11
      of the fixed beam section 4, 6, respectively, are provided extensions or
      cantilever beams 8, which are pivotally journalled on horizontal pivot
      shafts 10, which are supported in the superstructures 7. The cantilever
      beams are arranged to be pivotable upwards from the horizontally extended
      position shown in FIG. 1 to a vertical inoperative position as shown in
      FIG. 2. The abutting meeting ends of the carrier beam 2 and the cantilever
      beams 8, are made complementary to each other, preferably undercut as
      illustrated, in order to provide a steady and firm bias for the cantilever
      beams when they are lowered down to the operative horizontal position. It
      should be understood that FIGS. 1 and 2 only are meant to illustrate the
      principle of the crane construction. In a practical embodiment the pivotal
      cantilevered beams would preferably be arranged with further biasing and
      locking means. Each of the cantilever beams 8 is suspended by a suspension
      wire 23 (only one shown) which at a higher level on the superstructure is
      connected to a motor means such as a hydraulic winch or the like, see
      elements 62 and 63 in FIG. 4.
PAR  The important feature is, however, that when one or both cantilever beams 8
      are positioned in horizontal, cantilevered position, they will, together
      with the crane beam 2, provide a continuous support for a winch carriage
      20.
PAR  The winch carriage 20 is provided with rollers 21, for instance four pairs
      of rollers. The carriage is preferably driven by means of a wire hauling
      system 22 having a hauling wire or cable 25 running underneath pulleys 24,
      at each end of the beam 2, which pulleys 24 are preferably journalled
      somewhat excentrically relative to the pivots 10 of the cantilever beams 8
      such as schematically illustrated in FIGS. 1 and 2. For sake of clarity
      the wires are partly shown as one thick line, partly as a double-lined
      wire. The wire 25 extends further out to turning pulleys 26, supported at
      the outer ends of the cantilever beams 8. The respective ends of the
      hauling wire 25 are in conventional manner anchored to the winch carriage
      20. Thereby the carriage 20 can, independently of the angular position of
      one or both cantilever beams 8, travel on the fixed crane beam 2 by means
      of operation of a motor 28 which can be installed at a suitable position
      below the beam 2 inside the ship superstructure or casing. In the
      operational position of the crane as illustrated in FIG. 1, the winch
      carriage 20 can furthermore be directly driven out to the outer end of
      each of the cantilever beams 8. When one or both cantilever beams 8 are
      positioned in raised inoperative position as illustrated in FIG. 2, the
      winch carriage would at arrival thereto bump against the cantilever beam 8
      and thereby be brought to a halt.
PAR  The carriage 20 is furthermore provided with a hoisting wire 30, one end of
      which is anchored to one of the cantilever beams 8 at an anchor point 32
      via a running pulley 33 outermost on this beam. The other end section of
      the hoisting wire 30 likewise extends around a running pulley 31 on the
      other cantilever beam 8 and from there to a winch drum 35 including a
      winch motor 36. From the carriage 20 the hoisting wire 30 is, via suitable
      pulleys 37 arranged with a wire sling 38 and in conventional manner
      provided with a hook means 40. At the fixing point 32 for the hoisting
      wire 30 is preferably provided a further running wheel, from which the
      wire 30 can be extended to an auxiliary hoisting drum, serving as an
      emergency hoisting means to be used if the motor 36 should fail. (These
      parts not shown).
PAR  In place of the preferred described hoisting wire system 30 including a
      stationary mounted winch motor/drum 35, 36 (inside the superstructure),
      there could be provided embodiments wherein the winch carriage is provided
      with suitable electrically or hydraulically driven motor means for the
      hoisting wire 30.
PAR  It will be appreciated that the various wire runs in the hauling and
      hoisting wire system will, if not exceedingly tensioned, have a tendency
      to hang down and form slack portions along the runs between the respective
      pulleys on the carrier and on the crane beams and the cantilevered beams,
      respectively. Such slack wire portions are not only inconvenient, but may
      cause incidental derailing or jump off of a wire. To overcome this problem
      the wires are, as best shown in FIG. 3, along their runs intermittently
      supported by weight supported pivotal arms 70, 72, etc. having
      counterweights 74, 76 sufficient to keep the arms horizontal as shown in
      order to support the wires 25 and 30. A cam plate 78 mounted on the
      carriage 20 will, during travel of carriage 20, hit arm brackets 80 and
      pivot the arms to a side position B as shown by dashed lines in FIG. 3
      thereby allowing free passage of the carriage and the hoisting wire loop
      38, etc. When the carriage has passed the bracket 80 on an arm 70, the arm
      will again drop down and support the wires, whereby slack 1 portions will
      be avoided. In order to avoid noise the cam plate 78 and the adjacent part
      of the arms 70, 72 can be rubber clad.
PAR  FIGS. 4 and 5 illustrate schematically a typical installation of a
      transverse crane in accordance with the invention mounted aboard a
      sea-going ship, having a casing or superstructure 56.
PAR  The transverse crane 50 is herein shown mounted below the ceiling or
      roofing at the fore edge of the deck casing 52, such that the crane beam 2
      extends out to the side of the hull below the casing deck. In the casing
      52 the beam 2 extends through a transverse crane shaft or passage 58 which
      suitably is provided with doors 53 at both sides of the casing 52. From
      the crane shaft 58 extends downwardly preferably at the centre of the ship
      a vertical shaft 59 providing direct access to the various levels in the
      ship. The crane motor 35, 36 and the hauling wire motor 28 are suitably
      mounted positions along the crane passage 58 which are easily accessible.
      The crane is furthermore furnished with complete control means including
      switches etc. on both sides of the ship, thus making it possible for an
      operator to operate the crane from either side of the ship. FIG. 4
      illustrates the crane in operation. The cantilever beam 8 is here swung
      down to the horizontal operating position, and is supported by a hoisting
      cable 62 at the upper end connected to a hoisting and storing outfit 63. A
      piece of goods 60 is supported by the hoisting wire 30 and can from the
      illustrated position be driven into the ship through the access door 53 to
      the center of the casing 52 and down through the hatch 59 to a desired
      deck level in the ship.
PAR  Usually only one of the cantilever beams 8 will be used at a time. It will,
      however, be understood that a transverse crane in accordance with the
      invention can be utilized with both cantilever beams in operation, for
      instance for handling cargo to/from both sides of the ship or from one
      side to the other. Furthermore, the crane can be used for internal
      handling of goods as an elevator crane between various deck levels in the
      ship.
PAR  A substantial advantage of the above construction rests in the fact that
      the crane requires little space and forms little or no obstruction.
      Conventional cranes usually form obstructions for traffic and otherwise
      aboard the ship, and furthermore require special hatches etc. for
      providing access to the inside of the ship. Further, in accordance with
      the invention, no adjustments are necessary for using one or the other of
      the cantilever beams, and the motors etc. for the crane are mounted on the
      inside of the casing and thus are protected against the weather.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a ship of the type including a main deck, deck railing, a
      superstructure, and a transverse travelling crane mounted above said deck,
      improvement comprising:
PA1  a crane passage extending transversely through said superstructure at a
      level above said deck;
PA1  access openings into said superstructure, on opposite sides thereof at
      positions below said crane passage;
PA1  said transverse travelling crane comprising:
PA2  a horizontal crane boom extending through said crane passage and fixed to
      said superstructure, said fixed crane boom having opposite ends thereof
      positioned above said railing at opposite sides of said ship;
PA2  a pair of cantilever crane booms, one each pivotally supported at
      respective of said opposite ends of said fixed crane boom, each of said
      cantilever crane boom being upwardly pivotable from a substantially
      horizontal operative position forming a horizontal extension of said fixed
      crane boom;
PA2  a load carrying and hoisting carriage mounted for travel along said fixed
      crane boom, said carriage being movable along said cantilever crane booms
      when said cantilever crane booms are in said operative positions thereof;
PA2  carriage movement means for moving said carriage along said fixed crane
      boom and said cantilever crane booms and including turning pulleys
      positioned on the respective outer extremities of said cantilever crane
      booms, guide pulleys positioned adjacent respective pivot axes of said
      cantilever crane booms, and a cable connected to said carriage and
      extending around said turning pulleys and under said guide pulleys.
NUM  2.
PAR  2. The improvement claimed in claim 1, further comprising at least one bar
      pivotally mounted along the length of said crane and bearing against said
      cable to prevent slack therein; cam means on said carriage positioned upon
      movement of said carriage for contacting said bar and pivoting said bar
      out of the path of said carriage; and weighting means on said bar for
      pivoting said bar back into contact with said cable after passage of said
      carriage.
NUM  3.
PAR  3. The improvement claimed in claim 1, further comprising a vertical
      passage within said superstructure, said vertical passage extending
      downwardly from said crane passage to additional deck levels in said ship.
NUM  4.
PAR  4. The improvement claimed in claim 1, further comprising means for
      selectively pivoting said cantilever crane booms upwardly from said
      operative positions to inoperative positions substantially flush with
      opposite sides of said ship.
NUM  5.
PAR  5. The improvement claimed in claim 1, wherein said guide pulleys are
      mounted eccentrically with respect to said respective pivot axes, thereby
      comprising means for compensating for variation in cable tension at
      varying angular positions of said cantilever crane booms.
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ABST
PAL  A material handling vehicle, especially a log skidder, having articulated
      front and rear sections and a boom mounted on the rear section which
      pivotally supports a material handling member such as a grapple adapted to
      seize the ends of logs to be moved by the skidder. The grapple hangs from
      the end of the boom on a selfcentering mechanism which includes a
      plurality of first circular discs, a plurality of second circular discs
      interleaved therewith with the uppermost disc being fixed and interacting
      between discs, a plurality of spring elements which resist rotation of the
      grapple in either direction about the grapple turning axis tending to
      return it to a normally centered position relative to the centerline of
      the vehicle without operator assistance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to the art of material handling vehicles and
      particularly to logging vehicles of the type generally known as log
      skidders.
PAR  2. Description of the Prior Art
PAR  There are two general types of log skidders depending on the boom
      configuration and its function. The rotary boom skidder has a boom movable
      through an arc allowing the operator to reach to the right or left of the
      vehicle to pick up trees which are not in the direct path of the machine.
      These machines have considerable flexibility, but there is an inherent
      instability problem in trying to grasp trees which are not in the direct
      line of the machine.
PAR  Other skidders employ a rigid boom which does not rotate but may be pivoted
      in a vertical plane to position the grapple over the end of the log. Only
      the grapple rotates and the machine must be driven to the tree. There is
      not a stability problem because the axis of the tree is approximately in
      line with the natural stability axis of the machine when seized by the
      grapple.
PAR  Either type of machine will usually have a wench-drawn cable passing over a
      fairlead on the boom with chokers on the end of the cable for skidding
      logs which cannot be reached by the grapple.
PAR  With an articulated vehicle it is usually not too difficult to align the
      log with the axis of the skidder's rear section, but more often than not
      the operator must dismount the machine and rotate the grapple by hand so
      that it is properly aligned and can be lowered to grasp the log. On the
      average, it may take an operator thirty seconds to alight from the
      machine, walk to the rear, align the grapple, return to his seat and lower
      the boom in position for grappling the logs. Decreasing the grapple
      skidding time is obviously a desirable objective since it increases
      productivity of the logging operation.
PAR  In one case it has been proposed to mount the grapple on an hydraulic motor
      at the end of the boom which is controlled from the cab of the skidder to
      hydraulically swivel the grapple to lie transversely of the log. This
      arrangement however requires complicated valving and overload protective
      devices to insure against damaging the hydraulic motor and grapple when
      the log swings to the right or left of the line of travel since the
      operator cannot be responsible for watching the load while driving the
      skidder.
PAC  SUMMARY OF THE INVENTION
PAR  A log skidder having front and rear articulated vehicle sections including
      a boom on the rear section, a self-centering mechanism on the end of the
      boom from which the grapple hangs, and torsional resistance members in the
      self-centering mechanism tending always to return the grapple to a
      normally centered position without impairing the stability of the vehicle
      or requiring operator control.
PAR  The torsional resistance members comprise a plurality of first circular
      discs, a plurality of second circular discs interleaved with the first
      discs, the discs being rotatable about the turning axis of the grapple
      except for the uppermost disc which is fixed and a plurality of spring
      elements acting between the discs resisting torsional loading moments in
      either direction about the turning axis for returning the grapple to a
      normally centered position.
PAR  A plurality of registered openings in the discs enable pins of varying
      lengths to be inserted so as to connect one or more disc elements for
      conjoint rotation and to thereby vary either the permissible angular
      deflection or the torsional resistance according to the conditions
      encountered.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a grapple skidder having a boom
      pivotally supporting a grapple at the distal end of the boom;
PAR  FIG. 2 is a partial vertical sectional view of the self-centering mechanism
      which pivotally supports the grapple on the boom showing the internal
      arrangement of torsional resistance members and locking pin connections
      thereof;
PAR  FIG. 3 is a cross-sectional view of the centering mechanism; and
PAR  FIGS. 4, 4a and 4b are respectively diagrams showing a series, parallel,
      and series parallel connection of the torsional resistance members
      according to various locking pin arrangements.
DETD
PAC  DETAIL DESCRIPTION
PAR  FIG. 1 shows a grapple skidder, four-wheel drive, articulated vehicle 2
      having a grapple 4 suspended from a boom 5 which may be pivoted rearwardly
      in a vertical plane to place the grapple over the end of a log that is
      then seized and lifted on one end so as to be dragged or skidded by the
      vehicle. An arch 10 is pivoted at 12 on opposite sides of the frame of the
      vehicle adjacent the rear. A pair of double acting piston and cylinder
      motors 14 are connected, one on each side, at the lower leg portion of the
      arch and extend forwardly for connection to the vehicle frame. Pivotally
      connected at 16 to the bight portion of the arch 10 is a grapple support
      arm 18. The rear end of the arm 18 has a clevis to which a pair of
      adjustable links 20 are pivotally connected at their upper ends, the links
      extending down and connected at their lower ends to the frame of the
      vehicle. At this point it will be seen that a four-bar linkage has been
      formed by the arch 10, support arm 18 and adjustable links 20, such that
      the boom 5 pivots about parallel upper and lower transverse axes through
      pivots 12, 16, 22, 24. This permits the arm 18 to move along a generally
      horizontally disposed or flat arc in the vertical center plane of the
      machine upon actuation of the fluid motors 14. If greater vertical
      movement of the outer end of the arm 18 is required, then adjustable links
      20 can be replaced by a pair of double acting piston and cylinder type
      fluid motors connected between the pivot points 22-24 although this is not
      contemplated as being necessary in the normal case. Connected at the outer
      end of the arm 18 by means of a U-joint 26 is the grapple 4. Grapple 4
      includes a spreader frame 30 having laterally spaced lower ends to which a
      pair of grapple tongs are pivotally connected at 32 and 34. A double
      acting piston and cylinder type motor 40 is pivotally connected at each
      end thereof between the tongs and serves to open and close them upon
      extension and retraction thus opening and closing the grapple for gripping
      the end of a log. Located in the arm 18 is a fairlead 46 for guiding a
      cable 41 wound upon the drum of wench 50 which, upon occasion, may be used
      instead of grapple 4 to engage a log in a known manner. Fairlead 46
      includes a pair of generally horizontally disposed rollers 52 and a pair
      of vertically inclined rollers 54 which guide the cable as it is pulled by
      the wench. The end of cable 41 is equipped with slip loops or chokers (not
      shown) which can be placed around the ends of the logs and then wenched up
      behind the skidder. This forms no part of the present invention and is
      used more as a back-up system when a log is inaccessible to the grapple.
PAR  The fluid motors 14 for pivoting the boom 5 and the motor 40 for operating
      the grapple 4 are controlled from the cab of the skidder. Because the
      front and rear sections 60,62 of the machine are articulated, it is
      normally no problem to drive the skidder into position so that the rear
      section 62 is in alignment with the log. Consequently, the only
      requirement for the operator to dismount the machine in the past has been
      the need to pivot the grapple, which as often as not, had become askew
      with respect to the log.
PAR  In accordance with the present invention the operator is able to control
      the skidding operation entirely from the cab. There are several factors
      which combine to make this possible. First is the vehicle construction
      itself. The skidder 2 has a front engine section 60 to which a rear boom
      section 62 is articulated about a vertical turning axis 63. The engine in
      the front section 60 drives the front and rear wheels 64. Articulation of
      sections 60-62 is accomplished by steering cylinders 59 on opposite sides
      of the vehicle. This type of steering enables the operator to maneuver the
      vehicle through the woods and advantageously back the rear section 62 up
      to the end of a log while the front section remains at an angle. Most
      preferably, the steering angle is about 90.degree.; 45.degree. each side
      of the vehicle centerline.
PAR  Another factor in the vehicle structure is the provision for greater
      visibility afforded the operator to the rear. To this end, the rear
      section 62 has a generally U-shaped bumper 65 through which the operator
      can see on a line of sight S passing from his position in the cab along a
      rear frame portion 66 which inclines downwardly so that the operator has
      direct visibility of the grapple immediately behind the vehicle as well as
      to a considerable distance to the rear as indicated by the line of sight
      S-1 which passes through the arch 10 at a higher level.
PAR  Still another feature is the arrangement by which the boom arm 18 is
      shiftable on a horizontal arc above the direct line of sight of the
      operator as defined by the lines S,S-1.
PAR  In addition to the foregoing vehicle structural features, another, and
      important factor, enabling the operator to conduct the skidding operation
      entirely from the cab, is the self-centering feature of the grapple. The
      present invention provides that the grapple 4 automatically repositions
      itself to a centered position lying in a plane transversely to the
      centerline of the vehicle after releasing a load, owing to the
      self-centering mechanism 70. Thus the operator is able to utilize the
      maneuverability of the skidder to maximum advantage. In the operation of
      seizing a log, it is only necessary to back the vehicle's rear section 62
      into alignment with the log. The grapple will be already positioned for
      grappling the log owing to the centering mechanism 70 carried on the end
      of the arm 18.
PAR  Referring now to FIGS. 2 and 3, the centering mechanism 70 includes a
      cylindrical housing 71 having a top plate 72 bolted thereto and a bottom
      plate 73 having an aperture 74 centered on the housing axis. Within the
      housing is a torsional resistance assembly comprising a stacked array of
      inner and outer annular plates or discs 75-76 respectively. Two outer
      discs 76 are grouped with each inner disc 75 for a total of 15 torsional
      resistance groupings in the stack shown in FIG. 2, however, it will be
      appreciated that a greater or fewer number of groups may be employed
      depending upon the torsional resistance or angular deflection desired as
      will be apparent hereinafter. The inner discs 75 each has a plurality of
      radially projecting lugs 77 (FIG. 3) between which are mounted coil
      springs 78. The outer discs 76 each has a plurality of radially inwardly
      projecting ears 79 overlying each lug 77 of the inner discs and having
      opposite faces 80 angled so as to bear against the ends of the adjacent
      coil springs 78. The inner discs have a circular row of registered
      openings 82 which receive locking pins 83. The outer discs have a circular
      row of registered openings 84 which receive holding pins 85. Between
      adjacent disc groups is an annular anti-friction disc 86 (FIG. 2) made of
      a nonmetallic material. The angular deflection permitted of the inner
      discs 75 within each group before complete depression of the springs 78
      occur is about 10.degree. and thus for a stack height of 15 groups the
      total angular deflection in either direction from the neutral axis is
      about 150.degree.. By selecting different lengths of locking pins 83-85
      however the amount of angular deflection may be changed but with a
      corresponding change in the torsional resistance. For example, locking
      pins 83-85 as shown in FIG. 2 are in what may be termed a series
      connection producing a spring reaction as diagramatically depicted in FIG.
      4. As shown in FIG. 2 the disc 75 in the first torsional resistance group
      is pinned to the adapter plate 87 having a shank 88 keyed to the upper
      yoke of the U-joint 26 from which the grapple is suspended. It will be
      noted that the first pin 83a which connects the first disc 75 with the
      adapter plate 87 does not extend into the next disc 75a and the remaining
      pins 83 connect adjacent pairs of inner discs as shown. The first outer
      pair of discs 76 is pinned to the second pair of outer discs 76a
      immediately above. The companion inner disc 75a which is interleaved with
      the outer pair of discs 76a is itself pinned to the next inner disc 75b
      and so on up the stack, producing what is termed a series type spring
      reaction as depicted in FIG. 4. The uppermost pin 85a locks the topmost
      pair of outer discs 76x to the housing 71 which is prevented from rotation
      about the turning axis of the grapple by connection with the boom arm 18
      (FIG. 1). The straight series combination as depicted in FIGS. 2 and 4
      produces a maximum angular deflection with minimum torsional resistance.
PAR  In case it is desired to change the angular deflection relative to the
      torsional resistance it is only necessary to change the length of the
      locking pins. For example, if it is desired to have maximum restraining
      torque with minimum deflection then all of the inner discs 75, 75a, 75b,
      etc. are locked together and likewise all of the outer disc pairs 76, 76a,
      etc. are similarly locked together producing a parallel spring reaction as
      depicted in FIG. 4a. In this arrangement the maximum angular deflection is
      only 10.degree. in either direction from neutral but the resistance to
      torsional movement is greatest.
PAR  Or, by providing still different length pins, the centering mechanism will
      produce an intermediate series-parallel spring reaction as depicted in
      FIG. 4b. For example, in such an arrangement the pins 83 inserted in the
      adapter plate 87 will be long enough to carry the first three inner discs
      75, 75a, and 75b. The pins 84 for the outer disc pairs will be long enough
      to lock the first three outer pairs 76, 76a, 76b plus the next pair 76c so
      that the springs are compressed in ring groups of three, producing a total
      angular deflection of 50.degree. in either direction from neutral, or only
      one-third of the maximum. However, the torsional resistance is three times
      as great as it would be in the straight series connection depicted in FIG.
      4.
PAR  From this it will be seen that the grapple 27 is self-centering inasmuch as
      the mechanism 70 is mounted so that its neutral axis is aligned with the
      centerline of the skidder. When the operator has maneuvered the vehicle
      into position with the rear section 62 aligned generally with the axis of
      a log, it is then only necessary to extend the arm 18, lowering the
      grapple tongs to the ground since they are automatically positioned
      transversely of the log. Once the log is clamped and brought forward into
      hauling position by retracting the arm 18 there is no difficulty
      encountered in dragging or skidding the log since the grapple is free to
      rotate up to 150.degree. in either direction from the neutral plane. This
      will accommodate any swing or turning motion of the logs relative to the
      skidder without impairing the vehicle stability.
PAR  While I have described and illustrated herein one form of this invention,
      it will be appreciated that other mechanisms may be devised which employ
      my inventive concept. It should therefore be understood that I intend to
      cover by the appended claims all mechanisms and modifications as fall
      within the full spirit and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a grapple skidder vehicle having a front section including drive
      wheels, a rear section including drive wheels, means for driving the
      wheels, means interconnecting the front and rear sections for relative
      pivotal movement between the sections about a substantially vertical axis,
      the improvement comprising a grapple support boom, a grapple pivotally
      suspended from said grapple support boom, a grapple centering mechanism
      carried on the grapple support boom and pivotally supporting said grapple,
      said grapple centering mechanism including a housing fixed against
      rotation about the grapple turning axis, first torosional resistance means
      in said housing having its upper end secured thereto, second torsional
      resistance means in said housing having its lower end connected to the
      grapple for pivotal movement therewith, and a yieldable connection means
      between said first and second torsional resistance means establishing a
      neutral position of relative angular deflection between said first and
      second torsional resistance means when the grapple is disposed
      transversely to the centerline of the vehicle and progressively increasing
      torsional resistance forces acting on the grapple in either direction from
      said neutral position regardless of the load being carried by the grapple.
NUM  2.
PAR  2. The improvement according to claim 1 wherein said first torsional
      resistance means comprises a plurality of first disc elements, the
      uppermost of which is connected to the housing, said second torsional
      resistance means comprising a plurality of second disc elements
      interleaved between adjacent first disc elements, the lowermost of said
      second disc elements being connected to the grapple, and said yieldable
      connection means comprising resilient means interacting between said disc
      elements for increasing torsional resistance forces in either direction
      from said neutral position tending to return the grapple to its normally
      centered position.
NUM  3.
PAR  3. The improvement according to claim 2 wherein there is provided a
      plurality of registered openings in said first and second plurality of
      discs and pin means are inserted in the registered openings between
      adjacent pairs of disc elements such that the total angular deflection is
      substantially equal to the sum of the angular deflections between each
      disc for a series connection providing the maximum angular deflection and
      minimum torsional resistance.
NUM  4.
PAR  4. The improvement according to claim 2 wherein the pin means is inserted
      in the registered openings between adjacent disc elements such that the
      plurality of first disc elements are interconnected for conjoint rotation
      and the plurality of second disc elements are similarly interconnected
      providing a parallel connection for maximum torsional resistance with
      minimum angular deflection.
NUM  5.
PAR  5. The improvement according to claim 2 wherein the pin means is inserted
      in the registered openings of a certain plurality of said second disc
      elements and in a certain plurality of said first disc elements thus
      selectively varying the angular deflection inversely to the torsional
      resistance.
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ABST
PAL  This invention relates to methods and apparatus for palletizing. The
      apparatus includes a flexible board blank which may be formed to provide a
      pallet having channels for insertion of the prongs of a fork lift truck.
      The pallet includes flaps which extend between stacked layers of bags to
      reinforce the load and pallet structure. The apparatus further includes an
      open sided box which may be utilized to form the blank into a pallet and
      permit ready stacking of units, such as deformable bags of seed, on the
      pallet. The method concerns the forming of the pallet from the blank and
      stacking of the units on the pallet.
BSUM
PAR  The present invention relates generally to method and apparatus for
      palletizing packaged products, and more particularly, it relates to method
      and apparatus for palletizing deformable products, such as bags of seed.
PAR  In the materials handling field, it is, of course, well known to palletize
      packaged products for storage and convenient movement and handling by
      means of fork trucks or the like. Many pallet constructions are known and,
      generally, they are of a rigid construction being made of wood, and
      occasionally of metal. However, expendable pallets are known and are
      advantageous in order to overcome the problem of returning the pallets.
      Such expendable pallets have been made of paperboard, such as disclosed in
      U.S. Letters Pat. No. 2,913,206 and No. 3,043,450. Due to the inherent
      flexibility of paperboard, the handling of heavy loads has been a problem
      and this problem becomes more difficult when the load is made up of bags
      of flowable material, such as seed bags. The deformability of such bags
      containing flowable material and the inherent flexibility of paperboard
      creates a difficult materials handling problem while the desirability for
      an economical and expendable pallet remains.
PAR  Accordingly, it is a main object of this invention to provide an improved
      materials handling system by means of a novel method and apparatus for
      palletizing packaged products. A further object of this invention is the
      provision of an improved method and apparatus for handling bagged flowable
      materials, such as seed bags. A further object of the invention is the
      provision of apparatus for handling heavy loads of bagged flowable
      materials including a pallet, which pallet is expendable and which is
      readily stacked in condensed form. Another object of this invention is the
      provision of improved means for readily stacking bagged flowable materials
      on a paperboard pallet which can then be readily picked up and
      transported.
PAR  Further objects and advantages of this invention will become apparent by
      reference to the following drawings and description.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a palletized load of bags of seed on a
      pallet made in accordance with this invention showing the forward ends of
      prongs of a fork truck in position to enter the pallet.
PAR  FIG. 2 is a plan view of a blank made in accordance with this invention.
PAR  FIG. 3 is a view of the blank shown set up for receiving the bags of seed.
PAR  FIG. 4 is a perspective view, partially broken away, showing a novel box
      for forming and receiving the set up pallet shown in FIG. 3.
PAR  FIG. 5 is a view similar to FIG. 4 showing the manner of stacking of seed
      bags upon the pallet shown in FIG. 3.
PAR  FIG. 6 is a perspective view showing the manner of stacking of the loaded
      pallets for storage purposes.
PAR  FIG. 7 is a view similar to FIG. 2 showing another blank in accordance with
      this invention.
PAR  FIG. 8 is a view similar to FIG. 3 showing the blank in FIG. 7 set up.
DETD
PAR  Referring now to the drawings, FIG. 1 shows a palletized load 3 comprising
      a pallet 5 on which is stacked a plurality of flexible bags 7 of flowable
      material. The pallet 5 is proportioned to accommodate prongs 9 on a fork
      lift truck (not shown). The manner of stacking the bags 7 and the
      particular location of the bags relative to the pallet 5 will be
      hereinafter pointed out. The invention is particularly adapted for
      flexible bags of cloth or plastic which contain flowable materials, such
      as seed, grain, granulated sugar, or the like. These bags have been quite
      difficult to handle and there has been a problem in stacking them,
      particularly upon collapsible pallets which could be transported.
PAR  The pallet 5 is made up from a blank 11 which is shown in plan view in FIG.
      2. The blank 11 is cut out from a foldable material, such as paperboard,
      including corrugated board, or possibly a thin metal. The blank 11 is
      preferably cut out from paperboard and may be in the form which is shown
      in FIG. 2. The blank 11 includes a pair of outwardly and oppositely
      extending flaps 13 and 14 which are a part of the blank 11 and provide an
      important feature for the pallet 5. Other than the flaps 13 and 14, the
      blank 11 is generally rectangular in shape and is scored to facilitate
      folding into the pallet 5, which is shown set up in FIG. 3.
PAR  The set up pallet 5 provides a central channel 15 and a pair of outward
      channels 16 and 17 positioned to receive the prongs 9 of a fork lift
      truck. In order to define these channels 15, 16 and 17, the score lines
      are provided in the blank 11. In this connection, the central channel 15
      is formed by the provision of score lines 19 and 21 with reverse score
      lines 23 and 25 located inwardly of the score lines 19 and 21. The reverse
      score lines 23 and 25 define a flat section 27 which connects along its
      edges to downwardly extending sections 29 and 31. The downwardly extending
      sections 29 and 31 connect to bottom sections 33 and 35 which, as will be
      hereinafter pointed out, support bags 7 of flowable material and in so
      doing contribute to the overall structure of the pallet 5.
PAR  The channels 16 and 17 are defined in part by upwardly extending sections
      37 and 39, respectively, which connect to the bottom sections 33 and 35
      along score lines 40 and 41, respectively. The upper edges of the sections
      37 and 39 connect to wings 42 and 43 along reverse score lines 44 and 45,
      respectively, to further define the channels 16 and 17.
PAR  The upwardly extending sections 31 and 37, with the bottom section 33, as
      well as the upwardly extending sections 29 and 39, with the bottom section
      35 define bag receiving troughs 46 and 47, as particularly shown in FIGS.
      1 and 3. The upwardly extending sections 37 and 39 each define a side of
      the channels 16 and 17 and connect to the wings 42 and 43 which define the
      top of the channels 16 and 17. As will be seen in FIG. 1, the flat section
      27 and wings 42 and 43 support the bags 7.
PAR  The flaps 13 and 14 are an important feature of the blank 11 and pallet 5
      in providing proper load support. The flaps are connected along the score
      lines 44 and 45, respectively, and are proportioned to fold over the
      troughs 46 and 47 and to fold between stacked bags 7 so as to trap and
      hold the outer ends of the flaps within the load. Slits 48 and 49 are
      provided in the wing 42 and slits 50 and 51 are likewise provided in the
      wing 43 so that the flaps 13 and 14 fold out of the plane of the wings 42
      and 43 and are disposed between stacked bags 7. This provides stability
      and load support which has not been heretofore provided by existing pallet
      systems. This unique feature of the pallet 5 particularly provides for the
      stacking of the bags of flowable material and the trapping of the flaps
      into the load reinforces the pallet 5 in such manner as to give a pallet
      of increased support. When the bags 7 are loaded into the troughs 46 and
      47 of the pallet 5, the flaps 13 and 14 are folded upwardly along score
      lines 44 and 45 (FIG. 4) and over the bags in the troughs and a subsequent
      layer of bags trap these flaps 13 and 14 into the load.
PAR  Another form of blank and of pallet of the invention are shown in FIGS. 7
      and 8. This form of pallet provides unusual capability for fork lift
      trucks of standard or conventional design. Since many parts of the blank
      and pallet shown in FIGS. 7 and 8 correspond to parts of the blank and
      pallet shown in FIGS. 2 and 3, corresponding parts will be similarly
      numbered but will be differentiated by the symbol prime (').
PAR  In the pallet 5' shown in FIG. 8, the flaps 13' and 14' desirably extend
      the full length of the pallet rather than being formed from a part of the
      wings 42' and 43'. The flaps 13' and 14' fold along score lines 53 and 55,
      respectively, over the wings 42' and 43' to extend over the troughs 46'
      and 47'. The score lines 53 and 55 correspond to the outer edges of the
      pallet 5'. As in the case of the flaps 13 and 14, the flaps 13' and 14'
      are trapped between layers of bags 7. However, since the flaps 13' and 14'
      are connected along the outer edges of the wings 42' and 43' and greater
      surface is disposed between the bags, a more stable pallet 5' is provided
      which can be more easily handled by conventional fork lift trucks.
PAR  If material savings are necessary, the flaps 13' and 14' need not extend
      the full length of the pallet 5' but more than one flap may then be
      provided along the outer edges of the wings 42' and 43'. In addition, tuck
      flaps (not shown) may extend outwardly of the flaps 13' and 14' or flaps
      13 and 14 which may tuck into the associated troughs 46' and 47' or
      troughs 46 and 47.
PAR  It will be apparent that it is difficult to load the pallets 5 and 5'
      because of the flexibility of the blank 11 and particularly because of the
      deformability of the bags 7. Accordingly, a box 57 has been invented. The
      box 57 is particularly shown in FIGS. 4 and 5 and has an open top and one
      open side. The box 57 comprises a bottom 59 and upstanding sides 61, 63
      and 65. The bottom 59 is provided with a series of angle irons, attached
      thereto, which define the channels 15, 16 and 17 for receiving the prongs
      9 of a fork lift truck. The outer channels 16 and 17 are formed by angle
      irons 67 and 69 attached to the bottom 59 of the box. They are
      proportioned and positioned to accommodate the upstanding sides 37 and 39
      of the blank 11. The central channel 15 is defined by a pair of spaced
      angle irons 71 and 73 which are positioned and proportioned to form the
      central channel 15 and accommodate the upstanding sides 29 and 31 and the
      flat section 27. Thus, the angle irons 67, 69, 71 and 73 form open topped
      channels so that the prongs 9 can lift the pallet 5 or 5' out of the box
      57. The sides 61, 63 and 65 of the box 57 confine the bags 7 during
      stacking so as to facilitate the piling of the bags.
PAR  The blank 11 or 11' is fitted into the box 57 to form the set up pallet
      shown in FIG. 3 or FIG. 8. Bags 7 are first loaded into the troughs 46 and
      47. The bags 7 should fill these troughs thus providing added support and
      causing the bottommost bags to become a part of the pallet structure. The
      flaps 13 and 14 are then folded over the bags 7 in the troughs 46 and 47
      as shown by dotted lines in FIG. 5. A first layer of bags 7 is then loaded
      onto a pallet 5 across the flat section 27 and wings 42 and 43. The flaps
      13 and 14 are thus trapped between bags 7 (FIG. 5). Further layers are
      stacked in the box 57 thereby further locking the flaps. The bags may be
      criss-crossed in stacking (FIG. 1).
PAR  After the bags 7 are stacked onto the pallet 5 in the box 57 to the desired
      height, the prongs 9 of the fork lift truck are inserted into the channels
      15, 16 and 17 (FIG. 1) and the palletized load 3 is lifted from the box 57
      which is then ready to receive another blank 11. The box 57 permits rapid
      stacking of bags 7, if desired, but if there is intermittent availability
      of bags 7, the box provides a convenient receptacle for bags as they are
      received. The provision of the box 57 permits unskilled persons to stack
      the loads.
PAR  As shown in FIG. 6, the palletized loads 3 can be then stacked upon one
      another and the pallets 5 or 5' provide intervening support in the stacks.
      This permits high volume stacking of the bags 7 for storage purposes. It
      is readily apparent that upon unloading of the pallets 5 and 5' they can
      be readily condensed by flattening them out and stacking them.
PAR  The various features of the invention which are believed to be new are set
      forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of palletizing a plurality of flexible bags containing flowable
      material on an expendable pallet and into a unitized load for handling by
      a fork lift truck and for stacking, comprising the steps of forming a
      flexible blank into a pallet having (a) sections defining a central
      channel, (b) a trough on either side of said central channel extending
      parallel thereto, (c) wings extending outwardly from the troughs, and (d)
      flaps also extending outwardly from the wings wherein the pallet is set up
      on the bottom of an open sided box, forming the central channel and
      forming the troughs in the bottom of the box, filling the troughs with the
      bags, folding the flaps over bags in the troughs, and stacking additional
      bags over the flaps, whereby said pallet and said bags become interlocked
      to form a unitized load for handling by a fork lift truck.
NUM  2.
PAR  2. A method in accord with claim 1 which includes provision of a box having
      angle irons on the bottom thereof positioned at opposite sides of the
      trough, and defining the central channel.
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ABST
PAL  An automatic method and apparatus is furnished for transporting yarn
      packages formed on the cylindrical tubes by a conveyer belt disposed
      adjacently along a textile machine or a group of textile machines and for
      transferring the yarn packages from the conveyer belt to receiving rods of
      a transporting means. In the apparatus, an auxiliary device for correctly
      transferring the yarn packages from the conveyer belt to the transporting
      means is satisfactorily utilized.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an automatic method and apparatus for
      transporting yarn packages wound on a cylindrical tube, from a processing
      area where the yarn packages are produced by textile machines to a
      subsequent process without touching any yarn layer thereof.
PAR  In an open-end spinning process, it is advantageous if the yarn packages
      produced by the process are doffed onto a conveyer disposed in close
      proximity to an open-end spinning frame or a group of open-end spinning
      frames so as to be carried toward a terminal of the conveyor belt and then
      transferred to a transportation carrier or a subsequent conveyer. As the
      yarn package is formed on a cylindrical tube, it is desirable that the
      yarn layers of the yarn packages not be touched during movement of the
      packages so as to prevent damage to the yarn package.
PAR  The present invention is particularly useful for automatically transporting
      yarn packages, produced by open-end spinning machines, by a conveyor belt
      disposed in close proximity to the open-end spinning machine or a group of
      open-end spinning machines, and then transferring the packages to a
      transportation carrier or a transportation conveyer. In other words, the
      principal object of the present invention is to provide a unique method
      and apparatus for transporting yarn packages wound on a cylindrical tube
      from a processing area where the yarn packages are produced to a
      subsequent processing area without touching or gripping any yarn layer
      thereof so as to prevent damage to the yarn package.
PAR  To attain the above-mentioned purpose, in the present invention, the yarn
      packages are handled by a receiving rod or like member in such a manner
      that the receiving rod is inserted into the cylindrical tube of one or
      more of the yarn packages when the yarn packages are transferred from the
      conveyer belt, which carries the yarn packages doffed from the textile
      machines, to the subsequent processing area. For example, in case of
      application of the present invention to the open-end spinning process,
      wherein a conveyer belt is utilized for carrying the yarn packages doffed
      from the open-end spinning machines and the yarn packages are transferred
      from the conveyer belt to a transportation carrier, the transportation
      carrier means is provided with a plurality of receiving rods. Each
      receiving rod is so designed that a free end thereof is capable of facing
      an end of the carrying passage of the yarn packages on the conveyer belt.
      When it is necessary to transfer the yarn packages to the transportation
      carrier from the conveyer belt, the transportation carrier is first
      positioned so as to place the free end of a receiving rod in the
      above-mentioned facing condition. Consequently, when the conveyer belt is
      driven so as to carry the yarn packages, the cylindrical tubes of the yarn
      packages carried to the terminal of their carrying passage on the conveyer
      belt are penetrated by the receiving rod which is positioned at the
      above-mentioned facing position. When a yarn package, or a plurality of
      yarn packages have been transferred onto the receiving rod of the carrier,
      the position of the carrier is adjusted so as to position the free end of
      another receiving rod in facing condition to the carrying passage of the
      yarn packages on the conveyer belt, and the above-mentioned transfer
      operation is again carried out.
PAR  Instead of the above-mentioned transportation carrier means, a conveyer
      composed of a plurality of carrying members provided with a receiving rod
      for receiving a single yarn package can be utilized in a manner similar to
      the above-mentioned receiving rod of the transportation carrier means.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of an open-end spinning frame provided with
      a transportation appartus according to the present invention;
PAR  FIG. 2 is a schematic side view of a part of the transportation apparatus
      shown in FIG. 1;
PAR  FIG. 3A is a schematic side view of another embodiment of the transferring
      device of the transportation apparatus according to the present invention;
PAR  FIG. 3B is a schematic side view of the transferring device shown in FIG.
      3A;
PAR  FIG. 3C is a perspective view of a stop means of the transferring device
      shown in FIG. 3A;
PAR  FIG. 4 is a schematic side view of a transportation carrier equipped with a
      transferring device according to the present invention;
PAR  FIG. 5 is a detailed side view of a modified transportation carrier
      according to the present invention;
PAR  FIG. 6 is an elevational view of the transportation carrier shown in FIG.
      5;
PAR  FIG. 7 is an elevational view of the transportation carrier shown in FIG.
      5;
PAR  FIGS. 8A and 8B are sectional side views of receiving rods utilized for the
      transportation carrier shown in FIG. 7;
PAR  FIG. 9 is a schematic plan view of an open-end spinning frame provided with
      a modified transportation apparatus according to the present invention;
PAR  FIGS. 10 and 11 are schematic side views of a part of the transportation
      apparatus shown in FIG. 9, showing the working function thereof;
PAR  FIG. 12 is an explanation diagram showing the relationship between the
      extension of the spring utilized for the transferring device shown in FIG.
      10 and the weight (size) of a yarn package;
PAR  FIG. 13 is a schematic elevation of a part of the transportation apparatus
      shown in FIG. 11;
PAR  FIG. 14 is a schematic side view of a transportation conveyer according to
      the present invention;
PAR  FIG. 15 is a perspective view of a part of the transportation conveyer
      shown in FIG. 14;
PAR  FIG. 16 is a schematic side view, partly in section, of a unit member of
      the transportation conveyor shown in FIG. 14;
PAR  FIG. 17 is a schematic elevation of a package transfer station of the
      transportation conveyer shown in FIG. 14;
PAR  FIG. 18 is a schematic side view of a unit member of the transportation
      conveyer, at the package transfer station shown in FIG. 14;
PAR  FIG. 19 is a side view of a positioning and transferring means utilized for
      the transportation devices according to the present invention;
PAR  FIG. 20 is a plan view of a mechanism for actuating the positioning and
      transferring means shown in FIG. 19;
PAR  FIG. 21 is a side view of the mechanism shown in FIG. 20;
PAR  FIGS. 22A, 22B, 22C, 22D, 22E and 22F are explanatory drawings showing the
      working conditions of the positioning and transferring means shown in FIG.
      19;
PAR  FIG. 23 is a schematic side view of a part of the positioning and
      transferring means shown in FIG. 19.
DETD
PAC  DETAILED ILLUSTRATION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, in an open-end spinning frame 1 provided with a
      plurality of spinning units 2 aligned in a row at each longitudinal side
      of the spinning frame 1, an endless conveyer belt 3 is disposed above a
      main frame (not shown) of the spinning frame 1 in the intervening space
      between the two rows of spinning units 2. The conveyer belt 3 is
      positively driven by a driving roller 3a at one end of the spinning frame
      1, while a guide roller 3b for the conveyer belt 3 is disposed at the
      other end portion of the spinning frame 1. In this transportation
      apparatus, yarn packages 4 carried to a terminal position of the endless
      conveyer 3 are received on a plurality of receiving rods 6 which are
      horizontally and successively mounted on a transportation carrier 7. As
      shown in FIG. 1, each receiving rod 6 is positioned in such a way that a
      position of a free end of the rod 6 coincides with a terminal portion of
      the carrying passage of the yarn packages 4 formed on the respective
      cylindrical bobbins 5. Consequently, when the yarn packages 4 are
      displaced toward the terminal of the carrying passage of the yarn packages
      4, the cylindrical bobbin 5 of each yarn package 4 is received by the
      receiving rod 6 and the previous yarn packages 4 received by the rod 6 are
      displaced toward the member 7 by the pushing action of a yarn package 4
      which is forced onto the receiving rod 6.
PAR  In the embodiment shown in FIGS. 3A, 3B and 3C the transportation device is
      provided with a horizontal shaft 8 which is rigidly mounted on a frame of
      the spinning apparatus 1. A supporting disk 9 is turnably mounted on the
      horizontal shaft 8 and six receiving rods 6 are radially mounted on the
      supporting disk 9 as shown in FIG. 3B. Each receiving rod 6 is provided
      with a bent free end portion 6a. A stop member 10 is secured to the bent
      free end portion 6a. A sliding member 11 is slidably mounted on an outside
      free end portion of the portion 6a. An expansion helical spring 12 is
      interposed between the stop member 10 and the sliding member 11. The
      sliding member 11 is provided with a horizontal projection 11a which is
      capable of contacting a stopper 13 mounted on a bracket 14 secured to a
      machine frame of the open-end spinning frame 1, when the receiving rod 6
      arrives at a vertical position where the free end portion 6a of the
      receiving rod 6 is positioned on a carrying passage of the yarn package 4.
      At this position, the yarn package 4 is received on the free end portion
      6a of the receiving rod 6 and then the sliding member 11 is displaced
      toward the stop member 10 by the moving inertia of the yarn package 4.
      Consequently, the above-mentioned engagement of the horizontal projection
      11a with the stopper 13 is released so that the supporting disk 9 is
      turned counter-clockwise (in FIG. 3B) until the next receiving rod 6
      arrives at the above-mentioned vertical disposition where the horizontal
      projection 11a of the sliding member 11 slidably mounted on the free end
      portion 6a of this receiving rod 6 comes into engagement with the stopper
      13 (this position is hereinafter referred to as a receiving position).
      When the yarn package 4 held by a free end portion 6a of the receiving rod
      6 is carried to the lowermost position where the receiving rod 6 is
      positioned at an opposite vertical position to the above-mentioned
      receiving position, the yarn package 4 slides downward along the receiving
      rod 6 and the package 4 is dropped on a transportation carrier 15, as
      shown in FIG. 3A. Therefore, if the transportation carrier 15 is properly
      positioned below the horizontal shaft 8, the yarn packages 4 can be
      transferred from the conveyer belt 3 to the carrier 15 automatically.
PAR  In the embodiment shown in FIG. 4, as a transportation device, a
      transportation carrier 15 provided with a plurality of upright receiving
      rods 106 is utilized. In this embodiment, for the sake of operational
      convenience, a curved hollow tube 18 is utilized. That is, the bottom
      portion of the hollow tube 18 fits into engagement with a top free end
      portion of the receiving rod 106, while the top portion of the tube 18 is
      curved toward the conveyer belt 3 in such a condition that the top end
      portion of the hollow tube 18 is capable of being positioned at a position
      which coincides with the carrying passage of the yarn package 4 formed on
      a cylindrical bobbin 5. Consequently, if the transportation carrier 15 is
      positioned properly, the yarn packages 4 are transferred to the receiving
      rods 106 of the carrier 15 successively through the hollow tube 18, and
      when a predetermined number of the yarn packages 4 are mounted on a
      receiving rod 106, the transportation carrier 15 is displaced so as to
      properly locate an empty receiving rod 106 at its receiving position.
      Finally, after all the receiving rods 106 of the transportation carrier 15
      are fully occupied by the yarn packages 4, the yarn packages 4 are
      transported to the subsequent processing area.
PAR  In the above-mentioned embodiment, the receiving rods 106 are rigidly
      mounted on a frame of the transportation carrier 15 and, consequently,
      this carrier 15 cannot be used for another purpose. Moreover, it is
      necessary to manually grip the yarn packages 4 when removing them from the
      receiving rods 106 when the yarn packages 4 are supplied to the subsequent
      processing area and, therefore, there is a certain possibility of damaging
      the yarn layers of the package 4. To eliminate the above-mentioned
      disadvantages, in the modified embodiment of the transportation carrier 15
      shown in FIGS. 5 and 6, the transportation carrier 15 comprises a
      horizontal base 15a and front and back wheels 16, rotatably held by front
      and back supporting brackets 17 secured to the horizontal base 15a and a
      handle 15b. The horizontal base 15a is provided with a plurality of
      recesses 19 formed thereon so that the receiving rods 106 are capable of
      being inserted into the recesses 19. Consequently, if the receiving rods
      106 are respectively inserted into some of the recesses 19 formed in the
      base plate 15a of the carrier 15, the carrier 15 can be used as a
      transportation carrier, while if the receiving rods 106 are separated from
      the base plate 15a, the carrier 15 can be used for another purpose.
      Further, by inserting the receiving rods 106 into apertures as shown in
      FIGS. 6 and 7, several yarn packages 4 having different diameters can be
      mounted on the receiving rods 106 without unused space remaining on the
      base plate 15a. In the above-mentioned embodiment, if the receiving rod
      106 is provided with a stationary flange 6b as shown in FIGS. 8A, 8B, it
      is very easy to carry the yarn packages 4 without gripping the packages
      simply by handling the receiving rods 106 only. In this case, it is
      preferable to use a cap 6c  which is capable of being mounted on the top
      of receiving rod 106. Further, if the diameter (d.sub.1) of the recess 19
      is larger than the lateral diameter (d.sub.2) of the upper portion of the
      receiving rod 106, which is above the stationary flange 6b, and the
      diameter of the lower portion of the receiving rod 1.notident.below the
      stationary flange 6b is identical to the diameter of the recess 19 so that
      they fit each other, and if several receiving rods 106 having different
      diameters d.sub.2 are prepared, the utilization value of the
      transportation carrier 15 is increased in that it is able to receive yarn
      packages wound on cylindrical bobbins 5 having different diameters.
PAR  In the embodiment shown in FIG. 1, the waiting position of the receiving
      rod 6 of the transportation carrier 7 is maintained at a predetermined
      position which is suitable to receive the yarn packages 4. However, in
      spinning operations, it is impossible to produce yarn packages having an
      equal size, because it is impossible to prevent yarn breakages during the
      spinning operation. Consequently, the first embodiment shown in FIG. 1 is
      not practical in actual mill operations, because if the position of the
      receiving rod 6 is fixed so as to receive yarn packages, of full size, any
      yarn packages having a smaller size than the full package cannot be
      received by the receiving rod 6 of the transportation carrier 7. To
      eliminate the above-mentioned problem of the first embodiment, in a
      modified device according to the present invention shown in FIGS. 9, 10,
      11 and 13, an auxiliary transfer means is utilized. That is, the auxiliary
      transfer means comprises an endless belt 20 which is turnably supported by
      a driving roller 21 and a guide roller 22 and a pair of supporting
      brackets 25 which supports the driving roller 21 and the guide roller 22
      in rotatable condition. The brackets 25 are turnably mounted on a pair of
      vertical brackets 23 secured to a part of the machine frame by way of a
      horizontal shaft 24.
PAR  A tension spring 28 connects an end of the bracket 25 with the machine
      frame so as to urge the brackets 25 to turn in a counterclockwise
      direction (in FIG. 10) about the shaft 24. However, the above-mentioned
      counterclockwise turning motion of the brackets 25 is restricted by a
      stopper 26 which is secured to the machine frame. At a tip portion of the
      stopper, there is provided a limit switch 27 which detects the pushing of
      the bracket 25 against the limit switch 27 according to the
      counterclockwise turning motion of the brackets 25 (in FIG. 10). The
      positions of the limit switch 27 and the shaft 24 are so selected that
      when the bracket 25 contacts the limit switch 27, the brackets 25 are
      positioned horizontally. In this horizontal condition of the brackets 25,
      the upper surface of the conveyor belt 3 is aligned with with the upper
      surface of the endless belt 20. A motor 29 is mounted on the bracket 25 as
      shown in FIG. 13 so as to drive the driving roller 21.
PAR  When a yarn package 4 is carried to the terminal of the conveyer belt 3,
      the yarn package 4 is transferred to the endless belt 20 from the conveyer
      belt 3. As the endless belt 20 is driven by the driving roller 21, the
      yarn package 4 is carried toward the receiving rod 6. When the package 4
      is carried over the horizontal shaft 24, the brackets 25 are turned
      clockwise (in FIGS. 10 and 11) about the shaft 24 according to the weight
      of the yarn package 4. This turning motion of the brackets 25 is created
      against the counter action of the spring 28. Consequently, the position of
      the brackets 25 in the balanced condition between the weight of the yarn
      package 4 and the spring 28 when the yarn package 4 is carried to the
      terminal position of the endless belt 20 varies according to the weight of
      the yarn package 4. According to our experimental tests, the relation
      between the weight of the yarn package 4 and the extension of the spring
      28 can be represented by a linear line X shown in FIG. 12, while the
      relation between the diameter of the yarn package 4 and the size
      (diameter) of the yarn package 4 can be represented by a curved line which
      is quite similar to a linear line. Consequently, the relation between the
      package size (diameter) and the extension of the spring (28) can be
      approximately represented by a linear line, in other words, the extension
      of the spring 28 can be controlled in linear relationship with the
      variation of the package size. If the position of the receiving rod 6 of
      the transportation carrier 7 is so selected that the tip of the receiving
      rod 6 faces the cylindrical bobbin 5 whereon the yarn package 4 is formed,
      all of the yarn packages 4 can be received by the receiving rod 6. To
      clarify the above-mentioned positioning function of the transfer means, in
      the drawings of FIGS. 10, 11 and 12, providing that the extension of the
      spring 28 when a yarn package 4 having full size (D.sub.2) is displaced to
      the transportation terminal of the endless belt 20 is represented by
      (L.sub.2), and the weight of this yarn package 4 is represented by
      (A.sub.2), while the extension of the spring 28 when a yarn package 4
      having a smaller size (D.sub.1) than the full package is displaced to the
      transportation terminal of the endless belt 20 is represented by (L.sub.1)
      and the weight of this yarn package 4 is represented by (A.sub.1), the
      initial length of the spring 28 is represented by (L.sub.o); the actual
      curve Y representing the relation between the extension of the spring 28
      and the package size can be made similar to the linear curve X, if a
      suitable spring is utilized.
PAR  With a practical transfer means, it is essential to prevent simultaneous
      double feed of the yarn packages on the endless belt 20. Consequently, the
      driving of the conveyer belt 3 is carried out intermittently by utilizing
      a conventional step driving mechanism (not shown). To drive the step
      driving mechanism, the limit switch 27 is utilized for this embodiment.
      That is, when the yarn package 4 on the endless belt 20 is transferred to
      the receiving rod 6, the bracket 25 is turned counterclockwise in FIG. 10
      by the action of the spring 28, and the bracket 25 contacts the limit
      switch 27. Then the limit switch 27 actuates the step driving mechanism so
      as to transfer a yarn package 4 to the endless belt 20.
PAR  In FIGS. 14, 15, 16, 17 and 18, another embodiment of the transportation
      apparatus according to the present invention is shown. In this embodiment,
      every receiving rod is mounted on a carrier which is conveyed by an
      endless conveyer which runs through the yarn package making processing
      area and the successive processing area. Referring to FIG. 14, a plurality
      of carriers 30 are carried by an endless conveyer 31 which is arranged so
      as to pass a transfer station W where the full packaged yarn packages 4
      are transferred from the conveyer belt 3 to the carrier 30. Except at a
      portion facing the transfer station W, the endless conveyer 31 passes
      above the spinning machinery 1. Each carrier 30 from which a yarn package
      has been removed in the preceding process (hereinafter referred to as an
      empty carrier) is displaced to a passage 31a of the conveyer 31 by means
      of another endless chain conveyer 32. When the empty carriers 30 are moved
      to an inclined passage 31b of the conveyer 31, which is inclined from the
      overhead portion 31a to a transferring passage 31c facing the transfer
      station W, the carriers 30 can slide downward along a pair of guide rails
      of the conveyer 31, and when the carriers 30 are displaced to the passage
      31c of the conveyer 31, each preceding carrier 30 is pushed forward by a
      subsequent carrier 30. When a yarn package 4 is transferred from the
      conveyer belt 3 to the receiving rod of the carrier 30, an engaging
      element (not shown) engages a hook member of the conveyer 31 so that the
      carrier 30 holding a yarn package 4 is positively displaced along an
      inclined passage 31d so that the carrier 30 is displaced toward the
      overhead passage of the conveyer 31 and transported to a successive
      processing area. Referring to FIGS. 15 and 16, the carrier 30 comprises a
      carrier plate 33 provided with a pair of rollers 34 turnably held on the
      underside thereof, a bent receiving rod 35 provided with a straight
      inclined portion 35a and a laterally expanded portion 35b formed near the
      bottom of the straight inclined portion 35a, a flange 36 slidably mounted
      on the straight inclined portion 35a and a compression spring 37 disposed
      between the expanded portion 35b and the flange 36 so as to always urge
      the flange 36 upward. The carrier plate 33 is provided with a cut out
      portion 33a and a bracket 38 is rigidly mounted on the carrier plate 33 as
      shown in FIG. 16, A hook lever 41 is turnably mounted on a pivot shaft 39
      secured to the bracket 38 and another lever 43 is turnably mounted on a
      pivot shaft 40 also secured to the bracket 38. The levers 41 and 43 are
      connected by a link 42 by way of pins 44 and 45. The hook lever 41 is
      provided with a hook 41a at the free end portion thereof in such a way
      that the hook 41a is capable of projecting downward beyond the lower
      surface of the carrier plate 33 when the lever 41 turns counterclockwise
      about the pivot shaft 39 (in FIG. 16), and the lever 43 is provided with
      an expanded portion 43a formed at the free end thereof in such a condition
      that when the flange 36 is displaced downward, an edge portion 36a of the
      flange 36 pushes the expanded portion 43a of the lever 43, so that the
      hook lever 41 is turned counterclockwise (in FIG. 16) about the pivot
      shaft 39. The conveyer 31 comprises an endless chain 47 provided with a
      plurality of hook members 46 and a pair of first guide rails 48 disposed
      at both sides of the endless chain 47 so as to guide the rollers 34 of the
      carrier plate 33 and a pair of second guide rails 49 disposed above the
      first guide rails 48 so as to guide the carrier plate 33 by the guide
      grooves 49a being in a slidably engaging condition with the both edges of
      the carrier plate 33. When a yarn package 4 is mounted on the receiving
      rod 35, the flange 36 pushes the expanded portion 43a of the lever 43 so
      that the hook 41a of the hook lever 41 is projected through the cut out
      portion 33a of the carrier plate 33 downward. Consequently, the hook
      member 46 of the endless chain 47 engages the hook 41a, so that the
      carrier 30 is positively displaced by the motion of the endless chain 47.
      To attain a perfect transfer motion of the yarn package 4 from the
      conveyer 3 to the carrier 30, it is necessary to stop the carrier 30 at
      its exact working position. To attain this purpose, a non-contact limit
      switch 51 is disposed at a position a little upstream from the exact
      transfer position along the transfer passage 31c of the conveyer 31. A
      solenoid 53 is disposed at the exact transfer position along the transfer
      passage 31c and a stopper 50 is connected to a solenoid rod 53a in such a
      way that when the solenoid 53 is actuated, the solenoid rod 53a is
      projected toward the passage of the carrier plate 33 so that the stopper
      50 disturbs further forward displacement of the carrier plate 33. To
      control the working time of the solenoid 53, a conventional timer relay 52
      is utilized so as to electrically connect the limit switch 51 with the
      solenoid 53 as shown in FIG. 17. The transfer motion of the yarn package 4
      from the conveyer 3 to the carrier 30 is carried out in a manner similar
      to the embodiment shown in FIGS. 9, 10 and 11 and, consequently, a
      detailed explanation thereof is omitted here.
PAR  Another embodiment of the transfer device utilized for the transportation
      apparatus according to the present invention is shown in FIGS. 19 and 20.
      The transfer device is provided with a pair of holding plates 63 by which
      a yarn package 4 is held at a predetermined position. Each holding plate
      63 is provided with a semi circular cut out portion 63a and a lever 64
      off-set from the main portion thereof. Each lever 64 is turnably mounted
      on a corresponding supporting shaft 65. A pair of disks 66 are rigidly
      mounted on corresponding rotatable shafts 67, and each disk 66 is provided
      with a roller 68 rotatably mounted thereon at an edge portion thereof. A
      driving motor 69 is mounted on the frame of the device and one of the
      shafts 67 (left side in FIG. 21) is driven by a driving mechanism
      comprising a sprocket wheel 71 rigidly mounted on a motor shaft 70, a
      sprocket wheel 72 rigidly mounted on a shaft 73 rotatably supported by a
      pair of bearings 74, 75 rigidly mounted on the frame of the device, an
      endless chain 76 which transmits the rotation of the sprocket wheel 71 to
      the sprocket wheel 72, a sprocket wheel 77 rigidly mounted on the shaft
      73, a sprocket wheel 78 rigidly mounted on the shaft 67 and an endless
      chain 79 which transmits the rotation of the sprocket wheel 77 to the
      sprocket wheel 78. The other shaft 67 (right side in FIG. 21) is driven by
      a driving mechanism comprising a gear 80 secured on the motor shaft 70, a
      shaft 81 rotatably supported by a pair of bearings 82, 83 mounted on the
      frame (not shown) of the device, a gear 84 rigidly mounted on the shaft 81
      in such a way that the gear 84 meshes with the gear 80, a sprocket wheel
      85 rigidly mounted on the shaft 81, a sprocket wheel 86 rigidly mounted on
      the shaft 67 and an endless chain 87 which transmits the rotation of the
      sprocket wheel 85 to the sprocket wheel 86. Each lever 64 is always urged
      toward a corresponding stationary piece 88 mounted on the frame (not
      shown) of the device by a corresponding spring 89. A guide rod 90 is
      slidably supported by pairs of guide members 91 and is provided with a
      pair of racks 92 formed in the respective longitudinal grooves 93 which is
      formed along the longitudinal axis of the guide rod 90 in symmetrical
      condition. The guide members 91 are rigidly mounted on the frame (not
      shown) of the device. A pair of sector gears 94 are rotatably mounted on a
      corresponding shaft 95, and each shaft 95 is rigidly supported by a pair
      of brackets 96 secured to the frame (not shown) of the device. Each sector
      gear 94 is provided with a swing lever 97 off-set from an end portion
      thereof. Each swing lever 97 is provided with a groove 97a. A pair of
      disks 98 are rigidly mounted on the respective shafts 73 and 81 so that
      these disks 98 are driven by the driving motor 69 by way of the driving
      mechanisms which are hereinbefore described. Each disk 98 is provided with
      a roller 99 rotatably mounted on an edge portion thereof in an engaging
      condition into the respective grooves 97a of the swing levers 97.
      Consequently, according to the rotation of the disks 98, the sector gears
      94 are driven by way of the respective swing levers 97, the guide rod 90
      is displaced upward or downward along a passage defined by the guide
      members 91. A limit switch 100 is mounted on a bracket (not shown) secured
      to the frame (not shown) of the device at a position corresponding to the
      uppermost position of the top of the guide rod 90 so as to detect the
      arriving of the guide rod 90. As the guide rod 90 is inserted into the
      hollow cylindrical bobbin 5 of a yarn package 4, the diameter thereof must
      be a little smaller than the diameter of the inside cylindrical wall of
      the bobbin 5. In the above-mentioned embodiment, a portion of the holding
      plates 63 which supports the yarn package 4 is designed so as to have a
      curved surface which coincides with a part of the cylindrical surface
      having a central axis which is common to the respective shafts 65.
      Consequently, the yarn package 4 can be held at a constant level by the
      holding plates 63 in a free condition from the turning motion of the
      holding plates 63.
PAR  In the above-mentioned embodiment, the transfer motion of the yarn package
      4 from the conveyer belt 3 (see FIG. 9) to the transfer device mentioned
      above is carried out in a manner similar to the embodiment shown in FIG.
      9. That is, in this embodiment, the holding plates 63, which are
      positioned at their receiving positions which correspond to the waiting
      position of the endless belt 22 shown in FIG. 9, receive the yarn package
      4 from the conveyer belt 3 in a manner similar to the embodiment shown in
      FIG. 9. To confirm that a yarn package 4 has been transferred from the
      conveyer belt 3 to the holding plates 63, a photoelectric detector,
      comprising a light projector 101a and a photocell 101b, is disposed at
      such positions that the light emitted from the light projector 101a passes
      along an inclined light passage which passes a receiving position of a
      yarn package 4 by the holding plates 63 and is received by the photocell
      101b if there is not any yarn package 4 on the holding plates 63. As the
      yarn packages 4 are transferred from the conveyer belt 3 to the holding
      plates 63 from a direction represented by an arrow T in FIG. 21, the light
      projector 101 a is disposed at a higher level while the photocell 101b is
      disposed at a lower level so as to not disturb the transfer motion of the
      yarn package 4 from the conveyer belt 3 to the holding plates 63. To
      position a yarn package 4 at a correct receiving position on the holding
      plates 63, it is preferable that the opened space defined by the semi
      circular cut out portion of the holding plates 63 must have a little
      larger diameter than the peripheral diameter of the cylindrical tube of
      the yarn package 4 so that, when a yarn package 4 is held by the holding
      plates 63, the end portion of the bobbin can be engaged into the
      above-mentioned opened space. The above-mentioned photoelectric detector
      issues an electric signal to actuate the driving motor 69 when a yarn
      package 63 blocks the light beam issued from the light projector 101a. To
      utilize the above-mentioned transfer device, a transportation device such
      as shown in FIGS. 14 and 15 is preferably used. However, in this case, the
      receiving rod 35 of the carrier 30 must be shaped so that it is
      perpendicular to the carrier plate 33, instead of the curved rod 35 of the
      embodiment shown in FIGS. 14 and 15.
PAR  The motion of the above-mentioned transfer device is hereinafter
      illustrated in detail with reference to the schematic drawings shown in
      FIG. 22 in case of utilizing the above-mentioned transportation device.
      When the driving motor 69 is actuated, the disks 66 and 98 are turned so
      that the guide rod 90 is displaced downward, and the holding plates 63 are
      still maintained in the package receiving condition until a bottom end
      portion of the guide rod 90 is inserted into the cylindrical bobbin 5 of
      the yarn package 4. The above condition is shown in FIG. 22A and FIG. 22B.
      And when the insertion of the end portion of the guide rod 90 into the
      bobbin 5 is completed, the holding plates 63 commence their opening motion
      (FIG. 22C). To attain the above-mentioned working condition the engaging
      condition of the roller 68 with the lever 64 is predetermined. That is,
      when the rollers 68 engage the respective levers 64, the levers 64 are
      turned so that the holding plates 63 are turned outwards. The relative
      position of these elements is shown in FIG. 23 in detail. In FIG. 23, (A),
      (B), (C), (D), (E) and (F) represent conditions corresponding to the
      drawings of FIGS. 22A, 22B, 22C, 22D, 22E and 22F.
PAR  Consequently, when the holding plates 63 are turned toward the outsides, as
      the end of the guide rod 90 has been displaced to a position adjacently
      facing the top end of the receiving rod 35 of the carrier 30 (FIGS. 14,
      15), the yarn package 4 is dropped from the guide rod 90 and mounted on
      the receiving rod 35 (FIG. 22C). Next, the guide rod 90 commences its
      displacement upward and the holding plates 63 are turned to their ultimate
      outside positions (FIGS. 22D and 22E). Then the holding plates 63 commence
      to turn toward their waiting closed positions and when each lever 64
      contacts the stationary piece 20 according to the motion following to the
      motion of the roller 68, the holding plates 63 are returned to their
      waiting closed positions, and finally the guide rod 90 is also returned to
      its waiting position shown in FIG. 22A, and the limit switch 100 is
      actuated by the above-mentioned upward motion of the guide rod 90 so that
      the motion of the driving motor 69 is stopped. The above-mentioned one
      cycle motion of the guide rod 90 and the holding plates 63 are repeated
      each time a yarn package 4 is received by the holding plates 63. As
      described above, after a yarn package 4 is held at a correct position by
      the holding plates 63, the guide rod 90 is inserted into the cylindrical
      tube 5a of a yarn package 4 and then the yarn package 4 is transferred to
      the receiving rod 35 of a carrier 30 and the transfer of a yarn package 4
      from the conveyer belt 3 (FIG. 9) to a carrier 30 (FIG. 14) can be carried
      out in a satisfactory manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for transporting yarn packages formed on cylindrical tubes in a
      plurality of spinning units in a textile machine to another processing
      area comprising, doffing yarn packages from said spinning units directly
      to a common conveyor belt disposed adjacent to said textile machine, with
      the axes of said tubes parallel to the transport direction of said belt,
      transferring said yarn packages from a terminal portion of said conveyor
      belt to a receiving rod by inserting said receiving rod into the
      cylindrical tube of each yarn package, and displacing said receiving rod
      to move the package to the other processing area.
NUM  2.
PAR  2. The method of claim 1 further comprising returning said rod to relative
      alignment with respect to yarn packages on said conveyor belt for
      receiving a further yarn package, following said step of displacing said
      receiving rod.
NUM  3.
PAR  3. The method of claim 2 wherein said step of returning said rod to
      relative alignment comprises moving said rod to extend substantially
      parallel to the direction of movement of said yarn packages.
NUM  4.
PAR  4. The method of claim 1 further comprising relatively moving said rod with
      respect to said yarn packages on said conveyor, following said step of
      displacing, to align said rod coaxially with a further yarn package on
      said conveyor for receiving said further yarn package.
NUM  5.
PAR  5. The method of claim 4 wherein said step of transferring comprises moving
      said yarn package in a direction parallel to the axis of said yarn package
      whereby the tubes of said yarn package are sequentially moved over said
      rod.
NUM  6.
PAR  6. Method for transporting one or more yarn packages formed on a
      cylindrical tube by a textile machine to another processing area
      comprising
PA1  a. conveying said yarn packages by a conveyer belt disposed at a position
      adjacent to said textile machine toward a terminal position of said
      conveyer belt, with said conveyor belt being aligned so that an axial
      direction of each of said yarn packages carried thereby coincides with a
      common carrying passage of said yarn packages along said conveyor belt to
      said terminal position,
PA1  b. positioning a receiving rod at said terminal position of said conveyer
      belt aligned so that an axial direction of said receiving rod coincides
      with said common carrying passage, when said transporting operation is
      carried out,
PA1  c. transferring each of said yarn packages from said conveyer belt to said
      receiving rod by inserting said receiving rod into said cylindrical tube
      of said yarn packages during the carrying motion of said yarn package
      along said terminal position of said conveyer belt,
PA1  d. and displacing said receiving rod to move said yarn packages transferred
      thereto to the other processing area.
NUM  7.
PAR  7. The method of claim 6 wherein said step of transferring comprises
      transferring the yarn packages to said receiving rod while maintaining
      said terminal position at a fixed position with respect to said textile
      machine.
NUM  8.
PAR  8. The method of claim 7 further comprising moving said receiving rod with
      respect to said terminal position following said step of displacing, to
      reposition said receiving rod at said terminal position so that said axial
      direction of said receiving rod coincides again with said common carrying
      passage, for receiving further yarn packages from said conveyor belt.
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ABST
PAL  A driver operator cab for waste collection vehicles includes a visual
      inspection port to permit alignment of lift forks relative to the trash
      container without aid from other persons and without leaving the normal
      position of the driver of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A type of solid waste collection system includes what is known as a "front
      loader" type, which is a vehicle including a forward cab and a rearward
      collection hopper. The latter may include a compaction system in order to
      provide greater pay loads to the vehicle. In use the driver operator would
      lower hydraulically operated lifting forks or other means, drive forward
      relative to a trash container and engage the lifting means or forks
      therewith. Subsequently the container is lifted over the vehicle back to
      the collection hopper where it is dumped. The container is then returned
      to its position, the truck reversed to disengage the lifting forks which
      are then retracted. The vehicle is then driven to the next trash container
      where the cycle is repeated.
PAR  One difficulty has been that because of the relationship of the dashboard
      within the truck cab a single driver operator was required to leave his
      normal seated position within the cab and in some instances stand up in
      order to align the --lifting tongs with the container. In addition, there
      has been a need for the driver of the vehicle to have a substantially
      clear vision in the direction to his right side to ascertain whether there
      are other vehicles in the right hand lane of the street or road.
      Furthermore, since the vehicle stands up so high, it is sometimes
      difficult for the driver to see a small foreign or sports type car which
      may drive up on the right hand side of the vehicle, or on the driver's
      right hand side.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel waste collection vehicle
      particularly designed and constructed for overcoming the goregoing
      disadvantages. The vehicle cab is provided with a windshield which extends
      fairly low with relation to the usual windshield of the normal vehicle of
      this type, and includes auxiliary small ports or openings disposed on
      opposite sides of the cab whereby the driver of the vehicle has further
      access of visibility to the lifting tongs. The dashboard of the vehicle is
      also cut away, leaving an opening coinciding with the new visibility
      openings on the driver's side of the cab. An incidental benefit of this
      cut away portion in the dashboard is that it alleviates the disadvantage
      of the accidental engagement of the driver's knees with the dashboard
      during operation of the vehicle clutch pedal. In order to substantially
      eliminate the problem of the smaller cars approaching on the right hand
      side of the driver, an additional viewing port is provided in the right
      hand door of the cab. Of course, it is preferable that all of the visual
      improving ports be sealed and filled with transparent glass, or the like,
      material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a waste collection vehicle embodying the
      invention.
PAR  FIG. 2 is a front view of a waste collection vehicle embodying the
      invention and depicing the cab doors in an open position.
PAR  FIG. 3 is a perspective view from the front righthand side of the vehicle.
PAR  FIG. 4 is a partial view of the driver operator side of the cab of this
      invention.
PAR  FIG. 5 is a top plan view of the interior of the driver operator cab.
PAR  FIG. 6 is a front plan view of a modified form of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings, since the invention is capable of other embodiments and of being
      practiced or carried out in various ways. Also, it is to be understood
      that the phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
PAR  Referring now to FIG. 1 an overall view of the apparatus to which this
      invention applies is shown including a wheeled vehicle of the front loader
      type for solid waste collection systems. That which is known in the prior
      art includes the collection hopper portion 10, the fork lift apparatus 12
      which includes in this embodiment spaced apart forks 14 of which the left
      side is shown in view, there being a duplicate on the other side, not
      shown. These forks 14 are adapted to engage with lift housing 16 to raise
      a trash container 18 up over the cab of the vehicle and dump same into the
      collection hopper.
PAR  This invention relates to the cab generally designated by the numeral 20,
      the basic improvement of which includes the provision of a glassed in port
      22 in the forwardmost portion of the cab and which is positioned below the
      normal front windshield of the vehicle 24. A similar port 26 may be
      provided on the other side in a like position although this is not
      absolutely necessary. In addition, the cab has the usual left and right
      sides which may include doors 28 and 30 with the right side door also
      including a visual port 32 which provides visual access from the driver's
      position to vehicles which may be in a righthand lane and which vehicles
      yet are not high enough to be normally seen through the upper window of
      the righthand door, as for example, smaller sportscars and the like.
      Because of the port 22 a cone of vision "A" is provided to the driver as
      shown in FIG. 1. This cone of vision permits the driver to align the fork
      14 with the means 16 of the trash container 18 from his normal seated
      position.
PAR  Referring now to FIG. 5 the cab 20 includes a driver's compartment defined
      by a floorboard 40 and in some instances a co-driver's compartment 42 on
      the other side of the vehicle. The driver-operator normally is in a seat
      44 while a seat 46 may be provided for the co-driver. Heretofore this
      invention, the driver operator's forward vision was limited downwardly by
      a dashboard which extended normally across the front of the vehicle or at
      least in front of the driver operator. In this invention the instrument
      panel begins at a point slightly left of the middle of the steering wheel
      48 post or column 50, with the instruments, as necessary in the operation
      of the vehicle, being placed there and to the right on a dashboard display
      of the driver operator. This, in combination with the port 22 provides the
      cone of vision "A" to the driver operator from his position to the forward
      end of the lift fork 14. The accelerator pedal and brake pedal,
      respectively 52 and 54, are shown in dotted line in their normal position.
      The clutch 56 is positioned to the left of the dashboard 45. Thusly, as an
      unseen benefit of the invention there is provided a complete opening above
      the knee of the operator whereby in the up and down operation of the
      clutch pedal 56 there is no engagement with the underside of a dashboard
      normally found in vehicles of the prior art.
PAR  By the provision of the right side port 32 in the door 30 of the vehicle a
      second cone of vision "B" is provided the driver operator and is of
      secondary importance to the design and operator of the vehicle. This port
      provides knowledge of vehicles of a smaller size, e.g. sports vehicles and
      the like which normally cannot be seen by the driver through the usual
      door windows.
PAR  Thus, the invention herein described provides a means whereby a single
      driver operator is capable of operating a front loader type of waste
      disposal collection vehicle without the need for other parties or
      apparatus to provide alignment of the vehicle with the trash container to
      which it is adapted.
PAR  One modification is described in FIG. 6 wherein the left and right
      windshield 60 and 62 are constructed of a single sheet to include an
      L-shape as shown and thus provde the visual inspection port as taught
      herein.
PAR  Although the invention has been described with reference to front loading
      and wast collection type vehicles it is understood that the concepts
      herein are applicable to other types of vehicles where front end vision
      needs are demanded.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a vehicle carrier having:
PA1  a forward drive-operated enclosed cab, said calb having sides, a steering
      column, dashboard, floorboard, seat for said driver operator therebehind
      and forward windshield,
PA1  a carrier portion disposed rearwardly of said cab, and
PA1  means to pick up goods immediately forward of said cab and deliver said
      goods over said cab and rearwardly to said carrier portion, the
      improvement in said cab comprising:
NUM  2.
PAR  2. The carrier of claim 1 wherein said cab includes a second port in said
      defined area on the other side of said cab.
NUM  3.
PAR  3. In a vehicle carrier having:
PA1  a forward driver-operated enclosed cab, said cab having sides, a steering
      column, dashboard, floorboard, seat for said driver operator therebehind
      and forward windshield,
PA1  a carrier portion disposed rearwardly of said cab, and
PA1  means to pick up goods immediately forward of said cab and deliver said
      goods over said cab and rearwardly to said carrier portion, the
      improvement in said cab comprising:
PA1  a transparent area at the forwardmost portion of said cab on the driver
      operator's side and positioned in the area defined above said floorboard
      and below the upper limit of the dashboard, and between said steering
      column and said side of said vehicle, and
PA1  said dashboard extends from about an imaginary vertical plane of said
      steering column toward the center of said cab, whereby a cone of vision to
      said means to pick up said goods is provided said driver operator from his
      normal seated position when said means to pick up said goods is engaging
      the goods immediately forwardly of said cab, with the lateral sides of the
      cone of vision at said area being bordered by the operator driver's side
      of the cab and the operator driver's end side of the dashboard.
NUM  4.
PAR  4. The carrier of claim 3 wherein said windshield and said transparent area
      are formed of a unitary piece of glass.
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ABST
PAL  A tow device for small planes and the like having a frame having front and
      rear ends and opposing sides. Front and rear wheels are rotably mounted on
      the frame and a means to power the wheels is provided. A winch driven by
      the power means extends rearwardly of the front of the frame and the rear
      end portion of the frame has an inclined ramp extending downwardly and
      rearwardly from the frame towards the ground. A stop plate is positioned
      forward of the ramp to engage and hold securely the front landing wheel of
      a towed airplane.
PARN
PAR  This is a division of application Ser. No. 371,262 filed June 18, 1973 now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is generally concerned with a towing device adapted
      for moving small aircraft and the like short distances without utilizing
      any power from the small aircraft.
PAR  Towing devices have been utilized with large commercial aircraft and with
      small aircraft in the past. However, the towing device specifically
      designed for large commercial jet aircraft are not adaptable for
      utilization with small planes such as Cessnas, Twin Beech engine aircraft
      and the like. Such large towing devices are too cumbersome for such small
      airplanes. Moreover, small aircraft often must be moved in relatively
      small spaces and be able to be moved by fairly sharp turns in such small
      spaces. In addition small aircraft are generally very light, i.e., usually
      less than a thousand pounds or so and therefore there is a need for a
      towing device which will securely hold the small plane to the towing
      device so that it will not become disengaged or loose and be jerked during
      movement which possibly could cause damage to the plane.
PAR  Accordingly, an object of the present invention is to provide a towing
      device for small planes and the like which allows for sharp movements in
      crowded areas and which securely holds the small plane to the towing
      device in a manner which will prevent disengagement of the plane or
      jerking of the aircraft due to motion caused by an insecure linkage
      between the small plane and the towing vehicle.
PAR  Another object of this invention is to provide a towing device which is
      itself small for convenient usage and economical manufacture.
PAR  Yet another object of this invention is to provide a towing device which
      can be utilized to move small aircraft even under adverse weather
      conditions such as snow and ice and the like.
PAR  A method of accomplishing these and other objects will become apparent from
      the following description of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side perspective view of the towing device of this invention.
PAR  FIG. 2 is a plan view of the towing device shown in FIG. 1, with parts
      broken away.
PAR  FIG. 3 is a side elevational view of the device shown in FIG. 1, with
      certain parts broken away to more clearly show the operational means of
      the winch.
PAR  FIG. 4 is a diagrammatic illustration showing the towing device of FIG. 1
      engaging a small plane.
PAR  FIG. 5 is a diagrammatic view showing the device of FIG. 1, with a small
      plane secured in towing position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With continuing reference to FIG. 1 unless specified otherwise, the tow
      device of this invention comprises a frame 12 having front and rear ends,
      14 and 16 respectively, and opposing sides 18 and 20. The front and rear
      wheels 22 and 24 are rotably mounted on said frame by conventional axle
      means shown with respect to the rear wheels at 26 in FIG. 2. Preferably
      the front wheel means 22 comprises a pair of wheels mounted as shown in
      FIGS. 2 and 3. There a pair of front wheels 22 are pivotally mounted to
      the front of frame 12 by means of pin 26a which mounts the front wheel
      assembly to the front end 14 of frame 12 to provide pivotal movement about
      the horizontal axis of frame 12. The front wheel assembly comprises a pair
      of brackets 28 mounted on the front axle not shown. Brackets 28 are
      pivotally mounted to tongue 32 by pin 30 to provide movement of tongue 32
      in an upward and downward fashion with respect to the horizontal axis of
      frame 12. Thus as can be seen the front wheel assembly will provide for
      sharp turns of the towing device either to the right or left of the towing
      device and the tongue 32 can be moved either to an up position or a down
      position in order to maneuver in tight places.
PAR  If desired, the front wheel assembly can comprise a single front wheel but
      preferably comprises dual front wheels for stability purposes.
PAR  Power means, diagrammatically illustrated as numeral 34 provides power to
      rear wheels 24. Preferably power means 34 is a rotary hydraulic motor.
PAR  Although not essential in the broadest terms of the invention, it is
      preferred that rear wheels 24 comprise a pair of rear wheel assemblies
      rotably mounted as shown in FIGS. 1 and 2. Providing dual rear wheels and
      dual rear axles provides a greater stability for the towing device. In
      addition, it is preferred that rear wheels 24 be spaced apart from frame
      12 as shown in FIG. 2. Spacing rear wheels 24 apart from frame 12, or more
      correctly the sides 18 and 20 of frame 12, allows for better usage of the
      towing device in adverse weather conditions such as snow or ice. In such
      conditions the dual rear wheels can be operated in cooperative fashion by
      placing chain around both rear wheels spaced apart from side 18 which
      allows the chain to function as a track for greater traction purposes.
PAR  Power means 34, where such power means is a rotary hydraulic engine, is in
      communication with hydraulic fluid reservoir tanks 36 which functions as a
      reservoir for hydraulic fluid.
PAR  Mounted on frame 12 in upward protruding fashion are winch brackets 38 and
      40. Pivotally mounted to brackets 38 and 40 by means of pin 42 is a winch
      assembly generally referred to as 44. Winch assembly 44 is driven by power
      means 34 and generally extends rearwardly of the front of frame 12.
PAR  Preferably winch assembly 44 is a hydraulic winch comprising a cylinder 46
      having an extendable piston 48 slidably mounted within cylinder 46 for
      reciprocating movement therein.
PAR  Piston 48 has an aircraft engaging means 50 mounted on said piston for
      reciprocating movement therewith. Preferably aircraft engaging means 50
      comprises a loop member 50 detachably engaging in the protruding end of
      piston 48. Loop member 50 is detachably engaged in the protruding end of
      piston 48 by means of pin 52.
PAR  Hydraulic fluid lines 54 and 56 are in communication with hydraulic
      cylinder 46 and control movement of hydraulic fluid within cylinder 46 by
      means of hydraulic control valve 58. Valve 58, depicted in the drawing as
      a lever device, controls hydraulic fluid flow into chamber 60 or chamber
      62 by movement of the lever of said valve from a first position to a
      second position. When chamber 60 is filled piston 48 is forced to a closed
      position generally shown in FIG. 5 and when chamber 62 is filled with
      hydraulic fluid chamber 60 is empty and piston 48 is pushed rearward of
      the front of frame 12 to a fully extended position generally depicted in
      FIG. 4. Thus it can be seen that winch 44 will provide for reciprocating
      movement of piston 48 and aircraft engaging means 50.
PAR  The rear end portion 16 of frame 12 has attached thereto an inclined ramp
      60 extending downwardly and rearwardly therefrom toward the ground. A stop
      plate 62 is positioned forward of ramp 60. Preferably stop plate 62 is an
      inverted V-shaped member. FIGS. 4 and 5 diagrammatically illustrate the
      towing device of this invention in use. In FIG. 4 aircraft 64 is in a
      position ready to be moved onto and placed in secured relationship with
      respect to the towing device of this invention. More particularly,
      aircraft engaging means 50 of piston 48 is secured to the front landing
      gear 66 of aircraft 64. In the position shown in FIG. 4 piston 48 is in a
      fully extended position provided by adjusting hydraulic fluid control
      lever 58 to a position to provide through line 56 full fluid capacity in
      compartment in 62 which extends piston 48 to the position shown in FIG. 4.
      In FIG. 5 hydraulic fluid control lever 58 is moved to a second position
      to remove fluid from compartment 62 and to fill compartment 60 with fluid
      which causes piston 48 to move towards the front of frame 12 to the
      non-extended position shown in FIG. 5. Engaging means 50 engages front
      landing gear 66 and pulls aircraft 64 up ramp 60. Aircraft front wheel 68
      engages stop ramp 62 which because of the forward pulling tension created
      by winch 50 is engaged securely in contact with stop plate 62.
PAR  The plane 64 being in the position shown in FIG. 5, is now ready for
      movement to any desired location. Because of the cooperative forces
      provided by winch 44 in its non-extended position shown in FIG. 5, and the
      front wheel 68 of aircraft 64 and the stop plate 62, aircraft 64 is
      securely engaged with the towing device and will not provide jerking
      movements during movement of the towing device by power means 34. The
      absence of such jerking motion will protect against possible damage of the
      small aircraft.
PAR  Aircraft engaging means comprises a loop member 50 which can directly
      engage the landing gear 66 as described herein or a stop attachment such
      as a nylon strap can be attached from loop member 50 to the landing gear
      66 of aircraft 64. For convenient use, and because the planes are
      lightweight, a strap attachment is actually preferred.
PAR  Thus it can be seen that the invention accomplishes at least all of its
      stated objectives.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tow device for small planes and the like having a landing gear
      comprising:
PA1  a frame having front and rear ends and opposing sides;
PA1  front and rear wheels rotatably mounted on said frame;
PA1  a power cylinder pivotally connected to said frame for movement in a
      vertical plane;
PA1  an extensible piston slidably mounted in said cylinder for reciprocating
      movement therewith;
PA1  strap means pivotally mounted on said piston for connection to the landing
      gear of the plane;
PA1  power means for powering said rear wheels and said power cylinder;
PA1  the rear end portion of said frame having an inclined ramp extending
      therefrom downwardly and rearwardly toward the ground; and
PA1  a stop plate positioned forwardly of said ramp in said frame for limiting
      the forward and sideways movement of the landing gear relative to said
      frame.
NUM  2.
PAR  2. The device of claim 1 having a handle assembly mounted on the front of
      said frame for guiding said device.
NUM  3.
PAR  3. The device of claim 2 wherein said handle assembly is pivotally mounted
      on said frame.
NUM  4.
PAR  4. The device of claim 1 wherein said power means is a rotary hydraulic
      motor.
NUM  5.
PAR  5. The device of claim 1 wherein said stop means is an inverted V-shaped
      member with the open end extending rearwardly to allow said stop to engage
      the front wheel of a towed plane.
NUM  6.
PAR  6. The device of claim 1 wherein said wheels are dual wheels spaced apart
      from said frame.
NUM  7.
PAR  7. A tow device for a small airplane having a vertically disposed landing
      gear, with a wheel on the lower end thereof; said device comprising:
PA1  a frame having front and rear ends and opposing sides, front and rear
      wheels;
PA1  a cylinder pivotally connected to said frame for movement in a vertical
      plane;
PA1  an extension piston slidably mounted in said cylinder for reciprocating
      movement therewith;
PA1  an aircraft landing gear engaging means pivotally mounted on said piston
      for reciprocating movement therewith from a retracted position wherein
      said engaging means is forwardly of said rear end of said frame to an
      extended position wherein said engaging means is rearwardly of said rear
      end of said frame;
PA1  power means for powering said rear wheels and said piston and cylinder;
PA1  control means associated with said cylinder for controlling the
      reciprocating movement of said piston between said extended position and
      said retracted position;
PA1  said rear end of said frame having an inclined ramp extending therefrom
      downwardly and rearwardly toward the ground; and
PA1  a stop plate positioned forwardly of said ramp on said frame, said stop
      plate being V-shaped with an open end extending rearwardly and being
      positioned to embrace said wheel of said airplane to limit sideways and
      forward movement thereof when said landing gear engaging means engages
      said landing gear and pulls said landing gear forwardly up the rearward
      end of said inclined ramp as said piston is retracted into said cylinder.
NUM  8.
PAR  8. The device of claim 7 wherein said landing gear engaging means includes
      a nylon strap.
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ABST
PAL  A bale handling apparatus for lifting and handling a large round hay bale,
      such as for loading on trucks, and positioning for storage, wherein the
      bale handling apparatus includes a frame structure connected to an
      implement hitch of a prime mover, such as an agricultural tractor, and
      having a pair of laterally spaced arms swingably mounted on a trailing
      edge portion of the frame structure and each having a bale engaging and
      holding member on the trailing end portion thereof and selectively movable
      into and out of engagement with a respective end of a bale by an
      extensible member connected to leading end portions of the arms.
BSUM
PAR  The present invention relates to bale handling apparatus and more
      particularly to a bale handling apparatus adapted for lifting and handling
      a large round hay bale, such as for loading on trucks and positioning for
      storage.
PAR  The size of hay bales has substantially increased in recent years and
      equipment is available for forming large bales having the hay generally in
      a strip wound in a spiral convolution. The bales are approximately 6 feet
      in diameter and between 4 and 6 feet long. While such bales are of
      substantial weight and have certain advantages over smaller bales, they
      have been difficult to handle in moving same about a field and delivering
      same to a storage or feeding area. Conventional bale handling equipment
      has been found to be inadequate to properly and safely handle such large
      bales because of the large size and weight thereof.
PAR  The principal objects of the present invention are: to provide a bale
      handling apparatus which is adapted to be mounted on an agricultural
      tractor for raising or lifting a large bale to load same on a truck and to
      position same for storage; to provide such an apparatus that can be
      secured to a conventional three-point hitch for selectively raising and
      lowering trailing portions of the bale handling apparatus; to provide such
      an apparatus with a pair of swingably mounted arms and power actuated
      extensible means to move bale engaging members toward and away from each
      other thereby selectively grasping a bale therebetween and releasing same;
      to provide such an apparatus wherein the bale engaging means is rotatably
      mounted on the trailing ends of the arms; to provide such an apparatus
      which is operable for selectively raising and lowering the hay bale and
      transporting same to a feeding location; to provide such an apparatus
      having means adapted to hold the hay bale against unrolling when being
      moved by the apparatus; to provide such an apparatus having the extensible
      means positioned adjacent a leading edge portion of the apparatus so as to
      be protected from engagement with the hay bale while handling; to provide
      such an apparatus having means to limit swinging of the bale engaging
      means on the end portions of the arms toward and away from each other; and
      to provide such a hay bale handling apparatus which is economical to
      manufacture, durable in construction, positive in operation, easy to
      maintain and particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of this invention.
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PAR  The drawings constitute a part of the specifications and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the hay bale handling apparatus.
PAR  FIG. 1 is a perspective view of a hay bale handling apparatus embodying
      features of the present invention and shown mounted on a prime mover.
PAR  FIG. 2 is an end elevational view of the bale handling apparatus showing a
      leading end portion of the apparatus.
PAR  FIG. 3 is a plan view of the apparatus showing the arms in an open position
      to receive a hay bale therebetween.
PAR  FIG. 4 is a plan view of the apparatus showing arms in a bale clamping and
      holding position.
PAR  FIG. 5 is an enlarged fragmentary transverse sectional view taken on line
      5--5, FIG. 4 and showing a bale engaging member and mounting thereof.
PAR  FIG. 6 is an enlarged fragmentary longitudinal sectional view showing
      swingable mounting of one of the arms.
PAR  FIG. 7 is an enlarged fragmentary side elevational view showing mounting of
      one end of extensible means for opening and closing the trailing end
      portions of the arms.
DETD
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  Referring more in detail to the drawings:
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 designates generally a bale handling apparatus for lifting and handling
      a large round hay bale 2, such as for loading on trucks, and positioning
      for storage. The bale handling apparatus 1 includes a frame structure 3
      operably connected to an implement hitch 4 of a prime mover 5, such as an
      agricultural tractor. The bale handling apparatus 1 has a pair of
      laterally spaced elongated arms 6 and 7 swingably mounted on the frame
      structure 3. Bale engaging and holding members 9 and 10 are mounted on
      trailing end portions of the arms 6 and 7 respectively and are selectively
      movable into and out of engagement with a respective end of the hay bale 2
      by an extensible member 12 operatively connected to leading end portions
      of the arms 6 and 7.
PAR  The frame structure 3 provides means for swingably supporting the arms 6
      and 7 and for attaching same to the prime mover 5. The frame structure 3
      is illustrated as having an elongated beam 14 of a suitable structural
      member. The frame 3 includes portions for connecting to the tractor hitch
      4 and is illustrated as having a control upright post 15 and a generally
      U-shaped lower connector 16 consisting of parallel legs 17 having ends 18
      suitably connected to the beam 14, as by welding, and a transverse member
      19 secured to the leading ends of the legs 17. The post 15 and lower
      connector 16 are provided with connectors for the three point tractor
      hitch 4 as later described. The beam 14, post 15, legs 17 and transverse
      member 19 may be of any structural shape and are illustrated as being box
      members, such as substantially square tubes for great strength with
      relatively light weight.
PAR  A suitable brace or stiffener 21 extends between an upper end portion of
      the upstanding post 15 and the transverse member 19 to thereby define a
      rigid frame portion for connection to a suitable conventional tractor
      hitch 4.
PAR  The arms 6 and 7 are elongated members and may be formed of any suitable
      structural member, such as beams, channels or the like and in the
      illustrated structure, are elongated box beams or substantially square
      tubes for strength. The arms preferably have a generally flat lower
      surface, for a purpose later described.
PAR  A pair of laterally spaced saddle members 22 and 23 are mounted on opposite
      end portions 24 and 25 respectively of the beam 14. The saddle members 22
      and 23 are illustrated as generally C or U-shaped structures and each have
      upper and lower plate portions 26 and 27 in engagement with generally flat
      upper and lower surfaces of the respective opposite end portions 24 and 25
      of the beam 14. A wall 28 extends between and is secured to the upper and
      lower portions 26 and 27 and is in engagement with the leading side of the
      beam 14.
PAR  The lower surface of the upper portion 26 is generally flat to be mounted
      on the generally flat upper surface of the beam 14. The upper surface of
      the upper portion 26 of each of the saddle members 22 and 23 is generally
      flat to slidingly support the generally flat lower surface of a respective
      one of the arms 6 and 7. The upper plate portion 26 of each of the saddle
      members 22 and 23 extends forwardly beyond the wall 28 to thereby provide
      additional bearing area for the respective arms 6 and 7. An inclined brace
      member 29 is connected to the wall 28 or plate portion 27 and the end of
      the upper portion 26 thereby providing a substantially rigid structure.
PAR  The saddle members 22 and 23 are suitably mounted on the opposite end
      portions 24 and 25 of the beam 14. In the illustrated structure, the
      fastening of the saddle members 22 and 23 and the pivotal mounting of the
      arms 6 and 7 thereon includes a bushing 30 extending through aligned
      apertures in the arms 6 and 7 and respective upper and lower portions 26
      and 27 of the saddle members. A suitable pivot member, such as a bolt 31,
      extends through the aligned apertures and has a head portion thereof in
      engagement with suitable washers 32. A suitable fastening member, such as
      a nut 33, is mounted on the bolt 31 to retain the pivotal connection of
      the arms on the saddle members.
PAR  The bushing 30 extends through the arms 6 and 7 and has one end thereof in
      engagement with the upper surface of the upper portion 26 of the
      respective saddle member. The bushing 30 has an upper end positioned above
      an upper surface of the respective arm whereby the washer 32 is not in
      engagement with the respective arm to permit swinging movement thereof.
      The bolt 31 is in engagement with the trailing edge or surface of the beam
      14. Tightening the nut 33 effects clamping engagement of the upper and
      lower portions 26 and 27 of the saddle members 22 and 23 with upper and
      lower surfaces of the beam 14.
PAR  The arms 6 and 7 are swingably mounted on the beam 14 and are generally
      transverse or normal to the beam 14 and cooperate therewith to define a
      generally open and unobstructed space rearwardly of the beam 14 to receive
      the hay bale 2 between the arms 6 and 7.
PAR  The illustrated mounting of the saddle members 22 and 23 on the beam 14 and
      the engagement of the wall 28 with the leading edge or surface of the beam
      14 and engagement of the bolt 31 with the trailing edge or surface of the
      beam 14 substantially prevents movement of the saddle members 22 and 23
      transverse to the beam 14. Movement of the saddle members 22 and 23
      longitudinally of the beam 14 is substantially restricted by the clamping
      of the upper and lower portions 26 and 27 of the saddle members 22 and 23
      with upper and lower surfaces of the beam 14 and by stop members 34 and 35
      positioned on the opposite end portions 24 and 25 respectively of the beam
      14. The stop members 34 and 35 are illustrated as pins each having an
      enlarged head portion in engagement with a side edge portion of the upper
      plate portion 26 of the respective saddle member to thereby limit movement
      thereof laterally of the frame structure 3.
PAR  Each of the saddle members 22 and 23 have a first upstanding ear 36
      extending upwardly from an outer edge portion of the upper portion 26
      thereof whereby the first ear 36 is positioned to be engaged by the
      respective arm to thereby limit swinging movement of the trailing end
      portions of the arms 6 and 7 toward each other.
PAR  Each of the saddle members 22 and 23 have a second upstanding ear 37
      extending upwardly from an inwardly facing edge portion of the upper
      portion 26 thereof and is thereby positioned to be engaged by the
      respective arm to limit swinging movement of the trailing end portions of
      the arms 6 and 7 away from each other.
PAR  The bale engaging and holding members 9 and 10 are rotatably mounted on the
      trailing end portions of the arms 6 and 7 to thereby permit rotation of
      the bale 2, as for unrolling. The bale engaging and holding members 9 and
      10 are adapted to effect clamping engagement with respective opposite ends
      of the hay bale 2. In the illustrated structure, a plurality of arms 38
      extend radially outwardly from a shaft or axle 39 which is mounted in a
      suitable bushing 40 on the trailing end of a respective one of the arms 6
      and 7. The axle 39 is removably mounted on the respective arms 6 and 7, as
      by a suitable keeper, such as a cotter pin 41.
PAR  The bale engaging and holding members 9 and 10 may have an axial bale
      penetrating portion 42 thereon which is illustrated as an elongated prong
      or spike removably mounted on the axle 39 to thereby define an axis for
      rotation of the hay bale 2.
PAR  It is desirable to hold the hay bale 2 against rotation while handling,
      therefore, a projection or spike 43 is removably mounted on the upstanding
      post 15 of the frame structure 3 and is positioned on the longitudinal
      center line or axis of the frame structure 3. The projection 43 is adapted
      to extend into a side portion of the hay bale 2 to thereby restrict
      rotation of the hay bale. The projection 43 extends through suitable
      apertures in the upstanding post 15 and is removably retained thereon, as
      by a suitable keeper, such as a cotter pin 44.
PAR  The extensible member 12 may be any suitable power operated member, such as
      a hydraulic and selectively operated by the hydraulic system of the prime
      mover 5. The extensible member 12 has opposite ends thereof connected to
      the leading end portion of the arms 6 and 7 for selectively effecting
      swinging movement of the trailing end portions of the arms 6 and 7 and the
      bale holding members 9 and 10 thereon with the movement toward each other
      of the bale holding members 9 and 10 being effective to move same into
      clamping engagement with opposite ends of the hay bale 2.
PAR  In the illustrated structure, an ear 45 extends from the leading end of one
      of the arms, for example arm 6, and one end portion 46 of the extensible
      member 12 is pivotally mounted on the ear 45. A sleeve 47 is mounted on
      the frame structure 3 and an other end portion 48 of the extensible member
      is positioned adjacent the sleeve 47. The illustrated other end portion 48
      has an enlarged portion positioned against one end of the sleeve 47.
PAR  An adjustable link 49 has one end portion 50 thereof extending through the
      sleeve 47 and pivotally connected to the enlarged portion of the other end
      portion 48 of the extensible member 12. An other end 51 of the adjustable
      link 49 is pivotally connected to the leading end portion of the other arm
      7. The link 49 may be any suitable adjustable member and in the
      illustrated structure, the link 49 includes an internally threaded
      cylinder 52 and an externally threaded shaft or rod 53 received therein. A
      lock nut 54 is mounted on the shaft or rod 53 and is movable into
      engagement with an end of the cylinder 52 to thereby maintain a selected
      length of the adjustable link 49.
PAR  In the illustrated structure, the other end 51 of the adjustable link 49 is
      pivotally mounted on one end of a plate 55 having an intermediate portion
      thereof mounted on a bracket 56 which is mounted on an outwardly facing
      surface of the other arm 7. The bracket 56 has vertically spaced plates
      with the plate 55 positioned therebetween. The other end of the plate 55
      is tapered and a stop member 57 is mounted on the bracket 52 to limit
      movement of the plate 55 between the spaced plates of the bracket 56
      whereby extension of the extensible member 12 effects clamping engagement
      of the bale handling members 9 and 10 with the opposite ends of the hay
      bale 2 and retraction of the extensible member 12 effects swinging
      movement of the arms and separation of the bale holding members 9 and 10
      to thereby release a hay bale and to receive therebetween an other hay
      bale 2.
PAR  An adjustable arm 58 has one end portion thereof pivotally connected to an
      upper end portion of the upstanding post 15 of the frame structure 3. The
      adjustable arm 58 has a free end adapted to be pivotally connected to an
      extensible member 59 on the prime mover 5. The extensible member 59 of the
      prime mover 5 forms one part of a three-point hitch 4 of the prime mover
      5. The transverse member 19 of the frame structure 3 has suitable means
      thereon for being pivotally connected to the remaining portions of the
      implement hitch 4 of the prime mover 5 whereby extension and retraction of
      the extensible member 59 on the prime mover 5 raises and lowers the
      trailing end portions of the arms 6 and 7 thereby raising and lowering a
      hay bale 2 clamped between the bale holding members 9 and 10. In using a
      hay bale handling apparatus constructed as illustrated and described, the
      extensible member 12 is retracted to swing the trailing portions of the
      arms outwardly to move the bale holding members 9 and 10 away from each
      other sufficiently to receive a hay bale 2 therebetween. If in the opening
      movement, one arm tends to have freer movement than the other arm, it will
      swing out until the leading portion engages the ear or stop 37 and then
      its movement will stop and the other arm will be moved. After such
      opening, the tractor is backed to position the bale between the arms. If
      the tractor is backed until the beam strikes the bale the beam will
      project the extensible member and linkage from interference or damage from
      contact with the bale. The extensible member 12 is then extended to move
      the bale holding members 9 and 10 into clamping engagement with respective
      opposite ends of the hay bale 2. The extensible member 59 of the prime
      mover 5 may be retracted to raise bale handling members 9 and 10 by
      pivoting the frame structure 3 on the lower portions of the hitch 4 of the
      prime mover 4 and raise the hay bale 2, such as for placing on a truck or
      for moving the hay bale 2 to a desired storage location. During movement
      of the hay bale 2 it is preferred to have the projection 43 mounted on the
      upstanding post 15 and inserted into a side of the hay bale 2. When it is
      desired to unroll the hay bale 2 to provide feed for livestock, the
      projection 43 is removed from the upstanding post 15 and the bale holding
      members 9 and 10 are moved into clamping engagement with the opposite ends
      of the hay bale. The prime mover 5 then travels in a desired direction and
      the apparatus is then lowered by the extensible member 59 to move the bale
      2 into engagement with a suitable surface. Forward movement of the prime
      mover 5 effects unrolling of the hay bale.
PAR  The bale handling apparatus 1 is positive in operation and substantially
      trouble free in use. The beam 14 and the upright post 15 protect the
      extensible member 12 and other operative parts of the bale handling
      apparatus 1 from engagement by the bale 2. The projection 43 retains a
      side portion of the bale 2 in engagement with the beam 14 and post 15. The
      projection 43 also prevents turning or rotation of the bale 2 when in
      position between the arms 6 and 7 and the beam 14 whereby the bale holding
      members 9 and 10 and the projection 43 cooperate to retain the bale 2 in
      the apparatus 1 during handling thereof.
PAR  The implement hitch 4 of the tractor 5 is preferably operable for raising,
      lowering, and tilting the frame structure 3. The hitch 4 includes a pair
      of arms extending from a transverse beam which is raised and lowered by an
      operator of the prime mover 5 to thereby raise and lower the frame
      structure 3. The extensible member 59 is extended during raising of the
      frame 3 and is retracted during lowering of the frame 3. The pair of arms
      of the hitch 4 are suitably pivotally connected to the transverse member
      19 of the connector 16 whereby extension of the extensible member 59 of
      the prime mover 5 while the pair of arms of the hitch 4 are stationary
      tilts the trailing ends of the arms 6 and 7 downwardly and retraction of
      the extensible member 59 of the prime mover 5 while the pair of arms of
      the hitch 4 are stationary tilts the trailing ends of the arms 6 and 7
      upwardly.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A bale handling apparatus comprising:
PA1  a. a frame structure having a beam extending transverse to the direction of
      travel of the frame structure and having opposite end portions and an
      upstanding member on said beam intermediate said ends;
PA1  b. means on said beam and upstanding member for connecting same to an
      implement hitch of a prime mover with the hitch being operable for
      raising, lowering and tilting said beam;
PA1  c. a pair of laterally spaced elongated arms each having an intermediate
      portion thereof swingably mounted on a respective one of the opposite end
      portions of said beam, said arms each having a leading end portion and a
      trailing end portion extending in opposed relation to said beam;
PA1  d. means mounted on the trailing end portion of each of said arms for
      engaging a respective end portion of a hay bale;
PA1  e. extensible means having opposite ends thereof each connected to the
      leading end portion of a respective one of said arms for selectively
      effecting swinging movement of the trailing end portions of said arms
      toward and away from each other with the movement toward each other urging
      the bale engaging means into clamping engagement with the hay bale, said
      beam being between such bale and said extensible means;
PA1  f. the swingable mounting of the intermediate portion of each of said arms
      on a respective one of the opposite end portions of said beam include:
PA2  1. a saddle member mounted on the respective opposite end portion of said
      beam, said saddle member having an upper portion having the respective arm
      in sliding engagement therewith;
PA2  2. a stop member mounted on said beam and positioned in engagement with
      said saddle member; and
PA2  3. an upstanding ear extending upwardly from the upper portion of said
      saddle member and positioned to be engaged by said respective arm to limit
      swinging movement of the trailing end portions of said arms toward each
      other.
NUM  2.
PAR  2. A bale handling apparatus as set forth in claim 1 including a second
      upstanding ear for each of said saddle members and laterally spaced from
      said respective first named upstanding ear, said second upstanding ear for
      each of said saddle members being positioned to be engaged by said
      respective arm to limit swinging movement of the trailing end portions of
      said arms away from each other.
NUM  3.
PAR  3. A bale handling apparatus as set forth in claim 2 wherein:
PA1  a. said bale engaging means are rotatably mounted on the trailing end
      portion of the respective arms; and
PA1  b. the trailing edge portion of said frame has means mounted thereon for
      penetrating a side of the hay bale to thereby hold same against rotation,
      said bale penetrating means being removably mounted on said trailing edge
      portion of said frame.
NUM  4.
PAR  4. A bale handling apparatus as set forth in claim 3 wherein said bale
      engaging means have an elongated bale penetrating member extending
      therefrom to define an axis for rotation of the hay bale.
NUM  5.
PAR  5. A bale handling apparatus comprising:
PA1  a. a substantially horizontally extending frame structure having a leading
      edge portion and a longitudinally spaced trailing edge portion, said
      trailing edge portion having a beam member extending transverse to the
      direction of travel of the frame structure and having opposite end
      portions, said leading edge portion having an end member extending
      transverse to the direction of travel of the frame structure, said
      trailing edge portion having an upstanding post thereon;
PA1  b. an adjustable arm connected to said upstanding post and having a free
      end;
PA1  c. means on said leading edge portion of said frame structure and the free
      end of said adjustable arm for connecting same to respective portions of
      an implement hitch of a prime mover with the hitch being operable for
      raising and lowering said trailing edge portion of said frame;
PA1  d. a pair of laterally spaced arms each having an intermediate portion
      thereof swingably mounted about a vertical axis on a respective one of the
      opposite end portions of said beam member, said arms each having a leading
      end portion and a trailing end portion;
PA1  e. means mounted on the trailing end portion of each of said arms for
      engaging a respective end portion of a hay bale;
PA1  f. extensible means having opposite ends thereof each connected to the
      leading end portion of a respective one of said arms and spaced forwardly
      of said beam for selectively effecting swinging movement of the trailing
      end portions of each of said arms toward and away from each other with the
      movement toward each other urging the bale engaging means into clamping
      engagement with the hay bale; and
PA1  g. spaced abutment means associated with the swingable mounting of the
      intermediate portion of each of said arms on the respective one of the
      opposite end portions of said beam member to engage the intermediate
      portion of said arms and to limit swinging movement of the trailing end
      portions of said arms both toward and away from each other.
NUM  6.
PAR  6. A bale handling apparatus as set forth in claim 5 wherein said means to
      limit swinging movement of the trailing end portions of said arms toward
      and away from each other includes:
PA1  a. a pair of laterally spaced saddle members each mounted on a respective
      one of the opposite end portions of said beam member, said saddle members
      each having an upper portion having a respective one of said arms in
      sliding engagement therewith;
PA1  b. a pair of stop members each mounted on a respective one of the opposite
      end portions of said beam member, said stop members each being in
      engagement with a respective one of said saddle members to limit lateral
      movement thereof;
PA1  c. a first upstanding ear for each of said saddle members and extending
      upwardly from the upper portion thereof and positioned to be engaged by
      said respective arm to limit swinging movement of the trailing end
      portions of said arms toward each other; and
PA1  d. a second upstanding ear for each of said saddle members and extending
      upwardly from the upper portion thereof and positioned to be engaged by
      said respective arm to limit swinging movement of the trailing end
      portions of said arms away from each other.
NUM  7.
PAR  7. A bale handling apparatus as set forth in claim 6 wherein:
PA1  a. said bale engaging means are rotatably mounted on the trailing end
      portion of the respective arms thereby permitting unrolling of the hay
      bale;
PA1  b. the trailing edge portion of said frame structure has means mounted
      thereon for penetrating a side of the hay bale to thereby hold same
      against rotation, said bale penetrating means being removably mounted on
      said trailing edge portion of said frame structure whereby the hay bale
      may be unrolled upon removal of said bale penetrating means; and
PA1  c. said bale engaging means each have an elongated bale penetrating member
      extending therefrom to define an axis for rotation of the hay bale during
      unrolling thereof.
NUM  8.
PAR  8. A bale handling apparatus comprising:
PA1  a. a frame structure having a beam extending transverse to the direction of
      travel of the frame structure and having opposite end portions and an
      upstanding member on said beam intermediate said ends;
PA1  b. means on said beam and upstanding member for connecting same to an
      implement hitch of a prime mover with the hitch being operable for
      raising, lowering and tilting said beam;
PA1  c. a pair of laterally spaced elongated arms each having an intermediate
      portion thereof swingably mounted on a respective one of the opposite end
      portions of said beam, said arms each having a leading end portion and a
      trailing end portion extending in opposed relation to said beam;
PA1  d. means mounted on the trailing end portion of each of said arms for
      engaging a respective end portion of a hay bale;
PA1  e. extensible means having opposite ends thereof each connected to the
      leading end portion of a respective one of said arms for selectively
      effecting swinging movement of the trailing end portions of said arms
      toward and away from each other with the movement toward each other urging
      the bale engaging means into clamping engagement with the hay bale, said
      beam being between such bale and said extensible means; and
PA1  f. spaced abutment means associated with the swingable mounting of the
      intermediate portion of each of said arms on the respective one of the
      opposite end portions of said beam member to engage the intermediate
      portion of said arms and to limit swinging movement of the trailing end
      portions of said arms both toward and away from each other.
PATN
WKU  039468887
SRC  5
APN  4228472
APT  1
ART  241
APD  19731207
TTL  Artificial baby feeding
ISD  19760330
NCL  5
ECL  1
EXP  Norton; Donald F.
NDR  1
NFG  3
INVT
NAM  Tonkin; Shirley Lyford
STR  27 Eastbourne Road
CTY  Auckland 5
CNT  NZ
PRIR
CNT  NZ
APD  19721207
APN  169254
CLAS
OCL  215 11B
XCL  215 11D
EDF  2
ICL  A61J  900
FSC  128
FSS  252
FSC  215
FSS  11 R;11 B;11 D;311
FSC  137
FSS  525.3
UREF
PNO  249557
ISD  18811100
NAM  Truesdell
OCL  137525.3
UREF
PNO  589212
ISD  18970800
NAM  Michael
OCL  128252
UREF
PNO  605161
ISD  18980600
NAM  Clement
OCL  128252
UREF
PNO  1099082
ISD  19140600
NAM  Decker
OCL  128252
UREF
PNO  1146639
ISD  19150700
NAM  Miller
UCL  215 11B
UREF
PNO  1683246
ISD  19280900
NAM  Griffiths
OCL  128252
UREF
PNO  2597483
ISD  19520500
NAM  Head
XCL  215 11D
UREF
PNO  2655279
ISD  19531000
NAM  Wolf
OCL  215 11B
UREF
PNO  2707470
ISD  19550500
NAM  Greene
OCL  128252
UREF
PNO  2742168
ISD  19560400
NAM  Panetti
OCL  215 11D
UREF
PNO  2876773
ISD  19590300
NAM  Witz
OCL  128252
UREF
PNO  3346133
ISD  19671000
NAM  Herdman
OCL  215 11R
UREF
PNO  3424157
ISD  19690100
NAM  DiPaolo
OCL  128252
ABST
PAL  Artificial baby feeding apparatus for use with a container and teat has a
      flow directing means in the form of a one way valve or a restriction to
      prevent or restrict backflow of liquid from the teat to the container. A
      teat having a soft toroidal distal proximal portion assists in giving a
      satisfactory pumping action.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to artificial baby feeding.
PAR  I believe that there is a considerable difference between a baby's actions
      in suckling at the breast and sucking liquid from the artificial teats
      used on baby's bottles. In the first action, there is largely a biting
      action followed by a swallowing action, whereas in the second, it is
      necessary for the baby to create a negative pressure in its mouth before
      liquid, e.g. milk, can be caused to be drawn from the bottle by sucking.
      Not only this, but the bottle must be removed from the baby's mouth on
      occasions to allow air to enter into the bottle to replace the milk taken
      from the bottle by the baby. This has caused considerable disadvantages in
      the past in that some babies, particularly weak babies, do not quickly
      learn the necessary sucking action and it is believed that there are other
      physiological disadvantages in the present artificial baby feeding
      techniques.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide baby feeding
      methods and/or apparatus which will obviate or minimize the foregoing
      disadvantages in a simple yet effective manner or which will at least
      provide the public with a useful choice.
PAR  Accordingly, in one aspect, the invention consists in artificial baby
      feeding apparatus for use with a container and a teat, said apparatus
      comprising a flow directing means positioned, in use, between the
      container and the teat and pressure equalizing means adapted to prevent
      material negative pressure in the container during use, the construction
      and arrangement being such that, in use, milk or other liquid food
      supplied to the teat from the container may be expressed from the teat by
      squeezing parts of the teat towards each other while the container is
      elevated above the teat, milk flowing into the teat through said one way
      flow directing means on the teat distending after each compression and
      said pressure equalizing means operating to maintain substantially the
      same pressure inside as outside said container, with said flow directing
      means restricting or preventing flow of liquid back from the teat into the
      container.
PAR  In a further aspect, the invention consists in artificial baby feeding
      apparatus for use with a container, said apparatus comprising a teat
      fitted in use to the container, a flow directing means positioned, in use,
      between the container and the teat and pressure equalizing means adapted
      to prevent material negative pressure in the container during use, the
      construction and arrangement being such that, in use, milk or other liquid
      food supplied to the teat from the container may be expressed from the
      teat by squeezing parts of the teat towards each other while the container
      is elevated above the teat, milk flowing into the teat through said one
      way flow directing means on the teat distending after each compression and
      said flow directing means restricting or preventing flow of liquid back
      from the teat into the container.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the scope of the
      invention as defined in the appended claims. The disclosures and the
      description herein are purely illustrative and are not intended to be in
      any sense limiting.
PAR  One preferred form of the invention and modifications thereof will now be
      described with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical diagrammatic part cross section of a baby's feeding
      bottle associated teat and including apparatus according to the invention,
PAR  FIG. 2 is a perspective view of a valve used in the invention, and,
PAR  FIG. 3 is a plan view of an alternative perforated diaphragm used in the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, in one form of the invention, apparatus for the
      artificial feeding of a baby from a container is constructed as follows.
      The container e.g. a bottle 1 for liquid food, for example, milk is
      constructed in the normal way, except that an opening 2 may be provided
      e.g. a slot 2 adjacent the bottle mouth and open to atmosphere so that air
      may be admitted into the container. This preferred way of admitting air
      will, however, be referred to later. The container is preferably provided
      with a screw top 3, with the top having an aperture 4 through which a teat
      5 may be fitted so that the teat is sealed to the top of the container
      with the exception of the air opening through slot 2. The teat is
      preferably arranged to have a harder nipple 6 than an adjacent part 7 of
      the teat which is softer to conform to the softer part of the breast
      adjacent the nipple in nature. This may be effected by having a thinner
      cross section of flexible material e.g. rubber in the softer part than in
      the harder nipple part. It may also be effected by shaping the softer part
      e.g. to a toroidal or other suitable form. The part 7 is shown as of
      toroidal form in FIG. 1 separated by a neck 25 from a base 24 of the teat
      5, and/or the teat may have stiffening ribs 8 and a stiffening ring 9 to
      control collapsing of the teat in use. Flow directing means are provided,
      for example, a one way valve is fitted between the bottle 1 and the teat 5
      and preferably this one way valve is in the form of a flap valve 12 (FIG.
      2), integral with a cover 13 having an aperture 14 therein, with the flap
      valve 12 fitting, in use, on the upper face of the cover 13 and over the
      aperture 14 and being movable by liquid flow or pressure changes to allow
      the flow of liquid from the bottle 1 to the teat 5 but not vice versa. The
      cover 13 and flap valve 12 may be made of any suitable material, for
      example, rubber, but is preferably made of a plastic material, such as
      polyethylene or polypropylene and the flap valve 12 may be either a
      separate member fixed to the cover, for example, by heat sealing along a
      line or may be integral with the cover 13 as shown, with the cover and
      flap valve being cut out of a sheet of material and then the flap folded
      over on a fold line 15 coinciding with the edge of the cover 13 so that
      the flap extends over the aperture 14. To provide pressure equalizing
      means to equalize pressure as between the inside and outside of the
      bottle, a collapsible container may be used but I prefer to admit air to
      the bottle e.g. by the slot or groove 2 or in place of the groove 2 on the
      bottle 1, a groove 18 may be provided in a washer 19 (FIG. 2).
PAR  The preferred way of admitting air into the bottle, however, is to provide
      a slot or slit 20 in the cover 13 or cover 16 (FIG. 3) which extends to a
      point 21 (FIGS. 1 and 2) which is inside inner face 22 of the bottle 1 but
      leaving a portion 23 of the cover still covered by part of an annular disc
      base 24 of the teat 5 so that air does not enter the teat but enters the
      bottle 1 beyond washer 19 and which is shown as an alternate arrangement
      in FIG. 2 to the groove 18. Thus, the slot 20 extends from outside the
      bottle to within the same.
PAR  So that a user will know which way is up to use the cover 13 and flap valve
      12 it may be either colored or have printing thereon, the printing for
      example, reading "this side up" and the color coding being prescribed in
      the package in which the cover 13 and flap valve are supplied.
PAR  The flow directing means above described may, of course, take other forms,
      it may for example comprise a ball valve and valve seat or may comprise a
      "tear" type of valve in which a plurality of segments of a valve are
      arranged on a curved surface, so that pressure from one side will cause
      them to open away from each other, and pressure from the other side will
      cause them to close to each other, or the valve may comprise a mitral or
      aortal type of valve or may comprise a series of flap valves disposed
      adjacent to each other, or any other convenient type of one way valve may
      be used. This valve may be replaced by any flow directing means which
      resists back flow of liquid into the container when the teat is
      compressed. The preferred alternative device consists of a disc 16 which
      has a series of perforations 17 provided therein. These may be normal or
      oblique to the disc 16.
PAR  The teat, as stated, preferably has a hard nipple portion adjacent a softer
      rear portion to give a natural action. The distal hardening may be by a
      thicker portion of rubber or thickened lines. The proximal dilated portion
      has annular thickenings to facilitate its restoration after compression.
PAR  The operation of the construction is as follows:
PAR  When the nipple is applied to a baby's mouth, the natural suckling action
      of the baby is to bite or chew at the nipple compressing and releasing the
      nipple. The compression of the nipple causes milk or other liquid
      contained therein to be squirted from the aperture or apertures in the
      teat into the baby's mouth. Because of the one way action when the baby's
      mouth releases the teat, it expands because of the resilience of the
      material and this draws further milk into the teat, with this milk coming,
      of course, from the bottle 1. The milk which has thus been removed from
      the bottle, then creates a slight reduction in pressure in the bottle
      which draws air into the bottle through groove 2, groove 18 or slot 20
      (FIGS. 2 or 3) and this action continues. Of course, the bottle is
      maintained above the teat in normal use so that the flow of milk is
      effected by gravity and reverse flow of milk from the teat back into the
      bottle is prevented or restricted by the flow restricting means.
PAR  The construction has many advantages, in particular it is believed that the
      simulated action is substantially the same as that in natural feeding so
      that no new technique has to be learned by a baby and consequently weak
      babies and others who find it difficult to learn artificial feeding can
      readily be artificially fed. Furthermore, it is believed that the sucking
      action may have some detrimental physiological action on the baby and
      consequently from this point alone the construction is justified.
PAR  Furthermore, a good flow of milk is provided and there is little likelihood
      of the baby taking in air with his milk.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for nursing a suckling infant comprising in combination a
      container for containing a liquid and having an open end through which the
      liquid is dispensed as the infant suckles; a separate cover element
      disposed transversely of said container's open end; a teat element axially
      above said cover element and including means through which the liquid is
      received by the suckling infant; means removably retaining the container,
      cover element and teat element in assembled relationship; means for
      venting the interior of said container to the atmosphere as liquid is
      withdrawn by the suckling infant, said cover element comprising a disc
      including an aperture through which liquid flows from the container to the
      teat element as an infant suckles, said disc including a one-way valve
      comprising a displaceable flap juxtaposed on the side of said disc
      adjacent the teat element, said flap including a valve portion normally
      overlying said aperture for permitting liquid to flow thereby only from
      the container to the nipple element and preventing reverse liquid flow
      back to the container from the nipple element, said means for venting the
      interior of said container to the atmosphere comprising an air passage
      means formed between cooperating portions of said container and said cover
      element and comprising at least one groove portion in a washer positioned
      between said container and said cover element.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said teat element comprises a
      resiliently flexible material and includes a disc-like base overlying said
      cover element and integral with a toroidal portion extending axially from
      said disc-like base above the cover element and having a relatively large
      diameter, the toroidal portion being connected by a necked portion of
      relative smaller diameter to a nipple disposed above said toroidal
      portion, said nipple having a conoid formation, the nipple being harder
      and stiffer than the adjacent toroidal portion and being operative to
      substantially collapse during nursing of the infant whereby the toroidal
      portion collapses and expands to create a pumping action through said
      one-way valve.
NUM  3.
PAR  3. The apparatus as claimed in claim 2 in which said conoid formation
      comprises a plurality of stiffening ribs integral with said nipple, said
      ribs lying in planes which extend along the axis of said nipple.
NUM  4.
PAR  4. The apparatus as claimed in claim 1 in which the displacable flap of
      said one-way valve is integral with and comprises a portion of said cover
      element in reversed overlying relationship to the side of said cover
      element adjacent said teat element.
NUM  5.
PAR  5. The apparatus as claimed in claim 1 wherein said means for removably
      retaining the container, cover element and teat element in assembled
      relationship comprises a cap element removably secured to cooperating
      portions of said container.
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ABST
PAL  A tamperproof child resistant closure for a medicine bottle or the like.
      The closure has an inner threaded cap and an outer driver nested over the
      cap. There is a first co-operating, one-way clutch means on the driver and
      cap for screwing the cap onto the bottle. There is a second one-way,
      co-operating clutch means comprising an abutment on the outer wall of the
      cap skirt and an inwardly movable segment of the driver skirt. There is a
      removable sector portion of the driver top that is frangibly connected to
      the upper end of the segment and to the driver top which initially
      prevents inward movement of the segment for engaging the second clutch
      means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In my earlier Pat. Nos. 3,679,085 of July 25, 1972, and 3,722,727 of Mar.
      27, 1973, I disclosed a so-called "Child-Proof" closure or cap for
      medicine bottles or the like having an inner threaded cap which screws
      onto the neck of the bottle and an outer over-cap or driver. The inner cap
      and driver were nested together one over the other. In the disclosure of
      both of the above patents the cap and the driver have one-way driving
      means for screwing the cap onto the bottle neck and they have second
      co-operating driving means for unscrewing the cap off of the neck of the
      bottle. The second one-way engagable driving means is made operable only
      when a portion of the wall of the driver is inwardly displaced to engage a
      co-operating abutment or recess on the outer wall of the inner cap. The
      closures are thus relatively child-proof because a small child cannot
      comprehend the requirement for engaging the second driving means and, if
      the child rotates the outer cap or driver in an unscrewing direction, it
      merely rotates relative to the inner cap without unscrewing the inner cap.
PAR  The closures of the two above patents are entirely satisfactory from the
      standpoint of rendering the closures child-resistant or child-proof, i.e.,
      being significantly difficult to be opened by a child of the age of, say,
      six years or less. Equally important, closures embodying the two above
      listed patents readily can be opened by older children or by adults.
PAR  However, there is an additional problem with respect to prepackaged
      medicines such as aspirin, cold tablets and the like, even when they are
      packaged in bottles upon which the closures of the two above patents have
      been placed. There is no way of preventing an adult or an older child from
      opening the package while it is on the shelf in a large drugstore or super
      market, either to sample the contents or to switch the cap of this type
      upon which a certain price has been stamped for a cap of another product
      upon which a lower price has been stamped. Cap switching in large stores,
      where the clerks cannot maintain observation of all of the customers, has
      become a serious problem because the check-out operators are unable to
      check the label on the bottle against the price on the cap to make sure
      that the caps have not been switched.
PAR  It is, therefore, the principal object of the instant invention to provide
      a child-resistant cap of the type disclosed in the above mentioned patents
      but also comprising a tamper indicating feature making it readily apparent
      to a check-out clerk that the cap has been tampered with or switched by
      the customer.
PAR  A more specific object of the instant invention is to provide a
      tamper-indicating, child-resistant cap for a medicine bottle, or the like,
      having a threaded neck in which the cap comprises two nested elements with
      co-operating one-way drive means requiring that a portion of the outer
      element or driver be displaced inwardly to engage the inner element or
      bottle cap in order to unscrew the cap and initially having means for
      preventing that engage ment without removal of a portion of the outer
      driver to permit the engagement of the one way drive means, the removal of
      that outer portion being readily visible to a clerk at a check-out counter
      of a market or pharmacy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a closure embodying the invention;
PAR  FIG. 2 is a side view in elevation of the embodiment of the invention
      illustrated in FIG. 1, with parts broken away and showing a bottle
      fragmentarily;
PAR  FIG. 3 is a fragmentary, vertical sectional view taken along the line 3--3
      of FIG. 2 and illustrated on an enlarged scale;
PAR  FIG. 4 is a bottom plan view looking into the interior of the over-cap of
      this embodiment of the invention, shown on the same scale as FIGS. 1 and
      2;
PA1  Fig. 5 is a top plan view of the inner bottle cap of this embodiment of the
      invention;
PAR  FIG. 6 is a fragmentary, horizontal, sectional view taken substantially
      along the line 6--6 of FIG. 3 but illustrating the co-operating one-way
      driving means by which the torque applied to the over-cap or driver is
      delivered to the inner bottle cap in order to remove the closure from the
      bottle;
PAR  FIG. 7 is a fragmentary view in side elevation, with parts broken away,
      taken substantially from the position indicated by the line 7--7 of FIG.
      1;
PAR  FIG. 8 is a fragmentary, vertical sectional view similar to the upper left
      portion of FIG. 3 but illustrating a second embodiment of the invention;
PAR  FIG. 9 is a fragmentary, horizontal sectional view taken along the line
      9--9 of FIG. 8
PAR  FIG. 10 is a fragmentary plan view of the tamper preventing spacer
      according to a third embodiment of the invention; and
PAR  FIG. 11 is a fragmentary, vertical sectional view taken along the line
      11--11 of FIG. 10 and shown on a slightly enlarged scale.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The embodiment of the invention illustrated in FIGS. 1-7, inclusive,
      consists of an over cap or driver 20 and an inner or bottle cap 21. The
      driver 20 has an annular skirt 22 and a closed top 23. The inner cap 21
      has a similar annular skirt 24 and a closed top 25.
PAR  The outside diameter of the inner cap 21 and the outside diameter and axial
      length of its skirt 24 are less than the inside diameter and axial length
      of the driver skirt 22. The two elements of the invention, viz., the
      driver 20 and the cap 21 are thus designed and adapted to be telescoped
      and a lip 26 on the driver skirt 22 has an inside diameter which is less
      than the outside diameter of an outwardly directed rim 27 at the lower
      margin of the cap skirt 24. Inter-engagement between the lip 26 on the
      driver skirt and the rim 27 on the cap skirt retains the driver 20 and cap
      21 in their telescoped position as illustrated in FIGS. 2 and 3.
PAR  A closure according to the invention has first co-operating one-way drive
      means consisting of inclined ratchet dogs 28 on the underside of the cap
      top 25 and oppositely directed ratchet dogs 29 on the underside of the
      driver top 23. The dogs 28 and 29 are illustrated as being located on
      these opposed closed tops of the driver 20 and cap 21, and also are so
      illustrated in the above mentioned patents. However, it will be readily
      apparent that they may also be located at the shoulders of the driver and
      cap 20 or 21 or even on their peripheral surfaces. The only requirement
      insofar as the instant invention is concerned, is that the dogs 28 and 29,
      or similar ratchet-like members, shall be engageable with each other for
      transmitting torque from the driver 20 to the cap 21 only when the driver
      20 is rotated in a direction to screw the cap 21 onto the threaded neck of
      a bottle 30, fragmentarily illustrated in FIGS. 2 and 3. The co-operating
      dogs 28 and 29 extend around the opposed surfaces of the driver top 23 and
      cap top 25 in two annular series so that they readily overlap each other
      when the driver 20 is in its lower position as illustrated in FIG. 3. The
      underside of the driver top 23 (see FIG. 4) has a downwardly extending
      guide ring 31 of lesser diameter than the area of the dogs 28 and 29 to
      function as a guide for the rotation of the driver 20 relative to the cap
      21 after they are assembled into the position illustrated in FIGS. 2 and
      3.
PAR  Preferably, the cap 21 is molded, for example, from a relatively stiff
      resinous material such as medium impact polystyrene or even from metal so
      that it may be threaded down onto the neck of the bottle 30 sufficiently
      tightly to compress the marginal edges of a disc-like liner 32 against the
      lip of the neck of the bottle 30 in order to seal the bottle against the
      escape of liquids or to prevent the ingress of atmosphere if the bottle
      contents would be undesirably affected thereby.
PAR  Because the one-way drive means comprising the dogs 28 and 29 is effective
      for screwing the cap 21 onto the neck of the bottle 30, a closure
      embodying the invention may be placed on filled bottles by conventional
      capping machines and the cap 21 may be restored onto the neck of a bottle
      30 after use simply by pressing downwardly on the driver 20 and rotating
      it in a conventional direction.
PAR  If a small child, or one unable to comprehend the method of opening the
      bottle, attempts to rotate the driver 20 in a counter clockwise direction
      (conventional threading) even by forcing it downwardly, the driver 20 will
      merely ratchet in that direction snapping up and down as the dogs 28 and
      29 clear each other with the driver 20 being moved upwardly to the dotted
      line position indicated in FIGS. 2 and 3 while this attempt is being made.
      If the driver 20 is pulled upwardly and then rotated in a counterclockwise
      direction, the upward movement limited by the engagement of the lip 26 and
      rim 27 will disengage the dogs 28 and 29 from each other and the driver 20
      will simply rotate freely relative to the cap 21.
PAR  A closure embodying the invention also has a second, engageable,
      co-operating one-way drive means functioning to unscrew the cap by
      transferring torque from the driver 20 to the cap 21. This second
      engageable one-way drive means comprises co-operating elements which
      consist of at least one abutment 33 formed on the outer surface of the cap
      skirt 24 and having a vertically extending face and at least one radially
      inwardly displacable element 34. The element 34 may be described as an
      annular sector portion of the driver skirt that, in this embodiment, is
      defined by two circumferentially spaced and axially extending slots 35
      formed in the upper portion of the driver skirt 22. The element 34 is
      integral with the body of the driver skirt 22 at its lower end. In the
      initial construction of the driver 20, i.e., when it is to be first
      threaded onto the neck of a bottle by a manufacturer and before any effort
      has been made to open the bottle, the upper end of the element 34 is
      spaced outwardly lying in the same annular area as the remaining portion
      of the driver skirt 22. The upper end of the element 34 is connected in
      this embodiment of the invention to the driver top 23 by a removable
      sector-like spacer 36 having a manually graspible tab 37. The removable
      spacer 36 is integrally connected to the upper end of the sector-like
      portion of the element 34 by a thin frangible web 38 which extends all
      around the removable spacer 36 being connected at its inner side and at
      its ends by continuations of the web 38.
PAR  It is thus impossible for one seeking to open the bottle to inwardly move
      the element 34 in order to engage its edge with the abutment 33 until
      after the spacer 36 has been torn away.
PAR  As a result of the presence of the removable spacer 36, it is readily
      apparent to a check-out clerk in a market whether or not anyone has
      attempted to open the package either to remove its contents or to switch a
      cap of a less expensive product for the cap of the more expensive product
      which the person has picked from the shelf.
PAR  After the removable element 34 has been torn away by rupturing the
      frangible web 38, an older child or an adult readily can open the package
      simply by pressing inwardly on the element 34 and rotating the driver 20
      in a counter-clockwise direction until the element 34 snaps into position
      behind the abutment 33 as is illustrated in FIG. 6. Thereafter continued
      rotation of the driver 20 in a counter-clockwise direction delivers torque
      to the cap 21 so that it can be unscrewed and removed from the neck of the
      bottle 30.
PAC  FIGS. 8 AND 9
PAR  A second embodiment of the invention is illustrated in FIGS. 8 and 9.
      Because most of the component parts of the driver 20 and cap 21 are
      identical with those previously described with respect to FIGS. 1-7,
      inclusive, like parts in FIGS. 8 and 9 will be similarly numbered without
      further description. In FIGS. 8 and 9 a neck of a bottle indicated by the
      reference number 30a is fragmentarily shown as is a portion of a liner 32a
      which is tightened against the lip of the neck of the bottle 30a by an
      inner cap 21a. The cap 21a, like that of the earlier embodiment, has a top
      25a and a skirt 24a. The closure also comprises an over cap or driver 20a
      and the driver 20a and cap 21a are provided with the one-way driving means
      comprising the dogs 28 and 29 which are not illustrated in FIGS. 8 and 9.
PAR  In this second embodiment of the invention, however, the location of a
      spacer 36a is in the upper portion of the skirt 22a of the driver 20a
      rather than being at the margin of the top of the driver 20a. As in the
      earlier embodiment the spacer 36a constitutes an annular sector-like
      portion of the driver skirt, and has, in this case, a radially outwardly
      extending finger tab 37a. The tab 37a and the entire spacer 36a are
      connected along their upper and lower surfaces and at their ends by a thin
      frangible web 38a which is comparable in function to the web 38 previously
      described. Again, it is impossible to deflect the upper end of the element
      34a inwardly in order to engage with the abutment 33 on the cap skirt 24
      until after removal of the spacer 36.
PAC  FIGS. 10 AND 11
PAR  A third embodiment of the invention is illustrated in FIGS. 10 and 11,
      where frangible web 38b is shown as extending only part of the way around
      a spacer 36b which also has a finger tab 37b. As in the other embodiments
      of the invention, the spacer 36b and the web 38b are integral with the
      driver 20, in this case a part of a driver top 23b. The spacer 36b
      prevents the one-way drive element 34b from being flexed inwardly until
      after the spacer 36b has been torn away.
PAR  It will be appreciated that the extent of the frangible webs 38, 38a or 38b
      around their respective spacers 36, 36a or 36b is selected to determine
      the force necessary to remove the particular spacer so as to enable the
      closure to be unscrewed.
PAR  In all embodiments of the invention the driver 20 preferably is fabricated
      from a comparatively more resilient material than that from which the cap
      21 is fabricated, for example, the driver may be molded from
      polypropylene.
PAR  Preferably, the skirt of the driver 20 is provided with a plurality of
      vertical ribs 39 in order to facilitate grasping the driver 20 in the
      fingers of a person either wishing to restore the closure to the bottle or
      to unscrew the closure after the displaceable element 34 has been squeezed
      inwardly into engagement with the cap skirt abutment 33.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A tamper indicating, child-resistant closure for a medicine bottle or
      the like having a threaded neck, said closure consisting of:
PA1  a. an inner, cup-shaped cap having an annular skirt that is internally
      threaded to mate with the threaded neck of the bottle and a disc-like
      circular top,
PA1  b. an outer cup-shaped driver having a disc-like top and an annular skirt
      having an inside diameter greater than the exterior diameter of said cap
      skirt,
PA1  c. co-operating one-way drive means on adjacent parts of said cap and said
      driver engageable for screwing said cap onto the neck of the bottle,
PA1  c. and second, engageable, co-operating one-way drive means for unscrewing
      said cap, said second drive means consisting of
PA2  1. at least one abutment on the outer surface of said cap skirt,
PA2  2. an annular sector-portion of said driver skirt that is defined by
      circumferentially spaced slots in said driver skirt which extend axially
      upwardly from a level below the top of said driver skirt; and
PA2  3. a removable sector-like spacer that is a part of said driver that is
      connected by frangible webs to the upper end of said annular skirt portion
      and to an adjacent portion of said driver.
NUM  2.
PAR  2. A closure according to claim 1 in which the frangible webs extend around
      all sides of the removable spacer.
NUM  3.
PAR  3. A closure according to claim 1 in which the frangible webs extend along
      at least a part of the inner and outer sides of the removable spacer.
NUM  4.
PAR  4. A closure according to claim 1 in which the abutment is one side of an
      axially extending recess in the outer surface of the cap skirt.
NUM  5.
PAR  5. A closure according to claim 1 in which the removable spacer has a
      radial thickness at least greater than the radial distance between the
      inner surface of the driver skirt and the radially outermost edge of the
      abutment.
NUM  6.
PAR  6. A closure according to claim 1 and a manually graspable tab on the
      removable spacer.
NUM  7.
PAR  7. A closure according to claim 1 in which the annular sector portion of
      the driver skirt is integral with the skirt at its lower end and its upper
      end is inwardly movable for engagement with the abutment after the removal
      of the removable spacer.
NUM  8.
PAR  8. A closure according to claim 1 in which the removable spacer is a part
      of the top of the driver.
NUM  9.
PAR  9. A closure according to claim 8 in which the removable spacer has an
      upwardly extending manually graspable tab.
NUM  10.
PAR  10. A closure according to claim 1 in which the removable spacer is at the
      upper end of the annular sector portion of the driver skirt.
NUM  11.
PAR  11. A closure according to claim 10 and a manually graspable tab on the
      removable spacer.
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ABST
PAL  A child proof closure for containers having a threaded neck. A screw type
      cap has a first set of teeth mounted on its side the teeth being set at an
      angle to the axis of the cap. A drive member is loosely mounted on the cap
      for limited axial motion. A second set of teeth is mounted on said drive
      member, the teeth being angled in the same direction as the first set of
      teeth. When said drive member is turned in the direction to remove the
      cap, the interaction of said teeth lifts the drive member relative to the
      cap and the first and second sets of teeth disengage so that the cap
      cannot be removed soley by turning.
PARN
PAR  This application is a Continuation-in-Part of my prior application Ser. No.
      548,907 filed Feb. 11, 1975, for Child Proof Closure.
BSUM
PAR  This invention relates to child proof closures for containers containing
      medicines, poisons and corrosive substances or liquids.
PAR  This invention provides a cap means which must be pressed down and turned
      in order to remove the cap. This invention is preferably made from
      plastic.
PAR  In my prior application, the drive member fit over the top portion of the
      cap. In this invention the drive member fits over the entire cap. This
      provides a longer side wall with greater flexibility and is more suitable
      for plastic construction
PAR  Accordingly, a principal object of the invention is to provide new and
      improved means for child proof closures for containers.
PAR  Another object of the invention is to provide new and improved means for
      child proof closures for containers of the type having a threaded neck.
PAR  Another object of the invention is to provide new and improved screw type
      closures for containers such as bottles which require simultaneous
      pressing and turning in order to unscrew the cap.
PAR  Another object of the invention is to provide a new and improved screw type
      cap having a drive member loosely mounted on the cap wherein both the cap
      and the drive member have teeth which must be engaged by firmly pressing
      the drive member onto the cap and simultaneously turning in order to
      unscrew the cap.
PAR  Another object of the invention is to provide new and improved child proof
      closure means for containers having a threaded neck comprising, a screw
      type cap having a lower outwardly extending lip, a first set of teeth on
      the side of said cap, said teeth being set at an angle to the axis of said
      cap, a drive member loosely mounted on said cap for limited axial motion,
      said drive member having an interior slot around its lower periphery said
      slot engaging said lip so as to permit axial movement of said drive member
      on said cap, a second set of teeth on said drive member, said teeth being
      angled in the same direction as said first set of teeth, whereby when said
      drive member is turned in the direction to remove the cap, the interaction
      of said teeth lifts the drive member relative to the cap and the first and
      second sets of teeth disengage so that the cap cannot be removed solely by
      turning.
DRWD
PAR  These and other objects of the invention will be apparent from the
      following specification and drawings of which:
PAR  FIG. 1 is a side view of an embodiment of the invention partially in
      section, in free position.
PAR  FIG. 2 is a side view of the embodiment of FIG. 1 partially in section, in
      engaged position.
PAR  FIG. 3 is a side view of the drive member of FIG. 1.
DETD
PAR  Referring to the Figures, the cap 1 is a screw type cap which is adapted to
      be screwed onto a container such as medicine bottles, of the type which
      have a threaded neck. The cap is conventional except for two features.
      First the cap has a plurality of teeth 2, which are mounted on the upper
      side of the cap, and secondly, the cap has an annular lip 4 on the lower
      periphery, one purpose of which is to loosely retain the drive member 5,
      on cap 1. The teeth 2 have an angle to the axis of the cap in the
      neighborhood of 45.degree. to 60.degree..
PAR  The drive member 5, has an interior lower slot 6, which is adapted to fit
      onto the lip 4, so as to hold the drive member on the cap, but free to
      move axiably and rotatably. The drive member has a circle of teeth 7, on
      the interior of its upper surface which are adapted to mate with the teeth
      2, of the cap 1, when the drive member is pressed on the cap.
PAR  The teeth 7, have an angle to the axis equal to that of the angle of the
      teeth 2. The direction of the angle is chosen so that the lower edges of
      the teeth lead in the direction that the cap is turned to apply it. When
      the drive member is turned clockwise to apply the cap, then the first and
      second sets of teeth, 2 and 7, lock together.
PAR  On the other hand, when the drive member is turned counterclockwise, in the
      direction to remove the cap without pressing, the interaction of the teeth
      causes the drive member to lift away from the cap so that the teeth are
      not engaged but the drive member teeth slip over the cap teeth. There is
      sufficient play in the mounting of the drive member between lip and slot 6
      to accommodate this axial motion of the drive member.
PAR  When it is desired to remove the cap, the drive member is pressed down
      firmly onto the cap and rotated counter-clockwise. The pressing will cause
      the first and second sets of teeth 2 and 7, to remain in contact so that
      by simultaneously pressing and turning counter-clockwise the cap can be
      removed. The teeth are not formed with square cross-sections but are of a
      curved cross-section so that a first pressing is required to keep the
      teeth in contact for the purpose of removing the cap.
PAR  The drive member is mounted on the cap and the dimensions are such that the
      drive member is retained loosely on the cap so that it can be easily
      turned without turning the cap, as shown in FIG. 1.
PAR  Therefore, a child merely turning the drive member will not unscrew the
      cap. The teeth are pointed or beveled with rounded edges so that a firm
      pressure is required to hold them into engagement when unscrewing the cap.
PAR  It is unlikely that a small child would be able to appreciate that it is
      necessary to press and turn simultaneously to unscrew the cap.
      Furthermore, since the teeth are not square, a small child would not have
      sufficient strength to hold the teeth in engagement while unscrewing the
      cap.
PAR  The cap and drive member are preferably made of molded plastic. The drive
      member has sufficient flexibility to that it may be snapped into position
      on the cap and thereafter cannot be removed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A child proof closure for containers having a threaded neck comprising:
PA1  a screw type cap, having a lower outwardly extending lip,
PA1  a first set of teeth on the side of said cap, said teeth being set at an
      angle to the axis of said cap,
PA1  a drive member loosely mounted on said cap for limited axial motion, said
      drive member having an interior slot around its lower periphery said slot
      engaging said lip so as to permit axial movement of said drive member on
      said cap,
PA1  a second set of teeth on said drive member, said teeth being angled in the
      same direction as said first set of teeth,
PA1  whereby when said drive member is turned in the direction to remove the
      cap, the interaction of said teeth lifts the drive member relative to the
      cap and the first and second sets of teeth disengage so that the cap
      cannot be removed solely by turning.
NUM  2.
PAR  2. Apparatus as in claim 1, wherein said first and second sets of teeth are
      set at an angle to the axis of said cap so that the leading lower edges of
      the teeth are in the direction of turning said cap to apply the cap to the
      container.
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ABST
PAL  A flexible plastic safety cap for bottles containing pressurized liquid
      such as champagne or sparkling burgundy. This cap is designed for bottles
      having a neck open at the top and with an external downwardly facing
      shoulder. The cap includes an inner sealing portion which goes into the
      opening of the neck and an outer locking portion which includes a
      flexible, resilient tubular section that surrounds the neck. The tubular
      section includes two or more internal rib portions which engage the neck
      shoulder to lock the cap to the bottle neck. The tubular section may also
      include an integral pull tab portion for readily releasing and removing
      the cap from the bottle.
BSUM
PAR  Classically, bottles for such pressurized liquids as champagne or sparkling
      burgundy have been sealed with cork caps which were locked in place by a
      wire retainer. To prevent the wire from cutting into the cork, an
      intermediate metal disc would be interposed between the cork and the wire.
      Several disadvantages are presented by such a cap construction. A
      substantial amount of labor is involved to properly place the cork, the
      intermediate disc and the wire retainer. Further, the integrity of the
      cork material may not always be sufficient to effectively seal the wine
      from spoilage.
PAR  With the development of plastic materials, some effort has been made to
      replace the cork and wire retainer with a plastic cap. However, because of
      the smooth surfaces provided by the bottle itself and a generally smooth
      and low friction surface provided by most plastic materials which are
      sufficiently impervious to provide the necessary seal for the bottle, the
      need for a safety lock such as the wire retainer has not been eliminated.
PAR  Thus, there is a need in the industry for a relatively simple safety cap
      for pressurized bottles which is inexpensive and convenient to
      manufacture, as well as to install.
PAR  The safety cap of the present invention contemplates a safety cap
      arrangement for pressurized bottles containing pressurized liquid such as
      champagne or sparkling burgundy which is relatively simple and economical
      to manufacture and assemble onto the bottle. This cap is designed for use
      with a bottle having a neck portion open at its upper end and with an
      external downwardly facing annular shoulder extending around the neck
      portion. The cap includes an inner sealing portion which goes into the
      opening of the neck of the bottle and an outer locking portion comprising
      a flexible plastic outer tubular section which surrounds the neck. The
      tubular section has two or more internal lip portions which engage the
      neck shoulder to thereby lock the cap in the bottle neck. The tubular
      section may also include an integral pull tab portion for readily
      releasing and removing the cap from the bottle.
DRWD
PA0  In the Drawings:
PAR  FIG. 1 is a side elevational view of a presently preferred embodiment of
      the safety cap of the present invention.
PAR  FIG. 2 is a side sectional view showing the cap of FIG. 1 installed in the
      neck of a bottle.
PAR  FIG. 3 is a sectional view taken generally along line 3--3 of FIG. 2.
PAR  FIG. 4 is a side sectional view of the top end of a bottle showing a
      modified form of safety cap.
PAR  FIG. 5 is a side sectional view of the top end of a bottle showing a
      further modified form of safety cap.
DETD
PAR  The presently preferred embodiment of this invention is illustrated in
      FIGS. 1 - 3. The cap 10 comprises generally an inner sealing portion 12
      which is received in the open upper end of the neck 8 of the bottle to be
      sealed, and an outer locking portion 14 which surrounds the upper end of
      the bottle neck and engages portions of the neck to lock the inner sealing
      portion of the cap in place and to prevent it from being dislodged by the
      internal pressure exerted on it from the contents of the bottle. As shown
      in FIG. 2, the illustrated inner sealing portion 12 is a separate piece
      from the outer locking portion 14. The bottle neck 8 is opened at its
      upper end and the inner sealing portion 12 is received therein. Around the
      outside of the bottle neck spaced downwardly from its open upper end, an
      annular band 32 is formed. The band has a generally cylindrical outer
      surface and its lower end provides a downwardly facing annular shoulder
      16. The outer locking portion 14 comprises a tubular section 30 of
      flexible, resilient plastic material. Tubular section 30 includes two or
      more internal rib portions 18 (see FIG. 3) for engaging in locking
      engagement the shoulder 16 when the cap 10 is in sealing and locking
      engagement with the bottle as shown in FIG. 2. The tubular section 30 may
      also include an integral pull tab portion 20 for readily releasing and
      removing the cap from the bottle.
PAR  Now considering the embodiment of FIGS. 1 - 3 in further detail, the
      illustrated inner sealing portion comprises a tubular lower sealing
      section 22 configured and proportioned to be received in a tight pressed
      fit within the opening at the upper end of the neck 8 of the bottle as
      shown in FIG. 2. The sealing portion 12 further includes an upper or
      enlarged head section 24 which may be integrally formed with the lower
      section 22. Head section 24 is larger than the opening in the bottle neck
      to define and limit the insertion of the inner sealing section 22 of the
      cap 12 into the bottle. This inner sealing portion 12 may be made of a
      suitable material such as polypropylene.
PAR  The illustrated outer locking portion 14 comprises an upper cap section 26
      having a downwardly facing internal cavity 28 proportioned to receive
      snuggly therein the head section 24 of the inner sealing portion 12. The
      outer sealing portion 14 further includes the integrally formed tubular
      section 30 which extends downwardly from the cap section 26 and surrounds
      the neck of the bottle to be sealed. The illustrated bottle neck includes
      the annular exterior rib or band 32, the lower edge of which defines the
      annular shoulder 16. As noted above, the shoulder 16 faces generally
      downwardly and in the opposite direction from the open upper end of the
      bottle. The rib portions 18 are shown integrally formed around the
      interior of the tubular section 30. The rib portions 18 are positioned so
      that when the cap is assembled as shown in FIG. 2, the rib portions will
      engage the shoulder 16 to thereby tightly hold the inner sealing portion
      12 in place in the neck of the bottle. The sealing portion 14 may be made
      of a suitable flexible, resilient material such as polyethylene or
      polypropylene so that it may be simply and effectively installed on the
      bottle by forcing it down over the neck to the locked position. In this
      connection, the tubular lower section 30 should be sufficiently expandable
      to permit the rib portions 18 to fit down over the enlarged external band
      32 of the bottle neck. The portion 30 should be sufficiently tough and
      resilient enough, however, to draw the rib portions 18 back inwardly once
      they have passed the band 32 to form a good locking engagement with the
      annular shoulder 16, and thereby provide the desired lock for the cap.
      Thus, the assembly of the cap requires merely a simple press-on operation,
      as distinguished from the much more time consuming and complicated
      operations required to install a wire over a cork or cap in the bottle.
PAR  The integral pull tab portion 20 provides an easy and convenient means for
      readily releasing and removing the cap from the bottle. The pull tab
      portion 20 is shown integrally formed with the tubular section 30. Portion
      20 includes an annular ring portion 34 extending around the tubular
      section 30 above the rib portions 18. As shown in FIG. 1, the ring portion
      34 merges into a tab portion 36 which curves downwardly and then extends
      down below the lower end of the tubular section 30 so that its lower end
      can be grasped and pulled by the user. The pull tab portion 20 may be
      thicker than the remainder of the tubular section 30 and/or it may be
      joined to the tubular section 30 by sections or areas of reduced thickness
      as indicated by numbers 38 in FIG. 1. By pulling on the free end of the
      pull tab portion 20, it may be separated from the adjacent portions of the
      tubular section 30, first in the area of the tab portion 36 and then in
      the area of the annular ring portion 34. This serves to release the rib
      portions 18 from the shoulder 16 and permits simple removal of the
      remainder of the locking portion 14. The inner sealing portion 12 may then
      be removed by conventional means from the bottle to provide access to the
      contents of the bottle.
PAR  It will be noted that the illustrated rib portions 18 are each
      approximately one-third of the circumference around the bottle neck, and
      that the three rib portions 18 are separated from each other by small
      cut-out or notched areas 37 as shown in FIG. 3. The use of multiple rib
      portions is an important feature of the present invention. By comparison,
      a single ring portion extending completely around the circumference of the
      bottle neck would tend to resist expansion when it is forced over the
      exterior band 32 of the bottle neck. Further, once so expanded, it may
      less readily contract so that it may not then form a sufficiently tight
      and dependable lock for the bottle. In other words, the multiple rib
      portions 18 provide a better and more dependable lock for the cap. While
      three rib portions are illustrated, it would also be possible to utilize
      two rib portions or four or more rib portions if so desired.
PAR  FIG. 4 illustrates a modified form of safety cap designed primarily for use
      with a champagne-type bottle. As shown in FIG. 4, the annular external
      band 32a around the upper end of the bottle neck does not have a generally
      cylindrical upright surface as does the band 32 shown in FIG. 2. The band
      32a rather has a generally frusto-conical outer surface which is smallest
      at the top and curves outwardly to its largest diameter at its lower end.
      This band 32a forms a downwardly facing annular shoulder 16a, generally
      comparable to the shoulder 16 shown in FIG. 2. The cap 10a is generally
      similar in construction to cap 10 in FIGS. 1-3, but with certain
      differences which will now be described. The tubular section 30a
      surrounding the bottle neck provides rib portions 18a generally comparable
      to the rib portions 18 of cap 10, however, the interior of the tubular
      section 30a above the rib portions 18a has a generally frusto-conical
      configuration as distinguished from the generally cylindrical interior
      configuration of the upper part of the tubular section 30 of cap 10. This
      frusto-conical interior surface 40 of the cap 10a is largest at its lower
      end where it engages the largest portion of the annular bottle band 32a,
      and it then progressively reduces in diameter to its upper end where it
      may engage the lip 41 of the open end of the bottle. In addition to the
      provision of frusto-conical inclined surface 40, the cap 10a is formed as
      an integral unit with the inner sealing portion and the outer locking
      portion combined in a single molded plastic part. The unitary part would
      be cheaper to install as it would require only a single instead of a
      two-step installation as in the case of cap 10. On the other hand, this
      unitary construction would probably be more expensive to mold. In other
      respects the cap 10a would generally be like cap 10, including a pull tab
      portion 20a for readily releasing and removing the cap.
PAR  FIG. 5 shows a further modified form of safety cap 10b. The outer locking
      portion 14b of cap 10b is essentially identical to the outer locking
      portion 14 of cap 10. The inner sealing portion 12 of cap 10 has been
      replaced in the embodiment of FIG. 5 by a solid cork 42. This latter
      arrangement may be desirable where the winery or bottler desires to use a
      genuine cork stopper while also desiring a simple and inexpensive way of
      locking the cork stopper in place, as well as providing for its ready and
      easy release.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Safety cap structure for a bottle having pressurized contents, the
      bottle having a generally tubular neck open at its upper end and having an
      annular exterior shoulder facing away from the open end, said cap
      structure comprising:
PA1  an inner sealing portion for being received in the neck of the bottle to
      form a seal therewith;
PA1  an outer locking portion including a generally tubular flexible resilient
      section for being disposed, when the sealing portion is in the bottle neck
      opening, around the outside of the bottle neck, and extending at least as
      far from the open end of the bottle as the external shoulder;
PA1  means integrally formed inside of the tubular section defining X
      circumferentially separated rib portions that extend radially inwardly for
      engagement with the external shoulder of the bottle neck, X being at least
      two, each of said rib portions having opposed ends and being separated by
      a small notch at each of its ends from an end of an adjacent rib portion
      such that each rib portion is in close proximity at either of its ends to
      an end of an adjacent rib portion, each of said notches extending a small
      distance around the circumference of the tubular section relative to the
      distance which each rib portion extends around said circumference, each
      rib portion extending approximately Y degrees around the inside of the
      tubular section Y being equal to 360.degree. divided by X; and
PA1  means on the tubular section defining a pull tab portion integrally formed
      with but separable from the remainder of the tubular section for being
      pulled to thereby release the rib portions from their engagement with the
      annular shoulder of the bottle neck.
NUM  2.
PAR  2. The safety cap structure of claim 1 wherein said rib portion defining
      means define a generally continuous annular rib having at least two
      interruptions therein.
NUM  3.
PAR  3. The safety cap structure of claim 2 wherein there are at least three of
      said rib portions.
NUM  4.
PAR  4. The safety cap structure of claim 1 wherein said inner sealing portion
      and said outer locking portion are separate pieces.
NUM  5.
PAR  5. The safety cap structure of claim 1 wherein said inner sealing portion
      in said outer locking portion are integrally formed as a single piece.
NUM  6.
PAR  6. The safety cap structure of claim 1 wherein the bottle neck is a
      generally cylindrical exterior section above the annular external shoulder
      and wherein the tubular section of the cap has a mating cylindrical
      interior section above the rib portions.
NUM  7.
PAR  7. The safety cap structure of claim 1 wherein the bottle neck is a
      generally arcuate curved section above the annular external shoulder and
      the tubular section of the cap has a mating arcuate curved interior
      section above the rib portions.
NUM  8.
PAR  8. The combination comprising:
PA1  a. a bottle for holding pressurized contents, the bottle having a generally
      tubular neck open at its upper end and having an annular external shoulder
      facing away from the open end; and
PA1  b. a cap structure comprising:
PA2  an inner sealing portion received in the neck of the bottle to form a seal
      therewith;
PA2  an outer locking portion including a generally tubular flexible resilient
      section disposed around the outside of the bottle neck, and extending at
      least as far from the open end of the bottle as the external shoulder;
PA2  means integrally formed inside of the tubular section defining X
      circumferentially separated rib portions that extend radially inwardly and
      are in engagement with the external shoulder of the bottle neck, X being
      at least two, and no more than three, each of said rib portions having
      opposed ends and being separated by a small space at each of its ends from
      an end of an adjacent rib portion such that each rib portion is in close
      proximity at either of its ends to an end of an adjacent rib portion, each
      rib portion extending approximately Y-degrees around the inside of the
      tubular section, Y being equal to 360.degree. divided by X; and
PA1  means on the tubular section defining a pull tab portion integrally formed
      with but separable from the remainder of the tubular section to thereby
      release the rib portions from their engagement with the annular shoulder
      of the bottle neck.
NUM  9.
PAR  9. A safety cap structure for a bottle having pressurized contents such as
      champagne or sparkling burgundy, the bottle having a generally tubular
      neck open at its upper end and having an external band adjacent to its
      open upper end, an annular external shoulder being defined around the
      lower edge of the exterior band, the shoulder facing away from the open
      end of the bottle neck, said cap structure comprising:
PA1  an inner sealing portion of plastic material including an enlarged head
      section larger in cross section than the opening in the bottle neck and a
      lower tubular section integrally formed with and depending from the head
      section for tight sealing fit within the open neck of the bottle to form a
      seal therewith;
PA1  an outer locking portion of plastic material including an upper cap section
      having an interior cavity proportioned to receive therein the head section
      of the inner sealing portion, said outer locking portion further including
      a generally tubular flexible resilient plastic section integrally formed
      with the cap section for being disposed, when the sealing portion is in
      the bottle neck opening, around the outside of the bottle neck, said
      tubular locking section extending below said external shoulder of the
      bottle neck;
PA1  means integrally formed inside of the tubular locking section defining
      three circumferentially separated rib portions that extend radially
      inwardly for engagement, when the cap structure is installed on the
      bottle, with the external shoulder of the bottle neck, said means which
      define the rib portions defining a generally continuous annular rib
      structure interrupted by a small notch at three generally equal locations
      therearound, each of said rib portions extending approximately 120.degree.
       around the circumference of said locking section; and
PA1  means integrally formed on the tubular locking section defining a pull tab
      portion separable from the remainder of the tubular locking section to
      thereby release said rib portions from their engagement with the annular
      shoulder of the bottle neck to facilitate ready removal of the cap
      structure from the bottle.
NUM  10.
PAR  10. A plastic locking structure for a bottle having pressurized contents,
      the bottle having a generally tubular neck open at its upper end and
      having an annular exterior shoulder facing away from the open end, a
      sealing member being received in the neck of the bottle to form a seal
      therewith, said locking structure comprising:
PA1  a plastic outer locking portion including a generally tubular flexible
      resilient section for being disposed, when the sealing member is in the
      bottle neck opening, around the outside of the bottle neck, and extending
      at least as far from the open end of the bottle as the external shoulder;
PA1  means integrally formed inside of the tubular section defining X
      circumferentially separated rib portions that extend radially inwardly for
      engagement with the external shoulder of the bottle neck, X being at least
      two, each of said rib portions having opposed ends and being separated by
      a small notch at each of its ends from an end of an adjacent rib portion
      such that each rib portion is in close proximity at either of its ends to
      an end of an adjacent rib portion, each rib portion extending
      approximately Y degrees around the inside of the tubular section, Y being
      equal to 360.degree. divided by X; and
PA1  means on the tubular section defining a pull tab portion integrally formed
      with but separable from the remainder of the tubular section to thereby
      release the rib portions from their engagement with the annular shoulder
      of the bottle neck.
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ABST
PAL  A double-walled vessel wherein a grid is located between the walls to
      provide a support for the inner wall, the grid being made up of strips
      which are on edge and which define interconnected cells for passage of a
      fluid between the walls.
BSUM
PAR  The invention relates to improvements to double-walled vessels whose wall
      comprises two equidistant envelopes separated by a gap within which a
      fluid can flow.
PAR  The invention applies particularly to vessels in which chemical reactions
      take place, for example polymerization reactors. The inside surface of the
      wall of such a vessel must, of course, be able to resist corrosion from
      the substances contained and is often made from special steel. Since it
      would cost too much to use the same steel for a wall capable both of
      resisting corrosion and of withstanding the pressure which may previal
      inside the vessel, it is customary to use walls with several layers,
      including at least a corrosion-resistant protective skin and a thick
      pressure shell which withstands the pressure and on which the protective
      skin is supported.
PAR  In various proposed multi-walled vessels the protective skin is supported
      on the pressure shell directly.
PAR  However, it has been found that double-walled vessels in which the two
      envelopes are separated by a gap also have advantages. In the case of some
      known methods the gap between the two envelopes is occupied by a fluid
      kept at a pressure substantially equal to that prevailing inside the
      vessel, so that practically no stress is applied to the thin protective
      skin. If the pressure is to be distributed uniformly over the entire inner
      envelope, of course, the fluid must be able to flow freely through the gap
      between the two envelopes. The envelopes are generally connected only by
      spaced blocks, intended solely to maintain the spacing between the
      envelopes. This system has the disadvantage that the thin protective skin
      cannot withstand any pressure on its own, so that even a momentary
      interruption in the balance of pressure on both sides of the skin may
      damage it.
PAR  In other known vessels the pressure of the fluid flowing between the two
      envelopes cannot be the same as that prevailing inside the vessel. This is
      so, in particular, if the fluid inside the gap is a heat transfer medium
      for absorbing the heat evolved in the reaction occurring inside the
      vessel, since the pressure of this fluid depends on its temperature and on
      its physical characteristics and is therefore difficult to adjust to the
      pressure inside the vessel. In this case it is essential for the spacer
      blocks between the protective skin and the pressure shell to provide
      sufficient support for each of these wall layers on the other, so that the
      protective skin is not deformed due to the pressure inside the vessel.
PAR  In our French Patent Application No. PV 70-23156, filed on June 23, 1970,
      we described two embodiments of a double-walled vessel of this type, with
      a system permitting heat exchange through the wall.
PAR  The present Application relates to a novel form of double wall capable of
      providing substantially continuous support for the protective skin on the
      pressure shell without interfering with the flow of fluid between the two
      walls.
PAR  According to the invention, the gap between the two envelopes is occupied
      by a grating whose thickness equals the width of the gap and which
      comprises an assembly of strips placed on edge and co-operating with one
      another to form a plurality of adjacent cells, each of which communicates
      with at least two of the adjacent cells.
PAR  In a particular embodiment of the invention, the grating comprises at least
      two superimposed layers, each of which is formed of a plurality of
      identical, regularly undulating strips placed on edge and touching one
      another along the crests of the undulations, the layers being offset
      relative to one another so that the undulations meet, the sum of the
      widths of the strips forming the superimposed layers being equal to the
      width of the gap.
PAR  In a more particular embodiment of the invention, the grating between the
      two envelopes comprises a plurality of ribbons whose widths are equal to
      the distance separating the walls and which are placed on edge side by
      side, and each of which is provided along its entire length with a series
      of aligned, equispaced central slits of equal lengths, each slit defining
      two strips formed into undulations symmetrically relative to the central
      plane of the ribbon, all the strips situated on a single side of the line
      of slits being undulated alternately on each side of the central plane of
      the ribbon and touching the corresponding strips in the adjacent ribbons
      along the crests of the undulations.
PAR  The invention will now be described in more detail with reference to a
      particular embodiment, given by way of example and illustrated in the
      accompanying drawing.
DRWD
PAR  The single FIGURE is a perspective view of part of a particular embodiment
      of the invention.
DETD
PAR  As the FIGURE shows, the thick pressure shell 10 and thin protective skin
      11 are separated by a gap e  containing a grating 2. In the embodiment
      illustrated the grating comprises a plurality of ribbons 21, 22, 23 etc.
      placed side by side and on edge between the walls 10 and 11, the width of
      the ribbons being equal to the gap e. Each ribbon contains a series of
      aligned, equispaced central slits 3 of equal lengths, each slit defining
      two strips 211, 212 half the width of the ribbon. The strips 211, 212 are
      made to undulate symmetrically on each side of the central plane of the
      ribbon 21. Also, the strips on the same side of the line of slits, such as
      strips 211 and 213 or strips 212 and 214, form undulations facing
      alternate sides of the central plane of the ribbon.
PAR  Straight portions 210 remaining between the slits follow the central plane
      of the ribbon.
PAR  Each ribbon therefore comprises two regularly undulating, superimposed
      strips whose undulations meet and are symmetrical relative to the central
      plane of the ribbon, the two strips having in common the straight ribbon
      portions 210 which correspond to the central portions of the flanks of the
      undulations.
PAR  The crests of the strips 211 or 212 advantageously have a straight portion
      215 parallel to the central plane. The grating is then easily formed by
      placing the ribbons 21, 22, 23 side by side with the straight crests 215
      of the corresponding undulations in contact with one another and then
      welding the crests together.
PAR  The resulting grating has two superimposed layers of meeting, or
      intersecting, undulations.
PAR  Each layer therefore comprises a lattice-work of substantially cruciform
      meshes 4, one of which is emphasized with a thick line in the FIGURE. The
      amplitude of the undulations in the ribbons can be selected to give a mesh
      fine enough for the protective skin 11 to be supported substantially
      continuously on the grating, taking its thickness into account.
PAR  Otherwise it is only necessary to select the thickness of the ribbon
      forming the grating according to the ribbon width e to ensure satisfactory
      transmission of stresses on the skin 11 to the pressure shell 10, each
      mesh 4 in the upper layer bearing on two identical meshes in the lower
      layer.
PAR  The grating just described, which is easy to construct, can therefore
      transmit pressures exerted on the protective skin 11 to the pressure shell
      10 very satisfactorily if the mesh width is selected according to the
      pressure inside the vessel and the physical characteristics of the skin
      11.
PAR  As a result of its design, moreover, the grating does not prevent fluid
      from flowing between the two walls 10 and 11. Arrows in the FIGURE show
      how the fluid can flow easily from one cell to another, since each cell
      communicates with the adjacent cells.
PAR  The distribution of the fluid is therefore excellent in all directions,
      ensuring uniform cooling or heating of the protective skin when a heat
      transfer medium is used, and permitting a uniform compensating pressure to
      be exerted on the entire area of the protecitve skin when the fluid is
      intended to balance the pressure prevailing inside the vessel.
PAR  The grating may, of course, be welded to at least one of the walls.
      However, one of the principal advantages of the invention is that formal
      connections between the two envelopes can be omitted, the compression
      connections being provided by the grating which is simply placed between
      the two envelopes during construction of the vessel. Also, if it is
      necessary to minimize clearance between the protective skin 11 and the
      grating, the fact that the skin bears substantially continuously on the
      grating considerably inhibits buckling of the skin and ensures that the
      latter holds if the internal pressure disappears or if the inner envelope
      is subjected to pressure from the heat transfer medium. Even if not fixed
      to the grating, therefore, the inner envelope 11 can withstand a negative
      pressure to some extent. The absence of welds obviously reduces the cost
      of fabrication of the vessel and ensures that the properties of the
      protective skin cover the entire area of this skin. The grating described
      is easy to make and is also commercially available. It is even available
      in stainless steel, which resists corrosion from the fluid flowing between
      the walls.
PAR  There are various sorts of grating types, in particular some which are not
      rigid. Walls of all shapes can therefore be combined with the grating. A
      vessel embodying the invention will be very easy to make. The developed
      grating area corresponding to the area of the thick wall can be cut, and
      the grating then rolled up and placed inside the thick wall after the
      latter has been formed. A few spot welds are enough to fix the grating to
      the thick wall, before the thin wall is introduced. Some clearance may be
      left between the thin wall and the grating, to facilitate positioning of
      the thin wall; satisfactory application of the thin wall to the grating is
      then effected, for example, by means of a conventional hydraulic expansion
      technique. The protective skin may be made from a material whose elastic
      limit is high enough to withstand the stressing occurring during
      operation, but too low to withstand the testing pressure, so that the skin
      is applied to the grating perfectly during testing and then remains in
      this position, the clearance now being minimal.
PAR  It is also possible to make hemispherical ends, the grating being formed,
      for example, by stamping.
PAR  Obviously, the invention is not restricted to the details of the embodiment
      just described, which may be modified without exceeding the scope of the
      invention.
PAR  Although the grating described is formed of parallel ribbons, each
      comprising two or more layers of superimposed undulations, the undulating
      layers might be formed separately and then superimposed.
PAR  The superimposed layers preferably have a common straight portion to
      transmit stresses from one layer to the other. In certain cases, however,
      the undulations might meet at an angle, in which case point stressing
      occurs.
PAR  The mesh of the lattice applied to the pressure shell is not necessarily
      the same as that of the lattice supporting the protective skin. The latter
      mesh may be finer, while remaining compatible with the mesh in the lower
      lattice.
PAR  Whereas the grating described contains two layers, gratings with a larger
      number of superimposed layers might be used.
PAR  Also, the grating situated in accordance with the invention between the
      protective skin and the pressure shell is not necessarily formed of
      undulating strips as in the preferred embodiment described above by way of
      example.
PAR  For example, the grating could be formed of one or more layers each formed
      of at least two series of straight parallel strips placed on edge, the
      said series intersecting in pairs (at right-angles in the case of two
      series and at an angle of 60.degree. in the case of three series) to form
      adjacent cells with polygonal peripheries. Where there is a single layer
      of intersecting strips, each strip would contain orifices to connect each
      cell to at least two of the adjacent cells. Where there are a plurality of
      layers, however, the layers would simply be offset relative to one another
      as in the case described above, so that each intersection in one layer
      would be above the interior of a cell in the layer below, so that each
      cell communicated with the adjacent cells.
PAR  A double wall embodying the invention has the advantage that it can be made
      very economically from a fairly common commercial material. Because the
      mesh of the lattice on which the protective skin bears is fairly fine, it
      provides substantially continuous support, so that the connections between
      the skin and the lattice supporting it can be omitted. Both stresses due
      to expansion of the thin wall as a result of the pressure inside the
      vessel, and compressive stresses which might buckle the thin wall if
      internal pressure dropped momentarily below the pressure of the fluid
      flowing between the walls can easily be absorbed.
PAR  If the fluid is intended to balance the pressure inside the vessel, a
      double wall embodying the invention can withstand a momentary accidental
      drop in the balancing pressure, as the thin inner wall then bears on the
      grating.
PAR  Because of the resulting substantially continuous support, any crack
      appearing in the protective skin would develop more slowly than in
      conventional vessels. Any leak due to a crack, even if slight, could be
      detected either by monitoring the pressure of the fluid circulating
      between the walls (if this pressure is substantially different from the
      pressure inside the vessel) or by monitoring the composition or properties
      of the fluid, for example its pH value, which would change if it mixed
      with the substance contained in the vessel.
CLMS
STM  We claim:
NUM  1.
PAR  1. Improvements to vessels of which the wall comprises two equidistant
      envelopes separated by a gap within which a fluid can flow, a grating in
      the gap between the two envelopes, the thickness of the grating equalling
      the width of the gap and said grating comprising an assembly of strips on
      edge and cooperating with one another to form a plurality of adjacent
      cells, each of said cells communicating with at least two of the adjacent
      cells and said grating further comprising at least two superimposed
      layers, each of which is formed of a plurality of identical, regularly
      undulating strips on edge and touching one another along the crests of the
      undulations, the layers being offset relative to one another so that the
      undulations meet, the sum of the widths of the strips forming the
      superimposed layers being equal to the width of the gap.
NUM  2.
PAR  2. Improvements to vessels as claimed in claim 1, characterized in that the
      offsetting of one layer relative to another is effected transversely
      relative to the direction of the strips and is equal to the amplitude of
      the undulations.
NUM  3.
PAR  3. Improvements to vessels as claimed in claim 1, characterized in that
      each flank of an undulation in a strip has a straight central portion
      directed along the longitudinal axis of the strip, each strip in one layer
      being in contact with the corresponding strip in the other layer along the
      said straight portions.
NUM  4.
PAR  4. Improvements to vessels as claimed in claim 3, characterized in that the
      straight central portions of two superimposed strips form integral pairs.
NUM  5.
PAR  5. Improvements to vessels as claimed in claim 3, characterized in that the
      mutually touching crests of the undulations in two adjacent strips are
      welded together.
NUM  6.
PAR  6. Improvements to double-walled vessels whose wall comprises two
      equidistant envelopes separated by a gap within which a fluid can flow,
      characterized in that the gap between the two envelopes is occupied by a
      grating comprising a plurality of ribbons whose widths are equal to the
      distance separating the envelopes and which are placed on edge side by
      side, and each of which is provided along its entire length with a series
      of aligned, equispaced central slits of equal lengths, each slit defining
      two strips formed into undulations symmetrically relative to the central
      plane of the ribbon, all the strips situated on a single side of the line
      of slits being undulated alternately on each side of the central plane of
      the ribbon and touching the corresponding strips in the adjacent ribbons
      along the crests of the undulations.
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ABST
PAL  An inner cake pan is removably receivable in an outer pan whose side walls
      are spaced from the side walls of the inner pan for providing a water
      receiving space surrounding the inner pan side walls for insulating these
      walls from the oven heat during the baking of the cake. Novel locking
      means secures the two pans together so that the bottom of the inner pan
      contacts the bottom of the outer pan and, therefore, the inner pan bottom
      will be heated more rapidly than its side walls which are kept at a lower
      temperature than the bottom because of the insulating layer of water
      encompassing the inner pan side walls. Also, the releasing of the locking
      means at the end of the cake baking period will cause the water in the
      outer pan to float the inner pan and raise it for ready removal from the
      outer pan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention. The standard metal cake pan has its bottom and side
      walls made from a single metal sheet. During the baking of the cake, the
      oven heat will cause the side walls of the pan to become heated
      sufficiently to melt the exposed grease or shortening on the inner
      surfaces of the side walls that lie above the sides of the batter that
      contacts the pan with the result that the sides of the batter will be
      browned prematurely and the batter sides cannot rise uniformly with the
      central portion of the batter during the baking of the cake. The result
      will be that the central portion of the cake batter will rise more than
      the sides and this will give a crown effect to the baked cake. If a
      multilayered cake is being made, the crown portion of the cake must be cut
      off so as to evenly support the flat undersurface of the next higher
      layer.
PAR  A further difficulty arises from the fact that the side walls of the cake
      pan were heated by the oven heat before the cake batter had completed
      rising and this caused the premature melting of the shortening on the
      inner side of the pan resulting in a non-lubrication of the side walls and
      a hindering of the ready rising of the cake batter that contacted the
      non-lubricated and heated side walls.
PAR  The present invention discloses an outer and an inner pan and the space
      between the side walls of the inner and outer pans is filled with water
      which functions as a heat insulation for the inner wall. The novel locking
      means that secures the two pans together also holds the inner pan in a
      position where its bottom wall contacts the bottom wall of the outer pan
      and prevents any water coming between these two bottom walls. The result
      is that in the baking of a cake, the bottom wall of the inner pan will be
      heated to a greater extent than the side walls of the inner pan because
      these side walls are insulated from the oven heat due to their being
      surrounded by a layer of water that functions as an insulating medium for
      the inner wall.
PAR  It should be understood that although the drawings show both the inner and
      outer pans as being rectangular in shape, my invention is well adapted to
      be used in inner and outer pans that have circular side walls.
PAC  SUMMARY OF THE INVENTION
PAR  An object of my invention is to provide a double pan utensil for baking
      cakes in which the side walls of the inner pan are spaced from the
      corresponding side walls of the outer pan so that water can be received
      between the two sets of side walls and function as a heat insulation for
      the side walls of the inner pan.
PAR  A further object of my invention is to provide novel locking means between
      the two pans that will hold the bottom of the inner pan in contact with
      the bottom of the outer pan to prevent any water from entering between the
      two pan bottoms. The result will be that the inner pan will have its side
      walls insulated from the oven heat while the bottom of the inner pan will
      be heated to a higher degree than its side walls because this bottom is
      held in direct heat conductive contact with the bottom wall of the outer
      pan. Another novel feature of my invention is that as soon as the locking
      means between the two pans are released after the baking of the cake is
      completed, the water surrounding the side walls of the inner pan will flow
      under the bottom of the inner pan causing it to float and be lifted to a
      position with respect to the outer pan that it can be readily lifted
      therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the double pan utensil with a portion of the
      inner pan cut away to illustrate the combined handle and locking means
      that holds the two pans together.
PAR  FIG. 2 is a transverse vertical section through both pans and is taken
      along the line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged vertical section taken along the line 3--3 of FIG. 1
      which illustrates in detail the handle with its locking means in pan
      locking position.
PAR  FIG. 4 is a view similar to FIG. 3, but shows the handle and locking means
      swung into pan releasing position.
PAR  FIG. 5 is a horizontal section taken along the line 5--5 of FIG. 4 to
      illustrate a plan view of one end of the outer pan with its disposed
      cam-shaped flange that forms one part of the pan locking means. This
      Figure also shows the cut out areas which function as pressure relief
      openings to permit the escape of any steam generated from the water in the
      outer pan during the baking process.
PAR  FIG. 6 is a vertical transverse section taken along the line 6--6 of FIG. 3
      and through the handle portion of the pan locking means and illustrates
      how the handle with its pan locking means is pivotally secured to a
      downwardly extending portion of a flange of the inner pan that overlies
      the outwardly extending flange of the outer pan. The end view of the
      handle is shown in elevation in this Figure.
PAR  FIG. 7 is an isometric view of the handle and an integral catch that
      constitutes one of the parts of the locking means and which is designed to
      engage with the cam-shaped flange when the handle is swung into a locking
      position.
PAR  FIG. 8 is a side elevation of a portion of the inner pan when looking in
      the direction of the arrows 8--8 of FIG. 5 and illustrates one of the cut
      out areas in the flange of the inner pan to permit the escape of any steam
      that might be generated from the body of water in the outer pan during the
      baking process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In carrying out my invention I provide a cake baking utensil composed of
      two pans, an outer pan, indicated generally at A in FIGS. 1 and 2, and an
      inner pan indicated generally at B. Although I illustrate both of the pans
      A and B as being rectangular in shape, it is possible to have both pans
      with cylindrical side walls rather than the polygon shape of the side
      walls for the rectangular pans. My invention can be used on either type of
      pan although the drawings illustrate only the rectangular pans.
PAR  Again referring to FIGS. 1 and 2, I show the outer pan A as having a bottom
      1, side walls 2 and end walls 3. The side and end walls 2 and 3,
      respectively, extend at right angles to the bottom 1. The upper edges of
      the side walls 2 terminate in rolled over beaded portions 2a, see
      especially FIG. 2. Each end wall 3 has two outwardly extending flanges 4
      that are spaced apart. FIG. 1 illustrates this feature and further shows a
      centrally disposed keeper 5, corrugated in cross section, see FIG. 3,
      whose side edges 5a are spaced from the inner side edges of the flanges 4
      so as to provide pressure relief areas 6 for the escape of any steam that
      might be generated from the heated water. This will be explained more
      fully later. The flanges 4, centrally disposed keeper 5, and the pressure
      relief areas 6 are shown in enlarged detail in FIG. 5, 6 and 8, while a
      cross section through the corrugated keeper 5 is shown in FIGS. 3 and 4.
      It will be noted that in cross section the corrugated keeper 5 has a
      double curved portion to provide a groove 5b which will receive a catch 7
      of a pivoted handle indicated generally at C, see FIGS. 6 and 7. The
      keeper 5 and the catch 7 on the handle C, form a latch for removably
      securing the two pans together.
PAR  Before describing the handle C in detail, it is best first to set forth the
      construction of the inner pan B, see FIGS. 1, 2, 3, 4 and 6. This inner
      pan has a bottom 8, inclined side walls 9 and inclined end walls 10. The
      end walls 10 have outwardly extending flanges 11 that overlie the flanges
      4 and the centrally disposed cam-shaped flanges 5 of the outer pan A, see
      especially FIGS. 3 and 4. Referring to FIG. 6, it will be noted that the
      outer ends of the flanges 11 are bent downwardly at 12. Then midway
      between the ends of the downwardly bent portion 12, a cut out is made and
      a pair of ears 13 extend inwardly from the sides of the cut out parallel
      each other to pivotally receive at 14 the handle C. The isometric view of
      the handle C illustrates how the handle has two depending sides 15 that
      parallel each other and carry the pivot pins 14 which are pivotally
      received in mating openings provided in the ears 13.
PAR  The inclined side walls 9 of the inner pan B have laterally extending
      flanges 16 that overlie the beaded edges 2a of the side walls 2 of the
      outer pan A, see FIG. 2. The outer edges of the flanges 16 are beaded at
      16a, see also FIG. 1 and they contact the beaded edges 16a to act as a
      centering means for spacing the walls 9 of the inner pan inwardly from the
      adjacent side walls 2 of the outer pan.
PAR  When the inner pan B is placed within the outer pan A, the handles C will
      be in their open position as shown in FIG. 4. The inner portion of the
      handle C will be moved between the spaced apart flanges 4 of the outer pan
      A and the catch 7 of the handle will clear the outer edge of the
      corrugated keeper 5 as the inner pan is lowered within the outer pan A,
      see also FIG. 1. The handles C are swung into operative position as soon
      as the bottom 8 of the inner pan B contacts the outer pan bottom 1 and
      this will move the catches 7 under the corrugated keepers 5 until they are
      received in the grooves 5b of these keepers, see FIG. 3. Before this is
      done water is added to the outer pan A up to the level of a water marker
      17 made on the outer pan, see FIG. 2. The moving of the inner pan B
      downwardly into the outer pan A will force the water in the outer pan A in
      an upward direction until the water surrounds all four walls 9 and 10 of
      the inner pan up to the level indicated in FIG. 2. In this way all four
      walls of the inner pan are insulated by a layer of water while the bottom
      wall 8 is in direct contact with the bottom wall 1 of the outer pan A.
      Therefore, when the double pan utensil is placed in an oven, the bottom
      wall 8 of the inner pan will be heated to a higher degree than the walls 9
      and 10 of the inner pan because the walls are insulated by the water
      layer. The catches 7 when in locked position in the grooves 5b will space
      the end walls 10 of the inner pan B inwardly from the adjacent end walls 3
      of the outer pan. These catches 7 of the handles C serve the additional
      purpose of holding the inner pan from floating on the water in the outer
      pan. It is possible to use both handles in lifting the double pan utensil
      as a unit without any danger of the two pans accidentally separating from
      each other.
PAC  OPERATION
PAR  From the foregoing description of the various parts of the device the
      operation thereof will be readily understood. The cake batter D is placed
      in the inner pan B, as indicated in FIG. 2, and then the pan is placed
      within the outer pan A in the manner already described and after water has
      been added to the outer pan up to the water mark 17. The inner pan has had
      its bottom and walls greased with shortening or other desired grease and
      then the cake batter has been added.
PAR  The double pan utensil is placed in a heated oven by means of the handles
      C. If the walls of the inner pan were not insulated by the layer of water,
      these walls would be heated too rapidly by the oven heat and the
      shortening on these walls would melt with the result that the sides of the
      batter D would not rise because these sides would be baked too soon. The
      center of the batter would rise and the final baked cake would have a
      pronounced crown effect on its top as indicated by the dash lines 18 of
      FIG. 2.
PAR  If the walls 9 and 10 of the inner pan are properly insulated by the layer
      of water surrounding these walls, the shortening or other grease on these
      walls will not melt prematurely when the utensil with its cake batter D is
      placed in the oven and there will be a uniform rising of the cake batter
      throughout its entire area during the baking process. The sides of the
      batter can rise at the same rate as the center of the batter and,
      therefore, the cake when baked will have a flat top as indicated by the
      straight line 19 in FIG. 2.
PAR  When the cake is baked the double pan utensil can be lifted from the handle
      by means of handles C. Then the handles C can be swung downwardly in order
      to free the catches 7 from the corrugated keepers 5 and the water in the
      outer pan A will cause the inner pan to float in the water and to raise
      the flanges 11 and 16 of the inner pan above the adjacent flanges 4 of the
      outer pan. It is now a simple matter to remove the inner pan, with its
      baked cake, from the outer pan that still holds the hot water. It should
      be remembered that during the baking of the cake, any steam that might be
      generated from the water in the outer pan A will escape through the
      pressure relief areas 6 in the outer pan provided for this purpose. FIG. 4
      shows an inclined dash line 20 contacting the outer edge of the flange 11.
      Both handles C assume this position when the operator lifts the handles
      for lifting only the inner pan B from the outer pan A.
CLMS
STM  I claim:
NUM  1.
PAR  1. A two pan cake baking utensil comprising:
PA1  a. an outer pan for holding water and having a bottom and side and end
      walls, said end walls having centrally disposed and outwardly extending
      keepers with transversely extending grooves in their undersurfaces;
PA1  b. an inner pan for holding cake batter and insertable into said outer pan
      so that the bottom of the inner pan will contact with the bottom of the
      outer pan, said inner pan having horizontal end flanges overlying said
      keepers when the inner pan is nested within said outer pan;
PA1  c. the portions of said horizontal end flanges that are disposed laterally
      of said keepers when the pans are nested having downwardly bent integral
      extensions so that there are a pair of spaced apart extensions at each end
      of said inner pan that straddle said keepers;
PA1  d. the inner end of each extension having an inwardly bent ear that extends
      at right angles to the plane of said end flanges so that each end of said
      inner pan will have a pair of spaced apart ears straddling their adjacent
      keeper of the outer pan, when the pans are nested;
PA1  e. a handle pivotally mounted between and supported by each pair of ears,
      the pivotal axis of each handle paralleling the axis of the groove in the
      underside of the adjacent keeper;
PA1  f. each keeper having an integral upturned catch adapted to enter the
      groove of the adjacent keeper when the pans are nested, each catch forcing
      its keeper against the undersurface of the end flange of said inner pan
      when said handle is swung into operative position and holding the bottom
      of the inner pan in contact with the bottom of the outer pan;
PA1  g. whereby said handles when in operative position will secure the inner
      pan to the outer pan and will maintain the bottoms of both pans in contact
      with each other and will also space the end walls of the inner pan from
      the adjacent end walls of the outer pan, the side walls of the inner pan
      having laterally extending flanges that overlie the side walls of the
      outer pan and the lateral flanges on the side walls of the inner pan
      having beaded edges engaging with the adjacent edges of the outer pan side
      walls for spacing the side walls of the inner pan from the side walls of
      the outer pan so that water in the outer pan will surround the side and
      end walls of the inner pan and act as insulation.
NUM  2.
PAR  2. The combination as set forth in claim 1; and in which
PA1  a. the length of each keeper being such that when said handles are swung
      into inoperative position, the catches on the handles will clear the
      keepers and will permit the removal of the inner pan from the outer pan.
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ABST
PAL  A closure for light gage steel drums made up of an internally threaded
      closure flange mechanically secured within a suitably formed container
      wall opening. The flange is formed with a cylindrical neck internally
      threaded throughout its lower extent and surrounded exteriorly by a
      polygonally shaped base. A resilient sealing gasket tightly surrounds the
      flange neck at its juncture with the flange base. A perforated drum stock
      section is formed to overlie and closely surround the flange neck and base
      in an improved torque-resisting manner with the upper end of the flange
      neck beaded outwardly over the surrounding drum stock. The closure is
      completed with the threaded engagement of a closure plug and application
      of an overlying tamper-resisting drum seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A considerable effort has been expended in the steel container industry to
      reduce the cost of materials employed in the manufacture of steel drums
      used principally for the shipping and storage of industrial products. Any
      reduction in the container wall thickness is, of course, viewed as a
      substantial saving. There are certain areas of the drum construction,
      however, where the wall strength becomes quite critical. One such area of
      criticality is that section of the container wall immediately surrounding
      the drum closure which is permanently inserted within the drum wall.
PAR  This closure, in many instances, consists of a steel bushing or flange
      having an internally threaded cylindrical neck with a resilient sealing
      gasket therearound and having a laterally extending polygonal base
      surrounding its lowermost end. A perforated container wall section
      overlies the flange neck and base with the upper unthreaded portion of the
      flange neck beaded outwardly over the surrounding drum stock so as to
      permanently secure the flange in place. The closure is completed with the
      threaded engagement of a closure plug and application of an overlying
      tamper-resisting drum seal. It can be readily appreciated that as the
      rigidity of the drum stock immediately surrounding the closure flange is
      diminished, all things being equal, a consequent reduction in resistance
      to turning torque between the flange and drum stock results. As high
      torque resistance for proper seating and unseating of the closure plug is
      essential to good closure performance, various attempts have been made to
      improve the torque characteristic on flange insertions in light gage
      drums. Heretofore, these attempts, in large part, have been directed
      toward the provision of suitable reinforcing collars designed to overlie
      the drum stock section immediately surrounding the flange in order to
      achieve the necessary strength. This approach, though functionally
      adequate, introduces an additional undesirable cost factor.
PAR  The instant invention, as hereinafter disclosed, seeks to achieve the
      necessary degree of torque resistance in the closure container wall joint
      without resort to additional reinforcing parts and their attendant costs.
      This has been accomplished by forming the drum stock so as to surround and
      closely overlie the flange neck and base and also extend well below the
      outer exposed edge of the flange base. This drum stock formation causes
      the periphery of the flange base to be completely embedded in the drum
      stock embossment so that only after severe distortion of the embossment
      can relative rotational movement between the flange and container wall
      take place. This specific formation of the drum stock about the flange
      base, coupled with other features of the invention to be described
      hereinafter, has given rise to a distinct improvement in the drum closure
      field and particularly in improving the torque-resistance characteristic
      of flange insertions in light gage drums.
PAR  It is, accordingly, a primary object of the invention to provide a new and
      improved threaded closure construction for light gage steel drums.
PAR  Another object is to provide a new and improved flange insertion in light
      gage drums having superior torque resistance characteristics.
PAR  Another object is to provide a closure for light gage drums wherein the
      sealing efficiency of the flange gasket is protected against the
      deleterious effect of elevated temperatures commonly encountered in the
      curing of drum coatings.
PAR  A further object is to provide a drum closure construction including an
      overlying drum seal having improved tamper-resisting effectiveness.
PAR  Other and more detailed objects will in part be obvious and in part pointed
      out as the description of the invention taken in conjunction with the
      accompanying drawing proceeds.
PAL  In that drawing:
PAR  FIG. 1 is an exploded perspective view of a steel drum incorporating the
      closure combination of the invention;
PAR  FIG. 2 is a top plan view of the closure construction in accordance with
      the invention;
PAR  FIG. 3 is an enlarged sectional view taken along lines 3--3 in FIG. 2 and
      looking in the direction of the arrows; and
PAR  FIG. 4 is a view similar to FIG. 3 with a plug and drum seal included.
DETD
PAR  Considering first the overall environment of the invention, FIG. 1 shows a
      55-gallon steel drum 1, such as commonly used for the shipping and storage
      of industrial liquid products as a nonlimiting example. In the particular
      drum construction illustrated, the drum head 2 is provided with a pair of
      threaded closures 3 to facilitate filling and dispensing of the drum
      contents. Normally, the two closures vary in dimension, one being
      designated as a 50mm size and the other a 20mm size, but both having
      essentially the same construction.
PAR  Turning to the construction of the drum closure assembly in greater detail,
      a closure bushing or flange 5 is provided with an upstanding neck 6 having
      an outer cylindrical surface 7 and an internal screw thread 8 for threaded
      reception of a closure plug 4. The lowermost end of the neck 6 is
      surrounded by a laterally extending polygonally shaped base 9 having a
      bottom surface 10 and a top surface 11 joined to the neck outer surface 7
      at the internal corner 12. The base outer edge indicated at 13 is formed
      in the shape of an octagon having eight flats 14 and eight points 15. An
      upper corner 16 and lower corner 17 are formed at the juncture of the base
      edge 13 with the upper and lower base surfaces respectively. A resilient
      sealing gasket 18 surrounds the lower end of the flange neck at the
      internal corner 12.
PAR  Insertion of the above described closure flange within a suitably formed
      opening in a container wall consists of forming the surrounding drum stock
      19 into an upwardly drawn neck 20 terminating in a free edge 21. As
      clearly seen in FIG. 3, the upper unthreaded portion of the flange neck is
      curled radially outwardly forming a rounded bead 22. The bead 22 encases
      the upper portion of the drum stock neck bearing against the neck free
      edge 21 and making contact with the outer surface of the neck as indicated
      at 23. The upper portion of the drum stock neck 20 is flared radially
      outwardly due to the positive seating of the neck edge 21 against the
      interior surface of the bead 22.
PAR  The lower end of the neck 20 extends into a laterally extending drum stock
      embossment commencing with an annular pocket 24 having a convexly
      contoured exterior surface which tightly confines the gasket 18 within the
      area immediately adjacent the flange internal corner 12. The drum stock
      embossment continues radially outwardly in a flattened section 24a closely
      overlying the flange base 9 and terminates in a downwardly extending
      octagonally shaped wall 25. The wall 25 is tightly drawn over the upper
      corner 16 on the flange base and extends substantially vertically below
      the flange base to the radiused portion 26 where it joins the surrounding
      laterally extending drum stock 19. Except for a very slight gap adjacent
      the lower flange base corner 17 due to an unavoidable degree of spring
      back, the embossment wall 25 tightly hugs the base edge 13 and extends to
      a point wherein the upper surface of the drum stock 19 is displaced
      vertically below the flange base lower surface 10. Formation of the drum
      stock embossment in this manner substantially increases the resistance to
      relative rotational movement between the flange and drum stock. Optimum
      results in this regard occur when the vertical displacement between the
      lower surface 10 of the flange base and the upper surface of the drum
      stock is approximately twice the thickness of the drum stock metal. As
      seen in FIG. 2, the slightest rotational movement of the flange base 10 is
      immediately arrested by embedding of the octagon points 15 in the
      embossment wall 25. A degree of rigidity is also lent to this
      torque-resisting engagement by the compressive force exerted on the drum
      stock neck edge 21 eliminating any vertical free play. Only by severe
      distortion of the drum stock embossment can the above described torque
      resistance be overcome.
PAR  Another advantage of the closure construction herein described is its
      relative ability to protect the flange gasket 18 against deterioration as
      the finished drum undergoes high temperature baking cycles required for
      drum interior lacquer curing. Confinement of the gasket in a relatively
      thick cross-section retards breakdown of the gasket resiliency under high
      heat conditions.
PAR  A still further advantage can be seen in FIG. 4 wherein the flange 5 is
      fitted with a closure plug 4 gasketed at 4a for sealing against the flange
      bead 22. In order to afford complete protection against leakage and
      unauthorized tampering a metal drum seal 27 is applied over the plug 4 and
      permanently affixed to the underlying drum stock. The seal 27 consists of
      a top wall 28 from which depends a cylindrical skirt 29 terminating in a
      lowermost free edge 30. A sealing gasket 31 is positioned within the drum
      seal at the juncture of the top wall and skirt for engagement against the
      flange bead 22. The drum seal 27 is applied by crimping the skirt 29 under
      the flange bead 22 tightly against the drum stock neck 20. With the seal
      skirt thus formed, it can readily been seen how the previously exposed
      skirt free edge 30 is effectively shielded by the gasket confining pocket
      23 in the drum stock embossment. This particular relationship between the
      seal skirt edge and the underlying drum stock has the advantage of
      seriously discouraging any attempts at unauthorized tampering due to the
      shielding of the skirt edge against the entry of any tamper implement such
      as a screwdriver.
PAR  While the invention has been described in conjunction with polygonally
      shaped drum closures, it should be noted the invention could be equally
      well employed in any container or tank closure utilizing a noncircular
      torque-resisting formation.
CLMS
STM  Having described my invention, what I claim is as follows:
NUM  1.
PAR  1. A container closure combination comprising a metal closure flange having
      an internally threaded upstanding cylindrical neck adapted for reception
      of a closure plug, a laterally extending noncircular base surrounding the
      lowermost end of said neck, a resilient sealing gasket tightly surrounding
      said flange neck and seated on said flange base, said flange being nested
      within a metal container wall section having an upstanding collar closely
      surrounding said flange neck, a container wall embossment at the base of
      said collar having a laterally extending portion overlying said flange
      base, upwardly curved gasket confining means formed in said laterally
      extending embossment portion radially outwardly of said collar, said
      embossment having a polygonal wall depending from said laterally extending
      portion and extending downwardly adjacent said flange base to a point
      wherein the upper surface of the container wall section is displaced
      vertically below the lower surface of the said flange base and an
      outwardly curled bead at the uppermost end of said flange neck encasing
      the upper end of said collar.
NUM  2.
PAR  2. A container closure combination as in claim 1, wherein the extent of
      said vertical displacement is greater than the container wall metal
      thickness.
NUM  3.
PAR  3. A container closure combination as in claim 1, said gasket confining
      means consists of an annular pocket formed in the laterally extending
      embossment portion overlying the inner portion of the flange base and
      having a convexly contoured exterior surface.
NUM  4.
PAR  4. A container closure combination as in claim 1, wherein the upper end of
      said container wall collar encased within said flange bead is flared
      radially outwardly.
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ABST
PAL  A container lid with a tear-out strip forming a closure therefor in which
      the strip and its pull ring remains attached to the lid and container
      while enabling the contents to be removed by utilizing a straw disposed
      within the container which will pop up into position for use when the
      tear-out closure is elevated by using the pull ring. When an aluminum lid
      or non-ferrous lid is used, an insert of ferrous material is mounted in
      sealed relation on the container lid or on the container bottom in the
      event a two-piece can is used which enables pick-up and handling of
      discarded containers by using magnetic devices to facilitate recycling of
      the containers. The straw is supported by a plastic apron and the lid
      provided with an air channel to enable the apron to be positioned in a
      vertical position for receiving an end portion of the straw therethrough.
      The tear-out closure and pull ring are constructed so that the pull ring
      may initiate breakthrough of the tear-out closure with application of a
      relatively small force. The lid is also provided with means for enabling
      it to be oriented in a machine for assembling the straw and lid for
      association with the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to containers of the type having a
      lid with a tear-out closure and a pull ring connected thereto by which the
      tear-out closure may be moved to a position for providing access to the
      contents of the container with the tear-out closure being connected to the
      lid, thus eliminating the provision of a separate tear-out closure which
      are usually discarded thus causing objections to the use of presently
      available tear-out closures which are separable from the container lid.
      The present lid also includes a straw attached to the tear-out closure,
      ferrous means to enable magnetic pick-up devices to be used and means for
      locating the lid in proper orientation in relation to straw assembling
      machinery for assembling the straw and lid.
PAR  2. Description of the Prior Art
PAR  Many patents have been granted on container lids having tear-out closures
      including applicant's prior Pat. Nos. 3,263,855, 3,295,715 and 3,425,591
      and many efforts have been made to provide improvements in these
      structures. With the advent of aluminum cans, conventionally employed
      magnetic pick-up devices would no longer pick up discarded cans and the
      tear-out strips and pull rings which become separated from the cans form a
      source of litter themselves. Discarded cans and their unsightliness have
      prompted some ordinances and regulations to be enacted regarding
      distribution of non-returnable containers for beverages and the like.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a container lid having a
      tear-out closure that remains with the lid and a straw attached to the
      tear-out closure for movement to an accessible position when the tear-out
      closure is moved to open the container by applying appropriate pulling
      force to a pull ring in which the tear-out closure and pull ring cooperate
      with score lines oriented between beads formed in the lid.
PAR  Another object of the invention is to provide a lid in accordance with the
      preceding object in which the pull ring is provided with a rounded and
      downwardly extending nose portion which is engaged with a cut score and
      die score in the lid in opposed relation to each other between rigidifying
      beads thereby facilitating breakthrough of the tear-out closure.
PAR  A further object of the invention is to provide a lid in accordance with
      the preceding objects in which the straw is connected to the tear-out
      closure by a depending plastic apron that normally lies alongside the
      under surface of the lid when the lids are nested or stacked prior to
      assembly with a container with the lid having an air channel formed
      therein to enable a stream of air to be directed toward the air channels
      for moving the plastic apron to a vertical position for receiving the end
      portion of the straw.
PAR  Still another important object of the invention is to provide a lid in
      accordance with the preceding objects in which the plastic apron is
      provided with radial lines of severance and a circular central opening to
      enable a straw to be pushed therethrough with the free arcuate ends of the
      triangular sections formed by the radial lines of severance serving to
      grip and retain the straw in position therein.
PAR  A still further object of the invention is to provide a lid which, if
      constructed of non-ferrous material, such as aluminum, is provided with a
      ferrous insert or washer exposed to the exterior thereof and provided with
      a sealing material to prevent oxidation to enable the discarded containers
      to be picked up by magnetic devices and also enabling the lids to be
      handled by magnetic devices prior to assembly with the cans.
PAR  Yet another feature of the invention is to provide a lid having a paint dot
      incorporated thereon to facilitate location and orientation of the lids by
      the use of a photocell assembly sensitive to the paint dot to enable the
      lid and straw to be properly oriented in a machine for assembling the
      straw and lid.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a top plan view of the container lid of the present invention.
PAR  FIG. 2 is a sectional view taken substantially upon a plane passing along
      section line 2--2 of FIG. 1 illustrating the specific structural details
      of the lid, tear-out closure, straw and ferrous washer.
PAR  FIG. 3 is a transverse, sectional view taken substantially upon a plane
      passing along section line 3--3 of FIG. 1 illustrating the relationship of
      the outer beads, medial beads and air channel formed in the lid and the
      associated pull ring oriented in overlying relation thereto, with the
      straw omitted.
PAR  FIG. 4 is a detailed sectional view taken substantially upon a plane
      passing along section line 4--4 of FIG. 1 illustrating the drawdown rivet
      connection between the pull ring and tear-out closure illustrating the
      association of the pull ring with the score lines in the closure member.
PAR  FIG. 5 is a sectional view, on an enlarged scale, illustrating the score
      lines between the outer and medial beads.
PAR  FIG. 6 is a detailed sectional view of a bottom portion of the container of
      the two-piece type in which the ferrous washer is incorporated into the
      bottom of the container.
PAR  FIG. 7 is a fragmental plan view of another type of lid illustrating a
      paint dot utilized thereon rather than the ferrous washer to facilitate
      location of a steel lid in the machinery for assembling the straw and lid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now specifically to the drawings, the container lid incorporating
      the present invention therein is generally designated by the numeral 10
      and is illustrated in association with a conventional container 12 with
      the periphery of the lid being secured to the can 12 in a conventional and
      well known manner. Formed in the lid, which in the case of FIGS. 1-5
      includes a relatively thin lid member 14 of aluminum, is a pair of
      parallel outer beads 16 and a pair of parallel inner or medial beads 18
      which have the ends thereof adjacent the periphery of the lid member 14
      being interconnected by U-shaped or semi-circular portions 20 and 22,
      respectively, as illustrated in FIGS. 1 and 2. The other ends of the beads
      16 and 18 terminate in spaced relation to the periphery of the lid member
      14 as illustrated in FIGS. 1 and 2.
PAR  Interposed in the space between the beads 16 and 18 is a score line 24
      which is continuous and as illustrated in FIG. 5 includes a generally
      V-shaped cut score 26 on the top surface of the lid member and a die score
      28 in opposed relation to the cut score 26 on the under surface of the lid
      member 14 with the die score being generally triangular or other suitable
      configuration so that the score line 24 is disposed between the beads 16
      and 18 and between the connected bead portions 20 and 22 with the score
      line 24 extending throughout the length of the beads.
PAR  A pull ring assembly generally designated by the numeral 30 is connected to
      the lid member inwardly of the medial bead 18 which area defines a tear
      strip 32 along with the medial bead 18 and the connecting bead 22. The
      pull ring assembly 30 includes a pull ring 34 provided with a projecting
      nose portion 36 at one edge thereof which overlies a portion of the strip
      32 and a portion of the medial bead 18 and terminates in a peripheral edge
      in alignment with the score line 24 as illustrated in FIGS. 1-4.
PAR  As illustrated, the pull ring 34 overlies and engages the top surfaces of
      the beads 16 and 18 and includes in the portion 36 thereof a bead portion
      38 which conforms with the medial bead 18 and a connecting bead portion 40
      which overlies and conforms with the connecting bead 22 as illustrated in
      FIG. 2 so that the downturned edge 44 of the nose portion 36 of the pull
      ring 34 is disposed in exact alignment with the score line 24 to provide a
      breakthrough point for the score line when opening the container.
PAR  The pull ring assembly is secured to the strip 32 by a drawdown rivet
      assembly generally designated by numeral 46 which is similar to the
      drawdown rivet structure disclosed in my prior patents mentioned
      previously in which the continuity of the lid is not broken and the pull
      ring assembly is fixedly secured to the strip 32 so that as the pull ring
      34 is elevated by inserting a finger through the opening 48 therein and
      lifting, the pull ring assembly 30 will fulcrum about the drawdown rivet
      causing the downturned end 44 to move downwardly and breakthrough the
      score line 24 so that the strip 32 and medial bead 18 may be pulled
      upwardly by tearing along the score lines 24 which terminate adjacent to a
      transverse indented score line 73 which serves as a stop for the tear out
      strip 32 and will act as a hinge for the strip so that it will not flip
      back and hit the user in the face. The strip 32 is continuous with the lid
      and thus securely retains the tear-out portion of the lid in attached
      condition to the lid so that the pull ring assembly will not be separated
      from the container.
PAR  The central portion of the strip 32 is provided with an air channel 50
      therein which parallels the beads 16 and 18 and is located centrally
      between the medial beads 18 with the air channel extending from a position
      adjacent the drawdown rivet to a position generally aligned with the
      remote portion of the pull ring 34 as illustrated in FIGS. 1 and 2. The
      air channel 50 together with the beads 18 and 16 fortify or reinforce the
      tear out strip and the score lines 24 to assure proper breakthrough and
      separation along the score lines. Also, the air channel 50 is to
      facilitate movement of a plastic apron 52 from a horizontal position
      underlying the lid to a vertical position for receiving one end of a
      plastic straw 54. The plastic apron 52 is assembled with the drawdown
      rivet 46 as illustrated in FIG. 2 thus forming a permanent assembly
      therewith with the plastic apron underlying and engaging the bottom
      surface of the lid so that the lid may be nested or stacked with similar
      lids prior to assembly with the straw and can. In the machinery for
      assembly of the straw 54 and the lid 10, an air stream will be directed
      toward the air channel 50 in an inclined manner so that air engaging the
      channel 50 will pass between the channel 50 and the upper surface of the
      apron 52 and cause the apron 52 to move downwardly or flex downwardly into
      a vertical position so that the end of the straw 54 may then be inserted
      through the opening formed in the apron 52. The opening in the apron 52 is
      defined by providing a central small opening 53 and a plurality of radial
      lines of severance or cut lines 55 thus defining segments 56 in the shape
      of a slice of pie which frictionally engage the periphery of the straw
      with the apices of the segments 56 being concave in configuration as shown
      in FIG. 3 so that they will engage the periphery of the straw and securely
      bite into and lock the straw in place, to prevent spinning or rotation
      thereof. This retains the straw in position during assembly with the
      container but yet enables the straw to move upwardly through the opening
      defined in the container lid 10 when the closure assembly is opened.
PAR  When an aluminum lid is used, a recess or pocket 58 is formed therein for
      receiving a ferrous washer 60 therein which is secured in place by a
      drawdown type rivet 62 with the washer being alternatively secured by a
      hot melt plastic or other suitable material and sealed by a plastic
      overlay. The ferrous washer 60 is thus prevented from oxidation and
      provides means by which the container and container lids may be lifted,
      handled and collected by using a magnetic pick-up device. The washer is
      oriented between the ends of the beads 16 and 18 and between the end of
      the strip 32 and the periphery of the lid member 14. This ferrous washer
      60 also enables the lid 10 to be oriented properly in relation to a
      machine for assembling the straw with the lid by directing air toward the
      air channel 50.
PAR  FIG. 6 illustrates an alternative structure to facilitate handling or
      picking up of discarded containers in which the container bottom 64 is
      provided with a recess 66 which receives a ferrous slug 68 secured in
      place by any suitable means, such as by a hot melt sealant 70 or the like.
      This type of construction is especially useful in association with
      two-piece containers to enable the containers to be handled during filling
      and packaging by magnetically holding on high speed conveyors as well as
      facilitating their recovery by magnetic pickup when discarded and
      facilitating their handling during recycling.
PAR  FIG. 7 illustrates a modified form of lid member 14' in which a paint dot
      72 is provided on the lid member 14' in the same location as the ferrous
      washer 60 in the embodiment of the invention illustrated in FIGS. 1-4. The
      paint dot is placed in a circular depression on the top surface of the lid
      which is of ferrous construction. This prevents roll off and provides a
      round circular dot. The paint dot is dryed by ultra violet radiation which
      provides instant drying without the use of large cumbersome dryers and
      accompanying objectionable fumes. The paint dot is protected by a plastic
      overlay which prevents the paint from being scratched off or abraded
      during handling. The paint dot is used with the steel lid where the
      machinery for inserting the straw is provided with a photocell assembly
      which is sensitive to the paint dot so that when the lid is rotated and
      the paint dot becomes oriented in a particular position, the lid will be
      stopped so that the air stream will be directed into the air channel 50
      and the plastic apron 52 moved to a vertical position and the straw 54
      inserted therethrough.
PAR  Thus, there has been illustrated an aluminum lid and a steel lid, each of
      which includes the two outer beads and the two medial beads and the
      central air channel or bead therebetween with a score line between the
      outer and medial beads. The pull ring lies on top of the beads with space
      thereunder to enable the ring to be pulled upwardly from the lid. The
      drawdown rivet provides a large fulcrum area and holds the plastic straw
      retaining apron to the underside of the lid and the air channel enables
      air to blow down the apron to a vertical position to hold the straw in
      place in the can. The ferrous washer may be riveted to the top of the can
      surfaces or a round slug can be dropped into a circular indentation and
      held in place by hot melt with both types being covered by a plastic
      overlay which prevents oxidation. The steel lid has a painted dot to stop
      the lid in position to insert the straw through the apron in the apparatus
      for assembling the straw and lid with the cut lines in the apron serving
      to form an orifice in the skirt and the tabs or pie-cut-shaped members
      clinging to the outside diameter of the straaw and holding the same in
      parallel relation to the under surface of the lid. The lids of the present
      invention are nestable and stack easily with the apron lying over the air
      channel when stacked so that the apron will fall vertically when air
      traverses the air channel bead. The steel lid with the painted dot thereon
      which is aligned with the apron will align the straw with the apron by the
      use of a photocell alignment device which activates a brake on the fixture
      to align the straw with the apron. The ferrous washer on the aluminum lid
      will hold the lid in situ by use of a magnet to align the straw with the
      skirt or apron.
PAR  The outer beads and medial beads are parallel with the score 26 in between
      being coincident with an underside score 28 with the scores having sides
      at a 45.degree. angle (approximately) with the sides being compacted by
      the mandrel with the compacted metal in the sides affording a sharper
      breakthrough without a serrated edge, hence a clean crystalline
      breakthrough. The pull ring and strip stays with the can so that when
      discarded cans are collected, the pull ring and closure will also be
      collected, thus providing ecological benefits. The pull ring is of
      one-piece construction and held tight to the lid by the tongues on the
      drawdown rivet assembly with the tongues acting as a pry or fulcrum so
      that when the ring is rocked forwardly, it will afford a breakthrough of
      the lid with the ring then being pulled up and back to skin back the
      tear-out strip which has the pull ring as an integral part and both the
      ring and tear-out strip remain attached to the lid, thus reducing litter
      from discarded tear-out strips and pull rings.
PAR  The lid, of course, may be used without the straw and apron when used with
      commodities in which a straw is not normally used. In this event, the air
      channel as well as the apron are eliminated and the tear strip, beads and
      score lines can be made shorter with the transverse score line nearer the
      center of the lid. The slug of ferrous material may be in the form of a
      solid slug as well as a washer shape to enable complete use of the ferrous
      surface when using a magnetic pickup.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A container closure comprising a lid forming the end of a container, a
      pair of closely spaced generally parallel and concentric beads formed in
      the lid and projecting upwardly from the upper surface thereof, the beads
      being interconnected by a pair of connecting bead portions thus forming
      generally U-shaped outer and inner beads, a score line between said beads
      to define a line of separation, said beads and score line having terminal
      ends spaced from an edge of the lid and defining a tear-out strip, a pull
      ring assembly attached to the lid and overlying the inner bead and the
      connecting bead portion thereof with the pull ring assembly including a
      nose portion conforming with the connecting portion of the inner bead and
      overlying and contacting the score line between the connecting bead
      portions to provide breakthrough between the beads for pulling the
      tear-out strip upwardly and leaving the end thereof remote from the
      connecting portions of the beads attached to the lid.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said strip includes a straw
      connected to and extending along the under surface thereof, a flexible
      resilient apron mounted on the strip and receiving the straw and
      connecting the straw to the strip for movement of the straw with the strip
      when pulled upwardly to expose the straw for use in consuming the contents
      of the container, said strip having an air channel in the under surface
      thereof by which air blown into the channel will deflect the apron
      downwardly to a vertical position for receiving the straw therethrough.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said lid includes a
      distinguishably colored dot thereon to enable the lid to be oriented by
      lid and straw assembly machinery having a photocell assembly sensitive to
      the colored dot.
NUM  4.
PAR  4. The structure as defined in claim 2 wherein said apron includes a
      central opening and radial cut lines receiving and gripping a staw when
      inserted therethrough, a lid-mounted-ferrous member being aligned with the
      apron to facilitate positioning of the lid in alignment with an air
      discharge and the straw when assembling the lid and straw.
NUM  5.
PAR  5. The structure as defined in claim 4 wherein said lid includes a
      transverse score line at the permanently attached end of the tear-out
      strip defining a hinge about which the tear-out strip swings thereby
      preventing the strip from swinging back into contact with the facial area
      of a person consuming the contents of the container.
NUM  6.
PAR  6. The structure as defined in claim 2 wherein said flexible apron includes
      a central small opening and a plurality of radial cut lines extending
      therefrom to define a plurality of pie-slice-shaped segments which are
      deflected when a straw is forced through the apron and frictionally
      gripping the periphery of the straw.
NUM  7.
PAR  7. The structure as defined in claim 6 together with a ferrous insert in
      said lid and being exposed to the exterior only to enable handling and
      pick up of a non-ferrous lid by magnetic handling and pick-up equipment,
      said lid including a pair of adjacent, concentric, raised beads thereon, a
      score line between said beads to define a line of separation, said beads
      and score line having connecting portions adjacent the peripheral edge of
      the lid and terminal ends spaced inwardly from an opposite edge portion of
      the lid thus defining a tear-out strip having one end permanently of
      unitary construction with the lid, and a pull ring assembly attached to
      said strip adjacent the connecting portions of the beads, said pull ring
      assembly including a nose portion conforming with the connecting portion
      of the inner concentric bead and terminating in a downturned edge in
      overlying engagement with the connecting portion of the score line to
      facilitate breakthrough of the score line when the pull ring is elevated,
      said ferrous member being disposed between the terminal ends of the beads
      and edge of the lid.
NUM  8.
PAR  8. The structure as defined in claim 1 together with a ferrous insert in
      said lid and being exposed to the exterior only to enable handling and
      pick up of a non-ferrous lid by magnetic handling and pick-up equipment.
NUM  9.
PAR  9. The structure as defined in claim 1 wherein said lid includes a
      transverse score line therein at the end of the strip remote from the nose
      portion of the pull ring assembly to form a hinge for upward swinging
      movement of the strip and pull ring assembly to retain the strip and pull
      ring assembly permanently connected to the lid in peeled back open
      position, said transverse score line forming a stop for the ends of the
      score line and prevent flip back movement of the strip and pull ring
      assembly.
NUM  10.
PAR  10. The structure as defined in claim 1 wherein said score line is defined
      by aligned depressed grooves in the top and bottom surfaces of the lid,
      said depressed grooves being generally V-shaped and formed by compacting
      metal in the side walls thereof rather than removing material thereby
      facilitating breakthrough by providing a snap break rather than a
      lacerated tear.
NUM  11.
PAR  11. The structure as defined in claim 1 wherein said pull ring assembly and
      strip include a drawdown connection having a hollow interior defining a
      rigid connection located adjacent the nose portion whereby the nose
      portion will fulcrum with the drawdown connection when the end of the pull
      ring assembly remote from the nose portion is pivoted upwardly, said
      hollow drawdown including a riveted area peripherally thereof defining an
      enlarged fulcrum area for the pull ring assembly.
NUM  12.
PAR  12. The structure as defined in claim 1 wherein said lid includes means
      thereon to facilitate proper orientation of the lid, means on the
      container to facilitate magnetic pickup when a non-ferrous container is
      used, and depending means to grippingly support and retain a straw with
      the lid after products have been consumed thereby retaining all components
      of the lid and container assembled to facilitate disposal thereof for
      providing an ecology benefitting lid and container.
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ABST
PAL  A structure is provided in a container having a fluent material, such as a
      liquid or powder, to be selectively dispensed therefrom, and a simple,
      quick opening means for the container which may be effected without the
      need for special tooling such as a can opener.
PAL  In one form, an opening is provided in the wall of a metal, plastic or
      paperboard container through which the contents thereof may be dispensed.
      Simple closure means is provided in the form of a short plastic or metal
      strip which is sealed to the container around the opening to close off
      same. The strip contains an unsealed tab portion at one end thereof which
      normally lies flat against the container wall and may be easily lifted by
      hand and pulled to break the seal with the wall of the container and to
      expose the opening.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 192,378 filed Oct. 26, 1971,
      now Pat. No. 3,802,594, as a continuation-in-part of Ser. No. 783,320,
      filed Dec. 12, 1968, now U.S. Pat. No. 3,615,034, which was a
      continuation-in-part of Ser. No. 609,397, now Pat. No. 3,426,959, filed
      Jan. 16, 1967 in turn a continuation-in-part of Ser. No. 362,868 filed
      Apr. 27, 1964, now Pat. No. 3,311,288.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an easy opening means for a container such as a
      metal can, plastic bottle or canister or paperboard container for a liquid
      or particulate product.
PAR  Various means have been proposed and are utilized to open containers with
      and without the use of a tool such as a can opener. In the dispensing of
      many liquid and powdered products, particularly for consumer use, it is
      desirable to provide a closed container therefor with a means for rapidly
      effecting the opening of the container such as by a pulling action. It is
      known in the art to provide a score line in the top of a metal can, for
      example, and to attach a ring thereto which, when pulled, effects a
      shearing tear along the line which permits the entire material interior of
      the line to be removed and to provide an opening. Such an operation
      generally requires a substantial amount of force and many persons find it
      difficult to shear and completely remove that portion of the wall of the
      container necessary to provide the opening.
PAR  The instant invention is concerned primarily with the provision of new and
      improved structures in pull-type opening means for containers which are
      easy to apply to the wall of various containers made of different
      materials and which provide adequate and sufficient closures for the
      containers yet which may be easily removed to provide openings in the
      containers through which the product may be dispensed.
PAR  Accordingly, it is a primary object of this invention to provide a new and
      improved structure in a container and in an opening means therefor which
      may be easily manipulated by hand to permit the dispensing of the contents
      of the container.
PAR  Another object is to provide a method for forming and filling a container
      with liquid or powdered contents and providing a simple and easy opening
      means therefor.
PAR  Another object is to provide new and improved structures in pull tab
      openings for a variety of containers manufactured of different materials
      such as plastics, metals and paperboard.
PAR  Another object is to provide a new and improved method for sealing
      container portions together in a manner to secure and hermetically seal
      the container yet permit the opening thereof without difficulty.
PAR  With the above and such other objects in view as may hereafter more fully
      appear, the invention consists of the novel constructions, combinations
      and arrangements of parts as will be more fully described and illustrated
      in the accompanying drawings, but it is to be understood that changes,
      variations and modifications may be resorted to which fall within the
      scope of the invention as claimed.
PAR  In the drawings:
PAR  FIG. 1 is a cross-sectional view of part of a molding apparatus including a
      mold utilized for blow molding a hollow container in accordance with the
      teachings of the instant invention;
PAR  FIG. 2 is a fragmentary view in cross-section of a portion of the mold
      shown in FIG. 1;
PAR  FIG. 3 is a fragmentary view in cross section of a modified portion of a
      mold employed to produce a container in accordance with the instant
      invention;
PAR  FIG. 4 is a fragmentary view in cross section of another form of mold
      structure utilized to produce a container in accordance with the instant
      invention;
PAR  FIG. 5 is a fragmentary view in side cross-section of a modified form of
      container or parison utilized to produce a container, the side wall of
      said container or parison containing a reduction in its thickness from the
      inside;
PAR  FIG. 6 is a modified form of container or parison having a side wall with a
      reduction in thickness extending from the outside thereof;
PAR  FIG. 7 is a cross-sectional view of a portion of the side wall of a molded
      container having a reduction in wall thickness of the type provided in
      FIG. 6 and further having a circumscribing reinforcing strip-like element
      which is removable therefrom to permit opening of the container along the
      reduced cross-section portion;
PAR  FIG. 8 is a cross-sectional view of a portion of a container wall of the
      type shown in FIG. 5 and having a reinforcing removable element;
PAR  FIG. 9 is a cross-sectional view of a portion of a wall of a container
      having a wire element attached thereto which, when removed therefrom, is
      operative to sever the container wall;
PAR  FIG. 10 is a cross-sectional view of a portion of a container wall
      containing a wire integrally provided within the wall during the molding
      process;
PAR  FIG. 11 is a cross-sectional view of a container wall having a wire element
      secured in a recess formed in the wall for reinforcing the portions of the
      wall on both sides thereof and operative, when removed therefrom, to
      permit easy opening of said container;
PAR  FIG. 12 is a side cross-sectional view of a fragment of a container
      assembly showing a sealing strip member welded to respective portions of
      the container assembly to provide a hermetic or pressure seal and
      removable therefrom to permit openings of the container;
PAR  FIG. 13 is an end view of the container of FIG. 12;
PAR  FIG. 14 is a side view of a fragment of a container assembly formed by
      molding and having container portions which are spin welded together;
PAR  FIG. 15 is a side view of a fragment of a container assembly of the type
      shown in FIG. 14;
PAR  FIG. 16 is a fragmentary view of a cross-section of a portion of a modified
      form of container assembly.
PAR  FIG. 17 is a side view of a portion of a container wall showing an easy
      opening tab or door molded therein and defined by an open loop channel or
      groove molded into said wall;
PAR  FIG. 18 is an end view in cross section of FIG. 17;
PAR  FIG. 19 is a side view of a fragment of a container wall with a pull tab
      attached to a removable portion thereof;
PAR  FIG. 20 is a cross sectional view of the structure shown in FIG. 19;
PAR  FIG. 21 is a side view of yet another form of closure for a blow molded
      container and
PAR  FIG. 22 is a cross sectional view of the structure shown in FIG. 21.
DETD
PAR  There is shown in FIG. 1 a portion of a mold assembly 10 comprising mold
      halves 11 and 12 shaped with inside walls 13 and 14 defining a molding
      cavity 15 into which a parison or the like is disposed by suitable known
      means (not shown) to be blown against said walls 13 and 14 and molded to
      conform to the shape thereof. In FIG. 1, the cavity is shaped to define a
      hollow object such as a plastic bottle or container having a substantially
      cylindrical side wall.
PAR  Formed in the walls of the mold halves 11 and 12 and protruding outwardly
      therefrom so as to project inwardly into the cavity 15 is a V-shaped,
      ridge-like formation 16 having tapering side walls 17 and 18 terminating
      at a relatively sharp apex line 19. The formation 16 preferably
      circumscribes the side wall of the mold cavity and is composed of
      formations 16a and 16b in the respective molds which align with each other
      to form substantially a single or continuous ridge around the inside of
      the mold wall.
PAR  When a plastic parison is blow molded to shape in the mold 10 and forced by
      internal fluid pressure to conform to the wall of the mold cavity, it is
      deformed against the V-shaped formation 16 which serves not only to
      provide a narrow channel circumscribing the wall of the molding but also
      to substantially reduce the thickness of the walls at the bottom of the
      channel as clearly shown in FIG. 2. The molding 20 is shown having
      cylindrical wall portions 21 and 22 on both sides of the channel or groove
      formed against the ridge formation 16 of the mold. Side walls 23 and 24 of
      the channel are shown tapering in thickness and meet at a minimal
      thickness region 25 at the base of the channel or groove resulting from
      flow of the material over the edge 19 and drawing thereof down the side
      walls of the ridge 16. The thickness of the wall at the apex line 25 is
      preferably such that it may be easily severed by a simple cutting
      implement such as a knife or razor blade or, in the extreme, may be
      sheared by twisting or pulling the portions of the portions 21 and 22 of
      the molding when it is desired to open the container. The degree of
      reduction in thickness of the parison wall when molded by means of
      apparatus of the type illustrated in FIGS. 1 and 2 will depend on a number
      of factors including the height and degree of taper of the ridge-like
      formation 16, the flow characteristics of the parison wall and the degree
      it is already blown when it contacts the wall of the mold.
PAR  In FIG. 3 is shown a modified form of mold wall of the type shown in FIGS.
      1 and 2 wherein the single ridge-like wall formation is replaced with two
      such formations extending parallel to each other around the mold wall and
      denoted 16a' and 16b', there being a space 26 of flat cross sectional
      shape provided between the formations 16a.degree. and 16b' to define a
      portion of the container wall which may be removed as by cutting or
      pulling from the container in order to sever the two portions of the
      container from each other along the two reduced thickness lines defined by
      the apex lines of the formations 16a' and 16b'. A suitably shaped
      sub-cavity 27 in wall portion 26 may serve to form a portion of the
      container wall which protrudes outwardly from the main wall and/or the
      portion formed against wall portion 26 to permit finger gripping and
      pull-tearing the strip formed between the grooves formed against ridges
      16a' and 16b'. The wall portion of the container formed in sub-cavity 27
      may be further worked in the mold or after the container is removed from
      the mold such as by thermally deforming, pinching, punching, drilling or
      otherwise forming same to facilitate starting the action of tearing the
      container wall along the groove lines thereof defined by apex lines 16a
      and 16b of the mold wall.
PAR  In FIG. 4 is shown another modification in the shape of the mold wall to
      effect a line-like reduction of thickness which is sufficient to permit
      the separation or pull tearing of the wall of the molding as described.
      The walls of the mold are provided with a pair of spaced apart, parallel
      circumscribing V-shaped cavities 30 and 31 defining therebetween a
      V-shaped ridge or band 32. Thus, the wall of the molding 33 is provided
      with a pair of protruding formations 34 and 35 which have tapered side
      walls and define a channel having a narrow band-like or line base 37 of
      minimum wall thickness operative to be severed as described above by
      either a cutting implement or by means of a shearing or pulling action
      applied to the container wall.
PAR  FIG. 5 shows a portion of the wall 38 of a container 37 formed by extrusion
      or blow molding of an extruded parison. A groove 39 is provided preferably
      circumscribing the inside surface of the wall to provide a narrow
      band-like portion 38' which is of substantially less thickness than the
      remainder of the wall as illustrated. The reduction in wall thickness is
      effected by the automatic or program controlled movement of an irregularly
      shaped mandrel in the extrusion die opening to reduce the annular spacing
      between the mandrel and the die for a short enough period of time to
      effect wall thickness reduction of the extrusion or parison such that when
      the article is blown to shape in the mold, the reduced wall thickness
      portion 38' will be formed and may be utilized per se to simplify opening
      of the container as described above or by the means provided hereafter. In
      other words, the thickness of the wall portion 38' may be such as to
      normally retain the container in one piece but permit it to be severed
      along the line or band of minimum thickness by twisting, pulling or
      cutting action.
PAR  In FIG. 6 is shown another modified form of extrusion or blow molding 37'
      having its side wall 38" provided with a groove 39' circumscribing same so
      as to leave a narrow portion 38a of the wall of sufficiently reduced
      thickness to permit a tear opening to be effected in said wall or
      severance of the portions of the container on both sides of said reduced
      thickness portion by pulling, twisting or other action. The circumscribing
      groove or channel 39' may be formed in the blow molded container by
      parison control or programming or by means of a cutting tool operative to
      spin cut said groove therein by rotating about the container or by
      spinning the container with respect to the tool as in a lathe to permit
      the tool to cut said groove a sufficient depth to permit severance of the
      container portions on both sides thereof as described.
PAR  In FIG. 7 a portion of a wall 41 of a container 40 formed by blow molding
      as described or other form of molding is provided with a reduced thickness
      portion 43 which normally may be easily severed by applying a twisting or
      bending force between the upper portion 41 and the lower portion of the
      container. The reduced thickness portion 43 either circumscribes the side
      wall of the container such as a bottle or canister or circumscribes an
      area of the wall inwardly of which it is desired to remove or provide a
      flap-like opening to the container. If the section 43 is sufficiently
      reduced in thickness to permit separation of the upper and lower portions
      41 and 42 of the container from each other without difficulty, such action
      may normally occur during handling of the container and, accordingly, in
      FIG. 7, a strip 44 of suitable plastic film or other material extends
      across the groove or channel 43' defining the reduced wall thickness
      section of the wall 40 and is welded or bonded along its upper and lower
      borders by circumscribing weld lines 45 and 46. The strip or band section
      44 thus remains in place during normal packaging and handling operations
      and may be removed by a pulling operation tearing said strip along
      separated parallel score lines (not shown) or along the weld or bond lines
      45 and 46. Once the strip 44 is removed, the upper and lower portions 41
      and 42 of the container may be separated from each other by a bending,
      twisting or pulling action or by applying a cutting blade to the reduced
      thickness portion 43 of the container. It is noted that a container wall
      structure of the type shown in FIG. 3 may be reinforced with a tearable
      strip similar to 44 by bonding or welding said strip, for example, to the
      outer surfaces of the upper and lower portions 21 and 22 of the container.
      In many instances, the inside surface of the strip 44 may be coated with a
      pressure-sensitive adhesive permitting it to be easily applied and removed
      from the container wall.
PAR  Yet another structure in a tear strip means applicable to a blow molded
      container is shown in FIG. 8. The container 47 has a side wall composed of
      upper and lower portions 48 and 49 desired to be severed from each other
      or to have an opening formed therein by a simple pulling action. The wall
      portions 48 and 49 are separated by a wall portion 50 of reduced wall
      thickness. Disposed in alignment with and preferably overlapping or
      extending along the borders of the reduced thickness portion 50 is a strip
      51 of flexible material such as a plastic having a higher tensile strength
      than the material of which the container is made. The strip or band 51 is
      welded or sealed to the reduced wall thickness portion 50 along the length
      thereof by a weld line 52 having the characteristics such that when then
      strip 51 is pulled away from the wall of the container, it will effect
      either a severance along the reduced thickness portion 50 or will
      sufficiently reduce the thickness of wall portion 50 such that a simple
      twisting, pulling or bending action effected by hand to the wall of the
      container will be operative to sever the upper and lower portions 48 and
      49 from each other or will permit finger pushing in a tab-like portion of
      the container wall defined inwardly of the reduced section 50 and the weld
      line 52 extending therealong.
PAR  In FIG. 9 is shown a container having a wall 53 composed of upper and lower
      portions 54 and 55 and a reduced thickness portion 56 against and within
      which a wire or tear strip 57 is partially embedded. Pulling the wire 57
      to the left by grasping an end thereof extending through the container
      wall, may be operative to completely sever the upper and lower portions 54
      and 55 from each other. Pulling wire 57 to the right by grasping an end
      portion thereof, may be operative to sufficiently weaken the wall along
      portion 56 by removing the support provided by the wire or strip 57 to
      permit the container to be severed along said weakened portion by a
      pulling, twisting or bending action.
PAR  In FIG. 10, a container formed by extrusion or blow molding has a wire or
      tear strip completely encapsulated within its side wall which, when a
      force is applied to pull said wire or tear strip outwardly from the wall,
      the result is the weakening of said wall such that it may be easily opened
      thereafter as described. The wire or tear strip 57 which may be round or
      rectangular in cross section may have an end extending outwardly from the
      wall of the container to permit it to be easily grasped and pulled to
      remove it from the wall of the container for the purposes described.
PAR  In FIG. 11 is shown a modified form of the container molded by means of the
      apparatus shown in FIG. 2. A wire or tear strip 57 is shown secured within
      the groove defined by the tapered side wall portions 23 and 24 and is
      preferably either heat sealed therein or adhesively bonded thereto. When
      the  strip or wire 57 is pulled outwardly from the wall of the container
      it may either serve to sever the container wall or to sufficiently reduce
      its strength upon removal such that a simple pulling, twisting or bending
      action may be operative to sever the upper and lower portions 22 and 21 of
      the container wall from each other or to provide a tab-like door to the
      container interior.
PAR  In FIG. 12 is shown a container assembly 60 composed of a lower container
      part 61 such as a cylindrical or cup-shaped canister or bottle made of
      thermoplastic material formed by injection or blow molding, vacuum or
      pressure forming apparatus. Slidably assembled to the upper end of the
      lower container member 61 is an upper container member or cover 62 having
      a downwardly depending side wall 63 engaging the upper portion of the side
      wall of 61, an inwardly depending shelf-like wall portion 64 having its
      lower surface resting on the upper rim of 61, an upwardly depending side
      wall 65 and a top wall 66 providing complete closure with the lower
      container member 61. In order to effect retained assembly and sealing of
      the two container members 61 and 62, a band or strip 67 of flexible
      thermoplastic material extends completely around the container assembly
      and overlaps portions of the side wall of container 61 and the side wall
      63 of the upper container 62. A circumscribing weld line 68 is provided
      between the upper border of the band-like strip 67 and the side wall
      portion 63 of upper container member 62 and a second circumscribing weld
      line 69 is provided between band member 67 and the side wall of lower
      container member 61.
PAR  In FIG. 13, a side view of the assembly shown in FIG. 12, one end portion
      67' of the strip 67 is shown having a tab-like flap 67" extending
      downwardly therefrom which, when pulled upwardly and in the direction in
      which the strip extends around the wall of the container assembly, is
      operative to sever both the weld lines 68 and 69 in a shearing action so
      as to permit removal of the band 67 from the container assembly and
      opening of the assembly. In other words, the weld or bonding lines 67 and
      69 are of such a nature that they may be torn or severed along their
      length by a simple pulling action on the band 67 started by grasping the
      tab-like portion 67" between the thumb and forefinger.
PAR  In FIGS. 14 and 15 is shown another modified form of joining means for
      container assemblies. The lower container 61 has secured to its outer
      surface near the upper rim thereof a portion of the side wall of an upper
      container member 70 by means of a weld line 74 circumscribing the two
      container members. The upper container member 70 has a tab-like portion 71
      extending downwardly therefrom and a cutout portion 72 extending to near
      the weld line 74 provided between the abutting side walls. When the tab 71
      is pulled, a tear develops near the upper end of cutout 72 along the weld
      line 74 and the weld line may be thereby severed by continued pulling the
      tab 71 away from the container assembly. Thus, a strip of plastic defining
      the lower border of the upper container 70 may be completely removed from
      the container assembly and the circumscribing weld 74 provided between the
      two container members may be severed to permit opening of the container.
PAR  It is noted that circumscribing weld lines between cylindrical container
      assemblies of the types illustrated in FIGS. 7, 8 and 12-15 may be
      provided by so-called spin welding means whereby either the welding tool
      or container assembly is rotated in a fixture such as a welding lathe and
      the movement of a suitable tool against that portion of the assembly
      requiring welding is such as to frictionally heat and create the desired
      welding effect. Such action may also be effected by heating a welding tool
      and relatively moving tool and container assembly as described in a
      circular path. Welding may also be effected by energizing the welding tool
      with ultrasonic or radio frequency energy as the tool and container
      assembly relatively rotate. In yet another welding technique, the
      container and/or an intense radiation beam generating means such as a
      laser may be relatively moved to cause the beam to temporarily intersect
      the rotating components to create a circular weld or pair of welds therein
      of the type described.
PAR  Referring again to the embodiments shown in FIGS. 1 to 4 of the drawings,
      it is to be noted that the grooved wall structures shown may be applied to
      the sidewall of an open container which is filled after it has been
      removed from the mold and is hermetically sealed or pressure sealed
      thereafter after the contents therefore have been disposed within said
      open container and after a lid or cover has been placed on the open end
      thereof. The contents may also be disposed within a substantially closed
      container formed in the two piece mold shown through either the inflation
      needle or nozzle which is movable through a hole 15' in the mold wall to
      penetrate the wall of the molding or through a mandrel (not shown)
      protruding downwardly from the extrusion die opening and used to form the
      inside of the parison.
PAR  Tear strip or wire opening means such as those shown in FIGS. 9 to 11 may
      be secured to the wall of the molding as shown by relating said strip or
      wire against the wall of the mold during the blow molding procedure or by
      adding same after the molding is removed from the mold to the molding and
      spin welding or otherwise attaching the strip or wire thereto. The tear
      strips of FIGS. 7 and 8 may be spin welded to the wall of the container by
      rotating said container and bringing said tool to bear against the strip
      in a manner to generate frictional heat and properly weld the strip to the
      wall of the molding in a manner to permit the tear opening or weakening of
      the container wall as described.
PAR  In connection with the structure shown in FIG. 10, it is noted that the
      wire or thread or filament 57, shown disposed completely within the wall
      of the molding, may be so provided by feeding said wire or filament
      between concentric tubular extrusions which, when pressure is applied to
      the inner extrusion forms a single parison and single walled molding with
      said element 57 embedded in the wall as shown.
PAR  In connection with the structures shown in FIGS. 12 to 16 it is noted that
      the components shown as being welded together in a manner to permit the
      tear opening of the assemblies may be made of aluminum sheet material and
      aluminum foil, and may be spin cold welded, ultrasonically welded or
      resistance welded along the weld line or lines described in a manner to
      permit the tear opening thereof as described. The cap 60 shown in FIGS. 12
      and 13 may be snap fit assembled with the rim of the lower container 61 so
      that it may be retained in place after the container has been opened for
      reclosing the container.
PAR  Further in connection with the wire opening means shown in FIGS. 9 to 11,
      it is noted that opening may also be effected by heating said wire by
      induction or electrical resistance heating means to a degree to melt or
      soften the wall of the container surrounding the wire to permit or effect
      its easy opening. Similarly, strips of metal may be used for the strips 44
      and 44' of FIGS. 7 and 8 and may be inductively or resistance heated to
      effect opening and/or closure of the container by local heating and
      partical melting of the thermoplastic material of the container wall.
PAR  In FIG. 16, a container assembly 70' comprises a lower container unit 61 as
      described and an upper container unit or lid 71' assembled on the rim 61'
      of 61. A step 75 is provided in the sidewall of the lid 71' and rests
      against the rim 61'. A circumscribing weld line 74 seals and joins the
      lide 71' to the sidewall of 71' in a manner to be ruptured or sheared by
      pulling or twisting.
PAR  In FIGS. 17 and 18 is shown a structure in a wall of a plastic container 80
      formed by injection or blow molding and provided with easy opening means
      such as a modified form of the described molded wall separation or opening
      means. The wall 81 of the molded plastic container is molded with a
      line-like groove or depression 82 therein which extends either as a closed
      loop channel around a portion 83 of the container wall which is desired to
      be removed or, as shown, as a partially closed loop therein if it is
      desired to merely push a portion of the mold wall without removing same to
      permit pouring out the contents while retaining the wall portion as a
      flap.
PAR  In one form, the groove 82 is so designed that pushing in on the wall
      portion 83 with the finger, thumb or an implement will be operative to
      shear or tear the weakened or reduced thickness portion of the wall
      defined by the groove or channel 82 so as to either sever the entire wall
      portion 83 or cause it to swing inwardly as a flap and provide an opening
      to the inside of the container 80 through which the contents may be poured
      or otherwise removed therefrom. Notation 84 refers to the edge of the wall
      81 of the container 80 against which a opening device (not shown) such as
      a prying type can opener may be hooked to permit the end of the opener to
      be brought to bear against area 83 of the wall and, when the opener device
      is operated to cause its end to push against the surface of 83, it forces
      said tab to push inwardly severing the wall material along the groove 88.
PAR  It is noted that a strip or patch of peelable or tear-off plastic may be
      disposed across the groove 82 and area 83 and welded or bonded to the wall
      81 to support and strengthen the mold wall and prevent pushing in of the
      portion 83 during normal handling.
PAR  In FIGS. 19 and 20 is shown another structure in a tearable or rupturable
      wall 86 of a plastic container 85 for liquids, pourable solids or other
      articles. Molded into the wall 86 as described is a groove 88 defining a
      closed loop line of such weakness and dimension that, once a tear or
      rupture is developed therein, it may be continued to permit the complete
      removal of the portion 89 inwardly of the groove 88. Fastened to the
      removable portion 89 of the wall 86 is a pull member 90 made of plastic or
      metal and having a looped head 91 with an opening 92 through which the
      forefinger of the hand may be placed to exert an outwardly on the tab for
      removing the removing the removable portion of the container wall. The tab
      head 90 is connected to or extends from a necked-down portion 93 which is
      fastened near its end to one end of portion 89 of the wall 86. Fastening
      is affected by molding wall 86 with a pin-like protrusion 86 which extends
      normal to an outwardly from the container wall 86 as shown in FIG. 20,
      providing a hole 94 in portion 93 of the pull member 90, assembling said
      member 90 to the wall 86 by passing protrusion 87 through hole 94 and
      upsetting the end portion of said protrusion 87 against the outer face of
      portion 93 as shown such as by heating and compressing same with a tool.
      If the material comprising member 90 is a thermoplastic polymer, the tab
      end portion 93 may be welded to the wall 86 with or without the provision
      of the upset protrusion 87 to effect fastening as described.
PAR  In yet another form of quick opening molded plastic container wall
      structure shown in FIGS. 20, 21 and 22, a container wall 95 is provided
      with an opening 96 therein by molding or other means and a closure 97 in
      the form of a sheet or film-like tab 97 having a bottom portion 98 which
      is welded in a closed loop adhesive bond or weld line 100 about opening 96
      in a manner to be removable from the wall 95 by pulling on a flap-like
      portion 99 of said tab 97 which is not welded to the wall 86 and extends
      beyond the opening 96.
PAR  It is noted that the various containers having easy opening portions and
      other novel structures as hereinbefore described may be produced from an
      injection molded tube or parison which is blow molded to shape between
      closed mold sections. By properly premolding the parison with suitable
      cross sectional reductions such as those illustrated in FIGS. 4, 7, 6, 11,
      and 17-22 defining a groove or channel-like indentations in the walls of
      the finished containers, such reductions in cross section may be retained
      in the blow molding and controllably formed therein as to permit easy
      opening of the container by twisting, pulling or bending actions as
      described. In other words, while it may be difficult to properly reduce
      the thickness of portions of the walls of containers to degree necessary
      to effect opening or shearing thereof as described by pure blow molding
      the combined operations of forming said by injection and blow molding
      procedures may offer the desired degree of control necessary to effect a
      predetermined structure capable of being fractured to severed as
      described.
PAR  By injection molding a parison of materials having different physical
      characteristics such as low or medium and high density polyethylene,
      flexible and rigid vinyl, and other combinations of rigid and flexible,
      variable rigidity or high and low strength plastics, containers may also
      be blow or injection molded having high strengh and low strength portions
      of its wall or walls which will permit the easy opening thereof by
      pulling, tearing or other action, such as puncturing with an implement.
      Such containers may also be produced by parisons which are extruded of two
      different polymers, one flexible and one more rigid as described each
      being fed in sequence to the forming portion of the extrusion die to form
      complete cross sections of the parison or both being applied
      simultaneously during the complete extrusion cycle or during but part of
      the extrusion cycle to form parisons with but selected portions of their
      walls made of flexible or weaker material than other portions thereof,
      capable of being torn, sheared or otherwise worked or used.
PAR  It is also noted that the constructions shown in FIGS. 7-11 wherein
      tearstrips, wires and the like are incorporated in or added to the wall of
      the container, may be formed by coextruding two different plastic
      materials and blow molding same together. For example, the strips 44 and
      44' of FIGS. 7 and 8 may be coextruded of higher density or strength
      polymers with the major portion of the parison material provided to form
      the wall of the container being extruded of a lower density or lower
      tensile or shear strength material so that pulling on the tear strip
      material as described will be effective in causing severance of the wall
      as described. The wire-elements 47 and 57 of FIGS. 9-11 may also be formed
      of extruded material coextruded in or on the parison wall in the
      longitudinal direction and used not only to effect easy and quick opening
      of the container as described but also to reinforce the wall thereof.
      Special tooling located in the mold or predeterminatley operated after the
      container is molded to shape and removed from the mold may be operative to
      separate a portion or portions of the tear strip or wire elements from the
      wall of the molded container to permit it to be easily pulled away from
      the wall in the act of tear opening or effecting closure of the container
      after opening. Tear opening gripping means such as the illustrated pull
      strips 44, 44', 47, 96 and 97 may also be molded with or attached to the
      injection molded parison prior to blow molding same to shape. These
      members may also be disposed in the mold and attached to the molding as it
      is blown or otherwise formed therein. Fastening means for the pull strips
      or finger grips such as the protrusion 87 of FIGS. 19 and 20 may also be
      formed as part of the injection molded parison and/or the blow molded
      piece in the blow mold.
PAR  Additional features of the instant invention are noted as follows:
PAR  a. Supporting elements and tear strip elements such as those defined by
      notations 44, 44', 47, 50, 57, 90 and 97 may be fed individually or in
      strip formations to each container at an applying and fastening station
      where these elements may be either heat sealed, spin welded or
      ultrasonically welded or bonded in place on the wall of the container, as
      shown, on an automatic basis.
PAR  b. The supporting and tear strip elements 44, 44', 47, 50, 57 90 and 97 may
      also be extruded in situ against the container wall and pressure or spin
      welded in place by the application of a suitable die thereto.
PAR  c. The strips or filaments 44, 44', 47, 57 of FIGS. 7-11 may be coextruded
      with the base materials 41, 47, 53 and 58 which may comprise sheets or
      film of plastic containing attached tear elements for easy opening
      containers formed thereof. Said elements may be made of a polymer of
      greater tensile strength than the polymer comprising the sheet or form
      onto which they are extruded or brought to bear for attachment as shown.
PAR  It is to be noted that the containers hereinbefore described may also be
      formed of metal such as aluminum by either deforming sheet metal in a die
      by means of hydraulic or gas pressure applied as a single or plurality of
      pressure pulses or by shock waves generated in a gas or liquid. The
      containers may also be formed by impact extrusion means or a combination
      of impact extrusion and fluid pressure means applied either simultaneously
      wether immediately after the impact extrusion of the metal or during a
      secondary operation to provide the described reduced thickness portions of
      the wall of the container and or other portions thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container assembly comprising:
PA1  a container defining a housing with a thin wall enclosing and containing
      fluent contents to be selectively dispensed therefrom,
PA1  an opening formed in a portion of said container wall, and
PA1  a closure disposed across and extending beyond said opening,
PA1  said closure comprising an elongated flat strip of relatively thin flexible
      sheet material,
PA1  a first portion of said elongated flat strip sheet material being welded
      against and sealed to the outside surface of said container along a weld
      line formed between said flat strip and said container wall which weld
      line completely surrounds said opening in said container wall,
PA1  a second portion of said flat strip of thin sheet material defining said
      closure and comprising one end thereof, said second portion of flat strip
      material being unattached to said container wall and being of sufficient
      length to permit it to be grasped betweed the thumb and forefinger of the
      hand and to be pulled thereby outwardly from said container wall to permit
      the welding defined by the circumscribing weld line between said first
      portion and the outside surface of said container wall to be destroyed
      whereby the entire strip closure may be removed from said container wall
      and the opening in said container wall may be uncovered to permit the
      contents of said container to be dispensed through said opening.
NUM  2.
PAR  2. A container assembly in accordance with claim 1 wherein said second
      portion of said elongated flat strip of thin sheet material is at least
      partly disposed flat against the outside surface of said container wall.
NUM  3.
PAR  3. A container assembly in accordance with claim 2 wherein the endmost
      portion of said second portion of said flat strip of sheet material
      extends above the outside surface of said container wall permitting it to
      be easily grasped between the thumb and forefinger of the hand and pulled
      away from the container in the act of removing the strip from the wall of
      the container.
NUM  4.
PAR  4. A container assembly in accordance with claim 1 in which said flat strip
      of flexible sheet material is made of a plastic polymer and is stronger
      than the seal between the strip and the outside wall of said container
      permitting the seal with said container wall to be broken by pulling on
      the unsealed portion of said strip without the destruction of the material
      of the strip.
NUM  5.
PAR  5. A container assembly in accordance with claim 1 wherein said flat strip
      of relatively thin flexible sheet material is composed of metal and the
      wall of said container to which said strip is sealed is composed of metal,
      said seal between said strip and said container wall comprising a weld
      line formed between the materials of said strip and container wall and
      circumscribing the opening in the container wall.
NUM  6.
PAR  6. A container assembly in accordance with claim 5 in which said strip and
      said container wall to which it is welded are both made of relatively thin
      aluminum and the weld between said strip and said container wall is a
      molecular bond therebetween.
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ABST
PAL  A cover for a drum made of a thermoplastic elastomeric blend of
      poly-alpha-olefin plastic (e.g., polypropylene, 40%) with EPM or EPDM
      (e.g., ethylene-propylene-5-ethylidene-2-norbornene terpolymer, 60%).
BSUM
PAR  This invention relates to a drum cover.
PAR  The storage of drums, such as the conventional 55 gallon steel shipping and
      storage drums commonly used in the chemical and allied industries, gives
      rise to certain problems, especially outdoors where dirt and water tend to
      accumulate on the top of the drum and weathering and rusting soon cause
      partial if not total eradication of information commonly stencilled on the
      drum head, such as identification of contents and batch numbers.
      Frequently after a period of outdoor storage, especially in inclement
      weather, the drum heads must be cleaned and repainted with reapplication
      of necessary information before the drums can be shipped. This occasions
      delays, inconvenience, and expense.
PAR  It has been proposed to forestall the foregoing difficulties by protecting
      the head of the drum with a removable drum cover. Thus, drum covers made
      from plastics such as polyethylene have been proposed but unfortunately
      known plastic covers are not only unable to withstand the effects of
      outdoor conditions such as changes in temperature and ultraviolet
      radiation, but they also inadequately resist the high static and abrasive
      forces inevitably encountered when drums are moved about or stacked, often
      in layers of two or more, as on pallets. Damage to these covers defeated
      their protective purpose after very few uses and in many instances
      rendered them useless the very first time of application. Frequently such
      failure occurred at the chine of the drum which is most exposed to the
      abrasive and static forces.
PAR  In addition, elastomeric drum covers made from butadiene-styrene rubber or
      natural rubber exhibit low resistance to static force and weather and are
      therefore not commonly used.
PAR  Metallic drum covers are frequently employed, but several drawbacks are
      encountered with them. If the covers are made from steel, rusting and
      subsequent leakage of water and dirt onto the drum top are encountered.
      Covers made from metals less prone to corrosion, e.g. aluminum, usually
      are considerably more durable but expensive. Besides providing only
      limited sealing when deformed, all metal covers create serious hazards:
      pallets may slide easily off their smooth and slippery surface when
      stacked on uneven ground, possibly endangering personnel nearby, not to
      mention spilling of flammable contents from ruptured drums.
PAR  The invention provides a greatly improved drum cover that unexpectedly
      alleviates the above mentioned deficiencies and combines a number of
      advantages, namely, excellent durability under heavy use, exceptional
      weatherability, non-slip characteristics, chemical inertness, prolonged
      reusability even after exposure to heavy loads, light weight as well as
      sufficient elasticity to ensure a snug seal on the drum head.
PAR  In accordance with the invention, a drum cover is made from a thermoplastic
      elastomer which is a blend of from 50 to 10% by weight of a
      poly-alphaolefin plastic (e.g., polyethylene or polypropylene) with
      correspondingly 50 to 90 % by weight of a rubbery copolymer of ethylene
      and propylene, with or without a copolymerizable non-conjugated diene
      (e.g., 5-ethylidene-2-norbornene, dicyclopentadiene, 1,4-hexadiene, etc.),
      known as EPM or EPDM. Such thermoplastic elastomeric blends are disclosed
      in U.S. Pat. No. 3,758,643, Sept. 11, 1973, and applications Ser. No.
      171,328, filed Aug. 12, 1971, now U.S. Pat. No. 3,806,558, issued Apr. 23,
      1974, and Ser. No. 284,521, filed Aug. 29, 1972, now U.S. Pat. No.
      3,835,201, issued Sept. 10, 1974, of W. K. Fischer, the disclosures of
      which are hereby incorporated herein by reference.
DRWD
PAR  The invention will be described with reference to the accompanying
      drawings, wherein:
PAR  FIG. 1 is a top view of a drum cover of the invention;
PAR  FIG. 2 is an edge view of the drum cover;
PAR  FIG. 3 is an elevational view of a drum for use with the drum cover;
PAR  FIG. 4 is an elevational view of the drum with the drum cover mounted in
      place thereon; and,
PAR  FIG. 5 is an elevational view on a smaller scale of a stack of covered
      drums on pallets.
DETD
PAR  Referring to the drawing, the drum cover 10 of the invention is a disc or
      dish-shaped plate-like object having a peripheral downwardly extending lip
      11 adapted to engage the upper rim 12 of a drum 13 frictionally to make a
      snug, effective seal therewith by reason of the elastomeric nature of the
      drum cover which permits the lip to stretch over the drum rim as the cover
      is fitted onto the drum (FIG. 4) and then retract to make a tight seal.
      Generally concentric arcuate ridges 14 formed on the upper surface of the
      drum cover serve to stiffen and reinforce the cover and resist sliding. In
      use, a number of covered drums 15 (FIG. 5) are commonly stacked on pallets
      16 for storage or shipment.
PAR  An example of a thermoplastic elastomeric blend suitable for use in the
      invention is the material made by masticating, in a Banbury mixer, 40
      parts of polypropylene (melt flow index 4, specific gravity 0.903), 60
      parts of EPDM (unsaturated terpolymer; 47.5% ethylene, 47.5% propylene, 5%
      dicyclopentadiene), and 0.6 part of
      2,5-bis(tert.-butylperoxy)-2,5-dimethylhexane for 7 minutes at
      370.degree.F as described in Example 4 (Run 35) of Ser. No. 171,328. The
      mixture further contains about 0.25% carbon black as a pigment and
      ultraviolet light screening agent. Typical characteristics are:
TBL  Specific gravity 0.88                                                     
     Shore A hardness 92                                                       
     Abrasion resistance, g/Kc                                                 
                      0.4        (ASTM D-1044)                                 
      NBS index       110        (D-1630)                                      
     Tensile strength, psi                                                     
                      2000       (D-412)                                       
     Elongation at break, %                                                    
                      300        (D-412)                                       
PAR  The formulation may further include other colorants (pigments),
      stabilizers, processing aids, etc. if so desired in appropriate small
      quantities.
PAR  The mixture may be shaped into the form of a drum cover by any suitable
      conventional method, such as by extrusion or calendering of a sheet which
      is thereafter vacuum formed, or the cover may be shaped by compression,
      injection or blow molding.
PAR  The thickness of the cover stock ranges from about 0.025 to 0.100 inch,
      usually 0.040 to 0.060 inch although higher or lower thickness may be used
      if so desired. Below about 0.025 inch thickness the durability of the drum
      cover may be considerably reduced, whereas above 0.100 inch the cost of
      the cover may become too high with essentially no real improvement in
      durability.
PAR  A number of drum covers were made from a sheet of the above-described
      material about 36 by 0.050 inches, extruded under the following
      conditions:
TBL  Compression ratio      2.5/1                                              
     Screw RPM              about 15                                           
     Barrel:                                                                   
      throat temp.          cool                                               
      rear temp.            375.degree.F                                       
      center temp.          400.degree.F                                       
      head temp.            420.degree.F                                       
      die temp.             435.degree.F                                       
      Stock temp.           435.degree.F                                       
PAL  Pieces of the stock 36 by 36 inches square were mounted on a sheet holder,
      and heated to a pliable sagging state (about 325.degree.F) using heat
      lamps, then vacuum formed on a cold mold. After cooling to a temperature
      sufficiently low to maintain structural stability (about 290.degree.F) the
      pieces were removed from the mold and excess material was die cut off
      leaving a 1 inch edge. The resulting drum covers fitted tightly over the
      tops of drums which were stored outdoors, and subjected to severe weather
      conditions (sun, rain, snow, sleet) for a number of weeks. Covers were
      moved from one drum to another from time to time to simulate reuses. Drums
      were stored on pallets, subjecting the covers to pressures up to 6,000
      pounds. The average life span of the covers was in excess of 30 reuses
      before pin holes developed. Snow and ice quickly broke away from the drum
      cover once it was flexed. No moisture was observed to collect in the drum
      heads and the painting and markings remained in original condition thus
      indicating good protection to the complete top head and bungs. The covers
      resist punctures and abrasion, weathering and ultraviolet radiation
      (Whetherometer and Fadeometer aging) and have excellent chemical
      resistance to water and inorganic acids and bases, and low molecular polar
      organic compounds. These include oxygen derivatives of hydrocarbons such
      as ketones, alcohols, aldehydes, esters and carboxylic acids. Also, amines
      and amides essentially do not chemically affect the covers. The covers
      maintain their flexibility down to -50.degree.F and exhibit high retention
      of physical properties, especially hardness, at elevated temperatures up
      to 300.degree.F. The covers exhibit true rubber feel, traction,
      resilience, flexibility, elongation set, and compression set properties.
CLMS
STM  I claim:
NUM  1.
PAR  1. A removable, elastic, protective drum cover comprising a disc made of a
      thermoplastic elastomer which is a blend of from 50 to 10% by weight of a
      poly-alpha-olefin plastic and correspondingly from 50 to 90% by weight of
      a rubbery copolymer of ethylene and propylene with or without a
      copolymerizable non-conjugated diene, said disc having a peripheral lip
      adapted to stretch over and frictionally engage the end of a drum and then
      retract snugly to form an effective protective seal therewith while
      remaining removable from the drum, thereby protecting the complete head of
      the drum from dirt and adverse atmospheric influences, the said cover
      providing non-slip characteristics, and being capable of withstanding
      pressures up to 6000 pounds while retaining the ability to protect the
      head of the drum, the said cover being durable and movable from one drum
      to another to provide at least 30 reuses of the cover.
NUM  2.
PAR  2. A drum cover as in claim 1 having a plurality of raised concentric
      ridges on the upper surface thereof.
NUM  3.
PAR  3. A drum cover as in claim 1 in which the said blend is a blend of
      polypropylene plastic with ethylene-propylene-non-conjugated diene
      elastomer.
NUM  4.
PAR  4. A drum cover as in claim 3 in which the blend contains a small amount of
      carbon black.
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ABST
PAL  A strain-limiting fastening apparatus for containing a source of potential
      energy in entrapped relation between a pair of axially separable members
      includes a plurality of fasteners securable to one of the members for
      substantially axially holding the other member thereto in opposition to
      the source of potential energy, and a plurality of stops on the other
      member for limiting the degree of maximum axial adjustment of an
      individual fastener to a predetermined incremental amount until all of the
      fasteners have been adjusted to this amount, to thereby limit the degree
      of cocking of the other member during the assembly or disassembly thereof
      in order to minimize unequal loading of the fasteners by the source of
      potential energy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Assembling and disassembling energy storage devices, such as pressurized
      fluid accumulators, spring-loaded pistons and the like, can be a
      potentially hazardous operation. Normally, a plurality of fasteners
      loadably secure a cover or end plate against a housing to thus contain the
      potential energy stored within the housing. During the installation or
      removal of the cover, however, the fasteners are not always uncoupled in
      proper sequence or to the proper degree with the result that the stored
      energy tends to transversely cock the cover relative to a central
      longitudinal axis of the storage device and to thereby excessively load
      one or more of the fasteners causing them to fail. Such unlimited cocking
      of the cover can then result in a catastrophic sequential failure of the
      remaining fasteners until they and the cover are propelled outwardly from
      the housing as missiles with such a force as to create a serious hazard to
      any person or other object in their path.
PAC  SUMMARY OF OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      strain-limiting fastening apparatus for containing the potential energy
      stored in an energy storage device which will assure relatively more
      uniform loading of the fasteners during assembly or disassembly of such
      storage device.
PAR  Another object of the present invention is to provide such an improved
      strain-limiting fastening apparatus able to positively limit the degree of
      adjustment of an individual fastener to a predetermined incremental amount
      until all of the fasteners have been adjusted to such amount to assure
      sequentially stepped and limited loading of the fasteners.
PAR  Another object of the present invention is to provide a strain-limiting
      fastening apparatus of the character described which is both simple in
      construction and operation and manipulatable by conventional tools.
PAR  Other objects and advantages of the present invention will become more
      readily apparent upon reference to the accompanying drawings and the
      following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end elevational view of an energy storage device incorporating
      a strain-limiting fastening apparatus of the present invention.
PAR  FIG. 2 is a somewhat enlarged fragmentary section through the energy
      storage device and strain-limiting fastening apparatus taken along the
      line II--II of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary end elevational view of the
      strain-limiting fastening apparatus of the present invention to better
      show details of one of the individual fasteners shown in FIG. 1.
PAR  FIG. 4 is a fragmentary sectional view of a second embodiment of the
      strain-limiting fastening apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the strain-limiting fastening apparatus 10 of
      the present invention includes a plurality of fasteners 12 for containing
      the potential energy stored in an energy storage device 13. The energy
      storage device provides a pair of axially separable annular members, such
      as a removable cover plate 14 and a housing 16 which are held in tightly
      clamped relation by the peripherally located fasteners. The fasteners are
      generally disposed in substantially equally circumferential spaced
      relation on a common bolt pitch circle 18. Such pitch circle has a
      relatively large radius R in the instant example, of approximately 16
      inches (40.6 cm), from a central longitudinal axis 20.
PAR  The annular housing 16 has an annular end face 22 disposed in a plane
      substantially perpendicular to the central axis 20 and has a plurality of
      circumferentially spaced screwthreaded bores 24. An annular radially
      outwardly disposed end face 26 is located in a plane axially offset to the
      left, when viewed in FIG. 2, of the end face 22 and serves to define
      therebetween an annular piston-receiving pocket 28 in the housing.
      Further, a plurality of circumferentially spaced cylindrical
      spring-receiving cavities 30 are disposed in the housing in communication
      with the pocket.
PAR  The annular cover plate 14 includes an inner end face 32 normally disposed
      in intimately facing engagement against the end face 22 of the housing 16.
      The cover also has an opposite axially offset outer end face 34 with a
      plurality of through bores 36 extending between the opposite end faces. An
      axially inwardly facing annular step 38 is also formed in the cover
      between the end face 32 and a radially outer peripheral surface 40 in
      order to retain a spring-actuated, hydraulically retracted annular piston
      42 thereon. This piston has a plurality of spring-receiving cavities 44
      therein, which are aligned in opposing relation to the cavities 30 in the
      housing. These opposing cavities individually receive a relatively high
      capacity compression spring 46 therebetween to urge the piston outwardly
      or to the left when viewed in FIG. 2, with a relatively high force against
      the step 38. Thus, the compressed springs 46 collectively act as a source
      of potential energy substantially entrapped between the cover 14 and the
      housing 16.
PAR  Three piston ring seal arrangements, identified generally by the reference
      numerals 48, encircle the cover 14 and the annular piston 42 to provide a
      sealed fluid-receiving, piston-retracting chamber 50 and a sealed spring
      chamber 52. Such energy storage device 13 and its axially movable piston
      finds particular utility in vehicle braking arrangements, wherein
      pressurized fluid from a suitable source (not shown) is directed to the
      chamber 50 to move the annular piston rightwardly of the position shown in
      FIG. 2 in opposition to the load of the springs 46. Thereafter, upon
      release of the pressurized fluid from the chamber 50 the piston is urged
      leftwardly by the springs to be engaged against an external element 53
      whose relative rotary motion is to be braked, all in a well known manner.
PAR  Each of the fasteners 12 includes a threaded stud 54 screwthreadably
      anchored in one of the bores 24 of the housing 16 in substantially
      parallel relation to the central axis 20. Each stud extends axially
      outwardly and relatively loosely through one of the bores 36 in the cover
      14 to terminate at a distal end 56. An axially elongated, internally
      threaded hexagonal nut 58 is then screwthreadably mounted on each stud.
      Each of these nuts has an inwardly facing relatively smooth counterbore 59
      and a radially outwardly extending flange 60 thereon which provide an
      annular end face 62 for abutting engagement against the outer end face 34
      of the cover, and an opposite annular shoulder 64 for purposes hereinafter
      to be described.
PAR  As best shown in FIGS. 2 and 3, the annular cover plate 14 further includes
      a plurality of circumferentially spaced protuberances or stop elements
      identified generally by the reference numeral 66, which extend axially
      outwardly from the end face 34 in individually aligned relation to the
      fasteners 12. Each of these stop elements has an arcuate saddle portion
      formed by a semicircular inner groove 68, a semicircular central wall 70,
      and a semicircular outer recessed pocket portion 72. The hexagonal nut 58
      associated with each of these stop elements is thus disposed in a
      generally protected relation by the pocket portion, with the central wall
      partially embracing it, and with its flange 60 extending into the inner
      groove. With this arrangement the flange of the nut is substantially
      trapped in the groove so that loosening of each nut in any sequence is
      limited to a predetermined distance D as noted in FIG. 2, whereupon the
      shoulder 64 contacts the central wall 70 of the stop. The unloosened
      remaining nuts thereafter serve to retain the potential energy of the
      compression springs 46, until a number of the nuts are loosened on a
      significant portion of the bolt circle 18 so that the cover plate 14 is
      limitedly cocked outwardly to establish abutting contact of the end face
      34 with the axially outwardly disposed nut end faces 62. Thus, the present
      invention materially decreases the bending action or strain on the
      diagonally opposite and unloosed fasteners 12 by restricting the degree of
      transverse angular cocking of the cover plate by the stored energy during
      the assembly or disassembly thereof, which results in a safer fastening
      apparatus.
PAC  OPERATION
PAR  While the operation of the present invention is believed clearly apparent
      from the foregoing description, further amplification will subsequently be
      made in the following brief summary of such operation. During the initial
      assembly of the strain-limiting fastening apparatus 10, the compression
      springs 46 are extended to their free length, the cover plate 14 is
      mounted in spaced-apart relation from the housing 16 on the studs 54 with
      their distal ends 56 protruding a short distance outwardly of the end face
      34 of the cover plate. The nuts 58 are individually hung by their
      counterbores 29 on the ends of the studs with their flanges 60 extending
      loosely into the grooves 68 in cocked relation to assure against
      inadvertent separation during this initial assembly procedure and to
      permit horizontal assembly thereof by one man. It is significant that the
      counterbore in the nuts is of a sufficient diameter and depth to
      accommodate variations in the amount of stud extension due to
      manufacturing variations and the like without binding or restricting entry
      of the nut flanges into the cover grooves or their subsequent rotation
      onto the screwthreaded portion of the studs.
PAR  At this stage the nuts 58 are conveniently externally engaged by a
      conventional wrench (not shown) and the nuts are screwthreaded axially
      inwardly on the studs 54 in any preferred sequence. With each nut disposed
      in starting screwthreaded engagement with its respective stud, further
      rotation of the first selected nut and axial inward movement of the cover
      plate 14 is limited to the predetermined maximum incremental amount
      identified as D in FIG. 2. This is because prior to inward movement of the
      last nut in the sequence, its shoulder 64 is in abutting contact with the
      central wall 70 so that the cover plate is held outwardly relative to the
      housing 16, while the remaining nuts have their end faces 62 engaged
      against the end face 34 of the cover. Upon continued inward advancement of
      the last nut in the sequence beyond the distance D, it will pick up the
      load of the compression springs 46 on the cover and its travel is
      thereafter limited to substantially a second incremental amount equivalent
      to distance D by the remaining nuts contacting the stop elements 66. This
      circular installation sequence is repeated and the loading of the
      fasteners gradually increases with the axial movement of the cover on the
      studs towards the housing, and thereby establishing increased compression
      of the springs.
PAR  Upon reaching the assembly point of the last distance D between the end
      faces 22 and 32, the last nut 58 in the series to be screwthreadably
      tightened picks up the largest part of the load of the substantially fully
      compressed springs 46, thereby representing the most severely loaded
      condition. With contact of the end faces 22 and 32 adjacent the fully
      installed nut, the cover plate 14 is deflected axially outwardly by the
      stored energy a distance D diagonally opposite thereto. However, the stop
      elements 66 limit such transverse cocking of the cover plate relative to
      the central longitudinal axis 20 to an angle approximately proportional to
      the ratio of the predetermined distance D and the bolt pitch circle
      diameter 2R, or one-eighth inch to 32 inches in the instant example, which
      is equivalent to only 0.2.degree.. This angularity is not sufficient to
      cause any significant degree of rubbing contact between the diagonally
      opposite studs 54 and the bores 36, since the usual clearance provided
      therebetween for reasons of manufacturing tolerances and ease of assembly
      is relatively substantial. Such limited degree of cocking of the cover
      plate is in marked contrast to conventional fastening methods which do not
      positively impose any limit on the tightening or loosening of an
      individual fastener. In this way the last nut and stud is able to
      withstand the relatively more limited bending due to the prying or
      leverage action of the cocked cover plate with greater safety to personnel
      in the area. Further, even if the last stud fails the movement of the
      cover plate would substantially be limited to the distance D and this
      would also restrict the maximum rate of acceleration of the cover at the
      time of its impacting contact with the remaining fasteners.
PAR  In much the same manner, the nuts 58 of the fasteners 12 may be
      sequentially screwthreadably loosened from their respective studs 54 to
      gradually allow the axially outward movement of the cover plate 14 from
      the housing 16 and release of the load of the compression springs 46. All
      nuts but the last to be loosened are limited in travel by the stop
      elements 66 to the distance D, and upon axial outward movement of the last
      nut a second incremental distance D the cycle may be repeated. Progressive
      release of the energy in the storage device 13 thus continues until the
      energy in the compression springs is completely released. This is assured
      by allowing the springs to reach their free length prior to disengagement
      of the nuts on the studs.
PAC  SECOND EMBODIMENT
PAR  A second embodiment of the strain-limiting fastening apparatus 10 of the
      present invention is shown in FIG. 4, wherein similar reference numerals
      corresponding to those discussed above have been applied. In this
      embodiment, however, screwthreaded movement of a hexagonal nut 74 is
      limited by a plurality of modified stop elements 76 integrally formed on
      the cover plate 14. Each of the stop elements has a radially outwardly
      extending tang 78 with an inner end face 80 thereon which is disposed in
      limited endward blocking relation to the nut at a predetermined distance
      D, corresponding to that previously described, plus the axial length of
      the nut from the end face 34. Such modified stop elements thereby limit
      the degree of maximum axial adjustment of any one of the nuts 74 until all
      of the remaining nuts have been adjusted to such an amount substantially
      as described above. While being simpler in construction than the first
      embodiment, the second embodiment restricts free access to the nuts by
      conventional wrenches to a greater extent than the first embodiment.
PAR  Thus it may be appreciated that the strain-limiting fastening apparatus 10
      of the present invention assures relatively uniform loading of the
      fasteners used to secure a cover plate to the housing of an energy storage
      device in opposition to the potential energy stored therein. It features a
      cover plate with a plurality of stops for positively limiting the maximum
      degree of adjustment of any individual fastener to a predetermined
      incremental amount until all of such fasteners have been adjusted to such
      amount to assure relatively sequentially stepped loading of the fasteners.
PAR  It is also apparent that the strain-limiting fastening apparatus of the
      present invention teaches improved progressive relief of energy in a
      storage device regardless of the skill of those disassembling the
      fasteners thereof, as the cover plate may be substantially unloaded by the
      energy contained in the storage device prior to complete disassembly of
      the fasteners.
PAR  While the invention has been described and shown with particular reference
      to a preferred and second embodiment, it will be apparent that other
      variations might be possible that would fall within the scope of the
      present invention, which is not intended to be limited except as defined
      in the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A strain-limiting fastening apparatus, for containing a source of
      potential energy entrapped between a pair of axially separable members,
      comprising;
PA1  a plurality of fasteners securable to one of such separable members for
      substantially axially holding the other member thereto in opposition to
      the source of potential energy; and
PA1  means on said other member and cooperating with each of said fasteners for
      limiting the maximum axial adjustment of an individual fastener relative
      to said other member to a predetermined incremental amount which is less
      than the axial adjustment of said fastener relative to said one member
      necessary for full assembly or disassembly of said members.
NUM  2.
PAR  2. The strain-limiting fastening apparatus of claim 1 wherein said means
      includes a plurality of stop elements secured to said other member and
      individually disposed in entrapping relation to said fasteners.
NUM  3.
PAR  3. A strain-limiting fastening apparatus, for an energy storage device
      having a housing and a removable cover plate adaptable to axially contain
      a source of potential energy entrapped therebetween, comprising;
PA1  a plurality of fasteners screwthreadably securable to the housing for
      substantially axially holding such removable cover plate thereto in
      opposition to the source of potential energy; and
PA1  a plurality of stop elements on said cover plate for assuring screwthreaded
      positioning of all of said fasteners a predetermined axial incremental
      distance prior to enabling further screwthreaded movement thereof so that
      said energy is progressively contained between said removable cover plate
      and said housing during the assembly and disassembly thereof with
      relatively limited cocking of said removable cover plate and thereby
      assuring relatively uniform loading of said fasteners.
NUM  4.
PAR  4. The strain-limiting fastening apparatus of claim 3 wherein each of said
      stop elements includes a radially extending tang which is disposed in
      limited endward blocking relation to an associated one of said fasteners.
NUM  5.
PAR  5. The strain-limiting fastening apparatus of claim 3 wherein said
      plurality of stop elements are secured to said removable cover plate in
      individual limitingly axially entrapping relation to said fasteners.
NUM  6.
PAR  6. The strain-limiting fastening apparatus of claim 5 wherein the housing
      has a central longitudinal axis, and wherein said housing and said
      removable cover plate are annular members centrally disposed on said axis,
      and said fasteners are substantially equally circumferentially spaced on a
      pitch circle common with said axis and are parallel thereto.
NUM  7.
PAR  7. The strain-limiting fastening apparatus of claim 6 wherein said stop
      elements are substantially semicircularly shaped including an inner groove
      therein, and said fasteners individually include a threaded stud secured
      to said housing and a nut screwthreadably mounted thereon, said nut having
      a radially outwardly extending flange disposed in generally entrapped
      relation in said groove.
NUM  8.
PAR  8. A strain-limiting fastening apparatus comprising;
PA1  a central longitudinal axis;
PA1  a housing arranged circularly about said axis and having an axially outer
      end surface transverse to said axis;
PA1  a cover plate arranged circularly about said axis and having an axially
      inner end surface thereon engageable with said outer surface of said
      housing;
PA1  a source of potential energy tending to axially separate said housing and
      said cover plate;
PA1  a plurality of fasteners screwthreadably secured to the housing in
      generally equally circumferentially spaced relation to said axis for
      holding said cover plate to the housing in opposition to said source of
      potential energy; and
PA1  a plurality of stop elements on said cover plate for assuring screwthreaded
      positioning of all of said fasteners a predetermined axial incremental
      distance prior to enabling further screwthreaded movement of any one of
      said fasteners so that transverse cocking of said cover plate relative to
      said axis by said source of potential energy is limited to thereby assure
      uniform loading of said fasteners during the assembly or disassembly of
      said cover plate.
NUM  9.
PAR  9. The strain-limiting fastening apparatus of claim 8 wherein each of said
      fasteners includes a threaded stud anchored to said housing and a nut
      screwthreadably engaged on the stud, and wherein said nut is substantially
      limitedly axially entrapped by one of said plurality of stop elements.
NUM  10.
PAR  10. The strain-limiting fastening apparatus of claim 9 wherein each of said
      nuts has a radially extending flange thereon and each of said stop
      elements includes a semicircular central wall relatively closely embracing
      the nut and a semicircular inner groove adjacent thereto for substantially
      entrapping said flange.
NUM  11.
PAR  11. The strain-limiting fastening apparatus of claim 10 wherein each of
      said stop elements further includes a semicircular recessed pocket portion
      therein providing substantially unrestricted accessibility to said nut
      while serving to protect said nut.
NUM  12.
PAR  12. The strain-limiting fastening apparatus of claim 10 wherein each of
      said nuts has an axially inwardly facing counterbore therein for initial
      centering and holding engagement of said nut on said stud.
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PAL  The present disclosure is directed to a sugar cane planter pivotally
      mounted on the rear of a cane cart which automatically receives cane
      stalks sitting on their butt ends and pushed rearwardly of a cane cart
      where they are to be planted either whole or in cut lengths and are
      engaged at their base or butt ends and directed rearwardly with the butts
      rearwardly of their tips so that the cane stalks fall butt end rearwardly
      where they are engaged by cane orienting plates which impart an upward and
      rearward vector to the stalks either whole or cut to orient them with
      their major axis substantially parallel to the major axis of the cane cart
      and substantially parallel to the ground in which attitude they fall into
      a cane dispensing trough which has a mouth parallel to the major axis of
      the cane cart and positioned above an open planting furrow for receiving
      the stalk in its horizontal attitude. The cane dispensing trough has two
      live surfaces which hydraulically pulsate between an open and closed
      position to assure feeding of stalks to the ground and which prohibit
      build up or clustering of stalks on a static surface which results in
      uneven planting feed of the stalks to the furrows. The planter is
      pivotally mounted at the rear of the cane cart so that the height and
      angle of the kicker may be varied to accommodate cane size and furrow
      opening. The frame assembly also may have a plow in advance of the planter
      to open the furrows to receive the cane stalks.
BSUM
PAR  An object of the present invention is to provide an improved cane planter
      over my prior U.S. Pat. No. 3,754,682 in that a high speed increased
      volume of cane seed stalks are delivered to the planting furrows with a
      metering, stalk orienting and dispensing action fully automatically.
PAR  A further object of the present invention is a cane planter which assembly
      may be attached to a cane cart carrying the cane stalks vertically
      standing on their butt ends and in which the stalks are metered rearwardly
      by advancing the stalk at its butt rearwardly so that the stalk will fall
      onto a moving plate butt end first where it will be kicked upwardly into a
      horizontal attitude for descent into a planting trough.
PAR  A still further object of the present invention is the provision of a
      planter for cane stalks either whole or cut above described wherein the
      stalks fall from the vertical position induced by the moving plate into a
      trough composed of two moving plates forming a mouth where they meet,
      which mouth is periodically opened and closed automatically to dispense
      the stalks into the furrows without buildup or clustering of the stalks.
PAR  With the foregoing and other objects in view the invention will be more
      fully described hereinafter and more particularly pointed out in the
      appended claims.
DRWD
PAR  In the drawings in which like parts are denoted by reference characters
      throughout the several views:
PAR  FIG. 1 is a side elevational view of a sugar cane planter installed on a
      cane cart with the metering device, cane orienting means and cane
      dispensing device with parts shown in solid and dotted lines.
PAR  FIG. 2 is a side elevational view of the sugar cane planter of FIG. 1 from
      the opposite side.
PAR  FIG. 3 is a perspective view of the cane metering device and cane orienting
      device employed with the present invention.
PAR  FIG. 4 is a side elevational view of the cane metering device of the
      present invention.
PAR  FIG. 5 is a vertical sectional view taken on the lines 5--5 in FIG. 4.
PAR  FIG. 6 is an end elevational view of the cane planter taken at the rear of
      the device along the lines 6--6 in FIG. 1.
PAR  FIG. 7 is a side elevational view of the sugar cane cutter taken along the
      lines 7--7 in FIG. 1.
DETD
PAR  Referring now to the drawings and for the moment to FIGS. 1 and 2, 10
      designates a cane cart supported on ground transport wheels 11, carried on
      an axle 12. Mounted between the sides of the cart 10 is a cane pusher
      plate 14, moved from the front to the rear of the wagon by a cylinder and
      ram 15,16 of the type shown in U.S. Pat. No. 3,387,745. This wagon is
      built to receive the cane stalks A stood on their butt ends and to move
      the mass of stalks to the rear right hand end of FIG. 1, to a frame
      structure having metering means 17, cane orienting means 18 and cane
      dispensing means 19 forming the three cooperating interacting basic
      elements of the present invention.
PAR  The planting device of the present invention comprises a substantially
      U-shaped structure 20 having sides 21,22 and an end 23. This frame 20 is
      pivotally connected to the cane cart 10 at 24 by pivot mounts for each
      side 21,22. Above the pivot points 24 are hydraulic cylinder and rams 25,
      one end of each of which is secured to the frame 20 and the cane cart 10
      to rock the frame 20 about the pivots 24.
PAC  METERING MEANS
PAR  The metering means designated generally for quick identification as 17
      comprises a horizontal shaft 26, best seen in FIGS. 3, 4 and 5, journaled
      in bearings 27,28 and driven by a hydraulic motor 29 supplied with
      operating fluid under variable speed valve control from the tractors
      hydraulic plant. Extending off the shaft 26 are blades or paddles 30 which
      engage the butt ends of the cane stalks A to kick the butt end from under
      the stalks in the direction of the arrow shown in FIG. 3. The stalks now
      fall where they are engaged by the cane orienting means 18.
PAC  CANE ORIENTING MEANS
PAR  As best seen in FIG. 3, the cane stalk orienting means 18 comprises a pair
      of vertical side plates 31,32 between which is mounted downwardly
      convergent plates 33,34,35 which have a V-shaped bottom plate 36 for
      kicking the cane stalks upwardly. The orienting means 18 is secured to
      arms which also support the shaft 26 of the metering means 17 this
      assembly being carried on shaft 37 to partake of an eccentric movement as
      indicated by the arrow in FIG. 3, by hydraulic motor 37A.
PAC  CANE DISPENSING MEANS
PAR  The cane dispensing means 19, best seen in FIG. 6, comprises two plates
      39,40 pivotally connected to the frame sides 21,22 at 41,42. The plates
      39,40 are actuated between an open and closed position by a hydraulic
      motor 43 driving through eccentric 44 a shaft 45 adjustably connected to a
      cylinder 46 having a ram 47 to which is connected a cross head 48 each end
      of which drives rods 49,50 pivotally connected to the plates 39,40 at
      51,52. The eccentric drive provides a vibratory live action to the
      cylinder 46 and its connected rods while opening and closing of the cane
      discharge mouth 53 between plates 39,40 is controlled by actuation of the
      cylinder 46 to stroke the ram 47 and actuate the rods 49,50 to move plates
      39 and 40 actuating the cane discharge mouth 53. The plates 39,40 have
      canvas or rubber lips 39A-40A to provide a flexible closure.
PAR  While the cane planter is employed to plant cane stalks stood on their butt
      ends, that is whole stalks, it also works well with cut or short stalks
      which may be cut by a chain saw 54 driven by a hydraulic motor 55
      positioned as shown in FIGS. 1 and 7. This saw 54 may be in the down
      position of FIG. 7 for cut stalks or pivoted up out of the way to plant
      whole stalks as shown by the arrow in FIG. 7.
PAR  As shown in FIG. 2 all mechanisms of the planter are hydraulically driven
      and controlled from a console 56 by levers 57 at an operators stand 58.
      The hydraulic system has its own sump 59 but receives primary pressure
      from line 60 coming from the main hydraulic pump on the tractor which
      pulls the cane cart (not shown).
PAR  Also carried by the frame 20 beneath the pivots 24 and located centrally
      between the cart wheels and in alignment with the discharge mouth 53 of
      the cane dispensing means is a plow 61 for opening the furrow into which
      the sugar cane stalks are discharged from the mouth 53.
PAC  IN OPERATION
PAR  With the frame 20 installed at the rear of the cane cart 10, as shown in
      FIG. 1, i.e. mounted on the pivots 24 and all hydraulic motors and
      cylinders connected through the console 56 and the main hydraulic plant of
      the tractor activated to provide pressure from the tractor main hydraulic
      pump, the pusher plate 14 pushes cane stalks stood on their butt ends
      toward the rear of the wagon, that is from the left toward right in FIG.
      1, and as the butt ends of the stalks engage the metering means 17 the
      paddles 30 kick the butt ends out and cause the stalks to fall onto the
      cane orienting means 18, that is the stalks fall into the trough like
      structure defined by the plates 33 through 36 inclusive and the stalks are
      upended toward a horizontal attitude where they will fall substantially
      horizontally into the V-shaped trough defined by the plates 39,40 of the
      cane dispensing means 19. The hydraulic motor 43 driving through the
      eccentric 44 the support shaft 45 for the cylinder 46 will cause vibratory
      action to take place on the surface of plates 39 and 40.
PAR  When it is time to dispense sugar cane stalks from the discharge or
      planting means 19 through the mouth 53, the hydraulic cylinder 46 is
      actuated through the proper lever 57 on the console 56 which causes the
      ram 47 and its entrained cross head 48 and arms 49,50 to descend and open
      the mouth 53 to discharge sugar cane stalks.
PAR  The rate of feed or metering of the stalks from the cane cart to the cane
      orienting means is under the control of hydraulic motor 29 which has a
      valve lever control on the console 56 to either speed up or slow down the
      rate of feed of the metering device. The rate of kick or amount of kick
      imparted from the cane orienting means 18 is under the control of
      hydraulic motor 37A which likewise is controlled by a lever on the console
      56. The opening and closing of the mouth 53 is timed by the operator
      riding on the stand 58 and all functions such as the metering, cane
      orienting and cane dispensing are subject to variations at the eye and
      hand of the operator so that an even flow of cane stalks into a furrow is
      attained. A variable with respect to the cane orienting means is attained
      particularly when the saw 54 is employed to cut cane stalks and thereby
      cause a shorter and a greater number of stalks to fall upon the cane
      orienting means 18 which must direct such stalks toward a horizontal
      attitude to fall substantially horizontally into the cane dispensing means
      19. It will readily be appreciated that the over the ground speed of the
      cane cart 10 which is being pulled by a tractor will have a great deal of
      effect upon the rate of feed of the stalks by the pusher plate in the
      sugar cane cart as well as the metering feed rate, the amount of kicking
      and orienting of the cane stalks for gravity drop into the cane dispensing
      means 19.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. For use with a cane cart having a pusher plate for moving cane standing
      on its butt end from the front toward the rear of the cane cart, a cane
      planter comprising:
PA1  a. a metering means comprising a rotary shaft across the transverse width
      of the cane cart and having paddles extending radially off said shaft and
      spaced circumferentially about said shaft and being of a radial length
      sufficient to engage the butt end of the stalks and move them rearwardly
      of the cart so that the stalks will fall onto said cane orienting means,
PA1  b. cane orienting means positioned rearwardly of said metering means to
      engage the cane stalk delivered from said metering means to cause the cane
      stalks to assume a substantially horizontal attitude with the major axis
      of the stalks lying along the major axis of the cane cart, and
PA1  c. cane dispensing means positioned beneath the horizontally oriented cane
      stalks to dispense the cane stalks horizontally into planting furrows in
      the ground.
NUM  2.
PAR  2. A cane planter as claimed in claim 1 wherein said cane orienting means
      is a kicker plate pivotally mounted to swing up and down and extending
      transversely of the cane cart to engage the butt ends of cane stalks and
      having drive means to cause said kicker plate to up end the cane stalks in
      a horizontal attitude so that they will fall into the dispensing means
      with their major axis along the major axis of the cane cart.
NUM  3.
PAR  3. A cane planter as claimed in claim 1 wherein said cane dispensing means
      comprises a pair of plates convergently mounted toward the ground defining
      a mouth directed downwardly and pulsing means connected to open and close
      the mouth of said convergent plates to dispense the stalks in a horizontal
      plane into the planting furrow as the cart is moved along the furrow.
NUM  4.
PAR  4. A cane planter as claimed in claim 3 further comprising a plow carried
      by said planter forwardly of said cane dispensing means for opening the
      furrow into which the cane stalks are planted.
NUM  5.
PAR  5. For use with a cane cart having a pusher plate for moving cane standing
      on its butt end from the front toward the rear of the cane cart; a cane
      planter comprising:
PA1  a. a frame adapted to be pivotally mounted to the rear of the cane cart,
PA1  b. metering means comprising a rotary shaft across the transverse width of
      said frame and having paddles extending radially off said shaft and spaced
      circumferentially about said shaft and being of a radial length sufficient
      to engage the butt end of the stalk and move it rearwardly of the cart so
      that the stalk will fall onto said cane orienting means,
PA1  c. cane orienting means on said frame positioned rearwardly of said
      metering means to engage the butt end of the cane stalk delivered from
      said metering means to cause the cane stalk to assume a substantially
      horizontal attitude with the major axis of the stalk lying along the major
      axis of the cane cart, and
PA1  d. cane dispensing means on said frame positioned beneath said cane
      orienting means to dispense the cane stalks horizontally into planting
      furrows in the ground.
NUM  6.
PAR  6. A cane planter as claimed in claim 5 wherein said cane orienting means
      is a kicker plate pivotally mounted on said frame rearwardly of said
      metering means to swing up and down and extending transversely of the
      frame to engage the butt end of cane stalks and having drive means to
      cause said kicker plate to up end the cane stalks in a horizontal attitude
      so that they will fall into the dispensing means with their major axis
      along the major axis of the cane cart.
NUM  7.
PAR  7. A cane planter as claimed in claim 5 wherein said cane dispensing means
      comprises a pair of plates pivotally mounted on said frame convergently
      toward the ground with their mouth directed downwardly and pulsing means
      connected between said frame and said plates to open and close the mouth
      of said convergent plates to dispense the stalks in a horizontal plane
      into the planting furrow as the cart is moved along the furrow.
NUM  8.
PAR  8. A cane planter as claimed in claim 7 further comprising plow means
      carried by said frame centrally of said frame at its forward end in
      alignment with the mouth of said cane dispensing means.
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ABST
PAL  A system for dispensing a selected amount of liquid from apparatus such as
      a service station gasoline pump. Low pressure air is directed through air
      passages in response to valve means carried by the pump indicator dials.
      The amount desired to be dispensed is entered into the system through a
      selector valve means, which allows air to actuate the hose nozzle
      automatic cut-off device when the desired amount, or an amount slightly
      less than the desired amount, has been dispensed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to automatic liquid dispensing apparatus,
      and more particularly to apparatus for automatically dispensing a desired
      amount of gasoline from a service station gasoline pump.
PAR  Owing to the increased cost of gasoline and the difficulty in obtaining
      competent labor for operating service stations, there has developed an
      interest in providing fully or semi-automatic gasoline pumping systems
      that can easily be operated by the customer, or a number of which can
      simultaneously be operated by a single attendant. For a number of years it
      has been common to equip gasoline pumps with hose nozzles having means for
      sensing a full tank in the vehicle and shutting off in response thereto.
      However, large numbers of customers still prefer to purchase gasoline in
      specific dollar or gallon amounts, and the aforementioned automatic
      cut-off pumps are of no benefit in such cases.
PAR  The emphasis has thereby turned to automatic pumps which respond to a
      selected quantity of gasoline, indicated in dollars or gallons. The prior
      art is replete with many such systems, but they have for the most part
      been complex, costly, and unreliable. Many utilize complicated electrical
      systems, which are undesirable on a gasoline pump from the standpoint of
      maintenance and fire safety. Others have been pneumatically operated, but
      they have been complex, also. If a system is unreliable and cannot be
      trusted by the operator, it is less useful than a completely manual
      system. High maintenance costs cannot be tolerated in the service station
      business. Finally, the prior art systems cannot easily be installed in
      existing gasoline pumping systems, and therefore to place them into
      service would involve a complete equipment change-over at the service
      station level, which would be a very costly undertaking.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of this invention to provide an automatic liquid
      pumping system that is simple and reliable, and which eliminates the
      deficiencies present in the prior art devices. A further object is to
      provide an automatic liquid pumping system that can easily be installed in
      most existing gasoline service station pumping systems. Another object is
      to provide an automatic liquid pumping system that utilizes low pressure
      air for sensing and operation.
PAR  While this invention is of particular advantage in dispensing gasoline to
      customers at service stations, its teachings are equally well applicable
      to other liquid dispensing systems, such as those used in bulk deliveries
      of petroleum and chemical products to homes and businesses.
PAR  The basic elements of this invention are an air supply system, means for
      selecting the amount of liquid to be dispensed, means sensing the amount
      of liquid being dispensed, and pumping system cut-off means. The air
      pressure for operating the apparatus can be supplied by the usual air
      supply systems found in service stations. The selector means comprises an
      air valve having multiple inlet passages that can selectively be aligned
      with a single discharge passage, which is connected to the hose nozzle
      cut-off mechanism normally used to halt the flow of liquid when the
      receiving tank is filled. The means for sensing the amount of liquid that
      has been pumped makes use of the cylindrical indicating dials that display
      the cost and the gallons continuously as liquid is pumped. Valve means
      carried by these dials selectively couple the selector valve inlet air
      passages with an air supply manifold. When the selected amount has been
      reached, air flows through the system to trigger the cut-off nozzle.
PAR  An additional feature is provided which cuts off the flow of liquid
      slightly before the desired amount is reached. The final small amount is
      then dispensed manually. This is quite desirable, for it eliminates the
      criticality of adjustment that would otherwise constantly be necessary in
      order to maintain the required accuracy.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a service station gasoline
      dispensing system in accordance with the teachings of this invention;
PAR  FIG. 2 is a side view, partially in section, of a common pump indicating
      dial modified in accordance with this invention;
PAR  FIG. 3 is a front view, partially in section, of the selector valve of this
      invention; and
PAR  FIG. 4 is a side view, partially in section, of a common automatic cut-off
      nozzle that can be used with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The components of this invention are illustrated in schematic form in FIG.
      1. The system is operated by low pressure air, compressed to about 4
      psig., and delivered from any air source, but advantageously by means of a
      low pressure bleed from the high pressure air systems that are commonly
      installed in service stations. Low pressure air is supplied through a
      primary supply conduit 12 to a primary supply manifold 14, and via a
      secondary supply conduit 16 to a secondary supply manifold 18.
PAR  Service station gasoline pumps have a set of cost indicating dials and a
      set of volume indicating dials. Generally, these are in the form of
      cylinders having the numerals on the outside, rotatable past a window in
      the face of the pump housing. At least three cost cylinders are used, one
      for dollars and two for cents, and three volume dials, two for gallons and
      one for tenths of gallons. While either of these sets can be used in
      conjunction with this invention, the invention is illustrated with the
      cost dials. In FIG. 1, the three cost cylinders have been unrolled to a
      flat presentation, to enable the features of the invention to be more
      easily understood. The dollar indicator is designated by the number 20,
      the tens by 22, and the units of cents by 24.
PAR  Primary air supply manifold 14 is installed inside of the cylindrical
      dollars indicator 20, in juxtaposition to the inside surface 21 thereof
      (see FIG. 2), in a manner so as not to interfere with the rotation of the
      indicator. Generally, the indicators are open-ended cylinders, supported
      for rotation on a shaft 26 by a hub 28 and a plurality of struts 30
      attached along one edge of the cylinder 20, so that manifold 14 can simply
      extend inwardly from the opposite side. Spaced along manifold 14 are a
      plurality of manifold outlets 34, which are immediately adjacent to the
      inside surface 21, and are substantially closed by inside surface 21,
      although a sealing relationship is not necessary.
PAR  Dollars indicator 20 has imprinted upon its outside surface 36 the numerals
      1 through 9. Associated with each numeral is a valve opening 38. These
      valve openings 38 are staggered across the face of dollar indicator 20 in
      alignment with the outlets 34 of main air supply manifold 14. For
      simplicity in explaining the invention each valve opening 38 is
      illustrated as being aligned with the dollar figure that it represents.
      However, in an actual installation, it would probably be offset therefrom,
      because the numerals appear in a window 39 in the face 41 of the pump (see
      FIG. 2) and the manifold 14 would probably have to be offset from window
      39.
PAR  A plurality of air passages 40, 42, 44, 46 and 48 are located on the
      outside of dollars indicator 20, with their open ends 50 immediately
      adjacent to outside surface 36, and in alignment with outlets 34. While
      only five of the passages have been shown, it should be understood that
      there is one passage for each numeral.
PAR  Tens of cents indicator 22 is constructed identically to the above
      described dollar indicator 20. However, only one valve opening 54 is
      present in tens indicator 22, and it is associated with the number 9,
      which would indicate ninety cents. Secondary air supply manifold 18 has
      only a single outlet 56 aligned with valve opening 54. A single air
      passage 60 has its open end 62 also aligned with outlet 56. Air passage 60
      splits into two passages 61 and 63. Passage 61 leads directly to the
      selector unit, described below, and passage 63 leads to each of the AND
      gates, in a manner also described below. Units of cents indicator 24 has
      no valve openings.
PAR  Air passages 40-48 lead to AND gates 70, 72, 74, 76, and 78 respectively.
      AND gates 70-78 are of the conventional type, in which the appearance of
      two fluid inputs results in a single working fluid output.
PAR  The amount of liquid desired to be dispensed is entered into the system by
      means of a selector unit 80, which has a face 82 upon which the amounts
      are inscribed and a selector handle 84 having a pointer 86. The internal
      structure of selector unit 80 is shown in FIG. 3. A cylindrical housing 86
      has a plurality of air inlet ports 88 spaced around the circumference
      thereof. Connected to each of these ports 88 is a valve inlet conduit from
      the outlet side of one of the AND gates. For purposes of explanation only
      the valve inlet passages 90, 92, 94, 96 and 98 are shown, corresponding to
      the illustrated AND gates 70-78. A valve disc 100 is rotatably mounted
      within housing 86, and has a radial valve passage 102, which communicates
      with a central valve chamber 104. Valve disc 100 is attached to handle 84
      and rotates therewith. Communicating with central chamber 104 is a valve
      outlet conduit 106, that leads to the automatic cut-off mechanism.
PAR  The system of this invention can interface with any of the commonly used
      types of full tank automatic hose nozzle shut-off devices which operate on
      air pressure. A simplified showing of such a nozzle 112 is shown in FIG.
      4. The hose 114 from the gasoline pump (not shown) connects to a nozzle
      inlet portion 116, which is separated from a nozzle outlet portion 118 by
      a partition 120. A valve seat 122 is in partition 120. A valve 124 is
      mounted on an actuating rod 126 which is slidably mounted in bearings 128
      and 130, and which has a portion 132 extending out of the nozzle 112. An
      operating lever 136 is pivotally attached to nozzle 112 by a pin
      connection 138. Lever 136 is engagable with rod portion 132. A hook 140 is
      also pivotally attached to nozzle 112 by a pivot connection 142, and is
      engagable with lever 136. Rod 126 terminates at its upper end in a flange
      146. The angle of engagement between hook 140 and lever 136 is such that
      downward pressure by rod 126 will cause lever 136 to disengage from hook
      140.
PAR  A housing 148 is divided by a resiliant diaphram 152 into two chambers 148
      and 150. Rod 126 extends into chamber 150 with flange 146 bearing upon
      diaphram 152. An opening 154 vents chamber 150 to atmosphere. Valve outlet
      conduit 106 communicates with chamber 148. A nozzle pressure sensing line
      160 terminates in a nozzle 162, to sense the presence of a full tank in
      the vehicle, in a well-known manner. Line 160 also communicates with
      chamber 148.
PAR  The operation of this system is as follows: For example, a customer desires
      to purchase eight dollars worth of gasoline. The system will cut off the
      flow when seven dollars and ninety cents worth of gasoline has been
      dispensed. Dial 84 is rotated to the numeral eight position shown in FIG.
      1. Valve passage 102 is thus rotated to the position shown in FIG. 3, in
      alignment with valve inlet conduit 94. Nozzle 112 is placed in the vehicle
      gasoline tank filler pipe (not shown), and lever 136 placed in the
      position shown in FIG. 4, locked by hook 140. This action moves rod 126
      upwardly, unseating valve 124 and deforming diaphram 152 upwardly.
PAR  Gasoline now begins to flow through hose 114 and nozzle 112, in the normal
      manner. Dials 20, 22 and 24 begin to rotate, in the normal manner. When
      the sum of ninety cents is reached, valve opening 54 will have moved into
      alignment between manifold opening 56 and inlet 62, thus allowing a burst
      of air to be communicated to valve inlet conduit 60, and thence through
      line 61 to the valve inlet ports 88 that corresponds to the one dollar
      figure, and through line 63 to one inlet of each of the AND gates 70-78.
      Since valve passage 102 is not aligned with the one dollar valve inlet
      port 88, the system does not operate. If, however, the amount of one
      dollar had been selected, the nozzle cut-off would now have functioned, as
      explained below. Likewise, none of the AND gates 70-78 operate, for only
      one inlet to each is pressurized by line 63. Succeeding passings of the
      ninety cent figure will cause additional momentary pressurizations of
      lines 61 and 63.
PAR  Next, the first of the valve openings 38, corresponding to one dollar, will
      move into alignment between a manifold opening 34 and air conduit 40. Such
      alignment will cause one inlet to AND gate 70 to be pressurized for so
      long as the one dollar figure appears in window 39. When the ninety cent
      valve opening 54 now moves into alignment with manifold outlet 56 and line
      60, a burst of pressurized air flows through line 63 to the second inlet
      of AND gate 70, causing AND gate 70 to operate. This pressurizes valve
      inlet line 90, corresponding to the amount of two dollars. However, valve
      passage 102 is not aligned with valve inlet line 90, so the cut-off system
      is not operated. The above functions are repeated as each dollar figure,
      up to six, is presented at window 39.
PAR  The target of the system is the figure of seven dollars and ninety cents.
      With this in mind, when the valve opening 38 corresponding to seven
      dollars moves into alignment, line 44 is pressurized, thus pressurizing
      one input to AND gate 74. When the ninety cent valve opening 54 moves into
      alignment, line 63 is again pressurized, thus presenting the second input
      to AND gate 74, which then operates, allowing pressurized air to flow
      through valve inlet line 94. Since valve passage 102 is aligned with line
      94, the pressure is communicated through selector valve 80 to valve outlet
      line 106, and thence to chamber 148 of nozzle 112. The pressure in chamber
      148 acts upon diaphram 152, causing rod 126 to move downwardly. This
      action cams spring lever 136 loose from hook 140, to close valve 124,
      stopping the liquid flow at seven dollars and ninety cents.
PAR  The above description is of the operation of the inventive apparatus in its
      most complex form, that is, shutting off the flow of liquid at a
      predetermined point in advance of the arrival at the selected amount. It
      should be understood that the apparatus can be operated in such a manner
      as to shut off the flow exactly at the selected amount. Also, the above
      described arrangement could be utilized with the volume (gallons)
      indicators, rather than the cost indicators.
PAR  The apparatus of this invention can easily be added to most existing
      service station gasoline pumps. It is safe, reliable and accurate. It does
      not interfere with any of the other sub-systems commonly used with the
      pump. It enables a single service station attendant to oversee the
      operation of a number of simultaneously operating gasoline pumps without
      worrying about overrunning the amounts desired by the various customers.
PAR  Many variations and modifications of the above described preferred
      embodiment of the invention may become apparent to those skilled in the
      art. However, it should be understood that the invention is not limited to
      the embodiment described above, but only by the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid dispensing system comprising:
PA1  liquid cut-off valve means for a liquid dispensing line movable by gas
      pressure from a dispensing position to a cut-off position,
PA1  selector valve means for entering into the system the desired amount of
      liquid to be dispensed, said selector valve means comprising a valve body
      having a plurality of valve inlet ports, a valve outlet port, and a valve
      element for connecting together a selected one of said valve inlet ports
      with said valve outlet port, each of said valve inlet ports representing a
      specific amount of liquid to be dispensed,
PA1  a plurality of gas supply ports for communicating with a source of
      pressurized gas, each said gas supply port representing an amount of
      liquid dispensed,
PA1  a plurality of gas supply passages connectable at one end to respective
      ones of said valve inlet ports and terminating at their other ends
      adjacent to said gas supply ports,
PA1  supply valve means interposed between each of said gas supply passages and
      its respective said gas supply port for selectively placing one said gas
      supply passage in communication with its respective said gas supply port,
PA1  indicator means for indicating the amount of liquid dispensed, said
      indicator means being operatively interconnected with said supply valve
      means to operate said supply valve means in response to the amount of
      liquid dispensed, whereby when said indicator means indicates that the
      selected amount of liquid has been dispensed, pressurized gas can flow
      through the said gas supply port, the said gas supply passage, and the
      said valve inlet port representing the selected amount, and thereafter
      through said valve outlet port to operate said liquid cut-off valve.
NUM  2.
PAR  2. The system of claim 1 wherein said gas supply ports and said other ends
      of said gas supply passages are aligned with and slightly spaced from one
      another, and wherein supply valve means comprises a movable valve plate
      having a plurality of staggered valve openings therethrough, alignable
      with said gas supply ports, said valve being plate being interposed
      between said gas supply ports and said other ends of said gas supply
      passages.
NUM  3.
PAR  3. The system of claim 1 wherein said gas supply ports and said other ends
      of said gas supply passages are aligned with and slightly spaced from one
      another, and wherein indicator means comprises a rotatable cylindrical
      drum having numerals on the face thereof, the side of said cylindrical
      drum passing between said gas supply ports and said other ends of said gas
      supply passages, and wherein said supply valve means a plurality of
      staggered openings in the side of said cylindrical drum.
NUM  4.
PAR  4. The system of claim 1 wherein said indicator means comprises a first
      indicator for indicating units and a second indicator for indicating
      portions of said units, said first indicator being operatively
      interconnected with said supply valve means, and wherein said system
      further comprises a plurality of gas operated AND gates, each having two
      gate inlets and one gate outlet, one of said AND gates being interposed in
      each said gas supply passage such that said gas supply passage is
      connected to one said gate inlet and to said gate outlet, a secondary gas
      supply passage connected to the other gate inlet of each of said AND gates
      and terminating in an end adjacent to an auxiliary gas supply port,
      auxiliary supply valve means interposed between said auxiliary gas supply
      passage and said auxiliary gas supply port, said auxiliary valve means
      being operatively interconnected with said second indicator.
NUM  5.
PAR  5. In a liquid dispensing system having first and second indicators for
      indicating the amount of liquid dispensed in units and portions of units,
      respectively, and a liquid cut-off valve for a liquid dispensing line
      operated by fluid pressure, the improvement comprising:
PA1  selector valve means for entering into the system the desired amount of
      liquid to be dispensed, said selector valve means having a plurality of
      gas inlet ports each labeled with a particular magnitude of units
      indicated on said first indicator, a gas outlet port connected to said
      cut-off valve, and a valve element for connecting together said gas outlet
      port and the said gas inlet port labeled with the desired amount of liquid
      to be dispensed,
PA1  a plurality of gas operated AND gates each representing a particular
      magnitude of units indicated on said first indicator, each said AND gate
      having a gate outlet connected to the said valve inlet port labeled with
      the magnitude of units one greater than the said AND gate, said AND gate
      further having a pair of gate inlets,
PA1  a plurality of first gas supply ports, each said port representing a number
      of units indicated on said first indicator,
PA1  a plurality of gas supply passages each having one end connectable with one
      of said gas supply ports, each of said gas supply passages having the
      other end connected to one said gate inlet,
PA1  first supply valve means interposed between said gas supply ports and said
      gas supply passages, said first supply valve means being operated by said
      first indicator for selectively connecting to one another the said gas
      supply port and the said gas supply passage representing the number of
      units being indicated by said first indicator,
PA1  a second gas supply port representing a particular portion of said units
      indicated on said second indicator,
PA1  a second gas supply passage having one end connectable with said second gas
      supply port and the other end communicating with the other said gate inlet
      of each of said AND gates,
PA1  second supply valve means interposed between said second gas supply port
      and said one of said second gas passage, second supply valve means being
      operated by said second indicator for connecting said second gas supply
      port and said second gas passage to one another when said particular
      portion of said units is indicated on said second indicator, whereby when
      said first indicator indicates the selected magnitude of units less one
      unit, and said second indicator indicates said particular portion of said
      units, pressurized gas flows through the said AND gate representing said
      one unit less than the selected magnitude of units, through said selector
      valve, and thence to said cut-off valve to operate said cut-off valve.
NUM  6.
PAR  6. The system of claim 5 wherein said first gas supply ports and said one
      ends of said gas supply passages are aligned with and slightly spaced from
      one another, and wherein said first indicator comprises a cylindrical drum
      having a first side passing between said first gas supply ports and said
      one ends of said first gas passages and said first valve means comprises a
      plurality of first valve openings staggered around said first side and
      alignable with said first gas supply ports by rotation of said first drum,
      and wherein said second gas supply port and said one end of said second
      gas supply passage are aligned with and slightly spaced from one another,
      and wherein said second indicator comprises a second cylindrical drum
      having a second side passing between said second gas supply port and said
      one end of said second gas supply passage and said second valve means
      comprises a second valve opening in said second side and alignable with
      said second gas supply port by rotation of said second drum.
NUM  7.
PAR  7. The system of claim 5 wherein said first indicator shows the amount of
      liquid dispensed in dollars said second indicator shows the amount of
      liquid dispensed in cents and said selector valve ports are labeled in
      dollar amounts.
NUM  8.
PAR  8. The system of claim 5 wherein said first indicator shows the amount of
      liquid dispensed in gallons, said second indicator shows the amount of
      liquid dispensed in tenths of gallons, and said selector valve ports are
      labeled in gallon amounts.
NUM  9.
PAR  9. In a liquid dispensing system having first and second indicators for
      indicating the amount of liquid dispensed in units and portions of units,
      respectively, and a liquid cut-off valve for a liquid dispensing line, the
      improvement comprising;
PA1  selector valve means settable to a selected amount of liquid to be
      dispensed, said selector valve means operating said cut-off valve upon
      receipt of first and second signals,
PA1  first signal means operated by said first indicator and generating a first
      signal in the form of fluid pressure to said selector means when one unit
      less than said selected amount of liquid has been dispensed, and
PA1  second signal means operated by said second indicator and generating a
      second signal in the form of fluid pressure to said selector means when a
      predetermined portion of a unit has been dispensed,
PA1  said cut-off valve means being responsive to said first and second signals
      to halt the dispensing of liquid when an amount slightly less than the
      selected amount has been dispensed, said selecting valve means delivering
      said first and second signals to said cut-off means.
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ABST
PAL  A feeler is moved in a defined space at a predetermined level in
      alternately opposite directions. If the level of particulate material in
      the space reaches or exceeds the predetermined level, the movement of the
      feeler encounters resistance which is sensed, and in dependence of which
      the level of the particulate material in the space is controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to controlling the level of a pourable
      particulate material in a defined space, and more particularly to a method
      of effecting such control and an apparatus for carrying out the method.
PAR  There are many instances, for instance grinding mills which grind grain or
      the like, to name only one example, where it is necessary to control the
      level of a pourable material (e.g. grain).
PAR  One prior-art proposal suggests the use of bodies which vibrate at high
      frequency and which, when they are surrounded to a greater or lesser
      extent by pourable material, experience a damping of their vibration. This
      causes a signal to be triggered which indicates that the level of pourable
      material in the space in which the vibrating body or bodies are located,
      has reached at least the level of the body or bodies. However, this signal
      which can be so derived is only a digital signal and cannot be used for an
      analog regulation of the control of the pourable material. To obtain an
      anolog regulation a large number of such bodies would have to be provided,
      which would make for a complicated construction aside from the fact that
      it would not permit continuous measurement but only stepwise measurement.
PAR  A further prior-art proposal suggests to use an arm which swings about a
      horizontal axis and which contacts the pourable material so that, when the
      level of the pourable material rises, the arm is lifted, analogously to a
      float-control for sensing the level of liquid. When the lifting movement
      of the arm is fully completed, an end switch is actuated which produces a
      signal. However, this signal is again only of a digital nature, which is
      undesirable. Moreover, this prior-art device will operate only when the
      pourable particulate material, such as granules, powder or the like, is
      properly supported from below; if the material is continuously replenished
      from above and continuously withdrawn from below, there is a movement in
      downward direction in which case the arm will not be properly supported
      and the indication will not be accurate. A further prior-art proposal such
      as the use of a feeler which is mounted on a horizontal shaft and
      connected with a yieldable drive. The drive is intermittently activated to
      turn the feeler about the horizontal shaft and, if in so doing the feeler
      encounters pourable particulate material, the movement of the feeler is
      blocked and the drive yields. If no material is present, then the feeler
      will activate a switch which causes the addition of a predetermined
      quantity of further pourable material into the space. However, the
      difficulty with this prior-art arrangement is that it can be used only in
      certain circumstances, and does not permit continuous control of the
      level.
PAR  A further development of this last-mentioned prior-art proposal suggests
      that when the drive is activated, the displacement of the feeler can be
      measured so that the extent of such displacement indicates the level at
      which particulate material is present in the space in question. This,
      however, is also not suitable for a continuous control and, even if
      attempts were to be made to further develop this construction to provide a
      continuous control, the results would necessarily be unsatisfactory
      because the measurement would not be continuous and would take place only
      at the end of a stroke of the feeler. This means that the regulation would
      be substantially influenced by accidental fluctuations in the level of the
      particulate material because the next measurement would take place only at
      the end of the next stroke of the feeler.
PAR  Other prior-art proposals have also been made, but none of them have been
      entirely satisfactory. In the case of roller frames used in grinding mills
      and the like it has been proposed to use very sensitive elements to which
      the weight of the particulate material is transmitted. However, as soon as
      any significant amounts of the material should happen to adhere to these
      sensitive elements, the measuring results will be inaccurate. It has
      therefore been proposed to provide feelers which are pivoted about a
      horizontal axis and are loaded by a lateral pressure acting upon them in
      the region of the base of an essentially conical heap of pured particulate
      material. The thus-exerted force was found, however, to be insufficient to
      produce a reliable signal. Optical elements for controlling and
      supervising the level of the material, on the other hand, were found to be
      inaccurate because such material tends to develop dust which
      disadvantageously influences the accuracy of measurement, and devices
      based upon the use of radiation are complicated and in some instances are
      not entirely safe.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved control of the level of a pourable particulate material in a
      defined space.
PAR  More particularly, it is an object of the invention to provide a method and
      an apparatus which affords such improved control.
PAR  Another object of the invention is to provide such an improved method and
      apparatus in which the indications concerning the level of the particulate
      material are not influenced by the momentary position of the feeler used
      for detecting the level.
PAR  Another object of the invention is to provide such a method and apparatus
      in which the particulate material is not stirred in a circle, as is the
      case in some prior-art devices using a rotating feeler.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in a method of
      controlling the level of a pourable particulate material in a defined
      space, comprising the steps of effecting a horizontal movement of a feeler
      in alternately opposite directions in said space at a predetermined level,
      sensing the resistance to such movement which is encountered by said
      feeler when the level of particulate material in said space rises above
      said predetermined level, and controlling the level of particulate
      material in said space as a function of the sensed resistance.
PAR  The control thus is independent of any vertically acting forces and is
      influenced by a value which can be measured with great sensitivity and
      precision, namely the resistance which acts upon the moving feeler. By
      using the absolute value of the sensed resistance it is possible to assure
      that the sensed resistance provides an almost continuous signal for the
      regulation of devices which are required to be regulated, and that this
      control is interrupted only very briefly at the ends of the respective
      horizontal movement of the feeler, just before the latter reverses its
      direction.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat diagrammatic top-plan view illustrating an embodiment
      of the invention;
PAR  FIG. 2 is a diagrammatic vertical fragmentary side view, showing a detail
      of FIG. 1;
PAR  FIG. 3 is a diagram, illustrating theoretically certain lever-arm ratios of
      the embodiment in FIG. 1;
PAR  FIG. 4 is an axial section through a nozzle used in FIG. 1;
PAR  FIG. 5 is a diagrammatic side view, illustrating the use of the embodiment
      of FIG. 1 in a roller frame of a grinding mill;
PAR  FIG. 5a is a diagrammatic fragmentary top-plan view of a detail of FIG. 5;
      and
PAR  FIG. 6 is a diagrammatic end view of a modification of FIGS. 5 and 5a.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Discussing now the drawing in detail, and referring firstly to FIGS. 1 and
      2, it will be seen that reference numeral 11 identifies a supply pipe
      through which pourable particulate material, such as granular material,
      pulverulent material, or the like, passes and wherein the presence of such
      material and the level to which it is present in the supply pipe 11, is to
      be measured. The material is admitted at the top of the pipe of FIG. 2 by
      being poured into the same loosely, and at the bottom of the quantity of
      the material (the material itself is not shown) in the pipe 11 or in a
      downwardly arranged receptacle, material is withdrawn in essentially such
      a quantity that the level of material in the pipe 11 should remain
      substantially constant, given an appropriate addition of further material.
PAR  The pipe 11 may be of glass or a synthetic plastic material, so that its
      interior can be readily viewed from the outside. It is mounted on a fixed
      rear wall 12 to which there is also secured a base plate 13 of the device
      according to the present invention. A frame 14 is mounted on the base
      plate 13, for pivoting about a vertical axis 15 in clockwise and
      counterclockwise direction. The frame is driven in such movement by means
      of a device which is connected with the frame and has a housing 20 formed
      with an interior pressure space 19 which is spanned over a flexible
      diaphragm 18. The pressure space 19 is connected via a conduit 23 with the
      output opening 24 of a nozzle 25 which is also mounted on the base plate
      13 and which is connected via a conduit 27 with a source of pressurized
      fluid 28, for instance a source of compressed air. An arm 31 is mounted on
      the base plate 13 also, being pivotable about a vertical axis 32; the arm
      31 opens or closes the outlet opening 33 of the nozzle 25, depending upon
      its position. It is movable between two end positions in which it
      respectively opens and closes the outlet opening 33, and can be held in
      these end positions by magnets 35 and 36 which are mounted on the base
      plate 13. It is evident that the arm 31 must be of magnetically permeable
      material for this purpose. The movement of the arm 31 is effected by
      contact portions 37, 38 which are spaced from one another and provided on
      the frame 14.
PAR  Also provided on the frame 14 is an arm 41 which is pivotable about a
      further vertical axis 42 and which extends through an opening 43 in the
      rear wall 12 into the supply or inlet pipe 11. The arm 41 is pivotable in
      a horizontal plane and carries at its end located inside the pipe 11 a
      feeler 44 which is configurated in this embodiment as a vertical
      flag-shaped member. A sleeve 47 is mounted on the frame 14, surrounding
      the arm 41 with spacing exteriorly of the pipe 11. The opening 43 is
      sealed by means of two sealing sleeves, one of them being identified with
      reference numeral 48 and having opposite axial ends which are connected to
      the arm 41 and the sleeve 47, respectively, whereas the other sealing
      sleeve 49 surrounds the sleeve 48 and has opposite axial ends which are
      connected to the margin 50 of the opening 43 and to the sleeve 47,
      respectively. The sealing sleeves 48 and 49 are highly flexible.
PAR  Another arm 51 is mounted on the frame 14 for pivotal movement about a
      vertical axis 52 and carries two pressure-transmitting portions 53, 54
      which can each press against the arm 41, at opposite sides of the vertical
      axis 42 of the latter.
PAR  Also mounted on the frame 14, for pivoting movement about a vertical axis
      62, is an overload on 61. A rod 63 is mounted on the frame 14 and carries
      an adjustable abutment 64. The rod 63 has a head 65 and is surrounded
      intermediate the latter and the arm 61 by an expansion spring 67 which
      bears upon the head 65 and the arm 61 and which presses the latter with a
      predetermined force against the abutment 64. Intermediate the arm 61 and
      the arm 51 there is provided a spring 68 which acts upon both of these
      arms. The arm 61 is provided with a device which in the illustrated
      embodiment is in the form of a force-transmitting device having a housing
      74 formed with an interior pressure space 73; the housing 74 is mounted on
      the arm 61 and an opening of the housing is spanned by a flexible
      diaphragm 71. A nozzle 72 is connected via a conduit 76 to the source 28
      and has an outlet opening 77 which can be opened and closed depending upon
      whether it is engaged and blocked or disengaged and opened by the arm 51.
      The nozzle 72 has an output opening 78 which communicates via a conduit 79
      with the pressure space 73. A conduit 80 communicates with the conduit 79
      and serves to connect with the latter a device whose operation is to be
      subjected to analog control.
PAR  The housing 74 has a further opening which is spanned by a second diaphragm
      81, and a further nozzle 83 is mounted on the housing 74 by means of a
      bracket 82 or the like. The nozzle 83 is also connected with the source
      28, by means of a conduit 84. It has an outlet opening 85 which is opened
      and closed by engagement or disengagement with it of the diaphragm 81. An
      output opening 86 of the nozzle 83 is connected to a conduit 87 which in
      turn can be connected with a device or devices which are to be subjected
      to digital control.
PAR  All of the nozzles 25, 72 and 83 are constructed in the manner shown in
      FIG. 4, where this has been illustrated specifically for the nozzle 72.
      Here, the central passage of the nozzle 72 has a throttle-portion 92 which
      communicates with the conduit 76. It has a further portion 93 extending
      from the throttle portion 92 to the outlet opening 77. The cross-sectional
      area of the portion 93 is substantially larger than that of the portion
      92, and in fact a multiple thereof. The difference between the smaller
      cross-sectional area of the portion 92 and the larger cross-sectional area
      of the portion 93, and the fact that the transition is quite abrupt at the
      juncture of the two portions, and that the output 78 communicates with the
      portion 93 but immediate adjacent the juncture thereof with the portion
      92, the juncture being identified with reference numeral 94, assures that
      a suction effect takes place in the region immediately downstream the
      transition 94 and thus in the output 78, which is required for purposes
      will be described subsequently.
PAR  The operation of the device in FIGS. 1-4 is as follows:
PAR  When the arm 31 is in the position shown in FIG. 1 it closes the opening 33
      of the nozzle 25. The arm is held in this position by the magnet 36, and
      pressurized fluid flows from the source 28 via the conduit 27, the nozzle
      25, the output 24 and the conduit 23 into the space 19. This means that
      the pressure in the space 19 rises and deflects the diaphragm 18 which
      causes the frame 14 to be pivoted in clockwise direction, so that the
      feeler 44 moves in the direction of the arrow 101. If the feeler 44 does
      not encounter any particulate material, because the level of the material
      does not extend to or upwardly beyond the level of the lower end of the
      feeler 44, then the feeler 44 will encounter no resistance to its
      movement. The spring 68 holds the arm 51 spaced from the opening 77 and
      pressurized fluid flows from the source 28 via the conduit 76 through the
      portion 92 and the portion 93 and out the opening 77. A jet-pump effect is
      obtained in the region of transition 94, so that reduced pressure develops
      in the opening 78 and via the same in the space 73, so that fluid flows
      from the space 73 via the conduit 79 to the output 78 and from there is
      ejected via the outlet 77. This continues until the pressure in the space
      73 corresponds to the pressure in the output opening 78. The diaphragm 71
      thus does not act upon the arm 51, and the reduced pressure in the space
      73 produces a restoring force upon the diaphragm 71, tending to withdraw
      it inwardly.
PAR  The pressure in space 19 continues to rise during this time, and the
      diaphragm 18 continues to displace the frame 14 in clockwise direction
      until the engaging portion 38 contacts the associated end of the arm 31,
      overcomes the force exerted by the magnet 36 and displaces the arm 31
      towards the magnet 35 which now holds the arm in its new end position. At
      this time pressurized fluid can now flow from the conduit 27 via the
      nozzle 25 through the outlet opening 33 thereof which is now open. Reduced
      pressure now prevails at the output opening 24, so that fluid is withdrawn
      from the space 19 via the conduit 23. The diaphragm 18 now draws the frame
      14 in the opposite direction, since it is connected with the frame 14 and
      is being drawn inwardly into the space 19. This means that the arm 41 with
      the feeler 44 now moves in the direction of the arrow 102, that is in
      counterclockwise direction. At the end of this movement the engaging
      portion 37 contacts the free end of the arm 31, overcomes the force of the
      magnet 35 and moves the arm 31 towards the magnet 36 and against the
      opening 23 of the nozzle 25, which opening it closes. Pressure fluid again
      flows from the conduit 27 via the nozzle 25, the output opening 24 and the
      conduit 23 into the space 19, where the pressure begins to rise again so
      that the diaphragm 18 is flexed outwardly and displaces the frame 14 again
      in clockwise direction, causing the feeler 44 to move in the direction of
      the arrow 101. This cyclical displacement in alternately opposite
      directions is constantly repeated.
PAR  It is assumed that particulate material is being poured into the pipe 11
      and begins to back up in the same. When the level of the material in the
      pipe 11 reaches the level of the lower end of the feeler 44, or rises
      above it, then this exerts a retarding effect, that is a resistance, upon
      the movement of the feeler 44 and the arm 41. Assuming, for the sake of
      explanation, that this takes place during the movement of the feeler 44 in
      the direction of the arrow 101, then the arm 41 will act upon the arm 51
      via the portion 54. After overcoming the force of the spring 68 the arm 51
      closes the opening 77 of the nozzle 72, and pressure fluid now flows from
      the source 28 via the conduit 76, the nozzle 72, the output opening 78
      thereof and the conduit 79 into the pressure space 73. The pressure in the
      space 73 rises and the diaphragm 71 is deflected and presses against the
      arm 51 until the latter moves away from the opening 77, permitting
      pressure fluid to flow through the same again from the conduit 76 via the
      nozzle 72 and the opening 77. Reduced pressure prevails at the output
      opening 78, so that fluid is drawn via the conduit 79 out of the space 73.
      Assuming that the level of mateial in the pipe 11 remains constant, and as
      soon as the pressure in the space 73 has slightly dropped, the force
      transmitted by the arm 41 upon the portion 54 overcomes the forces exerted
      upon the arm 51 by the spring 68 and the diaphragm 71, so that the arm 51
      again closes the opening 77. Now, the pressure rises again in the space 73
      until the opening 77 is freed again. This process is repeated in rapid
      succession so that the pressure in the space 73 fluctuates slightly about
      a constant value corresponding or representative of the level of the
      material in the pipe 11.
PAR  If, now, the level of the material in the pipe 11 rises, then the
      resistance of it by the material to the movement of the feeler 44 increase
      also, and the force exerted by the arm 41 upon the portion 54 increases
      correspondingly. In order to again reach equilibrium the force exerted by
      the diaphragm 71 upon the arm 51 must be higher, so that the pressure in
      the space 73 will increase. This pressure in the space 73 is supplied to
      the conduit 80 as an analog regulating value or signal. The force exerted
      by the spring 68 is substantially smaller than that which is exerted by
      the diaphragm 71; this force of the spring 68 assures that in the
      condition in which the feeler 44 does not encounter resistance, the arm 51
      will be maintained at a distance from the opening 77, so that at start-up
      a reduced pressure prevails at the output opening 78.
PAR  When the frame 14 moves in the opposite direction, arm 41 and feeler 44
      travel in the direction of the arrow 102. If material is present in the
      pipe 11 which can offer resistance to this movement of the feeler 44, the
      resistance which acts upon the feeler 44 is transmitted to the arm 41 and
      via the same upon the portion 53 and thus to the arm 51, so that the
      transmission now takes place via the portion 53 and no longer via the
      portion 54 as before. This means that in both directions of movement the
      resistance force acting upon the feeler 44 is applied in one and the same
      direction to the arm 51. To assure that this force will produce a uniform
      effect upon the arm 51, the ratio of the cooperating lever arms of the arm
      41 and of the arm 51 must be equal, which is assured if, as shown in FIG.
      3, the relationship a/c = b/d. This means that the conversion of the
      resistance force acting upon the feeler 44 into the pressure in the
      chamber 73 which is used as an analog signal, is the same in both
      directions of movement of the feeler 44. it is only briefly interrupted
      when the frame 14 reverses its direction of movement, so that the pressure
      in the space 73 and thus in the conduit 80 fluctuates only slightly from
      its respective absolute value.
PAR  Until the particulate material in the pipe 11 reaches a certain level, the
      pressure in the space 73 will remain so low that the diaphragm 81 will
      leave the opening 85 of the nozzle 83 in unblocked condition, so that
      compressed fluid flows from the source 28 via the conduit 84, the nozzle
      83 and the opening 85. This means that reduced pressure prevails at the
      output 86 and is transmitted via the conduit 87 to whatever devices which
      are connected with the same and are to be digitally controlled. On the
      other hand, when the level of material in the pipe 11 reaches a greater
      predeterminable level, then the resistance upon the feeler 44 to the
      movement thereof becomes so high that the pressure in the space 83 rises
      sufficiently for the diaphragm 81 to be deflected and to close the opening
      85. Now, pressurized fluid flows from the conduit 84 via the nozzle 83,
      the output 86 and the conduit 87 to the digitally controlled devices which
      are activated and which remain in their new operative position as long as
      the level of the material in the pipe 11 does not drop below the
      aforementioned predetermined level.
PAR  If the rise in the level of material in the pipe 11 were very substantial,
      the pressure in the space 73 would correspondingly increase very
      substantially, which would mean that the parts involved would have to be
      made particularly small, especially the diaphragm 71. In order to avoid
      this it would be necessary to use a source 28 furnishing much reduced
      pressure. However, these problems are avoided according to the
      construction according to the present invention, by utilizing the spring
      67 which acts as an overload relief. If the maximum permissible pressure
      in the space 73 is exceeded, the reaction of the arm 51 upon the arm 61
      overcomes the biasing force of the spring 67 acting upon the arm 61, so
      that the spring 67 becomes compressed. Due to this compression, the nozzle
      72 moves away from the arm 51 and the opening 77 of the nozzle is
      unblocked. This, in turn, means that reduced pressure exists again at the
      output 78 and the pressure in the space 73 decreases. As long as the level
      of material in the pipe 11 is above the maximum permissible level, the
      pressure in the space 73 will fluctuate about a high but still permissible
      value. Advantageously the force excerted by the spring 67 will be so
      selected that the frame 14 can be driven to-and-fro, that is in clockwise
      and counterclockwise direction, without being blocked in its movement even
      if for some reason the feeler 44 itself should be blocked against movement
      by the material in the pipe 11.
PAR  The forces transmitted by the sleeve 48 from the frame 14 upon the arm 41
      are negligible, and in normal operation the relative movement of the arm
      41 with reference to the frame 14 is in any case very small. The movement
      of the frame 14 with reference to the pipe 11, on the other hand is
      substantially larger under normal operating condiitions and results in a
      correspondingly high deformation of the sealing sleeve 49 which, however,
      is completely segregated from the arm 41 and not transmitted to it.
PAR  The device described with reference to FIGS. 1-4 is particularly suitable
      for use in controlling a roller frame of a grinding mill, as has been
      illustrated in FIGS. 5 and 5a. Such a grinding mill may, for instance, be
      a mill which grinds grain or the like. The roller frame is identified in
      FIGS. 5 and 5a with reference numeral 90 and has a housing 91 in which
      there is journalled the fixed roller 92, that is the roller which rotates
      about a fixed axis. A further roller 93 is journalled on arms 94 (only one
      shown) for rotation about a horizontal axis 95 which is carried by a
      support 96 mounted on the housing 91. A piston 98 is accommodated in a
      cylinder 99 and acts upon the arm or arms 94; the cylinder 99 is mounted
      on the housing 91 for pivotal movement about a horizontal axis 100. A
      spring 101 in the cylinder 99 acts upon the piston 98 and tends normally
      to displace the roller 93 away from the roller 92.
PAR  A feed hopper 106 communicates at its upper end with the inlet pipe 11
      corresponding to the one in FIGS. 1-4. The outlet end of the feed hopper
      106 has arranged downwardly adjacent to it a feed roller 105 with which a
      doctor blade 107 cooperates which is mounted for pivotal movement about a
      horizontal pivot axis 108 on the housing 91. An arm 109 is connected with
      the doctor blade 107 and a piston 110 in a cylinder 111 mounted on the
      housing 91, acts upon the arm 109. A spring 112 acts upon the piston 110
      and normally tends to displace the same in such a manner that the doctor
      blade 107 is in engagement with the periphery of the roller 105 and does
      not define a feed gap with the same.
PAR  The roller 105 is also shown in FIG. 5a and will be seen to have connected
      with it one portion 115 of a drive coupling, the other portion 116 of
      which is constantly driven from a motor 118 via a belt drive 117 or the
      like. A piston 120 in a cylinder 121 acts upon the coupling portion 116,
      and a spring 122 in the cylinder 121 acts upon the piston 120 in a sense
      causing the piston 120 to be retracted, that is to maintain the coupling
      portion 116 out of driving engagement with the coupling portion 115.
PAR  The cylinder 111 communicates with the conduit 80 in the latter of which as
      is shown in FIG. 5 here can be interposed a pressure measuring gauge 123.
      The cylinder 99 is connected via a conduit 125, a time delay unit 126 and
      conduit portions 127, 128 to a control valve 129. The time delay unit 126
      comprises a throttle 131, which can be adjustable as shown, and which is
      connected in parallel with a one-way valve 132 that blocks the flow of
      fluid from the valve 129 to the cylinder 99 but permits it in the opposite
      direction. A conduit 134 and the conduit portion 128 connect the cylinder
      121 also with the valve 129. The latter has a three-way valve which in its
      rest position connects the conduit portion 128 with an outlet opening 136.
      The valve 129 is controlled by a diaphragm 137 which receives fluid from
      the conduit 87. When the diaphragm 137 operates the valve 129, the latter
      communicates the conduit portion 128 with a supply conduit 138 which
      receives compressed fluid from a further source 140, whose pressure is
      greater than that of the source 28.
PAR  The embodiment in FIGS. 5 and 5a is shown in a position in which the
      rollers 92 and 93 are spaced from one another but are driven. The motor
      118 rotates but the feeding device 105, 107 is not in operation and there
      is no gap between the members 105 and 107 through which material could
      enter to be ground between the rollers 92 and 93. The feeler 44 is in
      operation in the manner described with reference to FIGS. 1-4. The spring
      101 maintains the roller 93 away from the roller 92, and the spring 112
      presses the doctor blade 107 against the periphery of the roller 105. The
      spring 121 maintains the coupling portion 116 out of engagement with the
      coupling portion 115 and the roller 105 is stationary.
PAR  When the material to be ground is supplied through the pipe 11, it backs up
      in the feed hopper 106 and when it reaches the level of the lower end of
      the feeler 44, the movement of the latter encounters resistance, so that a
      control pressure develops in the conduit 80 in the manner described with
      reference to FIGS. 1-4. This control pressure, here pressurized air, acts
      as an analog signal which displaces the piston 110 against the force of
      the spring 111, so that the doctor blade 107 moves away from the roller
      105 to form with the same a gap the width of which is a function of the
      level of the material in the pipe 11. If the roller 105 is still not in
      rotation, no material enters into the gaps between the rollers 92 and 93.
      If the level of material in the pipe 11 continues to rise with reference
      to the feeler 44, then a pressure develops in the conduit 87 in the manner
      described with respect to FIGS. 1-4, and the diaphragm 137 switches the
      control valve 129 from the outlet opening 136 to the supply conduit 138.
      Pressure from the source 140 now travels via the conduit 138, the valve
      129, the conduit portion 128 and the conduit 134 into the cylinder 121,
      where it displaces the piston 120 against the force of the spring 122,
      causing the coupling portion 116 to come into driving engagement with the
      coupling portion 115. This results in driving of the roller 105 in
      rotation, and the material in the hopper 106 now passes through the gap
      between the roller 105 and the doctor blade 107 into the gap between the
      rollers 92 and 93.
PAR  It will be appreciated that the higher the level of material in the pipe
      11, the more will be the resistance experienced by the feeler 44 in its
      movement, and the higher the pressure in the conduit 80 and in the gauge
      123. This means that the doctor blade 107 will be moved to form with the
      roller 105 a gap of lesser or greater width, so that the material which is
      withdrawn through this gap from the hopper 107 corresponds to the material
      that is being admitted into the pipe 11 and causes the level of material
      therein to rise or to drop (if less material is admitted than is being
      withdrawn). It is clear, of course, that the pressure in the conduit 80
      could also be used for controlling the operation of the motor 118 or a
      variator or the like used in place of the belt drive 117.
PAR  When the valve 129 is switched to operative position, pressurized fluid
      flows also via the conduit portions 128, 127, the throttle 131 and the
      conduit 125 into the cylinder 99. The path via the one-way valve 132 is
      blocked, however, which means that the pressurized fluid acts (because of
      the throttle 131) upon the piston 98 with a delay relative to its action
      causing the rotation of the roller 105. Thus, the roller 93 is moved to
      its operative position in which it cooperates with the roller 92, with a
      delay relative to the start-up of rotation of the roller 105, thereby
      assuring that the rollers 92 and 93 can contact one another only when
      material to be ground is already being supplied to them. If they were to
      engage in the absence of such material, this would lead to a rapid
      destruction of the rollers 92, 93.
PAR  When no further material is being admitted into the pipe 11, pressure in
      the conduit 87 drops and this results in the development of under pressure
      in the manner described with respect to FIGS. 1-4. This terminates the
      effect of the diaphragm 137 upon the valve 129, so that the latter again
      automatically returns to its previous position. This in turn interrupts
      the supply of pressurized fluid from the source 140 via the conduit 138,
      and the conduit portion 128 is placed into communication with the outlet
      136 again. The spring 101 moves the piston 98 towards the left and the
      roller 93 is moved away from the roller 92. This movement is substantially
      instantaneous, because the air can freely flow from the cylinder 99 via
      the conduit 125, the one-way valve 132, the conduit portions 127, 128 and
      the valve 129 through the outlet 136. At the same time, pressurized fluid
      is vented from the cylinder 121 via the conduit 134, conduit portion 128,
      valve 129 and outlet 136, so that the spring 122 shifts the pistion 120
      towards the right and disengages the coupling portion 116 from the
      coupling portion 115, so that driving of the roller 105 is terminated.
PAR  In FIGS. 5 and 5a I have illustrated one-half of a roller frame as used in
      a grinding mill. As is known, however, clutch roller frames have two
      halves which operate independently of one another. FIG. 6 shows that each
      of these halves can be provided with a control arrangement such as used in
      FIGS. 5 and 5a, which arrangements operate independently of one another,
      but are combined in a single device. The components and parts associated
      with one half of the roller frame and the common components have the
      previous reference numerals, and the components associated with the other
      half of the roller frame are provided with prime symbols in FIG. 6. The
      meaning of the reference numerals is the same as before, and each
      reference numeral having a prime symbol identifies a component which is
      identical with the same component having the same reference numeral but
      without the prime symbol.
PAR  With this in mind, it will be seen that a common base plate 13 is provided
      on the housing 91 intermediate the two supply pipes 11, 11' and carries
      the frame 14 in the manner as described earlier. The frame 14 is provided
      with two otherwise independent control devices of the type described in
      FIGS. 1-4, which are diagrammatically identified by the showing of the
      components 41, 44, 61 and 81, and the components 41', 44', 61' and 81'. In
      the event that for instance the feeler 44 should be blocked from further
      movement, because of the excessive supply of material through and into its
      pipe 11, then the force of the spring 67 is overcome in the manner
      described earlier, and the frame 14 continues to move so that the function
      of the other control device having the component 41', 44', 61' and 81' is
      not in any way influenced by this blockage, and of course the same is true
      if the situation were reversed.
PAR  It will be appreciated that the configuration of the feeler 44 could be
      different from the one illustrated, and that the orientation need not be
      strictly vertical.
PAR  It will also be appreciated that the device in FIGS. 1-4 can be used to
      control devices other than the roller frame shown in FIGS. 5, 5a and in
      FIG. 6. With respect to the control of the roller frame, however, the use
      of the device in FIGS. 1-4 is particularly advantageous because one and
      the same source of pressurized fluid, for instance compressed air, can be
      used for controlling all operations, thus eliminating the need for
      converting other forms of energy into pneumatic energy which is usually
      complicated and expensive. It is also possible to provide other components
      than those which have been discussed with respect to FIGS. 1-4 for
      converting the resistance to movement of the feeler 44 into a signal which
      is used to control the various other devices. Such modifications will
      offer themselves readily to those skilled in the art.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  It is not shown in FIG. 5, but it is also possible, to use the pressure in
      the conduit 80 to control the speed of the motor 118 or, by using variable
      drive coupling instead of the belt drive 117, to control the speed of the
      variable drive itself. This enables to control the speed of the feed
      roller 105 and therefore to control the level of particulate material in
      the space in an analog manner by using the control signal sensed by the
      feeler member.
PAR  In many cases it is reasonable to use the digital signal from the conduit
      87 to open and shut the cooling water system or to engage and disengage
      the seraper and generally to give a control signal over a distance.
PAR  Further it is fully within the meaning of the present invention to use the
      digital signal to sense the level in silo, etc. to stop the feed conveyor,
      to shut a feed opening, etc.
PAR  While the invention has been illustrated and described as embodied in
      controlling the level of a pourable particulate material in a defined
      space, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art farily constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptions should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. An apparatus for controlling the level of a pourable particulate
      material in a defined space, comprising an arm mounted for displacement in
      a horizontal plane; a feeler member carried by said arm and being located
      in said space; a drive for displacing said arm in alternately opposite
      directions, whereby said feeler member encounters resistance when the
      particulate material in said space exceeds a predetermined level; a frame
      pivotable about a fixed vertical first axis, said arm being mounted on
      said frame for pivotable movement about a second vertical axis; first
      means operatively associated with said arm for sensing resistance
      encountered by said feeler member and converting the sensed resistance
      into a control signal, said first means being mounted on said frame and
      being engaged by said arm for converting said resistance which is
      transmitted in form of a torque transmitted from said arm to said first
      means; and second means for furnishing said control signal to a device
      which is to be controlled thereby.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said feeler member is a
      substantially flat-shaped member having a substantially vertical
      orientation.
NUM  3.
PAR  3. An apparatus as defined in claim 1; further comprising an additional arm
      also mounted in said frame and being pivotable about a third vertical axis
      spaced from said second vertical axis, and a pair of force-transmitting
      portions at opposite sides of said second axis and each adapted to
      transmit force between said arms in dependence upon the direction of
      pivoting of said frame.
NUM  4.
PAR  4. An apparatus as defined in claim 3, wherein said arm has two first lever
      arms and said additional arm has two second lever arms each of which
      cooperates and forms a pair with one of said first lever arms; and wherein
      the transmission ratio of the lever arms in each pair is identical.
NUM  5.
PAR  5. An apparatus as defined in claim 4, wherein said drive comprises a
      force-exerting pivoting device operatively associated with said frame for
      effecting pivoting of the same.
NUM  6.
PAR  6. An apparatus as defined in claim 5, wherein said force-exerting pivoting
      device comprises a housing having an interior pressure compartment formed
      with an opening, a flexible diaphragm spanning said opening, a nozzle
      having an outlet opening and being connected with a source of pressure
      fluid, a conduit connecting said compartment with said nozzle upstream of
      said outlet opening, and a control member pivotable about an upright axis
      and movable between two end positions in which it respectively opens and
      blocks said outlet opening.
NUM  7.
PAR  7. An apparatus as defined in claim 6; and further comprising first and
      second magnets operative for retaining said control member with a
      predetermined force in the respective end positions thereof.
NUM  8.
PAR  8. An apparatus as defined in claim 6, wherein said nozzle has a passage
      having a first portion formed with said outlet opening, and a second
      portion upstream of said first portion and of substantially smaller
      cross-sectional area than the same, said portions forming a juncture and
      said conduit communicating with said first portion in the region of said
      juncture.
NUM  9.
PAR  9. An apparatus as defined in claim 3, wherein said first means comprises a
      nozzle connected with a source of compressed fluid and having an outlet
      opening which is opened or closed in dependence upon the pivoting of said
      additional arm, and a force-exerting restoring device controlled by said
      nozzle and acting upon said additional arm in a direction counter to
      forces transmitted thereto by the first-mentioned arm.
NUM  10.
PAR  10. An apparatus as defined in claim 9, wherein said nozzle has an output
      opening, and said restoring device comprises a flexible diaphragm
      communicating with said output opening to be flexed in dependence upon the
      fluid-pressure prevailing at said output opening.
NUM  11.
PAR  11. An apparatus as defined in claim 10; and further comprising connecting
      means for connecting said output opening with a device which is to be
      controlled analogously to the fluid-pressure at said output opening.
NUM  12.
PAR  12. An apparatus as defined in claim 11; and further comprising another
      force-exerting restoring device also connected with said output opening of
      said nozzle; and an additional nozzle connected with said source of
      compressed fluid and controlled by said additional restoring device, said
      additional nozzle having an additional output opening; and further
      comprising additional connecting means for connecting said additional
      output opening to a device which is to be digitally controlled.
NUM  13.
PAR  13. An apparatus as defined in claim 12, wherein said devices have a common
      housing and a common pressure compartment, and a pair of separate
      diaphragms each spanning a different opening of said pressure compartment.
NUM  14.
PAR  14. An apparatus as defined in claim 9; further comprising an overload arm
      mounted for pivoting about a fourth vertical axis, said first means being
      mounted on said overload arm; and biasing means biasing said overload arm
      towards said frame with a predetermined biasing force.
NUM  15.
PAR  15. An apparatus as defined in claim 14; further comprising another arm and
      another first means associated with said frame and operative independently
      of the first-mentioned arm and first means.
NUM  16.
PAR  16. An apparatus as defined in claim 10, wherein said nozzle has a passage
      having a first portion formed with said outlet opening, a second portion
      upstream of said first portion and of substantially smaller
      cross-sectional area than the same, said portions forming a juncture and
      said output opening communicating with said first portion in the region of
      said juncture; and further comprising a biasing spring acting upon said
      additional arm and permanently tending to pivot the same to a position in
      which said outlet opening is opened.
NUM  17.
PAR  17. An apparatus as defined in claim 1; further comprising wall means
      surrounding said space and having an opening through which said arm
      extends into said space; a mounting sleeve spacedly surrounding said arm
      outside said opening and being mounted on said frame; a first flexible
      sealing sleeve having opposite first ends connected to said arm and said
      mounting sleeve, respectively; and a second flexible sealing sleeve having
      opposite second ends connected to said sleeve and to a circumferential
      margin of said opening, respectively.
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ABST
PAL  An automatic feeder for infusing solid solutes into liquid solvents at an
      adjustable, predetermined, controlled rate to maintain an adjustable,
      predetermined, controlled concentration of solute in a solvent reservoir,
      the feeder including means for adjustably controlling the rate of infusion
      of solute into a circulating, solvent stream within a chamber by
      controlling the quantity of solvent in the chamber as well as surface area
      of solute immersed in the solvent, means for feeding solute into the
      solvent in the chamber in a programmed fashion over a relatively long
      period of time without attendance, means for preventing accidental
      syphoning of all of the solvent from the feeder, and means for
      automatically breaking contact between the solute and the solvent in the
      feeder during periods of dissolution; the feeder comprising a housing
      having solvent inlet and outlet ports, a float valve for adjustably
      controlling the level of solvent circulating in the housing; and an
      anti-syphoning device on the float valve to prevent total discharge of
      solvent from the feeder and a solid, solute supply canister mounted on the
      housing extending into the solvent therein, the canister having a narrowed
      neck at the bottom to release tablets of solid solute after a
      predetermined degree of dissolution.
PARN
PAR  This application is a continuation of application Ser. No. 868,374 filed
      Oct. 22, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  There are many uses for feeders which automatically infuse solid solutes
      into liquid solvents, as for instance in the addition of chlorine bearing
      compounds and other chemical additives to swimming pools, the addition of
      anti-pollution agents to potable or other surface water supplies, the
      infusion of solid, soluble chemicals into various circulating liquids to
      enrich the same in industrial chemical processes and in the addition of
      consumable anti-corrosion additives in air conditioning systems.
PAR  In each such instance, the rate of addition of the solute and its
      concentration must be carefully controlled within relatively narrow
      limits. However, under many conditions, the range of feed rates and
      concentrations must be adjustably controlled within extremely wide ranges,
      although the particular feed rate and concentration at any one time must
      be maintained within narrow limits. For instance, in swimming pools, the
      concentration of chlorine must be controlled within relatively narrow
      predetermined limits. However, the rate of infusion of chlorine bearing
      compounds is dependent upon many factors including but not limited to
      ambient temperature and the extent of use of the pool which tends to
      destroy or consume chlorine. Moreover, under given conditions, some
      swimming pools require a "shock" treatment of chlorine or other additives,
      wherein the rate of addition and the concentration of the additive far
      exceeds the rate and concentration maintained under normal operating
      conditions. Thus, a feeder supplying a solid, soluble chlorine compound
      and other additives to a swimming pool must be sufficiently adjustable to
      accommodate for widely varying demands in the range of both the rate of
      supply and concentration of chlorine yet maintained at any one time, the
      rate of supply and concentration within relatively narrow limits.
PAR  Another vital consideration for such feeders is the frequency with which
      the feeder must be attended to replenish the supply of solute or to alter
      the program for both the rate of addition of solute and the identity of
      the solute added. Obviously, it is desirable to increase the time between
      attendance for either replenishing the supply of solute or altering the
      program of addition consistent with the size of the feeder and the cost of
      the same. Thus, it is an object of the present invention to provide means
      to store sufficient solute for relatively long term operation and to
      infuse small quantities thereof under precisely controlled conditions. In
      addition, the said means are adapted to automatically alter the program of
      addition, varying not only the rate of delivery and hence, concentration,
      but also the identity of the solute added over relatively long periods of
      time without manual attendance.
PAR  The feeder described and claimed herein employs tablets of solid solute
      which have a predetermined, relatively precisely controlled rate of
      dissolution in the solvent under given conditions of concentration and
      temperature. The rate of dissolution of such tablets may be altered by
      well known techniques in the manufacture of the tablets.
PAR  The feeder includes a housing containing a predetermined, controlled
      quantity of solvent with means for circulating solvent through the housing
      at a controlled predetermined rate. A tablet feeding canister containing a
      relatively long-term supply of tablets is mounted in the housing with one
      or more tablets exposed to the solvent in the housing. The level of
      solvent is maintained within narrow limits by means of a float valve. The
      concentration of solute in the solvent is a function of its solubility in
      the solvent. The rate of supply of solute to the solvent in the reservoir
      supplying the feeder is a function of the rate of dissolution of the
      solute tablet which in turn is a function of, the surface area of solute
      tablet exposed to the solvent in the feeder the solubility of the tablet
      itself, the concentration of the solute in the solvent and, to a limited
      degree, the rate of circulation of solvent through the feeder as it
      affects the concentration of solute in the solvent. The parameter most
      easily controlled is the surface area of the solute tablet exposed to the
      solvent in the feeder which, in the invention described and claimed
      herein, is a function of the solvent level in the housing of the feeder.
      In addition, the rate of supply of solute may also be controlled to a
      large extent by the basic rate of dissolution of the solute tablet as
      determined by its constituents and manner of manufacture.
PAR  The quantity of level of solvent in the feeder, the surface area of solute
      exposed to the solvent, the rate of circulation of solvent through the
      feeder and the rate of dissolution of the tablet can be balanced such that
      the concentration of the solute in the solvent reservoir may be maintained
      within narrow limits. However, means are also provided for either manually
      or automatically changing various parameters to change the rate of
      delivery of the solute to the solvent reservoir. Moreover, means are
      provided to prevent the undesired syphoning of all of the solvent from the
      feeder housing, which can create difficulties of priming the pump
      supplying solvent to the feeder. Nevertheless, if circulation of solvent
      in the feeder is terminated, means are provided for breaking contact
      between the solid solute and the solvent. This is particularly important
      under conditions, such as those commonly found in swimming pool
      applications, where the interaction of the solute with the solvent under
      stagnant conditions over a long period of time can result in the formation
      of an undesirable and potentially dangerous gas.
PAC  SUMMARY OF INVENTION
PAR  An automatic feeder for infusion of a soluble solid solute into a
      circulating solvent comprising a housing, solvent inlet and outlet means
      in the housing, valve means for controlling the level of solvent in the
      housing, a hollow, solid solute supply canister having an open bottom, the
      open bottom being normally located within the housing intermediate its top
      and bottom and submersible in the solvent in the housing, and internal
      constriction means in the canister in proximity to the open bottom thereof
     .
DRWD
PAC  PREFERRED EMBODIMENT OF INVENTION
PAR  The objects and advantages aforesaid as well as other objects and
      advantages may be achieved by the automatic feeder claimed herein, a
      preferred embodiment of which is illustrated in the drawings in which:
PAR  FIG. 1 is a side elevational, partially broken away view of the feeder with
      two supply canisters mounted thereon at different levels;
PAR  FIG. 2 is a top plan view of the feeder illustrated in FIG. 1 with one of
      the supply canisters removed;
PAR  FIG. 3 is a side elevational, cross-sectional view of a float operated
      solvent inlet and outlet valve and valve block;
PAR  FIG. 4 is a top plan view of the valve block illustrated in FIG. 3;
PAR  FIG. 5 is a side elevational, cross-sectional view of a supply canister;
      and
PAR  FIG. 6 is a top plan view of the supply canister illustrated in FIG. 5.
DETD
PAR  Referring now to the drawings in detail, the automatic feeder comprises a
      housing 11, which may be conveniently fabricated of a pair of plastic
      sheets 12, 13 joined at their open ends. A top shell 13 of the housing 11
      is provided with a pair of generally elliptical openings 14, 15 adapted to
      slidably receive supply canisters 16, 17 to be described in greater detail
      herein. The particular shape of the housing 11 is not critical to
      invention. The material from which the housing 11 is fabricated should be
      compatible with the solute and solvents to be used therewith. Obviously,
      the housing must be relatively free from attack by either the solute or
      solvent or at least the internal surfaces of the housing in contact with
      the solute and solvents must be protected against corrosion or undesired
      reaction.
PAR  The housing 11 is provided with a circulating solvent inlet port 18 and
      outlet port 19 in close proximity to the bottom 20. The inlet port 18 and
      outlet port 19 are connected to a bored valve block 21. The valve block 21
      supports an adjustable float valve 22 which controls the level of solvents
      in the housing 11.
PAR  The valve block 21 is provided with a horizontal inlet bore 23 and a
      generally parallel horizontal outlet bore 24. The inlet bore 23 connects
      to a threaded, vertical inlet bore 25, which communicates with the top 26
      of the block 21. A threaded nipple 27 is engaged to the threaded bore 25
      and extends above the top 26 of the block 21.
PAR  A vertical outlet bore 28 connects to the horizontal outlet bore 24 and
      communicates with the top 26 of the block 21. A vertical outlet tube 29
      connects to the bore 28 and extends upwardly from the top 26 of the block
      21.
PAR  A float operated valve 22 is slidably mounted on a generally vertical inlet
      stand pipe 30 threadably engaged to the nipple 27. The float valve 22
      comprises an outer, open-topped annular shell 31 having a bottom 32. An
      open-bottomed, central conduit 33 is mounted in the bottom 32 of the shell
      31 and is adapted to slidably telescopically mount on the stand pipe 30.
      The top of the conduit 33 is open.
PAR  The top of the stand pipe 30 is provided with a valve seat 34 with a
      passage 35. A toggle valve 36 is operatively mounted in the top of the
      standpipe 30. The toggle valve 36 comprises a stem 37 with a disc 38 on
      its bottom. The stem 37 extends upwardly through the passage 35. Pressure
      from water entering the inlet port 18 and passing upwardly through the
      stand pipe 30 forces the disc 38 of the valve 36 against the valve seat
      34, sealing the passage 35. A limit flange 39 prevents the disc 38 from
      descending past a predetermined level in the stand pipe 30 in the absence
      of water pressure.
PAR  An adjustable, floating level control 40 is engaged to the conduit 33. The
      said control 40 comprises an annular, closed float chamber 41 mounted on
      the top of a vertically depending, elongated sleeve 42. The sleeve 42 is
      frictionally and telescopically mounted on the conduit 33 of the bottom
      shell 31. The level of the sleeve 42 on the conduit 33 may be manually
      adjusted against their frictional interengagement.
PAR  An upset cam 43 inside of the conduit 33 is engagable with the top of the
      valve stem 37. When the upset cam 43 moves downwardly to engage the valve
      stem 37, the stem 37 is tipped to one side thereby angularly upseting the
      disc 38 opening the passage 39 in the valve seat 34. Water is then free to
      pass from the stand pipe 30 upwardly through the sleeve 42 and into the
      housing 11.
PAR  In operation, when the level of fluid in the housing 11 is below that set
      by the float valve 32, the upset cam 43 engages the stem 37 opening the
      passage 35 to the flow of water. Water flows upwardly through the open top
      44 of the sleeve 42 and into the housing 11. As the fluid level in the
      housing rises, the float chamber 41 floats upwardly drawing the upset cam
      43 inside of the conduit 33 upwardly away from the valve stem 37. Water
      pressure then forces the disc 38 against the valve seat 34, closing the
      passage 35. Thus, the level of fluid in the housing 11 may be controlled
      to a precisely predetermined level which may be manually adjusted.
PAR  The solid, solute supply canisters 16, 17 are identical and each comprise a
      hollow generally cylindrical body 44 having an open top 45 and an open
      bottom 46, each adapted to receive snap-on covers, respectively 47 and 48.
      While the canisters 16, 17 are shown and described as comprising generally
      cylindrical bodies 44, the cross-sectional configuration of the internal
      passage in the body 44 should merely be adapted to pass tablets of solid
      solute downwardly therethrough preferably under the influence of gravity.
PAR  The body 44 is provided with a radially enlarged flange 49 beneath the open
      top 45. Immediately beneath the flange 45 are a pair of diametrically
      opposed enlargements 50, 51 which extend downwardly for approximately
      one-quarter of the axial length of the body 44. The body 44 is provided
      with a radially reduced neck 52 adjacent to the open body 46.
PAR  In operation, solid solute tablets 53 are stacked in the hollow body 44
      from top to bottom. The top and bottom covers 47, 48 are applied during
      shipment of the canisters 16, 17. In use, the bottom cover 48 is removed,
      and the body 44 inserted bottom first downwardly through one of the
      openings 14 or 15 in the top of the housing 11. The openings 14 and 15 are
      shaped and dimensioned to pass through the radial enlargements 50, 51 if
      the body 44 is properly oriented. However, when rotated out of
      registration with the openings 14, 15, the enlargements 50, 51 on the body
      44 will engage the top of the housing 11 peripheral to the openings 14,
      15. Thus, the level of the open bottom 46 of the body 44 of the supply
      canisters 16 or 17 may be positioned at two different levels with respect
      to the fluid in the housing 11.
PAR  The axial length of the radial enlargements 50, 51 on the body 44 of the
      canisters are usually longer than the thickness of one tablet 53 of solute
      seated therein. If the level of solvent in the housing 11 is adjusted by
      means of the float valve 22 to immerse one tablet 53 of solute when the
      bottom 46 of the canisters, 16, 17 are at their higher level, two or more
      tablets will be immersed when the canisters are rotated to pass through
      the openings 14, 15 to descend to the lowermost position. In addition, the
      level of solvent in the housing 11 may be adjustably controlled by means
      of sliding sleeve 42 of the float valve 22 upwardly or downwardly on the
      conduit 33 of the bottom shell 31. Thus, there is further control of the
      number of tablets 53 which will be immersed in solvent in the housing 11
      at any one time. Of course, the number of canisters 16, 17 and the level
      of the bottom 46 of each may also be adjusted with respect to the level of
      solvent in the housing 11 to further increase the range of the number of
      tablets 53 which can be immersed in the solvent at any one time. The rate
      of supply of solute to the solvents circulating in the housing 11 is at
      least in part a function of the area of tablets 53 immersed in the solvent
      at any one time. Hence, the rate of delivery of solute to the circulating
      solvent may be precisely and adjustably controlled within a wide range.
PAR  When each tablet 53 at the bottom of canister 16 or 17 in contact with
      solvent melts or dissolves to a diameter less than the diameter of the
      neck 52, it drops into the solvent in the housing 11. All other tablets 53
      gravitionally index downwardly thereby immersing fresh tablets 53 in the
      solvent.
PAR  It must be borne in mind that the solvent containing relatively large
      concentrations of solute has a density greater than solvent containing
      lesser concentrations of solute. Hence, although the tablet 53 in the
      bottom 46 of the canister 16 or 17 is relatively confined, the immediate
      ambient concentration does not tend to rise to such levels as to decrease
      the rate of dissolution because of the normal convection between solvent
      containing higher quantities of solute falling from the bottom of the
      canister 16 or 17 and fresh and less concentrated solvent rising to
      replace it.
PAR  The float valve 22 also contains means to prevent the accidental or
      unintentional discharge of all solvent from the housing 11. The bottom 32
      of the shell 31 of float valve 22 is provided with a sealing gasket 54
      which is positioned vertically above the top 55 of the vertical outlet
      tube 29 mounted in valve block 21. If the pump supplying solvent to the
      housing 11 is shut off, solvent tends to flow out through the vertical
      outlet tube 29 and outlet port 19 under the influence of gravity and
      syphoning phenomena. As the level of solvent in the housing 11 decreases,
      the float valve 22 slides downwardly on the stand pipe 30 until the gasket
      54 on the bottom 32 of the shell 31 engages the top 55 of the vertical
      outlet tube 29, sealing it against further discharge of solvents. Thus,
      the pump supplying the housing 11 will never be deprived of priming fluid.
PAR  While it is important not to discharge all solvent from the housing 11
      during shut down of solvent supply or circulation, it is equally as
      important in many instances to withdraw the tablets 53 of solute from the
      solvent. For instance, in the swimming pool arts, if certain chlorine
      bearing tablets are left in stagnant water, the chlorine reacts with
      nitrogen in the water to generate a gas which is principally nitrogen
      trichloride. The generation of this gas is undesirable and frequently
      dangerous, particularly in closed systems.
PAR  In the present feeder, the sealing gasket 54 on the bottom 32 of the lower
      shell 31 of float valve 22 will not engage the top 55 of the vertical
      outlet tube 29 until the level of solvent in the housing 11 is beneath the
      lowermost extension of the bottom 46 of the canisters 16, 17. Hence, the
      solute tablets 53 will never lie in stagnant solvents in the housing 11.
PAR  The program of addition of solute may be controlled by the sequence of
      solute tablets 53 in the canisters 16, 17. Since the rate of dissolution
      of tablets 53 may be predetermined, tablets of different character may be
      periodically inserted in the column of tablets in the canisters. Thus,
      periodically, different solutes will be supplied to the solvent.
PAR  Moreover, solute of the same character may be supplied periodically in a
      tablet which dissolves much more rapidaly to periodically produce sudden
      increases in concentration of solute in the solvent. With the use of two
      canisters 16 and 17 and their ability to be positioned at different
      levels, a versatile program of solute addition may be effected. If there
      is an unexpected sudden demand for greater concentrations or lesser
      concentrations of solutes, the float valve 22 may be manually adjusted in
      connection with the number and level of canisters in order to manually
      produce sudden changes in solute concentration.
PAR  While the feeder is provided with means for preventing tablets 53 from
      lying in stagnant solvent for long periods of time, the housing 11 is
      nevertheless not sealed against the escape of gas because of the loose fit
      between the canisters 16, 17 and the elliptical openings 14, 15. Hence,
      any gas which tends to accumulate in the housing 11 will circulate
      outwardly through the openings 14, 15 and fresh air will seep in, thereby
      preventing dangerous over-concentrations.
PAR  The foregoing description is merely intended to illustrate an embodiment of
      the invention. The component parts have been shown and described. They
      each may have substitutes which may perform a substantially similar
      function; such substitutes may be known as proper substitutes for the said
      components and may have actually been known or invented before the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic feeder comprising
PA1  a. a housing,
PA1  b. solvent inlet and outlet means in the housing,
PA1  c. valve means operatively connected to at least the said inlet means
      responsive to the level of solvent in the housing, said valve means
      maintaining a substantially constant solvent level in the housing under
      normal operating conditions,
PA1  d. a hollow, solid solute supply canister detachably suspended from the top
      of the housing and depending therefrom, the canister having an open bottom
      submersible in the solvent in the housing under normal operating
      conditions,
PA1  e. a plurality of solid solute tablets vertically stacked in the canister,
      and
PA1  f. internal constriction means in the canister in proximity to the open
      bottom thereof, the said constriction means being shaped and dimensioned
      to engage and retain the lowermost tablet within the canister until the
      said lowermost tablet has dissolved sufficiently to pass through said
      constriction means.
NUM  2.
PAR  2. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 1, in which
PA1  b. the said valve means include means for adjustably controlling the
      aforesaid solvent level in the housing.
NUM  3.
PAR  3. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 1, and
PA1  b. means responsive to the solvent level for preventing air from entering
      the solvent outlet in the housing notwithstanding termination of solvent
      flow through the said inlet.
NUM  4.
PAR  4. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 2, and
PA1  b. means for preventing air from entering the solvent outlet in the housing
      notwithstanding termination of solvent flow through the said inlet.
NUM  5.
PAR  5. An automatic feeder comprising:
PA1  a. the structure in accordance with claim 1, and
PA1  b. cooperatively engagable means on the top of the housing and at
      spaced-apart levels on the canister intermediate its top and bottom to
      support the bottom of the canister at a plurality of levels with respect
      to the solvent level in the housing.
NUM  6.
PAR  6. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 1 and
PA1  b. means for lowering the solvent level in the housing beneath the
      lowermost level of solute in the supply canister, and
PA1  c. means for preventing air from entering the solvent outlet in the housing
      notwithstanding termination of solvent flow through the said inlet.
NUM  7.
PAR  7. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 6, in which
PA1  b. the said means for preventing air from entering the solvent outlet
      include a discharge conduit in the housing,
PA1  c. float means in the housing movable in response changes in the solvent
      level in the housing,
PA1  d. closure means operatively connected to the float means engagable and
      disengagable with the discharge conduit, the said closure means preventing
      discharge of solvent when the solvent in the housing has reached a
      predetermined level.
NUM  8.
PAR  8. An automatic feeder comprising:
PA1  a. the structure in accordance with claim 1 in which,
PA1  b. the valve means are an upstanding inlet conduit in the housing,
PA1  c. a valve in the top of the inlet conduit,
PA1  d. a float,
PA1  e. a float conduit depending from the float and slidably mounted on the
      inlet conduit,
PA1  f. means in the float conduit operatively engagable with the valve upon
      vertical movement of the float,
PA1  g. a generally upstanding solvent discharge conduit in the housing,
PA1  h. submersible means connected to the float, the submersible means being
      engagable and disengagable with the top of the solvent discharge conduit
      upon vertical movement of the float to prevent discharge of solvent from
      the housing when engaged to the outlet conduit.
NUM  9.
PAR  9. An automatic feeder comprising:
PA1  a. the structure in accordance with claim 8 in which,
PA1  b. the said submersible means close the solvent discharge conduit only
      after the level of solvent in the housing is beneath the lowermost level
      of solute in the housing.
NUM  10.
PAR  10. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 5, in which
PA1  b. said cooperatively engagable means include an opening in the top of the
      housing shaped and dimensioned to freely receive the canister to at least
      the level of lowermost of said cooperatively engagable means on the
      canister,
PA1  c. said cooperatively engagable means being engagable and disengagable upon
      rotation of the canister with respect to the opening in the top of the
      housing, the canister being freely movable through said opening
      intermediate the said means on the canister.
NUM  11.
PAR  11. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 10, in which
PA1  b. the canister includes an elongated hollow body open at the bottom and
      internally shaped and dimensioned to receive and support a plurality of
      vertically stacked solid solute tablets, and, in which
PA1  c. the said cooperatively engagable means on the canister include at least
      two external radial enlargements on the side of the canister, one above
      the other, and in which
PA1  d. the said cooperatively engagable means on the housing include at least
      one radial enlargement in the said opening in the top of the housing
      through which at least the lowermost of said radially enlargements on the
      canister will pass when in vertical registration, at least the uppermost
      of said enlargement on the canister being engagable with said opening in
      the top of the housing.
NUM  12.
PAR  12. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 10 in which
PA1  b. the opening in the top of the housing is shaped and dimensioned relative
      to the canister to permit the escape of gas from within the housing when
      the canister is mounted in said opening.
NUM  13.
PAR  13. An automatic feeder comprising,
PA1  a. a structure in accordance with claim 11, in which
PA1  b. said cooperatively engageable means include an opening in the top of the
      housing shaped and dimensioned to freely receive the canister to at least
      the level of the lowermost of said cooperatively engageable means on the
      canister,
PA1  c. said cooperatively engageable means on the canister including (a) at
      least one lowermost radial offset on the side of the said body of the
      canister intermediate to its top and bottom, the lowermost radial offset
      being passable through the opening in the top of the housing only when in
      vertical registration with the radial enlargement in the opening on the
      top of the housing, and
PA1  d. an uppermost radial enlargement on the side of the said body positioned
      at a greater distance from the bottom thereof than the lowermost offset,
      the uppermost radial enlargement being shaped and dimensioned not to pass
      through the said opening in the top of the housing at least when the said
      uppermost radial enlargement is not in vertical registration with the
      radial enlargement in said opening.
NUM  14.
PAR  14. An automatic feeder comprising:
PA1  a. the structure in accordance with claim 13 and
PA1  b. a generally upstanding solvent discharge conduit in the housing,
PA1  c. float means in the housing vertically movable in response to changes in
      the solvent level in the housing,
PA1  d. a bottom in the float means engagable and disengagable with the top of
      the solvent discharge conduit, said float means preventing discharge of
      solvent when the said bottom is engaged to the discharge conduit.
NUM  15.
PAR  15. In an automatic feeder including a housing, means for circulating
      solvent through the housing, solid solute supply means operatively
      connected to the housing, and a valve for adjustably controlling the
      solvent level in the housing comprising:
PA1  a. an upstanding inlet conduit in the housing,
PA1  b. a valve in the top of the inlet conduit,
PA1  c. a float,
PA1  d. a float conduit depending from the float and slidably mounted on the
      inlet conduit,
PA1  e. means in the float conduit operatively engageable with the said valve
      upon vertical movement of the float,
PA1  f. a generally upstanding solvent discharge conduit in the housing,
PA1  g. submersible means connected to the float, the submersible means being
      engageable and disengageable with the top of the solvent discharge conduit
      upon vertical movement of the float, the submersible means preventing
      discharge of solvent when engaged to the solvent discharge conduit.
NUM  16.
PAR  16. A solid solute supply canister comprising
PA1  a. a hollow body open at the bottom and shaped and dimensioned to receive
      and suggest a plurality of vertically stacked solid solute tablets,
PA1  b. a plurality of solid solute tablets within the body disposed
      substantially in a row from the top to the bottom thereof,
PA1  c. internal, generally radially non-elastically expandable constriction
      means in the body in proximity to the bottom end thereof, the minimum
      internal diameter of the body at the constriction means being less than
      the maximum diameter of at least one of said tablets,
PA1  d. a plurality of radial enlargements on the external surface of the body
      generally proximal to the top thereof,
PA1  e. the said constriction means being substantially non-radially elastically
      expandable and being dimensioned to permit the gravitationally downward
      discharge of the said tablets each as substantially a unitary member when
      said tablets are sufficiently small as compared to the constriction means.
NUM  17.
PAR  17. A solid solute supply canister comprising,
PA1  a. the structure in accordance with claim 16, in which,
PA1  b. at least one of the said radial enlargements consisting of a radial
      offset on at least one side of the body.
NUM  18.
PAR  18. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 13, in which
PA1  b. the said uppermost radial enlargement on the body of the canister will
      not pass through the opening in the top of the housing irrespective of the
      annular orientation thereof with respect to the radial enlargement in said
      opening.
NUM  19.
PAR  19. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 1, in which
PA1  b. the canister includes an elongated body open at the bottom and
      internally shaped and dimensioned to receive and support a plurality of
      vertically stacked solid solute tablets,
PA1  c. an external radially enlarged offset on at least one side of the said
      body,
PA1  d. a step between the bottom of the said offset and the body of the
      canister,
PA1  e. a generally circular external radial enlargement on the body above the
      said offset,
PA1  f. the opening in the top of the housing shaped and dimensioned to pass
      through the canister at the said offset,
PA1  g. the outside diameter of the said circular enlargement being sufficiently
      greater than the minimum diameter of the opening in the top of the housing
      not to pass therethrough.
NUM  20.
PAR  20. An automatic feeder comprising,
PA1  a. the structure in accordance with claim 19, in which
PA1  b. the said offset extending upwardly to the proximity of the circular
      enlargement.
NUM  21.
PAR  21. In a feeder for automatically disolving and infusing a solid solute
      into a solvent including a feeder housing, solvent inlet and outlet means
      in the housing and valve means responsive to the solvent level in the
      housing for adjustably determining and maintaining a desired,
      substantially constant solvent level in the housing, a solid solute supply
      canister detachably mountable to the top of the housing and depending into
      the housing to adjustably predetermined varying depths, the said canister
      comprising,
PA1  a. an elongated hollow body open at the bottom and internally shaped and
      dimensioned to receive and support a plurality of vertical stacked solid
      solute tablets,
PA1  b. a plurality of vertically stacked solid solute tablets in the housing,
PA1  c. internal constriction means in the canister in proximity to the open
      bottom thereof, the internal diameter at the constriction means being less
      than the diameter of at least one of said tablets, the said constriction
      means being shaped and dimensioned to engage and retain such tablet within
      the hollow body against gravitational discharge until the said tablet has
      dissolved sufficiently to pass through said constriction,
PA1  d. the internal surface of the body being sufficiently smooth to permit the
      gravitationally induced downward indexing of tablets therein as the
      lowermost tablet is discharged through the said open bottom,
PA1  e. a plurality of external radial enlargements on the side of the body,
      generally proximal the top end thereof.
NUM  22.
PAR  22. In a feeder for automatically dissolving and infusing a solid solute
      into a solvent including a feeder housing, solvent inlet and outlet means
      in the housing and valve means to respond to the solvent level in the
      housing for adjustably determining and maintaining a desired,
      substantially constant solvent level in the housing, a solid solute supply
      canister detachably mounted to the top of the housing and depending into
      the housing to adjustably determine varying depths, the said canister
      comprising,
PA1  a. the structure in accordance with claim 21 in which
PA1  b. at least one external radial offset on the side of the canister
      intermediate its top and bottom, and
PA1  c. an external radial enlargement on the canister more proximal its top end
      than the said offset, the maximum diameter of the said radial enlargement
      being greater than the minimum diameter of the combined canister and
      offset.
NUM  23.
PAR  23. In a feeder for automatically dissolving and infusing a solid solute
      into a solvent including a feeder housing, solvent inlet and outlet means
      in the housing and for adjustably determining and maintaining a desired,
      substantially constant solvent level in the housing, a solid solute supply
      canister detachably mountable to the top of the housing and depending into
      the housing to adjustably predetermined varying depths, the said canister
      comprising,
PA1  a. the structure in accordance with claim 21, in which
PA1  b. at least one of said radial enlargements on the external surface of the
      body being generally circular, and
PA1  c. at least one pair of generally diametrically opposed radial enlargements
      on the external surface of the body more proximal to the bottom than said
      circular radial enlargement, the said pair of diametrically opposed radial
      enlargements being collectively non-circular in a plane generally
      perpendicular to the axis of the body between the top and bottom thereof;
      the minimum diameter of said pair of opposed radial enlargements being
      less than the diameter of the circular enlargement and the maximum
      diameter of said pair of opposed radial enlargements being greater than
      the diameter of the circular enlargement.
NUM  24.
PAR  24. In a feeder for automatically dissolving and infusing a solid solute
      into a solvent including a feeder housing, solvent inlet and outlet means
      in the housing and valve means responsive to the solvent level in the
      housing for adjustable determining and maintaining a desired,
      substantially constant solvent level in the housing, a solid solute supply
      canister detachably mountable to the top of the housing and depending into
      the housing to adjustable predetermined varying depths comprising,
PA1  a. the structure in accordance with claim 23, in which
PA1  b. the uppermost radial enlargement is a circular rib.
NUM  25.
PAR  25. A solid solute supply canister comprising,
PA1  a. the structure in accordance with claim 16, and,
PA1  b. at least one external radial offset on the side of the canister
      intermediate its top and bottom, and
PA1  c. an external radial enlargement on the canister more proximal to its top
      and than the said offset, the maximum diameter of said radial enlargement
      being greater than the minimum diameter of the combined canister and
      offset.
NUM  26.
PAR  26. A solid solute supply canister comprising,
PA1  a. the structure in accordance with claim 16, and
PA1  b. at least one of said radial enlargements on the external surface of the
      body being generally circular, and
PA1  c. at least one pair of generally diametrically opposed radial enlargements
      on the external surface of the body more proximal to the bottom than said
      circular radial enlargement, the said pair of diametrically opposed radial
      enlargements being collectively non-circular in a plane generally
      perpendicular to the axis of the body between the top and bottom thereof;
      the minimum diameter of said pair of opposed radial enlargements being
      less than the diameter of the circular enlargement and the maximum
      diameter of said pair of opposed radial enlargements being greater than
      the diameter of the circular enlargement.
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ABST
PAL  A container made of flexible, resilient material such as polyethylene has a
      wall formed into plural spirally extending flutes. The bottom of the
      container has an integrally formed inwardly directed cup-shaped
      protuberance for substantially completely expelling the contents when the
      container is collapsed. The spiral angle of the flutes is preferably
      30.degree. and the flutes are inwardly directed and unobstructed at the
      top dispensing opening.
PARN
PAR  A method and apparatus for making the container is disclosed in my
      copending application, Ser. No. 167,715 filed July 30, 1971, now U.S. Pat.
      No. 3,819,789 issued June 25, 1974 of which this case is a continuation in
      part. U.S. Pat. No. 3,819,789 is itself a continuation in part of
      abandoned application Ser. No. 832,257 filed June 11, 1969.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My prior U.S. Pat. Nos. 2,723,779 and 2,899,110 show plastic dispensing
      containers having spiral flutes.
PAR  It is the object of this invention to provide an improved container of this
      general type which can be cheaply made as an integral product by blow
      molding, which will be easy to use, will efficiently dispense its entire
      contents and will be attractive in appearance.
PAC  SUMMARY OF THE INVENTION
PAR  The container of the invention is an integral blow molded structure made of
      any suitable material to be flexible and resilient, the material
      preferably being a plastic and specifically polyethylene.
PAR  The container is particularly designed for dispensing viscous material,
      such as mayonnaise, peanut butter, sandwich spreads, cheeses, and the
      like, but obviously it is adapted to dispense any flowable material.
PAR  The principal characteristics of the container are the plural spiral
      longitudinal flutes on the walls of the container which act to
      mechanically thrust the contents of the container out of its dispensing
      opening when the container is collapsed with a twisting motion, which may
      be caused by a simple longitudinal force. The flutes have a spiral angle
      of about 30.degree. and are so arranged as to efficiently cause the
      material to flow from the base of the container to the dispensing opening.
      An integrally formed expeller acts to substantially completely empty the
      container when in fully collapsed condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a container.
PAR  FIG. 2 is a top plan view of the container.
PAR  FIG. 3 is a section on line 3--3 of FIG. 1.
PAR  FIG. 4 is a cut away perspective view of the inside of the top part of the
      container.
PAR  FIG. 5 is a cut away perspective view of the inside of the bottom part of
      the container, the impeller being cut away.
PAR  FIG. 6 is a fragmentary section of the container wall showing a lining.
PAR  FIG. 7 is a view similar to FIG. 3 but showing the container collapsed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The container 1 has a base 2, a top conical shoulder portion 3 and a body
      portion 4 extending between the base 2 and shoulder 3. Extending upwardly
      from shoulder 3 is a dispensing neck 4 having a relatively wide inside
      diameter and forming a dispensing outlet conduit 5. The outside of neck 4
      has threads 6 and an annular stop 7 for cooperation with threads on a cap
      8 shown in dotted lines.
PAR  The wall 9 of body portion 4 is formed with six or more external spiral
      flutes or channels 10 and six or more internal spiral flutes or channels
      11. The contiguous flutes have outer apices 12, inner apices 13, upwardly
      and inwardly sloping walls 14 and upwardly and outwardly sloping walls 15.
      Thus each external spiral flute comprises a wall 14 and 15 meeting at an
      inner apex 13 and each internal flute comprises a wall 14 and 15 meeting
      at an outer apex 12.
PAR  The external apices 12 start from points 16 at shoulder 3 and end at points
      17 in base 2 such that in plan view each apex makes approximately one
      complete circle. Thus each flute or channel also makes approximately one
      complete turn or circle in plan view.
PAR  The slope of the apices and flutes is such that the spiral angle S which an
      apex makes with the horizontal is about 30.degree.. In other words, a line
      18 drawn tangent to an apex at any point in the main body portion 4 makes
      an angle S with a horizontal surface 19 which is approximately 30.degree..
PAR  While the angle S is preferably 30.degree., such is not absolutely
      necessary and satisfactory performance may be had with angles varying from
      25.degree. to 35.degree..
PAR  The width W of each of the external and internal flutes, measured
      perpendicular to the line 18, is approximately equal for all of the flutes
      and is constant in the main portion of the flutes between those locations
      where the walls of the flutes intersect the top shoulder 3 and base 2 and
      the flutes may change character as they merge into the shoulder and the
      base.
PAR  The depth D of each of the internal and external flutes is approximately
      equal for all of the flutes and is constant for the main portions of the
      flutes between locations where they merge into the shoulder 3 and base 2.
PAR  The angle B and angle C made by the intersection of walls 14, 15 with the
      horizontal plane 20 between the locations where the flutes merge with the
      shoulder 3 and base 2 is each approximately 30.degree.. The angles B and C
      are formed by the intersections of a vertical plane with the walls 14 and
      15 and with a horizontal plane 20.
PAR  The base 2 has an annular support portion 21, a conical upwardly and
      inwardly sloping part 22, a conical upwardly and outwardly sloping part 23
      and a final conical upwardly and inwardly sloping part 24. Parts 22 and 23
      form an external annular, horizontal groove 25. The groove 25 is
      particularly useful during the filling of the container. As part of the
      filling operation, the container is guided during conveying movement by
      rods which engage the groove 25 at opposite sides.
PAR  Wall 14 of each flute intersects conical part 24 at a curved line 26 and
      wall 15 of each flute intersects conical part 24 at a curved line 27. Thus
      a portion 28 of part 24 between lines 26 and 27 forms a terminal portion
      of each interior flute 11 to guide material in the container at the base
      into the unobstructed flutes or channels.
PAR  The top annular shoulder 3 forms an annular conical surface sloping upwards
      and inwards towards the neck 4. As the external apices 12 approach the
      shoulder 3 they turn spirally inwardly at points 29 so that the points 30
      of the conical surface where the apices 12 start to merge with the surface
      are spaced radially inwardly a small amount from the points 29 on the
      outer circumference of apices 12, as seen in plan view in FIG. 2. Apices
      12 also extend spirally upwardly and radially inwardly as they intersect
      the conical surface of shoulder 3 along spiral lines 31 from points 30 to
      points 32 which are radially inward of points 30 and radially outward of
      neck 4. Thus the internal flutes or channels 11 are directed upwardly and
      also radially inwardly towards the dispensing conduit 5. As seen in FIG. 4
      the tapering top terminal portion 33 of a flute or channel 11 is composed
      of a wall 15 and the inner conical surface 34 of shoulder 3 between points
      30 and 32, both of the walls of this portion of the flute being directed
      upwardly and inwardly towards the central conduit 5.
PAR  Extending upwardly from annular support portion 21 is an expeller or inward
      protuberance 35. The expeller 35 has a cylindrical portion 36 whose outer
      wall makes sliding contact with apices 13 when the container is collapsed
      as shown in FIG. 7. The top of the expeller 35 is a convex top wall 37
      which fits against the top of the container as shown in FIG. 7 when the
      container is collapsed. Thus, the expeller 35 in combination with the
      collapsible flutes acts to dispense substantially all the container
      contents.
PAR  Since polyethylene, the preferred material of which the container is made,
      is permeable to oxygen, it is desirable to use an impermeable liner when
      dispensing certain meterials. For example, an impermeable liner is
      desirable for use in dispensing foodstuffs to prevent change in their
      quality and taste as well as other materials which have a fragrance or
      flavor which needs to be maintained in its original packaged condition
      until completely used. A preferred liner is Saran, a vinyl
      chloride-vinylidene chloride copolymer. A coating 38 of Saran 40 is placed
      on the interior of the container by pouring into the container a liquid
      formulation of Saran and then pouring it out as it cools. The flutes of
      the wall of the container aid materially in maintaining the Saran in
      adherence to the container wall since they impede flow.
PAR  The dimensional relationships of the various parts of the container are
      important in achieving satisfactory dispensing operation having in mind
      the material to be dispensed. The bottle illustrated is particularly
      designed to dispense a viscous material. The overall height of the bottle
      is about 4 7/32 inches, the length of the neck is about 21/32 of an inch,
      the length of the flute portion is about 3 1/16 inches, the overall width
      is about 2 1/4 inches, the diameter of dispensing conduit 5 is about 1
      1/16 inches, the diameter of the lowest part of the base is about 1 26/32
      inches, the width W of a flute is about 13/32 of an inch, the depth D of a
      flute is about 10/32 of an inch, and the breadth of a wall of a flute is
      about 13/32 of an inch. The wall thickness of the flutes averages about
      1/32 of an inch and is considerably thicker at the inner apices 13 than at
      the outer apices 12. This variation in thickness of the walls and apices
      of the flutes or channels is illustrated in FIG. 6. The other FIGS. are
      more schematic in nature.
PAR  The number of the flutes may vary from 5 through 9 and the width and depth
      of the flutes may vary widely depending on the kind of material dispensed
      and the size of the container. The angles C and B may vary to some extent
      and need not be equal, but 30.degree. has been found to be very
      satisfactory.
PAR  The slope angle S of the spirals is the most important characteristic for
      satisfactory dispensing with the proper amount of twisting motion during
      longitudinal collapse of the container. As stated before, the preferred
      angle is 30.degree. and the angle should be in the range of 25.degree.
      through 35.degree..
PAR  In use, the container may be collapsed to the condition shown in FIG. 7 by
      merely squeezing it between the fingers and thumb of one's hand applied to
      shoulder 3 and base 2. It will be noted that in the collapsed condition,
      the flutes assume a cup shape with the lower portion of the flutes cupped
      up and the upper portion of the flutes cupped down. Pressure thus applied
      along the longitudinal axis will cause the wall of the container to twist
      and collapse the flutes. Of course, alternatively in a larger container,
      it may be collapsed by an applied twisting motion, but generally it is
      more convenient in small containers to cause collapse by a simple axial
      pressure, the base of the container twisting while in contact with the
      thumb.
PAR  As the flutes collapse, the material in flutes 11 is mechanically thrust
      spirally upwardly and at the top part of the flutes also inwardly towards
      neck 4, as previously described, thus causing a smooth unobstructed flow
      of material into dispensing conduit 5. Expeller 35 also mechanically
      thrusts out the material in the center of the container.
PAR  The described container is particularly well suited to the dispensing of
      viscous materials such as cold cream, toothpaste, peanut butter, processed
      cheese or the like. When used with such contents the resilience of the
      container is such that after partial collapse to dispense some of the
      contents, the container does not return to its original shape. The
      material climbs the spiral flutes and is retained at any particular
      elevation by the apices of the flutes. This is a desirable feature since
      it prevents air from being sucked into the container. If after partially
      dispensing cold cream, for example, air were sucked into the container, on
      a subsequent dispensing the air would mix with the contents and the
      smooth, uniform character of the cold cream would be marred on subsequent
      dispensing.
PAR  Obviously, the container may be used to dispense many other materials than
      those named, for example, greases, caulking compounds, and
      pharmaceuticals. The container may also serve as a discardable carrier for
      a hypodermic needle, or for aerosols. In short, the possible uses are
      extremely numerous.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integral container for dispensing viscous material, said container
      being made of yieldable material and comprising a top shoulder portion
      having a dispensing opening, a base portion and a body portion extending
      between said shoulder and said base portion, a plurality of contiguous
      external channels and contiguous internal channels in the wall of the body
      portion, each channel extending spirally and continuously from the
      shoulder portion to the base portion, each of said channels having a
      spiral slope angle in the range of 25.degree. through 35.degree., said
      spirally extending channels causing said container to collapse with a
      twisting motion to mechanically thrust the contents of the container out
      of the dispensing opening when the container is subjected to a compressing
      force directed along its longitudinal axis, said container assuming a
      distended position when empty of contents and the resilience of the
      material of which the container is made being such that when the container
      is partially collapsed to dispense some of its contents through the
      dispensing opening the container remains in the position to which it was
      collapsed even though the dispensing opening is unobstructed, thus
      preventing air from being sucked into the container.
NUM  2.
PAR  2. An integral container made of yieldable material comprising a top
      shoulder portion having a dispensing opening, a base portion and a body
      portion extending between said shoulder portion and said base portion, a
      plurality of contiguous external channels and contiguous internal channels
      in the wall of the body portion, each channel extending spirally and
      continuously from the shoulder portion to the base portion, each of said
      channels having a spiral slope angle in the range of 25.degree. through
      35.degree., said spirally extending channels causing said container to
      collapse with a twisting motion to mechanically thrust the contents of the
      container out of the dispensing opening when the container is subjected to
      a compressive force directed along its longitudinal axis, each of said
      channels comprising a longitudinally extending apex and longitudinally
      extending side walls, said top shoulder portion having a conical upwardly
      and inwardly sloping surface and the channels merging into said surface so
      as to form tapering continuation internal channels in said surface, the
      apex of said tapering continuation internal channels extending
      longitudinally inwardly as well as spirally upwardly and the top shoulder
      portion forming one wall of each of said tapering continuation internal
      channels, said tapering continuation internal channels presenting
      unobstructed passages toward said dispensing opening.
NUM  3.
PAR  3. A container as claimed in claim 2 wherein each of said channels extends
      at a constant radius to the longitudinal axis of the container from the
      base portion to a point near the top sloping shoulder portion but beyond
      the limits of said top portion and then extends radially and spirally
      inwardly from said point as it merges into said sloping shoulder portion.
NUM  4.
PAR  4. A container as claimed in claim 2 wherein the base portion comprises an
      inwardly and upwardly sloping conical surface and the channels merge with
      said surface to present unobstructed passages for the entrance of material
      into said flutes.
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ABST
PAL  A dispenser for paste or viscous liquid in tubes, which may be either
      counter or wall mounted. A pair of cooperating rollers having having a set
      of central meshing teeth are adapted to receive a tube. The rollers are
      mounted in a supporting bracket adapted to slide within a case. The case
      comprises two identically configured portions which are hinged together,
      and are provided with locking means to contain the bracket, and tube in
      position therewithin. Rotation of a projecting knob causes the contents of
      the tube to be dispensed. The provision of projecting teeth on the
      cooperating rollers ensures the elimination of any possibility of slippage
      or jamming of the tube.
BSUM
PAR  This invention relates to a dispenser for pastes such as toothpaste and the
      like, or viscous liquids, and while a principal application of the
      dispenser according to the invention will be by householders, it will be
      equally useful in laboratories, hospitals, dental clinics, and the like,
      where it is necessary to dispense measured quantities of pastes and
      viscous liquids.
PAR  Many attempts have been made in the past to provide a dispenser for
      toothpaste and the like, whereby a controlled quantity of paste is
      dispensed by pushing a crank, rotating a knob, or the like. All of the
      prior art apparati have had disadvantages of one sort or another. For
      example, dispensers devised in the past are not capable of use with tubes
      of various sizes, including tubes having variations in wall thicknesses.
      Further, paste dispensers devised in the past, without exception, have the
      great disadvantage that they are operable only with a tube of
      predetermined wall thickness. If a tube of greater wall thickness is
      inserted into devices for dispensing paste as devised in the past, having
      cooperating squeezing rollers or the like, the wall thickness of such
      tubes will not be accepted by the dispenser. Moreover, if the wall
      thickness of a tube is of lesser wall thickness than the apparatus is
      designed to accommodate, then slippage is inevitable.
PAC  PRIOR ART
PAR  All of the prior art dispensers employing a pair of cooperating rollers
      make it extremely difficult to start a new tube of paste. In other words,
      a great deal of manual dexterity is required by the user in order to start
      the tube in alignment with the rollers, and in fact to force the tube to
      be engaged between the squeezing rotating rollers. Additionally, all of
      the prior art attempts to provide a dispenser for tubes of paste are
      designed so as to make it impossible to re-use the cap which is provided
      with the tube of paste when purchased. Applicant's invention overcomes
      both of these disadvantages.
PAR  Applicant has reviewed the prior art found in the Canadian and United
      States Patent Offices, and the following patents have been carefully
      considered, but found wanting as follows:
PAR  U.S. Pat. No. 3,197,072, July 27, 1965 -- Dick
PAR  The most obvious disadvantage is that the diameter of the squeezing rollers
      is greater than the diameter of the pinions whereby one revolution of the
      pinion will advance the squeezing mechanism along the racks more slowly
      than the simultaneous rotation of the squeezing rollers whereby the tube
      is urged upwardly into the case, making the paste orifice inaccessible for
      use. In other words the different pitch on the roller as compared to the
      racks creates an engineering problem which is insurmountable. The Dick
      patent also has the disadvantage of most of the prior art in that the
      space between the squeezing rollers is fixed, thus limiting the usefulness
      of the device, if in fact it is operable, as discussed above, to a tube of
      a single wall thickness and a tube containing paste of a predetermined
      viscosity.
PAR  U.S. Pat. No. 2,876,934, Mar. 10, 1959 -- Brim
PAR  Again, the space between the cooperating squeezing rollers is fixed
      limiting the usefulness of the device to a tube having a predetermined wal
      thickness and the contents of which have a predetermined viscosity. Thus,
      should a tube having a thinner wall thickness be inserted slippage is
      inevitable and inoperability the result. Further, if the contents of a
      dispensing tube are of high viscosity the small amount of mechanical
      advantage provided on the ratchet mechanism of the Brim patent results in
      a complete failure to dispense.
PAR  U.S. Pat. No. 3,198,389, Aug. 3, 1965 -- Dunning
PAR  This electically powered dispensing cabinet is again handicapped by the
      fixed space between the squeezing rollers whereby the wall thickness of
      the tube and the viscosity of the contents must be within predetermined
      limits or slippage occurs on the one hand or jamming occurs on the other,
      and in either event damage to the motor is inevitable.
PAR  U.S. Pat. No. 3,263,862, Aug. 2, 1966 (corresponding to Canadian Patent No.
      743,429, Sept. 27, 1966 -- Tazzeo)
PAR  A single roller is mounted with a rack at one end and a longitudinal
      cooperating pinion, the roller acting against a flexible plate which in
      turn acts against a tube. While squeezing of the tube is effected only
      from one side, again slippage will occur in the event of a relatively
      thin-walled tube, and blockage will occur in the event of a thick-walled
      tube, or in the case of contents of high viscosity. Moreover, if the
      viscosity of the tube contents is high when the squeezing roller is
      released there is an immediate tendency for the tube contents to reverse
      the roller, that is, for the roller to back up requiring further
      unnecessary rotation when the dispenser is next used.
PAR  U.S. Pat. No. 3,586,213, June 22, 1971 -- Gill
PAR  While the apparatus of the Gill patent will theoretically operate on tubes
      of various wall thicknesses, even tubes of relatively thin-wall
      construction require the operator to exert great force in rotating the
      operating handle, and equally great force is required in restraining the
      pparatus itself. The Gill device results in the tube wall being molded as
      it is emptied into a zig-zag transverse configuration and this effect in
      combination with the resistance of the viscous paste within the tube adds
      to the relatively great amount of brute strength required to operate.
      Moreover the hinged U-shaped structure of the frame is designed to spring
      open between uses, making it a critical factor when the tube is again to
      be used, inasmuch as the tube must be placed in precise alignment with the
      grooves and ridges on the cooperating rollers, if wastage is not to occur.
PAR  U.S. Pat. No. 3,501,054, Mar. 17, 1970 -- Maurice
PAR  A pair of cooperating spring-loaded pinions together with a relatively
      complex mounting mechanism, combined with a lever arrangement against
      which the bristiles of a tooth brush are pushed in order to effect
      rotation of the squeezing rollers would appear to limit the effectiveness
      of the device to tubes having substantially liquid contents, that is,
      contents of extremely low viscosity. Moreover because the rollers are
      spring-loaded on one side only and in fixed position on the opposite side,
      when the viscosity of the tube contents is of any substance then the
      rollers will tend to separate on the spring-loaded side and remain fixed
      on the opposite side, with two results, namely, then only partial tube
      emptying will occur and eventual jamming of the tube as it is urged only
      on one of its sides will occur.
PAR  Canadian Patent No. 448,378, May 11, 1949 -- Davis
PAR  An opposed pair of rack and pinions is designed to receive a tube with the
      principal disadvantage that, again, a tube of only a predetermined wall
      thickness and having contents of a predetermined viscosity will
      effectively be emptied. More importantly, initial insertion of a tube
      between the cooperating pinions must occur with the pinions at the rear of
      the case, making it extremely difficult to ensure that the tube is
      properly aligned with the pinions.
PAR  Canadian Patent No. 463,370, Feb. 18, 1950 -- Davis
PAR  This dispenser essentially comprises a pair of cooperating rollers fixed
      near the mouth of a small cabinet, and the tube of toothpaste is initially
      engaged between the rollers, and dangles downwardly therefrom. The tube is
      therefore in an unstable position, during use, and again, the fixed
      rollers limit the usefulness of the dispenser to tubes of predetermined
      wall thickness and content viscosity. Moreover the rubber-coated rollers
      further restrict the certainty of the tube being drawn up into the
      cabinet. Additionally only one of the cooperating rollers is rotated, in
      the expectation that the tube will be pressed against the other roller to
      ensure the tube advancing, removing any certainty from the action of the
      apparatus.
PAR  Canadian Patent No. 694,584, Sept. 22, 1964 -- Cieslak
PAR  A pair of cooperating rollers one of which is engaged at both ends by means
      of a rack and pinion arrangement are adapted to receive a tube, but it is
      necessary to rotate one of the rollers in a direction opposite to the
      direction of flow of the tube contents. Thus, the operation of the device
      tends to work against itself. Here again the spacing between the
      cooperating rollers limits the usefulness of the device to tubes of
      predetermined wall thickness and contents of predetermined viscosity.
      Equally important the roller which is manually rotated will tend to be
      urged out of engagement with the second and cooperating roller and engaged
      with a pair of racks. Thus the disadvantage of this patent are palpable.
PAR  U.S. Pat. No. 3,289,893, Dec. 6, 1966 -- Vance et al.
PAR  A dispenser for tubes having a pair of cooperating rollers one of which is
      adapted to be manually rotated requires, however, that the nozzle of the
      tube which is being dispensed be pinned in place within a casing. The
      obvious disadvantage of this structure is that tubes having contents of
      high viscosity or undue wall thickness will tend to be pulled inwardly
      within the case against the minimum restraining action of the pins which
      are designed to hold it in position. In the event that the tube thickness
      and/or the contents are of relatively low viscosity the rollers designed
      to slide within the casing and simultaneously squeeze the tube will tend
      to slip, again eliminating operability.
PAR  It is therefore the object of this invention to eliminate all of the
      disadvantages of prior art structures, and to provide a dispenser for
      tubes which is of simple and inexpensive construction.
PAR  A further object is to provide a dispenser for paste or viscous liquid in
      tubes comprising in combination a pair of identically formed case sections
      hingedly mounted at one end, and adapted to receive a roller assembly
      comprising a U-shaped bracket and a pair of cooperating rollers mounted
      therein; means to rotate said roller assembly projecting interiorlly of
      said case sections; a longitudinal rack mounted at one side of each said
      case sections; a longitudinal track provided in each of said case sections
      near the longitudinal edges thereof; and locking means to maintain said
      case sections in closed position.
DRWD
PAR  Reference will now be made to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of paste dispenser according to the invention,
      in open position, with a tube paste being shown in broken lines;
PAR  FIG. 2 is a side elevation of the dispenser of FIG. 1, in closed position;
PAR  FIG. 3 is a fragmentary perspective view of the dispenser hinge; and
PAR  FIG. 4 is a fragmentary perspective, in enlarged scale, of the squeezing
      rollers, in assembled position within the dispenser.
PAR  Detailed reference will now be made to the drawings, wherein like numbers
      will identify like parts.
DETD
PAR  Referring to FIG. 1, a dispenser case comprises two identical portions 10
      and 12, hinged together at one end, at 14. Case portion 12 is seen to have
      a longitudinal rack 16 mounted therein at one side thereof. A
      corresponding rack 18 provided in case section 10 is also visible. A
      roller assembly indicated generally at 20 is mounted in case section 10,
      and includes a pair of rollers 22 and 24, and a manually rotatable knob
      26, projecting outside the case on one side thereof.
PAR  Case section 12 is provided with a sliding locking member 28, adapted to be
      pushed in the direction of arrow 28a, to engage lug 28b, and lug 28c
      projecting from the side of case section 10, when case sections 10 and 12
      are in closed position. A corresponding sliding locking member 30 is shown
      mounted on the side of the case remote from locking member 28. As seen in
      FIG. 2, locking member 28 is in locked position, and lugs 28b and 28c are
      engaged thereby in order to maintain case sections 10 and 12 in closed
      position.
PAR  Referring again to FIG. 1, a tube of paste 32 is seen mounted in case
      section 10, with its orifice 34 projecting through the end of case section
      10 remote from hinge 14, and the end of tube 32 remote from orifice 34
      being engaged between rollers 22 and 24.
PAR  The hinge assembly illustrated in FIG. 3 is believed to be self explanatory
      to one skilled in the art. it should be underlined that the portions of
      the hinge assembly integral with case portion 10 are identical with the
      corresponding hinge portions integral with case portion 12. In this as in
      all other regards, case portions 10 and 12 are of identical configuration,
      and may conveniently be constructed in the same mold.
PAR  Referring now to FIG. 4, the roller assembly comprising rollers 22 and 24
      is illustrated in enlarged scale. Rollers 22 and 24 are mounted for
      rotation in a U-frame indicated generally at 36, and comprising two
      sidewalls 38 and 40 and a pair of connecting rear bars 40 and 42. Walls 38
      and 40 are each provided with a pair of aligned bearing holes, adapted to
      receive axles projecting from rollers 22 and 24. Roller 22 is provided
      with an integral extension, terminating in knob 26, and having a gear 44
      adapted to engagement for rack 18. Roller 24 has an integral axle 24a
      extending therefrom on the side opposite from knob 26, axle 24a
      terminating in a gear 24b adapted for engagement in rack 16.
PAR  Walls 38 and 40 of U-bracket are adapted for longitudinal movement within
      case sections 10 and 12 in tracks provided therein. Track 46 is
      illustrated on the bottom interior of case section 10, and tracks 48 and
      50 are illustrated on the inner top of case section 12.
PAR  Rollers 22 and 24 are provided with outwardly projecting central teeth 52
      and 54, respectively, teeth 52 and 54 being closely intermeshed, while
      there is enough space between rollers 22 and 24 to accommodate a tube
      having walls of all thicknesses available on the market. In order to
      maintain rollers 22 and 24 so that teeth 52 and 54 remain intermeshed,
      rollers 24 are held on U-bracket 36 by means of spring clips, one of which
      is illustrated at 24c at one end of roller 24.
PAR  In operation, case sections 10 and 12 are opened by sliding locking member
      28 in the direction opposite to that of arrow 28a, until lugs 28b and 28c
      are free, and corresponding lugs on the opposite side of the case are also
      freed of locking member 30. Roller assembly 20 is placed in tracks 46 and
      an identical track in case section 10 not illustrated, near the interior
      end thereof. A tube such as tube 32 is placed in case section 10 with its
      orifice 34 projecting from the end thereof, and the opposite end of tube
      32 is engaged between rollers 22 and 24, and as seen in FIG. 1 the end of
      tube 32 will extend between bars 40 and 42 as the tube is emptied.
PAR  In the case of tubes manufactured of metal, it will normally be necessary
      to undo the sealing flange at the base thereof. This is easily
      accomplished using a thumbnail or the like. Happily, many manufacturers of
      paste are now utilizing tubes of plastics, which are seamless, and
      therefore it is a simple matter to engage the end thereof between rollers
      22 and 24. As the tube is started between rollers 22 and 24, cooperating
      teeth 52 and 54 will firmly engage the longitudinal centre of tube 32, and
      in fact in the case of tubes of metal, slight punctures occur. It is this
      firm engagement by teeth 52 and 54 which ensures the elimination of any
      possibility of slippage of tube 32 during operation of the dispenser, and
      also ensures that tubes of relatively great wall thickness will
      nevertheless be engaged by rollers 22 and 24.
PAR  Case sections 10 and 12 are then closed, and locked by means of locking
      members 28 and 30 on lugs 28b and 28c, and 30b and 30c, respectively.
      Rotation of knob 26 will cause roller assembly 20 to advance toward tube
      nozzle 34, effectively squeezing the contents therefrom through orifice
      34.
PAR  Referring again to FIG. 4, it will be seen that rotation of knob 26 causes
      gear 44 to advance along rack 18, and simultaneously to cause teeth 52 and
      54 to rotate, thus causing gear 24b of roller 24 to advance a
      corresponding distance in rack 16. Thus, roller assembly 20 is urged to
      advance by firm engagement with racks 18 and 16, and within tracks 46, 48,
      50 and a further track now illustrated provided in the base of section 10
      directly beneath track 50 of case section 12.
PAR  As illustrated in the drawings, roller assembly 20 is shown with knob 26
      projecting from the right side thereof, and is therefore conveniently
      mounted for use by a right-handed person. Inasmuch as case section 10 and
      12 are of identical configuration, it will be appreciated that roller
      assembly 20 may be lifted from case section 10, and reversed, whereby knob
      26 will project from the left-hand side thereof, a convenient position
      left-handed a left1handed person. It will also be appreciated that, if
      desired, a number of roller assemblies 20 may be provided with a single
      case, whereby tubes having different contents may be quickly and easily
      inserted in the case, for example, in a laboratory or dental application.
      In other words, for purposes of economy, a number of tubes may be stored
      within a roller assembly, and then quickly inserted or removed from a
      single case, as required.
PAR  As nozzle 34 of tube 32 projects through the end of case portions 10 and
      12, during use, it will be evident that the original tube cap provided on
      purchase may be replaced on the tube after each use, for purposes of
      hygiene.
PAR  It will be seen that because case sections 10 and 12 are of identical
      configuration rollers 22 and 24 are of identical configuration, and the
      projecting gears 44 and 24b project uniformly from the roller assembly 20
      that manufacture of the dispenser according to the invention is made both
      simpler and less expensive inasmuch as a minimum of tooling is required.
      In other words, roller assembly 20 comprises U-bracket 36, and rollers 22
      and 24, both of which will have one axle extending therefrom, one of which
      will support knob 26, the other of which need merely be cut close to gear
      24b. Case sections 20 and 12 as has already been mentioned are identical,
      and a single mold is therefore required.
PAR  It has been found that great variations in tube wall thicknesses have no
      adverse effect on the operation of the dispenser according to the
      invention. Moreover, it has been found that tubes containing paste of
      relatively great viscosity, such as is required in some dental
      applications and in many laboratory applications are also effectively
      dispensed in relatively small quantities, or as desired.
PAR  The foregoing is by way of example only and the invention should be limited
      only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dispenser for paste or viscous liquids in tubes, comprising in
      combination:
PA1  a pair of identically formed generally rectangular case sections hingedly
      connected together at one end;
PA1  a pair of cooperating rollers mounted in a U-shaped bracket, said U-shaped
      bracket and rollers comprising a roller assembly being adapted for
      transverse reception within said case sections;
PA1  means, on one of said rollers to rotate said roller assembly, projecting
      exteriorly of said case sections;
PA1  a longitudinal rack mounted at one side of each of said case sections;
PA1  a longitudinal track provided in each of said case sections near the
      longitudinal edges thereof;
PA1  said roller assembly including a pair of gears, one gear on each side
      thereof, adapted for engagement in said longitudinal racks, one of said
      gears being directly connected to said means to rotate said roller
      assembly;
PA1  locking means to maintain said case sections in closed position; and
PA1  said pair of rollers each having a set of teeth projecting therefrom,
      centrally thereon, said teeth closely intermeshing when said rollers are
      rotated in said bracket.
NUM  2.
PAR  2. A dispenser according to claim 1, said roller assembly being adapted to
      engage one end of a tube, the other end of said tube being adapted to
      project through an opening in said case sections while in closed position,
      whereby rotation of said means to rotate said roller assembly will
      forceably extrude the contents of said rube through said orifice.
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ABST
PAL  A collapsible plastic tube comprising a laminate of an inner ply and an
      outer ply, the inner ply being a heat flowable nonoriented thermoplastic
      polymer and the outer ply being a heat flowable, oriented, shrunk
      thermoplastic polymer.
PARN
PAR  This is a division of application Ser. No. 453,314 filed Mar. 21, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a collapsible plastic tube excellently
      adapted for preparing collapsible packaging and dispensing tubes for
      foodstuff such as mustard paste, ketchup, chutney, mayonnaise, and the
      like. The collapsible plastic tube of this invention is also excellently
      adapted for making packaging and dispensing tubes for items such as
      toothpaste, shaving cream, lubricating greases, medicinal pastes,
      ointments, and the like. Other materials which can be packaged in said
      collapsible tube and other uses for said tube will be readily apparent to
      those skilled in the art.
PAR  It is well known that when a portion of a material such as mustard paste,
      ketchup, shaving cream, or the like is squeezed out of a metal (e.g., tin
      or aluminum) packaging and dispensing tube, the tube remains collapsed and
      does not reexpand and does not suck air into itself (the tube) when
      pressure thereon is released. It is also well known that, when a portion
      of ketchup (or the like) is squeezed from a conventional plastic packaging
      and dispensing tube, the tube reexapnds when the squeezing pressure is
      released. On reexpanding air is sucked into the plastic tube. The thus
      included air is expelled along with the ketchup when a further portion of
      ketchup is squeezed from the tube. Expelling such air along with the
      ketchup can cause the ketchup to "spray" onto one's clothing and/or onto
      other people. Also, included air can cause contamination and oxidation of
      material in the tube with consequent deterioration.
PAR  Dispensing and packaging tubes (such as toothpaste tubes, ketchup tubes,
      and the like) made from the collapsible tube of this invention remain
      collapsed and neither reexpand nor draw in air when; (a) a portion of
      material (e.g., ketchup, chutney, toothpaste, shaving cream, or the like)
      contained therein is dispensed therefrom by squeezing with gentle
      pressure; and (b) the squeezing pressure is released. Hence said
      collapsible tube is an excellent replacement for metal tubes for packaging
      items such as ketchup, mustard paste, chutney, shaving cream, toothpaste,
      and the like.
PAR  U.S. Pat. No. 3,491,799 (Foll, 138/137) and U.S. Pat. No. 3,600,487
      (Zavasnik, 264/89) teach methods for preparing laminated plastic tubes.
PAC  SUMMARY
PAR  In summary, this invention is directed to a collapsible plastic tube
      comprising a laminate of an inner ply (2 of FIG. 1) and an outer ply (3 of
      FIG. 1) the inner ply being a heat flowable, nonoriented, nonshrunk
      thermoplastic polymer and the outer ply being a heat flowable, oriented,
      shrunk thermoplastic polymer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of the collapsible plastic tube described in the
      above summary.
PAR  FIG. 2 is a cross section of a collapsible plastic tube comprising a
      laminate of an inner ply 2 of an extrudable nonoriented plastic and an
      outer ply 3 of a heat flowable oriented shrunk plastic with a bonding
      agent 5 between said plys.
PAR  FIG. 3 is a cross section of a collapsible plastic tube comprising a heat
      flowable oriented plastic tube having a nonshrunk (or unshrunk) inner
      portion 9 and a shrunk outer portion 7.
PAR  FIG. 4 is a schematic representation of an apparatus and method for making
      the collapsible plastic tube shown in FIG. 1.
PAR  FIG. 5 is a detailed view of the die face and the initial section of the
      sizing zone of FIG. 4.
PAR  FIG. 6 is a schematic diagram of an alternative method for making the
      collapsible tube of FIG. 1.
PAR  FIG. 7 is a schematic diagram of a method for making the collapsible
      plastic tube of FIG. 2.
PAR  FIG. 8 is a cross section of a collapsible tube 100 comprising a tube 101
      made of a heat flowable thermoplastic within a tight fitting elastomeric
      sleeve 102.
PAR  FIG. 9 is a toothpaste container 105 with the top portion cut away. Said
      container is filled with toothpaste 115. Said container 105 is fabricated
      from a collapsible tube of the general type represented by FIG. 1.
      However, FIG. 9 illustrates an embodiment of the instant invention in
      which the collapsible tube is creased (110) (as in FIG. 10) to further
      facilitate its collapsing as its content is removed.
PAR  FIG. 10 is a cross section of the collapsible tube of FIG. 1 in which said
      tube is creased (110) to facilitate collapsing.
PAR  FIG. 11 is a cross section of the collapsible tube of FIG. 2 in which said
      tube is creased (110) to facilitate collapsing.
PAR  FIG. 12 is a cross section of the collapsible tube of FIG. 3 in which said
      tube is creased (110) to facilitate collapsing.
PAR  FIG. 13 is a cross section of the collapsible tube of FIG. 8 in which both
      the heat flowable plastic tube 101 and the tight fitting elastomeric
      sleeve 102 are creased to facilitate collapsing.
PAR  FIG. 14 is a cross section of the collapsible tube of FIG. 8 in which only
      the tight fitting elastomeric sleeve 102 encasing the heat flowable
      plastic tube 101 is creased to facilitate collapsing.
PAR  FIG. 15 shows a collapsible packaging and dispensing tube of my invention
      with the filling end heat sealed (205).
PAR  FIG. 16 shows a collapsible packaging and dispensing tube of my invention
      before the filling end 206 has been heat sealed.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In preferred embodiments of the collapsible tube of the above Summary:
PAR  1. The extrudable (heat flowable) nonoriented plastic comprising the inner
      ply is polyethylene, cellulose acetate, saran, polyvinyl acetate,
      ethylene-vinyl acetate copolymer, or polyvinyl chloride.
PAR  2. The heat flowable (extrudable) oriented shrunk plastic comprising the
      outer ply is polyethylene, polypropylene, polyester, polystyrene,
      polyvinyl chloride, Pliofilm (rubber hydrochloride) nylon, ethylenevinyl
      alcohol copolymer, or an acrylonitrile copolymer.
PAR  3. The inner ply and the outer ply are bonded together.
PAR  4. The inner ply and the outer ply are bonded together with a bonding agent
      which is preferably an ionomer (e.g., Surlyn), polyurethan, atactic
      polypropylene, vinyl acetate, epoxy resin, or polystyrene, the bonding
      agent having a thickness of 0.05-5 mils (more preferably 0.05-12 mils).
PAR  5. The inner ply has a thickness of 2-20 mils (more preferably 2-10 mils).
PAR  6. The outer ply has a thickness of 2-20 mils (more preferably 2-10 mils).
PAR  7. The inner ply is constructed of polyethylene or polypropylene.
PAR  8. The outer ply is constructed of nylon or polypropylene.
PAR  In another preferred embodiment of the collapsible plastic tube of the
      above Summary, said tube is creased longitudinally as shown at 110 in
      FIGS. 9 and 10 to facilitate collapsing when content is removed from a
      tubular container (dispensing tube) made from said collapsible tube. It is
      preferred that there be two creases about 180.degree. from each other as
      shown in FIG. 10. This embodiment, as shown by FIG. 11, is also applicable
      where a bonding agent is used to bond the inner and outer plys together.
PAR  In a preferred embodiment ("Embodiment A") this invention is directed to a
      collapsible plastic tube comprising a heat flowable oriented plastic tube
      having an unshrunk (nonshrunk) inner portion and a shrunk outer portion.
PAR  In especially preferred embodiments of the collapsible plastic tube of
      Embodiment A:
PAR  1. The tube has a thickness of 5-40 mils (more preferably 5-15 mils).
PAR  2. The tube is constructed of polypropylene or nylon.
PAR  3. The inner portion of the collapsible tube comprises 10-70% (more
      preferably 40-60%) of said tube.
PAR  4. Said tube is creased longitudinally (see 110 of FIG. 12) to facilitate
      collapsing when content is removed from a tubular container (dispensing
      tube) made from said collapsible tube. It is preferred that there be two
      creases about 180.degree. from each other as shown in FIG. 12.
PAR  In another preferred embodiment ("Embodiment B") this invention is directed
      to a collapsible plastic assembly comprising a heat flowable thermoplastic
      tube within a tight fitting elastomeric plastic sleeve. See FIG. 8. Said
      assembly can be prepared by hand or with conventional sleeve fitting
      apparatus. I generally prefer to cut the plastic tube into short lengths
      (e.g., 3 inches to 8 inches) before applying the sleeve. Alternative the
      sleeve can be applied to a dispensing tube fabricated from the plastic
      tube -- i.e., the sleeve can be applied to a dispensing tube which was
      prepared by heat sealing a cappable end (e.g., 204 of FIG. 15) onto one
      end of a short section of the plastic tube.
PAR  In general it is preferred that the plastic tube of said collapsible
      plastic assembly be constructed of polyethylene or polypropylene; however,
      other operable plastics (polymers) will, because of my disclosure, be
      readily apparent to those skilled in the art.
PAR  I generally prefer to construct the elastomeric plastic sleeve of natural
      rubber, a styrene-butadiene copolymer (e.g., GR-S), an
      acrylonitrile-butadiene copolymer (e.g., NBR), polyisoprene (e.g.,
      high-cis-1,4-polyisoprene), polybutadiene, or a copolymer of isobutylene
      and isoprene, e.g., the so called "butyl rubber" of commerce. Because of
      my disclosure various other operable elastomeric plastics will be readily
      apparent to those skilled in the art.
PAR  I generally prefer to have the wall thickness of said plastic tube about
      2-40 mils (or 5-15 mils), and I generally prefer to have the wall
      thickness of the elastomeric plastic sleeve about 2-40 mils (or 5-15
      mils). However, other wall thicknesses have been found to be operable.
PAR  In a preferred embodiment of the collapsible plastic assembly of the above
      Embodiment B said tube is creased longitudinally (see FIGS. 13 and 14) to
      facilitate collapsing when contents are removed from a tubular container
      (dispensing tube) made from said collapsible assembly. It is preferred
      that there be two creases about 180.degree. from each other as shown in
      FIGS. 13 and 14.
PAR  In the embodiment represented by FIG. 13 both the heat flowable plastic
      tube 101 and the elastomeric sleeve 102 are creased, 110 being the creases
      in the heat flowable plastic tube and 112 being the creases in the
      elastomeric sleeve.
PAR  In the embodiment represented by FIG. 14 only the elastomeric sleeve is
      creased, 112 being creases in the elastomeric sleeve.
PAR  In another embodiment of my invention as set forth in Embodiment B only the
      heat flowable thermoplastic tube is creased. However, the appearance of
      the collapsible assembly will be the same as in FIG. 13 because crease 110
      of the creased tube 101 will form a crease 112 in elastomeric sleeve 102.
PAR  In another embodiment ("Embodiment C") this invention is directed to
      collapsible packaging and dispensing tube having a cappable dispensing end
      and a heat sealable filling end, said collapsible packaging and dispensing
      tube comprising a cappable dispensing zone (i.e., a cappable end zone)
      heat sealed to a collapsible plastic tube comprising a laminate of an
      inner ply and an outer ply, the inner ply being a heat flowable,
      nonoriented, nonshrunk thermoplastic polymer and the outer ply being a
      heat flowable oriented shrunk, thermoplastic polymer. The collapsible
      plastic tube can be creased longitudinally as represented by 110 of FIG.
      9, with the creases preferably being 180.degree. apart.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is an object of this invention to provide a collapsible plastic tube.
PAR  It is another object of this invention to provide a collapsible plastic
      tube suitable for packaging and dispensing foodstuff such as mustard
      paste, horseradish, chutney, mayonnaise and the like.
PAR  Still other objects of this invention will, because of my disclosure, be
      readily apparent to those skilled in the art.
PAR  While I prefer to use the above-mentioned plastics (i.e., polyethylene,
      cellulose acetate, saran, polyvinyl acetate, ethylene-vinyl acetate
      copolymer, or polyvinyl chloride) to prepare the inner ply of the
      collapsible tube of the above Summary (and the preferred embodiments
      thereunder), any extrudable, heat flowing, thermoplastic can be used with
      excellent results.
PAR  While I prefer to use the above-mentioned plastics (i.e., polyethylene,
      polypropylene, polyester, polystyrene, polyvinyl chloride, Pliofilm,
      nylon, ethylene-vinyl alcohol copolymer, or acrylonitrile copolymers) to
      prepare the outer ply of the collapsible tube of the above Summary (and
      the preferred embodiments thereunder), any heat flowable, orientable,
      shrinkable thermoplastic can be used with excellent results.
PAR  Because of my disclosure various modifications of the procedures recited
      infra for preparing; (a) the collapsible tube of the above Summary (and
      the embodiments thereunder); (b) the collapsible tube of the above
      Embodiment A (and the embodiments thereunder); and (c) the collapsible
      assembly of Embodiment B (and the embodiments thereunder) will be readily
      apparent to those skilled in the art.
PAR  The instant invention will be better understood by referring to the
      following specific but nonlimiting examples. It is understood that said
      invention is not limited by these examples which are offered merely as
      illustrations; it is also understood that modifications can be made
      without departing from the spirit and scope of the invention.
PAC  EXAMPLE 1
PAR  A collapsible plastic tube (shown as 1 in FIG. 1) comprising a laminate of
      an inner ply of an extrudable (heat flowable) nonoriented thermoplastic
      and outer ply of a heat flowable (extrudable), oriented, shrunk plastic
      was prepared using the apparatus shown in FIGS. 4 and 5.
PAR  In this instance, inner ply 2 was made of polyethylene and outer ply 3 was
      made of nylon.
PAR  The collapsible plastic tube was formed by first fabricating inner ply 2
      and thereafter running it through a crosshead die and extrusion coating
      outer ply 3 over the inner ply.
PAR  Referring to FIG. 4, there is shown a frame 12 supporting the various
      pieces of equipment. First extruder 14 formed a tubular extrudate (inner
      ply 2) of polyethylene which passed through cooling zone 18 and thence to
      crosshead die 20 of second extruder 22. As ply 2 passed through crosshead
      die 20, there was extruded around the inner ply an outer ply 3 which was
      made of nylon. The resulting tubular laminate (or "prelaminate") 10 passed
      to sizing zone (or chamber) 26 wherein plys 2 and 3 were laminated
      together to form tubular laminate 11. The tubular laminate 11 from sizing
      zone 26 passed to blowing zone 28 where it (tubular laminate 11) was blown
      to orient outer ply 3. The resulting blown tubular laminate 13 was passed
      to heating zone 30 where it (blown tubular laminate 13) was heated to
      shrink oriented outer ply 3. The resulting collapsible plastic tube 1 of
      this invention exit heating zone 30 was cooled to about 30.degree. C in
      cooling zone 32. The resulting cooled collapsible tube 1 of this invention
      exit cooling zone 32 can be cut into desired lengths for making container
      tubes (dispensing tubes) for toothpaste, shaving cream, mustard paste and
      the like or it can be recovered in lengths ranging from several feet to 50
      or 100 or more feet in length.
PAR  FIG. 5 shows in detail crosshead die 20 and the initial section of sizing
      zone or chamber 26. As shown by said FIG. 5, inner ply 2 passed through
      cross head die 20 and there was extruded thereon (via the annular opening
      defined by outer die bushing 54 and the outer surface of concentric hollow
      mandril 56) outer ply 3 to form tubular prelaminate 10 which passed to
      sizing zone 26 where bushing 52 mechanically sized the laminate and
      smoothes the outer surface of outer ply 3. The entire sizing zone 26 was
      under vacuum to cause tubular prelaminate 10 to remain in intimate contact
      with bushing 52 as the resulting laminate passed through sizing zone 26.
PAR  If desired extruder 14 can be designed to crease tube 2 which is formed
      therein (e.g., two longitudinal creases 180.degree. apart). Also, if
      desired die 20 can be designed to crease tube 3 which is formed therein
      (e.g., two longitudinal creases 180.degree. apart).
PAC  EXAMPLE 2
PAR  A 10 foot portion of the collapsible plastic tube made in Example 1 was cut
      into sections 4 inches long making a total 30 such sections. One end of
      each section was fitted (heat sealed) to a cappable end or collar adapted
      to accept a screw cap, while the other (bottom) end was left open.
PAC  EXAMPLE 3
PAR  15 of the sections which had screw cap tops attached thereto were filled
      with ketchup and the open (bottom ends) were heat sealed to form
      ketchup-filled dispensing tubes.
PAR  The screw caps were removed from each of the heat sealed filled tubes and
      gentle pressure was applied by hand to each to force ketchup therefrom.
      Then, after about 1/4 to 1/2 of the ketchup had been expelled from the
      tubes, the pressure was released. In each instance the collapsed portion
      of the respective tube remained collapsed when the pressure was released,
      and no air was sucked into the partially empty tube.
PAC  EXAMPLE 4
PAR  The general procedure of Example 3 was repeated, but in this instance the
      procedure was modified by using toothpaste rather than ketchup to fill the
      tubes.
PAR  In no instance did the tubes expand when the pressure used to force
      toothpaste therefrom was released. Neither was air sucked into the
      partially empty tubes when such pressure was released.
PAC  EXAMPLE 5
PAR  A collapsible plastic tube (shown in FIG. 1) comprising a laminate of an
      inner ply of an extrudable nonorientable plastic and outer ply of a heat
      flowable, oriented, shrunk plastic was prepared using the method
      illustrated in FIG. 6.
PAR  Strip 3 of oriented plastic was wound around tube 2 of nonorientable
      plastic to form a coating thereon. In this instance strip 3 was a strip of
      nylon having a thickness of 5 mils and tube 2 was a polyethylene tube
      having a wall thickness of 10 mils. Strip 3 was maintained under tension
      as it was wound (spiralled and lapped in a conventional manner) around
      tube 2, while heat was applied to strip 3 via heat source 60 (a heat lamp,
      a hot surface radiating heat, an electric heater, a flame, or the like
      could be used) to soften strip 3 so that strip 3 would adhere to tube 2
      which comprised the inner ply of the laminated tube. The application of
      heat and tension to strip 3 caused the plastic comprising strip 3 to
      become oriented. Heat was applied to the surface of resulting laminated
      tube 65 via heat source 70 to shrink the oriented plastic comprising the
      outer ply of laminated tube 65 to form collapsible plastic tube 1
      comprising a laminate of an inner ply of an extrudable nonorientable
      plastic and an outer ply of a heat flowable oriented shrunk plastic.
PAR  If desired, a creased tube 2 can be used (e.g., a tube having longitudinal
      creases 180.degree. apart) to prepare the laminate. In this instance the
      final laminate will appear in cross section as does the laminate of FIG.
      10.
PAC  EXAMPLE 6
PAR  The general procedure of Example 2 was repeated. However, in this instance
      the procedure was modified by replacing the collapsible plastic tubes
      prepared in Example 1 with those prepared in Example 5.
PAC  EXAMPLE 7
PAR  The general procedure of Example 3 was repeated. However, in this instance
      the procedure was modified by substituting sections of collapsible plastic
      tubing with screw caps prepared in Example 6 for those prepared in Example
      2. The results were indistinguishable from those obtained in Example 3.
PAC  EXAMPLE 8
PAR  The general procedure of Example 4 was repeated. However, in this instance
      sections of collapsible plastic tubing prepared in Example 6 were
      substituted for those prepared in Example 2, and shaving cream was
      substituted for toothpaste.
PAR  In no instance did the plastic tubes expand or draw air into themselves
      when; (a) shaving cream was expelled therefrom; and (b) the pressure used
      to force the cream out was released.
PAC  EXAMPLE 9
PAR  A collapsible plastic tube (shown in FIG. 2) comprising a laminate of an
      inner ply of a heat flowable nonorientable plastic and outer ply of a heat
      flowable oriented shrunk plastic with a bonding agent between the two
      plies was prepared using the method shown in FIG. 7.
PAR  A strip of bonding agent 5 (in this instance a strip of ethylene-vinyl
      acetate copolymer having a thickness of 0.5 mils) was spiralled and lapped
      in a conventional manner around tube 2 of nonoriented plastic to form a
      coating 61 of bonding agent 5 thereon. Strip 3 of plastic was wound around
      the coating 61 of bonding agent to form a coating or oriented plastic
      thereon. In this instance strip 3 was a strip of nylon having a thickness
      of 5 mils and tube 2 was a polyethylene tube having a wall thickness of 10
      mils. Strip 3 was maintained under tension as it was wound (spiralled and
      lapped in a conventional manner) around the bonding agent 5 coating tube 2
      while heat was applied to strip 3 via heat source 60. The application of
      heat and tension to strip 3 caused strip 3 to become oriented. Heat was
      applied to the surface of resulting laminated tube 75 via heat source 70
      to shrink the oriented plastic comprising the outer ply of laminated tube
      75 to form collapsible plastic tube 4 comprising a laminate of an inner
      ply of an extrudable nonorientable plastic 2 and an outer ply of a heat
      flowable oriented shrunk plastic 3 with a bonding agent 5 therebetween.
PAR  If desired, a creased tube 2 (e.g., a tube having longitudal creases
      180.degree. apart) can be used to prepare the laminate. In this instance
      the laminate, when viewed in cross section, will have the appearance of
      the laminate of FIG. 11.
PAC  EXAMPLE 10
PAR  The general procedure of Example 2 was repeated. However, in this instance
      the procedure was modified by replacing the collapsible plastic tube
      prepared in Example 1 with that prepared in Example 9.
PAC  EXAMPLE 11
PAR  The general procedure of Example 3 was repeated. However, in this instance
      the procedure was modified by substituting sections of collapsible plastic
      tubing with screw caps prepared in Example 10 for those prepared in
      Example 2. The results were indistinguishable from those obtained in
      Example 3.
PAC  EXAMPLE 12
PAR  The general procedure of Example 4 was repeated. However, in this instance
      sections of collapsible plastic tubes with screw caps prepared in Example
      10 were substituted for those prepared in Example 2, and shaving cream was
      substituted for toothpaste.
PAR  In no instance did the plastic tubes expand or draw air into themselves
      when; (a) shaving cream was expelled therefrom; and (b) the pressure used
      to force the cream out was released.
PAC  EXAMPLE 13
PAR  A collapsible plastic tube (shown in FIG. 3) comprising an oriented plastic
      tube having an unshrunken inner portion and a shrunken outer portion was
      prepared by the following procedure:
PAR  A tube having an inside diameter of about one inch and a wall thickness of
      10 mils was prepared by extruding nylon using a conventional technique
      designed to prepare a one ply tube. Before cooling the tube was passed
      through a blowing zone to orient the nylon comprising said tube. The
      resulting oriented tube was cooled and passed through a heating zone at
      such rate that only outer portion 81 of tube 6 of FIG. 3 was heated,
      thereby to shrink outer portion 81 of tube 6 while leaving inner portion 9
      of tube 1 unshrunken. In this run shrunken outer portion 8 of tube 6
      extended inward from outer surface 7 through about 1/4 - 1/3 of wall
      thickness of tube 6 as indicated by dotted line 8 while the inner portion
      of tube 6 (that portion extending inward from dotted line 8 to inner
      surface 80 comprised about 1/3 - 3/4 of the wall thickness of tube 6)
      remained unshrunken.
PAR  If desired, the tube can be creased longitudinally (e.g., two creases at
      180.degree. to each other as shown at 110 in FIG. 12) by using a die on
      the extruder which is designed to produce such creased tube. Creasing has
      been found to enhance the collapsible characteristics of
      packaging/dispensing tubes.
PAC  EXAMPLE 14
PAR  The general procedure of Example 2 was repeated. However, in this instance
      the procedure was modified by substituting sections of collapsible plastic
      tubing with screw caps prepared in Example 14 for those prepared in
      Example 2. The results were indistinguishable from those obtained in
      Example 3.
PAC  EXAMPLE 15
PAR  The general procedure of Example 3 was repeated. However, in this instance
      the procedure was modified by substituting sections of collapsible plastic
      tubing with screw caps prepared in Example 14 for those prepared in
      Example 2. The results were indistinguishable from those obtained in
      Example 3.
PAC  EXAMPLE 16
PAR  The general procedure of Example 4 was repeated. However, in this instance
      sections of collapsible plastic tubing with screw caps prepared in Example
      15 were substituted for those prepared in Example 2, and shaving cream was
      substituted for toothpaste.
PAR  In no instance did the plastic tubes expand or draw air into themselves
      when; (a) shaving cream was expelled therefrom; and (b) the pressure used
      to force the cream out was released.
PAC  EXAMPLE 17
PAR  One end of a nonoriented nonshrunk polyethylene tube having a wall
      thickness of 20 mils, a diameter of about 11/4 inch, and a length of 6
      inches was fitted (heat sealed) to a cappable end or collar adapted to
      accept a screw cap while the other end was left open. A screw cap was
      applied to be cappable end and the thus capped tube was fitted into a
      smuggly fitting elastomeric (rubber) sleeve having a wall thickness of 25
      mils and a length of 51/2 inches. The tube was filled with shaving cream
      by adding the shaving cream via the open end. After filling the tube, the
      open end was heat sealed.
PAR  The screw cap was removed and gentle pressure was applied by hand to force
      shaving cream from the tube. After about 1/4 of the shaving cream had been
      expelled from the tube, the pressure was released. The collapsed portion
      of the tube remained collapsed when the pressure was released and no air
      was sucked into the partially empty tube.
PAR  If desired, the nonoriented nonshrunk tube can be creased longitudinally
      (e.g., two creases at 180.degree. to each other as shown at 110 in FIG.
      13) by using an extruder having a die designed to produce such creased
      tube.
PAR  Also, if desired, the elastomeric sleeve can be creased longitudinally
      (e.g., two creases as shown at 112 in FIGS. 13 and 14). This can be done
      by producing the elastomeric sleeve on an extruder having a die designed
      to produce such creased elastomeric sleeve.
PAR  FIG. 15 shows a filled, collapsible, cappable packaging and dispensing tube
      of my invention. It is made from a collapsible tube of my invention. One
      end of a section of collapsible tube of my invention was heat sealed to a
      cappable end or collar 204 having a threaded spout 203 onto which cap 201
      can be screwed. The other end of the section of collapsible tube was heat
      sealed after filling the capped tube with mustard, ketchup, or the like.
      Obviously, a snap closure cap (and a spout designed to accept the snap
      closure cap) can be substituted for its equivalent, the screw cap (and
      threaded spout) of FIG. 15.
PAR  FIG. 16 shows a collapsible cappable packaging and dispensing tube of my
      invention before heat sealing the filling end 206 thereof.
PAR  As used herein, the term "mil" means 0.001 inch; thus, 0.1 mil is 0.0001
      inch and 4 mils is 0.004 inch.
PAR  As used herein, the term "oriented" as applied to a thermoplastic means a
      thermoplastic whose molecules are so aligned that, upon heating to the
      proper temperature, shrinking occurs. Because of my disclosure one skilled
      in the art can readily determine the proper temperature for use where
      orienting or shrinking any particular thermoplastic material.
PAR  As used herein, the term "nonoriented" as applied to a thermoplastic means
      a thermoplastic which upon heating does not shrink.
PAR  As used herein, the term "shrunk" as applied to a thermoplastic tube means
      that a reduction in length of one dimension (preferably the annular
      direction) of the thermoplastic tube has occurred.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collapsible packaging and dispensing tube having a cappable dispensing
      end and a heat sealable filling end, said collapsible packaging and
      dispensing tube comprising a cappable dispensing means heat sealed to a
      collapsible plastic tube comprising a single ply, heat flowable, oriented
      plastic tube having an unshrunk inner portion and a shrunk outer portion.
NUM  2.
PAR  2. The collapsible packaging and dispensing tube of claim 1 in which the
      collapsible plastic tube has two longitudinal creases about 180.degree.
      from each other.
NUM  3.
PAR  3. The collapsible packaging and dispensing tube of claim 1 in which the
      single ply, heat flowable, oriented plastic tube having an unshrunk inner
      portion and a shrunk outer portion is constructed of nylon.
NUM  4.
PAR  4. The collapsible packaging and dispensing tube of claim 1 in which the
      single ply, heat flowable, oriented plastic tub having an unshrunk inner
      portion and a shrunk outer portion is constructed of polypropylene.
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ABST
PAL  A nozzle for a pressurized can of whipped topping is constructed to
      facilitate attachment of a color dispenser characterized as including a
      source of coloring matter and a distributor ring having a plurality of
      nozzles spaced apart about its inner circumference and arranged in flow
      communication with the source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In my copending patent application Ser. No. 474,720, filed May 30, 1974,
      now U.S. Pat. No. 3,896,971 of July 29, 1975, there is disclosed a color
      dispenser including a source of coloring matter in the form of a flexible
      pouch and a hollow distributor ring, which is formed with a plurality of
      discharge nozzles arranged about its inner circumference and arranged in
      flow communication with the source. In use, the distributor ring is
      slipped over the nozzle of a conventional pressurized can of whipped
      topping, and when finger pressure is applied to the pouch, coloring matter
      is squeezed out through the discharge nozzles and through slits of the can
      nozzle for mixing with the whipped topping flowing therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards improvements in the construction
      of a nozzle of a pressurized can of whipped topping, which facilitates
      attachment of a color dispenser of the general type disclosed in my
      copending patent application Ser. No. 474,720, filed May 30, 1974, now
      U.S. Pat. No. 3,896,971 of July 29, 1975.
PAR  More particularly, the improved can nozzle construction of the present
      invention features the provision of apertures adapted to positionally
      locate the nozzles of a distributor ring in flow communication with a
      whipped topping discharge passageway extending through the can nozzle,
      while insuring against uncontrolled loss or escape of the topping or
      coloring matter.
PAR  A sealing ring may be removably fitted about the nozzle to prevent escape
      of topping outwardly through the apertures when it is desired to perform a
      topping dispensing operation with the color dispenser removed from the
      nozzle.
DRWD
PAC  DRAWINGS
PAR  The nature and mode of operation of the present invention is now more fully
      described in the following detailed description taken with the
      accompanying drawings wherein:
PAR  FIG. 1 is an exploded perspective view illustrating a nozzle formed in
      accordance with the present invention with associated, removable attached
      color dispenser and sealing devices;
PAR  FIG. 2a is a fragmentary view taken through the nozzle with color dispenser
      attached thereto;
PAR  FIG. 2b is a fragmentary sectional view taken through the nozzle with a
      sealing device attached thereto;
PAR  FIG. 3 is an elevational view illustrating an alternative nozzle
      construction; and
PAR  FIG. 4 is a view similar to FIG. 2a, but showing the color dispenser
      associated with the alternative nozzle construction.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made particularly to FIG. 1, wherein a nozzle formed in
      accordance with the present invention is generally designated as 10 and
      shown in association with a removably attached color dispenser 12 provided
      with a removably attached sealing device 14 and a removably attached
      nozzle sealing device 16.
PAR  Nozzle 10 may be structurally similar to that described in U.S. Pat. No.
      3,722,760 and my copending application Ser. No. 474,720 from the
      standpoint that it comprises an elongated body formed of a plastic
      material and characterized as including a generally cylindrical base
      portion 20 and an integrally formed generally frusto-conically shaped
      discharge portion 22. A passageway 24, which is arranged to extend axially
      through the body of nozzle 10, is provided with an inlet end 24a defined
      by base portion 20 and a discharge orifice 24b defined by discharge
      portion 22. Inlet end 24a may be variously configurated, as required to
      permit attachment of nozzle 10 in flow communication with the discharge of
      a conventional pressurized can, not shown, containing whipped topping or
      other material to which coloring matter may be added by operation of color
      dispenser 12, as will hereinafter be described. As is conventional,
      tilting of nozzle 10 relative to the can will immediately result in
      topping being released from the can for flow outwardly through passageway
      24.
PAR  In the preferred form of the present invention, discharge portion 22 is
      formed with a plurality of slits 26 radiating from orifice 24b, so as to
      define a plurality of resiliently deformable fingers 28 spaced
      circumferentially of the nozzle body; a plurality of apertures 30 are
      formed as enlargements of the closed ends of slits 26 and open in radial
      flow communication with passageway 24; and base portion 20 is enlarged to
      define an annular abutment surface 32, which extends radially of discharge
      portion 22 and faces axially towards orifice 24b.
PAR  Color dispenser 12 generally includes a source of coloring matter, such as
      may be defined by a flexible hollow pouch 34; and a distributor ring 36,
      which has a plurality of small, rounded nozzles 38 spaced about its inner
      circumference or central opening and arranged in flow communication with
      pouch 34 via passageway 40 in the manner shown in FIGS. 2a and 4. When
      color dispenser 12 is not in use, unintended escape of coloring matter
      through nozzles 38 may be prevented by inserting sealing device 14 within
      the central opening of distributor ring 36. Device 14 is preferably of a
      generally C-shaped design and formed of a resiliently deformable material
      to facilitate its being removably attached to the distributor ring.
PAR  By viewing FIGS. 1 and 2a, it will be understood that apertures 30 are
      arranged and dimensioned to snap-fit receive nozzles 38, as distributor
      ring 36 is moved axially over discharge portion 22 towards base portion
      20, whereby to removably retain color distributor 12 in operative
      association with nozzle 10 and to fluid seal nozzles 38 relative to the
      portions of the discharge portion bounding apertures 30 in order to
      prevent escape of topping and/or coloring matter outwardly through such
      apertures.
PAR  In operation, when finger pressure is applied to pouch 34, nozzle 10 is
      tilted or displaced from its normal position relative to the can, whereby
      to effect discharge of topping outwardly through passageway 24 while
      coloring matter is forced through nozzles 38 into such passageway for
      mixing with and effecting coloring of the topping.
PAR  The spacing of surface 32 from apertures 30 serves to prevent movement of
      distributor ring 36 over discharge portion 22 beyond a position in which
      nozzles 38 are aligned with apertures 30. This both facilitates attachment
      and insures that nozzles 38 do not become "wedged" against the outer
      surface of base portion 20, such as would render difficult subsequent
      removal of color distributor 12.
PAR  The snap fitting of nozzles 38 within apertures 30 is made possible in
      accordance with the preferred form of the present invention by the
      resiliently deformable design of fingers 28, at least adjacent slits 26
      and apertures 30, and the illustrated rounded shape of nozzles 38.
      Preferably, distributor ring 36 would also be formed of a resiliently
      deformable material in order to permit slight deformation of the
      individual nozzles, as the distributor ring is forced over discharge
      portion 22. Attachment may also be facilitated by slightly enlarging the
      diameter of the central opening of distributor ring 36 over that shown in
      FIG. 2a, so as to provide for a small radial clearance or spacing between
      the distributor ring and the base of discharge portion 22.
PAR  Further, it is anticipated that passageway 40 will be blocked or
      discontinuous at a point circumferentially remote from pouch 34 in order
      to minimize the amount of "wasted" coloring matter remaining in
      distributor ring 36 after complete discharge of coloring matter from the
      pouch. In such case, distributor ring 36 may be of a C-shape plan view
      configuration in order to facilitate removable snap-fitting association of
      nozzles 38 with apertures 30.
PAR  When a user desires to dispense topping without the addition of coloring
      material, color distributor 12 would first be removed and the sealing
      device 16 forced onto discharge portion 22 in order to snap-fit its "false
      nozzle" projections 42 into apertures 30 in the manner indicated in FIG.
      2b. Preferably, sealing device 16 would be axially sized to engage surface
      32 when projections 42 are brought into alignment with apertures 30.
      Sealing device 16 may be of a ring or C-shaped configuration, as desired.
PAR  An alternative construction of the nozzle of the present invention is
      generally designated as 10' in FIGS. 3 and 4. This construction departs
      from that previously described in that apertures 30' are arranged to pass
      one through the base of each of fingers 28' such that they are disposed
      circumferentially intermediate slits 26'; the slit bounding edges 28a' of
      fingers 28' are serrated; and fingers 28' are provided with integrally
      formed elements 28b', which project radially into passageway 24'. The
      positioning of apertures 30' and the provision of elements 28b' allows
      coloring matter injection/turbulent flow coloring matter-topping mixing
      conditions to occur substantially upstream of the point of discharge of
      the topping from nozzle 10. Mixing is further enhanced or rendered more
      uniform by the "raking" action of serrated edges 28a' on the mixture of
      coloring matter and topping, as it flows through orifice 24b.
PAR  The present invention is primarily intended to facilitate the selective
      introduction of food coloring matter into customarily white, edible
      whipped topping in order to improve the appearance of or create decorative
      effects on foods, such as cakes, pies and other desserts, to which topping
      is applied. However, it will be understood that the present invention may
      be used to color or tint non-food products dispensed from pressurized
      cans, e.g. shaving cream or similar thick foam products, which may be used
      for decorative purposes. Thus, the term "whipped topping", as used herein,
      is intended to be generic and refer to both food and non-food products
      dispensed as a thick foam from pressurized cans.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a nozzle of the type adapted to be fitted to a pressurized can of
      whipped topping, the improvement in nozzle construction facilitating
      attachment to the nozzle of a color dispenser characterized as including a
      source of coloring matter and a distributor ring having a plurality of
      nozzles spaced about its inner circumference and arranged in flow
      communication with said source, said nozzle construction comprising:
PA1  an elongated body formed of plastic material and characterized as including
      a generally cylindrical base portion and an integrally formed generally
      frusto-conically shaped and resiliently deformable discharge portion, said
      body having an axially extending through passageway provided with an inlet
      end defined by said base portion for fitting said nozzle construction to
      said can and with a discharge orifice defined by said discharge portion,
      and a plurality of apertures arranged within said discharge portion
      adjacent the juncture thereof with said base portion, said apertures
      extending radially through said discharge portion and opening in flow
      communication with said passageway, and said apertures being arranged and
      dimensioned to snap-fit receive said nozzles of said ring as said ring is
      moved axially over said discharge portion towards said base portion,
      whereby to removably retain said color distributor in operative
      association with said nozzle construction with the periphery of said
      nozzles of said ring fluid sealed relative to portions of said discharge
      portion bounding said apertures to prevent escape of topping outwardly
      through said apertures; and
PA1  sealing means detachably secured about said nozzle construction for closing
      said apertures when said color dispenser is removed from said nozzle
      construction.
NUM  2.
PAR  2. A nozzle construction according to claim 1, wherein said discharge
      portion is formed with a plurality of slits radiating from said discharge
      orifice and having closed ends disposed adjacent the juncture of said
      discharge portion with said base portion, whereby to define a plurality of
      fingers spaced circumferentially of said body, and said apertures are
      formed as enlargements of said closed ends of said slits.
NUM  3.
PAR  3. A nozzle construction according to claim 1, wherein said discharge
      portion is formed with a plurality of slits radiating from said discharge
      orifice and having closed ends disposed adjacent the juncture of said
      discharge portion with said base portion, whereby to define a plurality of
      fingers spaced circumferentially of said body, and said apertures are
      formed in said fingers circumferentially intermediate said slits.
NUM  4.
PAR  4. A nozzle construction according to claim 3, wherein edges of said
      fingers bounding said slits are serrated.
NUM  5.
PAR  5. A nozzle construction according to claim 3, wherein said fingers are
      provided with integrally formed elements projecting radially into said
      passageway, said elements being arranged to create turbulent flow
      conditions within said passageway adjacent said apertures.
NUM  6.
PAR  6. A nozzle construction according to claim 5, wherein edges of said
      fingers bounding said slits are serrated.
NUM  7.
PAR  7. A nozzle construction according to claim 1, wherein said sealing means
      is a loop dimensioned to encircle said discharge portion adjacent the
      juncture thereof with said base portion and formed with false nozzle
      projections spaced about its inner circumference, said projections being
      arranged and dimensioned to be removably snap-fit received within said
      apertures in topping escape sealing engagement with portions of said
      discharge portion bounding said apertures.
NUM  8.
PAR  8. A nozzle construction according to claim 1, wherein said base portion
      has an external diameter exceeding that of said discharge portion at least
      adjacent said juncture, whereby to define an annular abutment surface
      extending radially of said discharge portion and facing axially towards
      said discharge orifice, said abutment surface being radially sized and
      spaced from said apertures to prevent movement of said ring over said
      discharge portion beyond a position in which said nozzles of said ring are
      aligned with said apertures.
NUM  9.
PAR  9. In a dispensing apparatus including a nozzle adapted to be fitted to a
      pressurized can of whipped topping and a color dispenser adapted to be
      removably attached to said nozzle for introducing coloring matter into
      said whipped topping while passing through said nozzle, the improvement
      facilitating attachment of said color dispenser to said nozzle wherein
      said color dispenser is characterized as comprising a source of coloring
      matter and a distributor ring having a plurality of nozzles spaced about
      its inner circumference and arranged in flow communication with said
      source, said nozzle is characterized as comprising an elongated body
      including a generally cylindrical base portion and an integrally formed
      generally frusto-conically shaped discharge portion, said body having an
      axially extending through passageway provided with an inlet end defined by
      said base portion for fitting said nozzle to said can and with a discharge
      orifice defined by said discharge portion, and a plurality of apertures
      arranged within said discharge portion adjacent the juncture thereof with
      said base portion, said apertures extending radially through said
      discharge portion and opening in flow communication with said passageway,
      and said apertures being arranged and dimensioned and at least one of said
      distributor ring and said discharge portion being formed of resiliently
      deformable plastic material whereby to permit snap-fitting of said nozzles
      of said ring within said apertures as said ring is moved axially over said
      discharge portion towards said base portion in order to removably attach
      said color distributor in operative association with said nozzle with the
      periphery of said nozzles of said ring fluid sealed relative to portions
      of said discharge portion bounding said apertures to prevent escape of
      said whipped topping forwardly through said apertures, and there is
      further provided in combination sealing means detachably secured about
      said nozzle for closing said apertures when said color dispenser is
      removed from said nozzle.
NUM  10.
PAR  10. An apparatus according to claim 9, wherein said discharge portion is
      formed with a plurality of slits radiating from said discharge orifice and
      having closed ends disposed adjacent the juncture of said discharge
      portion with said base portion, whereby to define a plurality of fingers
      spaced circumferentially of said body, said apertures are formed as
      enlargements of said closed ends of said slits, and said discharge portion
      is formed of resiliently deformable material.
NUM  11.
PAR  11. An apparatus according to claim 9, wherein said discharge portion is
      formed with a plurality of slits radiating from said discharge orifice and
      having closed ends disposed adjacent the juncture of said discharge
      portion with said base portion, whereby to define a plurality of fingers
      spaced circumferentially of said body, said apertures are formed in said
      fingers circumferentially intermediate said slits, and both said
      distributor ring and said discharge portion are formed of resiliently
      deformable material.
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ABST
PAL  A vacuum sealing for the discharge nozzle of a casting ladle as for liquid
      steel is disclosed. The vacuum sealing, which prevents the penetration of
      atmospheric gases through the porous refractory discharge nozzle, is
      arranged in a vacuum-tight manner below the discharge nozzle. The vacuum
      sealing consists of clingy plastic films or thin metal sheets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to degassing devices for liquid steel. More
      specifically the invention is directed to degassing by vacuum in a casting
      ladle sealed by a lid. In this it should be noted that apart from the
      vacuum-sealed lid the discharge nozzle for pouring the steel at the floor
      of the casting ladle should also be sealed vacuum-tight. This is
      especially important for processes in which the steel to be treated runs
      into the casting ladle under vacuum and the steel running in is to be
      subjected to the effect of the vacuum from the beginning. Whether it is a
      stopper control or a sliding nozzle, a discharge nozzle which is not
      completely sealed means a leak which prevents the deep vacuum desired
      initially and during treatment.
PAR  2. Discussion of the Prior Art
PAR  It has been suggested that the casting ladle is sealed vacuum-tight in a
      stopper rod control or in a slide nozzle by metal hoods arranged under the
      ladle base completely covering the discharge nozzle. These metal hoods,
      which have to be constructed detachably especially in a sliding nozzle,
      mean an expensive construction and are hard to manipulate. The invention
      has therefore set the object of developing a vacuum sealing which is
      easily manipulated and cheaply produced.
PAC  SUMMARY OF THE INVENTION
PAR  The object is solved according to the invention in that the outer end of
      the refractory discharge nozzle is covered by a vacuum-tight sealing. This
      sealing can, for example, consist of a clingy plastic or aluminium film.
      When producing the vacuum this film lies vacuum-tight against the
      refractory discharge nozzle which is pervious to gas, so that a
      vacuum-tight seal is guaranteed. While maintaining the vacuum the film
      gives adequate protection and when casting it can easily be destroyed by
      mechanical or thermal action so that a simple manipulation is possible.
PAR  In a preferred embodiment which is especially suitable for a stopper rod
      control the outer end of the discharge nozzle is surrounded at a distance
      by two rings concentric to another, of which one is fixed gas-tight to the
      ladle base so that the film can be clamped vacuum-tight between the two
      rings. It is expedient to arrange a gas-pervious support between the film
      and the refractory discharge nozzle so that the film is not directly
      adjacent to the hot discharge nozzle.
PAR  With a vacuum container provided with a sliding nozzle an arrangement is
      preferred in which the sealing is arranged between the sliding plate and
      the discharge nozzle. The strength of this nozzle is chosen so that on the
      one hand the vacuum-tight sealing is guaranteed and on the other hand the
      sealing plate can be destroyed without difficulty, and in that the
      function of the sliding nozzle is not impaired by this destruction.
      Sealings which can be destroyed mechanically and / or thermally are, for
      example, thin fillets or foils of metals, especially easily smeltable
      metal. Preferably the sealing consists of aluminium, and for this a
      strength of between 0.3 and 1 mm has proved to be particularly suitable.
      The diameter of the sealing is expediently chosen large enough for the
      sealing to reach at least as far as the mounting plate of the sliding
      shutter. In this case a particularly tight sealing is guaranteed as all
      refractory components of the discharge nozzle are sealed on the outside by
      vacuum-tight parts, be they the mounting plate or the sealing itself. To
      further improve the sealing it can be expedient to apply a thin layer of
      sealing substance, e.g. vacuum putty, onto the sealing film, whereby rough
      surfaces can be better eliminated.
PAR  The construction of the sealing is very simple, as a plate-like sealing
      only has to be slid between the vacuum ladle unit and the sliding nozzle
      unit. After the assembly of sliding nozzle and ladle it is expedient to
      fill the discharge nozzle with sand so that the sliding nozzle is better
      protected from the hot steel melt until casting. Apart from metal a
      smeltable or vapourisable plastic which can be destroyed after opening the
      sliding plate from below can be used as a material for the sealing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described in more detail as follows by means of two
      exemplified embodiments. They show :
PAR  FIG. 1 a casting ladle used as a vacuum container shown in side section,
PAR  FIG. 2 an enlarged view of a first exemplified embodiment of the vacuum
      sealing with a ladle shutter,
PAR  FIG. 3 a further exemplified embodiment of the vacuum sealing which is
      particularly suitable for a sliding nozzle.
DETD
PAC  DESCRIPTION OF THE PREFERED EMBODIMENT
PAR  In FIG. 1 is shown a conventional casting ladle which serves as a vacuum
      container for liquid steel. On the ladle base 11 of the casting ladle 1 is
      disposed a discharge nozzle 7 which is sealed by a sliding nozzle 10. As
      FIG. 2 shows according to the invention this nozzle 7 is sealed from
      outside by means of a clingy vacuum-tight film 3 which in a vacuum lies
      against the support box 14. The film 3 is tensioned between rings 12, 13
      concentric to one another, the inner ring 13 being connected fast and
      vacuum-tight to the ladle base 11 by a ring 11a. The support box 14 only
      serves as a range spacer so that the film 3 can not lie against the hot
      sliding nozzle 10. The support box 14 can consist of, for example, a light
      metal grid so that a good manipulation can be guaranteed.
PAR  The exemplified embodiment shown in FIG. 3 has given particularly good
      results for sliding nozzles. For better understanding in FIG. 3 the unit
      vacuum ladle 1 or base plate 11 and the unit sliding nozzle 10 have been
      shown slightly spaced apart. The sealing is arranged between these two
      units, preferably an aluminium foil having a strength of 0.5 mm being used
      as a sealing material. The sealing 3 is preferably provided with a sealing
      substance, e.g. vacuum putty, Terostat, firm Teroson, Heidelberg, in the
      edge regions. The sliding nozzle 10 consists of the sliding plate 4 and
      the head plate 5. On the base plate 11 of the vacuum ladle 1 is fixed the
      mounting plate 2 of steel. The mounting plate supports the refractory
      perforated brick 6 and surrounds the refractory discharge nozzle 7. The
      lower end of the discharge nozzle is concentrically surrounded by the
      outer shell 8.
PAR  In order to achieve better sealing it can be expedient to apply additional
      vacuum-tight putty 9 onto the contact surfaces between the outer shell 8,
      the discharge nozzle 7 and the perforated brick 6. This occurs preferably
      by applying e.g. painting, a putty onto the contact surfaces. At the lower
      end of the outer shell 8 is arranged a spring 8a which engages in a
      corresponding groove 5a in the head plate 5. On assembly the sealing 3
      provided with putty 9 presses against the lower end of the discharge
      nozzle 7 and the outer shell 8 and into the groove -- spring arrangement
      8a, 5a, whereby the refractory materials are closed vacuum-tight to the
      outside. Subsequently sand is put into the discharge nozzle 7, and the
      vacuum can be prodiced without air from outside penetrating into the
      vacuum ladle 1.
PAR  With a discharge nozzle 7 filled with sand and a seal 3 of aluminium foil
      the sealing 3 is thermally protected by the sand against the hot steel. In
      this case after opening the sliding plate 4 the sealing 3 has to be opened
      (destroyed) from below by pushing or by the effect of heat. Then the sand
      and subsequently the degasified steel flows through the sliding nozzle 10.
CLMS
STM  I claim:
NUM  1.
PAR  1. Vacuum sealing for the discharge nozzle of a casting ladle serving as a
      vacuum container, said vacuum container being provided with a discharge
      nozzle 7 and a shutter 10 comprising a head plate 5 and a sliding plate 4;
      said vacuum sealing comprising a gasket arranged between the head plate 5
      and the discharge nozzle 7; and wherein said gasket can be destroyed
      mechanically at the beginning of the casting.
NUM  2.
PAR  2. Vacuum sealing according to claim 1, characterised in that the sealing
      (3) is arranged between the head plate (5) of the sliding nozzle (10) and
      the mounting plate (2) surrounding and supporting the discharge nozzle(7).
NUM  3.
PAR  3. Vacuum sealing according to claim 1, characterised in that the
      sealing(3) consista of aluminium foil.
NUM  4.
PAR  4. Vacuum sealing for the discharge nozzle of a casting ladle serving as a
      vacuum container, said vacuum container being provided with a discharge
      nozzle 7 and a shutter 10 comprising a head plate 5 and a sliding plate 4;
      said vacuum sealing comprising a gasket arranged between the head plate 5
      and the discharge nozzle 7; and wherein said gasket can be destroyed
      thermally at the beginning of the casting.
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ABST
PAL  A toothpaste dispenser comprises a tubular body portion and a cylindrical
      base portion, the bottom of the base portion having a threaded aperture. A
      threaded shaft threadably engages the aperture. A tube which contains
      toothpaste has a base portion and a dispensing opening. A disc is
      positioned in the tube near the base and may be axially advanced to force
      toothpaste out the opening of the tube. Means is provided for releasably
      connecting the tube to the base portion so that the tube is permitted to
      rotate relative to the base portion of the dispenser. Upon rotation of the
      tube the threaded shaft which engages the disc is axially advanced along
      the tube to dispense the toothpaste at a controlled rate.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a new container for toothpaste and the like and a
      device for dispensing toothpaste and the like therefrom.
PAC  BACKGROUND OF THE INVENTION
PAR  Over the years, the toothpaste industry has maintained the toothpaste tube
      in relatively the same form without improvements and, as everyone who has
      ever used toothpaste from a tube knows, it is easy to use at the beginning
      but after having squeezed it numerous times, it not only becomes awkward
      to handle but becomes uneconomical in that much of the toothpaste is
      caught in pockets of deformed tube and is left in the discarded tube. In
      order to keep the toothpaste tube in a presentable and easily-squeezable
      condition after it has been used for some time, we are all familiar with
      the process of gradually squeezing the tube from the end and rolling up
      the flattened portion of the tube. This takes time and does not ensure the
      advancement of all of the toothpaste in the tube. Further, after the tube
      has been squeezed numerous times, the metallic tube may develop a crack
      due to fatigue through which the toothpaste escapes, thus causing a messy
      problem. Another problem with the ordinary toothpaste tube is that it is
      left out on the bathroom counter creating an unsightly appearance.
      Further, the tube may be placed in any number of drawers in the bathroom
      and may be easily misplaced.
PAR  It is therefore an object of the present invention to overcome the
      foregoing problems by presenting a tube for toothpaste and the like from
      which toothpaste, for example, may be dispensed without squeezing of the
      tube.
PAR  It is another object of the present invention to provide an apparatus for
      dispensing toothpaste and the like from tubes which may be secured in a
      convenient and easily accessible area.
PAR  It is another object of the present invention to provide a dispenser for
      toothpaste and the like which will aesthetically blend in with the decor
      of any washroom.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a container for toothpaste
      and the like comprising an elongated tube, an outlet at one end thereof,
      and a disc of a peripheral configuration corresponding to the
      cross-sectional configuration of the tube where the disc is disposed
      co-axially in the tube. The base of the container which is opposite the
      end of the tube having the outlet, has an opening which permits insertion
      of a means for axially advancing the disc from the base to the outlet in a
      piston-movement-like manner.
PAR  Further according to the invention there is provided an apparatus for
      dispensing toothpaste and the like from a tube having a disc movable
      axially of the tube in a piston-movement-like manner, the apparatus
      comprising a tubular body portion and a cylindrical base portion. The
      bottom of the base portion has a threaded aperture co-axial with the axis
      of the tube, there being a threaded shaft threadably engaging the
      aperture. Means for releasably connecting the tube to the base portion is
      provided such that the tube is permitted to rotate relative to the base
      portion when connected to the base portion, the threaded shaft engaging
      the disc through an opening in the end of the tube adjacent the base
      portion.
PAR  According to a preferred embodiment of the invention, there is provided a
      container of a generally tubular configuration for holding, for example,
      toothpaste, having the conventional outlet and a cap therefor at one end.
      The container is preferably made of plastic and has a disc axially located
      therein and located at the end opposite to the outlet when the container
      is filled with, for example, toothpaste. There is also provided an
      apparatus for dispensing, for example, toothpaste from a container as
      described above, which may be attached to a wall or the like for
      convenient accessibility. A threaded shaft threadably disposed in the
      tubular body portion of the dispensing apparatus extends through the base
      portion of the apparatus which is adjacent the end of the container
      opposite to the outlet when the container is connected to the dispensing
      apparatus. The shaft extends into the container and into contact with the
      disc such that when the container is turned about its longitudinal axis,
      the shaft and the disc are advanced towards the outlet. The amount of, for
      example, toothpaste, desired is determined by the degree of rotation of
      the container. After the shaft and the disc have advanced substantially
      the length of the container, the container is then removed from the
      dispensing apparatus and discarded and the shaft is then pushed back into
      the tubular body portion to permit connection of a new container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational perspective view of the dispensing apparatus and
      the container.
PAR  FIG. 2 is an exploded, elevational, enlarged, cutaway partial view of FIG.
      1 showing the connecting means.
PAR  FIGS. 3 and 5 are cross-sectional views of two cross-sectional
      configurations of the shaft.
PAR  FIG. 4 is an enlarged view of the tubular body portion of the dispensing
      apparatus and the attachment means for attaching to walls, etc.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings, a specific embodiment of the present
      invention will now be described. In the drawings there is shown an
      apparatus generally designated at 10 for dispensing toothpaste and the
      like from a container generally designated at 11. Container 11 comprises
      an elongated tube 12 preferably made of plastic having at one end thereof
      the conventional outlet 13 covered by cap 14. At the end opposite to
      outlet opening 13 is a removeable base 15 which is press fitted into
      recesses 15a. The recesses 15a are formed in outwardly extending annular
      flange 16 which extends radially beyond the periphery of tube 12, the
      purpose of which will hereinafter be more fully described. Also located on
      base 15 and cut out of flange 16 are two diametrically opposed openings
      17, the function of which will also hereinafter be more fully described.
      Also located in tube 12 is disc 18. During the filling of the tube 12 with
      toothpaste or the like, base 15 is removed and when the tube is full, the
      disc 18 is inserted in the tube prior to press fitting the base 15 into
      the respective recesses 15a.  At the centre of disc 18 is provided an
      airhole 19 which assists in the smooth dispensing of the toothpaste.
PAR  Dispensing apparatus 10 comprises a tubular body portion 20 which is a
      cylindrical tube. At one end of body portion 20 is base portion 21, also
      of a cylindrical configuration, which is of a reduced diameter. On the end
      face 22 of base portion 21 is a threaded opening 23 for threadably
      engaging threaded shaft 24. When a full tube 12 is attached to dispensing
      apparatus 10, shaft 24, which is threadably engaged in opening 23 is
      disposed axially within body portion 20. Base portion 21 has two locking
      slots 25 of inverted L-shape which slots are located diametrically opposed
      to each other.
PAR  Tube 12 is attached to base portion 21 by means of locking collar 26 which
      has an inwardly projecting annular flange 27 and two locking studs 28
      which are diametrically opposed and adapted to engage L-shaped slots 25.
PAR  Shaft 24, which is threadably engaged and extends out of threaded opening
      23, extends through opening 29 in base 15. Opening 29 has the same
      cross-sectional configuration as shaft 24 but is slightly larger to
      accommodate shaft 24 axially without obstruction but prevents turning of
      shaft 24 within opening 29.
PAR  The end of shaft 24 which extends through opening 29 has a bulb-shaped end
      30 which co-operates with socket 31 at the centre of disc 18. Tube 12 is
      joined to base portion 21 by slipping locking collar 26 over tube 12 and
      aligning locking studs 28 with notches 17 and locking slots 25 such that
      locking studs 28 travel through notches 17 and into locking slots 25
      longitudinally to its furthest extent and is turned counterclockwise such
      that locking studs 28 are located in portion 32 of locking slots 25.
PAR  With the locking collar 26 in position as described above, tube 12 is free
      to rotate relative to dispensing apparatus 10 about their common
      longitudinal axis. The operation is such that upon turning tube 12 in the
      counterclockwise direction, shaft 24 is also turned in the same direction
      due to the co-operation between shaft 24 and opening 29. Since tube 12 and
      apparatus 10 are fixed relative to each other in the longitudinal
      direction, the turning motion of tube 12 causes shaft 24 to move
      longitudinally towards outlet 13. As shaft 24 moves in the aforementioned
      direction, it causes disc 18 to move ahead on shaft 24 in a
      piston-movement-like manner, thus forcing toothpaste or the like contained
      in tube 12 out of outlet 13.
PAR  Once shaft 24 and disc 18 travel substantially the length of tube 12, thus
      expending substantially all of the toothpaste or the like contained
      therein, locking collar 26 may be removed by reversing the procedure as
      described above and tube 12 may be discarded. Since shaft 24 has threaded
      itself almost completely beyond end face 22 of base portion 21, it may be
      pushed longitudinally back into body portion 20 without the necessity of
      threading. This is accomplished by having part of the end face defining
      threaded opening 23 on a sliding removable element 33 which is free to
      slide radially outwardly when the locking collar is removed. Element 33 is
      fixedly secured when locking collar 26 has connected tube 12 to base
      portion 21.
PAR  Basically, dispensing apparatus 10 may be of any configuration except for
      base portion 21 which must be compatible with base 15 and locking collar
      26. Body portion 20 has attaching means or hanger generally designated at
      34 as shown in FIG. 4 comprising a flat strip 35 having a bearing 36 at
      one end thereof. Pin 37 is journalled through bearings 38 on body portion
      20 and also through bearing 36 to pivotally connect the hanger to the body
      portion. The flat surface 39 on strip 35 may have self-adhesive material
      for sticking to walls, doors or cupboards, etc. Other fastening means such
      as screws may be used to fasten the hanger to walls and the like. Attached
      to the side of strip 35 adjacent the body portion 20 is rest-stop 40 which
      keeps the dispensing apparatus spaced apart from the wall. Thus it can be
      seen that the dispensing apparatus and the tube 12 may be pivotally
      adjusted away from the wall for easier access to the toothpaste.
PAR  Further, the body portion 20 may be designed to hold or be a receptacle for
      tooth brushes and the like which puts everything into a neat compact
      package.
PAR  Variations may also be made in the method of affixing dispensing apparatus
      10 to the wall. Further, body portion 20 may be part of a stand which is
      free standing and is not attached to the wall.
PAR  Further variations may be made in the configuration of shaft 24 as
      illustrated in FIGS. 3 and 5. Basically, shaft 24 requires sufficient
      surface for threading into opening 23 while at the same time presenting a
      non-circular surface into opening 29 which has the same shape as the shaft
      such that shaft 24 will not turn in opening 29.
PAR  It is also understood that the method of joining tube 12 to base portion 21
      as described above is only one specific embodiment and other locking and
      joining means may be used to provide the same effect.
PAR  Although a preferred embodiment of the invention has been shown and
      described, it is understood that variations may be made by those skilled
      in the art without departing from the spirit of the invention or the scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for dispensing toothpaste and the like comprising in
      combination a tube having an outlet at one end thereof, a disc of a
      peripheral configuration corresponding to the cross-sectional
      configuration of said tube disposed co-axially in said tube, a base
      located at the end of said tube opposite said outlet, and a tube holder
      having a tubular body portion and a cylindrical base portion, the bottom
      of said cylindrical base portion having a threaded aperture co-axial with
      the longitudinal axis of said cylindrical base portion, a threaded shaft
      threadably engaging said threaded aperture, said base of said tube having
      an opening which is adapted to permit free passage of said shaft through
      said opening so that the shaft engages said disc, the configuration of
      said threaded shaft and said opening being such that the opening surrounds
      said shaft in a manner to preclude relative rotational movement between
      said threaded shaft and the base of said tube when said tube is rotated,
      means for releasably connecting the tube to said base portion such that
      the tube is permitted to rotate relative to said cylindrical base portion
      when connected to said cylindrical bas portion, said threaded shaft
      engaging said disc through the opening provided in said tube base when the
      apparatus is assembled, rotation of said tube causing said threaded shaft
      to advance into said tube thereby advancing said disc to dispense the
      contents of said tube.
NUM  2.
PAR  2. A container as claimed in claim 1 wherein said tube is cylindrical in
      shape and said disc is circular.
NUM  3.
PAR  3. A container as claimed in claim 2 wherein said disc has an air-hole
      through its centre.
NUM  4.
PAR  4. A container as claimed in claim 1 wherein said container has adjacent
      said base an annular radially outwardly extending flange, said base having
      said opening defined in a central body portion thereof and radiating
      outwardly from said central body portion is a plurality of arms; said
      flange has a number of recesses formed therein equal in number to the
      number of arms and adapted to receive a respective arm whereby said base
      is press-fitted onto said container.
NUM  5.
PAR  5. A container as claimed in claim 4 wherein said flange has two
      diametrically opposed notches in the periphery thereof which are
      positioned elsewhere in said flange than where said recesses are
      positioned.
NUM  6.
PAR  6. An apparatus as claimed in claim 1 wherein said means for releasably
      connecting the tube to said base portion comprises a collar having a
      radially inwardly projecting annular flange and two diametrically opposed
      locking studs, said base portion having two diametrically opposed inverted
      "L" shaped locking slots adapted to receive said locking studs.
NUM  7.
PAR  7. An apparatus as claimed in claim 1 wherein said threaded shaft has a
      generally circular cross-section with at least one segment removed, the
      configuration of said opening in said tube base having a similar
      cross-section.
NUM  8.
PAR  8. An apparatus as claimed in claim 7 wherein said threaded shaft has a
      generally circular cross-section with a plurality of segments removed, the
      configuration of said opening in said tube base having a similar
      cross-section.
NUM  9.
PAR  9. An apparatus as claimed in claim 1 wherein a section of the base portion
      defining said threaded aperture is displaceable when the tube is
      disconnected from said base portion.
NUM  10.
PAR  10. An apparatus as claimed in claim 1 wherein said tubular body portion
      has means for attaching to a wall or the like.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 wherein said means for attaching is
      pivotally connected to said tubular body portion.
NUM  12.
PAR  12. A container for toothpaste and the like comprising an elongated tube,
      an outlet at one end thereof, a disc of a peripheral configuration
      corresponding to the cross-sectional configuration of said tube disposed
      co-axially in said tube, the base of said container which is an end of
      said tube opposite said outlet having an opening which permits insertion
      of means for axially advancing said disc from said base to said outlet in
      a piston-movement-like manner, said container having adjacent said base an
      annular radially outwardly extending flange, said base having said opening
      defined in a central body portion thereof and radiating outwardly from
      said central body portion is a plurality of arms; said flange having a
      number of recesses formed therein equal in number to the number of arms
      and adapted to receive a respective arm whereby said base is press-fitted
      onto said container, said flange having two diametrically opposed notches
      in the periphery thereof which are positioned elsewhere in said flange
      than where said recesses are positioned.
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ABST
PAL  Apparatus for storing material such as wood chips, sawdust, shavings and
      the like comprises
PA1  A. a bin,
PA1  B. closure means closing the lower interior of the bin, and carrier to
      swing downwardly to downwardly open the bin for dumping of said material
      from the bin interior, and
PA1  C. hoist mechanism including a flexible line element and a line spooling
      element, one of said elements connected with the closure means to spool
      the line element during swinging of said closure means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to bulk materials storage and dumping, and
      more particularly concerns improvements in bin closure mechanism.
PAR  In the past, mechanisms to open and shut the bottom closures of bins have
      presented problems. For example, levers and linkages used in such
      mechanisms are expensive to fabricate install and maintain in operating
      condition, particularly when openly exposed, snow and ice causing
      operating problems. There is a need for simpler, less expensive mechanism
      to operate bin closures; in particular, no way was known, to my knowledge,
      to provide mechanism to operate bin closures with the unusual advantage in
      construction, mode of operation and results as now afforded by the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide very simple bin closure
      operating mechanism overcoming the problems referred to above as well as
      other difficulties. Basically, bin closure means is mounted to swing
      downwardly and open the bin; and hoist mechanisms is arranged to operate
      the closure means. As will be seen, the hoist mechanism includes a
      flexible line element and a line spooling element, one of such elements
      connected with the closure means to spool the line element during swinging
      of the closure means. As a result, the closure means may be closed simply
      by energizing the hoist mechanism, and may be opened by deenergizing the
      hoist mechanism; also the latter may remain protectively beneath the
      closure means, as during closed condition of the closure means.
PAR  Additional objects and advantages includes the use of two closures hinged
      to swing downwardly, by gravity, to open position, the line element
      connected with one swinging closure and the spooling element carried by
      the other swinging closure; the provision of stops on the closures to
      limit their closing, the line element extending adjacent such stops as
      will be seen; the provision of bin and cyclone structures above the hoist
      mechanism; and the provision of multiple side-by-side closures, each
      independently controlled by a hoist mechanism, as described.
PAR  These and other objects and advantages of the invention as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is an elevation showing a bin structure with which the invention is
      usable;
PAR  FIG. 2 is a side elevation taken on lines 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary elevational showing of bin closure
      structure;
PAR  FIG. 4 is a view taken on lines 4--4 of FIG. 3; and
PAR  FIG. 5 is a perspective showing of a modification.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIGS. 1 and 2 the bin structure includes a framework 10
      having uprights 11, suitable cross-members 12-14, and diagonal bracing 15
      and 16. A bin 17 is supported on cross-members 14, additional upright
      braces 18 being employed. A cyclone 19 is supported above the bin, as via
      members 20-22, and diagonal bracing 23 and 24, as shown. Relatively heavy
      particulate material, as for example wood chips, wood shavings, sawdust or
      other stringy material, separates from light particles in the cyclone and
      drop via outlet 19a into the bin. Such material tends to "hang up" in the
      bin, unless the bin lower section 17a has downwardly tapered side walls 21
      to direct the material toward bottom closures 22. The latter, in closed
      condition have a substantially greater downward and lateral taper
      angularity .beta. toward a plane 23 toward which walls 21 also taper, with
      lesser taper angularity .alpha..
PAR  The closures (or closure means) are carried to swing downwardly, to open
      the bin for dumping of the material from the bin interior, as for example
      into a receptacle such as the vehicle trailer indicated at 24 in FIG. 1.
      FIG. 3 shows hinges 25 pivotally connecting the closure upper ends 26 to
      the support structure 13, the hinges having parallel horizontal axes. The
      closures may also include reinforcing members 27 connected to the closure
      plates 22a, at their ends, as seen in FIGS. 2 and 4. In addition, the two
      like closures are shown to include stop plates 30 respectively attached to
      the lower ends of plates 22a and interengageable when the closures are in
      bin-closing position as seen in FIG. 3.
PAR  In accordance with an important aspect of the invention, hoist mechanism is
      provided to include a flexible line element and a line spooling element,
      one of these elements connected with the closure means to spool the line
      element during swinging of the closure means. In the example, the two like
      closures are pivoted to swing relatively toward and away from each other,
      the line element in the form of a chain 31 being connected with one
      closure, and the spooling element in the form of drum 32 carried by the
      other closure. As shown, the chain 31 passes through suitably contoured
      openings 33 in the two stop plates, and one end of the chain is connected
      as by hook 34 to a pin 35 integral with a web 36 affixed to one closure 22
      and one stop plate. The spool 32 may be carried by an axle 37 supported by
      bracket 38 having an arm 38a affixed to the other stop plate 30. An
      electrical drive for the spool is shown at 39 in FIG. 4, and as connected
      in driving relation with the axle. A control cable for the spool hangs
      freely at 40, and is connected with a remote control 40a operated by a
      workman.
PAR  In operation, the drive, in FIG. 3, tensions the chain 31 to hold the bin
      closures in closed positions. Note the engagement of the closure plates
      22a against the downwardly tapering lower edges 41 of the bin end walls
      42. When dumping of the bin contents is desired, the spool or drum 32 is
      allowed to free-wheel, by the drive, so that the closures pivot downwardly
      to the broken line open positions as seen in FIG. 3, under the influence
      of gravity. The closure plates are there indicated at 22a'. Under such
      circumstances, the chain unwinds off the drum and assumes a hanging
      position as seen at 31a. Note that the spool pivots downwardly to position
      as seen at 32a, remaining at all times out of the path of the contents of
      the bin, which gravitate downwardly between the opened closures. The fact
      that the chain or line 31a may hang in or across that path is of no
      consequence.
PAR  When bin closure is desired, the chain is tensioned in response to
      operation of the drive to wind the drum 32, whereby the closures are
      pulled together and back to FIG. 3 position.
PAR  If desired, multiple side-by-side closure pairs may be supported and
      operated in the same manner, one example being seen in FIG. 5, where two
      spool and drive units are shown at 60 controlling two pairs of
      side-by-side closures indicated at 61 and 62. A common bin for the two
      pairs of closures is indicated at 63.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for storing material such as wood chips, sawdust, shavings,
      and the like, comprising
PA1  a. a bin,
PA1  b. closure means closing the lower interior of the bin, and carried to
      swing downwardly to downwardly open the bin for dumping of said material
      from the bin interior, and
PA1  c. hoist mechanism including a flexible line element and a line spooling
      element, one of said elements connected with the closure means to spool
      the line element during swinging of said closure means,
PA1  d. said closure means including two closures carried by the bin to swing
      downwardly relatively away from one another and upwardly relatively toward
      one another so that the lower portions of the closures swing into and out
      of engagement to close and open the bin, the line element connected with
      one swingable closure adjacent the lower end thereof and the spool element
      mounted on the other swingable closure to be located adjacent the lower
      end thereof whereby the line is unwound off the spool only a relatively
      short distance as the closures swing downwardly to open the bin.
NUM  2.
PAR  2. The apparatus of claim 1 including another two closures carried by the
      bin to swing relatively downwardly and toward and away from one another,
      and a second hoist mechanism including flexible line spooling elements
      respectively connected with said other two closures as in claim 1.
NUM  3.
PAR  3. The apparatus of claim 1 including stop means on the bin to limit
      closing of at least one of said two closures.
NUM  4.
PAR  4. The apparatus of claim 1 including a frame supporting said bin in
      elevated condition, and a cyclone separator carried by the frame and
      having a downward outlet communicating with the bin to deliver said
      material thereto.
NUM  5.
PAR  5. The apparatus of claim 4 including an auxiliary container between the
      separator and bin, the container having downwardly relatively tapering
      side walls.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the line element comprises a chain,
      there being an electrical drive for the spooling element, there being a
      bracket support for the drive also carried by said other closure.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the drive, chain and spooling element
      are beneath at least one closure in closed position thereof.
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ABST
PAL  A dry toner dispenser for use in an electrostatic or the like copying
      machine includes a hopper having a bottom opening from which dry toner
      particles are dispensed. A roll having a plurality of resilient fibers
      extending generally radially outwardly therefrom is mounted for rotation
      in the opening. A dispenser bar mounted outside of the hopper engages the
      resilient fibers of the roll. As the roll turns, the bar momentarily holds
      the fibers against the direction of rotation and then releases the fibers
      in a spring action to cause toner particles held between the fibers to be
      projected therefrom into the developer apparatus of the copying machine. A
      wheel rotatable in accordance with the operation of the copying machine
      drives a pivotal member which in turn rotates the dispenser roll
      incrementally. A manually positionable cam limits the movement of the
      pivotal member. An agitator included in the hopper is coupled to the drive
      roll for rotation therewith and maintains the toner particles in a loose
      condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dry toner dispensing apparatus for use in
      electrostatic and the like copying machines.
PAR  Toner dispensers which are employed in electrostatic type copying machines
      are provided to supply toner automatically, to the developer mixture of
      carrier and toner provided in the copying machine developer apparatus. The
      addition of toner from the dispenser must be such that the ratio of
      carrier and toner is properly maintained to ensure that ample toner will
      be applied from the developer apparatus to the latent image on a
      photoconductive member being developed, regardless of copy demand. This in
      fact is not an easy task since the amount of toner particles in a
      developer mixture is sometimes as small as one or two percent.
      Furthermore, the toner particles are extremely small in size and have a
      low specific gravity. Also the toner particles are sensitive to heat,
      pressure, friction and moisture which can cause packing and fusing of the
      particles prior to dispensing.
PAR  Many types of dry toner dispensers are available for use with developer
      apparatus in copying machines, but few appear to be capable of providing
      sufficient variation in the quantity of toner dispensed to accommodate
      varying copy demands. One prior art toner dispenser includes a hopper
      having an opening at the bottom for feeding toner particles into a
      developer apparatus. The dispensing of the toner particles is accomplished
      by using a metering device, such as a roller, mounted in the opening and
      arranged to be rotated to permit toner to be dispensed by gravity into the
      developer apparatus. The last-mentioned toner dispenser, while being
      suited for some copy demands, is not sufficiently regulatable to dispense
      precise amounts of toner into the developer apparatus for varying copy
      demands.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      new and improved dry toner dispenser which overcomes the drawbacks of
      prior art dry toner dispensers.
PAR  It is another object of the invention to provide a new and improved dry
      toner dispenser which is regulatable to dispense precise quantities of
      toner to a developer apparatus of a copying machine to accommodate varying
      copy demands.
PAR  It is another object of the present invention to provide a dry toner
      dispenser of the last-mentioned type which operates automatically to
      dispense pre-selected quantities of toner in accordance with the copy
      demand of a copying machine in which the dispenser is employed.
PAR  It is yet another object of the present invention to provide a new and
      improved dry toner dispenser of the above-described type which is
      relatively simple in construction, yet efficient in operation.
PAR  Briefly, a preferred embodiment of a dry toner dispenser according to the
      invention includes a hopper tapered toward a bottom opening. Mounted in
      the opening between a pair of end walls of the hopper is a dispenser roll.
      A plurality of resilient fibers extend substantially radially outwardly
      from the surface of the roll. The lower surface of the roll extends
      outwardly of the hopper.
PAR  The roll fibers are spaced just slightly from the front and rear walls of
      the hopper to prevent toner from falling from the bottom opening thereof.
      Toner is metered by the edge of one of the walls and it is carried out of
      the hopper on the roll surface between the fibers. The end of a dispenser
      bar extending the length of the roll engages the fibers of the roll along
      the lower half thereof. The bar causes the fibers to be momentarily held
      against the direction of rotation of the roll and then released so that a
      springing action occurs. This action causes toner particles trapped
      between the fibers to be projected therefrom into the bin of a developer
      apparatus of the copying machine.
PAR  The roll is driven incrementally during the time that copies are in the
      machine. The arc through which the roll turns in regulatable by means of a
      cam controlled assembly which decreases or increases the rotation of the
      dispenser roll depending upon the setting of the cam. A wheel rotatable in
      accordance with the operation of the copying machine drives a pivotal
      member through a one-way clutch which in turn drives the dispenser roll.
      The pivotal movement of the member is regulated by the pre-selected
      position of the cam.
PAR  An agitator also included in the hopper is coupled through a suitable gear
      arrangement to the dispenser roll for rotation in the opposite direction
      therefrom. The agitator comprises a rotatable rod extending between the
      end walls of the hopper in substantially parallel alignment with the
      dispenser roll. The rod includes a plurality of pins extending therefrom.
      The rotation of the rod drives the pins through the toner particles in the
      hopper to maintain the toner in a loose condition. The latter avoids
      sticking, bridging and clumping of the toner particles in the hopper and
      assures proper dispenser roll filling or toner pickup.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a perspective view of a dry toner dispenser assembly according to
      the invention;
PAR  FIGS. 2 and 3 are opposite end views of the dry toner dispenser assembly of
      FIG. 1; and
PAR  FIG. 4 is a side view of the dry toner dispenser assembly of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring now to the drawing in greater detail wherein like numerals are
      employed to designate similar components throughout the various views, a
      dry toner dispenser assembly 10 according to the invention includes a
      hopper or container, designated by the numeral 12. The hopper 12 has a
      pair of end walls 14, 16 and front and rear walls 18, 20, respectively,
      joined at opposite ends thereof to the end walls. The front and rear walls
      are angled toward each other at the lower end or bottom of the hopper to
      ensure the movement by gravity of toner particles 22 (FIG. 3) provided in
      the hopper toward a bottom opening 24 extending the length of the hopper
      and defined by walls 18, 20. A dispenser roll 26 is mounted in and closes
      off the bottom opening 24 of the hopper. The roll is supported on a shaft
      28 between end walls 14, 16, in suitable bearings, such as 17 (See FIG.
      4). The dispenser roll includes a central core 30 mounted on shaft 28 and
      covered with a material having a plurality of fibers, such as 32,
      extending therefrom. A typical material is one having a solvent activated
      adhesive backing layer with a nylon fiber facing. The fibers are oriented
      preferrably perpendicular to the backing layer so that they extend
      substantially radially outwardly of the roll 26 when the core is covered
      thereby. The fibers are resilient and as such when bent and released,
      spring back to their original position. Such a material is sold by the 3M
      Corporation under the trademark Fibre-Tran.
PAR  The front wall 20 of the hopper is longer than the rear wall 18 thereof.
      Wall 20 extends along a plane tangent to the periphery of roll 26 and
      prevents toner particles from leaking out of the bottom opening of hopper
      12. The rear wall 18 of the hopper is shorter than wall 20 and extends
      along a plane generally radially toward the periphery of the roll 26. The
      edge 34 of the wall 18, as will be explained in greater detail
      hereinafter, meters toner to the roll 26. The toner is then carried out of
      the hopper on the roll surface between the fibers 32.
PAR  Outside of the hopper between end walls 14, 16, there is mounted a
      dispenser or flicker bar 36. The bar is positioned so that a free end 38
      thereof engages the fibers 32 as the dispenser roll 26 is rotated. The
      engagement and release of the fibers causes toner particles held between
      the fibers on the roll surface to be projected therefrom into a developer
      apparatus (not shown).
PAR  A toner agitator 40 is also provided in hopper 12. The agitator 40 includes
      a rod 42 mounted for rotation between end walls 14, 16, in suitable
      bearing supports such as 19 (FIG. 4). A plurality of pin-like members 44
      extend outwardly from the rod 42, transversely thereof. As the rod is
      rotated, the pin members 44 move through the hopper stirring the toner
      particles 22 to prevent clumping or caking thereof in the hopper. This
      maintains the particles separated for proper and uniform dispensing. The
      central shaft of roll 26 and the agitator rod 42 are coupled together
      through gears 46, 48, mounted at the first ends, respectively, thereof.
      Thus, rotation of dispenser roll 26 causes agitator 40 to be rotated in
      the opposite direction therefrom.
PAR  A drive arrangement 50 is included in the toner dispenser assembly for
      rotating dispenser roll 26 incrementally for dispensing toner particles
      from the dispenser assembly. The drive arrangement 50 includes a one piece
      drive member 52 connected at an end 54 thereof through a one-way clutch
      mechanism 59 (See FIG. 4) to the shaft 28 of dispenser roll 26. A pair of
      arms 56, 58, extend outwardly from end 54 of the drive member at an angle
      a (See FIG. 3) with respect to each other. The free ends of the arms are
      joined by an arcuate shaped support member 62. Pivotal movement of the
      drive member in the direction of arrow 64 (FIG. 3) drives the dispenser
      roll 26 rotatably in a like direction through the clutch mechanism 59.
      Pivotal movement of the drive member in the opposite direction causes no
      movement of the roll 26 due to the decoupling of the drive member and roll
      26 by the one-way clutch mechanism.
PAR  A drive wheel 66 is provided to impart pivotal movement to the drive member
      52. The wheel is coupled to the drive shaft 67 of a motor 68 actuable in
      accordance with the operation of the copying machine (not shown) in which
      the toner dispenser assembly is employed during the copy making process.
      The wheel includes a pin member 70 extending outwardly from one surface
      thereof along a line substantially parallel to the axis of rotation of the
      motor drive shaft 67. As the wheel is rotated by motor 68, pin member 70
      revolves about the shaft 67 and periodically moves into engagement with
      the edge 72 of arm 58 of the drive member causing the latter to be pivoted
      about shaft 28 in the direction of arrow 64. The pivotal movement of the
      drive member through one-way clutch 59 drives roll 26 incrementally. As
      the pin member 70 passes arm 58, the drive member is returned to its
      original position through the action of return spring 74.
PAR  To limit the travel of the drive member 52 and thereby to selectively
      regulate or control the degree of incremental rotation of dispenser roll
      26, there is provided a stop or cam 76. The cam is mounted on a rod 78
      passing through and between end walls 14, 16. The rod extends beyond end
      wall 16 where cam 76 is mounted at the end of the rod between the arms 56,
      58 of the drive member 52. Thus, as the drive member is returned to its
      home position after having been driven pivotally in the direction of arrow
      64 by wheel 66, the cam member engages edge 80 of arm 56, limiting the
      movement of the drive member in the direction opposite from arrow 64. In
      this manner, the arm 58 is positioned more closely to or further from pin
      member 70 as the latter is moved about for engagement therewith. As such,
      the pivotal movement of the drive member as a result of engagement by pin
      member 70 with arm 54, is controlled or regulated accordingly.
PAR  The cam or stop 76 can be rotated into a varying number of positions to
      increase or decrease the pivotal movement of the drive member 52 and the
      incremental rotation of dispenser roll 26 to accommodate varying copying
      demands. The latter is accomplished by rotating manually the thumb wheel
      82 connected to the opposite end of rod 78. This function could also be
      carried out automatically by means of a motor (not shown) operated in
      accordance with the sensing of the density of an original document being
      copied. The thumb wheel includes an arcuate slot 84 formed therein and a
      pin 86 which is received in the slot. The latter limits the rotatable
      movement of thumb wheel 82 and as such the movement of cam 76 between two
      extreme positions, one of which as shown in the figures, provides a
      minimum incremental rotation of dispenser roll 26 and the other of which
      permits a maximum incremental rotation of the roll. Settings in between
      the last-mentioned provide differing degrees of rotation of the roll and
      as such corresponding degrees of toner particle dispensing from hopper 12
      of the assembly.
PAR  In operation, upon energization of drive motor 68, which is normally
      operated during the time copies are being made in a copying machine in
      which the dispenser assembly is employed, shaft 67 of the drive motor is
      rotated. The rotation of the last-mentioned shaft turns wheel 66 causing
      pin member 70 to be revolved into engagement with edge 72 of the arm 58 of
      drive member 52. Engagement of the arm 58 by the pin member moves drive
      member 52 pivotally about end 54 in the direction of arrow 64 (See FIG.
      3). The pivotal movement of drive member 52 in the last-mentioned
      direction imparts incremental rotational movement in a like direction,
      through one-way clutch mechanism 59, to dispenser roll 26.
PAR  Rotation of the dispenser roll causes some of the fibers 32 extending from
      the surface thereof to be driven past the dispenser or flicker bar 36. The
      end 38 of the dispenser bar momentarily holds the fibers against the
      direction of rotation of roll 26 and thereafter, as the roll continues to
      be rotated, releases the fibers. Because of the resiliency of the fibers,
      they spring back to their normal position, projecting toner particles held
      between the fibers outwardly therefrom toward a copying machine developer
      apparatus (not shown).
PAR  To reach the dispenser bar 36 for projection in the developer apparatus,
      the toner particles 22 must be accumulated between the fibers 32 of the
      roll 26 as the fibers pass through the hopper 12. At this time, gravity
      causes the toner particles to be carried toward the roll 26. The movement
      of the roll through the toner particles picks up the latter between the
      fibers 32 on the surface of the roll. As the roll surface passes edge 34
      of rear wall 18 of the hopper, toner is metered thereby to the roll
      surface. The toner remaining held in the fibers 32 at wall edge 34 is
      carried by the roll 26 toward dispenser bar 36. Once arriving thereat, as
      explained heretofore, the toner is projected from roll 26 into the
      developer apparatus (not shown) mounted below.
PAR  The incremental movement of roll 26 as described, is regulatable by means
      of cam 76. The cam which engages edge 80 of arm 56 of the dispenser member
      52, limits the pivotal return movement thereof (in the direction opposite
      from arm 64). In this manner, arm 58 is positioned nearer to or further
      from the pin member 70 of wheel 66. Thus, the engagement of the edge 72 of
      arm member 58 by the pin member is controlled and as such the arc through
      which the drive member 52 travels when driven by the pin member 70 is
      regulated accordingly. The cam member 76 can be moved, as described, to a
      varying number of positions by the action of thumb wheel 82. The latter
      changes the rotational travel of roll 26 in the direction of arrow 64 and
      the corresponding quantity of toner dispensed by the dispenser assembly
      10.
PAR  As described above, the toner agitator 40 is coupled through gears 46, 48
      to the roll 26 and as such is driven therewith by drive member 52. The
      agitator maintains the toner particles in a loosely held condition to
      ensure that the particles fall properly between fibers 32 on roll 26 to be
      carried thereby to dispenser bar 36 for projection by the action of the
      dispenser bar against the fibers.
PAR  The toner dispenser assembly according to the invention is a relatively
      simple, yet effective apparatus for providing controlled, precise
      quantities of toner to a developer apparatus of a copying machine thereby
      to maintain the ratio of toner and carrier in the developer apparatus at a
      proper level. This in turn provides adequately developed copies produced
      by the machine. Furthermore, the toner dispenser assembly can be regulated
      easily to alter the quantities of toner particles dispensed for varying
      copy demands.
PAR  While a particular embodiment of the invention has been shown and
      described, it should be understood that the invention is not limited
      thereto since many modifications may be made. It is therefore contemplated
      to cover by the present application any and all such modifications as fall
      within the true spirit and scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A dry toner dispenser assembly for use in dispensing quantities of dry
      toner particles to the developer apparatus of a copying machine, said
      dispenser assembly including in combination:
PA1  hopper means for receiving a quantity of toner particles, said hopper means
      defining an opening in the bottom thereof from which said toner particles
      are dispensed,
PA1  a dispenser roll being mounted for rotation in the bottom opening of said
      hopper means for carrying toner particles deposited on the surface thereof
      through said opening, into the developer apparatus,
PA1  dispenser roll drive means, said drive means including a drive member
      coupled to said roll for rotating said roll in accordance with movement of
      said drive member in a first direction, means for moving said drive member
      in said first direction and means for selectively regulating the movement
      of said drive member in said first direction whereby said roll is
      rotatably driven incrementally in accordance with the movement of said
      drive member and further including one-way clutch means coupling said
      drive member and said dispenser roll, said clutch means translating the
      movement of said drive member in said first direction into rotation of
      said roll, said clutch means decoupling said drive member and dispenser
      roll upon said drive member being moved in the opposite direction, wherein
      said means for moving said drive member in said first direction includes
      rotatable wheel means having a member extending outwardly therefrom, said
      member engaging said drive member as said wheel means is rotated to move
      said drive member in said first direction and wherein said regulating
      means includes an adjustable stop means positioned for engagement with
      said drive member to limit the movement thereof, whereby the rotation of
      said dispenser roll is limited accordingly.
NUM  2.
PAR  2. A dry toner dispenser assembly as claimed in claim 1 wherein said
      dispenser roll includes a plurality of resilient fibers extending
      generally outwardly therefrom about the periphery thereof for accumulating
      toner particles therebetween and flicker means mounted outside of said
      hopper means adjacent said dispenser roll, said flicker means engaging the
      resilient fibers extending from said roll as the latter is rotated to
      momentarily hold said fibers engaged thereby against the direction of
      rotation of said roll and thereafter as said roll is rotated, releasing
      said fibers in a springing action to project particles of toner held
      between said fibers into the developer apparatus of said copying machine.
NUM  3.
PAR  3. A toner dispenser assembly as claimed in claim 2 wherein said flicker
      means includes an elongated bar member mounted for engagement with said
      resilient fibers along the length of said roll.
NUM  4.
PAR  4. A toner dispenser assembly as claimed in claim 2 further including toner
      particle agitation means mounted in said hopper means adjacent said
      dispenser roll, said toner particle agitation means being operable in
      accordance with the rotation of said dispenser roll for maintaining said
      toner particles in a loosely held condition in said hopper.
NUM  5.
PAR  5. A dry toner dispenser assembly as claimed in claim 4 wherein said toner
      particle agitation means includes rod means mounted for rotation in said
      hopper means in subsstantially parallel alignment with said roll, said rod
      means including a plurality of pin means extending generally radially
      outwardly of said rod means about the periphery thereof, said rod means
      being coupled to said roll and being rotatable in accordance with the
      rotation thereof.
NUM  6.
PAR  6. A dry toner dispenser assembly as claimed in claim 1 wherein said drive
      member is mounted at a first end thereof through said one-way clutch means
      to said dispenser roll for pivotal movement in said first and opposite
      directions, respectively, wherein said drive member includes a pair of
      arms extending from said first end thereof forming an angle therebetween,
      and wherein said adjustable stop means includes a cam member mounted
      between the free ends of said arms for engagement with a first one
      thereof, said cam member limiting the movement of said arm pair in said
      opposite direction, the other one of said arms being engaged by the pin
      member of said wheel means to move the arm pair pivotally about the first
      ends thereof in said first direction for driving said dispenser roll, the
      position of said cam member being adjustable to control the pivotal
      movement of said arm pair for regulating the rotational movement of said
      dispenser roll.
NUM  7.
PAR  7. In a copying machine in which a copy of an original document is made
      including developer apparatus for applying toner particles to provide a
      visible image of said original document, a dry toner dispenser assembly
      for supplying quantities of dry toner particles to said developer
      apparatus, said toner dispenser assembly including in combination:
PA1  hopper means for receiving a quantity of toner particles, said hopper means
      including front, rear and adjoining end walls defining an opening at the
      bottom of said hopper through which said toner particles are dispensed, a
      dispenser roll mounted for rotation in the bottom opening of said hopper
      means for carrying toner particles received on the outer surface thereof
      outwardly of said hopper means through said opening,
PA1  dispenser roll drive means including a drive member mounted for pivotal
      movement at a first end thereof to said dispenser roll, one-way clutch
      means interposed between said first end of said drive member and said roll
      whereby pivotal movement of said drive member in a first direction imparts
      rotation to said dispenser roll in a predetermined direction, said roll
      remaining stationary when said drive member is pivoted in the opposite
      direction and means for engaging said drive member to to pivot the latter
      in said first direction for driving said dispenser roll accordingly,
      wherein said means for engaging said drive member for pivoting the latter
      in said first direction includes rotatable wheel means having a member
      extending outwardly therefrom, said member engaging said drive member
      periodically upon rotation of said wheel means to pivot said drive member
      in said first direction for driving said dispenser roll.
NUM  8.
PAR  8. A toner dispenser assembly as claimed in claim 7 wherein said dispenser
      roll includes a plurality of resilient fibers extending generally
      outwardly therefrom about the periphery of said roll for accumulating
      toner particles therebetween said dispenser control means mounted outside
      of said hopper means adjacent said dispenser roll, said dispenser control
      means engaging the resilient fibers extending from said roll as the latter
      is rotated therepast to momentarily hold said fiber engaged thereby
      against the direction of rotation of said roll and as said roll continues
      to be rotated, releasing said fiber in a springing action to project
      particles of toner held between said fiber into the developer apparatus.
NUM  9.
PAR  9. A dry toner dispenser assembly as claimed in claim 8 wherein said
      dispenser control means includes an elongated bar member mounted adjacent
      to said dispenser roll for engagement at an edge thereof with said
      resilient fibers, along the length of said roll.
NUM  10.
PAR  10. A dry toner dispenser assembly as claimed in claim 8 wherein an edge of
      one of said front and rear walls of said hopper means is positioned
      predeterminedly with respect to said roll for metering toner particles
      thereto whereby a predetermined quantity of toner particles is carried
      between the fibers of said roll outwardly through the bottom opening of
      said hopper means and wherein said assembly further includes agitator
      means mounted in said hopper means for rotation therein, said agitator
      means being coupled to said dispenser roll for rotation in accordance
      therewith.
NUM  11.
PAR  11. A dry toner dispenser assembly as claimed in claim 7 further including
      means for selectively regulating the pivotal movement of said drive member
      in said first direction, said regulating means including a stop member for
      limiting the movement of said drive member when the latter is engaged by
      said wheel means.
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PAL  Cap for actuating the valve of a pressurized container comprises an annular
      group of radially disposed fins hinged at one edge and so positioned that
      inward pressure on any fin will swing that fin and thereby actuate the
      valve.
PARN
PAR  This is a continuation of application Ser. No. 435,586, filed Jan. 22, 1974
     .
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PAC  SUMMARY OF THE INVENTION
PAR  In order to dispense a product stored in a pressurized container closed by
      a valve, it is conventional to use a push-button for opening and closing
      the container valve. These push-buttons, when directly actuated by the
      user, are capable of applying forces to the valve which are not in the
      same direction as the axis along which the moving part of the valve
      slides, and damage to the valve may therefore result. Moreover, these
      push-buttons are generally relatively unattractive.
PAR  It has already been suggested that a dispensing cap be associated with the
      push-button of a container of the aerosol bomb type. This cap covers the
      head of the container and the push-button and moves the push-button in the
      desired direction regardless of the direction in which the finger of the
      user presses on the movable part of the cap. Such caps have, for some
      people at least, a satisfactory aesthetic appearance, but their movable
      part can be moved by the user only in a certain direction and, in any
      case, any pressure by the user on parts of the cap other than the movable
      part will not result in opening of the dispensing valve. This means that
      the container must first be properly oriented in the hand of the user in
      order to permit dispensing.
PAR  It is the object of the present invention to provide a dispensing cap which
      may be associated with a push-button, or which may itself serve as a
      push-button, said cap being adapted to be actuated by the user without
      previous orientation of the container with respect to the hand of the
      user. It is accordingly an object of the present invention to provide, as
      a new article of manufacture, a dispensing cap adapted to be associated
      with a pressurized container of the aerosol bomb type, which container
      comprises a dispensing valve at its upper end, while said cap comprises a
      peripheral member which carries at one end means for attaching the cap to
      the pressurized container. The cap is characterized by the fact that it
      comprises, at the other end of the said peripheral member, a plurality of
      fins with the plane of each fin passing substantially through the axis of
      the cap. These fins define an inner space which opens away from the valve
      and are elastically pivoted with respect to the part of the peripheral
      member which carries the attaching means. The invention also comprises
      dispensing means, one end of which fits on the output duct of the
      container valve with which the cap cooperates and which is positioned at
      least partially within the inner space defined by the fins of the
      peripheral member. This dispensing means comprises an annular zone
      mechanically contacting each of the fins of the peripheral member.
PAR  In a first embodiment, the dispensing means comprises a member independent
      of the peripheral member, and the zone contacted by the fins consists of a
      small collar on which the fins of the peripheral member bear. In a second
      embodiment the dispensing member is integral with the fins of the
      peripheral member and the zone in which said fins contact the dispensing
      member consists of the zone connecting the fins to the dispensing member.
PAR  In a preferred embodiment of the invention the dispensing cap according to
      the invention is symmetrical about a central axis; the fins of the
      peripheral member are radial fins separated from each other by
      substantially radial slots, and the inner space defined by the fins is
      substantially frusto-conical in shape. The zone of the peripheral member
      not constituted by the fins comprises a cylindrical wall, at one end of
      which is positioned means for attaching it to the container. The container
      on which the dispensing cap fits comprises an annular groove and the
      cylindrical wall of the peripheral member comprises near its end at least
      one ridge which snaps into the groove in the container. The annular groove
      in the container is formed in the lateral cylindrical wall of the
      container. The peripheral member of the cap is made of a plastic material
      and the zone connecting the fins to the cylindrical wall of the peripheral
      member is thick enough to supply the elastic return force acting on each
      of the fins. The dispensing member comprises at one end a diaphragm and at
      its other end a spigot adapted to fit over the outlet tube of the valve,
      the diaphragm and the spigot being connected by an internal duct within
      the dispensing member.
PAR  In a first embodiment the dispensing member is straight. In a second
      embodiment the dispensing member comprises an elbow and a part of the
      dispensing member which is perpendicular to the axis of the cap opens
      outside the cap either below the upper ends of the fins on the peripheral
      member, or above these ends. In the first case at least one of the fins of
      the dispensing cap has a recess in its free upper end in order to permit
      the passage of the portion of the dispensing member which is perpendicular
      to the axis of the cap. In the second case the dispensing member may
      advantageously comprise an axial part fitting onto the outlet tube of the
      valve and a flat part perpendicular to said axial part. This flat part
      surmounts the fins of the peripheral member and contains the part of the
      internal duct of the dispensing member which is perpendicular to the axis
      of the cap.
PAR  In an advantageous embodiment of the invention the peripheral member may
      have a generally cylindrical external shape. The outer edges of the fins
      constitute generatrices of the cylinder and are positioned in alignment
      with the cylindrical wall which carries at its free end the means for
      attaching the cap. The fins of the peripheral member may, however, have a
      special shape designed to produce an aesthetic effect and, in particular,
      the assembly of fins may define an external volume which is substantially
      spherical and which is connected to the cylindrical wall which carries at
      its lower end the means for attaching the cap to the container.
PAR  Finally, it should be noted that the dispensing cap according to the
      invention may be provided with safety means for preventing the opening of
      the valve accidentally in the course of transport or handling of a
      container equipped with the dispensing cap according to the invention. For
      this purpose there is positioned over the top of the fins of the
      peripheral member a flat plate comprising as many blocking means as the
      peripheral member comprises fins. The blocking means may consist either of
      pins projecting into each of the fins, or projections inserted between
      each of the fins of the peripheral member. In this way, the safety means
      locks all the fins with respect to the others and prevents any pivotal
      movement about the zone about which they are hinged. It is clear that, if
      the dispensing member projects above the end plane of the blades of the
      peripheral member, the flat plate which constitutes the safety means must
      comprise a recess for permitting the passage of the dispensing member
      therethrough. It is also obvious that the above safety device cannot be
      used when the dispensing cap according to the invention has a dispensing
      member comprising a right angle elbow and consisting of an axial part
      associated with a flat plate surmounting the assembly of fins of the
      peripheral member.
PAR  The safety device which may be associated with the dispensing cap according
      to the invention may be converted into a device for insuring inviolability
      by connecting the safety member to the mounting ring fixed to the cap
      and/or the container. The connection may be made by means of tabs which
      may or may not be frangible. The member insuring inviolability is then
      removed by rupturing the tabs holding the plate, which constitutes the
      safety means, or by breaking a ring connected to said tabs and held on the
      cap and/or on the container.
PAR  One of the essential characteristics of the dispensing cap according to the
      invention is that it does not comprise any handle projecting beyond the
      geometrical envelope of the container. In effect, when the dispensing cap
      according to the invention is externally cylindrical, it is in alignment
      with a cylindrical container which constitutes the aerosol bomb and no
      handle projects laterally. This constitutes an advantage during transport
      of the containers because more containers may be packed inside the same
      package while being more firmly held therein. When the user desires to
      operate a pressurized container comprising a cap according to the
      invention, he holds the container by its dispensing cap and, with one or
      more fingers, presses transversely on at least one of the fins of the
      dispensing cap. This pressure swings the fins in question about the zone
      at which they are hinged and, consequently, causes translation of the
      dispensing member and depression of the outlet tube of the valve. It
      follows that dispensing results whenever the user presses a finger on at
      least one of the fins of the dispensing cap. When the pressure of the
      fingers is removed, the fins return to their initial position due to
      elastic recovery, that is to say, to the position in which they do not
      cause depression of the dispensing member in the direction of the valve.
      If the dispensing member is straight, the ejection of the product is along
      the axis of the dispensing cap. If, on the contrary, the dispensing member
      is elbow-shaped, the ejection of the product to be dispensed takes place
      radially and, of course, the user must at this time direct the jet of
      product obtained in the direction in which it is desired to use it.
PAR  It is a further object of the present invention to provide, as a new
      article of manufacture, a pressurized container of the aerosol bomb type,
      which container comprises a dispensing valve which cooperates with a
      dispensing cap as herein before described. In order that the object of the
      invention may be better understood, several embodiments thereof will now
      be described, purely by way of illustration and example, with reference to
      the accompanying drawings in which:
DRWD
PAR  FIG. 1 is an axial sectional view taken through a pressurized container
      equipped with a cylindrical cap according to the invention;
PAR  FIG. 2 is an exploded perspective view of the peripheral member, the
      dispensing member, and the pressurized container of the assembly
      illustrated in FIG. 1;
PAR  FIG. 3 is an axial sectional view taken through another embodiment of the
      dispensing cap according to the invention;
PAR  FIG. 4 is an axial sectional view taken through a third embodiment of the
      dispensing cap according to the invention;
PAR  FIG. 5 is an axial sectional view taken through a fourth embodiment of the
      dispensing cap according to the invention;
PAR  FIG. 6 is an axial sectional view taken through a fifth embodiment of the
      dispensing cap according to the invention;
PAR  FIG. 7 is an axial sectional view taken through the cap of FIG. 1 equipped
      with a safety device;
PAR  FIG. 8 is a perspective view showing the safety device of FIG. 7;
PAR  FIG. 9 is an axial sectional view taken through the cap of FIG. 1 equipped
      with a device for insuring inviolability; and
PAR  FIG. 10 is a perspective view showing the inviolability device of FIG. 9.
DETD
PAR  Referring now to the drawing, and more particularly to FIGS. 1 and 2, it
      will be seen that reference numeral 1 indicates a container of the aerosol
      type on which the display cap according to the invention is mounted. The
      container 1 is a one-piece can of a conventional type having a domed upper
      end to which a valve cup 3 is crimped. The corresponding valve comprises
      an outlet tube 4. The container 1 has a generally cylindrical shape and
      comprises, where its cylindrical sides meet the domed end 5, an annular
      groove 6 formed by rolling in a known manner.
PAR  A dispensing member 7 is mounted on the outlet tube 4 of the valve of the
      container 1. The member 7 comprises a spigot 8 adapted to fit onto the
      outlet tube 4 and a frusto-conical part 9 inside which a dispensing duct
      10 is located. At the end of the frusto-conical part 9 is a dispensing
      disphragm 11 which makes it possible to produce, in a conventional manner,
      either a spray or a filiform jet. At the base of the frusto-conical part 9
      the dispensing member 7 carries a collar 11 which projects from the
      frusto-conical part 9.
PAR  The dispensing cap according to the invention also comprises a peripheral
      member 13. The peripheral member 13 carries at its lower end a cylindrical
      wall 14, the lower edge of which carries an annular ridge 15. Above the
      cylindrical wall 14 the peripheral member 13 comprises a set of fins 16,
      each separated from the other by radial slots 26. The outer edge of the
      fins 16 defines a cylindrical surface positioned in alignment with the
      surface of the cylindrical wall 14. The fins 16 define a frusto-conical
      internal space the larger end of which is positioned in the plane of the
      upper ends of the fins 16. Inside this frusto-conical space is mounted the
      frusto-conical part 9 of the dispensing member 7. The fins 16 are bounded
      at their lower end by an edge 17 the part of which nearest the axis of the
      peripheral member 13 is adjacent and directly above the collar 12 of the
      dispensing member 7. The fins 16 are connected to the cylindrical wall 14
      by a connecting ring 18 and may swing elastically about the resilient wall
      14. Their hinge consists of a fraction of the ring 18 which permits
      rotation of each fin 16 in the direction of the axis of the peripheral
      member 13.
PAR  The dispensing member 7 is adapted to fit by its spigot 8 onto the outlet
      tube 4 of the valve of the container 1. The peripheral member 13 is then
      positioned on the upper part of the container 1 by forcing the annular
      ridge 15 into the annular groove 6. At this moment the edges 17 of the
      fins 16 are in alignment with the collar 12 of the dispensing member 7. If
      the user wants to dispense the product, he presses with one of his fingers
      on the outer edge of any one of the fins 16. This fin swings elastically
      about its hinge zone 18 and the edge 17 presses against the collar 12 thus
      causing depression of the outlet tube 4 and opening of the valve of the
      pressurized container 1. The product then flows out through the duct 10
      and the diaphragm 11. It will be seen that it is unnecessary for the user
      to locate the container with respect to his hand in order to obtain a
      dispensing action, since the action of the fingers may be applied to any
      one of the fins 16. This characteristic may be especially important when
      the container according to the invention is used to dispense products
      intended to treat the hair, for example, dyeing and bleaching products.
PAR  FIG. 3 shows another embodiment of the device shown in FIGS. 1 and 2. In
      this embodiment the container 1 is identical to the one previously
      described, but the dispensing cap consists of a single piece, that is to
      say, the peripheral member is integral with the dispensing member.
PAR  The peripheral member 13a is connected to the dispensing member 7a at the
      level of the collar 12a which encircles the lower part of the dispensing
      member 7a. This collar 12a is integral with each of the fins 16a of the
      peripheral member 13a, but all the other constructional characteristics of
      the fins 16 and 16a are identical. In other words, the structure of the
      peripheral member 13a is identical to the structure of the peripheral
      member 13 except that each of the fins 16a is connected, at its lower end,
      to the collar 12a of the dispensing member 7a.
PAR  The operation of the dispensing cap illustrated in FIG. 3 is analogous to
      that of the cap illustrated in FIGS. 1 and 2. It suffices for the user to
      press on any one of the fins 16a to depress the dispensing member 7a and
      consequently depress the outlet tube 4 to which the dispensing member 7a
      is fitted. The advantage of this embodiment resides in the fact that the
      dispensing cap, since it is made in a single piece, may be mounted more
      easily on the top of the pressurized container 1.
PAR  FIG. 4 represents a third embodiment of the device according to the
      invention. In this embodiment the cap comprises a peripheral member 13b
      and a dispensing member 7b constituting two separate pieces. The
      peripheral member 13b has at its lower end a cylindrical wall 14b mounted
      on the container 1 by cooperation between a ridge 15b and an annular
      groove 6 in the container 1. Above the cylindrical wall 14b is an annular
      reinforcing zone 18b which connects the radial fins 16b with the part 14b.
      These fins constitute the upper part of the peripheral member 13b. The
      fins 16b define an internal frusto-conical space identical to the one
      which has been described in connection with the embodiment of FIG. 1 but
      their external shape is such that the upper part of the peripheral member
      13 defines a substantially spherical volume. The other characteristics of
      this embodiment are the same as those described in connection with the
      embodiments of FIGS. 1 and 2. The shape adopted for the fins 16b makes it
      possible to obtain the benefit of an attractive aesthetic appearance for
      the dispensing cap.
PAR  FIG. 5 shows another embodiment of the dispensing cap according to the
      invention. In this embodiment the dispensing member 7c is no longer
      straight, as in the case of the embodiment of FIGS. 1 and 2, but is
      elbow-shaped so as to dispense the product in a direction perpendicular to
      the axis of the cap and the container 1 to which it is attached. In order
      to admit the radial part of the dispensing member 7c, one of the fins 16c
      constituting the peripheral member 13c of this embodiment is cut off at
      mid-height. This fin has been indicated by reference numeral 19. Except
      for this difference, the peripheral member 13c is identical to the
      peripheral member 13 described in connection with FIGS. 1 and 2 and the
      operation of this embodiment of the dispensing cap according to the
      invention is also identical to the operation which has heretofore been
      described, except that the user must, of course, avoid placing his finger
      over the fin 19 in the trajectory of the dispensing jet which is ejected
      by the diaphragm 11c of the member 7c, when dispensing the product.
PAR  FIG. 6 represents a fifth embodiment in which the dispensing member
      comprises, as in the case of FIG. 5, a dispensing duct 10d at a right
      angle to the axis of the container. In this embodiment the dispensing
      member 7d comprises an axial tube 20 and a top 21 perpendicular to the
      tube 20. The dispensing duct 10d is formed partly along the axis of the
      tube 20 and partly along a radius of the top 21. The dispensing duct 10d
      is formed partly along the axis of the tube 20 and partly along a radius
      of the top 21. The dispensing duct 10d permits ejection of the product to
      be dispensed through a diaphragm 11d. The cap 21 has on its lower surface
      a peripheral ridge 22 which is located in a peripheral recess 23 formed on
      the upper edge of the radial blade 16d of the peripheral member 13d of
      this dispensing cap. At the lower end of the axial tube 20 is a collar 12d
      positioned beneath the lower edges 17d of the fins 16d. The peripheral
      member 13d is attached to the container 1 in the same manner as the
      peripheral member 13.
PAR  The operation of the dispensing cap according to this embodiment is
      identical to that which has already been described. In this embodiment, as
      in the embodiment of FIG. 5, the dispensing member necessarily constitutes
      a separate piece from the peripheral member of the dispensing cap. In the
      embodiment of FIG. 6 the dispensing member is forced down into the
      frusto-conical space defined by the blade 16d so as to bring the collar
      12d beneath the edges 17d  of the blade 16d. Once thus positioned, the
      dispensing member becomes fixed to the peripheral member 13d and the
      dispensing cap is then mounted on the container 1 as previously indicated.
PAR  FIGS. 6 and 7 offer the possibility of mounting on a dispensing cap of the
      type shown on FIG. 1, a safety device making it possible to prevent an
      unintentional movement of the dispensing cap during transport or handling.
      For this purpose a cap 23 consisting of a disc 24 carrying radial vanes 25
      is fitted onto the peripheral member 13. The vanes 25 are inserted in the
      grooves 26 which separate the fins 16 of the peripheral member 13 and the
      vanes 25 are depressed until the disc 24 abuts the upper surface of the
      fins 16. This holds all the fins 16 in place and prevents the rotation of
      a fin with respect to the others and with respect to the cylindrical wall
      14 so that dispensing will not take place due to the exertion of pressure
      on the external surfaces of the fins 16. At the moment of use, it suffices
      to remove the cap 23 in order to permit the user to operate the dispensing
      cap according to the invention in the normal way.
PAR  FIGS. 9 and 10 show a device for insuring inviolability which may be used
      in cooperation with the dispensing cap shown on FIGS. 1 and 2. On the
      upper surface of the fins 16 is a cap 27 consisting of a disc carrying on
      its lower surface as many pins 28 as there are fins 16. The pins 28
      penetrate seats formed in the upper surfaces of the fins 16 so that the
      mounting of the cap 27 on the upper surface of the fins 16 as shown in
      FIG. 9 prevents movement of the fins 16. The disc 27 is held on the upper
      surface of the fins 16 by two diametrically opposed tabs 29. One of the
      ends of these tabs 29 is connected to the cap 27 and the other end is
      connected to a ring of plastic material 30 positioned beneath the ridge 15
      of the peripheral member 13 of the dispensing cap. The ring 30 is mounted
      in the position shown on FIG. 9, while hot, by utilizing the dilation of
      the plastic material and the cap may be lifted by breaking the tabs 29, or
      by tearing the ring 30, which may have a weakened point. It will be seen
      that one may thus insure the inviolability of the pressurized container
      equipped with a dispensing cap according to the invention.
PAR  It will of course be understood that the embodiments which have just been
      described have been given purely by way of illustration and example, and
      may be modified as to detail without thereby departing from the basic
      principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Dispensing cap adapted to be mounted on a pressurized container provided
      at its upper end with a dispensing valve having an outlet duct, said cap
      comprising a peripheral member carrying mounting means at one end for
      attaching the cap to the pressurized container and at least three fins
      arranged in a circle at its other end, with each of said fins individually
      movable in a plane passing substantially through the axis of the cap and
      the radially outer edges of said fins defining a cylinder and being
      positioned at least as far from said axis as the cylindrical wall of said
      container, and said fins defining an internal space opening away from the
      valve and being elastically hinged to said peripheral member, and a
      dispensing member actuated by said fins, one end of which is adapted to
      fit onto said outlet duct and actuate said duct to actuate said valve, at
      least part of said dispensing member lying in said space within the circle
      defined by the fins of the peripheral member, said dispensing member
      comprising an annular zone contacting each of the fins of the peripheral
      member, whereby radially inward pressure on any one of said fins will
      actuate said dispensing member and duct and thereby actuate said valve.
NUM  2.
PAR  2. Cap as claimed in claim 1 in which the fins engage a collar on the
      dispensing member.
NUM  3.
PAR  3. Cap as claimed in claim 1 in which the dispensing member is integral
      with the fins of the peripheral member and the fins act on a zone
      connecting the fins to the dispensing member.
NUM  4.
PAR  4. Cap as claimed in claim 1 which is symmetrical about a central axis, the
      fins of the peripheral member being radial fins separated from each other
      by substantially radial slots.
NUM  5.
PAR  5. Cap as claimed in claim 1 in which the peripheral member comprises a
      cylindrical wall one end of which carries said means for mounting it on
      the container.
NUM  6.
PAR  6. Cap as claimed in claim 5 in which the cylindrical wall of the
      peripheral member has a free end carrying at least one ridge adapted to
      snap fit into a annular neck in the lateral cylindrical wall of the
      container and constituting said mounting means.
NUM  7.
PAR  7. Cap as claimed in claim 5 in which the peripheral member is made of a
      plastic material and the zone connecting the fins to the cylindrical wall
      of the peripheral member is thick enough to supply an elastic return force
      acting on each of the fins.
NUM  8.
PAR  8. Cap as claimed in claim 1 in which the dispensing member comprises a
      diaphragm at one end and a spigot at its other end, which spigot is
      adapted to fit on the outlet tube of the container valve, said diaphragm
      and spigot being connected by a duct within the dispensing member.
NUM  9.
PAR  9. Cap as claimed in claim 1 in which the dispensing member is
      substantially straight.
NUM  10.
PAR  10. Cap as claimed in claim 1 in which the dispensing member is a right
      angle elbow.
NUM  11.
PAR  11. Cap as claimed in claim 10 in which a part of the dispensing member is
      perpendicular to the axis of the cap and opens externally of the cap
      beneath the upper ends of the fins, at least one of the fins being
      shortened to permit the passage of the part of the dispensing member
      perpendicular to the axis of the cap.
NUM  12.
PAR  12. Cap as claimed in claim 10 in which a part of the dispensing member
      which is perpendicular to the axis of the cap opens to the outside of the
      cap above the upper ends of the fins, said dispensing member comprising an
      axial part which is adapted to fit onto the outlet tube of the valve and a
      flat disc perpendicular to said axial part, said flat disc surmounting the
      vanes of the peripheral member and comprising the part of the internal
      duct of the dispensing member which is perpendicular to the axis of the
      cap.
NUM  13.
PAR  13. Cap as claimed in claim 5 in which the peripheral member has a
      generally cylindrical external shape, with the outer edges of the fins
      constituting the generatrices of this cylinder, and being positioned in
      alignment with a cylindrical wall which carries at its free end means for
      attaching the cap to the container.
NUM  14.
PAR  14. Cap as claimed in claim 5 in which the outer edges of the fins of the
      peripheral member define a substantially spherical volume connected to a
      cylindrical wall the lower part of which carries the means for attaching
      the cap to the container.
NUM  15.
PAR  15. Cap as claimed in claim 1 associated with safety means consisting of a
      disc above the upper ends of the fins of the peripheral member, said disc
      comprising as many locking members as the peripheral member comprises
      fins, which locking members may be pins penetrating into the body of each
      fin or vanes inserted between each pair of said fins.
NUM  16.
PAR  16. Cap as claimed in claim 15 in which the safety member is connected to
      an attaching ring affixed to the cap and/or the container, the connections
      and/or the attaching ring being frangible.
NUM  17.
PAR  17. In combination a dispensing cap as claimed in claim 1 mounted on an
      aerosol container provided with a valve adapted to cooperate with said
      cap.
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ABST
PAL  The invention relates to a safety cap for a device for dispensing a
      liquefied gas propellent including one or more active ingredients such as
      is used for insecticides or exterminating purposes. More particularly, the
      device, which is commonly known as an "Aerosol Bomb" comprises a container
      of conventional type having a discharge nozzle which when pressed will
      activate a valve to release the contents of the container as a spray. The
      container has an annular flange at its upper end and the cap, according to
      the invention, has a cylindrical side wall with means at its lower edge to
      interengage with the annular flange to retain the cap in position yet
      permit relative longitudinal movement of the cap with respect to the
      nozzle. The cap has inwardly movable means carried by the side wall
      thereof releasably to grip the nozzle so that when the cap is moved
      longitudinally outwardly with respect to the container; the gripping means
      are then moved inwardly to engage the nozzle and the cap is then moved
      longitudinally inwardly with respect to the container with the nozzle
      still gripped, the valve controlled by the nozzle will be actuated for
      discharge of the contents of the container.
BSUM
PAR  As conducive to an understanding of the invention it is noted that with the
      ever increasing use of aerosol cans in the home to dispense a wide variety
      of products, situations have arisen in which young children, who are
      unaware of the potential danger of the product, particularly when the
      active agent is an insecticide, pick up the can and actuate the latter
      with resultant harmful consequences.
PAR  Numerous types of safety caps have been devised to prevent inadvertent
      actuation by a child. However, in many cases such caps are either so
      complex that it is even difficult for an adult to use without detailed
      instructions, or so simple that they also can be operated by a child.
PAR  Furthermore, where the safety caps include numerous movable elements and
      locking mechanisms, the cost of manufacture renders them commercially
      unfeasible and they are likely to become damaged if the container is
      dropped.
PAR  It is accordingly among the objects of the invention to provide a safety
      cap for a pressurized dispenser or aerosol bomb of the type comprising a
      conventional container having a discharge nozzle, which cap may readily be
      fabricated at low cost with a simple molding operation and which is devoid
      of pivots, links, plungers or other movable elements that are not an
      integral part of the cap, and which cap itself defines the actuating means
      for depressing the nozzle of the dispenser with a few simple movements
      which may readily be accomplished by an adult but which are beyond the
      capabilities of a young child.
PAR  It is also to be noted that in many applications of "Aerosol Bombs",
      particularly when they contain an insecticide, not only is it desirable to
      prevent inadvertent actuation by a child, but it is often desirable that
      once the device is actuated it remain in such actuated condition so that
      the user can leave the room in which the device is discharging in that he
      not be affected by the toxic spray or discharge.
PAR  Accordingly it is still another object of the invention to provide a safety
      cap of the above type, which when operated to discharge the contents of a
      container will remain in its actuated condition without need for the user
      to hold the cap.
PAR  According to the invention these objects are accomplished by the
      arrangement and combination of elements hereafter described and more
      particularly recited in the claims.
DRWD
PAR  In the accompanying drawings in which are shown one or more of various
      possible embodiments of the several features of the invention:
PAR  FIG. 1 is a perspective view of the aerosol container and safety cap,
      according to one embodiment of the invention;
PAR  FIG. 2 is a longitudinal fragmentary sectional view of the safety cap
      mounted on the aerosol can in normal position;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 2, showing the cap in a second position of
      operation;
PAR  FIG. 5 is a view similar to FIG. 2, showing the cap in position actuating
      the valve.
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a view similar to FIG. 2, showing the cap made of two portions of
      different flexibility;
PAR  FIG. 8 is a fragmentary detail view of another embodiment of the invention;
PAR  FIG. 9 is a view similar to FIG. 2 of still another embodiment of the
      invention which enables the discharge nozzle to be locked in actuated
      position;
PAR  FIG. 10 is a detail sectional view taken along line 10--10 of FIG. 9;
PAR  FIG. 11 is a view similar to FIG. 9, showing the cap in actuated position;
      and
PAR  FIG. 12 is a detail sectional view taken along line 12--12 of FIG. 11.
DETD
PAR  Referring now to the drawings, as shown in FIG. 1, the liquefied gas
      propellent, as well as the active ingredients comprising the insecticide,
      are enclosed under pressure in a container 11. The container has an
      upwardly domed end 12 surrounding the end wall 13 of the container, from
      which protrudes an axial discharge nozzle 14, which coacts with a valve
      15, which is opened when the nozzle 14 is depressed to permit ejection of
      the contents of the container through the nozzle 14 in the form of a
      spray.
PAR  The domed end 12 of the container has an annular rim 16 rising therefrom,
      the latter having an inwardly extending annular flange 17 defining an
      annular recess 18 with respect to the end wall 13 of the container.
PAR  According to the invention in the embodiment shown in FIGS. 1 to 6 a
      cup-shaped cap 21 is provided which preferably is formed by molding from a
      suitable plastic such as polyethylene. The cap is sufficiently rigid so as
      to maintain its shape and properly protect the nozzle yet may be deformed
      in order to actuate the nozzle in the manner hereinafter to be described.
PAR  More particularly, as shown in FIGS. 1 and 2, the cap has a top wall 22
      with an axial opening 23 and has a depending cylindrical side wall 24 of
      reduced diameter at its lower end as at 25 defining an annular shoulder
      26, an annular flange 27 extending outwardly from the lower end of reduced
      diameter wall portion 25.
PAR  The flange 27 is of diameter such that it may be force fitted over annular
      flange 17 so that flange 27 will be positioned in annular recess 18 and
      movable longitudinally therein.
PAR  As a result of the "elastic memory" of the plastic forming the cap 21,
      after the lower portion 25 is deformed inwardly to permit the annular
      flange 27 to snap over the annular flange 17, it will then return to its
      original shape. As a result, the cap 21 will be dependably secured to the
      annular rim 16 yet able to be moved axially with respect thereto.
PAR  Extending radially inwardly from opposed sides of the cap 21 and
      diametrically aligned therewith are ribs 31, 32. The outer end of each of
      the ribs 31, 32 is preferably formed integrally with the upper portion 24a
      of the side wall 24 and the inner end of each of the ribs is formed with a
      substantially semi-circular clamping recess 33. Due to the thickness in
      cross section of each of the ribs 33, they are relatively rigid as
      compared to the rigidity of the side and top walls 24, 22 of the cap 21
      for the purpose hereinafter described.
PAR  With the cap 21 mounted on the upstanding rim 16, and with the shoulder 26
      seated on the annular flange 17 at the upper edge of rim 16, due to the
      length of the lower portion 25 of side wall 24 the inturned flange will be
      be located adjacent the end wall 13 of the container.
PAR  With the cap 21 initially positioned as above described, the nozzle 14 will
      be straddled and substantially encompassed by the opposed recesses 33, the
      latter defining a substantially cylindrical bore of diameter just slightly
      larger than the diameter of nozzle 14. The length of the nozzle 14 is such
      that its outer end 14a will be slightly spaced from the under surface of
      top wall 22 of the cap 21 axially aligned with the opening 23 therein.
PAR  In order to actuate the valve 15, the user must grasp the container 11 in
      one hand and then lift up on the cap 21 with the other hand, such upward
      movement of the cap being limited by the abutment of flange 27 against
      flange 17. As a result of such upward movement of the cap, it will be
      positioned as shown in FIG. 4 and the recesses 33 at the ends of ribs 31,
      32 will also be displaced upwardly with respect to the nozzle 14.
PAR  Thereupon the user, still gripping the container 11 in one hand, presses
      inwardly on opposed sides of the upper portion 24a at the regions thereof
      shown by the arrows in FIG. 6 of the cap diametrically aligned with the
      ribs 31, 32 such positions being indicated by appropriate markings on the
      exterior of said wall portion 24. As a result of such inward forces, due
      to the rigidity of the ribs 31, 32 and the flexibility of the side wall 24
      of the cap 21, the side wall 24 will deform inwardly at the regions of
      pressure as shown in FIG. 6, forcing the ribs 31, 32 inwardly so that the
      opposed wall surfaces of the recesses 33 will tightly grip the nozzle 14
      therebetween.
PAR  Thereupon, still pressing inwardly on the opposed portions of side wall 24
      of the cap with one hand and holding the container in the other hand, the
      user then moves the cap downwardly to the position shown in FIG. 5. As a
      result, the nozzle 14 will be moved downwardly and the distance of travel
      of the cap 21 is such that the valve 15 will be actuated so that the
      contents of the container will be discharged through opening 23.
PAR  If the user should release the pressure applied to the opposed portions of
      side wall 24, due to the elastic memory of the plastic material from which
      the cap is formed, the latter will assume its original shape so that the
      ribs 31, 32 will move outwardly, with the result that the wall surfaces of
      recesses 33 will move away from nozzle 14. Hence, due to the conventional
      spring controlling the valve 15, the nozzle 14 will be forced outwardly
      and the valve 15 will close, cutting off further discharge.
PAR  It is apparent that unless the operating procedures above described are
      followed in the sequence indicated, the valve 15 cannot be actuated. The
      procedure is of course relatively simple for an adult to follow but would
      be extremely difficult to be performed by a young child and the likelihood
      of accidental operation by such young child is minimal, if not impossible.
PAR  Thus, for example, with the cap in its normal downward position shown in
      FIG. 2, if downward pressure is exerted against the top wall 22 of the
      cap, as the shoulder 26 abuts against flange 17, no downward movement
      would be imparted to the cap. Hence no downward movement would be imparted
      to the nozzle 14 which could cause actuation of valve 15.
PAR  If downward pressure should be exerted against the cap 21 and the sidewall
      portion 24 should be pressed inwardly simultaneously causing the recesses
      33 to grip the nozzle, since as above described, the cap would not move
      downwardly, no actuation of valve 15 could occur.
PAR  Even if by some remote chance the child should first lift the cap 21 so
      that it moved upwardly with respect to the container, and then the child
      pressed the cap downwardly, no actuation of the nozzle would occur unless
      the child at the same time gripped the container in one hand and pressed
      the portion of side wall 24 at the regions thereof aligned with ribs 31,
      32. The likelihood of such relatively complex procedure being
      inadvertently performed is of course highly improbable.
PAR  Although in the embodiment shown in FIGS. 1 to 6 the cap 21 is a one piece
      unit which may readily be molded, it is within the scope of the invention
      to form the cap in two pieces.
PAR  Thus the cylindrical reduced diameter lower portion 25' of the cap 21'
      shown in FIG. 7 could be formed from an extremely rigid plastic or of
      metal, both capable of deforming inwardly sufficiently so that flange 27'
      thereof could snap over flange 17'. The remaining portion 24'a  of the cap
      could be molded from a more flexible plastic and the two sections secured
      together by bonding the upper edge 25'a of portion 25' to the periphery of
      shoulder 26' and to the under surface of ribs 31', 32'.
PAR  It is also within the scope of the invention in order to insure dependable
      actuation of the valve 15 controlled by the downward movement of nozzle
      14, to provide the nozzle 14 with an annular groove 41 and the wall
      surfaces of recesses 33 with arcuate beads 42, so that when the cap 21 was
      lifted in normal operation the beads 42 would be aligned with the annular
      groove 41 and would move into such annular groove 41 when the opposed
      portions of side wall 24a of the cap were pressed inwardly.
PAR  Although in the embodiment shown in FIGS. 1 to 6, for example, the cap 21
      is retained on the upstanding rim 16 by having the flange 27 of the cap
      positioned inwardly of the rim 16, it is within the scope of the invention
      as shown in FIG. 8 to have the flange 27" positioned exteriorly of the
      upstanding rim 16" so that it will engage the outwardly extending flange
      17" when the cap 21" is lifted.
PAR  In the embodiments shown in FIGS. 1 to 7, manual pressure must be
      maintained against the sides of the cap 21 to maintain the valve 15
      actuated.
PAR  In the embodiments shown in FIGS. 9 to 12 inclusive, the same safety
      features are present as in the embodiments of FIGS. 1 to 8, but in
      addition once the device is actuated it will remain in such condition.
PAR  To this end, as shown in FIGS. 9 to 12 in which parts corresponding to
      those in FIGS. 1 to 6 have the same reference numerals, the side wall 24
      of the cap 21 includes a depending lip 61 with an inwardly extending
      annular flange 62 at its lower edge. The inner diameter of flange 62 is
      slightly less than the outer diameter of a flange 17a extending outwardly
      beyond upstanding rim 16 so that when the cap 21 is pressed downwardly as
      shown in FIG. 11 the flange 62 will engage flange 17a to retain the cap in
      such position.
PAR  In the normal position of the cap 21 as shown in FIG. 9 with the flange 62
      resting on the top of rim 16, the annular side wall 25 which depends from
      ribs 31, 32 and is positioned inwardly of rim 16 will have its outwardly
      extending annular flange 27 positioned substantially midway between the
      inwardly extending flange 17 and the floor 13 so that the cap 21 may be
      moved upwardly or downwardly from the position shown in FIG. 9.
PAR  The recesses 33 defined at the inner ends of ribs 31, 32 each has an
      arcuate bead 42 formed integrally therewith adapted to coact with annular
      groove 41 in nozzle 14 in the manner previously described.
PAR  The side edges 65 of each of the ribs 31, 32 are provided with
      complementary locking members 66, 67 which will snap into locking
      engagement when the ribs 31, 32 are moved inwardly by pressure against
      opposed portions of the side wall 24 of cap 21 aligned with such ribs.
PAR  More particularly in the operation of the embodiment shown in FIGS. 9 to
      12, to actuate the valve 15 the cap 21 must first be moved outwardly from
      the position shown in FIG. 9, such movement being limited by the abutment
      of flange 27 against flange 17. At such outward position of the cap 21,
      the beads 42 will be aligned with annular groove 41 of nozzle 14.
PAR  Thereupon the portions of side wall 24 of the cap 21 aligned with ribs 31,
      32 are pressed inwardly and the beads 42 will enter groove 41 as shown in
      FIGS. 11, 12 and at the same time the complementary locking members 66, 67
      will snap into engagement as shown in FIG. 12 to retain the beads 42 in
      said groove 41.
PAR  At this time, the cap 21 is moved downwardly to the position shown in FIG.
      11 so that the flange 62 will engage flange 17a to retain the cap in its
      downward locked position.
PAR  The downward movement of cap 21 from the position shown in FIG. 9 to the
      position shown in FIG. 11 is sufficient to cause corresponding inward
      movement of nozzle 14 a distance to actuate the valve 15 so that the
      contents of the container 11 will be discharged continuously from the
      nozzle 14.
PAR  It is to be noted that the spacing between the complementary locking
      members 66, 67 is such that they will not engage unless the beads 42 are
      aligned with groove 41 at the time the ribs 31, 32 are moved inwardly.
CLMS
STM  Having thus described our invention, what we claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A cap for an aerosol bomb of the type comprising a container with an end
      wall having a longitudinally outstanding annular rim with an annular
      retaining flange at its free end and having a discharge nozzle extending
      axially from said end wall and a normally closed valve actuated by inward
      movement of said nozzle; said nozzle having actuator engagement means
      thereon at a point intermediate its length and spaced substantially from
      its outlet end, said cap having a side wall, means at one end of said side
      wall inter-engaging with said retaining flange for retention of said cap
      on said rim yet permitting limited relative longitudinal movement between
      said cap and said rim and nozzle a predetermined distance between a
      retracted dispensing position and an extending nondispensing position, and
      inwardly movable actuator means carried by said cap to grip said actuator
      engagement means on said nozzle for axial inward movement of said nozzle
      and actuation of said valve only when said cap is moved from said extended
      position to said retracted position and said inwardly movable actuator
      means are actuated, said cap having means to permit discharge therethrough
      of the contents of said container when the valve is actuated.
NUM  2.
PAR  2. The combination set forth in claim 1 in which the cap has a top wall and
      said means to permit discharge comprises an axial opening in said top wall
      aligned with the outlet end of the nozzle.
NUM  3.
PAR  3. The combination set forth in claim 1 in which the retaining flange at
      the free end of the container rim extends radially inwardly and the means
      on one end of said side wall inter-engaging with said retaining flange
      comprises an outwardly extending annular flange.
NUM  4.
PAR  4. The combination set forth in claim 1 in which said side wall of said cap
      is deformable, whereby when opposed portions of said side wall aligned
      with said inwardly movable actuator means are deformed inwardly said
      nozzle actuator engagement means will be gripped by said movable actuator
      means.
NUM  5.
PAR  5. The combination set forth in claim 1 in which the side wall of said cap
      is deformable and said inwardly movable actuator means comprises a pair of
      diametrically aligned ribs, each rib having one end secured to the side
      wall of the cap extending radially inward therefrom and the other end
      positioned adjacent to the nozzle.
NUM  6.
PAR  6. The combination set forth in claim 1 in which the side wall of said cap
      is deformable and said inwardly movable actuator mean comprises a pair of
      diametrically aligned ribs, each rib having one end secured to the side
      wall of the cap and extending radially inward therefrom, a clamping recess
      formed at the other end of each of said ribs, the wall of each recess
      being in juxtaposition with said nozzle and adapted to engage the actuator
      engagement means on the latter when the opposed portions of the side wall
      aligned with said ribs are deformed inwardly.
NUM  7.
PAR  7. The combination set forth in claim 6 in which each of said recesses is
      arcuate and said recesses and said nozzle actuator engagement means have
      complementary locking conformations normally spaced from each other and
      adapted to engage when said side wall of the cap is deformed inwardly.
NUM  8.
PAR  8. The combination set forth in claim 6 in which said nozzle actuator
      engagement means includes an annular groove and each of said recesses is
      arcuate and has an arcuate bead normally spaced from said groove and
      adapted to be aligned therewith and positioned therein when the side wall
      of said cap is deformed inwardly.
NUM  9.
PAR  9. The combination set forth in claim 6 in which said nozzle actuator
      engagement means includes an annular groove, each of said recesses is
      arcuate and has an arcuate bead, said beads normally being spaced from
      said annular groove, and adapted to be aligned therewith and positioned
      therein when the side wall of the cap is deformed inwardly, each of said
      ribs having complementary locking members at their inner ends adapted to
      engage when the beads are aligned with said groove and the side wall of
      the cap is deformed inwardly, and means releasably to retain the cap in
      its retracted position.
NUM  10.
PAR  10. The combination set forth in claim 9 in which the annular retaining
      flange extends radially inwardly and a second annular retaining flange is
      provided extending radially outwardly, the means releasably to retain the
      cap in its retracted position comprises an annular lip depending from the
      lower edge of the side wall of the cap and encompassing said second
      annular flange, said lip having an annular inwardly extending flange at
      its lower edge adapted to coact with said second flange, said means
      interengaging with said first flange comprising an outwardly extending
      annular flange positioned inwardly of said annular rim and located between
      said first flange and the end wall of the container when said lower edge
      of said lip rests on the upper edge of said rim.
NUM  11.
PAR  11. The combination set forth in claim 1 in which said cap has a
      cylindrical deformable side wall and is of reduced diameter at its lower
      portion defining an annular shoulder therebetween, said cap having a top
      wall extending across one end of said side wall, said top wall having an
      axial opening, said interengaging means comprising an outwardly extending
      annular flange at the end of said lower portion of said side wall, said
      inwardly movable means comprises a pair of diametrically aligned ribs,
      each rib having one end secured to the side wall between the annular
      shoulder and the top wall and extending radially inward therefrom, each
      rib having clamping means at its inner end.
NUM  12.
PAR  12. The combination set forth in claim 11 in which the lower portion of
      said side wall is relatively rigid as compared to the rigidity of the
      upper portion of said side wall.
NUM  13.
PAR  13. The combination set forth in claim 1 in which such annular retaining
      flange extends outwardly from the upper edge of said annular rim, and the
      side wall of said cap encompasses said rim and said retaining flange and
      the means at one end of said side wall interengaging with said retaining
      flange comprises an inwardly extending annular flange at the lower end of
      said side wall.
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ABST
PAL  A device for dispensing particulate or granulated material, comprises a
      container having sloped walls for retaining the material and feeding it to
      a plunger mechanism which can be actuated manually to discharge a portion
      of the material from the container. The plunger is disposed to move
      horizontally within an expandible sheath thereby permitting movement
      through the material.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my prior copending
      application Ser. No. 372,810 now abandoned, filed June 22, 1973, which is
      incorporated herein by reference, and discloses and claims, in part, the
      material disclosed and claimed in said prior application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to material dispensers and, more particularly, to a
      dry food material dispenser, such as a sugar dispenser.
PAR  In the prior art, dispensing food matter, such as sugar, to the public in a
      sanitary way in individual portions, has been fraught with problems. Open
      containers are generally considered to be unsanitary. Ofter, sugar is
      packaged in individual paper containers for this very reason. While small
      quantities of sugar can be placed in individual hand-held containers, I
      know of no commercially available dispenser which can retain a large
      quantity of sugar for dispensing individual portions. This is, no doubt,
      due to the fact that a large quantity of sugar which sits in a container
      overnight has a tendency to cake and this quantity, when mechanically
      vibrated, for example, by opening the dispenser, will closely and tightly
      pack.
PAR  Apparently, this caking occurs because the sugar deliquesces on exposure to
      moisture in the atmosphere and then hardens into an almost concrete-like
      mass. This exposure occurs initially at the openings into the container
      and thus, if a container sits overnight, it becomes difficult and
      sometimes impossible to dispense sugar through the opening. Again, it is
      to be emphasized that we are talking here about large capacity containers
      rather than small containers which can be inverted in order to pour the
      sugar from the container through a small opening. Such small capacity
      containers obviously have neither the packing problem nor the caking
      problem since the sugar does not lie against the opening when in storage.
      Of course, even a small container will tend to cake if the sugar is left
      for a considerable length of time. Generally speaking, such small
      containers do not have any means for breaking up the cake of sugar short
      of removing the cap and inserting a utensil into the mass of sugar.
PAR  I have attempted, unsuccessfully, to solve the problems of dispensing the
      sugar in individual portions by using a manually actuated plunger or
      piston. Such a system will not work due to frictional forces and packing.
      The packing is caused by vibrations of the mechanism settling the
      particulate matter against the piston causing such friction as to totally
      prevent movement; thus making a hand operated dispenser impossible.
PAR  Furthermore, a system utilizing a piston-actuated diaphragm such as that
      shown in the G. Plura U.S. Pat. No. 3,391,833 would be unsuitable in a
      manual sugar dispenser. For one thing, the short stroke enlarged faced
      diaphragm would require tremendous force. More importantly, such a device
      does not move through the particulate matter, but rather attempts to
      displace it. This would be totally impracticable when dealing with a
      material which forms a hard concrete-like cake, such as sugar.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to overcome the problems of the prior art
      as set forth above, and in addition, to provide an efficient means of
      storing a large quantity of sugar and then dispensing it manually on a
      regular basis in individual portions, particularly for use in cups of
      coffee, tea and the like.
PAR  In furtherance of this object, I have provided a device having a gravity
      feed container for the particulate matter, supplying as a means to
      eliminate friction a piston retained in an expansible sheath. The piston
      is disposed to move horizontally and the sheath expands with the movement
      of the piston and conforms to the longitudinally extending surfaces of the
      piston; in effect forming an enlarged piston of uniform cross section. The
      sheath is in effect a dry lubricant which allows the piston to move
      through the material. Since it conforms to the configuration of the piston
      there is no vertical force applied in an effort to displace material. On
      actuation of the piston individual protions of particulate matter can be
      dispensed from the container.
PAR  In the preferred embodiment of this invention a shield is provided
      automatically closing the exit from the container for sanitary purposes.
PAR  The above object and other objects of this invention will become apparent
      from the following description with reference to the accompanying drawings
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view taken from the front right side of the device
      embodying my invention, shown in its environmental relation to a cup;
PAR  FIG. 2 is an enlarged section of the upper portion taken as indicated by
      the lines and arrows 2--2 in FIG. 1, with alternate positions shown in
      phantom lines;
PAR  FIG. 3 is a reduced section taken as indicated by the lines and arrows 3--3
      in FIG. 2, partially broken away with portions of the device shown in
      phantom lines; and
PAR  FIG. 4 is a section taken as indicated by the lines and arrows 4--4 in FIG.
      2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although specific forms of the invention have been selected for
      illustration in the drawings, and the following description is drawn in
      specific terms for the purpose of describing these forms of the invention,
      this description is not intended to limit the scope of the invention which
      is defined in the appended claims.
PAR  In FIG. 1 a dual dispenser, designated generally 10, in accordance with the
      preferred embodiment of my invention is shown in its environmental
      relation to a cup 12 positioned on the base of the dispenser. The base is
      provided with a screen 14 made of a suitable material which opens into a
      basin (not shown) in the solid base 16. A bracket 18 fixedly attached to
      the base extends upwardly to fixedly mount the dispenser 10 above the
      basin. Thus, the cup 12 can be readily inserted beneath the dispenser and
      can rest on the screen 14 to receive the sugar or powdered cream from the
      dispenser as will be more fully discussed hereinbelow.
PAR  The dispenser is shown in greater detail in the remaining three figures. It
      is provided with sloping inner walls as at 20 and 21 so that the
      particulate matter, such as granulated sugar, designated generally 22,
      will flow by gravity toward the bottom of the container. The upper portion
      of the dispenser 10 is a generally box-like container capable of holding
      perhaps five pounds of sugar, or more depending on the expected usage of
      the device.
PAR  The wall 20 has a further purpose in that it is the equivalent of an
      inverted weir for the moving of solid particulate material. The provision
      of such a weir prevents the particulate matter from "jackpotting" or free
      flowing out of the dispenser. Thus, a mound of sugar having the slope
      indicated at "A" in FIG. 2 will be formed within the container between a
      plunger 30 and an opening 50, but will not reach said opening.
PAR  The bottom portion of the container has an opening 23 in the front wall 24
      which communicates with a cylindrical tube 26. The tube 26 opens at 50 to
      the atmosphere when the cover plate 28 is removed. This arrangement aids
      in maintaining the sanitary condition of the particulate matter.
PAR  The means for moving the particulate matter toward the openings exiting
      from the container comprises a piston 30 embraced within a sheath 32 made
      of resilient plastic material. Upon movement of the piston from the
      position shown in full lines in FIG. 2 to the position shown in phantom
      lines, the sheath 32 expands, all the while conforming to the
      longitudinally extending surfaces of the piston to form in effect an
      expanded piston of uniform cross section throughout shown in phantom lines
      and designated generally by the arrow "B" in FIG. 2. This expansible
      sheath overcomes the inherent friction of the packed particulate matter
      and permits the movement of the piston through the matter.
PAR  A boss 34 is fixedly attached through the back wall by any suitable means
      such as a nut and bolt designated generally 36. The expansible material
      from which the sheath 32 is made retained against the boss 34 and the
      plunger 30 by any suitable means, such as an adhesive, so as to be sealed
      thereto. Thus, as the piston expands, it is sealed from the particulate
      matter.
PAR  As a manual means of actuating the plunger, I have provided a stainless
      steel wire 40, which is fixedly attached within the plunger by any
      suitable means (not shown), so that when pulling on the wire the plunger
      30 will move outwardly in the direction as shown by the phantom lined
      position, thereby stretching the sheath of plastic material 32; again as
      shown by the phantom lines at B. The other end of the wire is looped, as
      at 41, about a portion of a bell crank designated generally 42. The bell
      crank is pivotally mounted on the end of a shouldered standoff 44 by means
      of a spring clip 45. The lever arm 46 extends from one side of the bell
      crank through the front shield 47 of the device and is provided at its
      outer end with a suitable plastic cover.
PAR  When the lever 46 is raised from the position shown in full lines in FIG. 2
      to the position shown in phantom lines, the bell crank withdraws the wire
      40, thereby pulling on the plunger 30 and expanding the sheath, so that
      the plunger moves through the material with virtually no frictional
      resistance. In so doing, it causes the plunger to push a portion of the
      piled particulate matter into the cylindrical body 26. When the lever is
      released the plunger returns to the full line position shown in FIG. 2 in
      response to the inherent forces in the resilient material 32; which
      material attempts to return to its unstretched condition. The shield 28 is
      welded to the wire 40. The material 32 in the full line condition shown in
      FIG. 2 most preferably is slightly stretched, so that the plunger is
      pulled back fully and the cover plate 28 is held against the member 26 at
      the opening 50, positioning the plunger 32.
PAR  If the length of the tube 26 is such that the portion of the particulate
      matter which has been advanced by movement of the plunger will not be
      sufficient to exit through the opening 50 (shown more clearly in FIG. 4)
      then it may be necessary to pull the lever up again so that the plunger
      will advance a second portion of material, thereby forcing the first
      portion out through the opening 50. In either event, it will be noted that
      the construction provides a means whereby no particulate matter can
      inhibit the movement of the plunger, that is, there are no sliding parts
      which can become fouled by the particulate matter. The sheath 32 merely
      expands and contracts within the particulate matter, thus overcoming
      friction.
PAR  While no attempt has been made in presenting this description to identify
      specifically the dimensions involved, it will be understood by anyone
      skilled in the art that the positioning of the weir and the opening, the
      size of the plunger, the size of the container, and the size and length of
      the portion 26 can all be varied so that various amounts of particulate
      matter can be advanced or dispensed as is desired. For instance, these can
      be adjusted so that a single teaspoon of material will be dispensed upon
      each pull of the plunger. In this regard, it would be well to follow the
      approximate proportions shown in the drawings, wherein it will be noted
      that the plunger's cross section is small relative to its stroke. This,
      combined with the mechanical advantage of the bell crank, provides a
      manual dispenser requiring very little effort to move the plunger through
      the sugar.
PAR  With the dual unit shown, it is possible to dispense powdered cream from
      one side and sugar from the other, thereby making the unit a desirable
      adjunct to a commercial installation, such as a fresh brewed coffee
      machine.
PAR  The construction shown has proven to be workable even when left overnight,
      and indeed, the only noticeable attributes have been that the first
      advance of the plunger in the morning forces out a lump of sugar.
      Subsequent use will force the sugar out in granulated form. In this
      regard, it will be noted that the construction shown provides sharp edges
      which aid in breaking up the initial lump of sugar. Thus, the opening 23
      formed in the wall 24 as shown in FIG. 2 tends to be an edge which will
      aid in crushing the initial lump of sugar formed along the slope
      designated "A" upon advancement of the plunger 30.
PAR  It will be understood that various changes in the details, materials and
      arrangement of parts which have been herein described and illustrated in
      order to explain the nature of this invention, may be made by those
      skilled in the art within the principle and scope of the invention as
      expressed in the following claims.
PAR  It will further be understood that the "Abstract of the Disclosure" set
      forth above is intended to provide a nonlegal technical statement of the
      contents of the disclosure in compliance with the Rules of Practice of the
      United States Patent Office, and is not intended to limit the scope of the
      invention described and claimed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for dispensing particulate matter, comprising: a container
      forming a chamber for retaining said matter, having an opening therein
      through which said matter may be fed by gravity to a first position
      proximate to a discharge opening in said container; an expansible plunger
      means for moving through said particulate matter and displacing a portion
      of said matter toward said discharge opening, comprising a plunger
      juxtaposed to said opening in said chamber so that at least a portion of
      the matter in said first position will be between said plunger and said
      discharge opening and an expansible sheath engaging said plunger, said
      sheath having a portion thereof retained against movement relative to said
      plunger; and actuating means for moving said plunger and expanding said
      sheath through said matter in the direction of travel of said plunger,
      thereby forming an expanded piston defined by the envelope of said sheath
      which is conformed to the surfaces of the plunger which extend in the
      direction of travel of the plunger through said matter, as said plunger
      moves through said matter to dispense a portion of said matter from said
      container by moving a portion of said matter from said first position
      toward said discharge opening.
NUM  2.
PAR  2. An apparatus for dispensing particulate matter, comprising: a container
      forming a chamber for retaining said matter, having an opening therein
      through which said matter may be fed by gravity to a first position
      proximate to a discharge opening in said container; an expansible plunger
      means for moving through said particulate matter and displacing a portion
      of said matter toward said discharge opening, comprising a plunger
      juxtaposed to said opening in said chamber so that at least a portion of
      the matter in said first position will be between said plunger and said
      discharge opening and an expansible sheath engaging said plunger, said
      sheath having a portion thereof retained against movement relative to said
      plunger; and actuating means for moving said plunger and expanding said
      sheath through said matter in the direction of travel of said plunger,
      thereby forming an expanded piston of uniform cross section defined by the
      envelope of said sheath as it moves through said matter to dispense a
      portion of said matter from said container by moving a portion of said
      matter from said first position toward said discharge opening.
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ABST
PAL  An arrangement for securing a nozzle to a container comprising a flange
      arranged at the inner end of the nozzle, and a piece of a metal sheet
      wherein a hole is provided, the delivery end of said nozzle extending
      through said hole and said flange abutting said metal sheet around said
      hole, the circumferential portion of said piece of metal sheet having a
      width such as to form a curl around an edge of the container defining an
      opening therein, a thin lip being provided along the outer circumference
      of the flange, said lip having a width such as to form a curl around the
      end of the container between the container and the curl of the piece of
      metal sheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an arrangement for securing a nozzle to a
      container containing a material to be dispensed from the container, e.g.,
      a sealing or filler compound which e.g., by means of a piston is intended
      to be pressed into a joint through the nozzle. It is well-known in the art
      to secure a nozzle of the kind here in question to the edge of the
      container by means of a metal sheet disc comprising a central opening. The
      delivery end of the nozzle extends through the hole and a flange arranged
      around the inner end of the nozzle about the disc around the hole. The
      outer circumferential portion of the disc is arranged to be secured to the
      edge of the container by being bent around the edge so as to form a curl
      or bead.
PAR  In the known arrangement the nozzle is secured solely by engagement of the
      edge of the hole in the disc into a low circumferential groove provided at
      the inner end of the nozzle adjacent the flange.
PAR  Nozzles of the kind here in question are used e.g., for containers
      containing sealing materials and the containers may contain a piston which
      by means of a simple pressing device may be moved towards the nozzle.
      Accordingly, the content of the container, e.g., a filler compound, is
      pressed through the nozzle and by moving the nozzle along a joint, the
      sealing compounds may be pressed into the joint.
PAR  By using the known securing arrangement referred to above, wherein the
      nozzle is secured due to engagement of the edge around the hole in the
      disc, and the groove in the nozzle and due to abutment of the flange of
      the nozzle against the disc, leakage may occur between the nozzle and the
      disc, e.g., if the delivery end of the nozzle is pressed against elements
      defining the joint to be filled. If such leakage occurs, the content of
      the container may be ejected around the nozzle instead of through the
      nozzle. Moreover, such leakage may result in evaporation of solvents or
      plasticizers from the content of the container which makes the content
      useless.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a thin lip is provided along the
      circumference of the flange and this lip is adapted so as to be secured to
      the edge of the container by means of the edge of the disc. Due to the
      fact that such lip, when the disc is secured to the edge of the container,
      will be bent together with the edge of the disc, the lip will serve a
      double object seeing that the lip will seal the joint between the edge of
      the disc and the edge of the opening and simultaneously the lip will add
      in securing the flange with respect to the disc in such a way that a
      tipping over of the nozzle in the hole of the disc is prevented.
      Accordingly, permanent security against inadvertent issue of the material
      in question through the nozzle and security against escape of components
      from the container are achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of a portion of a container to which a nozzle is
      secured according to the present invention,
PAR  FIG. 2 is a longitudinal cross-section of the embodiment shown in FIG. 1
      for illustrating the mutual positions and forms of the parts of the
      arrangements prior to the securing of the nozzle to the container,
PAR  FIG. 3 is a sectional view of the completed securing arrangement between
      the nozzle and the container, and
PAR  FIG. 4 is a sectional view corresponding to FIG. 3 but on an increased
      scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  On the drawing, 1 is a container, e.g., a cardboard tube, e.g., for
      accomodating printing ink or a like viscous material. A nozzle 2 made of
      plastic material is secured to one end of the cylinder 1. As illustrated
      in FIG. 2 the nozzle 2 comprises a spout 3 and a flange 4 at the inner
      end. The spout 3 is closed at the delivery end 5, but may be opened by
      severing the tip of the spout. The flange 4 comprises an inner
      comparatively thick portion 6 and an outer comparatively thin, radially
      extending, circumferential portion 7, which at the outer edge thereof
      merges into an axially extending collar 8. The collar fits into the
      opening 9 in the cylinder 1. At the transition between the spout 3 and the
      thick flange portion 6 a circumferential groove 10 is provided for
      engagement with the edge 11 of a hole provided in a piece of metal sheet
      12. As it appears from FIG. 2, the edge 11 surrounding the hole is gently
      curved in order to increase the engagement with the groove 10. The contour
      of the piece of metal sheet 12 generally corresponds to the contour of the
      upper surface of the flange 4, but the metal sheet has an edge portion 13
      extending beyond the flange. This outwardly extending edge portion 13 is
      intended to secure the metal sheet with respect to the edge 9 of the
      container. FIGS. 3 and 4 clearly illustrate how the nozzle is secured with
      respect to the edge 9.
PAR  Along the upper edge of the collar 8 of the flange 4, a circumferential
      outwardly extending very thin lip 14 is provided, which on FIG. 3 is
      indicated by a single line. In the secured condition of the nozzle, this
      lip adds to the securing of the nozzle, viz., by being secured to the
      outer surface of the edge 9 of the container. This securing action is
      achieved by bending the outer edge 13 of the piece of metal sheet 12 about
      the lip 14 and pressing the fold thus formed towards the outer surface of
      the container. This securing is illustrated in FIG. 4 on a still further
      increased scale which allows the illustration of the piece of metal sheet
      12 as well as the lip 14 by means of double lines. From FIG. 4 it is
      clearly apparent how an outer edge portion 15 of the lip is trapped
      between the bent outer edge 13 of the sheet 12 and is secured to the outer
      surface of the container 1. For the sake of clarity, the different
      portions of the securing arrangement are shown as being spaced from each
      other in FIG. 4, but it will be understood that in the finally secured
      condition of the nozzle no gaps exist between the bent portion of the
      outer edge 13, the trapped portion of the lip and the outer surface of the
      container 1.
PAR  It will be understood that the nozzle is mounted by pressing the delivery
      end 5 of the nozzle through the hole in the piece of metal sheet 12 until
      the edge 11 along the hole snaps into the groove 10. Now the portions are
      in the position shown in FIG. 2. Then the outer edge 13 of the piece of
      metal sheet is bent around the lip 14 and is then pressed downwardly and
      inwardly towards the outer surface of the container 1. However, it will be
      understood that many other sorts of curls or folds than the one here
      illustrated may be used in order to secure the piece of metal sheet 12 to
      the edge 9 of the container. For instance the curling of the marginal
      portion 13 may be carried out as known from securing can ends to a can.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tubular container having a plastic nozzle at one end thereof through
      which contents of the tubular container may be expelled by the application
      of pressure on the contents, the tubular container comprising
PA1  a hollow cylindrical sleeve in which the contents of the tubular container
      are stored generally,
PA1  a nozzle for attachment to one end of the hollow cylindrical sleeve, the
      nozzle comprising
PA2  a hollow, centrally disposed, outwardly projecting, generally tapered spout
      through which the contents flow upon expulsion,
PA2  a flange attached circumferentially to the proximal end of the spout and
      extending radially outward so as to engage the hollow cylindrical sleeve
      at the one end thereof, the flange having a thick portion immediately
      adjacent to the spout and a thin radially extending portion outboard of
      the thick portion, and
PA2  a lip affixed to the thin radially extending portion of the flange and
      extending normally radially beyond the one end of the hollow cylindrical
      sleeve, the lip being thinner than the thin radially extending portion of
      the flange and being readily deformable, and
PA1  a generally disc-like plate for securing the nozzle to the hollow
      cylindrical sleeve, the plate having a centered hole therein through which
      at least a major portion of the spout extends, the plate at the edges of
      the hole engaging the nozzle, and the marginal portion of the disc-like
      plate being curled over and deforming the lip of the nozzle against the
      end of the hollow cylindrical sleeve so as to effect a seal therebetween
      and to secure the nozzle to the end of the hollow cylindrical sleeve.
NUM  2.
PAR  2. A tubular container according to claim 1, wherein the flange of the
      nozzle also includes a tubular axially extending collar interposed between
      the thin radially extending portion and the lip, the collar slidably
      engaging the hollow cylindrical sleeve along its inner surface.
NUM  3.
PAR  3. A tubular container according to claim 1, wherein a circumferential
      groove is formed in the nozzle proximately to the attachment of the spout
      to the flange, and wherein the edge of the hole in the plate is curved
      outwardly toward the distal end of the spout and engages the
      circumferential groove in the nozzle.
NUM  4.
PAR  4. A tubular container according to claim 3, wherein the disc-like plate is
      found to follow generally the surface of the flange of the nozzle so as to
      preclude excess distension thereof during application of pressure to the
      contents.
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ABST
PAL  The disclosure is of a trousers or skirt hanger comprising a horizontal
      beam provided with a support hook, and having integrally formed with each
      end thereof, a depending clamp frame or jaw, with a garment gripper at the
      lower end thereof, each depending clamp frame or jaw being opposed by
      another clamp frame or jaw pivoted thereagainst at a mid-point, and
      furnished at the lower end by a garment gripper engageable against the
      gripper of the first-mentioned jaw.
PAL  An inverted U-spring surrounds the pivot of the two jaws, and has arms
      which act normally to spread the two jaws apart at the top, whereby the
      lower ends of the jaws act through their grippers to press the grippers
      against one another at the bottom. The grippers are opened to receive a
      garment between them by pressing handle parts by the two jaws together at
      the top. A guard means is provided to prevent the movable handle part from
      being squeezed sufficiently to drop the garment when a number of the
      hangers, with garments suspended thereby, are overcrowded on a single
      hanger pole.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to plastic garment hangers of the type
      adapted to spring-clamp and suspend trousers by the cuffs, or skirts by
      the waistband.
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous kinds of spring-clamp trousers and skirt hangers are and have been
      in use for many years. They range in usefulness from poor to reasonably
      good. Some do not take a sufficiently tight grip on the garment, and the
      garment is then often found on the floor. Some are difficult to maneuver,
      some are relatively expensive, some are fragile, some require undue space,
      etc. One, disclosed in pending application Ser. No. 414,883, filed Nov.
      12, 1973, of which I am a co-inventor, is subject to opening slightly when
      too tightly compacted on a pole. A purpose of the present invention is the
      provision of an improved quality garment hanger of this class, which
      avoids all these objections, and which is inexpensively constructed of
      cheap materials, easily opened, and spring-closed on the garment with
      sufficient firmness and in such a way as to avoid subsequent dropping of
      the garment, even when compressed tightly in a group of the hangers hung
      from a pole. Yet the clamps are easily opened to apply them by squeezing
      certain handle parts between the thumb and forefinger.
PAC  BRIEF DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT
PAR  The invention provides a horizontal, relatively flat hanger beam adapted to
      hang in a vertical plane from a hook. At each end this beam is an
      integral, fixed, depending clamp jaw, whose upper end or handle part is
      displaced laterally a short distance to one side of the vertical medial
      plane of the hook and beam. Each such fixed clamp jaw mates with a
      somewhat similar "free" clamp jaw, also furnished with an upper handle
      part, and disposed somewhat symmetrically on the opposite side of said
      vertical plane. The two jaws horizontally fulcrum on one another at about
      their middle. A flat spring in the general form of an inverted U holds the
      fixed and free jaws together, and acts also to close the jaws. The
      U-spring goes around the fulcrum parts, and then the two arms thereof
      extend up between the handles and yieldingly resist inward (jaw closing)
      pressure on the handle parts, thereby relieving stress to which the handle
      parts are otherwise subjected.
PAR  The handle parts are protected against being squeezed together slightly
      when in a tight pack of hanger-suspended garments hung from a single pole
      and so releasing the garment. This is accomplished by a wall means
      integral with the beam and at right angles thereto, whose edge takes the
      pressure of the adjacent hanger, and thus guards against this pressure
      being exerted against its movable jaw and so squeezing it until it drops
      the garment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a hanger in accordance with the invention;
PAR  FIG. 2 is a detailed section taken on line 2--2 of FIG. 1, showing the
      clamp in an inoperative position, i.e., not in operation of clamping a
      garment;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the clamp in operation in
      the position for clamping a garment; and
PAR  FIG. 4 is an exploded perspective view of the novel clamping parts of the
      invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings, the hanger is shown to have a horizontal beam 10 occupying
      a vertical plane, the beam being preferably of I-beam cross section, i.e.,
      comprised of a web 11 edged by a bead or flange 12. Joined integrally to
      the center of this I-beam is a hook h. Joined integrally to each end of
      beam 10 is a depending, transverse, vertical end wall 15, extending on
      opposite sides of the beam. Its upper edge is braced by webs 16 and 17
      merging with the beam 10. The depending wall has one side edge 18
      converging downwardly to a bottom edge just under the fulcrum area. The
      opposite side edge 19 of the wall 15 merges integrally with the upper
      rectangular handle part 20 of an integral clamp jaw 22. The latter
      converges to the area of the later described fulcrum f at substantially
      the same angle as does the side edge of the end wall 15. Below the
      fulcrum, the jaw is offset outwardly to a degree, as shown and at its
      lower end is a concave gripper seat 24.
PAR  In the specific embodiment here shown, the upper or handle portion 20 of
      the jaw comprises two parallel rails 26, surmounted by a top end wall 27
      which is a coplanar extension of the aforementioned web 17. Below end wall
      27 and between rails 26 is a pocket 28 for an end portion of a presently
      described U-shaped spring S. Below this pocket 28 the handle is open
      between the rails 26, down to a transverse cylindrically concave fulcrum
      member 30 extending transversely between the rails. Below the fulcrum
      member 30, the lower jaw portion is again open between the rails 26, down
      to the concave gripper element 24 which extends transversely between the
      lower extremities of the rails.
PAR  Opposed to the jaw 22 is a generally similar or complementary cooperating
      movable jaw 31, also of generally rectangular form, and possessed of
      spaced parallel side rails 32, aligned with and opposed to the rails 26, a
      fulcrum in the preferred form of a pin 34 extending transversely between
      the rails 26, and with a protruding arcuate surface 36 adapted to engage
      pivotally or rockably in the concave seat of the fulcrum member 30.
PAR  The lower extremities of the rails 32 carry a transverse toe member 40,
      opposed to the arcuate seat or pocket 24, and which is designed to enter
      into said pocket to bind or clamp the uper extremity of the garment G (see
      FIG. 3).
PAR  The rails 32 are open from the toe member 40 to the fulcrum member 34, and
      again open from the fulcrum member 34 to the transverse top piece 36. This
      top piece has an indentation 37 to receive and position one of the upper
      extremities of the U-spring S. The top piece 36 together with the upper
      portions of the rails 32 comprises the movable handle member 39 of the
      clamp.
PAR  The aforementioned U-spring S is installed from the bottom, making use of
      the openings between the rails and above and below the fulcrum elements.
      In the installed position, outwardly bent tabs 40 on its two flaring arms
      seat in the pocket 28 and the indentation 37. This spring yielding urges
      the jaws to close at the bottom to grip a garment which has been placed
      therebetween.
PAR   In the illustrative embodiment, the handle members 39 have been permitted
      to protrude a short distance beyond the edge 18 of the guard plate 15 when
      the hanger is not operative (FIG. 2).
PAR  The coacting fulcrum parts 30 and 34 may also be somewhat separated at this
      time. However, when the handles are squeezed together, the fulcrum parts
      go into interengagement (FIG. 9), and, with the jaws spread by the clamped
      garment, the movable clamp parts 36 and 39 recede to a position in or
      substantially inside the edges 18 of the guard plate 15, in a recessed
      position in which they are immune from further inward squeezing by an
      adjacent hanger when a number of the hangers are tightly compressed on a
      hanger pole.
PAR  Various changes within the scope of the invention may of course be made
      without departing from the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a garment hanger, the combination of:
PA1  a horizontal hanger beam with a hook connected thereto midway of its
      length;
PA1  a relatively fixed clamp jaw integral with and depending from each end of
      said hanger beam, the lower extremities of said jaws having garment
      grippers thereon, and said jaws and grippers facing generally
      perpendicularly and in the same direction from a vertical plane defined by
      the beam, said jaws having upper end portions comprising handle members;
PA1  a clamp jaw pivotal on a horizontal axis parallel to the beam, and
      including a garment gripper at its lower extremity, opposed to each of
      said depending fixed jaws, the upper end portions of said pivotal jaws
      comprising handle members;
PA1  a fulcrum element on each fixed jaw intermediate the longitudinal
      extremities thereof, coaxial with said horizontal axis, interengaging with
      a coacting fulcrum element in a corresponding position on the
      corresponding fixed jaw,
PA1  a U-shaped ribbon spring formed with a medial U-part wrapped once under
      said interengaging fulcrum elements, and two flaring arms extending
      upwardly therefrom and bearing against the upper end portions of said
      handle members from the inside thereof; and
PA1  a guard wall projecting horizontally from each end of said hanger beam, at
      right angles thereto, just inwardly of the corresponding pivotal jaw,
      substantially at least as far as the location of the outermost limit of
      the handle portion of the pivotal jaw when in garment clamping position.
NUM  2.
PAR  2. The hanger of claim 1, wherein:
PA1  said beam comprises an edge reinforced web disposed normally in
      substantially a vertical plane,
PA1  said guard walls comprising vertical walls at the ends of and integral with
      said beam, said vertical walls having generally downwardly converging
      lateral bounding edges, and said walls being substantially bi-sected by
      the beam,
PA1  said fixed jaws being integral with the corresponding vertical walls along
      said converging lateral bounding edges thereof, and
PA1  the lateral bounding edges of said vertical guard walls lying substantially
      outside as far out as the outermost limit of the handle portion of the
      pivoted jaw when in garment clamping position.
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ABST
PAL  A coupling, normally of tubular construction, is adapted at one end for
      connection to the lower end of the side supports of a pack frame. The
      other, or second, end of the coupling is adapted for connection to
      hip-belt attachment means. The shoulder-to-hip length of the pack frame
      may be adjusted by selectively varying the distance between the second end
      and the point of connection of the coupling to the side support members of
      the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  This invention pertains to backpacks and provides a coupling useful for
      adjusting the shoulder-to-hip length of such a frame.
PAR  2. State of the Art
PAR  Many common backpack frames of today have upstanding, spaced apart, side
      support members with structural means for holding the support members in
      their spaced apart condition. The side support members are approximately
      parallel and are inherently oriented approximately vertical when the frame
      is strapped to the back of an individual. In certain frames, the side
      support members are not quite parallel and may be somewhat closer spaced
      at either the upper or lower end of the frame. In any event, means are
      provided for attaching shoulder straps to the frame so that one strap may
      be brought over each shoulder of the user. Characteristically, one end of
      each strap is connected at a point above the midpoint of the frame and the
      other ends of the straps are connected to the frame below its midpoint,
      usually near its lower end.
PAR  Modern pack frames generally include a hip-belt or hip-strap arrangement
      whereby a portion of the load may be carried suspended from the hips. Such
      a hip-belt is usually connected to the frame either directly or by bracket
      means secured to the frame near the bottom of the frame.
PAR  Backpack frames are generally available in several sizes to provide a
      selection of frames for different body dimensions. Whatever the size of a
      particular frame, it is fixed in dimension with respect to both its width
      and vertical height. Selection of a properly sized frame is important
      because the frame, to be comfortable in use, must be dimensioned in
      correspondence to the distance between the shoulders and hips of the user.
PAR  A properly sized frame, when correctly affixed to the back of the user in
      general cervical alignment, should not extend so low that it interferes
      with the user's legs or positions the hip-belt below the user's hips. At
      the same time, it must not be so short as to place the hip-belt above the
      waist area and thus reduce the hip-belt's effectiveness. Shoulder straps
      which are used to suspend the frame on the back of the user are typically
      adjustable in length to allow for different shoulder-to-hip dimensions.
      However, only limited length adjustment of the shoulder straps is possible
      within the "comfort range" of the user. Straps of either too short or too
      great length are awkward and unpleasant in use. If the shoulder straps are
      adjusted to within the comfort range, the hip-belt will inherently be
      brought to an inappropriate level for users having longer or shorter
      torsos that those which match the frame. Of course, the torso length
      appropriate for a frame is also dependent on the girth of the user. There
      is thus a need for a simple device capable of providing for selective
      adjustment of the shoulder-to-hip dimensions of a backpack to accommodate
      users of different torso and girth dimensions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a coupling with a first element adapted for
      slideable engagement with the lower end of a side support member of a pack
      frame and a second element, normally an extension of the first element,
      adapted to carry hip-belt attachment means. The first and second elements
      of the coupling may in certain embodiments comprise opposite ends of a
      short section of conduit, each end being provided with suitable connector
      or fastening means for connection to the frame and hip-belt attachment
      means. Usually the side support members of the pack frame are constructed
      of conduit or similar tubing and are substantially circular in
      cross-section. Of course, it is recognized that in certain instances the
      structural members of a pack frame may have some other convenient
      geometric configuration, but for purposes of this disclosure the frame and
      the coupling will be regarded as having circular cross-sections and as
      being constructed of conduit of aluminum and/or magnesium alloy material.
PAR  A suitable slideable engagement coupling is of the male-female type wherein
      the first element of the coupling member is of either reduced or expanded
      diameter to form a convenient male or female portion of the engagement.
      The second element is configurated to adapt to a hip-belt bracket
      structure which may require either a different size or shape perimeter.
PAR  For purposes of this disclosure, the shoulder-to-hip length of a frame may
      be regarded as the distance measured between a plane intersecting the
      uppermost portions of the shoulder straps as they pass over the shoulders
      of the user and a parallel plane intersecting the hip-belt when it is
      oriented approximately normal the side support members. It is recognized
      that the side support members may be curved or otherwise configurated so
      that precise location of a plane is not practical. No great precision is
      required in determining the exact shoulder-to-hip length because only
      relative adjustment of this length is important from the standpoint of
      this invention. Accordingly, the first plane or shoulder plane and the
      second plane or hip plane may be oriented in a more or less arbitrary
      fashion provided they are parallel so that shortening or lengthening of
      the distance between them may be visualized.
PAR  According to this invention, adjustment of the shoulder-to-hip length of a
      pack frame is accomplished by adjusting the distance between the point of
      attachment of the first element to the side support member of the pack
      frame and the point of attachment of the second element of the coupling to
      the hip-belt attachment means. Such adjustment may be accomplished by
      varying the degree of insertion of the male portion of the engagement
      connection at either or both ends of the coupling.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which illustrate what is presently regarded as the best
      mode for carrying out the invention:
PAR  FIG. 1 is a view in perspective of a conventional backpack frame carrying a
      hip-belt attachment bracket;
PAR  FIG. 2 is a perspective view of a preferred form of the invention; and
PAR  FIGS. 3 and 4 are fragmentary views in section of portions of the frame and
      bracket structures of FIG. 1 showing the use of the invention.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  As shown by FIG. 1, a conventional backpack frame includes side support
      members 11, 12 formed of round cylindrical tubing and horizontal support
      members 13, 14, 15 which constitute means for holding the side support
      members 11, 12 spaced apart. Shoulder straps 16 are connected to the
      horizontal support members 13, 14 to provide a means for securing the
      backpack frame to the back of its user in general cervical alignment. Only
      the right shoulder strap 16 is depicted in FIG. 1, for the sake of
      clarity. The shoulder straps 16 may be secured to the frame in any
      convenient fashion, such as by pins 18 secured through bores 20 by split
      rings 21 as shown. The shoulder straps 16 may be adjusted in length by
      buckles 22 which act as adjustment means to allow the user to selectively
      adjust the fit of the frame to his back. A hip-belt 23 is carried by a
      bracket 24 fixed to the supports 11, 12. A shoulder plane A may be
      regarded as passing through the uppermost portion 16a of the straps 16 and
      a second plane B may be regarded as passing through hip-belt 23
      substantially parallel to plane A. The distance L between these planes is
      the shoulder-to-hip length of the frame.
PAR  Referring to FIG. 2, the illustrated couplings 26 of this invention include
      a first element 27 (or shank portion) configurated to engage the bottom
      end 28 of one of the side support members 11, 12 of the frame. A plurality
      of spaced apart bores 30 may be provided in the support member 11, and one
      or more matching spaced apart bores 34 are provided in the coupling to
      register selectively with the bores 30 as illustrated by FIGS. 3 and 4,
      thereby selectively adjusting the distance L between the planes A and B.
PAR  The second element 29 of the coupling 26 is an enlarged end configurated in
      cross-section approximately the same as the ends 28 so that the bracket 24
      may be engaged by the elements 29 in the same fashion as the supports 11,
      12. The element 29 is provided with a bore 35 which may be brought in
      registration with a corresponding bore 36 in the bracket 24. The elements
      27, 29 of the coupling 26 may be secured to the frame and bracket,
      respectively, by pins through the registered bores. The distance L is
      progressively greater as illustrated by FIGS. 1, 3 and 4, respectively.
PAR  To utilize the invention, the user need only select the appropriate
      adjustment best suited to his own shoulder-to-hip dimension.
PAR  As best illustrated in FIG. 3, the second element 29 is tubular and sized
      to slideably engage an upstanding tubular extension 24a of the bracket 24.
      The diameters of the element 27 and extension 24a are such that a small
      gap 48 is formed circumferentially around the coupling 26 between the
      inside surface of the extension 24a and the outer surface of the first
      element 27 of the coupling 26. The bottom end 28 of the side support 11
      may be received by the space 48 as shown in FIG. 3. Although not essential
      to the invention, this feature permits an increased range of adjustment
      while providing for good stability to the hip-belt attachment means 24.
PAR  The foregoing description is for purposes of illustration only and is not
      intended to limit the scope of the invention, those features regarded as
      critical to the invention being recited in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A backframe structure comprising:
PA1  a back frame carrying shoulder straps and including a pair of side support
      members with bottom ends formed of tubular construction;
PA1  a hip belt frame carrying a hip belt and including a pair of upstanding
      tubular members corresponding to said side support members and of
      sufficiently large cross-section to receive said bottom ends of said side
      support members;
PA1  a pair of coupling members, each with an enlarged end mounted within a said
      upstanding tubular member and a shank portion of smaller cross-section
      extending up in slideable engagement within the interior of the bottom end
      of the corresponding said side support member, said enlarged ends being
      inserted sufficiently within said upstanding tubular members to provide an
      annular gap between the internal surface of said tubular members and the
      shanks of said coupling members, said gap to receive the bottom ends of
      said support members when said shanks are inserted to the maximum extent
      within said bottom ends;
PA1  means for connecting said enlarged end portions to said tubular members;
      and means for connecting said shank portions to said side support members.
NUM  2.
PAR  2. The improvement of claim 1 wherein said support members are constructed
      of hollow conduit and said shank portions of said couplings are of hollow
      conduit having cross-sectional configuration similar to that of said side
      support members but sized for slideable, male-female engagement with said
      support members.
NUM  3.
PAR  3. The improvement of claim 2 wherein said enlarged end portions of said
      couplings are constructed of hollow conduit having cross-sectional
      perimeters configurated approximately identical to that of said side
      support members.
NUM  4.
PAR  4. The structure of claim 1 including means for connecting said shanks of
      said coupling members to said bottom ends of said side support members at
      selected engagement positions.
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ABST
PAL  A car-top boat and canoe carrier comprising a pair of carrier members each
      comprising an elongate block of a foamed plastic material having a
      longitudinal groove provided therein for receiving in snap-on engagement
      the gunnels of a boat such as a canoe or car-top rowboat. Additionally,
      lateral or transverse slots are provided for receiving the thwart of a
      canoe or the oarlocks of a rowboat. After the carrier members have been
      snapped onto the boat, the boat is inverted, placed on the roof of a car,
      and the ends of the canoe or boat fastened to the bumpers with tie lines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to car-top carriers for boats such as canoes
      and car-top rowboats, and more particularly refers to a lightweight
      carrier which may be mounted onto the gunnels of a boat or canoe and which
      supports and retains the boat or canoe by means of tie lines on the car
      top during travel.
PAR  Prior Art
PAR  Many sportsmen such as fishermen and hunters utilize boats in the pursuit
      of their sport. Since lightweight boats or canoes often are satisfactory
      for use in engaging in such sports, the boats are mounted on top of the
      cars utilized for transportation, since it is simpler and less expensive
      to transport a small boat on a car top than to pull the boat on a trailer.
      Car-top carriers for boats have been disclosed in the art. However, such
      carriers are quite expensive to fabricate and in some cases difficult to
      mount.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a car-top carrier for a
      boat such as a car-top rowboat or canoe.
PAR  It is a further object to provide a car-top carrier which is light and
      easily mountable.
PAR  It is still further an object to provide a car-top carrier which is
      inexpensive to produce and which provides reliable service over extended
      periods of time.
PAR  It is still an additional object to provide a car-top carrier which does
      not mar the finish of the car roof.
PAR  It is another object to provide a car-top carrier which snaps onto the
      gunnels of the boat before mounting, and remains in place as the boat is
      lifted and placed on the car top.
PAR  Still other objects will suggest themselves to one skilled in the art upon
      reference to the following specification, drawings, and claims.
PAR  According to the invention, a car-top boat carrier is provided comprising a
      pair of boat carrier members, each having a longitudinal groove,
      preferably arcuate, to permit the members to be snapped onto the gunnels
      of a boat such as a rowboat or canoe. Lines are provided to tie each end
      of the boat to the car bumpers. The carrier members are preferably formed
      from a plastic foamed material such as foamed polystyrene. The carrier
      members are readily molded, are lightweight, provide suitable support for
      the boat, and are sufficiently non-abrasive so that they do not mar the
      finish of the car top and yet provide sufficient friction to maintain the
      boat in position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a top view of a boat carrier member showing an arcuate channel
      particularly designed for carrying canoes.
PAR  FIG. 2 is a side elevational view of the boat carrier shown in FIG. 1.
PAR  FIG. 3 is an end view of the support member taken at the lines III--III of
      FIG. 1, looking in the direction of the arrows.
PAR  FIG. 4 is a top view of a canoe having a pair of support members mounted on
      the gunnels thereof.
PAR  FIG. 5 is a rear end view showing the canoe of FIG. 4 mounted on top of a
      car.
PAR  FIG. 6 is a front end view of the canoe and car shown in FIG. 5.
PAR  FIG. 7 is a top view showing a car-top carrier member particularly designed
      for supporting rowboats.
PAR  FIG. 8 is a side elevational view of the carrier member shown in FIG. 7.
PAR  FIG. 9 is a end view taken at the line IX--IX of FIG. 7, looking in the
      direction of the arrows.
PAR  FIG. 10 is a top view of a rowboat having a pair of boat carrier members
      mounted on the gunnels thereof.
PAR  FIG. 11 is a rear end view of a car having a rowboat mounted thereon by the
      carrier members of the invention, and
PAR  FIG. 12 is a front end view of the car and rowboat of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-3, a boat carrier member 10 is shown comprising an
      elongate body 11 of generally rectangular form. The carrier member 10 is
      preferably formed of a molded plastic foam material such as polystyrene
      foam. Alternatively, foams of such material as phenolformaldehyde,
      polyvinyl chloride, polystyrene, polyurethane, etc., may be utilized. A
      substantially rigid foam is preferred, although elastomeric foams may be
      utilized for lighter weight boats. The plastic foam body 11 is provided
      with an arcuate vertically oriented channel or groove 12 adapted to
      receive the gunnel of a boat or canoe. The carrier member shown in FIGS.
      1-3 is particularly adapted to be utilized for supporting canoes. The
      curvature of the arcuate channel is so designed that it receives the boat
      gunnel, but is of such thickness and such curvature that in order to
      receive the boat gunnel within the channel, the carrier member must
      undergo a small amount of distortion. As a result of this arrangement, the
      gunnel snaps into the channel and the carrier member remains engaged over
      the gunnel even when the boat or canoe is inverted. A plurality of
      transverse channels 13, 14, and 15 are provided communicating with the
      arcuate channel 12 and with a side wall 11a of the body 11. The transverse
      grooves are provided to receive the thwart 19 of a canoe (FIG. 4).
      Although a single transverse groove, as for example channel 14 is
      sufficient for most purposes, additional channels 13 and 15 may be
      provided to render the carrier member 10 more versatile, and to permit the
      boat or canoe to be placed in different positions, dependent upon its
      length.
PAR  Referring to FIG. 4 a canoe 16 is shown having gunnels 17 and 18, a thwart
      19 and seats 20 and 21. Rings or eyes 22 are provided for towing the canoe
      and for affixing tie-down lines. In FIG. 4 the carrier members 10 have
      been mounted one on each gunnel of the canoe, with the gunnels being
      sufficiently grasped by the sides of the arcuate channel 12 so that the
      carrier members remain affixed to the gunnels even when the canoe is
      inverted.
PAR  Referring to FIGS. 5 and 6, the canoe 16 is shown mounted on a car 23,
      supported by carrier members 10 engaging the gunnels 17 and 18 of the
      canoe. As shown in the drawings, the canoe is fastened to the bumper of
      the automobile in the rear by means of lines 24 and 25 engaged by the ring
      22 at one end, and by lines 26 and 27 in the front attached to the ring 22
      at the other end and to the front bumper.
PAR  In preparing the canoe for mounting on a car top, the two carrier members
      are snapped on, one on each gunnel, with the middle slot 14 used to
      receive the thwart. The forward slot 15 or rear slot 13 may be used to
      change the position of the carrier members and canoe on the vehicle,
      dependent on the size of the canoe. The canoe is then turned upside down
      and set down upon the roof or top of the vehicle. The four pieces of line,
      as for example 3/8 inch nylon rope 24, 25, 26, and 27, are utilized as
      tie-downs. The front tie-down system shown in FIG. 6 consists of two
      lengths of line which may be provided with S-hooks 28 on each end of each
      line. Two S-hooks with attached ropes are hooked to the eye or ring 22 of
      the canoe. This attachment should be made both at one point. The other end
      of each rope is hooked by means of S-hooks, or otherwise tied, under the
      front bumper at the lower right and lower left side. When affixed, each
      line arrangement resembles an inverted-V and provides both forward and
      side movement stability. The canoe is then pushed to the rear of the
      vehicle until one end of each support member is raised approximately two
      inches. The rear tie-down assembly is then applied comprising the two
      nylon rope lines 24 and 25, two 9-inch rubber tension straps 29 and 29a,
      and six S-hooks 28. The nylon lines are cut nine inches shorter and the
      9-inch rubber tension straps 29 and 29a connected to the ends thereof by
      S-hooks and attached at the other end to the bumper by S-hooks 28. When
      attached, the tension strap should be in a slightly stretched condition.
      This permits both front and rear tie-downs to be tight while the tension
      straps allow for the shock of travel.
PAR  Referring to FIGS. 7-9, a boat carrier member 30 is shown particularly
      adapted for carrying rowboats. The carrier member 30 is formed of a
      plastic foam block body 31 similar to that shown in FIGS. 1-3. The carrier
      member 30 is provided with a longitudinal channel 32 designed to receive
      the gunnel of a rowboat and to snap on thereto and to remain affixed to
      the gunnel. As seen in FIG. 7, one side of the arcuate channel 32 has a
      smaller curvature than that at the other side. This is designed to
      accommodate the decreased curvature of a rowboat. If desired, both sides
      may have a decreased curvature. The carrier member shown in FIG. 7-9 may
      be molded in the same mold as that shown in FIGS. 1-3. However, in order
      to provide the change in contour of one side the arcuate groove 32,
      modified inserts may be provided in the mold. The carrier member 30 is
      additionally provided with transverse channels 34, 35, and 36 connecting
      the arcuate channel 32 with the inner face 31a of the carrier member. The
      transverse channels are provided to clear the oarlocks 51 and 52 and other
      structures which may be present in the gunnels of the rowboat. If desired,
      only a single transverse channel may be utilized, although the presence of
      more than one provides greater versatility in the positioning of the
      rowboat and carrier members on the car top and accommodates boats of
      various sizes.
PAR  Referring to FIG. 10, a rowboat 37 is shown having a bow 38 having an eye
      or ring 39, a stern 40, and gunnels 52 and 53. Oarlocks 50 and 51 are
      mounted on the gunnels 52 and 53, respectively. The boat is additionally
      provided with seats 54, 55, and 56 and a bottom 57. Handles or hooks 41
      and 42 are mounted on the stern 40.
PAR  In mounting, the boat is inverted and placed on the top of the car 43 as
      shown in FIGS. 11 and 12. The front end of the rowboat is tied down in the
      manner similar to that discussed in regard to the canoe, by means of two
      nylon rope lines 46 and 47 with S-hooks provided on each end of each line.
      The S-hooks at one end are engaged to a ring or eye 39. The other ends of
      the line are hooked by means of S-hooks to the bumper. The square end of
      the boat is tied down as follows. One tie-down line 44 is hooked by means
      of an S-hook to a handle or hook 42 at the left corner of the boat. The
      other tie-down line 45 is hooked by means of an S-hook to a handle or hook
      41 at the right side of the boat. Nine-inch elastic tension straps 48 and
      49 are connected to the lines 44 and 45, respectively, by means of
      S-hooks. S-hooks provided at the other end of the tension straps 48 and 49
      are hooked to the bumper. When completely tied, the tie-lines are in the
      form of an "X", eliminating side motion during travel. If the bow of the
      boat is also square, crossed tie-lines may be utilized in the same manner,
      but it is not necessary to utilize tension straps at the front end.
PAR  The boat support members of the present invention and the tie-line assembly
      for anchoring the boat to the car have a number of advantages over prior
      art structures. First, the support members may be very easily and
      inexpensively molded from lightweight inexpensive plastic foam materials.
      Second, the support members are resilient to absorb shocks. There is
      sufficient friction at the bottom of the support members to prevent
      sliding of the boat during travel, and yet the material is sufficiently
      soft so that the car top paint is not scratched. The structure may be
      readily varied by means of inserts provided in the mold to change from
      canoe-accommodating support members to rowboat-accommodating support
      members. Transverse channels are provided to clear structures on the boat
      or canoe such as oarlocks or thwarts. The inverted V or X-type of tie-line
      arrangement together with hooks and elastic tension straps secure the boat
      firmly in place and yet provide for a small amount of movement due to
      vibration and jostling to be absorbed. The support members together with
      the tie-lines may be readily stored in small spaces.
PAR  It is to be understood that the invention is not to be limited to the exact
      structures or procedures shown and described, as obvious modifications and
      equivalents will be apparent to one skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A car-top carrier for supporting and transporting a boat on the top of a
      car the improvement comprising: a pair of rigid plastic foam elongated
      carrier members each having a longitudinal arcuate channel provided
      therein adapted to receive a gunnel of said boat and to support said boat
      in an inverted position when mounted one on each side on said car top, a
      plurality of transverse channels in each of said members, said transverse
      channels communicating with said longitudinal arcuate channel and
      providing clearance for structures of said boat mounted to said gunnel,
      said longitudinal arcuate channel being so contoured as to cause
      distortion of said carrier members when mounted on the gunnel of said
      boat, thereby causing said carrier members to be clamped to said gunnel
      and means for fastening the ends of said boat to said car on which said
      boat and said carrier members are mounted.
NUM  2.
PAR  2. A car-top carrier according to claim 1, wherein said plastic foam is
      polystyrene.
NUM  3.
PAR  3. A car-top carrier according to claim 1, wherein both side walls defining
      said longitudinal channel have a relatively high curvature to accept the
      gunnel of a canoe.
NUM  4.
PAR  4. A car-top carrier according to claim 1, wherein at least one side wall
      of said longitudinal channel is provided with a relatively low curvature
      to accept the gunnel of a small rowboat.
NUM  5.
PAR  5. A car-top carrier according to claim 1, having two pairs of lines, one
      pair provided for tying each end of the boat to the bumpers of said car.
NUM  6.
PAR  6. A car-top carrier according to claim 5, wherein each line of one pair of
      lines is provided with a resilient tension strap at the end thereof.
NUM  7.
PAR  7. A car-top carrier according to claim 5, wherein said lines are hooked to
      said boat and to a bumper of said car by means of S-hooks.
NUM  8.
PAR  8. A car-top carrier according to claim 6, wherein said lines are hooked to
      said tension straps by means of S-hooks.
NUM  9.
PAR  9. A car-top carrier according to claim 1, wherein at least one sidewall of
      said longitudinal channel is provided with a relatively high curvature.
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ABST
PAL  Limp, elastomeric hose is fed through a pressurized chamber having an inlet
      and an outlet opening, the outlet opening leading directly to a
      pressurized hose treatment zone. Seals at both the inlet and outlet
      opening of the chamber simultaneously permit continuous passage of hose
      and prevent escape of the pressurizing fluid from the chamber and from the
      treatment zone. The hose is driven from the inlet end of the chamber up to
      and out of the outlet seal of the chamber, and into the treatment zone by
      a pair of vertically spaced substantially mutually parallel, endless,
      flexible belts disposed within the chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the treatment of hose and more particularly to
      the feeding of limp, elastomeric hose into a pressurized treatment zone.
PAR  In many elastomeric hose manufacturing processes, high temperature and
      pressure are required. In elastomeric hose treatments such as curing, high
      pressure is sometimes required to prevent blowing, blistering or other
      hose defects. High temperature of the pressurizing medium is, of course,
      required to effect a cure. To create a high temperature and pressure
      atmosphere in a hose process such as curing, a liquid environment, for
      example a type of oil, is sometimes used.
PAR  Elastomeric hose is usually built on a flexible, solid rubber form or
      mandrel. One purpose of the mandrel is to support the hose from the inside
      during its cure, thereby preventing blowing or blistering on the inside of
      the hose and assuring a proper inside diameter of the hose. Hose may be
      cured by either "batch" processes or "continuous" processes.
PAR  One "batch" method comprises taking a length or lengths of elastomeric hose
      and placing them in a curing zone such as an oven or vat. The designated
      lengths of hose can be cut and cured in a linear configuration or can be
      coiled around a drum or spool before curing. Because of the high pressure
      required, the curing zone must be completely sealed from the outside
      environment.
PAR  Sealing the curing zone in known batch methods presently poses no serious
      problems. Furthermore, there are not great handling problems with the
      batch method, since each batch of hose is handled only when it is placed
      in and removed from the curing zone. A clear disadvantage of the batch
      method is the labor and equipment required to handle each batch and the
      shut-down time of the treatment apparatus between each batch.
PAR  In "continuous" methods of curing elastomeric hose, the end of a length of
      hose is fed into a curing zone and is constantly moved through the curing
      zone, the remainder of the length following behind it. Theoretically, an
      endless length of hose can be processed with only one initial continuous
      feeding procedure. Significant reductions in labor and time required are
      thereby achieved, thus increasing the productivity of the apparatus.
PAR  One continuous hose processing method suggested in U.S. Pat. No. 3,475,397
      is helical path curing process and apparatus. This method suggests using a
      hot, oily liquid to cure and to move the hose through the curing zone.
      Problems can arise, however, if such liquid is pressurized. Some type of
      inlet seal is required to maintain the pressurized liquid in the curing
      zone while simultaneously allowing continuous admittance of the uncured
      elastomeric hose. It should be noted that, although uncured elastomeric
      hose is sometimes processed while on a flexible mandrel, it is still
      extremely limp and highly susceptible to damage due to handling. Safety
      problems have also existed with such pressurized systems. If the inlet
      seal should fail, the hot, pressurized oil used in many cure processes can
      escape, possibly injuring persons or damaging nearby equipment.
PAR  Further problems exist with a continuous hose curing process in that the
      hose must be handled essentially continuously throughout the process. For
      example, feeding the hose into the curing zone requires a continuous
      feeding force applied to the portion of the hose entering the curing zone.
      Excessive feeding forces may be required to overcome the resistant forces
      applied to the hose by the pressure in the treatment zone and by the inlet
      seal. The aforementioned problems of damaging the uncured hose persist
      when any excessive feeding force must be applied.
PAR  These problems are further complicated by the extremely limp
      characteristics of the hose. The aforementioned forces that resist
      entrance of the hose into a pressurized curing zone can cause the limp
      hose to bend along its axis even when small feeding forces are applied.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an elastomeric hose feeding
      apparatus for use in conjunction with a pressurized elastomeric hose
      treatment apparatus such as a pressurized curing chamber.
PAR  It is a further object of this invention to providee an elastomeric hose
      feeding apparatus that provides a safety barrier for a pressurized hose
      treatment apparatus used in conjunction with the feeding apparatus.
PAR  It is a further object of this invention to provide an elastomeric hose
      feeding apparatus which will in effect stiffen limp, uncured hose as it is
      fed into an associated pressurized treatment zone.
PAR  It is a further object of this invention to provide a method of
      continuously feeding limp, uncured elastomeric hose into a treatment zone
      without damaging the hose by effectively stiffening the uncured hose.
PAR  These and other objects of this invention, which will become evident from
      the description of the invention which follows, are achieved by feeding
      the hose through a pressurized chamber having an inlet and an outlet
      opening, the outlet opening leading directly to a pressurized treatment
      zone. Seals at both the inlet and outlet openings of the chamber
      simultaneously permit continuous passage of hose and prevent escape of the
      pressurizing fluid from the chamber and from the treatment zone. The hose
      is driven from the inlet end of the chamber up to and out of the outlet
      seal of the chamber, and into the treatment zone by a pair of vertically
      spaced substantially mutually parallel, endless, flexible belts disposed
      within the chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of the feeding apparatus taken from the
      side;
PAR  FIG. 2 is a sectional view of the feeding apparatus taken along line 2--2
      of FIG. 1;
DETD
PAC  DESCRIPTION OF A PRESENTLY PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a chamber 10 is formed by a housing 11 having an inlet
      wall 12 and an outlet wall 13. Wall gaskets 14 and 15 are disposed between
      the housing 11 and the inlet and outlet walls 12 and 13, respectively to
      insure an airtight seal. Cap screws 16 lock the walls 12 and 13 in
      position. The inlet wall 12 contains a threaded inlet seal housing opening
      17 to permit acceptance of an inlet seal housing 50. The outlet wall 13
      contains an outlet seal housing opening 18 to permit acceptance of an
      outlet seal housing 60.
PAR  The housing 11 contains an aperture 19 for pressurizing the chamber 10. The
      aperture 19 is connected to a fluid pressure source (not shown) by
      suitable piping means 21. A pressure gage 22 is connected to the piping
      means 21 to indicate the pressure within the chamber 10. Suitable valve
      means V are provided in the piping means 21.
PAR  Within the chamber 10 are two essentially parallel, vertically adjustable
      gearbelt support plates 22.
PAR  Rigidly connected to each support plate 22 is a set of two vertical
      plungers 23 which assist in the vertical adjustment of the support plate
      22. Each plunger 23 is disposed partially within the chamber 10 and
      partially within a plunger housing 24 outside chamber 10 which assists in
      the vertical alignment of its associated plunger 23. Although each plunger
      23 is vertically movable within its associated housing 24, each plunger 23
      forms an airtight seal with its associated housing 24. Around each plunger
      23 is a vertical helical spring 26. Outside of the chamber 10 an adjusting
      plate 25 extends between each set of plungers 23 and is biased by the
      spring 26 on each plunger 23. Each spring 26 is compressed such that one
      end of each spring 26 bears against a portion of its associated plunger 23
      while the other end bears against its associated adjusting plate 25. A
      retaining ring 27 fastened to each plunger 23 limits the vertical movement
      away from the chamber 10 of each adjusting plate 25.
PAR  Each adjusting plate 25 is adapted to an adjusting screw 28. Each adjusting
      screw is secured to the housing 11 by suitable means, shown in FIG. 1 as a
      retaining ring 29 and a keeper plate 31. A threaded clamping handle 32 is
      screwed to each adjusting screw 28 on the opposite side of the adjusting
      plate 25 from the housing 11. By screwing either clamping handle 32
      towards the housing 11, the handle 32 engages its associated adjusting
      plate 25 forcing it towards the housing 11. The adjusting plate 25 thereby
      compresses its associated springs 26, thereby forcing its associated
      plungers 23 into the chamber 10. The plungers thereby push their
      associated support plate 22 towards the other support plate, thus reducing
      the distance between the support plates 22.
PAR  An inlet pulley shaft 34 is rigidly attached to the inlet end of each
      support plate 22. Rotatably mounted on the end of each inlet pulley shaft
      34 is an inlet gearbelt pulley 36. The inlet pulleys 36 are essentially
      free to rotate due to any force exerted on them. Rotatably mounted on the
      outlet end of each support plate 22 is an outlet pulley shaft 35. An
      outlet gearbelt pulley 37 is rigidly attached to one end of each outlet
      shaft 35. An endless gearbelt 40 extends between the inlet pulley 36 and
      the outlet pulley 37 of each support plate 22.
PAR  A drive gear 38 is rigidly attached to the end of each outlet shaft 35
      opposite the outlet pulley 37. A vertical drive shaft 39 extends adjacent
      to both drive gears 38, and is provided with two worm gears 41 and 42, one
      being a right-handed gear and the other being a left-handed gear. The
      drive shaft 39 is driven by suitable drive means (not shown). Each worm
      gear 41 and 42 is operatively connected to a separate drive gear 38 such
      that upon rotation of the drive shaft 39, the worm gears 41 and 42 cause
      rotation of the two drive gears 38 in opposite directions.
PAR  An inlet seal housing 50 is hermetically mounted within the inlet seal
      housing opening 17 of the inlet wall 12. The inlet seal housing 50
      contains an inlet opening 51 to permit entrance of limp, uncured
      elastomeric hose 52 into the chamber 10. Adjunct to the inlet seal housing
      50 is an elastomeric inlet seal 53. The inlet seal 53 contains a
      frusto-conical flange 55 and a hose opening defined by an annular surface
      54 on the flange 55. The annular surface 54 rides upon the surface of the
      elastomeric hose 52 as the hose enters the chamber 10. It is preferred
      that the annular surface 54 in contact with the hose 52 does not
      approximate a "point" surface, but rather has a width of from about 1/64
      inch to 1/8 inch.
PAR  The frusto-concial flange 55 permits the fluid pressure in the chamber 10
      to press the annular surface 54 lightly against the uncured hose 52. Thus,
      a hermetic seal is formed between the seal 53 and the hose 52 without
      causing grooving, stripping or other damage to the limp hose. The inlet
      seal 53 is adjustable with respect to the inlet seal housing 50 so that
      various types of hose 52 of differing diameters can be accommodated. The
      diameter of the inlet seal opening defined by annular surface 54 can be
      adjusted by axially moving the inlet seal 53 on the inlet seal housing 50.
      The seal 53 is then held in position by the seal clamp 56.
PAR  An outlet seal housing 60 is hermetically mounted within outlet seal
      housing opening 18 of the outlet wall 13. The outlet seal housing contains
      an outlet opening 61 to permit exit of the limp, uncured elastomeric hose
      52 from the chamber 10. Adjunct to the outlet seal housing 60 is an
      elastomeric outlet seal 63. Outside the chamber 10 and adjacent the outlet
      seal housing 60 and outlet seal 63 is the inlet portion 58 of a hose
      treatment zone defined by a portion 59 of a treatment zone housing such as
      a curing chamber. Similar to the inlet seal 53, the outlet seal 63
      contains a frusto-conical flange 65 and a hose opening defined by an
      annular surface 64 on the flange 65. This surface 64 rides on the surface
      of the elastomeric hose 52 as the hose exits the chamber 10. Again, as in
      the inlet seal 53, the annular surface 64 of the flange 65 in contact with
      the hose 52 should have a width of from about 1/64 inch to 1/8 inch. The
      frusto-conical flange 65 allows the fluid pressure in the treatment
      chamber 58 to press the annular surface 64 lightly against the uncured
      hose 52 without damaging the hose.
PAR  Elastomeric outlet seal 63 rests on a portion of the outlet seal housing
      60. The outlet seal 63 is held firmly in a predetermined position between
      a front spacer plate 66 and a rear spacer plate 67.
PAR  The outlet seal 63 can be adjusted to accommodate elastomeric hose of
      differing diameters by moving the front and rear spacer plates 66 and 67,
      thus sliding the seal 63 along a portion of the seal housing 60 and either
      expanding or contracting the annular surface 64 which defines the opening
      in the outlet seal 63.
PAR  Prior to operation, the opening defined by annular surface 54 of the inlet
      seal 53 and the opening defined by annular surface 64 of the outlet seal
      63 are set to a predetermined diameter according to the size and type of
      hose 52 to be run through the chamber 10. The gearbelts 40 are properly
      positioned to accommodate the particular size of hose 52 by adjusting the
      gearbelt support plates 22 in the manner previously described. The drive
      shaft 39 is engaged, thereby driving the worm gears 41 and 42, the drive
      gears 38, ultimately the gearbelts 40, in opposite directions. In
      operation, the end of a length of uncured, limp elastomeric hose is hand
      fed into the unpressurized chamber 10 through the inlet seal housing 50
      and the inlet seal 53. Since there is atmospheric pressure in the chamber
      10, the frusto-conical flange 55 of the inlet seal 53 will only be lightly
      pressed against the limp hose, thereby allowing it to pass through the
      inlet seal 53 with little resistance.
PAR  The hose 52 is further hand fed into one end of the two gearbelts 40 which
      are being driven in a direction such that they grip the hose 52 and
      continuously pull it substantially parallel to its longitudinal axis
      through the inlet seal 53 and into the chamber 10. As the hose 52 emerges
      from the other end of the two gearbelts 40, it is continuously pushed up
      to and through the outlet seal 63 into the unpressurized treatment zone.
      After the initial portion of the hose 52 passes into the treatment zone,
      the chamber 10 and the treatment zone are pressurized to their operating
      pressure. The magnitudes of the pressures in the chamber 10 and the
      treatment zone are about the same. The chamber 10 preferably is
      pressurized to between about 80% and 100% of the pressure in the portion
      58 of the treatment zone. A small pressure differential may be desired
      between chamber 10 and the portion 58 of the treatment zone to reduce any
      drag force which may be exerted by outlet seal 63.
PAR  The pressure in the treatment zone assists the outlet seal 63 in
      hermetically sealing the treatment zone from the chamber 10 by pressing
      the frusto-conical flange 65, and thus the annular sealing surface 64,
      against the surface of the hose 52. The net force on the flange 65 is due
      to the differential pressure between the treatment zone and the chamber
      10.
PAR  The pressure in chamber 10 acts radially on all portions of the hose 52,
      thereby resisting any tendency of the hose to bend. Thus, the pressure in
      chamber 10 in effect stiffens the limp, uncured hose 52 and allows the
      hose to accept more force along the direction of its axis without bending.
PAR  The chamber 10 furthermore acts as a safety barrier in case of any failure
      of outlet seal 63. Since the treatment zone may be pressurized with a type
      of liquid such as oil which is typically in the temperature range of about
      300.degree. to 500.degree.F for hose curing purposes, a break in the inlet
      seal of the treatment zone would cause the hot oil to flow out of the
      zone, possibly injuring nearby persons or damaging equipment. The chamber
      10 acts as a safety barrier for any fluid escaping from the treatment
      zone.
PAR  Although the foregoing was described for the purpose of illustrating a
      presently preferred embodiment of the invention, it should be understood
      that many modifications or alterations may be made without departing from
      the spirit and the scope of the invention as set forth in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of continuously feeding hose in a direction parallel to the
      longitudinal axis of the hose into a pressurized hose treatment zone,
      which comprises:
PA1  a. pulling the hose into a pressurized feeding zone adjacent the treatment
      zone;
PA1  b. pushing the hose into the hose treatment zone from the feeding zone.
NUM  2.
PAR  2. A method of continuously feeding hose as described in the claim 1
      wherein the magnitude of the pressure in the pressurized feeding zone is
      about the same as the magnitude of the pressure in the hose treatment
      zone.
NUM  3.
PAR  3. A method of continuously feeding hose as described in claim 1 wherein
      pressure in the pressurized feeding zone is between about 80% and 100% of
      the pressure in the hose treatment zone.
NUM  4.
PAR  4. A method of continuously feeding hose as described in claim 1 wherein
      the feeding zone is pressurized by a gas.
NUM  5.
PAR  5. Apparatus for feeding elastomeric hose into a pressurized zone, the
      apparatus comprising:
PA1  a. a chamber having an inlet opening and an outlet opening;
PA1  b. means to pressurize the chamber;
PA1  c. a plurality of endless, flexible belts within said chamber;
PA1  d. means to drive said belts;
PA1  e. an entrance sealing device at the inlet opening adapted to:
PAR  1.  permit continuous passage of elastomeric hose from said chamber while
      simultaneously;
PA2  2. preventing escape of pressurizing fluid from said chamber and
      simultaneously;
PA2  3. preventing escape of pressurizing fluid from said pressurized zone.
NUM  6.
PAR  6. An apparatus as defined in claim 5 wherein two of the belts are
      vertically spaced and substantially mutually parallel.
NUM  7.
PAR  7. An apparatus as defined in claim 6 wherein each of said two belts are
      mounted on an independently vertically adjustable support plate.
NUM  8.
PAR  8. An apparatus as defined in claim 7 wherein said means to drive said two
      belts are adapted to drive said belts in opposite directions.
NUM  9.
PAR  9. An apparatus as defined in claim 8 wherein the means to drive said two
      belts comprises a right-hand worm gear and a left-hand worm gear.
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ABST
PAL  Apparatus for providing metered lengths of adhesive bearing strips, from a
      supply roll, to a mechanism for fixing each of the metered strips to a
      different one of a plurality of stacks of sheets comprises: a pair of
      rollers providing a nip, and means for rotating one of the rollers to
      advance adhesive strip engaged by the nip. The axial length of the nip is
      smaller than the width of the adhesive bearing strip and the strip
      includes a hole which is larger than the nip, the hole being located near
      the end of the roll. As a result, when the hole is advanced into the nip
      by the rollers the rollers stop feeding the adhesive bearing strip to the
      mechanism.
BSUM
PAR  The subject invention generally relates to apparatus for automatically
      stopping the feeding of stock when, for example, the stock is about to run
      out. More particularly, the subject invention relates to apparatus which
      terminates the feeding of binding strip to a bookbinding mechanism when a
      supply roll of binding strip is about to run out.
PAR  Mechanisms for detecting when a supply of stock or the like is about to run
      out are well known. For example, it is common to provide on driven stock
      indicia or a member, to provide a signal when the indicia or the member is
      detected, and to provide means which respond to the signal to turn the
      stock drive off. In practice, these systems include a plurality of parts
      which affect the overall cost of the system and its reliability.
PAR  Accordingly, it is an object of the present invention to provide a reliable
      and inexpensive apparatus for terminating the feeding of binding strip to
      a bookbinding mechanism when a supply roll of binding strip is about to
      run out.
PAR  It is another object of the present invention to provide apparatus for
      terminating the feeding of binding strip to a bookbinding mechanism
      without disturbing the means used to drive the binding strip to the
      mechanism.
PAR  It is still another object of the present invention to provide apparatus
      for terminating the feeding of a binding strip, having a non-uniform
      thickness, to a bookbinding mechanism.
PAR  Briefly, the invention herein sets forth apparatus for providing metered
      lengths of adhesive bearing strips, from a supply roll of adhesive bearing
      strips, to a mechanism for fixing each of the metered lengths to a
      different one of a plurality of stacks of sheets. The apparatus includes:
      (a) a first roller rotatably coupled to the mechanism; (b) a second roller
      rotatably coupled to the mechanism, said first and second rollers being
      located to provide a nip for engaging the adhesive bearing strip, the
      axial length of the nip being smaller than the width of the adhesive
      bearing strip; (c) drive means for rotating one of the rollers, whereby
      adhesive bearing strip engaged by the nip is fed to the mechanism; and (d)
      a hole, larger than the nip, aligned on the adhesive bearing strip for
      preventing advancement of the strip by the rollers when a predetermined
      length of adhesive bearing strip remains on said supply roll.
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PAR  Additional objects and features of the invention will become apparent by
      reference to the following description in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a bookbinding machine which embodies the
      subject invention;
PAR  FIG. 2 shows a cross-sectional view of an adhesive strip, according to the
      invention, which is used by the machine to bind a stack of paper sheets;
PAR  FIGS. 3-7 diagramatically show parts of the machine and their general
      movement during a binding cycle of the machine;
PAR  FIG. 8 is a side elevational view of the cartridge shown in FIG. 1 together
      with a side elevational view of apparatus for providing from a roll
      contained in the cartridge a metered length of adhesive strip;
PAR  FIG. 9 is a side plan view of the apparatus taken along lines 9--9 in FIG.
      8, portions thereof having been broken away to facilitate disclosure of
      the apparatus;
PAR  FIG. 10 is a perspective view of rollers of the apparatus engaged with an
      end section of the adhesive strip, said strip having, according to the
      invention, a hole for preventing the feeding thereof by the rollers; and
PAR  FIGS. 11a and 11b are top plan views of alternate embodiments of the
      adhesive strip.
DETD
PAR  FIG. 1 shows a perspective view of a bookbinding machine 10 which embodies
      the subject invention. Machine 10 is capable of applying an adhesive
      bearing substrate of suitable length and width to an edge of a stack of
      paper sheets, thereby making a book. A functional description of how
      machine 10 operates is set forth below, a more detailed description
      thereof having been disclosed in U.S. Pat. application Ser. Nos. 474,840
      and 474,839, filed May 30, 1974 by R. J. Kuhns, and U.S. Pat. application
      Ser. Nos. 474,510 and 474,841 filed May 30, 1974 by E. Sarring.
PAR  Referring to FIGS. 1 and 3, in the operation of machine 10 once a power
      switch 11 is actuated platens 12-14 within the housing 15 of the machine
      are heated with heating coils (not shown). Monitoring means (not shown)
      measure the temperature of the platens and when they reach a predetermined
      temperature an indicator light 16 turns on, thereby indicating that the
      machine is ready to perform a bookbinding cycle. To make a book a stack of
      paper sheets 17 to be bound is initially placed between page guides 18 and
      19 at the extreme left end of the elongated slot 20 in the housing 15 (see
      dotted lines in FIG. 1). In this position, the pages rest on a movable
      plate 21 within the housing. The knob 22 is coupled to the page guides by
      a slip clutch and linkage such that rotation of the knob in the direction
      of the arrow 25 causes the page guides 18 and 19 to be moved toward each
      other until a pair of caliper members 23 and 24 mounted on page guides 18
      and 19, respectively, abut and compress the stack of paper sheets 17.
      Thereafter, because of the resistance offered by the compressed stack of
      paper sheets and the use of a slip clutch, further rotation of the knob in
      the direction of arrow 25 has no effect on the spacing between the page
      guides 18 and 19 and the caliper members 23 and 24. Simultaneously with
      the movement of the page guides 18 and 19 and the caliper members 23 and
      24 toward each other, rotation of the knob 22 in the direction of arrow 25
      brings the heated platens 12 and 13 (see FIG. 3) toward each other and,
      therefore, the space between the platens 12 and 13 is determined by the
      thickness of the compressed stack of paper sheets. The latter is
      significant because such a setting of the distance between platens 12 and
      13 permit their use in the binding of stacks of different thicknesses with
      only a slight additional movement of the platens during a subsequent part
      of the binding process. A linear clutch arrangement, shown in the referred
      applications, holds the page guides 18 and 19 and platens 12 and 13 in the
      position described while rotation of the knob 22 in the opposite direction
      moves bipartite means 27 and 27a, for clamping the stack of paper sheets
      17, into position for clamping and moves strip guides 28 and 29 into a
      position (see FIG. 3) for receiving a suitable length of an adhesive
      bearing strip 30.
PAR  After calipering, as described above, the stack of paper sheets 17 are
      moved, as indicated by arrow 32 in FIG. 1, to the extreme right of
      elongated slot 20 and actuate sensing means (not shown) which turn an
      indicator light 31 on if a cartridge 57 having an adhesive strip, of
      suitable width, for binding is operatively engaged with machine 10.
PAR  As disclosed by the cross-sectional view of strip 30 (FIG. 2), the adhesive
      bearing strip 30 comprises a formable substrate 33 of, typically,
      relatively heavy paper stock, and adhesive coatings 34 and 35. Adhesive
      coatings 34 and 35 constitute a plurality of strip-like formations
      comprising two heat activated adhesive types. Heat activated adhesives may
      be either of the low or high tack types. A low tack adhesive comprises an
      adhesive material which when heated becomes fairly molten or fluid,
      thereby providing a high degree of surface wet-out with a minimum
      application of pressure or heat. A typical low tack adhesive may be a
      mixture of about 80% by weight of an ethylene/vinyl acetate copolymer
      having a 90% ratio of ethylene to vinyl acetate and about 20% by weight of
      rosin acid ester. A high tack adhesive comprises an adhesive material
      which when heated remains highly viscous and somewhat immobile so that a
      definite amount of heat is necessary to wet-out a surface being adhered. A
      typical high tack adhesive may be a mixture of polyethylene, a rosin acid,
      and a metal salt of a carboxylic acid, present in weight proportions of
      80/10/10,  respectively. High tack adhesive have the advantage that, on
      application of heat and pressure, the bond created thereby immediately
      possesses a high degree of strength. On the other hand, the low tack
      adhesives have the advantage that on application of heat and pressure the
      adhesive flows readily or is wicked into the edges of the paper sheets to
      be bound. The strip 30 preferably has the high tack adhesive 35 uniformly
      applied to the substrate 33 while the low tack adhesive 34 is applied
      along the center line of the substrate with a relatively greater thickness
      than that of the high tack material. Typically, the width of the adhesive
      34 is approximately equal to or slightly greater than the overall
      compressed thickness of the stack of sheets to be bound. For a more
      detailed description of the strip reference may be had to a U.S. Pat.
      application Ser. No. 196,446, filed Nov. 1, 1971 by Donald W. Watson.
PAR  Referring again to FIG. 1, with suitable adhesive strip in the cartridge,
      actuation of a "blind button" 36 initiates an automatic binding cycle.
      More specifically, when button 36 is pressed a main drive motor 37 (see
      FIG. 3) is energized and rotates a main drive shaft 38 of the apparatus. A
      cam 39 carried by the main drive shaft effects movement of suitable
      linkage 40 resulting in movement of the clamping means 27 and 27a as
      indicated by arrows 41 and 42 in FIG. 4 and clamping of the stack of paper
      sheets 17. To this end, the page guides 18 and 19 are provided with
      suitable openings through which part of the clamping means move. After
      clamping, the main drive motor 37 is automatically de-energized by a
      timing circuit 26 for a predetermined period of time and a motor of a
      strip inserter, more fully described below, is actuated to insert a
      measured section 47 of strip 30 into the channel-shaped guides 28 and 29.
      Upon re-energization of the motor 37 a cam 43 carried by shaft 38 drives
      linkage 44, thereby rotating the clamping means and lifting the stack of
      paper sheets 17 from the movable plate 21 enough so that the plate 21 can
      be retracted from its page holding position by a cam 45 carried by the
      shaft 38 and connected by linkage 46 to the plate. Thereafter, the stack
      of paper sheets 17 can be plunged or moved in the direction of the heated
      platens 12-14. Referring to FIG. 5, simultaneously with the retraction of
      the plate 21 (see arrow 50), the lifting of the stack of paper sheets 17,
      and subsequent movement, as indicated by arrows 51-53, of the sheets
      downward, the platens 12 and 13 are moved toward each other by a cam 48 on
      shaft 38 and linkage 49 (see arrows 54 and 58). The cams 39 and 48 are
      designed to bring the stack of paper sheets into abutment with the strip
      section 47 and to move strip section 47 against the heated platens 12 and
      13. Strip section 47 remains in contact with the top surfaces of the
      heated platens 12 and 13 for a period of time sufficient to effect
      preheating and softening thereof. After strip section 47 has been heated,
      the cams 43 and 48 effect a slight lifting of the stack of paper sheets
      and a separation of platens 12 and 13 sufficient to snugly accommodate the
      thickness of the compressed stack of sheets and the strip section. The
      stack of paper sheets 17 are then moved downwardly (see FIG. 6) and press
      strip section 47 into contact with heated and resiliently mounted bottom
      platen 14. Thereafter, platens 12 and 13 are biased against the strip
      section for a period of time sufficient to soften the high tack adhesive,
      thereby fixing the strip section to the sides of the stack of sheets.
      After the high tack adhesive has been softened the platens 12 and 13 are
      partially opened and "Cooking" of the low tack adhesive continues for a
      predetermined period of time. During this period the main motor is stopped
      by the timing circuit 26. Subsequently, the main motor is again energized
      and platens 12 and 13 are fully opened by cam 48 and linkage 49.
      Sequentially, the resulting book is then lifted to a position slightly
      above plate 21, plate 21 is returned to its book supporting position, and
      the resulting book is moved downwardly until it rests on the plate.
      Thereafter, the clamping means 27 and 27a are retracted from engagement
      with the book and the main motor is de-energized. The bound book can now
      be removed from the binding apparatus. It should be noted that in this
      plunge of the stack of paper sheets the clamping means are brought against
      abutment means 55 and 56 mounted on strip guides 28 and 29, respectively.
      Further, abutment means 55 and 56 are sloped to limit the plunge in
      proportion to the thickness of the stack of paper sheets. With this
      arrangement platens 12 and 13 always fix edge sections of the strip
      section against the sides of the stack of paper sheets and, consequently,
      a single width of strip section can be used to bind a stack of paper
      sheets within a predetermined thickness range.
PAR  The strip inserter advances a predetermined length of adhesive bearing
      strip from the cartridge 57 into the channel-shaped guides 28 and 29 and
      cutting means, such as disclosed in U.S. Pat. application Ser. No. 392,583
      by R. J. Kuhns cut and complete the insertion of the length of strip 47
      into the guides. Structurally, as disclosed in FIG. 8, the cartridge 57
      containing the adhesive bearing strip 30 is removably mounted to the
      housing 15 by means of a rod 60 fixed by a bracket 61 to a frame plate 63
      and a spring clip 62 attached to the housing 15. To this end, the rod 60
      and spring clip 62 cooperate with pairs of lip portions 64 and 66 of the
      cartridge. As can be seen from a consideration of FIG. 8, the cartridge 57
      is mounted so that its upper portion is aligned with the nip 68 formed by
      an upper feed roller 70 and a lower feed roller 72 of the strip inserter.
      With this arrangement, the leading edge of the adhesive bearing strip 30
      can be conveniently threaded into the nip 68 and permits optimum feeding
      of the adhesive bearing strip from the cartridge to the guides 28 and 29.
PAR  To facilitate the threading of the adhesive bearing strip the upper feed
      roller 70 is mounted such that it can be temporarily moved out of
      engagement with the lower feed roller 72. To this end, the upper feed
      roller is rotatably carried by the central part of a U-shaped support
      member 74 and the support member is pivotably secured at its ends to a pin
      member 76 carried by bracket 61. A lever arm 80 extending outwardly from
      the housing 15 through an opening 82 (shonw in FIG. 1) includes a finger
      engagable with support member 74 and serves to lift the upper roller 70
      out of its engagement with the lower roller 72 through movement of the
      lever in an upward direction, suitable biasing means, such as a spring
      (not shown), being provided for returning the upper feed roller to its nip
      forming position with the lower feed roller.
PAR  In FIG. 9 there is disclosed additional parts of the strip inserter, among
      which are a strip feed motor 84 and a gear box 86, the latter of which
      houses suitable gears for providing speed reduction and control of an
      output shaft 88 from the gear box 86. A driving lever 90 is carried
      approximate the end of the shaft 88 such that it can engage a detent
      member 92 carried by a drive gear 94. The gear 94 serves to drive a driven
      gear 96 supported by shaft 98 and shaft 98 is coupled via a one-way clutch
      109 to the lower feed roller 72. Therefore, when the output shaft 88
      rotates and clutch 109 is engaged the lower feed roll 72 also rotates to
      thereby feed adhesive bearing strip.
PAR  It is desired to reliably feed or meter different lengths of adhesive
      bearing strip depending on the length of an edge on a stack of sheets
      which is to be bound into a book. Accordingly, adjustable feed is
      accomplished by the provision of a metering mechanism including a metering
      wheel in the form of a thumb actuatable wheel 100 which protrudes through
      one side wall of the housing 15 (FIG. 1) to permit setting thereof in
      accordance with indicia (not shown) on its periphery which is aligned with
      an index mark 102 on the aforementioned side wall.
PAR  The metering wheel carries a stop member 104 on one face (i.e., to the left
      as viewed in FIG. 9) which stop serves as a fixed abutment engagable by a
      sidewardly projecting pin member 106 carried by the drive gear 94. For
      this purpose, means, such as a pawl fixed to bracket 61 and engagable
      ratchet teeth on the wheel (not shown), are provided to prevent the
      metering wheel from rotating in the counterclockwise direction, as viewed
      from the right in FIG. 9, once the wheel has been manually set in
      accordance with the desired length of adhesive strip to be metered. In
      operation, when motor 84 is actuated lever 90 engages and rotates the
      detent member away from an abutment 91, thereby rotating gear 94 until
      stop member 104 engages pin 106. Engagement of the stop member 104 by the
      sidewardly projecting pin member will cause the driving lever 90 to move
      the detent member against the bias of a bellville washer 108 which allows
      the driving lever to move past the detent to thereby effect disconnection
      of the driving coupling therebetween to terminate rotation of the lower
      feed roller 72, which, as will be appreciated, terminates the feed of
      adhesive bearing strip.
PAR  During feeding of the adhesive bearing strip, a spring member 110, secured
      at one end to the shaft and at its other end to bracket 61, is tensioned
      through clockwise rotation, as viewed from the right in FIG. 9, of the
      shaft 98. Once the feeding has stopped and the strip material has been cut
      the spring functions to reposition the sidewardly extending pin member 106
      to its "start-of-feed position" through rotation of the gears 90 and 94.
      During repositioning clutch 109 is disengaged from roller 72 and roller 72
      is not driven. It will be appreciated that the relative angular distance
      between the pin member 106 and the stop member 104 determines the length
      of strip material that is fed during one cycle of operation. It will also
      be appreciated that the length of the strip material fed can be varied by
      changing the aforementioned arc angular distance length which, in this
      embodiment, is accomplished by setting of the metering wheel.
PAR  Shaft 98 rotatably carries a disc-like flywheel 111 which includes a radial
      bore 112 having a threaded peripheral end section. In the bore there is
      slidably located a Delrin plug 113, a spring 114, and a set screw 115
      engaged with the threaded end section to press the spring against the
      plug. Plug 113 abuts shaft 98 and the frictional force therebetween is
      determined by the depth to which the set screw 115 is inserted. Thus, a
      spring loaded Delrin plug permits the flywheel to turn on shaft 98 with an
      adjustable degree of slip. As previously mentioned, during the process of
      feeding spring member 110 is tensioned and this tension drives gears 96
      and 94. However, during this process energy stored in the spring member is
      partially absorbed by the starting inertia of the flywheel 111 and when
      detent member 92 moves against abutment 91 the rotational inertia of the
      flywheel causes the flywheel to overtravel. The over-travel provides a
      torque which prevents rebounding of the detent member. Since clutch 109
      would cause adhesive strip to be advanced if the detent member bounced and
      rotated gear 94, it may be seen that the flywheel eliminates unmetered
      feeding of the adhesive bearing strip. Although Delrin has been selected
      in this embodiment because of its properties, e.g., eliminates any need to
      lubricate the shaft and is insensitive to humidity, it should be noted
      that other materials may be used to provide a frictional engagement with
      the shaft 98. Moreover, it should be noted that the frictional force
      between the plug and the shaft may be varied to optimally damp the return
      of the detent member and, consequently, roller 72, when the automatic
      strip feeding apparatus is assembled and when plug 113 wears down.
PAR  Since adhesive strip 30 has a finite length and books having various
      lengths are bound by machine 10, when the end of adhesive strip 30 is
      reached some means must be provided to prevent the feeding of a strip
      which is not long enough to be useful for binding. To this end, rollers 72
      and 70 are adapted such that the nip therebetween has an axial length
      which is shorter than the width of the adhesive strip 30 and a hole 120
      (see FIG. 10) larger than the nip area is provided in the center of and
      near the end of the strip. With this arrangement, as the adhesive strip is
      depleated and the hole 120 is fed into the machine, the strip will come to
      a stop when the hole is between the rollers. It should be noted that a
      section of the hole 120 which is larger than the nip area is spaced a
      predetermined distance from the trailing end of the adhesive strip and as
      a result, when the adhesive strip comes to a stop the end of the adhesive
      strip is available to an operator for removal. While the hole 120 in FIG.
      10 is circular, it should be noted, as shown in FIGS. 11a and 11b, that
      the hole can have other shapes such as the slot 122 or the oval hole 121.
PAR  It is to be understood that the description herein of a preferred
      embodiment, according to the invention, is set forth as an example thereof
      and is not to be construed or interpreted as a limitation on the claims
      which follow and define the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for providing metered lengths of adhesive bearing strips, from
      a supply roll of adhesive bearing strip, to a mechanism for fixing each of
      the metered lengths to a different one of a plurality of stacks of sheets,
      comprising:
PA1  a. a first roller rotatably coupled to the mechanism;
PA1  b. a second roller rotatably coupled to the mechanism, said first and
      second rollers being located to provide a nip for engaging the adhesive
      bearing strip, the axial length of the nip being smaller than the width of
      the adhesive bearing strip;
PA1  c. drive means for rotating one of the rollers, whereby adhesive bearing
      strip engaged by the nip is fed to the mechanism; and,
PA1  d. a hole, larger than the nip, aligned on the adhesive bearing strip for
      preventing advancement of the strip by the rollers when a predetermined
      length of adhesive bearing strip remains in said supply roll.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said adhesive bearing strip
      comprises: a substrate, a layer of low tack adhesive fixed to and
      extending along the center of the substrate and a pair of layers of high
      tack adhesive fixed to the substrate and flanking the high tack adhesive.
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PAL  A control system for one or more vacuum holddown devices for use in an
      apparatus employing flexible web material in a flattened condition. A
      plurality of perforated plenums are joined to a manifold connectible to a
      vacuum producing means. The pressure within the manifold is sensed and
      must be at a predetermined pressure before the drive system for the web
      material is activated thereby preventing bulging or buckling of the web
      material during startup and normal running of the material.
BSUM
PAR  This invention relates to control system for belt assemblies and
      particularly, to improvements in vacuum control of one or more vacuum
      holddown devices for an endless photoreceptor belt. The vacuum holddown
      devices arranged in accordance with the present invention are particularly
      adapted for use with selenium belts in automatic reproducing machines that
      are constructed for high speed operation and require runs of the belt that
      are flat for specific processing action.
PAR  The present invention is particularly adapted for use in the printing
      apparatus disclosed in U.S. Pat. No. 3,730,623, wherein a belt module is
      utilized to support a photoreceptor belt for movement. It has been found
      during the use of such apparatus for high speed copying or duplicating
      that a belt run whereat a processing function is to occur must be placed
      in a flattened condition in order to insure evenness and the precise
      positioning of the plane of the belt run. For example, at the exposure
      station for the belt module, the portion of the belt continuously moving
      past this station must be flat and precisely located in the image plane
      for the printing apparatus. Similarly, at the developing station, the belt
      run must be precisely positioned and evenly maintained relative to
      electrical potential sources. At a cleaning station, the precise and even
      positioning of a belt run insures efficient pre-cleaning and cleaning of
      the photoreceptor. The use of vacuum plenums for one or more of the
      processing stations has provided a very efficient means for producing the
      needed flatness and accurate positioning of belt runs whereever needed.
      However, the positioning of processing devices along belt runs has also
      instituted the prospect of damage to the photoreceptor. Such processing
      devices as corona generating means, magnetic brush rollers or developing
      cascading means, cleaning rollers or webs, lamps, etc., all have
      structural elements which, by virtue of their functioning, are positioned
      in very close proximity to the delicate surface of the photoreceptor. As
      the belt is driven around its supporting roller, there is a tendency for
      the belt to bulge out or buckle slightly at its straightaway belt runs.
      This undesirable effect occurs especially at belt movement startup when
      inertial forces are greatest. Such bulging out or buckling, even for
      slight distances can cause contacting of the photoreceptor with structural
      elements of the processing devices and to cause damage to the
      photoreceptor.
PAR  Therefore, it is the principal object of this invention to prevent
      intolerable movement of belt runs beyond limits wherein the belt runs will
      contact nearby structural elements. Another object of the invention is to
      prevent starting movement of a photoreceptor belt or web in a printing
      machine, or to terminate its movement in the event belt damaging contact
      with surrounding structure may ensue.
PAR  These and other objects of this invention are obtained by means of a
      control system arranged to insure that a perforated plenum to which a belt
      run is applied has a vacuum associated with it of sufficient pressure as
      to maintain the belt run thereagainst at all times during belt movement
      around its supporting and driving rollers. The control system also serves
      as an interlock arrangement which prevents movement of the belt during
      machine start-up until there is vacuum condition in the vacuum plenum and
      that it is of sufficient pressure to maintain belt runs away from
      interfering structure.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is had to the following detailed
      description of the invention to be read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic sectional view of an electrostatic reproduction
      machine showing its various processing stations and into which the present
      invention may be incorporated;
PAR  FIG. 2 is a partial cross-sectional view of a belt assembly as seen from
      the front of the machine;
PAR  FIG. 3 is a sectional view of a detail of the machine and the control
      system associated with vacuum holddown device;
PAR  FIG. 4 is a plan view, partly broken away of a vacuum holddown device;
PAR  FIG. 5 is a sectional view taken along lines 5--5 in FIG. 4 showing the
      holddown device in an inoperative condition; and
PAR  FIG. 6 is a view similar to that in FIG. 5 but showing another condition of
      operation.
DETD
PAR  For a general understanding of the illustrated copier/reproduction machine,
      in which the invention may be incorporated, reference is had to FIG. 1 in
      which the various system components for the machine are schematically
      illustrated. It is to be understood that the illustrated type of machine
      is utilized only for descriptive purposes and not as a limiting factor in
      the application of the invention. As in all electrostatic systems such as
      a xerographic machine of the type illustrated, a light image of a document
      to be reproduced is projected onto the sensitized surface of a xerographic
      plate to form an electrostatic latent image thereon. Thereafter, the
      latent image is developed with an oppositely charged developing material
      to form a xerographic powder image, corresponding to the latent image on
      the plate surface. The powder image is then electrostatically transferred
      to a support surface to which it may be fused by a fusing device whereby
      the powder image is caused permanently to adhere to the support surface.
PAR  In the illustrated machine, an original D to be copies is placed upon a
      transparent support platen P fixedly arranged in an illumination assembly
      generally indicated by the reference numeral 10, arranged at the left end
      of the machine. While upon the platen, an illumination system flashes
      light rays upon the original thereby producing image rays corresponding to
      the informational areas on the original. The image rays are projected by
      means of an optical system for exposing the photosensitive surface of a
      xerographic photorecptor in the form of a flexible photoconductive belt 12
      arranged on a belt assembly generally indicated by the reference numeral
      14.
PAR  As will be described below, the photoreceptor belt 12 is adapted to be
      driven in the direction of the arrow at a constant rate. During this
      movement of the belt, the reflected light image of an original on the
      platen is flashed upon the photosensitive surface of the belt to produce
      electrostatic latent images thereon at an exposure station A.
PAR  As the belt surface continues its movement, the electrostatic image passes
      through a developing station B in which there is positioned a developer
      assembly generally indicated by the reference numeral 15 and where the
      belt is maintained in a flat condition. The developer assembly 15 provides
      development of the electrostatic image by means of multiple magnetic
      brushes as the same moves through the development zone B.
PAR  The developed electrostatic image is transported by the belt to a transfer
      station C whereat a sheet of copy paper is moved between a transfer roller
      and the belt at a speed in synchronism with the moving belt in order to
      accomplish transfer of the developed image solely by the electrical bias
      of the transfer roller. There is provided at this station a sheet
      transport mechanism generally indicated at 16 adapted to transport sheets
      of paper from a paper handling mechanism generally indicated by the
      reference numeral 17 to the developed image on the belt at the station C.
PAR  After the sheet is stripped from the belt 12, it is conveyed into a fuser
      assembly generally indicated by the reference numeral 18 wherein the
      developed and transferred xerographic powder image on the sheet material
      is permanently affixed thereto. After fusing, the finished copy is
      discharged from the apparatus at a suitable point for collection
      externally of the apparatus. Any untransferred residual image or toner
      particles remaining on the belt 12 after leaving the transfer station C is
      removed from the belt by a cleaning device 19 which comprises a rotating
      cleaning brush, a housing 19a for containing the same; and a pre-clean
      corona generating device 19b. Mounted on the housing 19a for support
      thereby is the charging corona generating device 19c for the machine and a
      flood lamp 19d which is utilized to discharge the belt 12 before
      recharging thereof by the device 19d.
PAR  Drive means is arranged to drive the selenium belt 12 in conjunction with
      timed flash exposure of an original to be copied, to effect image
      development, to separate and feed sheets of paper and to transport the
      same across the transfer station C and to convey the sheet of paper
      through the fuser assembly in timed sequence to produce copies of the
      original.
PAR  The belt 12 comprises a photoconductive layer of selenium which is the
      light receiving surface and imaging medium for the apparatus, on a
      conductive backing. The belt is journaled for continuous movement upon
      three rollers 20, 21, and 22 located with parallel axes at approximately
      the apex of a triangle. During exposure of the belt 12, the portion
      thereof being exposed is that part of the belt run between the upper
      roller 20 and the lower roller 21.
PAR  The upper roller 22 is rotatably supported on a shaft 23 journaled in two
      side plates, not shown, which also support for rotation the rollers 20 and
      21. The shaft 23 projects into the machine and is drivingly connected to a
      drive mechanism 25 as will be described below. Further details of the belt
      assembly and supporting and cooperating structure are not necessary to
      understand the present invention. Such further details may be found in the
      above cited U.S. Pat. No. 3,730,623 the description of which is hereby
      incorporated by reference.
PAR  As shown in FIG. 2, the belt assembly is in a form which provides three
      belt runs; that is, sections of the belt that lie in flat predetermined
      planes. In order to provide runs which are truly flat and which insure the
      positioning of a belt run in a precisely located plane, free of vibration
      inadvertent deflection and which will assume the working position at all
      times, the belt assembly is provided with a flat holddown device for each
      of the runs. To this end, the exposure belt run, that is, the run between
      rollers 20, 21 has associated therewith a holddown device 125, the
      development run between the rollers 21, 22 has the holddown device 126,
      and the cleaning run between the rollers 20, 22 has the holddown device
      127. Since each of the devices are the same, except for size, only one,
      the development holddown device 126 will be described below.
PAR  As shown in FIGS. 4 and 5, the vacuum holddown device 126 comprises a
      vacuum plenum 130 having a flat surface plate 131 formed therethrough with
      many openings 132 upon which the photoreceptor belt 12 is stretched across
      during movement thereof. On the other side of the plate away from the belt
      12, the plenum includes a plurality of ribs 33 made integral with plate
      and projecting from the surface thereof. Along the ribs, there is also
      integrally formed on the same side of the plate 131 a circumferential
      guard wall 134 which is connected to the exterior ends of all the ribs 33
      and also which surrounds all of the openings 132.
PAR  The spaces between the ribs 33 and the circumferential wall 134 are closed
      off on that side of the plate 131 by a manifold 135 made of flexible
      plastic material and having a relatively flat web portion 136 positioned
      to span across all of the ribs and the wall 134. The outer circumferential
      edge of the manifold 135 is formed with a wall 137 which extends toward
      the plate 131 and completely surrounds the wall 134. The wall 137
      terminated in a flange 138 which is secured to the adjacent surface of the
      plate 131 by suitable lock washers 140. In order to insure a vacuum seal
      within the interior chamber defined by the flat portion 136 of the
      manifold 135 and the plate 131, a circumferential gasket 141 or sealing
      device is positioned between the flange 138 and the plate. The manifold
      135 also includes a chamber formed by outwardly extending wall 142 which
      terminates in a hose connector 143 to which a hose of an air evacuation
      system may be secured. The chamber walls 142 extend beyond the plane of
      the web portion 136 approximately centrally of the plate 131 in order to
      provide access to all of the spaces between the ribs 33. As shown in FIG.
      4, the chamber is in communication with all of the spaces between all of
      the ribs 33 some of which terminate short of the central core section 144
      of the vertical and horizontal ribs as viewed in this figure.
PAR  In order to extend the vacuum effectiveness of the holddown device 126, the
      plate 131 on the side supporting the belt 12 is formed with grooves 146 of
      semicircular cross-section connected to some of the outer opposed edges of
      the plate 131. Since air is evacuated out of the space defined by the
      circumferential wall 134 within which the outermost series of openings 132
      are confined, the effect of the vacuum produced by this evacuation of air
      will be felt at the extreme outer limits of the grooves 146 and along the
      same. With the belt applied to the outer surface of the plenum plate 131,
      as shown in FIG. 4, and with the plenum subjected to a vacuum producing
      system, the belt will be forced against the plate by the resultant
      pressure differential effected between the spaces on either side of the
      plate 131. The effect of this force on the belt will extend between the
      outer ends of the series of grooves 146 on one edge of the plate 131 to
      the outer ends of the series of grooves at the other edge of this plate.
PAR  This force on the belt will be continuous as the same moves on the belt
      assembly 14 and will produce flattened, unwavering portion of the belt for
      whatever processing is to occur opposite the holddown device. For the
      above described holddown device 126, which is the one opposite the
      developer apparatus 15 and in the development zone B, the belt, during
      movement thereof, will be maintained in a fixed portion relative to the
      spacing between itself and the magnetic brushes utilized in the apparatus.
      As to the vacuum holddown device 125, located in the exposure zone A, the
      belt, during movement will be fixed relative to the conjugate of the
      optical axis for the printing machine. Similarly, the holddown device 127,
      positioned in the cleaning-charging zone, will fix the belt as the same
      moves for these functions.
PAR  During machine shutdown when a vacuum producing means, which is generally
      in the form of a blower and duct work, in the printing machine is
      inoperative, the web 136 for the manifold 135 is in its flattned,
      unstressed condition as shown in FIG. 5. When the vacuum producing means
      is rendered operative, air is drawn from the external circuitry of the
      plenum 131, through the openings 132, through the spaces between ribs 33
      and within the wall 134 and out of the chamber 142. With the belt 12 being
      applied against the plenum 131, a vacuum is produced in these spaces to
      cause the belt to be drawn under force upon the plate 131 and also to
      cause the web 136 to flex and be drawn against the adjacent edges of the
      ribs 33, as shown in FIG. 6. When the web 136 contacts the ribs 33, the
      atmospheric pressure on both sides of the holddown device equalize and
      there is no platen deflection. The only load then on the platen is the
      weight of the platen itself plus the loads of the extraneous processing
      devices in contact with the belt 12 at this point.
PAR  As previously stated, the vacuum holddown devices 125, 126 and 127 are
      structurally and functionally similar. Each is provided with a chamber 142
      and a hose connector 143, as shown in FIG. 2. All of these hose connectors
      are joined together to a common pipe 160 (see FIGS. 2 and 3) which is
      directed to the one side of the belt assembly. The pipe 160, as disclosed
      in the above reference U.S. Pat. No. 3,730,623, is connected to a pipe 167
      mounted in the machine, which, in turn, is associated with a vacuum blower
      168.
PAR  The vacuum producing means 168 may be in the form of a blower suitably
      mechanically connected to a motor 169. Control of the motor 169 in order
      to accomplish vacuum condition in the vacuum holddown devices, is
      accomplished by a control arrangement comprising a transducer 170 arranged
      in the pipe 167. The transducer 170 may be a simple pressure sensitive
      device adapted to sense pressure differences and to produce a signal
      indicative of the presence or absence of a specific pressure in the pipe
      167. The pressure sensitive device 170 is operatively connected to the
      control system 172 for the machine which is also operatively connected to
      the belt drive motor mechanism 25. The vacuum producing means 168 is
      arranged to produce a vacuum pressure in each of the vacuum plenums
      associated with the vacuum holddown means 125, 126 and 127 in order to
      accomplish holding of the belt run against the respective plates 131 and
      away from the structural elements of the magnetic brush developing
      apparatus 15, the cleaning device 19 and any other devices utilized during
      processing of developed images and the reproduction of originals.
      Therefore, it is necessary that the vacuum produced by the vacuum
      producing means 168, is effective before movement is imparted to the belt
      12 by the drive mechanism 25.
PAR  The control system may include the machine control logic and timing system
      wherein control pulses for machine functioning and processing is
      generated. A detailed description of such a system is found in the
      copending application, Ser. No. 445,014 filed on the same date herewith.
      In the above referred to application, the motor drive mechanism is
      arranged to generate a train of clock pulses which are in turn utilized to
      produce operating control signals for the machine. The various machine
      functions are activated and/or de-activated in timed sequence by the
      control signals so produced. This system may be incorporated into the
      presently disclosed machine to be operated in accordance therewith.
PAR  As shown in FIG. 1, the drive mechanism 25 is connected by a belt 200 which
      is drivingly associated with the roller 22 by way of a suitable clutch
      201. When the machine is turned "ON" to its initiating warm-up condition,
      the drive mechanism is activated and allowed to achieve its full operating
      posture by means of the machine control system 172. This system also
      initiates activation of the blower motor 169 for causing vacuum conditions
      in the holddown plenum 125, 126 and 127 and generally to maintain these
      conditions throughout the time that the belt mechanism is activated.
PAR  The control system 172 is arranged to inhibit activation of the clutch 201
      for connecting belt drive mechanism 25 to the belt drive roller 22 until
      the pressure within each of the holddown devices is sufficient to effect
      holding of the belt runs against each of the holddown devices. Upon
      attaining this pressure, whereat the belt runs will be held against
      contacting structural elements of processing devices spaced along the belt
      movement path, a signal is generated by the pressure sensitive device 170
      as a control input to the control system 172. This input then places the
      clutch 201 for the drive mechanism in condition to be activated when its
      own control signal is effectively introduced. In the event, the pressure
      within the holddown devices becomes insufficient for holddown purposes,
      the control system 172 is arranged to shut down the drive mechanism until
      such time as the pressure becomes sufficient. The control system is also
      adapted to permit the continual activation of the blower motor 169 until
      the clutch 201 for the drive mechanism 25 has become deactivated, such for
      example, during machine shutdown at the end of a production run or in the
      event of machine malfunctioning. Another alternative to this arrangement
      which does not include a clutch such as clutch 201 would involve simply an
      "on-off" switching system for the drive mechanism 25. When the machine is
      turned "ON" only the blower motor is energized initially. After pressure
      in the holddown device is achieved, the drive mechanism can then be
      energized.
PAR  As a further alternative to the control of the machine, instead of the
      pressure sensing device, machine interlock switches (not shown) generally
      provided in such machines may be used. Typically, such a machine includes
      series connected interlock switches operatively coupled to the machine
      door and/or covers, or any other machine devices needing interlock
      service. The covers are generally raised as access means so that the
      operator can get at the interior of the machine to remove jammed paper
      sheets or rectify other malfunction conditions. The interlock switches may
      also be connected in series with switches operatively coupled to the
      platen cover that covers the document originals being flash imaged.
PAR  The control means is adapted to sense the opening and closing of the series
      connected switches to produce an output signal that signifies whether or
      not anyone or more of the machine covers and/or platen covers are properly
      closed. The control means is designed so that it will start the blower
      motor only when it detects proper closing of the interlocks and/or the
      platen cover and then after a predetermined period of time delay to allow
      the motor to build the necessary level of vacuum pressure, it energizes
      the machine drive motor to start driving the belt of flexible
      photoreceptor. This alternative takes the advantage of the pre-existing
      means, i.e. interlocks, in controlling the operation of the blower motor
      and the machine drive motor.
PAR  From the foregoing description of the belt assembly vacuum producing
      arrangement in conjunction with the machine logic and timing control
      system, it will be appreciated that an effective means has been devised
      for protecting the sensitive and delicate surface of a moving flexible
      photoreceptor from surrounding elements which are closely spaced relative
      thereto. The invention, however, has broader aspects than for application
      to a flexible photorecptor of the form herein disclosed. For instance,
      rather than for use with an endless belt, the above control arrangement
      may also be applicable to a web material which is fed from a supply roll
      and taken up in a take-up roll, or which is associated with mechanisms
      adapted to discard spent parts and effectively function as an endless belt
      with a supply source.
PAR  The invention may also be applied to endless conveyor belts which have
      means thereon for retaining smaller segments after certain number of uses
      thereof. For an even broader aspect, the present invention need not be
      limited to photosensitive material or segments thereof. The present
      invention may be useful for any belt or flexible web member system being
      driven by a drive mechanism. To protect the belt or web member or any
      element thereon from contacting surrounding or adjacent structures, vacuum
      plenums may be employed for precisely positioning belt runs, and, as in
      accordance with the present invention, the pressure in the plenum may be
      made to control activation of the drive mechanism.
PAR  While the invention has been described with reference to the structure
      disclosed, it is not confined to the details set forth; but is intended to
      cover such modifications, or changes as may come within the scope of the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. in an apparatus utilizing web material arranged to be moved in a path
      having at least one run adjacent a vacuum holding device which, when in
      vacuum condition, is adapted to hold said web run thereagainst, and a
      drive mechanism for driving said web material in its path of movement, the
      improvement including,
PA1  a control system coupled to said holding device and said drive mechanism,
      said control system including means for measuring pressure within said
      holding device, said control system activating said drive mechanism when
      said pressure within said vacuum holding device is at a predetermined
      value.
NUM  2.
PAR  2. In an apparatus utilizing web material arranged to be moved in a path
      having at least one run adjacent a vacuum holding device which, when in
      vacuum condition, is adapted to hold the web run thereagainst, and a drive
      mechanism for driving the web material in its path of movement, the
      improvement including,
PA1  a control system coupled to said holding device and said drive mechanism,
      said control system including means for measuring pressure within said
      vacuum holding device, said control system deactivating said drive
      mechanism during operation thereof when said pressure within said vacuum
      holding device falls below a predetermined value.
NUM  3.
PAR  3. In an apparatus utilizing web material arranged to be moved in a path,
      having holding means for holding at least one run of said material in a
      flat predetermined position and a drive mechanism for driving said web
      material in its path of movement, the improvement including,
PA1  a control system coupled to said holding device and said drive mechanism,
      said control system including means for sensing force exerted by said
      holding means on said run of material said control system activating said
      drive means when said holding means is effective to hold said run of
      material in said predetermined plane.
NUM  4.
PAR  4. In a printing system having processing stations, a moving flexible web
      material adapted to convey one or more printing areas adjacent to said
      stations for processing thereby, means for producing at least one run of
      said web material, and a drive mechanism associated with the web material
      for imparting movement thereto, the improvement comprising,
PA1  a vacuum holddown device arranged opposite said web run for continuously
      holding the belt run in a substantially flat condition and in a
      predetermined plane, and
PA1  control means coupled to said holddown device and to said drive mechanism,
      said control means including means for measuring pressure in said vacuum
      holddown device, said control means activating said drive mechanism when
      the pressure within said holddown device is at a predetermined value.
NUM  5.
PAR  5. In a printing machine having processing stations, a moving flexible web
      material adapted to convey one or more printing areas adjacent to said
      stations for processing thereby, means for producing at least one run of
      said web material, and a drive mechanism associated with said web material
      for imparting movement thereto, the improvement comprising,
PA1  a vacuum holddown device arranged opposite said web run for continuously
      holding said web run in a substantially flat condition and in a
      predetermined plane, and
PA1  control means coupled to said holddown device and said drive mechanism,
      said control means including means for measuring pressure in said holddown
      device, said control means deactivating said drive mechanism during
      operation thereof when said pressure within said holddown device falls
      below a predetermined value.
NUM  6.
PAR  6. In a printing machine having processing stations, a moving flexbile web
      material adapted to convey one or more printing areas adjacent to said
      stations for processing thereby, means for producing at least one run of
      said web material, and a drive mechanism associated with said web material
      for imparting movement thereto, the improvement comprising,
PA1  means for holding said belt run in a substantially flat condition and in a
      predetermined plane during movement of said web material and
PA1  control means coupled to said holding means and said drive mechanism, said
      control means including means for measuring a force exerted by said
      holding means, said control means activating said drive mechanism when
      said holding means force is effective to hold said run of material in said
      predetermined plane.
NUM  7.
PAR  7. In a printing machine having at least one processing station, a moving
      flexible web material adapted to convey one or more printing area to a
      position adjacent said station for processing thereby, means for producing
      at least one run of said web material and a drive mechanism associated
      with said web material for impacting movement thereto, the improvement
      comprising,
PA1  means for holding said web run in a substantially flat condition and in a
      predetermined plane, and
PA1  control means coupled to said holding means and said drive mechanism, said
      control means including means for measuring a force exerted by said
      holding means on said web material, said control means deactivating said
      drive mechanism during operation thereof when said holding means force is
      ineffective in holding said web run in said predetermined plane.
NUM  8.
PAR  8. In an apparatus utilizing web material arranged to be moved in a path
      having at least one run adjacent a vacuum holding device which, when in
      vacuum condition, is adapted to hold the web run thereaginst, and a drive
      mechanism for driving the web material in its path of movement, the
      improvement comprising:
PA1  means for producing a vacuum condition in said holding device; and
PA1  a control system coupled to said vacuum producing means and said drive
      mechanism, said control system including a means for sensing a vacuum
      produced by said vacuum producing means and including a timing means, said
      control system activating said drive mechanism after a predetermined time
      period after said vacuum sensing means has measured said vacuum above a
      preselected value.
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ABST
PAL  An automatic apparatus for feeding packaging strap, including a strap
      feeding mechanism having a pair of reversibly rotatable feed rolls for
      feeding and returning the strap and a detector for detecting the amount of
      strap fed and returned. Strap is fed to the feeding mechanism by a
      prefeeding mechanism having unidirectionally rotatable prefeed rolls and a
      detector for detecting the amount of strap prefed. A control mechanism
      determines the difference between the amount of strap fed and returned by
      the feeding mechanism and controls the prefeeding mechanism to prefeed an
      amount of strap equal to the difference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an automatic feeding apparatus of
      packaging strap for use in an automatic packaging machine and more
      particularly to an automatic strap feeding apparatus having a control
      mechanism for determining the amount of strap consumed during every
      packing operation to control the feeding of an amount of strap prior to
      each packing operation equal to the amount consumed during the previous
      packing operation.
PAR  2. Description of the Prior Art
PAR  Prevalently used automatic packaging machines are of the type in which the
      arched frame for guiding the packaging strap is provided above the
      operation table where the package to be strapped is placed and strapping
      is made around the package to be strapped placed inside said arched frame.
PAR  Said arch type automatic packaging machine is characterized in that the
      feeding roller for feeding the packaging strap to the strap guide track
      inside said arch is equipped and the strap is fed to the inside of the
      arch by forwardly rotating said feed roller and by reversely rotating said
      feed roller, winding the strap around the package to be strapped and
      tightening are made. This type of automatic packaging machine is generally
      called feed out type.
PAR  Strap feeding means of feed out type in the early stage comprises a pair of
      forward and reverse rotation feed rolls by which the packaging strap is
      pulled out directly from the strap reel and rewinding is made. Therefore
      owing to the inertia of the strap reel, the speed of the strap feeding is
      decreased and the deformation of plastic strap is caused by its curve,
      twist or buckling. Furthermore rewinding for tightening the strap is
      extremely difficult. In order to overcome these disadvantages in said
      early means, the means generally called prefeeding type was developed.
PAR  With reference to FIG. 8 which shows a typical example of the prefeed type,
      it is characterized in that the strap amount detecting means comprising
      prefeed roller 6, strap pool 9, movable plate 35 and limit switch 34 as
      well as feed roller 3 is provided and when the extra loosening of the
      strap inside the strap pool is disappeared, the strap is always
      replenished by the prefeed roller regardless of the consumption amount of
      strap. By this the feeding speed of strap can be increased, but there was
      caused the new disadvantage that the strap amount accommodated inside the
      strap pool is not maintained constant and since operation is carried out
      so that the strap is always supplied to the inside of the pool, the
      curving tendency of packaging strap made of plastic material is caused
      when the packaging machine is not in operation.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a strap feeding apparatus
      in which the curving tendency is not caused on the strap accommodated
      inside the strap pool and the strap is not damaged.
PAR  Another object of the present invention is to provide a strap feeding
      apparatus in which the error caused in feeding of the strap can be removed
      smoothly and surely.
PAR  In order to achieve these objects, the present invention provides the strap
      feeding apparatus which every packaging cycle supplies the corresponding
      strap amount to that of the strap consumption based on the calculation by
      an electronic device. Also provided is the strap feeding apparatus having
      the means which calculates the proper feeding amount by subtracting the
      error amount occurred in feeding of strap from the feeding amount at the
      next time of feeding.
PAR  The present invention is described in its details with reference to the
      embodiment shown in the figures.
PAR  The packaging strap or tape is generally made of the raw materials of
      thermo plasticity plastic materials such as polyethylene, polypropylene
      and others, but it goes without saying that the materials can be selected
      freely depending upon the application purposes of the packaging machine.
      Therefore, the present invention cannot be restricted by the types of raw
      materials.
PAR  These and other objects, features and advantages of the strap feeding
      apparatus for an automatic packaging machine according to the present
      invention will become more fully apparent from the following description
      taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic view of the entire packaging machine;
PAR  FIG. 2 is a perspective schematic view of the strap feeding machine
      constructed according to the present invention;
PAR  FIG. 3 is a logic circuit diagram of a calculation control of the strap
      feeding apparatus shown in FIG. 2;
PAR  FIG. 4 is a timing diagram of the logic circuit diagram shown in FIG. 3;
PAR  FIG. 5 is a perspective schematic view of the strap feeding apparatus of
      error correction type;
PAR  FIG. 6 is a logic circuit diagram of the calculation control of the strap
      feeding apparatus of error correction type;
PAR  FIG. 7 is a timing diagram of the logic circuit shown in FIG. 6; and
PAR  FIG. 8 is a perspective schematic view of the conventional strap feeding
      apparatus of prefeed type.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Prefeed type packaging machine is briefly described based on FIG. 1.
      Reference numeral 1 is a packaging machine body, and 2 is an arched frame
      provided above the operation table which the strap guide track is equipped
      inside. The remaining components are designated as follows: 3 is feed
      roller, 4 floating roller contacting with feed roller 3, 6 prefeed roller,
      7 floating roller contacting with prefeed roller 6 and 9 is strap pool
      installed between feed roller 3 and prefeed roller 6. The general function
      of said packaging machine 1 is briefly described. The strap 20 is led to
      feed rollers 3, 4 from strap reel 10 through guide roller 11, prefeed
      rollers 6, 7, and strap pool 9, and then, by driving of feed roller 3, the
      strap 20 is fed to the inside of the strap track inside arched frame
      through strap junction device 12 until the leading edge of strap reaches
      the predetermined position of junction device 12.
PAR  When strap 20 is pulled back into pool 9 by reversely rotating feed roller
      3 by the proper starting command generated when package 21 to be strapped
      is placed in the correct position on the operation table, strap 20, the
      leading edge of which is secured to junction device 12, is released from
      arched frame 2 and is wound tightly around the package 21 to be strapped.
      Then the overlapped portion of strap is joined by the proper method such
      as heat joining and the strap's portion leading to strap pool 9 is cut.
      Thus the strapping operation is completed.
PAR  Then, for the next strapping operation the proper amount of strap is
      supplied to strap pool 9 by driving of prefeed roller 6. The strap feeding
      apparatus according to the present invention in which the feeding amount
      is calculated by electronic means is described below with reference to the
      schematic diagram of FIG. 2 picking up only the necessary mechanisms, the
      logic circuit diagram of calculation control FIG. 3 and the timing diagram
      FIG. 4.
PAR  Pulse generating plate 5 of windmill shape having a plurality of blades or
      shutters is linked to feed floating roller 4 which is in contact with feed
      roller 3 being driven by a connected electric motor and other elements
      (not shown), and both of them rotate together. On the periphery of said
      pulse generating plate 5, a proper number of hole or slit or cuts shown in
      FIG. 2 is formed with the constant interval. Pulse generators 30 and 31
      comprising photoelectric elements and others produce pulses having
      constant relationships as pulse generating plate 5 is rotated to interrupt
      light from the light 38. This kind of pulse generating means employing a
      photoelectric system is previously known and is conventionally used in the
      present invention. The magnetic means other than photoelectric system can
      be used to achieve the same expected object.
PAR  Two units of pulse generators 30, 31 are disposed in the proper interval
      and the rotating direction of feed foller 3 is detected by the phase
      difference of pulses generated therefrom.
PAR  A pulse generating plate 8 and pulse generator 32, the same as previously
      mentioned, are also provided to prefeed floating roller 7 in contact with
      prefeed roller 6 and being driven by an electric motor and others. Since
      prefeed roller 6 is rotated in only one direction, as opposed to feed
      roller 3, only one pulse generator is adequate.
PAR  Output signals F.sub.1, F.sub.2 from pulser 30, 31 are transmitted to
      direction identification circuit 52 through pulse wave shaper circuit 50,
      51 and the rotating direction of feed roller 3 is detected by direction
      identification circuit 52, and feed forward signal (F. FWD) or feed
      reverse signal (F. REV.) are transmitted as pulse signals.
PAR  Firstly the strap 20 is fed into the inside of arch 2 by rotating forwardly
      the feed roller 3.
PAR  The feeding amount (L) is the constant one determined in accordance with
      the length of strap path. The length L is preset in preset register 57.
      Reversible counter 56 is counted up as feed roller 3 is rotated and the
      coincidence between the control counter 56 and the contents by preset
      register 57 is detected by detector 59 and the termination signal is
      transmitted. At that time the strap feeding amount L is counted in counter
      56.
PAR  Then, by rotating reversely the feed roller 3 the strap 20 is pulled back
      and is wound tightly around the package to be strapped 21. Reversible
      counter 56 is counted down as feed roller 3 is reversely rotated. The
      termination of pulling up of the strap is detected by detecting at the
      proper control circuit the changes such as the cessation of generation of
      pulses due to stopage of the floating roller 4 and subsequent cessation of
      pulse generating plate 5 as the strap is stopped against the driving force
      of feed roller 3 when the strap is wound around the package 21 to be
      strapped or by widened pulse intervals caused by speed decrease just
      before cessation. Then the motive power reversely rotating feed roller 3
      is cut off.
PAR  The amount counted down in counter 56 equals to the amount R of strap
      returned and at this time L - R is counted in counter 56. This equals to
      the consumed amount U.
PAR  In other words, the below relationship is established
EQU  U =  L -  R
PAL  the amount equal to R is now accommodated in strap pool 9.
PAR  When the pulling back of strap is terminated, and the starting command is
      applied to junction device 12, the strap is jointly stuck and cut and
      prefeed roller 6 is started. By rotating the prefeed roller 6, strap 20 is
      pulled out from reel 10 and fed to pool 9. Consequently the pulse signal
      P.sub.1 from pulse generator 32 is transmitted into reversible counter 56
      through wave shaper 60 and gate 61 and the reversible counter counts down.
      Then, zeroing of counter is detected by zero detection circuit 58 and
      prefeeding is terminated. After completion of prefeeding, the amount
      counted down by counter 56 equal to the strap consumption amount U with
      the result that the amount of strap corresponding to U has been supplied
      into the pool 9. At this time the amount of strap corresponding to the
      feeding amount L is reserved inside pool 9 for the next strapping
      operation. Prefeeding, however, can be made at relatively slow speed and
      is allowed to be completed until the next feeding operation commences.
PAR  The operation of each logic circuit during feeding, reversing and
      prefeeding previously explained would be move clearly understood referring
      to the timing chart shown in FIG. 4.
PAR  In the previous description, the prefeeding amount was calculated by
      substracting the returning amount R and consumtion amount U from the
      feeding amount L using the reversible counter, but supply amount U can be
      calculated by adding the prefeeding amount to the returning amount R using
      only the adding counter until the feeding amount L is obtained.
PAR  The strap feeding operation previously described shows a basic strap
      feeding control means provided when the mechanism such as the feed roller
      or prefeed roller is operated without error perfectly in accordance with
      the control circuits, but practically the errors caused by the inertia or
      the slipping of strap are inevitable and the correction of these errors
      are essentially necessitated.
PAR  There are two methods for error correction. First method is that the extra
      amount of strap is preparatively reserved inside the strap pool and
      prefeeding being made in a slightly smaller amount than consumption amount
      U, the initially reserved amount is remained by increasing the prefeeding
      amount when the gradually decreasing amount of strap reaches a certain
      amount. Second method is that prefeeding is made in slightly bigger amount
      than the consumption amount and this excessive amount is substructed from
      next supply amount.
PAR  There are various disadvantages when the former method is employed. It is
      troublesome that a certain amount of extra strap has to be preparatively
      set before starting of the said strapping machine as well as the feeding
      amount L into the strap pool, and when the limitation of decrease of extra
      amount is misdetected, the feeding amount becomes short or cutting of the
      strap may be caused, bringing about the problem of fail safe operation.
      Furthermore, making the prefeeding amount slightly less than the consumed
      amount opposes the intrinsic tendency of the mechanism that the prefeeding
      amouht is more than the specified value due to the inertia or delay of
      response of prefeed roller and unreasonableness will be caused
      functionally. On the contrary, the latter error correction method accepts
      the natural tendency of the mechanism and further the error is corrected
      precisely. Therefore the latter is employed in the present invention. That
      will be described based on FIG. 5 to FIG. 7.
PAR  the constructional FIG. 5 is exactly the same as that of FIG. 2 except that
      a new pulse generator 33 for detecting the rotating direction of prefeed
      roller 6 is added, and therefore identical numbers are given to
      corresponding parts. Also there are corresponding parts in the logic
      circuit diagram of FIG. 6 with those in FIG. 3. Therefore those portions
      are drawn in thick line and common numbers are given. The control circuit
      of the error correction type strap feeding apparatus is characterized in
      that direction identification circuit 74 for identifying the rotating
      direction of prefeed roller 6, supplemental reversible counter 77 for
      counting the feeding error amount and pulse generator circuit 83 having
      the special function described later are newly provided.
PAR  The function of control circuit of FIG. 6 will be described sequentially.
      In the first strapping cycle, feeding amount L is counted by main counter
      56, returning amount R is substracted from it and prefeeding amount U is
      substracted. This procedure is the same as that in the control circuit of
      the previously described FIG. 3. When strap consumption amount U is fed to
      strap pool, however, practically the extra amount .DELTA.U.sub.1 is fed as
      error due to the inertia and others of prefeed roller 6 even after a
      prefeed off signal is generated. The said error amount .DELTA.U.sub.1 is
      counted by supplemental counter 77 through AND gate 75. Pulses in the E
      section of P. FWD signal in the timing chart of FIG. 7 is are those
      generated when error amount .DELTA.U is fed. Therefore at the time when
      first strap supply is terminated, the amount of strap equal to returning
      amount R + consumption amount U + error amount .DELTA.U.sub.1, namely,
      feeding amount L + error amount .DELTA.U.sub.1 is accommodated in strap
      pool.
PAR  When the second strapping cycle commences, the strap feeding and returning
      operation is carried out identically to the previous one, but in the
      process of consumption amount supply the driving of prefeed roller 6 is
      temporarily inhibited even if prefeed signal is transmitted, and during
      that time pulse generator circuit 83 is operated and main counter 56
      through OR gate 70 and supplemental counter 77 through OR gate 76 are
      counted down until supplemental counter 77 is zeroed. This means that the
      error amount .DELTA.U.sub.1 in the previous cycle is substracted from main
      counter 56. Then, by driving of prefeed roller 6 the strap is fed to the
      pool until main counter 56 is zeroed. Thus the supplying amount of that
      time is U - .DELTA.U.sub.1 and error amount .DELTA.U.sub.1 in the previous
      cycle is removed. In second supply of strap, the error amount
      .DELTA.U.sub.2 is caused, but is also eliminated in next supply. In this
      manner, the amount which the supply error amount caused in the previous
      cycle is substracted every cycle is supplied.
PAR  At the time of termination of prefeeding, a small amount of strap may be
      pulled back to the side of strap reel due to the reaction of tension of
      strap. This returned amount is detected by reverse rotation of prefeed
      floating roller 7 and is dealt by substracting from the contents of the
      supplemental counter 77 through OR gate 76 pulses generated at that time.
      Register 71 in the circuit diagram of FIG. 6 is the supplemental feed
      preset registor in which numerical valve L - X slightly less than feeding
      amount L is preset and at which the leading edge of strap the reaches
      before the terminal point of the strap path, when driving of feed roller 3
      is stopped. Then, the strap is fed by its inertia and strap feeding is
      terminated by operating the brake or other means when the strap feed
      amount becomes L.
PAR  The aforementioned function of each circuit would be more clearly
      understood by referring to the timing chart of FIG. 7.
PAR  In the case of the secondary tightening in which the strap wound around the
      package 21 to be strapped is retightened, although description is not made
      in the circuit diagram, it can be extremely easily embodied under the same
      thought as previously described. The small amount of strap returned to
      strap pool 9 by the said secondary tightening is counted by supplemental
      counter 77 and the next supply amount of strap is decreased by this
      amount.
PAR  In the aforementioned description, the means removing the error amount of
      strap supply every cycle is shown, but in other methods it is possible to
      accumulate the error amount, and when the accumulated value reaches a
      certain upper limitation, prefeeding amount is decreased and the error
      accumulated sofar is removed at one time. Furthermore, in the previous
      description the case where the next feeding process is started after
      completion of strap prefeeding process is shown, but completion of
      prefeeding can be adequately made until the next feeding is done, and this
      can be easily made possible by making some modifications to the control
      logic circuits of FIG. 3 and FIG. 6. Thus, prefeeding speed can be made
      much lower in comparison with feeding speed.
PAR  As described above, in the strapping machine according to the present
      invention, the strap feeding into guide frame 2 can be made smoothly
      without causing a decrease of speed and further the more firm strap supply
      is made as strap supply can be made at retatively low speed in comparison
      with strap feeding.
PAR  Since the error caused in strap supply is taken to the excessive side and
      is arranged to be removed at a proper time, the excessive movement due to
      the inertia inevitably caused in rotary mechanism can be absorbed without
      difficulty and the driving control of machine system can be done extremely
      easily.
PAR  Furthermore, since the said strapping machine is ceased with the status
      that strap is fed into guide frame, during the cessation the maximum
      loosening of only error amount .DELTA.U is caused to the strap remained
      inside the strap pool and the curving tendency on the strap is not brought
      about at all.
PAR  Furthermore, since the movement amount of strap is calculated through the
      conversion to electric signal by the rotations of floating roller 4, 7 and
      pulse generating devices 5, 8, 30, 33, feeding amount L, returning amount
      R, consumption amount U and error amount .DELTA.U can be calculated firmly
      and accurately regardless of softness and properties of strap. In
      addition, by employing the electronic control means, the various effects
      can be expected such as firm performance of control function, high
      reliability, simplification of whole strapping machine and extreme economy
      because of easy maintenance and adjustment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic feeding apparatus for feeding packaging strap or the like,
      comprising:
PA1  a strap feeding mechanism having means for detecting an amount of strap fed
      by the mechanism, and reversibly rotatable feed rolls for feeding the
      strap;
PA1  a strap prefeeding mechanism for prefeeding strap to said strap feeding
      mechanism and having means for detecting an amount of strap prefed, and
      unidirectionally rotatable prefeed rolls for prefeeding said strap;
PA1  and a control mechanism having means for determining the amount (L) of
      strap fed when said feed rolls are rotated in a normal direction, means
      for determining the amount (R) of strap returned when said feed rolls are
      reversely rotated, means for determining the amount of strap prefed when
      said prefeed rolls are rotated, and means for stopping the strap prefeed
      rolls when the amount of strap prefed becomes equal to the difference
      between the amount (R) of strap returned and the amount (L) of strap fed.
NUM  2.
PAR  2. An automatic feeding apparatus for feeding packaging strap, as set forth
      in claim 1, wherein the means for detecting the amount of strap fed in
      said strap feeding mechanism and the means for detecting an amount of
      strap prefed in said strap prefeeding mechanism each comprise means for
      generating pulses in pulse trains correlated to the amount of strap fed or
      prefed, respectively.
NUM  3.
PAR  3. An automatic feeding apparatus of packaging strap as set forth in claim
      1, wherein the means for detecting the amount of strap fed in said strap
      feeding mechanism and the means for detecting an amount of strap prefed in
      said strap prefeeding mechanism each comprise means for generating pulses
      in pulse trains correlated to the amount of strap fed or prefed,
      respectively;
PA1  and said control mechanism comprises a reversible counter for counting said
      pulses to determine the amount (L) of strap fed, the amount (R) of strap
      returned and the amount of strap supplied by counting up when the feed
      rolls are normally rotated and counting down when the feed rolls are
      reversely rotated and the prefeed rolls are rotated, an equivalent amount
      detecting circuit for detecting when the value corresponding to the amount
      (L) of strap fed is applied to said reversible counter to develop a strap
      feed ending signal, and a zero equivalent value detecting circuit for
      detecting a zero count in said reversible counter to develop a prefeed
      ending signal.
NUM  4.
PAR  4. An automatic feeding apparatus for feeding packaging strap as set forth
      in claim 1, further comprising means for memorizing a count of pulses
      representative of an error amount of the strap prefed to said feeding
      mechanism;
PA1  and means operable for subtracting the error amount from the next
      successive strap supplying amount, whereby the error can be corrected.
NUM  5.
PAR  5. An automatic feeding apparatus for feeding packaging strap as set forth
      in claim 4, further comprising a pulse generating circiut for generating a
      pulse to enable said means operable for subtracting the error amount from
      the next successive strap supplying amount prior to the prefeeding
      operation only when error is generated in the previous prefeeding
      operation to count down the reversible counter;
PA1  a second reversible counter for counting and memorizing the error amount
      and rendered operative to count down by the pulse output from the pulse
      generating circuit;
PA1  and a zero equivalent value detecting circuit for disabling said pulse
      generating circuit by detecting when the count stored in said second
      reversible counter becomes zero.
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PAL  A photographic copying machine wherein the leader of a fresh web of
      photographic paper is automatically threaded through a copying station and
      thereupon through one or more additional stations whereby the leader
      advances along an elongated path which is defined by stationary and
      pivotable guide members. Each pivotable guide member is movable by an
      electromagnet between an operative position in which it overlies at least
      a portion of an opening provided by the adjacent stationary guide member
      or members and an inoperative position in which the respective opening is
      exposed. Pivotable guide members are provided at a copying station where
      the web is exposed to printing light and at a feeding station where the
      web can form one or more loops in a suitable magazine when the respective
      pivotable guide member is moved to its inoperative position. One or more
      pivotable guide members can be yieldably retained in the respective
      operative positions by elastic or yieldably mounted locking bolts at least
      one of which can be disengaged from the respective pivotable guide member
      by an electromagnet or in response to the application of a predetermined
      force which acts against the respective pivotable guide members in a
      direction to move it to the inoperative position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in apparatus wherein an
      elongated web consisting of paper or other flexible material is fed
      lengthwise through a plurality of successive stations, especially to
      improvements in photographic copying machines wherein a web of
      photographic paper is movable stepwise to place successive portions of a
      layer of photosensitive material into register with a window or opening at
      the copying station. More particularly, the invention relates to
      improvements in means for guiding the web during threading and during
      intermittent transport.
PAR  In certain presently known photographic copying machines, the marginal
      portions of a web of photographic paper extend into channels or recesses
      of lateral guide members. Such channels flank not only those portions of
      the path for the web where the web is confined from two sides but also
      those portions where the web is exposed, for example, the window at the
      copying station. A drawback of such channeled guide members is that at
      least one thereof must be adjusted whenever a relatively wide web is
      followed by a narrower web, or vice versa. The mechanism for moving one or
      both channeled guide members is complex, bulky and expensive, especially
      if it is to automatically adjust the path for satisfactory guidance of
      webs having different widths. Moreover, such channeled guide members
      cannot serve for satisfactory guidance of webs of photographic paper which
      are used for the making of margin-free prints. Thus, the marginal portions
      of such webs cannot be guided all the way through the copying machine
      because the printing light must reach the full width of that portion of
      the web which is located at the copying station.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a novel and improved apparatus
      wherein webs of photographic paper or the like are transported lengthwise
      through and beyond one, two or more stations and wherein that portion of a
      web which is located at one or more stations must be exposed all the way
      between its edges, for example, during the exposure of a web of
      photographic paper to printing light for the purpose of making a series of
      margin-free prints.
PAR  Another object of the invention is to provide the apparatus with novel and
      improved guide means for webs of photographic paper or the like.
PAR  A further object of the invention is to provide a photographic copying
      machine with novel and improved means for guiding the leader of a fresh
      web of photographic paper during threading of the web through and beyond a
      copying station and one or more additional stations.
PAR  An additional object of the invention is to provide a photogrpahic copying
      machine wherein the marginal portions of the web need not be confined in
      channels, at least while the web is being advanced through the copying
      station.
PAR  Still another object of the invention is to provide a photographic copying
      machine with novel and improved means for protecting the web at the
      copying station from printing light during intervals between successive
      operations of the copying machine.
PAR  Another object of the invention is to provide the copying machine with
      novel and improved means for sealing the inlet to the magazine for exposed
      photographic paper downstream of the printing or copying station.
PAR  The invention is embodied in an apparatus wherein an elongated web of paper
      or the like is fed lengthwise, especially in a photographic copying
      machine. The apparatus comprises transporting means for advancing a web
      lengthwise, either continuously or in stepwise fashion, and novel and
      improved guide means defining for the advancing web and elongated path
      wherein the web advances through and beyond a series of successive
      stations.
PAR  The guide means comprises first guide members (e.g., one or more pressure
      plates, masks, stationary sheet metal plates, ladder-shaped or otherwise
      configurated apertured members, and/or others) which are adjacent to
      opposite sides of the path and provide at least one opening (e.g., a
      window at the copying station of a photographic copying machine) which
      affords access to the path or enables the web to bulge from the path, at
      least one second guide member (e.g., a pivotable flap) which is movable
      between operative and inoperative positions in which it respectively
      overlies and exposes the opening provided by the first guide members, and
      electromagnetic or other means for moving the second guide member between
      operative and inoperative positions so that the second guide member
      assumes and dwells in the operative position during threading of the
      leader of a fresh web along the path.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved apparatus
      itself, however, both as to its construction and its mode of operation,
      together with additional features and advantages thereof, will be best
      understood upon perusal of the following detailed description of certain
      specific embodiments with reference to the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic partly elevational and partly vertical sectional
      view of an apparatus which constitutes a photographic copying machine and
      wherein the guide means for a web of photographic paper is constructed and
      assembled in accordance with the present invention,
PAR  FIG. 2 is an enlarged view of a detail in the apparatus of FIG. 1; and
PAR  FIG. 3 is a transverse vertical sectional view as seen in the direction of
      arrows from the line III--III of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a portion of a photographic copying machine wherein a
      web 50 of paper, one side of which is coated with a layer of
      photosensitive material, is transported in a direction from the left to
      the right. The web 50 advances along an elongated path which extends first
      through a copying station 1 and thereupon through a web feeding station 2.
      A second feeding station which is preferably similar to the station 2 is
      provided ahead of the copying station 1; its purpose is to accumulate
      upstream of the copying station 1 a supply of web 50 which suffices to
      insure that the web transporting mechanism at the station 2 can draw
      requisite lengths of web in order to place unexposed portions of
      photosensitive layer into register with a window or opening 26 where such
      portions are exposed to light passing through an original, not shown. The
      purpose of the transporting mechanism at the station 2 is to advance the
      web 50 through predetermined distances whereas the second sheet
      transporting mechanism (upstream of the copying station 1) merely insures
      that the web 50 is available in requisite lengths for transport through
      the copying station 1. As a rule, the second transporting mechanism is
      designed to fill a magazine (not shown) upstream of the copying station 1
      to such an extent that a sufficient length of the web 50 is available
      whenever the mechanism at the feeding station 2 is set in motion.
PAR  The parts at the copying station 1 include at least two pairs of stationary
      guide elements 3, 4 which engage the marginal portions of the web 50 to
      hold it against sidewise movement from the path in which the web must
      remain in order to properly register with the opening or window 26. The
      construction and mounting of guide members 3, 4 are preferably identical
      with or similar to those described in German Offenlegungsschrift No.
      2,039,205.
PAR  A rotary electromagnet 5 is mounted at a level above the window 26 to serve
      as a means for raising and lowering a pressure plate 6 through the
      intermediary of one or more leaf springs 7 or analogous yieldable biasing
      means. The pressure plate 6 can engage the front and rear portions of that
      length of the web 50 which overlies the window 26 to hold the web in a
      predetermined plane during exposure to light which has passed through or
      has been reflected by an original. Additional means (not specifically
      shown) are provided to maintain the entire web portion which overlies the
      window 26 in the aforementioned predetermined plane while the web is being
      exposed to light. Such additional means may comprise suitable clamping
      elements which engage the web 50 in the region of the longitudinally
      extending portions of the window 26.
PAR  When the making of an exposure is completed, the rotary electromagnet 5
      lifts the pressure plate 6 above and away from the window 26 so that the
      plate 6 is located directly above a gap which is wide enough to allow for
      unimpeded transport of the web 50 in a direction toward the feeding
      station 2.
PAR  The copying station 1 further accommodates two movable guide members or
      flaps 28 and 30 as well as means for moving the flaps to and from
      operative positions. The details of the flaps 28, 30 and of the moving
      means therefor are shown in FIG. 2.
PAR  The parts at the feeding station 2 comprise stationary lower guide members
      8 which may consist of sheet metal and are preferably perforated to allow
      for descent of minute particles or specks of paper which are rubbed off
      the web 50. The guide members 8 are adjacent to the underside of the path
      for the web 50 and are mounted opposite an upper guide member 9 which
      preferably resembles a ladder and includes a pair of longitudinally
      extending rod-like sidepieces 9a, 9b (FIG. 3) and crosspieces or rungs 9c.
      The rungs 9c are connected to the upper sides of the sidepieces 9a, 9b so
      that they do not come into contact with the web 50. The left-hand ends of
      the sidepieces 9a, 9b (as viewed in FIG. 1) are articulately connected to
      the frame of the copying machine by means of a suitable hinge 10 so that
      the entire upper guide 9 can be pivoted above and away from the path for
      the web 50, for example, when an attendant wishes to clean the web feeding
      station 2.
PAR  The lower guide members 8 define an opening 126 wherein the web 50 advances
      through the nip of two intermittently rotating transporting wheels 11 and
      12. The lower transporting wheel 11 is driven at intervals by a mechanism
      which is not shown in the drawing, and the upper transporting wheel 12 is
      biased toward the lower wheel 11 by means of suitable springs, not shown.
      The transporting wheel 11 is rotated clockwise, as viewed in FIG. 1, upon
      completion of an exposure and advances the web 50 through a predetermined
      distance so as to place a fresh portion of the web into register with the
      window or opening 26 at the copying station 1.
PAR  A magazine 13 for a floating supply of exposed web 50 is provided at the
      station 2 behind the transporting wheels 11, 12. The magazine 13 resembles
      an open basket the underside of which is bounded by arcuate confining
      means 14 resembling the upper guide member 9. As shown in FIG. 3, the
      confining means 14 comprises two highly polished rod-like sidepieces 14a,
      14b and spaced-apart transversely extending crosspieces or rungs 14c which
      are welded or otherwise secured to the sidepieces. The underside of the
      web portion in the magazine 13 contacts the upper sides of the sidepieces
      14a, 14b. The distance between the sidepieces 14a, 14b is at least
      slightly less than the minimum width of a web 50. The capacity of the
      magazine 13 depends on the availability of space at the feeding station 2
      and is preferably selected in such a way that the magazine can store a
      substantial length of looped web stock. The quantity of web stock in the
      magazine 13 is monitored by a detector 15 which is pivotable in the frame
      of the copying machine about a horizontal axis extending in parallelism
      with the axis of the transporting wheel 11. The detector 15 can rotate an
      opaque vane 15a which can interrupt the light beams between the light
      sources and photosensitive elements of two photoelectric sensors 15b, 15c.
      When the length of the loop of web 50 in the magazine 13 is reduced to a
      predetermined minimum length, the vane 15a interrupts the light beam of
      the sensor 15b which produces an electric signal. The sensor 15c produces
      a signal when the magazine 13 is filled to capacity. The detector 15 may
      consist of one or more pieces of round spring steel stock.
PAR  A second detector 16 is provided to monitor the extent of angular
      displacement of the transporting wheel 11. This detector also comprises a
      light source and a photosensitive receiver. The light beam issuing from
      the source of the detector 16 can pass through successive apertures of a
      disk 116 which is rotated by the transporting wheel 11. The detector 16
      produces impulses which are counted by a suitable counter (not shown)
      serving to arrest the drive for the transporting wheel 11 when the
      magazine 13 receives a requisite length of the web 50. The apertures of
      the disk 116 are preferably distributed in such a way that the distance
      between the centers of two neighboring apertures is less than or equals
      1/4-inch. The light sources of the sensors 15b, 15c and detector 16
      preferably furnish light beams in the non-actinic range of the spectrum.
PAR  The magazine 13 has an inlet opening (part of the opening 126) which
      extends between the transporting wheel 11 and an arcuate shroud 22 and can
      be overlapped by a pivotable guide member or flap 17 the operative
      position of which is indicated in FIG. 1 by solid lines. When permitted to
      descend and to assume the inoperative position 17', the flap 17 actuates
      an electric microswitch 17b which is mounted in the frame of the copying
      machine. The mounting of the flap 17 is such that it can bypass the
      detector 15 and the crosspieces 14c of the confining means 14. The flap 17
      is allowed or caused to assume the inoperative position 17' while the
      copying machine exposes a length of the web 50 to printing light at the
      copying station 1. The means for pivoting the flap 17 to the operative
      position of FIG. 1 comprises a rotary electromagnet 18 which is mounted in
      the frame of the copying machine downstream of the transporting wheel 11
      and is partially surrounded by the aforementioned shroud 22 whose convex
      outer side enables the web 50 to form a large loop in the interior of the
      magazine 13.
PAR  In order to reduce the dimensions and the energy requirements of the
      electromagnet 18, the copying machine is preferably provided with a
      yieldable locking member for releasably holding the flap 17 in the
      solid-line operative position of FIG. 1. Such locking member comprises a
      leaf spring 19 (see FIG. 3) which is mounted on a rear platen 23 of the
      machine frame and has an inclined cam surface 19a as well as a shoulder or
      ledge 19b for a lateral extension 17a of the flap 17. When the
      electromagnet 18 pivots the flap 17 in a counterclockwise direction, as
      viewed in FIG. 1, the extension 17a slides along the inclined surface 19a
      and causes the leaf spring 19 to yield. The extension 17a then reaches and
      comes to rest on the shoulder 19b whereby the flap 17 is held in the
      operative position as long as the leaf spring 19 remains in the position
      shown in FIG. 3. Thus, the electromagnet 18 can be deenergized as soon as
      the extension 17a reaches the shoulder 19b. The means for disengaging the
      shoulder 19b from the extension 17a so that the flap 17 can descend by
      gravity includes an electromagnet 21 having a rotary armature 21a which
      carries an actuating element 20 adapted to engage the adjacent tip of the
      leaf spring 19 and to move the shoulder 19b in a direction to the left, as
      viewed in FIG. 3, when the electromagnet 21 is energized. The element 20
      can pivot clockwise relative to the armature 21a so that it can bypass the
      tip of the leaf spring 19 when the electromagnet 21 is deenergized and the
      armature 21a returns to the idle position of FIG. 3.
PAR  The elasticity and configuration of the leaf spring 19 (especially of the
      shoulder 19b) are preferably selected in such a way that the extension 17a
      can pivot the leaf spring 19 counterclockwise, as viewed in FIG. 3, when
      the web 50 applies a predetermined pressure against the upper side of the
      flap 17. Thus, the shoulder 19b can be disengaged from the extension 17a
      in response to energization of the electromagnet 21 or in response to
      application of a predetermined pressure against the flap 17 in a direction
      to pivot the flap toward the inoperative position 17'.
PAR  The frame of the copying machine comprises the aforementioned rear platen
      23 and a relatively small front platen 25 which is parallel with and is
      secured to the platen 23 by horizontal distancing bolts 24 or the like
      (see FIG. 3). The platen 23 is bolted, screwed or otherwise fastened to a
      stationary supporting wall 123. In FIG. 1, the front platen 25 has been
      omitted for the sake of clarity; this platen serves to support certain
      movable parts of the copying machine, such as the shafts of transporting
      wheels 11, 12, one end portion of the pintle of the hinge 10, the
      respective marginal portions of guide members 8, one end of the rotary
      armature of the electromagnet 18, and one end of the pivot means for the
      detector 15.
PAR  FIG. 2 shows that the window or opening 26 is surrounded by an opaque mask
      27. The left-hand portion of the mask 27 rests on a frame member 127 and
      is located at a level above the pivotable guide member or flap 28 which
      can be moved between an operative or extended position (shown by solid
      lines) and an inoperative or retracted position 281 (shown by broken
      lines). The means for moving the flap 28 between the operative and
      inoperative positions comprises a rotary electromagnet 29 which is mounted
      on the frame member 127 or on another part of the machine frame. The flap
      28 dwells in the operative position as long as the electromagnet 29
      remains energized. The construction of the flap 28 is such that it can
      engage the underside of the adjacent portion of the mask 27 in an
      absolutely lighttight manner. The rightmost end 28a of the flap 28 is
      provided with an upwardly inclined surface which guides the leader of the
      web 50 over eventual obstructions in the region where the flap 28 overlies
      a portion of the larger second pivotable guide member or flap 30. This is
      important during threading of the web 50 through the copying machine.
PAR  The flap 28 constitutes an optional feature of the copying machine; its
      purpose is to reduce the effective size of the opening or window 26 when
      the operator wishes to make relatively small prints. In other words, the
      effective length of the window 26 (as considered in the direction of
      movement of the web toward and beyond the transporting wheels 11, 12) is
      reduced when the electromagnet 29 is energized in order to pivot the flap
      28 to the operative position.
PAR  The second flap 30 at the copying station 1 is large enough to overlie the
      entire window 26. The operative and inoperative positions of the flap 30
      are respectively indicated by solid lines and by broken lines (as at 30').
      The upper side of the flap 30 is provided with preferably labyrinth-shaped
      sealing means (not specifically shown) which can engage the underside of
      the mask 27 to thus prevent the passage of any light through the windows
      26 irrespective of the position of the flap 28. The right-hand end portion
      of the flap 30 (as viewed in FIG. 2 and assuming that the flap 30 dwells
      in the operative position) is provided with an inclined surface 30a which
      guides the leader of a web 50 over obstructions, if any, in the region
      where the parts of the flap 30 and mask 27 meet.
PAR  The means for moving the flap 30 comprises a rotary electromagnet 31 which
      is mounted in or on a frame member 131 of the copying machine and
      comprises an armature 31a having an arm 32 provided with a roller 32b
      which can travel along and thereby pivots a plate-like portion 30b of the
      flap 30. The lower portion of the arm 32 has a projection or tooth 32a
      which can engage a complementary tooth or shoulder 33a on a pivotable
      locking member 33 so that the electromagnet 31 can be deenergized as soon
      as the flap 30 reaches its operative position in which the tooth 32a
      engages the shoulder 33a. The bolt 33 is biased to the illustrated
      position by a helical spring 35 and can be pivoted to move the shoulder
      33a away from the path of the tooth 32a in response to energization of an
      electromagnet 34. The armature 34a of the electromagnet 34 is articulately
      connected to the locking bolt 33 and the spring 35 is free to expand and
      to return the bolt 33 to the illustrated position as soon as the
      electromagnet 34 is deenergized.
PAR  When the electromagnet 34 is deenergized (and the electromagnet 31 is also
      deenergized), the flap 30 can descend by gravity and is arrested in the
      inoperative position 30' by a stop 36 on the frame member 131. An elastic
      cushion 30c of the flap 30 strikes against the stop 36 shortly before the
      flap 30 reaches the inoperative position 30'. The cushion 30c preferably
      comprises a bellows 30d which yields in response to impact against the
      stop 36. Furthermore, the stop 36 preferably comprises a permanent magnet
      which attracts a soft iron plate (not shown) of the cushion 30c or flap 30
      to thus prevent a rebounding of the flap when the cushion 30c strikes
      against the stop 36.
PAR  The parts 6, 27, 8 and 9 constitute a set of first guide members which
      flank the path for the web 50 from above and from below and provide two
      openings (26 and 126) which can be overlapped by the movable second guide
      members or flaps 28, 30 and 17 in the operative positions of such flaps.
      In the illustrated copying machine, the openings 26, 126 are located at
      the underside of the path for the web 50; however, it is equally within
      the purview of the invention to assemble the first guide members in such a
      way that they provide one or more openings at the underside and/or one or
      more openings at the upper side of the path for the web 50.
PAR  The ratio of that portion of the opening 26 which can be overlapped by the
      flap 28 to the full length of the opening 26 (as considered in the
      direction in which the web 50 can be transported by the wheels 11, 12) is
      preferably 1 : .sqroot.2.
PAR  The operation is as follows:
PAR  The flaps 17 and 30 assume their operative positions prior to threading of
      the leader of a fresh web 50 through the copying station 1 and thereupon
      through the feeding station 2. The flap 28 is held in the operative
      position only if the copying machine is to make the relatively small
      prints. The leader of a fresh web 50 is transported into the copying
      station 1 by a pair of advancing or transporting rolls 37, 38 (shown at
      the left-hand end of FIG. 1) whereby such leader advances in a channel
      whose upper side is bounded by the mask 27, pressure plate 6 and guide
      member 9, and whose underside is bounded by the stationary guide members 8
      and flaps 30, 17 (and eventually also by the flap 28). This insures that
      the leader of the web 50 cannot leave the path by moving upwardly or
      downwardly. The lateral guide elements 3, 4 prevent the leader from moving
      sideways. In this way, the rolls 37, 38 compel the leader of the fresh web
      50 to enter the nip of the transporting wheels 11 and 12. This completes
      the threading operation because the web 50 is thereupon transported in
      response to intermittent rotation of the wheel 11 through angles of
      predetermined magnitude. If desired, the rolls 37, 38 can advance the
      leader of the web 50 all the way into a cassette (not shown) which is
      located behind the station 2.
PAR  If the web 50 jams during further transport through the copying machine for
      one more unforeseen reasons, i.e., if such jamming takes place downstream
      (to the right) of the feeding station 2, the wheel 11 can continue to
      transport the web 50 stepwise in cooperation with the wheel 12 whereby the
      web 50 forms waves in the space between the pivotable guide member 9 and
      the flap 17. The guide member 9 is not supposed to yield to gradually
      increasing pressure of the meandering web 50 but the flap 17 does as soon
      as the pressure against its upper side reaches a value which is needed to
      automatically pivot the leaf spring 19 through the intermediary of the
      extension 17a so that the latter moves downwardly and slides along the
      surface 19a during movement of the flap 17 to the inoperative position
      17'. The flap 17 thereby actuates the switch 17b which causes a suitable
      arresting device (not shown) to arrest the drive for the transporting
      wheel 11 and which further causes an indicating device (not shown) to
      furnish a visible or audible indication that the copying machine requires
      attention, i.e., that the operator or operators should eliminate the cause
      of jamming downstream of the feeding station 2. The signal from the switch
      17b does not result in stoppage of the transporting wheel 11 or in the
      generation of a visible or audible indication when the flap 17 assumes the
      inoperative position 17' while the means for transporting the web 50
      operates normally, e.g., when the flap 17 is disengaged from the spring 19
      by the electromagnet 21.
PAR  When the threading of a fresh web 50 (without jamming) is completed, the
      electromagnets 21 and 34 are energized for short intervals of time so as
      to disengage the leaf spring 19 from the extension 17a and to disengage
      the shoulder 33a of the locking bolt 33 from the tooth 32a whereby the
      flaps 17 and 30 are free to return to their inoperative positions by
      gravity. The copying machine is then ready for the making of prints in a
      manner which forms no part of the present invention.
PAR  The flaps 17 and 30 are returned to their operative positions when the
      supply of running web 50 is exhausted so that the rolls 37, 38 must thread
      the leader of a fresh web through the copying station 1 and into the nip
      of the transporting wheels 11, 12. Thus, the flaps 17 and 30 are held in
      the solid-line positions shown in FIGS. 1 and 2 only when the copying
      machine is idle.
PAR  The operator depresses a button on the control panel (not shown) to thereby
      energize the electromagnets 18 and 31 so that the flap 17 pivots clockwise
      simultaneously with the flap 30. The extension 17a reaches and slides
      along the surface 19a and ultimately reaches the shoulder 19b of the leaf
      spring 19 whereby the flap 17 remains in its operative position even if
      the electromagnet 18 is deenergized. Analogously, the flap 30 remains in
      its operative position (irrespective of the condition of the electromagnet
      31) as soon as the tooth 32a engages the shoulder 33a of the locking bolt
      33. The electromagnet 31 can pivot the flap 30 independently of the flap
      28. The roller 32b on the arm 32 bears against the plate 30b of the flap
      30 so that the latter sealingly engages the underside of the mask 27 at
      the copying station 1. The plate 30b is preferably elastic so that it can
      compensate for eventual tolerances in the dimensions and/or mounting of
      the flap 30 and/or arm 32. As mentioned above, the flap 30 can seal the
      entire window 26 irrespective of the position of the flap 28.
PAR  The flap 30 preferably performs an additional function, namely, to
      interrupt the beam of printing light below the window 26 when the copying
      machine is idle for relatively long intervals of time but the printing
      light remains on, for example, in order to insure that the color
      temperature of printing light does not deviate from an optimum color
      temperature. The printing light issuing from the lamp or lamps of the
      copying machine could adversely influence the photosensitive layer on that
      portion of the web 50 which extends through the copying station 1. To
      avoid this, the electromagnet 31 is energized for a relatively short
      interval of time which suffices to move the flap 30 to operative position
      in which the flap 30 is held by the locking bolt 33 and arm 32. To this
      end, the aforementioned control panel preferably comprises a separate
      switch which can be closed to energize the electromagnet 31 independently
      of the electromagnet 18 for the flap 17. The electromagnet 34 is energized
      for a short interval of time immediately prior to start of a copying
      operation (following a prolonged interruption) so that the locking bolt 33
      is disengaged from the tooth 32a and the arm 32 allows the flap 30 to
      return the cushion 30c into abutment with the stop 36; the copying machine
      is then ready for the making of one or more prints. The flap 30 can seal
      the entire window 26 independently of the position of the flap 28, i.e.,
      the flap 30 can engage the mask 27 from below during a longer interruption
      of the operation of copying machine regardless of whether the flap 28
      dwells in the operative or in the inoperative position.
PAR  The versatility of the flap 30 contributes to the lower cost of the copying
      machine.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In an apparatus wherein an elongated web of paper or the like is fed
      lengthwise, particularly in a photographic copying machine, a combination
      comprising transporting means for advancing a web lengthwise along a
      predetermined path between a plurality of successive stations; and
      elongated guide means defining said path and forming a surface along which
      said web moves lengthwise, said guide means including stationary guide
      members spaced in longitudinal direction of said path and providing at
      least one opening which affords access to said path, and at least one
      second elongated guide member movable between an operative position in
      which it forms part of said surface while substantially bridging said
      opening and an inoperative position in which it exposes said opening, and
      means for moving said second guide member between said positions thereof
      in such a manner that said second guide member assumes said operative
      position only during threading of the leader of a fresh web along said
      path.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said second guide member
      constitutes the only means to prevent movement of the leader of a fresh
      web to pass during said threading into said opening.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said guide means include
      further at least one additional elongated guide member located in the
      region of said opening adjacent to and on the side path opposite to the
      side at which said stationary guide members are located, and means for
      moving said additional guide member toward and away from said opening.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said opening is provided at
      one of said stations and said second guide member is pivotable between
      said positions thereof.
NUM  5.
PAR  5. A combination as defined in claim 1, wherein said first guide members
      provide a plurality of openings each located at a different one of said
      stations and said guide means comprise at least one discrete second guide
      member for each of said openings.
NUM  6.
PAR  6. A combination as defined in claim 5, wherein said transporting means
      comprise an upper and a lower transporting wheel located in the opening at
      one of said stations and arranged to form a nip through which the web
      passes, said second guide member for the opening of said one station
      extending in the operative position thereof with an end portion beneath
      said upper transporting wheel.
NUM  7.
PAR  7. A combination as defined in claim 1, wherein said second guide member
      comprises at least one inclined guide surface arranged to move the leader
      of a web past obstructions in the corresponding portion of said path and
      in the operative position of said second guide member.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said stations include a
      copying station and said second guide member is provided with means for
      sealingly engaging at least one of said stationary first guide members in
      said operative position thereof.
NUM  9.
PAR  9. A combination as defined in claim 1, wherein said means for moving said
      second guide member comprises electromagnet means.
NUM  10.
PAR  10. A combination as defined in claim 1, further comprising disengageable
      locking means for holding said second guide member in said operative
      position.
NUM  11.
PAR  11. A combination as defined in claim 10, wherein said locking means
      comprises a locking member movable between locking and releasing positions
      and electromagnet means for moving said locking member between said
      positions thereof.
NUM  12.
PAR  12. A combination as defined in claim 10, wherein said locking means
      comprises a yieldable locking member arranged to permit said second guide
      member to leave said operative position in response to application of a
      predetermined force against said second guide member in a direction to
      move said second guide member from said inoperative position.
NUM  13.
PAR  13. A combination as defined in claim 1, wherein said guide means comprises
      two second guide members each of which overlies a predetermined portion of
      said opening in the operative position thereof.
NUM  14.
PAR  14. A combination as defined in claim 13, wherein the ratio of that portion
      of said opening which is overlapped by one of said second guide members to
      the remainder of said opening is 1 : .sqroot.2.
NUM  15.
PAR  15. A combination as defined in claim 14, wherein the other of said second
      guide members overlies the entire opening in said operative position
      thereof.
PATN
WKU  039469239
SRC  5
APN  5114322
APT  1
ART  313
APD  19741002
TTL  Method for manufacturing a capstan device of a tape machine
ISD  19760330
NCL  12
ECL  1
EXP  Schacher; Richard A.
NDR  1
NFG  6
INVT
NAM  Nakamichi; Niro
CTY  Kodaira
CNT  JA
ASSG
NAM  Nakamichi Research Inc.
CTY  Kodaira
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731004
APN  48-111781
CLAS
OCL  226168
XCL   29467
EDF  2
ICL  B65H 1720
FSC   29
FSS  169.5;428;434;464;467
FSC  226
FSS  168;190;194
UREF
PNO  3087665
ISD  19630400
NAM  Thomas
OCL  226190
UREF
PNO  3554420
ISD  19710100
NAM  Agius
XCL  226190
LREP
FRM  Woodling, Krost, Granger & Rust
ABST
PAL  A method for manufacturing a capstan device to a tape machine comprising a
      double walled sleeve including inner and outer sleeve portions, said outer
      sleeve portion having supporting means provided on the periphery of said
      outer sleeve portion and mounted on a chassis of said tape machine, upper
      and lower bearings fitted into said inner sleeve portion at the opposite
      ends thereof and a capstan including a capstan shaft rotatably extending
      through said inner sleeve portion and journalled on said bearings, said
      method comprising the steps of inserting said inner sleeve portion into
      said outer sleeve portion so as to provide an annular space between said
      inner and outer sleeve portions, arranging said inner sleeve portion with
      said outer sleeve portion so that the common axis of said bearings is
      substantially normal to the top face of said supporting means on said
      outer sleeve portion and securing said inner sleeve portion to said outer
      sleeve portion. The present invention also discloses a capstan device
      manufactured by the aforesaid method in accordance with the present
      invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A capstan device of a tape machine such as a tape recorder is desirably
      designed so that the capstan has the axis accurately oriented in a
      traverse manner relative to the running direction of the tape and also in
      a parallel manner to the width of the tape, because it significantly
      effects the running of the tape. If otherwise, the engagement of the tape
      against the head or heads is unstable, which causes unevenness in the
      sensitivity, cross talks and poor erasing. Thus, the tape machine with
      such undesirable capstan device has the poor properties. In addition,
      worst of all, the tape tends to be damaged. In case where the capstan
      device is of dual type and if it has the respective capstans unproperly
      arranged, the capstan device more adversely affect the properties of the
      tape recorder.
PAR  One of the conventional capstan devices comprises a sleeve which includes a
      flange provided on the periphery of the sleeve and adapted to be secured
      to the chassis of the tape machine so as to have the axis of the sleeve
      oriented in a vertical manner and upper and lower bearings fitted into the
      sleeve at the opposite ends thereof and adapted to extend the capstan
      shaft therethrough so that the axis of the capstan shaft is oriented in a
      vertical manner. It is well known that in some cases, the sleeve comprises
      a double walled sleeve.
PAR  However, the sleeve and/or the bearings at the engaging surfaces thereof
      are difficult to be properly finished due to poor working accuracy and
      particularly the inside surface of the sleeve which is required to have
      sufficient length is difficult to be accurately finished by drilling all
      over length in a normal manner to the plane of the flange. Therefore, they
      tend to have the axes eccentrically oriented to each other. The fact is
      also caused by fitting the bearings into the sleeve in an unproper manner
      so that they misalign with the sleeve. Thus, the capstan shaft cannot be
      accurately oriented in a vertical manner relative to the plane of the
      chassis. In order to maintain the alignment of the capstan shaft not only
      during, but also after assembling the capstan device, the sleeve and/or
      the bearings must be more accurately finished, which causes the tape
      machine to be expensive.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide a
      method for manufacturing a capstan device wherein it can be easily
      assembled with an excellent accuracy.
PAR  It is another object of the present invention to provide a capstan device
      of a tape machine wherein a capstan shaft is adapted to be properly and
      surely oriented in a normal manner to the plane of a chassis of a tape
      machine.
PAR  In accordance with one aspect of the present invention, there is provided a
      method for manufacturing a capstan device comprising a double walled
      sleeve including an inner sleeve portion and an outer sleeve portion, said
      outer sleeve portion having supporting means provided on the periphery of
      said outer sleeve portion and at the top face mounted on a chassis of said
      tape machine, upper and lower bearings fitted into said inner sleeve
      portion at the opposite ends thereof and a capstan including a capstan
      shaft rotatably extending through said inner sleeve portion and journalled
      on said bearings, said method comprising the steps of preparing said inner
      sleeve portion with said upper and lower bearings fitted thereinto;
      preparing said outer sleeve portion having the inside diameter larger than
      the outside diameter of said inner sleeve portion and said supporting
      means provided on the periphery of said outer sleeve portion; inserting
      said inner sleeve portion into said outer sleeve portion in a generally
      coaxial relation to each other so as to provide an annular space between
      said inner and outer sleeve portions; arranging said inner sleeve portion
      with said outer sleeve portion so that the common axis of said bearings
      are substantially normal to the top face of said supporting means on said
      outer sleeve portion by adjusting said inner sleeve portion relative to
      said outer sleeve portion through said annular space; securing said inner
      sleeve portion to said outer sleeve portion; and finally extending said
      capstan shaft through said bearings in a journalled relation thereon.
PAR  In accordance with another aspect of the present invention, there is
      provided a method for manufacturing a capstan device comprising a double
      walled sleeve including an inner sleeve portion and an outer sleeve
      portion, said outer sleeve portion having supporting means provided on the
      periphery of said outer sleeve portion and at the top face mounted on a
      chassis of said tape machine, upper and lower bearings fitted into said
      inner sleeve portion at the opposite ends thereof and a capstan including
      a capstan shaft rotatably extending through said inner sleeve portion and
      journalled on said upper and lower bearings, said method comprising the
      steps of preparing said inner sleeve portion with said upper and lower
      bearings fitted thereinto; preparing said outer sleeve portion having the
      inside diameter larger than the outside diameter of said inner sleeve
      portion and said supporting means provided on the periphery of said outer
      sleeve portion; inserting said inner sleeve portion into said outer sleeve
      portion in a generally coaxial relation to each other so as to provide an
      annular space between said inner and outer sleeve portions; preparing a
      tool having a reference shaft of the same outside diameter as that of said
      capstan shaft and reference seat face means substantially normal to the
      axis of said reference shaft; arranging said inner sleeve portion with
      said outer sleeve portion by mounting said tool on said inner and outer
      sleeve portions with said reference shaft inserted into said bearings and
      with said reference seat face means placed on the top face of said
      supporting means on said outer sleeve portion so that the common axis of
      said bearings is substantially normal to said top face of said supporting
      means by adjusting said inner sleeve portion relative to said outer sleeve
      portion through said annular space; securing said inner sleeve portion to
      said outer sleeve portion while said tool is mounted on said inner and
      outer sleeve portions; thereafer removing said tool from said inner and
      outer sleeve portions; and finally extending said capstan shaft through
      said bearings in a journalled relation thereon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and features of the present invention will be
      apparent from the teaching of the preferred embodiments of the present
      invention described with reference to the accompanying drawing in which;
PAR  FIG. 1 is an enlarged vertical sectional view of one embodiment of a
      capstan device in accordance with the present invention;
PAR  FIG. 2 is a side elevational view of a tool utilized by the method of the
      present invention;
PAR  FIG. 3 is an enlarged vertical sectional view of the inner sleeve portion;
PAR  FIG. 4 is an enlarged vertical view of an assembly of the inner and outer
      sleeve portions;
PAR  FIG. 5 illustrates partially in vertical section the condition of
      assembling the inner and outer sleeve portions by the present invention;
      and
PAR  FIG. 6 is similar to FIG. 5, but illustrating another embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE PRESENT INVENTION
PAR  Referring now to the accompanying drawing, and more particularly to FIG. 1,
      there is illustrated a capstan device 10 for a tape machine manufactured
      by the method of the present invention and the tape machine comprises a
      chassis 12 on which the components of the tape machine are mounted. The
      capstan device comprises inner and outer sleeve portions 14 and 16
      disposed in a generally coaxial relation to each other. The inner sleeve
      portion 14 has the outside diameter expressed by a distance d.sub.1 and
      includes an outward flange 18 integral with the lower end of the inner
      sleeve portion and engaging the outer sleeve portion at the lower end. It
      will be noted from FIG. 1 that the outward flange 18 has the flat upper
      surface substantially horizontal or normal to the axis of the inner sleeve
      portion 14. Upper and lower bearings 20 and 22, which may each comprise an
      oilless metal sleeve, are fitted into the inner sleeve portion 14 at the
      upper and lower ends thereof. The outer sleeve portion 16 includes a
      supporting portion 24 in the form of an outward flange integral with the
      periphery of the outer sleeve portion 16 adjacent to the upper end
      thereof. The outer sleeve portion 16 is secured to the chassis 12 by
      mounting the supporting portion 24 on the chassis by screws 26 extending
      through and threadedly engaging the supporting portion 24 and the chassis
      12. It will be understood that the supporting portion 24 may be
      alternatively either in the form of equally spaced radial arms with the
      top faces lying in the common plane or in any other suitable form. The
      outer sleeve portion 16 is shown to have an upper tapered periphery 16a
      and a lower tapered periphery 16b which gradually decrease in their
      outside diameter from adjacent the supporting portion 24 toward the
      respective ends. It should be noted that the outer sleeve portion 16 has
      the inside diameter d.sub.2 larger than the outside diameter d.sub.1 of
      the inner sleeve portion 14 so as to provide an annular space 28 between
      the inner and outer sleeve portions 14 and 16. The annular space 28
      permits the inner and outer sleeve portions 14 and 16 to be adjusted in
      alignment with each other as described later in more detail. The annular
      space 28 is filled with an adhesive 30 which serves to secure the inner
      sleeve portion 14 to the outer sleeve portion 16. Alternatively, the inner
      sleeve portion 14 may be secured to the outer sleeve portion 16 by means
      of soldering, welding or any other physical or mechanical method.
PAR  A capstan 31 comprises a capstan shaft 32 which extends through the inner
      sleeve portion 14 and journalled on the bearings 20 and 22. The capstan
      shaft is provided with a flywheel 34 secured to the capstan shaft 32 at
      the lower end thereof. A bearing plate 36 is disposed to bear the capstan
      shaft 32 so as to prevent it from slipping off the inner sleeve portion
      14. The bearing plate has a vertical extension 36a at the upper end
      secured to the chassis 12 by a screw 38 extending through an threadedly
      engaging the extension and the chassis.
PAR  One of the significant features of the present invention is to provide the
      annular space 28 between the inner and outer sleeve portions so as to
      arrange the inner sleeve portion 14 in the outer sleeve portion 16 in a
      vertical alignment of the axis of the inner sleeve portion even though
      they are roughly finished. The detail of the feature will be described
      hereinafter in connection with the assembly of the capstan device 10.
PAR  Another feature of the present invention is to use a tool 40 for vertically
      align the inner sleeve portion on assembly. The tool 40 is shown in FIG. 2
      and may comprise a base 42, a reference shaft 44 having the same outside
      diameter as that of the capstan shaft 32 and secured to the base in a
      highly accurately normal manner to the horizontal face, and reference seat
      face means 46 having the seat faces 46a substantially normal to the axis
      of the reference shaft 44 and lying in the common plane and threaded holes
      48 corresponding to the holes 24a of the supporting portion 24 of the
      outer sleeve portion (FIG. 4). In the illustrated embodiment, reference
      seat face means 46 may be in the form of two posts having the top faces
      lying in the common plane and disposed at the edge of the base 42 and
      symmetrically about the axis of the reference shaft 44. The base 42 may be
      provided with a plurality of through holes 50 corresponding to the annular
      space 28 between the inner and outer sleeve portions 14 and 16 for
      injecting the adhesive into the space. The tool 40 serves to hold the
      inner and outer sleeve portions 14 and 16 so that the axis of the inner
      sleeve portion 14 is substantially normal to the upper flat surface of the
      supporting portions 24 of the outer sleeve portion 16.
PAR  Referring now to assembly of the capstan device 10 in connection with FIGS.
      3 to 5, initially the inner sleeve portion 14 is prepared with the metal
      bearings 20 and 22 fitted into the portion 14 in a conventional manner, as
      shown in FIG. 3. Then, the outer sleeve portion 16 is prepared and the
      inner sleeve portion 14 together with the bearings 20 and 22 is inserted
      into the outer sleeve portion 16 as shown in FIG. 4. Thereafter, as seen
      from FIG. 5, the tool 40 is reversed and mounted on the assembly of the
      inner and outer sleeve portions 14 and 16 shown in FIG. 4 so that the
      reference shaft 44 extends through the bearings 20 and 22 and so that the
      seat faces 46a of reference seat face means 46 are placed on the
      supporting portion 24 of the outer sleeve portion 16. At that time, the
      tool 40 is provisionally secureed to the outer sleeve portion 16 by screws
      52 extending through the holes 24a in the supporting portion 24 and
      threaded into the threaded holes 48 in the seat face means 46. Thus, it
      will be noted that the axis of the inner sleeve portion 14 and therefore,
      those of the bearings 20 and 22 are properly oriented in an accurately
      normal manner to the top face of the supporting portion 24 of the outer
      sleeve portion 16. With the inner and outer sleeve portions positioned in
      such condition, an injector (not shown) at the nozzles in inserted into
      the through holes 50 in the base 42 of the tool 40 and injects an adhesive
      into the annular space 28 between the inner and outer sleeve portions 14
      and 16 as indicated by arrows A in FIG. 5. The adhesive may be a synthetic
      resin such as epoxy resin. After the adhesive is completely solidified,
      the tool 40 is removed from the assembly of the inner and outer sleeve
      portions by disengagement of the screws 52 from the flange 24 and the tool
      40. As previously described, the inner sleeve portion 14 may be
      alternatively secured to the outer sleeve portion 16 by means of
      soldering, welding or any other method. Thereafter, the capstan shaft 32
      is inserted into the bearings 20 and 22 of the resultant assembly of the
      inner and outer sleeve portions 14 and 16 and the assembly is mounted on
      the chassis 12 by the screws 26 as shown in FIG. 1 while the bearing plate
      36 is mounted on the chassis so as to bear the capstan shaft 32 together
      with the flywheel 34 secured thereto. It will be understood that when the
      capstan device is assembled an auxiliary bearing base 54 may be preferably
      disposed so that it may bear the inner sleeve portion 14 to thereby
      prevent the latter from slipping off the outer sleeve portion before the
      adhesive is solidified. At that time, the reference shaft 44 at the tip
      may be inserted into the hole 54a in the base 54. The auxiliary bearing
      base 54 is useful for the assembly of the inner and outer sleeve portions
      14 and 16 in case where the flange 18 of the inner sleeve portion is
      eliminated. Alternatively, it will be also understood that the flange 18
      may be temporally secured to the outer sleeve portion 16 by an instant
      adhesive.
PAR  FIG. 6 shows another embodiment of the present invention wherein a dual
      capstan device may be assembled in the same manner as described in
      connection with the aforesaid embodiment. In this embodiment, the tool 140
      is substantially identical to that of the aforesaid embodiment, except for
      two reference shafts 44 and 44' and two sets of through holes 50 and 50'
      therearound. Two sets of inner and outer sleeve portions 14, 16 and 14',
      16' are positioned by the respective reference shafts 44 and 44' so that
      each of the sets is arranged with the common axis of the bearings
      accurately normal to the top face of the supporting portion 24 of the
      outer sleeve portions 16 and 16'. It will be understood that the outer
      sleeve portions are integral with each other by the common supporting
      portion 24. Since assembling the dual capstan device is substantially
      identical to that of the aforesaid embodiment, it will not be described in
      more detail.
PAR  While some preferred embodiments of the present invention have been
      described in connection with the accompanying drawing, it will be
      understood by those skilled in the art that various changes and
      modifications may be made without departing from the spirit and scope of
      the present invention, which is intended to be defined only to the
      appended claim.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a capstan device of a tape machine comprising
      a double walled sleeve including an inner sleeve portion and an outer
      sleeve portion, said outer sleeve portion having supporting means provided
      on the periphery of said outer sleeve portion and at the top face mounted
      on a chassis of said tape machine, upper and lower bearings fitted into
      said inner sleeve portion at the opposite ends thereof and a capstan
      including a capstan shaft rotatably extending through said inner sleeve
      portion and journalled on said bearings, said method comprising the steps
      of preparing said inner sleeve portion with said upper and lower bearings
      fitted thereinto; preparing said outer sleeve portion having the inside
      diameter larger than the outside diameter of said inner sleeve portion and
      said supporting means provided on the periphery of said outer sleeve
      portion; inserting said inner sleeve portion into said outer sleeve
      portion in a generally coaxial relation to each other so as to form an
      annular space between said inner and outer sleeve portions; arranging said
      inner sleeve portion with said outer sleeve portion so that the axes of
      said bearings are substantially normal to the top face of said supporting
      means on said outer sleeve portion by adjusting said inner sleeve portion
      relative to the outer sleeve portion through said annular space; securing
      said inner sleeve portion to said outer sleeve portion; and finally
      extending said capstan shaft through said bearings in a journalled
      relation thereon.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said step of securing said
      inner sleeve portion comprises injecting an adhesive into said annular
      space between said inner and outer sleeve portions and solidifying said
      adhesive shaft through said bearings in a journalled relation thereon.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein said inner sleeve portion
      comprises an outward flange at the lower end of said inner sleeve portion
      and said outer sleeve portion at the lower end engages said outward flange
      of said inner sleeve portion.
NUM  4.
PAR  4. A method as set forth in claim 1, wherein said capstan device is of dual
      type having two sets of inner and outer sleeve portions and each of the
      inner sleeve portions is spaced from the corresponding outer sleeve
      portion so as to provide an annular space between them.
NUM  5.
PAR  5. A method for manufacturing a capstan device of a tape machine comprising
      a double walled sleeve including an inner sleeve portion and an outer
      sleeve portion, said outer sleeve portion having supporting means provided
      on the periphery of said outer sleeve portion and at the top face mounted
      on a chassis of said tape machine, upper and lower bearings fitted into
      said inner sleeve portion at the opposite ends thereof and a capstan
      including a capstan shaft rotatably extending through inner sleeve portion
      and journalled on said upper and lower bearings, said method comprising
      the steps of preparing said inner sleeve portion with said upper and lower
      bearings fitted thereinto; preparing said outer sleeve portion having the
      inside diameter larger than the outside diameter of said inner sleeve
      portion and said supporting means provided on the periphery of said outer
      sleeve portion; inserting said inner sleeve portion into said outer sleeve
      portion in a generally coaxial relation to each other so as to provide an
      annular space between said inner and outer sleeve portions; preparing a
      tool having a reference shaft of the same outside diameter as that of said
      capstan shaft and reference seat face means substantially normal to the
      axis of said reference shaft; arranging said inner sleeve portion with
      said outer sleeve portion by mounting said tool on said inner and outer
      sleeve portions with said reference shaft inserted into said bearings and
      with said reference seat face means placed on the top face of said
      supporting means on said outer sleeve portion so that the common axis of
      said bearings is substantially normal to said top face of said supporting
      means by adjusting said inner sleeve portion relative to said outer sleeve
      portion through said annular space; securing said inner sleeve portion to
      said outer sleeve portion while said tool is mounted on said inner and
      outer sleeve portion; thereafter removing said tool from said inner and
      outer sleeve portions; and finally extending said capstan shaft through
      said bearings in a journalled relation thereon.
NUM  6.
PAR  6. A method as set forth in claim 5, wherein said step of securing said
      inner sleeve portion comprises injecting an adhesive into said annular
      space between said inner and outer sleeve portions and solidifying said
      adhesive.
NUM  7.
PAR  7. A method as set forth in claim 5, wherein said tool further comprises
      through holes to inject said adhesive into said annular space
      therethrough.
NUM  8.
PAR  8. A method as set forth in claim 5, wherein said inner sleeve portion
      comprises an outward flange at the lower end of said inner sleeve portion
      and said outer sleeve portion at the lower end engages said outward flange
      of said inner sleeve portion.
NUM  9.
PAR  9. A method as set forth in claim 5, wherein said capstan device is of dual
      type having two sets of inner and outer sleeve portions and each of the
      inner sleeve portions is spaced from the corresponding outer sleeve
      portion so as to provide an annular space between them.
NUM  10.
PAR  10. A method as set forth in claim 5, further comprising the steps of
      preparing an auxiliary bearing base and mounting said auxiliary bearing
      base on said inner and outer sleeve portions so that said base bears said
      inner sleeve portion so as to prevent said inner sleeve portion from
      slipping off said outer sleeve portion.
NUM  11.
PAR  11. A capstan device of a tape machine comprising a double walled sleeve
      including inner and outer sleeve portions, said outer sleeve portion
      having supporting means provided on the periphery of said outer sleeve
      portion and at the top face mounted on a chassis of said tape machine,
      upper and lower bearings fitted into said inner sleeve portion at the
      opposite ends thereof and a capstan including a capstan shaft rotatably
      extending through said inner sleeve portion and journalled on said
      bearings, characterized by said outer sleeve portion having the inside
      diameter larger than the outside diameter of said inner sleeve portion,
      said inner sleeve portion disposed within said outer sleeve portion with
      an annular space provided between said inner and outer sleeve portions and
      arranged relative to said outer sleeve portion so that the common axis of
      said bearings is substantially normal to the top face of said supporting
      means on said outer sleeve portion, and said inner sleeve portion secured
      to said outer sleeve portion.
NUM  12.
PAR  12. A capstan device as set forth in claim 11, wherein said annular space
      is filled with an adhesive.
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ABST
PAL  A tube haul-off machine for extruded tubes comprising at least one pair of
      parallel spaced annular supporting wheels supported for rotation in
      opposite directions about a common axis. Each supporting wheel carries
      rotatable haul-off wheels which are arranged at a radial distance from the
      axis corresponding to the outer radius of the tube, and the axes of which
      are inclined relatively to the common axis. The haul-off wheels of one
      supporting wheel are inclined in the opposite direction of the haul-off
      wheels of the other supporting wheel. Upon rotation of the supporting
      wheels the haul-off wheels in engagement with the surface of the tube will
      travel along helices about said axis on the peripheral surface of the tube
      thereby to pull the tube along the axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a tube haul-off machine.
PAR  Known tube haul-off machines for extruded tubes are generally equipped with
      haul-off belts or haul-off wheels which engage the peripheral surface of
      the tube and rotate in the axial direction thereof for pulling or pushing
      the tube through the machine by frictional engagement. The structure of
      such machines is relatively complicated and, therefore, the purchase of
      such known machines is expensive, and the maintenance thereof
      time-consuming.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a tube haul-off
      machine comprising at least one pair of parallel spaced annular supporting
      wheels supported for rotation in opposite directions about a common axis,
      each supporting wheel carrying rotatable haul-off wheels which are
      arranged at a radial distance from the axis corresponding to the outer
      radius of the tube, and the axes of which are inclined relatively to the
      common axis, the haul-off wheels of one supporting wheel being inclined in
      the opposite direction of the haul-off wheels of the other supporting
      wheel, so that upon rotation of the supporting wheels in engagement with
      the surface of the tube the haul-off wheels will travel along helices
      about said axis on the peripheral surface of the tube thereby to pull the
      tube along the axis.
PAR  Thus, a machine is obtained the structure of which is very simple and
      sturdy compared with known tube haul-off machines. The tube haul-off
      machine according to the invention can also be space-saving since there is
      no need to increase the length of the machine materially when handling the
      largest type of tubes. Adjustment of the machine for use with tubes of
      various diameters may be accomplished if the haul-off wheels are
      detachably affixed to the supporting wheels for radial displacement
      relative to the axis of the tube and the machine.
PAR  Since the haul-off wheels move along helices around the tube, the strain on
      the tube wall will be substantially less than if haul-off wheels or belts
      were constantly engaging the same axially extending portion of the tube
      wall.
PAR  A preferred embodiment will now be described, reference being had to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a section of a haul-off machine according
      to the invention, and
PAR  FIG. 2 is another perspective view of the machine.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings there are shown two framework members 1a and 1b, arranged
      vertically on a base 2 and held together by means of struts 1c. In the
      upper portion of each of the framework members an annular supporting wheel
      2a, 2b, is rotatably mounted. The supporting wheels 2a, 2b are parallel
      and spaced, their respective circular center openings 2c, 2b being
      coaxial, i.e. having a common rotating axis C. For mounting of the
      supporting wheels roller bearings 3 are provided, which are mounted
      between the respective framework member, 1a or 1b, and an annular disc 3a
      or 3b, by means of through attachment bolts 3c. The discs 3a, 3b also
      serve the purpose of axially guiding the supporting wheels 2a, 2b and are
      secured to the framework members at a predetermined distance therefrom by
      means of tube-shaped spacers 3d and through clamping bolts 3e. On each
      supporting wheel 2a, 2b three haul-off wheels 4 are rotatably mounted,
      each of which is provided with a rubber coating 4a. The shafts 4c of these
      haul-off wheels are inclined relative to the common central rotating axis
      C of the supporting wheels. The haul-off wheels 4 may be positioned at
      various radial distances from the common rotating axis C of the supporting
      wheels, and in the drawing a plurality of guide bores 5 serving this
      purpose are shown. The shafts 4c of the haul-off wheels may be inserted in
      these bores and secured on the opposite side of the supporting wheel by
      means of a screw 6. Alternatively, the haul-off wheels may be affixed in
      radial guide slots, the position of the wheels in their guide slots being
      adjustable to suit the diameter of the tube.
PAR  The supporting wheels 2a, 2b are fixed to sprocket wheels 7a, 7b
      respectively which through chains 8a, 8b and 8c and shafts 9a, 9b are
      operatively connected with a motor 10 having a variator 11. In FIG. 1, 13
      designates an on-off switch and 14 a change-over switch. 15 designates the
      supply cable to the drive motor and 16 designates the terminal box of the
      motor. The variator 11 is equipped with a manual setting device 17 for
      adjusting the output torque of the variator. The driving movement is
      transmitted to the supporting wheels 2a, 2b through the variator 11 and
      the shafts 9a and 9b in such a way that the supporting wheels 2a, 2b are
      rotated in opposite directions. In FIG. 2 the arrows indicate that the
      shafts 9a, 9b rotate in the same direction, whereas the chain 8a pulls in
      the opposite direction of the chains 8b, 8c due to a freewheel 18 on the
      shaft 9b and a sprocket wheel 19 which externally engages the chain 8a.
PAR  When a tube 20 is placed in the haul-off machine and the supporting wheels
      2a, 2b are rotated in opposite directions, the haul-off wheels 4 on the
      supporting wheels 2a, 2b will travel along helices on the peripheral
      surface of the tube. Since the supporting wheels 2a, 2b move in opposite
      directions, the tangential frictional forces between the haul-off wheels 4
      and the tube 20 will substantially cancel each other resulting in the tube
      20 being hauled off in the axial direction without rotating about its own
      axis. The haul-off rate of the axial displacement of the tube may be
      varied by changing the inclination of the haul-off wheels 4 with respect
      to the common rotating axis C of the supporting wheels 2a, 2b or by
      changing the rotational speed of said supporting wheels.
PAR  The structure is such as to haul-off the tube 20 at the same speed whether
      the haul-off machine imparts a pulling or a braking effect, i.e. the
      haul-off machine is only to a minor extent influenced by the external
      forces to which the tube is subjected. This is of great practical
      importance as a haul-off machine of this type usually co-operates with
      subsequent stages in the production line, requiring the produced tube to
      be discharged at a predetermined rate.
PAR  Of course, the invention may be carried out in various other manners than
      the embodiment disclosed without departing from the scope of the
      invention, e.g. the number of haul-off wheels may vary and the coating on
      the haul-off wheels may be made from other materials than rubber,
      depending on the character of the surface of the tubes. Besides, the
      transmission between the driving motor and the supporting wheels may be
      effected by means of a belt drive, a gearwheel transmission or the like.
      Further, the number of supporting wheels may be a multiple of 2, but due
      to practical reasons two supporting wheels are preferred. The diameter of
      the haul-off wheels may be varied and the radial adjustment of the
      haul-off wheels may be accomplished by being displaced in radial slots in
      the supporting wheels.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A tube haul-off machine comprising at least one pair of parallel spaced
      annular supporting wheels supported for rotation in opposite directions
      about a common axis, each supporting wheel carrying rotatable haul-off
      wheels which are arranged at a radial distance from the axis corresponding
      to the outer radius of the tube, and the axes of which are inclined
      relatively to the common axis, the haul-off wheels of one supporting wheel
      being inclined in the opposite direction of the haul-off wheels of the
      other supporting wheel so that upon rotation of the supporting wheels in
      engagement with the surface of the tube the haul-off wheels will travel
      along helices about said axis on the peripheral surface of the tube
      thereby to pull the tube along the axis.
NUM  2.
PAR  2. A machine as claimed in claim 1 in which the haul-off wheels are
      detachably affixed to the supporting wheels, for radial displacement and
      positioning in accordance with the diameter of the tube.
NUM  3.
PAR  3. A machine as claimed in claim 2 in which the shafts of the haul-off
      wheels are affixed in guide bores in the supporting wheels.
NUM  4.
PAR  4. A machine as claimed in claim 1 in which the supporting wheels are
      supported by rollers at the periphery.
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ABST
PAL  A tubular rivet is picked up by a rivet engaging pin supported on a support
      which is releasably coupled to means for urging the pin into a position in
      which it can engage with a rivet. Control means allow the urging means to
      move the pin into the position at a first station. The rivet is moved to a
      second station at which a force bypassing the pin is applied to the
      support to break the coupling to cause the pin to move to an inoperative
      position to avoid permanent deformation of the pin. The control means
      causes the reconnection of the coupling as the pin is moved from the
      second station to the first station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a riveting apparatus and more particularly to an
      apparatus arranged to feed tubular rivets, automatically, to a workpiece
      riveting station.
PAR  By the term "tubular rivet" is meant herein a rivet having a tubular
      portion open at both ends and having a flange at one end of the portion,
      but no mandrel.
PAR  2. Description of the Prior Art
PAR  In a known riveting apparatus described in U.S. Pat. No. 3,495,754 a rotary
      carrier carries a plurality of rivet engaging pins. The pins are radially
      displaceable, being biased outwards pneumatically. The carrier rotates and
      the rivet engaging pins engage with respective tubular rivets at a raceway
      and convey them one at a time to an angular position of the carrier at
      which a rivet deforming means is used to deform the rivets. During a rivet
      deforming operation the rivet deforming means applies force directly onto
      a rivet engaging pin to cause it to withdraw from a rivet. Thus the pin
      must be sufficiently strong to withstand the force, and accordingly the
      apparatus is applicable only to tubular revets having a tubular portion of
      sufficient size to accommodate a rivet engaging pin big enough to
      withstand the force.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is an object of the present invention to provide a riveting
      apparatus which is more generally applicable.
PAR  Another object of the invention is to provide an apparatus in which the
      rivet engaging means are not directly subject to the force of a riveting
      operation.
PAR  The invention relates to riveting apparatus for tubular rivets. The
      apparatus has a structure which receives rivets fed to it from for
      instance a hopper via a raceway. The structure is for instance a
      spring-loaded gate. Spaced from the gate is a hammer for deforming rivets.
      Means are provided for picking up rivets from the gate. A conveyer carries
      the rivet pick-up means to convey rivets from the gate to a position at
      which they can be deformed by the hammer, and back.
PAR  The rivet pick-up means comprise a pin for engaging within a tubular rivet
      and a support supporting the pin. The support is displaceably mounted on
      the conveyer in such a way that the pin can be moved into an engagement
      position in which it can engage with a rivet at the gate from an
      inoperative position. The support is releasably coupled by a releasable
      latch to for instance a spring or some other resilient device for urging
      the support in a direction to move the pin into the engagement position.
      The latch is releasable by the application of a force to it.
PAR  It is characteristic of the invention that the force is applied to the
      latch on a force transmission path which by-passes the rivet engaging pin
      in order to avoid damaging the pin. Two alternative ways of doing this are
      described herein.
PAR  For one way, there is provided an anvil mounted on the conveyer for
      movement of the anvil from and towards the support. The anvil defines a
      throughbore through which the rivet engaging means projects when urged
      into the engagement position. The anvil is mounted on a resilient support
      for resiliently urging it away from the support from the pin. The
      arrangement is such that when the hammer is moved into contact with a
      rivet supported on the anvil, and in which rivet the pin is engaged, the
      impact is transferred via the rivet and anvil to the support and thence to
      the latch which is released. The support moves taking the pin with it into
      the inoperative position.
PAR  It will be appreciated that in such an embodiment the force transmission
      path is implemented by an arrangement requiring force transmission from
      the deforming means through the rivet. Thus, in such a case and where the
      context requires, the term "a rivet" should be construed as including only
      rivets suitable for the purpose of transmitting a force adequate for
      operating such an arrangement.
PAR  For the other way, there is provided an engagement member which is movable
      into engagement with the support. There is also provided means, such as a
      cam for example, which is coupled to the hammer to move with it. The cam
      is arranged to engage with the engagement member at latest by the time the
      hammer has touched but not substantially deformed a rivet on the pin, to
      displace the engagement member into engagement with the support to
      transmit impact of the cam on the engagement member to the latch to
      release it whereupon the support moves taking the pin into the inoperative
      position.
PAR  Means are provided for displacing the spring in a direction to re-engage
      the coupling between the support and the spring. These means are for
      instance a cam. The cam is arranged to displace the spring as the rivet
      engaging pin (and its support) are conveyed back to the gate from which
      rivets are picked up. The cam also so holds the spring reconnected to the
      support that the rivet engaging means is held in the inoperative position
      until it is conveyed back to the first station.
PAR  According to one embodiment of the invention, the rivet engaging means is
      removable for replacement by alternative rivet engaging means for engaging
      within a different size of tubular rivet.
PAR  The riveting apparatus may also or alternatively be constructed so as to be
      adaptable to vary the number and/or relative positions of the rivets
      engageable by the rivet engaging means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will now be made by way of example to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a rear elevational view of riveting apparatus in accordance
      with the invention, the apparatus having a rotor;
PAR  FIG. 2 shows a side elevational view of the embodiment of the apparatus of
      FIG. 1 partly in section to reveal details of the structure of the
      apparatus;
PAR  FIG. 3 is a part-sectional view on an enlarged scale of a rotor which may
      be used in place of the rotor of the apparatus of FIGS. 1 and 2
      illustrating the construction of a rivet pick-up means;
PAR  FIG. 4 shows a sectional view of a portion of the rotor of FIG. 3;
PAR  FIG. 5 shows a side elevational view of details common to the rotor of FIG.
      3 and of the rotor of FIG. 1;
PAR  FIG. 6 shows in plan view, a detail of FIG. 5;
PAR  FIG. 7 shows in section the rotor of the riveting apparatus of FIGS. 1 and
      2 as viewed in front elevational view of the apparatus shown in FIG. 1;
PAR  FIG. 8 a shows a section on line E--E of FIG. 7;
PAR  FIG. 8 b shows a section of line A--A of FIG. 7;
PAR  FIG. 8 c shows a section of a member of the rotor on line B'--B' of FIG. 8
      b;
PAR  FIG. 8d shows another member of the rotor as viewed in the direction
      indicated by section line D--D of FIG. 7;
PAR  FIG. 8 e shows a section of the another member of the rotor on line D'--D'
      of FIG. 8 d;
PAR  FIG. 9 a shows a portion of the apparatus of FIG. 2 (many parts shown in
      FIG. 2 being missing from FIG. 9 a for the sake of clarity) together with
      an arcuate guide;
PAR  FIG. 9 b shows a section on line X--X of FIG. 9 a;
PAR  FIG. 9 c shows a portion of the apparatus of FIG. 2 (many parts shown in
      FIG. 2 being missing from FIG. 9 c for the sake of clarity) together with
      an apertured pipe;
PAR  FIG. 9 d shows a portion of the apertured pipe; and
PAR  FIG. 10 shows in side elevation, the rotor of FIGS. 3 and 4 and the cam
      plate of that rotor.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Firstly an embodiment of the apparatus shown in FIGS. 1, 2, 5, 6, 7 and 8
      will be described.
PAR  Referring to FIGS. 1 and 2, the shown embodiment of the riveting apparatus
      comprises a disc-like arrangement, hereinafter termed "the rotor",
      supported for free rotary movement about the axis of a horizontal shaft 2.
      The rotor 1 is supported by a support structure comprising a base 101 from
      which upstands an upright member 102, which may be of box-section. A cross
      member 103 also of box-section extends from the upper end of the upright
      member 102, the cross member 103 supporting a double-acting pneumatic ram
      5.
PAR  Slidably mounted in the support structure is a frame 105 which carries a
      crossbar 8 supporting a hammer 9, and a rack 6. The frame 105 is coupled
      to the double-acting pneumatic ram 5 for simultaneous displacement of the
      rack and hammer.
PAR  The frame 105 is slidably mounted on guides 108 which slidably engage in a
      bore 109 in an upright tubular portion 107 of the frame. The guides 108
      extend adjacent to and parallel to the upright member 102 of the support
      structure. The shaft 2 of the rotor 1 is supported by further upright,
      rotor support members 200 which upstand from the base 101.
PAR  The rotor carries four rivet pick-up means, hereinafter referred to as
      assemblies 3 for holding tubular rivets, which assemblies will be
      described in detail hereinafter. The assemblies 3 are spaced apart through
      90.degree. relative to each other. The apparatus also comprises a rivet
      feeding mechanism 4 (shown only in FIG. 2 for clarity) arranged to feed
      tubular rivets to a station A. The double-acting pneumatic ram 5 and rack
      6 are coupled to the rotor to impart a step-by-step rotational movement to
      the rotor. The hammer 9 is arranged to deform rivets at a station C. A
      working surface 7 (shown only in FIG. 1 for clarity) is provided at
      station C for supporting a workpiece. The rotor acts as a means for
      conveying the rivet pick-up means from station A to station C and back.
PAR  In operation of the apparatus as assembly 3 picks up a pair or rivets, in a
      manner described hereinafter, from the mechanism 4 at station A. The rotor
      1 is then rotated so that the assembly moves to an intermediate location
      B, which is an idle position, and then to the station C. At station C a
      workpiece may be placed onto the rivets, the rivets protruding through
      holes in the workpiece. The rotor 1 is held against rotational movement
      (in a manner described hereinafter) as the rack 6 descends and the hammer
      9 strikes the rivets to deform them and thus attach them to the workpiece.
      The rotor is then rotated through a further 90.degree. so that the
      assembly moves to a further intermediate location D and is then moved
      again to return the assembly to station A to pick up further rivets. The
      means for achieving these operations will now be described.
PAR  A ratchet plate 14 shown only in FIG. 2 for the sake of clarity is fixedly
      connected to the rotor 1 for rotation therewith. The plate 14 is generally
      circular and has four shoulders 17 against which a pawl 16 fixed to a
      toothed annular member 15 can abut. The annular member 15 engages with the
      rack 6 and is rotatable relative to the rotor 1 so that, considering the
      orientation of the apparatus shown in FIG. 2, as the rack 6 descends the
      rotor 1 does not rotate therewith. When the rack 6 ascends the pawl 16,
      constituted for example by a leaf spring, engages with one of the
      shoulders 17 of the ratchet plate 14 and thus causes the rotor 1 to rotate
      with the member 15 through 90.degree..
PAR  The spacings of the shoulders 17 are such in relation to the stroke of the
      rack 6 that only after the rack 6 has ascended for a short distance to
      allow the hammer to be clear of a workpiece, does the rotor rotate,
      thereby to allow removal of the workpiece before the rotor moves. Means
      are provided for positively preventing the rotor 1 from reverse rotation,
      i.e. anti-clockwise as shown in FIG. 2, during the descent of the rack 6.
      Such means may for example comprise a spring-loaded stop 18 adapted to
      co-operate successively with four projections on the rotor: in this case
      the projections are provided by respective shoulders 19 of the four
      assemblies 3. The arrangement is such that during each desired rotation of
      the rotor on ascent of the rack 6, one of the projections will, as the
      rack reaches the limit of its upward movement, move past the stop 18 which
      will immediately snap into an operative position on the path of said
      projection thereby positively to limit reverse angular movement of the
      rotor. There is also provided means 80 for preventing undesired forward,
      i.e. clockwise, rotational movement of the rotor. Such forward movement
      may be caused for example by the pawl 16 frictionally coupling with the
      ratchet plate 14 as the rack 6 ascends, before it engages with one of the
      shoulders.
PAR  There will now be described with reference to FIGS. 7, 8 a to 8 e and also
      to FIGS. 5 and 6 the rotor of the apparatus shown in FIGS. 1 and 2. The
      assemblies 3 are arranged in respective slots 12 which are defined by two
      grooved annuli 122a and b best shown in FIGS. 8 b to 8 e. Referring to
      FIG. 7 or 8 b the annuli are spaced relative to one another by a tube 120.
      The tube and annuli are arranged coaxially of the shaft 2, about the axis
      of which the rotor 1 is rotatable.
PAR  Referring to FIGS. 8 b to 8 e each annulus 122 has four radially extending
      grooves 12 arranged 90.degree. apart, a circular recess 124 for
      accommodating an end of the tube 120, a bore through which the shaft 2
      extends, and a circular recess 126 for accommodating a shaft bearing 125
      (as shown in FIG. 7).
PAR  The two grooved annuli are arranged on the shaft such that the respective
      grooves of one annulus face and are aligned with, the respective grooves
      of the other annulus to define the respective slots in which respective
      slide blocks 22 of the assemblies 3 are arranged. The arrangement of the
      annuli 122 and the tube 120 is such that assemblies 3 can be replaced by
      assemblies having a different length, the difference in length being taken
      up by replacing tube 120 with another tube of a length corresponding to
      that of the replacement assemblies.
PAR  Each assembly 3 comprises an anvil 20 arranged at the periphery of the
      rotor, the anvil being rigidly secured by means of bolts extending
      therethrough and into the annuli over the ends of its slot 12. Each
      assembly further comprises a slide block 22 releasably connected to a cam
      follower 23 by means of a latching means 33. The slide block is provided
      with bearings 54, for reducing friction between the block and the wall of
      the slot 12. The slide block 22 has two radially extending bores 28 lying
      side-by-side in a plane parallel to, and through the axis of, the shaft 2.
      The bores respectively contain springs 29 for urging rivet engaging means
      in the form of pins 21 radially outwardly. The slide block constitutes a
      supporting means for the pins. The pins 21 extend into guide bores 31 in
      the anvil 20, the pins being long enough to extend so far as to project
      radially outwardly from the anvil to facilitate picking up and holding
      rivets in place on the anvil. Radially inwardly of the bottom of the bores
      28 is a transverse bore 32 containing the means 33 for releasably
      connecting the slide block 22 to the cam follower 23.
PAR  The latching means 33 is shown in greater detail in FIGS. 5 and 6 in which
      the various parts of, and associated with, the connecting means are
      indicated by the same reference numerals as in FIG. 7, but which reference
      numerals have primes. It comprises a plate-like member 35' slidable in the
      bore 32', and a spring 34' for urging the member 35' towards the cam
      follower 23'. The flat major surfaces of the member 35' lie in planes
      perpendicular to the longitudinal axis of the cam follower and the axis of
      the bore 32'. The end of the member 35' nearest the cam follower is
      pointed for engaging between two rollers 37' arranged at the cam follower
      23'. The rollers are held between flanges 38' of a member 39' held in an
      annular recess 53' of the cam follower 23'. A grub screw 40' is provided
      for adjusting the spring force which urges the member 35' towards the cam
      follower.
PAR  Referring again to FIG. 7, the cam follower 23 is loaded with a spring 41
      for urging it radially outwards. The spring is disposed at least partly in
      a bore 42 in the cam follower. The cam follower is arranged to engage with
      a camming surface 10 on a stationary cam 202, the follower having for this
      purpose a projection 201 which projects through a slot 203 in annulus 122b
      (FIGS. 8 d and e). As shown in FIG. 8 a, the cam 202 is so shaped that the
      radial distance from the shaft 2 to the camming surface 10 of the cam is
      greater at station C than at station A so that between stations C and A
      the spring 41 is increasingly compressed. The camming surface 10 has a
      shoulder at station A but is otherwise continuous.
PAR  Because the anvils project radially outwardly of the annuli there are
      spaces between them which are filled by covers 128 (FIGS. 1, 2 and 8 b)
      which may be of rubber or plastics.
PAR  Referring now to FIGS. 1 and 2, a force coupling means for coupling the
      slide blocks when at the second station to the deforming means is provided
      for disconnecting the respective slide blocks from the cam followers to
      cause the pins to withdraw from the rivets at station C at least by a time
      when the deforming means has already contacted the rivets but has not
      substantially deformed the rivets so as to be able to avoid permanent
      deformation of the pins.
PAR  The force-coupling means comprises elongate cylindrical engagement members
      60 for engaging with respective ones of the assemblies 3, the members 60
      being accommodated in respective bores 49 defined in the covers 128 and
      the annuli, the bores extending perpendicularly to the axis of the shaft 2
      and respectively perpendicularly to the radially extending portions 12 of
      the slots defined in the rotor. Each bore 59 intersects its associated
      slot at or near the radially outer end of the slot.
PAR  Each of the slide blocks 22 has a recess 56 provided at or near its
      radially outer end.
PAR  The engagement members 60 are slidably arranged in the respective bores 59,
      each member 60 terminating in a tongue 57. The members 60 are so
      positioned that the respective tongues 57 can engage with the recesses 56
      so as to displace the slide blocks in the slots by wedge-action. Each
      member 60 has retained around it between a shoulder 66 of the bore and a
      flange 61 attached to the member 60 a compression spring for urging the
      tongue 57 away from the recess 56.
PAR  The force-coupling means further comprises a housing 165 fixed to the
      upright member 102. The housing defines a bore 167 accommodating a
      displacing member 164, the housing 165 being so positioned relative to the
      rotor that the displacing member 164 can engage with members 60 one at a
      time. There is provided in the bore 167 a spring 173 retained between a
      shoulder on the member 164 and an annular guide member 177 for the member
      164. The spring 173 biases the member 164 away from the rotor. Extending
      from the displacing member 164 is a peg 175 which also extends through a
      slot (not shown) in the housing 165. Provided on the upright portion 107
      of the frame 105 is a cam 176, the arrangement being such that, in
      operation of the apparatus, as the hammer descends, and before the hammer
      contacts a rivet at location C, the cam 176 engages with the peg 175 and
      causes the displacing member to displace an elongate member 60 so that the
      tongue 57 engages in the recess 56.
PAR  The tongue and recess are so shaped that the slide block 22 is thus pushed
      radially inwards with a sufficient impact to disconnect it from the cam
      follower 23. The slide block 22 then drops under the influence of gravity.
      Thus the pins 21 disengage from the rivets prior to their being contacted
      by the hammer 9.
PAR  When the rack 6 ascends the member 164 and the member 60 are urged axially
      away from the slot 12.
PAR  The rivet feeding mechanism 4 is arranged to deliver rivets to station A.
      The mechanism may comprise an inclined track consisting of three parallel
      plates defining a pair of inclined channels for delivering the rivets in
      pairs to station A. The rivets may be automatically fed to the track from
      a vibratory bowl or container. There may be provided a spring-loaded gate
      so arranged as to locate a pair of rivets at station A. When a located
      pair is picked up by an assembly 3' and driven thereby away from station
      A, rivets are urged through the gate which closes behind those rivets to
      locate the next pair.
PAR  The apparatus described hereinbefore with reference to FIGS. 1, 2, 5, 6, 7
      and 8 a to 8 e is adapted to operate as follows. Let it be assumed that a
      pair of rivets has been picked up by an assembly 3 at station A and has
      been subsequently driven to station C.
PAR  In its travel from station A to C, the cam follower 23 is engaged with the
      slide block 22 by means of the latching means 33. The slide block abuts
      against the anvil 20 due to the spring force of the cam follower spring
      41. The pins 21 project radially outwardly from the anvil holding rivets
      in place on the anvil. At station C an operator places a workpiece onto
      the rivets and the rack 6 descends causing the pawl 16 to disengage from a
      shoulder 17. The rotor is held against reverse rotation by the stop 18 as
      hereinbefore described. As the rack descends the hammer 9 strikes the
      rivets. The slide block 22 is forced radially inwards by the wedge-action
      of the tongue 57 engaging with recess 56. The member 35 disengages from
      the rollers 37 and so the slide block disengages from the cam follower 23.
      Consequently, the slide block 22 drops rapidly onto the tube 120 and the
      pins withdraw from the rivets. The hammer is arranged to produce flanges
      on the rivets to fix them to the workpiece. The slide block disengages
      from the cam follower before the hammer hits the ends of the pins. The
      depth of the slot 12 to the radially outer surface of the tube 120 is
      arranged to be sufficient for the pins not to extend radially outwardly
      from the anvil when the slide block 22 is in its radially innermost
      position.
PAR  After the hammer has hit the rivets the rack 6 ascends, and after the rack
      has ascended for a short distance as described hereinbefore, pawl 16
      engages with one of the shoulders 17 to drive the assembly through another
      90.degree. from the station C to location D. During this rotation, the cam
      follower, which is disengaged from the slide block is engaged with the
      camming surface 10 of the cam 202 and as the rotor rotates, spring 41 is
      compressed and the cam follower is urged radially inwards by the camming
      surface 10. The cam follower re-engages with the slide block in the
      vicinity of location D.
PAR  During the interval after the rivets have been deformed and before the next
      pair of rivets are delivered to station C, the workpiece is removed.
PAR  At station A there is the shoulder of the cam 202 so that the cam follower
      abruptly moves radially outwards under the influence of the spring 41,
      taking the slide block with it. The resiliently mounted pins 21 are
      accordingly pushed into the bores in rivets waiting at station A. The
      springs 29 act to stop the pins from being damaged in case they do not
      initially engage with the bores of the rivets. They also act to allow the
      pins a small degree of movement to help the pins locate in the rivet
      bores.
PAR  In the embodiments shown in FIGS. 1 and 2, the means 80 for preventing
      undesired forward movement are provided adjacent location B and ensure
      alignment of the respective assemblies 3 with the hammer 9 for rivet
      deforming operations. The means 80 comprises a stop member 81 slidable in
      a housing 82 and biased towards the rotor by a spring 83. Fixed to, and
      extending transversely of the member 81, is a peg 84 (shown only in FIG.
      2) which extends through a slot 85 in the housing 82. The slot and peg
      define the extent of movement of the member 81.
PAR  Provided at each of the assemblies 3 is a shoulder 86 with which the stop
      member can engage when an assembly is at location B.
PAR  A release member 87 is provided for releasing the stop member 81 from
      engagement with a shoulder 86. The release member 87 is fixed to move with
      the rack 6 and comprises a ramped portion 88 extending to a portion 90
      spaced from and extending parallel to the rack, the portion 88 being
      arranged to engage with the peg, and pushing the stop member 81 away from
      the rotor as the rack 6 rises. The release member terminates at its end
      most remote from the hammer 9 in an L-shaped flange 91. A portion of the
      flange is urged against the rack 6 by means of a coil spring 89.
PAR  Part of the `L`-shaped flange 91 is cut away to allow the peg 84 to pass
      between the rack and the release member as the rack descends, the
      arrangement being such that a coil spring 89 allows the release member 87
      to move away from the rack as the peg 84 passes between the rack and the
      ramp portion.
PAR  The apparatus, and in particular the alignment means 80 and release member
      87, is adapted to operate in the following manner. Let it be assumed that
      a rivet deforming operation has just been carried out and the rack has
      started to rise. The ramp portion 88 engages with the peg 84 before the
      pawl 16 engages with a shoulder 17 of the ratchet plate 14 to allow a
      workpiece to be removed from the apparatus before the rotor rotates. The
      member 81 is pushed out of engagement with a shoulder 86 and the rotor
      rotates, the peg 84 riding on the release means as the release means
      passes. As soon as the release means has passed the member 81 moves
      towards the rotor to the fullest extend of movement defined by the peg 84
      and slot 85, so that it can engage the next following shoulder 86.
PAR  As the rack 6 descends the peg passes through the cutaway part of flange 91
      and between the release means and the rack. The peg engages with the ramp
      portion of the release member and displaces the release member outwards
      against the force of the coil spring and so passes underneath the release
      member.
PAR  There is shown in FIGS. 1 and 2 an example of the spring-loaded gate for
      locating a rivet at station A. It is to be appreciated that a plurality of
      such gates may be provided for locating a respective plurality of rivets
      at station A. The arrangement shown in FIGS. 1 and 2 is for a rotor for
      riveting two rivets at a time, there being two gates. Each gate shown in
      FIGS. 1 and 2 is for locating only one rivet at a time. Each gate
      comprises a block 93 defining a channel 94 extending tangentially to the
      direction or rotation of the rotor. A slot 95 for allowing a leaf spring
      96 to engage with a rivet is provided in one of the walls defining the
      channel. The leaf spring is elongate and fixed to the outer side of the
      one of the walls. It has an arcuate end portion for engaging about a
      portion of the tubular portion of a rivet.
PAR  It is desirable to provide an arcuate guide (not shown) between stations A
      and C to prevent rivets from disengaging from the pins by being thrown
      outwardly by centrifugal force during rotational movement of the rotor.
      The guide may comprise two plates spaced apart parallel to each other. The
      plates are so spaced that the flanges of the tubular rivets slide on the
      edges of the plates with their tubular portion extending between the
      plates. Preferably as shown in FIGS. 9 a and 9 b the guide may further
      comprise rubber sheets 191 on which the rivets can ride. The sheets are
      supported by the plates 92. The arrangement is such that the tubular
      portions of the rivets extend between the sheets, the flanges riding on
      the edge of the sheets. When the apparatus is adapted to pick up a
      plurality of rivets at a time a plurality of guides as described above are
      required.
PAR  Alternatively, there may be provided as shown in FIGS. 9 c and 9 d a curved
      pipe 93 having a plurality of openings 94, the pipe being arranged in an
      arc between stations A and C. The pipe is supplied with exhaust gas from
      the ram 5, the gas being directed by the openings at the path along which
      the rivets will travel on the pins 21 between stations A and C, the rivets
      being held onto the pins by the flow of exhaust gas over them.
PAR  There will now be described with reference to FIG. 3 a rotor which differs
      from the embodiment of the rotor 1 shown in FIGS. 1, 2, 7 and 8. It is to
      be appreciated that either the rotor of FIG. 7 or the rotor of FIG. 3
      could be used in the apparatus. Details of the rotor of FIG. 3 are also
      shown in FIGS. 4, 5, 6 and 10.
PAR  The embodiment shown in FIGS. 3 and 4 of the rotor comprises a disc-like
      member, there being four "T" -shaped slots 11' extending through the
      entire thickness of the rotor, and spaced apart through 90.degree.
      relative to each other. Referring to FIG. 4, each slot comprises a first
      radially extending rectangular portion 12' and a second portion 13' at the
      periphery of the rotor and extending perpendicularly to the first.
      Assemblies 3' are disposed in the respective T-shaped slots 11'. Referring
      to FIGS. 3 and 4, each assembly comprises an anvil 20' disposed in slot
      portion 13', and a slide block 22' releasably connected to a cam follower
      23', both the block and cam follower being disposed in the slot portion
      12'. The cam follower is retained in the slot and guided for radial
      movement, by a member 24' disposed in the slot portion 13'. There is a
      plate 25', fixedly connected to the rotor, covering a portion of the slot
      for retaining the slide block 22' in the slot. The slide block 22' may be
      provided with roller bearings 54' (shown in FIG. 5 but not in FIG. 3) for
      reducing friction between the block and the walls of the slot portion 12'.
PAR  The anvil 20' is radially movable in the slot portion 13', the extent of
      its radial movement being defined by the shoulders 27' defining the mouth
      of the slot portion 12' and the abutment of the anvil with the heads of
      set screws 26' which retain it in the portion 13'. The anvil is provided
      with springs 51' for urging it radially outwards. The springs are
      contained in bores 52'.
PAR  As considered in the orientation shown in FIG. 3, which shows the assembly
      as it is from station A to station C, the slide block 22' has two radially
      extending bores 28' lying side-by-side in a plane parallel to, and through
      the axis of, the shaft. The bores respectively contain springs 29' for
      urging pins 21' radially outwardly. The heads of the pins are retained in
      the bores by a plate 30'. The slide block constitues a support for the
      pins. A projection 48' is provided for locating the slide block relative
      to the anvil. The projection engages in a bore 49' in the anvil. The pins
      21' extend into guide bores 31' in the anvil 20', the pins being long
      enough to extend so far as to project radially outwardly from the anvil to
      facilitate picking up and holding rivets in place on the anvil. Radially
      inwardly of the bottom of the bores 28' is a transverse bore 32'
      containing latching means 33' for releasably connecting the slide block
      22' to the cam follower 23'.
PAR  As also shown in FIG. 5, the latching means 33' comprises a plate-like
      member 35' slidable in the bore 32', and a spring 34' for urging the
      member 35' towards the cam follower 23'. The flat major surfaces of the
      member 35' lies in planes perpendicular to the longitudinal axis of the
      cam follower and axis of the bore 33'. The end of the member 35' nearest
      the cam follower is pointed for engaging between two rollers 37' arranged
      at the cam follower 23'. As shown in FIG. 6, the rollers are held between
      flanges 38' of a member 39' held in an annular recess 53' of the cam
      follower 23'. A grub screw 40' is provided for adjusting the spring force
      which urges the member 35' towards the cam follower. A pin 44' (FIG. 3)
      retains the member 35' in the bore 32', there being an axially extending
      slot in the member 35' through which the pin extends for allowing axial
      movement of the member 35'. Also disposed at the radially innermost
      portion, i.e. the bottom, of each slot is a block 43' into which the pin
      44' extends.
PAR  The cam follower 23' is provided with a spring 41' for urging it radially
      outwards. The spring is disposed partly in a bore 42' in the cam follower.
      The cam follower is arranged to engage with a camming surface, in this
      case a lateral edge of a plate 10" shown in part in FIG. 4 and more
      completely in FIG. 10, a guide member 24' being provided with a groove 45'
      at its radially outermost portion, in which groove cam plate 10" rides.
      The embodiment of the rotor shown in FIGS. 1 and 2 does not have such a
      cam plate 10". It will be seen, however, that the rotor shown in FIGS. 7
      and 8 has a camming surface (10 in FIGS. 7 and 8 a) arranged in a way
      similar to surface 10' of cam plate 10" described here. The cam plate 10"
      is as best shown in FIG. 10 so arranged that the radial distance from the
      shaft 2 to the camming surface 10' of the cam plate is greater at station
      C than at location D so that between station C and location D the spring
      41' is increasingly compressed. From location D to station A this radial
      distance is substantially constant. The camming surface ends abruptly at
      station A as shown in FIG. 4.
PAR  The rivet feeding mechanism 4 is arranged to deliver rivets to station A.
      The mechanism may comprise an inclined track consisting of three parallel
      plates defining a pair of inclined channels for delivering the rivets in
      pairs to station A. The rivets may be automatically fed to the track from
      a vibratory bowl or container. There may be provided a spring-loaded gate
      so arranged as to locate a pair of rivets at station A. When a located
      pair is picked up by an assembly 3' and driven thereby away from station
      A, rivets are urged through the gate which closes behind those rivets to
      locate the next pair.
PAR  The apparatus described hereinbefore is adapted to operate as follows. Let
      it be assumed that a pair or rivets has been picked up by an assembly 3'
      at station A and has been subsequently driven to station C.
PAR  In its travel from stations A to C, the assembly is as shown in FIG. 3. The
      cam follower 23' is engaged with the slide block 22' by means of the
      latching means 33'. The slide block abuts against the anvil 20', which is
      substantially at the greatest extent of its outward radial movement, due
      to the spring force of the cam follower spring 41'. The pins 21' project
      radially outwardly from the anvil holding rivets in place on the anvil. At
      station C an operator places a workpiece onto the rivets and the rack 6
      descends causing the pawl 16 to disengage from a shoulder 17. The rotor is
      held against reverse rotation by the stop 18 as hereinbefore described. As
      the rack descends the hammer 9 strikes the rivets. The anvil 20' and slide
      block 22' are forced radially inwards by the impact of the hammer. The
      plate-like member 35 rides over the lower of the rollers 37' pushing back
      against spring 36 and so the slide block disengages from the cam follower
      23'. Consequently, the slide block 22' drops rapidly onto the block 43' to
      withdraw the pins, and the anvil drops onto the shoulders of the slot
      portion 13'. The hammer is arranged to produce flanges on the rivets to
      fix them to the workpiece.
PAR  The assembly is so arranged in relation to the particular rivets which it
      is arranged to hold that the slide block disengages from the cam follower
      before the hammer hits the ends of the pins. The depth of the slot portion
      12' to the radially outer surface of the block 43' is arranged to be
      sufficient for the pins not to extend radially outwardly from the anvil
      when the slide block 22' is in its radially innermost position, and the
      depth of the slot portion 13' is arranged to allow sufficient radially
      inward movement of the anvil for the slide block to be disengaged from the
      cam follower as a result of the hammer blow.
PAR  After the hammer has hit the rivets the rack 6 ascends, and after the rack
      has ascended for a short distance as hereinbefore described pawl 16
      engages with one of the shoulders 17 to drive the assembly through another
      90.degree. from the station C to location D. During this rotation, the cam
      follower, which is disengaged from the slide block engages with the
      camming surface 10' of the cam plate. As the rotor rotates, spring 41 is
      compressed and cam follower is urged radially inwards by the camming
      surface. The cam follower re-engages with the slide block in the vicinity
      of location D.
PAR  During the interval after the rivets have been deformed and before the next
      pair of rivets are delivered the workpiece is removed.
PAR  At station A the cam plate abruptly ends so that the cam follower abruptly
      disengages from the cam plate and moves radially outwards due to the
      release of the spring 41', taking the slide block engaged with the cam
      follower with it. The resiliently mounted pins 21' are accordingly pushed
      into the bores in rivets waiting at station A. The springs 29' act to stop
      the pins from being damaged in case they do not initially engage with the
      bores of the rivets. They also allow the pins a small degree of movement
      to help the pins locate in the rivet bores.
PAR  When the rivets have been picked up the cycle described is repeated.
PAR  It is to be appreciated that various assemblies 3 or 3' can be
      interchangeably used in the slots in the rotors of FIGS. 3 and 7 in order
      to facilitate use of different sized rivets, different numbers of rivets,
      and different spacing of rivets.
PAR  The dimensions of the anvil 20 or 20', pins 21 or 21', slide block 22 or
      22' and block 43 or tube 120 of each assembly are arranged in dependence
      upon the size and arrangement of rivets to be used.
PAR  It is also to be appreciated that the anvil, slide block and pins can be
      arranged to feed rivets into a workpiece in configuration other than that
      shown in Figures wherein the pins lie side-by-side in a plane parallel to
      the axis of the shaft. The pins may, for example, lie side-by-side in a
      plane extending at an angle to the axis of the shaft.
PAR  In addition to the interchangeability of the assemblies, the position of
      hammer 9 is adjustable. It is possible to alter both the spacing of the
      hammer on the crossbar 8 from the rack 6, and also the spacing of the
      crossbar from an end of the rack. The hammer comprises a tip having rivet
      striking members 58 and is removable from the crossbar 8 so that it can be
      replaced by another hammer having a different configuration of striking
      members 58.
PAR  It is to be appreciated that embodiments of the rotor may comprise more
      than four assemblies, for instance six or eight assemblies equally spaced
      on the rotor. In that case the angle of rotation of the rotor between each
      riveting operation will be made shorter. Embodiments may also comprise a
      plurality of rotors arranged on a single shaft, or with their respective
      shafts arranged coaxially. The respective rotors may also be arranged to
      use different sizes or types of rivets. Thus a multiplicity of rivets may
      be fixed to a workpiece in one operation.
PAR  Alternatively, the rotor may be adjustable to accommodate assemblies having
      different numbers of pins for engaging with rivets.
PAR  It is also to be appreciated that the apparatus is suitable for many
      different sizes and types of rivets. For very small rivets, the pins 21
      may for example comprise nylon filaments. However, pins 21 can
      alternatively be provided to accommodate rivets of for example 1/4 inch
      bore.
PAR  It is to be appreciated that any suitable means other than the means
      described, can be used for imparting a step-by-step rotation of the rotor.
      For instance, it may be feasible to use an arrangement comprising a
      sprocket and chain, or a foot-operated pedal connected to impart the
      intermittent movement of the rack 6 could be used. It is also to be
      appreciated that there could be provided a drive means for just the hammer
      in addition to the drive means for the rack.
PAR  An embodiment of the apparatus may be so constructed as to include a rotor
      and rivet feeding mechanism as described in U.S. Pat. No. 3,101,858. Thus
      this embodiment could be used to carry out alternative riveting operations
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A riveting apparatus for tubular rivets, the apparatus comprising a
      rivet receiving and supporting structure at a first station of the
      apparatus, rivet deforming means at a second station of the apparatus for
      applying a force to deform a rivet, means for picking-up rivets from said
      structure, and conveying means for conveying the rivet pick-up means from
      the first station to the second station and back, the rivet pick-up means
      comprising:
PA1  means for engaging within a tubular rivet;
PA1  means for supporting the rivet engaging means, the supporting means being
      displaceably mounted for moving the rivet engaging means from an
      inoperative position to an engagement position in which it engages within
      a rivet at the first station;
PA1  means for urging the supporting means in a direction to produce said
      movement of the rivet engaging means to the engagement position; and
PA1  latching means for releasably coupling the urging means to the supporting
      means, the latching means being releasable by the application of force to
      the latching means;
PA1  the apparatus further comprising force coupling means for coupling the
      supporting means when at the second station to the deforming means to
      transmit a force via the supporting means and by-passing the rivet
      engaging means to the latching means to release the coupling between the
      urging means and supporting means to allow the rivet engaging means to
      withdraw from a tubular rivet into the inoperative position, and
      displacing and holding means for displacing the urging means in a
      direction to recouple the coupling between the urging means and the
      supporting means as the rivet engaging means is conveyed from the second
      station back to the first station, and for holding the urging means and
      supporting means so that the rivet engaging means is held in the
      inoperative position until it is conveyed back to the first station.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein the force coupling means
      comprises an anvil mounted on the conveying means for movement of the
      anvil away from and towards the supporting means, the anvil defining a
      throughbore through which the rivet engaging means projects when urged
      into said engagement position, and a resilient support arrangement for
      resiliently urging the anvil away from the supporting means; whereby when
      the deforming means operates rivet deforming force is transmitted via the
      anvil, by-passing the rivet engaging means, to the supporting means to
      release the coupling between the supporting means and urging means.
NUM  3.
PAR  3. Apparatus as recited in claim 2, wherein the conveying means defines a
      slot, one direction of extent of which is in the direction of movement of
      the rivet engaging means from the inoperative position to the engagement
      position, the anvil being positioned over the mouth of the slot, and the
      supporting means being accommodated in the slot.
NUM  4.
PAR  4. Apparatus as recited in claim 2, wherein the supporting means defines an
      open-ended bore, and wherein the latching means comprises a first latch
      member connected to urging means, a second latch member displaceable in
      the bore, and a spring in the bore for urging the second latch member in
      the direction out of the bore and towards the first latch member for
      engagement with the first latch member.
NUM  5.
PAR  5. Apparatus as recited in claim 2, wherein the displacing and holding
      means comprises a member defining a camming surface, and a cam follower
      coupled to the urging means so as to be urged in a direction to engage
      with the camming surface.
NUM  6.
PAR  6. Apparatus as recited in claim 2, comprising a resilient mounting
      resiliently connecting the rivet engaging means to the supporting means.
NUM  7.
PAR  7. Apparatus as recited in claim 6, wherein the supporting means defines a
      bore receiving the rivet engaging means, and the resilient mounting
      comprises a spring in the bore.
NUM  8.
PAR  8. Apparatus as recited in claim 1, wherein the force coupling means
      comprises:
PA1  a movable engagement member for engaging with the supporting means for
      transmitting to the supporting means a force to release the latching
      means; and
PA1  means for moving with the deforming means, and for so coupling with the
      engagement member at a predetermined position of the deforming means to
      displace the engagement member into engagement with the supporting means
      so as to produce an impact which releases the latching means.
NUM  9.
PAR  9. Apparatus as recited in claim 8, wherein the movable engagement member
      engages with the supporting means in wedge-fashion.
NUM  10.
PAR  10. Apparatus as recited in claim 9, comprising a displaceable structure
      coupled to the deforming means to move therewith, the structure carrying a
      cam for displacing the engagement member by wedge action to produce said
      impact.
NUM  11.
PAR  11. Apparatus as recitied in claim 8, wherein the supporting means defines
      an open-ended bore, and wherein the latching means comprises a first latch
      member connected to urging means, a second latch member displaceable in
      the bore, and a spring in the bore for urging the second latch member in
      the direction out of the bore and towards the first latch member for
      engagement with the first latch member.
NUM  12.
PAR  12. Apparatus as recited in claim 8, wherein the displacing and holding
      means comprises a member defining a camming surface, and a cam follower
      coupled to the urging means so as to be urged in a direction to engage
      with the camming surface.
NUM  13.
PAR  13. Apparatus as recited in claim 8, comprising a resilient mounting
      resiliently connecting the rivet engaging means to the supporting means.
NUM  14.
PAR  14. Apparatus as recited in claim 8, wherein the supporting means defines a
      bore receiving the rivet engaging means, and the resilient mounting
      comprises a spring in the bore.
NUM  15.
PAR  15. Apparatus as recited in claim 8, wherein the rivet pick-up means
      comprises an anvil for supporting a rivet, when engaged by the rivet
      engagement means, the anvil defining a throughbore through which the rivet
      engaging means projects when urged into said engagement position.
NUM  16.
PAR  16. Apparatus as recited in claim 15, wherein the anvil is fixed relative
      to the conveying means.
NUM  17.
PAR  17. Apparatus as recited in claim 15, wherein the conveying means defines a
      slot, one direction of extent of which is in the direction of movement of
      the rivet engaging means from the inoperative position to the engagement
      position, the anvil being positioned over the mouth of the slot, and the
      supporting means being accommodated in the slot.
NUM  18.
PAR  18. Apparatus as recited in claim 1, comprising means for positioning the
      rivet pick-up means in a predetermined position relative to the second
      station so that the deforming means can locate accurately with a rivet at
      the second station.
NUM  19.
PAR  19. Apparatus as recited in claim 18, comprising a support structure for
      the apparatus, the positioning means comprising an abutment surface on the
      conveying means, a stop member displaceably supported on the support
      structure for displacement into engagement with the abutment surface, and
      means coupled to move with the deforming means for disengaging the stop
      member from the abutment surface in dependence upon the position of the
      deforming means relative to the conveying means.
NUM  20.
PAR  20. Apparatus as recited in claim 1, wherein the conveying means comprises:
PA1  a first end member defining a groove;
PA1  a second end member defining a groove; and
PA1  a spacer holding the end members relative to one another so that the
      grooves of the end members are aligned so as to define a slot having a
      direction of extent in the direction of displacement of the rivet engaging
      means from the inoperative position to the engagement position;
PA1  the slot accommodating the supporting means, urging means and latching
      means.
NUM  21.
PAR  21. Apparatus as recited in claim 1, comprising an apparatus support
      structure including a shaft on which the conveying means is arranged, the
      conveying means being rotatable on the shaft for conveying the rivet
      pick-up means from the first station to the second station and back, and
      drive means for intermittently rotating the conveying means.
NUM  22.
PAR  22. Apparatus as recited in claim 21, and comprising a displaceable
      structure coupled to the shaft by means for converting displacement of the
      structure into rotation of the conveying means on the shaft, the drive
      means being coupled to the deforming means for displacing the deforming
      means together with the conveying means.
NUM  23.
PAR  23. Apparatus as recited in claim 22, wherein the converting means
      comprises a ratchet and pawl mechanism coupling the conveying means to the
      displaceable structure.
NUM  24.
PAR  24. Apparatus as recited in claim 22, comprising means for preventing
      reverse rotation of the conveying means, which preventing means are
      arranged on the apparatus support structure for engaging with the
      conveying means.
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ABST
PAL  Fasteners, such as nails, tacks, screws, rivets or the like are
      continuously fed from a vibratory, bowl feed-type supply hopper into a
      vibrating delivery chute or slide from whence they are removed, one at a
      time, by an escapement mechanism and delivered into one end of a feed
      conduit that is connected at the other end to a fastener driving device.
      An air supply is connected to the conduit downstream from the outlet of
      the escapement mechanism thereby inducing a negative pressure which pulls
      the fasteners from the escapement mechanism and delivers them headfirst
      into the conduit and on to the receiving chamber of a fastener driving
      device. The fasteners are delivered into the receiving chamber headfirst
      in a rearward direction into engagement with the front end of the drive
      piston.
PAL  Some type of aligning means, such as a magnet or a concave indention in the
      front end of the drive piston or plunger axially aligns the shaft of the
      fastener with the barrel of the device, as the fastener is moved forwardly
      a prescribed distance, a microswitch deactivates the air supply in the
      conduit to prevent misfiring. Return of the drive piston returns the
      microswitch to its second position which activates the escapement
      mechanism to feed the succeeding fastener.
PAL  The escapement mechanism includes a sliding plate for picking off the
      fasteners one at a time from the delivery slide at a first position and
      moving them over to a second position in communication with the outlet of
      the escapement mechanism. A groove in the slide insures a negative
      pressure within the escapement mechanism at all times while the air supply
      is activated to insure proper feeding of the fasteners. Also the delivery
      slide itself is vibrated by connecting it either directly or indirectly to
      the pulsating motor of the vibratory type hopper to insure movement of the
      tacks along the delivery slide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, automatic tack hammers which receive tacks from a hopper
      and drive them at high speeds have become known. Areas in which such
      devices have not developed wide acceptance, however, is in the field of
      tacking decorative nails into upholstered furniture and screw driving
      devices. Such decorative nails are generally round-headed, which create
      problems both in the feeding control, and also in the alignment of the
      nail once it is in the chamber of the automatic hammer. For examples of
      automatic tack hammers and feeders therefor, attention is directed to U.S.
      Pat. Nos. 2,994,880, 3,283,985, and 3,305,155.
PAR  One of the problem areas resides in the escape mechanism which removes
      fasteners one at a time from a delivery slide and drops them into a
      pneumatic conduit for delivery individually to the hammer. At the outlet
      of the escape mechanism, it is known that the fasteners may be dropped by
      means of gravity into the conduit. Since the initial movement of the
      fastener responsive to the gravity is relatively slow, this considerably
      slows down the operation of the mechanism. If the mechanism is attempted
      to be operated too fast, the escape mechanism will return to a closed
      position and again engage the fastener head before it has had a chance to
      drop through the outlet opening In order to combat this problem,
      previously known devices have introduced a jet of air upstream from the
      discharge outlet of the escape mechanism to force the fastener out of the
      escape mechanism fastener, however this also presents a problem,
      previously unsolved, in that when a jet of air is introduced upstream from
      the escape mechanism outlet, some of the air blows back through the escape
      mechanism into the delivery slide which may cause misfeeding of the
      fasteners, and again slows down the feeding procedure.
PAR  A further problem that must be considered is that the tacks must be fed
      head first, because otherwise the point of the tack may snag in the wall
      of the flexible conduit and jam the apparatus. Since the fastener is
      delivered headfirst, it must be returned to the point first position in
      the drive mechanism.
PAR  It is apparent that the shank of the fastener must be coaxially aligned
      with the longitudinal axis of the receiving chamber. Otherwise, the drive
      piston will urge the fastener into the workpiece at an angle, causing
      bending of the nails or screws or improper fastening. A previously known
      solution for this has been the use of resilient "dogs" on the side of a
      barrel which engage and grip the head of the fastener and maintain it in
      proper alignment, however such dogs protrude outwardly from the barrel and
      prevent access of the gun or hammer to places where access is necessary.
PAR  Since air is being used to feed fasteners into the hammer, the fasteners
      may be inadvertently discharged through the front end of the barrel during
      forward movement of the drive piston unless the air pressure can be
      selectively deactivated during the step. Also, the air that delivers the
      fastener into the receiving chamber must be released, and if vented
      properly can be used to advantage.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In the apparatus according to the present invention, however, various
      solutions to the aforesaid problems have been introduced which therefore
      make the apparatus a novel and unique machine whereby decorative nails,
      screws with round heads, and even rivets may be automatically dispensed at
      rapid feeds never before realized. First of all in the escape mechanism,
      the gravity drop or blowdown jet of air has been replaced by an air stream
      for conveying the fasteners which is introduced downstream from the
      discharge outlet of the escape mechanism. Therefore, a negative pressure
      is induced at the outlet of the escape mechanism which is effective to
      assist removal of the fastener from the outlet, and which does not include
      the attendant blow-back problems. To the contrary, a slot is provided in a
      selector slide of the escape mechanism through which the negative air
      pressure communicates with the delivery slide, to insure that the
      fasteners in the slide are always urged downwardly toward the escape
      mechanism, rather than being blown back in the opposite direction.
PAR  The delivery slide which connects the supply hopper with the escape
      mechanism is vibrated by means of a unique arrangement whereby the slide
      is secured or attached to the body of the vibrating type hooper and picks
      up the vibrations therefrom to properly insure movement of the fasteners
      down the slide.
PAR  The fasteners are fed head first from the escape mechanism through the
      conduit to the driving mechanism, thereby preventing snags in the feeding
      process. As the nail enters the receiving chamber of the hammer, it is
      moved rearwardly by air pressure into engagement with the front end of the
      drive piston. The air from the conduit assists in properly feeding the
      fastener and where nails or tacks are being fed, a magnet or concave area
      in the front end of the drive piston insures that the proper axial
      alignment of the shaft is retained. The magnet or concave area eliminates
      any need for aligning dogs, o-rings or the like as will be explained
      hereinafter. In the case of screws, the air pressure and screwdriver blade
      insure proper axial alignment.
PAR  One or more vent holes are provided through the wall of the receiving
      chamber immediately adjacent the underside of the fastener head as it
      rests against the front end of the drive piston. The vent holes allow the
      air pressure from the conduit to bleed off slowly the atmosphere, although
      at the same time facilitating the centering and aligning procedure.
PAR  As the fastener is moved forwardly, by the drive piston, and as the point
      of the fastener moves past the inlet from the conduit, so that the
      fastener cannot inadvertently fall back into the conduit, the air supply
      is cut off by a microswitch, so that inadvertent discharge of the nail or
      screw is prevented.
PAR  It is therefore an object of the present invention to provide an improved,
      automatic, fastener driving mechanism and an improved feeding device
      therefor.
PAR  It is further an object of this invention to provide an improved escapement
      mechanism in a feed system for an automatic fastener driving mechanism in
      which the air stream which conveys the fasteners to the drive mechanism
      creates a negative pressure at the outlet of the escape mechanism to both
      aid the discharge of fasteners from the escapement mechanism and to
      facilitate movement of fasteners into the escapement mechanism.
PAR  It is yet another object of the present invention to provide a pneumatic
      tack hammer with an improved receiving chamber in which fasteners received
      therein are fed rearwardly into engagement with and maintained in
      engagement with the front end of the drive piston.
PAR  It is still a further object of the present invention to provide a tool of
      the type described wherein the drive piston includes an aligning means in
      the front end thereof to align nail or tack shanks, thus eliminating
      "dogs", springs, o-rings, and the like.
DRWD
PAR  Other objects and a fuller understanding of the present invention will
      become apparent from a reading of the detailed description of the
      preferred embodiment in connection with the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective view of the automatic fastener emplacement
      mechanism of the present invention;
PAR  FIG. 2 is an exploded perspective view of the escapement mechanism;
PAR  FIG. 3 is a front view of the escapement mechanism illustrated in FIG. 2;
PAR  FIG. 4 is a sectional view taken substantially through lines 4--4 of FIG.
      2;
PAR  FIG. 5 is a bottom view of the selector slide showing the air groove which
      connects the inlet and outlet of the escapement mechanism; and
PAR  FIG. 6 is an elevation view, partly in section, illustrating the fastener
      driving mehcanism.
DETD
PAR  Turning now to a description of a preferred embodiment, and with particular
      reference to FIG. 1 of the drawings, the apparatus of the present
      invention includes a supply hopper 10 and an escapement mechanism 30
      connected by a delivery means 20 which continuously removes fasteners F
      from the supply hopper 10 for delivery to the escapement mechanism 30. A
      pickoff means 32 forms part of the escapement mechanism 30 and is
      reciprocal between a first position where fasteners are received one at a
      time at inlet 34 and transferred to a second position at outlet 48 which
      is in communication with a conduit 50.
PAR  An air input means 52 connects a source of compressed air with conduit 50
      at a point downstream from the outlet 48 of said escapement mechanism 30
      and is selectively operated to direct an air stream through the conduit
      toward the fastener driving mechanism 60. The downstream air input means
      52 creates a negative pressure zone at the outlet 48 of the escapement
      means 30 causing fasteners to be drawn headfirst by a vacuum from the
      outlet and into the conduit, whereupon the compressed air blows the
      fastener headfirst toward the fastener driving mechanism. Conduit 50 is
      connected at one end to the outlet as aforementioned, and at the other end
      to the inlet 62 of the fastener driving machine 60.
PAR  The fastener driving mechanism 60 is of the type which includes a barrel 64
      containing a reciprocal drive piston of the type which may have either a
      hammer or a screw driver head. A front barrel assembly 66 receives
      fasteners through an inlet therein, with the opening forming the inlet 62
      commencing at a point toward the front of said barrel assembly 66 and
      slanting inwardly toward the rear of a receiving chamber 74. Conduit 50
      connects the front barrel assembly 66 with the automatic feed system set
      forth hereinabove. The fastener is delivered headfirst into the receiving
      chamber and rearwardly into engagement with the front end of the drive
      piston when in its withdrawn position. One or more air outlets 70 extend
      through the wall of front barrel assembly 66 at a point between the
      opening and the rear end of receiving chamber 74 to allow air to bleed off
      while holding the fasteners in proper engagement with the drive piston.
PAR  During foward movement of the drive piston the air supply through conduit
      50 is cut off when the fastener reaches a prescribed point, so that
      fasteners are not inadvertently discharged. Otherwise the air supply
      continuously pushes against the underneath side of the fastener head and
      holds it against the front end of the drive piston.
PAR  Turning now to a more detailed description of the components of the system,
      the supply hopper 10 is a conventional commercially available virbratory
      bowl feed, substantially of the type illustrated and described in U.S.
      Pat. No. 3,160,762. Fasteners are placed in the bowl which includes a
      conical bottom and a perimetral wall provided with an upwardly extending
      inclined helical track, wherein as the bowl is vibrated, the fasteners are
      continuously fed upside down up the helical track to an outlet 16 at the
      top. The supply hopper is secured at the base thereof to the bottom frame
      12 of the feed mechanism housing 14. (The cover of the housing has been
      removed in FIG. 1 for the sake of clarity).
PAR  Delivery means 20 includes an inclined trough 22, which, for tacks and
      nails, is substantially an inverted T-shaped member having its upper end
      24 in communication with the outlet 16 of hopper 10 for receiving
      fasteners therefrom in a continuous single file arrangement. The lower end
      26 of trough 22 is in communication with the inlet 34 of the escapement
      means 30, as will be further described hereinafter. Although the drawings
      illustrate nails and tacks being fed along trough 22 in an upside down
      orientation, screws should, to the contrary, be fed head up, because
      screws are not easily controlled head down, since the shank is heavier
      than the head and tends to topple.
PAR  Trough 22 must be vibrated so that the fasteners will proceed therealong
      without hanging up or jamming. Vibration of the trough may be accomplished
      in one of several ways. The trough 22 may be mechanically connected
      directly to the bowl portion of the supply hopper as illustrated in FIG.
      1. Alternatively, the trough 22 and supply hopper 10 may be attached to
      the same frame member so that vibrations from the supply hopper pass
      through the frame member to the trough 22. A third means of connection
      would be to attach the delivery trough 22 to the base of the supply hopper
      which contains the vibrating motor. In any event the inclined trough or
      track 22 vibrates causing the fasteners to move smoothly therealong to the
      inlet 34 of the escapement means 30.
PAR  Turning now to FIGS. 2-5, the escapement means 30 includes a stand 36,
      which in turn includes a support base 38, mounted in any suitable way to
      frame 12 or housing 14, and two upstanding posts 40 which support at the
      upper end thereof a plate 42. Plate 42 includes a central longitudinal
      groove 44 forming a trough for the reception of the pickoff means 32, and
      inlet opening 34 is formed through one side wall of plate 42 to provide
      communication between trough 22 and selector slide 32. An outlet opening
      48 extends through the bottom wall of plate 42 at a point longitudinally
      spaced from the inlet 34 through which fasteners are discharged into
      conduit 50. It will be seen that fasteners enter the assembly at inlet 34
      and leave through outlet 48 as hereinafter described.
PAR  A tubular nipple 31 extends downwardly from outlet 48 in plate 42 and
      provided a means for connecting the flexible conduit 50 with the
      escapement means 30 as well as providing a means through which a source of
      air pressure is introduced. A second tubular section 33, transverse to
      nipple 31 is attached to the side wall of nipple 31 and extends outwardly
      therefrom to provide a connection for the source of air pressure. An
      inclined, incoming air port 35 extends through the side wall of the first
      tubular section 31 at an angle inwardly and downwardly in a direction away
      from the outlet 48 in the base of the longitudinal groove 44. So arranged,
      air entering through port 35 moves downwardly away from opening 48
      creating a negative pressure or vacuum at that point which tends to draw
      the fastener headfirst downwardly through nipple 31 into conduit 50. It
      should also be noted that nipple 31 could extend upwardly from the escape
      mechanism, as the vacuum would be sufficient to draw the fastener head
      first upwardly into conduit 50, if desired.
PAR  A cover 90 is mounted atop plate 42 in any conventional manner as with
      screw fasteners which extend downwardly through corresponding holes in
      cover 90 and plate 42. A longitudinal slot 94 through cover 90 extends
      parallel to the path of the longitudinal groove 44 in plate 42 for reasons
      to be hereinafter described. A second, L-shaped slot 92 also extends
      through cover 90 commencing at a point along the entrance edge of the
      escape mechanism 30 in registry with inlet 34 and longitudinally from a
      point inwardly thereof along a line parallel with longitudinal groove 44
      at least as far as the outlet opening 48 in plate 42. The L-shaped slot
      permits fasteners to be moved relative to cover 90 into slide 32 and
      longitudinally to outlet 48.
PAR  The pickoff means 32 comprises a base or slide 98 of approximately the same
      width and depth as the longitudinal groove 44, so that it may slide back
      and forth within the groove, and a tongue 100 extending upwardly from base
      98 through the longitudinal slot 94 in cover 90. So arranged, slide 98 is
      reciprocal back and forth between a position for the reception of
      fasteners through the inlet 34 and a second position for discharging
      fasteners through outlet 48. The slide 98, as is the case with cover 90
      and plate 42 includes a slot 102 extending inwardly through the base 98
      for the reception of fastener shanks. An enlarged recess 104 is provided
      in the underside of plate 98 immediately beneath slot 102 to provide
      clearnace for the fastener heads as they enter the escapement means.
PAR  An air slot 106 extends from the recess 104 to a point spaced therefrom and
      in the same direction as the outlet 48, so that when pickoff means 32 is
      in the receiving position for receiving fasteners at inlet 34, the vacuum
      from outlet 48 is transmitted over to the inlet 34 thereby pulling the
      fasteners in the inclined track 22 downwardly toward the escapement means.
      This is a very important feature of the escapement means, because besides
      preventing blowback of the fasteners up the inclined trough 22 as is the
      case when a positive pressure exists at the outlet 48, the vacuum or
      negative pressure encourages proper feeding of the fasteners into the
      escapement mechanism 30 from the trough 22, thereby facilitating and
      improving the feeding operation. A solenoid 108 is mounted on cover 90 and
      the operating piston 110 thereof is operatively connected to the upper end
      of tongue 100, so that activation of the solenoid causes the slide to
      reciprocate back and forth within the stationary cover and plate assembly.
PAR  Means 30 head up, the upper elements of the escapement mechanism 30
      including the plate 42, nipple 31, pickoff means 32, and cover 90 are
      thereby easily inserted to draw the screws out the top thereof. In such an
      arrangement, the air supply will feed into nipple 31 at a point above
      plate 42 and provide such a negative pressure or vacuum as to draw screws
      out the top of the escapement means 30 overcoming the natural force of
      gravity.
PAR  Conduit 50 is connected at one end thereof to the downwardly extending
      nipple 31, and at the other end thereof to the fastener driving mechanism
      60 as hereinafter described. The fastener driving mechanism 60 includes a
      conventional main barrel and motor assembly 61, a telescoping barrel
      portion 64, and into the rear end of the front barrel assembly 66.
PAR  An air and fastener inlet 62 extends through the wall of front barrel
      assembly 66 beginning at a point toward the front end thereof and tapering
      inwardly and rearwardly into communication with an inner receiving chamber
      74. A curved connector member 72 is secured to the front barrel assembly
      at a point surrounding opening 62 and initiates the curved path of the
      fasteners into the receiving chamber 74 through inlet 62. As the fastener
      enters receiving chamber 74 it is urged rearwardly by the air pressure
      into engagement with the drive piston 76 which in turn is secured to and
      operated by the main barrel and motor assembly 61. It should be noted that
      although a screw driver head is shown on the drive piston 76, a hammer
      like head for driving nails and tacks instead of screws may be used. In
      such a case, it is preferable to use a substantially flat driving head in
      which the front end includes an aligning means in the form of a concave
      area or is magnetic for reasons to be hereinafter discussed.
PAR  A plurality of air outlets or vents 70 are provided through the wall of the
      front barrel assembly 66 at a point between the inlet 62 and the drive
      piston 76. These air vents allow the air entering the receiving chamber 74
      to bleed off, rather than building up and causing turbulance and high
      pressure. The vents 70 are so positioned as to be approximately aligned
      with the underside of the head of the fastener when it is up against the
      drive piston 76. So arranged, the air helps to maintain the fastener
      against the drive piston 76, and further facilitates alignment of the
      fastener shank, so that as the drive piston 76 begins its forward
      movement, the fastener may be driven or screwed straight into the work,
      rather than at an angle thereto. In the screwdriver type apparatus, the
      tongue at the front end of the drive piston will engage the slot in the
      screw head to also help maintain the fastener in proper axial alignment.
      In the nail or tack driving type apparatus, the combination of the air
      pressure against the underside of the head along with the aligning means
      at the front end of the plunder 76 head will keep the nail or tack shank
      properly aligned.
PAR  It should be noted in this regard that in the magnetic tack hammers,
      decorative (round headed) nails or tacks that have a round brass head with
      a steel shank may be used as well as flat head tacks, and the magnetic
      front end of the drive system will attract the steel shank to properly
      orient the tack within the receiving chamber.
PAR  As the drive piston 76 begins its forward movement, it is necessary to cut
      off the air supply at some point as hereinabove mentioned. Otherwise, as
      the fastener head moves past the inlet 62, the air pressure may
      inadvertently blow the fastener out the front end of the fastener driving
      mechanism before it is in engagement with the work piece. Toward this end,
      a microswitch assembly 78 is attached to the telescoping barrel portion 64
      and includes a trip 80 extending through the barrel wall into the path of
      the main barrel. Microswitch assembly 78 is electrically connected by
      means of electrical line 110 to solenoid 108 for the operation thereof,
      and is electrically connected to a valve (not shown) in air supply line 52
      for turning on and off the air supply to the escapement mechanism as
      described hereinafter.
PAR  As the telescoping portion of the barrel moves relative to the main portion
      of the barrel, as when the operator places the front barrel assembly 66
      into engagement with the work piece and provides a slight pressure
      thereagainst, the main barrel slides within the telescoping portion 64.
      The switch trip 80 is so positioned that movement of the barrel 60 through
      a distance necessary to reach trip 80 is equal to the distance necessary
      to move the fastener F in the receiving chamber forward sufficiently to
      clear the air inlet 62. The microswitch 78 is then closed which in turn
      shuts off the air supply 52 until the fastener has been driven into the
      work piece and the main assembly 61 returns past and releases switch trip
      80. Release of switch trip 80 also activates solenoid 108 to move another
      fastener through the escape mechanism.
PAR  In operation fasteners F are deposited in the supply hopper 10, and when
      the operator is ready to commence use of the apparatus, the vibrating
      motor of the supply hopper 10 is turned on causing the fasteners to work
      their way up the inclined helical track around the hopper to the outlet 16
      thereof. The fasteners then proceed in single file into the inclined
      trough 22 of the delivery means 20, which is also vibrating, whereupon the
      fasteners travel down the trough to the entrance of the escapement means
      30.
PAR  The reciprocating selector slide 96, which is operated by the solenoid 108
      in response to release of switch trip 80, moves from a first or receiving
      position where the receiving slot 102 thereof is aligned with inlet 34 of
      plate 42 and slot 92 of the cover 90. As the slide moves to its second or
      discharge position, it carries with it a single fastener F to a point
      where the fastener (tacks or nails in the illustrated case) is positioned
      over the outlet 48 in the bottom of longitudinal groove 44. The vacuum or
      negative air pressure draws the fastener out of the slide 96 and into
      conduit 50, where it is carried on to the fastener driving mechanism. The
      negative air pressure or vacuum is produced by means of the air supply
      which enters the first tubular section 31 or the conduit 50 through an
      inclined air port 35 which directs the air in a direction away from outlet
      48. As the slide 96 returns to its receiving position, the air slot 106 in
      the bottom side of the base 98 of the slide provides communication between
      the negative air pressure at the outlet and the delivery means 20 which
      always urges the fasteners down the inclined trough 22 into the escapement
      means 30, thereby facilitating the feeding operation.
PAR  As the fastener proceeds through conduit 50 in a headfirst direction,
      another fastener has already entered receiving chamber. After the
      preceding fastener is implaced, reactivation of the air supply 52 blows
      the subject fastener headfirst rearwardly into the receiving chamber 68
      and a second fastener enters conduit 50. The continuous air pressure
      against the underside of the head maintains the fastener in engagement
      with the front end of the drive piston (which may be either a screw driver
      head or tack hammer head). The air is continuously bled off through air
      vents 70 provided through the wall of the front barrel assembly at a point
      between the inlet and the drive piston. As the trigger 58 is pulled drive
      piston 76 moves forwardly and the main barrel assembly 61 engages switch
      trip 80 of microswitch 78 which cuts off the air supply through conduit
      50, so that the fastener is not inadvertently blown out the front end of
      the front barrel assembly 66 as the head of the fastener passes the inlet
      62. A third fastener is picked off from the delivery means 20 when the
      drive piston 76 of the fastener driving mechanism 60 return to its
      withdrawn position and releases switch trip 80, as the second fastener
      enters the receiving chamber 74.
PAR  Various modifications of the above described embodiment of the invention
      will become apparent to those skilled in the art, such as those necessary
      to drive screws or rivets. It is understood that such modifications can be
      made without daparting from the scope of the invention, which is set forth
      in the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatic fastener driving mechanism and continuous fastener supply
      mechanism therefore comprising in combination:
PA1  a. supply hopper and delivery means for continuously removing fasteners
      from said supply hopper;
PA1  b. escapement means having an inlet adjacent said delivery means and an
      outlet, said escapement means including a pickoff means for receiving
      fasteners at said inlet and delivering them one at a time to said outlet;
PA1  c. a fastener conduit connected at one end to said outlet and at the other
      end to said fastener driving mechanism, said conduit selectively receiving
      fasteners headfirst from said escapement means for delivery to said
      fastener driving mechanism;
PA1  d. air input means connected to said conduit at a point downstream from
      said outlet of said escapement means, said air input means selectively
      directing an air stream toward said fastener driving mechanism and
      establishing a negative air pressure at the outlet of said escapement
      means, whereby fasteners are urged by vacuum from said outlet into said
      conduit without an attendant blowback of fasteners in said delivery means;
PA1  e. said automatic fastener driving mechanism including a barrel containing
      a reciprocal drive piston, said barrel means further including a front
      barrel assembly attached to the front end of said barrel assembly and
      including a longitudinally extending receiving chamber;
PA1  f. said front barrel assembly further including a fastener inlet through
      the wall thereof, said inlet commencing at a point near the front of said
      barrel assembly and being slanted inwardly toward the rear of said
      receiving chamber;
PA1  g. means for connecting said inlet with said conduit;
PA1  h. at least one air vent extending through said barrel assembly at a point
      between said fastener inlet and a rear end of said receiving chamber;
PA1  i. whereby fasteners are fed by air pressure head first through said
      opening and into contact with the front end of said piston when in its
      withdrawn position, said air pressure escaping through said vent and
      holding said fastener in proper engagement with said drive piston within
      said receiving chamber.
NUM  2.
PAR  2. The apparatus according to claim 1 and further including a switch means
      cooperatively connected with said barrel assembly for activation in
      response to a forward movement of said fastener in said receiving chamber,
      said air input means being selectively deactivated in response to
      activation of said switch means and said escapement means being activated
      in response to a deactivation of said switch means.
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ABST
PAL  A magazine for fastener-driving apparatus includes a guide on which the
      fasteners are located, a slide movable along the guide under the action of
      a spring to feed the fasteners into a driving position and a cover which
      fits over the guide. The cover is displaceable in a direction transverse
      to the feed direction into a release position to permit the introduction
      of fasteners into the magazine.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a magazine for apparatus for the driving-in of
      staples, nails or like fastener elements, said magazine including a guide
      which is capable of being fastened to the apparatus housing and by which
      fastener elements in the form of strips are received, and a slide, which
      cooperates with the guide and serves, in use, under the action of a feed
      spring, to feed the fastener elements along the guide to an ejection
      channel of the housing, the magazine also including a resiliently
      displaceable cover above the guide which is movable laterally into a
      release position to permit the introduction of fastener elements but which
      prevents, in its operative position, the fastener elements from falling
      out of the magazine.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A series of magazines which have a number of disadvantages, have become
      known, more especially for pneumatic nailing apparatus. There is known
      from U.S. Pat. No. 2,585,942 a magazine for a pneumatic nailing machine
      which works according to the socalled top loading principle. The top of
      the magazine is covered by a rail which is pulled back completely for the
      loading process in order to release a staple carrier on which the U-shaped
      staples are placed. Through the pulling-back of the covering rail the
      staple slide is also pulled back into its retracted position. In the case
      of such a magazine, insertion of the U-shaped staple bars takes place in a
      comparatively complicated manner and this impedes a fast working rhythm.
      This known magazine also proves to be disadvantageous when long-limbed
      staples are used, since there is then little free space between the
      magazine and the handle that is gripped by the hand of the operator. An
      accurate guide, which is moreover subject to considerable wear, is
      necessary for the covering rail. Finally, the long covering rail, which is
      pulled rearwardly through a considerable distance, disturbs the loading
      process.
PAR  There has also become known, for a stapling apparatus, a magazine working
      according to the so-called bottom loading principle, in the case of which
      the stapling apparatus is held on its head for the loading process.
      Through the pushing-back of a bottom plate, the interior of the magazine
      is exposed for the purpose of inserting staple strips. This magazine
      presents the hitherto best loading system, but it is unsuitable for large
      instruments, since it cannot be expected of anyone to turn over large
      pneumatic instruments which are comparatively heavy.
PAR  In addition, there is known a magazine for apparatus for the driving-in of
      fastener elements, in the case of which the staples are pushed from the
      rear on to a staple carrier. This magazine has the advantage that no long
      projecting movable parts are provided. As a result of the absence of
      movable parts very little wear occurs. However, it is disadvantageous that
      the strip of staples has to be mounted in a troublesome manner on the
      staple carrier in the interior of the magazine. The staple strips are then
      pushed forward as far as a stop spring, so that the resilient arms of the
      staple slide do not push the staples out again when they slide back along
      the staple limbs.
PAR  There have furthermore become known magazines which work according to the
      top loading principle and which can either be swung out laterally, about a
      vertical axis, into a loading position (German Auslegeschrift No.
      1,188,009) or which can be swung into the loading position about an axis
      parallel to the handle (German Offenlegungschfrift No. 1,478,916).
      However, the expenditure required for this purpose is comparatively high.
      Particularly in the case of large apparatus with a high driving force, it
      is desirable that the guide channel for the fastener elements should not
      be connected to the magazine in a releasable manner but that it should be
      positively connected.
PAR  A magazine for a nailing device is also known which is pulled forwardly for
      loading, in order to provide access to the interior of the magazine from
      above. Access is particularly good here, but since the entire, normally
      fairly heavy magazine has to be moved, effective guide tracks, which are
      of necessity subject to wear, are required. Moreover, such a magazine
      renders necessary an additional safety device for the loading position.
PAR  There is another known stapling magazine in which the guide rail receiving
      the staples is arranged relatively freely. Merely a spring rail presses
      downwardly on to the crosspieces of the staples or on to the back of the
      staple slide. For loading, the staple slide is locked, against the spring
      force of the feed spring, in a rearward position and the spring rail is
      bent sidewards. However, this process is time-consuming, because the
      staple strips are pushed on to the staple carrier against the spring force
      of the spring rail.
PAR  Finally, a stapling magazine for a stitching instrument has become known in
      which a steel band is arranged above the guide rail which receives the
      staples, which steel band penetrates the staple slide. The steel band
      entirely or partially releases the magazine region behind the staple
      slide. However, a partial covering is disadvantageous because access is
      difficult. A complete release is, however, only achieved with the aid of
      coil springs which do not ensure an adequate guidance and covering of the
      staples. Moreover, the expenditure for a cover is comparatively high, in
      the event of coil springs being used.
PAR  It is therefore an object of the invention to provide a magazine for an
      instrument for the driving-in of fastener elements which can be operated
      in a simple manner, is low in expenditure and ensures easy access to the
      magazine.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, the cover is guided for displacement
      transversely to the feed direction of the slide against the action of a
      spring for movement from its operative position towards its release
      position.
PAR  In the magazine according to the invention, the cover fulfils two
      functions. On the one hand, it forms an effective cover for the guide and
      a reliable guide track for the fastener elements. On the other hand, the
      cover represents, in its release position, into which it is brought by
      lateral displacement thereof, a guide for the staples or other fastener
      elements during the loading process. By this means, it is not necessary
      that the fastener elements are introduced vertically from the top, since
      during insertion they are guided into their correct positions with the aid
      of the cover. A further advantage is the low expenditure for the magazine
      according to the invention. Moreover, the cover does not, in the position
      of release, form a disturbing projecting part which makes handling of the
      entire apparatus difficult. Finally, the cover completely releases, in its
      release position, the upper side of the magazine, so that the entire
      length of the magazine can be used effectively.
PAR  In one embodiment of the invention, first releasable locking means are
      provided for holding the cover in the release position.
PAR  The cover may include at least one guide surface which cooperates with a
      stationary counter-guide surface in such a way that, upon displacement
      into the release position, the cover is displaced obliquely relative to
      the feed direction. In this way it is possible to couple displacement of
      the cover into its release position with displacement of the slide into
      its retracted position, which occurs along the feed direction. In this
      connection, it is furthermore preferred that the cover has, at its
      rearward end, a stop surface which cooperates with a stop surface on the
      slide when the latter is brought into its retracted position, against the
      action of the feed spring, and presses the cover rearwardly. Pulling-back
      of the slide into the loading position thus automatically leads to
      displacement of the cover into its release position.
PAR  The stop surfaces may be arranged parallel to one another and extending
      obliquely to the feed direction. If the slide is pulled backwards and the
      stop surfaces are in engagement with one another, then the latter move
      relatively against one another, while the cover is displaced into its
      release position. Second releasable locking means, which simultaneously
      form the first locking means for the cover, are conveniently provided for
      holding the slide in its retracted position. As long as the slide is held
      in its retracted position, the cover is disposed in its release position.
PAR  There are various possibilities for effectively guiding the cover. In one
      embodiment of the invention, the guide surfaces on the cover are formed by
      an inclined slot, through which there is guided a pin which is stationary
      relative the magazine and which forms the counter-guide surface.
      Advantageously, there are provided two such inclined slots and two pins.
PAR  The magazine according to the invention is intended for use with fastener
      elements of any desired design, but it is particularly advantageous for
      use with U-shaped staples. The guide preferably comprises a vertical guide
      rail, on which the staples are located; the slide is likewise located on
      the guide rail and is provided with lateral arms for the staple feed,
      which arms extend approximately parallel to the sides of the guide rail,
      and the guide rail has, adjacent the rear thereof, a shoulder which forms
      a locking stop for the front end of the associated slide arm. When being
      moved into the retracted position, the front end of the associated slide
      arm engages behind the shoulder, whereby the slide is held in the
      retracted position. The slide may comprise, on one side, a handle which is
      manually operable, and the shoulder is provided on the side of the slide
      that is remote from the guide rail. Since the slide has a certain
      clearance in relation to the guide rail, it can, through the operation of
      the handle, be swung in such a way that the shoulder releases the
      associated arm, so that the slide can, under the action of the feed
      spring, bear against the last staple of the strip of staples.
PAR  To facilitate location of the slide in its retracted position and
      disengagement thereof from the shoulder, the guide rail preferably
      comprises, rearwardly of the shoulder, an inclined surface such that the
      cross-section of the guide rail tapers from top to bottom, and there is
      arranged, in the region of the inclined surface, a resilient pressure
      element which is movable towards the inclined surface so as to press the
      adjacent arm of the slide against said inclined surface. With the aid of
      the inclined surface and the pressure element, the slide is somewhat
      tilted, so that the front of the one slide arm can effectively enter into
      engagement with the shoulder on the guide rail. Tilting of the slide in
      the opposite direction towards the pressure element releases the slide
      from its position of engagement.
PAR  The guide desirably comprises a vertical guide rail on which the staples
      and the slide are located and there is arranged, parallel to the guide
      rail, a carrying rail which is fastened to the apparatus housing. The
      carrying rail has an upper plane surface, which serves as a guiding
      surface for the cover. In a preferred embodiment the carrying rail has a
      vertical surface which extends approximately parallel to the adjacent
      surface of the guide rail, the distance between these surfaces being
      slightly greater than the width of a limb of a staple, and the side of the
      cover that faces the guide rail is, in its release position, aligned with
      the surface of the carrying rail. In the release position of the cover,
      the surface thereof which faces the guide rail forms, with the respective
      surface of the carrying rail, a continuous sliding surface for the one
      limb of the staples, the provision of which continuous surface facilitates
      the insertion of the staples into the magazine.
PAR  The carrying rail preferably has a U-shaped profile and one limb is
      fastened to the outer side of a carrier plate, on which the guide rail is
      also fastened, the outer surface of the other limb of the U forming the
      guide surface for the cover, and the outer surface of the base of the U
      faces the guide rail. In the interior of the U-shaped carrying rail, the
      feed spring which acts on a pin of the slide is provided, which pin passes
      through a longitudinal slot in the base of the U-shaped carrying rail. In
      this manner, there is provided a favourable arrangement of the feed spring
      which can, for example, be a coil spring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatical view of a pneumatic device for the driving-in of
      staples with a magazine according to the invention,
PAR  FIG. 1a is an elevational view of the opposite side of the staple driving
      machine,
PAR  FIG. 2 is a section through the magazine of FIG. 1 along the line 2--2,
      during the insertion of a staple strip,
PAR  FIG. 3 is a section through the magazine of FIG. 1 along the line 3--3,
PAR  FIG. 4 is a section through the magazine of FIG. 1 along the line 4--4,
      with the staple slide in the pulled-back position,
PAR  FIG. 5 is a plan view of the magazine of FIG. 1, with the covering rail in
      the release position,
PAR  FIG. 6 is a plan view of the magazine of FIG. 1, with the covering rail in
      the covering position, and
PAR  FIG. 7 is a detail sectional view of part of the magazine with the covering
      rail in the release position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The pneumatic stapling device shown in FIG. 1 comprises a housing 1, a
      staple magazine 2, a head, consisting of two tools 3 and 4 which together
      form a guide channel, and a support 11. The support 11 is connected to the
      housing 1 at its one end and to the magazine 2 at its other end. A movable
      trip 5, which cooperates with a valve lever 7 via a stirrup 6, is arranged
      at the head of the pneumatic nailing device. Only when the trip 5 and the
      valve lever 7 are operated at the same time is the device in a condition
      in which a fastener driving operation can be performed.
PAR  The tools 3 and 4 are fixedly secured to a head part 9 of the housing 1 by
      means of screws 8. The head part is, as can be seen from FIGS. 5 and 6,
      fork-shaped in design. The magazine 2 is fixedly secured in turn to the
      forks of the head part 9 by means of screws 10. The magazine 2 includes a
      guide rail 12, on which the staples, which are in the form of a staple
      strip, are seated. Furthermore seated on the guide rail is a staple pusher
      slide 17, which is of U-shape in cross-section and which presses, under
      the action of a feed spring 43, the staples 16 on the guide rail 12 in the
      direction of the guide channel provided by the tools 3 and 4.
PAR  The guide rail 12 is connected by means of a bracket 26 to a U-shaped
      carrying rail 18 which is secured to the head part 9. The outer surface of
      the base of the U-shaped carrying rail 18 extends approximately parallel
      to the adjacent surface of the guide rail 12. The distance between said
      surfaces is slightly greater than the width of a limb of a staple. The
      outer surface of the upper arm of the U-shaped carrying rail 18 forms a
      sliding surface for a covering rail 13 and the distance between the upper
      surface of the guide rail 12 and the sliding surface is slightly greater
      than either the thickness of a staple crosspiece or the thickness of the
      crosspiece of the staple pusher slide 17. The covering rail 13 is formed
      with two parallel slots 33, which extend obliquely to the carrying rail
      and through which headed screws 37 are guided, The screws 37 being
      fastened to the carrying rail 18. The slots 33 and the headed screws 37
      form guide means whereby the covering rail 13 can be displaced obliquely
      rearwardly in the direction of the arrow 42 from a covering position
      (FIGS. 3 and 6) into a release position (FIGS. 2, 4 and 5). A pressure
      spring 14, which is supported on a rear end plate 15 fastened to the
      magazine, continuously urges the covering rail 13 back in the direction of
      the arrow 48 into the covering position of FIGS. 3 and 6.
PAR  In the release position of the covering rail 13, the surface thereof which
      faces towards the guide rail 12 provides, together with the outer surface
      of the base of the U-shaped carrying rail 18, a continuous sliding surface
      for the lower edges of the limbs of the inserted staples 16, as can be
      seen from FIG. 2. Therefore, the staple strip 16 can be inserted obliquely
      and the inclination of the staple strip can be selected in such a way that
      the operator's hand which is placed around the handle of the instrument
      does not interfere with insertion of the staples. If the staple strip 16
      is subsequently pressed into an approximately vertical position, it will
      drop, under its own weight, on to the guide rail 12. In the covering
      position (FIG. 3), the covering rail 13 conceals approximately half the
      width of the base 30 of each U-shaped staple. However, the spacing between
      the upper surface 29 of the guide rail 12 and the undersurface of the
      covering rail 13 is slightly greater than the thickness of the base 30 of
      a staple.
PAR  As can be seen from FIG. 4, the staple pusher slide 17 carries, on the side
      thereof which faces towards the carrying rail 18, a hollow pin 20 having
      an internally threaded bore 21. A cup-like part 23 is permanently
      connected to the pin 20 by means of a screw 22. Connected to the cup-like
      part 23 there is one end of the feed spring 43, which presses the staple
      pusher slide 17 in the direction of the guide channel between the tools 3
      and 4. As can be seen from FIG. 4, the lower surface of a limb 44 of the
      carrying rail 18 forms a guide track for the cup-like part 23 and the
      hollow pin 20 is guided by passage through a longitudinal slot 45 in the
      carrying rail 18. As can best be seen from FIG. 4, the guide rail 12 has,
      at its rearward end, an inclined surface 38 such that the rail 12 tapers
      upwardly in transverse cross-section. The inclined surface 38 is formed
      behind a shoulder 41 on the rail 12, as can be seen from FIG. 7. As can
      also be seen from FIG. 4, a pressure element 39 is displaceably mounted in
      the carrying rail 18 and is movable approximately at right angles to the
      feed direction. The pressure element 39 is hollow and contains a spring 40
      the other end of which bears against a plate 25 which closes the interior
      19 of the carrying rail 18. The spring 40 urges the pressure element 39,
      which has a tapered front end, against one side of the staple pusher slide
      17, when the latter is pulled backwards by means of the handle 46. The
      pressure element 39 biases the inner surface of the adjacent limb of the
      staple pusher slide 17 against the inclined surface 38, so that the staple
      pusher slide 17 is tilted to some extent and can thus locate, in the fully
      retracted position, behind the shoulder 41, whereby the slide is locked in
      its retracted position.
PAR  As can best be seen from FIGS. 5 and 6, the handle 46 of the staple pusher
      slide 17 is provided with a rearward inclined cam surface 35, which
      extends approximately parallel to a cam surface 36 of a lateral projection
      47 at the rearward end of the covering rail 13. If the staple pusher slide
      17 on the handle 46 is retracted, the cam surface 35 strikes against the
      cam surface 36 and thus also moves the covering rail 13 rearwardly,
      whereby the rail 13 is pressed in the direction of the arrow 42 into its
      release position. As soon as the front end of the one limb of the staple
      pusher slide 17 is located behind the shoulder 41, the slide 17
      simultaneously locks the covering rail 13 in its release position. By
      displacing the handle 46 against the action of the pressure element 39,
      the staple pusher slide 17 can be brought out of engagement with the
      shoulder 41, so that it is moved, under the action of the roll feed spring
      43, so as to engage and bear against the inserted strip of staples. The
      configuration and particular arrangement of the feed spring 43 are not
      described in detail, since this is well-known and without significance so
      far as the construction and the mode of operation of the magazine is
      concerned.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magazine for apparatus for driving fastener elements comprising, in
      combination, a lower bracket adapted to be fastened to fastener driving
      apparatus, said bracket having a fastener ejection channel end and a rear
      end, and elongated guide mounted upon said bracket extending thereabove
      and including a free upper edge over which an elongated strip of fastener
      elements may be supportably placed and longitudinally displaced toward
      said bracket ejection channel end, a cover support member mounted upon
      said bracket and extending thereabove disposed adjacent and parallel to
      said guide and having a cover guiding upper surface, a fastener cover
      slidably displaceably mounted upon said cover upper surface for lateral
      movement with respect to said guide between a release position wherein
      said cover fully exposes the upper free edge of said guide to permit a
      strip of fasteners to be placed upon said guide by a relative lateral
      movement between said guide and the strip of fasteners and an operative
      position wherein said cover is superimposed over said guide in spaced
      relation to said guide upper edge confining the fastener elements upon
      said guide, and a resiliently biased fastener element pusher slide
      slidably mounted adjacent said guide engaging fastener elements supported
      thereon and biasing the elements toward said bracket ejection channel end.
NUM  2.
PAR  2. In a magazine as in claim 1, an oblique slot in said cover through which
      a pin defined on said cover support member extends, said slot being
      oblique to said guide and displacement of said cover from said operative
      to said release positions moves said cover in an oblique direction
      opposite to the direction in which the fastener elements are biased by
      said fastener element pusher slide.
NUM  3.
PAR  3. In a magazine as in claim 1, a first cam surface defined on said cover
      adjacent said bracket rear end, a second cam surface defined on said slide
      engagable with said first cam surface when said slide is moved against its
      biasing force into a slide rearward position adjacent said bracket rear
      end, said cam surfaces interacting to displace said cover from said
      operative to said release positions.
NUM  4.
PAR  4. In a magazine as in claim 3 wherein said cam surfaces are parallel to
      one another and oblique to said guide and direction of slide movement.
NUM  5.
PAR  5. In a magazine as in claim 1 wherein said guide comprises a vertical rail
      having sides and on which the fastener elements are supported, said pusher
      slide being supported on said rail and including lateral arms
      substantially parallel to the sides of said rail, and a shoulder defined
      on said rail adjacent said bracket rear end forming a locking stop for
      selective engagement with an arm of said slide.
NUM  6.
PAR  6. In a magazine as in claim 5, a manually operable handle on said slide,
      said shoulder being on the side of said rail remote from said handle
      whereby said slide may be released by said handle from said shoulder.
NUM  7.
PAR  7. In a magazine as in claim 5 wherein said rail is formed rearwardly of
      said shoulder with an inclined surface on the rail side in which said
      shoulder is defined such that the cross section of said rail tapers from
      said bracket toward said free edge, and a resilient pressure element
      supported on said cover support member movable toward said inclined
      surface biasing said slide against said inclined surface when said slide
      is adjacent said bracket rear end.
NUM  8.
PAR  8. In a magazine as in claim 1 wherein said guide comprises a vertical
      guide rail on which the fastener element and said slide are supported,
      said cover support member comprising a carrying rail extending parallel to
      said guide rail, said carrying rail having an upper surface upon which
      said cover is slidably mounted.
NUM  9.
PAR  9. In a magazine as in claim 8 wherein said carrying rail includes a
      vertical surface which extends approximately parallel to the adjacent
      surface of said guide rail, the distance between said surfaces being
      slightly greater than the width of a portion of a fastener element
      disposed adjacent said guide rail surface, said cover, in its release
      position, being aligned with said surface of said carrying rail.
NUM  10.
PAR  10. In a magazine as in claim 8 wherein said carrying rail has a U-shaped
      cross section and one arm thereof is fastened to said bracket, the other
      arm of said carrying rail forming a guide surface for said cover, the
      outer surface of the base of said carrying rail facing said guide rail and
      a spring for biasing said slide located intermediate said arms.
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ABST
PAL  An adjustable die set for a coldwelding machine that is adjustable to
      facilitate its use with workpieces of varying dimensions. Specifically the
      die set includes pairs of dies having a screw threaded adjustable stop
      interconnecting them for adjusting the spacing between the dies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a die set for a coldwelding machine and more
      particularly to an improved, adjustable die set.
PAR  The normal coldwelding machine employed for welding pieces of wire or the
      like embodies two pairs of dies. Each pair of dies is movable between an
      opened position in which the workpiece may slide between the dies of the
      pairs and a closed position in which workpieces are gripped by the dies.
      When the workpieces are gripped by the pairs of dies, the pairs are moved
      toward each other from a spaced position to a welding position to effect
      an upset. The spacing between the dies of the pairs and between the pairs
      of dies in their opened positions is relatively critical. For example, it
      is normal practice to move the ends of the workpieces toward each other a
      distance approximately equal to twice the diameter of the wire being
      welded during each upset. Frequently a given set of dies is used for
      welding a range of wire diameters. Thus, when the diameter of the wire
      being welded is changed it is necessary to adjust the spacing between the
      pairs of dies. This has, heretofore, been accomplished by the use of
      removable spacers. Such an arrangement has obvious disadvantages.
      Considerable time is involved with making adjustments, additional parts
      are required and the possibility of error is introduced.
PAR  It is, therefore, a principal object of this invention to provide a die set
      for a coldwelding machine in which the spacing between the dies may be
      conveniently adjusted.
PAR  It is another object of the invention to provide an adjustable die set for
      a coldwelding machine.
PAR  It is a further object of the invention to provide an improved, adjustable
      die set for a coldwelding machine.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is adapted to be embodied in a die set for a coldwelding
      machine that includes first and second dies. The dies have facing surfaces
      and are adapted to be used in a machine having means for moving the
      surfaces relative to each other. Adjustable stop means are interconnected
      to the dies and permit the dies to move relative to each other freely in a
      first direction and for adjustably limiting the degree of relative
      movement of the dies in the opposite direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of an adjustable die set for a coldwelding
      machine embodying this invention.
PAR  FIG. 2 is a cross sectional view of the die set taken in the direction of
      the line 2--2 in FIG. 1.
PAR  FIG. 3 is a top view of one die of each of the pairs shown in FIG. 1 with
      portions broken away to show the adjustment between the dies.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A die set for a coldwelding machine, which die set embodies this invention,
      is identified generally by the reference numeral 11. The die set 11 is
      comprised of a first pair of dies 12 and 13 and a second pair of dies 14
      and 15. The dies 12, 13 and 14, 15 of the pairs are adapted to be moved
      toward and away from each other and the pairs of dies 12 and 13 and 14 and
      15 are adapted to be moved toward and away from each other in a
      coldwelding sequence by a suitable coldwelding machine (not shown). The
      coldwelding machine may be of any of the known types embodying such dies.
      Examples of suitable machines may be used in conjunction with dies of the
      type disclosed herein are shown in U.S. Pat. Nos. 2,863,344 issued Dec. 9,
      1958 in the name of William A. Barnes; 2,909,086 issued Oct. 20, 1959 in
      the name of William A. Barnes et al.; 2,909,951 issued Oct. 27, 1959 in
      the name of Walter J. Rozmus et al.; 2,932,221 issued Apr. 12, 1960 in the
      name of William A. Barnes et al.; 3,044,328 issued July 17, 1962 in the
      name of Stanley A. Zysk; 3,606,131 issued Sept. 20, 1971 in the name of
      Walter J. Rozmus or any of the other known machines of this type.
PAR  The dies 12 and 13 have facing surfaces 16 and 17 in which recesses are
      formed. In each recess is received a hardened insert 18 which insert is
      formed with a cavity 19 that is adapted to grippingly engage a wire, in a
      manner which will become more apparent as this description proceeds. The
      inserts 18 are held in each of the dies 12 and 13 by machine screws 21 or
      the like.
PAR  In a like manner, the dies 14 and 15 have facing surfaces 22 and 23 that
      are recessed to receive respective hardened inserts 24 in which cavities
      25 are formed to receive the wire to be welded. The inserts 24 are held in
      place by machine screws 26.
PAR  The dies 12 and 14 are each formed with respective pairs of counterbored
      openings 27, 28 and 29, 31. Affixed to the dies 13 and 15 and extending
      from their respective faces 17 and 23 are pairs of pins 32, 33 and 34, 35.
      The pins 32 and 33 cooperate with the counterbores 27 and 28 to locate the
      dies 12 and 13 axially relative to each other while permitting free
      movement of the faces 16 and 17 toward and away from each other. In a
      similar manner, the pins 34 and 35 cooperate with the counterbored
      openings 29, 31 to locate the dies 14 and 15 axially relative to each
      other and to permit the faces 22 and 23 to move toward and away from each
      other.
PAR  An adjusting mechanism is provided between the dies 12, 14 and 13, 15 for
      holding respective facing surfaces 36, 37 and 38, 39 of these dies at an
      adjustably affixed distance. The adjusting mechanism, however, permits the
      faces 36, 37 and 38, 39 to move freely toward each other into abutting
      engagement. This adjusting mechanism may be best understood by reference
      to FIG. 3 wherein the mechanism associated with the dies 13 and 15 is
      illustrated in detail and is identified generally by the reference numeral
      41.
PAR  The adjusting mechanism 41 comprises a pair of vertically spaced screws 42
      each of which has a threaded terminal portion 43 that is received in a
      respective tapped opening 44 in the die 13. The portion of the die
      adjacent the face 38 is formed with a counterbore 45 that is concentric
      with the tapped opening 44. The die 15 is also formed with a complementary
      counterbore 46 that extends inwardly from its face 39 and which is aligned
      with the counterbore 45 of the die 13. A coil compression spring 47
      encircles each of the screws 42 and is received within the respective
      counterbores 45 and 46 to urge the dies 13 and 15 away from each other.
      The springs 47 urge the dies to an opened position and this position is
      determined by a shoulder 48 formed at the base of the head 49 of each
      screws 42 with a corresponding shoulder 51 formed between a pair of bored
      openings 52 and 53 of of the die 15. The opening 52 extends between the
      counterbore 46 and the opening 53, with the latter opening receiving the
      head 49 of the screw 42.
PAR  Each screw head 49 is accessible through the outer face of the respective
      die 15 so as to permit its rotation by means of an allen wrench or similar
      tool. This rotation causes the screw threads 43 to advance or retract in
      the tapped openings 44 and adjust the open distance between the die faces
      38 and 39. The adjusting mechanism 41, however, permits the dies 13 and 15
      to move freely toward each other so that the die faces 38 and 39 can be
      brought into full engagement.
PAR  It is to be understood that the foregoing description is that of a
      preferred embodiment of the invention. Various changes and modifications
      may be made without departing from the spirit and scope of the invention
      as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A die set for a coldwelding machine or the like comprising a first die,
      a second die, said dies having facing surfaces and adapted to be used in a
      machine having means for moving said facing surfaces relative to each
      other, said first die having a threaded opening extending perpendicularly
      to its facing surface and terminating in a counterbore extending through
      said facing surfaces, said second die having a bore aligned with the
      counterbore of said first die, a smaller diameter bore formed at the
      termination of said first mentioned bore and a third bore formed at the
      termination of said second bore and extending through an opposite face of
      said second die, said second and said third bores of said second die
      defining a shoulder facing opposite to the facing surface of said second
      die, and adjustable stop means interconnected to said dies for permitting
      said dies to move relative to each other freely in a first direction and
      for adjustably limiting the degree of relative movement of said dies in
      the opposite direction, said adjustable stop means comprising a screw
      extending through the bores of said second die, the counterbore of said
      first die and having a threaded portion received in the threaded opening
      of said first die, said screw having a headed portion received in said
      third bore of said second die and engaging said shoulder, and a coil
      spring means contained within said counterbore and said first bore of said
      second die and urging said facing surfaces of said dies away from each
      other and said shoulder of said second die into engagement with said head
      of said screw.
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ABST
PAL  A container making machine for forming a plurality of identical
      equidistantly spaced recesses in aluminum strips which are subsequently
      welded to each other to form compartments for reception of suppositories
      or the like, in which the strips prior to the forming of the recesses
      therein are first provided with closely spaced small corrugations
      extending transversely to the strips to permit the subsequent forming of
      relatively deep recesses therein without tearing of the strip material.
      The machine includes corrugation forming rollers, recess forming means
      downstream of the rollers, heat welding means downstream of the recess
      forming means, and means for transporting the strips stepwise through the
      nip of the corrugation forming rollers, the recess forming means and the
      heat wleding means.
BSUM
PAR  This invention relates to an improved container making machine, adapted to
      effect the formation of a plurality of side-to-side arranged recesses
      between two overlapped aluminium strips, carrying out subsequently the
      heat-welding of the strips themselves.
PAR  As well, known, suppositories and other similar pharmaceutical products are
      enclosed in individual containers, obtained from the coupling of two
      strips or bands of suitable material. Obviously, each package includes a
      plurality of the aforesaid suppositories, enclosed in separate recesses,
      delimited by subsequent shaped portions of the two coupled bands.
PAR  Such packaging is required by the need for maintaining the individual
      suppositories out of contact with the ambient air till the time of their
      utilization.
PAR  An even more important feature resides in the fact that said containers
      should prevent moisture from reaching the inside, as this would be harmful
      to the composition of the suppositories. Such a peculiar characteristic
      feature is ensured by sheet aluminium, which cannot be, however, subjected
      to drawing operations for the arrangement of the recesses, designed to
      contain the suppositories themselves.
PAR  The above difficulties are overcome by the container making, forming and
      heat-welding machine according to the present invention. To permit forming
      of relatively deep recesses, the machine forms first a series of very
      closely provided corrugations of minimum width, extending transversally
      relative to the strips. By such arrangement, the recesses for containing
      the suppositories or other products, preferably pharmaceuticals or sweets,
      are simply obtained by embossing of suitable portions of the two
      corrugated strips. The latter, in order to make the heat-welding possible,
      are grooved in longitudinal sense external to the shaped recesses, so as
      to provide substantially knurled surface portions. Practically speaking,
      the aforesaid corrugating operation is obtained by means of a pair of
      grooved contact rotating rollers, between which the two overlapped
      aluminium strips are caused to pass. Said strips are then separated and
      conveyed between two shaped platens arranged in two horizontal parallel
      planes. Between said platens and in equidistant positions therefrom there
      are placed a plurality of side-to-side arranged moulds, showing an
      approximately ogival configuration. It should be stated here that the
      aforesaid shaped platens are driven by articulated arms, suitably coupled
      so as to be moved by a synchronous movement toward and away from the
      ogival moulds. By such arrangement, half of each recess designed to
      contain the suppositories is obtained in one strip and the other half in
      the other strip. The thus shapped strips are then shifted into a
      heat-welding device, which shows essentially a mechanical structure
      identical with the structure of said forming device.
DRWD
PAR  These and further characteristic features of a functional and
      constructional nature of the container making machine for the forming of
      recesses, starting from two overlapped aluminium strips and heat-welding
      of the strips to each other according to the present invention, will be
      better understood from perusal of the various figures on the accompanying
      drawings, in which:
PAR  FIG. 1 represents schematically in a front view the operating parts of the
      aforesaid machine; and
PAR  FIG. 2 shows a side view of the forming device of said machine.
DETD
PAR  Referring now particularly to the figures on the accompanying drawings the
      container making machine of this invention includes two parallel shafts 1
      and 1' with horizontal axes, on which there are placed two rolls of
      aluminium strips 2 and 2'.
PAR  Downstream of said shafts 1 and 1' there are placed two gears 4 and 4' or
      grooved rollers, rotating in contact relationship, which form a very
      closely arranged corrugation on the aluminium strips passed therebetween.
PAR  The latter may also be alternatively formed with staggered small
      depressions by means of points on small wheels, rods and the like. The
      deformed aluminium strips are then separated through a suitable mutual
      distance by means of the pair of small rollers 5 and 5' and conveyed
      between two opposed platens 6 and 6'.
PAR  In the opposite surfaces of said plates there are formed a plurality of
      grooves 7 extending from one edge to just short of the other edge of each
      platen, whereas a thin planar member provided with enlargements 8 of
      substantially ogival configurations respectively aligned with the grooves
      or recesses 7 is placed along a plane equidistant from the surfaces of the
      platens.
PAR  The aforementioned platens 6 and 6' are connected to beams 9 and 9' of the
      machine by means of pairs of hinged plates 10 and 10', articulated each at
      their mutual hinged portion by a pivot pin 11.
PAR  Said two pivot pins 11 are in turn connected by connecting rods 11' to a
      crosshead 12, integral with the piston rod 17 of a piston in cylinder 13.
      By using the container making machine of this invention, the movement of
      the platens 6 and 6' towards the members 8 takes place perfectly
      synchronized. The shaped portions of the two strips 2 and 2' are then
      shifted by means of the pliers 14, which may slide along the guides 15,
      between the two platens 16 and 16' of a heat-welding device.
PAR  The latter shows a mechanical structure essentially identical with the
      structure of the above-described forming device.
PAR  It should be stressed here that the opposite surfaces of the platens 16 and
      16' also show longitudinal grooves, adapted to forms on the non-recessed
      portions of the coupled aluminium strips a knurling effect.
PAR  The platens 16 and 16' are further suitably heated in order to effect by
      their pressure the heat-welding of the coupled aluminium strips. From the
      foregoing and from perusal of the various figures on the accompanying
      drawings one may see easily the functional character and the practical
      application of the recess forming machine according to this invention
      starting from aluminium strips, coupled with each other and subsequently
      heat-welded.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container making machine for forming a plurality of identical
      equidistantly spaced apart recesses in two aluminum strips, comprising
      support means; a pair of corrugating rollers mounted on said support means
      rotatable about parallel axes and being formed on the periphery thereof
      with closely arranged corrugating elements extending parallel to said
      axes; means for guiding said aluminum strips between said corrugating
      rollers whereby said strips are formed with closely adjacent corrugations
      extending transverse to the longitudinal direction of said strips; recess
      forming means downstream of said rollers and comprising a pair of platens
      mounted on said support means movable toward and away from each other with
      each platen having recesses in a face thereof parallel to and facing
      corresponding recesses in the face of the other platen with a plurality of
      recesses in each platen equidistantly spaced from each other and of a
      configuration according to the recesses to be formed in said strips, a
      single planar member stationarily mounted on said support means between
      said faces of said platens and having a plurality of enlarged portions
      respectively aligned with said recesses in said platens and having
      respectively outer surfaces substantially matching said recesses in said
      faces of said platens, and means for moving said platens between an
      inactive position in which said faces thereof are spaced considerably from
      said planar member and an active position in which said faces are closely
      adjacent to said planar member so that the two aluminum strips which pass
      on opposite sides of said planar member while said platens are in said
      inoperative positions are formed with said recesses when said platens are
      moved to said operative positions; welding means downstream of said recess
      forming means and comprising a pair of heated platens each having recesses
      in a face thereof parallel to and facing like recesses in the other heated
      platen with said recesses spaced from each other and of a configuration
      equal to the spacing and configuration of the recesses of the platens of
      said recess forming means, and means mounted on the support means and
      connected to said heated platens for moving the same between an inactive
      position and an active position in which said faces of said heated platens
      press the two strips passed therebetween against each other to weld said
      strips to each other; and means arranged to engage superimposed edges of
      said strips for transporting the same stepwise between said rollers, said
      platens of said recess forming means, and said heated platens of said
      welding means.
NUM  2.
PAR  2. A container making machine as defined in claim 1, and including a pair
      of parallel shafts mounted on said support means upstream of said rollers
      and respectively adapted to receive two rolls of aluminum strips, and a
      pair of guide rollers between said shafts and said corrugating rollers.
NUM  3.
PAR  3. A container making machine as defined in claim 1, and including a pair
      of small diameter guide rollers between said corrugating rollers and said
      recess forming means for spacing said strips passed in abutting
      relationship between said corrugating rollers transversely from each other
      downstream of said corrugating rollers.
NUM  4.
PAR  4. A container making machine as defined in claim 1, wherein said
      transporting means comprise pincer means arranged on said support means
      movable between an open and a closed position for gripping in said closed
      position edges of said superimposed aluminum strips, and guide means on
      said support means mounting said pincer means for reciprocating movement
      in longitudinal direction of the strips.
NUM  5.
PAR  5. A container making machine as defined in claim 1, wherein said means for
      moving said platens between said positions thereof comprise a pair of
      toggle means each connected at opposite ends to said support means and one
      of said platens, and means for moving said toggle means between a folded
      and a straightened position.
NUM  6.
PAR  6. A container making machine as defined in claim 1, wherein said means for
      moving said platens between said positions thereof comprise a pair of
      links for each platen, a pivot pin connecting adjacent ends of said links
      of each pair to each other, pivot means connecting the other end of one
      link of each pair to said support means and the other end of the other
      link of each pair to the respective platen, a cylinder mounted on said
      support means, a piston movable in said cylinder, a crosshead connected to
      said piston for movement therewith, and a pair of connecting rods
      connected at opposite ends to said crosshead and said pivot pin of each of
      said pair of links.
NUM  7.
PAR  7. A container making machine as defined in claim 1, wherein each of said
      heated platens is provided on said face thereof with longitudinally
      extending grooves between said recesses.
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ABST
PAL  This disclosure relates to a jet soldering apparatus for applying a jet of
      solder to a side seam of a can body formed in a bodymaker. The soldering
      apparatus includes a heated metal block having an elongated cavity which
      terminates in a discharge orifice. Solder wire is fed into the cavity and
      is heated therein by means of electrical heaters connected to the block.
      The cavity has an inlet in the form of a bore which substantially
      corresponds to the diameter of the solder wire so that the solder wire
      prevents any back flow of molten solder through the inlet. The cavity is
      also in the form of a bore generally conforming to the diameter of the
      solder wire and is of a length to make certain that the solder wire is
      fully melted before it reaches the discharge orifice. Feed means are
      provided to intermittently feed the solder wire in accordance with the
      presentation of a can body to the discharge orifice. The feed means
      include a reciprocating chuck and a staionary chuck which act in unison.
      The reciprocating chuck is driven by a cam actuated by the drive system of
      the bodymaker. Further, there is incorporated in the system means for
      moving the reciprocating chuck out of the effective range of the cam so
      that the solder feeding mechanism may be selectively rendered inoperative.
BSUM
PAR  This invention relates to the soldering of seams of metal containers such
      as cans by means of a jet of molten solder.
PAR  In existing methods of jet soldering, a reservoir of molten solder is used
      to provide a pressure head to force the solder through a jet orifice.
      Constancy in the jet flow rate is obtained by maintaining close control of
      the level of the solder in the reservoir and devices are used in ensure
      this condition.
PAR  Further, because during can-making the flow of solder from the jet is
      uninterrupted, a special side seamer conveying can bodies at a close
      separation is employed to avoid wastage of solder. The need for this type
      of side seamer adds considerably to the costs of converting existing lines
      to the jet process, because the side seamers on these lines convey the can
      bodies at a wide separation.
PAR  The invention provides a new method of producing the solder jet which
      method eliminates the need to have a reservoir of molten solder, with its
      attendant level control, and makes possible jet application to can bodies
      on existing side-seaming equipment irrespective of their separation, by
      interrupting the issue of solder as required so that it is only jetted
      when there is a seam to receive it.
PAR  According to a feature of the invention, a method and apparatus for
      soldering seams of metal containers are provided wherein solder is melted
      as it is required by feeding, at a controlled rate, a solder wire into a
      cylindrical cavity in a heated block of metal. This cavity, having a bore
      to match the diameter of the wire, terminates in an orifice which forms
      the jet of solder, and the length of the cavity is sufficient to allow a
      residence time long enough to ensure complete melting of the wire at the
      rate at which it is required to be fed. The flow of solder from the jet
      orifice responds to the feeding of solder wire into the cavity.
PAR  The invention is applicable to both internal and external soldering of
      container seams.
DRWD
PAR  One embodiment of the invention will now be described, by way of example
      and with reference to the accompanying drawings of which:
PAR  FIG. 1 is a diagrammatic side elevational view of a can bodymaker showing
      the path of a solder wire feed for internal jet soldering of side seams of
      a succession of can bodies;
PAR  FIG. 2 is a diagrammatic plan view of a solder wire gripping and advancing
      means forming part of the bodymaker;
PAR  FIG. 3 is a fragmentary elevational view on an enlarged scale with parts in
      section and shows details of a moving chuck and stationary chuck, also
      part of the bodymaker;
PAR  FIG. 4 is a diagrammatic elevational view with parts in section of a feed
      tube and solder melting block of the bodymaker; and
PAR  FIG. 5 is an end elevational view of the melting block shown in FIG. 4 in
      conjunction with can body guide means.
DETD
PAR  Referring to FIG. 1, the general arrangement of the bodymaker, which is
      largely of conventional construction, is such as to allow the mounting of
      an intermittent solder feed 1 delivering a solder wire 2 to a solder
      melting block 3. The solder wire 2 is drawn from a supply spool 15, which
      is mounted on a reel spindle (not shown), by a gripping mechanism 4 which
      includes a carriage 5 and a chuck 6, as shown in FIG. 2.
PAR  A cam 7, driven from the bodymaker main drive shaft 26, and therefore
      synchronised with the remainder of the machine, moves the carriage 5 back
      and forth against the resistance of a spring 8, and, in turn, feeds the
      solder wire in synchronism with the motion of bodies formed by the
      bodymaker. The can bodies, in the areas of the side seams thereof are
      fluxed in a conventional manner as they progress to be soldered along a
      conventional sub-horn assembly 17. The lift or stroke of the cam 7 and its
      shape determine the length of solder wire to be fed and the timing of the
      starting and stopping of the jet of solder which is produced in a manner
      to be described below. In this way the solder flow is controlled for each
      can body in respect of overall quantity and in relation to the length of
      each can body.
PAR  Still referring to FIG. 2, it will be seen that the return stroke of the
      carriage 5 is brought about by the spring 8 or a plurality of such
      springs. A stationary chuck 9 holds the solder wire 2 to allow the
      disengagement of chuck 6 on its return stroke. FIG. 3 includes a detailed
      section of the moving chuck 6.
PAR  Referring to FIG. 4, it will be seen that there is attached to and forming
      part of the sub-horn assembly 17 is a solder horn assembly 18 which
      includes the solder melting block 3. The solder melting block 3 is an
      electrically heated assembly to which the solder wire 2 is delivered via a
      feed tube 10 which is preferably formed of polymeric material. The forward
      motion of the wire in conjunction with its melting in the cylindrical
      cavity 11, maintains the pressure to cause the molten solder to issue as a
      jet from the orifice 12, which is held in contact with block 3 by a clamp
      13. Back flow of molten solder from the block is obviated by the chilling
      effect of the solder wire at an entry point 19 into the block 3, in
      combination with a small positive dimensional difference between the bore
      of the cylindrical cavity 11 and the diameter of the solder wire 2.
PAR  An air cylinder 14, controlled by a solenoid valve 20, is used to hold the
      carriage 5 at the extreme limit of the cam 7 to permit the bodymaker to
      operate without at the same time feeding solder wire.
PAR  In operation, can bodies 27 are formed from blanks, approaching along the
      deck 21 of the bodymaker from left to right (FIG. 1), in a forming unit 22
      of conventional construction, whence they proceed along the sub-horn
      assembly 17 guided by conveyor means (not shown) of conventional type. At
      this stage the edges of the body which form a side seam are arranged in
      close relationship ready for soldering. The can bodies pass around the
      solder horn assembly 18 in succession and in spaced relationship, molten
      solder being jetted internally on to the side seam by the nozzle 12 while
      the side seam is passing below it.
PAR  The intermittent feeding of the solder wire 2 by the solder feed 1 from the
      reel may be motivated by the motion of the gripper 6 but if fragile solder
      wires are to be used, then the reel spindle may be driven from a bodymaker
      drive shaft 26 as shown in FIG. 1. The reel spindle and support brackets
      may be mounted upon a bed-plate of the bodymaker or in any other position
      on a frame of the bodymaker which will allow the solder to travel, without
      sharp bending, into the solder delivery tube for carrying it to the
      gripping mechanism 4.
PAR  The gripping mechanism 4 uses two forms of motivation. The system used when
      a can is presented to the soldering nozzle 12 is that the cam 7 pushes the
      carriage 5 and attached chuck 6 forward to pull enough solder wire for one
      can from reel 15. When a body blank detector signals that no can is to be
      presented to the soldering head 3, a solenoid operated valve 20 operated
      by the bodymaker vacuum supply (not shown), directs air to cylinder 14
      pushing the carriage 5 and holding it at the maximum travel, thus
      preventing the carriage 5 and chuck 6 returning to feed more solder.
      Holding the carriage at maximum stroke allows the cam 7 to rotate without
      feeding solder wire. When the vacuum supply is restored, signalling that a
      can will be presented to the solder head, the valve 20 exhausts the
      cylinder 14 which is returned to its inoperative position by a spring 8,
      allowing the carriage 5 to return to the operating position automatically
      retiming at the correct position in the cycle.
PAR  It will be understood that the sequence consists of a cycle-chuck 6 grips
      and travels forward carrying the solder in the direction of the arrow (see
      right of FIG. 2) freely through fixed chuck 9. At the end of the stroke
      the jaws 16 (FIG. 3) of chuck 6 relax the grip of balls 28 and allowing
      the return stroke of the carriage without damage to the solder wire during
      which return stroke the fixed chuck 9 holds the wire 2.
PAR  Throughout the bodymaker the solder is conducted through tubing which forms
      parts of the feed tube 10.
PAR  In FIG. 4 there is shown how the tube 10 is led to a locating bracket 25
      from which the solder wire 2 emerges to enter the solder melting block 3
      through the entry 19. Upon entry into the melting block 3, the solder wire
      is pushed into the heated tube 11 where melting takes place under the
      influence of electrical heaters generally indicated at 23. Thermal control
      of the temperature of solder melting block is by means of thermocouple 24.
      Upon melting the molten solder is held in the region between the heated
      tube 11 and the jet 12 until such time as the controlled feed of solder
      wire displaces the molten solder through jet 12 onto a can side seam. The
      jet block 12 is held by a clamp 13 so that it is easily removable for
      cleaning or replacement.
PAR  The invention is applicable to can bodies of any cross-section, for
      example, rectangular or cylindrical, the bodymaker, and more particularly
      the sub-horn and solder horn assemblies, being arranged accordingly to
      suit the can body cross-section. When the invention is used for external
      soldering the solder path and feed mechanism may be totally external from
      the bodymaker. By arranging the components shown in FIG. 4 suitably,
      externally of the path of the side seams along the bodymaker, the
      invention may be used for external jet soldering of the side seams.
PAR  When necessary the soldering operation may be aided by the temperature of
      the side seam of the can body being suitably raised to cause the solder to
      flow. The heat for this purpose may be provided either before or after the
      application of solder to the can body or as a combination of both.
PAR  The invention is versatile in that it may be used on existing bodymakers
      and side seamers having the widespaced can body delivery or it can be used
      for more closely spaced can body deliveries, in which case it may be
      convenient to simply deliver a continuous jet of solder.
PAR  The invention provides a system which reduces the risk of blockages in the
      solder delivery arising from oxidation.
PAR  It will be understood that rapid starting of the machine is possible
      because of the low thermal capacity of the heating block 3.
PAR  Although only a preferred embodiment of the jet soldering apparatus and the
      utilization thereof have been illustrated and described herein, it is to
      be understood that minor variations may be made in the soldering apparatus
      and its utilization without departing from the spirit and scope of this
      invention as defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for jet soldering, said apparatus comprising a heater
      having an elongated cavity defined by a wall, said heater also having
      heating means for heating said cavity wall to a temperature to effect
      melting of solder, said cavity having an inlet and a discharge, said
      discharge being in the form of discharge orifice means for forming a jet
      of solder, feed means for feeding solder in the form of wire, said inlet
      including a bore generally matching the diameter of the intended solder
      wire, and said means for feeding solder forming means for effecting the
      discharge of a solder jet from said discharge orifice, said feed means
      being an intermittent feed means and including a reciprocating chuck, and
      said reciprocating chuck having cam actuated drive means.
NUM  2.
PAR  2. The apparatus of claim 1 together with control means for rendering said
      feed means inoperative, said control means including a shifting mechanism
      for holding said reciprocating chuck in an advanced position wherein said
      cam actuated drive means are rendered inoperative.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said apparatus is part of a bodymaker
      for forming can bodies having side seams which are to be soldered, said
      bodymaker having a drive system, and drive means interconnect said drive
      system with said cam actuated drive means for actuating said feed means in
      timed relation with the movement of a can body to effect the jet flowing
      of solder only when a can body is in alignment with a flowing solder jet.
NUM  4.
PAR  4. An apparatus for jet soldering, said apparatus comprising a heater
      having an elongated cavity defined by a wall, said heater also having
      heating means for heating said cavity wall to a temperature to effect
      melting of solder, said cavity having an inlet and a discharge, said
      discharge being in the form of discharge orifice means for forming a jet
      of solder, feed means for feeding solder in the form of wire, said inlet
      including a bore generally matching the diameter of the intended solder
      wire, and said means for feeding solder forming means for effecting the
      discharge of a solder jet from said discharge orifice, said apparatus
      being part of a bodymaker for forming can bodies having side seams which
      are to be soldered, said bodymaker having a drive system, and drive means
      interconnect said drive system with said feed means for actuating said
      feed means in timed relation with the movement of a can body to effect the
      jet flowing of solder only when a can body is in alignment with a flowing
      solder jet.
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ABST
PAL  A bonder for attaching in succession small articles such as electronic
      devices to substrates has eight stations located along the path of a
      rotary member. The rotary member supports eight holders for substrates
      which are moved in sequence from station to station. At a first station a
      substrate is loaded onto one of the holders. The holder is then moved to
      an alignment station and transferred from the support member to a planar
      manipulator. An optical alignment control system recognizes a position of
      the substrate on the holder and controls the manipulation of the holder to
      align a substrate to a predetermined reference axis. The holder is then
      transferred back to the support member to fix the position of the
      substrate with respect to the support member. At the next station an
      article is also aligned to a corresponding reference axis and then
      tack-bonded or preliminarily attached to a bond site on the substrate. The
      article is then permanently bonded and the substrate with the bonded
      article is unloaded at an unload station. Prior to the completion of the
      cycle, the substrate holder is recentered to a starting position to
      prevent cumulative movement of the substrate holder with respect to the
      support member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to methods of and apparatus for bonding an article to
      a substrate. More particularly, the invention relates to methods of and
      apparatus for sequentially bonding small articles, such as semiconductor
      chips or other electronic device, to a substrate. Because of the small
      size of such devices, the invention relates to precision handling, and
      bonding of the devices and substrates.
PAR  2. Description of the Prior Art
PAR  In bonding an article such as an electronic device to a substrate, a
      generally known approach is to align the electronic device to a bonding
      axis and to temporarily hold it with a bonding tip along the bonding axis.
      Thereafter, a substrate is transferred to the bonding axis and a bond site
      on the substrate is aligned with respect to the bonding axis and to the
      previously aligned device to bring the device into contact with the
      substrate and to bond it thereto. Such basic methods and the respective
      apparatus are, for instance, disclosed in U.S. Pat. No. 3,477,630 to F. J.
      Schneider. The referred-to art provides for a magazine-type feed for the
      substrates and a movable holder for the semiconductor devices which permit
      the devices as well as the substrates to be brought into alignment with
      the bonding axis without difficulty.
PAR  However, such a precision alignment of the substrate as well as the device
      is always time consuming. It is consequently desirable to reduce and
      minimize the time intervals required to load and align the substrate to
      the semiconductor device to optimize the output of a particular bonding
      machihe. In U.S. Pat. No. 3,793,710 to Monahan et al. a solution other
      than feeding substrates from a magazine was provided that nevertheless
      optimized the time required to align the substrate with the chip.
PAR  In bonding small articles such as semiconductor devices to substrates, the
      bonding operation itself requires a relatively fixed time interval. In
      raising the hourly output of a bonder, it is therefore desirable to
      minimize time requirements which pertain to steps other than bonding of
      the device to the substrate. These are steps such as feeding a substrate
      and a device and aligning the substrate to the device, as well as
      unloading the bonded product from the bonder.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide new and
      improved methods of handling electronic devices and substrates in
      conjunction with bonding the devices to substrates.
PAR  It is another object of the invention to substantially eliminate manual
      handling of the substrates and devices.
PAR  It is a further object of the invention to establish a handling and bonding
      sequence of which each step is executed substantially simultaneously with
      other steps on a plurality of devices and substrates to bond in sequence
      the devices to the corresponding substrates.
PAR  With these and other objects in mind, the present invention encompasses new
      and improved methods of and apparatus for bonding an electronic device to
      a preselected area of a substrate.
PAR  A particular method of the invention includes moving a substrate holder
      mounted on the support member in sequence to a substrate alignment station
      and then to a bonding station, transferring the substrate holder at the
      alignment station from the support member to a manipulator, manipulating
      the position of the substrate holder to align a substrate located thereon
      with respect to a reference axis, and transferring the substrate holder
      from the manipulator to the support member to retain the position of the
      substrate aligned to the reference axis with respect to the support
      member, whereby a bond site on the substrate is precisely aligned with the
      article to be bonded thereto when the substrate holder is moved to the
      bonding station.
PAR  A particular apparatus for bonding an article to a substrate, according to
      an aspect of the invention includes a substrate holder and a support
      member for moving the substrate holder in sequence to an alignment station
      and then to a bonding station. A mechanism at the alignment station
      functions to transfer the substrate holder from the support member to a
      manipulator. The manipulator aligns a substrate located on the substrate
      holder with respect to a reference axis. The mechanism then transfers the
      substrate holder from the manipulator to the support member.
PAR  A particular apparatus for bonding an article to a substrate, in accordance
      with another aspect of the invention, includes a base, a support member
      movably mounted to advance along a predetermined path with respect to the
      base, a substrate alignment station, and a bonding station each located
      along a path of the support member, a substrate holder releasably mounted
      to the support member, and a provision located at the alignment station
      for adjusting the position of the substrate holder with respect to the
      path to position the bond site on a substrate into alignment with the
      bonding axis upon the substrate holder having advanced into the bonding
      station.
PAR  In another aspect of the invention the apparatus includes a provision for
      aligning and for bonding the article to the bond site of the substrate at
      the bonding station.
PAR  In a further aspect of the invention, the bonding process is divided into
      preliminary bonding and final bonding of the device to the substrate.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects and advantages of the present invention will become apparent
      from the detailed description when considered in conjunction with the
      accompanying drawing wherein:
PAR  FIG. 1 is an exploded view of the product of a preferred embodiment of this
      invention;
PAR  FIG. 2 is an overall top view of an apparatus of a preferred embodiment of
      this invention;
PAR  FIG. 3 is a top view of a loading station of the apparatus shown in FIG. 2;
PAR  FIG. 4 is a side elevation of an alignment station of the apparatus in FIG.
      2;
PAR  FIG. 5 is a simplified representation of a manipulator shown in FIG. 4;
PAR  FIGS. 6-10 show various steps of transferring a substrate holder of the
      apparatus in FIG. 2 between a support lever and the manipulator of FIG. 5;
PAR  FIG. 11 is a more detailed view and partial section of the substrate holder
      in FIGS. 6-10 and the respective support arm or lever;
PAR  FIG. 12 is a top view of a tack bond station of the apparatus in FIG. 2,
      depicting in more detail a device sorting apparatus;
PAR  FIG. 13 is a sectional view of a device centering mechanism located on the
      sorting apparatus in FIG. 12;
PAR  FIG. 14 is a side elevation of a tack bond mechanism of the tack bond
      station in FIG. 12;
PAR  FIG. 15 is a side view of a final bond station of the apparatus in FIG. 2;
PAR  FIG. 16 shows an unload station of the apparatus in FIG. 2 in greater
      detail;
PAR  FIG. 16a shows a side view of a product reject mechanism of the unload
      station in FIG. 16;
PAR  FIG. 17 is a top view of a recenter station of the apparatus in FIG. 2;
PAR  FIG. 18 is a section through a central portion of the apparatus in FIG. 2;
      and
PAR  FIG. 19 is a timing chart showing how various described components of the
      apparatus in FIG. 2 cooperate with each other.
DETD
PAC  DETAILED DESCRIPTION
PAC  The Product
PAR  The present invention is described in relation to an apparatus for bonding
      a beam-lead device 11 to a bond site 12 on a metallized substrate 13.
      Referring to FIG. 1, there is shown such device 11 aligned with and
      located above the bond site 12. When the device 11 is brought into contact
      with the substrate 13, beam leads 14 on the device 11 move into contacting
      alignment with metallized circuit leads 15 on the substrate.
PAR  It is not intended to restrict the invention to bonding of beam-lead
      devices to substrates since it will readily be seen that many of the
      handling and alignment steps are readily adaptable with only slight
      modifications to bonding of articles other than the beam-lead device 11 to
      substrate. In bonding electronic devices to substrates the invention is
      readily adaptable to handling and bonding beamless devices also referred
      to as flip chips.
PAC  THE APPARATUS IN GENERAL
PAR  Referring now to FIG. 2, there is shown an apparatus which is designated
      generally by the numeral 18, for bonding an article such as the beam-lead
      device 11 to a substrate 13. The apparatus 18 is a rotary-type machine,
      and, more particularly, an indexing machine having eight stations located
      on a circular path about a central axis 19.
PAR  The eight stations of the apparatus 18 are arranged in the following
      sequence: a substrate load station 21; a substrate alignment station 22; a
      device tack-bonding station 23; a monitoring station 24; a final bond
      station 26; a product monitoring station 27; an unload station 28; and a
      recenter station 29.
PAR  A central rotating member 31 has eight leaf-type leavers 32 radially
      extending from the center axis 19. The levers 32 are equally spaced about
      the center axis 19 to correspond to the spacing of the eight stations
      about the axis 19. Thus, each of these levers 32 moves into simultaneous
      alignment with one of the stations spaced about the axis 19.
PAR  The levers 32 are of identical shape. Each lever 32 has near its outer end
      34 an area 36 adapted to accept a substrate holder which is designated
      generally by the numeral 37. As the member 31 is indexably moved during
      the operation of the apparatus 18, each one of the substrate holders 37 is
      moved in sequence to each of the eight stations of the apparatus 18.
PAR  While the apparatus 18 is operating, substrates 13 are aligned in sequence
      to a reference axis 39 and then a device 11 is bonded to the bond site 12
      of the aligned substrate 13. To accomplish sequential bonding of devices
      11 to substrates 13, one of the substrates 13 is loaded onto the substrate
      holder 37 at the load station 21.
PAR  As the rotating member 31 moves all the substrate holders 37 to a new
      position, the loaded substrate 13 is indexed to the alignment station 22.
      At the alignment station 22 the substrate holder 37 is completely
      separated from the lever 32 to permit accurate lateral adjustments to the
      substrate holder. Such a lateral adjustment or manipulation of the
      substrate holder 37 moves the bond site 12 on the substrate 13 in relation
      to the reference axis 39.
PAR  Further movement of the member 31 brings the substrate 13 to the tack-bond
      station 23 where a beam-lead device 11 is attached to the bond site 12 of
      the substrate 13 by a preliminary bond. The substrate holder 37 is then
      advanced to the initial monitoring station 24 where the presence of the
      tack bonded device is ascertained. Should such a device 11 not have become
      attached to the substrate 13 at the previous station 23, an indicator
      signal is generated by a monitoring unit 41. Such a signal inhibits a
      final bond step after the next movement of the rotating member 31.
PAR  After the monitoring unit 41 indicates the presence of one of the devices
      11 on the substrate 13 at the monitoring station 24, the next movement of
      the rotating member 31 positions the device 11 on the substrate 13 into
      alignment with a bonding axis 43 at the final bond station 26 where the
      device 11 becomes permanently bonded to the substrate 13.
PAR  The rotating member 31 then moves the substrate holder 37 to the final
      monitoring station where the quality of the bond of ensuing product 44,
      namely, the bonded device 11 on the substrate 13, is checked. A
      determination can be made at this point whether the product 44 is
      acceptable or whether it should be discarded. Accepting the product 44
      requires no action, since in the course of normal operation of the
      apparatus 18, the product 44 is unloaded at the next station. However,
      should the product be defective, a signal generated at this point
      activates an alternative mode of operation at the unload station 28 after
      the substrate holder 37 has been indexed from the final monitoring station
      27 to the unload station 28.
PAR  At the unload station 28, an acceptable product is removed from the
      substrate holder 37 and loaded into a magazine 46. In case a determination
      has been made at the final monitoring station 27 that the product 44 is
      not acceptable, the product is then unloaded and discarded. After the
      product 44 has been unloaded from the substrate holder 37 at the unload
      station 28, the substrate holder 37 is moved to the recenter station 29
      where it is returned to a neutral or start position with respect to the
      seat 36 on the lever 32 on the rotating member 31. Returning the substrate
      holder 37 to the start position is important since repeated movement of
      the substrate holder 37 during the alignment of the substrates 13 at the
      alignment station 22 can result in a continual migration of the substrate
      holder 37 with respect to the lever 32. This migration, because of the
      limited amount of adjustment play provided in the lever 32, would
      ultimately result in the inability of the apparatus 18 to align further
      loaded substrates 13.
PAC  THE SUBSTRATE LOAD STATION
PAR  Referring now to FIG. 3, substrates 13 are sequentially transferred from a
      magazine, such as the magazine 46, onto substrate holders 37 as the
      substrate holders 37 are indexed to the load station 21. While other types
      of substrate magazines can be used within the scope of the present
      invention, the apparatus 18 is described in conjunction with a flat,
      rectangular 46 that uses a plurality of parallel longitudinal grooves or
      tracks 51, each track 51 holding a predetermined number of substrates 13.
PAR  At the substrate load station 21, a magazine holding rack 52 supports one
      of the magazines 46 in a position which locates the tracks 51 of the
      magazine 46 in a substantially vertical orientation. When the tracks 51
      are in such a vertical position, substrates 13 in the magazine 46 are
      urged toward the lower end of each of the tracks 51. In the holding rack
      52, however, all but one of the tracks 51 are blocked by a frame portion
      53 thus preventing the substrates 13 from sliding out of the tracks 51.
      The one unblocked track 51 is connected to a feed track 56. The substrates
      13 advance, urged by gravity, along the track 56 into a horizontal load
      position adjacent an escapement 57. The escapement separates one of the
      substrates 13 from the remaining substrates being fed from the magazine 46
      to permit it to be picked up by a vacuum transport arm 58. The transport
      arm 58 then transfers the substrate 13 onto a vacuum plate 59 of the
      substrate holder 37.
PAR  The escapement 57, shown in FIG. 3, prepares one of the substrates 13 for
      pickup by the vacuum transport arm 58. Under gravitational influence the
      substrates 13 move along the track 56 until the first one slides onto an
      escapement platform 60 and contacts the end plate 61 of the platform 60.
      At that time, the escapement platform 60 is located contiguous to the end
      of the track 56. A locating guide 62 energized by an air cylinder (not
      shown) moves the first substrate 13 to one side of the platform 60.
PAR  Prior to pickup of the first substrate 13 from the platform 60, a linear
      actuator 63 under the second substrate 13 adjacent the first substrate is
      extended. The actuator 63 clamps the second substrate 13 against top
      guides 64 of the feed track 56. The platform 60 of the escapement is then
      moved away from the track 56 to separate the first substrate 13 located on
      the platform 60 from the second substrate 13 which is being held by the
      actuator 63. Of course, clamping the second substrate 13 by the actuator
      prevents movement of all the other substrates 13 located on the track 56
      and in the track 51 of the magazine 46 in alignment with the track 56.
PAR  Upon movement of the platform 60 away from the track 56, the locating guide
      62 moves away from the first substrate 13 so that the vacuum arm 58 can
      attach to and pickup the substrate 13, as shown in FIG. 3. Thereafter the
      platform 60 returns to its starting position contiguous to the track 56.
      Retracting the linear activator 63 releases the substrates 13 held in the
      track 56. Gravity acting on the substrates 13 in the track 56 move the
      next substrate 13 onto the platform 60 and the operating cycle of the
      escapement is repeated. The escapement prevents two adjacent substrates 13
      from clinging together by interlocking their edges when one of the
      substrates 13 is lifted by the vacuum arm 58 to be transferred to the
      substrate holder 37.
PAR  The vacuum transport arm 58 is a commercially available item that is
      commonly used for handling small workpieces such as the substrates 13. The
      transport arm 58 has vertical reciprocating movement in addition to a
      horizontal reciprocating stroke between the escapement 57 and the vacuum
      plate 59 of the substrate holder 37. A vacuum provision in the arm 58 is
      selectively turned on to hold the workpiece such as the substrate 13 at
      the end of the arm. In conjunction with the presently described apparatus
      18, the vacuum transport arm 58 is cyclically operated to place one of the
      substrates 13 onto the vacuum plate 59 of the substrate holder 37 after
      each movement of the rotating member 31 so that one of the substrates 13
      is loaded onto each substrate holder 37 as it moves into position at the
      load station 21, shown in FIG. 3.
PAR  Successive substrates 13 are placed on vacuum plates 59 of successively
      positioned substrate holders 37 with repetitive tolerances of usually no
      more than five thousandths from a desired portion. Small variations in
      orientation and location occur because of vibrations in the loading
      mechanism and variations in positioning the substrates 13 at the
      escapement 57 with respect to the transport arm 58. These slight
      inaccuracies in locating the substrates 13 are corrected for at the
      alignment station 22 where the locations of consecutively loaded
      substrates are adjusted with respect to the rotational path of the member
      31.
PAC  THE ALIGNMENT STATION
PAR  Once one of the substrates 13 is loaded onto the vacuum plate 59 of the
      respective substrate holder 37, the substrate is held there by vacuum
      connected to the substrate holder 37. As the rotating member 31 undergoes
      its next movement, the lever 32 indexes the substrate holder 37 with the
      substrate 13 thereon to the alignment station 22.
PAR  Referring to FIG. 4, the alignment station 22 includes three basic
      apparatus elements, (1) a planar manipulator designated generally by the
      numeral 65 which adjusts the position of the substrate holder 37 with the
      substrate thereon to the reference axis 39, (2) an optical reference
      system 66 which controls the action of the manipulator 65 to position the
      substrate holder 37 with respect to the reference axis 39, and (3) a
      mechanism for accurately transferring the substrate holder 37 between the
      lever 32 and the manipulator 65.
PAR  In general, the planar manipulator 65 functions in a manner similar to
      other known manipulators of the type used to orient microcircuits or
      similar workpieces which have to be precisely positioned. In some respect,
      however, the described manipulator 65 differs from commercially available
      manipulators. For instance, the manipulator 65 is capable of exerting a
      holding force on the top surface of a flat object such as the substrate
      holder 37 and then of controlling the lateral movement of such an object.
      Furthermore, the manipulator 65 not only maintains a hold on the top
      surface of the substrate holder 37, but it also permits access to the
      central portion of the holder 37 where the substrate 13 is located.
      Consequently, the position of the substrate 13 can be continually
      monitored by the reference system 66 while the manipulator 65 is orienting
      the substrate holder 37 until the substrate 13 is precisely referenced
      with respect to the axis 39.
PAR  The manipulator 65 has a single adjustable base table 67 which is subjected
      to controlled planar motion. Referring to both FIGS. 4 and 5, the
      operation of the manipulator 65 is more readily explained. The base table
      67 moves jointly with a collar 68 in the X and Y directions but is
      rotatably mounted in the collar 68 to be rotated independently of the
      collar 68. Two pairs of lead screws 69 and 70 extend in a single plane
      parallel to the plane in which the base table 67 moves. The lead screws
      are pairwise parallel to each other and each pair 69 or 70 is
      perpendicular to the other. The lead screws 69, for example, act on the
      collar 68 to drive the collar and the base table 67 along one of the major
      axes of the plane of movement of the table. The other pair of lead screws
      70 acts diretly on the base table 67 to drive the table 67 and the collar
      68 along the other major axis of movement perpendicular to the first major
      axis when each of the lead screws of thee pair 70 move the table 67 in the
      same direction. However, each of the pair of screws 70 is driven
      independently of the other. Therefore, the screws can be driven opposite
      one another to drive the base table 67 in the .theta. direction
      independently of any movement of the table 67 and the collar 68 in either
      the X or the Y directions.
PAR  The center of the base table 67 is open to afford an unobstructed view of
      the center of the substrate holder 37 when the substrate holder is located
      at the base table 67. The opening provides access for the optical
      reference system 66 to compare the position of the substrate 13 on the
      substrate holder 37 with respect to the reference axis 39. The comparison
      is used to align the substrate 13 to a predetermined position with respect
      to the reference 39. The described apparatus 18 uses an automatic position
      recognition system to recognize the position of the substrate 13 with
      respect to the reference axis 39 and to generate control signals to drive
      the manipulator 65.
PAR  Such an automatic system is described in a copending application Ser. No.
      475,006 filed May 31, 1974 in the name of Montone et al. which is assigned
      to the assignee of this application. According to the referred-to
      application, a workpiece is precisely aligned with another by comparing
      essentially real time images of the workpieces to a real time generated
      reference pattern, and by then generating a control signal to drive a
      manipulator such as the manipulator 65 to align the workpieces.
PAR  Another optical system, which is commercially available from Precision
      Instruments Company, Inc., a subsidiary of Kulicke & Soffa, is described
      in conjunction with the preferred embodiment of this invention. The last
      mentioned system involves storing a video image of a workpiece, such as
      the substrate 13 when the substrate 13 is located at a desired location,
      such as the reference axis 39. A spiral video scan of subsequent
      substrates 13 is then compared with the stored image of the properly
      located substrate 13. An error signal is then generated which is applied
      to drive motors of the corresponding manipulator 65 in the X, Y or .theta.
      direction.
PAR  The described manipulator 65 utilizes one motor 71 to drive the base table
      in the X direction and two cooperating motors 72 and 73 to drive the base
      table 67 in either the Y direction or in .theta. rotation. The error
      signal from the optical system 66 interfaces with an electrical translator
      (not shown) which converts the .theta. quantity by conventional type
      operational amplifiers into two linear Y-direction signals. One of the
      signals is added to the signal directed to one of the motors and the same
      quantity is subtracted from the error signal fed to the other of the two
      motors 72 and 73 to superimpose a .theta. correction motion onto the Y
      correction motion being fed to the motors 72 and 73.
PAR  Referring to FIG. 5, each of the lead screws 70 are driven by the motors 72
      and 73 through separate drives 75 and 76, respectively. The motor 71, on
      the other hand, drives both lead screws 69 simultaneously. One lead screw
      69 is driven by a drive 77 from the motor 71 directly; the other lead
      screw 69 is driven by the motor 71 through an idler block assembly 78 and
      through connecting drives 79 and 80.
PAR  The alignment of the substrate 13 to the reference axis 39 is to be precise
      and any error in the alignment is expected to be at a minimum. The
      apparatus 18 utilizes a method of completely divorcing the substrate
      holder 37 from the respective lever 32 to align the respective substrate
      13 to the reference axis 39. Accordingly, at the alignment station 22, the
      substrate holder 37 is transferred from the lever 32 to the manipulator
      65. Once transferred to the manipulator 65, the position of the substrate
      holder 37 is accurately adjusted until the bondsite 12 of the substrate 13
      is in alignment with the reference axis 39 within the precision limits of
      the apparatus. Thereafter, the substrate holder 37 is transferred back to
      the lever 32 in a direction perpendicular to the plane of alignment to
      lock in the position of the precisely located substrate holder 37 with
      respect to the lever 32 of the rotating member 31. The position of the
      reference axis 39 coincides with that part of the lever 32 which passes
      directly through the bonding axis 43. Consequently, the bondsite adjusted
      to the reference axis 39 moves into alignment with the bonding axis 43 as
      the rotating member 31 moves the respective substrate holder 37 to the
      bonding station.
PAR  Small alignment errors frequently occur when an object such as the
      substrate 13 is moved in a plane while the substrate is still being held
      in frictional contact with a supporting member. Any contact is likely to
      produce frictional forces which can result in strain and elastic
      deformation of the supporting member, such as, for instance, the rotating
      member 31. Such a deformation during the lateral alignment is likely to
      result in some movement of the lever 32 once the alignment force is
      removed, to cause the aligned substrate to shift laterally with respect to
      the axis 39. A similar shift is not discernible when an adjustment of the
      substrate 13 is made independently of the supporting lever 32.
PAR  FIGS. 6 through 10 illustrate the transfer operation of the substrate
      holder 37 between the lever 32 and the base table 67. As the substrate
      holder 37 moves, supported by the lever 32, into position at the alignment
      station 22 a push rod 81 contacts the end 34 of the lever 32 from beneath
      and raises the lever 32 with the substrate holder 37 toward the underside
      82 of the base table 67. The push rod 81 thus lifts the lever 32 from a
      vertically adjustable support 83 against which the lever 32 normally
      rests.
PAR  Upon the substrate holder 37 having moved into contact with the base table
      67, a vacuum between the base table 67 and the substrate holder 37 is
      activated and a vacuum normally holding the substrate holder 37 in
      position on the lever 32 is turned off. The substrate holder 37 is thereby
      transferred from the lever 32 to the base table 67. Once the substrate
      holder 37 is held by the base table 67 and the push rod 81 is withdrawn
      (as shown in FIG. 8), the optical reference system 66 is activated and the
      position of the substrate 13 on the substrate holder 37 is aligned with
      respect to the reference axis 39.
PAR  After the substrate 13 has been aligned, the substrate holder 37 is
      transferred back to the lever 32. Referring to FIGS. 9 and 10, the push
      rod 81 moves the lever 32 toward the underside of the substrate holder 37.
      The vacuum is then switched to release the substrate holder 37 from the
      base table 67 and attach it to the lever 32. Thereafter, the push rod 81
      retracts to return the lever 32 to its starting position as shown in FIG.
      10.
PAR  Precise alignment of the substrate 13 with respect to the reference axis 39
      is preserved by restricting the movement of the substrate holder 37
      between the manipulator 65 and the lever 32 to a direction substantially
      perpendicular to the plane of adjustment. This is accomplished by
      minimizing the vertical movement of the lever 32 and by virtually
      eliminating any horizontal movement of the lever 32 with respect to the
      rotating member 31. The vertical movement of the lever 32 toward the
      manipulator 65 is minimized by separating the substrate holder 37 from the
      lever 32 without completely clearing the substrate holder from the lever
      32. Thus, while the substrate holder 37 is being moved to align the
      substrate 13, the substrate holder still extends through the thickness of
      the lever 32. However, vertical as well as lateral clearance between the
      substrate holder 37 and the lever 32 permits any necessary adjustments.
PAR  Horizontal movement of the lever 32 with respect to the rotating member 31
      is controlled by the rigid construction of the lever 32 as part of the
      rotating member 31 to eliminate horizontal movement with respect to the
      member 31 and to permit only such limited vertical flexing of the lever 32
      as is necessary for transferring the substrate holder 36, for instance.
PAC  THE SUPPORT MEMBER AND SUBSTRATE HOLDER
PAR  In FIG. 11 there is shown one of the substrate holders 37 mounted to one of
      the levers 32 of the rotating member 31. A vacuum is introduced through a
      vacuum port 85 in the lever 32 to hold the underside of the top plate 86
      of the substrate holder 37 to the top surface 87 of the lever. Since the
      substrate holder 37 is rigidly mounted to the lever 32, the accuracy of
      positioning one of the devices 11 on the substrate holder 37 at each of
      the stations depends on the rigidity of the lever 32 in its plane of
      motion. To assure a position of the lever 32 which is parallel to the
      underside of the base table 67 when the top surface of the substrate
      holder moves into contact with the underside 82, the support 83 is
      normally adjusted to position the lever 32 at a slight incline from the
      horizontal. However, the angle of the incline is so small that the
      substrate holder 37 need only be raised approximately three thousandths of
      an inch to reach the horizontal.
PAR  To provide for vertical movement of the lever 32 without appreciable
      flexing of the lever itself, the lever 32 has a necked-down section 89
      across its width. The section 89 is located near the central axis 19.
      Vertical flexing of the lever 32 takes place in the section 89 without
      appreciably effecting the rigidity of the rotating member 31 in its plane
      of rotation. The section 89 acts, consequently, as a hinge to facilitate
      vertical movement of the lever 32 with substantially no reduction in the
      capability of the member 31 to maintain the position of the substrate
      holder 37 in the plane of rotation of the member 31. Since the vertical
      movement of the lever 32 at its unsupported end is only a few thousandths
      of an inch, the flexing or strain in the section 89 takes place within the
      elastic limits of the member 31.
PAR  One of the functions of the substrate holder 37 is to support the substrate
      13 to retain its desired position relative to the rotating member 31. A
      vacuum connection 90 through the center of the substrate holder 37 to the
      vacuum plate 59 provides such a retaining force on the substrate 13 after
      its transfer to the substrate holder 37.
PAR  Another function of the substrate holder 37 is to preheat the substrate in
      preparation for subsequently bonding the device 11 to the metallized
      circuit leads 15 by a thermocompression bond. The substrate holder 37,
      therefore, includes a heater 91 which has a thermoconductive extension 92
      along the central portion of the substrate holder 37 which terminates in
      the vacuum plate 59. The remainder of the top plate 86 of the substrate
      holder 37 is insulated from the heater 91 by a thermoresistive bushing 93.
      Material for such thermoresistive bushing is commercially available as,
      for instance, the type sold under the tradename of "Marinite." The
      thermoresistive bushing 93 reduces the amount of energy which has to be
      supplied to the substrate holder 37 by limiting the conduction of heat
      through the substrate holder 37 and into the rotating member 31.
PAR  Some of the heat nevertheless conducted into the lever 32 contributes to at
      least some thermoexpansion of the lever. However, since each substrate 13
      after being loaded onto the substrate holder 37 is located with respect to
      the reference axis 39, and the position of the reference axis 39 is
      unaffected by any thermoexpansion of the lever 32, the accuracy of the
      substrate alignment remains unaffected by any thermoexpansion of the lever
      32.
PAR  The heater 91 and the thermoresistive bushing 92 extend through an aperture
      96 in the lever 32. The aperture 96 is sufficiently large to provide
      sufficient clearance for lateral movement of such portions of the
      substrate holder 37 which extend through the lever 32 to permit lateral
      movement of the substrate holder 37 within the aperture 96. Such lateral
      movement is taking place when the manipulator 65 reorients the substrate
      holder 37 to align the bond site 12 of the substrate 13 to the reference
      axis 39. During such alignment, neither the underside of the top plate 86
      of the substrate holder 37 nor the extending portions of the substrate
      holder 37 are in contact with the lever 32 such that the substrate holder
      is completely separated from the lever.
PAC  THE DEVICE TACK BOND STATION
PAR  After having been aligned to the reference axis 39, the substrate is moved
      on the substrate holder 37 from the alignment station 22 to the device
      tack bond station 23. Reference is made to FIGS. 12, 13 and 14 of the
      drawing wherein mechanisms of the tack bond station are shown in greater
      detail.
PAR  At the tack bond station 23, devices 11 are supplied in an array 101 on a
      carrier 102 shown in FIG. 12. The carrier 102 is held by a special
      adjusting plate 103 mounted to an otherwise standard commercially
      available 2 .times. 2 inch indexing table 104. The adjusting plate 103 is
      equipped with an X-Y-.theta. precision adjustment mechanism similar to
      that of the manipulator 65 which permits the array 101 to be aligned with
      the indexing movement of the table 104. The indexing table 104 is part of
      a sorting apparatus, designated generally by the numeral 108. Apparatus
      similar to the apparatus 108 is commercially available from Teledyne TAC
      under the tradename "MInisorter." The present apparatus 108 differs from
      the standard commercial apparatus in several respects. One of the
      differences is the already described adjusting plate 103.
PAR  Another modification is the addition of a second vacuum sorting arm 109.
      This arm 109 is mounted to a standard sorting arm 111 to be driven by a
      standard operating mechanism 112. In operation, the sorting arm 111
      rotates through a predetermined angle in a horizontal plane and undergoes
      vertical movement at the beginning and end of its rotational path. At the
      beginning of the rotational path of the arm 111, a standard vacuum tip 114
      is activated to pick up an aligned device 111 from the array 101. At the
      end of the rotational path of the sorting arm 111, 90.degree. from its
      beginning, the device 11 is normally released to another carrier. The
      modified apparatus 108 substitutes for such a carrier a centering
      apparatus 115 similar to that described in U.S. Pat. No. 3,776,394 to
      Miller and assigned to the assignee of this application. Another similar
      apparatus is that described in an application Ser. No. 414,481 filed Nov.
      9, 1973 and assigned to the assignee of this application. With the
      centering apparatus 115 in operation, a vertically movable post or ram 116
      accepts a device 11 from the sorting arm 111. The vertical movement of the
      ram 116 is controlled by a special cam lever mechanism 117 driven by the
      standard operating mechanism 112. According to the standard mode of
      operation of the centering device 115, the device 11 is drawn down the
      sloping sides of a centering cavity 118 to be centered with respect to the
      ram 116. The arm 116 is then moved up again to return the centered device
      to be picked up by the arm 109.
PAR  After depositing the device 11 on the ram 116, the sorting arm 111 returns
      by rotation in the reverse direction to a position adjacent the expanded
      array 101 to pick up another device 11. The second vacuum sorting arm 109
      is mounted at right angles to the standard arm 111 to move into alignment
      with the center of the centering mechanism 115 as the standard arm 111
      rotates back to the position adjacent the expanded array. As the arm 111
      comes to rest at a pickup position at the array 101, the arm 109 is in
      alignment with the centering mechanism 115. Centering of the deposited
      device 11 at the centering mechanism 115 takes place during the time the
      arm 111 returns to the array 101 to pick up another device 11. The
      indexing table is programmed to index and to present a new device 11 to
      the vacuum tip 114 of the arm 111 each time the arm 111 returns to the
      array 101.
PAR  Simultaneously with the pickup of one of the devices 11 from the expanded
      array 101 by the arm 111, the second arm 109 picks up the centered device
      11 from the ram 116 at the centering mechanism.
PAR  As the arm 111 transfers another device 11 to the centering mechanism 115,
      the arm 109 transfers the centered device 11 from the centering mechanism
      115 through a right angle rotation into alignment with the bond site 12 on
      the substrate 13 as it is just being moved by the rotating member 31 into
      a tack bond position 119.
PAR  In this position, the device pickup tip 121 of the arm 109 is axially
      aligned with a linear actuator 122 shown in FIG. 14. The actuator 122
      follows the vertical motion of the arm 109 and applies a measured tack
      bond force through the pickup tip 121 just as the centered device 11 is
      deposited on the bond site 12 of the substrate 13. At that time, a new
      device is being deposited on the ram 116 by a corresponding pickup tip 114
      on the arm 111.
PAR  Referring again to FIG. 14, at the tack bond station, the end of the lever
      32 is being supported by a roller cam 126. The cam 126 raises the lever 32
      and the substrate holder 37 thereon to a horizontal position and provides
      vertical rigidity against the applied force from the actuator 122. The
      vertical movement of the lever 32 is only slight in the order of three
      one-thousandths of an inch. The lever 32 undergoes such vertical movement
      at the alignment station as well as the tack bond and final bond
      positions.
PAR  Between the initial loading of the substrate 13 at the load station 21 and
      the movement of the loaded substrate to the tack bond station 23, the
      heater 91 has preheated the loaded substrate 13 to a range of
      approximately 265-275.degree.C. This temperature is given as a specific
      example for the particular devices to be bonded. In general, the
      temperature to which the substrate 13 is preheated is approximately the
      bonding temperature desired for permanently bonding the beam leads of the
      device 11 to the leads 15 of the substrate. Additional bonding heat is
      then applied for a brief period through the bonding tip to minimize
      temperature degradation of the devices. However, a temporary or
      preliminary bond between the device 11 and the substrate 13 is
      advantageously and successfully made with no additional heat supplied to
      the tip 121.
PAR  From the tack bond station 23, the rotating member 31 moves the substrate
      holder past the monitoring station 24 to the final bond station 26. The
      monitoring station 24 utilizes a photosensitive recognition system 128 to
      ascertain whether or not the device 11 has, in fact, been tack bonded to
      the substrate 13. The recognition system 128 includes the monitoring unit
      41 and a fibre optics tube 131. The monitoring unit 41 emits a beam of
      light through the tube 131. The tube 131 terminates adjacent the bond site
      12 of the substrate 13 on the substrate holder 37 at the monitoring
      station 24. The bond site 12 reflects more light than the darker surface
      of the beam lead device 11. Consequently, a lesser amount of light is
      reflected back into the tube 131 when one of the devices 11 has in fact
      been tack-bonded to the substrate 13 than when no device 11 is present at
      the bond site 12. A sensor (not shown) in the monitoring unit 41
      distinguishes between the light reflected from the bond site 12 and the
      device 11.
PAR  Logic circuitry (not shown) generates an error signal in response to the
      recognition of the absence of one of the devices 11 from one of the
      corresponding substrates 13. The error signal is applied to inhibit the
      operation of a bonding apparatus 134 at the final bond station 26 upon the
      next movement of the substrate holder 37 to the final bond station. The
      signal also prevents the respective substrate 13 from being unloaded into
      the magazine 46 at the unload station 28. The error signal can further be
      applied to initiate an audible or visual alarm to an operator supervising
      the operation of the apparatus 18. Such an alarm signal may be initiated
      upon one, two or more consecutive absences of devices 11 from their
      corresponding substrates 13 to signal faulty handling of the devices 11.
PAC  THE FINAL BOND STATION
PAR  At the final bond station 26,  the substrates 13 having respective devices
      11 tack bonded thereto are moved with their respective substrate holders
      37 into alignment with the bonding axis 43 of the bonding apparatus 134,
      shown in FIG. 2 and in greater detail in FIG. 15. The selection of the
      type of bonding apparatus 134 is not critical. Several bonders are
      commercially available which are capable of performing a suitable
      permanent thermocompression bond. The bonding apparatus 134 typically
      includes a bonding head 136 which is reciprocably movable along the
      bonding axis 43. The bonding head 136 has a tip 137 which contacts the
      beam leads 14 of the device 11 during bonding. The tip 137 is typically
      heated. The thermal energy supplied to the leads 14 and 15, from the tip
      137 and from the substrate holder 37, together with the compressive energy
      supplied through the bonding head 136 to the tip 137 effect a permanent
      bond between the beam leads 14 and the metallized circuit leads 15.
      Bonding periods and temperatures are generally known. In each case they
      depend, to some extent, on the size of the desired bond, on the type of
      material to be bonded, on the desirable pressure to be applied by the
      bonder, as well as on the type of electrode used on the bonder.
PAC  POST BOND INSPECTION AND HANDLING OF THE SUBSTRATE, AND RECENTERING OF THE
      SUBSTRATE HOLDER
PAR  After bonding, the substrate holder 37 is indexed to the final inspection
      station 27, shown in FIG. 2. At the inspection station 27, the bonded
      product 44 is monitored by a closed circuit television camera 141 which
      views the product through a microscope objective mounted to the camera
      141. The quality of the bonded product 44 is reviewable on a TV projector
      143 which is coupled to the camera 141. An operator recognizing a faulty
      bond, a misaligned device 11 or any other visually discernible defect
      triggers the reject procedure at the unload station 28.
PAR  From the final inspection station 27, the substrate holder is indexed to
      the unload station 28 where the substrate 13 with the bonded device 11 is
      unloaded. Referring to FIG. 16, a standard vacuum unloading arm 146
      reciprocatably moves between the substrate holder 37 and a substrate
      receiving platform 147 to unload the substrate 13 from the substrate
      holder, and to deposit the substrate 13 on the platform 147. The platform
      147 is tiltably mounted and actuated by an air cylinder 148 to discard the
      substrate 13 should a signal have been initiated to indicate that the
      substrate is defective. In the absence of such a signal, the platform 147
      remains horizontal and the unloaded substrate 13 remains positioned
      thereon to be loaded into one of the magazines 46. Tapered guides 149 on
      the platform 147 narrow into the proper track width for the substrates 13.
      A magazine supporting structure 151 holds a single magazine 46 in a
      horizontal position. A slider crank and feed pawl mechanism 152
      sequentially aligns each of the tracks of the magazine 46 in extension of
      the guide 149.
PAR  After the substrate 13 has been deposited on the platform 147 by the vacuum
      arm 146 and no signal has been received to discard the substrate, an
      actuator ram 156 pushes the substrate 13 along the guides 149 into one of
      the aligned tracks of the magazine 46.
PAR  In a particular aspect of the present invention, a photosensor 157 is
      located at the last substrate position 158 of the respective track 51 in
      alignment with the platform 147. The photosensor 157 recognizes the
      presence of one of the substrates 13 in the last load position of the
      respective track 51 in alignment therewith to generate a signal for
      actuating the mechanism 152 to index the magazine for aligning the next
      adjacent track in the magazine with the platform 147. As the ram 156
      pushes consecutively unloaded substrates 13 into the respective track 51,
      the substrates tend to collide and tend to transfer energy from substrate
      to substrate. At times, the substrates 13 bounce off one another to
      maintain gaps between some of the substrates as they are loaded into the
      magazine 46.
PAR  In some cases the photosensor 157 recognizes the presence of one of the
      substrates 13 in the last position 158 of the track 51 of the magazine 46
      before the track is actually fully loaded with substrates. Consequently,
      the magazine 46 is indexed prior to the time that such respective track is
      fully loaded with substrates 13. To prevent such partial loading of the
      tracks of the magazine 46 an air nozzle 159 directs a stream of air along
      the track 51 of the magazine 46 being loaded. The stream from the nozzle
      159 flows opposite the direction in which the substrates 13 are being
      pushed by the ram 156. The air stream consequently dampens the bouncing of
      the substrates 13 as they are being pushed along the track. Thus, by the
      time one of the substrates is pushed into alignment with the photosensor
      157, the respective track 51 is filled and the magazine is ready for
      indexing
PAR  To ascertain that the substrate 13 has, in fact, been cleared from the
      substrate holder 37, a stream of high pressure air from a nozzle 160 is
      directed against the vacuum plate 59 to push off one of the substrates 13
      should it not have been unloaded by the vacuum arm 146 at the unload
      station. Clearing the substrate holder 37 prevents a new substrate 13 from
      being loaded onto one already located on the substrate holder 37 when the
      holder 37 is indexed around to the substrate load station 21.
PAR  From the unload station 28, the substrate holder 37 is indexed to the
      recenter station 29. Referring to FIG. 17, there is shown a recenter
      mechanism 161 located at the recenter station 29. The mechanism 161
      includes two counteracting centering wedges 162 and 163. Each of the
      wedged ends 164 fits into a corresponding one of two wedged recesses 165
      located opposite from one another on the periphery of the substrate holder
      37. When the substrate holder 37 is located at the recenter station, the
      linear actuator such as the air cylinder 166 forces the end 164 on the
      wedge 162 into the corresponding recess 165 on the substrate holder 37. A
      reversing gear 167 imparts the motion of the wedge 162 in the reverse
      direction to the wedge 163 to force the corresponding end 164 into the
      opposite recess 165 on the substrate holder 37.
PAR  The recenter mechanism 161 repetitively moves each of the eight substrate
      holders 37 to a similar starting location on the rotating member 31 as the
      respective levers 32 are indexed in sequence to the recenter station 29.
      The mechanism 161 corrects for locational variations from a center
      position in the X and Y as well as in the rotational directions. These
      corrections prevent an error in the position of the substrate holder 37
      from accumulating as the substrate holder undergoes slight planar
      adjustment each time one of the substrates 13 is aligned to the reference
      axis 39 at the alignment station 22.
PAR  In addition to centering the substrate holder 37 at the recentering station
      29, the temperature on the vacuum plate 59 of the substrate holder 37 is
      monitored. An infrared sensing device 171 is mounted above the substrate
      holder 37 as it is located at the recenter station 29. The sensing device
      is a commercially available unit sold, for instance, by Raytek, Inc. under
      the tradename "Thermalert." The temperature monitor by the device 171
      generates a control signal which regulates the current flowing through
      each of the heaters 91 in the substrate holder 37. The temperature on the
      heaters 91 can, of course, be monitored by means other than the device
      171. However, since the recenter station provides direct access to the
      vacuum plate 59 without a substrate covering it, and since the stationary
      device 171 does not require rotational movement with the member 31, the
      device 171 is structurally simple.
PAC  ELECTRICAL AND VACUUM SUPPLY TO THE SUBSTRATE HOLDER
PAR  Connections for the electrical heaters 91 and for vacuum-air needs at each
      end of the levers 32 are made from a stationary base 175 to the rotating
      member 31. Referring to FIG. 18, a section of the rotating member 31 is
      shown in relation to the base 175.
PAR  A central stationary shaft 176 is mounted to the base 175 concentric with
      the central axis 19 of the apparatus 18. The rotating member 31 rotatably
      seats on the shaft 176. An annular wall 178 of the member 31 forms a
      chamber 179 about the shaft 176. Vacuum is connected through a central
      passage 181 in the shaft 176 to the chamber 179. Apertures 182 in the wall
      178 connect to vacuum lines 183 which extend to the levers 32 and the
      respective substrate holder 37. Seals 184 and 185 at the top and bottom of
      the chamber 179 minimize air leakage at relatively movable junctions 186
      and 187 between the shaft 176 and the rotating member 31.
PAR  An output shaft 188 of an eight portion indexing drive 189 directly coupled
      to a plate 191 of the member 31 rotates the member 31. The rotational
      movement of the member 31 requires special electrical connections to be
      made to supply the power to the heaters 91 on the substrate holders 37.
      Conductive rings 192 and 193 concentrically mounted to the base 175
      provide regulated electrical power. Slidable contacts 194 and 195 mounted
      to the plate 191 transfer the electrical power from the rings 192 and 193
      to the eight heaters 91 on the substrate holders 37. The temperature
      generated by each of the heaters 91 is sufficiently close to that of the
      others that the temperature in each of the heaters 91 is controlled
      jointly with the temperature of the seven other heaters.
PAC  APPARATUS INTERACTION
PAR  The described apparatus 18 operates normally on a timing cycle which
      requires approximately two seconds. Approximately every two seconds a
      substrate 13 with a device 11 bonded thereto is unloaded at the unload
      station 28 into one of the magazines 46.
PAR  The two second cycle time is controlled by the operating speed of the
      sorting apparatus 108 shown in FIG. 12. The apparatus 108 is timed by a
      normally continuously rotating cam shaft 201 having a battery of cams 202.
      The cams 202 operate switches 203 to control the function of the sorting
      apparatus 108 and to pace a sequence which controls the operation of the
      apparatus 18 in general. In addition to the cams 202 the operating
      mechanism 112 includes a barrel cam 206 and a lift cam 207 which controls
      the motion of the transfer arms 109 and 111.
PAR  Referring now to FIG. 19, there is shown a schematic representation of the
      function of various operating elements of the apparatus 18 as they relate
      to each other and to the time cycle established by the sorting apparatus
      108. A variable 211 represents the horizontal position of the sorting arms
      109 and 111. Next thereto, variable 212. At the starting position of
      0.degree. rotation on the sorting apparatus 108, the sorting arm 109 is
      located in the tack bond position 119 and raised to its upper position.
      This places the sorting arm 111 above the centering mechanism 115. As the
      timing cycle moves on, the sorting arms 109 and 111 move toward the
      centering mechanism 115 and the carrier 102 respectively, where they move
      down and where a vacuum is turned on at each of their respective tips 121
      and 114 to cause the tips to pick up devices. The vacuum function 213
      shows the vacuum for the tips 121 and 114 for each of the arms. After the
      device 11 has been removed from the array 101, the indexing table 104 is
      advanced at approximately the 200.degree. mark in the timing cycle to
      present the next device 11 from the array 101 to the pick up position.
PAR  The function 214 shows the movement of the linear actuator 122, the
      actuator 122 provides the necessary force for the tack bond operation when
      the sorting arm 109 is depositing a centered device 11 at the tack bond
      position 119.
PAR  The functions 216 and 217 further describe the operation of the centering
      mechanism 115. The centering mechanism 115 utilizes a high and a low
      vacuum in the ram 116 as shown by the function 216. The high vacuum state
      refers to a connection to a vacuum supply operating in a range of 20-26
      in.Hg. which is preferred in substantially all operations of the disclosed
      apparatus 18. The low vacuum state is generated by connecting the ram 116
      to a supply in the range of approximately 1-3 in. Hg. The low vacuum aids
      the device in sliding down the sloped walls of the centering cavity 118.
      However, the vacuum is sufficiently reduced that it does not interfere
      with any lateral movement of the device 11 relative to the ram 116. The
      reciprocating movement of the ram 116 should be noted which also aids to
      center the device 11 in the centering cavity 118.
PAR  The function 218 shows triggering the motion of the rotary table referred
      to as the rotating member 31. Triggering of the member 31 takes place at
      the position of 140.degree. in the timing cycle. The motion of the member
      31 is produced by a barrel cam (not shown) of the indexing drive 189. The
      total cycle of the indexing drive 189 is 360.degree.. Because of the
      rotary speed of the drive 189, one cycle of the drive 189 equals
      120.degree. in the timing cycle. 45.degree. at the leading and trailing
      end of the total motion of the drive 189 is used for activating the push
      rod 81. The remainder of the cycle is used to index the member 31.
      Indexing, consequently takes place during 90.degree. of the timing cycle.
      The movement of the rotating member 31 is shown by the function 219. Some
      functions taking place at the stations about the rotating member 31 extend
      beyond the 360.degree. cycle of the sorting apparatus 108. The graph is
      consequently extended over another half cycle.
PAR  Already during the initiated movement of the rotating member 31 the vacuum
      transport arm 58 is triggered to move from a pickup position at the
      platform 60 toward the substrate holder 37 when it becomes positioned at
      the load station 21. Functions 221, 222, 223 show the horizontal movement,
      vertical movement and vacuum supply of the vacuum arm 58, respectively.
      The vacuum arm 58 moves toward the substrate holder 37 and deposits a
      substrate 13 on the substrate holder 37 almost immediately upon the
      rotating member 31 coming to rest. At that time, the respective lever 32
      has positioned the substrate holder 37 at the load station. The vacuum arm
      then retracts to the escapement 57 and picks up the next substrate 13
      before coming to rest in the raised position at the escapement 57.
PAR  The functions 224 and 225 represent the vacuum supply cycle at the
      manipulator 65 and the lever 32, and the function 226 indicates when the
      push rod 81 raises the lever 32 to transfer the substrate holder 37
      between the manipulator 65 and the lever. Immediately upon the transfer of
      the substrate holder 37 to the manipulator 65, the reference system 66
      begins its video scan of the substrate 13 at the alignment station. The
      allowed time slot for recognizing the portion of the substrate 13 with
      respect to the ideal position stored in the memory of the reference system
      66 is from the beginning of the scanning process to the 360.degree.
      position of the timing cycle. If the deviation of the position from the
      reference axis 39 has been ascertained by the time that the 360.degree.
      timing position is reached, the sorting apparatus 108 continues into its
      next cycle. A portion of the time during this following cycle is still
      allocated to apply an error signal generated by the reference system 66 to
      control the manipulator 65 in aligning the substrate to the desired
      position with respect to the reference axis 39.
PAR  If, however, the position of the substrate 13 is such that the scan of the
      reference system 66 cannot recognize its position in relation to the
      stored image position by the time the timing cycle reaches the 360.degree.
      position, an extended scan time is allocated. The reference system is
      programmed to permit optical scanning of the substrate 13 to continue for
      a total of three seconds. To avoid an interference with the operations of
      the following cycle initiated by the apparatus 108, a clutch-brake
      mechanism 228 interrupts the operation of the apparatus 108 to stop the
      cycle time in the 360.degree. position. The clutch-break mechanism 228 is
      triggered by a signal from the reference system. The apparatus 108 is
      reactivated with the new cycle immediately upon the reference system 66
      recognizing the position of the substrate 13 in relation to the position
      of the stored image. Again, the beginning of the new timing cycle is used
      to operate the manipulator 65 to align the substrate 13 with respect to
      the reference axis 39.
PAR  If the true location of the substrate 13 has not been recognized after the
      allotted time of three seconds, the cycle is continued. However, an error
      signal is stored in a shift register (not shown). The error signal causes
      the product 44 to be discarded when it reaches the unload station 28. The
      additional time for a total of three seconds is preferred even though
      shorter or longer scanning times could be selected.
PAR  The function 231 shows the approximate bonding operation of the bonding
      head 136 at the final bond station 26. The exact bonding time is slightly
      variable and depends, in part, on bonding temperatures, the applied
      pressure and the type of bonding tip 137 used.
PAR  The functions 232 and 233 depict the horizontal and vertical motions of the
      vacuum unloading arm 146, the function 234 shows the application of vacuum
      to the arm 146. Similar to the arm 58 at the load station 21, the arm 146
      remains stationary in its raised and retracted position above the
      receiving platform 147 after having deposited the last unload product 44
      thereon. After being triggered during the indexing movement of the rotary
      member 31, the arm 146 moves to the substrate holder 37 to pick up the
      bonded product 44 therefrom. The vacuum to the arm 146 is activated during
      its movement to the substrate holder 37 and deactivated when the product
      44 is transferred from the arm 146 to the platform 147.
PAR  The platform has a small vacuum port 236 to aid the transfer of the product
      44 from the arm 146 to the platform. The vacuum suction remains normally
      turned on even after the deposited product 44 has been moved by the ram
      156 into the magazine 46. However, the vacuum at the port 236 is turned
      off for a brief period when defective product has been deposited on the
      platform 147. To discard the defective product a linear actuator 148 shown
      in FIG. 16a tilts the platform downward. The function 238 shows the
      tilting of the platform 147. Simultaneously therewith, the vacuum is at
      the port 236 turned off as shown by the function 239 in FIG. 19. The
      defective product slides from the tilted platform 147.
PAR  The function 240 shows the motion of the ram 156. When the defective
      product 44 is discarded from the platform 147, movement of the ram 156 is
      inhibited. However, during the next cycle the platform 147 is shown as not
      tilting. Instead, the ram 156 pushes the product 44 into the magazine 46.
      The vacuum at the port 236 is not shut off after the product 44 has been
      loaded into the magazine 46.
PAR  The centering wedges 162 and 163 are activated after the rotating member 31
      has indexed the next substrate holder 37 to the recenter station 29.
      Timing the recenter mechanism 161 to move the wedges 162 and 163 into
      contact with the substrate holder 37 is not critical but takes place
      shortly after the rotating member 31 has come to rest as shown by the
      function 241. The vacuum between the substrate holder 37 and the lever 32
      is not turned off during the recenter operation. However, briefly
      switching the vacuum off during the recenter operation is a workable
      alternate mode of operation.
PAR  The invention herein has been described in terms of a specific embodiment
      to process such specific articles as, for instance, beam-lead devices. The
      invention, however, is not limited by the illustrative description.
      Variations and modification can be made without departing from the spirit
      and scope of the invention. In one respect, the invention is seen to apply
      to sequential handling and bonding of beamless devices to substrates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of bonding an article to a substrate, the steps comprising:
PA1  locating the substrate on a substrate holder mounted on a support member;
PA1  transferring the substrate holder from the support member to a manipulator;
PA1  manipulating the position of the substrate holder with respect to the
      support member to align the substrate to a reference axis; and
PA1  transferring the substrate holder from the manipulator to the support
      member to retain the position of the substrate aligned to the reference
      axis with respect to the support member.
NUM  2.
PAR  2. A method of bonding an article to a substrate, which comprises:
PA1  moving a substrate holder mounted on a support member in sequence to a
      substrate alignment station and to a bonding station;
PA1  transferring the substrate holder at the alignment station from the support
      member to a manipulator;
PA1  manipulating the position of the substrate holder to align a substrate
      located thereon with respect to a reference axis; and
PA1  transferring the substrate holder from the manipulator to the support
      member to retain the position of the substrate aligned to the reference
      axis with respect to the support member, whereby a bond site on the
      substrate is precisely aligned with the article to be bonded thereto when
      the substrate holder is moved to the bonding station.
NUM  3.
PAR  3. A method according to claim 2, wherein transferring the substrate holder
      from the support member to the manipulator comprises:
PA1  moving the support member toward the manipulator in a direction
      perpendicular to the plane of manipulation to bring the substrate holder
      into contact with a surface on the manipulator;
PA1  attaching the substrate holder to the surface on the manipulator and
      releasing the substrate holder from the support member; and
PA1  separating the support member from the substrate holder; and wherein
PA1  transferring the substrate holder from the manipulator to the support
      comprises
PA2  moving the support member toward and into contact with the substrate
      holder,
PA2  attaching the support member to the substrate holder and releasing the
      substrate holder from the receiving surface of the manipulator; and
PA2  separating the support member and the substrate holder from the
      manipulator.
NUM  4.
PAR  4. A method of bonding an electronic device to a substrate, which
      comprises:
PA1  loading the substrate onto a substrate holder at a loading station;
PA1  moving the substrate holder along a predetermined path from the loading
      station to an alignment station, to a bonding station and then to an
      unloading station;
PA1  adjusting the position of the substrate holder with respect to the path
      when the substrate holder is located at the alignment station to move a
      bond site on the substrate into alignment with a bonding axis upon the
      substrate holder having moved to the bonding station;
PA1  preheating the substrate to a temperature approaching the temperature
      desired for bonding the device to the substrate;
PA1  aligning the device to the bond site of the substrate;
PA1  forcing the aligned device without additional heating to the bond site to
      tack-bond the device to the substrate; and then
PA1  bonding the tack-bonded device with a heated bonding tip to the bond site
      whereby a permanent bond between the device and the substrate is made.
NUM  5.
PAR  5. A method according to claim 4, wherein moving the substrate holder along
      the path to the bonding station comprises at least two discrete steps
      including indexing the holder to an article loading station and indexing
      the holder to a final bond station; and
PA1  wherein the aligned device is tack-bonded to the bond site at the article
      loading station, and the permanent bond between the device and the
      substrate is made at the final bond station.
NUM  6.
PAR  6. A method according to claim 4, wherein moving the substrate holder along
      the path comprises indexing the substrate holder along a predetermined
      rotary path, the method further including indexing the substrate holder
      along the rotary path from the bonding station to a recenter station to
      return the substrate holder to the position with respect to the path that
      is occupied prior to being adjusted with respect thereto.
NUM  7.
PAR  7. Apparatus for bonding an article to a substrate, which comprises:
PA1  a support member movably mounted to advance along a predetermined path
      intersecting a bonding axis;
PA1  a substrate holder releasably mounted to the support member;
PA1  a planar manipulator, located along the path, the manipulator comprising
      means for releasably supporting the substrate holder, and for adjusting
      the position of the substrate holder with respect to the path to position
      a bond site in alignment with the portion of the support member
      intersecting the bonding axis;
PA1  means for transferring the substrate holder from the support member to the
      manipulator to enable the manipulator to adjust the position of the
      substrate holder with respect to the support member and for transferring
      the substrate holder back to the support member to fix and retain the
      adjusted position of the holder with respect to the support member; and
PA1  means for aligning and for bonding the article to the bond site of the
      substrate at the bonding axis.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein:
PA1  the support member is a lever, the substrate holder being mounted at one
      end thereof;
PA1  the means for releasably supporting the substrate holder on the manipulator
      being adjacent to but spaced from the substrate holder in its path to and
      away from the manipulator; and
PA1  the substrate holder transferring means comprises means for flexing the
      lever from its normal position toward the manipulator to move the
      substrate holder into contact with the planar manipulator while
      transferring the substrate holder from the lever to the manipulator and to
      move the end of the lever normally supporting the substrate holder into
      contact with the substrate holder while transferring the substrate holder
      back to the lever.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein the lever has a portion of
      reduced thickness to permit the flexture of the lever during the transfer
      of the substrate holder to occur at such portion.
NUM  10.
PAR  10. Apparatus according to claim 7, which comprises:
PA1  an article aligning and tack-bonding station located along the path of the
      support member and a final bond station having a reciprocatable bonding
      head located at the bonding axis.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein the aligning and tack-bonding
      station comprises:
PA1  means for aligning the article with and transferring the article to the
      bond site of the substrate; and
PA1  means for preliminarily attaching the article to the substrate.
NUM  12.
PAR  12. Apparatus for bonding an article to a substrate, which comprises:
PA1  a base;
PA1  a support member movably mounted to advance in sequence between a substrate
      load station, an alignment station, a tack-bond station and a final bond
      station along a predetermined path with respect to the base;
PA1  at least one substrate holder releasably mounted to the support member;
PA1  means, located at the alignment station, for adjusting the location of the
      substrate holder with respect to the support member to position a
      substrate loaded onto the substrate holder at the substrate load station
      into a predetermined reference location with respect to the path;
PA1  means, located at the tack-bond station, for preliminarily attaching the
      article to the substrate; and
PA1  means, located at the final bond station for bonding the article to the
      substrate.
NUM  13.
PAR  13. Apparatus according to claim 12, wherein the means for preliminarily
      attaching the article to the substrate comprises:
PA1  means for centering the article on a predetermined axis;
PA1  first means for transferring the article from a storage location to the
      centering means;
PA1  second means for transferring the article from the centering means to the
      substrate on the substrate holder; and
PA1  means for exerting a force through the second transfer means to the article
      to urge portions of the article into bonding contact with the substrate.
NUM  14.
PAR  14. Apparatus according to claim 12, wherein the substrate holder location
      adjusting means comprises:
PA1  a manipulator having a table mounted for movement in a plane parallel to
      the path of the support member;
PA1  means for moving the support member toward the table;
PA1  means for transferring the substrate holder from the support member to the
      table upon the moving means having moved the support member with the
      substrate holder toward the table, and for transferring the substrate
      holder back to the support member upon the moving means having moved the
      support member toward the table while the substrate holder is at the
      table; and
PA1  means for recognizing the position of the substrate on the substrate holder
      with respect to the reference location, and for controlling the movement
      of the table to move the substrate holder until the position of the
      substrate corresponds substantially to the reference location.
NUM  15.
PAR  15. Apparatus according to claim 12, wherein the support member is mounted
      to advance from the final bond station past a monitoring station to an
      unload station and then to a recenter station along a predetermined
      extension of the path, the unload station comprising:
PA1  a platform, pivotally mounted;
PA1  means for transferring the substrate and the article bonded thereto from
      the substrate holder to the platform;
PA1  means for moving the substrate from the platform into a magazine; and
PA1  means for selectively pivoting the platform, whereby, upon actuation of the
      pivoting means, the substrate is discarded from the platform and the
      substrate moving means is deactivated.
NUM  16.
PAR  16. In an apparatus for bonding an article to a substrate, wherein the
      substrate is advanced by a support member from a load station along a path
      past an article-to-substrate bond station to an unload station, the unload
      station comprising:
PA1  means for supporting a magazine, the magazine having at least one track for
      accepting a plurality of substrates therein;
PA1  means for moving the substrates in sequence into a first end of the track
      of the magazine;
PA1  means for indicating the presence of one of the substrates at a second end
      of the track; and
PA1  means for urging the substrates away from the second end of the track, the
      urging means being overcome by the action of the substrate moving means,
      whereby a substrate is moved to the second end upon the track being
      substantially occupied by the substrates.
NUM  17.
PAR  17. Apparatus according to claim 16 wherein the support member is rotatably
      mounted and the path is a rotational path, the support member comprising a
      plurality of levers, each lever being mounted at one end thereof to a
      central portion of the member, each lever separately supporting one holder
      for the substrate on the other end thereof, each of the levers being
      spaced from the others about the path to move into simultaneous alignment
      with a respective one of the stations.
NUM  18.
PAR  18. Apparatus according to claim 17, comprising:
PA1  a platform located at the load station;
PA1  means for advancing a plurality of the substrates in sequence toward the
      platform;
PA1  means for stopping the advance of the substrates upon one of the substrates
      having been positioned on the platform;
PA1  means for separating the substrate located on the platform from the other
      substrates; and
PA1  means reciprocably movable between the platform and one of the substrate
      holders at the load station for transferring the substrate from the
      platform to the respective substrate holder.
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ABST
PAL  Graphite is joined to graphite by employing both fine molybdenum powder as
      the brazing material and an annealing step that together produce a
      virtually metal-free joint exhibiting properties similar to those found in
      the parent graphite. Molybdenum powder is placed between the faying
      surfaces of two graphite parts and melted to form molybdenum carbide. The
      joint area is thereafter subjected to an annealing operation which
      diffuses the carbide away from the joint and into the graphite parts.
      Graphite dissolved by the dispersed molybdenum carbide precipitates into
      the joint area, replacing the molybdenum carbide to provide a joint of
      virtually graphite.
GOVT
PAR  The present invention was made in the course of, or under, a contract with
      the U.S. Atomic Energy Commission.
BSUM
PAR  The present invention relates generally to a method of providing
      graphite-to-graphite joints, and more particularly to the method of
      brazing graphite to graphite by employing molybdenum powder as the brazing
      material together with an annealing step for producing a joint consisting
      virtually of graphite.
PAR  Graphite possesses unique properties which render it particularly suitable
      as a structural material for use in high temperature applications in both
      nuclear and non-nuclear environments. For example, properties such as low
      thermal expansion with high thermal conductivity and high strength at
      elevated temperatures make graphite a desirable candidate for high
      temperature applications such as furnace linings, rocket nozzles, nuclear
      reactor components, etc. The employment of graphite in nuclear reactors
      for purposes such as fuel element fabrications is enhanced by the
      desirable nuclear moderating properties enjoyed by graphite.
PAR  While graphite possesses properties and characteristics which render it
      advantageous as a structural material, it also suffers a significant
      drawback or shortcoming which detracts from its usefulness as a structural
      material. This shortcoming or drawback is due to the fact that graphite
      has been found to be a difficult material to join together, and the
      techniques for joining graphite parts or structures as previously
      practiced have not produced graphite joints which exhibit satisfactory
      properties or characteristics. For example, a preferable joint between
      graphite structures enjoys flexural and tensile strengths closely
      approximating those of the graphite structures at low and high
      temperatures, and also porosity and machinability characteristics similar
      to those of the graphite being joined.
PAR  Extensive efforts have been previously conducted in order to provide
      brazing materials and methods for using such materials to produce joints
      between graphite parts that possess the aforementioned and other desirable
      properties. Of the various brazing materials, refractory metals and some
      rare earths have heretofore proven to be the most satisfactory. However,
      previous efforts with refractory metal brazing materials have not
      demonstrated that joints possessing the above desirable properties could
      be obtained. It is believed that the failure of the previous efforts with
      refractory metal brazing materials to provide the desirable joints is due
      to the particular form and type of refractory metal as well as the brazing
      method employed for effecting the joint.
PAR  The use of refractory metals for brazing graphite to graphite is amply
      illustrated in U.S. Pat. No. 2,979,813 issued to Morris A. Steinberg. In
      this patent it is shown that refractory metals such as elemental titanium,
      zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, and
      tungsten can be used to join graphite structures. The brazing method
      employed in this patent for effecting the graphite-to-graphite joint
      comprises the placement of a refractory metal in either the form of a
      solid layer or as a layer of powder in a particle size range between 100
      and 325 mesh intermediate faying surfaces of two graphite pieces. The
      joint area is heated to convert the refractory metal to a carbide of the
      latter and to decompose this carbide for permitting the volatilization
      thereof from the joint area and thereby providing a somewhat "metal-free"
      joint.
PAR  While the aforementioned patent related to the use of carbideforming
      refractory metals per se as being useable as graphite brazing materials,
      the above-mentioned patentee in U.S. Pat. No. 2,979,814 specifically
      pointed out that only certain of the carbide-forming elements described in
      his U.S. Pat. No. 2,979,813 could be used to provide a carbon joint free
      of foreign material. Apparently the basis for this qualification as to the
      use of certain brazing materials is due to finding that only those
      elements capable of forming meta-stable carbides which can be eliminated
      from the joint by decomposition and volatilization of the decomposition
      products can be successfully employed to provide metal-free
      carbon-to-carbon joints. To this end the patentee points out that the
      molybdenum cannot be satisfactorily used as a graphite brazing material
      since the molybdenum carbide formed in the joint area is extremely stable
      and does not exhibit a sufficient vapor pressure at elevated temperatures
      to permit its removal after the carbide has been decomposed at a
      temperature as high as 3000.degree.C.
PAR  The present invention, on the other hand, relates to a method of brazing
      graphite to graphite by employing as the brazing material the very
      refractory metal, i.e., molybdenum, described in the prior art as being
      unsatisfactory for such purposes. In accordance with the method of the
      present invention a very thin layer of fine molybdenum powder disposed
      between faying surfaces of the graphite structures being joined is
      sequentially melted, converted to a carbide, and then subjected to an
      annealing step at a temperature above 2000.degree.C. for a several-hour
      duration to effect diffusion of the molybdenum carbide away from the joint
      interface and into the graphite structures being joined. The joint
      obtained by practicing the present invention is virtually all graphite and
      enjoys properties and characteristics such as mentioned above that closely
      correspond to those of the parent graphite. The use of molybdenum as the
      brazing material is especially advantageous, not only because of the
      attainment of these desirable properties, but also due to the fact that
      the molybdenum brazed joints exhibit an increase in flexural strength with
      an increase in temperature, whereas the other refractory metal brazed
      joints suffered a marked decrease in flexural strength when subjected to
      elevated temperatures.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved graphite-to-graphite joint which exhibits properties and
      characteristics closely corresponding to those of the parent graphite.
PAR  Another object of the present invention is to provide a new and improved
      method for braze-joining graphite to graphite by using molybdenum powder
      as the brazing material and employing an annealing step for effecting the
      diffusion of molybdenum carbide from and the precipitation of graphite
      into the joint area.
PAR  Other and further objects of the invention will be obvious upon an
      understanding of the illustrative embodiment about to be described, or
      will be indicated in the appended claims, and various advantages not
      referred to herein will occur to one skilled in the art upon employment of
      the invention in practice.
DRWD
PAR  In the accompanying drawing:
PAR  The FIGURE is a photomicrograph (250X) of a graphite-to-graphite joint
      produced by the method of the present invention. As illustrated, the bond
      between the graphite members has been achieved in such a manner that
      neither is there a detectable joint nor any indication of a
      molybdenum-graphite interface present.
DETD
PAR  Generally, the method of the present invention contemplates brazing
      together graphite structures or members for the purpose of providing a
      joined structural component or assembly which exhibits properties and
      characteristics in the joint area that correspond to those possessed by
      the graphite structures being joined. In accordance with the present
      method, a pair of graphite structures are disposed in a contiguous
      relationship with the faying surfaces thereof in a substantially abutting
      or contacting relationship. Intermediate these faying surfaces and
      providing the actual contact between these surfaces is a very thin layer
      of fine molybdenum powder which is utilized as the brazing material. With
      the assembly disposed in an appropriate furnace a pressure loading is
      applied against opposite ends of the graphite members, forcing the faying
      surfaces towards one another. Under the influence of this pressure
      loading, the joint area is heated in an inert atmosphere to a temperature
      sufficient to melt the molybdenum and convert it to molybdenum carbide.
      After the molybdenum is in carbide form, the joint area is maintained
      under the influence of or subsequently subjected to a relatively high
      temperature, e.g., a temperature greater than 2000.degree.C., for a
      prolonged duration for the purpose of annealing the joint area and thereby
      causing the molybdenum carbide to diffuse into the adjacent graphite
      surfaces. During dispersion of the molybdenum carbide from the joint area,
      excess graphite is dissolved by the molybdenum carbide which, upon
      cooling, precipitates into the joint area. This novel annealing step
      provides a joint consisting virtually entirely of graphite. As more
      clearly illustrated in the accompanying drawing, the joint is depicted by
      the Zone A area and, as is clearly evident, no joint or molybdenum
      carbide-graphite interface is present.
PAR  The graphite-to-graphite joint provided by the brazing method of the
      present invention enjoys properties and characteristics substantially more
      desirable than heretofore obtainable by employing molybdenum as the
      brazing material, or, for that matter, any other refractory metal. For
      example, the joint such as illustrated in the drawing is leak-tight in
      that it has a zero leak rate even after being subjected to hot gas testing
      at temperatures in the neighborhood of 2000.degree.C.
PAR  In order to provide the novel molybdenum braze joints effected by the
      method of the present invention, it is critical that the molybdenum
      brazing material be in powder form and disposed between the graphite
      faying surfaces as a very thin layer. The powder is of a size less than
      325 mesh (Tyler) and may be applied to the faying surface of one or both
      of the graphite structures in any suitable manner. For example, a tacky
      substance may be utilized on the graphite faying surface to hold the
      molybdenum powder in place. This tacky surface may be provided by a
      mixture of partially polymerized furfuryl alcohol and minus 5-micron
      graphite flour. This graphite and graphite forming mixture is applied to
      one of the graphite faying surfaces and any excess of the mixture is then
      wiped from the surface, leaving only a minimal quantity which will provide
      a molybdenum powder retaining surface. The molybdenum powder is applied to
      the prepared face or faying surface of the graphite structure by dipping
      the latter into a thin layer of the fine powders spread on a flat surface.
      The excess powders picked up from the surface may then be removed from the
      faying surface by lightly tapping the graphite structure. The resulting
      layer of molybdenum powder on the faying surface is of a thickness
      somewhat less than 1 mil (0.001 of an inch). In fact, the thickness of the
      powder layer is difficult to accurately measure and may be closer to less
      than 0.5 mil. Regardless of the technique used to introduce the molybdenum
      powder between the faying surfaces, it is critical that the layer be very
      thin, i.e., in the order of about 0.5 mil or less. The powder layer
      thickness is critical since deleterious brazing results may occur by using
      layers of greater thickness or in forms other than particulate. For
      example, a molybdenum foil or disk about 1 mil thick when subjected to the
      brazing method of the present invention leaves a detectable
      graphite-molybdenum joint line or interface which is not leak-tight or of
      sufficient strength to provide the desired properties enjoyed by the
      joints produced by practicing the present invention. Apparently the
      existence of this graphite-molybdenum interface is due to the fact that
      the excess quantity of molybdenum carbide in the joint area prevents the
      entire quantity of molybdenum carbide from diffusing completely out of the
      joint area during the annealing operation. While it may be possible that a
      very prolonged annealing operation would effect diffusion of the remaining
      molybdenum carbide from the joint area, such an operation is highly
      impractical.
PAR  In brazing with the molybdenum powder, an observed melting occurs prior to
      the conversion of the molybdenum to a carbide form. This melting of the
      powder causes a wetting of the graphite surface which enhances the brazing
      operation.
PAR  Inasmuch as the melting point of molybdenum is approximately
      2600.degree.C., the pressure loading on the graphite structures should be
      sufficient to bring the molybdenum melting temperature down to about
      2500.degree.C. For example, a pressure within the range of about 1135-2270
      psi can be employed with the graphite structures without fear of
      overloading the structures or causing other deleterious effects on the
      structures. A moderate pressure of 1700 psi has been more or less
      arbitrarily selected as a satisfactory pressure to be used for holding the
      graphite structures in an abutting relationship. This pressure of 1700 psi
      increases slightly to about 1900 psi during a brazing operation due to the
      thermal expansion of the graphite, but drops again to about 1700 after the
      melting of the molybdenum powder takes place.
PAR  The influence of the brazing time on the molybdenum powder metal joints is
      not critical as long as complete melting of the molybdenum occurs before
      carbiding takes place, which is usually effected in about 5 to 10 seconds
      at 2500.degree.C.
PAR  Annealing the molybdenum braze joints at temperatures in excess of
      2000.degree.C. after the molybdenum is converted to molybdenum carbide has
      a very significant effect upon the quality of the joint. As briefly
      mentioned above, and from observations of obtained metallographic data,
      the annealing step induces diffusion of the two molybdenum carbides (MoC
      and Mo.sub.2 C) into the abutting graphite faces. This diffusion of the
      molybdenum carbide is believed to be caused by the molybdenum carbides
      dissolving excess graphite in the joint area. Upon completion of the
      dissolution of the excess graphite and the dispersion of the molybdenum
      carbide into the adjacent graphite faces, the joint area is cooled to
      effect the precipitation of excess graphite into the joint area to replace
      the dispersed molybdenum carbide. The extent of dispersion of the
      molybdenum carbide into the graphite faces is not known, but from viewing
      data such as the joint area delineated by Zone A in the drawing it appears
      clear that the molybdenum carbide is highly dispersed and cannot be
      detected at a location near the joint. With the diffusion of the
      molybdenum carbide from the joint area and the replacement of the
      molybdenum carbide by the precipitated graphite, the resulting joint is
      composed virtually entirely of graphite and consequently exhibits
      essentially the same properties and characteristics as the graphite in the
      joined structures. The annealing temperatures are preferably maintained
      for sufficient duration to effect the desired dispersion or diffusion of
      the molybdenum carbide. For example, satisfactory results have been
      achieved by annealing a brazed joint at 2300.degree.C. for a period of
      approximately 4 hours, or, if desired, a higher temperature of
      2900.degree.C. may be employed for approximately 30 minutes. The joints
      resulting from either of these annealing steps exhibit virtually the same
      properties.
PAR  In order to provide a better understanding of the present invention, an
      example of a typical graphite brazing operation is set forth below. This
      example is meant to be illustrative and is not intended to limit the scope
      of the present invention, which is defined by the appended claims.
PAC  EXAMPLE
PAR  A pair of graphite members approximately 2 inches in diameter are joined
      together by placing on one of the faying surfaces of the graphite members
      a layer of a mixture consisting of partially polymerized furfuryl alcohol
      and minus 5-micron graphite flour. This mixture is then wiped from the
      face, leaving only enough of the mixture to provide a slight "tackiness"
      which is adequate to carry and retain molybdenum powder. This prepared
      face is then dipped into a thin layer of -325 mesh molybdenum powder. The
      excess powder is removed from the face by slightly tapping the graphite
      member. The resulting layer of molybdenum powder is approximately 0.5 mil
      in thickness. The two graphite sections are then placed together and
      mounted in a brazing fixture consisting of a simple hydraulic jack
      assembly and a suitable heat source provided by an induction coil disposed
      about the joint area or brazing zone. The brazing fixture, or at least the
      joint area, is maintained in an inert environment provided by an
      atmosphere of argon gas during brazing operations. With the joint area in
      the inert atmosphere, a pressure loading corresponding to  1700 psi is
      applied against the graphite sections, forcing the faying surfaces towards
      one another. The joint is then heated for a duration of approximately 30
      seconds, with about 20 seconds required to heat the molybdenum powder to
      the brazing temperature of 2500.degree.C. and about 5-10 seconds for
      melting the molybdenum and effecting the conversion of the molybdenum to
      molybdenum carbide. During this heating cycle a pressure increase is
      experienced in the joint area due to the thermal expansion of the
      graphite. However, at the end of about 20 to 25 seconds of the 30-second
      heating time a slight decrease in this pressure takes place due to the
      melting of the molybdenum. After the 30-second time period the joint area
      is maintained at a temperature of 2300.degree.C. by the induction coil for
      a period of 4 hours. This latter heating effects annealing of the joint to
      bring about the diffusion of the molybdenum carbide into the graphite
      surfaces adjacent the joint and to effect the dissolution of excess
      graphite contacted by the molybdenum carbide. At the end of this annealing
      period the joint is cooled for effecting precipitation of graphite into
      the joint for replacing the molybdenum carbide.
PAR  It will be seen that the joints provided between graphite structures by
      practicing the teachings of the present invention set forth novel
      properties and characteristics heretofore unobtainable in the graphite
      brazing art. For example, as pointed out above, the molybdenum braze
      joints are consistently leak-tight and have a zero leak rate at high
      temperatures even when exposed to hot gases. The thermal shock stability
      of the joint is also highly satisfactory in that in the thermal cycling of
      molybdenum brazed joints such as caused by rapid heating (less than 30
      seconds) to a temperature of 2800.degree.-2900.degree.C. and rapid cooling
      there has been no evidence of any joint failure or degradation due to
      these extreme thermal shocks. Another important aspect of the present
      invention is in the use of coatings on top of the joint area, for example,
      such as those employed in a coating of nuclear reactor fuel elements. The
      effected molybdenum joint under such coatings as niobium carbide is the
      only type of graphite-to-graphite joint which actually exhibits an
      increase in flexural strength when heated to elevated temperatures in the
      order of 1900.degree.C. or greater, whereas other refractory metal joints
      heated to similar temperatures in an inert atmosphere caused a significant
      decrease in flexural strength.
PAR  As various changes may be made in the form of the brazing material, type of
      brazing fixture, and arrangement of the method steps herein without
      departing from the spirit and scope of the invention and without
      sacrificing any of its advantages, it is to be understood that all matter
      herein is to be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the art of joining together structures of graphite by brazing which
      involves the method steps of placing selected surface portions of the
      graphite structures to be joined in a contiguous relationship, interposing
      a braze material between the contiguously disposed surface portions with
      the braze material contacting the surface portions, and thereafter heating
      the joint area of the resulting assembly to the desired brazing
      temperature; the improvement in the method which comprises using
      molybdenum powder as the braze material, applying a layer of the
      molybdenum powder to one or more of said surface portions, confining the
      joint area in an environment containing an inert atmosphere, pressing the
      surface portions together, heating the joint area to a temperature
      sufficient to melt the molybdenum and convert the latter to molybdenum
      carbide, subjecting the joint area to a temperature greater than about
      2000.degree.C. to effect diffusion of the molybdenum carbide into the
      graphite surface portions contiguous to the joint area, maintaining the
      joint area at the temperature greater than about 2000.degree.C. for a
      duration sufficient to effect the diffusion of virtually the entire
      quantity of molybdenum carbide into the graphite while concurrently
      effecting the dissolution of excess graphite in the joint area, and
      thereafter cooling the joint area for effecting the precipitation of
      dissolved graphite into the area of the joint occupied by the molybdenum
      carbide prior to the diffusion thereof and thereby providing a joint
      consisting virtually of graphite and having properties corresponding to
      those of the graphite structures.
NUM  2.
PAR  2. The improved method of joining graphite to graphite as claimed in claim
      1, wherein the molybdenum powder is of a size less than about 325 mesh,
      and wherein the layer of molybdenum powder is of a thickness less than
      about 0.0005 of an inch.
NUM  3.
PAR  3. The improved method of joining graphite to graphite as claimed in claim
      2, including the additional step of coating said one or more of said
      surface portions with a mixture consisting of at least one of a graphite
      and a graphitizable material for retaining the layer of molybdenum powder
      thereon.
NUM  4.
PAR  4. The improved method of joining graphite to graphite as claimed in claim
      3, including the additional steps of removing excess of the mixture from
      said surface portion leaving only a sufficient quantity for the retention
      of said molybdenum powder, contacting said surface portion having the
      mixture thereon with a quantity of molybdenum powder, and thereafter
      removing excess molybdenum powder from said surface portion to provide
      said relatively thin layer.
NUM  5.
PAR  5. The improved method of joining graphite to graphite as claimed in claim
      3, wherein the mixture comprises partially polymerized furfuryl alcohol
      and graphite flour.
NUM  6.
PAR  6. The improved method of joining graphite to graphite as claimed in claim
      1, wherein the surface portions are pressed together with a force
      corresponding to a pressure in the range of about 1135 to 2270 pounds per
      square inch, and wherein the temperature sufficient to melt the molybdenum
      carbide is in a range of about 2500.degree. to 2550.degree.C.
NUM  7.
PAR  7. The improved method of joining graphite to graphite as claimed in claim
      1, wherein said temperature greater than 2000.degree.C. is in a range of
      about 2000.degree. to 2900.degree.C., and wherein said duration for
      effecting the diffusion of the molybdenum carbide is in a range of about 4
      hours to 0.5 hour with said duration decreasing as the temperature greater
      than 2000.degree.C. increases.
NUM  8.
PAR  8. A graphite-to-graphite joint consisting virtually entirely of graphite
      and provided by the improved method set forth in claim 1, said joint being
      characterized by possessing flexural and tensile strengths closely
      approximating the corresponding strengths in the graphite at low and high
      temperatures, a zero leak rate at elevated temperatures, and sufficient
      structural integrity to obviate joint failure or degradation when
      subjected to thermal shocks effected by rapid heating and cooling cycles.
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ABST
PAL  A plant for applying and welding stiffeners onto a plate is disclosed. The
      plant includes a welding station, a buffer station and a carriage movable
      between the buffer station and the welding station, the carriage being
      suspended in a cantilever beam extending over said stations. The carriage
      collects stiffeners in the buffer station and transports said stiffeners
      onto the plate in the welding station, means being provided to press said
      stiffeners to be welded against the plate. Welding means are arranged at
      one end of the carriage, the welding process taking place while the
      carriage returns to the buffer station to collect new stiffeners.
BSUM
PAR  The present invention relates to a plant for applying and welding elongate
      reinforcing elements onto a metal plate, said plant being of the type
      comprising a welding station in which the plate is carried substantially
      horizontally, a buffer station for reinforcing elements located adjacent
      to the welding station, a carriage displaceable from the buffer station in
      over the plate in the welding station to place reinforcing elements
      collected in the buffer station on to the plate, a cantilever beam or
      gantry extending over the welding station being used to move the carriage
      in over the plate in the welding station, means for pressing each
      reinforcing element placed on the plate by the carriage against the plate
      during the welding process, and welding means arranged to be displaced
      along the reinforcing elements thus secured in order to weld them to the
      plate. The plant according to the invention is particularly suitable for
      welding so-called stiffeners onto ship plates.
PAR  Known plants of this type for welding stiffeners onto ship plates have a
      number of limitations. Thus, for example, only one stiffener can be welded
      at a time and the time needed for each working cycle cannot be decreased
      below a certain limit since the welding equipment must be out of the way
      before the carriage used can apply a stiffener in the welding station and,
      conversely, the carriage must be run out of the welding station before
      welding can be performed.
PAR  The object of the present invention is therefore to provide a plant of the
      type mentioned in the introduction, in which the limitations mentioned
      above are easily eliminated and which also gives a number of other
      advantages. This is achieved by giving the plant according to the
      invention the features defined in the accompanying claims.
PAR  Thus, the plant according to the invention is essentially characterized in
      that said welding means are located at one end of the carriage so that
      they are displaced along the stiffeners pressed to the plate when the
      carriage is returned to the buffer station from the welding station after
      having delivered the stiffeners in the welding station. Consequently, the
      welding of the stiffeners to the plate takes place at the same time as the
      carriage returns to the buffer station to collect the next set of
      stiffeners to be welded on.
PAR  The buffer station is preferably designed in such a way that when the
      carriage starts returning from the welding station to the buffer station,
      the new set of stiffeners is brought into such a position that the
      stiffeners are taken up by the carriage directlly during its return
      movement. The buffer station is suitably provided with a floor transporter
      which is movable perpendicularly to the longitudinal direction of the
      stiffeners between two end positions and which can receive a set of
      stiffeners at each end. When the floor transporter is in one end position,
      therefore, the first set of stiffeners is in position to be collected
      directly by the carriage, while the other set is being placed on the
      transporter. When the floor transporter moves to its other end position,
      the situation is reversed, i.e. the second set of stiffeners comes into
      position to be collected by the carriage, at the same time as a new first
      set is placed on the transporter.
PAR  Thus, when the return movement of the carriage and, accordingly, the
      welding of the set of stiffeners already in the welding station are
      completed, the carriage is also provided with a new set of stiffeners and
      need only wait for the plate to be fed forward or indexed a suitable
      distance in a direction perpendicular to the parallel stiffeners before it
      can start feeding in the new set of stiffeners to the welding station. The
      feeding rate of the carriage is preferably considerably higher than its
      return speed which is limited by the highest permissible welding speed.
PAR  The cantilever beam or gantry included in the equipment, which preferably
      extends over both the welding station and the buffer station, suitably
      comprises two separated parallel beams, the carriage being displaceably
      suspended between said beams. The carriage can then easily be varied in
      width depending on the number of stiffeners to be applied and welded
      simultaneously onto the plate in the welding station.
PAR  In order to carry the stiffeners the carriage is provided with a number of
      rows of gripping devices corresponding to the number of stiffeners. Said
      rows can be displaceable laterally. The gripping devices preferably
      consist of pairs of gripping arms operated by jacks, at least some of
      which have gripping ends consisting of rollers and some of which may have
      gripping ends in the form of gripping jaws. Whereas the latter gripping
      arms are designed to be entirely relieved of pressure when the carriage is
      to return to the buffer station from the welding station, the former are
      preferably arranged to be relieved of pressure during the return of the
      carriage to such an extent that when they are in the welding station their
      rollers can roll along the associated stiffener but at the same time
      endeavour to hold the stiffeners straight in the longitudinal direction
      during the welding process and that when they are in the buffer station
      their rollers can receive a new stiffener between them. The gripping
      devices can include magnetic means.
PAR  The gripping devices are suitably arranged to grip the stiffeners at
      various levels, some towards the bottom and some towards the top, to
      ensure that the stiffeners maintain the correct angle with respect to the
      plate and that the best straightening effect is obtained.
PAR  The gripping device(s) in each row which are nearest the associated welding
      means are preferably arranged during the welding process to hold and thus
      to straighten the associated stiffener by means of rollers considerably
      more firmly than the other gripping devices of the row in question.
PAR  Said pressing means are preferably arranged in rows on the carriage and are
      provided with pressure-transmitting roller surfaces. The pressing means,
      which are brought into action when the carriage has placed a set of
      stiffeners in the welding station, are arranged to be relieved of pressure
      before they leave the welding station during the return movement of the
      carriage, i.e. before they leave the stiffener they have been pressing
      against the plate. The pressing means may be laterally displaceable in
      rows.
PAR  The pressing means of each row located nearest to the welding means are
      preferably arranged to press the associated stiffener considerably more
      firmly against the plate than the rest of the pressing means of the row.
      This provides better contact and flattening out at the welding point.
PAR  The roller surfaces of said pressing means may act directly on the top
      sides of the stiffeners, particularly if the stiffeners are T-shaped, or
      they may act via an insert having a roller track on the side facing said
      pressing means and which gives pressure equalization on the other side
      facing the stiffeners.
PAR  The welding station comprises a number of anvils or supports corresponding
      to the number of stiffeners to be welded during each cycle of the
      carriage, against which the plate is pressed by the stiffeners when they
      are under pressure. The anvils preferably have a longitudinally slightly
      concave contact surface. Since the bottom side of the stiffeners has a
      tendency to become concave due to welding stresses, the concave contact
      surface of the anvils counteracts this effect, i.e. after cooling the
      welded stiffeners will not have any permanent curvature.
PAR  Each anvil preferably comprises a number of mutually independent sections,
      each section being individually adjustable in vertical direction. The
      sections are arranged to be forced by pressure from below up towards the
      plate above, which will therefore make extremely good contact with the
      stiffener being pressed down onto the plate top side, regardless of
      whether the plate or the stiffener have unevennesses.
DRWD
PAR  The features mentioned above, as well as others, and the resultant
      advantages of the plant according to the invention will be revealed in the
      following description of embodiments given by way of example with
      reference to the accompanying drawings, in which;
PAR  FIG. 1 shows a side view of a plant constructed in accordance with the
      present invention, in which the carriage is in the welding station.
PAR  FIG. 2 shows an enlarged, schematically cross section through the welding
      station and the carriage being therein according to FIG. 1.
PAR  FIG. 3 shows also on an enlarged scale, the welding equipment applied on a
      modified carriage end.
PAR  FIG. 4, in general, shows on an enlarged scale a preferred construction of
      the anvils in the welding station.
PAR  FIG. 4A shows a side view of an anvil set to give a straight anvil surface,
PAR  FIG. 4B shows the anvil according to FIG. 4A set to give a curved anvil
      surface and
PAR  FIG. 4C shows an enlarged cross section through the anvil according to FIG.
      4A.
PAR  FIG. 5, in general, shows an example of a floor transporter for use in the
      buffer station of the plant.
PAR  FIG. 5A shows the floor transporter in its lefthand position and
PAR  FIG. 5B shows the floor transporter in its righthand position.
PAR  FIG. 6 shows a side view of the welding station and the carriage therein of
      another plant constructed in accordance with the present invention, the
      welding equipment being omitted for the sake of clarity.
PAR  FIG. 7 shows on an enlarged scale the end of the carriage in FIG. 6 with
      the welding equipment applied.
DETD
PAR  The plant according to FIGS. 1 and 2 comprises a welding station 1 and a
      buffer station 3. A cantilever beam 5 extends over over both the welding
      station and the buffer station and comprises two parallel box beams 6 and
      7, joined on the upper side by yokes 9 and held up by gantry legs 11 fixed
      on the floor 10. Between them the beams 6 and 7 carry a displaceable
      carriage provided with upper wheels 14 and lower wheels 15 running along
      rails 16 and 17, respectively, on the upper and lower sides of the beams.
PAR  The welding station 1 is arranged to receive a plate 20 which is fed into
      the welding station perpendicular to the plane of the paper in FIG. 1,
      i.e. the direction of the arrow 21 in FIG. 2, on suitably arranged
      conventional feeding and carrying rollers, not shown. The plate 20 rests
      on a number of anvils 22 in the welding station.
PAR  The carriage 13 is arranged in the buffer station 3 to collect T-shaped
      plate reinforcing elements 25 from a floor transporter 23 and to transfer
      said elements to the welding station 1. For this purpose the carriage is
      provided with three parallel rows of gripping arm pairs 26, 27 and 28,
      each of which can hold a stiffener 25. The gripping ends of the arms
      consist of rollers 29, the rollers in each pair of gripping arms being
      displaceable with respect to each other so that they can grip the web of a
      stiffener 25, by at least one of the rollers being displaceable by means
      of a jack 30. In order to permit adjustment to varying distances between
      the three stiffeners 25, the two outer rows of gripping arm pairs 26 and
      28 are displaceable in the carriage 13 perpendicularly to the longitudinal
      direction of the carriage by means of jacks, not shown.
PAR  When the stiffeners 25 have been placed in the welding station 1, they must
      be pressed against the plate 20 above the anvils 22 during the welding
      process. For this purpose the carriage 13 is provided with three rows of
      pressure rollers 33, 34 and 35, which cooperate with the upper sides of
      the stiffeners 25. The pressure rollers are separately journalled in
      cradles 36, 37 and 38, respectively, which are roller-guided and
      vertically displaceable by means of jacks 39, 40 and 41, respectively. In
      order to permit variation of the spacing between the stiffeners 25, the
      rollers 33 and 35 in the two outer rows of rollers are considerably wider
      than the rollers 34 in the middle row.
PAR  The welding carriage 13 is provided at one end with a platform 51 carrying
      the welding equipment 53 which is conventional and is shown in more detail
      in FIG. 3.
PAR  Thus, FIG. 3 shows a conventional welding equipment 53 mounted on a
      platform 51 on an arrangement according to the invention which is somewhat
      modified with respect to FIGS. 1 and 2, but where corresponding means of
      FIGS. 1 and 3 have been given the same reference numerals. The welding
      apparatus, which is arranged to weld simultaneously and in the same manner
      on both sides of each stiffener 25, primarily comprises welding nozzles 55
      with guide wheels 56, welding powder supplies 57 and welding wire reels
      58, all of which are extremely easily accessible for inspection and
      maintenance.
PAR  Adjacent the welding point the modified carriage 13 according to FIG. 3 for
      each stiffener 25 is provided with two pressure rollers 61 arranged in a
      bogie, which by means of a jack 63 can be pressed considerably more firmly
      against the stiffener 25 than the other pressure rollers cooperating with
      the stiffener.
PAR  FIG. 3 also shows a pair of the rollers 65 on which the plate 20 is fed in
      a direction perpendicular to the stiffeners 25 after each set of
      stiffeners has been welded on.
PAR  As mentioned, the carriage 13 collects the stiffeners 25 from a floor
      transporter 23 arranged in the buffer station 3, see FIGS. 1 and 5. The
      floor transporter can be moved by means of wheels 71 cooperating with
      rails 73, in a direction perpendicular to the direction of travel of the
      carriage 13, between two end positions (FIG. 5A and FIG. 5B respectively).
      The transporter 23 is provided at each end with three rows of holders 75
      and 76, respectively, for stiffeners 25. The holders, which can be folded
      away when they are not holding a stiffener 25, are spaced with the same
      spacings as required between the stiffeners on the plate 20 and thus with
      the same spacings as between the rows of gripping arm pairs on the
      carriage 13. The distances between the rows of holders can be adjusted
      since the holders in the two outer rows in each group are displaceable in
      the floor transporter 23. The holders hold the stiffeners at such a level
      that after being gripped by the gripping rollers 29 of the carriage 13
      they can pass straight in over the plate 20 without being lifted.
PAR  When the floor transporter 23 is in its lefthand end position, FIG. 5A, the
      stiffeners 25 held by the holders 75 are in position to be collected
      directly by the carriage 13 when this returns to the buffer station 3 from
      the welding station, i.e. the stiffeners pass between the gripping rollers
      29 of associated gripping arm pairs. At the same time the holders 76 are
      in position to receive new stiffeners (indicated by broken lines) from a
      first chain conveyor, not shown.
PAR  When the floor transporter 23 is in its righthand end position, FIG. 5B,
      the stiffeners received by the holders 76 while the transporter was in its
      lefthand position are in position to be collected directly by the carriage
      13, as described above. At the same time the empty holders 75 are in
      position to receive new stiffeners (indicated by broken lines) from a
      second chain conveyor, not shown either.
PAR  The welding station 1 comprises three anvils 22, see FIG. 2, or in other
      words, one anvil for each of the stiffeners 25 which are simultaneously
      pressed against the plate 20. The anvils, which are located directly below
      each stiffener, are of the same width as the pressure rollers 33, 34 and
      35, respectively, with which they cooperate. The two outer anvils are
      therefore considerably wider than the one in the middle, thus enabling
      stiffeners to be pressed on with differing spacing without complicated
      conversion operations having to be performed.
PAR  Although the construction of the anvils 22 is substantially evident from
      FIGS. 1 and 2, the preferred construction will be described in connection
      with FIG. 4, FIG. 4A showing a side view of an anvil set to give a
      straight anvil surface, FIG. 4B showing the anvil according to FIG. 4A set
      to give a curved anvil surface and FIG. 4C showing an enlarged cross
      section through the anvil according to FIG. 4A.
PAR  The anvil according to FIG. 4 comprises a base plate 81 secured on the base
      10, a flexible U-beam or profile 83 resting on said base plate via a
      number of wedge connections 85. Each wedge connection comprises a plate 86
      secured to the base plate 81 and having a horizontal sliding surface 87, a
      plate 88 secured to the lower side of the U-beam and having a more or less
      inclined sliding surface 89, and a wedge element 90 movable between the
      sliding surfaces 87 and 89, the sliding surfaces of the wedge element 90
      fitting the sliding surfaces 87 and 89. The wedge elements 90 are arranged
      to be displaced together, half the wedge elements being connected to each
      other by rods 91 and 92 and connected to a jack 93 located on one side of
      the anvil by a rod 94 and half the wedge elements being connected to each
      other by rods 95 and 96 and connected to a jack 97 located on the other
      side of the anvil by a rod 98.
PAR  Assuming that the inclination of the cooperating wedge surfaces of the
      various wedge connections have been adjusted to fit each other, it is
      consequently possible to continuously vary the curvature of the U-beam 83
      due to continuous action of the jacks 93 and 97 and thus of the wedge
      elements 90. The anvil surface 99 of the U-beam 83 can therefore be given
      a predetermined suitable curvature.
PAR  Inside the U-beam 83 a number of anvil sections are arranged, said sections
      being independent of each other. Each anvil section rests on a pressure
      box 101 which can be pressurized, for example using air, in order to press
      the associated anvil section 100 up against a plate applied on the anvil.
      The plate is generally pressed at the same time against the anvil surface
      99 of the U-beam by the stiffener acting above the anvil, i.e. the anvil
      section 100 is unable to lift the plate and the stiffener pressing thereon
      from the surface 99. If, however, due to some unevenness for example,
      there is a space between the plate and the stiffener above, the anvil
      section 100 will lift the plate from the surface 99 and press it tightly
      against the stiffener. It is to be understood that fluid pressure control
      means in the form of conventional control valves (not shown) may be
      provided in order to vary the fluid control pressure in the jacks 30, 39,
      40, 41, 63, 93 and 97, as well as in the pressure box 101. Such control
      valves may be of the hydraulic pressure control type and since such valves
      are well known in the art and may be readily provided by anyone having
      ordinary skill in the art, they are not shown and described in detail.
PAR  Furthermore, it is to be understood that the indexing mechanism (not shown)
      whereby the plate 20 is indexed in directions perpendicular to the
      direction of travel of the carriage 13 is conventional and forms no part
      of the present invention. Such indexing mechanisms are readily available
      and are within the knowledge of anyone having ordinary skill in the art.
      Accordingly, further description thereof is considered unnecessary for a
      complete understanding of the present invention.
PAR  The function of the plant according to the invention will now be described
      broadly starting from the situation shown in FIGS. 1 and 2, i.e. with the
      carriage 13 entirely in the welding station and with the stiffeners 25
      pressed against the plate 20. In this situation the floor transporter is
      in the position shown in FIG. 5A.
PAR  When the carriage 13 starts its return movement to the buffer station 3 the
      welding process of the stiffeners 25 onto the plate 20 is also started.
      During its return movement the carriage is driven by conventional driving
      machinery, not shown, mainly via the lower wheels 15 which are pressed
      against the rails 17 due to the reaction forces from the jacks 39-41. As
      the carriage returns, pressure is removed from the pressure rollers 33-35
      and the gripping rollers 29, which leave the stiffeners 25, i.e. the
      pressure rollers are lifted so that they can pass over the new stiffeners
      in the holders 75 on the floor transporter, and the gripping rollers 29
      are separated so that the new stiffeners can pass between the associated
      gripping rollers. As the gripping rollers 29 approach the holders 75, the
      holders are relieved of pressure and those parts which might interfere
      with the gripping arms of the carriage are folded away. When the welding
      equipment 53 reaches the ends of the stiffeners facing the buffer station,
      welding is interrupted. The carriage 13 continues, however, an additional
      distance into the buffer station so that the welding equipment will be
      free from the welded stiffeners and so that the new stiffeners are
      completely inside the carriage. In this position the gripping rollers are
      brought into engagement and the carriage reverses.
PAR  During the return of the carriage to the buffer station, new stiffeners
      have been placed in the lefthand holders 76 of the floor transporter 23 by
      means of the lefthand chain conveyor, not shown.
PAR  Furthermore, the plate 20 has been fed forwards in a direction
      perpendicular to the direction of movement of the carriage a distance
      equal to three times the distance between the stiffeners, while the
      welding equipment was outside the welding station as the carriage reached
      its end position in the buffer station and reversed.
PAR  Thus, when the new stiffeners have been gripped by the gripping rollers 29,
      the carriage starts to move back to the welding station. Its speed is now
      considerably greater and it is driven by means of the upper wheels 14.
      When the carriage has completely left the buffer station the floor
      transporter 23 is transferred to the position shown in FIG. 5B in which
      the holders 76 now carry new stiffeners to be collected directly and the
      holders 75 start to receive new stiffeners from the righthand chain
      conveyor, not shown.
PAR  Immediately after this the carriage 13 will have reached its end position
      in the welding station. The carriage then stops, the gripping rollers 20
      are relieved from pressure, at least to a certain extent, and the pressure
      rollers 33-35 are lowered and press the stiffeners 25 down against the
      plate 20. Assuming that the floor transporter 23 has had time to reach the
      position shown in FIG. 5B, the carriage can not start a new return
      movement to the buffer station, i.e. one working cycle has been completed.
PAR  During each working cycle signals are obtained for pressure unloading,
      pressure loading, holder folding, start, stop, and so on, by means of
      limit position transducers actuated by the carriage and the floor
      transporter.
PAR  FIGS. 6 and 7 show the welding station and the carriage 13 of a modified
      plant in accordance with the invention, in which means corresponding to
      those of the plant according to FIGS. 1-5 have been given the same
      reference numerals as have said latter means.
PAR  In this design the carriage 13 includes two main carriage parts. A first
      part 110 carries for each of the stiffeners to be welded simultaneously by
      welding equipment, a pressing means including a pressing jack 63 and a
      conventional plate chain feeder 64, and a pair of reinforced gripping arms
      28' being longitudinally extended and having five rollers 29 on each side
      of the stiffener 25, which gives an excellent straightening effect. A
      second part 112 also carries for each stiffener a plate chain feeder 64
      with associated pressing jack (not shown) and a pair of gripping arms 28
      having rollers 29, 29', one roller 29' on each side of the stiffener being
      located considerably higher than the rest of the rollers. Said main parts
      110 and 112 are coupled to each other by means of a connecting rod 114
      being replaceable or longitudinally adjustable and having such a length
      that in the starting position shown the main part 112 is situated
      approximately above the centre of the stiffener 25.
PAR  Furthermore, the carriage 13 includes two carriage parts 116 and 118, each
      of which carries a vertically movable lifting magnet 120 for each
      stiffener, said carriage part 116 also carrying a pair of gripping arms 28
      with rollers 29 for each stiffener. The carriage part 116 is coupled to a
      screw 122, one end of which is coupled to the main carriage part 112 and
      the other end of which is coupled to said connecting bar 114 at 117,
      whereby the position of said carriage part 116 relative to the main
      carriage part 112 is adjustable. In a similar manner the position of the
      carriage part 118 relative to the main carriage part 112 is adjustable by
      means of a screw 124. Said carriage parts 110, 112, 116 and 118 are
      provided with wheels (not shown) running on the insides of longitudinally
      extending beams 126 which are fixed to the cantilever beam 5.
PAR  The lifting magnets 120 are arranged to be lowered and activated to hold
      the associated stiffener 25 when the carriage 13 is in the buffer station
      (not shown) to collect stiffeners. The lifting magnets, which consequently
      assist and supplement the gripping devices 28, 28' and prevent any
      slipping thereof, are deactivated and raised, when the carriage 13 has fed
      the stiffener into the welding station, after which the welding process
      can be started.
PAR  FIG. 7 shows how the welding equipment suitably is arranged on the main
      carriage part 110. The welding equipment comprises essentially the same
      means as those already described with reference to FIG. 3 and
      additionally, motors 59 for electrode feeding. Moreover, the powder and
      dust extractor 60 is arranged to recover the extracted unconsumed powder
      and to return said powder to the welding powder supply 57. As indicated at
      130 the welding equipment 53, the pressing means 63, 64 and the gripping
      means 28', 29 are displaceable perpendicularly to the longitudinal
      direction of the stiffeners to enable adjustment to the spacings desired
      between the stiffeners to be welded simultaneously.
PAR  In a plant according to the invention and constructed in accordance with
      FIGS. 6 and 7, advantageously, also the main carriage part 112 can be
      provided with welding equipment. Suitably this is accomplished by making
      the main carriage part 112 identical to the main carriage part 110 as
      regards welding equipment, pressing means and gripping means. This means
      that the welding time is reduced by one half and the speed of the carriage
      can be increased already when the carriage has halfway passed the
      stiffeners in the welding station.
PAR  Furthermore, it is possible to drive the various carriage parts separately
      but synchronously, which means that the relative positions of the carriage
      parts can be easily adjusted by selectively driving the carriage parts
      before the plant is brought into normal operation.
PAR  Of course, the invention is not limited to the embodiments described but
      various modifications and changes are possible within the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for welding elongate reinforcing elements to a metal plate
      comprising the steps of holding said metal plate to lie in a substantially
      horizontal plane at a welding station, positioning at least one
      reinforcing element at a buffer station generally located adjacent said
      welding station, reciprocally moving a carriage along a generally linear
      path between said welding station and said buffer station, said carriage
      having mounted thereon welding means and means for releasably gripping
      said reinforcing elements, moving said carriage from said buffer station
      to said welding station to transport to said welding station into welding
      positions reinforcing elements gripped by said gripping means of said
      carriage at said buffer station, pressing against said plate and
      simultaneously welding to said plate the reinforcing elements positioned
      at said welding station by operation of said welding means while moving
      said carriage from said welding station to said buffer station and
      simultaneously causing said gripping means to engage reinforcing elements
      positioned at said buffer station, and returning said carriage to said
      welding station to move thereto into welding position subsequent
      reinforcing elements to be welded.
NUM  2.
PAR  2. A method according to claim 1 wherein said carriage is moved at a faster
      speed from said buffer station to said welding station than vice versa.
NUM  3.
PAR  3. Apparatus for applying and welding elongate reinforcing elements onto
      metal plates, said apparatus comprising a welding station in which the
      plate is held in a substantially horizontal position, a buffer station for
      reinforcing elements located adjacent said welding station, a carriage
      movable from said buffer station in over said plate in said welding
      station to place at least one reinforcing element collected in said buffer
      station onto said plate, a cantilever beam extending over said buffer
      station and said welding station, said carriage being movable in over the
      plate in the welding station while carried by said cantilever beam, means
      for pressing against said plate during the welding process each element
      placed on said plate by said carriage, and welding means arranged to be
      displaced along the elements thus pressed to said plate in order to
      simultaneously weld said element to said plate, said welding means being
      located at one end of said carriage so that they are displaced along the
      elements pressed to said plate when said carriage is returned to the
      buffer station from said welding station.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said buffer station includes
      means for bringing said reinforcing elements into position to be taken up
      by said carriage when said carriage returns to said buffer station from
      said welding station while simultaneously welding said elements delivered
      to said welding station.
NUM  5.
PAR  5. A plant according to claim 3, wherein said cantilever beam comprises two
      separated, parallel beams between which the carriage can be moved.
NUM  6.
PAR  6. A plant according to claim 5, wherein said cantilever beam extends over
      the buffer station, the carriage being movably suspended in the cantilever
      beam.
NUM  7.
PAR  7. A plant according to claim 3, wherein said pressing means are arranged
      on the carriage, the surfaces of the pressing means coming into contact
      with a reinforcing element comprising roller surfaces and the pressing
      means being arranged, when the carriage returns to the buffer station to
      be relieved of pressure before they leave the welding station.
NUM  8.
PAR  8. A plant according to claim 3, wherein the welding station comprises a
      number of anvils corresponding to the number of reinforcing elements to be
      welded during each return movement of the carriage, said anvils being
      arranged under the plate below the associated element and comprising a
      number of sections, independent of each other, which are vertically
      adjustable.
NUM  9.
PAR  9. A plant according to claim 8 wherein said anvils have a concave contact
      surface for the plate.
NUM  10.
PAR  10. A plant according to claim 8, further comprising means for pressing
      each anvil section up towards the plate.
NUM  11.
PAR  11. Welding apparatus for attaching elongate reinforcing elements onto a
      metal plate comprising means defining a welding station including means
      for supporting said plate at said welding station to lie in a
      substantially horizontal plane, means defining a buffer station located
      adjacent said welding station, a cantilever beam extending over both of
      said welding station and said buffer station, a movable carriage having
      mounted thereon welding means for welding said reinforcing elements to
      said plate and means for releasably gripping said reinforcing elements,
      means mounting said carriage upon said beam for reciprocal motion along a
      generally linear path between said welding station and said buffer
      station, means for positioning said reinforcing elements in said buffer
      station with said elements extending longitudinally in a direction
      generally parallel to the direction of said linear path of said carriage
      means, and means on said carriage for pressing against said plate in a
      welding position reinforcing elements held by said gripping means when
      said movable carriage is moved to said welding station, said gripping
      means being arranged on said carriage to engage said reinforcing elements
      positioned in said buffer station when said carriage is moved from said
      welding station to said buffer station and to transport said elements into
      welding position relative to said plate when said carriage is moved from
      said buffer station to said welding station, said welding means being
      arranged on said carriage to weld to said plate reinforcing elements held
      in said welding position by said pressing means while said carriage is
      moving from said welding station toward said buffer station to bring said
      gripping means into gripping engagement with other reinforcing elements
      positioned in said buffer station.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein said positioning means include
      transport means for bringing reinforcing elements into said buffer station
      when said carriage is at said welding station, said transport means
      operating to move said reinforcing ribs into said buffer station through a
      path extending in a direction generally perpendicular to said linear path
      of said carriage means and to position said ribs for engagement by said
      gripping means of the carriage.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said transport means are
      arranged to be reciprocally moved perpendicularly across said linear path
      of said carriage, said transport means including a pair of reinforcing
      element mounting means spaced apart perpendicularly of said carriage
      travel path, said reciprocal motion of said transport means enabling
      reinforcing elements to be placed upon said mounting means while said
      carriage is in said buffer station with movement of said transport means
      perpendicularly of the path of said carriage when said carriage is moved
      to said welding station enabling introduction of said previously mounted
      reinforcing elements into said buffer station, with reciprocal movement of
      said transport means across said buffer station enablng continuous
      mounting of reinforcing elements thereon and movement of said reinforcing
      elements into said buffer station.
NUM  14.
PAR  14. A plant according to claim 11, wherein said gripping means on said
      carriage is provided with at least one row of gripping arms arranged in
      pairs parallel to the direction of transport, each row of gripping arm
      pairs being intended to carry one reinforcing element when the carriage is
      moved from the buffer station to the welding station.
NUM  15.
PAR  15. A plant according to claim 14, wherein at least some of the pairs of
      gripping arms having gripping ends including rollers, said gripping arms
      being arranged, during the return movement of the carriage from the
      welding station to the buffer station, to be relieved of pressure so that
      when the gripping arms are in the welding station their rollers can roll
      on the associated element but also endeavour to keep the element straight
      during the welding process and so that when the gripping arms are in the
      buffer station they can receive a new element between them.
NUM  16.
PAR  16. A plant according to claim 11, wherein said carriage is provided with
      additional welding means for each element to be welded simultaneously
      located substantially at the centre of the carriage, so that said welding
      means located at one end of the carriage and said additional welding means
      will weld substantially one half each of each reinforcing element to be
      welded.
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PAL  A wall panel for a containerboard box is erected from a single piece blank
      into a four-ply, high-strength wall having an integral stacking tab
      extending upwardly from the top edge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to wall panels that may be utilized in
      multiple piece containers constructed of containerboard. More
      particularly, the invention relates to a particular design for a wall
      panel that is comprised of a single piece of containerboard that is cut
      and scored appropriately so as to fold into a multi-ply panel having an
      integral stacking tab extending upwardly from the top edge.
PAR  In the shipping container art there are many designs that are manufactured
      for various end uses. One of the more common styles is that generally
      known as the "Bliss" box where multi-ply end panels are provided together
      with bottom and side walls in order to form a strong container having good
      stacking strength. The assignee of the present invention is one such
      manufacturer of Bliss style containers. An example of machinery that can
      be utilized to form Bliss style containers may be seen by referring to
      U.S. Pat. Nos. 3,541,930 and 3,673,928, both assigned to the assignee of
      the present invention. Also disclosed in the above referenced patents is
      the structure of a typical Bliss style container.
PAR  One problem with prior Bliss style containers has been their lack of
      stacking strength and a conveniently formed stacking tab. Of course, it is
      a simple matter to laminate several pieces of containerboard together to
      form additional stacking strength, but such a design does not provide for
      a stacking tab in a convenient manner. Ideally, a multi-ply wall panel,
      together with a stacking tab should be formed from a single piece of
      containerboard and also have the capability of either being machine formed
      or hand formed, depending on the requirements.
PAR  Accordingly, one object of the present invention is to provide a wall panel
      that has increased stacking strength. Another object is to provide a wall
      panel for a container that has an integral stacking tab. Yet a further
      object of the present invention is to provide a single piece blank that
      can be erected to provide both multiple plies, together with the integral
      stacking tab in wall panel form.
PAR  These and other objects of the invention will become apparent upon reading
      the following specification in conjunction with the attached drawing.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention is practiced in one form by cutting and scoring a
      single piece of containerboard such that it can be first folded
      approximately in half and then secondly, again approximately in half so as
      to form on the second folding a four-ply wall panel having a stacking tab
      extending upwardly from the top edge which will extend through an aperture
      that is positioned appropriately within the containerboard. If desired,
      appropriate amounts of adhesive can be applied to juxtaposed services of
      the folded panels in order to give it additional stacking strength. After
      the wall panel is erected, it may be then utilized in forming a typical
      Bliss style container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view showing a typical Bliss style container which
      utilizes as its two end panels the present invention.
PAR  FIG. 2 is a plan view showing the single piece wall panel blank with the
      appropriate score lines and cutouts.
PAR  FIG. 3 depicts the first folding step in erecting the finished wall panel.
PAR  FIG. 4 depicts the subsequent folding step during which the integral
      stacking tab is formed.
PAR  FIG. 5 shows the erected wall panel with the stacking tab extending
      upwardly from the top edge.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in detail, the Bliss style container is
      generally depicted at 2 in FIG. 1. Typical Bliss style containers are
      comprised of three pieces which form the body that can be complemented by
      any suitable closure means (not shown). The main portion of container 2 is
      comprised of a bottom panel 4 and two side panels 6 and 8 respectively.
      Forming the end panels of the Bliss style container 2 are the wall panels
      10 and 12 that comprise the present invention. Panels 10, 12 are
      designated as wall panels since it is not absolutely necessary that they
      form the ends of the containers, but rather they could form the side walls
      as well. Securing the wall panels 10, 12 to the bottom and side panels of
      container 2 are the overlapping edges 14, 16 of the side panels as well as
      the overlapping edge 18 of bottom panel 4. The overlapping edges are, as
      will be recognized by those skilled in the art, bonded to the wall panels
      10, 12 in order to form the finally erected Bliss style container 2.
PAR  Turning now to FIG. 2 and a description of the wall panel that forms the
      substance of the present invention, a single piece blank is generally
      depicted at 20. Single piece blank 20 would normally be comprised of
      typical containerboard material that is readily folded and workable. In
      FIG. 2, the longer dimension of blank 20 is actually that dimension which
      will be reduced to form the final height h of wall panels 10, 12 while the
      shorter dimension of FIG. 2 is that which will form the width w of wall
      panels 10, 12. The longer dimension of blank 20 is sized so that it could
      be folded four times with the final dimension being that equal to the
      height h.
PAR  The single piece blank 20 is divided into four essentially equal
      dimensioned panels with at least one score line dividing one panel from
      another. The tab or first interior panel 22 is the one forming the far
      right hand panel in FIG. 2 and separated from it by interrupted score line
      24 is the second interior panel 26 which has at the interrupted portion
      one edge of the overall stacking tab which is indicated generally at 28 in
      the several figures. Separated from the second interior panel 26 through a
      single score line 30 is the first outer panel 32 and separated from outer
      panel 32 through a double score line, indicated at 34, is the second outer
      panel 36. The double score line 34 is dimensioned on FIG. 2 by the 2t
      designation, meaning that the two score lines are arranged so as to allow
      the first and second outer panels 32 and 36 to accommodate two thicknesses
      of containerboard between them after folding.
PAR  Turning back now to a description of each individual panel comprising the
      overall single piece blank 20, it will be noted that the score line 24
      separating the first interior panel 22 from the second interior panel 26
      does not extend the full width of blank 20. Rather, the score line 24 is
      comprised of two separate portions 38, 40 separated by an unscored portion
      of containerboard that, in the erected condition, becomes one side of the
      base for stacking tab 28. The first base portion of stacking tab 28 is
      indicated as 42 on FIG. 2 and generally comprises a portion of
      containerboard which is approximately one-eighth to one-third of the width
      dimension w and which is left connected to the second interior panel. In
      the single piece blank 20 the stacking tab portion is cut from contained
      entirely within the first interior panel 22. From the base portion 42
      extends the tab which terminates in the first top portion indicated as 44.
      Separated from the first top portion 44 through a single score line 46 is
      the second top portion 48. The top portion 48 then makes the transition in
      containerboard material into the second base portion 50. Second base
      portion 50 has its edge aligned with the bottom edges of the first
      interior panel 22, although such a structure is not absolutely necessary
      and the base portion 50 could be extended outwardly. Such an extension
      would, however, utilize more containerboard and thereby become a more
      expensive construction.
PAR  It will be seen by continuing to refer to FIG. 2 that there are a pair of
      opposed cutouts 52, 54 positioned within the first interior panel 22
      relative to the stacking tab 28 to set the tab out from panel 22. The
      opposed cutouts 52, 54 are triangularly shaped in order to give an edge to
      the stacking tab 28 that is slightly inclined from the vertical when in
      the erected condition. It will be seen that the two apices of the
      triangles closest to one another terminate at the opposed ends of score
      line 46. It will also be recognized that the height dimension of the
      combined first top and base portions 42, 44 is less than the combined
      dimension of the second top and base portions 48, 50. The second base
      portion 50 includes an extended portion 56 that is provided so as to offer
      structural support to the upwardly extending stacking tab 28 when in the
      erected position. The extended portion 56 is free of the first interior
      panel 22 as caused by the die-cut lines 58, 60. The width w' of the
      stacking tab 28 at its base is indicated on FIG. 2.
PAR  Looking now at the second interior panel 26 and the first outer panel 32,
      it is seen by referring to FIG. 2 that the score line 30 separating the
      two panels is interrupted by a cutout portion indicated at 62. The score
      line 30 will form a part of the bottom edge of the erected wall panel when
      it is in its erected condition and thus the cutout portion 62 will form a
      receptacle portion 64 along the bottom edge of wall panels 10, 12 as seen
      more clearly by referring to FIGS. 3 and 4. The cutout portion 62 is
      sized, as will be recognized by those skilled in the art, to accept an
      upwardly extending stacking tab from a container which is positioned
      beneath another container. Thus the top portions of a stacking tab will
      extend up and into the receptacle portion 64 of the erected wall panel 10,
      12. As depicted in FIG. 2, the first outer panel 32 has a plurality of
      adhesive lines 66 extending along the width of the blank panel. While
      adhesives are not absolutely necessary to erect the single piece blank 20
      into the completed wall panels 10, 12, adhesive does, of course, provide
      additional strength and integrity. The lines of adhesive 66 may be applied
      to the panel 32 just prior to folding and erecting as will be described.
PAR  Looking now at the second outer panel 36 separated from the first outer
      panel 32 by double score line 34, it will first be recognized that a
      distance represented by 2t on FIG. 2 separates the two score lines.
      Positioned within the second outer panel 36 is the stacking tab cutout 68
      through which will extend the stacking tab 28. One edge of cutout 68 is
      colinear with that score line of the double score line 34 which is closer
      to first outer panel 32. Cutout portion 68 extends in the h direction a
      distance that is at least equal to the vertical dimension of the stacking
      tab when it is extending upwardly through cutout 68. An elongated tab 70
      can be provided along the outer edge of second outer panel 36 which would
      fit within a cutout portion of the bottom panel 4 after wall panels 10, 12
      are in position in Bliss style container 2. Such a tab is not absolutely
      necessary to the present invention but does provide additional strength
      and rigidity if desired.
PAR  Turning now to FIGS. 3-5, the folding method for erecting the wall panels
      10, 12 will be described. The first step is as depicted in FIG. 3 whereby
      panels 22 and 26 are together folded 180.degree. so as to be juxtaposed
      against panels 32 and 36. If the lines of adhesive 66 are applied prior to
      this folding step, the juxtaposed panels 26 and 32 will be bonded
      together. The next step is as depicted in FIG. 4 and consists of folding
      the first interior panel 22, 180.degree. so it is now juxtaposed against
      panel 26. If desired, additional adhesive could be applied to the surface
      of either panel 22 or panel 26 such that they would be bonded together. At
      this same time the stacking tab 28 is formed by folding the second top and
      base portions 48, 50 together with the extended portion 56 over so as to
      be juxtaposed against the face of the first top and base portions 42, 44
      while the extended portion 56 would overlay a part of panel 26. It will
      also be appreciated that prior to thusly forming the stacking tab 28,
      adhesive could be so positioned that the two-ply stacking tab would be
      appropriately strengthened by the adhesive. The final folding step is
      carried out by bending the second outer panel 36, 180.degree. over through
      the double score line 32 such that it is juxtaposed against the first
      interior panel 22. Again, suitable adhesive areas could be applied so that
      panel 22 would become bonded to panel 36. As panel 36 is folded over, the
      stacking tab cutout 68 will pass over the upwardly extending stacking tab
      28 so as to allow the flat planer construction as depicted in FIG. 5.
PAR  The wall panels thusly formed can then be utilized as the end walls in a
      typical Bliss style container 2. Each wall panel constructed according to
      the present invention will be an integral multi-ply panel having an
      upwardly extending stacking tab that offers substantial stacking strength
      when one container is stacked atop another.
PAR  While a detailed example of the principal embodiment has been described, it
      is understood that further changes and modifications may be made in the
      above described wall panel without departing from the spirit of the
      invention. All such modifications are intended to be included within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. a single piece containerboard blank for forming a multi-ply wall panel
      having at least one stacking tab extending upwardly from the top edge,
      comprising:
PA1  a tab panel having a substantially rectangular planar shape and a pair of
      opposed side edges together with top and bottom edges that are
      interrupted,
PA1  a second panel having a rectangular shape substantially similar to the tab
      panel and connected thereto along the top edge by a score line having an
      interruption therealong generally colinear with the interruption along the
      top edge of the tab panel, and
PA1  at least one stacking tab blank positioned within and cut substantially
      from the planar tab panel, comprising:
PA2  a first base portion connected to the second panel and extending outwardly
      from a line substantially colinear with the score line at the interrupted
      portion thereof and terminating in a first top portion, and
PA2  a second top portion connected to the first top portion by a score line and
      extending outwardly therefrom and terminating in a second base portion,
      whereby the tab panel can be folded to overlay the second panel while the
      second top and base portions of the stacking tab blank can be folded to
      overlay a portion of the second panel.
NUM  2.
PAR  2. The blank as in claim 1 further including at least one cutout positioned
      along the bottom edge of the second panel and sized to correspond with the
      size of a stacking tab.
NUM  3.
PAR  3. The blank as in claim 1 further including a first outer panel connected
      to the second panel through a score line and having a rectangular shape
      substantially similar to the second panel and adapted to overlay the
      multiply wall panel.
NUM  4.
PAR  4. The blank as in claim 3 further including a second outer panel connected
      to the first outer panel through a score line and having a rectangular
      shape substantially similar to the first outer panel and adapted to
      overlay the multiply wall panel.
NUM  5.
PAR  5. The blank as in claim 4 further including a stacking tab cutout
      positioned within the second outer panel and sized so as to be larger than
      and in line with the stacking tab blank.
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ABST
PAL  In a packaging container of the type formed from paperboard and
      incorporating a support between a pair of opposing walls, said support
      being useful for preventing bulging of said container when laden with bulk
      material, and said support, in the container blank, is formed having its
      longitudinal dimension arranged parallel and in contiguity with the
      vertical heighth of said container walls, or its connecting flap.
PAL  In the method of forming such a container, after the blank has been cut to
      the desired shape, as aforesaid, the parallel support is folded over
      approximately a 90.degree. angle for adherence to one wall panel, and then
      turned to allow for adherence of the other end of said support to the
      eventually opposing wall panel, and when the carton is compressed into its
      tubular form for deposition of the bulk materials, and simultaneously said
      support will bend once again in the proximity of its two ends
      approximately at 90.degree. angles.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION.
PAR  This application is a continuation of the application of Bruno C. Bonczyk,
      Ser. No. 227,032, filed Feb. 17, 1972, and owned by a common assignee now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a reinforced packaging carton or
      container, and more particularly, pertains to a container which
      incorporates a strut that interconnects between two opposing walls to
      prevent the carton from bulging, with said strut having been formed in the
      blank in a design that provided for its parallel relationship with the
      major wall panels of the container.
PAR  Various forms of materials holding cartons that incorporate internal
      reinforcing structures to prevent contaianer bulging have been designed
      and constitute part of the prior art. Most of these cartons, and in
      particular their center supports, are quite complicated in structure, and
      normally consume a significant amount of paperboard in the cutting of the
      blank since their center supports project some distance from the main
      panel portions of the basic carton blank. Other forms of prior art cartons
      that incorporate some form or a strut or bridge adhered between opposing
      walls do not take into consideration the mechanics of simultaneously
      cutting the blank and folding it into a complete carton incorporating such
      a strut, but rather, either required manual effort or a separate
      mechanical operation to adhere the strut within the carton structure. One
      such carton is shown in the prior art patent to R. W. Griese, U.S. Pat.
      No. 3,197,113.
PAR  The basic object of the present invention is to provide an integral carton
      blank which incorporates a strut or support member which is designed in
      contiguity with the carton blank per se, and not projecting for any
      significant distances away from the carton blank as shown in the prior
      art.
PAR  It is a further object of this invention to provide a folding and
      reinforced carton structure which provides for a saving of considerable
      amount of paperboard in its manufacture due to the closeness of its
      support member to the carton blank in its formation stages.
PAR  It is another object of this invention to provide a reinforced packaging
      container in which a strut may be formed simultaneously with the formation
      of the carton all in the same sequence of mechanical operations.
PAR  A further object of this invention is to provide a method for incorporating
      a bridging member as in a bulk packaging container so as to prevent its
      bulging when filled with massy material.
PAR  These and other objects will become more apparent to those skilled in the
      art in light of the following summary, description of the preferred
      embodiment, and accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, generally stated, a carton bank
      incorporating the usual front and back wall panels in addition to adjacent
      side wall panels, and end flaps, is initially formed as a paperboard
      blank. The usual connecting flap, such as for forming the carton into a
      tubular member through the application of glue to said flap is adhered to
      the edge of one of said wall panels. A support, which distinctly has its
      longitudinal portion in contiguity with either said glue flap or the edge
      of one of said wall panels, eventually through the folding of the
      container blank preferably upon automatic machinery, provides for the
      spanning of said support intermediate a pair of the opposing wall panels.
      Hence, in the formation of this container, a front wall panel and back
      wall panel will be formed having intermediate thereof the usual two sides
      of the carton, and then integrally along the edge of one of said wall
      panels the glue flap will be formed, and in adjacency thereto, there will
      likewise be formed the aforesaid support, which, as stated, is maintained
      in contiguity and in adjacency thereof, all in parallel with said wall and
      side panels, as distinct from the usual form of bridging member that
      projects perpendicularly for a length usually at least equivalent to the
      width of the folded carton.
PAR  In the folding of this reinforced packaging container upon the usual type
      of folding machinery, which has been adapted to provide the predetermined
      folds of this container into substantial closure, a portion of the support
      means is initially turned from its parallel relationship at approximately
      a 90.degree. angle, with this turned end of said support then being
      adhered, as by a glue or other adhesive, approximately centrally of the
      interior surface of one of the wall panels. Then, either the support means
      and the wall in which it is adhered, or the opposing wall panel, may be
      folded approximately 180.degree. to allow for adherence of the opposite
      end of said strut to the interior surface of said other and opposing wall
      panel. Then, with the turning of one of the side walls of the container
      into an overlying relationship with the aforesaid connecting or glue flap,
      and its adherence thereto, the container at that time may be formed into a
      tubular member, its end flaps closed, to provide the usual rectangular
      form of container that is readily available for holding bulk material, or
      the carton, in the blank stage, can be shipped to any processor who can
      then make use of the container for cartage of bulky material. In the
      folding or pressing of said carton blank into its tubular shape,
      additional approximately 90.degree. turns will simultaneously be made once
      again to each end of said strut where it adheres to the panel walls of the
      container, so that in the tubular form, said strut will possess three
      folds each of approximately a 90.degree. angle so as to allow for its
      spanning the distance between opposing walls of the shaped container. This
      additional turn required in this particular container may be one more than
      usually made in cartons of this type incorporating a reinforcing
      structure, but the advantages achieved through making this additional turn
      as evidenced in the saving of paperboard in the formation of this blank
      greatly outweighs the effort exerted in making this initial fold. Hence,
      the first turn of this supporting member is performed for the purpose of
      orienting the member from its parallel relationship in contiguity with the
      edge of the wall and side panels of the container to that direction which
      sets it in a position to provide for its projection at approximately a
      right angle from the longitudinal dimension of said wall panels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 provides an isometric view of the packaging container of this
      invention incorporating its support member therein;
PAR  FIG. 2 provides a complete view of the entire blank of this packaging
      container showing the support as maintained in parallel relationship with
      the wall and side panels of this container;
PAR  FIG. 3 provides a similar view of the container blank as shown in FIG. 2,
      with the initial turn being made to the support for its adherence to one
      of the wall panels.
PAR  FIG. 4 is a view of the next step in folding of this container blank
      wherein the support and the now connecting wall panel are turned in
      preparation for adherence of the other end of said strut to the opposing
      wall panel;
PAR  FIG. 5 provides a view of the next step in the folding of this container
      blank wherein the right side wall has been folded to provide for its
      adherence to the glue flap of said container blank.
PAR  FIG. 6 provides a front view of the container blank after having been
      forced into its tubular form; and
PAR  FIG. 7 provides a horizontal sectional view taken along the line 7--7 of
      FIG. 6, disclosing the packaging container, in tubular form, having its
      support spanning the distance intermediate two opposing wall panels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In referring to the drawings, and in particularly FIG. 1, there is shown a
      reinforced carton C of the usual configuration incorporating a pair of
      opposing front wall 1 and a back wall 2, opposing side walls 3 and 4, with
      the usual end flaps, comprising the top panel 5 and bottom panel 6, which
      provide for complete closure of the container during usage. Shown within
      this sketch is a support means or strut 7 that bridges the distance
      intermediate a pair of opposing walls of the container, and which means is
      of sufficient strength to resist tension in the dimension of its length,
      and reinforce the major container walls against bulging as when it is
      laden with a bulk material, such as soap granules, fertilizer, or any
      other type of massy compositions.
PAR  By referring also to FIGS. 6 and 7, it can be seen that the carton blank,
      when folded into the tubular form, disposes its support means 7 between a
      pair of opposing walls, having an intermediate bridging portion 8 spanning
      the dimension between said walls, with each end portion 9 and 10 of said
      support being turned for connection, as by gluing, to the inner surfaces
      of said opposing walls. Essentially each of these ends of the support or
      strut is turned at that angle, herein shown as approximately at
      90.degree., that provides for its contiguity with the surface of each
      wall, and its tight adherence thereto. It can be seen that since the major
      forces inducing bulging of any such container will be at a maximum at the
      approximate location where this strut connects to said container walls,
      sufficient area for gluing of these support ends, or tabs, must be
      provided and disposed at the proper angular relationship with respect to
      the inner surfaces of said walls.
PAR  As shown in FIG. 6, the support end 9 is arranged substantially laterally
      of the bridging portion 8 of the support while the other end 10 of said
      support is arranged in an opposite lateral direction and disposed
      substantially downwardly in its connection to the opposite panel of said
      container. The particular arrangement of these support ends in their
      connection to the container walls, and the reasons for their attachments
      in such manner, can be made more cognizably in a subsequent description of
      one method of folding the carton.
PAR  In FIG. 2 is shown the container blank after it has been cut from, for
      example, paperboard stock, and it is significant to note that said blank
      is substantially of a rectangular shape, having little or no projections
      therefrom, even taken into regard the fact that the support means has also
      been integrally formed in this blank. This container blank comprises what
      will form into the major wall panels of the container, such a front wall
      1, a back wall 2, and intermediate and adjacent side walls 3 and 4, with
      end flaps 5 and 6 being integrally connected along a series of fold lines
      so that they can be pivoted into closure when the container has been
      folded into its tubular form. Along one edge of the panel 1 is provided a
      connecting flap 11 which is designed and disposed for having glue applied
      to it, so that when the container is folded, said glue flap will be
      adhered to the exposed edge of the side panel 4. Also formed integrally
      substantially along the edge of the connecting flap 11 is the support
      means or strut 7, which as can be seen, in the blank form, is maintained
      substantially parallel with the vertical or heighth dimension of wall and
      side panels of the container, and in close proximity or contiguity with
      the connecting flap 11 and its adjacent front panel 1. Obviously, when the
      method of folding this container into closure is described, it will be
      seen that this support means 7 may be formed contiguously along the edge
      of the panel 1, or side panel 4, and likewise, the connecting flap 11 may
      either be formed in the blank adjacent to said support means 7, as shown,
      or it may even be formed at an opposite end of the carton blank. In other
      words, the blank may include the support member 7 being formed along the
      longitudinal edge of the panel 1, which the connecting flap 11 may be
      formed integrally along the edge of the side panel 4, at the other end of
      said blank.
PAR  For purposes of this description, it can be said that the longitudinal,
      height, or vertical direction of these wall panels and side panels are
      arranged upright upon the drawing, whereas the width dimensions of said
      panels are measured transversely of the blank as shown in FIG. 2.
PAR  The support means 7 is designed having an intermediate or bridging portion
      8, which as previously described, spans the distance between opposing wall
      panels, as when the container is formed into an enclosure. One end or tab
      of said support means, as at 9, is demarcated from said intermediate
      portion 8 by means of a fold line 12. Likewise, the opposite end 10 of
      said support is set off from its portion 8 by means of a pair of fold
      lines 13 and 14.
PAR  The process for folding this packaging container, either manually, or
      through a machinery operation, is more aptly described, in a sequence of
      folds, as shown in FIGS. 3-5. Initially the intermediate portion 8 and its
      upper end 9 are folded simultaneously along the fold line 14 at
      approximately a 90.degree. angle which orients this portion of the support
      at an angle perpendicularly with respect to the heighth of the underlying
      wall paanel 1, as distinct from its previously parallel relationship. In
      this initial folding operation, glue will have been applied to the support
      end 9 which provides for its quick adherence to the panel 1 upon contact.
      Following this step, the combined folded support means 7, the connecting
      flap 11, and the adhering panel 1 are folded over approximately
      180.degree. along the fold line 15, which, as can be seen, disposes the
      other end 10 of the support means approximately within the central
      vicinity of the now underlying and opposite wall panel 2, and
      simultaneously with this folding operation, glue will have been applied to
      the surface of the end 10 to provide for its prompt adherence to said
      panel 2. Finally, an additional fold is made preferable to the side panel
      4 that provides for its overlying relationship with the connecting flap
      11, which will have had an application of glue made to its exposed
      surface, so that the container will now have been formed into a folded
      carton blank, in which condition, it can now be shipped to the processor
      for utilizing as a packaging container in a business.
PAR  When the folded and flat container, as shown in FIG. 5, is to be used, a
      compressive force may be applied to the edges 15 and 16 of said blank, to
      provide for its urging into a tubular form, and its end flaps 5 and 6 may
      be folded over to provide for carton closure. During this final folding of
      the container into the tubular form, it can be seen that the two
      additional bends are simultaneously made in the member 7, and as seen in
      FIG. 7, one bend of approximately 90.degree. is made along te fold line
      12, while an additional fold of approximately 90.degree. is made along the
      fold line 13 of said member. Obviously these two latter folds are defined
      assbeing made at approximately 90.degree. angles, because this particular
      carton is disclosed as being rectangular in configuration. On the other
      hand, in the event that the container is made having, for example, a
      parallelogram shape in cross section, the folds of the support member
      might be made at angles other than 90.degree., and to those angles that
      may suitably dispose the support at its most suitable tension absorbing
      position.
PAR  Other variations in the construction and folding of the packaging container
      of this invention, within the scope of the appended claims may occur to
      those skilled in the art in light of the foregoing disclosure. For
      example, as previously described, the folds may be made in such a manner
      that the carton blank will have the support member 7 formed along one edge
      of the panels or walls, with the connecting flap 11 being formed in the
      blank along the edge at the other end of said blank. The described
      preferred blank is merely illustrative.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. In a blank for a packaging container of the type formed from paperboard
      and incorporating means for adhering to a pair of opposing wall panels to
      prevent container bulging when laden with bulk material, said blank having
      a pair of front and back wall panels, a pair of side wall panels for
      interconnecting between said front and said back wall panels when the
      blank is formed into a container, said means comprising a strut adhering
      to a pair of opposing wall panels when the blank is formed into a
      container, and upper and lower end flaps attached respectively to at least
      one upper and lower edge of the said panels, a connecting flap formed
      integrally adjacent an edge of one of said panels, said strut formed
      having its length dimension that is capable of spanning the distance
      between the front and back wall container panels being arranged in
      adjacency and substantially parallel with and removably attached to one of
      said panel and connecting flap along its vertical dimension, and said
      strut incorporating at least one fold line angularly disposed with respect
      to the vertical dimension of said panels to provide for an angular turn in
      said strut during container assembly, whereby said strut is sequentially
      removed from said parallel panel or connecting flap and folded to a
      perpendicular position for adherence to opposite panel walls as said
      panels and said flaps are folded into the container.
NUM  2.
PAR  2. The invention of 1 wherein said strut at least along a portion of its
      length connects with one of said panel and connecting flap by a
      score-line.
NUM  3.
PAR  3. The invention of claim 1 wherein said angularly disposed fold line is
      arranged at approximately a 45.degree. angle with the edge of the adjacent
      and attached panel or flap.
NUM  4.
PAR  4. The invention of claim 1 and wherein the strut is capable of turning to
      partially overlap itself at one location along its length during folding
      of the container blank.
NUM  5.
PAR  5. In a packaging container of the type formed from a paperboard blank
      including opposing front and back wall panels, a pair of opposing side
      wall panels, end flaps, and a support interconnecting between a pair of
      said opposing wall panels to prevent container bulging when laden with
      bulk material, the improvement which comprises, said support proximate one
      of its ends being bent approximately 90.degree. and attached to the inner
      surface of the opposite wall panel, and said other end of the support
      having an overlapping portion.
NUM  6.
PAR  6. The invention of claim 5 wherein the first end of the support connecting
      to a wall panel is turned laterally of said support, and the other end of
      said support is folded over and connected to the opposite wall panel in a
      different direction from the first end.
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PAL  An elongated one piece paperboard blank which can be erected into a carton
      which can be hung on a hook of a pegboard display. The blank forms a
      carton having a solid bottom and flaps on each side so that the contents
      will not readily fall out of the carton when it is hanging on a hook. For
      added strength, the carton has a two-ply hanger member which is formed by
      hanger panels located at opposite ends of the blank. Aligned apertures to
      receive a pegboard hook are formed in each hanger panel. The blank is
      folded and the juxtapositioned hanger panels are adhered together by a
      suitable adhesive. The folded blank can be stored and shipped in this
      partially assembled condition. The carton is erected from the folded blank
      without the necessity of additional gluing operations.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a one piece paperboard blank which can be
      folded into a carton adapted to hold merchandise and be supported on a
      hook of a pegboard merchandise display.
PAR  An object of this invention is a paperboard blank which can be folded to
      form a carton having a solid bottom and side access flaps and which can be
      hung on a hook of a pegboard merchandise display.
PAR  Another object is a one piece paperboard blank for a pegboard hanging
      carton which is connected together by adhesive applied only to the hanger
      panels.
PAR  Another object is a one piece paperboard blank which can be erected into a
      carton having a two-ply hanger member.
PAR  Another object is a one piece paperboard blank which can be folded into a
      pegboard hanging carton having access flaps on both the right and left
      sides of the carton.
PAR  Another object is a one piece paperboard blank for a carton which may be
      preassembled into a flat, folded condition with the hanger panels adhered
      to each other so that the carton can be erected without the additional
      application of adhesive.
PAR  Other objects may be found in the following description, claims and
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated more or less diagramatically in the following
      drawings wherein:
PAR  FIG. 1 is a plan view of a one piece paperboard blank which can be erected
      to form a hook supported carton of this invention;
PAR  FIG. 2 is a plan view of the paperboard blank in a folded condition for
      shipment and storage; and
PAR  FIG. 3 is perspective view of the completely erected carton mounted on a
      hook of a pegboard merchandise display.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A one piece paperboard blank 11 which can be folded into the pegboard
      display hanging carton 13 of this invention is shown in FIG. 1. The blank
      11 includes hanger panels 15 and 17, which preferably are rectangular,
      located at opposite ends thereof. Hanger panel 15 is formed with a
      circular aperture 19 and hanger panel 17 is formed with a circular
      aperture 21 with both apertures having essentially the same diameter. The
      apertures are located adjacent to opposite end edges 23 and 25
      respectively of the panels 15 and 17 so that the apertures will align when
      the panels are positioned in face-to-face relationship and adhered to each
      other to form a two-ply hanger member 27 in the manner shown in FIGS. 2
      and 3 of the drawings.
PAR  The hanger panel 15 is hingedly connected to a rear panel 31 of the carton
      by a fold line 33 which may be perforated. A bottom panel 35 is hinged to
      the opposite end edge of the rear panel by a fold line 37. The fold lines
      formed in the blank 11 may most conveniently be formed by scoring the
      paperboard with a steel rule die. Side flaps 39 and 41 are hinged to
      opposite side edges of the bottom panel 35 by fold lines 43 and 45,
      respectively. A front panel 49 is hinged to the opposite end of the bottom
      panel 35 by a fold line 51. Side flaps 53 and 55 are hinged to opposite
      side edges of the front panel 49 by fold lines 57 and 59, respectively.
      Tabs 61 and 63 are hinged to the outside edges of the flaps 53 and 55,
      respectively, by fold lines 65 and 67. The fold lines 65 and 67 are slit,
      respectively, at 69 and 71 with the slits extending inwardly from opposite
      ends of the fold lines 65 and 67. The slits continue into the flaps 53 and
      55 obliquely at 72 and 73, respectively. A top panel 74 is hinged to the
      opposite end edge of the front panel 49 by a fold line 75. Side flaps 77
      and 79 are hinged to the opposite side edges of the top panel by fold
      lines 82 and 83, respectively.
PAR  The edges of the side flaps 39 and 41 and the edges of the side flaps 77
      and 79 which face the logitudinal ends of the blank 11 are notched at 85
      to form tabs 86. Hanger panel 17 is connected to the opposite end edge of
      top panel 74 by a perforated fold line 89. Strips of adhesive 91, 93 and
      95 are applied to one surface of the hanger panel 17 to enable the panel
      15 and 17 to be adhered together in facing relationship to form a two-ply
      hanger member 27.
PAR  As a preliminary step in the forming of the carton 13, the blank 11 is
      folded about fold line 51 thereby positioning the hanger panels 15 and 17
      in face-to-face relation in the manner shown in FIG. 2. When the hanger
      panels are so positioned, the adhesive strips 91, 93 and 95 of the hanger
      panel 17 engage the hanger panel 15. Upon the application of pressure, the
      panels are adhered, thereby forming the two-ply hanger member 27. The
      folded and adhered blank 11 can be stored and shipped in this condition.
PAR  In erecting the carton 13 from the folded and adhered blank 11 of FIG. 2,
      the bottom and top panels 35 and 74 are folded about their fold lines 37,
      89, 51 and 75 to extend at right angles to the front panel 49 and rear
      panel 31 thereby changing the blank 11 into a rectangular tube. The carton
      may now be filled with merchandise inserted into the carton from either
      the right or left sides. To close the carton, the bottom and top panel
      side flaps 39, 41, 77 and 79 are then folded inwardly and the front panel
      side flaps 53 and 55 are folded up against the bottom and top panel side
      flaps with the tabs 61 and 63 projecting into the carton. The slits 69 and
      71 formed between the tabs 61, 63 and the front panel side flaps 39, 41,
      77 and 79 to lock the tabs 61, 63, and the side flaps 53 and 55 in
      position. The carton may now be hung on a hook 99 of the pegboard display.
CLMS
STM  I claim:
NUM  1.
PAR  1. An elongated foldable, one piece paperboard blank for a pegboard hanging
      carton for merchandise, including:
PA1  a hanger panel located at each end of said blank,
PA1  said hanger panels each having an aperture formed therein adjacent to
      opposite end edges thereof with said apertures adapted to be aligned when
      said panels are positioned in face-to-face relationship to form a two-ply
      hanger member,
PA1  a rear panel hinged to one end edge of one of said hanger panels by a
      perforated fold line,
PA1  a bottom panel hinged to the opposite end edge of said rear panel by a fold
      line,
PA1  side flaps hinged to the opposite side edges of said bottom panel by fold
      lines,
PA1  a front panel hinged to the opposite end edge of said bottom panel by a
      fold line,
PA1  side flaps hinged to the opposite side edges of said front panel by fold
      lines,
PA1  a tab hinged to the outer side edges of each of said front panel side flaps
      by fold lines,
PA1  each of said tabs having a width less than the width of its flap,
PA1  a top panel hinged to the opposite end edges of said front panel by a fold
      line,
PA1  side flaps hinged to the opposite side edges of said top panel by fold
      lines,
PA1  said opposite end edge of said top panel being hinged to the other of said
      rectangular hanger panels by a perforated fold line, and
PA1  adhesive applied to one of said hanger panels to connect said hanger panels
      to form said two-ply hanger member.
NUM  2.
PAR  2. The paperboard blank of claim 1 in which the fold lines between said
      tabs and said front panel side flaps are slit part way from the opposite
      ends thereof.
NUM  3.
PAR  3. A carton adapted to be supported on a hook of a pegboard merchandise
      display, said carton including:
PA1  a back panel,
PA1  a bottom panel hingedly connected to said back panel and extending at right
      angles thereto,
PA1  a front panel hingedly connected to said bottom panel and extending at
      right angles thereto with said front panel extending generally parallel to
      said rear panel and positioned in front thereof,
PA1  a top panel hingedly connected to said front panel and extending between
      said front and rear panels,
PA1  a first hanger hingedly connected to said rear panel by a perforated line
      and extending in the plane of said rear panel,
PA1  a second hanger panel hingedly connected to said top panel by a perforated
      line and extending at right angles to said top panel,
PA1  said first and second hanger panels being adhesively adhered together to
      form a hanger member for said carton,
PA1  an aperture in each hanger panel with said apertures aligning when said
      panels are adhered to each other to provide a supporting aperture for said
      hanger member,
PA1  outer side flaps hingedly connected to opposite side edges of said front
      panel,
PA1  tabs hingedly connected to said outer side flaps, and
PA1  inner side flaps hingedly connected to opposite side edges of said top and
      bottom panels, with each of said side flaps extending approximately
      halfway between top and bottom panels,
PA1  said outer and inner side flaps being engageable to close the sides of said
      carton with said tabs of outer side flaps being positioned against said
      rear panel.
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ABST
PAL  A thin profile carton is formed from a single blank of paperboard
      consisting of a plurality of side walls joined to one another to form a
      rectangularly shaped carton having a depth dimension from front-to-back
      substantially less than its width dimension with an improved ripped,
      carton opening scheme at the top end thereof. The top end opening feature
      comprises a single, substantially straight, cut and scored line of
      weakness in one of the top end closure flaps of the carton, which line of
      weakness extends completely across the end closure flap and intersects at
      least one fold line in said end closure flap. The fold line defines at
      least one carton opening tab that is an integral part of said end closure
      flap.
PARN
PAC  SUMMARY OF THE INVENTION
PAR  The present application is a continuation-in-part of applicant's copending
      application, Ser. No. 350,712, now abandoned, filed Apr. 13, 1973, for
      EASY OPENING CARTON.
BSUM
PAR  The present invention relates generally to an easy opening carton formed
      from a paperboard blank which is cut, scored and perforated to define a
      rectangularly shaped carton having a plurality of side walls with end
      closure flaps hinged to the free ends thereof.
PAR  More particularly, the present invention is directed primarily to a
      rectangularly shaped carton as defined above wherein the depth dimension
      of the carton from front-to-back is substantially less than its width
      dimension from side-to-side. In each case, the end closure flaps consist
      of an opposed pair of spaced dust or secondary flaps located along the
      depth dimension of said carton and an opposed pair of spaced and
      interengageable closure or primary flaps located along the width dimension
      of said carton which are sequentially folded and secured to one another
      over the secondary or dust flaps. In addition, the present invention
      features an easy opening scheme consisting of a single perforated tear
      line located in the uppermost primary end closure flap at the top end of
      the carton.
PAR  In its most elementary state, the present invention takes the form of an
      economy, fully sealed end closure carton wherein the primary top and
      bottom end closure flaps are not full sized, i.e., they do not extend from
      one side of the carton to the opposed side when folded closed. Further, in
      the economy form, the ripped easy opening feature is applied to the
      uppermost or second folded primary or interengageable end closure flap at
      the top of the carton in the form of a single, substantially straight line
      of perforations which form a line of weakness completely across the end
      closure flap. The line of weakness serves to divide the uppermost primary
      flap into two portions. One of the portions is foldably attached to an
      adjacent carton side wall, and includes at least one integral carton
      opening tab defined by a score line at one side of the end closure flap,
      and a second portion which is adhered to the lowermost primary flap. Thus,
      in order to seal the economy carton closed, adhesive is applied to either
      the inside of the uppermost end closure flap outboard of its line of
      weakness, or to the outside of the lowermost end closure flap
      substantially near its free edge away from its point of articulation to
      the adjacent carton side wall. Accordingly, the lowermost and uppermost
      primary closure flaps overlap one another only at their extreme ends,
      since they are not full sized, and only that portion of the uppermost
      closure flap outboard of the line of weakness is adhered to the lowermost
      closure flap. The thus sealed carton is opened by inserting a finger or
      letter-opener type tool underneath the carton opening tab provided
      therefor, whereupon by sliding the finger or letter-opener type tool along
      the line of perforations, the uppermost primary flap may be separated
      along its line of weakness leaving its outboard portion attached to the
      lowermost flap and the carton is opened.
PAR  Accordingly it may be seen that the economy carton described herein, with
      its minimum use of paperboard and minimum depth dimension involved, could
      not successfully employ one of the conventional tear rab opening devices
      normally used on cartons of a similar type. In this regard, the easy
      opening device provided by the present invention is believed to be an
      improvement over and novel in view of the teachings of the prior U.S. Pat.
      Nos. 1,985,590 to Weiss, 3,366,310 and 3,366,311 to Simpson et al., and
      3,263,899 to Collura et al.
PAR  In other embodiments according to the present invention the primary top
      closure flaps may be made full sized, i.e., so as to extend completely
      across the carton top from one side to the other opposed side, and for
      this latter form, a provision may be made for reclosing the carton top
      after opening. In each case however, the uppermost closure flap is applied
      with a single, substantially straight perforated line of weakness along
      its width dimension, and where the closure flaps are full sized, the
      lowermost closure flap is formed with a tuck slot located to lie
      underneath the perforated line of weakness in the uppermost closure flap.
      Thus, after the carton with full sized closure flaps is applied with
      adhesive and sealed closed substantially as described hereinbefore with
      respect to the economy carton, the carton may be opened as set forth
      previously and then reclosed by tucking the exposed edges of the ripped
      portion of the uppermost closure flap which remains attached to its
      adjacent side wall underneath the tuck slot provided in the lowermost
      closure flap.
PAR  In yet still another embodiment of the present invention, the perforated
      line of weakness in the full sized uppermost closure flap may be reshaped
      in the region of the tuck slot in the lowermost closure flap to provide an
      even more secure carton reclosure mechanism.
PAR  However, for each of the cases described above, the novel easy opening
      device anticipated is primarily for use on cartons which have a thin
      profile or minimum depth dimension as compared to its width. Thus the
      invention disclosed herein consists essentially of a single, substantially
      straight perforated line of weakness in the uppermost primary closure flap
      for the top of a thin profile carton, which perforated line of weakness
      divides the uppermost primary closure flap into two portions, one of which
      becomes attached to the lowermost primary closure flap, and the other of
      which remains foldably attached to its adjacent carton side wall. In
      addition, the portion of the top closure flap remaining attached to the
      adjacent carton side wall also includes as an integral part thereof, at
      least one carton opening tab for initiating the easy opening mechanism.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 is a plan view of a blank from which the carton herein may be
      constructed;
PAR  FIG. 2 is a top view of the formed and sealed carton formed from the blank
      of FIG. 1;
PAR  FIG. 3 is a partial perspective view of the carton of FIG. 2 in an open
      condition;
PAR  FIG. 4 is a plan view of a modified blank for constructing the carton of
      the present invention;
PAR  FIG. 5 is a top view of the formed and sealed carton formed from the blank
      of FIG. 4;
PAR  FIG. 6 is a partial perspective view of the carton of FIG. 5 in an open
      condition;
PAR  FIG. 7 is a partial perspective view of the carton of FIG. 6 in its
      reclosed condition;
PAR  FIG. 8 is a partial perspective view showing a modification of the carton
      of FIG. 6;
PAR  FIG. 9 is a partial persepctive view of the carton of FIG. 8 in its
      reclosed condition;
PAR  FIG. 10 is a plan view of a modified blank for constructing a two
      compartment carton according to the present invention;
PAR  FIG. 11 is a partial perspective view of the carton formed from the blank
      of FIG. 10 showing one compartment open; and,
PAR  FIG. 12 is a top view of the formed and sealed carton formed from the blank
      of FIG. 10.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention relates to a simple, efficient and improved ripped
      carton opening scheme particularly adapted for thin profile cartons which
      have a minimum depth dimension thereby making a conventional tear strip
      opening arrangement impractical and impossible. In its preferred form, the
      invention is directed to a thin, rectangularly shaped carton having
      opposed side walls with top and bottom closure flaps attached thereto,
      wherein the easy opening feature is applied to one of the top closure
      flaps of the carton. Moreover, the easy opening means of the present
      invention can be incorporated in economy type cartons wherein the carton
      closure flaps are of a lesser dimension than the already minimum depth
      dimension of the carton in a direction normal to the hinge lines of the
      carton closure flaps, i.e., which closure flaps do not extend completely
      over the carton top, although they are of sufficient length to overlap one
      another in the region where they are secured together. In addition,
      however, the ripped, easy opening means described herein is also readily
      adaptable to cartons wherein the top closure flaps completely overlap one
      another. For this latter case, the simple and efficient easy opening means
      preferred is more reliable than the conventional tear strip opening
      arrangement usually employed, and it also permits reclosure of the carton
      after opening much like the normal tear strip opening cartons.
      Furthermore, it should also be understood that while the easy opening
      means disclosed is particularly described and illustrated for use on a
      carton having a minimum depth dimension from front-to-back, the same easy
      opening means could also be used on the end of a carton having a minimum
      depth dimension from top-to-bottom.
PAR  Therefore, for the purposes of the present invention, the ripped, easy
      opening means comprises a single, substantially straight perforated
      weakened line in the uppermost primary closure flap of a carton, which
      weakened line extends completely across the top of the carton along the
      width dimension of the carton, and which includes at one or both ends
      thereof an integral carton opening tab useful for initiating the carton
      opening mechanism. The perforations or lines of incision which define the
      weakened line in the uppermost closure flap are preferably uniformly
      resistant to rupture with no pre-weakened section, and such rupturing is
      carried out simply by grasping the carton opening tab with one's finger or
      some other letter-opening type tool, and then sliding the finger or tool
      along the line of perforations from one side of the carton to the other to
      effect the opening of the carton.
PAR  The benefits achieved with the single perforated line easy opening means of
      the present invention, as compared with conventional tear strip opening
      means, especially when applied to cartons having a minimum depth
      dimension, include both structural, manufacturing and esthetic advantages.
      In both cases where the carton closure flaps completely overlap or only
      partially overlap, the use of only a single perforated ripped opening line
      permits a greater sealing area between the two overlapping flaps yielding
      more structural integrity to the carton. The invention disclosed herein
      would not be particularly useful in cartons where the depth from
      front-to-back was equal to or greater than the width, especially with only
      partially overlapping top closure flaps, since the natural "fluffing"
      tendency of the paperboard used to make the cartons would prohibit a tight
      closure. Thus the opening scheme disclosed herein is particularly adapted
      to thin profile cartons. In addition, when only a single perforated line
      is employed, there is less breakup of the printing on the closure flap
      than would occur with a conventional tear strip opening requiring two
      perforated lines. Moreover, with respect particularly to shallow depth
      cartons, the use of a single perforated opening line means that the
      runnability of the carton is improved since the single weakened line may
      be located farther away from the closure flap hinge lines than is possible
      for conventional tear strip opening schemes. Finally, the single
      perforated ripped opening means of the present invention is also able to
      accommodate the desirable reclosing feature often used in conventional
      tear strip cartons. As particularly illustrated in the drawing included
      herewith, the reclosure feature may be accomplished either using the raw
      edge of the perforated line or with a reclosure tab integral with the
      perforated line.
PAR  Referring now more particularly to the drawing, it will be noted that the
      carton blank of FIG. 1 consists of a plurality of side wall panels 12, 14,
      16 and 18 joined together along parallel fold lines 13, 15 and 17 and a
      glue flap 10 attached to side wall panel 12 along the fold line 11. In
      each case, the side wall panels have top and bottom closure flaps foldably
      attached to the free ends thereof along fold lines 20, 21 with top and
      bottom closure flaps 19 being attached to the minimum width side walls 14
      and 18 and top and bottom closure flaps 22 being attached to the larger
      width side wall 12. Side wall 16 has attached thereto a conventional
      bottom closure flap 23 and a top closure flap 24 which includes the novel
      carton opening means disclosed herein.
PAR  It will be appreciated by a careful observation of FIG. 1 that the top
      closure flaps 23,24 are not full sized, i.e., their length dimension is
      not equal to the width dimension of the side walls 14, 18, therefore the
      blank of FIG. 1 is used to form an economy style shallow depth carton
      having a depth dimension measured from front-to-back. The carton so formed
      is shown in FIG. 2 and open in FIG. 3. However, further reference to FIG.
      1 will illustrate the novel simplicity of the ripped easy opening means
      disclosed. Note that top closure flap 24, which is the uppermost closure
      flap when the carton is closed, includes only a single perforated weakened
      line 27 which extends completely across the width of flap 24 in a
      substantially straight line. Perforated line 27 is located near the center
      of flap 24 from side-to-side and continues throughout the width thereof to
      divide the flap 24 into two portions 28, 29. The portion 28 is foldably
      attached to the adjacent side wall 16 and the portion 29 is adapted to
      partially overlap and become adhered to the lowermost closure flap 22 when
      the carton is sealed closed after filling. In addition, the closure flap
      portion 28 at one end thereof includes as an integral part thereof a
      carton opening tab 25 separated from the portion 28 along a diagonal fold
      line 26. The carton opening tab 25 is a necessary part of the novel ripped
      opening means disclosed since manipulation of same permits the initiation
      of the rupture along the single tear line 27 which effects the opening
      mechanism of the carton. If desired, a second carton opening tab 25' could
      be added to the opposite end of the closure flap portion 28 particularly
      as used in the divided carton shown in blank form in FIG. 10 and as fully
      formed in FIG. 12. This latter expedient would not deleteriously affect
      the carton closure and it would provide the consumer with the option of
      opening the carton shown in FIG. 2 either from left-to-right or
      right-to-left.
PAR  The carton is formed, filled and finally sealed as shown in FIG. 2, and as
      will be noted therein, the uppermost closure flap 24 only overlaps the
      lowermost closure flap 22 in the region of the portion 29 of flap 24. The
      sealing step is accomplished after the carton is filled by applying
      adhesive either to the inside of the portion 29 of flap 24, or to the
      outside of flap 22 in the region near the free edge thereof, away from the
      fold line 20. It will further be noted in FIG. 2 that the location of the
      novel single perforated tear line 27 is located substantially at the
      geometric center of the carton top taken from side wall 12 to side wall
      16. Thus after the carton is squared, the orientation of the perforated
      tear line 27 is substantially equidistant from the two adjacent side edges
      of the carton top defined by the fold line 20, and because of this
      orientation, there is ample distance from each side edge to the perforated
      line 27 to provide significant structural strength to the thin profile
      carton while still achieving good machine runnability of the carton during
      the forming, filling and sealing steps. In addition, by locating the
      single weakened line at or near the geometrical center of the carton, the
      effectiveness of the opening means is enhanced, especially in thin profile
      cartons, because there is less chance of the ripped opening to fail during
      the rupturing process.
PAR  FIG. 3 shows the carton of FIG. 2 in its open condition effected by lifting
      carton opening tab 25 to initiate rupture along perforated line 27, and
      then manipulating the portion 28 of closure flap 24 along the length of
      perforated line 27 to complete the rupture. As stated hereinbefore, the
      opening mechanism is accomplished by sliding ones finger along the
      perforated line 27 beneath portion 28 and on top of portion 29 of closure
      flap 24. Alternatively, any other letter opener type instrument including
      a knife could accomplish the same result. Thus it will be seen in FIG. 3
      that the portion 28 of top closure flap 24 remains attached to the carton
      side wall 16 while the portion 29 which overlapped and was adhered to
      lowermost closure flap 22 remains fixed thereto. Accordingly, the economy
      carton disclosed in FIGS. 1-3, with its single, substantially straight
      perforated tear line extending completely across the top closure flap 24,
      in conjunction with the unique integral carton opening tab 25, represents
      a novel combination of features to withstand the rigors of packaging and
      handling, and shipping abuses normally encountered by cartons while still
      retaining the easy opening feature desired in a compact, economical thin
      profile carton.
PAR  FIGS. 4-7 show a second embodiment of the present invention, wherein the
      carton forming elements utilized are the same or equivalent to those
      elements used in the carton of FIGS. 1-3, except that the top closure
      flaps 22, 24 are made full sized. That is, in the blank of FIG. 4, and as
      shown particularly in the partial perspective views of the carton in FIGS.
      5 and 7, the top closure flaps 22,24 are seen to completely overlap one
      another and extend from side wall 12 to side wall 16. In addition, the
      embodiment of FIGS. 4-7 also differs from the embodiment of FIGS. 1-3 with
      respect to the addition of a carton reclosure slit 30 in the lowermost
      closure flap 22 which is adapted to engage the serrated free edge of the
      carton flap 24 for reclosing a previously opened carton.
PAR  However, the basic concept of a single perforated tear line easy opening
      feature as fully explained in connection with the description of FIGS. 1-3
      also applies to the embodiment of FIGS. 4-7. In this regard, note in FIG.
      5 that the location of the single, substantially straight perforated line
      27 in top closure flap 24 is substantially as disclosed before, i.e., in
      the geometrical center, from side to side, of the closure flap 24 and
      extending completely across the top of the carton, from a free edge of the
      closure flap to the intersection with the fold line 26 in the closure flap
      which defines the carton opening tab 25. Moreover, as indicated
      hereinbefore with respect to the economy style carton, a second carton
      opening tab 25' could be added to the opposite end of the closure flap
      portion 28 of the embodiment illustrated in FIGS. 4-7, as shown in FIG.
      12, to provide the same carton opening convenience previously mentioned.
      Thus it may be seen that by employing only one substantially straight
      perforated line in the closure flap 24, a rather large sealing area is
      provided for the top of the thin profile carton equal to nearly half of
      the carton depth from front to back. This arrangement further provides
      less disruption to the printed surface of the closure flap 24, while still
      insuring sufficient strength for withstanding rough handling of the
      carton, and also guarantees improved runnability of the carton on high
      speed machinery since the perforated line 27 is located a maximum distance
      from each carton side edge. Obviously these features insure the
      reliability and performance of the ripped easy opening means disclosed as
      compared with prior art tear strips.
PAR  FIG. 6 shows the carton of FIG. 5 in its opened condition with portion 28
      of closure flap 24 attached to side wall 16 and portion 29 of top closure
      flap 24 adhesively secured to the lowermost closure flap 22. Both the
      carton top sealing and opening schemes, described hereinbefore in
      connection with the description of the carton of FIGS. 1-3, apply to the
      carton shown in FIGS. 5 and 6.
PAR  FIG. 7 shows the carton of FIG. 6 in its re-closed condition. In the
      preferred embodiment, the reclosure slit 30 is carefully located within
      the lowermost closure flap 22 so that the ruptured free edge of portion 28
      of closure flap 24 coincides therewith in the re-closed condition. Thus
      for the purpose of reclosing the carton shown in FIG. 6, it is only
      necessary to insert the serrated edge of portion 28 underneath the slit 30
      shown in FIG. 7.
PAR  However, if a more substantial reclosure mechanism is desired for the
      carton disclosed in FIGS. 4-7, the modification shown in FIGS. 8-9 could
      easily be added. For this purpose, FIG. 8 shows how the perforated line 27
      has been reshaped at or near the center thereof to provide a lock tab 31
      which more-or-less matches the locking slit 30. FIG. 9 illustrates the
      modified carton in its re-closed condition with the lock tab 31 engaged
      beneath the lock slit 30. Thus by reason of the construction and
      arrangement of the modified carton closure in FIGS. 8-9, the locking tab
      31 is more substantial than the serrated edge of FIG. 7, and it may
      therefore be inserted and withdrawn from slot 30 a reasonable number of
      times consistent with the use of the contents of the carton.
PAR  FIGS. 10-12 show a third embodiment of the present wherein the primary
      carton forming elements utilized are the same or equivalent to those
      elements used in the carton of FIGS. 1-3 and 4-7. However, for this third
      embodiment, the specific carton shown is divided into two parts and the
      carton opening means for the top of the carton is arranged so that each
      part can be opened individually of the other. That is, the blank of FIG.
      10 includes in addition to the primary carton walls an integral divider
      panel 42 separated from the side wall 12 by a fold line 43. In addition,
      the carton closure flap and the other side wall are each divided into two
      portions by an imaginary line 40 between side wall panels 16,16' and a
      coterminous perforated line 41 between top closure flap 28,28'. Further,
      even though the carton opening perforated line 27,27' is continuous across
      the top of the carton, each end of the top closure flap element 28,28' is
      provided with a separate fold line 26,26' and a seperate carton opening
      tab 25,25'. Finally, like the carton shown in FIGS. 4-7, the top of the
      carton of FIGS. 10-12 uses full sized top closure flaps 28,28' and 22,22'
      with the attendant carton opening reclosure means i.e., tabs 31,31' and
      slots 30,30' as shown in FIGS. 8-9.
PAR  The arrangement of the various panels on the blank shown in FIG. 10 is only
      one that could be successfully used. In this respect, the blank shown
      would form an economy type carton using a minimum amount of paperboard.
      Thus, in order to form a carton from the blank of FIG. 10, adhesive is
      applied to the glue flap 10 from a top glue pot. The left side of the
      blank is then folded about fold line 13 to adhere glue flap 10 to side
      wall 16' slightly to the right of the imaginary line 40. Next, adhesive is
      applied to the right side of the blank along the edge of side wall 12' and
      over the area 47' separated from top closure flap 22' by the perforated
      line 46'. Subsequently the blank is then folded a second time from right
      to left about fold line 17 to adhere side wall panel 12' to side wall
      panel 12. The portion 47' of top closure flap 22' is similarly adhered to
      top closure flap 22 to complete the gluing sequence for the carton.
PAR  When the carton blank, glued as set forth above is then squared, filled and
      closed, the result yields a carton substantially as shown in FIGS. 11 and
      12. In FIG. 12, the top of the carton is illustrated showing the closure
      flap 28,28' divided front-to-back by the continuous perforated line 27,27'
      and divided from side-to-side by the perforated line 41. In addition, the
      separate carton opening tabs 25,25' and their fold lines 26,26' are also
      shown in FIG. 12. In FIG. 11, one half of the carton is shown open while
      the other half remains closed. In this latter view, the carton bridge 42
      can be seen which divides the carton conveniently into two separate
      compartments from side-to-side, each having a separate opening means.
PAR  Thus in each embodiment of the invention, there is provided a ripped, easy
      opening means for a carton comprising a single substantially straight
      perforated line and at least one integral carton opening tab, particularly
      adapted for use on thin profile cartons. The invention has been
      specifically disclosed for use on cartons having a top opening with a
      minor depth dimension from front-to-back, but it should be understood that
      the identical easy opening means could just as readily be used on the ends
      of a thin profile carton having a minor depth dimension from
      top-to-bottom. In addition, although the integral carton opening tab 25
      has only been shown at one end of the portion 28 of closure flap 24 in
      FIGS. 1-3 and 4-7, it should be understood that a similar carton opening
      tab could also be provided at the opposite end of the portion 28 where the
      carton size and configuration so dictated specifically as shown in FIGS.
      10-12.
PAR  Accordingly, what has been disclosed and is desired to be protected by
      United States Letters Patent should not be limited by the details set
      forth hereinbefore, but should be interpreted within the scope of the
      invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rectangular paperboard carton of thin profile, having a depth
      dimension from front-to-back substantially less than its width dimension
      from side-to-side, and consisting of a plurality of side walls with
      closure flaps attached to the free ends thereof, said closure flaps
      including a pair of opposed secondary flaps foldably attached to the side
      walls along the depth dimension of said carton and a pair of opposed
      primary flaps including a lowermost primary flap and an uppermost primary
      flap foldably attached to the side walls along the width dimension of said
      carton, said opposed primary flaps each having a length dimension less
      than the depth dimension of said carton so as to only partially overlap
      one another at their extreme free edges when folded and secured together,
      the improvement residing in an easy opening means applied to the uppermost
      one of said primary closure flaps, said easy opening means comprising:
PA1  a. a single, substantially straight perforated tear line in the uppermost
      primary closure flap located near the extreme free edge thereof so as to
      lie along the width dimension of said carton at or near the geometric
      center of the depth dimension of said carton in its erected condition;
PA1  b. said perforated tear line commencing at one edge of said uppermost
      primary closure flap and continuing in said closure flap along the width
      dimension of said carton to the opposite edge of said uppermost primary
      flap; and,
PA1  c. at least one unsecured carton opening tab integral with and wholly
      formed within said uppermost primary closure flap at one side thereof,
      said carton opening tab being defined by a fold line in said uppermost
      primary closure flap that extends from one edge of said primary closure
      flap to intersect said perforated tear line whereby the carton is opened
      by inserting a opening means underneath the unsecured carton opening tab
      so as to tear the uppermost primary closure flap along the single
      perforated tear line.
NUM  2.
PAR  2. The carton of claim 1 wherein a second unsecured carton opening tab is
      integrally formed within said uppermost primary closure flap at the
      opposite side thereof by a second fold line which intersects said
      perforated tear line.
NUM  3.
PAR  3. The carton of claim 1 wherein the opposed primary closure flaps each
      have a length dimension that is substantially equal to the depth dimension
      of said carton so as to completely overlap one another when folded and
      secured together in a common area near the extreme free edge of said
      uppermost primary flap and said perforated tear line is located
      substantially centrally of said uppermost primary flap.
NUM  4.
PAR  4. The carton of claim 3 wherein a second unsecured carton opening tab is
      integrally formed within said uppermost primary closure flap at the
      opposite side thereof by a second fold line which intersects said
      perforated tear line.
NUM  5.
PAR  5. The carton of claim 4 wherein at least one carton locking slit is
      provided in said lowermost primary closure flap located so as to coincide
      with the unsecured free edge of said perforated tear line in the closed
      condition of said carton.
NUM  6.
PAR  6. The carton of claim 4 wherein at least the uppermost primary closure
      flap is divided from side-to-side along its width dimension by a
      perforated line and said carton itself is divided from side-to-side along
      its width dimension by a carton dividing bridge panel.
NUM  7.
PAR  7. The carton of claim 6 wherein at least two carton locking slits are
      provided in said lowermost primary closure flap located so as to coincide
      with the unsecured free edge of said perforated tear line on each side of
      said carton divider in the closed condition of said carton.
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ABST
PAL  A multiple piece envelope arrangement is made from a single blank folded so
      that seal gum may be applied simultaneously upon the adjacent sealing
      flaps of separable pieces, thereby substantially reducing the cost of
      production.
BSUM
PAR  This invention relates to envelopes and more particularly to an envelope
      configuration which permits the efficient and rapid production of a
      two-piece mailer, or the like.
PAR  In mailing packets of advertising materials or the like to recipients,
      return envelopes are often enclosed as an incentive to respond. In some
      instances, more than one return envelope is needed, however, this is not
      only expensive but makes the packet unnecessarily thick and may increase
      required postage. This invention is directed to a multiple piece mailer
      which may be easily and simply manufactured on conventional envelope
      folding equipment for separation into two or more return pieces. Also, if
      desired, the configuration herein described may be used in the manner of a
      two-way mailing envelope generally of the type described in U.S. Pat. No.
      1,089,486.
PAR  In the practice of this invention, a relatively simple blank configuration
      is so folded that seal flaps of separable mailing pieces project into
      adjacent but staggered, or squamoid, formation whereby seal gum may be
      applied in a continuous strip in the manner often used for producing
      conventional envelopes. Expensive and time consuming additional production
      steps are thereby avoided.
PAR  The principal objects of the present invention are: to provide a two-piece
      mailer which is produced from a simple blank configuration; to provide a
      multiple envelope arrangement which is easily manufactured in a single
      pass through conventional envelope folding equipment; to provide an
      envelope configuration which is separable along a predetermined tear line
      to produce multiple envelopes or similar structures; to provide such a
      configuration which is useful as multiple return mailers and folders
      suitable for enclosure with advertising mail packets; and to provide such
      a folded configuration which is inexpensive and well adapted for its
      intended purpose.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example, certain
      embodiments of this invention.
DRWD
PAR  FIG. 1 is a plan view showing a typical blank utilized in the practice of
      this invention.
PAR  FIG. 2 is a plan view showing the blank of FIG. 1 partially folded during
      manufacture.
PAR  FIG. 3 is a cross-sectional view taken along the line 3--3, FIG. 2, and
      greatly exaggerated in material thickness for clarity of illustration.
PAR  FIG. 4 is a plan view similar to FIG. 2 but showing the blank after side
      flaps have been turned in.
PAR  FIG. 5 is a cross-sectional view similar to FIG. 3 but showing the blank
      after the side flaps are turned in and a further fold has occurred whereby
      seal flaps of adjacent envelope parts extend in squamoid relation.
PAR  FIG. 6 is a plan view showing the blank in the configuration of FIG. 5.
PAR  FIG. 7 is a fragmentary plan view showing a continuous line of folded
      blanks with squamoid positioned seal flaps as they appear in an envelope
      folding machine during manufacture.
PAR  FIG. 8 is a plan view illustrating the separation of a completed mailer
      into two mailing pieces.
PAR  FIG. 9 illustrates a completed, but partially unfolded, modified form of
      mailer embodying this invention.
DETD
PAR  Referring to the drawings in more detail:
PAR  The reference numeral 1 (FIG. 1) generally indicates an envelope blank
      utilized in the practice of this invention. The blank 1 comprises a first
      panel 2 and a second panel 3 attached to each other along a first fold
      line 4. A first seal flap 5 is attached to the first panel 2 along a fold
      line 6 and is directed in opposed relation to the second panel 3. Suitable
      side flaps 7 and 8 project transversely or laterally from the first panel
      2 along respective fold lines 9 and 10. A third panel 11 is attached to
      the panel 3, in this example, along a tear line 12 and is opposed to the
      panel 2. A fourth panel 13 is attached to the third panel 11 along a fold
      line 14 opposed to the tear line 12. Finally, a second seal flap 15 of
      greater depth than the first seal flap 5, is attached to the fourth panel
      13 along a fold line 16 opposed to the fold line 14.
PAR  The noted fold lines are preferably produced by scoring in the conventional
      manner during passage of the blank through the envelope machine and are
      positioned to produce the structure as described. Likewise, the tear line
      12 is preferably produced in the known manner by forming a line of
      preforations or weakening slots in the blank during travel through the
      machine. However, both the scoring and tear line production may be
      accomplished as separate steps prior to feeding into the folding machine,
      if desired.
PAR  In producing a two-piece mailer embodying this invention various scoring,
      folding and adhesive application sequences are possible, however, in a
      preferred sequence the blank portion comprising the panels 3 and 2, with
      attached flaps, 5, 7 and 8, is first folded about the previously formed
      tear line 12, producing a configuration shown in FIGS. 2 and 3. In the
      folded configuration of FIG. 3, the fold lines 16 and 6, applied either
      previously or subsequently to folding about the line 12, overlap and
      substantially coincide in the upper blank area and the fold lines 14 and
      4, similarly applied, overlap and substantially coincide therebelow. The
      side flaps 7 and 8 are folded inwardly over the panel 2 in the usual
      manner and gummed just prior to again folding the doubled blank, in this
      instance counter-clockwise as seen in FIG. 3, about the fold lines 14 and
      4, producing the configuration shown in FIG. 5. This forms an envelope
      pocket 17 between the panels 2 and 3 with the flap 5 projecting upwardly
      therefrom as viewed in FIGS. 5 and 6. In this configuration, the panel 2
      has an inside surface 18 facing the panel 3 and an outside surface 19
      facing oppositely or away from the panel 3, FIG. 5 and the relative size
      of the respective panels and positions of the various fold lines are such
      that the tear line 12 and the first flap fold line 6 are generally
      overlapping in position and respecively define the mouth of the pocket 17.
      The closure flap 5 has an inside surface 20 directed or exposed toward the
      pocket 17, as best illustrated in FIG. 5.
PAR  Further referring to FIG. 5, in the illustrated configuration the fold line
      4 forms a closed bottom for the envelope pocket 17 and the fourth panel 13
      assumes a position against the outside surface 19 of the first panel 2.
      Also, the second seal flap 15 extends upwardly beyond the first flap 5 at
      21 and the portion 22 of the second closure flap 15, which extends beyond
      the first closure flap 5, presents an inside surface 23 exposed or
      directed toward the pocket 17 and generally comprising a surface extension
      of the first flap inside surface 20.
PAR  The above described folding steps and, if desired, tear and fold line
      applications are easily performed during a single pass through
      conventional high-speed envelope folding machines such as a Winkler and
      Dunnebier Mark IV GS or 26 G. Likewise, further series of operations
      easily performed on conventional envelope equipment during the same pass
      includes the relative slowing of blank speed, causing an overlapping or
      squamoid positioning, such as illustrated in FIG. 7, wherein the
      respective flap surfaces 23 and 20 appear as alternate steps in a
      continuous path of exposed flap surfaces. In this configuration, a
      suitable cylindrical (continuous surface) adhesive application roller 24
      may be utilized to continuously apply a selected adhesive 25 in a path
      having a width corresponding to the distance between the ends of the
      roller 24. The respective folded envelopes may then be fanned out further
      in a conventional manner and passed through a suitable drying chamber to
      permit further operations such as folding down the seal flaps 5 and 15
      over the third panel 11, if desired. Appropriate means, such as a stream
      of air may be utilized to partially separate first and second flaps during
      drying to insure that they do not become secured together. Also,
      conventional adhesive form applicators, or pickers, may be used to apply
      the adhesive on the first and second flaps in initially separated
      patterns. Printing may be applied at several points during travel through
      the machine and/or prior and/or subsequent to completion.
PAR  Assuming receipt of the combination envelopes in folded condition, the
      recipient unfolds same revealing printing 26. Further, action normally
      involves separation of the panels 11, 13 and flap 15 from the remainder or
      envelope 27 along the tear line 12, producing two separate envelopes, or
      more accurately, an envelope 27 and a sealable folder 28, which may be
      respectively utilized for separate return purposes. As illustrated, the
      envelope or folder 27 is used by folding or refolding the flap 5 over the
      second panel 3 and securing same by dampening (in the case of water
      actuating adhesive) the portion of the adhesive 25 which was applied to
      the surface 20. The folder 28 is utilized as a separate mailing piece by
      folding the panels 11 and 13 along the fold line 14, folding the seal flap
      15 along the fold line 16 and sealing with the adhesive 25 which was
      applied to the surface 23.
PAR  Several variations of the noted structure may now be apparent to those
      skilled in the art, for example, the modified configuration shown in FIG.
      9 wherein a second tear line 29 is spaced above the pocket tear line 30
      and the portions projecting above the line 30 are somewhat narrower in
      width than the first described embodiment. In this modified form a fold
      line 31 may be centered between the upper edge 30 of the extending portion
      and the tear line 29 so that, upon folding along the line 31 the adhesive
      33 may be used to secure the folded piece together adjacent the tear line
      29 on the panel 34. The panel 35 between the tear lines 29 and 30 may then
      be utilized as a separate document, free from both the folder 36 and
      envelope 37. The narrower width permits the panel 35 to be easily inserted
      in the envelope 37, if indicated.
PAR  If desired, the flap 15 may be elongated beyond side edges of the panel 13
      (as seen in FIG. 1) producing lateral ears (not shown) which could be
      utilized to at least partially seal otherwise open ends of the folder 28
      by folding and sealing after closure. Adhesive application to the ears
      during manufacture could be accomplished simultaneously with application
      to the flap 15.
PAR  It is to be understood that while certain forms of this invention have been
      illustrated and described, it is not to be limited thereto except insofar
      such limitations are included in the following claims.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A multiple piece mailer comprising:
PA1  a. an envelope having first and second panels attached to each other along
      a first fold line and respectively folded along said first fold line
      against one another to define a pocket, said first panel having an inside
      surface facing said second panel and an outside surface facing away from
      said second panel, said second panel having a perforated fold line spaced
      from said first fold line,
PA1  b. said first panel having a portion extending beyond said pocket forming a
      closure flap for said pocket, said pocket closure flap having an inside
      surface exposed toward said pocket,
PA1  c. a third panel attached to said second panel along said perforated fold
      line and folded along said perforated fold line against said second panel
      and along said pocket,
PA1  d. a fourth panel attached to said third panel along a second fold line and
      folded along said second fold line against said first panel outside
      surface, said first and second fold lines being in juxtaposed relationship
      with each other, said fourth panel having a portion extending beyond said
      pocket closure flap and forming a folder closure flap, said folder closure
      flap having an inside surface exposed toward said pocket and adjacent said
      pocket closure flap inside surface, and
PA1  e. seal adhesive on said folder closure flap inside surface and pocket
      closure flap inside surface,
PA1  f. the length of each of the second and third panels measured from the
      perforated fold line toward the second fold line being substantially equal
      and the length of each of the first and fourth panels measured from the
      closure flaps toward the second fold line being substantially equal.
NUM  2.
PAR  2. The mailer as set forth in claim 1 wherein:
PA1  a. said second fold line is a perforated line.
NUM  3.
PAR  3. The mailer as set forth in claim 1 wherein:
PA1  a. said seal adhesive is continuous along said inside surfaces.
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ABST
PAL  A mailbox having a platform for receiving mail and a cover for providing
      weather protection is disclosed. The cover is pivotably mounted to the
      center of the platform and may be opened by a latch on either side
      thereof. When either latch is opened, the cover rotates to provide access
      to the platform, and the latch on the opposite side drops free of the
      platform.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of mailbox enclosures. More
      specifically, it relates to mail receiving devices for rural routes,
      suburban homes, and other applications where a postman does not deliver
      the mail to the recipient's front door. Prior mailboxes of this type have
      included designs such as the familiar covered tunnel design which has a
      bottom hinged end flap which is opened for insertion and removal of mail.
PAR  An improvement design of the covered tunnel mailbox is disclosed in U.S.
      Pat. Nos. 3,106,335 and 3,680,773 wherein a hinged end flap is provided on
      both sides of the covered tunnel mailbox thereby permitting the postman to
      deliver mail from the street side and the recipient to remove mail from
      the side of the mailbox away from automobile traffic. A drawback in
      covered tunnel mailboxes is that these boxes open from the top and there
      is a tendency for rain, etc. to enter the box, thereby to wet mail
      deposited therein.
PAR  A second type of mailbox employs a platform having a cover hinged at one
      end thereof such that when a mailman delivers mail he lifts the cover and
      places the mail onto the platform. To remove the mail the recipient
      performs the same steps from the street side, as illustrated in U.S. Pat.
      No. 1,204,494. This design does provide improved weather resistance but
      does not have the safety capability of the double entry tunnel box.
PAR  It is accordingly an object of the present invention to provide a weather
      resistant mailbox which permits the insertion of mail from the street side
      and the removal thereof from the other side of the box.
PAR  It is a further object of the present invention to provide a mailbox which
      provides a completely closed covering to prevent rain and the like from
      getting into the mailbox.
PAR  It is a further object of the present invention to provide a mailbox which
      employs a latch releasing mechanism which positively latches the mailbox
      in a closed position and which will, when unlatched, permit the cover to
      drop to either side of the mailbox for insertion or removal of mail.
PAR  Other objects and advantages of the present invention will become apparent
      from the remaining portion of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a mailbox according to the present
      invention in a closed position.
PAR  FIG. 2 is a perspective view of the mailbox of FIG. 1 in an open position
      for receiving mail therein.
PAR  FIG. 3 is a front cross-sectional view of the mailbox illustrating the
      details of the latch means and showing the front and rear opening
      positions in dashed lines.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, a mailbox 10, according to the present
      invention, may be mounted to a post 12 or other suitable mounting such as
      a fence or brick stand, as desired. As shown in FIGS. 2 and 3, the box 10
      has a cover 14 and a mail receiving platform 16. The platform 16 is
      horizontally disposed and adapted to support pieces of mail such as
      letters. magazines, postcards and the like, thereon. To enhance the
      ability of the platform to retain mail, it can be provided with triangular
      sides 18 rising vertically therefrom. The underside of the platform 16 is
      provided with a post receptacle 17 for mounting on the post 12 or holes
      for mounting.
PAR  The cover 14 is generally rectangular in cross section, although if
      desired, one side 19 may extend above the opposite side 20 to facilitate
      loading of the box from a mail delivery vehicle. The cover 14 is closed on
      five sides, being open only along its bottom 22. The cover is pivotally
      mounted to the platform 16 by pins 24, journaled through the triangular
      sides 18. Pins 24 are horizontally disposed and located centrally of the
      platform 16. The cover is adapted to rotate about the pins 24 relative to
      the platform 16 as indicated by the dashed lines in FIG. 3. The cover
      automatically stops when it comes in contact with the platform.
PAR  Mounted on the inside of the cover 14 near the bottom end of sides 19 and
      20 are latch means 26 and 28. Each latch means is provided with a release
      tab 27 and 29 respectively and is adapted to engage a tab 30 extending
      downwardly from the platform 16. As shown in FIG. 3, the cover has a
      V-shaped portion 32 in each side to permit opening and closing of the
      latch means.
PAR  When both latch means engage the tabs 30 on the platform, the cover 14 is
      maintained in a closed position covering the top and all four sides of the
      platform thereby to protect the mailbox contents from rain, wind and the
      like. To load the mailbox, a mail carrier drives or walks to the box which
      is positioned so that the side 19 is facing the street. He then manually
      retracts the latch means 28 by grasping tap 29 and pulling the latch means
      into the V-shaped area 32 until it clears the tab 30. The cover is then
      rotated counterclockwise, as shown in FIG. 3, to the position indicated by
      dashed lines 34. The rotation of the cover to this position is
      accomplished due to the arrangement of the latch means such that the latch
      26, although not manually released, nevertheless drops free of the tab 30.
PAR  After a mail carrier has placed the mail into the mailbox he returns the
      cover to its initial position by reversing the above procedure. The cover
      is rotated back to its horizontal position, and as will be explained, the
      latch means 26 and 28 again engage the tabs 30, locking the cover into its
      closed position.
PAR  The latching means 26 and 28 may be two-position latches, that is, a latch
      having a closed position as shown in FIG. 3 and an open position retracted
      into the V-shaped area 32; or preferably, the latch means may be spring
      loaded latches or formed of spring steel material such that they are
      resiliently biased to the position shown in FIG. 3. In the latter two
      cases, when the cover is rotated from either open position towards the
      closed position, the latch which was manually released will cam over the
      end of the platform due to its rounded end and then snap over the tab 30.
      The other latch which has dropped away from the platform will likewise
      return to the locked position engaging the tab 30.
PAR  In order for a postal patron to receive mail, the procedure described for
      the postal carrier is duplicated but from the opposite side of the box.
      This is desirable so that danger to the postal patron from traffic where
      the box is mounted along a street is avoided. In this manner the patron
      can remove mail from the side opposite the street in a safe manner. To
      remove mail the patron retracts the latch means 26 by pushing back on the
      tab 27 until the latch means clears the platform tab 30. The cover may
      then be rotated to the position indicated by the dashed lines 36 in FIG. 3
      for removing mail. As before, to return the cover to its closed position,
      the procedure is just reversed and the spring loaded latch 26 will
      reengage the tab 30 to lock the cover in its closed position.
PAR  While the mailbox may be constructed of many materials, including those
      previously used for mailbox construction such as metals, it is preferred
      that the product be formed of plastic, such as an ABS plastic, so that it
      is relatively impervious to dents and weather without the necessity for
      continual treatment and painting.
PAR  As shown in FIG. 2, the box may be provided with an optional carrier alert
      flag 38 as is conventional on rural type mailboxes. The flag is mounted to
      the front of the cover and attached by a hinge pin. When the cover is
      rotated, the flag falls out of position, resetting it for future use, and
      indicating to the patron that the postman has picked up any mail which has
      been left in the box.
PAR  While I have shown and described embodiments of this invention in some
      detail, it will be understood that this description and illustrations are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A weather protected mailbox which may be opened from either of two ends
      comprising:
PA1  a. a rectangular platform having a front and rear end and a pair of upright
      side members for receiving mail thereon;
PA1  b. a cover pivotally mounted to said upright side members completely
      enclosing said platform; and
PA1  c. front and rear latch means provided on said cover to engage said front
      and rear ends of said platform for securing said cover in the enclosing
      position,
PA2  said latch means engaging the underside of said platform to prevent upward
      movement of each end of said cover while permitting downward movement
      thereof,
PA2  whereby said cover is movable to permit access to either end of the
      platform by operation of one of said latch means.
NUM  2.
PAR  2. The mailbox according to claim 1 wherein said latch means are arranged
      such that manually releasing either permits the cover to pivot to one of
      said open positions the other latch means simultaneously and without
      manual release disengaging from the platform.
NUM  3.
PAR  3. The mailbox according to claim 1 wherein said platform and cover are
      plastic.
NUM  4.
PAR  4. The mailbox according to claim 1 wherein said latch means comprise
      spring loaded latches.
NUM  5.
PAR  5. The mailbox according to claim 1 wherein said latch means comprise
      latches resiliently biased to a position for locking said cover in said
      closed position.
NUM  6.
PAR  6. The mailbox according to claim 2 wherein both of said latch means have a
      surface thereon adapted to cam against said platform such that during
      closing of said cover the latch means which was manually released to open
      the box will reengage said platform.
NUM  7.
PAR  7. The mailbox according to claim 2 wherein said latch means engage
      vertically downwardly extending tabs on said platform.
NUM  8.
PAR  8. The mailbox according to claim 1 wherein said cover is rectangular in
      cross section and closed on all sides except its bottom.
NUM  9.
PAR  9. The mailbox according to claim 1 wherein said cover is pivotally mounted
      near the center of the platform on a pair of pins journaled into said side
      members.
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ABST
PAL  A basket for a centrifugal separator which has a rotatable shell having at
      least one flange formed at one end thereof for containing liquid, an
      exchangeable flat ring having a number of holes radially formed
      therethrough with respect to the center axis of said shell and removably
      mounted to the flange of said shell for discharging liquid contained in
      said shell, and a plurality of circular cover for coating one end surface
      of said exchangeable ring. Since the basket is thus constructed, it is
      adapted for high speed rotation.
PARN
PAR  This is a continuation of application Ser. No. 367,338, filed June 5, 1973,
      now abandoned.
BSUM
PAR  This invention relates to centrifugal separators, and more particularly to
      a basket for centrifugal separators.
PAR  The separating function of a centrifugal separator is enhanced by
      increasing the rotating speed of the basket for the centrifugal separator.
      However, it is difficult to increase the basket speed in the conventional
      centrifugal separator higher than its present rotating speed for the
      reasons that will be described hereinafter.
PAR  Since a number of holes for discharging liquid are formed directly in the
      wall of the conventional centrifugal basket in which wall a
      circumferential tensile stress is acting, a large stress concentration is
      caused in the vicinity of the holes when the shell plate rotates at a high
      speed. Therefore, the maximum allowable speed of the conventional
      centrifugal separator basket with such holes, depends upon the magnitude
      of the stress concentration in the vicinity of the holes.
PAR  In addition to the aforementioned disadvantage in structure of the
      conventional basket for the centrifugal separator, the basket has another
      disadvantage in manufacturing as will be hereinafter described.
PAR  Since the conventional basket for the centrifugal separator is integrally
      constructed as a whole, the whole basket must be replaced even if only a
      part of the basket is worn. However, as the basket is worn in a limited
      portion such as, for example, in the vicinity of the holes for discharging
      liquid, such overall replacement of the basket is not economical.
PAR  In addition, since the conventional basket for the centrifugal separator is
      integrally constructed as a whole, when a larger size of basket must be
      manufactured, it is necessary to design anew the entire device from the
      beginning. This would clearly result in much increased cost of the
      centrifugal separator.
PAR  One object of the present invention is, therefore, to provide a basket for
      a centrifugal separator which eliminates the aforementioned disadvantages
      of the conventional basket for a centrifugal separator and which is well
      adapted for high speed rotation.
PAR  Another object of the present invention is to provide a basket for a
      centrifugal separator which may be manufactured less expensively and which
      will be much more durable.
PAR  In order to perform the aforementioned objects of the present invention,
      the shell itself of the centrifugal separator of the invention is not
      perforated at all, but there are provided a plurality of exchangeable flat
      rings which have a number of holes radially formed therethrough with
      respect to the center axis of the shell and which are removably mounted to
      the flange formed at least at one end of the shell. Thus, there exists no
      stress concentration at the rotary shell of the centrifugal separator, and
      accordingly the shell may be accelerated faster than the conventional
      speed thereof. In addition, a flange is provided at the end of the shell
      of the centrifugal separator, at which end the stress concentration tends
      to be produced, and, thus it is more durable than the conventional basket.
      In addition, since the drainage openings of the basket -- which are
      subjected to wear -- are formed of exchangeable rings that are separable
      from the basket of this invention, even if the drainage openings of these
      rings wear, only they need be replaced with new ones, and it is not
      necessary to replace the entire basket of the centrifugal separator.
      Further, since the drainage openings where stress concentration normally
      tends to occur are provided only at the exchangeable rings, there is
      obtained a basket of a centrifugal separator which is adapted for high
      speed rotation.
PAR  In addition, in order to provide a larger size basket for a centrifugal
      separator, a plurality of baskets of the aforementioned type thus are
      axially superimposed and maintained in spaced relation by flat rings
      disposed therebetween. Therefore, even larger sizes of baskets for use
      with the centrifugal separator may be easily and quickly attained by a
      simple assembly operation.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more fully apparent from the following description given in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal cross-sectional view of one embodiment of the
      basket for a centrifugal separator constructed in accordance with the
      present invention;
PAR  FIG. 2 is a longitudinal cross-sectional view of another embodiment of the
      basket for a centrifugal separator constructed according to the present
      invention;
PAR  FIG. 3 is an enlarged and exploded perspective view of one corner portion
      of the basket showing the ring and cover construction of the invention;
PAR  FIGS. 4A and 4B are partially enlarged longitudinal views of the relation
      in engagement of the parts shown in FIG. 3;
PAR  FIG. 5 is a longitudinal sectional view of still another embodiment of the
      basket of this invention; and
PAR  FIG. 6 is a partial sectional view of still another embodiment of the
      basket of this invention.
DETD
PAR  Turning now to the drawings, 1 represents a rotatable cylindrical
      imperforate shell formed with flanges 2 and 3 at opposite ends thereof,
      with the shell 1 being secured through exchangeable flat ring 4 either to
      an upper circular cover 6 (or lower circular cover 7) (see FIG. 2) and
      fastened thereto by suitable means such as bolting. As is well shown in
      FIGS. 1 and 2, the lower cover 7 includes a collar 7a that is arranged to
      be sealingly affixed to drive shaft 8 by the means shown at 7b. A
      filtering medium 9 is internally provided on the inner peripheral surface
      of the rotatable shell 1 for filtering fluid material contained in the
      rotatable shell 1.
PAR  Referring now to FIG. 2, there is shown another embodiment of the basket
      which has at least two exchangeable flat rings arranged to the upper and
      lower covers for the centrifugal separator of this invention, and in which
      the corresponding parts and components are compatible with those of the
      first embodiment shown in FIG. 1. The rotatable imperforate cylindrical
      shell 1 of this embodiment is also formed with flanges 2 and 3 at opposite
      ends thereof and additionally includes an exchangeable flat ring which is
      positioned between the bottom cover 7 and the flange 3 and is drivingly
      associated with the shaft 8 as explained earlier herein.
PAR  As shown best in the exploded partial view of the top of a shell in FIG. 3,
      the exchangeable flat ring 4 has a number of holes 10 formed radially
      therethrough with respect to the center axis of the rotatable shell 1 for
      centrifugally discharging the liquid contained in the shell 1 during
      rotation, said ring also including a series of holes 11 which are
      longitudinally formed intermediate the respective holes 10 for assembly of
      the cover 6 to the shell 1 by bolts 16 as will be described hereinafter in
      greater detail.
PAR  The diameter of the inner periphery of the exchangeable flat rings 4 and 5
      is substantially the same as the outer diameter of the inner rims 12
      projected from the end surface of the flanges 2 and 3, respectively, of
      the rotatable shell 1 with the result that the exchangeable rings 4 and 5
      are prevented from radially inward movement by reason of the restriction
      afforded by the inner rims 12 provided at the top and bottom of shell 1.
PAR  A plurality of threaded apertures 13 are formed in the flanges 2 and 3 of
      the rotatable shell 1 and are arranged to accommodate the perforations 11
      of the exchangeable rings 4 and 5 for fixing the exchangeable flat rings 4
      and 5 between the upper cover 6 and the rotatable shell 1 as will be
      hereinafter described in greater detail.
PAR  The circular covers 6 and 7 are of larger diameter than the outer diameters
      of the flanges 2 and 3 of the rotatable shell 1, and include offstanding
      rim portions 14 which project axially of the rotatable shell 1. Since the
      upper and lower covers 6 and 7 are generally of the same in structure
      except for the seal and drive shaft described earlier only the upper
      circular cover 6 is shown in the drawing in detail.
PAR  Since the inner diameter of the outer rim 14 projected from the upper cover
      6 is substantially the same as the outer diameter of the exchangeable flat
      rings 4 and 5, when the circular cover 6 is put on the exchangeable ring
      4, the ring 4 is prevented from radially outward movement by means of the
      outer rims 14 of the upper cover 6.
PAR  The upper cover 6 includes a series of undercut portions which are adapted
      to accommodate the heads 16 of bolts 16a when the cover is affixed to the
      shell 1.
PAR  It is believed that it will be understood from the foregoing description
      that since the basket for the centrigugal separator is thus constructed,
      it is adapted for high speed rotation and may be less expensively
      manufactured.
PAR  Referring now to FIG. 5, there is shown still another embodiment of the
      basket for the centrifugal separator of this invention, in which the
      centrifuge basket 1 of a larger type is constructed of three rotatable
      shells 1A, 1B and 1C each of which has the same length and are
      superimposed longitudinally of the center axis thereof. The respective
      rotatable shells 1A, 1B and 1C have flanges 2A and 3A, 2B and 3B, and 2C
      and 3C, respectively at both ends thereof similarly to that shown in FIG.
      2, and exchangeable flat rings 4A and 5A, 4B and 5B, and 4C and 5C
      similarly formed to those 4 and 5 shown in FIG. 3 are inserted between the
      respective flanges of the lower cover 7, the respective rotatable shells
      1A, 1B and 1C, and the upper cover 6. Thus, radially perforated holes 10
      for discharging liquid contained in the shell 1 are provided at the
      respective exchangeable flat rings 4A and 5A, 4B and 5B, and 4C and 5C of
      the rotatable shell 1. Therefore, the number of the holes 10 for
      discharging the liquid contained in the shell 1 are increased in
      proportion to the size of the basket for the centrifugal separator, and
      the number of the shells may be varied simply depending upon the
      necessity.
PAR  It will be understood that since the basket for the centrifugal separator
      of this invention is thus constructed, it may be simply enlarged in
      capacity.
PAR  Reference is now made to FIG. 6, which shows still another embodiment of
      the basket for the centrifugal separator of the invention.
PAR  The rotatable shell 1 is conically formed with its wall diverging
      outwardly, but otherwise the other construction is the same as that shown
      in FIGS. 1 and 2.
PAR  While several modification of the basket have been shown, it should be
      reorganized that other forms and variations of the invention will become
      clearly apparent to those skilled in the art. Therefore, while the present
      forms have been shown and described for the purpose of clearly and
      concisely illustrating the principles of the invention, it is not intended
      to limit or narrow the invention beyond the broad concept set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A centrifugal separator basket construction comprising a rotatable
      imperforate shell having a center axis, first and second open ends,
      opposite end walls, including at least one offstanding flange portion
      formed on at least one of said end walls thereof; at least one
      exchangeable perforate ring means having a series of open, fluid drainage
      openings of fixed open cross section disposed therein radially with
      respect to said center axis of said shell; means fixing said ring means to
      at least one of said end walls; first cover means positioned fixedly to
      said ring means for closing said first open end; second cover means
      positioned for closing said second open end; means for securing said
      second cover means to said shell; and drive means coupled to said second
      cover means for rotating said shell about said center axis.
NUM  2.
PAR  2. A centrifugal separator basket construction as claimed in claim 1, in
      which a filtering means is positioned in the rotatable imperforate shell.
NUM  3.
PAR  3. A centrifugal separator basket construction as claimed in claim 1, in
      which the shell has at least one conical wall portion, the convergent
      terminus thereof being associated with said drive means.
NUM  4.
PAR  4. A centrifugal separator basket construction as claimed in claim 1,
      wherein said second cover means includes at least one conical portion, the
      convergent terminus thereof being connected to said drive means.
NUM  5.
PAR  5. A centrifugal separator basket construction as claimed in claim 1, in
      which said flange portion includes an annular offstanding inner rim means
      projected from an end surface thereof, the outer diameter of said rim
      means being substantially equal to the inner diameter of said ring means.
NUM  6.
PAR  6. A centrifugal separator basket construction as claimed in claim 1, in
      which at least said first cover means includes an outer rim means
      projecting from a perimetrical portion thereof, the inner diameter of said
      outer rim means being substantially equal to the outer diameter of said
      ring means.
NUM  7.
PAR  7. A centrifugal separator basket construction as claimed in claim 1, in
      which both of said end walls of the shell includes an offstanding flange
      portion, one of them being said at least one flange portion.
NUM  8.
PAR  8. A centrifugal separator basket construction as claimed in claim 7, in
      which a plurality of said shells are superimposed and maintained in
      assembled spaced relation by said exchangeable perforate ring means and
      said means for securing means, said perforate ring means including a
      respective perforate ring between each said shell.
NUM  9.
PAR  9. A centrifugal separator basket construction as claimed in claim 1, in
      which said exchangeable perforate ring means have a series of said
      openings therein which are disposed alternatively at right angles to one
      another.
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ABST
PAL  Centrifuging apparatus is disclosed comprising an outer sleeve with
      trunnion means carried externally of the sleeve for mounting it on a
      centrifuge. A Dewar tube fits within this sleeve and receives the sample
      to be centrifuged. The Dewar tube has inner and outer walls with expanses
      extending along the sides, and expanses closing off the bottom of the
      tube, and the space between these walls is evacuated. A radially outwardly
      flaring lip region is formed at the top of the Dewar tube, and standoffs
      are provided adjacent the bottom of the tube between the walls thereof, to
      inhibit breaking under centrifuging conditions.
BSUM
PAR  This invention relates generally to centrifuging apparatus and more
      particularly to a means for holding the sample being centrifuged.
PAR  In the handling of certain materials it sometimes is desirable to maintain
      the temperature of the material below a certain temperature to inhibit
      degradation. This may be illustrated by reference to the handling of
      samples derived from blood in medical diagnostic practice, although by
      indicating a specific instance of this requirement, it is not intended
      thereby to be limited to the particular use to which the means of the
      invention is employed.
PAR  When a sample is centrifuged at high speeds for a period of time, the
      movement of the container holding the sample through the air tends to
      build up heat. This is absorbed by the container and the heat absorbed
      tends to raise the temperature of the sample. As a consequence,
      refrigerated centrifuges have been developed for centrifuging materials
      that must maintained at a low temperture. These typically operate in an
      evacuated chamber to lower air resistance, and often are provided with
      cooling coils and the like. A refrigerated centrifuge is relatively
      expensive, and as a consequence out of the reach of many small
      laboratories.
PAR  In general terms, an object of this invention is to provide improved
      apparatus for centrifuging samples which must be maintained at a given
      temperature, which does not require the use of cooling coils or the
      maintaining of a vacuum environment to inhibit heat buildup.
PAR  More specifically, an object of the invention is to provide apparatus for
      centrifuging such samples which features an elongate Dewar tube for
      holding the sample, with inner and outer walls spaced from each other and
      the space between such walls evacuated. The tube is fitted within an outer
      sleeve with trunnion means carried externally of the sleeve employed in
      mounting the sleeve, and the tube within it, in the usual centrifuge.
PAR  A sample which is to be centrifuged frequently is confined within a
      container made of glass, since glass is a relatively easy material to
      clean and is widely used in laboratory equipment for a number of reasons.
      The Dewar tube of the invention preferably is made of glass, and has a
      special construction which inhibits breaking of the tube under the
      centrifugal forces that are produced as the result of high speed
      centrifuging. The Dewar tube of the invention has been employed with
      centrifuges running at speeds in excess of 3600 rpm without breakage under
      the centrifugal forces produced at such speeds.
PAR  A further object of the invention, therefore, is to provide a unique
      construction for a Dewar tube effective to inhibit breakage under the
      centrifugal forces produced by a centrifuge.
DRWD
PAR  These and other objects will become more fully apparent as the following
      description is read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 illustrates portions of a centrifuge mounting through a trunnion
      means the combination of an outer sleeve and a Dewar tube fitted within
      such sleeve for holding the sample to be centrifuged;
PAR  FIG. 2 is a view looking downwardly at the apparatus illustrated in FIG. 1;
PAR  FIG. 3 is an enlarged view, partly broken away, of the outer sleeve and
      Dewar tube; and
PAR  FIG. 4 is a cross-sectional view, taken generally along the line 4--4 in
      FIG. 3.
DETD
PAR  Referring now to the drawings, the centrifuging apparatus illustrated
      comprises an outer receptacle or sleeve 10, which, in the particular
      embodiment illustrated, comprises a cylindrical wall 12, a base 14 and an
      annular collar 16, all of which are an integral piece. The outer sleeve is
      mounted on revolvable portion 18 of the centrifuge, with the sleeve
      inserted through a ring 20, and collar 16 in the sleeve abutting the top
      of this ring, as shown in FIG. 1. Trunnions 22 projecting outwardly to
      either side of and joined to ring 20 are journaled within portion 18. The
      trunnions, also referred to herein as trunnion means, thus are carried
      externally of sleeve 10 and in the mounting of the sleeve provide a pivot
      axis about which the sleeve may pivot when the centrifuge is operated,
      whereby the sleeve may swing from the substantially vertical position
      shown in FIG. 1 in solid outline to the horizontal position shown in
      dashed outline.
PAR  The sample which is centrifuged is held in a Dewar tube indicated generally
      at 30. With the apparatus assembled, tube 30 snugly fits within outer
      sleeve 10, as best illustrated in FIG. 3.
PAR  The Dewar tube, which preferably is made of glass or like material, is
      shaped somewhat like a test tube, and has an open top end 30a and a closed
      bottom end 30b. The sample to be centrifuged is introduced to the tube
      through the open top end, and with centrifuging separation occurs in the
      mass of material contained by the closed bottom end described.
PAR  The Dewar tube includes an inner wall shown at 36 and an outer wall shown
      at 38. The inner and outer walls throughout most of the tube extend in
      spaced-apart concentric cylindrical side expanses 36a, 38a. Adjacent the
      bottom of the tube, the walls continue in spaced bottom expanses 36b, 38b
      so as to close off the bottom of the tube. The inner and outer walls also
      join at the top of the tube, in a radially outwardly flaring lip region,
      shown at 40.
PAR  The space defined between these walls is evacuated. The walls may also be
      silvered to obtain optimum thermal characteristics.
PAR  Considering in more detail lip region 40, and referring to FIG. 3, in this
      lip region, both the inner and the outer walls flare radially outwardly.
      They thence curve to meet each other in a zone 42 extending
      circumferentially about the open top of the tube. it will be noted with
      reference to FIG. 3 that in this zone 42 where the walls curve to meet
      each other, the thickness of the wall exceeds the thickness of walls 36,
      38 in the expanses which extend along the length of the tube.
PAR  With reference to FIGS. 3 and 4, it will be noted that bottom expanse 38b
      of the outer wall is formed with so-called standoffs 44 distributed
      circumferentially about the axis of the tube. In the specific form of the
      invention shown, three of such standoffs are provided. These standoffs
      project toward bottom expanse 36b. Preferably, the standoffs terminate
      short of actual contact with the bottom expanse 36b. Typically, in a tube
      of 8 to 10 centimeter length and proportioned as indicated in the
      drawings, a spacing of a few thousandths of a millimeter may exist between
      the upper ends of the standoffs and the bottom surface of bottom expanse
      36b.
PAR  A nipple 46 is shown projecting downwardly from the base of bottom expanse
      38b. This is the usual nipple produced as the result of the glass blowing
      operation that produced the tube.
PAR  The Dewar tube is shown in FIG. 3 with the base of nipple 46 abutting the
      base 14 of sleeve 10. The underside of lip region 40 lies adjacent the
      annular collar portion 16 of the sleeve 10. Sleeve 10 may be made of a
      plastic material, so that under centrifuging conditions it might be said
      that the Dewar tube on its outside is supported in the region of its lip
      region and also at the base thereof.
PAR  As is well known, glass is a relatively brittle material and possesses a
      compressive strength which far exceeds its tensile strength. Under normal
      conditions, it will be seen that inner wall 36 is, in effect, suspended
      within outer wall 38. As a consequence, under centrifuging conditions,
      centrifugal force is effective to exert a force on the inner wall urging
      it downwardly in the tube with respect to outer wall 38.
PAR  Downward displacement of the inner wall with respect to the outer wall
      might normally be expected to produce breakage of the tube, more
      particularly a parting in the region of the tube where the inner and outer
      walls join at the top of the tube, by reason of the low tensile strength
      of glass and its inability to withstand excessive bending. That such does
      not occur in the Dewar tube as described is the result of the provision of
      the lip region 40, and standoffs 44, as will be now explained.
PAR  Referring to FIG. 3, any tendency for inner wall 36 to be displaced
      downwardly with respect to the outer wall is accompanied with a tendency
      to draw zone 42 of the lip region radially inwardly. It should be
      remembered that the lip region and zone 42 extend in an annular course
      about the top of the Dewar tube, and as a result radially inwardly
      directed forces in this region of the tube exerted in concert from all
      about the axis of the tube tends to produce compression in the lip region.
      This compression is absorbed by the glass, and, the compression introduces
      strength. By providing the bulbous lip region, therefore, a destructive
      bending stress is not produced at the top of the tube, but instead of a
      tendency for the lip region to compress and to be strengthened. Also a
      factor in inhibiting breakage at this region is the thickened nature of
      zone 42 where joinder of the inner and outer walls occur. Typically, this
      region may be expected to have a wall thickness which is 30 percent or
      more greater than the thickness of walls 36, 38 where they extend along
      the sides of the tube.
PAR  By providing the standoffs described, after a limited amount of
      displacement of the inner wall with respect to the outer wall, the
      clearance provided between the standoffs and the base of the inner wall is
      taken up, and contact of the inner wall with the standoffs occurs. At this
      time, there is direct support for the base of the inner wall. This support
      is additionally effective to inhibit tube breakage. It should be pointed
      out here that the standoffs are out of contact with the base of the inner
      wall under normal conditions, to preserve the insulating qualities of the
      Dewar tube, i.e., to inhibit heat loss through conduction through these
      standoffs.
PAR  A Dewar tube was prepared as described having a length of approximately 9
      centimeters, an inner diameter of approximately 1.25 centimeters and an
      outer diameter of approximately 1.70 centimeters. Samples were centrifuged
      in the tube for periods of 10 minutes or more, at 3600 rpm. The
      temperature of the samples immediately prior to centrifuging was about
      1.degree.C. Centrifuging was carried out at room temperature and under
      atmospheric pressure conditions. The centrifuging produced an increase in
      the temperature of the samples not exceeding 2.degree. C. Breakage was not
      a factor.
PAR  It should be apparent that while there has been described one particular
      embodiment of the invention, variations and changes are possible as would
      be apparent to one skilled in the art.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. A centrifuge tube having an open top end and a closed bottom end, said
      tube comprising inner and outer walls extending along the length of the
      tube in spaced-apart concentric, substantially cylindrical side expanses,
      said walls adjacent the bottom end of the tube continuing from said side
      expanses in spaced bottom expanses that close off the bottom end of the
      tube,
PA1  said walls joining at the top of the tube through a radially outwardly
      flaring lip region with said inner and outer walls in said lip region both
      flaring radially outwardly from the said substantially cylindrical side
      expanses of said walls and thence curving to meet each other in a zone
      extending circumferentially about said open top end, said zone where said
      inner and outer walls join being disposed radially outwardly of the outer
      surface of the side expanse of said outer wall,
PA1  the space between said walls being evacuated.
NUM  2.
PAR  2. The centrifuge tube of claim 1, wherein said zone where said walls curve
      to meet each other has a wall thickness exceeding the thickness of said
      walls in the side expanses of said walls.
NUM  3.
PAR  3. The centrifuge tube of claim 1, wherein the bottom expanse of one of
      said walls has standoffs projecting toward the bottom expanse of the other
      of said walls limiting the movement of one bottom expanse toward the
      other, said standoffs normally being out of contact with the bottom
      expanse of the other of said walls.
NUM  4.
PAR  4. The tube of claim 3, wherein the standoffs are normally out of contact
      with the bottom expanse of the other of said walls.
NUM  5.
PAR  5. A Dewar tube for centrifuging samples, the tube having an open top end
      and a closed bottom end, said tube comprising inner and outer walls
      extending along the length of the tube in spaced-apart concentric side
      expanses, said walls adjacent the bottom end of the tube continuing in
      spaced bottom expanses that close off the bottom end of tube,
PA1  the bottom expanse of one of said walls having standoffs projecting
      therefrom toward the bottom expanse of the other of said walls effective
      to limit the amount of movement of one bottom expanse toward the other,
      said standoffs normally being out of contact with the bottom expanse of
      the other of said walls, the space between said walls being evacuated.
NUM  6.
PAR  6. In centrifuging apparatus, the combination of an outer sleeve and
      trunnion means carried externally of said outer sleeve for mounting the
      sleeve in a centrifuge, and a centrifuge tube fitted within said sleeve
      for receiving the sample to be centrifuged, said centrifuge tube having an
      open top end and a closed bottom end and comprising inner and outer walls
      extending along the length of the tube in concentric, substantially
      cylindrical, spaced-apart side expanses, said walls joining at the top end
      of the tube in a radially outwardly flaring lip region, with said inner
      and outer walls of said tube in said lip region both flaring radially
      outwardly from said substantially cylindrical side expanses and thence
      curving to meet each other in a zone extending circumferentially about the
      open top end of the tube, said zone being located above said sleeve and
      being disposed radially outwardly of the outer surface of the side expanse
      of said outer wall, said walls adjacent the bottom of the tube continuing
      from said side expanses in spaced bottom expanses that close off the
      bottom end of the tube, the space between said walls being evacuated.
NUM  7.
PAR  7. The centrifuging apparatus of claim 6, wherein said zone where said
      walls meet each other has a greater thickness than said walls in said side
      expanses.
NUM  8.
PAR  8. The centrifuging apparatus of claim 7, wherein the bottom expanse of one
      of said walls has standoffs projecting toward and normally out of contact
      with the bottom expanse of the other of said walls effective to limit
      movement of one bottom expanse toward the other.
NUM  9.
PAR  9. Centrifuging apparatus for centrifuging samples under controlled
      temperature conditions comprising
PA1  an element which rotated thereby to produce centrifugal force,
PA1  a sleeve carried by said element to be rotated thereby, and
PA1  a centrifuge tube for containing the specimen to be centrifuged mounted on
      said sleeve, said centrifuge tube having an open top end for receiving the
      sample and a closed bottom end and comprising inner and outer walls
      extending along the length of the tube in concentric, spaced-apart
      substantially cylindrical side expanses, said walls joining at the top of
      the tube in a radially outwardly flaring lip region with said inner and
      outer walls of the tube both flaring outwardly from the said substantially
      cylindrical side expanses and thence curving to meet each other in a zone
      extending circumferentially about the open top end of the tube, said zone
      where said inner and outer walls join being located above the top of said
      sleeve and being disposed radially outwardly of the outer surface of the
      side expanse of said outer wall, said walls adjacent the bottom of the
      tube continuing from said side expanses in spaced bottom expanses that
      close off the bottom end of the tube, the space between said inner and
      outer walls being evacuated to produce an evacuated space within the sides
      of the tube effective to prevent heat transfer whereby a stabilized
      temperature condition in a sample contained in the centrifuge tube tends
      to be maintained.
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ABST
PAL  1. In a method of separating isotopes in a high speed gas centrifuge
      wherein a vertically oriented cylindrical rotor bowl is adapted to rotate
      about its axis within an evacuated chamber, and wherein an annular
      molecular pump having an intake end and a discharge end encircles the
      uppermost portion of said rotor bowl, said molecular pump being attached
      along its periphery in a leak-tight manner to said evacuated chamber, and
      wherein end cap closure means are affixed to the upper end of said rotor
      bowl, and a process gas withdrawal and insertion system enters said bowl
      through said end cap closure means, said evacuated chamber, molecular pump
      and end cap defining an upper zone at the discharge end of said molecular
      pump, said evacuated chamber, molecular pump and rotor bowl defining a
      lower annular zone at the intake end of said molecular pump, a method for
      removing gases from said upper and lower zones during centrifuge operation
      with a minimum loss of process gas from said rotor bowl, comprising, in
      combination: continuously measuring the pressure in said upper zone,
      pumping gas from said lower zone from the time the pressure in said upper
      zone equals a first preselected value until the pressure in said upper
      zone is equal to a second preselected value, said first preselected value
      being greater than said second preselected value, and continuously pumping
      gas from said upper zone from the time the pressure in said upper zone
      equals a third preselected value until the pressure in said upper zone is
      equal to a fourth preselected value, said third preselected value being
      greater than said first, second and fourth preselected values.
BSUM
PAR  This invention relates generally to high speed gas centrifuges and more
      particularly to a method of removing undesirable lightweight gas
      contaminants from a high speed gas centrifuge.
PAR  In a high speed gas centrifuge utilizing a vertically oriented cylindrical
      rotor bowl spinning within an evacuated casing, lightweight gas
      contaminants tend to accumulate in the bowl axial region while the heavier
      process gas gathers in the bowl peripheral region. As a gas centrifuge of
      this type typically has gas addition and removal apparatus entering
      through a central opening in the top end of the rotor bowl, the light gas
      contaminants tend to diffuse through the top opening into the casing to
      rotor bowl volume surrounding the rotor bowl. Typically, an annular
      molecular pump surrounds the uppermost part of the rotor bowl to prevent
      the gas which diffuses out of the top of the rotor bowl from reaching this
      rapidly moving bowl side.
PAR  The accumulation of light gas contaminants in a gas centrifuge is
      objectionable for several reasons. For example, as pointed out above, the
      lightweight contaminants tend to diffuse into the casing to rotor volume
      surrounding the rotor bowl. Lightweight contaminants markedly reduce the
      effectiveness of the molecular pump and as a result cause the gas pressure
      to increase in the casing to rotor zone below the molecular pump. This
      increase in pressure causes an increase in drag on the spinning rotor
      which in turn causes an increase in rotor temperature and mechanical
      instability. The increase in rotor temperature upsets the flow mechanism
      within the rotor, thereby decreasing the separative capacity of the
      system. The accumulation of lightweight contaminants in a gas centrifuge,
      therefore, can lead to a decrease in separate efficiency, possible
      complete centrifuge failure and an increase in power requirements to drive
      the rotor bowl.
PAR  Gas centrifuges in cascade arrangement provide an additional problem in
      removing lightweight gas contaminants. With large numbers of machines in a
      cascade, only a very small fraction of process gas can be removed from
      each machine with the light gas contaminants. The effect of even very
      limited removal of process gas from each machine in a cascade can render a
      large cascade so inefficient so as to be inoperable. Large cascades are
      necessary when separating gases of heavy isotopes such as U.sup.235
      F.sub.6 and U.sup.238 F.sub.6 where the molecular weights are almost equal
      and the separation factor is fairly small.
PAR  It is, therefore, a general object of the invention to provide a method for
      removing light gas contaminants from a continuously operating gas
      centrifuge while minimizing the removal of process gas therefrom.
PAR  Another object of the invention is to provide a method for removing the
      light gas contaminants from a continuously operating gas centrifuge at a
      predetermined rate when the proportion of light gas contaminants in the
      process gas in a selected range, and to remove light gas contaminants at a
      predetermined higher rate when the proportion of light gas contaminants
      exceeds that range.
PAR  Another object of the invention is to provide a method whereby gas
      centrifuges can be operated in a cascade arrangement with essentially
      uniform pressures from machine to machine.
PAR  Still another object of the invention is to provide a method wherein light
      gas contaminants are removed only when they exceed a predetermined
      concentration.
PAR  Yet another object of the invention is to provide a method for removing
      light gas contaminants wherein contaminants having a minimum concentration
      of process gas mixed therewith are preferentially removed.
DRWD
PAR  Other objects of the invention will become apparent from an examination of
      the following description of the invention and the drawings appended
      thereto, wherein:
PAR  FIG. 1 is a schematic illustration of a gas removal system designed in
      accordance with the subject invention as utilized for use with a typical
      Zippe type gas centrifuge, where a tubular rotor rotates about a vertical
      axis on a thin flexible needle and a tube assembly enters through the top
      of the rotor to add and remove process gas and
PAR  FIG. 2 is a graph illustrating the effect of process gas losses on gas
      centrifuge machines in a cascade arrangement.
DETD
PAR  In accordance with the present invention, the above listed objects are
      provided by a method for removing undesirable lightweight gas contaminants
      from high speed gas centrifuges, which comprises, in combination,
      continually measuring the gas pressure in the centrifuge vacuum casing to
      rotor zone above the molecular pump, pumping gas from the vacuum casing to
      rotor zone below the molecular pump when the pressure in the vacuum casing
      to rotor zone above the molecular pump exceeds a first preselected value,
      and pumping gas from the vacuum casing to rotor zone above the molecular
      pump when the pressure in that zone exceeds a second preselected value
      greater than the first. In practice, gas is removed from the vacuum casing
      to rotor volume only when the concentration therein exceeds a first
      predetermined value. When the first predetermined value is exceeded, gas
      is preferentially withdrawn from the vacuum casing-to-rotor zone below the
      molecular pump. If the pressure continues to rise, pumping is then
      initiated from the vacuum casing to rotor zone above the molecular pump.
PAR  In order to facilitate an understanding of the invention, reference is made
      to FIG. 1 of the accompanying drawings wherein a preferred embodiment
      designed in accordance with the subject invention is shown as utilized for
      use with a gas centrifuge of the typical Zippe type used in separating the
      U.sup.235 isotope in uranium hexafluoride gas.
PAR  The Zippe type centrifuge schematically illustrated in FIG. 1 comprises an
      elongated vertically oriented rotor bowl 1 whose lower end is closed
      leak-tight by means of an end cap 2. The bottom face of the cap 2 is
      formed with a rigid axial extension 3 which is externally threaded and
      which terminates in an axially aligned, flexible steel needle 4. The point
      of the needle is centered in a depression provided in a damped support
      block 5. Means (not shown) are provided to lubricate the needle and
      support block, and to damp axial and lateral vibrations of the block 5.
      Threaded onto the end cap extension 3 is a plate-type armature 6 which is
      rotated by a three-phase field winding 7 mounted below the armature. An
      evacuated casing 8 encloses the rotor bowl 1 and associated components
      2-6.
PAR  As shown, an end cap 9 is sealably assembled to the top end of rotor bowl
      1. A cylindrical permanent magnet 10 is rigidly joined to the upper face
      of the end cap 9, the magnet 10 being in axial alignment with the bowl
      assembly. Spaced above the magnet 10 and in axial alignment therewith is a
      similar magnet 11, which is supported from the casing 8 by a suitable
      support 12. The magnets 10 and 11 are mounted in a mutually attracting
      relationship, thus reducing the load on the needle 4 and restraining
      movement of the rotor bowl 1 from the vertical position. A suitable
      damping device 13 is connected between the upper magnet 11 and the casing
      8 to provide damping.
PAR  Mounted within the casing 8 and coaxial with the rotor bowl 1 is a grooved
      cylinder 14 designed to act as a molecular pump. As shown, the pump 14
      encompasses only the upper section of rotor bowl 1, the spacing
      therebetween being made very small to promote molecular pumping. The inner
      face of the pump is provided with grooves 14a which extend from one end of
      the pump to the other in a helical path. The grooves 14a are designed so
      that rotation of the rotor in the normal direction will cause gas to flow
      upwardly through the pump. Thus, throughout a normal operation the pump 14
      maintains a low pressure in the region surrounding the rotor bowl 1.
PAR  As shown, three stationary concentric tubes 15, 16 and 17 are passed into
      the centrifuge along its axis. The tubes, which extend into the rotor bowl
      1, are passed through the top end of the casing 8, the magnets 10 and 11,
      and the upper end cap 9. The outermost tube 15 is sealed circumferentially
      to the top end of casing 8. As indicated, the tube 15 terminates in two
      oppositely extending arms 18 extending radially within the uppermost part
      of rotor bowl 1. The arms 18, referred to collectively as the top gas
      scoop, extend close to the wall of the rotor bowl. The tips of the gas
      scoop are bent in opposite directions to form Pitot tubes which lie in a
      horizontal plane and which open against the rotating process gas stream
      within the rotor bowl. An upper plate-like baffle 19, positioned just
      below the scoop 18, is rigidly joined to the rotor bowl 1. The upper
      baffle is provided with a central opening to permit gas flow and for
      passage of the tube assembly. The upper baffle is also formed with
      peripheral slots to permit gas flow.
PAR  The innermost tube 17 extends close to the bottom of rotor bowl 1 and
      terminates in a transversely extending arm 20 provided with a gas scoop of
      the kind previously described. The spacing between the wall of the rotor
      bowl and the top and bottom gas scoops 18 and 20 is essentially the same.
      A lower plate-like baffle 21, positioned just above the lower gas scoop
      20, is rigidly joined to the rotor bowl 1. The lower baffle, which
      provides shielding for the lower gas scoop, is formed with a central
      opening for passage of tube 17.
PAR  Referring again to the tube assembly, it is noted that the intermediate
      tube 16 ends about midway between the ends of the rotor bowl 1, and that
      it is in direct communication with the central region of the rotor bowl.
      Spacing is provided between the intermediate tube 16 and tubes 15 and 17
      so that the tube assembly provides three gas passageways.
PAR  As shown in FIG. 1, a gas removal system designed in accordance with the
      subject invention comprises a top gas withdrawal system 30 and a bottom
      gas withdrawal system 30'. The bottom system 30' includes a withdrawal
      line 31', one end of which is connected into the casing to rotor zone 22
      of the centrifuge at a point below the molecular pump. The line 31' is
      connected through a UF.sub.6 cold trap 32' to the inlet of a standard
      diffusion pump 33'. Several suitable UF.sub.6 cold traps of suitable
      design are described on pages 464 and 465 of Uranium Production
      Technology, edited by Harrington and Ruehle, and published by D. Van
      Nostrand Company, Inc. Thermal pumps or chemical adsorption pumps could
      serve as alternate pumping means. An automatically operated block valve
      34' is connected to the line 31' between the trap and the centrifuge. As
      shown, pressure sensing means 35, such as a conventional Pirani gauge is
      connected into the casing to rotor zone 23 above the molecular pump to
      generate an electrical signal output proportional to the pressure therein.
      The signal from the pressure sensing means 35 is fed into an actuating
      means 36' which is adapted to open the valve 34' when the signal from the
      pressure sensing means exceeds a first preselected value, and to close
      valve 34' when the signal drops below a second preselected value less than
      the first preselected value. The value 34' may be an air-operated valve
      and the actuating means 36' a relay which energizes a solenoid-actuated
      air operator which in turn drives a piston member mechanically linked to
      the valve.
PAR  The top gas withdrawal system 30 is generally similar to the bottom system
      just described and comprises a withdrawal line 31, a trap 32, a pump 33, a
      block valve 34, and a valve-actuating means 36. The withdrawal line 31 is,
      however, connected into the casing-to-rotor zone 23 of the centrifuge
      above the molecular pump. The same pressure-sensing means 35 is connected
      to control the opening and closing of both valves 34 and 34'. The valve
      operator 36 is connected to receive the signal from pressure-sensing means
      35, but is preset to operate only when the valve of the signal reaches a
      third preselected value which exceeds that of the aforementioned first
      preselected signal value by a selected amount.
PAR  During a typical centrifuge operation the valve 34' is opened automatically
      if the pressure in the casing-to-rotor zone 23 above the molecular pump
      exceeds the first preselected value previously discussed. The diffusion
      pump 33' then withdraws gas continuously from the casing-to-rotor zone 22
      below the molecular pump. The gas in zone 22 has been preferentially
      enriched in light gas contaminants first by the action of the centrifugal
      field developed by the centrifuge and secondly by the action of the
      molecular pump which preferentially removes the heavier UF.sub.6 process
      gas components. If the pressure in zone 23 continues to rise until the
      previously described third predetermined value is reached, the valve 34
      also is opened. Such a pressure rise may occur because of gross inleakage
      of air through casing 8, for example. When the valve 34 is opened,
      diffusion pump 33 removes gas from zone 23 above the molecular pump while
      diffusion pump 33' continues to remove gas from zone 22 below the
      molecular pump. The gas removed from zone 23 has been preferentially
      enriched in light gas contaminants only by the action of the centrifugal
      field. Therefore, it is desirable to minimize pumping from zone 23 in
      order to minimize losses of process gas. In a properly designed system for
      enriching UF.sub.6 in the U.sup.235 isotope, virtually all pumping will be
      from zone 22. Valve 34 will be opened only in the event of a gross system
      disturbance or other events which might prove injurious to the centrifuge
      system. A fourth predetermined value of pressure in region 23 slightly
      lower than the above third predetermined value will cause valve 34 to be
      closed. Typical of the above first, second, third and fourth preselected
      values of gas pressure in zone 23 are 15 microns of Hg. absolute, 10
      microns of Hg. absolute, 30 microns of Hg. absolute, and 25 microns of Hg.
      absolute, respectively, in a gas centrifuge enriching UF.sub.6 in the
      U.sup.235 isotope.
PAR  Preferably, the bottom withdrawal system 30' is designed with sufficient
      capacity to maintain very low gas pressures about the rotor bowl despite
      normal air inleakage, outgassing, and the like. In a practical gas
      centrifuge cascade in which the present invention is especially desirable,
      a pumping time would be selected which would reflect an optimum economic
      balance between the cost of pumping and reprocessing product lost in
      removing light gas contaminants, and the cost of securing high purity feed
      and leak-tight equipment.
PAR  The top withdrawal system is designed to provide sufficient supplementary
      capacity to remove light contaminants in the event of abnormal process
      operation. This supplementary system preferably is connected into the
      region above the molecular pump to take advantage of the faster pumping
      available at the higher pressures in this region and to avoid the
      difficulties inherent in pumping gas backward through the molecular pump.
      The bottom withdrawal system 30' is preferred for routine use because it
      removes gas containing a low percentage of the heavier process gas due to
      the preferential pumping characteristics of the molecular pump for heavier
      molecular weight gases.
PAR  FIG. 2 is a graph illustrating the effect of process gas losses on various
      cascade arrangements of gas centrifuge machines operated at a cut of
      one-half. In the calculation of curves A, B, C, D and E having respective
      fractional process gas losses of 0.00001, 0.0001, 0.001, 0.005 and 0.01
      per individual gas centrifuge machine, the molar flow rates of the
      enriched and depleted streams are assumed about equal. The ordinate of
      FIG. 2 represents the fraction of product remaining from any given feed
      rate as compared to a no-leak cascade and the abscissa represents the
      number of gas centrifuges in series in a cascade arrangement. As indicated
      by curve C, which is representative of systems pumping only from upper
      region 23, in a cascade having 50 machines in series and only
      one-thousandth of the process gas lost per machine, less than half of the
      product which would be realized from a no-leak system is obtained.
PAR  FIG. 2 clearly illustrates the need for a method of removing light gas
      contaminants wherein only very small quantities of process gas are lost
      from gas centrifuges in cascade arrangement. Applicant's method of
      removal, using preferential pumping to minimize process gas losses,
      permits the use of very large cascade without reducing product output to
      such a low value that the cascade would be considered inoperable. With a
      properly designed UF.sub.6 system, applicant's method of removing light
      gas contaminants should minimize process gas losses to a value associated
      with curve A.
PAR  Since many modifications of and deviations from the embodiment disclosed
      herein may be made without departing from the spirit and scope of the
      present invention, the foregoing illustrative description of the
      embodiment should not be interpreted in a limiting sense. The invention
      should be limited only by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of separating isotopes in a high speed gas centrifuge
      wherein a vertically oriented cylindrical rotor bowl is adapted to rotate
      about its axis within an evacuated chamber, and wherein an annular
      molecular pump having an intake end and a discharge end encircles the
      uppermost portion of said rotor bowl, said molecular pump being attached
      along its periphery in a leak-tight manner to said evacuated chamber, and
      wherein end cap closure means are affixed to the upper end of said rotor
      bowl, and a process gas withdrawal and insertion system enters said bowl
      through said end cap closure means, said evacuated chamber, molecular pump
      and end cap defining an upper zone at the discharge end of said molecular
      pump, said evacuated chamber, molecular pump and rotor bowl defining a
      lower annular zone at the intake end of said molecular pump, a method for
      removing gases from said upper and lower zones during centrifuge operation
      with a minimum loss of process gas from said rotor bowl, comprising, in
      combination: continuously measuring the pressure in said upper zone,
      pumping gas from said lower zone from the time the pressure in said upper
      zone equals a first preselected value until the pressure in said upper
      zone is equal to a second preselected value, said first preselected value
      being greater than said second preselected value, and continuously pumping
      gas from said upper zone from the time the pressure in said upper zone
      equals a third preselected value until the pressure in said upper zone is
      equal to a fourth preselected value, said third preselected value being
      greater than said first, second and fourth preselected values.
NUM  2.
PAR  2. The method of claim 1 wherein said first preselected value of pressure
      lies within the range from 2 to 25 microns of Hg. absolute, said second
      preselected value of pressure lies within the range from 1 to 20 microns
      of Hg. absolute, said third preselected value of pressure lies within the
      range from 4 to 40 microns of Hg. absolute, and said fourth preselected
      value of pressure lies within the range from 3 to 35 microns of Hg.
      absolute.
NUM  3.
PAR  3. In a method of increasing the uranium 235 isotope concentration in
      uranium hexafluoride process gas using a gas centrifuge, wherein said
      process gas is rapidly spun in a vertically oriented cylindrical rotor
      bowl, said rotor bowl being adapted to rotate about its axis within an
      evacuated chamber, and wherein an annular molecular pump having an intake
      end and a discharge end encircles the uppermost portion of said rotor
      bowl, said molecular pump being attached along its periphery in a
      leak-tight manner to said evacuated chamber, and wherein end cap closure
      means are affixed to the upper end of said rotor bowl, and a process gas
      withdrawal and insertion system enters said rotor bowl through said end
      cap closure means, said evacuated chamber, molecular pump and end cap
      defining an upper zone at the discharge end of said molecular pump, said
      evacuated chamber, molecular pump and rotor bowl defining a lower annular
      zone at the intake end of said molecular pump, a method for removing gases
      from said upper and lower zones during centrifuge operation with a minimum
      loss of process gas, comprising, in combination: continuously measuring
      the pressure in said upper zone, continuously pumping gas from said lower
      zone from the time the pressure in said upper zone equals a first
      predetermined value until the pressure in said upper zone is equal to a
      scond preselected value, said first preselected value being greater than
      said second preselected value, and trapping said process gas from said gas
      being pumped from said lower zone; continuously pumping gas from said
      upper zone from the time the pressure in said upper zone equals a third
      preselected value until the pressure in said upper zone is equal to a
      fourth preselected value, said third preselected value being greater than
      said first, second and fourth preselected values, and trapping said
      process gas from said gas being pumped from said upper zone.
NUM  4.
PAR  4. The method of claim 3 wherein said fourth preselected value of pressure
      is less than said first preselected value and greater than said second
      preselected value.
NUM  5.
PAR  5. The method of claim 3 wherein said first preselected value of pressure
      lies between the range from 2 to 20 microns of Hg. absolute, said second
      preselected value of pressure lies within the range from 1 to 15 microns
      of Hg. absolute, said third preselected value of pressure lies within the
      range from 4 to 35 microns of Hg. absolute, and said fourth preselected
      value of pressure lies within the range from 2 to 30 microns of Hg.
      absolute.
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PAL  A cooling system of an internal combustion engine including a by-pass
      circuit which leads a flow of cooling water to by-pass a radiator, said
      cooling system incorporating a thermostat valve operated by a wax
      cylinder, wherein a second valve port is provided at a housing of the
      thermostat valve, said second valve port being formed as a cylindrical
      bore adapted to receive said wax cylinder when it has been biased in a
      direction to open the thermostat valve, said by-pass circuit being led
      through said second valve port.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a cooling system of an internal combustion engine
      and, more particularly, an improvement in the control of said control
      system.
PAR  2. Description of the Prior Art:
PAR  In most conventional cooling systems of internal combustion engines, there
      is incorporated a by-pass circuit which allows for a circulating flow of a
      part of cooling water to by-pass a radiator in order to improve the
      warming-up performance of the engine. Furthermore, it is also practiced to
      lead the by-pass circuit through an intake manifold to heat up the intake
      manifold more rapidly during the warming up period of the engine so that
      the ignition of fuel air mixture is improved. In operation, when a larger
      amount of cooling water is passed through the by-pass circuit, a better
      warming up performance of the engine is obtained, while in this case, the
      engine shows a tendency to be overheated in the normal operation after the
      warming up. Furthermore, in the case of the structure where the intake
      manifold is heated up by the by-pass circuit, there is a problem in that
      the engine performance lowers in high speed operation. Thus, in view of
      these drawbacks, a limit has been imposed upon the amount of flow through
      the by-pass circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to solve the abovementioned
      problems and to provide a cooling system in which the amount of flow
      through the by-pass circuit is increased while the engine is at low
      temperature and is positively and stably reduced to a predetermined rate
      when the engine has been warmed up, without employing any particular
      additional device for the control of the flow amount through the by-pass
      circuit.
PAR  According to this invention, the abovementioned object is accomplished by a
      cooling system of an internal combustion engine comprising a main cooling
      water flow circuit which connects a water jacket of the engine with a
      radiator, a by-pass circuit which allows for a flow of cooling water to
      by-pass said radiator, and a thermostat valve incorporated in said main
      cooling water flow circuit and adapted to open or close so as to
      uninterrupt or interrupt said main cooling water flow circuit in response
      to high or low temperature of the cooling water, said thermostat valve
      having a wax cylinder and a valve member which is driven by said wax
      cylinder when said cylinder is biased due to melting or solidifying of wax
      contained in said cylinder, characterized by a second valve port formed as
      a cylindrical bore adapted to receive said wax cylinder when said cylinder
      has been biased in a direction to open said thermostat valve, said by-pass
      circuit being led through said second valve port.
PAR  The main cooling water flow circuit which connects a water jacket of the
      engine with a radiator generally incorporates therein a thermostat valve
      which is adapted to open or close according to the temperature of cooling
      water, said thermostat valve operating to close and interrupt the main
      cooling water flow circuit in a cold engine condition where the
      temperature of cooling water is below a predetermined level and to open
      and uninterrupt the main cooling water flow circuit when the engine has
      been warmed up to a predetermined temperature. This invention proposes to
      utilize the thermostat valve for the control of the by-pass flow through
      the by-pass circuit according to the warming up condition of the engine
      and, actually, provides for a control of said second valve port for the
      by-pass circuit by the wax cylinder of the thermostat valve.
PAR  By the abovementioned constitution that the thermostat valve is of a wax
      cylinder type and the wax cylinder is inserted into said second valve port
      formed as a cylindrical bore when the thermostat valve is opened, said
      second valve port is positively and stably constricted to a predetermined
      rate so as to accomplish the reduction of by-pass flow to a predetermined
      flow rate when the temperature of cooling water has been raised to a
      predetermined level with a result that the wax cylinder is biased by a
      predetermined amount.
PAR  According to a particular feature of this invention, said wax cylinder may
      preferably be guided so as to move along its axis when it is biased, said
      axis substantially coinciding with an axis of said cylindrical bore. By
      this arrangement, smooth cooperation of said wax cylinder with said
      cylindrical bore is obtained while maintaining a constant clearance
      therebetween and, accordingly a constant constricting flow passage for the
      by-pass circuit.
PAR  According to another particular feature of this invention, said wax
      cylinder, when it has been biased, may preferably be inserted into said
      cylindrical bore so much that the passage area through said second valve
      port is principally determined by the balance of the cross sectional areas
      of said cylindrical bore and said wax cylinder. By this arrangement, the
      constricting rate of the by-pass circuit when the engine is in a warmed up
      condition is stably maintained regardless of some fluctuations in the
      temperature of cooling water, such fluctuations being unavoidable in
      actual operation of the engine due to changes of running condition,
      atmospheric temperature, etc.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing, FIGS. 1 and 2 show the structure of a
      thermostat valve in a cooling system of an internal combustion engine
      incorporating an embodiment of this invention, wherein the two FIGS. show
      different operating conditions of the valve in a longitudinal section
      thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following, this invention will be described in more detail of a
      preferred embodiment with reference to the accompanying drawing.
PAR  Referring to the drawing, wherein FIG. 1 shows a condition when the
      temperature of cooling water of an engine is low and the thermostat valve
      is closed, while FIG. 2 shows a condition when the cooling water has been
      heated up to a predetermined temperature and the thermostat valve is
      opened, 1 designates a valve housing which defines a valve chamber 2
      therein. In this valve chamber there opens a cooling water inlet passage 3
      which leads cooling water from a water jacket (not shown) of the engine, a
      cooling water outlet passage 4 which sends out cooling water to a return
      passage of a main cooling water flow circuit connected to the water jacket
      through a radiator (not shown) and a cooling water outlet passage 5 which
      sends out cooling water to a return passage of a by-pass circuit connected
      to the water jacket without passing through the radiator. 6 and 7
      designate a valve member and a valve seat, respectively, which cooperate
      to uninterrupt or interrupt a flow passage extending from the inlet
      passage 3 to the outlet passage 4. In the shown structure, the valve
      member 6 is carried by a wax cylinder 8 containing wax therein and is
      adapted to be held at a position where it sits upon the valve seat 7 as
      shown in FIG. 1 when said wax is at a low temperature and solidified to
      present a relatively small volume, and to be removed from the valve seat 7
      to connect the inlet passage 3 with the outlet passage 4 due to biasing of
      the wax cylinder 8, said biasing being effected by a counteraction of a
      piston rod 9, when the wax has been heated up and melted to present an
      increased volume. 10 is a compression coil spring. Confronting the wax
      cylinder 8 of the thermostat valve, there is provided a second valve port
      11 formed as a cylindrical bore, through which the cooling water outlet
      passage 5 forming a part of the by-pass circuit is led. The valve port 11
      is arranged so that it is located apart from the wax cylinder 8 to leave
      itself as opened as shown in FIG. 1 when the temperature of cooling water
      is low, with the valve member 6 abutting onto the valve seat 7 to close
      the thermostat valve, wherein the by-pass flow passage extending from the
      inlet passage 3 to the outlet passage 5 is sufficiently opened. To the
      contrary, when the engine has been warmed up with the cooling water heated
      up beyond a predetermined temperature with a result that the thermostat
      valve is opened as shown in FIG. 2, the wax cylinder 8 is inserted into
      the valve port 11, whereby the by-pass flow passage extending from the
      inlet passage 3 to the outlet passage 5 is constricted to a rate
      determined by the cross sectional areas of the cylindrical bore forming
      the port 11 and the wax cylinder 8.
PAR  From the foregoing, it will be appreciated that, according to this
      invention, it is only necessary to provide a second valve port formed as a
      cylindrical bore at a portion of the valve housing of the thermostat valve
      in a conventional cooling system of an internal combustion engine, said
      thermostat valve being equipped with a wax cylinder, so that a by-pass
      circuit is led through said second valve port, whereby a cooling system
      incorporating a by-pass flow control system which controls the amount of
      by-pass flow positively and stably in accordance with the warming up
      condition of the engine, is obtained in a very simple structure without
      requiring any additional thermostat valve or complicated structure for the
      control of the by-pass circuit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cooling system of an internal combustion engine comprising a main
      cooling water flow circuit which connects a water jacket of the engine
      with a radiator, a by-pass circuit which allows for a flow of cooling
      water to by-pass said radiator, and a thermostat valve incorporated in
      said main cooling water flow circuit and adapted to open or close so as to
      uninterrupt or interrupt said main cooling water flow circuit in response
      to high or low temperature of the cooling water, said thermostat valve
      having a wax cylinder and a valve member which is driven by said wax
      cylinder when said cylinder is biased due to melting or solidifying of wax
      contained in said cylinder, characterized by a second valve port formed as
      a cylindrical bore means adapted to receive said wax cylinder when said
      cylinder has been biased in a direction to open said thermostat valve,
      said by-pass circuit being led through said second valve port.
NUM  2.
PAR  2. A cooling system according to claim 1, wherein said wax cylinder is
      guided so as to move along its axis when it is biased, said axis
      substantially coinciding with an axis of said cylindrical bore.
NUM  3.
PAR  3. A cooling system according to claim 1, wherein said wax cylinder, when
      it has been biased, is inserted into said cylindrical bore so much that
      the passage area through said second valve port is principally determined
      by the balance of the cross sectional areas of said cylindrical bore and
      said wax cylinder.
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PAL  A self-contained apparatus for collecting, storing and transmitting solar
      heat includes an elongated insulated housing in which a quantity of heat
      retaining material is confined and a collector on one face of the housing
      which has a multi-layered glass face through which solar heat may pass and
      be collected upon a unique heat-collecting bed which is insulated from the
      ambient environment by the glass face. Conditioning pump means are
      provided within the housing to circulate conditioning air through the
      collector and the heat retaining material in the housing so that heat is
      transferred from the collector to the material in the housing. Specially
      designed and positioned ducts connect the collector to the interior of the
      housing in a manner such that air interchange between the collector and
      the interior of the housing is prevented except during operation of the
      conditioning pump. Both the collector and the interior of the housing are
      provided with appropriately positioned baffles to optimally expose the
      conditioning air to the heat collecting bed and to the heat retaining
      material in the housing. Reflective solar amplifiers are pivotally
      connected to the housing in a manner such that they are movable from an
      open operative position wherein they reflect solar radiation into the
      collector and a closed protective position overlying the glass face of the
      collector. Utility pump means are also provided in the apparatus for
      withdrawing air from the interior of the housing and circulating it
      through a building structure to be heated thereby.
PAL  The method of collecting, storing and transmitting solar heat includes the
      steps of absorbing solar heat on a collector surface wherein the collector
      surface is insulated from the ambient environment, passing air across the
      collector surface in a heat transfer process whereby the heat absorbed by
      the collector surface is transferred to the air, passing the hot air
      leaving the collector surface through a horizontal duct disposed at a
      lower elevation than the collector surface, and passing the hot air
      flowing from the duct into an elevated storage chamber containing material
      with heat absorbent and heat retaining characteristics whereby the heat in
      the hot air is transferred from the hot air to the material and retained
      by said material until it is removed therefrom by a relatively cool air
      flow.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 445,473 filed Feb.
      25, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a method and apparatus of
      collecting, storing and transmitting solar heat and more particularly
      relates to a method and apparatus for heating building structures and the
      like.
PAR  2. Description of the Prior Art
PAR  The tremendous energy output of the sun has been recognized for many years
      and numerous attempts have been made at harnassing this energy so that it
      can be converted into a useful state. For example, the sun's energy has
      been successfully converted into electrical energy with solar batteries
      and similarly, the sun's energy has been converted into heating systems by
      so-called solar stoves, furnaces and the like. The solar furnace
      apparatusses, however, have been typified by extremely large collector
      plates covering large portions of the roof sructure of a building to be
      heated with the apparatus and large storage chambers usually in the
      substructure of the building wherein the heat is stored after having been
      transferred from the collector by a liquid fluid medium. The heat in the
      storage chamber is then circulated through the building structure by a
      separate fluid flow.
PAR  These systems, which have not only been unwieldly and very expensive to
      install, have proven to be very inefficient in that there is an excessive
      heat loss when transferring the solar heat from the collector to the
      removed storage chamber. Furthermore, these systems have not been capable
      of being easily installed in existing building structures and have not
      been devised to cooperate as an auxiliary heating unit to the conventional
      forced air heating systems commonly found in building structures.
PAR  Typical examples of prior art solar heating systems may be found in the
      June, 1973 and October, 1973 issues of Popular Mechanics magazine and in
      the May, 1973 issue of Popular Science magazine.
PAC  OBJECTS OF THE INVENTION
PAR  The present invention has for its primary object the provision of a new and
      improved method and apparatus for collecting, storing and transmitting
      solar heat.
PAR  It is another object of the present invention to provide a compact,
      self-contained solar heating unit which can be positioned exteriorly of a
      building structure and with minimum time and expense connected to the
      building structure so as to convert solar radiation into heat for
      maintaining a desired temperature within the building structure.
PAR  It is another object of the present invention to provide a new and improved
      solar heating system which is readily connected into an existing forced
      air heating system so as to serve as an auxiliary heating system with
      minimum alteration to an existing building structure.
PAR  It is still another object of the present invention to provide a new and
      improved solar heating system which can also serve as a cooling system
      with minimal physical or mechanical alterations.
PAR  It is another object of the present invention to provide a solar heating
      unit which utilizes a small and compact heat collector yet has the
      capacity for adequately heating typical residential building structures.
PAR  It is another object of the present invention to provide a solar heating
      apparatus having a reflective panel to increase captured solar radiation
      and which can also serve as a protective covering for the collector
      portion of the apparatus in inclement weather conditions.
PAR  It is another object of the present invention to provide a solar heating
      method and apparatus wherein conventional valve means between a collector
      and storage chamber of the apparatus are eliminated through the unique
      positioning and types of air transfer ducts and baffles.
PAR  It is another object of the present invention to provide a hot air solar
      furnace in which baffle members are positioned on the collector and in the
      heat storage chamber to desirably circulate air in obtaining optimum
      temperature outputs from the unit.
PAR  It is another object of the present invention to provide a hot air solar
      furnace in which air is transferred from a solar heat collector to a
      storage chamber with a minimum of heat loss and removed from the storage
      chamber and transmitted into a building structure with a minimum heat
      loss.
PAR  It is another object of the present invention to provide a hot air solar
      furnace which has above ground heat storage eliminating the need for
      costly and disfiguring excavation.
PAR  It is another object of the present invention to provide means to
      containerize heat storage with a new and simplified framing technique.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects are obtained in accordance with the present
      invention whereby solar heat is collected and stored in an integrated
      compact unit which is capable of generating a heat flow equal to or
      surpassing those of much larger unwielding units which have been typical
      of prior art solar heating units. The solar heating apparatus of the
      present invention is self-contained in an elongated housing preferably of
      triangular transverse cross-sectional configuration. This configuration
      has been found to allow a maximum quantity of heat retaining material,
      such as gravel, to be stored in the apparatus with a minimum of structural
      reinforcement. The housing is basically constructed of two rectangular top
      panels, a rectangular bottom panel, and two triangular end panels which
      are interconnected to define an enclosed storage chamber for the heat
      retaining material. The panels are each laminated in such a manner as to
      give both structural strength and the required insulating qualities for
      maintaining the temperatures of the heat retaining material in the storage
      chamber. A collector unit is mounted upon one of the top panels of the
      housing so as to be inclined relative to the vertical in a position to
      receive the maximum heat from the Winter sun.
PAR  The collector unit is uniquely designed to absorb solar radiated heat and
      retain the heat by converting the heat waves, which will readily pass
      through transparent glass or plastic panes on the collector face, into
      long wave heat radiation which will not readily pass back through the
      glass or plastic panes on the face of the collector. The solar heat is
      absorbed on a base panel of the collector which emits relatively long wave
      heat radiation that becomes trapped in the collector. The base panel of
      the collector has a plurality of forwardly opening cups which serve to
      increase the heat absorption and emission capability of the collector.
      Depending upon the material from which the cups are made, they usually
      will not retain the heat imparted thereto by the solar radiation for
      extended periods of time; accordingly, air is circulated through the
      collector to transfer the heat absorbed by the cups into the storage
      chamber of the apparatus wherein the gravel material not only absorbs the
      heat carried by the air but also retains the heat for extended periods of
      time due to inherent heat retaining characteristics of gravel and its
      inherent restriction of convection. The air which passes through the
      collector and into the storage chamber is re-circulated through the
      collector so as to continuously transfer heat, when desired, from the
      collector to the storage unit. For purposes of the present disclosure,
      this circulating air will be referred to as conditioning air. Since it is
      important to the optimum operation of the unit that the conditioning air
      be equally exposed to the entire base of the collector, a series of
      baffles are provided in the collector to direct the air stream through a
      series of reversing bends. Similarly, baffles are provided in the storage
      chamber to direct the conditioning air throughout the entire quantity of
      gravel in the storage chamber.
PAR  A conditioning air pump is positioned within the storage chamber to effect
      the desired conditioning air flow. The air is passed from the storage
      chamber to the collector and back into the storage chamber through inlet
      and outlet ducts which are positioned at an elevation below both the
      storage chamber and the collector so that when the pump is not in
      operation, the hot air which is lighter than cold air, and therefore urged
      to the top of the respective components of the apparatus, will not be able
      to freely flow between the components so that the ducts establish thermal
      traps that avoid the necessity of relatively expensive valve means to
      accomplish the same purpose.
PAR  A reflector panel is hinged to the framework of the housing along an edge
      of the collector unit so that by opening the reflective panel, the solar
      heat radiation being absorbed by the collector unit is increased. This
      reflective panel is designed so that in a closed position it overlies the
      collector unit and thereby protects the relatively fragile glass from
      detrimental environmental elements such as hail, sunlight in Summer
      months, and the like.
PAR  The heat retained by the heat retaining material in the storage chamber is
      transferred into an adjacent building structure or the like by a utility
      pump which may also be positioned within the storage chamber and connected
      to the building structure by suitable insulated duct work having outlets
      for selectively distributing the hot air through the building structure.
      This air flow, which will be hereinafter referred to as the utility air
      flow, is circulated back through the storage chamber in a manner so as to
      obtain a maximum heat transfer from the heat retaining material to the air
      and in a manner such that the utility air is not short circuited and
      directed through the collector with the conditioning air unless both pumps
      are operating simultaneously. As will be explained in more detail
      hereinafter, this is accomplished by positioning the inlet and outlet
      ducts for both the conditioning air circuit and the utility air circuit on
      appropriate sides of the baffle members within the storage chamber.
PAR  As will be more fully appreciated hereinafter, the unit is ideally suited
      for connection to an existing forced air heating system in a building
      structure so as to serve as an auxiliary unit to the forced air heating
      system even though in many instances, the solar heating unit is sufficient
      in itself to provide the necessary heat for the building structure.
PAR  According to the method of the present invention, heat is first absorbed
      from the sun on a collector surface wherein the collector surface is
      insulated from the ambient environment and internal air is passed across
      the collector surface in a heat transfer process so that the heat absorbed
      by the collector surface is transferred to the internal air. The air is
      then passed through a duct which is lower than the collector surface into
      a raised storage chamber wherein it is directed through heat absorbent and
      heat retaining material in the storage chamber so that the heat in the hot
      air is transferred to the material in the storage chamber. The heat
      retained by the material in the storage chamber is transferred into a
      building structure by directing a utility stream of air through the
      material in the storage chamber and into the building structure wherein it
      is distributed as desired throughout the structure.
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the solar heating apparatus of the present
      invention with the reflector panel shown in an open position.
PAR  FIG. 2 is a perspective view of the solar heating unit of FIG. 1 with the
      reflector panel in a closed position.
PAR  FIG. 3 is a perspective view of the solar heating unit of the present
      invention as viewed from the reverse side of FIG. 1.
PAR  FIG. 4 is an end elevation of the solar heating unit of FIG. 1.
PAR  FIG. 5 is a side elevation of the solar heating unit of FIG. 1 showing the
      collector unit.
PAR  FIG. 6 is an enlarged vertical section taken along line 6--6 of FIG. 4.
PAR  FIG. 7 is an enlarged vertical section taken along line 7--7 of FIG. 5.
PAR  FIG. 8 is an enlarged fragmentary vertical section illustrating the
      connection of a top panel of the solar heating unit to the bottom panel.
PAR  FIG. 9 is an enlarged fragmentary section illustrating the connection of an
      end panel of the solar heating unit to the bottom panel.
PAR  FIG. 10 is a section taken along line 10--10 of FIG. 6.
PAR  FIG. 11 is an enlarged fragmentary vertical section taken along line 11--11
      of FIG. 6.
PAR  FIG. 12 is an enlarged section taken along line 12--12 of FIG. 5.
PAR  FIG. 13 is a vertical section taken along line 13--13 of FIG. 5.
PAR  FIG. 14 is a vertical section taken along line 14--14 of FIG. 5.
PAR  FIG. 15 is a section taken along line 15--15 of FIG. 4.
PAR  FIG. 16 is a section taken along line 16--16 of FIG. 5.
PAR  FIG. 17 is a section taken along line 17--17 of FIG. 5.
PAR  FIG. 18 is a diagrammatic horizontal section illustrating the floor plan of
      the solar heating apparatus of the present invention.
PAR  FIG. 19 is an enlarged section taken along line 19--19 of FIG. 4.
PAR  FIG. 20 is a diagrammatic perspective view illustrating the air currents
      through the storage chamber of the solar heating apparatus of the present
      invention.
PAR  FIG. 21 is a diagrammatic perspective view showing a modified form of the
      solar heating unit of the present invention.
PAR  FIG. 22 is an enlarged vertical section taken through an upper portion of a
      forced air furnace illustrating the connection of the solar heating
      apparatus of the present invention to the forced air furnace.
PAR  FIG. 23 is a section taken along line 23--23 of FIG. 22.
PAR  FIG. 24 is a perspective view of a valve plate shown in FIGS. 22 and 23.
PAR  FIG. 25 is a circuit diagram of the connection of the solar heating
      apparatus of the present invention to a conventional forced air furnace
      system.
PAR  FIG. 26 is a diagrammatic representation of the dual switch control for the
      conditioning pump of the apparatus of the present invention.
PAR  FIG. 27 is an electrical schematic of the dual switch control of FIG. 26.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The solar heating apparatus 28 of the present invention includes a housing
      30 defining an internal storage chamber 32, a collector unit 34 mounted
      upon one face of the housing 30, and a reflector panel 36 pivotally
      connected to the housing so as to be movable between an open position
      exposing the collector unit 34 to the ambient environment and a closed
      protective position overlying the collector unit.
PAR  The framework for the apparatus includes three insulating rectangular
      panels of substantially the same size which are interconnected along their
      longitudinal edges to form an elongated housing of triangular transverse
      cross-section. The three rectangular panels consist of two inclined top
      panels 38a and 38b and a floor panel 40 with the top panels 38a and 38b
      forming an angle of approximately 60.degree. with horizontal. Each of the
      top panels and bottom panel are laminated with conventional plywood sheets
      42 on opposite faces and an inner relatively thick core 44 of an
      insulating material such as a rigid polyurethane foam. The plywood panels
      are preferably painted or coated with a reflective paint such as a silver
      paint to better retain heat within the storage chamber.
PAR  The panels 38a, 38b, and 40 are connected along their edges with a
      relatively thin gauge angled metallic strip which is positioned to be
      self-tightening. Referring to FIG. 8, it will be seen that the lower edge
      of each top panel is tapered to fit flush against the horizontal top
      surface of the bottom panel 40 and an angled metallic strip 46, FIGS. 8
      and 13, is positioned along the outer edge of the top and bottom panels
      38a and 38b so as to have a horizontal leg 48 which lies between the
      panels and an upwardly inclined leg 50 which is flush with the outer
      surface of the top panel. Conventional fasteners, such as of the screw
      type, connect the horizontal leg with the bottom panel and the upwardly
      inclined leg with the top panel. These fastening strips 46 extend along
      the length of the bottom of the panels to securely and reliably
      interconnect the panels. The bottom panel extends beyond the lower edge of
      the top panel 38b for a reason which will become clear later.
PAR  At the juncture of the upper edges of the top panels 38a and 38b, one of
      the top panels 38a extends across the upper end of the other top panel 38b
      and is bevelled at its outer end so as to form a 60.degree. angle
      therewith and establish a smooth juncture of the two panels. The plywood
      laminate 42 on the outer surface of each of the top panels extends
      upwardly to the uppermost point of the housing and an angle iron strip 52
      is placed downwardly over the juncture of the two outermost plywood sheets
      to extend along the length of the panels. This angle iron strip 52 is
      suitably fastened to the respective top panels, such as with screw type
      fasteners, to reliably secure the panels along the top edges thereof.
PAR  Triangular shaped end panels 54 and 56 are secured to the end edges of the
      top and bottom panels 38a and 38b of the housing in a manner which is best
      illustrated in FIG. 9. There it will be seen that the end panels 54 and 56
      extend downwardly to the lower edge of the bottom panel 40 and likewise
      extend outwardly to the outer edges of the top panels 38a and 38b to
      completely cover the end edges of the top and bottom panels. The end
      panels actually extend beyond the top panel 38b at 58, FIGS. 12 and 19,
      for a purpose to be described later. The end panels are constructed
      identically to the top and bottom panels in that they are laminates having
      outer layers 60 of a rigid material such as plywood and an inner
      insulating rigid foam core 62. The end panels are connected to the top and
      bottom panels by angled metallic strips 64, FIG. 9, which extend along the
      junctures of the panels and are fastened thereto as with screw-type
      fasteners in a self-tightening manner. Each end panel has a removable door
      66 closing an opening 68 therein which provides selectable access to pump
      containing compartments 70 and 72 in the storage chamber 32 which will be
      described later.
PAR  A water-repellent sheet metal covering 74 is provided over the top panel
      38a and the end panels 54 and 56 so that these panels will be protected
      from deterioration by moisture in the ambient environment.
PAR  The top, bottom and end panels cooperate in confining a heat retaining
      material 76 such as gravel in a manner such that the weight of the gravel
      does not place excessive outward pressure on the housing. In other words,
      since gravel is naturally piled with inclining sides, the pressure on the
      top walls 38a and 38b of the housing, since they too are inclined, is
      minimal. In the preferred form, the heat retaining material 76 is a
      granite rock of approximately 11/2 inches in diameter so that the spaces
      between the rock particles are sufficient to allow the flow of air through
      the storage chamber. A fill opening 78, FIGS. 3 and 6, is provided near
      the top edge of one of the top panels so that gravel can be poured through
      the opening to fill the storage chamber. An insulated door 80 removably
      seals the opening 78 during operation of the apparatus.
PAR  The storage chamber 32 of the apparatus has a plurality of baffles or
      barrier plates 81, 82 and 84 positioned therein to encourage the desired
      circulation of air through the gravel material as will be described in
      more particularity later. The baffle members include two upstanding baffle
      members 81 and 82 of trapezoidal configuration which are flush with the
      bottom wall and extend slightly over half the height of each of the top
      panels thereby separating the lower portion of the storage chamber into
      two end sections 86 and 88 and a central section 90, FIGS. 6 and 20. The
      third depending baffle member 84 is suspended from the upper portion of
      the top panel members at approximately their longitudinal center and is of
      triangular configuration to fit flushly against the inner surfaces of the
      top panel members and extend slightly over half the height of the top
      panel members so as to overlap the upward extent of the upstanding
      baffles. Each of the baffle members is secured to the abutting top and
      bottom panel members by suitable fasteners 92, FIG. 10, which could be
      angle iron strips.
PAR  The reflector panel 36 in the preferred form includes a framework 37 in
      which three highly reflective sheets 39 of aluminum or the like are
      retained. The sheets may follow a modified parabolic curve to concentrate
      solar radiation on the collector unit 34. The framework 37 is pivotally
      mounted as by a hinge 41 to the floor panel 40 of the apparatus. The
      reflective sheets, of course, could be other suitable materials such as
      mirrors, or the like, and if the mirrors were readily susceptible to
      breakage, a large number of relatively small mirrors could be mounted in
      the framework 37 so that replacement of damaged or broken mirrors would
      not be a great economical burden.
PAR  The collector unit 34 which is probably best illustrated in FIGS. 1, 5, 7
      and 11-14, is of a size substantially the same as the top panels of the
      housing and is mounted directly on the outer face of the top panels 38b.
      The collector unit includes an outer peripheral rigid frame 94, a front
      insulating glass portion 96, and a back heat accumulator portion 98. The
      insulator glass portion and heat accumulator portion are separated by a
      plurality of baffle members 100 and 102 which, as will be explained
      hereinafter, serve to circulate air uniformly through the collector.
PAR  The peripheral frame 94 abuts the inner surfaces of the extensions 58 of
      the end panels beyond top panel 38b so as to be insulated along the
      associated two sides from the ambient environment and an elongated wedge
      shaped insulating block 104 lies across and is attached to the top portion
      of the peripheral frame to insulate the top portion from the ambient
      environment.
PAR  The insulating glass portion 96 of the collector unit consists, in the
      preferred form, of three spaced layers 106a, 106b and 106c of glass with
      each layer of glass having two coplanar glass or plastic panels 108a and
      108b separated at the longitudinal center of the collector by a center
      plate 110. Each glass or plastic panel is separated from the glass panel
      in the next adjacent layer by a rubber sealant strip 112 which extends
      around the periphery of the panel. Referring to FIG. 17, the rubber
      sealant strips extending along the adjacent ends of the glass panels at
      the longitudinal center of the collector are seen sandwiched with the
      glass panels between an outer angle iron strip 114 which is secured as by
      a rivet to the center plate 110 and an inner channel member 116 which is
      also secured to the center plate as by a rivet. The periphery of each
      glass panel is embedded along with the rubber sealant strips 112 in a
      caulking compound 118, FIG. 17, to hermetically seal the perimeter of the
      insulating glass portion of the collector so that heat accumulated in the
      heat accumulator portion of the collector cannot escape back to the
      ambient environment around the periphery of the glass panels. In FIGS.
      11-13, the top, bottom and side edges respectively of the glass panels are
      seen similarly sandwiched between an outer angle iron strip 120 and an
      inner channel member 122 each of which are affixed in any suitable manner
      to the outer frame 94 of the collector unit. Accordingly, the glass panels
      108a and 108b on each half of the glass insulating portion of the
      collector unit are retained in parallel spaced relationship and are sealed
      around their periphery to prevent heat loss.
PAR  The heat accumulator portion 98 of the collector unit includes a planar
      back plate 124, preferably a sheet of black coated metallic coil or the
      like which lies against or is affixed to the outer plywood sheet 42 of the
      top panel 38b. A plurality of forwardly opening cups 126, preferably of
      cylindrical configuration and made of aluminum and coated black, are
      positioned upon the black aluminum back sheet and define spaces 128
      therebetween which expose the back sheet 124. Again, preferably the cups
      are coated or annodized in a black color as black is known to be the best
      heat absorbent color. The cups may be loosely disposed upon the back plate
      124 or could be secured thereto if desired. It will be appreciated that
      the cups enlarge the surface area of the heat accumulator 98 and thus the
      solar thermal energy capturing ability of the apparatus. In fact, by using
      cups which are approximately 2 inches in length and 23/4 inches in
      diameter, the surface area of the heat accumulator will be increased
      approximately 4.75 times over that of a planar heat accumulator. As
      clearly seen in FIGS. 11-13, the forward extent of the accumulator cups
      126 is rearwardly spaced from the insulator glass 96 defining an open
      space or passage 130 therebetween through which air can freely pass. The
      baffle members 100 and 102 are positioned within this space to direct the
      conditioning air currents along a predetermined path which fairly
      uniformly covers the entire array or matrix of accumulator cups whereby a
      complete and effective transfer of heat from the accumulator cups to the
      air can be effected.
PAR  As best illustrated in FIG. 15, in the preferred form, there are three
      rising baffle members 100 which extend upwardly from the lower edge of the
      collector unit in uniformly spaced relationship and two depending baffle
      members 102 which extend downwardly from the top edge of the collector
      unit into the centralmost spaces between the three rising baffle members.
      Each of the baffle members extend approximately 3/4 of the height of the
      collector. Referring to FIGS. 16 and 17, these baffle members can be seen
      to be comprised of the back-to-back channel members 132 and 116 with the
      channel members 116 on the center baffle 100 being those at the
      longitudinal center of the collector unit which support the adjacent
      center edges of the glass panels 108a and 108b. The remaining baffle
      members, as shown in FIG. 15, serve to support the glass panels and
      additional rubber spacer sealant strips at intermediate locations so that
      the glass insulating portion 96 of the collector unit is adequately
      supported and less prone to damage. Of course, each of the baffles are
      secured to the back plate and the underlying plywood sheet of the top
      panel by suitable fasteners.
PAR  Referring now to FIGS. 13-15 and 20, it will be seen that the lower
      horizontal portion of the frame 94 of the collecor unit has rectangular
      openings 134 and 136 at opposite ends thereof which communicate with the
      space 130 between the glass insulator section and the heat accumulator
      section of the unit. The opening 134 is the inlet opening to the collector
      while the opening 136 is the outlet opening. Air entering the collector
      through the inlet opening 134 is confined in the space 130 between the
      glass insulator portion 96 and heat accumulator portion 98 and is directed
      along a path defined by the baffle members which passes through a series
      of reversing bends as indicated by the arrows in FIG. 15, thereby forcing
      the air to pass across all of the accumulator cups in the collector.
      Turbulence created by the configuration and positioning of the cups
      assists in the more efficient transfer of heat.
PAR  Referring now to FIGS. 7, and 13-15, it will be seen that the inlet and
      outlet openings 134 and 136 respectively of the collector unit are
      connected through rectangular passages 138 and 139 in an insulating foam
      block 140 to insulated ducts 142 and 143 which are cut or otherwise formed
      in the floor panel 40 of the housing. The ducts 142 and 143 open into the
      storage chamber 32 of the apparatus. The duct 142 communicating with the
      inlet opening 134 of the collector unit is in fluid communication with a
      conditioning air pump 144 mounted within the enclosed compartment 70 in
      the storage chamber. The pump 144 is also in fluid communication with an
      outlet 146 from the storage chamber via a duct 148. The ducts 143 and 148
      each have screens covering their openings into the storage chamber 32 and
      each screen has a mesh size less than the size of the rock material stored
      in the storage chamber so that the rock material cannot pass into the
      ducts. The screened opening 150 connecting the duct 143 to the storage
      chamber, will hereafter be referred to as the conditioning air inlet to
      the storage chamber while the screened opening 146 will be referred to as
      the conditioning air outlet from the storage chamber.
PAR  It will, therefore, be seen that a circulating path is established through
      the collector and the storage chamber with the conditioning air pump
      serving as the means for effecting the desired circulation of the
      conditioning air. The conditioning air pump draws the air from the storage
      chamber through the duct 148 which again is cut or otherwise formed in the
      bottom panel of the housing so as to be at a level beneath both the
      collector and storage chamber and open into the conditioning air pump
      compartment as well as into the end section 86 of the remaining open area
      of the storage chamber so that air which has passed through the storage
      chamber is drawn downwardly into the duct 148 before being passed through
      the conditioning air pump and subsequently into the collector unit. The
      purpose for the three under-the-floor ducts 142, 143 and 148, is to
      prevent the free flow of air between the spaces connected by the ducts
      eliminating the need for conventional fluid flow valves.
PAR  It is important that once the heat has been transferred from the collector
      into the storage chamber that it not be allowed to escape from the chamber
      by convection during non-operation of the circulating pump. Since hot air
      rises to the top of the storage chamber and will not pass downwardly
      through any of the ducts connecting the storage chamber to the collector
      unit and thereby allow heat to escape from the storage chamber.
      Accordingly, by placing the ducts at a level beneath both the storage
      chamber and the collector unit, the hot air is prevented from escaping
      from the storage chamber and the use of conventional and relatively
      expensive valves are avoided. To insulate the ducts from the underlying
      terrain on which the apparatus is supported, insulated pads 152 are
      positioned beneath the ducts, even though a complete insulating panel
      approximately the size of the bottom panel could be used. Preferably, a
      vapor barrier 154 in the form of a corregated metal or plastic sheet would
      separate the insulating panel from the bottom panel and the ducts to
      prevent the ingress of moisture.
PAR  The flow of conditioning air through the storage chamber of the apparatus
      is best illustrated in FIG. 20 wherein it is seen that hot air leaving the
      collector unit through the outlet opening 136 emerges through the screened
      opening 150 at the inlet end of the storage chamber and is forced to pass
      unwardly over the baffle member 82 into the heat retaining gravel and then
      follow a downwardly and upwardly reversing path below and above the three
      baffle plates 80, 82 and 84 in the storage chamber until it is drawn
      downwardly through the screened outlet opening 146 at the opposite end of
      the storage chamber and subsequently blown by the conditioning pump into
      the collector unit through the inlet opening 134. In this manner, the hot
      air being directed into the storage chamber from the collector unit is
      forced to pass through the storage chamber in such a manner as to come
      into contact with substantially all of the heat retaining gravel material
      in the storage chamber. It should be realized that the inlet end of the
      storage chamber will normally be substantially hotter than the outlet end
      during operation of the conditioning pump since the hot air entering the
      storage chamber will lose its heat to the gravel material as it passes
      through the storage chamber (provided that circulated air temperature is
      higher than storage temperature) so that by the time the air reaches the
      outlet end of the storage chamber it is somewhat cooler than when it
      entered the storage chamber.
PAR  In addition to the three aforedescribed under-the-floor ducts 142, 143 and
      148, the apparatus has two additional under-the-floor ducts 156 and 158
      defining inlet and outlet ducts respectively of the utility air circuit so
      that the heat retained by the material in the storage chamber can be
      transferred via a flow of utility air through an adjacent building
      structure. The inlet duct 156 for the utility air is seen in FIG. 7 to
      comprise an elongated channel cut or otherwise formed in the floor panel
      40 of the apparatus and sealed by an insulating block 160 so as to extend
      beneath the lower edge of the top panel. The inner end of the inlet duct
      opens upwardly through the floor of the unit and has a screen 162 covering
      thereover of a smaller mesh than the particle size of the gravel heat
      retaining material so as to prevent the gravel material from falling into
      the duct. The outer end of the duct opens upwardly and extends above the
      floor of the storage chamber and is connected through a conventional air
      filter 164 to an elbow conduit 166 which is connected via an air flow
      conduit 168, FIG. 1, to a circulating duct system in the building
      structure (not shown). The circulating duct system in the building
      structure could be an existing forced air furnace duct system and the
      heating apparatus of the present invention could be connected thereto in a
      manner to be described in detail later. However, the solar system could
      have its own circulating duct system.
PAR  Similarly, the outlet duct 158 of the utility air circuit is formed in the
      floor panel the same as the the inlet duct and has its inner end opening
      upwardly in fluid communication with a utility pump 170, FIGS. 18 and 20,
      which is housed in the enclosed compartment 72 in the storage chamber at
      the diametrically opposite corner from the conditioning pump 144. The
      inlet of the utility pump opens through a screened opening 172 in the
      adjacent upstanding baffle plate 82 so as to draw air from the central
      section of the storage chamber. The outlet duct 158 of the utility system
      also opens at its outer end through an insulated block 174 and may be
      connected through an air filter (not shown) to a second elbow conduit 176
      and subsequently through an air flow conduit (not shown) to the
      circulating duct work in the building structure. It can, therefore, be
      appreciated that a circulating utility air flow circuit is established
      through the storage chamber and the heating duct work in the building
      structure whereby hot air can be drawn from the storage chamber and blown
      into the building structure wherein it may be selectively diverted through
      various vent openings into desired locations in the building structure.
PAR  As mentioned previously, the heat retaining gravel material 76 in the
      storage chamber is hottest at the inlet end of the storage chamber with
      respect to the conditioning circuit and progressively becomes relatively
      cooler toward the outlet end. It is, therefore, desirable that the utility
      air flow, or that air which is directed into the building structure, is
      withdrawn from the storage chamber at the hot end or the inlet end thereof
      and for this reason, the utility pump which withdraws air from the storage
      chamber and directs it into the building structure is positioned at the
      hot or inlet end in the section 88 of the storage chamber. However, to
      prevent air entering the storage chamber from the collector unit through
      opening 150 from being withdrawn directly by the utility pump 170, the
      inlet 172 to the utility pump is positioned on the opposite side of the
      upstanding baffle plate 82 from the opening 150 so that the hot air
      entering the storage chamber is forced to begin circulating and thereby
      transferring its heat into the gravel material whereby this heat will be
      retained by the gravel material and can be readily withdrawn when the
      utility pump is in operation. In other words, by positioning the inlet 172
      to the utility pump on the opposite side of the baffle plate 82 from the
      outlet of the collector, a short circuit in both the utility and
      conditioning air flows is avoided.
PAR  So that the utility air entering the storage chamber will have adequate
      time to absorb heat from the gravel storage material before it is
      withdrawn from the storage chamber by the utility pump, it is desirable
      that the inlet 162 to the storage chamber in the utility circuit be
      positioned as far away from the utility pump as possible. However, the
      inlet in the utility circuit is preferably not placed closely adjacent to
      the outlet 146 from the storage chamber in the conditioning circuit so
      that the air does not flow directly into the outlet of the conditioning
      circuit but rather flows toward the utility pump 170 and thus toward the
      hot end of the storage chamber in a counter-flow direction relative to the
      conditioning air circuit except when both pumps are in simultaneous
      operation. For this reason, the inlet 162 of the utility circuit has been
      positioned on the opposite side of the upstanding baffle plate 80 so that
      this air will migrate toward the hot end of the apparatus beneath the
      center baffle plate 84 and will not rise and pass over the upstanding
      baffle plate 80 and thereafter pass into the outlet 146 of the
      conditioning circuit. Accordingly, this relative relationship of the inlet
      162 in the utility circuit to the outlet 146 in the conditioning circuit
      prevents short circuiting of the utility air flow and encourages the air
      to flow in the desired direction.
PAR  It should be appreciated that the apparatus is designed so that if desired,
      the storage chamber can be essentially by passed whereby hot air can be
      circulated through the collector and the building structure with minimal
      contact with the heat retaining material. In this manner heat from the
      collector is transferred substantially directly into the building
      structure. This can be best understood by reference to FIG. 20 wherein it
      will be seen that if both the utility pump 170 and the conditioning pump
      144 are operated simultaneously, air leaving the collector and entering
      the storage chamber through opening 150 will pass upwardly over the baffle
      member 82 and will be immediately drawn into the inlet 172 of the utility
      pump wherefrom it will be circulated through the duct work in the building
      structure. In other words, when the hot air enters the storage chamber and
      passes over the baffle member 82, the low pressure existing at the inlet
      172 to the outlet pump during operation of the utility pump attracts the
      hot air so that it does not take its normal circulating path through the
      heat retaining material in the storage chamber. After the air has
      circulated through the duct work in the building structure it enters the
      storage chamber through inlet 162 and is drawn over baffle member 80 into
      outlet 146 from the storage chamber whereby it is cycled into the
      conditioning pump 144 and into the collector through the inlet 134 to the
      collector. Thus it will be seen that a closed circulating path directly
      connecting the collector to the duct work in the building structure, with
      minimal contact with the heat retaining material 76, is established by
      simultaneous operation of the conditioning and utility pumps.
PAR  The conditioning pump 144 in the preferred form is automatically controlled
      by a dual control system illustrated in FIGS. 26 and 27. A resistant
      temperature detector in the form of a probe 178, FIG. 18, is positioned in
      the storage chamber near the center thereof and a second resistant
      temperature detector in the form of a probe 179, FIG. 15, is mounted in
      the collector near the outlet from the collector so that each is disposed
      to sense the temperature at the respective locations. The temperature
      detectors are connected through a comparator circuit, illustrated in FIG.
      27, to the control switch of the conditioning pump. The comparator
      circuit, as will be explained hereinafter, is used to compare the
      temperatures of the detectors 178 and 179 and to switch the conditioning
      pump on when the temperature of the detector 179 equals or succeeds by a
      predetermined amount the temperature of detector 178. By so controlling
      the operation of the conditioning pump, breakage of the collector glass
      panels by thermal shock is alleviated, the use of less insulation at the
      collector glass panels is allowed since heat is extracted rapidly from the
      collector cutting heat loss through the glass panels, and the life of the
      conditioning pump is extended due to less cycling. While other comparator
      circuits could be utilized, in the preferred form, the comparator circuit
      is in the form of a conventional wheatstone bridge where identical
      resistors R1 and R2 are connected in the bridge with a third resistor R3,
      the detector 178, the detector 179, and a rheostat 181. The operation of
      the wheatstone bridge circuit is conventional with the rheostat 181
      serving to adjust or regulate the temperature differential between
      detectors 178 and 179 desired for operation of the conditioning pump. It
      will, therefore, be seen that with the dual control system, the
      temperatures in the storage chamber is automatically maintained or raised
      during normal weather conditions.
PAR  As mentioned previously, the aforedescribed heating apparatus can be easily
      connected into an existing forced air furnace system in a building
      structure. Referring to FIGS. 22-25, the manner in which the heating
      apparatus can be connected to a forced air furnace system is illustrated.
      Looking first at FIG. 22, the upper end of a typical forced air furnace
      unit 180 is illustrated having heat exchangers 182 in a heat exchange
      portion 184 of the unit and a plenum chamber 186 above the heat exchange
      portion 184 wherein the hot air emitted from the forced air furnace unit
      is directed into the circulating duct work in the building structure for
      desired distribution through the building structure. An outlet conduit 188
      in the utility circulating system of the solar heating apparatus 28 of the
      present invention is connected to the plenum chamber 186 of the forced air
      heating unit through an opening 190 in one side thereof so that the air
      entering the plenum chamber from the solar heating apparatus will pass
      into the plenum chamber wherefrom it can be directed into the circulating
      duct work in the building structure for desired distribution throughout
      the structure. To prevent this air from passing downwardly into the forced
      air furnace when the forced air furnace is not in operation, a series of
      valve plates 192 are pivotally mounted across the open upper end of the
      heat exchange portion 184 of the forced air furnace apparatus so that in
      normal conditions when the forced air furnace is not in operation, these
      valve plates lie in the closed solid line positions of FIGS. 22 and 23.
      The valve plates include a rectangular planar section 194 with a pivet rod
      196 along one longitudinal edge. The pivot rod extends beyond the ends of
      the rectangular planar section so that the ends of the rod can be
      journalled in suitable bearing members 198 shown as U-shaped brackets in
      FIG. 23, to pivotally support the valve plates in a horizontal
      disposition. The width of the rectangular planar section of each plate is
      such that the plate overlies the pivot rod of the next adjacent plate
      whereby when the plates are in their closed positions, the outlet from the
      heat exchange portion of the forced air furnace is blocked. Accordingly,
      air entering the plenum chamber from the solar heating apparatus 28
      through the conduit 188 cannot flow downwardly but must flow upwardly and
      into the circulating duct work for desired distribution through the
      building structure.
PAR  When the forced air heating apparatus is in operation, however, the air
      being blown upwardly through the heat exchange portion 184 and into the
      plenum chamber 186 is sufficiently strong enough to pivot the valve plates
      192 about their pivot rods so that they open into the dotted line position
      of FIG. 22 thereby allowing the air to pass into the plenum chamber and
      subsequently into the circulating duct work of the building structure. Pin
      stops 200 are provided for each valve plate to limit the pivotal movement
      of the plate. In this manner, the solar heating unit can be connected
      directly into the forced air heating unit and neither system will inhibit
      proper functioning of the other. Accordingly, when it is desired to
      operate the forced air furnace apparatus, it will operate independently of
      the solar heating unit and when the solar heating unit is operated, it can
      operate independently of the forced air heating apparatus.
PAR  Referring to FIG. 25, a schematic control circuit diagram is shown with the
      solar furnace system and a conventional forced air furnace system
      connected in a complementary fashion. It will be seen that as is
      conventional, a step-down transformer 204 converts the 110 volt A.C. input
      into a 24 volt potential which is placed on the coil 206 in a forced air
      gas furnace relay 208. The thermostat 210 in the house or building
      structure is also connected between the transformer 204 and the coil 206
      so that the coil is not energized unless the house thermostat is closed,
      such was when the temperature in the house is below a preselected
      temperature. When the coil in the forced air gas furnace relay is
      energized, it closes a switch 212 which places a potential on the forced
      air furnace blower 214 and on a thermostat 216 in the solar furnace
      storage chamber. The forced air furnace blower, however, will not operate
      unless a furnace control switch 218 which is also temperature controlled
      and which is positioned within the forced air furnace is closed. This
      furnace control switch, however, does not close until the temperature
      within the forced air furnace is above a preselected level. The solar
      furnace storage chamber thermostat 216 is a double-throw switch so that
      when the temperature in the storage chamber is below a preselected
      temperature, the forced air furnace gas valve 219 is energized thereby
      causing the forced air furnace to heat and once the temperature of the
      furnace unit is above a preselected level, the furnace control switch
      closes thereby energizing the forced air furnace blower so that the hot
      air from the forced air furnace will be circulated through the building
      structure. However, if the temperature within the solar furnace storage
      chamber is above a preselected level, the solar furnace storage thermostat
      rather than energizing the forced air furnace gas valve 219 energizes the
      solar furnace blower or utility pump 170 so that the utility circulating
      air in the solar furnace is operated to heat the building structure. It
      will be appreciated, that in this manner, the conventional forced air
      heating system and the solar heating system of the present invention are
      used to supplement each other and depending upon the solar radiation in
      the particular area in which the unit is in operation, the solar furnace
      system can be predominately used with the forced air furnace system only
      as a back-up during unusual weather conditions. The operation of the
      conditioning pump 144 is automatically controlled by a dual sensor
      thermostat.
PAR  Referring to FIG. 21, it is seen that additional reflector panels have been
      mounted upon the solar heating unit 28 to increase the solar radiation
      received by the collector unit 34. As illustrated, reflector panels 220
      are pivotally mounted along each side of the collector unit and a
      reflector panel 222 is mounted along the top edge of the collector unit to
      cooperate with the reflector panel 36 previously described as being
      connected along the bottom edge of the collector unit. Of course, during
      inclement weather conditions, when it is desirable that the glass or
      plastic insulator 96 on the collector unit be covered, each of the
      reflector panels can be folded inwardly into protective overlying
      face-to-face relationship with the collector unit.
PAR  It has been found by building the solar heating unit of the present
      invention in accordance with the previous description that the units can
      be made in a very compact manner and of a size to be positioned in a
      fairly inconspicuous manner adjacent to a building structure, such as a
      home, without materially detracting from the appearance of the home. In
      fact, it has been found that the unit can be placed in a normal sized
      backyard without taking up unreasonable ground space.
PAR  In a test unit, which was not placed in an optimum position for receiving
      maximum solar radiation, each of the top and bottom panels of the unit,
      the reflector panel, and the collector unit were approximately eight feet
      by twelve feet as opposed to the prior art arrangements wherein
      substantial portions of the roof of the building structures were needed to
      collect adequate solar radiation to heat the building structure. By
      utilizing the thermal cups in the collector unit, it was found that the
      solar heat absorbed by the unit was equivalent to a conventional planar
      collector unit that was sixteen feet by twenty-eight feet, or the solar
      absorbing capacity of the collector of the present unit was found to be
      approximately 4.75 times that of a conventional planar collector not
      utilizing the accumulator cups. When using gravel of approximately 11/2
      inches in diameter particle size, the unit has been found capable of
      obtaining temperatures at the hot end of the storage chamber of around
      300.degree.F, a mean storage chamber of approximately 240.degree.F, and
      was found to lose only 11/2.degree. to 5.degree.  (depending upon outside
      ambient temperature) per day when the conditioning and utility pumps were
      not operated. Since typical forced air furnace systems only obtain mean
      temperatures of about 130.degree. in the plenum chamber, it will be
      appreciated that due to higher operating temperatures, the solar unit
      utility pump does not require as long a duration of operating cycles as a
      forced air furnace to maintain a given temperature in the building
      structure with the same outside ambient temperatures. Since a particular
      storage material inherently absorbs and emits heat at approximately the
      same rate, and since the rate at which heat is exposed to the storage
      material is excessive in the present invention apparatus of the absorptive
      capability of the storage material, the rise and fall of the storage
      material temperature occurs at the same rate given similar pump capacities
      of the utility and conditioning pumps, and not unusual temperature
      differentials in the building structure being heated and exclusive of
      simultaneous conduction losses through the walls of the apparatus.
PAR  While the foregoing description has been directed to the heating capability
      of the apparatus of the present invention, it should be appreciated that
      the apparatus is also capable of cooling building structures and therefore
      has a dual capability. When using the apparatus to cool a building
      structure, it is connected to the building structure in the same manner as
      previously described but instead of storing solar heat during daylight
      hours, the unit is closed during the daylight hours with the reflector
      panel 36 lying over the collector unit 34 to prevent solar heat from being
      absorbed by the collector unit. Then, when the sun is not shining, the
      conditioning pump is then operated to circulate air through the collector
      and the storage chamber wherein heat is removed from the storage material
      76 or gravel in the storage chamber. After the gravel has been adequately
      cooled, and before the ambient air begins to warm up during daylight
      hours, the conditioning pump 144 is turned off thermostatically. When cool
      air is desired in a building structure, the utility pump 170 is operated
      to circulate air through the relatively cool storage material to thereby
      remove heat from the building structure.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of heating a building structure comprising the steps of:
PA1  absorbing solar heat on a collector surface wherein said collector surface
      is insulated from the ambient environment,
PA1  passing air across the collector surface in a heat transfer process whereby
      the heat absorbed by the collector surface is transferred to the air,
PA1  passing the hot air leaving the collector surface through a horizontal duct
      disposed at a lower elevation than the collector surface,
PA1  passing the hot air emanating from said duct into an elevated storage
      chamber wherein said storage chamber has material with heat absorbent and
      heat retaining characteristics whereby heat in the hot air is transferred
      from the hot air to said material and retained thereby, and
PA1  intermittently directing a utility flow of fluid from said storage chamber
      into the building structure via a duct disposed at a lower elevation than
      said storage chamber to reduce the temperature differential between the
      interior of the building structure and the interior of the storage
      chamber.
NUM  2.
PAR  2. The method of claim 1 wherein a conditioning flow of air is circulated
      through the storage chamber and the collector and the utility flow of
      fluid is circulated through the storage chamber and the building structure
      and wherein the conditioning air flow and utility fluid flow circulate in
      opposite directions through the storage chamber.
NUM  3.
PAR  3. The method of claim 2 wherein said conditioning flow of air is passed
      through a series of reversing bends as it crosses said collector surface.
NUM  4.
PAR  4. The method of claim 2 wherein said conditioning air is passed through a
      series of reversing bends as it passes through the storage chamber.
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ABST
PAL  A dispensing container for an air treating gel comprising: (A) a base
      member of relatively flat and circular contour having a raised circular
      gel-supporting surface having a first stem located at the center of the
      surface projecting vertically upward therefrom, said first stem having a
      relatively short upper portion having a substantially smaller diameter
      than the remaining longer lower portion, said surface having a cylindrical
      side wall providing a lip portion about the circumference of said surface,
      said wall being integrally connected at its lowermost portion to the
      lowermost portion of a second cylindrical wall laterally offset therefrom
      to provide an annular recess about the circumference of said surface; (B)
      a top member of relatively flat and circular contour having a cylindrical
      side wall disposed about its circumference, said top member having a
      second central hollow stem for insertion therein of the upper portion of
      said first stem; and (C) a tubular-walled member capable of slideably
      engaging the outer surface of the top side wall member while the base
      member first stem and top member second stem remain fixedly engaged,
      whereby the vertical displacement of the lowermost edge of said
      tubular-walled member relative to the base member can be varied to obtain
      a plurality of open positions and can be adjusted to a fully closed
      position when said edge is caused to be inserted into said annular recess
      to provide a vapor-tight seal. Additionally, the dispensing container is
      capable of functioning as a refill for a room deodorizer having a bottom
      portion of generally cylindrical shape and a closure of generally
      frusto-conical shape which is adjustable with respect to the bottom by
      means of a mating hollow bottom post and closure post which frictionally
      engages the inner surface of the hollow bottom post.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dispensing containers for evaporative air
      treating gels wherein the container is additionally capable of functioning
      as a refill for a room deodorizer having a base and a closure portion, the
      position of which relative to the base is adjustable by means of
      frictionally engaging vertical posts projecting towards each other from
      inside the closure and inside the base.
PAR  Air treating gels such as disclosed in U.S. Pat. No. 2,691,615 to Turner et
      al. provide the desirable effect of gradual introduction into the
      surrounding atmosphere such as in a room in a residential house, of
      volitalizable air treating components which includes, for example, air
      freshening and odor treating components. Along with this desirable effect
      has followed a great demand on the part of consumers for various types of
      devices which are capable of dispensing such air treating gels. Many types
      of dispensers are now available commercially and have been disclosed in
      patent literature such as, for example, in U.S. Pat., No. D224,783 to
      Jones, Nos. 3,239,145 and 2,878,060 to Russo, Nos. 2,765,950 and 2,765,951
      to Wheeler, No. 2,783,084 to Paxton, No. 3,857,512 to Levey and No.
      3,104,816 to Jaffee.
PAR  Additionally, and up to most recently, the majority of such room deodorizer
      dispensers have been attractively packaged but have of necessity required
      disposal thereof once the air treating gel contained therein became
      dissipated (e.g., after about 1-2 months). However, consumers have found
      the deodorizing dispensers attractive and, therefore, have been desirous
      of being able to reuse such dispensers if a refill were available.
      Concurrently, many consumers have also expressed a desire for using a room
      deodorizer dispenser which would be substantially less costly than those
      currently available commercially.
PAR  Therefore, a great demand has arisen for an economical room deodorizer
      dispenser which would additionally be capable of functioning as a refill
      for more decorative dispensers currently available commercially.
      Specifically, there has heretofore not been available such a dispenser
      which is additionally capable of functioning as a refill for an air
      freshener container of the type disclosed in U.S. Pat. No. D 224,783 to
      Jones. This patented dispenser is capable of containing therein a cake of
      an air treating deodorizing gel and is comprised of a bottom portion of
      generally cylindrical shape having a flat circular gel-supporting surface
      at the axial center from which upwardly projects a first hollow vertical
      post, and a generally frusto-conically shaped closure portion having at
      its axial center a second vertical post projecting downwardly therefrom,
      wherein a portion of the outer surface of the second post is capable of
      frictionally engaging the inner surface of the first post to provide a
      plurality of height displacements of the lowermost edge of the closure
      relative to the bottom.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of the dispensing container which is capable of
      functioning as a refill.
PAR  FIG. 2 is a front sectional view of the container of FIG. 1 with the
      tubular-walled member in closed position over the base member with
      portions of the structure broken away and in section to show the details
      thereof.
PAR  FIG. 3 is a front sectional view of the container of FIG. 1 with the
      tubular-walled member in an open position displaced from the base member
      to expose the air treating gel with portions of the structure broken away
      and in section to show the details thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the dispensing container 1 capable of functioning as a
      refill for a room deodorizer such as is disclosed in U.S. Patent No. D
      224,783 for containing an air treating gel is comprised of three basic
      elements: a base member 3, a top member 12 and a tubular-walled member 15.
      As is shown in FIGS. 2 and 3, base member 3 is relatively flat and of
      circular contour having a raised circular surface 4 for supporting a cake
      of air treating gel 2 and having a first stem 5 located at the axial
      center of the surface projecting perpendicularly or vertically upward
      therefrom. This first stem has a relatively short upper portion 6 having a
      substantially smaller diameter than the remaining longer lower portion 7.
      The surface 4 also has a cylindrical side wall 8 which projects slightly
      upwardly providing a lip portion 9 about the circumference of the surface.
      The wall 8 is additionally integrally connected at its lowermost portion
      to the lowermost portion of a second cylindrical wall 10 laterally offset
      therefrom to provide an annular recess 11 between the walls and about the
      circumference of surface 4.
PAR  The top member 12 is of relatively flat and circular contour having a
      cylindrical side wall 13 disposed about its circumference. Top member 12
      additionally has a second central hollow stem 14 projecting vertically
      downwardly at the axial center of the top member 12 for insertion therein
      of the upper portion 6 of the first stem 5.
PAR  The lowermost edge of tubular-walled member 15 is capable of being
      removably inserted into annular recess 11 to provide a vapor-tight seal
      when the container 1 is in the closed position. The inner surface of
      member 15 is capable of slideably engaging the outer surface of the side
      wall 13 of the top member 12 while the first stem 5 of base member 3 and
      the second stem 14 of top member 12 remain fixedly engaged thereby
      allowing vertical displacement of the lowermost edge of tubular-walled
      member 15 relative to the base member 3 to obtain a plurality of open
      positions for varying degrees of exposure of the air treating gel 2
      contained in container 1.
PAR  Preferably, the uppermost edge of second wall 10 in the base member 3 is at
      a lower level in space relation to the level of surface 4 and lip portion
      9 to aid in preventing pieces of gel from becoming dislodged from the cake
      of air treating gel 2 as a result of movement of tubular-walled member 15
      during use as a dispenser. Also, a plurality of vertically spaced-apart
      projections 16 may be provided about the outer surface of second wall 10
      to provide a knurling effect to aid the user in gripping base member 3
      while displacing tubular-walled member 15 a vertical distance therefrom
      for activation of the air treating gel 2.
PAR  To prevent premature evaporation or dissipation of the gel during storage
      or non-use, tubular-walled member 15 is preferably composed of a laminated
      structure comprising an inner layer of polypropylene film, a middle layer
      of aluminum foil and an outer layer of spirally-wound Kraft paper. Plastic
      films other than polypropylene can be utilized which are not chemically
      reactive with the air treating gel, such as polyethylene film. Such
      laminated structures are well known and are similar to those disclosed in
      U.S. Pat. Nos. 3,572,499 to Mondano, 3,315,864 to Martin et al and
      3,147,902 to Miller. The thickness of each of the polypropylene film and
      the aluminum foil should be adequate to provide an effective vapor barrier
      for the gel and can be from 1-3 mils, and is preferably about 1 mil. The
      Kraft paper need be thick enough to provide rigidity to the tubular
      structure.
PAR  Another aspect of the invention is the use of container 1 as an economical
      refill for a room deodorizer of the type disclosed in U.S. Patent No. D
      224,783. To be used as a refill, the user grasps the outer surface of
      second wall 10 of base member 3 while lifting the outer surface of
      tubular-walled member 15 while simultaneously disengaging second stem 14
      of top member 12 from the upper portion 6 of first stem 5 of the base
      member 3. The bottom portion of the room deodorizer is inverted and the
      hollow post projecting vertically along the axial center thereof is
      inserted over the upper portion 6 of stem 5 to interlock therewith. The
      interlocked combination is then inverted and the gel cake is gently
      squeezed if necessary to enable the cake to slide down the hollow post and
      onto the room deodorizer bottom portion surface. The refill base member
      stem 5 is disengaged from the room deodorizer hollow post, and the closure
      portion of the room deodorizer is replaced over the bottom portion making
      the deodorizer ready for use once more.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dispensing container for an air treating gel comprising:
PA1  A. a base member of relatively flat and circular contour having a raised
      circular gel-supporting surface having a first stem located at the center
      of the surface projecting vertically upward therefrom, said first stem
      having a relatively short upper portion having a substantially smaller
      diameter than the lower portion, said surface having a cylindrical side
      wall providing a lip portion about the circumference of said surface, said
      wall being integrally connected at its lowermost portion to the lowermost
      portion of a second cylindrical wall laterally offset therefrom to provide
      an annular recess about the circumference of said surface;
PA1  B. a top member of relatively flat and circular contour having a
      cylindrical side wall disposed about its circumference, said top member
      having a second central hollow stem for insertion therein of the upper
      portion of said first stem; and
PA1  C. a tubular-walled member capable of slideably engaging the outer surface
      of the top side wall member while the base member first stem and top
      member second stem remain fixedly engaged, whereby the vertical
      displacement of the lowermost edge of said tubular-walled member relative
      to the base member can be varied to obtain a plurality of open positions
      and can be adjusted to a fully closed position when said edge is caused to
      be inserted into said annular recess to provide a vapor-tight seal.
NUM  2.
PAR  2. The container of claim 1 wherein the uppermost edge of said second wall
      is at a lower level in space relation to the level of said surface.
NUM  3.
PAR  3. The container of claim 1 wherein the outer surface of said second wall
      contains a plurality of vertically spaced-apart projections disposed about
      the circumference of said wall.
NUM  4.
PAR  4. The container of claim 1 wherein said tubular-walled member is composed
      of a laminated structure comprising an innner layer of polypropylene film,
      a middle layer of aluminum foil, and an outer layer of spirally-wound
      Kraft paper.
NUM  5.
PAR  5. A refill for a room deodorizer wherein a cake of an air treating
      deodorizing gel is disposed therein and comprised of a bottom portion of
      generally cylindrical shape having a flat circular gel-supporting surface
      at the axial center of which upwardly projects a first hollow vertical
      post and a generally frusto-conically shaped closure portion having at its
      axial center a second vertical post projecting downwardly therefrom,
      wherein a portion of the outer surface of said second post is capable of
      frictionally engaging the inner surface of said first post to provide a
      plurality of height displacements of the lowermost edge of the closure
      relative to the bottom, said refill being capable of functioning
      additionally as a dispensing container for said air treating gel and
      comprising:
PA1  A. a base member of relatively flat and circular contour having a raised
      circular gel-supporting surface having a first stem located at the center
      of the surface projecting vertically upward therefrom, said first stem
      having a relatively short upper portion having a substantially smaller
      diameter than the remaining longer lower portion, said stem upper portion
      being capable of interlocking with said first post, said surface having a
      cylindrical side wall providing a lip portion about the circumference of
      said surface, said wall being integrally connected at its lowermost
      portion to the lowermost portion of a second cylindrical wall laterally
      offset therefrom to provide an annular recess about the circumference of
      said surface;
PA1  B. a top member of relatively flat and circular contour having a
      cylindrical side wall disposed about its circumference, said top member
      having a second central hollow stem for insertion therein of the upper
      portion of said first stem;
PA1  C. a tubular-walled member capable of slideably engaging the outer surface
      of the top side wall member while the base member first stem and top
      member second stem remain fixedly engaged, whereby the vertical
      displacement of the lowermost edge of said tubular-walled member relative
      to the base member can be varied to obtain a plurality of open positions
      and can be adjusted to a fully closed postiion when said edge is caused to
      be inserted into said annular recess to provide a vapor-tight seal;
PA1  D. a cylindrically-shaped cake of air treating deodorizing gel disposed on
      said base member surface within the confines of said lip portion, said
      cake having a hollow portion at its axial center of substantially the same
      diameter and height as the lower portion of the first stem, wherein
      additionally the diameter of the cake is slightly less than the diameter
      of said room deodorizer bottom portion surface and the height of said cake
      is less than the height of said closure portion, whereby when said refill
      base member containing said cake of air treating gel is placed on a
      horizontal surface, the hollow post of the room deodorizer bottom portion
      placed over the upper portion of the base member stem to interlock
      therewith, and the interlocked combination inverted, the cake will slide
      down the hollow post onto the bottom portion surface so that upon
      disengagement of the stem from the hollow post and replacement of the
      closure portion the room deodorizer is ready for use.
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ABST
PAL  Self propelled sprinkling irrigation apparatus according to the present
      invention includes an elongated pipe line for transporting water which
      pipe line includes a plurality of interconnected pipe spans each having
      sprinkler mechanisms carried thereby for distribution of the water. A pair
      of tension elements is provided for each pipe span, the tension elements
      being connected adjacent the extremities of each pipe span. A plurality of
      pair of load supporting elements are spaced along each of the pipe spans,
      the load supporting elements being interposed between the pipe and the
      tension elements and additionally are disposed in substantially normal
      relation to the respective pipe span and tension element. A transverse
      brace is interposed between each of the pairs of load supporting elements
      and maintains the load supporting elements in stabilized diverging
      relation. A single stabilizer brace element is provided for each of the
      pairs of load supporting elements and extends between the pipe span and
      one of the tension elements and is disposed in angular relation with the
      pipe span, the load supporting elements and the tension element. The
      stabilizer elements cooperating with successive pairs of the load carrying
      elements are connected to opposite ones of the tension elements thereby
      disposing the stabilizer elements in alternating directly connected
      relation with one of the load carrying elements of each pair of load
      carrying elements. The other load carrying element of each pair is
      indirectly but positively supported in space by support forces transmitted
      through the tension element to which the same is connected.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to fluid sprinking and spraying
      apparatus of the type utilized for irrigation of large land areas and
      which comprises a self propelled boom structure composed of a plurality of
      truss spans or sections that are interconnected in such manner that
      articulation is allowed between the spans. More specifically, the
      invention pertains to an improved truss structure for self propelled
      sprinkling type irrigation systems, which truss structure incorporates a
      lesser number of structural elements and braces than is typical in
      conventional truss systems and which employs a unique cooperative
      relationship of structural components that effectively promotes the
      development of truss systems of exceptional strength and stability.
PAC  BACKGROUND OF THE INVENTION
PAR  Self propelled sprinkler type irrigation mechanisms have been utilized for
      a considerable period of time and such devices may take a number of
      different forms depending upon the characteristics of the irrigation
      process to be accomplished. For example, U.S. Pat. No. 2,892,593
      (Smeltzer) discloses sprinkler irrigation apparatus of the ambulant type,
      which apparatus revolves around a pivot post that also provides a supply
      of water for irrigation. U.S. Pat. No. 3,352,493 (Curtis) teaches the
      provision of a sprinkler type irrigation system which is capable of
      drawing water from a ditch and propelling itself in straight line fashion
      across a field to be irrigated. Wagner U.S. Pat. No. 3,729,140 teaches the
      use of a longitudinally movable wheeled sprinkler system that may be towed
      in any suitable fashion while Curtis et al. U.S. Pat. No. 3,314,608 shows
      the use of a wheel supported and driven sprinkler mechanism that revolves
      around a water supply post.
PAR  Most self propelled irrigation systems, regardless of the specific
      characteristics thereof, utilize elongated pipe sections for transporting
      water from a water supply source to the various sprinkler heads that are
      incorporated into the sprinkler mechanism. Wheels, or other motive devices
      typically support the apparatus and move the apparatus over the land area
      to be irrigated. It is desirable that the apparatus be supported by as few
      wheels as possible to limit the amount of land that is disturbed by the
      wheels as the apparatus traverses the land area. It is desirable,
      therefore, to place the wheels or other motive devices as far apart as
      possible in order to limit the amount of unused land area or crop
      interference that occurs in the land area being irrigated. For example, if
      the crop to be irrigated is cotton, wheels or other motive devices rolling
      through the cottom field will prevent growth of cotton plants within
      certain limits in the area of contact between the motive devices and the
      ground. It is therefore desirable to have as few motive devices as
      possible in the field being irrigated without sacrificing the structural
      integrity of the irrigation system.
PAR  The sections of water supply pipe, which are typically composed of steel,
      aluminum or other suitable materials, together with the water contained
      therein are quite heavy and must be structurally supported. As shown by
      the U.S. Pat. to Curtis, No. 3,352,493, overhead cable type pipe support
      assemblies may be utilized. Pipe support truss structures may also be
      employed wherein tensioning devices are employed to restrain movement of
      the extremities of the water supply pipe as taught by Wallace U.S. Pat.
      No. 3,335,958.
PAR  Where tension support type water pipe support trusses are employed and
      water supply pipes of exceptional length are also employed, it is typical
      for the support truss system to incorporate a large number of brace
      components between the tension elements and the pipe in order to lend
      sufficient structural integrity to the structure to restrain the loads
      that lend to subject the structure to twisting or bending during operation
      thereof. Most truss systems that incorporate long truss spans employ a
      plurality of inclined supports at each support position between the water
      pipe and tension elements of the truss as taught by Reinke. This is
      necessary because of the combined bending and twisting loads to which the
      truss spans are typically subjected during operation. Moreover, since the
      braces that are utilized are typically composed of steel and are also
      quite heavy of their own nature, the practical length of the truss
      sections is limited to some degree by the weight of the brace structures.
PAR  It is therefore a primary object of the present invention to provide a
      novel support truss mechanism for self propelled spinkler type irrigation
      machines that incorporates a plurality of load supporting brace systems
      that cooperate one with other structural components of the truss structure
      to provide a support truss structure of exceptional strength and
      durability.
PAR  It is an even further object of the present invention to provide a novel
      support truss structure for self propelled irrigation machines wherein a
      plurality of braces are employed that are alternately related in such
      manner that one stabilized brace structure lends cooperative structural
      integrity to adjacent brace structures by providing support therefor
      through tension elements to which the brace structures are interconnected.
PAR  Among the several objects of the present invention is noted the
      contemplation of a novel water supply support truss structure for self
      propelled irrigation systems, wherein tension support elements that may be
      straight or arcuately configured are disposed in cooperative relationship
      with a straight or arcuately configured water supply pipe section to
      provide a water supply support truss mechanism that effectively resists
      bending and twisting forces during irrigation operation of the mechanism.
PAR  It is an even further object of the present invention to provide a novel
      water supply support truss mechanism that is of simple design, is low in
      cost and reliable in use.
PAR  Other and further objects, advantages and features of the present invention
      will become apparent to one skilled in the art upon consideration of the
      written specification, the attached claims and the annexed drawings. The
      form of the invention, which will now be described in detail, illustrates
      the general principles of the invention, but it is to be understood that
      the detailed description is not to be taken as limiting the scope of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to self propelled sprinkling irrigation
      apparatus for irrigating large land areas such as fields of crops, for
      example, wherein the apparatus comprises a pipe line composed of a
      plurality of interconnected pipe spans that are disposed in movable
      articulated relationship. The water supply pipe of each of the spans may
      be straight or may be of generally arcuate configuration between the end
      connections thereof, and, if arcuate, may have the arc of each pipe
      section facing upwardly and causing the central portion of the pipe span
      to be disposed at a level above the end connection of the pipe. A pair of
      tension elements are provided for each pipe span with the extremities of
      the tension elements connected adjacent the extremities of the pipe span,
      the tension elements restraining downward bending of the water pipe when
      the pipe is loaded with water.
PAR  A plurality of load supporting assemblies are provided for each of the pipe
      spans and are spaced along the length of the respective pipe span. Each of
      the load supporting assemblies cooperates with other structure to define a
      plurality of brace assemblies spaced along the length of the pipe span.
      Each of the load supporting assemblies is disposed in a plane that is
      disposed in substantially normal relation to the water pipe and includes a
      pair of elongated load supporting elements that are disposed in downwardly
      diverging relation one with the other, the lower extremities of the load
      supporting elements being connected to respective ones of the pair of
      tension elements and thereby maintaining the tension elements in spaced
      relation below and to either side of the water pipe structure. The water
      pipe and the tension elements are disposed in generally triangular
      relationship when viewed in cross section, with each of the load
      supporting elements of the load supporting assemblies providing equal
      support between the water pipe and the tension elements. A transverse
      brace is interposed between each of the pairs of load supporting elements
      and serves to maintain the load supporting elements in stabilized
      diverging relation and to maintain the tension elements in spaced and
      properly positioned relation below and to either side of the water pipe
      structure.
PAR  To prevent twisting loads from deforming the structure of the truss
      mechanism beyond allowable limits, a single stabilizer brace element is
      provided for each of the load supporting assemblies and extends between
      the pipe span and one of the tension elements. The stabilizer brace
      element is also disposed in angular relation with the pipe span, the load
      supporting elements and the respective tension element and cooperates with
      each of the structural elements of the truss system to serve a stabilizing
      function when the structural elements are subjected to tension and
      compression forces or to variable tension and compression forces.
      Stabilizer elements for successive pairs of the load carrying elements are
      connected to opposite ones of the tension elements, thereby allowing
      alternating ones of the stabilizer brace elements to lend structural
      integrity to otherwise unsupported brace structure disposed therebetween
      thereby causing the lower extremities of all of the load supporting
      elements to be fixed and restrained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the manner in which the above recited features, advantages and
      objects of the present invention, as well as others, which will become
      apparent, are attained and can be understood in detail, more particular
      description of the invention, briefly summarized above, may be had by
      reference to the preferred embodiment thereof illustrated in the appended
      drawings which drawings form a part of this specification.
PAR  It is to be noted, however, that the appended drawings illustrate only a
      typical embodiment of the invention and are therefore not to be considered
      limiting of its scope, for the invention may admit to other equally
      effective embodiments.
PAC  In the drawings:
PAR  FIG. 1 is an elevational view of overhead sprinkler type self propelled
      irrigation apparatus having a plurality of joined spans each being
      constructed in accordance with the present invention.
PAR  FIG. 2 is an enlarged elevational view similar to the elevational view of
      FIG. 1 and depicting the first truss section of the irrigation apparatus
      of FIG. 1 in detail.
PAR  FIG. 3 is a plan view of the irrigation apparatus of FIG. 2.
PAR  FIG. 4 is a fragmentary isometric view of the irrigation apparatus of FIGS.
      1-3, illustrating the truss brace assemblies thereof in greater detail.
PAR  FIG. 5 is a fragmentary isometric view of the structure illustrated in FIG.
      4, illustrating the structural details of the mechanical interconnection
      between the sections of the tension element and a load supporting element
      of the truss structure.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings and first to FIG. 1 and 2, there is shown a
      land area at 10 that is to be irrigated by sprinkling water from overhead
      sprinkling apparatus as the apparatus traverses the land area. Apparatus
      for irrigation of the land area may, in accordance with the present
      invention, take the form of overhead type sprinkling apparatus, such as
      shown generally at 12, which may be referred to as circular irrigation
      apparatus, wherein a plurality of interconnected self-propelled elongated
      booms or spans revolve about a centrally located tower, illustrated
      generally at 14, which serves as a structural support for one extremity of
      the irrigation apparatus and also serves to supply water to the irrigation
      apparatus.
PAR  While the invention will be discussed herein as it relates to circular
      irrigation apparatus of the general type depicted in the drawings, it is
      to be borne in mind that the present invention may be incorporated in
      overhead irrigation apparatus of other general types without departing
      from the spirit and scope of the present invention. For example,
      interconnected self-propelled irrigation booms or spans may function to
      move across a land area in a substantially straight line, having a ditch
      or other elongated source as its water supply. The spans that are
      supported by self-propelling mechanisms such as the wheel driven type
      shown may be identical or substantially identical in straight line or
      circular type irrigation systems, if desired.
PAR  The tower 14, as best shown in FIGS. 2 and 3, will be located at the center
      of the land area to be irrigated and generally comprises a plurality of
      interrelated structural braces 16 and 17 that serve to support a water
      supply pipe 18 in generally vertical orientation, the water pipe being
      connected to a source of pressurized water, such as is produced by a
      conventional engine powered pump located at a water well site.
PAR  The water supply pipe 18 may include a generally horizontally disposed
      upper section 20 having a connector 22 provided thereon which receives a
      connector 24 provided on a water pipe 26 defined by a plurality of water
      pipe sections. The water supply conduit 18 may also be provided with a
      swivel 28 that allows the upper section 22 of the water supply pipe to
      rotate relative to the lower section 18 thereof as the sprinkling
      mechanism rotates during irrigation operations.
PAR  In accordance with the present invention and as shown in detail in FIGS. 2
      and 3, the overhead type irrigation apparatus 12 is composed of a
      plurality of spans illustrated generally at 30, which spans are joined
      together to define an elongated irrigation system that may be in the order
      of one quarter mile or greater in length. Each of the spans 30 may
      comprise an elongated section or span 32 of water pipe that may be of
      arcuate or flat configuration, each extremity of the wate pipe being at
      generally the same level relative to the surface of the land area 10 while
      the central portion of the arcuate water pipe is positioned above the
      level of the extremities thereof. Sprinkler devices carried by the water
      pipe serve to distribute water as the irrigation mechanism traverses the
      land area to be irrigated. Each extremity of the water pipe span 32 may be
      provided with a connection, one being shown at 24 while the other is shown
      at 34 for interconnection of the water pipe 32 of the span is assembly
      with other span structure or in assembly with the centrally located water
      supply pipe 20, as described hereinabove. It is desirable, however, that
      the connections of the span, to other span structure and to the water
      supply pipe structure, of of flexible nature in order to allow a certain
      degree of universal movement. Because land areas in farming regions are
      seldom level, and because the linear arrangement of the spans may not be
      precisely straight at all times, a certain amount of angular misalignment
      must be compensated for by the connection structures.
PAR  In defining the water pipe span 32 of the boom structure, it may be
      desirable to provide two or more smaller sections of straight or arcuate
      water pipe and to join these sections in substantially rigid relationship
      by means of bolted flange connections, such as shown at 36 and 38 in FIG.
      2.
PAR  The spans or span sections each include a motive device or self propelling
      device which moves the span sections over the land area. Although many
      different types of motive devices may be employed within the scope of this
      invention, electric motor driven span drive towers 35 supported by drive
      wheels 37, such as shown in FIGS. 1-3, may be employed.
PAR  Each of the span sections may also define a support truss that is supported
      at each extremity and which includes a pair of tension elements 40 and 42
      that are connected to the water pipe section 32 adjacent each extremity
      thereof and serve when arcuate water pipe is employed to maintain the
      water pipe span in an upwardly bowed or arcuate configuration, resisting
      the forces attributed by the weight of the truss, the weight of the water
      that is being transported through the water pipe structure and the weight
      of brace assemblies of the truss structure.
PAR  The tension elements 40 and 42 may in fact comprise a plurality of
      individual sections, each of which is interconnected to form the elongated
      tension elements. For example, as illustrated in FIG. 4 the tension
      element 42 is shown to comprise individual sections 42a, 42b and 42c that
      are interconnected by means of connector plate assemblies 44 and 46.
PAR  Referring to FIG. 5, each of the connector plate assemblies may be
      constructed, as shown generally at 44, with a pair of connector segments
      48 and 50 disposed in overlapping relationship and having aligned
      apertures through which a bolt 52 may extend to retain the segments in
      fixed relation one with the other. The bolt 52 may also extend through an
      aperture or apertures defined in one or more structural braces such as
      shown at 54, to define an interrelated structural support assembly.
PAR  The connector segments 48 and 50 may be of generally rectangular
      configuration and may be provided with recesses 51 and 53, respectively,
      within which the extremities of the tension elements 42b and 42c may be
      received. The extremities of the tension elements 42b and 42c may be
      located within respective ones of the recesses and may be welded or
      otherwise fixed to the connector segments 48 and 50. By utilizing
      connector segments of greater strength than the tension elements connected
      thereto, a structural interconnection may be established between the
      tension elements and brace structures of the span assembly that is
      exceptionally durable and yet the overall weight of the tensioning system
      will remain quite low, thereby contributing to the establishment of a
      light weight truss system for the truss structure that effectively
      facilitates development of a truss structure of exceptional length.
PAR  In the truss structure of the span, it is desirable that means be provided
      to establish a supporting function between the tensioning elements and the
      water pipe section 32. In accordance with the present invention,
      supporting brace assemblies may be provide, as shown generally at 54 in
      FIG. 4, each of which may comprise a pair of weight supporting elements 56
      and 58 that are bolted or otherwise fixed to brace connector elements 60.
      The connector elements 60 may be welded or otherwise fixed to the water
      pipe 32. The weight supporting brace elements 56 and 58 may be disposed in
      downwardly diverging relationship and may lie within a plane that is
      disposed in substantially normal relationship with the water pipe 32 when
      viewed in plan. The lower extremities of the brace elements 58 and 56 may
      be secured to the tensioning system by means of the bolts 52 that pass
      through the connector segments 48 and 50 and through the respective brace
      element 56 in the manner shown in FIG. 5. A generally horizontally
      disposed transverse brace 62 may have its extremities connected to the
      brace elements 56 and 58 by bolting or by any other suitable means of
      connection and may serve to retain the support braces 56 and 58 in
      properly oriented spaced relationship and to maintain proper spacing of
      the tension elements 40 and 42.
PAR  It will be desirable to prevent twisting of the truss structure of the span
      and to maintain the support elements 56 and 58 together with the
      transverse brace 62 in a plane that is substantially normal to the water
      pipe 32 when viewed in plan. It is also desirable that the structural
      brace system for maintaining proper positioning of the support brace
      assemblies 54 be as light weight as possible without sacrificing
      structural integrity of the boom truss system. In the past, as mentioned
      hereinabove, it has been the practice to utilize a plurality of
      combination load supporting and bracing elements between the tension
      elements and the water pipe to provide a supporting function and to
      prevent twisting of the span. To provide a proper load supporting function
      and to prevent twisting it is necessary to provide positive support at
      each extremity of the load supporting elements of the truss system between
      the water pipe and the tension elements. In accordance with the present
      invention, means for maintaining the generally vertical or normal
      relationship of the support brace structures may conveniently take the
      form of a single stabilizer brace element provided for each of the load
      supporting brace assemblies 54-54a, etc., and which single stabilizer
      brace element serves to directly stabilize one of the load supporting
      elements of the load supporting brace structure and also serves to
      indirectly stabilize the unsupported extremities of adjacent load
      supporting elements of the truss structure.
PAR  As shown in FIG. 4, stabilizer brace element 64 may have its lower
      extremity connected to the tension element 42 at the point of juncture
      between the load supporting element 58 and the connection between the
      sections 42a and 42b of the tensioning element 42. The upper extremity of
      the stabilizer brace element 64 may be connected by a bolt 66, or by any
      other suitable means of connection, to a stabilizer brace connector
      element 68 that may be secured to the water pipe section 32 by welding or
      the like.
PAR  As shown in FIG. 4, the single stabilizer brace element 64a for the
      adjacent support brace assembly 54a will be connected to the tension
      element 40 and the water pipe structure 32 in the same manner as the
      stabilizer brace element 64, but the stabilizer brace element 64a will
      extend from the opposite tension element to the water pipe section.
PAR  As illustrated in plan in FIG. 3, the single stabilizer brace 64 stabilizes
      the lower extremity of the load supporting brace element 58 and allows the
      interconnection between the lower extremity of the load supporting element
      56 and the tension element 40 to remain unsupported. A stabilizer brace
      element 64, in addition to stabilizing the load supporting assembly 58,
      also provide stabilization for the unsupported lower extremities of the
      adjacent support brace assemblies such as shown at 54a and 54b thereby
      fixing points 54a and 54b in space. Likewise, stabilizer brace element 64b
      provides immediate structural support for the lower extremity of one of
      the support brace elements of the support brace assembly 54c, while
      providing indirect structural support for the unsupported support brace
      elements of the adjacent support brace assemblies 54b and 54d.
PAR  On the opposite side of the truss structure, as viewed in plan in FIG. 3,
      the unsupported lower extremity of the support brace element 56 obtains
      structural support from the adjacent single stabilizer brace elements 64a
      and 64c. The same functional and structural association occurs with
      respect to the support brace assembly 54c. The unsupported load supporting
      element of the load supporting brace assembly 56c obtains structural
      stabilization from the adjacent single stabilizer brace elements 64c and
      64d and also from the function of the stabilizer brace element 64b, which
      acts through the transverse brace 54c.
PAR  By employing alternating single stabilizer brace elements for each of the
      support brace assemblies, the weight of the span truss structure can be
      effectively maintained at a minimum without sacrificing from the
      standpoint of structural stability. The cooperative relationships between
      the stabilizer brace elements and the adjacent unsupported extremities of
      adjacent brace assemblies, effectively accomplishes sufficient
      stabilization of the entire structure to prevent the span truss structure
      from twisting or bending as forces are applied to the truss structure
      during movement thereof over the land area. Moreover, the single
      stabilizer brace elements for each of the pairs of load supporting brace
      assemblies may comprise light weight structural elements such as simple
      angle or tubular brace members because of the characteristics of the loads
      applied thereto as the irrigation system is operated. The support braces,
      such as those shown at 56 and 58 in FIG. 4, must be of sufficient
      structural integrity to support the load applied thereto by the water pipe
      section 32 and, therefore, are typically of larger dimension than the
      dimension necessary for the stabilizer brace elements although the support
      braces and stabilizer braces may, if desired, be of the same dimension.
      The transverse structural braces, such as shown at 62 in FIG. 4, may also
      be defined by light weight structural elements such as simple light weight
      angle type braces, tubular braces, etc. The only structural elements that
      are utilized in establishing interconnection between the water pipe
      structure and the tensioning elements that provide a direct load
      supporting function are the support brace elements, such as shown at 56
      and 58 in FIG. 4. Only the load supporting elements of the load supporting
      brace assemblies is required to be of sufficiently heavy construction to
      support the load of the pipe and the water contained therein. The
      resulting support brace assemblies for the span truss structure, including
      the single stabilizer brace elements, is low in overall weight, without
      sacrificing in any manner from the standpoint of structural integrity.
PAR  In view of the foregoing, the present invention promotes development of
      overhead type irrigation systems incorporating span truss structures that
      are relatively light weight and are exceptionally strong and durable in
      additionto being of low cost because of the limited number of parts
      thereof. The light weight nature of the span truss systems provided by the
      present invention effectively promotes development of span truss
      structures that can be exceptionally long, thereby facilitating minimum
      interference with crop growth in the land area being irrigated because of
      the optimum ratio of ground contact area of the motice devices to the
      total groung area being irrigated. Even though a minimum of structural
      elements are employed, a span truss structure is established that
      effectively resists twisting and bending forces that are applied thereto
      during utilization of the irrigation apparatus. These various features and
      advantages are effectively promoted by a novel water supply support truss
      structure having the plurality of stabilizer braces that are employed in
      support brace assemblies to establish supporting bracing function between
      a water pipe structure and tensioning elements. The support brace
      assemblies are alternatively related by the functional relation of the
      stabilizer braces thereto in such manner that one brace structure lends
      cooperative structural integrity to adjacent brace structures and causes
      each extremity of each load support element to be positively fixed in
      respect to other structural elements of the truss structure.
PAR  It is therefore seen that the present invention is one well adapted to
      attain all of the objects and advantages hereinabove set forth, together
      with other advantages, which will become obvious and inherent from a
      description of the apparatus itself. It will be understood that certain
      combinations and subcombinations are of utility and may be employed
      without reference to other features and subcombinations. That is
      contemplated by and is within the scope of the present invention.
PAR  As many possible embodiments may be made of this invention without
      departing from the spirit or scope thereof, it is to be understood that
      all matters hereinabove set forth or shown in the accompanying drawings
      are to be interpreted as illustrative and not in any limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Self-propelled sprinkling irrigation apparatus for irrigating large land
      areas, said apparatus comprising:
PA1  a pipeline having a plurality of interconnected pipe spans having sprinkler
      mechanisms carried thereby for distribution of water;
PA1  a pair of tension elements for each pipe span, said tension elements having
      the extremities thereof connected adjacent the extremities of said pipe
      spans;
PA1  a plurality of pairs of load supporting elements for each of said pipe
      spans being spaced along the length of each respective pipe span, said
      pairs of load supporting elements being secured at one extremity thereof
      to said pipe span and extending in downwardly diverging relation from said
      pipe span, the lower extremities of said load supporting elements being
      connected to respective ones of said pair of tension elements;
PA1  transverse brace means being interposed between each of said pairs of load
      supporting elements and maintaining said load supporting elements in
      stabilized diverging relation; and
PA1  a single stabilizer brace element for each of said pairs of load supporting
      elements, each of said stabilizer braces extending between said pipe span
      and one of said tension elements and being disposed in angular relation
      with said pipe span, said load supporting elements and said tension
      element, said stabilizer elements of successive pairs of said load
      carrying elements being connected to opposite ones of said tension
      elements.
NUM  2.
PAR  2. Self-propelled sprinkling irrigation apparatus as recited in claim 1,
      wherein:
PA1  the upper extremities of each of said stabilizer brace elements is
      connected to said pipe section in spaced relation to the points of
      connection of said load supporting elements and said pipe section and the
      lower extremities of each of said stabilizer brace elements is connected
      to said respective one of said tension elements immediately adjacent the
      point of connection between said load supporting elements and the
      respective one of said tension elements.
NUM  3.
PAR  3. Self-propelled sprinkling irrigation apparatus as recited in claim 1,
      wherein:
PA1  each of said pipe sections is of arcuate configuration and has connection
      means at each extremity thereof, the curvature of said pipe sections
      extending upwardly from the level of said connection means; and
PA1  said tension elements present a generally arcuate configuration, and extend
      downwardly and to either side, respectively, of the respective one of said
      pipe sections.
NUM  4.
PAR  4. Self-propelled sprinkling irrigation apparatus as recited in claim 3,
      wherein:
PA1  said tension elements extend both downwardly and laterally relative to a
      generally horizontal line extending between said connection means of said
      pipe sections.
NUM  5.
PAR  5. Self-propelled sprinkling irrigation apparatus for irrigating large land
      areas, said apparatus comprising:
PA1  a pipeline having a plurality of pipe sections having movable articulated
      connection therebetween and having a plurality of sprinkling elements
      carried thereby for distribution of water onto the land area to be
      irrigated;
PA1  a pair of tension elements for each pipe section said tension elements
      having the extremities thereof connected adjacent the extremities of said
      pipe section;
PA1  at least one pair of elongated load supporting elements for each of said
      pipe sections, said load supporting elements being secured at one
      extremity thereof to said pipe section and extending in diverging relation
      from said pipe section, the other extremities of said load supporting
      elements being connected to respective ones of said pair of tension
      elements;
PA1  transverse brace means being interposed between each of said pairs of load
      supporting elements and maintaining the diverging relationship of said
      load supporting elements; and
PA1  a single stabilizer brace element for said pair of load supporting
      elements, said stabilizer brace extending between said pipe section and
      one of said tension elements and being disposed in angular relation with
      said pipe section, said load supporting elements and said tension element.
NUM  6.
PAR  6. Self-propelled sprinkling irrigation apparatus as recited in claim 5,
      wherein:
PA1  the upper extremities of each of said stabilizer brace elements is
      connected to said pipe section in spaced relation to the points of
      connection of said load supporting elements and said pipe section and the
      lower extremities of each of said stabilizer brace elements is connected
      to said respective one of said tension elements adjacent the point of
      connection between said load supporting elements and the respective one of
      said tension elements.
NUM  7.
PAR  7. Self-propelled sprinkling irrigation apparatus as recited in claim 5,
      wherein:
PA1  each of said pipe sections is of generally arcuate configuration, the
      curvature thereof extending upwardly from the level connections of the
      pipe sections; and
PA1  said tension elements present a generally arcuate configuration extending
      both downwardly and laterally relative to a horizontal line extending
      between the connections of said pipe sections.
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ABST
PAL  A foam generating nozzle is made either as an attachment to an existing
      liquid spray nozzle unit or as a pre-manufactured assembly and includes a
      foam-generating section having a pressure-reducing passageway including a
      preferably sharply outwardly tapering portion leading to a venturi-forming
      throat portion, and adapted to receive the liquid stream issuing from an
      inlet orifice. Air inlet ports are provided communicating with the
      pressure-reducing passageway, through which ports air is drawn by the
      reduced pressure caused by the pressure-reducing passageway. Optimum
      foaming action is achieved by adjusting the point of the pressure-reducing
      passageway struck by the stream which is most advantageously achieved by
      adjusting the angle of the stream issuing from the orifice so the widest
      portion thereof strikes the end section of the tapering portion of the
      passageway.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 396,183,
      filed Sept. 11, 1973 and now abandoned, and entitled, FOAM GENERATING
      APPARATUS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to foam generating nozzles and foam
      generating systems utilizing the same, and which, while having application
      for the dispensing of a wide variety of chemicals, has its most important
      application in the dispensing of cleaning chemicals.
PAR  The application of chemicals in a foamed condition is frequently desirable
      for a number of reasons. Thus, it permits the application of chemicals
      with lower spray rates and active chemical content with the advantage of
      reduced costs. Also, especially when spraying vertical or downwardly
      facing horizontal surfaces, maximum contact time of the foamed material on
      the surface involved is achieved. Additionally, it eliminates the health
      and safety hazards caused frequently by liquid sprays which by splashing
      or otherwise forms tiny droplets or a fine mist which is inhaled and
      strikes the eyes to cause great discomfort and sometimes serious harm to
      the persons involved. The application of the material in a foamed state
      reduces or eliminates the tiny droplets or mist formation which causes
      these health and safety hazards.
PAR  The application of agricultural chemicals by spraying from airplanes and
      the like by foam generating equipment including a nozzle unit which mixes
      air with the liquid chemical is well known. Occasionally, cleaning
      chemicals have been applied by foam-producing aerosol and other type
      dispensing units. Also, the foaming of a mixture of water and a foaming
      agent issuing from a nozzle is in common use by firemen.
PAR  Many materials such as soaps can be readily foamed by mild agitation, and
      other materials are more difficult to apply in the foamed condition.
      Foaming agents can sometimes be added to the latter materials to increase
      their foamability when agitated by passage through an aerosol nozzle or
      when mixed with air in an aerating nozzle.
PAR  The type of foam achieved by a particular foam generating nozzle unit is a
      function of a number of factors, such as the nature of the material being
      sprayed, the pressure of the material when applied to the nozzle unit and
      the design of the nozzle unit. Also, the desired consistency of the foam
      to be developed by a particular nozzle unit depends upon the particular
      application involved. Thus, for applications involving a prolonged desired
      retention on vertical and downwardly facing horizontal surfaces, it is
      usually desirable to apply the material involved as a thick foam. Also, it
      has been discovered that the penetrating power of a material applied to a
      porous surface is often maximized by applying the material in a foamed
      condition with minimum sized foam bubbles, which is generally
      characteristic of a thick foam. In many applications, a thin foam is
      desired. It is advantageous, therefore, that a given foam generating
      nozzle unit be readily adjustable to provide a selection of degrees of
      foaming action with a given chemical and so that the nozzle unit can
      provide an optimum desired foam with chemicals having different foaming
      properties and under varying pressure conditions.
PAR  Foam generating nozzle units heretofore developed have been less than
      completely satisfactory for a number of reasons, including their size,
      complexity and high cost, and/or their inability to be readily adjustable
      significantly to vary the degree of foaming action achieved thereby or to
      provide an optimum foam with a wide variety of foamable chemicals, and
      inlet pressures.
PAR  Some examples of foam generating nozzle units heretofore developed are
      shown in the following patents:
PA1  U.s. pat. No. 3,701,482
PA1  U.s. pat. No. 3,446,485
PA1  U.s. pat. No. 2,766,026
PA1  U.s. pat. No. 2,556,239
PA1  U.s. pat. No. 3,094,171
PA1  U.s. pat. No. 3,547,200
PA1  British Pat. No.  627,285
PAR  One form of foam generating nozzle unit heretofore developed and which is
      disclosed in U.S. Pat. No. 3,701,482 includes at the inlet end thereof one
      or more small orifices through which unaerated liquid passes at a
      relatively high velocity into the relatively large inlet chamber of a
      venturi unit having a gradually converging portion communicating with a
      venturi-forming throat which communicates with an expansion chamber at the
      outlet end of the nozzle unit. Air ports are located just beyond the high
      velocity nozzle, through which ports air is sucked by the low pressure
      developed in the venturi-forming throat. The design of this nozzle unit is
      such that significant foaming action occurs in only the expansion chamber.
      The rate of foaming was thought to be a function mainly of the relative
      size of the throat of the nozzle unit and the total area of the high
      velocity orifices. The change in foaming action, therefore, required a
      change in the size of the orifices which did not lend such units to a
      practical progressive adjustment of the degree of foaming action obtained.
PAR  U.S. Pat. No. 3,547,200 to Hout discloses a foam-producing attachment for
      fog nozzles of the character employed by firemen, in which attachment a
      variable angle spray pattern issuing from the fog nozzle initially strikes
      and passes through a conical screen. The flow of the material through the
      screen causes air to be drawn through the attachment. The velocity of the
      liquid stream and the air causes a rapid expansion of the foamed stream
      passing through the screen. The characteristics of the foam stream issuing
      from the conical screen including the throw of the foam stream are stated
      to be varied with the angle of the stream issuing from the fog nozzle. In
      an experiment performed on a commercial form of the device shown in this
      patent, upon removal of the conical screen, the foam thickness greatly
      dissipated and the resulting modest character of the foam was about the
      same as that produced by the fog nozzle separated from the attachment, and
      the thickness of the foam did not vary significantly with the angle of the
      stream issuing from the fog nozzle.
PAR  The commercial form of this device is a large and unwieldy device being
      approximately 13/4 feet in diameter and 31/2 feet long and uses a mesh
      size for conical screen which is unsuitable for use in hand sprayers.
      Thus, if the size of all parts of the device were to be proportionately
      reduced to be attachable to hand operated trigger sprayers, the mesh size
      would be so small as to be incapable of operating on the same principle as
      the sprayer of the patent, where the liquid stream passes through the
      same.
PAR  British Pat. No. 627,285 discloses a non-adjustable foam producing device
      wherein a diverging stream is caused to strike the wide end of a modestly
      tapering passageway where air is drawn into the stream causing the foaming
      thereof. The stream passes through a long cylindrical passageway forming
      an extension of the narrow end of the tapered passageway.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one of the features of the foam generating nozzle unit
      of the present invention, it has been discovered that a progressive
      control over the degree and quality of foaming action is achieved in a
      foam generating nozzle unit of the air aspirating type (i.e., a unit
      having an orifice opening onto a pressure-reducing passageway which
      creates a low pressure which draws air into the passageway through air
      ports provided thereat) by providing a progressive control over the area
      and/or points of the pressure-reducing passageway struck by a stream
      emanating from the orifice. In the most preferred form of sprayer of the
      invention, this control is achieved by varying the angle of the stream
      issuing from the orifice. The pressure-reducing passageway most
      advantageously comprises a sharply outwardly tapering portion terminating
      in a throat portion. In the preferred variable angle stream embodiment, a
      narrow stream flowing from the orifice which strikes only the outer
      portion of the walls of the throat portion of the nozzle (or passes
      therethrough without striking the throat walls) will produce a stream with
      a long throw but with a modest degree of foam. Progressively increasing
      the angle of the stream flowing from the orifice causes the stream to
      strike greater extents of the throat portion to produce a modest increase
      in the degree of foam produced. An unexpectedly sudden increase in foaming
      action occurs with only an insignificantly modest reduction in the spray
      distance when the widest portion of the diverging stream issuing from the
      orifice strikes the end section of the tapered portion of the
      pressure-reducing passageway. Such a spray pattern thus produces an
      optimum foam spray. This optimum condition of substantial foaming action
      with substantial throw when the widest portion of the diverging stream
      strikes the outer section of the tapered portion of the air
      pressure-reducing passageway exists for all angles of divergence of a
      stream flowing from the orifice. In other words, if the angle of the
      stream issuing from the orifice is fixed at any one of a number of
      diverging angles but its axial position is varied relative to the
      pressure-reducing passageway, the degree of foam and the throw of the foam
      stream is varied as before, reaching an optimum condition when the widest
      portion of the stream strikes the end section of the tapered portion of
      the pressure-reducing passageway. However, the adjustment of the foam
      quality is most easily achieved by varying the angle of the stream issuing
      from the orifice and thus is the preferred form of the invention.
PAR  When spraying cleaning chemicals in a foamed state upon a vertical surface,
      the optimum foam condition when the widest portion of the spray strikes
      the end section of the tapered passageway produces the most useful foam,
      not only because it gives a substantial throw with significant foaming
      action, but also because the thickness of the foam which can be built up
      on the wall surface is maximized. This result is believed to be due to the
      fact that when the foam material strikes a vertical surface under
      appreciable pressure, the foam thickness increases because of the forces
      applied to the liquid at the impact point. When what appears to be a
      thicker foam spray strikes a vertical wall surface at a low velocity, the
      foam does not build up to or remain for any appreciable time at the same
      thickness on the wall and drops much more quickly from the wall.
PAR  It is common to provide in a non-foaming nozzle unit a variation in the
      angle of divergence of the stream issuing from the outermost end of the
      nozzle unit. One form of the present invention is an attachment for the
      end of such a non-foaming nozzle unit which converts the same to a foam
      generating nozzle unit where foam thickness is progressively adjustable.
      The present invention is most useful in small hand pump spray units which
      are commonly attached to bottles of cleaning materials and the like, but
      is also useful in devices such as compressed air tank sprayers and in
      spraying systems using motor driven pumps.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a unique mobile foam dispensing unit having particular
      utility for dispensing cleaning chemicals and which includes a unique foam
      generating nozzle attachment which converts a conventional-type liquid
      spray nozzle into a foam generating nozzle;
PAR  FIG. 2 illustrates a conventional pressurized tank sprayer with the unique
      foam generating nozzle attachment attached thereto;
PAR  FIG. 3 shows a fragmentary plan view, partly broken away, of the mobile
      unit of FIG. 1;
PAR  FIG. 4 is an enlarged side elevational view of the foam generating nozzle
      attachment units used in the sprayer shown in FIGS. 1-3;
PAR  FIG. 5 is an exploded partial longitudinal sectional view of the foam
      generating nozzle attachment shown in FIGS. 1-4, separated from a portion
      of a conventional liquid spray nozzle unit to which it is attached;
PAR  FIG. 6 is a transverse sectional view through FIG. 5 taken along section
      line 6--6;
PAR  FIG. 7 is a longitudinal sectional view through the attachment of FIGS. 4
      and 5 when attached to a portion of the liquid spray nozzle unit shown in
      FIG. 5;
PAR  FIGS. 8A and 9B respectively show the condition of the foam applied by a
      foam generating nozzle unit of the present invention adjusted to apply a
      thin foam as the foam initially strikes a vertical wall surface and a
      number of seconds thereafter;
PAR  FIGS. 9A and 9B respectively show the condition of the foam applied by a
      foam generating nozzle unit of the present invention adjusted to apply a
      thick foam as the foam initially strikes a vertical wall surface and a
      number of seconds thereafter;
PAR  FIG. 10 illustrates an extremely adjusted foam generating nozzle unit of
      the present invention where, while the foam sprayed is thick, it
      discharges foam with practically no force, making it impractical to use in
      such as adjusted condition;
PAR  FIG. 11 is an elevational view of a bottle containing a window cleaning
      chemical or the like, with a conventional cap assembly including a hand
      pump and nozzzle assembly to which is attached a foam generating nozzle
      unit constituting another form of the present invention;
PAR  FIG. 12 is an enlarged longitudinal sectional view of the foam generating
      nozzle unit shown in FIG. 11;
PAR  FIG. 13 is a transverse sectional view of the attachment shown in FIG. 12,
      taken along section line 13--13 therein;
PAR  FIG. 14 is a transverse sectional view of the attachment of FIG. 12, taken
      along section line 14-- 14 therein;
PAR  FIG. 15 is an enlarged partial, fragmentary, longitudinal sectional view
      through the inlet end of the attachment of FIG. 12 mounted upon a manually
      adjustable member of a conventional liquid spray nozzle unit forming part
      of the hand pump and nozzle assembly shown in FIG. 11;
PAR  FIG. 16 illustrates a curve showing the variation in foam quality with the
      length to diameter ratio of the expansion chamber portion of the nozzle
      units of FIGS. 1-15;
PAR  FIGS. 17A, 17B and 17C illustrate respectively different angles of spray
      pattern issuing from a nozzle unit and the points of the pressure-reducing
      passageway struck thereby for optimum foam quality;
PAR  FIG. 18 illustrates a partially sectioned view through a non-adjustable
      sprayer head before the sprayer is operated;
PAR  FIG. 19 illustrates a partially sectioned view through the non-adjustable
      sprayer head of FIG. 18;
PAR  FIG. 20 is an enlarged perspective view of a fluid-directing member forming
      part of the hand trigger sprayer of FIGS. 18 and 19; and
PAR  FIG. 21 is an end view through the front end of the fluid-directing member
      shown in FIG. 20.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now more particularly to FIGS. 1 and 3, a portable mobile
      cleaning unit 2 is there shown which is used to apply a cleaning chemical
      or the like in a foamed condition. The mobile cleaning unit 2 resembles in
      a general way a lawn mower in that it includes a low profile base and
      housing assembly 4 mounted on wheels 5 and a tubular structure generally
      indicated by reference numeral 7 attached to the sides of the rear portion
      of the base and housing assembly 4 and extending upwardly and rearwardly
      where it terminates in a handle grip portion 7a which can be comfortably
      grasped to manually propel the mobile cleaning unit to various points in
      or around a building or other structure to be cleaned.
PAR  The base and housing assembly 4 comprises a base structure 4 including a
      horizontal support platform 6 from the margins of which upwardly extend
      end walls 8--8 and side walls 10--10 forming an open top box-like
      structure. On the rear portion of the support platform 6 is an electric
      motor 12 (or other suitable source of motive power like an internal
      combustion engine). Where an electric motor is utilized, a power cord 13
      is provided which extends to a suitable power on-off switch 15 (shown in
      the drawings at the top of the base and housing assembly 4) and then to
      the electric motor 12. The electric motor 12 has a horizontal shaft 12a
      extending to a conventional pump unit 14, which has an inlet 14a from
      which extends a flexible conduit 16 passing through a fitting 18 into the
      bottom portion of a drum or other container 20 containing the cleaning
      chemical to be dispensed. The liquid in the drum 20 may be any suitable
      foamable liquid, and will generally include a water soluble cleaning
      material and possibly other additives, together with a foaming agent,
      where necessary, to provide a foam when the mixture delivered from the
      drum 20 is agitated in a manner to be explained.
PAR  The drum 20 is confined by a vertical cylindrical wall 21 extending
      downwardly from the inclined wall 23 of a housing 4b to engage the
      platform 6 to form a well in which the drum 20 is held in place on the
      platform 6. The well-forming wall 21 together with the rest of the housing
      isolates the motor and pump from the exterior thereof. The housing 4b may
      be a synthetic plastic molded body including, in addition to the inclined
      wall 23 from which the depending cylindrical wall 21 extends, side walls
      25--25, a rear top wall 27, a rear wall 29 bridging the rear top wall 27
      and the side walls 25--25, and a narrow flange 31 depending from the front
      margin of the inclined wall 23. The housing 4b may be secured to the walls
      8--8 and 10--10 of the base structure 4a in any suitable way, such as by
      screws passing through housing flange 31, side walls 25--25 and rear wall
      29 and threading into the walls 8--8 and 10--10 of the base structure.
PAR  The pump 14 has an outlet 14b connected by a flexible conduit 22 to a
      handle and nozzle assembly generally indicated by reference numeral 24.
      The handle and nozzle assembly 24 includes a handle portion 24a from which
      extends a lever 26 which, when depressed opens a valve (not shown) to
      permit passage of liquid into a rigid tube 24b terminating in a discharge
      nozzle assembly generally indicated by reference numeral 33. The handle
      and nozzle assembly 24 may be anchored in any suitable way to the tubular
      structure 7, such as by a suitable clamp 35 attached to the tubular
      structure.
PAR  When the electric motor 12 is operating, the pump 14 will be rotated to
      draw fluid from the conduit 16 and force fluid into the conduit 22. When
      the lever 26 of the handle and nozzle assembly 24 is depressed to open the
      valve associated therewith, the fluid will flow through the discharge
      nozzle assembly 33. When the lever is released, the valve involved will be
      closed, and, to prevent undue back pressure on the pump 14, a normally
      closed pressure relief valve 37 associated with the pump will open to
      direct fluid which cannot flow through the outlet conduit 22 to some other
      location, which may be through a conduit (not shown) extending back into
      the drum 20 or, as shown, to the inlet 14a of the pump 14.
PAR  As shown in FIG. 5, the discharge nozzle assembly 33 illustrated comprises
      a well known nozzle part 33a which, together with another well known spray
      angle adjusting member 33c to be described, forms a conventional
      non-foaming liquid spray nozzle of the type sold by the Chapin
      Manufacturing Works of Batavia, New York. The spray angle adjusting member
      33c is rotatably adjustably supported upon the nozzle part 33a and
      produces a diverging spray pattern issuing from a discharge orifice 42 of
      the member 33c with an angle of divergence depending upon the particular
      rotational position of the member 33c upon the valve part 33a.
PAR  One aspect of the present invention is the inclusion of a very efficient
      and adjustable foam generating nozzle attachment 33b in the assembly of
      the nozzle part 33a and spray angle adjusting member 33c. Because of the
      efficiency of foam generation of the foam generating nozzle attachment
      33b, the cleaning material contained in the drum 20 can cover and clean
      effectively an extremely large area, such as an area 6 or more times that
      which could be covered by a non-foaming liquid spray system. This is what
      makes the lawn mower sized mobile cleaning unit 2 useful and practical for
      dispensing maintenance chemicals.
PAR  Before describing the foam generating nozzle attachment 33b, reference
      should be made to FIG. 2 which shows another application of this nozzle
      attachment to a tank sprayer 2' which has a conventional construction
      except for the attachment 33b used therewith. The tank sprayer 2' has the
      usual metal tank 2a' with a hand pump handle 2b' extending from a cover
      2c' which is sealingly applied in an opening in the top of the tank 2 a'
      by a rotational motion applied to the cover. When reciprocated, the handle
      2b' builds up air pressure within the tank 2a'. A flexible outlet conduit
      22' extends through a fitting 18' in the tank 2a' and terminates in a
      handle and nozzle assembly 24 identical to that used with the mobile
      cleaning unit in FIG. 1. Accordingly, the handle and nozzle assembly 24
      includes a handle portion 24a with a lever 26 for opening and closing a
      valve which effects the passage or stoppage of flow of fluid forced into
      the conduit 22' by the pressure of the air in the tank 2a'.
PAR  The aforementioned nozzle part 33a to which the foam generating nozzle
      attachment 33b is connected may take a variety of forms. However, as
      illustrated, the nozzle part 33a includes a neck portion 28 (see FIGS.
      4-7) defining a passageway 30 communicating with the metal tube 24b and
      terminating in a series of laterally facing ports 32 which direct the
      liquid passing through the nozzle part 33a in a lateral direction. In the
      nozzle part 33a (manufactured by the Chapin Manufacturing Works), the end
      portion of the neck 28 thereof is provided with angular grooves or
      indentations 34.
PAR  The aforementioned spray angle adjusting member 33c has a cylindrical
      passageway 36 therein which at one end opens for the full extent thereof
      into the outside of the member and at the other end joins a tapered
      passageway 37 which terminates in a small discharge orifice 42 previously
      mentioned. The fully opened end of the passageway 36 of the spray angle
      adjusting member 33c is internally threaded at 38 to permit the member 34
      to be threaded around an externally threaded portion 28a of the neck
      portion 28 of the nozzle part 33a. As the spray angle adjusting member 34
      is rotated upon the neck portion 28 to a different axial position thereon,
      the spacing between the discharge orifice 42 and the laterally facing
      ports 32 varies which, in turn, varies the angle of divergence of the
      unfoamed liquid stream emanating from the discharge orifice 42.
PAR  In accordance with one aspect of the invention, it was discovered that the
      unfoamed or mildly foamed liquid spray emanating from the discharge
      orifice 42 can be converted into a thickly foamed state where the degree
      of thickness thereof is a function of the angle of divergence of the
      liquid stream issuing from the discharge orifice 42 by the addition of the
      foam generating nozzle attachment 33b which, as illustrated, is mounted
      around the outside of the spray angle adjusting member 34. In the form of
      the invention illustrated the foam generating nozzle attachment 33b is
      permanently anchored around the spray angle adjusting member 34. In the
      most preferred form of the invention, the foam generating nozzle
      attachment 33b has a hollow cylindrical body 40 which has a longitudinal
      open ended passageway 40a therein. The spray angle adjusting member 33c is
      press fitted within one end of the passageway 40a. The cylindrical body
      may be knurled at a point 40b therealong so it can be readily grasped and
      rotated to vary the position of the spray angle adjustment member 33c on
      which it is mounted.
PAR  At a point preferably immediately in front of the discharge orifice 42, the
      cylindrical member 40 is provided with one or more, preferably four,
      laterally facing circumferentially spaced air ports 43 which pass through
      the walls of the member. Secured in any suitable way within the
      cylindrical body 40 at a point immediately in front of the air ports 43 is
      a pressure-reducing member 44 in which is formed a pressure reducing
      passageway having an outwardly tapering portion 46a which preferably at
      its wide end has a width approximately equal to the internal diameter of
      the cylindrical body 40 and at its narrow end terminates in a cylindrical
      throat portion 46b. When liquid flows through the air pressure reducing
      passageway of the member 44, the resultant reduced pressure causes air to
      be aspirated into the liquid stream through the air ports 43. Foaming of
      the aerated foamable material results from the turbulence created within
      the air pressure reducing passageway of the member 44, and the degree of
      this turbulence and the thickness of the foam generated thereby was
      unexpectedly discovered to be a function of the angle of divergence of the
      stream issuing from the discharge orifice 42. This stream is directed
      against progressively increasing areas of the air pressure-reducing
      passageway of the member 44 as the angle of divergence of this stream is
      accordingly increased from a generally thin roughly cylindrical shape
      (i.e., only slightly diverging) to a widely diverging shape. In the former
      case, little or no foaming action occurs since the thin stream will pass
      through the throat portion 46b of the pressure-reducing passageway of the
      member 44 or will strike only the rear end portion thereof. As the spray
      angle adjusting member 33c is progressively rotated to increase the angle
      of divergence of the stream, the stream will first strike progressively
      increasingly larger areas of the throat portion 46b and then progressively
      increasing areas of the outwardly tapering portion 46a of the
      pressure-reducing passageway, which progressively increases the turbulence
      applied to the aerated liquid stream. It is believed that this turbulence
      is accentuated by the fact that the outwardly tapering portion 46a is
      sharply tapered so as to subtend an angle of about at least about
      60.degree., where the walls thereof incline at least about 30.degree.
      (i.e., including angles somewhat less than 30.degree.) to the longitudinal
      axis rather than gradually tapered, although the broader aspects of the
      invention envision a gradual taper.
PAR  The quality of the foam issuing from the outlet end of the throat portion
      46b of the pressure-reducing passageway of the member 44 is believed to
      reach an optimum value when the angle of divergence of the stream issuing
      from the discharge orifice 42 is sufficiently large as first to strike the
      defining walls of the tapered passageway portion 46a, that is at the end
      section of the tapered passageway portion. The quality of the foam is
      firstly a function of its thickness and secondly a function of its rate of
      flow of the foamed material, since at the widest angle of the stream
      issuing from the orifice 42 the friction developed beteween the foamed
      material and the walls of the nozzle attachment can reduce the flow rate
      to an unacceptably low level.
PAR  The cylindrical body 40 in which the pressure-reducing member 44 is mounted
      could terminate at a point near the outlet end of the throat portion 46b
      of the pressure-reducing passageway of the member 44. However, it was
      discovered by an inventor other than the inventor of the present invention
      that a greatly increased foaming action is achieved by selecting a
      cylindrical body 40 with a length so it extends beyond the end of the
      point where the air pressure-reducing passageway of the member 44
      terminates to provide an expansion chamber 41. However, the expansion
      chamber 41 has little or no effect in creating an overall enhanced foaming
      action when the liquid discharged from the end of the pressure-reducing
      member 44 has not yet been appreciably foamed, so that the main benefit of
      the expansion chamber 41 is in its combination with a foam producing
      nozzle in advance of the same (which distinguishes it from the expansion
      chamber in the foam generating nozzle of U.S. Pat. No. 3,701,482 where the
      expansion chamber thereof initially creates the foaming action).
PAR  While the length to diameter ratios of the various passageways and chambers
      described may vary widely, there are extremes of these ratios which can
      destroy the operability of the foam generating nozzle attachment. For
      example, the length to diameter ratio of the throat portion 46b of the
      pressure reducing passageway of the member 44 is approximately 4 to 1, but
      if the length of the throat portion 46b were to be greatly extended, while
      a greater contact time between the liquid and the pressure reducing
      passageway may cause increased foam thickness, the frictional forces
      involved can reduce the flow velocity to a point where the foamed material
      will be discharged with insufficient force to travel to the surface to be
      cleaned and, for all practical purposes, the nozzle attachment would be
      useless. Similarly, if the length to diameter ratio of the expansion
      chamber 41 were to be increased materially from an optimum length, the
      frictional forces involved would reduce the velocity of the foamed
      material discharged from the end of the nozzle attachment to a point where
      an inadequate quantity of the material will reach the surface to be
      cleaned. FIG. 16 illustrates the variation of foam quality with the length
      to diameter ratio of the expansion chamber 41 and illustrates an
      improvement of foam quality for length to diameter ratios of from 7 to
      about 18.
PAR  FIGS. 8A-8B and 9A-9B illustrate differences in foam quality for 2.degree.
      of adjustment of the spray angle adjusting member 33c. Thus, FIG. 8A shows
      the consistency of the foam sprayed from the foam generating attachment
      33b upon a vertical wall surface 50 for an adjustment of the spray angle
      adjusting member 33c where the angle of divergence of the stream
      discharging from the orifice 42 is at a small angle which forms a
      relatively thin foam layer 51 on the vertical wall surface 50 where the
      bubbles of the foam are relatively large. It can be seen from FIG. 8B,
      which illustrates the appearance of the foam layer on the vertical wall
      surface 50 several seconds later, that a substantial portion of the foam
      bubbles have broken, releasing the liquid portion thereof which runs down
      the vertical wall surface 50. FIG. 9A shows the consistency of the foam
      sprayed from the foam generating attachment 33b upon a vertical wall
      surface 50 for an adjustment of the spray angle adjusting member 33c where
      the angle of divergence of the stream discharging from the orifice 42 is
      an optimum angle, which results in a forcefully applied very thick, fine
      bubble foam layer 51' on the vertical wall surface 50. In such case, as
      shown in FIG. 9B, several seconds later the foam still remains as a thick
      layer upon the vertical wall surface.
PAR  FIG. 10 illustrates the condition of the foam discharging from the foam
      generating nozzle attachment 33b for an adjustment of the spray angle
      adjusting member 33c where the angle of divergence of the stream
      discharging from the orifice 42 is a maximum where, as previously
      indicated, the friction between the liquid and the defining walls of the
      pressure-reducing passageway is such that, while a thick foam is achieved,
      the foam merely drips from the end of the nozzle attachment so it cannot
      reach the vertical wall surface 50.
PAR  Refer now more particularly to the embodiment of the nozzle attachment
      invention illustrated in FIGS. 11-15, which is designed to be attached to
      a rotatable spray angle adjusting member 33c' of a nozzle assembly 33
      associated with a hand pump unit 60 manufactured by The AFA Corporation of
      Miami Lakes, Fla. The hand pump unit 60 has a squeeze handle 62 extending
      from a body portion 64 thereof adapted to be threaded around the neck of a
      bottle 66 which may contain a suitable foamable cleaning liquid. A tube 68
      extending down into the bottom portion of the bottle 66 makes
      communication with the inlet side of a valve (not shown) controlled by the
      handle 62. When the handle 62 is squeezed, a pump forming part of the hand
      pump unit will operate to draw liquid in the bottle 66 through the tube 68
      into the nozzle assembly 33. A modified foam generating nozzle attachment
      33b' is mounted upon the spray angle adjusting member 33c' in a manner to
      be described, so that as the member 33c' is rotated, the degree of foaming
      action varies, as in the case of the embodiment of the invention
      previously described.
PAR  As shown in FIG. 15, the spray angle adjusting member 33c' has a knurled
      hollow cylindrical collar 70 which has internal threads 72 which engage
      the external threads 74 of a nozzle part 33a'. The nozzle part 33a' has a
      passageway 30' which is partially closed by an end wall 76 containing one
      or more apertures 78. The spray angle adjusting member 33c' has a neck
      portion 80 extending forwardly therefrom which has a smooth outer
      cylindrical surface 80a upon which is initially slidably mounted the foam
      generating nozzle attachment 33b'. The neck portion 80 of the spray angle
      adjusting member 33c' terminates in an annnular front wall 82 having a
      central aperture 84 therein. The neck portion 80 has a cylindrical
      passageway 86 therein in which is located the end wall 76 of the nozzle
      part 33a'. Anchored within the forward end of the passageway 86 is a
      member 88 having a discharge orifice 90 therein of much smaller size than
      and centered with respect to the larger aperture 84 of the annular front
      wall 82 of the adjusting member 33c'.
PAR  As the spray angle adjusting member 33c' is rotated upon the nozzle part
      30a', the spacing between the discharge orifice 90 and the apertures 78
      will vary to change the angle of divergence of the stream issuing from the
      discharge orifice 90.
PAR  The foam generating nozzle attachment 33b' is preferably a molded synthetic
      plastic part which can be made at a very low cost. This attachment
      contains various passageways and chambers corresponding to those of the
      foam generating nozzle attachment 33b previously described and
      corresponding passageways and chambers therein are numbered the same,
      except a prime (') has been added to the passageways and chambers in the
      foam generating nozzle attachment 33b'.
PAR  The foam generating nozzle attachment 33b' has a cylindrical skirt 91 at
      the rear end thereof defining a space 92, the defining walls of which form
      a friction fit with the smoother outer surface 80a of the neck 80 of the
      spray angle adjusting member 33c'. The extent to which the skirt 91 slips
      over the neck 80 is limited by the engagement of the end 94a of an
      internal sleeve 94 with the annular end wall 86 of the spray angle
      adjusting member. When the foam generating nozzle attachment 33b' is fully
      mounted upon the neck 80, the end portion 90a of the skirt 91 is spaced
      from the end of the knurled collar 70 to define an annular entryway 96 for
      passage of air into the interior of the skirt 91. The skirt 91 as
      illustrated has outwardly projecting ribs 97 providing thickened wall
      portions in which are formed internal longitudinal recesses or grooves 99
      opening onto the rear end of the nozzle attachment. The recesses or
      grooves 99 carry air from the entryway 96 into the space 92 in the skirt
      91. Air in the space 92 passes through air ports 43'--43' formed in the
      rear end of the sleeve 94, through which ports air is drawn into an inlet
      portion 46c' of the pressure reducing passageway formed in the central
      portion of the body of the nozzle attachment 33b'. The inlet portion 46c'
      terminates in a sharply outwardly tapering portion 46a', in turn, merging
      with the throat portion 46b' of the pressure-reducing passageway of the
      attachment. As in the previously described embodiment, the throat portion
      46b' terminates in an expansion chamber 41' extending to the front end of
      the nozzle attachment.
PAR  The foam generating nozzle attachment 33b' just described effects foaming
      of the liquid spray emanating from the orifice 90 in the same manner as
      the foam generating nozzle attachment 33b previously described. Thus, the
      variable angle diverging stream issuing from the orifice 90 into the inlet
      portion 46c' strikes progressively increasing areas of the air pressure
      reducing passageway formed by the passageway portions 46c', 46a' and 46b'
      as the angle of divergence of the stream increases.
PAR  While the most preferred forms of the invention include a nozzle assembly
      which is adjustable in a manner which varies the angle of a diverging
      stream which strikes varying portions of a pressure-reducing passageway as
      described, the broader aspects of the invention envision an adjustable
      nozzle assembly in which the stream angle issuing from the aforementioned
      orifices is constant and the relative position between the orifice and the
      pressure-reducing passageway is varied. Also, the present invention
      envisions a non-adjustable sprayer where the stream angle is selected to
      provide a optimum foam spray as previously described.
PAR  Refer now more particularly to FIGS. 17A, 17B and 17C which illustrate
      three different stream angles and the points of a tapered passageway
      portion 46a' struck by the widest portion of the diverging streams to
      produce an optimum foam spray. It will be noted that, in each case, this
      condition exists when the widest portion of the diverging stream strikes
      the end section of the tapered passageway portion 46a'. (However, the best
      foaming action was achieved when the stream angle was about 20.degree. and
      the tapered passageway portion 46a' inclined at a 30.degree. angle to the
      longitudinal axis of the pressure-reducing passageway). In each case, as
      the diverging stream was moved toward the throat portion 46b' from the
      optimum position shown in FIGS. 17A, 17B and 17C, the foam quality rapidly
      deteriorated. As the diverging stream was moved away from the throat
      portion 46b' from the optimum position described, the foam rapidly
      thickened and the throw distance of the spray issuing from the nozzle
      assembly rapidly deteriorated.
PAR  As previously indicated, for the optimum position of the diverging stream
      striking the pressure-reducing passageway of the nozzle assembly, the
      spray issuing from the nozzle assembly upon striking a vertical wall
      surface strangely builds up a thicker layer of foam which dissipates more
      slowly than the case where an apparently thicker foam issuing from the
      nozzle assembly is sprayed at a lower velocity against a vertical wall
      surface. It is believed that the turbulence created upon impact of a
      higher velocity spray against a wall surface enhances the quality of the
      foam which causes the foam to remain in place for a longer period on the
      wall surface.
PAR  While the advantages of the invention are maximized in an adjustable
      sprayer as described, certain aspects of the invention are applicable also
      to a non-adjustable sprayer 70 as shown in FIGS. 18-21, to which reference
      is now made. This sprayer is a modification of the sprayer shown in U.S.
      Pat. No. 3,685,739 granted Aug. 22, 1972. The hand trigger sprayer 70 has
      an integrally threaded collar 72 adapted to thread over the neck of a
      container 73. Depending downwardly from the collar 72 is an inlet tube 74
      through which liquid is drawn from the container in the manner disclosed
      in said U.S. Pat. No. 3,685,739, upon the squeezing of a lever 76 pivoted
      at a point 78 to the body portion 80 of the sprayer.
PAR  The body portion 80 of the sprayer includes a liquid-receiving chamber 82
      in which is mounted a piston member 84 urged by a spring 86 into an outer
      position. When the lever 76 is squeezed, piston 84 compresses the spring
      86 and reduces the size of the chamber 82 so that liquid delivered to the
      chamber 82 will be forced through a first longitudinal passageway 88
      opening onto an enlarged passageway 90 communicating with a discharge
      orifice 92 formed in the head portion 110 of an insert member 106. Mounted
      for limited longitudinal movement in the passageway 90 is a
      liquid-directing member 94 shown in detail in FIGS. 20 and 21.
PAR  The liquid-directing member 90 has a flat rear face 96 adapted to engage
      and seal about shoulder 97 surrounding the point at which the passageway
      88 opens onto the passageway 90 when the lever 76 is in its uncompressed
      position. The force of the liquid flowing from the chamber 82 upon
      squeezing of the lever 76 forces the liquid-directing member 94 forwardly
      in the passageway 90, permitting the flow of liquid around the
      fluid-directing member 90.
PAR  The fluid-directing member 94 has a small shallow recess 98 in the front
      wall thereof opening onto the lateral sides of the member through
      entryways 100--100. The original purpose of the recess 98 and entryways
      100--100 is to permit liquid to gain access to the orifice 92 should this
      member be permitted to move fully forwardly within the passageway 90, as
      in the case of the design of the sprayer before the modifications thereto
      in accordance with the present invention.
PAR  The forward end of the passageway 90 is defined by the cylindrical interior
      104 of the insert member 106 having a cylindrical skirt portion 106a
      friction fitted within the body member 80. The skirt portion 106a of the
      insert member 106 defines a rearwardly facing shoulder having a function
      to be explained.
PAR  The radially outwardly extending head portion 110 of the insert member 106
      is located on the outside of the sprayer body 80 and a foam-producing
      attachment 112 having a base portion 112a is interlocked with the head
      portion 110 of the insert member 106 in any suitable way. The
      foam-producing attachment 112 has a succession of passageways and
      apertures which may be similar to that shown in the foam-producing nozzle
      assemblies previously described. Thus, the foam-producing attachment 112
      has a cylindrical inlet chamber 114 into which the orifice 92 of the
      insert member 106 opens. Air inlet apertures 115 extend through the body
      of the attachment 112 so that the inlet chamber 114 communicates with the
      exterior thereof. The inlet chamber 114 terminates in a sharply forwardly
      tapering pressure-reducing passageway portion 116 which, in turn,
      terminates in a cylindrical throat 118 opening onto an enlarged expansion
      chamber 120. The liquid stream passing into the inlet chamber 114 has a
      forwardly diverging shape so that the wide end thereof most advantageously
      strikes the end section of the tapering portion 116, to produce optimum
      foaming action as previously described.
PAR  The angle of the stream issuing from the orifice 92 is a function of the
      spacing between the inner surface of the recess 98 in the front face of
      the fluid-directing member 94 and the orifice 92. If the front of the
      fluid-directing member 94 is against the head portion 110 of the insert
      member, the angle of the stream diverging from the orifice 92 will not be
      a desired angle to strike the desired portion of the tapered portion 116
      of the pressure-reducing passageway of the attachment 112. Accordingly,
      the fluid-directing member 94 is provided with two or more radially
      extending ribs 122--122 which define an abutment shoulder which engages
      the end face of the skirt portion 106a of the insert member 106 when the
      front face of the fluid-directing member 94 reaches the proper spacing
      from the head portion 110 of the insert member, to provide the proper
      angle for optimum foaming action.
PAR  The various forms of the invention described thus provide simply
      constructed and economical foam generating means providing preferably a
      selective thickness and throw of the foam under varying pressure and spray
      material conditions or, in the non-adjustable form of the invention, an
      optimum foam spray.
PAR  It should be understood that numerous modifications may be made in the
      various forms of the invention described, without deviating from the
      broader aspects of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable foam generating nozzle assembly comprising, in
      combination: body means defining an inlet section through which an
      unaerated liquid can pass, said inlet section including outlet
      orifice-forming means through which unaerated liquid passes for providing
      a diverging stream flowing therefrom; said body means further defining a
      foam-producing section downstream from said inlet section which
      foam-producing section has an inlet end which receives the entire variably
      shaped stream issuing from said outlet orificeforming means, air inlet
      port-forming means in communication with the exterior of the nozzle
      assembly and pressure-reducing passageway means communicating with said
      air inlet port-forming means and said inlet end for effecting the
      aspiration of air through said air inlet port-forming means and the mixing
      thereof into the liquid stream passing through the pressure-reducing
      passageway means; and said inlet section of said body means including
      manually adjustable means for progressively varying the shape of said
      stream flowing from said orifice-forming means from a relatively narrowly
      confined stream to a relatively widely diverging stream as the manually
      adjustable means is varied for thereby varying the portions of the
      pressure-reducing passageway struck by the stream, the turbulence produced
      in the aerated stream passing therethrough, the degree of foam thickness
      and the throw of the stream flowing from the nozzle assembly.
NUM  2.
PAR  2. The adjustable foam generating nozzle assembly of claim 1 wherein said
      manually adjustable means of said inlet section of the nozzle assembly is
      a rotatable member, and said foam-producing section of said body means is
      carried by said rotatable member.
NUM  3.
PAR  3. The adjustable foam generating nozzle assembly of claim 1 wherein said
      pressure-reducing passageway means includes an outwardly tapering portion
      merging with a throat portion.
NUM  4.
PAR  4. The adjustable foam generating nozzle assembly of claim 3 wherein said
      pressure reducing passageway means is positioned with respect to said
      orifice-forming means so the diverging stream issuing from the latter
      strikes progressively increasing areas of said outwardly tapering and
      throat portions of said pressure-reducing passageway means as said
      manually adjustable means is adjusted to increase the angle of divergence
      of said stream.
NUM  5.
PAR  5. The adjustable foam generating nozzle assembly of claim 3 wherein the
      spacing of said orifice-forming means from said tapered portion of said
      pressure-reducing passageway is such that the diverging stream issuing
      therefrom strikes progressively increasing areas of said tapered portion
      of said pressure-reducing passageway means as said manually adjustable
      means is adjusted to increase the angle of divergence of said stream.
NUM  6.
PAR  6. The nozzle assembly of claim 1 wherein said manually adjustable means is
      continuously adjustable to all positions between two extreme positions
      where said stream has its narrowest and widest dimensions, so the quality
      of the foam stream issuing from the nozzle assembly can be adjusted to any
      desired degree.
NUM  7.
PAR  7. An adjustable foam generating nozzle assembly comprising, in
      combination: body means defining an inlet section through which liquid can
      pass, said inlet section including an outlet orifice-forming means through
      which liquid passes for providing an outwardly diverging shape to the
      stream flowing therefrom; said body means further defining a
      foam-producing section downstream from said inlet section which
      foam-producing second has an inlet end which receives the stream issuing
      from said outlet orifice-forming means, air inlet portforming means in
      communication with the exterior of the nozzle assembly, pressure-reducing
      passageway means communicating with said air inlet port-forming means and
      said inlet end for effecting the aspiration of air through said air inelt
      port-forming means and the mixing thereof into the liquid stream passing
      through the pressure-reducing passageway means; and said inlet section of
      said body means including manually adjustable means for progressively
      varying the shape of said stream flowing from said orifice-forming means
      from a relatively narrowly confined stream to a relatively widely
      diverging stream as the manually adjustable means is varied for thereby
      varying the portions of the pressure-reducing passageway struck by the
      stream which substantially varies the thickness of the foam stream
      discharged from said assembly.
NUM  8.
PAR  8. The nozzle assembly of claim 7 wherein said manually adjustable means is
      continuously adjustable to all positions between two extreme positions so
      the quality of the foam stream issuing from the nozzle assembly can be
      adjusted to any desired degree.
NUM  9.
PAR  9. An adjustable foam generating nozzle assembly comprising, in
      combination: body means defining an inlet section through which liquid can
      pass, said inlet section including an outlet orifice-forming means through
      which liquid passes for providing an outwardly diverging shape to the
      stream issuing therefrom; said body means further defining a
      foam-producing section downstream from said inlet section which
      foam-producing section has an inlet end which receives the stream issuing
      from said outlet orifice-forming means, air inlet portforming means in
      communication with the exterior of the nozzle assembly, pressure-reducing
      passageway means communicating with said air inlet port-forming means and
      said inlet end for effecting the aspiration of air through said air inlet
      portforming means and the mixing thereof into the liquid stream passing
      through the pressure-reducing passageway means, said pressurereducing
      passageway means including an outwardly tapering portion merging with a
      throat portion, and manually adjustable means operatively associated with
      one of said inlet and foam producing sections of said body means for
      progressively varying the portions of said pressure-reducing passageway
      initially struck by the diverging stream issuing from said outlet
      orifice-forming means so the widest portion of said diverging stream
      selectively can be made to strike at least one part of said outwardly
      tapering portion thereof and other portions of said passageway to varying
      degrees to vary the character of the stream discharged from said assembly
      substantially.
NUM  10.
PAR  10. The nozzle assembly of claim 9 wherein said pressure-reducing
      passageway means is positioned with respect to said orifice-forming means
      so the stream issuing therefrom strikes progressively increasing areas of
      both said outwardly tapering throat portions of said pressure-reducing
      passageway means as said manually adjustable means is adjusted.
NUM  11.
PAR  11. The nozzle assembly of claim 9 wherein the spacing of said
      orifice-forming means is such that the stream issuing therefrom strikes
      progressively increasing areas of said tapered portion of said
      pressure-reducing passageway means as said manually adjustable means is
      adjusted.
NUM  12.
PAR  12. An attachment for a liquid spray nozzle unit including a body carrying
      a manually rotatable member having outlet orifice-forming means through
      which liquid passes with a shape which varies progressively from a
      relatively narrowly confined stream to a relatively widely diverging
      stream as the manually rotatable member is rotated; the attachment
      comprising body means including means for mounting the same on said
      rotatable member and having an inlet for receiving the variably shaped
      stream issuing from said outlet orifice-forming means of said rotatable
      member, and pressure-reducing passageway means downstream from and
      communicating with said inlet, said body means having air inlet
      port-forming means in communication between the exterior of the attachment
      and said pressure-reducing passageway means, said body means having a
      longitudinally extending skirt adapted to surround a portion of said
      rotatable member, said air port-forming means including longitudinal
      internal recesses formed in said skirt which extend between the exterior
      of the attachment and the space within the skirt when the attachment is
      mounted on the rotatable member, said pressure-reducing passageway means
      effecting the aspiration of air through said air inlet port-forming means
      and the mixing thereof into the liquid stream passing through the
      attachment with a resulting turbulence which varies in degree
      substantially with the shape of the stream issuing from said
      orifice-forming means of the nozzle assembly.
NUM  13.
PAR  13. An attachment for a liquid spray nozzle unit including a body carrying
      a manually rotatable member having outlet orifice-forming means through
      which liquid passes with a shape which varies progressively from a
      relatively narrowly confined stream to a relatively widely diverging
      stream as the manually rotatable member is rotated; said rotatable member
      having a manually engageable portion from which forwardly extends a
      reduced neck portion terminating in a forwardly facing annular end wall at
      which said orifice-forming means is located; the attachment comprising
      body means including means for mounting the same on said rotatable member
      and having an inlet for receiving the variably shaped stream issuing from
      said outlet orificeforming means of said rotatable member, and
      pressure-reducing passageway means downstream from and communicating with
      said inlet, said body means having air inlet port-forming means in
      communication between the exterior of the attachment and said
      pressure-reducing  passageway means, said inlet being defined by a
      rearwardly projecting sleeve surrounded by a skirt spaced therefrom and
      mountable around said reduced neck portion of said rotatable member, said
      sleeve having one or more laterally facing apertures therein, the defining
      walls of which at least partly constitute said air port-forming means, the
      rear end of said sleeve terminating inwardly of the end of said skirt a
      distance such that the rear end of said skirt will engage said forwardly
      facing annular end wall of said liquid spray nozzle unit before the rear
      end of the skirt contacts said manually engageable portion of said
      rotatable member, so as to define an annular entryway into the space
      defined between said skirt and said sleeve, and there being formed in the
      inwardly facing surface of said skirt one or more internal recesses which
      will extend between said annular entryway and the spaced within said skirt
      when the attachment is mounted on the rotatable member, to form one or
      more passageways for the flow of air into the space within the skirt, said
      pressure-reducing passageway means effecting the aspiration of air through
      said air inlet port-forming means and the mixing thereof into the liquid
      stream passing through the attachment with a resulting turbulence which
      varies in degree substantially with the shape of the stream issuing from
      said orifice-forming means of the spray nozzle unit.
NUM  14.
PAR  14. A foam generating nozzle assembly comprising, in combination: body
      means defining an inlet section through which liquid can pass, said inlet
      section including outlet orifice-forming means through which liquid passes
      for providing an outwardly diverging stream flowing therefrom, said body
      means further defining a foam-producing section downstream from said inlet
      section which form-producing section has an inlet end which receives the
      stream issuing from said outlet orifice-forming means, air inlet
      port-forming means in communication with the exterior of the nozzle
      assembly and pressure-reducing passageway means communicating with said
      air inlet port-forming means and said inlet end for effecting the
      aspiration of air through said air inlet port-forming means and the mixing
      thereof into the liquid stream passing through the pressure-reducing
      passageway means, said pressure-reducing passageway means including an
      outwardly tapering portion merging with a throat portion, said outwardly
      tapering passageway portion of said pressure-reducing passageway tapering
      sharply at an angle of at least about 30 degrees relative to the
      longitudinal axis thereof, said outlet orifice-forming means being
      positioned relative to said pressure-reducing passageway so the widest
      portion of said stream issuing therefrom strikes said sharply tapering
      passageway portion, whereby turbulence is produced in the aerated stream
      passing therethrough to a degree which produces a highly foamed stream.
NUM  15.
PAR  15. A foam generating nozzle assembly comprising, in combination: body
      means defining an inlet section through which liquid can pass, said inlet
      section including outlet orifice-forming means through which liquid passes
      for providing an outwardly diverging stream flowing therefrom, said body
      means further defining a foam-producing section downstream from said inlet
      section which foam-producing section has an inlet end which receives the
      stream issuing from said outlet orifice-forming means, air inlet
      port-forming means in communication with the exterior of the nozzle
      assembly and pressure-reducing passageway means communicating with said
      air inlet port-forming means and said inlet end for effecting the
      aspiration of air through said air inlet port-forming means and the mixing
      thereof into the liquid stream passing through the pressure-reducing
      passageway means, said pressure-reducing passageway means including an
      outwardly tapering portion merging with a throat portion, said outlet
      orifice-forming means being positioned relative to said pressurereducing
      passageway so the widest portion of said stream issuing therefrom strikes
      the end section of said tapering passageway portion whereby turbulence is
      produced in the aerated stream passing therethrough to a degree which
      produces a highly foamed stream of appreciable throw.
NUM  16.
PAR  16. The nozzle assembly of claim 15 wherein said outwardly tapering
      passageway portion of said pressure-reducing passageway means tapers
      sharply at an angle of at least about 30 degrees relative to the
      longitudinal axis thereof.
NUM  17.
PAR  17. A method of providing a foam generating nozzle assembly which produces
      an optimum desired foam quality, said nozzle assembly including body means
      defining outlet orifice-forming means for providing an outwardly diverging
      stream issuing therefrom and a foam-producing section having an inlet end
      downstream from said outlet orifice-forming means which inlet end receives
      the stream issuing from said outlet orifice-forming means, and
      pressure-reducing passageway means downstream from and communicating with
      said inlet end, said pressure-reducing passageway means including an
      outwardly tapering portion merging with a throat portion, there being
      provided on said body means adjusting means for varying the areas of said
      pressure-reducing passageway means struck by the streams to flow from said
      orifice-forming means and air inlet port-forming means in communication
      between the exterior of the nozzle assembly and said pressure-reducing
      passageway means, said method comprising connecting the inlet section of
      the nozzle assembly to a source of liquid to be sprayed and adjusting said
      adjusting means so that the wide portion of said diverging stream flowing
      from said orifice-forming means strikes the end section of said outwardly
      tapering portion of said pressure-reducing passageway.
NUM  18.
PAR  18. The method of claim 16 wherein the adjustability of the area of said
      outwardly tapering portion of said pressurereducing passageway struck by
      the wide portion of said diverging stream is achieved by varying the angle
      of the diverging stream issuing from said outlet orifice-forming means.
NUM  19.
PAR  19. In a sprayer comprising body means defining an inlet end into which
      liquid to be sprayed is drawn and a first passageway through which liquid
      from said inlet end is to pass, said first passageway terminating in an
      end opening onto a second passageway terminating in discharge orifice
      means, a fluid-directing member mounted for longitudinal movement in said
      second passageway between a position where suction at the inlet end draws
      the same into sealing relationship with the end of said first passageway
      and a second position spaced from the end of said first passageway under
      conditions of fluid pressure, said fluid-directing member when spaced from
      the end of said first passageway permitting passage of liquid from said
      first passageway to the orifice means at the end of said second
      passageway, said fluid-directing member when positioned against said
      orifice means resulting in the flow of liquid from said orifice means at a
      first given angle and when spaced a given distance from said orifice means
      resulting in flow of liquid through said orifice means at a second given
      angle, the improvement comprising foam-producing body means on said body
      means and positioned beyond said orifice means and having an inlet end
      which receives the stream issuing from said orifice means, air inlet
      port-forming means in communication with the exterior of the sprayer and
      pressure-reducing passageway means communicating with said latter inlet
      end for effecting the aspiration of air through said air inlet
      port-forming means and the mixing thereof into the liquid stream passing
      through the pressure-reducing passageway means to form the same to a
      degree which varies substantially with the angle of the stream issuing
      from said orifice means and reaching a given desired condition when said
      diverging stream angle is said second given angle, and motion limiting
      means for limiting the movement of said fluid-directing member to said
      position spaced said given distance from said orifice means.
NUM  20.
PAR  20. The sprayer of claim 19 wherein said pressure-reducing passageway means
      includes an outwardly tapering portion terminating in a throat portion,
      and said outwardly tapering portion being positioned relative to said
      orifice means wherein the widest portion of the stream discharging from
      said orifice means at said second given angle when said fluiddirecting
      member is in said position spaced from said orifice means will strike said
      outwardly tapering portion of said pressurereducing passageway.
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ABST
PAL  An ejector comprises a nozzle for a motive fluid opening into a mixing
      zone, and a diffusor downstream of the mixing zone for the motive and
      entrained fluids. The motive jet nozzle is annular and has its mouth
      substantially radially outwardly directed. The diffusor consists of two
      spaced plates, discs or the like, and the nozzle is directed between the
      plates which are so arranged relative to one another that the cross
      sectional area between them increases in a radial sense, as viewed from
      the nozzle.
BSUM
PAR  This invention relates to an ejector comprising a nozzle for a motive fluid
      opening into a mixing zone, and a diffusor downstream of the mixing zone
      for diffusing the motive fluid and the fluid entrained by it.
PAR  According to the invention, the nozzle is annular and has its mouth
      substantially radially outwardly directed, and the diffusor consists of
      two spaced plates, discs or the like, the nozzle being directed between
      the plates which are so arranged relative to one another that the cross
      sectional area between them increases in a radial sense, as viewed from
      the nozzle. The invention with the use of simple means thus provides a
      readily adjustable ejector of robust reliable construction.
DRWD
PAR  An embodiment of the invention will be more fully described hereinbelow and
      with reference to the accompanying drawings in which
PAR  FIG. 1 is a side elevation, partly in section, of a dust exhauster or
      collector assembly equipped with the ejector;
PAR  FIG. 2 shows a section, on a larger scale, of the ejector proper.
DETD
PAR  The dust exhauster or collector assembly 1 illustrated in FIG. 1 of the
      drawings is primarily intended for use in rock drilling. For achieving the
      required suction, the ejector 2 of the assembly 1 is adapted to be
      connected by means of a hose 3 to a compressor or other source of
      compressed air. As shown in FIG. 1, the assembly 1 has in its lower part a
      cyclone 4 which is connected to the drilling site and in its upper part a
      filter device 5, said lower and upper parts of the assembly being tightly
      connected together. Both coarse and fine materials will thus be separated
      in the assembly 1. The separated material is discharged through the lower
      open end 6 of the assembly, to which a collecting bag or like means should
      be connected.
PAR  The ejector 2 is mounted at the upper end of the assembly 1 and consists of
      the motive jet nozzle 8 opening into the mixing zone 7, said nozzle being
      supplied with the motive fluid via the hose connecting socket 9, and of
      the diffusor 10 downstream of the mixing zone for diffusing the motive
      fluid and the fluid which said motive fluid entrains out of the assembly
      1. The nozzle 8 is annular and has its mouth substantially radially
      outwardly directed. The diffusor 10 is formed by two spaced plates, panels
      or like means 11 and 12 between which the nozzle 8 is directed. The plates
      11 and 12 are so arranged in relation to one another that the cross
      sectional area between them increases in a radial sense, as viewed from
      the nozzle 8.
PAR  In the embodiment illustrated, the plate 12 is smaller than the plate 11.
      More particularly, the plate 12, which determines the effective extension
      of the diffusor, is circular and its centre coincides with that of the
      annular nozzle 8. The plates 11 and 12 could, however, be of equal size.
PAR  As will appear from the drawing, the plates 11 and 12 are at least
      substantially plane parallel. Another relative orientation of the plates
      11 and 12 is also conceivable.
PAR  The distance between the plates 11 and 12 is adjustable to permit setting
      the diffusor 10. According to the drawing, the central portions only of
      the plates 11 and 12 are adjustable relative to one another, since the
      plate 12 has its periphery connected to the plate 11 by the spacer means
      13.
PAR  The size of the nozzle 8 can also be set. As shown in the drawing, the
      mouth of the nozzle 8 is formed by the gap between the plate 12 or the
      central portion 14 thereof and a substantially hopper-shaped portion 15
      directed toward said plate or plate portion. More particularly, it is the
      distance of the hopper-shaped portion 15 to the plate 12 and the plate
      portion 14, respectively, that is adjustable for setting the width of the
      gap forming the mouth of the nozzle 8.
PAR  As will appear from the preferred embodiment illustrated in the drawing,
      the two plates 11 and 12 are interconnected at their centres by means of a
      device 16 which is combined with the annular nozzle 8, is equipped with
      the compressed air connecting socket 9, and permits setting the size of
      the nozzle 8 as well as the distance between the plates 11 and 12. The
      part of the device 16 combined with the nozzle 8 is the hopper-shaped
      portion 15 whose outer side constitutes a vane for the pumped air. The
      hopper-shaped portion 15 is provided with a central tube portion which at
      one end cooperates with the connecting bolt 17 and at the other end with
      the bolt 18. The bolt 17 permits setting the size of the nozzle 8, whereas
      the bolt 18 permits setting the distance between the plates 11 and 12, for
      instance with the aid of washers.
PAR  Besides, a combination effect is gained with the ejector 2 according to the
      present invention since the plate 11 of the diffusor 10 simultaneously
      serves as a lid for the container or like vessel to which the ejector 2 is
      connected. The upper part of the assembly accommodating the filter device
      5 is thus an upwardly open cylindrical container which is closed by the
      lid-forming plate 11 which is part of the ejector 2.
PAR  The invention should not be considered limited to the embodiment described
      above and shown in the drawing since it admits of modification within the
      spirit and scope of the appended claims.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An ejector comprising a nozzle for a motive fluid opening into a mixing
      zone, and a diffusor downstream of the mixing zone for the motive and
      entrained fluids, wherein the motive jet nozzle is annular and has its
      mouth substantially radially outwardly directed, and the diffusor consists
      of two spaced plates or discs, the nozzle being directed between the
      plates which are so arranged relative to one another that the cross
      sectional area between them increases in a radial sense, as viewed from
      the nozzle.
NUM  2.
PAR  2. An ejector as claimed in claim 1, wherein at least one of the plates
      which is not larger than the second plate, is circular and its centre
      coincides with that of the nozzle.
NUM  3.
PAR  3. An ejector as claimed in claim 1, wherein the plates are at least
      substantially plane parallel.
NUM  4.
PAR  4. An ejector as claimed in claim 1, wherein the distance between the
      plates is adjustable.
NUM  5.
PAR  5. An ejector as claimed in claim 1, wherein the size of the nozzle is
      adjustable.
NUM  6.
PAR  6. An ejector as claimed in claim 1, wherein the mouth of the nozzle is
      formed by the gap between one of the plates and a substantially
      hopper-shaped portion directed toward said plate.
NUM  7.
PAR  7. An ejector as claimed in claim 6, wherein the distance of the
      substantially hopper-shaped portion to the plate toward which said portion
      is directed, is adjustable for setting the width of the gap forming the
      mouth of the nozzle.
NUM  8.
PAR  8. An ejector as claimed in claim 1, wherein the two plates are
      interconnected at their centres by a device which is combined with the
      annular nozzle, is equipped with a connection for the motive fluid, and
      permits setting the size of the nozzle as well as the distance between the
      plates.
NUM  9.
PAR  9. An ejector as claimed in claim 1, wherein one of the spaced plates
      constituting the diffusor is in the form of a lid for a container or like
      vessel to which the ejector is to be connected.
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ABST
PAL  A nozzle for use with a rotary kiln of the type used for reducing ore, such
      as iron ore, to a lower state of oxidation. The nozzle projects in a
      generally radial direction through the kiln shell to inject fluid into the
      interior of the rotary kiln. The nozzle comprises a gas passage for
      admitting a reductant gaseous fluid such as natural gas (methane) or an
      oxidizing fluid such as air into the kiln at appropriate times in the
      cycle of rotation of the kiln. The nozzle also includes a central oil tube
      slidably adjustably mounted in a sleeve which extends to the nozzle tip.
      The gas passage through the nozzle forms a hollow chamber around the
      sleeve in which the oil tube is enclosed, whereby the gas passing through
      the hollow chamber provides a cooling action on the oil tube and on the
      nozzle tip. The discharge outlet of the oil tube may be located within its
      enclosing sleeve in spaced relation to the nozzle tip, and in a cooler
      zone than the nozzle tip, whereby to minimize clogging of the oil tube
      discharge outlet by carbon deposits or the like. The central oil tube may
      be slidably moved within its enclosing sleeve to permit cleaning of carbon
      deposits from the nozzle tip. A quick disconnect coupling at the inlet end
      of the central oil tube permits disconnection of the oil supply to the oil
      tube while the kiln is rotating, permitting insertion of a cleaning rod in
      the oil passage of the central oil tube to "rod out" the central oil tube,
      the cleaning rod being extendible into cleaning engagement with the nozzle
      tip. The central oil tube may also be completely removed and replaced with
      another oil tube while the kiln is rotating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to nozzles for rotary kilns used for such purposes
      as reducing iron ore to a lower state of oxidation. In such kilns, a
      plurality of nozzles may be mounted on the outer surface of the kiln and
      project radially through the kiln shell to inject fluid into the kiln at
      circumferentially and axially spaced locations along the length of the
      shell.
PAC  STATEMENT OF THE INVENTION
PAR  It is an object of the invention to provide a nozzle for mounting on and
      rotation with a rotary reducing kiln in which a given nozzle is adapted to
      inject into the kiln a liquid reductant such as a hydrocarbon oil or
      alternatively to inject a suitable gaseous reductant when the nozzle is in
      an appropriate position such as beneath the bed of ore, and still further
      alternately to inject into the kiln a gaseous oxidizing agent such as
      oxygen or air when the nozzle is in the appropriate position such as above
      the bed of ore.
PAR  It is still a further object of a preferred embodiment of the invention to
      provide a nozzle for a rotary reduction kiln or the like in which the
      passage for the liquid fluid through the nozzle is entirely segregated
      from the passage for the gaseous fluid through the nozzle.
PAR  It is still a further object of the invention to provide a nozzle
      construction for use in a rotary reduction kiln or the like which is so
      constructed that the flow of gaseous fluid through the nozzle is in
      cooling relation to the passage for the liquid fuel (such as a hydrocarbon
      liquid or oil) through the nozzle, whereby to minimize carbon deposits and
      other undesirable deposits in the oil passage, including the passage
      through the nozzle tip, which deposits are associated with the presence of
      excess heat.
PAR  It is still a further object of the invention to provide a nozzle
      construction for use in a rotary reduction kiln or the like in which the
      nozzle tip is easily cleaned of carbon deposits or the like by
      manipulation of the central oil tube which forms part of the nozzle
      assembly.
PAR  It is still a further object of the invention to provide a nozzle assembly
      for a rotary reduction kiln or the like which permits cleaning of the oil
      tube and of the nozzle tip by "rodding" while the kiln is rotating, or
      which permits easy removal and replacement of the oil tube while the kiln
      is rotating.
PAR  In achievement of these objectives, there is provided in accordance with an
      embodiment of the invention, a nozzle for use with a rotary kiln of the
      type used for reducing ore, such as iron ore, to a lower state of
      oxidation. The nozzle, which may be one of many similar axially and
      circumferentially spaced nozzles mounted on the kiln, projects in a
      generally radial direction through the kiln shell to inject fluid into the
      interior of the rotary kiln. The nozzle comprises a gas passage for
      admitting a reductant gaseous fluid such as natural gas (methane) or an
      oxidizing fluid such as air into the kiln at appropriate times in the
      cycle of rotation of the kiln. The nozzle also includes a central oil tube
      slidably adjustably mounted in a sleeve which extends to the nozzle tip.
      The gas passage through the nozzle forms a hollow chamber around the
      sleeve in which the oil tube is enclosed, whereby the gas passing through
      the hollow chamber provides cooling action on the oil tube and on the
      nozzle tip. The discharge outlet of the oil tube may be located within its
      enclosing sleeve in spaced relation to the nozzle tip and in a cooler zone
      than the nozzle tip, whereby to minimize clogging of the oil tube
      discharge outlet by carbon deposits or the like. By loosening a
      compression fitting which secures the central oil tube to its enclosing
      sleeve, the central oil tube may be slidably moved within its enclosing
      sleeve to permit cleaning of carbon deposits from the nozzle tip. A quick
      disconnect coupling at the inlet end of the central oil tube permits
      disconnection of the oil supply to the oil tube while the kiln is
      rotating, permitting insertion of a cleaning rod in the oil passage of the
      central oil tube, the cleaning rod being extendible into cleaning
      engagement with the nozzle tip. By loosening the aforesaid compression
      fitting, with the elements of the quick disconnect coupling also detached,
      the central oil tube may be completely removed and replaced with another
      oil tube, all while the kiln is rotating. An important feature of the
      construction is the fact that the oil passage which forms part of the
      nozzle structure is fluidly isolated from the passage through the nozzle
      for the gaseous fluids handled by the nozzle such as natural gas or air.
      The inlets of the nozzle to the gaseous fluids and to the liquid
      hydrocarbon (if used) are connected by valving to the appropriate fluid
      supply manifolds at appropriate times in the rotation of the kiln.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following description taken in conjunction with the accompanying
      drawing in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in section of a nozzle in accordance with the invention
      extending through the wall of rotary kiln and projecting into the interior
      of the rotary kiln;
PAR  FIG. 2 is a view in section of a modified nozzle in accordance with the
      invention, of the type in which the nozzle tip is substantially flush with
      the inner periphery of the kiln, rather than projecting into the interior
      of the kiln;
PAR  FIG. 3 is a plan view of the nozzle of FIG. 2, as it would be seen from the
      interior of the kiln; and
PAR  FIG. 4 is an enlarged view of the quick disconnect coupling for the oil
      tube.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings, there is shown a portion of a
      rotary reduction kiln generally indicated at 10 comprising an inner lining
      or wall 12 constructed of any suitable refractory material such as fire
      brick defining a combustion chamber 14, and an outer wall or shell 16
      generally constructed of metal. Kiln 10 may typically have a diameter in
      the range of 10 to 20 feet, for example, and typically may rotate at a
      speed such as one-half revolution per minute. A plurality of openings 18
      are provided through the kiln wall to the combustion chamber. Each opening
      18 extends through lining 12 and also through outer wall or shell 16. The
      portion of opening 18 which extends through outer wall 16 is of larger
      diameter and is indicated at 24. These openings 18 are circumferentially
      and axially spaced about the surface of the kiln and each opening 18
      receives a nozzle such as that generally indicated at 20 for delivery of
      fluid into the combustion chamber. In a typical reduction kiln, there may
      be one hundred or more of the openings 18 each having a nozzle 20
      positioned therein, and the drawing of FIG. 1 illustrates but one of a
      plurality of such nozzles. The kiln shown in FIG. 1 should rotate in a
      clockwise direction relative to the view of FIG. 1, as shown by the arrow
      in FIG. 1, to minimize any tendency of ore pellets or the like to enter
      fluid discharge port 64.
PAR  The nozzle 20 comprises an elongated hollow nozzle body including what
      might be referred to as a hollow generally cylindrical outer casing 22
      which is rigidly secured as by welding at its inner end to opening 24 in
      the outer wall or shell 16. The nozzle body also includes a hollow
      cylindrical first inner sleeve 26 which is telescopically received within
      the interior of casing 22, sleeve 26 having an outer diameter just
      slightly less than the inner diameter of casing 22. Sleeve 26 is suitably
      detachably connected to casing 22. Sleeve 26 extends radially outwardly
      relative to the axis of the kiln to a suitable location which in the
      illustrated embodiment is shown as being substantially coincident with the
      location of the enlarged shoulder 28 of casing 22. The radially inner end
      of sleeve 26 terminates contiguous but spaced radially outwardly a short
      distance from the inner periphery 15 of kiln lining 12.
PAR  The nozzle body also includes a second or radially inner (relative to the
      axis of the kiln) hollow cylindrical sleeve generally indicated at 30
      which is telescopically engaged with the radially inner end of the first
      inner sleeve 26. The sleeve 30 includes a reduced diameter portion 32
      having an outer diameter just slightly less than the inner diameter of the
      first sleeve 26 whereby to permit the portion 32 of the sleeve 30 to
      telescopically engage the radially inner end of the first sleeve 26. The
      remaining or radially inner portion of sleeve 30, indicated at 34, is of
      greater thickness than portion 32 and has an outer diameter just slightly
      less than the inner diameter of opening 18 through kiln lining 12. The
      radially inner end of sleeve 30 projects inwardly into the interior of the
      kiln for a short distance, for example 6 inches, where it lies beneath the
      ore being reduced when the nozzle is in the phase of rotation of the kiln
      in which it lies beneath the ore bed.
PAR  Unless otherwise indicated, the terms "radially inner" and "radially outer"
      used in the specification and claims are relative to the longitudinal axis
      of the rotary kiln.
PAR  Concentrically and coaxially located within the nozzle 20 and along the
      central longitudinal axis of nozzle 20 which extends radially of the kiln
      is a hollow cylindrical sleeve member generally indicated at 36 which
      encloses a cylindrical central oil tube generally indicated at 38. Oil
      tube 38 may be made of a material such as carbon steel for example. Sleeve
      member 36 does not necessarily have to be concentric and coaxial with
      nozzle 20 and could be eccentrically located relative to he longitudinal
      axis of nozzle 20.
PAR  Oil tube 38 is provided throughout its length with a central oil passage 39
      which may be, for example, of the order of magnitude of one-eighth inch in
      diameter. Oil tube 38 typically may have a diameter of one-half inch.
PAR  There are several reasons for providing a relatively narrow diameter oil
      passage 39 (such as 1/8 inch diameter) in oil tube 38, as follows:
PAR  1. The small diameter of passage 39 causes the oil or liquid fuel to emerge
      from oil tube 38 with substantial velocity; and
PAR  2. The relatively small diameter of passage 39 causes a minimum reservoir
      of oil to remain in tube 38 on the downstream side of the cut-off valving
      to the nozzle after the oil supply to the nozzle has been cut off, which
      substantially eliminates any dumping of oil from oil tube 38 after the oil
      supply to the nozzle has been cut off and the nozzle has moved from
      beneath the ore bed.
PAR  Oil tube 38 terminates at its radially inner end in a reduced diameter end
      portion 38A, the radially innermost end of which is indicated at 38B. A
      cylindrical closure member generally indicated at 40 which constitutes the
      nozzle tip is received within the radially inner end (relative to the axis
      of the kiln) of sleeve 30. Closure 40 is unapertured except for a
      centrally located passage therethrough generally indicated at 42 which
      serves as an outlet into the kiln for oil discharged from central oil tube
      38, as will be explained in more detail hereinafter. Passage 42 terminates
      at its radially inner end in a reduced diameter discharge orifice 60.
      Closure 40 serves to prevent passage of ore into the hollow space or
      chamber 75 within the nozzle structure between the centrally located
      sleeve 36 which surrounds oil tube 38 and sleeves 26 and 32. Closure or
      nozzle tip 40 is held in position by its engagement with the threaded
      tapered upper end of sleeve 36 which engages a similarly tapered and
      threaded opening in the radially outer end of closure 40.
PAR  The radially outer end of sleeve 36 extends through a passage 46 in an end
      closure plate 44 which closes the radially outer end (relative to the kiln
      axis) of nozzle 20. Bolts 48 extend through closure plate 44 and through
      flange 50 at the radially outer end of nozzle casing 22 to secure closure
      plate 44 in assembled position as shown in the drawing. Sleeve 36 is
      provided with an integral shoulder 52 which seats on the inner surface of
      closure plate 44 and serves as a limiting stop which properly positions
      sleeve 36. The external surface of the portion of the sleeve 36 which
      projects radially outwardly of end closure plate 44 is threaded as
      indicated at 54 and a nut 56 engages thread 54 and is tightened up against
      the radially outer surface of end plate 44 to hold sleeve 36 in assembled
      position relative to end plate 44 and also relative to the rest of the
      nozzle structure.
PAR  The central oil tube 38 which is coaxially positioned within the sleeve 36
      extends radially outwardly of closure plate 44 and also radially outwardly
      of the radially outer end of sleeve 36. The location of the radially inner
      end 38B of oil tube 38 can be adjusted by means of the reusable
      compression fitting assembly generally indicated at 58 which clamps the
      outer surface of central oil tube 38 and which may be loosened to permit
      movement of oil tube 38. As will be explained in more detail, compression
      fitting 58, together with quick detachable coupling 68 to be described,
      also permit easy removal and replacement of the central oil tube 38 while
      the kiln is rotating.
PAR  Compression fittings per se are well known in the art and need not be
      described in detail. It might be noted that the compression fitting
      assembly 58 is anchored to the radially outer end of sleeve 36 by a nut 59
      forming part of assembly 58 and which is in screw threaded engagement with
      the radially outer end of sleeve 36. The radially outer end of nut 59
      supports a bushing-like member 61 having external threads which are in
      screw-threaded engagement with internal threads on nut 63. Nut 63 encloses
      a conical ferrule element of plastic material such as Teflon (not shown)
      which is coaxially positioned about the outer surface of central oil tube
      38. When nut 63 is rotated in one direction it tightens the conical
      ferrule element into clamping engagement with the external surface of oil
      tube 38 without deforming the surface of oil tube 38, to thereby maintain
      oil tube 38 in a fixed position relative to sleeve 36. When nut 63 is
      rotated in the opposite direction, it loosens the engagement of the
      conical ferrule element relative to the external surface of oil tube 38,
      permitting oil tube 38 to be moved relative to sleeve 36. Compression
      fittings of the type hereinbefore described and shown are commercially
      available and may be obtained, for example, from Crawford Fitting Company,
      884 East 140th Street, Cleveland 10, Ohio, as described in their catalog
      B-959 entitled SWAGELOK* Tube Fittings, copyright 1959 by Crawford Fitting
      Company, Cleveland, Ohio.
FNT  *(registered trademark)
PAR  As seen in the view of FIG. 1, the end 38A of oil tube 38 is positioned a
      few inches radially outwardly of the orifice 60 of nozzle tip 40. In fact,
      in the view shown in the drawing, central oil tube 38 is so located in its
      surrounding sleeve 36 that end 38B of oil tube 38 is normally positioned a
      few inches radially outwardly of the radially inner end of sleeve 36. The
      optimum position of end 38B of central oil tube 38 relative to nozzle tip
      40 may be adjusted to locate end 38B of central oil tube 38 at a location
      which is sufficiently cooler than nozzle tip 40 to minimize undesirable
      carbon at the outlet end 38B of oil tube 38, and once the optimum position
      of the end 38B which prevents overheating and undesirable carbon deposits
      has been determined, central oil tube 38 may be maintained in this
      position by tightening the compression fitting 58 as previously described.
      In this optimum position of end 38B of oil tube 38, the discharge end of
      the oil tube 38 will remain open and unclogged due to the minimization of
      overheating of end 38B and minimization of carbon deposits associated with
      overheating.
PAR  Casing portion 22 of nozzle 20 is provided with an inlet port 62 which may
      be connected to a source of gaseous fluid such as air or methane depending
      upon the part of the cycle of rotation of the kiln in which the given
      nozzle is located at a given moment. The radially inner end portion of
      sleeve 30 which projects into the interior of the kiln is provided with an
      outlet opening 64 in the wall thereof through which the gaseous fluid
      admitted through port 62 may pass into the kiln. In passing from inlet
      port 62 to outlet port 64, the gas passes through a hollow chamber 75
      bounded by the outer surface of tube 36 and by the inner surface of casing
      22 and of sleeves 26 and 30. A baffle 70 is positioned in the nozzle
      structure between the outer periphery of sleeve 36 and the inner periphery
      of sleeve 30 in the region of the gaseous fluid discharge passage 64.
      Baffle 70 serves to prevent the ore pellets or the like from falling
      through port 64 into the interior of the nozzle structure.
PAR  An important feature of the nozzle structure is the cleanability feature of
      the construction which permits the central oil tube 38 to be reciprocated
      linearly within sleeve 36 and in such manner as to clean carbon deposits
      or other extraneous matter from the nozzle tip 40 and from the radially
      inner portion 41 of sleeve 36 near nozzle tip 40. Thus, if compression
      fitting 58 is loosened, central oil tube 38 may be moved radially inwardly
      within sleeve 36 and relative to the rotary kiln axis to the extreme
      position shown in dotted line in FIG. 1 in which the end or tip portion
      38A of central oil tube 38 projects into passage 42 of nozzle tip 40 and,
      in fact, the reduced diameter end portion 38A of oil tube 38 may even be
      projected with a sliding fit through orifice 60 and beyond the radially
      inner surface of nozzle tip 40 and into the interior of the kiln, to
      thereby permit cleaning by movement of oil tube 38 of carbon deposits or
      other extraneous material which has accumulated in the passage 42 in the
      nozzle tip, including orifice 60, or in the communicating passage 41
      bounded by the inner surface of the radially inner portion of sleeve 36
      contiguous nozzle tip 40.
PAR  A quick disconnect coupling generally indicated at 68 is provided for
      detachably connecting the inlet end of oil tube 38 to a source of oil
      supply. As best seen in FIG. 4, the quick disconnect coupling includes a
      male element 69 which is screw-threadedly attached to the radially outer
      end of oil tube 38. The female element 70 of the quick disconnect coupling
      is connected to a elbow 72 which in turn is connected to a flexible
      tubular conduit 74 leading to the source of oil supply. The female element
      70 has built in thereto a spring biased check valve (not shown) which
      closes to interrupt the oil flow through conduit 74 when the male element
      69 is withdrawn from engagement with the female element 70 of the quick
      disconnect coupling. However, engagement of the male element 69 with the
      female element 70 pushes the check valve to an open position which permits
      oil to flow from the source of supply through conduit 74 and the coupled
      elements 69-70 of the quick disconnect coupling to the inlet end of oil
      tube 38.
PAR  It can be seen that the provision of the quick disconnect coupling permits
      the female disconnect element 70 to be disconnected from the male
      disconnect element 69 while the kiln is rotating to permit insertion of a
      cleaning rod into the central longitudinal bore or oil passage 39 of oil
      tube 38 to permit cleaning of the oil tube passage 39, and also to permit
      cleaning of passage 42 through nozzle tip 40, including orifice 60 of
      passage 42. Also, when quick disconnect coupling 68 is uncoupled, the oil
      tube 38 may be removed and replaced. In removing and replacing the oil
      tube 38, it is, of course, necessary to loosen the compression fitting 58
      to permit removal of one oil tube 38, and after the new oil tube 38 is
      positioned, the compression fitting 58 must again be tightened. While the
      coupling 68 is disconnected, the oil flow from conduit 74 is interrupted
      due to the fact that the internal check valve in female element 70 has
      moved to closed position. Quick disconnect couplings of the type just
      described are well known per se and are commercially available. For
      example, a quick disconnect coupling of the type hereinbefore described is
      manufactured and sold by The Hansen Manufacturing Company, 4031 West 150th
      Street, Cleveland, Ohio 44135.
PAR  The nozzle structure hereinbefore described may be used with varying
      combinations of fluids in a direct reduction kiln. For example, if natural
      gas (methane) is being used as the reductant, the port 62 is connected by
      suitable valving and manifolding means to the source of methane during the
      period when the given nozzle 20 rotates beneath the bed of ore. As the
      given nozzle 20 rotates from beneath the bed of ore, the reductant gas
      connection to port 62 of the given nozzle is disconnected; and when the
      given nozzle reaches an elevated position above the ore bed, the port 62
      may then be connected to a source of oxidizing gas such as air or oxygen.
      In the example just cited a gaseous fluid is used as the reductant and a
      gaseous fluid is used as the oxidizing gas, and the oil tube portion of
      the assembly is not used. In fact, in the situation just described if oil
      is not to be injected through the given nozzle, the sleeve 36 may be
      plugged with a "dummy" in place of oil tube 38. However, in another
      situation instead of using a gaseous reductant, the central oil tube 38 of
      the same nozzle may be connected during at least part of the portion of
      the cycle of rotation of the kiln during which the nozzle is rotating
      beneath the ore bed to a pressurized source of oil or liquid hydrocarbon
      reductant which is suitably connected by appropriate valving and manifold
      means to the inlet end of the central oil tube 38 during the predetermined
      period when the nozzle is passing beneath the ore bed.
PAR  When oil is used as a reductant, the oil is injected from orifice 60 of
      nozzle tip passage 42 into the bed of ore. After the given nozzle has
      passed beneath the predetermined portion of the ore bed into which oil is
      to be injected, the source of the liquid hydrocarbon to oil tube 38 is
      disconnected, and at a suitable time during the cycle of rotation when the
      nozzle is in an elevated position above the ore bed, port 62 may be
      connected by suitable valving and manifold means to a source of oxidizing
      gas such as air or oxygen which exits from the nozzle structure into the
      kiln through outlet port 64. The source of oxidizing gas is disconnected
      from port 62 after the nozzle has passed through a predetermined angular
      rotation above the bed of ore.
PAR  If the nozzle is used for injecting a reductant gas and an oxidizing gas
      into the kiln via ports 62-64 of a given nozzle at appropriate times
      during the cycle of rotation of the rotary kiln, a valving and control
      system similar to that used in my U.S. Pat. No. 3,794,483, issued Feb. 26,
      1974, may be used for controlling admission of the respective gaseous
      fluids to the kiln at the proper times during the cycle of rotation. If a
      liquid hydrocarbon such as oil is injected into the kiln through central
      oil tube 38 and nozzle tip 40, the flow of oil to the inlet end of oil
      tube 38 may be controlled by a separate ON-OFF valve, controlled by a
      cam-operated control system analagous to that shown in FIG. 2 of my
      aforementioned U.S. Pat. No. 3,794,483, but with appropriate
      modifications, whereby to cause the liquid hydrocarbon to be injected into
      the kiln only while the given nozzle is passing beneath the ore bed or
      beneath a portion of the ore bed.
PAR  It can be seen from the foregoing that a given nozzle in accordance with
      the construction of the invention is capable of handling a gaseous fluid
      which passes through inlet port 62 and which passes outwardly into the
      kiln through outlet opening 64, the gaseous fluid being, for example,
      methane during the reduction portion of the cycle of rotation, or an
      oxygen-containing gas such as oxygen or air during the oxidizing portion
      of the cycle of rotation. The same nozzle is also equipped to handle and
      dispense a liquid fluid or fuel such as a liquid hydrocarbon (oil) which
      may be injected into the ore bed as the given nozzle is rotating beneath
      the ore bed instead of using a gaseous reductant.
PAR  Referring now to FIGS. 2 and 3, there is shown a modified nozzle structure
      which is adapted for use where it is desired that the nozzle tip be
      mounted substantially flush with the inner periphery of the kiln rather
      than projecting into the interior of the kiln as in the embodiment of FIG.
      1. The kiln shown in FIG. 2 can rotate in either direction.
PAR  As seen in FIGS. 2 and 3, there is shown a nozzle assembly generally
      indicated at 100 which in many respects is similar to the nozzle structure
      of FIG. 1 and differs principally from the structure of FIG. 1 in the
      structure of the nozzle tip.
PAR  In describing the modified nozzle of FIGS. 2-3, parts similar to parts of
      the nozzle structure of FIG. 1 will use the same numbers as FIG. 1 but
      primed (').
PAR  There is shown a portion of a rotary kiln generally indicated at 10'
      similar to that described in connection with FIG. 1 and comprising an
      inner lining or wall 12' constructed of any suitable refractory material
      such as fire brick defining a combustion chamber 14' and an outer wall or
      shell 16' generally constructed of metal. The nozzle generally indicated
      at 100 lies in an opening 18' which extends through lining 12', nozzle
      100' also extendng through enlarged portion 24' of opening 18' in outer
      wall or shell 16'. As explained in connection with FIG. 1, a large number
      of axially and circumferentially spaced openings 18' are provided about
      the surface of the kiln and FIG. 2 shows one such opening 18' having one
      nozzle received in said opening 18'.
PAR  The nozzle 100 comprises an elongated hollow nozzle body including a
      cylindrical outer casing 22' which is rigidly secured as by welding at its
      radially inner end to enlarged opening 24' in outer wall or shell 16'. The
      nozzle body also includes a hollow cylindrical first inner sleeve 26'
      which is telescopically received within the interior of casing 22', sleeve
      26 having an outer diameter just slightly less than the inner diameter of
      casing 22'. Sleeve 26' extends radially outwardly relative to the axis of
      the kiln to a suitable location which in the illustrated embodiment is
      shown as being substantially coincident with the location of the enlarged
      shoulder 28' of casing 22'. The radially inner end of sleeve 26'
      terminates contiguous but spaced radially outwardly a short distance from
      the inner periphery 102 of kiln lining 12'.
PAR  The nozzle body also includes a second or radially inner (relative to the
      axis of the kiln) hollow cylindrical sleeve generally indicated at 30'
      which is telescopically engaged with the radially inner end of the first
      inner sleeve 26'. Sleeve 30' includes a reduced diameter portion 32'
      having an outer diameter just slightly less than the inner diameter of
      first sleeve 26' whereby to permit the portion 32' of sleeve 30' to
      telescopically engage the radially inner end of first sleeve 26'. The
      remaining or radially inner portion of sleeve 30' indicated at 34' is of
      greater thickness than portion 32' and has an outer diameter just slightly
      less than the inner diameter of opening 18' through kiln lining 12'. The
      radially inner end of sleeve 30' projects a short distance inwardly into
      the interior of the kiln, for example 2 inches, where it lies beneath the
      ore being reduced when the nozzle is in the phase of rotation of the kiln
      in which it lies beneath the ore bed. Coaxially located within the nozzle
      100 along the central longitudinal axis of nozzle 100' which extends
      radially of the kiln is a hollow cylindrical sleeve member generally
      indicated at 36' which encloses a cylindrical central oil tube generally
      indicated at 38'. Sleeve member 36' need not necessarily be coaxial
      relative to nozzle 10'. Oil tube 38' is provided throughout its length
      with a small diameter central oil passage 39' similar to that described in
      connection with the embodiment of FIG. 1. Oil tube 38' terminates at its
      radially inner end in a reduced diameter end portion 38A', the radially
      innermost end of which is indicated at 38B'.
PAR  A cylindrical closure member generally indicated at 104 which constitutes
      the nozzle tip is received within the radially inner end (relative to the
      axis of the kiln) of sleeve 30'. Closure or nozzle tip 104 is provided on
      its radially outer surface thereof which extends radially outwardly of the
      kiln axis with a hollow neck portion generally indicated at 106 having
      internal threads 108 thereon which engage cooperating external threads on
      the radially inner end of sleeve 36' whereby to secure neck portion 106 of
      nozzle tip 104 rigidly but detachably engaged with the radially inner end
      of sleeve 36'. Nozzle tip 104 is provided with a centrally located oil
      passage 110 therethrough, terminating in a reduced diameter orifice 110',
      which communicates with the hollow interior 41' of the upper end of the
      sleeve 36' which encloses oil tube 38', whereby the pressurized oil
      ejected from the outlet end 38B' of oil tube 38' passes through space 41'
      in sleeve 36' and through passage 110 and orifice 110' in nozzle tip 104,
      and thence into the ore bed in the kiln. It will be noted that the
      radially inner surface of nozzle tip 104 (relative to the kiln axis) is so
      located as to be substantially flush with the inner periphery 102 of kiln
      10', in contrast to the structure of FIG. 1 in which nozzle tip 40
      projects into the hollow interior of the kiln. Nozzle tip 104 of FIGS. 2
      and 3 is provided with a plurality of concentric radially spaced (relative
      to the longitudinal axis of nozzle 100) rows of arcuately spaced gas
      passages 112 through which gaseous fluids exit into the kiln from the
      hollow space or chamber 75' bounded by the exterior surface of sleeve 36'
      and by the interior surface of casing 22' and of sleeves 26' and 30', such
      gaseous fluids having passed inwardly into space or chamber 75' through
      inlet port 62' for the gaseous fluids.
PAR  It will also be noted that in the embodiment of FIGS. 2-3, the gaseous
      fluids discharge through ports or passages 112 in the nozzle tip in a
      direction which is parallel to the longitudinal axis of the nozzle 100' or
      generally radial relative to the axis of the kiln. In contrast, in the
      structure of FIG. 1, the gaseous fluids discharge from gaseous fluid
      discharge port 64 of nozzle 20 in a direction substantially radially of
      the longitudinal axis of the nozzle or circumferentially relative to the
      axis of the kiln.
PAR  The radially outer end of sleeve 36' extends through a passage 46' in end
      closure plate 44' which closes the radially outer end (relative to the
      kiln axis) of nozzle 100. Bolts 48' extend through closure plate 44' and
      through flange 50' at the radially outer end of nozzle casing 22' to
      secure closure plate 44' in assembled position in the same manner as
      described in connection with the embodiment of FIG. 1. Sleeve 36' is
      provided with an integral shoulder 52' which seats on the inner surface of
      closure plate 44' and serves as a limiting stop which properly positions
      sleeve 36'. The external surface of the portion of the sleeve 36' which
      projects radially outwardly of end closure plate 44' is threaded as
      indicated at 54' and a nut 56' engages thread 54' and is tightened up
      against the radially outer surface of end plate 44' to hold sleeve 36' in
      assembled position relative to end plate 44' and also relative to the rest
      of the nozzle structure in the same manner ase described in connection
      with the embodiment of FIG. 1.
PAR  The central oil tube 38' which is coaxially positioned within sleeve 36'
      extends radially outwardly of closure plate 44' and also radially
      outwardly of the radially outer end of sleeve 36'. The oil tube 38' can be
      held in any given adjusted position relative to sleeve 36' by means of the
      reusable compression fitting assembly generally indicated at 58' which
      clamps the outer surface of central oil tube 38'. The reusable compression
      fitting assembly 58' is similar to that described in connection with the
      embodiment of FIG. 1. The location of the radially inner end 38B' of oil
      tube 38 can be adjusted to an optimum position within sleeve 36' in
      radially outwardly spaced relation to the nozzle tip 104 to minimize
      overheating of oil tube 38' and to consequently minimize carbon deposits
      at the outlet end of the oil tube 38', all in the same manner as described
      in connection with the embodiment of FIG. 1.
PAR  A quick disconnect coupling 68', similar to the quick disconnect coupling
      68 described in connection with the embodiment of FIG. 1, is provided for
      detachably connecting the inlet end of oil tube 38' to a source of oil
      supply.
PAR  The oil tube 38' may have a cleaning rod inserted in the bore 39' thereof
      by detaching the male disconnect element 69 from the female disconnect
      element 70 in the manner previously described. This "rodding" operation
      may be performed while the kiln is rotating. As previously mentioned,
      typically the reduction kiln may have a diameter in the range of 10 feet
      to 20 feet, and typically may rotate at a speed such as 0.5 revolution per
      minute.
PAR  If it is desired to completely remove and replace the central oil tube 38'
      this may be done while the kiln rotates by loosening the compression
      fitting 58' to remove the central oil tube 38' and then retightening the
      compression fitting 58' when a new central oil tube 38' has been
      installed. The quick disconnect coupling is also disconnected when the
      central oil tube is being replaced.
PAR  The central oil tube 38' may also be used to clean the oil outlet passage
      110 of the nozzle tip 104 in a manner similar to that described in
      connection with the embodiment of FIG. 1 and while the kiln rotates, by
      loosening the compression fitting 58' to permit the central oil tube 38'
      to be reciprocated within its enclosing sleeve 36' with the reduced
      diameter portion 38A' being slidably receivable within the orifice 110' of
      passage 110 as shown in dotted outline in FIG. 2 to thereby clean away any
      carbon deposits or other extraneous matter from the oil outlet passage 110
      (including orifice 110' thereof) in nozzle tip 104. The quick disconnect
      coupling 68' is also preferably disconnected when the central oil tube is
      being reciprocated to clean the passage 110 (including orifice 110') in
      the nozzle tip, and to clean space 41' in sleeve 36'.
PAR  The nozzle structure of FIGS. 2-3 may be used in the same manner as
      described in connection with the embodiment of FIG. 1 to introduce desired
      fluids such as gaseous fluids or a liquid fuel such as oil into the kiln
      at appropriate times in the cycle of rotation of the kiln, all in the same
      manner as described in connection with the embodiment of FIG. 1.
PAR  Since in practically any direct reduction process in which either
      embodiment of the nozzle of the invention would be used would include
      connecting hollow chamber 75 from gas inlet port 62 to gas outlet port 64
      during part of the cycle of rotation of the given nozzle to an oxidizing
      gas such as air or oxygen, the passage of such gases through chamber 75
      tends to cool sleeve 36 (FIG. 1) or 36' (FIG. 2) and the central oil tube
      38 or 38', and also to cool the nozzle tip 40 or 104. Thus, if during part
      of the cycle of the given nozzle, the nozzle were used to inject oil into
      the kiln, the cooling effect of the gas flow just described would aid in
      minimizing carbonization of the oil outlet passages of the nozzle
      structure, particularly of the oil outlet opening 38B (FIG. 1) or 38B'
      (FIG. 2) of oil tube 38 or 38', and of the liquid fuel passages 42 (FIG.
      1) and 110 (FIG. 3) in the nozzle tip, as well as minimizing other
      deposits associated with the presence of heat.
PAR  It should be noted that during operation of the kiln, the radially inner
      portion of the nozzle structure, if uncooled, might approach a temperature
      of the order of magnitude of 1,800.degree. Fahrenheit, for example. The
      cooling action of a gas such as air at ambient temperature (which might be
      100.degree. Fahrenheit or less, for example) passing through the chamber
      75 or 75' at sometime during each cycle of rotation of the kiln, effects a
      substantial reduction in the temperature of the oil tube and of the nozzle
      tip, and while it does not completely eliminate carbon deposits or other
      deposits in the oil tube and nozzle tip associated with the presence of
      heat, it tends to reduce such deposits to a normally acceptable level.
PAR  A further advantage of cooling the sleeve 36 and oil tube 38, made possible
      by the cooperative relation of these members with gas passage or cooling
      chamber 75, is that the oil tube 38 can be cooled sufficiently to maintain
      the liquid hydrocarbon or oil in the liquid phase at least until it
      emerges from the end 38A or 38' of oil tube 38 or 38', which is desirable.
PAC  SUMMARY OF CLEANING PROCEDURE
PAR  A typical procedure which may be followed for monitoring the condition of
      the oil passage through the nozzle structure in both of the illustrated
      embodiments is as follows, keeping in mind that the kiln operates
      continuously 24 hours per day. Despite the advantage obtained by the
      cooling feature previously discussed, such monitoring is nevertheless
      desirable. Also various unusual changes in operating conditions of the
      kiln may tend to accelerate undesirable deposits or build-ups in the oil
      passage.
PAR  1. Once each shift (i.e., once in every 8 hours) the elements of the quick
      disconnect coupling 68 of a given nozzle 20 are disconnected from each
      other to permit insertion of a cleaning rod into the typically 1/8 inch
      diameter passage 39 of the oil tube 38. This cleaning rod is actually a
      wire having a diameter just slightly less than that of passage 39. The
      cleaning rod is inserted for the entire length of the oil tube 38 and is
      additionally projected through the passage 42 including orifice 60 of the
      nozzle tip 40 (FIG. 1) or through similar passage 110 and orifice 110' of
      nozzle tip 104 (FIG. 2). If the cleaning rod can be pushed all the way
      through without difficulty to the extreme radially inner end of orifice 60
      of passage 42 or orifice 110' of passage 110, the cleaning rod is then
      withdrawn and it can be assumed that there is a thru oil passage all the
      way from the radially outer end of oil tube 38 to the radially inner end
      of nozzle tip 40 (FIG. 1) or of nozzle tip 104 (FIG. 2). In this case, the
      quick disconnect coupling 68 is then recoupled.
PAR  2. If, on the other hand, difficulty is experienced in cleaning passage 42
      and orifice 60 thereof (FIG. 1) or passage 110 and orifice 110' thereof
      (FIG. 2) by use of the wire rod as just described in step 1, the
      compression fitting 58 may be loosened to permit oil tube 38 to be
      linearly moved until the reduced diameter portion 38A of the oil tube 38
      passes through the orifice 60 of outlet passage 42 of nozzle tip 40 as
      shown in phantom outline in FIG. 1, or until the reduced diameter portion
      38A' of oil tube 38' passes through orifice 110' of passage 110 of nozzle
      tip 104 as shown in phantom outline in FIG. 2. Linear movement of the oil
      tube 38 as just described will also eject carbon deposits or the like from
      the space 41 bounded by the interior wall of sleeve 36 near the normally
      radially inner portion of sleeve 36 relative to the kiln axis or from the
      similar space 41' of the embodiment of FIG. 2.
PAR  3. if the deposits of carbon or other extraneous material are so tightly
      packed in the passage 42 (FIG. 1) or 110 (FIG. 2) that movement of the oil
      tube 38 as described in step 2 has been unable to remove such deposits,
      the oil tube 38 may be removed and a special tool may be inserted into
      sleeve 36 in place of oil tube 38, such sleeve having a special reaming
      tip or the like which may be used to ream out and clean out passage 42 of
      nozzle tip 40 and its orifice 60 (FIG. 1) or passage 110 of nozzle tip 104
      (FIG. 2) and its orifice 110'.
PAR  After the special cleaning tool has performed its operation, the oil tube
      38 may again be positioned in sleeve 36, or a new clean oil tube may
      replace the one that was removed, if desired, and the compression fitting
      58 is tightened into engagement with the outer surface of the oil tube.
PAR  4. If difficulty is encountered in cleaning the oil tube 38 by means of a
      wire rod or the like, the entire oil tube 38 may be removed and may be
      replaced by a new or cleaned oil tube and the compression fitting 58 again
      tightened in place to hold the replacement oil tube in position properly.
PAR  In the specification while the tube 38 has been referred to as an "oil
      tube" and oil has been referred to as the liquid fuel passing through tube
      38, these designations have been used only by way of example and to
      simplify the description. It will be understood that tube 38 may be used
      to deliver any suitable type of liquid fuel to the reduction kiln. This
      liquid fuel would normally be a liquid hydrocarbon such as oil.
PAR  From the foregoing detailed description of the invention, it has been shown
      how the objects of the invention have been obtained in a preferred manner.
      However, modifications and equivalents of the disclosed concepts such as
      readily occur to those skilled in the art are intended to be included
      within the scope of this invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A nozzle for use with a rotary kiln of the type used for reducing ore to
      a lower state of oxidation, including a hollow nozzle body adapted to
      extend through the kiln wall from the exterior of the kiln to finally
      communicate with the interior of the kiln, means forming a closure for
      said nozzle body at the normally radially outer end thereof (relative to
      the kiln axis), a nozzle tip forming a closure contiguous the normally
      radially inner end of said nozzle body, a fluid passage for liquid fluid
      through said nozzle tip, a hollow sleeve member extending through said
      nozzle body for substantially the entire length of said nozzle body at
      least to said nozzle tip and being in fluid communication with said fluid
      passage through said nozzle tip, said sleeve member being spaced radially
      inwardly from the inner surface of said nozzle body relative to the
      longitudinal axis of said nozzle whereby to define a hollow chamber
      between said sleeve member and said nozzle body, a liquid fuel tube
      slidably received within the hollow interior of said sleeve member and
      slidably movable into cleaning relation to said nozzle tip, said liquid
      fuel tube being adapted to be connected contiguous a radially outer end
      thereof to a source of liquid fuel, an inlet port in said nozzle body for
      admitting a gaseous fluid into the hollow chamber of said nozzle body
      which surrounds said sleeve member, an outlet port contiguous the normally
      radially inner end of said nozzle body and adapted to communicate with the
      interior of the kiln, said outlet port communicating with said hollow
      chamber of said nozzle body whereby gaseous fluid admitted to said inlet
      port may pass through said hollow chamber to said outlet port and thence
      into the kiln.
NUM  2.
PAR  2. A nozzle as defined in claim 1 in which said liquid fuel tube is
      linearly movable in said sleeve member and into the fluid passage through
      said nozzle tip whereby to clean carbon deposits or the like from the
      interior of said sleeve member and from said nozzle tip.
NUM  3.
PAR  3. A nozzle as defined in claim 1 including means for holding said liquid
      fuel tube fixed at an adjusted position relative to said hollow sleeve
      member whereby to normally locate the discharge end of said liquid fuel
      tube at an optimum position relative to said nozzle tip.
NUM  4.
PAR  4. A nozzle as defined in claim 1 in which said hollow sleeve member
      projects through and extends beyond said closure at the normally radially
      outer end of said nozzle body, said liquid fuel tube projecting through
      and beyond the normally radially outer end of said hollow sleeve member,
      and means carried by said hollow sleeve member contiguous the radially
      outer end of said sleeve member for detachably gripping said liquid fuel
      tube whereby to hold said liquid fuel tube at a desired adjusted position
      relative to said hollow sleeve member and also relative to said nozzle
      tip.
NUM  5.
PAR  5. A nozzle as defined in claim 4 in which said means carried by said
      hollow sleeve member can be loosened to ungrip said liquid fuel tube
      whereby said liquid fuel tube may be linearly moved in said sleeve member
      to clean carbon deposits or the like from the interior of said sleeve
      member and from said nozzle tip, or to permit adjustment of said liquid
      fuel tube whereby to locate the discharge end of said liquid fuel tube at
      an optimum position relative to said nozzle tip, or to permit removal and
      replacement of said liquid fuel tube.
NUM  6.
PAR  6. A nozzle member as defined in claim 5 in which said means carried by
      said hollow sleeve member is a reusable compression fitting.
NUM  7.
PAR  7. A nozzle as defined in claim 1 including a quick disconnect coupling
      adapted to normally connect the normally radially outer end of said liquid
      fuel tube to a liquid fuel supply, the elements of said quick disconnect
      coupling which are respectively connected to said liquid fuel tube and to
      said liquid fuel supply being detachable from each other to permit
      insertion of a cleaning rod or wire into the bore of said liquid fuel tube
      for cleaning said liquid fuel tube, or to permit removal and replacement
      of said liquid fuel tube.
NUM  8.
PAR  8. A nozzle member as defined in claim 1 including a baffle member in the
      space between said hollow sleeve member and the inner surface of said
      nozzle body in the region of said oulet port for preventing ore from
      falling through said outlet port into said space.
NUM  9.
PAR  9. A nozzle member as defined in claim 1 in which the diameter of the oil
      passage through said oil tube is substantially smaller than the internal
      diameter of said hollow sleeve member.
NUM  10.
PAR  10. A nozzle member as defined in claim 1 in which said nozzle is adapted
      to project into the interior of the kiln, and said oulet port is in a wall
      of said nozzle body which lies on a radially outer boundary of said nozzle
      body relative to the longitudinal axis of said nozzle body, and which wall
      is adapted to project into the interior of said kiln, whereby gaseous
      fluids exit into the kiln from said nozzle in a direction which is
      generally radial of the longitudinal axis of said nozzle body.
NUM  11.
PAR  11. A nozzle as defined in claim 1 in which said nozzle tip is provided
      with passages therethrough communicating with said hollow chamber of said
      nozzle body, whereby to constitute the gaseous fluid outlet port of said
      nozzle.
NUM  12.
PAR  12. A nozzle as defined in claim 11 in which the radially inner surface of
      said nozzle tip, relative to the kiln axis, is adapted to be positioned
      substantially flush with the inner periphery of the kiln.
NUM  13.
PAR  13. A nozzle as defined in claim 1 in which said fluid passage through said
      nozzle tip includes a reduced diameter discharge orifice and said liquid
      fuel tube is provided with a reduced diameter end portion at the normally
      radially inner end thereof which is linearly movable with a sliding fit
      through said discharge orifice.
NUM  14.
PAR  14. A nozzle for use with a rotary kiln of the type used for reducing ore
      to a lower state of oxidation, including a hollow nozzle body adapted to
      extend through the kiln wall from the exterior of the kiln to fluidly
      communicate with the interior of the kiln, means forming a closure for
      said nozzle body at the normally radially outer end thereof (relative to
      the kiln axis), a nozzle tip forming a closure contiguous the normally
      radially inner end of said nozzle (relative to the kiln axis), a fluid
      passage for liquid fluid through said nozzle tip, a hollow sleeve member,
      said sleeve member extending through said nozzle body for substantially
      the entire length of said nozzle body at least to said nozzle tip and
      being in fluid communication with said fluid passage through said nozzle
      tip, a liquid fuel tube slidably received within the hollow interior of
      said sleeve member and slidably movable into cleaning relation to said
      nozzle tip, said liquid fuel tube being adapted to be connected contiguous
      a radially outer end thereof to a source of liquid fuel, said liquid fuel
      tube projecting through and beyond the normally radially outer end of said
      hollow sleeve member, and means carried by said hollow sleeve member
      contiguous the radially outer end of said sleeve member for detachably
      gripping said liquid fuel tube whereby to hold said liquid fuel tube fixed
      at a desired adjusted position relative to said hollow sleeve member and
      also relative to said nozzle tip.
NUM  15.
PAR  15. A nozzle as defined in claim 14 in which said liquid fuel tube is
      linearly movable in said sleeve member and into the fluid passage through
      said nozzle tip whereby to clean carbon deposits or the like from the
      interior of said sleeve member and from said nozzle tip.
NUM  16.
PAR  16. A nozzle as defined in claim 15 in which said means for holding said
      liquid fuel tube fixed at an adjusted position relative to said hollow
      sleeve member is effective to locate the discharge end of said liquid fuel
      tube at an optimum position relative to said nozzle tip.
NUM  17.
PAR  17. A nozzle as defined in claim 14 in which said means carried by said
      hollow sleeve member can be loosened to ungrip said liquid fuel tube
      whereby said liquid fuel tube may be linearly moved in said sleeve member
      to clean carbon deposits or the like from the interior of said sleeve
      member and from said nozzle tip, or to permit adjustment of said liquid
      fuel tube whereby to locate the discharge end of said liquid fuel tube at
      an optimum position relative to said nozzle tip, or to permit removal and
      replacement of said liquid fuel tube.
NUM  18.
PAR  18. A nozzle member as defined in claim 14 in which said means carried by
      said hollow sleeve member is a reusable compression fitting.
NUM  19.
PAR  19. A nozzle as defined in claim 14 including a quick disconnect coupling
      adapted to normally connect the normally radially outer end of said liquid
      fuel tube to a liquid fuel supply, the elements of said quick disconnect
      coupling which are respectively connected to said liquid fuel tube and to
      said liquid fuel supply being detachable from each other to permit
      insertion of a cleaning rod or wire into the bore of said liquid fuel tube
      for cleaning said liquid fuel tube, or to permit removal and replacement
      of said liquid fuel tube.
NUM  20.
PAR  20. A nozzle as defined in claim 14 in which said fluid passage through
      said nozzle tip includes a reduced diameter discharge orifice and said
      liquid fuel tube is provided with a reduced diameter end portion at the
      normally radially inner end therof which is linearly movable with a
      sliding fit through said discharge orifice.
NUM  21.
PAR  21. A nozzle as defined in claim 14 in which said hollow sleeve member
      projects through and extends beyond said closure at the normally radially
      outer end of said nozzle body, said liquid fuel tube projecting through
      and beyond the normally radially outer end of said hollow sleeve member,
      and means carried by said hollow sleeve member contiguous the radially
      outer end of said sleeve member for detachably gripping said liquid fuel
      tube whereby to hold said liquid fuel tube at a desired adjusted position
      relative to said hollow sleeve member and also relative to said nozzle
      tip.
NUM  22.
PAR  22. A nozzle for use with a rotary kiln of the type used for reducing ore
      to a lower state of oxidation, including a hollow nozzle body adapted to
      extend through the kiln wall from the exterior of the kiln to fluidly
      communicate with the interior of the kiln, means forming a closure for
      said nozzle body at the normally radially outer end thereof (relative to
      the kiln axis), a nozzle tip forming a closure for the normally radially
      inner end of said nozzle (relative to the kiln axis), a fluid passage for
      liquid fluid through said nozzle tip, a hollow sleeve member, said sleeve
      member extending through said nozzle body for substatially the entire
      length of said nozzle body at least to said nozzle tip and being in fluid
      communication with said fluid passage through said nozzle tip, a liquid
      fuel tube slidably received within the hollow interior of said sleeve
      member and adjustably slidably movable into a desired optimum position
      relative to said nozzle tip, said liquid fuel tube being adapted to be
      connected contiguous a radially outer end thereof to a source of liquid
      fuel, said liquid fuel tube projecting through and beyond the normally
      radially outer end of said hollow sleeve member, and means carried by said
      hollow sleeve member contiguous the radially outer end of said sleeve
      member for detachably gripping said liquid fuel tube whereby to hold said
      liquid fuel tube fixed at a desired adjusted position relative to said
      hollow sleeve member and also relative to said nozzle tip.
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ABST
PAL  A material reducer for coal, lignite, ore, stone, rock, oil shale and the
      like which employs rotary hammers, bars or the like not only to crush the
      material but also to propel the crushed material upwardly along a confined
      or partially confined path which discharges for example onto an output
      conveyor or directly to a screen or other processing equipment. The
      feed-in or input end of the crusher can be at a level sufficiently low to
      be supplied by the newer more mobile loading units such as front-end
      loaders, over-the-head loaders, and others. The center of gravity can also
      be substantially lowered, providing more stability without the normal
      cumbersome frame and support structure. Crushers constructed in accordance
      with the invention can be made far lighter and more mobile than existing
      mobile crushers with the same capacity, and therefore provide a practical
      way of eliminating the use of trucks, with their attendant noise, dust and
      pollution, to haul uncrushed minerals from the bottom of a mine or quarry
      to a stationary crusher at the surface.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my earlier filed copending
      U.S. patent applications, Ser. No. 185,760, filed Oct. 1, 1971, and Ser.
      No. 267,915, filed June 30, 1972, both now abandoned, the disclosures of
      which are hereby incorporated by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to crusher apparatus and methods. These are
      especially useful for reducing ore, rock, stone, and the like. In mining
      or extraction, random size pieces of mineral material are produced, some
      too large to be carried out of the mine or quarry on conveyor belts of
      practical and economical width. Bucket or skiff conveyors have been tried,
      but have been expensive to build, operate and maintain.
PAR  Thus, motor trucks have been used to carry uncrushed minerals from the
      bottom of mines or quarries to a distant or upper surface for crushing.
      The trucks are often noisy polluters which consume much capital and
      operating expense, especially when the roadway is icy, wet or muddy.
PAR  For various reasons, including perhaps the desire to provide reversible
      hammer rotation and design symmetry, and/or perhaps due to inertia of
      thought in the art, the massive crushers most commonly used heretofore in
      the crushing of large chunks of heavy minerals have included a top inlet
      and bottom outlet. Positioning a conveyor belt below such a crusher to
      receive crushed material from the outlet involves elevating the crusher
      above ground on heavy supporting framework, or constructing a trench
      beneath it. This can raise the inlet to a difficult or prohibitive height
      for conventional mobile loaders or loading equipment, and/or makes the
      crusher considerably less mobile or less stable and more expensive to
      install.
PAR  In principle, mineral extraction costs can be reduced by crushing the large
      chunks to a convenient size in the quarry or at the mine face, and then
      carrying them to the surface by  belt conveyors of practical size and
      width. However, under many circumstances, the above-described problems and
      the ponderosity and expense of available mobile crushers frustrate the use
      of this money-saving procedure.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of the present invention to provide a relatively
      simple and inexpensive crusher which makes it unnecessary to truck mineral
      materials from the bottom of a mine or quarry.
PAR  Another object of the invention is to provide a crusher machine which
      effectively performs the necessary functions of far heavier and more
      expensive mobile crushers heretofore used.
PAR  Still another object is to provide crushing apparatus which can be
      conveniently operated in a mine or quarry.
PAR  Yet another object is to provide a crusher which can be discharged directly
      to a conveyor, screen, or other transport and processing equipment and yet
      requires no high elevating framework or subjacent trench.
PAR  A still further object is to provide machinery for crushing mineral
      materials which can be discharged directly to a conveyor, screen, or the
      like and yet can be readily supported in a manner giving it good stability
      against tipping.
PAR  A further object is to provide crushing means which can be loaded directly
      by mobile loaders such as front-end or over-the-head loaders.
PAR  Another object is to provide crushing apparatus which can itself be readily
      constructed in a mobile form which is relatively stable against tipping,
      is relatively simple and light in weight, and yet provides a convenient
      discharge.
PAR  Another object is the provision of crusher machines having the aforesaid
      features which may be used to advantage in the crushing of mined coal or
      ore of a type or types not excessively hard, and particularly in the
      crushing of coal or limestone.
PAR  Yet another object is to provide a method of impact crushing mineral
      materials which can significantly reduce problems heretofore associated
      with the transport of mineral materials from the floor or face of a mine
      or quarry.
PAR  Upon consideration of the summary and the various embodiments of the
      invention described below, it will be apparent that the invention can be
      embodied in forms which attain some or all of the above objects. Moreover,
      additional  objects will occur to those skilled in the art. In any event,
      the practice of the present invention offers various significant
      advantages.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides material reduction apparatus for mineral materials
      such as ore, rock, stone, oil shale, coal, lignite and the like. Such
      apparatus comprises a rotor having any suitable form of impact members
      mounted thereon, for instance, fixed or pivotable hammers or bars. These
      are arranged in spaced relationship about the rotor, and their peripheries
      define an impactor circle, of which there may be several.
PAR  The rotor is mounted for rotation in a housing having a curved, imperforate
      impact surface. By "imperforate", it is meant that the surface is regular
      or irregular, but is for the most part devoid of "through" holes; for
      instance, if the surface is in the form of a plate punched with holes,
      this plate will normally be backed up by a blind plate which closes off
      all or most of the holes. On the other hand, the impact surface may be
      provided by filling the bottom of an enlarged housing with crushed mineral
      material, such as the material which is crushed in said apparatus, until
      the level of said crushed material reaches a level slightly below but
      adjacent to said impactor circle.
PAR  The aforesaid impact surface defines the outer perimeter of a zone of
      rotor-feed material-impact surface inter-reaction subtending an arc in
      said impactor circle which includes the lowest point in said impactor
      circle and extends upwardly on either side of said point. In the case of a
      rotor having several circles of impact members, there may be several of
      such zones in which the zones themselves and/or the hammer circles may
      have different diameters or be physically separated from one another by
      members intermeshing with laterally adjacent impact members. However, in a
      preferred embodiment of the invention, the impact surface or surfaces are
      free of discontinuous components intermeshing with (or in the lateral
      space between) laterally adjacent pairs of impact members. "Discontinuous
      components" refers to a durable member or members providing a series of
      inward projections from the impact surface spaced peripherally about the
      impact surface and separated by gaps sufficiently large to momentarily
      catch, stop or reverse the direction of a significant proportion of the
      mineral material which enters the gaps and collides with the projections.
PAR  The apparatus includes an inlet duct for charging the material to the rotor
      housing. The inlet duct may open into the housing directly adjacent the
      zone of rotor-feed material-impact surface inter-reaction or at any other
      suitable location. For instance, the duct may open into the housing within
      the impactor circle or alongside it. Preferably, the inlet is open to the
      atmosphere, so that air may be drawn into the housing as the feed material
      enters, and the air and feed may be caused to follow a common path through
      the apparatus until after they have both entered an outlet channel or
      duct. Also, the inlet may be connected with or include, any suitable means
      for controlled feeding of material into the housing in a predetermined
      range of mass rate, e.g., as by using an input conveyor means, including
      without limitation vibrating pan feeders (which are preferred), apron
      conveyors, table feeders and (where the feed material is in relatively
      small pieces) a belt conveyor.
PAR  The apparatus also includes an outlet channel which at least partially
      encloses a reduced material departure path. This path generally
      corresponds to the trajectory imparted to the material at the downstream
      end of the interreaction zone. In a preferred embodiment, this channel is
      so constructed that material thrown into it can travel its entire length
      without significant stoppage for removal of larger pieces, and then be
      delivered to direction changing and energy absorbing means. Thus, in a
      preferred embodiment, upstream of the direction changing and energy
      absorbing means, the channel or duct is substantially devoid of means
      impeding the motion of the larger pieces thrown into the duct by the
      rotor.
PAR  The direction changing and energy absorbing means may be of any type,
      including a rock box, chain curtain, angled metal surface or the like. It
      is connected with or beyond the duct or channel operationally, if not
      physically, and is oriented in the material departure path in position for
      receiving all -- or at least the larger -- pieces thrown off by the rotor,
      for slowing such material by absorbing a major portion of the kinetic
      energy thereof, and for discharging such material from the channel or duct
      without recycling to that rotor which propelled the material to the
      direction changing and energy absorbing means. Such means may discharge
      the material which reaches it by causing it to descend either directly or
      through any suitable discharge means, preferably unobstructed, including a
      further duct, channel, or the like, to any suitable receiver. This may for
      instance be a vehicle, a conveyor, a screen, the inlet of an additional
      material reduction apparatus, or another transport or processing
      apparatus. In a preferred embodiment, the outlet channel and direction
      changing and energy absorbing means are arranged to convey the entire
      range of materials thrown off by the rotor to the direction changing and
      energy absorbing means, and from thence to a discharge outlet without
      separation of the pieces of differing particle size and without return of
      material from the direction changing and energy absorbing means to the
      rotor. This discharge outlet is most preferably at least partly and
      preferably completely at an elevation which is higher than the low point
      of the impactor circle and most preferably higher than the axis of
      rotation of the rotor.
PAR  Also, it should be apparent that when ready for use, the apparatus will be
      provided with means for rotating the rotor with the periphery of the rotor
      adjacent the impact surface moving in the direction of said outlet channel
      and with sufficient speed to throw reduced material up the outlet channel
      to said energy absorbing and direction changing means.
PAR  In accordance with the method aspects of the present invention, air and
      mineral feed are introduced into a housing through an inlet opened to the
      atmosphere. The air and mineral feed are caused to flow along a common
      path from said inlet to a rotor in said housing. The feed material is
      contacted with rotating impact members on said rotor and with an impact
      surface in a rotor-feed material-impact surface inter-reaction zone
      subtending an arc including and extending upwardly from either side of the
      lowest point on the circle described by the rotating impact members at
      their peripheries. Material crushed by said rotor and impact surface is
      thrown upwardly and outwardly from the rotor along an at least partially
      confined channel using the kinetic energy imparted thereto by said rotor,
      to a level above the axis of rotation of the rotor. While the crushed
      material is still in flight, at least the largest pieces of crushed
      material are impinged against an energy absorbing and direction changing
      means. Then the crushed material is caused to descend from said energy
      absorbing and direction means to discharge from the apparatus without
      further contact with said rotor.
PAR  With the aid of the drawings described below, a few illustrative
      embodiments of the apparatus and the method of the present invention will
      now be described. A person skilled in the art will readily recognize that
      other embodiments are possible, and that the invention is not limited to
      the embodiments shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a prior art system showing a truck
      being used at the floor of the mine or quarry for transporting the
      uncrushed ore or other material to an upper level where a stationary
      crushing machine is located.
PAR  FIG. 2 is a schematic illustration of the manner in which a crusher machine
      according to the present invention may be employed on the floor or face of
      the mine or quarry to receive material supplied to it as by a loading
      machine and to project the crushed material upwardly and outwardly on to
      an output conveyor system or other processing equipment.
PAR  FIG. 3 is a side elevational view, partly in section, of one form of
      crushing machine according to the present invention.
PAR  FIG. 4 is a view looking down along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a schematic illustration of an alternate form of crushing machine
      according to the present invention.
PAR  FIG. 6 is a view looking along the line 6--6 of FIG. 5.
PAR  FIGS. 8-12 are schematic illustrations of still other forms of crushing
      machines embodying the present invention.
PAR  FIG. 13 is a sectional view of a preferred embodiment of the crushing
      machine of the present invention.
PAR  FIG. 14 is a partially broken out end view of the machine of FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS
PAR  Referring first to FIG. 1, there is illustrated a system commonly used
      heretofore in the mining of coal or ore for the quarrying of rock and
      stone. As there illustrated, trucks such as truck 10 on the floor or face
      12 of the mine or quarry are loaded, as by steam shovel 14 or front-end or
      other loaders, and the uncrushed ore, rock or other material is generally
      carried by the trucks up ramps (not shown) to an upper level at which a
      stationary crushing machine 15 is installed. The problems of such a system
      have been discussed above.
PAR  In FIG. 2, a crusher machine 20 according to the present invention is shown
      being loaded by an over-the-head loader 16. The crushing machine 20 rests
      on the floor of the mine or quarry and its input opening 21 is
      sufficiently low to accept the discharge from the loader. The loader may
      feed a conveyor 30 which carries material into crusher machine 20. This
      conveyor is not essential, but does permit controlling the mass feed rate
      to the crusher in a predetermined range or at least provides a more
      controlled feed than where the driver of loader 16 sporadically discharges
      complete loads directly into the crusher 20.
PAR  As seen in FIG. 2, the crushed output of the crushing machine is delivered
      at 22 at a level sufficiently high above ground to allow the crushed
      material to be dropped onto an output conveyor belt 40. A belt conveyor
      system such as 40, 41, 42 can now easily convey crushed material from the
      floor of the mine or quarry to an upper level.
PAR  The crusher 20 of FIG. 2 is disclosed in greater detail in FIGS. 3 and 4.
      Referring to the latter figures, said crusher has a housing 26 with rotor
      27 mounted for rotation therein, in suitable bearings (not shown). A
      plurality of axially spaced rotor discs 29, carrying four hammer shafts
      28, mounted at 90.degree. intervals near the peripheries of the rotor
      discs 29, serve as pivotal mountings for four sets of impact membes, e.g.,
      hammers 23, including four hammers in each set which are laterally (or
      axially) spaced relative to each other. The hammers could be mounted at
      random spacings about the discs, as long as weight balance about the rotor
      shaft is maintained. On rotation of the rotor means, including the shaft
      27, rotor discs 29, and hammer shafts 28, the outer peripheries of the
      hammers 23 define an impactor or hammer circle 23A.
PAR  The housing 26 includes a curved, imperforate impact surface or member 26A.
      It defines the periphery of a zone of rotor-feed material-impact surface
      inter-reaction subtending an arc alpha (.alpha.) in said impactor circle
      which includes the lowest point P in impactor circle 23A and extends
      upwardly on either side thereof.
PAR  While it is preferred that the impact surface be a fabricated member,
      preferably of highly wear resistant metal, the impact surface may be
      fabricated of other materials. For instance, it is contemplated that all
      or part of the fabricated impact surface 26A might be omitted, leaving the
      lower portion of the volume of housing 26 unoccupied. Upon the feeding of
      mineral material to the crusher machine, this open volume would become
      packed with crushed feed material, the level of which would rise in the
      housing to a level controlled by the rotation of the impact members and by
      the passage of additional feed material, and would thereby be formed into
      a curved impact surface.
PAR  The apparatus also includes an outlet channel which at least partially
      encloses a reduced material departure path generally corresponding to the
      trajectory imparted to the material at the downstream end of the
      inter-reaction zone and generally indicated by arrows D. This channel may
      be a duct of tubular or other shape enclosed partially or completely
      throughout its length and circumference. It will however be sufficiently
      enclosed to confine or at least partially confine the reduced material
      proceeding along departure path D. The surfaces of this duct 24 may be
      fabricated of metal, as shown, or may be provided with rock facings, e.g.
      rock boxes. In the preferred embodiment, the duct 24 has a lower surface
      or confining member 24A which comprises an upward, substantially
      tangential extension of the impact surface 26A. Also, in the preferred
      embodiment, the upper surface 24B terminates in a direction changing and
      energy absorbing means 24C, e.g. a rock box, chain curtain or fabricated
      metal impact surface, oriented in the material departure path D and
      positioned for slowing the material by absorbing a major portion of the
      kinetic energy thereof.
PAR  In this preferred embodiment, the energy absorbing and direction changing
      means 24C delivers all of the material received from the rotor means to a
      discharge outlet 22. The discharge outlet 22 is preferably unobstructed,
      so that the entire quantity of reduced material which strikes the energy
      absorbing and direction changing means may descend therefrom to any
      suitable receiver. When the discharge outlet is at least partly, or
      preferably completely, at an elevation which is higher than the low point
      P of impactor circle 23, and, most preferably, higher than the axis L of
      rotation of the rotor shaft 27, the output of crushed material from
      discharge outlet 22 may readily be fed directly onto a conveyor 40 without
      placing the conveyor in a trench under the crushing apparatus and/or
      without elevating the crushing apparatus on a high framework with the
      conveyor running underneath. This also makes it possible to mount the
      crusher on simple transport means, such as skids 52, crawler tracks,
      walking mechanism, wheels or the like so that it may be moved to any
      desired location in a mine, quarry or other facilities.
PAR  Certain advantages may accrue from properly engaging the base, e.g. skids
      52, of the crusher with the ground surface, e.g. the bottom of a mine or
      quarry. This can be done for instance by interposing between the base and
      the ground surface a resilient sheet member which is free of attachment
      with the ground and which may be a durable porous synthetic and/or natural
      elastomer or blend thereof. The sheet will have a substantial thickness
      and resilience properties such that its upper and lower surfaces will
      deflect horizontally relative to one another in response to horizontal
      vibrations of the machine, while retaining frictional engagement with the
      machine and ground. The sheet may also undergo localized vertical
      deflection to accommodate irregularities in the ground surface. Thus, the
      sheet temporarily secures the machine at the desired location on the
      ground, permitting ready removal and at least partially reducing any
      tendency of the machine to creep. The machine may also be secured by a
      tether, if desired.
PAR  In view of the intended manner of operation of the apparatus, those skilled
      in the art will readily recognize from the foregoing description that the
      apparatus, when ready for use, will be provided with a means, such as
      electric motor 50 and drive belts 51, for rotating the rotor with the
      periphery of the rotor adjacent the impact surface 26A moving in the
      direction of outlet channel 24 and with sufficient speed to throw reduced
      material up outlet channel 24 to the energy absorbing and direction
      changing means 24C.
PAR  In FIG. 5, the uncrushed ore or other material is delivered through a
      feed-in chute 121 into the axial center of a cage mill 120 which includes
      a pair of spaced-apart discs 129 which support therebetween a plurality of
      rods or bars 130 which crush the ore material and throw it upwardly into
      the discharge chute 124 and out the nozzle 122. FIG. 6 is a view looking
      along section line 6--6 of FIG. 5 and shows how the cage is supported and
      driven rotationally by motor 126 and drive shafts 127.
PAR  FIG. 7 depicts a machine generally similar to that of FIGS. 5 and 6, except
      that the machine in FIG. 7 is a double counter-rotating cage mill. The
      material is fed through feed chute 121 into the axial center of the double
      cage and, after being crushed by the bars 130 and 230 of the
      counter-rotating cages, is thrown upwardly into the discharge conduit 124.
PAR  FIG. 8 illustrates a crusher machine generally similar to that of FIG. 3
      but in FIG. 8 classification is obtained between the lighter fines and the
      heavier, larger particles. Discharge conduit 24 is provided with two or
      more discharge nozzles 22-1 and 22-2 so that the lighter fines discharge
      through the nearer nozzle 22-1 and the heavier particles discharge through
      the more remote nozzle 22-2. Two or more output conveyor belts 40-1 and
      40-2 are provided for carrying away the fines and the larger particles,
      respectively.
PAR  The nozzles 22-1 and 22-2 may also be arranged to discharge both fine and
      heavier particles to the same conveyor belt. Heretofore, it has been
      conventional practice to charge a crusher from a scalping conveyor. Such
      conveyor discards fines and feeds larger particles into the inlet of the
      crusher. The output conveyor under the crusher passes first under the
      fines discharge outlet of the scalping conveyor, laying down a layer of
      fines thereon, and then passes under the discharge outlet of the crusher
      to receive the crushed product, including both large and small pieces. The
      previously placed layer of fines on the conveyor cushions the shock of the
      larger crushed pieces from the crusher, thus protecting and extending the
      life of the conveyor belt. In accordance with the present invention, it is
      not necessary to pass the conveyor belt under both a scalping conveyor and
      the bottom of the crusher. The nozzles 22-2 may be so oriented relative to
      their common output conveyor, so that nozzle 22-1 lays down a protective
      layer of fines on the belt upstream of nozzle 22-2. Thus, a scalping
      conveyor is no longer required.
PAR  In the preferred means and method of operation corresponding to the FIG. 8
      embodiment, the rotor in the machine housing strikes, reduces and propels
      outwardly from the rotor a stream of solid material including lighter and
      heavier pieces. Means integral with and/or separate from the rotor are
      provided for generating a flow of air and for causing said stream and flow
      to enter discharge conduit 24 together. The latter defines a first
      confined path away from the rotatable means for receiving the stream and
      causing it to continue in motion in the direction in which it is impelled
      by the blows of the impact members, at least until it passes beyond
      discharge nozzle 22-1. Said nozzle defines a path diverging from the
      discharge conduit 24, for diverting at least a portion of the air flow and
      at least a portion of the lighter pieces in the stream together from the
      discharge conduit.
PAR  The desired air flow can be generated by the rotating impact members
      themselves and/or by suitable fans. The heaviest pieces thrown off by the
      rotor will maintain their velocity in the direction in which they are
      propelled for a relatively long distance. The lighter pieces, having a
      lower mass-to-surface ratio, tend to lose their forward velocity more
      rapidly. Moreover, the flow of air departing through nozzle 22-1 effects a
      more efficient capture and separation of the lighter pieces. In order to
      insure that there is a sufficient flow of air into nozzle 22-1, the nozzle
      22-2 may be fitted with an air lock, or the nozzle 22-1 may have an air
      tight connection with a suitable receptacle in which suction is generated
      by a fan or other means.
PAR  FIG. 9 illustrates a crusher machine generally similar to that of FIGS. 3
      and 8 wherein the crusher is designed for reversible operation. Input
      chute 21 is centrally located above the axis of the rotor shaft of the
      hammers 23. Discharge conduits 24 and 224 are provided on both sides of
      the hammer circle. Output conveyors 40 and 240 are provided for receiving
      the discharge from the output conduits 24 and 224, respectively. Hinged
      gates 60 and 260 are provided, one on either side of the hammer circle,
      for preventing or for allowing material to be thrown into the discharge
      conduits. In FIG. 9, the hammers are indicated to be rotating in the
      counter-clockwise direction, and gate 60 is shown in closed position while
      the gate 260 is in open position. This allows crushed material to be
      thrown by the hammers upwardly into the discharge conduit 224 but prevents
      any discharge of crushed material into conduit 24. It will be understood,
      of course, that when the hammers are rotated in the opposite or clockwise
      direction, the hinged gate 260 will be closed and the gate 60 will be open
      to allow the crushed material to be thrown into discharge conduit 24.
PAR  FIG. 10 illustrates a cage mill generally similar to that of FIG. 5 but of
      a reversible type. In FIG. 10, the cage mill is shown to be rotating in
      the clockwise direction and gate 60 is shown to be in open position while
      gate 260 is shown closed.
PAR  While not illustrated in the drawings, the double counter rotating cage
      mill of FIG. 7 could also be arranged for reversible operation by the
      provision of an additional discharge conduit, and a reversible drive for
      the cages.
PAR  FIGS. 11 and 12 illustrate a cage mill crusher generally similar to that of
      FIGS. 5 and 6 but in which the discharge conduit 124 and output conveyor
      40 are in the same plane as the input chute 121, rather than to one side
      thereof.
PAR  The presently preferred configuration of the apparatus shown in FIGS. 13
      and 14, has a housing 226 with rotor 227 and flywheel 272 mounted for
      rotation in suitable bearings 271a and 271b. Five axially spaced rotor
      discs 229, carrying three hammer shafts 228, are mounted on shaft 227 for
      rotation therewith. The hammer shafts 228, mounted at 120.degree.
      intervals near the peripheries of the rotor discs 229, serve as pivotal
      mountings for three circles of hammers, including one double width set of
      two-shank hammers 223a in which each hammer has two shanks pivotally
      connected to a hammer shaft 228 on either side of the center rotor disc
      229a and includig two circles of single shank outer hammers 223 whose
      width is approximately equal to the axial center to center spacing of the
      rotor discs.
PAR  The housing 226 includes side panels 225, the feed ramp 213, curved,
      imperforate impact member 226A, inlet chute 222 and discharge chute 224,
      along with various other auxiliary equipment.
PAR  Inlet chute 22 is of the same width as the portion of the housing in which
      the hammers rotate, and it is defined by side walls 222A, by downwardly
      and outwardly inclined end wall 222B and by downwardly and inwardly
      inclined end wall 222C, as well as end wall supporting structures 220B and
      220C which can be bolted to the housing at points 219B and 219C
      respectively. In the configuration shown, the inlet chute exhibits some
      tendency to urge incoming material from right to left generally in the
      direction of the motion of the periphery of the downrunning rotor 227.
      However, the inlet chute end support members are so shaped that the chute
      can be unbolted and the positions of the ends reversed, so that the chute
      will then have a tendency to urge incoming material from left to right,
      generally in opposition to the direction of rotation of the hammers.
PAR  Upon entering the housing, incoming material may first encounter the
      hammers 223 and 223a, or the housing side walls 225, or the feed ramp 213.
      This feed ramp, has a replaceable wearing surface 261, held in place on a
      pivotally mounted platen 262 by mounting bolts 263. The platen pivot 264
      is a horizontal bar extending between side walls 225 near the upper
      portion of the housing, spaced radially from the impactor circle. The
      lower end of the feed ramp is fitted with adjustable securing means 265,
      securing the lower end of platen 262 either closely adjacent to the
      impactor circle or at a plurality of positions at further radial spacings
      therefrom. For protection of the machine, the bar 265 may be of only
      limited strength so that it will break, allowing the feed ramp to swing
      down and "unload" the rotor, if the rotor encounters  a large object that
      will not shatter, thus possibly averting self-destruction of the machine.
PAR  Imperforate impact member 226A also includes a plurality of replaceable
      wear surfaces 266, the first of which, 226A, has corrugations formed
      therein. These wear surfaces are held in place on a curved base 267 by
      suitable mounting bolts 268. Impactor member 226A is also pivotally
      mounted on a fixed pivot 270. The cross bar 269 at the right or downstream
      side of the impact surface 226A can be secured to any suitable adjusting
      means, not shown, by means of which the right end of the base and
      associated wear surfaces can be moved radially closer or further from the
      impactor circle.
PAR  The discharge duct 224 has a lower or confining member 224A which comprises
      an upward, substantially tangential extension of the right side of impact
      surface 226A, although it is slightly offset therefrom in a radially
      outward direction. Lower surface 224A, upper surface 224B and side panels
      224C define a duct having a completely closed circumference. The
      orientation of the duct generally corresponds to the trajectory imparted
      to the material at the downstream end of the inter-reaction zone,
      generally indicated by arrow D. The direction changing and energy
      absorbing means has been omitted from this view to permit showing the
      other parts of the apparatus on the largest scale possible, but it is
      understood that such means will be generally similar to that shown in the
      other figures and to that described above.
PAR  The following is a summary of parameters of a purely illustrative machine
      similar to that shown in FIGS. 11 and 12, designed for crushing cement
      rock. It uses a rotor having a hammer circle of sixty inches, which clears
      the impact surface by about 1/2 to 3 inches or more. The hammers are
      approximately 18 inches long and have a front face to back face width of
      about 9 inches. The single and double shank hammers have side to side
      widths of 12 to 24 inches respectively and weigh about 320 and 700 pounds,
      respectively. The entire rotating mass including hammers, rotor discs,
      shafts, flywheel and sheaves is about 20,000 pounds, and the machine as a
      whole weighs less than 100,000 pounds. It appears capable of doing the
      work of previously known mobile crushers weighing several times as much.
PAR  The rotor is designed to turn at about 480 to 700 RPM. The presence of some
      heavier multi-shank hammers on the rotor makes it possible to get
      equivalent or better crushing performance at lower rotor speed and
      therefore lower levels of machine vibration amplitude and creep, as
      compared to a larger number of single shank hammers of the same total
      mass, rotating faster. Thus, it could for instance be possible to provide
      the machine with hammers which extended the full available width of the
      housing and had three or more shanks.
PAR  Uncrushed minerals recovered at the mine face or in a quarry can be quite
      large, as indicated previously. It is not uncommon for the uncrushed
      material to include significant quantities, e.g. including 10% or more by
      weight, of pieces larger than 6 inches across in their smallest dimension,
      ranging up to so-called "coffin" sized pieces.
PAR  Although practical difficulties have arisen in the past in respect to
      economically conveying such crushed materials to the surface or in
      crushing them economically and conveniently in the quarry or at the mine
      face, such difficulties should be reduced by the present invention. The
      present invention provides crushing apparatus which is simple, easy to
      load, potentially portable and not dependent on a high supporting frame or
      trench for discharging to a conveyor. Thus, it is now perfectly feasible
      to use a modest-width belt conveyor, which is economical compared either
      to the use of trucks or the use of the other kinds of conveyors previously
      considered necessary, to transport the crushed output directly from the
      crushing machine to the surface above or surrounding the mine or quarry.
      Thus, for instance, in the case of limestone, the crushed product may
      consist of particles of the order of 6 inches or less in their maximum
      dimension.
PAR  Based on the principles of the invention disclosed herein, those skilled in
      the art will readily develop other embodiments, all of which are intended
      to be protected by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary impact mill for mineral materials such as coal, lignite, ore,
      stone, rock, oil shale and the like, comprising:
PA1  a. a rotor, having pivoted impact hammer means mounted thereon for reducing
      said mineral materials by impact therewith, the periphery of which defines
      an impactor circle;
PA1  b. a housing rotatably supporting said rotor and having a curved
      imperforate impact surface which defines the outer perimeter of a
      rotor-feed material-impact surface inter-reaction zone subtending an arc
      in said impactor circle which includes the lowest point in said impactor
      circle and extends upwardly on either side of said point;
PA1  c. an inlet duct for said feed material opening into said housing at a
      point outside said impactor circle above the center of said rotor and on
      one side of said lowest point, said inlet duct having a width
      corresponding substantially to the width of the portion of said housing in
      which said impact hammer means rotate, whereby said impact hammer means
      strike said feed material as it drops into said impactor circle to reduce
      said material;
PA1  d. an outlet duct for reduced material opening from said housing at a point
      below said center of said rotor and on the other side of said lowest
      point, said outlet duct defining a reduced material departure path
      generally corresponding to the trajectory imparted to said reduced
      material at the downstream end of said inter-reaction zone and having a
      lower surface comprising an extension of said imperforate impact surface,
      said outlet duct being oriented relative to said departure path so as to
      allow substantially all reduced material impelled from said impact hammer
      means by said rotor to continue in said trajectory due to the kinetic
      energy imparted by said impact hammer means; and
PA1  e. direction changing and energy absorbing means associated with said
      outlet duct and oriented in said material departure path in a position for
      receiving at least the larger pieces thrown off by said rotor, for slowing
      such pieces by absorbing a major portion of said kinetic energy, and for
      discharging such material from said outlet duct without recycling to said
      rotor.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said impact surface is free of
      discontinuous components intermeshing with laterally adjacent pairs of
      impact hammer means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said housing includes an inlet
      duct which is open to the atmosphere, so that air may be drawn into the
      housing as the feed material enters, a common flow path through the
      apparatus being provided for both air and feed up until such point that
      both have entered said outlet duct.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein an input conveyor is arranged to
      deliver feed material to said housing.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein the outlet duct, upstream of the
      direction changing and energy absorbing means, is substantially devoid of
      means impeding the motion of the larger pieces thrown into the duct by the
      rotor.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said direction changing and
      energy absorbing means is positioned for causing the material which
      strikes it to descend to a receiver.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein the discharge outlet is at least
      partly at an elevation higher than the low point of the impactor circle.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said discharge outlet is higher
      than the axis of rotation of the rotor.
NUM  9.
PAR  9. Apparatus according to claim 1, including means for rotating said rotor
      with the periphery of the rotor adjacent the impact surface moving in the
      direction of said outlet duct and with sufficient force to throw reduced
      material up the outlet duct and cause it to bounce from said impact
      surface to a discharge outlet.
NUM  10.
PAR  10. A method of crushing massive, high density materials such as coal,
      lignite, ore, stone, rock, oil shale and the like, comprising the steps
      of:
PA1  introducing mineral feed into a housing through an inlet open to the
      atmosphere;
PA1  allowing the mineral feed to drop from said inlet into the impactor circle
      of a rotor rotating within said housing, said rotor having impact hammer
      means for reducing said mineral feed by impact therewith, said hammer
      means defining said impactor circle and said mineral feed dropping into
      said impactor circle at a location above and to one side of the center of
      said impactor circle;
PA1  impacting said feed material with said rotating impact hammer means as said
      feed material drops into said impactor circle to crush said material;
PA1  causing said reduced material to move into contact with an imperforate
      impact surface in a rotor-feed material-impact surface inter-reaction zone
      subtending an arc including and extending upwardly from either side of the
      lowest point in said impactor circle, to further crush said material;
PA1  throwing substantially all material crushed by said rotor and said
      imperforate impact surface upwardly and outwardly from said rotor on the
      side of said lowest point opposite to the side on which said mineral feed
      drops into said impactor circle, along an at least partially confined
      channel defining a departure path generally corresponding to the
      trajectory of the material at the downstream end of said inter-reaction
      zone utilizing the kinetic energy imparted thereto by said rotor, to a
      level above the axis of rotation of said rotor;
PA1  while the crushed material is still in flight, impinging at least the
      largest pieces thereof against an energy absorbing and direction changing
      means; and
PA1  causing the crushed material to descend from said energy absorbing and
      direction changing means and to discharge from the apparatus without
      further contact with said rotor.
PATN
WKU  039469514
SRC  5
APN  4814916
APT  1
ART  325
APD  19740621
TTL  Attrition pulper having high level thrust for grinding pulp and refining
      fibres
ISD  19760330
NCL  2
ECL  1
EXP  Custer, Jr.; Granville Y.
NDR  2
NFG  10
INVT
NAM  Danforth; Donald W.
CTY  Andover
STA  MA
ASSG
NAM  Bolton-Emerson, Inc.
CTY  Lawrence
STA  MA
COD  02
CLAS
OCL  241 21
XCL  241 28
EDF  2
ICL  B02C 2326
FSC  241
FSS  21;28;37;46.11;46.17
UREF
PNO  2596586
ISD  19520500
NAM  Morden
OCL  241261.2
UREF
PNO  2685826
ISD  19540800
NAM  Black
OCL  241 46R
UREF
PNO  3073535
ISD  19630100
NAM  Vokes
OCL  241 46.11
UREF
PNO  3428261
ISD  19690200
NAM  Moulton
OCL  241 21
LREP
FRM  Pearson & Pearson
ABST
PAL  A vortical circulation type pulper has a bladed rotor and stator with a
      fixed clearance and operates at conventional horsepower to defibre
      conventional pulp, capable of being defibered, until the fibres are
      separated. With unconventional pulp, hemp, flax, rags, leather, and
      certain rejects, which cannot be so defibered, the rotor of the pulper of
      this invention is advanced to zero clearance and the horsepower increased
      about fifty percent, the resultant thrust grinding the mass of pulp, and
      then fibrillating the fibres in the pulper to a desired degree of
      refining. The rotor then backs off and the refined pulp is dumped from the
      pulper. An automatic freeness tester senses the condition of the pulp and
      actuates the electric control circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the papermaking process, a pulper is the device employed to convert
      cellulose materials into a defibered water slurry capable of being pumped
      to subsequent operations. Various types of pulpers have been developed,
      originating with a simple, open rotor revolving in an open top cylindrical
      tank. By providing a stationary bladed element with which the rotor blades
      can cooperate, additional defibering capability can be developed, thereby
      improving overall efficiency. With an open rotor, there is a limit to the
      amount of power (which ultimately is a function of rotor diameter, number
      and height of rotor blades, and RPM) which can be accommodated without
      creating an excessive vortex. By providing a stationary bladed element
      essentially surrounding the rotor, additional power can be accommodated,
      without causing unnecessary circulation, thereby transforming this
      additional power into useful energy.
PAR  However, operating at a fixed rotor/stator clearance, there is ultimately a
      limit to the amount of defibering (and the amount of fibre treatment)
      which can be accomplished in this manner. By providing for axial movement
      of the rotor with respect to stator, clearance can be adjusted and, in
      fact, reduced to essentially zero to effect more positive fibre
      separation. Beyond, however, mere defibering, it is possible to actually
      refine (i.e., cut and fibrillate fibres) by applying suitable thrust
      between rotor and stator surfaces. By requiring the fibres to pass between
      the rotor and stator under substantial thrust, a significant refining
      action can be produced which has a remarkable effect and not only
      completely defibres otherwise difficult-to-defibre materials, but actually
      contriutes to refining of the fibres themselves such that the slurry is in
      a condition whereby it can be pumped easily to subsequent operations.
PAR  Such treatment has been found to be required in the processing of
      unconventional material such as leather, certain tough rejects, hemp,
      flax, rags, and other materials. Because of the characteristic stringy,
      tangled nature of such materials, reduction to pumpable form has
      traditionally been carried out in beaters which, though effective, incur
      high labor, maintenance and energy costs. When processed in conventional
      pulpers, such materials not only resist reduction but they are impossible
      to defibre inasmuch as the action between bladed rotor and stator (at
      fixed clearance) is insufficient to break down the mass into a suitably
      defibered condition. Refiners on the other hand, can refine such material
      only if it has been suitably pre-treated and thus reduced in size so that
      it can be accommodated by the refiners.
PAR  The purpose of the present invention is to literally combine these two
      normally independent actions into one unit so as to, in effect, refine in
      the pulper. This can be accomplished by constructing a pulper rotor/stator
      combination such that the rotor is capable of axial adjustment to provide
      required thrust in a manner similar to a conical refiner. Necessarily,
      sufficient horsepower must be connected to permit delivery of required
      force. The mass of unconventional material is subjected to a grinding
      action which reduces the mass to a condition in which it can enter the
      interface and be further defibered and refined. Such a method will not
      only permit for positive separation of fibres, but will actually enable
      physical transformation of the fibres so as to provide fibre
      pre-treatment.
PAR  Prior art pulpers have not been able to cope with the unconventional
      materials specified above because they would never be defibered enough to
      be pumped out of the container and are so tough intrinsically, so tangled
      and interwoven as to form into a mass that will not yield to anything
      short of substantial thrust between rotor and stator edges in the manner
      of shears. Such a mass cannot be pulled apart by the hydraulic shearing
      affect of a conventional pulper, anymore than the tangled mass could be
      cut with a pair of loose, dull scissor blades. It needs grinding and
      shearing to permit further treatment.
PAC  THE PRIOR ART
PAR  To understand how this invention improves over the teachings of the prior
      art, one must know the meaning of terms used, and sometimes misused, in
      certain patents.
PAR  In the patents mentioned hereafter, the words attrition, defibering and
      refining are all used. It should be kept in mind, however, that the
      pulpers described therein may be capable of attrition, defibering or
      separation of fibre bundles into individual fibres, but if clearance
      remains fixed and horsepower remains constant, no refining or development
      of fibres will occur even if the patentee uses the term "refining".
PAR  In the U.S. Pat. No. 2,596,586 to Morden of May 13, 1932, a pulper is
      disclosed in which a disc-type rotor and ring-like stator have
      attritioning surfaces which are stated to be capable of refining action.
      However, no means for increasing the horsepower while decreasing the
      clearance is mentioned in the patent, these being essential for refining.
PAR  Similarly, references are made to beating and splitting the fibres in U.S.
      Pat. No. 2,685,826 to Black of Aug. 10, 1954, by manually reducing the
      clearance between the bars, but no disclosure is made of the increasing of
      horsepower necessary to provide the thrust required to refine fibres and
      no mention is made of the required zero clearance.
PAR  In the U.S. Pat. No. 3,428,261 to Moulton of Feb. 18, 1969, a pulping rotor
      in the bottom of a tank is provided with power means for adjusting
      clearance of the attrition faces. The attrition effect of the pulper may
      thus be automatically changed, but there is no teaching of either zero
      clearance or means for applying sufficient increase of horsepower to
      actually refine and fibrillate the fibres.
PAR  It is believed that if one introduced rags, hemp, flax, leather, certain
      rejects, or the like into any of the pulpers of the above patents, or any
      other known pulper, the material would dewater, mat and plug up at the
      interface. If it was sought to dump, the material would plug the pump and
      the dump valve. Eventually, gobs of the material would have to be removed
      with grappling hooks.
PAR  No prior art pulper is thought to be capable of handling such materials
      which have never been defibered and which still have natural forces
      holding the fibres together so strongly that a conventional pulper cannot
      cope with them.
PAR  None teach the high thrust, zero clearance, actual grinding effect of this
      invention, required to permit further treatment of the material.
PAC  SUMMARY OF THE INVENTION
PAR  In this invention, the bladed rotor and bladed stator are located in the
      bottom, or side, of a pulper tank and the rotor is provided with manual or
      power means for axial adjustment of the clearance of the attrition face,
      as in the above mentioned patents. Thus, the device is capable of pulping,
      defibering and attrition.
PAR  However, the apparatus of the invention also includes means for setting the
      blades at zero clearance and means for increasing the horsepower
      sufficiently to drive the bladed rotor so that it actually exerts a
      grinding action on the material while also it fibrillates or refines the
      defibered fibres to a desired degree of refinement. In addition, sensing
      devices are included which are responsive to predetermined degrees of
      freeness, or other factors, so that the powered actuation of the rotor
      adjustment is automatic in advancing to zero clearance and backing off
      when refining is complete.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a typical side drive or bottom drive vortical
      circulation type pulper showing the apparatus of the invention arranged
      for the defibering step of the method.
PAR  FIG. 2 is a view similar to FIG. 1 showing the apparatus of the invention
      arranged for the grinding and refining step at zero clearance and greatly
      increased horsepower consumption and thrust.
PAR  FIG. 3 is a view similar to FIG. 1 showing the apparatus of the invention
      arranged for the back-off, increased clearance stock discharge, or dumping
      step.
PAR  FIG. 4 is a fragmentary side elevation of a side drive pulper having a
      bladed rotor and three lobed stator or shroud therearound.
PAR  FIG. 5 is a view similar to FIG. 4 showing a double, opposed lobular
      shroud.
PAR  FIG. 6 is a diagrammatic side elevation of a typical side, or bottom, drive
      bladed and channeled rotor and stator showing the range of clearance at
      the attrition face from zero to conventional, FIG. 6A being an enlarged
      side elevation of a bladed and channeled stator and FIG. 6B being a plan
      view enlarged of a bladed and channeled rotor segment.
PAR  FIG. 7 is a graph showing the application of the increased horsepower and
      resulting thrust load required to refine the fibres which have been
      defibered in the container.
PAR  FIG. 8 is a graph showing the typical defibering rate of conventional prior
      art pulpers and the effect thereon of the increased thrust taught herein.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings, a typical vortical circulation pulper 30 is shown, such as
      described in detail in U.S. Pat. No. 3,428,261 to Moulton of Feb. 18,
      1969, and owned by a common assignee. The pulper of U.S. Pat. No.
      3,428,261 is commercially available from Bolton-Emerson, Inc., of
      Lawrence, Massachusetts, in side drive form under the designation
      "Tornado" and is so well known in the trade as to not require description
      in detail. In general, however, pulper 30 includes the pulp container 31
      having an upstanding side wall 32 and bottom wall 33, upper rim 34 and
      attrition means 35 consisting of the bladed and channeled stator 36 and
      bladed and channeled rotor 37, each having a truncated conical attrition
      face 38 and 39 tending to pump stock outwardly away from the centre of the
      container. Suitable circulation vanes 41 are provided on rotor 37 which
      cooperate with the helix 42 to create vortical circulation of the charge
      43 of paper stock 44, desired to be pulped and defibered, the means 35
      tending to draw the material inwardly along the axis 45 of the container,
      then to pump it outwardly either peripherally up the side of the container
      and back into the centre or to drive the material outwardly into the
      collection chamber 46 through conduit 47, control valve 50 and back into
      the container, all in a known manner.
PAR  In the pulper shown, the attrition means 35 is mounted in an opening 48 in
      the bottom wall 33, but it is equally effective when mounted in an opening
      in side wall 32, as shown in FIGS. 4, 5 and 6.
PAR  Clearance adjustment means 51 may include shims for varying the position of
      stator 36 and may include a manually operable threaded thrust screw
      mechanism for axially moving the truncated conical rotor, or impellor, 37
      toward and away from the truncated conical stator to increase and decrease
      clearance. Preferably, however, clearance adjustment means 51 comprises a
      pneumatic actuator 52 supplied with pressurized air on both sides of the
      diaphragm by air tubes 48 and 49 thereof, to automatically advance and
      retract the rotor, while the rotor is revolving. The pressurized air is
      supplied by suitable connection with factory air to maintain the rotor in
      a desired axial position, at a predetermined clearance, or to advance or
      retract the same, in accordance with an automatic cycle control 53
      including conductors 54 and a freeness tester 55, such as the "Drainac"
      made by Bolton-Emerson, Inc., of Lawrence, Mass., or some other sensing
      device responsive to the characteristics of the paper stock in the
      container 31. The electric control circuit 56 includes an ammeter 57 for
      visual observation by an operator and a limit switch 58 actuated upon full
      retraction of the rotor to open the discharge or dumping valve 59 to empty
      the container 31 of its fully defibered and refined contents.
PAR  The small diameter end 61 of the attrition faces 38, and 39 is closer to
      the centre of the pulper than the large diameter end 62 thereof and the
      attrition face 38 of the stator is preferably imperforate to serve as a
      pump housing and there may be dams in the channels of the attrition faces
      to positively guide the stock across the interface 63.
PAR  The thrust means 64 of the invention includes the drive motor 65 which, in
      the conventional pulper of the prior art, is capable of drawing about 125
      horsepower at the conventional fixed clearance of the attrition faces of
      about 0.025 inch, this being sufficient to adequately defibre for example
      a charge of waste paper. As shown in FIG. 7, the so-called attrition
      pulper calls for the power demand shown when only water is present in
      container 31. When the material to be defibered is introduced into the
      water in container 31, power demand increases to the level shown, namely
      about 125 horsepower, and remains at that level until the material is
      pulped, defibered and ready for discharge to the next treatment, which is
      usually refining.
PAR  In this invention, when the charge 43 of unconventional material is so
      pulped and defibered, ready for dumping, or preferably simultaneously with
      such defibering, the rotor 37 is automatically advanced by actuator 52 to
      zero clearance (FIG. 2) in the manner of a conical refiner to develop the
      desired thrust. A separate motor 66 may be provided to supplement the
      motor 65 in driving the rotor at zero clearance to draw the 180 to 200
      horsepower shown for grinding the unconventional material, then refining
      and fibrillating the fibres. Material intercepted between rotor and stator
      blades is thus converted to flowable condition by grinding action and
      simultaneously subjected to very substantial thrust forces by which it is
      sheared, defibered and refined. The amount of thrust is adjustable
      depending upon the type of material and the treatment desired. The term
      grinding is meant to include cutting, breaking, chopping, shearing,
      abrading, etc. as compared to the rubbing, friction wearing or weakening
      caused by slow attrition.
PAC  ILLUSTRATIONS
PAR  By "grinding effect" is meant the reducing of the mass, or aggregates, to
      discrete elements rapidly under high thrust until in flowable condition,
      so that further defibering and refining may take place, the grinding,
      defibering and refining ocurring simultaneously due to the heterogenous
      nature of the batch process.
PAR  As will be apparent from the following illustrations, utilizing
      unconventional material highly resistant to pulping, the apparatus and
      method of this invention first provides a stator properly shaped to enable
      acquisition of the material, a rotor having sufficient thrust and correct
      clearance to enable grinding as well as defibering; and recirculation to
      enable homogenization for enabling the entire mass of material to be
      quickly and efficiently defibered and at least partially refined.
PAR  To illustrate, utilizing cooked hemp, with the normal 0.025  inch clearance
      between rotor and stator, after 30 minutes of operation stock was in a
      completely unacceptable (in fact, unpumpable) condition; however, by
      developing thrust so as to draw 170 horsepower (in contrast to the normal
      125 horsepower), at the end of thirty minutes of treatment, the stock was
      completely defibered, entirely suitable for subsequent treatment; in fact,
      additional processing in the pulper in this manner produces significant
      fibre treatment reducing subsequent refining requirements. Another
      illustration involves cooked cotton (mailbag) rags which are highly
      resistant to standard pulper treatment but which, nevertheless, yield to
      the type of operation described; specifically, increasing thrust load to
      200 horsepower resulted in completely acceptable stock in thirty minutes
      and increasingly refined stock with increasing time.
PAR  In summary, this distinctly different fibre treatment method permits for
      the delivery of substantially more power in a manner which is vastly more
      effective than is possible in a conventional pulper thereby permitting
      treatment with materials heretofore considered completely impractical for
      pulpers. It appears that this concept offers very considerable
      implications inasmuch as it portends the elimination of beaters which, in
      spite of high costs normally associated, have, nevertheless, been the only
      practical means by which such materials could be accommodated.
PAR  The stator design in this invention differs from conventional attrition
      pulpers, as now made, which usually have only one lobe. If, as taught
      herein, the rotor is advanced to generate thrust, a single or asymmetric
      lobe arrangement produces substantial deflection forces on the rotor shaft
      69. As shown in FIGS. 4 and 5, however, by providing two oppositely
      disposed lobes 71 and 72, or three equi-spaced lobes 73, 74 and 75, the
      deflection forces are balanced and considerable thrust may be absorbed
      with no shaft deflection.
PAR  The ammeter 57 serves to indicate the measure of thrust developed. Because
      of the wear produced at zero clearance and thrust of 50 percent more than
      the normal of 125 horsepower, namely 170 to 200 horsepower, the attrition
      blades will require replacement and preferably are mounted on segmental
      plates for easy removal and replacement.
PAR  Instead of using a conventional 125 horsepower motor 65 with a supplemental
      motor 66, a single motor 65 may be used capable of developing 200
      horsepower or more.
PAR  It should be noted that the truncated conical interface, formed by stator
      face 38 and rotor face 39, is relatively short to form a relatively narrow
      refining zone. Thus stringy, tangled, difficult to refine material tends
      to pass through the narrow refining zone before it has time to plug up.
PAR  In operation the rotor 32 is advanced to zero clearance with metal to metal
      contact of the rotor and stator blades. While one might think that the
      rotating part would freeze, or lock, against the non-rotating part or
      generate excessive heat, it has been found that this does not occur.
      Instead, the water and the fibres act as a lubricant and any heat is
      absorbed by the mix. Although the whole apparatus may deform, especially
      when the rotor is advanced beyond zero clearance under the vastly
      increased load and thrust, the only casualty is the possibility of
      excessive wear on the blades which is not fatal. Despite any such wear,
      which would normally be considered disadvantageous by engineers skilled in
      the art, the difficult to refine material becomes fibrillated as desired
      which is the objective. The blades are readily replaced when needed.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of treating unconventional pulp in a vortical circulation
      pulper having a bladed and channeled stator and rotor with a fixed
      interface clearance, the rotor driven at a predetermined horsepower and
      the pulp being recirculated by the pumping action at said interface, which
      comprises the steps of:
PA1  charging said pulper with unconventional pulp; such as, flax, hemp, rags,
      leather or the like;
PA1  then advancing said rotor to zero clearance, increasing said horsepower at
      least fifty percent to achieve sufficient thrust and exerting a grinding
      action to refine and develop the fibres in such unconventional pulp, in a
      predetermined time;
PA1  then automatically sensing that said fibres have been refined to a
      predetermined standard;
PA1  and then backing off said rotor and discharging said refined pulp from said
      pulper.
NUM  2.
PAR  2. The method of pulping and refining fibres in unconventional material;
      such as, hamp, flax, rags and leather by means of a pulp container having
      a bladed stator and rotor with a truncated conical attrition face and
      having means for advancing said rotor axially toward said stator, said
      method comprising the steps of:
PA1  charging said container with such material;
PA1  rotating said rotor at zero clearance and applying increased thrust thereto
      sufficient to exert a grinding action to fibrillate and refine said fibres
      while still in said container; and
PA1  then retracting said rotor from said stator and discharging said refined
      fibres from said container.
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ABST
PAL  A hammer mill has a grinding chamber and means therein sufficient enough to
      grind grain in one pass through the chamber and throw it directly if
      desired to a remote point, together with means for adjusting the grinding
      chamber intake for grain and especially corncobs and a corncob intake
      metering attachment. The mill hammers have raked back leading edges to
      accelerate feed particles to a speed less than that of the hammers, to
      multiply the number of impacts on the grain. The smoothness of the mill
      wall can be varied by turning channels located in a recess in the wall so
      that either the web or the flange edges of the channels face inwardly
      toward the hammers.
PARN
PAR  The present application is a continuation of parent application Ser. No.
      255,009 filed May 19, 1972, now abandoned.
BSUM
PAR  The present invention relates to hammer mills for feed grinding and
      particularly to high moisture grain grinding mainly for use in the silo
      filling of high moisture ear or kernel corn.
PAR  There are many hammer mills extant and a prevalent shape of hammer is one
      which has a leading edge which is progressively stepped back from the base
      to the apex so as to present riser portions generally perpendicular to the
      tangent of the disc rim at the location thereon at which they are secured
      thereto. As a result shattered grain picks up the speed of such a
      configuration of hammer at the sacrifice of further fragmentating impacts
      by successive hammers.
PAR  Accordingly, a main object of the present invention is to provide a feed
      grinder which is simple and which has a minimum of moving parts. In a
      preferred embodiment the grinding rotor may be low enough practically to
      touch the ground, so that the feeder or intake hopper may also be placed
      sufficiently low and close to the ground or floor that no other mechanical
      means are required to feed material into the mill, the feeder or hopper
      having sufficient slope for material to be ground to slide freely into the
      grinding chamber form ordinary gravity grain boxes as on wagons, trucks
      and the like.
PAR  A further advantage of a preferred embodiment of the invention resides in
      the fact that by adjusting the proximity of a certain ledger plate (to be
      described) relative to the rotating hammers, the machine can be set
      according to the horsepower with which it is connected and the said ledger
      plate in the case of ear corn, if set closer to the path of movement of
      the hammers or blades will hold such corn back for low horsepower
      consumption at the optimum capacity of the machine and the source of power
      which at the time is operating the same. Thus the grinder can be set to
      prevent stalling a tractor or any other power source or can be set to
      allow only a certain amount of rmp drop without any other mechanical means
      than a simple moving plate (the said ledger plate).
PAR  A further important feature of the present invention resides in the fact
      that it performs efficiently without employing any screens. Instead of
      employing screens, the present invention in a preferred embodiment
      provides a fine texture of ground material by the provision of a set of
      rub bars which interrupt the smoothness of the interior cylindrical
      surface of the grinding chamber. These bars are desirably reversible and
      capable of relative rearrangement according to the fineness of grind
      required whereby to promote turbulence amongst the grain being ground and
      increase the amount of impact to which each or most particles are exposed
      in their travel through the grinding chamber.
PAR  A further object of the present invention is to provide a one-pass grinding
      chamber by which is meant that the material to be ground is never under
      normal conditions within the grinding chamber for a single full revolution
      before being discharged from the grinding chamber in a preferred
      embodiment the grain is thrown from the grinding chamber into an adjacent
      thrower or blower. Since the grain is thrown, rather than blown, from the
      grinding chamber very little air volume is required to effect such
      transfer of ground grain, thus saving power.
PAR  Unlike conventional machines having screens for material to pass through
      when reduced sufficiently in size and in which such material keeps on
      rotating inside the chamber until the required reduction of size is
      achieved, by the use of the present machine material is fed into the
      grinding chamber thereof and is caused to leave it if not directly, then
      by deflector means communicating with the discharge end of the grinding
      chamber prior to making a full revolution and is nevertheless, due to the
      aforesaid rub bars and hammers or blades reduced sufficiently in size and
      texture to be transferred as just stated.
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PAR  With the foregoing in view and such other or further purposes, a preferred
      embodiment of the invention will next be described, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective representation of a preferred embodiment of the
      present invention;
PAR  FIG. 2 is a section on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a section on the line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary representation of a portion of the
      grinding chamber housing depicting the smoothness varying means or rub bar
      assembly; and
PAR  FIG. 5 is a perspective representation of the receiving hopper and ear corn
      admission facilitating polyhedral attachments connected thereto.
DETD
PAR  In the drawings like reference characters designate similar parts in the
      several Figures.
PAC  Preliminary Description
PAR  A reference is now made to the drawings, which show a grinder or hammer
      mill having a generally cylindrical walled grinding chamber 10 having an
      entrance portal 12, and a sill 14 (FIG. 2) therebelow. Grinding means
      generally designated 16 are located within the chamber 10. The grain
      admitted to the chamber 10 is controlled by means for guiding generally
      designated 18 and by means for controlling generally designated 20a and
      20b. Means generally designated 22 (FIGS. 1, 2) are provided for throwing
      ground grain from chamber 10 to a remote point which may be a bin,
      conveyor or the like. In this connection it is also to be particularly
      understood and appreciated that such means for throwing can also consist
      of the grinding means 16 when for example the grinding chamber housing
      collectively designated 24 (FIG. 2) and which is of a generally volute
      configuration, terminates or is cut off vertically in the region of 26 of
      FIG. 2 so that grain will be directly discharged from the chamber as
      indicated by arrows 28.
PAR  The grinding means 16 are in the form of hammers 26 each having an
      attaching base 28 (FIG. 2) and projecting vertex 30, the hammers being
      mounted at spaced intervals upon the perimetrical area 32 of the spaced
      rotating discs 34. Each hammer has a leading edge 36 (FIG. 2) which is
      rearwardly raked (preferably about 25.degree.) between the base and vertex
      to shatter the grain. The raked back leading edge 36 impacts the grain a
      travelling speed within the chamber 10 which is less than that of the
      hammers 26, thereby multiplying the number of impacts of the edges 36 upon
      the grain.
PAR  The grinding chamber 10 includes a substantially cylindrical surround wall,
      entrace portal 12 lying in an upwardly inclined sub-vertical plane, the
      sill 14 occupying the plane which is substantially at right angles to the
      portal, with both portal and sill being tangent to cylindrical wall 38. A
      ledger plate 40 (constituting a feature of said controlling means 20b) is
      provided, arranged parallel with and spaced from the sill 14 and within
      the portal area 42 of the chamber 10. The ledger plate 40 is moveable in
      its plane toward or away from the grinding means 16. Means 44 constituting
      a feature of means 20a are provided for varying the area of entrance
      portal 12. Means generally designated 46 vary the smoothness of a portion
      of the inner surface 48 of of the grinding chamber wall 38 such means
      including an opening in the cylindrical wall 38, and channel stock means
      collectively designated 50 (FIG. 4). Means generally designated 52 are
      provided for accommodating said channel stock means within said opening
      with either the web 54 or edges 56 of flanges 58 of said channel stock
      means being arcuately co-incident with the produced inner cylindrical
      surface 48 of the wall 38.
PAR  The means 22 for throwing ground grain include a thrower housing 60 located
      at one side of grinding chamber 10. Rotary thrower means 62 are provided
      in housing 60, such thrower means being co-axial with the grinding means
      16 so that both rotate on the main drive shaft 64.
PAR  The thrower housing 60 is a volute and is connected to the grinding chamber
      10 by a serpentine connecting trunk 80. The trunk 80 extends from the
      summit of said grinding chamber downwardly and beside the grinding chamber
      into an upper quadrant 82 of the volute thrower housing 60.
PAR  The guiding means 18 include a receiving hopper 66 (FIG. 2) which is
      attached to and projects from portal 12. The hopper 66 has (see FIG. 5) a
      floor plate 68 co-planar with sill 14, a pair of upstanding sides 69a and
      69b, and a pair of polyhedrons collectively designated 70a and 70b on
      either side of said portal having a pair of parallel upstanding triangular
      entrance walls 72 spaced by not more than the width of portal 12 to define
      therebetween a passage. The polyhedrons 70a and 70b are supported on floor
      plate 68 and on interfacially contacting sides 69 for the length thereof,
      each polyhedron having (i) a triangular upper rear surface plate 74a, 74b,
      in contact with one of said entrance walls 72, and (ii) a triangular upper
      front surface plate 76a, 76b in edge contact at 78 with one of said rear
      surface plates, the floorplate and sides, and lying at an obtuse angle (as
      clearly shown in FIG. 5) to the adjacent rear surface plate 70a or 70b.
PAR  Additional and More Detailed Description
PAR  The grinder or hammer mill is suitably supported upon a framework,
      generally designated 84, which is preferably designed to be
      ground-supported so that the whole unit is low down and close to the
      ground floor, as of a barn or the like. The grinder or mill is driven by a
      source of power connected to shafting 86 or to the pulley 88, 90
      representing a gear reduction assembly connected to main shaft 64.
PAR  The thrower housing 60 is of volute configuration, concentric with the
      grinding chamber 10. The serpentine trunk 80 takes on a horizontal right
      angular curvature 92 at the summit of the grinding chamber and then takes
      on a vertical downwardly extending right angulated curvature 94 to enter
      housing 60, in the manner well illustrated in the accompanying FIGS. 1 and
      3, being stepped at 96 to provide relatively voluminous intake plenum 98.
      The thrower means 62 desirably comprises a plurality of paddles 100
      secured to the rotating disc 102. These paddles lie perpendicular to the
      axis of rotation from which it will be plain that they function more
      specifically as throwers than they do as blowers. Preferably the entire
      casting or fabricated shape forming the housing of the grinding chamber
      10, the housing 60, and the trunk 80 is in two parts which may be
      separated upon the horizontal axis of the shaft 64 where indicated by
      numeral 104 of FIG. 2.
PAR  Ledger plate 40 moves slidably upon the pair of guides 106 upon either
      cheek of the portal area 42. The plate 108 has a suitable handhold 110 and
      moves interfacially up and down against the adjacent surface portion 112
      of the grinder housing. Plate 108 is provided with an elongated central
      aperture 114 (FIG. 1) through which extends a locking lever assembly
      collectively designated 116.
PAR  By means of the arrangements just described it is to be understood that
      when ledger plate 40 is set close to the hammers 26 the high speed rotor
      formed by the set of discs 34 and the hammers 26 tends to hold back or
      restrict the inflow of material. Movement of the ledger plate edge further
      away from the rotor permits material to be precipitated over the edge of
      plate 40 before actually coming into contact with the grinding mechanism
      so that faster feeding will result. This feature of the invention is
      particularly useful for grinding ear corn (corn cobs), which as is well
      known are hard to feed evenly out of gravity boxes or truck boxes. With
      regard to the plate 108, for corn cobs this is preferably opened to the
      full whereas for other grains it is adjusted and partially closed
      according to the feed rate desired. Typical rim speed of the discs 34 is
      in the order of 200 mph wherefor suitably tough material is necessary to
      prevent disintegration and likewise very adequate attaching means of the
      hammers to the discs but this is well within the skill of the calling. The
      aforesaid discs are suitably splined to shaft 64 for rotation therewith by
      way of sleeve 118 and key 120 (FIG. 3).
PAR  Receiving hopper 66 is of course suitably secured to grinding chamber 10
      and the same has been fully described excepting only for recitation of the
      pair of outflaired and inclining, outwardly divergent wing plates 122
      (FIG. 5) which are attached to and form an obtuse angle with the
      upstanding sides 69a and 69b aforesaid.
PAR  The means 46 for varying the smoothness of a portion of the inner surface
      of cylindrical grinding chamber wall 38 (FIGS. 2 & 4) may be positioned
      elsewhere than shown upon the circumference of the said cylindrical wall.
      In detail some consist of forming a gap or space or break in the
      continuity of the wall 38 between the side plates 124 thereof. This space
      or break in continuity is bounded at each end by the provision of
      outwardly projecting transversely disposed end plates 126 and 128 which
      are welded to cylindrical wall 38, plate 126 being provided with a pair of
      spaced tightening screws 130, the reason for which will presently become
      clearly apparent.
PAR  Welded to the sides 124 of the grinding chamber housing and following the
      contour of the edge 132 but projecting outwardly, are curved
      longitudinally right angulated end closing members 134. Spanning the
      distal edges 136 of the members 134 is a cover plate 138 the curvature of
      which is, like the members 134 arcuately co-incident with the produced
      cylindrical wall surface 48. From the just described structure it will be
      apparent that a deep arcuate recess or container 142 has been provided in
      the wall 38 of the chamber 10. Located in such recess or container are the
      channel stock rub bar means 50, which specifically comprise a set of
      lengths of channel stock 140 which may be placed such that either all the
      webs 54 are spaced away from the cover plate 138 by the flanges 58 or such
      that all the webs 54 lie against the cover plate 138 with the flanges 58
      directed radially inwardly. Again, it may most frequently be desired that
      some of the lengths of channel stock be arranged with flanges directed
      inwardly and others with flanges directed outwardly as in both the
      accompanying FIGS. 2 and 4, it being understood that either the webs 54 or
      the flange edges 56, whichever is inboard (i.e. radially innermost) are
      substantially accurate co-incident with the produced inner cylindrical
      wall surface 48.
PAR  When the bolts 130 are screwed down, it will be apparent that the length of
      channel stock are secured tightly in position within the described recess
      provided for same and which, as will be plain from FIG. 4 projects at each
      end beyond the plane of the grinding chamber side walls 124. It will be
      apparent that many minor variations in what has just been described with
      reference to the means for varying the smoothness of the surface of the
      cylindrical wall 38 may be restored to. Plate 138 may be frictionally held
      in position or otherwise locked. Again, it may be welded to the portions
      134 which may be then unconnected to the grinding chamber housing but
      nevertheless angulated as described in which case the desired set of
      channel lengths may be inserted away from the grinder or mill and then
      brought to it and tightened up.
PAR  It will be apparent from this description that the novel feature of
      introducing uneveness or roughness to the inner surface of a cylindrical
      grinding chamber wall promotes additional fragmentation and cracking of
      grain being violently reduced therein. If less turbulence is required,
      then all webs will be inboard of the opening 142. If maximum shattering
      impact is required, all flange edges 56 will be inboard. If an effect
      between these two extremes is desired, then the length of channel stock
      will be varied as they are illustrated for example in the accompanying
      drawings.
PAR  Various modifications may be constructed or performed within the scope of
      the inventive concept disclosed. Therefore what has been set forth is
      intended to illustrate such concept and is not for the purpose of limiting
      protection to any herein particularly described embodiment thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A feed grinder characterized by having in operative combination:
PA1  i. a generally cylindrical-walled grinding chamber having an entrance
      opening, and grinding means within said chamber for grinding feed in a
      single pass of said feed through said chamber,
PA1  ii. means for guiding and controlling the feed admited to said chamber,
PA1  iii. means for varying the smoothness of a portion of the inner surface of
      the cylindrical wall
PAL  thereof, said smoothness varying means embodying a recess in said wall,
      channel-stock means having a web connecting depending flanges and means
      for accommodating said channel-stock means within said recess with either
      the web or flanges of siad channel-stock means being accurately
      co-incident with said inner cylindrical wall surface.
NUM  2.
PAR  2. the invention according to claim 1 and including a horizontal and
      serpentine trunk having a substantially volute end portion communicating
      mergingly with the summit of said grinding chamber, said entrance opening
      being substantially tangential and below said grinding chamber summit, the
      direction of discharge of said feed from said chamber being horizontal and
      generally opposite in direction to entering feed, means for throwing feed
      comprising in combination a thrower housing against one side of said
      grinding chamber, and rotary thrower means in said thrower housing
      co-axial with said grinding means, said trunk communicating with the side
      of said thrower housing remote from said grinding chamber.
NUM  3.
PAR  3. The invention according to claim 1 in which said grinding means are in
      the form of a plurality of hammers each having an attaching base
      projecting vertex, mounted at spaced intervals upon the perimetrical area
      of rotating discs, each hammer having a leading edge which is rearwardly
      raked between said base and said vertex to strike the feed and to impart
      to the feed within said chamber a speed less than that of said hammers,
      thereby to multiply the number of impacts of each edge upon said feed.
NUM  4.
PAR  4. The invention according to claim 3 and including a horizontal and
      serpentine trunk having a substantially volute end portion communicating
      mergingly with the summit of said grinding chamber, said entrance opening
      being substantially tangential and below said grinding chamber summit, the
      direction of discharge of said feed from said chamber being horizontal and
      generally opposite in direction to entering feed, said means for throwing
      feed comprising in combination a thrower housing against one side of said
      grinding chamber, said trunk, and rotary thrower means in said thrower
      housing co-axial with said grinding means, said trunk communicating with
      the side of said thrower housing remote from said grinding chamber.
NUM  5.
PAR  5. The invention according to claim 1 in which said grinding chamber
      includes a substantially cylindrical surrounding wall, said entrance
      opening lying in an upwardly inclined substantially vertical plane, a sill
      below and substantially at right angles to said entrance opening, said
      entrance opening and said sill both being tangent to said cylindrical
      wall, and a ledger plate parallel with and spaced above said sill within
      said chamber, said ledger plate being movable toward or away from said
      grinding means.
NUM  6.
PAR  6. A feed grinder characterized by having in operative combination:
PA1  i. a generally cylindrical-walled grinding chamber having an entrance
      opening, and grinding means within said chamber,
PA1  ii. means for guiding and controlling the feed admitted to said chamber,
      and guiding means embodying in combination a receiving hopper attached to
      and projecting from said entrance opening, said hopper having a floor
      plate co-planar with a portion of the boundary of said opening, a pair of
      upstanding side and a pair of polyhedrons on either side of said opening
      having a pair of parallel upstanding triangular entrance walls spaced by
      not more than the width of said opening, said polyhedrons being supported
      on said floor plate and interfacially contacting said sides for the
      lengths thereof, each polyhedron having a triangular upper rear surface
      plate in edge-contact with one of said entrance walls and sides, each
      polyhedron also having a triangular upper front surface plate in
      edge-contact with one of said rear surface plates, said floor plate and
      one side, and lying at an obtuse angle to the adjacent rear surface plate.
NUM  7.
PAR  7. The invention according to claim 6 and including a ledger plate
      extending from said opening towards said grinding means, said ledger plate
      being movable towards and away from said grinding means.
NUM  8.
PAR  8. The invention according to claim 6 wherein said grinding means are in
      the form of a plurality of hammers each having an attaching base and
      projecting vertex, mounted at spaced intervals upon the perimetrical area
      of rotating discs, each hammer having a leading edge which is rearwardly
      raked between said base and said vertex to strike the feed and to impart
      to the feed within said chamber a travelling speed which is less than that
      of said hammers, thereby to multiply the number of impacts of each edge
      upon said feed.
NUM  9.
PAR  9. A feed grinder characterized by having in operative combination:
PA1  i. a generally cylindrical-walled grinding chamber having an entrance
      opening for admitting feed to said chamber, and grinding means within said
      chamber for grinding feed in a single pass of said feed through said
      chamber, and
PA1  ii. means for receiving feed from said chamber and for throwing said feed
      to a remote point
PAL  said grinding chamber and said means for receiving and throwing feed
      comprising in combination a thrower housing to one side of said grinding
      chamber and rotary thrower means in said housing co-axial with said
      grinding means, said thrower housing being in the form of a volute, said
      throwing means including a serpentine connecting trunk extending from the
      summit of said grinding chamber downwardly therebeside into an upper
      quadrant of said volute thrower housing.
NUM  10.
PAR  10. The invention according to claim 9 in which said means for grinding
      includes a receiving hopper attached to and projecting from said entrance
      opening, said hopper having a floor plate, a pair of upstanding sides and
      a pair of polyhedrons on either side of said entrance opening having a
      pair of parallel upstanding triangular entrance walls spaced by not more
      than the width of said entrance opening, said polyhedrons being supported
      on said floor plate and interfacially contacting said sides for the
      lengths thereof, each polyhedron having a triangular upper rear surface
      plate in edge-contact with one of said entrance walls and sides, each
      polyhedron also having a triangular upper front surface plate in
      edge-contact with one of said rear surface plates, said floor plate, and
      one side, and lying at an obtuse angle to the adjacent rear surface plate.
NUM  11.
PAR  11. The invention according to claim 10 and including a ledger plate within
      said chamber, said ledger plate extending from the bottom edge of said
      entrance opening towards said grinding means and being movable towards and
      away from said grinding means.
NUM  12.
PAR  12. In a feed comminuting machine having an entrance opening, a receiving
      hopper attached to and projecting from said opening, said hopper having a
      floor plate co-planar with the lower edge of said opening, a pair of
      upstanding sides and a pair of polyhedrons on either side of said opening
      having a pair of parallel upstanding triangular entrance walls spaced by
      not more than the width of said opening, said polyhedrons being supported
      on said floor plate and interfacially contacting said sides for the
      lengths thereof, each polyhedron having a triangular upper rear surface
      plate in edge-contact with one of said entrance walls and sides, each
      polyhedron also having a triangular upper front surface plate in
      edge-contact with one of said rear surface plates, said floor plate and
      one side, and lying at an obtuse angle to the adjacent rear surface plate.
NUM  13.
PAR  13. In a feed comminuting maching a feed comminuting housing in the form of
      a horizontally cylindrical wall of substantially greater diameter than
      axial length, a downwardly sloping input opening and a sill tangent to
      said wall near its base, a horizontal discharge opening at its apex, a
      volute fan chamber against one side of said housing, a feed transfer trunk
      extending between said housing and said chamber, said trunk comprising a
      horizontal elbow portion communicating with said discharge opening at one
      end of said trunk, a vertical elbow portion communicating at its upper end
      with the other end of said horizontal elbow portion, the lower end of said
      vertical elbow portion communicating with side of said fan chamber remote
      from said housing and wholly above the horizontal axial plane of said fan
      chamber.
NUM  14.
PAR  14. The invention according to claim 13 including means for varying the
      smoothness of a portion of the inner surface of the cylindrical wall
      thereof.
NUM  15.
PAR  15. A feed grinding machine having:
PA1  i. a grinding chamber having a generally cylindrical wall,
PA1  ii. entrance means in said wall for admitting feed to said chamber,
PA1  iii. rotary grinding means within said chamber for grinding feed in a
      single pass of said feed through said chamber,
PA1  iv. said grinding means including a plurality of hammers each having a base
      and a projecting vertex, and a leading edge which is rearwardly raked
      between said base and said vertex, mounting means for said hammers, and
      means for rotating said mounting means so that said leading edges of said
      hammers will strike said feed and will impart to said feed a speed less
      than that of said hammers, thereby to effect multiple impacts of said
      hammers on a given particle of feed as it travels through said chamber,
PA1  v. said wall having an exit opening therein at a location spaced
      substantially in a circumferential direction from said entrance means,
      said exit opening being substantially unobstructed to permit feed thrown
      by said hammers to travel through said exit opening at a substantial
      velocity,
PA1  vi. and means in said wall for improving the fragmentation of feed in said
      chamber, said means comprising a recessed area in said wall, and a
      plurality of members located in said recess, said members having flat
      surfaces spaced circumferentially apart in said recess, said surfaces
      extending radially and crosswise in said recess, said fragmentation
      improving means being located between said entrance means and said exit
      opening and forming a sealed portion of the periphery of said wall so that
      feed stopped by said fragmentation improving means remains within said
      chamber for reimpaction by said hammers.
NUM  16.
PAR  16. The invention according to claim 15 wherein said fragmentation
      improving means are located below the level of said exit opening.
NUM  17.
PAR  17. The invention according to claim 16 wherein said leading edge of each
      hammer is rearwardly raked, in a straight line extending from its base to
      its vertex, at an angle of 25 degrees from a radial line through the
      centre of such hammer, and including means for driving said hammers so
      that the bases thereof travel at a speed of about 200 miles per hour.
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PAL  A shaft is rotatably supported on both the ends of the housing. The housing
      has an inlet for charging discarded glass articles and an outlet for
      discharging glass fragments. Crushing bars are mounted on the shaft and
      arranged from near the inlet toward the neighborhood of outlet of the
      housing. The glass articles charged through the inlet into the housing are
      kicked by the crushing bars toward the inner surface of the housing and
      broken into fragments while being rebounded on the inner surface of the
      housing. The glass fragments dropped down onto the bottom of the housing
      are agitated, by poking bars mounted on the shaft in the neighborhood of
      the outlet, while being subjected to impact forces, to permit them to be
      reduced to substantially rounded gem-like granules.
BSUM
PAR  This invention relates to a crusher for crushing discarded glass articles,
      and in particular a crusher for breaking discarded glass articles into
      gem-like granules.
PAR  Recently, ampules, beverage bottles, beer bottles, cosmetic containers,
      food bottles etc. have been used in greater numbers and a greater number
      of such glass articles are discarded every year. Out of these articles,
      some are recovered for reuse, some are crushed and dissolved for
      reproduction and some are broken into fragments for reutilization.
PAR  A variety of such crushers has been proposed up to this date. For example,
      some crushers are adapted to crush charged glass articles into fragments
      by a plurality of gears and some are adapted to break charged glass
      articles into fragments by a plurality of hammers mounted on a vertically
      arranged shaft.
PAR  In the former case, the glass articles charged from atop can not be broken,
      on a large scale, into finer fragments due to the intermeshing of the
      gears. This type of crusher is complicated in structure and high in cost.
      In the latter case, the glass articles charged from atop are dropped by
      their own weight down into the outlet without being broken into
      sufficiently small fragments. In order to crush the discarded glass
      articles into smaller fragments it is necessary to continuously arrange a
      plurality of hammers in a direction perpendicular to the shaft. This
      complicates the structure of the crusher.
PAR  For any of the conventional crushers it is very difficult to obtain
      gem-like glass granules free of any angular edges.
PAR  It is accordingly the object of this invention to provide an improved
      crusher which is free from the drawbacks as encountered in the prior art
      crushers, simple in construction and capable of effectively breaking
      discarded glass articles, on a large scale, into gem-like granules free of
      any angular edges.
PAR  In one aspect of this invention there is provided a crusher comprising a
      housing having at one end portion an inlet for charging discarded glass
      articles and at the other end portion an outlet for discharging their
      fragments or granules; a rotary means rotatably supported on both the ends
      of the housing; means for driving the rotary means; and a plurality of
      crushing hammer means mounted on the outer surface of the rotary means and
      adapted to kick glass articles toward the inner surface of the housing to
      cause them to be broken into fragments.
PAR  The discarded glass articles charged into the housing are kicked by the
      crushing hammer means toward the inner surface of the housing and broken
      into fragments. The fragments are frictionally contacted, during the
      rotation of the housing, with each other or with the inner surface of the
      housing to cause them to be rounded off. As a result, the glass articles
      can be effectively crushed on a large scale and gem-like granules free of
      any angular edges are obtained.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a front view schematically showing one embodiment of this
      invention;
PAR  FIGS. 2A and 2B are front views schematically showing another arrangement
      of the housing and a modified housing, respectively;
PAR  FIGS. 3A and 3B are longitudinal and transverse cross-sectional views,
      respectively, showing another modified housing;
PAR  FIGS. 4A and 4B are fragmentary views each showing another arrangement of
      crushing hammer means;
PAR  FIG. 5 is a schematic view showing the manner in which the housing is
      mounted to a support base;
PAR  FIGS. 6A and 6B each show a modified form of collecting means; and
PAR  FIG. 7 is an enlarged view showing a rounded gem-like granule as obtained
      from a crusher according to this invention.
DETD
PAR  As illustrated in FIG. 1 a crusher 10 includes a cylindrical housing 12
      having at one end portion an inlet 14 for charging discarded glass
      articles and at the other end portion an outlet 16 for discharging the
      fragments of the glass articles. If an inner wall 13 of the housing 12 is
      either polygonal shaped or indented, a high crushing effect can be
      obtained. The crusher 10 further includes a shaft 18 rotatably supported
      in bearings 20 disposed at both the ends of the housing 12, and a motor 22
      for driving the shaft 18. The driving force of the motor 22 is transmitted
      through a pulley 24, endless belt 26 and pulley 28 to the shaft 18. The
      shaft 18 comprises supporting portions 18a and an enlarged section 18b.
      Crushing hammer means 30 are mounted on the outer surface of the enlarged
      section 18b of the shaft 18. The crushing hammer means 30 are divided into
      two groups i.e. a first group mounted on the inlet side of the outer
      surface of the enlarged section 18b of the shaft 18 and a second group
      mounted on the outlet side of the outer surface of the enlarged section
      18b of the shaft 18.
PAR  The crushing hammer means of the first group, each, constitute crushing
      bars 32 having an oval-shaped hammer at its free end. The crushing bars 32
      are spirally arranged from below the inlet 14 toward the middle of the
      enlarged section 18b of the shaft 18. In contrast, the crushing hammer
      means 30 of the second group, each, constitute a poking bar 34 having a
      spoon-like portion or a plate-like poking portion at its free end.
PAR  The poking bars 34 are spirally arranged from near the outlet 16 toward the
      middle of the enlarged section 18b of the shaft 18.
PAR  With the crusher 10 so constructed, the discarded glass articles charged
      through the inlet 14 into the housing 12 are kicked by the crushing bars
      32 toward the inner surface of the housing and moved toward the outlet 16,
      while being frictionally rolled on the inner surface of the housing. This
      movement is effected due to the spiral arrangement of the crushing bars
      32. If the crushing bars 32 are not arranged in a spiral fashion, the
      housing 12 may be inclined, for example, at an angle of .alpha. to the
      horizontal as shown in FIG. 2A, or be flared toward the other end of the
      housing 12, as shown in FIG. 2B, in the neighborhood of which the outlet
      16 is provided. Where the inner wall 13 of the housing 12 is
      circumferentially undulated, as shown in FIG. 3A, in the neighborhood of
      the inlet 14, the glass articles are effectively crushed by collision with
      the inner surface 13 of the housing 12. In this case, the glass articles
      crushed by the crushing bars hit against the fragments rebounded from the
      inner surface of the housing to cause them to be frictionally contacted
      with each other. Therefore, the undulating surface of the housing is
      effective to break the glass articles into rounded granules.
PAR  As shown in FIG. 3B, four rib-like paddings 1 - 2mm in height can be
      equiangularly formed by welding on the inner surface 13 of the housing 12
      along the axis of the shaft 18 and in the neighborhood of the inlet 14 to
      attain a more effective crushing.
PAR  The glass fragments moved toward the middle of the housing are agitated by
      the poking bars 34 as well as by vortexes created by the poking bars 34 of
      the crushing hammer means 30 to cause them to be frictionally contacted
      with each other within the vortex. During this process the glass fragments
      are broken into gem-like granules by frictional forces therebetween and
      impact forces against the inner wall 13 of the housing 12. The vortexes
      created by the poking bars 34 perform the double function of cooling the
      inside of the housing 12 and eliminating a dust. The poking portion of the
      poking bar 34 may be mounted slantwise on the poking bar so as to move the
      granules toward the outlets. The spiral arrangement of the poking bars 34
      is effective to cause the glass fragments to be frictionally rolled to
      permit them to to reduced to rounded gem-like granules.
PAR  The crushing bar 32 and poking bar 34 may be arranged opposite to each
      other, as shown in FIG. 4A, in a double spiral fashion. Since, in this
      case, the poking bar 34 breaks, like the crushing bar 32, glass articles
      into fragments, it is required to have a rigid structure. It is, however,
      preferred that the crushing bars 32 be collectively mounted on that
      portion of the enlarged section 18b of the shaft 18 which is in the
      neighborhood of the inlet 14, and that the crushing bar 32 and poking bar
      34 be mounted opposite to each other, on the remaining portion of the
      enlarged section 18b of the shaft 18.
PAR  As shown in FIG. 4A the crushing bar 32 and poking bar 34 may be arranged
      opposite to each other, in such a double spiral fashion, axially of the
      shaft 18. In this case, the glass articles are effectively broken into
      smaller fragments by frictional forces therebetween and impact forces
      against the inner surface 13 of the housing 12.
PAR  Above the outlet 16, recoiling arms 36 are mounted on the enlarged section
      18b of the shaft 18 and a filter mesh 38 is provided on the inner surface
      13 of the housing 12 to permit passage of the gem-like granules having a
      size smaller than a predetermined size. The gem-like granules passed
      through the filter mesh 38 drop down into a bucket 40. The recoiling arms
      36 serve not only to stir the gem-like granules accumulated on the filter
      mesh 38, but also to kick larger glass fragments toward the inlet 16. For
      this reason, a substantially plate-like recoiling portion is mounted
      slantwise as shown in FIG. 1 on the free end of the recoiling arm 36. When
      on the side of the outlet 16 a poking bar 34a is mounted slantwise, as
      shown in FIG. 1, in a position short of the end of the enlarged section
      18b of the shaft 18, larger glass fragments are kicked toward the inlet 14
      of the housing 12 and further broken into smaller fragments.
PAR  Means for periodically vibrating the filter mesh 38 may be provided to
      facilitate dropping the granules through the filter mesh 38 into the
      bucket 40. A mechanical means utilizing, for example, a cam or an
      electrical means utilizing an electromagnet may be considered as such
      means. In an attempt to intentionally vibrate the housing per se in a
      periodic fashion the housing 12 may be mounted, through an elastic body 42
      such as a spring or rubber, on a support base 41 with an unbalancing
      weight mounted on the shaft 18. In this case, the housing 12 loses its
      balance for each rotation of the shaft and is vibrated, thus facilitating
      effectively dropping the granules down into the bucket 40. The housing 12
      may be vibrated by mounting, on the one hand, direct to the support base
      41 and, on the other, through the elastic body 42 to the support base 41.
PAR  As the filter mesh 38 use may be made of a metal plate having a network of
      perforations the top end portion of which is chamfered or flared outwardly
      as shown in FIGS. 6A and 6B to further remove irregularly projecting edges
      of the glass fragments.
PAR  A dust and nasty smell produced within the housing 12 are processed by a
      dust collector 43 having a pipe 44 whose one end is opened into the
      interior of the housing 12 in the neighborhood of the end of the enlarged
      shaft section 18b. A suction means 46 such as a blower are arranged within
      the pipe 44 to permit the dust etc. suctioned through the suction port to
      be discharged into a dust processing tank 48 which is closed by a
      deodorant layer 50 and sponge layer 52. As a result, the dust etc.
      discharged into the dust processing tank 48 is separated from an air and
      settled on the bottom of the tank 48, while the nasty smell is absorbed
      into the deodorant layer 50 and sponge layer 52 without polluting the
      outside atmosphere.
PAR  With the crusher according to this invention the shaft 18 is rotated at a
      high speed to cause the glass articles to be kicked against the inner
      surface 13 of the housing 12 to permit them to be broken into smaller
      fragments. Then, the fragments are fully agitated by the poking bars 34.
      During this process, frictional forces are imparted to the fragments to
      permit them to be reduced to rounded gem-like granules. The poking bar 32
      serves not only to stir the fragments, but also to cause the fragments to
      collide with the inner surface 13 of the housing 12. The fragments are
      sequentially moved toward the outlet 16 due to the spiral arrangement of
      the crushing bars or the outwardly flaring configuration of the housing 12
      or the angular arrangement of the housing 12. According to this invention,
      therefore, the glass articles can be effectively broken, on a large scale,
      into fragments and then reduced to gem-like granules free of any angular
      edges.
PAR  The crusher according to this invention is simple in construction and low
      in cost with the attendant advantages.
PAR  Since the fragments are so reduced to rounded, polygonal gem-like granules
      as shown in FIG. 7, they are convenient to handle and easy in treatment.
      The gem-like granules are used not only for a decorative purpose but also
      as an aggregate for concrete or a refractory additive. If the granules are
      used for an asphalt pavement, a braking effect is enhanced so that a
      possible traffic accident is prevented. Thus, the gem-like granules find
      such a wide application. According to this invention, therefore, the
      discarded glass articles, which constitute one of public nuisances, can be
      completely broken into rounded gem-like granules for disposal. The
      granules can also be utilized as a useful material.
PAR  Though the crusher according to this invention can be used particularly for
      crushing discarded glass articles, it can also be used for disposing of
      discarded plastics articles etc.
PAR  This invention is not restricted to the above-mentioned embodiment. It
      should be noted that any modification, addition, substitution etc. may be
      made within the scope of this invention. For example, a pair of housings,
      one having only crushing bars provided therein and the other having only
      poking bars provided therein, may be continuously arranged to permit
      discarded glass articles to be broken into granules.
CLMS
STM  I claim:
NUM  1.
PAR  1. A crusher for breaking discarded glass articles into gem-like granules,
      comprising a housing having at one end an inlet for charging the glass
      articles and at the other end an outlet for discharging the granules; a
      rotary means rotatably supported on both ends of the housing, means for
      driving the rotary means; crushing means mounted on the outer surface of
      the rotary means and adapted to kick the glass articles toward the inner
      surface of the housing to cause them to be broken into fragments; selector
      means disposed at the outlet of the housing and selectively passing
      granules having a particle size less than a predetermined particle size;
      and recoiling means mounted on the rotary means and substantially above
      the outlet of the housing to cause glass fragments accumulated over the
      selector means to be kicked toward said one end of the housing.
NUM  2.
PAR  2. A crusher according to claim 1 in which said selector means includes a
      plate member having a network of outwardly flared holes.
NUM  3.
PAR  3. A crusher according to claim 2 in which said recoiling means includes
      recoiling bars having a plate-like recoiling section at their free ends.
NUM  4.
PAR  4. A crusher according to claim 3 in which said housing is mounted
      slantwise.
NUM  5.
PAR  5. A crusher according to claim 3 in which said housing is flared from said
      one end toward said other end.
NUM  6.
PAR  6. A crusher according to claim 3 in which said housing is mounted through
      an elastic member and unbalancing weight means is further mounted on the
      rotary means to disturb the rotary means in an unbalanced way.
NUM  7.
PAR  7. A crusher according to claim 3 in which there are further provided a
      dust collector whose suction inlet is opened into said other end of the
      housing, and a dust separting means having a dust treating reservoir into
      which an outlet of the dust collector is opened.
NUM  8.
PAR  8. A crusher according to claim 3 in which the crushing means includes a
      first group of crushing bars having a mass-like crushing hammer head at
      their free ends and axially arranged from near the inlet of the housing
      toward said other end of the housing, and a second group of poking bars
      having a plate-like section at its free end and axially arranged in the
      neighborhood of the outlet of the housing.
NUM  9.
PAR  9. A crusher according to claim 8 in which said crushing means are spirally
      arranged from said one end toward said other end of the housing.
NUM  10.
PAR  10. A crusher according to claim 8 in which said rotary means has members
      each pierced therethrough in a direction perpendicular to the axis of the
      rotary means, the member having at one end a crushing bar formed integral
      therewith and at the other end a poking bar formed integral therewith.
NUM  11.
PAR  11. A crusher according to claim 8 in which the poking bars are
      equiangularly arranged on the outer surface of the rotary means, in a
      plane perpendicular to the axis of the rotary means and in a manner that
      the plate-like section mounted on the free end of the poking bars is
      arranged at an angle to the axis of the rotary means.
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PAL  A forage cutter includes a housing having a pair of end walls, a forward
      inlet for receiving forage material and a rearward outlet for discharging
      forage material. A rotary cylinder shaft is journaled for rotation in the
      end walls, and a rotary cylindrical cutter having a plurality of cutting
      knives is mounted on the shaft for rotation about its longitudinal axis.
      The cutting knives are movable in a 360.degree. cylindrical cutting path
      having a 0.degree. reference on a horizontal plane extending radially from
      the axis of the cutter through the forward inlet. A recutter having a
      single recutter blade disposed at the outlet of the housing is positioned
      in coacting shearing relation with the cutting knives. The recutter blade
      is horizontally positioned between about 120.degree. to 150.degree. from
      the horizontal plane in the direction of the cylindrical cutting path.
PARN
PAR  This is a division of application Ser. No. 309,678, filed Nov. 27, 1972,
      now U.S. Pat. No. 3,817,464.
BSUM
PAR  This invention relates to forage harvesters having a cutting unit that
      includes a recutter which coacts with the rotatable cylindrical cutter of
      the cutting unit, and more particularly to improvements in the recutter.
PAC  BACKGROUND OF THE INVENTION
PAR  One component of forage harvesters is a forage cutting unit which receives
      crop material, such as haylage, oat silage, mature corn silage, or ear
      corn silage, cuts it into small pieces and discharges the pieces
      rearwardly, usually into a trailing wagon. In the past, forage cutting
      units have had two major functions; (1) to cut crop material and (2) to
      propel the material rearwardly with sufficient velocity to carry the
      material to the trailing wagon.
PAR  The cutting units generally comprise a horizontally disposed housing having
      a front inlet and rearwardly directed discharge outlet. A stationary shear
      bar is mounted at the lower edge of the inlet. A cylindrical cutter having
      cutting knives mounted on a cutterhead is rotatable within the housing.
      The knives move downwardly past the shear bar and then rearwardly toward
      the discharge outlet.
PAR  In the past, the propulsion of the material through the discharge outlet
      has come partly from the centrifugal throwing action of the knives and
      partly from the air current generated by the fast moving knives and
      cutterhead. In recent years, the function of the cutter in propelling the
      cut material rearwardly has been largely replaced by use of an independent
      blower to propel the cut material. Forage harvesters employing an
      independent blower have the advantage that a stationary recutter screen
      that coacts with the rotating knives of the cylindrical cutter can be
      placed at the discharge side of the cutting unit to provide substantially
      uniform, complete and fine cutting of the crop material.
PAR  A recutter screen is a curved, semi-circular, plate that conforms to the
      cylindrical cutter and contains many holes or perforations over its entire
      surface. The recutter screen is made to fit under the rotary knives of the
      cylindrical cutter and is normally set in a position where the rotary
      knives almost touch the inside surface of the screen. The inside surface
      of a recutter screen preferably presents a large number of cutting
      surfaces that coact with the rotary knives. The recutter screen causes the
      forage to be held in the cylindrical cutter and to be re-cut by the rotary
      knives until the forage can escape to the discharge outlet through the
      holes of the screen.
PAR  To achieve substantially uniform length cutting of forage, the stems of the
      forage should be on a line parallel to the direction of travel through the
      cutting mechanism. Swathers, windrowers, or mowers and crimpers which
      prepare the forage for feeding to a forage harvester, however, usually do
      not align the forage parallel to the direction of travel and present a
      serious problem to the forage harvester in maintaining a uniform length of
      cut. Most forage harvesters will pick up a windrow in the same manner in
      which it is laid down and thus do not materially change the position of
      the stems in the windrow. The harvester picks the stems up and conveys
      them through the feed rolls and cutting mechanism without altering their
      position. The harvester may move the forage sidewise for a short distance,
      but it will not materially change the relation of the stems to the
      direction of travel. Thus, material which is laid parallel in the windrow,
      will remain parallel and stems which are crosswise will pass through the
      feed rolls and cutting mechanism crosswise. The function of the recutter
      screen is to deflect the long stems as they leave the cutterhead to enable
      the rotary knives to cut them one or several times more to bring them to a
      substantially uniform length.
PAR  A recutter screen actually serves several different purposes depending upon
      the type of material which is being recut. For example, in cutting haylage
      the recutter screen is used to reduce long stems, that pass through the
      cylindrical cutter perpendicular to the direction of travel, to a uniform
      short length, but not to shorten the actual length of the cut of the bulk
      of the material.
PAR  When grinding ear corn, the recutter screen is used to retain the particles
      of ear corn within the cutting cylinder until the larger particles are
      reduced to a fine enough consistency so that they will pass through the
      small diameter holes in the recutter screen. In cutting a sudan-sorghum
      mixture a recutter screen is used to break up any long stems which may
      have passed through the feeding mechanism at an angle to the direction of
      travel. Also, recutter screens are used in harvesting whole corn silage to
      prevent long pieces of leaves, stalks or "nubbins" of ears from passing
      through without being cut to a uniform length.
PAR  The use of a recutter screen has numerous advantages, For example, the use
      of a recutter screen increases the palatability of resulting feed because
      the reduction of all material to uniform length avoids the problem of
      cattle sorting out long stems, pieces of ears, and material which if not
      reduced to a uniform length, becomes objectionable to their taste. Tests
      indicate cattle fed recut material will leave no portion of the stalk or
      ear in the manger since all of the corn plant including stalk and ear,
      have been reduced to a uniform consistency whereas cattle will leave the
      long stems, pieces of stalk and parts of ear of material cut without a
      recutter. The cutting of haylage to a uniform length by a recutter screen
      results in denser pack of the material and enables from 20% to 40% more
      material to be stored in a silo or structure. Further, the denser pack of
      silage eliminates more air and reduces spoilage. Recutting material in the
      field eliminates the need for special recutting equipment at the silo or
      structure. The more uniform cut achieved with a recutter screen also
      permits a denser pack in the wagon and results in fewer trips between the
      field and the storage area.
PAR  Until the present invention, the prior art has taught that multiple
      cutting-surface recutter screens were necessary to achieve the desired
      fine and uniform cutting of random oriented forage as picked up from a
      swath or windrow. Although the use of a recutter screen provides numerous
      advantages, forage harvesters having recutter screens require
      significantly more power to operate the cutting mechanism. Further,
      recutter screens have a tendency to overcut the forage material being fed
      to the cutting mechanism because the forage material is usually carried
      around the periphery of the cutter housing a number of times before it
      passes through the holes of the recutter screen even though it has reached
      a size where it can pass through the holes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the problems of increased power
      requirements caused by the use of conventional recutter screens and the
      overcutting of forage material by multiple cutting surface recutter
      screens. Surprisingly, it has been found, in accordance with the present
      invention, that a recutter having a single horizontal recutter blade
      positioned at the discharge of the cylindrical cutter provides sufficient
      recutting of disoriented material to achieve substantially uniformly cut
      forage without overcutting and without undue power requirements.
PAR  Briefly, the present invention comprises a forage cutter including: a
      housing having a front wall terminating in a forward inlet for receiving
      forage material and a back wall having a rearward outlet for discharging
      forage material; a rotary cylindrical cutter mounted for rotation about
      its longitudinal axis in the housing and having a plurality of cutting
      knives movable in a cylindrical cutting path; a stationary shear bar
      adjacent the outlet and positioned in coacting shearing relation with the
      cutting knives; and a recutter having a single recutter blade disposed at
      the outlet of the housing and positioned in coacting shearing relation
      with the cutting knives.
PAR  Preferably, the cylindrical cutting path of the cutting knives has a
      0.degree. reference on a horizontal plane extending radially from the axis
      of the cutter toward the front wall of the housing, and the recutter blade
      is positioned about the cutting path at a point where forage material is
      released from the cylindrical cutter as it moves through the housing. It
      is further preferred that the recutter blade be positioned between about
      120.degree. to 150.degree. from the horizontal plane in the direction of
      the cutting path. Additionally, it is preferred that the forage cutter
      include feeding means for horizontally directing forage material into the
      inlet of the housing. Desirably, the inlet has an upper end between about
      15.degree. to 60.degree. above the horizontal plane and a lower end
      between about 15.degree. to 30.degree. below the horizontal plane. It is
      also preferred that the outlet has a lower end at least 60.degree. from
      the horizontal plane in the direction of the cutting path and an upper end
      between about 150.degree. to 240.degree.  from the horizontal plane in the
      direction of the cutting path.
PAR  It is further preferred that the recutter includes a frame for supporting
      the recutter blade and positioning it at the outlet, the frame being
      comprised of two spaced apart end members each having a top and bottom, an
      upper plate joining the end members at their tops, a lower plate joining
      the end members at their bottoms, and blade support means in the form of
      support plate positioned between the upper and lower plates. Desirably,
      the recutter blade is positioned below the blade support plate and is
      secured to it. The recutter blade preferably is adjustably secured to the
      blade support plate and the recutter frame is adjustably secured to the
      housing. Desirably, the end members and lower plate are arcuately shaped.
PAR  It is to be understood that both the foregoing general description and the
      following detailed description are exemplary and explanatory but are not
      restrictive of the invention.
PAR  The accompanying drawings illustrate examples of preferred embodiments of
      the invention and together with this description serve to explain the
      principles of the invention.
DRWD
PAR  Of the drawings;
PAR  FIG. 1 is a fragmentary perspective view of the front of a forage cutter
      constructed in accordance with the teachings of the present invention.
PAR  FIG. 2 is a fragmentary perspective view showing the rear of a forage
      cutter constructed in accordance with the teaching of the present
      invention and a single blade recutter mounted at the discharge outlet of
      the housing.
PA1  Fig. 3 is a fragmentary vertical sectional view taken along line 3--3 of
      FIG. 1 and shows a single blade recutter installed in operative position.
PAR  FIG. 4 is a perspective view of the front of a single blade recutter
      constructed in accordance with the teachings of this invention.
PAR  FIG. 5 is a perspective view of the rear of the single blade recutter of
      FIG. 4.
PAR  FIG. 6 is a perspective view of an alternate embodiment of the invention
      showing a plurality of struts extending from the top of the recutter frame
      to the bottom of the recutter frame.
PAR  FIG. 7 is a perspective view of another alternate embodiment of the
      invention showing a first set of struts extending from above the recutter
      blade to the top of the recutter frame and a second set of struts
      extending from below the recutter blade to the bottom of the recutter
      frame.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the present invention is embodied in a forage
      harvester having a forage cutter, generally 10. Forage cutter 10 includes
      a housing, generally 12, having first and second opposing end walls 14 and
      16, respectively, a front wall 18 and a back wall 20 known as a rear cross
      channel. Front wall 18 terminates at a lower end 19 which defines the
      upper end of a horizontal inlet 22. Forage feeding means including
      horizontal upper and lower feed rolls 24 and 26, respectively, are
      disposed forwardly of inlet 22. As seen in FIGS. 1 and 3, an infeed
      platform 28 defines the lower end of inlet 22 and extends rearwardly from
      lower feed roll 26. A stationary shear bar 30 that can be fixed or
      adjustable is disposed adjacent inlet 22 on the lower side thereof. As
      best seen in FIG. 3, shear bar 30 is mounted on a cutting bar rest,
      generally 32 which extends between end walls 14 and 16 of housing 12. Bar
      rest 32 comprises a front wall 34, a top wall 36 on which shear bar 30 is
      mounted, and a rear wall 38 which is inclined from its top toward the rear
      of housing 12.
PAR  As best seen in FIGS. 2 and 3, back wall 20 extends along the upper portion
      of housing 12 and is at the discharge side of the forage cutter. Back wall
      20 terminates at a lower end 42 which defines the upper end of an outlet
      opening 44 through which cut material may be discharged. Back wall 20 has
      a horizontal flange 46 at its lower end 42 which extends rearwardly from
      end wall 14 to end wall 16 of housing 12.
PAR  As best seen in FIGS. 1, 2 and 3 a rotary cylinder shaft, generally 48, is
      suitably journaled for rotation in end walls 14 and 16 and is suitably
      driven by conventional drive means (not shown) in a counterclockwise
      direction as viewed in FIG. 3. A rotary cylindrical cutter, generally 50,
      is mounted on cylinder shaft 48 within housing 12. As best seen in FIG. 1,
      cutter 50 includes a knifehead, generally 52, comprised of a first knife
      support 54 secured to cylinder shaft 48 adjacent end wall 14, and a second
      knife support 58 secured to the cylinder shaft adjacent end wall 16. Knife
      support 54 has a plurality of radially extending arms 60 which are aligned
      with an equal number of similar arms on knife support 58. A longitudinally
      extending cutting knife 62 is secured to each set of aligned arms and set
      screws 64 are mounted adjacent cutting knives 62 on each arm 60 of knife
      supports 54 and 58 to permit individual and precise adjustment of knives
      62. Knives 62 rotate about the longitudinal axis of cutter 50 in a
      counterclockwise direction as viewed in FIGS. 1 and 3 and coact in cutting
      relationship with shear bar 30 mounted in inlet 22. Knives 62 are
      helicoidal in shape and overlap each other so that as one knife terminates
      its shearing coaction with shear bar 30, the next knife begins its
      shearing coaction with the shear bar to leave no cutting gap from one
      knife to the next and provide for continuous shearing action.
PAR  Knives 62 are movable in a 360.degree. cylindrical cutting path "a" best
      seen in FIG. 3. Cutting path "a" has a 0.degree. reference on a horizontal
      plane "b" extending radially from the axis of cutter 50 toward front wall
      18 of housing 12. As best seen in FIG. 3, cutting knives 62 coact with
      shear bar 30 to cut horizontally entering forage material in a direction
      substantially perpendicular to the horizontal. To achieve this
      perpendicular cut of the horizontally entering forage material, the forage
      material should enter housing 12 between about 15.degree. and about
      60.degree. above horizontal plane "b" and between about 15.degree. and
      30.degree. below the horizontal plane. If forage material enters housing
      12 more than about 60.degree. above horizontal plane "b" or more than
      about 30.degree. below the plane, cutting knives 62 will not be able to
      cut the forage material in a substantially perpendicular direction and
      will have a tendency to push the forage material through the housing
      instead of cutting it. To insure that the forage material enters housing
      12 at a proper location, and as best seen in FIG. 3, the upper end of
      inlet 22 defined by lower end 19 of front wall 18 of housing 12 is between
      15.degree. to 60.degree. above horizontal plane "b" and the lower end of
      the inlet defined by infeed platform 28 is about 15.degree. to 30.degree.
      below the horizontal plane. Preferably, inlet 22 spans an arc "c" of
      60.degree. and horizontal plane "b" passes midway through this arc so that
      the upper end of inlet 22 is 30.degree. above the horizontal plane and the
      lower end of the inlet is 30.degree. below the horizontal plane. Upper
      feed roll 24 is spring mounted in a conventional manner to permit it to
      move up and down to accommodate variations in the thickness of the
      entering forage material. The movement of feed roll 24 is limited so that
      its lower end does not rise above the upper end of inlet 22.
PAR  As best seen in FIG. 3, the lower end of outlet 44 is defined by the lower
      end 39 of rear wall 38 of cutting bar rest 32 and is at least 60.degree.
      from horizontal plane "b" in the direction of cutting path "a". The upper
      end of outlet 44 defined by lower end 42 of back wall 20 is between about
      150.degree. to 240.degree. from horizontal plane "b" in the direction of
      cutting path "a".
PAR  In accordance with the invention, a recutter havig a single, horizontal
      recutter blade disposed at the outlet of the housing is positioned in
      coacting relation with the cutting knives. As here embodied, and as best
      shown in FIGS. 2, 3, 4 and 5, a recutter, generally 66, includes a
      recutter blade 84 and a frame, generally 68 for supporting recutter blade
      84 and positioning it at outlet 44 of housing 12. As best seen in FIGS. 4
      and 5, frame 68 comprises two horizontally spaced apart arcuate shaped end
      members 70 and 72 each having a top 74 and a bottom 76, an upper plate 78
      joining end members 70 and 72 at their tops 74, and an arcuately shaped
      lower plate 80 joining the end members at their bottoms 76. Lower plate 80
      is secured to the inner curved surfaces of arcuate end members 70 and 72.
      Lower plate 80 is curved and extends from beyond the bottoms of end
      members 70 and 72 rearwardly toward upper plate 78. A longitudinally
      extending support bracket 40 is welded to the bottom surface of the lower
      end of lower plate 80 and as best seen in FIGS. 3 and 4 forms an opening
      79 therewith. Frame 68 also includes a horizontally extending blade
      support plate 82 positioned between upper plate 78 and lower plate 80 and
      the ends of the blade support plate are joined by conventional means as by
      welding to end members 70 and 72 of the frame.
PAR  Horizontally extending recutter blade 84 is positioned below blade support
      plate 82. Recutter blade 84 has one continuous cutting surface and this
      cutting surface is the only cutting surface in recutter 66. As best seen
      in FIG. 5, recutter blade 84 is secured to support plate 82 by two bolts
      86 and 88 which extend vertically through recutter blade 84 and support
      plate 82. Recutter blade 84 and support plate 82 each have openings to
      receive bolts 86 and 88. Nuts 90 and 92 tighten down on bolts 86 and 88
      respectively to securely fasten recutter blade 84 to blade support plate
      82 of frame 68. The openings in recutter blade 84 are elongated to permit
      the recutter blade to be adjusted with respect to blade support plate 82.
      As best seen in FIGS. 3 and 5 an adjusting screw 94 abuts against the back
      of recutter blade 84 and passes through a nut 96 welded or otherwise
      conventionally affixed to the back of blade support plate 82 to enable the
      blade to be accurately and adjustably positioned with respect to support
      plate 82 before nuts 90 and 92 tighten recutter blade 84 to blade support
      plate 82.
PAR  In one embodiment of the invention, and as shown in FIG. 6, one or more
      curved vertically extending struts 85 can be fixed rearwardly of recutter
      blade 84 between upper plate 78 and lower plate 80 parallel to end members
      70 and 72. These struts serve to provide additional rigidity to frame 68.
PAR  In a further embodiment of the invention, and as seen in FIG. 7, recutter
      blade 84 is positioned and held between an upper horizontally extending
      blade support plate 81 and a lower horizontally extending blade support
      plate 83. The ends of support plates 81 and 83 are joined by conventional
      means such as by welding to end members 70 and 72 of frame 68. Recutter
      blade 84 is secured to support plates 81 and 83 by two bolts 105 and 106
      which extend vertically through recutter blade 84 and support plates 81
      and 83. Support plates 81 and 83 each have openings to receive bolts 105
      and 106. Nuts 108 and 110 tighten down on bolts 105 and 106 respectively
      to securely fasten recutter blade 84 to blade supports plates 81 and 83.
      Recutter blade 84 can be adjusted with respect to blade support plates 81
      and 83 by an adjusting screw 93 secured to the back of upper blade support
      plate 81 in a manner similar to that described above in connection with
      adjusting screw 94.
PAR  In the embodiment of FIG. 7, recutter frame 68 is provided with a plurality
      of pairs of struts. Each pair of struts comprises an upper strut 87
      extending from the upper blade support plate 81 to upper plate 78 of
      recutter frame 68 and a lower strut 89 extending downwardly from lower
      blade support plate 83. As shown in FIG. 7, six pairs of struts are
      provided. Arcuately shaped lower plate 80 is not present in this
      embodiment of the invention and is replaced by a lower plate in the form
      of a longitudinally extending brace 91. Brace 91 is secured to the rear
      surfaces of end members 70 and 72 at their lower ends. The lower ends of
      lower struts 89 are secured to brace 91 by conventional means as by
      welding and the upper ends of struts 89 are similarly secured to lower
      blade support 83. The ends of upper struts 87 are similarly secured to
      upper plate 78 and upper blade support plate 81 by conventional means.
PAR  As best seen in FIGS. 2 and 3 frame 68 is mounted in outlet 44 of housing
      12. Recutter 66 is adjustably and removably secured to housing 12 and can
      be so secured in any conventional manner. As here illustrated upper plate
      78 of frame 68, as shown in FIGS. 4 and 5, has two openings 98 and 100
      which can be aligned with openings in flange 46 of back wall 20 of housing
      12. As shown in FIGS. 2 and 3, upper plate 78 is secured to flange 46 by
      bolts 101. The openings in upper plate 78 are larger than the openings in
      flange 46 to permit frame 68 to be adjusted relative to rotary knives 62
      of cylindrical cutter 50. As shown in FIGS. 4 and 5, end members 70 and 72
      of frame 68 each have an opening 102. Openings 102 can be aligned with a
      corresponding opening in end walls 14 and 16 of housing 12. Openings 102
      in end members 70 and 72 are larger than the openings in end walls 14 and
      16 and as shown in FIGS. 2 and 3 an eccentric bolt 104 passes through each
      pair of aligned openings to permit further adjustment of frame 68 relative
      to the rotary knives 62 of cylindrical cutter 50. When frame 68 is
      suitably adjusted in housing 12, and as best seen in FIG. 3 lower end 39
      of rear wall 38 of rest bar 32 is positioned in opening 79 to contact
      support bracket 40 and be overlapped by the bottom forward edge of lower
      plate 80.
PAR  As best seen in FIG. 3, recutter blade 84 is positioned in housing 12 so
      that it intersects cutting path "a" at a point where forage material is
      released from the cylindrical cutter as it moves through housing 12. It
      has been found that due to centrifugal force, cutting knives 62 carry
      forage material around housing 12 for a short distance after the cutting
      knives coact with shear bar 30 and do not release any major portion of the
      forage material for discharge through outlet 44 until the cutting knives
      reach a position of between about 120.degree. to 150.degree. from
      horizontal plane "b" in the direction of cylindrical cutting path "a". The
      present invention positions recutter blade at this 120.degree. to
      150.degree. location from horizontal plane "b" to take advantage of the
      release of the major portion of forage material at this location and
      insure that the major portion of the forage material is subjected to the
      recutting coaction of cutting knives 62 and recutter blade 84. Preferably,
      recutter blade 84 intersects cutting path "a" at the 120.degree. position.
      The location of recutter blade 84 at the 120.degree. to 150.degree.
      position provides sufficient recutting of disoriented forage to produce
      cut forage of uniform length.
PAR  With the recutter 66 installed, the effective upper end of outlet 44 is
      defined by the lower surface of plate 78, and the effective lower end of
      outlet 44 is defined by the upper edge of plate 80. Preferably, the upper
      edge of plate 80 is about 90.degree. to 110.degree. from horizontal plane
      "b" in the direction of cutting path "a", and the lower surface of plate
      78 is about 170.degree. to 210.degree. from horizontal plane "b" in the
      direction of cutting path "a".
PAR  In operation, and with particular reference to FIG. 3, after the forage has
      passed shear bar 30, it moves within housing 12 by the rotation of cutter
      50 and is directed toward recutter blade 84 by lower plate 80 of frame 68.
      As the forage moves through housing 12, disoriented long stem forage is
      cut by the shearing coaction of recutter blade 84 with rotary knives 62.
      It is believed multiple rotary knives 62 of cylindrical cutter 50
      contribute to the provision of sufficient recutting by recutter blade 84,
      because the helicoidal shape of the knives causes the disoriented long
      stems to vertically deflect as the stems are moved through housing 12 by
      the rotary knives. This deflection causes the stems to extend vertically
      across horizontal recutter blade 84 to block their exit to outlet 44 and
      insures that the stems will be cut by recutter blade 84.
PAR  In addition to providing recutting, the recutter of the present invention
      has the further advantage that the single recutter blade 84 interferes
      with the movement of the forage out of housing 12 through outlet 44 less
      than a conventional recutter screen. A recutter screen has a considerably
      larger surface area to prevent the forage from reaching outlet 44 of the
      cutter housing than recutter 66 of the present invention. Recutter 66 is a
      substantially open structure and generally the only portion of it that can
      block forage material from leaving housing 12 through outlet 44 between
      lower plate 80 and upper plate 78 is defined by recutter blade 84 and
      blade support 82. Less interference with the movement of forage out of
      housing 12 causes less forage to be carried around the full housing
      periphery for a second cutting and recutting cycle and results in a
      substantial reduction in the amount of forage that is overcut.
PAR  Further, when forage is carried around housing 12 for a second cutting and
      recutting cycle, this forage interferes with incoming forage material and
      results in the use of increased horsepower to operate cylindrical cutter
      50. Thus, the present invention, by causing less forage to go through a
      second cutting and recutting cycle than a recutter screen results in less
      horsepower being used to operate cylindrical cutter 50 than when a
      conventional prior art recutter screen is used. The single blade recutter
      of the present invention thus achieves all of the advantages obtained
      through the use of a recutter screen, and substantially eliminates the
      overcutting of forage and the increased horsepower needed to compensate
      for the overcutting that are associated with the use of a recutter screen.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described and departures may be made from such details without
      departing from the principles of the invention and without sacrificing its
      chief advantages.
CLMS
STM  I claim:
NUM  1.
PAR  1. A forage cutter for cutting forage material comprising:
PA1  a. a housing including a front wall terminating in a forward inlet for
      receiving forage material and a back wall having an outlet for discharging
      forage material;
PA1  b. a rotary cylindrical cutter mounted for rotation about its longitudinal
      axis in the housing and having a plurality of cutting knives movable in a
      cylindrical cutting path;
PA1  c. a stationary shear bar adjacent said inlet and positioned in coacting
      shearing relation with the cutting knives; and
PA1  d. a recutter having only one recutter blade, said cutter blade being
      disposed across the outlet of the housing and position in coacting
      shearing relation with the cutting knives to simultaneously cut forage
      material to desired length and screen forage material in order to allow
      the forage material of desired length to pass through said outlet and to
      substantially preclude forage material of greater than desired length from
      passing through said outlet, the cylindrical cutting path of the cutting
      knives having a 0.degree. reference on a horizontal plane extending
      radially from the axis of the cutter toward the front wall of the cutter
      housing and the recutter blade being positioned between about 120.degree.
      to 150.degree. from the horizontal plane in the direction of the cutting
      path.
NUM  2.
PAR  2. The forage cutter of claim 1 including feeding means for horizontally
      directing forage material into the inlet of the housing.
NUM  3.
PAR  3. The forage cutter of claim 1 wherein the inlet has an upper end above
      the horizontal plane and a lower end below the horizontal plane.
NUM  4.
PAR  4. The forage cutter of claim 3 wherein the upper end of the inlet is
      between about 15.degree. to 60.degree. above the horizontal plane and the
      lower end of the inlet is between about 15.degree. to 30.degree. below the
      horizontal plane.
NUM  5.
PAR  5. The forage cutter of claim 3 wherein the outlet has a lower end at least
      60.degree. from the horizontal plane in the direction of the cutting path
      and an upper end between about 150.degree. to 240.degree. from the
      horizontal plane in the direction of the cutting path.
NUM  6.
PAR  6. A forage cutter for cutting forage material comprising:
PA1  a. a housing including a front wall having a forward inlet for receiving
      forage material and a back wall having an outlet through which forage
      material is discharged;
PA1  b. a rotary cutter mounted for rotation in the housing and having a
      plurality of cutting edges movable in a cylindrical cutting path adjacent
      to said inlet and said outlet, said outlet being defined on one side by a
      lower edge located within the range of about 90.degree. - 110.degree. in
      the direction of the cutting path from a 0.degree. reference plane defined
      by a horizontal plane extending radially from the axis of the rotary
      cutter toward said front wall;
PA1  c. a stationary shear bar adjacent to said inlet and positioned in coacting
      shearing relation with said cutting edges;
PA1  d. only one recutter blade, said recutter blade being mounted across the
      outlet and positioned in coacting shearing relation with said cutting
      edges, said recutter blade being located with respect to the cutting path
      of said cutter at the position where forage material which has entered the
      housing through said inlet is released from the cutter as the cutter
      rotates within the housing to simultaneously cut forage material to
      desired length and screen forage material in order to allow the forage
      material of desired length to pass through said outlet and to
      substantially preclude forage material of greater than desired length from
      passing through said outlet; and
PA1  e. means for mounting said recutter blade enabling removal of said recutter
      blade from said outlet.
NUM  7.
PAR  7. A forage cutter as defined in claim 6 wherein said outlet is defined on
      another side by an upper edge located within the range of about
      150.degree. - 240.degree. in the direction of the cutting path from said
      0.degree. reference plane.
NUM  8.
PAR  8. A cylindrical forage harvester for cutting forage material comprising:
PA1  a. a housing including a front wall having a forward inlet for receiving
      forage material, a back wall having an outlet through which forage
      material is discharged and opposing first and second end walls, said
      outlet being defined by a lower edge located within the range of about
      90.degree. - 110.degree. in the direction of the cutting path from a
      0.degree. reference plane defined by a horizontal plane extending radially
      from the axis of the rotary cutter toward said front wall, and an upper
      edge located within the range of about 170.degree. - 210.degree. in the
      direction of the cutting path from said reference plane;
PA1  b. a rotary cutter mounted for rotation in the housing and having a
      plurality of cutting edges movable in a cylindrical cutting path adjacent
      to said inlet and outlet;
PA1  c. a stationary shear bar mounted adjacent to said inlet and positioned in
      coacting shearing relation with said cutting edges; and
PA1  d. only one recutter blade, said recutter blade being mounted across the
      outlet and positioned in coacting shearing relationship with said cutting
      edges, said recutter blade being located within the range of about
      120.degree. - 150.degree. in the direction of the cutting path from said
      reference plane, the means for mounting said recutter blade enabling
      removal of said recutter blade from said outlet to simultaneously cut
      forage material to desired length and screen forage material in order to
      allow the forage material of desired length to pass through said outlet
      and to substantially preclude forage material of greater than desired
      length from passing through said outlet.
NUM  9.
PAR  9. A forage cutter for cutting forage material comprising:
PA1  a. a housing including a front wall having a forward inlet for receiving
      forage material and a back wall having an outlet through which forage
      material is discharged;
PA1  b. a rotary cutter mounted for rotation in the housing and having a
      plurality of cutting edges movable in a cylindrical cutting path adjacent
      to said inlet and said outlet, said outlet being defined on one side by an
      upper edge located within the range of about 150.degree. - 240.degree. in
      the direction of the cutting path from a 0.degree. reference plane defined
      by a horizontal plane extending radially from the axis of the rotary
      cutter toward said front wall;
PA1  c. a stationary shear bar adjacent to said inlet and positioned in coacting
      shearing relation with said cutting edges;
PA1  d. only one recutter blade, said recutter blade being mounted across the
      outlet and positioned in coacting shearing relation with said cutting
      edges, said recutter blade being located with respect to the cutting path
      of said cutter at the position where forage material which has entered the
      housing through said inlet is released from the cutter as the cutter
      rotates within the housing to simultaneously cut forage material to
      desired length and screen forage material in order to allow the forage
      material of desired length to pass through said outlet and to
      substantially preclude forage material of greater than desired length from
      passing through said outlet; and
PA1  e. means for mounting said recutter blade enabling removal of said recutter
      blade from said outlet.
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ABST
PAL  A jaw die assembly for the removeable and stationary jaws of a jaw crusher,
      the assembly is comprised of a stationary support grid, a center die
      section secured to said support grid and a pair of identical jaw die end
      sections, the jaw die end sections being supported on the support grid by
      interlocking engagement with the center die section and a jaw die
      extension. Besides having symmetrically identical jaw die end sections
      which are reversible and interchangeable, the center die section and grid
      assembly are also reversible, thus utilizing its wear surface area more
      completely. The center die section, end die sections and jaw die
      extensions are composed of austinetic manganese steel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In rock crushing equipment, manganese steel is used for the wear surfaces
      of the crusher plates. This material is required because of its resistance
      to abrasive materials. However, the availability of manganese has made it
      virtually impossible to obtain delivery of manganese steel castings in
      reasonable periods of time. The large size of the crusher plates has also
      complicated delivery of such materials because of the absence of machining
      facilities that are available to machine this material. It has also been
      found that the wear on the crusher plate is less than 30% of the total
      surface area of the plate and is generally located along the lower edge of
      the crusher plate. Therefore, a substantial material waste occurs each
      time the total crusher plate has to be changed. This waste of a critical
      material, as well as an increase in the cost of the total plate since this
      material has more than doubled in price within the last year, has been
      overcome by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved crusher wear plate for a jaw
      crusher in which the size of the portion of the replaceable wear plate has
      been reduced, the amount of material usable for the plate has been
      increased, and the machining problems have been simplified. This has been
      accomplished by utilizing a steel backing plate or grid assembly to
      support the crusher plates. Since the maximum amount of wear occurs on the
      lower portion of the front of the wear plate, a center die section is
      secured to the back plate and interchangeable upper and lower die plates
      are locked to the center section. The upper and lower die plates are both
      reversible and interchangeable thus providing four times the wear surface
      availability on the lower portion of the wear plate. The center die
      section and grid assembly also are reversible, thus better utilizing its
      wear area.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side view in section showing a jaw crusher having the wear
      plate assembly of the present invention;
PAR  FIG. 2 is an end view of the wear plate assembly;
PAR  FIG. 3 is a back view of the grid assembly for the wear plate assembly
      showing the center die section and end die sections in position on the
      grid assembly;
PAR  FIG. 4 is a back view of one of the end sections;
PAR  FIG. 5 is an end view of the end section shown in FIG. 4;
PAR  FIG. 6 is a top view of the end section shown in FIG. 5;
PAR  FIG. 7 is a back view of the center section;
PAR  FIG. 8 is an end view of the center section shown in FIG. 7;
PAR  FIG. 9 is a top view of the center section shown in FIG. 7;
PAR  FIG. 10 is a comparitive view of various size grids on which the upper and
      lower sections can be installed; and
PAR  FIG. 11 is a perspective view of the support grid.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A jaw crusher of the type contemplated herein as seen in FIG. 1 includes a
      frame 10 having a fixed jaw 12 and a movable jaw 14. Each jaw 12 and 14
      includes respectively a jaw die assembly 16 and a jaw assembly which are
      used to crush stone that is fed into the top of the jaw crusher. The
      movable jaw is reciprocated by means of an eccentric shaft 20 driven off
      of a fly wheel 22. A toggle assembly 24 is generally provided at the base
      of the movable die to prevent damage to the movable die in the event the
      crusher becomes clogged.
PAR  The jaw die assemblies 16 and 18 are locked into position by means of a
      wedge plate or extension 26 mounted at the top of the jaw die assemblies
      and held in position by a threaded bolt 28 and nut 30. In accordance with
      the invention, each of the jaw die assemblies 16 and 18 is a multiple unit
      which varies in size but is generally made up by the same elements.
PAR  In this regard, and referring to the jaw die assembly 18 shown in FIGS. 2
      and 3, the assembly includes a jaw die grid 32, a jaw die center section
      34, a lower end section 36 and an upper end section 38. The center die
      section 34 is welded to the grid 32 to form a permanent assembly with the
      grid 32. The end sections 36 and 38 are placed on the grid 32 in abutting
      engagement with the edges of the center section 34. The jaw die assembly
      16 is placed in the jaw 12 of the jaw crusher with the lower edge of lower
      section 36 supported on a ledge 50 at the bottom of jaw 12. The assembly
      is wedged in position in the jaw 12 by means of the wedge plate or
      extension 26.
PAR  More specifically and referring to FIG. 11, the support grid 32 is formed
      from a low cost stainless steel since it is not subjected to any wear in
      use. The support grid 32 includes a number of vertical ribs 52 and
      horizontal ribs 54. A number of holes 56 are provided in two of the ribs
      54 for a purpose as described hereinafter.
PAR  Referring to FIG. 10, a number of end views are shown for various size
      support grids. As seen in the figure, each of the support grids 32 are
      made with center grooves 40, 42, 44 and 46 of progressively greater width.
      It should be noted, however, that the distance "a" from the edges of the
      grooves to the edges of the grid 32 are all equal. This arrangement
      increases the number of variations in which the end sections 36 and 38 can
      be used.
PAR  The center section 34, FIGS. 7, 8 and 9, of the assembly 16 is cast of
      manganese steel and has a curved front section 60 having a curvature
      corresponding to the curvature of the front of the die assembly 16. The
      center section is provided with a series of vertically extending crushing
      ribs across the entire length of the center section 34. As is generally
      understood in crushers of this type, the ribs 62 interengage with
      corresponding ribs on the crushing surface of the opposite die assembly.
      The back surface 64 of the center section 34 has a width equal to the
      width of the corresponding groove 40, 42, 44 or 46 which are provided in
      the front of the support grid 32. As seen in FIG. 10, the center section
      34 can be made as wide as is necessary to seat in the corresponding
      groove. Each of the center sections are provided with upper and lower
      inwardly inclined edges 33 and 35, respectively. The edges are inclined
      from the front surface 60 to the back surface 64.
PAR  Each upper section 38 and lower section 36 is symmetrical and is identical
      to each other. The sections 36 and 38 are formed from cast manganese steel
      as used in forming the center section 34. Each of the sections includes a
      curved front surface 70 and a plurality of ribs 58 which are positioned in
      alignment with the ribs 62 on the front section 34. As seen in FIGS. 4, 5
      and 6, the front surface 70 has a curvature which forms a continuation of
      the curvature of the front section 60 of the center section 34.
PAR  Means are provided for engaging the end sections 36 and 38 with the edges
      33 and 35 of the center section 34. Such means is in the form of outwardly
      bevelled edges 74 provided on the upper and lower edges of sections 36 and
      38. The edges 74 are angled outwardly from the front surface to the back
      surface to matingly engage the inwardly inclined edges of the center
      section 34. The lower edge of the section 36 is located at the bottom of
      the grid 32 to matingly engage a ledge 50 provided on the bottom of the
      jaw 12 when the jaw die assembly 16 is positioned within the jaw crusher
      12.
PAR  In this regard, each of the end sections 36 and 38 are provided with means
      in the form of two pairs of lifting lugs 76 for supporting the end
      sections 36 and 38 on the grid 32 when the die assembly is transported
      from an assembly point to the jaw 12 of the crusher. The lifting lugs 76
      are located in position to slide into the holes 56 provided in the ribs
      54. As more particularly described hereinafter, the lifting lugs 76 are
      aligned with the holes 56 to lock the end sections 36 and 38 to the grid
      when the grid is raised to a vertical position.
PAR  The jaw die assembly 16 is assembled by placing the upper section 38 and
      lower section 36 on the front of the support grid 32 with the lifting lugs
      76 aligned with the opening 56 in the ribs 54. The jaw die assembly can be
      raised by attaching cables to the upper die sections 38. As the grid is
      raised the end section 38 is moved to the top and the lower pair of
      lifting lugs 76 on the upper section 38 will slide into the openings 56.
      As the grid is raised further the upper pair of lifting lugs 76 on the
      lower section 36 will slide into the holes 56 in the corresponding rib 54
      in the grid to hold the lower section 36 on the grid. As the assembly 16
      is lowered into the jaw 12, the lower edge 74 of the lower section 36 will
      seat on the ledge 50. The support grid 32 will slide downward behind the
      end section 36 until the lower edge 35 of the center section 34 seats
      against the upper edge 74 of the section 36. The upper edge 74 of the
      lower section 36 will then be located between ledge 50 and the center
      section 34. The upper section 38 will slide downward on the grid 32 until
      the lower end of the upper section 38 seats on the upper edge 33 of the
      center section 34.
PAR  The assembly 16 is locked into the jaw 16 by means of the wedge plate 26
      which is provided with an inwardly inclined edge 80 corresponding to the
      upper edge 74 of the end section 38. The wedge plate 26 is drawn into the
      jaw by tightening the nuts 30 on the bolt 28 so that the edge 80 bears
      against the upper edge 74 of the section 38. The upper edge 80 will
      automatically cam the upper section 38, center section 34 and lower
      section 36 into the ledge 50.
PAC  RESUME
PAR  The jaw die assembly of the present invention provides for a more efficient
      use of the high cost steel required for the wear plate sections. Each of
      the end sections, as well as the center section and support grid, are
      symmetrical. The support grid and center section are reversible. Each of
      the end sections is reversible and is interchangeable with the other end
      section on the support grid. The jaw die assemblies are automatically
      locked into position during assembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a jaw crusher of the type having a movable jaw, an improved multiple
      unit die assembly for each of the jaws, each said assembly comprising a
      support grid having a groove in the front equally spaced from each edge of
      the grid, a center die section secured in said groove in said support grid
      and a pair of symmetrical end sections positioned on said support grid and
      having a width equal to the distance between the center section and the
      edges of said support grid, said end sections including means on the back
      for engaging said support grid during movement from an assembly point to
      the jaw crusher, said engaging means comprising a lifting lug on each of
      said end sections and a corresponding hole in said support grid.
NUM  2.
PAR  2. The assembly according to claim 1 wherein said center die section
      includes inwardly inclined upper and lower edges and said end sections
      include outwardly inclined edges corresponding to the inwardly inclined
      edges of said center die section, said outwardly inclined edges of said
      die sections engaging said inclined edges of said center section when
      mounted in the jaw crusher.
NUM  3.
PAR  3. The assembly according to claim 1 wherein said center die section and
      said end sections are cast from manganese steel.
NUM  4.
PAR  4. The assembly according to claim 1 wherein the support grid and center
      die section are symmetrical.
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ABST
PAL  A control device for the winding of yarn onto a cop and particularly for an
      actuator controlling the relative motions between the cop being wound and
      winding means, said actuator periodically reversing its motion, wherein
      said actuator is linked either to support means bearing two linearly
      extended and adjustable stop means or to a control member therefor,
      whereby said actuator is controlled to reverse its motion by the
      alternated engagement of the control member with said stop means, whereby
      the point of engagement of the stop means with the control member is
      adjustably controlled; and in particular which enables variously wound
      cops to be formed without requiring the replacement of parts.
BSUM
PAR  In textile spinning and twisting machines cops of various shapes are
      notably formed by providing controlled mutual movement between the
      rotating spool which receives the yarn and the members which wind and
      guide the yarn.
PAR  The control device for this movement must be adjustable in order to
      determine the various shapes of the cops as required in turn.
PAR  The aforementioned mutual movement is notably generally reciprocating, and
      its amplitude termines the height of the winding, while the instantaneous
      speed determines the profile of the cop.
PAR  It has been proposed to control the movement between the rotating spool and
      the winding and thread guide members by cams on which act followers which
      in various manners regulate by their movement the movement of the members
      which wind and guide the yarn. The profile of the cams is consequently
      univocally related to the profile of the cops.
PAR  In order to vary the shape to be given to the cops, this solution requires
      the replacement of the cams by others of suitable profile. The replacement
      of the cams is generally an operation which is rather delicate, laborious,
      and requires the availability of a considerable variety of interchangeable
      cams, each type suitable for obtaining one of the many forms of cops
      requested by the market.
PAR  The object of this invention is to provide a control device for the mutual
      movement between the cop being wound and the rail carrying the rings and
      the thread guides, which does not give rise to the disadvantages of known
      types, and in particular which enables variously wound cops to be formed
      without requiring the replacement of parts.
PAR  A further object of the invention is to provide a device of this type which
      permits rapid and accurate adjustment of the manner of laying the yarn on
      the rotating spool without requiring laborious operations, which give rise
      to unacceptable down times for the entire winding equipment.
PAR  These and further objects which will be more evident hereinafter, are
      attained according to the invention by providing a control device for an
      actuator provided with movement in strokes of alternate direction for
      controlling the mutual movement between a cop being wound and winding and
      guide means for the wound yarn, comprising a member for controlling the
      reversal of motion of the actuator by the action of its engagement against
      a striker, and a support for two opposing strikers arranged to act on the
      control member, of said member and support, at least one being
      kinematically linked with said actuator in order to effect a mutual stroke
      which is a function of the stroke of the actuator, during which said
      member moves between the strikers in a first direction, there being also
      provided drive means for mutually moving said control member with respect
      to said support in a second direction orthogonal to the first in order to
      vary the zone of said strikers in which said member strikes.
PAR  It has been found possible in this manner, by varying the speed of sliding
      of the control member on its carriage and the position of the engagements
      on the plate, to obtain cops wound in any of the shapes required by the
      market.
DRWD
PAR  For major clarity one embodiment of the invention will be illustrated
      hereinafter by way of example, illustrated in the accompanying drawings in
      which:
PAR  FIG. 1 is a diagrammatic perspective view of a device according to the
      invention;
PAR  FIG. 2 is a frontal view of the slideable frame of the device of FIG. 1;
PAR  FIG. 3 is a sectional view of the plane III-III of FIG. 2;
PAR  FIG. 4 is a winding pattern for one type of cop;
PAR  FIG. 5 is a detailed view of the device for winding the cop of FIG. 4;
PAR  FIG. 6 is a winding pattern for a further type of cop.
PAR  FIG. 7 is a detailed view of the device for winding the cop of FIG. 6;
PAR  FIGS. 8 and 9 are lateral and frontal views of a further embodiment of the
      device according to the invention;
PAR  FIG. 10 is a winding pattern which can be attained with the device of FIGS.
      8 and 9.
DETD
PAR  FIGS. 1 to 3 show diagrammatic views of the control device for the mutual
      movement between the rings, the thread guides and the cops, in a drawing
      and twisting machine.
PAR  The control element for the mutual motion consists of a hydraulic cylinder
      10, the rod 11 of which is connected to a tie bar 12, kinematically linked
      in known manner to the carriage which carries the rings and the thread
      guides.
PAR  Mutually mobile arrangements between the rings, the thread guides and the
      cops are well known. The figures indicate one system showing a cop 91 and
      the thread guide 90 moved by the tie bar 12. Obviously the tie bar 12
      could move a carriage carrying the cops 91 being wound, or move both the
      thread guides and the cops with the desired mutual motion.
PAR  The tie bar 12 is connected by the rod 13 to a slider 14 supported slidably
      by the sleeve 15 on the guide 16, and guided by rollers 17 on the guide
      18. The guides 16 and 18, and the cylinder 10, are carried by a frame 19
      from which a bracket 20 projects.
PAR  The slider 14 carries rigidly panels 21 and 22, of which the panel 22 is
      fixed in an adjustable manner by screws 23 housed in slots 24 formed in
      the panel. The panel 22 also comprises two longitudinal parallel slots 25
      and 26, constituting seats for screws 27 and 28 which fix a rod 29
      comprising a through groove 30 in which said screws are housed. In the
      same manner longitudinal slots 31 and 32 in the panel 21 form seats for
      screws 33 and 34 for fixing a rod 35, which comprises a through groove 36
      in which the screws 33, 34 are housed.
PAR  The bracket 20 extends above the slider 14 and is connected by two parallel
      uprights 37 and 38 to the lower part of the frame 19. The uprights 37 and
      38 face the panels 21 and 22. The upright 37 slidably supports a sleeve 39
      of a platform 40 guided by the column 38 by means of rollers 41.
PAR  The platform 40 is connected to one end of a belt 81 which passes through
      the bracket 20, its other end being fixed to a pulley 42 mounted rigidly
      on a spindle 43 supported by a plate 44 fixed to the bracket 20. The
      spindle 43 passes rotatably through the plate 44 and rigidly carries a
      gearwheel 45 engaging with a second gearwheel 46 keyed on to the spindle
      47 which rotatably passes through the plate 44. The spindle 47 is
      connected to a geared motor, preferably hydraulic, indicated by 48.
PAR  The platform 40 rigidly carries a microswitch 49 comprising a rotatable
      control lever and electrically connected by way of the line 51 to an
      electrically controlled valve 52 comprising a four way valve which
      controls the flow in the lines 53 and 54 which feed the cylinder 10. Oil
      under pressure arrives at the valve 52 from a variable flow pump 55
      through a line 56. A line 82 leads to drain.
PAR  The lower side of the slider 14 carries a blade 57 the inclination of which
      can be varied in known manner by knobs 58. The inclination of the blade 57
      is shown on scales 59. The blade is in contact with a wheel 60 of a device
      61 fixed to the frame 19 and arranged to vary the flow of oil in the line
      56 in accordance with the inclination of the blade 57, by acting in known
      manner on the variable flow pump 55 by way of the line 62.
PAR  As shown in FIG. 3, the rods 29 and 35 have tapered portions 70 and 71 for
      varying the mutual inclination between the two rods.
PAR  The panels 21 and 22 are provided with scales 72 and 73 designed to make
      the mutual positioning of the rods 29 and 35 rapid.
PAR  The operation of the device according to the invention is as follows.
PAR  When the piston of the cylinder 10 is in the withdrawn position, the lever
      50 of the microswitch 49 is in contact with the rod 29. In this moment the
      valve 52 is controlled in such a manner that it connects the line 56 to
      the line 53 and the line 82 to the line 54. The pump 55 hence feeds oil
      under pressure into the cylinder 10. The piston of the cylinder moves the
      rod 11 and hence the tie bar 12. The piston of the cylinder 10 moves
      towards the right in FIG. 1 until the lever 50 touches the rod 35. At this
      point the microswitch is operated and transmits a signal through the line
      51 to the valve unit 52 which moves the directional valve so that the line
      54 is connected to the line 56 and the line 53 to drain 82. In consequence
      the oil under pressure is fed into the cylinder 10 through the line 54,
      until the lever 50 comes into contact with the rod 29, and the cycle
      begins again.
PAR  In this manner reciprocating motion of the tie bar 12 is attained, the
      stroke of which is proportional to the mutual stroke between the ring
      carriage and cop carriage.
PAR  The drive unit 48 is operated at the beginning of the winding of the cops
      and moves the platform 40 vertically so that the zone of the rods 29 and
      35 against which the sensor 50 engages varies continuously. By varying the
      angle between the rods and the speed of movement of the motor 48, the
      height of the winding and the shape of the cop can be adjusted moment by
      moment.
PAR  For example by stopping the motor 48, i.e., arranging the rods 29 and 35
      parallel and vertical, a winding is obtained of constant height, giving a
      cylindrical cop.
PAR  Slightly more complicated cop shapes are shown in FIGS. 4 and 6.
PAR  FIG. 4 shows a cop 100 of conocylindrical type. FIG. 5 shows how the rods
      29 and 35 must be disposed in order to provide a cop winding as shown in
      FIG. 4.
PAR  The initial position on the vertical of the sensor 50, indicated by 50a,
      corresponds to the maximum distance between the rods 29 and 35, and hence
      to the maximum winding stroke. During winding the motor 48 moves the
      platform 40 with a single stroke upwards, so that at the end of the
      winding the sensor 50 is in the position 50B where the winding stroke is
      minimum. The pattern of these strokes is shown by the dotted line 101 in
      FIG. 4.
PAR  FIG. 6 shows the double taper continuous cop 110, wound with winding
      strokes indicated by the adjacent dotted line 111. In order to carry out
      this winding the rods are disposed as shown in FIG. 7. The winding stroke
      moment by moment is constant, but it moves along the winding spool. The
      motor 48 drives the platform 40 with reciprocating motion, so that the
      sensor 50 moves with reciprocating motion between the positions 50C and
      50D.
PAR  The tapered portions 70 and 71 enable the well known conical tapered cops
      or cones of perfectly straight inclination to be obtained, in that said
      portions avoid an initial winding of convex shape.
PAR  It is evident that by varying the mutual distance and inclination of the
      rods to the vertical, the taper can be changed as required.
PAR  It will be easy for the expert of the art to determine in turn the position
      of the rods and speed of the motor 48 for obtaining the desired shape of
      the cop to be wound.
PAR  More complicated cop shapes can be obtained through manipulation of blade
      or cam 57 so as to vary its inclination as described above. By thus
      changing the disposition of cam 57, the device 61 is caused to vary the
      flow rate of the pump 55 and thereby vary the instantaneous speed of the
      actuator (cylinder 10).
PAR  The vertical stroke of the platform 40 may be easily limited by limit
      switches which control the reversal or movement of the geared motor 48, in
      known manner.
PAR  FIGS. 8 and 9 show one embodiment of the invention which is particularly
      suitable for resolving the difficulty of disposing the yarn in properly
      aligned turns without mutual overlap. When fibres of low coefficient of
      friction are worked, such as certain fibres of continuous filament
      (artificial and/or synthetic) the turns of the cop slide relatively,
      especially at the tapers at the ends of the cop, so causing the so-called
      fall of the yarn. This causes a disordered configuration of the cop, and
      prejudices the subsequent workability of the yarn. As shown in FIGS. 8 and
      9, a guide 122 is fixed on the bracket, and a guide 123 rigidly fixed to
      the frame 19 is vertically aligned and spaced from it. In the guides 122
      and 123 is slidably mounted a rod 121 carrying at that end of it which
      projects below the guide 123 an idle wheel 126. An eccentric 127 rotatably
      supported in the frame 19 and driven by a motor 128 acts lowerly on the
      wheel 126. The rod 121 carries, rigid with it, a microswitch 124 disposed
      close to the underside of the bracket 20 and a microswitch 125 disposed
      adjacent guide 123 on the side thereof opposite wheel 126. The two
      microswitches 124 and 125 are electrically connected by lines 124' and
      125' to the motor 48 which drives the platform 40 so that when one of said
      microswitches is operated, the direction of motion of the motor 48 is
      reversed. The two microswitches 124, 125 are furthermore so disposed as to
      come into contact, when said platform is moved along the upright 38, with
      a sensor 129 formed from a square element and fixed to the platform 40.
PAR  The operation of the device according to the invention is as follows:
PAR  It will be supposed that the rods 29 and 35 are disposed parallel to each
      other on the panels 21 and 22 of the carriage 14. The winding stroke is
      constant at each moment but moves along the winding spool. The
      configuration of the cop will comprise a double taper and is particularly
      exposed to the fall of the winding turns.
PAR  When the drive element of the carriage 14 and the motor 48 are operated,
      the carriage 14 is moved in a reciprocating manner horizontally between
      the positions defined by the sensor 50, which in its turn moves vertically
      as its platform 40 is driven by the motor 48.
PAR  The stroke of the platform 40 and hence of the sensor 50 is delimited by
      the microswitches 124 and 125, each of which by coming into contact with
      the sensor 129 reverses the direction of motion of the motor 48. Said
      position of reversal is not fixed however but varies according to the
      height of the eccentric 127 which moves the rod 121 in a reciprocating
      manner and hence the microswitches 124 and 125.
PAR  FIG. 10 shows a cop 130 with the relative pattern as shown by the dotted
      line 131 resulting from the aforementioned operational procedure. It can
      be seen that although the winding stroke of the yarn is constant, it moves
      along the winding spool without any dependence on the speed of the
      platform. The motor 128 drives the eccentric independently of the speed of
      the motor 48. Thus for example the motor 128 could rotate the eccentric at
      a speed of one revolution every 5 minutes, while the motor 48 could move
      the platform at a speed of one complete stroke every 3 minutes.
PAR  The microswitches 124, 125 are preferably fixed in an adjustable manner
      along the rod 121. In certain cases a sensor 129 of larger dimensions
      could be used.
PAR  The depositing of the yarn at the ends of the cop being wound thus takes
      place without any build-up, because the yarn is not wound always at the
      same points of the end portions of the cop.
PAR  Evidently where the type of yarn does not have a tendency to fall or for
      the turns to overlap, the sensors 124 and 125 may be kept in the fixed
      position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control device for controlling the relative movement between a cop and
      yarn handling and guiding elements in textile spinning and twisting
      machines so as to wind the yarn upon cops having various shapes comprising
      a frame, a reciprocable actuator member carried by said frame, a support
      member slidably carried by said frame, a pair of spaced striker elements
      adjustably mounted on said support member, control means for regulating
      the reciprocation of said actuator member along a first predetermined
      path, said control means including a control member positioned between
      said striker elements, at least one of said control member and support
      member being operatively connected to said actuator so as to provide for
      alternating engagement of said striker elements by said control member for
      regulating the reciprocation of said actuator member along said first
      predetermined path, drive means for reciprocating said control member
      relative to said support member along a second predetermined path which is
      perpendicular to said first path and generally parallel to the plane in
      which said striker elements are disposed whereby said control member is
      engageable with different lineal portions of said striker elements, second
      control means being provided for reversing the relative motion of said
      control member and support member along said second predetermined path
      including limit sensor means and a contacting element carried by said
      control member engageable therewith at predetermined positions along the
      second path of movement of said control member.
NUM  2.
PAR  2. A control device as claimed in claim 1, in which said actuator comprises
      a double acting hydraulic cylinder having a pair of opposed chambers,
PA1  said control member comprising a valve unit which alternately connects the
      chambers of said cylinder to a source of liquid under pressure.
NUM  3.
PAR  3. A control device as claimed in claim 1 in which said striker elements
      comprise rods carried by slots in said support member, said rods having
      tapered end portions for varying the mutual inclination of the said rods.
NUM  4.
PAR  4. A control device as claimed in claim 1, in which said support member is
      provided with scales for accurate and simple positioning of the striker
      elements.
NUM  5.
PAR  5. A control device as claimed in claim 1, in which said limit sensors are
      supported by an element movable with reciprocating movement in a parallel
      direction, with smaller amplitude and with a different period, to said
      second path.
NUM  6.
PAR  6. A control device as claimed in claim 5, in which the element carrying
      said limit sensors is in the form of a rod which is maintained in
      yieldable engagement with a rotatable cam member.
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ABST
PAL  An apparatus for winding continuous strands of material about rotating
      cores to form strand packages is provided with primary traversing
      mechanisms which impart a primary traversing motion to the strands as they
      are being wound on the packages whereby the strands progress and regress
      to define a series of bights. A secondary traversing mechanism is provided
      to impart a secondary traversing motion to the strands relative to the
      packages to advance the series of bights back and forth across the
      peripheral face of the packages. The primary traversing mechanisms each
      comprise a plurality of elongate straight elements which are supported in
      spaced-apart parallel relationship to define a cylindrical pattern. Each
      primary traversing mechanism is mounted on its axis of rotation so that
      the elongate elements extend at an oblique angle relative to the axis of
      rotation of the traversing mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to a traversing mechanism and particularly
      to an improved traversing mechanism which effects a primary traversing
      movement of a plurality of strands while maintaining the strands
      separated, if desired and without destroying the integrity of the strands.
PAR  While other applications for the traversing mechanism of the present
      invention may be found, the traversing mechanism of the present invention
      is primarily intended for use in the manufacture of continuous glass
      strands. In this instance, a plurality of continuous glass strands are
      drawn from a bushing and wound onto packages. The packages of strands are
      then moved to a chopping operation where the strands are unwound from the
      package and passed through a chopper which chops the strands into short
      fiber bundles of a desired length. These fiber bundles are utilized in the
      reinforcement of plastics, to produce chopped strand mat and for other
      similar purposes.
PAR  For this type of process it is important that the individual strands
      maintain their integrity during the chopping operation and that the
      bundles of fibers formed during the chopping operation maintain their
      integrity. The strands or the short fiber bundles should not break up into
      individual filaments or fibers. In addition the traversing mechanism
      should be capable of maintaining the separate strands being wound onto a
      package spaced relative to each other so that when the strands are chopped
      they come off the package at the same time but as individual strands
      rather than as a single strand.
PAR  Traversing devices such as the traversing device illustrated in U.S. Pat.
      No. 3,399,841 issued Sept. 3, 1968 to S. R. Gensen have been developed for
      the formation of packages with one or more strands. However, due to the
      continuous contact of the strands with the cylindrical surface of the
      traversing device of Gensen, the integrity of the strands (the ability of
      the strand filaments to remain bonded together) is greatly reduced.
      Consequently, when the strands are chopped, the fiber bundles become
      fuzzed at the ends or entirely disintegrate into the component filaments
      thereby making them unsuitable for reinforcement or chopped strand mat. It
      is thought that the reduction in strand integrity caused by this
      particular traversing mechanism is caused, at least in part, by forces
      which are continuously exerted on the strands as they pass over the
      cylindrical surface of the traverse. These forces tend to separate the
      filaments of the strands. In addition, binder is removed from the strands
      as the strands pass over the cylindrical surface of the traverse.
PAR  It is an object of the present invention to provide a traversing mechanism
      which can maintain the strands in spaced-apart relation as they are being
      traversed and which can maintain the integrity of the strands.
PAR  This is accomplished by providing a traversing mechanism which only has
      point contact with the strands at spaced-apart intervals along the
      strands. More specifically, the traversing mechanism comprises a plurality
      of elongate straight elements which are supported in spaced-apart parallel
      relationship to define a cylindrical pattern. The elements are mounted
      with the axis of the elongated elements at an oblique angle with respect
      to the axis of rotation of the traversing mechanism and as the traversing
      mechanism is rotated the elongate elements make point contact with the
      strands to move the strands back and forth in a rapid, small amplitude
      traversing motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of an apparatus for forming a plurality of
      multi-filament glass strands and for winding the plurality of strands into
      packages;
PAR  FIG. 2 is an end elevation of the apparatus of FIG. 1 as viewed from the
      right of FIG. 1;
PAR  FIG. 3 is an enlarged view of a traversing mechanism of FIG. 1 taken
      parallel to the axis of rotation of the traversing device; and
PAR  FIG. 4 is and end view of the traversing mechanism of FIG. 1 taken
      perpendicular to the axis of rotation of the traversing mechanism with the
      traversing mechanism rotated 90.degree. relative to its position in FIG. 3
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate a pair of traversing mechanisms 20 of the present
      invention which are utilized in an apparatus 22 for forming a plurality of
      multi-filament continuous glass strands. The apparatus 22 includes a glass
      melting receptacle or bushing 24 from which a plurality of filaments 26,
      (e.g., 1600 filaments) are drawn by rotating cores 28 that are mounted on
      a rotating mandrel 30 which is driven by a motor 32. The filaments 26 are
      gathered into a plurality of strands 34 (e.g., eight two-hundred filament
      strands) by a plurality of converging rollers 36. The strands are then
      wound onto the rotating cores 28 to form packages 38. Binders and the like
      are applied to the filaments 26 as they are drawn together to form the
      strands 34 by a binder applicator 40.
PAR  There are two traversing assemblies. The traversing mechanisms 20 are the
      primary traversing assembly and the traversing assembly 42 is the
      secondary traversing assembly. The secondary traversing assembly 42
      includes a double acting hydraulic piston and cylinder assembly 44 which
      slowly reciprocates the packages of strand 38 back and forth relative to
      the traversing mechanisms 20 by moving the mandrel support 46. The
      packages 38 are each carried on the mandrel 30 so that the centers of the
      packages lie in vertical planes which are centered relative to the series
      of strands 34 being wound onto the particular package when the package is
      mid-way along its traversing path. The length of the reciprocating
      movement of the secondary traverse is regulated to form the packages 38 to
      the desired width.
PAR  The traversing mechanisms 20 of the primary traversing assembly rapidly
      effect a series of progressive and regressive bights of the strands to
      deter the formation of a parallel lay of adjacent windings. Thus, the
      primary traverse effects a series of rapidly formed progressive and
      regressive bights of small amplitude while the secondary traverse slowly
      effects a progression of these bights across the package being formed to
      helically wrap the series of bights back and forth across the entire width
      of the package. While the secondary traversing action is generally
      effected by moving the the mandrel 30 relative to the traversing
      mechanisms 20 which are held stationary, it will be understood that the
      secondary traversing action can be effected by holding the mandrel 30
      stationary and moving the primary traverses 20 in an axial direction
      relative to the mandrel 30.
PAR  As best shown in FIG. 2, the traversing mechanisms 20 are rotated by a
      motor 48 and pivotally mounted on mounting brackets 50. The brackets 50
      are pivoted about an axis 52 by a mechanism 54 such as the mechanism
      illustrated in U.S. Pat. No. 3,695,523 issued Oct. 3, 1972 to Samuel R.
      Gensen et al. The primary traversing mechanisms 20 are moved away from the
      winding axis of the packages 38 as the packages build up in diameter to
      maintain the traversing mechanisms a desired distance away from the
      peripheral surfaces of the packages being formed. While FIGS. 1 and 2
      illustrate an assembly wherein the primary traversing mechanisms 20 are
      moved away from the packages 38 means can also provide it to move the
      packages away from the traversing mechanisms.
PAR  As best shown in FIGS. 3 and 4, the traversing mechanisms 20 of the present
      invention each include a plurality of elongated cylindrical rods or wires
      60 (e.g., 6 wires) which are mounted at each end in rings 62. The rods 60
      extend parallel with respect to each other and are spaced-apart about the
      rings 62 to define a cylindrical pattern. The ends of the rods 60 are
      received within apertures of the annular rings 62 with the rods either
      passing part way or all the way through the rings. The rods are secured to
      the rings by set screws 64, similar fastening devices or by brazing. While
      the dimensions of the traversing mechanisms 20 can vary a typical
      traversing device employs rods about 6-1/2 inches long with the rods being
      arranged in a generally cylindrical pattern having a diameter of about
      2-1/2 inches. The traversing mechanisms 20 are made of S.A.E. 72 brass or
      similar metallic materials.
PAR  Each of the rings is secured to a collar 66 by an extension 68 of the
      collar which extends radially out from the collar in a direction
      perpendicular to the axis of rotation 70 of the traversing mechanism. The
      support rings 62 are both brazed and bolted or otherwise secured to the
      extensions 68 at an oblique angle relative to the axis of rotation of the
      traversing mechanism. While the oblique angle can vary from 30.degree. to
      45.degree., the preferred embodiment employs an angle theta of about
      40.degree..
PAR  Each traversing mechanism can be provided with a starting pin 74 which is
      mounted in one of the rings 62. The pin 74 extends inward toward the
      center of the traversing mechanism in a direction parallel to the rods 60
      and then radially outward.
PAR  In operation the series of strands 34 for each package 38 are started at
      the ends of cores 28 with the strands out of contact with the traversing
      mechanisms 20. Once the strands 34 are being pulled from the bushing 24
      and wrapped on the cores at the proper rate the traversing of the strands
      to form the packages is started. The strands can be placed in contact with
      the traversing mechanism 20 either manually or through the starting pins
      74. Once the traversing of the strands is started the strands are rapidly
      moved back and forth by the traversing mechanisms 20 to form a series of
      bights of small amplitude and the series of bights are moved back and
      forth across the surfaces of the packages 38 being formed by the secondary
      traversing assembly 42 until the packages reach the desired diameter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for winding continuous strands of flexible material about a
      core to form a package which apparatus includes a source of said strands,
      means for rotating said core about a first axis, a traversing mechanism
      rotatable about a second axis parallel to said first axis and adjacent to
      a peripheral surface of said package for imparting primary traversing
      motions to said strands as they are being wound on said package whereby
      said strands progress and regress to define a series of bights, and means
      for imparting a secondary traversing motion to the strands relative to the
      package to advance the series of bights across the peripheral surface of
      the package, the improvement comprising: said traversing mechanism
      comprising at least six elongate straight rods having rounded surfaces for
      contacting said strands, support means supporting said elongate rods in
      spaced-apart parallel relationship to define a cylindrical pattern,
      mounting means for mounting said mechanism so that the axes of said
      elongate rods extend at an oblique angle of about 30.degree. to 45.degree.
      relative to said second axis about which said traversing mechanism is
      rotated.
NUM  2.
PAR  2. The improvement as defined in claim 1 wherein: the angle of said
      elongate elements relative to said second axis is about 40.degree..
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ABST
PAL  The invention relates to a rotatable yarn winding spindle provided with a
      cone holder, the latter including spring finger elements adapted to be
      moved into and out of engagement with the inner wall of the cone holder
      upon flexure of the spring finger elements whereby the cone may be
      positioned upon or removed from the cone holder.
PARN
PAR  This is a Continuation, of application Ser. No. 285,103, filed Aug. 30,
      1972 now abandoned.
BSUM
PAR  The present invention is an improvement in cone holder for hign yoke
      assemblies of high speed winders for the textile industry. In the past
      these devices have comprised solid cone holders which have required some
      external means for releasing the wound cone from the holder and for
      removing the wound cone. Further, these previous devices have required
      some external means of positively retaining the rapidly spinning cone on
      the holder, thereby preventing self-ejection before it is desired to be
      removed. In order to combat the centrifugal force tending to spin the cone
      from the holder, and to positively retain the cone in the exact position
      required for proper winding from the cam traverse, the present improvement
      has been developed.
PAR  The improvement contemplates a cone holder provided with upper and lower
      tapered surfaces and a cutaway mid-section body having a pair of opposed
      spring finger means mounted thereon, which finger means are outwardly
      sprung against the inner wall of a cone in position for cone winding,
      thereby grasping and retaining the cone on the holder until it is fully
      wound, at which time the cone arm linearly moves the spindle with respect
      to the expander and retracts the spring finger means in an arcuate path to
      allow cone release and removal.
PAR  The principal object of the invention is to provide a novel apparatus for
      retaining the cone upon the holder in a more positive fashion than
      heretofore possible.
PAR  A further object of the invention is to provide a means of retaining a cone
      upon the holder which is self-contained and which requires no external
      assistance.
PAR  A still further object of the invention is a reduction in the complexity of
      the mechanism required to maintain the cone upon the holder in a proper
      position for the winding operation.
DRWD
PAR  These and other objects will become more apparent from a reading of the
      following specification taken in conjunction with the drawings, in which:
PAR  FIG. 1 is an elevational view of the cone holder;
PAR  FIG. 2 is a partial elevation and cross-sectional view of the cone holder
      clearly showing the operative mechanism of the invention; and
PAR  FIG. 3 is a perspective view of one of the two spring finger means prior to
      being mounted on the holder.
DETD
PAR  Referring now to FIG. 1, there is shown in this view a spindle means 10 on
      which is mounted a cone holder support means 12 having upper and lower
      tapered surfaces, as shown by interposition of upper and lower bearing
      means 22, 24, respectively, the races of each bearing being mounted in
      shoulders 21, 23, respectively, of the cone holder support means 12
      allowing rotational movement of the cone holder support means 12
      independent of spindle movement. To the body 11 of the cone holder support
      means there are secured the fixed extremities 15--15 of opposed spring
      finger means 14--14, which extend rearward toward a flared conical skirt
      member 32. These spring fingers protrude through means defining openings
      34--34, in the frontal portion 31 of the flared skirt member 32, and
      circumscribe an arcuate form leading to the termini 36--36. Further, the
      spring finger means 14--14 are pivotal from their fixed extremities as
      shown at 15--15, so that the termini 36--36 inscribe a small arcuate path
      with respect to a first cone-engaging position and a second cone-releasing
      position.
PAR  Retention of a yarn winding cone or bobbin on the cone holder support means
      12 is achieved by means of arcuate means 30 in the form of semi-curved
      blade members mounted in known fashion such as by riveting upon the spring
      fingers 14--14, adjacent their longitudinal extremities 36--36, in a
      normal relation to the fingers for contact with the inner wall area 18 of
      a cone 19 desired to be spooled. In the first and usual cone-engaging
      position the surface 29 of the arcuate means 30 make friction contact with
      the inner wall 18 of the cone member 19, thereby retaining the cone on the
      support means 12, as will now be more fully explained.
PAR  When it is desired, as when a spooling operation has been completed and the
      yarn has been wound to its full extent on the cone, the cone may be
      released from the support means for replenishment with a bare cone. This
      releasing operation requires that a spring finger actuating means 20,
      mounted on the spindle 10, be moved axially of the spindle by cone arm 25,
      against a resilient means 26 provided with a stop member 28, from a first
      non-spring finger contacting position, as shown in FIG. 1, into a second
      spring finger contacting position.
PAR  As mounted in the machine for which it is provided, the cone holder as an
      assembly is moved in an axial manner by a connecting rod (not shown)
      joined to cone arm 25 as at bore 25a. Further, the spring finger actuating
      means 20 is blocked by an appropriate member (in phantom line) so that on
      movement of spindle 10, the termini 36--36 of spring fingers 14--14, come
      into contact with the actuating means thereby retracting the fingers and
      releasing the cone for dispensing and replacement.
PAR  The rectilinear movement of actuating means 20 from its usual first
      position into the second operative position brings the outwardly flared
      inner walls 27 of actuating means 20 into contact with the arcuate termini
      36--36 of spring fingers 14--14 convergently contracting them through an
      arcuate path to an opposed, closely spaced relation with respect to the
      spindle 10. This movement withdraws the arcuate blade means 30 from
      contact with the inner wall 18 of the cone, allowing the cone to be
      removed from the support means 12.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a yarn winder, the combination comprising:
PA1  a a spindle means;
PA1  b a cone holder support means for supporting a cone member, said cone
      holder support means including upper and lower recesses serving to support
      first and second roller bearing means and arranged for rotary movement on
      said spindle;
PA1  c two spring finger means, each said spring finger means having upper and
      lower extremities, said upper extremity fastened to and at diametrically
      opposed sides of said cone holder support means;
PA1  d. spring finger actuating means, each said lower extremity disposed on
      said spring finger actuating means for pivotal movement thereof upon
      actuation of said spring finger actuating means; and
PA1  e blade means disposed on each said spring finger means having an arcuately
      shaped substantially flat outer surface in the direction of curvature of
      said cone member, each said blade means rigidly secured intermediate the
      ends thereof to its respective finger means, said flat surface adapted to
      engage and retain said cone member about one line of its inner periphery
      without deformation or penetration of said cone member.
NUM  2.
PAR  2. An arrangement as claimed in claim 1, further comprising a resilient
      means positioned between said first bearing means and said spring finger
      actuating means, said first bearing means being positioned closer to said
      spring finger actuating means than said second bearing means.
NUM  3.
PAR  3. An arrangement as claimed in claim 2, further comprising a stop member
      for said resilient means associated with said spindle beneath said first
      bearing means.
NUM  4.
PAR  4. An arrangement as claimed in claim 3, wherein said stop member is locked
      to said spindle means and spaced from said first bearing means.
NUM  5.
PAR  5. An arrangement as claimed in claim 1, wherein said cone holder support
      means includes a skirt member formed as an integral part thereof.
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ABST
PAL  An endless tape-running apparatus comprises guide means for guiding an
      endless tape taken up on a reel, starting with the innermost periphery of
      the tape roll on the reel and again taking up the running tape on the
      outermost periphery of the tape roll, drive means for running the tape
      along said guide means at a higher speed than 5 meters per second, and a
      restricting means for preventing the endless tape roll rotated by said
      drive means from having its diameter broadened due to a great centrifugal
      force being applied to the endless tape roll by said rapid rotation.
BSUM
PAR  This invention relates to an endless tape-running apparatus and more
      particularly to an endless tape-running apparatus used in recording and
      reproducing video signals.
PAR  A video tape recorder (VTR) is generally used as an apparatus for recording
      and reproducing video signals such as those of television. With the prior
      art apparatus of such type, the endless tape is scanned at a high speed in
      recording as well as in reproduction. To this end, a rotary magnetic head
      is provided, and video signals are recorded and reproduced obliquely in
      the endless tape. As the result, a tracking servo system has to be used,
      and moreover the arrangements of both rotary magnetic head and
      tape-running means unavoidably become complicated, failing to attain the
      miniaturization of the entire video tape recorder and leading to its high
      cost. Further, the conventional VTR has the drawbacks that recording can
      not be made in a magnetic tape with a fully increased density, because a
      track pitch is not allowed to be much decreased in view of demand for the
      tracking accuracy and the interchangeability of a tape, thus giving rise
      to the considerable consumption of tapes.
PAR  On the other hand, it may be theoretically contemplated to use a stationary
      magnetic head to meet the required simplification and miniaturization of
      the VTR. With application of such stationary magnetic head, however, the
      recording and reproduction of high frequency signals like video signals
      requires a magnetic tape to be run at as high a speed as more than 3
      meters per second. As the result, a very long endless tape has to be used,
      preventing its stable movement. For example, where 10 tracks are formed in
      a common 1/2 inch wide VRT endless tape with a standard track pitch of 1
      mm and said tape is run at a speed of 3.3 meters per second, then
      recording and reproduction of 30 minutes will require a tape as long as
      about 600 meters. Hitherto, the running of such a long endless tape at the
      above-mentioned high speed has been accompanied with the difficulties that
      not only the occurrence of wows and flutters resulting from the uneven
      movement the endless tape rendered a reproduced image unstable, but also
      the undesirable seizure of the endless tape by a particular part of its
      passageway led to its stop or breakage. Use of such a long endless tape as
      described above makes it necessary to broaden a tape reel, provide a large
      capacity motor and elongate the loosened damper portion of the endless
      tape, thus failing to render the VTR as compact as desired.
PAR  It is accordingly the object of this invention to provide an endless
      tape-running apparatus admitting of miniaturization and simplification and
      particularly adapted for the recording and reproduction of video signals
      which not only enables an endless tape to travel in a stable condition,
      but also allows a track pitch to be decreased, thereby eliminating the
      necessity of using a much long endless tape.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a curve diagram presenting a relationship between the traveling
      speed and tension of an endless tape for better understanding of this
      invention;
PAR  FIG. 2 is a schematic oblique view of a tape-running apparatus according to
      an embodiment of the invention;
PAR  FIG. 3 is a detailed sectional view indicating the position of rolls
      jointly used as restricting means in the apparatus of FIG. 2;
PAR  FIG. 4 is a schematic oblique view showing the relative positions of the
      tracks of an endless tape and a magnetic head;
PAR  FIGS. 5A and 5B are oblique and sectional views of a tape-restricting plate
      used in place of the restricting rolls of FIG. 3;
PAR  FIGS. 6A, 6B, 6C and 6D and FIG. 7 indicate the results of measuring a
      relationship between the speed of an endless tape run by the apparatus of
      the invention and the wow-flutter characteristics of reproduced video
      signals; and
PAR  FIGS. 8 and 9 present the results of measuring a relationship between the
      length of an endless tape and the occurrence of flutters and a
      relationship between said length and the appearance of wows, with the
      traveling speed of the endless tape taken as a parameter.
DETD
PAR  The tape-running apparatus of this invention characteristically applies a
      sufficient restricting force to a roll of an endless tape to offset a
      great centrifugal force to which the endless tape roll is subjected when
      rotated at a higher speed than 5 meters per second, thereby reducing those
      varieties in the tension of the respective turns of an endless tape roll
      which are caused by the different magnitudes of friction prevailing
      between the adjacent turns.
PAR  The present inventors have experimentally found that the unstable travel of
      an endless tape driven by the apparatus using a stationary magnetic head
      most predominantly originates with the varying tensions of the turns of
      the tape roll. An overall tension T applied to the endless tape roll as a
      whole mainly arises from a sum of a tensional force Tc caused by the
      centrifugal force to which the respective turns of the rotating endless
      tape roll are subjected, a frictional force Tf acting between the adjacent
      turns of the tape roll and a frictional force Tr occurring between a
      member supporting the endless tape roll and the contact surface of each
      turn pressed against said supporting member. The above-mentioned overall
      tension T may be expressed by the following equation:
EQU  T = Tc + Tf + Tr . . . .                                   (1)
PAR  The tensional force Tc used in the above equation can be theoretically
      determined. With the travelling speed of the endless tape represented by v
      and the mass of the unit length of the tape by m, then the following
      equation results:
EQU  Tc = mv.sup.2 . . . .                                      (2)
PAR  Where the speed of the endless tape roll is constant, then the tensional
      force Tc is also constant. In contrast, the above-mentioned frictional
      forces always vary with the ununiform quality of an endless tape as well
      as due to said frictions taking place at different spots between the
      adjacent turns of the endless tape roll or between the contact surfaces of
      said turns and the support of the endless tape roll, also because these
      frictional forces change with time. With an aggregate of these fluctuating
      frictional forces designated as Tv, then the following equation is
      obtained:
EQU  T = Tc + Tv . . . .                                        (3)
PAR  The overall tension T applied to the entire endless tape has an
      experimentally determinable relationship with a tension applied to the
      tape drawn out of the endless tape roll and consequently can be defined
      also experimentally. Where said overall tension T was experimentally
      determined while changing the traveling speed v of the endless tape, then
      it was recognized that said traveling speed v presented a relationship
      indicated by the curve of FIG. 1 with the ratio Tc/T of the tensional
      force Tc to the overall tension T or the ratio Tv/T of the above-mentioned
      aggregate frictional force Tv to the overall tension T. Referring to FIG.
      1, the abscissa represents the traveling speed v of the tape and the
      ordinate denotes the ratio of Tc/T and Tv/T, with the speed expressed in
      n/sec and the ratio in percent. As from FIG. 1 it may be understood that
      the ratio of the aggregate frictional force Tv including variable
      components to the overall tension T progressively decreases in the form of
      a second order curve as the traveling speed of the tape rises, whereas the
      ratio of the constant tensional force Tc to the overall tension T becomes
      progressively larger in the form of said second order curve with the
      increasing traveling speed of the tape.
PAR  The experimental results set forth in FIG. 1 can be naturally expected from
      the equation (2). Namely, the tensional force Tc increases in proportion
      to the square of the traveling speed of the tape, whereas the aggregate
      frictional force Tv is not much affected by said traveling speed.
PAR  Variations in the overall tension of the tape cause a reproduced image to
      present wows and flutters. If, therefore, these variations are reduced,
      then it will be possible to minimize fluctuations in the frequency of
      reproduced video signals to a desired extent, namely, to a lower level
      than 0.1 percent for wows and to a lower level than 0.04 percent for
      flutters. To this end, it is necessary that a tensional force Tc little
      subject to variations be increasingly applied to an endless tape roll
      relative to an aggregate frictional force Tv presenting considerable
      changes.
PAR  The endless tape-running apparatus of this invention further includes means
      for frictionally suppressing or restricting the endless tape roll from
      broadening of the diameter of the tape roll. As mentioned above, a
      centrifugal force applied to the endless tape roll causes said roll to be
      broadened in diameter. If, therefore, said broadening is properly limited
      by furnishing the endless tape roll with a force opposing said centrifugal
      force, then it will be possible to reduce a contact pressure prevailing
      between the respective adjacent turns of the endless tape roll, thereby
      minimizing a frictional force occurring between said turns and in
      consequence the resultant tensional force Tf. The endless tape-running
      apparatus of this invention provided with the abovementioned two devices
      enables the endless tape to be run very stably at a high speed in
      recording and reproduction, thereby not only offering a distinct
      reproduced image and good picture quality but also admitting of the
      miniaturization and structural simplification of the entire apparatus due
      to the use of a stationary magnetic head.
PAR  There will now be described by reference to FIGS. 2 to 4 an endless
      tape-running apparatus according to an embodiment of this invention.
PAR  Referring to FIG. 2, an endless tape 1 is of magnetic type as is well known
      in this particular field, though this invention is not limited thereto.
      Said endless magnetic tape 1 may consist of the one in which a layer of
      lubricant such as graphite is coated on the underside of a tape base whose
      upper surface is formed of a magnetic layer, in order to provide a smooth
      friction-free slide between the respective turns of the tape roll. The
      endless tape 1 is wound with an optional radius about a reel 3 fitted to a
      rotatable shaft 3a at a prescribed distance from a substrate 2. The radius
      of a roll 4 of the endless tape 1 is determined by the entire length and
      thickness of the endless tape 1 and the radius of the reel 3. As is well
      known in this field, the endless tape 1 is initially taken up on the reel
      3 so as to be later drawn out, starting with the innermost periphery of
      the tape roll 4 and again wound on the outermost periphery of the
      remaining tape roll 4 through the later described driving system. The tape
      roll 4 has its underside contacted with restricting means 5, thereby
      preventing the diameter of the tape roll 4 from being enlarged due to a
      centrifugal force being applied to the tape roll 4 when it is rapidly
      rotated. According to a preferred embodiment, this restricting means 5
      includes three round columnar rubber rolls 5a horizontally extending at a
      substantially equal interval around the rotary shaft 3a of the reel 3 in
      the radial direction of said reel 3. Each rubber roll 5a is supported in
      the corresponding opening formed in the substrate 2 so as to rotate in a
      plane perpendicular to the surface of the substrate 2. The upper half
      sections of the respective rubber rolls 5a project above the substrate 2.
      These projecting portions are contacted with the lower end face of the
      tape roll 4. First and second stational guide poles 7, 8 are stood on the
      substrate 2 at a prescribed interval in inclined states. The tape drawn
      out of the innermost side of the tape roll 4 is guided by the first and
      second poles 7, 8 in succession so as to allow the surface of the tape to
      be vertical with the surface of the substrate 2. A third stational guide
      pole 9 is erected straight upright on the substrate, assisting the drawn
      out tape 1 to run with its lower edge parallel with the surface of the
      substrate 2. The third guide pole 9 is provided with flanges at both top
      and bottom ends to restrict the vertical shaking of the traveling tape 1.
      After passing the guide pole 9, the traveling tape 1 is guided between a
      capstan 10 rotated by a drive means (not shown) and an inlet pinch roll 11
      pressed against the capstan 10. The capstan 10 and pinch roll 11 may be of
      the known type. When rotated by the drive means, the capstan 10 advances
      the tape 1 in cooperation with the pinch roll 11. The capstan 10 is
      preferred to have as large a diameter as possible, and, according to this
      embodiment, is chosen to be a stainless steel one 53 mm in diameter. The
      pinch roll 11 has its peripheral wall formed of rubber. The drive means
      may consist of a bipolar synchronous motor of 3600 r.p.m. actuated by a
      commercial power source of 60 Hz. Where the rotary shaft of said motor is
      coupled with the capstan 10, the tape 1 travels at a speed of about 10
      meters per second. An outlet pinch roll 13 is rotatably provided on the
      opposite side of the capstan 10 to the inlet pinch roll 11. Further, a
      crescent-shaped guide 12 is disposed near the outer side of the capstan 10
      so as to face a magnetic head 16. Accordingly, the tape 1 conducted
      between the inlet pinch roll 11 and capstan 10 moves forward while sliding
      along said head-facing guide 12 and further passes between the capstan 10
      and the outlet pinch roll 13. The magnetic head-facing guide 12 is so
      positioned on the substrate 2 as to set the outer segmental surface of
      said head-facing guide 12 slidably contacted by the traveling tape 1
      exactly at right angles to the surface of the substrate 2. The bottom end
      flange of the magnetic head-facing guide 12 is provided with a guide rail
      14 to restrict the horizontal shaking of the traveling tape 1. The outer
      segmental surface of the magnetic head-facing guide 12 is bored at the
      center with a notched portion 15 to provide a free space between the
      traveling tape 1 and said segmental surface. The magnetic head 16 facing
      said notched portion 15 is fixed on a head rest 17. When mechanically
      moved across the traveling tape 1, then the magnetic head 16 can attain
      multichannel recording and reproduction. Further provided on the substrate
      2 is a tape-buffering device including a fourth guide pole 19 erected near
      the outlet pinch roll 13 and a guide wall 18 extending from the proximity
      of the outlet pinch roll 13 to that of the reel 3 so as to hold the
      loosened cushioning portion of the traveling tape 1. The tape 1 which has
      passed between the capstan 10 and outlet pinch roll 13 first moves forward
      along the guide wall 18 and later is brought back to the fourth guide pole
      19. Thereafter the tape 1 is again taken up on the outermost periphery of
      the tape roll 4 wound about the reel 3 by passing said fourth guide pole
      19. In other words, the tape 1 leaving the outlet pinch roll 13 is
      conducted to the original tape roll 4 in a buffered state by being guided
      in the form of the letter S by the fourth guide pole 19 and guide wall 18.
PAR  Recording of video signals in the endless tape-running apparatus of the
      above-mentioned construction is effected along tracks shown in FIG. 4.
      These tracks are formed so as to extend almost annularly along the full
      length of an endless tape wound into a roll. The respective adjacent
      tracks are mutually connected by the inclined portions 32 as illustrated
      in FIG. 4. Thus, all the tracks collectively constitute a single helical
      line.
PAR  For example, where FM video signals are densely recorded using the
      above-mentioned endless tape-running apparatus, a considerably short tape
      is only required to effect said recording and the subsequent reproduction
      in a time generally considered necessary. Where a track pitch is chosen to
      be, for example, 60 microns, then recording can be carried out in 180
      tracks with a commonly used 1/2 inch endless tape. Therefore, only a 100
      meter long tape well serves the purpose of making 30-minute recording and
      reproduction.
PAR  It has been found that even where and endless tape is run at a higher speed
      than 5 meters per second (about 10 meters per second in this embodiment)
      by the apparatus of this invention, the tape can travel in a very stable
      condition, minimizing wows and flutters of a reproduced image. This
      advantageous effect is supposed to originate, as previously mentioned,
      with the fact that the centrifugal force which a rapidly rotating tape
      roll undergoes is offset by a restricting force intentionally applied
      according to the present invention. The centrifugal force is known to act
      on the unit length of a tape in the radial direction of its roll with a
      magnitude of mv.sup.2 /r (where r denotes the radius of the tape roll).
      The centrifugal force applies a resultant tensional force Tc lengthwise of
      the tape with a magnitude expressed by the following equation:
      ##EQU1##
      As seen from the above equation, the tensional force Tc is always applied
      with a magnitude independent of any point in the radial direction of the
      tape roll 4. In this case, the rubber roll assembly 5 pressed against the
      underside of the tape roll 4 according to this invention prevents the
      respective turns of the tape roll 4 from being shifted toward the
      periphery of the tape roll 4, namely, the diameter of the tape roll 4
      itself from being broadened. As the result, the respective turns of the
      tape roll 4 can be closely arranged at a substantially equal interval in
      the radial direction, reducing or equalizing contact frictions between the
      respective turns and consequently attaining the stable travel of the drawn
      out tape.
PAR  There will now be described the experiments of measuring the relationship
      of the traveling speed of a tape 1 driven by a tape-running apparatus
      according to the foregoing embodiment and the traveling stability of the
      tape 1, namely, the resultant occurrence of wows and flutters in the video
      signals obtained.
PAR  Reference is first made to the method of measuring the wows and flutters. A
      magnetic tape 1 is stored with video signals obtained through the
      frequency modulation of a carrier wave of 1 MHz by a sine wave of 3 KHz.
      The stored video signals are scanned by a magnetic head 16 and demodulated
      in the form of 3 KHz signals. The changed frequency .DELTA.f of said
      reproduced video signals is determined by a wow meter from an output
      representing the ratio .DELTA.f/f of the original frequency f to the
      changed frequency .DELTA.f.
PAR  A 90-meter long tape was run at various speeds of 3 meters, 5 meters, 10
      meters and 14 meters per second using capstans of different diameters with
      the rotation of a motor fixed at 3600 r.p.m. Determination was made by an
      electromagnetic oscillograph of wows and flutters occurring in video
      signals with respect to said 90-meter long tape, the results being set
      forth in FIGS. 6A to 6D. Throughout the oscillograms of FIGS. 6A to 6D,
      the abscissa represents time (second) and the ordinate shows wows and
      flutters or .DELTA.f/f in percentage. In these oscillograms, time is
      plotted on a short abscissa. As the result, wows consisting of relatively
      long waves, namely, repetitive waves generally having a frequency of
      several Hz units do not appear clearly, but flutters formed of relatively
      short waves, namely, repetitive waves generally having a frequency of more
      than 60Hz units are mainly indicated. As seen from said oscillograms,
      flutters become prominent for the 3 m/sec. traveling speed of a tape (FIG.
      6A), but decrease for the 5 m/sec. speed (FIG. 6B), 10 m/sec. speed (FIG.
      6C) and 14 m/sec. (FIG. 6D).
PAR  FIG. 7 is a graphic representation of the above-mentioned results of
      measurement with the traveling speed of a tape 1 plotted on the abscissa
      and the percentage values of wows and flutters on the ordinate. FIG. 7
      also shows that where the traveling speed of a tape 1 rises above 5 meters
      per second, then both wows and flutters are reduced.
PAR  Experiments were made with tapes having optional lengths ranging from 50 to
      150 meters run by the tape-running apparatus according to the foregoing
      embodiment at different speeds of 3 meters, 5 meters, 10 meters and 14
      meters per second, the results being set forth in FIGS. 8 and 9. These
      figures indicate that wows and flutters tend to increase as a tape 1
      becomes longer, but that where the tape 1 is made to travel at a higher
      speed than 5 meters per second, then wows and flutters are rapidly
      reduced. The reason for the former event is assumed to be that the
      increased tape length leads to a greater friction between the respective
      turns of a tape roll 4 or between the tape roll 4 and the restricting
      means 5 thereof, thereby causing the aforesaid aggregate frictional force
      Tv containing unstable factors to occupy a larger proportion in the
      overall tensional force T. Wows and flutters associated with the tape
      length can be decreased to a certain extent by reducing the
      above-mentioned friction through improvement of tape material and means
      for restricting a tape roll 4. As estimated from the results of the
      previously described experiments, the endless tape-running apparatus of
      this invention can be practically used with an endless tape having a
      length of 300 meters at maximum.
PAR  Where an endless tape 1 about 100 meters long was run at a speed of 10
      meters per second by the apparatus of this invention to record video
      signals through frequency modulation, then wows and flutters became little
      prominent, rendering a reproduced image extremely distinct.
PAR  The above-mentioned embodiment wherein the tape guides all consist of fixed
      poles in place of rotary rolls used with an ordinary tape-running device
      can suppress flutters caused by the uneven running of such tapes. Further,
      since a tape roll 4 passes the magnetic head 16 to rapidly travel along
      the outer surface of the magnetic head-facing guide 12 disposed very close
      to the capstan 10, a film of air is formed between the traveling tape 1
      and the outer surface of the magnetic head-facing guide 12, preventing the
      horizontal shaking of the tape 1 and in consequence reducing flutters
      arising from such shaking. The crosswise or vertical displacement and
      shaking of a traveling tape 1 are restricted by the third fixed guide pole
      9 and the guide rail 14 of the magnetic head-facing guide 12. These
      guiding means 9, 12, 14 cooperate in holding the tape surface accurately
      at right angles to the surface of the substrate 2 at the magnetic head 16,
      thereby noticeably elevating the tracking accuracy of the stationary
      magnetic head 16.
PAR  The capstan 10 which is chosen to have as large a diameter as design
      permits can minimize a periodic variation in the traveling speed of a tape
      1 which might arise due to the eccentricity of the capstan shaft with the
      resultant occurrence of flutters. If, in case the capstan shaft happens to
      have an eccentricity of, for example, 5 microns, the capstan 10 is chosen
      to have a diameter of 53 mm, then the variation of the traveling speed of
      a tape 1 will only amount to 5 microns/3300 microns .div. 0.001 percent, a
      substantially negligible value.
PAR  The magnetic head 16 of the subject endless tape-running apparatus for
      recording and reproducing video signals is provided with an electrical
      circuit to treat said video signals. Since, however, this circuit may
      consist of a known type, description thereof is omitted.
PAR  The foregoing description refers to the case where the restricting means 5
      for preventing the respective turns of a rapidly rotating tape roll 4 from
      being shifted toward the outer periphery of said tape roll 4 consisted of
      rubber rolls 5a. However, this invention is not limited to this
      embodiment. Any type of restricting means can well serve the purpose,
      provided it can appreciably restrict the outward displacement of the
      respective turns of the tape roll 4 in the radial direction thereof. It is
      possible to replace the aforesaid restricting means 5 consisting of rubber
      rolls 5a by a rotatable metal or plastic disc 5b, as shown in FIGS. 5A and
      5B, bored at the center with an opening penetrated by the rotary shaft 3a
      of the reel 3, provided with a large number of annular engagement grooves
      on the surface contacting the lower end face of the tape roll 4. Further,
      this disc 5b may be substituted by a plurality of columnar or semicolumnar
      support members which are fixed instead of being made rotatable like the
      rubber rolls 5a of FIGS. 2 and 3 and are provided on the surface with
      numerous grooves which engage the lower edges of the respective turns of
      the tape roll 4 during its rotation.
PAR  The endless tape used with the tape-running apparatus of this invention
      need not be of magnetic type, but may consist of a type having a recording
      groove. A transducer used in this case in place of a magnetic head
      consists of, for example, a piezoelectric element capable of reproducing
      video signals recorded by the groove, as is well known to those skilled in
      the art. It is also possible to use a transparent tape and record signals
      in bright and dark shades in tracks extending parallel with the traveling
      direction of an endless tape and optically detect said signals.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A magnetic recording and reproducing apparatus comprising: a substrate;
PA1  a rotatable reel mounted on said substrate;
PA1  an endless magnetic tape wound about said rotatable reel to form an endless
      tape roll thereon, said endless magnetic tape having a length less than
      300 meters;
PA1  a non-rotatable magnetic head;
PA1  guide means for drawing out the tape from said endless tape roll, starting
      with the innermost periphery of said tape roll and guiding the drawn out
      tape so as again to take it up on the outermost periphery of said tape
      roll, said guide means including a rotatable capstan and two pinch rolls
      disposed on opposite sides thereof so that the tape passing between the
      capstan and one of the pinch rolls is scanned by said magnetic head and
      passes between the capstan and the other pinch roll;
PA1  drive means for running the drawn out tape at a speed greater than 5 meters
      per second through said guide means; and
PA1  a plurality of rollers, at least the peripheral surfaces of which are
      rubber, being horizontally disposed on the surface of said substrate at
      spaced intervals around said rotatable reel and disposed therebeneath,
      said rollers extending in the radial direction of said rotatable reel, so
      that the lower end face of said tape roll contacts said rubber surfaces of
      said rollers, whereby said tape roll receives a force opposing a
      centrifugal force generated on the rapidly rotating tape roll.
NUM  2.
PAR  2. An endless tape-running apparatus according to claim 1 wherein the guide
      means comprises a plurality of guide poles fixed on the substrate, the
      first and second guide poles of which are inclined to the surface of the
      substrate to guide the tape drawn out from the innermost periphery of the
      tape roll in a perpendicular position relative to the substrate surface,
      and the third guide pole of which is flanged at both top and bottom ends
      and erected straight upright on the substrate surface, thereby restricting
      the vertical shaking of the tape delivered from the second guide pole; and
      means for buffering the drawn out tape.
NUM  3.
PAR  3. An endless tape-running apparatus according to claim 2 wherein said
      magnetic head is one for recording video signals in, and reproducing them
      from, the tape forwarded from the capstan.
NUM  4.
PAR  4. An endless tape-running apparatus according to claim 3 wherein the guide
      means further includes a magnetic headfacing guide provided with a
      segmental plane on the side adjacent to the magnetic head and a rail for
      restricting the horizontal shaking of the tape sliding over said segmental
      plane after leaving the capstan.
NUM  5.
PAR  5. An endless tape-running apparatus according to claim 2 wherein the
      buffering means includes a guide wall mounted on the substrate and
      extending to the reel from the capstan to guide the tape from the capstan
      and at least one guide pole to convert the advancing direction of the tape
      guide by the guide wall to form a loosened portion of the running tape.
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ABST
PAL  A device for coiling a sheet of wire tire cord fabric under a predetermined
      desired tension to produce a roll of tire cord fabric which is
      appropriately wound free of ruffles or bagginess. The device has a take-up
      roll on which the fabric is coiled, a drive roll for rotating the take-up
      roll, and means for causing relative movement of the rolls to maintain a
      predetermined pressure between fabric on the take-up roll and the drive
      roll, as the roll of fabric increases in size and weight. An idler roll is
      disposed adjacent the take-up roll for first engaging the fabric, changing
      its directional movement and guiding it immediately onto the take-up roll.
      Paper is directed between annular layers of the roll of fabric to separate
      the fabric and prevent any distortion of it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is designed to produce a good inexpensive wind-up device
      which can be used with a conventional loom for weaving tire cord fabric of
      metal warp cords and textile weft threads. There are various mechanisms
      presently employed for winding up fabric. Some devices employ a center
      drive for rotating the take-up roll, or drum upon which the fabric is
      being coiled. Such devices are not very efficient in forming a roll of
      fabric woven from wire warp cords. Other, more sophisticated apparatuses
      employ two separate drive rolls in combination with a take-up roll, one of
      the drive rolls acting to pull fabric onto the take-up roll at a certain
      linear speed, and the other of the drive rolls utilized for driving the
      take-up roll at a speed greater than the linear speed of the fabric as it
      moves onto the take-up roll, thereby tensioning the fabric to eliminate
      any ruffles or bagginess in the fabric during the formation of a roll of
      fabric. The mechanism employing two drive rolls works well, but is
      expensive to fabricate, thus making its use with conventional weaving
      equipment, from a cost standpoint, not justifiable. The invention is
      directed to solving the problem by providing a different wind-up device
      which is comparatively inexpensive to manufacture and operates to produce
      a well coiled roll of tire cord fabric.
PAR  Briefly stated, the invention is in a device for winding up, or coiling a
      sheet of tire cord fabric. The wind-up device comprises a take-up roll on
      which a sheet of fabric is coiled, and a drive roll positioned adjacent
      the take-up roll for rotating the take-up roll in a rotary direction for
      coiling the fabric. Means are provided for causing relative movement of
      these rolls to maintain, as closely as possible, a predetermined pressure
      between the roll of fabric on the take-up roll and the drive roll, as the
      roll of fabric increases in size and weight. An idler roll is disposed
      adjacent the take-up roll for first engaging and changing the directional
      movement of the fabric and guiding the fabric immediately onto the take-up
      roll. The idler roll is rotated by the fabric as it passes onto the
      take-up roll and in a rotary direction which is opposite that of the
      take-up roll. The idler roll is designed to rotate about its own
      longitudinal axis which is parallel to the rotational axes of the take-up
      and drive rolls.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The following description of the invention will be better understood by
      having reference to the annexed drawing, wherein:
PAR  FIG. 1 is a side view of a wind-up device made in accordance with the
      invention; and
PAR  FIG. 2 is a plan view of the wind-up device.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring more particularly to the drawing, there is shown a wind-up device
      4 for forming a roll 5 of tire cord fabric 6 received from a conventional
      loom and woven from metal warp cords and textile weft threads. The wind-up
      device 4 comprises a stationary frame 7 which supports a take-up roll 8 on
      which the tire cord fabric 6 is spirally wound, or coiled.
PAR  The take-up roll is rotatably mounted between a couple of brackets 9 and 10
      which are disposed at the free distal ends 11 and 12 of a pair of parallel
      support arms 13 and 14 that extend from the stationary frame 7. The
      proximal ends 15 and 16 of support arms 13 and 14 are secured to a shaft
      17 which is journalled in the stationary frame 7 for rotation about an
      axis that is parallel to the rotational axis of the take-up roll 8 which
      is designed to rotate freely about its own longitudinal axis.
PAR  A lever arm 18 is keyed to each of the support arms 13 and 14. An air
      cylinder 19 is coupled between the stationary frame 7 and the distal end
      20 of each of the lever arms 18 for rotating the lever arms 18 and
      attached support arms 13 and 14, in unison.
PAR  A drive roll 21 is mounted on the stationary frame 7 for rotation about its
      own longitudinal axis which is also parallel to the rotational axis of the
      take-up roll 8. The drive roll 21 is designed to engage and at least
      partially support the take-up roll 8 at all times during the formation of
      the roll 5 of tire cord fabric 6. The drive roll 21 is operatively
      connected by a belt 22 to the shaft 23 of any suitable motor 24 used for
      rotating the drive roll 21.
PAR  An idler roll 25 is also mounted on the stationary frame 7 for rotation
      about its own longitudinal axis which is parallel to the rotational axes
      of the take-up and drive rolls 8 and 21. The idler roll 25 rotates freely
      about its own axis, and is positioned downstream from the take-up roll 8
      to first contact and guide the tire cord fabric 6 immediately onto the
      take-up roll 8. The idler roll 25 changes the directional movement of the
      tire cord fabric 6 and is closely spaced to the drive roll 21. The idler
      roll 25 is positioned on the stationary frame 7, such that the tire cord
      fabric 6 moves generally in a vertical direction between the idler roll 25
      and take-up roll 8. Thus, the tension in the fabric 6 acts as a vertical
      component of force to press the take-up roll 8 downwardly against the
      drive roll 21.
PAR  A let-off roll 26 of paper 27 is positioned adjacent the stationary frame 7
      in alignment with the tire cord fabric 6 as it moves toward the idler roll
      25. The paper 27 is reeved around the take-up roll 8 under the tire cord
      fabric 6. Thus, the paper 27 acts to separate adjacent, annular layers of
      tire cord fabric 6 on the roll 5. The intermediate layers of paper 27
      prevent distortion of the wire woven fabric 6, and are not needed for
      rolls of tire cord fabric woven entirely of textile warp cords and weft
      threads.
PAR  In operation, the ends of the roll 26 of paper 27 and tire cord fabric 6
      are first secured to the take-up roll 8, as best seen in FIG. 1, the tire
      cord fabric 6 being partially reeved around the idler roll 25. The drive
      roll 21 is then operated to rotate the take-up roll 8 to wind up both the
      tire cord fabric 6 and paper 27 around the take-up roll 8. The tire cord
      fabric 6 is tensioned to eliminate any bagginess or ruffles in the fabric
      6 as it is being coiled around the take-up roll 8. Pressure on the tire
      cord fabric 6 is also an important factor in eliminating distortion of the
      fabric. Therefore, it is important to maintain a certain desired pressure
      between the roll 5 of tire cord fabric 6 and the  drive roll 21 which
      engages and presses against the fabric 6 being wound on the take-up roll
      8. It can be appreciated that any increase in the weight of the roll 5 of
      tire cord fabric 6 changes the compressive relationship between the fabric
      6 and drive roll 21. Thus, in the beginning, the support arms 13 and 14
      are rotated toward the rotational axis of the drive roll 21 to press the
      take-up roll 8 and fabric 6 thereon firmly against the drive roll 21.
      Then, as the roll 5 of tire cord fabric 6 becomes increasingly larger, the
      support arms 13 and 14 are rotated from the rotational axis of the drive
      roll 21 to maintain, as nearly as possible, a uniform desired pressure
      between the roll 5 of fabric 6 and drive roll 21. When the roll 5 of tire
      cord fabric 6 is complete, as seen in dotted line of FIG. 1, the take-up
      roll 8 is released from the brackets 9 and 10 of the support arms 13 and
      14 onto an adjacent platform 28 on the stationary frame 7. The platform 28
      is preferably horizontally disposed for supporting the completed roll 5 of
      tire cord fabric 6, until a movable dolly or truck for transporting the
      roll 5 of tire cord fabric 6, can be positioned adjacent the platform 28
      for receiving and removing the roll 5 of tire cord fabric 6 from the
      wind-up device 4.
PAR  Thus, there has been described a fabric wind-up device which employs a
      single drive roll in combination with an idler roll for properly
      tensioning the fabric as it is being coiled into a roll to eliminate any
      bagginess or ruffles in the fabric. The idler and drive rolls are composed
      of metal, rather than rubber, for best performance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for winding up a sheet of tire cord fabric, comprising:
PA1  a. a take-up roll on which a sheet of fabric is coiled;
PA1  b. a drive roll adjacent the take-up roll for rotating the take-up roll in
      a direction for coiling fabric thereon;
PA1  c. means for mounting the drive roll for at least partially supporting the
      take-up roll and fabric coiled therearound;
PA1  d. means for causing relative movement of the rolls to maintain, as closely
      as possible, a predetermined pressure between fabric on the take-up roll
      and the drive roll, as the roll of fabric increases in size and weight;
PA1  e. an idler roll adjacent the take-up roll for first engaging the fabric
      and guiding it immediately on to the take-up roll, the idler roll being
      rotatable freely about its own axis by the fabric as it moves on to the
      take-up roll and in a rotary direction which is opposite that of the
      take-up roll; and
PA1  f. means for mounting the idler roll vertically below the take-up roll for
      guiding fabric upwards from the idler roll to the take-up roll in a plane
      which is angularly disposed to the horizontal.
NUM  2.
PAR  2. The device of claim 1, wherein the means for causing relative movement
      of the take-up and idler rolls includes:
PA1  h a pair of parallel arms for supporting the take-up roll therebetween;
PA1  i means for mounting the support arms for unitary reciprocating movement to
      and from the rotational axis of the drive roll;
PA1  j means for mounting the take-up roll for rotating freely between the
      support arms; and
PA1  k means for reciprocating the support arms, in unison.
NUM  3.
PAR  3. The device of claim 2, wherein the means (k) for reciprocating the
      support arms includes at least one lever arm keyed to the support arms for
      unitary rotational movement, and means coupled to the lever arm for
      rotating it.
NUM  4.
PAR  4. The device of claim 2, which includes:
PA1  m a let-off roll on which is coiled a sheet of material for separating
      adjacent layers of fabric on the take-up roll; and
PA1  n means for placing the fabric on the sheet of material, prior to coiling
      the fabric and material together on the take-up roll.
NUM  5.
PAR  5. The device of claim 2, wherein the rotational axes of the drive and
      idler rolls are disposed vertically below the take-up roll.
NUM  6.
PAR  6. The device of claim 5, wherein the rotational axes of the drive and
      idler rolls are, in that order, successively, vertically below the take-up
      roll.
NUM  7.
PAR  7. The device of claim 2, which includes a platform disposed adjacent the
      take-up roll and designed to receive and support a roll of fabric released
      from the support arms.
NUM  8.
PAR  8. The device of claim 7, wherein the platform is horizontally disposed
      adjacent a roll of fabric wound on the take-up roll.
NUM  9.
PAR  9. The device of claim 8, which includes:
PA1  o a let-off roll on which is coiled a sheet of material for separating
      adjacent layers of fabric on the take-up roll; and
PA1  p means for placing the fabric on the sheet of material, prior to coiling
      the fabric and material together on the take-up roll.
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ABST
PAL  An automatic towel winder includes a frame supporting a plurality of
      winding units and a conveyor assembly for feeding a plurality of towels
      respectively to the winding units along a plurality of parallel
      side-by-side lanes, each of the winding units occupying three adjacent
      lanes and including a hollow winding mandrel having side perforations
      therein for winding the towel into a roll thereon, a constant-torque
      electric motor to drive the mandrel, suction means coupled to the hollow
      mandrel for urging the leading end of the fed towel against the mandrel to
      initiate winding thereon, an ejector for removing the wound towel roll
      from the mandrel and a receptacle for catching the ejected roll, the
      winding units being staggered on the frame to occupy a space only slightly
      wider than the combined widths of the fed towels; electric control
      circuitry for the winder and alternative embodiments of mandrel drive
      means and roll ejector are also disclosed.
PARN
PAR  This is a continuation of application Ser. No. 299,341, filed Oct. 20,
      1972, now abandoned, which was a division of application Ser. No. 22,447,
      filed Mar. 25, 1970, now U.S. Pat. No. 3,761,032.
BSUM
PAR  This invention relates to a machine for winding continuous toweling, and
      particularly, to a power-driven production machine which winds continuous
      toweling in rolls for use in towel cabinets and the like.
PAR  More particularly, this invention relates to a completely automatic machine
      capable of winding a plurality of continuous towels into towel rolls.
PAR  It is an important object of this invention to provide an automatic
      elongated towel winder comprising a support frame, a mandrel mounted on
      the frame and rotatable about the longitudinal axis thereof for winding an
      associated elongated towel into a roll thereon, drive means carried by the
      frame and coupled to the mandrel for effecting rotation thereof, feed
      apparatus mounted adjacent to the mandrel for feeding an elongated towel
      to the mandrel, and capture means for urging the leading end of the towel
      against the rotating mandrel for automatically initiating the winding of
      the towel into a towel roll on the mandrel, whereby an elongated towel may
      be automatically fed to the rotating mandrel and wound in a roll thereon.
PAR  Another object of this invention is to provide a towel winder of the type
      set forth wherein the mandrel has a supported end mounted on the frame and
      a free distal end, and further including an ejector carried by the frame
      for removing the wound towel roll from the mandrel at the free end
      thereof.
PAR  Another object of this invention is to provide a towel winder of the type
      set forth wherein the mandrel is hollow and has an opening in the side
      thereof, and wherein the capture means includes a suction pump coupled to
      the mandrel for causing an area of reduced pressure therein and a
      consequent flow of air toward and through the opening which serves to move
      the leading end of the towel fed from the feed apparatus toward and
      against the rotating mandrel for automatically initiating the winding of
      the towel into a towel roll on the mandrel.
PAR  Still another object of this invention is to provide a towel winder of the
      type set forth wherein the feed apparatus is disposed adjacent to and
      above the mandrel for feeding the towel downwardly to the side of the
      mandrel in the direction of rotation thereof, and further including a
      guide member carried by the frame on the side of the mandrel in the
      direction of rotation thereof and extending beneath the mandrel a short
      distance therefrom, for maintaining the leading end of the towel closely
      adjacent to the mandrel to facilitate the pickup of the leading end of the
      towel by the capture means.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth wherein the drive means is of the constant-torque type for
      maintaining a substantially constant torque at the mandrel, the increasing
      circumference of the towel roll on the mandrel as the diameter of the
      towel roll increases serving to decrease the rotational speed of the
      mandrel to maintain a substantially constant tension in the portion of the
      towel extending between the mandrel and the feed apparatus.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth wherein the ejector includes an ejector member carried by
      the frame adjacent to the mandrel and movable between a retracted position
      and an ejecting position, and a fluid-actuated piston connected member for
      moving the member to the ejecting position thereof for causing the member
      to engage the wound towel roll and remove the towel roll from the mandrel
      at the free end thereof and means for returning the ejector member to the
      retracted position thereof at a controlled slow rate.
PAR  Yet another object of this invention is to provide a towel winder set
      forth, and further including control apparatus coupled to the drive means
      and responsive to the passage of the leading end of the towel toward the
      mandrel for actuating the drive means.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth, and further including control apparatus coupled to the
      capture means and responsive to the passage of the leading end of the
      towel toward the mandrel for actuating the capture means.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth, and further including control apparatus coupled to the
      ejector and responsive to the passage of the trailing end of the towel
      from the feed apparatus for actuating the ejector to remove the wound
      towel roll from the mandrel.
PAR  It is still another object of this invention to provide a towel winder of
      the type set forth wherein the control apparatus is coupled to both the
      drive means and the capture means and is responsive to the passage of the
      leading end of the towel toward the mandrel for actuating both the drive
      means and the capture means.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth, wherein the control apparatus is coupled to both the drive
      means and the ejector and is responsive to the passage of the leading end
      of the towel toward the mandrel for actuating the drive means, the control
      apparatus being responsive to the passage of the trailing end of the towel
      from the feed apparatus for actuating the ejector to remove the wound
      towel roll from the mandrel.
PAR  In connection with the foregoing object, it is another object of this
      invention to provide a towel winder of the type set forth wherein the
      control apparatus is responsive to the movement of the ejector to the
      ejecting condition thereof for actuating the drive means, the control
      apparatus being responsive to the passage of the leading end of the next
      towel toward the mandrel for moving the ejector to the retracted condition
      thereof.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth, wherein the control apparatus is coupled to both the
      capture means and the ejector for actuating the capture means and the
      ejector in the manner set forth.
PAR  Another object of this invention is to provide a towel winder of the type
      set forth, wherein the control apparatus is coupled to the drive means and
      to the capture means and to the ejector for actuating the drive means and
      the capture means and the ejector in the manner set forth.
PAR  In connection with the foregoing object, it is still another object of this
      invention to provide a towel winder of the type set forth wherein the
      control apparatus is responsive to the movement of the ejector to the
      ejecting condition thereof for actuating the drive means, the control
      apparatus being responsive to the passage of the leading end of the next
      towel toward the mandrel for moving the ejector to the retracted condition
      thereof and for actuating the capture means, the control apparatus being
      responsive to the initiation of the winding of the towel on the mandrel
      for deactuating the capture means, the control apparatus being responsive
      to the passage of the trailing end of the towel from the feed apparatus
      for deactuating drive means and for moving the ejector to the ejecting
      condition thereof.
PAR  Another object of this invention is to provide a cloth flatwork
      feed-directing assembly comprising feed apparatus for feeding associated
      flatwork in a predetermined direction from the input end to and from the
      discharge end of the feed apparatus, means engaging the flatwork at
      spaced-apart points thereon for suspending a reach thereof between the
      input end and the discharge end, a sensing device mounted adjacent to the
      feed apparatus and sensing the suspended reach of flatwork for detecting
      deviation of the fed flatwork from the predetermined direction, and
      direction correcting means acting upon the suspended reach of flatwork and
      coupled to the sensing device and responsive to the detection thereby of
      deviation of the fed flatwork from the predetermined direction for
      redirecting the flatwork into the predetermined direction, whereby
      flatwork fed by the feed apparatus is continually maintained in the
      predetermined direction.
PAR  In conection with the foregoing object, it is another object of this
      invention to provide a feed-directing assembly of the type set forth,
      wherein the sensing device comprises a sensing member mounted adjacent to
      the feed apparatus for pivotal movement about a first axis angularly
      disposed with respect to the plane of the suspended reach of flatwork, the
      sensing member engaging the suspended reach of the fed flatwork and
      pivoting about the first axis in response to deviation of the fed flatwork
      from the predetermined direction, the direction correcting means including
      a guide roller frictionally engaging the suspended reach of the fed
      flatwork and being freely rotatable about a second axis disposed
      substantially normal to the first axis and coupled to the sensing member
      for pivotal movement about the first axis, pivotal movement of the sensing
      member in response to deviation of the fed flatwork from the predetermined
      direction causing pivotal movement of the guide roller for urging the
      flatwork back toward the predetermined direction.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth which includes a feed-directing assembly of the type set
      forth.
PAR  In connection with the foregoing object, it is another object of this
      invention to provide a towel winder of the type set forth for use with an
      associated source of towels, the feed apparatus including an inclined feed
      conveyor having an input end disposed adjacent to and below the source of
      towels and an upper discharge end disposed adjacent to the mandrel, a
      towel from the source following a first feed path along the conveyor until
      the leading end of the towel is engaged by the mandrel, the initiation of
      the winding of the towel on the mandrel causing tension in the towel for
      thereby moving the towel to a second feed path wherein a reach of the
      towel is suspended between the source and the discharge end of the
      conveyor, the sensing device and the direction-correcting means acting
      upon the towel in the second feed path.
PAR  Still another object of this invention is to provide a towel winder of the
      type set forth, which further includes detectors disposed in the first and
      second feed paths for sensing the presence of a towel therein, the control
      apparatus being coupled to the detectors and responsive to the sensing
      thereby of towels in the first and second paths for controlling the
      operation of the drive means and the capture means and the ejector.
PAR  Another important object of this invention is to provide a towel winder for
      automatically winding a plurality of elongated towels, the winder
      comprising a support frame, feed apparatus for feeding a plurality of
      elongated towels respectively along a plurality of substantially parallel
      feed lanes including two outer feed lanes and at least one intermediate
      feed lane all arranged in side-by-side relationship, each of the feed
      lanes having a width only slightly greater than the width of the
      associated towel, a plurality of winding units carried by the frame and
      equal in number to the feed lanes, each of the winding units including a
      mandrel disposed in an associated one of the feed lanes transversely
      thereof and extending substantially thereacross, the mandrel being
      rotatable about the longitudinal axis thereof for winding an associated
      elongated towel into a roll thereon, drive means disposed adjacent to one
      side of the associated one feed lane and coupled to the mandrel for
      effecting rotation thereof, and capture means for urging the leading end
      of the towel against the rotating mandrel for automatically initiating
      winding of the towel into a towel roll on the mandrel, the drive means for
      one of the outer feed lanes and the intermediate feed lanes being
      respectively disposed in longitudinal alignment with adjacent feed lanes
      but displaced therefrom, the winding units being arranged on the frame so
      that each of the intermediate feed lanes and the other of the outer feed
      lanes includes the mandrel of the associated winding unit with the drive
      means of an adjacent winding unit displaced from the lane but in
      longitudinal alignment therewith, whereby a plurality of elongated towels
      may be respectively automatically fed to corresponding ones of the
      rotating mandrels and wound in rolls thereon in a space having a width
      only slightly greater than the combined widths of the towels.
PAR  In connection wih the foregoing object, it is another object of this
      invention to provide a towel winder of the type set forth, and further
      including control apparatus coupled to the drive means and the capture
      means in each of the winding units and responsive to the passage of the
      leading end of a towel in any of the feed lanes toward the associated
      mandrel for actuating the associated drive means and the associated
      capture means.
PAR  Another object of this invention is to provide a towel winder of the type
      set forth, wherein the winding units are staggered vertically and
      horizontally on the frame into upper and lower levels, and further
      including guide chutes respectfully disposed in the feed lanes associated
      with the lower level mandrels for respectively guiding the associated
      towels from the feed apparatus past the upper level drive means aligned
      with the associated feed lanes and to the lower level mandrels.
PAR  It is a further object of this invention to provide a towel winder of the
      type set forth, wherein each of the winding units includes an ejector for
      removing the wound towel roll from the mandrel at the free end thereof,
      and a towel receptacle disposed adjacent to the other side of the
      associated one feed lane for receiving the ejected towel roll from the
      mandrel, the winding units being arranged on the frame so that each of the
      intermediate feed lanes includes the mandrel of the associated winding
      unit with the drive means of one adjacent winding unit and the towel
      receptacle of another adjacent winding unit disposed in longitudinal
      alignment with the lane but displaced therefrom.
PAR  In connection with the foregoing object, it is another object of this
      invention to provide a towel winder of the type set forth, and further
      including control apparatus coupled to the drive means and to the capture
      means and to the ejector in each of the winding units and responsive to
      the passage of the leading end of a towel in any of the feed lanes toward
      the associated mandrel for actuating the associated drive means and the
      associated capture means, the control apparatus being responsive to the
      passage of the trailing end of the towel from the feed apparatus for
      actuating the corresponding ejector to remove the wound towel roll from
      the mandrel.
PAR  It is another object of this invention to provide a towel winder of the
      type set forth, wherein the winding units are staggered vertically and
      horizontally on the frame into upper and lower and intermediate levels,
      and further including first guide chutes for respectively guiding the
      associated towels to the intermediate level mandrels, and second guide
      chutes for respectively guiding the associated towels to the lower level
      mandrels.
PAR  Another object of this invention is to provide a towel winder of the type
      set forth wherein a single drive means is provided for driving all of the
      winding units, and further including first and second line shafts
      respectively disposed forwardly and rearwardly of the frame and rotatably
      driven by the drive means, the first line shaft being coupled to each of
      the upper mandrels for effecting rotation thereof, and the second line
      shaft being coupled to each of the intermediate and lower level mandrels
      for effecting rotation thereof.
PAR  In connection with the foregoing object, it is a still further object of
      this invention to provide a towel winder of the type set forth, which
      further includes control apparatus coupled to the drive means and to each
      of the winding units and responsive to the passage of the leading end of
      the towel in any of the feed lanes toward the associated mandrel for
      actuating the drive means and the associated capture means.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the towel winder whereby the above-outlined and additional
      operating features are obtained.
DRWD
PAR  The invention, both as to its organization and method of operation together
      with further objects and advantages thereof, will best be understood by
      reference to the following specification taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view of an automatic towel winding machine
      according to this invention and showing ten winding units and the manner
      in which they are vertically staggered on the frame;
PAR  FIG. 2 is a fragmentary view in partial section of the front frame of the
      towel winder of FIG. 1, and showing how the frame crossbar acts as a
      manifold for the suction pump;
PAR  FIG. 3 is an enlarged front elevational view of one of the winding units of
      the towel winding machine of FIG. 1, showing the connection between the
      mandrel and the frame crossbar and showing the ejector arm in its
      retracted position in solid lines and in its ejecting position in phantom;
PAR  FIG. 4 is a fragmentary side elevational view of the winding unit of FIG.
      3;
PAR  FIG. 5 is a further enlarged front elevational view in partial section of
      the mandrel of the winding unit of FIG. 3 with a portion of the inner end
      of the mandrel removed;
PAR  FIG. 6 is a further enlarged cross-sectional view of the mandrel taken
      along the line 6--6 in FIG. 5;
PAR  FIG. 7 is an enlarged fragmentary front perspective view of the towel
      winding machine of FIG. 1 showing the operation of the towel roll ejector
      and receptacle;
PAR  FIG. 8 is an enlarged fragmentary front elevational view of the towel
      winding machine of FIG. 1 showing three of the intermediate winding units
      and the orientation of the capture guide apparatus with respect to the
      mandrels;
PAR  FIG. 9 is a further enlarged composite view taken along the line 9--9 in
      FIG. 8 and showing the upper level and lower level and intermediate level
      support plates for the winding units and also showing the vertical and
      horizontal staggering of the winding units on the frame;
PAR  FIG. 10 is a composite view similar to FIG. 9, but showing the guide chutes
      and capture guide retainers for the winding units and the cooperation of
      one of the control switches with the towel web;
PA1  Fig. 11 is a front elevational view of one of the capture guide retainers
      of FIG. 10;
PAR  FIG. 12 is a reduced side elevational view in partial section of the towel
      ironer for use with the towel winding machine of this invention and
      illustrating the cooperation between the ironer and the feed apparatus of
      the present invention;
PAR  FIG. 13 is an enlarged side elevational view of the feed conveyors of the
      towel winding machine of this invention, showing the feed directing
      assembly and the two feed paths for the towel web;
PAR  FIG. 14 is a further enlarged fragmentary front perspective view of the
      feed conveyor of FIG. 13, showing the cooperation of the feed-directing
      assemblies therewith;
PAR  FIG. 15 is a top plan view of the feed apparatus of the towel winding
      machine of the present invention;
PAR  FIG. 16 is an enlarged view in vertical section of the feed directing
      assembly for one of the feed lanes taken along the line 16--16 in FIG. 15;
PAR  FIG. 17 is a fragmentary view in partial section of the feed-directing
      assembly taken along the line 17--17 in FIG. 16;
PAR  FIG. 18 is a front elevational view in partial section of one of the
      winding units of the towel winding machine of this invention showing an
      alternative embodiment of drive means including a slip-clutch assembly;
PAR  FIG. 19 is a fragmentary diagrammatic view in side elevation of the towel
      winding machine of this invention illustrating the line shafts in the
      alternative drive arrangement which utilizes the slip clutch of FIG. 18;
PAR  FIG. 20 is a front elevational view of an alternative embodiment of the
      roll ejector of this invention utilizing a spring return for the ejector
      arm;
PAR  FIG. 21 is a schematic electric circuit diagram of the winding machine
      showing the coupling of a three-phase electric power source to each of ten
      identical winding units represented in block form;
PAR  FIG. 22 is a detailed schematic circuit diagram of the control apparatus
      for one of the winding units of FIG. 21; and
PAR  FIG. 23 is a schematic electric circuit diagram of the control apparatus
      for the towel winding machine of this invention for use with the line
      shaft and slip clutch drive arrangement of FIGS. 18 and 19.
DETD
PAR  While there have been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
PAR  Referring now to the drawings, and in particular to FIGS. 1, 12 and 15
      thereof, there is illustrated a towel winding machine, generally
      designated by the numeral 100, according to the present invention, the
      towel winding machine 100 including ten identical feed lanes, respectively
      designated A through J, inclusive, for respectively feeding associated
      elongated towels to ten winding units, each generally by the numeral 150,
      for winding the towels into rolls.
PAR  The towel winding machine 100 is adapted for use in a towel processing
      system which may perform several operations on the towel including
      washing, ironing, winding into rolls, and wrapping of the towel rolls.
      Such a system may, for example, include a towel washing machine of the
      type set forth in applicant's copending application Ser. No. 879,764,
      filed Nov. 25, 1969 now U.S. Pat. No. 3,698,214, and a towel roll wrapping
      machine of the type set forth in applicant's copending application Ser.
      No. 828,533, filed May 28, 1969 now U.S. Pat. No. 3,643,397, both of which
      copending applications have been assigned to the assignee of the present
      invention. The towel rolls processed by such a system are then preferably
      used in towel dispensers, which may be of the type set forth in the
      copending application Ser. No. 727,157 of Robert L. Steiner and Erwin B.
      Bahnsen, filed May 7, 1968 now U.S. Pat. No. 3,502,383, and assigned to
      the assignee of the present invention.
PAR  A towel ironer, generally designated by the number 60, for use with the
      winding machine 100 of the present invention, is illustrated in FIG. 12 of
      the drawings, the ironer 60 being adapted to receive a wet elongated towel
      web 50 from an associated washing mchine (not shown), to iron the towel
      web 50 and then to feed it to the associated winding machine 100 of the
      present invention for winding into a towel roll 55. The ironer 60 includes
      a beater 61 being substantially triangular in transverse cross section and
      being rotatable in a counterclockwise direction as viewed in FIG. 12, a
      guide bar 62 and a towel breaker member 63. The towel web 60 is threaded
      over the beater 61 and around the guide bar 62 and over the breaker 63 to
      a conveyor 70. The conveyor 70 is disposed substantially horizontally and
      includes a drive roll 71, an idler roll 72 and an endless conveyor belt 73
      extending therebetween for conveying the towel web 50 from the breaker
      member 63 to a steam chest, generally designated by the numeral 80. The
      steam chest 80 is hollow and includes an encompassing wall 81 having a
      flat bottom 82 and a convoluted top 83 forming a plurality of alternating
      ridges 84 and valleys 85. A plurality of pinch rolls 90 are respectively
      disposed in the valleys 85 of the steam chest 80, each of the pinch rolls
      90 being shaped and dimensioned complementary to the associated valley 85
      of the steam chest 80 and being held therein under the controlled pressure
      of a spring-loading apparatus (not shown). Each of the rolls 90 is
      rotatable counterclockwise about a shaft 91 for moving the towel web 50
      from left to right as viewed in FIG. 12. Thus, the towel web 50 is fed
      from the associated washing machine over the beater 61 and roll 62 and
      breaker 63 for removing folds and excess water from the towel web 50, and
      thence via the conveyor 70 to the steam chest 80. The towel web 50 is then
      fed between the pinch rolls 90 and the upper wall 83 of the steam chest 80
      from left to right along the steam chest 80 and then is discharged from
      the right-hand end thereof. The action of the heat provided by the steam
      chest 80 and the compression provided between the rollers 90 and the steam
      chest 80 combine to iron the towel web 50 for removing wrinkles therefrom
      in a well-known manner.
PAR  The towel winding machine 100 includes a feed assembly comprising a
      transfer conveyor 101 and a feed conveyor 105, mounted on a supporting
      framework 101a. The transfer conveyor 101 is disposed substantially
      horizontally beneath the steam chest 80 and includes a drive roll 102
      disposed immediately beneath the right-hand end of the steam chest 80, and
      an idler roll 103 disposed forwardly of the drive roll 102 and an endless
      conveyor belt 104 connecting the drive roll 102 to the idler roll 103. The
      transfer conveyor belt 104 moves in a clockwise direction as viewed in
      FIG. 13 and preferably has a surface speed approximately 40 percent
      greater than the surface speed of the towel web 50 as it is fed from the
      ironer 60, whereby the towel web 50 may be fed from the ironer 60 by the
      transfer conveyor 101 to the right as viewed in FIG. 13 without folding
      upon the transfer conveyor 101.
PAR  The feed conveyor 105 is substantially longer than the transfer conveyor
      101 and is inclined at an acute angle to the horizontal. The feed conveyor
      105 includes a drive roll 106 at the upper end thereof rotatably mounted
      on a shaft 106a which is preferably supported at the opposite ends thereof
      in bearings on end plates 112 which are supported on the frame 101a and on
      a winding unit frame 130 to be described. An idler roll 107 is disposed at
      the lower end of the feed conveyor 105 immediately below the idler roll
      103 of the transfer conveyor 101. An endless conveyor belt 108
      interconnects the drive roll 106 and the idler 107 and is driven thereby
      in a clockwise direction, as viewed in FIG. 13, for receiving the fed
      towel web 50 from the transfer conveyor 101 and feeding the towel web 50
      upwardly along the feed conveyor 105 from the input end to the discharge
      end thereof. Thus, the transfer conveyor 101 and the feed conveyor 105
      cooperate with the ironer 60 to define a lower feed path for the towel web
      50 extending from the discharge end of the ironer 60, downwardly to the
      transfer conveyor 101 and forwardly therealong to the feed conveyor 105
      and upwardly therealong to the discharge end thereof as is clearly
      indicated in FIG. 13. Hereinafter the end of winding machine 100 toward
      the discharge end of the feed conveyor 105 will be referred to as the
      forward end and the end toward the input end of the feed conveyor 105 will
      be referred to as the rearward end.
PAR  It is an important feature of the present invention that the transfer
      conveyor 101 and the feed conveyor 105 and the ironer 60 associated
      therewith are all of sufficient width to accommodate a plurality of towels
      respectively arranged thereon in a corresponding plurality of feed lanes,
      each of these feed lanes having a width only slightly greater than the
      width of the associated towel web 50 and being arranged substantially
      parallel to each other in side-by-side relationship. Referring to FIG. 15
      of the drawings, it will be seen that ten such feed lanes, respectively
      designated by the letters A to J, inclusive, have been provided in the
      preferred embodiment of this invention, but it will of course be
      recognized that the machinery of this invention may be constructed so as
      to accommodate any desired number of such feed lanes. The transfer
      conveyor 101 and the feed conveyor 105 are each provided with ten pairs of
      endless conveyor belt halves, respectively centered in the ten feed lanes
      A to J. More particularly, in each of the feed lanes A to J, the transfer
      conveyor 101 is provided with a pair of substantially parallel
      spaced-apart endless conveyor belt halves 104a and 104b, respectively,
      disposed on opposite sides of the longitudinal midline of the associated
      feed lane, and cooperating to define the associated conveyor belt 104.
      Similarly, the feed conveyor 105 is provided in each feed lane thereof
      with a pair of substantially parallel spaced-apart endless conveyor belt
      halves 108a and 108b, respectively, disposed in longitudinally alignment
      with the corresponding pairs of conveyor belt halves 104a and 104b, and
      cooperating to define the conveyor belts 108.
PAR  Connected to one end of the shaft 91 of the discharge roll 90 of the ironer
      60 is a sprocket 95. Similarly, connected to the adjacent end of the shaft
      106a of the feed conveyor drive roll 106 is a sprocket 124, the sprockets
      95 and 124 being interconnected by a drive connecting assembly 129,
      whereby the feed conveyor 105 is driven in the direction indicated at a
      speed having a predeterimined fixed relationship to the speed of the
      ironer 60.
PAR  For each of the feed lanes A to J, the feed conveyor 105 is also provided
      with two control switches, respectively generally designated by the
      numerals 340 and 375, and being disposed within the loop formed by the
      associated pair of conveyor belt halves 108a and 108b. The control switch
      340 is disposed adjacent to the upper of discharge end of the feed
      conveyor 105 and is provided with a movable contact 342a in the form of a
      generally hook-shaped wire resiliently urged into a normally open position
      extending upwardly between the associated pair of conveyor belt halves
      108a and 108b and into the first feed path of the towel web 50 along the
      feed conveyor 105. The control switch 375 is disposed rearwardly of the
      switch 340 and is also provided with a movable contact 376 in the form of
      a generally hook-shaped wire resiliently urged into a normally open
      position extending upwardly between the associated pair of conveyor belt
      halves 108a and 108b and into the first feed path of the towel web 50
      along the conveyor 105. The purpose of the control switches 340 and 375
      will be described more fully hereinafter.
PAR  Referring now to FIGS. 12 through 17 of the drawings, there is provided
      adjacent to the upper end of the feed conveyor 105, a bridging member 111
      spanning the feed lanes the feed lanes A to J, and supported at the
      opposite ends thereof on the end plates 112 of the winding machine frame a
      short distance above the conveyor belts 108 by suitable means. The
      bridging member 111 is disposed rearwardly of the discharge end of the
      feed conveyor 105 between the switch contacts 342a and 376 and is
      preferably of tubular construction having a substantially rectangular
      cross section, the bridge member 111 being turned slightly on its
      longitudinal axis so that its lower surface is substantially parallel to
      the plane of the feed conveyor 105. Mounted on the bridge member 111 are
      ten identical feed-directing assemblies, each generally designated by the
      numeral 110, and respectively disposed in the feed lanes A to J. Each of
      the feed-directing assemblies 110 includes a pivot pin 113 disposed
      substantially normal to the upper and lower walls of the bridge member 111
      and extending therethrough, the pivot pin 113 being mounted in a pair of
      axially aligned radially flanged bearings 114 respectively disposed in
      complementary openings in the upper and lower walls of the bridge member
      111. The upper end of the pivot pin 113 may be externally threaded and
      secured to the bridge member 111 by a nut 116. The lower end of the pivot
      pin 113 is received in a complementary opening 115a in a pivot block 115,
      the pivot block 115 having an arcuate lower surface and a flat upper
      surface disposed substantially parallel to the lower surface of the bridge
      member 111 and spaced a short distance therebelow. Disposed through
      another complimentary opening in the pivot block 115, is a cylindrical
      core member 117 having a longitudinal axis which intersects the
      longitudinal axis of the pivot pin 113 at substantially right angles
      thereto. The lower end of the pivot pin 113 is secured to the cylindrical
      core member 117 intermediate the ends thereof, which ends are respectively
      equidistantly spaced outwardly from the opposite sides of the pivot block
      115. A pair of radially flanged bearings 119 are respectively fitted into
      the opposite ends of the cylindrical core 117, for supporting therethrough
      a shaft 118 coaxial withthe cylindrical core member 117 and freely
      rotatable about the longitudinal axis thereof. The opposite ends of the
      shaft 118 respectively extend outwardly beyond the opposite ends of the
      cylindrical core member 117 and respectively carry thereon a pair of guide
      rollers, generally designated by the numeral 120. Each of the guide
      rollers 120 is cylindrical in shape and is supported on the adjacent end
      of the shaft 118 by annular support spacers 121 and 122, the spacer 121
      being disposed adjacent to the associated end of the cylindrical core
      member 117 and the spacer 122 being disposed adjacent to the outer end of
      the shaft 118 and the guide roller 120 and forming an end cap for the
      guide roller 120. The outer surface of each of the guide rollers 120 is
      coated with a coarse frictional material 123 for frictionally engaging an
      associated towel web 50 as will be described more fully hereinafter.
PAR  Each of the feed-directing assemblies 110 is also provided with a towel
      follower or sensing member, generally designated by the numeral 125, the
      follower comprising a substantially flat, wedge-shaped plate 126 having a
      narrow front end overlying the upper surface of the pivot block 115 and
      secured thereto by suitable fasteners 127, and a wide rearward end
      disposed rearwardly of and below the pivot block 115. The rearward end of
      the plate 126 is provided on the opposite side edges thereof with a pair
      of downwardly extending, generally triangular wings 128. The rearward end
      of the plate 126 has a width substantially equal to the width of the
      associated feed lane, the downwardly extending wings 128 being adapted to
      straddle the associated towel web 50 in a manner to be described more
      fully hereinafter. The pivot block 115 and the shaft 118, guide rollers
      120 and towel follower 125 coupled thereto, are all pivotally movable
      about the axis of the pivot pin 113 and the guide rollers 120 are freely
      rotatable about the longitudinal axis of the shaft 118, all for
      facilitating the feed-directing function of the assembly 110 as will be
      described in detail hereinafter.
PAR  Referring now to FIGS. 1 and 2 of the drawings, there is shown a forward
      supporting framework, generally designated by the numeral 130 and
      preferably formed of steel, for supporting the winding units 150 of the
      towel winding machine 100. The framework 130 includes a pair of upstanding
      posts 131 connected at the lower ends thereof to foot plates 132 which are
      supported upon the floor or other supporting surface 133. Interconnecting
      the posts 131 at the upper ends thereof is a tubular cross beam 135 having
      a substantially rectangular cross section and disposed substantially
      horizontally. Respectively connected to and closing the opposite ends of
      the tubular cross beam 135 and extending upwardly therefrom substantially
      normal thereto are the pair of end plates 112, the upper ends of the
      plates 112 supporting the opposite ends of the feed conveyor drive 106a as
      described above. Also, extending between the end plates 112 just forwardly
      of the drive roll 106 and substantially parallel thereto is a cross bar
      137 for a purpose to be described more fully hereinafter. It will be noted
      that the end plates 112 cooperate with the hollow cross beam 135 to define
      therein a closed chamber 136.
PAR  Referring now also to FIGS. 7 to 9 of the drawings, there are provided a
      plurality of flat, relatively thin upstanding plates of different shapes,
      including upper support plates 140 and 140a, intermediate support plates
      144 and lower support plates 147, all carried by the cross beam 135 and
      respectively disposed at the side boundaries of the feed lanes A to J
      substantially parallel to one another. More particularly, the support
      plate 140 lies in the vertical midplane of the winding machine 100 and
      separates the feed lane E from the feed lane F. The support plate 140 is
      generally rectangular in shape and is provided at the upper end thereof
      with a forwardly and upwardly extending arm 141 having an opening in the
      upper end thereof for accommodating therethrough the drive shaft 106a of
      the feed conveyor 105. Formed in the rear edge of the support plate 140 is
      a right angle notch or recess 143 shaped complementary to the cross beam
      135 and receiving the cross beam 135 therein, whereby the plate 140 abuts
      against and is welded to the front and bottom walls of the cross beam 135,
      all for securely supporting the mounting plate 140 on the cross beam 135.
      Extending vertically upwardly from the bottom edge of the support plate
      140 adjacent to the front end thereof is a substantially rectangular slot
      142. Disposed three lanes to either side of the support lane 141, i.e.,
      between feed lanes B and C and between feed lanes H and J, are support
      plates 140a which are each constructed substantially identically to
      support plate 140 with the exception that the plates 140a are not provided
      with the mounting arm 141. The support plates 140a are each disposed
      vertically and are connected to the cross beam 135 in the same manner as
      is support plate 140.
PAR  Respectively disposed at the left-hand edge of feed lane A, between feed
      lanes C and D, between feed lanes F and G, and between feed lanes I and J,
      are four identically-constructed intermediate support plates 144, each of
      the support plates 144 being disposed parallel to the central support
      plate 140, but displaced a short distance downwardly and rearwardly
      therefrom. The support plates 144 are all identically constructed and have
      an irregular shape provided at the upper rear corner thereof with a notch
      146 for accommodating the cross beam 135 therein, whereby the support
      plates 144 are connected to the cross beam 135 by appropriate means such
      as welding. Extending vertically upwardly from the bottom edge of each of
      the support plates 144, approximately midway between the front and rear
      ends thereof, is a substantially rectangular slot 145. An arcuate recess
      146a is formed in the top front edge of the plate 144.
PAR  Respectively disposed between the feed lanes A and B, between the feed
      lanes D and E, and between the feed lanes G and H, are three
      identically-constructed lower support plates 147, all disposed parallel to
      the intermediate support plates 144 but displaced downwardly and
      rearwardly a short distance therefrom. The support plates 147 are each
      provided at the upper end thereof with a notch 149 for accommodating the
      cross beam 135, whereby the support plates 147 are connected to the cross
      beam 135 by appropriate means such as welding. Extending vertically
      upwardly from the bottom end of each of the support plates 147,
      intermediate the front and rear ends thereof, is a substantially
      rectangular slot 148. An arcuate recess 149a is formed in the top front
      edge of the plate 147.
PAR  It will be noted that the support plates 140, 140a, 144 and 147 comprise a
      total of ten support plates, and when the support plates 140 and 140a are
      considered to be the same, it can be seen that these ten plates are
      arranged in an alternating pattern on the frame 130. Thus, beginning at
      the left-hand edge of feed lane A as viewed in FIG. 1, the plates are
      arranged from left to right in a repeating pattern as follows: an
      intermediate plate 144, a lower plate 147, an upper plate 140, an
      intermediate plate 144, a lower plate 147, etc., with a plate disposed at
      the left-hand boundary of each of the feed lanes A to J. Each cycle of
      this repeating pattern includes a set of three support plates, i.e., an
      upper support plate 140, an intermediate support plate 144 and a lower
      support plate 147, one of these sets of three support plates being
      illustrated in FIGS. 8 to 10 of the drawings. Referring to FIG. 9 it can
      be seen that the support plates 140 (or 140a), 144 and 147 in each set of
      the pattern are staggered horizontally and vertically on the frame 130 in
      such a manner that the upper ends of the slots 142, 145 and 148 are spaced
      equidistantly from one another. More particularly, the upper end of the
      slot 145 is disposed below and rearwardly of the upper end of the slot
      142, and the upper end of the slot 148 is disposed below and rearwardly of
      the upper end of the slot 145, all for a purpose to be described more
      fully hereinafter.
PAR  Respectively mounted on the frame 130, and more particularly on the support
      plates 140 (or 140a), 144 and 147, are a plurality of winding units,
      generally designated by the numeral 150, each in number to the feed lanes
      of the winding machine 100. The winding units 150 are all of identical
      construction whereby only one of these units will be described in detail.
      Referring, for example, to FIGS. 3 through 7 of the drawings, the winding
      unit 150 comprises a drive motor 155, a winding mandrel 160, and an
      ejector unit 80. The drive motor 155 is preferably a gear head motor of
      the constant-torque type and is provided with a generally cylindrical
      motor housing 151 and a generally cylindrical gear head housing 152
      connected to the motor housing 151, with the longitudinal axis of the gear
      head housing 152 disposed substantially normal to the longitudinal axis of
      the motor housing 151. Spaced circumferentially around the right-hand end
      of the gear head housing 152, as viewed in FIG. 3, and extending outwardly
      therefrom are a plurality of mounting legs 153, connected at the outer
      ends thereof to a substantially circular mounting plate 154. In use, the
      mounting plate 154 is disposed parallel to the associated one of the
      support plates 140 (or 140a), 144 or 147 (a plate 144 is shown in FIG. 3)
      and is fastened to the left-hand side thereof (as viewed in FIG. 3) by
      suitable fastening means such as screws or bolts for supporting the drive
      motor 155 on the support plate 144. The mounting plate 154 is so oriented
      that the axis thereof passes through the vertical midline of the slot 145
      in the support plate 144, a short distance below the upper end of the slot
      145. The output shaft of the drive motor 155 is provided with a worm 156
      adapted for meshing engagement with a worm gear 157 in the gear head
      housing 152. Connected to the opposite ends of the gear head housing 152
      and coaxial therewith are a pair of bearings 158. The mandrel 160 is
      disposed substantially horizontally and has a cylindrical inner portion
      161 (disposed to the left in FIG. 3) and an outer portion 162, the inner
      portion 161 extending through the slot 145 in the support plate 144,
      through a complementary opening centrally disposed in the mounting plate
      154 and through the bearings 158 and gear head housing 152 coaxial
      therewith, the inner portion 161 of the mandrel 160 being coupled to the
      worm gear 157, whereby the mandrel 160 is rotatably driven about the
      longitudinal axis thereof in a counterclockwise direction as viewed in
      FIGS. 9 and 10. The outer portion 162 of the mandrel 160 extends to the
      right of the support plate 144, as viewed in FIG. 3, and is substantially
      hexagonal in transverse cross section, being provided with six equal outer
      side faces 163. The mandrel 160 is of hollow metal tubular construction
      and is closed by a plug 166 force fed into the free distal end 164 thereof
      to define an enclosed chamber 168 therein. Formed in one of the side faces
      163 of the mandrel 160 are a plurality of elongated slots or openings 165
      communicating with the chamber 168.
PAR  The towel winding machine 100 is also provided with a suction pump 170,
      which is coupled by means of a connecting pipe or conduit 171 to a fitting
      172 extending through one wall of the hollow cross beam 135, whereby
      communication is provided between the suction pump 170 and chamber 136 in
      the cross beam 135. A plurality of input fittings 173 equal in number to
      the winding units 150 are also provided through the wall of the cross beam
      135. Coupled to each of the fittings 173 is a lead conduit or pipe 174
      which is in turn coupled to a control valve 175, which is in turn coupled
      to connector 178, the connector 178 being coupled to the open inner end of
      the mandrel 160 by an air-tight nylon coupler 167 which permits free
      rotation of the mandrel 160 therein. Thus, it can be seen that the hollow
      cross beam 135 acts as a manifold between the suction pump 170 and the
      mandrels 160 of each of the winding units 150. The control valve 175 is
      preferably solenoid-actuated, and is provided with a solenoid armature 373
      and a bias spring 177, the details of operation of the control valve 175
      to be described hereinafter.
PAR  When the valve 175 is open, the suction pump 170 will draw air from the
      chamber 168 in the mandrel 160, thereby causing an area of reduced
      pressure in the chamber 168 and a consequent flow of air into the chamber
      168 through the openings 165 in the side of the mandrel 160. There is thus
      created a vacuum or suction effect through the openings 165 for attracting
      the leading end of the towel web 50 to the mandrel 160 when the towel web
      50 is fed to the vicinity of the mandrel 160 for automatically initiating
      the winding of the towel web 50 on the mandrel 160. Preferably, the
      suction pump 170 maintains a pressure within the chamber 168 of
      approximately 10 inches of mercury column, it having been found that this
      degree of vacuum will produce a sufficient suction through the openings
      165 to effectively capture the leading end 52 of the towel web 50.
PAR  The winding unit 150 is also provided with an ejector unit, generally
      designated by the numeral 180, the ejector unit 180 preferably being
      fluid-actuated and including an air cylinder 181 provided with an
      externally threaded stud 182 at one end thereof. Threadedly engaged with
      the stud 182 is an annular mounting bracket 183 which abuts against the
      left-hand side of the support plate 144, as viewed in FIG. 3, immediately
      below the drive motor mounting plate 154. The cylinder 181 is disposed
      substantially horizontally and is provided with a movable piston 184
      therein, the right-hand end of the piston 184 being externally threaded
      and extending outwardly beyond the stud 182. The longitudinal axis of the
      piston 184 passes through the vertical midline of the slot 145 of the
      support plate 144 substantially normal thereto, with the threaded end of
      the piston 184 extending through the slot 145. A flat, upstanding ejector
      arm 185 is coupled to the piston 184, the threaded end of the piston 184
      being received through a complementary opening in the ejector arm 185 and
      secured thereto by a nut 186. The ejector arm 185 is shaped complementary
      to the slot 145 in the support plate 144 and has a thickness slightly less
      than the thickness of the support plate 144, whereby the ejector arm 185
      may be nested within the slot 145. At the upper end of the ejector arm 185
      is a circular opening 187 for accommodating the mandrel 160 therethrough.
      The cylinder 181 is provided with two air inlet ports 188 and 189 adapted
      for coupling to a suitable source of air (not shown) for moving the piston
      184 between an ejecting position illustrated in phantom in FIG. 3, and a
      retracted position illustrated in solid line in FIG. 3. In the ejecting
      position thereof, the piston 184 is fully extended to the right of the
      cylinder 181, with the ejector arm 185 being disposed at the free distal
      end 164 of the mandrel 160. When the piston 184 is in its retracted
      position, it is fully withdrawn into the cylinder 181 with the ejector arm
      185 disposed completely within the slot 145 in the support plate 144 so as
      not to interfere with the winding of the towel web 50 on the mandrel 160
      as will be described below.
PAR  It will be noted that the mandrel 160 has a length nearly equal to twice
      the width of the associated feed lane, whereby the tapered portion 162 of
      the mandrel extends substantially across the associated feed lane, while
      the cylindrical end 161 of the mandrel 160 and the drive motor 155 coupled
      thereto are disposed in longitudinal alignment with an adjacent feed lane,
      viz., the feed lane immediately to the left of the feed lane associated
      with the winding unit 150. In addition, it will be noted that the cylinder
      181 of the ejector unit 180 is also disposed in longitudinal alignment
      with the feed lane adjacent to the left-hand side of the associated feed
      lane. In fact, the cylinder 181 has a length greater than the length of
      the feed lane, whereby it extends even beyond the adjacent feed lane, as
      indicated, for example, in FIG. 8. Furthermore, each of the winding units
      150 is provided with a towel roll receptacle or catcher 177, which is of a
      wire or rod mesh construction, and is disposed beneath and immediately to
      the right of the free distal end 164 of the mandrel 160, as indicated in
      FIGS. 7 and 9. Since the mandrel 160 extends across substantially the
      entire width of the associated feed lane, the roll receptacle 177 is
      disposed in longitudinal alignment with the next adjacent feed lane to the
      right of the associated feed lane as viewed in FIG. 8, the receptacle 177
      being supported between the support plates bordering the adjacent feed
      lane by means of a mounting rod 179, the receptacle 177 being tilted
      slightly downwardly and forwardly of the winding machine 100 and being
      provided with a plurality of upturned prongs 177a at the forward end
      thereof for retaining the associated towel roll thereon. Thus, it can be
      seen that while the winding unit 150 is associated with only one of the
      feed lanes A to J, it has an overall width substantially equal to the
      combined widths of three such feed lanes. For example, referring to FIG.
      8, the winding unit 150 associated with feed lane G has a mandrel 160 with
      the tapered section 162 disposed in feed lane G, and with the cylindrical
      section 161 and drive motor 155 and ejector cylinder 181 disposed in
      alignment with feed lane F, and with the roll receptacle 177 disposed in
      feed lane H.
PAR  Accordingly, in order to accommodate the winding units 150 in a space
      having approximately the same width as the feed conveyor 105, i.e., a
      width substantially equal to the combined widths of the feed lanes A to J,
      it is necessary to stagger the winding units 150 on the frame 130. This
      staggering is accomplished by the staggering of the support plates 140 (or
      140a), 144 and 147 described above. Considering, for example, a set of
      three such support plates as is set forth in FIG. 9, it will be apparent
      that when the winding units 150 for each of the feed lanes A to J are
      mounted on the support plates as described above, i.e., with the mandrel
      160 and the ejector arm 185 disposed in the rectangular slot of the
      associated support plate, there will result a horizontal and vertical
      staggering of the winding units 150 wherein a winding unit 150 associated
      with an intermediate support plate 144 is disposed below and rearwardly of
      a winding unit 150 associated with an upper support plate 140 and is
      disposed above and forwardly of a winding unit 150 associated with a lower
      support plate 147. Thus, neither the drive motor 155 nor the ejector
      cylinder 181 nor the roll receptacle 177 of the winding unit 150 will
      interfere with the mandrel 160 of an adjacent winding unit 150, but all
      ten of the winding units 150 may be completely accommodated in a space
      having a width only slightly greater than the combined widths of the feed
      lanes A to J.
PAR  Referring to FIG. 1, it will be seen that this staggered arrangement of the
      winding units 150 results in a pattern wherein each of the intermediate
      feed lanes B to I has the mandrel 160 of the associated winding unit 150
      disposed therein, with the drive motor 155 and ejector cylinder 181 of one
      adjacent winding unit 150 and with the roll receptacle 177 of the other
      adjacent winding unit 150 disposed in longitudinal alignment with the feed
      lane but displaced therefrom. One of the end feed lanes, i.e., feed lane
      J, has the mandrel 160 of the associated winding unit 150 disposed therein
      and has the towel roll receptacle 177 associated with the feed lane I
      disposed in longitudinal alignment with the feed lane J but displaced
      therefrom, there being no drive motor 155 in longitudinal alignment with
      the feed lane J. The other end feed lane, i.e., feed lane A, has the
      mandrel 160 of the associated winding unit disposed therein, and has the
      drive motor 155 associated with the feed lane B disposed in longitudinal
      alignment with the feed lane A but displaced therefrom, there being no
      roll receptacle 177 in alignment with the feed lane A. It will also be
      noted that the framework 130 must be slightly wider than the total width
      of the feed lanes A to J in order to accommodate the drive motor 155
      associated with the feed lane A and the roll receptacle 177 associated
      with the feed lane J.
PAR  Referring now to FIG. 10 of the drawings, it will be seen that when the
      leading end 52 of a towel 50 is fed from the discharge end of the feed
      conveyor 105 it falls vertically under the force of gravity to the
      associated winding unit 150. Accordingly, it is desirable that the
      associated winding unit 150 be so positioned on the frame 130 that the
      mandrel 160 will lie directly beneath the discharge end of the feed
      conveyor 105 so that the leading end of the associated towel web may fall
      directly thereupon. However, by reason of the horizontal staggering of the
      winding units 150 described above, only certain ones of the winding units
      150 may be so positioned. As described above the winding units 150 have
      been arranged in three vertically spaced-apart horizontal levels, an upper
      level including the three winding units 150 associated with the upper
      support plates 140 (or 140a), an intermediate level including the four
      winding units 150 associated with the intermediate support plates 144 and
      a lower level including the three winding units 150 associated with the
      lower support plates 147. The winding units 150 have been so arranged on
      the frame 130 that the mandrels 160 of the upper level winding units 150
      are disposed directly beneath the discharge end of the feed conveyor 105,
      whereby the leading ends 52 of the associated towel webs 50 may fall
      directly onto these upper level mandrels 160. However, the intermediate
      level and the lower level mandrels 160 are displaced rearwardly of the
      discharge end of the feed conveyor 105, and there is therefore provided a
      plurality of guide chute assemblies, generally designated by the numeral
      190, for respectively guiding the associated towel webs 50 to the mandrels
      160 of these rearwardly displaced winding units 150.
PAR  More particularly, each of the lower level and intermediate level winding
      units 150 is provided with a plurality of parallel, spaced-apart curved
      guide rods 191 disposed in the associated feed lane, each of the guide
      rods 191 being connected at the upper end thereof to the cross bar 137 and
      extending downwardly and rearwardly therefrom to a point above and
      rearwardly of the portion of the adjacent winding unit 150 aligned with
      the associated feed lane. Each of the intermediate level winding units 150
      is provided with a curved guide chute 192 which may preferably be formed
      of sheet metal and extends downwardly and rearwardly from the rearward end
      of the associated guide rods 191, behind the towel receptacle 177 the
      adjacent winding unit 150 aligned with the associated feed lane, and
      terminating in a lower end disposed directly above the associated mandrel
      160, the guide chute 192 cooperating with the associated guide rods 191
      for guiding the leading end 52 of the associated towel web 50 to the
      mandrel 160 of the associated intermediate level winding unit 150. Each of
      the lower level winding units 150 is provided with a curved guide chute
      193, which may also be formed of sheet metal, and extends downwardly and
      rearwardly from the bottom ends of the associated guide rolls 191, behind
      the drive motor 155 and roll receptacle 177 of the adjacent upper level
      and intermediate level winding units 150 aligned with the associated feed
      lane, and terminating in a lower end disposed directly above the
      associated mandrel 160, the guide chute 193 cooperating with the
      associated guide rods 191 for guiding the leading end 52 of the associated
      towel web 50 to the mandrel 160 of the associated lower level winding unit
      150. Each of the guide chutes 192 and 193 is mounted between the support
      plates bordering the associated feed lane by means of mounting rods 194.
PAR  As was indicated above, each of the drive motors 155 is provided with a
      right angle housing which includes a motor housing 152 and a gear head
      housing 151. The drive motors 155 of each of the intermediate level and
      lower level winding units 150 are so arranged that the motor housing 151
      extends rearwardly of the gear head housing 152. However, as indicated in
      FIGS. 1, 8 and 9, the drive motors 155 of the upper level winding units
      150 must be so arranged that the motor housings 151 thereof extend
      forwardly of the associated gear head housings 152 in order that the motor
      housings 151 will not interfere with the guide rods 190 and guide chutes
      193 disposed in the feed lanes with which the upper level drive motors 155
      are aligned.
PAR  In order to insure that the leading end 52 of the towel web 50 fed from the
      feed conveyor 105 will be held in close proximity to the mandrel 160, each
      of the winding units 150 is provided with a guide retainer 195, the guide
      retainer 195 comprising a pivot bracket 196 mounted for pivotal movement
      about a pivot pin 196a which is supported at the opposite ends thereof by
      the support plates bordering the associated feed lane and is disposed
      above and forwardly of the mandrel 160 substantially parallel to the
      longitudinal axis thereof. The pivot bracket 196 is provided with a
      forwardly extending flange 197, carrying at the outer end thereof a
      counterweight 197a. Connected to the pivot bracket 196 at the rearward end
      thereof is a guide plate 199, preferably formed of polyethylene and
      extending downwardly and rearwardly toward the associated mandrel 160. A
      polyethylene backing plate 198 is disposed between the pivot bracket 196
      of the guide plate 199, all of these members being secured together by
      suitable fasteners 198a such as screws or bolts. The lower end of the
      guide plate 199 is curved beneath the mandrel 160 in the direction of
      rotation thereof and extends outwardly a short distance beyond the
      opposite side of the mandrel 160. The guide apparatus 195 is urged by the
      counterweight 197a into a rest position shown in FIG. 10, wherein the
      lower end of the guide plate 199 is disposed only a short distance away
      from the associated mandrel 160. The free edge of the curved lower end of
      the guide plate 199 is provided with a plurality of teeth or serrations
      199a therealong for a purpose to be explained more fully hereinafter.
PAR  In operation, a plurality of towel webs 50 equal in number to the feed
      lanes of the towel winding machine 100 and the ironer 60, may be
      simultaneously processed by the ironer 60 and the towel winding machine
      100. In this case, the operation of each of the winding units 150 and the
      movement of each of the towel webs 50 along the feed conveyors 101 and 105
      is identical, whereby the operation of only one of the winding units 150
      will be described in detail. When the leading end 52 of the towel web 50
      is fed from the discharge end of the steam chest 80, it falls upon the
      transfer conveyor belt 104 and is moved by the clockwise rotation thereof
      to the right as viewed in FIG. 13. By reason of the fact that the surface
      speed of the transfer conveyor belt 104 is substantially greater than the
      surface speed of the towel web 50 as it is fed from the ironer 60, the
      towel web 50 is fed smoothly along the transfer conveyor 101 without
      folding. The leading end 52 of the towel web 50 is fed from the transfer
      conveyor 101 to the input end of the feed conveyor 105, and is carried
      upwardly therealong to the discharge end thereof. As the leading end 52 of
      the towel web 50 passes over the movable contacts 376 and 342a of the
      control switches 375 and 340, respectively, it depresses these contacts
      into the closed positions thereof as will be explained more fully
      hereinafter. From the discharge end of the feed conveyor 105, the leading
      end 52 of the towel web 50 passes vertically downwardly under the force of
      gravity to the mandrel 160 of the associated winding unit 150. If the
      associated winding unit 150 is in the upper level on the frame 130, the
      leading end 52 of the towel web 50 will fall directly onto the mandrel 160
      as was described above and as is illustrated in FIG. 10 of the drawings.
      If the associated winding unit 150 is in the intermediate level on the
      frame 130, the leading end 52 of the towel web 50 will fall onto the guide
      rods 191 and will be guided thereby and by the associated guide chute 192
      to a point immediately above the associated intermediate level winding
      unit, from which point the leading end 52 of the towel web 50 will drop
      vertically onto the associated mandrel 160. If the associated winding unit
      150 is disposed in the lower level on the frame 130, the leading end 52 of
      the towel web 50 will fall again onto the guide rods 191 and will be
      guided thereby and by the associated guide chute 193 to a point
      immediately above the associated mandrel 160 from which point it will drop
      vertically to the mandrel 160.
PAR  At this time, the rotation of associated mandrel 160 has been started and
      the suction valve 175 has been opened and the ejector arm 185 has been
      retracted, all by control apparatus which will be described below, and in
      order to insure that the leading end 52 of the towel web 50 will be
      maintained in close proximity to the rotating mandrel 160 and will not
      miss the mandrel 160, because of windage from fans or ventilating
      equipment for example, the guide plate 199 is provided for holding the
      towel web 50 close to the mandrel 160. Thus, if the leading end 52 of the
      towel web 50 is blown forwardly of the mandrel 160, it will fall upon the
      guide plate 199 and will be guided thereby downwardly beneath and around
      the mandrel 160 in the direction of rotation thereof. It will be noted
      that the lower end of the guide plate 199 has a normal or rest position
      disposed closely adjacent to the mandrel 160 for facilitating the
      operation of the capture means of the winding unit 150. Thus, when the
      face 163 of the mandrel 160 which is provided with the openings 165
      rotates around to the side of the mandrel closest to the towel web 50, the
      suction through the openings 165 will readily draw the towel web against
      the mandrel 160 causing it to adhere thereto for initiation of the winding
      of the towel web 50 into a towel roll on the mandrel 160. Since the
      passage of the leading end 52 of the towel web 50 along the guide plate
      199 may result in a certain amount of suction therebetween tending to
      cause the towel web 50 to adhere to the guide plate 199, the distal end of
      the guide plate 199 is provided with the serrations 199a thereon for
      breaking this suction and facilitating the capture of the towel web 50
      from the guide plate 199 by the suction through the mandrel 160.
PAR  It should be noted that at the time when the mandrel 160 first contacts the
      towel web 50 the drive motor 155 is unloaded and is, therefore, driving
      the mandrel 160 at a relatively high rotational speed such that the
      surface speed of the mandrel 160 is somewhat greater than the surface
      speed of the towel web 50 as it is fed from the feed conveyor 105. Thus,
      as the towel web 50 begins to be wound on the mandrel 160 it will be wound
      thereon faster than it is being fed from the feed conveyor 105. Since the
      towel web 50 is being held securely by the pinch rolls 90 of the ironer
      60, the initiation of the winding of the towel on the mandrel 160 will
      cause tension in the portion of the towel web 50 extending between the
      mandrel 160 and the ironer 60 and the slack in this portion of the towel
      60 will be taken up causing the towel web 50 to be moved from its lower
      feed path lying along the surfaces of the conveyor belts 104 and 108 to a
      second tensioned feed path in which a reach of the towel web 50 extends
      directly from the discharge end of the ironer 60 to the discharge end of
      the feed conveyor 105, spanning the transfer conveyor 101 and the input
      end of the feed conveyor 105 as is clearly indicated in FIG. 13.
PAR  Since the guide rollers 120 and the towel follower 125 of the associated
      feed-directing assembly are disposed below the level of the discharge end
      of the feed conveyor web 105, they will be engaged by the towel web 50
      when it is pulled into its tensioned second feed path, as is indicated in
      FIG. 13. Thus, the towel web 50 in the second feed path thereof will be
      deflected by the feed-directing assembly 110 into three distinct sections
      or reaches, respectively generally designated by the numerals 56, 57 and
      58, the first reach 56 extending substantially horizontally from the
      discharge end of the ironer 60 to the rearward end of the towel follower
      125, the second reach 57 extending upwardly at a slight angle to the first
      reach 56 from the rearward end of the follower 125 to the bottom of the
      guide rollers 120, and the third reach 58 extending upwardly at a slight
      angle to the second reach 57 from the bottom of the guide rollers 120 to
      the discharge end of the feed conveyor 105. Referring to FIGS. 10 and 13
      of the drawings, it will be seen that the reach 58 is disposed at a very
      slight angle to the surface of the feed conveyor belt 108 and is disposed
      only a slight distance thereabove. Thus, when the towel web 50 moves to
      the second feed path, the movable contact 342a of the switch 340 is able
      to move a slight distance upwardly, but not enough to open the switch 340,
      whereby the switch 340 is maintained in its closed condition by the towel
      web 50 in the second feed path thereof. However, the reach 57 of the towel
      web 50 is disposed at a substantial angle to the surface of the feed
      conveyor belts 108 and at a substantial distance thereabove, whereby when
      the towel web 50 is moved to the second feed path thereof, the movable
      contact 376 of the control switch 375 is permitted to move upwardly into
      its normally open position for opening the control switch 375.
PAR  It is essential for the proper operation of the winding machine 100 that
      the towel web 50 be maintained in its associated feed lane in a
      predetermined direction which will carry it to the associated mandrel 160
      so as to be properly centered thereupon. As long as the towel web 50 is
      centered in the associated feed lane and is being fed in the predetermined
      direction, it will be centered between the wings 128 of the towel follower
      125 out of contact therewith. However, if the towel web 50 should veer in
      the second feed path to either side of the associated feed lane and thus
      deviate from the predetermined direction, the edge of the towel web 50
      will engage the inner surface of the adjacent wing 128, thereby urging the
      rearward end of the follower 125 in the direction of the deviation. For
      example, referring to FIG. 14, if the towel web 50 veers to the left of
      the predetermined direction, it will move the rearward end of the follower
      125 to the left, thus pivoting the follower 125 in a counterclockwise
      direction about the pivot pin 113. Since the forward end of the follower
      125 is connected to the pivot block 115 which is in turn connected to the
      shaft 118 of the guide rollers 120, the shaft 118 will also be pivoted in
      the counterclockwise direction about the axis of the pivot pin 113. This
      will result in the forward surfaces of rollers 120 being pointed toward
      the right, i.e., away from the direction of deviation of the towel web 50,
      and by reason of the frictional engagement between the towel web 50 and
      the coarse frictional surface 123 of the guide rollers 120, the guide
      rollers 120 will urge the towel web 50 to the right, i.e., away from the
      direction of deviation and back toward the predetermined direction. As the
      towel web 50 returns to the predetermined direction, it will engage the
      right-hand one of the wings 128 thus moving the follower 125 and rollers
      120 back to a normal orientation centered with respect to the associated
      feed lane and the predetermined direction of the towel web 50. In this
      manner, the towel web 50 is continuously maintained in the predetermined
      direction so that, as it leaves the discharge end of the feed conveyor
      105, it will be properly centered with respect to the associated mandrel
      160 of the associated winding unit 150. In a constructional example of the
      feed-directing assembly 110, it has been found that the towel web 50 is
      maintained within one-fourth of an inch of the center of the associated
      feed lane.
PAR  As explained above, the drive motor 155 is preferably an induction motor of
      the constant-torque type and will, therefore, maintain a substantially
      constant torque at the mandrel 160. Thus, as the circumference of the
      towel roll 55 on the mandrel 160 increases, the load on the drive motor
      155 also increases. Accordingly, in order that a substantially
      constant-torque may be maintained at the mandrel 160 the rotational speed
      of the drive motor 155 decreases, thereby decreasing the rotational speed
      of the mandrel 160. In this manner, the surface speed of the towel web 50
      along the periphery of the towel roll 55 will be maintained substantially
      constant as the diameter of the towel roll increases so that the surface
      speed of the towel roll 55 will be substantially the same as the surface
      speed of the feed conveyor 105 to insure a smooth and even winding of the
      towel web 50 on the mandrel 160. It will also be noted that as the
      diameter of the towel roll 55 increases, the periphery thereof will engage
      the guide plate 199 thereby pivotally moving the guide plate 199 outwardly
      from the mandrel 160 about the pivot pin 196a for thereby accommodating
      the increasing diameter of the towel roll 55.
PAR  When the trailing end of the towel web 50 passes from the discharge end of
      the feed conveyor 105, the movable contact 342a of the control switch 340
      is permitted to move to its normally open position, thereby opening the
      switch 340. The opening of the switch 340 serves to actuate the ejector
      unit 180 in a manner to be described more fully hereinafter. Thus, air
      will be fed from a suitable source (not shown) to the air inlet 188 of the
      cylinder 181 for moving the piston 184 to the right as viewed in FIG. 3,
      thereby carrying the ejector arm 185 to the right until it engages the
      left-hand end of the towel roll 55. As the piston 184 is moved to its
      fully extended position, the ejector arm 185 is moved to its ejecting
      position shown in phantom in FIG. 3, thereby moving the towel roll 55 from
      the mandrel 160 at the free end 164 thereof. When the towel roll 55 is
      thus removed from the mandrel 160, the guide plate 199 will be moved under
      the urging of the counterweight 197a back to the normal or rest position
      thereof closely adjacent to the mandrel 160. When the towel roll 55 has
      been removed from the mandrel 160 in the manner described it falls into
      the associated receptacle 177 and rolls downwardly therealong to the
      forward end thereof at which point it is retained by prongs 177a (see FIG.
      7). Preferably, the receptacle 177 extends forwardly of the associated
      mandrel 160 a sufficient distance to permit accommodation of a plurality
      of ejected rolls thereon, which rolls may be periodically removed from the
      receptacle 177 by an attendant or by other appropriate means. The ejector
      arm 185 will remain in its ejecting position until the next towel web 50
      is fed from the ironer 60 into the associated feed lane of the feed
      conveyor 105. When the leading end 52 of this next towel roll 50 engages
      and closes the movable contact 342a of the control switch 340, the ejector
      assembly 180 will be deactuated in such a manner that air will be forced
      into the air inlet 189 for moving the piston 184 to the left and thereby
      moving the ejector arm 185 back to the retracted position thereof within
      the slot 145 of the associated support plate 144. The timing of the
      apparatus is set so that the ejector arm 185 will be completely retracted
      before the leading end 52 of the next towel web 50 arrives at the mandrel
      160 so as not to interfere with the winding of the towel web 50 on the
      mandrel 160.
PAR  Referring now to FIGS. 18 and 19 of the drawings, there is shown an
      alternative embodiment of the drive means for the winding units 150 of
      this invention. In the embodiment of FIGS. 18 and 19, instead of each
      winding unit 150 having its own drive motor 155 there is a central drive
      motor (not shown) for the winding machine 100 which drives all of the
      winding units 150. The drive motor is preferably of a constant-speed type
      for driving the mandrels 160 so that in the unload conditions thereof they
      have a surface speed slightly greater than the surface speed of the feed
      conveyor 105. Coupled to the drive motor by appropriate means and
      rotatably driven thereby are two line shafts 251 and 252 respectively
      extending substantially the entire width of the winding machine 100
      parallel to the drive shaft 106 of the feed conveyor 105. The line shaft
      251 is disposed above and forwardly of the upper level of winding units
      150, while the drive shaft 252 is disposed rearwardly of the lower level
      winding units 150. The upper line shaft 251 is provided with a plurality
      of sheaves or sprockets 253 therealong equal in number to the upper level
      winding units 150, the sprockets 253 being respectively coupled to the
      mandrels of the associated upper level winding units by drive belts or
      chains 255. Similarly, the lower line shaft 252 is provided with a
      plurality of sheaves or sprockets 254 therealong equal in number to the
      total of the lower and intermediate level winding unit 150, the sprockets
      254 being respectively coupled to the mandrels 160 of the associated
      intermediate level winding units 150 by drive belts or chains 256 and
      being coupled to the mandrels 160 of the associated lower level winding
      units 150 by drive chains or belts 257. It is necessary that the upper
      level winding units 150 be driven from a position forwardly thereof
      because otherwise the guide chutes 192 and 193 leading to the lower level
      and intermediate level winding units 150 would interfere with the drive
      belts or chains 255. Similarly, it is necessary that the lower level and
      intermediate level winding units 150 be driven from rearwardly thereof,
      since otherwise the drive chains or belts 256 and 257 would interfere with
      either the winding or the ejection of the towel rolls 55 in adjacent feed
      lanes.
PAR  In order that a constant torque may be maintained at the mandrels 160 for
      decreasing the rotational speed thereof as the diameters of the towel
      rolls 55 increase for the reasons set forth above, each of the winding
      units 150 is provided with a slip clutch assembly, generally designated by
      the numeral 260, only one of which slip clutch assembly 260 will be
      described in detail. The slip clutch assembly 260 is provided with a
      channel-shaped housing 261 which is mounted on the left-hand side of the
      associated support plate 144 (for example) as viewed in FIG. 18, whereby
      it is disposed in longitudinal alignment with the feed lane adjacent to
      the left-hand side of the feed lane associated with the winding unit 150.
      The housing 261 has an outer flange 263 at the left-hand side thereof
      substantially parallel to the associated support plate 144, the flange 263
      being provided with a circular opening 264 therethrough. Respectively
      mounted on the inner surfaces of the support plate 144 and the housing
      flange 263 are a pair of radially flanged bearings 265 arranged coaxially
      with each other and with the circular opening 264, the bearings 265 being
      securely fastened to the support plate 144 and the housing flange 263,
      respectively, by suitable fasteners such as screws or bolts passed through
      the outer bearing flanges. The cylindrical inner end of the mandrel 160 is
      passed through the slot 145 of the support plate 144 in the manner
      described above with respect to the embodiment of the FIG. 3, and is then
      passed through the bearings 265 and the circular opening 264 whereby the
      mandrel 160 is rotatably supported by the bearings 265. Disposed adjacent
      to the inner end of the left-hand one of the bearings 265, as viewed in
      FIG. 18, is a thrust bearing, generally designated by the numeral 267, and
      comprising a pair of identical parallel annular plates 268 arranged in
      surrounding relationship with the inner end 161 of the mandrel 160 coaxial
      therewith, and being separated by a bearing ring 269. Disposed adjacent to
      the inner end of the right-hand one of the bearings 265 is a slip clutch,
      generally designated by the numeral 270, and including an annular sheave
      271 disposed in surrounding relationship with the inner end 161 of the
      mandrel 160 coaxial therewith and separated therefrom by a cylindrical
      sleeve 272. The sheave 271 is provided at the left-hand end thereof with a
      radially extending circular sprocket plate 273, and is provided at the
      right-hand end thereof with a radially extending backing plate 274. An
      annular clutch plate 276 is disposed immediately to the right of the
      backing plate 274 and is separated therefrom by an annular frictional disk
      275, the clutch plate 276 having an outer diameter substantially equal to
      the outer diameter of the backing plate 274 and being fixed in position on
      the inner end 161 of the mandrel 160 by a set screw 278. The backing plate
      274 and the clutch plate 276 are each provided with a plurality of
      radially extending cooling fins 277 spaced circumferentially therearound.
      A plurality of bearing springs 279 are spaced circumferentially about the
      right-hand one of the bearing plates 268. Each of the springs 279 extends
      substantially parallel to the mandrel 160, the right-hand ends of the
      springs 279 being received in complementary recesses in the sprocket plate
      273 for urging the sheave 271 into frictional engagement with the friction
      plate 275 and the clutch plate 276. Formed around the periphery of the
      sprocket plate 273 is a recess for receiving an associated drive belt 255
      for rotatably driving the slip clutch 270.
PAR  In operation, the frictional engagement between the sheave 271 and the
      clutch plate 276 by way of the friction plate 275 is such that when the
      mandrel 160 is unloaded, the rotational movement of the sheave 271 will be
      transmitted to the clutch plate 276 and by means of the set screw 278 to
      the mandrel 260 for effecting rotation thereof. However, as the
      circumference of the towel roll 55 increases, the drag on the clutch plate
      276 increases so as to overcome the friction of the friction plate 275 and
      thereby provide slippage between the clutch plate 276 and the sheave 271.
      The friction between the sheave 271 and the clutch plate 276 is set at a
      predetermined value such that a substantially constant torque will be
      maintained in the mandrel 160, whereby the rotational speed of the mandrel
      160 will decrease as the diameter of the roll 55 thereon increases to
      maintain the surface speed of the roll 55 in the step with the surface
      speed of the feed conveyor 105 for the reasons described above.
PAR  Referring to FIG. 20 of the drawings, there is shown an alternative
      embodiment, generally designated by the numeral 280, of the ejector unit
      of this invention. The ejector unit 280 comprises a cylinder 281 being
      provided with a pair of air inlets and is substantially identical to the
      cylinder 181. The cylinder 281 is provided with an externally threaded
      stud at the right-hand end thereof for threaded engagement with a mounting
      bracket (not shown) which may be identical to the mounting bracket 183 in
      the embodiment of FIG. 3. Extending downwardly from the opposite end of
      the cylinder 281 is a tab 283. There is provided within the cylinder 283 a
      piston rod 284, the right-hand end of which is externally threaded and
      extends outwardly beyond the stud 282 and is threadedly engaged with an
      ejector arm 285 by means of a nut 286. The ejector arm 285 is
      substantially identical to the ejector arm 185 in the embodiment of FIG.
      3, and is provided with an opening 287 therein for receiving the
      associated mandrel 160 therethrough. Threadedly engaged with the lower end
      of the ejector arm 285 is a spring-retaining rod 288 which extends
      outwardly to the right of the ejector arm 285 substantially normal
      thereto, the rod 288 being provided at the outer end thereof with a
      downturned projection 288a. Connected to the tab 283 and to the projection
      288a and extending therebetween is a tension spring 289, which urges the
      ejector arm 285 into the retracted position thereof as explained above.
PAR  In operation, the ejector unit 280 is moved to the ejecting condition
      thereof in the same manner as is the ejector 180 in the embodiment of FIG.
      3. However, when the ejector arm 285 has been moved to the ejecting
      position thereof (indicated in phantom in FIG. 20), and after the switch
      340 has been closed by the presence of the next towel web 50 on the feed
      conveyor 105, the air inlet will be disconnected from the air source and
      connected to a metered exhaust port, whereby the ejector arm 285 will be
      returned to the retracted position thereof at a controlled slow rate under
      the urging of the tension spring 289.
PAR  Referring now to FIGS. 21 and 22 of the drawings, there is illustrated the
      control apparatus 300 for the automatic winding machine 100, and, in
      particular, for the embodiment thereof illustrated in FIGS. 1 through 17
      of the drawings. Each of the drive motors 155 is preferably of the
      three-phase type, adapted to be operated by a three-phase source of
      electrical power. Accordingly, referring to FIG. 21 of the drawings, there
      is shown the power lines L1, L2 and L3 of a three-phase source of
      alternating current electrical power, the lines L1, L2 and L3 leading from
      a terminal block 305 through a main circuit breaker 310 to each of the
      winding units of the winding machine. More particularly, the power lines
      L1, L2 and L3 are each connected to each of the winding units 350A to 350J
      in parallel, the individual winding units 350 being designated in block
      form in FIG. 21. There is also provided in the power line L1 a feed
      equipment interlock switch 320 which is coupled to the drive equipment of
      the associated ironer 60 and washing machine, the switch 320 being closed
      when the associated ironer and washing machine are operating and the
      switch 320 automatically opening when the associated ironer 60 or washing
      machine is stopped in order to cut off the power to the drive motors 155
      of the winding units 350 in order to avoid damage thereto.
PAR  In FIG. 22, there is shown a detailed circuit diagram of the control
      apparatus for one of the winding units 350, the control circuitry of each
      of the windings 350 being identical. The power lines L1, L2 and L3 are
      connected to the three terminals of the constant torque drive motor 155
      through the contacts 354 of a starting relay 355. The relay 355 is
      provided with a coil winding 352, one terminal of which is connected to
      the power line L1 by a conductor 351. The relay 355 is also provided with
      an armature 353 connected to the contacts 354 for effecting operation
      thereof, the contacts 354 being normally open and being closed upon
      energization of the relay 355. A double-pole, double-throw switch 340 is
      also provided and is mounted on the feed conveyor 105 as described above.
      One pole of the switch 340 comprises a movable contact 342a having a pair
      of fixed contacts 342b and 342c, the movable contact 342a being physically
      in the form of a curved wire and extending into the first feed path of the
      towel web 50 along the feed conveyor 105 as has been described above. The
      other pole of the switch 340 comprises a movable contact 343a and a pair
      of fixed contacts 343b and 343c. While only the movable contact 342a has
      been physically shown in the drawings (see FIG. 13), it will be
      appreciated that contact 342a is mechanically coupled to contact 343a, and
      any movement of one of these contacts results in a corresponding movement
      of the other in typical double-pole fashion. The switch 340 has a normally
      open position illustrated in FIG. 22, wherein the movable contact 342a is
      in contact with the fixed contact 342b and wherein the movable contact
      343a engages the fixed contact 343b. The switch 340 will be in this
      normally open position when there is no towel web 50 in the first feed
      path along the feed conveyor 105. The movable contacts 342a and 343a of
      the switch 340 are connected to the power line L2 by a conductor 341. The
      other terminal of the relay coil 352 is connected to the fixed contact
      342c of the switch 340 by a conductor 356, and is also connected by a
      conductor 359 to the movable contact of a switch 357, the fixed contact of
      the switch 357 being connected to the fixed contact 342b of the switch 340
      by a conductor 344. The switch 357 is mechanically coupled to the ejector
      arm 185 of the ejector unit 180, so that the switch 357 is open when the
      ejector arm 185 in the retracted position thereof and the switch 357 is
      closed when the ejector arm 185 is in the ejecting position thereof.
PAR  The ejector unit 180 is controlled by a solenoid actuated valve 360 which
      is coupled by an inlet 361 to a suitable source of air (not shown). The
      control valve 360 is also coupled by conduits 362 and 363 respectively to
      the air inlets 188 and 189 of the cylinder 181. The valve 360 is
      controlled by a solenoid 345 which includes a coil winding 344a and an
      armature 347, the armature 347 being mechanically coupled to the valve
      360. One terminal of the solenoid coil 345a is connected to the power line
      L3 by a conductor 346, the other terminal of the solenoid coil 345a being
      connected to the fixed contact 343c of the switch 340 by a conductor 349.
      The solenoid 345 is so arranged that it is normally deenergized when there
      is no towel in the associated feed lane of the conveyor 105, the armature
      347 holding the valve 360 in such a condition that air passes through the
      conduit 362 into the cylinder 181 for holding the ejector arm 185 in the
      ejecting position thereof. When the solenoid 345 is energized, the
      armature 347 thereof changes the condition of the valve 360 so that air is
      passed through the conduit 363 to the cylinder 181 and air is exhausted
      from the cylinder 181 to the conduit 362 for moving the ejector arm 185 to
      the retracted position thereof. The armature 347 of the coil 345 is
      provided with an adjustable delay mechanism 348, which may be in the form
      of an adjustable restriction which creates a vacuum and delays the
      movement of the armature, the delay mechanism 348 preferably being set so
      that when the solenoid 345 is deenergized there will be a delay of
      approximately two seconds before the armature 347 actuates the valve 360,
      thus permitting the mandrel 160 to come to a stop before the ejector arm
      185 is moved to the ejecting position thereof, as will be explained more
      fully below.
PAR  There is also provided a suction control valve solenoid 370 for controlling
      the operation of the suction valve 175. As was described above, the valve
      175 is coupled by a connector 178 to open end of the mandrel 160 and is
      coupled by a conduit 174 to the manifold provided in the cross beam 135 of
      the frame 130. The solenoid 370 comprises a coil winding 371 and an
      armature 373, one terminal of the coil 371 being coupled by a conductor
      372 to the conductor 346 and the other terminal of the coil 371 being
      connected to the conductor 349 by a conductor 374. The armature 373 is
      mechanically coupled to the valve 175, the solenoid 370 being so arranged
      that when it is energized the armature 373 will open the valve 175 thereby
      permitting passage of air therethrough, whereby the suction pump 170 will
      create a suction through the openings 165 in the mandrel 160 as described
      above. When the solenoid 370 is deenergized a coil spring 177 (see FIG. 3)
      will return the armature 373 to close the valve 175 thereby isolating the
      mandrel 160 from the suction pump 170 and permitting the pressure in the
      mandrel 160 to return to atmospheric pressure for terminating the suction
      through the openings 165. Disposed in the conductor 374 is a normally open
      switch 375 which includes a movable contact 376 and a fixed contact 377.
      As explained above the switch 375 is mounted on the feed conveyor 105 so
      that the movable contact 376 in the normally open position thereof is
      disposed in both the first and second feed paths of the towel web 50 along
      the feed conveyor 105.
PAR  The operation of one of the winding units 350 of the control apparatus 300
      will now be described in detail. When there is no towel web 50 in the
      associated feed lane of the feed conveyor 105, the switches 340 and 375
      will be in their normally open positions, whereby the relay 355 and the
      solenoids 345 and 370 are all deenergized. The winding unit 350 is
      designed to operate on a continuously repeating cycle as towels are
      repeatedly fed into the associated feed lane, and it will be simplest to
      described the detailed operation of one such cycle by beginning at the
      point therein when a completely wound towel roll has been ejected from the
      mandrel 160. When the ejector 180 is actuated to move the ejector arm 185
      to its ejecting position for removing the wound towel roll 155 from the
      mandrel 160, this movement of the ejector arm 185 to its ejecting position
      will close the switch 357, thereby immediately energizing the starting
      relay 355 through a circuit including power line L3, conductor 351, relay
      coil 352, conductor 459, switch 357, conductor 344, contacts 342a and 342b
      of switch 340, conductor 341 and power line L2. This energization of the
      relay 355 will close the contacts 354 thereof, thereby completing an
      obvious circuit for energizing the drive motor 155 and thereby beginning
      rotation of the mandrel 160. Until the next towel web 50 is fed from the
      associated ironer 60, the motor 155 will run unloaded at relatively high
      speed which will facilitate the cooling of the motor 155. When the leading
      end 52 of the next towel web 50 is fed onto the feed conveyor 105 along
      the first feed path described above, it will engage the movable contact
      376 and move it to the closed position thereof for closing the switch 375;
      an instant later the towel web 50 will also engage and close the movable
      contacts 342a and 343a of the switch 340, whereupon these movable contacts
      will be moved into engagement with the fixed contacts 342c and 343c. When
      thus closed, the switches 340 and 375 will permit energization of the
      solenoid 345 along a circuit including power line L3, conductor 346, coil
      345a, conductor 349, switch contacts 343a and 343c, conductor 341 and the
      power line L2. The energization of the solenoid 345 will cause the valve
      360 to be so conditioned as to shut off the cylinder air inlet 188 and the
      conduit 362 from the air supply and open the conduit 362 to the exhaust,
      while connecting the conduit 363 and the cylinder air inlet 189 to the
      source of air, thereby permitting the ejector arm 185 to return to the
      retracted position thereof. The valve 360 is preferably metered so that
      the ejector arm 185 is retracted at a controlled slow rate. When the
      ejector arm is thus retracted, the switch 357 will be opened, thus
      breaking the energizing circuit for the motor starting relay 355, but the
      relay 355 will be held energized through a holding circuit including
      conductor 356 and the contacts 342a and 342c of switch 340.
PAR  The closing of the switches 340 and 375 also provides a circuit for
      energizing the solenoid 370, this circuit including power line L1,
      conductors 346 and 372, solenoid coil 371, conductor 374, switch 375,
      conductor 349, contacts 343a and 343c of switch 340, conductor 341 and
      power line L2. When the solenoid 370 is thus energized, the valve 175 will
      be opened against the bias of the spring 177 to permit suction through the
      mandrel 160 in the manner described above. When the leading end 52 of the
      towel web 50 approaches the mandrel 160, it will be captured by the action
      of the suction through the mandrel openings 165 to initiate the winding of
      the towel web 50 on the rotating mandrel 160. The initiation of this
      winding will cause the towel web 50 to move from the first feed path along
      the feed conveyor 105 to the second feed path as described above, thereby
      opening the switch 375. The openings of the switch 375 deenerizes the
      solenoid 370, thereby closing the valve 175 and cutting off the suction
      through the mandrel 160, since this suction is no longer needed once the
      winding of the towel has been initiated. The winding of the towel web 50
      on the mandrel 160 will continue until the towel has been completely wound
      into a towel roll 55. When the trailing end of the towel web 50 passes
      from the feed conveyor 105, the switch 340 will be opened, thereby
      deenergizing the solenoid 345 and the relay 355. The deenergization of the
      relay 355 opens the contacts 354 thereof for deenergizing the drive motor
      155, whereupon the mandrel 160 will come to a halt. The deenergization of
      the solenoid 345 so conditions the valve 360 that the air supply will be
      connected to the air inlet 188 of the cylinder 181 through the conduit 362
      after a delay of about two seconds caused by the delay device 348 to
      permit the mandrel 160 to come to a halt. When the air source is thus
      connected to the cylinder 181 the ejector arm 185 will be moved to its
      ejecting position thereby removing the wound towel roll 55 from the
      mandrel 160 and depositing it in the receptacle 177. Movement of the
      ejector arm 185 to the ejecting position thereof will also close the
      switch 357 for thereby immediately re-energizing the starting relay 355
      and restarting the drive motor 155. The ejector arm 185 will then remain
      in its ejecting position until the appearance of the next towel 50 in the
      associated feed lane of the feed conveyor 105.
PAR  If for any reason the towel processing equipment feeding the automatic
      towel winding 100 has to be stopped, the interlock switch 320 will be
      opened, thereby opening the power line L1 and deenergizing the starting
      relay 355 in each of the winding units 350A to 350J. However, the circuit
      between the power lines L2 and L3 energizing the ejector solenoid 345 will
      not be opened, so that the ejectors 180 will not be actuated to eject
      partially wound towel rolls 55 when the processing equipment and drive
      motors are thus stopped. Thus, the drive motors 155 of the winding units
      may be stopped in mid-cycle to avoid damage thereto and may be started
      again to complete the cycle when the associated processing equipment is
      restarted.
PAR  Referring now to FIG. 23 of the drawings, there is shown a control
      apparatus 400 for the single drive motor embodiment of the winding machine
      illustrated in FIGS. 18 and 19 of the drawings. The single drive motor,
      generally designated by the numeral 430, is a three-phase motor and is
      driven from a suitable source of three-phase alternating current
      electrical power (not shown). Power lines L1, L2 and L3 from this source
      of three-phase electric power are fed through a terminal block 405 and a
      main circuit breaker 410 and, thence through the contacts 434 of a
      starting relay 435 to the terminals of the motor 430. There is also
      provided in the power line L1 between the circuit breaker 410 and the
      starting relay contact 434 a feed equipment interlock switch 420 which is
      identical in construction and operation to the feed equipment interlock
      switch 320 in the control apparatus 300. The starting relay 435 comprises
      a coil winding 432 and an armature 433 coupled to the contacts 434 for
      effecting movement thereof. One terminal of the coil winding 432 is
      connected by a conductor 431 to the power line L1, the other terminal of
      the coil winding 432 being connected by a conductor 436 to the power line
      L2. The contacts 434 of the starting relay 435 are normally open and are
      closed upon energization of the relay 435.
PAR  The control apparatus 400 includes a plurality of identical winding units
      450, several of the winding units 450 being represented in block form in
      FIG. 23, with only one of these winding units being illustrated in detail.
      Each of the winding units 450 has associated therewith a control switch
      440 and a control switch 475 mounted on the feed conveyor 105 and
      respectively corresponding to the control switches 340 and 375 in the
      control apparatus 300. The switch 440 is a single-pole, single-throw,
      siwtch having a fixed contact 441 and a movable contact 442, the movable
      contact 442 being connected by a conductor 443 to a conductor 445 which is
      in turn connected to the power line L2. Similarly, the switch 475 is of
      the single-pole, single-throw variety and includes a movable contact 476
      and a fixed contact 477, the movable contact 476 being connected to the
      conductor 445 by a conductor 478. Thus, it can be seen that each of the
      switches 440 and 475 for all of the winding units 450 are connected in
      parallel to the conductor 445 and the power line L2. While the control
      circuit 400 is such that the switch 440 need be only of the single-pole,
      single-throw variety it would, of course, be possible to utilize the
      double-pole, double-throw switch 340 of the control apparatus 300 in place
      of the switch 440 by simply leaving one of the poles unconnected. In this
      way, the feed conveyor 105 could be used interchangeably with either type
      of drive arrangement without changing the control switches thereon. In any
      event, the movable contacts 442 and 476 of the switches 440 and 475 are
      physically of the same construction as the movable contacts 342a and 376
      in the embodiment of FIG. 22, and are similarly disposed in their normally
      opened positions in the first feed path of the towel web 50 along the feed
      conveyor 105, and will function exactly the same as the contacts 342a and
      376 in the embodiment of FIG. 22.
PAR  The winding unit 450 is provided with an ejector unit 280 of the type
      illustrated in FIG. 20 of the drawings, but it will, of course, be
      recognized that the ejector unit 180, illustrated in FIG. 3 of the
      drawings may also be used. Furthermore, the ejector unit 280 may be
      substituted for the ejector unit 180 in the arrangement of FIG. 22. The
      ejector unit 280 is controlled by a solenoid-actuated control valve 460
      which is coupled by an inlet 461 to a suitable source of air (not shown).
      The control valve 460 is also coupled by a conduit 462 to the air inlet
      288 of the cylinder 281. The valve 360 is controlled by a solenoid 455
      which includes a coil winding 453 and an armature 454, the armature 454
      being mechanically coupled to the valve 460. One terminal of the solenoid
      coil 453 is connected to the power line L3 by a conductor 451 and a
      conductor 452, the otheer terminal of the solenoid coil 454 being
      connected by a conductor 459 to the fixed contact 441 of the control
      switch 440. The solenoid 455 is so arranged that it is normally
      de-energized when there is no towel in the associated feed lane of the
      feed conveyor 105, the armature 454 then holding the valve 460 in such a
      condition that air passes through the conduit 462 into the cylinder 281
      for holding the ejector arm 285 in the ejecting position thereof. When the
      solenoid 455 is energized, the armature 454 thereof changes the condition
      of the valve 460 so that the conduit 462 is disconnected from the source
      of air and is connected to an exhaust port, preferably having a
      controllable restriction or bleed opening, whereby air is exhausted from
      the cylinder 281 and the ejector arm 285 is moved to the retracted
      position thereof under the urging of the coil spring 289 at a controlled
      slow rate.
PAR  There is also provided a suction control valve solenoid 470 for controlling
      the operation of the suction valve 175. As was described above, the valve
      175 is coupled by a connector 178 to the open end of the mandrel 160 and
      is coupled by a conduit 174 to the manifold provided in the cross beam 135
      of the frame 130. The solenoid 470 comprises a coil winding 471 and an
      armature 473, one terminal of the coil 471 being connected by a conductor
      472 to the conductor 452 and the other terminal of the coil 471 being
      connected by a conductor 474 to the fixed contact 477 of the control
      switch 475. The armature 473 is mechanically coupled to the valve 175, the
      solenoid 470 being so arranged that when it is energized the armature 473
      will open the valve 175 thereby permitting passage of air therethrough,
      whereby the suction pump 170 will create a suction through the openings
      165 in the mandrel 160 as described above. When the solenoid 470 is
      de-energized, a coil spring 177 (see FIG. 18) will return the armature 473
      to close the valve 175 thereby isolating the mandrel 160 from the suction
      pump 170 and permitting the pressure in the mandrel 160 to return to
      atmospheric pressure for terminating the suction through the openings 165.
      As was explained above with respect to FIGS. 18 and 19, the drive motor
      430 is mechanically coupled to the mandrel 160 of each of the winding
      units by means of a plurality of slip clutch assemblies 260, the slip
      clutch assemblies 260 being diagrammatically illustrated in FIG. 23.
PAR  The operation of one of the winding units 450 of the control apparatus 400
      will now be described in detail. When there is no towel web 50 in the
      associated feed lane of the feed conveyor 105, the switches 440 and 475
      will be in their normally open positions, whereby the starting relay 435
      and the solenoids 455 and 470 are all de-energized. As is apparent from
      FIG. 23, the drive motor 430 will normally be operated continuously as
      long as the circuit breaker 410 and the feed equipment interlock switch
      420 are closed. However, the winding unit 450 is designed to operate on a
      continuously repeating cycle as towels are repeatedly fed into the
      associated feed lane. When the leading end 52 of a towel web 50 is fed
      onto the feed conveyor 105 along the first path described above, it will
      engage the movable contact 476 of the control switch 475 and move it to
      the closed position thereof for closing the switch 475. When thus closed,
      the switch 475 will permit energization of the solenoid 470 along a
      circuit including power line L3, conductors 451, 452 and 472, coil 471,
      conductor 474, switch 475, conductors 478 and 445 and power line L2. The
      energization of solenoid 470 will cause the valve 175 to be opened against
      the bias of the spring 177 to permit suction through the mandrel 160 in
      the manner described above. An instant after closing the switch 475, the
      leading end 52 of the towel web 50 will engage the movable contact 442 and
      move it to the closed position thereof for closing the control switch 440.
      When thus closed, the switch 440 will permit energization of the solenoid
      455 along a circuit including the power line L3, conductors 451 and 452,
      coil 453, conductor 459, switch 440, conductors 443 and 445 and power line
      L2. The energization of solenoid 455 will cause the valve 460 to be so
      conditioned as to shut off the cylinder air inlet 288 and the conduit 462
      from the air supply and open the conduit 462 to the exhaust, thereby
      permitting the ejector arm 285 to return to the retracted position thereof
      at a controlled slow rate, the ejector arm 285 having been left in its
      ejecting position after ejection of the previous towel roll 55. When the
      leading end 52 of the towel web 50 approaches the mandrel 160, it will be
      captured by the action of the suction through the mandrel 160 to initiate
      the winding of the towel web 50 on the mandrel 160. The initiation of this
      winding will cause the towel web 50 to move from the first feed path along
      the conveyor 105 to the second feed path described above, thus opening the
      switch 475. This opening of the switch 475 de-energizes the solenoid 470,
      thereby allowing the valve 175 to close under the action of the spring 177
      for cutting off the suction through the mandrel 160, since this suction is
      no longer needed once the winding of the towel has been initiated. The
      winding of the towel web 50 on the mandrel 160 will continue until the
      towel is completely wound into a towel roll 55. When the trailing end of
      the towel web 50 passes from the feed conveyor 105, the switch 440 will be
      opened thereby de-energizing the solenoid 455. The de-energization of the
      solenoid 455 so conditions the valve 460 that the air supply will be
      connected to the air inlet 288 of the cylinder 281 through the conduit 462
      for moving the ejector arm 285 to its ejecting position, thereby removing
      the wound towel roll 55 from the mandrel 160 and depositing it in the
      receptacle 177. The ejector arm 285 will then remain in its ejecting
      position until the appearance of the next towel web 50 in the associated
      feed lane of the feed conveyor 105 for beginning the cycle anew.
PAR  As described above, the slip clutch assembly 260 operates to maintain a
      substantially constant torque at the mandrel 160, whereby as the weight
      and diameter of the towel roll 55 increases, the slippage in the clutch
      assembly 260 will cause the rotational speed of the mandrel 160 to be
      reduced for keeping the surface speed of the towel roll 55 substantially
      the same as the surface speed of the feed conveyor 105. This operation of
      the slip clutch assembly 260 generates a substantial amount of heat in the
      backing plate 274, the friction plate 275 and the clutch plate 276, which
      heat is dissipated by the cooling fins 277 as described above, in
      connection with FIG. 18. It will be noted that the drive motor 430 runs
      continuously during and between cycles of the winding units 450, thereby
      facilitating the coooling of the clutch assembly 260 by providing a period
      of unloaded free running between winding cycles for dissipating the heat
      generated during the previous winding cycle.
PAR  From the foregoing, it will be observed that there has been provided an
      automatic towel winding machine which is capable of automatically winding
      a plurality of elongated towels simultaneously. In particular, there has
      been provided an automatic towel winding machine which may be used in
      conjunction with an automatic towel ironer and which provides completely
      automatic operation from the time that the towels are fed to the ironer to
      the time that they are ejected as completely wound towel rolls from the
      towel winding machine.
PAR  There has also been provided a novel feed apparatus for the towel winding
      machine, the feed apparatus including a high-speed transfer conveyor to
      prevent folding of the towel webs as they are fed from the associated
      ironer and an inclined feed conveyor for transporting the towel webs from
      the transfer conveyor to a point immediately above the associated winding
      unit whereby the towel web may be fed downwardly by gravity to the
      associated winding unit.
PAR  There has also been provided an automatic winding unit having a
      suction-operated capture means for urging the leading end of the towel web
      fed from the feed apparatus against the winding mandrel and causing it to
      adhere thereto to obviate hand starting of the towel on the mandrel and
      thereby providing fully automatic towel winding.
PAR  There has also been provided a fluid-actuated ejector unit for
      automatically ejecting the wound towel roll from the mandrel into a towel
      receptacle, two different embodiments of the ejector having been provided
      for returning the ejector to a retracted position at a controlled slow
      rate.
PAR  There has also been provided a winding machine wherein a plurlality of
      towels are fed along a plurality of parallel feed lanes arranged in
      side-by-side relationship and each having a width only slightly greater
      than the width of the associated towel. In particular, there has been
      provided a towel winding machine wherein the winding units for each of the
      feed lanes has a width approximately three times the width of the
      associated feed lane, the winding units being uniquely arranged on a
      supporting frame so that the entire winding machine occupies a width only
      slightly greater than the combined widths of the feed lanes. In connection
      with this unique arrangement of the winding units, there has been provided
      guide apparatus for guiding each of the towel webs to its associated
      winding mandrels without interfering with the winding units of adjacent
      feed lanes.
PAR  There has also been provided a winding machine wherein the towel web is fed
      in the associated feed lane along a first path until the initiation of the
      winding of the towel on the mandrel is begun, at which time the towel web
      moves to a second feed path in the feed lane wherein the towel web is
      maintained under tension. In addition, there has been provided a novel
      feed-directing assembly for continuously maintaining the towel web in a
      predetermined direction toward the associated winding mandrel when the
      towel web is in the tensioned second feed path thereof.
PAR  There has also been provided a winding unit having a novel torque motor for
      effecting rotation of the winding mandrel and maintaining a substantially
      constant torque thereat, whereby as the diameter of the towel roll
      increases on the mandrel, the rotational speed of the mandrel will
      correspondingly decrease so that the surface speed of the towel roll will
      be maintained substantially the same as the surface speed of the feed
      apparatus.
PAR  There has also been provided an alternative drive arrangement for the
      winding machine wherein a single drive motor drives all of the winding
      units through a pair of line shafts, each of the line shafts being coupled
      to a plurality of the winding mandrels. In particular, there has been
      provided a single-motor drive arrangement which is coupled to each of the
      winding mandrels through a slip clutch for maintaining a substantially
      constant torque at the winding mandrel.
PAR  Finally, there has been provided for each of the embodiments of the drive
      means for the winding units an electric control circuit for effecting the
      completely automatic operation of the towel winding machine.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elongated towel winder comprising a support frame, a mandrel mounted
      at one end thereof on said frame and rotatable about the longitudinal axis
      thereof for winding an associated elongated towel into a roll thereon, a
      constant-torque electric drive motor carried by said frame and coupled to
      said one end of said mandrel for effecting rotation thereof and
      maintaining a substantially constant torque thereat, feed apparatus
      mounted adjacent to said mandrel for feeding an elongated towel to said
      mandrel, the increasing weight of the towel roll on said mandrel as the
      diameter of the towel roll increases serving to decrease the rotational
      speed of said mandrel to maintain a substantially constant tension in the
      portion of the towel extending between said mandrel and said feed
      apparatus, and an ejector member carried by said frame adjacent to said
      mandrel and having an enclosed opening therein for receiving said mandrel
      therethrough, said ejector member being independently movable axially of
      said mandrel between a retracted position and an ejecting position, and
      drive means coupled to said ejector member for effecting said independent
      movement thereof between the retracted and ejecting positions thereof,
      movement of said ejector member from the retracted position to the
      ejecting position thereof causing said ejector member to engage the wound
      towel roll and remove the towel roll from said mandrel at the free end
      thereof, means interconnecting said motor and said mandrel such that said
      mandrel is operatively connected to said motor and continues to rotate
      during removal of the towel roll from said mandrel whereby an elongated
      towel may be fed to said rotating mandrel and wound in a roll thereon and
      removed therefrom when the roll is completely wound.
NUM  2.
PAR  2. The towel winder set forth in claim 1, wherein said drive means
      comprises a fluid-actuated piston connected to said ejector member for
      moving said member to the ejecting position thereof, and means for
      returning said ejector member to said retracted position thereof at a
      controlled slow rate.
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PAL  A unitary hub for receiving and securing a reel of recording tape is
      disclosed. The hub has a housing having a plurality of openings disposed
      between the base and the top of the housing. A corresponding plurality of
      resilient detents, disposed internally to the housing, is urged partially
      through the openings therein. The detents retract into the housing when a
      reel of recording tape is moved over the detents toward the base of the
      hub, and thereafter protrude through the openings to apply pinching forces
      against the reel for holding the reel in place.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to a hub for receiving and securing a reel of
      recording tape, particularly a relatively large reel of the type used for
      commercial recording and replay purposes.
PAR  Prior art devices generally include a two-piece hub having a base portion
      and a removable top portion. To secure the reel to the hub, the top
      portion thereof must first be removed to enable the reel to be placed into
      cooperation with the base portion. The top portion of the hub is then
      positioned over the tape reel and clamped into engagement with the base
      portion to maintain the reel securely in place. Thereafter, in order to
      remove the reel, the top portion must be disengaged from the base portion
      and removed. Other prior art hubs utilize manually-set indexing means to
      mechanically retain the reel in place.
PAR  Though such prior art hubs have operated well in maintaining tape reels in
      place, the successive removal and re-engagement of the top portion of the
      hub or the manual setting of indexing means each time a reel is added or
      removed has sometimes proved to be a time-consuming and cumbersome task.
      This has been particularly true when an operator must hold large,
      flangeless reels with one hand while manipulating the top portion or the
      indexing portion of the hub with the other. Under such circumstances, tape
      may undesirably unravel from the reel, wasting time and sometimes ruining
      the tape.
PAR  The invention overcomes these and other deficiencies in the prior art by
      providing a unitary hub having detent means for releasably maintaining a
      reel of recording tape in position with minimal operator participation.
      More particularly, the hub of the invention includes a housing having a
      plurality of openings, preferably three, through which a corresponding
      plurality of resilient detents, such as spring-loaded balls are adapted to
      retractably protrude. The interior of the housing has guide means which
      provide a path for the spring-loaded balls upon retraction thereof.
PAR  When a reel of recording tape is positioned over the balls toward the base
      of the hub, the balls are urged against the force of the associated
      springs, causing the balls to retract through the corresponding openings
      in the housing and along the path provided by the guide means. After the
      reel has passed over the balls, the force of the springs urges them to
      protrude through the openings in the housing where they apply pinching
      forces to the reel for maintaining the reel securely in place. Thereafter,
      the reel can be removed simply by pulling it back over the balls and off
      of the hub.
PAR  Since the balls are of relatively large diameter, they offer relatively
      little friction with the reel, thereby minimizing the force required to
      position and remove the reel. Moreover, the tape hub is electrically
      grounded in order to dissipate any spurious charges that may develop,
      particularly those produced by static electricity. Finally, the hub is
      provided with a fluted top, adapted to permit controlled manual rotation
      of the reel, whereby the hub can be used as an editing knob for altering
      or rearranging the tape, and easily handled when positioned on or off of a
      turntable spindle.
PAC  OBJECTS OF THE INVENTION AND A BRIEF DESCRIPTION OF THE DRAWINGS
PAR  It is a primary object of the invention to provide an improved hub for use
      with a reel of recording tape.
PAR  It is another object of the invention to provide an improved unitary hub
      for use with a reel of recording tape.
PAR  It is a further object of this invention to provide an improved hub, having
      detent means which securely maintain a reel of recording tape in place,
      and which also permit the easy positioning and removal of the reel.
PAR  A feature of this invention provides means for grounding the tape hub in
      order to dissipate spurious charges such as those produced by static
      electricity.
PAR  Another feature of this invention provides a fluted top for the tape hub
      which is adapted to permit controlled manual rotation of the reel, and
      easily handling of the hub.
DRWD
PAR  Other objects, features, and advantages of the invention will be apparent
      upon reading the following detailed description of an exemplary embodiment
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the tape hub of the invention showing, in
      exploded form, a reel of recording tape and a turntable used in
      conjunction with the tape hub;
PAR  FIG. 2 is an enlarged, cross-sectional view of the tape hub taken along
      line 2--2 in FIG 1; and
PAR  FIG. 3 is an enlarged, cross-sectional view of the tape hub taken along
      lines 3--3 in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to FIG. 1, a tape hube is represented generally by reference
      numeral 10, and a reel of recording tape, adapted to cooperate with tape
      hub 10, is represented generally by reference numeral 40. Tape hub 10 has
      a housing 11 having a base 12 and a top portion 16. Top portion 16 has a
      plurality of integral finger flutes 13 which are adapted to permit
      controlled manual rotation of tape hub 10 and reel 40 as well as easy
      handling of tape hub 10. A turntable 30, having a spindle 31, is adapted
      to rotate tape hub 10. Housing 11 of tape hub 10 may be fabricated from
      fiberglass or some other durable, yet inexpensive material.
PAR  Housing 11 further includes a plurality of integral flanges 14 aligned with
      a corresponding plurality of notches 42 in the inside perimeter of reel
      40. Flanges 14 guide reel 40 onto tape hub 10, and impart angular motion
      to reel 40 when tape hub 10 is rotated by turntable 30. Housing 11 of tape
      hub 10 also preferably includes a lip 15, surrounding base 12. Lip 15, in
      a manner explained hereinafter, is used for supporting reel 40, though it
      should be emphasized that lip 15 is not necessarily needed since reel 40
      can be adapted to fit flush against turntable 30 if desired.
PAR  A plurality of openings 22a, 22b, and 22c, best seen in FIG. 2, are
      disposed between base 12 and top portion 16 of housing 11. Openings 22a,
      22b, and 22c are adapted to cooperate with a corresponding number of metal
      balls 21a, 21b, and 21c disposed internally to housing 11. The diameter of
      balls 21a, 21b, and 21c is slightly larger than corresponding openings
      22a, 22b, and 22c, thereby preventing the balls from passing entirely
      therethrough.
PAR  A hollow, cylindrical metal standard 25 extends axially within housing 11
      of tape hub 10, and guide means 20 comprising channels 24a, 24b, and 24c,
      are also disposed internally to housing 11. Channels 24a, 24b, and 24c
      emanate from standard 25 and extend radically, terminating in openings
      22a, 22b, and 22c, respectively.
PAR  Resilient means, such as a plurality of metal springs 23a, 23b, and 23c,
      are captivated, respectively, in channels 24a, 24b, and 24c, between
      standard 25 and balls 21a, 21b, and 21c, respectively. Springs 23a, 23b,
      and 23c thus urge corresponding balls 21a, 21b, and 21c partially through
      corresponding openings 22a, 22b, and 22c in housing 11. Because the
      diameter of the balls is greater than the size of the openings, however,
      the balls are prevented from passing entirely therethrough.
PAR  When external pressure is exerted on balls 21a, 21b, and 21c, such as when
      a reel of recording tape is positioned over hub 10 and pushed toward base
      12, balls 21a, 21b, and 21c retract through corresponding openings 22a,
      22b, and 22c along paths defined by channels 22a, 22b, and 22c,
      respectively. After reel 40 has passed over balls 21a, 21b, and 21c, and
      is seated flush with lip 15, balls 21a, 21b, and 21c are again urged
      partially through corresponding openings 22a, 22b, and 22c by springs 23a,
      23b, and 23c, respectively. When so seated, as shown in FIG. 3, reel 40 is
      maintained securely in place by the pinching forces developed by the balls
      and lip 15. Of course, if housing 11 is fabricated without lip 15, reel 40
      could still be maintained in place by the pinching forces developed by the
      balls and turntable 30.
PAR  To remove reel 40 from tape hub 10, reel 40 need only be pushed against
      balls 21a, 21b, and 21c, causing them to retract into openings 22a, 22b,
      and 22c, respectively. Reel 40 can then be lifted completely off of hub 10
      without interference from balls 21a, 21b, and 21 c. Because of the
      relatively large diameter of balls 21a, 21b, and 21 c, there is minimal
      friction with reel 40, thereby permitting reel 40 to be easily removed
      from tape hub 10 when desired.
PAR  As shown best in FIG. 3, spindle 31 of turntable 30 cooperates with hollow,
      cylindrical metal standard 25 to impart rotational motion from turntable
      30 to tape hub 10. Further, metal ball 21a, metal spring 23a, and metal
      standard 25 form an electrical path to spindle 31, thereby grounding any
      spurious electrical charges that may be associated with tape hub 10.
PAR  In view of the foregoing, it should be clear that the tape hub of the
      invention securely maintains in proper position a reel of recording tape,
      and permits the easy positioning and removal thereof. It should also be
      clear that other embodiments of this invention can be devised without
      departing from the true spirit of the invention. Accordingly, the
      invention should not be limited to the exemplary embodiment described in
      detail herein, but should be entitled to the full scope defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hub, for releasably seating a reel in facing relationship with a
      turntable having an upwardly extending spindle, comprising:
PA1  a housing, including a base portion, a top portion, and an electrically
      conductive axial standard extending upwardly from said base portion to
      said top portion for receiving said spindle; said housing defining three
      internal channels extending radially from said axial standard, each of
      said channels terminating in an opening defined in the periphery of said
      housing;
PA1  three electrically conductive balls movably disposed in respective ones of
      said channels; each of said balls being of such diameter as to only
      partially protrude through a respective opening in the periphery of said
      housing; and
PA1  three electrically conductive spring members disposed, respectively, in
      said channels in contacting relationship between said axial standard and
      one of said balls, thereby establishing an electrical path from each of
      said balls, through a respective spring member, to said axial standard for
      dissipating spurious electrical charges via said spindle; said balls being
      adapted to retract into said openings against said springs when said reel
      is moved over said hub and past said openings, and said balls being
      further adapted to be urged by said springs partially through said
      openings and against said reel to seat said reel in facing relationship
      with said turntable.
NUM  2.
PAR  2. The hub defined in claim 1 wherein said top portion includes a plurality
      of finger flutes disposed about the periphery of said top portion for
      facilitating the manual rotation of said hub.
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ABST
PAL  An open-face spinning reel having a conventional line spool assembly, spool
      cap means, and line bail means, the reel structure being further provided
      with an adjustable drag mechanism for controllably adjusting the rotation
      of the line spool upon the spindle shaft. The drag assembly includes an
      indicator bezel which is arcuately fixed to the spindle shaft. A drag
      adjustment knob means threadedly engaged upon the spindle shaft applies a
      drag force against the indicator bezel and the drag assembly, the
      adjustment knob means having indicia cooperatively arranged with indicia
      on the indicator bezel so as to provide for an absolute indication of the
      force being applied to the drag assembly and accordingly the amount of
      frictional force resisting free rotation of the line spool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an improved spinning reel, and
      more particularly to an improved drag arrangement for an open-face
      spinning reel structure.
PAR  Traditionally, open-face spinning reels are provided with a line spool
      which is mounted on a spindle shaft and arranged for rotation thereabout.
      A drag assembly is provided for controllably resisting the free rotation
      of the line spool upon the spindle shaft, and a drag adjustment knob is
      normally provided to adjust the magnitude of the force applied to the drag
      assembly, and thus the resistance to free rotation of the line spool upon
      the spindle shaft. In the ordinary spinning reels, the drag adjustment
      knob may be pre-set to a desired position on the spindle shaft, however
      this absolute disposition is frequently lost as soon as relative rotation
      occurs between the drag adjustment knob and the face of the line spool.
      Therefore, once the fisherman has calibrated the force available for a
      particular drag knob adjustment setting, he is not able to quickly alter
      this setting to achieve a different drag adjustment. This is due to the
      fact that an absolute indicator is unavailable on the face of the reel,
      and hence any re-adjustment must be undertaken primarily by emperical
      means. The drag assembly means of the present invention provides a system
      wherein the fisherman may modify the drag setting in a controllable
      fashion, and upon modification of the setting, achieve a reasonable degree
      of certainty as to the absolute frictional force necessary to rotate the
      line spool on the spindle shaft.
PAC  SUMMARY OF THE INVENTION
PAR  Specifically, in accordance with the present invention, a stationary
      indicator bezel is provided at the forward face of the line spool, with
      the indicator bezel being locked against rotation relative to the spindle
      shaft. The outer face of the indicator bezel is provided with numerical
      indicia, this indicia being disposed radially outwardly of the axis of the
      spindle shaft and indicating various arcuate spacings. The drag adjustment
      knob is provided with a radially extending indicator line which will be
      directed to a certain numerical indicia disposed on the face of the
      indicator bezel. This indicator line and numerical indicia thereby provide
      the fisherman with sufficient information to establish the drag setting by
      visual indication. Any change in the drag setting will convey information
      to the fisherman as to the increase or decrease in the drag force, thus
      rendering the drag forces capable of being calibrated visually.
PAR  Therefore, it is a primary object of the present invention to provide an
      improved drag assembly for spinning reels, wherein the fisherman may be
      provided with a visual indication of the immediate disposition of the drag
      adjustment setting.
PAR  It is yet a further object of the present invention to provide an improved
      drag adjustment assembly for open-face spinning reels wherein a bezel
      indicator is disposed at the forward spool flange, and is arranged to mate
      with and lockingly engage the drag adjustment knob at any of a number of
      arcuately spaced dispositions.
PAR  It is yet a further object of the present invention to provide an improved
      drag assembly for spinning reels wherein the magnitude of the force being
      applied to the drag assembly, and in turn, the frictional forces resisting
      free rotation of the line spool, are readily visually indicated.
DRWD
PAR  Other and further objects of the present invention will become apparent to
      those skilled in the art upon a study of the following specification,
      appended claims, and accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of an open-face spinning reel structure equipped
      with the drag assembly of the present invention;
PAR  FIG. 2 is a detail top plan view of the spinning reel structure shown in
      FIG. 1, partially broken away, and partially in exploded disposition, and
      illustrating the manner in which the drive crank may be reversed from
      right-hand to left-hand drive;
PAR  FIG. 3 is a side elevational view of the structure illustrated in FIG. 1;
PAR  FIG. 4 is a front elevational view of the structure of FIG. 1;
PAR  FIG. 5 is a vertical sectional view taken along the line and in the
      direction of the arrows 5--5 of FIG. 4;
PAR  FIG. 6 is a vertical sectional view taken along the line and in the
      direction of the arrows 6--6 of FIG. 5;
PAR  FIG. 7 is a detail sectional view of the camming ramp and bail release pin
      employed in the reel structure, FIG. 7 being taken generally along the
      line and in the direction of the arrows 7--7 of FIG. 5;
PAR  FIG. 8 is an exploded perspective view of the structure of the present
      invention, and illustrating the main reel frame intact, and showing the
      line spool, drag assembly, indicator bezel, and drag adjustment knob in
      exploded disposition;
PAR  FIG. 9 is a perspective view of those exploded components from FIG. 8, with
      FIG. 9 illustrating the rear surfaces of each of these components, and
      being taken generally along the line and in the direction of the arrows
      9--9 of FIG. 8;
PAR  FIG. 10 is an exploded perspective view illustrating the drive housing
      intact, and with the rotor drum and the bail release pin components in
      exploded disposition therefrom, with those components previously shown in
      exploded disposition in FIG. 8 having been removed from this figure; and
PAR  FIG. 11 is a perspective view showing the rear surfaces of those components
      illustrated in exploded disposition in FIG. 10, with this figure being
      taken along the line and in the direction of the arrows 11--11 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the preferred embodiment of the present invention, the
      spinning reel structure generally designated 10 includes a frame means 11,
      a rotor 12, and a winding crank 13. A line spool is shown at 14, together
      with an indicator bezel 15 and drag knob 16. Line winding bail 17 is
      provided, with bail 17 being arranged for arcuate rotation about an axis
      extending between bail ends 19 and 20 respectively. A mounting foot and
      post for attachment of the reel to the fishing rod is illustrated at 22,
      with the post being adjustably received within frame 11 by locking screw
      23. Adjustment is achieved by virtue of the slot formed in the end portion
      of mounting foot and post 22, as is illustrated in detail in FIG. 5.
PAR  The operation of the line winding means is, of course, conventional. For
      purposes of convenience, crank 13 may be engaged with the winding
      mechanism from either the right-hand or left-hand side, as illustrated in
      FIGS. 2 and 6. The crank 13 is provided with a dual set of drive threads,
      such as the left-hand threaded portion 25 and the right-hand threaded
      portion 26. As is apparent in FIG. 6, the drive shaft 28 which is coupled
      to crank 13 may be engaged by corresponding right-hand thread drive 29 or
      left-hand drive 30. Also, as is conventional, shaft 28 is arranged for
      rotation within housing frame 11 by suitable bearings 32 and 33.
PAR  As has been previously indicated, the main drive features of the spinning
      reel are essentially conventional. With attention being directed to FIG.
      5, it will be seen that main drive shaft 28 has helical gear 35 secured
      thereto in pressed-on relationship, with helical gear 35 being meshed with
      rotor drive gear 36. Drive gear 36 is in the form of a sleeve, the core of
      the sleeve being coaxial with spindle shaft 37.
PAR  In order to achieve reciprocatory stroking of the spindle shaft, eccentric
      38 in the form of a cam is provided, with crank arm 39 being arranged
      cooperatively therewith. Eccentric cam 38 thereby provides reciprocatory
      motion for crank arm 39, which is pivotally mounted to stroking arm 40 by
      pivotal mounting pin 41. Arm 40 is pivotally mounted to frame 11 by screw
      42, with the arm 40 being adapted for pivotal rotation about the axis of
      screw 42. The extent of the throw or stroke of the spindle shaft 37 is
      thereby achieved by virtue of pivotal mount 43 at the lower end thereof,
      the phantom showing of arm 40 indicating the extent of the throw of the
      spindle shaft 37. Anti-reverse button 45 is provided, with the operation
      of this anti-reverse mechanism being conventional. Briefly, however,
      spring 46 is provided for lockingly engaging cross pin 47, thereby
      retaining anti-reverse button 45 in predetermined disposition. A pawl 48
      is provided for engagement with helical drive gear 35.
PAR  Helical drive sleeve or gear 36 is mounted for rotation within frame
      housing 11 by bearing 50, with the outer free end of member 36 having a
      flat portion thereon for engaging drive disc 51. Drive disc 51 is held in
      place on sleeve or gear 36 by nut 52, with drum drive pegs 53--53 being
      provided to engage drum or rotor 12, as illustrated in FIGS. 5 and 11.
      Therefore, rotation of helical drive sleeve 36 will cause rotation of
      drive disc 51, which, in turn, will rotatably drive drum or rotor 12. Drum
      12 is provided with a hollow mounting sleeve 55 which is arranged to fit
      over the outer diameter of the extension of drive sleeve 36. This
      arrangement is illustrated in detail in FIG. 5.
PAR  As has been indicated, bail 17 is mounted for conventional pivotal rotation
      about the axis extending between members 19 and 20. Winding bail 17
      functions normally, and is retracted or placed in casting disposition by
      arcuately pivoting the bail out of engagement with the line held on and
      filling line spool 14. In order to retain bail 17 in casting disposition,
      and to provide for semi-automatic return of bail to take-up or line
      retrieval mode, locking plunger 60 (FIG. 1) is provided which engages bail
      release staging cam 61 (FIG. 11). With continued attention being directed
      to FIG. 11, it will be seen that plunger 60 has a body portion 62 which is
      mounted for reciprocatory motion within guide 63. Slot 64 permits motion
      of body 62 relative to hold-down screw 65. A bail release follower spring
      66 is provided which is locked with drag disc 51, as indicated, by heat
      melting or other suitable retention means, such as illustrated at 67. It
      will be appreciated that bail release follower spring 66 biases member 62
      radially outwardly, and thus achieves a normal radial outward disposition.
      Upon being held within the confines of bail release staging cam 61,
      however, member 62 is retained so as to lockingly engage bail 17 in
      retracted or casting mode. Initial rotation of drum or rotor 12 releases
      the pin or plunger 60 from the bail release staging cam zone 61, radial
      inward thrust of member 62 being achieved by camming ramp 69 illustrated
      in FIG. 10. Further details of this release mode are illustrated in FIG. 7
      wherein ramp 69 is illustrated and showing the radial inward force being
      applied to member 62. The double arrow 70 is intended to illustrate the
      radial travel of member 62 during this operation.
PAR  Turning now to the details of the line spool and its drag assembly,
      attention is now directed to FIGS. 8 and 9. In this arrangement, it will
      be seen that the rear surface 75 of line spool 14 is provided with a
      ratchet pick 76 mounted for engagement on gear 77. The operation of this
      ratchet pick is similar to that of known devices, and provides an audible
      indication to the fisherman that the line spool is moving relative to the
      spindle shaft. Spindle shaft 37 is provided with a pair of flat portions
      80 and 81 adjacent the outer free end thereof, with these flat zones
      providing a locking surface for the individual components which are to be
      arcuately fixed to the spindle shaft.
PAR  In the assembly of the exploded components illustrated in FIG. 8, acetal
      resin washer 82 is disposed between the abutment surface 83 of gear 77,
      normally pressfit upon spindle shaft 37, to provide an interface between
      this stationary surface and the shoulder surface 84 disposed on the inner
      confines of spool 14 (FIG. 9). Duster wick 85 is utilized to prevent
      fishing line from entering the inner chamber of rotor or drum 12. Adjacent
      the outer flange 86, a pair of recesses are formed, the inner recess 87
      being provided with a pair of arcuately spaced notches 88 and 89 for
      ultimate engagement with the ears 90 and 91 of the clutch-disc assembly
      shown in exploded disposition in FIG. 8. Clutch-disc assembly shown in
      FIG. 8 is generally designated 92, and includes a washer 93, prepared from
      acetal resin derived by polymerization of formaldehyde, along with a
      bronze or other metallic washer 94 arranged for locking engagement with
      the flat portions 80 and 81 of spindle shaft 37. A second acetal washer is
      interposed as at 95 to separate members 93 and 94, one from another by a
      smooth frictional surface such as is available from these surfaces. An
      outer acetal disc is provided as at 96. This arrangement of components is
      further illustrated in FIG. 5 in section, and reference is made to that
      drawing for an illustration of the stacking arrangement.
PAR  Acetal resin washers of the composition (--OCH.sub.2 --) derived by
      polymerization of formaldehyde are commercially available under the mark
      "Delrin" of E. I. DuPont deNemours Corp. of Wilmington, Delaware. As a
      suitable alternate, polytetrafluoroethylene washers may also be employed,
      this material likewise being commercially available under the mark
      "Teflon."
PAR  Indicator bezel means 15 is shown in detail in FIG. 8, with the core 100 of
      bezel 15 having flat portions thereon for engaging the flat portions 80
      and 81 of spindle shaft 37. Furthermore, bezel 15 is provided with detent
      pawls 101 and 102 which are adapted to engage corresponding or mating
      detents in drag adjustment knob 16, such as is illustrated in the rear
      surface 105 of drag adjustment knob 16, particularly at 106--106. It will
      be appreciated, therefore, that the disposition of drag adjustment knob 16
      on indicator bezel 15 may be fixed and maintained by the mating contact
      between detent pawls 101 and 102 of bezel 15, and the knob detents
      106--106 of drag adjustment knob 16. The entire drag assembly is held in
      position by locking ring 108, with drag adjustment knob 16 being
      threadedly engaged upon the outer free end of spindle shaft 37. Indicator
      indicia in the form of numerical figures are illustrated on the front face
      of bezel 15, and a corresponding indicator groove or radially extending
      pointer 110 is illustrated on drag adjustment knob 16. In this fashion,
      therefore, a fisherman may initially calibrate the drag adjustment setting
      of his fishing reel and retain this calibration during normal periods of
      use. Adjustments upwardly or downwardly in the drag adjustment setting may
      be made with the knowledge that a single rotational click (from detent
      pawl and knob detents), will provide a predetermined increase or decrease
      in the drag adjustment setting.
CLMS
STM  I claim:
NUM  1.
PAR  1. An open-face spinning reel structure comprising, in combination, frame
      means, a spindle shaft operatively coupled to said frame means, a line
      spool assembly including a line spool mounted on said spindle shaft and a
      spool cap rotor means having a generally open end and being mounted for
      rotation upon said frame means, line bail means secured to said spool cap
      rotor means, and drive means mounted on said frame means including main
      drive gear means for rotating said spool cap rotor and linkage means for
      reciprocatorily moving said spindle shaft along the axis of said spool cap
      rotor, said line spool being mounted for rotation upon said spindle shaft
      with drag assembly means being disposed along said spindle shaft and
      having means frictionally engaging said line spool for controllably and
      adjustably accommodating rotation of said line spool upon said spindle
      shaft;
PA1  a. said drag assembly comprising first and second drag means having first
      and second mutually abutting drag surfaces respectively, with one of said
      drag means being arranged for rotation with said line spool and with the
      other being arcuately fixed to said spindle shaft;
PA1  b. indicator bezel means arcuately fixed to said spindle shaft and disposed
      on said spindle shaft outwardly of said first and second drag means and
      having axially flexible and forwardly projecting pawl means on the forward
      surface thereof, and drag adjustment knob means threadedly engaged upon
      said spindle shaft and having locking detent means complementary to said
      indicator bezel projecting pawl means and arranged for receiving said pawl
      means in operative engagement therewith at spaced arcuate dispositions,
      said indicator bezel having arcuately spaced indicia displayed thereon,
      and said drag adjustment knob having indicia thereon complementary to said
      arcuately spaced indicia for indicating the immediate relative
      dispositions thereof.
NUM  2.
PAR  2. The open-face spinning reel structure as defined in claim 1 being
      particularly characterized in that said indicator bezel means is mounted
      for relative axial movement in response to the axial disposition of said
      drag adjustment knob to apply compressive axial forces against said first
      and second drag means.
NUM  3.
PAR  3. The open-face spinning reel structure as defined in claim 1 being
      particularly characterized in that said line spool has an outer spool
      flange provided with a recess therein, and wherein the outer diameter of
      said indicator bezel fits within said recess.
NUM  4.
PAR  4. The open-face spinning reel structure as defined in claim 3 particularly
      characterized in that said spindle shaft has a flat portion formed thereon
      extending across a substantial arcuate extent of said spindle shaft, and
      said first drag means has a portion formed complementary thereto to be
      locked against relative arcuate rotation with said spindle shaft.
NUM  5.
PAR  5. The open-face spinning reel structure as defined in claim 4 being
      particularly characterized in that said forward line spool recess has a
      pair of arcuately spaced notches formed therein and said second drag means
      has a pair of arcuately extending ears formed complementary thereto for
      locking engagement within said arcuately spaced notches.
NUM  6.
PAR  6. The open-face spinning reel structure as defined in claim 1 being
      particularly characterized in that the locking means on said indicator
      bezel is a pair of detent engaging forwardly projecting pawls are disposed
      at generally 180.degree. opposed relationship on the forward surface of
      said indicator bezel.
NUM  7.
PAR  7. The open-face spinning reel structure as defined in claim 5 being
      particularly characterized in that the rear surface of said indicator
      bezel is in engagement with the forward surface of said second drag means.
NUM  8.
PAR  8. The open-face spinning reel structure as defined in claim 7 being
      particularly characterized in that washer means are fabricated from a
      synthetic resin selected from the group consisting of acetal resin and
      polytetrafluoroethylene, and wherein said washers are interposed between
      each relatively movable surface of said drag means.
NUM  9.
PAR  9. The open-face spinning reel structure as defined in claim 1 being
      particularly characterized in that said locking pawl engages said locking
      detent means with a responsive click.
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ABST
PAL  An apparatus for rolling a collapsed hose into a roll which includes a
      frame having a pair of spaced-apart side rails and a crank for rolling the
      hose between the side rails. One side rail includes a keyed opening which
      receives the shaft of the crank and an axially extending spaced-apart pin
      on the shaft when the shaft is in a keyed orientation relative to the
      opening. The shaft of the crank is borne by both side rails and the
      axially extending pin cooperates with the shaft to engage a collapsed
      hose, which is wound about the shaft and pin by cranking a handle portion
      on the shaft outside the side rails. When the hose is rolled, the shaft
      and pin are brought into keyed alignment with the opening in one of the
      side walls and the crank is removed, permitting the rolled hose to be
      lifted from the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is in the field of winding and reeling, hose carriers.
PAR  2. Description of the Prior Art
PAR  Various devices have been proposed in the past for rolling a collapsed hose
      into a roll. Typical devices are shown in U.S. Pat. Nos. 3,168,260 to
      Kittelson; 2,960,279 to Little; 2,045,966 to Ruehmann; 2,396,451 to
      Warkentin; and 1,001,208 to Mercer.
PAR  In the above-identified patents, the hose rolling devices shown generally
      do not include guides for both sides of the hose roll, or else mechanisms
      are required to permit the removal or movement of one of the guide members
      after the hose is rolled.
PAC  SUMMARY OF THE INVENTION
PAR  An embodiment of the present invention is an apparatus for rolling a
      collapsed hose into a roll comprising a frame including a pair of
      spaced-apart side rails each having an enlarged hose-guide portion, the
      first of said portions including a shaft-bearing area and the second of
      the portions including a shaft-bearing area defining an opening and
      hose-guide means at an end of said side rails for guiding a hose to be
      rolled, a crank member including a shaft having a first end received at
      the shaft-bearing area of said first hose-guide portion, a pin
      spaced-apart from and extending generally axially along a portion of the
      shaft between the hose-guide portions and having a connecting portion
      connecting the pin to the shaft, the opening in the second hose-guide
      portion being keyed to permit passage of the shaft and of the pin and
      connecting portion when the pin and shaft are oriented in a particular
      configuration relative to the second hose-guide portion. A crank handle
      and a collapsed hose engaged by the crank shaft and pin, the hose being
      rolled around the crank shaft and pin, whereby the crank member may be
      removed from the frame by proper orientation of the pin relative to the
      opening in second hose-guide portion after the hose is rolled.
PAR  It is an object of the present invention to provide a hose roller apparatus
      which includes fixed side guides for the hose as it is rolled with a
      removeable crank shaft member to permit the removal of the hose after it
      is rolled.
PAR  Further objects and advantages of the present invention shall be apparent
      from the following detailed description and accompanying figures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of an embodiment of the present hose roller
      invention and showing a mounting bracket on the rear of a fire truck for
      mounting the frame of the hose roller.
PAR  FIG. 2 is a perspective of the apparatus of FIG. 1 shown mounted on the
      rear portion of a fire truck with a portion of a hose rolled thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawings and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device, and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  Referring now in particular to the figures, there is shown a hose roller
      apparatus 10 according to the present invention together with a rear
      portion of a fire truck and mounting means therefor. Hose roller apparatus
      10 includes a frame having side rails 11 and 12 and front guide member 13.
      A rear bar 14 for spacing between the side rails and reinforcement is
      provided toward the mounting end of rails 11 and 12. Rails 11 and 12
      terminate at a rear attachment cross member 16, which threadedly receives
      a pair of bolts such as 17 which are fixed thereto.
PAR  A mounting bracket 18 is rigidly attached to rear bumper 21 of a fire truck
      shown generally as 22. The heads of bolts 17 are received in key hole
      slots 19 of bracket 18 and then the frame of the apparatus 10 is dropped
      into place resting on the top of bumper 21 with the shafts of bolts 17
      received in the lower slotted portions of key holes 19. The frame of
      apparatus 10 may thereby be subsequently removed from mounting bracket 18
      by merely lifting the rear portion of side rails 11 and 12 so that the
      heads of bolts 17 are aligned with the upper wider portions of key holes
      19 and the frame pulled away from mounting bracket 18. Other suitable
      mounting means may alternatively be provided for the frame of apparatus
      10.
PAR  A crank member for use with the frame of apparatus 10 is provided to roll a
      collapsed hose such as 23 (FIG. 2). The crank member includes a crank
      shaft 24 and an axially extending pin 26 connected to shaft 24 by a
      connecting portion 27. The crank member further includes a crank handle
      portion 28 to rotate crank 24 and pin 26 to place hose 23 into a rolled
      configuration.
PAR  To begin a hose rolling operation, crank shaft 24 is inserted through
      opening 28 and opening 29 in enlarged hose guide portions 31 and 32 of
      side rails 12 and 11, respectively. In order to insert shaft 24 through
      openings 28 and 29 pin 26 must be aligned with slot 33 which extends
      upwardly from opening 28. While end 36 of shaft 24 is received in opening
      29 of side rail 11, the end 34 of pin 26 is spaced apart from the inner
      wall enlarged portion 32 of side rail 11. An annular shoulder 37 is
      provided to bear against the outer surface of portion 31 to limit the
      extent of engagement of shaft 24 through openings 28 and 29.
PAR  After the crank member is inserted as described above into the frame of
      apparatus 10, a fire hose is either positioned between pin 26 and shaft 24
      at a generally centrally located portion of the hose or the hose coupling
      at an end of the hose is engaged thereby, as is well known in the art.
      Obviously then, rotation of crank handle 28 will serve to wind hose 23
      onto shaft 24 and around pin 26.
PAR  When the hose 23 in entirely wound on shaft 24 and pin 26, crank handle 28
      is rotated until pin 26 is again aligned with slot 33, and the crank
      member is removed from the frame and away from side rails 11 and 12, and
      the hose 23, now rolled, is removed from between side rails 11 and 12.
PAR  Front guide bracket 13 is provided to guide the input of hose 23 as it is
      rolled on shaft 24. The hose is inserted through bracket 13 as shown in
      FIG. 2, for rolling. In order to provide a guide for varying widths of
      hose, a bolt such as 38 is inserted through openings in the top and bottom
      portions of bracket 13, with head 39 of bolt 38 resting upon the top of
      bracket 13. A key member 41 is looped through a hole in the bottom of bolt
      38 to eliminate accidental removal of bolt 38 from bracket 13. With the
      bolt in place, as shown in FIGS. 1 and 2, the width between bolt 38 and
      side wall 42 of bracket 13 is appropriate for the width of hose 23. If a
      wider hose were to be wound on apparatus 10, retaining member 41 would be
      removed from the bottom of bolt 38 and bolt 38 removed from bracket 13 to
      permit the passage of the wider hose.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation in
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Collapsed hose rolling apparatus comprising:
PA1  a. a frame including,
PA2  1. a pair of spaced-apart side rails each having an enlarged hose-guide
      portion, the first of said portions including a shaft-bearing area and the
      second of said portions including a shaft-bearing area defining an
      opening, and
PA2  2. hose-guide means at an end of said side rails for guiding a hose to be
      rolled;
PA1  b. a crank member including,
PA2  1. a shaft having a first end received at the shaft-bearing area of said
      first hose-guide portion,
PA2  2. a pin spaced-apart from and extending generally axially along a portion
      of said shaft between said hose-guide portions and having a connecting
      portion connecting the pin to the shaft, the opening in the second
      hose-guide portion being keyed to permit passage of the shaft and of the
      pin when the pin and shaft are oriented in a particular configuration
      relative to the second hose-guide portion, and
PA2  3. a crank handle; and
PA1  c. a collapsed hose engaged by the crank shaft and pin, the hose being
      rolled around the crank shaft and pin, whereby the crank member may be
      removed from the frame by proper orientation of the pin relative to the
      opening in said second hose-guide portion after the hose is rolled,
      freeing the rolled hose from the apparatus.
NUM  2.
PAR  2. The apparatus of claim 1 which further comprises means for mounting the
      frame to a fire truck.
NUM  3.
PAR  3. The apparatus of claim 1 in which the hose guide means comprises a
      rectangular bracket fixed to the side rails defining an opening through
      which the hose passes as it is rolled.
NUM  4.
PAR  4. The apparatus of claim 3 in which the bracket has an apertured top wall
      and an apertured bottom wall and further comprising a guide piece passing
      through the apertures in the top and bottom walls of the bracket and
      removeably mounted therein, the hose being guided between the guide piece
      and one side wall of the bracket.
NUM  5.
PAR  5. The apparatus of claim 4 which further comprises means for mounting the
      frame on a fire truck.
NUM  6.
PAR  6. The apparatus of claim 5 in which the shaft-bearing area of the first
      enlarged hose guide portion is defined by an aperture through the hose
      guide portion.
NUM  7.
PAR  7. The apparatus of claim 6 in which the shaft includes an annular shoulder
      received against the outside of the second enlarged hose guide portion.
NUM  8.
PAR  8. The apparatus of claim 1 in which the second hose-guide portion defines
      an opening having a circular shaft-receiving portion and an elongated
      pin-receiving portion.
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ABST
PAL  A seat belt retractor mechanism having a belt reel rotatably mounted on a
      shaft journalled in a support frame, the reel at each of its ends having a
      circular ratchet plate. A locking bar parallels the reel shaft and is
      pivotally mounted in the support frame for movement into engagement with
      the ratchet plates to hold the reel against rotation in seat belt
      protraction direction. An inertia sensor comprising a pendulum device is
      engageable with the locking bar.
PAL  The improvement comprises a support bracket on the support frame beneath
      the locking bar for which the pendulum device is suspended. Coacting
      gimbal means on the support bracket and pendulum device permit swinging
      movement of the pendulum device relative to the support bracket. The
      locking bar and pendulum device are constructed and arranged so that
      during swinging movement on the gimbal means the pendulum device is
      ineffective to cause movement of the locking bar toward the ratchet plate.
      A further coacting means becomes operative on displacement of the pendulum
      device beyond its gimbal means controlled swinging movement whereby the
      pendulum device is rendered operative to raise the locking bar to drive
      the latter into ratchet plate holding engagement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Currently, most vehicles are equipped with passenger restraint systems
      having a lap belt and shoulder harness. Preferably, the shoulder harness
      is coupled to a vehicle sensitive retractor mechanism. This is a retractor
      mechanism in which the spring loaded reel under normal conditions of
      operation is freely movable in protraction and retraction directions. This
      is to give the restrained vehicle occupant a high degree of freedom of
      movement. The mechanism includes, however, an inertia sensitive device,
      usually in the form of a pendulum, which is responsive to sudden changes
      in vehicle movement such as may be caused by a sudden application of the
      vehicle brakes or upon impact with an object such as another vehicle. The
      shift in position of the pendulum or part thereof is transmitted to a
      locking bar engageable with the reel to lock the latter against movement
      in a protraction direction. Reference may be made to U.S. Pat. No.
      3,489,367, issued Jan. 13, 1970 to R. F. Kovacs et al for an "Emergency
      Locking Retractor."
PAR  Vehicle sensitive retractors utilizing a pendulum swingable about a single
      universal pivot have been found to have undesirable operating
      characteristics. For example, it is important that the retractor be
      installed in the vehicle with the pendulum vertical axis normal to ground
      level. Variations in vehicle body structures sometimes makes it difficult
      to achieve this and it is therefore necessary to make adjustments which
      slow down the vehicle assembly process. Further, if the vehicle is parked
      on a slope, it is possible that the harness cannot be protracted to permit
      the seat occupant to buckle up.
PAR  It is an object of the present invention to support the pendulum in such a
      manner that it can be tilted within a predetermined range without causing
      the locking bar to engage and hold the reel against protraction. Upon
      being tilted beyond a predetermined position, however, the pendulum
      becomes operative to raise the locking bar into reel engagement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a seat belt retractor mechanism having a
      belt reel rotatably mounted on a shaft journalled in a support frame, the
      reel having at each of its ends a circular ratchet plate. A locking bar
      paralleling the reel shaft is pivotally mounted in the support frame for
      movement into engagement with the ratchet plate to hold the reel against
      rotation in seat belt protraction direction. An inertia sensor comprising
      a pendulum device engageable with the locking bar is provided that is
      operative to drive the locking bar into engagement with the reel upon
      sudden deceleration or acceleration of the vehicle.
PAR  The improved construction and arrangement embodying the present invention
      comprises a support bracket on the support frame beneath the locking bar
      from which the pendulum is suspended. Coacting gimbal means on the support
      bracket and pendulum device permit swinging movement of the pendulum
      device relative to the support bracket. The locking bar and pendulum
      device are constructed and arranged so that during swinging movement on
      the gimbal means a pendulum device is ineffective to cause movement of the
      locking bar toward the ratchet plates. A further coacting means becomes
      operative on displacement of the pendulum device beyond its gimbal means
      controlled swinging movement whereby the pendulum device is rendered
      operative to raise the locking bar into ratchet plate holding engagement.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the present invention will be made more
      apparent as this description proceeds, reference being had to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a front elevation of a seat belt retractor mechanism embodying
      the present invention;
PAR  FIG. 2 is a view in part sectional on the line 2--2 of FIG. 1 looking in
      the direction of the arrows; and
PAR  FIG. 3 is a view in part similar to FIG. 2 illustrating the inertia sensor
      device in a second position of operation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, there is shown a seat belt retractor
      mechanism generally designated 10. The retractor mechanism 10 comprises a
      belt receiving reel 11 rotatably journalled in a support frame 12 between
      the side walls 13 and 14 of the latter. The reel 11 is coupled externally
      of the side wall 13 to a rewind spring 15 concealed within a spring
      housing 16.
PAR  At each of its ends within the side walls 13-14, the reel 11 carries a
      ratchet plate 17 having peripheral ratchet teeth 18. An elongated bar 19
      parallels the reel 11, the bar being pivotally supported at each of its
      ends on pivots 21 and 22 in the frame side walls 13-14, respectively. The
      bar has at each end a locking pawl 23 projecting in the general direction
      of the ratchet teeth on the adjacent rathet plate (see FIG. 2).
      Intermediate its ends the locking bar 19 has a center platform portion 24
      adapted to be engaged by an inertia sensor in the form of a pendulum
      device 25, as will be more fully explained.
PAR  In FIG. 1, the retractor mechanism 19 is shown at an angle to the vertical
      to represent it as it would appear when mounted on the roof rail of a
      vehicle body. The pendulum device 25 is shown hanging from a support
      bracket 26 in a true vertical position. In the optimum installation
      position, the pendulum device 25 would appear in the true vertical from
      all sides. Because of manufacturing tolerances permitted in the assembly
      of vehicle bodies, the surfaces to which the retractor mechanism are
      secured may vary from vehicle to vehicle. As a result, the longitudinal
      axis of the pendulum device 25 may deviate from the true vertical. The
      present invention accommodates such deviations.
PAR  The support bracket 26 is preferably molded of a low friction plastic
      material and has one end 27 supported on the side wall 13 and the other
      end 28 supported on the side wall 14 of the frame 19. Intermediate its
      ends and substantially centrally thereof, the support bracket 26 has a
      horizontal platform portion 29 which appears at an angle to the upper
      surfaces 31 of the support bracket 26 which are perpendicular to the frame
      side walls 13-14. It will be understood that if the frame 19 was adapted
      to be mounted with its longitudinal axis extending in a direction
      perpendicular to ground level, the upper surface of the support bracket 26
      would be an uninterrupted planar surface normal to the frame side walls
      13-14.
PAR  The platform portion 29 has an upstanding circular boss 32 which has an
      aperture 33 through its center. At its upper end the aperture 33 is formed
      as a spherical socket 34 and at its lower end the aperture is formed with
      a conical taper 35. In effect, the circular boss 32 with the aperture 33
      therethrough forms an annular raised wall surrounding the socket 34.
PAR  The pendulum device 25 comprises a stem 36 having a cap 37 at its upper end
      and a pendulum mass 38 at its other or lower end. The cap 37 has a
      spherical segment 39 on its stemmed side or underside, the spherical
      segment being complementary to the socket 34 whereby the socket and
      spherical segment coact to form a gimbal means providing a universal pivot
      axis about which the pendulum device 25 is swingable. The upper surface 41
      of the cap is also a spherical segment having a radius such that as the
      pendulum device 25 swings about the gimbal means the upper surface 41 of
      the cap maintains at the most tangential contact with the underside 42 of
      the center portion 24 of the locking bar 19. The latter is usually gravity
      held in its lower or nonratchet engaging position.
PAR  It will be understood that the pendulum device stem 36 projects through the
      aperture 33 in the platform 29 so that the pendulum mass 38 is suspended
      therebeneath.
PAR  On its underside between the spherical segment 39 and its outer edge 43,
      the cap 37 is undercut to form an annular recess 44 adapted to fit over
      the top of the annular wall 32 surrounding the socket 34. There is
      sufficient clearance between the upper surface of wall 32 and the base of
      the recess so that the pendulum device is permitted to tilt about the
      gimbal means (ball 39 and socket 34) through the extent indicated by the
      angle .theta. as indicated in FIG. 2.
PAR  The angle .theta. is preferably on the order of 31/2.degree.. This means
      that the retractor mechanism 10 may be installed with the pendulum device
      tilted .+-. 31/2.degree. from its optimum or true vertical position
      without causing any displacement of the locking bar 19 towards ratchet
      plates 17. It means further that the vehicle body may be tilted within the
      .+-. 31/2.degree. range without causing the retractor mechanism to lock
      up. This is because the spherical surface 41 of the cap maintains only
      tangential contact with the underside 42 of the locking bar 19 as long as
      it swings about the universal pivot axis of the gimbal means formed by the
      ball or spherical segment 39 and spherical socket 34. Beyond the
      31/2.degree. permitted displacement, a further condition occurs as may
      best be seen with reference to FIG. 3.
PAR  When the pendulum device is tilted beyond the angle .theta., the pivot axis
      is shifted from the pivot axis of the ball and socket or gimbal means to a
      pivot axis formed by the base of the recess 44 abutting the top surface of
      the annular wall 32. Because of the shifting of the pivot axis the cap 37
      is eccentrically tilted whereby the cap surface diametrically opposite the
      point abutting the top of the annular wall 32 is lifted and carries the
      locking bar 19 upward into ratchet plate 17 engageable position. That is,
      the locking bar is carried into a position in which the locking pawls 23
      thereon engage the ratchet teeth 18 and hold the reel against rotation in
      belt protraction direction.
PAR  The annular wall 32 in the recess 44 wall coact to prevent lateral shifting
      of the pendulum device 25 relative to the planar surface of the platform
      29 despite the fact the spherical segment or ball 39 is lifted out of its
      socket.
PAR  It has been determined that the compound movement of the pendulum device 25
      required to cause movement of the locking bar 19 into ratchet plate
      engagement position has very little effect on the time element involved
      for the reel lock up to occur. During the initial movement of the pendulum
      device 25 in response to a sudden deceleration of a vehicle, the pendulum
      device is free to move without any resistance from the locking bar 19. The
      pendulum device 25 is thus able to accelerate faster than it would if it
      had to lift the locking bar 19 upon being moved from an at rest position.
      With the construction and arrangement embodied in the present invention,
      the extra momentum that the pendulum device 25 is able to achieve before
      impacting and raising the locking bar 19 causes the latter to be driven
      more quickly into ratchet plate engagement once it is impacted by the
      pendulum cap 37.
PAR  It is to be understood this invention is not limited to the exact
      construction illustrated and described above, but that various changes and
      modifications may be made without departing from the spirit and scope of
      the invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A seat belt retractor mechanism having a belt reel rotatably mounted on
      a shaft journalled in a support frame,
PA1  the reel at each of its ends having a circular ratchet plate,
PA1  a locking bar paralleling the reel shaft pivotally mounted in the support
      frame for movement into engagement with the ratchet plates to hold the
      reel against rotation in seat belt protraction direction,
PA1  and an inertia sensor comprising a pendulum device engageable with the
      locking bar to drive the latter into ratchet plate engagement,
PA1  wherein the improvement comprises:
PA1  a support bracket on the support frame beneath the locking bar from which
      the pendulum device is suspended,
PA1  the support bracket and pendulum device having coacting gimbal means
      providing a first universal pivot about which the pendulum device is
      displaceable from a vertical equilibrium position to a predetermined
      position in which the pendulum device maintains proximate contact with the
      locking bar without causing movement of the latter toward the ratchet
      plate,
PA1  and the support bracket and the pendulum device having further coacting
      means operative on displacement of the pendulum device beyond a
      predetermined position providing a second pivot about which the pendulum
      device is swingable independently of the gimbal means,
PA1  the pendulum device upon being swung about the second pivot having a part
      thereof abutting the locking bar to raise the latter into ratchet plate
      holding engagement.
NUM  2.
PAR  2. A seat belt retractor mechanism having a belt reel rotatably journalled
      in a support frame,
PA1  the reel at each of its ends having a circular ratchet plate,
PA1  a locking bar pivotally mounted in the support frame parallel to the reel
      shaft for movement into engagement with the ratchet plate to hold the reel
      against rotation in seat belt protraction direction,
PA1  a support bracket on the support frame having a substantially vertical
      aperture therethrough and a ball socket facing the locking bar at the
      upper end of the aperture,
PA1  a pendulum comprising an elongated stem having a cap at one end and a
      pendulum mass at the other end,
PA1  the cap having a spherical segment on the stem side thereof,
PA1  the spherical segment being seated in the ball socket with the stem
      projecting through the support bracket aperture to suspend the pendulum
      mass therebelow,
PA1  the pendulum cap having its upper portion in tangential proximity to the
      locking bar whereby, as the pendulum swings about a universal pivot formed
      by the ball and socket through a predetermined angle from the normal, no
      displacement of the locking bar toward the ratchet plate occurs,
PA1  the cap of the pendulum upon the latter being swung beyond the
      predetermined angle being tilted independently of the ball and socket
      pivot about a pivot formed by a cap portion adjacent the spherical segment
      abutting a portion of the support bracket whereby the cap surface
      diametrically opposite the abutting edge will rise and abut the locking
      bar to move the latter into ratchet plate engagement.
NUM  3.
PAR  3. A seat belt retractor mechanism according to claim 2, in which:
PA1  the upper portion of the pendulum cap is also a spherical segment.
NUM  4.
PAR  4. A seat belt retractor mechanism according to claim 3, in which:
PA1  the portion of the support bracket coacting with the cap edge portion
      comprises an annular raised wall surrounding the socket,
PA1  the cap edge portion having an annular recess in which the annular wall is
      seated,
PA1  the wall and recess coacting to prevent lateral displacement of the
      pendulum when the cap lower spherical segment is lifted out of its socket.
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ABST
PAL  Automatic stop mechanism for an electronic tape apparatus such as a tape
      recorder. The stop mechanism operates mechanically and comprises a driven
      rotor or disc, a sensing wheel cup mounted on the disc, and an operating
      lever kicking out an unlocking means in order to cut off an electric
      driving source. When voltage of the source is lowered, the operating lever
      effectively operates by means of a centrifugal clutch mechanism contacting
      the sensing wheel cup. The clutch mechanism suitably cuts communication
      between the rotor and a tape reel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an automatic shut-off device for a tape transport
      mechanism such as of a tape recorder and more particularly to a device for
      automatically and mechanically effecting the shutting off of a tape
      transport mechanism through detection of stops of tape transport members
      such as reel beds or idlers upon completion of tape transport or feeding
      in forward or reverse directions of a tape, which device is capable of
      effectively performing automatic shut-off during tape transport at a high
      speed.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an automatic shut-off
      device wherein a driven rotary body such as a fly-wheel, which is directly
      connected to a drive source, is associated with a detecting wheel adapted
      to normally rotate conjointly with said rotary member to convey the
      rotation to a tape transport member such as a reel bed or an idler and
      cause displacement in a rotational sense with the drive rotary member by a
      load applied due to stopping of the tape transport member upon the
      completion of tape transport, and a locking member keeping the tape
      running is adapted to be released, upon the rotational displacement of the
      detecting wheel, by a release actuating member associated with the drive
      rotary member.
PAR  It is anothr object of the present invention to provide an automatic
      shut-off device wherein a detecting wheel is connected to a rotary drive
      member under a highly-loaded condition during the feeding of a tape and
      which is adapted to be immediately disconnected from said rotary member
      when a heavy load is applied to said detecting wheel due to stopping of
      tape transport members upon completion of the tape feeding, thereby to
      race said drive rotary member without exerting a brake action by said
      detecting wheel on said rotary member, The invention is effective for
      keeping the original powerful rotation of said rotary member effectively
      and effecting a releasing of a locking member accurately, as well as
      overcoming possible shortages in power of said drive rotary member due to
      possible voltage drop. The invention is also adapted for permitting
      employment of a motor of small capacity as a drive source and promoting
      saving of electric power consumption.
PAR  It is a further object of the present invention to provide an automatic
      shutting-off device wherein a release actuating member for a locking
      member is kept in a retracted position so as not to collide against said
      locking member during the feeding of a tape and is to project when
      required, to prevent unintentional or inadvertent actuation of the locking
      member into the release actuating position, and wherein said release
      actuating member is composed of a biasing member and a kick-out member
      whereby the locking member is displaced into the release actuating
      position by said biasing member which is in turn released by said
      kicking-out member moved conjointly with a rotary drive member to let said
      biasing member retract simultaneously for automatic resetting into a
      standby position for further operation.
PAR  It is a still further object of the present invention to provide an
      automatic shut-off device which is capable of being formed so compactly
      that it is substantially of a size and a thickness of a fug-wheel, because
      of its specified coaxial arrangement, thereby to save a space therefor in
      a tape recorder etc.
PAR  It is a still further object of the present invention to provide an
      automatic shut-off device wherein a rotary drive member and a detecting
      wheel are connected through a torsion spring coil and a clutch and the
      engagement of the clutch is rotationally improved to overcome possible
      disadvantages due to a construction such that a spring to be employed is
      not strong because a strong spring applies a load torque and exerts
      undesirable effect upon release of the clutch, thus enabling a strong
      spring to be employed and the clutch to operate accurately.
PAR  It is a still further object of the present invention to provide an
      automatic shut-off device wherein a kick-out member is adapted to depress
      a biasing member irrespective of the engaging position of said biasing
      member and a control member, in a position wherein said kick-out member is
      rotationally displaced by play with reference to the drive rotary member,
      wherein the biasing member is positively depressed to be reset,
      irrespective of the position of the kick-out member for kicking and
      releasing said locking member when the kick-out member is pushed back upon
      collision against a locking member.
PAR  It is a still further object of the present invention to provide an
      automatic shut-off device wherein a detecting wheel provided coaxially
      with a drive rotary member has an annular rib at its inner periphery
      concentric therewith and the rib is adapted to abut upon and be borne by,
      at its outer periphery, said drive rotary member, thereby to eliminate
      possible lag caused therebetween and possible disorder concerning the
      operation period of a clutch caused by such lag.
PAR  It is a still further object of the present invention to provide an
      automatic shut-off device as mentioned above wherein the outside of a
      detecting wheel is borne by a roller member provided in a rotary drive
      member, thereby to reduce frictional resistance at the bearing portion
      between said drive rotary member and the detecting wheel, assuring smooth
      rotation.
PAR  It is a still further object of the present invention to provide an
      automatic shut-off device as mentioned above wherein the contact between a
      roller member and a detecting wheel is made more tightly through resilient
      means, thereby to minimize noise possibly produced between said roller
      member and said detecting member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical sectional view of a main portion of one form of an
      automatic shut-off device according to the present invention;
PAR  FIG. 2 is an exploded view of the device of FIG. 1;
PAR  FIG. 3 is a plan view of the device of FIG. 1;
PAR  FIGS. 4 and 5 are horizontal sectional views showing operative states of
      the device of FIG. 1;
PAR  FIG. 6 is a diagrammatic view showing the relationship between the racing
      operation of a fly-wheel and projection timing of a biasing member;
PAR  FIG. 7 (I) and (II) is a diagrammatic view showing characteristics of
      torque for releasing a clutch;
PAR  FIGS. 8 to 17 show another form of an automatic shut-off device according
      to the present invention wherein a clutch itself is provided with a bias
      for disengagement;
PAR  FIG. 13 is more particularly a sectional view taken along line A--A of FIG.
      11;
PAR  FIG. 14 is more particularly a similar sectional view taken along line B--B
      of FIG. 11;
PAR  FIG. 15 is more particularly a sectional view taken along line C--C of FIG.
      12; and
PAR  FIG. 16 is more particularly a plan view showing an elongated leg of a main
      clutch member positioned on certain convex portions after disengagement
      from other concave portions;
PAR  FIG. 18 is an explanatory view showing a cause of possible misoperation of
      a biasing member;
PAR  FIG. 19 is an explanatory view showing a counter measure against such
      misoperation;
PAR  FIG. 20 is a perspective view of the apparatus of FIG. 19;
PAR  FIG. 21 is a partially cut out side elevational view showing a detecting
      wheel borne at its outside by a fly wheel;
PAR  FIG. 22 is a perspective view of the detecting wheel;
PAR  FIG. 23 is a perspective view showing a further automatic shut-off device
      according to the present invention wherein a roller member is provided in
      a fly wheel;
PAR  FIG. 24 is a partially cut out side-elevational view of FIG. 23; and
PAR  FIG. 25 is a side-elevational view showing a roller member provided with a
      resilient edge which is flexible through contact with the detecting wheel.
DETD
PAC  DETAILED DESCRIPTION
PAR  According to the present invention, there is provided an automatic shut-off
      device for use with a tape recorder which consists essentially of a rotary
      drive member such as a fly-wheel connected directly to a drive source. A
      detecting wheel is mounted coaxially with said rotary drive member and is
      adapted to connect with a tape transport member such as an idler on a reel
      bed, conveying rotation, as well as detect a load caused due to stopping
      of said tape transport member upon the completion of the tape transport
      and cause rotational displacement in relation with said drive rotary
      member due to said load. A lock release actuating member is provided in
      association with said drive rotary member and is adapted to release a
      locking member in a position to keep the tape transporting, according to
      said rotational displacement.
PAR  In FIG. 1, there is shown a frame 1 of a tape recorder to which a hollow
      cylindrical shaft 2 is fixed. A bearing bushing 2a is fitted in and fixed
      in said shaft 2. Said bushing 2a rotatably bears a capstan shaft 3. To
      said capstan shaft 3 is fixed a fly-wheel 4 or a rotary drive member which
      has a pulley portion 4a formed integrally therewith. Said pulley portion
      4a is connected, through a belt (not shown), to a motor or a drive source.
      On said fly-wheel 4, there are mounted, as shown in FIG. 2, a transmission
      member 5, an auxiliary clutch member 6, a main clutch member 7, a coil
      spring 8, a biasing member 9, a control member 10, a torsion coil spring
      11, a kick-out member 12, a detecting wheel 13, an actuating disc member
      14 and a pinion 15.
PAR  The fly-wheel 4 has an annular concave portion 4c around and concentric
      with a base portion 4b formed centrally thereon. In said concaved portion
      4c is rotatably fitted the transmission member 5 of cup-like shape which
      is formed to conform to said concave portion 4c. Said transmission member
      5 is formed with a gear 5a on the periphery of its upper portion. Said
      gear 5a is adapted to mesh with the pinion 15 which is mounted on the
      fly-wheel 4 at its concentric position. The pinion 15 is adapted to be
      rotated intermittently by meshing with a tooth 13a provided on the inside
      of the detecting member 13. The pinion 15 has alternating long and short
      teeth 15a and 15b. Both of said long and short teeth 15a and 15b are
      always kept in mesh with gear 5a of the transmission member 5 as mentioned
      in detail later, referring to its operation, while only the short teeth
      15b are adapted to be in mesh with the tooth 13a of the detecting member
      13. When said short teeth 15b are in a position as shown in FIG. 4 wherein
      said short teeth 15b are not in mesh with said tooth 13a, the long teeth
      15a adjacent said short teeth 15b slide on an annular protuberance 13b
      provided on the detecting member 13 at a position higher than said tooth
      13a. Thus, the pinion 15 is not rotated in such circumstances.
PAR  The transmission member 5 is provided with two cams 5c having slanting
      portions 5b at their respective forward ends, which are formed centrally
      at equal distances in the circumferential direction so as to stand up and
      are adapted to release the clutch. Said cams 5C have a stroke of a certain
      length to keep a period of released state for the time during which the
      fly-wheel 4 rotates several times. The slanting portion 5b of the cam 5c
      is adapted to abut upon and is allowed to push up associated slanting
      portion 7b of cam 7a which is formed on a lower surface of the main clutch
      member 7 accommodated in and supported by the transmission member 5. The
      cam 7a is formed at two positions spaced equally in the circumferential
      direction and has a stroke of the same length as the cam 5c. The main
      clutch member 7 has a long and short cut-out clutch engaging portion 7c
      and 7d which are adapted to removably engage a long and short protuberance
      6a and 6b respectively of the auxiliary clutch member 6 accommodated in
      and supported by an inner hollow portion of the transmission member 5.
PAR  The control member 10 formed as an annulus is rotatably fitted around the
      boss portion 4b of the fly-wheel 4. Said control member 10 is formed at
      the periphery thereof with a vertical cut-out portion 10a which is adapted
      to engage with a projection 5d formed on the transmission member 5 to
      convey rotation from said transmission member 5 to the control member 10.
PAR  Said control member 10 is formed with a flange 10b extending outwardly at
      its upper end portion. Said flange 10b is adapted to abut upon and be
      supported by a stepped portion 9a formed on the inside of the biasing
      member 9 formed as a ring and fitted around said control member 10. The
      coil spring 8 is mounted between a lower surface of the biasing member 9
      and the main clutch member 7 to urge the engagement of the clutch members
      and projection of the biasing member 9 and the control member 10. An upper
      face of said flange 10b of the control member 10 acts as a depressing
      actuator face 10c and is formed with a cam concavity 10d with a stroke of
      a certain length for controlling the projection time of the biasing member
      9. The cam concavity 10d is provided with a follower projection 10f which
      is adapted to engage with a cam leg 12a of the kick-out member 12 to
      follow the kick-out member 12.
PAR  Said kick-out member 12 is further provided with a projection 12b formed to
      project upwardly and is adapted to strike and push out a locking member as
      mentioned later. Said projection 12b is adapted to extend always through
      an elongated slot 14a formed on the actuating disc member 14 in the
      circumferential direction. Said elongated slot 14a is provided with a
      projection 14b. The distance between said projection 14b and one end 14c
      of said elongated slot 14a is predetermined to have a certain length of
      stroke for an operation explained later.
PAR  Said biasing member 9 has a projection 9b for displacing the locking member
      into a release actuating position upon striking of said locking member.
      Said projection 9b is fitted in another slot 14d of the actuating member
      14 only for receiving said projection 14, extending a little therethrough.
PAR  The actuating member 14 has centrally an engaging slot 14e which is formed
      so as to conform to an engaging portion 4d formed on the boss 4b of the
      fly-wheel 4 and is adapted to be forcibly fixed thereinto for conjoint
      movement. Said actuating member 14 further has a follower leg 14e which is
      formed to extend downwardly. The follower leg 14e is adapted to removably
      engage with a cutout 7e formed on the main clutch member 7 with its upper
      end operated. A stopper 13d is formed on a lower end of a barrel portion
      13c of the detecting wheel 13 and is adapted to be positioned in a
      rotation-allowing cutout 6d formed on a periphery of the auxiliary clutch
      member 6. Said cutout 6d has, at its both ends, portions 6e for
      controlling said stopper 13d. The auxiliary clutch member 6 and the
      detecting wheel 13 have spring holder 6f and 13e, respectively, to which a
      torsion coil spring 11 tightly wound is secured at its ends, respectively,
      to couple said auxiliary clutch member 6 and said detecting wheel 13. In
      this connection, it is to be noted that the spring holder 13e of the
      detecting wheel 13 is formed of a plurality of teeth like a gear to freely
      select the position for holding the spring, thereby enabling the tension
      of said torsion coil spring 11 to be adjusted as desired.
PAR  The locking member 16 for keeping a tape running after it has been actuated
      by the projection 12b is, as shown in FIG. 3, held so as to move in the
      axial direction by a shaft 1a formed on the frame 1 and urged in one
      direction by a spring 18, while the vibration thereof is controlled by a
      stopper 19. Said locking member 16 is positioned above the actuating
      member 14 and provided with an arm portion 16a operative by the projection
      9b at its one end and kick-out portion 16b operative by a projection 12b
      at its other end. The movement of the locking member 16 in the axial
      direction releases an engaging plate of a push button (not shown).
PAR  In the embodiment shown in FIG. 1, the bearing of the detecting wheel 13 is
      not effected by fitting the barrel portion of the detecting wheel 13 to
      the inner periphery of the transmission member 5, but said detecting wheel
      13 is borne through abutment of an annular recessed face and the
      circumferential periphery of the actuating member 14.
PAR  The operation of the thus constructed automatic shut-off device is as
      follows:
PAR  When the fly-wheel 4 is rotated counterclockwise for transport of a tape,
      the members of the present automatic shut-off device are rotated
      conjointly with the fly-wheel 4. Illustratively stated, the main clutch
      member 7 is first rotated because of the engagement between the follower
      leg 14e of the actuating member 14 which is fixed to the flywheel 4 and
      the cutout 7e of the main clutch member 7. The auxiliary clutch member 6
      is then rotated conjointly with said main clutch member 7 since the clutch
      engaging portions 7c and 7d of the main clutch member 7 is engaged with
      projections 6a and 6b of the auxiliary clutch member 6, respectively. The
      detecting wheel 13 is further rotated owing to the connection between said
      auxiliary clutch member 6 and said detecting wheel 13 through the torsion
      coil spring 11 to frictionally rotate a tape transport member such as a
      reel bed, or an idler connected to said reel bed (not shown).
PAR  As depicted in FIG. 6 (I), the slanting portion 5b  of the cam 5c of the
      transmission member 5 is adapted to abut upon a slanting portion 7b of the
      cam 7a of the main clutch member 7 to allow it to be pushed upwardly.
PAR  The cam leg 12a of the kick-out member 12 abuts upon the depressing face
      10c of the control member 10 as shown in FIGS. 1 and 6(I) to suppress the
      projecting urge of said control member by the coil spring 8. Accordingly,
      in this position, the biasing member 9 which is associated with said
      control member 10 so as to follow the projecting movement thereof is in a
      compressed state and the projections 9b of said biasing member 9 which is
      engaged with the slot 14d of the actuating member 14 as shown in FIG. 1 is
      in a retracted position where it does not abut upon the locking member 16.
PAR  Under a light-loaded condition during the rotation of the members or during
      the tape transportion, the piniion 15 is in mesh only with the gear 5a of
      the transmission member 5 as shown in FIG. 4 and kept in a position where
      it is not in mesh with the tooth 13a of the detecting wheel 13, or in a
      position lagged by a rotation angle of .alpha..degree.. In this state, the
      pinion 15 has its long teeth 15a adjacent the short teeth 15b astride the
      annular protuberance 13a of the detecting wheel 13, preventing the
      rotation of the pinion 15.
PAR  The lag of .alpha..degree. as mentioned above is retained through the
      abutment of the stopper 13d of the detecting wheel 13 upon the control
      portion 6e of the auxiliary clutch member 6 as shown in FIG. 4. This
      abutment is effected by the torsion coil spring 11.
PAR  In the positional relationship among the members as mentioned above, the
      tape transport is effected. Upon completion of the tape transport, a heavy
      load is applied to the detecting wheel 13 due to the halting of the tape
      transport members, thereby to stop said detecting wheel 13 while the
      fly-wheel 4 continues to rotate. Therefore, said detecting wheel 13 is
      relatively displaced with reference to the fly-wheel 4 or the auxiliary
      clutch member 6 by more than .alpha..degree. by expanding the coil spring
      11. The short teeth 15a of the pinion 15 are then brought into mesh with
      the tooth 13a of the detecting wheel 13 in a halted position as shown in
      FIG. 5. The pinion 15 is rotated by two teeth in the present embodiment
      and the transmission member 5 in mesh with said pinion 15 is
      intermittently advanced by a predetermined distance. As a result, the
      slanting portion 5b of the cam 5c of the transmission member 5 presses the
      slanting portion 7b of the cam of the main clutch member 7 in a facing
      relation therewith, to bring the cam 7a onto the cam 5a as depicted in
      FIG. 6 (II) from a position abutting upon each other as shown in FIG. 6
      (I). The main clutch 7 integral with said cam 7a is then forcibly raised
      against the action of the coil spring 8 and the clutch engaging portions
      7c and 7d thereof are disengaged from the projections 6a and 6b of the
      auxiliary clutch member 6 to release the clutch and race the fly-wheel 4.
PAR  On the other hand, upon the release of the clutch, the auxiliary clutch
      member 6 is instantaneously returned by the action of the torsion coil
      spring 11 until the control portion 6e thereof collides against the
      stopper 13d of the detecting wheel 13. The cam 7c is forced to ride over
      the cam 5c while the fly-wheel 4 races several times (three times in the
      present embodiment), preventing the clutch from being thrown in during
      this time.
PAR  The fly-wheel 4, the rotation force of which is once reduced, again
      restores its rotation force rapidly owing to its racing to cause the
      following operation. Stated illustratively, the transmission member 5 is
      intermittently rotated every engagement of the pinion 15 with the tooth
      13a by the racing of the fly-wheel 4 due to the release of the clutch, and
      the control member 10 is also rotated intermittently through said
      transmission member 5 since there upstanding portion 5d thereof is engaged
      with the cutout 10a of the control member.
PAR  According to the intermittent rotation of the control member 10 through the
      transmission member 5, the cam leg 12a of the kicking-out member 12
      positioned on the depressing face 10c of said control member 10 is hooked
      by the follower projection 10f formed on the depressing face 10c and the
      kick-out member 12 is intermittently moved conjointly with the control
      member 10. Upon this movement of the kick-out member 12, the projection
      12b thereof moves within the slot 14a formed on the actuating members 14
      according to the steps as shown in FIG. 6(II)-(III) and further moves to a
      position of the step as shown in FIG. 6 (IV) upon further intermittent
      feeding of the control member 10, where said projection 12b collides
      against the one end 14c of the slot 14a to prevent its movement.
      Accordingly, the cam leg 12a is disengaged from the follower projection
      10f and falls into the cam concavity 10d, so that the control member 10
      depressed by said cam leg 12a is pushed upwardly together with the biasing
      member 9 by the coil spring 8. The projection 9b of the biasing member 9
      extends more through the slot 14d to collide against the locking member 16
      at its arm portion 16a as shown in FIG. 4 so that the kick-out portion 16b
      of said locking member 16 is positioned in the course of the movement of
      the projection 12b. When said projection 12b collides against the kick-out
      portion 16b, said portion 16b pushes said projection 12b from the one end
      14c of the slot 14a to the projection 14b, where said projection 14b
      controls the displacement of said projection 12b thereby to effect a
      conjoint movement of said projection 12b and the actuating member 14 for
      kicking out the locking member 16. Said locking member 16 thus kicked out
      releases the engaging plate of the push button device to automatically
      shut off the mechanism.
PAR  Upon the kick-out and the release by the locking member 16, the cam leg 12a
      is disengaged from the cam concavity 10d and restored onto the depressing
      surface 10c, thereby to depress the control member 10 and let the
      projection 9b of the biasing member 9 retreat for a further tape
      transport.
PAR  In the operation mentioned above, it is to be noted that in a position
      where the projection 12b projects just beneath the arm portion 16a of the
      locking member 16, it is impossible to bias said locking member 16. In
      order to prevent this, the stroke of the cam concavity 10d wherein said
      cam leg 12a moves is made long enough to keep said projection 12b in a
      projected state for a time during which the fly-wheel 4 rotates for
      example two times in the present embodiment.
PAR  After the operation has been stopped, when the motor is driven, only the
      fly-wheel 4 is rotated and the main and the auxiliary clutch member are
      still in the released position, so that the detecting wheel does not
      immediately start its rotation. Illustratively stated, when the fly-wheel
      4 is rotated, the transmission member 5 is driven through the pinion 15
      which is in mesh with the tooth 13a of the detecting wheel 13, the cam 7a
      is disengaged from the cam 5c and the long and the short projections 6a
      and 6b are brought into engagement with the clutch engaging portions 7c
      and 7d, respectively, the clutch is thrown in and the rotation of the
      fly-wheel 4 is conveyed to the detecting wheel 13 to start the tape
      transport.
PAR  In the foregoing embodiment, the clutch engaging portions 7c and 7d of the
      main clutch member 7 are engaged with the projections 6a and 6b of the
      auxiliary clutch member 6 and the clutch is disengaged by pushing up the
      cam 7a of said main clutch member 7 with the cam 5c of the transmission
      member 5. In the thus constructed device, however, to the fly-wheel 4 are
      applied, when the tooth 13a of the detecting wheel 13 makes the
      transmission member 5 rotate through the pinion 15, a torque caused by the
      torsion coil spring 11 and a torque for the release of the clutch as
      mentioned above. Therefore, the torsion coil spring 11 is preselected so
      as to be sufficiently weak in view of the clutch releasing torque and it
      can not effectively act to absorb undesirable shock during the tape
      transportation.
PAR  In this connection, it is to be noted that it is prescribed that a torque
      for taking up the tapes is to be 60 g/cm or less at a reel shaft. The
      torque for releasing the clutch between the fly-wheel and the detecting
      wheel must be selected to be greater according to the necessity of
      rotating the tape transport members such as a reel bed and so forth by the
      fly-wheel through the detecting wheel in the forgoing embodiment. The
      lowest limit of the clutch releasing torque is thus determined.
PAR  Next, assuming that the tape transport torque is TA as shown in FIG. 7 (I),
      the amount of slippage or displacement between the fly-wheel and the
      detecting wheel during the tape feeding is .theta..sub.1. In other words,
      the .theta..sub.1 is an essential displacement for the tape feeding.
      However, in case the torque exceeds in a moment the uppermost limit TB
      corresponding to the displacement .theta..sub.2 which causes the release
      of the clutch, at the start of the tape feeding or during the tape
      feeding, the clutch is unintentionally released because of the small
      difference between .theta..sub.1 and .theta..sub.2.
PAR  In this context, another embodiment is shown in FIGS. 8 to 17 which is
      essentially identical with the foregoing in the number of members,
      structures and operations and differs therefrom in details of a main
      clutch member 7, an auxiliary clutch member 6 and a detecting wheel 13.
      Accordingly, the explanation of the present embodiment is given referring
      to the difference therebetween. Like numerals are applied to like members
      and portions and new numerals are used only to designate new members and
      portions.
PAR  In FIGS. 8 to 17, the main clutch member 7 is provided with a plurality of
      salient cams 7f having respective operating surfaces at their respective
      bottom surfaces and formed at the inner lower portion of said main clutch
      member 7 at equal intervals in the circumferential direction. Each of the
      salient cams 7f has a slanting portion 7g at one end. Between the
      respective salient cams 7f tthere are formed gaps 7h into which cams 5c
      formed on a transmission member 5 are inserted. A slanting portion of each
      of the cams 5c is adapted to abut upon said slanting portion 7g. Said main
      clutch member 7 is further provided with cutouts 7i and 7i' at its bottom
      at positions opposed to each other in the diametrical direction. In the
      thus formed cutouts are respectively inserted projections 6g and 6g'
      formed on the auxiliary clutch member 6 at its inner lower portion. Each
      of said projections has a slanting portion 6h upon which said slanting
      portion 7j formed at the one end of the respective cutouts 7i and 7i' is
      adapted to abut, thereby to normally urge the main clutch member 7 to
      disengage from the auxiliary clutch member 6.
PAR  There are, as shown in FIG. 16, formed concave portions 6i and 6i' and
      convex portion 6j and 6j' on an upper surface of each of the projections
      6g and 6g'. Said concave portions 6i and 6i' and said convex portions 6j
      and 6j' have a difference therebetween in lengths in the radial direction
      and are arranged to be concentric. On these portions are positioned
      elongated legs 7k and 7k' formed on the bottom surface of the main clutch
      member 7 and having a difference therebetween in length in the radial
      direction. When the main clutch member 7 is displaced by 180.degree., the
      elongated legs 7k and 7k ' exchange their positions on the concave
      portions 6i and 6k' and the convex portions 6j and 6j'.
PAR  Said main clutch member 7 is further formed with two engaging flanges 7l at
      required positions, defining disengaging gaps 7m therebetween. The
      engaging flanges 7l are adapted to engage with elongated control slips,
      respectively, through the respective disengaging gaps 7m.
PAR  The projection 6g' is provided with a spring holder 6f to which a torsion
      coil spring 11 carried at its one end by a spring holder 13e of the
      detecting wheel 13 is fixed at its other end.
PAR  The gist of the operation is given in the following:
PAR  During the tape feeding or tape transportation, the main clutch member 7 is
      connected to an actuating disc member 14 which is fixed to the fly-wheel
      4, the slanting portion 7j of said main clutch member 7 comes to abut upon
      the slanting portion 6h formed on the projections 6g and 6g' of the
      auxiliary clutch member 6 from the position of FIG. 10 to the position of
      FIG. 11 and the main and the auxiliary clutch member 7 and 6 are kept in
      engagement with each other since the control portion 13g of the detecting
      wheel 13 is positioned above the engaging flange 7l of the main clutch
      member 7, preventing the main clutch member 7 from being raised.
PAR  Upon the completion of the tape feeding, a load is applied to the detecting
      wheel 13 to halt the rotation of said detecting wheel 13 while the
      by-wheel 4 and the main clutch member 7 continue to rotate. This rotation
      causes the disengaging gap 7m of the main clutch member 7 to reach a
      position of the control portion 13g in a halted state as shown by a dotted
      line in FIG. 11, wherein the control portion 13g is shown to be positioned
      in the disengaging gap 7m upon relative rotation of the detecting wheel
      13, and the main clutch member 7 is raised by itself through the rotation
      of the fly-wheel 4 against the action of the coil spring 8 since the
      slanting portion 7j of the main clutch member 7 normally abuts upon the
      slanting portion 6h of the auxiliary clutch member 6 to be raised thereby.
      As a result, the engaging flange 7l of the main clutch member 7 is
      positioned on the control portion 13g of the auxiliary clutch member 6 as
      shown in FIG. 12 to disengage the main and the auxiliary clutch member
      from each other, and race the fly-wheel 4. Upon the release of the clutch,
      the auxiliary clutch member 6 is quickly moved by the action of the
      torsion coil spring 11 until its projections 6g and 6g' are stopped by the
      one end of the control portion 13g of the detecting wheel 13. On the other
      hand, the fly-wheel 4 is raced and the pinion 15 is brought into
      engagement with the tooth 13a to intermittently drive the transmission
      member 5. The cam 5c of said transmission members 5 readily enters below
      the bottom of the salient cam 7f of the main clutch member 7 which has
      been already raised, through the slanting portions 7g and 5g, thereby to
      maintain the racing of the fly-wheel 4. In the foregoing embodiment, the
      cam 5c acts to release the clutch and maintain the racing of the fly-wheel
      4, whereas in the present embodiment, it acts only to maintain the racing
      of the fly-wheel 4.
PAR  As far as the elongated legs 7k and 7k' are not in a position to fall in
      the concave portions 6i and 6i' but in a position to ride on the convex
      portions 6j and 6j', as shown in FIG. 16, the main clutch member 7 is kept
      in a raised position, leaving the clutch released.
PAR  In the present embodiment, the releasing of the clutch is effected by the
      rotating force of the main clutch member 7 without utilizing the torque of
      the torsional coil spring 11. Owing to such construction, it is possible
      to make larger the difference between the essential displacement
      .theta..sub.1 during normal tape transport and the displacement
      .theta..sub.2 to effect clutch releasing. As a result, it becomes possible
      to make the angle of .alpha. between the pinion 15 and the tooth 13a
      larger, thereby to solve the problem that the clutch is possibly released
      when not required.
PAR  A further embodiment of the present invention is also illustrated. In the
      position shown in FIG. 6 (III) wherein the projection 12b of the kick-out
      member 12 is positioned in the slot 14a at a position intermediate the
      ends and the cam leg 12a is engaged with the follower projection 10f, if
      some external force is applied to the projection 12b to disengage said cam
      leg 12a from the follower projection 10f, the projection 9a of the biasing
      member 9 is undesirably projected, so that it becomes impossible for the
      projection 9ato retreat by the projection 12b of the kick-out member 12
      (see FIG. 18).
PAR  In order to eliminate this problem, the biasing member 9 is provided with a
      receiving portion 9c and the kick-out member 12 is provided with another
      cam leg 12c for pressing said receiving portion 9c as shown in FIGS. 19
      and 20. Said cam leg 12c is adapted to align with said receiving portion
      9c and the biasing member 9 is pressed into the resetting position through
      the pressing of said cam leg 12c against said receiving portion 9c when
      the projection 12b of the kick-out member 12 is displaced to another end
      14c of the slot 14a.
PAR  A still further modification is not given below. For example, in the
      structure shown in FIG. 1, the detecting wheel 13 is formed with the
      annular concave portion 13f and borne by the outer periphery of the
      actuating member 14 fixed to the by-wheel 4, and there is a relationship
EQU  TLd.sub.1 &lt; TLd.sub.2
PAL  where d.sub.1 is a diameter of the actuating member 14 and d.sub.2 is a
      diameter of the opening of the detecting wheel 13.
PAR  After the actuating member 14 has rotated n times, the detecting wheel has,
      in relation with said actuating member 14, a lag
EQU  nTL(d.sub.2 -d.sub.1).
PAR  This lag will cause the rotational angle .alpha..degree. predetermined as
      shown in FIG. 4 to be gradually decreased and finally release the clutch
      after the tape is played many times.
PAR  In order to eliminate these troubles, it is proposed that the detecting
      wheel 13 be borne on its outside. Stated illustratively, in this proposed
      structure, the detecting wheel 13 tends to gain upon the actuating member
      14 and the rotational angle .alpha..degree. in FIG. 4 in increased. This
      tendency is very effective in view of the fact that it increases torque
      for releasing the clutch.
PAR  An example of the structure where the detecting wheel 13 is borne on its
      outside is shown in FIGS. 21 and 22. The detecting wheel 13 is provided
      with a concentric annular rib 13i on the inside thereof. The outer
      periphery of said annular rib 13i is adapted to be fitted in and supported
      by an annular concave portion 4e formed integrally with the fly-wheel 4.
PAR  Another example of the structure is shown in FIGS. 23 and 24, wherein
      roller members 17 are provided on the fly-wheel 4 at equal intervals in
      well-balanced positions. Each of said roller member 17 bears the outer
      periphery of a bearing portion 13j provided on the detecting wheel 13.
PAR  A still further modification is given, wherein the roller members 17 are
      each provided, on their respective peripheries, with resilient edges 17a
      (see FIG. 25) which are flexible through a the contact, with the detecting
      wheel 13. Thus, this resilient edge as specified acts effectively to
      prevent a rotational noise which is likely to be generated in case the
      detecting wheel 13 is borne by an ordinary roller members.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic stop unit for use with a tape recorder, comprising
PA1  a fly-wheel;
PA1  an idler wheel disposed concentrically relative to said fly-wheel;
PA1  clutch means which connects and thereby provides linkage between said
      fly-wheel and said idler wheel such that, when a braking load greater than
      a determined magnitude is applied to the idler wheel, said clutch means
      permit relative rotational slip between said two wheels which disconnects
      the linkage between said wheels; and
PA1  actuator means actuated when the linkage is disconnected between said
      wheels, said actuator means including an external actuating element.
NUM  2.
PAR  2. An automatic stop unit according to the claim 1, comprising
PA1  a first projection in which said actuator means is so supported as to be
      freely projected and retracted in the axial direction of the fly-wheel;
      wherein, when said two wheels are linked together by way of said clutch
      means, said first projection is at a retracted position and, when said two
      wheels are disconnected, said first projection moves toward the projecting
      position and, at the projected position, said external actuating element
      is pushed and moved from a normal position to a second position with the
      rotation of said wheels: and
PA1  a second projection which cooperates with said external actuating element
      with the rotation of the wheels.
NUM  3.
PAR  3. An automatic stop unit according to the claim 1, wherein said external
      actuating element is a lever mechanism which interrupts the supply of
      drive force to the fly-wheel.
NUM  4.
PAR  4. An automatic stop unit according to claim 2, comprising
PA1  a control member in which is incorporated a control means which controls
      the projecting timing of the first projection of said actuator means, and
      wherein said control means is intermittently rotated by the fly-wheel
      which is driven even after the clutch means has been disconnected; and
PA1  means which projects said first projection when said control means is moved
      in the circumferential direction by a determined distance.
NUM  5.
PAR  5. An automatic stop unit according to claim 4, wherein said first
      projection and control member are constituted as a single unit.
NUM  6.
PAR  6. An automatic stop unit according to claim 4 comprising a resilient means
      which always pushes the first projection toward the projecting position,
      said control member being fitted to a cam leg formed on the second
      projection and being held at the retracted position of the first
      projection against the pushing force of said resilient means, a cam notch
      being formed on the surface to which is fitted said cam leg of said
      control member, so that when said cam notch and cam leg are aligned
      together, both the control member and the first projection are displaced
      toward the projecting position by way of said resilient means.
NUM  7.
PAR  7. An automatic stop unit according to claim 5, comprising a resilient
      means which always pushes the first projection toward the projecting
      position, said control member being fitted to a cam leg formed on the
      second projection and being held at the retracted position of the first
      projection against the pushing force of said resilient means, a cam notch
      being formed on the surface to which is fitted said cam leg of said
      control member, so that when said cam notch and cam leg are aligned
      together, but the control member and the first projection are displaced
      toward the projecting position by way of said resilient means.
NUM  8.
PAR  8. An automatic stop unit according to claim 6, comprising annular rib
      concentric on the inner side of the idler wheel, a groove which fits to
      said rib being provided on the inner side of said fly-wheel, the idler
      wheel being fitted to the spindle of the fly-wheel upon contact with said
      rib and groove.
NUM  9.
PAR  9. An automatic stop unit according to claim 6 comprising roller members
      separated in circumferential direction on the fly-wheel, said roller
      members being rotated upon contact with the peripheral surface of the
      spindle of the idler wheel, whereby the edler wheel is supported on the
      fly-wheel.
NUM  10.
PAR  10. An automatic stop unit according to claim 9, an annular edge which can
      undergo resilient deformation protruding on the peripheral surface of said
      roller members.
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ABST
PAL  A transportation machine such as a ballistic missile disposed for operation
     n a linear path is provided with a chassis including an aerate atmosphere
      and a gyroscopic rotor for development therearound of a pressurized aerate
      ring and for axial orientation in the linear path. A stabilizer develops
      signals responsive to differences in pressures between the aerate
      atmosphere and the pressurized ring for rotation of the chassis to axial
      coincidence with the rotor responsive to the signals.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of our earlier application Ser. No. 438,919,
      filed Feb. 1, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Current stabilizers require pressurized fluid supply sources and various
      methods are used to measure the effect of streams of the pressurized fluid
      directed against a gyroscopic rotor. All such devices tend to degrade the
      gyroscope performance and consequently the output signal of the stabilizer
      by causing the gyroscope rotor to case erect. Also the externally
      pressurized jet streams of many of the devices cause turbulent conditions
      in pickoffs resulting in undesirable noise in the output signal thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The ability of a gyroscopic rotor operating in the gaseous atmosphere of a
      container to develop a pressurized encircling ring of the gas is utilized
      in the current device. Spaced probes sample the gas in the aerate
      atmosphere and in the ring and torques are applied to restore the
      container to axial coincidence with the rotor responsive to inequalities
      in the probe pressures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of a ballistic missile transportation machine.
PAR  FIG. 2 is a sectional view of the transportation machine of FIG. 1.
PAR  FIG. 3 is a partial sectional view of the transportation machine chassis in
      misalignment with the rotor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A transportation machine such as ballistic missile 11 disposed for powered
      operation in the linear portion 12 of a trajectory is provided with a
      chassis 13 having an axis 14 and enclosing an aerate atmosphere 15. A
      gyroscopic rotor 17 in regular spherical frustum form is disposed for
      rotation about an axis 18 supported by air jets 19 in a spherical bearing
      21 with a center 22. A device 23 for caging rotor 17 and spaced jets 25
      are simultaneously activated through conduit 26 respectively for uncaging
      rotor 17 and for impinging on buckets 27 for rotation of rotor 17 to a
      normal speed, after which rotor 17 is permitted to coast. Pairs of similar
      coplanar sensors 29 are disposed on chassis 13 in quadrature relation with
      chassis axis 14 (one pair is shown) for sampling the pressures of the
      aerate atmosphere and of the pressurized aerate ring developed around
      rotor 17 by rotation thereof.
PAR  In operation, rotor axis 18 is aligned with linear path 12 as shown in FIG.
      2 and deviations of chassis axis 14 from coaxial relation with rotor axis
      18 are reflected in differences in pressures between the coplanar sensors
      29 of the pairs to provide signals for augmentation in amplifier 31.
      Chassis 13 is provided with jets 30 corresponding to the sensor pairs to
      rotate chassis 13 for alignment of axes 14 and 18 responsive to the
      augmented signals.
PAR  FIG. 2 is depicted with chassis axis 14 and rotor axis 18 coincident as
      caging device 14 is retracted. Rotor 17 is in zero imbalance since equal
      pressures are developed in sensors 29 for transportation machine 11 to
      proceed along linear path 12. FIG. 3 reflects maximum imbalance of rotor
      17 with the upper sensor 29 shown reflecting only the ambient pressure of
      chassis 13 while the lower sensor 29 includes full pressure from the
      aerate ring.
PAR  As shown in FIG. 3, axis 14 has been diverted from coincidence with axis 18
      due to external forces to set up maximum imbalance between upper sensor 29
      shown as sensing aerate atmosphere 15 and lower sensor 29 sensing the
      aerate ring developed around rotor 17. Positions of rotor 17 between FIGS.
      2 and 3 reflect imbalances in the pressures sensed by sensors 29 to
      activate the chassis jets for rotation of axis 14 about center 22 to
      coincidence with axis 18.
CLMS
STM  We claim:
NUM  1.
PAR  1. A transportation machine for operation in a linear path comprising:
PA1  a chassis for enclosing an aerate atmosphere and a regular frustumed
      spherical gyroscopic rotor disposed for axial direction in the linear path
      and for development therearound of a pressurized aerate ring; and,
PA1  a stabilizer with means for development of signals responsive to
      differences in pressures between said ring and said atmosphere and means
      for rotation of said chassis to axial coincidence with said rotor
      responsive to said signals.
NUM  2.
PAR  2. A transportation machine as in claim 1 comprising: a missile for
      operation in the linear portion of a trajectory.
NUM  3.
PAR  3. A transportation machine as in claim 1 with said development means
      including pairs of coplanar probes disposed in said chassis in peripheral
      quadrature relation to said rotor to provide said differences between
      pressures in the coplanar probes.
NUM  4.
PAR  4. A transportation machine as in claim 3 with said signal development
      means including an amplifier for augmentation of said signals.
NUM  5.
PAR  5. A transportation machine as in claim 4 with jets disposed on said
      chassis for said rotation.
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ABST
PAL  An improved flight control system for use in guided missiles having a
      plurality of individually actuable control surfaces is shown. In order to
      overcome the deleterious effects of aerodynamic cross-coupling between
      control surfaces at a high angle of attack, the disclosed system includes
      means for first determining the lift force and roll moment of each control
      surface, and then, in accordance with the determined values of such forces
      and moments, controlling separately the total pitch lift force, yaw lift
      force and roll moment generated by all control surfaces. Any desired
      maneuver, either in pitch or yaw (or both), may therefore be executed
      without causing any unwanted motion of the missile, such as motion in an
      undesired plane or rolling of the missile.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of Defense.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to missile flight control systems and
      particularly to those in which the missile is a body of revolution with
      four movable control surfaces, commonly referred to as "control fins," in
      a cruciform array.
PAR  It is well known in the art that a missile of the type herein contemplated
      for guided atmospheric flight may be required to maneuver in any lateral
      direction during an interception of a target and that any required
      maneuver may be effected by appropriate aerodynamic lift forces determined
      by a flight control system. In order to permit a maneuver in any lateral
      direction regardless of angle of attack, such a missile has at least two
      axial planes of symmetry forming a cruciform cross-section on the arms of
      which four identical movable control surfaces (and sometimes four
      identical fixed surfaces) are disposed. The flight control system
      typically consists of a pitch autopilot and a yaw autopilot for
      controlling lateral acceleration of the missile in two mutually orthogonal
      planes and, additionally, a roll autopilot. The roll autopilot is required
      to maintain a nominally constant roll attitude so that the other two
      autopilots can function normally without compensating for rapid rolling
      and so that the missile radar seeker (if such a seeker is used) can
      maintain the proper orientation with respect to the polarization of
      external radar signal. In many missiles, each autopilot has a rate
      gyroscope for damping feedback, and in the case of pitch and yaw, an
      accelerometer for the measurement and feedback of lateral acceleration in,
      respectively, the pitch and yaw planes. The autopilots then generate
      commands for a control actuation system which in turn moves the four
      control fins as required to effect any desired maneuver.
PAR  The control actuation system includes conventional actuators to turn the
      control fins relative to the body of the missile and, in some missiles,
      other apparatus such as servoamplifiers and potentiometers to control fin
      angle. The primary purpose of the control fins is to develop aerodynamic
      moments on the missile for flight control, although a secondary purpose
      may be to develop lift for lateral acceleration as in a canard-controlled
      missile. In the case when the missile guidance system calls for a constant
      pitch acceleration, the pitch autopilot changes the deflection of the
      appropriate control surfaces; at equilibrium, however, fin deflections are
      constant and a constant angle of attack is maintained, with constant
      lateral acceleration in the pitch plane.
PAR  A practical interceptor missile must rely mainly on aerodynamic lift of its
      body at an angle of attack to develop the necessary large lateral
      accelerations for homing on a target (which ordinarily is moving and which
      may be taking evasive action). In general, such aerodynamic lift is
      developed by controlling the angle of attack (meaning the angle between
      the longitudinal centerline and the velocity vector of the missile) with
      control moments from the control fins. It is evident larger air pressures
      exist on the windward portions of the missile than on leeward portions and
      that concomitant differences in air pressure exist on the different
      control fins. For a high dynamic pressure of the free-stream, e.g. at high
      Mach number and low altitude, only a small angle of attack is necessary
      for a moderate lateral acceleration. In this case the four control
      surfaces (and four fixed surfaces, if provided) are about equally
      effective, and the three autopilots function independently without
      significant coupling effects.
PAR  For high altitude flight with a low free-stream dynamic pressure, a large
      angle of attack, e.g. over 20.degree., may be required to develop
      sufficient aerodynamic lift for homing. In this case the windward control
      surfaces are subjected to appreciably higher air pressures than the
      leeward surfaces. Moreover, the nose and wiring humps (if any) cause air
      vortices which change the air pressure distribution over the various
      control surfaces. Hence, the effectiveness, i.e. the lift force per degree
      of deflection, is higher for a windward control surface than for the
      diametrically opposite leeward control surface. Each of the three
      conventional autopilots deflects one or two diametral pairs of the control
      surfaces through equal deflections. The final result in such a situation
      is that the pitch or yaw fin deflections can induce unwanted roll moments,
      while the roll fin deflections can induce unwanted pitch or yaw moments.
      Such induced unwanted moments may be termed "aerodynamic cross-coupling."
PAR  The problem of aerodynamic cross-coupling is not restricted to a missile
      with a simple body-tail configuration. The problem is complicated, with a
      winged missile, by the vortices formed by the wings, or strakes. Such
      vortices impinge on the control surfaces and change the distribution of
      local air pressures on such surfaces. The problem is also complicated with
      a canard-controlled missile where movable forward surfaces cause a
      changing downwash impinging on the aft fixed surfaces to induce unwanted
      moments.
PAR  Such aerodynamic cross-coupling causes unwanted rolling of the missile,
      interferes with proper guidance and may even cause a loss of stability in
      the flight control system.
PAR  In order to overcome the problems of aerodynamic cross-coupling, various
      missile configurations have been proposed. Thus, for example, a
      "ring-tailed" species of missile which has a bracelet-shaped airfoil
      supported by fixed thin struts from the body of the missile with an
      annular space has been devised. The airfoil provides the desired lift
      force with a minimum of an unwanted roll moment. Unfortunately, however,
      such a missile is expensive and the airfoil cannot be deflected to allow
      complete control of missile direction. Another type of missile utilizes a
      spinning tail section supported on a roll bearing; such an arrangement is
      not susceptible to induced roll moments, but cannot counteract roll
      moments due to other reasons.
PAR  At the present state of development of the art, most guided missiles
      utilize a cruciform configuration for the control surfaces or fins. A
      newly considered "interdigitated" missile of such configuration has four
      movable tail fins and four fixed strakes alternately and evenly disposed
      around the missile. During an intercept the missile is rolled so that
      required lateral maneuvers take place in the most favorable plane relative
      to the control fins. While the missile may be so rolled during the initial
      and midcourse phases of an intercept, in the rapidly changing terminal
      phase of homing, the requisite control of roll attitude is almost
      impossible to achieve. Thus, although cross-feeds between the roll and yaw
      autopilots are provided, the flight-control-system stability of such a
      missile is still somewhat marginal at high angles of attack. More
      recently, it has been proposed to utilize an on-board digital computer in
      a cruciform missile to develop fin commands which will minimize adverse
      aerodynamic cross-coupling, but this technique will require appreciable
      data storage and computation.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a primary object of this invention to provide a flight
      control system for a guided missile whereby the effect of aerodynamic
      cross-coupling is minimized, thereby improving the stability of the flight
      control system and the accuracy of guidance.
PAR  Another object of this invention is to meet the primary object without
      resorting to a radical aerodynamic configuration with high drag or high
      cost or other disadvantages.
PAR  These, and other objects of this invention to be discerned, are attained
      generally in my system wherein the control of lift forces and roll
      moments, rather than angles or rates of the control fins, is utilized to
      attain the desired maneuver and to suppress aerodynamic cross-coupling
      during all phases of an intercept.
PAR  My contemplated system is characterized by: (a) Four conventional cruciform
      control surfaces, each hinged to the missile through an inner and an outer
      bearing; (b) an actuator for each such surface; (c) electrical means for
      measuring bearing-reaction force in the direction of the adjacent
      hinge-line at the inner bearing and at the outer bearing of each control
      surface; (d) means for computing the aerodynamic force component
      (hereinafter referred to as either the "aerodynamic" or "lift" force) in
      the direction of the adjacent hinge line and roll moment of each control
      surface from its two bearing-reaction-force signals; (e) a pitch autopilot
      with conventional amplifiers and instruments to command control fin lift
      forces so as to control the pitch lateral acceleration of the missile; (f)
      a corresponding yaw autopilot; (g) a roll autopilot to command control fin
      roll moments so as to maintain a preferred roll orientation of the
      missile; and (h) auxiliary means to suppress excessive drag of the four
      control fins.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of my invention, reference is now made to
      the following description of a preferred embodiment as illustrated in the
      accompanying drawings wherein:
PAR  FIGS. 1A and 1B are sketches of a cruciform body-tail missile, simplified
      to illustrate the location and orientation of the control fins and how
      unwanted roll moments are induced. Aerodynamic forces F.sub.1 through
      F.sub.4 are all in the plane of the hinge-lines, i.e. the plane of FIG.
      1A;
PAR  FIG. 2 is a sketch of a cruciform body-tail missile illustrating generally
      my concept of determining and controlling the total pitch force, yaw force
      and roll moment of the control fins so as to reduce the induced roll
      moments and other aerodynamic cross-coupling effects;
PAR  FIG. 2A is a cross-section of the sketched missile in the plane of the four
      hinge-lines of the control fins, showing one control fin and its two
      bearings, but not its actuator;
PAR  FIG. 2B is a free-body diagram of the control fin illustrated in FIG. 2A
      showing the bearing-reaction forces and the total aerodynamic lift force,
      the latter being shown for convenience as concentrated at the center of
      pressure on the control fin;
PAR  FIG. 3 is a simplified block diagram illustrating my concept of controlling
      the pitch deflection of control fins in a cruciform missile by measuring
      bearing reaction forces; and
PAR  FIG. 4 is a block diagram of a complete flight control system incorporating
      my concepts, such system including pitch, yaw and roll autopilots.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before referring to the FIGURES, it is first noted that a cruciform
      body-tail missile is preferred because it has no surfaces other than the
      four control surfaces to induce unwanted moments when the angle of attack
      is varied.
PAR  FIG. 1A and 1B illustrate the problem of aerodynamic cross-coupling in a
      simple case. It will be seen that a cruciform body-tail missile includes a
      streamlined body 10 having individually movable control fins 12, 14, 16,
      18. In the illustrated example the control fins 16, 18 are rotated to
      cause the exemplary angle of attack of the missile 10 in the pitch plane
      as shown. If, then, the control fins 12, 14 were to be rotated through
      equal angles by a conventional autopilot to cause the missile 10 to yaw,
      it is obvious that the aerodynamic force, F.sub.3, on the windward control
      fin 14 would be greater than the corresponding force, F.sub.1, on the
      leeward control fin 12. Therefore, an undesired roll moment in addition to
      the desired yaw moment would be induced, thereby causing the missile to
      roll until the roll autopilot is able to stop such rolling by equal roll
      deflections of all four control fins. Such roll deflections would, in
      turn, induce an unwanted yaw moment. In some cases such aerodynamic
      cross-coupling could result in unacceptably poor rolling guidance, or even
      loss of stability of the flight control system.
PAR  It is evident that, in any body-tail missile, virtually all of any roll
      moment, whether wanted or unwanted, is exerted on the four movable tail
      fins. Also, most of any change in total pitch force, or total yaw force,
      due to control fin deflection is that corresponding respectively to a
      change in the aerodynamic forces F.sub.2 and F.sub.4 or to a change in the
      aerodynamic forces F.sub.1 and F.sub.3. In my contemplated flight control
      system as illustrated in FIG. 2, the aerodynamic forces F.sub.1, F.sub.2,
      F.sub.3, F.sub.4 and the associated control-fin roll moments L.sub.1,
      L.sub.2, L.sub.3, L.sub.4 are determined. If there is a net algebraic sum
      of the fin roll moments, induced by the maneuvering deflections of the
      control fins, then the fins are moved differentially to null out any such
      sum of the roll moments. Therefore, any desired yaw or pitch maneuver
      would be accomplished without inducing any significant roll moments to
      cause unwanted rolling by applying appropriate control-fin forces.
PAR  Referring now to FIG. 2 it may be seen that many components of my
      contemplated flight control system are conventional. Thus, assuming that
      the missile is to be guided toward a target (not shown) using the well
      known "proportional navigation" technique, a sensor 13 is mounted to track
      the target thereby producing a boresight error signal which is fed to a
      guidance system 15 to produce command signals for autopilots 17. All of
      the aforementioned components preferably are conventional except that the
      autopilots 17 are arranged to produce pitch-force-command,
      yaw-force-command and roll-moment-command signals rather than
      control-fin-deflection command signals as are customarily produced. These
      command signals are applied to a force and moment computer 19 (whose
      elements will be discussed hereinafter) along with bearing-reaction-force
      signals from a plurality of bearing-reaction-force sensors 20S (whose
      elements will also be discussed hereinafter). Suffice it to say here that
      the force and moment computer 19 combines the aforementioned command
      signals and the bearing-reaction-force signals to produce fin error
      signals which cause each one of the control fins 12, 14, 16, 18 to be
      deflected, by means of conventional control fin amplifiers and actuators
      20, until the flight path of the missile is changed as required to null
      out the rate of angular rotation of the line of sight from the missile to
      the target. The deflections of the control fins 12, 14, 16, 18 are
      effected in such a way as to cancel unwanted roll moments, thereby
      reducing undesirable aerodynamic cross-coupling between control fins to an
      acceptable level.
PAR  Referring now to FIGS. 2A and 2B, the bearing-reaction forces of an
      exemplary one of the control fins in the plane of its adjacent hinge
      lines, i.e. forces F.sub.i(2) and F.sub.o(2) in the case of control fin
      16, are measured so that the aerodynamic force F.sub.2 and the roll moment
      L.sub.2 due to movement of such control fin may be computed. If, then, the
      corresponding lift force and roll moment due to movement of the remaining
      control fins are computed, the induced rolling moment L may be determined
      as the sum (L.sub.1 +L.sub.2 +L.sub.3 +L.sub.4) and the control fins may
      be moved to counteract such moment. It is desired to perform the
      measurements of bearing-reaction forces with mechanically stiff
      instrumentation producing electrical signals, such as calibrated strain
      gauges mounted between the bearings and the supports for the bearings.
PAR  It is apparent that the lift force F.sub.2 in the plane of the adjacent
      hinge lines is given by:
EQU  F.sub.2 = F.sub.o(2) - F.sub.i(2)
PAL                                                             (1)
PAL  where each term is defined above.
PAR  Referring now to FIG. 3 it may be seen that electrical signals F.sub.i(2)
      and F.sub.o(2) from strain gauges 19i, 19o are connected to a block 21.
      These electrical signals, it will be noted, are analogous to the
      bearing-reaction forces within the bearings of control fin 16; it follows,
      then, that these electrical signals depend on the deflection of the
      control fin 16 and the velocity and altitude of the missile 10. The block
      21 contains conventional summing circuitry and amplifier means to produce
      an electrical signal, K.sub.G F.sub.2, proportional to the lift force
      F.sub.2. In like fashion electrical signals from strain gauges 22i, 22o
      are connected to block 23 to produce an electrical signal K.sub.G F.sub.4
      proportional to the lift force F.sub.4. Further, as will be shown in FIG.
      4, electrical signals corresponding to forces F.sub.1 and F.sub.3 are
      similarly generated.
PAR  The electrical signals K.sub.G F.sub.2 and K.sub.G F.sub.4 are connected to
      a summer 25 which is also fed by a pitch force command signal indicative
      of the fin pitch force (here generated in a manner to be described)
      required during flight to maneuver the missile 10 in its pitch plane. (The
      pitch plane is perpendicular to the pitch axis in FIG. 1A and the pitch
      force is along the yaw axis of rotation.) The output of the summer 25 is
      an error signal to two conventional servo-amplifiers 27, 29 which, in
      turn, control two conventional actuators 31, 33, here shown, for
      simplicity, causing the control fins 16, 18 to rotate together until the
      error signal goes to zero.
PAR  The pitch force command signal is here generated by a pitch autopilot 40
      responsive to electrical signals, i.e. a pitch acceleration command
      signal, a pitch accelerometer signal and a pitch rate gyro signal. Thus,
      the pitch acceleration command signal is generated, in any convenient
      known way, in response to a boresight error signal (pitch) from the
      sensor. The pitch accelerometer signal is also generated in a conventional
      way by an accelerometer in the missile which produces a signal
      proportional to the actual acceleration of the missile in the vertical, or
      pitch, plane, i.e. the lateral acceleration of the missile in the pitch
      plane. The two aforementioned signals are connected to a summer 41 whose
      output in turn is connected to an amplifier 43. The output of the latter
      then is an electrical signal proportional to the difference between a
      desired acceleration of the missile in the pitch plane (represented by the
      pitch acceleration command signal) and the actual acceleration of the
      missile in the pitch plane. Because the aerodynamic characteristics of the
      missile are such that direct application of the output of the amplifier 43
      to the control fin actuating devices would result in unwanted oscillatory
      rotation (instability) about the pitch axis, conventional damping and
      stabilization circuitry is provided. Such circuitry here is shown to
      include: A summer 45, to which the output of the amplifier 43 and an
      electrical signal analogous to the actual pitch rate of the missile around
      the pitch axis is applied; an integrator 47 and an amplifier 49; and, a
      summer 51 to derive, from the output of the amplifier 49 and the output of
      the pitch rate gyro, an electrical signal proportional to the desired
      pitch-force-command signal. This latter electrical signal is then
      impressed on an amplifier 53, the gain of which is predetermined for the
      particular aerodynamic characteristics of the missile to produce, finally,
      a desired pitch-force-command signal. Further, it is apparent that
      multiplication of F.sub.2 by a moment arm from the center of gravity
      (c.g.) of the missile to the center of pressure of the fin (which moment
      arm is nearly constant) gives the pitching moment exerted by control fin
      16. The rolling moment L.sub.2 exerted by control fin 16 on the missile 10
      is given by:
EQU  L.sub.2 = r.sub.i(2) F.sub.i(2) - r.sub.o(2) F.sub.o(2)    (2)
PAL  Hence, simple analog techniques with resistors and amplifiers can be
      employed to compute F.sub.2 and L.sub.2 from F.sub.i(2) and F.sub.o(2).
PAR  Referring now to FIG. 4 it may be seen that the control fin position
      arrangement shown in FIG. 3 may be adapted for use in a missile with a yaw
      autopilot and a roll autopilot as well as a pitch autopilot. The algebraic
      sign convention in FIG. 4 is such that the fin forces F.sub.1 and F.sub.3
      in FIG. 1A and corresponding fin angles d.sub.1 and d.sub.3 (not labeled)
      are positive, while the fin forces F.sub.2 and F.sub.4 in FIG. 1A and
      corresponding fin angles d.sub.2 and d.sub.4 are negative; moreover, in
      FIG. 4 the individual fin roll moments L.sub.1, L.sub.2, L.sub.3 and
      L.sub.4 are all positive in the clockwise direction shown in FIG. 1A.
PAR  As will be seen when the adaptation contemplated is properly made, the
      position of each one of the control fins 12, 14, 16 and 18 of a cruciform
      missile may be independently changed to produce the desired fin pitch
      force and fin yaw force, to counteract the deleterious effect of induced
      roll moment, and to counteract the deleterious effect of the "non-control
      force," to be explained later. It will be noted here that, for
      convenience, elements shown in FIG. 3 which appear also in FIG. 4 will be
      designated as in FIG. 3. Further, elements which have functions
      corresponding to the functions of elements shown in FIG. 3 will be
      designated using either letter or numeral subscripts. With the foregoing
      in mind, it may be seen that the pitch autopilot 40 in FIG. 4 is the same
      as the pitch autopilot 40 FIG. 3 and that the yaw autopilot 40y in FIG. 4
      has elements corresponding to those of the pitch autopilot 40, the
      difference between the two being the input signals applied thereto and the
      gain of the various amplifiers. The roll autopilot 40r contains only
      damping and stabilization elements because such autopilot need only
      suppress the roll rate of the missile and maintain a nominally constant
      roll attitude.
PAR  The output signals of the pitch autopilot 40, the yaw autopilot 40y and the
      roll autopilot 40r are respectively a pitch-force-command signal, a
      yaw-force-command signal and a roll-moment command signal. These signals
      are fed respectively to summers 25, 25y and 67. The first two of the
      aforementioned summers are also respectively connected to the outputs of
      blocks 21 and 23 and to the outpus of blocks 21 and 23.sub.(14). The
      output of the summer 25, then, is the difference between the
      pitch-force-command signal and the total lift force signal on the control
      fins 16, 18 for reasons discussed in connection with FIG. 3; the output of
      the summer 25y is the difference between the yaw-force-command signal and
      the total lift force on the control fins 12 and 14. The output of the
      summer 25 is connected to a summer 61 and a summer 63.
PAR  Each one of the summers 61, 63 is here shown as having two inputs in
      addition to the input from summer 25. The first of these additional inputs
      is taken, through an amplifier 65, from a summer 67. The inputs to the
      latter are the roll moment command signal from the roll autopilot 40r and,
      by way of summers 69, 71, 73, the total roll moment to which the control
      fins 12, 14, 16, 18 are subbjected at any time. In other words, the output
      of the amplifier 65 is an electrical signal, proportional to the error in
      total roll moment, which calls for counteracting angular deflections from
      all four fins. The second additional input to the summers 61, 63 is taken,
      through an amplifier 75 from a summer 77, the output of which is the
      "noncontrol force," defined as (F.sub.1 -F.sub.2 -F.sub.3 +F.sub.4). By
      illustration, let all forces in FIG. 1A be equal at equal radii, and let
      the directions of F.sub.3 and F.sub.4 be opposite to that shown. Then,
      since F.sub.1 and F.sub.4 are positive, while F.sub.2 and F.sub.3 are
      negative, the "noncontrol force" is 4F.sub.1, but the fin-pitch-force,
      fin-yaw-force and fin-roll-moment are all zero. Such unneccessary and
      ineffective deflections of the control fins cause an undesirable
      deceleration of the missile. Therefore, feedback through the summing point
      77 is provided so as to cause fin deflections to null the deleterious
      "noncontrol force." In a similar fashion, each one of a pair of summers
      81, 83 is fed by a yaw-force-command signal (from the yaw autopilot 40y by
      way of summer 25y and an inverter 79), a roll moment error signal (from
      amplifier 65) and an induced roll moment signal (from amplifier 75). In
      essence then the control fins are actuated at each moment during flight in
      such a manner that the desired fin-pitch-force and fin-yaw-force are
      provided for maneuvering, while the induced roll moment and the
      deleterious "noncontrol force" are eliminated. It follows then that,
      regardless of the angle of attack or of the altitude of the missile at any
      time, the aerodynamic cross-coupling from pitch and yaw into roll is
      virtually eliminated, while the aerodynamic cross-coupling from roll into
      pitch and yaw is sharply reduced.
PAR  Having described a flight control system configured to overcome the problem
      of aerodynamic cross-coupling between control fins, it will not be obvious
      to one of skill in the art that the described system is a new method for
      controlling missiles. That is, I contemplate that maneuvering of a missile
      be controlled by measuring the aerodynamic forces and roll moments (or
      forces directly related to the aerodynamic forces and roll moments) on the
      control fins of the missile and then controlling the deflection of each
      control fin to allow any desired maneuver to be effected without any
      significant aerodynamic cross-coupling between such fins. It will also be
      clear to one of skill in the art that the particular embodiment in FIGS. 1
      through 4 may be modified without departing from my inventive concepts.
      For example, the missile in FIG. 1 could have strakes to increase lift
      without significantly increasing the coupling from pitch or yaw fin
      deflections to roll moment. The missile could utilize three equally-spaced
      control fins instead of the usual four, at a saving in cost and weight. In
      FIGS. 1A and 4 it is possible to have the pitch (or yaw) autopilot command
      all four fins if the pitch (or yaw) plane is defined as being 45.degree.
      away from the fins. In FIG. 4 a roll-angle command may be added to the
      roll autopilot 40r. Moreover, other types of rate gyro and accelerometer
      feedback and other types of compensation may be used in the autopilots. It
      is felt, therefore, that this invention should not be restricted to its
      disclosed embodiment, but rather should be limited only by the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a flight control system for a cruciform missile having opposite pairs
      of control fins disposed around the body of such missile, the aerodynamic
      force on each one of such control fins during flight being dependent upon
      the angle of attack of such missile, the improvement comprising:
PA1  a. means for continuously measuring the aerodynamic force on each separate
      one of the opposite pairs of control fins of the cruciform missile during
      flight and for producing a set of analogous electrical signals;
PA1  b. computer means, responsive to the set of analogous electrical signals,
      for producing a first signal corresponding to the roll moment imparted to
      the cruciform missile by the aerodynamic force on the opposite pairs of
      control fins and for producing a second output signal corresponding to the
      sum of the differences in the aerodynamic forces on opposite pairs of
      control fins; and
PA1  c. amplifier and actuator means, responsive to the first and the second
      signal out of the computer means, for independently rotating each separate
      one of the opposite pairs of control fins to null the first and the second
      signals out of the computer means, thereby to equalize the aerodynamic
      force on each one of the control fins.
NUM  2.
PAR  2. The improvement as in claim 1 having, additionally:
PA1  a. autopilot means for producing roll command signals as required during
      flight of the cruciform missile; and
PA1  b. means for combining the roll command signals out of the autopilot means
      with the second output signals out of the computer means to cause the
      cruciform missile to roll as required during flight.
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ABST
PAL  A rocket having flip out tail fins with cooperating surfaces on said fins
      d the rear of said rocket to maintain said fins in extended position.
      Spring means for urging said cooperating surfaces into engagement with
      each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a tube launched rocket the tail fin structure must be capable of being
      folded or retracted to within the missile profile while the missile is
      within the launch tube. The fins must then be capable of extension into
      the air stream after launch. Means must be provided to firmly maintain
      said fins in their extended position.
PAR  In accordance with the need it is an object of this invention to provide a
      flip out fin structure which can be maintained in its extended position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of the rear portion of a missile illustrating the
      fins of the present invention.
PAR  FIG. 2 is a section illustrating the fin mounting shown with the fin in
      retracted position.
PAR  FIG. 3 is a similar view to FIG. 2 showing the fin in extended position.
PAR  FIG. 4 illustrates the mounting for the movable ring associated with the
      fin shown in FIGS. 2 and 3 the fin being in retracted position.
PAR  FIG. 5 is similar to FIG. 4 and shows the ring with the fin in extended
      position.
PAR  FIG. 6 shows a different fin mounting structure with the fin in retracted
      position.
PAR  FIG. 7 is similar to FIG. 6 but shows the fin in extended position.
PAR  FIG. 8 illustrates another embodiment of the fin mounting structure with
      the fin in retracted position.
PAR  FIG. 9 is similar to FIG. 8 but shows the fin in extended position.
PAR  FIG. 10 shows still another fin mounting with the fin shown in retracted
      position.
PAR  FIG. 11 is the same as FIG. 10 but shows the fin in extended position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and particularly to FIGS. 1 through 5, 10
      generally indicates the rear portion of a missile. Four fins, only three
      of which are shown at 12, 14, and 16, are attached to the rear end of the
      missile 10. Each of the fins is attached to the missile 10 in the same
      manner. A shroud 18 is attached to the missile 10 and the fins are adapted
      to project through slots in the shroud.
PAR  A ring 20 is mounted to the rear of missile 10 by several shouldered bolts
      22 as illustrated in FIGS. 4 and 5. The ring 20 is freely slideable on the
      bolts 22 and a series of Belleville type spring washers 24 are located
      between the ring and the heads of the bolts.
PAR  At four points spaced around the periphery of the rings are outwardly
      projecting lugs or bosses 26. The hub portion 28 of the fin 12 is
      positioned between lugs 26 and a hinge pin 30 pivotally mounts the fin 12
      to the ring 20. A projecting lug 32 is formed integral with each hub 28
      and bears against the rear surface of the missile 10.
PAR  As the fin 12 moves outwardly from the position illustrated in FIG. 2 the
      position illustrated in FIG. 3, the ring 20 moves closer to the rear
      surface of the missile 10 under the influence of the Belleville springs
      24. The projecting lug 32 prevents return of the fin 12 to its closed
      position.
PAR  Referring now to FIGS. 6 and 7 two spaced lugs or bosses 40 are formed at
      four points around the periphery of the rear of the missile 10 and project
      rearwardly therefrom. In this configuration the fin 12 is provided with a
      hub 28' pivotally mounted on a hinge pin 30' which extends between the
      lugs 40.
PAR  The hub 28' is provided with a flat surface 42. Another flat surface 44 is
      adjacent to flat surface 42 and at an angle with respect thereto. A lug 46
      projects outwardly from the flat surface 46.
PAR  The rear of the missile 10 is provided adjacent the fin hub 28' with a
      diagonal flat surface 48. Adjacent each hub 28', the rear of the missile
      10 is provided with a recess 50. A plunger 52 is slidably received in each
      recess 50 and is spring pressed rearwardly by a spring 54. The plunger 52
      is provided with an outwardly facing flat surface 56. The rearmost end of
      the surface 56 is cut out as recessed as indicated at 58.
PAR  As the fin 12 moves from its retracted position illustrated in FIG. 6 to
      its extended position illustrated in FIG. 7 the flat surface 42 on the hub
      28' abuts the flat surface 48 on the rear of missile 10 to limit the
      outward movement of the fin 12. The plunger 52 moves rearwardly under the
      influence of the spring 54 until the flat surface 56 thereon abuts the
      flat surface 44 on the hub 28' thus wedging the fin 12 in its extended
      position. The lug 46 is received within the recess 58 on the plunger 52 to
      further lock the fin 12 in its extended position.
PAR  Referring now to the modification illustrated in FIGS. 8 and 9, the hub 28"
      of the fin 12 is mounted between two lugs 40' on the missile 10 by a hinge
      pin 30". The hub 28" is provided with a radially extending pin 60 which
      projects slightly beyond the periphery of the hub 28". As shown in the
      drawings the outer end of pin 60 is rounded.
PAR  A recess 64 is provided in the rear portion of the missile 10 and a plunger
      66 is slideably mounted in the recess 64. A spring 68 normally urges the
      plunger 66 rearwardly toward the hub 28". The rearmost end of plunger 68
      is arcuate as shown at 70 and is provided with a central circular recess
      72.
PAR  When the fin 12 moves from its retracted position shown in FIG. 8 to its
      extended position shown in FIG. 9, the pin 60 is aligned with the recess
      72 in the plunger 66. The plunger 66 then moves rearwardly under the
      influence of spring 68 until the recess 72 embraces the pin 60 to lock the
      fin 12 in its extended position.
PAR  In the modification shown in FIGS. 10 and 11, the fin 12 is provided with a
      hub 28"' mounted on a hinge pin 30"' between lugs 40". The hub is provided
      with two flat surfaces 80 and 82 formed at substantially right angles with
      each other on a lug 84 formed on the hub 28"'. The surface 80 is recessed
      to provide a lip 86.
PAR  A plunger 90 is slideable in a recess 92 formed in the rear of missile 10.
      A spring 94 normally urges the plunger 90 rearwardly toward the hub 28"'.
      The rearward end 98 of the plunger 90 is arcuate and the end of the
      arcuate section is cut off as indicated at 100.
PAR  When the fin 12 moves from its retracted position illustrated in FIG. 10 to
      its extended position illustrated in FIG. 11, the lug 84 rides on the
      arcuate end portion 98 of plunger 90. When the fin 12 is fully extended
      the flat surface 82 on the lug 84 abuts a surface 102 on the rear of
      missile 10 limiting further extension of fin 12. At this point the lip 86
      on lug 84 is aligned with the recess 100 on the plunger 90. The spring 94
      urges the plunger 90 rearward interengaging the lip 86 and the recess 100
      prevent inward movement of the fin 12.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flip out tail assembly for a missile comprising a ring adjacent the
      rear end of the missile,
PA1  bolts mounting said ring for axial movement relative to said missile,
PA1  spring means between said ring and the heads of said bolts normally urging
      said ring forward relative to said missile,
PA1  four fins hinged to said ring equidistant therearound,
PA1  a shroud assembly fixed to the missile having four longitudinal slots
      formed therein through which the fins are adapted to project,
PA1  lug means on each of said fins adjacent the hinge point,
PA1  flat surfaces on the rear portion of said missile for cooperation with said
      lug means whereby forward movement of said ring causes said fins to move
      outwardly and lock in extended position.
NUM  2.
PAR  2. A flip out tail assembly as set forth in claim 1 wherein the spring
      means between said ring and said bolt heads are Belleville type spring
      washers.
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ABST
PAL  An aircraft in which a concavo-convex disc carries a hub at its center. An
      engine carried by the hub provides vertical lift for the aircraft. The
      aircraft is stabilized by the rotation of the disc relative to the hub.
      This rotation is induced by a plurality of nozzles carried by disc through
      which a portion of the engine exhaust passes.
BSUM
PAR  This invention relates generally to aircraft and more specifically to a
      gyroscopically-stabilized vertical takeoff and landing aircraft.
PAR  It is known in the prior art to provide apparatus which combines the
      Frisbee flight principle (as generally described in U.S. Pat. No.
      3,359,678) with vertical thrust means to deliver military illumination
      flares. This combination is shown in the American Institute of Aeronautics
      and Astronautics Paper No. 72-982 dated Sept. 11, 1972. This prior art
      does not teach an aircraft in which the thrust means is used to induce
      rotation of the disc.
PAR  The instant invention provides an aircraft which combines the Frisbee
      flight principle with rocket or jet-powered vertical thrust means wherein
      the vertical thrust means is used to induce rotation of the disc as well
      as lift or separate thrust means is provided to induce rotation.
PAR  A primary object of this invention is to provide an aircraft taking
      advantage of the trajectorial lift found in the spin effect for vertical
      takeoffs and landings as well as hovering, rapid acceleration and extreme
      maneuverability.
PAR  A further object of this invention is to provide an aircraft combining the
      Frisbee principle of flight with conventional vertical thrust means.
PAR  A further object of this invention is to provide an aircraft in which
      conventional vertical thrust means is used to induce rotation of a disc
      forming a portion of the air foil, thereby inducing gyroscopic
      stabilization of the aircraft.
PAR  A further object of this invention is to provide an aircraft power plant
      which is gyroscopically stabilized.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following description of a preferred embodiment and the drawings
      wherein:
PAR  FIG. 1 is an elevational front view, in section, of the aircraft;
PAR  FIG. 2 is an bottom view of the aircraft;
PAR  FIG. 3 is an elevational view, in section, of a portion of the aircraft;
PAR  FIG. 4 is an elevational view, in section, of a portion of the aircraft;
PAR  FIGS. 5a,5b,5c,5d, and 5e are schematic representations of a portion of the
      invention;
PAR  FIG. 6 is a front elevational view, partially in section of a portion of
      the landing gear;
PAR  FIG. 7 is a schematic representation of the operation of a portion of the
      invention;
PAR  FIG. 8 is a bottom view of an alternate form of the invention;
PAR  FIG. 9 is a bottom view of yet another form of the invention; and
PAR  FIG. 10 is a bottom view of still another embodiment of the invention.
DETD
PAR  Referring to FIG. 1, a circular disc 10 of concavo-convex cross section is
      provided having a circular opening 11 at its center.
PAR  A hub 20 is disposed in a circular opening 11 of disc 10. Hub 20 has a
      T-shaped flange 21 extending around its periphery. Disc 10 has a U-shaped
      edge 12 which engages flange 21. Bearing means 30, shown best in FIG. 3,
      comprising ball bearings or other suitable bearings are provided between
      flange 21 and the U-shaped portion 12 of disc 10.
PAR  Hub 20 carries thrust means 40. Thrust means 40 may be a rocket motor or a
      jet engine. Thrust means 40 is mounted on a swivel 41. Thrust means 40
      rotates about the axis of swivel 41 as described below for the purpose of
      maneuvering the aircraft.
PAR  As best shown in FIG. 3, thrust means 40 comprises a combustion chamber 42
      and a thrust chamber 43. The main thrust of the engine is directed along
      the path of the arrow 44 by the downwardly extending mouth 45. Thrust
      means 40 may be articulated about the axis of swivel 41 by the relative
      motion of a pinion gear 46 against a ring gear 47. Pinion gear 46 is
      connected to thrust means 40 by struts 50, 51 and 52. FIG. 1 shows engines
      40a and 40b articulated such that their output thrusts are parallel but
      inclined from the vertical to cause forward motion of the aircraft.
PAR  A payload carrying compartment 190 is provided on hub 20 and houses the
      various control mechanisms to operate the aircraft. Air intake 191 is
      provided in hub 20 connecting thrust means 40 to the atmosphere. Air
      intake 191 is not necessary when rocket engines are used as thrust means
      40.
PAR  Referring to FIG. 2, four separate thrust means 40, mounted on hub 20
      90.degree. apart are utilized to provide power for the aircraft.
PAR  The flight of the aircraft is stabilized by the rotation of disc 10
      relative to hub 20. Disc 10 is rotated by the force of the exhaust of
      thrust means 40 passing through nozzle means 60. A plurality of nozzle
      means 60 also provides a portion of the vertical thrust. Nozzle means 60
      extend through the lower surface 15 of disc 10. At least two of the
      plurality of nozzle means 60 are oriented in a direction to induce
      rotation of disc 10 as a portion of the exhaust fluid from thrust means 40
      passes through them. By orienting nozzle means 60 in a direction such that
      the output jet of the nozzle contains a component in a direction
      tangential to the circular periphery of disc 10, the orientation will
      induce rotation of disc 10.
PAR  Diversion means 70 is provided to direct a portion of the exhaust of thrust
      means 40 through nozzle means 60. Diversion means 70 comprises a
      cylindrical tube or pipe 71 extending from thrust chamber 43 to nozzle
      means 60.
PAR  Referring to FIG. 4, the relation of nozzle means 60 to diversion means 70
      is shown in greater detail. Nozzle means 60 comprises a tubular elbow 61
      having an end 62 projecting through the surface 15 of the aircraft. The
      other end 63 of elbow 61 is rotatably carried in disc 10 by means of
      bearings 64 and 65.
PAR  Nozzle rotating means 80 are carried in diversion tube 71. Nozzle rotation
      means 80 comprise a plurality of electromagnets 81-90 as shown in FIGS. 5a
      through 5e.
PAR  Referring to FIGS. 5a through 5e, the viewer is looking into end 63 of
      nozzle means 60. Nozzle rotation means 80 have the effect of rotating the
      end 62 of nozzle means 60 relative to the surface 15 of the aircraft.
      Nozzle rotation means 80 comprises a plurality of electromagnets 81-90
      which are carried in diversion line 71 in hub 20.
PAR  Elbow 61 is made of a non-ferrous material so as to be insensitive to
      electromagnets 81-90. Elbow 61 carries ferrous lobes 68 and 69 which are
      sensitive to the fields of electromagnets 81-90. As different pairs of
      electromagnets are actuated as shown in FIGS. 5a-5e, lobes 68 and 69 are
      attracted to the energized electromagnets and thereby rotate elbow 61
      about the axis of diversion line or pipe 71. For example, in FIG. 5a when
      the opposed pair of electromagnets 83 and 88 are energized, lobes 68 and
      69 rotate to positions adjacent electromagnets 83 and 88 as shown. In FIG.
      5b when opposed electromagnets 85 and 86 are energized, lobes 69 and 68
      are rotated to positions adjacent thereto. FIGS. 5c through 5e show the
      relative position of elbow 61 when the remaining pairs of electromagnets
      81, 90;84, 87; and 82 and 89 are energized.
PAR  In order to prevent excessive loss of pressure between the diversion line
      71 and nozzle means 60, sealing means 90 is provided between disc 10 and
      diversion line 71. Sealing means 90 comprises a pair of metallic rings 91
      and 92 which are seated in appropriate recesses formed in disc 10.
PAR  Anti-creep booster means 100 is provided for the purpose of stabilizing hub
      20 and preventing hub 20 from rotating with disc 10. Anti-creep means 100
      comprises elbow 101 which has an end 102 extending into and covering a
      portion of diversion line 71 and an end 103 extending through surface 15
      of disc 10. Elbow 101 is mechanically rotatable about the longitudinal
      axis of diversion line 71 whereby end 103 is rotated and thereby creates
      the required counter-thrust to prevent hub 20 from rotating as well as
      providing booster thrust for maneuvers.
PAR  FIG. 6 shows the landing gear 110 utilized in the aircraft. Landing gear
      110 comprises a hydraulic telescoping shaft 111 which terminates in an
      oil-filled recess 150 fed by fluid duct 151. Hydraulic fluid or oil is
      stored in reservoir 152 internally of shaft 111. A hemispherical socket
      112 is carried at the downward end of shaft 111. A deformable, spherical
      shock absorbing pad 113 is carried in socket 112. Pad 113 covers a sphere
      117 of honeycombed aluminum. Pad 113 is held in place by ring 114. Shaft
      111 is supported laterally by hydraulic strut 115.
PAR  FIG. 7 shows a cover means 120 which is used to cover the exhaust ports of
      thrust means 40 in emergency situations such as an emergency landing on
      water. Cover 120 is normally carried in the position shown in FIG. 7. For
      an emergency landing on water, cover means 120 is placed in the position
      shown in phantom in FIG. 7 so as to cover the exhaust port of thrust means
      40. Cover means 120 comprises a disc 121 carried on a telescoping shaft
      122 connected to housing 123. Housing 123 is anchored at pin 124. Pin 125
      carried in the center of disc 121 connects to shaft 122. A connecting bar
      126 is connected to the surface of disc 121 and rotates about pin 127. In
      operation, as telescoping shaft 122 is extended outwardly from housing
      123, bar 126 swivels about pin 127 and swings disc 121 into position as
      shown in phantom over the outlet of thrust means 40.
PAR  FIGS. 8 - 10 show alternate arrangements of thrust means 140, 240 and 340.
      In each of FIGS. 8 - 10, landing gears 110 are shown.
PAR  Referring to FIG. 8, three thrust means 141, 142 and 143 are disposed at
      90.degree. angles over a total arc of 180.degree.. A fourth thrust means
      144 is utilized which directs its output thrust through diversion means
      170 into nozzle means 160 to provide rotational thrust to rotate disc 10
      relative to hub 20. Engines 141, 142 and 143 are not connected to
      diversion means 170 and are not used to rotate disc 10.
PAR  In FIG. 9 an alternate embodiment is shown in which thrust means 240
      includes stationary engines 241 and 242 wherein each direct their output
      thrust through diversion means 270 and thence through nozzle means 260 to
      rotate disc 10. A large, gimbaled primary engine 245 is also utilized at
      the center of hub 20 which directs its thrust downwardly to provide lift
      for the aircraft.
PAR  In FIG. 10 thrust means 340 includes a large single engine 341 which
      directs its thrust downwardly and a secondary smaller engine 342 which
      provides thrust laterally for rotation of disc 10.
PAR  Entrance and exit hatchways are also provided. In FIG. 2, hatchway 19 is
      positioned in the center of hub 20. Hatchway 119 in FIG. 8 is also located
      in the center of hub 20. Hatchways 219 and 319 in FIGS. 9 and 10 are
      disposed on opposite sides of the center of hub 20.
PAR  Referring to FIG. 1, disc brakes 180 are positioned on hub 20 to grasp the
      U-shaped portion 12 of disc 10 to stop rotation thereof when the aircraft
      is on the ground.
PAR  The aircraft is designed to withstand emergency landings on water. FIG. 4
      shows a cam 185 which is hydraulically operated and which seals off nozzle
      means 60 and the anti-creep booster 100 by closing off diversion line 71
      to prevent water from flooding the aircraft. In addition, cover means 120
      seals off thrust means 40 to prevent flooding of the engines.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gyroscopically stabilized aircraft having a circular disc of
      concavo-convex cross-section with a circular opening at its center, a hub
      disposed in said circular opening, bearing means disposed between said
      disc and said hub to facilitate relative rotation between said disc and
      said hub, and thrust means carried by said hub, the improvement
      comprising:
PA1  a plurality of rotatable nozzle means extending through the surface of said
      disc for inducing rotation of said disc,
PA1  diversion means for directing a portion of the exhaust from said thrust
      means through said nozzle means, and
PA1  a plurality of opposed pairs of electromagnets mounted in said diversion
      means and a pair of ferrous lobes carried by said nozzle means whereby
      said nozzle means is rotated by the selective energizing of a pair of
      opposed electromagnets which rotates said nozzle means to a position where
      said ferrous lobes are positioned adjacent the energized pair of
      electromagnets.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said thrust means is mounted in
      articulating relationship to said hub.
NUM  3.
PAR  3. The apparatus of claim 1 further comprising landing gear with deformable
      pads to absorb the shock of landings.
NUM  4.
PAR  4. The apparatus of claim 1 further comprising cover means for sealing off
      said thrust means.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said thrust means comprises four
      engines with vertically downward thrust mounted at 90.degree.  angular
      displacement from each other.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said thrust means comprises a single,
      gimbaled engine with vertically downward thrust and a second, stationary
      engine with horizontal thrust; and wherein the output of said second
      engine passes through said diversion means.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said thrust means comprises three
      articulated engines with vertically downward thrust and a fourth
      stationary engine with horizontal thrust; and wherein the output of said
      fourth engine passes through said diversion means.
NUM  8.
PAR  8. The apparatus of claim 1 further comprising braking means mounted on
      said hub to stop rotation of said disc when the aircraft is on the ground.
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ABST
PAL  A load lifting system includes a platform suspended beneath a helicopter
      and provided with an engine for supplying thrust in a vertical direction.
      The platform engine is controlled to lift the load suspended below the
      platform while the aircraft supplies the lift for supporting the platform
      and engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to aircraft cargo systems and particularly to
      a method and apparatus for carrying a load from beneath an aircraft.
PAR  Aircraft are employed extensively for carrying heavy cargo from one
      location to another, expecially in areas relatively inaccessible to cargo
      carrying land vehicles. The load is conveniently supported from a cable
      sling attached to the cargo hook of the aircraft and by means of which the
      load is lifted and deposited at a location remote from the point of
      pickup. However, the aircraft are limited in their load carrying ability
      and may support a few thousand pounds in addition to the weight of the
      aircraft itself.
PAR  Proposals have been made regarding flying a plurality of helicopters in
      tandem and/or abreast for lifting a load heavier than could be carried by
      a single helicopter. Not only does this necessitate the expense of the
      additional aircraft, but also frequently necessitates considerable
      alteration of the additional aircraft to provide either a structural
      connection or extensive electronic control between aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  According to the method and system of the present invention, a single
      aircraft, preferably a helicopter or balloon, is adapted to carry at least
      an appreciable portion of the weight of a platform suspended beneath the
      aircraft, said platform being provided with an engine or engines for
      supplying thrust in a generally vertical direction. The load or cargo to
      be carried is connected to the aforementioned platform, e.g., by being
      suspended therefrom, and an engine or engines on the platform supply the
      thrust for carrying the load. In the particular example, the aircraft
      carries a 4,000 pound platform including the weight of one or more jet
      engines mounted thereupon, and the platform engine or engines lift a
      17,000 pound load suspended therebelow. The engine or engines mounted upon
      the platform are controlled to supply less lift than would lift the
      platform and load independently, and in a particular example the platform
      engine or engines are controlled in response to the weight or pull
      measured beneath the aircraft.
PAR  In this system, the aircraft need not be altered other than by the
      provision of an aircraft terminal providing the pilot with instrumentation
      and auxiliary control of the engine or engines mounted on the platform.
      The flying and maneuvering of the system is accomplished in a conventional
      manner, with the aircraft guiding the system and load to its eventual
      destination. The platform and engine can be relatively uncomplicated, and
      are less expensive than the cost of an additional, load-sharing
      conventional aircraft.
PAR  It is accordingly an object of the present invention to provide an improved
      method and system for raising and transporting a cargo by means of an
      aircraft.
PAR  It is another object of the present invention to provide an improved method
      and apparatus for lifting a relatively large and heavy load by means of a
      helicopter or similar aircraft.
PAR  It is a further object of the present invention to provide an improved
      system and method for increasing the load handling capabilities of a
      conventional helicopter, beyond its normal rated load.
PAR  It is another object of the present invention to provide a relatively
      economical method and system for lifting a heavy load by means of
      helicopter or similar aircraft.
PAR  The subject matter which I regard as my invention is particularly pointed
      out and distinctly claimed in the concluding portion of this
      specification. The invention, however, both as to organization and method
      of operation, together with further advantages and objects thereof, may
      best be understood by reference to the following description taken in
      connection with the acompanying drawings wherein like reference characters
      refer to like elements.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is an overall side elevational view of a load carrying system
      according to the present invention;
PAR  FIG. 2 is a side view of a platform portion of the FIG. 1 system;
PAR  FIG. 3 is a plan view of an alternative and preferred platform for use with
      the FIG. 1 system;
PAR  FIG. 4 is a side view of the FIG. 3 platform; and
PAR  FIG. 5 is a block diagram of control circuitry employed with the FIG. 1
      system.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings and particularly to FIG. 1, an aircraft
      comprising in this example a helicopter 10 is provided with a load hooking
      device 11 and has suspended therebeneath a movable platform 12 which is
      attached to the aforesaid hooking device via an intermediate cable 14. The
      weight of the platform 12 including a jet engine 16 mounted thereupon is
      arranged to be within the load carrying capabilities of the helicopter 10.
      Jet engine 16 is oriented to provide thrust in a vertical direction, i.e.,
      the exhaust end 18 of the jet engine is directed downwardly and provides
      thrust for lifting load 20. Load 20 is connected to platform 12 by means
      of a sling or cable arrangement including cables 22 attached to the load,
      cables 24 extending between the legs of the platform 12 and a hook or
      junction 26 located some distance below the platform, and an intermediate
      cable 28. The spacing, in flight, between the bottom of the helicopter and
      the top of platform 12 is typically but not limited to a distance of 30
      feet, while the spacing between the load and the bottom of platform 12 is
      typically but not limited to a distance of from 30 to 200 feet. The
      construction of platform 12 is illustrated in greater detail in FIG. 2.
PAR  Referring to FIG. 2, the platform 12 is of tripod construction including
      three legs 30 provided at their lower extremity with vertically adjustable
      pads 32 adapted for supporting the platform 12 on the ground and spacing
      the exhaust end of the jet engine from the ground. The central portion of
      the platform comprises an upper hexagonal ring 34 formed of structural
      steel members, and a similarly constructed but slightly larger hexagonal
      ring 36 located below and in general alignment with ring 34 while being
      joined thereto by means of intermediate struts 38 angularly disposed
      between the corners of the upper and lower rings. Leg supports 40 are
      welded in pairs to respective legs 30 and extend upwardly and inwardly to
      adjacent corners of ring 36. Three cross braces 42 are joined to brackets
      44 mounted on the sides of legs 30, and these cross braces form a lower
      triangular configuration between the respective legs. Brackets 44 provide
      a means of connection for cables 24 via load sensors 46 adapted to support
      the entire weight of the load so these sensors can measure the weight
      according to the strain produced longitudinally in the sensors. Steel
      constructed "load cell" sensors of this type are available from Chadwick,
      Incorporated, 4375 S.W. 142nd Ave., Beaverton, Ore., as components of
      electronic weighing systems, models C-40 through C-60 which are designed
      to provide digital output readings. The sensors are selected according to
      the load limits desired.
PAR  The upper portion of the platform 12 comprises three structural steel
      support members 48 extending between corners of upper ring 34 adjacent to
      leg 30 and a common central ring member 50 to which an eye 52 is welded
      for receiving jettison hook 54. Jettison hook 54 is of a known
      construction and includes a hooking member 56 extending through eye 52,
      which member is remotely controllable from the cockpit of the aircraft for
      jettisoning the platform 12 under emergency conditons. The jettison hook
      54 in the present instance is provided with load sensors 58 and 60 by
      means of which the jettison hook 54 is supported from cable links 62 and
      64 joined to cable 14.
PAR  The platform 12 supports the jet engine 16, the latter being provided with
      support flanges 66 which are joined to upper and lower rings 34 and 36
      respectively of the platform by means of structural decks extending
      horizontally across the said rings 34 and 36. In addition, the lower ring
      36 supports an annular fuel tank 68 disposed in surrounding relation to
      the jet engine and carrying the jet fuel for operating the same. Upper
      ring 34 supports jet engine control apparatus 70 as well as control
      computer apparatus 72 which is hereinafter more fully described and which
      operates for controlling the jet engine to support the weight of the load
      20 on a continuous basis when the system is in flight.
PAR  Emergency engine shutdown inlet covers 59 and 61 are pivotally attached at
      diametrically opposite sides of the inlet of engine 16, and are normally
      disposed in their upraised position as shown. In the case of emergency, as
      hereinafter more fully indicated, the covers are unlatched by latching
      device 63 and close the engine inlet.
PAR  An alternative and preferred platform 12' is illustrated in FIGS. 3 and 4,
      wherein similar reference numerals refer to equivalent elements in the
      previous drawings. The platform includes structural steel outer frame
      members 74 extending from both ends of a structural cross bar 76 to
      support plates 78 secured to diametrically opposite sides of a pair of
      circular duct housings 80 and 82 supporting counter-rotating lift fans 84
      and 86 respectively. The platform further includes downwardly extending
      struts 88 disposed between the plates 78 and four corner legs 90 attached
      in pairs to skids 92 by intermediate rods 94. Additional struts 96 are
      located between the cross bar 76 and the legs 90.
PAR  Supported below cross beam 76 are first and second jet engines 98 and 100
      having their inlet ports located proximate the extremity of beam 76 and
      their exhaust parts joined by means of common passage 102 for connecting
      the jet output to plenum chambers 104 and 106, respectively associated
      with lift fans 84 and 86. The jet engines are also supported from struts
      96 via brackets 110. The plenum chambers communicate to the duct housings
      80 and 82 which contain impeller means 108 having a driving connection
      with the fans 84 and 86. The jet engine and lift fan combination is of a
      known type. Lift fans are advantageous because they produce large amounts
      of thrust with no hot gases at low exhaust velocities, low noise levels,
      and low fuel consumption. Also, in the construction shown, both fans can
      be driven by both jet engines, or by either engine in the event of an
      engine outage.
PAR  The platform 12' is further supplied with a fuel tank 112 disposed between
      pairs of legs 90 and supported by means of members 114 connected to leg
      brackets 116. Leg brackets 116 also provide means for engaging weight
      sensors 46' which may be substantially the same as sensors 46 in FIG. 2.
      An upper portion of the platform comprises six upper support members 118
      joined at hexagonal ring 120 and extending to respective ends of outer
      frame members 74. The hexagonal ring 120 is welded to eye 122 for
      receiving the hook member 56' of jettison hook 54' which may be of
      substantially the same construction as jettison hook 54 in FIG. 2. It
      similarly includes weight sensors (not shown in FIG. 4) attached to a pair
      of cables 62', 64' joined to the main cable 14.
PAR  The platform 12' may additionally include an antispin rudder 124 located in
      a vertical plane and joined to a support rod 126 extending angularly
      upwardly from skid 92. An additional rudder or rudders may be added as
      desired.
PAR  Shutdown covers 128 and 130, which are semi-circular in configuration, are
      hingedly attached to diametrically opposite points proximate the upper
      sides of housings 80 and 82. These shutdown covers are normally maintained
      in their upward position as shown, but are automatically released by means
      of latches 132 in case of emergency, as hereinafter more fully described.
PAR  The block diagram of FIG. 5 illustrates the control and monitoring system
      employed in accordance with the present invention. In this diagram, the
      reference numerals in general refer to similarly numbered elements
      hereinbefore described. Load sensors 46 and 58, 60 are connected by
      electrical leads which may be disposed along support cable 14 to a
      terminal board 134 in the aircraft for indicating the load carried by the
      aircraft, and the load carried beneath the platform 12. Thus, the strain
      values for sensors 58, 60 are added, and the strain values from load
      sensors 46 are separately added, with these respective values preferably
      being registered digitally in the aircraft cockpit by means of electronic
      weighing systems, previously mentioned. In addition, engine control 70a
      and engine sensors 70b are connected to aircraft terminal 134 in the
      cockpit to provide the pilot with conventional jet engine indications such
      as tail pipe temperature, RPM, oil pressure, fuel pressure and the like.
      In addition, ignition and other jet engine controls are provided on the
      aircraft terminal panel for starting the jet engine or jet engines and
      providing emergency manual override. Control apparatus 70a, 70b and 70c is
      located on the platform 12 or 12'.
PAR  The comparison computer 72 also located on the platform compares weight, as
      detected by sensors 58, 60, with a standard value and provides an output
      to engine control 70a in the event the detected load on cable 14 is
      greater than the predetermined value. In a given instance it may be
      desired that the aircraft lift a weight of 4,000 pounds and, in such case,
      when the sensors 58, 60 detect a weight greater than 4,000 pounds, the
      comparison computer 72 provides an output to engine control 70a for adding
      power to the jet engine or engines for lifting the load 20 below platform
      12 or 12'. Feedback from engine sensors 70b indicate to comparison
      computer 72 that the control order has been carried out, and in the event
      of malfunction, a warning is provided to the pilot via aircraft terminal
      134. The comparison value for comparison computer 72 is desirably set
      equal to the weight of platform 12 or 12' including the engine or engines
      thereof, and may be adjustable to compensate for consumable fuels.
      Consequently, comparison computer 72 will detect the weight of the
      additional load suspended from the platform 12 or 12'. As the helicopter
      begins to lift, the load sensors 58, 60 tell the comparison computer 72 to
      add power to the jet engine or engines until the load 20 is lifted and
      supported from platform 12 or 12'. The load 20 can be much greater than
      the load carrying capabilities of the aircraft itself.
PAR  In a typical case, a 17,000 pound load is designed to be lifted by the
      platform, while the weight of the platform itself including the engine
      facility is lifted by the helicopter. The helicopter's share of the load
      is just the weight of platform and engine, which is about 4,000 pounds and
      well within the design capacity of the particular helicopter. The load
      sensors 58, 60, the comparison computer 72, and the engine control 70a
      operate as a conventional servomechanism system for maintaining the
      correct platform lift for lifting the load, without providing greater lift
      than specified. While, ideally, the helicopter lifts the platform, and the
      platform lifts the load, it will be understood that digression can be made
      from these exact values without departing from the present invention.
      Thus, the jet engine or engines are controlled to carry at least a
      substantial portion of the weight of the load 20, while at least a
      substantial portion of the weight of the platform is carried by the
      helicopter. In any case, the platform engine or engines are controlled to
      provide less thrust than would lift the platform and load in the absence
      of the helicopter. Consequently, the helicopter is the guiding force in
      flight for transferring the platform and load from one location to
      another.
PAR  At the unloading point, the load is lowered to the ground by the aircraft.
      When the load touches the ground, load sensors 58, 60 register the
      decrease in overall weight and as a result the comparison computer 72
      reduces power to the jet engine or engines via engine control 70a until
      the entire load is released, at which time such engine or engines are in
      an idling condition hanging below the helicopter.
PAR  A hook at a location indicated by reference numerals 26, or a hook
      therebelow, also comprises a jettison hook of the same type illustrated at
      reference numerals 54 and 54' in FIGS. 2 and 3. Such a hook, e.g., at the
      location indicated by reference numeral 26, is actuated by comparison
      computer 72 in the event an excessive load is indicated by load sensors
      58, 60. Thus, in the above example where the aircraft's share of the load
      is indicated as 4,000 pounds, if the load should rise to 5,000 pounds
      indicating inability on the part of the platform engine or engines to lift
      the load therebelow, the jettison hook at 26 is actuated for jettisoning
      load 20. Also, such hook as well as jettison hook 54 or 54' can be
      controlled from the aircraft cockpit for manual jettisoning.
PAR  Furthermore, comparison computer 72 receives an input from load sensors 46
      as well as from load sensors 58, 60. If the load below the platform as
      detected by load sensors 46 quickly drops to a value less than the load
      above the platform indicated by load sensors 58, 60, then comparison
      computer 72 causes fuel shutoff via engine control 70a, together with
      actuation of shutdown control 70c. Shutdown control 70c actuates latch 63
      in FIG. 2 for closing inlet covers 59 and 61 to jet engine 16 in FIG. 2,
      or alternatively operate latches 132 in FIG. 3 for releasing shutdown
      covers 128 and 130 of the lift fans. Thus, operation of the engine or
      engines on platform 12 or 12' is immediately curtailed as in the case of
      complete loss of load so as to prevent an upward movement by the platform
      12 or 12'. At the same time, a jettison hook at 26 is suitably actuated to
      prevent possible immediate reassumption of the load. This foregoing
      emergency procedure is brought into play only in the case of a nearly
      instantaneous drop in weight as determined by shortness of elapsed time in
      comparison computer 72, and is intended to provide emergency shutdown of
      the platform engine or engines in the event the load is inadvertently
      dropped or falls due to a sling or cable failure or the like. This
      emergency shutdown feature does not take effect during normal loading and
      unloading operations.
PAR  The engine shutoff brought about by curtailing fuel supply via engine
      control 70a and the operation of shutdown control 70c also takes place
      when the excessive load on the helicopter, e.g., greater in value than
      5,000 pounds, is detected by load sensors 58, 60. Thus whenever load 20 is
      jettisoned as described above, the lifting operation on the engine or
      engines on the platform 12 or 12' is desirably immediately curtailed.
PAR  Although analog computing apparatus can be employed for comparison computer
      72, it will be appreciated that comparison computer 72 advantageously
      employs digital circuitry, with load sensors 58, 60 and 46 providing
      signals which are converted to digital values for operation and display as
      in the case of the aforementioned electronic weighing systems. In such
      case, the comparison between a given load value and another load value, or
      the comparison between a load value and a predetermined fixed value, is
      provided by simple subtraction or complementary addition.
PAR  In general operation, the cables illustrated in FIG. 1 are connected
      between the aircraft and platform with at least the platform being located
      upon the ground. The jet engine or engines in the platform are suitably
      started and the aircraft is piloted to an airborne location over the
      platform. The aircraft then lifts the platform with the jet engine or
      engines idling. Alternatively, since the aircraft can carry the weight of
      the platform and engine or engines, the latter may be started after being
      lifted by the aircraft. The aircraft then moves to a position over the
      load 20 and the load is secured or hooked to cabling beneath the platform.
      The aircraft then begins to lift the platform together with the load
      therebelow, and the sensors 58, 60 provide an input to the comparison
      computer 72 for causing the addition of power to the jet engine or engines
      until the load is lifted and supported by the platform. At the unloading
      point, when the load touches the ground, sensors 58, 60 casue the computer
      to reduce power to the jet engine or engines until the entire load is
      released, at which time the jet engine or engines remain in an idling
      condition. The cable connection to the load may be disengaged at this time
      and the platform lowered to the ground if so desired.
PAR  While I have shown and described plural embodiments of my invention, it
      will be apparent to those skilled in the art that many changes and
      modifications may be made without departing from my invention in its
      broader aspects. I therefore intend the appended claims to cover all such
      changes and modifications as fall within the true spirit and scope of my
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for carrying a load from an aircraft, said system comprising:
PA1  a platform suspended beneath said aircraft in flight with said aircraft
      being in weight carrying relation thereto wherein said platform is adapted
      to be lifted off the ground by said aircraft,
PA1  means for connecting a load to said platform,
PA1  an engine carried by said platform for lifting at least a major portion of
      the said load connected to said platform,
PA1  and means for controlling said engine to provide immediate regulation of
      the thrust of said engine for continuously supplying less lift than would
      lift said engine, said platform and said load independently of said
      aircraft, so at least part of the load is carried by said aircraft.
NUM  2.
PAR  2. The system according to claim 1 wherein said aircraft comprises a
      helicopter.
NUM  3.
PAR  3. The system according to claim 1 wherein said aircraft comprises a
      balloon.
NUM  4.
PAR  4. A system for lifting a load beneath an aircraft wherein said load is
      greater in magnitude than it is desired to lift with said aircraft, said
      system comprising:
PA1  an engine for producing thrust in a vertical direction and means supporting
      said engine underneath said aircraft at a spaced location from said
      aircraft, said engine and said supporting means having a total weight
      within the load carrying capability of said aircraft so that the engine
      and the supporting means therefor can be lifted by said aircraft,
PA1  means for attaching said load to the supporting means for said engine,
PA1  and means for controlling said engine to provide thrust for lifting at
      least a major portion of said load with immediate regulation of the thrust
      of said engine for continuously supplying less lift than would lift said
      engine, said supporting means and said load independently of said
      aircraft, so at least a part of the total load is carried by said
      aircraft.
NUM  5.
PAR  5. A system for increasing the load carrying capability of an aircraft,
      said system comprising:
PA1  a platform provided with aircraft engine means mounted for producing thrust
      in a vertical direction from said platform,
PA1  first support means for suspending said platform underneath said aircraft,
PA1  a weight sensor for detecting the load presented to said first support
      means by said platform,
PA1  second support means for attaching a load to said platform,
PA1  and means responsive to the operation of said sensor for controlling said
      aircraft engine means to provide sufficient thrust for lifting at least a
      substantial portion of the weight of said load attached to said platform.
NUM  6.
PAR  6. The system according to claim 5 wherein said aircraft engine means
      comprises a jet engine and said platform comprises a support structure for
      said engine including a plurality of legs for positioning said engine
      means on the ground and having means for connection to said first support
      means as well as means for connection to said second support means.
NUM  7.
PAR  7. The system according to claim 6 further including emergency shutdown
      cover means for said jet engine for limiting operation thereof to prevent
      the production of excessive thrust therefrom under emergency conditions.
NUM  8.
PAR  8. The system according to claim 5 wherein said first and second support
      means respectively comprise cable means extending between said aircraft
      and said platform, and extending between said platform and said load.
NUM  9.
PAR  9. The system according to claim 5 wherein said aircraft engine means
      includes at least one lift fan empowered for lifting said platform off the
      ground, and further including legs for supporting the platform on the
      ground, means for connecting said platform to said first support means,
      and means for connecting said platform to said second support means.
NUM  10.
PAR  10. The system according to claim 9 further including emergency shutdown
      cover means for said lift fan for limiting operation thereof to prevent
      the production of excessive thrust therefrom under emergency conditions.
NUM  11.
PAR  11. The system according to claim 5 wherein said weight sensor comprises at
      least one strain sensing device connecting said first support means to
      said platform.
NUM  12.
PAR  12. A method of carrying a suspended load from an aircraft beyond the
      normally desired load carrying capabilities of said aircraft, in a system
      including an engine carrying platform, said method comprising:
PA1  supporting said engine carrying platform from beneath said aircraft such
      that said aircraft supports at least the major portion of the weight of
      the platform and engine,
PA1  supporting a further load from said platform,
PA1  and operating said engine to provide thrust in a substantially vertical
      direction for lifting at least a major portion of said further load with
      immediate regulation of the thrust of said engine for continuously
      supplying less lift than would lift said platform, engine and further load
      independently of said aircraft, so at least part of the total load is
      carried by said aircraft.
NUM  13.
PAR  13. The method of lifting a load with an aircraft included in a system
      comprising an intermediate platform between said aircraft and said load
      wherein said platform is provided with an engine for supplying thrust in a
      substantially vertical direction, said method comprising:
PA1  lifting said platform off the ground by said aircraft in suspended relation
      beneath said aircraft,
PA1  raising said platform to a position of tension between said aircraft and
      said load whereby the engine on said platform is in a position for
      providing lift to the load,
PA1  and bringing said engine on said platform up to power for lifting at least
      a major portion of said load in a substantially vertically upward
      direction from ground level.
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ABST
PAL  This invention covers train cab signal equipment for receiving frequency
      modulated rail code signals which, when decoded, provide a zone speed
      control signal which the railway train traversing the track rail must obey
      in order to proceed at a safe speed. The invention includes a signal
      limiter circuit which prevents the signal supplied to the several code
      frequency responsive networks in the decoder unit from exceeding a
      predetermined maximum value in order to assure a welldefined frequency
      bandwidth to which respective code filters in the frequency responsive
      networks are sensitive, so that only a single network is responsive to any
      given code signal. In addition, the limiter circuit supplies the
      respective frequency responsive networks with a code signal whose
      amplitude is proportional to rail current so long as the code signal is
      below the maximum level set by the limiter. This permits a level detector
      associated with each code filter to monitor the code signal received for
      minimum level detection in order to assure that the rail current code
      signal is a valid code signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to cab signal equipment for a railway train
      and more particularly to a limit circuit thereof that is capable of
      producing an output signal proportional to rail current within a
      predetermined amplitude range.
PAR  In certain types of signal and communication systems used in rapid transit
      operations, it is common practice to employ cab signal receiving and
      decoding units to control train speeds within different track sections or
      restricted speed areas as the train moves along its route of travel.
      Generally the cab signals are conveyed to the train from the wayside in
      the form of frequency coded carrier waveforms. That is, a predetermined
      carrier frequency is selectively transmitted at different code rates
      corresponding to the desired speed at which the train is permitted or
      authorized to travel along a particular section of trackway. In practice,
      these coded carrier signals are normally fed to the track rails and are
      picked up by means of inductive coils mounted on the front end of the
      train. These induced frequency modulated signals are then filtered,
      amplified, demodulated, level detected and limited prior to being fed to
      several code frequency responsive networks comprising the decoding unit.
      Relay means responsive to the respective code frequency responsive
      networks control switches in brake control equipment shown and fully
      described in copending application Ser. No. 388,372, now U.S. Pat. No.
      3,890,577. It will be understood, of course, that the number of these code
      frequency responsive networks is dependent upon the number of discrete
      speed levels provided for in the particular cab signal receiver equipment.
PAR  A block diagram of a state-of-the-art cab signal system is shown in FIG. 1
      of the drawings where a cursory review will make it evident that a level
      detector circuit is employed in both the receiver and decoder units of the
      equipment.
PAR  In the receiver unit, the level detector functions to assure that the code
      signals received by the train are in fact valid signals transmitted via
      the rail and accordingly are not spurious or unwanted signals induced in
      the rail from a signal transmitted along an adjacent track section, for
      example. Experience has shown that rail current signals below a certain
      amplitude that is determined from a given multiple of the transmitted
      frequency may be considered invalid signals to be rejected. Because of the
      requirement that this level detector be of a "vital" design, i.e., one in
      which any malfunction of a critical component will fail to cause an output
      signal, a rather complex circuit has evolved, as shown in U.S. Pat. No.
      3,614,466, which clearly shows and describes this circuit. In addition to
      the high cost of developing and building such a complex circuit, further
      expense results due to servicing requirements to adjust and maintain the
      circuit properly.
PAR  In contrast, the level detectors in the decoder unit monitor their
      respective code filter outputs to further assure that the signal amplitude
      falls within the frequency response bandwidth of the respective code
      filter with which each is associated, and accordingly are of considerably
      less complicated design than the level detector used in the receiver unit.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention, therefore, to eliminate the
      costly level detector presently used in the receiver unit of the
      state-of-the-art system of FIG. 1.
PAR  In order to accomplish the above object, however, it has been found
      necessary to modify the cab signal system in order to provide the decoder
      unit level detector with a signal that is proportional to rail current so
      that this level detector can assume the function heretofore provided by
      the level detector in the receiver unit.
PAR  At this point, mention should be made of the fact that the level detector
      in the receiver unit, as described in aforementioned U.S. Pat. No.
      3,614,466, employs a switching type amplifier circuit that produces a
      bi-stable output signal, i.e., an output signal that is either one of two
      discrete levels, depending upon the input rail current alternation or code
      signal being above a predetermined minimum rail current corresponding to a
      valid rail current code signal. This bi-level signal is then fed to a
      limiter circuit, which functions to clip the signal at a predetermined
      amplitude in order to maintain discrete bandpass regions of the different
      code frequencies. In simply attempting to eliminate the level detector in
      the receiver unit, it should be appreciated that the limiter circuit of
      FIG. 1 would switch to a "high" level output in response to any rail
      current signal level within the limit set by the limiter circuit, so that
      the decoder unit would have no way of detecting whether the rail current
      code signal received is actually a valid signal or not.
PAR  It is therefore another object of the invention to provide a limiter
      circuit which displays an output proportional to rail current up to a
      predetermined level above which the output remains at a constant
      amplitude.
PAR  In achieving the aforementioned objects, a limiter circuit comprising a
      transistor switch arranged in an emitter-follower configuration is
      provided with a regulated reference voltage supply at its collector
      electrode, which establishes the saturation level of the transistor. The
      emitter electrode thus produces a signal proportional to the rail current
      code signal at its base electrode until the rail current exceeds the
      saturation level or reference voltage supply at the collector, thus
      limiting the maximum amplitude of the output. In limiting the maximum
      output of the limiter circuit to a predetermined value, discrete ranges of
      frequency response are established so that only a single filter network is
      responsive to a given code signal.
PAR  The frequency of this limited code signal is sensed by a particular one of
      a plurality of frequency responsive code filters, while a level detector
      associated therewith monitors the filter output signal to assure that it
      is at least a predetermined minimum amplitude corresponding to a valid
      rail current code signal.
DRWD
PAR  The manner in which this limiter circuit functions to allow the decoding
      network level detector to monitor minimum rail current code signals so as
      to permit elimination of the costly receiver level detector will become
      more readily apparent from the following more detailed explanation when
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a state-of-the-art locomotive cab signaling
      system;
PAR  FIG. 2 is a block diagram of the locomotive cab signaling system when
      modified according to the invention;
PAR  FIG. 3 is a circuit schematic of the limiter block shown in FIG. 2; and
PAR  FIG. 4 is a curve representing the function of the limiter block of FIG. 2.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  Referring now to the drawings and particularly to FIG. 2, a filter network
      represented by block 1 may comprise a tuned circuit selected to pass a
      predetermined carrier frequency waveform corresponding to the carrier
      signal frequency on which a coded track signal is transmitted along the
      track rails 2 and received by induction coils 3 carried by the train. A
      suitable amplifier 4 amplifies the coded carrier signal conducted via
      filter 1 at the desired signal level and feeds the signal to a demodulator
      network 5. The carrier signal on which the code signal is transmitted is
      removed by a suitable method of demodulation, leaving the coded d.c.
      waveform. The filter 1, amplifier 4 and demodulator 5 are all conventional
      circuits the details of which are not deemed necessary for a complete
      understanding of the present invention.
PAR  The d.c. code waveform remaining after demodulation is fed to a limiter
      circuit represented by block 6. As shown in FIG. 3, this circuit comprises
      a PNP type transistor Q1 whose base electrode b is subject to the d.c.
      code waveform supplied from demodulator 5 via a current limiting resistor
      R.sub.1. The collector electrode c is connected to a four-terminal
      capacitor C of a reference voltage source represented in FIG. 2 by block
      7. The circuit comprising this reference voltage source is fully shown and
      described in copending Pat. application Ser. No. 417,113. Briefly, this
      circuit is powered by a suitable a.c. source, which may be coupled to its
      supply terminals via a conventional transformer T. A zener diode D.sub.z
      rectifies the a.c. voltage, which is fed via a current-limiting resistor
      R.sub.2 to capacitor C. The level of charge attained by capacitor C is
      approximately equal to one-half the quantity of the zener breakdown
      voltage less the voltage drop across the zener diode and is maintained as
      a constant or regulated d.c. voltage source.
PAR  The emitter electrode e of transistor Q1 comprises the output of limiter
      block 6 and reflects, by way of resistor R.sub.3, a signal that is
      proportional to the demodulated code signal supplied to base electrode b
      for signals having a voltage magnitude equal to or less than the reference
      voltage level to which capacitor C is charged. When the base voltage of
      transistor Q1 exceeds a value corresponding to the voltage supplied to
      collector C via resistor R.sub.1, the transistor saturates and accordingly
      maintains a constant level output corresponding in magnitude to the
      regulated reference voltage in response to further increases in base
      voltage. It will be appreciated, therefore, that this regulated reference
      voltage may be selected to limit the amplitude of the code signal and
      accordingly achieve the desired degree of bandwidth resolution necessary
      to obtain good code frequency selectivity, as will be apparent
      hereinafter. Furthermore, amplitudes of the rail current code signal below
      this limit level result in proportional output signals, which is of
      considerable importance in eliminating the first level detector shown in
      the state-of-the-art arrangement of FIG. 1. The curve shown in FIG. 4
      represents this rail current to output voltage relationship provided by
      limiter 6 in conjunction with the reference voltage source 7.
PAR  The code signal at the output of limiter block 6 is connected to a code
      filter block 8 in each of a plurality of code frequency responsive
      networks comprising the decoding unit of the cab signal equipment. Each of
      these code frequency responsive networks are similar in that they include,
      in addition to code filter block 8, a level detector represented by block
      9 and relay means represented by block 10. Each of the code filters 8 may
      comprise a conventional tuned circuit designed to achieve maximum
      frequency response at different selected code frequencies. It will be
      appreciated therefore that only one of the respective frequency responsive
      networks will be sensitive to any given code signal. Furthermore, the
      level detector 9 in each of these networks is capable of monitoring the
      code signal passed by the code filter for minimum level to assure that the
      code signal received from the rail current is in fact a valid code signal
      and not a spurious signal generated by inductive coupling from an adjacent
      track, for example. The fact that the limiter 6 maintains proportionality
      between the rail current and the output supplied to the decoder unit code
      filters 8 permits this level detector 9 to perform the function of
      monitoring the code signal integrity heretofore provided by the level
      detector in the receiver unit of the state-of-the-art cab signal equipment
      shown in FIG. 1. As long as the signal exceeds a predetermined minimum
      amplitude below which the code signals are deemed invalid, the code signal
      is passed by the level detector in whichever frequency responsive network
      is sensitive to the code signal received. This level detected signal is
      then fed to the corresponding relay means 10, which operates to provide a
      speed restrictive control signal, for example, corresponding to the coded
      speed zone signal received from the track rails by the cab signal
      equipment.
PAR  It will now be apparent in comparing the cab signal equipments shown in
      FIGS. 1 and 2 that the functions provided according to the present
      invention are identical to that of the state-of-the-art system without
      requiring the complex level detector used in the receiver unit of the FIG.
      1 system. Elimination of this complex level detector enhances the cost of
      the cab signal equipment without compromising its functional capability or
      reliability and therefore constitutes a step forward in the art.
CLMS
STM  Having now described the invention, what I claim as new and desire to
      secure by Letters Patent, is:
NUM  1.
PAR  1. A cab speed signaling system for a railway train traveling along a
      section of track rails via which speed code signals are transmitted
      according to the desired train speed on said track section, said signaling
      system comprising:
PA1  a. receiver means for receiving the transmitted speed code signals and
      including signal limiter means for modifying the received speed code
      signal such that the amplitude thereof is proportional to the track
      current of said transmitted speed code signals and,
PA1  b. decoder means including a plurality of different frequency responsive
      networks for selecting said modified speed code signals, each frequency
      responsive network comprising:
PA2  i. relay means for establishing a desired train speed command;
PA2  ii. filter means sensitive to said modified speed code signals within a
      predetermined frequency range for effecting operation of said relay means;
      and
PA2  iii. level detector means for monitoring the amplitude of said modified
      speed code signal sensed by said filter means so as to interrupt operation
      of said relay means in the event the amplitude of said received speed code
      signal is less than a predetermined level corresponding to the minimum
      amplitude of said transmitted speed code signals.
NUM  2.
PAR  2. A cab signaling system as recited in claim 1, further characterized in
      that said signal limiter means prevents the proportional signal amplitude
      of said modified signal from exceeding a predetermined level so that the
      frequency response characteristic of different speed code signals is such
      as to assure a distinct bandwidth frequency corresponding to said
      predetermined frequency range to which each of said respective filter
      means is sensitive.
NUM  3.
PAR  3. A cab signaling system as recited in claim 2, wherein said signal
      limiter means comprises:
PA1  a. proportional amplifier means for providing said modified speed code
      signals as a linear function of said received speed code signals; and
PA1  b. means for providing a regulated source of d.c. voltage, said
      proportional amplifier being supplied by said regulated source of d.c.
      voltage, which establishes the saturation level of said proportional
      amplifier to limit the amplitude of said modified speed code signal at
      said predetermined level.
NUM  4.
PAR  4. A cab signaling system as recited in claim 3, wherein said proportional
      amplifier means comprises a transistor amplifier having a base electrode
      to which said received speed code signal is connected, a collector
      electrode to which said source of d.c. voltage is connected and an emitter
      electrode for providing said modified speed code signals.
NUM  5.
PAR  5. A cab signaling system as recited in claim 3, wherein said means for
      providing a regulated source of d.c. voltage comprises:
PA1  a. a transformer having a primary and secondary winding;
PA1  b. a source of a.c. voltage connected to said primary winding;
PA1  c. a capacitor having first and second pairs of terminals, one of said
      first pair of terminals being connected to one end of said secondary
      winding;
PA1  d. a zener diode having one electrode connected to the other end of said
      secondary winding;
PA1  e. a resistor connected between the other electrode of said zener diode and
      the other of said first pair of terminals of said capacitor, said second
      pair of terminals of said capacitor having a constant d.c. voltage
      developed thereacross and being connected to said proportional amplifier
      to provide said regulated source of d.c. voltage.
NUM  6.
PAR  6. A cab signaling system as recited in claim 1, further characterized in
      that said transmitted speed code signals comprise a carrier signal
      modulated according to a predetermined code rate corresponding to the
      desired train speed.
NUM  7.
PAR  7. A cab signaling system as recited in claim 6, further characterized in
      that said frequency modulated speed code signals transmitted via the track
      rails are inductively coupled to said receiver means.
NUM  8.
PAR  8. A cab signaling system as recited in claim 7, wherein said receiver
      means further comprises frequency responsive carrier filter means
      sensitive only to the frequency of said carrier signal by which said speed
      code signals are transmitted.
NUM  9.
PAR  9. A cab signaling system as recited in claim 8, wherein said receiver
      means further comprises demodulator means for removing said carrier signal
      from said received speed code signal.
NUM  10.
PAR  10. A cab signaling system as recited in claim 9, wherein said receiver
      means further comprises amplifier means for providing said received speed
      code signals at a level required by said demodulator means.
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ABST
PAL  A control algorithm developed for the master, intermediate, and group
      retarders of a classification yard enables control of the speed of car
      cuts in the switching area to achieve predetermined constant running times
      between the hump and the entrance into the assigned bowl track. Said
      another way, the retarders are controlled to maintain the same time
      spacing between cut centers, while moving through the switching area, as
      established by the humping rate. This reduces the number of misroutes due
      to catch-up with a preceding cut yet allows a constant humping speed.
      Various cut parameters, cut speeds, and curve and tangent track rolling
      resistances of each cut are measured and used as needed in determining the
      required exit for the cuts from the retarders. A different control
      algorithm for the tangent point regarders, one located in each bowl track,
      controls the speed of cuts assigned to that storage track, in accord with
      entry speed, cut parameters, track conditions, etc., in a manner to assure
      positive coupling, within a predetermined safe coupling speed range, to
      previously stored cars. In the preferred embodiment, a process control
      digital computer determines the required exit speeds and executes the
      tangent point retarder speed control using the developed algorithms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Our invention pertains to a retarder speed control system and particularly
      to such control systems to regulate car speeds in automatic railroad
      classification yards.
PAR  As the requirement for more fully automated operation of railroad
      classification yards has developed, new concepts for the operation of
      retarders have become necessary. A closer and more accurate control of the
      coupling speed of cars in the storage tracks is desirable and in fact
      required in order to reduce the damage to the cars and to their loads.
      Conversely, less stalling of the classified cars short of coupling with
      other cars already in the selected storage track is required in order to
      reduce the amount of trimming operations necessary to assemble trains. One
      change to accomplish this more accurate control has been to add a short
      tangent point retarder in each storage track beyond the final routing
      switch for that track where the rails begin the tangent, that is, straight
      stretch of storage area. The final speed control to achieve the desired
      coupling speed is executed in this retarder. Another change is
      incorporated in the speed control operation exercised by the other
      retarders preceding the final storage track switch, that is, such master,
      intermediate, and group retarders as may be used. It has become apparent
      that it is desirable to use these retarders less to control the ultimate
      coupling speed of the car in the storage track but rather to control speed
      to retain a separation between the various cuts of cars moving in the yard
      in order to provide correct switching for selected routing purposes. This
      of course improves the yard operation by reducing misroutes of the cuts
      while allowing a constant humping speed.
PAR  Said in other words, the initial retarders in the yard are used to minimize
      the variance in the average speed of the cars moving between the crest of
      the hump yard and their selected storage tracks. A major aim in all this
      improvement is for a smooth and continuous flow of cars over the yard hump
      at a predetermined rate in cars per minute which will result in optimum
      efficiency for the yard operation.
PAR  Accordingly, an object of our invention is an improved retarder speed
      control arrangement for automatic classification yards.
PAR  Another object of the invention is an improved retarder control for
      classification yards to obtain consistent average cut speeds between the
      hump and the bowl tracks and better coupling operations.
PAR  It is also an object of our invention to provide an improved automatic
      classification yard speed control system to minimize misroutes of cars and
      reduce errors in coupling speeds.
PAR  Still another object of our invention is a method of controlling the speed
      of free rolling cars in railroad classification yards by a series of
      retarders between the hump crest and a selected storage track to insure
      proper coupling of the moving cars with cars previously routed into the
      selected track.
PAR  Yet another object of our invention is a method of operation of a railroad
      classification yard by which the speed of the car cuts is controlled
      through a series of retarders along the selected route to obtain
      predetermined average running times between the hump and the entrance to
      the selected storage track and by controlling coupling speed with a final
      retarder at the entrance of the storage track operated in accordance with
      the track and car parameters.
PAR  It is also an object of the invention to control car speed in a
      classification yard so as to maintain equal spacing between cuts of cars
      moving from the hump crest to the bowl tracks through the master,
      intermediate, and group retarders.
PAR  Yet another object of our invention is a speed control arrangement for
      automatic classification yards which maintains relatively unchanged the
      time spacing between centers of successive cuts of cars while moving past
      any two locations along their corresponding routes from crest to bowl.
PAR  A still further object of the invention is an improved speed control system
      for classification yards in which master, intermediate, and group
      retarders are used to obtain a predetermined running time for a car from
      the crest to a selected bowl storage track and a tangent point retarder is
      used to assure proper coupling with cars previously stored in the selected
      track.
PAR  Another object of the invention is a control arrangement for tangent point
      retarders in a classification yard which determines the release time of
      the retarder for a cut of cars to achieve a computed exit speed in
      accordance with the predicted speed reduction which will be obtained by
      the braking force of the closed retarder on the cut and the drag force of
      the open retarder on the cut.
PAR  Still another object of our invention is a method of control for tangent
      point retarders in a classification yard by which the required exit speed
      to achieve a predetermined coupling speed is determined in accordance with
      selected cut and storage track rolling parameters and the retarder is
      controlled to obtain that exit speed in accordance with the combined cut
      speed reduction resulting from both closed and open retarder positions.
PAR  Also an object of our invention is a control system for railroad
      classification yards including two or more retarders along each route
      between the yard crest and the storage tracks to control the speed of cars
      to achieve predetermined average running times to obtain a maximum humping
      rate and to minimize misroutes due to catch-up of successive cuts and a
      final tangent point retarder in each storage track to control the speed of
      the car as it moves through the storage track to assure coupling to
      previously stored cars within a selected coupling speed range.
PAR  Other objects, features, and advantages of our invention will become
      apparent from the following specification and appended claims when taken
      in connection with the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In a system including our invention, each cut of cars moving from the yard
      crest or hump to its selected storage track in a railroad classification
      yard passes in succession through a series of car retarders located along
      the route. The specific showing includes four retarders along each
      possible route with the first three designated as the master,
      intermediate, and group retarders in that order. There is a single master
      retarder just beyond the hump crest serving all routes in the yard. The
      number of intermediate retarders depends upon the number of primary routes
      diverging immediately beyond the master retarder while a group retarder is
      located in the final common lead track to each of the several groups of
      storage tracks. In some classification yards, intermediate retarders are
      not required since the distance to be traveled and the yard layout is such
      that a single master and a group retarder along each route can accomplish
      the desired speed control. The fourth or final retarder along each route
      is designated as the tangent point, or simply the tangent retarder. One is
      located at the entry end of each storage or bowl track, where the final
      entering rail curve ends and the straight storage portion begins, and is
      used primarily to control the coupling speed of the cars.
PAR  There are two primary control objectives for the operation of the first
      three retarders, that is, the master, intermediate, and group retarder
      along each route, in order to minimize misroutes due to catch-up of cuts
      at switches. First, the average car speed from the crest to the tangent
      retarder is maintained as high as possible consistent with the maximum
      retarder capabilities, the minimum rolling resistance of each cut, the
      maximum allowable coupling speed, and minimum allowable safety factors.
      Second, the variance in the average car speeds from the crest to the bowl
      is held to a minimum. For the tangent point retarders, there are also two
      primary control objectives which together minimize the variance in
      coupling speeds, that is, minimize the number of cars which either stall
      short of coupling or which couple at too high a speed. First, the variance
      in the predicted car rolling resistance characteristics should be as small
      as possible. Second, the variance of the errors in retarder exit speeds
      must be kept to a minimum.
PAR  In developing the arrangement to meet these primary control objectives, a
      retarder control concept results which includes several principal
      elements. For each given humping rate, a target run time from the crest to
      the entrance of each tangent point retarder is established. These target
      times are based on controlling the average car cut, that is, a cut with
      average length and average rolling resistance characteristics (R), so as
      to obtain a maximum allowable average speed in each retarder. Initial
      target run times are determined by simulating the behavior and control of
      average cuts, using assumed values of length and R, and then a final
      target run time is determined from statistics from actual system
      performance. In utilizing this element for different humping rates, the
      target time from the crest to the tangent point does vary. However, the
      target run time in the route from the entrance of the master retarder to
      the selected tangent point retarder is a constant for each tangent point
      retarder. The variance in the target run times is entirely in that portin
      between the crest and the entrance to the master retarder which varies in
      accordance with the humping rate. In determining the target run time from
      the crest to the master retarder for each humping rate, an empirical
      relationship between the humping rate and run time to the master retarder
      is established for the average car. In the method of operation embodying
      our invention, the constant target run time from the entrance of the
      master retarder to the corresponding tangent point retarder may be
      expressed as several run times, one for each portion of the route between
      the entrance of one retarder and the entrance to the next successive
      retarder. As each car passes the hump crest, its target run time to the
      first retarder is established on the basis of the humping rate at that
      particular time. Then as it arrives at each retarder, its target run time
      from the crest to the next retarder is established. The basic retarder
      control process is then based on determining requested exit speeds so as
      to make each cut of cars match its target run time from the crest to the
      entrance of each successive retarder through which it passes while enroute
      to the selected bowl storage track. Except for the tangent point
      retarders, the apparatus and operation used to control each retarder so as
      to produce the requested exit speeds is not a subject of our invention.
PAR  The requested exit speed determined for each group retarder depends on two
      alternate factors. First, when a catch-up condition between successive
      cuts exists below the group retarder, the requested exit speed from that
      retarder as determined by means of the basic control algorithm will be
      used for control of the retarder. However, when a catch-up condition does
      not exist, the group retarder exit speed is based on obtaining an arrival
      speed at the tangent point retarder that will provide the best opportunity
      to minimize any variance in coupling speeds. The tangent point retarder
      exit speeds are dependent upon factors associated with the advance route
      such as the slope, the distance-to-go, and the predicted rolling
      resistance of each cut over a particular track. The requested exit speed
      from the tangent retarders is then determined by an algorithm based on the
      assumption that the car rolling resistance in the bowl track is velocity
      dependent. Control of a tangent retarder is based on an algorithm that
      determines when to command the retarder to open to obtain the requested
      leaving speed. This algorithm is based our predicting the energy losses
      that the cut will experience as it travels through the retarder. The
      algorithm is thus repeatedly applied while the car is in the retarder
      control zone, taking into consideration the car's current location and the
      distance remaining for each axle to travel in the retarder, both in its
      closed and open positions. When the predicted energy loss becomes equal to
      the desired losses, the retarder is commanded to open. All these various
      concepts and factors involved in the control of the retarders at various
      points along the route of the moving cars are related to individual
      retarder speed control operation by a computer. In this manner, the
      necessary control of the speed of the car as it moves from the crest to
      its selected storage track is obtained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  We shall now describe a specific embodiment of our invention and then
      define the novelty therein by the appended claims. During the specific
      description, reference will be made from time to time to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic diagram and flow chart illustrating a speed control
      arrangement, embodying our invention, for the car retarders along a
      specific route in a railroad classification yard.
PAR  FIG. 2 is a schematic diagram of a route through a series of retarders
      showing distance measurements and car detection points involved in
      determining retarder exit speeds in a system embodying our invention such
      as shown in FIG. 1.
PAR  FIG. 3 is a flow chart illustrating an example of the iterative technique
      used for solving a particular speed control equation discussed in the
      specification
PAR  In each of the figures of the drawings, similar references designate
      similar parts of the apparatus or elements of the equations as may be
      appropriate.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1, a track route from the hump of the yard, the crest
      of which is marked at the left, to a particular storage or bowl track BT,
      at the right, is shown by conventional single line drawn from left to
      right across the top of the drawing. This route passes in succession
      through four retarders, a master, an intermediate, a group, and a tangent
      point retarder, each shown by a conventional block. It is to be noted that
      the size of the block representing a particular retarder is not
      representative of the size or length of that retarder with relation to the
      others along the route. No diverging track routes are shown in this
      simplified sketch but track switches for diverting cars over such other
      routes to other bowl tracks exist between each pair of adjacent retarders.
      In other words, one or two switches, would be located between the master
      and intermediate retarders to divert cars through other intermediate
      retarders directed towards other selected storage tracks. Similar track
      switches would exist between the intermediate and group, and group and
      tangent point retarders. It may also be noted that, although the first
      three retarders are common to more than one route, each tangent retarder
      is used to control the car speed in a particular single bowl track such as
      the track BT shown immediately to the right of the tangent retarder
      illustrated.
PAR  A control computer for the automatic yard system is shown in the lower part
      of the drawing by a conventional block. This conventional showing is used
      since any digital type, process control computer may be used to control
      the automatic operation of the yard, both the speed control and switching
      operations, and the specific computer used is not critical to an
      understanding of this invention. The inputs and outputs of the computer
      are designated by flow lines with arrows indicating the direction of
      control or information data flow in that particular channel.
PAR  Immediately to the right of the hump crest, that is, on the downward slope,
      is a conventional symbol representing a weigh rail. This device controls
      registry apparatus (WEIGHT CLASS block) to classify each passing car into
      one of a number of predetermined weight classes. Normally four weight
      classes are used in classification procedures, each being a selected range
      of car weights rather than a specific weight of the car. The output from
      the weight class registry apparatus is transferred into the computer for
      storage and later use. Other parameters of the cars moving in the yard are
      measured and entered into the computer as a separate input. This may
      include the specific weight of each car and its load measured by some form
      of weigh-in-motion scale (not shown) or taken from the bill-of-lading
      records. The length of the cut, the the number of axles, various wheel and
      coupler spacings, and other parameters are also measured in a manner which
      may be similar to that shown in the U.S. Pat. No. 3,504,173 issued to E.
      F. Brinker on Mar. 31, 1970 for the Measurement of Physical Parameters of
      Freight Cars in Classification Yard Operations. The apparatus to
      accomplish these measurements is located as shown by the dash line block
      to the right of the weigh rail. The output from this device, which
      includes the stated parameters, together with the parameter information
      from the other record sources is input into the computer for storage and
      later use in determining retarder exit speeds for the cut.
PAR  Wheel detectors for detecting the passage of each wheel-axle set of a cut
      of cars are shown by conventional symbols located at selected points along
      the route from the hump to bowl track BT. The detection of each wheel-axle
      unit is immediately supplied to the computer, on an interrupt input basis,
      as shown by the conventional input flow lines of either solid or dotted
      character. Where adjacent detectors are paired, the computer uses the time
      of passage of an axle, normally the lead axle of the cut, to determine the
      speed of the cut at that point. For example, the pair of detectors in the
      approach to the crest determine the humping speed V.sub.H while the pair
      in approach to a retarder provide a measurement of the entry speed into
      that retarder. The single wheel detectors at the exit end of each retarder
      actuate the computer to register the retarder exit speed of a cut,
      normally the rear end, as measured by an associated radar speed measuring
      device to be discussed shortly. Since all of the wheel detector units are
      associated with speed measurements, these devices are designated, singly
      or in pairs, by references related to cut speeds, the significance of
      which will appear later.
PAR  The two extra pairs of wheel detectors shown between the intermediate and
      group retarders are located along a specifically selected tangent stretch
      of track. These pairs provide the basis for speed measurements used in
      computing the tangent track rolling resistance factor (R.sub.t) for a cut
      of cars. The difference between the speeds V.sub.T1 and V.sub.T2 at the
      two locations, as the cut rolls freely down the known grade, together with
      the time of passage, is used by the computer to determine this factor
      R.sub.t. Such computed R.sub.t factor may then be correlated through
      predetermined constants to the rolling resistance of the same cut as it
      moves through its assigned bowl track. Depending upon the physical layout,
      the second pair of R.sub.t detectors and the entry pair for the group
      retarder may be a single pair. In a similar manner, the cut speeds
      registered upon its exit from the intermediate retarder and at the
      entrance to the group retarder may be used to determine a curve track
      rolling resistance factor R.sub.c for the cut which is used in the
      calculations for the group retarder exit speed.
PAR  Each master, inermediate, and group retarder is supplied with control
      apparatus which includes a speed measuring device and a direct speed
      control apparatus. The speed measuring device is illustrated as a
      conventional radar speed measuring means which controls a speed meter
      whose output is in a form usable by the computer and also by the speed
      control apparatus. The speed control apparatus for each of these retarders
      controls the closing and opening of the retarder to apply braking pressure
      and to release it as required during the movement of a car or a cut of
      cars through the retarder. Such apparatus receives control inputs from the
      computer indicating the desired or requested exit speed for a particular
      cut of cars then under control. The whole control arrangement for each
      retarder may be similar to that shown in the U.S. Pat. No. 3,260,843
      issued July 12, 1966 to R. D. Campbell and J. A. Cook for Control
      Circuits. Obviously, modifications of this control arrangement shown in
      this reference patent may be made as appropriate for the particular type
      of retarder and/or control computer in use. The tangent retarder has an
      associated radar speed measuring unit. However, since this retarder is a
      normally closed, weight responsive type unit, the command to open is
      supplied direct from the computer when the measured cut speed reduces
      toward the desired exit speed, in accordance with various factors to be
      discussed later. As specifically shown in FIG. 1, each rader unit faces
      downgrade from the entrance to the associated retarder. This is a matter
      of choice but the radar position and the action of the wheel detectors
      must be correlated.
PAR  The master retarder is provided with a track circuit for detecting the
      presence of cars in addition to any wheel detectors which may be used. The
      track circuit is shown in conventional manner with a track relay MTR which
      is picked up or released as the corresponding track circuit is unoccupied
      or occupied by a car moving through the retarder. Contacts of this track
      relay control various indicating circuits coupled to the retarder speed
      control apparatus and also to the computer for designating the occupancy
      condition to determine when and whether the retarder control apparatus
      should be in a check condition or in actual control operation as will be
      discussed later.
PAR  We shall now describe the speed control procedures as a cut of cars moves
      from the hump crest to a designated storage track, specifically from the
      hump to bowl track BT. As the cut of cars leaves the hump crest, the
      weight class is registered and entered into the computer apparatus. The
      various parameters for this cut of cars, or single car, are then measured
      and, together with other information previously measured or recorded, are
      stored in the computer as indicated by the data flow lines. Of course the
      computer may use the full measured weight of each car in its speed control
      process instead of merely the weight class range. We have developed a
      basic control algorithm for the master, intermediate, and group retarder
      control expressed by the following equation:
      ##EQU1##
PAR  In order to understand equation (1), it is necessary to define the
      variables and constants included therein, with special reference to FIG. 2
      for an aid in understanding certain of the variables being defined. In
      general, the speed variables are either measured in accordance with the
      time of passage of a selected axle between a paired set of wheel detectors
      or are from an existing measurement supplied by one of the illustrated
      radar speed meters when the cut of cars is detected at the location at
      which the desired speed is to be taken. In FIG. 2, a section of a typical
      route between the crest and the bowl track is illustrated, including three
      retarder locations. The variables and constants of equation (1) are
      defined on the basis that it is being applied for control of retarder 2.
      It is assumed that the first axle of the cut involved is at location B.
      Locations A and D are wheel detectors (see FIG. 1) at the exit end of
      retarders 1 and 2, respectively. Locations B and E are the second of the
      pair of wheel detectors in approach to retarders 2 and 3, respectively.
      Location C is at the entrance to retarder 2 while location D' is at the
      exit of that retarder. Locations B' and E' are reference points between
      which it is desired to obtain the "target" travel time for a cut.
PAR  The variables and constants of equation (1) are now defined in the
      following tabulation:
PA1  T.sub.E - The "target" travel time between locations B' and E' for the
      center of a cut. A stored constant for each path between adjacent
      retarders.
PA1  To - The "target" travel time between a referrence point in approach to the
      crest wheel detector and location B' for the center of a cut. A stored
      variable for each car.
PA1  To' - The measured travel time between the crest and location B for the
      first axle of a cut. A temporary variable equal to the sum of the
      appropriate incremental measured travel times stored for each car or cut
      of cars.
PA1  S.sub.2 - the distance between locations B and C. A single stored constant
      applied to all intermediate and group retarders while another stored
      constant is applicable for the master retarder.
PA1  V.sub.E - The measured cut speed when the first axle is at location B.
PA1  v.sub.x - the desired cut speed when the last axle is at location D.
PA1  l.sub.r - the distance between location C and D', a stored constant for
      each master, intermediate, and group retarder.
PA1  S.sub.4 - The distance between D' and D, a single stored constant
      applicable to all except tangent retarders.
PA1  L.sub.C - The outer wheel base length of the cut, thus a temporary variable
      determined from the car length parameters measured for each car as it
      crosses the hump.
PA1  L.sub.C - The outer wheel base length of mean, or reference, cut, thus one
      stored constant.
PA1  A.sub.R - The average net acceleration or deceleration of a cut when it is
      changing speed while being acted upon by a retarder. A.sub.R is a
      temporary variable that is set equal to a.sub.R or d.sub.R depending on
      whether the cut must accelerate or decelerate to change from V.sub.E to
      V.sub.X. a.sub.R is a positive stored constant for each master,
      intermediate, and group retarder while d.sub.R is the negative stored
      constant for each such retarder.
PA1  S.sub.3 - The distance between location D and E and thus a stored constant
      for each different path between successive retarders.
PA1  R.sub.3 - The predicted average cut rolling resistance between locations D
      and E. A temporary variable determined from a measurement of cut rolling
      resistance between locations A and B.
PA1  g.sub.3 - the average grade between locations D and E and thus a stored
      constant for each different path between adjacent retarders based on the
      net change in elevation experienced by the middle of the average length
      cut when it is free rolling between locations D and E.
PA1  g'.sub.3 - the average effective grade between locations D' and E. A stored
      constant for each different path between adjacent retarders based on the
      statistics of actual car behavior.
PA1  I.sub.W - The wheel inertia compensation factor for the W.sup.th weight
      class and thus a stored constant, one for each of four weight classes.
PAR  To apply equation (1) for the control of a retarder, it must be solved for
      V.sub.X. This is accomplished by means of an iterative technique. To
      minimize the number of arithmetic operations involved, and to insure
      convergence to a solution, equation (1) is rewritten in the followign
      form:
      ##EQU2##
PAR  T.sub.1, C.sub.1, C.sub.2, C.sub.3, C.sub.4, C.sub.5, and C.sub.6 are all
      temporary variables, each of which is defined in the following tabulation:
      ##EQU3##
PAR  If equation (2) is being applied to the master retarder, R.sub.3 = R.sub.W
      for the path between locations D and E.
PAR  In these expressions, the variables not previously used are defined as
      follows:
PA1  V.sub.XM - measured cut speed when last axle of cut is at location A. An
      additional subscript when used designates the specific retarder, e.g.,
      V.sub.XMI for exit speed at intermediate retarder.
PA1  S.sub.1 - distance between locations A and B (stored constants, see
      definition of S.sub.3).
PA1  r.sub.1 - measured average cut rolling resistance between locations A and
      B.
PA1  a.sub.3 and B.sub.3 - linear regression coefficients (associated with the
      path between D and E) that relate R.sub.3 to R.sub.1, stored constants for
      each path between intermediate and group retarders, and for each path
      between group and tangent retarders.
PA1  R.sub.W - mean value of measured cut rolling resistances between locations
      A and B for the W.sup.th weight class. A stored constant for each of the
      four weight classes for each path between successive retarders from the
      master retarder to the group retarders.
PA1  G.sub.1 - average grade between locations A and B (stored constants, see
      definition of G.sub.3).
PAR  An iterative technique for solving equation (2) for V.sub.X is best
      illustrated by means of a flow chart. One example of such an iterative
      technique is shown in the chart of FIG. 3. In this chart, the variables
      T'.sub.1 , V'.sub.X , and C.sub.7 are temporary variables while .DELTA.T
      is a stored constant in the range of 0.1 to 1.0 seconds.
PAR  When separation control is not required for a group retarder and equation
      (2) thus need not be applied, V.sub.X for a cut may be determined from the
      following equation:
      ##EQU4##
PAR  In this equation C.sub.7 = C.sub.6 (above) except that G'.sub.3 is replaced
      by G.sub.3. V.sub.ETM is the maximum average speed permitted at the
      entrance of a tangent retarder and is a single stored constant for the
      system.
PAR  We shall now discuss the control of the master retarder as a cut of cars
      moves through it toward its selected bowl track. It is to be noted that,
      in many yards, the master retarder will be divided into two operating
      sections, each with a track circuit, radar speed measuring means, and a
      speed control apparatus unit. However, for simplicity, only a single
      section retarder is shown herein with the single track circuit and single
      set of control apparatus since an understanding of the invention may be
      obtained from this simpler showing. The detector track circuit with its
      relay MTR has previously been discussed. When the retarder track section
      is unoccupied, the associated speed control equipment is placed in an
      "in-check" condition and the requested exit speed output to it from the
      computer is a predetermined value, for example, 12.5 miles per hour. The
      computer means determines whether or not a retarder section is in-check by
      means of a status input from the associated track circuit, that is, the
      occupancy condition. Placing the section into or out of check, the weight
      class measurement, and the weight control for the retarder are handled by
      the speed control circuitry external to the computer.
PAR  Master retarder speed control operation is initiated when the track circuit
      becomes occupied. At this moment, the retarder apparatus is taken out of
      check and a new requested exit speed is output from the computer. Since
      the first axle of the cut has not yet reached location B, the basic
      control algorithm cannot yet be used to determine V.sub.X so that this
      variable will be set at a preselected constant at this instant. When the
      first axle is detected at the wheel detector at location B, with the track
      circuit already occupied, the computer outputs a master catch-up control
      to the external weight and speed control circuitry for the retarder. This
      output is maintained for a predetermined short time interval, on the order
      of perhaps 0.5 second. When the second axle of the cut arrives at location
      B, V.sub.X for the cut is determined by means of equation (2) and output
      to the retarder control apparatus. It is to be noted that the parameter
      L.sub.C is determined from the parameters obtained by apparatus similar to
      that disclosed in the previously referenced Brinker patent and already
      stored in the computer. If the necessary car length data is unavailable,
      average or mean data parameters stored in the computer are used in their
      place. The car weight class (W) is determined from the gross car weight
      measured by the weigh-in-motion scale. If the scale weight was not taken,
      the gross car weight taken from a train list may be used or the medium car
      weight class parameter already stored may be used as an average. Where
      more than one car is included in the cut, the weight class will be based
      on the average of the gross weights of the car. It is also possible to use
      the weight class measurement registered by the weigh rail immediately
      ahead of the master retarder. The factors V.sub.E and T.sub.CM are
      measured and validated when the second axle of the cut is at location B.
      The variable T.sub.CM for the master retarder corresponds to the usual
      variable To' and is the measured time from the crest to location B at the
      master retarder for the first axle of the cut.
PAR  The factor To for this cut in the master retarder is determined from its
      measured speed (V.sub.H) at the crest or hump and a table of stored run
      times from the crest to point B for the average cut. In other words, the
      measured humping speed V.sub.H for the car (see FIG. 1) is compared with a
      stored table of various time values related to different speeds in miles
      per hour and the resulting To value used in the computations for the cut
      in the master retarder. If the measured value of V.sub.H is not available,
      the target or desired humping speed will be used. Linear interpolation is
      used to determine To for values of V.sub.H that are not exactly equal to
      the multiples in the stored table. Likewise, if a measured value for
      V.sub.E is unavailable for the cut, V.sub.E in the computation is set
      equal to V.sub.E for the master retarder which is a stored constant based
      on measurements made for the average cut at the average humping speed. If
      a valid measurement of T.sub.CM for this cut is not obtained to substitute
      into the equation for the factor To', this factor is set equal to To as
      taken from the value stored for the cut in the V.sub.H speed, time table.
      However, the computer "flags," i.e., specially marks, the computation for
      a cut when such substitution is necessary. When the rear coupler of a cut
      passes location B, V.sub.X for the cut is again determined by means of
      equation (2) and is output to the retarder control apparatus or, if
      appropriate, to both sections of a two section master retarder. This
      second computation of V.sub.X is done only if valid measurements of car
      and cut length are available for the factor L.sub.C. In this second
      computation, To is updated by adding to the original value the value of
      T.sub.E which is stored for the path between locations B and E.
PAR  When the exit speed V.sub.X is determined by means of equation (2), it is
      compared to maximum and minimum limits for requested exit speeds from the
      master retarder which are two stored constants V.sub.max and V.sub.min. If
      V.sub.X as computed is greater than the stored V.sub.max value, it is then
      set equal to this stored value. Similarly, if the computed V.sub.X value
      is less than the stored V.sub.min, it is set equal to that value. The
      measured retarder exit speed V.sub.XM from the master retarder, i.e.,
      V.sub.XMM, for a cut must be determined before the retarder is again put
      into check condition when the track circuit becomes unoccupied. If valid
      weight class measurement is not obtained as the car passes over the hump,
      weight class determined from the weigh-in-motion scale or from the train
      list data is used in all computations where this factor is required.
PAR  Each intermediate retarder is a single section retarder and is not supplied
      with a detector track circuit. Whether or not the retractor is occupied is
      thus determined only by the computer which therefore controls placing the
      speed control equipment for the retarder into and out of check. The
      equipment is "in-check" when the retarder is unoccupied, that is, when no
      axles of a cut are between the locations B and D for that retarder. Under
      this condition, the requested exit speed is a predetermined value which,
      for example, can be the same 12.5 miles per hour as used for the master
      retarder. When the first axle of a cut is at the wheel detector at
      location B for the retarder, the weight class for that cut is output to
      the speed control apparatus to determine the initial retarder pressure. In
      addition, if the retarder is already occupied by a preceding cut, a
      command to open the retarder is output for a predetermined constant time
      interval which is on the order of one second. With the first axle of a cut
      at location B, the factor V.sub.X is determined by means of equation (2).
      Also, if the retarder is unoccupied, the speed control equipment is taken
      out of check.
PAR  Whether or not the retarder is unoccupied, the factor V.sub.X as computed
      is output to the speed control apparatus. In computing this value of
      V.sub.X by solving equation (2), various conditions apply as other
      variables are determined and enter into the computation. First, if a valid
      measurement of the speed at locations B (V.sub.EI) for this cut is not
      obtained, this factor V.sub.E is set equal to a stored constant value for
      the particular retarder which is based on measurements made for an average
      cut of cars. Also if a valid measured value is not available for this cut
      for either V.sub.EI or V.sub.XMM (the measured speed when the last axle
      exited from the master retarder, that is, point A), the rolling resistance
      factor R.sub.1 is set equal to a constant value stored for the path
      between locations A and B of the intermediate retarder based on the weight
      class of the car which is the mean value R.sub.W. In using equation (2)
      for an intermediate retarder, the following time factors, if valid
      measurements were obtained, are involved:
PA1  T.sub.CM - The measured travel time between the crest and location B of the
      master retarder of the first axle of a cut.
PA1  T.sub.M - The measured travel time for a cut from when its first axle is at
      location B of the master retarder until its last axle is at location D of
      that retarder.
PA1  T.sub.MI - The measured travel time for a cut from when its last axle is at
      location D of the master retarder until its first axle is at location B of
      the subsequent intermediate retarder.
PAR  If valid measurements of these time factors and especially the last two
      have been obtained during the passage of the cut now at the intermediate
      retarder, the time factor To' for equation (2) is obtained by a sum of
      these three measured times. Otherwise To' is made equal to the factor
      T.sub.CM plus a target time (T.sub.E) for the path between the entrance of
      the master retarder and the entrance of the intermediate retarder now
      involved. If this stored factor T.sub.E is used, the cut is "flagged." In
      addition, the computed V.sub.X must lie between stored constant maximum
      and minimum values of this desired exit speed of the last axle of the cut
      from each intermediate retarder. In other words, if the resulting V.sub.X
      is greater than the stored maximum value, it is set equal to that value
      and conversely, if the computed V.sub.X is less than the predetermined
      minimum value, it is set equal at least to that value. At this time also,
      the factor To associated with this cut is updated by adding to the
      existing value of To the time factor T.sub.E for the movement of this cut
      from locations B to E associated with the intermediate retarder. Finally
      the measured retarder exit speed from this intermediate retarder
      (V.sub.XMI) for the cut in question must be determined before the retarder
      is put back into check. A valid measurement cannot be obtained if the
      first axle of another cut has passed the wheel detector at location B of
      this intermediate retarder.
PAR  Each group retarder is a single section retarder and has no track circuit
      for the detection of trains. Thus whether or not the retarder is occupied
      is determined by the computer which again controls placing the speed
      control apparatus associated with the retarder into and out of the check
      condition. As before, the equipment is "in check" when the retarder is
      unoccupied, that is, no car axles are located between locations B and D
      associated with the particular group retarder. Under these conditions, the
      requested exit speed output from the computer is the same predetermined
      value previously discussed for the master and intermediate retarders,
      e.g., 12.5 miles per hour. When the first axle of this cut arrives at the
      wheel detector at location B of the group retarder, the weight class for
      that cut is output to the speed control equipment to determine the initial
      retarder pressure to be used. In addition, if the retarder is already
      occupied, a command to open the retarder is output for a predetermined
      constant time interval. Also when the first axle of this cut is at
      location B, V.sub.X is determined by means of equation (2). If the
      retarder is occupied or the immediately preceding cut over the hump was
      routed to a bowl track of the same group, V.sub.X as computed is output to
      the speed control equipment. However, if the retarder is unoccupied and
      the immediately preceding cut was routed to a different group, V.sub.X as
      output is computed by means of equation (2a).
PAR  In using equation (2) to compute V.sub.X for each group retarder, the
      following adjustments must be taken into consideration and used as
      required. If a valid measurement of cut speed V.sub.E at location B of the
      group retarder is not obtained, the factor V.sub.E as used in the equation
      is set equal to a stored constant value for the particular retarder based
      on measurements made for an average cut of cars. Likewise, if a valid
      measurement was not obtained for either V.sub.E or V.sub.XM, the latter
      being the speed of the last axle of the cut at location A, i.e., the exit
      speed V.sub.XMI from the preceding intermediate retarder, the rolling
      resistance factor R.sub.1 is set equal to the mean value R.sub.W for the
      path between locations A and B associated with that group retarder, in
      accordance with the weight class of the cut for which the V.sub.X is being
      computed. If there is an intermediate retarder ahead of the group retarder
      involved, as herein illustrated, To' for equation (2) is made equal to the
      sum of the preceding timing factors T.sub.CM, T.sub.M, T.sub.MI, T.sub.I,
      and T.sub.IG providing that valid measurements of the last two factors
      have been obtained. The factor T.sub.I is similar to the factor T.sub.M
      previously defined except that it applies to the intermediate retarder
      while the factor T.sub.IG is similar to the factor T.sub.MI previously
      defined except that it concerns the movement of the car from the
      intermediate to the group retarder. If valid measurements for these last
      two factors are not obtained, then the factor T.sub.E which is the target
      time for the path between the entrances of the intermediate and the group
      retarders involved is substituted for these two invalid measurements and a
      special flag for this cut indicates that the substituted value has been
      used. If there is no intermediate retarder ahead of the group retarder,
      then the factor To' is set equal to the factors T.sub.CM, T.sub.M, and
      T.sub.MG, this latter being the same as T.sub.MI except that it concerns
      the direct movement of the cut from the master to the group retarder. If
      valid measurements for the last two time factors. are not obtained, then
      again a target time factor T.sub.E for the path between the entrance of
      the master retarder and the entrance of the group retarder involved is
      substituted and a flag marker is associated with the cut involved.
PAR  With each group retarder, stored predetermined maximum and minimum values
      for V.sub.X are provided which must not be exceeded by the computed value.
      If the computed V.sub.X is greater than the maximum value, it is set equal
      to the stored V.sub.max and conversely, if it is less than the V.sub.min
      value stored, it is set equal to that value. Following this computation,
      To for the cut is updated to equal the previous To factor plus the T.sub.E
      for the distance B to E of the group retarder involved. The measured group
      retarder exit speed V.sub.XM i.e., V.sub.XMG, for the cut must be
      determined before the retarder is put back into check as the cut clears,
      but a valid measurement cannot be obtained if the first axle of a
      following cut has passed the wheel detector at location B.
PAR  The tangent point retarders require a different control concept since they
      are intended to control the speed of each cut to obtain the proper
      coupling speed within the corresponding bowl track. Thus their control
      must account for different characteristics of the cars than those involved
      in the three previous retarders. A control algorithm has been developed
      for the tangent point retarders which may be expressed by the following
      inequality:
EQU  V.sup.2.sub.XP - V.sup.2.sub.XR .ltoreq. .DELTA.V.sub.X,   (3)
PAL  where:
PA1  V.sub.XR is the requested, or desired, exit speed for a cut.
PA1  V.sub.XP is the predicted exit speed for a cut.
PA1  .DELTA. V.sub.X is the maximum difference between V.sup.2.sub.XP and
      V.sup.2.sub.XR for which a retarder should be "commanded" to remain
      closed, and is a stored constant that applies to all tangent retarders.
PAR  When a cut enters a tangent retarder control zone, the retarder is normally
      closed. Subsequently, while the cut is in the retarder control zone,
      inequality (3) is repeatedly evaluated at short time intervals. When the
      inequality is satisfied, the retarder is "commanded" to open.
PAR  The requested exit speed V.sub.XR for a cut is determined by means of the
      following equation (4). This equation is based on the straight line theory
      of car behavior on the bowl tracks.
EQU  V.sub.XR = V.sub.C + .00747 K.sub.D S.sub.C,               (4)
PAL  where:
PA1  V.sub.C is the desired coupling speed for the cut, a stored constant for
      each weight classification.
PA1  S.sub.C is the target distance from the tangent retarder to point of
      coupling for the cut, i.e., the distance-to-go in the bowl track.
PA1  K.sub.D is a predicted factor that defines the assumed linear relationship
      between spaced and deceleration due to rolling resistance for the cut on a
      bowl track.
PAR  In equation (4), the factor S.sub.C is actually the track fullness factor
      provided by the computer in accordance with the number of cuts and their
      known length that have previously been routed to the bowl track to which
      the present cut is directed. The factor K.sub.D for a cut for use in
      equation (4) is determined by means of the following equation, providing
      that a valid measurement of the factor K.sub.U in this equation is
      obtained:
EQU  K.sub.D = A.sub.T K.sub.U + B.sub.T                        (4a)
PAR  The various factors in equation (4a) are defined as follows:
PA1  A.sub.T and B.sub.T - linear regression coefficients that relate K.sub.D to
      K.sub.U. A.sub.T and B.sub.T are stored constants for each weight class
      and for each (R.sub.t) track measuring section ahead of the group
      retarders.
PA1  K.sub.U - "measured" factor that defines the assumed linear relationship
      between speed and deceleration due to rolling resistance for the cut on a
      tangent track measuring section.
PAR  For each cut, K.sub.U is determined by means of the following equation:
      ##EQU5##
PAR  Definitions for equation (4b) are:
PA1  V.sub.TI and V.sub.T2 - speeds of the cut measured at the entrance and exit
      ends, respectively, of the R.sub.t track measuring section ahead of the
      group retarder (see FIG. 1). V.sub.T1 and V.sub.T2 are stored variables
      for each car or cut.
PA1  G.sub.T - the average grade of the R.sub.t measuring section, a stored
      constant for each such track measuring section.
PA1  S.sub.T - length of the R.sub.t measuring section, a single stored constant
      that applies to all tangent track meaasuring sections.
PAR  The computed K.sub.U is valid when valid measurements for both V.sub.T1 and
      V.sub.T2 are obtained. Otherwise, K.sub.D is set equal to a stored
      constant K.sub.W which is the average of the K factor for the W.sup.th
      weight classification, determined from measurements of car behavior in the
      bowl. There are four stored constants for K.sub.W, one for each weight
      class.
PAR  The predicted exit speed V.sub.XP for a cut in the tangent point retarder
      as used in inequality (3) is determined by means of the following
      equation:
      ##EQU6##
PAR  The following definitions apply for equation (5):
PA1  N - total number of axles of the cut.
PA1  V.sub.M - current speed of the cut, measured at the time inequality (3) is
      being evaluated.
PA1  G.sub.R - average grade for the tangent retarder control zone, a stored
      constant for each tangent retarder.
PA1  R.sub.R - estimated average rolling resistance for the cut in the tangent
      retarder control zone.
PA1  S.sub.TG - current distance remaining, at the time inequality (3) is being
      evaluated, for the cut to travel in the retarder control zone.
PA1  R.sub.F - deceleration rating per axle for the closed tangent retarder, a
      stored constant for each tangent retarder.
PA1  R.sub.D - deceleration per axle due to drag in the open tangent retarder, a
      stored constant for each weight class for each tangent retarder.
PA1  SX.sub.k - predicted distance the K.sup.th axle of the cut will travel in
      the retarder while it is closed, subsequent to the time inequality (3) is
      being evaluated.
PA1  SO.sub.k - predicted distance the k.sup.th axle of the cut will travel in
      the retarder while it is open, subsequent to the time that inequality (3)
      is being evaluated.
PAR  The rolling resistance factor R.sub.R for a cut is determined by means of
      equation (5a), when valid measurements of both V.sub.XMG and V.sub.ET are
      obtained, which is an expression for the predicted rolling resistance in
      the tangent retarder control zone.
EQU  R.sub.R = K.sub.D V.sub.XR                                 (5a)
PAR  The current distance S.sub.TG remaining for a cut to travel in a retarder
      control zone is determined by means of the following equation:
EQU  S.sub.TG = S.sub.W + S.sub.R + L.sub.C - S.sub.k           (5b)
PAL  where the following definitions apply:
PA1  S.sub.W - distance between the approach wheel detector and the entrance to
      the retarder, a stored constant that applies to all tangent retarders.
PA1  S.sub.R - effective length of the retarder, a stored constant which is the
      same for all tangent retarders.
PA1  S.sub.k - current location with reference to the approach wheel detector of
      the k.sup.th axle of the cut, determined at the time that inequality (3)
      is being evaluated. S.sub.k is a temporary variable, negative when the
      axle is still approaching the wheel detector and positive when the axle is
      past the wheel detector.
PAR  In equation (5b), for k = 1, the current location (S.sub.1) of the first
      axle of a cut is determined by means of equation (5c).
      ##EQU7##
PAR  The various terms are defined as follows:
PA1  S'.sub.1 - the previous value of S.sub.1.
PA1  v.sub.m - current speed of the cut, measured at the time inequality (3) is
      being evaluated.
PA1  V'.sub.M - the previous value of V.sub.M.
PA1  t'.sub.m - time at which V.sub.M was measured.
PA1  T".sub.M - the previous value of T".sub.M.
PAR  The current locations of all other axles (S.sub.k for k &gt; 1) of a cut are
      determined from the current location of the first axle (S.sub.1) and cut
      parameters that are stored in a car control table in the computer.
      Examples are shown below for a cut of two, four axle cars.
PA1  S.sub.2 = s.sub.1 - s.sub.al, where S.sub.A1 is the distance between
      adjacent axles on the first car in the cut.
PA1  S.sub.3 = s.sub.1 - (s.sub.b1 - s.sub.a1), where S.sub.B1 is the outer
      wheel base of the first car in the cut.
      ##EQU8##
      where S.sub.B2 is the outer wheel base of the second car in the cut; and,
      S.sub.C1 and S.sub.C2 are the coupler to coupler lengths of the first and
      second cars, respectively.
PAR  The predicted distances (SX.sub.k and SO.sub.k) the k.sup.th axle will
      travel in the retarder closed and open, respectively, are determined from
      the axle's current location and the estimated distance the cut will travel
      in the time required to open the retarder. There are different equations
      for determining both SX.sub.k and SO.sub.k depending on where the axle is
      located relative to the retarder. There are three cases to consider and
      they, along with the related equations, are shown below. In these
      relationships, the term V.sub.M T.sub.R is the estimated distance the cut
      will travel in the time required to open the tangent point retarder.
      T.sub.R is further defined as the expected time that will be required to
      open the retarder for the cut involved. This term is a stored constant for
      each weight classification for each tangent point retarder. The values of
      T.sub.R must be determined, after the retarders are installed in the yard,
      from data obtained by taking measurements of the elapsed time between the
      moment the retarder is commanded to open and the moment that it is
      actually open for each tangent point retarder for cars in all weight
      classifications.
PAR  1. S.sub.k .ltoreq. S.sub.W (the axle is approaching the retarder)
PA1  a. When S.sub.k + V.sub.M T.sub.R .ltoreq. S.sub.W, then
PA2  SX.sub.k = 0
PA1  SO.sub.k = S.sub.R
PA1  When S.sub.W &lt; S.sub.k + V.sub.M T.sub.R .ltoreq. S.sub.W + S.sub.R, then
PA2  SX.sub.k = S.sub.k + V.sub.M T.sub.R - S.sub.W
PA2  so.sub.k = S.sub.W + S.sub.R - (S.sub.k + V.sub.M T.sub.R)
PAR  2. S.sub.W &lt; S.sub.k .ltoreq. S.sub.W + S.sub.R (the axle is in the
      retarder)
PA1  a. When S.sub.k + V.sub.M T.sub.R .ltoreq. S.sub.X 30  S.sub.R, then
PA2  SX.sub.k = V.sub.M T.sub.R
PA2  so.sub.k = S.sub.W + S.sub.R - (S.sub.k + V.sub.M T.sub.R)
PA1  b. When S.sub.k + V.sub.M T.sub.R &gt; S.sub.W + S.sub.R, then
PA2  SX.sub.k = S.sub.W + S.sub.R - S.sub.k
PA2  SO.sub.k = O
PAR  3. S.sub.W + S.sub.R .ltoreq. S.sub.k (the axle is past the retarder)
PA1  SX.sub.k = 0
PA1  SO.sub.k = 0
PAR  We shall now discuss the control of the tangent point retarder through the
      use of the various equations and inequalities discussed. As previously
      stated, the object of the control of this retarder is to release the cuts
      of cars so that they assuredly will couple with cars already standing in
      the selected bowl track within a predetermined speed range normally on the
      order 3 to 4 miles per hour. Each tangent point retarder is a single
      section, weight porportional retarder that is controlled by the computer.
      Each has radar speed measuring equipment used by the computer for
      recording the cut speeds when the cut is occupying the retarder control
      zone. There are two wheel detectors for detecting the axles of the cuts,
      one in approach to the retarder and the other at the exit end of the
      retarder. These are used by the computer to determine whether or not the
      control zone is occupied, the zone being considered occupied when one or
      more axles of a cut are between the wheel detectors. While a retarder
      control zone is unoccupied, the "command" for closing the retarder is
      output by the computer provided that the bowl track has not been selected
      for a trimming operation. Under this latter condition, the "command"
      applied to the retarder is to open.
PAR  When a first axle of a cut is detected at the approach wheel detector to
      the tangent point retarder, the current speed V.sub.M and the time of its
      measurement T'.sub.M are recorded when the wheel detector interrupt occurs
      for entry of the items into the computer. Then during the first subsequent
      control cycle, the factors V.sub.ET and V'.sub.M are set equal to V.sub.M
      and T".sub.M is set equal to T'.sub.M. If, at this moment, the retarder
      control zone is still occupied by a previous cut, the command to open the
      retarder is output by the computer until the previous cut has been
      detected exited the control zone. Also, if the front end of another cut
      enroute to the retarder has passed the wheel detector at the last switch
      routing cars to that track, the retarder control zone is "flagged" to be
      checked for "catch-up" at the radar antenna. The "stall timer" (T.sub.S1)
      for the first car of the cut is set as follows:
EQU  T.sub.S1 = S.sub.T1 + T.sub.TZ
PAL  where S.sub.T1 is a system clock with a resolution of about 20 milliseconds
      and T.sub.TZ is the maximum time that any car of the cut will occupy a
      tangent retarder control zone under normal conditions. This latter term is
      a stored constant which applies to all tangent retarders and is one value
      on the order to about 20 seconds.
PAR  During each control cycle immediately subsequent to detection of the first
      axle of a cut, the approach wheel detector is checked for proper
      operation. It is assumed to be operating improperly if, before the second
      axle is detected, T'.sub.M + .DELTA.T &lt; S.sub.T2. S.sub.T2 is a system
      clock period with a resolution of 125 microseconds and .DELTA.T is the
      maximum time between detection of the first and second axles at the
      approach wheel detected for any cut under normal conditions. .DELTA.T is a
      stored constant that applies to all tangent retarders and has a single
      value on the order of 0.5 second.
PAR  If the approach wheel detector is found to be operating improperly, several
      functions are then performed. First, an appropriate alarm message is
      output. The the registered values of V.sub.ET and T.sub.GT (see previous
      definitions) for that cut are invalidated. Finally, the stall timer for
      the first car of the cut is set to be T.sub.S1 = S.sub.T1 + T.sub.NC where
      this last term is the average time between the detection of the second
      axle at the approach wheel detector and the output of the command to open
      the retarder for a cut under normal conditions. T.sub.NC is thus a stored
      constant for each weight classification that applies to all tangent point
      retarders an is in the 5 to 20 second range. Tangent point retarder
      control, under this condition, is based on the stall timer T.sub.S1 for
      the first car in the cut. During every control cycle, as long as the cut
      is occupying the retarder control zone, S.sub.T1 is compared with T.sub.S1
      until the condition S.sub.T1 .gtoreq. T.sub.S1  occurs. When this
      condition occurs, the command to open the retarder is output. If the last
      axle of the cut is detected at the exit wheel detector before this
      condition occurs, the retarder control functions for the cut are
      terminated and the retarder is not commanded to open. When the retarder is
      commanded to open for the cut, the stall detection function is performed.
      The stall timer (T.sub.S) for the "oldest" car in the cut that is still
      occupying the retarder control zone is set for stall detection, that is,
      T.sub.S = S.sub.TI + T.sub.TZ. The necessary checks are made during every
      control cycle until it is determined that the car has either exited the
      retarder (last axle detected at the exit wheel detector), or the cut has
      stalled in the retarder (S.sub.T1 .gtoreq. T.sub.S). This stall detection
      function is repeated until all cars in the cut have either exited the
      retarder or the cut is stalled in the retarder. In either case, the
      retarder control function for the cut is terminated. For the no-stall
      case, the command to close the retarder is output. For the stall case, the
      command to open the retarder and an appropriate alarm message are output.
      Also, the track is automatically blocked from the entry of any following
      cuts until the situation can be corrected.
PAR  When the second axle of a cut is detected at the approach wheel detector
      and the wheel detector is operating properly, the following functions are
      performed. First, V.sub.M and T'.sub.M for the cut are determined when the
      wheel detector interrupt occurs. Then the radar equipment is checked for
      proper operation. It is assumed to be operating properly if the following
      inequality is satisfied:
      ##EQU9##
      where .DELTA.V is the maximum difference between the average speed
      determined from the radar measurements and the average speed determined
      from the time measured for the cut to travel the distance between its
      first and second axles under normal conditions. .DELTA.V is a stored
      constant that applies to all cuts and all tangent retarders, one value the
      order of 3 feet per second.
PAR  If the radar equipment is found to be operating improperly, several actions
      are performed. First, an appropriate alarm message is output and V.sub.ET
      for the cut is invalidated. Then the stall timer (T.sub.S1) for the first
      car is again set equal to S.sub.T1 + T.sub.NC and the retarder control and
      stall detection for the cut are determined in the same manner as described
      above when the approach wheel detector is found to be operating
      improperly.
PAR  If the radar equipment is found to be operating properly, the following
      described functions are then performed to complete the retarder control.
      During this description, the following definitions apply:
PA1  V.sub.TO - speed of the cut when the tangent retarder is commanded to open.
PA1  V.sub.XMT - the speed of the cut when the last axle passes the exit wheel
      detector.
PA1  S.sub.TO - the location of the first axle of the cut with reference to the
      approach wheel detector when the retarder is commanded to open.
PA1  T.sub.TO - the elapsed time between detection of the first axle at the
      approach wheel detector and the command to open the retarder for a cut.
PAR  During the first control cycle subsequent to detection of the second axle
      at the approach wheel detector, V.sub.XR for a cut is determined by means
      of equation (4). The value computed for V.sub.XR is compared to maximum
      and minimum limits for requested exit speeds from the tangent point
      retarders. There is one stored constant for the maximum exit speed and a
      stored minimum exit speed for each of the four weight classifications. The
      computed V.sub.XR is used or is set equal to the maximum limit or to the
      appropriate minimum limit when the computed value exceeds in either
      direction the stored constant. At this time, the initial value of S.sub.1
      is determined by means of equation (5c). It is to be noted that S'.sub.1
      must be zero at this time. However, after S.sub.1 is determined, S'.sub.1
      is set equal thereto. V'.sub.M and T".sub.M are set equal to V.sub.M and
      T'.sub.M, respectively, and V.sub.TO is also set equal to V.sub.M. Until
      the retarder control functions for the cut are terminated and after the
      initial value of S.sub.1 has been determined, new values for V.sub.M and
      T'.sub.M are obtained during every control cycle. A new value for S.sub.1
      is then determined by means of equation (5c), then S'.sub.1, V'.sub.M, and
      T".sub.M are set equal to S.sub.1, V.sub.M, and T'.sub.M, respectively.
      Also V.sub.XMT is set equal to V.sub.M, if this latter value is less than
      V.sub.TO. When the retarder control zone is not occupied by any previous
      cut, V.sub.XP is determined by means of equation (5) and inequality (3) is
      evaluated for a cut, subsequent to the detection of its second axle at the
      approach wheel detector. This is done during every control cycle until
      inequality (3) is satisfied or the retarder control functions for the cut
      are terminated. When inequality (3) is satisfied, the command to open the
      retarder is output. Also, S.sub.TO is set equal to S.sub.1 and T.sub.TO is
      set equal to (S.sub.T1 - T.sub.S1 + T.sub.TZ).
PAR  During every control cycle subsequent to the detection of the second cycle
      axle of a cut at the approach wheel detector, it is determined whether or
      not to terminate the retarder control functions for that cut. These
      control functions are terminated when it is detected that the cut has
      exited the retarder, the cut has stalled, or another cut has passed the
      radar antenna. A cut is assumed to have exited the retarder when its last
      axle is detected at the exit wheel or when the condition S.sub.TG -
      S.sub.1 .ltoreq. .DELTA.S exists, where .DELTA.S is a stored constant in
      the range of 2 to 5 feet. Stall detection was previously described. It is
      assumed that another cut has passed the radar antenna when the "catch-up"
      flag for a cut is set, its last axle has been detected at the approach
      wheel detector, and V.sub.M - V.sub.TO &gt;.DELTA.V. When the termination of
      control functions results from a cut having exited the retarder, the
      command to close the retarder is output and V.sub.M is recorded as the
      actual exit speed for that cut. If detection of the cut's last axle at the
      exit wheel detector does not occur when the previously mentioned stall
      function S.sub.TG - S.sub.1 .ltoreq..DELTA.S occurs, it is assumed that
      the exit wheel detector is operating improperly and an appropriate alarm
      message is output. When termination of control functions results from
      either the cut having stalled or another cut having passed the radar
      antenna, the retarder is commanded to open until it is determined that the
      retarder control zone is unoccupied. In the stall condition, an
      appropriate alarm message is output and the track involved is
      automatically blocked.
PAR  The control concept of our invention thus provides an improved automatic
      control of the movement of cars in a classification yard. The movement of
      these cuts over the hump is expedited and a more constant and higher
      average humping speed may be obtained. The speed control by the master,
      intermediate, and group retarders as cuts move through the switching area
      reduces the number of misroutes of cuts by allowing a greater and more
      constant separation between the cuts for switching purposes. It also
      prevents catch-ups between successive cuts of cars and/or cornering as
      they move on diverging routes. Most important, the system of our invention
      produces a more consistent range of coupling speeds within the
      pre-established safe limits and fewer stalls of the cuts short of coupling
      to cars already in the selected tracks. The efficiency and economy of the
      yard operation is therefore enhanced.
PAR  While we have shown and described herein but one form of the automatic
      speed control system embodying the arrangement and concept of our
      invention, it is to be understood that various modifications and changes
      therein, within the scope of the appended claims, may be made without
      departing from the spirit and scope of our invention.
CLMS
STM  Having now described the invention, what we claim as new and desired to
      secure by Letters Patent is:
NUM  1.
PAR  1. A method of controlling the speed of cuts of cars moving in a railroad
      classification yard along the route between the hump and a selected one of
      a plurality of storage tracks, comprising the steps of,
PA1  a. controlling the speed of each car cut in a series of successive
      retarders along the selected route between said hump and the entrance to
      the selected storage track to obtain a predetermined running time for each
      cut based on the existing humping rate and measured parameters of each
      cut, which running time through said series of retarders is substantially
      the same for each cut following a route to the same group of storage
      tracks, and
PA1  b. further controlling the speed of each cut in a final retarder upon entry
      into said selected track to assure that it moves to coupling with with
      previously stored cars at a coupling speed within preselected safe limits.
NUM  2.
PAR  2. The method of controlling cut speed in a classification yard as defined
      in claim 1 in which the predetermined running time from said hump to said
      preselected storage track includes,
PA1  a. a first portion which varies in accordance with the humping rate, and
PA1  b. a remaining portion of predetermined length the same for each cut
      following the same route.
NUM  3.
PAR  3. The method of controlling cut speed in a classification yard as defined
      in claim 2 in which,
PA1  a. said first portion of running time is that between the hump crest and
      the entrance to the first retarder, and
PA1  b. said remaining portion of running time includes the sum of each
      predetermined running time, the same for all cuts following that route,
      between the entrances to each pair of successive retarders of said series
      of retarders including said final retarder.
NUM  4.
PAR  4. The method of controlling cut speed in a classification yard as defined
      in claim 3 in which said predetermined running times are measured between
      the passage of the cut center at entrances into successive retarders.
NUM  5.
PAR  5. The method of controlling cut speed in a classification yard as defined
      in claim 1 in which,
PA1  a. the control of cut speed by each of said series of retarders is based on
      achieving a predetermined run time for the cut from the hump crest to each
      retarder entrance including said final retarder,
PA1  b. each retarder of said series varies the speed of a cut passing
      therethrough to obtain an exit speed which will restore the predetermined
      run time schedule as that cut reaches the next successive retarder, and
PA1  c. each retarder controls cut speed in accordance with the existing speed
      of the cut, the cut parameters, the characteristics of the track route to
      the successive retarder, and the predetermined run time schedule varied by
      the humping rate.
NUM  6.
PAR  6. The method of controlling cut speed in a classification yard as defined
      in claim 1 in which said series of retarders comprises three retarders
      along the route to each storage track and in which the step of controlling
      cut speed between the hump and the selected storage track comprises the
      further steps of,
PA1  a. selecting a run time value for each cut from crest to the first retarder
      in accordance with the existing humping rate,
PA1  b. controlling cut speed in the first retarder en route to obtain a
      predetermined run time between entrances to the first and second
      retarders,
PA1  c. controlling cut speed in the second retarder en route to obtain another
      predetermined run time between entrances to the second and third
      retarders, and
PA1  d. controlling cut speed in the third retarder en route to obtain still
      another predetermined run time between the entrances to said third
      retarder and said final retarder, such that the total run time between
      said crest and said final retarder is a predetermined period for each cut
      varying only as the run time between said crest and first retarder varies
      in accordance with the humping rate.
NUM  7.
PAR  7. The method of controlling cut speed in a classification yard as defined
      in claim 6 in which each run time is measured during the passage of the
      center of a cut between the corresponding successive locations along its
      route to the selected storage track.
NUM  8.
PAR  8. The method of controlling cut speed in a classification yard as defined
      in claim 7 which includes the additional steps of,
PA1  a. measuring the rolling resistance characteristic of a cut as it travels
      between said second and third retarders, and
PA1  b. correlating said measured rolling resistance factor in accordance with
      the specific characteristics of the storage track selected for the cut for
      use in controlling the cut speed by the final retarder along its route.
NUM  9.
PAR  9. The method of controlling cut speed in a classification yard as defined
      in claim 8 which includes the further steps of,
PA1  a. determining if a condition exists for catch-up of successive cuts while
      traveling the same route in advance of the corresponding third retarder,
      and
PA1  b. modifying the speed control normally exercised on a cut by said third
      retarder when no catch-up condition exists to obtain better coupling speed
      control by the selected final retarder.
NUM  10.
PAR  10. A method of automatically controlling the speed of cuts of cars in a
      railroad hump classification yard having a master retarder, a plurality of
      intermediate retarders, another plurality of group retarders, and a
      tangent point retarder in the entrance to each of a plurality of storage
      tracks, comprising the steps of,
PA1  a. selecting a running time for a particular cut, from the hump to the
      tangent point retarder associated with the selected storage track, at
      least partly in accordance with the humping rate,
PA1  b. controlling the speed of said particular cut by the master,
      intermediate, and group retarders along its route to obtain a
      predetermined running time between the entrance to said master retarder
      and the entrance to the tangent point retarder along the route such that
      the total running time for that cut from said crest is a selected period
      varying only according to the humping rate, and
PA1  c. controlling the speed of said particular cut within the selected storage
      track by said tangent point retarder to assure movement to coupling with
      cars previously stored in that track at a speed within a preselected safe
      coupling speed range.
NUM  11.
PAR  11. The method of controlling the speed of car cuts in a classification
      yard as defined in claim 10 in which the step of controlling the speed of
      a particular cut by said master, intermediate, and group retarders along
      its route comprises the further steps of,
PA1  a. controlling the speed of said particular cut by said master retarder to
      obtain a predetermined running time, the same for all cuts traversing that
      route, for said cut between said master and route intermediate retarders,
      in accordance with cut parameters, entry speed, and advance route
      characteristics,
PA1  b. controlling the speed of said particular cut by said route intermediate
      retarder to obtain a predetermined running time, the same for any cut
      traversing that route, for said particular cut between said route
      intermediate and group retarders, in accordance with cut parameters, entry
      speed, and advance route characteristics, and
PA1  c. controlling the speed of said particular cut by said route group
      retarder, in accordance with cut parameters, entry speed and advance route
      characteristics, to obtain a predetermined running time, the same for each
      cut traversing that route, for that cut between said route group and
      tangent point retarders,
PA1  d. the total running time for said particular cut from crest to the
      entrance into the tangent point retarder thus being a selected period
      including a first portion between said crest and the entrance to said
      master retarder varying in accordance with the humping rate and a second
      portion which is a predetermined same length for all cuts following that
      route.
NUM  12.
PAR  12. The method of controlling the speed of car cuts in a classification
      yard as defined in claim 11 in which each predetermined running time for
      said particular cut between a pair of successive retarders is the time for
      passage of the center of that cut over each distance.
NUM  13.
PAR  13. The method of controlling the speed of cuts in a classification yard as
      defined in claim 12 which includes the further steps of,
PA1  a. measuring the rolling resistance characteristics of said particular cut
      while moving between said route intermediate and group retarders,
PA1  b. converting the measured rolling resistance of said particular cut into a
      correlated rolling resistance factor for that particular cut when moving
      through said selected storage track, in accordance with predetermined
      characteristics of the selected storage track, and
PA1  c. modifying the speed control exercised on said particular cut by said
      route tangent point retarder in accord with the correlated rolling
      resistance factor.
NUM  14.
PAR  14. The method of controlling the speed of cuts in a classification yard as
      defined in claim 13 in which the control of a tangent point retarder
      includes the further steps of,
PA1  a. determining the portion of the speed control of said particular cut, to
      obtain the desired coupling speed, to be executed by the tangent point
      retarder in its  pg,48 closed position, based on predetermined braking
      characteristics of that retarder on said particular cut,
PA1  b. determining the portion of the speed control of said particular cut, to
      obtain the desired coupling speed, that will continue to be exercised by
      said tangent point retarder in its open position due to predetermined drag
      characteristics of that retarder, and
PA1  c. opening said tangent point retarder when said particular cut has moved
      to a position at which said drag effect by that retarder in open position
      will effect the remaining speed control required to assure coupling within
      said safe coupling speed range.
NUM  15.
PAR  15. The method of controlling the speed of cuts in a classification yard as
      defined in claim 10 in which,
PA1  a. the selected total running time of said particular cut to the selected
      tangent point retarder includes a first portion for cut movement between
      said crest and said master retarder entrance which is a preselected
      variable in accordance with the existing humping rate, and in which
      controlling the cut speed by said retarders comprises the further steps
      of,
PA1  b. controlling the speed of said particular cut by said master retarder to
      obtain a total running time to the entrance into said route intermediate
      retarder including said preselected first portion and a predetermined
      time, the same for all cuts traversing that route, between said master and
      route intermediate retarders,
PA1  c. controlling the speed of said particular cut by said route intermediate
      retarder to obtain a total running time to the entrance into said route
      group retarder including the total time to said route intermediate
      retarder plus another predetermined time, the same for all cuts traversing
      that route, between said route intermediate and group retarders, and
PA1  d. controlling the speed of said particular cut by said route group
      retarder to obtain a total running time to the entrance to said route
      tangent point retarder including the total running time to said route
      group retarder plus still another predetermined time, the same for all
      cuts traversing that route, between said route group and tangent point
      retarders.
NUM  16.
PAR  16. The method of controlling the speed of cuts in a classification yard as
      defined in claim 15 which includes the further steps of,
PA1  a. measuring the rolling resistance characteristics of said particular cut
      while moving between said route intermediate and group retarders,
PA1  b. converting the measured rolling resistance of said particular cut into a
      correlated rolling resistance factor for that particular cut when moving
      through said selected storage track, in accordance with predetermined
      characteristics of the selected storage track, and
PA1  c. modifying the speed control exercised on said particular cut by said
      route tangent point retarder in accord with the correlated rolling
      resistance factor.
NUM  17.
PAR  17. The method of controlling the speed of cuts in a classification yard as
      defined in claim 16 in which the control of a tangent point retarder
      includes the further steps of,
PA1  a. determining the portion of the speed control of said particular cut to
      obtain the desired coupling speed to be executed by the tangent point
      retarder in its closed position, based on predetermined braking
      characteristics of that retarder on said particular cut,
PA1  b. determining the portion of the speed control of said particular cut to
      obtain the desired coupling speed will continue to be exercised by said
      tangent point retarder in its open position due to the predetermined drag
      characteristics of that retarder,
PA1  c. opening said tangent point retarder when said particular cut has moved
      to a position at which said drag effect by that retarder in open position
      will effect the remaining speed control required to assure coupling within
      said safe coupling speed range.
NUM  18.
PAR  18. In a railroad classification yard provided with an automatic speed
      control system including a tangent point retarder at the entrance to each
      of a plurality of storage tracks, the method of controlling each tangent
      point retarder comprising the steps of,
PA1  a. determining a required exit speed for a cut traversing a particular
      tangent point retarder, to assure coupling with cuts previously stored in
      the associated storage track, in accordance with a preselected coupling
      speed, the distance to coupling, and the cut rolling parameters correlated
      with the associated track characteristics,
PA1  b. predicting periodically the exit speed for the cut traversing said
      particular retarder in accordance with the current speed and location of
      that cut and the future speed reductions effected on that cut by said
      retarder in both its closed and open positions,
PA1  c. comparing each predicted exit speed with said required exit speed, and
PA1  d. commanding said particular retarder to open when said comparison of
      predicted and required exit speeds produces a predetermined condition.
NUM  19.
PAR  19. The method of controlling tangent point retarders in a railroad
      classification yard as defined in claim 18, in which each periodic step of
      predicting the exit speed of a cut comprises the further steps of,
PA1  a. measuring the current speed of the cut traversing said particular
      retarder,
PA1  b. determining a first future speed reduction on said cut in accordance
      with the braking force per axle of said particular retarder in its closed
      position and the distance each axle of said cut must travel in said
      retarder while closed,
PA1  c. determining another future speed reduction on said cut in accordance
      with the drag force per axle of said retarder in its open position and the
      distance each axle of said cut must travel in said retarder while open,
PA1  d. determining the acceleration of said cut within the retarder control
      zone in accordance with the track grade and the cut location and rolling
      characteristics, and
PA1  e. computing said predicted exit speed for said cut in a predetermined
      manner in accordance with said current cut speed, said acceleration, and
      both said speed reduction factors.
NUM  20.
PAR  20. The method of controlling tangent point retarders in a classification
      yard as defined in claim 19 in which,
PA1  a. the step of comparing comprises developing a difference factor between
      each predicted exit speed and said required exit speed, and
PA1  b. the step of commanding said particular retarder to open is effected when
      said difference factor is less than a preselected quantity.
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ABST
PAL  A suspended railway employs a suspension rail provided with two runway
      rails upon which respectively ride the first and second traveller wheel
      sections of a traveller from which a railway car, or the like, is
      suspended. A railway switch for the suspension rail has a stem section and
      two branch sections. Each of the two runway rails of the stem section also
      forms the outer runway rail of a respective one of the two branch
      sections. Each of the two branch sections furthermore has a respective
      inner runway rail. The inner runway rails of the two branch sections
      define together with the outer runway rails a switch gap over which one of
      the traveller wheel sections crosses unsupported as the traveller crosses
      the switch gap, so that in crossing the switch gap the traveller exhibits
      a tendency to tilt in a first direction towards the unsupported side of
      the traveller. An arrangement is provided for positively causing the
      traveller to tilt in the opposite second direction when crossing the
      switch gap to assure that upon the completion of the crossing of the
      switch gap the unsupported traveller wheel section will not be below the
      level of the runway rail onto which it is about to come into contact.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a railway switch for use in suspended railways of
      the type making use of two-runway-rail suspension track. The two runway
      rails which form the bearing track for the suspension rail are spaced
      apart to form a slit. The traveller has a plurality of traveller wheels,
      arranged one after the other. These traveller wheels are mid-flanged and
      having opposite axial end sections bearing upon respective ones of the two
      runway rails of the track, with the central flange riding in the slit
      intermediate the runway rails. Hangers extend from the traveller down
      through the slit and suspend a railway car, or the like. The traveller is
      provided with two linear motors, located to opposite sides of the
      traveller. Reaction rails, for example composed of a series of reaction
      bars, extend alongside the track and cooperate with the linear motors to
      cause the traveller to advance along the track. When the traveller comes
      to a switching region, one of the linear motors is deenergized so that the
      other will effect not only advancement of the traveller but will
      furthermore cause the traveller to be steered onto the selected branch of
      the switch. Above the level of the linear motors, the traveller is
      provided with horizontally spaced guide rollers rotatable about respective
      vertical axes. These guide rollers bear upon guide rails located at the
      level of the guide rollers and extending alongside the track. In the
      switching region there are provided steering rails which extend alongside
      the outer rails of the branch sections. The traveller is provided with a
      steering structure capable of engaging a selected one of the steering
      rails to effect steering by purely mechanical means, in the event of a
      partial or complete electrical power loss of the linear motor which would
      normally effect the steering action. Uptrack and down-track of the
      switching region, the reaction rails, the guide rails, and to their
      limited extent the steering rails are horizontally spaced from the
      respective track centerline by constant respective distances.
PAR  German published Pat. application DT-OS 2 164 078 discloses a structure for
      the suspension rail of a suspended railway. The suspension rail is mounted
      on supports and has a box-like cross-sectional profile encasing the
      traveller. The suspension rail is slotted at its bottom wall for the
      passage of the hangers which extend down from the traveller to support the
      suspended railway car. The travellers of the railway are provided with
      mid-flanged traveller wheels which ride down the middle of the
      two-runway-rail track. If the suspended railway cars follow each other
      closely and are to be routed onto different branches of a switch, then it
      is desirable to provide a switch which effects steering of the railway
      cars onto the selected branches without the need for moving parts such as
      switch blades, and the like. However, if conventional switch blades and
      the like are to be eliminated, there arises the problem of how to reliably
      effect the routing of the cars onto the different branches of the switch.
PAR  German published Pat. application DT-OS 2 215 807 proposes a solution to
      this problem. In the switching region, the suspension rail is provided
      with magnets located at the outer sides of the respective outer rails of
      the branch sections of the switch. The traveller is provided on its
      opposite sides with armature plates which can be selectively activated to
      move into the region of the magnetic field of the left-branch magnets or
      into the region of the magnetic field of the right-branch magnets. When
      the railway car approaches the switching region, one or the other of the
      armature plates is activated, with the result that the traveller of the
      railway car is caused to follow either the outer runway rail of the left
      branch or else the outer runway rail of the right branch, and in this way
      steering of the railway car is effected. In this publication, there is
      also disclosed the concept of providing steering rails alongside the
      steering magnets. The traveller is provided with a steering structure
      capable of hooking behind the steering rail of one of the other branch
      section, so that steering by purely mechanical means will occur in the
      event of a loss of the magnetic steering action, due to a partial or
      complete electric power loss. However, this known construction has a
      considerable disadvantage.
PAR  The central slit defined intermediate the two runway rails of the
      suspension railroad track spreads apart in the switching region to form a
      large empty space or switching gap. If for example the railway car is
      travelling on the stem section of the switch and is to be steered onto the
      right branch section, then, as the traveller of the railway car crosses
      the switching gap, the left traveller wheel sections will cross the gap
      unsupported from below. Because of the horizontal spacing, as considered
      in transverse cross-section, between the right-hand or load-bearing runway
      rail in this example, on the one hand, and, on the other hand, the center
      of gravity of the traveller and the suspended railway car, the traveller
      will tend to tilt to the left when crossing the switching gap, in passing
      from the stem section of the switch to the right branch section.
PAR  This tendency to tilt to the left is opposed by the attractive force of the
      aforementioned steering magnets running alongside the outer runway rail of
      the right branch section. However, as indicated above, in the event of a
      partial or complete power loss resulting in deenergization of the steering
      magnets, the steering becomes purely mechanical, with the hooked ends of a
      steering structure on the traveller hooking behind the steering rail which
      runs alongside the outer runway rail of the right branch section along the
      switching region. However, this latter steering action, which comes into
      play only in the event of the power loss, results in a limited tilting of
      the traveller to the left, due to the play between the right steering
      structure and the right steering rail. The presence of this play is
      appropriate, since it prevents the mechanical steering engagement from
      occurring except when the attractive steering force of the steering
      magnets fails. However, the problem produced by this action is that the
      unsupported left traveller wheel sections may assume a level below the
      level of the upper or bearing surface of the left runway rail of the right
      branch section, in this example, with the result that the unsupported left
      traveller wheel sections, instead of smoothly engaging the inner runway of
      the branch section after crossing the switch gap, instead collide with it.
PAR  German published patent application DT-OS 2 328 366 discloses another such
      suspended railroad suspension rail construction. There, the steering of
      the traveller, which is provided with a mid-flanged traveller wheel which
      rides down the center of the track defined by the two spaced runway rails,
      is effected by the separate control of linear motors located at opposite
      sides of the traveller and cooperating with respective reaction rails
      extending along opposite sides of the two-runway-rail track. Normally,
      both linear motors are energized, for effecting advancement of the
      traveller. When the traveller enters a switching region, one linear motor
      is deenergized, so that the linear motor which remains energized not only
      effects advancement, but furthermore causes the traveller to be attracted
      to the associated reaction rail. To stabilize the traveller against
      lateral tilting and swinging, there are provided at the top of the
      traveller guide rollers bearing upon lateral guide rails running along
      opposite sides of the track. When passing through the switch, the
      traveller wheel section associated with the deenergized linear motor is
      unsupported, resulting in the aforedescribed tendency of the traveller to
      tilt to the unsupported side. To counteract this tendency to tilt, the
      linear motor which remains energized is energized to a considerably
      greater extent than when both linear motors are energized simultaneously
      The energization of the linear motor which remains energized to effect
      both advancement and tilting must be increased for still another reason.
      Specifically, one of the two branch sections of the suspension railway
      switch is a curved branch section, and accordingly the magnetic coupling
      between the linear motor and the reaction bars of the associated reaction
      rail is somewhat decreased if the traveller is passing along this curve.
      To compensate for this decrease, the energization of the linear motor
      which effects the steering must be still further increased. It is
      considered quite undesirable that as the traveller enters the switching
      region the energization of the linear motor which is called upon to effect
      the steering action must be increased so greatly and so relatively
      suddenly.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the invention to overcome the disadvantages of
      the prior-art constructions and expedients discussed above.
PAR  It is a more particular object to provide a novel suspended railway switch
      arrangement so designed that, if linear motors located on opposite sides
      of the traveller are employed as the principal steering means, the
      energization of the linear motor called upon to effect steering as the
      traveller enters the switching region can be increased continuously and
      relatively gradually.
PAR  It is another object of the invention to prevent collision between the
      unsupported traveller wheel sections and the runway rail onto which the
      unsupported traveller wheel sections are about to come into contact, in
      the event that the traveller tilts towards its unsupported side while
      crossing the switch gap; such tilting could occur for example in the event
      of a partial or complete electrical power loss of the linear motor called
      upon to effect the steering.
PAR  According to a preferred concept of the invention, this object, and other
      which will become more understandable from the description, below, of
      preferred embodiments, can be met by so designing the suspension rail that
      the reaction rails and guide rails which run alongside the runway rails,
      and also the steering rails which run alongside the runway rails only in
      the switching region, are horizontally spaced outwards from the respective
      track centerline by respective first distances up-track and down-track of
      the switching region and by larger respective second distances within the
      switching region, with these horizontal spacings changing continuously
      from the first distance to the second distance and back to the first
      distance, as one proceeds through the switching region. Preferably, the
      respective horizontal spacings of the reaction rails, guide rails and
      steering rails change identically as one proceeds through the switching
      region. In this way, as the traveller proceeds through the switching
      region, instead of tilting towards its unsupported side, it is positively
      caused to tilt in the opposite direction. This assures that, at the
      completion of the crossing of the switch gap, the unsupported traveller
      wheel sections will not be below the level of the bearing surface of the
      runway rail onto which they are about to come into contact.
PAR  The invention makes it possible to achieve any or all of the following
      advantages:
PAR  In the switching region, the suspension rail, ignoring the steering rails
      which are provided only in the switching region, is composed of
      essentially the same components as are present all along the suspension
      rail, i.e., up-track and down-track of the switching region. Additional
      heavy steering mechanisms, which may be expensive and very susceptible to
      malfunction, need not be used.
PAR  Furthermore, using only very simple means, it becomes possible to effect a
      relatively gradual increase in the energization of that one of the linear
      motors which is called upon to effect the steering through the switching
      region; this increases the lifetime of the linear motors and improves the
      quality of the ride.
PAR  Because the traveller, when crossing the switch gap, is positively tilted
      in direction away from the unsupported side thereof, the possibility of a
      collision between the unsupported traveller wheel sections and the runway
      rail upon which they come into contact at the completion of the crossing
      of the switch gap, is reliably precluded.
PAR  If there occurs a loss of electrical power for that one of the linear
      motors called upon to perform the steering as the traveller passes through
      the switching region, then, in order to optimize the contact relationship
      between the mid-flanged traveller wheel and the one of the runway rails
      upon which it bears, it is advantageous that the constant, maximum
      horizontal distance between the various rails and the respective track
      centerline in the switching region be so selected that in the event of
      such power loss the traveller will assume a vertical or plumb orientation.
PAR  It is considered desirable to minimize the electrical energization of the
      linear motor requisite for positively tilting the traveller in direction
      away from its unsupported side, as the traveller crosses the switch gap.
      To this end, the invention contemplates that the constant, maximum
      horizontal distance between the various rails and the respective track
      centerline, and in particular between the guide surfaces of the guide
      rails and the respective track centerline, in the region of the switch
      gap, be so selected that, in the event of a power loss of the linear motor
      responsible for steering, the traveller is permitted to tilt somewhat
      towards its unsupported side. If this be done, then it is considered
      advantageous to provide the various runway rails in the region of the
      switch gap with lead-on ramps. In the event that the unsupported traveller
      wheel sections are located below the level of the bearing surface of the
      runway rail upon which they come into contact at the completion of the
      crossing of the switch gap, then the lead-on ramp associated with such
      runway rail will gradually lift the unsupported traveller wheel sections
      up to the level of the bearing surface of the runway rail. Besides the
      saving of electrical energy which can result when this expedient is
      employed, there is created the possibility of taking into consideration,
      in advance, the wear of components of the traveller and of the suspension
      rail, particularly the steering bracket of the traveller and the steering
      rails of the suspension rail. Wear of these latter components could lead
      to an increase of the mechanical play between them and accordingly to the
      danger of a collision between the traveller wheels and the runway rails in
      the switching region. This results in a longer useful life of the
      components and longer intervals between service.
PAR  To achieve a flat abutment for the guide rollers upon the guide faces of
      the guide rails, and in order to optimize the cooperation between the
      linear motor and the reaction rails, it is contemplated to incline the
      guide surfaces of the guide rails and those faces of the reaction rails
      which face towards the respective linear motors by angles corresponding to
      the tilt which the traveller is to be caused to assume in passing through
      the switching region.
PAR  A problem may arise if the traveller is provided with brakes which could
      possibly collide with a runway rail as the traveller completes its
      crossing of the switch gap. For example, it is common to employ clamp
      brakes of the type comprised of two opposing members which, when the brake
      is activated, clamp between them one of the runway rails and the
      underlying section of the bottom wall of the suspension rail housing. If
      for any reason the clamp brake associated with the unsupported side of the
      traveller is in activated condition as the traveller crosses the switch
      gap, then the two opposing members of the clamp brake will be in direct
      contact or else spaced apart a distance less than the combined thickness
      of the runway rail and the underlying section of the bottom wall of the
      suspension rail housing. As a result, the clamp members of the clamp brake
      may impact upon the runway rail onto which the associated unsupported
      steering wheel section comes into contact at the completion of the
      crossing of the switch gap. To prevent this, the invention contemplates
      providing wedge-like spreading means operative for spreading apart such
      activated clamp members as the latter approach the runway rail at the end
      of the crossing of the switch gap. Advantageously, these spreading means
      can have the form of the aforedescribed lead-on-ramps for the runway
      rails, but sloping not only on their upper sides but also on their lower
      sides, to present a wedge-like leading end.
PAR  As indicated above, it is deemed advantageous to so design the steering
      bracket on the traveller and the steering rails of the suspension rail
      switch that physical engagement between the bracket and the selected
      steering rail actually occurs only if there is a partial or complete power
      loss of the linear motor called upon to steer in the selected direction.
      To minimize the frictional wear resulting when such actual physical
      engagement occurs, it is advantageous to provide bearing rollers at the
      ends of the steering bracket. When the traveller is to be steered onto one
      of the branch sections of the switch, the respective end of the steering
      bracket, upon which is mounted a bearing roller, hooks behind the
      associated steering rail. However, the bearing roller actually bears upon
      the bearing surface of the steering rail only in response to the tilting
      which occurs when there is a partial or complete loss of the power for the
      energized one of the linear motors.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic top view of a suspension rail switch, with the top
      wall of the suspension rail housing removed;
PAR  FIG. 2 is a section through the structure of FIG. 1, taken on line II--II,
      on a larger scale;
PAR  FIG. 3 is a section through the structure of FIG. 1, taken on line
      III--III, on a larger scale;
PAR  FIG. 4 is a schematic top view of another suspension rail switch,
      corresponding to the view of FIG. 1, but on a larger scale;
PAR  FIG. 5 is a section through the structure of FIG. 4, taken on line IV--IV;
PAR  FIG. 6 is a perspective view of the lead-on ramp located at Z in FIG. 4, on
      a scale larger than that of FIG. 4;
PAR  FIG. 7 is a perspective view of the lead-on ramp located at Y in FIG. 4;
PAR  FIG. 8 is a section through a suspension rail corresponding to the
      sectional view of FIG. 2, but provided to show the arrangement of a pair
      of opposing-member clamp brakes provided on the traveller;
PAR  FIG. 9 depicts another lead-on ramp;
PAR  FIG. 10 is a section through another suspension rail, corresponding to the
      sectional view in FIG. 2;
PAR  FIG. 11 is a section through the suspension rail of FIG. 10, corresponding
      to the sectional view of FIG. 3; and
PAR  FIG. 12 is a section through a further suspension rail, corresponding to
      the sectional view in FIG. 2.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the several embodiments, the same reference numerals are employed to
      designate corresponding parts. The embodiment depicted in FIGS. 1-3 will
      be discussed first.
PAR  FIG. 2 is a transverse cross-section through a suspension rail 1 of a
      suspension railway. The suspension rail 1 is of generally box-shaped
      cross-section and is comprised of a bottom wall 1a, two side wall 1b and a
      top wall 1c. In FIG. 1, the top wall 1c is removed for clarity. The bottom
      wall 1a (FIG. 2) is provided with a central, longitudinally extending slit
      2. Just above the slit 2, to the left and to the right of the slit 2,
      there are provided left and right runway rails 11. Riding on the runway
      rails 11 are the two axially spaced bearing surfaces of two mid-flanged
      traveller wheels 12. The two traveller wheels 12 support the traveller 7
      and are located spaced apart, one after the other, so that only one of the
      two traveller wheels 12 is visible in FIGS. 2 and 3. The traveller 7
      carries two (non-illustrated) hangers which extend downwards from the
      traveller 7, fore and aft of the traveller, through the slit 2, to the top
      of a (non-illustrated) passenger car, or the like, which the
      (non-illustrated) hangers support.
PAR  The suspension rail 1 is furthermore comprised of steering rails 10 having
      an angled cross-sectional configuration. The steering rails 10 are
      provided not along the full length of the suspension rail 1, but instead
      only in the vicinity of the track switch, as seen particularly clearly in
      FIG. 1. The portions of the steering rails 10 located farthest from the
      actual switching vicinity are horizontall spaced a distance C from the
      respective track centerline (shown in dash-dot lines in FIGS. 1-3).
      Mounted on the traveller 7 is a pivotable steering bracket 9 which carries
      at its opposite ends rotatably mounted rollers 15. The rollers 15
      cooperate with the steering rails 10 in a manner described in detail
      below.
PAR  Each of the two side walls 1b of the stationary suspension rail 1 is
      provided with respective reaction rails composed of successive discrete
      ferromagnetic bars 5 (see FIG. 1). The reaction bars are stationary and
      cooperate in per se known manner with respective ones of two linear motors
      8. The linear motors 8 are mounted on either side of the traveller 7. The
      reaction bars 5 have vertical faces 5a which face inwards towards the
      traveller 7. These vertical faces 5a, outside the switching vicinity, are
      horizontally spaced from the respective track centerline (shown in
      dash-dot lines in FIGS. 1-3) by a constant distance B.
PAR  The suspension rail 1 (see FIG. 2) is provided at its upper corner portions
      with elongated guide rails 4. Outside the switching vicinity, the vertical
      guide surfaces 4a of the guide rails 4 are each horizontally spaced from
      the respective track centerline by a constant distance A. The traveller 7
      is provided at its top with two guide rollers 6. Each of the guide rollers
      6 has a diameter greater than the aforementioned distance A, and the guide
      rollers 6 are arranged on the top of the traveller T, one after the other,
      laterally offset with respect to each other, so that normally the left
      guide roller 6 bears against the left guide surface 4a, whereas the right
      guide roller 6 bears against the right guide surface 4a. The guide
      surfaces 4a and cooperating guide rollers 6 cooperate to counteract
      tilting of the (non-illustrated) passenger car, or the like, suspended
      from the traveller 7, particularly for example when the traveller 7 and
      the suspended passenger car is travelling at high speed around a bend. The
      guide rollers 6, being located considerably above the level of runway
      rails 11, are provided at the end of a relatively long lever arm and
      accordingly are capable of resisting considerable tilting forces.
PAR  Referring to FIG. 1, the leftmost runway rail 11 extends in an
      uninterrupted straight line through the switching region, extending
      through the straight portion of the switch in suspension rail 1. In
      contrast, the rightmost runway rail 11 curves off to the right, following
      the course of the switch branch. Down-track of the switch gap 3 (i.e.,
      above switch gap 3, as viewed in FIG. 1) there is provided in the straight
      portion of the switch the right-side runway rail 11 of the straight
      portion, and there is provided in the curved portion of the switch the
      left-side runway rail 11 of the right branch section. The right-side
      runway rail 11 of the left branch section of the switch and the left-side
      runway rail 11 of the right branch section ofthe switch meet in the region
      of the switch gap 3 to form a branching point.
PAR  Up-track of the switch gap 3 (i.e., below the switch gap 3 as viewed in
      FIG. 1), in the up-track region 16, the horizontal spacing of the guide
      surfaces 4a from the track centerline has no longer the constant value A,
      but instead has a value A.sub.1 which continuously increases in the
      down-track direction until, just down-track of the up-track section 16,
      the horizontal spacing reaches the maximum value A.sub.2. Intermediate the
      up-track section 16 and the down-track sections 16, the value of this
      horizontal spacing remains constant at this maximum value A.sub.2.
PAR  The horizontal spacing between the respective track centerlines and the
      facing surfaces 5a of the reaction bars 5 changes from the constant
      minimum value B, to the continuously increasing values B.sub.1, to the
      constant maximum value B.sub.2, in correspondence to the spacings A,
      A.sub.1, A.sub.2 in the track sections just mentioned. Likewise, the
      horizontal spacing between the respective track centerlines and the
      steering rails 10 changes in value from the constant minimum C, to the
      increasing value C.sub.1, to the constant maximum C.sub.2, proceeding in
      down-track direction to the switching region.
PAR  Accordingly, the rightmost and leftmost guide surfaces 4a, reaction bar
      surfaces 5a and the steering rails 10 are parallel to each other all the
      way through the switching region. In the matching of these spacings, there
      is taken into account the tilted position which the traveller 7 is to
      assume in passing through the switch region as a result of the spacings
      A.sub.1 and A.sub.2 between the guide surfaces 4a and the track
      centerline.
PAR  In FIG. 2, the steering bracket 9 is shown pivoted into its
      steer-to-the-right position. In this position, as the roller 15 on the
      right end of the steering bracket 9 reaches the up-track end (lower end as
      viewed in FIG. 1) of the right branch steering rail 10, the right roller
      15 will hook itself behind (i.e., to the outside of) the right steering
      rail 10, as shown in FIG. 2. This hooking of the right roller 15 behind
      the right steering rail 10, which occurs with slight play, serves two
      purposes. Firstly, in the event that the right-side linear motor 8
      (energized while the left-side motor 8 is deenergized, to effect steering
      onto the right branch section) becomes deenergized, then the steering
      bracket 9 with its right roller 15 will cooperate with the right steering
      rail 10 to serve as the principal steering means for the traveller and
      suspended car. Secondly, in the event of such partial or complete
      electrical power loss, the tendency of the traveller 7 to tilt to the side
      of the unsupported traveller wheel section, normally counteracted by the
      magnetic attraction between the energized one of the linear motors and the
      associated reaction rail, is instead counteracted by the interengaged
      roller 15 and steering rail 10.
PAR  As the traveller 7 travels down-track (upwards in FIG. 1) through the
      up-track section 16, the orientation of the traveller 7 is caused to
      change from plumb or vertical (FIG. 2) to tilted, in consequence of the
      increasing distance between the respective track centerline and the rails
      4, 5 and 10. The greatest tilt is enforced when the traveller 7 is located
      intermediate the up-track and down-track sections 16, as it is being
      steered onto the branch track; this greatest tilt is depicted in FIG. 3.
      As the traveller 7 travels through the down-track section 16 of the branch
      track, the orientation of the traveller 7 is gradually caused to change
      from tilted back to plumb or vertical, in consequence of the decreasing
      distance between the respective track centerline and the rails 4, 5 and
      10, and the left ends of the two mid-flanged traveller wheels 12 are
      gradually lowered down onto the left runway rail of the right branch
      section. As this occurs, the left linear motor 8 is reenergized, and the
      energization of the right linear motor 8 is reduced somewhat back to its
      normal value. During the passage of the traveller onto the right branch
      section of the switch, if the rightside linear motor 8, responsible for
      effecting both the steering to the right and also the forwards driving of
      the traveller 7, should become deenergized, for example as a result of a
      partial or complete power loss, then the right roller 15 will move
      slightly leftwards and bear upon the right steering rail 10. This will
      maintain the traveller 7 properly tilted to the right so that, if the
      traveller 7 continues to advance, the left ends of the traveller wheels 12
      will not impact upon the leading end of the left runway rail 11 of the
      left branch section, but instead will be gradually lowered down into
      contact with the upper or bearing face of the left runway rail down-track
      of the leading end of the left runway rail.
PAR  The embodiment depicted in FIGS. 4-7 corresponds to that of FIGS. 1-3, with
      the following differences:
PAR  There are depicted in FIGS. 4, 6 and 7 ramps 13 having upper sides 13a
      which slope upwards in down-track direction (in the direction from the
      bottom to the top of FIG. 4). These ramps 13 merge into respective ones of
      the runway rails 11.
PAR  If a power loss occurs when the traveller 7 is crossing the switch gap 3,
      for example passing from the stem section to the right branch section of
      the switch, then, as indicated above, the traveller 7 hitherto positively
      tilted to the right by the linear motor 8, will tilt somewhat to the left
      relative to the vertical, until the right steering roller 15 comes into
      bearing engagement upon the outer side of the right steering rail 10.
      Accordingly, although there will still be a positive steering action, and
      also resistance to unlimited tilting to the left, there will again arise
      the possibility that the left bearing surface of the traveller wheel 12
      will impact upon the leading end of the left runway rail 11 of the right
      branch section of the switch. The ramps 13 prevent such impact from
      occurring, by accepting the unsupported traveller wheel sections, even if
      they are below the level of the bearing surface of the runway rail 11, and
      gradually raising the unsupported traveller wheel sections up to the level
      of the runway rail bearing surface.
PAR  FIG. 5 depicts the expedient of providing the guide surfaces 4a of the
      guide rails 4 and the facing sides 5a of the reaction bars 5 inclined
      relative to the vertical by an angle corresponding to the tilt which the
      traveller 7 is to assume when crossing over the switch gap 3.
PAR  In FIG. 8, the suspension rail is generally of the same construction as
      before. However, the traveller 7 is provided with two jointly activatable
      clamp brakes 14. Each clamp brak 14 includes two opposing clamping
      members. When a clamp brake 14 is activated, the two opposing members move
      towards each other, clamping between them the associated runway rail 11
      and the underlying portion of the bottom wall 1a of the suspension rail 1.
PAR  If the clamp brakes 14 are for any reason in activated condition as the
      traveller 7 crosses the switch gap 3, then the two opposing members of the
      clamp brake 15 associated with the unsupported side of the traveller will
      directly engage each other, or will be spaced apart a distance less than
      the spacing which they assume when they are separated by the combined
      thickness of a runway rail 11 and the underlying portion of the bottom
      wall 1a of the suspension rail 1. Accordingly, at the completion of the
      crossing of the switch gap 3, it could undesirably occur that an activated
      clamp brake 14 would impact against the runway rail onto which the
      unsupported traveller wheel section is about to come into contact. To
      prevent this, the ramps 13 can be sloping not only at their upper sides
      13a but also at their lower sides 13b (see for example the ramp 13 shown
      in FIG. 9). In this way, the ramps 13 act like wedges which pry apart
      activated clamp brakes 14 crossing the switch gap 13, to prevent damage to
      the clamp brakes 14 and to the runway rails.
PAR  The construction of the suspension rail 1 in FIGS. 10-12 is for the most
      part the same as already described with respect to FIGS. 1-3. FIGS. 10 and
      11 respectively correspond to FIGS. 2 and 3, i.e., to sections through
      FIG. 1 taken on lines II--II and III--III. FIG. 12 corresponds to FIG. 3,
      i.e., to a section through FIG. 1 taken on line III--III. Other views of
      these two additional embodiments are not necessary, because of the analogy
      to FIGS. 1--3.
PAR  The embodiment of FIGS. 10 and 11 differs from that of FIGS. 1--3 in that
      steering rails 10, present in the switching region only, are located both
      above and below the traveller 7. There are provided two upper steering
      rails 10 and two lower steering rails 10. The upper steering rails 10 are
      formed as lower integral extensions of the guide rails 4, whereas the
      lower steering rails 10 are formed as upwardly projecting, angled,
      integral extensions of the runway rails 11. Instead of the single steering
      bracket 9 of FIG. 1, there are present in the embodiment of FIGS. 10 and
      11 two steering brackets 9. The upper steering bracket 9 is provided with
      a bearing roller 15 having a generally vertical rotation axis. The upper
      steering bracket 9 is pivotable about a vertical axis which intersects the
      track centerline. In the steer-to-the-right position of the upper steering
      bracket 9, the bearing roller 15 hooks behind the right upper steering
      rail 10. In the steer-to-the-left position of the upper steering bracket
      9, the bearing roller 15 hooks behind the left upper steering rail 10. The
      construction and positions of the lower steering bracket 9, with the lower
      bearing roller 15, are analogous. As before, when the bearing rollers 15
      hook behind the respective steering rails 10, they are spaced from the
      steering rails or else engage them with some play; the bearing rollers 15
      bear with full force against the bearing surface of steering rails 10 only
      in the event of a partial or complete electrical power loss, in which
      event the anti-tilting force of the energized linear motor 8 ceases, and
      must be provided by the interengaged steering brackets 9 and steering
      rails 10 which safeguard the traveller and the suspended railway car until
      the latter come to a standstill.
PAR  In the embodiment of FIG. 12, there are again provided two upper steering
      rails 10 and two lower steering rails 10. In FIG. 12, the upper steering
      rails 10 are provided at the outer sides of the guide rails 4, or may even
      be constituted by the outer portions of the guide rails 4 if desired. In
      FIG. 12, as in FIGS. 10 and 11, the lower steering rails 10 are provided
      as upwardly projecting, integral extensions of the runway rails 11. As
      before, the lower steering rails 10 are provided only in the switching
      region.
PAR  There are again provided upper and lower steering brackets 9. The upper
      steering bracket 9 has three mutually perpendicular arms and is pivotable
      about a horizontal axis coincident with the middle arm, the middle arm
      being journalled in a journallocated in the vertical plane of the track
      centerline. The left and right arms of the upper steering bracket 9, as
      viewed in FIG. 12, respectively extend vertically upwards and normally
      outwards from the picture plane. These left and right arms carry
      respective bearing rollers 15 which engage the upper steering rails 10 in
      a manner similar to that already described with respect to the other
      embodiments. As shown in FIG. 12, the upper steering bracket 9 is in the
      steer-to-the-left position, with the left bearing roller 15 hooked behind
      the upper left steering rail 10. To move the upper steering bracket 9 into
      the steer-to-the-right position, it is necessary to swing the rotation
      axis of the right roller 15 to the vertically upwards projecting position.
      The structure and positions of the lower steering bracket 9 are analogous,
      and as before the two steering brackets 9 are jointly activatable.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      suspension railway using suspension rails of the type wherein two runway
      rails are borne upon by the opposite end sections of one mid-flanged
      traveller wheel, instead of two distinct, laterally spaced traveller
      wheels, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
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STM  What is claimed as new and described to be protected by Letters Patent is
      set forth in the appended claims.
NUM  1.
PAR  1. In a suspended railway of the type employing a suspension rail provided
      with two runway rails upon which respectively ride the first and second
      traveller wheel sections of a traveller from which a railway car, or the
      like, is suspended, a railway switch therefor, the switch having a stem
      section and two branch sections, each of the two runway rails of the stem
      section being also the outer runway rail of a respective one of the two
      branch sections; each of the two branch sections furthermore having a
      respective inner runway rail, the inner runway rails of the two branch
      sections defining together with the outer runway rails a switch gap over
      which one of the traveller wheel sections crosses unsupported as the
      traveller crosses the switch gap so that in crossing the switch gap the
      traveller exhibits a tendency to tilt in a first direction towards the
      side of the unsupported traveller wheel section; and means for positively
      causing the traveller to tilt in the opposite second direction when
      crossing the switch gap to assure that at the completion of the crossing
      of the switch gap the unsupported traveller wheel section will not be
      below the level of the runway rail onto which it is about to come into
      contact.
NUM  2.
PAR  2. In a suspended railway as defined in claim 1, wherein the means for
      positively causing the traveller to tilt in the second direction when
      crossing the switch gap comprises elongated guide means extending along
      the outer runway rails and operative for constraining the traveller to
      travel along the guide means with a portion of the traveller spaced a
      predetermined lateral distance from the guide means, and wherein the
      elongated guide means are laterally spaced a first predetermined distance
      from the track centerline up-track and down-track of the switch gap but in
      the region of the switch gap laterally spaced from the track centerline a
      different second distance such as to cause the traveller to tilt in the
      second direction when crossing the switch gap.
NUM  3.
PAR  3. In a suspended railway as defined in claim 2, the traveller being
      provided with two linear motors, one located to either side of the
      traveller, and wherein the elongated guide means comprises reaction rails
      extending alongside the outer runway rails and each cooperating with a
      respective one of the two linear motors.
NUM  4.
PAR  4. In a suspended railway as defined in claim 3, wherein the elongated
      guide means additionally comprises guide rails running alongside the
      runway rails spaced vertically from the level of the runway rails, and
      wherein the guide rails running along the outer runway rails are laterally
      offset from the respective track centerline a first distance up-track and
      down-track of the switch gap but in the region of the switch gap laterally
      offset from the respective track centerline a different second distance
      constraining the traveller to assume a predetermined tilt as it crosses
      the switch gap.
NUM  5.
PAR  5. In a suspended railway as defined in claim 2, wherein the elongated
      guide means are laterally spaced a first predetermined distance outwards
      from the respective track centerline up-track and down-track of the switch
      gap but in the region of the switch gap laterally spaced from the track
      centerline by a greater second distance.
NUM  6.
PAR  6. In a suspended railway as defined in claim 5, wherein the lateral
      outwards spacing of said guide means from the respective track centerline
      changes continuously from said first predetermined distance to said second
      predetermined distance.
NUM  7.
PAR  7. In a suspended railway as defined in claim 1, the traveller being
      provided with two linear motors located to either side of the traveller,
      the motors being separately regulatable for causing the traveller to
      advance along reaction rails extending along the track and in the
      switching region to follow the path of the selected reaction rail, the
      traveller being provided with a steering bracket operative in the event of
      an electric power loss of the linear motors for engaging a steering rail
      extending alongside the selected reaction rail to prevent loss of steering
      of the traveller, and the traveller being provided at its top with
      horizontally spaced guide rollers rotatable about respective vertical axes
      and adapted to follow guide rails extending alongside the track at the
      level of the guide rollers, and wherein the means for positively causing
      the traveller to tilt in the second direction when crossing the switch gap
      comprises reaction rails extending along the outer runway rails and each
      cooperating with a respective one of the two linear motors, guide rails
      extending along the outer runway rails at the level of the guide rollers
      for guiding the guide rollers, and steering rails extending along the
      outer runway rails from locations up-track of the switching region to
      down-track of the switching region, the horizontal spacing of the reaction
      rails, guide rails and steering rails from the track centerline at a first
      location up-track of the switching region having constant respective first
      values and at a second location in the switching region having constant
      and larger respective second values and intermediate the first and second
      locations having respective values continuously increasing by identical
      amounts from the respective first to the respective second values, the
      first, second and intermediate values being such as to constrain the
      traveller to tilt in the second direction to a predetermined extent when
      crossing the switch gap.
NUM  8.
PAR  8. In a suspended railway as defined in claim 7 wherein the horizontal
      spacing of the guide rails relative to the respective track centerline
      intermediate said first and second locations is such as to cause the
      traveller to assume a vertical orientation in the event of an electrical
      power loss of the linear motors.
NUM  9.
PAR  9. In a suspended railway as defined in claim 7, wherein the horizontal
      spacing of the steering rails relative to the respective track centerline
      intermediate the first and second locations is such as to cause the
      traveller to assume a vertical orientation in the event of an electrical
      power loss of the linear motors.
NUM  10.
PAR  10. In a suspended railway as defined in claim 7, wherein the horizontal
      spacing of the steering rails at the second location is so selected that
      in the event of a power loss of the linear motors the traveller tilts in
      the first direction, and wherein at least one of the runway rails in the
      switching region is provided with a ramp portion onto which the
      unsupported traveller wheel section of the traveller gradually comes int
      contact as the traveller crosses the switching gap.
NUM  11.
PAR  11. In a suspended railway as defined in claim 7, wherein the inner faces
      of the guide rails and the inner faces of the reaction rails are inclined
      with respect to the vertical by substantially the angle of the tilt which
      the traveller is caused to assume by said means when crossing the switch
      gap.
NUM  12.
PAR  12. In a suspended railway as defined in claim 7, the traveller being
      provided with at least two clamp brakes, each clamp brake being associated
      with one of the two runway rails upon which the traveller wheel sections
      ride, each clamp brake being comprised of two opposing members which when
      the clamp brake is activated move towards each other from above and below
      the associated runway rail, whereby if the clamp brake associated with the
      unsupported traveller wheel section is activated while the traveller is
      crossing the switch gap the two opposing members thereof will move into
      proximity with each other, and wherein at least one of said runway rails
      is provided in the switching region with spreading wedge means operative
      for spreading apart the clamping members of an activated clamp brake as
      such clamping members approach the runway rails, whereby to prevent impact
      of the clamping members of the activated clamp brake upon such runway rail
      as the traveller crosses the switch gap.
NUM  13.
PAR  13. In a suspended railway as defined in claim 7, the steering bracket on
      the traveller being provided at its opposite ends with bearing rollers,
      and wherein said steering rails are provided with bearing surfaces upon
      which the bearing rollers bear and along which they roll in the event of a
      power loss of the linear motors.
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PAL  A climber's chockstone is formed of a polycarbonate resin to define a body
      having three pairs of opposed faces defining three wedges of different
      widths. The body has an opening or cavity extending through opposed faces
      and a loop of sling rope extends into the cavity and around a metal tube
      extending across the cavity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Providing means for supporting climbers when climbing steep rock or
      mountains has been a problem. Traditionally, pitons have been used by rock
      climbers and mountaineers to provide anchor points when climbing steep
      rock faces or peaks. Various sized wedges are used, made of metal and
      equipped with an eye, They are driven into cracks in the rock with a small
      hammer and provide solid anchor points when they are placed properly and
      driven in firmly. The eye of the piton is outermost and a climbing rope is
      attached with a metal carabiner, a snap ring or metal loop with a
      spring-loaded gate. The problem with pitons is that they are often
      difficult to remove and reuse and their placement and removal seriously
      scars and damages the rock, especially in popular climbing areas where
      pitons are being rapidly replaced by metal nuts of various types.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a lightweight device adapted to be wedged in
      existing cracks in rock and which may be readily removed.
PAR  It is, therefore, an object of this invention to provide a climber's
      chockstone adapting it for use in cracks of many different widths.
PAR  It is a further object of the invention to provide a climber's chockstone
      adapted to have a sling rope associated therewith and wherein the sling
      rope is protected from abrasion against the rock surface.
PAR  It is another object of this invention to provide a climber's chockstone
      that can be removed from a crack easily through use of the sling rope
      itself.
PAR  A still further object of this invention is to provide a climber's
      chockstone configured to produce a cam-like effect to jam the device
      securely in any crack of appropriate width regardless of the nature of the
      rock or its texture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a chockstone of the present invention showing the
      same in place in a relatively wide crack;
PAR  FIG. 2 is an end view of the device of FIG. 1 showing the same in place in
      a narrow crack;
PAR  FIG. 3 is another side view of the device of FIG. 1 illustrating the manner
      of its use in a narrower crack than that of FIG. 1;
PAR  FIG. 4 is a top plan view of the chockstone as would be seen from the top
      of FIG. 1;
PAR  FIG. 5 is a bottom view of the chockstone as would be seen from the bottom
      of FIG. 1;
PAR  FIG. 6 is an end view of the chockstone as would be seen from the left side
      of FIG. 1;
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 4; and
PAR  FIG. 8 is a sectional view taken along the line 8--8 of FIG. 4.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings, 2 and 4 indicate opposite sides of a crack in a stone face
      or rock to be climbed and to which a climber desires to secure his
      climbing rope. The chockstone of the present invention, generally
      designated 6, comprises a unitary body of material formed to the
      configuration shown and having a first pair of opposed faces 8 and 10, a
      second pair of opposed faces 12 and 14 and a third pair of opposed faces
      16 and 18. As shown, the opposed faces are external surfaces of the
      chockstone and the faces of each pair are outwardly convex and tapered
      generally from one side to the other so that the body in its entirety
      actually defines three different width wedges. Preferably, the chockstone
      6 will be molded of a polycarbonate resin of the type identified as
      General Electric's "Lexan, type 101." This material provides a chockstone
      of light weight, thus imposing no great burden on a climber who carries
      several of them and which material is also extremely strong, resistant to
      abrasion and unlikely to shatter. However, other suitable materials may be
      used.
PAR  As also shown in the drawings, the body 6 is provided with an opening 20
      therethrough which opening extends through the faces 8 and 10, for
      example, but inwardly of the other pairs of faces. It is also preferred
      that the opening 20 extend laterally, as at 22, to define a lateral
      extension of the opening through the face 14, for example. Extending
      transversely across the opening 20 is a support member 24 shown as a metal
      tube, preferably stainless steel, press fitted into a transverse bore 26
      in the body 6. A loop of sling rope 28 is formed to extend into the
      opening 20 in embracing relation to the tubular support 24, as shown in
      FIG. 1. The sling rope 28 may be provided with any known or desired form
      of carabiner or the like 30 to which a climber's tie rope may be readily
      attached, all in a well known manner.
PAR  In use, when a climber reaches a point where he desires to provide an
      anchor point in an available crack in the rock, the chockstone may be
      placed in the crack in any one of the positions shown in FIGS. 1, 2 or 3,
      depending upon the width of the crack and the size of the particular
      chockstone employed whereupon a slight downward pull on the sling rope 28
      will firmly wedge the chockstone in the crack and provide a firm anchor
      point for the climber. As shown in FIGS. 1 and 2, the sling rope 28
      depends through that portion of opening 20 extending through face 10 but
      in the position shown in FIG. 3, the sling rope 28 extends outwardly of
      the body 6 through the enlargement of opening 20 previously identified as
      portion 22 thereof. The integral strut portion 32 of the chockstone bears
      against a side of the rope sling 28 but does not interfere with its free
      suspension downwardly from the chockstone to support a climber.
PAR  As stated previously, it is desirable that anchor devices used by climbers
      be easily removed as the climber progresses upwardly and it is
      advantageous that they be readily and easily removable from the rock crack
      without unduly disfiguring or marring the rock surface and without
      requiring the climber to carry heavy or burdensome equipment to effect
      such removal. The chockstone of the present invention lends itself readily
      to very easy and rapid removal. When it is desired to remove the
      chockstone 6 from the crack, as shown in FIG. 1, for example, the sling
      rope 28 is pushed upwardly so that its upper end projects upwardly through
      the face 8, as shown in broken lines in FIG. 1. Thereupon, the climber may
      grasp the upwardly projecting portion of the sling rope and by pulling or
      jerking upwardly thereon, the wedged chockstone will be dislodged from the
      walls 2 and 4 and freed of the crack without further manipulation and may
      thereupon be wedged in another or the same crack at a higher elevation
      using whichever pair of opposed faces may be appropriate for the width
      crack at the next desired anchor point.
PAR  From the foregoing description it is apparent that applicant has provided a
      lightweight chockstone easily and readily manipulated to provide a firm
      anchor point or to be released therefrom and with which abrasion of the
      climber's rope is at a minimum. It is to be noted that the climber's rope
      sling need not engage the rock surface at all and thus the danger of
      abrasion from the rock is minimized. Clearly, a chockstone embodying the
      principles of the present invention may be constructed in any desired size
      or range of sizes without departing from the spirit of this invention.
PAR  While a single specific embodiment has been shown and described herein, the
      same is merely illustrative of the principles involved and other forms and
      configurations may be resorted to within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A climber's chockstone comprising:
PA1  a generally cubical body having six faces defining three pairs of opposed
      external faces, the faces of each pair being spaced apart a distance
      different from the distance between the faces of the other pairs with the
      faces of each pair converging in one direction whereby said body defines
      three wedges of different widths;
PA1  a cavity in said body and having a continuous opening extending through at
      least one face of one pair and through a major portion of an adjacent face
      between the faces of the other pair;
PA1  a support member extending across said cavity within said body generally
      normal to said other pair of faces; and
PA1  a loop of sling rope extending around said support member and outwardly of
      said body through said opening.
NUM  2.
PAR  2. A chockstone as defined in claim 1 wherein said faces are outwardly
      convex.
NUM  3.
PAR  3. A chockstone as defined in claim 1 wherein said body is of polycarbonate
      resin and said support member is of metal rigidly fixed in said body.
NUM  4.
PAR  4. A chockstone as defined in claim 1 wherein said cavity extends
      completely through said body whereby said loop may extend from said
      support member through either said one face or the face opposed thereto.
NUM  5.
PAR  5. A chockstone as defined in claim 1 wherein said one face is adjacent the
      narrowest end of the wedges defined by the other pairs of faces.
NUM  6.
PAR  6. A chockstone as defined in claim 3 wherein said support member is a
      metal tube extending through said body and across said cavity.
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ABST
PAL  A system is described for stabilizing a resiliently supported body in order
      to permit translational motion while preventing angular motion within at
      least one predetermined plane. The system comprises the body to be
      supported, at least one sheathed cable, and fixed mounting supports. The
      end portions of each cable and sheath are connected to the body and to the
      fixed mounting supports in such a manner that motion of that part of the
      body connected to one end of a sheath or cable results in a force exerted
      by the other end of the sheath or cable to move that part of the body
      connected to the said other end of the sheath or cable so that motion of
      the body is substantially purely translatory.
BSUM
PAR  This invention relates to stabilizing a resiliently supported body in order
      to prevent the body from undergoing angular motion in at least one plane
      while permitting translational motion of the body in that plane.
PAR  It is generally known that a body can be supported by resilient supports in
      order to minimize the effects of mechanical vibration and shock. When the
      body is subjected to vibration or shock disturbances, motion of the body,
      however, can still occur relative to the fixed structure on which the
      resilient supports are mounted. This motion can be translatory, i.e., any
      axis through the body remains parallel to its original position before
      displacement, or angular, i.e. any axis through the body after
      displacement is not parallel to its original position before displacement.
      More likely, the motion is a combination of translational and angular
      motion. In some circumstances it is desired to resiliently support a body
      and to permit translational motion of the body in a plane but to prevent
      angular motion in that plane. For example, where an element of an optical
      or electronic instrument is resiliently supported and aligned with another
      element, a small translation movement of one element may not significantly
      upset the alignment of the two elements. However, an angular movement
      might seriously effect the accuracy of the instrument.
PAR  The primary object of this present invention, therefore is to provide
      apparatus which overcomes the aforementioned problems.
PAR  More specifically, an object of the present invention is to provide an
      improved apparatus for resiliently supporting a body so that the body can
      undergo translational movement in a plane yet is prevented from undergoing
      angular movement in that plane.
PAR  Another object of the present invention is to provide a stabilization
      system for preventing angular motion within at least one predetermined
      plane which does not involve large and cumbersome structures.
PAR  Other objects of the present invention will be apparent to persons skilled
      in the art from the description presented below.
PAR  The foregoing and other objects of the invention are achieved by apparatus
      which comprises the body to be supported, at least one sheathed cable, and
      at least one fixed mounting support. Each end portion of both the sheath
      and cable is connected either to the body or to the fixed mounting
      support. The fixed support may be part of the structure in or on which the
      body is supported or it may be separate structure or structures. Normally,
      the connections on one sheath and cable all lie substantially in a plane
      which is the plane in which only translational motion is permitted. If it
      is desired to prevent angular motion in two or three different planes,
      this can be done by providing sheathed cables in each of such planes.
PAR  Each sheathed cable can be connected to first and second spaced-apart
      connecting points on the body and third and fourth spaced-apart connecting
      points on the fixed mounting support (the connecting points defining the
      predetermined plane) in a manner so that:
PAR  1. The end portions of the sheathed cable are substantially parallel with
      each other and extend in the same direction, the cable being rigidly
      connected to and extending between the first point of the body and the
      fourth point of the fixed mounting support and the sheath being rigidly
      connected to and extending between the second point of the body and the
      third point of the mounting support; or
PAR  2. The ends of the sheathed cable are substantially parallel with each
      other and extend in opposite directions, the cable being rigidly connected
      to and extending between either one of the two points of the body or the
      two points of the fixed mounting support and the sheath being rigidly
      connected to and extending between the other two points of the mounting
      support or body.
DRWD
PAR  For a fuller understanding of the invention and knowledge of particular
      features and advantages thereof, reference should be made to the following
      complete description of several embodiments of the invention, taken in
      conjunction with the appended claims and accompanying drawings wherein:
PAR  FIG. 1 is a partially schematic, partially cross-sectional, elevational
      side view of the interconnections of the body, the sheathed cable and the
      fixed mounting of one embodiment of the present invention;
PAR  FIG. 2 shows a partially schematic, partially cross-sectional, elevational
      side view of a body which is resiliently supported and is stabilized in
      one plane in accordance with the teachings of the FIG. 1 embodiment;
PAR  FIG. 3 shows a partially schematic, partially cross-sectional, side
      elevational view of the interconnection of the body, the sheathed cable
      and the fixed support of another embodiment of the present invention;
PAR  FIG. 4 shows a partially schematic, partially cross-sectional, side
      elevational view of the interconnection of the body, two sheathed cables
      and the fixed mounting of still another embodiment of the present
      invention;
PAR  FIG. 5 shows a partially schematic, partially cross-sectional, side
      elevational view of the interconnection of the body, two sheathed cables
      and the fixed mountings of a further embodiment of the present invention;
      and
PAR  FIG. 6 shows a somewhat schematic perspective view of the interconnection
      of the body, sheathed cables and fixed supports of a body which is
      stabilized against angular motion in three planes in accordance with the
      teachings of the embodiment shown in FIGS. 1 and 2.
PAR  In the drawings, like numerals refer to like parts.
DETD
PAR  In FIG. 1 there is shown a body 10a to be supported by resilient supports
      (not shown). The body 10a may be an apparatus or system or an element or
      elements thereof. The body can be, for example, an element of an optical
      element or electronic instrument which must be maintained in alignment
      with another element or instrument regardless of its translational
      position. One end of a wire cable 12a is rigidly connected to the body at
      a connecting point 14a and the other end of the cable is rigidly connected
      to a fixed mounting support 16a at point 18a. The wire cable 12a is
      disposed within and slidable relative to a flexible sheath 20a which is
      rigidly connected at one end to a fixed mounting 22a at point 24a. The
      other end of the sheath is rigidly connected to the opposite end of the
      body at point 26a. The cable and sheath may be attached to the body and
      fixed mounting support in any well known manner such as welding, clamping
      or the like. The connecting points 14a, 18a, 24a and 26a all lie
      substantially in the same plane. The cable 12a and sheath 20a are
      preferably made of steel, although other material can be used. The cable
      and sheath are preferably flexible so that they can be lead in and around
      gaps or openings in the apparatus or system of which body 10a is part, so
      that the stabilization system for the body does not involve a large and
      cumbersome structure. Both cable 12a and sheath 20a have a high axial
      stiffness and low transverse stiffness. The low transverse stiffness means
      that the sheath and cable can readily assume the U-shaped configuration
      shown in FIG. 1, so that the end portions of the sheath and cable where
      they are attached, are substantially parallel. If one end of the body is
      displaced by an upward vertically directed force exerted, for example,
      adjacent to the connecting point 14a, the cable 12a will experience a
      pull, and the end of the cable which is connected to the body at point
      14a, will move in the direction of the arrow A. Since the opposite end of
      the cable 12a is rigidly connected to fixed mounting 16a at point 18a,
      this movement will exert a force on sheath 20a whose opposite end at point
      26a is free to move correspondingly in response to this force, in the
      upward vertical direction of arrow B. Since the body 10a is rigidly
      connected to the end of sheath 20a at point 26a, this end of body 10a is
      moved in an upward direction an equal amount. Thus, the body experiences
      only translational motion in the plane defined by points 14a, 18a, 24a and
      26a. In further explanation of the operation of this apparatus it should
      be noted that where elastic deflection of cable and sheath are ignored,
      the difference in length between the sheath and the cable will always
      remain constant irrespective of the relative position of the cable and
      sheath. For example, a decrease in the distance between one end of the
      cable and the corresponding end of the sheath will necessarily require an
      exactly corresponding increase in the corresponding dimension at the other
      end.
PAR  If the end of the body 10a at point 14a is displaced by a downward
      vertically-directed force, the cable 12a will move downward in the
      opposite direction to arrow A. If the cable and sheath are sufficiently
      stiff to transmit compressive forces without buckling to the end of the
      body at point 26a, the latter end will also move downwardly in a vertical
      direction by the same amount as the end of the body at point 14a. Although
      one may use a sheath and cable which are sufficiently stiff to transmit
      compressive forces satisfactorily, it is preferred to use two flexible
      sheathed cables which can be lead in and around small gaps in the
      apparatus or system of which body 10a is a part. This avoids a large and
      cumbersome structure. If two sheathed cables are used, they are preferably
      arranged so that they act in opposite directions to each other, as
      illustrated in FIG. 2 and described below.
PAR  FIG. 2 shows a body 10b, which is typically supported by four resilient
      supports 28. Dampers 30 of known types may also be provided to limit the
      amount of movement of the mounted body. Each of the two cables 12b and 12c
      and the respective sheaths 20b and 20c are attached to the body 10b and
      the fixed mounting support in a similar manner as cable 12a and sheath 20a
      of the FIG. 1 embodiment. More specifically, one end of the cable 12b is
      attached to the body 10b at point 14b while the other end is attached to a
      fixed mounting 16b at point 18b. One end of the sheath 20b is connected to
      fixed mounting 16b at point 24b and the other end to point 26b of the
      body. In a similar manner, the cable 12c is attached at one end to the
      body at point 14c and at its other end to point 18c of the support 16b.
      The sheath 20c has one end attached to the body 10b at point 26c and its
      other end to support 16b at point 24c. All of the connecting points of
      each sheathed cable with the body and fixed mounting support lie
      substantially in the same plane. Preferably, the two planes defined by the
      connecting points of the two sheathed cable are coplanar, i.e. all the
      connecting points lie substantially in the same plane. However, where body
      10b is rigid so that its shape will not distort as a result of normal
      operating stresses, the connecting points of the two sheathed cable may be
      disposed in different but parallel planes. Cable 12c and sheath 20c are in
      an inverted U-shaped configuration opposite cable 12b and sheath 20b.
PAR  In operation, if the end of the body 10b at points 14b and 14c, is moved in
      an upward vertical direction generally in the direction of arrow A, cable
      12b and sheath 20b will act on the body in the same manner as described
      with reference to the FIG. 1 embodiment and thus ensure that the body
      undergoes a translational vertically-directed motion. The cable 12c and
      sheath 20c operate in an identical manner to the cable 12b and sheath 20b
      to ensure that the mounted body undergoes only translational motion within
      the plane defined by the connecting points. Thus, with the cables 12b and
      12c and the sheaths 20b and 20c connected as described, the body 10b can
      be prevented from angular motion in the planes defined by the points 14b,
      18b, 24b, 26b, 14c, 18c, 24c and 26c.
PAR  An alternative embodiment arrangement for ensuring that the body 10 moves
      in only translatory fashion within the plane defined by the connecting
      points 12, 18, 24 and 26 is illustrated in FIG. 3. In this embodiment the
      ends of a cable 12d are attached to the body 10d at points 14d and 26d and
      the ends of sheath 20d are attached to fixed mounting supports 16d and 22d
      at the respective points 18d and 24d, so that the two end portions of the
      sheathed cable are parallel to and extend in opposite directions with
      respect to one another. The sheathed cable thus assumes a generally
      S-shaped configuration between its fixed end portions. Where the body 10d
      has a straight or concave edge, the connecting points 14d and 26d may be
      disposed along such edge, in which case the entire sheathed cable would be
      disposed adjacent such edge within the plane defined by the connecting
      points. However, substantially the same results are achieved where the
      plane, defined by the connecting points, passes through the body, e.g.
      where the connecting points 14d, 18d, 24d and 26d are disposed on opposite
      sides of the body. In the latter situation, the portion of the sheathed
      cable between the connecting points extends out of the plane, i.e. the
      S-shaped portion of the sheathed cable extends in two dimensions, notably,
      laterally of the body between the aforesaid connecting points and
      transversely of the plane in which such connecting points lie. In
      operation, if the point 14d of the body 10d is displaced in an upward
      vertical direction as shown by arrow A, the end of the cable 12d connected
      to the body 10d at point 14d will move with it by an equal amount. Since
      the sheath 20d is fixed to the mountings 16d and 22d, the cable 12d will
      axially slide in the sheath, causing the end of the cable connected to the
      body 10d at point 26d to move in an upward vertical direction a distance
      which is equal to the distance displaced by the point 14d of the body 10d.
      Thus, the movement of the body in a direction parallel to the plane
      defined by the points 14d, 18d, 24d and 26d, will be purely translational
      without angular movement. Similarly, if the body is displaced by a
      downward vertically-directed force at point 14d in an opposite direction
      to arrow A, assuming the sheath and cable are sufficiently stiff to
      transmit compressive forces without buckling, the cable will axially slide
      within the sheath and the body at point 26d and will be displaced the same
      distance as that displaced by point 14d. Consequently, the downward
      movement of the body 10d will translate in a direction substantially
      parallel to the plane defined by the points 14d, 18d, 24d and 26d.
PAR  It will be appreciated that although the ends of the cable 12d and sheath
      20d are described and illustrated in FIG. 3 as being respectively attached
      to the body and fixed mounting support, the attachments can be reversed
      and the same results achieved. Thus, the cable 12d can be attached at one
      end to the connecting point 18d of the support 16d and at its other end to
      the connecting point 24d of support 22d, while the sheath 20d can be
      attached at one end to the point 14d and at its other end to the point 26d
      of the body.
PAR  If a single sheathed cable is not sufficiently stiff to satisfactorily
      transmit compressive forces without buckling, two sheathed cables, which
      may be rigid or flexible, can each be attached in the S-shaped
      configuration shown in FIG. 3, as illustrated in FIGS. 4 and 5.
PAR  In FIG. 4, the body 10e is supported by a first cable 12e which axially
      slides in a sheath 20e and a second cable 12f which axially slides in a
      sheath 20f. The first cable 12e is attached at one end to the fixed
      support 16e at point 18e and at its other end to the fixed support 22e at
      point 24e. One end of the sheath 20e is attached to the body 10e at point
      14e and the other end to the body at point 26e. The cable 12e and
      corresponding sheath 20e are attached in the manner prescribed with
      respect to the arrangement shown in FIG. 3. Thus, the two ends of each
      attached sheathed cable are disposed so that they are parallel to and
      extend in opposite directions with respect to one another. Connecting
      points 14e, 18e, 24e and 26e will therefore all substantially lie in the
      same plane. The first sheathed cable thus assumes a generally S-shaped
      configuration as described in connection with FIG. 3. The second cable 12f
      is attached at one of its ends to the fixed support 16f at points 18f and
      at its other end to support 22f at points 24f. The two ends of the sheath
      20f are attached to the body 10e at the corresponding points 14f and 26f.
      The second cable and sheath also assumes an S-shaped configuration as
      described in connection with FIG. 3. The connecting points 14f, 18f, 24f
      and 26f will all lie substantially in the same plane which may be
      substantially parallel to the plane defined by the points 14e, 18e, 24e
      and 26e. Preferably however, the connecting points of the two sheathed
      cables all lie in the same plane, with the S-shaped portion of one
      sheathed cable extending over the forward edge of the body and the
      corresponding portion of the other sheathed cable extending over the rear
      edge of the same body as shown in FIG. 4.
PAR  In operation, if the body 10e at point 14e is displaced a predetermined
      distance in an upward vertical direction as shown by arrow A, the sheath
      20e at point 14e, as well as the sheath 20f at point 14f will move in an
      upward direction with it. As the ends of the two sheaths move they will
      axially slide with respect to the corresponding cables 12e and 12f since
      the latter are attached to the fixed supports. Since the sheaths move at
      one end with respect to the fixed cables, the sheaths will move an equal
      distance in an upward vertical direction with respect cables at the other
      ends at points 26e and 26f. Thus, the body 10e will be translated in an
      upward vertical direction parallel to the plane or planes defined by the
      points 14e, 18e, 24e and 26e and 14f, 18f, 24f and 26f. Similarly, if the
      body is displaced a predetermined distance in a downward vertical
      direction as shown by arrow B, the sheaths 20e and 20f at points 14e and
      14f will move with it. Since the sheaths will move with respect to their
      corresponding cables, the sheaths will move downward an equal amount at
      points 26e and 26f. It should be appreciated that where it is desired to
      adjust the angular position of the body 10e in the plane or planes defined
      by the connecting points of the cables and sheaths, such as shown in
      dotted lines in FIG. 4, the appropriate connecting points such as points
      18e and 18f are moved to points 18e' and 18f' so as to maintain the ends
      of each sheath in parallel relation and so that the proper tension in the
      sheaths and cables are maintained. Movement of the fixed points can be
      accomplished by any suitable means (not shown), such as for example by
      screw fittings, eccentric discs, eccentric wheels or the like. It should
      be also appreciated that although both sheaths are shown attached to the
      body 10e and the corresponding cables attached to the fixed supports, the
      arrangement of either or both sheathed cables can be reversed wherein the
      ends of one or both cables would be attached to the body and the ends of
      the corresponding sheath or sheaths attached to the fixed supports.
PAR  For example, as shown in FIG. 5, one of the cables 12g is shown attached at
      both ends to the points 14g and 26g of body 10g and axially slidable in
      the sheath 20g. The latter is attached at one end to the support 16g at
      point 18g and at the other end to the support 22g at point 24g. The other
      cable 12h and sheath 20h are attached in a similar manner as cable 12e and
      sheath 20e shown in FIG. 4. Thus, the cable 12h is attached at one end to
      the support 22h at point 24h and at its other end to the support 16h at
      point 18h, while the sheath 20h is attached to the body at one of its ends
      at point 14h and at its other end at point 26h. This arrangement achieves
      the same result as that described in FIG. 4, wherein the body 10g can be
      translated in but prevented from moving angularly within the plane or
      planes defined by the points 14g, 18g, 24g, 26g and 14h, 18h, 24h and 26h.
PAR  The arrangements described herein can be used to permit only translating
      motion within the plane or parallel planes defined by the connecting
      points of the sheathed cable. It will be appreciated that where it is
      desirable to support the body 10 so as to permit only translational motion
      within two or more planes, any one or combinations of the foregoing
      arrangements can be employed to define each plane in which angular motion
      is to be prevented.
PAR  For example, FIG. 6 shows the body 10i in which angular movement is
      prevented in three planes. The body 10i which is shown by way of example
      in rectangular block form is provided with suitable means for attaching
      the cables and sheaths. For example, one side of the body 10i can be
      provided with flanges 40 and 42 and the opposite side with a single flange
      44. Additionally, one end of the body is provided with four flanges 46,
      48, 50 and 52, while the opposite end is provided with an extending rod
      54. The body 10i is positioned between and stabilized with respect to the
      fixed mounting supports 16i, 16k, 22i, 22j and 22k. Three pairs of
      sheathed cables are employed wherein each cable is axially slidable within
      a corresponding sheath. Each pair of sheathed cables are connected to the
      body and supports in accordance with the arrangements previously shown and
      described in FIG. 2, wherein the ends of each sheathed cable are connected
      so that they extend in the same direction, substantially parallel to one
      another. Further, the connecting ends of one of the sheathed cables of
      each pair extend generally in an opposite direction to the ends of the
      other sheathed cable of the pair. Thus, the first pair of cables 12i and
      12j are each connected at one end to the support 16i at the respective
      points 18i and 18j and at their other end to the flange 44 of the body at
      the respective points 14i and 14j. The corresponding sheaths 20i and 20j
      are each connected at one end to the supports 22i and 22j at the
      respective points 24i and 24j and at their other end to the flanges 40 and
      42 of body 10i at the corresponding points 26i and 26j. Similarly, a
      second pair of cables 12k and 121 are each connected at one end to the
      support 16k at the respective points 18k and 181 at the other ends to the
      extending rod 54 at the respective points 14k and 14l. The corresponding
      sheaths 20k and 20l are each connected at one end to the support 22k at
      the respective points 24k and 24l and at their other ends to the flanges
      46 and 50 of body 10i at the corresponding points 26k and 26l. Finally, a
      third pair of cables 12m and 12n are each connected at one end to the
      support 16k at the respective points 18m and 18n and at their other ends
      to the points 14m and 14n. The corresponding sheaths 20m and 20n are each
      connected at one end to the support 22k at the respective points 24m and
      24n and at their other ends to the flanges 52 and 48 of body 10i at the
      corresponding points 26m and 26n. It will be apparent that the body 10i
      can be translated, but is restrained against moving angularly within the
      three defined planes. The first plane is defined by the connecting points
      of cables 12i and 12j and sheaths 20i and 20j, the second plane is defined
      by the connecting points of cables 12k and 12j and sheaths 20k and 20j and
      the third plane is defined by the connecting points of cables 12m and 12n
      and sheaths 20m and 20n. If these cables are connected so that the three
      planes are mutually perpendicular to each other it will be evident that
      the body 10i can be stabilized to prevent it from rolling, pitching and
      yawing with respect to the fixed supports.
PAR  Since certain changes may be made in the above apparatus without departing
      from the scope of the invention herein involved, or shown in the
      accompanying drawing shall be interpreted in an illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilizing system comprising:
PA1  a body;
PA1  a fixed mounting support;
PA1  a sheath having first and second connecting portions; and
PA1  a cable slidably disposed within said sheath and having first and second
      connecting portions corresponding in relative position to the first and
      second connecting portions of said sheath;
PA1  the first connecting portion of said sheath and the second connecting
      portion of said cable being connected to said body at first and second
      spaced apart points respectively and the second connecting portion of said
      sheath and the first connecting portions of said cable being connected to
      said support at third and fourth spaced apart points respectively so that
      said connecting portions of said sheath and cable are substantially
      parallel and lie substantially within a predetermined plane and
      displacement of said body at one of said first or second points within
      said plane will result in a corresponding displacement of said body at the
      other of said first and second points.
NUM  2.
PAR  2. A system in accordance with claim 1 wherein said connecting portions of
      said cable and sheath extend in substantially the same direction.
NUM  3.
PAR  3. A system in accordance with claim 2 wherein the connecting portions of
      said cable are at the ends of said cable.
NUM  4.
PAR  4. A system in accordance with claim 1, further including a second sheath
      having first and second connecting portions, and a second cable having
      first and second connecting portions corresponding in relative position to
      the first and second connecting portions of said second sheath and being
      slidable within said second sheath, said second sheath and said second
      cable being attached at one of their said connecting portions to said body
      at fifth and sixth spaced apart points respectively and being attached at
      the other of their said connecting portions to said support at seventh and
      eighth spaced apart points respectively so that the connecting portions of
      said second cable and second sheath are substantially parallel and lie
      substantially within a common predetermined plane.
NUM  5.
PAR  5. A system in accordance with claim 4, wherein the connecting portions of
      said second cable and second sheath lie in a plane which is substantially
      parallel to the plane of the connecting portions of said first-mentioned
      cable and said first-mentioned sheath.
NUM  6.
PAR  6. A system in accordance with claim 4 wherein said connecting portions of
      said first cable and sheath extend substantially in a first direction and
      the connecting portions of said second cable and sheath extend in a second
      opposite direction.
NUM  7.
PAR  7. A system in accordance with claim 4, wherein said first mentioned plane
      is substantially coplanar to said second mentioned plane.
NUM  8.
PAR  8. A system in accordance with claim 4, wherein said first mentioned plane
      is substantially perpendicular to said second mentioned plane.
NUM  9.
PAR  9. A system in accordance with claim 8, further including a third sheath
      having first and second connecting portions, and a third cable having
      first and second connecting portions corresponding in relative position to
      the first and second connecting portions of said third sheath and being
      slidable within said third sheath, said third sheath and said third cable
      being attached at one of their said connecting portions to said body at
      ninth and tenth spaced apart points respectively and being attached at the
      other of their connecting portions to said support at eleventh and twelfth
      spaced apart points respectively, so that the connecting portions of said
      third cable and said third sheath are substantially parallel and lie
      substantially within a third predetermined plane, said third predetermined
      plane being substantially perpendicular to said first and second mentioned
      planes.
NUM  10.
PAR  10. A system in accordance with claim 4, wherein the second and first
      connecting portions of said second cable and said second sheath are
      attached respectively to the fifth point of said body and said seventh
      point of said support, and the first and second connecting portions of
      said second cable and said second sheath are attached respectively to said
      sixth point of said body and said eighth point of said support.
NUM  11.
PAR  11. A system in accordance with claim 1, wherein one connecting portion of
      said cable and the corresponding portion of said sheath extend in an
      opposite direction to the other connecting portions of said cable and
      sheath.
NUM  12.
PAR  12. A method of stabilizing a body to permit translational motion of the
      body in a predetermined plane while preventing angular motion of the body
      in that plane, which comprises the steps of:
PA1  positioning said body within a fixed support; and
PA1  attaching one portion of a sheath and a corresponding connecting portion of
      a cable which is slidable within said sheath to two spaced apart points on
      said body within said predetermined plane and attaching another portion of
      said sheath and another corresponding connecting portion of said cable to
      two spaced apart points on said fixed support within said predetermined
      plane.
NUM  13.
PAR  13. A system in accordance with claim 2 wherein the connecting portions of
      said cable comprise the ends of said cable.
NUM  14.
PAR  14. A system in accordance with claim 6 wherein the connecting portions of
      said second cable and second sheath lie in a plane which is parallel to
      the plane of the connecting portions of said first-mentioned cable and
      said first-mentioned sheath.
NUM  15.
PAR  15. A stabilizing system comprising:
PA1  a body;
PA1  a fixed mounting support;
PA1  first and second sheaths each having first and second connecting portions;
      and
PA1  first and second cables slidably disposed within said first and second
      sheaths respectively with each of said first and second cables having
      first and second connecting portions corresponding in relative position to
      the first and second connecting portions of the sheath within which it is
      disposed;
PA1  first and second connecting portions of said first cable being connected to
      said body at first and second spaced apart points respectively and the
      first and second connecting portions of said first sheath being connected
      to said support at third and fourth spaced apart points respectively, said
      first and second connecting portions of said second cable being connected
      to fourth and fifth spaced apart points respectively on said support and
      the first and second connecting portions of said second sheath being
      connected to seventh and eighth spaced apart points on said body, with the
      connecting portions of said first sheath and first cable being
      substantially parallel and lying substantially within a predetermined
      plane, and the connecting portions of said second sheath and said second
      cable also being substantially parallel and lying substantially within a
      predetermined plane, whereby displacement of said body at one of said
      first or seventh points within said plane will result in a corresponding
      displacement of said body at said second or eighth points respectively.
NUM  16.
PAR  16. A system in accordance with claim 15 wherein the first connecting
      portions of said first and second cables and said first and second sheaths
      extends in a substantially opposite direction to the second connecting
      portions of said first and second cables and sheaths.
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ABST
PAL  A telephone unit adaptable for either wall or desk top mounting has a
      retractable bracket, slidably mounted in a recess in the bottom surface of
      the telephone unit base. The bracket has a head portion having a keyhole
      aperture for fitting over a screw or similar item on the wall, and a stem
      portion slidable longitudinally in the recess. Two bosses formed on the
      telephone unit base extend through slots in the stem portion and screws in
      the bosses hold the bracket in position. When extended the head portion
      extends slightly from the base while in the retracted position the bracket
      is concealed.
BSUM
PAR  This invention relates to telephone units with retractable mounting
      brackets and is particularly concerned with telephone units which can be
      positioned at will either on a horizontal surface, such as a desk or
      table, or on a vertical or inclined surface, such as a wall or an inclined
      desk top or similar surface.
PAR  To reduce stock inventory it is desirable to make telephone units universal
      in that alternative mounting positions will not require differing forms of
      unit. Also, it is desirable that a user be able to alter the mounting
      position without having to have the unit changed.
PAR  However, to enable a unit normally positioned on a horizontal surface to be
      mounted on a vertical, or inclined, surface has meant providing some form
      of adaptor. Often this still required the services of an installation
      engineer, and usually detracts from the appearance of the unit.
PAR  The present invention provides a telephone unit which has a retractable
      mounting bracket such that the unit is readily removed from a flat surface
      to a vertical, or inclined, surface by pulling out the bracket and using
      the bracket to mount the unit on the wall. When desired to be repositioned
      on a horizontal surface, the unit is easily demounted from the wall, the
      bracket retracted, and the unit then rests on the horizontal surface. The
      bracket is not seen when the unit is on the horizontal surface and only a
      very short length of bracket can be seen when wall mounted.
DRWD
PAR  The invention will be readily understood by the following description of
      one embodiment, by way of example, in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view of a base of a telephone unit;
PAR  FIG. 2 is a cross-section on the line II--II of FIG. 1;
PAR  FIG. 3 is a plan view of a bracket for use with the base of FIG. 1;
PAR  FIG. 4 is a cross-section similar to that of FIG. 2, with the bracket of
      FIG. 3 in position, and extended as for mounting;
PAR  FIG. 5 is a partial plan view of the base with the bracket in position,
      extended.
DETD
PAR  FIG. 1 illustrates a base 10 of a telephone unit. The base has a
      substantially flat base surface 11 and has feet 12, conveniently rubber or
      plastic, attached at each corner. At one end is an aperture 13 for entry
      of the telephone cord via a grommet, not shown.
PAR  At the other end the base surface has a recess 14, in the present example
      of T shape, the top or cross-bar 15 of the T being at the periphery of the
      base 10 and the stem portion 16 directed along the longitudinal axis of
      the base. Two bosses 17 are provided in the recess 14, the top surfaces of
      the bosses level with the base surface 11.
PAR  The recess 14, and bosses 17, are seen more clearly in FIG. 2. Recess 14
      extends from the peripheral edge 18, and has an inclined inner end 19. The
      bosses 17 extend into the base 10 and have bores 20 for the reception of
      threaded screws as will be described. The base 10 is of hollow form, and
      forms the base housing of the telephone unit, a top housing, not shown,
      fitting over the edge 21 which forms a locating formation.
PAR  FIG. 3 illustrates a bracket 25, in the present example of T shape to
      conform with the shape of the recess 14 in the base 10. The bracket 25 has
      a head portion 26 and a stem portion 27. In the stem portion are formed
      two slots 28 extending along the axis of the stem portion, and in the head
      portion there is formed an aperture 29, in the present example a keyhole
      shaped slot.
PAR  FIGS. 4 and 5 illustrate the bracket 25 in position in the recess 14, the
      bracket extended. The bracket is held in position in the recess by the
      slots 28 being positioned over the bosses 17. Screws 30, conveniently
      selftapping screws, are inserted into the bores 20 of the bosses 17, and
      the heads of the screws retain the bracket in the recess. The bracket can
      slide in the recess. In FIGS. 4 and 5 the bracket is shown extended to
      uncover the keyhole slot 29. This slot can be positioned over a screw in
      the wall or other surface, the head of the screw being passed through the
      larger portion of the keyhole slot and then the shank of the screw passing
      into the narrower portion of the keyhole slot by moving the telephone unit
      downwards.
PAR  When the telephone unit is to be positioned with the base surface 11 on a
      table or similar substantially horizontal surface, the bracket is
      retracted, as by pushing on the end. The retracted position is indicated
      in FIG. 5 by the dotted outline 31.
PAR  The inclined end 19 of the recess 14 assists in moving the bracket from the
      retracted position to the inclined position, by enabling a finger tip to
      be pushed against the end of the stem portion 27 of the bracket. The
      bracket is held in the retracted position by friction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone unit comprising:
PA1  a base housing for resting on a horizontal surface, said base housing
      including a base surface and a peripherally extending wall, said base
      surface having a forward end and a rearward end and a central axis
      extending from said forward end to said rearward end;
PA1  a recess in said base surface, said recess of Tee formation having a stem
      portion and a cross-bar portion, the cross-bar portion of the Tee
      formation extending to said peripheral wall at said rearward end of said
      base surface and said stem portion extending from said cross-bar portion
      along said central axis of said base surface;
PA1  two spaced bosses in said recess on said central axis, said bosses integral
      with said base housing, a surface of each boss substantially level with
      said base surface;
PA1  a Tee shaped bracket in said recess, said bracket including a head portion
      and a stem portion, said head portion adapted to fit in said cross-bar
      portion of said recess, said stem portion of said bracket a sliding fit in
      said stem portion of said recess, said bracket slidable along said central
      axis from a retracted position wherein said head portion is entirely in
      said cross-bar portion of said recess to an extended position wherein a
      major part of said head portion extends from said cross-bar portion of
      said recess beyond said peripheral wall;
PA1  an aperture in said head portion of said bracket, said aperture of a
      keyhole form including a small diameter portion adjacent an outer edge of
      said head portion and a large diameter portion toward said stem portion,
      said aperture exposed when said bracket is in an extended position;
PA1  two elongated slots formed in said stem portion of said bracket, said slots
      extending along the longitudinal axis of the stem portion and positioned
      over said bosses;
PA1  retaining means in said bosses extending through said slots and including
      head portions engaging said stem portion of said bracket to retain said
      bracket in said recess, and
PA1  an aperture in said base housing at the bottom periphery edge of said base
      surface for the entry of a telephone cord;
PA1  the arrangement such that on extending said bracket to said extended
      position to expose said aperture of keyhole form in said head portion of
      said bracket, the telephone unit can be mounted on a vertical surface by
      engagement of said aperture of keyhole form with mounting means on said
      vertical surface.
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ABST
PAL  A window plate member is affixed to an inside surface of a window casing.
      An elevating plate member has a lower end hingedly affixed to the window
      plate member and extending upward from the window plate member to an area
      above the window casing for rotation from a position closely adjacent the
      surface of a wall in which the window casing is mounted to a position
      perpendicular to such surface. A rod connecting member comprises a rod of
      U-shape having a pair of legs. A first free end of the rod extends at
      right angles to the plane of the legs and is pivotally mounted on the
      upper end of the elevating plate member in a manner whereby the legs are
      movable in a plane perpendicular to the surface of the wall. The rod has a
      second free end in the plane of the legs for accommodating a tubular
      curtain rod.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a curtain rod mounting device. More
      particularly, the invention relates to a curtain rod mounting device for
      affixing a curtain rod to an inside surface of a window casing mounted in
      a wall and positioning the rod above the window casing.
PAR  Objects of the invention are to provide a curtain rod mounting device of
      simple structure, which is inexpensive in manufacture, installed with
      facility and convenience on a solid window casing so that it is securely
      supported and eliminates the need for being affixed to a plaster or
      plasterboard wall, in which case it constantly pulls loose and rips large
      pieces out of the wall, besides being a danger to people, and especially
      small children and pets, who may be struck by the curtain rod when it
      falls off the wall, and functions efficiently, effectively and reliably to
      support a curtain rod and curtain in a completely secure manner and in a
      manner in which the curtain hides the curtain rod mounting device.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a partly cut away, partly sectional view, of an embodiment of the
      curtain rod mounting device of the invention mounted on a window casing;
      and
PAR  FIG. 2 is a view, partly cut away and partly in section, taken along the
      lines II--II, of FIG. 1.
DETD
PAR  The curtain rod mounting device of the invention is for affixing a curtain
      rod 1 of substantially tubular configuration to an inside surface 2 (FIG.
      1) of a window casing 3 mounted in a wall 4 having a surface 5. The
      curtain rod mounting device of the invention positions the rod 1 above the
      window casing 3, as shown in FIG. 1.
PAR  The curtain rod mounting device of the invention comprises a window plate
      member 6 affixed to the inside surface 2 of the window casing 3. The
      window plate member 6 comprises a first plate-like part 7 affixed to the
      inside surface 2 of the window casing 3 by any suitable means such as, for
      example, screws 8 and 9, and a second plate-like part 10 extending from
      the first part at substantially right angles therefrom. The second
      plate-like part 10 may be affixed to an inside surface 11 of the window
      casing 3, instead of, or in conjunction with, the affixing of the
      plate-like part 7 to the inside surface 2, if desired.
PAR  An elevating plate member 12 has a lower end 13 hingedly affixed to the
      window plate member 6. The elevating plate member 12 extends upward from
      the window plate member 6 to an area above the window casing 3 for
      rotation from a position closely adjacent the surface 5 of the wall in
      which the window casing 3 is mounted, as shown in FIGS. 1 and 2, to a
      position substantially perpendicular to said surface. The elevating plate
      member 12 has an upper end 14.
PAR  A rod connecting member 15 comprises a rod of substantially U-shape having
      a pair of legs 16 and 17 (FIG. 2). A first free end 18 of the rod
      connecting member 15 extends at substantially right angles to the plane of
      the legs 16 and 17 (FIG. 1) and is pivotally mounted on the upper end 14
      of the elevating plate member 12 in a manner whereby the legs 16 and 17
      are movable in a plane substantially perpendicular to the surface 5 of the
      wall 4. The rod connecting member has a second free end 19 in the plane of
      the legs 16 and 17 for accommodating the tubular curtain rod 1. That is,
      one end 20 of the curtain rod 1 is positioned on and around the free end
      19 of the rod connecting member 15.
PAR  A plug 21 (FIG. 2) is fixed in the curtain rod 1 at a predetermined
      distance from the end 20 of said curtain rod. A spring 22 is positioned in
      the curtain rod 1 and extends between the plug 21 and the second free end
      19 of the rod connecting member 15, as shown in FIGS. 1 and 2.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A curtain rod mounting device for affixing a curtain rod to an inside
      surface of a window casing mounted in a wall having a surface and
      positioning the rod above the window casing, said mounting device
      comprising
PA1  a window plate member affixed to an inside surface of a window casing;
PA1  an elevating plate member having a lower end hingedly affixed to the window
      plate member and extending upward from the window plate member to an area
      above the window casing for rotation from a position closely adjacent the
      surface of a wall in which the window casing is mounted to a position
      substantially perpendicular to said surface, said elevating plate member
      having an upper end; and
PA1  a rod connecting member comprising a rod of substantially U-shape having a
      pair of legs, a first free end extending at substantially right angles to
      the plane of the legs pivotally mounted on the upper end of the elevating
      plate member in a manner whereby the legs are movable in a plane
      substantially perpendicular to the surface of the wall, and a second free
      end in the plane of the legs for accommodating a substantially tubular
      curtain rod.
NUM  2.
PAR  2. A curtain rod mounting device as claimed in claim 1, further comprising
      a substantially tubular curtain rod having one end seated on the second
      free end of the rod connecting member, a plug fixed in the curtain rod at
      a predetermined distance from the one end thereof and a spring in the
      curtain rod extending between the plug and the second free end of the rod
      connecting member.
NUM  3.
PAR  3. A curtain rod mounting device as claimed in claim 1, wherein the window
      plate member comprises a first plate-like part affixed to an inside
      surface of a window casing and a second plate-like part extending from the
      first part at substantially right angles therefrom.
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ABST
PAL  An adjustable suspension for attaching a piece of furniture to a wall
      includes a housing having an elongated supporting arm projecting
      therefrom. The upper edge of the arm is provided with a rough, preferably
      toothed, surface which engages a protrusion within the housing having a
      cooperating similar surface; and the lower edge of the supporting arm is
      provided with a rough, preferably toothed surface which cooperates with a
      rotatable cam in the housing having a similar surface. By moving the arm
      in translation through the region between the cam and protrusion, and by
      rotating the cam, the free end of the arm outside of the housing may be
      adjusted in both height and depth relative to the housing.
BSUM
PAR  The invention concerns an adjustable suspension for attaching pieces of
      furniture, such as wall cupboards, to a wall, the suspension having a
      housing secured to the inside of the furniture side-wall, and a supporting
      arm adjustable within the housing for height and depth.
PAR  Various embodiments of this type of adjustable suspension are known.
      Disadvantages of the known suspensions involve their large volume and
      their unfavourable adjustment.
PAR  More particularly, in order to adjust the height and distance to the wall
      of the piece of furniture, two adjusting means, such as screws, have to be
      actuated in prior art suspensions, which, on the one hand, complicates
      manipulation and on the other hand, because of the necessary bearings for
      the adjusting means, leads to large devices.
PAR  Because the adjusting means are largely made with screws, an undesirable
      change of position of the suspended piece of furniture, for example
      through vibrations, cannot be excluded so that the efficiency of these
      suspensions is insufficient.
PAR  The purpose of the present invention is to provide an adjustable suspension
      for pieces of furniture, of the type first mentioned above, which is
      improved and of less volume, especially flat, having a simple means of
      adjustment, and in which the adjusted position is automatically secured.
PAR  Furthermore, the suspension is cheap and easy to manufacture, comprises few
      parts, and has a long lasting construction.
PAR  Only a single adjusting means for adjusting the suspension is needed, which
      is simultaneously a part of the securing means for the adjusted supporting
      arm.
PAR  A further object of the invention resides in the provision of a simple and
      secure method of affixing the suspension to the piece of furniture.
PAR  According to the invention, an adjustable suspension for pieces of
      furniture, of the type first mentioned above, is characterized in that a
      rotatable cam with a rough, preferably toothed surface, is borne in the
      housing below the supporting arm, and an opposing area with a rough,
      preferably toothed surface, is provided in the housing above the
      supporting arm, and the length of arm within the housing is provided with
      a rough, preferably toothed upper and lower securing area along its edges,
      of which the lower securing area co-acts with the cam for adjustment of
      height and depth, and the upper securing area serves to arrest the the
      supporting arm in the adjusted position.
PAR  The housing is flat, of equal, rectangular or trapezoidal cross-section
      throughout, and has a slot-like recess open at one end edge of the
      housing, in which the supporting arm is adjustably located, and into which
      the cam surface and the opposing surface project.
PAR  The cam can be arranged off-center in the housing, and the opposing area is
      located at a distance above the cam and toward the open end of the
      housing; the cam has in extension of its axis, a bearing disc, rotatably
      borne in a bearing recess in the housing, and at the other end, a head
      with means, such as a screw-slot, for receiving a tool, borne in the
      housing and accessible from the outside.
PAR  A spring element can be provided in the housing, which operates against the
      underside of the supporting arm for bringing or holding the arm out of
      contact with the cam, the spring being preferably secured during
      manufacture.
PAR  An externally toothed dowel is provided on the side of the housing opposite
      to the head of the cam, and at distance from the dowel, a tensioning peg
      is provided which, by means of a tensioning cylinder and cam, rotatably
      located in the housing, can be moved away from the dowel becoming clamped
      against the side of a bore in the furniture in which it is situated.
PAR  Advantageously, the adjustable suspension according to the innovation, has
      very little volume and, being flat, takes up little space inside the
      furniture.
PAR  A further advantage of the invention is the simple and automatic securing
      of the supporting arm adjustment; the supporting arm being adjusted for
      height by a single adjusting means (cam), and for depth can be slid by
      hand, whereby an improved and more sensitive adjustment is achieved.
PAR  Simultaneously, because of the toothed cam and the toothed areas on the
      supporting arm and the housing, after height and depth adjustment the
      position is automatically secured by the weight of the furniture on the
      supporting arm which can no longer accidentally alter its position, for
      example through vibrations, thus providing an extremely stable positioning
      of the furniture.
PAR  The device is simply and cheaply manufactured of few parts, and of long
      lasting construction, since only a relatively small cam is necessary for
      the adjustment of the supporting arm, and furthermore having a favourable
      arrangement, obviates the complicated and space-taking bearings and
      adjusting means, permitting the flat and compact construction of the
      present device.
PAR  A further advantage of the invention is seen in the simple and secure
      method of affixing the device to the furniture by means of the dowel
      tensioning.
DRWD
PAR  In the drawing, an embodiment according to the invention is depicted,
      wherein:
PAR  FIG. 1 is a perspective, front view of an adjustable suspension,
PAR  FIG. 2 is a perspective, rear view of the suspension,
PAR  FIG. 3 is a vertical section through the suspension and depicts the
      supporting arm arranged in a housing for adjustment of height and depth,
PAR  FIG. 4 is a horizontal section through the suspension and depicts the
      securing pin and tensioning cam, and
PAR  FIG. 5 is a vertical section through the suspension with the supporting arm
      locked, taking the load of a piece of furniture
DETD
PAR  Numeral 10 indicates a housing of an adjustable suspension with which
      pieces of furniture 11, like wall cupboards, can be adjusted for height
      and depth, and thus be accurately positioned on a wall 12.
PAR  For hanging a wall cupboard 11, at least two suspensions are required which
      are secured with their housings each to the inside of a cupboard
      side-wall.
PAR  In the housing 10 of each suspension a supporting arm 13 is arranged,
      adjustable for height and depth, and with a securing part 14 protruding
      out of the housing 10 for releasable connection with a fixture 15, such as
      a hook, a ring, a rail or the like, affixed in or on the wall 12.
PAR  The housing 10 is formed from a flat body with a rectangular or trapezoidal
      basic shape, which has a rectangular cross-section with its greatest
      extension running vertically.
PAR  The housing 10 has a pocket-like recess 16 in which the supporting arm 13
      is situated, protruding out of an opening at one end.
PAR  The cross-sectional dimensions throughout the entire base form of the
      housing 10 are equal, thus giving the housing 10 its flat construction.
PAR  A rotatable cam 18 with a rough, preferably toothed surface 17, is borne in
      the housing 10 below the supporting arm 13, and a rough, preferably
      toothed opposing surface 19 is provided in the housing 10 above the
      supporting arm 13. The supporting arm 13, which is in cross-section a
      vertically extended rectangle, and thus parallel the housing, is provided
      on the upper and lower sides with a rough, preferably toothed locating
      surface 20, 21 at zones within the housing, of which the lower locating
      surface 21 co-acts with the cam 18 for the adjustment of height and depth,
      and the upper locating surface 20 serves for holding the position of the
      supporting arm 13.
PAR  The supporting arm 13 is formed from a flat strip and is arranged with its
      longest zone within the housing 10.
PAR  The cam 18 is located outside of the central zone of the housing 10, and
      the opposing surface 19 extends at a distance above the cam 18 and toward
      the opening of the recess in the housing 10. The cam 18 and the opposing
      surface 19 are thus diagonally positioned and the vertical distance
      between the two retaining zones 17, 19 is greater than the vertical extent
      of the supporting arm 13.
PAR  The toothed opposing surface 19 is formed on a bow-shaped projection 22 in
      the area of the recess 16, which reduces the width (height) of the recess
      16 extending through the length of the housing and widening vertically at
      the open end, for a part of its length at a distance from the open end.
PAR  The toothed surface 21 on the supporting arm 13, which co-acts with the cam
      18, extends along the lower edge of the supporting arm for part of the
      portion of the end within the housing 10, and the toothed surface 20,
      which co-acts with the opposing surface 19, extends along the upper edge
      of the arm for a part of the middle portion of the supporting arm 13.
      Preferably, both zones are provided with teeth of equal size 20, 21.
PAR  The cam 18 with its toothed surface 17 is formed in one with a bearing disc
      23 and a head 24. On one side of the cam, in the direction of the cam
      axis, the bearing disc 23 is located in a circular bearing bore 25 in the
      housing 10, and on the other side, formed from an extension, a cylindrical
      and circular head 24 is provided which is located in a bearing bore 26 in
      the housing 10 opposite the bearing 25, and the end surface of which can
      be provided with an operating means 27 such as a screw-slot, an hexagonal
      recess or the like.
PAR  The cam 18 has a flat 18a on its circumference so that only part of the
      circumference of the cam 18 is provided with a toothed surface 17, and by
      means of which the greatest possible distance between the cam 18 and the
      opposing surface for free and unhindered sliding of the supporting arm can
      be achieved. This flat 18a, when turned toward the supporting arm 13,
      provides a zero position for the cam 18, in which it has no effect and
      allows free sliding of the supporting arm.
PAR  The securing part 14 is formed by an angle, preferably a right-angle in the
      supporting arm 13, from which a lug 14a is bent at an angle, preferably a
      right-angle, back towards the housing 10 making a U-shaped bracket for
      hanging on the hook 15.
PAR  The straight lug 14b, running in continuation of the securing part 14,
      serves for securing the supporting arm 13 behind a recessed rail for
      fixture 15, whereby the lug 14b locates securely in the recess of the rail
      on the wall 12, and the angled lug 14a is supported on top of the rail.
      The sliding movement of the supporting arm 13 is limited in the outward
      direction by means of a protrusion 28, or pin which co-acts with an
      abutment surface 29 of the housing 10. The inward movement of the
      supporting arm 13 is limited by the free end of the arm 13 abutting the
      interior wall of the recess 16 opposite to the open end of said recess.
PAR  The supporting arm 13 passes through a hole 11c in the back 11b of the
      piece of furniture.
PAR  For joining the housing 10 to the side wall 11a of the piece of furniture,
      a dowel 30 is provided on the side of the housing opposite to the head 24
      of the cam 18, and, spaced apart therefrom, a tensioning peg 31 is also
      provided which, by means of a bolt 36 extending through the housing 10 can
      be clamped against the wall of a receiving bore in the side-wall 11a of
      the furniture, increasing the distance from the dowel 30 for securely
      fixing the housing.
PAR  The tensioning peg 31 is arc-shaped and is arranged with the bow away from
      the dowel 30, having teeth on its outer side 31a. The dowel 30 also has
      teeth 30a on the side away from the tensioning peg 31, so that two sets of
      teeth working in opposite directions prevent withdrawal of the housing.
      The tensioning bolt 36 has a cylindrical, toothed part 32a, and at one end
      is provided with a cam 33 which works in conjunction with the tensioning
      peg 31, while at the other end a tool-receiving head 34 is provided. The
      head 34 and the cylindrical part 32 are carried in a stepped bore 35 in
      the housing 10.
PAR  The side-wall 11a of the piece of furniture is provided with two bores,
      spaced apart, one of which receives the toothed dowel 30, and into the
      other of which the tensioning peg 31 fastens for securing the housing 10
      to the wall. After the housing 10 is fitted, the tensioning bolt 36 with
      the securing means 30, 31 inserted, is rotated so that the cam 33 co-acts
      with the tensioning peg 31, pushing it away from the cylinder part of
      dowel 30 and thereby clamping elements 30, 31 in the bores of the piece of
      furniture.
PAR  In addition to fixing the housing 10 to the furniture by clamping, the
      teeth 30a, 31a and 32a provide further security, preventing withdrawal of
      the housing from the bores in the furniture wall.
PAR  After the housing 10 has been affixed to the side-wall 11a, the positioning
      of the wall cupboard is carried out. For adjusting the height depth of the
      wall cupboard 11, it must be manually lifted so that the supporting arm 13
      is free and without load, and can be slid between its locating surfaces
      17, 19. The cam 18 is rotated for adjusting the height, and the supporting
      arm 13 is pushed into and out of the housing 10 for the depth position.
      When the wall cupboard is released it settles until the toothed surface 21
      of the supporting arm 13 contacts the cam 18 and the teeth 20 locate under
      the teeth 19, and then takes the weight of the cupboard 11 via the housing
      10.
PAR  By more or less rotation of the cam 18, the supporting arm 13 is turned
      more or less in a vertical direction about the opposing surface 19 which
      acts as a pivot, thereby positioning the height, and by sliding the
      supporting arm more or less in a horizontal direction the adjusment for
      depth is achieved. Rotation of the cam 18 and re-positioning of the
      supporting arm 13 always takes place when the load has been removed from
      the supporting arm 13, i.e. when the wall furniture 11 has been lifted and
      the supporting arm 13 is free.
PAR  The two opposing sets of teeth 17, 19 locate in the teeth 21, 20 of the
      supporting arm 13 and prevent both sliding movement of the supporting arm
      13 and rotary movement of the cam 18 when under load, i.e. when the weight
      of the cupboard is taken by the supporting arm 13. Because of the locking
      effect of toothed zones 17, 19, 20, 21 unwanted slipping of the supporting
      arm 13 or rotation of the cam cannot occur, and the supporting arm 13 is
      securely located.
PAR  In order that the supporting arm 13 is always moved out of the teeth 17 of
      the cam 18 during adjustment of the cupboard 11, a spring element 37,
      preferably a flat spring, is provided which acts at one end upon the
      housing 10 and at the other end upon the supporting arm 13 and swings it
      upwards in the condition of no-load. The spring element 37 acts on the
      lower edge of the supporting arm 13.
PAR  It is preferred to form the housing 10 from a single piece of plastic
      material, and during manufacture to provide the spring element 37 in the
      recess 16 of the housing 10 as an integrally moulded resilient tongue.
PAR  It is furthermore preferred to form the cam 18 with the bearing disc 23 and
      the head 24 from plastic material in one piece. The supporting arm 13 is
      preferably made of metal.
PAR  The housing 10 is partially open on the side adjacent to the furniture wall
      11a so that the recess 16 is accessible, but it can also be closed on this
      side.
PAR  Instead of the toothed surfaces 17, 19, 20, 21, other rough surfaces can be
      provided such as cross-cut, ribbed, corded, or the like.
CLMS
STM  We claim:
NUM  1.
PAR  1. Adjustable suspension for attaching pieces of furniture, such as wall
      cupboards, to a wall, said suspension having a housing adapted to be
      secured to the inside of the furniture side-wall, a supporting arm
      adjustable within the housing for height and depth, a rotatable cam,
      having a rough surface, located in the housing below the supporting arm,
      and an opposing area, having a rough surface, provided in the housing
      above the supporting arm, the length of the supporting arm within the
      housing being provided with rough upper and lower securing areas along its
      edges, the lower securing area coacting with the cam for adjustment of
      height and depth, and the upper securing area coacting with said opposing
      area to arrest the supporting arm in the adjusted position.
NUM  2.
PAR  2. Suspension according to claim 1, wherein the housing is flat and of
      equal cross-section throughout.
NUM  3.
PAR  3. Suspension according to claim 1 wherein the housing has a slot-like
      recess opening into one end edge of the housing, the supporting arm being
      adjustably located in said recess, the cam surface and the opposing area
      each projecting into said recess.
NUM  4.
PAR  4. Suspension according to claim 2 wherein the supporting arm is formed
      from an elongated flat strip, of rectangular cross-section, having its
      longest sides running parallel to the housing, one end of said strip
      having an angled securing part protruding from the housing.
NUM  5.
PAR  5. Suspension according to claim 1 wherein the lower edge of the supporting
      arm is provided with a toothed securing area extending from the free end
      of the arm within the housing for part of the length of said arm, and the
      upper edge of said arm is provided with a toothed securing area for part
      of the length of said arm adjacent its middle.
NUM  6.
PAR  6. Suspension according to claim 3 wherein the cam is arranged off-center
      in the housing, and the opposing area is located at a distance above the
      cam and toward the open end of the recess at the edge of the housing.
NUM  7.
PAR  7. Suspension according to claim 1 wherein one end of the axis of the cam
      is provided with a bearing disc which is rotatably supported in a bearing
      recess in the housing, and the other end of the axis of the cam is
      provided with a head having means for receiving a tool to rotate said cam,
      said head being supported in the housing with said means being accessible
      from the outside of the housing.
NUM  8.
PAR  8. Suspension according to claim 3 wherein said opposing area is formed as
      a protuberance in the housing located at a distance from the open edge of
      the housing.
NUM  9.
PAR  9. Suspension according to claim 1 wherein a portion of the outer surface
      of the cam is provided with a flat region.
NUM  10.
PAR  10. Suspension according to claim 1 wherein movement of the supporting arm
      is limited in an outward direction by means of a projection coacting with
      a surface of the housing.
NUM  11.
PAR  11. Suspension according to claim 1 wherein the supporting arm is provided
      with an angled securing part having a lug angled back towards the housing
      and a further lug extending as a continuation of the securing part.
NUM  12.
PAR  12. Suspension according to claim 7 wherein an externally toothed dowel is
      provided on the side of the housing opposite to the head of the cam, a
      tensioning peg extending from said housing at a distance from the dowel,
      and a tensioning bolt rotatably located in the housing for moving said peg
      away from the dowel to clamp said peg against the side of a bore in the
      furniture in which it is situated.
NUM  13.
PAR  13. Suspension according to claim 12, wherein the tensioning peg is
      arc-shaped, the tensioning bolt being provided with a cylindrical part
      having a head part at one end thereof, said bolt also being provided with
      a cam which coacts with the tensioning peg, the cylindrical part and the
      head part of said bolt being rotatably supported in a stepped bearing hole
      in the housing.
NUM  14.
PAR  14. Suspension according to claim 12 wherein the housing, the dowel and the
      tensioning peg are formed as a single plastic part, the cam and its
      bearing disc and head also being formed as a single plastic part, and the
      supporting arm is made of metal.
NUM  15.
PAR  15. Suspension according to claim 1 wherein the housing is provided with a
      spring element which operates against the underside of the supporting arm
      to urge said arm out of contact with the cam, the spring comprising a
      resilient tongue secured in the housing.
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ABST
PAL  A music holder which may be easily mounted on and removed from a stringed
      instrument is disclosed. The music holder includes a spring loaded clip
      which receives and supports cards on which music has been imprinted; the
      cards being held in the clip in such a manner as to extend generally
      outwardly from the instrument so as to be easily read. The clip is
      retained on the instrument by means of an elastic cord provided with hooks
      at the oppositely disposed ends.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to music holders and particularly music
      holders intended for installation on stringed instruments such as guitars.
      More specifically, this invention is directed to a music card clip which
      may be removably attached to the sounding board of a guitar. Accordingly,
      the general objects of the present invention are to provide novel and
      improved apparatus of such character.
PAR  2. Description of the Prior Art
PAR  There have, in the past, been numerous suggestions for music holders which
      can be attached to stringed instruments. Such portable music holders
      would, under some circumstances, eliminate the necessity of transporting
      and using a separate music stand and would prove to be a valuable aid both
      to the musician and music teacher. A music holder which could be easily
      installed on and removed from a guitar would, by way of example only, be a
      valuable aid to a student who could then carry his music with him and
      practice at any location regardless of the availability of a bulky music
      stand or adequate fixed position substitute therefore.
PAR  In order to have utility a music holder for a guitar must have certain
      characteristics and attributes. The music holder and the printed material
      it is intended to receive and support must not interfere with fingering or
      strumming the instrument. The music holder should also neither mar the
      finish on the instrument nor interfere with the sound produced thereby. It
      is also desirable, but not mandatory, that the music holder be
      inconspicuous. It is highly desirable that the music holder be capable of
      easy and repeated installation and removal from the instrument.
PAR  Prior art music holders designed for mounting on stringed instruments have
      lacked one or more of the above enumerated desirable features or
      characteristics. Examples of prior art music holders for instruments such
      as guitars and violins may be seen in U.S. Pat. Nos. 487,820, 608,438,
      857,504 and 3,544,056. The inherent disadvantages of prior art music
      holders adapted to be attached to stringed instruments are obvious from
      perusal of the listed patents and thus these patents will not be discussed
      further.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above briefly discussed and other
      deficiencies and disadvantages of the prior art by providing a novel music
      holder particularly well suited for installation on a guitar. The music
      holder of the present invention is characterized by a spring clip which
      receives and holds, in a generally vertical position with respect to the
      sounding board portion of the guitar body, a card on which music has been
      imprinted. The clip, which may be provided on its outer surface with a
      cushion to eliminate the possibility of marring the surface of the
      instrument, it is slideable along a resilient cord. Hooks are provided at
      the opposite ends of the resilient cord and these hooks engage the edge of
      the sound port in the guitar body at either side of the inwardly disposed
      end of the neck portion of the instrument; the elastic cord passing along
      the upper surface of the sounding board at either side of the neck and
      thereafter under the neck.
PAR  The guitar music card clip of the present invention, when in use, will
      support the "cue" cards bearing the music in an easy to read location on
      the sounding board of the instrument. No tape or glue is needed to hold
      the cue cards to the instrument and the invention will not interfere with
      fingering or strumming since the octave ends at the body of the instrument
      on the standard acoustic guitar. The music card clip of the present
      invention may be readily installed and removed and can in fact be
      transported either on the instrument or in the musician's pocket. The
      music holder of the present invention is designed to avoid the possibility
      of damage to the instrument and, in so doing, eliminates the mechanical
      clamp devices which have characterized prior art music holders for
      stringed instruments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention may be better understood and its numerous objects and
      advantages will become apparent to those skilled in the art by reference
      to the accompanying drawing wherein like reference numerals refer to like
      elements in the several figures and in which:
PAR  FIG. 1 is a perspective view of a guitar with the music holder of the
      present invention installed thereon;
PAR  FIG. 2 is an enlarged side elevation view of the music holder shown in FIG.
      1; and
PAR  FIG. 3 is a cross-sectional side elevation view, taken along line 3--3, of
      the music holder of FIG. 2; FIG. 3 depicting a card installed in the music
      holder as also shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference now to the drawing, jointly considering FIGS. 1-3, the
      present invention includes a spring clip 10 of the type wherein the jaws
      thereof are resiliently biased toward one another. As may best be seen
      from FIG. 3, clip 10 is provided, on its outer surface, with a pad 12 of a
      suitable material whereby contact between the clip and the sounding board
      14 of a guitar, indicated generally at 16 in FIG. 1, will not result in
      any marring of the surface of the instrument. Pad 12 will typically be
      adhesively secured to clip 10 and may be comprised of any suitable foam or
      sponge-like material having acceptable wear characteristics.
PAR  An elastic cord 18 extends through clip 10. Cord 18 is provided, at its
      opposite ends, with hooks 20. Hooks 20 will be injection molded from a
      suitable plastic. The hooks may either be molded to the ends of cord 18 or
      will be formed separately and thereafter inserted on the ends of cord and
      affixed thereto by crimping.
PAR  Referring to FIG. 1, when it is desired to use the music holder of the
      present invention a first one of hooks 20 is caused to engage the sounding
      board 14 of the guitar, at the edge of the sound port therein, at a point
      adjacent to the inner termination of the neck 22 of the instrument. The
      cord is then extended forwardly along the surface of the sound board,
      parallel with the neck, to the end of the guitar body and passed under the
      neck. Thereafter, the elastic cord will be caused to extend rearwardly
      along the surface of sounding board 14, again in a direction parallel to
      neck 22, and the second hook 20 will be caused to engage the sound board
      at the edge of the sound port on the opposite side of the inner end of the
      neck from the point of engagement of the first hook 20.
PAR  After installation of the elastic cord, as described above, the cord will
      be stretched and the clip 10 moved along the cord until it is properly
      positioned over the sound board 14. The clip will thereafter be
      resiliently held in position against the sound board by means of cord 18.
      A card 24, for example a standard 3 .times. 5 index card having musical
      cords imprinted thereon, will be inserted between the closed jaws of clip
      10.
PAR  The cards, such as card 24 of FIGS. 1 and 3, will remain in a substantially
      vertical position with respect to the plane defined by the sounding board
      14 of guitar 16 because of the positioning of cord 18 in front of the card
      as clearly shown in FIG. 3. When the guitar 16 is held in the normal
      playing position gravity will tend to cause the upper edge of the card to
      rotate downwardly; i.e., in the clockwise direction as the device is shown
      in FIG. 3. The bottom edge of the card will, however, be stopped from
      rotating by cord 18 and the cards 24 themselves will have sufficient
      stiffness so as to not bend in the middle.
PAR  While a preferred embodiment has been shown and described, various
      modifications and substitutions may be made thereto without departing from
      the spirit and scope of the invention. Accordingly, it is to be understood
      that the present invention has been described by way of illustration and
      not limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A music holder for a stringed instrument, the instrument having a
      sounding board with a port therein, said holder comprising:
PA1  an elongated resilient member;
PA1  hook means affixed to said elongated resilient member at the opposite ends
      thereof, said hook means each having an arcuate instrument engaging
      portion designed to engage the sounding board of an instrument at the edge
      of the sound port therein; and
PA1  a spring clip mounted on said elongated resilient member, said clip being
      capable of movement along said member, said clip having normally closed
      jaws for the engagement of music in sheet form to hold the music away from
      the instrument, said jaws establishing a first linear region of contact
      with the music sheet and the portion of said resilient member disposed
      within said clip establishing a second linear region of contact with the
      music sheet, said second region of contact being displaced from said first
      region of contact.
NUM  2.
PAR  2. The music holder of claim 1 further comprising:
PA1  cushion means secured to at least part of the exterior surface of said
      spring clip, said cushion means protecting the finish of the instrument
      sounding board from marring by said clip.
NUM  3.
PAR  3. The music holder of claim 1 wherein said elongated resilient member
      comprises:
PA1  an elastic cord.
NUM  4.
PAR  4. The music holder of claim 2 wherein said elongated resilient member
      comprises:
PA1  an elastic cord.
NUM  5.
PAR  5. The music holder of claim 1 wherein said hook means each comprise:
PA1  a generally U-shaped molded plastic element.
NUM  6.
PAR  6. The music holder of claim 2 wherein said hook means each comprise:
PA1  a generally U-shaped molded plastic element.
NUM  7.
PAR  7. The music holder of claim 3 wherein said hook means each comprise:
PA1  a generally U-shaped plastic element.
NUM  8.
PAR  8. The music holder of claim 4 wherein said hook means each comprise:
PA1  a generally U-shaped molded plastic element.
NUM  9.
PAR  9. The music holder of claim 3 further comprising:
PA1  a music card, said card being received and held between the jaws of said
      spring clip, said card passing behind the elastic cord within said clip
      whereby the card is supported by the clip jaws and cord in a position
      substantially vertical to the instrument sounding board.
NUM  10.
PAR  10. The music holder of claim 7 further comprising:
PA1  a music card, said card being received and held between the jaws of said
      spring clip, said card passing behind the elastic cord within said clip
      whereby the card is supported by the clip jaws and cord in a position
      substantially vertical to the instrument sounding board.
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ABST
PAL  Molding apparatus for forming an article out of heat-softenable polymeric
      material, the molding apparatus comprising a mold including a mold cavity
      and a core insertable into said cavity to define a molding space of the
      configuration desired in a molded product for receiving the
      heat-softenable polymeric material, the core being made of heat-conducting
      material, means, normally including a steam chest in thermoconductive
      relationship to the mold, for heating the mold, means for admitting into
      the molding space heat-softenable polymeric material for forming the
      article and means for conducting steam from the steam chest into the mold
      cavity to aid in forming expanding and the heat-softenable polymeric
      material into an article having the shape of the molding space, the last
      mentioned means comprising at least one duct having a cross-sectional area
      not greater than 0.001 squre inch, preferably 0.0006 square inch or less,
      extending radially through the heat-conducting material of the core in
      which moisture in the steam being conducted into the mold cavity is
      vaporized. For optimum results a plurality of such ducts each having a
      cross-sectional area not greater than 0.001 square inch are provided which
      radiate from the mold axis. The means for heating the core may comprise
      means for conducting steam into contact with the mold, and some of the
      steam used to heat the mold may be conducted into the molding space to aid
      in forming the heat-softenable polymeric material into an article having
      the shape of the molding space. When forming a cup-shaped article the mold
      has a cup-shaped mold cavity for receiving the heat-softenable polymeric
      material and the core is comprised of heat conducting material in
      particular at the portion thereof where the bottom of the cup-shaped
      article is formed where the temperature is maximum, and in such case the
      means for conducting steam into the mold cavity may include valve means at
      the portion of the mold where the bottom of the cup-shaped article is
      formed and duct means as above defined extending through the heat
      conducting material of the core at the portion of the mold where the
      bottom of the cup-shaped article is formed.
PARN
PAR  This is a continuation of application Ser. No. 433,189, filed Jan. 14,
      1974, which in turn was a continuation-in-part of application Ser. No.
      308,194, filed Nov. 10, 1972, both of which applications are now
      abandoned. su
BSUM
PAR  This invention relates to the molding of articles out of heat-softenable
      polymeric material and particularly thinwalled articles such as drinking
      cups and similar cup-shaped articles. An example of heat-softenable
      polymeric material which may be molded in my molding apparatus is
      expandable polystyrene which may be in the form of beads or spheres. An
      object of my invention is to vaporize moisture in the steam which is
      conducted directly into the molding space to aid in forming the
      heat-softenable polymeric material into an article having the shape
      defined between the mold parts. Thin-walled articles such as drinking cups
      are especially vulnerable to the adverse effects of moisture during the
      molding process. Excessive moisture increases the cycle time, increases
      steam consumption and causes defective product in that the moisture
      interferes with the fusion of the heat softened expanded beads or
      particles into an integral whole during the molding process.
PAR  Prior practice involved the employment of a mold design and procedure in
      which the mold was heated by passing steam through the steam chest of the
      mold. Simultaneously with the heating of the mold, condensate was flushed
      from the steam chest. This was followed by steam injection into the
      molding space through a small valved opening in the wall of the core
      between the steam chest and the molding space. The valve was usually
      located directly on the core wall and interface with the heat-softenable
      polymeric material in the molding space. This had the disadvantage that
      any moisture in the system tended to be carried over into the molding
      space defined between the core and cavity parts. Such moisture might be in
      the form of steam condensate from the steam service lines or droplets of
      water leaking by the valve in the core wall.
PAR  I provide molding apparatus which directs the steam and moisture after
      passing through the valve into duct means of predetermined small
      cross-sectional area extending through the heat conducting material of the
      core whereby the heat content of such heat conducting material vaporizes
      moisture in the steam prior to its entering the molding space. Such duct
      means must have a cross-sectional area not greater than 0.001 square inch,
      a cross-sectional area of 0.0006 square inch or less being preferred for
      optimum results.
PAR  I provide molding apparatus for forming an article out of heat-softenable
      polymeric material, the molding apparatus comprising a mold including a
      mold cavity and a core defining a molding space therebetween for receiving
      the heat-softenable polymeric material, the core being made of
      heat-conducting material, means for heating the mold, means for admitting
      into the molding space heat-softenable polymeric material for forming the
      article and means for conducting steam into the molding space to aid in
      forming the heat-softenable polymeric material into an article having the
      shape defined between the core and cavity, the last mentioned means
      including duct means of predetermined small cross-sectional area as above
      defined extending through the heat-conducting material of the core in
      which moisture in the steam being conducted into the molding space is
      vaporized. For optimum results I provide a plurality of ducts radiating
      from the mold axis. The means for heating the core may comprise means for
      conducting steam into contact with the core, and some of the steam used to
      heat the core may be conducted into the molding space to aid in forming
      the heat-softenable polymeric material into an article having the shape of
      this space. When forming a cup-shaped article the mold has a cup-shaped
      molding space for receiving the heat-softenable polymeric material and the
      core is comprised of heat-conducting material at the portion thereof where
      the bottom of the cup-shaped article is formed where the temperature is
      maximum, and in such case the means for conducting steam into the molding
      space may include duct means as above defined extending through the heat
      conducting material of the core at the portion of the mold where the
      bottom of the cup-shaped article is formed. Each duct, whether one or a
      plurality of ducts is provided, has a cross-sectional area not greater
      than 0.001 square inch, preferably 0.0006 square inch or less. Adequate
      vaporization is not accomplished by duct means of greater cross-sectional
      area.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of a present preferred embodiment thereof
      proceeds.
DRWD
PAR  In the accompanying drawings I have shown a present preferred embodiment of
      the invention in which
PAR  FIG. 1 is a diagrammatic vertical cross-sectional view of my molding
      apparatus and
PAR  FIG. 2 is a horizontal cross-sectional view taken on the line II--II of
      FIG. 1.
DETD
PAR  Referring now more particularly to the drawings, a support frame 1 is
      provided for mounting the upper mold member 2, and the lower core member 3
      is mounted for vertical movement upon a piston in a cylinder 4 through a
      platen 5. Water and steam pass alternately through the upper steam chest
      6, entering at 7 and leaving at 8. The steam chest 9 in the lower core
      member 3 is alternatly cycled with steam and water through inlet 10 and
      outlet 11.
PAR  Heat-softenable polymeric material is introduced into the molding space 12
      between the members 2 and 3 through a suitable inlet 13 by means of an air
      injection system as well known to those skilled in the art. At the
      appropriate time in the cycle, also as well known to those skilled in the
      art, steam is conducted into the molding space 12. This is accomplished by
      withdrawing downward the steam injection actuator member 14 by a suitable
      device (not shown) beneath the platen 5. This opens the valve 15 allowing
      steam to pass from the steam chest 9 into duct means 16 in the top of the
      core, as shown, said duct means having a cross-sectional area not greater
      than .001 square inch located in the top wall of the lower core member 3.
      As shown in FIG. 2, the duct means are in the form of ducts which radiate
      from the mold axis.
PAR  As the valve member 15 opens some of the steam used to heat the mold passes
      through the ducts 16 into the molding space 12. As above stated the ducts
      16 are at the hottest part of the core. Moisture in the steam passing
      through the ducts 16 of very small cross-sectional area absorbs heat from
      the core which may be at a temperature of 250.degree. F. or higher during
      this portion of the cycle, and moisture is vaporized. An increase in the
      contact area of the stem with the core material increases the drying
      effect on the steam; to this end the duct means are formed as ducts of
      very small cross-sectional area as above defined and a considerable number
      of such ducts, shown as eight in FIG. 2, are preferably provided. While
      maximum vaporization is obtained by positioning the ducts 16 as shown and
      above described, vaporization benefits are also obtained when the duct
      means are located down the side walls of the mold member 3 to a distance
      of from .sup..ltoreq. to 2 from the top, depending on the size and shape
      of the mold. The limiting factor as to the position of the ducts is the
      large metal "heat sink" represented by the platen 5 and the lower portion
      of the bottom core member which tends to reduce the temperature at the
      lower portion thereof with an accompanying loss of the heat of
      vaporization available to dry the steam being introduced into the molding
      space. Heat loss as the result of conduction to the "heat sink" from
      points along the side wall of the core member 3 within 1 inch of the
      lowest point of the core wall are in such magnitude that that area offers
      relatively little heat if any transfer for moisture vaporization.
PAR  While I have shown and described a present preferred embodiment of the
      invention it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied within the scope
      of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Molding apparatus for forming a thin walled article such as a cup or
      similar vessel from heat softenable, expandable, polymeric particular
      material, said apparatus including mold parts comprised of a mold cavity
      and a complementary shaped mold core, which together form an article
      defining molding space therebetween for receiving the heat softenable
      particulate material and expanding and uniting said particulate material
      into a final product in an inverted position, said parts being formed of
      heat conducting material; means for heating said mold parts, said means
      for heating including steam chambers within said mold parts for receiving
      steam therein and means for admitting only dry steam into the molding
      space adjacent that portion of the molding space where the bottom of the
      article is formed, said means including a valve housed within and
      positioned at the top of said core, a valve actuator member operable to
      open and close said valve and duct means located only along the top of
      said core, said duct means extending radially and outwardly through the
      heat conducting material of the core along the top thereof from said valve
      to the molding space, said duct means comprising a plurality of ducts each
      having a cross sectional area of not more than 0.001 square inches, said
      valve means, when open, placing said duct means in communication with the
      steam chamber in said core whereby, as said steam is passing through said
      duct means, moisture entrained therein is vaporized during passage through
      said duct and said steam enters the molding space as dry steam.
NUM  2.
PAR  2. Molding apparatus as defined in claim 1 wherein each duct has a cross
      sectional area of 0.0006 suare inches.
NUM  3.
PAR  3. Molding apparatus as defined in claim 1 wherein said valve means
      includes an operable means operable to open said valve at a pre-determined
      period during the admission of steam into the steam chambers.
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ABST
PAL  Apparatus for finish casting of bifocal ophthalmic lenses from plastic
      material is described. No further surface grinding or polishing of the
      lens is required. The portion of the bifocal segment of the lens may be
      adjusted to any desired location relative to the optical center of the
      distance field of the lens. The apparatus comprises a power mold having a
      predetermined spherical or sphero-cylindrical surface, a bifocal mold
      having a predetermined optical curvature with a bifocal segment having a
      different optical curvature countersunk in the face thereof, and an
      annular gasket coupling the power and bifocal molds. The bifocal segment
      is adjusted relative to the optical center of the cast lens by use of a
      wedge member. An illustrative calculation to determine placement and
      thickness of the wedge for a given ophthalmic prescription is set forth.
      Alternative means for adjusting the bifocal segment by sliding the
      assembled power mold and gasket relative to the bifocal mold is also
      described, as is a means for introducing corrective prism into a cast
      lens.
BSUM
PAR  This invention relates to new and improved methods for casting uncut
      finished multifocal ophthalmic lenses out of plastic material as described
      by prescription.
PAC  BACKGROUND OF THE INVENTION
PAR  For some time, plastic materials have been successfully cast into single
      vision lenses, usually in some definite diameter and thickness. Such
      castings are referred to as uncuts. These are finished by edging to size
      and shape in a prescription laboratory.
PAR  When the uncuts are obtained by grinding and polishing from semifinished
      plastic castings, i.e., castings requiring grinding and polishing on one
      side, inferior lenses result due to the physical instability of the
      casting during processing. Plastic does not polish as readily as glass and
      many steps of processing are required to get a satisfactory optical
      surface, the final step usually being performed with a velour type pad.
      The laboratory thus experiences high costs and the patient gets inferior
      lenses. As a result most single vision plastic lenses are provided in the
      uncut cast form, requiring only edging to size and shape.
PAR  When it is desired, using known techniques, to provide bifocals made out of
      plastic, the requirement of the bifocal addition makes the ability to
      supply uncuts as stock items virtually impossible because of the millions
      of combinations necessary to meet prescriptive requirements. Heretofore,
      when a plastic bifocal lens was desired, one procedure was to supply the
      optician with semifinished blanks from which he ground and polished the
      uncuts with the inferior results and high costs referred to. A
      satisfactory method of casting uncut bifocals out of plastic which would
      require no additional grinding or polishing of the optical surfaces, has,
      therefore, long been desirable.
PAR  One of the known techniques of finish casting multifocal plastic lenses is
      described in U.S. Pat. No. 3,056,166 to Weinberg. It discloses the making
      of a finished cast plastic lens by using a pair of mold parts coupled
      together by an annular gasket. When a bifocal addition is reqquired,
      Weinberg states that a mold part containing the proper bifocal addition at
      the proper location in the surface thereof is selected as one of the mold
      parts, and that a corresponding gasket is also selected. Where it is
      desired to introduce corrective prism into the lens, Weinberg states that
      it is necessary to cut the gasket by a specially constructed device. Thus,
      using the techniques described by Weinberg for the direct casting of
      finished bifocal plastic lenses is cumbersome and uneconomic as it
      requires carrying an inventory of a very large number of bifocal molds and
      gaskets and also requires operating a special machine tool at or near the
      casting station.
PAR  It is therefore an object of the present invention to provide a means for
      the inexpensive casting of high quality multifocal lenses from plastic
      material, wherein no further grinding or polishing operations of the
      optical surfaces are required.
PAR  It is a further object of the invention to provide a means for providing
      such lenses using a limited and manageable number of mold and gasket
      parts.
PAR  It is a still further object of the present invention to provide a
      simplified and inexpensive means to position the bifocal addition a
      predetermined distance from the optical center of the distance field, as
      may be required by the prescription involved.
PAR  It is another object of the present invention to provide a simple and
      inexpensive means of introducing corrective prism into a cast multifocal
      lens.
PAC  SUMMARY OF THE INVENTION
PAR  To cast plastic bifocals accordring to prescriptions, a method and
      apparatus must be used that will produce a finished lens, except for
      edging (referred to as an "uncut") which has the proper spherical and
      cylindrical power, prescribed axis of the cylinder, suitable size, good
      location of the optical center so the final lens shape may be edged out,
      proper thickness, and a reading bifocal segment of desired size, shape and
      location with respect to the optical center of the main lens (distance
      portion).
PAR  The general method of casting a bifocal uncut is first to provide a mold
      generally made out of glass with a spherical or sphero-cylindrical surface
      of designated value. Such mold is referred to hereafter as a "power" mold.
      Secondly, to provide a mold generally made out of glass or metal which has
      two curves of different radii ground and polished in one surface. The
      difference between the two curves produces the addition or bifocal. This
      is referred to as the "bifocal" mold. A mold having three different radii
      in the same surface will, of course, produce a trifocal. Thirdly, some
      means of combining the two molds must be provided so that thickness of the
      lens and cylinder axis may be controlled as desired. This is generally
      accomplished by means of a plastic ring called a gasket, and an orienting
      device calibrated in degrees. In addition some means must be used in order
      to locate the bifocal segment at the proper location with respect to the
      optical center of the finished lens. To accomplish this the present
      invention utilizes a wedge-shaped member to be more fully described
      hereinafter. Alternatively, an oversized bifocal mold may be employed and
      the power mold and gasket may be moved relative to the concave surface of
      the bifocal mold to place the bifocal segment at the desired location.
PAR  When the gasket, power mold, bifocal mold and wedge have been oriented with
      respect to each other, the assembly may be held together by conventional
      clamping means. A thermosetting plastic material is then introduced into
      the mold cavity formed thereby. The filled mold is secured by the
      application of pressure adequate to maintain the configuration of the
      cavity and the plastic material is subjected to heating and curing as
      known in the art.
PAR  Following curing, the finished plastic lens having the desired optical
      quality surfaces and powers as required by the prescription is removed
      from the gasket by conventional means. The lens is then ready to be edged
      and mounted in an eyeglass frame in the usual manner without further
      grinding or polishing of the optical surfaces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an uncut bifocal lens showing a bifocal segment
      and wherein the optical and geometric or mechanical center of the lens
      have the same location.
PAR  FIG. 2 is a plan view of another uncut bifocal lens wherein the optical
      center of the distance field has been shifted away from the geometric
      center.
PAR  FIG. 3 is a perspective view of a power mold.
PAR  FIG. 4 is a perspective view of one form of wedge member.
PAR  FIG. 5 is a perspective view of one form of gasket.
PAR  FIG. 6 is a partial sectional view taken on lines 6--6 of FIG. 5.
PAR  FIG. 7 is a perspective view of a bifocal mold with a bifocal addition
      ground into the concave surface thereof.
PAR  FIG. 8 is a vertical sectional view of a mold assembly.
PAR  FIGS. 9, 10 and 11 are vertical sectional views of a mold assembly showing
      a modified form of gasket and power mold.
PAR  FIG. 12 is a plan view of a modified form of wedge member.
PAR  FIG. 13 is a sectional view taken on line 13--13 of FIG. 12.
PAR  FIG. 14 is a diagram used to illustrate the manner in which the thickness
      and placement of a wedge member is used in connection with the present
      invention.
PAR  FIG. 15 is a diagram used to illustrate the manner in which the thickness
      and placement of a wedge member is used in connection with the present
      invention.
PAR  FIGS. 16 through 19 are vertical sectional views showing further modified
      forms of gasket and bifocal molds.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now more particularly to the drawings, FIG. 1 illustrates an
      uncut bifocal lens generally designated 10 having a "D" shaped bifocal
      segment 12. Prior to the present invention one manner of making a finished
      plastic bifocal lens was to use a mold assembly in which the bifocal
      addition was cut into the surface of a circular bifocal mold at a
      predetermined distance down and in from the geometric center of the
      circular mold. On casting the lens this resulted in the bifocal segment 12
      being located at the predetermined down and in position corresponding to
      that at which the addition was cut into the bifocal mold. Thus, as shown
      in FIG. 1, the top edge 14 of the bifocal segment would be located a
      distance d down from the geometric center 16 of the lens and the center 18
      of the top edge of the segment would be located a distance i in from the
      center 16.
PAR  The placement of the bifocal segment relative to the optical center of the
      distance field of a lens is normally indicated briefly in millimeters as
      "down" and "in", for example, 4 down and 2 in. With known casting
      procedures the optical center of the distance field of the plastic lens
      will be located at the geometric center of the circular bifocal mold. Thus
      if the bifocal mold is made so that the bifocal segment is positioned 4
      down and 2 in from the geometric center of the mold, the bifocal segment
      of the lens will be positioned 4 down and 2 in from the optical center of
      the distance field. In FIG. 1 the optical center and geometric center 16
      of the lens 10 have a common location.
PAR  However, the placement of the bifocal segment with respect to the optical
      center of the distance field may take many different values, such as 3 and
      1, 5 and 2, etc. To provide these values, and using known techniques,
      bifocal molds would have to be made with all possible combinations of
      these figures. In addition, bifocal molds must have several overall
      curvatures (base curves), bifocal segments of different sizes and shapes
      and eleven or more segment curves for the bifocal additions. To multiply
      these combinations by all possible down and in values makes the total
      number of molds so great that prior to the present invention, the whole
      concept of finish casting bifocal plastic lenses was impracticable.
      Accordingly, a principal object of this invention is to provide means to
      adjust the down and in values of the bifocal segment using the same
      bifocal mold. One means of achieving this adjustment is to shift the
      optical center of the distance field away from the center of the circular
      mold in the manner to be described more fully hereinafter.
PAR  FIG. 2 shows another uncut bifocal lens 20 having a geometric center 16 but
      wherein the optical center 22 of the distance field has been shifted away
      from the geometric center 16. The down and in values of the bifocal
      segment 12 of the lens 20 are correspondingly reduced. The same bifocal
      mold is used to cast the lenses of FIGS. 1 and 2.
PAR  FIG. 3 illustrates a power mold generally designated 24 having an upper
      surface 26 and a lower convex surface 28. The convex surface 28 is
      accurately finished to include a spherical curvature, or if desired, a
      spherocylindrical curvature in a manner well known to those skilled in the
      art. The power mold preferably is made of glass and is transparent. It
      may, however, be made of a rigid plastic material or of metal. Orientation
      marks 30 are provided in the upper surface 26 at the periphery thereof for
      alignment purposes.
PAR  FIG. 4 shows a wedge member 32 made of suitable plastic, such as
      polytetrafluoroethylene, i.e., "Teflon" plastic, a duPont trademark. The
      wedge has a predetermined thickness T. As more fully described
      hereinafter, the wedge is used as one means of shifting the optical center
      of the uncut lens away from the geometrical center thereof.
PAR  FIG. 5 shows an open-ended cylindrical mold member or gasket, generally
      designated 34. As clearly shown in FIG. 6, the upper surface 36 of the
      gasket is shaped to provide a spherical or sphero-cylindrical curvature
      corresponding to the spherical or sphero-cylindrical curvature formed on
      convex surface 28 of power mold 24. The gasket 34 preferably is made from
      a resilient plastic material.
PAR  Gasket 34 is counterbored as at 38 to provide a shoulder 40 having an
      annular shaped planar surface and a lip 42. The planar surface of shoulder
      40 is of substantially the same width as the width of wedge 32. The lip 42
      of gasket 34 is of a predetermined thickness which controls the thickness
      of the lens produced by the mold assembly, as more fully described
      hereinafter. The convex surface of power mold 24 seats on the upper
      surface 36 of the gasket. The power mold may be allowed to shift slightly
      with respect to the gasket without adversely affecting the quality of the
      finished lens. However, if desired, the power mold may be held in fixed
      relation with respect to the gasket by means of lugs, not shown, mounted
      on the upper surface of the gasket.
PAR  FIG. 7 shows a bifocal mold 44 having a concave face 46 and a D shaped
      bifocal addition 48 ground into face 46. The upper perimetrical portion 50
      of the bifocal mold is planar as is the outer cylindrical edge 52. Mold 44
      is generally made out of glass or metal. The concave face 46 is ground and
      polished to a spherical curvature of a predetermined radius. The bifocal
      addition 48 is ground and polished to a curve of a different predetermined
      radius. It will be understood by those skilled in the art that the concave
      face 46 of the mold 44 may incorporate a curve of still a third
      predetermined radius which, in use, would produce a trifocal lens. The
      upper perimetrical portion 50 of the bifocal mold is provided with
      orientation marks 54 coincident with a diameter of the spherical curvature
      provided on concave surface 46.
PAR  FIG. 8 shows an assembly, generally designated 58, of the power mold 24,
      gasket 34, wedge 32 and bifocal mold 44, with a cavity 60 formed thereby
      which may be filled with a suitable plastic material used for forming a
      finished uncut bifocal lens requiring no additional grinding or polishing
      of the optical surfaces thereof. The assembly 58 is held together by
      conventional clamping means, not shown. The thermosetting plastic material
      used to form the lens may be injected into the cavity 60 through the
      gasket or filled by other suitable means.
PAR  In assembling the mold parts, power mold 24 is first oriented with respect
      to gasket 34. Where the convex surface 28 of the power mold is spherical,
      it is unnecessary to be concerned with the orientation of the power mold
      24 in the gasket or with the orientation of the power mold 24 and gasket
      with respect to the bifocal mold. However, where the lens is to include a
      sphero-cylindrical or toric surface, the convex surface 28 of the power
      mold will include a corresponding sphero-cylindrical curvature. The
      sphero-cylindrical surface of power mold 24 must then be oriented with
      respect to the corresponding sphero-cylindrical surface formed on the
      upper surface 36 of the gasket 34. In addition, where the lens to be cast
      contains a cylindrical correction and a bifocal addition, the axis of the
      cylinder must be properly oriented with respect to the upper edge 56 of
      bifocal addition 48.
PAR  To accomplish this the power mold 24 and gasket 34 are oriented, by means
      of orientation marks 30, to a base reference line, not shown, in a manner
      well known to those skilled in the art.
PAR  The power mold 24 and gasket 34 are then oriented with respect to bifocal
      mold 44 by means of orientation marks 54 on the bifocal mold. It will be
      understood that the power mold 24 is selected so that the curvature of the
      surface 28 thereof (either spherical or sphero-cylindrical) corresponds to
      the curvature provided on the upper surface 36 of the gasket 34. A bifocal
      mold having the desired overall base curve and bifocal segment curve
      necessary to produce a lens that will meet the prescription is selected.
PAR  One of the prescription requirements that must be considered when preparing
      a bifocal lens is the placement of the bifocal segment. It must be
      oriented with respect to the cylinder axis and be placed at a prescribed
      distance from the optical center of the lens. In normal practice the "D"
      shaped bifocal segment 48 is placed so that the flat top edge 56 of the
      segment is aligned parallel to a horizontal diameter of the sphere surface
      of the convex surface of the lens. For a lens having a diameter of 65
      millimeters, the center point of the flat top edge 56 is preferably spaced
      8 millimeters down (vertical) and 5 millimeters in (horizontal) from the
      geometric center of the bifocal mold member 44, it being understood that
      other dimensions may be selected.
PAR  As stated above, prior to the present invention, in order to account for
      all of the possible positions of the bifocal segment with respect to the
      optical center of a finished cast lens, it would have been necessary to
      maintain an excessively large number of bifocal molds with the bifocal
      segment located at different distances from the geometric center of the
      mold. The present invention reduces this number by shifting the optical
      center of the lens away from the geometrical center of the lens.
PAR  As shown in FIG. 8, a wedge 32 of predetermined thickness has been placed
      between shoulder 40 of the gasket 34 and the planar upper perimetrical
      portion 50 of the bifocal mold. This tilts the convex face 28 of power
      mold 24 with respect to the opposed concave face 46 of the bifocal mold 44
      by an amount adequate to shift the optical center from the geometric
      center of the lens by the desired amount. Since the position of the
      bifocal segment 48 relative to the geometric center of the bifocal mold
      (and of the uncut cast lens) remains the same, it will be understood that
      wedges of different predetermined thicknesses may be used to shift the
      bifocal segment with respect to the optical center of the distance field
      as required without necessitating a separate bifocal mold for each change
      in location of the bifocal segment relative to the optical center. The
      thickness T and placement of the wedge member 32 with respect to the
      180.degree. axis of the gasket (which may be marked on the gasket) are
      predetermined in order properly to shift the optical center to the desired
      location.
PAR  The relative dimensions of the bifocal mold and the gasket and the
      resilience of the gasket assure a tight fit between the two even though
      the wedge tilts the bifocal mold slightly with respect to the gasket by an
      amount equal to the thickness T of wedge member 32.
PAR  A modified form of gasket is shown in FIG. 9. Gasket 70 is "T" shaped, and
      the upper surface 72 of the lip 74 is shaped to fit the spherical or
      sphero-cylindrical curve of the convex surface 28 of power mold 24. The
      power mold is circular and is dimensioned so that its outer edge 75 fits
      snugly into the gasket and the surface 28 seats against the corresponding
      surface 72 of lip 74. Wedge 32 fits between the upper perimetrical edge 50
      of bifocal mold 44 and the lower surface 76 of lip 74. The outer
      cylindrical edge 52 of the bifocal mold 44 fits snugly and seals against
      the counterbored wall 78 of gasket 70.
PAR  FIG. 10 shows a further modification of the gasket member and a modified
      form of power mold having a "derby hat" shape. Gasket member 80 has a lip
      82, the upper surface 84 of which is flat. Power mold 86 has an optically
      ground convex spherical or sphero-cylindrical surface 88. Power mold part
      86 is formed to present a plane annular surface 90 between cylindrical
      outer wall surface 92 and cylindrical inner wall surface 94. When inserted
      into gasket 80, power mold 86 makes a snug fit therewith, the outer wall
      surface 92 of the power mold contacting cylindrical counterbored surface
      96 of gasket 80, inner wall surface 94 of the power mold contacting the
      innermost cylindrical surface 98 of the gasket, and the plane annular
      surface 90 of the power mold contacting the flat upper surface 84 of lip
      82.
PAR  The derby hat form of power mold may be made in one piece or cemented
      together. Use of a derby hat form of power mold eliminates the necessity
      of shaping the gasket to a spherical or sphero-cylindrical surface because
      the flat upper surface 84 of lip 82 of the gasket contacts the flat
      annular survace 90 of the derby hat power mold.
PAR  FIG. 11 shows a further modification of the gasket utilizing the derby hat
      type of power mold. The upper surface 100 of gasket 102 is flat and
      contacts the plane annular surface of power mold 86.
PAR  An alternative form of wedge member is shown in FIGS. 12 and 13. A
      ring-shaped prismatic washer 104 of a predetermined cross sectional
      thickness at the base 106 and of reduced cross sectional thickness at apex
      108 may be used in the mold assembly in place of the wedge member 32 shown
      in FIGS. 4 and 7 through 11. A ring-shaped washer is particularly
      desirable where the cross sectional thickness T of wedge member 32 is
      relatively large, i.e., where the optical center 22 of the distance field
      is moved a substantial distance from the geometric center 16 of the uncut
      lens 20 as shown in FIG. 2. Use of a wedge segment such as shown in FIG. 4
      under these conditions may tend to cause leaks in the mold assembly.
PAR  The manner in which the thickness T of the wedge member 32 and its
      placement with respect to the 180.degree. (horizontal) axis of the gaskets
      shown in FIGS. 5 through 11 are determined is shown in the following
      example.
PAR  Assume that it is desired to cast a finished uncut plastic lens having a
      diameter of 65 millimeters from a bifocal mold having a D-shaped bifocal
      segment located 8 millimeters down and 5 millimeters in. The lens is to
      meet the following prescription:
PAR  Rx = -1.75 + 2.25 .times. 21.degree. O.D. 2.25 D segment addition located 4
      millimeters down and 2 millimeters in from the optical center.
PAR  In this prescription
TBL  -1.75    designates a spherical power of 1.75                             
              diopters;                                                        
     +2.25    designates a cylindrical power of                                
              2.25 diopters;                                                   
     21.degree.                                                                
              designates the axis of the cylinder                              
              with respect to the 180.degree. (horizontal)                     
              axis;                                                            
     OD       designates the right eye; and                                    
     2.25 D   designates a bifocal segment of D                                
     segment  shape having a spherical power of 2.25                           
              diopters. The upper edge of the D                                
              segment is to be located 4 millimeters                           
              down from the optical center of the                              
              lens and the midpoint of the upper edge                          
              of the segment is to be 2 millimeters                            
              in or toward the nose from the optical                           
              center.                                                          
PAR  Referring to FIG. 14, and using terminology known to those skilled in the
      art in calculating corrective prism, C represents the geometric or
      mechanical center of the circular bifocal mold 44. Without any prism the
      optical center of a lens cast in a mold assembly of the type described
      would also be at C and the D-shaped bifocal segment would be 8 down and 5
      in. In order to meet the prescription, however, the segment must be 4 down
      and 2 in from the optical center. Thus the optical center must be shifted
      4 down and 3 in from the geometric center C to point O as shown in FIG.
      14. To determine the amount of prism required to move the optical center 4
      down and 3 in (CD and OD, respectively, in FIG. 14), the following
      calculations are made:
PAC  To get the prismatic effect of the cylinder at C
PAR  From FIG. 14 CF is a perpendicular drawn from C to the cylinder axis which
      is established by the prescription as being 21.degree. with respect to the
      horizontal.
PAR  In triangle ODE
TBL   OD        = 3 mm                                                         
     &lt;DOE       = 21.degree.                                                   
      DE        = 3 .times. tan 21.degree. = 3 .times. .38 = 1.15 mm           
PAR  In triangle CFE
TBL  CE = CD + DE = 4 + 1.15 = 5.15 mm                                         
     CF = 5.15 .times. cos. 21 = 4.81 mm = .48 cm                              
PAR  It is known that the amount of prism at any point on a lens, in prism
      diopters, is equal to the power of the lens in diopters multiplied by the
      distance of the point from the optical center of the lens in centimeters.
      Therefore, at point C, the prismatic effect of the cylinder power is
      obtained by multiplying the distance CF by the power of the cylinder. From
      FIG. 14
TBL  .DELTA. cylinder                                                          
                  = CF .times. cylinder power = .48 .times. 2.25 =             
                   1.08 down and in at 111.degree.                             
     (.DELTA. cylinder) horizontal                                             
                  = 1.08 .times. cos (90.degree.-21.degree.)                   
                  = 1.08 .times. .358 = .38 cm in                              
     (.DELTA. cylinder) vertical                                               
                  = 1.08 .times. cos 21.degree.                                
                  = 1.08 .times. .935 = 1.00 cm down                           
PAL  where .DELTA. is the prismatic effect of prism power.
PAC  To get the prismatic effect of the sphere at C
PAR  The prismatic effect of the spherical power at point C is obtained by
      multiplying the distance CO by the power of the sphere. Therefore, from
      FIG. 14:
EQU  co = .sqroot.0.4.sup.2 + 0.3.sup.2 = 0.5 cm
TBL  .DELTA. spherical                                                         
                  = CO .times. spherical power                                 
                  = CO .times. 1.75 = .5 .times. 1.75                          
                  = .88 with the direction up and out                          
PAR  The angle of the axis of the prism is angle OCD in FIG. 14.
EQU  &lt;ocd = tan .sup..sup.-1 3/4 = 36.degree. 52'
TBL  (.DELTA. spherical) horizontal                                            
                         = .88 .times. sin 36.degree. 52'                      
                         = .53 cm out                                          
     (.DELTA. spherical) vertical                                              
                         = .88 .times. cos 36.degree. 52'                      
                         = .70 cm up                                           
PAC  The sum of the prismatic effects is
TBL  (.DELTA. cylinder) horizontal                                             
                         =     .38     in                                      
     (.DELTA. spherical) horizontal                                            
                         =     .53     out                                     
     Total               =     .14     out                                     
     (.DELTA. cylinder) vertical                                               
                         =     1.00    down                                    
     (.DELTA. spherical) vertical                                              
                         =     .70     up                                      
     Total                     .30     down                                    
PAR  Referring to FIG. 15, to get the total prismatic effect and the thickness
      and placement of the wedge member:
EQU  Total prism = .sqroot. .30.sup.2 + .14.sup.2 = .33 cm
EQU  Angle of prism to vertical = tan.sup..sup.-1 .14/.30 = .466 = 25.degree.
PAR  Using standard ophthalmic notation (looking at the lens toward the concave
      surface), the prism angle would be taken as 65.degree. from the
      horizontal. Wedge to produce this prism must be set down and out at
      65.degree.. To get the thickness of the wedge for a lens having a diameter
      of 65 millimeters, standard formula may be used, as follows:
      ##EQU1##
      where n is the refractive index of the lens material. Thus, for a plastic
      where n = 1.4985
      ##EQU2##
PAR  Since one side of the wedge is considered to have a thickness of zero, the
      thickness difference becomes the thickness of the wedge or shim.
PAR  Thus in order to move the optical center of the lens from point C to point
      O, i.e., 4 millimeters down and 3 millimeters in, a wedge 32 having a
      thickness T of 0.43 millimeters must be placed at an angle of 65.degree.
      down and out from the horizontal.
PAR  As will be understood by those skilled in the art, the thickness and
      placement of a wedge necessary to meet different prescription requirements
      may be calculated and suitable charts showing these values may be
      prepared.
PAR  As stated above, terminology for calculating corrective prism has been used
      in the above example. After an uncut lens such as illustrated in FIG. 2 is
      edged and put in a frame to be worn by the patient, the optical center 22
      will be positioned on the directly forward line of sight of the wearer and
      there is no deviation of a ray of light at this point, i.e., there is no
      prism. Occasionally, however, due to muscular abnormalities of the eye,
      the doctor will prescribe a prism which is to apply for the directly
      forward line of sight. The corrective prism may be introduced into the
      cast plastic lens using the present invention by adjusting the thickness
      of the wedge.
PAR  FIGS. 3 through 11 show one means of shifting the location of the bifocal
      segment relative to the optical center of the distance field, namely, by
      use of a wedge member 32 or a ring-shaped prismatic washer 104. An
      alternative means of accomplishing a like result will now be described.
      Referring to FIG. 16, circular bifocal mold 120 has a diameter larger than
      the outside diameter of cylindrically-shaped gasket member 122. The lower
      surface 132 of gasket 122 is ground to the same but opposite curvature as
      the concave upper surface 126 of bifocal mold 120. The upper surface 128
      of the gasket is ground to conform to the lower convex surface 28 of power
      mold 24. The bifocal mold 120 is of sufficiently large diameter relative
      to the diameter of gasket 122 to permit the gasket to be slid around on
      the bifocal mold to locate the bifocal segment 130 relative to the optical
      center of the distance field as desired. With the power mold, gasket and
      bifocal mold properly positioned, the assembly is clamped together and a
      thermosetting plastic may be injected into the cavity 60 as previously
      described.
PAR  FIG. 17 shows how a wedge member 32 of the type previously described may be
      used to introduce additional prism into a lens, using a power mold 24, a
      sliding gasket 134, and an oversized bifocal mold 120. The lower surface
      132 of gasket 134 is ground to conform to the concave surface 126 of
      bifocal mold 120. Gasket 134 is counterbored as at 136 to a size that will
      form a tight fit with power mold 24. The shoulder 137 of gasket 134 is
      ground to conform to the convex surface of power mold 24.
PAR  Further modifications are shown in FIGS. 18 and 19, the former showing a
      derby hat type of power mold 86 used with a wedge 32, sliding gasket 138
      and oversized bifocal mold 120. Gasket 138 is counterbored as at 140 to
      present a plane annular surface 142 to accept the power mold 86 and wedge
      32. FIG. 19 shows a derby hat power mold 86, wedge 32, a simplified gasket
      144 having a plane annular upper surface 146 and oversized bifocal mold
      120.
PAR  It will be understood that in each of the modifications shown in FIGS. 17
      through 19 the gasket is slid to position the bifocal segment relative to
      the optical center of the distance field. Additional prism may be added to
      the lens in the as cast state by using a wedge 32. The thickness and
      position of the wedge are calculated as previously described.
PAR  The terms and expressions which have been used are terms of description and
      not of limitation, and there is no intention, in the use of such terms and
      expressions, of excluding any equivalents of the features shown and
      described or portions thereof, but it is recognized that various
      modifications are possible within the scope of the invention claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for casting a multifocal plastic lens comprising
PA1  a power mold adapted to form a first surface of said lens,
PA1  a multifocal mold adapted to form a second opposing surface of said lens,
      said multifocal mold being shaped to form a reading segment in said second
      opposing surface at a predetermined distance from the geometric center of
      said multifocal mold,
PA1  a gasket for supporting said power and multifocal molds in spaced apart
      relationship whereby a lens may be formed having a distance field of a
      first diopter power and a reading segment of a second diopter power and
      whereby said distance field has an optical center,
PA1  and means for adjusting the position of said reading segment relative to
      said optical center.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said multifocal mold is a bifocal
      mold.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said power mold is curved to form
      a first surface having a spherical curvature.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said power mold is curved to form
      a first surface having a sphero-cylindrical surface.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said reading segment is D-shaped.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said position adjusting means
      comprises a wedge member of predetermined thickness.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said position adjusting means is
      a ring-shaped prismatic washer of predetermined thickness at its base and
      a reduced thickness at its apex.
NUM  8.
PAR  8. Apparatus according to claim 6 wherein said wedge member is positioned
      between said gasket and said multifocal mold.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said power mold has a convex face
      of predetermined curvature and said gasket has a surface of the same but
      opposite curvature adapted to seat said convex face in sealing
      relationship.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein the perimetrical portion of said
      power mold has a plane annular surface and said gasket has a corresponding
      surface adapted to receive said portion in sealing relationship.
NUM  11.
PAR  11. Apparatus according to claim 1 further comprising means to add
      corrective prism to said lens.
NUM  12.
PAR  12. Apparatus for casting a multifocal plastic lens comprising
PA1  a power mold adapted to form a first surface of said lens,
PA1  a circular multifocal mold adapted to form a second opposing surface of
      said lens, said multifocal mold being shaped to form a reading segment is
      said second opposing surface at a predetermined distance from the
      geometric center of said multifocal mold,
PA1  a cylindrical gasket for supporting said power and multifocal molds in
      spaced apart relationship whereby a lens may be formed having a distance
      field of a first diopter power and a reading segment of a second diopter
      power and whereby said distance field has an optical center,
PA1  said multifocal mold having a diameter greater than the diameter of said
      gasket and adapted to slidingly engage said gasket in sealing relationship
      whereby on sliding movement of said gasket relative to said multifocal
      mold the position of said reading segment relative to said optical center
      may be adjusted.
NUM  13.
PAR  13. Apparatus accoding to claim 12 further comprising means to add
      corrective prism to said lens.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein said corrective prism adding
      means is a wedge member of predetermined thickness positioned between said
      first annular surface of said gasket and said rim portion of said power
      mold.
NUM  15.
PAR  15. Apparatus according to claim 13 wherein said corrective prism adding
      means is a ring-shaped prismatic washer of predetermined thickness at its
      base and a reduced thickness at its apex.
NUM  16.
PAR  16. Apparatus according to claim 12 wherein said power mold has an
      optically curved convex surface formed with a spherical base.
NUM  17.
PAR  17. Apparatus according to claim 12 wherein said power mold has an
      optically curved convex surface formed with a spherical base having a
      cylinder imposed thereon whereby a lens molded in said apparatus will have
      cylinder correction.
NUM  18.
PAR  18. Apparatus according to claim 12 wherein said multifocal mold is a
      bifocal mold and said multifocal lens is a bifocal lens.
NUM  19.
PAR  19. Apparatus for casting a multifocal plastic lens comprising:
PA1  a power mold having an optically curved convex surface adapted to form one
      surface of a lens,
PA1  a multifocal mold having a first optically curved concave surface adapted
      to form an opposing convex surface of the same lens, said multifocal mold
      having a second optically curved segment countersunk in said first
      optically curved concave surface a predetermined distance from the
      geometric center of said first concave surface,
PA1  a cylindrical gasket for holding said mold parts in spaced apart
      relationship with the convex surface of said power mold facing the first
      and second concave surfaces of said multifocal mold whereby a lens may be
      formed having a distance field of a first diopter power and a reading
      segment of a second diopter power and whereby said distance field has an
      optical center,
PA1  said power mold having a rim portion and said gasket having a first and
      second annular surface, said first annular surface shaped to conform to
      the rim portion of said power mold and said second annular surface shaped
      to conform to said first concave surface of said multifocal mold,
PA1  means to engage the power mold in a fixed predetermined axial relationship
      with respect to said gasket,
PA1  the first concave surface of said multifocal mold having a diameter larger
      than the diameter of said gasket and adapted to slidingly engage the
      second annular surface of said gasket in sealing relationship whereby said
      gasket and said power mold in said fixed predetermined axial relationship
      may be slidingly moved relative to the geometric center of said first
      concave surface to place said reading segment in a predetermined position
      relative to said optical center of said distance field.
NUM  20.
PAR  20. Apparatus according to claim 19 further comprising means to add
      corrective prism to said lens.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said corrective prism adding
      means is a wedge member of predetermined thickness positioned between said
      first annular surface of said gasket and said rim portion of said power
      mold.
NUM  22.
PAR  22. Apparatus according to claim 20 wherein said corrective prism adding
      means is a ring-shaped prismatic washer of predetermined thickness at its
      base and a reduced thickness at its apex.
NUM  23.
PAR  23. Apparatus according to claim 19 wherein the optically curved convex
      surface of said power mold has a spherical base.
NUM  24.
PAR  24. Apparatus according to claim 23 wherein the spherical base has a
      cylinder imposed thereon whereby a lens molded in said apparatus will have
      a cylinder correction.
NUM  25.
PAR  25. Apparatus according to claim 19 wherein said multifocal mold is a
      bifocal mold and said multifocal lens is a bifocal lens.
NUM  26.
PAR  26. Apparatus according to claim 19 wherein the rim portion of said power
      mold and the first annular surface of said gasket are planar.
PATN
WKU  039469832
SRC  5
APN  4953851
APT  1
ART  341
APD  19740807
TTL  Valve with a closing member actuated by way of a diaphragm
ISD  19760330
NCL  2
ECL  1
EXA  Walton; G. L.
EXP  Schwadron; Martin P.
NDR  1
NFG  2
INVT
NAM  Engberg; Lorenz Asmus
CTY  Sonderborg
CNT  DK
ASSG
NAM  Danfoss A/S
CTY  Nordborg
CNT  DK
COD  03
CLAS
OCL  251 612
XCL   92100
XCL   92101
XCL  251 30
EDF  2
ICL  F16K 31385
FSC  251
FSS  30;129;141;61;61.2
FSC   92
FSS  98 R;99;100;101;102
UREF
PNO  748944
ISD  19040100
NAM  Grouvelle et al.
OCL   92101
UREF
PNO  2940722
ISD  19600600
NAM  Vargo
OCL  251 30
UREF
PNO  3079952
ISD  19630300
NAM  Miller
OCL  251 30
UREF
PNO  3103338
ISD  19630900
NAM  Marmo
OCL  251 30
UREF
PNO  3240128
ISD  19660300
NAM  Wilson
OCL   92 99
UREF
PNO  3363433
ISD  19680100
NAM  Barbier
OCL  251 30
UREF
PNO  3414235
ISD  19681200
NAM  Lumpp
OCL   92 99
ABST
PAL  The invention relates to a pilot controlled, magnetic type of valve having
      a diaphragm with the outer edge floatably attached to the housing.
      Excessive deformation of the diaphragm is prevented by providing a
      supporting ring which is axially movable in relation to the body of the
      valve and has a conical surface which is engaged by the diaphragm and to
      which the diaphragm conforms when the valve is in an open position.
BSUM
PAR  The invention relates to a valve with a closing member actuated by a
      pressure medium and by way of a diaphragm, the latter, when
      pressure-loaded, being supported at its marginal zone by a shaped surface
      integral with the casing, and at its central zone by a movable supporting
      plate supported by the housing, especially a pilot-controlled magnetic
      valve with a diaphragm, the edge of which is so held as to be able to
      float.
PAR  A valve of this kind is known in which there extends through the closing
      member and the supporting plate a nozzle, that opening of which facing
      away from the valve seat together with a closing member fitted on the
      armature of an electro-magnet forms a pilot valve. Furthermore, the
      diaphragm is provided with a throttle orifice. When the pilot valve is
      closed, the inlet pressure acts on the entire surface of the diaphragm
      through the throttle orifice, so that the main closing member is held
      firmly on the seat. When however the pilot valve is opened, the discharge
      pressure obtains above the diaphragm. Then, the force of the delivery
      pressure obtaining outside the valve seat predominates. The diaphragm is
      lifted and the main valve opens. During this pressure loading, the edge of
      the diaphragm lies on an inclined shaped surface of the housing and its
      central part lies on a supporting plate which is concentrically secured to
      the diaphragm and which is likewise supported on the housing after a
      predetermined distance of travel.
PAR  With this arrangement however the following problem arises: in the closed
      position, that part of the diaphragm lying between the periphery of the
      supporting plate and the marginal holding means is not supported. As soon
      as it is exposed to pressure loading it deflects until part of it bears
      against the shaped surface. This is particularly so in the case of
      diaphragms, the edges of which are not firmly clamped for reasons of
      greater mobility, and which can therefore move in the radial direction.
      The deformation associated with frequent deflection leads to a
      corresponding shortening of the service life of the diaphragm. This point
      is of particular importance if the diaphragm is exposed to the action of a
      corrosive medium, for example a refrigerant, and for this reason the
      material of the diaphragm may not be freely selected, for example, with
      good deformation properties in mind. Nor is it possible to increase the
      diameter of the supporting plate in order to reduce the free zone of the
      diaphragm that could deflect, since then it would not be possible to
      obtain the required stroke without severely deforming the material of the
      diaphragm.
PAR  It is also known to increase the rigidity of the diaphragm by a spring disc
      which is clamped at the middle between the supporting plate and the
      diaphragm and the edge of which is supported on the shaped surface. This
      quite advantageous solution cannot however be used in cases where it is
      required that a resilient stiffening means should alter the deformation
      characteristics of the material of the diaphragm as little as possible, or
      at least should not alter them over the entire surface of the diaphragm.
PAR  The object of the present invention is to provide a valve of the initially
      described kind in which excessive deformation of the diaphragm is
      prevented.
PAR  According to the invention this object is achieved in that at least one
      supporting ring movable in relation to adjacent parts is disposed between
      the shaped surface and the supporting plate, which ring, after moving a
      shorter distance than the supporting plate, is supported on the housing,
      and which ring is prevented by restricting means from moving substantially
      more rapidly than the supporting plate.
PAR  This interposed supporting ring prevents unrequired deflection of the zone
      of the diaphragm outside the supporting plate. This occurs on the one hand
      because the supporting ring, by bearing on the housing, has a specific end
      position which can be selected to suit the required form of diaphragm,
      while on the other hand the supporting ring cannot deflect too rapidly
      during its movement, that is to say the ring is always in a certain
      positional relationship with the supporting plate, which relationship
      still permits deformation of the diaphragm.
PAR  A particularly simple arrangement is obtained if the restricting means,
      during travel of the supporting ring, couple it with the supporting plate
      so that it drives the plate. Prior to the supporting ring encountering the
      housing, the ring moves in unison with the supporting plate, and there is
      obtained a two-stage deformation of the diaphragm which inhibits any
      curvature. In the first stage the zone outside the supporting ring is
      deformed, whereas in the second stage the zone below the supporting ring
      is deformed.
PAR  In the simplest case, the restricting means consist of an abutment on the
      supporting plate and of a driving element, acting in the opening
      direction, on the supporting ring. The forces acting on the supporting
      ring are thereby transmitted to the supporting plate, so that the closing
      member is able, on the whole, to move away more rapidly from the seat.
PAR  In a preferred form of construction, the supporting ring has an inclined
      face which, in the end position of the ring, supplements the shaped
      surface integral with the housing. The least load on the diaphragm occurs
      if the face thus formed is part-spherical.
PAR  The movement of the supporting ring may be restricted in another manner,
      for example by means of a damping device adapted to the movement of the
      supporting plate. Also, the speed of movement of the supporting ring may
      be different from that of the supporting plate; if it is approximately
      half as great as that of the plate, and if the stroke of the supporting
      plate is twice as great as that of the supporting ring, all the parts can
      be caused to reach their end positions approximately simultaneously.
DRWD
PAR  The invention will now be described in greater detail by reference to
      preferred forms of construction illustrated in the annexed drawing, in
      which:
PAR  FIG. 1 is a cross-section through part of a valve in accordance with the
      invention and having one supporting ring, and
PAR  FIG. 2 shows diagrammatically the arrangement of a second supporting ring.
DETD
PAR  FIG. 1 illustrates a valve housing which consists of a lower part 1 and an
      upper part 2 which are fitted together with a seal 3 between them. A main
      valve seat 4 is also fitted on the lower part 1. Outside the seat 4 is the
      delivery chamber 5 and within it the discharge chamber 6.
PAR  The delivery chamber 5 is bounded by a diaphragm 7. The edge 8 of the
      diaphragm is held between an edge 9 of the upper part 2 and a clamping
      member 10 so that the diaphragm is able to float. At its centre the
      diaphragm carries a closing member 11 co-operating with the seat 4. The
      central part of the diaphragm is covered by a supporting plate 12. Between
      its clamping face 14 and its projecting edge 15, a member 13 firmly clamps
      the closing member 11, the diaphragm 7 and the supporting plate 12. The
      member 13 has a central jet orifice 16, the upper end 17 of which,
      constituting the seat of a pilot valve, co-operates with a closing member
      18 which is carried by the armature 19 of a magnetic valve. The parts 18
      and 19 are shown in broken lines only.
PAR  The upper part 2 has at its edge a shaped surface 20 against which the edge
      of the diaphragm bears, and farther inwards the upper part has a bearing
      face 21 for providing a backing for the supporting plate 12 and a
      supporting ring 22. This supporting ring 22 is disposed between the
      supporting plate 12 and the shaped surface 20. The ring has in turn an
      inclined face 23 on which bears the diaphragm and which, in the end
      position shown in the right-hand half of FIG. 1, forms a continuation of
      the shaped surface 20 and forms therewith a part of a spherical surface.
      The supporting plate 12 has an abutment 24 with which co-operates a
      driving element 25 integral with the supporting ring 22. The supporting
      plate and the supporting ring are disposed in a pressure chamber 26 which
      communicates with the delivery chamber 5 via a throttle orifice 27 in the
      diaphragm 7.
PAR  When the pilot valve is closed, i.e. when the closing member 18 on the
      magnet armature 19 lies against the valve seat 17 (left-hand half of FIG.
      1), the same pressure obtains in the pressure chamber 26 as in the
      delivery chamber 5 on account of the connection by way of the throttle
      orifice 27. The diaphragm is therefore relieved of pressure outside the
      valve seat 4, whereas the part disposed within the cross-section of the
      valve seat is stiffened to a satisfactory extent by the supporting plate
      12, the closing member 11 and the member 13. If the pilot valve now opens
      because of the lifting of the closing member 18, the pressure in the
      pressure chamber 26 is relaxed relatively rapidly through the nozzle duct
      16 since the resistance of this duct is considerably lower than that of
      the throttle orifice 27. Consequently the pressure in the pressure chamber
      26 drops to a level that is slightly lower than the delivery pressure. As
      a result, the central part of the diaphragm is loaded in the downward
      direction, whereas that part of the diaphragm disposed outside the seat 4
      is pressed firmly upwards. When this is happening, that part of the
      diaphragm 7 disposed between the outer periphery of the plate 12 and the
      edge 9 is additionally supported by the supporting ring 22. Since the
      latter is constrained by way of the driving element 25 and the abutment 24
      on the supporting ring 12, the position of the supporting ring 22 in
      relation to the supporting plate 12 is initially maintained. The force
      acting on the supporting ring 22 causes the supporting plate and therefore
      the closing member 11 to lift from the seat 4. Consequently, only that
      part of the diaphragm below the shaped surface 20 is initially deformed.
      When the supporting ring 22 encounters the bearing face 21, the supporting
      plate 12 moves farther upwards. Then, that part of the diaphragm disposed
      below the supporting ring 22 deforms. When the supporting plate 12 has
      reached its end position (right-hand half of FIG. 1), an almost continuous
      part-spherical supporting surface is provided for the diaphragm.
PAR  In the form of construction illustrated, the diaphragm is made of
      tetrafluoroethylene. The valve acts as a pilot-controlled magnetic valve
      for a refrigerant.
PAR  It is also possible to provide more than one supporting ring. FIG. 2
      illustrates the diaphragm 7 with a supporting plate 12, over a valve seat
      4. Between the shaped surface 20 and the supporting plate 12 there are
      provided two supporting rings 28 and 29. With these, as with the
      supporting plate 12, there is associated a common bearing surface 30. The
      supporting ring 28 has a driving element 31 which co-operates with an
      abutment 32 on the supporting ring 29. The latter has the previously
      mentioned driving element 25 which co-operates with an abutment 24 on the
      supporting plate.
PAR  When downward pressure is applied to the diaphragm from below from the
      delivery chamber 5, the three supporting parts 28, 29 and 12 first move in
      unison until the supporting ring 28 encounters the bearing surface 30.
      Then the supporting ring 29 moves jointly with the supporting plate 12
      until it encounters the bearing surface 30. Finally only the supporting
      plate 12 continues to be displaced. The deformation of the diaphragm 7 can
      be kept correspondingly small.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve unit comprising a valve housing having internal wall means
      defining an inlet chamber, a discharge conduit in said inlet chamber
      having a valve seat, a valve assembly including a support plate and a
      closure member cooperable with said valve seat, said valve assembly having
      a central orifice, a diaphragm clamped between said closure member and
      said support plate, said diaphragm having the outer rim thereof floatingly
      held by said housing, an axially movable ring between said diaphragm and
      said housing internal wall means, said ring and said internal wall means
      having generally conical surfaces to which said diaphragm conforms when
      said valve assembly is in an open position, said conical surfaces being in
      adjacent and in smoothly merging relation to each other when said valve
      assembly is in an open position, said ring and said support plate having
      mutually engageable flange means whereby said ring is forced to trail the
      movement of said support plate when said valve assembly moves to an open
      position.
NUM  2.
PAR  2. A valve unit according to claim 1 including a second ring surrounding
      said first named ring, said rings having mutually engageable flange means
      whereby said second ring is forced to trail the movement of said first
      named ring when said valve assembly moves to an open position.
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ABST
PAL  Control device for the actuating rod of the closure member of a valve of
      the type having an electric motor for driving the actuating rod.
PAL  The electric motor is a variable reluctance electric motor whose stator is
      fixed to the frame of the valve and whose rotor is coaxial with and
      connected to rotate with the actuating rod.
BSUM
PAR  The present invention relates to a motor-driven control device for a valve
      control rod.
PAR  Known control devices of the electromechanical type for gates or gate
      valves have a motor-speed reducer unit. They indeed comprise d.c. or a.c.
      electric motors which rotate at high speeds and therefore require a speed
      reducer. The speed reducer is also essential in these devices owing to the
      fact that it also serves as a torque multiplier as there is a need for a
      low speed and a high torque, in particular when opening the gate valve.
PAR  Now, the speed reducer increases the overall size of the motor and
      increases the play in the transmission system and thus decreases the
      precision which is already low owing to the high inertia of the motor and
      the stopping position of the closure member. Moreover, with a motor having
      a commutator, the latter requires frequent maintenance in order to keep
      the commutator clean.
PAR  An object of the present invention is to provide a device which overcomes
      these drawbacks in that it eliminates the speed reducer.
PAR  The invention provides a control device for an actuating rod of a valve of
      the type comprising an electric motor, wherein the electric motor is a
      motor having a variable reluctance whose stator is secured to the frame of
      the valve and whose rotor is connected to rotate with the actuating rod
      and is coaxial with the latter.
PAR  The invention therefore constitutes a new application of a motor of known
      type to the control of a valve actuating rod.
PAR  By means of this device, a high torque is exerted on the actuating rod
      within a very small space since the rotor may be directly fixed to the
      actuating rod of the closure member and arranged coaxial with the rod.
PAR  In particularly advantageous embodiments, there are provided a manual
      operating wheel, means for coupling the wheel with the actuating rod,
      means for automatically locking the coupling means when changing to manual
      control and automatically unlocking the coupling means when the electric
      motor is supplied with current.
PAR  In one of these embodiments, the means for coupling the wheel with the rod
      comprise a coupling of the wheel with the rotor of the motor and their
      locking means comprise resiliently yieldable means which axially displace
      the rotor in opposition to the electromagnetic return force of the rotor
      with respect to the stator which exists when the latter is supplied with
      current.
PAR  In another of these embodiments which is still more simple and consequently
      cheaper and stronger, the device comprises means for automatically
      releasing the locking means and comprising a magnetic core integral with
      the stator of the motor and a magnetic armature disposed with respect to
      the core in such manner that it is attracted by the core and moves the
      locking means between their locking and unlocking positions when current
      is supplied to the stator.
PAR  Also, advantageously, the device further comprises means for braking the
      actuating rod and means for automatically applying the braking means when
      the motor is put out of action and automatically releasing the braking
      means when the motor is brought into action. Thus, in the case where the
      closure member of the valve carried by the actuating rod is a closure
      member subjected to a dynamic force of the fluid, for example a butterfly
      valve or other pivoting valve, when the motor is inoperative, the closure
      member is locked in the desired position and there is no danger of its
      departing from the latter under the action of the torque exerted by the
      fluid flowing through the valve.
PAR  When the manual actuating wheel is not permanently fixed to the actuating
      rod, which is for example the case of the particular embodiments mentioned
      hereinbefore, the means for automatically applying and releasing the
      braking means may be constituted by means for, on one hand, automatically
      applying the braking means when putting the manual control and the
      electric motor simultaneously out of action and, on the other hand,
      automatically releasing these braking means when at least one of the
      manual control and electric motor control is brought into action.
PAR  When, moreover, as is the case in the second particular embodiment
      mentioned hereinbefore, the wheel is slidably mounted relative to the
      actuating rod and can be coupled therewith by dogs in opposition to the
      action of a spring, the means for automatically applying and releasing the
      braking means may comprise thrust means connected to move with the wheel
      and capable, when the wheel is rendered integral with the rod, of moving
      the braking means between their applied and released positions in
      opposition to elastically yieldable means for returning the braking means
      to their applied position. With this arrangement, the axial thrust on the
      actuating wheel, whose purpose is to couple the wheel with the rod by
      interengaging dogs and lock it in this position, also has for effect to
      release the braking means and release the actuating rod.
PAR  Preferably, the means for automatically applying and releasing the braking
      means may comprise a magnetic core integral with the stator of the motor
      and a magnetic armature which is disposed with respect to this core in
      such manner as to be capable of being attracted by the latter and shifting
      the braking means between their applied and released positions when
      current is supplied to the stator, in opposition to elastically yieldable
      means for returning them to their applied position.
PAR  This arrangement is particularly advantageously provided when, for example
      in the case of the aforementioned second particular embodiment, the device
      has means for automatically releasing locking means already comprising a
      magnetic core integral with the stator of the motor and a magnetic
      armature so located with respect to the core as to be capable of being
      attracted thereto and displacing the locking means between their locking
      and unlocking positions when current is supplied to the stator. Thus the
      magnetic armature already employed for unlocking the manual control when
      the electric motor is supplied with current is simultaneously employed for
      releasing the braking means when current is supplied to the motor. In
      other words, the effect of the reluctance of the motor is also employed
      for releasing the means for braking the actuating rod of the closure
      member.
PAR  Another object of the invention is to provide a gate valve provided with a
      control device of the aforementioned type.
PAR  Further features and advantages of the invention will be apparent from the
      ensuing description with reference to the accompanying drawings.
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PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view partly in section of a gate valve provided
      with a control device according to a first embodiment of the invention;
PAR  FIG. 2 is a diametral sectional view of this device;
PAR  FIG. 3 is a view similar to FIG. 1 of a device according to a second
      embodiment of the invention;
PAR  FIG. 4 is a view similar to FIG. 1 of a device according to a third
      embodiment of the invention;
PAR  FIG. 5 is an exploded perspective view of a detail of the embodiment shown
      in FIG. 4;
PAR  FIG. 6 is a view similar to FIGS. 2, 3 and 4 of a device according to a
      further embodiment of the invention;
PAR  FIG. 7 is a view of the device shown in FIG. 6 in position for manual
      control;
PAR  FIG. 8 is a diagrammatic assembly view partly in section of a gate valve
      provided with a control device according to a fifth embodiment of the
      invention;
PAR  FIG. 9 is a sectional view, to an enlarged scale, of the device shown in
      FIG. 8 in the locked position for manual control;
PAR  FIG. 10 is a view of the device shown in FIG. 9 in the position for
      electric control;
PAR  FIG. 11 is a side elevational view of a valve having a throttle or
      butterfly valve member provided with a control device which is a
      modification of the device shown in FIGS. 8-10;
PAR  FIG. 12 is a diametral sectional view, to an enlarged scale, of the device
      shown in FIG. 11 in the position for manual control;
PAR  FIG. 13 is a sectional view, taken on line 13-13, of FIG. 12, and
PAR  FIG. 14 is a partial view of the device shown in FIG. 12 in the position
      for electric control.
DETD
PAR  In the embodiment shown in FIG. 1, the invention is applied to the control
      or actuation, by a motor M, of a gate valve A whose closure member B is
      shifted by an actuating screw C which is disposed at the end of an
      actuating rod 1.
PAR  As shown more precisely in FIG. 2, the actuating rod 1 having an axis X-X,
      which may be hollow if desired, is provided at its end remote from the
      closure member B with an actuating wheel or handwheel 2 whose hub 3 is
      keyed to the rod 1. The latter is located inside an iron housing 4 which
      is secured by a flange and bolts to the body or frame of the gate valve A.
      This housing 4 terminates at the end remote from the body in a portion 5
      which has a dished-shaped inner surface defined by an outer flange 6.
      Secured to the housing 4 by suitable means, such as bolts 7, is a
      cup-shaped iron cap 8 having an outer flange 9. A centre opening is formed
      in the cap 8 and closed by a cover 10 which has an aperture containing a
      bushing 11 in which the rod 1 is journalled.
PAR  The flange 6 of the portion 5 of the housing 4 and the flange 9 of the cap
      8 clamp therebetween a stator 14 of a variable reluctance electric motor,
      the flanges 6 and 9 having confronting inner shoulders 12 and 13 for this
      purpose. This general type of motor is well known in France under the name
      "Moteur a re luctance variable", a brief description of which is given in
      the French technical review "Ingenieurs de l'Automobile" No. 5, May 1971.
      Many French patents refer to this general type of motor by the same name,
      e.g. French Pat. No. 1,258,306. U.S. Pat. Nos. 2,295,286 and 2,589,999
      also disclose electric motors relating to this general variable reluctance
      type. The expression "variable reluctance motor" employed herein and in
      the claims is intended to mean the general type of motor referred to in
      the foregoing references. Located inside the stator 14 of the motor, which
      stator is in the shape of a ring, is a rotor 15 which is also in the shape
      of a ring, the stator 14 and rotor 15 defining therebetween an airgap
      whose width is very small compared to the dimensions of the rotor 15. The
      latter is clamped between two steel annular support plates, or rotor
      carriers, namely an upper support plate 17 and a lower support plate 18
      which have confronting shoulders 19 and 20 which bear against the rotor
      and which are both connected to rotate with the rod 1 by suitable
      connecting means, as keys 21 engaged in an axial slot or keyway 22 in the
      rod. The rotor 15 is held clamped between the plates 17 and 18 by for
      example bolts 23 and constitutes a rotor unit.
PAR  The device just described operates in the following manner:
PAR  When current is supplied to the stator 14 by the conductors 24 connected to
      a source of current 25, the rotor 15 is subjected to the action of the
      magnetic field and rotates the actuating rod 1. This rotation ceases as
      soon as the supply of current is cut off. The motor is preferably so
      constructed and dimensioned that a "vernier effect" is obtained, that is
      to say the actuating rod 1 can be rotated at low speed with a precision
      similar to that of a vernier.
PAR  The assembly coomprising the stator 14 and the rotor 15 therefore occupies
      a particularly small amount of space owing to the fact that the motor is
      disposed coaxially of the rod 1. There is no commutator, which requires
      frequent maintenance to avoid soiling, nor any speed reducer gearing as in
      the case of other d.c. or a.c. motors.
PAR  Further, if the nominal torque of the motor unit is desired to be
      increased, it suffices to superimpose a plurality of identical motor units
      as shown in FIG. 3. Two stators 14a and 14b are for example interposed
      between the housing 4 and the cap 48 which are then spaced a greater axial
      distance apart than in the device shown in FIG. 1. Two rotors 15a and 15b
      are interposed between the support plates 17 and 18 which are also spaced
      a greater distance apart to the same extent and hold the two rotors
      clamped therebetween. It is thus clear that the mechanical parts, rotors
      and stators, which are moreover of particularly simple design, are the
      same for different powers of the motors which is highly advantageous in
      the construction of ranges of control apparatus.
PAR  The embodiment shown in FIGS. 4 and 5 is identical to that shown in FIG. 2
      except that the lower support plate 18 of the rotor 15 has on the side
      thereof facing the closure member two bosses or radial teeth 26 which are
      diametrally opposed and have a substantially rectangular-sided shape and
      project axially from the support plate. Each of these bosses engage
      between two parallel corresponding radial bosses 27 and 28 which also have
      a substantially rectangular-sided shape and extend axially from an annular
      plate 29 which is for example of steel and is mounted on and keyed to the
      rod 1 by a key 30 which is engaged in the lower end of the groove or
      keyway 22. These bosses 27 and 28 perform the function of actuating or
      closure member-shifting abutments and are of different materials, the boss
      27 being of the same material, for example steel, as the plate 29, and the
      other boss 28 being of a flexible or elastomeric material, such as natural
      or synthetic rubber or the like. The interengagement of the bosses 26, 27
      and 28 and keys 21 and slot 22 is arranged to allow a slight angular play
      so that there is a limited lost motion between the assembly consisting of
      the plates 17 and 18 and the plate 29.
PAR  This device operates in the following manner:
PAR  When the closure member of the valve is to be closed, the rotor 15, the
      support plate 18, the plate 29 and the rod 1 rotate, for example, in the
      direction indicated by the arrow F in FIG. 5 until the closure member has
      reached its closing position. Thenceforth, a boss 26 bears against a boss
      28 of flexible material which thus attenuates the reaction force of the
      valve rod. When opening, the moving assembly moves in the opposite
      direction of rotation.
PAR  However, it often occurs that the closure member jams. In this case, the
      variable reluctance motor, which supports being prevented from rotating
      notwithstanding the fact that it is supplied with current, vibrates. The
      vibrations are transmitted to the boss 26 which reciprocates slightly
      between the bosses 27 and 28. The boss of flexible material 28 absorbs the
      shock and then sends the boss 26 back against the boss 27 where, on the
      other hand, the shock is not elastically absorbed. The vibrations
      therefore perform the same function through the bosses as known complex
      devices which produce impact often termed "hammerblow" intended to release
      the jamming of the closure member.
PAR  These vibrations, which sometimes constitute a drawback in other
      applications of variable reluctance motors, are here employed to
      advantage. The effect would be identical if the support plates 17 and 18
      were slidably keyed on the rod 1 to be prevented from rotating relative to
      the rod 1, since a slight play is sufficient between the rotor and these
      plates to allow the vibrations of the motor, whose rotor is prevented from
      rotating, for releasing the jamming of the closure member.
PAR  The embodiment shown in FIGS. 6 and 7 is identical to that shown in FIG. 2
      except that it is equipped with a disconnectible manual control which may
      be necessary for reasons of safety whereas in the embodiment shown in
      FIGS. 2-5, the wheel 2 rotates at the same time as the rod 1 when the
      latter is driven by the motor.
PAR  The rod 1 is again disposed inside the case 4 but the tap 8a has an inner
      annular flange 31 having the same inside diameter as the cover 10. A
      bronze sleeve 32 which has an outer flange 33 extends through the cover 10
      and the flange 31 between which the flange 33 is disposed. The hub 3 of
      the wheel 2 is keyed to the sleeve 32 which is rotatably mounted on the
      rod 1 through a bushing 34. The lower end of the sleeve 32 has a plurality
      of clutch dogs or teeth 35 which constitute a toothed clutch and engage
      with dogs or teeth 36 correspondingly disposed on the upper surface of the
      support plate 17. The assembly comprising the rotor 15 and the support
      plates 17 and 18 is slidable along the rod 1 but is capable of rotating
      with the latter owing to the action of a key 37 common to the support
      plates or like means.
PAR  The movement in translation of the assembly comprising the rotor and
      support plates along the rod 1 is still further facilitated by springs 38
      disposed in recesses 39 formed in a plate 29a which is similar to the
      plate 29 shown in FIGS. 4 and 5 but is here integral with the rod 1, for
      example welded to the latter. This plate 29a is fixed to the rod in such
      position that, when the springs 38 are compressed, and the support plate
      18 is in contact with the plate 29a, the rotor 15 is exactly in alignment
      with the stator 14. Moreover, the support plate 18 and the plate 29a do
      not have bosses although these bosses may be provided, as will be
      explained hereinafter.
PAR  When the motor is not supplied with current, the rotor 15 and the support
      plates 17 and 18 are not subjected to the action of the springs 38 which
      have for effect to urge the assembly along the rod 1 so that the manual
      control is coupled by interengagement of the dogs 35 and 36 (FIG. 7).
      When, on the other hand, the motor rotates, the effect of minimum
      reluctance is such that the rotor 15 places itself exactly in alignment
      with the stator 14 by sliding along the rod 1 and compresses the springs
      38 and disengages the dogs 35 and 36. The manual control is then uncoupled
      in the position shown in FIG. 6.
PAR  This particularly simple device therefore requires no locking. Moreover,
      the changing from manual control to electro-mechanical control occurs
      automatically merely by the application of the properties of variable
      reluctance motors.
PAR  The device shown in FIGS. 6 and 7 may also include, as the device shown in
      FIGS. 4 and 5, a group of bosses 26, 27 and 28 provided on the lower
      support plate 18 and the plate 29a so as to employ the vibrations produced
      for overcoming the jamming of the closure member. The sole difference
      resides in the fact that here the plate 29a is secured to the rod 1
      whereas the support plates 17 and 18 are slidably keyed to this rod. It
      will be observed that by applying this phenomenon of the vibrations of the
      rotor to stop jamming of the closure member, the force furnished may be as
      much as for example four times higher than the nominal torque of the
      motor.
PAR  Variable reluctance motors have a great flexibility of utilisation; they
      may indeed rotate either in a continuous manner or step-by-step and they
      readily support different supply voltages.
PAR  The gate valve shown in FIG. 8 comprises a closure member O which is
      movable in a direction perpendicular to the axis of the passage through
      the valve body R and is shifted by an actuating screw V disposed inside a
      lateral tubular branch portion T of the body which is capped by a cap C
      surmounted by a housing B which contains the control device of the gate
      valve.
PAR  The actuating screw V having an axis X-X is integral with a hollow drive
      shaft 41 on which are mounted, coaxially with the shaft, a variable
      reluctance electric motor M and an actuating wheel or handwheel 42.
PAR  As shown in more detail in FIG. 9, the shaft 41 comprises at its end
      opposed to the screw, dogs or teeth 43 and the wheel 42 has a hub 44
      provided with inner dogs 45 corresponding to the dogs 43 of the drive
      shaft. The hub 44 of the wheel is extended by a skirt 46 having a
      downwardly convergent frustoconical end portion 46a in which is formed an
      annular recess 47 which defines adjacent the end portion an annular
      hooking flange 48. Interposed between the skirt 46 of the wheel and the
      drive shaft 41 are two tubular members arranged on axis X-X, namely a
      bushing 49 slidably mounted in the skirt 46 and having a low coefficient
      of friction and defining at one end a flange 49a which bears against an
      end face of the skirt 46 and a sleeve 59 which is slidably mounted between
      the shaft 41 and the bushing 49 and terminates in a flange 50a which is
      secured to the housing B by radial tabs or lugs. The drive shaft 41 is
      freely journalled in the sleeve 50 for example by needle bearings 51. The
      sleeve 50 has an inner shoulder 50b through which the sleeve abuts an
      outer shoulder 52 on the shaft 41 with interposition of a thrust ring 53.
      A coil spring 54 on the axis X-X is compressed between the flange 49a and
      the flange 50a of the sleeve 50, the bushing 49 being axially slidable on
      the sleeve 50 in opposition to the action of this spring 54. The skirt 46
      of the wheel 42 bears through its end face on the flange 49a of the
      bushing 49 and is therefore movable in axial translation along the shaft
      41 between two positions, namely one in which the dogs 43 and 45 are
      interengaged (FIG. 9) and the other in which the dogs are disengaged (FIG.
      10).
PAR  The sleeve 50 carries means for locking the wheel 42 in position for manual
      control. More precisely, the flange 50a of this sleeve carries pins 55 on
      which are pivotably mounted levers 56 having one branch 57 which extends
      toward the wheel 42 in a direction substantially parallel to the axis X-X
      and terminates in a locking or hooking nose 57a adapted to co-operate with
      the annular flange 48 of the skirt 46 and another branch 58 which extends
      downwardly and outwardly at 45.degree. and is shifted by the variable
      reluctance motor M in a manner described hereinafter. The pins 55 are
      perpendicular to the axis X-X so that the levers 56 pivot in radial planes
      containing the axis X-X. A spring 56a, wound on the pin 55 of each lever
      56, bears elastically against the branch 57 so as to bias the nose 57a
      into hooking engagement with the flange 48 of the skirt 46 of the wheel.
PAR  The variable reluctance motor M is disposed in the housing B below the
      flange 50a of the sleeve 50 and it comprises an annular stator 50 carried
      inside the housing B and an annular rotor 60 disposed inside the stator
      and spaced from the latter by an annular space or airgap 61. This rotor is
      freely rotatable about the drive shaft 41 and it is connected, for example
      by bolts 62, to move in the axial direction with a hub 63 which is keyed
      at 64 to the drive shaft 41, this hub being disposed between the flange
      50a of the sleeve 50 and the rotor 60. Thus the rotor 60 is connected to
      rotate with the drive shaft 41 and is always engaged with the latter. The
      stator 59, which is supplied with current by conductors 65, has on the
      side thereof adjacent the wheel 42 means defining an annular projection 66
      which constitutes a magnetic core for armature of this stator. This core
      co-operates with an annular magnetic armature 67 which has a U-section
      which is astride the projection 66 and bears on the end portions of
      branches 58 of the locking levers 56 owing to the provision of oblique
      openings 67a in this armature through which openings the branches extend.
      The armature 67 is adapted to actuate the levers in a direction for
      unlocking the flange 48. The armature 67 is movable in translation with
      respect to the magnetic core 66 and is guided in its movements by axial
      ribs 68 formed inside the housing B and having an active surface parallel
      to the axis X-X. The magnetic armature 67 moves toward or away from the
      magnetic core 66 depending on whether the variable reluctance motor is
      supplied or not supplied with current by the conductors 65.
PAR  The device operates in the following manner:
PAR  There will be described in succession normal operation with the electric
      control and the abnormal operation with the manual control.
PAR  As concerns the electric control which is illustrated in FIG. 10, when the
      motor M is started up, two cases can arise:
PAR  In one case, the manual control is not coupled and the hub 44 having the
      skirt 46 of the wheel 42 is biased by the spring 54 and the dogs 45 are
      thus disengaged from the dogs 43. Under the action of the spring 56a, each
      locking lever 56 is applied by its nose 47 on the frustoconical end
      portion 46a of the skirt 46. The magnetic armature 67 is separated from
      the magnetic core 66 by the branches 68 of the locking levers 56. When the
      motor M is supplied with current by the conductors 65, the armature 67 is
      attracted by the magnetic core 66 and each lever 56 is tilted to the
      position shown in FIG. 10. But there is no change in the manual control
      conditions since the wheel 42 is already uncoupled. The rotor 60 is
      started up and drives the shaft 41 through the hub 63 and the key 64.
PAR  In the other case, the manual control is coupled (position shown in FIG. 9)
      and the starting up of the motor M causes the armature 67 to move towards
      the magnetic core 66 which attracts it. The armature 67 thus acts on the
      end portion of the branch 58 of each lever 56 in opposition to the action
      of the spring 56a and causes each lever 56 to tilt and become unhooked
      from the flange 48 of the skirt 46. Under the action of the spring 54, the
      skirt 46, being no longer locked, is urged from the support constituted by
      the shoulder 52 of the shaft 51, the thrust ring 53 and the flange 50a of
      the sleeve 50. The dogs 45 are thus disengaged from the dogs 43 until they
      reach the position shown in FIG. 10. The rotor 60 of the motor M rotates
      the shaft 41.
PAR  When the shaft 41 is rotated by the motor M, it rotates freely with respect
      to the sleeve 50 owing to the needle bearing 51 and, optionally, owing to
      a thrust rolling bearing which may be combined with the thrust ring 53 and
      has not been shown in the drawing.
PAR  As concerns manual control of the valve by means of the wheel 42
      illustrated in FIG. 9, two cases may also arise:
PAR  In one case, the wheel 42 is already in the coupled position shown in FIG.
      9. It is then sufficient to rotate it to rotate the shaft 41 through the
      dogs 43 and 45. Note that, in the absence of a supply of current, the
      motor M permits this rotation without effort since the rotor 60 is capable
      of rotating freely with respect to the stator 59 from which it is
      separated by the airgap 61.
PAR  In the other case, the wheel 43 is in the uncoupled position shown in FIG.
      10. In this case, the operator exerts an axial thrust on the wheel 42 in
      opposition to the action of the spring 54 which is compressed between the
      fixed flange 50a of the sleeve 50. The bushing 49 slides axially on the
      sleeve 50 with the skirt 46. The frustoconical end portion 46a of the
      skirt 46 against which the hooking noses 57a of the levers 56 are
      elastically applied urges back the noses 57a until the upper shoulder of
      the annular locking flange 48 of the skirt 46 is reached whereupon these
      noses 57 hook onto the flange 48. The wheel is thus locked in the manual
      control position and maintained therein by the springs 56a.
PAR  Note that the manual control ceases automatically by an automatic unlocking
      of the wheel 42 as soon as the motor M is supplied with current.
PAR  The control device according to the invention affords the following
      advantages among others:
PAR  Owing to the variable reluctance motor which permits the use of a
      projection 66 on the stator as a magnetic core and affords an uncoupling
      of the electric motor control owing to the airgap 61 when the motor is not
      supplied with current, the control is simplified since there are no means
      for uncoupling the motor and no means for actuating the unlocking means
      for the manual control.
PAR  Note also that the latter means for actuating the unlocking means
      constituted by the levers 56 are particularly simple and efficient since
      they employ the combination of a magnetic core 66 which is an integral
      part of the stator of the motor and the magnetic armature 67.
PAR  The locking means are very simple, strong and reliable in operation since
      they comprise pivoted levers having a hooking nose 57a.
PAR  The actuating wheel 42 is provided with a skirt 46 having a frustoconical
      end portion 46a which lends itself particularly well to the automatic
      engagement or hooking of the noses 57a of the levers 56 when the wheel 42
      and its skirt 46 are axially depressed.
PAR  By way of a modification, if priority is given to manual control over the
      electric motor control, of if it is desired to afford a safety measure so
      as to preclude simultaneously starting up the motor M and rotating the
      wheel 42, for example accidentally, there may provided inside the housing
      B a switch 69 which co-operates with an annular projection 70 on the hub
      44 of the wheel so as to cut off the supply to the motor M when the wheel
      42 is axially depressed and locked in the manual control position (FIG.
      9).
PAR  In order to start up the motor after automatically cutting off the supply
      by the switch 69, a shunt connection having a manual switch 71 is
      connected across the circuit 65 in parallel with the switch 69. Manual
      actuation of this switch 71 makes it possible to supply current to the
      motor notwithstanding the fact that the switch 69 is open and consequently
      makes it possible to bring about the procedure described hereinbefore of
      automatically unlocking the manual control as soon as the motor is once
      again supplied with current.
PAR  The valve shown in FIGS. 11 and 12 comprises a tubular body C, a rotary
      butterfly valve member P integral with a hollow shaft or actuating rod 91
      having an axis X-X. This shaft can be rotated either by a variable
      reluctance electric motor M, coaxial with said shaft and disposed in a
      housing B integral with the body C, or by a manual control wheel 92 whose
      hub 84 is slidably mounted on the end of this shaft and can be connected
      to rotate therewith by depressing the wheel and engaging clutch dogs 83
      and 85 in opposition to the action of a spring 94. The variable reluctance
      motor M comprises a stator 99 integral with the housing B and a rotor 100
      keyed to the shaft 81 by a hub 103 disposed on the opposite side of the
      rotor to the wheel. An annular magnetic core 106, integral with the side
      of the stator 99 adjacent the wheel, is capable of attracting an annular
      U-sectioned magnetic armature 107 which is astride the core. The armature
      107 is capable of pivoting toward the stator arms 98 of levers 96 which
      are disposed in three radial planes R which are spaced 120.degree. apart
      and contain the axis X-X. The levers 96 are pivotably mounted on
      horizontal pivot pins 95 fixed with respect to the housing B whereas the
      other arms 97 of these levers have noses 97a which are capable of hooking
      on a flange 88 defined by a groove 87 in the hub 84 when the latter is
      axially engaged with the shaft 81. The noses 97a are capable of being
      released from the flange 88 when the armature 107 pivots the arms 98 in
      opposition to the action of springs 96a. A circuit 105 supplying current
      to the stator 99 comprises a switch 109 which opens this circuit under the
      action thereon of a cam 110 of the wheel 82 when the latter is axially
      engaged with the shaft 81. The control device described until now is thus
      substantially identical to that of the particular embodiment described
      with reference to FIG. 9
PAR  The device further comprises three brake shoes 112 disposed at the level of
      the lever arms 98 and at 120.degree. to each other about the axis X-X in
      three radial planes Q which alternate with the radial planes R of the
      levers 96 (FIG. 13). These shoes 112 are guided axially of the shaft 81 by
      guides 113 integral with this shaft. By way of a modification, they may be
      guided in an annular groove provided in the shaft 81. They may be provided
      with friction elements or be ribbed or knurled and co-operate with
      complementary ribs or knurling provided on the shaft 81. Each shoe 112 is
      carried by an arm 114 which is oriented in the intended direction of
      displacement of the shoe, that is to say radial perpendicular with respect
      to the axis X-X. Pivoted to this support arm 114 by a pin 115 is one end
      of a link 116. At its other end this link 116 is pivoted by a pin 117 to
      one end of an arm 118 which is pivotably mounted at its other end on a pin
      119 fixed to the housing B. Fixed to the pin 117 is a control rod 120
      parallel to the axis X-X and integral with the annular armature 107. The
      assembly comprising the arm 114, the link 116, the arm 118 and the rod 120
      associated with a shoe 112 is located in the radial plane Q corresponding
      to this shoe and the link 116 and the arm 118 are oriented in a direction
      substantially radial and perpendicular to the axis X-X when the armature
      107 is shifted away from the core 106 into abutment against a ring 107a
      integral with the housing B. Also provided in each plane Q is a cranked
      lever 121 having a centre portion which is oriented substantially parallel
      to the axis X-X and whose end has an inner finger portion 122 which is
      permanently engaged in the groove 87 in the hub 84 but which is capable of
      turning in this groove about the axis X-X whereas at its other end the
      lever has an outwardly extending arm 123 whose end is located in front of
      the corresponding pin 117. A coil spring 124 is compressed between the
      fixed ring 107a and the pivotal connection between the link 116 and the
      arm 118. The levers 121 are dimensioned in such manner that when the wheel
      82 is depressed and axially engaged with the shaft 81 (FIG. 12), a slight
      clearance exists between the end of the arms 123 and the pins 117.
PAR  The device just described operates in the following manner:
PAR  For electric control (FIG. 14), the electric motor M is supplied with
      current so that the magnetic armature 107 is attracted by the core 106 and
      drives along therewith the rods 120 which consequently shift the pins 117
      and pivot the arms 118 and links 116 and compress the springs 124. The
      brake shoes 112 are thus moved away from the shaft 81 and therefore
      release the latter. Simultaneously, the noses 96a of the levers 96 are
      disengaged from the groove 87 (position of these levers 96a shown in
      dot-dash line in FIG. 12) and the unlocked wheel 82 is urged upwardly by
      the spring 94 and draws along therewith the levers 121 which thus move
      away from the pins 117 (position of these levers 121 shown in full line in
      FIG. 14 and dot-dash line in FIG. 12). The wheel is no longer axially
      engaged with the shaft 81 and it is the motor M which drives the latter.
PAR  Upon stoppage after an electric control of the valve, the motor M has been
      cut out of circuit and the manual control is not engaged so that the
      butterfly valve member P could be subjected, in its position for opening
      the valve, to a rotational torque by the fluid which flows through the
      valve, this torque varying with the angle of opening of the butterfly
      valve and being maximum for a certain angle of opening. However, the
      butterfly valve member is prevented from rotating by the automatic locking
      of the shaft 81 as soon as the current supplied the stator is cut off,
      since the armature 110 is moved away from the core 106 under the action of
      the spring 124 and, as the hub 84 is in the upper position, the levers 121
      are moved away from the pivotal connections between the members 16 and 18
      so that the latter are subjected solely to the action of the springs 124.
      The shoes 112 are therefore applied against the shaft 81 with a great
      force resulting from the multiplication of the force exerted by the
      springs 124 by the leverage afforded by the links 116.
PAR  For manual control (FIG. 12), the electric motor M is cut out of circuit so
      that the movable armature 110 remains separated from the core 106. The
      wheel 82 is then depressed axially so as to engage it axially with the
      shaft 81 through the dogs 83 and 85. In this position it is locked by the
      levers 96 whose noses 97a hook on the flange 88. In this position (FIG.
      12), a slight clearance exists between the levers 121 and the pins 117 so
      that the shaft remains locked by the shoes 112. In axially depressing the
      wheel 82 beyond this position the levers 121, which are axially displaced
      by the groove 87 of the wheel, exert a pressure on the pivotal connections
      116, 118 and make them pivot and compress the spring 124. The brake shoes
      112 are released from the shaft 81 (position of the levers 121 shown in
      dotted line in FIG. 14). Simultaneously the armature 107, axially shifted
      by the rods 120, unlocks the levers 96 from the flange 88. The manual
      control remains engaged by the dogs 83-85 but the axial thrust on the
      wheel 82 must be maintained to the full extent to rotate the wheel and the
      shaft 81 and thereby rotate the butterfly valve member. As soon as the
      actuation of the valve ceases and the wheel 82 is released axially, the
      hub 84 and the groove 87 rise and the pivotal connections 116-118 also
      rise under the effect of the springs 124 and the armature 107 rises and
      allows the hooking of the groove 87 by the noses 97a of the locking levers
      96 (FIG. 12). The manual control is once more locked and the shaft 81 once
      more braked by the brake shoes 112.
PAR  An advantage of this structure, among others, is that both the action of
      the armature 107 and that of the wheel 82 through the levers 121 are put
      to use to release the brake shoes 112. This system of braking the shaft 81
      is particularly advantageous and effective when the rotary closure member
      assembly has high inertia. It will be understood that this system may be
      made more progressive by the addition of dashpots to the return springs
      124.
CLMS
STM  Having now described my invention, what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. In a valve structure having a valve closure member, a frame attached to
      a body of the valve structure, an actuating member rotatable relative to
      the frame and combined with the valve closure member to shift the closure
      member between valve opening and valve closing positions upon rotation of
      the actuating member; wherein the improvement comprising for rotating the
      actuating member
PA1  a. a variable reluctance motor having a stator fixed to the frame and an
      annular rotor rotatable within the stator;
PA1  b. means connecting the rotor to the actuating member such that the rotor
      is coaxial with the actuating member and rotates therewith;
PA1  c. the rotor defining with the actuating member an annular space in which
      space said connecting means extend;
PA1  d. said rotor being combined with two annular support plates coaxial with
      and slidably keyed to the actuating member, the plates extending radially
      across said annular space and being in clamping engagement with the rotor,
      said connecting means connecting the support plates to the actuating
      member.
NUM  2.
PAR  2. A valve structure as claimed in claim 1, wherein the motor comprises a
      plurality of stators and an equal number of rotors arranged in axially
      adjacent relation along the actuating member.
NUM  3.
PAR  3. A valve structure as claimed in claim 1, wherein a limited rotational
      play is provided in said connecting means to enhance the effect of
      vibrations of the motor when jamming of the closure member prevents
      rotation of the actuating member.
NUM  4.
PAR  4. A valve structure as claimed in claim 3, comprising a first plate which
      is fixed to the rotor and is annular and coaxial with the actuating
      member, a boss on said plate, a second annular plate coaxial with the
      actuating member and fixed on the actuating member in axially spaced
      relation to the first plate, and a second boss on the second plate for
      engagement by the boss on the first plate, said rotational play being
      defined by said connecting means and allowing said engagement between the
      bosses.
NUM  5.
PAR  5. A valve structure as claimed in claim 3, comprising a first member
      connected to rotate with the rotor, a second member connected to rotate
      with the actuating member, one of the first and second members carrying in
      association with a first boss of the other of the first and second members
      two circumferentially adjacent bosses which are located on each side of
      the first boss of said other member, one of said adjacent bosses being of
      rigid material and the other of said adjacent bosses being of elastically
      yieldable material, said other of said adjacent bosses being positioned
      for engagement and deformation by said boss of said other of said first
      and second members when the rotor rotates in a direction to shift the
      closure member in a valve closing direction, said play being defined by
      said connecting means and allowing engagement between said first boss and
      said adjacent bosses.
NUM  6.
PAR  6. In a valve structure having a valve closure member, a frame attached to
      a body of the valve structure, an actuatng member rotatable relative to
      the frame and combined with the valve closure member to shift the closure
      member between valve opening and valve closing positions upon rotation of
      the actuating member; wherein the improvement comprising for rotating the
      actuating member:
PA1  a. a variable reluctance motor having a stator fixed to the frame and an
      annular rotor rotatable within the stator;
PA1  b. means connecting the rotor to the actuating member such that the rotor
      is coaxial with the actuating member and rotates therewith;
PA1  c. the rotor defining with the actuating member an annular space in which
      space said connecting means extend;
PA1  d. and a manual closure member-actuating wheel and means for connecting the
      wheel to the actuating member on a side of the motor opposed to the
      closure member.
NUM  7.
PAR  7. A valve structure as claimed in claim 4, further comprising a manual
      closure member-actuating wheel and second connecting means for connecting
      the wheel to the actuating member, the second connecting means having
      means for coupling the wheel to the actuating member and means for
      automatically locking said coupling means when changing to manual control
      and automatically unlocking said coupling means when the electric motor is
      supplied with current.
NUM  8.
PAR  8. A valve structure as claimed in claim 7, wherein the coupling means are
      interposed between the wheel and the rotor of the motor and the locking
      means comprise elastically yieldable means which axially bias the rotor in
      opposition to an electromagnetic return force exerted on said rotor by the
      stator when the stator is supplied with current.
NUM  9.
PAR  9. A valve structure as claimed in claim 8, comprising a sleeve which is
      mounted to be freely rotatable relative to the actuating member and is
      integral with the wheel, and the coupling means comprise a clutch having a
      clutch member which is held fast to the rotor and connected to rotate with
      the actuating member but axially slidable with respect to the actuating
      member, axially projecting clutch teeth carried by the sleeve and axially
      extending clutch teeth on the clutch member, the elastically yieldable
      means comprising an axially fixed element and springs which bear on the
      fixed element and bias said clutch member in the direction for engaging
      the clutch teeth, and cause the rotor to be axially offset from the
      stator.
NUM  10.
PAR  10. A valve structure as claimed in claim 9, wherein said clutch member is
      one of two support plates in clamping engagement with the rotor.
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ABST
PAL  A valve device for gases comprises a pilot valve for controlling the degree
      of valve opening of a main valve installed in a gas pipe line, a main
      rotating shaft which can undergo rotation by which the degree of valve
      opening of the pilot valve is controlled, a sliding member actuated by the
      rotation of the main rotating shaft to undergo sliding movement in a
      specific range thereby to control the degree of valve opening of the pilot
      valve, an electric motor for rotating the main rotating shaft, a screw
      shaft to which the rotation of the main rotating shaft, after being
      multiplied in number of revolutions, is transmitted, a moving structure
      moved translationally by the rotation of the screw shaft, and limit
      switches disposed at limit positions defining the range of movement of the
      moving structure and being actuated when the moving structure reaches the
      limit positions thereby to cut off power supply to the motor. The range of
      movement of the moving structure is set greater than the range of sliding
      movement of the sliding member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to valve devices for gases and more
      particularly to a valve device for gases of a type wherein, by turning in
      forward and reverse directions a main rotating shaft for controlling the
      degree of valve opening, a sliding member is caused to undergo
      displacement by rotations of the main rotating shaft thereby to vary
      controllably the valve opening degree.
PAR  Heretofore, as a valve device for gases of this kind wherein the degree of
      opening of a valve structure is controlled by rotating in forward and
      reverse directions a main rotating shaft for controlling the valve opening
      degree, there has been a device so adapted that the quantity of rotation
      of the main rotating shaft for valve opening degree control is detected to
      produce a detection signal, which is fed as input into a controller
      thereby to control the quantity of rotation of the main rotating shaft and
      thereby to control the valve opening degree to a desired setting value.
PAR  In this known device, the quantity of rotation of the main rotating shaft
      is controlled by direct detection thereof, and for this reason there have
      been problems such as the difficulty of accomplishing highly accurate and
      positive control of the valve opening degree.
PAR  In addition, in the prior art, there has been another device of a
      construction in which a limit switch is provided within the path of
      movement of a reciprocating control plate screw engaged through female
      threads with male threads provided on a main rotating shaft and is adapted
      to be closed when the reciprocating control plate reaches a predetermined
      position thereby to stop the rotation of the main rotating shaft and
      control the valve opening at a specific value.
PAR  In this known device, the reciprocating control plate is caused to move by
      direct screw driving action resulting from rotation of the main rotating
      shaft for valve opening control. For this reason, the range of movement of
      the reciprocating control plate is narrow, whereby there has been the
      difficulty of carrying out highly accurate and positive valve opening
      control.
PAR  Furthermore, in known devices of the instant kind, if the rotation of the
      main rotating shaft for valve opening control is continued even after it
      has reached its normal control limit point, excessive force will be
      exerted on the diaphragms of a pilot valve, and in extreme cases, the
      diaphragms may be ruptured.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful valve device for gases in which the above described
      difficulties are overcome.
PAR  A specific object of the invention is to provide a device in which the
      number of revolutions of rotation of a main rotating shaft for valve
      opening control is magnified and transmitted to cause a moving member to
      move translationally over a great range, and the degree of the valve
      opening is controlled by cooperative operation of the moving member and a
      limit switch provided at a specific position. By this provision of the
      invention, the range of movement of the above mentioned moving member can
      be made large, and at the same time, the range of positional adjustment of
      the limit switch can also be widened. Accordingly, the valve opening
      control can be carried out with great accuracy, and, moreover, the
      positional adjustment of the limit switch is facilitated since it can be
      carried out linearly.
PAR  Another object of the invention is to provide a valve device for gases
      which is so adapted that excessive force will not be exerted on the
      diaphragms of a pilot valve even if the main rotating shaft for valve
      opening control is turned over and beyond the control range limit.
PAR  Still another object of the invention is to provide a valve device for
      gases in which the quantity of sliding movement of a sliding member which
      slides in accordance with the rotation of the main rotating shaft for
      valve opening control and causes deflection of the diaphragms of a pilot
      valve can be finely adjusted.
PAR  A further object of the invention is to provide a valve device for gases
      which is so adapted that the main rotating shaft for valve opening control
      can be driven in rotation by an electric motor or by manual operation, and
      these two kinds of drivings can be selectively changed over.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description with respect to a preferred embodiment
      of the invention when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an elevation, in vertical section, showing one embodiment of a
      valve device for gases according to the invention;
PAR  FIG. 2 is an enlarged plan view taken along the line II--II in FIG. 1, as
      viewed in the arrow direction, showing a mechanism for adjusting limits of
      valve opening control;
PAR  FIG. 3 is an elevation, with a part cut away and as viewed in the arrow
      direction III in FIG. 2, of the adjusting mechanism;
PAR  FIG. 4 is an elevation, as viewed in the arrow direction IV in FIG. 2, of
      the adjusting mechanism;
PAR  FIG. 5 is a plan view, partly in section, taken along the line V--V in FIG.
      1 as viewed in the arrow direction;
PAR  FIG. 6 is a circuit diagram showing an example of a rotational driving
      circuit of a motor for rotating a main rotating shaft for valve opening
      control;
PAR  FIG. 7 is an elevation, with parts cut away, showing an electric operation
      - manual operation changeover mechanism in the device illustrated in FIG.
      1; and
PAR  FIG. 8 is an exploded perspective view of the changeover mechanism shown in
      FIG. 7.
DETD
PAC  DETAILED DESCRIPTION
PAR  In one embodiment of the valve device for gases according to the present
      invention as shown in elevation in FIG. 1, there is provided a casing body
      10 having an upper wall 11, a middle wall 12, and a lower wall 13, between
      which are formed chambers 14 and 15. A main rotating shaft 16 for control
      of degree of valve opening (hereinafter referred to simply as "main
      shaft") extends vertically through the walls 11, 12, and 13 and is
      rotatably supported in a manner permitting its rotation in two directions
      (forward and reverse).
PAR  Female screw threads tapped on the inner wall surface of a sliding member
      18 of hollow cylindrical shape with a conical lower end are screw meshed
      with male screw threads 17 formed on the lower end part of the main shaft
      16. This sliding member 18 has a spline 19 formed in its cylindrical
      surface in a direction of its axis and engaged by a projection 22 provided
      on a holding member 21 of a fine adjustment mechanism 20 described
      hereinafter. Consequently, the sliding member 18 is prevented from
      rotating about its axis and is free to slide only in its axial directions
      (arrow directions A and B in FIG. 1).
PAR  The lower extremity of the sliding member 18 abuts against a spring
      retainer 23 which is seated on the upper end of coil spring 25 within a
      vertical cylinder 24 fixed at its upper end to the lower surface of the
      aforementioned lower wall 13 of the casing body 10. The lower end of the
      spring 25 abuts against the upper surface of an upper diaphragm 28
      installed within a casing 27 of a pilot valve 26 fixed to the lower end of
      the cylinder 24.
PAR  The cylinder 24 is provided with an inwardly projecting annular shelf 30
      for engaging and stopping a flange 29 of the spring retainer 23.
PAR  An electric motor 31 is enclosed within a cover 32 of pressure and
      explosion-proof construction fixed to the casing body 10. This motor 31
      has a gear head 33 for speed reduction and an output shaft 34 through
      which the motor output power is transmitted to a worm shaft 35 coupled
      thereto and supporting a worm 36, which is meshed with a worm wheel 37
      mounted on an upper part of the main shaft 16 in a manner whereby it is
      prevented from moving axially but is free to rotate about its axis.
PAR  A clutch 38, as shown in FIGS. 7 and 8, has a central hole 40 of a planar
      shape for fitting in an axially slidable manner on a spline shaft part 39
      of the main shaft 16 and has projections 53 on its lower surface for
      engagement with projections 41 provided on the upper surface of the worm
      wheel 37. The clutch 38 further has projections 42 on its upper surface. A
      manually turnable wheel handle 43 is fixed to the upper end of a vertical
      shaft 44 rotatably supported in coaxial alignment with the clutch 38, the
      worm wheel 37 and the main shaft 16. The lower end of the shaft 44 is
      provided with projections 45 for engagement with the projections 42 of the
      clutch 38. A coil spring 47 is interposed between an annular flange 46
      disposed around the shaft 44 and the upper surface of the clutch 38 and is
      continually urging the clutch 38 in the downward direction for engagement
      with the worm wheel 37.
PAR  An annular groove 48 is formed around the peripheral surface of the clutch
      38 and is slidably engaged by pins 49 disposed substantially on
      diametrically opposite sides of the clutch 38 and fixed at their outer
      ends to the outer ends of the two arms of a forked yoke 50. The base part
      of the yoke 50 is fixedly mounted to a changeover lever 51. Accordingly,
      rotation of the lever 51 is transmitted through the yoke 50 and its pins
      49 and converted into vertical movement of the clutch 38. A lock pin 52 is
      provided for locking the rotational position of the changeover lever 51.
PAR  A crown gear 54 of relatively large diameter is fixedly mounted on the main
      shaft 16 at approximately the middle part thereof. A bevel pinion 55 of
      relatively small diameter is meshed with the crown gear 54 and is fixedly
      mounted on one end of a horizontal rotating screw shaft 56, which is
      rotatably and horizontally supported on a frame 57 fixed to an outer side
      surface of the casing body 10 and enclosed within the cover 32. The
      rotation of the main shaft 16 is multiplied in number of revolutions in
      accordance with the gear ratio (for example 1:5) of the gears 54 and 55
      and is thus transmitted to the rotating screw shaft 56.
PAR  The screw shaft 56 is screw meshed with a tapped hole 59 provided on one
      part of a carriage structure 58 as shown in FIG. 2. The carriage structure
      58 is provided at a part spaced apart from the tapped hole 59 with a
      smoothbore hole 61, which is slidably fitted on a guide rod 60 fixedly
      supported parallelly to the screw shaft 56 by the frame 57. Accordingly,
      the carriage structure 58 is caused to move translationally in a straight
      line in the arrow directions C and D by the forward and reverse rotations
      of the screw shaft 56.
PAR  Limit switches 62 and 63 are respectively mounted at positions
      corresponding to the limit points at the two ends of the range of movement
      of the carriage structure 58 as shown in FIGS. 1, 2, and 3. Carriers of
      the limit switches 62 and 63 are respectively provided at their upper
      parts with through-holes 64 and 65 which are slidably fitted on guide rods
      66 and 67 and at their lower parts with tapped holes 68 and 69 which are
      screw meshed with screw shafts 70 and 71. Accordingly, the limit switches
      62 and 63 are caused by the rotation of the screw shafts 70 and 71 to move
      in the arrow direction C or D as they are guided by the guide rods 66 and
      67. The screw shafts 70 and 71 are provided at their outer ends with knobs
      72 and 73. The guide rods 68, 69 and screw shafts 70, 71 are parallel with
      the screw shaft 56. The limit switches 62 and 63 are electrically
      connected to the aforementioned motor 31 as indicated in FIG. 6.
PAR  A potentiometer 74 having a rotatable shaft 76 is further mounted on the
      frame 57. The outer end of the above mentioned screw shaft 56 is coupled
      through a gear train 75 to the shaft 76 of the potentiometer 74 as best
      shown in FIG. 4. The resistance value of the potentiometer is varied by
      the rotation of its shaft 76. Furthermore, a calibrated scale plate 77 is
      fixed to the frame 57 and functions cooperatively with a pointer 78 fixed
      to the carriage structure 58 to indicate the position of the carriage
      structure 58.
PAR  The aforementioned fine adjustment mechanism 20 comprises the
      aforementioned holding member 21 fitted and held in a manner permitting
      its rotation but not its sliding in the axial direction in a hole 79 in
      the lower wall 13 of the casing body 10 and a clamping member 80 fitted
      around and clamping the outer peripheral part of the holding member 21.
      The clamping member 80 has the shape of a split ring with a gap at one
      part thereof as shown in FIG. 5 and is fixed to the upper surface of the
      lower wall 13 by a bolt 81. A bolt 82 for tightening with a nut is
      provided through one end of the clamping member 80 across the above
      mentioned gap. By tightening the nut on the bolt 82, the holding member 21
      is held fixed and prevented from rotating relative to the lower wall 13.
      When the nut on the bolt is loosened, the holding member 21 assumes a
      rotatable state relative to the lower wall 13.
PAR  In the aforementioned pilot valve 26, another diaphragm 84 is disposed
      coaxially below and spaced apart in opposed state relative to the
      aforementioned diaphragm 28, and these two diaphragms 28 and 84 form
      therebetween a pressure flowing chamber 85. A valve mechanism 88 is
      provided between an inlet 86 and the pressure flowing chamber 85 and is so
      adapted that its degree of opening varies in accordance with deflection of
      the lower diaphragm 84. The casing 27 further has an outlet 87. The fluid
      pressure supplied through the inlet 86 is controlled in accordance with
      the degree of valve opening of the valve mechanism 88, and control of the
      degree of opening of a main valve (not shown) provided at an intermediate
      point in a gas pipe line (not shown) is accomplished by pressure of the
      fluid discharged through the outlet 87.
PAR  The term "gas" used in the specification and appended claims to designate
      the gas flowing through the gas pipe line is not limited to city gas but
      is intended to include any kind of gas, such as LPG or air, which is
      conveyed through a pipe line.
PAR  The valve device of the above described construction according to this
      invention operates as follows. First, by turning the knobs 72 and 73 in
      appropriate direction, the limit switches 62 and 63 are moved in the arrow
      direction C or D and thus adjusted into desired positions. The changeover
      lever 51 is turned counterclockwise (as viewed in FIG. 8) to engage the
      clutch 38 with the worm wheel 37 so that the rotation of the worm wheel 37
      will be transmitted to the main shaft 16. The clutch 38 at this time is
      disengaged from the shaft 44 of the handle wheel 43.
PAR  Then, when the movable contact of a power supply switch 89 of the circuit
      shown in FIG. 6 is placed in contact with a contact a thereby to switch on
      the power supply, an electric current flows through a winding L1 of the
      motor 31, which thereupon rotates in one direction. This rotation of the
      motor output shaft 34 is transmitted through the worm shaft 35, the worm
      36, the worm wheel 37, and the clutch 38 to the main shaft 16, which
      thereby rotates in one direction. The sliding member 18 is thereby caused
      to slide in the arrow direction A since its female screw threads are
      meshed with the male screw threads 17 of the main shaft 16, and, moreover,
      since it is held in a manner preventing its rotation but permitting its
      vertical sliding movement by the holding member 21.
PAR  Then, the spring retainer 23 also undergoes displacement, being urged by
      the force of the spring 25 to follow the sliding movement of the sliding
      member 18. Since the spring 25 thereby elongates, its spring force
      decreases. Consequently, the diaphragms 28 and 84 of the pilot valve 26
      also rise, and the opening degree of the valve mechanism 88 becomes small,
      whereby the main valve provided at the gas pipe line gradually becomes
      large.
PAR  As the main shaft 16 thus rotates in one direction, this rotation is
      transmitted through the gears 54 and 55 to the screw shaft 56, which
      thereby rotates in one direction. As a consequence, the carriage structure
      58 screw engaged with this screw shaft 56 moves in a straight line in the
      arrow direction C. Then, when the carriage structure 58 reaches a limiting
      position setting a limit of the range of its movement, it pushes an
      actuator 90 of the limit switch 62, which is thereby opened. Consequently,
      the power supply to the motor 31 is cut off, and the motor 31 stops.
      Accordingly, rotational torque is no longer transmitted to the main shaft
      16, which thereupon stops rotating, and the sliding member 18 also stops
      sliding in the arrow direction A. The opening degree of the valve
      mechanism 88 of the pilot valve 26 does not become smaller than this
      minimum degree at the time, whereby the opening degree of the main valve
      in the gas pipe line does not become larger than the maximum opening
      degree.
PAR  On the other hand, when the movable contact of the power supply switch 89
      is moved into contact with the contact b, an electric current flows
      through a winding L2 of the motor 31, whereupon the motor 31 rotates in
      the reverse or opposite direction. As a consequence, the main shaft 16
      rotates in the opposite direction, whereby the sliding member 18 slides in
      the arrow direction B, thereby pushing the spring retainer 29 downward.
      The spring 25 is thereby compressed, and its spring force increases.
      Consequently, the diaphragms 28 and 84 are forced downward, and the
      opening degree of the valve mechanism 88 becomes large, whereby the
      opening degree of the main valve gradually becomes small.
PAR  Furthermore, as another result of the rotation of the main shaft 16 in the
      opposite direction, the screw shaft 56 also rotates in the opposite
      direction, and the carriage structure 58 moves in the arrow direction D.
      When the carriage structure 58 reaches the limiting position of the other
      limit of the range of its travel, it pushes an actuator 91 of the limit
      switch 63, which is thereby opened. The motor 31 is thereby cut off from
      its power supply and stops its rotation.
PAR  Consequently, the main shaft 16 also stops rotating, whereby the sliding
      member 18 stops sliding in the arrow direction B. The valve mechanism 88
      of the pilot valve 26 does not become larger than the maximum opening
      degree at the time, and the opening degree of the main valve of the gas
      pipe line becomes minimum.
PAR  As described above, the maximum and minimum opening degree of the main
      valve are determined by the positions of the limit switches 62 and 63.
      Accordingly, these specific states of the degree of opening of the main
      valve can be finely adjusted by turning the knobs 72 and 73 thereby to
      accomplish fine adjustment of the positions of the limit switches 62 and
      63. Furthermore, each position to which the carriage structure 58 has
      moved can be easily read from the indication of the pointer 78 on the
      calibrated scale plate 77.
PAR  Since the rotation of the main shaft 16 is multiplied in number of
      revolutions by the gears 54 and 55 and is then transmitted in that
      multiplied state at the screw shaft 56, the range of travel of the
      carriage structure 58 can be made greater than the range of sliding
      movement of the sliding member 18. Accordingly, the error in the limiting
      position of the sliding movement of the sliding member 18 due to an error
      in the set positions of the limit switches 62 and 63 is relatively small,
      and, therefore, setting of the degree of opening of the valve can be
      accomplished with high accuracy.
PAR  In the case where, at the time of rotation of the main shaft 16 in the
      above mentioned reverse or opposite direction, the rotation of the motor
      31 does not stop when the carriage structure 58 pushes the actuator 91 of
      the limit switch 63 because of some malfunctioning, the main shaft 16
      continues rotating, and the sliding member 18 and the spring retainer 23
      also continue their movement in the arrow direction B. However, when the
      flange 29 of the spring retainer 23 reaches a position where it is engaged
      and arrested mechanically by the projection 30 of the cylinder 24, the
      downward movement of the spring retainer 23 in the arrow direction B is
      suppressed, and the spring retainer 23 is prevented from descending any
      further. Accordingly, the spring 25 is not compressed further, and
      rupturing of the diaphragms of the pilot valve 26 is prevented.
PAR  The potentiometer 74 varies its resistance value in accordance with the
      rotation of the main shaft 16. From this relationship, the degree of
      opening of the main valve can be continuously detected with high accuracy.
      The detected output is supplied to a controller (not shown) for
      continuously controlling the opening degree of the main valve.
PAR  While, in the above described embodiment of the invention, two limit
      switches are used, the number of limit switches need not be so limited, it
      being possible to provide three or more limit switches to detect
      intermediate points other than the range limits and thereby to effect
      control.
PAR  Furthermore, the position of the sliding member 18 relative to the main
      shaft 16 is adjusted by loosening the nut of the bolt 82 and enabling the
      holding member 21 to rotate relative to the clamping member 80. Then, a
      tool (not shown) for rotating is inserted into the chamber 15 through an
      opening 83 in the casing body 10 thereby to rotate the sliding member 18
      unitarily together with the holding member 21. Thus, the position of the
      sliding member 18 relative to the main shaft 16 is varied and adjusted.
      After the position of the sliding member 18 relative to the main shaft 16
      has been appropriately adjusted in this manner, the nut on the bolt 82 is
      retightened thereby to fix the holding member 21 by means of the clamping
      member 80 against rotation. Then, since the sliding member 18 no longer
      rotates, its position relative to the main shaft 16 cannot change.
PAR  In the case where the valve opening control is carried out by manual
      operation instead of by means of the motor 31, the changeover lever 51 is
      turned in the direction for forcing the clutch 38 to separate from the
      worm wheel 37 against the force of the spring 47. The projections of the
      clutch 38 thereby disengage from the projections 41 of the worm wheel 37,
      and, at the same time, the projections 42 of the clutch 38 and the
      projections 45 of the shaft 44 of the handle wheel 43 are placed in a
      state wherein they can engage. Even in this case, the clutch 38 is fitted
      on the spline shaft part 39 of the main shaft 16. Thereafter, the lock pin
      52 is inserted through a hole 92 provided at the lever 51 and a hole (not
      shown) provided at a predetermined position of the cover 93 to lock the
      changeover lever 51 in the above described turned state.
PAR  Thus, the rotation of the worm wheel 37 is no longer transmitted to the
      main shaft 16, that is, the rotation transmission path from the motor 31
      to the main shaft 16 is cut off. On the other hand, the rotation of the
      shaft 44 assumes a state wherein it is transmitted by way of the clutch 38
      to the main shaft 16. Then, when the handle wheel 43 is manually turned,
      this rotation is transmitted by way of the shaft 44 and clutch 38 to the
      main shaft 16, and the sliding member 18 slides through a desired distance
      in the arrow direction A or B in accordance with the direction and amount
      of rotation of the main shaft 16. The degree of opening of the valve
      mechanism 88 of the pilot valve 26 is controlled in accordance with this
      movement of the sliding member 18, whereby the degree of opening of the
      main valve in the gas pipe line is controlled.
PAR  Further, this invention is not limited to these embodiments but various
      variations and modifications may be made without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve device for gases comprising:
PA1  a pilot valve for controlling the degree of opening of a main valve
      disposed in a gas pipe line;
PA1  means including a sliding member and operated by sliding displacement of
      said sliding member to control the degree of opening of said pilot valve;
PA1  a main rotating shaft adapted to be rotated thereby to drive the sliding
      member in said sliding displacement;
PA1  an electric motor for rotating said main rotating shaft;
PA1  a screw shaft rotated by the rotation of the main rotating shaft, said
      rotation being multiplied in number of revolutions and then transmitted to
      said screw shaft;
PA1  a moving structure screw meshed with said screw shaft and thereby driven in
      translational movement by the rotation of the screw shaft; and
PA1  limit switch means disposed at limit positions defining the range of
      movement of said moving structure corresponding to limits defining the
      range of sliding movement of at least the sliding member and opened when
      the moving structure reaches either of said limit positions thereby to cut
      off power supply to said electric motor,
PA1  said range of movement of the moving structure being set at a greater value
      than a range of sliding movement of said sliding member, both movements
      being due to the rotation of the main rotating shaft.
NUM  2.
PAR  2. A valve device for gases as claimed in claim 1 which further comprises
      adjustment means comprising limit switch holding structures adapted to
      hold said limit switch means and having respective tapped holes and screw
      shafts for adjustment screw meshed respectively with said limit switch
      holding structures and operated by the rotations of said screw shafts for
      adjustment to adjust, through the limit switch holding structures, setting
      positions of the limit switch means.
NUM  3.
PAR  3. A valve device for gases as claimed in claim 1 which further comprises
      means operating when the sliding member slides outside of a normal range
      of sliding movement to suppress mechanically the sliding movement of the
      sliding member.
NUM  4.
PAR  4. A valve device for gases as claimed in claim 1 in which said means for
      controlling the degree of opening of the pilot valve comprises a valve
      mechanism of the pilot valve, diaphragms for controlling said valve
      mechanism, a spring operating according to compression or elongation
      thereof to deflect said diaphragms, and a spring retainer retaining one
      end of said spring and abutted by said sliding member thereby to undergo
      displacement in accompaniment with the sliding movement of the sliding
      member, said spring retainer having a flange part, and in which there is
      further provided a projection for mechanically engaging and stopping said
      flange part thereby to suppress displacement thereof when the sliding
      member slides outside its normal range of sliding movement.
NUM  5.
PAR  5. A valve device for gases as claimed in claim 1 which further comprises a
      holding member for holding said sliding member in a manner preventing
      rotation thereof but freely permitting sliding movement thereof in the
      axial direction of the main rotating shaft and a fixing member for fixing
      said holding member together with the sliding member in a manner enabling
      rotational adjustment thereof relative to the main rotating shaft, whereby
      the sliding member can be adjusted in position relative to the main
      rotating shaft by the rotational adjustment of the sliding member together
      with the holding member.
NUM  6.
PAR  6. A valve device for gases as claimed in claim 1 which further comprises a
      manually rotatable shaft provided in coaxial alignment with said main
      rotating shaft and clutch means for selectively changing over between
      rotation due to said motor and rotation of said manually rotatable shaft
      and transmitting the rotation thus selected to the main rotating shaft.
NUM  7.
PAR  7. A valve device for gases as claimed in claim 1 which further comprises
      means to which the rotation of one of said screw shafts is transmitted,
      and which thereupon undergoes a variation in the electrical resistance
      value thereof in accordance with said rotation of the screw shaft and
      thereby detects the degree of opening of said main valve indirectly from
      said resistance value.
PATN
WKU  039469867
SRC  5
APN  4784960
APT  1
ART  341
APD  19740612
TTL  Flow regulating valve
ISD  19760330
NCL  20
ECL  1
EXA  Miller; Robert J.
EXP  Schwadron; Martin P.
NDR  5
NFG  15
INVT
NAM  Sutter; Jean Georges
CTY  Villers-Les-Nancy
CNT  FR
INVT
NAM  Depoisson; Jean Pierre
CTY  Pont-A-Mousson
CNT  FR
ASSG
NAM  Pont-A-Mousson S. A.
CTY  Nancy
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730615
APN  73.21849
PRIR
CNT  FR
APD  19740527
APN  74.18258
CLAS
OCL  251298
XCL  251304
EDF  2
ICL  F16K 31528
FSC  251
FSS  315;304;305;192;162;333;298;299;303
FSC  137
FSS  527;527.8
UREF
PNO  270353
ISD  18830100
NAM  Waddell
XCL  251357
UREF
PNO  1856138
ISD  19320500
NAM  Ruemelin
OCL  251298
UREF
PNO  2196503
ISD  19400400
NAM  McFee
XCL  251298
UREF
PNO  3539147
ISD  19701100
NAM  Paul, Jr.
XCL  251304
UREF
PNO  3726308
ISD  19730400
NAM  Eberhardt
XCL  251298
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A flow regulating valve comprising a body of revolution provided with an
      inner annular seat and a closure member cooperative with the seat and
      having a spherical valving surface and movable in the body by an element
      mounted in the body to rotate about an axis which extends through the
      closure member and is perpendicular to the axis of the body and offset
      relative to the axis of the body. The element is connected to rotate with
      the closure member. The latter has the shape of two domes united on their
      limit circles which are located in a plane parallel to the seat in the
      valve closing position of the closure member.
BSUM
PAR  The present invention relates to fluid flow regulating valves and more
      precisely to valves of the type comprising a body of revolution provided
      with an inner annular seat and a closure member having a spherical valving
      surface and movable in the body by actuating means between a valve closing
      position in which it cooperates with the seat and at least one valve
      opening position. Such valves are applicable to the regulation of the flow
      of fluids.
PAR  Valves of this type are known which present to the fluid a constant
      spherical valving or effective surface of the closure member and an
      annular fluid passage when the closure member is in the valve opening
      position. However, these valves have several drawbacks: they employ
      complicated means for guiding the closure member and for pivotally
      connecting the latter to the actuating means; this actuating means is
      outside the closure member and therefore subjected, together with the
      pivoting means, to the attack of the fluid (furring and/or corrosion); for
      pivoting the actuating means to the closure member the latter is in the
      shape of a truncated sphere and this irregular shape of the closure
      member, together with the presence in the path of the fluid of the
      guiding, pivoting means and actuating means, creates in the flow of the
      fluid important disturbances, above all when the pressure of the fluid is
      high, which may produce a cavitation phenomenon.
PAR  An object of the present invention is to overcome these drawbacks and to
      provide a valve of the aforementioned type which is simple in
      construction, small in overall size and considerably reduces the
      disturbance of the flow of the fluid and the risk of deterioration of the
      actuating means by the fluid while it affords to the fluid a constant
      spherical valving surface on the closure member and an annular passage for
      the fluid when the closure member is in the valve opening position.
PAR  According to the invention, there is provided a valve of the aforementioned
      type wherein the closure member has the shape of two spherical domes,
      united on their limiting circles, which are located in a plane parallel to
      the seat in the valve closing position of the closure member, and the
      actuating means comprises an element mounted in the body to rotate about
      an axis which extends through the closure member and is perpendicular to,
      but offset from, the axis of the body, said element being connected to
      rotate with the closure member.
PAR  In a first embodiment of the invention, the closure member has the shape of
      a sphere.
PAR  In a second embodiment of the invention, which still further improves the
      flow characteristics of the valve and reduces the valve-actuating torque
      required, that one of the spherical domes which is adapted to bear against
      the seat in the valve closing position of the closure member has a radius
      of curvature exceeding the radius of curvature of the other dome through
      which said axis extends.
PAR  Advantageously, when the valve is closed, the various points of the closure
      member which are to come in contact with the seat approach the seat at an
      angle which varies between a minimum of about 10.degree. and a maximum of
      about 20.degree.. There is consequently but little risk of the closure
      member jamming on the seat, the sealing between the closure member and the
      seat is good and the regulation of the flow is precise at small valve
      openings.
DRWD
PAR  Embodiments of the invention will now be described by way of example in the
      ensuing description with reference to the accompanying drawings in which:
PAR  FIG. 1 is an axial sectional view of one embodiment of a valve according to
      the invention, in the closed position of the valve;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 of the valve in its open position;
PAR  FIG. 4 is a sectional view similar to FIGS. 1 and 3 to an enlarged scale of
      the valve showing different positions of the closure member;
PAR  FIG. 5 is an axial sectional view of a first modification of the valve;
PAR  FIG. 6 is a view similar to FIG. 5 of a second modification of the valve;
PAR  FIG. 7 is a sectional view of a third modification of the valve;
PAR  FIG. 8 is a sectional view of a fourth modification of the valve;
PAR  FIG. 9 is an axial sectional view of a valve according to another
      embodiment of the invention;
PAR  FIG. 10 is a view to a reduced scale taken on line 10--10 of FIG. 9;
PAR  FIG. 11 shows a detail of this valve;
PAR  FIG. 12 is a view of a modification of the seat for this valve, and
PAR  FIGS. 13a to 13c are diagrammatic views of a detail of modifications of
      this valve.
DETD
PAR  The valve shown in FIG. 1 comprises a body 1 of revolution having an axis
      X-X, a closure member 2 and an actuating spindle 3. The direction of flow
      of the fluid is shown by arrow f.
PAR  The body 1 has a tapped cylindrical upstream portion 1a having a shoulder 4
      and a cylindrical portion 1b which is smooth and has a smaller diameter.
      In the latter there is secured by a screwthreaded ring 5 a tubular seat 6
      having an axis X-X and provided with an upstream flange 7 which abuts the
      shoulder 4. This seat has at the end thereof remote from the flange 7, a
      roughly frustoconical bearing surface 8 against which the closure member 2
      bears in a sealing manner when it is in the valve closing position.
PAR  The body 1 further comprises a downstream portion 1c having a barrel-shaped
      smooth inner wall or surface 9. The meridian of the wall 9 is defined by
      two halves of a circle having a radius R and centres d.sup.1 and d.sup.2.
PAR  The closure member 2, contained for the major part in the downstream
      portion 1c of the body, is a sphere having a centre 0 and is provided with
      an eccentric bore 10 having a groove 11 which allows the passage through
      this sphere of the cylindrical actuating spindle 3 which is provided with
      a groove 12 and a key 13. As can be seen in FIG. 2, this spindle 3 also
      extends through bores 14 formed in the walls 9 of the body 1 and allows
      the provision of sealing elements 15. The common axis Y-Y of the bores 14
      and the shaft 3 is orthogonal to the axis X-X and offset a distance a from
      the latter, offset a distance b in the downstream direction from the
      diametral plane of the closure member 2 perpendicular to the axis X-X when
      the closure member is in the valve closing position, and offset a distance
      c in the upstream direction from the maximum transverse section S of the
      downstream portion 1c of the tubular body 1 (FIG. 3).
PAR  The spindle 3, connected to rotate with the closure member 2 by the key 13,
      can be moved from outside the valve by any means (not shown), for example
      by a crank so as to cause the closure member to assume, depending on its
      angular position, a valve closing position (FIG. 1) or any one of the
      valve opening positions shown in dot-dash lines in FIG. 4. The rotation of
      the spindle 3 between the valve closing position of the closure member and
      its position of maximum valve opening is 90.degree.. In the course of this
      rotation, the centre 0 of the closure member describes an arc of m n p.
      Thus, it can be seen that, irrespective of its position, the closure
      member 2 presents to the fluid a constant valving or effective surface
      which is a spherical dome A, shown by crosshatching in FIG. 3, and a
      downstream profile which is also constant and spherical.
PAR  As can be seen in FIG. 4, owing to the suitably eccentric position of the
      spindle 3 with respect to the closure member 2 and to the tubular body 1
      (offsets a, b, c), rotations of the spindle 3 through angles within the
      angle subtended at the centre by the arc m n (points m and n located on
      the axis X-X) and even through slightly greater angles, shifts the centre
      0 of the closure member 2 along an arc of a circle very close to the axis
      X-X and which may be in practice assimilated to this axis. Therefore, for
      such rotation of the spindle 3, the closure member 2 moves substantially
      in translation along the axis X-X and away from or toward the seat 6 with
      no need to employ rectilinear guide means. This is a considerable
      simplification and, moreover, the well-sheltered disposition of the
      spindle 3 with respect to the fluid, which eliminates risk of
      deterioration by furring or chemical attack, constitutes an appreciable
      advantage.
PAR  Similarly, the effective or valving surface A of the closure member 2
      remains constant, the section of passage of the fluid defined between the
      bearing surface 8 and the closure member 2 is annular and varies in an
      almost linear manner for a displacement m n, or even a little more, of the
      centre 0 of the closure member. Thus, the regulation of the flow of the
      fluid is very easy.
PAR  On the other hand, for a rotation of the centre 0 corresponding to the arc
      n p, the closure member 2 comes in contact with the inner wall 9 of the
      downstream portion 1c of the tubular body 1 and the deviation of the
      closure member from the axis X-X is distinctly noticeable. The valve then
      allows through a large flow of fluid, but the flow is much less regular.
      The optimal position of utilisation of this valve is therefore that shown
      in FIG. 3 in full line in which the centre 0 of the closure member is at
      n.
PAR  In the course of rotation through 90.degree. of the spindle 3 in the
      different positions of the closure member 2 shown in dot-dash lines in
      FIG. 4, the annular section of passage between the body 1 and this closure
      member is convergent in the zone B.sup.1 between the upstream plane P
      perpendicular to the axis X-X and tangent to the closure member and the
      cone whose base is the bearing surface 8 of the tubular seat 6 and whose
      apex is the centre 0 of the closure member 2, and divergent in the zone
      B.sup.2 between this cone and the downstream plane Q perpendicular to the
      axis X-X and tangent to the closure member 2 (FIG. 3). Thus, at no moment
      does the fluid encounter an obstacle or a change in level perpendicular to
      its direction f of movement. On the contrary, it flows through an annular
      passage having a convergent-divergent shape which is extremely favourable
      to a good flow without cavitation, or in any case with minimum risk of
      cavitation.
PAR  Note that owing to the judicious eccentric disposition of the spindle 3
      (offsets a, b, c), the abutment of the closure member against the surface
      8 of the seat 6 occurs with the minimum of friction since when the valve
      is closed, the displacement of the centre 0 of the closure member along an
      arc n m, terminating at m, is practically axial.
PAR  The modification of the valve shown in FIG. 5 differs from the previously
      described embodiment in that, instead of having a rigid seat acting as a
      bearing surface for the closure member, the seat 6 has a downstream
      portion 6a of a flexible plastics or elastic material defining a bearing
      surface which ensures a very good seal in the valve closing position
      without wedging force.
PAR  The modification of the valve shown in FIG. 6 differs from that shown in
      FIG. 5 in that instead of having a seat fixed in the body 1 the valve has
      a floating seat 14 of rigid material, for example of metallic or plastics
      material, which is fixed in the body 1 by a tubular bellows 15 having an
      axis X-X. When the closure member comes in contact with the seat 14 in the
      valve closing position, this seat 14 centres itself on the spherical
      closure member. This centering and sealing of the device are improved by
      the upstream pressure effect of the fluid on the bellows 15.
PAR  However, when the difference between the upstream pressure and the
      downstream pressure is high, the foregoing embodiments have risks of
      cavitation. In order to reduce these risks, the closure member 2 of the
      modification shown in FIG. 7 has extending therethrough at least one
      upstream-downstream connecting conduit 16. When the closure member is in
      the valve closing position, the conduit 16 joins a point C on its surface
      downstream of the bearing surface 8 of the seat 6 to a point D roughly
      diametrically opposite. The presence of the conduit 16 therefore does not
      prevent a sealed closure. On the other hand, when the valve is opened, the
      point D is in the vicinity of the axis X-X and the conduit 16 connects the
      high-pressure upstream region of the valve to the lower-pressure
      downstream region. In this way, the effect of vaporization behind the
      closure member may be reduced and therefore the cavitation. The conduit 16
      may be straight or cranked as shown in FIG. 7, it having a cranked portion
      16a making an obtuse angle with the rest of the conduit 16.
PAR  In the modification of the valve shown in FIG. 8, instead of having a
      smooth surface, the inner wall of the downstream portion 1c of the body 1
      has inner annular projections or ribs 17 having an axis X-X which have,
      for example, in the same way as the groove 18 therebetween, a trapezoidal
      profile. This modification which is also of interest in the case of high
      pressure drop between the upstream and downstream sides, enables the total
      pressure drop to be split up into a plurality of lower pressure drops in
      the region of each projection or rib 17, these ribs reducing the section
      of passage of the fluid. Consequently, the multiplicity of the ribs 17
      limits the risk of cavitation and moreover noise.
PAR  Note that the valve, except in the case of the modification shown in FIG. 6
      having a floating seat, may operate in both directions of flow, the flow
      being either in the direction of arrow f or in the opposite direction
      f.sup.1, the seat 2 being in the latter case downstream of the closure
      member instead of upstream thereof (FIG. 1).
PAR  The valve shown in FIG. 9 comprises a body 21 of revolution having an axis
      X-X, a closure member 22 and an actuating spindle or shaft 23. The
      direction of flow of the fluid is that shown by arrow f.
PAR  The body 21 has an upstream tapped cylindrical portion 21a defining a
      shoulder 24 and a smooth cylindrical portion 21b of smaller diameter in
      which is secured by means of a screwthreaded ring 25 a tubular seat 26
      having an axis X-X and provided with an upstream flange 27 which abuts the
      shoulder 24. This seat has at the end thereof remote from the flange 27 a
      bearing surface 28 which is roughly frustoconical, its half angle at the
      centre being about 45.degree., against which surface the closure member 32
      bears in a sealing manner when it is in the valve closing position.
PAR  The body 21 also has a downstream portion 21c  having a smooth inner wall
      or surface 29 The wall 29 is generated by the rotation about the axis X-X
      of a curve constituted by an arc of a circle 29a having a radius R.sup.1
      and centre d.sup.3 extended in the downstream direction by a rectilinear
      segment 29b tangent thereto. The wall 29 is thus constituted by a portion
      of a sphere extended by a convergent truncated cone.
PAR  The closure member 22, for the major part contained in the downstream
      portion 21c of the body, comprises two spherical domes 22a, 22b which are
      interconnected along a common circle 22c, for example by one or more
      screws (not shown). The dome 22a has a radius slightly greater than the
      other dome and its volume is less than one half of the volume of the
      sphere of which it forms part. The other dome 22b has a radius slightly
      less than the diameter of the pipe in which the valve is intended to be
      mounted and a volume exceeding one hallf of the volume of the sphere of
      which it forms part. As can be seen in FIG. 10, this dome 22b has two
      coaxial blind apertures 30 which are parallel to the plane of the circle
      22c. Each aperture 30 is provided with a longitudinal groove 31 formed in
      the wall of the aperture. The centres of the domes 22a and 22b have been
      designated respectively by the references 0.sup.1 and 0.sup.2 in FIG. 9.
PAR  The actuating spindle or shaft 23 is constituted by two half spindles or
      journals 23a each of which is provided with a groove 32 and engaged in a
      blind aperture or bore 30 in the closure member. These journals and the
      closure member are interconnected by a key 33. Each of the journals 23a
      also extends through a bore 34 formed in the wall 29 of the body 1 with
      room for a sealing element 35. The common axis Y-Y of the bores 34 and
      consequently the axis of the shaft 33 is orthogonal to the axis X-X and
      offset a distance a.sup.1 from this axis, offset a distance b.sup.1
      downstream of the diametral plane of the dome 22b perpendicular to the
      axis X-X when the closure member is the valve closing position, and offset
      a distance c.sup.1 in the upstream direction from the maximum cross
      section S.sup.1 of the downstream portion 21c of the tubular body 21 (FIG.
      9).
PAR  The journals 23a connected to rotate with the closure member 22 about the
      axis Y-Y (centre of rotation 0.sup.3 in the plane of FIG. 9) by the key
      33, can be rotated from the exterior by any means (not shown) for example
      a crank, so as to cause the closure member to assume, in accordance with
      its angular position, a valve closing position or any valve opening
      position, two of these positions, corresponding to rotations of the
      journals 23a through 60.degree. and 90.degree., being shown in dot-dash
      lines in FIG. 9. The rotation of the journals 23a between the valve
      closing position of the closure member and its maximum valve opening
      position is 90.degree.. In the course of this rotation the centre 0 of the
      closure member describes an arc of a circle m.sup.1 n.sup.1 centred on the
      axis Y-Y.
PAR  Owing to the suitably eccentric position of the actuating spindle 23 with
      respect to the closure member 22 and to the tubular body 21 (offset
      distances a.sup.1, b.sup.1, c.sup.1, d.sup.1), the rotation of the spindle
      23 causes the centre 0.sup.2 of the dome 22b to move along an arc of a
      circle which is very near to the axis X-X and may be in practice
      assimilated to this axis. Consequently, the closure member 22 practically
      moves in translation along the axis X-X in moving away from or toward the
      seat 26 and the flow section between the closure member and the body
      remains substantially annular with the axis X-X. This is still further
      ensured by the asymmetrical shape of the closure member.
PAR  When the valve is closed, the upstream dome 22a comes in contact with the
      conical bearing surface 28 of the seat 26 and this contact occurs on an
      annular region of the dome 22a near to the circle 22c and parallel to the
      plane of the latter.
PAR  FIG. 11 shows the detail of the contact of the dome 22a with the conical
      bearing surface of the seat 26 in the plane of FIG. 9. The point of
      contact m of the closure member describes, in the course of the opening
      and closing movements of the latter, a curve C whose tangent at the point
      of contact with the seat is the straight line Mt.
PAR  As the locus of the point m is a circle centered at 0.sup.3 on the axis
      Y-Y, the line Mt is the tangent to this circle at the point of contact.
      The angle that this line Mt makes in the plane of the section with the
      tangent Mg at M to the seat 26 is designated by the reference x and
      defines the angle at which the dome 22a approaches the seat when the valve
      is closed. Elementary geometric considerations shown that in the plane of
      FIG. 9 the angle x is equal to the angle made by the straight lines
      joining the considered point of contact M to the centre 0.sup.1 of the
      dome 22a and to the centre of rotation 0.sup.3 (FIG. 11). The position of
      the centre of rotation 0.sup.3 relative to the centre 0.sup.1 of the dome
      22a is chosen in such manner that the angles x on each side of the axis
      X-X are equal (FIG. 9). This is true irrespective of the section plane
      perpendicular to the axis Y-Y.
PAR  When the section plane and therefore the considered point of contact varies
      while remaining perpendicular to the axis Y-Y, the angle x increases from
      a minimum value in the neighbourhood of 10.degree. to a maximum value in
      the neighbourhood of 20.degree. in the region of the journals.
PAR  Further, it will be understood that two points of contact M which are
      symmetrical relative to the plane of symmetry of the valve (plane of FIG.
      9) define equal angles x.
PAR  The angle x has a practical signification, since it defines the shape of
      the section of passage of the fluid just before complete closure of the
      valve. If this angle is too small, there is risk of wedging of the closure
      member on the seat when closing the valve, which results in jamming and
      wear of the latter. On the other hand, if the angle x is too large, the
      actuating torque required is too high. Experience has shown that the
      minimum value of x defined hereinbefore permitted both a good
      little-disturbed flow, in the almost closed position of the valve, a good
      seal in the closing position and, when this closing position is reached, a
      considerable sweeping caused by the fluid between the closure member and
      the seat which permits the expulsion of the solid particles which would be
      liable to deteriorate this seat and adversely affect the seal. Further,
      with such a minimum angle x, the regulation of the flow is precise at
      small openings.
PAR  The modification just described has, in addition to the advantages just
      mentioned, the following advantages over the embodiments described
      hereinbefore: for an aqual flow, the actuating torque required is lower.
      The overall volume of the different positions of the closure member is
      reduced, which permits a reduction in the axial distance between the end
      faces of the body 21. Further, the shape of the inner surface or wall 29
      of this body improves the flow characteristics of the valve.
PAR  The seat shown partly in FIG. 12 has an annular bead or lip portion 26a
      which faces in the upstream direction and is substantially conical. When
      the closure member is in the valve closing position, the upstream pressure
      of the fluid applies this lip portion against the dome 22a, which results
      in an additional self-sealing. An annular recess 26b provided at the
      junction between the lip portion 26a and the seat 26 decreases the
      thickness of the base region of the lip portion and increases its
      elasticity.
PAR  If it is intended to use the valve in both directions of flow (arrows f and
      f.sup.1), the seat may have a second similar portion on the upstream side
      relative to the direction of flow f.sup.1. This additional lip portion has
      not been shown in the drawing.
PAR  In the emodiment described with reference to FIG. 8, the inner wall or
      surface of the downstream part 1c of the body 1 has inner annular
      projecting portions having an axis X-X which have a trapezoidal section in
      the same way as the recesses therebetween. Such recesses and projecting
      portions limit the risk of cavitation and flow noise. FIGS. 13a, 13b and
      13c show three advantageous sections for these projecting portions which
      promote the flow: a section 37a which is trapezoidal or roughly square
      with rounded corners (FIG. 13a), a curvilinear section 37b (FIG. 13b) and
      a rounded triangular section 37c (FIG. 13c).
CLMS
STM  Having now described our invention what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. In a flow regulating valve of the type comprising a body defining an
      inner chamber of revolution having an axis of revolution and provided with
      an inner annular seat having a general plane which is perpendicular to
      said axis and a closure member which has a substantially spherical valving
      surface and is movable in the body by actuating means between a valve
      closing position in which the closure member cooperates with the seat and
      at least one valve opening position, the following features: the closure
      member has the shape of two spherical domes, united on circular
      peripheries thereof in a plane which is parallel to the general plane of
      the seat in the valve closing position of the closure member, and the
      actuating means comprises an element mounted in the body to rotate about a
      second axis which extends through a first one of said domes and is
      perpendicular to, but offset from, said axis of revolution, said element
      being rigidly connected to rotate with said first one of said domes.
NUM  2.
PAR  2. A valve as claimed in claim 1, wherein the closure member has the shape
      of a sphere.
NUM  3.
PAR  3. A valve as claimed in claim 1, wherein the closure member is in one
      piece.
NUM  4.
PAR  4. A valve as claimed in claim 1, wherein the distance between said second
      axis and the general plane of the seat exceeds the distance between the
      general plane of the seat and a plane which is perpendicular to the axis
      of revolution of the chamber and contains the center of said first one of
      said domes when the closure member is in the valve closing position.
NUM  5.
PAR  5. A valve as claimed in claim 1, wherein said element is a spindle which
      extends throughout said first one of said domes and is keyed to said first
      one of said domes.
NUM  6.
PAR  6. A valve as claimed in claim 1, wherein the body has an inner surface of
      such shape that the passage for the fluid, when the closure member is in a
      valve opening position, is substantially annular and has a section which
      decreases and then increases in the direction of flow of the fluid.
NUM  7.
PAR  7. A valve as claimed in claim 6, wherein the inner chamber is
      barrel-shaped.
NUM  8.
PAR  8. A valve as claimed in claim 6, wherein the body has an inner surface
      which has, starting from an end of the body adjacent the seat, the shape
      of a portion of a sphere extended by a convergent frustoconical portion
      which is tangent to the spherical portion of the inner surface of the
      body.
NUM  9.
PAR  9. A valve as claimed in claim 1, wherein the closure member defines a
      conduit which extends through the closure member and joins two points of
      the closure member which are substantially diametrally opposed and located
      on the same side of the seat when the closure member is in the valve
      closing position.
NUM  10.
PAR  10. A valve as claimed in claim 9, wherein the conduit is on the whole
      rectilinear and has a short part bent at an obtuse angle.
NUM  11.
PAR  11. A valve as claimed in claim 1, wherein a second one of said domes has a
      radius exceeding the radius of said first one of said domes.
NUM  12.
PAR  12. A valve as claimed in claim 1, wherein the two domes are two
      interconnected distinct parts.
NUM  13.
PAR  13. A valve as claimed in claim 1, wherein said element comprises two
      coaxial journals keyed in blind apertures of the closure member.
NUM  14.
PAR  14. A valve as claimed in claim 1, wherein a second one of said domes is
      adapted to come in contact with the seat on an annular region of said
      second one of said domes, said region being comprised of points which,
      when the valve is being closed, simultaneously approach the seat at an
      angle which varies between a minimum of about 10.degree. and a maximum of
      about 20.degree. throughout the periphery of said region.
NUM  15.
PAR  15. A valve as claimed in claim 1, wherein the seat has at least one
      annular sealing lip portion capable of being applied by the fluid upstream
      of the seat against the closure member in the valve closing position of
      the closure member.
NUM  16.
PAR  16. In a flow regulating valve of the type comprising a body defining an
      inner chamber of revolution having an axis of revolution and provided with
      an inner annular seat having a general plane which is perpendicular to
      said axis and a closure member which has a substantially spherical valving
      surface and is movable in the body by actuating means between a valve
      closing position in which the closure member cooperates with the seat and
      at least one valve opening position, the following features: the closure
      member has the shape of two spherical domes, united on circular
      peripheries thereof in a plane which is parallel to the general plane of
      the seat in the valve closing position of the closure member; the
      actuating means comprises an element mounted in the body to rotate about a
      second axis which extends through a first one of said domes and is
      perpendicular to, but offset from, said axis of revolution, said element
      being rigidly connected to rotate with said first one of said domes; and
      the body has an inner surface defining inner annular projecting portions
      coaxial with said axis of revolution.
NUM  17.
PAR  17. A valve as claimed in claim 1, wherein the projecting portions and
      recesses interposed between the projecting portions have a trapezoidal
      cross-sectional shape.
NUM  18.
PAR  18. A valve as claimed in claim 16, wherein the projecting portions and
      recesses interposed between the projecting portions have a substantially
      square cross-sectional shape with rounded corners.
NUM  19.
PAR  19. A valve as claimed in claim 16, wherein the projecting portions and
      recesses interposed between the projecting portions have a curvilinear
      cross-sectional shape.
NUM  20.
PAR  20. a valve as claimed in claim 16, wherein the projecting portions and
      recesses interposed between the projecting portions have a triangular
      cross-sectional shape with rounded corners.
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ABST
PAL  A spring spreader includes two elongated legs each having a coil-contacting
      end and a pivot end, said elongated legs being interconnected near the
      pivot end by an elongated pivotal axis of interconnection. A fulcrum is
      disposed between the elongated legs and is removable from at least one of
      the legs. The fulcrum contacts each elongated leg near the coil contacting
      end of each leg. Each leg is pivotable in three directions for easy and
      individual insertion of each leg between adjacent coils of a spring.
BSUM
PAR  This invention relates to a device for separating adjacent coils of a coil
      spring and more particularly, to a coil spring spreader for the insertion
      of a spacing member between the separated coils. More specifically, the
      spring spreader of this invention can be used for raising a vehicle body
      and for providing firmer vehicle suspension by separating adjacent vehicle
      springs so that a spacing means can be easily positioned between the
      separated coils. In this manner a partially collapsed spring weakened with
      age can be spaced to bias a vehicle body to the proper distance above the
      ground. Weakened, collapsed springs which tend to misalign and shorten the
      life of the drive line of a vehicle can thereby be repaired.
PAR  It is known to use a tool employing the principles of a first class lever
      for the purpose of spreading adjacent coils of a coil spring - see, for
      example the Surletta et al. U.S. Pat. No. 3,393,895. Such a tool employs
      two pivotally connected legs or lever arms and force is applied to
      adjacent coils by each lever arm to spread the coils. One of the problems
      encountered with the use of such a tool is the difficulty of initially
      inserting the lever arms between adjacent coils. The problem of initial
      insertion of the lever arms between adjacent coils of a spring is
      especially burdensome when the coils are closely spaced as when
      considerable weight rests upon the spring. Prior efforts to overcome this
      insertion problem, both in spreader and compressor tools, have been
      directed toward developing specially shaped lever arm ends shaped to act
      as wedges for initial separation of adjacent coils and therefore insertion
      of the tool. See for example the following U.S. Pat. Nos.: Maples -
      1,483,821; Madeira - 1,978,543; Berkman - 2,316,646; and Strnisha -
      2,897,701.
PAR  These prior art tools are inadequate for separation of tightly compressed
      coil springs, as with coil springs supporting an automotive vehicle,
      especially when the springs are weakened and collapsed with age. This is
      because the separation of such heavily biased coil springs requires lever
      arms having the conflicting properties of strength and taper at the
      inserted ends.
PAR  The device of the present invention has thick, sturdy lever arm ends and
      can easily be inserted between adjacent coils of a coil spring. This is
      accomplished by providing elongated lever arms or legs which are pivotable
      in three directions to provide freedom of movement of each leg in any
      direction near the coil-contacting end of each leg. A removable fulcrum is
      also provided and positioned after the tool is inserted between adjacent
      coils.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved device for spreading biased members.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for spreading adjacent coils of a coil spring.
PAR  Another object of the present invention is to provide a new and improved
      tool capable of easy insertion between tightly compressed, closely spaced
      coils of a coil spring.
PAR  Another object of the present invention is to provide a new and improved
      device having two lever arms capable of being inserted between adjacent
      coils, one at a time, for spreading adjacent coils of a coil spring.
PAR  Another object of the present invention is to provide a new and improved
      device for separating adjacent coils of a coil spring which device employs
      the principals of a lever and has a fulcrum capable of separation from at
      least one of the lever arms.
PAR  Another object of the present invention is to provide a new and improved
      device having two elongated lever arms pivotable in at least two
      directions for easy and individual insertion between coils, for separation
      of adjacent coils of a coil spring.
PAR  Another object of the present invention is to provide a new and improved
      device having force arms equal in length to almost the entire length of
      the lever arms.
PAR  Another object of the present invention is to provide a new and improved
      tool having lever arms separable from, and movable completely independent
      from a fulcrum.
PAR  Another object of the present invention is to provide a new and improved
      tool having means for applying force to coils of a coil spring, the means
      being disposed at the non spring-contacting end of the tool, for
      separation of adjacent biased members.
PAR  Another object of the present invention is to provide a new and improved
      separation tool having lever arms adapted to be individually forced
      between adjacent coils of a coil spring by applying force to each lever
      arm at a rounded non spring-contacting end thereof.
PAR  Another object of the present invention is to provide a tool capable of
      self alignment once inserted between adjacent coils of a coil spring so
      that force is equally distributed to each of two lever arms during
      separation of the coils.
PAR  Another object of the present invention is to provide a new and improved
      device for separating adjacent coils of a coil spring wherein very little
      or no shear force is applied to the structural components of the device
      during separation of coils.
PAR  Another object of the present invention is to provide a new and improved
      device having rounded pivot pins which self align during separation of
      coils of a coil spring to minimize the shear forces on said device during
      use.
PAR  Another object of the present invention is to provide a new and improved
      device employing two lever arms constructed and pivotally connected in a
      manner so that the work load is evenly distributed to each lever arm
      during use.
PAR  Another object of the present invention is to provide a new, improved and
      safer tool for separating adjacent coils of a coil spring constructed so
      that the work load never suddenly shifts from one lever arm to the other,
      thereby avoiding unsafe, sudden and destructive stresses and strains on
      any component of the tool.
DRWD
PAR  In brief, the above and other objects and advantages of the present
      invention are achieved by the provision of a new and improved tool having
      lever arms pivotable in at least two directions. Numerous other objects
      and advantages of the present invention will become apparent in the
      following detailed description of the invention with reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a perspective view of a device constructed in accordance with the
      principals of the present invention;
PAR  FIG. 2 is a partially elevational and partially cross-sectional side view
      of the device of FIG. 1 showing the device in broken lines during
      insertion between adjacent coils of a coil spring;
PAR  FIG. 3 is a partially elevational and partially cross-sectional fragmentary
      side view of the device of FIG. 1 after separation of adjacent coils of a
      coil spring.
PAR  FIG. 4 is a partially elevational and partially cross-sectional fragmentary
      side view taken along lines 4--4 of FIG. 3, showing a spacing member
      inserted between separated adjacent coils of a coil spring.
PAR  FIG. 5 is a partially elevational and partially cross-sectional fragmentary
      side view of a portion of the device of FIG. 1, taken along the lines 5--5
      of FIG. 3;
PAR  FIG. 6 is a perspective view of the device of FIG. 1 showing two of the
      three degrees of freedom of each leg member, each leg member being pivoted
      for angular insertion between adjacent coils so that each coil can be
      approached from the side thereof;
PAR  FIG. 7 is a fragmentary side view of a portion of the device of FIG. 1
      during separation of adjacent coils of a coil spring.
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawing.
DETD
PAR  Referring now to the drawing, and particularly to FIG. 1, the new and
      improved coil spring spreader of the present invention is generally
      referred to by reference numeral 10. The device generally includes two
      elongated leg members 12 and 14 each having a pivot pin 16 and 18. Each
      leg member 12 and 14 is interconnected between pivot pins 16 and 18 by an
      axis of interconnection 20. Removable fulcrum means 22 and 23 are provided
      for insertion between the leg members 12 and 14 after the leg members have
      been inserted in position.
PAR  An important feature of the present invention is that each leg member 12
      and 14 is fabricated of a suitably inexpensive yet strong material such as
      cast steel, tempered steel or laminated steel members and is wedged shaped
      at a coil contacting end for insertion between adjacent coils 24 and 26
      (FIG. 2) of a coil spring 28. An important feature of the present
      invention, as best seen in FIG. 2, is that each leg member 12 and 14 can
      be separately pivoted to be inserted or removed from between coils 24 and
      26 by sliding each leg member from side to side (angularly). This angular
      rotation is possible since fulcrum means 23 is removable. Near the coil
      contacting end of each elongated leg member 12 and 14 elongated annular
      recesses 30 and 32 are provided for engaging the adjacent coils 24 and 26
      of coil spring 28. Each leg member 12 and 14 can be identically shaped for
      easy and economical fabrication. Near the pivotal end, leg member 12 has
      an enlarged tapered slot 34 and leg member 14 has an enlarged tapered slot
      36, each adapted to receive the axis of intersection 20.
PAR  An important feature of the present invention is in the provision of a
      removable fulcrum means 22 or 23. Leg member 12 is provided with a fulcrum
      means receiving recess 38 and leg member 14 is provided with a
      complementary fulcrum means receiving recess 40. Recesses 38 and 40 can
      advantageously be formed having the same radius of curvature as the
      smaller removable fulcrum 23 (FIG. 3). The curvature of recesses 38 and 40
      can be widened at its edges to provide platforms 38A and 40A having the
      same curvature as a larger fulcrum 22 (FIG. 7). After both leg members 12
      and 14 are positioned between adjacent coils 24 and 26 of a coil spring
      28, the fulcrum member 22 or 23 is inserted into the fulcrum means
      receiving recesses 38 and 40. In this manner, each leg member 12 and 14
      can be individually inserted between adjacent coils 24 and 26. Each leg
      member has three degrees of pivotal freedom for easy and individual
      insertion between coils 24 and 26. After insertion of each leg member 12
      and 14, the fulcrum member 22 or 23 is positioned between leg members 12
      and 14.
PAR  An important feature of the present invention is the provision of a
      removable fulcrum means. In this manner, fulcrum members of various sizes
      (22 and 23 of FIG. 1) can be provided to provide for varying degrees of
      mechanical advantage and varying amounts of spread between coil members 24
      and 26 while otherwise maintaining the same size and construction of tool
      parts.
PAR  An important advantage in providing a removable fulcrum means is in
      allowing each leg member 12 and 14 absolute freedom at its insertion end
      for movement in any direction for easy and individual insertion between
      coils 24 and 26. By providing pivot means 16 and 18 for pivoting each leg
      member near its non coil-contacting end, each leg member is allowed three
      degrees of freedom for easy insertion between heavily biased and closely
      spaced adjacent coils 24 and 26 of coil spring 28.
PAR  Pivot pin 16 is inserted into a bore made near the pivotal end of the
      elongated leg member 12 and except for its engagement with the axis of
      interconnection 20, it would be absolutely free to rotate or pivot within
      said bore. The pivot pin 16 can thereby rotate during use to lessen or
      eliminate shear forces on pin 16. Pivot pin 16 is provided with a threaded
      aperture 42 for threadely receiving axis of interconnection 20. Because of
      the pivotal nature of pivot pin 16 and because of the degree of freedom
      provided by the enlargement of tapered slot 34 (FIG. 3), leg member 12 is
      provided with limited pivotal freedom in a direction defined by a plane
      passing through the longitudinal axis of the axis of interconnection 20.
      Further, since the axis of interconnection 20 threadedly engages pivot pin
      16, the elongated leg member 12 is free to pivot through said threads
      around said axis of interconnection 20 in a direction substantially
      perpendicular to the longitudinal axis of the axis of interconnection 20.
PAR  Pivot pin 18 is inserted into a bore made near the pivotal end of elongated
      leg member 14 and except for its contact with axis of interconnection 20,
      pivot pin 18 would be free to rotate within said bore. Pivot pin 18 can
      thereby rotate during use to lessen or eliminate shear forces on pin 18.
      Pivot pin 18 is provided with an elongated aperature 44 made wider than
      the diameter of the axis of interconnection 20 and adapted to receive axis
      of interconnection 20. Elongated aperture 44 is made wider than the
      diameter of interconnection axis 20, so that elongated leg member 14 is
      free to slide along the longitudinal axis of the axis of interconnection
      20 before insertion of leg member 14.
PAR  Because of the pivotal nature of pivot pin 18 and because of the limited
      degrees of freedom provided by enlarged, tapered slot 36, the elongated
      leg member 14 is provided with a limited degree of pivotal freedom in a
      direction defined by a plane passing through a longitudinal axis of the
      axis of interconnection 20. Elongated aperture 44 is made wider than the
      diameter of axis of interconnection 20, thereby permitting elongated leg
      member 14 absolute freedom to pivot in a direction defined by a plane
      substantially perpendicular to the longitudinal axis of the axis of
      interconnection 20.
PAR  Elongated leg member 12 has a third degree of limited freedom provided by
      both the pivot pin 18 and enlarged slot 36. Pivot pin 18 and enlarged slot
      36 enable elongated leg member 12 to be pivoted by rotation of pivot pin
      18. In like manner, elongated leg member 14 is provided with a third
      degree of limited freedom provided by pivot pin 16 and enlarged slot 34.
      Pivot pin 16 and enlarged slot 34 enable elongated leg member 14 to be
      pivoted by rotation of pivot pin 16.
PAR  The three degrees of pivotal freedom enable easy and individual insertion
      of each leg member 12 and 14 between adjacent coils 24 and 26 of coil
      spring 28 by angular rotation similar to that shown in FIG. 6. It is an
      important feature of the present invention that the coil-contacting end of
      each leg member can be moved individually in any desired direction. After
      insertion, the desired fulcrum means 22 or 23 is inserted into position.
      As best shown in FIG. 5, interconnection axis 20 is provided with hardened
      thrust washer 46 dimensionally larger than aperture 44. Pivot pin 18 can
      be machined to provide a flat surface 48 for contact by thrust washer 46
      during spreading of adjacent coils 24 and 26. By rotating axis of
      interconnection 20, leg member 12 and 14 are forced together near their
      pivotal ends between the threaded connection at pivot pin 16 and thrust
      washer 46. The threaded axis of interconnection 20 compresses the pivotal
      ends of leg members 12 and 14 to separate the coil-contacting ends of the
      legs and thereby spread coils 24 and 26 (FIG. 3). After the coils are
      spread, a spacing means 50 can be inserted between the coils to raise the
      vehicle body, or to provide firmer suspension to a vehicle. The three
      degrees of freedom enable these wedged shaped ends to be fabricated of
      substantial thickness, yet the individual insertion of the wedged shaped
      ends of elongated leg members 12 and 14.
PAR  FIG. 6 shows the pivotal movement of leg members 12 and 14 as they are
      pivotal for insertion in a spring. As shown in FIG. 6, each leg member can
      be inserted between adjacent coils of a coil spring by angularly rotating
      each leg member 12 and 14, one at a time, by sliding the slots 30 and 32
      over the coils 24 and 26 longitudinally from the side thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for applying force to a biased member comprising
PA1  a first elongated leg member having a biased member engaging end and a
      pivot end;
PA1  a second elongated leg member having a biased member engaging end and a
      pivot end and interconnected to said first elongated leg member; means for
      interconnecting said first elongated leg member to said second elongated
      leg member including means defining a slot in each of said leg members, a
      pivot means in each of said slots and actuating means interconnecting said
      pivot means, said leg members being independently pivotable about said
      interconnecting means;
PA1  a fulcrum means disposed in operative condition between said actuating
      means and said biased member engaging ends of said leg members and
      separable from at least one of said leg members.
NUM  2.
PAR  2. Apparatus as defined in claim 1 further including a second means for
      pivoting said leg members, said second pivot means including means for
      being disposed to interconnect said second leg member to said
      interconnection means.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein the first elongated leg member
      is pivotable about the pivot means in the second elongated leg member.
NUM  4.
PAR  4. Apparatus as defined in claim 2 wherein the second elongated leg member
      is pivotable about the pivot means in the first elongated leg member.
NUM  5.
PAR  5. Apparatus as defined in claim 3 wherein the first elongated leg member
      is pivotable about a plane substantially perpendicular to the longitudinal
      axis of the interconnection means.
NUM  6.
PAR  6. Apparatus as defined in claim 4 wherein the second elongated leg member
      is pivotable about a plane substantially perpendicular to the longitudinal
      axis of the interconnection means.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein the first elongated leg member
      is pivotable about a plane substantially passing through the longitudinal
      axis of the interconnection means.
NUM  8.
PAR  8. Apparatus as defined in claim 6 wherein the second elongated leg member
      is pivotable about a plane substantially passing through the longitudinal
      axis of the interconnection means.
NUM  9.
PAR  9. Apparatus as defined in claim 2 wherein one of said pivot means is
      pviotally secured to the interconnection means and the other of said pivot
      means is free to slide along the longitudinal axis of said interconnection
      means.
NUM  10.
PAR  10. Apparatus as defined in claim 9 further including a stop means disposed
      near one end of said interconnection means for limiting the longitudinal
      sliding movement of said other pivot means.
NUM  11.
PAR  11. Apparatus as defined in claim 9 wherein said secured pivot means is
      threadedly secured to said interconnection means.
NUM  12.
PAR  12. Apparatus as defined in claim 11 wherein said secured pivot means is
      threadedly removable from said interconnection means.
NUM  13.
PAR  13. Apparatus as defined in claim 2 wherein each of said pivot means is
      removable from said leg members.
NUM  14.
PAR  14. Apparatus as defined in claim 2 wherein each pivot means comprises a
      pivot pin having an interconnection means receiving aperture therein.
NUM  15.
PAR  15. Apparatus as defined in claim 14 wherein each leg member includes means
      for receiving said pivot pin.
NUM  16.
PAR  16. Apparatus as defined by claim 1 wherein the slots are enlarged for
      permitting limited pivotal movement of said interconnection means within
      each slot.
NUM  17.
PAR  17. Apparatus as defined by claim 16 wherein the slots are enlarged such
      that the interconnection means is pivotal through an angle of at least
      20.degree. in each slot.
NUM  18.
PAR  18. A method of separating two biased members comprising:
PA1  inserting a first leg member between said biased members to engage a first
      biased member;
PA1  individually inserting a second leg member between said biased members to
      engage a second biased member by pivoting said second leg member relative
      to said first leg member in a direction toward said second biased member
      until said second leg member is inserted between said biased members;
PA1  inserting a fulcrum means between said leg members;
PA1  applying force to said leg members at a point between  said fulcrum means
      and the ends of the leg members not in contact with the biased members to
      cause said leg members to converge at said ends and to cause the inserted
      ends of said leg members to diverge and thereby make forceful contact with
      said biased members to separate said biased members;
PA1  maintaining each leg member in contact with one of said biased members
      while said biased members are separating.
NUM  19.
PAR  19. A method as defined in claim 18 wherein each leg member is
      interconnected with a means for interconnecting said leg members, and
      wherein said second leg member is pivoted in three directions during
      insertion between said biased members by pivoting said second leg member
      (1) through a plane passing through the longitudinal axis of the
      interconnecting means; (2) through a plane substantially perpendicular to
      the longitudinal axis of the interconnection means, and (3) about a point
      of contact made between the interconnection means and said first leg
      member.
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ABST
PAL  A device for extracting trees, stumps and the like obstacles from the
      ground of the type having a pressure medium cylinder supported on a stand
      and with a holding member carried by its piston rod is provided which
      permits manual operation, the piston rod being spaced from the holding
      member and connected to a guide member for contacting the obstacle, and a
      holding member with a holding link for gripping the partly pulled out
      obstacle being rigidly mounted on the pressure cylinder.
BSUM
PAR  This invention relates to a device for pulling trees, bushes, masts poles
      or the like obstacles out of the ground or the like base having a pressure
      medium cylinder disposed on an upstanding part and forming a lifting means
      the piston rod of which pressure medium cylinder is connected as a lifting
      member to a chain, cable, clamp, tongs or the like holding member
      embracing the obstacle at least partially.
PAR  A tree stump uprooter has been proposed which has on a portable stand a
      pressure medium cylinder which, by means of traction rods connected at a
      variable effective height on the pressure medium cylinder, engages on a
      tree stump to be rooted out and draws this tree stump up from the ground.
PAR  This known tree stump uprooter has a comparatively large and heavy
      construction and its constructions is of expensive design. Furthermore a
      tree stump uprooter is known which is formed from an articulated
      parallelogram, a screw threaded spindle varying the configuration of the
      parallelogram and engaging the tree stump by a chain or like cable.
PAR  Extraction of the tree stump is achieved with this known uprooter by manual
      rotation of the screw threaded spindle which requires great expenditure of
      force.
PAR  The known tree stump uprooters serve only for the uprooting of tree stumps
      and cannot be employed for the pulling out of trees, masts, poles or the
      like as they engage on same above the tree stump and are designed only for
      removal from the ground of a part which is small in height.
PAR  The object of the invention is to improve a device of the type referred to
      for pulling out trees, bushes, masts, poles or the like obstructions from
      the ground or the like crust and to minimise complication and expense in
      its construction, to permit a design small in volume, light in weight and
      with which with small expenditure of force a considerable extracting force
      for the part to be pulled out is achieved and at the same time a secure
      grip is achieved during the pulling out of the part to be pulled out. The
      device is furthermore constructed stable and durable as well as
      transported in a space saving manner and operated by one person.
PAR  According to the invention a device of the type referred to for pulling
      trees, bushes, masts poles or the like obstructions from the ground is
      provided with a piston rod, of the pressure medium cylinder, spaced in the
      direction of its movement apart from the holding member for pulling out
      the obstruction and connected to a guide member embracing at least
      partially the tree, bush, mast, pole or the like obstruction, the pressure
      medium cylinder having a rigidly mounted holding member firmly gripping in
      the partly pulled out position the partly pulled out tree, bush, pole,
      mast or the like obstruction by means of a holding link.
PAR  In a preferred embodiment of the device feet or the like support with a
      stand formed by a plate, on both sides of the tree, a perpendicular guide
      formed by a spar, a rod, a tube or the like is mounted with a traction
      member held adjustable in height therearound and is parallel to the
      traction member guide of the pressure medium cylinder with its height
      adjustable piston rod on the stand whereby on the upper end of the piston
      rod the guide member is fixed and the upper end of the traction member
      guide and the pressure medium cylinder the holding member is disposed
      between the guide member and the traction member; the traction member may
      be coupled movably rigid to the piston rod via a traction part such as a
      rod, bar, tube or the like fixed to a lower end on the traction member and
      the other upper end on the guide member.
PAR  By means of the holding member pulling out the tree or the like, by means
      of the guide member arranged spaced apart therefrom and by means of the
      holding member of the device according to the invention arranged spaced
      apart therefrom the tree, mast, pole, bush is guided in the pulling out
      direction during extraction on three places spaced apart above one another
      and thereby secured against tipping over or tilting so that the carrying
      out of the pulling out is in no way adversely affected. Furthermore due to
      this extraction guide comparatively small lifting forces are necessary
      which only has to effect the pulling out and a force against tipping over
      or tilting of the tree or the like do not have to be applied.
PAR  The three members disposed over one another for the pulling out, guiding
      and holding of the tree or the like are simply constructed, embrace in an
      advantageous manner the tree or the like albeit partially and thereby
      secure fixing and give the device an optimum work output. The device is
      extemely small in volume and light in weight, composed of few parts and
      can be operated very simply and in a power saving manner by one person and
      transported in a space saving manner; furthermore the device exhibits a
      stable and durable construction and is produced economically.
PAR  Due to the favourable construction of the traction, guide and holding
      members the tree, bush, mast, pole or the like may be securely seized at
      any height position and in a large area trees, bushes, masts, poles or the
      like with different cross sections can be pulled. The whole device is
      built simply and economically, has a long life and a multiple use with
      extremely rational working design. The scope of protection of the subject
      matter of the invention extends not only to the features of the individual
      claims but also to their combination.
DRWD
PAR  Embodiments of the invention are shown in the drawing.
PAR  FIG. 1 shows in the traction starting position a front view of a device for
      pulling trees, bushes, masts, poles or the like from the ground,
PAR  FIG. 2 shows a front view of the same device with tree pulled out,
PAR  FIG. 3 shows a plan in cross section of the same device with tree,
PAR  FIG. 4 shows a side view of a device on a further design,
PAR  FIG. 5 a plan of the device according to FIG. 4.
DETD
PAR  A device according to the invention in particular a manual device for
      pulling out trees 10, shrubs, masts, poles or the like from the ground 11
      or other base or holding surface for the pulling parts has a traction shoe
      13 with a holding member 12 embracing at least partly the tree 10, shrub,
      mast, pole or the like to be pulled out which traction member is movable
      upwards in the pulling out direction, (i.e. that of the trees height,) by
      a lifting device 14.
PAR  On a set up stand 15 such as a base plate, feet or the like supported
      directly or indirectly on the ground 11, the lifting device 14 is mounted
      with a lifting member 14a movable in height and preferably of adjustable
      height in which a guide member 16 for embracing at least partially the
      tree 10 is rigidly secured; with the upward movement of the lifting member
      14a the guide member slides along the tree 10.
PAR  Furthermore stand 15 carries an upright guide 17 such as a guide spar -- it
      may be a tube or rod of circular or square cross section -- around which
      the traction member 13 is held at an adjustable height.
PAR  The traction member 13 is, via a traction part 18, such as a rod, a tube, a
      bar, a profiled part or the like, rigidly connected to the guide member 16
      movable in height by means of the lifting members 14a so that with the
      vertical movement of the guide member 16 by means of the traction part 18
      the traction member 13 is likewise moved vertical.
PAR  On the traction member guide 17 and the lifting device 14 there is disposed
      a holding shoe 19 fixed in height embracing at least partially the tree
      10, which holding member is connectible to a holding member 20 firmly
      holding the tree in the partly pulled out vertical position. The traction
      member guide 17 is disposed in the edge area of the plate-like stand 15
      adjacent to the tree 10, shrub, mast, pole or the like to be pulled out
      and firmly connected to the set up part 15 by welding, screws, rivets or
      the like. The traction member 13 is mounted with a guide sleeve 21 about
      this guide 17 and the sleeve 21 has scraper lips (not shown) at the end
      sliding along the guide 17 and freeing the guide 17 from any dirt.
PAR  On the side area of the guide sleeve 21 turned away from the traction
      member 13 the upright traction rod 18 is fixed by welding, screw or rivets
      at its free lower end.
PAR  Spaced apart from the traction member guide 17 the lifting device 14 is
      supported on the stand 15, which lifting device is likewise connected
      firmly and if necessary, detachably, to the set up part 15. The traction
      rod 18 thus extends between the guide 17 and the lifting device 14 and is
      with its other, upper, end in rigid connection with the guide member 16,
      which connection is achieved by welding, screws or rivets.
PAR  Holding member 19 is mounted on the upper end of the guide 17 and the
      lifting device 14 by means of screws, welding, rivets, or the like
      connected and provided with openings 22 for the vertically movable lifting
      member 14a and the vertically adjustable traction rod 18.
PAR  The three members 13, 19, 16 disposed over one another run preferably
      parallel to one another and lie each in a horizontal plane. The guide 17,
      the traction rod 18 and the lifting device 14 extend likewise parallel to
      one another and all run in a vertical direction. The three members 13, 19,
      16 are designed preferably claw-like and fork like and have in plan a
      partly circular, V-shaped or trapezoidal basic shape with which the
      contact at least on individual places on the tree trunk 10, shrub, mast,
      pole.
PAR  As a lifting device 14 there is provided in a preferred manner a pressure
      medium cylinder preferably a hydraulic cylinder which is framed with its
      cylindrical housing 14b on the part 15 and the piston rod of which forms
      the lifting member 14a. On the upper end of the stationary cylinder
      housing 14b there is mounted the holding member 19. The hydraulic pressure
      medium cylinder 14 is in communication with a pressure medium container 23
      and a hand pump or rotary alternating current motor or pivot shaft or
      vehicle hydraulics disposed therein. The cylinder houusing 14b is
      surrounded by the pressure medium container 23 over part of the height of
      the former. A manually operable lever 24 of the pump arranged on the
      outside of the pressure medium container 23 effects with its to and fro
      pump movement a pressure medium flow from the container 23 via a pipe 25
      into the cylinder housing 14b for the lifting of the piston 14c. The
      holding member 12 of the traction member 13 and the holding link 20 of the
      holding member 19 are formed preferably by a chain which is looped once or
      several times, preferably several times, and crossed over around the tree
      10 to be pulled. One end of each chain 12, 20 is, for example, fixed on
      the respective member 13, 19 and the other end of the chain is detachably
      hooked in an eyelet, a hook, a bifurcated bolt or firm locking recesses.
PAR  Instead of chains as holding members 12, 20, cables, belts, straps, clamps
      or the like are provided. The traction member 13 is provided on its face
      contacting on the tree 10 with a contact face which may be formed by
      roughening cammed projections 26 or the like grips.
PAR  For the uprooting of the tree 10, bush, mast, pole or the like the device
      is set up near the tree 10 on the ground 11 or on a plank 27 or the like
      placed on the ground 11 whereby the members 13, 19, 16 partly surround the
      tree 10. The traction 13 is moved by a very light hand pressure from about
      into the lowermost position near the set up part 15 (FIG. 1). The holding
      member 12 is now looped around the tree 10 and anchored to the member 13,
      the other holding member 20 hangs only on one side engaged with the
      holding member 19 or removed from the member 10 so that it does not
      embrace the tree 10.
PAR  By means of a pumping movement on the hand lever 24 with manual operation
      the piston 14c is lifted with a pressure medium, oil or other liquid, and
      the lifting member 14a is moved upwards. With this displacement of the
      lifting member 14a the guide member 16 imparts to the tree 10 upon pulling
      out a guiding movement moves upwards and via the traction rod 18 likewise
      drawn upwards. With this upward movement of the traction member 13 and the
      holding member 12 clamped around the tree 10, the tree 10 is pulled out
      the ground 11. When the traction member 13 has reached the uppermost
      position of displacement near the holding member 19 the tree 10 or the
      like may be pulled out of the ground 11. If however the tree 10 or the
      like in this uppermost traction member position is only partly pulled out
      of the ground 11 a renewed traction procedure must be initiated. For this
      if necessary the holding member 20 must be looped around the tree 10 or
      the like rod and clamped on the holding member 19. The traction member 13
      is now allowed a little downwards so that the holding chain 12 is loosened
      and the holding member -- holding chain 20 -- is clamped around the tree
      and firmly holds this against movement downwards. The holding member 12
      can now be released from the traction member 13 and by light pressure by
      hand on the guide member 16, the lifting member 14a with the traction
      member 13 is again moved downwards into the starting position where the
      holding chain 12 is again looped around the tree 10 and is fixed on the
      traction member 13. After a short travelling up of the traction member 13
      the holding chain 20 is looser and can be removed. The holding chain 20 is
      now released from the holding member 19 and by an upward movement of the
      lifting member 14a a new drawing stroke takes place.
PAR  These drawing procedures are repeated until the tree 10, shrub, mast pole
      or the like obstruction has been completely pulled out of the ground 11.
PAR  With one embodiment (not shown) the pressure medium cylinder 14 can also be
      operated by motor for the upward movement of the lifting member.
      Furthermore with a further embodiment, not shown a motor displaceable
      toothed rod can be provided as a lifting device 14.
PAR  In addition there is the possibility of employing a telescopic cylinder as
      a lifting device 14 which renders possible a greater lifting height.
PAR  The fork-like members 13 and 19 may also be formed by tongs changeable
      mechanically or by a pressure medium so that the chains 12, 10 are
      replaced by these tongs and the member forms at the same time a holding
      member. There is also the possibility of arranging the member 13 directly
      on the lifting device 14.
PAR  Furthermore the lifting device 14 can be formed by a screw thread spindle
      movable by motor or manually.
PAR  The whole device forms a compact easily transportable constructional unit.
PAR  The device for pulling out trees, shrubs, masts, poles or the like from the
      ground or the like shown in a further construction in FIGS. 4 and 5
      corresponds in its basic construction and in its manner of operation to
      the device according to FIGS. 1 to 3 and contains partially parts of this
      first device. With this further construction of the device the pressure
      medium cylinder 14 is mounted on the hand lever pump 23, 24 which is
      supported on the set up part 15. The pressure medium cylinder 14 extends
      vertically and the hand pump 24 operating the pump 23 is pivotable, to and
      fro for example, on the stand 15. On the upper part of the piston rod 14a
      of the pressure medium cylinder 14 the holding member 19 is arranged
      whereby both members 16, 19 are formed from bent tubes and rods and by
      means of a distance piece 30 fixed on the associated pressure medium
      cylinder part 14a, 14 directed upwards and obliquely away from the
      pressure medium cylinder 14 and held spaced apart therefrom rigidly on the
      piston rod 14a and the pressure medium cylinder 14. A holding piece 28, 29
      is provided on the free end of the piston rod 14a held in the region of a
      distance piece 30 by the pressure medium cylinder 14, for detachably, or
      at least at one end detachably, engaging a holding member 12, 20 formed by
      a chain or the like cable. The two part holding piece 28, 29 can be formed
      by co-operative eyelets, hooks firm locking recesses for receiving and
      applying the chains.
PAR  For pulling out a tree 10 or the like the device is placed at the tree 10
      with its two arcuate members 16, 19 partly embracing the tree 10. The
      piston rod 14a is driven into the cylinder 14. The holding member 12 is
      looped around the tree and connected to the holding piece 28 of the piston
      rod 14a.  By pivoting the hand lever 24 a pressure medium is introduced
      into the cylinder 14 which pushes the piston rod 14a upwards. The piston
      rod 14a takes upwardly with it, via the guide members 16 and the chain 12,
      the tree 10 or the like and uproots it from the ground 11. Thereby the
      member 19 contacts the tree and in conjunction with the member 16 guides
      it so that it cannot tip over but is drawn in a position at least almost
      vertical. If the piston rod 14a is driven out the chain 20 is looped
      around the tree and fixed on the holding piece 29 such that this chain 20
      now holds the tree in the pulled out position. The piston rod 14a is
      slightly lowered, the chain 12 is then released and the piston rod 14a can
      now be completely driven in. The chain 12 can then again be connected on
      the holding piece 28 and after release of the chain 20 a new lifting is
      effected by the piston rod 14a for pulling out the tree.
PAR  The device shown in FIGS. 4 and 5 is constructed extremely small in volume,
      light in weight and has few individual parts which with small expenditure
      of force renders readly possible a securely guided extraction of a tree or
      the like obstruction.
PAR  Thus, it will be seen that with the embodiment of FIGS. 1-3, the member 16
      together with the rod 18 and element 13 with chain 12 form a movable
      releasable holding means for releasably holding the article 10 which is to
      be pulled, this movable releasable holding means being connected with the
      movable part 14a of the lifting means 14, while in the embodiment of FIGS.
      4 and 5 the element 16 together with the chain 12 form the corresponding
      movable releasable holding means connected to the movable part 14a of the
      lifting means 14. On the other hand, in both embodiments the part 19
      together with the chain 20 form a stationary releasable holding means
      connected to the stationary part 14b of the lifting means 14. It is clear
      that when the movable part of the lifting means moves upwardly the movable
      releasable holding means is in its holding position while the stationary
      releasable holding means is in its released position. When a further
      stroke is to be carried out, however, the stationary releasable holding
      means is placed in its holding position while the movable releasable
      holding means is placed in its release position permitting the movable
      parts of the lifting means to be returned to its starting position prior
      to commencing the next stroke when the stationary releasable holding means
      is again placed in its release position while the movable releasable
      holding means is again placed in its holding position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for pulling trees, bushes, masts, poles or like obstacles out
      of the ground or a similar base, comprising lifting means having a lower
      stationary part and an upper movable part adapted to move upwardly with
      respect to said stationary part when carrying out a lifting stroke, said
      lifting means being adapted to be situated on the ground or similar base
      adjacent the obstacle, movable, releasable holding means operatively
      connected with said movable part of said lifting means for movement
      therewith and for holding the obstacle when said movable releasable
      holding means is in a holding position while releasing the obstacle when
      said movable releasable holding means is in a release position, and
      stationary releasable holding means operatively connected with said
      stationary part of said lifting means to remain stationary therewith and
      also having a holding position for holding the obstacle and a release
      position for releasing the obstacle, said lifting means including a
      cylinder forming said lower stationary part and a piston forming said
      upper movable part and having an upper free end, said movable releasable
      holding means including an upper guide member fixed to said upper free end
      of said piston and having a portion adapted to extend partially around the
      obstacle, said movable releasable holding means including a lower guide
      member situated beneath said upper guide member and also having a portion
      adapted to extend partially around the obstacle, and one of said guide
      members having an elongated flexible element adapted to extend around the
      remainder of the obstacle and be fixed with said one guide member when
      said movable releasable holding means is in its holding position while
      said flexible element can hang freely from said one guide member when said
      movable releasable holding means is in its release position, said
      stationary releasable holding means including a third guide member
      situated between said upper and lower guide members and fixed to said
      cylinder and having a portion also adapted to extend partially around said
      obstacle while carrying a flexible element adapted to extend around the
      remainder of the obstacle and be fixed with said guide member when said
      stationary releasable holding means is in its holding position while the
      latter flexible element can hang freely from said third guide member when
      said stationary releasable holding means is in its release position, said
      third guide member being formed with an opening and said movable
      releasable holding means including an elongated traction rod extending
      between and fixed to said upper and lower guide members and extending
      through said opening.
NUM  2.
PAR  2. The combination of claim 1 and wherein an upright guide extends parallel
      to said lower cylinder of said lifting means and carries a guide sleeve to
      which said lower guide member is fixed and to which said traction rod is
      fixed with the latter being situated between said upright guide and said
      lifting means.
NUM  3.
PAR  3. The combination of claim 2 and wherein said lower guide member carries
      said flexible element of said movable releasable holding means.
NUM  4.
PAR  4. The combination of claim 3 and wherein said upright guide and said
      cylinder and piston extend vertically during use thereof while all of said
      guide members extend substantially horizontally.
NUM  5.
PAR  5. The combination of claim 1 and wherein each of said releasable holding
      means carries a member for fixedly holding said flexible element when each
      releasable holding means is in its holding position.
PATN
WKU  039469891
SRC  5
APN  5336864
APT  1
ART  315
APD  19741217
TTL  Slow descender including fluid and mechanical braking devices
ISD  19760330
NCL  6
ECL  1
EXP  Halvosa; George E. A.
NDR  11
NFG  21
INVT
NAM  Tsuda; Masao
STR  No. 12-10, Chuo Honcho 1-chome
CTY  Adachi, Tokyo
CNT  JA
PRIR
CNT  JA
APD  19720522
APN  47-49935
PRIR
CNT  JA
APD  19721223
APN  48-2264
PRIR
CNT  JA
APD  19721223
APN  48-2265
PRIR
CNT  JA
APD  19730118
APN  48-7379
PRIR
CNT  JA
APD  19730208
APN  48-15150
RLAP
COD  74
APN  360067
APD  19730514
PSC  03
CLAS
OCL  254157
XCL  182  5
XCL  188 653
XCL  188271
XCL  188290
XCL  188291
XCL  188292
XCL  188185
XCL  254160
EDF  2
ICL  B66D  504
FSC  188
FSS  65.3;271;291;292;290;184;185
FSC  254
FSS  157;158;159;160
FSC  192
FSS  12 A
FSC  182
FSS  5
UREF
PNO  531567
ISD  18941200
NAM  Roper
OCL  254158
UREF
PNO  1303460
ISD  19190500
NAM  Cain
OCL  188185
UREF
PNO  2484913
ISD  19491000
NAM  Snell
OCL  192 12A
UREF
PNO  3172626
ISD  19650300
NAM  Haber et al.
XCL  188271
UREF
PNO  3188052
ISD  19650600
NAM  Longworth
OCL  254157
UREF
PNO  3259213
ISD  19660700
NAM  Daniels et al.
OCL  188271
UREF
PNO  3760910
ISD  19730900
NAM  Koshihara
XCL  254157
FREF
PNO  290,412
ISD  19530800
CNT  CH
OCL  188292
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  A slow descender includes a rope pulley and a braking apparatus which
      restricts the rotation speed of the rope pulley. The braking apparatus
      includes a mechanical braking device containing a centrifugal brake which
      has centrifugal weights, a V-shaped lining part cooperating with the
      weights, and a speed multiplying gearing device connecting the rope pulley
      and the centrifugal friction brake. The slow descender further includes an
      oil hydraulic braking device of the vane pump type or of the inscribed
      gear pump type.
PARN
PAR  This is a division of application Ser. No. 360,067, filed May 14, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a slow descender, especially to a slow descender
      which is suitable for use by people for the purpose of descending from a
      height.
PAR  In case of a fire in a high-storied building, up to this time, people often
      were burned to death by flames, suffocated to death by smoke or they
      leaped to death from the building.
PAR  Even in a building equipped with an emergency staircase, it does not always
      follow that all the people can successfully escape from fire. Moreover,
      although equipment such as relief bags, rope ladders and so on, have been
      proposed for use, they are not suitable for use in high-storied buildings.
PAR  A slow descender enables men to descend from a height safely and, thus, it
      can act as a useful safety device. However, slow descenders which have
      been heretofore proposed have many defects. For example, the descending
      speed thereof sometimes exceeds the safe speed, the rope is apt to be soon
      worn and torn, and two or more persons cannot descend simultaneously.
PAR  Specifically, it is difficult or impossible that the slow descenders
      heretofore proposed are satisfactory in emergency circumstances.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a slow descender with which
      people can descend from a height with safety, reliability and ease.
PAR  Another object of this invention is to provide a slow descender in which
      the abrasion of a rope coating is diminished to the minimum.
PAR  A further object of this invention is to provide a slow descender which is
      remarkably safe, and on which many persons can descend simultaneously
      equipping it with both centrifugal friction brakes and rotary
      oil-hydraulic brakes.
PAR  According to this invention, there is provided a slow descender, which
      comprises a rope pulley, brakes which restrain the rotating speed of the
      rope pulley, a rope guide device which guides a rope around the rope
      pulley and includes a pair of small guide pulleys arranged adjacent to
      each other and to the circumference of the rope pulley, at least one of
      the pair being movable in such a direction that it moves apart from the
      vertical line of the slow descender in case a load is applied to it.
PAR  In a preferred embodiment of this invention, the braking apparatus
      comprises a centrifugal friction braking means connected with the rope
      pulley through a mechanical connection device, and a rotary oil-hydraulic
      braking means connected with the rope pulley directly or through a clutch
      device.
PAR  It is desirable that the clutch device engages when a predetermined rate of
      rotation of the rope pulley is reached and that it disengages when the
      rate of rotation decreases to below the predetermined value.
PAR  Preferably the mechanical connection device comprises a two stage speed
      multiplying gearing or a planetary speed multiplying gearing.
PAR  And it is advisable that the oil-hydraulic braking means is to be of a vane
      pump or of an inscribed gearing pump, which generates oil-hydraulic
      pressure within a hermetically sealed chamber.
PAR  The slow descender can be made remarkably compact in its general
      arrangement by positioning the mechanical braking means and the
      oil-hydraulic braking means so that the rope pulley is interposed between
      them.
PAR  In this case, the rope pulley is supported on both sides and the weight of
      the two braking means is prevented from being unbalanced. Therefore the
      harm to the rope which is apt to occur when the means are inclined can be
      prevented and, further, dual safety is secured by using both the
      oil-hydraulic braking means and the mechanical braking means.
PAR  The oil-hydraulic braking means can be of any optional and convenient type
      of oil-hydraulic pump -- for example, a vane pump, a gear pump, a piston
      pump etc. In case a piston pump type is used, in order to prevent
      variation of the driving torque, so many pistons must be provided that the
      construction of the equipment becomes complicated. Accordingly, a gear
      pump, especially an inscribed gear pump or a vane pump is advisable. The
      pump is used to compress hydraulic oil enclosed within a hermetically
      sealed space and to make it circulate within the space. The compressed
      oil-hydraulic fluid moves recurrently by its internal leakage within the
      pump chamber, or otherwise desirably through a passage connecting a high
      pressure section and a low pressure section within the pump chamber. In
      the latter case, the passage can be provided with an adjustable flux
      restricting valve. As the oil-hydraulic fluid is enclosed within the
      hermetically sealed space, there is no fear that the oil might deteriorate
      and it can be expected that the complete availability of the slow
      descender as an emergency apparatus is maintained over a long period.
PAR  The mechanical braking means should be constructed so that friction
      elements or centrifugal weights which rotate together with a rotor are
      urged against friction pads disposed on the inner circumference of a
      housing by their own centrifugal force and thereby generate a friction
      braking power.
PAR  As the mechanical braking means preferably has a mechanical speed
      multiplying device such as a planetary multiplying gearing or a two-stage
      multiplying gearing and the centrifugal weights or friction elements, it
      can actuate the friction elements at a fast rotating speed by multiplying
      the rotating speed of the rope pulley, and in this case only a small
      torque is needed for friction braking. Accordingly, with the mechanical
      braking means, accurate control of the rotating speed of the rope pulley
      can be achieved.
PAR  Furthermore, the mechanical speed multiplying device, unlike other forms of
      speed multiplying devices, prevents an unsure operation of the speed
      multiplying device owing to slip or disengagement or the like. In the
      centrifugal braking means in which the friction elements are urged against
      the friction pads by centrifugal force, the braking power is proportional
      to the square of the rotation speed, and accordingly when the speed
      increases, the braking power rapidly increases, and the slow descender is
      thus provided with sufficient safety.
PAR  As a speed multiplying device, a planetary gearing of a type which
      comprises a large planetary gear connected with the rope pulley, plural
      intermediate gears mounted on fixed shafts, and a sun gear connected with
      a centrifugal braking device can perform a powerful load transmission
      accurately, and does not cause any vibration.
PAR  A two-stage speed multiplying gearing which comprises a spur gear connected
      with the rope pulley, a dual spur gear rotating around an immobile shaft,
      and a spur gear connected with the centrifugal braking equipment, has a
      simple construction, and moreover, can transmit a sufficiently strong
      power for a slow descender. Accordingly, they can be utilized for a slow
      descender of a simplified type which will be described later.
PAR  In addition, by means of actuating the oil-hydraulic braking means through
      a clutch device, the system can be configured such that in case of a light
      load or a slow speed, only the mechanical braking means operates, and in
      case of a heavy load or a high speed, both braking means operate.
      Accordingly, in an emergency, several persons descend simultaneously and
      thus the slow descender has remarkably increased its performance
      capabilities.
PAR  Furthermore, in another disclosed embodiment of this invention, it is
      possible to substitute a rotary oil-hydraulic braking means for the
      centrifugal friction braking means which is connected with the rope pulley
      through a mechanical connection device.
PAR  Generally it can be said that a centrifugal friction braking means provides
      sufficient braking power only for a light load, but that an oil-hydraulic
      braking means provides a strong braking power for a heavy load.
PAR  In case of using the slow descender under severe cold conditions, the
      viscosity of the hydraulic oil in the oil-hydraulic braking means is
      increased and an early descending speed under a light load is apt to be
      slow and accordingly it is advisable to use a slow descender having the
      oil-hydraulic means and the centrifugal friction braking means together.
      However in case of descending in a warm climate it is possible to use a
      slow descender having two sets of rotary oil-hydraulic braking means. Thus
      it will have no effect on the performance of the slow descender.
PAR  To simplify this invention, either the oil-hydraulic braking means or the
      mechanical braking means can be omitted. In such a way a slow descender
      can be made so compact and inexpensive, that a fire brigade or a mountain
      rescue party is able to carry it along in their rescue mobilization.
PAR  The foregoing and other objects of this invention, which will become more
      fully apparent from the following detailed description, may be achieved by
      means of the apparatus depicted in and set forth in this specification in
      connection with the accompanying drawings.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section of view of a slow descender shown as a first
      embodiment of this invention.
PAR  FIG. 2 is a partially cut-away left side view of FIG. 1 which shows a
      mechanical braking means.
PAR  FIG. 3 is a section along line A--A of FIG. 1, illustrating the clutch
      device, in which the left half of one of the hooked discs 26 and the
      associated parts are cut away and some parts have been removed for the
      sake of clearness.
PAR  FIG. 4 is a partial elevational view, illustrating the swaying claws and
      the associated parts of the clutch.
PAR  FIG. 5 is a section along line B--B of FIG. 1.
PAR  FIG. 6 is a detailed drawing which shows the arrangement of the control
      valve of FIG. 5.
PAR  FIG. 7 is a section along line C--C of FIG. 1, viz. a side view which shows
      the relative positions between a rope pulley and rope guide pulleys when
      no load is applied.
PAR  FIG. 8 is a view similar to FIG. 7, but showing the situation in which the
      rope guide pulleys are swayed by a load applied to the rope.
PAR  FIG. 9 is a partial elevational view, showing rope holding rollers.
PAR  FIG. 10 is a side view, showing the rope holding rollers of FIG. 9.
PAR  FIG. 11 is a side view which shows a guide plate for preventing the jumping
      up of the rope.
PAR  FIG. 12 is a drawing which shows a second embodiment of this invention in
      such a form that the mechanical speed multiplying device is made as a
      two-stage spur gear speed multiplying device, the oil-hydraulic means is
      of the vane pump type and the clutch device is omitted.
PAR  FIG. 13 is a partial section along line B--B of FIG. 1 and shows another
      embodiment of an oil-hydraulic section in addition to the one shown in
      FIG. 5.
PAR  FIGS. 14 and 15 are drawings which show an example of a means for
      controlling the start of the slow descender by locking the rope.
PAR  FIGS. 16, 17 and 18 are drawings which show a second example of a start
      controlling means which locks the rope pulley.
PAR  FIGS. 19 and 20 are drawings which show an example of an emergency lock
      fitting.
PAR  FIG. 21 is a drawing which shows an example of a whirl preventive device.
DETD
PAC  DESCRIPTION OF PREFERRED EXEMPLIFICATION
PAR  Referring now to the accompanying drawings, especially FIG. 1, 1 denotes a
      rope pulley rotatably supported on a shaft 2 which is rotatably mounted
      within a casing.
PAR  On the periphery of the rope pulley, a V-shaped groove 4 is formed for
      receiving a rope 3.
PAR  The rope pulley 1 is, on the left side of FIG. 1, connected with a
      centrifugal, mechanical friction braking means 7 through a mechanical
      connective device 6 which is shown as a planetary speed multiplying
      gearing. As shown on the right side of FIG. 1, the rope pulley is also
      connected with an oil-hydraulic braking means 9 through a clutch 8.
PAR  The planetary speed multiplying gearing comprises a large planetary gear 12
      fixed to the pulley 1 with bolts or pins 10, three intermediate planetary
      gears 14 which are rotatably supported with immovable shafts 13 and
      engaged with the gear 12, and a sun gear 15 which is rotatably supported
      with the shaft 2 and engaged with the gears 14. The hub portion of the sun
      gear 15 is extended toward the left side of FIG. 1 and connected with a
      rotor 16 of the mechanical friction braking means 7 by a key. The rotor 16
      is generally formed so that it has wide trenches 17 opening radially
      outwardly between its circumferential flanges which are connected wiith
      the boss portion of the rotor by ribs. Within the circumferential trenches
      plural weights 20 are provided. Each weight is separated from the others
      by radially extending walls 19 of the rotor 16 (Ref. FIG. 2). The weights
      20 are freely movable in the radial direction within the circumferential
      trenches 17, but their movement in the circumferential direction is
      restricted by the walls 19. A friction lining or pad 21 which cooperates
      with the weights 20 is secured on the interior wall of housings 47, 48 and
      when the weights 20 move outwardly in the radial direction by a
      centrifugal force, they engage the friction lining 21 and a braking
      resistance is given to the pulley 1 through the weights 20, the walls 19,
      the key between the rotor 16 and the gear 15, and then via the planetary
      gearing 6.
PAR  Now referring to FIGS. 1, 3 and 4, a driving plate 23 of the clutch device
      8 is fixed to the pulley 1 with pins or bolts 10 and is adapted to rotate
      together with the pulley 1. The driving plate 23 is a generally cup-shaped
      member and on its interior periphery projections 24 are formed and project
      inwardly in the radial direction. To the driving plate 23 two hooked discs
      25, 26 are fixed to form a unitary member.
PAR  Half of each of the hooked discs 25, 26 are shown in FIG. 3, and driving
      hook portions 27 of each of the discs are faced to those of the other
      disc, namely, they are arranged in opposite directions.
PAR  According to the rotation direction of the pulley 1, either of the discs
      25, 26 actuates the oil-hydraulic braking means to rotate through swaying
      claws 28 or 29, which will be detailed subsequently. Faced to the driving
      plate 23, a sub-cooperating plate 30 is fixed to the shaft 2 with a key or
      other convenient means and rotates together with the shaft 2.
PAR  As shown in FIGS. 3 and 4, swaying claws 28, 29 are movably fixed on the
      sub-cooperating plate 30, and in the engaging positions shown as 28B, 29B
      in FIG. 3, the swaying claws 28, 29 are engaged with the driving hooks 27
      on the hooked discs 25, 26. Usually, however, the claws 28, 29 are biased
      by springs 31 in the positions shown as 28A, 29A in FIG. 3. When the
      driving plate 23 rotates, the projections 24 strike against the swaying
      claws 28, 29 and make them sway, and when the rotation speed of the pulley
      1 becomes fast enough, the extent of their swaying also increases to an
      extent that the swaying claws 28, 29 become engaged with the hooks 27 on
      the disc 25, or 26 as is shown in 28B or 29B, and thus the rotation of the
      pulley 1 is transmitted to the sub-cooperating plate 30 through the
      swaying claws 28 or 29. When the rotation speed of the pulley 1 is
      lowered, the springs 31 are actuated to disengage the swaying claw 28 or
      29 from the members 25 or 26.
PAR  At the right end of the shaft 2, the oil-hydraulic braking means 9 is
      connected through a spline 33. The oil-hydraulic braking means shown in
      FIGS. 1, 5 and 6 is of an inscribed gear pump type and comprises a rotor
      34 which is fixed to the shaft 2 and rotated, and an eccentric ring 36,
      the inner periphery of which constitutes an oil-hydraulic chamber 35
      between the periphery of the rotor. The eccentric ring 36 can be rotated
      eccentrically relative to the shaft 2 within a housing 50. In the
      oil-hydraulic chamber 35, suitable hydraulic oil is enclosed.
PAR  When the rotor 34 rotates, within the oil-hydraulic chamber, a high
      pressure section and a low pressure section are created, and by means of
      controlling the communication between the high pressure section and the
      low pressure section, the oil-hydraulic braking power can be regulated.
PAR  For this purpose passages 37, 37' are provided in the axial direction, a
      passage 38 is provided in the tangential direction and a controlling valve
      39 is also provided. By turning the valve 39, the flow rate of the
      oil-hydraulic fluid flowing through the passage 38 can be controlled and
      thereby the braking power generated by the oil-hydraulic braking means 9
      can be controlled.
PAR  FIG. 7 is a partially broken-away drawing showing the arrangement of the
      rope pulley 1 and small rope guide pulleys 61, 62. A rope 3 wound about
      the periphery of the rope pulley 1 is guided by the small guide pulleys
      61, 62 and another pulley 60, which are shown in the drawing. The pulleys
      60, 61 and 62 are rotatably supported between common supporting plates 63,
      64 with pins 66, and the supporting plates 63, 64 and the pulleys 60, 61,
      62 are swingably pivoted on one or both of supporting plates 45, 46, (Ref.
      FIGS. 1 and 12) with a pin 65.
PAR  When a load is applied to the rope 3, the rope 3a on the side where the
      load is applied, swings the supporting plates 63, 64 and the pulleys 60,
      61, 62 in the counterclockwise direction around the pin 65 (Ref. FIG. 8),
      and the pulley 61 moves in a direction away from the vertical line and
      moves away from the center of the pulley 1. Consequently, the curvature of
      the rope 3a around the pulley 61 is decreased and the service life of the
      rope will be remarkably prolonged. A result of tests carried on with a
      slow descender of the type shown in FIGS. 7 and 8, where the small guide
      pulleys 61, 62 are arranged in this manner, the life of the rope until it
      was worn, turned out to be increased more than three times, compared with
      the result when using a machine of the type in which the positions of the
      pulleys are fixed. These results were recorded when the tests were carried
      out using a wire rope having a core diameter of 5 - 6 mm and coated with
      entwined cotton yarn (with a diameter of 10 - 12 mm).
PAR  In arrangement of FIG. 8, the distance between the rope 3a and the rope 3b
      will increase when the load is applied, which will also be effective in
      avoiding entanglement between the rope positions 3a, 3b.
PAR  In FIGS. 1, 7 and 8, the pulleys 60, 61, 62 are supported by the common
      supporting plates 63, 64 and swing around the pin 65. When the load is
      applied, the pulley 62 moves in a direction approaching to the vertical
      line X--X of the machine and the pulley 1, and the curvature of the rope
      3b around the pulley 62 increases, namely, owing to the movement of the
      pulley 62, the contact angle between the rope 3b and pulley 1 becomes
      increased. Subsequently this will compensate for the decrease in the
      contact angle between the rope on the 3a and the pulley 1.
PAR  The pulley 60, 61, 62 are shown as mounted on common supporting plates 63,
      64. Nevertheless it can be so arranged that the pulleys are supported
      respectively in an independent way, and in response to the actuation of a
      load upon the rope, the pulley 61 or 62 moves in the direction away from
      the vertical line X--X. For example, the pulleys 61, 62 can be
      respectively supported on a swingable lever loaded with a spring.
PAR  FIGS. 9 and 10 show rope holding rollers 51 disposed close to the
      circumference of the pulley 1, for reducing relative slipping between the
      pulley 1 and the rope 3 to substantially zero. In this case, it is
      desirable that one or more pairs of the rope holding rollers 51 be
      respectively biased against the rope 3 with springs 52.
PAR  Alternatively, as shown in FIG. 11, it is possible to provide a guide plate
      43 which prevents the jumping up of the rope, but unlike the illustration
      shown in FIGS. 9 and 10, the guide plate 43 does not function to prevent
      relative slipping between the rope and the pulley. In FIG. 1 the numeral
      44 is a hook for a slow descender to be installed in an appropriate place,
      and 45, 46, 47, 48, 49 and 50 are immobile members constituting a housing.
      Additionally, various other bearings, keys, bolts, nuts, packings, guard
      covers and so on are appropriately disposed, but the explanation of them
      will be omitted.
PAR  FIGS. 12 and 13 depict a second embodiment of this invention. The rope
      pulley 1 actuates a centrifugal friction braking means 7 through a
      mechanical connecting device 6, which is shown as a two-stage spur gear
      speed multiplying device, and further, the rope pulley 1 directly drives
      an oil-hydraulic braking means 9 of a vane pump type through the shaft 2
      which is fixed to both of the means 7, 9 with respective keys.
PAR  The oil-hydraulic braking means comprises a housing 70 which defines an
      eccentric pump chamber, a rotor 71 which is fixed to the shaft 2 with a
      key, and pistons, viz. vanes 72 which are mounted on the rotor 71 and move
      in a sliding manner in the radial direction. In the pump chamber, a
      suitable hydraulic oil is enclosed. When the rotor is rotated within the
      pump chamber, a high pressure section and a low pressure section are
      created and a braking force is produced. A valve, corresponding to the
      valve 39 explained in relation to the first embodiment, may be provided
      between the above high pressure section and the above low pressure
      section, thereby controlling the braking power.
PAR  Furthermore, in FIG. 12 the broken line 73 indicates a cover enclosing an
      entire slow descender, the purpose of which is to prevent the driving
      parts, such as gears and so on, from being exposed to the exterior and
      from being contaminated with dust or moisture. The cover can be made of an
      appropriate material and with an appropriate construction.
PAR  As is apparent from the above description, the slow descender according to
      this invention enables persons to descend with safety under various
      conditions and reduces the wear of the rope to the minimum.
PAR  In utilizing the slow descender according to this invention, people will
      not feel any fear that the speed of the movement of the rope might become
      excessive, and moreover, they can easily keep themselves from starting the
      descent by using a simplified start controlling device. FIGS. 14 and 15
      show one embodiment of such a start controlling device.
PAR  In FIG. 14, a supporting plate 46 extends below the guide pulley 60, and
      projections 80 are provided in the face of the normal running course of
      the rope. A holding plate 81 is so provided as to either approach the
      supporting plate 46 or retract therefrom. The holding plate 81 has an arm
      90 which passes through a hole 82 in the supporting plate, and to one end
      of the arm 90 a lever 84 is fixed through a pin 83. On the lever 84 there
      is formed a cam face 85, so that when the lever 84 is turned in the
      direction indicated by arrow G as is shown in the drawing, the holding
      plate 81 will retract to the position shown by a chain line, and thereby a
      sufficient space for the rope to run between is formed between the holding
      plate 81 and the supporting plate 46. On the holding plate 81, there are
      also formed suitable projections 86 which cooperates together with the
      projections 80 on the supporting plate 46, and define a curved course H-J
      for holding the rope in the locking position shown with a solid line. The
      end portion 87 of the lever 84 is made wide enough to be readily grasped,
      and is also connected to a pulling string 88 having a gripping ball 89 at
      its end.
PAR  The illustrated device has a very simplified construction, but when the
      slow descender of this invention is equipped with the above device, in
      case of escape, it is possible to allow refugees to keep from starting the
      descending movement by holding the lever 84 in the position shown with the
      solid line, and also it is possible to start the descending movement,
      merely by pulling the string 88 to move the lever 84 from the position
      shown with the solid line to the position shown with the broken line. This
      device is also useful for exercise and training in using this slow
      descender.
PAR  FIGS. 16, 17 and 18 show a second example of the start-stopping device.
      This device is suitable to be fixed, for example on the left end of the
      apparatus described in relation to FIG. 1, and the reference numerals 2',
      15' and 48' correspond respectively to the pulley shaft 2, the sun gear 15
      and the housing 48 in FIG. 1. Recesses 92 are provided in the axial
      direction on the periphery of a wheel 91 which is rotatably fixed on the
      axis of the sun gear 15'. A latch 94, having on its top a projection 93
      engageable with the recess 92, is slidably provided within holes 95, 96 in
      the radial direction and is pushed against the wheel 91 by a spring 97.
      The lower end of the latch 94 is bifurcated as shown in FIG. 16, and a
      roller 99 is rotatably mounted by a pin 98 within the bifurcated section.
      Into the bifurcated section there is inserted a ratchet wheel 100 which
      has ratchet teeth 101 on its outer periphery. The ratchet wheel 100 is in
      the form of a plate, and is provided with concave portions 102 and convex
      portions 103 forming a cam face on its inner periphery. These
      concave-convex portions cooperate with the roller 99, carrying out a
      camming function, whereby the latch 94 moves forward and backward in the
      radial direction relative to the wheel 91. To turn the ratchet wheel 100,
      a lever 104 is provided, and a ratchet claw 105 fixed pivotably with a pin
      106 is biased by a spring 107 (Ref. FIG. 18) so as to be always engaged
      with the external periphery of the ratchet wheel 100. A spring (not
      shown), always biases the lever 104 upward, to the position as shown in
      FIG. 17 by a solid line.
PAR  In FIG. 17, when the lever 104 is turned in the counterclockwise direction,
      for example by pulling a string 108, around the axis 109, the ratchet
      wheel 100 is turned by 1/12 the length of its circumference, and the
      roller is withdrawn against the spring 97 from engagement with the concave
      portion 102 to engagement with the convex portion 103, and the engagement
      between the latch 94 and the wheel 91 is released, thus the slow descender
      begins its movement. The lever 104 thereafter returns to the position
      shown with a solid line, and the ratchet claw 105 goes over a ratchet
      tooth 101 and is prepared for the driving of the next tooth. When the
      lever 104 is moved again in the counterclockwise direction, the ratchet
      wheel 100 is turned and the latch 94 is pushed toward the wheel 91 by the
      spring 97. When the wheel 91 turns and reaches a position where the
      peripheral recess 92 can be engaged with the projection 93, the latch 94
      moves forward and stops the rotation of the wheel 91.
PAR  The mechanism which directly latches a driving shaft of a mechanical
      breaking means or a pulley shaft provides a reliable locking mechanism
      especially at the beginning of descent and also does not make injure the
      rope at all, making this brake very useful. Instead of the wheel 91 and
      the latch 94, it is also possible to provide a drum brake, a band brake, a
      disc brake or a cone brake etc., and also to operate the brake by a hand
      lever.
PAR  FIGS. 19 and 20 show a lock fitting for connecting to the rope for
      emergencies, which enables a person equipped with a safety belt and the
      lock fitting to descend by a slow descender. A casing 110 is formed to
      have a generally annular cross-section, and is fixed on the rope in an
      appropriate position under the body of the slow descender, and a rope 111
      is guided as illustrated. An almost fan-shaped holding plate 112 is
      pivotably supported by a pin 113, and a side of the holding plate 112 is
      provided with small projections 114 as to be engaged with the rope. The
      holding plate 112 is biased by a spring 115 so that the small projections
      114 can always be engaged with the rope. To release the engagement between
      the rope and the plate 112, a lever 116 is pivotably mounted by the pin
      113, and a bifurcated portion 117 formed at the end of the lever 116 is
      engaged with the holding plate 112 by means of a pin 118. The casing 110
      is provided with a cut out portion 119 to allow the insertion of the rope.
      The holding plate 112 is pushed in such a direction as to be always
      engaged with the rope 111. A pair of members 112-119 are provided in
      symmetrical positions on the casing 110.
PAR  In case of use, a descender who has bound his body with a safety belt
      fixed, for example, through a belt fixing hold 120, holds the lever 116,
      and inserts the rope into the position shown in FIG. 19 through the
      position adjacent to the cut off portion 119, and then releases the levers
      116. The holding plates 112 approach the rope, and in whichever direction
      the rope may be pulled, either of the holding plates 112 secures the rope
      by the wedging action, and the fitting can be locked to the rope.
PAR  In this way, by previously binding people with a safety belt fixed to the
      lock fitting, it becomes possible to descend by fixing the lock fitting to
      the rope quite easily and reliably. Therefore the effectiveness of use of
      the slow descender can be remarkably increased. In some cases it takes
      more than 1 minute for an unfamiliar person to securely bind his body with
      a safety belt already fixed to the slow descender, but when using this
      fitting the belt-binding can be done in advance. By the way, some baskets
      and so on can be fixed to the fitting. After completing the descent, by
      gripping the levers 116 and thus releasing the fitting from the rope, one
      can quickly exit from the slow descender.
PAR  Usually in case of the descent using a slow descender, a rope is always apt
      to be whirled, owing to the twist of the rope and some force given
      outwardly.
PAR  This is accordingly, a great deal of trouble in using the slow descender.
      According to this invention, this problem has been resolved by providing a
      whirl preventing device between the lower end of the rope and the belt.
      FIG. 21 shows an example of the whirl preventing device and 121 indicates
      a hanger bolt which is adapted to be fixed to the lower end of the rope in
      an appropriate manner. The hanger bolt 121 is connected with a hanger
      clasp 123 through a thrust bearing 122, and to the lower end of the hanger
      clasp 123 a belt 125 is fixed through a pin 124 and a sleeve 126. The
      thrust bearing 122 may be a ball bearing of the single row or double row
      type. Accordingly, it can be so made that only the load in the axial
      direction always acts on the thrust bearing. Thus even if a force is
      exerted on the rope that might cause it to be twisted, the person who
      descends with the belt binding his body is not affected by it. And as the
      rope itself is not affected by the turning force of the descending person,
      almost no whirling occurs during the descent.
PAR  In 20 performed tests, in which a weight of 200 kg was made to descend from
      a height of 15 meters, there was not recorded more than one turn, when
      using this device.
PAR  As it has become apparent by the foregoing description, the slow descender
      of this invention can not only be used for escape from a fire of a
      high-storied building and to secure the safety of human life, but also can
      be widely utilized for descending from a height. For example the slow
      descender is also useful for rescue of a sufferer in a falling accident in
      mountains, and for emergent escape from a rope way etc.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a slow descender of the type including a frame; means for connecting
      said frame to a building or the like; a rope pulley, rotatably mounted on
      a shaft supported on said frame, and adapted to guide around a portion of
      the periphery thereof a load supporting rope; and a braking apparatus for
      restricting the rotational speed of said rope pulley; the improvement
      wherein said braking apparatus comprises:
PA1  a mechanical braking means positioned on a first axial side of said rope
      pulley and comprising:
PA2  a non-rotatable lining mounted on said frame and having a V-shaped friction
      braking surface;
PA2  a rotatable centrifugal braking device including rotatable weights urgable
      by centrifugal force upon rotation into contact with said friction braking
      surface; and
PA2  a mechanical accelerating device connecting said rope pulley and said
      centrifugal braking device and including a ring gear connected to said
      rope pulley to rotate therewith, plural intermediate planetary gears
      rotatably positioned on respective stationary shafts and meshing with said
      ring gear, and a sun gear meshing with each of said planetary gears and
      connected to said centrifugal braking device for rotating said weights;
      and
PA1  an oil-hydraulic braking means positioned on a second axial side of said
      rope pulley and including an oil chamber sealed from the atmosphere, and a
      rotatable element drivably connected to said rope pulley and positioned in
      said oil chamber.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein said centrifugal braking
      device is, non-rotatably mounted on said shaft.
NUM  3.
PAR  3. The improvement claimed in claim 1, further comprising clutch means
      connected to said rope pulley and to said rotatable element of said
      oil-hydraulic braking means for interrupting the connection therebetween
      when the rotation speed of said rope pulley decreases below a
      predetermined value.
NUM  4.
PAR  4. The improvement claimed in claim 3, wherein said oil chamber is
      eccentrically disposed about said shaft, and said rotatable element
      comprises a cylindrical rotor fixed to said shaft and having a plurality
      of radially movable vanes, said rotor being rotatable in said oil chamber.
NUM  5.
PAR  5. The improvement claimed in claim 3, wherein said rotatable element
      comprises an inscribed gear pump type rotor.
NUM  6.
PAR  6. The improvement claimed in claim 3, wherein said clutch means comprises
      a driving plate connected to said rope pulley, members fixed to said
      driving plate and presenting circumferentially oppositely directed hook
      portions, plural claw devices pivotally connected about axes fixed with
      respect to said shaft, and means on a periphery of said driving plate for
      urging a portion of said plural claws into engagement with a portion of
      said hooked portions when the rotation speed exceeds said predetermined
      value, thereby transferring rotation of said rope pulley to said shaft and
      to said rotatable element.
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ABST
PAL  An apparatus adapted for use in moving objects, such as mired vehicles,
      removing submerged or grounded boats from their mired condition and
      pulling them up on land to be repaired or loaded on trailers or the like,
      moving small buildings, etc. The apparatus is endowed with unusual
      versatility for it is adaptable to a great many uses. In many use
      circumstances the apparatus may be carried in a vehicle or the like for
      emergency use since it is composed of relatively few components so that
      under these circumstances it is in effect a portable kit. The components
      forming the apparatus may be easily set up into operative condition and
      operated by one person to perform its function. The puller apparatus
      comprises a fixed element which may be removably embedded in the ground in
      certain use circumstances and in other uses may be removably attached to a
      stationary member. A manually operative winch is attached to the fixed
      element and is operable to produce pulling movement on a rope or cable
      which is wound about the winch at one end and is removably attached at the
      other end thereof to the object which is desired to be moved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While power generation devices, such as winches, are well known, as far as
      I am aware, prior to my invention there has been no such combination of
      elements, including a winch, which produces in a novel manner the results
      obtained by the combination of this invention.
PAR  The apparatus of this invention is portable and may be used in
      substantially any environment to move objects, and one of the many
      advantageous characteristics inherent in this innovation is the fact that
      the apparatus may be set up into operating condition by one person and may
      be operated by one person to generate the necessary power to move
      relatively heavy objects. It is to be recognized that it may also be
      disassembled into inoperative condition by one person.
PAR  Since the components of which the pulling apparatus is composed are
      relatively few in number, the apparatus is portable and may be carried in
      a vehicle as a puller kit or carried from place to place by any suitable
      means. Not only may this apparatus be used with facility in an outdoor
      environment, but it may be used with equal facility in an indoor area and
      for such use an arrangement is provided whereby a component of the
      apparatus is attached to an immovable element in the indoor area. It is to
      be appreciated that it may be set up, operated, and disassembled by one
      person whether it is used in an indoor or outdoor environment.
PAR  The components of the apparatus are relatively inexpensive to produce and
      are of simple construction and operate so that the assembler thereof, and
      the operator thereof, need have no special training in order to use it.
PAR  In the use of this apparatus it is essential that a member be provided
      which may be fixed in immovable position and is adapted to mount the
      winch. This member must be endowed with sufficient strength to withstand
      the bending and moving strains and stresses which will be applied to it
      when the winch is operated.
PAR  I have developed a member for this particular purpose which has the
      necessary strength characteristics, while not being cumbersome or unduly
      heavy. This member is adapted to be removably embedded in the ground in
      immovable position or to be removably attached to a fixed element in a
      building or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective illustrating the various components of the
      apparatus in operative position for moving an object.
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 3.
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view through the member which is fixed when the
      apparatus is in operative position, particularly illustrating the
      strengthening means with which this member is provided.
PAR  FIG. 5 is a perspective view of a further form of the apparatus, with parts
      thereof broken away, illustrating the member which mounts the winch
      releasably attached to an immovable element.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawings I have used the numeral 1 to designate in its
      entirety the fixed member of the components of the entire apparatus. The
      fixed member 1 is of elongated shape in the nature of a post and is
      pointed at its lower end, as at 3, so that it may be embedded in the
      ground 5 with facility. When the member 1 is sufficiently embedded in the
      ground to extend upward therefrom a desirable distance it will be
      appreciated that the member 1 will be fixed in the ground against any
      lateral movement which might otherwise be imparted thereto when the
      apparatus is being operated to move an object. A winch designated
      generally by the numeral 7 is mounted in any suitable manner adjacent the
      upper end of the fixed member 1. In the conventional manner of winches a
      rope or cable 9 is coiled about the drum of the winch as at 11. The free
      end of the rope or cable 9 is provided with a hook (not shown) which is
      adapted to be removably attached to a fixed point on the object to be
      moved. As one example, from among many, I have illustrated the object to
      be moved as being a vehicle 11 which may be mired or otherwise inoperative
      and it is desired to move it out of its mired position and towards the
      fixed member 1 and winch 7.
PAR  The winch 7 may comprise a generally U-shaped bracket, comprising a back 13
      and two spaced apart forwardly projecting arms or sides 15 which are
      preferably, though not necessarily, formed integral with the back 13.
      Rotatably mounted in and extending between the sides 15 is a drum 17 about
      which is coiled, in the usual manner, a rope or cable 9, as at 11. The
      drum is rotatably journaled in and extends between the sides 15 of the
      bracket. Fixed to the drum 17 at one end thereof is a large diameter
      multi-toothed gear 19. I provide a reduced diameter multi-toothed gear 21
      which is in mesh with the large diameter gear 19. The gear 21 is fixed on
      a shaft 22 which is journaled in and extends between the sides 15 of the
      bracket. The shaft 22 extends outwardly beyond one side 15, as at 23, and
      fixed to such extension 23 is manually operated crank means 25. It will
      now be recognized that when the crank means 25 is manually operated gear
      21 will be rotated and cause power generating rotation in the gear 19 to
      thereby rotate the drum 17 to cause the rope or cable 9 to be wound upon
      the drum. In order to releasably maintain the drum in any rotated position
      a pawl 27 is pivotally mounted on a side 15 so that its nose may be
      pivoted into locking or unlocking position with respect to the teeth 29 of
      the reduced diameter gear 21.
PAR  As I have mentioned above, the fixed member 1 must be endowed with
      sufficient strength to withstand the bending strains which are imparted to
      it when it is embedded in the ground and when the winch 7 is operated to
      move an object. I have evolved an ingenious fixed member which has these
      necessary and requisite strength characteristics. The fixed member 1
      comprises an elongated base 31 which is pointed at its lower end as at 3
      so it may be forced the necessary distance into the ground. The
      strengthening means for the member 1 which provides in effect a
      "strongback" member comprises a tee shaped spine designated generally by
      the numeral 33. This tee shaped spine extends from the top of the fixed
      member 1 a distance downwardly therealong to a point adjacent to but
      upwardly spaced from the point 3 of the member 1. The tee shaped spine
      member 33 consists of a base 34 which is preferably, though not
      necessarily, of less width than the width of the base 31 and is provided
      with an upstanding strengthening rib 37. The tee shaped spine 33 may be
      integrally formed with the base 31 or securely attached thereto in any
      suitable manner and the tee shaped spine is preferably formed on the fixed
      member 1 to extend along the rear side thereof, that is, the side thereof
      which is removed from the side to which the winch 7 is attached.
PAR  It will now be apparent that the all round puller which is disclosed in
      this invention consists of a fixed member on one end of which is attached
      a winch which is adapted to wind a rope or cable about the drum thereof.
      The free end of the rope or cable is provided with a hook which is adapted
      to be removably attached to the object to be moved. These components of
      which the apparatus is composed are portable, may be carried in a vehicle
      at all times to be operated when desired to move an object. I have
      explained that this apparatus may be used in a variety of situations, and
      to move a variety of objects with facility, and that it may be set up in
      operative position by one person and may be operated by one person to
      accomplish its purpose of moving an object.
PAR  As one example, from among many, of the uses to which this apparatus may be
      applied is its use in an outdoor environment for removing a mired or
      otherwise inoperative vehicle as particularly shown in FIG. 1 of the
      drawings. In this instance, the apparatus, comprising the components
      mentioned above, is carried in the vehicle and when the vehicle becomes
      mired or otherwise inoperative, it is merely necessary to remove the
      components of the apparatus from their stored position in the vehicle and
      to embed the fixed member 1 into the ground a sufficient distance so that
      the winch 7 may be operated. The rope or cable 9 is unwound from the drum
      of the winch and the free end of the rope or cable, which is provided with
      a hook (not shown), is attached to the vehicle by means of the hook. The
      operator of the apparatus after it has been set up and attached to the
      vehicle as described, then merely manually operates the crank 25 to cause
      the drum of the winch to rotate and wind the rope or cable thereon to pull
      the vehicle from its mired or otherwise inoperative position. This is not
      a difficult task since the winch through its gearing generates sufficient
      power to move the vehicle. It is also within my contemplation to use a
      motor or any suitable power means instead of manual means to operate the
      winch.
PAR  In FIG. 5 of the drawings a form of the invention is illustrated which is
      particularly adapted for use in an indoor environment or in any
      environment which may be provided with floors or base surfaces of concrete
      or of any material which is impenetrable by the pointed end of the fixed
      member 1. In the description of this form of my invention I shall use the
      same reference numerals heretofore used to describe similar elements.
PAR  Upstanding posts are usually fixed to the base or floor to extend upwardly
      therefrom to the ceiling or like, and I have used the numeral 39 to
      designate one of these fixed posts which in the operation of this
      particular form of apparatus functions as an immovable element. In this
      form of the invention the fixed member 1 is provided with a pair of
      longitudinally spaced apart linked chains 41. Each of such chains being
      fixed or anchored at one end to the fixed member, as at 43, and the other
      end of each chain is provided with a hook 45 which is removably attachable
      to any suitable lug or the like which is provided on the fixed member 1.
      In the use of this form of my invention the fixed member 1 is releasably
      attached to the post 39 by means of the chains 41 which are extended about
      the post from the anchored end 43 so that the hook 45 may be removably
      fixed to a lug or the like which is provided on the fixed member 1.
PAR  It will now be appreciated that with the chains 41 embracing the post and
      fixed at each end to the fixed member 1 the fixed member 1 will be
      removably attached to the immovable element or post 39 so that the fixed
      member 1 will be immovable and the winch may be operated in the same
      manner as it will be operated in FIG. 1 of the drawings. By using a link
      chain it will be understood that the length of the chain may be varied in
      order to fit posts of differing thicknesses. It is further to be
      recognized that in this form of my invention the fixed member 1 may or may
      not be provided with the pointed end 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for moving objects, including, in combination, an elongated
      fixed member, a winch mounted on said fixed member adjacent one end
      thereof, a cable operatively connected to said winch and coilable thereon
      upon operation of the winch, said cable being removably affixed to an
      object to be moved and said fixed member being provided with means causing
      said fixed member to be rigid and immovably fixed in a desired position,
      wherein said means is provided on and extends along a major portion of the
      length of said fixed member and comprises a base having two substantially
      flat faces, one of said faces being in fixed engagement with a surface of
      said fixed member, an upstanding strengthening rib being provided on the
      other face of said base and extending longitudinally therealong, and one
      of the ends of said fixed member being pointed for embedment in the
      ground.
NUM  2.
PAR  2. An apparatus for moving objects in accordance with claim 1, wherein said
      means extends longitudinally along and from one end of said fixed member
      to a point adjacent to but spaced from the pointed end of said fixed
      member, and said means is of reduced width relative to the width of said
      fixed member and said means extends along a side of the fixed member which
      is removed from the side thereof to which said winch is attached.
NUM  3.
PAR  3. An apparatus for moving objects in accordance with claim 1, wherein said
      strengthening rib is of reduced width relative to the width of said base.
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ABST
PAL  A vehicle winch comprising a cable drum and a winch operating device
      arranged in operating engagement with said cable drum via a transversely
      extending transmission shaft mounted in bearings supported by the ordinary
      side beams of the vehicle chassis. The cable drum and the winch operating
      device being external of a respective one of the frame side beams.
BSUM
PAR  The present invention relates to a vehicle winch of the type comprising a
      cable drum and a winch operating device which is in driving engagement
      with the winch drum via transmission means which extend substantially
      perpendicularly to the longitudinal direction of the vehicle.
PAR  It is previously known to mount winches on vehicles both at the front and
      rear of the vehicle and on the side thereof. The advantage obtained with a
      winch mounted on one side of the vehicle, for example on a longitudinally
      extending beam on the vehicle chassis, is that the winch can be used to
      lift objects in front of and behind the vehicle, without it being
      necessary to move the winch relative the chassis.
PAR  Present day winches which are mounted on one side of a vehicle, however,
      are encumbered with a number of disadvantages, since the winch operating
      device, which is normally a hydraulic motor or an electric motor, and the
      cable drum are mounted on one of the longitudinally extending beams of the
      vehicle chassis, in a manner such that said device and said drum extend
      excessively perpendicularly to the long axis of the vehicle, thereby
      limiting the possibilities of selective positioning of the winch along the
      vehicle beam. This is particularly true when the drum and the winch
      operating device are placed as a unit externally of the side beam.
      Furthermore, this arrangement of the winch and the operating device make
      it difficult to reach the different parts of the winch and, above all, it
      is not possible to give a winch mounted on a vehicle side beam sufficient
      stability, since correctly dimensioned bearings cannot be arranged on the
      beam, since otherwise the beam would be excessively weakened. Furthermore,
      the distribution of weight and tension loads becomes unfavourable when
      only one of the two vehicles side beams support the drum and winch
      operating device, this beam being subjected to the loads caused by the
      object being lifted by the winch.
PAR  An object of the present invention is to eliminate or to substantially
      reduce the disadvantages encountered with previously known vehicle
      winches. Accordingly the vehicle winch of the present invention is mainly
      characterized in that the winch drum and the winch operating device are
      each arranged externally of a respective beam extending in the
      longitudinal direction of the vehicle, and in that the drum and/or the
      winch operating device are removably mounted to the transmission device.
DRWD
PAR  So that the invention will be more readily understood and further features
      thereof made apparent, a vehicle winch constructed in accordance with the
      invention will now be described by way of example only with reference to
      the accompanying drawing, the single FIGURE of which is a top plan view,
      partially in section, of a winch according to the invention.
DETD
PAR  In the drawing there is shown a vehicle, such as a lorry, comprising a
      cabin 2, a rear axle 4 having two wheels 6 mounted thereon, a chassis
      having two side beams 8 and 10 and a number of transverse beams 12 riveted
      to the side beams, and a rear bumper or fender 14. Extending between the
      side beams 8 and 10 and between the wheels 6 and the cabin 2 is a tube 16
      which may be of square cross section and which accommodates, and therefore
      protects, a shaft 18; the tube 16 may be secured to the side beams 8 and
      10 as by welding, and may comprise an original transverse beam of the
      vehicle. The shaft 18 is either securely connected to or detachably
      connected to a motor 20 for operating the winch, said motor being mounted
      to the beam 10 and being driven from a power output device (not shown)
      located in the vehicle. The shaft 18 is mounted in two slide or roller
      bearings 22 and 24 which are located in the side beams 8 and 10. The shaft
      18 is provided at its end remote from the motor 20 with splines 26 and
      threads 28. A cable drum 30 whose center hole is provided with splines
      (not shown) along the whole length thereof is mounted on the portion of
      the shaft 18 provided with splines 26. A U-shaped support beam 32 is
      securely screwed to the side beam 8 and serves to protect the drum 30 and
      as an additional bearing point at 38 for the shaft 18. A nut 40 is
      threaded on the threaded end of the shaft 18 and abuts the beam 32. A wire
      or rope 42 is attached to the drum 30 and is passed over or under the
      support beam 32. The rear fender 14 is provided with horizontally and
      vertically arranged rollers 44 which are intended for the rope 42 and
      which take up oblique loads.
PAR  When dismantling the winch, the nut 40 is removed from the threads 28 of
      the shaft 18 whereafter the motor 20 with the shaft 18 can be withdrawn
      through the tube 16. The cable drum 30 is released thereby and can be
      lowered down onto the ground, for example. The winch is assembled in the
      reverse order of steps.
PAR  As will be evident from the aforegoing and from the drawing, there is
      provided a vehicle winch whose cable drum and winch operating device are
      arranged externally of the two outer vehicle side beams, with which
      arrangement the load exerted on the winch is distributed over both the
      side beams and the winch components are readily reached for exchange and
      servicing purposes. Furthermore, the winch is supported by at least two
      bearing points and the cable drum and the motor can be readily moved from
      one vehicle to another.
PAR  Although the invention has been described with reference to a particular
      embodiment thereof it is not restricted to this embodiment but can be
      modified within the scope of the accompanying claim. Thus, the motor 20
      may be detachably mounted to the shaft 18 and the drum 30 may form a
      non-dividable unit with the shaft 18, Alternatively, both the drum and the
      motor may be detachably mounted to the shaft. The support beam 32 may be
      omitted and the motor 20 may be provided with a beam similar to the
      support beam 32. Furthermore, although with the described embodiment the
      winch operating device has the form of a motor, it will be readily
      perceived that any appropriate winch operating device may be used.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination of a vehicle having a frame with a pair of side beams and
      a vehicle winch comprising a cable drum and a winch operating device
      arranged in operating engagement with said cable drum via a transmission
      shaft which extends substantially perpendicularly to the longitudinal axis
      of the vehicle, and bearings positioned in said side beams operatively
      engaging said transmission shaft, the cable drum and the winch operating
      device being arranged externally of different ones of said side beams and
      at least one of the cable drum and the winch operating device being
      detachably mounted to said shaft,
PA1  a tube or a transverse beam at least partially encircles the shaft between
      the side beams, and
PA1  wherein said tube or said transverse beam comprises one of the original
      vehicle frame transverse beams.
NUM  2.
PAR  2. A combination of a vehicle having a frame with a pair of side beams and
      a vehicle winch, comprising,
PA1  a cable drum,
PA1  a transmission shaft which extends substantially perpendicular to the
      longitudinal axis of the vehicle,
PA1  a winch,
PA1  said winch arranged in operating engagement with said cable drum via said
      transmission shaft, bearings,
PA1  said bearings located in said side beams and operatively engaging said
      transmission shaft,
PA1  said transmission shaft extending laterally from each said side beam of the
      vehicle frame,
PA1  each said cable drum and said winch operating device located externally of
      different ones of each said side beam,
PA1  at least one of said cable drum and said winch operating device detachably
      mounted to said transmission shaft,
PA1  a support beam,
PA1  said support beam substantially U-shaped in horizontal section and having a
      base portion,
PA1  the ends of said support beam secured to a side beam so that said support
      beam extends laterally therefrom,
PA1  said support beam base portion engaging the end of said transmission shaft
      adjacent to said cable drum so that an additional bearing support is
      provided for said transmission end.
NUM  3.
PAR  3. A vehicle winch according to claim 2, wherein at least one end of said
      shaft and at least one of said cable drum and said winch operating device
      are provided with splines.
NUM  4.
PAR  4. A vehicle winch according to claim 2, wherein said bearings are slide or
      roller bearings.
NUM  5.
PAR  5. A vehicle winch according to claim 4, wherein a tube or a transverse
      beam at least partially encircles said transmission shaft between the side
      beams.
NUM  6.
PAR  6. A vehicle winch according to claim 5, wherein said tube or said
      transverse beam comprises one of the original vehicle frame transverse
      beams.
NUM  7.
PAR  7. A vehicle winch according to claim 5, wherein said winch operating
      device is a motor, bore walls in said side beams, and said slide or roller
      bearings fixedly supported by said bore walls.
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PAL  A construction fence post including a hollow tubular post having a C-shaped
      mounting bracket at the lower end thereof, a shank extending through the
      hollow tubular post and projecting outwardly thereof towards an oppositely
      disposed arm of the C-shaped clamp and drive means at the upper end of the
      post for driving the shank towards and away from said arm of the C-shaped
      clamp to releasably clamp a structure disposed therebetween. The shank is
      resiliently longitudinally compressible whereby the clamping force is
      maintained between the shank and the arm when the proportions of the
      structure which is disposed therebetween vary due to temperature
      variations or the like.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to end mounted construction fence post.
PAC  PRIOR ART
PAR  End mounted fence posts are used in the construction industry to support
      safety fences and are generally mounted on the edge of a floor of a
      building under construction. In the known devices a clamping mechanism is
      located at the lower end of the post which extends over the edge of the
      floor on which the post is to be mounted. A threaded drive mechanism is
      provided to effect the required clamping action. One of the difficulties
      of the known end mounted construction fence posts is that the threaded
      clamping mechanism is located such that it is necessary for the operator
      to lean over the edge of the floor in order to tighten or release the
      clamping mechanism. This is extremely dangerous in the construction of
      high rise buildings as the operator may easily lose his balance when
      attempting to make adjustments.
PAR  A further difficulty which has been experienced with the known end mounted
      construction fence construction posts is that the clamping mechanism makes
      no provision for variations in the thicknesses of the structure on which
      the post is mounted resulting from temperature variations and the like
      with the result that a minor contraction of the structure may release the
      clamping force and the minor expansion may make the release of the
      clamping mechanism extremely difficult. In addition, much of the operating
      mechanism of the clamping portion of the known fence posts is exposed and
      may be damaged in use or in storage to an extent which may make the
      operation of the clamping mechanism difficult or impossible.
PAC  SUMMARY
PAR  A further difficulty which has been experienced with the known end mounted
      construction fence posts is that the clamping mechanism may be released
      when the post is being used to support the safety fence. As a result it is
      possible for the known type of post to give the impression of being secure
      when in fact the post may be very insecurely mounted with respect to the
      structure on which it is mounted.
PAR  The present invention overcomes the difficulties of the prior art described
      above and provides a simple and efficient end mounted construction fence
      post in which the clamping operating mechanism is enclosed within the
      fence post and operable from the upper end of the fence post. The clamping
      mechanism also incorporates a resiliently compressible shank which
      maintains an adequate clamping load despite variations in the thickness of
      the structure on which the clamp is mounted resulting from temperature
      variations and the like.
PAR  According to an embodiment of the present invention there is provided an
      end mounted construction fence post which comprises a hollow tubular post
      having a C-shaped bracket mounted at the lower end of the post and opening
      laterally of the longitudinal axis of the post, a shank extending into the
      tubular post and having a lower end projecting outwardly from the lower
      end of the tubular post towards an underlying arm of the C-shaped bracket
      and drive means operable from the upper end of the post for driving the
      shank towards and away from the C-shaped bracket whereby the shank may
      cooperate with the underlying arm of the C-shaped bracket to releasably
      clamp the post to a structure disposed therebetween, the shank is
      resiliently longitudinally compressible whereby a clamping force is
      maintained between the shank and the arm of the C-shaped bracket when the
      proportions of the structure vary due to temperature variations or the
      like.
DRWD
PAC  PREFERRED EMBODIMENT
PAR  The invention will be more clearly understood after reference to the
      following detailed specification read in conjunction with the drawings:
PAR  FIG. 1 is a pictorial view illustrating the manner in which a construction
      fence post according to the present invention is employed,
PAR  FIG. 2 is a partially sectioned side view of an end mounted construction
      fence post according to an embodiment of the present invention,
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2, and
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2.
DETD
PAR  With reference to FIG. 1 of the drawings, the reference numeral 10 refers
      generally to an end mounted construction fence post according to an
      embodiment of the present invention. The fence posts 10 are mounted on the
      edge of a floor structure 12 and a safety construction fence 14 is
      suspended from hooks 16 which are integral parts of the drive mechanism of
      the clamping mechanism. It will be noted that when the safety fence is
      mounted on the members 16, the drive mechanism cannot be operated.
PAR  With reference to FIG. 2 of the drawings, it will be seen that an
      adjustable C-shaped clamp member 12 is mounted at the lower end of the
      tubular post member 72. The C-shaped bracket 12 is preferably welded to
      the lower end of the post 72 and has a lower arm portion 12a extending in
      a spaced underlying relationship with respect to the lower end of the post
      72. The post 72 has end plates 70 and 71 secured at either end thereof.
      The L-shaped leg member 60 of square cross-section extends through the
      square aperture 73 formed in the end plate 71 when the leg 60 is secured
      to the tubular member 62 by means of a compression spring 64. The
      compression spring 64 is preferably welded to the ends of the leg 60 and
      the tube 62. A nut 65 is mounted at the upper end of the tube 62 and
      threadably engages the threaded lower end of the shaft 68. The upper end
      of the shaft 68 which is not threaded, extends through the passage 75
      formed in the end plate 70. A collar 66 is secured to the unthreaded
      portion of the shaft 68 and cooperates with the head 74 to retain the
      shaft 68 in the position extending downwardly into the tube 62. Hook
      members 16a extend outwardly from the head 74 from which the fence 14 may
      be suspended as previously described with respect to FIG. 1 of the
      drawings.
PAR  The leg 60 has a lower portion 12b which is disposed in a spaced parallel
      relationship with respect to the arm 12a of the C-shaped bracket 12. The
      lower face of the arm 12b and the upper face of the arm 12a each have a
      hard rubber lever 13 mounted thereon which serves to increase the
      functional engagement with a concrete structure or the like.
PAR  In order to effect clamping the drive means is operated by rotating the
      head 74 by manually engaging the hooks 16a. Rotation of the head 74
      results in rotation of the shaft 68. Rotation of the shaft 68 drives the
      nut 65 longitudinally with respect to the threaded portion of the shaft
      68. In order to effect clamping, the head 74 is rotated in a direction
      which will cause the nut 65 to move downwardly. Downward movement of the
      nut 65 drives the tube 62 to which it is rigidly connected downwardly. The
      downward movement of the tube 62 causes the spring 64 and leg 60 to move
      downwardly. As a result of the downward movement of the leg 60, the edge
      of a floor 14 may be clamped between the portion 12b of the leg 60 and the
      portion 12a of the clamp 12. Continued downward movement of the nut 65
      causes the downward movement of the tube 62 which results in compression
      of the compression spring 64. The compression spring 64 serves to
      accommodate variations in the thickness of the floor member 14 resulting
      from temperature variations and the like.
PAR  It will be noted that when the fence 12 is suspended from the hooks 16a, it
      is not possible to rotate the head 74 of the drive means. As a result, the
      fence 12 serves to prevent tampering with the drive mechanism of the
      clamp. It will also be noted that by reason of the fact that the drive
      mechanism is located at the upper end of the post, it is readily
      accessible to permit authorized adjustment when such adjustment is
      required. In addition, it will be noted that all of the operating
      mechanism of the posts is enclosed within the tubular member 72 so that it
      is protected from damage in use and in storage. Furthermore, it is
      possible to operate the driving mechanism used for the clamping and
      release of the post without requiring the operator to lean over the edge
      of the floor so that as a result of the readily accessible drive
      mechanism, the operator is not placed in the hazardous location when
      attempting to make adjustments to the fence posts.
PAR  To increase the range of thickness of structure to which the C-shaped clamp
      may be applied, the vertical portion 15 of the C-shaped bracket is formed
      in two portions 17 and 19 which are connected by means of an intermediate
      post 21. The post 21 is welded to the portion 19 of the vertical portion
      15 and projects outwardly therefrom and is telescoped at its other end
      with the portion 17. The post 21 is formed with a plurality of passages 23
      which extend therethrough and which are alignable with passages 25 formed
      in the portion 17 of the vertical portion 15. The post 21 is adjustably
      secured with respect to the portion 15 by means of a bolt 27 which extends
      through the passages 23 and 25 and is retained by a nut 29. The adjustment
      provided by this structure is such that the post may be mounted on
      concrete floors ranging in thickness from 6 to 10 inches or the like. This
      manner of adjustment also serves to maintain the height of the arm 16a
      above the floor at a substantially constant level by reason of the fact
      that the amount of movement of the foot 12b required to effect clamping is
      quite small. In order to improve the stability of a fence when suspended
      from the arms 16a in use, an end cap 31 is removably mounted at the post.
      The cap 31 has U-shaped slots 33 extending inwardly from one end thereof
      to receive the arms 16a such that the cap 31 may rest on the end plate 70
      of the post 72. The cap 31 serves to maintain the vertical rigidity of the
      fence by preventing movement of the lower end of the fence in a direction
      away from the posts 10.
PAR  These and other advantages of the present invention will be apparent to
      those skilled in the art.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. An end mounted construction fence post comprising
PA1  a. a hollow tubular post having an upper end and a lower end and a
      longitudinal axis extending therebetween,
PA1  b. a C-shaped bracket mounted at the lower end of said post and opening
      laterally of said axis of said post, said C-shaped bracket having an arm
      spaced downwardly from and underlying the lower end of said post,
PA1  c. A shank extending into said hollow tubular post and having a lower end
      projecting outwardly from the lower end of said tubular post towards said
      arm,
PA1  d. drive means at the upper end of said post for driving said shank towards
      and away from said arm of said C-shaped bracket whereby said shank may
      cooperate with said arm to releasably clamp said post to a structure
      disposed therebetween,
PA1  e. said shank being resiliently longitudinally compressible whereby a
      clamping force is maintained between said shank and said arm when the
      proportions of said structure which is disposed therebetween vary due to
      temperature variations or the like.
NUM  2.
PAR  2. An end mounted construction fence post as claimed in claim 1 wherein
      said shank comprises a hollow tubular portion having an upper end and a
      lower end, a threaded nut mounted at the upper end of said hollow tubular
      portion, a compression spring extending downwardly from said lower end of
      said hollow tubular portion, a leg member extending downwardly from said
      compression spring, said compression spring providing said longitudinal
      compressibility of said shank.
NUM  3.
PAR  3. An end mounted construction fence post as claimed in claim 2 wherein
      said drive means includes a threaded stem mounted at the upper end of said
      post for rotation about said longitudinal axis and extending
      longitudinally downwardly into said post and threadedly engaging said
      threaded nut to drive said shank longitudinally of said tubular post, and
      means at the upper end of said threaded stem engageable from without said
      post to permit rotation of said stem.
NUM  4.
PAR  4. An end mounted construction fence post as claimed in claim 3 wherein
      said post has a passage opening through said lower end thereof adapted to
      slidably receive said shank and to prevent rotation of said shank with
      respect to said post.
NUM  5.
PAR  5. An end mounted construction fence post as claimed in claim 4 wherein
      said leg member of said shank has a laterally extending foot portion at
      the lower end thereof projecting inwardly of said C-shaped bracket in a
      spaced parallel relationship with respect to said underlying arm.
NUM  6.
PAR  6. An end mounted construction fence post as claimed in claim 1 including
      construction fence support means carried by said drive means and
      cooperating with said construction fence to permit operation of said drive
      means when a construction fence is supported thereby.
NUM  7.
PAR  7. An end mounted construction fence post as claimed in claim 1 wherein
      said C-shaped bracket is adjustable to adjust the distance between the
      lower end of said hollow tubular post and said arm of said bracket which
      underlies said lower end of said post.
NUM  8.
PAR  8. An end mounted construction fence post as claimed in claim 1 wherein
      said drive means includes at least one support arm projecting radially at
      the upper end of the post and having a vertically extending portion at the
      outer end thereof, said arm providing a hook for supporting a fence post
      therefrom.
NUM  9.
PAR  9. An end mounted construction fence as claimed in claim 1 including an
      extension projecting upwardly from the upper end of said hollow tubular
      post in a spaced relationship with respect to said vertically extending
      portion of said arm.
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ABST
PAL  The invention relates to a suction-mixing head to be used advantageously in
      each case when by means of high-energy- primary liquid or gas, secondary
      medium running to the multiple of the primary flowing medium shall be
      sucked and mixed to the primary flowing medium, to liquid or gas.
PAL  The suction and mixing head consists of sectional pipe of optionally arched
      generatrix and of pressure stub connecting thereto. The sectional pipe may
      be open at both ends or closed at one end and therein deflecting insert
      may be arranged depending on the application field, which determines the
      flow path.
PAL  The suction-mixing head operating at the swirl principle is essentially an
      injector, under the effect of the vacuum arising in the swirl core of the
      head the mixing takes place and the mixture discharges parallelly to the
      axle of the said swirl from the mixing space of the sectional pipe to be
      developed as a cone.
BSUM
PAR  The present invention relates to a suction and mixing head, to be used as
      an anemostat, as a suction and mixing element in an air-conditioning
      convector or in any other device where a secondary flowable medium in an
      amount which is a multiple of the quantity of a primary flowable medium is
      sucked by means of the high-energy primary liquid or gas and is mixed with
      the primary medium, i.e. a liquid or gas.
PAR  It is well known that the devices used for the suction and mixing of
      flowable mediums generally comprises nozzles and deflecting and mixing
      profiles -- are of intricate structure of a capacity to induce flow of the
      secondary medium which is normally low.
PAR  This is the case in the published West German Patent Specification No.
      1,604,152 in which the primary air flows through outlet junctions in the
      wall of a main air conduit and mixes with the secondary air in parallel
      flow.
PAR  Another device is described in the Hungarian Patent Specification No.
      155,061. Here the anemostat of an injector system at least two elements
      arranged in a plane perpendicular to the flow direction of the primary
      air, opening opposite to the flow direction, for supply of the secondary
      air. The interior of the device communicates at one end with a plenum for
      the medium constituted by the air space of the room. The elements have
      deflecting channels forming the mixing space and a diffuser, as well as
      nozzle profiles covering the deflecting channels and forming a nozzle row
      or gap between two adjacent deflecting channels. The primary air flowing
      through the nozzle is mixed with the air of the room in cross-flow between
      the deflecting channels.
PAR  Several variants of these described devices are used. Their drawback
      consists generally in that they do not provide for a uniform mixing
      because of their structures; the production of such devices -- due to the
      intricacy of the said structures -- is relatively complex.
PAR  It is an object of the present invention to provide a suction-mixing head,
      eliminating the above mentioned drawbacks, the induction coefficient and
      the suction capacity of which are higher than those of the devices known
      heretofore, the construction and production of which are easier, thus it
      can be more widely used.
PAR  The object is achieved according to the invention by a mixing head, which
      is a suction-mixing head operating on the swirl principle, that is, it is
      practically an injector and the mixing liquid or gas flows perpendicularly
      to the axis of a cone or other body of rotation, in a swirl, whereas the
      medium to be mixed flows parallel to the axis of the swirl. The swirl or
      vortex develops a vacuum in the swirl core. The mixing occurs in the cone
      and the mixture is discharged from the mixing space of the cone parallel
      to the axis of the swirl and the cone, respectively.
DRWD
PAR  The invention will be now described in greater detail in connection with
      the accompanying drawing, in which
PAR  FIG. 1/a is a top view of a structural development of the mixing head
      according to the invention,
PAR  FIG. 1/b shows is a side view of the mixing head of FIG. 1/a (partly in
      section),
PAR  FIG. 2 is a perspective view of a mixing head of a modification provided
      with deflecting profile,
PAR  FIG. 3 represents in diagrammatic cross-section of a double-conic
      deflecting head used as anemostat,
PAR  FIG. 4 is a diagrammatic section of an arrangement deflecting heads
      provided with swirl chambers are arranged in a string, operate from a
      common pressure pipe, and
PAR  FIG. 5 is a section which shows a mixing head provided with a swirl chamber
      in which the mixing head is in direct connection with the pressure pipe
      and operates to the blow-out grid.
DETD
PAR  According to FIGS. 1/a and 1/b the suction and mixing head comprises a
      pressure fitting in the form of a cone and a sectional pipe 2 tangentially
      communicating with the stub 1, conducting the primary liquid or gas. The
      sectional pipe 2 is downwardly divergent so that the flow rate of the
      primary liquid therein and thereby the rotation of the swirl increases.
      Thus, the swirl core close to the axis of the cone has a reduced pressure.
      Under the effect of the vacuum developing in the swirl cone the secondary
      liquid or gas flows into it from above. The mixing occurs in the inside of
      the cone. If no deflecting profile is available, the mixture discharges
      parallel to the axis of the cone as can be seen in FIG. 1/b.
PAR  FIG. 2 shows another advantageous embodiment of the suction-mixing head
      provided with swirl chamber according to the invention, where the pressure
      stub 1 is built together with the upper part of the sectional pipe 2 and
      is provided with deflecting profile 12.
PAR  The embodiment according to FIG. 3 is a double-conic anemostat, which can
      be assembled by using the structural elements according to the invention.
      The primary air is fed through the pressure stub 1. The velocity of the
      air or other flowing medium increases at the gap 7 of reduced
      cross-section and, in the present embodiment, under the deflecting effect
      of the conic sectional pipe 2 closed at one side, a swirl running towards
      the opening of the pipe develops.
PAR  Under the suction effect of the swirl the medium, e.g. air in the outer
      space flows through the deflecting insert 3 into the swirl.
PAR  The mixing occurs between the walls of the sectional pipe 2 and of the
      deflecting insert 3 being developed in present case as a cone and the
      mixture discharges between the collar of the said deflecting insert 3 and
      the suspended roof 6. The collar of the deflecting insert 3 prevents the
      back flow. The sectional pipe 2 and the deflecting insert 3 are fastened
      to each other by foldback ears passing through the bottom part and by the
      spacers 4 and rivets 5. The anemostat can fit expediently into a suspended
      roof 6. The anemostat of such system has the advantage that the recycling
      usual with the blowers is eliminated. Further it can be easily produced
      and assembled.
PAR  The suction and mixing head can be swirl chamber being built in into the
      air-conditioning convector. Its most important advantage is that the
      mixing is uniformly intensive independently of the air quantity, the
      vacuum producing capacity of the head being considerable and practically
      independent of the secondary air quantity. In the air-conditioning
      convector the suction and mixing heads provided with swirl chamber are
      arranged in a string, operating from a common pressure pipe, or the heads
      provided with swirl chamber operate directly from the pressure to the
      blow-off valves.
PAR  In FIG. 4 an air-conditioning convector is shown in a sectional
      perpendicular to the direction of pipe laying. The secondary air flowing
      in through the grid 9 passes the filter-heat exchanger unit 10 and is
      induced through the sectional pipe 2. Each pipe 2 is a member of a string
      arranged parallel to the pressure pipe 8 with the primary air flowing in
      from the pressure pipe 8. The blowing-in of the mixture into the
      air-conditioned space occurs through the blow-off grid 11.
PAR  FIG. 5 shows an embodiment of the mixing head according to the invention in
      which the pressure pipe 8 surrounds the sectional pipe 2 and each mixing
      head operates separately.
PAR  The suction and mixing head provided with swirl chamber can be highly
      advantageously used for the suction of corrosive vapors and gases. It has
      no rotary parts contacting the corrosive vapors or gases and the blowing
      fan does not corrode since it does not contact the corrosive agents; thus
      the frequent replacement of the fan can be eliminated.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus in which a primary fluid is admixed with a secondary
      fluid and the resulting mixture is discharged and wherein the apparatus
      comprises a source of said primary fluid under pressure and a plenum
      containing the secondary fluid, the improvement which comprises:
PA1  a suction mixing head comprising a housing defining a swirl chamber having
      an axis, said chamber having an inlet end formed with an inlet
      communicating with said plenum and an outlet end spaced from said inlet
      end and formed with an outlet, said chamber being defined by at least one
      wall of said housing diverging from said inlet to said outlet; and
PA1  a fitting opening tangentially into said chamber proximal to said inlet and
      connected to said source whereby the primary fluid fed under pressure
      tangentially into said chamber swirls along said wall to generate suction
      along said axis and suck secondary fluid from said plenum through said
      inlet into said chamber.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said housing includes a
      frustoconical outer member closed at its narrow end and open at its wide
      end to form said outlet, and a frustoconical insert received in said outer
      member and opening into the latter close to said narrow end to define said
      inlet.
NUM  3.
PAR  3. The improvement defined in claim 1 wherein said source is a pressure
      pipe and said housing is mounted in said pressure pipe.
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PAL  A system for the continuous production of thixotropic high internal phase
      ratio emulsions. The system includes supply means providing individual
      streams of an inverter phase (an emulsifier and external phase), and an
      immiscible internal phase. These streams are precisely regulated as to a
      preselected ratio by flow rate controllers which regulate the flow
      responsively to pressure changes in the supply means. The internal and
      inverter phases are received at a selected rate and composition within a
      mixing means which produces the loose comingling of the internal and
      inverter phases, thereby forming a composition with the desired ratio of
      the internal phase, emulsifier, and external phase of the desired
      emulsion. A pumping means moves this composition at the selected rate to
      an outlet means for passing the resultant emulsion to a subsequent
      utilization. The pumping means also provides continuous shear sufficient
      to reduce the effective viscosity of the composition near to that of the
      inverter phase, but below the inherent shear stability point of the
      desired emulsion. The pumping means retains only a minor fraction of the
      emulsion relative to the volumetric capacity of composition movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of emulsions and more
      particularly it relates to apparatus for the continuous preparation of
      high internal phase ratio emulsions.
PAR  2. Description of the Prior Art
PAR  Various apparatus have been known and employed for the preparation of
      emulsions, and in the majority of applications, the apparatus was adapted
      to the preparation of emulsions only in batch unit processing. Some
      apparatus was proposed for the continuous preparation of emulsions. In
      such apparatus, the proportioning of the internal and external phases
      required precise metering devices, such as positive displacement metering
      pumps, and sophisticated controls to insure that these pumps delivered the
      proper ratio of internal and external phases. Then, the two precisely
      metered internal and external phases were passed to some type of a
      premixing device which produced a loose dispersion of the internal phase
      within the external phase. Then, a suitable pump was employed to force the
      loose dispersion through a mixer which provided the necessary shear for
      reducing the particle sizes of the internal phase within a continuous
      external phase, so that the dispersed phase was in droplet sizes of less
      than a few dozen microns so that a stable emulsion was produced. The
      mixing device employed elements which could be energized in a fashion that
      fluids passed between them were commuted to a finally divided state. The
      mixers can be generally classified as devices capable of producing high
      shearing, such as high speed impellers, colloidal mills, ultrasonic
      dispersers, and like machines where the internal phase was subject to high
      shearing action to be dispersed within the external phase.
PAR  Emulsions could be made continuously in such equipment but none of these
      known apparatus for producing emulsions can produce an emulsion with an
      internal-external phase ratio in excess of 75 to 25% by volume. First, the
      properties of these high internal phase ratio emulsions include
      non-Newtonian flow properties, thixotropic characteristics, and a high
      sensitivity to shear magnitudes which, if they exceed the stability point
      of the desired emulsion, cause an inversion between the internal and
      external phases. For example, emulsions containing 10 to 30% by volume
      internal phase can be made easily on a continuous or semi-continuous
      basis. However, as the amount of internal phase begins to rise above the
      75% level, the unusual properties of the high internal phase ratio
      emulsions prevent the ready application of known apparatus for their
      preparation. One unusual property is the reduction of the effective
      viscosity of emulsified composition to approximately that of the external
      phase upon the application of shear. As this condition is approached, the
      viscosity of the emulsion composition changes rapidly, and this result
      rapidly changes the flow of the ingredient internal and external phase
      materials through the various metering and pumping devices. The pumping
      means may suddenly encounter a change of fluid condition from a relatively
      low viscosity to a very high viscosity and then suddenly to a reduced
      viscosity as the desired high internal phase ratio emulsion is obtained.
      This viscosity changing effect is not the actual viscosity as would be
      taken in a Fann viscosity meter, but rather is the apparent effective
      viscosity of the emulsified mass within the system. Reference may be taken
      to U.S. Pat. No. 3,565,817, where there is a detailed description of the
      composition preparation and properties of high internal phase ratio
      emulsions wherein the internal phase is present in excess of 75% by volume
      of the resultant emulsion. The description of this patent is incorporated
      herein, along with the additional references listed therein which describe
      the ingredients and desired emulsions having internal and external phase
      ratios above 75 to 25% by volume.
PAR  The great complexity of suitable known equipment for producing on a
      continuous basis the high internal phase ratio emulsions may be readily
      appreciated by reference to the movement and control of the internal and
      external phase flow streams accomplished by the use of positive
      displacement rotary vane or gear pumps separately driven and the
      proportion of the internal phase to external phase controlled by an
      electronic two component blender which maintains the phase ratio either by
      adjusting the pump delivery rate or by changing the pump motor speed
      through an SCR controller or by adjusting a variable volume pump control
      or maintaining the phase ratio by properly positioning flow control valves
      in the process stream flow lines. The use of such electronic control
      requires selective and expensive metering devices to indicate the flow
      rate to the controller. All of this equipment accomplishes the task of
      providing a variable volume and controlled proportion of the two liquid
      streams. None of this equipment is used in producing shear to form the
      emulsion. Separate emulsifying equipment is provided to mix and emulsify
      the two streams and thereby produce the desired emulsion. Apparatus of
      this nature is extremely complicated and demands the utmost in process
      control features, so that the necessary critical proportioning of the
      ingredients of the high internal phase ratio emulsion can be obtained. In
      addition, the actual operation of the mixer providing the necessary shear
      for producing the emulsion establishes another critical operating
      parameter in known apparatus. Other apparatus difficulties with these
      known devices can be readily appreciated by reference to the preceding
      reference material.
PAR  High internal phase ratio emulsions possess peculiar rheological
      properties. When subjected to sufficiently low rates of shear, they behave
      like elastic solids. As the rate of shear is increased, a point is reached
      where they begin to flow. This is referred to as the "yield value". When
      such emulsions are subjected to increasingly higher rates of shear, they
      exhibit non-Newtonian behavior, and the effective viscosity decreases
      rapidly until shear rates in the range of 3,000 to 8,000 reciprocal
      seconds are reached. In this range the effective viscosity plateaus at a
      figure close to the viscosity of the external phase. As increasingly
      higher rates of shear are applied, a point is reached where the
      emulsifying agents can no longer maintain stable films, and at this point
      the emulsion breaks and cannot be reconstituted readily. The yield value
      and shear stability point, as well as the shape of the viscosity versus
      shear curve, will vary with each particular emulsion formulation.
PAR  Thus, in order successfully to prepare high internal phase ratio emulsions
      continuously, it is necessary to employ an apparatus capable of exerting
      sufficient shear upon the emulsions so that its viscosity approaches that
      of the phases, particularly that of the external phase, without causing
      the emulsion to break. While the apparatus maintains the high internal
      phase ratio emulsion in this state, the phases are introduced therein so
      as to produce the emulsion on a continuous basis.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, there is provided a system for producing
      at a selected rate of stable, highly viscous emulsion with an internal
      phase content of at least 75% by volume within an immiscible external
      phase. Supply means provide individual streams of an inverter phase
      (formed of an internal-in-external emulsifier and an external phase), and
      an internal phase. First and second flow rate controller means precisely
      regulate, responsively to pressure changes in the supply means, the flow
      rates of the separate streams of inverter and internal phases, at a
      preselected ratio in the range between 95 to 5 and 75 to 25% by volume
      irrespective of the pressure conditions within the system. Mixing means
      receive the separate streams of internal and inverter phases and commingle
      them whereby the internal phase is distributed loosely in the inverter
      phase. As a result, a composition is formed with the desired ratio in
      separate components of internal phase, emulsifier and external phase of
      the desired emulsion. Pumping means move the composition of internal phase
      and inverter phase at the selected rate. The pumping means also provide
      continuous shear sufficient to reduce the effective viscosity of the
      composition near to that of the inverter phase but below the inherent
      shear stability point of the desired emulsion. The pumping means retain
      only a minor fraction of the emulsion relative to the volumetric movement
      of the composition which is converted into the emulsion. The pumping means
      moves the emulsion to an outlet means which passes the resultant emulsion
      to a subsequent utilization.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of an apparatus arranged in accordance with
      the present invention; and
PAR  FIG. 2 is a partial sectional view of a flow rate controlling valve
      employed in the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, there is illustrated a system for
      producing at a selected rate a stable high internal phase ratio emulsion
      by a unique combination of readily available elements. In the present
      description, the emulsion will be described as formed by an internal phase
      dispersed within an immiscible external phase. For this purpose, the
      emulsion may be formed of a water phase dispersed within an organic
      liquid, such as hydrocarbons, or it may be formed of an organic liquid,
      such as hydrocarbons, dispersed within an aqueous phase. Either type of
      high internal phase ratio emulsion can be produced by the present system.
      In each instance, the emulsion will include an emulsifier which provides
      the proper colloidal environment for the dispersion of a selected internal
      phase within a selected immiscible external phase. For example, if the
      emulsion is to be formed of a water internal phase within a hydrocarbon
      external phase, a water-in-oil emulsifier is employed. If the phases are
      reversed, then a oil-in-water emulsifier is employed. The present system
      is without limitations as to the particular material forming the internal
      and external phases and the emulsifier. These materials are well known and
      many are listed with U.S. Pat. No. 3,565,817, supra.
PAR  The present system includes supply means providing individual streams of an
      inverter phase and an internal phase. For this purpose the external phase
      liquid may be carried within inlet conduit 11 to a storage vessel 12. An
      emulsifier is supplied by inlet conduit 13 to the storage vessel 12 and
      held therein until required in the process. If desired, the inlet conduits
      11 and 13 may be joined by a tee 14. In this manner, the vessel 12
      receives the desired proporation of the external phase liquid and
      emulsifier. The emulsifier will usually be present in amounts of about 1
      to 25% by volume of external phase liquid employed in the present system.
      If desired, the vessel 12 may carry a mixer for homogenizing the
      emulsifier in the external phase liquid. For this purpose, a prime mover
      16 interconnects with the vessel 12 and carries a depending shaft 17 upon
      which are mounted a plurality of shear inducing blades 18. Operation of
      the mixer homogenizes the emulsifier within the external phase liquid
      thereby forming the separate stream of the inverter phase which is removed
      from the vessel 12 through the outlet 19. The internal phase may be
      obtained from any suitable source and is passed through an inlet conduit
      21 into a second storage vessel 22 where it is contained until required
      for the present process. The internal phase is removed from the vessel 22
      by an outlet 23. Although the vessels 12 and 22 are shown to be separate
      storage containers, obviously they may be portions of a mobile system such
      as barrels or tanks carried on various prime movers, such as four-wheel
      vehicles, trucks, fire trucks, and other types of mobile containers. Where
      the system is to be employed within a stationary facility, the vessels 12
      and 22 may be more conventional, such as steel tanks mounted on concrete
      foundations. Other arrangements will be apparent for providing suitable
      storage containers for the system depending upon the particular
      implacement desired.
PAR  The flow rates of the separate streams of the internal and inverter phases
      are precisely regulated in response to pressure changes in the supply
      sources. For example, the pressure changes within the outlet conduits 19
      and 23 may be employed for precisely regulating the flow rates of these
      phases. In particular, the outlet conduit 19 contains a flow rate
      controller 26 while the outlet conduit 23 contains a flow rate controller
      27. These flow rate controllers are of a specific type which combine the
      operation of an adjustable orifice and automatic internal regulating
      valve. These flow rate controllers are commercially available as Kates
      Automatic Flow Rate Controllers, although other equivalent flow
      controllers may be used. Broadly, flow rate controllers 26 and 27 can be
      preset to provide a particular fixed flow rate for inverter and internal
      phases and will maintain this precise flow rate irrespective of changes in
      pressure in the outlet conduits 19 and 23 or elsewhere in the present
      system. The functioning of the flow rate controllers may be appreciated by
      momentary reference to FIG. 2 where a flow rate controller is illustrated
      in diagrammatical fragmentary sectional view. The flow rate controller is
      connected within the outlet conduit 19 and receives a flow of fluid
      indicated by the arrows 28. The flow rate controller 26 has an adjustable
      orifice 29 which is provided by cooperation of an arcuate slot carried
      upon a movable sleeve 31. The sleeve 31 may be positioned relative to the
      scale indicia 32 to provide any desired orifice 29 to establish a
      predetermined or preselected flow rate for the particular phase to be
      regulated above a certain minimum pressure change. Fluid flows through the
      orifice 29 and passes a regulating valve 33 to outlet conduit 20 in
      amounts determined by the clearance between the valve 33 and the body of
      the flow controller 26. This opening or clearance is regulated by a
      balancing action between a biasing spring 34 and the application of a
      pressure differential across the orifice 29 applied to a piston 36 carried
      upon the upper end of the valve 33. A change in pressure differential
      across the orifice 29 will cause a reflective pressure change above the
      piston 36. The valve member opens upon a decreasing pressure differential
      and closes upon an increasing differential. Thus, a pressure rise or fall
      causes the valve 33 to move the maintain a fixed rate of flow through the
      outlet conduit 19. Thus, the valve 33 is positioned relative to the body
      of the flow controller 26 by a hydraulic force balanced by the pressure
      differential across the orifice 29. This force balancing action maintains
      constant differential pressure across orifice 29 and hence maintains
      constant the flow rate determined by the size of the orifice by the
      responsive movement of the valve 33. Other types of flow rate controllers
      may be employed if desired which are capable of producing an equivalent
      function.
PAR  The flow rate controllers 26 and 27 are adjusted so that inverter phase
      flowing in outlet conduit 19 into outlet conduit 20 and internal phase
      flowing thru outlet conduit 23 into outlet conduit 25 have the desired
      ratio of the ultimate emulsion to be prepared. For example, the
      controllers are preset by adjustment of the sleeve 31 so that the flow
      rate of the separate streams of inverter phase and the internal phase are
      in a preselected ratio in the range of between 95 to 5 and 75 to 25% by
      volume which can be maintained irrespective of the pressure conditions
      within the system. The separate streams of the internal phase and the
      inverter phase are passed through a distributor or blender 37 which
      provides a mixing function whereby the internal phase is loosely
      distributed in the inverter phase. The blender 37 is a simple flow line
      mixer in which liquids are commingled into a loose mixture with low levels
      of shear and mixing energy, and very small contact time. A simple pipe tee
      can provide the blender 37 and other types of flow line mixers could be
      used. This mixing function in blender 37 does not produce the desired
      emulsion, but rather provides a commingling of the separate streams as by
      side-by-side stream line flows into the substantially uniform composition
      in outlet 39 which can be subject to shear to form the desired emulsion.
      The blender 37 joins these streams under the fixed ratio condition
      provided by the flow rate controllers 26 and 27. Movement of these fluids
      from left to right within the blender 37 causes the internal phase to be
      introduced substantially uniformly in commingling with the inverter phase
      before reaching the outlet 39. As a result, the mixture of the internal
      phase within the inverter phase in the outlet 39 provides a composition
      with the desired ratio of internal phase, emulsifier and external phase of
      the desired emulsion. However, this distribution of fluids is unstable and
      would readily separate if allowed to remain under steady state conditions.
PAR  In the present system, this loosely commingled composition is passed to a
      unique element which produces the desired emulsion. The outlet 39 of the
      blender 37 connects to a centrifugal or radial flow pump. This pump
      provides several functions within the present system. First, the pump 46
      powered by suitable prime mover causes the flow of fluids through the
      system and into an outlet 47. Thus, the pump 46 provides the operating
      force for the operation of the flow rate controllers 26 and 27 and also
      for the operation of the blender 37 in distributing the internal phase
      within the inverter phase and forms the loosely commingled composition
      which is ultimately converted into the desired emulsion. In this manner,
      the pump 46 determines the rate at which the desired emulsion is produced
      in the present system. As previously mentioned, the ratio of the inverter
      and internal phases is predetermined by operation of flow rate controllers
      26 and 27 irrespective of the pressure conditions within the system.
      Second, the pump 46 provides continuous shear sufficient to reduce the
      effective viscosity of the composition delivered at outlet 39 to near that
      of the inverter phase. However, the pump 46 should not produce such
      excessive amounts of shear that the inherent shear stability point of the
      desired emulsion is exceeded causing a reversion or breaking of the
      emulsion. Third, the pump 46 should retain only minor fractions (e.g., 1%
      vol.) of the desired emulsion relative to the volumetric flow rate of the
      composition being provided from the blender 37.
PAR  Although various types of pumps 46 may be employed in the present system,
      rotary impeller pumps are preferred, and in particular, impeller pumps
      with rubber rotating members are exceptional in performance. For example,
      the pump 46 may be a Jabsco rubber impeller pump which is commercially
      available. This type of pump contains a rotating member 48 carried within
      its body, and this member carries a plurality of radially extending vanes
      49 having an enlarged round tip portion 51. As the pump member 48 rotates,
      the vanes 49 are radially distended causing the round tip portion 51 to
      form a substantially effective seal against the body of the pump 46. In
      addition, the magnitude of shear exerted by the pump 46 upon the
      composition is sufficient to create the desired emulsison removed through
      the outlet 47. Usually, the pump 46 is arranged to provide shear rates
      which should not exceed approximately 10,000 reciprocal seconds which
      magnitude would cause many high internal phase ratio emulsions to be
      reverted or broken. Usually, the pump 46 will provide a minimum shear
      magnitude of about 500 reciprocal seconds. Additionally, the pump must
      have a prime move of sufficient power to assure maintaining minimum
      suction on the flow controllers. Reference to U.S. Pat. No. 3,565,817 will
      define these operating parameters for the pump 46. Literature is available
      with various types of pumps and will readily define those that can be
      employed in the present invention in accordance with the preceding
      operating parameters that have been defined. The desired emulsion provided
      by the pump 46 is removed through the outlet 47 and carried to the
      subsequent utilization.
PAR  The subsequent utilization of the emulsions provided by the present system
      finds many uses in the pharmaceutical, food, cosmetic and firefighting
      industries. For example, it has been found that high internal phase ratio
      emulsions wherein the ratio of water phase to a hydrocarbon phase of about
      95 to 5 percent by volume produces an exceptional firefighting fluid. A
      600-gallon per minute field unit constructed according to the present
      system can be mounted upon a fire truck and operated in conjunction
      therewith. The external phase is provided by a hydrocarbon distillate such
      as plate spray oil into which is blended a water-in-oil emulsifier. The
      flow rate controller is adjusted to provide a rate of flow of the
      resultant inverter phase of 30 gallons per minute. Water is the internal
      phase and is supplied by the flow rate controller at 570 gallons per
      minute. These phases are passed to a blender 37 which is formed within a
      4-inch pipe having a length of approximately 11/2  feet and a side inlet
      for the distillate. A pump providing for the movement of fluids and the
      necessary shearing action converts the resultant composition into 600
      gallons per minute of high internal phase ratio emulsion. This emulsion
      falls within the present system and has the effective viscosity of the
      inverter phase at moderate shear. However, on application through a
      firefighting nozzle upon a combustible structure, the emulsion obtains the
      appearance of mayonnaise or white shaving lather. The emulsison becomes
      very tenacious and adheres to the combustible structure, sticking to every
      presented surface, including those rearwardly of the direction of
      application, and effectively extinguishs and prevents combustion of the
      protected structure. Only the unique system of the present invention can
      be employed on a continuous basis to provide the necessary large
      quantities of such emulsions needed to combat fires. Complex continuous
      apparatus for preparing emulsions such as employed in the past are
      entirely unsuited for such usage. The present system avoids the difficult
      and sensitive controls needed for precise metering and pumping mechanisms
      and in the operating of high shear mixing and emulsification devices,
      which have led in the past to complex sensitive, nonportable and difficult
      to operate continuous emulsification systems. The present system is an
      invention which avoids all of these problems encountered by known
      continuous emulsification apparatus.
PAR  Various modifications and alterations in the described system will be
      apparent to those skilled in the art which do not depart from the spirit
      of the present invention. For this reason, these changes are desired to be
      included within the scope of the appended claims. The appended claims
      define the present invention; the foregoing description is to be employed
      for setting forth the present system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for producing at a selected rate a stable, highly viscous
      emulsion with an internal phase content of above about 75% by volume
      within an immiscible external phase comprising:
PA1  a. supply means providing individual streams of an inverter phase formed of
      water-in-oil emulsifier and a hydrocarbon phase, and a water phase;
PA1  b. first and second flow rate controller means each having a regulating
      valve automatically adjusted by pressure differential across an orifice in
      each stream for precisely regulating responsively to pressure changes in
      said supply means the flow rates of separate streams of the water phase
      and the inverter phase in a preselected ratio in the range of between 95
      to 5, and 75 to 25% by volume irrespective of the pressure conditions
      within said system above a certain minimum pressure change;
PA1  c. mixing means receiving the separate streams of the water phase and the
      inverter phase and mixing said streams under the preselected ratio
      condition wherein the water phase is distributed loosely in the inverter
      phase, thereby forming a composition with the desired ratio of water
      phase, emulsifier and hydrocarbon phase of the desired emulsion;
PA1  d. pumping means;
PA1  e. means for passing said composition of water phase and inverter phase
      into said pumping means for moving therethrough said composition at the
      selected rate;
PA1  f. said pumping means providing continous shear at rates between about 500
      and 10,000 reciprocal seconds sufficient to reduce the effective viscosity
      of said composition near to that of the inverter phase but below the
      inherent shear stability point of the desired emulsion; said pumping means
      retaining less than 1% by volume of said emulsion relative to the volume
      per minute of said composition being moved; and
PA1  g. outlet means for removing the resultant emulsion from said pumping means
      to a subsequent utilization.
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ABST
PAL  An ingredient whipper that utilizes the mixing action of a plurality of
      rotating axially spaced apart inclined blades of segmental arc, cycloidal
      like, configuration in a chamber that is adapted to receive materials to
      be mixed through one opening and to discharge the same through another
      opening. The segmental arc blades may coact with a further longitudinally
      extending rib of segmental arc cross section in the chamber to provide a
      complete mixing of the ingredient materials supplied to the chamber. The
      blades are disposed in such a manner as to direct the materials being
      mixed in a direction away from the outlet opening in the chamber.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns the efficient mixing of two or more ingredients as
      they pass through a mixing chamber. In, for example, the vending industry,
      it is desired to mix liquid and solid material under circumstances wherein
      the liquid may be water which can be supplied locally to a vending machine
      and the other ingredient may be liquids or solids which can be stored in
      various compartments of a machine and common access to an inlet to a mixer
      may be achieved so that the materials may be introduced into a mixing
      chamber simultaneously for complete mixing to form a homogeneous mass of
      material prior to discharge into a receptacle, such as a cup or the like.
PAR  In my invention I have discovered that more complete and efficient mixing
      of the ingredients may be achieved through the use of a whipping element
      which is comprised of a number of axially spaced semi-arcuate or cycloidal
      portions of disks which are mounted at an inclined angle with respect to a
      longitudinal axis of a rotatable whipper that is disposed in a cylindrical
      chamber. The axis of rotation of the whipper is coaxial with that of the
      cylindrical chamber.
PAR  Rotation of the whipper provides an action tending to direct the materials,
      introduced into an inlet for the cylindrical chamber, toward an outer end
      that is away from an outlet opening disposed in another portion of the
      cylindrical chamber. An inwardly extending rib having a substantially
      acruate cross section is disposed adjacent the inlet and circumferentially
      forwardly of the inlet with respect to the rotation of the whipper
      element.
DRWD
PAR  These and other objects of my invention may become apparent from a
      consideration of the appended specification, claims and drawing in which:
PAR  FIG. 1 is a fragmentary front elevational view of a portion of a vending
      apparatus to which the principles of my invention have been applied;
PAR  FIG. 2 is an enlarged fragmentary sectional view taken along section lines
      2--2 on FIG. 1 of the drawing;
PAR  FIG. 3 is a fragmentary sectional view taken along section line 3--3 on
      FIG. 2 of the drawings;
PAR  FIG. 4 is a fragmentary sectional view taken along section line 4--4 on
      FIG. 2 of the drawings;
PAR  FIG. 5 is a paartial sectional view taken along section line 5--5 on FIG. 2
      of the drawings; and
PAR  FIG. 6 is a fragmentary top elevational view of a portion of the elements
      of my invention.
DETD
PAR  Referring now to the drawings in which like elements have been identified
      by like reference characters, there is shown a vending machine indicated
      generally by reference character 10 which is provided with an interior
      front wall 11. A mixer is indicated generally by reference character 12
      and includes a cylindrical chamber element 13 that is disposed in a
      generally horizontal attitude with respect to its longitudinal axis.
PAR  Chamber 13 includes an inlet 14 substantially at its top portion and spaced
      slightly inwardly from the left outer end thereof as well as a downwardly
      opening outlet 15 spaced adjacent the right end wall. An inwardly
      extending rib 16 of substantially arcuate shape is disposed longitudinally
      of chamber 13 adjacent the side of material inlet 14 and a funnel 17 is
      disposed on top of and extending inwardly into inlet 14 to receive and
      direct the flow of ingredients therethrough.
PAR  A whipper element is indicated generally by reference character 18 and
      includes a longitudinally extending central portion which is dapted to
      receive and be mounted upon a motor shaft for rotation within chamber 13.
      Whipper 18 includes a plurality of axially spaced blades 19 of generally
      cycloidal and/or semi-arcuate shape, each being inclined at an angle to
      the longitudinal axis of whipper 18 and adapted to, when rotated therein,
      direct ingredients passing into inlet 14 toward the left outer end of
      cylindrical chamber 13. Whipper 20 also includes, at its left hand end as
      viewed in FIG. 2 of the drawings, a slinger element 20 which is useful to
      direct material outwardly to the cylindrical outer walls of chamber 13
      when whipper 18 is rotated so as to tend to prevent the flow of ingredient
      material onto shaft 21.
PAR  The left outer wall of chamber 13 is shown comprised of a cover member 22
      which is suitably mounted upon front wall 11 of vending apparatus 10 in
      proximity to and concentric with shaft 21 of a motor 23 which is likewise
      suitably mounted upon front wall 11 of vending apparatus 10. Motor 23 may
      be energized from a suitable source of energy (not shown) when it is
      desired to utilize the mixer to agglomerate ingredients that are placed
      therein.
PAR  As one example of sources of ingredients, there are shown tubes 25 and 26
      extending outwardly of front wall 11 on vending apparatus 10 over the open
      top of funnel member 17. These ingredients could be, for example, coffee
      concentrate and water, or any one of a number of other ingredients which
      may be mixed and then dispensed to the consumer. The conveying of other
      ingredients to funnel 17 is not within the scope of the present
      application and therefore only two sources are shown by way of example
      only.
CLMS
STM  Having now therefore fully illustrated and described my invention, what I
      claim to be new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. In ingredient mixers of the class above described, the combinaton,
      comprising;
PA1  a. a cylindrical chamber having a generally horizontal axis, an inlet
      positioned at the approximate top midway between the end walls thereof, an
      outlet adjacent one of the end walls, and a shaft disposed coaxially of
      said cylindrical chamber extending into the other end wall of said
      chamber;
PA1  b. a whipper disposed on said shaft for rotation therewith, said whipper
      including a plurality of axially spaced apart blades of segmented
      configuration, said blades being inclined with respect to the longitudinal
      axis of said shaft and parallel with one another and adapted to be rotated
      in a direction which causes ingredients from said inlet to be impelled
      circumferentially in the direction of rotation of said shaft and to direct
      portions of the ingredients toward said other end of said cylindrical
      chamber.
NUM  2.
PAR  2. The apparatus of claim 1 in which the chamber includes at least one
      inwardly, longitudinally extending rib member adjacent the inlet thereof.
NUM  3.
PAR  3. The apparatus of claim 2 in which a generally circular member is
      disposed on the shaft adjacent the other end of said cylindrical chamber
      for rotation therewith.
NUM  4.
PAR  4. The apparatus of claim 2 in which the rib member is disposed near the
      top of said cylindrical chamber whereby ingredients which have attained a
      circumferential motion upon rotation of the shaft, are directed toward the
      top of said shaft.
NUM  5.
PAR  5. The apparatus of claim 1 in which the blades are comprised of arcuate
      portions of a circle.
NUM  6.
PAR  6. The apparatus of claim 5 in which a generally circular member is
      disposed on the shaft adjacent the other end of said cylindrical chamber
      for rotation therewith.
NUM  7.
PAR  7. The apparatus of claim 1 in which the blades have an outer configuration
      of cycloidal characteristics.
NUM  8.
PAR  8. The apparatus of claim 7 in which a generally circular member is
      disposed on the shaft adjacent the other end of said cylindrical chamber
      for rotation therewith.
NUM  9.
PAR  9. The apparatus of claim 1 in which the blades have a circular-like outer
      configuration.
NUM  10.
PAR  10. The apparatus of claim 1 in which a generally circular member is
      disposed on the shaft adjacent the other end of said cylindrical chamber
      for rotation therewith.
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ABST
PAL  Apparatus for mixing and granulating a finely divided solid material,
      preferably including a screening of the final granular product, said
      apparatus including a mixing drum or cylindrical vessel with closable feed
      and discharge means, a rotatably driven shaft on the drum axis carrying
      conveyance means for mixing, stirring and conveying the solid material
      being treated, and pivotal support means to adjustably tilt the drum such
      that the drum axis and the rotatable shaft are pivoted within a
      substantially vertical plane. There is preferably a tubular discharge
      member at one end of the drum to provide a suitable sieve or screening
      means at the point where the final granular product is withdrawn from the
      drum. The apparatus is particularly useful in the mixing and granulation
      steps required to form a multi-component powdery material into granules
      which can be directly pressed and shaped into tablets, pellets, pills or
      the like.
BSUM
PAR  In the production of powdery products out of several components (active
      materials, auxiliaries, fillers, etc.), for example as in the production
      of medicines, baking powder and the like, a large number of process steps
      must be carried out. This is particularly true if one wishes to obtain
      tablets, coated pills, granulates or the like as the final product from a
      powder or powdery mixture. The individual steps of such a process
      essentially include dosing, mixing, granulation, screening to achieve a
      specific grain size and preferably admixing binders, lubricants and other
      auxiliaries required to form tablets, pellets, pills or the like.
PAR  Thus, in order to produce a mixture capable of being formed into tablets or
      a similar final product, the initial powdery mixture must ordinarily be
      conducted sequentially through mixing apparatus, a granulating machine or
      device, a drier, a screening device and then again another mixing machine
      to produce the final mixture. These process steps are relatively expensive
      and usually imperfect in the technical sense that the product tends to
      break down or separate into its component parts so as to cause a
      troublesome dusting which can be quite extensive, especially where there
      are many conveyance steps between the individual processing steps. Such
      dust formation is not only annoying to service personnel but may also be
      quite hazardous to their health.
PAR  One apparatus is known from the German Auslegeschrift No. 1,060,093 wherein
      a powdered mixture of active and auxiliary substance is treated with a
      known wetting agent in the form of a vapor and the moistened mixture is
      then dried under vacuum. Good mixing is maintained during the moistening
      and the drying steps. According to this process the mixing, granulating
      and drying procedure may be carried out in a single machine or apparatus.
      However, the recommended apparatus does not provide an essential premixing
      step and is very limited in achieving an effective granulation or milling,
      particularly because the rotational mixing principle employed in this
      apparatus easily leads to separation of components or a breaking down of
      the mixture to reform a powder. Moreover, in discharging the granulate
      from this apparatus and in subsequent screening as well as the admixing of
      lubricating agents or other auxiliary agents, there still exists a
      considerable danger of disintegration and formation of a powdery dust.
      Also, this known process is substantially limited to so-called wet
      granulation of pharmaceutical or similar materials and does not offer
      consistent or reproducible results in terms of grain size, product quality
      and the like.
PAR  One object of the present invention is to provide a single apparatus for
      the mixing and granulation of a wide variety of finely divided solid
      materials and especially powdery substances which require a simultaneous
      addition of other components such as steam, moistening agents, lubricants,
      adhesives, fillers, anti-sticking agents, dyes, pigments or the like.
PAR  It is especially an object of the invention to provide a relatively simple
      and economical apparatus which will provide the necessary mixing and
      so-called compaction/granulation under uniformly controlled and dust-free
      conditions to yield a homogeneous product in the form of sized granules
      capable of being directly formed into tablets.
PAR  Yet another object of the invention is to provide an apparatus in which one
      can carry out many different sequential steps or stages of the mixing and
      granulation of finely divided solids without requiring any transfer of the
      solids out of a closed treatment zone.
PAR  Another object of the invention is to provide mixing, granulation, sizing
      and discharge of the solids in an apparatus which avoids the known
      disadvantages in this art as noted above and particularly an apparatus
      which substantially reduces or prevents a breakdown or disintegration of
      the product to a very fine powder or dust.
PAR  These and other objects and advantages of the apparatus according to the
      invention will become more apparent upon consideration of the following
      detailed specification. This apparatus of the invention is especially
      suitable for mixing and granulating a finely divided solid material
      through all stages from initial mixing and dosing up to the discharge of a
      granulate capable of being directly formed into tablets and having a
      predetermined composition and grain size, i.e. an apparatus in which all
      of the required steps are readily carried out in a single container or
      closable vessel. The proposed apparatus of the invention is one which
      basically includes a closed drum-shaped or cylindrical container with a
      rotatably driven shaft on the drum axis which carries mixing, stirring and
      conveying means extending over the length of the container and adapted to
      maintain the desired movement of the solid material within the drum
      container, this container essentially being pivotally supported so as to
      tilt in the vertical plane occupied by the drum axis and shaft.
PAR  The mixing and granulating apparatus of the invention as illustrated more
      completely hereinafter comprises a closed elongated mixing drum with
      separate means for periodic introduction and removal of said solid
      material being treated, a rotatably driven shaft mounted along the drum
      axis with means to drive said shaft, conveyance means including at least
      one helical blade mounted on said shaft for mixing and stirring said
      finely divided solid material and extending over the length of the drum
      and up to the drum wall so as to convey said solid material in a direction
      parallel to the drum axis upon rotation of the shaft, and a support for
      said drum including means to adjustably tilt said drum in either direction
      from a normally horizontal position of the drum axis such that the force
      of gravity may work either with or against the conveying action of said
      helical blade.
PAR  The term .sbsp.nmixing" herein is employed broadly to include not only a
      simple stirring or redistribution of solid particles but also an intimate
      mixing of two or more solids with each other and/or with liquid, vaporous
      or gaseous additives required in the known mixing and granulation
      processes. The term "granulating" as employed herein has a specific
      meaning of forming granules from an agglomeration, adhesion or surface
      build-up of smaller powdery particles. For example, processes of this type
      are commonly referred to as "compaction/granulation" and especially the
      so-called "wet compaction" in which a wetting agent or moistening agent is
      added to first form the granules which are then dried and preferably
      further mixed with lubricating and/or anti-sticking agents before they are
      pressed into tablets. Thus, granulation includes all of those steps
      required to produce the final granulated product which is to be pressed
      into tablets.
PAR  The drum or container of the invention is also preferably in connection
      with means to place the contents of the drum under a vacuum as well as
      means for introducing and removing the solids being treated and other
      additives. Such feed and discharge means are preferably valved so that the
      apparatus, i.e. the drum container, can be maintained under vacuum-tight
      conditions as well as being completely closed to the surrounding
      environment.
PAR  By arranging the shaft and its drive means so as to rotatably drive the
      shaft in both directions, i.e. either clockwise or counterclockwise, the
      conveying direction of helical blade conveyance means can be easily
      reversed at any time. While one can employ a single helical blade mounted
      on the shaft to extend over the length of the drum, it is especially
      useful for mixing, stirring and conveying the solid material to provide a
      plurality of helical blade segments mounted on the shaft to occupy partly
      overlapping intervals along the shaft while extending together over the
      length of the drum.
PAR  In removing or discharging the final product from the drum or cylinder, a
      sieve or screening means is desirably mounted in the exit or discharge
      outlet which is best located at one end of the drum with the sieve or
      screen means being substantially cylindrical so as to be fitted or
      suspended concentrically within a tubular discharge conduit or outlet duct
      fastened to the outside of the drum.
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PAR  These and other preferred features of the apparatus according to the
      invention are disclosed in greater detail in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a side elevational view, partly schematic and partly in
      cross-section, of one preferred embodiment of the mixing and granulating
      apparatus of the invention;
PAR  FIG. 2 is a cross-sectional view taken through the discharge and screening
      means located at the right end of the drum in FIG. 1; and
PAR  FIG. 3 is a largely schematic view similar to FIG. 1 illustrating a further
      modified embodiment of the invention.
DETD
PAR  Referring first to FIG. 1, the cylindrical drum 1 has a rotatable shaft 2
      on its longitudinal axis, the shaft carrying a plurality of helical blades
      3a to 3d fastened thereto such that both the shaft and the attached blades
      are rotatably driven by the motor 4 mounted on the left end of the
      non-rotatable drum 1. This motor 4 is easily designed so as to be driven
      in either of its two directions of rotation, i.e. as in any conventional
      reversible drive motor, preferably also with means for adjusting the speed
      of the motor (not shown).
PAR  The drum 1 is pivotally, i.e. tiltably, supported around the pivot axis 5
      at the upper end of the base frame 6 or other suitable mounting means, the
      drum being shown in a normal horizontal position from which it can be
      adjustably titled or tipped such that the drum axis and the corresponding
      axis of shaft 2 always remain in approximately the same vertical plane. In
      order to obtain a desired angle of tilt or inclination of the drum for any
      individual operation, one can employ a suitably connected drive means or
      adjusting assembly 7, for example including a reversible drive motor 7a
      which operates a worm-gear spindle 7b pivotted at its top end to the lever
      arm 7c which in turn is fastened to or integral with the arcuate drum
      member 1a turning on the axis 5. The vertical reciprocal direction of
      movement of the spindle 7b thereby tilts the drum either to the left or to
      the right, preferably by not more than about 20.degree. from the
      horizontal position of the drum axis.
PAR  The drum 1 is preferably constructed with a double wall 8a and 8b with the
      outer wall 8a being insulated. The intermediate space 9 between the walls
      can be fed by means of conduit openings 10 with a heating agent such as
      hot air, steam or hot liquids. The drum itself has a large feed opening 11
      which can be sealed off by the cap 11a. An outlet opening 15 at the right
      lower end of the drum is used to remove material from the drum. By means
      of a vacuum connection 12, the contents of the drum can be placed under a
      vacuum. A filter device 13 is used to prevent dust or powdery material
      from being drawn out of the drum into the vacuum line 12. The outlet
      opening 15 is provided with a suitable flange 23 which permits the
      attachment of a closing plate or other auxiliary devices. As shown in FIG.
      1, a screening and discharge device 16 is attached onto the outlet opening
      15 by means of flange 23 and fastening bolts 24. This discharge device 16
      comprises a tubular or cylindrical housing 17 in which there is
      concentrically positioned a cylindrical screen 18 of smaller diameter, a
      discharge conduit or line 19 being attached to the lower side of the
      housing 17. The curved plate members 20, which are fastened onto shaft 21
      and rotatably driven by motor 22, act to press the treated solid material
      outwardly through the screen 18. In this embodiment of the invention, the
      individual plates or half-plates 20 are constructed such that they first
      extend radially outwardly from the shaft 21 and then curve toward the
      screen circumference in the direction opposite to the direction of
      rotation of the shaft (see FIG. 2). The motor 22 is preferably a variable
      speed motor so as to drive the shaft 21 and plates 20 at an optimum speed
      or discharge rate.
PAR  The screening and discharge means 16 are thus easily mounted over a
      discharge opening at one end of the drum 1, preferably at the opposite end
      away from the drive means for mixing, stirring and conveying solid
      particles in the drum. The tubular housing 17 of this discharge means is
      preferably located so that its lowermost wall line together with the
      lowermost wall line of the cylindrical drum 1 form an angle .alpha. of not
      more than 20.degree. (see also FIG. 3). The advantage of this construction
      resides in the fact that a completely free fall and the disintegration or
      dusting of the material can be avoided. Moreover, this discharge device is
      also constructed and mounted such that the mixing action in the drum need
      not be interrupted during the screening and discharge of the solid
      particles. In this manner, one can achieve a sized granulate which
      exhibits little or no dusting, particularly so as to avoid contaminating
      the working area or surrounding environment with dust.
PAR  Through the appropriate choice of the conveying direction of the helical
      blade means 3 and the direction of inclination of the drum 1, it becomes
      possible to have the blade conveying effect operate either along with or
      opposite to the conveying effect produced by the force of gravity. This
      offers a wide variety of mixing, kneading, stirring and agitating
      conditions to be produced in the drum and on the substances contained
      therein.
PAR  In the horizontal position of the drum, it is especially possible to
      achieve a protected mixing which permits the filling of the drum, the
      mixing and the drying of the mixture or the granulate under vacuum
      conditions.
PAR  By tilting the drum to the right, i.e. clockwise as shown in FIGS. 1 and 3,
      while simultaneously rotating the helical blade means 3 for conveyance to
      the right, the solid particles are pressed with greater friction against
      each other and against the walls. This position and operation of the drum
      is especially suitable for the compaction procedure in the so-called
      granulation of a finely divided or powdery solid material. This position
      also is quite useful for doping the mixture with small amounts of active
      agents, e.g. where a finely divided solid carrier is doped with a
      biologically active substance. For this doping or coating step, the active
      substance is preferably dissolved in a solvent and then sucked into the
      drum under vacuum through a line or conduit connected to the discharge
      opening 15. In this manner, the solvent penetrates the solid particles
      located before the opening 15 and is thoroughly mixed with these particles
      while being simultaneously evaporated, for example with hot air and/or
      indirect heating through the drum walls. Thereby, there is the highest
      statistical certainty that the active substance is uniformly distributed
      on the carrier particles.
PAR  By tilting the drum 1 to the left, i.e. counterclockwise as shown in FIGS.
      1 and 3, while possibly providing a conveyance by the helical blades 3 to
      the left at the same time, the discharge device 16 or the outlet opening
      15 can be emptied or exposed such that suitable screening and discharge
      devices as described herein or other apparatus can be exchanged or
      installed on the drum. Thus, it is unnecessary to stop the mixing or
      stirring of the solid particles in the drum when making any exchange of
      equipment or parts at the outlet opening 15. Moreover, in this left-tilted
      position, a drying operation or even the discharge procedure can be
      advantageously initiated. In the discharge procedure, the treated
      particulate solid material in the form of a granulate or the like is
      agitated, screened and discharged by gradually tilting the drum from the
      left-tilted position back into the horizontal position and then slowly
      conveying the solids to the right while steadily continuing the mixing,
      screening and discharging steps. In this manner, one can avoid a
      disintegration or dissociation of the granules which have been carefully
      formed, e.g. as in a preceding compaction-granulation operation.
PAR  Yet another use of this apparatus arises especially if the helical blade
      means is to be operated with a conveying direction opposed to the gravity
      flow of the solid particles. Thus, an intensive air intermixing can be
      carried out during such conveyance so that a better drying effect is
      achieved.
PAR  After completion of a drying step or any previous treatment of the
      particulated solid material in the drum up to the point of discharge, one
      can achieve the best screening or sizing of the final product by
      maintaining the drum with its axis in an approximately horizontal position
      or tilted slightly to the left up to about 20.degree., i.e. so that the
      discharge device 16 has its axis as represented by shaft 21 tilted by
      about 20.degree. to the right as shown in FIGS. 1 and 3 up to an
      approximately horizontal position. The cylindrical screen 18 is preferably
      only partly filled at any given time with solid particles so that the
      blades 20 rotating with a brushing movement around the screen
      circumference do not need to overcome the resistance of a completely
      filled cylindrical screen. In general, the rate of discharge can be easily
      regulated together with the rate of conveyance from the drum 1 into the
      discharge device 16 so as to provide a careful screening or sizing
      operation. Individual screens 18 of different mesh sizes or different
      types of screen construction can be readily interchanged in the tubular
      housing 18. Also, it will be apparent that the discharge conduit 19 can be
      designed to avoid any dead spaces in the discharge device, e.g. by having
      a funnel shape or at least being located at the outermost or lowermost
      point of the housing 18 as indicated by the phantom lines 19a in FIG. 1.
PAR  With reference to FIG. 2, the rotating shaft carries at least one radial
      plate 20 as a wiping means passing circumferentially along the inner wall
      of the cylindrical sieve or screen 18, this plate or wiping means
      preferably extending axially over the entire length of the screen. These
      one or more plate wipers are best constructed so as to extend radially and
      arcuately outwardly to within very close proximity or in slight brushing
      contact with the inner screen wall, i.e. the ends or tips of the plate
      being offset in the circumferential direction of the screen wall opposite
      to the direction in which the shaft 21 turns (as indicated by the arrow of
      rotation of the shaft and wiping plates in FIG. 2). Other plate or wiping
      means may also be used for specific purposes, and while such wiping means
      can be interchangeably fastened to the shaft 21, it is preferable to
      permanently fasten the plates 20 or the like to the shaft 21 and to
      interchange an entire unit consisting essentially of the housing,
      cylindrical screen, shaft and wiping means. The discharge nozzle, conduit
      or opening 19 may also be adapted to specific discharge operations, i.e.
      to conform to the material being discharged.
PAR  In FIG. 3, there is schematically illustrated a combination of apparatus
      for carrying out a complete drying procedure or drying stage. The drum 1
      with a single helical blade 3' in this instance is provided with hot air
      circulation through the connecting lines 12 and 30, the latter being
      connected over a modified screening device 31 to the discharge opening 15
      of the drum 1. The circulated air is drawn off from the drum 1 through
      line 12 and is heated in a conventional heat exchanger 25, e.g. by
      indirect heat exchange with steam or another fluid heat exchange medium.
      The withdrawal of the air and its circulation is accomplished by means of
      the centrifugal blower 26, the air being passed by this blower into a
      drying chamber 27 which can be filled with any suitable drying medium 28
      through which the air can pass for removal of moisture, vaporous solvent
      or the like. Evaporated gases or solvent vapors are preferably removed
      directly from the drum 1 by a suitable bleed line 12' and/or a condenser
      and gas/liquid separator (not shown) in line 12 between the filter 13 and
      the heat exchanger 25. From the drying chamber 27, the air is then blown
      through a sieve device 29 to recover any dust or similar entrained
      particles. On the other hand, where there is little or practically no
      entrained solids, the unit 29 can be a conventional liquid and vapor
      separator, e.g. to separate condensed solvent and/or other liquids through
      line 29a.
PAR  Before being reintroduced into the drum, the air can again be further
      heated in another heat exchanger 32. The air then passes through the feed
      line 33 over the line connection 30 and screening device 31 through the
      opening 15 into the finely divided or pulverulent solid material
      maintained within the drum by the screening device 31. The mixture of
      finely divided solids is strongly agitated and thoroughly dried by the hot
      air stream on the one hand and by the mixing and conveying action of the
      helical blade 3' on the other hand.
PAR  The screening device 31 of FIG. 3 preferably consists of a very fine mesh
      filter fabric, a sinter filter or a fleece-type filter. Such filters cause
      a broad, uniform distribution of the air stream and the formation of a
      turbulent bed or so-called fluidized layer of the finely divided mixture
      of particulate solids. This joint application of an air stream together
      with the through mixing produced by the gravity flow of solid material and
      the simultaneous conveying action of the helical blade guarantees the
      quickest possible drying according to the so-called air-suspension
      principle.
PAR  The drum 1 can also be heated for the drying procedure by passing a heating
      fluid through one inlet conduit 10 into the wall space between the outer
      insulated wall 8a and an inner heat-conducting wall 8b, and withdrawing
      the heating fluid through the other conduit 10 where necessary. As shown
      in FIG. 3, the inlet and outlet pipes 10' for the heating medium can be
      located at diagonally opposite positions at the top and bottom lines of
      the drum, respectively. This is especially desirable to provide a
      relatively uniform heating within the drum itself while substantially
      reducing the extent to which the circulated air must be preheated outside
      of the drum. Whether heated or not, this inner wall 8b is preferably
      composed of a non-rusting and corrosion resistant material, especially a
      polished material such as stainless steel or a suitable alloy.
PAR  In still another variation, at least a portion of the inner drum wall 8b
      along the bottom surface of the drum 1 can be constructed as a porous
      screen or filter, e.g. a sinter filter or a finely perforated metal plate
      or the like, so that hot air can be introduced over the entire bottom
      surface below the bed or layer of finely divided solids, thereby providing
      a very uniform drying effect with continuous mixing also with the helical
      blade 3'.
PAR  Finally, as indicated in FIG. 1, hot air or other vapors or gases can also
      be introduced into the drum through the inlet pipe 14 which preferably
      includes a sinter filter 34 or other suitable filter means to prevent the
      finely divided or powdery solids from escaping through this inlet. One or
      more of these inlets 14 with filters 34 can be distributed at optional
      positions in the bottom portion of the drum 1, i.e. until it becomes more
      feasible to use a perforated or filter-like inner wall member as noted
      above.
PAR  It is desirable to use filters in order to ensure that dust or very fine
      powdery material is kept within the drum, at least until larger dust-free
      particles are present such as a granulate which is capable of being
      directly formed into tablets. For example, filters 13 and 34 are placed
      over any otherwise unclosed opening into the drum, i.e. openings used for
      introducing or removing various substances from the drum. These filters
      can be provided with means to periodically clean the filter material
      without removing it from the drum, for example, as disclosed in detail in
      the copending application of Muller et al, Ser. No. 319,698, filed Dec.
      29, 1972 now abandoned, the disclosure of which is incorporated herein by
      reference as fully as if set forth in its entirety. In essence, such
      self-cleaning filters are preferably in the form of a flexible or
      extensible filter material, especially a fine mesh filter fabric, with
      means to abruptly tensioning the filter material after at least
      temporarily relaxing it, thereby dislodging entrapped or adhering
      particles.
PAR  As further indicated in FIGS. 1 and 3 of the drawing, it is quite feasible
      to provide automatic control means A, B, C and/or D in order to control
      each of the individual operations or process steps in the drum either in
      response to a predetermined programming means or in direct response to
      process conditions or measurements such as temperature, time, pressure or
      vacuum, relative humidity, etc. Thus, control means A can be preset to
      provide a constant rotation of the mixing and conveying means over the
      entire operation or to change the speed of rotation and/or its direction
      at predetermined points of time or in response to the initiation of
      specific mixing, vapor injection, drying or other steps.
PAR  The tilting of the drum can be automatically carried out over control means
      B, e.g. so as to set the drum in certain positions at programmed points of
      time in the overall mixing and granulation process. Control means C is
      used to regulate the motor 22 while control means D for operation of
      blower 26 can be actuated in response to a tilting of the drum into a
      drying position or in response to a vapor content in the drum, the
      temperature or similar conditions. Additional control means can be used to
      operate valves in individual feed and discharge lines or openings in the
      drum, including the feed opening 11 or discharge opening 15, so that the
      drum can be completely sealed in a vacuum-tight manner. Thus, closure
      plate 35, which is slidably inserted in top and bottom slots of the
      circular socket 15', is shown with the double-headed arrow indicating its
      movement in a partly closed position in FIG. 2. This plate 35 can be
      periodically actuated by control means E to open or shut the entrance 15
      into the screening device 16. This plate 35 may also have a finely
      perforated portion or a second plate with fine perforations can be used in
      order to inject hot air or spray a solvent into the drum even during a
      mixing and tilting operation.
PAR  The time required for the mixing and granulation process is substantially
      reduced, particularly in the drying step where the drum is connected into
      a hot air circulation with suitable filter means to prevent escape or
      circulation of very fine particles out of the drum and preferably with a
      suitable liquid and vapor separator in the recycle line. Where the
      apparatus is used for producing a granulate according to the wet
      compaction process or the so-called coating process, the air-turbulence
      drying together with a relatively gentle but continuous mixing forms a
      very uniform and high quality granulate without any substantial loss of
      valuable materials.
PAR  The screening and discharge device of the invention is of special advantage
      because it avoids a disintegration or dusting of the formed granulate in
      contrast to known conventional screening apparatus. Moreover, this
      screening and discharge device is very easily mounted or dismounted at the
      discharge opening located at one lower extreme end of the drum container.
      When using a plate valve or the like over the discharge opening which
      leads into the screening means, it is feasible to engage or disengage the
      screening means and its discharge of the solids as desired.
PAR  Not only does the drum mixer and granulater of the invention ensure
      carefully controlled reproducible process conditions in the treatment and
      production of various powders and granulates but it also keeps the powdery
      or granulated material from coming into contact with the outer environment
      and avoids any necessity of transport or conveyance outside of the drum in
      going from step to step or stage to stage of a mixing and granulating
      process. The combination of elements in this apparatus thus provides a
      very effective and versatile piece of equipment for handling finely
      divided solids during all stages of mixing, stirring, conveying, drying,
      screening and the like. At the same time, there is a great reduction in
      cost where all such steps are to be carried out in a single drum which is
      in itself relatively simple and inexpensive in construction and operation.
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STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. Apparatus for mixing and granulating a finely divided solid material
      which comprises:
PA1  a closed elongated mixing drum having a tiltable axis of rotation and
      separate means for periodic introduction and removal of said solid
      material being treated; including a drum discharge opening arranged
      approximately tangential to the lowermost inner wall line extending
      axially of the drum and a tubular discharge housing fastened over said
      discharge opening externally of the drum and in an inclined position with
      reference to the drum axis, a cylindrical screening communicating with
      said discharge opening and means being mounted concentrically within said
      tubular discharge housing above a discharge outlet in said housing and an
      independently rotatable discharging means being mounted inside of said
      screen means to press solid material flowing through said discharge
      opening outwardly through said screen means and said discharge outlet;
PA1  a rotatably driven shaft mounted along the drum axis with means to
      rotatably drive said shaft in a clockwise or a counterclockwise direction;
PA1  conveyance means including at least one helical blade mounted on said shaft
      for mixing and stirring said finely divided solid material and extending
      over the length of the drum and up to the drum wall so as to reversibly
      convey said solid material in a direction parallel to the drum axis upon
      rotation of the shaft; and
PA1  a rotatable support for said drum including means to adjustably tilt and
      lock said drum in either positions above or below a normally horizontal
      position of the drum axis such that the force of gravity may work either
      with or against the conveying action of said helical blade.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said drum is in connection with
      means for placing the contents of the drum under a vacuum.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein a single helical blade is
      mounted on said shaft to extend over the length of the drum for mixing,
      stirring and conveying said solid material.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein a plurality of helical blade
      segments are mounted on said shaft to occupy partly overlapping intervals
      along the shaft and to extend together over the length of the drum for
      mixing, stirring and conveying said solid material.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein the lowermost inner wall line of
      the tubular housing forms an angle of less than 20.degree. with the
      corresponding lowermost inner wall line of the drum.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein said rotatable discharging means
      includes at least one radially arcuate plate mounted on a rotatably driven
      shaft, said plate having its outer end turned opposite to its turning
      direction to exert a wiping action along the inner wall surface of the
      screen member.
NUM  7.
PAR  7. Apparatus as claimed in claim 3 wherein said helical blade is restricted
      to a narrow annular zone adjacent said drum wall and is connected to said
      shaft by radial spoke means.
NUM  8.
PAR  8. Apparatus as claimed in claim 4 wherein each helical blade segment is
      restricted to a narrow annular gap adjacent said drum wall and is
      connected to said shaft by radial spoke means.
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ABST
PAL  Agitator for nonhomogeneous materials held in a tank. The agitator here in
      question is particularly intended for use with mixed liquid and solid
      materials, the solids thereof being of easily damaged nature and wherein
      the liquid and solid components of the mixture tend to separate. The
      agitator is thus intended to maintain the materials in a thoroughly mixed
      condition and to move same lengthwise through a tank to the outlet thereof
      and yet to do so with minimum physical damage thereto. The agitator of the
      invention comprises a relatively narrow blade arranged spirally for
      rotation about an axis positioned in the lower part of a horizontally
      aligned tank, the blade thereof being either perpendicular or inclinedly
      positioned with respect to the imaginary cylinder enclosed thereby. If
      inclined, the outer edge of the blade leads the inner edge as same
      rotates. The agitator can also be used in vertical alignment if desired
      and used with or without a central shaft.
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PAC  FIELD OF THE INVENTION
PAR  The invention relates to an agitator for nonhomogeneous, liquid materials
      in a tank, particularly grape mash.
PAC  BACKGROUND OF THE INVENTION
PAR  Nonhomogeneous goods are often difficult to convey because the liquid
      substance tends to separate from the solid substance. If one uses a bucket
      conveyor or a similar device, then the liquid cannot be efficiently
      conveyed. If one uses a pump, difficulties arise with the solid component.
      It is nevertheless desirable in the case of liquid, nonhomogeneous,
      materials in tanks that the liquid and solid components remain mixed
      (homogenized). Particularly in the case of such material as grape mash,
      there occurs a separation of the components if the grape mash is stored in
      a horizontally positioned, cylindrical or approximately cylindrical tank.
      The must settles on the bottom and the pulp and peels float on top.
PAR  If it is desired to empty the grape mash from the tank by means of a pump,
      the must flows out downwardly and out of the floating, solid parts. Thus,
      an umpumpable mass of solid material is left. The use of agitators to keep
      the solid and liquid parts of such goods mixed has already been tried but
      known agitators work the grape mash too intensively and thereby develop
      further disadvantages in the wind-pressing step. Furthermore the known
      agitators consist of an undesirably large number of parts which makes
      cleaning thereof correspondingly complicated and time-consuming. However,
      cleaning thereof is required at least once a day. Further, the large
      number of structural parts increases the price of the known agitators. The
      large surfaces, corners and edges of the agitator elements which must be
      moved against the grape mash require in addition a substantial amount of
      force.
PAR  The basic purpose of the invention is to produce an agitator which is
      constructed simply and therefore inexpensively, which can be cleaned
      easily and in addition will not damage the goods which are being handled.
PAR  The invention attains this purpose by arranging in the tank a rotatable
      spiral of a small width and at a selected pitch.
PAR  Due to the fact that the narrow spiral circulates continuously only small
      amounts of the material to be agitated, there is achieved a protective
      treatment of the materials so handled, particularly referring to grape
      mash. Furthermore only a few arms are necessary for supporting the
      agitating spiral because the spiral itself comprises a closed structural
      member. The narrow spiral carries floating thick materials in the upper
      zone of the tank into the liquid at the bottom. On the other hand, it
      carries liquid upwardly on the opposite side and mixes it again with the
      thick materials floating on the top. This assures a constant good mixture
      (homogenization) of the materials to be agitated, particularly grape mash.
      Furthermore the agitator results in a very open structure with only a few
      parts which permits an easy and time-saving cleaning. Finally this
      agitator is constructed simply, with minimum materials and therefore
      inexpensively. Through the pitch of the spiral the materials to be
      agitated are led slowly and without damage to the discharge opening of the
      tank. This agitator is advantageously arranged near the bottom of the
      tank.
PAR  If the discharge opening is not at the end of the tank and if therefore
      parts of the spiral are positioned on both sides of the tank discharge
      opening, then the flights thereof have oppositely extending pitch to
      convey the material from both ends of the tank to the discharge opening.
PAR  The spiral blade can stand perpendicularly to the imaginary cylinder which
      it encloses. Advantageously, it, however, is positioned at an angle to
      such imaginary cylinder such that the outer edge of the blade, seen in
      direction of rotation, leads the inner edge. Due to the angle of pitch of
      the spiral, the goods, such as grape mash, to be agitated, are carried
      along still better and are treated more carefully.
PAR  Finally, according to a further embodiment of the invention the spiral can
      be constructed as a self-supporting structural part without a supporting
      shaft. In this manner, the cleaning of the agitator is made still easier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be discussed more in detail hereinafter in connection
      with exemplary embodiments which are illustrated in the drawings, in
      which:
PAR  FIG. 1 is a vertical cross-sectional view of a tank having an agitator
      mounted therein;
PAR  FIG. 2 is a cross-sectional view along the line II--II of FIG. 1;
PAR  FIG. 3 is a cross-sectional view as in FIG. 2 of a modified embodiment, and
PAR  FIG. 4 is a cross-sectional view as in FIG. 1 of a further embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  The illustrated agitator is described in connection with a horizontally
      aligned tank for grape mash. It is understood that the agitator can also
      be used for other liquid goods of a nonhomogeneous type. It is also
      possible to install the agitator into an upright container.
PAR  As can be seen from FIG. 1, an agitator 2 is installed in a common tank 1
      of cylindrical shape. A rotatable shaft 3 is for this purpose supported on
      the oppositely positioned ends 4 and 5 in bearings 6, 7, which shaft 3
      extends longitudinally of the tank 1. The shaft 3 is guided outwardly for
      example at the end 5 and can be driven by any suitable drive (not
      illustrated). A spiral 8 is provided fixedly connected to the shaft 3 and
      spaced therefrom. This spiral 8 consists of an upstanding narrow strip of
      material, preferably of nonrusting metal. This spiral extends
      longitudinally of the circumference of an imaginary cylinder and is
      positioned perpendicularly to said imaginary cylinder. The spiral 8 is
      fixedly connected to the shaft 3 by support arms 9 at several points.
PAR  The agitator 2 is arranged in the tank 1 preferably near its bottom.
PAR  The pitch of the spiral 8 effects during rotation of the agitator 2 a
      conveying of the goods, for example grape mash, contained in the tank 1 in
      the direction of the arrow I toward the discharge opening 10. The grape
      mash can exit in the direction of the arrow II through the open discharge
      opening 10. The spiral 8 extends advantageously over the entire, or a
      substantial portion of, the length of the tank 1. If, as illustrated, the
      discharge opening 10 is at a distance from one end, for example the end 4,
      of the tank 1, the spiral 8 can be divided. In such case, the spiral blade
      8 which is provided on the other side of the discharge opening 10 is
      constructed of opposite hand and conveys in the direction of the arrow
      III.
PAR  In a modified embodiment the spiral 8 is not positioned perpendicularly to
      the imaginary cylinder which it surrounds, but is inclined thereto in such
      a manner that, as can be seen from FIG. 3, the outer edge of the spiral 8,
      when the agitator 2 is driven in the direction of rotation IV, seen in
      direction of rotation, leads the inner edge thereof. This results in a
      better conveying and a yet more careful treatment of the goods to be
      conveyed.
PAR  As can be seen from FIG. 4, the shaft 3 can be eliminated and the spiral 8
      is then constructed in a self-supporting manner by a suitably dimensioned
      construction. The spiral ends are fixedly connected to stub shaft 3' which
      are again supported in bearings 6, 7.
PAR  When the agitator 2 is rotated, the narrow spiral 8 on one side takes along
      the thick substances which float in the upper zone of the tank 1
      downwardly into the liquid which stands in the lower zone, on the other
      side it moves liquid there positioned upwardly and mixes it again with the
      floating thick substances in the upper zone. Since only relatively small
      amounts of goods are taken along and the speed of movement is not very
      high, a nondamaging treatment of the grape mash is assured. Also a
      complete homogenization (mixing) is assured. As already described, the
      spiral 8, due to its pitch, also effects conveying the grape mash in the
      direction of the arrows I or III. The agitator can be cleaned due to its
      special construction very easily and simply. Furthermore it can be
      manufactured simply and inexpensively.
PAR  Although particular preferred embodiments of the invention have been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An agitator for a normally nonhomogeneous mixture of must and floating
      mash, comprising:
PA1  an elongated tank means of circular cross section for holding said
      nonhomogeneous mixture having a central axis;
PA1  a single rotatable spiral-shaped blade thin in axial dimension and wide in
      radial dimension in said tank means, said blade being spaced from the axis
      of rotation therefor and extending between the opposite ends thereof, the
      external diameter of said blade being less than the inner diameter of said
      tank means and the axis of rotation of said blade being offset from and
      parallel to the central axis of said tank means so that a portion of said
      blade, in its lowermost position relative to the bottom internal wall
      surface of said tank, is radially spaced from said bottom internal wall
      surface a distance which is smaller than the radial width of said blade
      and, in its uppermost position, is radially spaced from the upper internal
      wall surface of said tank means a distance which is substantially greater
      than the radial width of said blade; and
PA1  means defining an outlet opening in said bottom wall of said tank means,
      said blade, during rotation, mixing said must and said floating mash so
      that said mash and said must are nearly homogeneous within a theoretical
      cylinder defined by said spiral-shaped blade and simultaneously conveying
      said homogeneous mixture toward said outlet opening.
NUM  2.
PAR  2. An agitator according to claim 1, wherein said outlet opening is located
      adjacent one end of said tank means.
NUM  3.
PAR  3. An agitator according to claim 2, wherein said blade includes a small
      section less than one pitch length located between said outlet opening and
      said one end of said tank means and, during said rotation, conveys said
      homogeneous mixture toward said outlet opening while simultaneously mixing
      said mixture.
NUM  4.
PAR  4. An agitator according to claim 1, wherein said wide part of said blade
      extends normal to the axis of rotation thereof.
NUM  5.
PAR  5. An agitator according to claim 1, wherein said wide part of said blade
      extends inclined to the axis of rotation thereof so that the radially
      outer edge of said blade defines a leading edge during rotation of said
      blade.
NUM  6.
PAR  6. An agitator according to claim 1, wherein said blade includes a shaft
      extending through the center of said spiral and radial arms secured to and
      extending between said shaft and said blade.
NUM  7.
PAR  7. An agitator according to claim 1, wherein said blade is self-supporting
      and is free of a shaft extending through the central part of said spiral.
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ABST
PAL  Single-screw extruder for mixing viscous materials by dividing material in
      only the forward flow direction in an irregular sequence into a plurality
      of communicating flow paths which are subjected to constant change between
      being divided and rejoined. Extruder design can be varied by removable and
      interchangeable partial arcuate screw sections which are affixed to the
      body of the screw in the space between selected threads of a continuous
      screw thread.
BSUM
PAR  The invention relates to apparatus for processing highly viscous materials,
      particularly the processing of rubber mixtures with varied proportions of
      natural rubber and fillers in a single worm extruder.
PAR  As used herein the terms "plastic" and "plastic materials" are intended to
      mean materials which are yieldable or moldable in nature.
PAR  In order to achieve an extruded plastic of good quality it is necessary to
      extensively mix the plastic material to produce a homogeneous product
      while maintaining temperature constant over time at any particular point
      along the extruder. In a single worm extruder the mixing and the
      homogenizing of the plastic material is carried out by a single rotating
      screw mounted in a cylindrical barrel. The material is homogenized,
      masticated, and intermixed by the interaction of the rotating worm or
      screw and the cylinder walls. After the material is mechanically and
      thermally mixed into a homogenous substance, it is then ejected through a
      die to form its permanent shape. The passage through the die should be at
      as uniform a speed as possible.
PAR  Screw extruders are known for the processing of rubber, plastic and the
      like in which the screw is divided into segments of different
      configuration such that the homogenity and the uniform plasticity is
      improved by the separation of molten and solid materials. This is done by
      causing the extrudant to flow between the land of the screw and the inside
      wall of the screw cylinder. The melt is separated from the solid phase of
      the plastic to be processed during the conveying of the latter in the
      screw by collecting it in a receptable which the components of the plastic
      still in the solid phase cannot reach.
PAR  A single worm extruder for the mixing and processing of rubber consists of
      two sections, an intake section and a mixing section. The mixing section
      has lands countercurrent to those of the intake section for partially
      back-feeding the rubber on to the intake section to provide a turbulent
      current of material. The countercurrent lands are interrupted by gaps
      which collectively have the same total area as the cross-sectional area of
      the intake section. The material is divided into a number of back-feed
      flows which thereafter recombine. Such extruders are disclosed in Menges
      et al., U.S. Pat. application Ser. No. 55,542, filed July 16, 1970, now
      U.S. Pat. No. 3,680,844, and Lehnen et al., U.S. Pat. application Ser. No.
      808,543, filed Mar. 19, 1969, and now abandoned, both of which
      applications are assigned to same assignee as the present application.
PAR  In this process, the heat resulting from the mastication of the material in
      the worm is utilized to liquify the extrudant. However, when processing
      rubber mixtures, it is undesirable to heat the rubber beyond 120.degree.C.
      since the rubber mixture will be damaged. On the other hand, due to the
      high apparent viscosity of rubber mixtures, rubber heats up relatively
      quickly while being mixed and homogenized, especially when high output is
      needed. Furthermore where the material is back-fed, the rate of extruded
      output is adversely affected. This is particularly true with mixtures
      containing high percentages of natural rubber. Additionally the poor heat
      conductivity of rubber mixtures results in irregular heating during the
      mixing and homogenizing process. The resulting non-homogenous high
      temperature affects the quality of the extrusion because the thorough
      mixing occurs primarily in the peripheral area at the lands of the screw.
PAR  It is the object of the invention to make it possible to carry out the
      processing of highly viscous materials, particularly rubber mixtures, by
      means of a single worm extruder, without adversely affecting the rate of
      extruded output.
PAR  According to the method of the present invention, the flow of the material
      through the extruder, is subjected to numerous phases of being separated
      and combined without back-feeding. The separation of the material into
      several flow paths and the combining of all or a number of them, is
      preferably arranged at an irregular sequence, without any change or
      reversal in the general direction of material flow through the extruder.
PAR  This type of processing provides an improved mixing effect without
      interfering with the general direction of flow of the material. When the
      material flow is divided into a plurality of flow paths, the velocity of
      the material in the direction of flow is increased. The division or
      separation of the material flow into a plurality of flow paths provides an
      increase in the number of peripheral areas at the lands of the screw
      assuring a thorough mixing of the material. There is also a reduction in
      the temperature gradient within the material and therefore an improved
      homogeniety in the mixture. When the divided flow paths are combined to
      form a single flow path of material, the velocity of the material flow is
      reduced because the material now has a large cross section. The flow of
      material may thereafter again be divided and separated and recombined. The
      variation of the flow of the material from a single flow path to a
      plurality of divided flow paths and vice versa and the variation in the
      number of divided flow paths, provides an improved mixing while the
      material flows smoothly through the extruder. At the same time, the
      extruder-screw is self-cleaning since there is no reversal in the
      direction of material flow.
PAR  The single screw extruder, according to the invention is a multi-threaded
      screw with a continuous main screw thread having a constant pitch.
      Intermediate adjacent threads of the main screw is an appreciable portion
      of the body of the screw which does not have any threads. In this
      thread-free portion, the material mixture recombines into a single flow
      path resulting in a reduction of the material flow through the extruder
      and an accompanying increase in the apparent density of the material.
PAR  Located in selected thread-free portions is at least one partial screw
      thread having a predetermined pitch and thread length. The partial screw
      threads need not be located in every thread-free portion of the main screw
      thread. The partial screw threads divide and separate the material in a
      plurality of flow paths. Selectively, the partial screw threads may be
      less than a full turn about the body of the screw. Furthermore the partial
      screw threads can have a pitch different than that of the main screw. The
      partial screw threads can be arranged on arcuate sections which are
      located in the thread-free portions between the threads of the continuous
      main screw on the body of the screw. Preferably, the arcuate sections of
      partial screw threads are removably secured in recesses provided in the
      screw body. The arcuate sections can be selectively arranged in a
      predetermined pattern about the circumference of the entire length of the
      screw body. In this manner it is possible to vary the mixing pattern by
      removing and rearranging the location of one or more of the partial screw
      threads according to the type of material. When an optimum mixing pattern
      for a particular material is established, the final arrangement of the
      partial screw threads provides a design for future extruders.
DRWD
PAR  The invention will be better understood when read with the detailed
      description and the following drawings, in which:
PAR  FIG. 1 is a side view of an extruder-screw according to the invention;
PAR  FIGS. 2, 3 and 4 are cross-sectional views of the extruder-screw, along the
      lines II--II, III--III and IV--IV of FIG. 1, showing the profile view of
      the partial screw thread arcuate sections;
PAR  FIG. 5 is a cross-sectional view along line V--V of the extruder-screw of
      FIG. 1; and
PAR  FIG. 6 is a plan view of the circumference of the extruder-screw of FIG. 1
      showing the dividing and separation of the material and the arrangement of
      the partial screw thread arcuate sections.
DETD
PAR  As seen in FIG. 1, screw 1 of an extruder is provided with a multi-threaded
      screw 2, which is continuous from an inlet zone 3 to an outlet zone 4. The
      inlet zone 3 and the outlet zone 4, may also contain a further
      multi-thread screw 2'.
PAR  Located between the zones 3 and 4 is a certain mixing zone 5. In selected
      thread-free portions between the threads of the continuous screw 2 is
      disposed partial screw arcuate sections 6 and 7. These sections 6 and 7
      repeatedly divide the material flow into two or three partial streams. The
      partial screw arcuate sections 6 and 7 are limited in length, although
      more than two such sections of limited length may be added. The location
      along the screw 1 of the sections 6 and 7 can be varied so as to change
      the design of the extruder in accordance with the material to be mixed.
      Furthermore the spacing between the end of one partial screw section and
      the beginning of another partial screw section may be varied, as well as
      the overall length of each partial screw section along the screw 1. Each
      partial screw section may comprise less to more than one continuous
      thread. Thread-free portions 8, 9 and 10, which in the screw shown in the
      drawing, do not contain any partial screw sections, provide a joining of
      the separated and divided material flow and also provide a mixing of the
      mass of the partial flow paths with each other. Depending on the length
      along the screw of the thread-free portions, as viewed in the direction of
      the material flow, the separated flow paths can merge with each other and
      become denser, and thereafter are again divided into several partial flow
      paths. This constant change of dividing, separating and rejoining the
      material flow over the whole length of the screw leads promotes an
      intensive mixing of the material without adversely affecting the rate of
      material flow output. The partial screw sections can be of the same
      height, i.e., outer diameter, as the continuous screw web 2. The partial
      screw sections may have the same width as the continuous screw 2, but they
      can also be wider or narrower. It is preferable to terminate each end of
      the thread of each partial screw section in a tip 11, which may comprise a
      one-sided or two-sided beveled or chamfered slope where it intersects the
      body 12 of the screw 1. In accordance with the preferred embodiment of
      this invention the direction of the threads of the screw 2 and each
      partial screw section is the same.
PAR  The screw 1 has a body 12 and a central bore 13 for heating or cooling. The
      partial screw sections 6 or 7 are disposed on arcuate sections 14, 15,
      which are disposed in corresponding recesses 16 of the screw body 12.
      Removable fastening means, such as screws 17, attach the arcuate sections
      to the body 12. In the thread-free portions 8, 9, 10, there is provided
      blank arcuate sections 18 in recesses 16 which follow the thread of the
      continuous screw 2. The blank arcuate sections 18 and the partial screw
      sections 6 and 7 can be varied in location both circumferentially as well
      as along the length of the screw 1 depending on the characteristics of the
      material mixture to be processed. The partial screw sections 14, 15 and
      the blank section 18 are arcuate sections having the same radius as the
      screw body 12 and may comprise any desired arcuate angle. For example, an
      arcuate section of 60.degree. would mean that six such sections are
      required to form the circumference of the screw. Each of the arcuate
      sections 14, 15, whether of one, two or more than two partial screw
      sections and the blank arcuate section 18 are of the same size and have
      the same base area and are therefore interchangeable.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of this invention, various changes and modifications
      may be made therein without departing from the spirit of the invention and
      it is intended to cover all such changes which may come within the scope
      of the invention.
CLMS
STM  Having thus described our invention, what we claim and desire to protect by
      Letters Patent is:
NUM  1.
PAR  1. A single worm extruder screw for rubber mixtures and the like having a
      continuous main screw thread along a screw body and at least one partial
      screw thread section located on the screw body between the threads of the
      continuous main screw, the partial screw thread being removable from the
      screw body, and the threads of the partial and main screw being oriented
      in the same direction.
NUM  2.
PAR  2. The extruder screw according to claim 1 wherein a plurality of partial
      screw thread sections are disposed along the length of the screw body in
      an irregular sequence.
NUM  3.
PAR  3. The extruder screw according to claim 1 wherein a plurality of partial
      screw thread sections are disposed circumferentially about the screw body
      in an irregular sequence.
NUM  4.
PAR  4. The extruder screw according to claim 1 wherein the partial screw thread
      sections are arcuate sections removably fastened to the screw body.
NUM  5.
PAR  5. The extruder screw according to claim 4 wherein the arcuate sections are
      of an angle of 60.degree..
NUM  6.
PAR  6. The extruder screw according to claim 1 wherein the partial screw thread
      sections are removably disposed in recesses on the screw body.
NUM  7.
PAR  7. The extruder screw according to claim 1 wherein the thread of the
      partial screw thread being less than a full turn about the screw body.
NUM  8.
PAR  8. The extruder screw according to claim 1 wherein the thread of the
      partial screw thread is at least one full turn about the screw body.
NUM  9.
PAR  9. The extruder screw according to claim 1 wherein each end of the thread
      of the partial screw thread terminates in a beveled tip.
NUM  10.
PAR  10. The extruder screw according to claim 1 wherein the outer diameter of
      the threads of the partial and continuous main screw threads are the same.
NUM  11.
PAR  11. The extruder screw according to claim 1 wherein the width of the
      threads of the partial and continuous main screw threads are the same.
NUM  12.
PAR  12. The extruder screw according to claim 1 further including removable
      blank sections between the threads of the continuous main screw.
NUM  13.
PAR  13. The extruder screw according to claim 12 wherein the blank sections are
      arcuate sections disposed in recesses in the screw body.
NUM  14.
PAR  14. The extruder screw according to claim 12 wherein the base area of the
      blank and partial screw thread sections is the same.
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ABST
PAL  Apparatus for plasticizing and injecting mouldable synthetic material is
      disclosed. The apparatus comprises a cylindrical member having a
      longitudinal cylindrical bore therein into which such material is
      introducible, nozzle means firmly secured to one end portion of the
      cylindrical member and communicating with the cylindrical bore, a worm
      shaft mounted in the bore to be axially and rotatably displaceable
      relative to the cylindrical member and provided with an opening of
      circular cross-section extending longitudinally of the shaft from an end
      face thereof facing the nozzle means, and a closure body firmly secured to
      the cylindrical member and projecting into the opening, the closure body
      providing a seal between the opening and the longitudinal cylindrical
      bore. Advantageously, the apparatus is provided with valve means disposed
      at the end portion of the worm shaft which is next adjacent the nozzle
      means to restrain flow of such material along the cylindrical bore in a
      direction away from the nozzle means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for plasticizing and injecting
      mouldable synthetic material.
PAR  Injection casting machines and injection presses for the manufacture of
      moulded parts of synthetic material generally comprise a hollow cylinder
      provided with a worm shaft, which is rotatably mounted in the bore of the
      cylinder and which makes possible the conveying the plasticizing of
      mouldable synthetic material. In many cases, the worm shaft is also
      axially displaceable and then serves simultaneously as a piston to press
      the synthetic material through a nozzle in the moulding tool.
PAR  Earlier, the time expended for the manufacture of a moulded part was
      largely determined by the time required for the cooling down of the
      moulded part. In more recent times, moulding tools have been improved in
      such a manner, that the cooling-down time became substantially shorter
      than was the case previously. This is the case particularly in the
      manufacture of thin-walled parts, such as for example containers, pots,
      lids and wrapping materials.
PAR  During the cooling-down time, different operating steps, particularly the
      plasticizing of the mouldable synthetic material, have been carried out.
      The shortening of the cooling down time is now such that the manufacturing
      time for thin-walled moulded parts is determined mainly by the expenditure
      of time required for the plasticizing the mouldable material.
PAR  The plasticizing performance of a press can be increased if the
      circumference of the worm shaft is enlarged. When the worm shaft is
      displaced in an axial direction towards the nozzle to press the mouldable
      material through the nozzle, the driving force required to axially
      displace the shaft is equal to the product of the cross-sectional area of
      the worm shaft and the pressure exerted on the mouldable material by the
      worm shaft. If the same pressure is to be attained with worm shafts of
      different diameters, the driving force in the case of the use of a worm
      shaft of larger diameter must thus be increased proportionally to the
      greater cross-sectional area of such an enlarged worm shaft.
PAR  This however poses a problem since the manufacturer of the injection
      casting machines and injection presses normally manufactures about three
      to four standard sizes of each type of machine, the drive motors of which
      are matched to the sizes of the worm shaft diameter. If the diameter of
      the worm shaft is now increased, then the performance of the motor serving
      for the generation of the pressure must be correspondingly increased. The
      employment of a stronger motor for the generation of the greater pressure
      would however make the machine appreciably more expensive and also render
      it considerably more bulky.
PAR  There is of course the possibility of employing a hydraulic pressure
      converter in place of a stronger motor. This solution is also however
      relatively expensive. Moreover, greater axial forces, which represent an
      increased loading of the machine elements, arise in the employment of a
      stronger motor as well as also in the employment of a pressure converter.
PAR  An object of the present invention is to provide an apparatus, which makes
      it possible to plasticize a greater quantity of mouldable synthetic
      material per unit time without the attainable pressure decreasing for that
      reason and without the driving equipment serving for the axial
      displacement of the worm shaft having to be changed significantly.
      Furthermore, the increase in plasticizing performance should also not
      materially increase the bulk and the cost of the machine.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided apparatus for
      plasticizing and injecting mouldable synthetic material comprising a
      cylindrical member having an axial bore of circular cross-section therein
      into which such material is introducible, nozzle means firmly secured to
      one end portion of the cylindrical member and communicating with the
      cylindrical bore, a worm shaft mounted in the bore to be axially and
      rotatably displaceable relative to the cylindrical member and provided
      with an opening of circular cross-section extending longitudinally of the
      shaft from an end face thereof facing the nozzle means, and a closure body
      mounted to be stationary within the cylindrical member and to project into
      the opening, the closure body providing a seal between the opening and the
      axial bore.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An embodiment of the present invention will now be more particularly
      described by way of example with reference to the single FIGURE of the
      accompanying drawing which shows a longitudinal section through an
      apparatus for plasticizing and injecting mouldable synthetic material. For
      convenience of illustration, the apparatus is illustrated in the drawing
      with the longitudinal axis of the apparatus vertical. In the injection
      casting machines and injection presses, apparatus in the form of the
      plasticizing device is generally however so arranged, that its
      longitudinal axis extends horizontally.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the apparatus for plasticizing and injecting
      mouldable synthetic material is provided with nozzle means comprising a
      nozzle carrier member 2 and nozzle 1, which is attached to the nozzle
      carrier 2. The nozzle carrier 2 is provided with a plurality of passages
      2a and is, in its turn, attached to a hollow cylindrical member 8, by
      means of screws (not shown). The hollow cylinder 8 is rigidly connected
      with the machine frame (not shown) of an injection casting machine or an
      injection press by any suitable attaching means (not shown). The hollow
      cylinder 8 is provided with collar-shaped heating elements 9, which are
      disposed around its external peripheral surface.
PAR  Arranged in the internal cylindrical bore 8a of the hollow cylinder 8 is a
      worm shaft 7, which is mounted to be rotatable and additionally
      displaceable in the axial direction of the cylinder 8. The worm shaft 7 is
      provided, at its end facing the nozzle 1, with a longitudinal blind bore
      10, the diameter of which advantageously is at least equal to half the
      external diameter of the worm shaft 7.
PAR  A cylindrical closure body in the form of a plug 4, which is co-axial with
      the hollow cylinder 8, is secured to the nozzle carrier 2 and, in this
      manner, is firmly connected to the hollow cylinder 8 to be
      non-displaceable relative thereto. The plug 4 is provided with a
      penetrating longitudinal bore hole 4a.
PAR  As indicated above the nozzle carrier 2 is provided with several passages
      2a and these passages connect the internal bore 8a of the hollow cylinder
      8 with the extrusion opening of the nozzle 1. The nozzle carrier 2 is also
      provided with at least one further passage 3. The passage 3 comprises a
      longitudinally extending passage portion -- formed by a blind bore 3a
      which extends from the centre of the inner end face of the nozzle carrier
      2 -- and a transversely extending passage portion 3b leading radially
      outward from the longitudinal passage portion 3a. The passage 3 thus
      connects the longitudinal bore 4a of the plug 4 and thereby also the
      longitudinal bore 10 of the worm shaft 7 with the external atmosphere.
PAR  The worm shaft 7 is provided at its end portion next adjacent the nozzle 1
      with co-axial sleeve means. The sleeve means 5 may be screwed on to a
      threaded end portion of the worm shaft, or may be rigidly connected with
      the worm shaft in any other suitable manner. The sleeve means 5 is so
      dimensioned that the internal surface of the sleeve means 5 and the
      external surface of the hollow plug 4 together form a sliding seating,
      which seals the longitudinal bore 10 relative to the bore 8a. The length
      of the sleeve means 5 is so dimensioned that the sleeve means 5 is
      adequately seated on the external surface of the plug 4.
PAR  The external diameter of the sleeve means 5 is somewhat smaller than the
      internal diameter of the hollow cylinder 8, so that between the sleeve
      means 5 and the internal surface of the hollow cylinder, there is present
      a clear gap, through which mouldable material can flow. The sleeve means 5
      is provided with a generally annularly shaped groove 5a in its external
      periphery. A sleeve rim 5b limits the axial extent of the groove 5a at the
      nozzle-sided end of the sleeve. The sleeve rim 5b is provided with
      longitudinal grooves 5c.
PAR  Further arranged in the hollow cylinder 8 is a radially inwardly extending
      ring means 6, the external peripheral surface of which bears against the
      internal surface of the hollow cylinder 8 and forms together with this a
      sealingly closing push-fit. The ring means 6 protrudes into the groove 5a
      and is so shaped, that it sealingly closes the connection between the worm
      shaft 7 and the nozzle 1, when the inclined end surface of the ring 6
      bears against the correspondingly inclined end wall of the groove 5a
      remote from the nozzle 1. The ring means 6 thus forms the closure element
      of a non-return valve means formed by co-operating surface portions of the
      ring 6 and the sleeve 5. So that the ring means 6 can be inserted in the
      groove 5a, either the sleeve means 5 or the ring means 6 is composed of
      several parts.
PAR  The apparatus illustrated in the drawing forms, as already mentioned, a
      part of an injection casting machine or an injection press. The envelope
      of the hollow cylinder 8 is provided in the vicinity of its end remote
      from the nozzle 1 with a filling opening (not shown), through which
      mouldable material be processed, possibly in powder form, can be supplied.
      The machine is provided with an electro-mechanical or hydro-mechanical
      drive device (not shown), by which the worm shaft 7 can be set into
      rotation in such a manner that the mouldable material can be conveyed from
      the filling opening to the nozzle-sided end of the worm shaft.
      Furthermore, the machine is provided with a device to displace the worm
      shaft in the axial direction of the cylinder 8.
PAR  The operation of the apparatus will now be described as follows:--
PAR  During the first operating step, which is referred to as the metering
      phase, the nozzle 1 is closed, for example, by sprue plug not shown in the
      drawing. During the metering phase, mouldable material is supplied through
      the above-mentioned filling opening in the cylinder envelope and conveyed
      by the worm shaft 7 forwardly toward the nozzle. The mouldable material is
      heated during the conveying process by the heating elements 9, so that it
      is also plasticized during the conveying process. The plasticized
      mouldable material which is subjected to pressure then flows round the
      valve body 6, which is urged against the rim 5b, and collects in the
      cavity bounded by the external surface of the body 4 and the internal
      surface of the hollow cylinder 8. In that case, the worm shaft 7 and the
      elements 5 and 6 of the valve means are successively pushed rearwardly,
      that is to say away from the nozzle 1. When the quantity of the mouldable
      material required for the manufacture of a moulded part is plasticized,
      the rotation of the worm shaft is interrupted, perhaps by a limit switch
      (not shown). The length of the blind bore 10 must of course be so
      dimensioned, that the worm shaft 7 can be displaced sufficiently far
      rearwardly.
PAR  During the next operating step, which is referred to as the injection
      phase, the worm shaft 7 is acted upon by pressure at its rear end and
      displaced forwardly toward the nozzle 1. The annularly shaped closure
      element 6 of the valve 5 and 6 is in that case urged against the rear end
      surface of the groove 5a, so that the plasticized mouldable material can
      no longer flow back and is pressed through the passages 2a and the opening
      of the nozzle 1 into the moulding tool not shown.
PAR  Since the longitudinal opening 10 of the worm shaft is connected through
      the passage 4a and the passage 3 with the atmosphere, atmospheric pressure
      always prevails in the longitudinal opening 10 independently of the axial
      position of the worm shaft. The pressure exerted upon the mouldable
      material during the injection phase is -- apart from the frictional losses
      -- equal to the pressure force exerted upon the worm shaft divided by the
      cross-sectional area of the cavity bounded by the peripheral surface of
      the bore 8a in the cylinder 8 and the external surface of the plug 4.
PAR  It is possible to provide a worm shaft embodying the invention in place of
      a worm shaft of full cross-section in a standard injection casting
      machine. Its diameter can then be so chosen, that the plasticizing
      performance per hour can be increased by at least about 50%. In favourable
      cases, perhaps in the processing of polyolefines, the plasticizing
      performance can be increased to about three times the value attainable
      with a full, smaller shaft. With suitable dimensioning of the diameter of
      the longitudinal opening 10, the same pressure can be attained during the
      injection phase as with a thinner full shaft without the performance of
      the device effecting the axial displacement of the shaft having to be
      increased.
PAR  The employment of a worm shaft of larger diameter at most requires a
      somewhat larger torque of the drive device. With suitable construction of
      the worm groove, this increase can however be kept relatively small.
      Moreover, the driving device serving for the generation of the torque
      normally displays a certain reserve performance, so that all moulding
      masses coming into consideration can be plasticized.
PAR  It is of course possible to provide for each machine one set of worm shafts
      of different diamters. A larger or a smaller shaft can then be used always
      according to the composition and viscosity of the moulding mass.
      Furthermore, existing machines displaying a shaft with full cross-section
      can also subsequently with little effort be provided with a shaft
      displaying a longitudinal opening.
PAR  The apparatus can of course be modified in different respects. For example,
      it would perhaps be possible to provide the worm shaft with a penetrating
      longitudinal opening instead of with a blind hole. The bore hole 4a and
      the passage 3 could then be omitted.
PAR  Furthermore, the plug 4 could be connected directly and non-displaceably
      with the envelope of the hollow cylinder 8 instead of being connected
      thereto via the nozzle carrier 2.
PAR  With the afore described apparatus, not only thermoplastics but also
      hardenable synthetic materials or elastomers may be processed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for plasticizing and injecting moldable synthetic material
      comprising, a cylindrical member having an axial bore of circular
      cross-section therein into which said material is introducible; nozzle
      means firmly secured to one end portion of said cylindrical member and
      communicting with said cylindrical bore; a worm shaft mouned in said bore
      to be axially and rotatably displaceable relative to said cylindrical
      member and provided with an opening of circular cross-section extending
      longitudinally of said shaft from an end face thereof facing said nozzle
      means; and a closure body mounted to be stationary within and relative to
      said cylindrical member and to project into the opening of said worm
      shaft, said closure body providing a seal between the opening of said worm
      shaft and said axial bore.
NUM  2.
PAR  2. Apparatus as defined in claim 1, further comprising valve means provided
      at the end portion of said worm shaft next adjacent said nozzle means,
      said valve means being selectably operable to restrain flow of said
      material along said cylindrical bore in a direction away from said nozzle
      means.
NUM  3.
PAR  3. Apparatus as defined in claim 1, further comprising sleeve means firmly
      secured to the end portion of said worm shaft next adjacent said nozzle
      means, the internal peripheral surface of said sleeve means being slidably
      seated on the peripheral surface of said closure body to provide a seal
      between said opening and said longitudinal cylindrical bore.
NUM  4.
PAR  4. Apparatus as defined in claim 3, further comprising a ring member
      supported on the inner peripheral surface of said cylindrical member to
      extend into an annular groove in said sleeve means, said ring member and
      said sleeve means being mutually engageable to provide valve means
      selectably operable to restrain flow of said material along said
      cylindrical bore in a direction away from said nozzle means.
NUM  5.
PAR  5. Apparatus as defined in claim 1, wherein said nozzle means comprises a
      nozzle carrier member and a nozzle firmly secured to said carrier member,
      said carrier member being firmly secured to one end portion of said
      cylindrical member, said closure body being firmly secured to said carrier
      member and said carrier member being provided with at least one passage
      therein to connect said axial bore with said nozzle.
NUM  6.
PAR  6. Apparatus for plasticizing and injecting moldable synthetic material
      comprising, a cylindrical member having an axial bore of circular
      cross-section therein into which said material is introducible; nozzle
      means firmly secured to one end portion of said cylindrical member and
      communicating with said cylindrical bore; a worm shaft mounted in said
      bore to be axially and rotatably displaceable relative to said cylindrical
      member and provided with an opening of circular cross-section extending
      longitudinally as said shaft from an end face thereof facing said nozzle
      means; and a closure body mounted to be stationary within and relative to
      said cylindrical member and to project into the opening of said worm
      shaft, said closure body providing a seal between the opening of said worm
      shaft and said axial bore, said nozzle means comprising a nozzle carrier
      member and a nozzle firmly secured to said carrier member, said carrier
      member being firmly secured to one end portion of said cylindrical member,
      said closure body being firmly secured to said carrier member and said
      carrier member being provided with at least one passage therein to connect
      said axial bore with said nozzle, said opening being defined by a blind
      bore in said worm shaft, said closure body being provided with a
      longitudinally extending passage therein and said carrier member being
      provided with at least one further passage, said longitudinally extending
      passage and said at least one further passage providing communication
      between said opening and the atmosphere.
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ABST
PAL  An extruder for synthetic material with at least two mixing and conveying
      worms, comprising an extruder housing, an extruder inlet, a driving member
      for driving one of the worms and a gearing for driving the second worm,
      said gearing comprising two gear wheels with inclined toothings. These
      gear wheels are mounted on either side of the mixing and conveying worm
      and cooperate therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an extruder for synthetic materials with at least
      two mixing and conveying worms, comprising an extruder housing, an
      extruder inlet, a driving member for driving one of the worms and a
      gearing for driving the second worm.
PAR  Such extruders are known per se. In these known extruders the shaft of a
      first mixing and conveying worm is directly driven, while a gear wheel
      mounted on the shaft of the first mixing and conveying worm drives a gear
      wheel co-operating therewith and mounted on the driving shaft of the
      second mixing and conveying worm.
PAR  Such a drive suffers from the disadvantage that the two shafts of the
      mixing and conveying worms are strongly exposed to a bending load.
PAC  SUMMARY OF THE INVENTION
PAR  The invention aims to provide an extruder for synthetic material of the
      aforementioned type which does not suffer from the disadvantage as
      described above and to which in particular a much smaller bending load is
      applied by using a special type of bearing for the second mixing and
      conveying worm. Particularly the bending load of the second worm is
      neutralized.
PAR  Finally can be mentioned that the forces acting upon the second mixing and
      conveying worm in a relating extruder are divided, these two forces having
      a particular ratio owing to the device's construction.
PAR  According to the invention such an extruder with at least two mixing and
      conveying worms, comprising an extruder housing, an extruder inlet, a
      driving member for driving one of the worms and a gearing for driving the
      other worms, is distinguished in that it is provided with a gearing
      comprising two gear wheels which on either side co-operate with the shaft
      of the second mixing and conveying worm.
PAR  The gearing comprises at least two gear wheels with a convergingly inclined
      toothing, the gear wheels being mounted on a slidable auxiliary shaft
      which can be driven and extends substantially parallel to the driving
      shaft of the other mixing and conveying worm, while a first gear wheel
      with inclined toothing co-operates with a pinion on the shaft of the other
      mixing and conveying worm, and the other gear wheel with inclined toothing
      co-operates with a gearing acting upon the same pinion but on another part
      thereof than the first gear wheel.
PAR  When the two gear wheels with convergingly inclined toothings which are
      mounted on a slidable auxiliary shaft are operated, this auxiliary shaft
      can adjust itself to a particular position and thereby limit the bending
      load of the second mixing and conveying worm shaft to a minimum or almost
      cancel it.
PAR  So as to obtain optimal results the tooth angle ratio for the one gear
      wheel with inclined toothing should be selected such that it can exert the
      same force on the pinion as the second gear wheel. As mentioned before,
      both gear wheels with inclined toothing are mounted on a slidable shaft.
      In the above case almost parallel, but opposite forces are exerted on the
      shaft of the second mixing and conveying worm, whereby a bending load is
      hardly or not at all, applied to the second worm shaft.
DRWD
PAC  SURVEY OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of an extruder for synthetic material
      according to the invention, portions of the power transmission thereof
      being eliminated for purposes of clarity;
PAR  FIG. 2 represents a schematic view taken on line II--II of FIG. 1, the
      power transmission train being illustrated in phantom, and
PAR  FIG. 3 represents a schematic view taken on line III--III of FIG. 1, the
      power transmission train being illustrated in phantom.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the Figure an extruder 1, for synthetic material is shown with at least
      two mixing and conveying worms 2 and 3, the extruder comprising an
      extruder housing 4 and an extruder inlet 5.
PAR  A driving member 6 such as a motor is disposed which drives the shaft 7 of
      the first mixing and conveying worm 2. On this shaft 7 is mounted a gear
      wheel 8 which can co-operate with a gear wheel 9 provided on an auxiliary
      shaft 10. This auxiliary shaft 10 is slidably mounted in a bearing 19. The
      auxiliary shaft 10 carries a first gear wheel with inclined toothing 11
      and, spaced therefrom, a second gear wheel with inclined toothing 12, the
      tooth angle of the first gear wheel with inclined toothing 11 being
      opposite to the tooth angle of the gear wheel with inclined toothing 12.
      The gear wheel with inclined toothing 11 co-operates with a gear wheel 13
      on a second auxiliary shaft 20 which carries a third gear wheel 16 which
      in turn drives a pinion 14 mounted on a worm shaft 15. The gear wheel with
      inclined toothing 12 likewise drives the pinion 14 on the other side of
      the worm shaft 15 by means of a gear wheel 17.
PAR  The gear wheels 16 and 17 which are driven by the two gear wheels with
      inclined toothing 11, 12 are situated on either side of the worm shaft 15.
PAR  Due to the fact that auxiliary shaft 10 cannot absorb axial forces and the
      toothings on the gear wheels 11 and 12 are inclined with respect to this
      shaft, the gear wheels 11 and 12 each exert an axial force on shaft 10,
      the forces balancing each other. In view of the fixed ratio between the
      tangential and the axial force in a gear wheel with inclined toothing 11,
      12 there is also a fixed ratio between the tangential forces on the gear
      wheels 11 and 12, this ratio depending on the ratio of the tooth angles
      and the transmission ratios. Starting from the fact that the total
      transmission ratio from 12 to 14 should be equal to that from 11 to 14 and
      that the force exerted by the wheel 16 on wheel 14 should be equal to the
      force exerted by 17 on 14 and supposing that:
PAL  .alpha. = tooth angle of gear wheel 12 (and 17, 16 and 14)
PAL  .beta. = tooth angle of gear wheel 11 (and 13)
PAL  then it holds that tg.alpha. = .phi. 12 / .phi. 11 = .phi. 16 / .phi. 13
      and tooth force 12/ tooth force 11 = .phi. 12/ .phi. 11.
PAR  Since these forces are almost parallel but contrary, a bending load is
      hardly or not at all applied to the second worm shaft of the second mixing
      and conveying worm 3. A bending load would wholly fail to be applied when
      gear wheel 17 and gear wheel 16 are diametrically disposed and
      co-operating with the pinion 14.
PAR  Due to suitable selection of the ratio of the tooth angles it is moreover
      possible to distribute the forces in an adjustable way while the driving
      moments too, can be adjusted in a regulable way.
PAR  A special advantage consists in that, by using a first transmission from
      gear wheel 8 to gear wheel 9 and two second transmissions from wheel 11 to
      pinion 14 and from wheel 12 to pinion 14, one has not to keep to the
      transmission ratio 1 : 1 for each of these transmissions.
PAR  A further advantage is that in an extruder as described above the driving
      shaft of the second mixing and conveying worm 3 is driven on two sides
      whereby an optimal adjustment of the second mixing and conveying worm 3 is
      obtained and a bending load is hardly or not at all applied to the second
      worm shaft.
PAR  By means of twin worm extruders of the aforementioned type the consumption
      of energy is deemed to be considerably reduced when operating with the
      same quantity of synthetic material.
PAR  The axial force of the first mixing and conveying worm 2 is accommodated
      via an axial bearing 18 of great dimensions.
PAR  The second mixing and conveying worm 3 is advantageously supported in a
      hydrostatic bearing. In such hydrostatic bearings an oil-filled slit is
      provided between the counter bearing ring and the bearing ring.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an extruder for synthetic materials comprising an extruder housing
      having an extruder inlet, two mixing and conveying worms each mounted on a
      respective shaft, means for directly driving one of the worms and
      transmission means for driving the second worm; the improvement comprising
      a first auxiliary shaft associated with said transmission means and
      disposed substantially parallel to said worm shafts, a first gear wheel
      mounted on said first auxiliary shaft having gear teeth inclined to the
      axis thereof which are drivingly connected with a pinion carried by said
      second worm shaft, a second gear wheel mounted on said first auxiliary
      shaft having gear teeth inclined to the axis therof at an angle
      convergingly disposed with respect to the teeth of said first gear wheel
      and which are drivingly connected with said pinion at a point generally
      diametrically opposite from the point at which said first gear wheel is
      drivingly connected thereto, and wherein said first auxiliary shaft is
      axially slidably mounted whereby it is free to adjust itself axially with
      respect to said second worm shaft thereby facilitating a substantial
      canceling of opposite bending loads transmitted to said second worm shaft
      by said gear wheels.
NUM  2.
PAR  2. The combination of claim 1, wherein said transmission means includes a
      second auxiliary shaft extending parallel to said first auxiliary shaft,
      and wherein said first gear wheel is drivingly connected with said pinion
      through gear means carried by said second auxiliary shaft.
NUM  3.
PAR  3. The combination of claim 2, wherein said gear means includes a third
      gear wheel having gear teeth meshing with the inclined gear teeth of said
      first gear wheel, and wherein said gear means further includes a fourth
      gear wheel having teeth meshing with said pinion.
NUM  4.
PAR  4. The combination of claim 3, wherein said second gear wheel is drivingly
      connected with said pinion through a fourth gear wheel having teeth
      meshing with said pinion along a line contact disposed on an opposite side
      of an axial plane extending through said pinion from a line contact along
      which said third gear wheel teeth mesh with said pinion.
NUM  5.
PAR  5. The combination of claim 1, wherein the ratio of the tooth angles of
      said first and second gear wheels is selected such the oppositely directed
      forces trnsmitted therethrough to said second worm shaft are substantially
      equal and parallel thereby limiting the bending load applied thereto.
PATN
WKU  039470016
SRC  5
APN  540567&
APT  1
ART  325
APD  19750113
TTL  Combustion system
ISD  19760330
NCL  9
ECL  1
EXA  Bell; Paul A.
EXP  Lake; Roy
NDR  1
NFG  2
INVT
NAM  Leighton; Guy P.
CTY  Monroeville
STA  PA
ASSG
NAM  Dravo Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  266 20
XCL  266 21
XCL  432137
EDF  2
ICL  F27B  906
FSC  266
FSS  20;21;14
FSC   75
FSS  35;36;5;91
FSC  432
FSS  137;138;144;145;241
UREF
PNO  1896625
ISD  19330200
NAM  Hyde
XCL  266 21
UREF
PNO  2750272
ISD  19560600
NAM  Lellep
XCL  266 21
UREF
PNO  2750273
ISD  19560600
NAM  Lellep
XCL  266 21
UREF
PNO  2750274
ISD  19560600
NAM  Lellep
XCL  266 21
UREF
PNO  3620519
ISD  19711100
NAM  Forbes
XCL  266 21
UREF
PNO  3756768
ISD  19730900
NAM  Scott
OCL  432 17
UREF
PNO  3871631
ISD  19750300
NAM  Biewinga
OCL  266 21
LREP
FRM  Parmelee, Miller, Welsh & Kratz
ABST
PAL  This invention relates to the heat induration of formed bodies of ore such
      as green iron ore pellets on a travelling grate and more particularly to
      an improved, simplified combustion chamber construction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known in the art to pelletize beneficiated ore and subject the
      so-called green pellets to a heat-hardening process that enables them to
      withstand breakage during shipment and crushing in the stock column of a
      blast furnace. The most commonly employed method of heat-hardening is that
      of disposing the pellets on a pelletizing strand having a succession of
      pallets that carry the pellets under a hood or tunnel-like enclosure
      progressively through drying, preheating, firing, after-firing and cooling
      zones. A typical travelling grate apparatus for effecting heat-hardening
      of green pellets is disclosed, for example, in U.S. Pat. No. 3,172,754,
      Briggs, et al., assigned to the assignee of this application.
PAR  The initial step of drying is carried out at moderate temperatures to
      permit moisture in the pellets to escape gradually, for at high
      temperatures the moisture is converted to steam too rapidly, causing
      disruption of the pellets. After drying, the pellets are fired to a
      temperature sufficient to harden them but not at such a temperature to
      cause the pellets to fuse. Generally, temperatures in the range of
      2300.degree.F. to 2500.degree.F. are employed, the heat being supplied
      from fuel burners located at spaced intervals along the walls of the
      firing hood. The burners are horizontally disposed above the pellet bed
      and preheated, recuperated air derived from the cooling zone is supplied
      to the individual burners from a central, longitudinally extending conduit
      through downcomer pipes, the heated combustion gases being drawn down
      through the pellet bed via windboxes disposed under the travelling grate.
PAR  When using highly radiant fuel, such as oil or powdered coal, it was found
      that the radiant heat from the luminous flame caused overheating of the
      pellets at the top of the bed where they were directly exposed to the
      flame, resulting in fusion of the top layer of pellets. To overcome this,
      a laterally extending refractory tunnel was built out from each burner
      port in the sidewall of the firing hood with the burner located at the
      outer end of the tunnel, the tunnel being of such length that most of the
      combustion space was provided within the tunnel, thus shielding the
      pellets from direct exposure to the radiant heat from the burners. This
      construction, however, is disadvantageous from the standpoints of initial
      cost and added maintenance expense since the refractory lining of the
      tunnels require regular replacement and repair due to the high destructive
      thermal conditions to which they are subjected.
PAR  Another proposed solution to this problem is provided in U.S. Pat. No.
      3,620,519, Forbes, assigned to the assignee of this application, which
      provides a secondary enclosure or tunnel disposed within the main
      enclosure, the burners in one embodiment being located outside of and
      above the secondary tunnel which shields the pellets in the top of the bed
      from direct exposure to the radiant heat of the burner flame. This
      construction is also disadvantageous from cost and maintenance
      standpoints.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an improved, simplified firing hood construction
      having vertical combustion chambers preferably disposed on each side of
      the firing zone of the travelling grate with a burner vertically disposed
      within each chamber. This construction significantly reduces initial cost
      and maintenance expense as compared with conventional constructions which
      require several burners and associated downcomers. The vertical
      positioning of the burner in the combustion chamber, as well as the
      increased volume available for combustion in the vertical chamber as
      opposed to the conventional horizontal arrangement reduces refractory wear
      and reduces slag erosion in the vicinity of the flame while at the same
      time shielding the pellet bed from direct radiation. The combustion
      chamber is so configured that all surfaces within the enclosure that might
      be in contact with slag are subjected to direct radiation from the burner
      flame in order to maintain the slag in a molten state.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is illustrated by the following
      drawings, wherein:
PAR  FIG. 1 is a simplified schematic longitudinal section of a travelling grate
      apparatus embodying the invention; and
PAR  FIG. 2 is a transverse vertical section of a firing chamber showing the
      combustion chamber construction of the invention on the right and a
      conventional downcomer construction on the left.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a schematic representation of a typical pelletizing apparatus 10.
      A travelling grate structure is indicated at 11, which is comprised of a
      plurality of abutting material holding pallets 12 which pallets travel
      along a horizontal trackway through the various treatment zones. Details
      of the construction of the pelletizing apparatus and the travelling grate
      structure are not shown as the same are well known to the art. A hood
      structure or tunnel-like enclosure 14 is disposed over the travelling
      grate and is transversely divided into a succession of treating zones,
      namely a drying zone 15, a preheating zone 16, a combustion or firing zone
      17, an after-firing zone 18 and a cooling zone 19.
PAR  Previously formed green iron ore pellets or compacted ore bodies are
      charged at 20 onto the pallets to a uniform depth and are passed
      successively through the said treating zones and the treated pellets are
      discharged at 21. The pallets pass over a succession of windboxes 22 to 25
      arranged respectively below each of said treating zones, the windboxes
      controlling the circulation of gases vertically through the pellet bed.
      For practical reasons, each of windboxes 22 to 25 is composed of a
      plurality of smaller windboxes rather than the single extended windboxes
      as depicted.
PAR  The pallets 12, after being charged with pellets, pass through an updraft
      drying zone 15 wherein heated gases, from combustion zone 17 via windbox
      24, blower 27, conduit 28 and blower 29, are passed upwardly through the
      pellets to remove the free moisture therefrom. Usually drying of the
      pellets is effected in two stages, i.e., updraft drying followed by
      downdraft drying as described, for example, in the aforementioned U.S.
      Pat. No. 3,172,754. Alternatively, two-stage downdraft drying may be
      employed as described in pending U.S. pat. application Ser. No. 403,919,
      Boss, filed Oct. 5, 1973, and assigned to the assignee of this
      application.
PAR  After being dried and partially heated, the pellets are conveyed into a
      preheating zone 16, heated air being conveyed via duct 13 from cooling
      zone 19. The heated air is passed downwardly through the pellets via
      windbox 23 and blower 30. In the preheating zone 16, the dried pellets are
      exposed for a short time to a flow of high temperature gases to lessen
      thermal shock upon entering the high temperature combustion zone. Cooling
      air is supplied to cooling zone 19 via blower 32 and windbox 25.
PAR  The pellets are then conveyed through combustion or firing zone 17 wherein
      the pellets will reach a temperature of between about 2300.degree.F. to
      2500.degree.F. A high temperature, generally oxidizing atmosphere is
      maintained in the firing zone by a combination of heated gases derived via
      duct 13 from cooling zone 19 and fuel burners 31, the heat generated by
      the fuel burners supplying the additional heat to heat the hot gas from
      the cooling zone to the pellet firing temperature. After firing, the
      pellets are conveyed through the after-firing zone 18, the cooling zone 19
      and discharged from the apparatus at 21.
PAR  The foregoing description is exemplary of a typical pelletizing apparatus
      and process and is intended to place the invention in its proper
      perspective and is in nowise intended as a limitation on the scope of the
      invention except as hereinafter provided. As previously stated, the
      invention is concerned with a particular combustion chamber construction
      which will be described in detail with reference to FIG. 2.
PAR  In FIG. 2, a conventional sidewall burner arrangement is depicted on the
      left and the burner arrangement according to the invention is depicted on
      the right. In the conventional arrangement, hot recuperated combustion air
      is conveyed from the cooling zone of the pelletizing strand via conduit 40
      (duct 13 of FIG. 1) and downcomer pipe 41, the air being heated by fuel
      burner 42 and the heated air being directed horizontally into firing
      chamber 43 (firing zone 17 of FIG. 1) via laterally extending tunnel 44.
      As beforementioned, the green pellets 45 are disposed on pallets 46, the
      pallets 46 being provided with wheels 47 which engage horizontally
      disposed tracks 48. In addition, sliding seals (not shown) are provided in
      known manner between the pellets and the hood structure 49 and between the
      pallets and the tops of the windboxes. Such seals are described, for
      example, in U.S. Pat. No. 3,172,936. In a typical pelletizing strand, a
      plurality of downcomers 41, burners 42 and laterally extending tunnels 44
      are employed at spaced intervals along the length of the firing chamber
      43. Although the conventional system of downcomers and firing ports is
      satisfactory when natural gas or oil is used as burner fuel, this
      arrangement is unsatisfactory if pulverized coal is used as fuel. For
      example, fuel distribution problems result from feeding pulverized coal to
      a multiplicity of burners and the flame length using coal would be
      excessive for the short horizontal firing ports as a result of low energy
      mixing with the recuperated air. As before stated, combustion flames
      directly impinging on the pellet bed are detrimental as high radiation
      from the flame causes the pellets in the upper portion of the pellet bed
      to revert to magnetite which is undesirable from a pellet quality
      standpoint due to the high ferrous iron content and, moreover, fusion of
      the pellets often results.
PAR  According to the invention, the said groups of conventional downcomers and
      horizontal firing ports are replaced by a vertically extending combustion
      chamber 50, one of said chambers replacing several conventional downcomers
      and associated horizontal firing ports. Depending on the size and capacity
      of the pelletizing apparatus, one combustion chamber according to the
      invention could replace at least five and as many as eight or ten
      conventional burner arrangements. In the construction according to the
      invention, hot recuperated combustion air from conduit 40 is tangentially
      directed into the top of chamber 50 via duct 51. The air is heated to
      process temperature by the direct combustion of pulverized coal injected
      via a burner gun 52 which extends downwardly through the roof of chamber
      50. The chamber 50 is preferably of a cylindrical configuration with the
      burner gun 52 coaxial therewith. The chamber 50 is sized so that virtually
      all of the combustion takes place within the chamber, the heated gases
      exiting the chamber proximate the lower end and directed into firing
      chamber 43 via outlet 53. As the pulverized coal upon firing will produce
      ash which has a fluid temperature in the range at or below the pelletizing
      temperature, i.e., about  2450.degree.F., the chamber 50 is further
      provided with means to remove molten slag which unavoidably becomes
      entrapped in the chamber. The bottom 54 of chamber 50 is sloped downwardly
      toward a peripherally located tap line 55 communicating with a water seal
      and slag quench tank (not shown). If desired, an auxiliary burner 56,
      preferably an oil or gas fired burner may be located on tap line 55 to
      maintain the slag in a molten state to prevent plugging and fouling. The
      combustion chamber 50 is, of course, lined with suitable refractory
      material in known manner.
PAR  The combustion chamber 50 and burner gun 52 are designed to optimize the
      use of hot recuperated combustion air in order to maximize process
      efficiency. The burner gun is sized so as to give a high coal jet velocity
      relative to the increasing recuperated air velocity to assure adequate
      mixing. However, the coal jet velocity must be low enough to keep the
      ignition distance short. The combustion of the coal jet mixing with
      recuperated air due to the differential velocity and the heating of the
      coal particles by the high temperature recuperated air will provide a
      stable flame pattern of reasonable flame length.
PAR  Preferably, the flame pattern should be narrow at the top of the chamber to
      prevent impingement of molten slag on the relatively cool upper walls but
      should be approximately the height of the chamber to keep the slag on the
      bottom of the chamber as hot as possible to maintain free slag flow.
PAR  A pilot test combustion chamber designed to heat 4000 SCFM of recuperated
      air from 1500.degree.F. to 2450.degree.F. was installed beside an
      operating pelletizing machine. This was done so that the test chamber
      would be supplied with recuperated air under actual commercial plant
      conditions of temperature, composition, and particulate loading.
      Recuperated air from the cooling zone was used to feed the test chamber
      which was 3 feet, 6, inches I.D. .times. 22 feet, 0 inches inside
      refractories. The test chamber was lined with 9 inches of Harbison Walker
      "Coralite" Plastic (80/85% A1.sub.2 O.sub.3) backed up with 41/2 inch of
      insulating firebrick. The bottom was sloped toward a central 9 inch dia.
      refractory lined tap hole which was connected by a 24 inch dia. pipe to a
      water seal and slag quench tank below. Heated gases were exhausted through
      a water spray quench chamber by way of a connecting duct between the
      firing and quench chambers. Temperatures and pressure of the chamber were
      continuously monitored from top to bottom of the chamber as well as other
      appropriate points. Recuperated air flow to the chamber was measured by
      means of high temperature pitot tube type devices.
PAR  Since coal pulverization is a proven technology, the coals used in the test
      chamber were pulverized elsewhere, bagged and shipped to the test site.
PAR  Temperature control was achieved by feeding coal into the transport air
      stream to the burner gun by means of a hopper and variable speed screw
      feeder in known manner.
PAR  A coal fired pelletizing plant is usually started up on fuel oil or gas
      before switching to pulverized coal. Oil or gas may also be used as
      alternate fuels with the ability to switch fuels as desired. The test
      chamber was, therefore, first fired with No. 6 fuel oil using less than
      20% of stoichiometric air passing through the burner as atomizing and
      combustion air. Oil firing in the chamber with the large volume available
      for combustion did not present any problems. Compared to the conventional
      burner ports, refractory life and maintenance is considerably improved
      because of the much smaller heat release per cubic foot of chamber volume.
PAR  Test firing was then started using a shipment of subbituminous "B" coal
      from the Big Sky Mine in Montana. Following are typical properties:
TBL  BIG SKY I COAL                                                            
     Actual Proximate Analysis as Received                                     
     ______________________________________                                    
     Moisture             19.01%                                               
     Ash                  11.11                                                
     Volatiles            32.18                                                
     Fixed Carbon         37.70                                                
     S                    1.19                                                 
     BTU/lb               8855                                                 
     Structure            +90% - 200 Mesh                                      
     Fusions (Oxidizing)                                                       
     Initial Deformation    2290.degree.F.                                     
     H = W                2345.degree.                                         
     H = 1/2 W            2405.degree.                                         
     Fluid                2455.degree.                                         
     ______________________________________                                    
PAL  With the test chamber preheated to approximately 1200.degree.F. by hot
      recuperated air, the pulverized coal jet ignited spontaneously. Flame
      shape and length were as predicted. Neither the burner gun nor wall
      refractories were modified, cleaned or replaced throughout the remainder
      of the test program. The upper portion of the chamber stayed clean and
      free of slag buildup. Below this, slag on the chamber sidewalls melted and
      ran to the bottom. Slag flowed freely on the bottom to the tap hole.
PAR  After less than 2 days of operation, however, the chamber had to be shut
      down because the slag tap hole became plugged with frozen slag droplets.
      The slag froze due to radiation losses to the black body formed by the
      water seal and quench tank below the tap hole.
PAR  Various modifications were subsequently made to this central tap hole and
      bottom. The length of the tap hole was shortened. To cause the slag to run
      in rivulets and encourage mass flow, runner bricks were installed. Tests,
      with and without a standing slag pool using one or more runner bricks were
      performed. An offtake duct was also attached to the drop pipe between the
      tap hole and water seal to pull hot gases from the chamber down through
      the tap hole to offset heat loss to the slag quench tank. During a later
      test run with a standing pool of slag in the bottom, unmelted material
      developed on the bottom. The deposits were analyzed and were found to be
      caused by the slag picking up alumina from the Coralite refractory. On
      subsequent test runs, these deposits did not appear. The walls of the
      chamber, although penetrated by slag to a depth of 2 to 3 inches, had
      stabilized to the point where alumina pick up stopped. All tests run with
      this central tap hole bottom configuration were eventually terminated by
      slag tap hole plugging.
PAR  The entire bottom of the chamber was then replaced by one having a steeper,
      i.e., about 30.degree., slope to a tap hole at the side of the chamber, as
      shown in FIG. 2. A gas burner was placed in the side of the tap hole and
      tilted upward to insure that temperature in the vicinity of the hole could
      be maintained. At this time, Harbison-Walker "Korundal" Plastic (85%
      A1.sub.2 O.sub.3 Phosphate Bonded) was used instead of "Coralite" for the
      new bottom. With the modified bottom configuration, the tap hole may be
      kept open indefinitely, thus solving the problem of geometric
      configuration for the bottom and tap zone.
PAR  However, after running with this bottom for a week, shutdown was required
      because molten slag washed out much of the Korundal Plastic in the
      vicinity of the slag runner, also destroying the 60% A1.sub.2 O.sub.3 cast
      tap hole burner block. The bond between the high alumina grains of the
      plastic were washing out and the grains were carried out by the molten
      slag. Based on laboratory refractory tests and sample performance in the
      test chamber, this bottom was then relined with 4 1/2 inch of
      Harbison-Walker 69-65 "Ruby" Brick (90% A1.sub.2 O.sub.3 with an A1.sub.2
      O.sub.3 -- Cr.sub.2 O.sub.3 solid solution bond). The Ruby Brick lining
      was backed up by 4 1/2 inch of Harbison-Walker "Coralite" Plastic and 4
      1/2 inch of insulating firebricks.
PAR  A 20 day run was made with the new bottom. The tap hole was easily kept
      open and the bottom and connecting duct to the quench chamber operated
      free of buildup. The bottom lining at the end of the run was found to be
      in excellent condition.
PAR  During the long-term stable conditions obtained during this test run, gas
      analysis and unburned carbon profiles were taken in the test chamber.
      These data showed that combustion was virtually completed within the
      chamber. The exit gases showed high combustion efficiency and only
      negligible amounts of unburned carbon were found in the particulates.
PAR  Although the invention has been described by the foregoing in considerable
      detail with reference to a preferred embodiment, many variations therein
      may be made by those skilled in the art without departing from the spirit
      and scope thereof. For example, the dimensions, the number of vertical
      combustion chambers and the placement thereof will vary depending on the
      size and capacity of a given pelletizing apparatus. In addition, although
      the invention has been illustrated with reference to a straight-line type
      of pelletizing apparatus, it is equally applicable to a pelletizing
      apparatus having a circular configuration.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pelletizing apparatus of the travelling grate type for heat
      indurating compacted ore bodies, comprising a drying zone, a firing zone
      and a cooling zone, an improved combustion means comprising:
PA1  at least one vertically extending chamber located adjacent the firing zone
      and to one side of the travelling grate, said chamber communicating
      proximate its lower end with the firing zone, fuel injection means
      vertically oriented in the upper end of said chamber and means for
      introducing recuperated air from the cooling zone into the upper end of
      said chamber.
NUM  2.
PAR  2. The improvement of claim 1 wherein said chamber is of a cylindrical
      configuration.
NUM  3.
PAR  3. The improvement of claim 1 wherein said means for introducing
      recuperated air into the chamber comprises a conduit, communicating
      between the chamber and a recuperated air return duct extending from the
      cooling zone to the firing zone.
NUM  4.
PAR  4. The improvement of claim 1 wherein said fuel injection means is a burner
      gun vertically extending through the roof of the chamber.
NUM  5.
PAR  5. The improvement of claim 4 further including means for feeding
      pulverized coal through said burner gun.
NUM  6.
PAR  6. The improvement of claim 5 wherein said chamber further includes molten
      slag removal means.
NUM  7.
PAR  7. The improvement of claim 6 wherein the bottom of said chamber is sloped
      downwardly toward a peripherally located slag tap.
NUM  8.
PAR  8. The improvement of claim 7 wherein the bottom of said chamber is sloped
      about 30.degree..
NUM  9.
PAR  9. The improvement of claim 7 wherein auxiliary fuel burner means are
      located in said slag tap.
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ABST
PAL  The burn-in of the refractory lining or of the refractory component of a
      tuyere-containing bottom plug in a bottom-blown oxygen steelmaking
      converter is effected with the plug in place by passing oxygen and a
      gaseous hydrocarbon mixed with controlled amounts of neutral gas through
      the respective concentric passages in tuyeres contained in the plug. The
      described method can be employed to burn-in a bottom plug installed in a
      converter together with a newly installed refractory converter lining or
      to burn in a newly installed bottom plug in an existing converter lining.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  Converter vessels in which molten metal is refined into steel are lined
      with refractory material in order to protect the vessel walls against the
      effects of the extremely high temperatures experienced during the refining
      process. The refractory material is conventionally comprised of a
      pitch-bearing basic aggregate such as periclase (MgO) or the like.
PAR  It is necessary in such practice, to preheat newly installed refractory
      material, commonly called "burn-in", in order to coke the carbon element
      in the pitch thus to prepare the refractory lining to resist slag and
      metal attack by closing the joints. The rate at which heat is applied must
      be controlled in order to prevent spalling of the refractory material or
      other adverse affects. Burn-in of the lining is also desirable in order to
      prevent severe thermal shock to the refractory which would result upon
      charging molten iron from a blast furnace to a converter having a cold,
      newly installed lining. Yet another reason for burning in a newly
      installed converter lining is to avoid severe and unpredictable
      temperature losses during the initial heats processed in the converter
      following relining caused by the excessive transfer of heat from the melt
      to the cold, newly installed material.
PAR  In a conventional top-blown oxygen converter, commonly referred to as a BOP
      converter, burn-in is readily accomplished by placing a carbonaceous
      material, such as wook or coke, in the converter bottom and burning this
      combustible material with a controlled rate of oxygen from the oxygen
      lance. By controlling the rate of oxygen flow through the lance, a
      definite rate of heating of the lining is accomplished.
PAR  In the bottom-blown steelmaking converter in which the process known as
      Q-BOP is practiced, one or more tuyeres are provided in the bottom of the
      vessel through which jacketed oxygen and other gases or particulate fluxes
      are blown upwardly into the melt to be refined. The tuyeres each comprise
      a pair of concentrically disposed pipes forming two concentrically spaced
      passages. The axial passage is adapted to pass oxygen and other refining
      materials while the annulus passes the jacketing gas which is a gaseous
      hydrocarbon, such as propane or natural gas.
PAR  The tuyeres in Q-BOP converters are normally mounted in a bottom plug
      within a monolithic or brick formed refractory matrix. Because the
      refractory employed as the matrix has a shorter operating life than that
      which lines the converter walls it is the practice to form the plug as a
      removable member such that the same can be readily replaced at intervals
      during the lifespan of the wall lining. Obviously, it is necessary to
      burn-in the refractory of each bottom plug prior to reinstating the
      converter to use.
PAR  Burn-in of the refractory material in a Q-BOP converter, both that which
      lines the converter walls and that which forms the matrix of the bottom
      plug, is a time-consuming and expensive proposition. Since no suspended
      oxygen lance is available, the procedure employed in BOP practice cannot
      be used. As an alternative therefore, it has been the practice to employ a
      special gas-oxygen burner which is suspended into the interior of the
      converter through the mouth thereof. While this method of burning-in the
      refractory has proved satisfactory from the standpoint of the affect
      produced in the material, it cannot be accomplished with the tuyeres
      completely in place due to the possibility of pitch or foreign particulate
      matter entering the tuyere passages to plug the same or the complex
      arrangement of tubes that are operatively connected to the tuyeres.
      Accordingly, procedures heretofore employed with Q-BOP converters have
      required that only the outer pipe be installed in the refractory bottom
      plug when burn-in is conducted. Following burn-in this pipe is cleaned and
      the inner pipe thereafter installed before operation of the converter is
      reinstated. While such a procedure may not be overly arduous when
      practiced on small converters, it is extremely difficult and time
      consuming to perform on large bottom-blown converters due to the
      difficulty encountered in making the installation completely leak-proof.
      Typically the time required to burn-in refractories by this method has
      been 10 to 20 hours when a new bottom plug is installed together with a
      new wall lining and 10 to 16 hours when the plug is installed in an
      existing lining.
PAR  It is to the improvement of such procedures therefore that the present
      invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a method of burning-in
      refractory material in a bottom-blown oxygen steelmaking converter
      including tuyere means installed in the bottom of said converter, said
      tuyere means defining at least one passage for passing oxygen to the
      interior of said converter and another passage for passing a gaseous
      hydrocarbon thereto, comprising the steps of passing oxygen and gaseous
      hydrocarbon for combustion within the interior of said converter through
      each of said passages respectively regulating the flow of said oxygen and
      gaseous hydrocarbon to control the rate of heating said refractory and
      simultaneously passing a neutral gas in mixed relation with both of said
      oxygen and gaseous hydrocarbon in amounts to create a total fluid flow
      through said tuyere passages of sufficient magnitude to prevent the
      retrograde entry of foreign material thereinto.
PAR  It is therefore a principle object of the present invention to provide a
      method of burning-in the refractory material of a bottom-blown oxygen
      steelmaking converter in a shorter period of time than by methods
      heretofore known in the art.
PAR  For a better understanding of the invention, its operating advantages and
      the specific objectives obtained by its use, reference should be made to
      the accompanying drawings and description which relate to a preferred
      embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic representation of a bottom-blown oxygen
      steelmaking converter vessel adapted to employ the refractory burn-in
      method of the present invention; and
PAR  FIGS. 2 and 3 are graphic representations of the rates at which fluids are
      passed through the respective tuyeres in the converter vessel of FIG. 1 in
      the practice of alternate forms of the inventive method.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT OF THE INVENTION
PAR  In FIG. 1 there is shown a bottom-blown oxygen steel-making converter 10
      comprising a metal sheel 12 having a mouth opening 14 provided at the
      upper end thereof. The walls of the shell are lined with a refractory
      material 16 which is generally constructed of bricks formed of a
      pitch-bearing aggregate of periclase (MgO) or the like. The shell 12 and
      refractory lining 16 at the bottom of the converter 10 contains a through
      opening 17 that is filled by a removable plug, indicated generally as 18.
      The plug 18 comprises a metal bottom plate 20 that is attached to the
      shell 12 by fasteners 21. Tuyeres 22 are fixed to the plate and extend
      therethrough being operative to pass refining materials to a body of
      molten metal (not shown) that occupies the interior 24 of the converter
      when the same is in operation. The tuyeres 22 are surrounded by a matrix
      of material 23 that may be formed of a monolithic refractory or by an
      assembly of refractory bricks. The plug 18 is constructed with an outside
      diameter that is considerably smaller than the diameter of the opening 17
      so as to define an annular clearance space 25 that is sealed by an
      appropriate refractory joint mixture.
PAR  As is characteristic of converters of the type capable of refining metal by
      the Q-BOP process, the tuyeres 22 are each formed by a pair of concentric
      tubular pipes defining an axial passage 26 and an annular passage 28
      thereabout. In the practice of the process oxygen from a source 30 is
      passed in amounts regulated by valve 32 through the axial passage 26 to
      refine the metal to the desired characteristics. Simultaneously therewith
      a gaseous hydrocarbon, such as propane or natural gas from a source 34 is
      passed through the annular passage 28 in amounts regulated by valve 36 and
      in jacketing relation to the flow of oxygen from passage 26 thereby to
      protect the exposed tip of the tuyere tubes against burnout as is well
      known in the art. Although the drawing herein illustrates only two such
      tuyeres 22 it will be appreciated that in actual practice a converter
      vessel of 200 Ton capacity may employ as many as 16 or more tuyeres. Thus
      the flow lines connecting the sources 30 and 32 to the respective passages
      26 and 28 in each tuyere have interposed therein manifold headers, here
      shown as oxygen header 38 and gaseous hydrocarbon header 40. The
      particular apparatus employed and the method involved in refining steel by
      the Q-BOP process is more fully described in U.S. Pat. No. 3,774,894,
      issued Nov. 27, 1973 to H. Knuppel, et al.
PAR  As successive heats of metal are refined by the process the refractory
      lining 16 of the shell walls is caused to erode due to the affects of high
      temperature and aggitation of the contained molten metal. Also, the
      refractory matrix 23 and the pipes of the tuyeres 22 are burned back and
      similarly eroded by the action of the melt and the high temperature
      environment. Because the refractory material forming the matrix 23 is
      subject to more severe conditions of temperature and erosion as compared
      with the refractory forming the converter lining 16, the plug 18 will be
      replaced several times during the life of the lining.
PAR  When a new bottom plug 18 is installed, either alone or together with a
      complete relining of the converter vessel, the refractory material must
      undergo a burn-in procedure to preheat the material for the reasons stated
      hereinabove. According to the present invention, the required burn-in
      procedure is conducted in a manner that enables the same to be
      accomplished with the bottom plug 18 completely assembled and attached in
      place to the converter vessel. More particularly, the present procedure
      permits the combustible fluids by which the preheating is accomplished to
      be supplied to the vessel interior through the fluid conducting passages
      26 and 28 of the respective tuyeres 22 thereby eliminating the need for
      ancillary fuel burner apparatus for this purpose.
PAR  Thus, in the practice of this invention a source 42 of nitrogen, or other
      neutral gases such as argon is operatively connected to the respective
      tuyere manifold headers 38 and 40. Valves 44 and 46 are positioned in the
      nitrogen supply lines to regulate the gas flow to the respective headers.
PAR  The method of burning-in refractory newly installed in a converter vessel
      for the practice of the Q-BOP process according to the present invention
      involves in essence, regulating the flow of oxygen and gaseous hydrocarbon
      from sources 30 and 34 that are supplied to the tuyere passages 26 and 28
      respectively to effect combustion in the vessel and accordingly control
      the heating rate of the refractory material. Simultaneously therewith,
      neutral gas from source 42 is flowed to the respective manifolds in
      regulated amounts to provide total gas flows through the tuyere passages
      26 and 28 of a magnitude that prevents the entry of any foreign materials,
      such as loose refractories or flowing pitch or pitch vapors, into the
      passages. The flow of oxygen and gaseous hydrocarbon are regulated by
      valves 32 and 36 to gradually increase the rate of heating of the
      refractory material. In practice, the fluids are regulated to produce
      heating rates of 50.degree. to 200.degree.F per minute to maximums of
      1800.degree. to 2700.degree.F followed by a holding period at these
      maximum temperatures of 1/2 to 2 hours. The amount of neutral gas supplied
      to the respective headers 38 and 40 from source 42 is such as to provide a
      total flow of fluid through the passages 26 and 28 to produce fluid
      pressures therein of between 15 and 30 psig.
PAR  The following table, shown graphically in FIG. 2, illustrates typical flow
      rates for the respective fluids during the burn-in of a newly installed
      lining 16 and bottom plug 18 in a converter vessel of 200 ton capacity
      having twelve tuyeres 22 each provided with an axial passage 26 of 1.5
      inches and an annular passage 28 of 0.047 inch width.
TBL                Table 1                                                     
     ______________________________________                                    
     Time   Axial Passage (scfm)                                               
                           Annular Passage (scfm)                              
     (min.) Oxygen  Neutral Gas                                                
                               Hydrocarbon                                     
                                        Neutral Gas                            
     ______________________________________                                    
      0-10  1000    2000         0      500                                    
     10-20  1500    3500        750     0                                      
     20-35  1500    3000       1000     0                                      
     35-50  1500    3000       1000     0                                      
     50-65  1500    2500       1000     0                                      
     65-95  1700    2200       1000     0                                      
      95-125                                                                   
            2000    2000       1250     0                                      
     125-155                                                                   
            2500    2000       1500     0                                      
     155-180                                                                   
            2500    2000       1500     0                                      
     ______________________________________                                    
PAR  In instances in which a bottom plug 18 is replaced but the vessel wall
      lining 16 is not, the bottom plate 20 is attached to the shell 12 and
      refractory joint material is discharged through the vessel mouth 14.
      Thereafter the vessel is rocked on its trunnions (not shown) until the
      joint material has uniformly filled the clearance space 28. During this
      procedure the inventive method of burning in the refractory material is
      conducted by flowing fluids through the tuyeres 22 as shown in Table 2 and
      illustrated graphically in FIG. 3.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Time    Axial Passage (scfm)                                              
                         Annular Passage (scfm)                                
     (hrs.)  Oxygen                                                            
                 Neutral Gas                                                   
                         Hydrocarbon                                           
                                Neutral Gas                                    
     __________________________________________________________________________
     joint material                                                            
     charge    0 10000     0    1000                                           
     0 - 1   1600                                                              
                 4000    1500   0                                              
     1 - 2   2000                                                              
                 3000    1500   0                                              
     2 - 3   2500                                                              
                 3000    1500   0                                              
     3 - 4   2500                                                              
                 3000    1500   0                                              
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of burning-in refractory material in a bottom-blown oxygen
      steelmaking converter including tuyere means installed in the bottom of
      said converter, said tuyere means defining at least one passage for
      passing oxygen to the interior of said converter and another passage for
      passing a gaseous hydrocarbon thereto, comprising the steps of:
PA1  a. passing oxygen and gaseous hydrocarbon for combustion within the
      interior of said converter through each of said passages respectively;
PA1  b. regulating the flow of said oxygen and gaseous hydrocarbon to control
      the rate of heating said refractory; and
PA1  c. simultaneously passing a neutral gas in mixed relation with at least one
      of said oxygen and gaseous hydrocarbon in amounts to create a total fluid
      flow through said tuyere passages of sufficient magnitude to prevent the
      retrograde entry of foreign material thereinto.
NUM  2.
PAR  2. The method as recited in claim 1 including the step of controlling the
      flow of nitrogen to said one passage to provide a substantially constant
      total fluid flow rate therethrough.
NUM  3.
PAR  3. The method as recited in claim 2 in which the ratio of oxygen to natural
      gas passed through said passages is increased to increase the intensity of
      the heat to which said refractory material is subjected
NUM  4.
PAR  4. The method as recited in claim 3 in which said ratio of oxygen to
      natural gas is gradually increased over an extended period of time to
      raise the temperature to which said refractory materials are subjected to
      a maximum of about 2700.degree.F.
NUM  5.
PAR  5. The method as recited in claim 4 in which said refractory material is
      subjected to heat for a period of up to about five hours.
NUM  6.
PAR  6. The method as recited in claim 3 including the step of increasing the
      flow of natural gas to said another passage in proportion to the increase
      of flow of oxygen to said at least one passage.
NUM  7.
PAR  7. The method as recited in claim 2 in which said nitrogen is controlled to
      provide flow rates sufficient to establish fluid pressures in said
      passages of about 15 to 30 psig.
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ABST
PAL  This invention relates to a hydropneumatic spring device comprising an
      outer cylindrical casing and an inner cylindrical casing both having
      closure means at each end. The inner cylindrical casing is positioned in
      said outer casing and is transversely spaced therefrom to define an
      elongated annular chamber. A piston slidably mounted in said inner casing
      has a piston rod extending axially from one end thereof through an axial
      bore in one of said closure means. A resilient sleeve encompassing the
      inner casing is positioned in the annular chamber extending substantially
      the length thereof. The ends of the sleeve are retained in fixed position
      so that a variable volume gas chamber is defined between the outer casing
      and the sleeve and a variable volume liquid chamber is defined between the
      inner casing and the sleeve. The gas chamber is adapted to be charged with
      gas under pressure and the portion of the inner casing between the piston
      and the other closure means is adapted to be charged with liquid. A
      passageway is provided through the inner casing for flow of such liquid
      into the liquid chamber.
BSUM
PAR  As conducive to an understanding of the invention it is to be noted that
      where, for example, a platform is provided on which a heavy piece of
      equipment is to be mounted and to isolate the platform and the equipment
      thereon from seismic shocks and the like, which could cause damage, coil
      springs are used to support the platform, if the weight to be supported is
      relatively great, the springs would have to be correspondingly large in
      size with attendant great length and would occupy a great deal of space
      which often is not available.
PAR  In addition, if a number of coil springs are required to support the
      platform, it is difficult to provide springs which are identical in all
      respects and hence the platform may be improperly balanced.
PAR  It is accordingly among the objects of the invention to provide a
      hydropneumatic spring which is relatively simple in construction and
      compact in size yet capable of dampening severe shocks while supporting
      relatively great weights, and which hydropneumatic spring may, because of
      its configuration, be reproduced so that corresponding units are
      substantially identical.
PAR  According to the invention these objects are accomplished by the
      combination of elements hereunder described and more particularly recited
      in the claims.
DRWD
PAR  In the accompanying drawing in which is shown one of various possible
      embodiments of the several features of the invention the single FIGURE is
      a longitudinal sectional view of the device.
DETD
PAR  Referring now to the drawing, the device 10 comprises a cylindrical outer
      casing 11 having closure plugs 12, 13 secured to the respective end 14 and
      15 thereof.
PAR  More particularly, the end plug 13 is of reduced diameter at its inner end
      as at 16 defining an annular shoulder 17 against which the end 15 of
      casing 11 will abut when the reduced diameter portion 16 is inserted into
      the open end 15. The plug 13 is secured to the end 15 of the casing as by
      welding at 18.
PAR  The plug 13 has a cylindrical recess 19 forming an internal floor 21 and
      the recess 19 is of enlarged diameter at its inner end as at 22 defining
      an annular shoulder 23.
PAR  The plug 12 is of reduced diameter at its outer end as at 24 defining an
      annular shoulder 25. The plug 12 also has a cylindrical recess 26 forming
      an internal floor 27 and the recess 26 is of enlarged diameter at its
      inner end as at 28 defining an annular shoulder 29.
PAR  Positioned in outer casing 11 and coaxial therewith is an inner casing 31
      said casings 11 and 31 being spaced to define an annular chamber 32.
PAR  Encompassing inner casing 31 and preferably snugly engaging the latter, and
      extending substantially the entire length thereof, is sleeve 33 of
      resilient deformable material such as natural or synthetic rubber having
      like characteristics.
PAR  To mount the resilient sleeve 33, mounting rings 34, 35 are provided, each
      substantially rectangular in cross-section. The rings 34, 35 are of outer
      diameter respectively substantially equal to that of the enlarged diameter
      portions 22, 28 of recesses 19 and 26 so that they may fit into such
      enlarged diameter portions with the outer end surfaces 36, 37 of the rings
      being in juxtaposition with shoulders 23, 29 respectively. The outer end
      surfaces 36, 37 of the rings 34, 35 are of thickness in cross-section
      substantially equal to the width of the associated shoulder 23, 29 and the
      rings are of length in cross-section just slightly less than the length of
      the enlarged diameter portions 22, 28.
PAR  The inner end surfaces 41, 42 of each of the rings 34, 35 has an annular
      flange 43, 44 formed integrally therewith and extending parallel to the
      axis of the associated ring, the flanges 43, 44 being outwardly spaced
      from the longitudinal plane of the inner periphery 45, 46 of the
      associated ring 34, 35. Thus each of the flanges 43, 44 is spaced between
      the inner and outer peripheries of the inner surfaces 41, 42 of rings 34,
      35.
PAR  As is clearly shown, the ends 47, 48 of resilient sleeve 33 are secured to
      associated flanges 43, 44 preferably by being molded integrally therewith
      when the sleeve is initially molded.
PAR  As shown in the drawing, the end portion 49 of inner casing 31 has a first
      reduced outer diameter section 50 and a second reduced outer diameter
      section 51 of diameter substantially equal to that of recess 19, the
      reduced diameter portion 51 defining an annular shoulder 52 and extending
      to the end 53 of casing 31.
PAR  Thus when the inner casing 31 is inserted into the resilient sleeve 33
      until the annular shoulder 52 abuts against the inner periphery of the
      inner end surface 41 of ring 34, the end 53 will abut against the floor 21
      of recess 19.
PAR  By reason of reduction in the outer diameter of the inner casing 31 as at
      50, an annular cavity 54 is provided between the outer surface 50 and the
      adjacent inner surface of resilient sleeve 33. To provide access between
      the interior or bore 55 of inner casing 31 and cavity 54, a plurality of
      circumferentially spaced bores or passageways 56 are provided through the
      wall of casing 31 adjacent annular shoulder 52. More particularly, the
      passageways 56 are transversely aligned with the annular flange 43 for the
      purpose hereinafter set forth.
PAR  In order to provide a seal between the ring 34 and the surface 22 of plug
      13, the cylindrical periphery of ring 34 has an annular groove 57 in which
      an O-ring 58 is positioned.
PAR  As shown in the drawing, the end 61 of inner casing 31 abuts against the
      floor 27 of recess 26 and the outer diameter of end 61 is substantially
      equal to the diameter of recess 26 in plug 12.
PAR  The ring 35 is securely retained in position by means of an annular
      retaining member or washer 62 which is secured to the inner surface 63 of
      plug 12 by screws 64.
PAR  A seal is provided between the inner periphery 46 of ring 35 and the outer
      surface of casing 31 by means of an O-ring 65 positioned in an annular
      groove 66 in casing 31. A seal is also provided between the surface 28 and
      the ring 35 by an O-ring 67 positioned in an annular groove 68 in ring 35.
PAR  The plug 12 is retained in the open end of casing 11 by a retaining ring 71
      externally threaded as at 72 and screwed into the correspondingly
      internally threaded end 14 as at 73. Preferably the retaining ring 71 has
      a plurality of bores 74 on its outer surface 75 adapted to receive a
      spanner wrench (not shown).
PAR  To provide a seal between the casing 11 and the outer periphery of plug 12,
      the latter has an annular groove 76 in which an O-ring 77 is positioned.
PAR  Slidably mounted in the bore 55 of inner casing 31 is a piston 79 having a
      piston rod 81 extending axially therefrom through an axial opening 82 in
      plug 12. The piston is of reduced diameter adjacent its outer end 83 as at
      84 and the periphery of said outer end 83 is beveled as at 85.
PAR  As is clearly shown, the reduced diameter portion 84 is of length such that
      when the end 83 of the piston 79 abuts against the floor 21 of recess 19
      in plug 13, the passageways 56 will be exposed to provide communication
      between annular cavity 54 and the annular bore cavity 86 defined between
      reduced diameter portion 84 and the adjacent wall of casing 31.
PAR  In order to provide a seal between the piston 79 and the casing 31, the
      piston 79 is provided with spaced annular grooves 88 in each of which a
      sealing member such as an O-ring 89 is mounted.
PAR  The axial bore 82 in plug 12 has a first enlarged diameter portion 91
      defining an annular shoulder 92 and a second enlarged diameter portion 93
      defining an annular recess exposed on the outer surface 95 of the plug 12,
      said recess having a floor 96.
PAR  Positioned in recess 93 is a retaining ring 97 having a cylindrical sleeve
      portion 98 extending axially therefrom and positioned in enlarged diameter
      portion 91 encompassing piston rod 81.
PAR  The retaining ring 97 is secured in position by means of screws 102 and the
      inner periphery of the retaining ring 97 has an annular recess 103 in
      which an annular scraper ring 104 is positioned.
PAR  The diameter of piston rod 81 is such that it extends through the retaining
      ring 97 with slight clearance to permit passage of air and the scraper
      ring 104 will clean off the rod 81, but also permit passage of air. In
      addition, a bore 105 is provided through plug 12 to vent the bore 55 of
      casing 31.
PAR  With the construction above described, an elongated annular gas chamber C
      is provided between the inner surface of outer casing 11 and the resilient
      sleeve 33. This chamber is charged with gas under pressure through a gas
      valve 106 mounted in the port 107 defined at the outer end of a passageway
      108 extending through plug 13 and leading into gas chamber C.
PAR  The chamber defined between the end 83 of piston 79 and floor 21 of recess
      19 in plug 13 as well as the annular bore cavity 86 may be charged with a
      fluid such as oil under pressure through passageway 111 extending through
      plug 13, the passageway defining a port 112 at its outer end, and has a
      valve (not shown) to close such port.
PAR  The device is designed to absorb shock directed axially of the piston rod
      which tends to force the latter inwardly.
PAR  For this purpose, gas under pressure is forced through valve 106 to charge
      gas chamber C to a predetermined pre-charge pressure.
PAR  Since the resilient sleeve 33 initially substantially engages the inner
      casing 31, it will not be displaced inwardly except for the portion
      thereof aligned with annular cavity 54. However, since the end 47 of the
      sleeve 33 is bonded to annular flange 43, the bores 56 aligned therewith
      will remain open and no portion of the sleeve 33 can extrude into such
      bores.
PAR  Thereupon oil under pressure is forced into the oil port 112 into annular
      cavity 86, which causes the piston 79 to move to the left, as illustrated
      in broken lines, until the piston abuts against floor 27 of plug 12.
PAR  Such movement of the piston 79 as well as the piston rod 81 is permitted by
      reason of the venting of the air in the portion of bore 55 to the left of
      the piston 79, through the clearance between the piston rod 81 and
      retaining ring 97 as well as through the vent bore 105.
PAR  The device thus described with the piston rod 81 fully extended is thus
      equivalent to a fully extended coil spring which has no compressive force
      applied thereto.
PAR  Clearly the "spring force" provided by the device 10 is a function of the
      size of the gas chamber and the pressure of the gas precharged therein.
PAR  By reason of the fact that the gas chamber C is "wrapped" around the inner
      casing 31 in which the piston 79 and piston rod 81 are positioned, the
      device may be extremely compact and relatively short in length as compared
      to a coil spring designed to provide equivalent force.
PAR  In a typical example of the use of the device 10 one or more devices 10 may
      be positioned vertically with the extended piston rod or rods supporting a
      platform.
PAR  In the event that any downward force or shock is exerted against the
      platform, it would tend to move the piston rod downwardly (or to the right
      referring to the drawing). As a result the oil in the portion B of bore 55
      to the right of the piston 79 (referring to the broken lines) will be
      displaced to the right and forced through the bores 56 into annular cavity
      54. This will cause the resilient sleeve 33 to move outwardly as shown in
      broken lines at C' in the drawing. Consequently the gas in chamber C will
      be further compressed, restraining rapid movement of the piston 79 and the
      piston rod 81 and hence dampening the shock.
PAR  By reason of the molding of the ends 47, 48 of resilient sleeve 33 to
      flanges 43, 44 and the provision of sealing members 58, 65, 67 and weld
      18, the gas in chamber C is completely isolated from the oil in bore 55
      and particularly from the seal rings 89 for the piston 79 and leakage of
      gas is substantially precluded so that the device may remain charged with
      gas under pressure for a relatively long period without substantially no
      loss of charge.
PAR  It is important to note that the piston seals 89 are completely isolated
      from the gas under pressure. This is important as if the seals were
      exposed to the gas, the gas would dry the surface of the cylinder and
      hence the seals would not be lubricated and would quickly dry out thereby
      losing their sealing effect so that leakage would occur with resultant
      loss of loading forces.
PAR  It is apparent that by merely bleeding gas from port 107 through valve 106,
      or charging gas under pressure through valve 106, the operating
      characteristics of the device may readily be adjusted.
CLMS
STM  Having thus described our invention, what we claim as new and desire to
      secure by letters patent of the United States is:
NUM  1.
PAR  1. A device of the character described comprising an outer cylindrical
      casing having a closure member at each end thereof, one of said closure
      members having an axial bore therethrough, an inner cylindrical casing
      positioned in said outer casing coaxial therewith and transversely spaced
      therefrom to define an elongated annular chamber, a piston slidably
      mounted in said inner casing, said piston having a piston rod extending
      axially therefrom through said axial bore in said closure member, a
      resilient deformable and expandible sleeve positioned in said annular
      chamber extending substantially the length thereof and encompassing said
      inner casing, means securely retaining the ends of said resilient sleeve
      in fixed position, to define a variable volume gas chamber between the
      outer casing and said resilient sleeve and a variable volume liquid
      chamber between the inner casing and said resilient sleeve, means to
      charge said gas chamber with gas under pressure, means to charge the
      portion of said inner casing between the other closure member and the
      piston with liquid, and means providing communication between the liquid
      chamber and the portion of said inner casing to be charged with liquid and
      including at least one passageway through said inner casing, at least a
      portion of said means securely retaining the ends of said resilient sleeve
      in fixed position precluding blockage of said at least one passageway of
      said communication means.
NUM  2.
PAR  2. The combination set forth in claim 1 in which the piston is of reduced
      diameter at the end portion thereof opposed to said other closure member
      defining an annular cavity with respect to the adjacent surface of said
      inner casing, one end of said cavity defining an annular shoulder and the
      other end being open.
NUM  3.
PAR  3. The combination set forth in claim 2 in which the said liquid charging
      means comprises a passageway extending through said other closure member,
      the outer end of said passageway defining a filling port and the inner end
      of said passageway leading into the inner casing adjacent the inner
      surface thereof.
NUM  4.
PAR  4. The combination set forth in claim 2 in which the side wall of said
      piston between said annular shoulder and the inner end of the piston from
      which the piston rod extends has a pair of spaced parallel annular grooves
      and an O-ring is positioned in each of said grooves to define a seal with
      respect to the inner wall surface of said inner casing.
NUM  5.
PAR  5. The combination set forth in claim 1 in which said liquid charging means
      comprises a passageway extending through said other closure member.
NUM  6.
PAR  6. The combination set forth in claim 1 in which the piston is of reduced
      diameter at the end portion thereof opposed to said other closure member
      defining an annular cavity with respect to the adjacent surface of said
      inner casing, said piston being movable in said inner casing for abutment
      of the end thereof opposed to said other closure member against the inner
      surface of said other closure member, said communication means comprises a
      passageway extending through the wall of the inner casing and leading into
      said annular cavity when the end of the piston abuts against said other
      closure member.
NUM  7.
PAR  7. The combination set forth in claim 1 in which each of said closure
      members comprises a plug secured to the respective ends of said outer
      casing, a pair of longitudinally spaced parallel mounting rings are
      provided coaxial with said inner casing and said resilient sleeve, said
      mounting rings encompassing said inner casing, means securing the ends of
      said resilient sleeve to an associated mounting ring and means retaining
      said mounting rings in fixed position with respect to said closure plugs.
NUM  8.
PAR  8. The combination set forth in claim 7 in which each of said plugs has a
      cylindrical recess therein each defining a floor, the ends of said inner
      casing extending into an associated recess and abutting against the floor
      thereof, each recess having an enlarged diameter portion defining a
      further annular cavity with respect to the inner casing, in each of which
      an associated mounting ring is positioned, an annular abutment integral
      with the end portions of the inner casing reacting against one of the
      mounting rings to retain the latter in its associated further annular
      cavity, and a retaining member secured to one of the plugs and reacting
      against the other mounting ring to retain the latter in its associated
      further annular cavity.
NUM  9.
PAR  9. A device of the character described comprising an outer cylindrical
      casing having a closure member at each end thereof, one of said closure
      members having an axial bore therethrough, an inner cylindrical casing
      positioned in said outer casing coaxial therewith and transversely spaced
      therefrom to define an elongated annular chamber, a piston slidably
      mounted in said inner casing, said piston having a piston rod extending
      axially therefrom through said axial bore in said closure member, said
      piston being of reduced diameter at the end portion thereof opposed to
      said other closure member defining an annular cavity with respect to the
      adjacent surface of said inner casing, one end of said cavity defining an
      annular shoulder and the other end being open, said piston being movable
      in said inner casing for abutment of the end thereof opposed to said other
      closure member against the inner surface of said other closure member, a
      resilient deformable and expandible sleeve positioned in said annular
      chamber extending substantially the length thereof and encompassing said
      inner casing, means securely retaining the ends of said resilient sleeve
      in fixed position, to define a variable volume gas chamber between the
      outer casing and said resilient sleeve and a variable volume liquid
      chamber between the inner casing and said resilient sleeve, means to
      charge said gas chamber with gas under pressure, a passageway extending
      through said other closure member leading into the open end of said
      annular cavity, the outer end of said passageway defining a filling port
      for charging the portion of said inner casing between the other closure
      member and the piston with liquid, and an additional passageway extending
      through the wall of the inner casing near the end thereof in juxtaposition
      to said other closure member and also leading into said annular cavity in
      said piston when the end of the piston abuts against said other closure
      member to provide constant communication between the liquid chamber and
      the portion of said inner casing to be charged with liquid.
NUM  10.
PAR  10. The combination set forth in claim 9 in which the inner casing at the
      end portion thereof adjacent said other closure member is of reduced outer
      diameter, said resilient sleeve is in juxtaposition to said inner casing
      along substantially its entire length and is spaced from the reduced
      diameter portion thereof to define an additional annular cavity with
      respect thereto, said additional annular cavity forming part of said
      liquid chamber, said additional passageway in said inner casing extending
      through the portion of the wall of said inner casing aligned with said
      additional annular cavity between the inner casing and the resilient
      sleeve.
NUM  11.
PAR  11. The combination set forth in claim 9 in which a plurality of
      circumferentially spaced radial bores extend through said inner casing to
      define said additional passageway.
NUM  12.
PAR  12. The combination set forth in claim 10 in which each of said closure
      members comprises a plug secured to the respective ends of the outer
      casing, a pair of longitudinally spaced parallel mounting rings are
      provided coaxial with said inner casing and said resilient sleeve said
      mounting rings encompassing said inner casing, each of said mounting rings
      having an annular flange extending inwardly therefrom coaxially therewith,
      the ends of said resilient sleeve being bonded to an associated flange,
      means retaining said mounting rings in fixed position with respect to said
      closure plugs and a plurality of circumferentially spaced radial bores
      extend through said inner casing to define said additional passageway, the
      annular flange of the mounting ring, to which is secured the end of the
      resilient sleeve aligned with the reduced diameter portion of the inner
      casing, being aligned with said bores thereby preventing extrusion
      therethrough of the portion of the resilient sleeve transversely aligned
      with said bores.
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ABST
PAL  A method of obtaining a low variance in suspension frequency of an object
      including the steps of establishing the natural frequency which is
      desired, calculating the varying spring rate required to maintain the
      desired suspension frequency throughout a predetermined load range,
      selecting a compressible fluid having a varying rate of compressibility
      which approaches the desired calculated varying spring rate, and utilizing
      a spring constructed with said compressible fluid to support said object.
      A vehicle suspension system comprising in combination a vehicle body for
      functioning over a predetermined load range and a spring suspension having
      a low variance in natural frequency over said predetermined load range
      comprising a housing, a piston in said housing, a compressible fluid
      having a varying compressibility in said housing with the rate of change
      of the compressibility of the compressible fluid being matched to a
      varying spring rate which will produce said low variance. A liquid spring
      including a housing, piston means in said housing, and liquid means in
      said housing having a predetermined varying spring rate which will produce
      a predetermined natural frequency range over a predetermined load range.
BSUM
PAR  The present invention relates to an improved liquid spring and to an
      improved method and system for suspending a body, such as a vehicle, by a
      spring construction to produce a low variance in natural frequency.
PAR  By way of background, trucks, cranes, crawlers and other types of
      load-carrying vehicles, which are increasingly important to the
      productivity of industry, are constantly being designed for more capacity,
      greater speed and lighter weight. However, these vehicles are generally
      being built with constant spring rate suspension systems which include
      coil springs, leaf springs, and hydropneumatic springs. However, these
      types of springs do not work adequately over the total vehicle load
      spectrum of empty to full load because they utilize spring designs which
      possess a constant spring rate which allows the vehicle's natural
      frequency of suspension oscillation to vary by an extremely large factor.
      Thus, if the vehicle produces an acceptable ride at full load, it will
      produce too harsh a ride when empty. Conversely, if the vehicle produces
      an acceptable ride when empty, the ride will be too soft at full load. In
      short, there is no commercially feasible way of producing a low variance
      in suspension frequency of a vehicle throughout its load range.
PAR  It is accordingly one important object of the present invention to provide
      an improved method of producing a low variance in suspension frequency
      over substantially the entire load range of an object, such as a vehicle.
      A related object of the present invention is to provide an improved method
      of achieving the foregoing by the use of compressible fluids.
PAR  Another object of the present invention is to provide an improved vehicle
      spring suspension which is capable of producing a low variance in
      suspension frequency by utlizing a compressible fluid having a varying
      compression rate.
PAR  A further object of the present invention is to provide an improved liquid
      spring having a predetermined variable spring rate. Other objects and
      attendant advantages of the present invention will readily be perceived
      hereafter.
PAR  The improved method of the present invention is directed to the obtaining
      of a low variance in suspension frequency of an object comprising the
      steps of establishing the constant natural frequency which is desired,
      calculating the varying spring rate required to maintain the desired
      suspension frequency throughout a predetermined load range, selecting
      spring means having a varying spring rate which approaches said calculated
      varying spring rate, and utilizing said spring means for suspending said
      object. In its more specific aspects, the improved method of the present
      invention utilizes spring means containing a compressible fluid or a
      plurality of compressible fluids to produce the varying spring rate.
PAR  The present invention also relates to a vehicle suspension system
      comprising in combination a vehicle body for functioning over a
      predetermined load range and a spring suspension having a low variance in
      natural frequency over said predetermined load range comprising a housing,
      piston means in said housing, compressible fluid means having a varying
      rate of compressibility in said housing, with the rate of change of the
      compressibility of said compressible fluid means being matched with a
      varying spring rate which will produce a low variance in said natural
      frequency. In its more specific aspects, the compressible fluid means
      comprises a plurality of different fluids in said housing.
DRWD
PAR  The present invention also relates to a liquid spring comprising a housing,
      piston means in said housing, and liquid means in said housing having a
      predetermined varying spring rate which will produce a predetermined
      natural frequency range over a predetermined load range. The various
      aspects of the present invention will be more fully understood when the
      following portions of the specification are read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary view showing liquid spring means utilized in a
      vehicle wheel suspension;
PAR  FIG. 2 is a graph illustrating the relationship between the natural
      frequency of suspension versus vehicle weight when a constant rate spring
      is utilized for the suspension;
PAR  FIG. 3 is a compressibility curve for silicone oil showing the percent
      compression versus the applied pressure;
PAR  FIG. 4 is a graph showing the slope of the curve of FIG. 3 at each
      pressure;
PAR  FIG. 5 is a graph showing the spring rate required to maintain a constant
      frequency of oscillation for varying vehicle weight;
PAR  FIG. 6 is a view, partially in cross section, showing the construction of
      one form of liquid spring which may be utilized in apparatus for
      practicing the method of the present invention;
PAR  FIG. 7 is a graph showing the output force of the liquid spring of FIG. 6
      plotted against the stroke of the spring using the silicone oil of FIG. 3
      as the operating fluid;
PAR  FIG. 8 is a graph plotting the natural frequency of suspension oscillation
      for various spring systems versus vehicle weight; and
PAR  FIG. 9 is a view, partially in cross section, showing another form of
      liquid spring which may be utilized to practice the method of the present
      invention.
DETD
PAR  Broadly, the vehicle suspension 10 includes a vehicle body having a frame
      11, an upper arm 12 pivoted to the frame at 13, and a lower arm 14 is
      pivoted to the frame at 15. Suitable connections 16 and 17 are provided
      between arms 12 and 14, respectively, and member 18 on which vehicle wheel
      19 is mounted. A liquid spring 20 includes a housing 21 and a lower
      portion 22 attached to arm 14. The piston 23 associated with spring 20 is
      coupled to frame 11 at 24. It will be appreciated that the spring 20 thus
      controls the action of arms 12 and 14 in response to varying forces
      applied to wheel 19.
PAR  By way of background, the natural frequency of a suspension is given by the
      formula
      ##EQU1##
      where .omega..sub.N  equals the natural frequency in radians per second, K
      equals the spring rate, and M equals the vehicle mass. As is well
      understood the natural frequency is a measure of how many times the
      suspension will oscillate per unit of time after the suspension has been
      deflected and is released and allowed to vibrate without the application
      of any external force. The foregoing relationship is depicted in FIG. 2
      which is a graph showing the natural frequency of suspension oscillation
      in radians per second for a vehicle having a weight which varies between X
      and 5X and which utilizes a spring having a rate of 20X pounds per foot.
      From FIG. 2 it can be seen that the total frequency variance, or the ratio
      of the natural frequency of suspension at 5X to the natural frequency of
      suspension at X is 2.24. It is to be especially noted that the ride
      frequency thus varies by more than a factor of 2, whereas a driver of a
      vehicle can normally sense with discomfort a change in ride frequency of
      only plus or minus 15 percent. The ideal situation, therefore, is to
      maintain the natural frequency of the suspension substantially constant
      throughout the load range. For example, relative to the suspension of FIG.
      2, it might be desired that the ideal natural frequency should be 10
      radians/second for the ride characteristics which are desired, in which
      event, the ideal suspension would give a natural frequency of 10 radians/
      second throughout the load range between X and 5X.
PAR  As noted immediately above, the ride frequency, or natural frequency of
      suspension, must be calculated for the vehicle under consideration at its
      various critical load points. If the ride frequency is too low, the
      vehicle suspension will undergo large amplitude long duration deflections
      after hitting a bump and will result in frequency suspension bottoming,
      poor handling, and driver motion sickness. On the other hand, if the ride
      frequency is too high, a vehicle suspension will undergo small amplitude,
      short duration deflections after hitting a bump, and this will result in a
      rough jarring ride and short vehicle life due to a fatigue of components.
PAR  If a vehicle suspension was designed with a constant spring rate so that
      the frequency of the suspension was ideal with the vehicle empty, an
      extremely soft ride would result when the vehicle was loaded because the
      natural frequency would be too low in the loaded mode. In other words,
      from FIG. 2 it can be seen that the natural frequency of suspension
      decreases with increasing vehicle weight and if the frequency was ideal
      with the vehicle empty, it would be too low when the vehicle was loaded.
      Conversely, if the ideal ride frequency was calculated for the fully
      loaded mode, there would be too stiff a ride when the vehicle was empty
      and this can also be visualized from FIG. 2.
PAR  As noted briefly above, under ideal conditions, the natural frequency of
      oscillation should remain substantially constant throughout the load
      range. However, as can be seen from the formula
      ##EQU2##
      the natural frequency varies inversely with the square root of the vehicle
      mass and directly with the spring rate. Therefore, if the spring rate
      should vary in the same direction as the vehicle mass, a condition could
      be realized where the natural frequency .omega..sub.N  would remain
      substantially constant. FIG. 5 is a plot of this condition showing the
      spring rate which is required to maintain a constant frequency of
      oscillation with varying vehicle weights. In this particular case, the
      frequency of oscillation .omega..sub.N  is selected at a value of 12.
PAR  In accordance with the present invention, a compressible fluid is utilized
      to provide a varying spring rate which approaches, and under ideal
      conditions would become substantially equal to, the varying spring rate
      required to maintain the constant frequency of oscillation depicted in
      FIG. 5, and this results in obtaining a lower variance in the suspension
      frequency than is obtainable with a constant rate spring. More
      specifically, it has been observed that a compressible fluid, in this
      instance, silicone oil, has a compressibility curve which shows that
      increasingly greater forces are required to compress it as it becomes more
      compressed. This is represented by the graph of FIG. 3. FIG. 4 is a plot
      of the curve slope of FIG. 3 at each point of pressure on the graph of
      FIG. 3. The slope is determined by measuring the slope of a tangent to
      each point on the curve of FIG. 3. A plot of the slope between 0 and 15
      percent compression of FIG. 3 yields the straight line of FIG. 4, which
      shows the change in slope of the curve of FIG. 3, and this is equal to the
      change in rate of compressibility of the silicone oil forming the basis of
      the graph in FIG. 3.
PAR  A comparison of FIGS. 3, 4 and 5 shows that a change in spring rate which
      is necessary to obtain a constant ride frequency (FIG. 5) is broadly of
      the same magnitude as the slope change of silicone oil compressibility
      (FIG. 4) over the pressure range depicted. The matching of the slope of
      the line in FIG. 4 to the slope of the line in FIG. 5 can thus provide the
      changing spring rate which will produce a near constant natural frequency
      of spring oscillation throughout a predetermined load range. In other
      words, a predetermined changing spring rate can be used to produce a
      predetermined natural frequency range over a predetermined load range.
PAR  The foregoing results can be obtained with the fluid spring 26 of FIG. 6.
      Essentially this spring includes a cylinder 27, a piston 28, a damping
      piston 29, and suitable seals associated with end cap 30. A body of
      silicone oil 31 is contained in housing 27. In a spring of this type, the
      output force F is equal to the internal pressure applied to the silicone
      oil 31 multiplied by the effective piston area. In this respect the
      compression of the silicone oil (and of many other fluids, both liquid and
      gaseous) is a conservation process, that is, one in which energy is stored
      upon compression of the fluid and is available whenever the compression
      process is reversed. This gives a fluid spring a component equation
      similar to that of a mechanical spring, except that the spring rate of the
      fluid spring at any displacement is a function of the fluid used and the
      internal pressure existing on the fluid in the spring at a particular
      time. In this respect, for a liquid spring the output force is determined
      by the formula
EQU  F = f (fluid properties, internal pressure) X
PAL  where F is equal to the output force, X is the piston displacement, and the
      remainder of the equation constitutes a function of the fluid properties
      and the internal pressure of the fluid, which as noted above, vary with
      each particular fluid. The calculation of the force for a fluid spring at
      any particular piston displacement is thus more complex than the
      calculation of the force in a mechanical spring wherein the formula
EQU  F = KX
PAL  is used wherein F equals the output force, K equals the spring rate and X
      equals the spring displacement.
PAR  The various function-related spring rate characteristics of the liquid
      spring may be utilized to obtain a more constant ride frequency by
      matching the fluid selection, the spring design parameters, and the
      vehicle ride characteristics. By way of example, FIG. 7 is a graph which
      was developed for a fluid spring such as shown in FIG. 6 having a piston
      rod area of 2 square inches, a total fluid volume of 263 cubic inches at
      atmospheric pressure (which is less volume in the cylinder under the
      preload force of 10,000 pounds), a total weight of the object when empty
      equal to 10,000 pounds per fluid spring, a total weight of the object when
      loaded equal to 40,000 pounds per fluid spring, and the support position
      of the piston at empty equal to 0 inches.
PAR  The foregoing data was used in conjunction with the formula
      ##EQU3##
      to determine the percent compression of the fluid at the desired stroke
      position. In the foregoing formula, the percent compression at the desired
      position of the piston minus the percent compression at the preload
      position of 10,000 pounds is equal to the measured stroke X times the area
      of the piston A divided by the total volume of the cylinder V.sub.T. Thus
      since the spring used in the system of FIG. 7 is preloaded at 10,000
      pounds, there would be 5,000 pounds per square inch pressure in the fluid
      and this would correspond to approximately 4 percent compression in the
      fluid at the preload position, as can be determined from FIG. 3.
      Therefore, the percent compression of the fluid at each position of the
      piston can be determined by use of the above formula which now reads
      ##EQU4##
PAR  In order to obtain the output force to be plotted on FIG. 7 for each
      position of the piston, the percent compression at the desired position
      which has been determined from the above formula is calculated and then
      from FIG. 3, the pressure in pounds per square inch is found for the
      corresponding calculated percent compression, and then the piston area is
      multiplied by this value to give the total force at each position of the
      piston. When all of these points are plotted, the curve of FIG. 7 is
      obtained. By way of example, for a piston storke of 2 inches, the formula
      would read
      ##EQU5##
PAR  This would give a value for the percent compression of 5.53 percent.
      Therefore, from a value of 5.53 percent in FIG. 3, a fluid pressure of
      about 7,800 pounds per square inch is obtained, and therefore the total
      force on the piston is 15,600 pounds.
PAR  The following table sets forth the spring rate of the spring of FIG. 6 at 1
      inch stroke increments, and this is obtained by the slope of the curve of
      FIG. 7 at such increments.
     Stroke in     Force in     Spring rate                                    
     inches        pounds       lb./in.                                        
     ______________________________________                                    
     (-1)           (7,400)                                                    
     0             10,000       2,580                                          
     1             12,560       2,800                                          
     2             15,600       3,070                                          
     3             18,700       3,300                                          
     4             22,200       3,700                                          
     5             26,100       4,050                                          
     6             30,300       4,370                                          
     7             34,840       4,590                                          
     8             39,480       4,880                                          
     9             44,500       5,290                                          
     10            50,060       5,800                                          
     11            56,100                                                      
     ______________________________________                                    
      Total rate variance = 2.15                                               
PAR  In the foregoing respect, the spring rate at any given stroke position is
      equivalent to the value of the slope of the curve of FIG. 7 at the
      corresponding output force. More specifically, the slope at each point on
      the curve of FIG. 7 is the rate of change of the output force, and this is
      the same as the rate of change of the fluid spring because the output
      force is merely the spring rate multiplied by a constant, namely, the
      piston area. Therefore, utilizing the spring rate at any given stroke
      position, the natural frequency of the suspension for each such position
      may be obtained by inserting the spring rate from the above table into the
      formula
      ##EQU6##
PAR  FIG. 8 plots the natural frequency of a system against the vehicle weight.
      The ideal desired natural frequency for the truck is selected at 10 and is
      shown by a horizontal dotted line on FIG. 8. The liquid spring of FIG. 6
      provides a line which is reasonably close to the ideal line and this line
      is obtained from a calculation of the data in the above table utilizing
      the natural frequency equation. FIG. 8 also includes a graph showing the
      natural frequency under the loading conditions of FIG. 8 utilizing a
      conventional spring having a rate of 6,000 pounds per inch and also a
      conventional spring having a rate of 2,500 pounds per inch.
PAR  From an analysis of FIG. 8 it can be seen that the liquid spring of FIG. 6
      is set for the ideal frequency at empty weight and this ideal frequency is
      selected in radians per second. At full load of 40,000 pounds, the liquid
      spring of FIG. 6 has deviated from the ideal condition line of 10 by 3.1
      radians per second. The 2,500 pounds per inch conventional spring was also
      set for the ideal condition of 10 radians per second at the empty vehicle
      weight of 10,000 pounds. At full load of 40,000 pounds, this spring has
      deviated from the ideal by 5.0 radians per second. The 6,000 pounds per
      inch conventional spring was set to be roughly equivalent to the ride of
      the liquid spring at the full load condition. However, its total deviation
      from empty vehicle weight of 10,000 pounds to full load vehicle load of
      40,000 pounds is 8.0 radians per second. It can thus be seen that the
      liquid spring of FIG. 6 provides a relatively low deviation from the
      ideal, and thus this spring has a predetermined varying spring rate which
      will produce a predetermined natural frequency range over a predetermined
      load range. Thus, the liquid spring is superior to the constant rate coil
      springs by 161 6 to 258 percent.
PAR  By the selection of a compressible fluid medium with a more radical percent
      compression slope change than discussed above for the liquid spring, it
      would be possible to obtain nearly 0 deviation in natural ride frequency.
PAR  Instead of selecting a single compressible fluid, as discussed above
      relative to FIG. 6, a mixture of compressible fluids can be used to give
      the desired curve slope (such as shown in FIG. 4), to be matched with the
      desired spring rate (such as shown in FIG. 5). In this respect, for
      example, silicone oil having a viscosity of 10 centistokes or greater has
      a 9.4 percent compression at 20,000 psi. A silicone oil having a viscosity
      of under 6.5 centistokes has a 12.1 percent compression at 20,000 psi. By
      mixing such silicone oils in the proper proportion, a desired percent
      compression and related composite compression-curve slope may be obtained
      for the purpose of matching any desired rate of change curve. At this
      point it must again by emphasized that it is the rate of change of
      compressibility which is the controlling factor in matching a fluid medium
      to a desired change of spring rate. Thus various fluids may be mixed in
      any desired proportion to give the desired rate of change of slope for
      obtaining the desired change in spring rate.
PAR  The liquids which may be used may be miscible, as in the case of silicone
      oils, or immiscible. In either event they are merely mixed with each other
      to obtain the desired ultimate characteristics. Typical other liquids
      which may be used, by way of example and not of limitation, are glycerin,
      freon-base oils, and water.
PAR  If for any reason it is not desired to mix the two or more compressible
      oils or media, they can be utilized in a liquid spring 35 such as shown in
      FIG. 9 wherein a housing 36 is divided into chambers 37 and 38 by means of
      a floating piston 39 mounting a suitable seal 40 to maintain the fluids 37
      and 38 separated. A piston 41 having a damping piston 42 mounted thereon
      is suitably supported in end cap 42 having the proper seals (not
      numbered). It will be appreciated that as piston 41 moves into liquid 38,
      the force of the spring will be a function of the compressibility of
      liquids 37 and 38. It will be appreciated that by the proper design of the
      area of piston 39 and by the proper selection of the liquids 37 and 38 and
      by the proper selection of the desired number of liquids in spring 35, the
      desired output characteristics may be obtained. In the latter respect, it
      will be appreciated that more than two liquids 37 and 38 may be used by
      dividing housing 36 into any desired number of chambers by using any
      desired number of floating pistons such as 39. In addition, by varying the
      effective area of opposite faces of the piston, such as 39, a further
      modified spring characteristic may be obtained.
PAR  It will also be appreciated that if a plurality of immiscible fluids are
      used, a floating piston, such as 39, is not needed, provided that each
      fluid is independently compatible with the various seals which are used.
      In a case where one fluid is compatible with the seals in the end cap 43
      and the other is not, the incompatible fluid can be located in the chamber
      to the right of floating piston 39.
PAR  It will be appreciated that by the selective combining of a plurality of
      compressible fluids having different rates of compression, any desired
      curve slope, such as shown in FIG 4, may be obtained to match any desired
      change in spring rate. Furthermore, as noted above, two or more fluids can
      be combined and such fluids may be liquids or gases or combinations of
      both.
PAR  In addition, the fluids for the springs may be selected in such a manner as
      to provide a predetermined minimum height variance of the vehicle between
      its empty condition and full load. The liquid spring construction of the
      present invention is manifestly suitable for such an arrangement because
      of its varying rate, that is, it will tend to compress lesser distances
      with greater loads and thus there will be a less vehicle height variation
      throughout the load range as compared to a spring which has a constant
      rate.
PAR  While preferred embodiments of the present invention have been disclosed,
      it will be appreciated that the present invention is not limited thereto
      but may be otherwise embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of obtaining a low variance in suspension frequency of an
      object comprising the steps of establishing the constant natural frequency
      which is desired, calculating the varying spring rate required to maintain
      the desired suspension frequency throughout a predetermined load range,
      selecting spring means having a varying spring rate which approaches the
      said calculated varying spring rate, and utilizing said spring means for
      supporting said object.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein said spring means comprises a
      compressible fluid.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein said spring means comprises a
      plurality of compressible fluids.
NUM  4.
PAR  4. A method as set forth in claim 3 wherein said plurality of compressible
      fluids are mixed with each other.
NUM  5.
PAR  5. A vehicle suspension system comprising in combination a vehicle body for
      functioning over a predetermined load range and a suspension having a low
      variance in natural frequency over siad predetermined load range
      comprising housing means, piston means in said housing means, and
      compressible fluid means having a varying compressibility in said housing
      means with the rate of change of the compressibility of said compressible
      fluid means being matched to a varying spring rate which will produce a
      low variance in said natural frequency.
NUM  6.
PAR  6. A vehicle suspension system as set forth in claim 5 wherein said
      compressible fluid means comprises a plurality of different fluids.
NUM  7.
PAR  7. A vehicle suspension system as set forth in claim 6 wherein said
      plurality of fluids are separated into different chambers in said housing.
NUM  8.
PAR  8. A liquid spring for producing a low variance in natural frequency over a
      predetermined load range comprising housing means, piston means in said
      housing means, and liquid means in said housing means having a
      predetermined varying spring rate which will produce a predetermined
      natural frequency range over a predetermined load range.
NUM  9.
PAR  9. A liquid spring as set forth in claim 8 wherein said liquid means
      comprises a plurality of different liquids.
NUM  10.
PAR  10. A liquid spring as set forth in claim 9 wherein said liquids are mixed
      with each other.
NUM  11.
PAR  11. A liquid spring as set forth in claim 9 including a plurality of
      chambers in said housing, and wherein each of said chambers contains a
      different liquid.
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ABST
PAL  A die arrangement wherein selected dies are attached to their respective
      supports by fluid springs in the form of piston-cylinder assemblies which
      are in turn resiliently mounted on the die supports for pivotal movement
      as a unit.
PARN
PAR  This application is a continuation-in-part of my co-pending earlier
      application Ser. No. 475,040, filed May 31, 1974 now abandoned.
BSUM
PAR  This invention relates to fluid springs and, more particularly, to a die
      arrangement wherein fluid springs are utilized for yieldably resisting
      movement of various die members toward the supports on which the die
      members are mounted.
PAR  The use of elastic rubber pads, mechanical springs and fluid springs for
      the application of a yieldable resisting force to a die member is well
      known in the metal forming industry. When fluid springs are used in such
      arrangements they sometimes take the form of a piston-cylinder assembly so
      designed as to permit the piston and the piston rod to pivot slightly
      relative to the axis of the cylinder in order to compensate for slight
      misalignment of relatively movable die members. While such arrangements
      have met with some success, they are not entirely satisfactory. The seals
      employed between the axially moving surfaces of the cylinder and the
      piston rod and piston must be capable of a substantial amount of flexing
      while still retaining their sealing capabilities. Such seals are not only
      relatively expensive, but, because of the severe conditions under which
      they are used, in many applications they must be replaced periodically.
PAR  The present invention has for its object the provision of a fluid spring
      assembly which permits slight misalignment of the relatively movable die
      parts and at the same time utilizes conventional, commercially available
      seals between the cylinder and the piston and piston rod.
PAR  More specifically, the present invention contemplates a piston-cylinder
      assembly arranged between a die member and its support wherein the entire
      piston-cylinder assembly is resiliently mounted for slight tilting
      movement relative to its support and resiliently flexible seals are
      disposed between the sliding parts thereof.
PAR  According to the present invention the piston-cylinder assembly is
      resiliently mounted in a metal sleeve to enable the assembly to tilt as a
      whole slightly relative to the sleeve. The sleeve is in turn rigidly
      mounted on the support for the die member controlled by the fluid spring.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary sectional view of a die arrangement according to
      the present invention;
PAR  FIG. 2 is a longitudinal sectional view of one of the fluid springs shown
      in FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view of the sleeve for resiliently
      mounting the fluid cylinder;
PAR  FIG. 4 is a top plan view of a first modified form of fluid spring
      according to this invention;
PAR  FIG. 5 is a sectional view taken along the line 5--5 in FIG. 4;
PAR  FIG. 6 is a top plan view of a second modified form of fluid spring
      according to this invention;
PAR  FIG. 7 is a vertical sectional view of the fluid spring shown in FIG. 6;
      and
PAR  FIGS. 8 and 9 are vertical sectional views of third and fourth
      modifications of fluid springs according to the present invention.
DETD
PAR  Referring to FIG. 1 there is illustrated a die assembly 10 adapted to be
      mounted within a conventional stamping press. Die assembly 10 includes a
      support plate 12 on which the lower die set is mounted and a support plate
      14 on which the upper die set is mounted. Vertically extending guide pins
      (not illustrated) on plate 12 extend through openings on plate 14 so that
      plate 14 is constrained to move toward and away from plate 12 in a
      rectilinear path perpendicular to the die supporting faces of these two
      plates. The lower die set includes an adapter plate 16 mounted on lower
      plate 12. A die 18 is fixedly mounted on adapter plate 16. In the
      arrangement illustrated a pressure pad 20 is positioned adjacent each end
      of die 18. Each pressure pad 20 is supported on adapter plate 16 by a
      plurality of fluid spring assemblies 22. Each fluid spring assembly is
      rigidly connected to adapter plate 16 as by a threaded connection 24. The
      lower end of each fluid spring assembly 22 is in communication with a
      fluid passageway 26 in adapter plate 16. Passageway 26 is in turn
      connected by a flexible conduit 28 with a pressurized fluid accumulator
      (not illustrated), preferably an accumulator charged with an inert gas,
      such as nitrogen.
PAR  The upper die set likewise includes an adapter plate 30 rigidly mounted on
      the upper support plate 14. A pair of die members 32 are fixedly mounted
      on adapter plate 30 to register vertically with the pressure pads 20 on
      the lower die set. Between the members 32 there is arranged a stripper die
      34 which is supported for vertical movement on members 32. Shoulders 35
      interconnect members 32 and 34 to prevent stripper die 34 from moving
      downwardly relative to members 32 beyond the position shown in FIG. 1. Die
      member 34 is biased downwardly by one or more fluid spring assemblies 22
      of similar construction with those employed in the lower die set. The
      upper fluid spring assemblies are mounted in upper adapter plate 30 in the
      same manner that the lower die spring assemblies are mounted in the lower
      adapter plate 16. Adapter plate 30, like plate 16, is in the form of a
      fluid manifold having one or more passageways 26 therein communicating
      with the inner ends of the fluid spring assemblies thereon and connected
      to a pressurized fluid accumulator.
PAR  Referring now to FIG. 2, each fluid spring assembly 22 comprises a cylinder
      in the form of a metal sleeve 36 having a bushing 38 fixedly secured at
      one end thereof as by dowel pins 40. Within cylinder 36 there is arranged
      for axial reciprocation a piston 42 which is fixedly connected to one end
      of a piston rod 44 as at 46. Piston 42 is provided with a conventional
      rubber seal 48 which is backed by a ring 50 of anti-friction material.
      Piston 42 is also grooved to receive an oil-soaked felt wiper ring 52.
      Seal 48 and ring 50 are retained in place on the piston by snap rings 54.
PAR  Piston rod 44 extends upwardly through a close fitting bore 56 in bushing
      38. Bore 56 is concentric with the axis of cylinder 36. A dust seal 58 on
      bushing 38 surrounds rod 44 and a vent 59 in bushing 38 permits the
      ingress of dirt and the ingress and the egress of air from the cylinder
      chamber.
PAR  A metal sleeve 60 surrounds cylinder 36 and is fashioned with a radially
      inwardly extending inclined shoulder 62 adjacent the rod end of the
      cylinder. The corresponding end of cylinder 36 is rounded as at 64 and is
      engaged with the annular shoulder 62. The opposite end portion of member
      36 is threaded as at 66 for establishing the threaded connection with the
      respective adapter plate, as shown at 24 in FIG. 1. Adjacent threaded
      portion 66 there is arranged a rubber O-ring 68 which forms a fluid tight
      connection between each member 60 and the threaded bore in its respective
      adapter plate.
PAR  It will be observed that adjacent the rod end of cylinder 36 there is a
      radial clearance 70 between the inner periphery of member 60 and the outer
      periphery of cylinder sleeve 36. The opposite end of member 60 is,
      likewise, radially spaced from cylinder sleeve 36. Intermediate its ends
      cylinder sleeve 36 is fashioned with a radially outwardly extending
      shoulder 72 around its outer periphery. A resiliently flexible sleeve 74,
      formed of rubber or the like, is arranged around the outer surface of
      cylinder sleeve 36 with one end abutting shoulder 72. The opposite end of
      sleeve 74 abuts a spacer sleeve 76 which surrounds the inner end of
      cylinder sleeve 36 and is retained thereon by snap rings 78. Around its
      outer periphery sleeve 74 engages the inner periphery of annular member
      60. Sleeve 74 is compressed at least slightly between cylinder sleeve 36
      and annular member 60. In its relaxed condition sleeve 74 has the cross
      section shown in FIG. 3. It is provided with a slightly inwardly inclined
      lip 80 at its lower end and with an outwardly inclined lip 82 spaced above
      the inwardly inclined lip 80. Lip 82 is formed to provide a downwardly
      opening recess 84 with the adjacent section of the sleeve. When sleeve 74
      is arranged on cylinder 36 as shown in FIG. 2 and annular member 60 is
      forced thereover, lip 80 tightly engages the outer surface of cylinder
      sleeve 36 and lip 82 closes recess 84 and tightly engages the inner
      periphery of annular member 60.
PAR  When fluid spring assemblies 22 are threaded into their respective adapter
      plates as shown in FIG. 1, the lower ends of the assemblies are disposed
      within the bores 86 in radially spaced relation thereto. The pressure of
      the fluid in passageway 26 and bores 86 acts against the undersides of
      pistons 42 and against the lips 80,82, the latter providing a tightly
      sealed connection between cylinder sleeves 36 and annular members 60.
      O-rings 68 form a sealed connection between annular members 60 and the
      adapter plate. The upper or free ends of piston rods 44 abut against the
      undersides of pads 20. The upper fluid spring assemblies 22 are mounted in
      the same manner on upper adapter plate 30 and their piston rods 44 abut
      against the upper face of male die 34.
PAR  In operation a sheet metal blank 88 is supported upon the upper faces of
      pads 20. Top plate 14 of the die set is driven downwardly so that the
      blank is clamped around its edges between pads 20 and members 32. As the
      upper plate 14 continues to descend, downward movement of pads 20 is
      yieldably resisted by the pressure fluid from the accumulator acting on
      the fluid springs through passageway 26. Likewise, the upward movement of
      die member 34 is yieldably resisted to a predetermined extent by the
      pressure fluid acting on the fluid springs on the upper adapter plate 30.
      In this manner blank 88 is formed by being stretched over die 18 to form
      the stamping 90 which is ejected by stripper 34.
PAR  In the event that either the lower die set or the upper die set is slightly
      inclined relative to the other, it will be appreciated that as the die
      sets move relatively toward one another the slight misalignment
      therebetween will cause the respective cylinders 36 to cock or pivot
      slightly relative to the central axes of annular members 60. This slight
      tilting or cocking movement is permitted by the resilient sleeves 74 and
      is facilitated by the rounded ends 64 of cylinder sleeve 36 engaging the
      inclined annular shoulders 62 of members 60. Thus, even though the force
      applied by one of the die members against the other is not exactly
      parallel with the rectilinear path of die travel, the piston rods 44 and
      the pistons 42 rigidly connected therewith move coaxially within the bores
      of their respective cylinder sleeves 36. Thus, the seals on the pistons
      are not subjected to excessive wear or distortion. In the arrangement
      illustrated in FIG. 2 the cocking or tilting movement of cylinder 36
      relative to the member 60 occurs generally about the point O and the
      maximum angular extent of this pivot action is designated a. Normally
      angle a would have a maximum value of about 5.degree..
PAR  In the embodiments hereinafter described it is understood that the general
      die arrangement is substantially the same as that shown in FIG. 1, the
      differences in the modifications residing in the design of the fluid
      spring assembly and the manner in which it is mounted on its manifold
      plate. In the arrangement illustrated in FIGS. 4 and 5 the piston 92 is of
      substantially the same construction as the piston previously described,
      but is attached to piston rod 94 by means of a pin 96. The bushing 98 at
      the upper end of cylinder sleeve 100 is of substantially the same
      construction as the bushing 38 previously described and is secured to
      cylinder sleeve 100 in substantially the same manner. However, in this
      embodiment cylinder sleeve 100 is provided with an annular shoulder 102
      which is generally of spherical shape. The portion of cylinder sleeve 100
      below shoulder 102 projects into the bore 86 in the respective adapter
      plate 16. A seal between the outer periphery of cylinder sleeve 100 and
      bore 86 is provided by an O-ring 104 and a backing ring 106 seated in an
      annular groove 108 in the outer periphery of the cylinder sleeve 100.
      Sleeve 100 is located within a ring 110 which is secured to adapter plate
      16 by a series of screws 112. Ring 110 is formed with an annular shoulder
      114 complementary to shoulder 102. The center of the radius of curvature
      of shoulders 102 and 114 is located at the point designated O in FIG. 5.
      The outer periphery of cylinder sleeve 100 is spaced inwardly of the inner
      peripheral surfaces of bore 86 and ring 110 to allow for slight tilting
      movement of cylinder sleeve 100 relative to ring 110. It will be noted
      that O-ring 104 is located in the horizontal plane of point O. Thus, as
      cylinder sleeve 100 tilts the extent of tilting movement of O-ring 104 and
      consequently the wear thereon are minimized.
PAR  A dirt seal between ring 110 and cylinder sleeve 100 is provided by a
      resilient ring 116 which is retained in place against the upper end of
      ring 110 by a snap ring 118. Snap ring 118 also serves to maintain
      shoulders 102 and 114 interengaged. Sealing ring 116 prevents the ingress
      and accumulation of drawing compound, dirt, etc. in the clearance space
      between ring 110 and cylinder sleeve 100.
PAR  Comparing the structure shown in FIG. 5 with that shown in FIG. 2 it will
      be observed that the fluid spring shown in FIG. 5 incorporates several
      desirable features. For example, the annular ring 110 is relatively short,
      snap ring 118 cooperates with shoulder 102 and ring 110 to positively
      prevent axial separation of the parts, and O-ring 104 is subjected to less
      movement and less internal stress than the rubber sleeve 74 in FIG. 2.
PAR  In the arrangement shown in FIGS. 6 and 7 the fluid spring is adapted to be
      mounted on the top face of a manifold plate 120. The assembly includes a
      circular base plate 122 secured to manifold plate 120 by a plurality of
      screws 124. The cylinder sleeve 126 is formed adjacent its lower end with
      a radially outwardly extending shoulder 128 by means of which the cylinder
      sleeve 126 is clamped on base plate 122 by a clamping ring 130 secured in
      place by a plurality of screws 132. The lower end of cylinder sleeve 126
      projects into a bore 134 formed in base plate 122. In the embodiment
      illustrated base plate 122 is provided with an inlet fitting 136 for
      directing gas under pressure to the lower end of cylinder sleeve 126. In
      the event that it is desired to introduce the pressure fluid to the
      cylinder through the manifold plate, fitting 136 is replaced with a plug
      and the gas is directed to the lower end of the cylinder through a
      passageway 138 in manifold plate 120 which communicates with a central
      opening 140 in base plate 122. An O-ring 142 forms a seal around opening
      140.
PAR  As in the previous embodiments illustrated, within cylinder sleeve 126
      there is arranged a piston rod 144 having a piston 146 secured to the
      lower end thereof. The upper end of rod 144 projects through a vented
      bushing 148 provided with a bronze sleeve 150. Bushing 148 is secured to
      the upper end of cylinder sleeve 126 by a flexible wire key 152. Bushing
      148 is cut away at one side thereof as at 154 to enable insertion of and
      withdrawal of key 152 from the keyway slots 156,158 in sleeve 126 and
      bushing 148, respectively.
PAR  It will be observed that shoulder 128 on sleeve 126 and the radially
      inwardly extending shoulder 160 on ring 130 are square relative to each
      other. It will also be noted that sleeve 126 is dimensioned to have a
      clearance fit in ring 130 and base 122 so that cylinder sleeve 126 as a
      whole is capable of tilting slightly on base 122. An O-ring 162 in
      combination with a backing ring 164 forms a seal between the outer
      periphery of cylinder sleeve 126 and base 122. O-ring 162 maintains this
      sealed relation while permitting sleeve 126 to tilt slightly about its
      central axis. When sleeve 126 tilts, at one side thereof shoulder 128
      rocks on shoulder 160 and on the diametrically opposite side thereof
      shoulder 128 moves downwardly away from shoulder 160. However, when the
      axial downward load on rod 144 is relieved piston 146 moves to the upper
      end of cylinder 126 by reason of the fluid pressure at the lower end
      thereof. Piston 146 bottoms on bushing 148. Thereafter the pressure on the
      underside of the piston will tilt the cylinder sleeve about the contact
      point between shoulders 128,160 and thereby cause the cylinder to again
      assume a vertical position.
PAR  In the arrangement illustrated in FIG. 8 the cylinder sleeve 166 has its
      lower end projecting into a bore 168 in adapter plate 170. Cylinder sleeve
      166 is formed with an annular outwardly extending shoulder 172 having a
      rounded contour 174 around its outer periphery. A clamping sleeve 176
      surrounds the lower portion of cylinder sleeve 166. Clamping sleeve 176 is
      threaded into bore 168 as at 178 and is sealed therein by an O-ring 180.
      Adjacent shoulder 172 clamping ring 176 is radially enlarged. A pair of
      resilient sleeves 182, 184, formed of rubber or the like, are arranged in
      compressed relation between cylinder sleeve 166 and clamping sleeve 176,
      one above and one below shoulder 172. An annular bushing 186 is threaded
      into the upper end of clamping sleeve 176 to place sleeves 182, 184 in
      compression. Preferably a back-up ring 188 is disposed between the upper
      side of resiliently flexible sleeve 182 and the lower end of bushing 186.
PAR  As in the embodiments previously described, within cylinder sleeve 166
      there is arranged a piston rod 190 having a piston 192 fixedly secured to
      the lower end thereof. The upper end of rod 190 extends through a vented
      bushing 194 threaded into the upper end of cylinder 166.
PAR  With the above described arrangement the rounded or crowned contour 174 on
      shoulder 172 enables cylinder sleeve 166 to tilt slightly about the point
      O. Above and below shoulder 172 cylinder sleeve 166 has a slight clearance
      with bushing 186 and clamping sleeve 176 to accommodate this tilting
      movement. The inherent resilience of sleeves 182,184 tends to cause
      cylinder sleeve 166 to assume an upright position when the piston
      retracts. If desired, to further insure a good seal between the outer
      periphery of cylinder sleeve 166 and clamping sleeve 176 sleeves 182,184
      may be cemented in place.
PAR  The arrangement shown in FIG. 9 is very similar to that illustrated in FIG.
      8. However, the clamping ring 196 is threaded on the upper end of a sleeve
      198 which is in turn threaded into the bore 200 in adapter plate 202. In
      addition, instead of utilizing sleeves as shown in FIG. 8, in the
      arrangement shown in FIG. 9 two O-rings 204,206 are arranged around
      cylinder sleeve 208, one above and one below the radially outwardly
      extending shoulder 210 on the cylinder sleeve. A back-up ring 212 is
      positioned between the upper O-ring 204 and the inner face of the square
      shoulder 214 on cylinder sleeve 208. A similar back-up ring 216 is located
      between the lower O-ring 206 and the lower face of shoulder 210. In a
      manner similar to that described with reference to FIG. 8, cylinder sleeve
      208 is capable of tilting slightly about the point O. When the load on the
      piston rod is relieved, the inherent resilience of O-rings 204,206 tends
      to cause cylinder sleeve 208 to assume a vertical position.
PAR  It will be apparent that an obvious modification of FIGS. 8 and 9 is a
      combination thereof; that is, a resilient sleeve such as shown at 182 in
      FIG. 8 could be utilized for straightening the cylinder when the load
      thereon is relieved and a rubber O-ring such as shown at 206 in FIG. 9
      could be used to form the seal between the outer periphery of the tilting
      cylinder and the outer clamping ring.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a die assembly of the type which includes a pair of spaced apart die
      members which are mounted on a pair of supports guided for relative
      movement toward and away from each other in a rectilinear path to form a
      workpiece between the dies, the combination comprising, a plurality of
      fluid springs extending between at least one of said die members and its
      respective support, said springs yieldably biasing the die member in a
      direction away from its support, each of said fluid springs comprising a
      fluid cylinder and a piston and piston rod within the cylinder, said
      piston and piston rod being constrained by said cylinder to move axially
      therein along a path accurately concentric to the axis of the cylinder, an
      annular member rigidly mounted on said support with its axis extending
      parallel to said rectilinear path of die travel, said cylinder being
      arranged within said annular member generally coaxial therewith and
      opening at its lower end into said annular member, means tiltably
      supporting said cylinder within said annular member and resilient means
      interposed between said annular member and said cylinder and forming a
      seal therebetween which permits limited tilting movement of the cylinder
      relative to the axis of the annular member in response to the application
      of an axial force to the piston rod by its associated die member which is
      inclined to the central axis of the annular member.
NUM  2.
PAR  2. The combination called for in claim 1 wherein said cylinder has an outer
      peripheral surface of cylindrical shape and said annular member has an
      inner peripheral surface portion of cylindrical shape, said cylindrical
      surface portions being spaced apart radially and said sealing means being
      disposed therebetween.
NUM  3.
PAR  3. The combination called for in claim 1 wherein said supporting means
      comprises said sealing means.
NUM  4.
PAR  4. The combination called for in claim 1 wherein said supporting means
      comprises resiliently flexible ring means interposed between said cylinder
      and said annular member.
NUM  5.
PAR  5. The combination called for in claim 4 wherein said ring means is
      disposed in axial supporting relation between an outer peripheral portion
      of the cylinder and an inner peripheral portion of the annular member.
NUM  6.
PAR  6. The combination called for in claim 4 wherein said ring means normally
      bias said cylinder to assume a position generally coaxial with said
      annular member.
NUM  7.
PAR  7. The combination called for in claim 6 wherein said ring means comprises
      said sealing means.
NUM  8.
PAR  8. The combination called for in claim 7 wherein said cylinder has an outer
      peripheral surface of cylindrical shape and said annular member has an
      inner peripheral surface portion of cylindrical shape, said cylindrical
      surface portions being spaced apart radially and said sealing means being
      disposed therebetween.
NUM  9.
PAR  9. The combination called for in claim 4 wherein said cylinder and said
      annular member are formed with axially spaced radially extending shoulders
      which are axially opposed, said ring means being disposed between said
      shoulders.
NUM  10.
PAR  10. The combination called for in claim 9 wherein said ring means comprises
      at least one elastomer sleeve.
NUM  11.
PAR  11. The combination called for in claim 9 wherein said ring means comprises
      at least one O-ring.
NUM  12.
PAR  12. The combination called for in claim 4 wherein said ring means comprises
      said sealing means.
NUM  13.
PAR  13. The combination called for in claim 4 wherein one of said annular
      member and cylinder is formed with a pair of axially spaced radially
      extending shoulders which are axially opposed and the other is formed with
      a shoulder thereon projecting radially into the space between said pair of
      shoulders, said ring means comprising a pair of rings interposed one
      between each pair of spaced shoulders and the radial shoulder
      therebetween.
NUM  14.
PAR  14. The combination called for in claim 13 wherein said pair of rings and
      said shoulders are axially interengaged to axially support the cylinder
      within said annular member.
NUM  15.
PAR  15. The combination called for in claim 14 wherein each of said rings
      sealingly engages the outer periphery of said cylinder and the inner
      periphery of said annular member and comprises said sealing means.
NUM  16.
PAR  16. The combination called for in claim 1 wherein said support has a bore
      therein to which fluid under pressure is directed, the lower end of said
      cylinder communicating with said bore and including means forming a sealed
      connection between said annular member and said support around said bore.
NUM  17.
PAR  17. The combination called for in claim 1 wherein said supporting means
      comprises a pair of axially interengaged shoulders on said cylinder and
      annular member.
NUM  18.
PAR  18. The combination called for in claim 17 wherein at least one of said
      shoulders is rounded to facilitate tilting movement of said cylinder
      within said annular member.
NUM  19.
PAR  19. The combination called for in claim 16 wherein the lower ends of said
      annular member and said cylinder extend axially into said bore and the
      upper end of said cylinder projects upwardly beyond the upper end of the
      annular member.
NUM  20.
PAR  20. The combination called for in claim 19 wherein said supporting means
      are located closer to the plane of said support than from the upper end of
      the cylinder.
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ABST
PAL  A gas spring for maintaining motor vehicle trunk lids or hatchbacks open,
      comprises a gas spring piston having a circumferential groove for
      retaining therewithin a snap ring, and a cooperative annular recessed
      groove in the internal wall of the cylinder housing located at a position
      of maximum movement of the piston rod from the cylinder so that in such
      position the piston is locked in place.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to gas springs and, more particularly, such devices
      consisting of a housing formed by a cylindrical tube and a piston rod
      operating as a compressing cylinder mounted coaxially in the housing, the
      piston rod supporting a guide piston and protruding from one end of the
      housing, with a seal mounted axially in the housing against the piston rod
      at the end of the housing at which the piston rod emerges, and with an
      elastically yielding shock absorber for the guide piston being provided in
      the vicinity of the internal end face of the seal.
PAC  BACKGROUND OF THE INVENTION
PAR  Such gas springs are widely used, among other uses, as lifting devices for
      hatchbacks or trunk lids of motor vehicles. Usually the dimensioning and
      installation of the gas springs is such that their outward-pushing force
      is exactly sufficient to raise the trunk lid or hatchback to the uppermost
      open position, so that a corresponding oppositely directed force must be
      applied to close the hatchback or trunk lid.
PAR  The following problems can arise in this connection. If a vehicle is to be
      operated with the hatchback in the open position, for example, with
      objects being transported protruding out of the cargo space, or if the
      vehicle is to be operated only for short stretches between individual
      loading and unloading procedures, the hatchback will vibrate in its
      uppermost raised position, since it is supported by a spring. Gas springs
      are filled with compressed gas at a room temperature of approximately
      20.degree. C. When the outside temperature falls, the gas pressure in the
      gas spring decreases, so that at relatively very low ambient temperatures
      this can result in the outward-pushing force of the spring no longer being
      sufficient to raise the hatchback or the trunk lid and, what is still more
      important, to keep such hatchback or lid in its uppermost open position.
      For example, it should be pointed out that the gas pressure in the gas
      springs filled at +20.degree. C decreases about 20 percent at a
      temperature of -40.degree. C.
PAR  Finally, a gas spring may have slight leaks in it, so that until the gas
      spring is replaced by a new one, the hatchback or trunk lid will not stay
      in its uppermost position. In order to avoid these problems, supporting
      hinges are often provided between the fixed and swinging parts of the
      hatchback or trunk lid, to supplement the gas spring, the supporting
      hinges holding the swinging part in the raised position and allowing it to
      swing down again only when a rigidly interlocking latch on the two arms of
      such a hinge is released.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, an object of the invention to overcome defects in the
      prior art, such as indicated above.
PAR  It is another object to provide for improved gas springs.
PAR  It is a further object to eliminate the need for supplementary supporting
      hinges for hatchback or trunk lids in motor vehicles.
PAR  Yet another object of the invention is to create a gas spring of the type
      described hereinabove, especially for use as a lifting device for a part
      which is to swing relative to another part, in such fashion that a
      releasable locking of the gas spring is possible with the piston rod
      protruding from the housing.
PAR  These objects are achieved according to the invention by mounting a snap
      ring in an annular groove on the outside circumferential area of the guide
      piston and providing an annular recessed groove in the internal wall of
      the housing to receive the snap ring when the guide piston is partially
      and releasably moved against the shock absorber.
PAR  The measure according to the invention solves the problem listed
      hereinabove in an extraordinarly simply and problem-free fashion. When the
      annular groove in the guide piston and the annular recessed groove in the
      internal wall of the housing are lined up, from an outward drawing of the
      piston rod and subsequent outward movement of the guide piston to its
      outermost position, the snap ring, because of its preset tension,
      interlocks with a portion of its cross section extending into both the
      annular recessed groove of the housing and the annular groove of the guide
      piston thereby locking together the housing and the guide piston. If a
      sufficiently great inward pushing force is exerted upon the piston rod and
      thereby upon the piston, the snap ring will be pushed back into the
      annular groove in the guide position and the lock will be released. The
      magnitude of the axial force required to release this axial lock is
      essentially dependent upon the spring characteristics of the snap ring,
      governed by the material and the cross section, and the shape of the
      annular recessed groove in the internal wall of the housing.
PAR  A particularly advantageous embodiment of the invention is obtained when
      the annular recessed groove is displaced axially relative to the position
      of the snap ring in the balanced end position of the guide piston by a
      short distance with respect to the seal, the shock absorber being
      compressible for at least this distance. In this embodiment according to
      the invention, therefore, the lock between the guide piston and the
      housing is not created when the piston is in its end position against the
      shock absorber, but only after an additional outwardly directed tensile
      force has been exerted upon the piston rod, additionally compressing the
      shock absorber. The lock therefore does not operate automatically when the
      piston rod is pulled out of the housing when the hatchback or trunk lid is
      raised, but only when the raised lid or raised hatchback has been
      purposefully lifted a short further distance. The dimensioning is such
      that this additional required force is very small, for example, less than
      10 kp. The magnitude of the distance required for such a predetermined
      slight force to displace the annular recessed groove with respect to the
      balanced end position of the snap ring depends upon the spring
      characteristics of the shock absorber.
PAR  On the one hand, to have sufficiently high but not excessively high locking
      forces in order that the lock can be released without excessive manual
      force having to be expended, it is advantageous if the annular recessed
      groove in the housing is proveded at least on the side facing the internal
      chamber with a tapered surface which slopes from the groove toward the
      housing axis in such fashion that when a force is exerted in the
      inwardpushing direction of the piston rod, a radial force component will
      act upon the snap ring which tends to reduce its diameter, the radial
      force component being caused by movement of the snap ring along the taper.
PAR  It has been found to be particularly simple and advantageous for the snap
      ring to have a circular cross section. It is particularly advantageous if
      the depth of the annular recessed groove in the housing is less than half
      the diameter of the snap ring cross section.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and features of the invention will be seen from the
      description of a sample embodiment with reference to the drawing, wherein:
PAR  FIG. 1 is an embodiment of a gas spring according to the invention, in
      lengthwise section;
PAR  FIG. 2 is an enlarged representation of the piston of the gas spring of
      FIG. 1 in its extended end position;
PAR  FIG. 3 is a snap ring in top view; and
PAR  FIG. 4 is a gas spring installed between the hatchback and body of a motor
      vehicle according to the invention in a schematic representation.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  The gas spring shown in the drawing consists essentially of a tubular or
      cylindrical housing 1, which is long with respect to its diameter, and is
      therefore slender; the housing is preferably made of a drawn steel tube. A
      piston rod 2, acting as a compressing piston, is mounted coaxially in
      housing 1, the piston rod also having a cylindrical cross section. The
      axis of the piston rod therefore coincides with the axis 3 of housing 1.
      The housing is sealed by means of a known multiple-lip seal 4 at the end
      (at the top of the drawing) from which the piston rod emerges from housing
      1; the seal 4 has its lips 5 resting against the absolutely smooth surface
      of piston rod 2. The outer circumference 6 of lip seal 4 also effects a
      seal against the internal wall 7 of the housing 1, so that an absolutely
      tight closure of the housing 1 at the end from which the piston rod 2
      emerges is achieved by this seal, which is of homogeneous construction and
      is therefore not protected.
PAR  At its end face, which rests against the internal chamber 8 of housing 1,
      the lip seal 4, whose length is approximately equal  to its outside
      diameter, is fastened axially in place within the housing 1 by means of a
      cylindrical annular holding element 9. The diameter of bore 9' of the
      fastening element is somewhat larger than the diameter of piston rod 2, so
      that the rod 2 does not contact and is not guided in the fastening element
      9. The fastening element 9 has a radially recessed annular groove shaped
      depression 10 on its outside circumference which is in contact with
      internal wall 7 of the housing 1; a snap ring 11, i.e., an elastically
      deformable ring, is associated with and rests within the depression 10.
      The internal wall 7 of the housing 1 is provided with a corresponding
      annular groove, likewise recessed radially, into which snap ring 11 also
      fits.
PAR  The axial lengths of recess 10 and annular groove 12 are the same and of
      such size that snap ring 11 has practically no axial play when located
      within the recess 10 and the annular groove 12, so that the fastening
      element 9 is held in housing 1 with absolutely no axial play. The radial
      depth of the annular recess 10 is at least as great as the radial width of
      snap ring 11, so that the snap ring can elastically deform and retreat
      completely into the recess 10 when the fastening element 9 is shoved into
      housing 1; then, when the recess 10 and the annular groove 12 line up
      radially, the ring 11 snaps into the annular groove 12 under elastic
      expansion, thus producing a permanent connection between the fastening
      element 9 and the housing 1 at this point.
PAR  In the illustrative embodiment shown in FIGS. 1 and 2, the seal 4 is
      fastened axially at its outer end face by a similar somewhat cylindrical
      annular guide element 13. This guide element 13 has its internal bore 14
      fitting tightly against piston rod 2, so that piston rod 2 is guided
      radially in the guide element 13, and so that no contamination can enter
      the seal 4 from the outside. The guide element 13 is made preferably of a
      thermoplastic, i.e., elastic plastic, with good sliding charactersitics
      with respect to steel, e.g. a polyolefin or PTFE or the like. The guide
      element 13 is mounted axially in the housing 1 in theoretically the same
      fashion as the fastening element 10. An annular recess 15 is provided on
      the cylindrical outer circumference of the guide element 13, the radial
      depth of such recess 15 being at least equal to the annular width of a
      snap ring 16 associated with this recess, the snap ring 16 being likewise
      practically free of axial play in the recess. The snap ring 16 fits into
      an annular groove 17 in the internal wall 7 of the housing. This annular
      groove 17 is differentiated from the annular groove 12 by the fact that
      its side wall, resting against internal chamber 8 of the housing 1, is
      tapered outwardly from the bottom of the annular groove in the form of a
      truncated cone, so that a tapered surface 18 is formed to facilitate
      assembly of the device.
PAR  The internal wall 7 of the housing 1 has a similar taper 19' at its edge
      19, which taper expands toward such edge also to facilitate assembly. The
      housing 1 is not plastically deformed in the entire area of the seal or
      over its length, i.e., it has a cylindrical outside surface which is
      completely rectalinear. The guide element 13 is formed in such fashion
      that it covers the edge 19 of the housing 1 with a shoulder 20, so that a
      clean and smooth closure of the gas spring is effected at this end.
PAR  The axial spacing of fastening element 9 and guide element 13 is such that
      the seal 4 is compressed axially to a desired degree, so that it is
      pressed radially by virtue of its elastic properties with a desired preset
      tension, on the one hand against the internal wall 7 of the housing 1 and
      on the other hand with its lips 5 against piston rod 2. The seal 4
      consists of an elastic material, preferably polyurethane known by the
      registered trademark of "Vulkollan."
PAR  Housing 1 is closed at the end opposite the seal 4 in such fashion that the
      edge 21 of the housing is flanged and fastened coaxially in a gas-tight
      manner with a threaded cap 22, so that a closure element 23 of any desired
      form, such as an eye or spherical-segment-shaped element can be fastened
      by means of an appropriate threaded cap 24. At the opposite, free end of
      the piston rod 2, a closure element 25 is likewise fastened. Using
      spherical-segment-shaped connecting elements 23, 25 ensures that no
      bending moments can be introduced to the housing 1 or the piston rod 2, so
      that leakage of the seal 4 resulting from nonuniform radial stress is
      excluded.
PAR  A guide piston 26 is fastened to the inner end of the piston rod 2, with
      the connection being provided in such fashion that the guide piston 26 can
      be inserted with its concentric bore 27 on a similarly concentric pin 28
      riveted to and extending from the inner end of the piston rod 2. The
      piston is practically free of play in the radial direction but is axially
      displaceable with its cylindrical external circumferential surface 29
      against the internal wall 7 of the housing 1. The piston 26 has one or
      more axial throttle bores 30, which allow a throttled gas flow from one of
      the housing chambers 8a or 8b to flow into the other.
PAR  On the end wall of the fastening element 9, facing the internal chamber 8,
      a shock absorber 31 is mounted, which prevents a hard impact of the guide
      piston 26 against the fastening element 9 when the piston rod 2 emerges
      from the housing 1 to its end position as shown in FIG. 2. This shock
      absorber 31 is composed of an elastically flexible material such as
      rubber, for example, which on the one hand has elastic properties and on
      the other hand has damping properties. The shock absorber is made in such
      fashion that it is compressible for a finite distance in the direction of
      housing axis 3. Advantageously, as shown in the drawing, it is in the form
      of a ring with a trapezoidal cross section, with the shorter of the two
      parallel sides facing the guide piston 26. When this shock absorber 31 is
      compressed, the two shoulders, as can be seen in FIG. 2 are pushed out
      laterally.
PAR  The outside circumferential surface 29 of the guide piston 26 has an
      annular groove 32 with a rectangular cross section located concentrically
      with respect to the axis 3. The annular groove 32 contains a snap ring 33
      which is slotted circularly as shown in FIG. 3 and has a circular cross
      section. The annular groove 32 is deep enough to accept the snap ring 33
      completely, i.e., in the sample embodiment shown the depth of annular
      groove 32 is at least equal to the cross sectional diameter a of the snap
      ring 33.
PAR  In the internal wall 7 of the housing 1 there is likewise provided,
      concentrically with respect to axis 3, an annular recessed groove 34,
      whose cross section is in the shape of a segment of a circle, the circular
      segment having an aperture angle of no more than and preferably less than
      180.degree.. The radius of the arcuate surface is equal to or somewhat
      greater than the cross sectional radius a/2 of snap ring 33. The fact that
      the aperture angle of the circular segment cross section of the annular
      recessed groove 34 is less than 180.degree. ensures that the snap ring 33,
      which is forced by its spring tension into recess 34 when the rod 3 is
      maximally withdrawn as shown in FIG. 2, is pushed back again into the
      annular groove 32 as a result of axial loading of piston rod 2 in the
      direction of arrow 35, so that the lock between the guide piston 26 and
      the housing 1 is released.
PAR  Two possible embodiments for the axial arrangement of the recess 34 in the
      housing 1 are as follows. The first possibility consists in arranging the
      recess 34 in such fashion that the snap ring 33 fits into the recess 34
      when the guide piston 26 barely touches the shock absorber 31, with the
      piston rod 2 in its fully extended position being in a resting position,
      created by the equilibrium of force P.sub.K acting on piston rod 2 from
      outside, the force of the gas P.sub.G acting on the piston rod from the
      inside, and the reactive force of the compressed shock absorber P.sub.A
      being formed. The force of the gas P.sub.G is formed by the product of the
      gas pressure in chamber 8 and the cross section of piston rod 2. The force
      of the gas P.sub.G is greater than the force P.sub.K exerted from outside,
      for example by the hatchback of an automobile, on piston rod 2.
PAR  A second, more advantageous, possibility for the axial arrangement of the
      annular-groove shaped recess 34 consists in displacing the recess 34
      somewhat further toward the seal 4 with respect to the initially suggested
      position. In this case, the piston 26, resting against the shock absorber
      31 in its above-described resting position, is pushed toward seal 4 by
      exerting a force P.sub.V with additional compression of the shock absorber
      31 until the snap ring 33 fits into the recess 34. In this case, a greater
      reaction force P'.sub.A will be exerted on the piston by shock absorber
      31, so that after force P.sub.V acting on piston rod 2 is released, force
      P'.sub.V can act on snap ring 33 in recess 34.
PAR  The snap ring 33 is provided of a material advantageously for ensuring good
      sliding properties on the internal wall 7 of housing 1, made of steel, and
      the snap ring 33 therefore is made preferably of hard brass. If it is
      desired to make the depth of recess 34 equal to or greater than the radius
      a/2 of the cross section of snap ring 33, it is desirable to provide an
      additional tapered surface 36 in the internal wall of housing 7 which
      faces the internal chamber of the housing, so that trouble-free unlocking
      is possible.
PAR  The use of such a gas spring as a lifting device for the hatchback of an
      automobile is shown in FIG. 4. Here in known fashion the closure element
      25 of the piston rod 2 is pivoted on a swingable hatchback 38 around a
      horizontal pivoting axis 37, while the other connecting element 23 of the
      housing 1 is attached to the body 39 of the automobile 40. The gas
      pressure in chamber 8 of the gas spring is sufficiently high so that after
      a gentle outward pivoting of hatchback 38 from the lower, closed position
      the gas spring lefts hatchback 38 to the upper position; after a short
      additional lifting of the hatchback 38 while in this upper resting
      position, the snap ring 33 snaps into the recess 34. By exerting a
      corresponding force acting from above on the rear end of hatchback 38,
      this lock is released and then the hatchback can be closed with
      correspondingly smaller force and simultaneous sliding of the piston rod 2
      into the housing 1. The gas spring according to the invention can be used
      equally well as a lifting means for hinged doors on cabinets or for the
      trunk lids of automobiles or the like.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawing and
      described in the specification.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a gas spring comprising a cylindrical housing, a piston rod acting as
      a compressing piston mounted coaxially in said housing and protruding from
      one end of the housing, a guide piston at the internal end of said piston
      rod, a seal resting against the piston rod and fastened axially in said
      housing at the end of said housing at which the piston rod emerges, and
      elastically flexible shock absorber for said guide piston, mounted
      adjacent said seal, the improvement comprising:
PA1  a snap ring carried by and in an annular groove on the outside
      circumferential surface of said guide piston and an annular recessed
      groove provided in the internal wall of said housing partially and
      releasably accepting the said snap ring when the said guide piston is
      resting against said shock absorber.
NUM  2.
PAR  2. A gas spring according to claim 1, wherein said annular recessed groove
      is axially displaced with respect to the position of said snap ring in the
      balanced end position of said guide piston by a slight distance relative
      to said seal with said shock absorber being compressible for at least this
      distance.
NUM  3.
PAR  3. A gas spring according to claim 1, wherein said annular recessed groove
      has on its side facing the interior chamber of said housing, a tapered
      surface tapered in such fashion toward the axis of housing that when a
      force is exerted on said snap ring which acts in the inward-pushing
      direction of said piston rod, a radial force component acts on said snap
      ring to reduce its diameter.
NUM  4.
PAR  4. A gas spring according to claim 1, wherein said snap ring is a split
      ring having a circular cross section.
NUM  5.
PAR  5. A gas spring according to claim 4, wherein the depth of said annular
      recessed groove is less than half the diameter of the cross section of
      said snap ring.
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ABST
PAL  A shock and vibration insulator comprises an axial rigid element fastenable
      to an installation to be damped, a peripheral rigid element also
      fastenable to said installation and a radial rigid element extending
      radially between said elements and comprising a first radial part having
      an internal recess in the shape of an annular groove and a second radial
      part having a peripheral edge penetrating into said recess in which it can
      move radially so as to provide a fairly closed annular chamber.
BSUM
PAR  The present invention relates to a shock and vibration insulator with high
      internal damping. Such insulators can be used particularly for the
      suspension of parts subjected to vibrations on a chassis or frame.
PAR  In certain embodiments the insulator can also be incorporated in a
      hydraulic jack.
PAR  Previously known insulators have a central rigid element, a peripheral
      rigid element, at least one elastomer membrane connecting the two rigid
      elements with the volume thus determined being filled with a fluid such
      as, for example, a grease. One of the said rigid elements can also have a
      radial element, more or less in the shape of a piston so as to determine
      in the fluid-tight volume, two partial volumes connected by a constriction
      thereby forcing the fluid, such as grease, to travel from one of the
      volumes to the other during relative movement of the two elements.
PAR  While such previously known insulators are relatively satisfactory with
      regard to vibrations which are directed in an axial direction, when the
      vibrations have mainly radially components, the two partial volumes remain
      fairly constant and the damping becomes much slighter because the fluid is
      simply moved within its volume and is not forced to pass through a
      constriction even if the fluid is very viscous.
PAR  On the other hand, in known piston shock absorbers provided with a slightly
      viscous fluid, neither lateral movement nor lateral damping is possible.
PAR  Further, precisely because of such insufficient damping, precautions have
      to be taken to prevent rough impacts of the rigid elements against one
      another during very considerable radial movements, thereby complicating
      the design of the insulator which, in turn, increases the cost thereof.
PAR  The present invention overcomes these drawbacks and provides a shock or
      vibration insulator exhibiting high internal damping both in axial and
      radial movements and with the use of internal fluids exhibiting a broad
      range of viscosity values. The present invention is also directed to an
      insulator which is simple and economic in design and fabrication.
PAR  More particularly the present invention relates to a vibration and shock
      insulator with high internal damping comprising
PAR  1. AN AXIAL RIGID ELEMENT FASTENABLE TO ONE PORTION OR PART OF AN
      INSTALLATION TO BE DAMPED;
PAR  2. A PERIPHERAL RIGID ELEMENT FASTENABLE TO ANOTHER PORTION OR PART OF SAID
      INSTALLATION; AND
PAR  3. A RADIAL RIGID ELEMENT EXTENDING RADIALLY BETWEEN SAID ELEMENTS (1) AND
      (2) AND BEING SOLID WITH ONE OF SAID ELEMENTS, SAID RADIAL RIGID ELEMENT
      CAPABLE OF BEING SUBJECTED TO THE THRUST OF A FLUID AND COMPRISING
PAR  A. A FIRST RADIAL PART PRESENTING AN INTERNAL RECESS IN THE SHAPE OF AN
      ANNULAR GROOVE, AND
PAR  B. A SECOND RADIAL PART PENETRATING BY A PERIPHERAL EDGE, INTO SAID RECESS
      IN WHICH IT CAN MOVE RADIALLY, SO AS TO PROVIDE IN SAID RECESS A FAIRLY
      CLOSED ANNULAR CHAMBER, THE INTERNAL VOLUME OF SAID CHAMBER BEING FILLED
      WITH SAID FLUID.
PAR  The present invention is also distinguished from known shock absorbers of a
      type presenting a piston provided with two radial parts, one of which
      forms an annular groove in which the other part can penetrate, the said
      parts being able to be fitted by friction one in the other so that the
      movement of one of the parts in the groove causes a damping friction
      without the presence of any fluid.
PAR  Actually, in accordance with the present invention, the friction between
      the two parts of the choking element is slight or zero, the desired
      damping effect being caused by the radial movement of one of the parts in
      the other thereby modifying the geometry of the annular chamber so as to
      cause damping by the movement of the fluid contained in the chamber formed
      thereby.
PAR  By using a sufficiently viscous fluid, a considerable damping can be
      obtained by the simple movement of the fluid contained in the chamber at
      the time of the radial movement of one of the parts relative to the other.
PAR  However, it is also advantageous to introduce into the chamber an elastic
      element so as to compartment the chamber and provide choking passages
      between these compartments, without opposing the relative movement of the
      two parts of the radial rigid element.
PAR  Thus, in a particular embodiment of the present invention, it is possible
      to incorporate in said chamber an undulating spring resting, on the one
      hand, on the bottom of the groove, and, on the other hand, on the edge of
      the radial part penetrating into said groove, the height of the spring
      being slightly less than the thickness of the groove. In this way, the
      undulating spring establishes on the inside of the annular chamber
      relatively closed partial volumes. When the said first and second radial
      parts come toward one another, the undulation or undulations located in
      the zone of approach are flattened thereby reducing the partial volumes
      that they establish so as to create additional pressure in the fluid
      contained in the partial volumes concerned which, in turn, permits the
      fluid to pass between the spring and edges of the chamber.
PAR  In a first embodiment of the present invention, the insulator comprises at
      least a deformable membrane, preferably elastic, connecting said rigid
      elements to form a fluid-tight deformable volume, said volume being filled
      entirely with a fluid, preferably a viscous fluid, while the radial rigid
      element divides said volume into two half volumes, and constitutes a
      choking element having a passage between said half volumes.
PAR  In a particular embodiment of this first mode of the present invention, the
      peripheral rigid element can comprise a rigid bottom located opposite a
      single deformable membrane.
PAR  As a variant, a second membrane extending opposite the first membrane which
      carries the axial radial element can be provided.
PAR  In certain particular embodiments, this second membrane can also be
      fastened at its center to the axial rigid element and in this case the
      insulator preferably presents a radial plane of symmetry, the said two
      membranes being symmetrical relative to this plane.
PAR  The radial rigid element constituting the choking element can have a
      diameter corresponding approximately to the inside diameter of said
      peripheral rigid element with passages then being provided in said second
      radial part so as to constitute chokes permitting the passage of said
      fluid.
PAR  As a variant, the diameter of the inside rigid element can be different
      from that of the rigid elements which do not carry it and thus be in
      communication with a choke passage.
PAR  The rigid choke element can be carried either by the axial rigid element or
      by the peripheral rigid element. In each case, the rigid element carrying
      the choke element can be connected directly to either of the two parts,
      the other part then being free to move relative to the rigid element.
PAR  In a second embodiment of the present invention, the insulator can be made
      up of a jack, preferably a double action jack with the peripheral rigid
      element forming the body of the jack and the axial rigid element forming
      the rod. The axial rigid element thus forms the jack piston, and its
      diameter is fitted exactly to the diameter of one of the two rigid
      elements. The jack receives on one or both of the two faces the thrust of
      a fluid of a similar or identical nature as that of the fluid contained in
      the chamber.
DRWD
PAR  Other advantages and characteristics of the invention will become apparent
      from the following description, given by way of non-limiting example and
      with reference to the accompanying drawings wherein:
PAR  FIG. 1 represents an axial section of an insulator according to the
      invention;
PAR  FIG. 2 represents a radial cross section of the rigid choke element;
PAR  FIG. 3 represents an axial section of an insulator according to a variant
      of the present invention;
PAR  FIG. 4 represents an axial section of a choke element according to a
      variant of the present invention, and
PAR  FIG. 5 represents an axial section of an insulator having a radial plane of
      symmetry.
DETD
PAR  Referring to FIGS. 1 and 2, the insulator shown therein presents a symmetry
      of revolution around a vertical axis, and comprises (1) an axial rigid
      element 1 in the shape of a cylindrical rod, optionally provided with
      fastening means (not shown), such as threads, to fasten it to a part of an
      installation to be protected against shock and vibration; (2) a peripheral
      rigid element 2 presenting a generally cylindrical shape with an outside
      flange 3. The rigid element 2 is completed by an annular plate 4 fastened
      under flange 3 and has an inside orifice of a diameter less than the
      inside diameter of the cylindrical part of rigid element 2. Adhered to
      element 1 is an elastomer membrane 5 presenting generally a shape bulging
      outward as shown in the drawing, this membrane also adhering at its
      periphery to the upper part of peripheral rigid element 2.
PAR  On the inside surface of annular plate 4 there is also adhered a second
      elastomer membrane 6 having approximately the shape of an arch. It can be
      seen that in this way there is established an internal volume 7 which is
      entirely filled with a fluid, preferably a fluid whose viscosity is
      selected as a function of the desired characteristics of the shock and
      vibration insulator of the present invention.
PAR  Within volume 7 there is crimped, on element 1, a rigid part 8 in the form
      of a circular plate provided with two orifices 9 forming a choke passage
      for the fluid. This plate 8 forms said second radial part.
PAR  Also within said volume 7 there is provided a first radial part 10 having,
      externally, the shape of a flat ring, whose largest diameter is slightly
      less than the inside diameter of peripheral rigid element 2 and whose
      inside diameter is clearly smaller than the outside diameter of said
      circular plate 8. The element presents on its inside a cavity 11 delimited
      by two radial walls 12 or 13 connected, on the outside peripheral side, by
      part 14. Cavity 11 thus forms a groove within part 10. In this groove
      penetrates, with play permitting movement, rigid part 8 so that cavity 11
      is limited to an annular chamber which is filled with the same fluid as
      volume 7.
PAR  Part 10 can advantageously be made by casting, in a single piece, an
      elastic material whose deformation permits the introduction of part 8.
      Alternatively it can be made, for example, from two parts respectively
      making up walls 12 and 13 which are then welded together.
PAR  A coil spring 15 can advantageously be provided to engage at its base plate
      4 and its top, rigid plate 8.
PAR  Finally, and preferably, an undulating spring 16 is provided in cavity 11.
      As can be seen particularly in FIG. 2, this spring has undulations whose
      summits engage alternately the peripheral edge of part 8 and the bottom of
      the groove of part 10. As can be seen in FIG. 1, the height of this spring
      16 is slightly less than the height of the groove. Spring 16 delimits in
      the groove a certain number of partial volumes 17a and 18a. As can be
      seen, the fluid in each partial volume thus established is essentially
      imprisoned and separated from the other of said partial volumes.
PAR  The insulator of the present invention functions in the following manner.
PAR  Starting from the rest position shown in FIG. 1, axial rigid element 1 is
      thrust downwardly in the direction of arrow F under the action, for
      example, of vibrations. Under these conditions, the upper half volume
      tends to increase because of the downward movement of the choke element
      made up of radial rigid parts 8 and 10, while the lower half volume tends
      to diminish despite a certain deformation of elastic membrane 6. Under
      these conditions, the fluid placed in the lower half volume passes through
      choke channels 9 thereby expanding into the upper half volume; this forced
      passage creating a damping effect. Spring 15 not only provides stiffness
      but at the end of the thrust, assists in returning the insulator to its
      initial position.
PAR  It is to be understood that in this embodiment it is possible to replace
      elastic membrane 5 by a deformable, nonelastic, fluid-tight membrane, for
      example, a linen-faced membrane, the deformation of membrane 6 making it
      possible to keep the volume of the fluid constant. If, on the other hand,
      as is possible in a variant of the present invention, annular plate 4 is
      replaced by a closed flat disk, by eliminating the stationary membrane, it
      is necessary to make membrane 5 in elastic form so as to permit it to
      distend thereby keeping the lower volume of the fluid constant.
PAR  Further, it is to be understood that it is not necessary that part 10 be
      mounted with a very exact play on part 8 so as to maintain fluid
      tightness, because, at the time of movement, for example a downward
      movement in the direction of arrow F, the pressure increases in the lower
      half volume, which forces wall 12 against part 8 and practically prevents
      the fluid from travelling in a path other than through choke channels 9.
PAR  Of course, choke channels 9 can be eliminated in accordance with another
      embodiment of the present invention wherein the outside diameter of part
      10 is then suitably less than the inside diameter of peripheral rigid
      element 2, thereby establishing between said part 10 and said peripheral
      rigid element 2 a choke passage so as to permit passage of the fluid from
      one of said half volumes to the other.
PAR  When axial rigid element 1 is moved in a radial direction, for example
      along arrow E, part 14 is blocked radially by peripheral rigid element 2.
      Rigid part 9 then moves to the left on the inside of part 10 in the
      direction of the bottom of the groove. It is understood that in this
      movement the total internal volume of cavity 11 remains constant. However,
      during this movement, the undulations of spring 16 which are close to the
      constriction zone of cavity 11 flatten more and more thereby reducing
      partial volumes such as, for example 17a and 18a. Because the height of
      spring 16 is practically equal to the height of cavity 11, the fluid can
      escape only in limited amounts at the sides of the spring. Consequently
      the pressure of the fluid in volumes 17a and 18a at the left will increase
      while the pressure in the other partial volumes will diminish. After a
      certain time, the pressure of the fluid in volumes 17a and 18a will become
      greater than the force of the spring applying summits 16a, 16b of the
      undulations against the edges of part 8 or 10, which will free a passage,
      for example, between summits 16b and the bottom of the groove, so that the
      fluid contained in volume 18a will pass into adjacent volumes 18. The same
      is true for volumes 17a. The fluid is thus sandwiched between the summits
      of the spring and the bottoms of the groove or edge of plate 8, thereby
      creating a damping at the time of radial movement which is added to that
      created by the passage of fluid between the spring and walls 12 and 13.
PAR  Damping is an increasing function of the movement, since the force of the
      spring increases with the latter.
PAR  If a sufficiently viscous fluid is used, for example, one having a
      viscosity of the order of 100,000 centistokes, it is possible to eliminate
      spring 16. In this case a radial damping is obtained when part 8 moves
      toward the left relative to part 10, because a fluid with a viscous
      consistency, for example a grease, moves to the right part of cavity 11.
PAR  Consequently it is possible to obtain an extremely precise adjustment of
      the desired damping effect since it will be possible to vary different
      factors such as the viscosity of the fluid, the stiffness of the blade of
      spring 16, the dimension of partial volumes 17a and 18b, the height of the
      blade with a more or less play between blade 16 and walls 12 and 13, and
      finally various possible precompression values of spring 16.
PAR  Referring now to FIG. 3, this embodiment is distinguished from that of FIG.
      1 mainly by the fact that there are provided two helico-spiral springs 15
      and 19 mounted in opposition, peripheral rigid element 2 provided at its
      upper part with an edge 20 which serves as support for the base of spring
      19.
PAR  Referring to FIG. 4, it can be seen that the radial choke element comprises
      (1) a first radial part 21 integral with axial rigid element 1 and having
      a radial groove 22 open on the outside peripheral side of element 21; and
      (2) a second part made up of a flat ring 23 capable of moving inside the
      chamber formed by groove 22. The choke element thus constituted is
      different from the choke element of FIG. 1 only by the fact that parts 8
      and 10 have been interchanged while the functioning thereof remains
      identical.
PAR  Referring to FIG. 5, axial rigid element 1 is placed centrally relative to
      the peripheral rigid element 24 which is provided with a base in the shape
      of a plate 25 and a flange element 26 directed radially toward the center
      of the insulator. Two elastomer membranes 27, 28 symmetrical relative to a
      median radial plane are adhered at their central part to element 1 and at
      their peripheral part to element 24. Thus, they determine a fluid-tight
      volume 29 filled with a viscous fluid. This volume 29 is divided into two
      half volumes by a choke part comprising two radial flat rings extending
      from peripheral rigid element 24 but having an inside diameter clearly
      greater than the inside diameter of axial rigid element 1. Rings 30 and 31
      are separated by an annular key 32.
PAR  To keep the two rings 30, 31 in a stationary position in the middle of
      peripheral element 24, two other cylindrical spacing keys 33, 34 are
      provided on both sides of rings 30 and 31.
PAR  The two rings 30 and 31, being separated, form between them a groove 35
      which also is filled with fluid and receives a disk 36 so as to form said
      second part of the choke element. Disk 36 is provided with orifices 37
      similar to orifices 9. Disk 36 also has a central orifice whose diameter
      is only slightly greater than the diameter of axial rigid element 1 so as
      to permit the movement of said axial rigid element 1 through this orifice.
PAR  In groove 35 which is also filled with fluid there can be placed a spring
      similar to spring 16.
PAR  It is understood that the functioning of this insulator is similar to that
      of the insulators of FIGS. 1 to 3. The axial movement of rigid element 1
      causes an increase or decrease of the determined half volumes inside
      volume 29 by the choke element, thus forcing the fluid through orifices 37
      so as to obtain a damping effect. On the other hand, radial movement of
      axial rigid element 1 causes the radial movement of disk 36 in groove 35,
      thus providing a damping effect by the movement of the fluid contained in
      said groove 35.
PAR  Further, in accordance with yet another embodiment of the present invention
      the insulator can be provided in the form of a double action jack.
      Referring to FIG. 1, the peripheral rigid element 2 can constitute the
      body of the jack, the rod of which is constituted by axial rigid element
      1. Membranes 5 and 6 can be eliminated and intake or evacuation conduits
      can be provided in their place. Further, choke channels 9 can be blocked,
      thus separating the two half volumes. Under these conditions, there is
      provided a jack whose piston would be constituted by two parts 8, 10 and
      whose rod 1 would also be able to move radially, and be damped at the time
      of its movement.
PAR  Although the invention has been described relative to a particular
      embodiment, it is understood that it is in no way limited, and various
      modifications of shape and materials can be made without departing from
      the scope and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shock and vibration insulator comprising:
PA1  a closed volume including a peripheral rigid element defining, in part,
      said closed volume and being fastenable to a portion of an installation to
      be damped,
PA1  an axial rigid element having one end disposed inside of said closed volume
      and another end disposed outside of said closed volume so as to be
      fastenable to another portion of the installation,
PA1  said axial rigid element and said peripheral rigid element being movable
      relative to one another,
PA1  a radial rigid element extending radially between said axial rigid element
      and said peripheral rigid element and being solidly fixed to one of said
      rigid elements, said radial rigid element being capable of being subjected
      to the thrust of a fluid and including:
PA1  a. a first radial part having an internal recess in the shape of an annular
      groove, and
PA1  b. a second radial part having a peripheral edge with said edge extending
      into said recess of said first radial part to define an annular chamber
      and said first and second radial parts being movable relative to one
      another to vary the volume of said annular chamber,
PA1  said closed volume and said annular chamber being filled with fluid.
NUM  2.
PAR  2. A shock and vibration insulator comprising:
PA1  a closed volume including a peripheral rigid element defining, in part,
      said closed volume and being fastenable to a portion of an installation to
      be damped,
PA1  an axial rigid element having one end disposed inside of said closed volume
      and another end disposed outside of said closed volume so as to be
      fastenable to another portion of the installation,
PA1  said axial rigid element and said peripheral rigid element being movable
      relative to one another,
PA1  a radial rigid element extending radially between said axial rigid element
      and said peripheral rigid element and being solidly fixed to one of said
      rigid elements, said radial rigid element being capable of being subjected
      to the thrust of a fluid and including:
PA1  a. a first radial part having an internal recess in the shape of an annular
      groove, and
PA1  b. a second radial part having a peripheral edge with said edge extending
      into said recess of said first radial part to define an annular chamber
      and said first and second radial parts being movable relative to one
      another to vary the volume of said annular chamber,
PA1  said closed volume and said annular chamber being filled with fluid,
PA1  said shock and vibration insulator further comprising a helico-spiral
      spring positioned between said axial rigid element and said peripheral
      rigid element.
NUM  3.
PAR  3. The insulator of claim 2 including at the interior of said chamber an
      elastic compartmenting element so as to establish partial volumes and
      narrow passages between at least some of these volumes for the passage of
      said fluid when radial movement diminishes some of said partial volumes
      while increasing others.
NUM  4.
PAR  4. The insulator of claim 3 wherein said elastic compartmenting element
      comprises an undulating spring, some summits of which engage the edge of
      the radial part penetrating into said groove, other summits of which
      engage the bottom of said groove, the height of said spring being slightly
      less than the thickness of the groove to form relatively closed partial
      volumes.
NUM  5.
PAR  5. The insulator of claim 2 which includes a deformable membrane,
      connecting said rigid elements to form a deformable fluid-tight volume
      filled entirely with said fluid, said radial rigid element dividing said
      volume into said half volumes and further defining at least a passage
      between said half volumes.
NUM  6.
PAR  6. The insulator of claim 5 characterized by the fact that the peripheral
      rigid element comprises a rigid bottom located opposite a single elastic
      membrane.
NUM  7.
PAR  7. The insulator of claim 5 characterized by the fact that it comprises two
      axially separated membranes.
NUM  8.
PAR  8. The insulator of claim 7 characterized by the fact that one of said
      membranes has an inwardly oriented arch shape, said membrane being made of
      an elastic material.
NUM  9.
PAR  9. The insulator of claim 7 characterized by the fact that it presents a
      radial plane of symmetry, the said two membranes being solid with the
      axial rigid element.
NUM  10.
PAR  10. The insulator of claim 5 characterized by the fact that passages are
      provided in said second radial part (b) between the two half volumes.
NUM  11.
PAR  11. The insulator of claim 2 characterized by the fact that the diameter of
      the radial rigid element is different from the diameter of the rigid
      element in relation to which it moves so as to achieve a passage between
      said two half volumes.
NUM  12.
PAR  12. The insulator of claim 2 characterized by the fact that said axial
      rigid element constitutes a jack rod, said peripheral rigid element
      forming a jack body and said axial rigid element forming said jack rod
      considerably preventing the passage between the two half volumes of said
      jack body.
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ABST
PAL  In accordance with illustrative embodiments of the present invention
      disclosed herein, a shock absorber adapted to be incorporated in a drill
      string includes axially splined housing and mandrel members that enclose a
      resilient structure which absorbs longitudinal vibrations and shock loads
      and otherwise attenuates exciting forces generated by the drill bit. The
      resilient structure comprises inner and outer cylindrical torsion tube
      springs providing a low spring rate.
BSUM
PAR  This invention relates generally to well drilling tools, and particularly
      to new and improved apparatus adapted for use above a drill bit to absorb
      and attenuate vibration and shock loads generated by the drilling action
      of the bit.
PAR  In rotary drilling, it is typical to employ a multi-cone bit at the lower
      end of a drill collar string which is suspended from the lower end of
      drill pipe extending upwardly to the surface. The entire string and the
      bit are rotated by a kelley and drive works at the surface to cause the
      bit cones to pulverize the rock and other earthen formations. Drilling
      fluid or "mud" is pumped down the drill string and out of orifices in the
      bit and returns to the surface via the well annulus to cool the bit and to
      carry cuttings to the surface.
PAR  The action of a cone-type bit as it advances through rock and the like
      produces a substantial amount of longitudinal vibration, shock loads and
      other cyclical exciting forces which accelerate wear and other damage to
      both the bit an the drill string thereabove, as well as impeding the rate
      of penetration of the bit. Various attempts have been made to solve such
      problems by incorporating a shock absorbing device above the bit. Some
      prior devices utilize a rubber cushion as the absorbing or damping
      element, however rubber tends to break down and extrude fairly readily and
      must therefore be replaced quite often to maintain an operable system.
      Moreover, the use of rubber or rubber-like material in a substantially
      confined space has resulted in an extremely high string rate which is
      considered to be undesirable. Other devices have employed a compressible
      gas or the like, which is difficult to maintain confined within the tool
      over an extended period of time, and which also provides a relatively high
      spring rate particularly when used at considerable depths.
PAR  It is an object of the present invention to provide a new and improved
      attenuating and shock absorbing apparatus for use in a rotary drill string
      above the bit.
PAR  A more specific object of the present invention is to provide a new and
      improved shock load and vibration absorbing device of the type described
      which utilizes mechanical components that provide a low spring rate that
      is much more effective in reducing wear on the bit and the drill string
      and in increasing the rate of penetration of the bit.
PAR  These and other objects are attained in accordance with the concepts of the
      present invention through the provision of an apparatus comprising mandrel
      and housing members coupled together for limited longitudinal relative
      movement and slidably splined to prevent relative rotation. To provide a
      yieldable resistance to such longitudinal relative movement, an elongated
      torsion spring tube has one end fixed to one member and the other end
      free. An axial cam means connected to the other member applies a couple to
      the free end of the spring tube in response to longitudinal movement in
      either direction, and the reaction torque due to wind-up of the tube tends
      to restore the initial relative position of the members. A chamber between
      the members contains a liquid such as oil which moves through a restricted
      flow passage means to damp out peak load changes.
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PAR  The present invention has other objects and advantages which will become
      more clearly apparent in connection with the following detailed
      description of one or more embodiments thereof, taken in conjunction with
      the appended drawings, in which:
PAR  FIG. 1 is a schematic illustration of a well drilling operation employing
      rotary drilling techniques;
PAR  FIG. 2 is a quarter sectional view of one apparatus embodying the
      principles of the present invention;
PAR  FIGS. 3 and 4 are views of the outer and inner cylindrical spring
      components of the apparatus shown in FIG. 2;
PAR  FIG. 5 is a view similar to FIG. 2 of an alternative embodiment of the
      present invention; and
PAR  FIG. 6 is a cross-sectional view with portions in side elevation of the
      cylindrical spring and axial cam components of the apparatus shown in FIG.
      5.
DETD
PAR  Referring initially to FIG. 1, there is shown schematically a borehole 10
      being drilled into the earth using typical rotary drilling techniques. A
      drill bit 11 is attached to the lower end of a drill string which includes
      relatively heavy drill collars 12 at the lower end to weight the bit, and
      drill pipe 13 extending upwardly to the surface where it is attached to a
      kelley 14 that is driven by a rotary 15 in order to spin the entire drill
      string and the bit 11. A drilling fluid is pumped down the drill string
      and passes into the bottom of the borehole through orifices in the bit 11,
      and circulates back to the surface via the annulus between the drill
      string and the borehole wall. The drilling fluid cools the bit and carries
      cuttings up to the surface and provides a hydrostatic head which keeps
      liquids and gas in the formations penetrated by the bit from coming into
      the borehole.
PAR  A conventional drill bit 11 employs a plurality of rotatable cutting cones
      having teeth that chip and eat away at the bottom of the borehole 10 as
      the bit is rotated. The drilling action of the bit 11 under the weight of
      the drill collars 12 generates a considerable amount of vibration and
      shock loads which are attenuated by the incorporation of an apparatus 20,
      the subject of the present invention, which is connected between the lower
      end of the drill collars 12 and the bit 11.
PAR  Turning now to FIG. 2 for an illustration of the structural details of the
      apparatus 20, an elongated tubular housing 21 has its upper end portion 22
      connected by threads 23 to the drill collars 12 and its lower end portion
      24 sealed by a packing assembly 25 with respect to the spline sub 26 of a
      mandrel assembly 30 which extends upwardly into the lower end of the
      housing 21. The spline sub 26 has a threaded joint 31 at its lower end
      which is connected to the bit 11, and a plurality of axially extending
      external spline ribs 32 which slidably mesh with internal spline grooves
      33 in the lower section 24 of the housing to prevent relative rotation.
      The mandrel assembly 30 further includes an elongated hollow mandrel 34
      with its lower portion 35 spaced laterally inwardly of the spline sub 26,
      and its upper portion 36 spaced inwardly of the upper section 22 of the
      housing 21. The bore 37 of the mandrel 34 is axially aligned with the bore
      38 of a seal sleeve 39 which depends from the upper portion 22 of the
      housing 21, as well as the bore 40 of the connecting joint 31, to provide
      a through passage for the circulation of drilling fluids.
PAR  The annular space 45 between the lower portion 35 of the mandrel 34 and the
      interior wall surface of the spline sub 26 is closed at its lower end by a
      floating annular piston 46 having inner and outer seal rings 47 and 48.
      The upper portion 49 of the mandrel 34 is enlarged as shown and extends
      upwardly into the annular space between the seal sleeve 39 and the
      interior wall surface of the upper housing section 50. Another floating
      annular piston 52 having inner and outer seals 53 and 54 is disposed
      between the section 49 and the sleeve 39 so that all of the interior
      annular spaces between the housing 21 and the mandrel assembly 30 are
      enclosed and can be filled with a suitable lubricant such as silicone oil
      or the like. The pressure of the oil will correspond to the pressure of
      the drilling fluids being pumped through the bore 37 of the mandrel 30
      since the lower respective faces of the pistons 52 and 46 are exposed to
      such pressure.
PAR  An outwardly directed flange 58 may be provided on the mandrel 30 and
      sealed with respect to an internal cylinder surface 59 of the housing 21
      by a seal ring 60. A restricted flow port 61 extends through the piston 58
      so that lubricating oil can pass downwardly therethrough during upwardly
      relative movement of the mandrel assembly 30, and upwardly therethrough
      during upward relative movement of the mandrel assembly 30, and upwardly
      therethrough during downward relative movement.
PAR  A resilient structure indicated generally at 65 is mounted between the
      housing 21 and the mandrel 30 to provide a yieldable resistance to
      relative longitudinal movement therebetween. The structure 65 includes an
      outer cylindrical member 66 having its lower end fixed in a suitable
      manner to the housing 21, and an inner cylindrical member 67 having its
      lower end fixed in a suitable manner to the mandrel 34. The upper ends of
      the members 66 and 67 are coupled together by a helical spline system that
      is constituted by inwardly extending splines 68 on the outer member 66
      that slidably mesh with outwardly extending splines 69 on the inner member
      67, with the helix angle of the splines 68 and 69 being about 45.degree..
      As shown more clearly in FIGS. 3 and 4, the splines 68 may be formed
      internally of a housing 80 that is fixed to the upper end of the member
      66, whereas the splines 69 may be formed on a sub 81 that is suitably
      fixed to the upper end of the inner tubular member 67. Thus it will be
      appreciated that relative longitudinal movement of the housing 21 and the
      mandrel 34 causes the helical spline system to apply external twisting
      moments in opposite rotational directions to the respective upper ends of
      the members 66 and 67, which results in the generation of internal
      resisting movements in each member tending to cause the spline system to
      restore the initial longitudinal relative position of the housing and the
      mandrel.
PAR  A preferred structural configuration for the members 66 and 67 is shown in
      FIGS. 3 and 4. The outer member 66 has a slot 70 extending along a helical
      path from a point 71 adjacent the lower end thereof to a point 72 near its
      upper end. An axially extending slot 73 opens the helical slot 70 to the
      upper end surface of the member 66. The inner member 67 as shown in FIG. 4
      has a helical slot 74 formed therein in the same fashion except that the
      direction of the helix is reversed from that of the slot in the outer
      member 66. The slots 70 and 74 form the members 66 and 67 into cylindrical
      helical springs which are subjected to torsion by the action of the
      helical spline system described above to provide a resilient structure
      with a relatively very low spring rate or modulus compared to prior art
      devices.
PAR  In operation, the apparatus 20 is assembled as shown in the drawings and
      connected into the drill string just above the bit 11. The interior
      annular spaces between the housing 21 and the mandrel assembly 30 are
      filled with lubricating oil as previously described. With the bit on
      bottom and weighted by the drill collars 12, the housing 21 moves
      downwardly somewhat relative to the mandrel assembly 30 as torsion is
      applied to each of the cylindrical members 66 and 67 by the helical
      splines 68, 69. A hydraulic pressure equal to the pressure drop across the
      bit cone mud circulation orifices acts downwardly on the transverse
      cross-sectional area of the spline sub 26 adjacent the packing assembly 25
      and tends to extend the mandrel 30 relative to the housing 21, with the
      result being that the mandrel occupies a mid-position between its limits
      of travel within the housing. In such position, a statical couple is
      applied to each of the spring tubes 66 and 67 by the splines 68, 69. Then
      as the drill bit 11 is rotated, vibration and shock loads that produce
      vertical accelerations are absorbed by the resilient action of the members
      66 and 67. The system has an overall or composite spring rate that is
      sufficiently low to effectively smooth out the load on the bit 11 and to
      isolate the drill string from vibration and shock loads. The restriction
      in oil flow through the port 61 during relative longitudinal movement
      provides a dashpot effect that damps out peak load changes. The result is
      to reduce wear on the bit 11 and to increase its rate of penetration, as
      well as to reduce fatigue failure of the drill string due to cyclical
      stresses.
PAR  Another embodiment of the present invention is shown in FIG. 5, and is
      similar in overall arrangement to the previously described embodiment in
      comprising an elongated tubular housing 100 that is telescopically
      disposed for limited longitudinal relative movement with respect to a
      mandrel assembly 101. The upper section 102 of the housing 100 has a
      threaded joint 103 that connects to the drill string, and the lower
      section 104 thereof is sealed against the mandrel assembly 101 by a
      packing assembly 105. Coengaged splines 106 and 107 on the lower section
      104 and a spline sub 108 of the mandrel assembly 101, respectively,
      prevent relative rotation, and a thread joint 109 connects the mandrel
      assembly to the drill bit.
PAR  The mandrel assembly 101 includes an axially extending tubular member 112
      having an enlarged diameter upper portion 113 extending between the
      housing section 102 and a seal sleeve 114 which depends from the threaded
      joint 103. A floating piston 115 having seal rings 116 and 117 closes the
      upper end of an annular chamber space 118 between the housing 100 and the
      mandrel assembly 101, and a lower floating piston 120 having seal rings
      121 and 122 closes off the lower end of the chamber space to enable the
      space to be filled with a suitable lubricating oil. Suitable means such as
      a damping piston 123 that has a seal ring 124 is slidably engaged with an
      inner wall 125 of the housing section 104 and is provided with an orifice
      126 through which the lubricating oil passes during relative longitudinal
      movement to provide a dashpot effect.
PAR  A resilient structure 130 which affords a yieldable resistance to relative
      longitudinal movement is located between the housing 100 and the mandrel
      assembly 101, and includes an inner cylindrical helical spring 131 and an
      outer cylindrical helical spring 132. The upper ends of the springs 131
      and 132 are coupled together by longitudinal splines 133 and 134, and the
      lower end of the outer spring 132 is fixed to an inwardly directed
      shoulder 135 on the housing 100. The lower end portion 136 of the inner
      spring 131 is enlarged in diameter and is mounted between upper and lower
      thrust bearings 137 and 138 of any suitable type, in such a manner that
      the portion 136 is constrained against longitudinal movement relative to
      the housing 100 but can rotate relative thereto.
PAR  The lower portion 136 of the inner helical spring 131 has a depending skirt
      136' with inwardly directed helical splines 140 as shown more clearly in
      FIG. 6 which mesh with companion splines 141 on the mandrel 101 to provide
      an axial cam means which applies an external twisting moment to the lower
      end of the spring 131 in response to relative longitudinal movement
      between the housing 100 and the mandrel assembly 101. The inner and outer
      springs 131 and 132 each have a helical slot 142, 142' cut substantially
      throughout the length thereof as in the previously described embodiment,
      with the slots extending in opposite rotational directions. An external
      twisting moment applied to the lower end of the inner spring 131 is
      transmitted to the outer spring 132 by the splines 133, 134 at the upper
      ends thereof, and generates an internal resisting moment in each member.
PAR  The principle structural difference between this embodiment and that
      previously described is that axial stress due to the compressive load of
      the drill string is transmitted directly from the housing 100 to the
      mandrel assembly 101 via the head 136 and the thrust bearings 137 and 138,
      and the helical springs 132 and 132' are subjected to torsional stresses
      only. This arrangement enhances the stress distribution in the cylindrical
      springs 131 and 132 and eliminates some points of possible excessive
      stress concentration. Otherwise, this embodiment operates in essentially
      the same manner with the cylindrical helical springs providing a resilient
      structure having a relatively very low spring rate to absorb and attenuate
      vibration and shock loads generated by the drilling action of the bit.
PAR  It now will be apparent that a new and improved vibration isolation and
      shock absorbing apparatus for use in a drill string has been provided.
      Since certain changes or modifications may be made in the disclosed
      embodiments without departing from the inventive concepts involved, it is
      the aim of the appended claims to cover all such changes or modifications
      falling within the true spirit and scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for use in isolating a drill string from vibrations and shock
      loads caused by the drilling action of a drill bit, comprising:
      telescopically arranged mandrel and housing members adapted for connection
      between a drill bit and a drill string, said members being corotatively
      coupled and arranged for limited longitudinal relative movement; and
      resilient means for yieldably resisting said relative movement, including
      cylindrical spring means having one end fixed to one of said members, and
      axial cam means connected to the other of said members and coacting with
      the other end of said spring means for applying a twisting moment thereto
      in response to said longitudinal relative movement, said spring means
      providing a reaction torque responsive to the application of said twisting
      moment tending to maintain the relative longitudinal position of said
      members.
NUM  2.
PAR  2. The apparatus of claim 1 further including an enclosed chamber between
      said members adapted to contain a fluid which is displaced by said
      longitudinal relative movement, and means for restricting movement of said
      fluid to provide a damping action in said apparatus.
NUM  3.
PAR  3. The apparatus of claim 2 when said mandrel and housing members have
      axially aligned fluid passages adapted to convey drilling fluid under
      pressure, and seal means for preventing fluid leakage from said passages
      to the exterior of said members.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said mandrel member has a transverse
      cross-section area which is subject to the difference in the pressures of
      fluids within said passages and externally of said members, said
      difference in pressures tending to extend said members and thereby apply a
      statical couple to said spring means.
NUM  5.
PAR  5. Apparatus for use in isolating a drill string from vibrations and shock
      loads caused by drilling action of a drill bit, comprising: telescopically
      arranged mandrel and housing members adapted to be connected between a
      drill string and a drill bit, said members being corotatively coupled and
      arranged for limited longitudinal relative movement; and resilient means
      for yieldably resisting said relative movement, including first
      cylindrical spring means having one end fixed to said housing and a free
      end, second cylindrical spring means having one end fixed to said mandrel
      and a free end, and axial cam means on the free end of each of said spring
      means cooperable with each other for applying twisting moments to each of
      said spring means in response to said longitudinal relative movement.
NUM  6.
PAR  6. The apparatus of claim 5 further including tubular means within said
      housing and being inwardly spaced therefrom to provide an annular cavity
      adapted to contain a lubricating oil, said first and second spring means
      being located in said cavity; and means at the ends of said cavity for
      transmitting the pressure of a drilling fluid within said tubular means to
      said lubricating oil.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said mandrel member has a transverse
      cross-sectional area which is subject to the difference in the pressure of
      said lubricating oil and the pressure of a fluid externally of said
      members, said difference in pressure tending to extend said members and
      thereby apply a statical couple to said spring means.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said lubricating oil is displaced along
      said mandrel and housing members during said longitudinal relative
      movement; and means for restricting displacement of said lubricating oil
      to provide a damping action.
NUM  9.
PAR  9. The apparatus of claim 5 wherein said first and second spring means each
      have a helical groove in the wall thereof, with the helical groove in one
      of said spring means extending the opposite hand direction to the helical
      groove in the other of said spring means.
NUM  10.
PAR  10. The apparatus of claim 5 wherein said axial cam means comprises a
      splined head on each of said spring means, and helical spline means on
      each of said splined heads in mesh with one another for translating
      longitudinal relative movement to torsional stress.
NUM  11.
PAR  11. Apparatus for use in a drill string, comprising: telescopically related
      mandrel and housing members corotatively coupled and arranged for limited
      longitudinal relative movement; and resilient means for yieldably
      resisting said relative movement, including first cylindrical spring means
      having one end fixed to said housing and a free end, second cylindrical
      spring means having one end portion rotatably and non-slidably coupled to
      said housing member and a free end, torque transmitting means on the said
      free ends of said spring means for transmitting twisting moments from one
      spring means to the other, and axial cam means on said end portion of said
      second spring means and said mandrel for applying twisting moments to said
      spring means in response to said longitudinal relative movement.
NUM  12.
PAR  12. The apparatus of claim 11 wherein each of said spring means has a
      helical groove cut through the wall thereof, said torque transmitting
      means comprising longitudinally extending splines on each of said spring
      means in mesh with one another.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said axial cam means comprises
      helical splines on said end portion in mesh with helical splines on said
      mandrel member, said helical splines being formed on about a 45.degree.
      helix angle.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said end portion is formed adjacent
      an outwardly directed shoulder on said second spring means; and thrust
      bearing means engaged between said shoulder and said housing member for
      transmitting compression loads on said housing member directly to said
      mandrel member via said axial cam means.
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ABST
PAL  A shock absorber for dampening longitudinal and torsional vibrations in a
      drill is disposed intermediate a hollow drive shaft member and a hollow
      driven shaft member of a drill string. Resilient means are sandwiched
      between a drive plate attached to the drive shaft member and a driven
      plate secured to the driven shaft member. Additional resilient means are
      sandwiched between the driven plate and a pressure plate which surrounds
      the driven shaft member at a position beneath the driven plate. Pins
      project from the driven plate through the resilient means into vertically
      spaced openings formed in the drive plate and the pressure plate.
      Fastening means extend between the drive plate and the pressure plate to
      precompress the resilient means, and a shielding sleeve is connected to
      the drive shaft member for sliding movement within the driven shaft
      member. This sleeve forms a closed passage between the hollow shaft
      members for conveying compressed air, and for shielding the resilient
      means from dynamic air pressures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a shock absorber for drilling apparatus, and more
      particularly to an improved shock absorber located in the drill string of
      a rotary drill.
PAR  In conventional blast hole drilling, a drill string formed by several
      interconnected sections of hollow drill shafts is both longitudinally and
      rotationally driven to force a drill bit into the earth. As variable
      subterraneous formations are encountered, the rotation of the drill string
      and the axial pressure applied to the drill bit generate severe vibrations
      or chatter which are transmitted through the drill string to the drilling
      machine. Such vibrations, if not dampened, may contribute significantly to
      fatigue failures, as exhibited by buckling of the drill string and
      excessive wear of machine welds, drill bits and masts. In order to combat
      detrimental chatter and avoid damage to the drilling apparatus, it is
      desirable to employ a shock absorbing coupling in the drill string having
      resilient means for cushioning longitudinal and torsional shocks and
      absorbing minor alignment variations.
PAR  One shock absorbing device of this character is disclosed in U.S. Pat. No.
      3,746,330, to W. Taciuk dated July 17, 1973. In that patent, a resilient
      joint is provided intermediate a drive shaft and a driven shaft of a
      tubular drill string. The device comprises a group of resilient discs
      sandwiched between a series of axially spaced drive, driven and pressure
      plates which surround drive and driven shaft members. Pin projections
      extend from the driven plate into the resilient discs, while fastening
      means extend between the drive and pressure plates for compressing the
      resilient discs together and into union with the pin projections and
      fastening means. Longitudinal drilling forces and torque are transmitted
      through the resilient discs, and in addition to transmitting the necessary
      working forces, the resilient means must perform the function of
      cushioning shocks and vibrations within the drill string in both
      longitudinal and torsional modes.
PAR  In shock absorbers of the type described above, the resilient discs between
      the drive and driven plates cooperate with the hollow drive and driven
      shaft members to complete an air passageway which extends through the
      center of the tubular drill string. Pressurized air is circulated
      downwardly through this passageway to the drill bit, and then the air
      returns upwardly through the space between the drill string and drill hole
      to carry drill cuttings upward out of the hole.
PAR  The resilient discs of these shock absorbers have displayed limited life,
      making the desirability of the devices questionable. The forces and peak
      stresses encountered should have been well within the working limits of
      the material of the discs. It is a discovery of the present invention that
      breakdown of the discs has been due largely to the pressures and heat of
      the transmitted air, and thus the invention is an improvement upon the
      shock absorber of the above cited patent.
PAR  The internal surfaces of the resilient discs have been exposed to the
      pressurized air being forced through the drill stem. This pressurized air
      being present in substantial volume often creates interior drill string
      temperatures approaching 250.degree.F. It has been found that as a result
      of this pressure and temperature buildup, the resilient discs are
      susceptible to increased deterioration and subsequent material breakdown
      which can render the shock absorber unfit for service, and the present
      invention is intended to alleviate these problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved drill shock absorber having a
      drive plate attached to a hollow drive shaft member, a driven plate
      secured to a hollow driven shaft member, resilient means located between
      the drive and driven plates, a shielding sleeve between the drive and
      driven shaft members to define a passageway isolated from the resilient
      means, and a sealing member for the shielding sleeve to form a fluid tight
      seal between the shielding sleeve and an associated shaft member.
PAR  The prior art shock absorber upon which the present invention improves
      spaces two hollow sections of a drill string by utilizing resilient means.
      The ends of the hollow sections cooperate with these resilient means to
      form a passageway for transporting pressurized fluid through the drill
      string to a drill hole from which drill cuttings are removed. It is
      desirable to retain the basic operating characteristics of this shock
      absorber, but to overcome the prior deficiency in which the resilient
      means are highly susceptible to deterioration by constant exposure to
      pressurized fluid circulating through the formed passageway.
PAR  The present invention uniquely solves this problem by providing a shielding
      sleeve disposed between and in coupled engagement with each of the spaced
      ends of the hollow drive and driven shaft members. The sleeve forms a duct
      communicating between the spaced ends of the hollow shaft members and
      shields the resilient means from fluid flowing through these hollow shaft
      members. The coupled engagement includes a resilient sealing ring
      interposed between the shielding sleeve and the driven shaft member to
      provide a flexible coupling which permits limited displacement between the
      hollow shaft members.
PAR  It is a general objective of the invention to provide a drill shock
      absorber having a shielding sleeve and sealing ring which eliminate the
      communication between the resilient means and pressurized fluid as
      previously occurred in the prior art.
PAR  Another objective is to provide a shock absorber having a shielded
      passageway directly between the hollow drive and driven shaft members
      which is utilized for transporting fluid and will not interfere with the
      cushioning and transmitting functions of the shock absorber.
PAR  A further objective of the invention is to provide a shock absorber for
      reducing metallic contact and allowing improved angular movement of a
      drill string.
PAR  The foregoing and other objects and advantages of the invention will appear
      from the following description. In the description reference is made to
      the accompanying drawings which form a part hereof, and in which there is
      shown by way of illustration and not of limitation a preferred embodiment
      of the invention. Such embodiment does not represent the full scope of the
      invention, but rather the invention may be employed in many different
      embodiments, and reference is made to the claims for interpreting the
      breadth of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a drill shock absorber embodying the
      present invention with parts broken away and in section to illustrate the
      internal structure,
PAR  FIG. 2 is a longitudinal view in cross section through the shock absorber,
      and
PAR  FIG. 3 is an enlarged longitudinal view in cross section showing the
      internal, central parts of the shock absorber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the accompanying drawings, a shock absorber, generally
      identified by the reference numeral 1, has a tubular drive shaft member 2
      and a tubular driven shaft member 3 that are provided with threaded
      couplings at their ends for insertion into a drill string. The usual drill
      string is fitted at its lower end with a drill bit which is longitudinally
      and rotationally driven into the earth by power means, and severe
      vibrations are generated in the drilling operation which are transmitted
      along the drill string. The shock absorber 1 is intended to be inserted
      near the upper end of the string to reduce the transmission of vibrations
      and shock along the string.
PAR  A drive plate 4 of flat, circular configuration is welded to the stepped,
      lower end of the drive shaft member 2 in a position normal to the drill
      string axis and is coaxial therewith. A peripheral skirt 5 is secured
      around the circumferential edge to the plate 4 and depends therefrom to
      protectively house the interior elements of the shock absorber 1 from
      foreign materials such as dust or oil which may be present in the drilling
      vicinity.
PAR  In the middle of the shock absorber 1 is a flat, circular driven plate 6
      that lies parallel to and is spaced beneath the drive plate 4. The driven
      plate 6 is welded to the stepped upper end of the driven shaft member 3,
      and it is of slightly smaller diameter than the drive plate 4 so as to
      have a clearance from the skirt 5. The drive and driven plates 4, 6 are
      arranged so that the drive and driven shaft members 2, 3 are in axial
      alignment so that their hollow centers open upon one another with a
      substantial space therebetween.
PAR  An annular pressure plate 7 surrounds the driven shaft member 3 with a gap
      therebetween, and it underlies the driven plate 6 in a floating
      relationship thereto. A first group of annular resilient discs 8 of rubber
      or the like are sandwiched between the drive plate 4 and the driven plate
      6. A second group of similar annular discs 9 of resilient material are
      inserted between the driven plate 6 and the pressure plate 7. Each of the
      discs 8, 9 is provided with a central aperture 10 having a diameter
      slightly larger than that of the driven shaft member 3, so that there may
      be a relative movement of these parts without any binding between them.
PAR  A set of fastening bolts 11 arranged in a circular array extend through the
      drive plate 4, the first or upper set of resilient discs 8, the driven
      plate 6, the second or lower set of resilient discs 9 and the bottom
      pressure plate 7. A nut 12 is brought up tight on each bolt 11 against the
      underside of the pressure plate 7 to precompress the resilient discs 8, 9
      to preload the shock absorber 1. The driven plate 6 has apertures 13 which
      pass the bolts 11 with such a clearance that metal-to-metal contact will
      not occur during operation. The resilient discs 8, 9, on the other hand,
      have smaller openings for receiving the bolts 11 such that upon
      compression of the discs 8, 9 they tightly contract about the bolts. The
      bolts also have a snug fit with the drive plate 4, so that driving torque
      can be effectively transmitted from the drive shaft member 2 through the
      drive plate 4 and bolts 11 to the resilient discs 8, 9.
PAR  A set of pins 14 are distributed about the same circle and lie midway
      between the fastening bolts 11. The pins 14 parallel the drill string axis
      and the bolts 11, and are secured tightly in the driven plate 6 with their
      ends extending through and beyond the first and second groups of resilient
      discs 8, 9. The pin ends project into openings 15 in the drive plate 4 and
      the pressure plate 7, so that the pins 14 are free from contact with the
      plates 4, 7 at all times. The pins 14 are snugly received by the resilient
      discs 8, 9, similarly as the bolts 11, so that torque will be effectively
      transmitted from the discs 8, 9 through the pins 14 to the driven plate 6
      and hence the driven shaft member 3.
PAR  The shock absorber as described to this point is similar to that shown in
      U.S. Pat. No. 3,746,330 hereinbefore referred to, except for the
      protrusion of the pins 14 beyond the resilient discs 8, 9 and the
      provision of the clearance openings 15.
PAR  As a distinct feature, the enlarged openings 15 provide room for relative
      travel of the ends of the pins 14 when either of the first or second
      groups of resilient discs 8, 9 are compressed. The openings 15 further
      provide side clearance to allow the driven plate 6 a greater degree of
      angular displacement during conditions of misalignment between shaft
      members 2, 3, or when large shear forces cause twisting between parts. The
      enlarged openings 15 are intended to eliminate destructive metal-to-metal
      contact between the pins 14, the drive plate 4 and the pressure plate 7 as
      occurred at times in the prior art. In addition, the pins 14 extend
      through the entire depth of the discs 8, 9 to enhance torque transmission.
PAR  Pursuant to the invention, the shock absorber 1 provides an internal
      shielding for the nonmetallic, resilient members to facilitate
      transmission of fluid for removal of drill cuttings from the drill hole.
      Turning to FIG. 3, the hollow drive and driven shaft members 2 and 3 form
      a fluid conduit 16 along the axis of the drill string. A short,
      cylindrical shielding sleeve 17 forms a continuation of the conduit 16
      between the spaced ends of the shaft members 2, 3. This sleeve 17 is
      recessed within and rigidly welded to the end of the drive shaft member 2,
      and the sleeve 17 projects downwardly into a seat 18 formed in the upper
      end of the driven shaft member 3. The sleeve 17 is in a telescoped
      connection with the seat 18, and there is a loose fit between the sleeve
      17 and the sidewalls of the seat 18. This loose fit will accommodate axial
      shifting and misalignments that will occur during drilling and in the
      normal function of the shock absorber 1. A movable, bridging connection in
      the form of a duct is thereby provided by the sleeve 17 between the ends
      of the shaft members 2, 3, and the interior of the sleeve 17 cooperates
      with the conduit 16 to define a continuous passageway used for
      transmitting fluid such as compressed air into the drill hole for the
      clearing of drill cuttings.
PAR  It is a particular object of the invention to employ the shielding sleeve
      17 for creating a fluid passageway which is totally isolated from the
      nonmetallic elements of the shock absorber 1, especially the first or
      upper group of resilient discs 8. To insure that the shielding sleeve 17
      confines fluid transmitted through the conduit 16 there is provided a
      sealing ring 19 which lies in an annular groove 20 encircling the sleeve
      17. The sealing ring 19 forms a fluid tight seal between the sleeve 17 and
      the driven shaft member 3, and separates these elements so that
      metal-to-metal contact will normally be prevented. In performing its
      sealing operation, the ring 19 is subject to heat and pressure of the
      fluid, and in order to reduce deterioration the sealing ring 19 is
      preferably formed of a silicone which will withstand extremely high
      temperatures up to 600.degree.F.
PAR  As torque and longitudinal pressure are applied to the transmitting
      elements of the shock absorber 1, the shielding sleeve 17 moves upwardly
      and downwardly within the driven shaft member 3, and the sealing ring 19
      slides along the vertical walls of the seat 18. To prevent the occurrence
      of metal-to-metal engagement, the shock absorber 1 is constructed so that
      the bottom of the sleeve 17 will not contact the base of the seat 18. In
      order to maintain the fluid tight seal between the sleeve 17 and driven
      shaft member 3, the shock absorber 1 is also designed such that the
      sealing ring 19 will not rise above the bevel on the upper end of the
      driven shaft member 3. The sealing ring 19 remains unitary for prolonged
      periods of use despite being subject to transmission forces and shocks,
      and coacts with the sleeve 17 to shield the upper group of discs 8 so that
      their dampening and transmitting characteristics will be preserved. This
      protection is of foremost importance in extending the lifetime of the
      shock absorber 1 and, in turn, the accompanying drilling equipment.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a drill shock absorber having hollow drive shaft and driven shaft
      members with their open ends aligned with and spaced from one another, a
      drive plate fixed on the end of said drive shaft member, a driven plate
      fixed on the end of said driven shaft member which is in spaced, faced
      relation to said drive plate, and annular resilient means sandwiched
      between said drive and driven plates with a hollow interior encircling the
      ends of said drive and driven shaft members, the improvement therein of:
PA1  a shielding sleeve disposed between and in coupled engagement with each of
      said ends of said drive shaft and driven shaft members that forms a duct
      communicating between the ends of said hollow members, and shields said
      resilient means from fluid flow through said shaft members; and
PA1  said coupled engagement including a resilient seal interposed between said
      shielding sleeve and at least one of said shaft members providing a
      flexible coupling permitting limited displacement between said shaft
      members.
NUM  2.
PAR  2. In a drill shock absorber having hollow drive shaft and driven shaft
      members with their open ends aligned with and spaced from one another, a
      drive plate fixed on the end of said drive shaft member, a driven plate
      fixed on the ends of said driven shaft member which is in spaced, faced
      relation to said drive plate, and annular resilient means sandwiched
      between said drive and driven plates with a hollow interior encircling the
      ends of said drive and driven shaft members, the improvement therein of:
PA1  a shielding sleeve extending through said hollow interior of said resilient
      means that has one end secured in one of said drive and driven shaft
      members and an opposite end telescoped into the other of said drive and
      driven shaft members with a loose fit to provide a duct communicating
      between the hollow shaft members that shields said resilient means from
      fluids flowing through said shaft members; and
PA1  a sealing ring encircling said opposite end of said shielding sleeve to
      form a fluid tight seal between such opposite end and the shaft member
      into which it extends with said loose fit.
NUM  3.
PAR  3. In a drill shock absorber having a first plate attached to a first
      hollow shaft, a second plate attached to a second hollow shaft, resilient
      means located between said first and second plates, said resilient means
      having a hollow interior, the combination therewith comprising:
PA1  a shielding sleeve connected to said first shaft and extending through said
      hollow interior of said resilient means in a loose, sliding relationship
      between said first and second shafts, said sleeve cooperating with said
      first and second shafts to provide a duct communicating between said first
      and second hollow shafts that shields the resilient means from fluids
      flowing through said hollow shafts; and
PA1  a sealing ring encircling said shielding sleeve to form a fluid tight seal
      between said second shaft and said shielding sleeve.
NUM  4.
PAR  4. In a drill shock absorber having a drive plate attached to a hollow
      drive shaft member, a driven plate secured to a hollow driven shaft
      member, a pressure plate spaced from said driven plate on the side
      opposite said drive plate, first resilient means between said drive and
      driven plates, and having a hollow center portion, second resilient means
      between said driven plate and said washer, fastening means extending
      between said drive plate and said pressure plate, the combination
      comprising:
PA1  a set of openings formed in said drive plate and pressure plate;
PA1  pins connected to and extending from said driven plate into each of said
      first and second resilient means and into said openings;
PA1  a shielding sleeve extending through said hollow center portion of said
      first resilient means and slidably disposed between said drive and driven
      shaft members, said sleeve cooperating with said drive and driven shaft
      members to define a duct shielded from said drive plate, said resilient
      means and said driven plate and lying in communication with the hollow
      drive and driven shaft members; and
PA1  a sealing ring encircling said shielding sleeve to form a fluid tight seal
      between said driven shaft member and said shielding sleeve.
NUM  5.
PAR  5. In a drill shock absorber having a drive plate attached to a hollow
      drive shaft member, a driven plate secured to a hollow driven shaft
      member, resilient means located between said drive and driven plates, said
      resilient means having a hollow center portion, the combination
      comprising:
PA1  a shielding sleeve connected to said drive shaft member and passing through
      said hollow center portion of said resilient means, said sleeve being
      telescoped within a seat formed in said driven shaft member, said sleeve
      presenting a duct cooperating with said hollow drive and driven shaft
      members to form a passageway isolated from said drive plate, said
      resilient means and said driven plate, said duct being utilized for
      transporting fluid through the drill; and
PA1  a sealing ring encircling said shielding sleeve to form a fluid tight seal
      between said driven shaft member and said shielding sleeve.
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ABST
PAL  A device for use in securing bicycles so that they may be elevated and
      oriented to any desired position convenient for the repair of said
      bicycles, the device including means for mounting on suitable support
      means and means to rigidly hold bicycle frames and for positioning of said
      frames as desired.
BSUM
PAR  The present invention is directed to the provision of an improved service
      clamp to facilitate the repair of bicycles by providing means for securely
      holding the bicycles in a position which is convenient for repair, the
      device being provided with means to securely mount it on a suitable
      support and clamp means to grasp and hold a bicycle frame.
PAR  Many clamps or securing devices have been developed from time-to-time for
      use in supporting bicycles or bicycle frames for repair work. In general,
      such devices have been adapted for use only in conjunction with fixed
      support stands, or the like.
PAR  This invention relates to the provision of an improved support means
      adaptable for use in substantially any appropriate environment, but which
      does not depend solely upon a fixed stand for support.
PAR  It is, accordingly, a primary object of the present invention to provide an
      improved means for use in facilitating repair of bicycles.
PAR  Other objects and advantages of the inventive concept set forth herein
      relate to the provision of an improved support device for use in repair of
      bicycles wherein the device is readily supported in any convenient support
      means and which is readily adaptable in support of any bicycle; which is
      economical to manufacture; easy to use; durable in use and readily adapted
      for general use in bicycle repair.
DRWD
PAR  The concept which is considered to be characteristic of the invention is
      set forth in the appended claims. The invention itself along with further
      objects and advantages will be further understood by reading of the
      following description taken in connection with the drawings, in which:
PAR  FIG. 1 is an exploded view, in perspective, of the bicycle support means
      showing the clamp support and bicycle securing means in operative
      inter-relationship.
PAR  FIG. 2 is an enlarged sectional view of a bicycle clamp means associated
      with the device.
DETD
PAR  Referring more particularly now to the drawings, the service clamp is
      schematically illustrated at 10 in FIG. 1 of the drawings, and includes a
      base clamp element 12 and bicycle clamp member 14 in the assembly.
PAR  The base clamp 12 is schematically illustrated as being defined by an
      angular support member 16. A base clamp extension rod 18 is rigidly
      secured to one wall of the support member 16 of the base clamp 12 and
      terminates upwardly thereof in a free end spaced from the member 16. A
      collar 20 is mounted on the free terminal of the bar 18, as illustrated in
      FIG. 1 of the drawings, and is adapted to be selectively controlled by the
      closure means 22 to control the dimension of the central opening 24
      defined by the collar 20. It can readily be seen that as the closure means
      22 is rotated clockwise, as viewed in FIG. 1, the gap 26 will be closed
      and the central opening 24 will effectively be made smaller. As the member
      22 is rotated counterclockwise, as viewed in FIG. 1, the gap 26 will be
      enlarged and the opening 24 in the collar 20 will also be enlarged. The
      function of the collar 20 and associated closure means 22 will be defined
      hereinbelow.
PAR  The bicycle clamp means 14 of the assembly 10 is defined by a first,
      irregular shaped element 28 having a first leg 30 joined to an angularly
      disposed central portion 32 and extending into a second leg 34. A handle
      36 is secured to the central member 32 of the element 28. A second handle
      element 40 is secured to the leg 34 of the element 28. The handles 36 and
      40 are not functional in the sense of defining opening or closing means
      for the clamp 14 but, rather, are provided as a convenient means for
      grasping the bicycle clamp 14 for use in positioning the clamp with
      respect to the frame of a bicycle to be mounted with respect to the clamp
      10. An opening 42 is defined in the outer terminal of the leg 30 of the
      element 28. The opening 42 is threaded to receive the threaded position
      control member 44 of the assembly. The lower terminal of the position
      control member 44 is rigidly secured to the upper surface of the clamp
      segment 46 of the device 10.
PAR  The clamp segment 46 is generally arcuate in cross section. The inner
      surface of the clamp segment 46 is provided with a suitable resilient,
      protective material 48 so that the clamp segment 46 will not scratch or
      mar the paint on the bike frame when the clamp segment is secured to the
      frame.
PAR  A lower clamp segment 50 is rigidly mounted to the arm 52, as illustrated
      in FIG. 1 of the drawings. The other end of the arm 52 is rigidly secured
      to the central portion 32 and leg 34 of the device 10 so that the arm 52
      is rigidly defined with respect to the member 28 of the assembly.
PAR  It can readily be seen that when the bike clamp element 14 is placed so
      that the clamp elements 46 and 50 are disposed about some portion of the
      tubular bike frame, the bicycle frame will be captured between the clamp
      elements 46 and 50. It should be noted that the clamp element 50 is also
      provided with a suitable resilient, protective material 54 so that the
      protective coating on the bike frame will not be scratched by reason of it
      being secured between the clamp elements 46 and 50.
PAR  When the clamp elements 46 and 50 are placed over the tubular frame of a
      bicycle, the closure means 44 will be rotated within the threaded opening
      42 so that the clamp element 46 will be moved toward the clamp element 50
      to securely grasp the tubular bicycle frame element over which the clamp
      is placed. This will rigidly secure the bicycle clamp 14 with respect to
      the bicycle frame.
PAR  The handle 36 of the bicycle clamp 14 then is placed within the central
      opening 24 of the collar 20 and extends inwardly of the hollow tube 18 for
      an appropriate distance to support the weight of the bicycle. The closure
      member 22 of the collar 20 then is rotated to cause the central opening 24
      of the collar 20 to be reduced in dimension and to securely grasp the
      handle 36 of the bicycle clamp 14 thereby rigidly securing the elements 12
      and 14 with respect to each other.
PAR  The base clamp member 12 may be supported in a vise or rigidly secured to
      any other suitable support member for convenience of the user.
PAR  The element 14 and the element 12, in combination, define the assembly 10
      and are adapted, in combination, to position the bike above the floor for
      convenience in servicing and repair of the bicycle.
PAR  It should be noted also that the bicycle clamp 14 may be rotated with
      respect to the base clamp element 12 to position the bike in any desired
      position for convenience in servicing of the bicycle.
PAR  While a specific embodiment of the present invention has been shown and
      described, it will be understood that other modifications may be used
      without departing from the true spirit and the scope of the invention. I
      intend by the appended claims to cover all such modifications as fall
      within their true spirit and scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved service clamp for use in the servicing and repair of
      bicycles, or the like, the clamp comprising:
PA1  a base clamp element adapted to be supported at a pre-determined height
      above the floor or ground surface and including support means, a rod
      extending from the support means and a collar operatively associated with
      the rod to define a selectively determined clamping opening at the rod
      terminal spaced from the support means for the base clamp element; and
PA1  a bicycle frame clamp element adapted to be supported in and selectively
      rigidly secured with respect to the base clamp element, the frame clamp
      including spaced apart, movable, frame clamp elements adapted to be placed
      about a bicycle frame and means to cause at least one of the clamp
      elements to be moved with respect to the other to define means for
      gripping a bicycle frame between the clamp elements, the frame clamp
      member being further defined by a first irregular shaped element having
      first and second legs joined by a central member extending therebetween, a
      first handle joined to the central member, a second handle element joined
      to the central member and the second leg, a first frame clamp element
      operatively associated with the first leg of the bicycle frame clamp and a
      second frame clamp element rigidly secured to the central member and
      second leg of the irregular shaped element of the frame clamp member,
      wherein the first frame clamp is movable with respect to the first leg and
      to the second frame clamp element of the assembly whereby when the first
      frame clamp element is moved away from the second, an opening is defined
      therebetween of sufficient magnitude to fit a bicycle frame portion
      therebetween and when the first frame clamp element is moved toward the
      second frame clamp element, a clamping action occurs about the bicycle
      frame portion.
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ABST
PAL  There is provided a clamp which is well suited for use as a lifting clamp
      for lifting and moving materials of assembly in a shipyard, etc. and as a
      pulling jig in welding and other operations. The clamp comprises a clamp
      body including a shackle for engagement with a pulling device and a slot
      for receiving an article, and a pair of jaws provided on the leg portions
      of the clamp body on the opposite sides of the slot to grip the article in
      the slot, one of said jaws consisting of a screw rod and the other jaw
      consisting of a swivel jaw with a spherical surface, whereby when the
      article clamped in the slot by the pair of jaws tends to slide in any
      direction with respect to the clamp body, the article is more positively
      gripped by the pair of jaws.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a clamp well suited for use as a jig
      whereby materials of assembly may be pulled nearer and held in position
      for welding or bolting together in a shipyard or in a construction field
      of a building or bridge and as a lifting clamp for lifting and moving such
      materials.
PAR  In a shipyard, for example, operations frequently take place where steel
      materials which are to be assembled are lifted and lowered by a crane and
      they are then welded or bolted to the steel materials on a bed or berth.
      In this case, in order that two steel materials to be jointed may be held
      close together at proper positions to prevent them from slipping out of
      the positions during the joining operation, these steel materials must be
      pulled toward each other by means of wires and then held in their proper
      positions. In the past, to fasten a wire to each of these steel materials,
      it has been customary to preliminarily attach an eye-piece to the steel
      material by welding. However, the welding of eye-pieces to steel materials
      and their removal after the completion of joining operation require much
      labor and considerably deteriorate the operating efficiency.
PAR  Some clamps are known in the art which are used as removable jigs in place
      of such eye-pieces and which comprise a shackle on the top of the C-shaped
      clamp body and a threaded rod mounted in the bottom portion of the clamp
      body to be driven upwardly, whereby the threaded rod is turned to fasten
      the clamp on the steel material. A disadvantage of this type of clamp is
      that the fastening of the clamp on the steel material relies solely on the
      locking force of the threaded rod and therefore there is the danger of the
      gripped steel material slipping out of the clamp.
PAR  On the other hand, as an improvement of the above-described clamps of the
      screw type, a clamp has been proposed (U.S. Pat. application Ser. No.
      401,562 filed Oct. 5, 1964) wherein an oscillating jaw employing a ball
      joint is provided on the screw rod to impose an automatic wedging action
      on the gripped article when it tends to slip out. A disadvantage of this
      type of clamp is that the structural strength of the ball joint portion is
      low, and moreover the other jaw must be provided with a mechanism which
      operates in association with the movement of the oscillating jaw, thus
      making the construction of the clamp more complicate.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a clamp of the type wherein the article
      received in the slot formed in the clamp body is gripped by a pair of jaws
      mounted on the two leg portions on the opposite sides of the slot. One of
      the jaws consists of a screw rod which is movable to advance or retard
      relative to the article in the slot in an internally threaded through hole
      provided in one of the leg portions, and the other jaw consists of a
      swivel jaw which is mounted in a recess formed in the other leg portion to
      positively receive the surface of the article pressed against the other
      leg portion by the locking force of the screw rod, and which is adapted to
      rotate within the complementary spherical surface of the recess and move
      toward the surface of the article in accordance with the shifting of the
      surface of the article tending to slip out of the position in the slot.
PAR  The swivel jaw comprises a cylindrical gripping member which is provided on
      its front end with a plurality of ring-like protrusions arranged
      concentrically to form a curved surface on the whole and on its rear end
      with a sliding curved surface adapted to contact with the bottom portion
      of the recess in the leg portion, and a ring which encloses the gripping
      member to be slidable along its central axis and which is provided with a
      spherical outside surface. Further, in principle, each of the average
      curved surface of the gripping head on the front end of the cylindrical
      gripping member and the curved surface on its rear end forming a smooth
      sliding surface is formed so that the distance between the center of
      rotation of the swivel jaw and the central surface on each end of the
      gripping member is shorter than the distance between the center of
      rotation of the swivel jaw and the peripheral surface on each end of the
      gripping member. Consequently, when the article gripped between the
      gripping head of the screw rod and the gripping head on the gripping
      member of the swivel jaw in the slot tends to slip out of the slot, due to
      the friction between the gripping member and the article, the gripping
      member rotates, along with the surrounding ring having the spherical
      surface, in the recess formed in the leg portion. When this occurs, the
      head on the gripping member comes into contact with the article at a
      position which is circumferentially displaced from the center toward the
      peripheral portion and which thus has a longer radius from the center of
      the gripping member, and the sliding surface on the rear end of the
      gripping member also comes into contact with the bottom of the recess in
      the leg portion at its circumferentially displaced position which has a
      longer radius from the center of the gripping member. In this way, the
      cylindrical gripping member is slidingly moved up in the ring of the
      swivel jaw to more positively grip the article. Since this positive
      gripping of the article is accomplished by the screw rod mounted on one
      leg portion and the bottom portion of the recess in the other leg portion
      through the intermediary of the gripping member, the use of this swivel
      jaw has the effect of providing the clamp with a very strong structure.
PAR  However, the ends of the cylindrical gripping member in the above-described
      swivel jaw need not always be shaped into the above-mentioned fundamental
      forms. While it is essential that the curved surface on each end of the
      cylindrical gripping member consists of a continuous convex curved
      surface, it is only necessary that either one of the average curved
      surface of the front end gripping head and the rear end sliding curved
      surface is formed into the above-mentioned fundamental shape provided that
      the gripping member functions in such a manner that the distance between
      the bottom of the recess in the leg portion and the surface of the article
      contacting with the head of the gripping member is spread when the jaw
      rotates to tilt the cylindrical gripping member.
PAR  It is therefore an object of the present invention to provide a locking
      screw rod type clamp stronger in construction and having a wedging
      mechanism.
PAR  It is a more specific object of the present invention to provide a clamp
      comprising a swivel jaw mounted in the recess formed in one leg portion of
      the clamp body, whereby when the swivel jaw rotates slidingly at the
      spherical surface of a ring constituting part of the swivel jaw, a
      cylindrical gripping member mounted in the ring to be slidable along its
      central axis is tilted to provide a wedging action which spreads the
      distance between the leg portion and the article.
PAR  It is still another specific object of the invention to provide a clamp
      comprising a swivel jaw mounted on one of the opposed leg portions of the
      clamp body, and another jaw mounted on the other leg portion and
      consisting of a screw rod, wherein the surface of the gripping head on the
      locking screw rod is formed with the most projecting conical protrusion
      located on the axis of the screw rod and a plurality of lower concentric
      circular protrusions arranged around the central protrusion, whereby the
      locking of an article by the locking screw rod is facilitated.
PAR  The above and other objects, features and advantages of the present
      invention will become readily apparent from considering the following
      detailed description taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view showing a clamp according to an embodiment of the
      present invention.
PAR  FIG. 2 is a front view of the clamp shown in FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As mentioned earlier, the present invention relates to a jig clamp which is
      also useful as a lifting clamp. A preferred embodiment of the invention is
      illustrated in FIGS. 1 and 2 of the accompanying drawings.
PAR  The illustrated clamp comprises a clamp body 10 which has the practically
      C-shaped profile. The clamp body 10 is made of a single steel material,
      and a slot 11 for receiving an article to be clamped is defined
      practically in the central portion of the clamp body. Integrally formed
      with the clamp body 10 is a shackle 12 extending in a direction which
      crosses the slot 11 at right angles.
PAR  The clamp provided with such a shackle is generally used in place of an
      eye-piece which is employed to adjust the relative position of materials
      of assembly such as steel frames and steel plates used in the construction
      and assembling of a building, bridge or hull blocks. For instance, this
      clamp is fastened on each of two members to be welded together, e.g., a
      plate member and a structural member so that they are pulled toward each
      other by a chain block, or the clamps are moved away from each other by a
      jack to lock the two members in the desired positions.
PAR  However, the illustrated clamp is also usable as a lifting clamp, e.g., the
      position of the shackle 12 on the clamp body 10 may be changed in
      different ways to use it as a lifting clamp.
PAR  The C-shaped clamp body 10 includes a pair of leg portions 13 and 14, and a
      pair of opposed jaws 15 and 16 are respectively mounted on the leg
      portions 13 and 14 to grip an article received in the slot 11.
PAR  Of the pair of jaws, the jaw 15 mounted on the leg portion 13 consists of
      an article locking screw rod 18 which is fitted to advance or recede in an
      internally threaded hole 17 formed in the leg portion 13 to cross the slot
      11 at right angles. The end face of the screw rod 18 that faces the slot
      11, is formed with a plurality of sharp concentric circular protrusions
      thus forming a gripping head that prevents slipping between the rod 18 and
      the article. Preferably, the screw rod 18 has a considerably large
      diameter, and it must be strong enough to lock and hold the article in
      position. In the illustrated embodiment, this gripping head is provided,
      in addition to the plurality of concentric circular protrusions 19, with a
      conical protrusion 20 which is slightly higher and sharper than the
      protrusions 19. When the screw rod 18 has been moved to lock the article
      in the slot 11 and the gripping head has contacted with the surface of the
      article, the sharp end of the protrusion 20 bites first into the surface
      of the article to prevent the turning screw rod 18 from turning around a
      point other than this point on the axis, and then the screw rod 18 is
      allowed to turn smoothly around the protrusion 20 now serving as a fulcrum
      and thereby to ensure a more positive gripping of the article in the slot
      by the locking force of the screw.
PAR  The other end of the screw rod 18, i.e., the base portion extending to the
      outside of the clamp body 10 is formed with a hole 21 into which is
      inserted a handle bar (not shown) which is turned by the operator to move
      the screw rod 18.
PAR  Disposed opposite to the jaw 15 constituted by the screw rod 18 is the
      swivel jaw 16 which is mounted on the leg portion 14 and which comprises a
      cylindrical gripping member 22 and a ring 25 having a spherical outside
      surface. The cylindrical gripping member 22 of the swivel jaw 16 consists
      of a circular cylinder of a considerably large diameter which is about the
      same as that of the screw rod 18 of the jaw 15, and this circular cylinder
      is provided on its rear end with a curved surface 23 which is formed so
      that the radius extending from the center of rotation of the swivel jaw 16
      to the curved surface 23 gradually increases as the point on the curbed
      surface 23 is displaced from the central surface portion toward the
      peripheral surface portion (e.g., r&lt;R). The gripping member 22 is also
      provided on its front end with a gripping head comprising a plurality of
      cencentrically arranged circular protrusions 24. The cencentric
      protrusions 24 on this gripping head generally forms a curved surface
      which is designed to provide a sufficient contacting surface with an
      article in the slot 11 when the jaw 16 rotates, and this curved surface is
      also designed so that the radius extending from the center of rotation of
      the jaw 16 to the curved surface gradually increases in principle as the
      point on the curved surface is displaced from the central surface portion
      toward the peripheral surface portion.
PAR  The outer surface of the cylindrical gripping member 22 forms an exact
      spherical surface, and it is close fit in a ring 25 having a cylindrical
      void on the inner side so that the gripping member 22 is slidable in the
      ring 25 along the direction of its central axis. The cylindrical gripping
      member 22 is joined with the ring 25 by means of a pin 27 which is
      threadedly secured to the ring 25 through a through hole 26 having an
      axial clearance.
PAR  The gripping member 22 and the ring 25 thus integrally combined together is
      slidably and rotatably mounted in the recess formed in the leg portion 14
      by means of a socket member 29 formed on its inner side with a
      complementary concave surface 28 which forms a complementary surface for
      the spherical surface of the ring 25. The socket member 29 has a
      cylindrical outer surface and it is vertically splitted into two so that
      the socket member 29 is inserted into the recess of the leg portion 14
      after it has been placed to surround the ring 25. The socket member 29 is
      locked by bolts (not shown) externally screwed thereinto through the leg
      portion 14 to support the swivel jaw 16 on the leg portion 14. In this
      case, the cylindrical gripping member 22 is positioned so that the sliding
      curved surface 23 on the rear end of the cylindrical gripping member 22
      comes into contact with a bottom surface 28a of the recess in the leg
      portion 14.
PAR  Assume now that an article has been received in the slot 11 of the
      illustrated clamp and the screw rod 18 has been driven fully by the handle
      lever. In this case, the gripping member 22 and the ring 25 of the swivel
      jaw 16 are in the illustrated positions. When a pulling force is applied
      to the clamp gripping an article so that the article tends to slip out of
      the opening of the slot 11 in the C-shaped clamp, the swivel jaw 16 is
      rotated in a clockwise direction (FIG. 1) due to the friction between the
      gripping head and the article. In this case, the center of rotation of the
      swivel jaw 16 is the center of the sphere defined by the inner concave
      surface of the socket member 29. Consequently, the point at which the
      curved surface of the gripping head of the gripping member 22 contacts
      with the article is displaced from the central portion to the peripheral
      portion. The distance between this peripheral portion and the center of
      rotation of the swivel jaw 16 is longer than the distance between the
      central portion and the center of rotation, and therefore the gripping
      head bites deeper into the surface of the article. If the operation is
      limited to this biting or wedging action, it is equivalent to the
      operation of the conventional oscillating jaw of this type. However, with
      the swivel jaw used in the illustrated embodiment, the similar wedging
      action is provided by virtue of the sliding curved surface 23 on the rear
      end of the gripping member 22 in addition to the wedging action provided
      by the curved surface of the gripping head. Because the sliding curved
      surface 23 is designed so that similarly with the curved surface of the
      gripping head, the distance between the center of rotation of the swivel
      jaw 16 and the peripheral surface portion of the sliding curved surface is
      longer than the distance between the same center of rotation and the
      central surface portion of the sliding curved surface 23.
PAR  It will thus be seen that in the illustrated embodiment, even a slight
      rotation of the swivel jaw 16 causes the contacting surface of the
      gripping head with the article to be forced out by virtue of the curved
      surfaces on the front and rear ends of the gripping member 22, thus
      producing a sufficient gripping force on the whole. In other words, the
      slipping of the article out of the slot in the clamp is limited to a very
      small degree, and it is possible to practically eliminate the slipping of
      the article at the gripping head of the screw rod 18.
PAR  While, in the embodiment described above, both of the front and rear ends
      of the gripping member 22 are provided with the respective curved surfaces
      designed to provide the respective wedging actions, the same results may
      be obtained by providing either one of the front and rear ends with a
      spherical surface whose center coincides with the center of rotation of
      the swivel jaw 16, or contrary to the illustrated embodiment each of the
      curved surfaces may be designed so that the radius extending from the
      center of rotation to the central portion of the curved surface is larger
      than the radius extending from the center of rotation to the peripheral
      portion of the curved surface. However, the gripping head may be moved in
      an amount equivalent to that obtained in the illustrated embodiment by
      increasing the distance between the center of rotation and the central
      portion of the curved surface over that between the center of rotation and
      the peripheral portion of the curved surface to an extent that the one
      curved surface makes up for the dimension of the other curved surface.
      With the clamp according to this modified form, however, when an article
      is gripped by the clamp, the line of action of the gripping force by the
      clamp greatly deviates from the center of the gripping member 22, and
      therefore, if possible, the ends of the gripping member should preferably
      be provided with the above-mentioned fundamental curved surfaces.
PAR  Further, a smooth wear resisting material having a high degree of hardness
      such as 18-8 stainless steel should preferably be used for the bottom
      portion of the recess in the leg portion which comes into sliding contact
      with the curved surface on the rear end of the gripping member.
      Furthermore, the ring-like protrusion formed at the center of the gripping
      head of the gripping member should preferably be made to have a fairly
      large area so that the ring-like protrusion snugly rests on the surface of
      an article when it is locked in position by the screw rod. In this way,
      when the article is gripped, the swivel jaw may be automatically placed in
      the proper position without using any auxiliary devices.
PAR  It will thus be seen from the foregoing that the present invention provides
      a screw type clamp having a wedging mechanism which is free from trouble
      and strong by virtue of the fact that the load acting on the swivel jaw
      which performs a wedging action is directly borne by the leg portion of
      the clamp body. The wedging mechanism of the clamp allows only a very
      limited amount of slipping to the gripped article, and this results in the
      simplified construction of the associated jaw, thus ensuring a high degree
      of reliability in the operation of the clamp.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clamp comprising a clamp body including a shackle for engagement with
      pulling means and a slot for receiving an article, and a pair of jaws
      mounted on opposed leg portions on opposite side of said slot for
      cooperatively gripping said article in said slot, wherein one of said jaws
      is comprised of a screw rod having a gripping head formed on the front end
      thereof and threadedly mounted on one of said leg portions to be movable
      back and forth relative to said article gripped in said slot, the other of
      said jaws is comprised of a substantially cylindrical gripping member
      having a gripping head formed on the front end thereof and a ring slidably
      mounting said gripping member through the center thereof and having a
      spherical outer surface, said the other jaw being rotatably mounted in a
      recess formed in the slot side wall portion of the other of said leg
      portions with said spherical outer surface in slidable contact with the
      inner wall of said recess, and said gripping member is formed whereby at
      least one of the average curved surface of said gripping head formed on
      the front end of said gripping member and the curved surface formed on the
      rear end of said gripping member for sliding contact with the bottom wall
      of said recess is formed so that a radius extending from the center of
      rotation of said rotatable jaw to the peripheral portion of said curved
      surface is greater than a radius extending from the center of rotation of
      said rotatable jaw to the central portion of said curved surface.
NUM  2.
PAR  2. A clamp according to claim 1, wherein said gripping head of said
      gripping member is provided with a curved surface of an extent sufficient
      for positively gripping an article, and the sliding curved surface on the
      rear end of said gripping member is formed in such a manner that a radius
      extending from the center of rotation of said rotatable jaw to the
      peripheral portion of said sliding curved surface is greater than a radius
      extending from the center of rotation of said rotatable jaw to the central
      portion of said sliding curved surface, whereby when said rotatable jaw is
      rotated by said article tending to slip out of said slot, said gripping
      member is forced out of said ring in which said gripping member is
      rotated.
NUM  3.
PAR  3. A clamp according to claim 1, wherein said gripping head of said
      gripping member is provided with a ring-like protrusion at the center
      thereof, and a plurality of ring-like protrusions arranged concentrically
      around said central protrusion.
NUM  4.
PAR  4. A clamp according to claim 1, wherein a wear resisting material having a
      high degree of hardness is provided on the bottom portion of said recess
      in said the other leg portion with which said curved surface on the rear
      end of said gripping member comes into sliding contact.
NUM  5.
PAR  5. A clamp according to claim 1, wherein said gripping head of said screw
      rod constituting said one jaw is comprised of a conical protrusion located
      on the axial center line of said screw rod, and a plurality of circular
      protrusions arranged concentrically around said conical protrusion and
      slightly lower than said conical protrusion.
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ABST
PAL  A cutting board comprised of a particle board center having a plurality of
      veneer strips adhesively secured to the top surface thereof with moisture
      resistant edge coverings secured to and extending around the outer
      periphery of the particle board center, the securing adhesive coating the
      entire top and bottom surface of said particle board to prevent water from
      penetrating into said board, the overall result being an inexpensive,
      dimensionally stable cutting board having the appearance of being made
      from solid pieces of lumber.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present invention is a continuation-in-part of co-pending application,
      Ser. No. 336,431, now U.S. Pat. No. 3,837,634 filed Feb. 28, 1973 by
      Westray S. Cobb.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been a challenge to the wood products industry to fabricate a
      composite board which would be dimensionally stable and inexpensive for
      use as a cutting board for use in the household for slicing meats and
      vegetables and the like. One of the motivating factors behind the attempt
      to produce such a board is the general scarcity and high cost of lumber.
      Attempts were made at fabricating such board from various materials such
      as strips of solid lumber adhesively secured in edge to edge fashion.
PAR  Such attempts were generally unsuccessful in that the ratio of surface area
      of wood adhesively coated to the volume of wood in the lumber strip was so
      low that the adhesive was incapable of holding fast the lumber strips to
      prevent them from warping and separating. Veneer strips were dismissed as
      being unsuitable because a method for keeping the core material stable
      when exposed to moisture was unknown.
PAR  The cutting board of this invention has overcome the prior art problems and
      has provided an inexpensive, readily constructed, dimensionally stable
      cutting board capable of withstanding continued use and exposure to
      moisture and other elements encountered in a household.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a dimensionally stable cutting board suitable for
      use under conditions of continued exposure to moisture. The invention
      further provides a cutting board having a particle board core, veneer
      surfaces and edge coverings along the periphery thereof which gives the
      appearance of a cutting board made of solid lumber strips.
PAR  More specifically, the invention provides a cutting board comprising: a
      particle board core; a layer of water-resistant adhesive completely
      coating the top and bottom surfaces of said particle board core; a
      plurality of relatively thin veneer sheets adhesively attached to one
      surface of said particle board core in an orderly fashion to provide a
      durable cutting surface thereon to give said board the appearance of being
      of solid lumber construction; an opposed surface of said particle board
      core having at least one veneer sheet adhesively attached thereto; edge
      coverings disposed along the periphery of said particle board core and in
      fluid tight communication therewith; the adhesive coating being further
      characterized in that it forms a water-resistant barrier and attaches said
      veneer sheets to said core. The present invention has been found to be
      particularly advantageous where the cutting board is repeatedly exposed to
      temperatures and humidity above normal room temperature and humidity.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view of the cutting board of this invention,
      partially cut-away, showing one preferred embodiment;
PAR  FIG. 2 is a partial side elevational view of an alternate embodiment of the
      cutting board of FIG. 1;
PAR  FIG. 3 is a partial side elevational view of another alternative embodiment
      of the cutting board of FIG. 1;
PAR  FIG. 4 is a partial side elevational view of another alternative embodiment
      of the cutting board of FIG. 1;
PAR  FIG. 5 is a partial side elevational view of another alternative embodiment
      of the cutting board of FIG. 1;
PAR  FIG. 6 is a partial side elevational view of another alternative embodiment
      of the cutting board of FIG. 1; and,
PAR  FIG. 7 is an isometric view of the cutting board, partially cut-away,
      showing another preferred embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows cutting board 10 comprised of a center core 11 which may be
      fabricated from any one of a number of man-made construction boards such
      as fiberboard, composite board, particle board and the like. Center core
      11 is generally between 3/8 inch and 11/4  inch in thickness and
      preferably, as shown, about 3/4 inch. Such boards are generally very
      similar in make-up, being principally waste material such as fibers,
      shavings, sawdust, waste material around or particulated exclusively for
      such purpose, and the like. Most preferred is particle board such as that
      described in detail in U.S. Department of Commerce Commercial Standard CS
      236-66, entitled "Mat Formed Wood Particle Board", published by the
      National Bureau of Standards Forest Products Laboratory -- Forest Service,
      U.S. Department of Agriculture; incorporated herein by reference.
      Preferably, a resin impregnated particle board described as Type 1, Grade
      3 in CS 236-66 of 45 pounds per cubic foot density is used. Adhesively
      secured by a water resistant adhesive 15 to one side of core 11 is at
      least one wood sheet or strip 12, a plurality of strips 12 being shown.
      These sheets or strips are preferably veneer, i.e. they are thin pieces of
      high quality lumber, which in the instant case is generally sized to a
      width of from about one inch to three inches and is preferably sized to a
      width of about two and one quarter inches and a thickness of 1/32 to 1/10
      inch, with a thickness of about 1/16 inch being most preferred. Adhesively
      secured by a water resistant adhesive 15 to the opposed side of said
      center core 11 is a layer of veneer which may be in the form of pieces of
      flat strips but is most preferably in the form of a single flat sheet. It
      should be noted that in the cutting board application for which the
      present board is intended, the veneer thickness must be at least 1/32 inch
      in thickness, and must be securely fastened to a support, such as center
      core 11. Thinner veneer will not work as a cutting board surface since it
      is subject to being cut through in normal household use. The use of veneer
      thicker than 1/10 inch becomes prohibitive in cost and is unjustifiable
      for fabricating a cutting board surface. The veneer strips 12 are
      adhesively secured by adhesive 15 to the top surface of center core 11 and
      aligned side by side in parallel relationship to cover the entire surface
      with their respective grains running in generally the same direction to
      give the appearance that the board has been fabricated from solid pieces
      of lumber approximately two and one quarter inches wide and three quarters
      of an inch thick adhesively secured side by side to each other. The
      advantages of having a plurality of veneer strips attached to the cutting
      surface of the board are as follows: Firstly, the division of strips into
      two and one quarter inch widths allows for greater surface stability when
      the surface is exposed to water. It is commonly appreciated, that wood
      does not swell in its grain direction, that is along its length, but does
      swell in both width and thickness. Thus, restraining the size of the
      strips and thus the swelling forces on the cutting surface, the
      dimensional stability thereof is more easily maintained.
PAR  The veneer itself should preferably be of a high quality No. 1 grade and
      should be sanded smooth. However, other commercially available grades
      would be suitable. The grain and color contrast of the several strips 12
      should be such that it creates the appearance of the board being lumber
      pieces adhesively secured together. Preferably, maple veneer is used.
      Other suitable woods are cherry, beech, birch, walnut and other hardwoods
      of similar characteristics.
PAR  The surface of the board after laminating the veneer strips thereto is
      usually coated with an edible oil such as "Stanolin" manufactured and sold
      by the Standard Oil Company of Kentucky. In the alternative, No. 12 fine
      mineral oil manufactured by American Oil Company, of Chicago, Ill. can be
      used. Other suitable oils are the edible low fat polyunsaturated oils
      commonly noted under the tradenames Crisco, Mazola and the like.
PAR  The veneer strips 12 are adhesively attached to the surfaces of center core
      11 with edge coverings or strips 13 being adhesively fastened by adhesive
      15 to the edges of center core 11 and veneer strips 12. These edge strips
      may be wood, as exemplified, of the same grade as the veneer strips, or
      they may be other protective surface material such as vinyl strips, metal
      strips, polyester strips, decorative paper, and the like. These edge
      strips 13 are generally of a thickness of at least 1/50 inch. When using
      strips of material with high abrasion resistance for the edge strips 13,
      the thickness will generally be less than 1/10 inch. However, for some
      applications edge strips 13 may be replaced by other water-resistant
      coverings, such as coatings of vinyl sealers, wax emulsions, moisture
      resistant adhesives, and the like. The water-resistant coatings are
      utilized in applications where there is little, if any, concern for
      abrasion of the edges of the cutting board.
PAR  The adhesive material 15 itself can be any one of a number of adhesives
      which meet the requirements for type I "Waterproof" standard as defined in
      Standard S-69 of the Hardwood Plywood Manufacturing Association. Examples
      of suitable adhesives are the urea-formaldehyde resin type adhesives.
      Specifically, suitable adhesives include such commercially available
      adhesives as: National Casein Company No. 750 -- Liquid Urea Resin;
      National Casein Company No. F360; and National Casein Company resin No.
      600. All three of these adhesives are reinforced with melamine for
      additional water resistance. Normally, the adhesive used to secure the
      edge members and sheets of veneer to the particle core is suitable for use
      in a "hot" process. However, a "cold" process may be used for some
      applications. One such hot process includes the use of induction heating
      of the adhesive. It has been found that Type II adhesives as defined in
      Standard S-69 of HPMA, may also be utilized in the present invention if
      the cutting board is not subjected or exposed to moisture at relatively
      high temperatures, those exceeding 170.degree.F. Examples of these
      adhesives are Southern Resins Company No. 650; National Casein Company No.
      750; National Adhesive Company No. 42-3000 and National Adhesive Company
      No. 42-3010.
PAR  FIG. 1 shows one embodiment of the present invention where the edge strips
      13 are wood strips with the strips 13 overlaying the edges of the veneer
      strips 12. Adhesive 15 covers all communicating areas between core 11 and
      strips 12 with strips 13.
PAR  FIG. 2 shows an embodiment of the present invention where the edges of the
      veneer strips 12 overlay the edges of the wood edge strips 13. Adhesive 15
      covers all communicating areas between core 11 and strips 12 with strips
      13.
PAR  FIG. 3 shows an embodiment of the present invention with edge strips 17
      being decorative vinyl moldings of hemispherical configuration overlaying
      the edges of the veneer strips 12. Adhesive 15 covers all communicating
      areas between core 11 and strips 12 with strips 17 thereby forming a
      water-resistant seal between the communicating parts.
PAR  FIG. 4 shows an embodiment of the present invention with edge strips 18
      being of C-shaped cross-section, the outwardly extending portions 19 and
      20 overlaying strips 12 in a substantially tight relation. Adhesive 15 is
      disposed between portions 19 and 20 with strips 12 to further provide a
      water-resistant seal between the edge strips 18 and the veneer strips 12.
      In some applications where the edges will not be exposed to moisture or
      the fit between the strips 18 and the strips 12 is substantially
      fluid-tight, adhesive 15 is not necessary.
PAR  FIG. 5 shows an embodiment of the present invention with edge strips 21
      being of T-shaped cross-section, the leg portion 22 being embedded into a
      slot in the core 11. The leg portion 22 is provided with outwardly
      extending finger portions 23 which embed into the periphery of the mating
      slot 29 in core 11 thereby providing a non-slip fit. Furthermore, the base
      24 of the strips 21 abuts the edges of the strips 12 in a substantially
      fluid tight seal. In such arrangement, a water-resistant adhesive is not
      necessary unless the cutting board is subjected to a large amount of
      moisture.
PAR  FIG. 6 shows an embodiment of the present invention wherein the exposed
      edges of veneer strips 12 and core 11 are sealed with a water resistant
      coating 26. The water resistant coating 26 is usually a vinyl sealer, wax
      emulsion, or the like. However, the edges are subject to wear. Therefore,
      usage for a board with this type of edging should be restricted to areas
      where abrasion is of little concern.
PAR  It is also realized that the water sealed integrity of the board may be
      violated by machining operations thereby exposing the core area. In this
      embodiment, the area of the exposed core can be sealed with a waterproof
      or water-resistant sealer such as those described above. FIG. 7 shows an
      embodiment where an aperture 27 has been machined through the cutting
      board for receiving, for example, a hose (not shown) therethrough or a
      portion has been machined out, such as portion 31. In this embodiment, the
      cutting board even with an exposed core area is substantially protected
      against moisture.
PAR  The composite cutting board of this invention is generally fabricated in
      the following sequence. The veneer strips 12 are first cut and adhesively
      attached in edge-to-edge fashion to form a sheet of veneer. This sheet is
      fabricated with the aid of a veneer splicer. A sheet of veneer is then cut
      to be adhesively secured to the bottom surface of core 11. Then, both
      sheets of veneer are adhesively attached to the respective top and bottom
      surfaces of the center core 11. Edge strips 13 are then secured to the
      core 11 and strips 12, edge stripe 13 being adapted to overlay the edges
      of the strips 12. However, if the strips 13 underlay the strips 12, the
      strips are attached prior to the addition of the strips 12. The composite
      board is then surface finished and coated with oil. The result is an
      inexpensive, easily prepared, dimensionally stable, waterproof, cutting
      board which is readily adaptable for use.
PAR  It will be realized that various changes may be made to the specific
      embodiments shown and described without departing from the principles and
      spirit of the present invention.
CLMS
STM  Having thus described the invention what is claimed is:
NUM  1.
PAR  1. A cutting board comprising: a particle board core; a layer of
      water-resistant adhesive completely coating the top and bottom surfaces of
      said particle board core; a plurality of thin veneer sheets adhesively
      attached to one surface of said particle board core in an orderly fashion
      to provide a durable cutting surface thereon to give said board the
      appearance of being of solid lumber construction; an opposed surface of
      said particle board core having at least one veneer sheet adhesively
      attached thereto; edge coverings along the periphery of the particle board
      core and in fluid tight communication therewith; said adhesive coating
      being further characterized in that it forms a water-resistant barrier and
      attaches said veneer sheets to said core.
NUM  2.
PAR  2. The cutting board of claim 1 wherein said veneer sheets are of a
      thickness in the range of between 1/32 and 1/10 inch.
NUM  3.
PAR  3. The cutting board of claim 1 wherein said edge coverings are strips of a
      material having a thickness of at least 1/50 inch.
NUM  4.
PAR  4. The cutting board of claim 1 wherein said edge coverings are
      water-resistant coatings.
NUM  5.
PAR  5. The cutting board of claim 1 wherein said edge coverings are adhesively
      secured to said veneer sheets and said core, said adhesive being a
      water-resistant adhesive.
NUM  6.
PAR  6. The cutting board of claim 1 wherein said edge coverings overlay said
      veneer sheets.
NUM  7.
PAR  7. The cutting board of claim 1 wherein said veneer sheets underlay said
      edge coverings.
NUM  8.
PAR  8. The cutting board of claim 1 wherein said edge coverings are fixedly
      attached to the veneer sheets and core in a substantially fluid tight
      communication.
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ABST
PAL  A method of zig-zag folding and apparatus therefor wherein two endless
      belts are each equipped with tuckers and grippers to engage a web
      continuously and uniformly advanced toward the point of tucker web
      engagement, the paths of belt travel in the zone contacting the web to be
      zig-zag folded being of the order of about 60.degree., and wherein there
      is a means for providing a controlled surplus of the web spaced upstream
      of the point of folding, the surplus being released at the time of folding
      to provide precise position of the folds independent of speed.
BSUM
PAC  BACKGROUND AND SUMMARY OF INVENTION:
PAR  Zig-zag folding has been utilized in the paper field since before the turn
      of the century. Although there are many forms of zig-zag folding
      apparatus, two general types emerge -- one in which the tuckers cooperate
      with mechanically controlled grippers and the second wherein the grippers
      are not mechanically controlled. Representative of the first type is Lewis
      U.S. Pat. No. 1,109,296 and my U.S. Pat. No. 3,195,882. Representative of
      the second is Wyrick U.S. Pat. No. 2,246,336 and DeLigt U.S. Pat. No.
      3,784,188. This invention has to do with the second type.
PAR  The zig-zag folder employing mechanically actuated grippers gives more
      precise control over the position of the fold but at the expense of much
      more complicated equipment and unsatisfactory noise levels. On the other
      hand, the second type seemingly would avoid both of these drawbacks, but
      without the utilization of the instant invention, I found that it was not
      possible to reliably obtain reproducibility of folding at the precise
      positions desired independent of speed. In particular, there is no
      satisfactory arrangement for operating at web speeds of the order of 1,000
      feet per minute. In the case of the mechanically controlled grippers, the
      noise level is quite high, while in the uncontrolled gripper type, the
      high speed cannot be maintained reliably -- i.e., folding at predetermined
      locations.
PAR  It will be appreciated that precision in locating the line of fold is most
      desirable. For example, in business forms which are transversely
      perforated to permit separation of one panel or set from another after
      printing in a computer or the like, it is essential that the zig-zag
      folding occur precisely at the lines of perforation. Further, even where
      there is no transverse perforation, it is still desirable (as in the case
      of facial tissues) to have the transverse folds at precisely equally
      spaced apart distances to develop a rectangular stack.
PAR  These objectives have been realized by the instant invention. The basic
      folding apparatus is of the simplest arrangement, i.e., providing the
      folding and release functions within a triangular area which is
      essentially equilateral. The tuckers and grippers are arranged for travel
      in loops having portions defining the aforementioned essentially
      equilateral triangle -- in the illustrated embodiment, the loops are
      adjacent at the point of tucker-web engagement and then diverge. By
      providing a controlled surplus of said web above the point of folding and
      releasing the surplus simultaneously with the folding, I have achieved the
      desired precision in folding. Although surplus web or slack has been
      provided previously, as in the aforementioned Wyrick patent, it has not
      been provided between means for continuously and uniformly advancing the
      web and retarding means so that the surplus is withheld until the time of
      tucker web engagement. The slack is then used up by the actual tucking
      operation and also by the faster travel of the grippers going around the
      arcuate portion of the loop.
DRWD
PAR  The invention is explained in conjunction with an illustrative embodiment
      in the accompanying drawing, in which --
PAR  FIG. 1 is a schematic representation of apparatus employed in the practice
      of the invention;
PAR  FIGS. 2, 3 and 4 are views similar to FIG. 1 but with the parts thereof
      arranged in slightly different operating positions so as to show a
      sequence of folding;
PAR  FIG. 5 is a fragmentary perspective view of apparatus embodying the
      teachings of this invention and corresponding essentially to the showing
      of FIG. 1; and
PAR  FIG. 6 is a view similar to FIG. 5 but with operating parts thereof in
      different operating conditions and correspond essentially to the showing
      in FIG. 2.
DETD
PAR  FIG. 1, the symbol W designates a web which is to be zig-zag folded. The
      web is advanced toward the folding zone by means of a web advancing
      mechanism generally designated 10. Thereafter, the web W encounters a
      retarding mechanism generally designated 11. As the web proceeds further
      (downwardly in the illustration given), it passes between two belt systems
      12 and 13. The systems are essentially identical but out of phase, i.e.,
      to position a tucker 14 of the belt system 12 in position for engagement
      with the gripper 15 of the belt system 13.
PAR  It will be appreciated that the belt system 12 is operating in a clockwise
      manner while the belt system 13 is operating in a counterclockwise manner
      so that at a later stage the gripper 16 of the belt system 12 will
      cooperate with the tucker 17 of the belt system 13 in developing a
      subsequent fold. These two elements (gripper 16 and tucker 17) are shown
      approaching the folding position in FIG. 4.
PAR  After a fold has been achieved (as at 18 in FIG. 2), subsequent movement of
      the two belt systems 12 and 13 causes the preceding gripper 19 of belt
      system 12 (see FIGS. 2 and 3) to open, while at this stage the gripper 15
      firmly clamps the web so that the web panel 20 (extending between the
      grippers 15 and 19) is removed from the gripper 19 for deposit in a stack
      confined by a chute generally designated 21.
PAR  It will be appreciated that the opening and closing of the grippers 15 and
      19, for example, is not achieved by special mechanical means but rather
      occurring as a result of the passing of the gripper around a radius -- as
      in the case of the showing in FIG. 3, a pulley 22. Also, relative to the
      gripper 15 of the belt system 13, the pulley 23 causes the elements of the
      gripper to diverge -- as seen in FIGS. 1 and 2. On the other hand, as the
      gripper 15 leaves the vicinity of the pulley 23 (as in FIG. 3), the
      elements are disposed to eliminate any gap therebetween.
PAR  The grippers and tuckers, in the illustration given, are cemented to a pair
      of timing belts 24 and 25 (see FIGS. 5 and 6). Each gripper consists of
      one leading block 15a and one trailing block 15b, each of the blocks
      consisting of resilient material and being cemented adjacent to each other
      on the timing belt 25. The arrangement is that there is no gap 26 between
      the blocks 15a and 15b when the belt is straight, i.e., when the gripper
      is in that portion of the belt travel which is straight -- see FIG. 4.
      However, a V-shaped gap 26 appears between the two blocks 15a and 15b as
      the belt goes around the pulley 23.
PAR  Each tucker consists of essentially an inverted T blade, the stem 14a (see
      FIG. 5) doing the tucking and the base 14b fitting within a thin T-slot
      member 27 which is cemented to the timing belt.
PAR  In the illustration given, the two timing belts 24 and 25 are each fitted
      with two grippers and two tuckers and are timed, as pointed out
      previously, to alternately tuck and grip on alternate belts.
PAR  Still referring to FIGS. 5 and 6, the web W to be zig-zag folded is
      advanced down between two adjacent timing belt pulleys 23 or the timing
      belt 25 and 28 for the timing belt 24. The gripper jaws made up of the
      blocks 15a and 15b on the belt 25 are open and the tucker stem or blade
      14a on the belt 14 is about to push the web W into the V-shaped gap 26.
PAR  As the pulleys 23 and 28 revolve further, the tucker 14 (see FIG. 6)
      withdraws, and as the belts come into the straightaway first the leading
      gripper 15a "closes," i.e., assumes an uncurved configuration and
      thereafter the trailing gripper jaw 15b closes, firmly gripping the
      tucked-in web.
PAR  The straight-aways of the two belt systems 12 and 13 diverge at an included
      angle of approximately 60.degree. and continue around another pair of
      pulleys 22 and 29 (see FIGS. 3 and 4 at such a distance from the first
      pulley set (28 and 23) that when a pair of gripper jaws open (as at 19 in
      FIG. 3) as this gripper goes around the pulley 22, the tucked in portion
      of the web is pulled out by the web tucked into the closed gripper 15
      following on the opposite, diverging belt. The belts continue around
      tightener pulleys 30 and 31 (see FIGS. 3 and 4) to complete their loops.
PAR  The geometry of the folding system, i. e., the triangle formed by the
      pulleys 28 and 23 at the top and the pulleys 22 and 29 at the bottom is
      generally equilateral. This results in one fold (as at 32 in FIG. 3) being
      pulled or removed from its associated gripper 19 by the confinement of the
      following portion 18 of the web which is restrained by the succeeding
      gripper 15. As indicated previously, this makes for an uncomplicated
      system, i.e., one with a minimum of parts to be adjusted in synchronism
      for high speed operation. The basic geometry of the system is determined
      by the distance between successive folds. This determines to a certain
      extent the spacing of the pulleys 22 and 29, the spacing of pulleys 29 and
      23 (and likewise the spacing of pulleys of 22 and 28) and the distance
      between each tucker and gripper, i.e., the distance on belt system 12
      between tucker 14 and gripper 16 (alternatively relative to belt system
      13, the spacing between gripper 15 and tucker 17). As an illustration, I
      employ a business form which is perforated at 11 inch intervals. For this,
      the tucker-gripper distance, in the embodiment shown, is 9.75 inches. With
      the generally equilateral system shown (one in which the fold just formed
      is operative to disengage the fold just previously formed), the effective
      range of tucker-gripper distances is about 9-10 inches. If the distance is
      larger, i.e., approaching 11 inches, there is insufficient drape (as in
      the panel 20' (see FIG. 2) between adjacent engaged grippers and this
      could result in creasing the web W at points other than folds. On the
      other hand, a substantial reduction in the tuckergripper distance, i.e.,
      below about 9 inches in the illustration given, results in insufficient
      tautness of the panel portion 20' to cause withdrawal of the fold 32 from
      the gripper 19. In the specific illustration given, the geometry is as
      follows (relative to the center line C in FIG. 2): The axis of each pulley
      22 and 29 is 7.25 inches from the center line C, the axis of each pulley
      28 and 23 is 2.75 inches from the center line C, and the distance along
      the center line C between the line connecting the axes of the pulleys 22
      and 29 and the line connecting the axes of the pulleys 28 and 23 is 8.875
      inches. However, even with a carefully engineered generally equilateral
      system of the nature just described, there remains the problem of insuring
      that the fold line will always occur at the predetermined position, i.e.,
      at precisely 11 inch intervals in the illustration given. I have resolved
      this problem through the provision of the feed mechanism 11.
PAR  During the tucking and until the gripper 15 (as seen in FIG. 1) gets to the
      straight-away 33 (see FIG. 3) I provide for a controlled surplus of web
      material S (see FIG. 1). This is used up by the tucked-in web portion and
      the higher surface speed of the gripper during the time it is going around
      the pulley 23. Then as the gripper 15 travels on the straight-away, its
      surface speed is slower. At this time, I employ the mechanism 11 to build
      up the controlled surplus S.
PAR  More particularly, the controlled surplus S is developed up to the time the
      tucker 14 touches the web W, and at this point in time, the surplus is
      made available.
PAR  In the illustration given, this is achieved through a pair of rolls 34 and
      35, the roll 34 in mechanism 11 being an idler or non-driven roll while
      the roll 35 is driven by means of shaft 36 (see FIGS. 5 and 6). The roll
      35 is a sectional roll, i.e., has a portion of its circumference removed
      -- as at 37. The roll 35 has an unrelieved portion 38 of such a diameter
      that if the roll were unrelieved, would produce a circumference of 9.90
      inches. The roll 35 is driven through the shaft 36 so as to make one
      revolution per panel 20, i.e., one revolution for each 11 inch length of
      web travel. Thus, when the apparatus is in the configuration pictured in
      FIG. 4, the cooperation of the rolls 34 and 35 retards the web W from
      advancing between the nip between the rolls 34 and 35 as rapidly as it is
      fed to that nip by the advancing mechanism 10 -- thereby developing the
      surplus S seen in FIG. 1. The organization of elements seen in FIG. 1 is
      at the moment of engagement of the tucker 14 with the web W and it will be
      noted that at that time the restraining influence of the retarding
      mechanism 11 is about to cease, i.e., the unrelieved portion 38 will no
      longer be in contact with the web. This makes possible the surplus S to
      rapidly pass through the now-opened nip between the rolls 34 and 35 (as in
      FIG. 2) and be utilized by the tucker 14 for introduction into the gripper
      15.
PAR  In the illustration given, the part of the circumference of the roll 35
      that is cut away or relieved is 210.degree., so that for 150.degree. of
      each rotation a surplus is created upstream of the following value:
      ##EQU1##
PAR  The end of the holdback of the feed roll 35 is at the moment the tucker 14
      touches the web W. Then the relieved portion 37 of the roll 35 takes over
      permitting the surplus S to be used up.
PAR  For zig-zag folding business forms which are line-hole punched -- as at 39
      in FIG. 6, I employ a timed pin belt 40 (see FIG. 1) to feed an exact
      amount of web for each fold. In the upper portion of FIG. 6, a confining
      cover 41 is shown in the open position (as contrasted to the showing in
      FIG. 5), thereby revealing the pin 42 in the timed belt 40.
PAR  Other products may have a pair of draw rolls that feed in a predetermined
      amount of web -- as contrasted to the timed pin belts, and in some
      instances a variable speed drive to such draw rolls may be utilized.
      Further, as indicated previously, products other than cross perforated
      business forms can be advantageously zig-zag folded according to the
      invention and this includes multiple ply webs such as those that have been
      longitudinally folded prior to zig-zag folding. Further, the apparatus is
      advantageously used in connection with interfolding.
PAR  In operation, the invention makes use of tuckers and grippers which move in
      loops -- in the illustration given on cog belts which are entrained around
      toothed pulleys (as at 28, 23, etc.). Alternatively, chains or other
      loop-providing means may be employed. The portions of the loops between
      tucker-web engagement (as at FIG. 1, and relative to the tucker 14) and
      gripper disengagement (as in FIG. 3 and relative to the gripper 19) -- and
      considering the counterpart relative to the belt loop 13 -- form two sides
      of a generally equilateral triangle. Upstream of the point of tucker-web
      engagement the controlled surplus S is provided (more particularly,
      upstream of the retarding means or mechanism 11) and this is released upon
      tucker-web engagement. In the illustration given, the accumulation of the
      surplus (or untensioned web length) is developed by a pair of rolls
      arranged in side-by-side relation to provide a selectively openable nip
      (as between the rolls 34 and 35).
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STM  I claim:
NUM  1.
PAR  1. Apparatus for cyclically folding a continuous web in zig-zag fashion
      comprising:
PA1  a frame,
PA1  web advancing means on said frame adapted to advance said web uniformly at
      a predetermined speed continuously along a path within said frame,
PA1  a pair of endless conveying loops mounted on said frame on opposite sides
      of the web path and each carrying tuckers and grippers alternately spaced
      thereon and arranged that a tucker of one loop cooperates with a gripper
      of the other loop to develop a transverse fold in said web and then a
      gripper of said one loop cooperates with a tucker of said other loop in
      developing the next transverse fold in said web wherein one cycle is
      completed between each successive tuckergripper engagement,
PA1  means on said frame for moving said tuckers and grippers on said loops
      along divergent paths from a first location where said tuckers and
      grippers transversely grip said web, said first location being a spaced
      distance from said advancing means,
PA1  means on said frame in said path and located between said advancing means
      and said first location for retarding said web intermittently each cycle
      between successive tucker-web engagements in said first location, said
      retarding means including a pair of retard rolls matingly engaging said
      web to drive it at a surface speed less than said predetermined speed to
      create a web surplus between said advancing means and said retarding
      means, a portion of the circumference of one of said rolls having a
      smaller radius than the remainder thereof to cyclically release said
      surplus at the time of tucker-web engagement in said first location.
NUM  2.
PAR  2. The apparatus of claim 1 in which each gripper includes a pair of
      resilient blocks adhesively secured to its associated loop, each tucked
      including a T-shaped element secured to its associated loop.
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ABST
PAL  A machine for manufacturing "sleuters" or other articles of folded
      plasterboard is described. Sleuters are employed as spacers or risers
      between stacks of plasterboard or other sheet material and have the
      advantage that they do not physically mark or discolor such plasterboard,
      as conventional wooden sleuters sometimes do. Plasterboard remnants are
      cut to a standard length, and then conveyed intermittently between work
      stations where they are scored to provide fold lines, folded into two
      pleated members while simultaneously breaking such members apart from each
      other, and then stapled. The folding apparatus includes upper and lower
      folding arms which are moved toward the plasterboard and pivoted to fold
      and break such board into the two pleated members. The pleated
      plasterboard members are transmitted from the folding section through a
      guide to compress them while their layers are stapled together to form the
      completed sleuter. The stapled sleuters are fed to a transfer means which
      turns them on one side and slides them into an accumulator to provide a
      row of sleuters. A complete row of sleuters is dropped onto a stacking
      mechanism that rotates 90.degree. between each row.
PARN
PAR  This is a division of application Ser. No. 459,674, filed Apr. 10, 1974,
      now U.S. Pat. No. 3,885,725.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject matter of the present invention relates generally to the
      manufacture of articles of folded sheet material, and in particular to
      machines for manufacturing sleuters or other articles of folded
      plasterboard. The machine of the present invention makes load spacers or
      sleuters from plasterboard remnants which are cut into a standard length,
      scored along fold lines, and transmitted into a folding apparatus which
      simultaneously folds and breaks the plasterboard member into two separate
      members having accordian-like pleats. The pleated members are then
      compressed and stapled to form the completed sleuters. Such sleuters are
      used as spacers or risers beneath stacks of sheet material, such as gypsum
      board, for shipping purposes or for storage. The sleuters enable the
      insertion of the forklifts of lift truck beneath the stack of sheet
      material for movement thereof and can be used as spacers between stacks
      sorted into different sized stacks.
PAR  Sleuters of folded gypsum boards have the advantage that they do not
      discolor or physically mark the surface of the plasterboard or other sheet
      material stacked thereon, and therefore have an advantage over
      conventional sleuters of wood in this regard. In addition, the machine of
      the present invention enables plasterboard remnants to be made into
      commercial articles and thereby greatly reduces waste in plants
      manufacturing gypsum board sheets.
PAR  It has been proposed to fold plasterboard and other sheet material by
      cutting or scoring it in lines on one side or both sides, as shown in U.S.
      Pat. No. 2,529,210 of Butler and U.S. Pat. No. 3,646,412 of Sterns et al.
      Heretofore, folding has been accomplished by moving upper and lower
      folding members or blades toward each other to provide pleats in a
      continuous web of sheet material, as shown in U.S. Pat. No. 2,194,344 of
      Wikander et al, and U.S. Pat. No. 2,670,026 of Unger. However, in these
      prior apparatus, the folding members or blades are fixed, not pivoted or
      moved laterally to compress the folds together and do not break the sheet
      material into two separate members, in the manner of the present
      invention.
PAR  Previous attempts to fold plasterboard as it was moved continuously were
      unsuccessful due to breakage and resulting jamb-ups. These problems have
      been overcome in the present invention by providing a conveyor means which
      moves the plasterboard intermittently between the work stations performing
      the operations of cutting, scoring, folding and breaking, and stapling.
      This intermittent movement is provided by a timer operating a clutch
      connected between the motor shaft and the drive shaft of the conveyor.
PAR  The amount of gypsum dust produced during the scoring operation is greatly
      reduced by operating saw blades providing such scoring at the same speed
      as the conveyor chain. The plasterboard is accurately positioned at each
      of the operating stations by stop surfaces on lugs attached to the
      conveyor chain and the same lugs also act as drive means for moving the
      plasterboard from one work station to another.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide an improved apparatus for
      folding sheet material which operates in a simple, trouble-free manner.
PAR  Another object of the invention is to provide such a folding apparatus
      which also breaks the sheet material into two separate members during
      folding by pivoting upper and lower folding arms while they are moved
      toward such sheet material.
PAR  A further object of the present invention is to provide a machine for
      manufacturing articles of folded sheet material, such as plasterboard,
      including an automatic conveyor means which intermittently moves the
      plasterboard members between the work stations of the machine in order to
      reduce breakage and jamb-ups.
PAR  An additional object of the invention is to provide a sleuter manufacturing
      machine which employs the above-mentioned folding apparatus.
PAR  Still another object of the present invention is to provide such a machine
      which automatically cuts the sheet material into members of standard
      lengths and then scores the upper and lower surfaces of such member along
      fold lines before transmitting them to the folding apparatus.
PAR  A still further object of the invention is to provide such a machine which
      automatically fastens the folded plasterboard members together by stapling
      to form the completed sleuters.
PAR  Another object of the invention is to provide such a machine which stacks
      the completed sleuters in rows, and rotates the stack ninety degrees
      before adding the next row so that it is arranged perpendicular to the
      preceding row for more stable storage.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Other objects and advantages of the present invention will be apparent from
      the following detailed description of a preferred embodiment thereof and
      from the attached drawings of which:
PAR  FIG. 1 is a plan view of the sleuter manufacturing machine of the
      invention;
PAR  FIG. 2 is a side elevation view of the machine of FIG. 1;
PAR  FIG. 3 is an enlarged vertical section view taken along the line 3--3 of
      FIG. 1 showing the folding apparatus;
PAR  FIG. 4 is an enlarged vertical section view taken along the line 4--4 of
      FIG. 1 showing the stapling apparatus;
PAR  FIG. 5 is an enlarged horizontal section view taken along the line 5--5 of
      FIG. 1;
PAR  FIG. 6 is an enlarged vertical section view taken along the line 6--6 of
      FIG. 1 showing the transfer apparatus;
PAR  FIG. 7 is an enlarged horizontal section view taken along the line 7--7 of
      FIG. 1 showing the accumulator and stacking apparatus; and
PAR  FIG. 8 is an enlarged horizontal section view taken along the line 8--8 of
      FIG. 8 showing the conveyor chain and associated lug.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2, a machine for manufacturing sleuters or other
      articles of folded plasterboard in accordance with the present invention
      includes a conveyor table 10 having a plurality of rollers 12 across which
      gypsum plasterboard remnants are manually fed to a cutter means 14. The
      cutter means 14 includes a vertically movable cutter blade 16 which cuts
      the plasterboard remnants into plasterboard members 17 of a predetermined
      length when the leading edge of such members engages stop surfaces on the
      front of lugs 18 attached to two conveyor chains 20 located on the
      opposite side of the cutter from the conveyor table. The conveyor chains
      20 both engage sprockets provided on a shaft 22 at the input end of the
      conveyor chain and engage other sprockets on a drive shaft 24 provided at
      the output end of the conveyor chain.
PAR  The conveyor chain 20 transmits the plasterboard members 17 through a
      scoring apparatus 26. The scoring apparatus 26 includes two sets of
      circular saw blades 28 and 30, respectively, positioned above and below
      the plasterboard members 17 as they are fed through the scoring apparatus.
      The lower saw blades 30 are mounted on a common shaft 32 which is driven
      by the coupling chain 34 connected to a sprocket on the conveyor drive
      shaft 24 so that the lower saw blades 30 are driven at the same speed as
      the conveyor chain 20. The upper saw blades 28 are provided on an idler
      shaft 36 which is unconnected to the conveyor chain. Thus, the upper saw
      blades 28 are rotated by engagement with the upper surface of the
      plasterboard members 17 as they pass between the two sets of blades.
PAR  The upper saw blades 18 and the lower saw blades 30 are spaced laterally
      apart approximately four inches to provide longitudinal score lines on the
      upper and lower surfaces of the plasterboard member 17 in an alternating
      manner. Thus, two adjacent score lines on the upper surface are separated
      by a distance of 8 inches and a score line on the lower surface is
      positioned midway between such two upper score lines to enable folding in
      a manner hereafter discussed. In addition, there are two aligned score
      lines extending longitudinally on opposite sides of the plasterboard
      member 17 in the middle in order to enable such plasterboard member to be
      broken into two separate members of equal width by a folding apparatus 38
      as described hereafter and shown in FIG. 3.
PAR  A second pair of conveyor chains 40 is provided for transmitting the scored
      plasterboard members through the folding means 38. Each of the second
      conveyor chains 40 is actually a double conveyor chain mounted at its
      input end on a pair of sprockets attached to the shaft 24 and on another
      pair of sprockets attached to a main drive shaft 42 at its output end. The
      main drive shaft 42 is connected to the output shaft of a suitable
      electric motor 44 by a coupling chain 46, which provides the power for
      both conveyor chains 40 and 20. Electric motor 44 includes a clutch
      operated by a mechanical timer 47 to provide intermittent movement to the
      conveyor chains 20 and 40 so that the plasterboard members 17 are moved
      intermittently from the cutter means 12 to the scoring means 26 and then
      from the scoring means to the folding means 38, as well as from such
      folding means to a stapling means 48. This intermittent movement reduces
      breakage and prevents jambing. Gypsum dust is also reduced by the
      previously described scoring operation of the saw blades 26 and 30, rather
      than using them as saws.
PAR  As shown in FIG. 3, the folding apparatus 38 includes four upper arms 50
      which are mounted in two pairs for pivotal movement on bearings 52. The
      upper ends of the arms 50 are each connected to the piston rods of
      pneumatic cylinders 54 which cause the arms of each pair of upper arms 50
      to rotate toward each other for folding and to rotate away from each other
      after the folded articles or sleuters are removed. In addition, the
      folding means includes two sets of three lower arms including two freely
      pivoting outer arms 56 and a non-pivoting middle arm 58. The lower arms
      are mounted on a carriage 60 which is raised and lowered by rotation of a
      crankshaft 62 whose opposite ends are connected to such carriage by crank
      arms 64. The crankshaft 62 is coupled to a drive shaft 66 by connector
      chains 68, and such drive shaft is driven by an electric motor 70. The
      output shaft of motor 70 is coupled through a clutch to the drive shaft 66
      by another coupling chain 72 and associated sprockets provided on such
      shafts. The clutch of motor 70 is operated by the timer 47 in synchronism
      with the intermittent movement of the conveyor chain 40. As a result of
      rotation of the crank shaft 62, the carriage 60 moves vertically up and
      down in the direction of the double headed arrow 74 in synchronism with
      the pivoting of the upper arms 50 by cylinders 54 in order to fold the
      plasterboard member 17 and break it into a pair of pleated members 17'.
      Thus, the plasterboard is broken apart into two separate members along the
      pair of aligned score lines at the longitudinal center of such board
      underneath a fixed anvil member 74, in a manner hereafter described.
PAR  The upper arms 50 are provided with blade portions 76 while the lower arms
      56 and 58 are provided with similar blade portions 78 and 80 which engage
      the plasterboard and fold it along the score lines. Upon upward movement
      of the carriage, each of the blades 76, 78 and 80 engages the plasterboard
      17 at a position on the opposite side of such board from and aligned with
      one of the longitudinal score lines so that continued upward movement of
      the carriage causes the plasterboard to fold along such score lines.
      However, in the middle of the plasterboard beneath the anvil 74 and above
      a corresponding support plate 82, the plasterboard breaks in half because
      there are two aligned score lines on opposite sides of the plasterboard
      extending along its center in this area. Thus, as a result of the upward
      movement of the carriage 60 and the inward pivoting of the upper arms 50
      by the cylinders 54, the flat plasterboard 17 held at its sides in a pair
      of guides 84 is broken into two plasterboard members 17' which are folded
      into loosely pleated members as shown in FIG. 3. It should be noted that
      the intermediate arms 58 pass between the two conveyor chains forming each
      double conveyor chain 40 supporting the plasterboard 17 prior to folding,
      such plasterboard member being held in a proper longitudinal position by
      lugs 86 which act as stops in a similar manner to lugs 18 on the conveyor
      chains 20 of FIG. 1.
PAR  As shown in FIG. 8, the left end surface of the lugs 18 on the first
      conveyor chains 20, in the position 18', shown in phantom lines, engages
      the front edge of the plasterboard 17 and acts as a stop while such
      plasterboard is being cut to a predetermined length by the cutter means
      14. After cutting, the lug 18 and the chain 20 move forward into the
      position shown in solid lines where its right end surface engages the rear
      edge of the previously cut plasterboard member 17 and acts as a driving
      element. It should be noted that the plasterboard members are manually
      moved from the cutting apparatus 14 onto the conveyor chains 20 by
      movement of the next successive plasterboard remnant along the conveyor
      table 10 into the cutter. However, this could also be done automatically.
      A similar operation of the lugs 86 on the second conveyor chain 40
      properly positions the plasterboard members in the folding apparatus 38
      and the fastening apparatus 48.
PAR  After folding the plasterboard members into pleated members 17', such
      pleated members are moved by the conveyor chains 40 and associated lugs 86
      from the following apparatus 38 into the fastening apparatus 48 which
      preferably includes stapling means. Once this is accomplished, the upper
      folding arms 50 are pivoted back outward by the cylinders 50 and the lower
      folding arms 56 are caused to pivot outwardly into their normal position
      by means of counter weights 88 attached by support shafts 90 to the bottom
      ends of the arms 50 which rotate on bearings 92.
PAR  As shown in FIG. 4, the fastening apparatus 48 includes a plurality of
      pneumatically operated staplers 94 which are mounted on two pairs of
      pressure plates 96 and 98, provided on opposite sides of the pleated
      plasterboard members 17' for injecting staples into the opposite sides
      thereof in order to staple adjacent layers of the members together. The
      outer pressure plate 96 is fixed while the inner pressure plate 98 is free
      to pivot about a hinge 100 at its upper edge. The pivoted pressure plate
      98 is urged toward the fixed pressure plate 96 by a counterweight 102
      adjustably mounted on a support arm 104 attached to the bottom edge of the
      pivoted pressure plate. The input ends of the pressure plates 96 and 98
      are flared to provide end portion 106 and end portion 108, respectively,
      as shown in FIG. 1. These flared input ends guide the pleated member 17'
      from the folding apparatus 38 into the fastening apparatus 48 where it is
      further folded into a tightly compressed bundle prior to stapling.
      Stapling is accomplished by feeding compressed air through solenoid
      actuated valves (not shown) into inlet tubes 110 of the staplers. Staples
      are fed through vertical magazines 112 into the staplers in a conventional
      manner.
PAR  After stapling, the completed sleuters, or spacer members 17', are fed from
      the fastening apparatus 48 onto a transfer apparatus 114 and from there
      onto an accumulator and stacking apparatus 116 in a manner hereafter
      described. As shown in FIG. 5, when the sleuters 17" reach the end of the
      second conveyor chain 40, a pair of pivoted dog members 118 engage the
      rear end of each sleuter and push it onto the transfer apparatus. Thus, a
      hydraulic cylinder 120 is provided so that its piston 122 engages the rear
      end of the dog 118 to cause it to move on a carrier member 124 into the
      dashed line position 118'. The dog is pivotably attached to the carrier
      member 124 at pivot point 126 and its rear end engages a stop pin 127. As
      a result, the sleuters slide into a pair of L-shaped trays 128 in the
      transfer apparatus which are pivotally mounted on support brackets by
      pivots 130, as shown in FIG. 6. The trays 128 are pivoted into the
      dashed-line position 128' by a cylinder 132 whose poston rod is directly
      connected to one tray and is coupled by a coupling rod 134 to the other
      tray. This tips the sleuters from their vertical stapled position with the
      pleated layers extending vertically to a horizontal transfer position with
      their pleated layers extending horizontally and resting on a pair of
      transfer guides 136. Then, the sleuters are moved by a pair of second
      cylinders 138 to the right across the transfer guides 136 onto the
      accumulator and stacking apparatus 116, as shown by the dashed line
      position 139' of the piston rod of cylinder 138.
PAR  The accumulator and stacking means 116 includes an accumulator device 140
      for accumulating an entire row of sleuters 17" before dropping them onto
      the top of the stack. The accumulator has a pair of movable support plates
      142 whose inner edges overlap the stack and support the ends of the
      sleuters 17" in position above the stack and which move in the direction
      of arrow 143 to drop such sleuters onto the stack. Each accumulator plate
      142 is pivotally supported by links 144 and 145 on support member 147 and
      coupled by link 144 to the piston rods of a pair of actuating cylinders
      146. Cylinders 146 cause links 144 and 145 to pivot counterclockwise about
      fixed pivots 148 which retracts the accumulator plates 142 in direction
      143 into the dashed line position 142' and causes the row of sleuters 17"
      to drop onto the top of the stack, as shown in FIG. 7 by arrow 150. It
      should be noted that the cylinders 146 are operated by limit switches when
      the row of sleuters 17" is filled so that the first sleuter reaches the
      end of the accumulator indicating a full row.
PAR  As shown in FIGS. 1 and 2, the stacking means 116 includes a turntable 152
      which is mounted for rotation back and forth through an arc of 90.degree.
      upon actuation of a double acting cylinder 154. Thus, turntable 152
      resiliently supports a lift truck pallet 156 on which the sleuters 17" are
      stacked, urging it upward and rotating back and forth through 90.degree.
      after each row of sleuters 17" is dropped onto the stack by the
      accumulator 140. As a result, alternate rows of sleuters are displaced
      90.degree. to provide a crisscrossing of rows which increases the
      stability of the stack. This reciprocating movement of the turntable 152
      is shown by the double headed arrow 158 in FIG. 1.
PAR  It will be obvious to those having ordinary skill in the art that many
      changes can be made in the details of the preferred embodiment of the
      invention without departing from the spirit of the invention. Therefore,
      the scope of the invention should only be determined by the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for folding sheet members, comprising;
PA1  a plurality of upper arms;
PA1  a plurality of lower arms;
PA1  conveyor means for conveying sheet members between said upper and lower
      arms;
PA1  first means for moving said upper and lower arms toward and away from each
      other; and
PA1  second means for pivoting at least some of said arms to fold the sheet
      member by compressing it between said upper and lower arms into a folded
      member.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 which also includes breaker means
      for pulling said sheet member apart to break the sheet member along a
      separation line into a pair of separate members which are both folded into
      folded members.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 in which the breaker means includes
      means for pivoting at least two of said arms on opposite sides of the
      separation line away from each other to break the sheet member
      simultaneously with said folding.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 which also includes scoring means
      for scoring said sheet members to form fold lines along which the sheet
      members are folded and for feeding the scored members onto said conveyor
      means.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 in which the sheet members are made
      of plasterboard.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 in which the lower arms include at
      least one intermediate lower arm which is not pivoted and is mounted
      between a first pair of pivoted lower arms, and the upper arms includes a
      first pair of pivoted upper arms positioned on opposite sides of said one
      intermediate lower arm and between said first pair of lower arms.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 which also includes a second
      intermediate lower arm mounted between a second pair of pivoted lower
      arms, and a second pair of pivoted upper arms on opposite sides of said
      second intermediate arm and between said second pair of lower arms, and
      breaker arm positioned between said first and second pairs of arms for
      breaking the sheet member into two sheet members when said first and
      second pairs of arms are pivoted toward each other.
NUM  8.
PAR  8. Apparatus in accordance with claim 1 in which the upper and lower arms
      each include an elongated folding edge extending longitudinally of the
      sheet member, the first means includes a powered crank means for moving
      upward a carriage supporting the lower arms, and the second means includes
      fluid cylinder means for pivoting said upper arms.
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ABST
PAL  A cut-sheet feeder, for delivering various sizes of sensitized paper sheets
      to the feed table of a printing machine, has nested adjustable magazines
      for storing quantities of sheets of several predetermined sizes, and the
      magazines extend at an angle beneath the table and have curved discharge
      throats for projecting sheets, one at a time, above and onto the table;
      said throats serving also as light-shields or hoods. Layers of frictional
      material are positioned to hinder the discharge of sheets from the
      magazines, excepting for the foremost sheet of each stack, which is
      normally in contact with a feed roller, urged against it by a spring, and
      the feed rollers are individually driven, each by a separate motor, and
      coordinated by an electrical control system; the feed-roll drive including
      an over-running clutch so that the operator can pull a sheet out, if
      desired, beyond the point to which it may be fed by the feed-roll when
      actuated by the timer-controlled motor. The apparatus also incorporates
      such features as: pivoting of the discharge throats for ready loading of
      the magazines; adjustability of the magazines, not only to receive sheets
      of various sizes, but also to provide for proper storage and feed of
      oblong sheets with either of two differing edges foremost; and means for
      adjusting the sheet feeder to adapt it to different printers.
PARN
PAR  The present application is a continuation of our application Ser. No.
      151,723, filed June 10, 1971, and abandoned as of the filing date of the
      present application.
BSUM
PAR  This invention relates to sheet feeding apparatus, and especially to
      portable apparatus adapted to feed individual paper sheets of
      predetermined dimensions from a stored supply to a zone of operations,
      such as an associated printing machine, the said paper sheets being,
      typically, sensitized sheets for delivery to the feed board of the
      printing machine.
PAR  More specifically, the invention relates to apparatus for storing cut
      sheets of print paper of predetermined dimensions in storage pockets or
      magazines and for feeding sheets selectively, one at a time, from the
      storage pockets or magazines to the feed board of a diazo printer.
PAR  The principal object of the invention is to provide simple, compact
      apparatus adapted to increase productivity in the matching up of
      engineering tracings to diazo or sensitized print paper sheets of various
      sizes by simple selection and feed of a sheet of particular size to the
      feed board of a printer.
PAR  Another object of the invention is the provision of cut sheet feeding
      apparatus adapted for ease of loading of the storage pockets.
PAR  A further object of the invention resides in the provision of apparatus
      adapted to permit the feeding of both the print paper and engineering
      tracing into the printer in an effective manner.
PAR  Another object of the invention resides in the compact nesting and
      disposition of the storage pockets or magazines.
PAR  Other objects of the invention have to do with the provision of effective
      light seals, simple construction of the storage pockets, simple drive
      means, and means preventing double feed of sheets out of the storage
      pockets.
DRWD
PAR  How the foregoing and other objects and advantages of the invention are
      attained will be clear from the following description and drawings which
      illustrate a preferred form of apparatus embodying the invention, in which
      drawings:
PAR  FIG. 1 is an end elevational view of a sheet feeder constructed in
      accordance with the invention;
PAR  FIG. 2 is a plan section taken on the line 2--2 of FIG. 1 illustrating a
      slotted guide plate employed to guide a plurality of sheet feed roll pivot
      arms against twisting movement, in this instance three such pivot arms
      being employed;
PAR  FIGS. 3a and 3b taken together illustrate a widthwise sectional elevational
      view of the apparatus taken as indicated by the line 3a, b - 3a, b in FIG.
      5, with the upper sheet discharge hood omitted;
PAR  FIG. 4 is a detail longitudinal section of a combined flexible coupling and
      clutch device employed at the drive end of the three sheet feed roll
      shafts of the apparatus;
PAR  FIG. 5 is a vertical sectional view taken on the line 5--5 of FIG. 3a;
PAR  FIG. 6 is a somewhat enlarged fragmentary sectional view illustrating the
      upper portions of the sheet storage pockets or magazines and the
      associated sheet dispensing hood and access lid in detail, the hood and
      lid being indicated in their open positions in dot and dash lines;
PAR  FIG. 7 is a fragmentary plan view, taken as indicated by the arrows 7--7 in
      FIG. 6, illustrating an end light restrictive seal between the hood and
      the end frame of the device;
PAR  FIG. 8 is an enlarged detailed sectional view of the lower end of one of
      the sheet storage pockets seen in FIG. 5, taken on the line 8--8 of FIG.
      9, illustrating a readily applicable stop employed in the sheet storage
      pockets to accommodate the pockets to sheets of various sizes;
PAR  FIG. 9 is a cross section taken on the line 9--9 of FIG. 8;
PAR  FIG. 10 is a detail plan view of one of the sheet stops;
PAR  FIG. 11 is an isometric view of the main frame of the apparatus;
PAR  FIG. 12 is an isometric view of the sheet pocket hereinafter referred to as
      the C pocket;
PAR  FIG. 13 is an isometric view of the sheet pocket hereinafter referred to as
      the D pocket; and
PAR  FIG. 14 is an isometric view of the sheet pocket hereinafter referred to as
      the E pocket.
DETD
PAR  Before describing the apparatus in detail the general arrangement of the
      main components of the apparatus will be described and various parts will
      be designated by the terms used hereinafter in the specification.
PAR  By way of example, but not limitation, the apparatus will be described for
      storing and feeding cut sensitized sheets of print paper 17 in. .times. 22
      in. or 18 in. .times.24 in. dimensions hereinafter referred to as of C
      size; sheets of 22 in. .times. 34 in. .times. 24 in. .times. 36 in.
      dimensions hereinafter referred to as of D size; and sheets of 34 in.
      .times. 44 in. or 36 in. .times. 44 in. dimensions hereinafter referred to
      as of E size. In this particular instance, as seen in FIG. 5, three
      storage pockets are employed, the right hand pocket 20 being for sheets of
      C size, the middle pocket 21 being for sheets of D size and the left hand
      pocket 22 being for sheets of E size. By way of example, the pockets each
      typically has a capacity of 250 sheets of 20 lb. paper.
PAR  The apparatus is provided with a main frame 23 comprising a bottom frame
      member 24 of U-shape in plan view (FIG. 11), upright end members or legs
      25, 25, a rear connecting brace 26 and a bottom cross brace 27. At the
      four corners of the bottom frame member 24 caster supports 28 are secured
      in place. These are provided with a plurality of spaced holes 29 for up
      and down height adjustment of the casters 30 (see FIG. 1) to suit the
      height of the feed board 31 of the diazo printer 32. By referring to FIG.
      1 it will be seen that with the caster angle braclets 33 in the position
      shown, certain height adjustment may be made by means of the holes 29 and
      that further height adjustment may be made by reversing the angle brackets
      33.
PAR  The upright end members 25, 25, of the frame slant downwardly, so as to
      extend under the printer feed board 31 (FIGS. 1 and 5). They comprise web
      portions 34 and edge flanges 35 having inturned portions 36 (FIG. 11).
      These end members are welded to the bottom frame member 24. It will thus
      be seen that although the frame is of simple construction it nevertheless
      is very rigid.
PAR  Reverting now to the storage pockets 20, 21 and 22, these are of like very
      simple and light construction and description of the pocket of FIG. 12
      will suffice for an understanding of the construction of the other
      pockets. It comprises front and back plates 37 and 38 of light material
      spaced apart by simple end channel members 39 and lower end closure
      channel member 40. These lower closure members 40 are detachably secured
      in place by bolts 41 as seen in FIG. 8. The pockets are open at the top
      but otherwise they are closed so as to be light restrictive when in place.
PAR  As seen in FIG. 3a the C-size pocket 20 extends in width from the frame leg
      25 at the left to a point intermediate of the left and right legs 25, 25,
      while the D and E-size pockets 21 and 22 extend from the left leg 25 to
      the right leg 25. (see FIG. 3b). The fact that the pocket 20 is narrower
      than the pockets 21 and 22 is clear also from comparison of FIGS. 12, 13
      and 14. It will also be observed from these figures that the end channel
      members 39 of the pockets 20, 21 and 22 are provided with vertically
      spaced studs 45, having threaded holes to receive bolts for securing the
      pockets in place.
PAR  The D-size pocket 21 and the E-size pocket 22 are secured to the webs 34 of
      the legs 25 by means of bolts 46 passing through holes in the webs and
      screwing into the threaded holes of the studs 45 just mentioned (FIGS. 3a,
      3b and 5). The C-size pocket 20, however, since it is narrower than the
      pockets 21 and 22, is secured at its left hand end to the web of the left
      hand leg 25 and at its right hand end by means of bolts 47 to an upright
      angle iron 48 carried by the D-size pocket 21. A limited amount of
      vertical adjustment as between the pockets 20 and 21 is provided by slots
      49 (FIG. 5).
PAR  Before describing the feed mechanism for the discharge of the sheets from
      the pockets the various ways that sheets can be placed in the pockets will
      be described. Referring first to the pocket 20 for the C-size sheets which
      as above mentioned is for receiving C-size sheets of 17 in. .times. 22 in.
      or 18 in. .times. 24 in. dimensions. Assuming now that 17 in. .times. 22
      in. sheets are to be loaded, then a readily applicable stop 60 shown in
      detail in FIGS. 8, 9 and 10 is inserted in slots 61 provided toward the
      bottom of pocket 20 (FIG. 12) and the sheets are inserted short side down,
      i.e., with the 17 in. dimension down. When 18 in. .times. 24 in. sheets
      are to be loaded, the stops 60 are removed and the sheets are inserted
      short side first, i.e., with the 18 in. dimension down, to rest on the
      lower end 40 of the pocket.
PAR  Referring now to the second or middle pocket 21 for the D-size sheets which
      as above mentioned is for receiving D-size sheets of 22 in. .times. 34 in.
      or 24 in. .times. 36 in. dimensions, it is pointed out that when 22 in.
      .times. 34 in. sheets are to be loaded stops 60 are inserted in slots 62
      (FIG. 13) and the sheets are inserted either short or long side first to
      rest against the stops 60. When 24 in. .times. 36 in. sheets are to be
      loaded, the stops 60 are removed and the sheets are inserted short side
      first to rest against the lower end 40 of the pocket. As seen in FIG. 13,
      other slots 63, and 64 are provided in the pocket 21 for receiving stops
      60 if sheets are to be inserted in the pocket long side first.
PAR  Referring now to the third or left hand pocket 22 which as above mentioned
      is for receiving E-size sheets of 34 in. .times. 44 in. or 36 in. .times.
      44 in. dimensions, the sheets are inserted, short side first, no stop is
      used, and the sheets rest against the fixed end 40 of the pocket. It is
      here mentioned that in the event that a user does not desire to process
      E-size prints, he may use the E-pocket for storing D-size sheets by
      inserting stops in suitably located slots 65 in the pocket 22. Thus the
      user is enabled to readily double up on storage of D-size sheets. It is
      pointed out that other stop slots 66 are provided in the pockets for
      storing sheets of odd size, if desired.
PAR  It is further pointed out that if a user should want to handle sheets of
      greater length than the E-pocket will accommodate, a longer pocket may
      readily be substituted for the standard E-pocket as indicated in dot and
      dash lines at 67 in FIG. 14.
PAR  Referring now to the sheet feed mechanism of the apparatus, as shown in
      FIG. 3a; this comprises in general three drive motors C1, D1 and E1 and
      associated gear reduction units of known form indicated at 70, 71 and 72,
      having power take-off shafts 73, 74 and 75. (see FIGS. 1 and 4).
PAR  The drive motor C1 with its gear unit 70 is secured to the upper end
      portion of a pivoted upright arm 76, the drive motor D1 with its gear unit
      71 is secured to the upper end portion of a pivoted upright arm 77, and
      the drive motor E1 with its gear unit 72 is secured to the upper end
      portion of a pivoted upright arm 78.
PAR  As clearly seen in FIGS. 1 and 3a and the three pivoted arms 76, 77 and 78
      are grouped closely together and are pivotally mounted by means of
      bearings 79 on a common non-rotating laterally extending shaft 80
      supported adjacent its ends in the webs 34 of the frame members 25, 25.
      The shaft 80 is laterally positioned by snug fitting collars 81, 81.
PAR  As seen in FIGS. 1, 2 and 3a, the pivot arms 76, 77 and 78 are of
      relatively thin form and are guided, toward their upper ends, against
      twisting, by a slotted guide plate 82 (FIG. 2) secured to the inturned
      flanges 36 of the end frame legs 25 by an angle iron 83, it being noted
      that the widths of the pivot arms are increased somewhat at 84 in the
      region of the guide plate 82 to better insure against twisting.
PAR  The provision of arms of relatively thin material, their compact grouping
      and guidance against twist, and their mounting by relatively simple
      bearings 79 on the common shaft 80, result in desirable compactness of
      design.
PAR  The power take-off shafts 73, 74 and 75 are respectively connected to the
      sheet feed shafts 90, 91 and 92 of the three pockets 20, 21 and 22 by
      means of combined flexible couplings and clutch units 93. The unit 93 for
      the pocket 20 is illustrated in detail in FIG. 4 and will be fully
      described later.
PAR  As seen in FIG. 3a, the sheet feed shaft 90 of the pocket 20 is rotatably
      mounted at its right hand end in the upper end of a pivoted arm 94 located
      adjacent the right hand end of the pocket 20 and pivotally mounted on the
      common shaft 80 by a bearing 95. It is noted that the shaft 90 ends at the
      pivoted arm 94 but that the common shaft 80 continues on to the right hand
      end of the apparatus.
PAR  The sheet feed shaft 91 of the pocket 21 is rotatably mounted at its right
      hand end in the upper end of a pivoted arm 96 located as shown in FIG. 3b
      which is pivotally mounted on the common shaft 80 by a bearing 97.
PAR  The sheet feed shaft 92 of the pocket 22 is rotatably mounted at its right
      hand end in the upper end of an outboard pivoted arm 98, which is
      pivotally mounted on the common shaft 80 by a bearing 99.
PAR  Each of the sheet feed shafts 90, 91 and 92 has secured thereon, in
      suitably spaced lateral relationship, sheet feed rollers 100, preferably
      of rubber, which are held in feeding contact with the sheets of the
      pockets in a manner further appearing. These rollers can be adjusted
      laterally by means of collars 101 secured to their shaft by suitable set
      screws.
PAR  As seen in FIG. 1, each of the three pivot arms 76, 77 and 78 has a
      counterbalancing strap spring device (also known as a Negator) 102
      connected thereto at 103, which act to bias the levers and motors toward
      the right. Also as seen in FIGS. 1 and 2, each arm also has a spring 104
      connected at one end to a clip 105 adjustably carried by the arm and at
      its other end to an eyelet 106 of the fixed guide plate 82. These springs
      are adjusted to a strength such as to maintain the feed rollers in contact
      with the sheets with sufficient pressure to effectively cause feed of
      sheets out of the pockets. At the opposite, or right end, similar springs
      107 (FIG. 5) are provided for the pivoted arms 94, 96 and 98 at that end.
      No Negators are employed at this end.
PAR  Reverting now to the combined flexible coupling and clutch units 93 for the
      three pockets, since all three are of like construction, only the unit for
      the pocket 20, illustrated in detail in FIG. 4, will be described. The
      coupling comprises a collar 110, secured on the output shaft 73 of the
      gear unit 70 of motor C1, and connected by a spiral spring 111 to a second
      collar 112 secured on a shaft 113 of the clutch in known manner. The
      clutch, known in the art as a "Marquette Clutch", includes the shaft 113
      which has a collar 114 secured thereon which in turn is connected by a
      torsion spring 115 to a coaxial sleeve 116 having an antifriction bearing
      117 on the shaft 113. The sleeve 116 is connected by a split collar 118 to
      the sheet feed shaft 90.
PAR  The flexible coupling allows for any slight misalignment of the output
      shaft 73 and the sheet feed shaft 90. Also if, for example, one should
      take hold of the right hand end of the feed shaft 90 and shift it, the
      flexible coupling would yield and thus prevent undue strain on the output
      shaft 73. Also the tension of the pivot arm springs at the left hand end
      might differ somewhat from the tension of the pivot arm springs at the
      right hand end thus causing the feed roll shaft to be slightly out of
      alignment with the gear box shaft, and in such event this novel
      arrangement of combined coupling and clutch unit provides what may be
      termed a floating connection between the shafts.
PAR  The Marquette Clutches, as is well known, are free wheeling clutches and
      serve a very unique and important purpose in the present invention, as
      will further appear.
PAR  As seen in FIGS. 1 and 3a, the apparatus includes three push button
      switches S1, S2 and S3, one for each pocket, and an on and off switch S4
      conveniently located at the top of the end frame member. It will be clear
      from the foregoing that the provision of separate, adjustable, timers for
      controlling the motors which actuate the feed rolls for the several
      magazines makes it possible to adjustably control the distance that the
      loading edge of the various-sized sheets is thrust onto the feed table 31,
      which greatly facilitates the work of the operator who must register the
      sheets with the reproducibles as they are delivered into the printer. This
      is an important factor in the productivity of the operator and of the
      installation as a whole. Timers TC, TD, and TE are connected into the
      circuit of the switches, which timers are adjustably set to time out and
      stop motor feed of the sheets after a desired amount of sheet has been fed
      onto the feed board of the printer. In some instances the whole sheet is
      fed onto the feed board, but in other instances it is desirable to stop
      feed of the sheet when it is part way on the feed board so that the
      operator can pull the sheet out to match it with the engineering tracing.
      When this is done the Marquette Clutch will free wheel. Without this
      provision for free wheeling, it would be difficult to pull a sheet out of
      the pocket because there would be a tendency to force the feed rolls
      against the pocket wall, thus offering resistance against pull.
PAR  As seen in FIG. 1, the timers, associated relays R, and transformer T, are
      located in a readily accessible box 119 mounted on the upright leg of the
      frame.
PAR  Referring now in particular to FIGS. 5, 6 and 7 it will be seen that the
      apparatus includes a pivoted hood 125 through which the sheets are
      discharged. The hood extends from the left hand frame leg 25 to the right
      frame leg 25 and is provided with laterally extending partitions 126 and
      127 dividing it into three sheet discharge channels 128, 129 and 130
      terminating in sheet discharge openings 131, 132 and 133. Channel 128 is
      for the C-size sheets, channel 129 for the D-size sheets and channel 130
      for the E-size sheets. In FIG. 6 the path of the discharging sheets is
      indicated by dash lines 134, 135 and 136.
PAR  The hood 125 is hinged at 137 to the frame end legs and is shown, in dot
      and dash lines at 125a, in its open, sheet loading, position (FIG. 6). As
      shown in FIG. 7, sponge-like edge seals 138 are provided between the hood
      and the frame legs 25 to seal against the entrance of light. Although some
      light could enter through the sheet discharge openings 131, 132 and 133,
      this is largely deflected or "bounced off" and the sheets are not
      subjected to direct light exposure.
PAR  From the above it will be clear that the hood not only acts as a
      light-restricting cover, but also as a guide for sheets for any one of the
      several magazines.
PAR  Associated with the hood 125 is a hinged access lid 139 having a
      sponge-like seal 140 between it and the hood to provide a light seal. This
      lid is adapted to be swung to the open position indicated in dot and dash
      lines at 139a in FIG. 6 to give access for sheet loading.
PAR  Another unique feature of the invention resides in the provision of means
      for preventing more than one sheet at a time being fed out of the pockets.
      This is prevented or minimized by the simple expedient of friction
      surfaces, for example of material sold under the trademark Scotch Tread
      and indicated by reference character 145, at the discharge outlets of the
      three pockets as best seen in FIG. 6. The Scotch Tread extends for the
      full width of the pockets (FIGS. 12, 13 and 14). Such Scotch Tread 146 is
      also provided at the inner surfaces of the top wall of the hood.
PAR  These friction surfaces or Scotch Tread act as follows. In the event that
      two sheets which are stuck together, for example, by reason of a burr
      caused in the cutting of the sheets, were fed upwardly, the leading edge
      of the rear sheet would engage the friction surface and be stopped to
      break the bond between the two sheets. It has been found in practice that
      when there is a full pack of sheets in the pocket there is no difficulty
      in feeding the sheets out one at a time. This is attributed in part to
      weight of the pack of sheets and to the slope or lean of the pockets.
      However, when feed of sheets approaches the end of a pack, there is a
      tendency for more than one sheet or even all of the remaining sheets to be
      fed out as a bundle, because in the absence of the friction surfaces
      referred to, the smooth surfaces of the pocket walls would not offer
      resistance to the sheet next to the wall and also because there would be
      greater friction between the remaining sheets, causing them to be
      discharged together.
PAR  Reverting now to the feed roll shafts, it will be observed that since they
      are spring loaded they would be urged to the left, as viewed in FIG. 6,
      and therefore when the pockets are empty of sheets they would in this
      position constitute an obstruction to the reloading of the pockets with
      sheets. In other words, they would have to be held to the right when
      reloading. To accomplish this in a simple manner the pockets 20 and 21 are
      provided with detent pins 150, 150 (FIG. 6) which when raised to their up
      positions, shown in full lines, allow the spring loaded roller shafts to
      swing freely to the left, and which, when pushed down to their dotted
      positions 150a, enter behind the shafts to hold them in retracted position
      leaving an unobstructed opening for ready sheet loading.
PAR  The feed roll shaft 92 of pocket 22 is held in such a retracted position by
      means of a latch shown in shaft release position at 151 in FIG. 6 and in
      shaft retracting position at 151a.
PAR  In order to prevent the rubber feed rolls from being squeezed against the
      adjacent pocket walls when the roll shafts are moved into retracted
      positions, Teflon buttons 152 (FIG. 6), engageable by the roll shafts, are
      provided in the adjacent pocket wall, which buttons act as stops limiting
      the movement of the roll shafts.
PAR  A very important feature of the present apparatus, in addition to its
      effectiveness of operation, resides in the compactness of its design, made
      possible by the employment of storage pockets for the sheets of various
      sizes which are closely nested together (FIG. 5) so as to keep the cross
      sectional dimension of the apparatus to a minimum. Also the novel manner
      of curving the pockets 21 and 22 for the sheets of larger size forwardly
      under the pocket 20 for the sheets of smaller size is advantageous in
      keeping the height of the apparatus down to a minimum. The sloping of the
      pockets is of importance not only from an operational standpoint but also
      in that a major portion of the apparatus projects under the feed board of
      the associated printer with the result that there is a minimum outward
      protrusion of the apparatus from the printer.
PAR  Its lightweight construction makes it easily portable and its caster
      adjustability enables it to be readily raised and lowered to match the
      cushioning pads 153 (FIGS. 1, 5 and 6) with the height of the printer feed
      board 31.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a paper sheet feeder of the type having a plurality of adjacent,
      generally upright and parallel sheet storage magazines, each dimensioned
      to store a stack of sheets of a different size, each magazine having a
      stack loading and sheet egress opening adjacent an upper edge portion
      thereof, and means for engaging the sheet stack in each magazine and for
      feeding the sheets, one at a time, from any selected magazine through the
      magazine opening and toward a zone of paper use, the improvements which
      comprise: a plurality of feed rolls each disposed within a corresponding
      one of said magazines for contact with an upper portion of a side sheet of
      the stack in that magazine, said feed rolls being rotatable to drive the
      contacted sheet outwardly of the magazine opening; a plurality of elongate
      lever means each disposed exteriorly of and having portions adjacent a
      corresponding one of said magazines; and each carrying one of said feed
      rolls, with freedom for swinging movement of the roll away from the stack
      in its corresponding magazine; means disposed in the region of the lower
      edges of said magazines and establishing a single axis extending in a
      direction transverse the planes of swinging movement of said lever means;
      means mounting lower end portions of each said lever means with freedom
      for pivotal movement about said single axis, and consequent swinging
      movement of each feed roll toward and away from its magazine stack; rigid
      frame means having spaced, vertically extending, end members supporting
      said magazines therebetween, said means for mounting said lever means
      being supported upon at least one of said end members; and such end member
      having, rigidly secured thereto, means contacting and confining
      intermediate portions of said lever means and preventing twisting
      movements of the latter.
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ABST
PAL  The invention relates to a control arrangement for sheet feeders having a
      pull-off device for transferring the sheets serially to a continuously
      operating conveyor apparatus, with disposed in the path of the sheets, a
      sensor which, when it recognises the rear edge of a sheet, generates a
      switching signal by means of which the pull-off device can be switched on,
      and having a switch arrangement by means of which the pull-off device can
      be switched off after a delay.
BSUM
PAR  Known control arrangements of this type switch the pull-off device, which
      is preferably constructed as a constantly rotating suction wheel which can
      be switched to and from the effective and ineffective conditions by means
      of a valve, alternately on and off. The moment of switching is determined
      thereby by the position of a control shaft, the rotary speed and angular
      position of which are in a predetermined relationship to the speed of
      conveyance of the conveying apparatus and of the pull-off arrangement or
      with the operating cycle of the pull-off device. In order to be able to
      effect the necessary adaptation of the switching times for the pull-off
      device to different sizes of sheets and different speeds of operation,
      preferably infinitely variable, regulating transmissions with switching
      cams are used. In addition to the relatively considerable cost, a further
      disadvantage in this case is the necessity to adjust the control system
      accurately to the new sizes whenever there is a change in the format
      length and in the working speed, because the time taken is relatively
      considerable even in the case of an experienced operator. Moreover, during
      the test runs required for correct adjustment, there may be breakdowns in
      sheet feeding which means that sheets becomes useless. These disadvantages
      also occur if pulse transmitters are used since also these have to be
      adjusted afresh whenever there is a change in speed and/or format length.
PAR  It has indeed already been suggested to provide the control arrangement
      with a sheet feeler under which the sheets conveyed by the pull-off device
      travel a short distance and which, upon recognising the leading edge of a
      sheet, switches the pull-off device to the ineffective state after a delay
      and allows it to resume the effective condition only when the sheet feeler
      has recognised the rear edge of the sheet. In consequence, the next sheet
      is not conveyed by the pull-off device until the rear edge of the
      preceding sheet is at a definite distance from the leading edge of the
      following sheet. Since this distance depends upon the location of the
      sheet sensor or feeler along the path, then in theory it is independent of
      the sheet length and working speed. To this extent, therefore, a
      readjustment of the control arrangement when there is a change in sheet
      length or working speed is unnecessary. Furthermore, relatively small
      distances between two successive sheets can be adjusted which is important
      to the efficiency of the sheet feeder.
PAR  Nevertheless, in the case of this proposal which does not form part of the
      state of the art, trouble-free operation is not possible without the
      control arrangement being adapted to different sheet formats and working
      speeds, because a change of format or of working speed necessitates an
      adaptation of a delay after which the pull-off device is switched off,
      once the leading edge of the sheet has reached the sheet feeler. A long
      and heavy sheet namely requires a longer switched-on period for the
      pull-off device in order to be reliably taken up by the continuously
      operating conveyor apparatus and transported on, than light and short
      sheet. On the other hand, however, the pull-off device ought not to be
      switched on for too long as otherwise there is a risk of the sheet being
      damaged or not being properly aligned.
PAR  According to this proposal, the delay can be brought about by means of a
      control cam. However, this cam must be changed for another if it is
      intended to alter the delay. An alteration is therefore troublesome and is
      only possible in stages. A further disadvantage of a mechanically retarded
      switch-off of the pull-off device resides in the fact that the delay
      period runs from the moment the pull-off device is switched on. Above all,
      when using a suction wheel as the pull-off device, it can happen that
      between the moment of switching on and the commencement of transportation
      of the sheet, a certain time may elapse, the extent of which can vary
      quite considerably since it depends upon various external influences. A
      sheet which is late in being picked up by the pull-off device is only
      conveyed over a corresondingly shortened distance, which can mean that it
      is not taken up and transported on by the continuously operating conveyor
      equipment. Since the next sheet is pushed over the preceding sheet, a
      breakdown in operation is inevitable in such cases. The risk of such
      breakdowns can indeed be somewhat alleviated by providing for an increased
      gap between two successive sheets. This solution however only prevents
      breakdowns in these cases where the continuously operating conveyor
      apparatus is still late in taking up and transporting on the sheet which
      has not been conveyed sufficiently far by the pull-off device.
      Furthermore, increasing the distance between two sheets diminishes the
      performance of the sheet feeder quite considerably, particularly in the
      case of small-sized sheets.
PAR  The invention is based on the problem of providing a control arrangement
      for sheet feeders which does not have these disadvantages, which therefore
      requires no or at least no complicated change-over when there is a change
      in sheet format and/or working speed and which moreover, even with a
      minimal spacing between sheets guarantees a troublefree transference of
      the sheet conveyed by the sheet pull-off device to the continuously
      operating conveyor apparatus. On the basis of a control arrangement of the
      type mentioned at the outset, this problem is, according to the invention,
      resolved in that the switching arrangement has a second sensor which is to
      be disposed downstream of the first sensor in the path of the sheets in
      the direction of transport and in that a logic circuit with a storage
      function is provided, which so links the signals from the two sensors in
      the event of an adjustment, to generate control commands for the pull-off
      device, and stores these signals, that one binary value of the output
      signal of the logic circuit is associated with recognition of the rear
      edge of a sheet by the first sensor and the other binary value is
      associated with the recognition of the leading edge of a sheet by the
      second sensor.
PAR  In consequence, it is possible not only for the control automatically to be
      adapted to different sheet sizes and for the selected distance between two
      successive sheets to be maintained constant regardless of the working
      speed, but it is also ensured that independently of the moment when
      transportation commences, each sheet is conveyed sufficiently far by the
      pull-off device that it is reliably taken over by the continuously
      operating conveyor arrangement and is transported onwards, the next sheet
      only being set in motion by the pull-off device when the preceding sheet
      has reached the preset distance from the leading edge of the subsequent
      sheet. The second sensor namely maintains the pull-off device in an active
      condition until such time as the leading edge of the sheet which it is
      conveying has reached the point along the path which is determined by the
      position of the second sensor, at which onwards transportation by the
      continuously operating conveyor apparatus is guaranteed. Therefore, the
      fact that the pull-off device becomes effective after a time lag with
      respect to the switch-on command is immaterial and therefore, no
      breakdowns can occur for this reason. Furthermore, since the pull-off
      device is only switched on again when the first sensor establishes the
      rear edge of the sheet, the distance between the leading sheet and the
      following sheet depends neither on the sheet length nor on the working
      speed but only on the position of the first sensor. Therefore, if the two
      sensors are adjusted to the desired interval between two successive sheets
      or the distance which it is desired that the sheet pull-off device should
      convey the sheets, then in the case of a change of format or alteration to
      the working speed, the control arrangement will not need to be readjusted.
      At most in the case of very long sheets, it may be necessary somewhat to
      increase the distance between the first sensor and the second in order to
      obtain a considerable distance of conveyance by the pull-off device.
      However, since this adjustment is not critical, it can be performed
      quickly and without difficulty even by an operator having no special
      knowledge or experience, for example by using a marking. The control
      arrangement according to the invention therefore enhances the efficiency
      of the sheet feeder in that operational breakdowns are avoided, in that
      very small intervals can be adjusted between two successive sheets and in
      that adjusting times when changing to a different sheet format or a
      different working speed are unnecessary. Furthermore, the economy is
      enhanced in that by reason of the considerably simplified operation, the
      demands of the operator are substantially lower than in the case of known
      sheet feeders, so that even partially skilled persons can operate the
      apparatus and in that simultaneous operation of several machines is
      readily possible.
PAR  The logic circuit with a storage function can have at least one flip-flop
      to achieve the storage function. The storage function can however also be
      obtained by using a relay having a self-latching contact, or by using
      transistors. The two last-mentioned solutions make it possible in a
      particularly simple manner to switch the store with signals of opposite
      polarity over from one condition to the other and so exclude incorrect
      switching operations.
PAR  In the case of one advantageous from of embodiment, a dynamic input circuit
      is associated with each of the inputs of the flip-flop receiving signals
      from the sensors. This is a simple way of ensuring that sensors can be
      used which generate a pulse extending over the entire duration of the
      scanning of a sheet.
PAR  In the case of a preferred form of embodiment, the first sensor is
      connected to an input of the first field of the flip-flop and the second
      sensor is connected to the input of an intermediate element having two
      outputs for one and the other binary value of the output signal. In the
      case of an adjustment to generate control commands for the pull-off
      device, it is in this case the second output which delivers the inverse
      output signal which is connected to an input of the first field which is
      disjunctively linked to the other input of this field and the first output
      which is connected to an input of the second field of the flip-flop. Such
      a circuit arrangement affords an opportunity easily of switching the
      second sensor over to sensing the rear edge of the sheet.
PAR  In the case of an advantageous form of embodiment, the first field of the
      flip-flop has a further input which is disjunctively connected to the
      others and to which, via a pulse forming circuit the potential-carrying
      pole of the energy supply circuit for the logic circuit is connected. When
      the energy supply is switched on, the flip-flop can be actuated via this
      input if, as this is conveniently the case, it is so constructed that it
      normally moves into the released state when switched on.
PAR  As a rule, it is necessary to count the sheets which are fed. Expediently,
      this counting is effected by means of pulses generated by the second
      sensor and preferably picked up at the first output of the intermediate
      member disposed downstream of this sensor.
PAR  Particularly if light barriers are used as sensors, which is advantageous
      by reason of the contact-free method of operation, it is expedient for
      each of the two sensors to be followed by a pulse former circuit so that a
      sufficient flank steepness of the pulses applied to the dynamic input
      circuits is guaranteed.
PAR  In the case of a preferred form of embodiment, there is associated with the
      logic circuit a switch the first position of which corresponds to a
      setting for generation of control commands for the pull-off device and the
      second position of which corresponds to a setting for the generation of
      control commands for a glue applicating device. With such a glue
      applicating device, glue is applied to the sheet whereby it is frequently
      necessary to commence applying glue at a definite distance from the
      leading edge of the sheet and to complete it at a definite distance from
      the rear edge. Such a control of the glue applicating device can easily be
      achieved by positioning the first sensor at a place where the rear edge of
      the sheet is disposed, when the beginning of the area to which glue is to
      be applied is just beneath the glue applicating device. The second sensor
      is positioned between the glue applicator and the first sensor at a place
      which is reached by the rear edge of the sheet when the end of the area to
      be provided with glue is disposed beneath the glue applicating orifice.
      The signal from the first sensor which corresponds to recognition of the
      rear edge of the sheet then sets the gluing apparatus in operation and the
      signal corresponding to recognition of the rear edge of the sheet by the
      second sensor switches it off again when the switch which in the first
      position connects the first output of the intermediate element to the
      first input of the second field of the flip-flop and the second output of
      the intermediate element to an input of the first field of the flip-flop,
      in the second position connecting the second output of the intermediate
      element to the first input of the second field. The ability to switch over
      the control arrangement is particularly advantageous above all when the
      circuit is built up on one or a plurality of push-in cards, because then
      fewer reserve cards have to be kept in readiness for substitution in the
      case of a breakdown and if necessary it is possible also to use a plate of
      a system for controlling the pull-off device to control a glue applicator
      device or vice versa.
PAR  When the pull-off device is switched off, in order to prevent a sheet
      remaining between the pull-off device and the continuously operating
      conveyor, because such a sheet might cause breakdowns, particularly
      overlapping, when the apparatus is switched on again, an advantageous form
      of embodiment has downstream of the flip-flop an additional logic circuit
      which prevents switching off the pull-off device and/or switching it on
      again if a sheet has already been taken up by the push-off device but has
      not yet been conveyed by the continuously operating conveyor. This
      additional logic circuit may for example have a NAND element with three
      inputs, one input being provided to receive the output signals of the
      flip-flop, its other inputs being provided to receive the output signals
      of the one and the other sensor. Furthermore, the output of the NAND
      element is connected to an input of one field of a second flip-flop the
      other field of which has an input for a sheet feed signal while its output
      is provided for control of the pull-off device. Regardless of the
      switch-off or switch-on time, this additional logic circuit ensures that
      the pull-off device is only switched off when the second sensor has
      recognised the leading edge of the sheet and is only switched on again
      when the rear edge of the preceding sheet has been recognised by the first
      light barrier.
DRWD
PAR  The invention will be explained in detail hereinafter with reference to
      various examples of embodiment which are shown in the attached drawings,
      in which:
PAR  FIG. 1 shows a simplified side view of a sheet feeder with an example of
      embodiment of control arrangement according to the invention;
PAR  FIG. 2 shows a part of the control circuit and a view of a push-in card
      carrying the remaining part of the circuit, with the holder associated
      with it;
PAR  FIG. 3 shows the part of the control circuit carried by the push-in card;
PAR  FIGS. 4a to 4f each show a diagrammatic view of the positions of the sheets
      to be conveyed in relation to the sensing devices for controlling the
      pull-off device;
PAR  FIGS. 5a and 5b each show a diagrammatic view of the positions of the
      sheets in relation to the sensing devices for controlling a gluing
      apparatus;
PAR  FIG. 6 is partial view of a circuit of a modified embodiment of the control
      arrangement according to the invention;
PAR  FIG. 7 shows an alternate embodiment of the part of the control circuit
      carried by the push-in card as well as the two light barriers and the
      electromagnets of the suction valve, and,
PAR  FIG. 8 shows another alternate embodiment of the part of the control
      circuit carried by the push-in card as well as the two light barriers and
      the electromagnets of the suction valve.
DETD
PAR  A machine frame 1 of a sheet feeder carries in vertically adjustable manner
      a stack table 2 which is automatically moved upwardly corresponding to the
      withdrawal of sheets 3 stacked on it, so that the distance between the
      topmost sheet and the suction wheel 4 which serves as a pull-off device is
      always constant. The suction wheel 4 which rotates continuously while the
      sheet feeder is operating is, as FIG. 1 shows, disposed above the leading
      marginal zone of the sheets 3 and has in its interior a fixed suction box
      5 which masks only a few of the slots in the suction wheel which happen to
      be opposite the topmost sheet, so generating a vacuum only in the region
      of these slots when it is communicating with a vacuum source; not shown.
PAR  In order to control the suction box 5 and thus the conveying action of the
      suction wheel 4, an electromagnetically operable suction valve 6 is
      provided, the example of embodiment incorporating a three-way valve.
PAR  The purpose of the suction wheel 4 is to feed the sheets 3 one after
      another to an onward-transport table 7 which is provided with a belt
      conveyor 8 which operates continuously so long as the sheet feeder is
      operating. The onward transport table 7 has extending along the path of
      the sheets 3 a rail 9 on which, at any desired locations, two light
      barriers 10 and 11 can be disposed and secured each by a locking screw
      10', 11'. The light barriers 10 and 11 operate with reflected light which
      is why the transmitter and the receiver are disposed in a common housing.
PAR  The light barriers 10 and 11 are parts of a control arrangement which
      controls the suction valve 6 and thus the conveying action of the suction
      wheel 4. Such a control is necessary so that regardless of the sheet
      format and the speed of conveyance, the sheets 3 are always transferred by
      the suction wheel 4 sufficiently onto the onward transport table 7 that
      the belt conveyor 6 can reliably take up and onwardly transport the
      sheets. Furthermore, it is an object of the control arrangement to
      maintain the distance between successive sheets at a desired value. This
      distance is determined by the position of the first light barrier 10,
      since the control arrangement is so constructed that the suction wheel 4
      conveys the next sheet 3 when the rear edge of the previously conveyed
      sheet is passing the first light barrier 10. Movement of the first light
      barrier 10 to the right, as viewed in FIG. 1, therefore produces a smaller
      distance between successive sheets while a movement to the left increases
      the spacing. The distance over which the sheets 3 are conveyed by the
      suction wheel 4 is determined by the position of the second light barrier
      11, since the control arrangement renders the suction wheel ineffective
      when the second light barrier 11 recognises the leading edge of the sheet.
      Therefore, the light barrier 11 is so positioned on the rail 9 that the
      sheet is reliably transported on by the belt conveyor 8 when the leading
      edge enters the beam of light from the light barrier 11.
PAR  All component parts and connecting lines for the control arrangement, with
      the exception of the two light barriers, are disposed on a card 12, also
      referred to as a plate, which can be inserted into a holder 13 which
      guides it laterally and which, in the example of embodiment, has terminals
      16 capable of contacting corresponding plug contacts on the card 12.
PAR  The control arrangement is supplied with 24 volts current from an
      alternating current source, now shown, usually provided in the sheet
      feeder. One pole of the alternating current source is connected to the
      terminal 56 of the holder 13, the other to terminal 55 and to the terminal
      46 through a sensor switch 14 which is constructed as an opener. As FIG. 2
      also shows, the electromagnetic drive of the suction valve 6 is connected
      to the terminals 45 and 54. The light sources for the two light barriers
      10 and 11 are connected to the terminals 49 and 51 or 50 and 52, while the
      receivers are connected to terminals 41 and 47 or 42 and 48.
PAR  FIG. 3 shows the assemblies disposed on the card 12. On the primary side, a
      transformer 15 is connected through a fuse to the contacts associated with
      the terminals 55 and 56. The secondary side of the transformer 15 feeds a
      rectifier 36 and also, through a separate winding, the lamps of the two
      light barriers 10 and 11. The generation of the direct current voltage
      required to operate the control arrangement via the transformer 15 has the
      advantage that interference voltages can substantially be kept remote from
      the control arrangement. The output of the rectifier 36 which is connected
      to earth and which is designated M is connected to the terminals 47 and
      48. The other output divides into a branch P.sub.1 and a branch P.sub.2.
PAR  Disposed in the branch P.sub.2 is a closed circuit P.sub.1 of a relay R
      connected in parallel with which there is a capacitor 17, and which is
      connected on the one hand to the contact associated with the terminal 56
      and on the other to a series connection comprising a diode 18 and a
      resistor 19 and which is in turn connected to the contact associated with
      the terminal 46. Via the terminals 55 and 56, a second rectifier 20 which
      supplies the voltage to energise the suction valve 6, is also fed.
PAR  The signals generated by the light barrier 10 are fed to a pulse former 21
      which generates rectangular pulses. The output of this pulse former 21
      which yields an inverse signal is connected via a dynamic input circuit 22
      which in the example of embodiment illustrated corresponds to a
      change-over of the input signal from 1 to 0, is connected to an input
      E.sub.3 of the second field of a flip-flop 23. The output A of the second
      field has in its basic position the condition 1.
PAR  The second light barrier 11 is connected to a pulse former 24 which in
      addition to an output A has an inverse output A. The output A is, in one
      switch position of a reversing switch 25 shown in FIG. 3 and having two
      switch positions, connected to a dynamic input circuit 26 which is
      constructed in the same way as the dynamic input circuit 22. The dynamic
      input circuit 26 precedes an input E.sub.1 of the first field of the
      flip-flop 23.
PAR  In the other switch position of the change-over switch 25, this latter
      connects the output A of the pulse former 24 to the dynamic input circuit
      26. In the case of the first switch position of the change-over switch 25,
      shown in FIG. 3, in which control commands for the suction valve 6 are
      produced, on the other hand, the output A of the pulse former 24 is
      connected through a dynamic input circuit 27 which is constructed in the
      same way as the dynamic input circuit 26, and via a second set of contacts
      of the change-over switch 25, to an input E.sub.4 of the second field of
      the flip-flop 23.
PAR  A third set of contacts on the change-over switch 25 connects the output of
      a pulse former 28 which converts a rising flank of an input signal into
      the trailing flank of a rectangular pulse, is in the first switch position
      connected to the input E.sub.5 of the second field and in the second
      switch position is connected to an input E.sub.2 of the first field of the
      flip-flop 23. The input of this pulse former 28 is connected to the branch
      P.sub.2 of the output of the rectifier 36.
PAR  Disposed downstream of the output A of the flip-flop 23 is an amplifier 29,
      the output of which is connected to the contact associated with the
      terminal 45.
PAR  Since it is generally desired to count the number of sheets 3 which are
      conveyed and to produce a small gap after a selectable number of sheets,
      in order to facilitate grouping of the sheets together into quantities of
      a definite number, a counter 30 (FIG. 2) is provided which obtains its
      counting pulses from the pulse former 24 disposed downstream of the second
      light barrier 11. As FIG. 3 shows, the output A of the pulse former 24 is
      connected to the point of connection of two resistors 31 and 32 which are
      connected in series and which connect one input of an initial stage 33 to
      the branch P.sub.1 of one output of the rectifier 36. The other input is
      connected to the earthed output of the rectifier 36. Connected to the
      output of the initial stage 33 via the terminals 43 and 44 is the input to
      the counter 30.
PAR  The two pulse formers 21 and 24 receive their operating voltage through the
      branches P.sub.1 and M, the pulse former 28, the dynamic input circuits
      22, 26 and 27, the flip-flop 23 and the amplifier 29 receiving their
      operating voltage through the branches P.sub.2 and M.
PAR  Before the control arrangement is switched on, the drive of the suction
      wheel 4 and the belt conveyor 8 are switched on. The sheets 3 at this
      moment are still all on the stack table 2, as shown in FIG. 4a. When,
      then, the control arrangement is switched on, the flip-flop 23 is in the
      erased state, in which it generates an output signal which produces an
      opening of the suction valve 6 and thus a withdrawal of the topmost sheet
      3 from the stack by the suction wheel, this sheet being conveyed onto the
      onward transport table 7.
PAR  As FIG. 4a shows, the two light barriers 10 and 11 initially produce no
      signals since there is no sheet beneath them.
PAR  When the first sheet arrives beneath the first light barrier 10 (FIG. 4b),
      then this light barrier generates a signal to which the dynamic input
      circuit 22 does not respond and which therefore does not arrive at the
      input E.sub.3 of the flip-flop 23. Since the flip-flop is already in the
      erased state, this input signal produces no change in the condition of the
      flip-flop. Only when the leading edge of the sheet enters the beam of
      light from the second light barrier 11 (see FIG. 4c) does the resultant
      signal which passes through the pulse former 24, the output A thereof and,
      at the first switch position of the change-over switch 25, via the dynamic
      input circuit 26, to the input E.sub.1 of the flip-flop 23, result in an
      operation of the flip-flop. In consequence, the output signal of the
      flip-flop disappears and the suction valve 6 is closed. The conveying
      action exercised by the suction wheel 4 is thus completed.
PAR  When the leading edge of the sheet 3 comes into the beam of light from the
      light barrier 11, a signal arises at the output A of the pulse former 24,
      the signal changing from 0 to 1. Since the dynamic input circuit 27 does
      not respond to such a signal, no signal occurs at the input E.sub.4 when
      the leading edge of the sheet reaches the light barrier 11.
PAR  When the first light barrier 10 recognises the rear edge of the sheet
      moving beneath the light barrier 11, a signal passes through the pulse
      former 21 and the dynamic input circuit 22 to the output E.sub.3 which
      changes the flip-flop 23 to the erased condition. The result is an output
      signal which switches over the suction valve through the amplifier 29 and
      renders the suction wheel 4 operative again. The next sheet is therefore
      conveyed when there is between the leading edge of this sheet and the
      trailing edge of the previously conveyed sheet the distance determined by
      the position of the first light barrier 10.
PAR  Independently of whether the suction wheel 4 immediately commences to
      convey the second sheet or whether the conveying action of the suction
      wheel starts after a time lag, the second sheet is conveyed sufficiently
      far by the suction wheel for its leading edge to be detected by the second
      light barrier 11 (FIG. 4f). Since onward feeding by the belt conveyor 8 is
      assured, the signal generated by the second light barrier again operates
      the flip-flop 23 and the suction valve 6 is switched over to the condition
      whereby the suction wheel is rendered inoperative.
PAR  If, by reason of a breakdown, detection of the trailing edge of a sheet by
      the first light barrier 10 does not result in erasure of the flip-flop 23,
      then a signal generated by the second light barrier 11 upon detecting the
      trailing edge of a sheet and which passes through the output A of the
      pulse former 24 and the dynamic input circuit 27 to the input E.sub.4 of
      the second field of the flip-flop 23, erases the flip-flop so establishing
      the condition in which the suction wheel is effective.
PAR  The pulse occurring at the input of the pulse former 28 when the supply of
      power for the control arrangement is switched on produced in the first
      switch position of the change-over switch 25, at the input E.sub.5 a
      signal which converts the flip-flop 23 to the erased condition and, at the
      second switch position of the change-over switch 25, it generates at the
      input E.sub.2 a signal which operates the flip-flop 23.
PAR  Instead of being used to control the suction valve 6, the previously
      described control arrangement can also be used for controlling a glue
      applicator 35, by means of which glue can be applied onto the sheets 3
      conveyed, in the example of embodiment illustrated, by the belt conveyor
      8, in a zone which commences at a distance from the leading edge of the
      sheet and which ends at a distance from the trailing edge of the sheet.
      The glue applicator which has an electromagnetically operable valve is
      shown diagrammatically by broken lines in FIG. 1 and is disposed close to
      the end of the belt conveyor 8. Where the controlling of this glue
      applicator 35 is concerned, the first light barrier 10 is positioned at
      such a distance from the glue applicator 35, on the rail 9, that the glue
      applicator 35 is at a distance from the leading edge of the sheet at which
      application of glue is intended to commence. The second light barrier 11
      on the other hand is so positioned on the rail 9 that when it detects the
      rear edge of the sheet, the glue applicator is positioned over that part
      of the sheet where the application of glue is to end.
PAR  For controlling the glue applicator, the change-over switch 25 is brought
      into the second switch position in which the output A of the pulse former
      24 is connected to the dynamic input circuit 26. Upon switching on the
      supply of power to the control apparatus, the pulse arriving at the input
      E.sub.4 via the pulse former 28 ensures that the flip-flop 23 is operated
      so that the emergence of glue from the glue applicator connected to the
      amplifier 29 is prevented. When the first light barrier 10 detects the
      rear edge of a sheet 3 (FIG. 5a), then a pulse passing via the pulse
      former 21 and the dynamic input circuit 22 to the input E.sub.3 of the
      flip-flop 23 erases the flip-flop 23 so allowing glue to emerge. As soon
      as the second light barrier 11 recognises the trailing edge of this sheet,
      a pulse passes via the pulse former 24, its output A and the dynamic input
      circuit 26 to the input E.sub.1 of the flip-flop 23 which operates the
      flip-flop and so blocks the emergence of glue. It is only released again
      when the first light barrier 10 detects the trailing edge of the next
      sheet. The leading edge of this sheet produces no change in the condition
      of the flip-flop 23, since the dynamic input circuits 22 and 26 do not
      respond to pulses from the leading edge of the sheet.
PAR  Where the suction valve 6 is controlled by means of the aforedescribed
      control arrangement, the conveying action of the suction wheel 4 could be
      switched off or on manually but; if the switching time is unfavourably
      chosen, this could result in a sheet already conveyed a distance by the
      suction wheel need not be transported sufficiently far to be taken up by
      the belt conveyor 8, or a new sheet might be conveyed by the suction wheel
      before the rear edge of the previously fed sheet has passed the first
      light barrier 10. Even if a manually operable switch is provided, such an
      inappropriately timed action could be prevented by an additional logic
      circuit. An example of embodiment which is modified by such an additional
      logic circuit is shown in FIG. 6.
PAR  In the case of this example of embodiment, the additional logic circuit
      consists of a NAND element 136 with three inputs, to the output of which
      is connected one input of a cross-coupled NAND grid shown as a second
      flip-flop 137. One input of the NAND element 136 is connected to the
      output A of the first flip-flop 23 which is not shown in detail in FIG. 6.
      Instead, since there are no differences over the example of embodiment
      shown in FIGS. 1 to 5, the logic circuit containing the first flip-flop 23
      is represented by the block 138.
PAR  The other two inputs of the NAND element 136 are connected to one and
      respectively the other inverse outputs of the two pulse formers 21, 24
      which are disposed after the two light barriers 10, 11.
PAR  The second input E of the second flip-flop 137 is connected to a control
      signal transmitter, not shown, which generates a 1-signal when sheet
      feeding is switched off manually. When sheet feeding is switched on, an
      0-signal is applied to the input E.
PAR  The output of the second flip-flop 137 is connected to the input of the
      amplifier 29.
PAR  FIG. 7 shows an alternate embodiment of the control circuitry which
      operates as described below.
PAR  The first light barrier 210 is connected through plugs on the one hand to a
      conductor on the card 212 which carries positive potential, and on the
      other to a Schmitt trigger 240 which at the same time constitutes a
      preamplifier. The output of the Schmitt trigger 240 is connected to one
      input of an inverter 241, the other input of which constantly has a
      negative potential applied to it. At its output, the inverter 241 delivers
      a negative signal when the input connected to the Schmitt trigger is zero.
      If this input is positive, then the output of the inverter is zero.
PAR  The output of the inverter is connected to a monostable flip-flop 242
      which, regardless of the duration of the input signals, delivers output
      signals of a definite duration. In the example of embodiment, the pulse
      duration tm is approximately 10 msec. Of the two outputs of the monostable
      flip-flop 242, only that one is used at which a negative output signal
      occurs during the time when the flip-flop is in its unstable condition due
      to an input signal. This output is connected through a resistor 243 to a
      point P to which the base of a pnp transistor is connected. The emitter of
      this transistor is connected to a conductor carrying positive potential.
      From the collector, a first connecting lead passes through a plug to the
      electromagnet 206 of the suction valve which is on the other hand
      connected through a plug to the emitter of an npn transistor 245. A second
      connecting lead runs from the collector of the transistor 244 via a
      resistor 246 to the base of a transistor 245, the emitter of which is
      connected to the point P through a resistor 247.
PAR  The second light barrier 211 is connected through plugs on the one hand to
      the positive potential and on the other to a Schmitt trigger 248 which is
      constructed like the Schmitt trigger 240 and which at the same time
      constitutes a preamplifier. The output of the Schmitt trigger 248 is
      connected to a second monostable flip-flop 249 which, like the flip-flop
      242, delivers pulses of a definite duration regardless of the pulse
      duration of the input pulses. This pulse duration is approximately 10
      msec. in the example of embodiment. This short duration of the putput
      pulses from both monostable flip-flop excludes the possibility of both the
      flip-flop 242 as well as the flip-flop 249 simultaneously delivering an
      output signal. By reason of a positive input signal, the flip-flop 249
      changes to its unstable state. That of the two outputs at which a positive
      signal arises in the unstable state, is connected to the point P. The
      pulses triggered by the two light barriers and arriving at the point P
      therefore have opposite potential.
PAR  When the light barrier 210 recognises the trailing edge of a sheet which is
      being fed, the output signal of the Schmitt trigger 240 becomes zero so
      that a negative signal reaches the input of the flip-flop 242 and triggers
      a negative pulse which passes via the resistor 243 to the base of the
      transistor 244 and so renders this conductive. In consequence, the
      transistor 244 passes via the resistor 246 a positive potential to the
      base of the transistor 245 which likewise becomes conductive thereby and
      thus maintains a negative potential at the base of the transistor 244 via
      the resistor 247. As soon as the transistor 244 becomes conductive, the
      electromagnet 206 of the suction valve which is disposed in its
      collector-emitter circuit becomes energised so that the suction valve is
      opened. By virtue of the storage function of the transistors 244 and 245,
      the electromagnet 206 initially remains energised. When the light barrier
      211 recognises the leading edge of the next sheet, then a positive pulse
      passes to the input of the flip-flop 242 so that this latter delivers a
      positive pulse to the point P. The effect of this positive pulse is to
      block both transistors 244 and 245.
PAR  The use of the inverter 241 could be avoided if two light barriers were
      used, delivering signals of opposite potential. Such light barriers are
      known. The use of different light barriers is however disadvantageous in
      that they cannot then any longer be interchanged with each other.
PAR  The differing polarity of the signals produced by the two light barriers
      prevents breakdowns such as can occur for example when a sheet sticks in
      the region of the light barriers and has to be removed by hand, resulting
      in an incorrect relationship between the storage function of the logic
      circuit and the signals of the light barriers. A plurality of successive
      signals from one or other light barrier can therefore not result in
      breakdowns. A further advantage resides in the fact that, without
      additional expenditure, the apparatus can be set in motion and switched
      off, since it is necessary only to make or break the connection to the
      light barrier 210 in order to achieve this. Similarly avoided without
      additional expenditure is a condition whereby, upon the apparatus being
      switched off at any desired point in time, a sheet which may just have
      been taken up is no longer completely conveyed, since a break in the
      connection to the light barrier 210 only prevents the suction wheel being
      switched on again. However, even after the connection with the light
      barrier 210 has been broken, the suction wheel remains switched on until
      such time as it is switched off by a signal from the light barrier 211.
PAR  FIG. 8 shows an example of embodiment which operates in principle like the
      embodiment shown in FIG. 4. Here, the logic circuit is provided by means
      of various relays which are all disposed on a pushin card 312. The two
      light barriers 310 and 311 and also the electromagnet 306 of the suction
      valve are connected to this push-in card.
PAR  A relay A lies in the circuit of the first light barrier 310 and a relay B
      in the circuit of the second light barrier 311. The relay A has a
      switch-over contact a.sub.1 which, when the relay is not energised,
      connects a capacitor c.sub.1 to a direct voltage source. So long as the
      relay A is energised, the switch-over contact a.sub.1 connects the
      capacitor c.sub.1 to relay E which is energised by reason of the capacitor
      discharging. Since the relay E has a self-latching contact e.sub.1, it
      remains subsequently energised. Apart from the self-latching contact
      e.sub.1, the connecting lead of the relay A which extends to the positive
      pole of the voltage source and which is on the other hand like all other
      relays and the capacitors connected to the negative potential, there is an
      open circuit contact d.sub.1 of a relay D. So long as this relay D is not
      energised, its open circuit contact d.sub.1 is closed. A switch-over
      contact b.sub.1 of the relay B, when the relay B is not energised,
      connects a capacitor C.sub.2 to the positive pole of the voltage source.
      When the relay B is energised, as is the case when the light barrier 311
      recognises the leading edge of a sheet, the capacitor C.sub.2 is connected
      by the switch-over contact d.sub.1 to the relay D which is briefly
      energised thereby. This brief excitation causes the relay E to drop so
      opening its closed circuit contact e.sub.2 which lies in the circuit of
      the electromagnet 306 of the section valve. The closed circuit contact
      e.sub.2 is then only closed again when the first light barrier 310
      produces an excitation of the relay A, since then the capacitor C.sub.1
      which has charged in the meantime discharges through the relay E and so
      energises this latter.
PAR  The advantages of this circuit are the same as those according to FIG. 7.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control device for a sheet feeder, said sheet feeder including pickup
      means to remove individual sheets from a stack of such sheets and
      conveying means arranged to accept said individual sheets from said pickup
      means and transport said individual sheets along a transport path away
      from said pickup means; said control device including
PA1  first sensing means mounted along said transport path at a first
      predetermined distance from said pickup means, said first sensing means
      being responsive to the passage of the trailing edge of each of said
      sheets along said transport path to generate first control signals;
PA1  second sensing means mounted along said transport path at a second
      predetermined distance from said pickup means, said second predetermined
      distance being greater than said first predetermined distance, said second
      sensing means being responsive to the passage of the leading edge of each
      of said sheets to generate a second control signal; and
PA1  a first logic circuit which is connected to said first and said second
      sensing means and is responsive to said first control signal to activate
      said pickup means and to said second control signal to deactivate said
      pickup means.
NUM  2.
PAR  2. A control device as claimed in claim 1 in which said logic circuit
      includes signal storage means responsive to said first and second control
      signals to activate said pickup means in the period between the generation
      of said first and second control signals.
NUM  3.
PAR  3. A control device as claimed in claim 2 in which said signal storage
      means includes at least one flip-flop circuit.
NUM  4.
PAR  4. A control device as claimed in claim 2 in which said signal storage
      means includes at least one relay.
NUM  5.
PAR  5. A control device as claimed in claim 1 in which said logic circuit
      includes a flip-flop having at least a first, a second and a third input
      terminals and an output terminal, which output terminal is connected to
      activating means for said pickup means, said flip-flop being arranged to
      generate an activating signal for said pickup means upon receipt of a
      signal on said second or third inputs and to cease generating said
      activating signal upon receipt of an input signal on said first input; a
      first, a second and a third dynamic circuits each of which has an input
      and an output terminal, the output terminals of said dynamic circuits
      being connected respectively to the input terminals of said flip-flop; a
      first pulse forming circuit having an input terminal connected to said
      first sensor and responsive to said first control signals and an output
      terminal connected to the input of said second dynamic circuit, said first
      pulse forming circuit generating a negative output signal on said output
      terminal, and a second pulse forming circuit having an input connected to
      said second sensor and responsive to said second control signals and first
      and second output terminals connected respectively to said input terminals
      of said first and third dynamic circuits, said second pulse forming
      circuit generating a positive output signal at said first output and a
      negative output signal at said second output.
NUM  6.
PAR  6. A control device as claimed in claim 5 in which said flip-flop includes
      a fourth and a fifth input terminals said flip-flop being arranged to
      generate an activating signal for said pickup means upon receipt of an
      input signal on said fifth input terminal and to cease generating said
      activating signal upon receipt of an input signal on said fourth input
      terminal; and further including reset means, said reset means including a
      third pulse forming circuit the output of which is switchable between said
      fourth and fifth input terminals of said flip-flop and the input of which
      is connected to a voltage source.
NUM  7.
PAR  7. A control device as claimed in claim 6 in which said reset means further
      includes a relay having a closed circuit contact set which is connected
      between said voltage source and said third pulse former.
NUM  8.
PAR  8. A control device as claimed in claim 5 including switch means having one
      input connected to the first output of said second pulse former and a
      second input connected to the second output of said second pulse former,
      the output of said switch means being connected to the first input of said
      flip-flop, said switch means being operable to apply either of the outputs
      of said second pulse former to said first input of said flip-flop.
NUM  9.
PAR  9. A control device as claimed in claim 5 including a second logic circuit
      having input terminals connected respectively to the output of said
      flip-flop, the output terminal of said first pulse forming circuit and the
      second output terminal of said second pulse forming circuit, said second
      logic circuit being adapted to activate said pickup means as long as
      signals are present on all of said input terminals.
NUM  10.
PAR  10. A control device as claimed in claim 9 in which said second logic
      circuit includes a NAND gate and a second flip-flop, said NAND gate having
      three inputs connected respectively to the output of said flip-flop, the
      output terminal of said first pulse forming circuit and the second output
      terminal of said second pulse forming circuit, said NAND gate having an
      output terminal connected to an input terminal of said second flip-flop
      and means connected to a second terminal of said second flip-flop to
      provide a signal at said second terminal of said flip-flop when said sheet
      feeder has been manually deactivated.
NUM  11.
PAR  11. A control device as claimed in claim 1 including counting means
      responsive to said second control signals.
NUM  12.
PAR  12. A control device as claimed in claim 1 in which said first and second
      sensors are light barriers.
NUM  13.
PAR  13. A control circuit as claimed in claim 1 in which said logic circuit
      includes first circuit means responsive to said first control signal to
      generate a predetermined negative signal at a circuit terminal, second
      circuit means responsive to said second control signal to generate a
      predetermined positive signal at said circuit terminal, and signal storage
      means for generating said activating signal for said pickup means said
      signal storage means including an npn transistor, and a pnp transistor,
      said pnp transistor having its base electrode connected to said terminal,
      its emitter electrode connected to a source of reference potential and its
      collector electrode connect to the base electrode of said npn transistor
      through a resistor the collector of said npn transistor being connected to
      said terminal through a resistance and the emitter of said npn transistor
      being connected to a source of reference potential, said activating signal
      being generated at said terminal to bias said transistors into a
      conducting state until said positive signal is generated at said terminal
      to cut said transistors off.
NUM  14.
PAR  14. A control circuit as claimed in claim 13 in which said first circuit
      means includes a first schmitt trigger preamplifer, an inverter having two
      inputs, and a first flip-flop and in which the input terminal of said
      schmitt trigger is connected to said first sensor and the output terminal
      of said schmitt trigger is connected to a first input of said inverter,
      the second input of said inverter being connected to a source of negative
      potential, the output of said inverter being connected to the input of
      said flip-flop and the negative output of said flip-flop being connected
      to said circuit terminal.
NUM  15.
PAR  15. A control circuit as claimed in claim 14 in which said second circuit
      means includes a second schmitt trigger and a second flip-flop and in
      which the input terminal of said second schmitt trigger is connected to
      said second sensing means, the output of said second schmitt trigger is
      connected to the input of said second flip-flop and the positive output of
      said second flip-flop is connected to said circuit terminal.
NUM  16.
PAR  16. A control device as claimed in claim 1 in which said logic circuit
      includes a first relay which is connected to said first sensor and
      energized by said first control signal, a second relay which is connected
      to said second sensor and energized by said second control signal, a third
      relay, first means to energize said third relay, when said first relay is
      energized and second means to deenergize said third relay when said second
      relay is energized and in which said pickup means is activated only while
      said third relay is energized.
NUM  17.
PAR  17. A control device as claimed in claim 1 in which said logic circuit
      includes a first relay which is connected to said first sensor and is
      energized by said first control signal, said first relay having a first
      switch over contact, first capacitance means connected to said first
      switch over contact, a second relay which is connected to said second
      sensor and is energized by said second control signal, said second relay
      having a second switch over contact, second capacitance means connected to
      said second switch over contact, a third relay having a normally closed
      open circuit contact, and a fourth relay having a self latching contact
      connected in series with said normally closed open circuit contact of said
      third relay, said switch over contact of said first relay connecting said
      first capacitance means to said fourth relay when said first relay is
      energized causing said self latching contact of said fourth relay to close
      energizing said fourth relay through said normally closed open circuit
      contact of said third relay and said switch over contact of said second
      relay connecting said second capacitance to said third relay when said
      second relay is energized causing said second relay to be energized and
      causing said normally closed open circuit contact to open deenergizing
      said fourth relay.
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ABST
PAL  A device for downwardly separating sheets, particularly cardboard blanks,
      from a pile of sheets or blanks, in rapid succession, by suction means,
      comprises a first and a second pusher system, one on one side and the
      other on the other side of the pile of sheets or blanks, at different
      heights. The two pusher systems are moved against respective sides of the
      pile so as to cause the individual superposed sheets or blanks to undergo
      alternate, lateral displacements along their mutual contact planes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for separating sheets, particularly
      cardboard blanks, to be fed individually to machines for packing
      cigarettes in packets of the hinge lid type, from piles of such sheets or
      blanks.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Cardboard blanks or cuttings of a similar material are, as is known,
      supplied to machines for packing cigarettes in packets of the hinge lid
      type. Such machines can process the blanks in rapid succession. However,
      difficulties have been encountered due to the relative thickness of the
      blanks (usually cardboard, or cardboard laminated with layers of a plastic
      or metallic material or similar on one or both sides, etcetera); the
      height of the pile (which causes notable pressure to be applied to the
      lower layers of the pile) the fact that the blanks normally have burr on
      their edges; and the way in which their habitually glassy surfaces stick
      tightly to one another. Due to such factors the blanks, when stacked,
      constitute almost a monolithic block. Therefore, in a supply system of the
      nature wherein suction means are employed, it often happens in actual
      practice that considerable difficulty is experienced in downwardly
      separating successive individual blanks, mainly in rapid succession, at
      the foot of the pile.
PAR  With a view to overcoming this difficulty, it has been proposed to use a
      container or magazine arranged so that it sloped with respect to the
      vertical and having one lateral wall movable in such a way as to allow it
      to be set at a different angle towards the inside of the said container.
PAR  This aimed at increasing the capacity of the container, to decrease the
      pressure applied by the pile of blanks on its lower layers, and by setting
      the above mentioned movable wall at a given angle, to create a system with
      which to separate the individual blanks at the base of the stack at a
      speed to suit their rhythmic removal in succession from the base thereof.
PAR  Another proposal to overcome the aforementioned difficulty, and to effect
      an increase in the supply potential, envisages (as also discussed in
      patent application Ser. No. 476,305 filed June 14, 1974 by the same
      applicant as herein) an apparatus structured in such a way that it
      operates at the base of a vertical pile of blanks maintained continuously,
      at an almost constant level, to enable suction means rhythmically to
      remove in a definite and efficient way the individual blanks at a speed to
      suit the maximum operating speed of high output speed wrapping or
      packeting machines.
PAC  SUMMARY OF THE INVENTION
PAR  In conformity with what has been said above, that is to say, with the
      intention of enabling individual sheets or blanks to be removed in rapid
      succession from the foot of a pile and of effecting an increase in the
      supply potential, one object of the present invention is to make available
      a device able to separate the sheets or blanks, in proximity of the base
      of the pile, to enable the individual blanks to be properly removed in
      rapid succession.
PAR  Another object of the present invention is to create a device able to
      achieve the foregoing and to guarantee that prior to being removed by the
      suction means, the individual sheets or blanks are set in a predetermined
      position against an adjustable stop.
PAR  These and other objects are attained by the new device which comprises a
      first pressure member or pusher placed on one side of the pile of sheets
      or blanks; a second pressure member or pusher placed on the opposite side
      to the first side, below the first pressure member or pusher with respect
      to the movement of the sheets or blanks towards the removal point of the
      sheets or blanks from the pile; and means for moving the first and second
      pressure members or pushers against and away from the respective sides of
      the pile so as to cause the individual superposed sheets or blanks to
      undergo alternate displacements along their mutual contact planes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further characteristics and advantages will emerge more clearly from the
      following detailed description of a preferred but not the sole form of
      embodiment for the device according to the invention, illustrated purely
      as a non-limiting example on the accompanying drawings, in which:
PAR  FIG. 1 shows, in a diagrammatic form, a perspective view of the new device;
PAR  FIG. 2 shows, in greater detail, a front elevation of the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A chute contains and loosely (see FIG. 2), slidingly, downwardly guides the
      sheets or blanks 1 to be separated by the device forming the subject of
      the present invention, prior to their being individually removed and
      deposited on the conveyor B, below, which carries them in successive steps
      to the wrapping or packeting machines where they are used. This chute is
      of a type that can be adjusted in capacity, in two right angle directions.
      The chute essentially consists of four uprights 2, formed by angle bars
      connected together in an adjustable fashion by any known means, and of a
      fixed part 3 which provides a bottom support structure for the complete
      assembly through, for example, blocks 4 on part 3.
PAR  The blanks 1 are supplied to the inside of the chute A either manually or
      automatically, for example, by means of the apparatus forming the subject
      of the previously mentioned patent application in the name of the same
      applicant as herein.
PAR  The conveyor B is of what is known as the pocket type, that is to say, it
      is provided with compartments, each holding an individual blank 1 and, in
      the example illustrated, it consists essentially of a plurality of belts 5
      wound in sealed ring form around idling pulleys 6, only two of which are
      visible in FIG. 1.
PAR  The belts 5 are transversely interlinked by means of bars 7 shown only in
      FIG. 2. Each bar has a T cross section, upside down when the belt and bar
      are directly below the chute, so that a pocket for a blank 1 is created by
      every two successive bars 7.
PAR  At a level corresponding to the base of chute A there are fillets 8,
      carried by the blocks 4. These fillets project towards the inside of the
      chute for a short distance, providing support teeth for the pile of the
      packet blanks 1.
PAR  The blanks 1, are removed individually in a rhythmic fashion from the foot
      of the pile and are deposited therebelow in the pockets of the conveyor B
      which carries them in successive steps to the wrapping or packeting
      machine not shown on the accompanying drawings.
PAR  The aforementioned rhythmic removal of the blanks 1 is carried out by a
      suction device of a known type which essentially comprises a plurality of
      suction pads 9 disposed for a reciprocating vertical to-and-fro motion and
      connected to a suction source (not shown on the accompanying drawings)
      through a hose 10 (see FIG. 1)
PAR  As stated previously, due to the relative thickness of the blanks (usually
      cardboard, or cardboard laminated with layers of a plastic or metallic
      material or similar on one or both sides, etcetera), the height of the
      pile in the chute A which causes notable pressure to be applied to the
      lower layers of the pile, the fact that the blanks normally have burr on
      their edges, and the way in which their habitually glassy surfaces stick
      tightly to one another, they, when stacked, constitute what is almost a
      monolithic block and thus it often happens in actual practice that
      considerable difficulty is experienced at the foot of the pile in
      separating the individual blanks in rapid succession, for them to be
      transferred on to the conveyor B and carried to the packeting machine.
PAR  In order to overcome these difficulties, the present invention insures that
      the individual blanks 1 are laterally shifted, in the lower part of the
      pile, thereby enabling the suction transfer means to operate under the
      best conditions.
PAR  This is done by a separating device which comprises, in the embodiment
      illustrated, two elbow shaped members 11 and 12, having spindles 13 and
      14, respectively, in end portions below the chute A, and having free end
      portions extending upwards on opposite sides of chute A, as best shown in
      FIG. 2.
PAR  The illustrated spindles 13 and 14, are oscillatably carried by the support
      structure of the assembly. They are interconnected by a toggle device
      which comprises two levers 15 and 16 joined together by a sliding block
      17. This block, as shown in FIG. 2, has a pin 18 fixed to the lever 15 and
      guided so that it slides in a slot 19 in the lever 16.
PAR  The free end of the lever 15 is articulated at 20 to the head of a
      connecting rod 21, the foot of which is mounted on a shaft 22 (see FIG. 1)
      so as to oscillate the two levers, rhythmically, somewhat like scissors,
      in a direct, multiple or sub-multiple ratio with the movement of the
      suction pads 9 used to remove the individual blanks 1 from the foot of the
      pile.
PAR  The free ends of the elbow shaped members 11 and 12 have mounted there on
      horizontal rods 26 and 27, respectively, each of which, in turn, has
      mounted on it and spaced along it a plurality of pressure members or
      pushers 23 and 24, respectively.
PAR  These members 23 and 24 extend inwards, from opposite sides, to the chute A
      and, as shown, slightly into the same. The free end of each pusher 24
      terminates in a head 24', the surface of which facing the pile of blanks 1
      is arcuate and has sufficient vertical extension to contact a group of
      blanks 1 in the lower part of the pile, as shown. The free end of each
      pusher 23 terminates in heads 23', having a surface of similar vertical
      extension facing the pile of blanks 1, but which, unlike the surface of
      heads 24' of the members 24, extends vertically in its lower part. Heads
      24' have, at their top a final section which slopes slightly outwards with
      respect to the chute A. As clearly shown in FIG. 2, the heads 23' are
      disposed slightly below the heads 24'.
PAR  Below the members 24, the blocks 4 carry a stop 25 which can be adjusted in
      a fixed position, by bolt 25; so as to allow the blanks 1 to be set in a
      predetermined position at the time they are being removed by the suction
      pads 9. Preferably the stop faces the pile with a vertical surface having
      an outwardly sloping, upper portion 25", as shown.
PAR  A rhythmic scissor movement, alternately toward and away from one another,
      is given to the interconnected levers 15, 16, shafts 13, 14 and members 24
      and 23 by means of the connecting rod 21 through the above described
      toggle device. As a result, and with the arcuate heads 24' of the members
      24, a lateral sliding movement is given to the successive blanks 1 as they
      gradually drop downwards inside the lower part of the chute A in which
      they are, as mentioned contained and loosely guided, while with the needs
      23' of the members 23 the blanks are rhythmically, laterally, slidingly
      carried back to a position where they are set against the fixed stop 25.
      The blanks are then rhythmically downwardly removed from this set position
      by the suction pads 9, through a suitable opening flanked by parts of the
      bottom structure 3, as indicated by FIG. 2 and are deposited, each in a
      compartment in the conveyor B below, in which they are carried in
      successive steps to the packeting machine.
PAR  In practice, this rhythmic lateral sliding of the blanks at the base of the
      pile has made it possible to overcome the considerable difficulties
      encountered to date in removing the individual blanks in synchronism with
      the movement in successive steps of the conveyor B and thus with the
      wrapping or packeting machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for separating sheets from a pile, comprising: a first pusher
      located opposite a lower part of one side of a pile of sheets; a second
      pusher located opposite a lower part of the opposite side of the pile,
      below the first pusher; power means for moving the first and second
      pushers against and away from the respective sides of the pile in lateral
      directions approximately along mutual contact planes of the sheets to
      slightly laterally shift mutually superposed sheets, in and relative to
      the pile; and suction means located below the pile and disposed to engage,
      and to downwardly separate from the pile, successive lowermost ones of the
      shifted sheets.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said power means are disposed
      for moving the first and second pushers in oscillating movements.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said power means are disposed
      for moving the first and second pushers simultaneously in the approximate
      way in which scissors move.
NUM  4.
PAR  4. Apparatus for feeding cardboard sheets, comprising: a chute receptive of
      a pile of cardboard sheets in which pile the sheets overlie one another
      and have flat planes of mutual contact, the chute having open sides
      exposing edges of the sheets; a first pusher located opposite a lower part
      of one open side of the chute; a second pusher located opposite a lower
      part of the opposite open side of the chute, below the first pusher, power
      means for moving the first and second pushers against and away from the
      respective sides of the chute in lateral directions approximately along
      said planes of contact of the sheets to engage edges of the sheets and to
      slightly laterally shift mutually superposed sheets, in and relative to
      the chute; and suction means located below the chute and disposed to
      engage and to downwardly remove from the chute, successive lowermost ones
      of the sheets.
NUM  5.
PAR  5. Apparatus according to claim 4 in which said sheets have loose sliding
      fit with the chute.
NUM  6.
PAR  6. Apparatus according to claim 1 in which one of the pushers has an
      arcuate profile facing the chute.
NUM  7.
PAR  7. Apparatus according to claim 6 in which the other pusher has a generally
      flat vertical profile.
NUM  8.
PAR  8. Apparatus according to claim 7 in which the generally vertical profile
      of said other pusher has an upper portion slightly sloping outwardly with
      respect to the chute.
NUM  9.
PAR  9. Apparatus according to claim 4, wherein each of said pushers comprises a
      plurality of pusher heads spaced apart along the respective side of the
      chute.
NUM  10.
PAR  10. Apparatus according to claim 4, including a fixed stop member at the
      bottom of the chute opposite the second pusher.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein the fixed stop member is
      adjustably spaced from the opposite pusher.
NUM  12.
PAR  12. Apparatus according to claim 11, in which the stop member has a
      vertical surface facing the pile, which surface has an upper portion
      sloping outwardly with respect to the chute.
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ABST
PAL  Apparatus for removing the bottom sheets from a stack of sheets or
      inserting sheets at the bottom of a stack of sheets including an air
      plenum to provide an air cushion between the stack tray and the bottom
      sheet in the stack and vacuum feed means adapted for contact with the lead
      edge of a sheet to remove the sheet from the bottom of the stack or insert
      a sheet therein.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  In many environments, particularly xerographic reproduction machines, it
      may be desirable to provide a sheet feeder wherein the sheets are removed
      from the bottom of a stack. Bottom feeders are particularly useful for
      feeding blank sheets of copy paper into a copy machine to enable continual
      replenishment of the stack without stopping operation of the machine as is
      necessary with top sheet feed devices. Further, if the sheet feeding
      device is to be utilized for feeding documents to the platen of a copy
      machine for imaging thereat, it may be desirable to feed from the bottom
      of the stack to maintain the proper pagination so that the output from the
      copy machine is pre-collated. In certain modes of operation, it may also
      be desirable to insert the copied document into the bottom of a stack of
      documents already copied so that the proper page orientation is maintained
      to enable subsequent copying in the proper order.
PAR  In a xerographic type reproduction machine, the developer material in the
      more common machines is permanently affixed to the copy sheet by the heat
      and pressure. Thus, sheets discharged from the xerographic machine may be
      quite warm and may cool into a non-planar condition. Therefore, in many
      instances, it may be desirable to provide a copy output tray wherein the
      sheets are inserted into the bottom of the stack to maintain the sheets in
      a planar condition as they are cooled.
PAR  Another problem that may be encountered in paper feeders is that in
      attempting to feed sheets seriatim, the feed mechanism is ordinarily
      energized and de-energized for each sheet being fed to provide the proper
      spacing therebetween. This results in fairly high inertial loads to start
      and stop the feed mechanism between each feed operation.
PAR  It is therefore the object of the present invention to provide a universal
      feeder-stacker adapted to remove sheets seriatim from the bottom of a
      stack of sheets or to insert sheets seriatim into the bottom of a stack of
      sheets and provide feed means associated therewith adapted for constant
      motion while providing intermittent feeding of sheets with minimal forces
      exerted on the sheets being handled thereby.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus for displacing the bottom sheet in a
      stack of sheets including a sheet tray adapted to receive a stack of
      sheets therein, the tray including perforated plenum means forming a
      planar base plate for supporting the stack of sheets in a planar conditon,
      means for supplying air under pressure to the plenum to create an air
      cushion between the bottom sheet in the stack and the base plate and
      vacuum feed means disposed adjacent the plenum for contact with the bottom
      sheet in the stack to move the sheet relative to the base plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a first embodiment of the present
      invention employing a vacuum feed roll for displacing individual sheets in
      a stack of sheets relative to the stack tray; and,
PAR  FIG. 2 is a second embodiment of the present invention employing a vacuum
      feed belt to displace sheets relative to the stack tray.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 there is disclosed a universal feeder-stacker
      adapted for feeding or receiving documents to be copied or for feeding or
      receiving copy sheets in an automatic reproduction machine. For an example
      of a document handler wherein the disclosed device may be utilized,
      reference may be had to U.S. Pat. No. 3,829,082, commonly assigned with
      the present application. For an example of an automatic reproduction
      machine wherein the present invention may be utilized as a sheet feeding
      or copy stacker, reference may be had to U.S. Pat. No. 3,820,777, commonly
      assigned with the present application.
PAR  Referring particularly to FIG. 1, there is illustrated a sheet
      feeding-stacking apparatus, including a stack tray 2 comprised of a plenum
      member 4 having a perforated planar base plate 6, the plenum 4 being
      adapted for connection to a suitable source of air schematically
      illustrated at 8 to produce an air cushion between plate 6 and the bottom
      sheet of the stack of sheets 10 resting thereagainst. The tray further
      includes a follower plate 12 adapted to maintain the sheets in the stack
      and provide a slight downward force on the stack against plate 6. A top
      plate 14 and suitable side plates (not illustrated) are provided to
      completely enclose the stack to minimize the escape of air from beneath
      the stack and reduce the quantity of air required to produce an air
      cushion between the stack and plate 6. When the apparatus is to be used as
      a sheet feeder, an air plenum 15 may be utilized to provide an air cushion
      at the bottom edge of the sheets to minimize the frictional engagement of
      the sheet edges with the bottom edge guide and assure constant movement of
      sheets in the stack toward plate 6. To further aid in moving the sheets
      toward the right as illustrated in FIG. 1, a perforated movable belt 16,
      suitably mounted on rolls 18 and 20 may be provided to constantly urge the
      sheets toward plate 6.
PAR  A vacuum take-away or insertion roll assembly 22 is provided comprised of
      an outer rotatable member 24 having perforations 26 therein. Stationary
      internal members or shoes 28 and 29 having arcuate openings 30 and 31
      respectively provide communication between the perforations 26 in roll 24
      and the interior of shoes 28, 29. The shoes are adapted for connection to
      a source of vacuum shown schematically at 8. An idler roll 32, adapted for
      cooperation with rotatable member 24, is provided for engagement of a
      sheet between roll 32 and member 24 to positively grip the sheets
      presented therebetween and remove the sheets from the stack or insert the
      sheets into the stack depending upon the direction of rotation of
      rotatable member 24.
PAR  Considering the operation of the embodiment illustrated in FIG. 1 as a
      sheet feeder, upon initial actuation thereof, air under pressure is
      supplied by means 8 to plenum 4 and plenum 15 to float the bottom sheet in
      the stack a slight distance above perforated base plate 6. Roll assembly
      22 is located such that the outer surface of the roll does not contact the
      bottom sheet in the stack when the stack is floated by the air cushion
      between plate 6 and the stack. As such, roll assembly 22 may be constantly
      rotated during the entire feeding operation. Upon a signal from the
      machine with which the feeder is utilized, valves 21 and 23 located
      between vacuum source 8 and shoes 28, 29 are opened, the vacuum thereby
      drawn through roll assembly 22 draws the bottom sheet against movable
      member 24 and retains the sheet thereon for removal of the sheet from the
      stack 10.
PAR  To utilize the apparatus illustrated in FIG. 1 as a sheet stacker, a sheet
      is fed into the nip between idler roll 32 and roll assembly 22. At that
      time, valve 23 is opened to provide vacuum through shoe 28 to retain the
      sheet on the upper portion of member 24 which brings the lead edge of the
      sheet into close proximity with the sheets already in the stack. After the
      lead edge of the sheet reaches a position completely overlying shoe 29,
      valve 21 is opened to provide maximum attraction between the sheet and
      roll assembly 22 for driving the sheet into the area between plate 6 and
      the bottom-most sheet in the stack. Once the sheet is bottomed in the
      stack, valves 21 and 23 are closed or in the alternative, valve 21 could
      be closed, allowing valve 23 to remain open to provide vacuum at shoe 28
      to receive the next sheet presented thereto.
PAR  Referring to FIG. 2 there is illustrated a second embodiment of a sheet
      feeding-stacking apparatus, including a stack tray 102 comprised of a
      plenum member 104 having a perforated planar base plate 106, the plenum
      104 being adapted for connection to a suitable source of air schematically
      illustrated at 108 to produce an air cushion between plate 106 and the
      bottom sheet of the stack of sheets 110 resting thereagainst. A top plate
      114 and suitable side plates (not illustrated) are provided to completely
      enclose the stack to minimize the escape of air beneath the stack and
      reduce the quantity of air required to produce an air cushion between the
      stack and plate 106.
PAR  A vacuum take-away or insertion belt assembly 122 is provided comprised of
      a reversible drive roll 124 and an idler roll 126 having a perforate belt
      128 mounted for movement therearound. A stationary internal shoe 129
      having perforations therein is provided for connection to a source of
      vacuum shown schematically at 108. A pair of idler rolls 132 are provided
      for cooperation with belt 128 opposite roll 124 to positively grip the
      sheets between idler rolls 132 and belt 128 and remove the sheets from the
      stack or insert the sheets into the stack depending upon the direction of
      rotation of drive roll 124. A take-away roll pair 134 is provided adjacent
      the belt assembly to present sheets thereto or remove sheets therefrom.
PAR  Considering the operation of the embodiment illustrated in FIG. 2 as a
      sheet feeder, upon initial actuation thereof, air under pressure is
      supplied by means 108 to plenum 104 to float the bottom sheet in the stack
      a slight distance above perforated base plate 106. Roll 126 of belt
      assembly 122 is located such that the outer surface of belt 128 does not
      contact the bottom sheet in the stack when the stack is floated by the air
      cushion between plate 106 and the stack. As such, belt assembly 122 may be
      constantly energized during the entire feeding operation. Upon a signal
      from the machine with which the feeder is utilized, a valve 136 located
      between vacuum source 108 and shoe 129 is opened. The vacuum thereby drawn
      through shoe 129 and belt 128 draws the bottom sheet in the stack against
      moving belt 128 and retains the sheet thereon for removal of the sheet
      from the stack.
PAR  The belt 128 carries the sheet into the nip formed between the belt on roll
      124 and idler rolls 132 to mechanically grip the lead edge of the sheet
      and carry the sheet to take-away roll pair 134 for subsequent transport of
      the sheet.
PAR  In certain circumstances, the use of a belt as illustrated in FIG. 2 has
      advantages over the vacuum roll assembly illustrated in FIG. 1. As can be
      seen by reference to FIG. 2, when vacuum is applied to shoe 129, the
      entire portion of the sheet above roll 126 is acted upon by the vacuum and
      drawn toward the belt. This required minimal vacuum because of the large
      planar area of the sheet opposite shoe 129 and the requirement for bending
      the sheet only in the area opposite roll 126 as contrasted to the
      embodiment of FIG. 1 wherein the sheet must be deformed along the entire
      upper portion thereof to conform to the arcuate surface of rotatable
      member 24. By bending the sheet opposite roll 126, the portion of the
      sheet thereabove acts somewhat as a lever arm to aid in overcoming the
      beam strength of the sheet.
PAR  To utilize the apparatus illustrated in FIG. 2 as a sheet stacker, a sheet
      is fed into the nip of roll pair 134 and carried thereby into the nip
      formed between the belt 128 and idler rolls 132 opposite roll 124. After
      the lead edge of the sheet reaches a position overlying shoe 129, valve
      136 is opened to provide maximum attraction between the sheet and belt 128
      for driving the sheet into the area between plate 106 and the bottom-most
      sheet in the stack. Once the sheet is bottomed in the stack, valve 136 is
      closed to allow the beam strength of the paper to move the trailing edge
      thereof away from the belt to clear the entrance for receipt of subsequent
      sheets therein.
PAR  While both the embodiments of FIGS. 1 and 2 have been described in the feed
      mode as having a constantly rotating feed belt or roller, in the event
      that the feeder mechanism is to be utilized as a
      separator-feeder-registration device, the roll member 24 or belt 128 may
      be stationary when the vacuum to the vacuum shoes 28, 29, or 129 is
      applied. After the sheet is secured to the frictional surface of the belt
      or roll member, the feed member may be actuated and gradually accelerated
      in time with machine timing to deliver the sheet thereon to the downstream
      rolls 134 or subsequent transports of the machine with which the feeders
      are utilized in synchronism with the machine processing stations so that
      the sheet is presented thereto at the proper time and in registration.
      Because of the secure grip obtained by means of the vacuum roll or belt
      and the minimal force needed to remove individual sheets from the stack,
      skew is not produced in the sheets as they are withdrawn from the stack
      and therefore deskewing at a subsequent processing station is unnecessary.
      If desired, a servo controlled drive system may be employed with the
      universal feeder-stacker to assure delivery of sheets separated therefrom
      at the precise timing necessary in the machine with which the feeders are
      utilized.
PAR  Further, it should be understood that when utilizing the disclosed devices
      as stackers, rather than shutting off the vacuum to the vacuum shoes when
      a sheet is bottomed in the stack, the disclosed vacuum valves could be
      combination vacuum/pressure valves and as the sheet is bottomed in the
      stack, the vacuum could be switched to pressure to positively drive the
      trailing edge of the sheets against the remainder of the sheets in the
      stack. The pressure may be maintained until the lead edge of the
      succeeding sheet passes a suitable sensor (not shown), at which time the
      pressure may be switched to vacuum. This may be particularly useful in
      those instances where the stacker is being utilized with very flexible
      paper and the beam strength thereof may be insufficient to move the
      trailing edge of the sheet out of the path of incoming subsequent sheets.
PAR  When utilizing the disclosed devices as feeders, the possibility of
      multiple sheets being fed thereby is non-existent since the air provided
      by the floatation plenums not only provides a cushion between the bottom
      sheet in the stack and the plenum surface but also provides a cushion
      between the bottom sheet and subsequent sheets in the stack due to
      percolation of air through the bottom sheet and escape of air from beneath
      the bottom sheet around the edges thereof into the space between the
      bottom sheet and subsequent sheets in the stack. Since the sheets in the
      stack are completely enclosed except for the top edge thereof, as air
      escapes from the space between the first sheet and the remaining sheets
      thereabove, the air expands as it reaches the top portion of the sheet and
      causes the leading edge of the bottom sheet to be separated slightly from
      the remainder of the sheets in the stack, therefore instituting a slight
      separation of the bottom sheet in the stack from the remainder of the
      sheets so that vacuum supplied to the roll assembly 22 or belt 128 is not
      pulled through the bottom sheet and the next sheet thereabove which could
      produce a multi-feed.
PAR  Through the use of the disclosed vacuum roll or belt assembly and the use
      of air floatation to minimize the drag force on a sheet being inserted or
      removed from the bottom of the stack, a universal sheet feeder-stacker is
      provided which allows continual operation of the moving elements thereof
      to provide sequential feeding or stacking and which subject the sheets
      handled thereby to minimal loads in a very positive manner to minimize
      sheet misfeeds or multi-feeds in the feed mode and prevent sheet jams
      caused by collision of the leading edge of the sheet being stacked with
      the preceding sheets stacked in the tray. Further, by feeding from the
      bottom of a stack and/or inserting sheets into the bottom of a stack, the
      machine operator may constantly replenish the sheets in the stack when in
      the feed mode and may constantly remove completed sheets or documents from
      the stack when in the stack mode.
PAR  While I have described a preferred embodiment of my invention, it should be
      understood that the invention is not limited thereto but may be otherwise
      embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for displacing the bottom sheet in a stack of sheets
      comprising:
PA1  a sheet tray adapted to receive a stack of sheets therein, said tray
      including perforate plenum means forming a planar base plate for
      supporting the stack of sheets in a planar condition;
PA1  means for supplying air under pressure to said plenum means to create an
      air cushion between the bottom sheet in the stack and said planar base
      plate;
PA1  vacuum feed means disposed adjacent said plenum means for contact with the
      bottom sheet in the stack to move the sheet relative to said planar base
      plate, said vacuum feed means comprising
PA1  a rotatable roll having vacuum ports therein;
PA1  a stationary shoe disposed interiorly of said roll, said shoe having an
      arcuate opening therein adapted to provide communication between the
      interior of said shoe and the vacuum ports in said roll;
PA1  vacuum means adapted for connection to the interior of said shoe to draw a
      vacuum through the ports in said rotatable roll and retain the lead edge
      of a sheet thereon, rotation of said roll thereby moving the sheet
      retained thereon relative to said plenum means;
PA1  said rotatable roll being reversible, rotation of said roll in a direction
      such that the surface thereof adjacent said planar base plate moves away
      from said base plate causing the bottom sheet in the stack to be separated
      from the remainder of the sheets in the stack and fed therefrom, rotation
      of said roll in the opposite direction causing a sheet retained thereon to
      be inserted into the stack as the bottom sheet thereof; and,
PA1  an idler roll adapted for cooperation with said vacuum roll, entry of a
      sheet between said idler roll and said vacuum roll causing the sheet to be
      transported thereby.
NUM  2.
PAR  2. Apparatus for displacing the bottom sheet in a stack of sheets
      comprising:
PA1  a sheet tray adapted to receive a stack of sheets therein, said tray
      including perforate plenum means forming a planar base plate for
      supporting the stack of sheets in a planar condition;
PA1  means for supplying air under pressure to said plenum means to create an
      air cushion between the bottom sheet in the stack and said planar base
      plate;
PA1  vacuum feed means disposed adjacent said plenum means for contact with the
      bottom sheet in the stack to move the sheet relative to said planar base
      plate, said vacuum feed means comprising
PA1  a first rotatable roll disposed adjacent said base plate;
PA1  a second rotatable roll spaced from said first roll;
PA1  perforate belt means mounted on said first and second rolls, said second
      roll being located relative to said first roll and said base plate to
      provide a planar belt run forming an acute angle with the sheets disposed
      on said base plate;
PA1  a vacuum shoe disposed beneath said planar belt run;
PA1  vacuum supply means connected to said shoe to draw a vacuum through said
      perforate belt means and retain the lead edge of a sheet on said belt
      means, movement of said belt means causing the sheet retained thereon to
      be moved relative to said base plate,
PA1  said rotatable rolls being reversible, movement of said belt means
      therearound away from said base plate causing the bottom sheet in the
      stack to be separated from the remainder of the sheets in the stack and
      fed therefrom, movement of said belt means in the opposite direction
      causing a sheet retained thereon to be inserted into the stack as the
      bottom sheet thereof, and,
PA1  idler roll means adapted for cooperation with said belt means adjacent said
      second roll, entry of a sheet between said idler means and said belt
      causing the sheet to be transported thereby.
NUM  3.
PAR  3. Apparatus for displacing the bottom sheet in a stack of sheets
      comprising:
PA1  a sheet tray adapted to receive a stack of sheets therein, said tray
      including perforate plenum means forming a planar base plate for
      supporting the stack of sheets in a planar conditon;
PA1  means for supplying air under pressure to said plenum means to create an
      air cushion between the bottom sheet in the stack and said planar base
      plate;
PA1  vacuum feed means disposed adjacent said plenum means for contact with the
      bottom sheet in the stack to move the sheet relative to said planar base
      plate, said planar base plate being inclined at a slight angle from
      vertical, the apparatus further including second perforate plenum means
      forming an edge support plate disposed substantially perpendicular to said
      planar base plate; and,
PA1  perforate belt means adapted for running engagement with said edge support
      plate, said means for supplying air being connected to said second
      perforate plenum means to create an air cushion between said belt means
      and the edges of the sheets in said tray, movement of said belt toward
      said base plate maintaining the lower edges of the sheets in the stack
      against said base plate.
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ABST
PAL  A separating device for copy paper sheets for use in a photocopying
      apparatus includes a long, thin separating tape of an insulating material
      which is disposed lengthwise, in the direction of advance of a copy paper
      sheet, between one side edge of the photoreceptor surface and the
      corresponding side edge of the copy paper sheet to be separated, and a
      pick-off thread or string of an insulating material stretched diagonally
      and slantwise across the plane into which the copied paper sheet is fed.
      One side of the copied paper sheet is initially separated by the
      separating tape, and as the sheet is further delivered, it passes under
      the pick-off thread so as to be wholly peeled off the photoreceptor
      surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electrostatic photocopying apparatus,
      and more particularly to a separating device for copied copy paper sheets
      for use therein.
PAR  Generally, in a photocopying apparatus of the above type, an electrostatic
      latent image formed on a charged photoreceptor surface is developed at a
      developing station in the apparatus by developing material comprising
      carrier material and toner powder to produce a visible toner powder image
      in the configuration of the latent image on the photoreceptor surface for
      transfer onto a copy paper sheet to obtain a copy of the image of an
      original thereon. After completion of transfer, the copy paper sheet with
      visible toner powder image thereon is separated from the photoreceptor
      surface to be sent to a subsequent processing device such as a fuser for
      fixing.
PAR  According to the conventional copying apparatus, a non-contact method
      employing an A.C. charger, an air jet and air suction or contact method
      using a separating piece and a separating belt, or a combination of both,
      are adopted for the separation of copy paper sheets from the photoreceptor
      surface. However, conventional separating devices of the above described
      types are not only complicated in construction and expensive, but also
      rather unstable in performing their separating functions, and have such
      disadvantages as damaging the photoreceptor surface, especially in the
      devices employing the contact method.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an essential object of the present invention is to provide a
      separating device for copy paper sheets which is accurate and reliable in
      functioning with substantial elimination of the disadvantages inherent in
      the conventional copy paper sheet separating devices.
PAR  Another important object of the present invention is to provide a
      separating device of the above described type which is very simple in
      construction and easy of maintenance.
PAR  A still further object of the present invention is to provide a separating
      device of the above described type which can be produced at low costs.
PAR  According to a preferred embodiment of the present invention, the
      separating device for copy paper sheets comprises merely a long, thin tape
      of an insulating material such as polyester film which is disposed
      lengthwise between one side edge of a photoreceptor surface and the
      corresponding side edge of a copy paper sheet to be separated, and a
      pick-off thread or string of an insulating material streched diagonally
      and slantwise across the plane into which the copied paper sheet is fed.
PAR  The copy paper sheet to be copied is fed onto the photoreceptor surface
      through a pair of paper guides adjacent to a space between the
      photoreceptor surface bearing a toner powder image thereon and a charger
      disposed below the photoreceptor surface. The leading edge of the copied
      paper sheet easily comes off the photoreceptor surface at the side of the
      separating tape disposed between the corresponding side edges of the
      photoreceptor surface and the copied paper sheet as described above and is
      caught by a pick-off thread as the copied paper sheet advances by the
      rotation of the photoreceptor, and the whole copied paper sheet is
      completely peeled off the photoreceptor surface as the sheet passes under
      the pick-off thread, being slightly pressed downward by the thread.
      Furthermore, a cleaning device for the pick-off thread is provided for
      wiping off any developing material adhering to the thread so as to avoid
      any smearing of the toner powder image transferred on the copy paper
      sheet.
PAR  As is seen from the above, according to the device of the present
      invention, the copied paper sheets are positively separated from the
      photoreceptor surface very efficiently without complicated mechanisms
      associated therewith.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with the
      preferred embodiment thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a perspective view of a separating device of the invention and
      mechanisms of a copying apparatus associated therewith,
PAR  FIG. 2 is a perspective view of a modification of the separating device in
      FIG. 1 and mechanisms of a copying apparatus associated therewith, and
PAR  FIG. 3 is a perspective view of a cleaning device for a pick-off thread
      applicable to the devices in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like numerals throughout the several
      views of the accompanying drawings.
PAR  Referring to FIG. 1, there is shown a known electrostatic photosensitive
      photoreceptor 1 in the configuration of an endless belt suspended by a
      pair of rollers 3 and 3' which are rotatably mounted, in parallel to each
      other in the same plane, between side walls 2 and 2' of the apparatus,
      with one of the rollers 3 or 3' driven by a conventional means for
      rotation of the photoreceptor belt 1. A transfer corona charger 4 is
      disposed under the photoreceptor surface 1' below the backward or lower
      run of the belt with a slight distance therebetween for transferring a
      toner powder image formed on the surface 1' onto a copy paper sheet 7.
PAR  A long, thin separating tape 5 of rectangular shape about 10mm wide which
      is made of an insulating material such as polyester film or the like for
      separating the copy paper sheet from the surface 1' is disposed lengthwise
      in parallel and adjacent to one of the side walls 2' at a position below
      the surface 1' with part of one long side edge of the tape 5 suitably
      secured to the side wall 2' and with part of the surface of the tape 5
      contacting the photoreceptor surface 1'.
PAR  In this state, it will be seen that the separating tape 5 which is long and
      thin and disposed as above with the surface thereof facing the
      corresponding side of the surface 1' tends to curve downward, to a certain
      extent, at the free end thereof into an arcuate configulation.
PAR  A copy paper sheet pick-off thread 6 of an insulating material, for
      example, of nylon or the like for subsequently peeling off copy paper
      sheets is suitably secured at one end thereof at a position 6a immediately
      above the surface of the separating tape 5 (to the side wall 2' in the
      drawing) with the other end thereof suitably secured at a position 6b
      under the other side of the surface 1'. Since the position 6b is lower
      than the position 6a in the side wall 2' and is somewhat ahead of the
      position 6a in the direction of advance of the copy paper sheet 7, the
      thread 6 is stretched between the positions 6a and 6b diagonally and
      slantwise across the copy paper sheet 7 as shown in FIG. 1.
PAR  A pair of guide plates 8 and 8' for guiding the copy paper sheets are
      provided, in spaced relation to each other, adjacent to the space between
      the surface 1' and the charger 4 at the side of the charger 4 remote from
      the thread 6, through which guide plates 8 and 8' copy paper sheets are
      fed onto the surface 1' facing the charger 4.
PAR  Accordingly, the copy paper sheet 7 thus fed through the guide plates 8 and
      8' in the direction of the large arrows adheres to the photoreceptor
      surface 1' bearing the toner powder image as the phtoreceptor 1' rotates
      in the direction shown by a small arrow with the toner powder image
      transferred onto the copy paper sheet 7.
PAR  In this state, however, since the separating tape 5 is disposed between one
      side of the copy paper sheet 7 approximately 10mm wide and the
      corresponding portion of the photoreceptor surface 1', the edge of the
      copy paper sheet 7 begins to be separated from the photoreceptor surface
      1' at the above portion below the separating tape 5 along the curvature of
      the tape 5 as the photoreceptor 1' rotates, and the whole sheet 7 is
      further peeled off the surface 1' completely, being slightly pressed down
      by the thread 6 as the sheet 7 passes under the thread 6 stretched
      slantwise as described above.
PAR  Referring to FIG. 2, there is shown a modification of the embodiment of
      FIG. 1. In this modification, the separating tape 5 is applied to a
      copying machine which employs a photoreceptor 1 in the configuration of a
      drum 1' driven by a conventional means. In this case also, the separating
      tape 5 is appropriately secured, at one end thereof, to a sidewall or a
      suitable supporting member of the copying apparatus (not shown) in the
      same manner as in FIG. 1, with the pick-off thread stretched between two
      positions 6a and 6b, but one end of the pick-off thread 6 is suitably
      secured to the other end of the tape 5 as at 6a. Functions of the
      separating tape 5 and the pick-off thread 6 are exactly the same as in
      FIG. 1, so that the description thereof is abbreviated for brevity.
PAR  Referring now to FIG. 3, there is shown a cleaning device C for the
      pick-off thread 6. The cleaning device C comprises a bracket C1 of an
      inverted regular triangular shape which is suitably secured to a side wall
      (not shown) of the apparatus, at a position 6b' close to the position 6b
      in FIGS. 1 and 2, three small pulleys 13, 12 and 11 each rotatably mounted
      in the vicinity of each angled corner of the bracket C1, a bracket C2
      suitably secured to the apparatus (not shown), on the side thereof
      opposite to the bracket C1, at a position 6a equivalent to the position 6a
      in FIGS. 1 and 2 and on which another small pulley 10 is rotatably
      mounted, a cleaning block 15 of polyurethane foam such as Moltplen or the
      like suitably secured to the bracket C1 or other suitable places (not
      shown) close to the bracket C1, and the pick-off thread 6 which is passed,
      in an endless path, from the driving pulley 13, around the pulley 12,
      through the cleaning block 15, around the pulleys 10 and 11, and back to
      the pulley 13. The driving pulley 13 is provided with a pair of short pins
      13' extending outwardly at right angles from the surface of the pulley 13,
      while a driving shaft 14 drivingly connected at one end thereof to a motor
      M and having a pin 14' at the other end thereof, which extends at right
      angles to the axis of the shaft 14, is adapted to engage the pins 13' for
      rotating the pulley 13.
PAR  Upon rotation of the pulley 13 by the shaft 14, the thread 6 turns around
      the endless path in the direction shown by the small arrows in FIG. 3 with
      any developing material adhering to the thread 6 wiped off as the thread 6
      passes through the cleaning block 15.
PAR  According to an experiment it has been found that copy paper sheets are
      most effectively peeled off the photoreceptor surface 1' when the pick-off
      thread 6 is stretched across the copy paper sheet 7 at angles .theta.
      between 30.degree. and 60.degree. (30.degree. and over to 60.degree. and
      under) to the advancing direction of the copy paper sheet 7 shown by a
      large arrow in FIG. 3.
PAR  It is needless to say that the above angles .theta. and the cleaning device
      C described above are applicable to the devices shown in FIGS. 1 and 2.
PAR  Although, in the device of the invention described above, transfer cannot
      be made in that narrow portion approximately 10mm wide in which the
      separating plate 5 is interposed, no inconvenience is experienced in
      practical use since such a narrow portion at one side of the copy paper
      sheet serves as a filing margin.
PAR  As is clear from the above description, the separating device for the copy
      paper sheets according to the present invention is applicable for copying
      machines of the toner powder image transfer type and the electrostatic
      latent image transfer type, making it possible to separate copied paper
      sheets readily and positively from the photoreceptor surface after
      transfer.
PAR  Furthermore, since the device is simple in construction, comprising merely
      the separating tape, and the pick-off thread simply stretched across the
      surface of the copy paper sheet, it can be manufactured at low cost, and
      yet the separating tape made of an insulating material never damages the
      photoreceptor surface during contact therebetween, which fact results in
      saving of maintenance costs.
PAR  The provision of the cleaning device for the pick-off thread is very
      effective especially when the image transferred onto the copy paper sheet
      is of toner powder image, in which case it is possible that the pick-off
      thread is soiled by developing material after many copy paper sheets have
      been separated, thus smearing the toner powder image transferred on
      subsequent copy paper sheets.
PAR  Although the present invention has been fully described by way of example
      with reference to the attached drawings, it is to be noted that various
      changes and modifications are apparent to those skilled in the art.
      Therefore, unless otherwise such changes and modifications depart from the
      scope of the present invention, they should be construed as included
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A separating device for copy paper sheets for use in a photocopying
      apparatus, said device comprising:
PA1  an elongate, thin separating tape of an insulating material disposed at a
      position between one side edge of a photoreceptor surface of a
      photocopying apparatus and a corresponding side edge of a copy paper sheet
      relative to a direction of advance of said copy paper sheet;
PA1  said tape being secured, at one portion thereof to extend lengthwise and in
      parallel to said direction of advance of said copy paper sheet, to said
      photocopying apparatus with a first surface of said tape facing said
      photoreceptor surface and with part of said first surface of said tape
      contacting said photoreceptor surface, whereby as said copy paper sheet
      advances the leading portion of said side edge thereof is separated from
      said photoreceptor surface by a second surface of said tape;
PA1  a pick-off thread forming means for further peeling said copy paper sheet
      off said photoreceptor surface completely;
PA1  said thread being stretched, at a discharging side for said copy paper
      sheet, between a first position immediately above to a first side of said
      photoreceptor surface adjacent said second surface of said tape and a
      second position below a second side of said photoreceptor surface relative
      to a direction of movement of said photoreceptor surface; and
PA1  said second position being lower than said first position and being ahead
      of said first position relative to said direction of advance of said copy
      paper sheet;
PA1  whereby said stretched thread presses a surface of said copy paper sheet
      downwardly as said copy paper sheet passes under said thread during
      advancement of said sheet.
NUM  2.
PAR  2. A separating device for copy paper sheets for use in a photocopying
      apparatus, said device comprising:
PA1  an elongate, thin separating tape of an insulating material disposed at a
      position between one side edge of a photoreceptor surface of a
      photocopying apparatus and a corresponding side edge of a copy paper sheet
      relative to a direction of advance of said copy paper sheet;
PA1  said tape being secured, at one portion thereof to extend lengthwise and in
      parallel to said direction of advance of said copy paper sheet, to said
      photocopying apparatus with a first surface of said tape facing said
      photoreceptor surface and with part of said first surface of said tape
      contacting said photoreceptor surface, whereby as said copy paper sheet
      advances the leading portion of said side edge thereof is separated from
      said photoreceptor surface by a second surface of said tape;
PA1  a pick-off thread forming means for further peeling said copy paper sheet
      off said photoreceptor surface completely;
PA1  said thread being stretched, at a discharging side for said copy paper
      sheet, between a first position adjacent to a first side of said
      photoreceptor surface adjacent said second surface of said tape and a
      second position below a second side of said photoreceptor surface relative
      to a direction of movement of said photoreceptor surface;
PA1  said second position being lower than said first position and being ahead
      of said first position relative to said direction of advance of said copy
      paper sheet;
PA1  whereby said stretched thread presses a surface of said copy paper sheet
      downwardly as said copy paper sheet passes under said thread during
      advancement of said sheet;
PA1  a thread cleaning device comprising a plurality of guide pulleys and a
      cleaning block, said thread being extended from said first and second
      positions to pass around said guide pulleys and through said cleaning
      block along an endless path so that said thread is cleaned by said
      cleaning block as it moves along said endless path.
NUM  3.
PAR  3. A separating device for copy paper sheets as claimed in claim 2, wherein
      said first position is located immediately above said second surface of
      said tape.
NUM  4.
PAR  4. A separating device for copy paper sheets as claimed in claim 2, wherein
      said first position is located on a first end of said tape.
NUM  5.
PAR  5. A separating device, for use in an electrostatic photocopying apparatus
      of the type including a movable photoreceptor and an image transferring
      means, for separating copying paper from said photoreceptor, said device
      comprising:
PA1  an insulating tape member disposed between an image transferring means and
      a photoreceptor of an electrostatic photocopying apparatus;
PA1  said tape member facing one edge of a surface of said photoreceptor in a
      direction of advance of the copying paper;
PA1  said tape member being provided in a position allowing the transfer of an
      image from said photoreceptor surface to said copying paper, and said tape
      having surface means for guiding the leading portion of one side edge of
      said copying paper away from said photoreceptor surface for initial
      separation thereof from said photoreceptor; and
PA1  a thread member secured at one end thereof to said insulating tape member
      and stretchably disposed ahead of said tape member in an inclined
      direction relative to said direction of advance of said copying paper,
      said thread member comprising means for completely separating the
      advancing copying paper from said photoreceptor surface.
NUM  6.
PAR  6. A separating device as claimed in claim 5, wherein said insulating tape
      member is secured at both ends thereof to said electrostatic photocopying
      apparatus, said tape member being substantially in the form of an arc
      extending in said direction of advance of said copying paper.
NUM  7.
PAR  7. A separating device as claimed in claim 5, wherein said thread member is
      of insulating material.
NUM  8.
PAR  8. A separating device as claimed in claim 5, wherein said thread member is
      disposed at an inclined angle of from 30.degree. to 60.degree. relative to
      said direction of advance of said copying paper.
NUM  9.
PAR  9. A separating device as claimed in claim 5, wherein said one end of said
      thread member is disposed at a first position, and a second end of said
      thread member is disposed at a second position lower than said first
      position and ahead of said first position relative to said direction of
      advance of said copying paper.
NUM  10.
PAR  10. A separating device for use in an electrostatic photocopying apparatus
      of the type including a movable photoreceptor and an image transferring
      means, for separating copying paper from said photoreceptor, said device
      comprising:
PA1  an insulating tape member disposed between an image transferring means and
      a photoreceptor of an electrostatic photocopying apparatus;
PA1  said tape member facing one edge of a surface of said photoreceptor in a
      direction of advance of the copying paper;
PA1  said tape member being provided in a position allowing the transfer of an
      image from said photoreceptor surface to said copying paper, said
      insulating tape member being secured at both ends thereof to said
      electrostatic photocopying apparatus, said tape member being substantially
      in the form of an arc extending in said direction of advance of said
      copying paper, said tape member having surface means for guiding the
      leading portion of one side edge of said copying paper away from said
      photoreceptor surface for initial separation thereof from said
      photoreceptor; and
PA1  a thread member of insulating material secured at one end thereof to said
      insulating tape member and stretchably disposed ahead of said tape member
      in a direction inclined to said direction of advance of said copying paper
      by an angle of from 30 to 60 degrees, said thread member comprising means
      for completely separating the advancing copying paper from said
      photoreceptor surface.
NUM  11.
PAR  11. A separating device as claimed in claim 10, wherein a first end of said
      thread member is disposed at a first position adjacent said tape member,
      and a second end of said thread member is disposed at a second position
      lower than said first position and ahead of said first position relative
      to said direction of advance of said copying paper.
NUM  12.
PAR  12. A separating device for copy paper sheets for use in a photocopying
      apparatus, said device comprising:
PA1  an elongate, thin separating tape of an insulating material disposed at a
      position between one side edge of a photoreceptor surface of a
      photocopying apparatus and a corresponding side edge of a copy paper sheet
      relative to a direction of advance of said copy paper sheet;
PA1  said tape being secured, at one portion thereof to extend lengthwise and in
      parallel to said direction of advance of said copy paper sheet, to said
      photocopying apparatus with a first surface of said tape facing said
      photoreceptor surface and with part of said first surface of said tape
      contacting said photoreceptor surface, whereby as said copy paper sheet
      advances the leading portion of said side edge thereof is separated from
      said photoreceptor surface by a second surface of said tape;
PA1  a pick-off thread forming means for further peeling said copy paper sheet
      off said photoreceptor surface completely;
PA1  said thread being stretched, at a discharging side for said copy paper
      sheet, between a first position adjacent to a first side of said
      photoreceptor surface on a first end of said tape adjacent said second
      surface thereof and a second position below a second side of said
      photoreceptor surface relative to a direction of movement of said
      photoreceptor surface; and
PA1  said second position being lower than said first position and being ahead
      of said first position relative to said direction of advance of said copy
      paper sheet;
PA1  whereby said stretched thread presses a surface of said copy paper sheet
      downwardly as said copy paper sheet passes under said thread during
      advancement of said sheet.
NUM  13.
PAR  13. A separating device for copy paper sheets as claimed in claim 2,
      further comprising a driving pulley, said thread passing around said
      driving pulley, and means for driving said driving pulley for moving said
      thread along said endless path.
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ABST
PAL  A device for separating a copy sheet and an original that are delivered
      together by copying apparatus along a common path, including suction means
      for drawing the original from the path and a curved guide plate for
      guiding the copy sheet as the original is separated therefrom. The suction
      means, disposed at one side of the common path, includes a curved suction
      surface and plural apertured endless belts passing over the surface in
      position for register of apertures of the belts with suction openings
      formed in the surface. The guide plate, disposed at the opposite side of
      the common path, has a sheet-engaging surface with a degree of curvature,
      relative to the last-mentioned path, that is less than the curvature of
      the suction surface but greater than a predetermined curling limit of the
      copy sheets being separated.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of applicant's copending U.S.
      Pat. application Ser. No. 378,820, filed July 13, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for automatically separating a
      photosensitive sheet from an original for copying apparatus, particularly
      of the type using a diazo photo-sensitive sheet.
PAR  In a typical example of copying apparatus with which the present invention
      may be employed, an original to be copied and a photosensitive copy sheet
      are advanced, in surface-to-surface contact with each other, past a
      printing station where an image of the original is established on the copy
      sheet by exposure to light. As delivered from the printing station, the
      original and copy sheet are still in contact, and must be separated from
      each other, e.g. to enable subsequent developing treatment of the copy
      sheet. A separating device is accordingly disposed at a suitable locality
      in the common delivery path of the original and copy sheet beyond the
      printing station.
PAR  Heretofore, to effect automatic separation of a photosensitive sheet from
      an original in such copying apparatus, it has been customary to employ a
      device wherein a suction tank is provided both on the original side and on
      the photosensitive sheet side of the delivery path, to draw the original
      and photosensitive sheet apart by suction by means of blowers of large
      capacity.
PAR  In a device of the type described, the photosensitive sheet (herein also
      termed the copy sheet) is drawn by a suction force of the blower which is
      exerted on the sheet through openings formed in a suction plate of the
      suction tank and gaps formed between a plurality of belt elements making
      up a conveyor belt interposed between the plate and sheet for advancing
      the sheet. This device has a disadvantage in that, since there is a
      clearance between the photosensitive sheet and the suction plate, a large
      quantity of air tends to flow from outside into the suction tank through
      this clearance, and it becomes necessary to use a blower of a greater
      capacity than would otherwise be required, in order to permit the suction
      force of the blower to achieve satisfactory results in drawing the copy
      sheet without interference by the large quantity of air flowing from
      atmosphere into the suction tank.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a copy sheet-original
      separating device, compact in size and high in efficiency, which obviates
      the aforementioned disadvantage of the prior art in automatically
      separating a copy sheet from an original.
PAR  To this and other ends, the present invention broadly contemplates (as one
      feature or aspect thereof) the provision of a separating device for
      copying apparatus including a guide plate of particular configuration for
      guiding a copy sheet, and suction means having a curved suction surface
      for conducting an original, disposed along the delivery path of an
      original and copy sheet that are initially in surface-to-surface contact
      with each other. Specifically, in accordance with the invention, the copy
      sheet guide plate has a curved guide surface with a degree of curvature
      greater than the practical forward curling limit (as hereinafter defined)
      of the copy sheet while the curved suction surface of the suction means
      has a degree of curvature greater than that of the copy sheet guide plate.
      The copy sheet plate is disposed, in the delivery path, to face that
      surface of the copy sheet which faces away from the original, while the
      suction surface is disposed to engage that surface of the original which
      faces away from the copy sheet. The curvature of the copy sheet guide
      plate is concave toward the copy sheet while the curvature of the suction
      surface is convex toward the original.
PAR  This device is arranged to cooperate with means, provided in the copying
      apparatus, for advancing the original and copy sheet together along the
      delivery path. The suction means draws the original from the path as the
      original and copy sheet advance, while the copy sheet guide plate is
      positioned to engage and guide the copy sheet (in a path leading away from
      the original) toward further sheet-advancing means, e.g. delivery rollers.
PAR  That is to say, in one aspect of the invention, the aforementioned object
      can be accomplished by guiding the photosensitive sheet by a guide plate
      having a curved surface whose degree of curvature is higher than the
      practical curling limit of the photosensitive sheet, and by guiding the
      original to move along a curved surface having a higher degree of
      curvature than the photosensitive sheet guide plate while drawing the
      original by suction means disposed beneath the original guide surface
      whereby the photosensitive sheet and the original can be automatically
      separated from each other.
PAR  The original occurs in different qualities, thicknesses and sizes so that
      it is beyond the power of copying apparatus manufacturers to control its
      degree of curling while it is in stock. However, the photosensitive sheet
      can have its degree of curling controlled by copying apparatus
      manufacturers while it is in the process of production or while being
      stored following production. That is, each type of photosensitive sheets
      can be allowed to curl up either in the direction of their photosensitive
      surface or in an opposite direction, and the maximum degree to which the
      sheets curl up in any direction under normal conditions can be adjusted to
      a predetermined level. Stated differently, photosensitive sheets can be
      allowed to curl up in the direction of their photosensitive surface and
      the degree to which the sheets curl up or the forward curling value f with
      respect to the reference plane S can be adjusted to a predetermined level,
      or they can be made to curl up in an opposite direction and the degree to
      which they curl up or the back curling value b can be adjusted to a
      predetermined level. This predetermined level or the maximum curling limit
      is referred to as the practical curling limit of photosensitive sheets.
PAR  Curling of a copy sheet in the direction of its photosensitive surface is
      herein termed forward curling; if the sheet tends to curl in the opposite
      direction, its forward curling value may be considered negative. The
      present invention is specifically concerned with devices capable of
      handling copy sheets that exhibit forward curling.
PAR  In accordance with a further particular feature or aspect of the invention,
      the suction means of the device includes a suction tank having a suction
      plate or surface and a plurality of belt elements movable over that
      surface. A number of openings are formed in and disposed lengthwise of
      each of the plurality of belt elements (which together comprise a conveyor
      belt for advancing an original), and a number of small suction openings
      are formed in the suction plate of the suction tank in positions on which
      the openings of the belt elements move in operation, so as to eliminate
      communication of the gaps between adjacent belt elements with the suction
      openings of the suction tank. This arrangement permits the original to be
      drawn to the original conveyor belt by a low suction force exerted on the
      original through the suction openings in the suction tank and the openings
      in the belt elements, eliminating the need to use a blower of large
      capacity as in conventional devices of a similar type. Thus, the present
      invention permits attainment of the object of attracting the original to
      the conveyor belt to convey the same by using an economical blower of a
      compact size.
PAR  According to the invention, the suction tank has only to be provided on the
      original side of the delivery path. The blower used for drawing the
      original to the conveyor belt can be of a compact size because the
      quantity of fluid drawn by suction by the blower to attract the original
      to the conveyor belt need not be so great as the quantity of fluid which
      must be drawn in the conventional original-photosensitive sheet separation
      device described above.
PAR  Other objects and features of the invention are pointed out in the
      following description in terms of the embodiment thereof which is shown in
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic vertical sectional view of a copying apparatus
      incorporating therein the automatic separation device according to the
      invention;
PAR  FIG. 2 is a plan view of the suction means;
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 2; and
PAR  FIG. 4 is a view in explanation of the practical curling limit of a
      photosensitive sheet.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, an original 1 and a photosensitive sheet 2 superposed one on the
      other and inserted in the copying apparatus are exposed to light rays
      emanating from a light source 5, and the image of the original 1 is
      printed on the photosensitive sheet 2 while they are held between an
      endless belt 4 and a transparent cylinder 3 and moving along the periphery
      of the cylinder 3. They are removed from the cylinder 3 by a pick-off 6
      and fed to a separation device 7.
PAR  The separation device 7, embodying the present invention, comprises a guide
      plate 9 having a surface which is slightly curved toward the original side
      from a predetermined course of movement (line 8) of the photosensitive
      sheet emerging from the pick-off 6, suction means 10 comprising a suction
      tank 12 provided with a curved suction surface 11, and an original endless
      conveyor belt 15 consisting of a plurality of belt elements trained over
      rollers 13 and 14 and surrounding the suction tank 12 so that the belt 15
      may move along the curved suction surface 11. The degree of curvature of
      the curved surface 9a of guide plate 9 is set at a level which is higher
      than the practical forward curling limit of the photosensitive sheet 2.
PAR  FIG. 4 illustrates the two possible directions of curling of the copy sheet
      2. If the copy sheet curls in the direction of its photosensitive surface,
      its forward curling limit is indicated by f in FIG. 4, representing the
      extent of departure of the sheet extremities in the forward direction from
      reference plane S. The surface 9a of guide plate 9 should have a curvature
      (with respect to line 8, FIG. 1) greater than that represented by f. If,
      on the other hand, the copy sheet curls in a direction opposite to the
      photosensitive surface, its back curling limit is represented by b in FIG.
      4. In this instance, the forward curling of the copy sheet may be
      considered as negative; the described positive curvature of guide plate
      surface 9a is still greater than this negative forward curling.
PAR  Referring again to FIG. 1, the original 1 emerging from the pick-off 6 is
      drawn by the suction force of the suction means 10 and moves along the
      suction surface 11 of the suction tank 12 which is made to have a higher
      degree of curvature than the guide plate 9 for the photosensitive sheet 2,
      so that the paths respectively defined by the suction surface 11 and the
      guide plate surface 9a are divergent. On the other hand, the
      photosensitive copy sheet 2 emerging from the pick-off 6 separates itself
      from the original 1 as the original is drawn to the suction surface 11,
      and the copy sheet moves forwardly under no suction and reaches the guide
      plate 9. Therefore, it moves along its predetermined path while being
      guided by the surface 9a of the guide plate 9 which faces the copy sheet
      and the original.
PAR  The belt elements of the original conveyor endless belt 15 are formed
      therein with a number of openings 16 arranged lengthwise thereof while a
      number of small suction openings 17 are formed in the suction surface 11
      of the suction tank 12 in positions on which the upper runs of the belt
      elements having the openings 16 move in operation, so that the small
      suction openings 17 are successively in register with the larger openings
      16 of the belt, as illustrated in FIG. 2. The suction tank 12 is connected
      to a blower (not shown).
PAR  The photosensitive sheet 2 is guided along the guide plate 9 after emerging
      from the pick-off 6, but the original 1 is attracted to the endless
      conveyor belt 15 because it is drawn by a suction force exerted thereon
      through the suction openings 17 and the openings 16 in the belt elements
      of the conveyor belt 15, so that the original 1 moves with the belt 15
      while being attracted thereto as the belt 15 moves along the suction
      surface 11 of the suction tank 12.
PAR  The original 1 is held between a delivery roller 18 and the conveyor belt
      15 which is pressed against the delivery roller by the roller 13 at the
      exit end of the suction means 10 and ejected through an original outlet 19
      from the apparatus.
PAR  On the other hand, the photosensitive sheet 2 moving along the guide plate
      9 is nipped by delivery rollers 20 and 20' disposed at the exit end of the
      guide plate 9 and moved along another guide plate 21 to a developing
      station 22 where the image thereon is developed so that the photosensitive
      sheet is converted into a copy or duplicate of the original and ejected
      onto a copy tray.
PAR  In other words, as the original 1 and copy sheet 2 converge together from
      the pick-off 6, they diverge because the original is drawn by suction
      along surface 11 while the copy sheet is not subjected to the suction,
      being insulated therefrom by the original. If the copy sheet had no
      forward curling tendency, it would advance along path 8. However, a copy
      sheet having a forward curling tendency advances along a path as indicated
      at 2' intermediate path 8 and surface 11 though still divergent from
      surface 11. In the absence of plate 9, the position of the leading edge of
      the copy sheet 2 at a given distance beyond pick-off 6 would not be
      precisely or positively determinable, and it would therefore be difficult
      to bring the copy sheet into assured proper engagement with further
      sheet-advancing means as desired for delivery thereof e.g. to a developing
      station.
PAR  Plate 9 is so disposed that the concave guide surface 9a thereof (facing,
      but diverging from, the suction surface 11) is engaged by the leading edge
      of a copy sheet 2 advancing along a path 8 or 2' a short distance beyond
      the locality at which the original and copy sheet begin to separate. Owing
      to the fact that the concave curvature of surface 9a is greater than the
      practical forward curling limit of the sheet 2, the sheet leading edge is
      maintained in contact with the surface 9a (as the sheet 2 continues to
      advance) and is positively guided thereby, to the nip of delivery rollers
      20 and 20'. As will be appreciated, if the degree of concave curvature of
      surface 9a were less than the practical forward curling limit of sheet 2,
      engagement of the sheet with the guide plate would not be assured, and any
      guiding action of the plate would be haphazard in its effect.
PAR  Thus, in short, the invention in this aspect contemplates provision of the
      described guide plate 9 having a concavely curved surface 9a (with a
      degree of curvature that is greater than a predetermined value, e.g.
      greater than the practical forward curling limit of a copy sheet
      characterized by positive forward curling) facing the suction surface 11
      and positioned to be engaged by the leading edge of a copy sheet 2
      emerging from the pick-off 6. For all copy sheets having a practical
      forward curling limit f which is less than the degree of curvature of
      surface 9a (including sheets that exhibit "negative" forward curling, as
      defined above), the plate provides assured guidance of the sheet into the
      nip of the delivery rollers. It will be understood that reference herein
      to curvature of the suction and guide plate surfaces means curvature in
      the direction of advance of original and copy sheet, respectively.
PAR  From the foregoing description, it will be appreciated that according to
      the invention, the suction tank is provided on the original side only of
      the path of advance of the original and copy sheet, and that the original
      is drawn to the conveyor belt by a suction force exerted on the original
      from the suction tank through the openings formed in the belt elements of
      the conveyor belt. Since such openings are prevented from communicating
      with atmosphere by the original and the suction tank, the original can be
      fully attracted to the conveyor belt by a suction force high enough to
      draw air from near such openings, and the suction openings 17 formed in
      the suction surface of the suction tank can be small in size because they
      have only to serve the purpose of compensating for the leak of fluid which
      may occur between the original and the belt. The quantity of fluid drawn
      from outside into the suction tank through the small openings which are
      left uncovered by the original because the latter is small in size is very
      small, so that a blower of a small capacity can be used. Because of this,
      the separation device according to the invention is smaller in size than
      conventional separation devices, low in cost and produces less noise
      because the blower is of a smaller capacity.
PAR  In devices of the prior art, when an original alone is inadvertently fed to
      a copying apparatus or an original alone reaches the separation device in
      the case of misoperation of an automatic photosensitive sheet supply
      device of the copying apparatus or for other reasons, it has often
      happened that the original is fed to the developing station and stained
      therein by the developing agent in case the original is curled such as to
      precipitate this situation because two suction tanks are provided on both
      sides, i.e. for the original and the photosensitive sheet. This
      disadvantage of the prior art can be eliminated by the present invention,
      because the suction tank is provided on the original side only and the
      original never fails to be ejected through the original outlet from the
      apparatus.
PAR  It is to be understood that the invention is not limited to the features
      and embodiments hereinabove set forth, but may be carried out in other
      ways without departure from its spirit.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use to produce copies of originals, on copy sheets having a
      practical curling limit not greater than a predetermined value, with
      copying apparatus wherein an original and a copy sheet are delivered
      together along a common path, a device for separating an original from a
      copy sheet, comprising
PA1  a. suction means, disposed adjacent the path on one side thereof in
      position to face an original advancing therealong, for drawing an original
      therefrom, said suction means having a convexly curved suction surface
      facing said path and including at least one conveyor belt movable along
      said suction surface; and
PA1  b. a stationary guide plate, disposed adjacent the path on the opposite
      side thereof from, and in facing relation to, the suction means and in
      position to face a copy sheet advancing along the path between the suction
      surface and the guide plate, said guide plate having a guide surface
      facing said path and said suction surface for engaging and guiding an
      advancing copy sheet to a predetermined locality beyond said guide plate;
PA1  wherein the improvement comprises
PA1  c. said guide surface of said guide plate being curved concavely with a
      degree of curvature greater than said predetermined value; and
PA1  d. said suction surface having a degree of convex curvature greater than
      the degree of concave curvature of said guide surface.
NUM  2.
PAR  2. A device as defined in claim 1, wherein said one belt has a plurality of
      openings each fully laterally enclosed by material of the belt, and said
      suction surface has a plurality of small suction openings disposed for
      register with openings of the belt for application of suction therethrough
      to an original lying on the belt, said belt openings being individually
      substantially larger than said suction openings.
NUM  3.
PAR  3. A device as defined in claim 1, wherein the copying apparatus comprises
      means, delivering an original and a copy sheet together as aforesaid, for
      imparting forward motion to the copy sheet to advance the leading edge of
      the copy sheet past said guide plate; and further including sheet-feeding
      means disposed at said predetermined locality for engaging the leading
      edge of a copy sheet to feed the sheet beyond the guide plate; said guide
      plate surface curving concavely toward said sheet-feeding means for
      guiding the leading end of an advancing copy sheet thereto.
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ABST
PAL  An improved discharge apparatus for facilitating the removal and stacking
      of finished bags from a bag-making machine. An adjustable speed control
      means is operable to impart selective rotational velocity to a pair of
      opposed stacking wheels between which bags are travelling as they are
      discharged from the machine. Timing means operatively connected to the
      stacking wheels cause the speed control means to operate for a fraction
      only of the time interval of discharge of each bag.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a bag-making machine for fabricating bags from
      thermoplastic material of tubular flexible feed stock. More particularly
      the invention relates to an improved discharge apparatus for facilitating
      the removal and stacking of finished bags from a bag-making machine.
PAR  It is known to form bags from tubular feed stock of thermoplastic material
      such as polyethylene or polypropylene by advancing a flattened tube of the
      stock downstream to a station at which the opposed sides of the stock are
      sealed together by the application of heat and pressure. Concurrently with
      the sealing operation, the stock is cut adjacent the seal for severing
      each formed bag from stock upstream of the station. The finished bags are
      then discharged from the station and are projected across a gap to a
      stacking table by means of stacking wheels alone or in combination with
      opposed conveyor belts disposed intermediate the said station and stacking
      wheels.
PAR  In order to ensure that a continuous uninterrupted stream of newly formed
      bags are projected by the discharge apparatus onto the stacking table,
      precise control over the operation of the apparatus is desirable. The
      discharge apparatus should be precisely timed to operate immediately or
      shortly after the sealing and cutting operations to ensure a satisfactory
      rate of throughput of feed stock and discharge of newly formed bags. The
      discharge apparatus should also operate for a sufficient length of time to
      accelerate each newly formed bag away from the machine and the manner in
      which the bags are accelerated by the discharge means should be such that
      the bags, when they reach the stacking table, are arranged in condition
      for immediate packaging. Since the bags are quite limp they must be
      corrugated by the stacking wheels and ejected with sufficient momentum
      that they reach the stacking table in a flattened state. The bags must
      not, however, be ejected so rapidly that they overshoot the stacking table
      or they do not stack properly on the table and their discharge velocity
      must, therefore, be decelerated near the end of their travel.
PAR  Satisfactory operation of the discharge apparatus thus requires control
      over the correct timing of the apparatus in relation to the timing of the
      sealing-cutting apparatus, control over the length of time that the device
      is operative in each cycle and control over the velocity to which the
      newly formed bags are accelerated and from which they are decelerated by
      the apparatus. Few known devices provide means by which such control can
      be achieved and still fewer provide means whereby such control can be made
      while the bag-making machine is in operation.
PAR  It is the principal object of the present invention to provide a discharge
      apparatus for a bag-making machine having means permitting precise control
      over the velocity to which newly formed bags are discharged by the
      apparatus. Other objects of the invention ancillary to this object are a
      discharge apparatus having means for controlling the timing of the
      apparatus relative to the sealing-cutting cycle, and means for controlling
      the operation of the discharge apparatus during the said cycle.
PAR  It is another object to provide a discharge control means which may be
      operated while the bag-making machine is in operation whereby adjustments
      may be made in the discharge apparatus to ensure a continuous stream of
      bags to the stacking table without the necessity of shutting down the
      machine.
PAR  Another object is to provide control means which may be used in conjunction
      with most bag-making machines with only minor adjustments and which
      comprises only a small number of known and readily available components.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects may be accomplished by an improvement to the
      discharge means of a bag-making machine. In a bag-making machine having a
      prime mover in which successively formed bags are discharged sequentially
      from the machine, the improvement comprising a pair of opposed stacking
      wheels for gripping said formed bags therebetween as they are discharged
      from the machine; adjustable speed control means operable to impart
      selective rotational velocity to said stacking wheels for slowing each of
      said discharing bags near the completion of its discharge; and timing
      means operatively connected to said prime mover for causing said speed
      control means to operate for a fraction only of the time interval of
      discharge of each bag.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of the invention and the manner in which they can be achieved
      will become apparent from the following detailed description of the
      drawings in which:
PAR  FIG. 1 is a schematic view of a known bag-making machine showing the
      general arrangement of component parts; and
PAR  FIG. 2 is an exploded perspective view of the discharge apparatus of the
      invention together with a schematic view of known sealing-cutting
      apparatus.
DETD
PAR  Like reference characters refer to the like parts throughout the
      description of the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference first to FIG. 1, the improved discharge means indicated
      generally by numeral 10 is incorporated in a bag-making machine which
      comprises a pair of surface unwind rollers 11, 12 upon which a roll of
      feed stock 14 is seated for rotation as tubular material 16 in flattened
      form is drawn therefrom. Tubular stock 14 will be of a flexible,
      thermoplastic material having the heat sealing characteristics of
      polyethylene or polypropylene.
PAR  The capstan drive designated generally by numeral 18 comprises a drive
      motor 20 operatively connected to rubber-covered drive roller 22 by a
      chain 24. Capstan 18 draws feed stock 16 from roll 14 by way of idler
      rollers 26, 28 and 30, the latter roller arranged in conjunction with
      idler roller 31 relative to drive roller 22 as shown or in abutment with
      drive roller 22 to provide a satisfactory wrap about drive roller 22 to
      avoid slippage of feed stock thereon.
PAR  The compensator designated generally by numeral 32 comprises a plurality of
      idler rollers 34 journaled for rotation in a fixed position and a
      plurality of idler rollers 36 journaled for rotation on arm 38 mounted for
      pivotal movement by pin 40 at one end thereof. Single-acting pneumatic
      cylinder 42 connected at one end to support wall 44 by pivot pin 46 and
      having a piston and rod assembly 48 slidably mounted therein and pivotally
      connected at the other end to arm 38 by pivot pin 50 is adapted to bias
      arm 38 in a downward, clockwise position as viewed in FIG. 1 for
      maintaining stock 16 under tension. Air under about 10 p.s.i.g. pressure,
      for example, is introduced to cylinder 42 to maintain a constant and
      uniform pressure on arm 38 regardless of its position.
PAR  It will be understood that a tension spring can be used in place of
      pneumatic cylinder 42 to maintain a pressure on arm 38. However, a
      pneumatic cylinder has the advantage over a spring in that the force
      exerted on arm 38 will be uniform as determined by the pneumatic pressure
      in the cylinder whereas the pressure exerted by a tension spring will vary
      as the length of the spring is extended or decreased.
PAR  Operatively connected to arm 38 and not shown is a limit control which
      measures the angle defined between arm 38 and a reference plane, such as,
      for example, between arm 38 and support wall 52. The control is
      operatively connected electrically to capstan drive motor 20 whereby
      upward, counter-clockwise movement of arm 38 will result in capstan drive
      18 increasing in speed to draw an increased amount of stock from roller 14
      such that arm 38 will return to its normal position as shown schematically
      in FIG. 1. As arm 38 reaches a predetermined angle of inclination, drive
      20 slows down and/or is stopped; constant tension being maintained on
      stock 16 at all times by pneumatic cylinder 42.
PAR  A plurality of idler rollers 54 are located intermediate compensator 32 and
      draw rollers 56, 58 to permit inclusion of a perforating device in the
      system if desired. Idler roller 54' is adjustably mounted to facilitate
      incorporation of a perforating device.
PAR  The pair of draw rollers 56, 58 is located immediately before sealing
      bar-knife section 60; sealing bar 62 and knife 64 being adapted for
      vertical reciprocal movement. Stacking wheels 66, to be described in more
      detail below, can be disposed adjacent sealing-cutting assembly 60 for
      discharging finished bags from the machine, or can be spaced from
      sealing-cutting assembly 60 with opposed conveyor belts 61, 63 disposed
      therebetween, as illustrated, for discharge onto stacking table 67.
PAR  Although not shown, it will be understood that the foregoing rollers ar
      journaled for rotation and the pivot pins mounted in a rigid steel
      framework.
PAR  Each of the components of the bag-making machine mentioned above are
      well-known in the art and are described in numerous publications. U.S.
      Pat. No. 3,673,879, for example, describes a particularly suitable
      sealing-cutting assembly and drive assembly for draw rollers 56, 58.
PAR  FIG. 2 illustrates the components of the stacking wheels control mechanism
      according to the subject invention as well as a schematic representation
      of the sealing-cutting assembly. With reference to the figure, the
      sealing-cutting assembly designated by numeral 60 serves, in a known
      manner, to heat and pressure seal together the opposed flattened tube of
      feed stock 16 (FIG. 1) to form a bag bottom while substantially
      concurrently cutting the stock adjacent the seal for severing each formed
      bag from the stock. A particularly suitable sealing-cutting assembly is
      shown and described in the above-mentioned U.S. patent which is
      incorporated herein by reference. The sealing cutting assembly 60 is, as
      is well known in the art, adapted for reciprocal cyclical movement and is
      activated by the machine main drive shaft 59, i.e. prime mover.
PAR  Stacking wheels 66a, 66b are keyed to shaft 67, 68 respectively and the
      shafts in turn are geared to rotate together by mating spur gears 69, 70.
      Shaft 68 is driven continuously in a counter-clockwise direction as viewed
      in the Figure by out-put shaft 71 of a variable speed drive, indicated
      generally by numeral 72. The latter device may take various forms all of
      which being well known in the art. The illustrated device, which is
      commercially available and is identified by the registered trade mark
      ZERO-MAX, is found particularly suitable for purposes of the present
      invention.
PAR  The illustrated variable speed drive 72 consists of an input shaft 74 which
      is driven at a constant speed by, for example, electric motor 76 and which
      supports a plurality of axially spaced eccentrics 78, one of which is
      shown. A connecting rod 80 is rotatably mounted on each eccentric 78 and
      is pivotably connected at its lower end to pintle 82. A main link 84 and a
      control link 86 are also pivotally connected to pintle 82.
PAR  The end of main link 84 opposite pintle 82 is connected by pivot pin 87 to
      an overrrunning clutch generally indicated by numeral 88 which converts
      the linear motion of link 84 into rotary motion and which drives output
      shaft 71. The end of control link 86 opposite pintle 82 is joined by pivot
      pin 89 to a sleeve 90 which is mounted about piston rod 92 of a pneumatic
      actuator 94. A thumb screw 95 permits adjustment of the position of sleeve
      90 on the piston rod.
PAR  The position of the end of control link 86, adjacent pin 89, may swing
      through arc 98 under the action of actuator 94 and its position on the arc
      governs the rate at which output shaft 71 rotates. Where the end of the
      control link is at its lowest point on the arc, main link 84 pivots at a
      reduced desired speed, e.g. about 1/2 speed. As the end of the control
      limb swings upwardly on arc 98 to the illustrated position, the direction
      of throw of connecting rods 80 alters from vertical to horizontal thereby
      varying the length of the strokes main link 84 delivers to clutch 88,
      increasing the speed to the pre-set speed.
PAR  By the use of four or more overrunning clutches 88 and by driving them from
      eccentrics 78 successively, output shaft 71 rotates continuously.
PAR  An electrically operated valve 100 controls the supply of compressed air
      from an air compressor 102 to pneumatic actuator 94. When the valve is
      closed, the position of the piston rod 92 is retracted under the bias of a
      spring or other means mounted in the actuator and reduced rotary motion is
      imparted to output shaft 71 by main link 84. When the valve is opened, the
      piston rod is caused to move outwardly of the actuator to the illustrated
      position and the upper end of control link 86 swings to a position at
      which increased rotational speed to pre-set r.p.m. is imparted to the
      output shaft.
PAR  When valve 100 is open, the rate of rotation of the output shaft will, of
      course, depend upon the position to which the control link 86 is moved by
      the piston rod. By means of thumb screw 95, this position can be adjusted
      thereby permitting selection of the speed imparted to output shaft 71 when
      the valve is open.
PAR  Valve 100 is actuated by a switch, indicated generally by the numeral 110,
      which periodically opens and closes the said valve. Switch 110 is
      activated, for example, by sprockets from the main drive shaft determining
      the production rate of severed bags through the stacking wheels. The
      switch is provided with means for adjusting the relative length of time
      during each operating cycle of the stacking wheels that the switch is
      closed and is also provided with means for adjustment of when the "closed"
      period of the switch occurs in relation to the operating cycle of the
      sealing-cutting assembly, said means to be described hereinbelow. The
      illustrated device is commercially available and is identified by the
      trade mark CANDY/SWITCH.
PAR  Switch 110 comprises a pair of mating helical gears 112, 114, the former
      gear 112 constituting the driving gear and being keyed to shaft 115 which
      is driven at a constant speed by the machine main drive shaft. The latter
      driven gear 114 is slidably mounted to a freely rotatable hexagonal shaft
      116 journaled in the switch housing (shown by dashed lines).
PAR  The position of gear 114 on shaft 116 may be adjusted by rotation of a knob
      120 mounted externally of the housing as follows: the knob is connected to
      an externally threaded shaft 122 which is journaled in the housing, and
      about which an internally threaded slider 124 is positioned. The lower end
      of the slider is accommodated in an annular groove 126 at one end of
      driven gear 114. As the knob is rotated, the slider moves along shaft 122
      and causes a corresponding axial movement of driven gear 114 along
      hexagonal shaft 116.
PAR  A driving spur gear 121 is keyed to hexagonal shaft 116 and mates with a
      driven spur gear 123 keyed to hexagonal shaft 125. The latter shaft is
      disposed parallel to shaft 116 and is journaled for rotation in the
      housing. A cam 128 is slidably mounted about hexagonal shaft 125 and its
      position on the shaft may, in a manner similar to helical gear 114, be
      axially adjusted by rotation of externally mounted knob 130. Thus rotation
      of the latter knob causes a slider 132 to move along a threaded shaft 134.
      The lower end of the slider is accommodated in an annular groove 136
      formed in the cam and movement of the slider causes a corresponding
      movement of the cam along hexagonal shaft 125.
PAR  Cam 128 is provided with an uniformly increasing rise 140 along which cam
      follower 142 runs. The follower is spring biased against the cam and when
      the follower is urged downwardly by cam rise 140 it closes the electrical
      circuit which energizes valve 100.
PAR  The operation of this control mechanism for stacking wheels 66 is as
      follows: the stacking wheels 66a, 66b are rotated at a desired pre-set
      speed until an impulse from switch 110 opens valve 100 thereby activating
      pneumatic cylinder 94 of the variable speed drive 72. Upon activation of
      the cylinder 94, the end of control link 86 which is connected to the
      piston rod of the cylinder swings downwardly and rotary motion of output
      shaft 71, and hence to stacking wheels 66, is reduced to about one-half of
      the pre-set, desired speed. The rotational velocity imparted to the output
      shaft will vary both with the speed of electric motor 76, as desired, and
      with the depression of the control link when the piston rod is retracted.
      The amptitude of the latter variable can be adjusted by means of thumb
      screw 95.
PAR  An impulse from switch 110 is generated when cam follower 142 is forced
      downward by cam rise 140. The follower 142 is forced downwardly during
      each revolution of the cam and the interval of time during each complete
      revolution of the cam that the follower is forced downwardly can be varied
      by rotation of knob 130. This is because rotation of the knob causes the
      position of the cam on shaft 125 to shift with resulting change in the
      extent of the cam rise in contact with the roller during each cycle of the
      cam. Thus knob 130 permits adjustment of the time during which the
      stacking wheels 66 are rotating at the desired pre-set speed in relation
      to the time during which they are rotating at the reduced speed.
PAR  By means of knob 120, the time of slowdown of commencement of rotation of
      the stacking wheels during the operating cycle of the sealing-cutting
      assembly can be adjusted. Rotation of the latter knob causes helical gear
      114 to shift on its shaft 116 and a rotary motion is imparted to shaft 116
      relative to shaft 115 with resulting change in the phase relationship
      between the two shafts.
PAR  It will be understood, of course, that modifications can be made in the
      preferred embodiments of the present invention as described hereinabove
      without departing from the scope and purview of the appended claims.
CLMS
STM  What we claim as new and desire to protect by Letters Patent of the U.S.
      is:
NUM  1.
PAR  1. In a bag-making machine having a prime mover in which successively
      formed bags are discharged sequentially from the machine, the improvement
      comprising a pair of opposed stacking wheels for gripping said formed bags
      therebetween as they are discharged from the machine; adjustable speed
      control means operable to impart selective rotational velocity to said
      stacking wheels for slowing each of said discharging bags near the
      completion of its discharge; timing means operatively connected to said
      prime mover for causing said speed control means to operate for a fraction
      only of the time interval of discharge of each bag; means for adjusting
      the instant of commencement of activation of said timing means by the
      prime mover during said time interval; and means for adjusting the
      duration of activation of said timing means by the prime mover during said
      time interval.
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ABST
PAL  A magnetic card transport system for an electronic typewriter comprises a
      reversible drive roll and a coacting pinch roll which form a nip through
      which a magnetic card is passed. The drive roll and pinch roll coact to
      move the card in opposite directions. Guide means are provided which is
      engaged by one longitudinal edge of the card, and spring means are
      provided which engage the other longitudinal edge of the card to urge the
      card into engagement with the guide means for registration purposes. The
      pinch roll is mounted in such a manner that it may freely oscillate. The
      oscillation is such that the pinch roll axis pivots in each direction from
      a line substantially perpendicular to the guide means between 1/2.degree.
      and 3.degree. about a vertical axis normal to its axis of rotation to
      allow for self-alignment to maintain the card in alignment with the guide
      means. With this construction, manufacturing tolerances of the pinch roll
      assembly for alignment are not as critical when the roll is not free to
      rotate about a vertical axis to self-align.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This application is related to copending U.S. application Ser. No. 512,578,
      filed concurrently herewith, U.S. application Ser. No. 522,662, filed Nov.
      11, 1974, and U.S. application Ser. No. 537,794, filed Dec. 30, 1974, each
      of which are commonly assigned.
PAR  This invention concerns a magnetic card transport subsystem for an
      electronic typewriter.
PAR  It is an object of this invention to provide a simple and efficient card
      transport system. It is proposed to achieve this object by providing a
      drive roll and pinch roll which coact to alternately drive a magnetic card
      in a forward direction past a magnetic head for a read or write function
      and then in the opposite return direction while the magnetic head changes
      tracks to perform the read or write function when the magnetic card makes
      its next forward pass.
PAR  It is a further object of this invention to provide a self-aligning pinch
      roll which allows the same pinch roll and drive roll to alternately move
      the magnetic card in opposite directions while maintaining the card in
      registered alignment during such movement.
DRWD
PAR  Other objects of this invention will become apparent from the following
      description with reference to the drawings wherein:
PAR  FIG. 1 is a perspective view of a card transport system;
PAR  FIG. 2 is a view taken along section line 2--2 of FIG. 1;
PAR  FIG. 3 is a plan view of a support bracket for a pinch roll;
PAR  FIG. 4 is a section view of a pinch roll support shown in FIG. 1;
PAR  FIG. 5 is a view similar to that of FIG. 2 only illustrating just a pinch
      roll and a modified support therefor; and
PAR  FIG. 6 is a view taken along section line 6--6 of FIG. 5.
DETD
PAR  Referring to FIG. 1, there is illustrated a card transport subsystem of an
      electronic typewriter system which comprises a frame 10. The frame 10
      comprises a card support platform 12 having a plurality of ribs 14 for
      supporting a magnetic card 15. One longitudinal edge of the platform is
      defined by a groove 16 and the other longitudinal edge of the platform is
      defined by a groove 16. Projecting above the platform 12 adjacent the
      grooves 16 and 18 are support walls 20. Positioned in the groove 16 are a
      pair of resilient leaf springs 22 and 24 each of which has two U-shaped
      sections 26 and 28 connected to each other at the free ends of the legs of
      the U. The closed end 30 of section 28 is flat and is located in the
      groove 16 and is secured by screws 32 to the platform 12. The closed end
      34 of section 26 is flat and lies in a plane which is approximately normal
      to the platform with the bottom edge thereof extending below the ribs 14
      into the groove 16. The spring is so constructed that section 26 is biased
      away from section 28.
PAR  A guide bar 36 is located in the groove 18 and secured to the platform 12.
      The guide bar extends substantially above the ribs 14 to provide a guide
      surface 37 thereabove for a longitudinal edge of the card 15. An opening
      40 is provided in the platform 12 and receives a portion of a resilient
      drive roll 42 therein which is so located that a plane tangential to the
      periphery of the roll portion extending through the opening 40 will be
      substantially coincident with the plane of the top of the ribs 14 to
      prevent possible deformation of or lifting of the card 15 when the card is
      driven by the drive roll 42. A D.C. motor 44 is secured to one wall 20 and
      has a drive shaft 46 operably connected to the drive roll 42 by any
      well-known means to alternately drive the roll 42 in opposite directions.
PAR  A support bar 48 is secured to the walls 20 and a pinch roll support
      bracket 50 is secured to the bar 48 by a pair of screws 52 and 54 (see
      FIG. 3). Screw 52 extends through an opening in the bracket which is
      approximately the same diameter as the screw and screw 54 extends through
      an oversized opening 56 which allows the bracket 50 to be adjusted by
      pivoting about screw 52 when both screws 52 and 54 are loosened. The
      bracket 50 includes a pair of roll supporting legs 58. A shaft 60 extends
      through a pinch roll 62 and each end thereof is located in an elongated
      cavity 64 in each leg 58. The portion of the shaft 60 extending into the
      cavities 64 have a flat surface 66 and the upper portion of each cavity
      has a counterbore 68. A coil spring 70 is located in each cavity and has
      one end resting on the flat 66 and the other end thereof positioned in the
      counterbore 68. In this position, the coil spring is in compression and
      urges the shaft 60 against the bottom of the cavity 64. The pinch roll 62
      freely rotates about the shaft 60. The width "W" of the cavity is larger
      than corresponding dimension d of the shaft by an amount which allows for
      slight pivoting of the shaft 60 and thereby the roller about a vertical
      axis normal to the shaft of the magnitude of 1.degree. to 6.degree. for a
      purpose to be described later. For instance, the width W of the cavity may
      be 0.102 inch while the dimension d of the shaft may be 0.092 inch.
PAR  The bar is located on the walls 20 in such a manner that the periphery of
      the pinch roll 62 will be spaced from the drive roll 42 by less than
      thickness of the card 15 when the shaft 60 is pressed against the bottom
      of the cavities 64 by the spring 70. For instance, the spacing may be on
      the order of 0.003 inch while the thickness of the card is 0.008 inch.
      This is to prevent contact between the two rolls when the machine is not
      in use to avoid producing depressions in the resilient drive roll 42 since
      any depression in the drive roll will cause a jerky motion affecting
      reading the card or writing on the card or subsequent correlation of the
      two functions.
PAR  The axial width of the pinch wheel 62 at its axis of rotation is smaller
      than the space between the legs 58 by an amount sufficient to permit the
      wheel to visually shift from side to side upon change in direction of
      rotation when the pinch roll is out of alignment. For instance, the width
      of the pinch roll at its axis of rotation can be 0.250 inch while the
      space between the legs can be 0.312 inch thereby allowing shifting of
      0.062 inch. This feature is built into this mechanism to allow one to
      adjust the pinch roll to align the same with the guide surface so it has
      the ability to effect, by pivoting, a resulant driving force vector of the
      drive roll and pinch roll in a direction which is substantially parallel
      to the guide surface 37. To effect such alignment of the pinch roll 62
      with the guide surface, a card is moved in reverse directions between the
      pinch roll 62 and drive roll 42 by reversing rotation of the rolls. When
      the pinch roll is out of alignment, the pinch roll 62 will shift axially
      upon each reversal of rotation. The person adjusting the pinch roll
      position observes this and adjusts the position of the pinch roll until
      such shifting stops which indicates the freely pivoting pinch roll is in
      alignment. When positioned in alignment, the pinch roll will be free to
      oscillate such that the axis thereof pivots between about 1/2.degree. to
      3.degree. in each direction from a line which is substantially
      perpendicular to the guide surface 37. Adjustment is effected by pivoting
      the bracket 50 about pivot screw 52 and then tightening screw 54 to lock
      the bracket in place. In this case, the manufacturing tolerances of
      various elements of the transport system are of such nature that
      permitting the pinch roll to freely rotate about a vertical axis between
      about 1.degree. and 6.degree., the pinch roll will automatically
      compensate for any misalignment due to such tolerances so the resultant
      driving force vector of the drive roll and pinch roll will be
      substantially parallel to the guide surface 37.
PAR  The significance of allowing the pinch roll 62 to freely rotate such that
      the axis thereof pivots at least 1/2.degree. in either direction from a
      line substantially perpendicular to the guide surface 37 can be seen when
      comparing the same to a fixed pinch roll, the axis of which is in a
      position not perpendicular to the guide rail by a slight rotation in a
      counterclockwise direction (FIG. 1). During forward movement of the card,
      the driving force vector between the drive roll and pinch roll will drive
      the card in a skewed direction away from the guide rail 36 toward the
      spring 24. When the card moves in the reverse direction, the force vector
      between the pinch roll and drive roll is toward the guide rail which does
      not cause the above problem. If the fixed pinch roll is in a position out
      of line with the guide rail by a slight rotation in a clockwise direction
      (FIG. 1), then the same problem occurs in the card reverse movement rather
      than in the card forward movement. Thus, with a roller fixed against free
      angular alignment, manufacturing tolerances must be very tight or the
      above problem will occur when the same drive roller and pinch roll are
      used for moving a card in reverse directions. These tight tolerances may
      in some instances be impractical to hold. One obvious alternative method
      to overcome the above problem would be to design the spring 24 to have a
      force to overcome the continuous frictional contact between the card and
      pinch roll 62 to continuously keep the card against the guide rail.
      However, this will create a higher frictional contact against the guide
      rail increasing the resistance to forward movement of the card. To
      overcome this resistance, a stronger motor is needed to drive roll 42
      which increases the skew driving force. Thus, this becomes quite a design
      problem which is eliminated by allowing the pinch roll to freely rotate
      such that the axis thereof pivots about a vertical axis at least
      1/2.degree. in either direction from a line substantially perpendicular to
      the guide surface 37 so the resultant driving force vector between the
      pinch roll and drive roll is substantially parallel to the guide surface
      37. The pivoting movement of the pinch roll is limited such that the axis
      thereof pivots not more than about 3.degree. in each direction from a line
      which is substantially perpendicular to the guide surface 37 since any
      movement greater than that angle tends to skew the pinch roll too much in
      one direction. Too much skew decreases the possibility that the pinch roll
      can change angles on the reverse movement of the card and that the card
      will move in the reverse direction thus reducing the reliability of the
      system.
PAR  A step motor 72 is connected to one of the walls 20 and a worm gear 74
      extends therefrom across the platform and is journalled into the other
      wall. A magnetic head 76 is operatively secured to a guide rod 78 and to
      the worm gear 74 for stepped slidable movement across the platform 12. A
      light emitting diode (LED) detector 80 is located to detect the leading
      edge of the card which then actuates a control circuit. The control
      circuit is designed to place the magnetic head 76 and the motor 44 into a
      read or write condition depending upon the function selected by an
      operator. In the write condition, an operator types one line of
      information into a buffer system to store the information. When the
      operator hits the carriage return button, the motor 44 is actuated to
      rotate the drive roll 42 to drive the card 15 forwards and simultaneously
      bits of information are fed from the buffer to the magnetic head 76 and
      recorded on the card. After one line of information is recorded, the motor
      44 is reversed to reverse rotation of the drive roll 42 and thereby move
      the card in the reverse direction while simultaneously motor 72 is
      actuated to move the magnetic head 76 transversely to the next track. The
      same procedure is followed after the operator types the next line and
      pushes the carriage return button. In the read condition, the motor 44 is
      continuously actuated to alternately move the card 15 in opposite
      directions. The magnetic head reads a track of bits during forward
      movement of the card 15 therepast and the card 15 is moved in the reverse
      direction while the magnetic head is moved transversely to the next track
      by motor 72. A sheet of paper is typed automatically in accordance with
      the bits of information on the card 15 during reading thereof.
PAR  In operaton, the card 15 is placed onto the platform 12. As the leading
      edge thereof slides past the LED 80, the control circuits are readied for
      activation and further movement of the card brings the leading edge
      thereof to the nip between the rolls 42 and 62 raising the pinch roll 62
      against the springs 70 to accommodate the thickness of the card. The
      strength of the springs 70 is such that the card is pressed against the
      drive roll 42 to maintain sufficient friction therebetween to drive the
      card. Since one end of the shaft 60 can move vertically relatively to the
      other end, the pinch roll aligns itself for full axial contact with the
      card 15. When the motor 44 is activated either by depressing a carriage
      return button or by depressing the appropriate button for readng the card,
      the drive roll is rotated in a clockwise direction (FIG. 4) to drive the
      card forwards. The side edge of the card engages leaf spring 22 which
      exerts a force on the card to urge the opposite edge thereof against the
      guide rail 36 to maintain registration for reading and writing functions.
      Since the pinch roll 62 is allowed to pivot relative to its support
      bracket 58 such that its axis pivots at least 1/2.degree. in each
      direction from a line substantially perpendicular to the guide surface 37,
      the card meets no resistance from the pinch roll when it is urged toward
      the guide rail by the spring 22. When the card is urged toward the guide
      rail, the card pivots the pinch roll until the resultant driving force
      vector between the pinch roll and drive roll is substantially parallel to
      the guide surface 37. As the card continues its forward movement, it moves
      under the magnetic head for either the printing or reading function and
      engages the spring 24 which in conjunction with spring 22 urges the card
      toward the guide rail. After the card has moved forward to receive a
      certain quantity of data bits from the magnetic head or a certain quantity
      of data bits have been read by the magnetic head, the control circuit will
      act to reverse the motor 44 to reverse the rotation of the drive wheel 42
      and thereby move the card rearwards to its next read or write position. At
      the same time, step motor 72 is activated to transversely move the
      magnetic head 76 to the next track.
PAR  A modification of the pinch roll support which retains the same
      self-aligning concept of FIG. 1 is shown in FIG. 5. A support bracket 100
      is attached to the walls 20 and has a large central opening 102 therein. A
      shaft 104 extends through spaced bores 106 and 108 and terminates at the
      lower end thereof in a pair of spaced legs 110 receiving an axle 112
      therebetween about which a pinch roll 114 rotates. An arm 116 extends from
      the bottom of the shaft 104 and has a vertical pin 118 attached thereto at
      one end which extends into an oversized bore 120 in the bracket 100. A
      threaded screw 122 is located in a cross bore 121 which intercepts bore
      120. The screw has an oversized annular groove 124 which receives the
      upper portion of the pin 118 therein. There is enough clearance (about
      0.008 inch) between the walls of the groove and the pin to allow lateral
      shifting of the pin to cause rotation of the shaft 104 and thereby the
      roll 114 about a vertical axis from 1.degree. to about 6.degree.. A coil
      spring 126 surrounds the shaft 104 and has one end engaging the surface of
      bracket 100 surrounding bore 108 and the other end engaging a snap ring
      128 secured in an annular groove in the shaft 104. The spring 126 is in
      compression and biases the shaft 104 downwards until the snap ring 128
      engages the bracket surface surrounding bore 106. The bracket 100 is
      secured to the walls 20 in such a manner that there is a slight space
      between the pinch roll 114 and the drive roll 42. Initial alignment of the
      pinch roll 114 with the guide member 36 is effected by rotating the screw
      122 to shift the pin 118 to rotate shaft 108. When a card is inserted into
      the nip between the pinch roll 114 and drive roll 42, the pinch roll 114
      is moved vertically relative to the bracket 100 against the force of the
      spring 126 to accommodate the thickness of the card. The spring 126
      maintains sufficient pressure on the card 15 to effect a sufficient
      friction driving force between the card and drive roller 42.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A card transport system comprising a card support member having a top
      surface, stationary guide means extending along one longitudinal edge of
      said support member and extending above said top surface, resilient means
      extending along the other longitudinal edge of said support member
      opposite said guide means, said resilient means being so constructed and
      arranged to apply a force in a direction generally perpendicular to the
      guide means and generally parallel to said top surface, an opening in said
      member extending through said top surface, a drive roll supported for
      rotation about an axis which is generally parallel to said top surface and
      having a portion thereof extending into said opening with a plane tangent
      to the periphery thereof being substantially coplaner with said top
      surface, means for driving said roll in opposite directions, a rotatable
      pinch roll located above said top surface opposite said drive roll and
      forming a card receiving nip with said drive roll, resilient means urging
      said pinch roll towards said drive roll, and means loosely mounting said
      pinch roll for pivotal movement thereof so that its axis pivots between
      about 1/2.degree. and 3.degree. relative to said support member in
      opposite directions from a line substantially perpendicular to said guide
      means about a vertical axis substantially normal to its axis of rotation
      and substantially normal to said top surface.
NUM  2.
PAR  2. The structure as recited in claim 1 further comprising means for
      limiting movement of said pinch roll toward said drive roll so that said
      pinch roll is slightly spaced from said drive roll.
NUM  3.
PAR  3. The structure as recited in claim 1 wherein pinch roll support means is
      connected to said card support member, a vertical shaft rotatably
      connected to said pinch roll support means and coincident with said
      vertical axis, a pair of spaced members extending from the lower end of
      said vertical shaft, a transverse shaft extending between and carried by
      said spaced members, said pinch roll being rotatably mounted on said
      transverse shaft, a transversely extending arm operatively connected to
      said vertical shaft for rotating the same, means operatively connected to
      said arm for moving the same to rotate said shaft, the operable connection
      between said arm and said last named means being a lost motion connection
      to allow relative movement therebetween to effect said pivotal movement of
      said pinch roll so that its axis pivots between about 1/2.degree. and
      3.degree. in opposite directions from a line substantially perpendicular
      to said guide means about said vertical axis.
NUM  4.
PAR  4. The structure as recited in claim 3 wherein said operable connection
      between said last named means and said arm comprises a pin extending
      vertically upwards from said arm into said pinch roll support means, a
      member threadedly connected to said pinch roll support means and extending
      transversely to said pin, said threaded member having spaced apart annular
      shoulders defining an annular groove therebetween, said pin extending into
      said groove to be engaged by said shoulders upon rotation of said threaded
      member, the spacing between said shoulders being larger than the
      correspondng dimension of said pin to form said lost motion connection
      therebetween.
NUM  5.
PAR  5. The structure as recited in claim 4 wherein said pinch roll support
      means includes an opening having vertically spaced apart shoulders, said
      vertical shaft extending through said opening past said shoulders, spring
      support means extendng transversely from said vertical shaft, said last
      named resilient means comprising a coil spring surrounding said shaft and
      having one end operatively connected to one of said shoulders and the
      other end operatively connected to said spring support means on said
      vertical shaft to bias said shaft in a downward direction.
NUM  6.
PAR  6. The structure as recited in claim 5 wherein said spring is compressed
      between the upper one of said shoulders and said spring support means.
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ABST
PAL  A TORSO-CENTRIC EXERCISE BOARD consisting of a padded rectangular board
      with a padded headrest and a removable crossbar in two pieces, extending
      beyond the borders of the board, which crossbar is assembled by inserting
      one piece into a metal casing which encloses the other piece and bolting
      the assembled crossbar into a recessed cut in the board. In the
      extremeties of the crossbar on each side is a series of orifices,
      symmetrical and equidistant, for the adjustment of a pair of handgrips
      which consist of a post on a platen base, which base, when the posts or
      handgrips are adjusted in the orifices, supports the crossbar above the
      floor.
PAL  The board is provided with a handle for carrying and straps on the back for
      storage of the crossbars and the handgrips. The whole is of such
      mechanical simplicity as to avoid the problems of malfunction common in
      more complex mechanical devices and to make for greater economy of
      manufacture, without sacrificing any features necessary to its purpose
      which is to provide the gymnast with a necessary means of support while
      performing exercises which reduce the abdomen, waist and hips, strengthen
      the muscles of the back and abdomen and improve the circulation of blood
      and lymph through the body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The TORSO-CENTRIC EXERCISE BOARD was developed to eliminate all the fat
      that accumulates on the abdomen, waist and hips and at the same time give
      perfect circulation of the blood and lymph throughout the system because
      the exercises are done with the feet up and the head down.
PAR  In the TORSO-CENTRIC EXERCISE SYSTEM you only need to do four exercises.
      With these four exercises you are working constantly on the waist and
      abdomen without interruption and this the reason you destroy all the fat.
PAR  The board is made so simple but so clever that you can use it indoors in
      the living room or bedroom or outdoors in the yard or garden, or take it
      in your car to the beach or mountains. Doing these exercises five minutes
      a day will rejuvenate ones entire system. I believe that much poor
      posture, backache and fatigue are due to weakness of the muscles of the
      back, waist and abdomen which weakness proper use of the TORSO-CENTRIC
      EXERCISE BOARD will correct.
PAR  It took me twenty years to develop this invention. I have been a
      professional athlete for sixteen years and today, due to my invention and
      my TORSO-CENTRIC EXERCISE SYSTEM, I am in better shape than ever.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 6 shows the TORSO-CENTRIC EXERCISE BOARD assembled and ready to use.
      Its characteristics are as follows:
PAR  A. A rectangular board with a rectangular crossbar in two pieces to be
      assembled and bolted into a recessed cut below the headrest or
      disassembled and stored on the back of the board.
PAR  B. At the extremeties of the crossbar are orifices for the adjustment of
      the handgrips to suit the reach of the gymnast. The handgrips are in the
      form of a post on a platen base which supports the crossbar above the
      floor.
PAR  C. The board is designed for compact storage and easy portability. There is
      a carrying strap or handle on one side and straps on the back for the
      storage of the crossbars and handgrips.
PAR  D. The board has a headrest and both headrest and board are padded for the
      comfort of the gymnast. The present model is covered with plastic but any
      suitable material such as cloth or leather may be used.
PAR  FIGS. 7-10 shows how the TORSO-CENTRIC EXERCISE BOARD is to be used.
PAR  FIG. 7: the gymnast, lying on his back and gripping the handgrips which
      have been adjusted to his maximum reach, and keeping his knees straight,
      swings his legs over his head to touch the floor with his toes at least 10
      times without pausing.
PAR  FIG. 8: the gymnast, lying on his back and gripping the handgrips which
      have been adjusted to his maximum reach, and keeping his knees straight,
      swings his right leg as far as he can toward his left hand, then returns
      to the original position and swings his left leg to the right the same. He
      does this at least 20 times, 10 on each side.
PAR  FIG. 9: the gymnast, lying on his back and gripping the handgrips which are
      adjusted to his maximum reach and keeping his knees straight, swings both
      legs as far as he can toward his right hand and then toward his left hand,
      back and forth, a total of 20 times, 10 on each side.
PAR  FIG. 10: the gymnast, lying on his back and gripping the handgrips which
      are adjusted to his maximum reach and keeping his knees straight, swings
      the lower half of his body in a circle, 10 times to the right and 10 times
      to the left. His feet describe a circle around his body. This is a
      difficult exercise and it is sometimes impossible to perform it well at
      the start until sufficient strength has been built up.
PAR  FIGS. 1-5 show the mechanical details of the TORSO-CENTRIC EXERCISE BOARD
      which are as follows:
PAR  FIGS. 1 and 2 represent the plane and side view of the TORSO-CENTRIC
      EXERCISE BOARD.
PAR  FIG. 3 is a detail drawing of the crossbar showing the metal which encases
      the center of the crossbar. The crossbar is actually in two parts and the
      metal casing is attached to one of the two parts so that when the crossbar
      is assembled, the second bar is inserted into the metal casing to form the
      complete crossbar.
PAR  FIG. 4 shows one of the two posts with its platen base.
PAR  FIG. 5 is a perspective drawing of the back of the board showing the straps
      arranged for storage of the crossbars and posts.
DETD
PAR  Examining the details of the drawing, we find:
PAR  --6--the board is softly padded for the comfort of the gymnast who will
      rest his back upon it.
PAR  --7--the board is finished with a headrest of equal thickness also padded.
PAR  --8--between the headrest and the body of the board there is a transverse
      cut into which are bolted the crossbars.
PAR  --9--two holes placed symmetrically for the bolts which hold the crossbars
      to the board.
PAR  The crossbars 10 and 11 are joined together by a metal inlay 12. This metal
      inlay encases one bar and the second bar is thrust into the casing to form
      the complete crossbar. The assembled crossbar is then fitted into the
      transverse cut 8 and joined to the board by bolts fitted into the orifices
      9.
PAR  In the extremeties of the crossbar 10 and 11 are a series of holes or
      orifices 13, symmetrical and equidistant through which will be placed, one
      on each side, two cylindrical metal posts which have a platen base 15
      which support the crossbar above the floor. These posts, or handgrips,
      will be so adjusted in the crossbars as to force the gymnast to stretch
      his arms while gripping the posts to perform the exercises.
PAR  The board has on one of its borders, handles 16 to grasp while carrying it;
      also two leather straps 17 for the storage of the posts 14. On its back
      the board has two straps 18 for the storage of the two crossbars 10 and
      11.
PAR  The purpose of the TORSO-CENTRIC EXERCISE BOARD is to provide the gymnast
      with the support and balance which are necessary for the practice of the
      TORSO-CENTRIC EXERCISES which strengthen the muscles of the back and
      abdomen, the pectorals and upper arms, and slim the waist, abdomen and
      hips. The board is designed to be quickly dismantled for compact storage
      and to be easily carried to any location the gymnast chooses to work.
PAR  In production it will be possible to vary the form, dimensions, proportions
      and disposition of the different elements and the materials utilized
      without modifying the original purpose of the TORSO-CENTRIC EXERCISE BOARD
      which is to brace, support, aid and sustain the gymnast in his practice of
      the TORSO-CENTRIC EXERCISES.
CLMS
STM  What I claim as my invention and desire to secure by Letters of Patent is:
NUM  1.
PAR  1. An exercising apparatus for use in developing the muscles of a user's
      arms and torso comprising in combination: a generally rectangular board
      having a planar bottom surface for contact with the floor, an opposite
      planar top surface for supporting the torso of a user when reclining
      thereon; a detachable crossbar of uniform cross-section, said crossbar
      including a central casing and a pair of end sections each having a first
      extremity containing a plurality of like longitudinally spaced orifices
      and a second extremity removably insetable in said central casing; a
      transverse recess in said top surface of said board intersecting opposite
      side edges thereof for receiving said crossbar, said recess being of
      sufficient depth to retain said crossbar in or below the plane of said top
      surface and; a plurality of hand grip members each comprising a platen
      base having a cylindrical stake projecting outwardly therefrom, said stake
      being insertable through any of said spaced orifices in said crossbar from
      the lower side thereof to project upwardly from the opposite side to
      provide a handgrip thereon at the location of said orifice, said platen
      bases having a thickness substantially equal to the height of the lower
      surface of said crossbar above the plane containing the bottom surface of
      said board when said crossbar is retained in said transverse recess,
      whereby said platen base functions to support the extremity of said
      crossbar above the floor when said cylindrical stake is inserted through
      any of said orifices to serve as a handgrip.
PATN
WKU  039470245
SRC  5
APN  4503279
APT  1
ART  334
APD  19740312
TTL  Tiretoys
ISD  19760330
NCL  4
ECL  4
EXA  Strappello; Harry G.
EXP  Pinkham; Richard C.
NDR  1
NFG  4
INVT
NAM  Slater; Gerald E.
CTY  Milwaukee
STA  WI
ASSG
NAM  Newtoys, Inc.
CTY  Milwaukee
STA  WI
COD  02
CLAS
OCL  272 60R
XCL  427221
EDF  2
ICL  A63B  900
ICL  B44C  108
FSC  D34
FSS  5 H
FSC  272
FSS  60 R;57 R
FSC  114
FSS  219
FSC  293
FSS  1;71 P
FSC  161
FSS  48;184;239
FSC   85
FSS  7
FSC   40
FSS  125 M
FSC  117
FSS  139
UREF
PNO  2562957
ISD  19510800
NAM  Sipkin et al.
OCL  114219
UREF
PNO  2956806
ISD  19601000
NAM  Routson
OCL  272 60R
UREF
PNO  3623900
ISD  19711100
NAM  Jonnes et al.
OCL  117139
UREF
PNO  3664653
ISD  19720500
NAM  Walker
OCL  114219
UREF
PNO  3764446
ISD  19731000
NAM  Martin
OCL  293  1
OREF
PAL  Bruins, Epoxy Resin Technology, 1968, Copyright, Wiley Interscience Pub.,
      Chapter 14, Authored by Shackelford.
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ABST
PAL  Children's playground toys constructed from used tires are coated with an
      epoxy resin coating which is resistant to abrasion, temperature
      fluctuations and which adheres firmly during flexing and stretching of the
      tires during use. The coating enhances the visual appearance and
      functional characteristics of the equipment and prevents rub-off from the
      tire bodies onto the skin or clothing of children using the playground
      toys.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to the art of children's playground
      equipment, particularly climbing toys, constructed from discarded tire
      bodies. It has been known for a number of years that entertaining
      children's toys and play equipment can be constructed from tires, the most
      familiar example of which is the "tire swing" found in innumerable
      backyards and playgrounds across the country.
PAR  In very recent years new kinds of tire toys have been developed which are
      safe and durable and which, most importantly, are fun for children and
      which encourage creative play. Such toys are constructed from tire bodies
      attached together to form relatively large climbing structures, towers,
      etc. In some cases pipes may join together several individual "units" to
      allow more children to play on the equipment in high density play areas
      like churches, schools, day-care centers, etc. Additionally, bouncing
      toys, functioning like trampolines, can be prepared by joining two or more
      tires together and providing a platform on which a child can stand or sit.
      Examples of such equipment will be described in detail in the following
      description of the present invention.
PAR  Even though these recently developed toys functioned adequately, several
      disadvantages were encountered. First, old tire bodies are often
      discolored and grey-black in appearance. Accordingly, the visual
      attractiveness of such equipment was low in comparison to the shinier
      lacquered steel and plastic playground equipment. This disadvantage is not
      offset from the average purchaser's standpoint by the fact that steel and
      plastic equipment is considerably more expensive to buy. In addition, the
      rubber from old tires tends to rub off on the clothing and skin of
      children. In an attempt to overcome these disadvantages, various coatings
      have been applied to the tire bodies to improve the visual appearance and
      prevent rub-off, but until the present invention no suitable coatings were
      known to the art.
PAR  Initial coating applications of materials, such as "Rubbertone,"
      manufactured by DuPont, did temporarily improve the visual appearance, but
      the coating itself could rub off onto clothing or skin and it was not
      durable or shiny. Other coatings did not have satisfactory adhesion
      qualities and would tend to flake off the tire bodies during use. This
      latter problem is especially pronounced in cold temperature climates where
      many resin coatings become brittle, and the problem is compounded because
      the tire toys are constantly flexed, twisted or otherwise distorted during
      use.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide resin-coated
      children's playground equipment constructed from tire bodies, which
      equipment overcomes the foregoing disadvantages.
PAR  It is another object of the present invention to provide children's
      playground equipment constructed from tire bodies, which equipment is
      attractive in visual appearance and which does not dirty children's skin
      or clothing during use.
PAR  Another object of the present invention is to provide children's playground
      equipment constructed from tire bodies which are coated with a resin
      coating which resists abrasion and which adheres tightly to the tire
      carcasses during use.
PAR  How these and other objects of the present invention are accomplished will
      be described in detail in the following description of the preferred
      embodiment of the present invention taken in conjunction with the
      drawings. Generally, however, the invention comprises constructing the
      playground equipment in any suitable manner, such as by gluing, riveting
      or bolting tires together in the desired configuration. The completed
      equipment is then coated with an epoxy resin and the coating is allowed to
      dry. The coating adheres firmly to the tire body even under conditions of
      stress of the tire body over wide temperature ranges. Also the coating
      improves the visual appearance of the tire body and it is not easily
      removed by children even after extended use. The surface of the coating
      additionally possesses desirable friction characteristics, providing a
      sufficiently slip-free surface, but not being so resistive to sliding
      movement that "burns" on the skin are encountered.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of one preferred coated children's playground
      unit according to the present invention;
PAR  FIG. 2 is a top view of a second embodiment of a coated children's
      playground toy according to the present invention including three of the
      "units" of FIG. 1;
PAR  FIG. 3 is a side view of a third embodiment of a coated children's
      playground toy according to the present invention including additional
      units as shown in FIG. 1; and
PAR  FIG. 4 is a side view of an alternate embodiment of the present invention
      showing coated tire playground equipment connected by pipes to form a tire
      tunnel.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 shows the basic unit 10 for children's playground toys which is
      suitable for use as is or in combination with other units in a manner to
      be described in detail in connection with FIGS. 2 and 3. Unit 10 consists
      of six tires 12 suitably joined together in the shape of a cube.
      Connection between individual tires can be made in any suitable manner
      such as by adhesives, but it has been found preferable to bolt the tires
      together. Mating holes are drilled through the tire carcasses and a bolt
      (not shown) is inserted through the holes. A washer and lock nut then
      complete the bonding process. Because children will often reach into the
      annular ring inside the sidewalls, it would be preferable that the bolt
      only be long enough to extend a small distance into that annular ring so
      that the lock nut will substantially cover the exposed threads and prevent
      knicks and cuts to users of the equipment. It is also preferred to drill
      the holes for bolt insertion through the shoulder areas 14 of the tires
      rather than through either the tread 15 or sidewall 13 portions of the
      tires 12. The angulated shoulders of most tires provide an ideal mating
      surface for the "cube" equipment depicted in FIG. 1.
PAR  The particular types of tires to be employed in constructing playground
      equipment according to the present invention can vary widely. For
      instance, standard size automobile tires are ideal for small playgrounds
      and one to three children can play on cube 10 at one time. Cubes 10, so
      constructed, are even small enough that they can be readily moved indoors
      in winter months if desired. Larger tires provide additional adventure for
      children and many more children can play on a cube 10 constructed from
      large truck tires. The invention is, therefore, not to be limited as to
      the size of the tires, and the invention can readily be adapted to the
      size, use and space requirements of the play area.
PAR  FIG. 2 shows a triple cube unit 20 constructed from three units 10 as
      described in FIG. 1. The individual cubes 10 are identical to those
      previously described, but are connected together by pipes 22 to form a
      highly stable playground toy including additional climbing surfaces not
      found in cube 10 alone. In the preferred embodiment of the triple cube
      unit 20, four pipes 22 are secured between adjacent vertical tires 12
      through sidewall portions 13 of adjacent tires. Again, a bolt is inserted
      through holes in the sidewalls after the pipe 22 and washers 23 are in
      place. A lock nut and retaining washer are added inside the tires in the
      manner described above in connection with cube 10. Any number of pipes may
      be employed as long as sufficient pipes are provided to insure the
      structural integrity of the overall unit. Alternate embodiments of FIG. 2
      would include varying numbers of cubes 10, e.g., 2 to any higher number of
      units 10. The individual units 10 could be arranged linearly, in an
      L-shape, in the shape of a cross, etc.
PAR  FIG. 3 illustrates another playground toy 30 constructed from cubes 10 but
      not employing pipes 22 (although pipes could be employed as hereinbefore
      described if desired). Five cubes 10 are arranged with four cubes 10 at
      ground level and an "attic" 34 affixed centrally to the ground level
      cubes. The ground level cubes are arranged in a cross-shape with a central
      cube being formed by the four vertical inside tires of the ground level
      cubes, the bottom tire 35 of the attic cube 34 and a central bottom tire
      36 vertically below tire 35. Each of the 31 tires comprising toy 30 are
      bonded to appropriate ones of the other tires in the manner hereinbefore
      described in connection with individual cube 10 of FIG. 1.
PAR  FIG. 4 illustrates a still further type of playground toy which can be
      coated in accordance with the present invention. Tunnel 40 is constructed
      of four tires 12 which are connected to each other by six pipes 42 in a
      manner similar to that employed for the tri-cube 20 of FIG. 2. As
      previously discussed in connection with FIG. 2, the number of pipes 42 and
      the number of tires 12 can be varied according to need.
PAR  The foregoing description illustrates several preferred embodiments of the
      toys which are useful in accordance with the present invention, but any
      other configuration of tires may be employed. For example, a single tire
      "swing" can be advantageously coated according to the process to be
      described shortly, to overcome the aforementioned problems.
PAR  Before or after the tire playground equipment has been constructed, the
      coating of the present invention is applied to the individual tires 12 in
      any suitable manner such as by brushing, spraying, dipping, etc. In some
      instances, it is only necessary to coat the sidewall, shoulder and tread
      areas as these are the only areas normally contacted during children's
      play. If, however, larger tires are used, it is preferred to coat the
      inner portions of the tire since children can sit, crawl or stand in the
      large donut-shaped spaces in these kinds of tires.
PAR  The preferred coating composition of the present invention is Anchor White
      Cap Primer No. 2460 available from Anchor Coating Co. of Waukesha, Wis.
      This particular material has a total resins solids content of
      approximately 21 percent, a drying time of approximately 12 hours at room
      temperature and a useful service temperature range of from -70.degree. F
      to 250.degree. F. While the particular solvent-coating system has been
      designed as a primer coating for wood, metal and concrete substrates, the
      present invention extends the usefulness of the coating to rubber tire
      substrates. Primer No. 2460 dries to a semigloss finish which creates the
      appearance of new rubber on the old carcasses, but the finish is much
      shinier than that of new tires. Also, as previously discussed, the
      characteristics of the finish are optimum from a safety standpoint since
      the dried coating provides a satisfactory non-slip finish while it is not
      so slip-proof that burns or scrapes are encountered. The flexibility of
      the coating and the adherence to the tire bodies are also optimum even
      under extreme temperature variations such as those encountered in the
      northern states. Even at temperatures in the area of 0.degree.F, the
      coating remained firmly affixed to the tires as the tires were stretched,
      compressed and otherwise distorted during testing.
PAR  Specifically, Anchor White Cap Primer No. 2460 is prepared by mixing in
      equal proportions an epichlorohydrin-bisphenol epoxy resin and a polyamide
      curing agent derived from a dimerized fatty acid and an aliphatic amine.
      The solvents for the epoxy resin fraction are xylene, methyl ethyl ketone
      and heptane, while the curing agent is dissolved in xylene, methyl
      isobutyl ketone, methyl ethyl ketone and heptane. The exact composition of
      Primer No. 2460 is not known to the present inventors, other than as
      described in this paragraph, but the epoxy resin and curing agent are
      commercially available from the aforesaid source.
PAR  A final finishing step may be acccomplished by painting the sidewalls of
      tires 12 with a bright color coating, e.g., a pigmented primer such as
      employed for coating the remainder of the tire or an entirely different
      coating.
PAR  Among other coating compositions tried by the present inventors before the
      discovery of the beneficial properties of Primer No. 2460 were
      "Rubbertone" and various latex coatings such as Pittsburg Paint Company's
      vinyl latex paint and DeGraco's Pararock Chlorinated Rubber Enamel and
      Vinyl Primer sold by Cook Paint and Varnish Company. None of these
      coatings provided the proper combination of desirable properties.
PAR  While the present invention has been described in connection with several
      particular configurations of tire playground equipment, the invention is
      not to be limited to those embodiments but is to be limited solely by the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Children's playground equipment comprising:
PA1  at least two tire cubes each comprising six cubically arranged tire bodies,
      the four vertical bodies of which are connected to the two horizontal tire
      bodies through adjacent shoulder portions thereof and said tire cubes
      being spaced apart from each other so that adjacent vertical tire bodies
      of the respective tire cubes are substantially coaxial,
PA1  fastening means interconnecting said spaced apart adjacent vertical tire
      bodies, said fastening means comprising a plurality of horizontal pipe
      means interconnecting said adjacent vertical tires through the sidewall
      portions thereof, and
PA1  a substantially uniform coating of a cured epoxy resin on at least the
      exterior surfaces of said tire bodies, said coating having been applied as
      a 50/50 mixture of an epichlorohydrin-bisphenol epoxy resin and a
      polyamide curing agent which is the reaction product of a dimerized fatty
      acid and an aliphatic amine.
NUM  2.
PAR  2. The invention set forth in claim 1 wherein said playground equipment
      includes more than two of said tire cubes and said cubes are arranged
      linearly.
NUM  3.
PAR  3. The invention set forth in claim 1 wherein said playground equipment
      includes more than two of said tire cubes and wherein at least one of said
      tire cubes has adjoining vertical tire bodies interconnected to adjacent
      tire cubes.
NUM  4.
PAR  4. Children's playground equipment comprising:
PA1  at least two spaced apart, substantially coaxial tire bodies,
PA1  fastening means interconnecting said spaced apart tire bodies, said
      fastening means comprising a plurality of pipe means interconnecting
      adjacent ones of said tire bodies through the sidewall portions thereof,
      and
PA1  a substantially uniform coating of a cured epoxy resin on at least the
      exterior surfaces of said tire bodies, said coating having been applied as
      a 50/50 mixture of an epichlorohydrin-bisphenol epoxy resin and a
      polyamide curing agent which is the reaction product of a dimerized fatty
      acid and an aliphatic amine.
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ABST
PAL  An "arm wrestling" exercise device comprising; a helical coiled spring with
      a hand extension and adjustably mounted in a sleeve between a pair of
      brackets on a base providing for elbow engagement and arm deflection of
      the spring to a "down" position. The sleeve is angularly adjustable to
      accommodate the user's arm length and the spring is axially adjustable
      within its sleeve retainer to vary the number of active coils and thereby
      the stiffness and force required to deflect the spring. Such adjustment
      together with a series of calibrated coiled springs provide for continuous
      adjustment of stiffness from minimum to maximum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous approaches have been made with various constructions for arm
      exercising and strength testing devices such as those disclosed in the
      following U.S. patents:
     1,189,396          Sheridan                                               
     3,428,311          Mitchell                                               
     3,467,376          Feinberg                                               
     3,563,542          Wellman et al                                          
     3,633,907          Cane et al                                             
     3,662,602          Weiss                                                  
     3,713,653          Romans                                                 
     3,815,904          Weiss et al                                            
PAR  Some of these employ an elongated rigid member; others employ a plurality
      of springs interconnecting a reference plate to a handle. However, all of
      such prior art constructions are relatively complicated and none to the
      best of applicant's knowledge employs an adjustable helical spring and
      sleeve mounting wherein the arm force is directly absorbed by bending a
      simple coiled spring.
PAC  SUMMARY OF THE INVENTION
PAR  Applicant has provided an extremely simple "arm wrestling" exercise device
      wherein the opponent's arm is simulated by a close wound heavy duty
      helical spring having a handle extension and mounted in a close fitting
      tubular sleeve which provides adjustment both with respect to the angle of
      the coiled spring relative to an elbow rest base as well as to the length
      of the active spring coils extending from the sleeve mounting which
      determines the effective stiffness and force required to move the handle
      to a down position on the base. The stiffness increases inversely with the
      length of the active coils projecting from the sleeve and for any given
      setting of the projecting coil and handle length the angle of the mounting
      may be adjusted to accommodate the length of the user's arm. By employing
      a series of spring coils with handle extensions having a common outer
      diameter but with progressively heavier wire section, a continuous
      adjustment in force required to deflect the spring handle to a down
      position may be provided ranging from a minimum children's weight to a
      maximum adult's required arm force.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of the device in use with a helical coiled
      spring in a partially deflected condition;
PAR  FIG. 2 is a side elevation of the assembled device;
PAR  FIG. 3 is an enlarged fragmentary sectional view illustrating the
      connection between the coiled spring and handle extension;
PAR  FIG. 4 is a side elevation of an auxilliary spring and handle extension
      assembly employing a helical coiled spring having equal outer diameter to
      that illustrated in FIG. 2 but employing a wire diameter of lighter
      strength rendering the spring more readily deflected with less force than
      that shown in FIG. 2;
PAR  FIG. 5 is a fragmentary sectional end view of the bracket sleeve and coiled
      spring assembly showing the respective adjustment elements;
PAR  FIG. 6 is a fragmentary sectional view taken along the line 6--6 of FIG. 5;
      and
PAR  FIG. 7 is a fragmentary view of the bracket taken along the line 7--7 of
      FIG. 5.
DETD
PAC  DESCRIPTION
PAR  Referring to FIGS. 1, 2 and 5 the exercise device comprises a base 10 on
      which a pair of angle brackets 11 are anchored by bolts 12 within the
      upper ends of which is mounted a tubular sleeve 13 providing a close fit
      for a heavy duty coiled spring 14 to the outer end of which a handle 15
      extension 16 with collar 17 is welded as best shown in FIG. 3. An inner
      end 18 of the extension projects within the coiled spring a short distance
      to provide a lateral support for the spring under deflection so as to
      relieve the welded connection 19 of the need for resisting the entire
      bending force applied at the inner connection. Handle 15 is provided with
      a suitable resilient grip material for a hand 20 of the user 21 and a
      resilient pad 22 is provided for the user's elbow 23 extending over a
      sufficient area to accommodate both children's and adult's use.
PAR  A wing headed screw 24 at the top of the sleeve 13 provides means for
      holding coiled spring 14 in an adjusted position. This does not require
      any appreciable holding force when the device is in use since the spring
      within the close fitting sleeve binds under deflection.
PAR  Sleeve 13 is welded to the outside of a pair of serrated bosses 25, as best
      shown in FIG. 6, which are adapted to engage opposed matching serrated
      bosses 26 welded to the inner upper ends of the brackets 11 and a pair of
      threaded studs 27 anchored in and projecting from the sleeve 13 extend
      through clearance holes in the respective serrated bosses. These are
      engaged by a pair of threaded wing nuts 38 which serve to tighten the
      serrated bosses in any adjusted relative anchored position as required to
      provide the sleeve and spring arm extension appropriate to the arm length
      of the user.
PAR  In using the device, respective wing headed screw 24 and wing nuts 28 are
      loosened, a spring arm of appropriate strength is selected and inserted to
      a position providing desired rigidity whereupon the wing screw 24 is
      tightened and the sleeve angle adjusted to position the handle 50 at a
      height appropriate to the user's length of arm at which level the wing
      nuts 27 are tightened.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arm wrestling testing and exercise device comprising a base, a
      tubular sleeve mounted to said base at an oblique angle thereto, a helical
      coil spring with an extension handle projecting from one end thereof and
      engaging said sleeve at the other end thereof, and an elbow rest on said
      base under said handle.
NUM  2.
PAR  2. The device of claim 1 including means for axial adjustment of the spring
      within said tubular sleeve to vary the effective length and stiffness of
      the projecting active coils.
NUM  3.
PAR  3. The device of claim 2 including a retaining screw for holding the coiled
      spring in adjusted position within the tubular sleeve.
NUM  4.
PAR  4. The device of claim 1 including bracket means anchored to said base and
      means for adjusting the angle of said sleeve relative to said bracket
      means.
NUM  5.
PAR  5. The device of claim 4 wherein said adjustment means comprise mating
      serrated boss elements on said bracket means and sleeve adapted to
      interengage in adjusted position, and means for clamping said boss
      elements in adjusted position.
NUM  6.
PAR  6. The device of claim 1 including a plurality of interchangeable helical
      spring coil and extension arm assemblies, each spring having a common
      outside diameter adapted to closely fit said sleeve but having different
      spring coil cross sections to provide different resistance to bending.
NUM  7.
PAR  7. The device of claim 6 wherein said interchangeable coils are calibrated
      to provide continuous adjustment of required bending force to reach a
      predetermined deflection over the combined range of said interchangeable
      spring coils.
PATN
WKU  039470261
SRC  5
APN  5712726
APT  1
ART  334
APD  19750424
TTL  Billiard training device
ISD  19760330
NCL  17
ECL  15
EXP  Shapiro; Paul E.
NDR  1
NFG  6
INVT
NAM  Scoutten; Robert J.
STR  3 Laurel Way
CTY  Kentfield
STA  CA
ZIP  94904
CLAS
OCL  273  2
XCL   33289
EDF  2
ICL  A63D 1500
FSC  273
FSS  2;14
FSC   35
FSS  29 R
FSC   33
FSS  289
UREF
PNO  3410555
ISD  19681100
NAM  Murch
OCL  273  2
UREF
PNO  3411779
ISD  19681100
NAM  McGowan
OCL  273  2
UREF
PNO  3711091
ISD  19730100
NAM  Dixon
OCL  273  2
UREF
PNO  3843120
ISD  19741000
NAM  Ricci
OCL  273  2
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  A billiard training device (e.g., for games of pool, snooker or billiards)
      for simultaneously providing a visual indication of desired point of aim
      for the cue ball and desired point of contact with an object ball, to
      propel the latter in a predetermined desired direction. The device can be
      unitary in construction, with a relatively flat indicator surface at
      substantially one half the height of the cue ball. The indicator surface
      can also be of the same diameter as the cue ball, and can be provided with
      indicia to locate both the desired point of contact on the object ball and
      desired point of aim for the cue ball. In use, the device is positioned
      immediately adjacent an object ball to indicate both the desired point of
      contact and point of aim. Through repeated use in practice, a player can
      learn both the "feel" and principle of correct aim, and thus perfect his
      playing ability. To facilitate visual training, the device can also be
      constructed of transparent material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is generally recognized that success in games known as "billiards"
      (e.g., pocket billiards, American snooker, carom billiards) is dependent
      upon proper aiming and a knowledge of angles and deflections. It is
      particularly important that the player properly determine the precise
      point of aim for an accurate shot if, thereafter, he is to skillfully and
      successfully execute the shot. While the latter is a matter of practice
      and experience, no amount of practice or experience will provide an
      effective shot if the initial point of aim is incorrectly determined.
PAR  Contrary to popular belief, the correct point of aim is not necessarily an
      imaginary spot on the object ball. To illustrate, the novice or beginning
      player will frequently assume that the desired point at which the
      periphery of the cue ball should contact the object ball is also the
      correct point for aiming the center of the cue ball. However, the
      knowledgeable or "expert" player knows this assumption to be incorrect,
      and that the true point of aim for the center of the cue ball is spaced
      from the object ball (along the intended line of travel of the latter) a
      distance which is equal to one half the diameter of the cue ball. The
      knowledgeable player also knows that if the cue ball is shot so that its
      center passes over this "true" point of aim (without English) the object
      ball will move along the intended line of travel, viz., to a pocket or
      desired point for rebound on the periphery of the table. The problem of
      determining a correct point of aim is complicated by the fact that,
      whereas many players will routinely aim the center of the cue ball, others
      will effectively aim a particular peripheral portion of the cue ball at
      the desired point of contact, with substantially identical results. As a
      consequence, the principle of true point of aim is generally
      misunderstood, even by players who play at billiards with relative
      frequency, and is often poorly or incorrectly explained by many would be
      experts on the subject.
PAR  Some efforts have recently been made to correctly present the principle of
      true point of aim, and to provide devices which would teach such principle
      to the beginning or novice player. Particular devices for such purpose are
      disclosed, for example, in Miller Pat. No. 3,220,122, Murch Pat. No.
      3,410,555, and McGowan Pat. No. 3,411,779. In general, such devices are
      cumbersome and unwieldy and undesirably complex in nature. The devices
      are, moreover, not truly suited for training purposes, and are soon
      discarded as impractical for the intended purpose.
PAR  A simple, inexpensive, easily used device for training and teaching the
      principle of true point of aim is therefore highly to be desired.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The present invention relates generally to training devices for use in
      teaching pocket billiards and billiards, and more particularly to a
      training device for simply and easily indicating both the true point of
      aim for a cue ball and the desired point of contact for the cue ball with
      respect to an object ball.
PAR  In general, it is an object of the present invention to overcome the
      defects of prior devices, as noted above, and to provide an improved
      billiard training device for the general purpose described.
PAR  It is a particular object of the invention to provide a billiard training
      device for visually indicating the desired point at which the cue ball
      should contact an object ball, and for teaching the correct point of aim
      for the cue ball.
PAR  It is another object of the invention to provide a billiard training device
      of such character which is unitary in construction and capable of use for
      teaching purposes by the player, without interference with the player's
      initial determination of either the desired point of contact or the true
      point of aim.
PAR  Still another object of the invention is to provide a billiard training
      device of such character which is small and light in weight, which may be
      transparent and which simultaneously provides a visual indication of both
      the correct point of aim and the desired point of contact as respects the
      cue ball and the object ball.
PAR  As a brief statement of the invention, I provide a billiard training device
      which is unitary in construction and which includes a relatively flat
      indicator surface at substantially one half of the height of the cue ball,
      as used in the particular billiard game. This indicator surface which may
      be circular in configuration and of a diameter substantially equal to that
      of the cue ball, includes indicia means to locate the critical point of
      aim and the desired point of contact with reference to the object ball.
      The unitary device particularly includes support means to facilitate the
      positioning of the flat indicator surface in desired position immediately
      adjacent an object ball, and without interference of the player's visual
      determination of point of aim and contact. In one embodiment, the support
      means comprises a transparent or translucent right cylinder of a diameter
      substantially equal to that of the cue ball, and includes the indicator
      surface as the top surface of the right cylinder. In another embodiment of
      the invention, the support means is in the form of a half cue ball, that
      is, it is a hemisphere which includes as its top surface the flat
      indicator surface described. In the latter case, the hemispherical unit is
      provided with a small flattened base to insure a proper horizontal
      positioning of the flat indicator surface adjacent the object ball.
PAR  In general, the training device of the present invention can be positioned
      immediately adjacent an object ball so that the indicia means for point of
      aim and point of contact lie on the intended line of travel of the object
      ball. The player can then observe the true relationship between the point
      of aim and the point of cue ball contact with the object ball, and by
      repeated experience with such placement of the training device, determine
      the true point of aim for virtually all shots encountered in playing games
      such as pocket billiards or billiards. The training device of the
      invention thus aids the novice in appreciating the concept involved in
      determining the true point of aim and in acquiring the skill necessary to
      correctly determine the desired point of aim for each individual situation
      which he may encounter. Moreover, through continued use of the training
      device, a player can develop a highly reliable and sophisticated "feel"
      for aiming either the center of the cue ball at the true point of aim, or
      a particular peripheral portion of the cue ball at the point of contact.
      The training device is thus versatile in adapting to differing styles of
      visualizing and making accurate shots.
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary perspective view of a portion of a pocket billiard
      table, showing a billiard training device in accordance with the invention
      in position adjacent an object ball.
PAR  FIG. 2 is a plan view thereof, on a reduced scale, showing also the desired
      line of travel of the cue ball.
PAR  FIG. 3 is a top plan view, on a somewhat enlarged scale, of the billiard
      training device of FIG. 1.
PAR  FIG. 4 is a sectional view along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a perspective view of another embodiment of a billiard training
      device in accordance with the invention.
PAR  FIG. 6 is a view in bottom plan of the device of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1, 10 generally represents a billiard training device
      incorporating the concepts of the present invention. As illustrated, the
      device is unitary, that is, it consists of a single element, and includes
      a relatively flat indicator surface 12 and an integral support member 14
      which is adapted to position the indicator surface at substantially one
      half the height of a standard cue ball. In this regard, it is conventional
      that both the cue and object balls used in pocket billiards, as
      represented at 16, have a diameter of 21/4 inches. Accordingly, the height
      of the support member 14 (shown at 18 in FIG. 1) would be 11/8 inches. An
      exception exists in the game known as "American Snooker" where the
      standard ball is 21/8 inches in diameter. In this instance, the dimension
      18 would be 1-1/16 inches. Also, the game known as "carom billiards" is
      usually played with a ball having a diameter of 23/8 inches, thus
      requiring a dimension 18 of 1-3/16 inches. In any event, it is a feature
      of the present invention that the indicator surface 12 is supported so as
      to be substantially horizontal, and at a height 18 which corresponds to
      the center or zone of largest diameter of the cue ball employed in playing
      the game.
PAR  Referring again to FIG. 1, it will be seen that the support means 14 for
      the indicator surface 12 is generally in the form of a right cylinder. The
      training device 10 is therefore supported on the surface of the billiard
      table by means of a flat circular surface 20, which underlies the upper
      circular surface 12 in concentric fashion. As hereinafter explained, it is
      also a feature of the invention that the upper cylindrical surface is of a
      diameter that is substantially equal to the diameter of the cue and object
      balls. Since the embodiment of the billiard training device shown in FIGS.
      1 - 4 is a right cylinder, the entire device has a diameter which is
      equivalent to that of the object ball 16. In other words, the cylinder 14,
      and the parallel circular faces 12 and 20, each have a diameter that is
      the same as the diameter of the object ball 16 and the other balls
      employed in playing the game. This assumes, of course, that the object
      ball 16 has the same diameter as the cue ball. However, in those instances
      where the cue ball might be larger (or smaller) than the object balls, for
      example, in a coin-operated pool table, the circular faces 12 and 20 of
      the training device would necessarily have the same diameter as the cue
      ball.
PAR  To facilitate use of the billiard training device 10, it is preferred that
      it be constructed of a transparent material such as clear plastic, glass
      or like material. Suitable plastic materials for such purpose include the
      polymers of acrylic and methylacrylic acid derivatives, which are
      characterized by their properties of colorless transparency and stability
      to light. Suitable glass compositions would be ones formulated for
      strength as well as transparency. The invention is not limited to
      transparent materials, however, and various opaque plastics, composition
      materials or glasses, could also be employed to provide some of the
      advantages of the invention. In general, use of a transparent material
      provides the advantage of a "see-through" characteristic which assists in
      use of the device 10 as a teaching or training aid, both with reference to
      point of aim and point of contact of the cue ball as respects an object
      ball.
PAR  As particularly illustrated in FIGS. 1 and 3, the device 10 is completed by
      the provision of various indicia means for locating the desired point of
      contact of the cue ball with repsect to an object ball, and for purposes
      of providing an indication of a true point of aim for the cue ball.
      Specifically, indicia means for indicating the desired point of contact
      can be a point 22 located on the peripheral edge of the circular surface
      12, and can additionally include a vertical indicator line 24 on the
      periphery of the cylinder 14 which intersects the point indicator 22. As
      hereinafter explained, the indicia 22, 24 assist in locating the desired
      point of contact of the cue ball with the object ball.
PAR  Indicia means are also provided to locate the true point for aiming the
      center of the cue ball. As illustrated, such indicia means can include a
      dot or point 26 at the center of the upper circular surface 12, a vertical
      indicator coincident with the axis of the cylinder 14 and intersecting the
      point 26, an indicator point 30 positioned at the center of the lower
      circular face 20. Additional indicia means, such as slightly enlarged
      target circles 32 and 34 can be provided in concentric relation,
      respectively, on the upper and lower circular faces 12 and 20. As further
      illustrated in FIGS. 1 - 3, a horizontal indicator line 36 may be provided
      on the top surface 12 to interconnect the indicia points 22 and 26. In
      like fashion, a vertical indicator line 36 may be provided on the lower
      surface 20.
PAR  To describe the use of the billiard training device 10 as illustrated in
      FIGS. 1 - 4, it is assumed that the player intends to move the cue ball 40
      (through use of a billiard cue) in a direction such that contact between
      the cue ball and the object ball 16 will cause the latter to proceed to
      the corner pocket 42 of the billiard table 44. For such purpose the
      desired or intended line of travel of the object ball 16 is represented by
      the arrow 46. In the described circumstance, the inexperienced or novice
      player might correctly determine the desired line of travel of the object
      ball to be the line represented in FIG. 2 by the arrow 46. He might also
      correctly determine the desired point of contact of the cue ball with the
      object ball to be the point represented at 48. However, as is often the
      case with the novice, he might then erroneously assume that the point of
      contact 48 was also the point at which he should aim the center of the cue
      ball 40. If successfully executed, an attempt to propel the cue ball at
      such incorrect point of aim would produce a line of travel as represented
      by the dotted line 50. The result of this error would be to cause the cue
      ball to actually contact the object ball at the point 52, rather than at
      the desired point 48. Many missed shots are no doubt due to this error in
      the assumed location of the point of aim, as respects the center of the
      cue ball.
PAR  As represented in FIG. 2, the true point of aim is to be found in an
      opposite direction along the line of intended travel 46 of the object ball
      16, at a distance equal to one half the diameter of the cue ball. This
      distance is represented in FIG. 2 by the dimension 54. In accordance with
      the present invention, it is possible to position the billiard training
      device 10 so that the indicator point 26 is substantially directly above
      this true point of aim. Such result is accomplished by positioning the
      device 10 adjacent the object ball so that the indicator line 36 coincides
      with the intended line of travel 46, and so that the point of contact
      indicia 22 corresponds with the desired point of contact 48. This
      alignment is easily accomplished, visually, and can be completed within a
      few seconds time. The player can now determine the desired line of travel
      for the cue ball (represented by the arrow 60) which should pass through
      the center of the cue ball 40 and through the central indicia point 26 of
      the training device. With reference to FIG. 1, which is intended to
      represent the player's view of the circumstances presented in FIG. 2, the
      sighting points 22 and 26 are both clearly visible with reference to the
      object ball 16. In addition, for the illustrated training device 10, the
      additional sighting indicia for determining the true point of aim
      (specifically the lower indicia point 30 and the interconnecting vertical
      line 28), are clearly visible to the player. It will be appreciated that
      if the player correctly makes his shot so that the cue ball moves along
      the line 60 to the point initially occupied by the training device 10,
      that the contact with the object ball will be such that the object ball
      will move along the line 46 to the pocket 42. Of course, to accomplish
      such purpose, the training device must be removed and the player must
      direct the cue ball along the remembered line of sight. It will thus be
      seen that repeated use of the training device will familiarize the player
      with the true point of aim so that, in time, he will be able to accomplish
      the desired result without any necessity of using the training device. The
      developed skill in this instance would be the knowledge as to which part
      of the cue ball should be aimed at the point of contact.
PAR  In the case of a player who prefers to visualize the point of aim with
      reference to a peripheral point of contact on the cue ball (rather than
      through its center), the true point of aim might be indicated by the
      peripheral indicia 22, 24. In this case the line of travel would be
      visualized as parallel to the line 60 and extending from the point of
      contact 48 on the object ball to a similar point (dotted line position 48)
      on the cue ball.
PAR  In the use of the training device, as described, the transparency of the
      cylindrical support 14 assists in visualization of the point of aim.
      Specifically and regardless of the effects of parallax, the point of
      contact 22 and vertical line 24 are in clear view of the player in
      position to make a shot. The aiming points 26 and 30 and the
      interconnecting line 28 are likewise clearly visible through the
      transparent plastic, as are the target circles 32 and 34. The training
      device shown in FIG. 1 is additionally represented as having an opaque
      peripheral surface for the support 14, such modification serving to both
      emphasize the visual indicators observed through the top circular surface
      12 and to obstruct duplicate and possibly confusing images as might be
      seen through the peripheral surface of the support. It will be appreciated
      that the described surface can be easily rendered opaque by the mere
      expedient of abrading or otherwise roughening the surface to render the
      same translucent rather than transparent.
PAR  It will be further appreciated that the training device 10 can be used in
      the manner described, regardless of the location of the cue ball. Thus
      assuming shots from other locations of the cue ball 40, as represented by
      the dotted line configurations, indicia 26, 28, 30 will always indicate
      the true point for aiming the center of the cue ball, as well as the
      direction of travel 60 of the cue ball. In each case, the ultimate object
      is to have the cue ball pass directly over the true point of aim so that
      the point of contact will be the point 48 on the object ball 16.
PAR  Keeping in mind the principles just described, the billiard training device
      of the present invention can take various forms. Thus FIGS. 5 and 6
      illustrate a modified embodiment 70 wherein the support means for the
      indicator surface 12 is generally in the form of a solid hemisphere 72.
      For such embodiment, the lower support surface, represented at 74, can be
      a small diameter circular surface which is parallel to the circular
      indicator surface 12. In other respects, the indicator surface can be
      provided with indicia means substantially as in the previously described
      embodiment, that is, indicia 22 for the point of contact and indicia 26
      for aiming the center of the cue ball, and an interconnecting indicator
      line 36. As a practical matter, the billiard training device 70 can be
      formed of composition or plastic material similar or identical to the
      material of construction of the standard cue ball. In fact, if desired,
      the training device can be constructed as a "half" billiard ball with
      polished upper and lower surfaces to provide the indicia face 12 and the
      support face 74. Of course the device might also be constructed of glass
      or clear plastic, in which case the equivalent of the indicia means 28 and
      30 of the device 10 might also be provided. These and many other
      variations in the construction and in the application of the invention
      will suggest themselves to those skilled in the art to which the present
      invention pertains, without departing from the spirit and scope thereof.
      Accordingly, it is not intended that the invention be limited to the
      specific embodiments herein illustrated and described, except as defined
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a billiard training device for teaching the point of contact and
      correct point of aim for the cue ball, unitary means for simultaneously
      providing a visual indication of both the desired point of aim for the cue
      ball and the desired point of contact of the cue ball with respect to an
      object ball, said unitary means including a relatively flat indicator
      surface at a height between about 1-1/16 and 1-3/16 inches above the
      surface of the billiard table so as to approximate one half the height of
      the cue ball, said indicator surface including indicia means to locate
      both said point of aim and said point of contact, said unitary means
      additionally including support means to facilitate the positioning of said
      flat indicator surface in desired position immediately adjacent said
      object ball without interference with a player's visual determination of
      said point of aim and said point of contact.
NUM  2.
PAR  2. A billiard training device as in claim 1 wherein said relatively flat
      indicator surface is circular in configuration and of a diameter equal to
      the diameter of said cue ball.
NUM  3.
PAR  3. A device as in claim 2 wherein said indicia means includes a point
      indicator at the center of said circular surface and a point indicator at
      the peripheral edge of said circular surface.
NUM  4.
PAR  4. A billiard training device as in claim 3 wherein said indicia means
      additionally includes a line indicator connecting said center and
      peripheral point indicators.
NUM  5.
PAR  5. A billiard training device as in claim 1 wherein said support means is
      in the form of a right cylinder constructed of transparent material and
      said relatively flat indicator surface is the circular top surface of said
      cylinder.
NUM  6.
PAR  6. A billiard training device as in claim 5 wherein an indicia for
      indicating point of aim is located on the axis of said right cylinder.
NUM  7.
PAR  7. A billiard training device as in claim 6 wherein an indicia for
      indicating point of contact is located on the periphery of said cylinder
      on a vertical line parallel to the axis of said cylinder.
NUM  8.
PAR  8. A billiard training device as in claim 7 wherein said indicia means
      includes an indicator line connecting said points for indicating the point
      of aim and point of contact.
NUM  9.
PAR  9. A billiard training device as in claim 5 wherein vertical peripheral
      surfaces of said right cylinder are opaque so as to emphasize the visual
      indication presented by the indicia on the circular top surface of said
      cylinder.
NUM  10.
PAR  10. A billiard training device as in claim 5 wherein said means for
      simultaneously providing visual indication of desired point of aim and
      desired point of contact include an indicia line coinciding with the axis
      of said cylinder, an indicia line on the periphery of said cylinder and
      parallel to the axis thereof, and at least one indicator line connecting
      said parallel indicia lines.
NUM  11.
PAR  11. A billiard training device as in claim 1 wherein said support means is
      substantially in the form of a solid hemisphere having a top circular
      surface substantially equal in diameter to the diameter of said cue ball.
NUM  12.
PAR  12. A billiard training device as in claim 11 wherein a bottom surface of
      said solid hemisphere is flattened to provide a small circular support
      base for said support means.
NUM  13.
PAR  13. A billiard training device as in claim 11 wherein said solid hemisphere
      is constructed of transparent material.
NUM  14.
PAR  14. A billiard training device as in claim 11 wherein said solid hemisphere
      is constructed of opaque material.
NUM  15.
PAR  15. A billiard training device for visually indicating the point of
      contact, and for teaching the correct point of aim for a cue ball,
      comprising: unitary means having a top surface in the form of a
      substantially planar circular surface, the diameter of said circular
      surface being between about 21/8 and 23/8 inches so as to approximate the
      diameter of a standard cue ball as used in a billiard game, said unitary
      means including support means for said planar circular surface, said
      support means having a height substantially one half the diameter of said
      flat circular surface so as to approximate one half the height of said
      standard cue ball, whereby said flat circular surface can be positioned
      immediately adjacent an object ball at substantially one half the height
      thereof, said substantially planar circular surface being provided with
      indicia means in the form of a point of contact indicator at a peripheral
      edge of said circular surface and a point of aim indicator at the center
      of said circular surface, whereby said billiard training device can be
      positioned immediately adjacent an object ball with the point of contact
      indicator in contact with the object ball, and with both the point of
      contact and point of aim indicators along the desired line of travel of
      the object ball, to thus provide a correct indication of both the desired
      point of contact and a desired true point of aim.
NUM  16.
PAR  16. A billiard training device as in claim 15 wherein said support means is
      in the form of a right cylinder, the top surface of which is said
      substantially planar circular surface.
NUM  17.
PAR  17. A billiard training device as in claim 15 wherein said support means is
      in the form of a substantially solid hemisphere, the top surface of which
      is said substantially planar circular surface, the bottom of substantially
      solid hemisphere being provided with a flattened relatively small diameter
      circular surface which functions to retain the top circular surface in a
      horizontal plane.
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ABST
PAL  A high performance golf tee comprises a stem, a cup-shaped ball receptacle
      on the top of the stem, and a projection extending outwardly from the ball
      receptacle a sufficient distance such that when a golf ball is placed on
      the tee and a golf club is swung at the ball, the golf club contacts the
      projection and imparts motion to the ball before the golf club makes
      direct contact with the surface of the golf ball. The contact between the
      golf club and the projection imparts an initial backspin on the ball, and
      this improves the flight characteristics of the ball. The golf tee may be
      integrally molded as a unit including the projection or the projection may
      be formed as an attachment for a conventional golf tee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to golf tees and more particularly to a high
      performance golf tee adpated to improve the distance and flight
      characteristics of golf balls driven from the tee.
PAC  Background of the Invention
PAR  It is well known that the flight of a golf ball is dependent to a certain
      extent upon backspin imparted to the ball by contact between the golf club
      and the surface of the ball. As a golf ball travels through the air, the
      dimpled surface of the golf ball is effective to increase the drag on the
      air surrounding it. This drag results in a differential in air pressure
      when the ball is spinning, and this differential alters the flight pattern
      of the ball. When a ball is given a backspin, the nose of the ball spins
      in an upward direction. The dimples of the golf ball thus are rotating in
      the same direction as the flow of air past the golf ball on the top of the
      golf ball and the dimples are moving counter to the flow of air on the
      bottom of the golf ball. The drag of the dimpled surface of the golf ball
      on the air flowing past the ball increases the air pressure below the golf
      ball and decreases the air pressure above the golf ball. The differential
      in air pressure results in an upward force on the ball, and this upward
      force sustains the flight of the golf ball for a longer distance than
      would otherwise result if no spin at all were imparted to the ball. In a
      similar manner, a hook or slice (i.e., a curve to the left or right,
      respectively) is imparted to the ball by imparting a spin to the golf ball
      with the golf club in much the same manner as a curve ball is thrown in
      baseball.
PAR  Another effect on golf ball flight that is well recognized is that the
      flight characteristics of a golf ball are unpredictable and unreliable
      when no backspin is placed on the ball. This phenomenon is analogous to
      the random flight path of a knuckle ball in baseball, wherein no initial
      spin is placed on the ball. When a backspin is placed on a golf ball, the
      golf ball follows a straigter path and carries further than a ball without
      backspin. All golf clubs, except perhaps putters, impart some backspin on
      a golf ball, with the most backspin being produced with the more lofted
      clubs such as the irons, whereas the least amount of backspin is imparted
      to the ball with the least lofted club, which is the driver and the club
      typically used for striking a golf ball off a tee. The loft of a driver
      usually is in the range of 8.degree.-10.degree..
PAR  In order to strike a ball with a driver and have the ball leave the ground
      and enter normal flight pattern, it is customary to place the ball on an
      elevated tee above the ground. One of the first tees employed in golf was
      a simple mound of earth on which the golf ball was placed. However, over
      the years, a number of different types of artificial golf tees have been
      developed in order to raise the golf ball off the ground on a pedestal.
      The only golf tee universally accepted has been a simple golf tee
      comprising a stem that is insertable into the ground with a cup-shaped
      golf ball receptacle mounted on the top of the stem for holding the golf
      ball in an elevated position. Other types of golf tees have been developed
      subsequent to that time, but none have been effective in improving the
      flight characteristics of the golf ball.
PAR  Some golf tees have been developed which provide a shield between the golf
      ball and the club so that the club strikes only the shield but not the
      golf ball. This shield is employed generally for the purpose of preventing
      cuts in the golf ball. Another purpose for such a shield is to alter the
      flight characteristics of the golf ball by placing the shield at skewed
      angles with respect to the back of the golf ball.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improvement in the distance
      and flight characteristics of the golf ball is achieved with the high
      performance golf tee in the present invention. The golf tee of the present
      invention comprises a ball support mechanism for supporting the ball at a
      point above the ground, and an extension device extending outwardly from
      the ball support means a sufficient distance such that when a ball is
      placed on the ball support and a club is swung at the ball, the club
      strikes the extension before it strikes the surface of the ball, thus
      imparting an initial motion to the ball before the club strikes the
      surface of the ball. This initial motion breaks the static coefficient of
      friction between the ball and the tee and places the ball in a dynamic
      state at the time that the club makes contact with the ball.
PAR  Another important aspect of the present invention is that the initial
      motion imparted to the ball is in the nature of a backspin. Thus, the ball
      is not only placed in a dynamic state but it is provided with an initial
      backspin when the club face makes contact with the ball. This initial
      backspin improves both the distance and the flight stability of the ball.
PAR  The golf tee of the present invention may be formed in one of several
      embodiments. In one embodiment, the golf tee comprises a stem with a
      cup-shaped receptacle on the top of the stem and a projection in the form
      of a tab extending outwardly from the top of the golf tee. The projection
      is positioned rearwardly with regard to the direction of flight of the
      golf ball, such that the club head strikes the projection before it
      strikes the golf ball.
PAR  In another embodiment of the present invention, the golf tee comprises a
      stem, and a generally flat upper surface having an oblong configuration
      mounted on the top of the stem. Separate golf ball receptacles are
      provided in each end of the oblong upper surface, such that the golf ball
      may be placed on either end of the upper surface, with the other end of
      the upper surface serving as the extension for engaging the golf club
      before the golf club engages the ball. This stem may be attached either to
      the middle of the upper surface or it may be attached along an edge of the
      upper surface. When attached along the edge of the upper surface in
      cantilever fashion the tee pivots in the ground when the club makes
      contact with the upper surface.
PAR  In still another embodiment of the present invention, the golf tee
      comprises a stem having a cup-shaped receptacle mounted on the top
      thereof, with the extension comprising a disc member extending radially in
      all directions from the top of the tee. Thus, the tee can be faced in any
      direction when inserted in the ground and the club head will always make
      contact with the edge of the tee before it makes contact with the ball.
PAR  In still another embodiment of the present invention, the extension is not
      integrally formed with the rest of the tee but is in the form of an
      attachment that may be fitted on a conventional wooden or plastic tee. The
      attachment comprises a base having a tab extending outwardly therefrom,
      with the base including an opening therein that accommodates the head or
      cup-shaped receptacle of a conventional tee. The conventional tee is
      fitted into this opening and is locked in the opening by a snap fit on the
      top.
PAR  In order to achieve a proper amount of initial ball movement, the extension
      should extend outwardly a distance of about 5/8 to 11/2 inches from the
      center of the golf ball receptacle. Preferably, the distance should be 3/4
      to 11/4 inches, and ideally the distance should be 7/8 1 inch.
PAR  These and other advantages and features of the present invention will
      hereinafter appear and for purposes of illustration, but not of
      limitation, a preferred embodiment of the present invention is shown in
      the attached drawings and described in detail below.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a pictorial side view showing a golf ball mounted on a first
      embodiment of the golf tee of the present invention, with the club head in
      position to make contact with the golf tee.
PAR  FIG. 2 is the same view as FIG. 1, shown momentarily later, after the golf
      ball has been placed in motion by the contact between the golf club and
      the tee.
PAR  FIG. 3 is a pictorial view of the first embodiment of the golf tee of the
      present invention.
PAR  FIG. 4 is a top plan view of the first embodiment of the golf tee of the
      present invention.
PAR  FIG. 5 is a pictorial view of a second emvodiment of the golf tee of the
      present invention.
PAR  FIG. 6 is a top plan view of the second embodiment of the golf tee of the
      present invention.
PAR  FIG. 7 is a pictorial view of a third embodiment of the golf tee of the
      present invention.
PAR  FIG. 8 is a rear elevational view of a fourth embodiment of the golf tee of
      the present invention.
PAR  FIG. 9 is a top plan view of the fourth embodiment of the golf tee of the
      present invention.
PAR  FIG. 10 is a sectional side elevational view of a fifth embodiment of the
      golf tee of the present invention.
PAR  FIG. 11 is a top plan view of the fifth embodiment of the golf tee of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIGS. 1-4, a first
      embodiment 10 of the golf tee of the present invention comprises a ball
      supporting mechanism 12 for maintaining a golf ball in a fixed position
      above the ground and a golf tee extension 14 extending outwardly from the
      ball supporting mechanism. Ball support 12 comprises a stem 16 and a
      cup-shaped golf ball receptacle 18 mounted on the upper end thereof. Stem
      16 has a pointed lower end 20 that is adapted to be inserted into the
      ground 22 in a generally vertical direction (as shown in FIG. 1).
      Cup-shaped receptacle 18 is shaped so that a golf ball 24 will rest in the
      receptacle when the tee is inserted vertically in the ground. The
      cup-shaped receptacle 18 includes a center 26, which is a point lying
      directly below the center of golf ball 24 when it is resting in the
      receptacle. When the cup-shaped receptacle is completely circular, center
      26 comprises the center of the circle.
PAR  Extension 14 in the first embodiment of the present invention is a
      laterally extending projection or tab 28 that extends outwardly from the
      top of the cup-shaped receptacle 18. The upper surface of the golf tee has
      an oval configuration, as shown in FIG. 4.
PAR  Projection 28 extends outwardly from a line extending vertically through
      center 26 of the golf ball receptacle a distance sufficient to insure that
      a golf club 30 (as shown in FIG. 1) swung at golf ball 24 will strike the
      outer edge 32 of projection 28 momentarily before the golf club strikes
      the golf ball itself. As shown in FIG. 2, the impact between the golf club
      and projection 28 causes the golf ball to rock backwardly on the tee and
      become in a dynamic state before the golf club makes contact with the golf
      ball. The dynamic state of the golf ball and the initial backspin imparted
      to the golf ball by the action of the golf tee against the golf ball
      improve both the distance of the golf ball and the flight characteristics
      of the golf ball over the distance and flight characteristics obtainable
      with a conventional golf tee.
PAR  In order to achieve the foregoing advantage of imparting an initial motion
      to the ball in the form of a backspin momentarily before the club strikes
      the surface of the ball, it is important that the dimensions of the
      projection be within certain limitations. It is not necessary that the
      projection actually extend outwardly beyond the periphery of the ball,
      because a driver will typically have a club face 34 that is designed to be
      inclined at an angle of about 8.degree.-10.degree. with respect to a
      vertical line at the point where the club face makes contact with the
      ball. Thus, the lower portion of the club face will extend slightly under
      the outer perimeter of the ball when the club face makes contact with the
      ball. The dimensions disclosed herein for the golf tee of the present
      invention assumes that a normal golf club will be used with the tee, but
      substantial variation in the loft of the club face is permissible with the
      dimensions disclosed below.
PAR  Another factor in determining the dimension of the tee of the present
      invention is the diameter of the golf ball employed with the tee. The
      standard diameter of an American golf ball is 1-11/16 inches whereas the
      diameter of an English ball is about 15/8 inches. Either ball will work
      satisfactorily with the golf tee of the present invention.
PAR  Although it is possible that a wider range of values could be effectively
      employed in order to accomplish the purposes of the present invention, the
      distance between center 26 of the golf ball receptacle and the outer end
      32 of projection 28 should at least be within a range of 5/8 to 11/2
      inches. Preferably, this range should be about 3/4 to 11/4 inches.
      Ideally, the distance range is 7/8 to 1 inch. In the preferred embodiment
      of the present invention, the distance between center 26 and outer end 32
      is 7/8 of an inch.
PAR  The problem with employing a projection that is much longer than is needed
      is that when the projection is struck by a golf club, it pivots downwardly
      in the manner shown in FIG. 2, and an extraordinarily long projection
      could interfere with the normal contact between the club face and the
      ball. Unlike some prior golf tees, no part of the golf tee of the present
      invention is intended to prevent contact directly between the club face
      and the golf ball. The disadvantage with a projection that is too short is
      obvious. The projection will not be struck by a golf club before the golf
      club strikes the ball, thereby obiviating the advantages achieved with the
      golf tee of the present invention.
PAR  The golf tee of the present invention desirably is molded as an integral
      unit and can be formed of any suitable material, preferably a moldable
      plastic material. In the preferred embodiment of the present invention,
      the golf tee is formed of polypropylene, which provides a tough, durable
      product. Polyethylene also would be suitable.
PAR  A second embodiment 40 of the present invention is shown in FIGS. 5 and 6.
      This embodiment is similar to the embodiment shown in FIGS. 1-4 except
      that a pair of cup-shaped receptacles 42 are provided at the upper end of
      the tee. Receptacles 42 are formed in a generally flat upper surface 46
      mounted on the upper end of a stem 44. The receptacles are joined along a
      common edge so that the recessed portion of upper surface 46 is shaped
      generally in a FIG. 8 configuration. Ball receptacles 42 have centers 48
      which are defined in the same manner as center 26 of the first embodiment.
      Stem 44 is attached to the underside of upper surface 46 at the midpoint
      thereof, which is at the midpoint of a line extending between centers 48
      of ball receptacles 42.
PAR  The principal advantage of the second embodiment of the present invention
      is that a golf ball may be placed on either of the two golf ball
      receptacles, and the other side of the upper surface will serve as the
      projection for engaging the golf club before the club engages the ball.
      Thus, a golf ball may be placed on the right golf ball receptacle (FIG. 5
      orientation) until the left hand side of the upper surface is worn out or
      disfigured from repeated contact with the golf club. At that point, the
      ball may be placed in a left hand receptacle, and the right hand edge of
      the upper surface can be used as the extension or projection for
      contacting the surface of the golf club. By having two separate golf ball
      receptacles, mounted side by side, with the outer edge of one serving as
      the extension for the other and vice versa, the life of the tee as
      affected by contact between the golf club should be doubled.
PAR  Another version of the second embodiment of the present invention is shown
      in a fourth embodiment 50 of the present invention depicted in FIGS. 8 and
      9. In that embodiment, an upper surface 52 generally conforming with the
      upper surface 46 of the second embodiment is provided with a pair of
      spaced golf ball receptacles 54. The principal difference between the
      second and fourth embodiments is that a stem 56 employed in connection
      with the fourth embodiment is attached in cantilever fashion to the side
      of upper surface 52 at the mid-point between the golf ball receptacles,
      instead of being attached at the center of the upper surface, as in the
      second embodiment. By attaching stem 56 to the side of upper surface 52,
      when a golf club makes contact with a tee at end 58, with the golf ball
      placed in the upper golf ball receptacle (according to FIG. 9 orientation)
      a torque will be exerted about stem 56, thus causing stem 56 to rotate in
      the ground instead of simply being pulled out of the ground or twisting in
      the ground. This reduces any frictional losses incurred in dislodging a
      tee from the ground.
PAR  A third embodiment 60 of the present invention is shown in FIG. 7. In that
      embodiment, a stem 62 is provided with a cup-shaped receptacle 64 at the
      top thereof and a golf club engaging extension 66 in the form of a
      radially extending disc that extends outwardly from the outer edge of the
      cup-shaped receptacle. The radius of disc 66 conforms with the dimensions
      set forth above with regard to the distance between center 26 and end 32
      of projection 28 in the first embodiment. Thus, the radius of disc 66
      should be about 5/8 to 11/2 inches, with a preferred range being 3/4 to
      11/4 inches, and the ideal range being 7/8 to 1 inch.
PAR  The principal advantage of the third embodiment shown in FIG. 7 is that the
      golf tee may be placed in the ground at any radial disposition about the
      axis of the stem. Since the disc member 66 extends outwardly the same
      distance in all directions, it is not necessary to align a projection so
      that it faces rearwardly with respect to the proposed direction of ball
      projection.
PAR  A fifth embodiment 70 of the present invention is shown in FIGS. 10 and 11.
      In this embodiment, the golf tee extension comprises a removable
      attachment 72 for a conventional wooden or plastic golf tee 74 of
      conventional design. Attachment 72 comprises a base 76 and a laterally
      extending tab 78 that extends outwardly much in the manner of projection
      28 in the first embodiment. Base 76 includes a vertically extending
      opening 80 therethrough with the inner surface of the opening conforming
      with the outer surface of ball receptacle 82 of the conventional tee.
      Opening 80 has an upper end 84 and a lower end 86, with the lower end
      being substantially smaller than upper end 84. The surface of the opening
      tapers inwardly from upper end 84 to lower end 86. The opening is shaped
      so that the conventional tee 74 can be fitted downwardly through opening
      80 with the stem of the tee protruding downwardly through the lower end 86
      of the opening. The upper end of the tee, however, will not pass entirely
      through the opening and engages the interior surface of opening 80 after
      the upper end is fitted within the opening. A locking device 88 in the
      form of an inwardly extending resilient projection at the upper end of the
      opening resiliently locks the conventional tee in place in the attachment
      after it has been fully inserted into the opening.
PAR  Aside from the fact that a conventional tee is employed instead of the
      integrally formed stem and ball receptacle of the previous embodiments,
      the critical dimensions and functions of attachment 72 is substantially
      the same as with all other embodiments.
PAR  In order to provide a suitable resting place for a golf ball on top of the
      tee and to provide frictional contact between the golf ball and the tee so
      that the movement of the tee upon impact between the golf club and the tee
      will impart a backspin motion to the golf ball, it is only necessary that
      the golf ball receptacle be recessed sufficiently so that the edge of the
      receptacle provides a gripping and resting surface for the golf ball. In
      the preferred embodiments of the present invention, the golf ball
      receptacle is circular and is approximately 9/16 inches in diameter and
      about 1/16 inches in depth.
PAR  It should be understood that various modifications and changes may be made
      in the arrangements and details of construction of the various embodiments
      of the present invention disclosed herein without departing from the
      spirit and scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A golf tee comprising ball supporting means adapted to support a golf
      ball at a point above the ground, and substantially rigid extension means
      extending substantially horizontally from the ball supporting means to an
      outer end positioned a sufficient distance from the ball supporting means
      such that when a golf club is swung at a golf ball resting on the golf tee
      with at least a portion of the extension means facing the golf club, the
      golf club strikes the outer end of the portion of the extension means
      before it strikes the ball, said extension means being adapted, on impact
      with the swinging golf club, to impart motion to the golf ball before the
      golf club strikes the ball, said extension means being further adapted to
      permit direct contact between the fact of the club and the surface of the
      golf ball after the extension means has been struck by the swinging golf
      club, the outer end of the extension means including a substantially
      horizontal, wide, nonpointed golf club contact surface that is capable of
      withstanding repeated engagement with a swinging golf club along said
      surface without marring the golf club or injuring or deforming the outer
      end of the extension means, the extension means also being sufficiently
      durable to withstand repeated engagement with a swinging golf club without
      injury to the extension means.
NUM  2.
PAR  2. A golf tee as claimed in claim 1 wherein:
PA1  the ball supporting means comprises a stem and a cup-shaped golf ball
      receptacle mounted on the stem.
NUM  3.
PAR  3. A golf tee as claimed in claim 2 wherein the projection extends radially
      outwardly from the ball supporting means a distance of at least about 5/8
      and no more than about 11/2 inches from a vertical line extending through
      the center of the ball receptacle, the center of the ball receptacle being
      the point on the ball receptacle that lies immediately below the center of
      a golf ball placed thereon.
NUM  4.
PAR  4. A golf tee as claimed in claim 3 wherein the projection extends
      outwardly a distance of at least about 3/4 and no more than about 11/4
      inches from the line extending through the center of the golf ball
      receptacle.
NUM  5.
PAR  5. A golf tee as claimed in claim 4 wherein the projection extends
      outwardly a distance of at least about 7/8 and no more than about 1 inch
      from the line extending through the center of the golf ball receptacle.
NUM  6.
PAR  6. A golf tee as claimed in claim 2 wherein the golf ball receptacle is
      mounted on the top of the stem and the projection is a tab extending
      radially outwardly from the top of the ball receptacle.
NUM  7.
PAR  7. A golf tee as claimed in claim 1 wherein:
PA1  the ball supporting means comprises an upper surface having first and
      second spaced golf ball receptacles therein, such that a golf ball can be
      supported on either receptacle; and
PA1  the extension means comprise first and second portions of the upper
      surface, the first golf ball receptacle being formed in the first portion
      and the second golf ball receptacle being formed in the second portion,
      said second portion acting as the extension means when a golf ball is
      supported by the first golf ball receptacle and said first portion acting
      as the extension means when a golf ball is supported by the second golf
      ball receptacle.
NUM  8.
PAR  8. A golf tee as claimed in claim 7 wherein:
PA1  each receptacle comprises a center with the center being the point in the
      receptacle that lies directly below the center of a golf ball placed on
      the receptacle; and
PA1  said first and second portions extend outwardly a distance of at least
      about 3/4 and no more than about 11/4 inches from the centers of the
      second and first receptacles, respectively.
NUM  9.
PAR  9. A golf tee as claimed in claim 7 wherein the upper surface is
      substantially flat and is mounted on the upper end of a stem such that the
      plane of the upper surface is perpendicular to the axis of the stem, said
      upper surface being mounted on the stem about halfway between the centers
      of the ball receptacles on a line joining the centers.
NUM  10.
PAR  10. A golf tee as claimed in claim 7 wherein:
PA1  the upper surface is substantially flat and is oblong in shape, with the
      golf ball receptacles being formed in each end of the upper surface; and
PA1  the ball supporting means comprises a stem, an upper end of which is
      attached at right angles to a side edge of the upper surface at a point
      about halfway between the centers of the two ball receptacles, such that
      the upper surface is mounted in cantilever fashion from the stem,
PA1  whereby the stem rotates in the ground when the upper surface is struck by
      a swinging golf club.
NUM  11.
PAR  11. A golf tee as claimed in claim 1 wherein:
PA1  the ball supporting means comprises a stem having a cup-shaped golf ball
      receptacle mounted on the top end thereof; and
PA1  the extension means comprises a circular disc member extending radially
      outwardly from the outer periphery of the golf ball receptacle.
NUM  12.
PAR  12. A golf tee as claimed in claim 11 wherein the radius of the disc member
      is at least about 3/4 and no more than about 11/4 inches.
NUM  13.
PAR  13. A golf tee as claimed in claim 1 wherein:
PA1  the ball supporting means comprises a conventional golf tee having a stem
      with a cup-shaped golf ball receptacle on an upper end thereof; and
PA1  the extension means is a separate member that is removably mounted on the
      conventional tee.
NUM  14.
PAR  14. A golf tee as claimed in claim 13 wherein the extension means
      comprises:
PA1  a base having an opening therethrough, with the internal surface of the
      opening being shaped to conform with the ball receptacle on the stem, such
      that the stem can be fitted through the opening from an upper side thereof
      until the ball receptacle engages the interior of the opening, said
      opening being formed such that the ball receptacle cannot be passed
      entirely through the opening;
PA1  locking means on the base and adapted to resiliently hold the tee in the
      opening in the base after the ball receptacle has been fitted into said
      opening; and
PA1  projection means extending outwardly from the base a sufficient distance
      such that when the tee is placed in the ground, with the outer periphery
      of projection means facing rearwardly with respect to the proposed
      direction of ball flight, and a golf ball placed on the tee, a golf club
      swung at the tee and ball will strike the projection means and impart
      motion to the ball before the club makes direct contact with the surface
      of the ball.
NUM  15.
PAR  15. A golf tee as claimed in claim 1 wherein the extension means is adapted
      to impart a backspin on the golf ball when the golf club strikes the
      extension means.
NUM  16.
PAR  16. A golf tee as claimed in claim 2 wherein the golf tee is integrally
      molded as a single unit from a moldable plastic material.
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ABST
PAL  A children's bowling game comprising a frame having a bowling alley
      included therewith, and which is slightly inclined downwardly from a ball
      propelling end toward an end remote therefrom. The remote end carries a
      plurality of upstanding elements which have the silhouette of bowling
      pins, and which are located in the arrangement of normal bowling pins.
      These elements, however, are relatively flat members. A recess is located
      immediately behind each of the bowling pins which are hingedly mounted
      with respect to the bowling alley, so that the bowling pins will be
      shifted from a first upstanding position to a second flat position where
      they are located in the recesses when contacted by the bowling ball. In
      this way, the upper surface of the bowling pins are flush with the surface
      of the bowling alley when in a second position. An actuating means is also
      associated with the frame in order to shift the pins to the upright or
      first position by means of a manually operable lever. In addition, several
      of the bowling pins in the set are automatically shifted to the second
      position when one or more bowling pins associated therewith are shifted to
      the second position by the bowling ball even though the first mentioned
      bowling pins are not so contacted by the bowling ball. In this way, it is
      possible to achieve a strike when the bowling ball is properly located in
      a strike position with respect to the bowling pins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to certain new and useful improvements in
      bowling games and, more particularly, to bowling games in which bowling
      pin elements are hingedly mounted on a bowling alley and can be shifted
      from a first upstanding position to a second flat position relatively
      co-planar with the bowling alley when contacted by a playing piece.
PAR  Children's bowling games have long been popular and commercially acceptable
      among school-aged and older children. These bowling games usually adopt
      various different forms of construction. In the first of these bowling
      games, the bowling pins are suspended along one or more guy wires, or
      similar supporting member, extending transversely across a bowling alley
      in such manner that they are pivotally supported in slightly spaced
      relationship to a bowling alley which receives a rolling ball.
      Consequently, when the ball contacts any of the bowling pins suspended on
      the guy wire or similar supporting member, the bowling pins will pivot on
      the wire in order to visually depict the score of the player. This form of
      bowling game is somewhat deficient in that the children recognize that it
      does not conform to the principles of operation of the true game of
      bowling.
PAR  Another form of children's bowling game employs a construction where each
      bowling pin is suspended on an individual guy wire. The guy wire is biased
      upwardly but restrained against upward movement by an interlock. When the
      bowling pin is contacted by a bowling ball, the interlock is released and
      the guy wire is raised in such manner that the bowling pin is pulled
      upwardly. The major deficiency with this form of bowling game is that the
      various guy wires tend to become entangled. Due to these various problems,
      preschool children have tended to lack interest in toy bowling games, and
      consequently the preschool bowling game market was relatively
      unsuccessful.
PAR  In order to overcome these deficiencies, there have been several forms of
      bowling games where the bowling pins are freely located and manually set
      upon the alley in the desired location and pattern. While these latter
      forms of bowling games adopt a more realistic resemblance to the true game
      of bowling, they are also deficient in the ease and efficiency in which
      the game may be played. In this latter form of game, the players must
      engage in the time consuming procedure of setting the bowling pins on an
      alley in a prescribed location. In this case, the bowling alley may be
      provided with indicia in order to provide indication of the desired
      location of each particular bowling pin. This activity is not only
      time-consuming and cumbersome, but actually militates against the
      acceptance of the game.
PAR  The present invention obviates these and other problems in the provision of
      a bowling game in which the bowling pins in the form of upstanding
      elements are hingedly mounted on the bowling alley in an upstanding or
      first position, and can be shifted to a second position when engaged by a
      playing piece, such as a ball representative of a bowling ball. Moreover,
      when the bowling pins are knocked to the second or down position, they can
      be easily re-shifted to the first position by means of actuating a simple,
      manually operable actuating member. A recess is located behind each pin so
      that the bowling pin can shift to and be located in the recesses in the
      second position. In this way, the upper surface of the pins become
      co-planar with the surface of the bowling alley in order to prevent
      interference with a second roll of the ball. Moreover, some of the bowling
      pins are coupled to other of the bowling pins in such manner that the
      first of these mentioned bowling pins will automatically shift to the
      second of the positions when the other bowling pins are contacted by the
      bowling ball. Consequently, the player of the game can achieve an
      automatic strike by properly locating the ball with respect to the bowling
      pins.
PAR  It is therefore the primary object of the present invention to provide a
      toy bowling game which can be played in such manner that it approximates
      the actual game of bowling.
PAR  It is another object of the present invention to provide a toy bowling game
      of the type stated which is highly durable in its construction and can
      withstand the abuse normally subjected thereto by pre-school children.
PAR  It is a further object of the present invention to provide a toy bowling
      game of the type stated in which the bowling pins can be automatically
      shifted from the "down" position to the upstanding position by means of
      simple mechanical actuation of a lever associated with the bowling alley.
PAR  It is an additional object of the present invention to provide a toy
      bowling game of the type stated which is relatively simple in its
      construction and involves a unique linkage mechanism in order to properly
      locate and shift each of the bowling pins after the number of desired
      rolls of a playing piece representative of a bowling ball.
PAR  It is another salient object of the present invention to provide a method
      of playing a toy bowling game which approximates that of the normal game
      of bowling.
PAR  With the above and other objects in view, our invention resides in the
      novel features of form, construction, arrangement and combination of parts
      presently described and pointed out in the claims.
PAC  SUMMARY OF THE DISCLOSURE
PAR  This invention relates in general to children's bowling games, and, more
      particularly, to a form of pre-school children's bowling game, which
      includes an outer frame and a bowling alley located within the frame. In
      this case, the bowling alley is slightly inclined downwardly from the goal
      line or area where the player propels the playing piece, as for example,
      in the form of a ball which is representative of a bowling ball. At the
      opposite end of the bowling alley, a plurality of elements representative
      of bowling pins are located in substantially the same arrangement as
      bowling pins would be located in a normal bowling alley. Consequently, in
      the case of the present invention, ten such bowling pins are located where
      one bowling pin is located in the first of the rows, two bowling pins are
      located in the second of the rows, three bowling pins are located in the
      third of the rows, and four bowling pins are located in the fourth of the
      rows to form a somewhat triangular set of the bowling pins.
PAR  A recess is located immediately behind each of the bowling pins so that
      when the bowling pin is knocked from its upstanding, or first position, to
      its down, or second position, the outwardly presented planar surface of
      the bowling pin is flush with the surface of the bowling alley. In this
      way, it is possible to roll the bowling ball a second time in accordance
      with the normal rules of bowling without interference of those pins which
      have been previously knocked down to the second position. Moreover, it can
      be observed that these bowling pins are hingedly connected to the bowling
      alley immediately adjacent to and in relation to the recess so that they
      are accommodated by the recess when knocked down to the second position.
PAR  The various bowling pins are hingedly connected on the bowling alley in
      such manner that each of the pins are located with respect to each other
      by a sufficient dimension so that each of the bowling pins can be moved
      from the first position to the second position without contacting any
      other bowling pin. In addition, a manually operable actuating means is
      located on the underside of the frame for shifting each of the bowling
      pins to the first or upright position, after they have been knocked down
      to the second position by means of being contacted by a playing piece such
      as the bowling ball. This actuating means preferably adopts the form of a
      manually operable lever which shifts a camming plate. The camming plate
      contains a number of cams which operate to contact camming flanges on the
      under side of each of the bowling pins to thereby shift these pins to the
      first position.
PAR  In the device of the present invention, two of the outermost bowling pins
      in the third row are coupled to the two bowling pins in the second row.
      This coupling occurs in such manner that the two outermost bowling pins in
      the third row are shifted to the second position when the two bowling pins
      in the second row are shifted to the second position even though the
      bowling pins in the third row are not so contacted by the playing piece.
      In addition, the two outermost elements in the fourth row are coupled to
      the next two adjacent elements inwardly thereof in the fourth row such
      that when the next innermost bowling pins in the fourth row are shifted to
      the second position, the outermost of the pins are shifted to the second
      position even though such outermost bowling pins have not been contacted
      by the playing element.
PAR  The linkage mechanisms mentioned above are uniquely designed so that the
      two outermost elements in the fourth row may be shifted to the second
      position when contacted by the playing piece without thereby shifting the
      next adjacent playing piece to the second position. In like manner, the
      linkages between the bowling pins in the second and the third rows are
      also uniquely designed so that the two outermost bowling pins in the third
      row may be contracted by the playing piece to be shifted to the second
      position without shifting the bowling pins in the second row to the second
      position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Having thus described the invention in general terms, reference will now be
      made to the accompanying drawings in which:
PAR  FIG. 1 is a top plan view of a bowling game, partially illustrated in
      dotted lines, and which is constructed in accordance with and embodies the
      present invention;
PAR  FIG. 2 is a vertical sectional view taken along line 2--2 of FIG. 1 and
      partially illustrated in phantom lines;
PAR  FIG. 3 is a schematic top plan view of the arrangement of the bowling pins
      in the bowling game of the present invention and showing in dotted lines
      the co-action of several of the bowling pins forming part of this bowling
      game;
PAR  FIG. 4 is a fragmentary top plan view more fully illustrating the
      relationship between the bowling pins in the bowling game of the present
      invention when in the down position;
PAR  FIG. 5 is a fragmentary vertical sectional view taken along line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a bottom plan view, similar to FIG. 4, and showing a portion of
      the linkage mechanism which connects various bowling pins forming part of
      the bowling game of the present invention;
PAR  FIG. 7 is a fragmentary perspective view forming part of an actuator plate
      which is operable with the bowling pins in the bowling game of the present
      invention;
PAR  FIG. 8 is a perspective view of one of the bowling pins and the associated
      recess forming part of the bowling game of the present invention;
PAR  FIG. 9 is an exploded perspective view, similar to FIG. 8, and showing the
      relationship and the means of connection of a bowling pin to the portion
      of the bowling alley adjacent to the recess;
PAR  FIG. 10 is a perspective view from the rear side of two of the bowling pins
      forming part of the bowling game of the present invention and the
      interconnection therebetween;
PAR  FIG. 11 is a perspective view, similar to FIG. 10, and showing one of the
      bowling pins in the downed position whereas another of the bowling pins is
      in the upright position;
PAR  FIG. 12 is a composite perspective view showing a pair of bowling pins with
      a different type of linkage interconnecting two of the pins;
PAR  FIG. 13 is a perspective view, similar to FIG. 12, and showing the
      relationship between the linkage of two such bowling pins when in the
      upright position;
PAR  FIG. 14 is a perspective view, similar to FIG. 13, and showing one of the
      bowling pins in the downed position with the other of the bowling pins in
      the upright position;
PAR  FIG. 15 is a perspective view, similar to FIG. 14, and showing the
      relationship of both of the bowling pins when in the downed position;
PAR  FIG. 16 is a perspective view of one form of keeper mechanism which is used
      with the bowling pins of the present invention;
PAR  FIG. 17 is a perspective view of another form of keeper mechanism which is
      used with the bowling pins forming part of the bowling game of the present
      invention; and
PAR  FIG. 18 is an exploded fragmentary perspective view showing the
      relationship of various members which form part of the frame used in the
      bowling game of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate a preferred embodiment of the present invention, A
      designates a toy bowling game comprising a rectangularly shaped frame 10
      having an interiorly located planar surface 12 representative of a bowling
      alley. In this case, and by reference to FIG. 2, it can be observed that
      the bowling alley 12 inclines downwardly from a player end, designated
      generally by reference numeral 14, to a score depicting end, often
      referred to as a bowling pin end 16 opposite thereto, in the manner as
      illustrated in FIGS. 1 and 2 of the drawings.
PAR  The bowling alley 12 may be suitably imprinted on its upper surface with a
      pair of strike lines designated by reference numerals 18 and 18' which
      properly depict the proper bowling area therebetween. This proper bowling
      area is that area in which the playing piece, such as a bowling ball 20,
      should travel in order to obtain proper scoring. Located rearwardly of the
      bowling pin area 16 is a ball receiving trough 22 which is located
      vertically beneath a rearward edge 24 of the bowling alleg 12, reference
      being made to FIG. 1, and in the manner as illustrated in FIG. 1 of the
      drawings. The ball receiving trough 20 also inclines downwardly from the
      left-hand side to the right-hand side, again referring to FIGS. 1 and 2,
      so that the bowling ball will roll downwardly to a bowling ball actuating
      member 26.
PAR  The bowling ball actuating member 26 comprises a ball return arm 28 which
      is pivotally mounted on the frame 10 by means of a pivot pin 30. At its
      rearward end, the ball return arm 28 includes a socket 32 which is sized
      to accommodate the bowling ball 20 as it rolls down the ball receiving
      trough 22. A lever 34 is secured to one end of the pin 30 outwardly of the
      frame 10 and which is manually actuable by a player of the game. Thus,
      when the lever 34 is urged upwardly, it will rotate the pivot pin 30 which
      is secured to the arm 28 and which will cause the arm 28 to shift upwardly
      to the position designated by the phantom lines in FIG. 2 and which is
      also designated by reference numeral 28'. In like manner, the ball
      receiving socket 32 will also similarly shift to the upper or ball
      ejecting position designated by reference numeral 32'. In this respect,
      the arm 28 could be spring biased to its return position by means of any
      conventional spring mechanism or other form of bias mechanism (now shown)
      which will shift the arm, and hence the socket 32, to the lower position
      as illustrated in FIGS. 1 and 2 of the drawings.
PAR  When the bowling ball 20 is ejected by the socket 32 after it has shifted
      to its uppermost or ejecting position, as illustrated by reference numeral
      32', the ball 20 will be ejected into a ball return trough 34, which is
      separated from the planar surface 12 by means of an upstanding wall 36
      which projects from the planar surface 12. The ball return trough 34 is
      also provided with a return base wall 38 which is initially rearwardly and
      downwardly inclined so that the ball will roll toward a ball retaining
      recess 40 over a retaining hump 42 formed in the base wall 38. It can be
      observed that the base wall 38 is formed of sufficient length and
      sufficient incline so that the ball 20 will have sufficient velocity to
      roll over the hump 42 and into the retaining recess 40, in the manner as
      illustrated in FIG. 2 of the drawings.
PAR  Located at the bowling pin end, or the so-called "score depicting end" 16,
      are a plurality of elements P representative of bowling pins. In this
      case, the elements P are designed to have a planar surface representative
      of the shape of a bowling pin, although the elements P, which are
      hereinafter referred to as "bowling pins", are not circular in shape and
      are not loosely and removably disposed upon the bowling alley 12. In
      accordance with the rules of a normal bowling game, 10 such bowling pins P
      are provided and, for purposes of more fully describing the present
      invention, are designated as bowling pins P.sub.1, P.sub.2, P.sub.3
      ...P.sub.10. This arrangement is more fully illustrated in FIGS. 1, 3 and
      4 of the drawings.
PAR  In the normal bowling game, 10 bowling pins P are provided as indicated
      above, and these bowling pins are substantially arranged in the manner as
      illustrated in FIGS. 3 and 4 of the drawings. Thus, in this case, four
      rows of bowling pins are provided and are rearwardly spaced with respect
      to the player end 14 and located in the score-depicting end 16. In the
      first row, one such bowling pin is provided and, in this case, is
      designated by reference numeral P.sub.1. In the second row, two bowling
      pins are provided and are respectively designated as P.sub.2 and P.sub.3.
      In the third row, three bowling pins are provided and are respectively
      designated, P.sub.4, P.sub.5, and P.sub.6. Finally, in the fourth row four
      bowling pins are provided and are respectively designated as P.sub.7, and
      P.sub.8, as well as P.sub.9 and P.sub.10 in the arrangement as illustrated
      in FIGS. 3 and 4 of the drawings. In this case, it can be observed that
      the bowling pins P.sub.4 and P.sub.6 are the outermost bowling pins in the
      fourth row and the bowling pins P.sub.7 and P.sub.9 are the outermost
      bowling pins in the fourth row.
PAR  By further reference to FIG. 3, it can be observed that one of the bowling
      pins P.sub.2 in the second row is coupled to one of the outermost bowling
      pins P.sub.4 in the third row and operates in conjunction therewith. In
      like manner, one of the other bowling pins P.sub.3 in the second row is
      coupled to the other outermost bowling pin P.sub.6 and operates in
      conjunction therewith. Furthermore, it can be observed that one of the
      outermost bowling pins P.sub.7 in the fourth row is coupled to next
      adjacent inner bowling pin P.sub.8 in the fourth row. Similarly, the other
      outermost bowling pin P.sub.9 in the fourth row is coupled to the next
      adjacent innermost bowling pin P.sub.10 in the fourth row and operates in
      conjunction therewith. The co-action between these various coupled bowling
      pins will be described in more detail hereinafter.
PAR  However, for purposes of initially describing the operation of the bowling
      pins P with respect to the contact by the bowling ball 20, the bowling pin
      P.sub.2, when contacted by the playing piece, such as the bowling ball 20,
      will be shifted from its first position, that is its upright position as
      designated in FIG. 2 of the drawings, to its second position, or so-called
      down position when contacted by the bowling ball. In this case, the
      bowling pin P.sub.4 will also be knocked to the downed or second position,
      even though the bowling pin P.sub.4 is not contacted by the bowling ball
      20. In like manner, the bowling pin P.sub.3 will also be knocked down to
      the second position and, furthermore, the bowling pin P.sub.6 coupled to
      the bowling pin P.sub.3 will also be knocked down to the second position
      even though the bowling pin P.sub.6 is not contacted by the bowling ball
      20.
PAR  However, the converse differs in that if the bowling pin P.sub.4 is knocked
      to the second position without the bowling ball 20 contacting the bowling
      pin P.sub.2, the bowling pin P.sub.2 will not be knocked to the second
      position. In like manner, if the bowling pin P.sub.6 is knocked to the
      second position by contact with the bowling ball 20, the bowling pin
      P.sub.3 will not be knocked to the second position if it is not contacted
      by the bowling ball.
PAR  Referring to the last row containing pins P.sub.7...P.sub.10, the bowling
      pin P.sub.8 will be knocked to the second position, that its down
      position, when contacted by the bowling ball 20 and, in this case, since
      it is coupled to the bowling pin P.sub.7, the bowling pin P.sub.7 will
      also be knocked to the second position even though the latter is not
      contacted by the bowling ball. In addition, the bowling pin P.sub.9 will
      be shifted to the second position if the bowling pin P.sub.10 is contacted
      by the bowling ball and knocked to the second position. However, the same
      converse also holds in that the bowling pin P.sub.8 will not be knocked to
      the second position if only the bowling pin P.sub.7 is contacted by the
      bowling ball 20. In like manner, the bowling pin P.sub.10 will not be
      knocked to the second position if only the bowling pin P.sub.9 is
      contacted by the bowling ball 20.
PAR  By further reference to FIGS. 4 and 6 of the drawings, it can be observed
      that the bowling pins are so located such that they can be moved from the
      first or upright position to the second or down position without
      contacting any other bowling pins. In accordance with this normal
      arrangement, the player of the game could bowl a perfect strike, that is
      roll the bowling ball 20 in its perfect strike position without knocking
      down all of the pins P. Consequently, the coupling arrangement which is
      schematically illustrated in FIG. 3 permits all of the pins to be knocked
      down to the second position when the player of the game rolls the bowling
      ball 20 to initiate a perfect score. This coupling arrangement between the
      various pins P will be described in more detail hereinafter.
PAR  Rigidly secured to the underside of the bowling alley in the region of the
      bowling pins P, by means of bolts, rivets, adhesives or other forms of
      conventional fastening techniques (not shown) is a mounting plate 44 which
      is more fully illustrated in FIGS. 5 and 6 of the drawings. Also secured
      to the mounting plate 44 on the underside thereof, also in the manner as
      more fully illustrated in FIGS. 5 and 6 of the drawings, is a keeper plate
      46. The keeper plate 46 may be similarly secured to the mounting plate 44
      by any form of conventional technique including fasteners of the type
      mentioned, as well as adhesives, etc.
PAR  By reference to FIGS. 4, 6, 8, and 9, it can be observed that each of the
      bowling pins P, are each hingedly mounted on the bowling alley 12 by means
      of brackets 48. Each of the brackets 48 comprises a retaining plate 50,
      which is initially horizontally disposed when the pins P are located in
      the first or upright position. Extending upwardly from the plate 50 in
      perpendicular relationship thereto is a mounting flange 52 and which is,
      in turn, secured to the lower end of the pins P. This connection between
      the mounting flange 52 and the plate 50 is provided with a transversely
      extending pivot pin 54 which is, in turn, retained in the mounting plate
      44 in the manner as more fully illustrated in FIGS. 4, 5, and 9 of the
      drawings.
PAR  By further reference to FIGS. 5, 8, and 9 of the drawings, it can be
      observed that the bowling alley 12 is provided immediately rearwardly of
      each of the pins P with an aperture 56, sized to accommodate the pins P
      and the bracket 48. In this case, it can be observed that the aperture 56
      actually comprises a bowling pin receiving section 58 with a bracket
      receiving section 60, the latter having the shape as illustrated in FIG.
      18 in order to accommodate the bracket 48, and particularly the flange 52
      thereof.
PAR  It can also be observed, by reference to FIG. 18, that the mounting plate
      44 is similarly provided with apertures 62, each being in alignment with
      each one of the apertures 56. Moreover, it can be observed that the
      apertures 62 are provided with a pair of outwardly extending opposed slots
      64, which are sized to accommodate the outwardly extending ends of the
      transversely extending pin 54. In addition, it can also be observed by
      reference to FIG. 18 that the keeper plate 46 is provided with
      rectangularly shaped apertures 66 each being located in communication with
      the associated aperture 62 and with a portion of the associated aperture
      56. This same construction is the same for each of the ten bowling pins P.
PAR  FIGS. 8 and 9 more fully illustrate the hinged connection of each of the
      bowling pins P to the frame 10. It can be observed that pivot pin is held
      within the slots 64 formed in the aperture 62 which is located in the
      mounting plate 44. The bowling alley 12 and the keeper plate 46 will
      retain the pivot pins within the slots 64 such that the bowling pins P can
      shift from the first upstanding position, as illustrated in FIG. 1, to the
      second or downed position, as illustrated in FIG. 2.
PAR  When the pins P are engaged by the bowling ball 20 and pushed to the down
      position, the plate 50 will shift through the apertures 62 and 66 so that
      they are located in a substantially vertical position, while the outer
      surface of the pins P are located in the horizontal position. Moreover, it
      should be observed by reference to FIGS. 8 and 9 that the thickness of the
      bowling pins P is substantially equal to the thickness (in the vertical
      dimension) of the recesses 56. In this way, when each of the pins P is
      shifted to the down position, they will be urged into the recess 56
      exposed immediately rearwardly thereof and the outwardly presented planar
      surface of the bowling pins P will be thereupon flush with the planar
      surface or bowling alley 12. Moreover, the bowling pins P will be retained
      in this position so that their outer surfaces are flush with the bowling
      alley 12 by means of the mounting plate 44 disposed immediately
      therebeneath.
PAR  As indicated previously, the bowling alley 12 inclines downwardly from the
      player end 14 to the bowling pin end 16. FIG. 5 has been drawn to
      illustrate the bowling alley in a relatively horizontal plane, in order to
      maintain clarity. However, it can be observed that the bowling pins P
      could therefore be located so that the forwardly presenting surface
      thereof, that is the surface presented toward the player end 14, is
      located at greater than a 90.degree. angle with respect to the upper
      surface of the bowling alley 12. Consequently, this arrangement with
      respect to the bracket 48 is more fully illustrated in FIG. 5 of the
      drawings.
PAR  Each of the bowling pins P are retained in the upper, or first, position by
      means of retaining arms 68 and 70, often referred to as "keepers", which
      are more fully illustrated in FIGS. 16 and 17 of the drawings,
      respectively. The actual positioning of the retaining arms is more fully
      illustrated in FIGS. 5 and 6 of the drawings. The retaining arm 68
      includes an elongated mounting portion 72 which is fixedly secured to the
      underside of the keeper plate 46, preferably by a means of adhesives or
      any other known form of attachment. Extending outwardly therefrom is a
      somewhat resilient section 74 having a recess 76 and an outwardly
      projecting abutment 78, in the manner as more fully illustrated in FIG. 16
      of the drawings.
PAR  The retaining arm 68 is mounted in such manner that the plate 50 will move
      within the area of the recess 76. Thus, when any of the pins P are pushed
      to the upright position, the resilient section 74 will be biased to the
      left, reference being made to FIG. 16, when the abutment 78 engages the
      plate 50. Moreover, the abutment 78 will be located immediately disposed
      with relationship to the plate 50 so that the abutment 78 engages the
      underside of the plate 50 in order to hold the pin P in the upright
      position. In this respect, it can be observed that the resilient section
      74 is not only resilient in the transverse direction, but is also
      resilient in the vertical direction so that the abutment 78 can shift
      outwardly with respect to the plate 50 as it is being shifted to its
      horizontal position, and, in addition, can be shifted downwardly beneath
      the plate 50. Moreover, the resiliency of the entire retaining arm 68 is
      designed so that when any of the bowling pins P are contacted by the
      bowling ball 20 the force imposed on the plate 50 is sufficient to push
      resilient section 74, and hence the abutment 78, both downwardly and
      outwardly from the plate 50 to permit the plate 50 to swing to its
      vertical position. In this way, the pin P can be shifted to the second
      position and located within the recess 56.
PAR  The retaining arm 70 is substantially identical in construction to
      retaining arm 68 and operates in like manner, except that it is located on
      opposite sides of the pins with respect to the retaining arm 68. By
      further reference 6, it can be observed that retaining arms 68 are
      associated with the pins P.sub.3, P.sub.5, P.sub.8 and P.sub.10. In like
      manner, the retaining arms 70 are associated with the bowling pins
      P.sub.1, P.sub.2, P.sub.4, P.sub.6, P.sub.7, and P.sub.9.
PAR  In accordance with the normal game of bowling, each player is permitted to
      roll the bowling ball 20 in two rolls in order to constitute one frame.
      Thus, after the player of the game rolls a ball the first time, the player
      may knock down all of the bowling pins P in order to achieve a "strike".
      In like manner, the player may knock down only certain of the bowling pins
      P in which case the player is entitled to roll the bowling ball 20 a
      second time. After the player rolls the ball the second time, the player
      may or may not knock down additional bowling pins. Thus, if all of the
      bowling pins have been knocked down to the second position, the player
      will have achieved a "spare", again in accordance with the rules of the
      game of bowling.
PAR  After two rolls of the ball, or otherwise after the player has achieved a
      strike, it is necessary to shift the bowling pins P to their upright
      position. For this purpose, a bowling pin actuator 80 is provided and is
      more fully illustrated in FIGS. 1, 5 and 7 of the drawings. The bowling
      pin actuator 80 generally comprises a horizontally disposed camming plate
      82 with a pair of transversely spaced apart longitudinally extending and
      upstanding arms 84. Integrally formed with the camming plate 82 and
      extending toward the player end 14 is an elongate arm 84 which has an
      actuator handle 86 projecting outwardly of an aperture 88 in the end wall
      forming part of the fram 10, in the manner as illustrated in FIG. 1 of the
      drawings.
PAR  The camming plate 82 is always urged forwardly, that is, in the direction
      of the player end 12, by means of a compression spring 90, which is
      secured to the end wall of the frame 10 and having the aperture 88 and to
      a flange 92 integrally formed with the arm 86. Thus, it can be observed
      that, if the player of the game pushes the actuator handle 86 inwardly,
      that is rearwardly, the compression spring 90 will expand and when the
      force is released upon the actuator handle 86, the compression spring 90
      will bias the arm 86 and hence the camming plate 82 forwardly.
PAR  By further reference to FIG. 1, it can be seen that the camming plate 82 is
      located in the region of the bowling pins P. The camming plate 82 is
      retained by means of pins 94 having shanks (not shown) which extend
      through elongated slots 96 formed within the camming plate 82. The shanks
      of the pins 94 are retained within downwardly extending tubular hubs 95
      (FIG. 5) formed on the underside of the bowling alley 12. Moreover, the
      heads of the pins 94 are provided with washers 98. In this way, it can be
      observed that the washers 98 merely hold the camming plate 82 in a
      relatively parallel position with respect to the underside of the bowling
      alley 12. Inasmuch as the shanks are slideable in the elongated slots 96,
      the camming plate 82 is free to shift back and forth in a longitudinal
      position.
PAR  The camming plate 82 is provided with a plurality of upstanding cams 100,
      and one of these cams in this case is located on the arm 86. It can be
      observed that each of the cams 100 are provided with rearwardly presented,
      arcuately shaped camming faces 102.
PAR  As the actuator 80 is pushed rearwardly by means of a player engaging the
      actuator handle 86 and pushing the same rearwardly, the camming plate 82
      will also shift rearwardly and the cams 100 will engage the downwardly
      presented, vertically struck plates 50 forming part of the brackets 48. As
      this occurs, the various camming surfaces 102 will force the arm 50 to
      rotate about the pivot pins 54 and shift the arms to the horizontal
      position, as illustrated in FIGS. 8 and 14 of the drawings. In this way,
      the pins P will be located in the upright position.
PAR  As the plates 50 are being pushed upwardly by means of the cams 100, the
      abutments 78 on the various retaining arms 68 and 70 will initially shift
      slightly outwardly and downwardly with respect to the underside of the
      plate 50 and thereupon engage the underside of the plate 50 holding the
      bowling pins P in the upright position, in the manner as previously
      described. Thereafter, when the player of the game releases the actuator
      handle 86, the spring 90 will pull the actuator 80, and hence the camming
      plate 82, in the forwardly direction, out of the way of the action of the
      brackets 48.
PAR  As indicated previously, the bowling pin P.sub.2 is coupled to the bowling
      pin P.sub.4 and the bowling pin P.sub.3 is coupled to the bowling pin
      P.sub.6. In accordance with this coupling arrangement, it was indicated
      that the bowling pin P.sub.2 could be knocked down to the second position
      by means of the bowling ball 20, and this would in turn knock the bowling
      pin P.sub.4 down to the second position, even though the bowling pin
      P.sub.4 was not contacted by the bowling ball 20. In like manner, the
      bowling pin P.sub.6 would be knocked down to the second position when the
      bowling pin P.sub.3 was knocked to the second position upon contact by the
      bowling ball, even if the bowling pin P.sub.6 was not so contacted by the
      bowling ball 20.
PAR  The linkage necessary to create this action is more fully illustrated in
      FIGS. 10 and 11 of the drawings. In this case, it can be observed that the
      two bowling pins P.sub.2 and P.sub.4 are illustrated. It can be seen that
      the plate 50 on the bracket 48 associated with the bowling pin P.sub.2 is
      provided with a cord 104 which is similarly connected to the plate 50
      associated with the bowling pin P.sub.4. Thus, it can be observed that
      when the two bowling pins P.sub.2 and P.sub.4 are in the upright position,
      the cord 104 is fairly taut. However, if only the bowling pin P.sub.4
      were contacted by the bowling ball 20, only the bowling pin P.sub.4 would
      be knocked down to the second position, as illustrated in FIG. 11 of the
      drawings. Consequently, if the bowling pin P.sub.2 were subsequently
      contacted by a bowling ball, it would also be knocked down to the second
      position independently of the bowling pin P.sub.4.
PAR  In the alternative, if the bowling pin P.sub.2 is first contacted by the
      bowling ball 20, it can be observed that inasmuch as the cord 104 is taut,
      the arm 50 will be shifted downwardly to the left, reference being made to
      FIG. 10. If this occurs, the cord 104 will also pull the arm 50 associated
      with the pin P.sub.4 downwardly. Consequently, when the bowling ball 20
      first contacts the bowling pin P.sub.2, both the bowling pins P.sub.2 and
      P.sub.4 would operate in like manner.
PAR  It was also indicated previously that the bowling pins P.sub.7 is coupled
      to the bowling pin P.sub.8 and the bowling pin P.sub.9 is coupled to the
      bowling pin P.sub.10. In accordance with this coupling arrangement, the
      bowling pin P.sub.7 could be knocked down to the second position
      independently of the bowling pin P.sub.8. However, if the bowling pin
      P.sub.8 were contacted by the bowling ball 20, it would be knocked to the
      second position and would also knock the bowling pin P.sub.7 to the second
      position, even though the latter was not contacted by the bowling ball. In
      like manner, the bowling pin P.sub.9 could be independently knocked to the
      second position, even though the bowling pin P.sub.10 was not knocked to
      the second position. Moreover, the bowling pin P.sub.10 could be knocked
      to the second position and would similarly pull the bowling pin P.sub.9 to
      the second position, even though the latter were not contacted by the
      bowling ball. It can be observed that each of these pins P.sub.7, P.sub.8,
      P.sub.9 and P.sub.10 are all located in the same row whereas the bowling
      pins P.sub.2 and P.sub.4, as well as the bowling pins P.sub.3 and P.sub.6
      were not located in the same row. Consequently, a different coupling
      arrangement is provided and this coupling arrangement is more fully
      illustrated in FIGS. 12-15 of the drawings.
PAR  The bowling pins P.sub.7 and P.sub.8 are more fully illustrated in FIGS.
      12-15 of the drawings. In this case, it can be observed that the plate 50
      forming part of the bracket 48 associated with the bowling pin P.sub.8 has
      a transversely struck engaging arm 106 which is projected toward the plate
      50 associated with the bowling pin P.sub.7. In like manner, the arm 50
      associated with the bowling pin P.sub.7 is provided with a transversely
      struck, relatively short cooperating engagement arm 108.
PAR  By reference to FIG. 13, it can be observed that when both the bowling pins
      P.sub.7 and P.sub.8 are in the upright position, that the cooperating
      engagement arm 108 will be located beneath the engagement arm 106. By
      reference to FIG. 14, it can be observed that if the bowling pin P.sub.7
      were contacted by the bowling ball 20, it would be knocked down to the
      second position independently of the bowling pin P.sub.8. It can be seen
      that since the engaging arm 108 associated the bowling pin P.sub.7 is
      located beneath the engaging arm 106 associated with the bowling pin
      P.sub.8, that the pin P.sub.7 can be shifted downwardly without otherwise
      affecting the arm P.sub.8. However, it can be also observed, by reference
      to FIG. 15, that if bowling ball contacts the pin P.sub.8, this latter
      bowling pin will be pushed downwardly to the second position. Moreover,
      since the engagement arm 106 lies above the engagement arm 108, it will
      also push the engagement arm in the arcuate arm with pivotal movement
      above the pivot pin 54. Consequently, the bowling pin P.sub.7 will also be
      urged downwardly to the second position, along with the bowling pin
      P.sub.8.
PAR  Thus, there has been illustrated and described a unique and novel bowling
      game which provided for hingedly mounted pins capable of being shifted
      from an upright position to a knocked down position and reshifted to the
      upright position through an actuating mechanism in the bowling game, and
      which therefore fulfills all of the objects and advantages sought
      therefor. It should be understood that many changes, modifications,
      variations and other uses and applications could be made by the skilled
      artisan after considering this specification and the accompanying
      drawings. Therefore, any and all such changes, modifications, variations
      and other uses and applications which do not depart from the spirit and
      scope of the invention are deemed to be covered by the invention which is
      limited only by the following claims.
CLMS
STM  Having thus described our invention, what we desire to claim and secure by
      letters patent is:
NUM  1.
PAR  1. A toy bowling game comprising:
PA1  a. a bowling alley,
PA1  b. a plurality of rows of bowling pin-like elements with a plurality of
      pin-like elements in some of said rows,
PA1  c. hinge means hingedly connecting each of said pin-like elements to said
      alley so that said pin-like elements can shift from a first upright
      position to a second knocked-down position,
PA1  d. a flexible cord link connecting at least a first one of said pin-like
      elements to a second of said pin-like elements so that said first and
      second pin-like elements selectively cooperatively act when contacted by a
      playing piece,
PA1  e. a fairly rigid link connecting a third of said pin-like elements to a
      fourth of said pin-like elements, so that said third and fourth pin-like
      elements selectively cooperatively act when contacted by a playing piece.
NUM  2.
PAR  2. The toy bowling game of claim 1 further characterized in that the first
      one and second one of said pin-like elements are located in different
      rows.
NUM  3.
PAR  3. The toy bowling game of claim 1 further characterized in that the third
      and fourth of said pin-like elements are located in the same row.
NUM  4.
PAR  4. The toy bowling game of claim 1 further characterized in that the first
      and second one of said pin-like elements are located in different rows,
      and the third and fourth of said pin-like elements are located in the same
      row.
NUM  5.
PAR  5. The toy bowling game of claim 1 further characterized in that a recess
      is associated with each said element and receives said element in the
      second position so that one planar surface of said elements is
      substantially flush with said bowling alley.
NUM  6.
PAR  6. The toy bowling game of claim 1 further characterized in that actuating
      means is operatively associated with said bowling alley and said elements
      to shift said elements from the second to the first position by actuation
      from an area remote to said elements.
NUM  7.
PAR  7. The toy bowling game of claim 1 further characterized in that said
      bowling alley inclines downwardly from a location where said playing piece
      may be released to the location of said elements.
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PAL  A one-piece, cast racquet of material having density not above about 3.0
      grams per cubic centimeter comprises a handle and a head-portion, the
      latter having integral stringing means characterized by a wrought metal
      member bonded in the cast head portion of the racquet; and method for
      making same wherein the wrought metal member is assembled in the
      head-portion of a die set and the resulting die cavity filled with the low
      density material thereby forming the cast handle and head-portion of the
      racquet and simultaneously bonding the wrought metal stringing member
      therein. The term "cast" will be understood to include metal die-casting
      and plastic pressure moulding operations.
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PAC  BACKGROUND OF INVENTION
PAR  Tennis racquets have, for many years, been constructed of wood and in fact
      is still being used in the construction of some racquets. However, a
      wooden racque has certain inherent limitations, particularly as regards
      torsional and bending rigidity, it being generally recognized that these
      two parameters are mutually dependent in the sense that a wooden racquet
      designed to have a particular rigidity will have a built-in bending
      rigidity which may or may not be desirable from the standpoint of optimum
      racquet strength, flexibility, weight and other factors important to good
      racquet design.
PAR  The idea of forming a racquet of metal so as to overcome some of the
      deficiencies of wooden racquets is not new. French Pat. No. 800,262 (1936)
      discloses a metal tennis racquet comprising an alloy of aluminum and
      magnesium; and formed by casting the racquet in a mould followed by a
      thermal treatment to give suitable elasticity and resilience. In casting
      the head-portion of the racquet removable core pieces are assembled in the
      mould to form apertures in the head-portion for stringing the racquet.
      U.S. Pat. No. 3,702,189 Galich discloses a one-piece metal tennis racquet
      formed by casting an aluminum or magnesium alloy in a permanent mould.
      Stringing apertures are cast in the head-portion or frame and in addition
      an elongated annular groove is formed in the outer face of the frame for
      recessing the racquet string. The aforesaid annular groove is alleged to
      serve both as a means for weight and balance control as well as protective
      means for shielding the racquet string from abrasion. U.S. Pat. No.
      3,702,701 Vaughn et al. discloses a tennis racquet frame formed of
      opposed, extruded aluminum, tubular sections joined by an integral metal
      web-portion having stringing apertures therein; and a strip of nylon is
      assembled on the web-portion to provide grommets for the stringing
      apertures in the metal web so as to reduce string abrasion. U.S. Pat. No.
      3,664,669 Lantem et al. discloses another form of extruded aluminum tennis
      racquet the head-portion or frame of which comprises a hollow extrusion
      having a central wall separating the outer wall from a pair of flanges
      constituting the inner wall of the frame, the flanges being arranged to
      provide holding means for a plurality of individual, plastic,
      string-supporting elements designed to provide a relatively large gripping
      surface, i.e. large radii about which to bend the string so as to
      eliminate string breakage.
PAR  One of the major advantages of forming a racquet frame by casting, as
      against forming a frame by extrusion, is the freedom to vary the cross
      section of a cast frame place to place. On the other hand, a die cast
      metal frame will, in general, have less strength than an extruded frame,
      and more importantly, a die cast frame is generally subject to localized
      metal porosity which, when present in the area of the stringing holes of a
      racquet frame will cause rupture or breakthrough under the high stresses
      to which a racquet is subjected.
PAR  Hence, despite the progress that has been made in the construction of light
      metal racquets, the problems of achieving optimum strength to weight
      ratios, optimum stiffness, both longitudinal and torsional, and minimizing
      the incidence of string breakage; together with the development of
      production techniques that will ensure low unit cost, have mitigated
      against substantial acceptance of metal racquets as heretofore designed.
PAC  SUMMARY OF INVENTION
PAR  In co-pending application Ser. No. 279,116 filed Aug. 9, 1972, and issued
      as U.S. Pat. No. 3,815,660 Applicant et al. disclose a die cast light
      metal tennis racquet comprising an integral handle and head-portion or
      frame with stringing means cast into the frame, the stringing means being
      in the form of a strip of metal arranged substantially perpendicular to
      the plane of the racquet strings and provided with individual string
      receiving eyelets or portions of a sinuous wire -- projecting at
      substantially right angles from the strip of metal inwardly toward the
      center of the frame.
PAR  The present invention relates to an improved low density cast racquet which
      takes advantage of design flexibility made possible by casting, while
      ensuring adequate strength in the area of the stringing holes by
      incorporating a wrought metal stringing member within the cast frame. The
      term "wrought", as used herein has the meaning commonly recognized in the
      metallurgical art, namely a metal that has been cold or hot worked in the
      solid state using conventional metal working techniques such as strip or
      sheet rolling, extrusion or forging. The improved racquet of this
      invention thus combines longitudinal and torsional stiffness with optimum
      strength to weight ratio, eliminates frame rupture at the stringing holes,
      precludes string breakage, and can be produced at relatively low cost per
      unit. Another attribute is color -- the racquet of this invention being
      coated with various colored resins which not only enhance the appearance
      of the racquet but contribute to long string life.
PAR  In brief, the one-piece racquet of this invention comprises a head or
      frame, a handle and stringing means integrated in a one-piece construction
      by a single cast operation. The racquet head-portion or frame and the
      handle are formed of a material having a density below about 3.0 gm/cc as
      for example a light metal such as a magnesium or aluminum alloy or a
      suitable plastic such as a fiber reinforced plastic, said low density
      materials having a yield strength in the range of from 23,000 to 40,000
      psi; while the stringing means, which is cast in the head portion of the
      frame in the manner hereinafter described, comprises a wrought metal
      insert, the outer portion of which, i.e. that portion of which is cast
      into the head-portion of the racquet, being provided with bonding means,
      and its inner portion, i.e. that portion which extends inwardly into the
      stringing plane of the racquet, being provided with circumferentially
      spaced apertures for receiving the racquet string. This wrought metal
      insert is preferably a high quality wrought light-weight metal, as for
      example wrought aluminum or wrought magnesium alloy, having a strength in
      excess of 40,000 psi and preferably about 70,000 psi. As such, it serves a
      double purpose, namely, to provide simple, inexpensive stringing means for
      the racquet head, and to reinforce the cast head-portion of the racquet.
      The cast racquet, and in particular the head portion, is provided with a
      finish coating of resin which is preferably colored to enhance the
      appearance of the racquet; and which when applied has been found to coat
      the edges of the stringing perforations in the wrought metal stringing
      means in a manner to preclude string abrasion or breakage.
PAR  Numerous other advantages of the invention will become apparent from the
      following description when read in conjunction with the accompanying
      drawings.
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PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 is a plan view of the improved cast racquet of this invention as
      embodied in a tennis racquet.
PAR  FIG. 2 is an enlarged cross-sectional view of the head-portion of the
      racquet on line 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of the wrought metal insert which serves to
      reinforce the head-portion of the racquet and as stringing means therefor.
PAR  FIG. 4 is an enlarged perspective view of the fragmentary portion of the
      wrought metal insert of FIG. 3.
PAR  FIG. 5 is an enlarged perspective view of a fragmentary portion of a
      modification of the wrought metal insert of FIG. 3.
PAR  FIG. 6 is an enlarged perspective view of the fragmentary portion of a
      further modification of the wrought metal insert.
PAR  FIG. 7 is a schematic cross sectional view of a two-piece die set for
      forming the head-portion of the racquet showing the recessed ledge on
      which the wrought metal insert is supported.
PAR  FIG. 8 is a modification of a two-piece die set of FIG. 7 showing a
      recessed ledge on each die part for accommodating the wrought metal
      insert.
PAR  FIG. 9 is an enlarged cross-sectional view of a modification of the
      head-portion of the racquet.
DETD
PAC  PREFERRED EMBODIMENT OF INVENTION
PAR  In its broadest aspects the invention relates to one-piece cast racquets as
      for example, tennis, squash or badminton racquets, but for purposes of
      illustration the embodiment disclosed and described herein is a tennis
      racquet having structural features qualifying it for the most rigorous
      professional use.
PAR  Referring to the drawings and more particularly to FIG. 1, the racquet is
      shown as comprising a head-portion or frame 10, having stringing means in
      the form of a wrought metal insert 11, and integrally joined to a handle
      12, the entire assembly being formed in a single cast operation as
      hereinafter described.
PAR  In the embodiment of the invention as shown in FIG. 2, the head-portion or
      frame 10 is of substantially rectangular cross section and the height h of
      the frame is greater than its width w, the value of h for tennis racquets
      cast according to the method of the instant invention being from 0.375 to
      0.750 inches and the width w from 0.188 to 0.375 inches and preferably
      about 0.55 and 0.25 inches, respectively. While a frame of this cross
      section is especially desirable from the standpoint of simplicity of
      casting, the invention also contemplates racquet frames of other cross
      sections and in particular, a frame of I-beam cross section as disclosed
      in FIG. 9. This configuration approaches the ideal distribution of
      material for achieving optimum stiffness albeit requiring the use of
      somewhat more complicated and expensive die sets.
PAR  For purposes of illustration the low density material used in casting the
      one-piece racquet of this invention is a magnesium metal alloy having a
      yield strength of at least about 23,000 psi to as high as 40,000 psi. In
      this connection, it should be stressed that because of its low density,
      i.e. about 1.8 grams/cc, magnesium alloy is preferred to an aluminum alloy
      which has a density of about 2.7 gram/cc, or steel having a density as
      high as 7.5 grams/cc. Other low density materials which have sufficiently
      high ultimate strength for use in quality racquets are contemplated within
      the scope of this invention and include a fiber reinforced polycarbonate
      plastic material having a yield strength of about 23,000 psi and a density
      of about 1.5 grams/cc.
PAR  However, despite the high yield strength of these low density materials,
      magnesium and aluminum alloys and plastic materials of the type identified
      above may not always have the required longitudinal and/or torsional
      strength required of a quality racquet. It has now been discovered,
      however, that an optimum design may be effected by bonding a metal of high
      strength in the cast racquet frame. The suitable metals for this purpose
      are wrought aluminum or magnesium alloys or ferrous materials having a
      strength of the order of 70,000 psi. It was also found that the wrought
      aluminum or magnesium alloys or ferrous materials may be in the form of a
      relatively thin strip of metal shaped to conform to the shape of the
      head-portion of the racquet (see FIG. 3). A wrought metal insert may be
      formed as a simple extrusion; or may be stamped from flat sheet and used
      as is, as illustrated in FIGS. 3, 4 and 5, or cold-formed from strip into
      flat or non-flat configuration as shown in FIG. 6. As bonded in the cast
      racquet frame the wrought metal insert serves both to reinforce the frame
      and also as stringing means for stringing the racquet. In this connection,
      the wrought metal insert is provided with a plurality of apertures 13
      suitably spaced around the inner edge 14 of the insert, see especially
      FIG. 4, the insert being bonded in the die-cast frame in a manner such
      that the inner edge 14 of the insert extends inwardly beyond the inner
      wall 15 of the racquet frame as shown especially well in FIG. 2.
      Consistent with the objects of the invention it was found that the
      thickness of the wrought metal insert may vary from 0.03 to 0.075 inches
      and that as a consequence the stringing apertures 13 may be formed by a
      relatively inexpensive punching operation in contrast to more expensive
      drilling operations. These apertures may be formed before or after casting
      the racquet head. Other factors regarding the wrought metal insert are its
      width, which may vary from 0.25 to 0.60 inches and in the preferred
      embodiment is about three-eighths inches; and the extent to which the
      insert is embedded in the racquet head. For a head-portion or frame having
      a width w of about 0.25 inches the embedded or bonded portion of the
      wrought metal insert should be about 0.18 inches. It will be appreciated,
      however, that this is not a critical limitation and may vary depending
      upon frame thickness.
PAR  In addition to the stringing apertures 13 the wrought metal insert 11 is
      provided with bonding means by which the insert is locked securely in the
      cast head-portion of the racquet. Reference to FIG. 4 illustrates bonding
      means in the form of a plurality of apertures 16 punched or otherwise
      formed in the outer edge of the insert. The spacing of these apertures
      corresponds preferably, though not necessarily, to the spacing of the
      stringing apertures 13 and when filled with the molten low density metal
      or plastic during casting of the head-portion of the racquet firmly lock
      or bond the wrought metal insert therein. Other locking configurations may
      be, for example, knurling or ridges on the surface of the insert which
      will effectively bond the insert to the cast material.
PAR  While the wrought metal insert of FIG. 4 is of relatively simple and
      inexpensive construction the invention contemplates inserts of other forms
      as shown in FIGS. 5 and 6, respectively, which however are not exhaustive
      but merely illustrative of modifications of the insert of FIG. 4. The
      wrought metal insert of FIG. 5 is similar in substantially all respects to
      that shown in FIG. 4 except that its inner edge 14 is scalloped as
      indicated at 17. This construction contributes two advantages, namely, a
      reduction in weight and ease in bending the wrought metal strip to conform
      to the shape of the racquet head. The former factor is an important
      consideration in the design of racquets of different weights. Quality
      racquets usually fall within a rather limited weight range of from about
      12 1/4 ounces to 14 1/4 ounces and many factors contribute to this weight
      range including the density of the material used in forming the cast
      racquet, the size of the racquet head, the size of the racquet handle, the
      dimension and configuration of the wrought metal insert, the weight of the
      string and, in the embodiment of the instant invention, the weight of
      resin used to coat the racquet head. Possible measures for effecting
      variation in weight, while maintaining the center of gravity substantially
      unchanged include selection of a low density material, i.e. one having a
      density within the range from 1.5 to 3.0 grams/cc, controlling die blow by
      shimming the die sets, controlling the thickness of the resin coating and
      similar considerations.
PAR  A further modification of the wrought metal stringing means or insert is
      shown in FIG. 6 wherein the portion 18 of the insert that is bonded in the
      racquet frame is substantially Z-shaped in cross section, its upper lip or
      rim 19 being provided with bonding apertures 16. This modification locates
      high strength wrought metal distant from the stringing plane thereby
      enhancing frame stiffness and serving a parallel function to that of the
      I-beam construction disclosed in FIG. 9.
PAR  While the wrought metal inserts are shown as comprising a single member,
      each may comprise several separate segments, as indicated by dotted lines
      in FIG. 3, which, when assembled and die cast in the frame will be so
      integrated as to have use characteristics comparable to a single member.
PAR  A further modification of the stringing means contemplated within the scope
      of the invention is one wherein the inner edge of the wrought metal ring
      comprises successive off-set portions alternately above and below,
      respectively, the plane of the ring each off-set portion having a
      stringing aperture therein whereby the racquet strings are disposed to lie
      in a single plane across the entire string surface of the racquet head.
PAR  An additional feature of the invention is the finish of the racquet. This
      is accomplished by first sand blasting or otherwise removing flash from
      the casting and then applying, electrostatically, a resin coating which
      may vary in thickness from 0.003 to 0.020 inches. The resin may comprise
      epoxy, nylon, vinyl and the like, and may be of different colors to
      enhance the appearance of the racquet. The resin coating is also
      functional in that it provides protection against corrosion and also
      grommeting of the stringing apertures in the wrought metal insert whereby,
      despite the relatively small radii about which the string is bent, the
      string has been found to withstand abrasion or breakage when tested for
      substantial number of hits - which is a clear functional requirement for
      high quality racquets and which many existing commercial metal racquets
      have failed to satisfy.
PAR  While a resin provides an ideal coating it is within the purview of the
      invention to use a suitable paint, lacquer or the like.
PAR  A one-piece cast tennis racquet having a frame of substantially rectangular
      cross section, as shown in FIG. 2, is made in a two-piece die set. FIG. 7
      is a schematic fragmentary portion, in vertical section, of that portion
      of the die set in which the head or frame of the racquet is formed. A die
      cavity 20 is provided in each of the two complementary dies, each cavity
      being substantially identical and conforming in cross section to the cross
      section of the racquet frame. FIG. 7 shows one method for assembling the
      wrought metal insert in the die. In this embodiment the die cavity in one
      of the pair of dies is deeper than that in the other by one-half the
      thickness of the insert, the inner rim of this deeper die cavity being
      provided with a recessed step 21 substantially equal in depth to the
      thickness of the wrought metal insert on which the inner edge of the
      wrought metal insert is seated -- with its opposite or outer edge
      projecting into the die cavity. Upon assembling the two dies together and
      forcing light metal or plastic material into the die cavities, the racquet
      head is formed and simultaneously the wrought metal insert is bonded
      therein.
PAR  A modification of the two piece set is shown in FIG. 8 wherein the wrought
      metal insert is located in dies each formed with a recess step 22
      substantially equal in depth to one-half the thickness of the wrought
      metal insert. Thus, when bonded in the frame the stringing apertures of
      the insert are substantially in the plane of the racquet strings.
PAR  While this invention has been described and illustrated as related to a die
      cast light metal tennis racquet the invention is not limited thereto and
      other variations and modifications may be employed and are contemplated
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cast racquet comprising an integral solid head-portion enclosing a
      stringing area, a handle, and stringing means conforming to the shape of
      said head-portion, said head-portion and handle formed of low density
      castable material, said stringing means consisting of a separate,
      one-piece, wrought sheet metal member Z-shaped in cross section, said
      Z-shaped wrought metal member having an outer portion comprising an
      implant encapsulated by said cast head-portion, and a perforated inner
      stringing portion extending inwardly beyond the inner peripheral wall of
      said head-portion and in the plane of the stringing area of said cast
      head-portion, the said outer encapsulated portion of said Z-shaped member
      being displaced vertically from its inner perforated stringing portion the
      perforations of which constitute apertures for receiving the strings of
      said racquet.
NUM  2.
PAR  2. A cast racquet according to claim 1 wherein said castable material has a
      density not above about 3.0 grams per cubic centimeter.
NUM  3.
PAR  3. A cast racquet according to claim 1 wherein said low density castable
      material is a magnesium alloy.
NUM  4.
PAR  4. A cast racquet according to claim 1 wherein said low density castable
      material is an aluminum alloy.
NUM  5.
PAR  5. A cast racquet according to claim 1 wherein said low density castable
      material is a plastic having a yield strength of at least about 23,000
      psi.
NUM  6.
PAR  6. A cast racquet according to claim 1 wherein said one piece Z-shaped
      wrought sheet metal stringing member has sheet metal a strength of at
      least about 40,00 psi.
NUM  7.
PAR  7. A cast racquet according to claim 6 wherein said one piece wrought sheet
      metal stringing member comprises Z-shaped aluminum alloy.
NUM  8.
PAR  8. A cast racquet according to claim 1 wherein the said encapsulated outer
      portion of said one piece wrought Z-shaped sheet metal stringing member is
      provided with bonding means constructed and arranged to bond said wrought
      metal member in said cast head-portion.
NUM  9.
PAR  9. A cast racquet according to claim 1 wherein the thickness of said one
      piece Z-shaped wrought sheet metal stringing member is in the range of
      from 0.03 to 0.075 inches.
NUM  10.
PAR  10. A cast racquet according to claim 1 wherein the head-portion of said
      racquet and the apertured inner portion of said Z-shaped stringing means
      are provided with a protective coating.
NUM  11.
PAR  11. A cast racquet according to claim 10 wherein the protective coating is
      a colored resin.
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ABST
PAL  A toy game involving chance as well as strategy and skill which includes a
      playing structure having a pair of opposed spaced apart, generally
      parallel inclined ramps. The game is preferably played by two individuals,
      and each of which locate a playing piece, including a movable member, at
      the upper end of each of the ramps. Upon release of the movable members,
      they will roll down the inclined ramps toward each other. Each of the
      movable members removably carry a characterization figure, such that the
      movable member may adopt the design of a horse and the characterization
      figure may adopt the design of a man. Projecting elements, as for example,
      a lance, extend from each of the movable members. Moreover, camming means
      operate between the ramps and the projected elements to cause the
      projected elements to swing toward and away from the opposite ramp, so as
      to possibly engage the rider or other form of characterization figure on
      one of the movable members.
BSUM
PAR  This invention relates in general to certain new and useful improvements in
      toy games, and, more particularly, to toy games which involve chance, as
      well as strategy and skill.
PAR  There have been several commercially available forms of competitive toy
      games where two or more players cause the movement of playing pieces in
      various trackways for competitive engagement. These toy games generally
      rely upon movement of the two playing pieces in their respective trackways
      which enables some form of engagement in such manner that one of the
      players will cause his playing piece to engage or otherwise coact with the
      other playing piece to prevail on the other playing piece. These playing
      pieces may, if desired, employ a movable element which would engage the
      other playing piece. However, each of these playing pieces are either
      propelled by or actuated by electro-mechanical forms of drive mechanisms.
PAR  The toy game of the present invention is highly effective in that it
      permits children to engage in a game of chance by utilizing playing pieces
      and which also permits the exercise of strategy and skill. The playing
      game of the present invention comprises a playing structure having a pair
      of inclined ramps which incline toward each other. A playing piece is
      located at the upper end of each of these ramps. The playing piece may
      comprise a movable member which will move down the ramp toward the other
      movable member.
PAR  The movable member may adopt the characterization of a horse or similar
      item and it may also carry a characterization figure, such as a man.
      Moreover, each of the movable members are provided with a projected
      element which may adopt the form of a lance.
PAR  Camming means is operable between the ramp on which the movable member is
      located and the projected element. This camming means may adopt the form
      of a camming surface in the ramp and the projected element will be
      connected to a cam follower which engages the camming surface in the ramp.
      In this way, the projected element will be swung toward and away from the
      movable member in the opposite ramp.
PAR  The game requires some exercise of skill and strategy by selecting the
      proper time in which to release the movable member relative to the release
      of the movable member of the opponent. The element of chance also is
      introduced by having the movable member of one player in such a position
      that the projected element will be biased into engagement with the movable
      member of the opponent at the proper time.
PAR  It is, therefore, the primary object of the present invention to provide a
      toy game of chance and skill which enables the players of the game to
      permit at least two movable members to advance toward each other down
      opposed inclined ramps for selectively engaging the movable member of the
      other player.
PAR  It is another object of the present invention to provide a toy game of the
      type stated which may adopt a variety of forms of playing pieces and
      therefore lends itself to construction of a wide variety of toy game
      embodiments.
PAR  It is a further object of the present invention to provide a toy game of
      the type stated which can be constructed with a minimum number of movable
      components and which can therefore be manufactured at a relatively low
      cost.
PAR  It is an additional object of the present invention to provide a toy game
      of the type stated which can be manufactured of selected molded plastic
      materials, and therefore includes components which are relatively durable
      and can be designed with a highly effective aesthetic appearance.
PAR  It is another salient object of the present invention to provide a method
      of playing a game having movable members which are released for movement
      towards each other and which involves chance as well as skill and
      strategy.
PAR  With the above and other objects in view, our invention resides in the
      novel features of form, construction, arrangement and combination of parts
      presently described and pointed out in the claims.
DRWD
PAR  Having thus described the invention in general terms, reference will now be
      made to the accompanying drawings in which:
PAR  FIG. 1 is a top plan view of a game board forming part of the playing game
      of the present invention;
PAR  FIG. 2 is a side-elevational view, partially shown in dotted lines, of the
      game board of FIG. 1;
PAR  FIG. 3 is a perspective view, partially broken away and in section, and
      showing a portion of the game board and a portion of one of the playing
      pieces forming part of the toy game of the present invention;
PAR  FIG. 4 is a perspective view, showing two selections of one of the playing
      pieces forming part of the toy game of the present invention; and
PAR  FIG. 5 is a side-elevational view, partially shown in dotted lines, of one
      of the playing pieces forming part of the toy game of the present
      invention.
DETD
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate a preferred embodiment of the present invention, A
      designates a toy playing game of chance and skill comprising a game
      structure 10, more fully illustrated in FIGS. 1 and 2, and a pair of
      playing pieces 12, one of which is more fully illustrated in FIGS. 3-5 of
      the drawings.
PAR  The game structure 10 generally comprises a base 14 with a top playing
      surface 16. The base 14 is generally comprised of a pair of longitudinally
      extending spaced apart vertical support walls 18 and 20. Moreover, the
      playing structure 12 is provided with a pair of upstanding outer retaining
      rails 22 and 24, at the outer longitudinal margins thereof, in the manner
      as illustrated in FIGS. 1, 2 and 3 of the drawings. The outer retaining
      rails 22 and 24 integrally merge into inwardly extending guide rails 26
      and 28, and each of which has inwardly presently camming surfaces 30 and
      32 respectively, for reasons which will presently more fully appear. In
      addition, the guide rails 26 and 28 each integrally merge in vertically
      disposed guide walls 34 and 36.
PAR  An intermediate divider 38 is upwardly struck on the playing surface 16 and
      divides the playing surface 16 into a pair of opposed longitudinally
      extending and parallel playing ramps 40 and 42, in the manner as
      illustrated in FIGS. 1 and 3 of the drawings. It can be observed that the
      playing ramps 40 and 42 are defined by the vertical walls of the
      intermediate divider 38, as well as the vertical guide walls 34 and 36.
PAR  By further reference to FIG. 2, it can be seen that the upper playing
      surface 16 is arcuately shaped in its construction so that the ramps 40
      and 42 are similarly arcuately shaped. Furthermore, it can be observed
      that each of the ramps are inclined from their upper outer ends toward the
      center which defines a low point in each of the ramps 40 and 42. Each of
      the ramps has a pair of opposed upper ends and, thus, in this case, only
      one of these ends on each of the ramps is used as a starting location.
      Thus, the upper end of the ramp 40 will have a starting location 44 at its
      leftmost upper end, reference being made to FIG. 1, and the ramp 42 will
      have an initial starting location 46 at its righthand upper end, reference
      being made to FIG. 1. In like manner, it can be observed that the starting
      locations could be reversed for each of these ramps.
PAR  The playing structure 14 may be formed as an integrally molded structure by
      any of a number of conventional plastic molding arrangements, as for
      example thermo-forming, injection molding or the like. Again, any of a
      number of known plastic materials may be used in the formation of this
      playing structure 14 and include, for example, polyethylene, polystyrene,
      polybutadiene and the like. As an alternative, it should be understood
      that the playing structure 14 could also be formed of other materials
      including metal and the like.
PAR  The playing pieces which are used in the present invention are more fully
      illustrated in FIGS. 3-5 of the drawings. In this case, each playing piece
      comprises a movable member in the form of an outer housing 50 comprised of
      a first or outer housing section 52 and a second or inner housing section
      54. The housing sections 52 and 54 are each constructed with top walls 56
      and 56' along with bottom walls 58 and 58' which are connected at their
      ends by vertically disposed side walls 62 and 62' and 64 and 64'.
      Moreover, it can be seen that the two housing sections are essentially
      rectangular in their construction. Each of the top walls and bottom walls,
      as well as the respective side walls, provide abutting vertically disposed
      alignable margins such that the two sections 52 and 54 may be secured
      together.
PAR  Each of the housing sections 52 and 54 are provided on their lower walls 58
      and 58' with alignable, semicircular slots or receiving recesses 66 and
      66', which form a complete circular ball receiving aperture when the two
      housing sections 52 and 54 are secured together. In like manner, each of
      the housing sections 52 and 54 are provided with horizontally disposed
      walls 68 and 68' which are similarly provided with arcuate recesses 70 and
      70'. The recesses 70 and 70' also similarly form a complete circular
      aperture when the two housing sections 52 and 54 are secured together.
      Moreover, it can be observed that the circular aperture formed by the
      recesses 70 and 70' are smaller than the aperture formed by the recesses
      60 and 60'.
PAR  These recesses, mentioned above, form a ball receiving socket within the
      housing 50, such that the diameter of a ball 72 retained therein is larger
      than the diameter of the circular aperture formed by the lower recesses 66
      and 66', as well as the circular aperture formed by the upper recesses 70
      and 70'. In this way, the ball 72 is retentively retained within the
      housing 50 and the size of the circular aperture formed by the upper
      recesses 70 and 70' is such to limit the upper movement of the ball 72 so
      that it is always outwardly projecting from the lower walls 58 and 58'.
      Moreover, the diameter of the circular aperture formed by the recesses 60
      and 66' is such that the ball 72 can never be expelled from the housing
      and is always retained therein. In this way, the ball 72 serves as a form
      of roller which permits movement of the housing 50 on the respective ramps
      40 and 42. It can also be observed that the overall size of the housing 50
      is such that it fits within the ramps as defined by the vertical walls on
      the intermediate divider 38 and the guide walls 34 and 36, as more fully
      illustrated in FIG. 3 of the drawings.
PAR  The housing 50 is also provided with an upstanding tubular post 74 which is
      formed by post sections 76 and 76' in each of the housing sections 52 and
      54, respectively. These post sections are also provided with elongated
      semicircular recesses in the manner as illustrated in order to form the
      tubular central aperture in the tubular post 74.
PAR  Fitted within the tubular post 74 is the vertically disposed pivotal
      section 78 of a wire form 80. The wire form 80 is also integrally formed
      with a rearwardly struck cam follower arm 82 which extends outwardly of
      the housing section 52 through an enlarged elongated slot 84 formed within
      the vertical walls of the housing, in the manner as illustrated in FIG. 4
      of the drawings. The cam follower arm 82 is provided at its outer end with
      a cam follower 86 which is designed to engage the camming surfaces 30 or
      32. The upper end of the pivot section 78 of the wire form 80 is provided
      with an outwardly extending lance-retaining arm 88 upon which a lance 90
      is mounted at the outer end thereof.
PAR  Thus, it can be observed that as the movable member 50 moves dowardly
      within one of the ramps, as for example from the initial starting location
      44, the cam follower 86 will engage the camming surface 30. As the movable
      member 50 continues to move downwardly upon the ramp through the rolling
      action of the steel ball 72, the cam follower 86 will engage the
      undulating valleys and hills in the camming surfaces 30 and cause the
      lance 90 to shift back and forth in a horizontal plane. As this occurs, it
      can be observed that the lance 90 will shift in a reciprocative pattern
      from the ramp 40 over and into the ramp 42.
PAR  In this respect, it can be observed that the camming surface can be
      undulating in the manner as illustrated in FIGS. 1 and 3 of the drawings,
      or otherwise it could be of a random nature in order to provide a random
      shiftable movement of the lance 90.
PAR  It should also be observed in connection with the present invention that
      the lance could be substituted for by any other form of projecting
      element, such that the projecting element is capable of moving into the
      other ramp.
PAR  The housing section 54 is provided near its rearward end, reference being
      made to FIG. 4, with a downwardly extending boss 92 having a circular
      aperture 94 formed therein in order to accommodate one end of a spring 96.
      The vertical wall of the spring is retained by means of a spring retainer
      wall 98 formed on the inner end of the top wall 56 on the housing section
      52. Moreover, it can be observed that the spring 96 is so located so as to
      bear against the cam follower arm 82 and thereby bias the cam follower 86
      into engagement with one of the camming walls 30 o4 32. As the cam
      follower 96 is urged inwardly toward the intermediate divider 38, it is
      biased outwardly again by the action of the spring 96. In essence, the
      spring 96 is formed of tempered steel so as to be sufficiently resilient
      and perform the biasing action. In this respect, any form of spring member
      or other form of biasing member could be used in order to bias the cam
      follower arm 82 outwardly.
PAR  Fixedly or removably disposed on the housing 50 is a characterization
      figure 100, as for example the characterization of a knight 102 on a horse
      104. In this case, the knight 102 can be removably mounted on the horse
      104 whereas the horse 104 may be fixed to the housing 50. However, it
      should be observed that any other form of characterization figure may be
      provided. For example, a tank may be fixedly mounted on the housing 50 and
      with a tank turret removably disposed on the tank body. In this case, the
      lance would be substituted by a cannon barrel extending from the turret.
PAR  In use, the two players each place a similar playing piece at the upper end
      of the opposed ramps, as for example at the initial starting locations 44
      and 46. Each player can decide at the approximate time when he releases
      his respective playing piece. Upon release, the playing pieces will move
      downwardly in the respective ramps 40 and 42 until they reach a point
      toward the lower mid-portion of the two ramps. As the two playing pieces
      are moving downwardly within the ramps, the cam follower 86 will bear
      against either of the camming walls 30 or 32 and hence cause the lance 90
      to shift in a reciprocative manner back and forth between the two ramps 40
      and 42. When the two playing pieces reach the lower mid-point of the
      respective ramps, if the lance of one of the playing pieces is shifting
      toward the ramp of the opposite player, then the lance will knock the
      knight off of the horse of the other player and thereby win a joust. In
      this same respect, it can be noted that in the case of a joust game, the
      respective lances of each of the players could be located in the opposite
      ramps at the time that contact is made, thereby enabling each of the
      players to knock the knight off of the other player's horse.
PAR  As indicated previously, other forms of characterization figures could be
      used on the playing pieces to thereby form a variety of games with the
      basic structure hereinabove described. Again, it should be observed that
      the various playing pieces, including the housings 50 and the
      characterization figures 100 located thereon, could also be formed of
      suitable molded plastic materials, as for example those materials
      described above.
PAR  The toy game of the present invention operates on the basis of chance as
      well as skill and strategy, as described above. The chance element arises
      from the release of the movable members at a selected time and, if the
      lance of one of the members is located in the ramp of the other member at
      the appropriate time of contact, then the player who knocks the
      characterizaton figure off of the movable member of the opponent would win
      the game. The skill and strategy arises from enabling each player to
      select a proper time to release his playing piece.
PAR  It should be understood in connection with the present invention that other
      forms of playing pieces could be utilized in accordance with the present
      invention, as indicated above. Thus, the playing piece could employ a
      reciprocative or other form of movable element which could engage, or
      either operatively engage, the other playing piece. When the movable
      element of one playing piece engages the other playing piece, it could
      dislodge the playing piece, or a figure on the playing piece, or even an
      element on the playing piece. Thus, the movable element of one playing
      piece could dislocate or dislodge only a portion of the other playing
      piece. Thus, for example, this movable element could contact a contact
      point on the other movable playing piece and create a visual indication,
      as for example a flag which would be raised or otherwise shifted for
      visual indication of contact.
PAR  Thus, there has been illustrated and described a unique and novel toy game
      which permits playing of the game with an element of chance as well as
      with elements of strategy and skill and which therefore fulfills all of
      the objects and advantages sought therefor. It should be understood that
      many changes, modifications, variations and other uses and applications of
      the toy playing game will become apparent to those skilled in the art
      after considering this specification and the accompanying drawings.
      Therefore, all such changes, modifications, variations and other uses and
      applications which do not depart from the nature and scope of the
      invention are deemed to be covered by the invention which is limited only
      by the following claims.
CLMS
STM  Having thus described our invention, what we desire to claim and secure by
      letters patent is:
NUM  1.
PAR  1. A toy game of chance and skill comprising:
PA1  a. a pair of opposed inclined ramps located in operative relationship to
      each other,
PA1  b. a movable member capable of being disposed in each of said ramps at
      opposite ends thereof for movement toward each other,
PA1  c. a projected element operatively mounted on each of said movable members
      and shifting in a reciprocative motion toward and away from the ramp in
      which the member it is associated with is located, and
PA1  d. camming means operable between said projected element of each said
      movable members and the associated ramp for moving the projected element
      in the reciprocative motion during movement down the inclined ramp,
      whereby the projected element of one movable member may engage the movable
      member in the other of the ramps and dislocate at least a portion of the
      same during movement on the respective ramps.
NUM  2.
PAR  2. The toy game of claim 1 further characterized in that said pair of ramps
      are located in juxtaposition to each other.
NUM  3.
PAR  3. The toy game of claim 1 further characterized in that each of said
      movable members carries a characterization figure thereon which is capable
      of being struck by the projected element of the other movable member and
      being dislodged from its associated movable member when struck by the
      projected element of the other movable member.
NUM  4.
PAR  4. The toy game of claim 3 further characterized in that camming means is
      connected to the projected element in such construction that the projected
      element associated with each movable member swings into and away from the
      ramp of the movable member with which it is associated.
NUM  5.
PAR  5. The toy game of claim 4 further characterized in that the movable member
      is a characterization representation of a horse, the characterization
      figure is the characterization of a rider on said horse, and the projected
      element is a lance.
NUM  6.
PAR  6. The toy game of claim 1 further characterized in that roller means is
      operatively associated with each of said movable members for permitting
      movement of each of said movable members in its associated ramp.
NUM  7.
PAR  7. The toy game of claim 1 further characterized in that said camming means
      comprises a camming section formed with each of said ramps and an extended
      cam actuating member connected to the projected element on each such
      member and being engageable with the associated cam section in its ramp.
NUM  8.
PAR  8. The toy game of claim 7 further characterized in that biasing means is
      operatively associated with each of said movable members and the projected
      element associated therewith for biasing the cam actuating member of each
      projected element into engagement with its associated camming surface.
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ABST
PAL  A competitive athletic toy game, such as a basketball game, comprising a
      vertical construction having at least two articulatable player-figures
      located between two partially transparent walls which also restrain the
      movement of a playing piece in the form of a disc between the two walls.
      In the case of a basketball game, this disc would serve as a basketball.
      Each player of the toy game can control one or more of its own
      player-figures by means of external levers on opposite sides of the
      vertical construction. These levers manipulate the player-figures to shoot
      or to block the disc from entering the opponent's goal area.
BSUM
PAR  This invention relates in general to certain new and useful improvements in
      toy playing games involving player-figures and with a movable disc and,
      more particularly, to toy playing games where the players of the game can
      manipulate the player-figures to create movement of a playing piece.
PAR  There are a number of commercially available toy playing games which
      involve a variety of sports activities and in which two or more opponent
      players will attempt to manipulate a movable playing piece, such as a
      basketball or the like. These games are usually large in size and,
      consequently, due to their bulk and weight, they are difficult to store
      and transport.
PAR  Notwithstanding, these various commercially available playing games are
      quite expensive due to the number of movable components which enable
      movement of the playing piece and character-figures within the game.
      Consequently, such games have not always received the wide commercial
      acceptance which would have otherwise been available if the game had been
      produced and marketed at a lower price.
PAR  There have also been a number of smaller athletic type playing games which
      have been commercially offered and which games utilize articulatable
      character figures for shifting a playing piece. However, again, these
      playing games also include a relatively large number of movable components
      which are required to create the necessary movable functions of the
      character-figures, and which, therefore, substantially increases the
      overall cost of such game.
PAR  The present invention obviates these and other problems in the provision of
      a toy playing game which includes a pair of spaced apart and parallel
      plates, which are at least partially transparent along their upper
      portions. The two plates are secured together and retain at least the head
      and shoulder portion of player-figures which may be movable and in some
      cases the player-figures have articulatable components, e.g. movable arms
      on the player-figures. Moreover, along the opposed ends of the two
      vertical plates, goals are provided for each of the opponent players. Each
      opponent player generally has one goal attendant player-figure which is a
      vertically shiftable player, and each of the opponent players has at least
      one other player-figure which has articulatable components. The opponent
      players are each provided with levers on opposite sides of the game to
      control the movements of their own player-figures. In this way, the game
      can be played with elements of skill and strategy, as well as an element
      of chance.
PAR  It is, therefore, the primary object of the present invention to provide a
      toy playing game in which two opponent players can manipulate
      player-figures to thereby shift a playing piece to a desired goal area.
PAR  It is another object of the present invention to provide a toy playing game
      of the type stated which can adopt any of a wide number of athletic game
      forms which use a movable playing piece to be delivered to an opponent's
      goal area.
PAR  It is a further object of the present invention to provide a toy playing
      game of the type stated which can be constructed with a minimum number of
      movable parts and which can therefore be produced at a relatively low unit
      price.
PAR  It is another salient object of the present invention to provide a toy
      playing game of the type stated which can be manufactured from synthetic
      resinous materials to provide a highly durable and aesthetically pleasing
      game.
PAR  It is also an object of the present invention to provide a toy playing game
      of the type stated which permits the opponent players to exercise skill
      and elements of strategy and which also involves an element of chance.
PAR  With the above and other objects in view, our invention resides in the
      novel features of form, construction, arrangement and combination of parts
      presently described and pointed out in the claims.
DRWD
PAR  Having thus described the invention in general terms, reference will now be
      made to the accompanying drawings in which:
PAR  FIG. 1 is a front elevational view, partially shown in dotted lines, of a
      toy playing game constructed in accordance with and embodying the present
      invention;
PAR  FIG. 2 is a fragmentary vertical sectional view, partially shown in phantom
      lines, substantially taken along the plane of FIG. 1, and showing the
      interior components of the toy playing game;
PAR  FIG. 3 is a fragmentary vertical sectional view taken along line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a fragmentary horizontal sectional view taken along line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a somewhat horizontal sectional view taken along line 5--5 of
      FIG. 2;
PAR  FIG. 6 is a fragmentary vertical sectional view taken along line 6--6 of
      FIG. 2;
PAR  FIG. 7 is a horizontal fragmentary sectional view taken along line 7--7 of
      FIG. 3;
PAR  FIG. 8 is a side elevational view, partially broken away and in section, of
      a playing piece which is used with the toy playing game of FIG. 1; and
PAR  FIG. 9 is an exploded perspective view showing a portion of the linkage
      mechanism which operates the player-figures by means of external levers.
DETD
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate a preferred embodiment of the present invention, A
      designates a toy playing game of the type described and which can be
      played by two or more opponent players. In this case, the playing game A
      can adopt a variety of athletic game forms, as for example basketball,
      hockey, soccer, football, or the like. The various game forms could be
      easily implemented by changing the position of the characters in the game
      or by chamging their overall appearance, or both, or as well as by
      creating slightly different movements thereof, but which would
      nevertheless be encompassed by the present invention. However, for
      purposes of more fully describing the present invention, the game A will
      be described as a basketball game.
PAR  The toy playing game A generally comprises a somewhat trapezoidally shaped
      base 10, as more fully illustrated in FIG. 3 of the drawings, and which
      includes a pair of outwardly diverging, and downwardly extending base
      walls 12 and 14, which are connected at their opposite ends by means of
      side walls 16. The base walls 12 and 14 integrally merge ito top walls 18
      and 20 which, in turn, integrally form a downwardly projected recess 22
      having a base supporting wall 24.
PAR  Located within the recess 22 is a pair of upstanding front and rear plates
      26 and 28, which is also more fully illustrated in FIG. 3 of the drawings.
      The plates 26 and 28 are spaced apart from each other in the transverse
      direction and are also parellel to each other. Moreover, the plates 26 and
      28 are provided with opaque liners 30 and 32 on the interior surfaces
      thereof and which extend for approximately one-half the vertical dimension
      of the plates 26 and 28, to thereby render the lower half of each of the
      plates 26 and 28 opaque to the interior thereof. The upper portion of the
      plates 26 and 28 are not covered by the opaque liners 30 and 32 define
      transparent sections 34 and 36 respectively.
PAR  The two plates 26 and 28 are secured to the base 10 by means of a plurality
      of longitudinally spaced transversely extending pins 38. Moreover, end
      walls 40 and 42 connect the two plates 26 and 28 along their end margins
      and furthermore a top wall 50, which is somewhat arcuately shaped, extends
      across the upper margins of the plates 26 and 28, in the manner as
      illustrated in FIG. 1 of the drawings. In addition, the top walls are
      provided with enlarged bosses 52 at each of their opposite ends and which
      accommodate spacing and securement pins 54. In addition, the top wall 50
      is provided with an elongated disc receiving aperture 56, and located at
      each of the ends of the aperture are bosses 58 which similarly accommodate
      spacing pins 60. These spacing pins 60, as well as the spacing pins 54,
      not only serve to hold the two plates 26 and 28 together, but also
      maintain these plates in spaced apart relationship in order to create an
      interior chamber 62 therebetween.
PAR  Located on each of the base walls 12 and 14 are individual sliders 64 and
      66, one of which is more fully illustrated in detail in FIG. 3 of the
      drawings. These sliders 64 and 66 essentially serve as scorekeepers and
      operate in conjunction with score depicting elements 68 imprinted, or
      otherwise located, on the upper surfaces of each of the base walls 12 and
      14 in relationship to the sliders 64 and 66. Each of the sliders 64 and 66
      include downwardly depending legs 70 which extend within recesses 72
      formed within the base walls 12 and 14. In this way, each opponent player
      may keep the score that he, or otherwise the opponent, generates.
PAR  As indicated above, two or more opponent players may play the playing game
      of the present invention, and one player will have manual control over one
      character-figure in the form of a goalkeeper 74, as well as manual control
      over another character-figure in that player's court which is oftentimes
      referred to as a field player 76. In like manner, the opponent player of
      the game will have control over a character-figure 78 which serves as this
      latter opponent player's goalkeeper and one other character-figure in this
      opponent player's court, often referred to as a field player
      character-figure 80. These character-figures are oftentimes hereinafter
      referred to as "player-figures".
PAR  The field player-figure 76 is provided with an upstanding head section 82
      and a pair of articulatable arms 84 and 86, which are pivoted to the
      shoulder section of the player-figure 76 by means of pivot pins 88. In
      like manner, the player character-figure 80 is similarly provided with a
      head section 90 and a pair of articulatable arms 92 and 94 which are
      mounted to the shoulder portion of the head section 90 through pivot pins
      96.
PAR  The first opponent player can control the goalkeeper player-figure 78 by
      means of a manually operable lever 98 which is mounted on the plate 26 and
      each of the arms 92 and 94 through manually operable levers 100 and 102,
      also mounted on the front plate 26. The other opponent player can control
      the movement of the goalkeeper player-figure 74 through a manually
      operable lever 104 which is mounted on the plate 28. The arms 84 and 86 of
      the field player-character-figure 76 can be controlled by means of
      manually operable levers 106 and 108, respectively, which are also
      pivotally mounted on the plate 28. The actual mechanism for controlling
      the various character player-figures through the aforementioned manually
      operable levers is more fully described in detail hereinafter.
PAR  The actual mounting of the character-figure 80 within the central receiving
      recess 62 and the mechanism for shifting the articulatable arms 92 and 94
      of this character-figure is more fully illustrated in FIG. 2 of the
      drawings. It can be observed that the head section 80 includes a
      downwardly extending mounting flange 110 which is located in the area of
      the opaque liners 30 and 32. The head section 80 is retained in place by
      means of a pair of locking pins 112 which extend between the two plates 26
      and 28 and are located in an elongated positioning slot 114 formed within
      the flange 110. In addition, four quadrilaterally located spacer pins 116
      also extend through the depending flange 110 and are secured to plates 26
      and 28 and the associated liners 30 and 32, as more fully illustrated in
      FIGS. 2 and 6 of the drawings. Again, the spacer pins are designed to
      maintain the desired spatial separation between the two plates 26 and 28
      and thereby insure overall dimensional accuracy of the interior chamber
      62.
PAR  By reference to FIGS. 2, 4 and 5, it can be observed that the arm 94 is
      provided with a locking pin 118 which is engageable with the bifurcated
      end of a vertically disposed link 120. The link 120 is, in turn, pivotally
      connected to an actuating link 122 through a locking pin 124. Finally, the
      actuating link 122 is connected to and movable with the lever 100 in a
      manner which is more fully illustrated in FIG. 9 of the drawings. It can
      be observed that the pin 124 of the vertical link 120 extends through a
      locking aperture 126 formed in the outer end of the actuating link 122.
      The other end of the actuating link 122 is provided with a rectangularly
      shaped boss 128 which fits within a like shaped aperture (not shown) on a
      hub 130 which is integrally formed on the end of the lever 100. In
      addition, the actuating link 122 is provided on the opposite side of the
      boss 128 with a cylindrically shaped sleeve 140 which is recessed to
      accommodate a pin 142 projecting from the plate 28 in the manner as
      illustrated in FIG. 5 of the drawings.
PAR  It can be observed and understood from the above-outlined construction,
      that the linkage including the links 120 and 122 is only supported at the
      arm 94 and at the connection of the lever 100. Thus, when the lever 100 is
      shifted downwardly, under manual action, to a lever position 100', as
      illustrated in the phantom lines of FIG. 2, the actuating link 122 will
      shift to the position where it is illustrated in the phantom lines of FIG.
      2 and is designated by 122'. In like manner, the vertical link 120 will
      shift to the position as illustrated in the phantom lines and designated
      by reference numeral 120'. Finally, the arm 94 will shift upwardly, as
      illustrated in the phantom lines of Figure and as designated by reference
      numeral 94'. It also can be observed that the arm 94 will remain in the
      upper position 94' as long as the lever 100 is held in the lever position
      100'.
PAR  The arm 92 is similarly connected through a vertical link 144 and a
      horizontally disposed actuating link 146 to the lever 102 in the same
      manner as the arm 94 was connected to the lever 100. It can also be
      observed that the arm 92 can be shifted to the upper position, as
      illustrated in the phantom lines of FIG. 2 and as designated by reference
      numeral 92', when the lever 102 is shifted downwardly under manual
      actuation. Again, it should be observed that the arm 92 will remain in the
      upper position 92' as long as the lever 102 is pushed downwardly. It can
      also be observed that both of the arms 92 and 94 will fall to the lower or
      unactuated position when not pressed and the levers 100 and 102 will be
      biased upwardly to the position as shown in the solid lines of FIGS. 1 and
      2 due to the weight of the arms 92 and 94 exerted through the linkages 102
      and 122 and the linkages 142 and 146.
PAR  It should be understood that the arms 84 and 86 of the character-figure 76
      are operated in like manner by respectively actuating the levers 104 and
      106. Again, these levers 104 and 106 are respectively connected to the
      arms 84 and 86 by means of a similar form of linkage and which is also
      illustrated in FIG. 4 of the drawings. Inasmuch as this linkage is
      identical to that previously described, the linkages actuating the arms 84
      and 86 with respect to the levers 104 and 106 respectively are neither
      illustrated nor described in any further detail herein.
PAR  By further reference to FIG. 4, it can be observed that the arms 94 and 96
      are provided with sleeves 148 and 150 in order to accommodate the pins 96
      which are integral with the plate 28 and extend through the respective
      sleeves 148 and 150 in order to engage the plate 26. In this way, the
      spatial relationship of the plates 26 and 28 is thereby further
      maintained. In addition, it can be observed that the arms 84 and 86 are
      similarly provided with sleeves 152 and 154, respectively, in order to
      accommodate the pins 88, which in this case are integral with the plate
      26.
PAR  The construction and operation of one of the goalkeeper character-figures
      78 is more fully illustrated in FIGS. 2, 3 and 7 of the drawings. In this
      case, it can be observed that the goalkeeper FIG. 78 is provided with an
      enlarged head 156 having a depending body flange 158 integral therewith
      and which extends beneath the opaque liners 30 and 32. In addition, the
      character-figure 78 is provided with an upwardly projecting blocking arm
      160 and which extends above the opaque liners 30 and 32.
PAR  Extending downwardly from the body flange 158 is an elongated vertically
      disposed arm 160 which is retained between an upper pair of guides 162 and
      which extend between the two plates 26 and 28. In like manner, a pair of
      lower guides 164 also retain the arm 160 in its vertical position and, in
      like manner, the guides 164 will also extend between the two plates 26 and
      28. In addition, one of the plates 28 is integrally provided with an
      inwardly extending web 166, as more fully illustrated in FIG. 7, and which
      engages the arm 160 in order to further maintain spatial relationship of
      the arm 160 with respect to the two plates 26 and 28, as well as to
      maintain the spatial relationship between the plates 26 and 28. Also
      carrried by the arm 160 beneath the lower set of guide pins 164 is a limit
      flange 168 which controls the upper limit of movement of the arm 160 and
      hence the upper limit of movement of the character-figure 78. It can be
      observed that this flange 168 will abut against the lower guide pins 164
      in order to limit the upward movement of the character-figure 78.
PAR  Fixedly secured to the lower end of the arm 160 is a foot 170 which bears
      against an actuating link 172. The lowermost movement of the actuating
      link 172 is limited by means of a stop pin 174. The left-hand end of the
      link 172, reference being made to FIG. 2, is also provided with a
      rectangularly shaped outwardly extending hub 176 which engages the lever
      98 in the same manner as the actuating link 122 was connected to the lever
      100 and as illustrated in FIG. 9 of the drawings. In the case of the lever
      100 and the characterization FIG. 78, no vertical link is required for the
      operation of this characterization figure, as hereinafter described. The
      characterization FIG. 74 is similar in construction to that of the
      characterization FIG. 78 and operates in like manner.
PAR  When it is desired to operate the goalkeeper characterization FIG. 78, the
      player opponent will press downwardly on the lever 98 with a rather quick
      snap-type action which will cause the characterization FIG. 78 to
      literally jump upwardly to a position where it is illustrated in the
      phantom lines designated by reference numeral 78' and where the arm shifts
      upwardly to the position as designated by reference numeral 160'. In this
      way, it can be observed that the goalkeeper characterization FIG. 78 can
      block a goal 180. However, it can also be observed that the opponent
      player cannot continuously hold the characterization FIG. 78 in the
      uppermost position as designated by 78' inasmuch as the uppermost limit of
      movement of the link 172 is designated by reference numeral 172'.
PAR  By merely pushing the lever 172 to its uppermost limit of movement as
      represented by reference numeral 172', the arm 160 will only shift to the
      position as designated by reference numeral 160" in FIG. 2 of the
      drawings. In this case, it can be observed that the arm 160 is not
      sufficiently high to block the goal 180. Hence, the opponent player cannot
      continuously block the goal, but whenever the playing piece in the form of
      a puck or disc 182 is directed toward the goal 180, then the opponent
      player can merely actuate the lever 98 with a snap-type action in order to
      raise the blocking arm 160 to the position as designated by 160'.
PAR  The goal 180 is formed with a rectangularly shaped trough 182 which opens
      through an enlarged slot 184 formed in the end wall 40. In like manner, a
      similar goal 186 is provided on the opposite end wall 48 and is identical
      in construction to the goal 180. This goal 186 also opens through an
      arcuately shaped aperture 188 in the end wall 48.
PAR  The disc 182 which is used as the playing piece in the present invention is
      more fully illustrated in FIG. 8 of the drawings and in this case would
      actually serve as a basketball. Again, it can be observed by reference to
      FIGS. 7 and 8 that the disc is sized to fit within the elongated chamber
      62, but is only provided with a slight amount of clearance. The disc in
      this case comprises an outer cylindrical wall 190, which is connected by
      an interior web 192.
PAR  It can be observed that the various articulatable arms on the
      characterization figures are thinner in cross section than the disc 182.
      Moreover, it can also be observed that the outermost arms 84 and 94 on the
      two characterization FIGS. 76 and 80, respectively, are located adjacent
      to the fixed upstanding locking arms of the characterization FIGS. 74 and
      78. In addition, it can be seen that the two adjacent arms 86 and 92 on
      the characterization FIGS. 76 and 80 are also located in almost abutting
      relationship. Consequently, the disc 182 cannot pass into the lower
      portion of the chamber 62. This holds true even when the two arms 86 and
      92 are shifted to their uppermost position. In addition and inasmuch as
      the disc 182 is almost of the same cross-sectional thickness as the
      chamber 62, it cannot be dislodged.
PAR  When playing the game, such as a game of basketball, as in this case, the
      two opposing players position themselves on opposite sides of the two
      plates 26 and 28. To start the game, one of the opposing players will drop
      the disc or so-called "ball" 182 through the aperture 56 on the top wall
      60. It can be observed that the disc 182 will land between the two arms 86
      and 92 of the characterization FIGS. 76 and 80. Each one of the players
      will attempt to shift the ball to its court. Thus, one of the opposing
      players actuating the lever 108 will attempt to shift the arm 86 upwardly
      and thereby shift the disc 182 toward the goal 186, or so-called "basket".
      In like manner, the other opposing player will attempt to actuate the
      lever 102 to urge the articulatable arm 92 upwardly and shift the disc 182
      toward its basket 180. Once the ball is in play, it can be shifted back
      and forth. Each opposing player will attempt to block any movement of the
      disc 182 toward its goal by actuating the goalkeepers 74 or 78. As
      indicated above, this blocking action can only be conducted by pressing
      down on the lever arms 104 or 98 with a snap-type action in order to cause
      the characterization FIGS. 74 and 78 to "jump", but cannot continuously
      block the two goals 180 and 186.
PAR  The opaque liners 30 and 32 could also have aesthetic images presented
      thereon so as to complete the characterization figures and thereby present
      bodies to the various characterization figures. In the case of the
      embodiment where the game is a basketball game, these characterization
      figures could have depictions of basketball game clothing.
PAR  The various components of the playing game described herein can be
      conveniently formed of any of a number of known plastic materials,
      including polyethylene, polystyrene, polybutadiene, any of a number of the
      vinylidene copolymers, etc. Moreover, these various components can be
      formed by any of a number of known plastic forming operations, including
      injection molding, thermo-forming, blow molding, and the like.
      Notwithstanding, some or all of the components of the housing could be
      made from other materials. As for example, many of the components could be
      made of lightweight metals, etc. In this way, it can be observed that the
      playing game A can be constructed at a relatively low unit cost on a mass
      production basis.
PAR  It should be observed that while the present invention has been described
      in terms of a basketball game, that any of a number of athletic game forms
      could be constructed in accordance with the present invention. Thus, the
      game of the present invention could be constructed in the form of a hockey
      game for example. In this case, the articulatable appendages of the
      player-figures could be provided with extensions in the form of hockey
      sticks. In addition, the goals could be substituted by goal areas similar
      to the goal areas of a normal hockey game. In this same respect, the
      various goal players could be altered so that they would conform to the
      normal rules of the game being played in accordance with the construction
      of the present invention. In addition, the goal areas could represent
      desired areas for playing piece location, e.g. the end zone in a game of
      football, for example.
PAR  Thus, there has been illustrated and described a unique and novel playing
      game which permits the opposing players of the game to exercise skill and
      strategy, as well as playing the game with an element of chance, and which
      therefore fulfills all of the objects and advantages sought therefor. It
      should be understood that many changes, modifications, variations and
      other uses and applications will become apparent to those skilled in the
      art after considering this specification and the accompanying drawings.
      Therefore, any and all such changes, modifications, variations, and other
      uses and applications which do not depart from the nature and spirit of
      the invention are deemed to be covered by the invention which is limited
      only by the following claims.
CLMS
STM  Having thus described our invention, what we desire to claim and secure by
      Letters Patents is:
NUM  1.
PAR  1. A competitive playing game where at least one or more players attempt to
      score by moving a playing piece into a goal area, said game comprising:
PA1  a. plate means forming a central chamber therebetween,
PA1  b. a first goal area located with respect to said central chamber and
      communicating therewith,
PA1  c. a playing piece movable in said chamber and capable of being shifted
      toward said goal area,
PA1  d. at least one field player-figure in said chamber and having at least one
      articulatable appendage,
PA1  e. first namually operable lever means operatively connected to said
      articulatable appendage for moving same,
PA1  f. at least one first individual goal player-figure located in relationship
      to said first goal area,
PA1  g. second manually operable lever means operatively engageable with said
      first goal player-figure for causing said first goal player-figure to jump
      into goal blocking relationship to said first goal area, said second lever
      means not being mechanically physically attached to said first goal
      player-figure.
NUM  2.
PAR  2. The competitive playing game of claim 1 further comprising a second goal
      area, a second individual goal player-figure located in relation to the
      second goal area, and a third manually operable lever operatively
      engageable with said second goal player-figure for causing said second
      goal player-figure to jump into goal blocking relationship, said third
      lever means not being mechanically physically attached to said second goal
      player-figure.
NUM  3.
PAR  3. The competitive playing game of claim 2 further characterized in that
      said first and second goal character figures being capable of being
      shifted upwardly by simple actuation of said respective second and third
      lever means, but not being shiftable to goal blocking position, guide
      means retaining each said first and second goal character figures and said
      goal character figures being capable of being shifted to goal blocking
      positions only momentarily by actuating said respective second and third
      lever means with a manual snap-type action to cause said respective first
      and second goal character figures to jump in said guide means.
NUM  4.
PAR  4. The competitive playing game of claim 2 further characterized in that an
      individual guide means is provided for each of said first and second goal
      character figures.
NUM  5.
PAR  5. The competitive playing game of claim 2 further characterized in that
      said second and third lever means are movable from first rest positions to
      second actuated positions and when in said second actuating position, said
      respective first and second goal character figures can be operatively
      supported but will not be shifted to goal blocking position, said first
      and second goal character figures only being shiftable to goal blocking
      position by actuating said second and third lever means with a snap-type
      action.
NUM  6.
PAR  6. The competitive playing game of claim 1 further characterized in that
      said field player figure is provided with a second articulatable
      appendage, and additional manually operable lever means is provided and
      operatively connected to said second articulatable appendage and operates
      same.
NUM  7.
PAR  7. The competitive playing game of claim 2 further characterized in that
      said game comprises a second field player having at least one
      articulatable appendage, and further manually operable lever means is
      provided and operatively connected to said articulatable appendage of said
      second field player-figure.
NUM  8.
PAR  8. The competitive playing game of claim 7 further characterized in that
      each of said first and second field player figures have one of their
      respective appendages located so that said playing piece cannot drop below
      said appendages, whether or not actuated, and said figures having the
      other of their respective appendages operatively located with respect to
      the goal area so that said playing piece cannot drop below said
      appendages.
NUM  9.
PAR  9. The competitive playing game of claim 1 further characterized in that
      said field player-figure is provided with a second articulatable
      appendage, and additional manually operable lever means is provided and
      operatively connected to said second articulatable appendage and operates
      same, and a second field player-figure having at least one articulatable
      appendage, and further manually operable lever means is provided and
      operatively connected to said articulatable appendage of said second field
      player-figure.
NUM  10.
PAR  10. The competitive playing game of claim 1 further characterized in that
      said appendages on each of said field playing figures are representative
      of arms.
NUM  11.
PAR  11. A competitive playing game where at least two or more opposing players
      attempt to score by moving a playing piece into an opponent player's goal
      area, said game comprising:
PA1  a. a pair of opposed plate means forming a chamber therebetween, said plate
      means being at least partially transparent to render at least a portion of
      said chamber visible to a viewer,
PA1  b. at least one first playing figure having at least a movable portion,
PA1  c. a playing piece introduceable in said chamber and being shiftable
      therein but restrained against movement in at least one plane by said pair
      of opposed plate means defining said chamber,
PA1  d. first manually operable actuating means located with respect to an
      exterior surface of one of said plate means and being operable by a first
      opposing player for shifting said movable portion of said first figure to
      thereby move said playing piece,
PA1  e. at least one second playing figure having at least a movable portion,
PA1  f. second manually operable actuating means located with respect to an
      exterior surface of the other of said plate means and being operable by a
      second opposing player for shifting said movable portion of said second
      playing figure to thereby move said playing piece, and
PA1  g. a pair of opposed goal defining means operatively communicating with
      said chamber for receiving said playing piece upon movement thereof,
PA1  the movable portions of each of said first and second playing figures being
      a pair of spaced apart articulatable appendages on each such playing
      figure, and a separate actuating means for operating each of said pair of
      spaced apart appendages on each figure,
PA1  each of said first and second figures having one of their respective
      appendages located so that said playing piece cannot drop below said
      appendages, whether or not actuated, and said figures having the other of
      their respective appendages operatively located with respect to the goal
      defining means so that said playing piece cannot drop below said
      appendages.
NUM  12.
PAR  12. A competitive playing game where at least two or more opposing players
      attempt to score by moving a playing piece into an opponent player's goal
      area, said game comprising:
PA1  a. a pair of opposed plate means forming a chamber therebetween, said plate
      means being at least partially transparent to render at least a portion of
      said chamber visible to a viewer,
PA1  b. at least one first playing figure having at least a movable portion,
PA1  c. a playing piece introduceable in said chamber and being shiftable
      therein but restrained against movement in at least one plane by said pair
      of opposed plate means defining said chamber,
PA1  d. first manually operable actuating means located with respect to an
      exterior surface of one of said plate means and being operable by a first
      opposing player for shifting said movable portion of said first figure to
      thereby move said playing piece,
PA1  e. at least one second playing figure having at least a movable portion,
PA1  f. second manually operable actuating means located with respect to an
      exterior surface of the other of said plate means and being operable by a
      second opposing player for shifting said movable portion of said second
      playing figure to thereby move said playing piece, and
PA1  g. a pair of opposed goal defining means operatively communicating with
      said chamber for receiving said playing piece upon movement thereof,
PA1  said plate means comprising a pair of spaced apart plates which define a
      chamber therebetween of substantially uniform cross section, a lowermost
      portion of each of said plates being opaque, and an uppermost portion of
      each of said plates being transparent so that said opposing players can
      view movement of said playing piece.
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ABST
PAL  A recreational apparatus having plural nets, and plural scoring areas in
      front of each net, is provided for use on a lawn area as small as several
      feet in width and approximately 40 feet in length. My "Flipper Stix" game
      includes a recessed and stepped starting table for receiving one of the
      sticks, and an elongated flipper having a handgrip portion and a flattened
      portion at opposite ends. Suitable clamping, staking, and tensioning
      apparatus are provided for sideline ropes and the nets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The following U.S. patents are believed to be indicative of the type of
      prior art available in the recreational field that are directed toward
      similar manifestations. The Smither U.S. Pat. No. 1,128,194, issued Feb.
      9, 1915 is directed to a bat, "whirl", and goal or target combination; the
      Bertley U.S. Pat. No. 2,802,667, issued Aug. 13, 1957 being directed
      toward a baseball-type game having "catching" nets; the Anderson U.S. Pat.
      No. 2,964,321,  issued Dec. 13, 1960, disclosing a trap-cage for both
      projecting and receiving a ball; the Glass and Henry U.S. Pat. Nos.
      3,774,912, issued Nov. 27, 1973 and 3,817,525, issued June 18, 1974,
      respectively, patents disclosing various notched and slotted arrangements
      for propelling and receiving projjectiles.
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects and advantages of my invention are the following:
PA1  1. To provide a backyard or lawn type game which any number of people can
      play after taking only minutes to set up.
PA1  2. To provide spaced, color-coded, indicia-bearing marks and indicators, a
      stepped starting table, flippers, stakes, sticks, nets, clamps and ropes
      for the playing area and the players.
PA1  3. To provide an easily scored, easily retrieved projectile, with netting,
      ropes and stakes to set-off the scoring boundaries.
PA1  4. To provide components made of various materials, so that complete sets
      made from such varying materials, can be produced and sold at prices
      reflecting the labor and material costs of forming such components.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the playing arrangement set-up for use.
PAR  FIG. 2 is a frontal view of one of the nets, stakes, and ropes, set-up for
      use.
PAR  FIG. 3 is a top plan view of the starting table with a stick placed
      thereon, and a flipper, ready for use.
PAR  FIG. 4 is a cross-sectional view taken approximately along the line 4--4 of
      FIG. 3.
PAR  FIG. 5 is a perspective view of the starting table with stakes attached.
PAR  FIG. 6 is a perspective view of one of the flipper elements.
PAR  FIG. 7 is a perspective view of one of the flat-sided sticks.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the set-up arrangement of FIG. 1, 10 denotes the entire game apparatus.
      The flipper and starting table are comprehended by reference numerals 11
      and 12, respectively, and the three nets by 14, 16, and 18. 20--20
      represent the various stakes (LS = long stakes, and SS = short stakes).
      The elevated side ropes and cross-ropes 22--22, preferably approximately
      1/4 inch, or approximately 0.6 centimeters, in diameter, and 40 feet
      (approximately 12 meters) in length for the side markers, and several feet
      (2 meters) for the nets. These nets are preferably made of non-stretch
      nylon, however less expensive materials such as clothesline ropes or other
      roping available at a hardware store could be substituted therefor.
      Approximately every foot (or every half meter) of the side ropes are
      marked with a colored dye, colored tape, or similar marking means. If the
      full 40 feet (12 meters) is too long for the usable area, the distance
      from the starting table 12 to the first net 14 may be shortened.
      Similarly, if the rope is color-coded, every half meter, the 12 meter
      approximate over-all length could be similarly shortened. Suitable rope
      clamping means 24--24 are used at the ends of the ropes remote from the
      starting table and the nets, to hold the ropes under the desired tension.
PAR  The nets 14, 16, and 18 are netting, preferably made of non-stretchable
      nylon also, however, each net could be made of simple string-type
      material. Each net is approximately 10 inches high by 4 feet wide (25
      centimeters by 1.2 meters). The LS stakes 20--20 are approximately 11/2
      feet, or a half-meter, in length; and the SS stakes 20--20 are
      approximately 8 inches or 1/5 meter, in length, each having a loop, or
      ring, 26--26, at its respective uppermost portion for threading the nylon
      or other rope material therethrough, or, in the case of the short net
      stakes, to anchor the net ropes.
PAR  The dotted line marks 28--28 in front of each net may be marked on the
      grass in a fashion similar to football yardage and sideline marks, using
      lime containing material, or, a four foot length board, or a similarly
      elongated four foot metal or plastic rod, may be used to measure the four
      foot distance from each net in the direction toward the starting table,
      and then lay the board or rod parallel to the net four feet from the net,
      in the direction of the starting table. (This aspect of scoring of the
      game will be further described below.)
PAR  The first net 14 is positioned approximately 20 feet, or 61/2 meters, from
      the starting table 12. The second net 16 is approximately 8 feet (21/2
      meters) beyond net 14; and the third net 18, another 8 feet (21/2 meters)
      beyond net 16. Approximately four feet in front of each of the nets are
      the line markers 28--28, previously described. Using the foot for
      exemplary purposes, each "scoring" area would be the 4' .times. 4' area
      immediately in front of each net. Net tightening means 30--30,
      schematically shown on FIG. 2, or similar means, may be used to keep the
      nets taut between the stakes.
PAR  The starting table 12, per se, is shown in FIG. 5, and may be constructed
      of wood, plastic, or metal. It has four 8 inch stakes 32--32, one attached
      (threaded, welded, nailed, etc.) to each corner of the underside of a top
      plate 34 of 12. Top 34 has a U-shaped recess 36 facing the nets, in use;
      and, recess 36 extends approximately half way (front-to-rear) of the top
      34. Further, about mid-way of recess 36, top 34 has an offset or sloping
      wall that extends from the upper level of 34 to the lower level of 34.
      Indicia marks, or projections, 38--38 are placed in and adjacent the
      sloping area, serve as markers, or retainers, respectively, for one of the
      sticks 40 (FIG. 7). Each stick 40 may be made of wood, plastic, or metal,
      and is approximately 1/2 foot, or 15 centimeters, in length, and
      approximately 3/4 inch in diameter, except that one continuous "flat" side
      extends the entire length of each stick or "stix". The purpose of the flat
      side is to allow each stick to rest securely on top 34, spanning recess
      36, and being held by projections 38--38 (or, "sighted" between marks
      38--38) ready for being projected by flipper 11. The various flippers 11
      and sticks 40 may be color-coded, in pairs, or each and every one may be
      distinctively colored. The handle portion 42--42 of each flipper 11 may be
      covered with a plastic or rubber handgrip. The bottom portion of each
      flipper 11 is made thinner, flat, and extended in side-to-side dimensions,
      as at 44--44, to fit within recess 36 and under a given stick 40.
PAR  The rules and scoring for my "Flipper Stix" game are as follows:
PAR  Having set-up the playing area as described and illustrated above, a
      typical game between two players would proceed as follows:
PA1  1. Each player has one flipper 11 and 4 stix.
PA1  2. The 4' .times. 4' area in front of net 14 scores two points; the 4'
      .times. 4' area in front of net 16 scores four points; and the 4' .times.
      4' area in front of net 18 scores six points.
PA1  3. To score any points in the respective scoring areas, the stix must be
      wholly within the 4' .times. 4' area; if any part of a stix is on, or
      outside the 4' .times. 4' area, no points are scored.
PA1  4. Each player flips all four of his stix in sequence, during his turn.
PA1  5. If more than two players are playing, each player flips his four stix,
      in turn, to complete a round of play.
PA1  6. 50 points wins the game, unless more than one player is over 50 points
      at the end of a round, then, the player with the most points in excess of
      50 points, at the end of the round, would be the winner.
PAR  As previously indicated, the various components may be made of various
      materials such as wood, plastic, metal, etc., and sets can be marketed at
      different prices, depending upon the cost of the labor and materials used
      to make these components.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In a lawn game device, the combination of a plurality of nets, each net
      being parallel to its adjacent net, the spacing between each pair of nets
      being approximately twice the longitudinal dimension of each net, one set
      of rope and stake means for each net, a pair of ropes and stake means to
      delineate the sidelines of a playing area, each sideline rope being
      perpendicularly related to each net, a starting table, receiving flippers
      and "sticks", staked to the ground approximately parallel to the closest
      net, and approximately five net lengths away from said first net, scoring
      areas facing the starting table in front of each net, each scoring area
      being equal to the length of a net in both longitudinal and transverse
      dimensions, and tensioning means for holding the various nets and ropes in
      proper position, each sideline rope being threaded through a ring at the
      top of each stake, and each rope being color-coded at frequent intervals
      to measure the location of the plural nets and scoring areas, each flipper
      and each stick being color-coded, said tensioning means including rope
      clamping means adjacent the ends of the sideline ropes remote from said
      starting table, each said flipper being elongated and has hand-grip means
      at one end and a flattened area adjacent the opposite end, and each stick
      being generally cylindrical in shape with a flat area extending over its
      longitudinal dimension, said starting table having an upper flat surface
      and an offset wall connecting said upper flat surface to a lower flat
      surface, a U-shaped recess extending from approximately the center of one
      edge to approximately the center of the table, and intersecting said
      offset wall, indicia means on said offset wall and adjacent areas, and one
      of said flat areas of said stick fitting within said area, said recess
      being of sufficient dimension to receive the flattened area of a flipper,
      and stake means secured to the bottom of the table to fix the position of
      the table with respect to said nets.
NUM  2.
PAR  2. In a game device, a table from which a stick may be projected comprising
      a generally horizontally disposed plate, a recess formed in an edge
      portion of said plate and extending no more than half-way across the
      plate, positioning means on said plate adjacent opposite edges of the
      recess for positioning a stick in bridging relation to the recess when the
      ends of the stick are engaged with the positioning means to enable a
      flipper to be disposed into the recess inwardly of the stick to project
      the stick away from the table by swinging the flipper upwardly and
      outwardly of the table, a stick, said stick being in the form of an
      elongated cylindrical rod having a continuous flat peripheral area
      extending from end to end thereof along one side for positioning on the
      plate without rolling, said positioning means on the plate including
      upstanding projections positioned for closely receiving the stick
      therebetween, said projections being equally apaced from the opposed edges
      of the recess whereby the center of the stick will be substantially alined
      with the mid-portion of the recess, said recess being of substantially
      U-shaped configuration and extending inwardly substantially beyond the
      projections, said projections being disposed substantially intermediate
      the length of the legs of the U-shaped recess, a flipper in the form of an
      elongated rod having a hand-grip on one end thereof, a flattened end
      portion on the end of the flipper remote from the hand-grip with the
      flattened end received in the recess and having a transverse dimension
      less than the transverse dimension of the recess and being guided by the
      recess when moved from the inner end of the recess to the end thereof
      communicating with the peripheral edge of the table to enable the
      flattened end of the flipper to be positioned vertically downwardly into
      the recess inwardly of the stick for propelling the stick away from the
      table when the flattened end of the flipper is moved rapidly forwardly and
      upwardly.
NUM  3.
PAR  3. In a game device, a table from which a stick may be projected comprising
      a generally horizontally disposed plate, a recess formed in an edge
      portion of said plate, positioning means on said plate adjacent opposite
      edges of the recess for positioning a stick in bridging relation to the
      recess when the ends of the stick are engaged with the positioning means
      to enable a flipper to be disposed into the recess inwardly of the stick
      to project the stick away from the table by swinging the flipper upwardly
      and outwardly of the table, a stick, said stick being in the form of an
      elongated cylindrical rod having a continuous flat peripheral area
      extending from end to end thereof along one side for positioning on the
      plate without rolling, said positioning means on the plate including
      upstanding projections positioned for closely receiving the stick
      therebetween, said projections being equally spaced from the opposed edges
      of the recess whereby the center of the stick will be substantially alined
      with the mid-portion of the recess, said recess being of substantially
      U-shaped configuration and extending inwardly substantially beyond the
      projections, said projections being disposed substantially intermediate
      the length of the legs of the U-shaped recess, a flipper in the form of an
      elongated rod having a hand-grip on one end thereof, a flattened end
      portion on the end of the flipper remote from the hand-grip with the
      flattened end received in the recess and having a transverse dimension
      less than the transverse dimension of the recess and being guided by the
      recess when moved from the inner end of the recess to the end thereof
      communicating with the peripheral edge of the table to enable the
      flattened end of the flipper to be positioned vertically downwardly into
      the recess inwardly of the stick for propelling the stick away from the
      table when the flattened end of the flipper is moved rapidly forwardly and
      upwardly, said plate includes a vertically offset portion intermediate the
      length of the recess with the portion of the plate defining the peripheral
      edge of the table having the recess communicating therewith being lower
      than the remainder of the plate, said positioning means being disposed in
      the juncture between the lower portion of the plate and the offset portion
      thereof to facilitate positioning of the sticks intermediate the length of
      the recess.
NUM  4.
PAR  4. The structure as defined in claim 3 together with a target area disposed
      in alined relation to the edge of the table having the recess therein,
      said target area being delineated by a pair of longitudinally extending
      ropes disposed in laterally spaced relation a distance substantially
      greater than the width of the table, a plurality of transverse nets
      extending between the side ropes and disposed in longitudinally spaced
      relation to provide means for determining the distance that a stick is
      propelled from the table.
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ABST
PAL  A mechanical device having the general appearance of a steer for use in
      practicing steer roping. The device consists of a base section having a
      pair of spaced wheels mounted at the back thereof and a body section
      having at least one wheel mounted at the front thereof. The base and body
      sections are interconnected so as to permit pivotal movement of the body
      section relative to the base section about a forwardly directed generally
      horizontal axis in order to give the body section a life-like lean
      attitude when roped by the horns and towed by a horse. An inertia motor is
      mounted on the base section and connected to the drive wheels for powering
      the device. A pair of springs interconnect the base and body sections in
      order to bias the body section in a generally upright position. Means are
      also provided for accelerating and launching the device, thereby
      accelerating the inertia motor for continued movement of the device after
      launch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a steer roping training device and, more
      particularly, to a self-powered, self-guiding trackless, mechanical device
      having the general appearance of a steer for use in the training of steer
      roping.
PAR  2. Description of the Prior Art
PAR  In recent years, the sport of steer roping, whether it be individual or
      team roping, has become a very popular pastime across the nation. When
      practiced individually, the sport consists of chasing a steer across an
      arena and attempting to rope the horns of the steer. In team roping, a
      second rider attempts, after the first rider has roped the steer by the
      horns, to rope both of the hind legs of the steer.
PAR  It is therefore apparent that in order to practice the sport of steer
      roping, one must have an adequate size arena and one or more steers.
      However, steers for this purpose are in short supply and the ones that are
      available are expensive, require feeding and housing and the like.
PAR  In order to solve this problem, it has been proposed to provide a
      mechanical animal for use as a training aid. Prior mechanical animals have
      fallen into two general categories. One type, as represented by U.S. Pat.
      Nos. 3,303,821 and 3,324,832, have self-contained power sources and are,
      therefore, quite elaborate and expensive. The mechanical animal of the
      first-listed patent even includes a radio transmitter for controlling the
      operation of same. Thus, these types of mechanical animals are far too
      expensive for widespread use. The other type of mechanical animal, as
      represented by U.S. Pat. Nos. 3,711,098 and 3,776,553, are substantially
      simpler and do not include power sources. However, in these cases, the
      animal is so highly simplified that it does not represent a realistic
      training device.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a steer roping
      training device which solves these problems in a manner unknown
      heretofore. The present steer roping training device is far less complex
      and expensive than existing training devices having self-contained power
      sources, but still is extremely realistic and accurately simulates the
      action of a live steer. Thus, by using the present training device, one
      can become highly proficient in the sport of steer roping without a very
      large arena and without the use of live steers. Since no animals are
      required, all feeding, transporting, storage and nuisance problems are
      eliminated.
PAR  Briefly, the present steer roping training device consists of two main
      sections, a base section and a body section. The base section has a pair
      of spaced wheels mounted at the back thereof and drive means mounted
      thereon and being connected to both the wheels for rotating the wheels and
      moving the base section. The body section has at least one wheel mounted
      at the front thereof. Means are provided for interconnecting the base and
      body sections so as to permit pivotal movement of the body section
      relative to the base section about a forwardly directed generally
      horizontal axis to permit bidirectional sideward leaning of said body
      section relative to said base section. Means are also provided for biasing
      the body section in a generally upright position. However, when the body
      section is roped, it pivots about the axis, providing a life-like lean
      attitude and also assisting in steering the device. The drive means
      comprises an inertia motor mounted on the base section and means are
      provided for accelerating and launching the base section thereby
      accelerating the inertia motor for continued movement of the base section
      after launch.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide a steer
      roping training device.
PAR  It is a further object of the present invention to provide a self-powered
      self-guiding trackless mechanical device having the general appearance of
      a steer for use in the training of steer roping.
PAR  It is a still further object of the present invention to provide a steer
      roping training device which is substantially less complex and less
      expensive than prior devices but which accurately simulates the action of
      a steer.
DRWD
PAR  Still other objects, features, and attendant advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description of the preferred embodiment
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like parts in the
      several figures and wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a steer roping training device constructed
      in accordance with the teachings of the present invention;
PAR  FIG. 2 is a rear elevation view of the device of FIG. 1;
PAR  FIG. 3 is a schematic representation of a system for launching the steer
      roping training device of FIGS. 1 and 2; and
PAR  FIG. 4 is a diagrammatic view showing the present steer roping training
      device in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and, more particularly, to FIGS. 1 and 2
      thereof, there is shown a mechanical steer, generally designated 10, which
      consists of a body section, generally designated 11, and a base section,
      generally designated 12. Both of sections 11 and 12 are shown as
      constructed primarily from tubing since that represents the simplest basic
      configuration of steer 10. However, it will be apparent to those skilled
      in the art that body section 11, for example, could be covered with a full
      body shell accurately simulating the appearance of a steer or calf, such
      shell being made from plastic, fiberglass, or any other suitable material.
PAR  Body section 11 includes a frame 16 having two identical sides 13 and 14,
      each of which is made from tubular elements shaped to simulate the
      appearance of a steer. Frame sides 13 and 14 are mounted in parallel,
      spaced relationship and interconnected by means of a plurality of
      crossmembers 15. Thus, frame 16 defines a head 17, a body 18, and front
      and rear legs 19 and 20, respectively. Connected to the upper front edge
      of head 17 are additional tubular elements defining horns 21.
PAR  Body section 11 also includes an axle 22 connected between frame sides 13
      and 14, at the front thereof, between front legs 19. Each of front legs 19
      may support a bearing 23 for mounting the opposite ends of axle 22 for
      rotation about an axis perpendicular to the front-to-back axis of body
      section 11. Furthermore, centrally mounted on axle 22 is a front wheel 24.
      Finally, body section 11 includes a shaft 26 positioned halfway between
      frame sides 13 and 14, and connected at its opposite ends to crossmembers
      15a and 15b, shaft 26 being generally horizontal, coplanar with the
      front-to-back axis of body section 11, and positioned coplanar with the
      belly line of body section 11, for reasons which will appear more fully
      hereinafter.
PAR  Base section 12 includes a frame 30 including four tubular elements 31-34.
      Base section 12 also includes an elongate tubular member 35 which is
      adapted to receive shaft 26 and to mount shaft 26 for pivotal movement
      therein. First ends of tubular elements 31 and 32 are connected to the
      front end of tubular member 35 whereas first ends of tubular elements 33
      and 34 are connected to the rear end of tubular member 35. The opposite
      ends of tubular elements 31 and 33 on the one hand and tubular elements 32
      and 34 on the other hand extend in opposite directions and are joined
      together, at 36 and 37, respectively, to define a generally triangular
      construction. The intersection between tubular elements 31 and 33, at 36,
      supports a first bearing 38, whereas the intersection between tubular
      elements 32 and 34, at 37, supports a second bearing 39. Bearings 38 and
      39 mount the opposite ends of an axle 41 which extends therethrough and
      supports a pair of drive wheels 42 and 43.
PAR  Longitudinal movement of shaft 26 relative to tubular member 35 is
      prevented by positioning tubular member 35 between crossmembers 15a and
      15b. Furthermore, in order to stabilize body section 11 relative to base
      section 12 and to bias body section 11 in a generally upright position,
      mechanical steer 10 includes a pair of tension members 44 and 45, tension
      member 44 being connected between frame side 13 and tubular element 33 and
      tension member 45 being connected between frame side 14 and tubular
      element 34. Tension members 44 and 45 may be tension springs, shock
      absorbers, rubber bushings, compression springs, or the like.
PAR  In order to power steer 10, steer 10 includes drive means, generally
      designated 46, mounted on base section 12, and being connected to at least
      one of, but preferably both of, wheels 42 and 43 for rotating some about
      the axis of axle 41. According to the preferred embodiment of the present
      invention, and as explained more fully hereinafter, drive means 46 is an
      inertia motor consisting of one or more heavy flywheels 47. Flywheels 47
      are mounted on base section 12 by means of an axle 48, the opposite ends
      of which are connected to bearings 49 connected to tubular elements 33 and
      34. In order to connect flywheels 47 to wheels 42 and 43, drive means 46
      also includes a pair of sprocket wheels 50 and 51 mounted on axles 48 and
      41, respectively, so as to be coplanar. A chain 52 interconnects sprocket
      wheels 50 and 51 so that flywheels 47 rotate axle 48 and sprocket wheel
      50, driving chain 51, thereby rotating sprocket wheel 51, axle 41, and
      wheels 42 and 43.
PAR  Referring now to FIG. 3, the present training device includes means,
      generally designated 60, for accelerating and launching steer 10, thereby
      accelerating flywheels 47 which continue to move base section 12 and steer
      10 after launch. More specifically, the launching of steer 10 may be
      achieved by mounting a length of tubing 61 beneath the ground, tubing 61
      supporting a pair of pulleys 62 at the opposite ends thereof. Extending
      through tubing 61 and around pulley 62 is a cable 63. One end of cable 63
      is connected to a launch controller 64 whereas the other end of cable 63
      includes a ring 65. Ring 65 is adapted to receive a hook 66 connected to
      front legs of steer 10, on opposite sides of wheel 24. Furthermore, launch
      controller 64 may be any powered device, such as a winch, for gradually
      accelerating cable 63 in order to accelerate and launch steer 10.
PAC  OPERATION
PAR  In order to accomplish the launching of steer 10, cable 63 is completely
      unwound and steer 10 is positioned near launch controller 64 with hook 66
      on steer 10 engaging ring 65 at the end of cable 63. Launch controller 64
      is then activated to start reeling in cable 63, thereby pulling steer 10
      in the direction of tubing 61. The pulling of steer 10 causes the rotation
      of drive wheels 42 and 43 as a result of the friction between them and the
      ground. Rotation of wheels 42 and 43 rotates axle 41 and sprocket wheel
      51, thereby driving chain 52 and rotating sprocket wheel 50 and axle 48.
      Therefore, flywheels 47 begin to accelerate about axle 48 as steer 10
      accelerates forwardly.
PAR  By the time steer 10 reaches the end of tubing 61, it is going at a speed
      typical of a steer when it is released from its gate. As wheel 24 passes
      the end of tubing 61, ring 65 automatically releases hook 66, thereby
      disconnecting steer 10 and cable 63. At this time, flywheels 47 are
      rotating rapidly about the axis of axle 48. Due to the weight of flywheels
      47, the inertia thereof continues this rotation, as well known to those
      skilled in the art, continuing to drive wheels 42 and 43 by means of axles
      48 and 41, sprocket wheels 50 and 51, and chain 52. Thus, steer 10
      continues to be driven by flywheels 47 even after it is released from
      cable 63. Furthermore, because of springs 44 and 45 holding body section
      11 in an upright position, wheel 24 is vertical and steer 10 continues to
      move along a straight line.
PAR  Referring now to FIG. 4, a first rider, designated 70, may now chase steer
      10 and attempt to lasso horns 21 thereof. If rider 70 misses steer 10, it
      will continue to move until the inertia of flywheels 47 is expended and
      steer 10 stops. On the other hand, if rider 70 catches horns 21 of steer
      10, rider 70 may change the direction of steer 10 to return it to the
      starting position or to expose one of rear legs 20 to a second rider 71.
      More specifically, if rider 70 applies a lateral force to his lasso 72
      when it is attached to horns 21, this will cause body section 11 to pivot
      about tubular member 35, stretching one of springs 44 or 45. As body
      section 11 leans over, front wheel 24 is also tilted in the same
      direction, permitting steer 10 to be steered in a circular path more
      readily. On the other hand, the momentum of steer 10 and drive means 46
      tries to keep steer 10 moving in a straight direction so that the action
      of steer 10 accurately simulates the resistance which is present when
      roping a live steer.
PAR  In any event, when body section 11 of steer 10 leans to one side or the
      other, legs 20, which extend beyond the back of drive wheels 42 and 43,
      extend outwardly, exposing such legs to rider 71 who may now attempt to
      rope such legs with his lasso 73. Thus, steer 10 is suitable for use
      either as a training aid for individual roping or as a training aid for
      team roping.
PAR  While the invention has been described with respect to a preferred physical
      embodiment constructed in accordance therewith, it will be apparent to
      those skilled in the art that various modifications and improvements may
      be made without departing from the scope and spirit of the invention. For
      example, changes may be made to the shape of body section 11 and provision
      could even be made to cause rear legs 20 to pulsate as steer 10 moves to
      give a more life-like appearance and effect for a better heel catch. By
      making mechanical steer 10 smaller with a narrower wheel base, one could
      simulate a calf for practicing calf roping. Under such circumstances, the
      calf version would be upsettable and by adding spring loaded legs could be
      thrown over and the legs tied. Accordingly, it is to be understood that
      the invention is not to be limited by the specific illustrative
      embodiment, but only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-guiding, trackless steer roping training device comprising:
PA1  a base section having a pair of spaced drive wheels mounted at the back
      thereof;
PA1  drive means mounted on said base section and being connected to at least
      one of said drive wheels for rotating said wheels and moving said base
      section;
PA1  a body section having at least one wheel mounted at the front thereof and
      including a pair of rear legs which extend downwardly and rearwardly of
      said base section;
PA1  means interconnecting said base and body sections and permitting pivotal
      movement of said body section relative to said base section about a
      forwardly-directed, generally horizontal axis to permit bidirectional
      sideward leaning of said body section relative to said base section,
      sideward leaning of said body section relative to said base section
      exposing said rear legs of said body section for roping of same; and
PA1  means for biasing said body section in a generally upright position.
NUM  2.
PAR  2. A steer roping training device according to claim 1 wherein said biasing
      means comprises:
PA1  tension means connected between opposite sides of said body section and
      said base section, said tension means being yieldable to permit said body
      section to lean sidewardly, in either of opposite directions, when forced
      laterally.
NUM  3.
PAR  3. A steer roping training device according to claim 1 further comprising:
PA1  means releasably connected to said base and body sections for accelerating
      and launching said base section thereby accelerating said flywheel for
      continued movement of said base section after launch.
NUM  4.
PAR  4. A self-guiding, trackless steer roping training device comprising:
PA1  a base section including a frame, a wheel axle connected to the rear of
      said frame, and a pair of spaced drive wheels mounted at opposite ends of
      said wheel axle;
PA1  drive means including a drive axle connected to said frame in parallel,
      spaced relationship to said wheel axle, a flywheel mounted on said drive
      axle, and means for interconnecting said flywheel and at least one of said
      drive wheels for rotating said wheels and moving said base section;
PA1  a body section having at least one wheel mounted at the front thereof;
PA1  means interconnecting said base and body sections and permitting pivotal
      movement of said body section relative to said base section about a
      forwardly-directed, generally horizontal axis to permit bidirectional
      sideward leaning of said body section relative to said base section; and
PA1  means for biasing said body section in a generally upright position.
NUM  5.
PAR  5. A steer roping training device according to claim 4 wherein said means
      for interconnecting said flywheel and said at least one drive wheel
      comprises:
PA1  a pair of sprocket wheels mounted on said drive and wheel axles; and
PA1  a chain interconnecting said sprocket wheels.
NUM  6.
PAR  6. A self-guiding, trackless steer roping training device comprising:
PA1  a base section having a pair of spaced drive wheels mounted at the back
      thereof;
PA1  drive means mounted on said base section and being connected to at least
      one of said drive wheels for rotating said wheels and moving said base
      section;
PA1  a body section having at least one wheel mounted at the front thereof;
PA1  means interconnecting said base and body sections and permitting pivotal
      movement of said body section relative to said base section about a
      forwardly directed, generally horizontal axis to permit bidirectional
      sideward leaning of said body section relative to said base section, said
      interconnecting means comprising:
PA1  an elongate tubular member mounted on said base section and defining said
      generally horizontal axis; and
PA1  a shaft mounted on said body section and extending through said tubular
      member and being supported thereby for pivotal movement therein; and
PA1  means for biasing said body section in a generally upright position.
NUM  7.
PAR  7. A steer roping training device according to claim 6 wherein said base
      section comprises:
PA1  a frame; and
PA1  an axle connected to the rear of said frame, said spaced drive wheels being
      mounted at opposite ends of said axle, and wherein said body section
      comprises:
PA1  a frame; and
PA1  an axle connected to the front of said frame, said front wheel being
      centrally mounted on said axle.
NUM  8.
PAR  8. A steer roping training device according to claim 7 wherein said biasing
      means comprises:
PA1  a pair of springs connected between opposite sides of said body section
      frame and said base section frame to bias said body section frame in a
      generally upright position, said springs being yieldable to permit said
      body section to lean sidewardly when roped.
NUM  9.
PAR  9. A steer roping training device according to claim 8 wherein pivoting of
      said body section relative to said base section pivots said body section
      axle and said front wheel assisting in steering said device.
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ABST
PAL  A cross-shaped gameboard has four arms extending radially from a central
      area and equiangularly spaced by 90.degree. from each other. The arms are
      of equal dimensions. A pocket is provided in each of the arms in the area
      of the end thereof farthest from the central area. Each of the pockets is
      adapted to accommodate a marble. A plurality of channels are formed in
      each of the arms and extend radially from the pocket in each of the arms.
      Rails extend along the edges of the arms to retain marbles on the arms. A
      plurality of marbles are provided. At the center of the gameboard, the
      marble are arranged in a square pattern such that when an additional
      marble is held at a height above the gameboard and dropped to a central
      area among the marbles, the marbles will be struck by the dropped marble
      and displaced thereby. The object of the game is to attempt to displace
      the marbles from the center of the gameboard and cause each to roll along
      an arm and fall into a pocket at the end of an arm. Each struck marble has
      a different color and each pocket has a color corresponding to a marble.
BSUM
PAC  Description of the Invention
PAR  The present invention relates to a marble game.
PAR  Objects of the invention are to provide a marble game of simple structure,
      which is inexpensive in manufacture, and provides recreation, interest,
      pleasure, enjoyment and relaxation for the participants and onlookers.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view of an embodiment of the marble game of the
      invention, illustrating how it is played;
PAR  FIG. 2 is a top plan, on an enlarged scale, of the embodiment of FIG. 1;
      and
PAR  FIG. 3 is a perspective view of an embodiment of a score keeping device for
      the marble game of the invention.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The marble game of the invention comprises a substantially cross-shaped
      gameboard 1 having four arms 2, 3, 4 and 5 extending radially from a
      central area 6 and equiangularly spaced by 90.degree. from each other, as
      shown in FIGS. 1 and 2. The arms 2, 3, 4 and 5 are of equal dimensions.
PAR  A pocket is provided in each of the arms in the area of the end thereof
      farthest from the central area 6. Each of the pockets is adapted to
      accommodate a marble and has a plurality of channels formed in the arm and
      extending radially from the pocket.
PAR  Thus, for example, a pocket 7 is provided in the arm 2 in the area 8 of the
      end thereof farthest from the central area 6 and is adapted to accommodate
      a marble. A plurality of channels 9, 10, 11, and so on, are formed in the
      arm 2 and extend radially from the pocket 7. An identical pocket 12 is
      formed in the identical area 13 of the arm 3 and has identical channels
      14, 15, 16, and so on, extending radially therefrom. An identicial pocket
      17 is formed in an identical area 18 of the arm 4 and has identical
      channels 19, 20, 21, and so on, extending radially therefrom. An identical
      pocket 22 is formed in the identical area 23 of the arm 5 and has
      identical channels 45, 25, 26, and so on, extending radially therefrom.
      Each pocket 7, 12, 17 and 22 is of a specific color.
PAR  Rails 24 extend along the edges of the arms 2, 3, 4 and 5 to retain marbles
      on the arms.
PAR  A plurality of marbles 40, 41, 42, 44 (FIG. 2) and 29 (FIG. 1) are
      provided, each corresponding in color to a corresponding one of the
      pockets.
PAR  The marble game of the invention is called "SPLIT THE ATOM".
PAR  Five marbles are provided; 1 black, 1 blue, 1 green, 1 red, 1 white (drop
      marble).
PAR  Up to six people can play. The players get one turn, each round. Each
      player drops the white marble, from any height he chooses. He tries to
      make the marbles go into pockets of the same color; that is, the blue
      marble in the blue pocket, the red marble in the red pocket, etc. In
      setting the marbles in their places, the marbles are aimed at their
      respective colored pockets. A perfect hit in the center of the four
      marbles will shoot them into the right pockets.
PAR  The marbles must go into pockets of appropriate color in order to count.
      Thus, a blue marble in the red pocket is not counted as a point.
PAR  A score keeping device for the marble game of the invention, as shown in
      FIG. 3, comprises a board-like member 30 having a plurality of peg holes
      31, 32, 33, and so on, formed therein in rows and columns.
PAR  A colored stripe of a color different from the others extends through each
      column of peg holes.
PAR  A plurality of pegs 34, 35, 36, and so on, are removably seated in the peg
      holes 31, 32, 33, and so on. Each peg is the color of a corresponding one
      of the stripes. The peg board is for keeping score. Each player selects a
      colored peg by which he keeps score. Suppose, for example, that a player A
      selects gold and a player B selects green. If the player A scores a 3,
      that is, he knocks three of the marbles into three pockets of the proper
      color, the player A pegs three holes. The game continues until one
      player's peg lands on or passes over the word FINIS. That ends the game.
      The game thus continues until a player accumulates 21 or more points of a
      possible maximum of 24.
PAR  An openable peg-storing drawer 37 of any suitable type is provided in the
      board-like member 30.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A marble game, comprising
PA1  a substantially cross-shaped gameboard having four substantially elongated
      arms extending radially from a central area and equiangularly spaced by
      90.degree.from each other, the arms being of equal dimensions;
PA1  an open pocket in each of the arms in the area of the end thereof farthest
      from the central area, each of the pockets being adapted to accommodate a
      marble;
PA1  a plurality of channels formed in each of the arms and extending radially
      from the pocket in each of the arms;
PA1  rails extending along the edges of the arms to retain marbles on the arms;
PA1  four marbles; said marbles being placed at said central area and being in a
      closely arranged substantially square pattern; a drop marble; said drop
      marble being dropped from a height amongst said marbles in attempting to
      direct them to the pockets in corresponding arms.
NUM  2.
PAR  2. A marble game as claimed in claim 1, wherein each of the pockets is a
      color different from the others and selected ones of the marbles are of
      the same color as corresponding pockets of the arms.
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PAL  A pool disc game including thereof a rectangular shaped horizontally placed
      playing board having: peripheral siderails, four corner pockets, two
      sidewall pockets, and a slippery top surface. Fifteen disc of varying
      colors are inscribed with indicia ranging from one to 15. A white disc is
      propelled across the slippery playing surface, wherein the white disc
      strikes the various colored disc knocking the colored disc into the corner
      and sidewall pockets.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a unique and novel pool game, wherein a plurality
      of cylinder shaped disc are used in place of the conventional pool balls.
PAR  It is known from U.S. Pat. Nos. 2,824,739; 3,042,407; and 3,088,740 that
      disc games have been employed but these games involve paddles or cue
      sticks for propelling the disc across the playing surface.
PAR  Accordingly, it is an object of my invention to provide a game of pool,
      wherein a plurality of cylinder shaped disc are substituted for the
      conventional pool balls.
PAR  A further object of my present invention is to provide a non cue stick
      means of propelling a white disc across the playing surface, wherein the
      white disc strikes directly or by an angular bank shot the plurality of
      colored cylinder disc.
PAR  A still further object of my present invention is to provide a slippery top
      surface to a horizontally playing board.
PAR  An advantage of my present invention is that it provides a game of
      entertainment involving the development of hand and arm muscles.
PAR  Briefly, my present invention comprises a rectangular shaped horizontally
      placed playing board having peripheral siderails, four corner pockets, two
      sidewall pockets, and a slippery top planar surface. Fifteen disc of
      varying colors are inscribed with indicia ranging from one to 15. A white
      disc is propelled across the slippery playing surface, wherein the white
      disc strikes the various colored disc by either a direct strike or an
      angular bank shot off of the siderails of the playing board. The colored
      disc are propelled into the corner and sidewall pockets of the playing
      board.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a top view of the playing board;
PAR  FIG. 2 illustrates an end elevated view of the playing board;
PAR  FIG. 3 illustrates a side cross section view of the white cylinder shaped
      disc; and
PAR  FIG. 4 illustrates a top perspective view of the colored disc.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      show a pool disc game comprising a game board 10 constructed of a
      rectangular shaped playing board 11 having a slippery top surface 12 of a
      low coefficient of friction. A rectilinear channel 13 is contained along
      each lateral end 14 and longitudinal side 15 of the board 11, wherein the
      channel 13 is contained in the top surface 16 of the board 11. The four
      corners 17 of the board 11 are cutaway on a bias. A half circle aperture
      50 is contained midway on each longitudinal side 15 of the board 11. The
      side rails 19 of the playing board 11 comprise rectangular block member 19
      having on their bottom surfaces 20 a center longitudinally placed tongue
      21. The tongue 21 are adhesively affixed into the channels 13, wherein the
      rectangular block members 19 extend vertically upward from the
      horizontally placed board 11. A rubber bumper 22 is contained on the
      inside vertical face of the side rails 19. A laterally placed half circle
      aperture 23 is contained midway on each longitudinal placed side rail 28,
      wherein aperture 50, 23 align with each other to form the sidewall pockets
      24 of the playing board 11. At each corner of the playing board 11, a
      molded right corner piece 25 is affixed to an end 26 of a lateral side
      rail 29 and an end 27 of a longitudinal siderail 28. A second laterally
      placed half circle aperture 30 is recessed into the inside juncture 31 of
      the legs 32, 33 of each molded corner piece 35, wherein aperture 30 aligns
      with each cut away corner 17 of the playing board 11 to form the corner
      pockets 36 of the playing board 11. A vertically placed flange member 37
      is affixed to the outside vertical sidewall 38 of each longitudinal side
      rail 28, wherein flange 37 extends downward below the horizontal plane of
      the playing board 11. A disc retrival assembly 39 comprises an L shaped
      member 39 affixed between an inside vertical sidewall 40 of flange 37 as
      well as the inside vertical sidewall of the molded corner piece 25 and the
      bottom base 41 of the playing board 11 forming a hollow rectilinear
      chamber 42 communicating with the pockets 24, 36. A mounting plate 43
      having a centrally placed vertical bore 44 is mounted at each lateral side
      14 to the bottom base 41 of the playing board 11. A vertically placed rod
      45 mounted on top of a pedestal leg assembly 46 is rotatably mounted
      within a vertical bore 44, wherein the pedestal leg assembly 46 can be
      rotated through a 360.degree. arc relative to the playing board 11. The
      playing disc 47 comprises a cylinder shaped element 47 having a given
      indicia 48 ranging from one to 15 inscribed on a top lateral surface 49 of
      the cylinder shaped element 47. Each disc 47 numbered from one to 15 being
      of a different color. The sixteenth disc 18 is white having a finger tip
      recess 51 in its top lateral base 52. A player inserts his index finger 53
      into recess 51 of white disc 18 and flicks or pushes the white disc 50
      across the slippery surface 12 of the playing board 11 engaging the
      colored disc 47 by either a direct hit or an angular back shot off of the
      rubber bumpers 22. The objective of the game being to propel the colored
      disc 47 into the pocket 24, 36 of the game board 10. The rules of the
      various games played on the game board 10 correspond to the rules of
      conventional pool, snookers or billiards.
PAR  Hence obvious changes may be made in the specific embodiment of the
      invention described herein, such modification being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as an illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A pool disc game which comprises:
PA1  a. a rectangularly shaped playing board having a top slippery surface, a
      rectilinear channel contained in said top surface along two lateral ends
      of two longitudinal sides of said board, four bias cutaway corners, and a
      half circle aperture midway on each said longitudinal side of said board;
PA1  b. side rails extending upwardly from said top surface, each said side rail
      formed from a block member having a tongue extending downwardly from a
      bottom surface of said block member, each said tongue affixed into said
      rectilinear channel, said two side rails along said longitudinal sides of
      said board having a laterally placed half circle aperture therein;
PA1  c. rubber bumpers affixed onto vertical inside walls of said side rails;
PA1  d. molded corner pieces joining ends of four said side rails together, each
      said molded corner piece having a laterally placed half circle aperture
      recessed therein, said aperture of said molded piece aligned with said
      cutaway corner;
PA1  e. vertically aligned flange members affixed to outside sidewalls of said
      side rails, said flanges extending downwardly below said board;
PA1  f. L-shaped members, each said L-shaped members affixed between each said
      flange and a bottom surface of said board forming a rectilinear chamber
      therein;
PA1  g. a mounting plate having a centrally placed vertical bore therein, said
      plate affixed to said bottom surface of said board;
PA1  h. a pedestal leg assembly;
PA1  i. a vertically placed rod affixed to a top of said leg assembly, said
      vertical rod rotatably contained in said bore of said plate;
PA1  j. fifteen colored cylindrically shaped disc having indicia ranging from
      one to 15 inscribed on a top lateral surface of said cylindrically shaped
      disc, said discs slidably contained on said top surface of said board; and
PA1  k. a white cylindrically shaped disc having a top lateral base with a
      finger tip recess therein, said recess adapted to receive a finger tip
      therein, said white disc slidably contained on said top surface of said
      board, said white disc striking and propelling said 15 colored disc across
      top surface of said board.
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ABST
PAL  An apparatus for playing word games wherein a group of carriers are movably
      mounted on a base for selectively exposing different letters through a row
      of spaced openings defined by the base. The exposed letters are disposed
      in side-by-side relationship to comprise words. Each carrier is provided
      with indicia at the mid-portion of the set of letters thereof for
      indicating that the carrier is in an original non-manipulated position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to games and in particular to apparatus for playing
      word games and the like.
PAR  2. Description of the Prior Art
PAR  In one known form of word-forming device a plurality of carrier strips are
      slidably mounted in a base element for selectively exposing letters
      carried on the strips through a series of openings in the base element. An
      example of such a Word Forming Device is shown in U.S. Pat. No. 2,848,824
      issued to J. W. Donaldson for a Word Forming Device.
PAR  Another form of such a device is shown in U.S. Pat. No. 1,607,329 of D. R.
      Westlake entitled Educational Appliance.
PAR  Another example of such a display device is shown in D. P. Litzinger's U.S.
      Pat. No. 2,974,433 entitled "Changeable Indicia Display Device". In the
      Litzinger device, the carrier strips project outwardly through a number of
      slits in the front face of the device and they are allowed to slidably
      contact each other for a mutual guiding action. A pair of such slits
      extends continuously across a major portion of the front face so that the
      entire set of strips is exposed at the portion thereof disposed between
      the slits. The carrier strips are provided with an alphabetical set of
      letters, other letters, numerals, and symbols. Litzinger teaches that
      interspersed among the characters are a number of blanks appearing as
      black squares and discloses such blanks between the letters "M" and "O" of
      the alphabetical set. The sets of letters further vary in the different
      strips as to their relative relationship so that the different strips are
      positioned differently to present different letters or black squares
      between the slits.
PAR  Circular carriers are illustrated in U.S. Pat. Nos. 1,833,793 and 3,200,517
      issued to L. A. Pfleger and A. D'Agostino, respectively. The Word Forming
      Device of A. D'Agostino further utilizes elongated strips which are
      slidable in guides to expose selected letters through spaced openings in
      the front face of the device which cooperate with the circular carrier to
      provide a lettered sequence.
PAR  Pfleger shown an educational device, utilizing a plurality of circular
      disks in overlapping relationship to expose a sequence of letters through
      an elongated opening.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved apparatus for playing word
      games including means for accurately centering the carriers for
      facilitated adjustment to any one of the alphabetically arranged letters.
      By providing a center indicium indicating that a given carrier has not
      been manipulated from the reset position, optimum efficiency in the use of
      the game is realized while yet permitting the game to be of minimum size.
PAR  More specifically, the invention comprehends providing such an apparatus
      for playing word games wherein a plurality of characters are slidably
      mounted on a base to be manually adjustably positioned for exposing any
      one of an alphabetical set of letters identically disposed on the
      different carriers to be exposed one letter at a time through the
      associated opening of a row of openings in the base. The invention
      comprehends providing on each carrier at the mid-portion of the set of
      letters an indicium indicating that the carrier has not as yet been
      manipulated in the playing of the game. The indicium may be provided as a
      blank space between the letters "M" and "N" in the alphabetical series.
PAR  The carriers may comprise elongated carriers and may be provided at one or
      both ends thereof with a selectively positionable manipulating portion for
      facilitated adjustment of the carrier in exposing the desired letter
      through the associated opening in the base. The manipulating means may
      comprise an element hingedly connected to the carrier so as to be
      positionable perpendicular thereto for use as a handle in manipulating the
      carrier, or to be extended parallel to the carrier to be received in one
      end of the slot in the base in which the carrier is slidably mounted.
PAR  The base may comprise a plurality of sections hingedly connected for
      folding thereof to a compacted storage position. The base may be provided
      with means for indicating a starting position opening at the center of the
      row of openings and where the base is foldable, the fold line may define
      the starting position indicating means.
PAR  Thus, the word game apparatus of the present invention is extremely simple
      and economical of construction while yet providing a number of highly
      desirable advantages over the structures of the prior art as discussed
      above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a perspective view of a word game playing apparatus embodying the
      invention;
PAR  FIG. 2 is a broken transverse vertical section taken substantially along
      the line 2--2 of FIG. 1;
PAR  FIG. 3 is a broken transverse vertical section taken substantially along
      the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary, longitudinal vertical section taken substantially
      along the line 4--4 of FIG. 1; and
PAR  FIG. 5 is a fragmentary, side elevation of a carrier strip shown in a
      folded disposition in dotted lines; and
PAR  FIG. 6 is a fragmentary enlarged top plan view of a portion of the
      apparatus with portions broken away to facilitate illustration thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing,
      an apparatus generally designated 10 for playing word games is shown to
      include a base generally designated 11, and a plurality of carriers,
      herein strips, generally designated 12. The base defines means for guiding
      the carriers strips in parallel spaced relationship and in the illustrated
      embodiment the guiding means includes slots 13 in the front wall 14 and
      rear wall 15 respectively, of the base. As shown in FIG. 1, the carrier
      strips have a length greater than the space between walls 14 and 15 to
      have opposite ends 12a and 12b projecting outwardly therefrom.
PAR  The top wall 16 of the base is provided with a row of spaced openings 17
      aligned with the paired slots 13 in the front and rear walls 14 and 15 so
      that one portion of each carrier strip is viewable through the
      respectively associated openings.
PAR  Base 11 may comprise a pair of hollow portions 11a and 11b which, as shown
      in FIG. 3, are hingedly connected by means of hinges 18 permitting the
      base portions 11a and 11b to be selectively disposed in a game-playing,
      opened position as shown in FIG. 1 and in FIG. 3 in full lines, or in a
      folded closed, storage position, as illustrated in FIG. 3 in broken lines.
      Each base portion includes a bottom wall 19 which cooperates with the side
      walls 20, front wall 14, rear wall 15, and top wall 16 to define a space
      21 for receiving the carrier strips for storage. The top wall 16 may be
      swung on hinges 18 upwardly from space 21 as shown in broken lines in FIG.
      3 to provide access to the space 21 when desired.
PAR  Each carrier strip defines opposite end portions 22 which may be utilized
      to manipulate the carrier strip for longitudinal positioning through the
      slots 13 to dispose different portions of the carrier strip in alignment
      with the corresponding opening 17 in base top wall 16. Illustratively, end
      portion 22 may comprise a tab having a hinge connection 23 permitting the
      tab to be swung perpendicularly to the flat-wise extent of the strip for
      facilitated manipulation of the strip. The strip is maintained closely
      underlying the top wall 16 by means of a retainer wall 24 having a
      plurality of guide portions 24a extending upwardly between the strips 12
      to define a plurality of guide channels 24b aligned one each with each
      pair of slots 13. Thus, the carrier strips may be adjusted so as to move
      the end tab portions fully through the slots 13 to dispose the letters
      adjacent the ends 22 in alignment with the opening 17 as the end tabs 22
      extend parallel to the flatwise extent of the strip for movement through
      the slots 13 therewith. The strips are guided by channels 24b back
      outwardly through the slots 13 in a reverse positioning of the strips 12.
PAR  Each of the strips is provided with an alphabetical set of letters 26 on
      the top surface thereof to be exposed one letter at a time through the
      associated opening 17. At the mid-portion of the set of letters, an
      indicum 27 is provided for indicating that the associated carrier has not
      as yet been manipulated to expose a selected letter through the opening in
      the playing of the game.
PAR  In the illustrated embodiment, the indicium 27 defines a blank space
      between the letters "M" and "N" in the alphabetical set so that when the
      blank space appears through the opening 17, the strip 12 is accurately
      centered longitudinally for minimum movement subsequently to the selected
      letter. Thus, the extension of the strips 12 outwardly from the opposite
      end walls 14 and 15 in the start position of the game is minimal while yet
      the strips may project sufficiently for facilitated manipulation.
PAR  When it is desired to store the game, the user may simply withdraw all of
      the strips from the base 11 and place them in the space 21 after raising
      the base portion top wall, as shown in FIG. 2, to expose the space 21. To
      provide a further compacted arrangement of the game in the storage
      disposition, the base may be folded about hinges 18 as shown in dotted
      lines in FIG. 3. The fold line between hinges 18 further defines a second
      indicium 28 for indicating the center openings of the row of openings 17.
      Thus, in playing the game the players may start by selecting a letter at a
      center opening so that letters may be added to the word in either
      direction therefrom. In the conventional playing of the game, the players
      successively add letters in sequence until one player either ends a word
      or is unable to continue in forming a word from the previous letters.
      Thus, the game alternatively may be played by the players successively
      selecting letters starting at the lefthand row of openings 17 with each
      player selecting a letter to appear in the next opening to the right of
      the previous opening. If desired, a further indicium 29 may be provided
      adjacent a center opening 17 for indicating a middle starting opening of
      the row.
PAR  Alternatively, the players may select letters located anywhere in a word
      and not only letters adjacent previously selected letters. Thus, the
      present game apparatus permits a playing of a further unique game not
      heretofore found in the art. Thus, in one specific form of playing the
      game, a plurality off players may be arranged in a circle with each
      successive player in a clockwise direction adding the next letter to the
      previously selected letters by suitable manipulation of the lettered
      strips. The object of the game would be to avoid completing a word of
      three letters or more with the person who loses being the one to start a
      new game for the next word. The apparatus may include a sufficient
      plurality of lettered strips to accommodate any word in the standard
      dictionary as desired. The center lettered strip is normally used to start
      the word of a new game. As indicated above, the next player adds a second
      letter to the word which, as further discussed above, may be contiguous to
      the right or to the left of the first selected letter or if so intended by
      the players, may be located anywhere in the word, i.e. spaced from the
      previous selected letter. The selected letters may be located anywhere in
      the word. Illustratively, the letter selected by the first player may be
      considered by the next player as being the last letter of a word so that
      the next player would select his letter somewhere to the left of the first
      selected letter. If the next player chooses that the first selected letter
      be the first selected letter of the word, he would then select a letter to
      the right of the first selected letter. If the next player decides that
      the first selected letter is in the middle of a word, the next player may
      then select a letter either to the left or to the right of the first
      selected letter.
PAR  The selection of letters continues in sequence by the players adding the
      letters one after another. The first player to complete a word of three
      letters or more loses the game. If a player adds a letter and the
      subsequent player believes that the letters as now appearing on the
      apparatus do not comprise a portion of a valid word, the subsequent player
      may challenge the player adding the last letter. If the challenged player
      cannot show that the previous letters, including his last added letter,
      are a portion of a valid word, the challenged player loses. If the
      challenged player can show that the letters are a part of a valid word,
      the challenger loses.
PAR  The challenge may be won on the basis that the previously selected letters
      do not correctly spell the word in the mind of the challenged player, and
      if necessary, reference to a dictionary may be made to establish the
      correctness of the spelling.
PAR  The rules may require that once a player selects a letter and passes the
      apparatus to the next player, he cannot change that letter. The rules may
      also require that the next player add the next letter within a preselected
      time, and if desired, a timer may be utilized in connection with the
      playing of the game. Illustratively, the scoring of the game may be such
      that each player in the game receives a point except the losing player and
      the first player to reach a preselected number of points, such as 21
      points, wins the overall game.
PAR  Apparatus 10 may be formed of low cost material such as plastic, cardboard,
      etc. The game may be made quite small so as to fit in a player's pocket or
      purse, or may be made to be larger such as where used as a table game.
      Strips 12 may be suitably dimensioned to have a frictional fit in the
      slots so that the strips will remain in the adjusted position as in
      transferring the game from player to player, while yet the strips may be
      readily manipulated to the desired adjusted position by the players.
PAR  In the illustrated embodiment, the strips 12 are rectilinear elongated
      strips. Obviously, the carrier strips may comprise other forms of
      carriers, such as circular discs or annular elements. Thus,
      illustratively, the base may comprise a cylinder having a row of
      longitudinally related openings at diametrically opposite portions, and
      the carrier strips rotatably mounted within the cylinder to expose the
      selected letters at each of the opposite openings associated with each
      carrier. In such structure, the manipulating tabs may be brought out
      through suitable slits in the base for manipulating the annular carriers.
      Other arrangements of the apparatus will be obvious to those skilled in
      the art. However, the carrier elements are provided with an indicium, for
      indicating the disposition of the carrier in the starting arrangement,
      located accurately at the center of the alphabetical set of letters for
      minimum size and optimum facility of manipulation by the players in the
      playing of the game.
PAR  The apparatus may also be used as an educational device such as for
      teaching spelling. Simple sentences may be set out as desired for further
      educational use. Still further, the device may be used for teaching the
      alphabet; in such use, the apparatus may be provided with 26 lettered
      strips.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for playing word games including a base having a row of
      spaced openings, and a plurality of carriers manually adjustably mounted
      to said base associated one each with said openings, each carrier having
      an alphabetical set of letters identically disposed thereon to be exposed
      one at a time through the associated base opening whereby a group of
      selected letters may be viewed through said openings, the improvement
      comprising indicium means on each carrier at the mid-portion of the set of
      letters thereof for indicating that the associated carrier has not as yet
      been manipulated from a mid-portion to expose a selected letter in the
      playing of the game, said carriers defining opposite ends and each being
      provided at one end thereof with a selectively positionable manipulating
      portion hingedly connected to the carrier.
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ABST
PAL  A set of implements for a go type of game comprises in combination a board
      having nine rows and ten columns forming squares and marginal columns and
      rows which are distinguished from the others and a pair of sets of a same
      number of black and white pieces all shaped in an identical cylindroid
      shape and each having a distinguishing circular mark at one end, whereby
      one may enjoy playing a match with moderate reasoning powers challenged by
      complex developments of the face of the board.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  1. Background of the Invention
PAR  This invention relates to a set of indoor game implements comprising a
      board with nine rows and ten columns of squares and cylindroidal black and
      white pieces, and particularly a set of pieces used for an interesting
      fast moving game in which mobility is imparted to the pieces and an
      arrangement of five-piece series is competed for between two players.
PAR  2. Description of the Prior Art
PAR  Many indoor games using pieces have been long known, such as go games; the
      go game has the disadvantage that it may be not easily played in that it
      involves such difficult rules as to require substantial reasoning powers
      of players and a rather long time before it is played out. The go-bang
      game does not need reasoning powers as required in playing the go game,
      but involves so simple rules as to make it unappealing.
PAR  3. The Object of the Invention
PAR  The object of this invention is to provide a novel set of implements used
      for a modern-style fast moving game which may be played for a short time
      and on any occasion by any unqualified persons with normal reasoning
      powers instead of "deep" inference otherwise required by complex rules.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a board of one embodiment of this
      invention;
PAR  FIG. 2 is a perspective view of pieces thereof;
PAR  FIGS. 3 to 6 are diagrams showing the face of the board in steps during one
      game match;
PAR  FIG. 7 shows judgement of a decision of a game match;
PAR  FIGS. 8 to 10 are diagrams showing the face of the board in steps during
      another game match.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT
PAR  A set of game implements embodied by this invention comprises in
      combination a checker board 1 having nine rows and 10 columns of squares,
      marginal columns and rows being set off with a marginal line or having a
      different color so as to be distinguished from the others, and a pair of
      sets of black and white pieces 2A and 2B each in the number of twelve and
      all having an identical cylindroidal shape. Circular marks 3A and 3B,
      which may represent a crown, attached at the one end of each of the black
      and the white pieces, respectively.
PAR  Referring now to the game for which the above described implements are
      used, the rules of the game are as follows;
PAR  1. The 12 pieces are available to each of two players.
PAR  2. The player of the black pieces shall have the first turn.
PAR  3. Any pieces placed on the board may be moved into any adjacent square in
      the longitudinal or crosswise direction per one move (see FIG. 3).
PAR  4. The players shall alternately take turns during the game, and each
      player may take his turn by moving one of his own pieces already placed on
      the board, or by placing a piece from his reserve.
PAR  5. Any piece directly placed or subsequently moved into one of the
      distinguished marginal squares is to be crowned by being placed upside
      down so that the marked end portion of the black or white piece may face
      upwards.
PAR  6. Any crowned pieces may be moved into an adjacent square in any of the
      longitudinal, crosswise and diagonal directions (see FIG. 3).
PAR  7. The winner is the first player who places or arranges for placing 5
      pieces in a side by side series in any longitudinal, crosswise or diagonal
      direction.
PAR  8. In addition to the move range of a crowned piece provided for in item
      (6), any crowned piece positioned in one of the distinguished marginal
      squares, which should be called the Outer Space, may be skipped or jumped
      over to any other square of the Outer Space. Any crowned piece may not
      advance beyond the other pieces placed or moved by one of the other
      players in one square of the Outer Space (see FIG. 8). This rule is
      optional.
PAR  Two matches are played with the players taking alternately the first turn,
      namely, the black pieces. Suppose that the board has the face shown in
      FIG. 4 in the course of the first match. The one player of the black
      pieces is to take the next turn on that face. If a black piece is placed
      in square 4d, this will allow the other player, of the white pieces, to
      place his piece in square 4f and thus to arrange simultaneously a pair of
      open three-piece series so that the black would lose the match, i.e., five
      pieces will be placed side by side in the next few moves and there is no
      way for black to avoid this. In order to prevent creation of the pair of
      open three-piece series, the black should place his piece for example in
      square 6c. Then the board face is arranged, for example, as shown in FIG.
      5 or FIG. 6 through the steps of placement of white in square 3f, black in
      4f, white in 4d, black in 7b, white in 8a, black in 5c (by upward move),
      white in 3c, black in 7c (by downward move), white in 8c, black in 6f (by
      downward move), white in 2b (by downward move) and black in 1a. On this
      board face the white takes the next turn and placement of white in square
      7d will cause a simultaneous arrangement of a pair of open three-piece
      series which can not be prevented by any move or placement of blacks. This
      means that the white player wins the match with one piece in reserve,
      which is to be termed a 1 alpha win of the white. Although three pieces
      then remain also in reserve of the black, such a reserve of the loser is
      not to be considered in judgement on the decision of the match.
PAR  In the second match the other player takes the black pieces and the first
      player the white pieces. Suppose that the white player wins the second
      match without any piece remaining in his reserve. Then, the first and
      second matches were won by the two players, respectively. The judgement
      shows, however, that the player who won the first match with one piece in
      reserve is to be the winner of the game (see FIG. 7).
PAR  Whereas the foregoing steps of the game are based on the combination of
      rules 1) to 7), exclusive of 8), a variation of the game including rule
      (8) will be now described.
PAR  Suppose that the final board pace is arranged as shown in FIG. 9 when both
      players have exhausted their reserved pieces. The black will have the next
      turn. It is predictable that the white would take the moves of white from
      8h into 9g and then 9f and it is essential for the black to make a set of
      moves of a smaller number than that of the white required to achieve a
      winning arrangement. For instant, black moves from 2c to 1d, white from 1e
      to 2e, and black from 4a to 4b, and the board face of FIG. 10 is arranged
      so that black can not be prevented from moving from 1d to 4a by any move
      of whites, this meaning that the black player wins the match.
PAR  Thus, the addition of rule (8) that any crowned piece placed within the
      Outer Space may jump over any square of the Outer Space may provide more
      variation of the progress of the game, which may challenge the players'
      reasoning powers.
PAR  Referring to the components of the game set of this invention, the pieces
      are shaped as a cylindroid thereby to facilitate manipulation in the
      course of playing the game and present a neat, favorable appearance. It is
      interesting that night and daytime are implied by the black and white
      colors applied to the sets of pieces, respectively, and that the
      figurative symbols which as a matter of convenience may be red or golden
      crown marks attached to each of the pieces symbolize the sun and the moon,
      respectively.
PAR  Althrough the game can be easily learned, the board face may be developed
      in a complex, dynamic manner due to mobility and crowning of the pieces,
      as opposed to static developments of other games, which may challenge and
      nourish reasoning powers of the players.
PAR  An interest in the game may be stimulated by a number of the pieces
      remaining in reserve at the decision of a match which is to be taken into
      account for judgement of the game.
PAR  Accordingly, the game set of this invention may please every taste of
      modernity and in particular prompt thinking powers of a school pupil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for playing a board game of the type using a board having
      checker-board squares and pieces movable thereon, comprising in
      combination: a game board having nine rows and ten columns of squares and
      marginal columns and marginal rows at the outer margins of the board, said
      marginal columns and rows being visually distinguishable from the others,
      and a pair of sets of twelve each black and white pieces, all of an
      identical cylindroid shape, each having a circular mark at one end portion
      which mark is not normally visible but becomes visible when the piece is
      inverted.
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ABST
PAL  A map board game consists of a playing board having a map printed thereon,
      wherein a grid system consisting of squares is also printed on the playing
      surface. Spinner devices for moving in latitudinal and longitudinal
      directions on the map are provided, as well as a compass spinner device.
      Nation cards are provided for indicating nations acquired by a player
      landing on a particular nation.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a unique and novel map board game used as an
      educational teaching aid and a form of entertainment.
PAR  A number of U.S. Pat. Nos. 983,925; 2,347,094; and 3,711,966 have employed
      a geographical board game, but these aforementioned board games are
      non-applicable to my present invention.
PAR  An object of my present invention is to provide a map board game of a given
      geographical area such as the world, wherein the board game can be used as
      a teaching aid for geographical and political parameters.
PAR  A further object of my invention is to provide a means for moving across
      the map of the board simultaneously in a latitudinal and longitudinal
      direction.
PAR  Briefly, my present invention comprises a playing board having a map
      printed thereon, wherein a grid system consisting of squares is also
      printed on the playing surface. Spinner devices for moving in latitudinal
      and longitudinal directions on the map are provided, as well as a compass
      spinner device. Nation cards are provided for indicating nations acquired
      by a player landing on a particular nation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a top view of the playing board of a map board game;
PAR  FIG. 2 illustrates a top view of a latitudinal spinner device;
PAR  FIG. 3 illustrates a top view of a longitudinal spinner device;
PAR  FIG. 4 illustrates a top view of a compass spinner device;
PAR  FIG. 5 illustrates a front perspective view of a deck of nation cards;
PAR  FIG. 6 illustrates a front perspective view of a nation card holding
      device; and
PAR  FIG. 7 illustrates a front perspective view of a marking device used in the
      map board game.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      shows a map board game 10 called "World Dominion", wherein the game 10 is
      a geo-political educational game for children and adults. The board game
      10 comprises a rectangular shaped planar playing board 11 having a map 12
      of the world printed thereon. The playing board 11 has also a grid system
      13 of a plurality of squares 39 printed thereon, wherein the grid system
      13 is formed from eleven horizontal rows 14 labelled A thru K, and 24
      vertical rows 15 labelled 1-24, wherein the horizontal rows 14 are
      representative of latitudinal and the vertical rows 15 are representative
      of longitudinal direction. A map of any geographical section of the world
      that can be subdivided into individual sections such as the United States
      and its 50 states can be used as an alternative to the map of the world.
PAR  FIG. 2 shows a latitudinal spinner device 16 consisting of a circular base
      17 having a first spinner 20 pivotally mounted at the center of the base
      17, wherein the rows 14 labelled A-K are contained along the outer
      periphery 18 of the base 17 in equal first contiguous annular spaces 19.
PAR  FIG. 3 shows a longitudinal spinner device 21 consisting of a circular base
      22 having a second spinner 23 pivotally mounted at the center of the base
      22, wherein the rows 15 labelled 1-24 are contained along the outside
      periphery 39 of the base 22 in equal second contiguous annular spaces 24.
PAR  FIG. 4 shows a compass spinner device 25 consisting of a circular base 26
      having a third spinner 27 pivotally mounted at the center of the base 26,
      wherein the outside periphery 28 of base 26 is subdivided into third
      contiguous spaces 29 representative of North, South, East and West.
PAR  FIG. 5 shows a plurality of national playing cards 30 representing the
      various nations of the world, wherein various data of each country is
      printed on the card 30.
PAR  FIG. 6 shows a nation card holding device 31 consisting of two vertical
      boards 32, 33 perpendicularly joined together, wherein each board 32, 33
      has a plurality of slots 34 therein, one slot for each letter of the
      alphabet. The nation cards 30 are inserted into the slots 34,
      corresponding to the first letter of a nation's name.
PAR  FIG. 7 shows a marker device 35 used by each player to represent his
      position on the playing board 11. The marker device 35 consists of a
      circular bottom base 36 having an upwardly extending vertical rod 37
      thereon, wherein a flag 38 is affixed onto an upper portion of the rod 37.
PAR  The game is played as follows;
PAR  After the players have decided by appropriate means the order of play, the
      first player spins spinners 16, 21 to determine his position on the grid
      system 13. The player moves his marker device 35 to the appropriate
      position on the grid system 13. The player takes possession of the nation
      card 30 representing the nation or any portion thereof contained on the
      square 39 of the grid system where he has landed. If more than one nation
      or its portion is contained within the square 39, the player chooses the
      largest nation contained therein. The player draws out his nation card 30
      from the nation card holding device 31. Landing on a piece of land
      belonging in reality to another nation, such as Greenland being owned by
      Denmark, would be similar to landing on Denmark itself. If a player lands
      on a square 39 contained in an ocean area, he immediately spins the
      compass spinner device 25 to proceed east, west, north or south to the
      nearest square of land. If the compass directs the player to move east or
      west off of the map 12, he places his marker device 35 off of the map but
      incurs no penalty. If the player is directed to move north or south and
      ends up off the map 12, the player has landed in deep freeze, wherein he
      loses one turn.
PAR  The players continue to move around the map 12 with the immediate goal of
      each player capturing a minimum of three nations in one or more
      geographical areas. This would qualify a player to receive another's
      possession, if another player lands on one of the three possessed nations,
      although all three nations need not be contained in a single grid. For
      example, if a player acquires China, India and Burma, all located in Asia,
      another player landing on any of these nations would have to surrender one
      of his nations from anywhere in the world to the owner of those three
      nations in Asia. Every multiple of three nations owned on any one
      continent by one player will allow him to receive one additional nation
      from an opponent who lands on any one of those nations. If six nations are
      owned, the player would surrender two nations. A player may surrender any
      nation he chooses, usually his smallest. If a player lands in a square 39
      occupied by several nations with different owners, then the owner of the
      largest nation in that square 39 would receive the surrendered nation
      provided he owns at least three nations in that continent. If the square
      39 still contains an unoccupied nation, the landing player can claim the
      unoccupied nation.
PAR  Because the U.S.S.R is both a European and Asian nation, a player taking
      possession of it must play it as either but not both. He must immediately
      declare his choice upon taking its card and adhere to it as long as the
      U.S.S.R. remains in his possession. If another player captures the
      U.S.S.R. he must similarly choose either Europe or Asia.
PAR  A confrontation takes place when the players find themselves simultaneously
      in the same square 39. Each player must then spin in an attempt to reach
      one of his own nations. The first player to reach his own nation, receives
      the other player's largest nation. If a confrontation occurs in deep
      freeze, the loser returns his nation card 30 to the holding device 31.
PAR  A player who emerges from a deep-freeze confrontation as the result of a
      confrontation spin-off there, may resume his normal turn in sequence even
      if he did not actually miss a turn as specified in deep-freeze rules. A
      missed turn is mandatory only while a player's marker is situated in
      deep-freeze under normal, nonconfrontation conditions.
PAR  The player who attains ownership of all nations acquired by everyone during
      the game achieves "world dominion" and is the winner of the game.
PAR  Hence, obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, and it is indicated that all matter
      contained herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. A map board game, which comprises:
PA1  a. a playing board having a map of a world printed thereon;
PA1  b. a grid system consisting of a plurality of horizontal rows and a
      plurality of vertical rows intersecting each other forming a plurality of
      squares, wherein said horizontal rows represent latitudinal direction and
      said vertical rows represent longitudinal direction;
PA1  c. a latitudinal spinner device for indicating latitudinal movement on said
      map;
PA1  d. a longitudinal spinner device for indicating longitudinal movement on
      said map;
PA1  e. a compass spinner device for indicating movement on said map from an
      ocean area of said map;
PA1  f. a plurality of nation cards for indicating nations on said map; and
PA1  g. a marker device for indicating position of each player on said map;
      wherein said marker device moves between said squares.
NUM  2.
PAR  2. A map board game recited in claim 1, wherein said latitudinal spinner
      device has eleven contiguous spaces on an outside periphery of a circular
      base of said latitudinal spinner device.
NUM  3.
PAR  3. A map board game as recited in claim 2, wherein said longitudinal
      spinner device has twenty four contiguous spaces on an outside periphery
      of a circular base of said longitudinal spinner device.
NUM  4.
PAR  4. A map board game as recited in claim 3, wherein said compass spinner
      device has four contiguous spaces on an outside periphery of a circular
      base of said compass spinner device.
NUM  5.
PAR  5. A map board game as recited in claim 1, wherein said map board game
      further includes a holding device for storing said plurality of nation
      cards in an alphabetical order.
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PAL  A football game apparatus comprising a game board having a model football
      field thereon and a playing piece movable therealong, an offensive play
      board having offensive player selected columns corresponding to offensive
      plays and chance selected rows intersecting with the columns to define
      offensive blocks, each containing yardage values, and a defensive play
      board having defensive player selected columns corresponding to defensive
      plays and chance selected rows intersecting with the columns to define
      defensive blocks, each containing yardage values, wherein the values
      obtained in the selected offensive and defensive blocks are compared to
      determine the net yardage of each play and the corresponding movement of
      the playing piece. Substitute offensive and defensive columns are provided
      to vary the offensive and defensive yardage values. Certain offensive and
      defensive blocks contain turn-over indicia which, when matched, result in
      the turn-over of possession of the playing piece between players.
BSUM
PAR  The present invention relates to game apparatus and more particularly to
      apparatus by which the game of football may be played on a game board in
      connection with offensive and defensive play boards and chance controlled
      means.
PAR  The game of football evokes great interest on the part of sports fans and
      the public in general, and accordingly many attempts have been made to
      produce a successful simulation of this game by way of game boards and
      associated apparatus. However, such games usually only vaguely resemble
      the actual game of football in that they employ a simulated football field
      and follow rudimentary football rules. While such games may be interesting
      to those having little knowledge of the actual football game, their
      failure to provide the opportunity to use strategy and tactics employed in
      actual football leaves most true football fans unsatisfied. A primary
      defect of such prior-art games is that the element of chance usually plays
      too great a part in the determination of the winner of the game.
      Additionally, most games, although played by two persons, usually require
      the active participation of only one player at a time. Accordingly, for
      the player not actively participating the game can be rather boring.
      Moreover, many prior-art games fail to give the players a chance to choose
      their offensive and defensive plays.
PAR  Accordingly, it is a principal object of the present invention to provide a
      unique and stimulating football game.
PAR  Another object is to provide a football game which allows the players to
      select different defenses and offensive plays as the game proceeds and
      which rewards each player in accordance with his skill in selecting the
      proper move.
PAR  Another object is to provide a football game which is not completely ruled
      by chance.
PAR  Another object is to provide a football game in which both players are
      actively involved in the game simultaneously.
PAR  Another object is to provide a football game in which the players can
      choose their plays, both offensive and defensive.
PAR  The foregoing objects are attained by providing a football game apparatus
      comprising im combination a game board having a model football field
      thereon divided transversely into yardage with end zones at both ends; a
      playing piece movable along the game board yardage; an offensive play
      board divided into a plurality of offensive columns, each column
      representing a type of offensive play, one of which is chosen by the
      offensive player, and a plurality of offensive rows, one to be selected by
      a chance controlled means, the intersection of the player selected columns
      and the chance controlled means selected rows defining a plurality of
      offensive blocks; offensive yardage indicia means, located in the
      offensive blocks, for indicating an offensive play value; a defensive play
      board divided into two sets of defensive columns, each column representing
      a type of defensive play, one of the sets being chosen by the defensive
      player and one of the columns in the chosen set being determined by
      matching it with the chosen offensive column, and a plurality of defensive
      rows, one to be selected by a chance controlled means, the intersection of
      the player selected columns and the chance controlled means selected rows
      defining a plurality of defensive blocks; defensive yardage indicia means
      located in the defensive blocks for indicating a defensive play value; and
      chance controlled means actuated for each play for selecting one of said
      offensive blocks containing offensive yardage indicia means and one of
      said defensive blocks containing defensive yardage indicia means, which,
      when tabulated, determine the resultant play value and the movement of the
      playing piece in the direction indicated by the resultant play value.
PAR  Additionally, substitute offensive and defensive columns are provided in
      order to vary the offensive and defensive yardage indicia means. Some of
      the offensive blocks and some of the defensive blocks also contain
      turn-over indicia which, when coinciding in these blocks, indicate a
      turn-over of the playing piece from the offensive player to the defensive
      player. In addition, a field goal board is provided as is a kick play
      board containing kickoff, punt and on-side kickoff information.
PAR  Other objects, advantages and salient features of the present invention
      will become apparent from the following detailed description which, taken
      in conjunction with the annexed drawings, discloses a preferred embodiment
      of the present invention.
DRWD
PAR  Referring now to the drawings which form a part of this original
      disclosure:
PAR  FIG. 1 illustrates a simulated football field game board having, among
      other things, a movable playing piece or ball thereon, as well as a play
      counter;
PAR  FIG. 2 illustrates the play counter in a different position than that shown
      in FIG. 1;
PAR  FIG. 3 illustrates the play counter in another position;
PAR  FIG. 4 illustrates suitable chance controlled means which can be the three
      dice shown therein;
PAR  FIG. 5 illustrates an offensive play board divided into columns and rows
      with offensive blocks defined therein;
PAR  FIG. 6 illustrates a defensive play board divided into columns and rows
      with defensive blocks defined therein;
PAR  FIGS. 7-10 illustrate substitute offensive columns for varying the indicia
      located in the offensive blocks on the offensive play board;
PAR  FIGS. 11-14 illustrate substitute defensive columns for varying the indicia
      in the defensive blocks;
PAR  FIG. 15 illustrates a field goal board having field goal blocks therein;
      and
PAR  FIG. 16 illustrates a kick play board for tabulating the results of various
      kicking plays other than field goals.
DETD
PAR  Referring now to FIG. 1, the game board 20 is shown having a model football
      field 22 thereon subdivided into yardage lines 24 with two end zones 26
      and 28 located at opposite ends of the football field 22.
PAR  Running down the center of the field 22 is a strip 30 extending upward from
      the surface of the game board 20 and, preferably, having a rectangular
      cross section. Mounted for movement along this strip 30 is a playing piece
      32 representing the football. The playing piece 32 preferably has a slot
      with a rectangular cross section on the bottom side thereof so as to be
      receivable on the strip 30 and movable therealong. A similar yard marker
      strip 34 is positioned adjacent one edge of the model football field 22
      and extends the full length thereof. This strip can also be raised above
      the surface of the game board and have a rectangular cross section so as
      to receive thereon a ten yard marker 36 which has a slot with a
      rectangular cross section in the bottom surface thereof so as to be
      received by and movable along the yard marker strip 34. The ten yard
      marker 36 should have a length equal to ten of the yardage lines 24 so as
      to function like an actual ten yard marker in actual football play. The
      position of the playing piece 32 represents the position on the football
      field 22 of the football.
PAR  Additionally located on the top of the game board 20 is a down counter 38
      and a quarter counter 40. Each is comprised of indicia numbered 1 through
      4 coverable by a cap 42 so as to indicate the number of the down and the
      number of the quarter. Similarly, two time out counters 44 and 46 are
      provided, one for each team, to designate the number of time outs
      remaining for each of the players of the game. A cap similar to that shown
      with the down and quarter counters can be utilized to designate the
      remaining time outs.
PAR  Also located on the top of the game board 20 is a play counter 48 which is
      comprised of a list 50 of the number of plays remaining and a movable time
      marker 52. The list 50 which, as illustrated, can number from 0 to 20, is
      contained in a rectangular sheet 54 coupled to the top of the game board
      20 which has guide sleeves 56 and 58 on opposing edges thereof. The time
      marker 52 is preferably formed from a thin sheet of rectangular shaped
      carboard having edges fitting into the guide sleeves 56 and 58, the time
      marker 52 being movable therealong. A slot 60 is located in one edge of
      the time marker 52 and an upstanding handle 62 is located at one end.
PAR  Referring now to FIG. 2, the play counter 48 is shown with the time marker
      52 moved along the guide sleeves 56 and 58 to such a position that the
      slot 60 overlies the number 19 designating that 19 plays are left in the
      specific quarter in which play is presently taking place. When the time
      marker 52 is moved down to a position in which the slot 60 overlies the
      number 11 on the sheet 54, the time marker 52 is pulled from the guide
      sleeves, is turned over, and is reinserted into the guide sleeves so that
      the slot 60 overlies the number 10 on the sheet 54, as illustrated in FIG.
      3. The remaining plays in the quarter are then kept track of by moving the
      time marker 52 toward the O indication on sheet 54 shown in FIG. 1.
PAR  Referring now to FIG. 4, three dice, designated 64, 66 and 68, are shown
      and represent one of the possible chance controlled devices utilized with
      the subject invention. Each of the dice is a conventional one having six
      sides with a number 1 through 6 located thereon. This form of chance
      controlled device is preferable since, as described in more detail
      hereinafter, the various play boards utilized will have rows numbered 3
      through 18, which correspond to the numbers obtainable when the three dice
      are rolled. Of course, one die can be utilized three times or a spinner
      could be utilized which is surrounded by a seriies of numbered blocks.
      While only one set of three dice is shown, it is contemplated that two
      sets can be utilized, one for each of the two players.
PAR  Referring now to FIG. 5, the offensive play board 70 is shown having four
      offensive columns and sixteen offensive rows. A first offensive column 72
      is labelled "Rush", a second offensive column 74 is labelled "Run", a
      third column 76 is labelled "Short Pass", and a fourth column 78 is
      labelled "Long Pass". Each of the sixteen horizontal offensive rows 80 has
      a number at the side thereof, these numbers running from 3 to and
      including 18 which correspond to the numbers rollable by the set of three
      dice shown in FIG. 4. The intersections of the offensive columns and the
      offensive rows define a plurality of offensive blocks 82, each containing
      numerical offensive yardage indicia 84 and some containing turn-over
      indicia 86 illustrated by the abbreviations "FUM" and "INT" for the words
      "Fumble" and "Intercepted". Additionally, some of the offensive blocks 82
      contain indicia representing an incompleted pass, shown in columns 3 and
      4, and illustrated by the abbreviation "INC" for the word "Incompleted".
      Further, some of the offensive blocks 82 contain the abbreviation "PEN"
      indicating a penalty.
PAR  As shown in FIG. 5, the yardage indicia 84 can vary from 0 up to 63, and
      any such magnitude may be represented as long as it is less than the 100
      yards on a football field.
PAR  Located between the first of the horizontal offensive rows 80 and the
      headings for each of the four columns is a strip 88 extending across the
      top of the offensive play board 70, such strip having a sticky substance
      thereon for the attachment thereto of substitute columns as described in
      more detail hereinafter. Preferably, the offensive play board 70 is
      rectangular in shape, is formed of cardboard and has the information
      illustrated in FIG. 5 printed thereon.
PAR  Referring now to FIG. 6, the defensive play board 90 is illustrated therein
      containing sixteen horizontal defensive rows and six vertical defensive
      columns each of the latter bearing a label representing a different type
      of defensive play.
PAR  The first defensive column 92 is entitled "Run Type Defense Against Rush or
      Run", the second defensive column is entitled "Run Type Defense Against
      Short Pass", the third defensive column 96 is entitled "Run Type Defense
      Against Long Pass", the fourth defensive column 98 is entitled "Pass Type
      Defense Against Rush or Run", the fifth defensive column 100 is entitled
      "Pass Type Defense Against Short Pass", and the sixth defensive column 102
      is entitled "Pass Type Defense Against Long Pass".
PAR  The sixteen horizontally oriented defensive rows 106 are numbered 3 through
      18, once again corresponding to the values of the three dice shown in FIG.
      4 and additionally corresponding to the sixteen offensive rows 80 shown in
      FIG. 5. The intersections of the six defensive columns and the sixteen
      defensive rows define a plurality of defensive blocks 108, each of which
      contains numerical defensive yardage indicia 110 comprising various
      numbers from 0 to 14. Additionally, some of the defensive blocks 108
      contain the abbreviations for the turn-over indicia 86 shown in FIG. 5
      regarding the offensive play board 70 and as illustrated in FIG. 6 consist
      of the abbreviations "FUM" and "INT" which represent a fumble or an
      interception. Similarly, some of the defensive blocks 108 contain the
      abbreviations "INC" and "PEN" indicating an incompleted pass or a penalty,
      as similarly shown in FIG. 5.
PAR  It is to be noted that the indicia indicating an incompleted pass are
      restricted in the offensive play board 70 in FIG. 5 to columns 76 and 78
      which refer to pass plays and to columns 94, 96, 100 and 102 in the
      defensive play board 90 which represent defenses against a pass play. A
      similar placement of the indicia indicating an intercepted pass is shown
      in FIGS. 5 and 6. The indicia indicating a fumble are scattered throughout
      various offensive and defensive blocks.
PAR  A strip 112 is located above the top defensive row 106 between that row and
      the headings for the various columns and is provided with a sticky
      substance, or some other suitable substance, so that substitute defensive
      columns can be placed on those shown on the defensive play board 90 so as
      to vary the indicia located in the defensive blocks 108, as to be more
      fully described hereinafter.
PAR  The defensive play board 90 is preferably formed from a rectangularly
      shaped cardboard sheet with the columns in a vertical orientation and the
      rows in a horizontal orientation.
PAR  Referring now to FIG. 7, a substitute column 114 is shown which has sixteen
      rows therein defining sixteen substitute offensive blocks 116 which have
      offensive indicia therein which are different from the indicia shown in
      the first column 72 in the offensive play board 70 of FIG. 5. This
      substitute column 114 can be placed on top of the first column 72 shown in
      FIG. 5 and attached thereto by being stuck to the strip 88 so as to vary
      the indicia in that column. The substitute column 114 is formed from an
      elongated rectangular piece of material, such as cardboard, and has a
      width equal to the width of the first column 72 and a height somewhat
      longer than that portion of the first column 72 extendiing from the row
      numbered 3 to the row numbered 18. When placed over the first column 72 of
      FIG. 5, the sixteen substitute offensive blocks 116 will completely
      substitute for the offensive blocks 82 shown in the first column 72.
PAR  The substitute offensive columns 118, 120 and 122 shown respectively in
      FIGS. 8, 9 and 10 are constructed in a fashion similar to the substitute
      column 114 shown in FIG. 7 and are to be substituted, respectively, for
      the second column 74, the third column 76, and the fourth column 78 shown
      in FIG. 5. Although only one set of substitute offensive columns are shown
      in FIGS. 7-10, it is contemplated that a plurality of substitute offensive
      columns may be provided so as to increase the variation of the offensive
      indicia contained in the offensive blocks on the offensive play board 70.
PAR  Referring now to FIGS. 11, 12, 13 and 14, illustrated therein are a
      plurality of substitute defensive columns designated 124, 126, 128, 130,
      132 and 134. These substitute columns are similar to those shown in FIGS.
      7-10, but are to be utilized in conjunction with the defensive play board
      90 shown in FIG. 6. It is to be noted that columns 126 and 128, as well as
      columns 132 and 134, are located on the same rectangular sheet of
      material, respectively, but could be, alternatively, separated into their
      own separate sheets. These substitute defensive columns have the same type
      of indicia as shown in the columns on the defensive play board 90 of FIG.
      6 but have different indicia so as to vary the indicia located in the
      defensive blocks in order to vary the specific outcome of plays capable of
      being produced by playing the game.
PAR  Referring now to FIG. 15, a field goal board 136 is illustrated having
      field goal yardage columns 138 and field goal rows 140. Five field goal
      yardage columns 138 are shown and each has a heading corresponding to the
      position of the playing piece relative to the end zone. Sixteen field goal
      rows 140 are shown and each is numbered from 3 through 18, corresponding
      to the value of the dice shown in FIG. 4. The intersection of these rows
      and the yardage columns define field goal blocks 142, each of which
      contains the results of the field goal effort. That is, they have a
      designation of whether the field goal attempt was "good", "bad", or
      "blocked". Additionally, some of the field goal blocks 142 have a penalty
      designation therein and a net yardage if the field goal attempt was "bad".
PAR  Referring now to FIG. 16, a kick play board 144 is illustrated therein
      having a kick off column 146, a kick off return column 148, a punt column
      150, a punt return column 152, and an on side kick column 154.
      Additionally, the kick play board 144 has a series of sixteen horizontal
      rows 156 numbered from 3 through 18 which define at their intersections
      with the various columns kick off blocks 158, kick off return blocks 160,
      punt blocks 162, punt return blocks 164, and on side kick blocks 166.
PAR  Each of these blocks contains yardage indicia representing the result of
      the kick off, the kick off return, the punt, the punt return and the on
      side kick. Additionally, some of these blocks contain a fumble indicia, a
      penalty indicia or a blocked indicia. The abbreviation "KTB" means that
      the attempted on side kick was successful and that it is the "kicking
      team's ball".
PAC  OPERATION OF THE FOOTBALL GAME APPARATUS
PAR  In playing the game which forms the present invention, the game board 20 is
      positioned between two players and a flipping of a coin determines which
      of the two players is to kick off. The winning player kicks off by rolling
      the three dice and reading the yardage indicia located in the kick off
      block 158 shown in FIG. 16 on the kick play board 144 corresponding to
      that row having the same number as the value of the sum of the three dice
      rolled. The distance of the kick off is shown by the yardage indicia
      located in that specific kick off block so determined. If the kick off,
      which started at the forty yard line, went into the opposite end zone on
      the model football field, it can be returned by the other player or
      spotted on the twenty yard line. If the kick off landed in the playing
      field, it can be returned or called a fair catch. If the receiving player
      decides to return the ball, he or she rolls the three dice and refers to
      the kick off return block 160 corresponding to the row having the same
      number as the value of the sum of the three dice so rolled. The yardage
      indicia in the selected kick off return block is the amount of yardage
      which the receiving player gained in his return. The playing piece 32 is
      then positioned along the model football field 22 at the proper location.
      If a kick off return block 160 was chance selected that had a fumble
      indicia therein, the possession of the playing piece 32 would change to
      the player who was kicking off.
PAR  A similar operation utilizing the kick play board 144 and the punt column
      150 and punt return column 152 is followed when a punt is called for by
      the player having possession of the playing piece or ball 32.
      Additionally, an on side kick can be attempted at kick offs, the results
      thereof being determined by utilizing the on side kick column 154 of the
      kick play board 144.
PAR  A play from scrimmage is accomplished with the player in possession of the
      ball, the offensive player, utilizing the offensive play board 70 and the
      three dice togethher with the defensive player utilizing the defensive
      play board 90 and the three dice. Specifically, the offensive player
      chooses one of the four columns on the offensive play board 70 and then
      rolls the three dice. The value of the sum of the three dice selects the
      offensive row 80 which in turn selects the specific offensive block 82
      formed by the intersection of the player selected column and the chance
      selected row. Additionally, the defensive player chooses broadly either
      the Run Type Defense set of columns or the Pass Type Defense set of
      columns shown in FIG. 6 and announces such before learning the offensive
      play chosen by the offensive player. Aafter the defensive announcement,
      the defensive player is told of the type of offensive play chosen, which
      can previously have been written down by the offensive player. The type of
      offensive play, i.e., either a Rush, Run, Short Pass or Long Pass, chosen
      determines which column is used on the defensive play board in the set
      chosen by the defensive player. Thus, if the defensive player chose the
      Run Type Defense set of columns and if the offensive play is a Rush or
      Run, then the defensive column is 92, entitled "Run Type Defense Against
      Rush or Run". If the defensive player chooses the Pass Type Defense set of
      columns and if the offensive player is a Rush or Run, then the defensive
      column is 98, entitled "Pass Type Defense Against Rush or Run". After
      determining which defensive column is to be used, the defensive player
      rolls the three dice to determine which row is pertinent. The combination
      of the player selected column and the chance selected row designates a
      specific defensive block 108 shown on the defensive play board 90 of FIG.
      6.
PAR  At this time the offensive yardage indicia located in the selected
      offensive block, and indicating an offensive play value, is compared, or
      matched, with the defensive yardage indicia, located in the selected
      defensive block and indicating a defensive play value, so that the
      resultant play value obtained by subtracting the defensive value from the
      offensive value indicates the movement of the playing piece 32 in the
      required direction. In other words, subtracting the defensive value from
      the offensive value results in a resultant play value so that the playing
      piece 32 is moved along the model football field 22 a distance indicated
      by the selected yardage. However, if the offensive block so selected and
      the defensive block so selected both have matching fumble, incomplete, or
      intercepted indicia therein, then the playing piece is considered fumbled,
      the pass is considered incomplete, or the pass is intercepted.
PAR  If one of the player's chance selected blocks (offensive or defensive)
      indicates a penalty, the opposing player has his or her choice of taking
      the penalty or taking the outcome of the play as in real football. If both
      players' chance selected blocks indicate a penalty on any one play, the
      penalties are offset and the play is done over.
PAR  If there is a fumble or an interception, the opposing player takes over. If
      a pass is intercepted or a fumble occurs, the yardage indicia are used to
      determine where this turn-over has occurred.
PAR  The various plays from scrimmage are repeated as in regular football with
      the ten yard marker 36 being utilized and first downs provided to the
      offensive player each time more than ten yards is gained in any four
      plays. The number of plays utilized by both sides in any one quarter is
      kept track of by the play counter 48 and the time outs, the number of
      downs left and the number of the quarter are kept track of by the various
      counters shown in FIG. 1 on the game board 20.
PAR  Each time a touchdown is accomplished by the offensive player moving the
      playing piece 32 into an end zone 26 or 28, an extra point is attempted
      and then a kick off ensues.
PAR  The point after touchdown is accomplished by utilizing the field goal board
      136 with the position of the playing piece 32 being correlated to the
      first field goal yardage column 138 having the ten yards or less
      designation thereon. As in any regular field goal attempt, the player
      attempting the field goal or the point after touchdown rolls the dice and
      reads the results of the attempt in the field goal block 142 corresponding
      to the horizontal field goal row 140 representing the sum of the three
      dice. Any field goal attempted which corresponds to the range of the
      playing piece position on the play board designated by the headings of the
      columns is determined to be good, bad or blocked by reading the
      corresponding field goal block 142 corresponding to the roll of the dice.
PAR  Thus, an enjoyable and stimulating football match can be played by two
      players utilizing the football game of the present invention in which both
      players are actively involved during most of the game's play and wherein
      each player has a chance to choose the offensive or defensive play he or
      she desires.
PAR  Additionally, by utilizing the substitute offensive and defensive columns
      shown in FIGS. 7 through 14, the results of the play of the game can be
      varied to avoid routine results.
PAR  While one advantageous embodiment has been chosen to illustrate the subject
      invention, it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A football game apparatus comprising in combination:
PA1  a game board having a model football field thereon divided transversely
      into yardage with end zones at both ends;
PA1  a playing piece movable along said game board during each play a yardage
      distance determined by the comparison of two chance selected values;
PA1  means for determining said two chance selected values for each play,
PA1  said means including
PA2  an offensive play board having a plurality of offensive blocks thereon,
      each offensive block containing a chance selected yardage value, and
PA2  a defensive play board having a plurality of defensive blocks thereon, each
      defensive block containing a chance selected yardage value; and
PA1  at least some of said offensive blocks and at least some of said defensive
      blocks further containing turn-over indicia which, when coinciding in said
      offensive blocks and said defensive blocks, indicates a turn-over of the
      playing piece from the offensive player to the defensive player.
NUM  2.
PAR  2. A football game apparatus according to claim 1 and further including
PA1  a field goal board having a plurality of yardage columns, each
      corresponding to the position of said playing piece relative to one of
      said end zones, and a plurality of rows, one to be selected by chance
      controlled means, the intersections of said rows and said yardage columns
      defining field goal blocks containing results of the field goal effort.
NUM  3.
PAR  3. A football game apparatus according to claim 1 and further including
PA1  a kick play board including a kick off column and a kick off return column
      and a plurality of rows, one to be selected by chance controlled means,
      the intersections of said rows and said kick off column and said kick off
      return column defining kick off blocks and kick off return blocks, each
      containing yardage indicia representing the result of the kick off and the
      result of the kick off return, respectively.
NUM  4.
PAR  4. A football game apparatus according to claim 3 wherein said kick play
      board further includes
PA1  a punt column and a punt return column and a plurality of rows, one to be
      selected by chance controlled means, the intersection of said rows and
      said punt column and said punt return column defining punt blocks and punt
      return blocks, each containing yardage indicia representing the result of
      the punt and the punt return, respectively.
NUM  5.
PAR  5. A football game apparatus comprising in combination:
PA1  a game board having a model football field thereon divided transversely
      into yardage with end zones at both ends;
PA1  a playing piece movable along said game board yardage;
PA1  an offensive play board divided into a plurality of offensive columns, each
      column bearing a label representing a different type of offensive play,
      one of which is chosen by the offensive player, and a plurality of
      offensive rows, one to be selected by a chance controlled means, the
      intersections of the player selected columns and the chance controlled
      means selected rows defining a plurality of offensive blocks;
PA1  offensive yardage indicia means, located in said offensive blocks, for
      indicating an offensive play value;
PA1  a defensive play board divided into two sets of defensive columns, each
      column bearing a label representing a type of defensive play against a
      specified offensive play, one of said sets being chosen by the defensive
      player and one of said defensive columns in the chosen set being
      determined by matching said labeled defensive column with the offensive
      column chosen by the offensive player, and a plurality of defensive rows,
      one to be selected by a chance controlled means, the intersections of the
      player selected columns and the chance controlled means selected rows
      defining a plurality of defensive blocks;
PA1  defensive yardage indicia means, located in said defensive blocks, for
      indicating a defensive play value; and
PA1  chance controlled means, actuated once by the offensive player and once by
      the defensive player for each play, for selecting one of said offensive
      blocks containing offensive yardage indicia means and one of said
      defensive blocks containing defensive yardage indicia means, which, when
      tabulated, determine the resultant play value and the movement of said
      playing piece in the direction indicated by the resultant play value,
PA1  at least some of said offensive blocks and at least some of said defensive
      blocks further containing fumble indicia which, when coinciding in said
      chance selected offensive and defensive blocks for any given play,
      designates a fumble.
NUM  6.
PAR  6. A football game apparatus according to claim 5 and further including
PA1  substitute offensive column means and substitute defensive column means,
      both placeable on top of said offensive and defensive columns, for varying
      said offensive yardage indicia means and said defensive yardage indicia
      means, respectively.
NUM  7.
PAR  7. A football game apparatus according to claim 6 and further including
PA1  means for releasably securing said substitute offensive column means and
      said substitute defensive column means on top of said offensive and
      defensive columns.
NUM  8.
PAR  8. A football game apparatus comprising in combination:
PA1  a game board having a model football field thereon divided transversely
      into yardage with end zones at both ends;
PA1  a playing piece movable along said game board yardage;
PA1  an offensive play board divided into a plurality of offensive columns, each
      column bearing a label representing a different type of offensive play,
      one of which is chosen by the offensive player, and a plurality of
      offensive rows, one to be selected by a chance controlled means, the
      intersections of the player selected columns and the chance controlled
      means selected rows defining a plurality of offensive blocks;
PA1  offensive yardage indicia means, located in said offensive blocks, for
      indicating an offensive play value;
PA1  a defensive play board divided into two sets of defensive columns, each
      column bearing a label representing a type of defensive play against a
      specified offensive play, one of said sets being chosen by the defensive
      player and one of said defensive columns in the chosen set being
      determined by matching said labeled defensive column with the offensive
      column chosen by the offensive player, and a plurality of defensive rows,
      one to be selected by a chance controlled means, the intersections of the
      player selected columns and the chance controlled means selected rows
      defining a plurality of defensive blocks;
PA1  defensive yardage indicia means, located in said defensive blocks, for
      indicating a defensive play value; and
PA1  chance controlled means, actuated once by the offensive player and once by
      the defensive player for each play, for selecting one of said offensive
      blocks containing offensive yardage indicia means and one of said
      defensive blocks containing defensive yardage indicia means, which, when
      tabulated, determine the resultant play value and the movement of said
      playing piece in the direction indicated by the resultant play value,
PA1  at least some of said offensive blocks and at least some of said defensive
      blocks further containing incompleted pass indicia which, when coinciding
      in said chance selected offensive and defensive blocks for any given play,
      designates an incompleted pass.
NUM  9.
PAR  9. A football game apparatus comprising in combination:
PA1  a game board having a model football field thereon divided transversely
      into yardage with end zones at both ends;
PA1  a playing piece movable along said game board yardage;
PA1  an offensive play board divided into a plurality of offensive columns, each
      column bearing a label representing a different type of offensive play,
      one of which is chosen by the offensive player, and a plurality of
      offensive rows, one to be selected by a chance controlled means, the
      intersections of the player selected columns and the chance controlled
      means selected rows defining a plurality of offensive blocks;
PA1  offensive yardage indicia means, located in said offensive blocks, for
      indicating an offensive play value;
PA1  a defensive play board divided into two sets of defensive columns, each
      column bearing a label representing a type of defensive play against a
      specified offensive play, one of said sets being chosen by the defensive
      player and one of said defensive columns in the chosen set being
      determined by matching said labeled defensive column with the offensive
      column chosen by the offensive player, and a plurality of defensive rows,
      one to be selected by a chance controlled means, the intersections of the
      player selected columns and the chance controlled means selected rows
      defining a plurality of defensive blocks;
PA1  defensive yardage indicia means, located in said defensive blocks, for
      indicating a defensive play value; and
PA1  chance controlled means, actuated once by the offensive player and once by
      the defensive player for each play, for selecting one of said offensive
      blocks containing offensive yardage indicia means and one of said
      defensive blocks containing defensive yardage indicia means, which, when
      tabulated, determine the resultant play value and the movement of said
      playing piece in the direction indicated by the resultant play value,
PA1  at least some of said offensive blocks and at least some of said defensive
      blocks further containing intercepted pass indicia which, when coinciding
      in said chance selected offensive and defensive blocks for any given play,
      designates an intercepted pass.
NUM  10.
PAR  10. A football game apparatus comprising in combination:
PA1  a game board having a model football field thereon divided transversely
      into yardage with end zones at both ends;
PA1  a playing piece movable along said game board yardage;
PA1  an offensive play board divided into a plurality of offensive columns, each
      column bearing a label representing a different type of offensive play,
      one of which is chosen by the offensive player, and a plurality of
      offensive rows, one to be selected by a chance controlled means, the
      intersections of the player selected columns and the chance controlled
      means selected rows defining a plurality of offensive blocks;
PA1  offensive yardage indicia means, located in said offensive blocks, for
      indicating an offensive play value;
PA1  a defensive play board divided into two sets of defensive columns, each
      column bearing a label representing a type of defensive play against a
      specified offensive play, one of said sets being chosen by the defensive
      player and one of said defensive columns in the chosen set being
      determined by matching said labeled defensive column with the offensive
      column chosen by the offensive player, and a plurality of defensive rows,
      one to be selected by a chance controlled means, the intersections of the
      player selected columns and the chance controlled means selected rows
      defining a plurality of defensive blocks;
PA1  defensive yardage indicia means, located in said defensive blocks, for
      indicating a defensive play value; and
PA1  chance controlled means, actuated once by the offensive player and once by
      the defensive player for each play, for selecting one of said offensive
      blocks containing offensive yardage indicia means and one of said
      defensive blocks containing defensive yardage indicia means, which, when
      tabulated, determine the resultant play value and the movement of said
      playing piece in the direction indicated by the resultant play value,
PA1  at least some of said offensive blocks and at least some of said defensive
      blocks containing penalty indicia which, when coinciding in said chance
      selected offensive and defensive blocks for any given play, offset each
      other and when only one of said chance selected blocks contains such
      penalty indicia the opposing player can take or refuse the penalty.
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ABST
PAL  An indicia carrying member for use in combination with a chess piece is
      provided comprising an element having an indicia bearing surface. The
      element is removably mounted on the chess piece such that the surface
      extends outwardly beyond the peripheral confines of the piece to form a
      skirt-like appendage. After the member is mounted on the piece,
      substantially all of the indicia bearing surface is visible when the piece
      is viewed from above. The member may be mounted to the chess piece by
      means of an opening in the member adopted to engage a recess in the base
      of the chess piece or may be affixed to the underside of the chess piece
      by means of a pressure sensitive adhesive. The indicia on the element may
      include the name of the piece, a diagrammatical representation of the
      permissible moves of the piece, the symbol of the piece in chess notation
      and the comparative numerical value of the piece.
BSUM
PAR  The present invention relates to a device for use in learning the game of
      chess and, in particular, to an instructional indicia carrying member
      which can be removably mounted on a chess piece such that pertinent
      information concerning the chess piece is readily visible to the player.
PAR  The game of chess has been played throughout the world since the Middle
      Ages by experts and novices alike. To those skilled in the art of the game
      of chess, the various permissible moves of the different chess pieces are
      well known. However, to those learning the game of chess, the names of the
      individual chess pieces, the permissible moves thereof and the relative
      value of the pieces is confusing and complicated.
PAR  In order to learn the mechanics of chess many have resorted to instruction
      sheets or books, or verbal explanations which, because of the variety of
      different permissible moves and the unfamiliar terminology, require a
      great deal of concentration and effort on the part of the learner. One of
      the reasons for this difficulty in learning the mechanics of the game is
      the lack of visual reinforcement of the pertinent information during the
      actual playing of the game.
PAR  It is, therefore, a prime object of the present invention to provide an
      indicia carrying member which may be removably mounted to the chess piece
      which is readily visible during the game and which carries thereon
      pertinent information concerning the piece.
PAR  It is another object of the present invention to provide an indicia
      carrying member for use with a chess piece which, when mounted on the
      chess piece, extends outwardly beyond the peripheral confines of the piece
      to form a skirtlike appendage wherein substantially all of the indicia
      bearing surface is visible when the piece is viewed from above.
PAR  It is another object of the present invention to provide an indicia
      carrying member for use with a chess piece which can be mounted to the
      base of the chess piece during the learning period and thereafter removed
      after the player has obtained sufficient skill to play without the
      learning aid.
PAR  It is a further object of the present invention to provide an indicia
      carrying member to be used with a chess piece wherein the indicia includes
      the name of the piece, a diagrammatical representation of the permissible
      moves of the piece, the symbol of the piece in chess notation, and the
      comparatrive numerical value of the piece.
PAR  In accordance with the present invention, an indicia carrying member is
      provided for use with a chess piece. The member comprises an element
      having an indicia bearing surface. The element is removably mounted on the
      chess piece in a manner such that the element extends outwardly beyond the
      peripheral confines of the chess piece to form a skirt-like appendage for
      the piece. When so mounted, substantially all of the indicia bearing
      surface is visible when the piece is viewed from above.
PAR  Preferably, the indicia carrying member has a substantially square
      configuration which is approximately the same size as a square on a
      conventional chess board. This aids in the location of the pieces on the
      board as well as tending to keep the pieces separated so that the pieces
      and the indicia carrying members can be easily seen. Further, the members
      do not interfere with the other pieces on the board as each piece having a
      member mounted thereon which is properly positioned on the board takes up
      only a single square on the board.
PAR  In a first embodiment, the indicia carrying member has an opening therein
      which is adopted to engage a recess present in the base of a conventional
      chess piece. In a second embodiment, a portion of the indicia carrying
      member is adopted to be affixed to the underside of the base of the chess
      piece by means of a pressure sensitive adhesive.
PAR  The indicia carrying member has indicia thereon which may comprise the name
      of the piece, a diagrammatical representation of the permissible moves of
      the piece, the symbol of the piece in chess notation and the comparative
      numerical value of the piece. These indicia are readily visible to the
      player during the game such that the mechanical aspects of the game are
      easily ascertainable. After the player has become acquainted with the
      information on the member and no longer needs the learning aid, the
      indicia carrying member is removed from the chess piece and the pieces
      then comprise a conventional chess set.
DRWD
PAR  To these and other objects as they may hereinafter appear, the present
      invention is an indicia carrying member for use with a chess piece as
      defined by the appended claims and as described in the specification,
      taken together with the accompanying drawings wherein like numerals refer
      to like parts and in which:
PAR  FIG. 1 is a top elevational view of a set of thirty-two of the indicia
      carrying members of the present invention detachably secured together in
      card-like form;
PAR  FIG. 2 is a top elevational view showing in greater detail one of the
      indicia carrying members of FIG. 1;
PAR  FIG. 3 is a side elevational view of a chess piece having a first
      embodiment of the indicia carrying member of the present invention mounted
      thereon;
PAR  FIG. 4 is a top elevational view of the chess piece and indicia carrying
      member of FIG. 3; and
PAR  FIG. 5 is a side elevational view of a chess piece and a second embodiment
      of the indicia carrying member of the present invention.
DETD
PAR  The present invention consists of an indicia carrying member for use in
      combination with a conventional chess piece. The member carries indicia
      containing information concerning the mechanics of playing chess.
      Thirty-two such members make up a complete set, one for each of the
      thirty-two pieces in a chess set. Preferably, the members are made up of
      paper or thin cardboard, however, other materials such as plastic may also
      be utilized. The instructional indicia are placed on the upper surface of
      the members either by imprinting the information directly on the member or
      by affixing the indicia to the upper surface of the member by some other
      means such as by a label or decal.
PAR  Although the individual indicia carrying members may be manufactured
      separately, it is preferable, from a production standpoint, to manufacture
      all thirty-two of the indicia carrying members in a single step in the
      form of a card or sheet. The card or sheet is then perforated along the
      peripheries of each of the members so that the members can be easily
      detached from the card or sheet by the player prior to mounting on the
      chess piece. FIG. 1 shows such a card or sheet, generally designated 10.
      Card 10 is divided into thirty-two sections, each of which corresponds to
      one of the thirty-two pieces in the chess set. Each of the sections forms
      one of the indicia carrying members. A set of perforations 12 is created
      along the lines adjoining adjacent members such that the members can be
      easily detached from one another.
PAR  As can be best seen from FIG. 2, each of the indicia carrying members has a
      substantially square configuration which is preferably approximately the
      same size as a square on a conventional chess board. The particular member
      shown in FIG. 2 is designed for use on a Rook and, therefore, the word
      "Rook" appears in the upper righthand corner thereof as one of the
      instructional indicia on the member. In the upper lefthand corner is a
      diagrammatical representation of the possible moves of the Rook. In the
      lower lefthand corner is the symbol of the piece in chess notation, in
      this case, "R". In the lower righthand corner is the comparative numerical
      value of the Rook, in this case, five points.
PAR  The indicia carrying member illustrated in FIG. 2 is shown having indicia
      which are representative of the type of indicia which may be placed on the
      member. The particular written material involved herein forms no part of
      the present invention and other indicia may be used if desired. The
      indicia used herein for illustrative purposes have been selected to convey
      as much information as possible concerning the mechanics of the movement
      of the particular piece to which it is to be mounted and still be readily
      visible at a glance.
PAR  FIGS. 3 and 5 illustrate the first and second preferred embodiments of the
      present invention, respectively. FIG. 3 shows a chess piece 14, in this
      case, a Rook. A conventional chess piece has a base thereon with two
      flanges 13, 15 separated by a recessed portion. An opening 16 is formed in
      the body of the member which is approximately equal in the size to the
      circumference of the chess piece at the recess. This opening 16 may be
      formed in the member by perforating the member as shown in FIG. 2 such
      that when a member is moved from card 10 the player can separate the
      perforated portion 16 from the remainder of the body of the member thereby
      forming an opening therein of appropriate size. Subsequent to the
      formation of the opening, the member is placed around the base of the
      chess piece 14 such that the opening 16 engages the recess in the base.
PAR  When mounted in this way the member extends outwardly beyond the peripheral
      confines of the chess piece to form a skirt-like appendage for the piece.
      As shown in FIG. 4, when the member is mounted to the piece in this
      manner, substantially all of the indicia bearing surface is visible when
      the piece is viewed from above, thus permitting both players to see the
      indicia on all the members. This includes the members on the player's
      pieces as well as the members on the opponent's pieces. In this manner,
      the player is made aware of both the possible offensive moves and the
      possible defensive moves which may take place.
PAR  FIG. 5 shows a second preferred embodiment of the present invention wherein
      opening 16 is not present and the central portion of the members is not
      perforated. In this embodiment, a pressure sensitive adhesive is used to
      affix the member to the underside of the base of the chess piece. The
      pressure sensitive adhesive may be coated on the area opening 16 of the
      previous embodiment when the card is produced and thereafter covered by a
      protective covering (not shown) which is peeled off prior to mounting the
      member on the chess piece. As an alternative, a tube of pressure sensitive
      adhesive may be enclosed with the card such that the player deposits the
      adhesive in the central area of the member and then affixes the member to
      the underside of the base of the piece as shown in FIG. 5.
PAR  Thus, the present invention is a simple, inexpensive learning aid for use
      in mastering the mechanics of playing chess. The indicia affixed thereto
      apprise the player of certain information relative to the particular piece
      in question and the structure of the member is such that the information
      is readily available to the player during the game. This is true of not
      only players' pieces but also his opponents' pieces such that both
      offensive and potential defensive moves can be considered. After the
      player has mastered the mechanics of the game and no longer requires the
      learning aid, the members may be easily detached from the chess pieces
      such that the chess set becomes a conventional chess set which can be used
      and enjoyed by the player.
PAR  Although only two embodiments of the present invention have been
      specifically disclosed herein for purposes of illustration, it is apparent
      that many modifications and variations may be made upon the specific
      structures disclosed. It is intented to cover all of these variations and
      modifications which fall within the scope of this invention as defined by
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a chess piece having a base with a bottom surface and an
      annular recess; and an indicia carrying member comprising an element
      having an indicia bearing surface, means for removably mounting said
      element within said recess such that said indicia bearing surface extends
      outwardly beyond the peripheral confines of said recess and substantially
      parallel to the bottom surface of said base to form a skirt-like appendage
      for said piece, substantially all of said surface being visible when the
      piece is viewed from above.
NUM  2.
PAR  2. The member of claim 1 wherein said mounting means comprises an opened
      sided aperture within said element of substantially the same size as the
      inner portion of said annular recess.
NUM  3.
PAR  3. The member of claim 1 wherein said member has a substantially square
      configuration.
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ABST
PAL  A golf club iron in which the hosel connects to the club head at one side
      of the top line of the head rather than along the side and base. The
      surfaces of the hosel and the bridging portion between the hosel and club
      head which face the line of flight from the face of the club are
      essentially flattened and continuous with the hitting surface of the club
      face. The combination of these structural relationships results in a club
      which is non-shanking.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention relates to golf club irons and in particular to irons
      in which the risk of shanking is essentially eliminated and the hitting
      area of the club face is substantially increased.
PAR  In the conventional design of golf club irons, the portion of the golf club
      head extending between the shaft and the club face, called the hosel, is
      typically a rounded member of essentially uniform diameter which at one
      end is telescopically engaged with the shaft of the club and at the other
      end is integrally formed with the club head itself. According to the
      conventional design, the club head is positioned relative to the shaft
      such that the center line of the club shaft is located on a line which
      intersects with or is located to the rear of the line defining the top
      edge of the club face. This places the shaft a substantial distance behind
      the leading edge of the club face (the line defined by the sole of the
      club). In addition, the junction between the club head and the hosel
      typically extends along the entire length of one side (the fixed side) of
      the club head. Thus, the hosel extends from the sole to the top line of
      the club face and thence further upward to receive the shaft.
PAR  The net effect of these structural limitations is to provide an angular
      area at the heel of the club which defines an approximately 90.degree.
      corner. When the club is swung such that the club face descends toward the
      ball slightly outside the intended line of flight, this corner area comes
      into contact with the ball and causes the ball to fly off at an angle with
      respect to the intended line of flight, producing "shanking."
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a non-shanking golf club iron. The invention
      comprises a golf club head of a generally elongated configuration with an
      upper and lower edge extending in the direction of elongation, said head
      having a club face, a hosel portion and bridging portion integrally
      connecting the head and the hosel portion. The bridging portion connects
      to the club head at one side of the upper edge of the club head. The
      bridging portion and hosel portion present in their golf ball contacting
      surfaces an essentially flat surface, said flat surface facing in the same
      direction as the club face and being continuous with the surface of the
      club face. In a further aspect of the invention, the club face is
      positioned with respect to the hosel and shaft such that an extension of
      the center line of the shaft intersects the lower half of the club face.
PAR  The net result of all of the foregoing modifications is to provide a golf
      club with an enlarged hitting area and with which it is virtually
      impossible to shank, since even if the ball is struck at or near the heel
      of the club the surface of the hosel or bridging portion coming in contact
      with the ball is flattened and faces in the same direction as the hitting
      area of the club face. Thus the ball is still driven along the intended
      line of flight even though a conventional "shank" has been made. The
      possibility of even striking the ball with these portions of the club is
      reduced by virtue of the location of the point of junction of the hosel at
      the top edge of the club head and the angle of the hosel which locates the
      club face such that the lower half of the club face aligns with the center
      line of the shaft.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other advantages of the invention will be better understood by
      reference to the figures of the drawing wherein
PAR  FIG. 1 is an elevation view of a golf club according to the present
      invention, including the club head, shaft, and grip;
PAR  FIG. 2 is a plan view of the club head taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a front elevation view of the club head taken along lines 3--3 of
      FIG. 1;
PAR  FIG. 4 is a rear elevation view of the club head taken along lines 4--4 of
      FIG. 1;
PAR  FIG. 5 is a side elevation view of the club head taken from the shaft side
      of the club head; and
PAR  FIG. 6 is a section view of the club head taken along lines 6--6 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  Referring now to FIG. 1, the present invention comprises a golf club having
      a head 10, a club face 20, a sole portion 11 and a shank or hosel portion
      16 connected by a bridging portion 19 to the head and extending upward
      from the club face in the direction generally perpendicular to the sole 11
      of the club. A club shaft 12 having a grip 14 at one end is inserted at
      its opposite end into a hollowed out portion 15 at the upper end of the
      hosel. It will be understood that the description herein and the
      accompanying figures of the drawing, while referring to and depicting a
      right-handed club apply equally to left-handed clubs, the relative
      positioning and location of elements and portions thereof simply being
      reversed from that which is shown herein.
PAR  As is shown in the drawing, the lower end of the hosel is integrally formed
      with a bridging portion 19 which in turn is integrally formed with the
      club head. The bridging portion 19 and lower end of the hosel is provided
      with a flattened area 18 (FIGS. 1 and 3) which is a smooth continuous
      extension of the flat surface of the club face 20. Flattened area 18
      extends up the front portion of the hosel to a height in excess of the
      height of a golf ball 21 positioned on the ground and resting immediately
      in front of the heel 17 of the club face (FIG. 3). The flattened area 18
      formed into the face of the hosel and bridging portion (the golf ball
      contacting surfaces) facing in essentially the same direction as the club
      face eliminates the possibility of driving a golf ball at an angle other
      than the intended line of flight due to the striking of a ball during a
      golf stroke in the area of the heel of the club and the point of juncture
      between the hosel and the club head, even when the golf ball is sitting in
      a relatively deep grass. Typically, such an error in a golf swing
      utilizing a prior art golf iron results in a "shank" with the ball being
      driven to the right of the intended line of flight by as much as
      60.degree. by a right-handed golfer, and to the left by a left-hander.
PAR  As is best illustrated in FIG. 5, the center line 22 of the club shaft 12
      (as represented by the center line of the hosel 16) intersects the plane
      of the club face in the lower half thereof and in the preferred embodiment
      intersects the lowest quarter thereof, being situated close to or
      intersecting the leading edge 24 of the club face.
PAR  The point of juncture between club face 20 and the bridging portion-hosel
      is also a significant aspect of the present invention. The bridging
      portion 19 joins the club head at the upper top line or edge 23 of the
      heel end of club head at the corner nearest the shaft. As is seen in FIGS.
      3 and 4, the club head 10 has a generally elongated configuration with top
      and bottom edges generally paralleling the axis of elongation. The bottom
      edge in golf club iron terminology is generally referred to as the sole of
      the club. This is in contrast with conventional club construction in which
      the hosel forms one side of the club face and extends along the length of
      that side of the club head. Such a prior art configuration resulted in an
      angular area or sharp corner of approximately 90.degree. in the transition
      from club face to hosel. If the golf swing using such a club was made with
      the club face outside the intended line of flight of the ball, the golf
      ball would be struck by the "crook" between the hosel and the club face
      and would normally fly off at a considerable angle to the intended line of
      flight. With a club according to the present invention, the combined
      effect of elevating the point of juncture of hosel and club face and
      flattening the hosel and bridging portion in the area of juncture results
      in a virtually "shank-proof" golf iron since no golf ball contacting
      surface area of club face or shaft is presented to the golf ball which
      would tend to drive it off line. The further advantage of providing for
      the point of juncture of the hosel along the top edge of the club head is
      that the surface area of the club face is increased by approximately 10 to
      15 percent.
PAR  The cross sectional view of FIG. 6 illustrates the broad sole 11 of the
      club and the concentration of weight in this area of the club head, making
      the club easier to use and tending to enable the player to move the club
      head smoothly through the ground at the moment of impact thereby providing
      a more natural and fluid follow through.
PAR  The utility of the club is further enhanced by flattening and thinning of
      the lower end of the hosel and the portion bridging the area between the
      club face and the hosel as is seen in FIGS. 2 and 5. In this area the
      hosel 16 and bridging portion 19 is a flat blade of generally rectangular
      or oblong cross-section. The thinning and flattening of the hosel together
      with its positioning and angulation relative to the club face, as is seen
      in FIG. 2, presents a clear and unobstructed view of the club face to the
      player as he addresses the ball before a shot. This clear and unobstructed
      view of the club face removes a psychological hazard, particularly in the
      case of relatively unskilled players, enabling better alignment of the
      club face at address of the ball and truer, more consistent shots on the
      "sweet spot" of the face than has heretofore been characteristic of golf
      irons.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A golf club iron including a head of a lofted, generally elongated
      configuration with an upper and a lower edge extending in the direction of
      elongation, said head having a club face, a hosel, and a flattened
      bridging portion integrally formed with and connecting the head and the
      hosel (portion), said bridging portion connecting to the club head at one
      side of said upper edge, the hosel having a flattened lower portion
      continuous with the flattened surface of the bridging portion extending a
      substantial distance up the hosel and a tubular upper portion, said
      flattened lower portion, flattened bridging portion and club face upper
      edge connecting portion defining a concave surface, the hosel being angled
      and oriented with respect to the club face such that an extension of the
      center line of the (club shaft) upper portion of the hosel intersects the
      plane defined by the club face in the lower quadrant adjacent the heel end
      of the club face.
NUM  2.
PAR  2. A golf club according to claim 1 wherein the bridging portion and the
      hosel lower portion present in their golf ball contacting surfaces an
      essentially flat surface, said flat surface facing in the same direction
      as the club face and being continuous with the surface of the club face.
NUM  3.
PAR  3. A golf club according to claim 1 wherein the flat surface on the hosel
      lower portion extends a distance along the hosel portion in the direction
      of the club shaft to a height in excess of the diameter of a golf ball
      measured along a line extending perpendicularly from a line defined by the
      sole of the club head and tangent to the heel of the golf club head.
NUM  4.
PAR  4. A golf club according to claim 1 wherein the hosel portion is angled and
      oriented with respect to the club face such that an extension of the
      center line of the club shaft intersects a horizontal plane through the
      center of the club face in the region immediately adjacent the heel of the
      club and intersects the plane of the club face at a point below the line
      of intersection of said horizontal plane and the plane of the club face.
NUM  5.
PAR  5. A golf club according to claim 1 wherein the flat surface on the hosel
      portion extends a distance along the hosel portion in the direction of the
      club shaft to a height in excess of the diameter of a golf ball measured
      along a line extending perpendicularly from a line defined by the sole of
      the club head and tangent to the heel of the golf club head.
NUM  6.
PAR  6. A golf club according to claim 1 wherein the portion of the hosel
      integrally formed with the bridging portion is essentially oblong in
      cross-section, gradually tapering in the direction of the club shaft to a
      tubular configuration.
NUM  7.
PAR  7. A golf club iron comprising
PA1  an elongated head having a lofted club face, and upper and a lower edge
      extending in the direction of elongation, and a toe-side portion and a
      heel-side portion,
PA1  a tubular hosel, and
PA1  a flattened bridging portion integrally formed with and connecting the head
      and the hosel, said bridging portion connecting to the club head at the
      heel side of said upper edge and blending into said heel-side portion, the
      hosel having a generally cylindrical upper portion and a flattened lower
      portion, said flattened lower portion being continuous with the flattened
      surface of the bridging portion, said heel-side portion, flattened
      bridging portion and flattened lower portion defining a continuously
      concave surface facing in essentially the same direction as said club
      face, said flattened lower portion extending a substantial distance up the
      hosel, said hosel being angled and oriented with respect to the club face
      such that an extension of the center line of said upper portion intersects
      the plane defined by the club face in the lower quadrant adjacent said
      heel-side portion of the club face.
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ABST
PAL  A record player including a turntable driven by a motor through a jockey
      pulley interposed between the turntable rim and a spindle driven by the
      motor in which the spindle is stepped to provide a number of portions of
      different diameter and the portions themselves being slightly tapered so
      that adjustment of the pulley axially of each portion permits a fine
      adjustment of the speed of rotation of the turntable, and in which the
      jockey pulley is mounted on a speed change arm which can be moved to move
      the jockey pulley axially of the spindle by a cam means driven by a
      manually operable drive element, and wherein a manually operable pitch
      adjusting member is also provided for rotation about the same axis as the
      manually operable drive element to cause axial movement of the cam means
      relative to the drive element and hence of the jockey pulley relative to
      the spindle to permit fine adjustment of the speed of rotation of the
      turntable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the invention
PAR  This invention relates to a record player of the type hereinafter referred
      to as the type described, including a speed change mechanism comprising a
      turntable driven by a motor through a jockey pulley drivingly interposed
      between a member drivingly associated with the turntable and a spindle
      driven by the motor, the spindle being stepped to provide a plurality of
      portions of different diameter and said portions being slightly tapered
      whereby adjustment of the pulley axially of each portion permits a fine
      adjustment of the speed of rotation of the turntable.
PAR  Usually the member drivingly associated with the turntable is a downwardly
      depending rim portion formed integrally with the remainder of the
      turntable.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new or improved record
      player of the type described.
PAR  According to one aspect of the present invention we provide a record player
      of the type described comprising a speed change arm, on which the jockey
      pulley is rotatably mounted, pivotally and slidably mounted on the record
      player, cam means rotatably mounted on the record player and engaged by a
      part associated with the speed change arm to cause, when rotated, movement
      of the arm to engage the jockey pulley with a desired one of the stepped
      portions of the spindle, a manually operable drive element mounted on the
      record player for rotation about said axis, coupling means to couple the
      drive element to the cam means to transmit rotary movement of the drive
      element to the cam means and to permit relative axial movement between the
      drive element and the cam means, and a manually operable pitch adjusting
      member also mounted for rotation about said axis to cause axial movement
      of the cam means relative to the drive element.
PAR  According to another aspect of the present invention we provide a record
      player of the type described comprising a speed change arm, on which the
      jockey pulley is rotatably mounted, pivotally and slidably mounted on the
      record player, cam means rotatably mounted on the record player and
      engaged by a part associated with the speed change arm to cause, when
      rotated, movement of the arm to engage the jockey pulley with a desired
      one of the stepped portions of the spindle, a manually engageable member
      mounted on the record player for rotation about the axis of rotation of
      the cam means, a drive element also mounted for rotation about said axis,
      first coupling means to couple the manually engageable member to the drive
      element to permit rotation of the manually engageable member to be
      transmitted to the drive element and second coupling means to couple the
      drive element to the cam means to permit rotary movement of the drive
      element to be transmitted to the cam means.
PAR  The second coupling means may permit relative axial movement between the
      cam means and the drive element and a manually operable pitch adjusting
      member may be mounted for rotation relative to the drive element about
      said axis to cause axial movement of the cam means relative to the drive
      element to cause axial movement of the speed change arm and hence the
      jockey pulley to achieve said fine adjustment of the speed of rotation of
      the turntable.
PAR  The second coupling means may comprise a radially projecting and axially
      extending tongue portion provided on the cam means or drive element
      engaged between two spaced radially projecting and axially extending
      socket portions provided on the drive element or cam means respectively.
PAR  The first coupling means may comprise inter-engageable peg and socket means
      provided between the manually engageable member and the drive element.
PAR  The manually operable pitch adjustment member may be rotatably mounted
      within the drive element and there being cam means provided between the
      drive element and pitch adjusting member to cause axial movement of the
      pitch adjusting member.
PAR  The cam means may comprise a part helical surface provided on one end
      surface of the drive element and engaged by a cam follower portion
      associated with the pitch adjustment member. Biasing means may be provided
      to bias the cam means into engagement with the pitch adjustment member
      whereby axial movement of the pitch adjusting member is communicated to
      the cam means.
PAR  According to another aspect of the invention we provide a record player
      embodying the invention as set out herein modified by the omission of said
      pitch adjustment member and wherein the drive element has formed
      integrally therewith or fixedly secured thereto a portion which,
      externally of the record player, simulates the manually engageable pitch
      adjustment member whereby the same embellishment parts may be used with a
      record player not provided with a pitch adjustment means as are provided
      on a record player embodying diameters as described heretofore and
      incorporating a pitch adjustment member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in more detail by way of example with
      reference to the accompanying drawings wherein:-
PAR  FIG. 1 is an exploded perspective view of a speed change mechanism for use
      in a record player embodying the present invention;
PAR  FIG. 2 is a perspective view of a modified drive element for use in a
      second embodiment of the invention; and
PAR  FIG. 3 is a plan view of a record player embodying the mecanism of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 3 of the drawings, there is illustrated a
      speed change mechanism for use in a conventional record player 7 in which
      a jockey pulley, indicated generally at 10 is interposed between a
      downwardly depending rim 9 formed integrally with the turntable 5 of the
      record player 7 and a stepped spindle 6, which has a number, for example,
      three portions of different diameter and in which each portion of
      different diameter is tapered so that axial movement of the jockey pulley
      10 relatively to the spindle 6 between the portions of different diameter
      provides a speed change facility for the record player to permit records
      having varying playing speeds for example 33 r.p.m., 45 r.p.m., and 78
      r.p.m. to be played whilst the tapering of each stepped portion permits a
      fine adjustment of the speed of rotation as a result of adjustment of the
      jockey pulley 10 longitudinally along each stepped portion.
PAR  The jockey pulley 10 is rotatably carried at one end of a speed change arm
      11 which is rotatably and slidably mounted on the record player by means
      of a pivot pin 12 carried in apertures 13 in a support bracket 14 fixed to
      the deck plate 4 of the record player 7. The speed change arm 11 has a cam
      follower portion 15 for engagement with a raising cam 16 having three cam
      surfaces 17 in conventional manner to cause axial movement of the jockey
      pulley 10 longitudinally of the spindle and to lift the jockey pulley
      radially out of engagement with the spindle during change from one speed
      to another. The raising cam has a boss portion 18 having an enlarged head
      19 at one end and the boss portion 18 is received in apertures 20 formed
      in the support bracket 14. The boss portion 18 is arranged so that the
      head 19 is received within the lower aperture 20a and is rotatably mounted
      thereby whilst the upper end of the boss portion 18 is a clearance fit in
      the upper aperture 20b. A manually operable pitch adjustment knob 21
      having a generally cylindrical external surface and a stepped cylindrical
      bore is arranged to be rotatably mounted within the upper aperture 20b and
      the larger diameter internal bore 22 thereof is adapted to provide a
      mounting for the upper end of the boss part 18 of the cam means 16. The
      upper, smaller bore, not shown, in the knob 21 is screw threaded and a
      screw having a rounded end is engaged therewith in interference fit with
      the screw thread to restrain the screw from rotation in use, and provides
      a bearing and stop for engagement with the upper end 23 of the boss part
      18. A cam follower part 24 projects radially outwardly from the lower end
      of the knob 21. Engaged around the lower part of the knob 21 beneath the
      upper limb 25 of the support bracket 14 is a drive element 26 provided
      with a central bore 27 dimensioned so as to provide a mounting for the
      drive element on the knob 21.
PAR  The drive element 26 has a pair of spaced apart parallel socket portions 28
      between which is engaged a radially projecting tongue part 29 moulded
      integrally with the remainder of the raising cam means 16. The portions 28
      and 29 provide a coupling between the drive element 26 and the cam means
      16 hereinafter referred to as a second coupling means.
PAR  Drive element 26 is provided with a pair of diametrically opposite split
      sockets 30 which receive tapered pins 31 extending downwardly from a
      manually engageable control member 32. One pair of sockets and pins is of
      larger dimensions than the other so that the pins and sockets can only be
      engaged when the control member is in a predetermined orientation relative
      to the drive element. The drive element is provided with a downwardly
      depending socket part 33 which is provided with an axially extending bore
      open at its upper end within which is received a spherical ball, not
      shown. The ball is urged into engagement with one or other of the three
      apertures 34 provided in the upper limb 25 of the support bracket 14
      around the aperture 26b therein by a coil compression spring, not shown,
      housed within the bore in the pocket part 33 beneath the ball. The ball
      and apertures serve as a detent means to locate the manually operable
      control member in any one of three desired angular positions.
PAR  The hereinbefore mentioned pins and sockets 31 and 30 constitute a coupling
      means which will be referred to herein as a first coupling means.
PAR  The lower end of the boss portion 18 of the cam means 16 is provided with a
      blind bore 35 within which is engaged a coil compression spring 36 having
      an end portion 37 adapted to engage a bracket 38 fixed by a screw 39 to
      the lower limb 40 of the support bracket 14. The spring 36 urges the cam
      16 upwardly so that the upper surface 23 thereof is held in engagement
      with the hereinbefore mentioned rounded end of the screw engaged within
      the pitch adjustment knob 21. The lower end of the boss portion 18 is
      provided with a projection 43 which engages stops 44 placed on the bracket
      38 to limit movement of the speed change means.
PAR  The speed change means described hereinbefore can be assembled by first
      engaging the drive element 26 around the pitch knob 21 and then feeding
      the upper end of the pitch knob upwardly through the aperture 20b. The cam
      16 is then fed into the bracket assembly by feeding the upper end of the
      boss portion 18 into the passage 22 in the lower end of the pitch knob and
      simultaneously passing the lower part of the boss portion 18 above the
      head 19 through the neck 20c of the aperture 20a. The spring 36 is then
      positioned within the blind bore 35 and the bracket 38 secured to the
      lower limb 40 of the support bracket 14. Finally the manually engageable
      control member is engaged with the drive element by passing it downwardly
      over the upper end of the pitch adjusted knob 21 until the tongues 31
      engage within their respective sockets 30 the split nature of the sockets
      providing a clamping action to hold the pitch adjustment knob in position.
      During the assembly of the cam means into the bracket the tongue part 29
      is engaged between the socket portions 28.
PAR  The upper end surface, not shown, of the pitch adjustment knob 21 is
      provided with an embellishment which incorporates a radially outwardly
      pointing arrow whilst the upper surface of the control member 32 is
      provided with an annular embellishment provided with a scale of
      graduations to indicate the change in speed of rotation resulting from
      rotation of the pitch control knob 21.
PAR  Because the pitch control means, including the pitch adjustment knob 21 is
      mounted with and carried by the drive element 26 the abovementioned scale
      and arrow are moved together when the speed is changed as a result of
      rotation of the control member 32 and hence for each of the three
      available speeds of the record player the pitch control indexing means is
      available to a user.
PAR  In use, when it is desired to change the speed of the record player the
      manually engageable control member 32 is grasped and rotated and the first
      coupling means constituted by the pins 31 and sockets 30 communicate the
      rotary motion to the drive element 26 and the second coupling means
      constituted by the tongue 29 and socket portions 28 communicate the rotary
      movement from the drive element to the cam means. The cam surfaces 17
      engage with the cam follower portion 15 and move the speed change arm 11
      pivotally and axially in conventional manner to change the speed of the
      record player.
PAR  When it is desired to provide a fine adjustment of any of the three speeds
      the pitch adjustment knob 21 is rotated so that the cam follower portion
      24 thereof engages a helical surface 41 provided on the underside of the
      drive element 26 thereby causing axial movement of the knob 21 which
      causes axial movement of the cam 16 due to the engagement between the
      upper surface 23 thereof and the screw engaged within the smaller diameter
      screw theaded bore of the knob 21.
PAR  If it is desired to produce a record player not provided with any facility
      for fine speed adjustment then the manufacturer can readily modify the
      speed change mechanism described hereinbefore merely by substituting for
      the separate drive element 26 and pitch adjustment knob 21 a different
      drive element, illustrated in FIG. 2 which is identical to the drive
      element 26 described hereinbefore except that the helical surface 41 is
      omitted and instead of a passage 27 for the pitch knob 21 there is moulded
      integrally with the drive element an upwardly extending cylindrical
      portion 42 which simulates the appearance of the switch control knob and
      thus permits any embellishment provided on the upper surface of the
      control member 32 or pitch adjustment knob 21 to be utilised in this
      version of the record player. In all other respects the record player and
      method of assembly of the speed change means are as described in
      connection with FIG. 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A record player including a turntable, a motor, a member drivingly
      associated with the turntable, a spindle driven by the motor, a jockey
      pulley drivingly interposed between said spindle and member, said spindle
      being stepped to provide a plurality of portions of different diameter and
      said portions being slightly tapered whereby adjustment of the pulley
      axially of each portion permits a fine adjustment of the speed of rotation
      of the turntable speed change arm, on which said jockey pulley is
      rotatably mounted, means pivotally and slidably mounting said arm on said
      record player, cam means rotatably mounted on said record player and
      engaged by a part associated with said speed change arm to cause, when
      rotated, movement of said arm to engage said jockey pulley with a desired
      one of said stepped portions of said spindle, a manually operable drive
      element mounted on said record player for rotation co-axially of the cam
      means, coupling means to couple said drive element to said cam means to
      transmit rotary movement of said drive element to said cam means and to
      permit relative axial movement between said drive element and said cam
      means, and a manually operable pitch adjusting member also mounted for
      rotation co-axially of the cam means to cause axial movement of said cam
      means relative to said drive element to cause axial movement of said speed
      change arm and hence said jockey pulley to achieve said fine adjustment of
      the speed of rotation of the turntable.
NUM  2.
PAR  2. A record player according to claim 1 wherein said manually operable
      pitch adjustment member is rotatably mounted within said drive element and
      there being cam means provided between said drive element and said pitch
      adjusting member to cause axial movement of said pitch adjusting member.
NUM  3.
PAR  3. A record player according to claim 2 wherein said cam means comprises a
      part helical surface provided on one end surface of said drive element and
      engaged by cam follower portion associated with said pitch adjustment
      member.
NUM  4.
PAR  4. A record player according to claim 3 wherein a biasing means is provided
      to bias said cam means into engagement with said pitch adjusting member
      whereby axial movement of said pitch adjusting member is communicated to
      said cam means.
NUM  5.
PAR  5. A record player including a turntable, a motor, a member drivingly
      associated with the turn-table, a spindle driven by the motor, a jockey
      pulley drivingly interposed between said spindle and member, said spindle
      being stepped to provide a plurality of portions of different diameter and
      said portions being slightly tapered whereby adjustment of the pulley
      axially of each portion permits a fine adjustment of the speed of rotation
      of the turntable, a speed change arm, on which said jockey pulley is
      rotatably mounted, means pivotally and slidably mounting said arm on said
      record player, cam means rotatably mounted on said record player and
      engaged by a part associated with said speed change arm to cause, when
      rotated, movement of said arm to engage said jockey pulley with a desired
      one of said stepped portions of said spindle, a manually engageable member
      mounted on said record player for rotation co-axially of said cam means, a
      drive element also mounted for rotation co-axially of the cam means, first
      coupling means to couple said manually engageable member to said drive
      element to permit rotation of said manually engageable member to be
      transmitted to said drive element and second coupling means to couple said
      drive element to said cam means to permit rotary movement of said drive
      element to be transmitted to said cam means, wherein said second coupling
      means permits relative axial movement between said cam means and said
      drive element and a manually operable pitch adjusting member is mounted
      for rotation relative to said drive element co-axially of the cam means to
      cause axial movement of said cam means relative to said drive element to
      cause axial movement of said speed change arm and hence said jockey pulley
      to achieve said fine adjustment of the speed of rotation of the turntable.
NUM  6.
PAR  6. A record player according to claim 5 wherein said second coupling means
      comprises a radially projecting and axially extending tongue portion
      provided on said cam means or drive element engaged between two spaced
      radially projecting and axially extending socket portions provided on said
      drive element or cam means respectively.
NUM  7.
PAR  7. A record player according to claim 5 wherein said first coupling means
      comprises interengageable peg and socket means provided between said
      manually engageable member and said drive element.
NUM  8.
PAR  8. A record player according to claim 5 wherein said manually operable
      pitch adjusting member is rotatably mounted within said drive element and
      there being cam means provided between said drive element and said pitch
      adjusting member to cause axial movement of said pitch adjusting member.
NUM  9.
PAR  9. A record player according to claim 8 wherein said cam means comprises a
      part helical surface provided on one end surface of said drive element and
      engaged by a cam follower portion associated with said pitch adjusting
      member.
NUM  10.
PAR  10. A record player according to claim 9 wherein a biasing means is
      provided to bias said cam means into engagement with said pitch adjusting
      member whereby axial movement of said pitch adjusting member is
      communicated to said cam means.
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ABST
PAL  An automatic record player for playing disc records of different sizes
      including a mechanism for raising and lowering and pivoting upwardly and
      downwardly the pick-up arm at the end of playing of a record and including
      a switch-off means to switch off the record player when all the records
      carried on the centre spindle have been played, the switch-off means
      including a trip latch movable from a first to a second position in
      dependence upon the resistance to movement of the control member of the
      centre spindle, the resistance being determined by the presence of at
      least a predetermined number of records on the spindle and the trip latch
      being effective in the first position to permit continued operation of the
      record player and being effective in the second position to actuate the
      switch-off means to switch off the record player.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an automatic record player for playing disc
      records of the type, hereinafter referred to as the type specified,
      comprising a deck plate, a turntable rotatably mounted on the deck plate
      and driven in use, by an electric motor, a centre spindle extending
      upwardly from the centre of the turntable to support a stack of records
      above the turntable and from which records are fed singly in succession
      from the bottom of the stack on to the turntable and a pick-up arm,
      pivotally mounted for movement about a horizontal axis on the upper end of
      a vertical spindle, the vertical spindle being pivotally mounted for
      movement about a vertical axis relative to the deck plate, a drive gear
      rotatably mounted on the deck plate, and means for rotating the drive gear
      during a record changing cycle, after playing a record, which includes
      pivoting the pick-up arm about said horizontal axis to raise the pick-up
      arm to disengage the pick-up from the record, then pivoting the vertical
      spindle to swing the pick-up arm outwardly to a position clear of the path
      of downward movement of the next record to be played, then releasing the
      lowermost record from the stack to drop onto the turntable, then pivoting
      the vertical spindle about said vertical axis to swing the pick-up arm
      inwardly to position the pick-up over the edge of the record to be played
      and then pivoting the pick-up arm to engage the pick-up with the record.
PAR  2. Summary of the Invention
PAR  An object of the present invention is to provide a new or improved record
      player of the type specified, and including means to automatically switch
      off the record player.
PAR  According to the present invention we provide an automatic record player
      for playing disc records of different sizes comprising a deck plate, a
      motor, a turntable rotatable on the deck plate and driven, in use, by the
      motor, a centre spindle extending upwardly from the centre of the
      turntable, a control member movable within the center spindle to cause
      records to be fed singly in succession from the bottom of a stack
      supported on the spindle on to the turntable, a pick-up arm pivotally
      mounted for movement above a horizontal axis on the upper end of a
      vertical spindle, the vertical spindle being pivotally mounted for
      movement about a vertical axis relative to the deck plate, a drive gear
      rotatably mounted on the deck plate, means for rotating the drive gear by
      the motor during a record changing cycle, record change means driven from
      the drive gear to move the control member and to cause pivotal movement of
      the pick-up arm about said horizontal axis and of said vertical spindle
      about said vertical axis, a selector plate provided at the lower end of
      the vertical spindle, a selector latch mounted on the deck plate, the
      selector plate and latch having selectively inter-engageable abutments and
      the selector latch being movable, by said record change means, from a
      first position, in which free movement of the selector plate is permitted,
      into a second position for inter-engagement between desired abutments to
      limit pivotal movement of the selector plate, switch-off means to
      switch-off the record player, actuating means to actuate and switch-off
      means comprising a trip latch movable from a first to a second position in
      dependence upon the resistance to movement of the control member of the
      centre spindle, the resistance being determined by the presence of at
      least a predetermined number of records on the spindle, a cut-out latch
      mounted on the selector latch for movement relative thereto, a trip
      element, operated when the trip latch is in said second position, to
      position the selector latch in a third position so that during a last
      record changing cycle at the end of playing the last record said cut-out
      latch is in position for engagement with an abutment portion of the record
      change means so that movement of the abutment portion displaces the
      cut-out latch so that a portion thereof is moved into position to actuate
      the switch-off means when the selector latch is moved to said first
      position by said record change means.
PAR  The centre spindle may be an umbrella type spindle.
PAR  In this specification the term "umbrella spindle" is intended to mean a
      centre spindle comprising an elongate body, adapted at its one, lower end
      to be fitted to a record player, having a record supporting means movable
      to an extended position to support a stack of records and a retracted
      position allowing the lowermost, or the last, record of the stack to
      descend along the spindle and record retaining means movable between an
      extended position temporarily to support the remainder of the stack during
      descent of the lowermost record thereof and a retracted position to permit
      free passage of records along the spindle.
PAR  Preferably the centre spindle is as described in our co-pending British
      application No. 3373/72, Cognate No. 16498/72.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the present invention will now be described by way of
      example with reference to the accompanying drawings wherein:
PAR  FIG. 1A is an underneath plan view showing part of a record player
      embodying the invention to the left of the line X--X in FIG. 1A;
PAR  FIG. 1B is an underneath plan view showing part of a record player
      embodying the invention to the right of the line X--X in FIG. 1A;
PAR  FIG. 2 is a perspective view of the record player of FIGS. 1A and 1B with
      parts omitted for clarity and illustrating the record player at one stage
      of a record changing cycle of operations;
PAR  FIG. 2a is a fragmentary perspective view to an enlarged scale of part of
      FIG. 2;
PAR  FIG. 3 is an underneath plan view of the record player of FIGS. 1A and 1B
      showing the record player at a second stage of the record changing cycle;
PAR  FIG. 4 is a perspective view, with parts omitted, of the record player as
      shown in FIG. 3;
PAR  FIG. 5 is an underneath plan view of the record player of FIGS. 1A and 1B
      showing a third stage of the record changing cycle;
PAR  FIG. 6 is a perspective view with parts omitted, of the record player shown
      in FIG. 5;
PAR  FIG. 7 is an underneath plan view of the record player of FIGS. 1A and 1B
      showing a fourth stage of the record changing cycle;
PAR  FIG. 8 is a perspective view of the record player shown in FIG. 7;
PAR  FIG. 9 is an underneath plan view of the record player of FIGS. 1A and 1B
      showing another stage of the record changing cycle;
PAR  FIG. 10 is a fragmentary cross-sectional view showing part of the record
      player during the first part of the cycle;
PAR  FIG. 11 is a similar view to FIG. 10 showing a later stage of the first
      part of the cycle, and
PAR  FIG. 12 is a plan view of the record player shown in FIGS. 1A to 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the Figures, particularly FIGS. 1A and 1B, and 12, a record
      player is indicated generally at 10 and comprises a deck plate 11 having a
      circular well 12 formed therein within which a turntable 13 is rotatably
      mounted in a bearing provided in a die cast mounting casting fixed to the
      underside of the base plate, the turntable being rotatable about a
      vertical axis 14 and driven by means of an electric motor 15 in
      conventional manner by means of a jockey pulley 16 interposed between the
      rim of the turntable and a stepped spindle not shown, of the motor.
PAR  Record speed change means 18 are provided to permit the speed of rotation
      of the turntable to be adjusted to any one of the usual three desired
      speeds, namely 78 rpm., 45 rpm., and 331/3 rpm. and a variable pitch
      device may be provided to permit fine adjustment of the speed if desired.
      The record speed change mechanism 18 comprises a hand engageable member 19
      connected to a rotary cam member 20 which engages one end 21 of a
      two-armed lever 22 pivotally and slidably mounted on the deck plate 11, as
      indicated at 23. The other end 24 of the lever 23 carries the jockey
      pulley 16.
PAR  As the hand engageable member 19 is rotated the cam member 20 causes the
      two-armed lever 22 to be moved vertically up and down so that the jockey
      pulley 16 can be engaged with a desired one of the steps on the stepped
      motor spindle. In addition, as the two-armed lever 22 is moved between the
      steps on the spindle both in an upward and in a downward direction the
      lever 22 is rotated to lift the jockey pulley 16 out of engagement with
      the spindle.
PAR  A sub-plate 25 is mounted beneath the deck plate 11 and an umbrella type
      centre spindle 26 as described in our co-pending applications Nos. 3373/73
      and 16498/73 is provided in the centre of the turntable 13 to support a
      stack of records thereon in conventional manner.
PAR  The deck plate 11 is provided with a manually operable "on/off" lever 27
      and a manually operable record size selector lever 28. A pick-up arm 29
      carrying a pick-up head 30 is pivotally mounted on the upper end of a
      vertical spindle 31 for up and down movement about a horizontal axis and
      the vertical spindle 31 is mounted on the deck plate 11 for movement about
      a vertical axis to allow swinging movement of the pick-up arm 29 inwardly
      and outwardly of the turntable 13.
PAR  A pick-up arm raising spindle 42 is mounted in an aperture in the sub-plate
      25 and in a boss, not shown, on the deck plate for sliding up and down
      movement in a vertical direction. The upper end of the spindle 42 engages
      a portion 29a of the pick-up arm 29 so that the pick-up arm is pivoted up
      and down about its horizontal axis in accordance with up and down movement
      of the spindle 42.
PAR  Referring now particularly to FIGS. 1A, 1B and 2, the turntable 13 has a
      pinion, not shown, formed integrally therewith, and surrounding the centre
      spindle 26, and adapted to engage with gear teeth, not shown, provided on
      a drive gear 45 rotatably mounted on the sub-plate 25. The drive gear 45
      has a number of teeth omitted and is provided with a pawl mechanism of
      conventional form so that when a record changing cycle of operations is
      desired the pawl is moved into position for engagement by a dog, not
      shown, provided on the turntable beneath the pinion to initiate rotation
      of the drive gear 45 and engage the teeth thereon with the pinion. When
      the drive gear has been rotated through a single revolution the gap in the
      teeth is again aligned with the pinion and the pawl mechanism has been
      moved out of position for engagement with the dog and hence the drive gear
      is rotated through only a single revolution.
PAR  The drive gear 45, which is made as a die casting or as a moulding in a
      suitable plastics material, has formed integrally therewith a radially
      outwardly facing cam surface 47 and a drive pillar 48 which may be
      provided with a roller 49 is engaged with the cam surface 47. The cam
      surface 47 is provided with a recess 50 to act in co-operation with the
      roller 49 to locate the drive gear in its "at-rest" position, shown in
      FIGS. 1A, 1B and 2 in which the gap in the teeth is aligned with the
      pinion.
PAR  The drive pillar 48 is carried on a drive lever 51 which is mounted on the
      underside of the sub-plate 25 by means of a downwardly extending pivot
      post 52 fixed to the sub-plate 25 and which is engaged within a
      transversely extending slot 53 formed in the drive lever 51. A coil
      tension spring 54 is engaged between a down-turned lug 55 on the lever 51
      and an aperture 56 provided in the sub-plate 25, in addition, a coil
      tension spring 57 is engaged between the lug 55 and post 52.
PAR  The coil tension spring 54 is provided to rotate the drive lever 51 about
      the pivot post 52 to provide a drive to the record player pick-up arm in a
      direction inwardly of the record, as hereinafter to be described, whilst
      the spring 57 provides an overload arrangement if the pick-up arm is moved
      forcibly outwardly.
PAR  The end of the lever 51 remote from the piller 48 is bifurcated to provide
      a fork having two limbs 63 and 64 between which is engaged a selector
      plate drive peg 65 depending downwardly from a selector plate 66.
PAR  The selector plate 66 is fixed to the pick-up arm vertical spindle 31 and
      is of generally conventional form, having three abutment surfaces 67 which
      are spaced angularly about the axis of pivot of the vertical spindle 31
      and are spaced at different radial distances therefrom. A part annular
      slot 68 is formed in the selector plate 66 to accommodate the pick-up arm
      raising the spindle 42 and a coil compression spring, not shown, is
      engaged around the spindle 42 about a circlip, not shown, to act on the
      selector plate 66 through a washer 71 when the spindle 42 is raised as
      described hereinafter.
PAR  A wire 72 is pivotally connected at one end to a downward extending pin on
      the selector plate 66 whilst the other end of the wire 72 extends through
      an aperture formed in a lug 76 in the sub plate 25 so that the wire 72 is
      guided for sliding movement in its longitudinal direction. The end 77 of
      the wire 72 is positioned adjacent to the periphery of the drive gear 45
      for engagement with the pawl mechanism thereof, as will hereinafter be
      described.
PAR  Also positioned adjacent the periphery of the drive gear 45 to operate on
      the pawl mechanism thereof is an end portion 78 of one arm 88 of a
      two-armed cut-off lever 79 pivoted adjacent its mid-point on a pin 80
      extending downwardly from the sub-plate 25 and engaged in a slot 81 formed
      in the lever 79 and held in position thereon by means of a circlip 82. A
      coil tension spring 83 extends between a lug 84 on the cut-off lever 79
      and the lug 76 provided on the sub-plate 25.
PAR  An indent part 86 is formed in one edge of the lever 79 for engagement with
      a pin 87 depending downwardly from the sub-plate 25 and the spring 83
      urges the lever 79 in the direction to engage the edge thereof containing
      the indent part 86 with the pin 87. The other arm 89 of the lever 79 is
      provided with a slot 90 in which is engaged an end part 91a of a link 91,
      depending downwardly through a switch slide 92, which itself has a
      longitudinal extending slot 93 in which is engaged a pin 94 depending
      downwardly from the deck plate. A coil tension spring 95 extends between
      the slide 92 and an aperture 96 in an edge flange part of the deck plate.
      A cam surface 97 is provided on the switch slide 92 to engage the
      operating member 98 of an electric "on/off" switch 99.
PAR  The other end of the slide 92 is pivotally connected to a switch-off level
      100 which is pivotally mounted on the deck plate adjacent its mid-point by
      a pivot pin 101. The opposite end of the switch-off lever 100 has an
      inclined slot 102 formed therein in which is engaged a pin 103 fixed to an
      "on/off" reject plate 104 pivotally mounted on the deck plate and having
      the hereinbefore mentioned "on/off" lever 27 mounted thereon on the top
      side of the deck plate 11.
PAR  The switch-off lever 100 has a cam track 105 provided thereon with which is
      engaged the lower end 106 of a pick-up arm rest clamp lever 107.
PAR  The drive gear 45 carries a pin 110 which pivotally connects one end of a
      drive link 111 thereto. At its other end the drive link 111 is provided
      with a longitudinally extending slot 112 within which a selector control
      pivot post 113 is received.
PAR  The link 111 is made as a moulding in a suitable synthetic plastics
      material and has formed integrally therewith a pair of lugs 114 and 115
      spaced apart in the longitudinal direction of the link. The lugs 114 and
      115 are provided to alternatively engage with a pin 116 moulded integrally
      with a selector latch drive moulding 117 also made of synthetic plastics
      material and rotatably mounted on the post 113. A coil tension spring 118
      is connected between a part 119 of the selector drive latch moulding and a
      lug 120 formed integrally on a selector latch 121 which is also mounted
      for pivotal movement about the post 113, and which is provided with a lug
      122 for engagement with one of the abutment surfaces 67 of the selector
      plate 66, as hereinafter to be described in more detail. The selector
      latch 121 has an abutment 123 for engagement with the part 119 of the
      selector latch drive moulding 117.
PAR  The underside of the portion of the drive link 111 adjacent the selector
      control pivot post 133 is provided with a pair of longitudinally extending
      ramp surfaces 124 which are inclined upwards to diminish in height towards
      the free end of the drive link 111. The ramp surfaces 124 have engaged
      therebetween a shouldered bush 125 see FIGS. 10 - 11, on the post 113
      whereby the shoulder of the bush 125 lies under the ramp surfaces 124. The
      shouldered portion lies above a transfer lever 126 which is pivoted
      adjacent its mid-point on a post 127 depending downwardly from the
      sub-plate 25, there being a coil compression spring 128 engaged around the
      post 127 beneath the lever 126 and retained thereon by means of a circlip
      129. A similar coil compression spring 128a and a circlip 129a are
      provided around the post 113. The end 130 of the lever 126 remote from the
      post 117 is adapted to engage a shoulder on the control arm lever raising
      spindle 42.
PAR  Referring now to the selector latch 121, the position which this latch
      occupies so that the lug 122 thereof is positioned for engagement with a
      desired one of the abutment surfaces 67 is determined by means of the
      record size selector lever 28 which is connected to a shaft which carries
      a size selector control lever beneath the deck plate 11. The size selector
      control lever has a slot in which is engaged a pin carried on a selector
      control plate 137 slidably and pivotally mounted above the sub-plate 25 by
      engagement of a headed pin 138 in a slot 139. A pin 140 is carried by the
      selector control plate 137 and projects through an aperture 141 in the
      sub-plate 25 for engagement with a part 136 of the selector latch 121. The
      selector control plate 137 has a roller-like element 142 which can be
      engaged in one of three notches 143 formed on the end of the sub-plate 25
      and a coil tension spring, not shown, is connected between the plate 137
      and the sub-plate 25 to urge the roller-like element 142 into engagement
      with a desired one of the notches 143.
PAR  Thus, by movement of the knob 28 the angular position of the control lever
      126, and hence of the plate 137, may be adjusted whereby the pin 140
      carried on the control plate 137 is moved towards and away from the part
      136 of the selector latch 121.
PAR  The selector latch 121 carries a cut-out latch 146 mounted for pivotal
      movement on the selector latch 121 about a pin 147. A coil compression
      spring, not shown, is engaged between a circlip, not shown, on the pin 147
      and the latch 146 to provide a frictional restraint to pivot the latch
      146. The cut-out latch 146 has a downwardly extending abutment portion 150
      for engagement with a stop lug 151 of the selector latch to limit rotation
      of the cut-out latch in a clockwise direction in FIG. 1 and hence to
      locate the cut-out latch 146 in a first position relative to the selector
      latch 121 during a normal record playing cycle. The downwardly extending
      abutment portion 150 can also engage with a part 152 provided on the
      cut-off lever 79 when the cut-out latch 146 is in a second position
      relative to the selector latch 121 during a "switch-off" cycle of
      operations.
PAR  The cut-out latch 146 has a further downwardly extending lug 153 for
      engagement with an upwardly extending abutment 134 moulded integrally with
      the drive line 111, as hereinafter to be described in more detail.
PAR  The drive link 111 carries a record feed lever drive peg 154 on its
      undersurface which is engaged in a longitudinally extending slot 154a in a
      record feed lever 155 which is slidably and pivotally mounted adjacent its
      other end 156, on the mounting casting adjacent the underside of the
      centre spindle, as indicated at 157.
PAR  A coil tension spring 155a is connected between a lug 155b on the lever 155
      and the peg 154. The lever 155 carries at its other end 156 a center
      spindle operating cam 158 adapted to overlie a control rod operating
      member 159 pivotally mounted on a downwardly depending peg 160 which
      extends through a slot 161 in the lever 155 and is slidably and pivotally
      received in the mounting casting to mount the lever for said pivotal and
      sliding movement on the record player. The control rod operating member
      159 is provided with a slot 162 adapted to receive a control rod 163 of
      the umbrella type spindle 26 and to overlie the enlarged head 164 formed
      thereon. A coil tension spring 165 is connected between the member 159 and
      the sub-plate 25 to bias the member 159 in an anti-clockwise direction.
      Carried on the member 159 is a centre spindle retaining clip 166 formed as
      a moulding in a suitable synthetic plastics material such as nylon and
      adapted to resiliently grip the control rod above the enlarged head 164
      thereof.
PAR  The control rod operating member 159 has a latch part 172 for engagement
      with a latch part 173 pivoted on a trip latch 170 mounted, for pivotal
      movmeent about a horizontal axis 171, on a trip arm 174. The trip arm 174
      is mounted for movement about a horizontal axis on vertically downwardly
      extending peg 175 provided with a circlip 176 at its outer end, and there
      being a coil tension spring engaged between the trip arm 174 and the
      sub-plate so as to bias the arm toward the sub-plate and also to tend to
      pivot the arm about the peg 175 in the direction to move the end carrying
      the trip latch 170 toward the sub-plate and also permitting limited
      vertical movement of the trip arm longitudinally of the peg 175.
PAR  The arm 174 at the end opposite to the trip latch 170 is provided with a
      transversely extending limb 177 having a nose portion 178 for a purpose
      hereinafter to be described.
PAR  Referring particularly to FIG. 2a, the trip latch 170 has an upper end
      portion which extends through a slot 179 in the sub-plate 25 and a stepped
      part 180 of the trip latch provides an abutment for engagement with the
      sub-plate adjacent the end 181 of the slot 179, as hereinafter to be
      described.
PAR  The operation of the record player will now be described during a normal
      record changing cycle after the playing of at least one record and before
      the playing of the last of a stack of records.
PAR  The cycle will be described starting from a position in which a record is
      nearing the end of playing. The parts of the record player being in the
      position shown in FIGS. 1A, 1B and 2. When the record has been played the
      pick-up of the pick-up head 30 engages in the usual run out track on the
      record, causing a rapid inward movement of the pick-up arm 29, thus moving
      the wire 72 longitudinally inwardly to operate the conventional pawl
      mechanism on the drive gear 45 to engage the teeth therof with the pinion
      43 on the turntable, thus starting the gear 45 to rotate in a clockwise
      direction in FIGS. 1A, 1B and 2.
PAR  In order to facilitate description of the record player, reference will be
      made to various stages of rotation of the drive gear which will be
      described by the extent of angular rotation of the drive gear 45. It
      should be appreciated, however, that the specified degrees of rotation are
      merely approximate to facilitate understanding of the operation of the
      record player and they are not the precise degrees of rotation at which,
      in practice, the various stages begin and terminate.
PAR  During the first 75.degree. of rotation of the drive gear 45 from the
      position shown in FIGS. 1A, 1B and 2 the pick-up arm 29 is raised. This is
      achieved in the following manner.
PAR  As the drive gear 45 rotates the drive link 111 is moved to the right in
      FIGS. 1A and 1B. It will be appreciated that because the link 111 is
      slidably and pivotally mounted on the selector control pivot post 113 and
      is pivotally connected to the drive gear 45 the link moves in the manner
      of a crank shaft.
PAR  The components of movement of the link 111 to the left causes the ramp 124
      formed on the underside thereof to engage the shoulder on the hereinbefore
      described boss 125, thereby causing the end of the transfer lever 126
      engaged with the post 113 to move downwardly so that the end thereof
      engaged with the pick-up arm raising spindle 42 is moved upwardly so that
      the pick-up head 30 is lifted out of engagement with the record.
PAR  The coil compression spring engaged between the end 130 of the transfer
      lever 126 and the selector plate 66 is compressed when the pick-up arm 29
      is raised, thus exerting a frictional force on the selector plate 66 to
      restrain any tendency for pivotal movement thereof, and hence of the
      pick-up arm 29, about the vertical spindle 31.
PAR  Because the transfer lever 126 is mounted on the post 127 with a coil
      compression spring interposed between the lever 126 and a circlip on the
      end of the post, if the pick-up arm 29 is accidentally moved downwardly no
      damage to the mechanism occurs as the downward movement would cause
      pivoting of the lever 113 about the post 127 with the coil compression
      spring on the post 127 being compressed to permit this to occur. Between
      75.degree. to 140.degree. of rotation of the drive gear 45 from the
      position shown in FIGS. 1A and 1B and 2 to that shown in FIGS. 3 and 4 the
      pick-up arm 29 is swung outwardly of the record. This is achieved in the
      following manner.
PAR  The cam surface 47 on the drive gear which is in enngagement with the drive
      pillar 48 on the selector plate drive lever 51 urges the pillar 48 in a
      direction outwardly of the drive gear 45, thus pivoting the lever 51 about
      the pivot post 52. The limb 63 of the fork engages the selector plate
      drive peg 65 on the selector plate 66 and pivots the selector plate in a
      clockwise direction from the position shown in FIGS. 1 and 2 to that shown
      in FIGS. 3 and 4, thus swinging the pick-up arm 29 outwardly of the
      record.
PAR  Because the pivot post 52 is provided in the slot in the drive lever 51 if
      the pick-up arm 29 is manually moved inwardly thus tending to move the
      lever 51 in the direction to move the pillar 48 against the cam surface
      47, then such movement is permitted as a result of sliding movement of the
      lever 51 relative to the post 52 against the bias of the spring 57.
PAR  From 140.degree. to 180.degree. of movement of the drive gear 45 from the
      position shown in FIGS. 1A, 1B and 2 to that shown in FIGS. 3 and 4 the
      selector latch 121 is moved into engagement with the selector plate 66 in
      order to determine the extent of inward movement of the pick-up arm 29,
      and, during the latter part of this stage, the lowermost record of the
      stack is dropped onto the turntable 13.
PAR  The extent of inward movement of the pick-up arm 29 is determined by
      selection of the appropriate record size with the manual record size
      selector lever 28 which moves the selector control lever so that the
      element 142 is engaged in one of the recesses 143, thus determining the
      position of the pin 140 for engagement by the abutment part 136 on the
      selector latch 121. As the pin is moved upwardly in FIGS. 1A and 1B so the
      extent of pivotal movement of the selector latch 121 in the direction
      towards the selector plate 66 is reduced and so the positioning of the
      abutment 122 on the selector latch 121 for engagement with an abutment
      surface 67 on the selector plate is spaced further from the axis of the
      rotation thereof, thus permitting progresively further inward movement of
      the pick-up arm 29.
PAR  Movement of the selector latch 121 into position for engagement with the
      selector plate 66 is achieved by means of engagement of the integral lug
      114 on the drive link 11 with the downwardly extending peg 116 provided on
      the selector drive moulding 117 which rotates the selector drive moulding
      and thus rotates the selector latch 121 through the spring 118.
PAR  As explained hereinbefore, the extent of rotation of the selector latch 121
      is determined as a result of engagement of the aboutment part 141 of the
      latch with the pin 140. When inward movement of the selector latch 121 to
      the extent thus determined is achieved further movement of the drive link
      111 is permitted to occur because of extension of the spring 118.
PAR  As mentioned above, towards the end of this stage of movement the last
      record of the stack is dropped onto the turntable or onto a record already
      on the turntable.
PAR  This is achieved as a result of the feed lever drive peg 154 and the drive
      link 111 moving the feed lever 155 to the right to the position shown in
      FIGS. 3 and 4 to cause the control rod 163 of the centre spindle 26 to be
      operated to extend the record supporting fingers of the centre spindle to
      retain the remaining record or records of the stack above the turntable
      and to retract the record support arms to permit the lowermost record of
      the stack to fall onto the turntable 13 or onto the top of a record
      already on the turntable.
PAR  This is achieved as a result of the cam 158 engaging the member 159 and
      initially causing pivotal movement of the number 159 in a clockwise
      direction against the bias of the spring 165 to engage the slot 162 around
      the control rod 163 above the head 164 thereof and to position the latch
      part 172 for engagement with the latch part 173 of the trip latch 170.
      When pivotal movement of the member 159 is arrested due to engagement of
      the end of the slot 162 with the control rod, relative movement occurs
      between the cam 158 and the member 159 to cause downward movement of the
      member 159 and thus to cause downward movement of the control rod 163 due
      to engagement between the member 159 and the head 164. This downward
      movement causes the record retaining fingers of the centre spindle to be
      extended and also causes the record supporting arms to be retracted. As
      described in more detail in our co-pending applications Nos. 3373/73 and
      16498/73 the centre spindle is arranged so that the resistance to movement
      of the control rod under the action of the member 159, as a result of the
      record retaining fingers engaging the hole in the record or records to be
      retained, is sufficiently high to prevent further downward movement of the
      rod under the action of the member 159, thus causing the spring 155a to be
      stressed and permitting the pin 154 to slide longitudinally towards the
      right hand end of the slot 154a.
PAR  The extent of downward movement of the member 159 is such that the trip
      latch 170 is carried down by the member 159 insufficiently far for the
      step 180 thereof to to moved below the slot 179 in the sub-plate 25 and so
      no latching action of the trip latch occurs and so that the hook part 178
      of the trip arm 174 is maintained spaced above, and out of position for
      engagement with the abutment 151 on the selector latch 121.
PAR  From 180.degree. to 285.degree. of rotation of the drive gear 45 from the
      position shown in FIGS. 3 and 4 the pick-up arm 29 is moved inwardly into
      position for lowering onto the start of a record. This is achieved in the
      following way.
PAR  The drive pillar 48 which is maintained in engagement with the cam surface
      47 by the spring 54 is permitted to move inwardly as a result of
      engagement with a portion of the cam surface 47 which is spaced closer to
      the axis pivot of the drive gear 45. Thus, the selector drive lever 51 is
      pivoted in a clockwise direction about the pivot post 52 under the
      influence of the spring 54 and thus the limb 64 of the fork engages the
      peg 65 on the selector plate 66 to pivot the selector plate 66 in an
      anti-clockwise direction about its axis of rotation 31, thus pivoting the
      pick-up arm 29 inwardly of the record. This inward movement continues
      until the abutment 122 on the selector latch 121 engages the
      pre-determined abutment surface 67 depending upon the extent of movement
      of the latch 121 as described hereinbefore.
PAR  When the selector latch 121 is pivoted in an anti-clockwise direction it
      carries with it the cut-out latch 146 and because the trip arm 174 is
      maintained in its "at rest" position with the nose 178 spaced above the
      abutment 151 this inward movement of the cut-out latch is permitted to
      take place.
PAR  In addition, during this phase of rotary movement of the drive gear the
      drive link 111 starts to move to the left but this far the ramps 124 on
      the underise thereof are not moved sufficiently to the right for the
      shouldered boss 125 on the selector control pivot past 113 to be in
      engagement therewith.
PAR  If the selector plate 66 is not to be moved to its innermost position then
      when the appropriate abutment 67 engages the abutment 122 of the latch
      plate 121 further pivotal movement of the selector plate 66, and hence of
      the drive lever 51, will be prevented and thus the pillar 48 will be held
      out of engagement with the cam surface 47.
PAR  From 285.degree. to 305.degree. of the rotation of the drive gear 45 the
      drive lever 51 is rapidly returned to its neutral position and the pick-up
      started to be set down onto a record.
PAR  The first of these movements is achieved in the first two or three degrees
      of movement of the drive gear 45 by the pillar 48, being engaged by a
      portion of the cam surface 47 spaced further from the axis of rotation of
      the drive gear 45 and so the drive lever 51 is returned rapidly to its
      neutral position so that the limbs 63 and 64 of the fork are spaced from
      the pin 65 on the selector plate 66 to permit free tracking of the pick-up
      arm 29 during playing of the record.
PAR  The second of the above movements is achieved due to continued movement of
      the drive link 111 to the left causing the ramps 124 on the underside
      thereof to permit the shouldered boss 125 provided on the past 113 to move
      upwardly, thereby causing the end of the transfer lever 126 in the region
      of the post 113 to move upwardly so that the end 130 thereof moves
      downwardly to allow the spindle 42 to move downwardly thereby lowering the
      pick-up head 30 on to the beginning of a record for playing.
PAR  From 305.degree. to 360.degree. of rotation of the drive gear 45 set down
      of the pick-up arm 29 is completed as a result of continued rotation of
      the drive gear 45.
PAR  In addition, whilst the gear is rotating from the 180.degree. position to
      the 360.degree. position, the lift lever 155 is returned to its original
      position, thus permitting upward movement of the member 159 and hence of
      the control rod 163, and also causing return pivotal movement of the
      member 159 so that in the "at rest" position of the cam gear only the
      retaining clip 166 is in engagement with the centre spindle, thereby
      permitting rapid and convenient removal and if desired re-introduction, or
      the introduction of a short centre spindle, into the record player merely
      by pulling the centre spindle vertically upwardly to remove it, and by
      pushing it vertically downwardly to replace it into the record player.
PAR  As the drive gear 45 moves up to the 360.degree. position the pawl
      mechanism is not operative, and so the drive gear 45 comes to rest in the
      region where the teeth are omitted therefrom, and the drive gear 45 is
      held in this position by the notch 50 in the cam surface 47 which is
      engaged by the roller 49 on the drive lever 51.
PAR  The record is then played and the pick-up arm 29 is thus moved gradually
      inwardly until it reaches the end of playing, whereupon it is again moved
      rapidly inwardly, causing the wire 72 to again actuate the pawl mechanism
      to start a further cycle of operations as described hereinbefore.
PAR  The manner in which the record player is switched on for the start of
      playing will now be described with particular reference to FIGS. 1A, 1B
      and 12.
PAR  It will be appreciated that when the record player is first switched on the
      pick-up arm will be in its outermost position.
PAR  The manually operable on/off lever 27 is actuated to pivot the on/off
      reject plate 104 in a clockwise direction, in FIGS. 1A and 1B, about its
      axis, thus pivoting the switch lever 100 to cause the pick-up arm clamp to
      open, due to engagement of the lower end 106 of the clamp lever 107
      thereof with the part 105a of the cam surface 105, and also to slide the
      switch slide 92 in the direction to operate the electric switch 99 to
      switch on the electric circuit to the record player.
PAR  Continued movement of the on/off lever 27 then causes further movement of
      the switch slide 92 to rotate the cut-off lever 79 about the pin 80 to
      engage the arm 88 thereof with the pawl mechanism on the drive gear 45 to
      start the drive gear rotating. The springs 95 and 83 tend to return the
      mechanism but the spring 83 also urges the cut-off lever 79 towards the
      pin 87 so that the return movement of the mechanism is arrested when the
      detent part 86 engages the pin 87 to afford a latching action of the whole
      mechanism. The cycle then proceeds as described hereinbefore except that
      the movements to raise and to pivot the pick-up arm 29 outwardly do not
      have any effect on the pick-up arm 29, as it is already raised and in an
      outward position, except that the arm 29 is raised slightly off its rest.
PAR  The end of playing of a stack of records will now be described.
PAR  The playing of the penultimate record proceeds as described hereinbefore
      and the cycle at the end of the playing the penultimate record also
      proceeds as described hereinbefore until the drive gear 45 has moved to
      approximately the 180.degree. position whereat the last record has just
      been fed onto the turntable. This position is shown in FIGS. 5 and 6.
PAR  In this case, because at the end of playing the penultimate record, there
      is only one record remaining supported on the spindle, when the record
      retaining fingers are extended, they do not engage the centre hole of any
      record and so there is no resistance to their outward movement. Thus,
      downward movement of the control rod 163 is not resisted and the spring
      155a is not overcome and so the cam 158 moves the member 159 further
      downwardly than hitherto, thus causing the trip latch 170 to be moved
      downwardly sufficiently for the stepped surface 180 thereof to be spaced
      below the slot 179 so that the trip latch can pivot about its axis 171 so
      that the surface 180 will underlie the sub-plate at the end 181 of the
      slot 179, and the trip arm is pivoted so that the nose part 178 thereof is
      moved upwardly and held in position ready for engagement with the abutment
      151 on the selector latch 121, as hereinafter to be described. It will be
      appreciated, that as described hereinbefore in connection with a normal
      cycle of operations, the selector latch has been moved into position for
      engagement with the selector plate prior to upward movement of the nose
      portion 178 of the trip arm 174.
PAR  The remainder of this cycle of operations then continues as described
      hereinbefore except that on return movement of the selector latch the
      abutment 151 snaps under the nose portion 178 of the trip arm, this being
      permitted by reason of the inclined surface 178a thereof and the spring
      mounting of the arm on the post 175. In addition, when the control rod is
      moved upwardly the trip latch is not permitted to move upwardly due to
      engagement of the stepped surface 180 thereof with the end 181 of the slot
      179 so that the nose portion 178 of the trip arm is maintained in
      engagement with the abutment 151 of the selector latch.
PAR  When the last record has been played the pick-up arm again moves rapidly
      inwardly to cause the wire to operate the pawl mechanism to start a last
      record changing cycle.
PAR  This cycle continues in the normal manner up to the 140.degree. position of
      the drive gear.
PAR  Continued rotation of the drive gear 45 from this stage to the stage shown
      in FIGS. 7 and 8 causes the same operations to occur as in a normal cycle
      except that, as the selector latch 121 is tended to be swung
      anti-clockwise the movement of the selector latch is arrested in a third
      position by engagement between the abutment 151 thereof and the nose
      portion 178 of the trip arm 174 as shown in FIGS. 7 and 8. The selector
      latch drive moulding 117 is permitted to continue to rotate after arrest
      of the latch 121 due to elongation of the spring 118.
PAR  During the last part of the 145.degree. to 180.degree. stage of movement of
      the drive gear 45 the centre spindle is again operated but because there
      is no record thereon this movement is redundant.
PAR  Just after the 180.degree. stage, as a result of the selector latch being
      held in said third position, the abutment 153 of the cut-out latch 146 is
      engaged by the upwardly extending abutment 134 of the drive link 111 and
      the cut-out latch is thereby caused to rotate from the first position to
      the second position mentioned hereinbefore.
PAR  During the 180.degree. to 285.degree. phase of movement the selector plate
      drive lever 51 is tended to pivot in a clockwise direction about the pin
      52 to move the pick-up arm 29 inwardly. However, movement of the drive
      lever 51 in this direction is arrested as a result of engagement between
      an extension part 51a thereof and a part 121b of the latch plate 121 (see
      FIGS. 1A and 1B) and no drive is communicated to the selector plate 66 and
      so the pick-up arm 29 is not moved inwardly.
PAR  From 285.degree. to 360.degree. the pick-up arm 29 is lowered as described
      hereinbefore, but because it has not been moved inwardly over the record
      it is lowered onto the rest. At the same time, the selector latch 121 is
      pivoted in the direction to move the abutment 122 thereof out of the path
      of movement of the abutments 67 on the selector plate 66, as described
      hereinbefore, but because the cut-out lever 146 has been moved to the
      second position described hereinbefore the lug 150 thereof engages with
      the part 152 of the cut-out lever 79, as shown in FIG. 9, to move it
      against the bias of the spring 83 to disengage the detent 86 and pin 87 to
      permit the cut-out lever 79 to rotate under the bias of the springs 83 and
      95 to operate the switch 99 to switch off the electric motor 15, to lift
      the jockey pulley 16 out of engagement with turntable rim 17 and the
      stepped spindle of the motor 15 by means of the link 91, and also to close
      the clamp of the rest due to engagement of the lower end 106 of the clamp
      lever 107 with the part 105b of the cam surface 105, and, in addition, the
      movement of the slide 92 causes pivotal movement of the trip latch to
      disengage the surface 180 from the end 181 of the slot 179 to permit the
      trip latch to move upwardly.
PAR  It should be appreciated that the pick-up arm 29 can be moved manually, at
      any time, over the whole of its range of movement without damage to the
      mechanism. If the pick-up arm 29 is moved whilst the drive lever 51 is
      operative to move the pick-up arm 29 inwardly or outwardly then movement
      of the pick-up arm manually outwardly will cause pivoting of the lever 51
      about the post 52 against the bias of the spring 54 to lift the piller 48
      off the cam surface 47. Alternatively, if the pick-up arm 29 is pivoted
      inwardly then the lever 51 will slide laterally as a result of movement of
      the post 52 within the slot 53 against the bias of the spring 57.
PAR  At all other times the lever 51 will be in its neutral position and
      movement of the pick-up arm over its whole range of movement is permitted
      because of the spacing between the limbs 63 and 64.
PAR  By spacing the lower end of the pick-up arm vertical spindle 31 and the
      pick-up arm raising spindle 42 from the selector control pivot post 113
      and providing the transfer lever 26 for raising and lowering the pick-up
      arm the lower end of the pick-up arm vertical spindle 17 is relative
      unobstructed thereby facilitating the provision of ancillary equipment
      such as, the viscous set-down device and the anti-skate device indicated
      generally at 161 and 162 respectively in FIG. 2.
PAR  The switch off mechanism described above prevents any damage to the
      mechanism of the on/off lever 27 obstructed during automatic switch off.
PAR  It will be appreciated that if only a single record is placed on the centre
      spindle, then the record player will perform the last two above described
      cycles of operations each time such a single record is placed on the
      centre spindle.
PAR  If the user does not require the facility of being able to play a stack of
      records, then instead of using an umbrella type spindle, he can remove the
      umbrella type spindle by merely pulling it upwardly, as described
      hereinbefore, and replace it by a short stub spindle. The short stub
      spindle is not provided with any control rod or any other part for
      engagement with the member 159 and so the member 159 is not restrained
      from moving downwardly, so again the record player will perform a switch
      off cycle of operations and will be automatically switched off at the end
      of playing of the record. It will be appreciated that in this case the
      penultimate cycle of operations in which the nose of the trip arm is
      positioned for engagement with the selector latch on return movement of
      the selector latch is caused to take place as a result of switching on of
      the record player manually, whilst the actual cut-off cycle of operations
      takes place at the end of playing of the record in the usual manner.
PAR  If it is desired to replay a record using either an umbrella or stub
      spindle this can be done merely by operating the one/off switch of the
      record player to switch on the record player.
PAR  Parts of the record player described above are described and claimed in our
      co-pending application No. 311,637 and our Pat. No. 3,847,401 to which
      reference may be made for a more detailed description and illustration of
      said parts.
CLMS
STM  What we claim then is:
NUM  1.
PAR  1. An automatic record player for playing disc records of different sizes
      comprising a deck plate, a motor, a turntable rotatable on the deck plate
      and driven, in use, by the motor, a centre spindle, extending upwardly
      from the centre of the turntable, a control member movable within the
      centre spindle to cause records to be fed singly in succession from the
      bottom of a stack supported on the spindle on to the turntable, a pick-up
      arm pivotally mounted for movement about a horizontal axis on the upper
      end of a vertical spindle, the vertical spindle being pivotally mounted
      for movement about a vertical axis relative to the deck plate, a drive
      gear rotatably mounted on the deck plate, means for rotating the drive
      gear by the motor during a record changing cycle, record change means
      driven from the drive gear to move the control member and to cause pivotal
      movement of the pick-up arm about said horizontal axis and of said
      vertical spindle about said vertical axis, a selector plate provided at
      the lower end of the vertical spindle, a selector latch mounted on the
      deck plate, the selector plate and latch having selectively
      inter-engageable abutments and the selector latch being movable, by said
      record change means, from a first position, in which free movement of the
      selector plate is permitted, into a second position for inter-engagement
      between desired abutments to limit pivotal movement of the selector plate,
      switch-off means to switch-off the record player, actuating means to
      actuate said switch-off means comprising a trip latch movable from a first
      to a second position in dependence upon the resistance to movement of the
      control member of the centre spindle, the resistance being determined by
      the presence of at least a predetermined number of records on the spindle,
      a cut-out latch mounted on the selector latch for movement relative
      thereto, a trip element, operated when the trip latch is in said second
      position, to position the selector latch in a third position so that
      during a last record changing cycle at the end of playing the last record
      said cut-out latch is in position for engagement with an abutment portion
      of the record change means so that movement of the abutment portion
      displaces the cut-out latch so that a portion thereof is moved into
      position to actuate the switch-off means when the selector latch is moved
      to said first position by said record change means.
NUM  2.
PAR  2. A record player according to claim 1 wherein the centre spindle is an
      umbrella type spindle.
NUM  3.
PAR  3. A record player according to claim 2 wherein the record player includes
      a centre spindle control member drive means, said drive means including
      lost motion means whereby operation of the drive means is permitted to
      continue when movement of the control member is limited due to the
      presence of at least said predetermined number of records on the spindle.
NUM  4.
PAR  4. A record player according to claim 3 wherein the trip latch is connected
      to a part of the drive means and is movable thereby from said first to
      said second position, stop means being provided to retain the trip latch
      in said second position.
NUM  5.
PAR  5. A record player according to claim 4 wherein said abutment portion is
      provided on a drive link, one end of which is pivotally connected to the
      drive gear about an axis spaced from and parallel to, the axis of rotation
      thereof, the other end of the drive link being mounted relative to the
      deck plate for sliding movement relative thereto and for pivotal movement
      about an axis spaced from, and parallel to, the axis of rotation of the
      drive gear as a result of rotation of the drive gear, and the drive link
      being operative to raise and lower the pick-up arm on movement of the
      drive link resulting from rotation of the drive gear and selector latch
      drive means being provided on the drive link to move the selector latch
      between said first and second positions.
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ABST
PAL  A secondary sealing device is provided for a pump used for pumping gases
      under pressure. Leakage of gas between a main seal and the pump shaft is
      permitted up to a predetermined maximum pressure but once that pressure
      has been exceeded, a pressure sensor activates a switch to stop rotation
      of the pump shaft. When the shaft has come to a halt, a high pressure gas
      such as nitrogen is introduced into a secondary seal circumferential of
      the shaft whereby a resilient sealing ring is forced into tight sealing
      contact with the pump shaft to prevent any further leakage of the pumped
      gas to the atmosphere.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present application is directed at pumps in general and more
      specifically at secondary sealing devices for pumps pumping gases under
      pressure.
PAR  Pumps used in the pumping of L.P.G. (Liquid Petroleum Gases) must meet a
      safety standard. At present, the failure of a main seal will allow L.P.G.
      to pass to the outside of the seal flange, vapourize and escape into the
      atmosphere. As the liquid gas changes state it can reduce the temperature
      of the leakage point to approxiomately minus 44.degree.F. This causes a
      build up of ice at that point due to the condensation of the water vapour
      in the air and this further hampers efforts to stop the leak and make
      repairs.
PAR  During normal operation of the pump, the seal permits a graduated leakage
      of gas between the seal and the pump shaft and may be tolerated up to a
      predetermined pressure of, say, 5 psi. Beyond that pressure, a pressure
      sensing switch starts shut-down of the pump, ultimately resulting in
      cessation of rotation of the pump shaft. However, the gas continues to
      leak past the seals and at an increased pressure, thereby presenting the
      difficult situation described above.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention finds its utility in a pump having a pump shaft, a
      main seal and a leakage ring surrounding the shaft and permitting normal
      gas leakage within a predetermined pressure range. The secondary sealing
      device of the present invention comprises annular deformable seal means
      radially spaced from the shaft, annular piston means axially slidable in
      any annular cylinder surrounding the shaft and peripherally abutting the
      seal means, and a source of highly pressurized gas communicating with the
      cylinder. When a pressure exceeding the design maximum is sensed, rotation
      of the pump shaft is stopped and immediately the shaft has stopped
      rotating the gas is introduced into the cylinder to force the piston
      towards the seal means whereby the seal means is forced radially inwardly
      into sealing engagement with the pump shaft. When the L.P.G. has been
      removed from the pump the gas is evacuated from the pressure chamber so
      that the seal may assume its original configuration and the necessary
      repair work effected.
PAR  The secondary sealing device of the present invention thus provides a very
      fast and effective way of preventing excessive leakage of L.P.G. from a
      damaged pump and it may also be re-used should the occasion arise. The
      clearance provided between the unactivated seal ring and the pump shaft
      not only permits normal leakage but it ensures that the seal is not
      subject to premature wear and hence premature failure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The secondary sealing device of the present invention will now be described
      in greater detail and with reference to the drawings wherein:
PAR  FIG. 1 is a partial longitudinal section through the pump casing and
      showing the secondary sealing device is its nonenergized state.
PAR  FIG. 2 is similar to FIG. 1 and shows the secondary sealing device in its
      energized state.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The secondary sealing device of the present application is utilized in
      conjection with a gas pump (not shown) for pumping L.P.G. (Liquid
      Petroleum Gases), such as propane, iso-butane or N-butane. The pump has a
      shaft 12 passing through a seal or gland plate 14 provided with a main
      seal 16, a leakage detection system and the secondary sealing device.
PAR  A clearance 20 is provided between the main seal 16 and the shaft 12 so
      that a controlled quantity of gas may leak therethrough. The leaking gas
      enters annular chamber 22 provided in the gland plate axially outwardly
      from main seal 16. A second annular chamber 24 is provided in the gland
      plate axially outwardly of chamber 22 in which carbon leakage ring 26
      resides. The carbon ring is dimensioned so as to provide an annular
      clearance 28 between itself and shaft 12, the clearance 28 being such as
      to permit leakage only up to a predetermined maximum pressure.
PAR  An annular retaining collar 34 is generally U-shaped in cross-section, the
      base thereof being machined to sealingly abut the outward face of gland
      plate 14 and the legs being concentric with shaft 12. As with the gland
      plate 14 and the main seal 16, a clearance 36 is provided between shaft 12
      and the innermost leg of collar 34 to permit the normal escape of gases.
PAR  When the collar 34 is in position against gland plate 14 the carbon ring 26
      is forced against the machined base of the collar by a wavy spring 38
      located in annular chamber or groove 24. Thus the carbon ring will be held
      against axial movement.
PAR  An annular piston 40 is sized to slide in the annular groove 42 provided
      between the two legs of collar 34. The piston is provided with O-rings 44
      and 46 which seal the piston against the legs of the collar. The edge of
      the piston which faces outwardly towards the shaft is bevelled as
      illustrated in FIG. 1 by reference number 48. The bevel 48 extends around
      the periphery of piston 40 and abuts with the bevelled edge 50 of the
      annular seal ring 52. Seal ring 52 is preferably formed of a resilient
      material such as Teflon which is not degradable by and is impervious to
      the gases normally used in the pump and which has excellent wear
      characteristics. A certain degree of rigidity in seal ring 52 is also
      required so that, when in the non-energized state of FIG. 1, no contact is
      made with shaft 12. In fact, a clearance 54 between the seal ring 52 and
      shaft 12 is necessary for the normal gas escape.
PAR  Seal body 56 is the outermost portion of the secondary seal of the present
      invention. It also is annular in configuration with a clearance 58
      surrounding shaft 12. As can be seen best in FIG. 1 seal body 56 acts as a
      cover for the entire seal assembly as it extends axially towards gland
      plate 14 to abut therewith. For assembly of the seal it is understood that
      seal body 56 could be fastened to gland plate 14 by a number of cap screws
      (not shown) distributed in a circle inwardly of the outer periphery of the
      seal body.
PAR  As is seen in FIGS. 1 and 2 the seal body 56 is provided with an annular
      cavity or recess 60 which is greater in radial extent than the radial
      thickness of retaining collar 34 thereby permitting a degree of radial
      play of collar 34 therewithin. Cavity 60 is also provided with a
      circumferential groove 62 over a portion of its axial length in which
      groove resides a wavy annular locator ring 64, the purpose of which will
      become evident during the discussion of the operation of the secondary
      seal.
PAR  Extending radially from groove 62 is a bore 66 which opens into an enlarged
      bore 68 which in turn is adapted to receive a pressure line fitting for
      the fluid system to be described hereinafter. A similar bore 32 extends
      radially from annular chamber 22 in gland plate 14 to meet with enlarged
      bore 70, adapted to also receive a pressure line fitting.
PAR  It is appropriate to mention at this time that O-ring seals 72 and 74 are
      provided between gland plate 14 and seal body 56 and retaining collar 34
      respectively. They ensure that there will be no escape of gas between the
      abutting surfaces of these elements.
PAR  Within retaining collar 34 there is at least one radially directed pressure
      access bore 76 communicating between circumferential grooves 78 and 80
      which open into the central annular groove 42 of the collar and the
      circumferential groove 62 in cavity 60. The purpose of the bore 76 and
      grooves 78 and 80 will become evident during the discussion of the
      operation of the invention.
PAR  The fluid circuit associated with the present invention includes a pressure
      sensor-switch 32 which is in fluid communication with bore 70 in gland
      plate 14. Switch 32 is connected via line 82 to the drive unit for the
      pump (not shown), in particular to the stop circuitry of the motor driving
      the shaft. Switch 32 also is connected to a timer 84 which operates a
      three-way valve 86. A source 88 of compressed, high pressure gas such as
      nitrogen is fluidly connected to valve 86 which in turn is fluidly
      connected to bore 68 in seal body 56.
PAR  The operation of the secondary seal of the present invention is as follows.
PAR  During normal operating conditions the acceptable leakage gas escaping past
      the main seal 16 is allowed to pass into cavity 22 and along the shaft 12
      into cavity 24, past carbon ring 26, retaining collar 34, seal ring 52 and
      seal body 56 to atmosphere. During such leakage the pressure in cavity 22
      is monitored by pressure sensor-switch 32.
PAR  When the pressure builds up in cavity 22 as a result of main seal failure
      pressure sensor-switch 32 senses the condition and signals a shut-down of
      the pump motor. It also starts timer 84 which is calibrated to send a
      signal to valve 86 when the pump shaft 12 has stopped rotating. At this
      point in time valve 86 opens to permit the high pressure gas from source
      88 to flow therethrough into bores 68 and 66. This gas enters
      circumferential groove 64, radial bore 76 and grooves 78 and 80 to exert a
      substantial outward force on piston 40. As the piston 40 moves outward (to
      the right in FIG. 1), sealed by O-rings 44 and 46, its bevelled leading
      edge 48 exerts a radially inwardly directed force on seal ring 50 through
      its bevelled edge 50. The force exerted through piston 40 is sufficient to
      squeeze the seal ring radially inwards so that it is forced into sealing
      engagement with the shaft 12, as shown in FIG. 2, to prevent escape of the
      gas in the pump. In a major leakage situation the leakage pressure may go
      as high as 1050 psi and hence the secondary seal and associated components
      should be designed to withstand at least 1500 psi. Tests conducted on a
      secondary seal constructed in accordance with the present invention showed
      maintenance of the seal at pressures up to 2600 psi.
PAR  The secondary seal is maintained until the pump can be emptied and repairs
      made to the main seal. When gas pressure in grooves 78 and 80 is released
      the seal ring 52 starts to return to its original unloaded condition. As
      it moves back radially it pushes the piston 40 axially back in groove 42
      to its original position as shown in FIG. 1. The secondary seal is then
      ready for the next failure cycle.
PAR  One advantageous aspect of the present invention is that it takes into
      account slight eccentricities of the shaft 12 relative to the centerline
      of the gland plate 14 and seal body 56. As previously mentioned the seal
      ring 52 and the retaining collar 34 "float" in their respective cavities.
      During the squeezing action on the seal ring, the seal ring will conform
      to the circumference of the shaft 12 and this conforming action may exert
      an opposing outward force on the piston 40 and hence on the retaining
      collar 34. This outward force results in the collar ring taking up a new,
      working position concentric to shaft 12 and seal ring 56 due to the
      resilient nature of locater ring 64 which is resiliently displaced by
      collar 34. Under non-emerging conditions the locater ring will maintain
      collar 34 concentric to seal body 56 rather than concentric to shaft 12.
PAR  It is thus seen that the secondary seal of the present invention will
      provide an extremely rapid and effective seal against high pressure gases
      while permitting normal operation and greatly reducing the effects due to
      wear.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a pump for pumping pressurized gas and having a pump shaft, a main
      seal, a leakage ring surrounding said shaft permitting gas leakage within
      a predetermined pressure range and pressure sensing means, the improvement
      comprising annular deformable seal means radially spaced from said shaft,
      annular piston means axially slidable in an annular cylinder surrounding
      said shaft and peripherally abutting said seal means, and a source of
      highly pressurized fluid communicating with said cylinder, said sensing
      means including switch means whereby a pressure detected by said sensing
      means exceeding the maximum pressure of said range actuates said switch
      means to stop rotation of said shaft and to thereafter permit said fluid
      to enter said cylinder whereby said piston forces said seal means radially
      inwardly to sealingly engage said shaft and prevent further leakage
      therearound.
NUM  2.
PAR  2. The invention of claim 1 wherein said cylinder is contained within an
      annular retaining collar, said collar also including bore means for
      communicating said fluid to said cylinder.
NUM  3.
PAR  3. The invention of claim 2 wherein said collar floats within a chamber
      formed in an annular seal body, said chamber also housing annular wavy
      spring means positioned between an inner circumferential surface of said
      chamber and an outer circumferential surface of said collar.
NUM  4.
PAR  4. The invention of claim 1 wherein said piston is provided with a
      peripheral bevelled edge abutting a corresponding peripheral bevelled edge
      on said seal means whereby axial forces developed on said piston are
      transformed into generally radial forces in said seal means.
NUM  5.
PAR  5. In a pump for pumping pressurized gas and having a pump shaft, a main
      seal, a leakage ring surrounding said shaft permitting gas leakage within
      a predetermined range of pressures and pressure sensing means, the
      improvement comprising an annular seal body having an annular chamber
      therein and first bore means communicating with said chamber, an annular
      retaining collar resiliently located within said chamber and containing an
      annular axially directed cylinder and second bore means communicating
      between said chamber and said cylinder annular piston means axially
      slidable in said cylinder and having a peripheral bevelled edge outward of
      said cylinder, annular seal means in said chamber having a peripheral
      bevelled edge abutting the peripheral bevelled edge of said piston, and a
      source of highly pressurized fluid in valved communication with said first
      bore means, said sensing means including switch means whereby a pressure
      detected by said sensing means exceeding the maximum pressure of said
      range actuates said switch means to stop rotation of said shaft and to
      thereafter permit said fluid to pass through said first and second bore
      means into said cylinder whereby said cylinder is forced against said seal
      means to force it radially inwardly into sealing engagement with said
      shaft, thereby preventing further leakage of said gas.
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PAL  This rotary sealing means has a casing with spaced concentric inner and
      outer walls connected by an end wall, the latter having a shoulder
      adjacent the inner wall. A primary sealing element, composed of carbon or
      the like, is guided for nonrotative movement between the inner and outer
      walls, such element having a counterbore which forms a shoulder opposed to
      and spaced from the shoulder in the casing. A secondary sealing element is
      disposed in the space between the shoulders, such secondary element in one
      form of the invention being annular and having a plastic part of generally
      channel-shaped cross section with the open side facing inwardly so that
      fluid pressure applied thereto will tend to urge the flaps of the channel
      toward the shoulders. Spring means are also positioned between the flaps
      of the channel to initially urge the flaps toward the shoulders.
      Variations in the plastic channel and spring means may be provided to
      extend the usefulness of the seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to seals and more particularly to those employed to
      seal an opening in a wall through which a shaft or other movable element
      of a machine extends. It has long been a problem with machinery to prevent
      the escape fluid under pressure around an element projecting through a
      casing wall, particularly when the element is movable relative to the
      wall, like a rotating shaft. In this instance it is proposed to provide a
      first seal having a primary sealing face and another or secondary seal
      with one or more sealing faces, all the seals sealing axially. Heretofore,
      seals provided for use in locations such as the seal of this invention
      have had a combination of primary and secondary seals, the latter sealing
      radially which required larger size seals and a greater number of
      elements. In addition, the previously provided seals were unsatisfactory
      in that they wore out quicker and leaked excessively.
PAR  The seal of the present invention relates to the types of seals exemplified
      by the following U.S. Pat. Nos.:
PA1  2,422,007 to Gilbert
PA1  2,736,579 to Dickinson
PA1  3,025,069 to Harker
PA1  3,169,024 to Johnson et al
PA1  3,592,479 to Andresen
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is to provide a seal assembly
      which will avoid the objections to prior seals by embodying a simpler
      construction, fewer parts, different operating principles, and a longer
      life.
PAR  Another object of the invention is to provide a seal assembly having a
      primary sealing element of a carbonaceous material and a secondary sealing
      element of a plastic material such as polytetrafluoroethylene, the
      secondary element having a construction which resists thermal expansion
      and flow of material when utilized in regions subjected to high
      temperatures.
PAR  Another object of the invention is to provide a seal assembly with a
      primary sealing element and a secondary sealing element so constructed and
      arranged as to eliminate problems usually attendant to the use of high
      expansion rate polytetrafluoroethylene, or similar plastics, by sealing on
      the relatively short axial length of the seal rather than the larger
      diametral dimension.
PAR  A further object of the invention is to provide a seal assembly with a
      primary sealing element and a secondary sealing element so constructed and
      arranged that the latter can be used to pressure balance the entire seal
      assembly and can be used for both internal or external pressure by facing
      the plastic element towards the high pressure.
PAR  Another object of the invention is to provide a seal assembly having a
      primary sealing element of a carbonaceous material with a face opposed to
      a shoulder on a shaft to be sealed and a secondary sealing element made
      from a polytetrafluoroethylene, or similar plastic, having an annular
      shape with a channel cross section, an annular resilient element being
      arranged in the channel and urging the sides of the channel outwardly
      toward shoulders on the primary seal and the seal assembly casing to
      yieldably hold the primary seal against the shaft shoulder. Fluid pressure
      applied to the inner surface of the secondary sealing element supplements
      the resilient element, or vice versa.
PAR  A still further object of the invention is to provide a seal assembly of
      the type mentioned in the preceding paragraph with a spring structure
      which will perform a double function and eliminate the necessity of a
      second spring and abutment items, thus reducing the size and total number
      of parts of the assembly.
PAR  Other objects and advantages of the invention will be obvious and/or
      specifically pointed out in the following description of one embodiment of
      the invention disclosed in detail in the accompanying drawing.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is an axial sectional view of a seal assembly formed in accordance
      with the present invention and mounted in a casing wall to close an
      opening around a shaft extending therethrough;
PAR  FIG. 2 is a vertical transverse sectional view taken through the seal shown
      in FIG. 1 on the plane indicated by the line II--II of that Figure;
PAR  FIG. 3 is an enlarged sectional view of a secondary sealing element forming
      a part of the seal assembly shown in FIG. 1; and
PAR  FIG. 4 is a sectional view similar to FIG. 3 showing a slightly modified
      form of secondary seal embodying the features of the invention.
DETD
PAC  DESCRIPTION OF THE DISCLOSURE
PAR  Referring more particularly to the drawing and especially to FIG. 1, the
      numeral 10 designates a seal assembly formed in accordance with the
      invention. This seal assembly has been provided to close an opening 11 in
      wall 12 through which a rotatable shaft 13 projects. As is well known in
      the mechanical field, it is a difficult task to prevent leakage of
      liquids, gases, or lubricants around a shaft, particularly in a location
      where the wall is a part of a pressurized housing. The seal assembly 10
      includes a casing 14 having inner and outer concentric walls 15 and 16,
      respectively, and an end wall 17, which collectively form the casing 14
      with an open end. A portion of the wall 17 is offset adjacent the inner
      wall 15 to form a shoulder 18 which is smoothly finished for a purpose to
      be set forth hereinafter. The outer wall 16 has a plurality of lugs 19
      spaced therearound, these lugs being suitably permanently secured to the
      casing.
PAR  The casing receives a primary sealing element 20 which, in this instance,
      is composed of a ring of carbonaceous material sized to slide into the
      open end of the casing 14. The peripheral side of the ring has spaced
      grooves 21 formed therein to receive the lugs 19 which serve to hold the
      ring against rotation and guide it for movement into and out of the
      casing. The ring 20 has a slightly raised sealing face 22 on the side
      projecting from the casing, this face also being smoothly finished for
      sliding engagement with a collar or enlargement 23 formed on shaft 13.
      This smooth sliding engagement provides the primary sealing contact.
PAR  Ring 20 is counterbored, as at 24, to provide a smooth continuous shoulder
      25, which, when the ring is in place in the casing, is disposed in space
      opposed relation to the shoulder 18 on the casing end wall 17. The space
      between the shoulders 18 and 25, the inner wall of the casing, and the
      inner wall of the counterbored portion of the ring 20 form a chamber for
      receiving the secondary sealing element 26 of the seal assembly.
PAR  In the first form of the invention illustrated, the sealing element 26
      includes two parts, 27 and 28. Part 27 comprises an annulus having a
      substantially channel-shaped cross section with an outer wall 29 and end
      flanges or flaps 30. Element 27 is made from polytetrafluoroethylene or
      other suitable plastic which provides desirable flexibility, resistance to
      heat and distortion, and long life. The outer wall 29 may be transversely
      undulated, if desired, to allow limited movement of the end flanges or
      flaps toward and away from one another. Such movement will permit the
      primary seal to move slightly and accommodate variations in shaft
      positions or wear. Such movement also permits the flaps to maintain a
      sealing engagement with shoulders 18 and 25 on the casing 14 and primary
      seal ring 20. Initially, flaps 30 are urged into engagement with the
      shoulders 18 and 25 by part 28.
PAR  Part 28 is a resilient or spring member disposed in the channel of part 27.
      The spring 28 is also an annulus with an inner wall and a series of spaced
      spring fingers 31 projecting outwardly and upwardly from the side edges of
      the inner wall. It will be obvious that the strength of the spring may be
      controlled by the selection of material, the number and pitch of the
      fingers 31, the stock thickness, the stresses, and other normal spring
      design considerations. The spring fingers engage the flaps and urge them
      outwardly into engagement with shoulders 18 and 25. This force reacts on
      the primary sealing ring 20 to yieldably resist movement thereof by the
      shaft into casing 14. Fluid under pressure within the housing, of which
      wall 12 forms a part, flows between ring 20 and inner wall 15 of casing 14
      and is applied to the inner surface of plastic part 27 of sealing element
      26. The pressure of this fluid tends to spread the flaps 30 farther apart
      and increase the engagement thereof with the shoulders 18 and 25. This
      engagement prevents the escape of fluid around the primary sealing element
      while permitting limited axial movement thereof in response to shaft creep
      or variation in position.
PAR  The spring 28 serves a second purpose in tending to urge the primary
      sealing element 20 outwardly of the casing 14 to maintain the element of
      the face 22 thereof with the collar 23 on the shaft 13. As previously
      mentioned, spring 28 yieldably resists movement of element 20 inwardly
      into the casing 14, thus eliminating the use of washers and wave springs
      employed for such purpose in conventional seals.
PAR  From the foregoing it will be apparent that the construction of the
      secondary sealing element shown and described provides sealing operations
      in an axial direction at the smallest diametral dimension on the plastic
      element, thus minimizing the effect of the expansion rate of the material.
      Through the dual functions of the spring 28, a reduction in the total
      number of parts in the seal assembly, as well as axial length thereof, is
      secured.
PAR  It will be clear to those familiar with the art that the configuration of
      the static sealing element may vary depending upon the required operating
      range.
PAR  FIG. 4 shows a slightly modified form of secondary seal. In this form, the
      plastic part 27A has a similar channel-shaped cross section but the
      undulating transverse shape is not utilized. The resilient initial
      expander 28A is modified by providing the annular wall section thereof
      with an undulating cross section to lend additional resiliency and, if
      desired, greater expansion. The side edges of the resilient member 28A
      also has spring fingers 31A like those in the form of the invention first
      described.
PAR  It is obvious that the form of plastic element 27 shown in FIG. 3 could be
      used with the form of spring shown in FIG. 4, or vice versa if so desired.
PAR  The principles of operation are the same in both forms of the invention
      shown and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Rotary seal means comprising:
PA1  a. a casing having spaced concentric inner and outer walls connected by an
      end wall and providing an annular chamber open at one end, said end wall
      having a continuous shoulder adjacent the inner wall;
PA1  b. an annular primary sealing element disposed in said chamber, said
      sealing element having a sealing face exposed at the open end of said
      casing and a continuous shoulder in spaced opposed relation to the
      shoulder in said casing;
PA1  c. an annular secondary sealing element disposed between said opposed
      shoulders, said secondary sealing element having spaced flaps connected by
      an annular wall and movable toward and away from one another, said flaps
      having a sealing engagement with the opposed shoulders on said casing and
      primary sealing element; and
PA1  d. a spring disposed between the flaps of the secondary sealing element to
      urge said flap toward said shoulders, said spring engaging said inner wall
      to yieldably resist radial inward movement of said secondary sealing
      element in said chamber.
NUM  2.
PAR  2. The rotary seal means of claim 1 in which means are provided to prevent
      relative rotation of said casing and the primary sealing element.
NUM  3.
PAR  3. The rotary seal means of claim 2 in which the means for preventing
      relative rotation between the casing and primary sealing element provides
      for relative axial movement therebetween.
NUM  4.
PAR  4. The rotary seal means of claim 1 in which the spaced flaps project
      generally inwardly from the annular wall.
NUM  5.
PAR  5. The rotary seal means of claim 1 in which the secondary sealing element
      is composed of a plastic material.
NUM  6.
PAR  6. The rotary seal means of claim 1 in which the secondary sealing element
      is formed of polytetrafluoroethylene.
NUM  7.
PAR  7. Rotary seal means comprising:
PA1  a. a casing having spaced concentric inner and outer walls connected by an
      end wall and providing an annular chamber open at one end, said end wall
      having a continuous shoulder adjacent the inner wall;
PA1  b. an annular primary sealing element disposed in said chamber, said
      sealing element having a sealing face exposed at the open end of said
      casing and a continuous shoulder in spaced opposed relation to the
      shoulder in said casing; and
PA1  c. an annular secondary sealing element disposed between said opposed
      shoulders, said secondary sealing element having spaced flaps connected by
      an annular wall and movable toward and away from one another, said flaps
      having a sealing engagement with the opposed shoulders on said casing and
      primary sealing element, said spaced flaps projecting generally inwardly
      from the annular wall, and said annular wall being provided with
      transversely spaced undulations which form alternate annular ridges and
      grooves.
NUM  8.
PAR  8. Rotary seal means comprising:
PA1  a. a casing having spaced concentric inner and outer walls connected by an
      end wall and providing an annular chamber open at one end, said end wall
      having a continuous shoulder adjacent the inner wall;
PA1  b. an annular primary sealing element disposed in said chamber, said
      sealing element having a sealing face exposed at the open end of said
      casing and a continuous shoulder in spaced opposed relation to the
      shoulder in said casing;
PA1  c. an annular secondary sealing element disposed between said opposed
      shoulders, said secondary sealing element having spaced flaps connected by
      an annular wall and movable toward and away from one another, said flaps
      having a sealing engagement with the opposed shoulders on said casing and
      primary sealing element, said flaps projecting generally inwardly from the
      annular wall; and
PA1  d. spring means disposed between the spaced flaps to urge said flaps
      towards said shoulders, said spring means having an annular band and
      spaced resilient fingers projecting from the sides of the band in spaced
      order to engage the flaps on the secondary sealing element.
NUM  9.
PAR  9. The rotary seal means of claim 8 in which the resilient fingers project
      generally radially outwardly from the band of the spring means.
NUM  10.
PAR  10. The rotary seal means of claim 8 in which the annular band of said
      spring means is provided with transversely spaced undulations which form
      alternate annular ridges and grooves.
NUM  11.
PAR  11. The rotary seal means of claim 8 in which the annular wall of the
      secondary sealing means is provided with transversely spaced undulations
      which form alternate annular ridges and grooves and the annular band of
      the spring means is provided with transversely spaced undulations which
      form alternate annular ridges and grooves.
NUM  12.
PAR  12. Rotary seal means comprising:
PA1  a. a casing having spaced concentric inner and outer walls connected by an
      end wall and providing an annular chamber open at one end, said end wall
      having a continuous shoulder adjacent the inner wall;
PA1  b. an annular primary sealing element disposed in said chamber, said
      sealing element having a sealing face exposed at the open end of said
      casing and a continuous shoulder in spaced opposed relation to the
      shoulder in said casing;
PA1  c. an annular secondary sealing element disposed between said opposed
      shoulders, said secondary sealing element having spaced flaps connected by
      an annular wall and movable toward and away from one another, said flaps
      having a sealing engagement with the opposed shoulders on said casing and
      primary sealing element; and
PA1  d. spring means disposed between the spaced flaps to urge said flaps toward
      said shoulders, said spring means having an annular band and spaced
      resilient fingers projecting from the sides of the band in spaced order to
      engage said flaps.
NUM  13.
PAR  13. Rotary seal means comprising:
PA1  a. a casing having spaced concentric inner and outer walls connected by an
      end wall and providing an annular chamber open at one end, said end wall
      having a continuous shoulder adjacent the inner wall;
PA1  b. an annular primary sealing element disposed in said chamber, said
      sealing element having a sealing face exposed at the open end of said
      casing and a continuous shoulder in spaced opposed relation to the
      shoulder in said casing;
PA1  c. an annular secondary sealing element disposed between said opposed
      shoulders, said secondary sealing element having spaced flaps connected by
      an annular wall and movable toward and away from one another, said flaps
      having a sealing engagement with the opposed shoulders on said casing and
      primary sealing element; and
PA1  d. spring means disposed between the spaced flaps to urge said flaps toward
      said shoulders, said spring means including an annular band having
      transversely spaced undulations which form alternate annular ridges and
      grooves.
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ABST
PAL  An oil seal ring is obtained which can maintain its oil scraping
      performance at a satisfactory level despite the frictional wear it
      undergoes. It is formed with a tapered sliding surface having a hardness
      maximized at its oil scraping edge and decreasing with the distance
      therefrom. It can be manufactured by casehardening a ring blank through
      one end surface thereof which is oppositely tapered and subsequently
      finishing the end surface to shape.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in oil seal rings and more
      particularly to those for reciprocating and rotary piston internal
      combustion engines and to methods of making such rings.
PAR  As is well known, oil seal rings of the character described are principally
      intended to prevent intrusion of any excess of lubricating oil into the
      combustion chamber of the engine and in use are moved slidingly along the
      inside wall surface of the associated cylinder of a reciprocating piston
      combustion chamber or of the side housing of a rotary piston combustion
      engine, as the case may be, to scrape down any excess of lubricating oil
      lying on the surface. In order that such oil seal ring may maintain its
      oil scraping performance at a satisfactory level for any extended period
      of service, it is desirable that the oil scraping edge of the ring be held
      at all times acute enough to make line contact with the associated wall
      surface of the engine for efficient oil scraping. In fact, however, oil
      seal rings and particularly those used in a rotary piston engine are
      subjected to complex external forces and thus forced to make complicated
      movements. This causes a considerable frictional wear of the ring and
      which in the past has resulted in substantial loss in acuteness and hence
      in oil scraping effect of the ring edge held in sliding contact with the
      engine wall surface and thus has caused increase in lubricant oil
      consumption of the engine. Further, as wear of the ring proceeds, the area
      of the ring surface contacting with the engine wall surface increases and
      this has previously resulted in reduction in pressure of contact
      therebetween and hence in impairment of the oil scraping effect of the oil
      seal ring.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the above, the present invention has for its object the
      provision of a new and improved oil seal ring which is free, despite the
      frictional wear inevitable in use, from any substantial reduction in oil
      scraping effect as caused by loss in acuteness of the oil scraping edge,
      and/or increase in area of contact thereof with the associated engine wall
      surface and resulting decrease pressure of contact therebetween.
PAR  Another object of the present invention is to provide a method of
      manufacturing such improved oil seal rings with efficiency.
PAR  In order to attain these and other objects, the present invention proposes
      to impart to the sliding surface of an oil seal ring such as appropriate
      gradient in hardness that the ring surface may at all times exhibit a
      hardness maximized at its oil scraping edge and decreasing with the radial
      distance therefrom.
PAR  An oil seal ring of the character described can be produced according to
      the method of the present invention by preparing a ring blank including an
      appropriate amount of material to be machine cut or ground off and having
      an end surface tapered or inclined, as indicated in FIG. 3 at 10a, in a
      direction opposite to that in which the sliding surface 10 finally
      obtainable on the ring blank is to be inclined, subjecting the tapered end
      surface of the ring blank to casehardening treatment for penetration or
      diffusion therein of such hardening element as nitrogen, carbon or
      chromium, thereby to form a hardened wear-resistant surface layer, and
      subsequently finishing the treated blank surface to the taper or
      inclination specified for the sliding surface 10 thereby to expose the
      underlying layers of material treated to varying degrees. The sealing or
      sliding surface thus obtained on the ring blank apparently exhibits a
      definite hardness gradient, and hence a wear resistance continuously
      varying along the surface from one edge to the other. In use, it will be
      apparent that the surface region lower in hardness wears faster than the
      region of higher hardness and hence the oil scraping edge of the surface,
      which is highest in hardness, can be kept acute enough to serve the
      intended purpose for a long period of time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be described in more detail hereinafter with
      reference to the accompanying drawing, which illustrates one preferred
      embodiment of the present invention as applied to a rotary piston engine
      and in which:
PAR  FIG. 1 is a cross-sectional view showing oil seal rings fitted in the rotor
      or rotary piston of the engine and embodying the present invention;
PAR  FIG. 2 is a side elevational view, partly in cross section, of one of the
      oil seal rings shown in FIG. 1;
PAR  FIG. 3 is a fragmentary schematic cross-sectional view of the oil seal
      ring, illustrating the process of manufacturing the same;
PAR  FIG. 4 is a fragmentary cross-sectional view illustrating the manner in
      which the oil seal ring wears in use; and
PAR  FIG. 5 is an explanatory diagram illustrating the distribution of contact
      pressure on the sliding surface of the ring shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing and first to FIG. 1, reference numeral 1 indicates
      the side housing of a rotary piston combustion engine; 2 indicates a rotor
      housed eccentrically in the housing 1 for rotation therein; and 3 and 3a
      indicate grooves formed in one side of the rotor 2 to receive respective
      oil seal rings 4 and 4a embodying the present invention. The oil seal
      rings 4, 4a are used in combination with respective elastic sealing rings
      5 and 5a of rubbery material and are each formed with a sealing edge 9
      which is held in pressure contact with the inside wall surface 8 of the
      side housing 1 under the bias of a back spring 7. As will readily be
      understood, these oil seal rings in operation function to prevent the
      lubricating oil supplied to the space between the side housing 1 and rotor
      2 from leaking in the combustion chamber outside thereof in any excessive
      amount.
PAR  Referring next to FIG. 2, in which one of the oil seal rings 4, is shown in
      cross section, the sliding surface of the oil seal ring 4, that is, the
      annular end surface 10 thereof engageable with the inside wall of the side
      housing, is formed at an angle of inclination .alpha. and has a hardness
      gradient, exhibiting a varying surface hardness which is highest at edge 9
      and gradually decreases with the distance therefrom. The back or opposite
      end surface 11 of the oil seal ring as inserted in the groove 3 is in
      pressure engagement with the biasing spring 7. Also, the oil seal ring 4
      is formed along the inner periphery thereof with an annular groove 12 to
      receive the elastic sealing ring 5.
PAR  Description will next be made of the procedure of imparting an appropriate
      hardness gradient to the sliding surface 10 of the oil seal ring 4 which
      faces the inside wall surface 8 of the side housing 1.
PAR  First, a ring blank is prepared which includes an appropriate shape and
      amount of material to be removed, having an end surface tapered or
      inclined oppositely relative to the sliding surface desired, 10, as shown
      in FIG. 3 by the dotted line 10a. The end surface 10a of the ring blank is
      first casehardened to an appropriate depth 14 by an ordinary nitriding
      process and is subsequently finished by appropriate machining means to
      obtain the sliding surface 10, which is tapered or inclined oppositely
      relative to the initial end surface 10a. The nitride casehardened surface
      layer 15 formed on the blank obviously exhibits a hardness varying with
      the depth and is the hardest at the outer surface so that, when finished
      as described above, various portions of the layer of different depths are
      exposed to form the sliding surface 10, imparting thereto a definite
      hardness gradient. In this manner, the finished surface 10 exhibits a
      varying hardness which is highest at the radially inner edge of the
      surface forming the ring edge 9 and gradually decreases with the distance
      therefrom in the upward direction as viewed in FIGS. 2 and 3.
PAR  It is to be noted that the hardness gradient of the sliding surface 10 can
      be readily selected by varying the angle of inclination, .beta., of the
      end surface 10a of the ring blank before nitriding. For example, to make
      the gradient steeper, it is required only to increase the angle .beta..
PAR  In use of the oil seal ring formed by the method of the present invention,
      it will readily be appreciated that the sliding surface 10 of the ring
      wears only at a minimized rate on account of the high wear resistance of
      the surface layer 15, giving such ring an extremely extended service life.
      In addition, the sliding surface 10 has a definite hardness gradient as
      described above, exhibiting a hardness which is maximized at the oil
      scraping edge 9 where wear resistance is most required and gradually
      decreases in the radially outward direction with the distance from
      therefrom. This obviously gives to the surface a tendency to wear in a
      pattern corresponding to the hardness gradient and at a rate varying with
      the distance from the oil scraping edge 9, enabling such edge to be kept
      acute despite of the surface wear inevitable in service.
PAR  FIG. 4 illustrates the manner in which the sliding surface 10 of oil seal
      ring 4 undergoes frictional wear, the nitride case or layer 15 being shown
      in a state partly worn and contacting with the inside wall surface 8 of
      the side housing 1 over a radial range 9a-9b. As will readily be noted,
      the worn ring surface in the range 9a-9b also exhibits a definite hardness
      gradient and a corresponding gradient in wear resistance and in pressure
      of contact with the wall surface 8. As observed in FIG. 5, illustrating
      the distribution of pressure of contact in the range 9a-9b, the pressure
      of contact of the nitride surface with the housing wall surface 8 is
      highest at the radially inner edge 9a of the surface, which serves the oil
      scraping purpose, and decreases with the distance therefrom.
PAR  While one embodiment of the present invention as applied to a rotary piston
      engine has been shown and described herein, it should be understood that
      the principles of the invention can also be applied with success to oil
      seal rings for a reciprocating type internal combustion engine, which are
      commonly called taper rings, including miniature taper rings, and used on
      the reciprocating pistons to serve the oil scraping and sealing purposes.
      The foregoing description applies in general to such oil seal rings as
      well, just regarding the housing wall surface 8 as the inside wall surface
      of one of the cylinders of the reciprocating type internal combustion
      engine.
PAR  It will also be noted that, though the nitriding process has been employed
      as case-hardening means in the above-described embodiment, other
      case-hardening methods including carburizing may also be employed instead
      with satisfactory results.
PAR  To summarize, the present invention provides an oil seal ring formed with a
      sliding surface having a definite hardness gradient and such oil seal ring
      can be made according to the method of the invention with extreme ease
      from a ring blank prepared with an appropriate amount of material to be
      machine cut or ground off and having an end surface tapered, as indicated
      in FIG. 3 at 10a, in a direction opposite to that in which the sliding
      surface 10 finally obtainable is tapered, simply by subjecting the blank
      surface to a casehardening process for penetration or diffusion therein of
      such hardening element as nitrogen, carbon or chromium and subsequently
      finishing the casehardened blank surface to the taper specified by machine
      cutting and grinding. The oil seal ring made in this manner exhibits a
      hardness varying radially along the finished sliding surface and, in use,
      is engageable with the associated engine wall surface at its edge where
      the hardness and hence wear resistance are highest. Thus, the ring edge 9
      or 9a serving as an oil scraping edge can be held in sliding contact with
      the engine wall surface at all times under the highest pressure and at an
      acute angle to the wall surface. This means that the oil seal ring of the
      present invention can maintain a good oil scraping performance over the
      whole period of its use and has an extremely extended service life.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oil seal ring for an internal combustion engine, characterized in
      that it has an oil scraping edge formed by one end of a casehardened
      inclined sliding surface exhibiting a variable depth hardness maximized at
      its oil scraping edge and gradually decreasing in depth with the radial
      distance therefrom to provide good oil scraping performance over an
      extended service life.
NUM  2.
PAR  2. An oil seal ring for an internal combustion engine, as in claim 1, where
      the inclined sliding surface engages an associated engine wall surface at
      its edge, said edge being at a radially inner margin of the oil seal ring.
NUM  3.
PAR  3. An oil seal ring for an internal combustion engine, as in claim 1, where
      the inclined sliding surface is provided on a hardened surface of the ring
      and where the depth of the hardening is maximized at its oil scraping edge
      and gradually decreases with the distance therefrom.
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PAL  A quick-change collet is disclosed with a tool holding insert, fitted in a
      collet sleeve and with a locking device releaseable by an outer sleeve for
      retention and driving the insert in the collet sleeve. The outer sleeve is
      rotatably journalled on the insert and the bearing is so connected with
      the insert that the insert accompanies the outer sleeve when this is used
      as a hand hold to move the insert with tool out from the collet or to
      place it in the collet.
BSUM
PAR  The present invention relates to such quick-change collets which are
      provided with a tool holding insert fitting a collet sleeve and with a
      locking means releasable while running for the retention of the insert and
      for picking up the collet sleeve. In a known design of quick-change
      collets of this kind, an outer sleeve is displaceable against spring bias
      on the collet sleeve, and when the locking means is to be released to free
      the insert the outer sleeve is displaced by hand in a direction away from
      the tool, or upwards if the tool shank is vertical. This is done with one
      hand while the other hand pulls the insert with the tool from the collet
      sleeve. In certain designs the outer sleeve is locked onto the insert by a
      screwed connection, whereat the outer sleeve must first be turned in
      relation to the insert before release of the locking means can take place
      in the way indicated. This is a complicated operation and both hands must
      be used, whereat injuries can easily be caused, especially if the tool
      consists of a milling cutter with sharp edges in the region of outer
      sleeve.
PAR  The invention primarily intends to obviate the inconveniencies mentioned
      and to provide a quick-change collet in which the exchange of tool and
      insert can take place with a simple hand-maneuver, namely so that there is
      only the need to use one hand for removing the insert from the collet
      sleeve and for replacing it therein. The invention is foremostly
      distinguished by the outer sleeve being rotatably journalled on the
      insert, the bearing being so united with it that the insert accompanies
      the outer sleeve when this is used as a handhold to take the insert with
      its fitted tool out from the collet or to place it in the collet. In this
      design, if the tool is to be changed, which generally takes place when the
      spindle on which the chuck is mounted rotates, it is only necessary to
      take the outer sleeve with one hand and pull it outwards from the collet,
      whereat the locking device is released and the tool together with the
      insert come away, whereon a new tool with insert and outer sleeve can be
      mounted by simply being pushed into the collet sleeve using the outer
      sleeve. The locking means thereby functions automatically.
PAR  In order that the locking device shall be opened and closed automatically
      by the outer sleeve in the simplest manner, the bearing can be combined
      with a spring latch, which makes possible limited axial displacement of
      the outer sleeve in relation to the insert, namely between two end
      positions, the one corresponding to the driving position of the locking
      means, i.e. the closed position, and the other corresponding to an
      intermediate position between this driving position and a free position,
      i.e. the open position. Since the outer sleeve is rotatably journalled on
      the insert, it ceases to rotate as soon as it is gripped with the hand,
      and exchange can be carried out without touching any rotating parts. The
      bearing can be made in different ways, but it should be a combined axial
      and radial bearing, suitably one of this kind having a rolling body
      bearing. It can have an outer bearing ring which is attached in the outer
      sleeve, and an inner bearing ring which concentrically surrounds the
      insert. The spring lock can consist of one or more balls or the like
      mounted in the inner bearing ring, and which by one or more springs are
      held in engagement with the one or the other of two circumferential
      grooves on the insert. These two grooves determine both the end positions.
      The inner bearing ring can form the guiding sleeve for the locking means
      which are made as a rolling body lock or alternatively coact with a
      retaining sleeve for this purpose, which is separated from the inner
      bearing ring.
DRWD
PAR  Further distinguishing features for the invention and advantages united
      therewith may be seen from the following description of a pair of
      embodiment examples shown on the accompanying drawings, FIGS. 1-4 show the
      first embodiment example and FIG. 5 the second one. FIG. 1 shows a
      vertical projection of a quick-change collet having the right-hand half in
      an axial section, the insert being completely engaged in the collet
      sleeve. FIG. 2 shows the same axial section but with the outer sleeve in
      an intermediate position, and FIG. 3 shows the axial section with the
      outer sleeve and the insert in a neutral position. FIG. 4 is a radial
      section along the line 4--4 in FIG. 1. FIG. 5 shows the second embodiment
      in the same way as in FIG. 1.
DETD
PAR  In the embodiments shown, the quick-change collet consists of a collet
      sleeve 1 with a shank 2, intended to be more or less permanently attached
      or connected to a rotating working spindle. The intention is that the tool
      3 which is provided with a tubular shaped insert 4 shall be able to be
      removed from the collet sleeve and replaced by a new one while the collet
      sleeve rotates. The insert has a conical surface 5 which fits a
      corresponding conical recess 6 in collet sleeve 1 in the mounted position.
      The insert is retained in the inserted position by a locking device which
      in FIG. 1 is shown in a locked position and in FIG. 3 in a released
      position. This locking device has two functions, namely to retain the
      insert axially in the collet sleeve and to drive the insert and tool when
      the collet sleeve rotates. The locking device is taken to the free
      position simply by drawing the insert downwards by means of an outer
      sleeve 7 mounted thereon. The bearing is so designed that it can take the
      insert with it axially without the outer sleeve rotating. For this purpose
      the outer sleeve is carried on the insert by means of a bearing which, in
      the embodiment shown, is a combined axial and radial rolling body bearing
      with an outer bearing ring 8 attached to the outer sleeve and an inner
      bearing ring 9 which is connected with the insert by means of a spring
      lock. The spring lock consists of a number of balls 10 which are
      displaceably fitted in radial holes 11 in the inner bearing ring 9 and a
      curved flat spring 12, kept in a slot 14 in said ring, so that it presses
      the balls 10 inwardly. These balls are thereby pressed in one or the other
      of two circumferential grooves 15,16 in the outer cylindrical surface of
      the insert.
PAR  The locking device consists of locking rolling bodies 17 which are
      displaceable in radial holes 18 in the collet sleeve 1, and by recesses 19
      in the insert. As may be seen from FIG. 4 the recesses 19 are trough-like
      and are peripherally limited by projections 20 formed by the wall of the
      insert. In the embodiment shown in FIGS. 1 and 4 there are two balls and
      the corresponding grooves 19, but a larger number of locking bodies with a
      rolling shape or another shape evenly distributed around the circumference
      can be conceived. The locking rolling bodies 17 are retained in the
      locking position in engagement with recesses 19 by a surrounding retaining
      sleeve 21, which at its lower end is kept pressed against the inner
      bearing ring 9 by a helical spring 22 disposed between an annular
      supporting plate 23 in the retaining sleeve and by a spring keeper 24
      placed on and surrounding collet sleeve 1, where it is maintained in
      position by a circlit 25. The axial force applied by spring 22 on the
      retaining sleeve is less than the counter axial force, arising and acting
      on bearing ring 9 by the balls 10 in the spring lock being pressed by
      spring 12 against a downwardly sloping edge 26 of the groove 15 in insert
      4. The spring lock can therefore retain the retaining sleeve in a locking
      position against the effect of spring 22. Internally, the retaining sleeve
      21 increases in diameter from a lower cylindrical surface 27 via a conical
      surface 28 to an upper cylindrical surface 29, a space 30 being formed
      upwardly thereby, between the inner circumference of the retaining sleeve
      and the outer circumference of collet sleeve 1.
PAR  The method of operation for the aforementioned quick change collet is
      mainly the following:
PAR  In the starting position shown in FIG. 1 the chuck is assumed to be
      rotating. The outer sleeve 7 is gripped with one hand and is drawn
      downwards, whereat first of all the balls 10 of the spring lock jump from
      groove 15 to the lower groove 16 on the insert. The balls 17 of the
      locking device namely lock the insert to the collet sleeve 1 during this
      first movement. The parts are now assumed to take up the position shown in
      FIG. 2. Because of the bearing 8, 9 the outer sleeve 7 does not rotate,
      which however, is the case with the insert 4 and tool 3. If one continues
      to pull the outer sleeve 7 downwards, the insert 4 is drawn with it via
      the bearing 8, 9 since the inner bearing ring cannot be displaced further
      down on the insert. The retaining sleeve 21 is pressed downwards by the
      spring 22 so that the locking balls 17 are opposite the upper cylindrical
      surface 29 on the retaining sleeve 29. They can therefore be taken
      outwardly by centrifugal force so that they partly assume a position in
      space 30 first being removed from recesses 19. The insert is now free and
      can be taken out from the collet sleeve 1 by means of the outer sleeve.
      When inserting a new tool with the insert and outer sleeve mounted, the
      reverse procedure is adopted and in the final part of it, the retaining
      sleeve 21 is pressed upwards by the inner bearing ring 9 to the position
      shown in FIG. 1, where the balls 10 of the spring lock have jumped over
      from groove 16 to groove 15 so that the retaining sleeve assumes its
      closed position.
PAR  The embodiment shown in FIG. 5 differs mainly from the one described by the
      inner bearing ring 9 having been made in one piece with the retaining
      sleeve 21 to form a sleeve 32, which is carried in the outer sleeve 7 by
      means of two ball races 33 and 34. The helical spring 22 is lacking and
      the rolling bodies 17 of the locking device are prevented by an upper stop
      ring 34 from falling out when the sleeve 32 is drawn downwards by means of
      the outer sleeve. The method of operation for this embodiment should be
      self-evident after the description of the method of operation for the
      first embodiment.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A quick change collet for detachably connecting a tool holding insert
      comprising: a collet sleeve disposed to internally receive said tool
      holding insert; locking means engaging both said collet sleeve and said
      insert, said locking means comprising a plurality of first ball-like
      members selectively passed through said collet sleeve to engage said
      insert; retaining sleeve means surrounding said collet sleeve for
      controlling the position of said first ball-like members within said
      collet sleeve; a spring lock having an inner bearing ring retaining a
      plurality of second ball-like members, with said second ball-like members
      contacting a spring, said spring forcing said second ball-like members
      into contact with said insert where there are provided on said insert at
      least two axially spaced circumferential grooves disposed to receive said
      second ball-like members, said circumferential grooves allowing complete
      rotation of said insert in relation to said inner bearing ring; an outer
      sleeve surrounding said bearing ring attached only to said bearing ring
      through a bearing allowing rotation of said bearing ring within said outer
      sleeve while providing means for applying axial force to said inner
      bearing member, said axial force applied to said bearing ring moving said
      bearing ring axially thereby moving said retaining sleeve.
NUM  2.
PAR  2. The quick change collet of claim 1 where said spring lock comprises a
      plurality of balls retained in a circumferential groove in said inner
      bearing ring, said balls being maintained in engagement with said
      circumferential grooves on said insert by at least one spring within said
      inner bearing ring.
NUM  3.
PAR  3. The quick change collet of claim 2 where said inner bearing ring
      comprises a portion of said retaining sleeve means.
NUM  4.
PAR  4. The quick change collet of claim 1 where said inner bearing ring
      comprises a portion of said retaining sleeve means.
NUM  5.
PAR  5. The quick change collet of claim 2 where said retaining sleeve is
      separate from said inner bearing ring and said retaining sleeve is axially
      displaced by a helical spring between said retaining sleeve and said
      collet sleeve.
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PAL  A longitudinally sectioned collet pad having plural pad segments of the
      detachable type, such as are conventionally used in an expansible collet,
      is provided with a freely interchangeable liner for each pad segment.
      Fastening means secure each liner against the inner surface of an outer
      member of the pad segment, and hold the liner against movement, either
      circumferentially, or radially inwardly.
PAL  Liners for each pad segment are provided with a roughened inner surface,
      preferably with serrations, to grip a bar of stock by coaction of the pad
      segments. Interchangeability of liners obviates the need for integral pad
      segments, permits the use of liners for a wide range of stock diameters
      using the same outer members of the pad segments, and effects great
      economy in the manufacture and use of removable collet pads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pads removably secured in resilient work-gripping
      jaws of a work-holding collet. The pads may be used in any suitable
      conventional collet adapted for use in metal working machines, including
      automatic or hand-operated screw machines, and the like, which are
      constructed especially for the purpose of feeding the work. More
      particularly, this invention relates to longitudinally sectioned collet
      pads consisting of at least two pad segments, which when removably secured
      in the jaws of the collet, coact to grip the work or stock extending
      through the collet, as is well-known in the art, as, for example, in an
      automatic screw machine. The particular subject matter which I regard as
      my invention is an improvement in the aforementioned collet pad segments
      such as are conventionally used, which improvement comprises a novel
      circumferentially split composite pad structure embodying a novel, yet
      defiantly simple concept.
PAR  The novel collet pad of my invention comprises at least two longitudinally
      sectioned composite pad segments each of which includes a removable and
      replaceable inner work-gripping liner snugly fitted to an outer member.
      The inner work-gripping liner may also be referred to as the inner pad
      member, or simply as the liner, and, the outer member as the outer pad
      member; since collet pads are generally cylindrical and are adapted to
      grip an elongated workpiece or bar of stock, the usual relationship of the
      inner liner to the outer member is as if the composite pad segments of my
      invention were circumferentially split, and the instant collet pad
      comprising at least two composite pad segments is referred to as a
      circumferentially split collet pad. As mentioned hereinabove, this
      circumferentially split collet pad is also longitudinally sectioned so
      that the composite pad segments of this invention are particularly
      designed for use in a radially expansible collet such as is disclosed in
      U.S. Pat. Nos. 1,573,048; 1,937,236; 2,689,740; 2,747,881; 2,951,707,
      inter alia.
PAR  Persons skilled in the art know, and will recognize from the foregoing
      references, that, over the past half a century or more, a great deal of
      effort has been expended towards improving the performance of both the
      collets and the collet pads used therein. These persons will also
      acknowledge the considerable and ever-increasing cost of fabricating
      conventional collet pads, and over the many years, have become accustomed
      to high-cost collet pads and enured to fabricating collet pads in the
      time-honored manner, as disclosed in the foregoing references, and
      summarized hereinbelow.
PAR  Conventionally, a billet of tool steel is machined to provide a desired
      outer configuration, including, for example, a circumferential rib
      intermediate the ends of that portion of the billet to be utilized as the
      pad. The rib is designed for engagement within a recess in the jaws of the
      collet. This integral pad is then provided with an axial bore of
      predetermined diameter, which is subsequently machined with highly
      specialized machine tools. Teeth are cut into the inner surface of the
      billet by cutting a multiplicity of circumferential grooves of
      predetermined depth and thereafter progressively slotting or broaching
      with a series of broaching tools of increasing diameter until the desired
      dimensions are obtained. Broaching typically provides the inner surface of
      the pad with serrations, teeth, or the like, which dig into the surface of
      the stock and grip it so tightly and securely that the stock may be
      subjected to a high-speed machining operation without budging. The
      integral pad is thereafter heat treated in a conventional way to obtain
      the desired hardness of the teeth of the pad; and the inner diameter and
      outer diameter of the pad are then finish ground. This integral
      cylindrical pad with a serrated inner surface is then longitudinally
      sectioned into two or more unitary longitudinal segments, which when
      reassembled, closely approximate the dimensions of the archetype integral
      pad. The dimensions will not be identical because of the missing material
      which is removed during cutting. Sectioning the finish ground integral pad
      is the final step.
PAR  The heat-treated segments of the pad are then assembled in a collet and
      removably secured therein by any of numerous known fastening means
      designed to operate under the particular stresses generated within such a
      collet during use.
PAR  From the foregoing it will be evident that the entire integral collet pad,
      and all longitudinal unitary segments thereof, are of the same material,
      usually a conventional tool steel; also, that a faulty machining
      operation, for example, broken serrations during broaching usually results
      in discarding the entire pad. It will also be apparent that, after a
      period of use during which the gripping serrations of the unitary segments
      have become unacceptably worn, all unitary segments of the pad must be
      replaced. In other words, though only the serrations may be badly worn,
      the entire pad assembly is usually discarded. In small pad assemblies the
      cost may not be unreasonable, but in larger pad assemblies, say for stock
      greater than about 5 cms. equivalent diameter, the cost over an extended
      period of time is enormous. More importantly, having to unpredictably
      discard a worn assembly of pads requires that several sets of replacement
      pads be prudently carried in inventory.
PAR  It will also be evident from the foregoing that a conventional,
      longitudinally segmented pad assembly is fabricated for use with a
      specific shape of stock and a specific stock diameter. A change of either
      stock shape or stock diameter necessitates removal and replacement of the
      pad assembly in its entirety, that is, of all unitary pad segments. Though
      superficially a jejune task of no great significance, it requires a large
      inventory of pads, each specifically designed for a particular stock . . .
      again, a great expense.
PAR  Less evident is the fact that currently available automatic screw machines
      are particularly designed with collets which accept only a relatively
      narrow range of stock diameters, i.e., each machine is designed for use
      with pads having inner serrations within a relatively narrow range of
      diameters. Thus, a machine for relatively large stock may lie idle since a
      particular smaller stock diameter is not usually run on that machine,
      simply because it is generally impractical to make conventional
      longitudinally segmented pads for running 0.5 in. stock in the collet of a
      machine with a capacity to run 4 in. stock.
PAR  The foregoing deficiencies, disadvantages and drawbacks in prior art
      unitary pad segments are not less readily recognizable by virtue of having
      become enured to them. Surprisingly, the solution to these problems
      appears to have consistently escaped those skilled in the art over several
      score years. The instant invention is directed to an improved collet pad
      having plural, separate, composite longitudinal segments. The pad
      dispenses with the necessity of carrying a large inventory of conventional
      pads, as is now usually done, and simultaneously permits the fabrication
      of a collet pad which requires no expensive broaching operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of this invention to provide a removable
      composite collet pad comprising at least two composite pad segments
      radially displaceable relative to each other, each segment comprising a
      removable inner member or liner having an outer surface which conforms to
      the inner surface of an outer member.
PAR  It is another general object of this invention to provide a removable
      composite pad segment including an outer member fitted with a removably
      secured liner having a serrated inner work-gripping surface.
PAR  It is still another general object of this invention to provide a removable
      composite pad segment including an outer member fitted with a choice of
      interchangeable liners adapted to grip stock having the same or different
      diameters.
PAR  It is a specific object of this invention to provide a composite pad in
      which only a liner with damaged or worn serrations need be replaced, and
      in which the outer member may be reused.
PAR  It is another specific object of this invention to provide an assembly of
      longitudinally sectioned composite pad segments with accurately machined
      liners which coact to grip a rotating bar of stock and properly center it
      in the spindle of a machine.
PAR  It is still another specific object of this invention to provide a
      composite pad segment in which both the outer member and replaceable inner
      member or liner may be made of relatively more expensive steel than common
      tool steels, or other expensive materials, since the outer member does not
      wear appreciably and may be used repeatedly over an extended period of
      time, and, the replaceable liner is relatively inexpensive.
PAR  It is yet another specific object of the instant invention to provide a
      method of fabricating a liner with a serrated or toothed inner surface
      such as is conventionally preferably used to grip a workpiece securely in
      an assembly of pads, irrespective of the diameter of the workpiece,
      utilizing only a milling or slotting machine and dispensing with the use
      of a wide range of broaching machines, depending upon the diameter of the
      workpiece to be run; broaching is now conventional practice.
PAR  It is a further specific object of this invention to provide at least two
      removably secured composite segments for a conventional collet, each
      segment having an outer member in which a quickly removable liner is
      positively held in place by fastening means carried in the outer member.
PAR  It is another specific object of this invention to provide plural composite
      collet pad segments which are removably fastened to the outer member by
      fastening means carried by the outer member, and which, additionally, have
      key means to inhibit circumferential movement of the liner relative to the
      outer member.
PAR  It is a still further specific object of this invention to provide a
      composite segment in which a liner cannot be accidentally disengaged from
      its respective outer member since there are no connections which can be
      worked loose.
PAR  It is also another specific object of this invention to provide a
      conventional collet with an assembly of plural, longitudinally sectioned
      composite pads, each of which is circumferentially split to present an
      outer member, a liner removably secured to the inner surface of the outer
      member, key means to key the liner to the outer member, and, fastening
      means to secure the liner to the outer member, all of which elements are
      capable of being inexpensively manufactured, but which do not sacrific
      ruggedness or reliability of the assembly.
PAR  Hereinafter the collet pad of my invention which comprises plural coacting
      composite pad segments will be referred to as a composite collet pad.
      These and other objects, features and advantages of this invention will
      become apparent to those skilled in the art from the following description
      of preferred forms thereof and the illustrations set forth herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of the front face of four quarter-cylinder segments
      of a composite collet pad showing the liner keyed to the outer member;
PAR  FIG. 2 is an elevation view of a staggered section along the line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a bottom view of the rear face of two semicylindrical segments of
      a composite collet pad showing the inner liner threadedly disposed in
      outer member;
PAR  FIG. 4 is an elevation view along line 4-4 in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The composite collet pad of this invention is of the detachable pad type
      used in longitudinally segmented sections to form an assembly of separate
      pads in a collet, which pads coact to grip the work, of whatever
      configuration it happens to be, to permit a high-speed machining operation
      on the work. Typical conventional collet pads of the detachable type are
      integral longitudinal unit segments formed of hardened tool steel; the
      outer surface of each unit segment is adapted to be held in a tubular
      collet of the expansible type while the inner surface is provided with a
      roughened or serrated surface. By a serrated surface I allude to any
      surface provided with a multiplicity of projections which effectively bite
      into a piece of stock, under adequate pressure, so as to tightly secure
      the stock and prevent it from movement relative to the projections, until
      after the pressure on the collet is relieved. Conventionally, serrations
      on a collet pad comprise uniform teeth formed by cutting a multiplicity of
      circumferential, spaced apart parallel grooves in a lathe or milling
      machine, then cutting a multiplicity of longitudinal spaced-apart parallel
      grooves in one or more broaching operations. Serrations or teeth machined
      as described are generally pointed in a direction opposite to the
      direction of relative rotation of the stock, and sharp enough to bite into
      the stock. Such teeth are preferred on the liner of the composite pad
      segments of this invention, though any projections may be used which are
      neither sharp nor pointed provided they are effective to securely grip the
      work or stock during operation.
PAR  Referring now to FIG. 1 there is shown a plan view of the front face of an
      assembly of a composite collet pad indicated generally at 10 including
      four quarter-cylindrical pad segments indicated generally at 11, 12, 13
      and 14 as they would be assembled in a typical collet of the expansible
      type (not shown). These quarter-cylindrical pad segments -14 are not
      precisely quarter cylinders since there is material missing due to the
      cylindrical starting body having been cut longitudinally to form four
      separate segments each having a longitudinal edge portion 15. Each
      composite pad segment is removably mounted in a finger (not shown) of the
      collet, each finger being radially displaceable independently of the
      others. It will be understood that where stock of a symmetrical
      cross-section is fed through the pad assembly the fingers will be radially
      displaced more or less equally. It will also be understood that, absent
      the stock in the assembly, depending on the resiliency of the fingers of
      the collet, the longitudinal edge portions 15 of the pad segments may be
      in edge to edge contact, or in circumferentially spaced apart relationship
      with each other. There is nothing critical about the edge to edge spacing
      between pad segments with or without the stock in the assembly, but it is
      essential that the spacing be circumferentially expansible when the
      pressure on the collet is relieved, to permit the stock to be advanced
      through the composite pad assembly.
PAR  In the drawing, the pad semgnets 11-14 are shown as being identical, though
      this is not necessary. It is preferred that they be identical for reasons
      set forth hereinafter.
PAR  Referring more particularly to the pad segment 11, it is shown to comprise
      an outer member 21 and an inner member or liner 22. The inner surface of
      the liner 22 is provided with serrations or teeth 23, as shown in FIG. 2.
      The outer surface of the liner 22 conforms to the inner surface of the
      outer member 21. It is convenient to provide matching cylindrical
      surfaces, matched in the drawing along the line 24, which surfaces provide
      ample contact area over which to spread the machining forces to which the
      pad segments are subjected when the segments are in pressure-engagement
      with the stock. The inner surface of the outer member and the outer
      surface of the liner are grooved to accomodate a key 25 which inhibits
      circumferential shifting of the liner. The key 25 is held in position by
      an Allen socket head cap screw 26 threadedly secured in the key 25. The
      Allen screw 26 is conveniently recessed in a circumferential rib 27
      projecting from the outer surface of the outer member 21. The rib 27 is a
      typical means for removably disposing a detachable pad segment in a
      collet. Any other means may be used, but rib means are preferred.
PAR  The shear forces to which the liner 22 is subjected are borne, for the most
      part, by the key 25, and it will be appreciated that a close fit for the
      key is necessary to prevent breakage of the liner 22, which being of
      hardened tool steel is relatively brittle. This key means for holding the
      liner permits the use of a relatively wide key which permits leaving an
      adequate amount of liner material for strength. Though a square key is
      illustrated for use when sufficient material is available in the liner,
      close-fitting cylindrical dowel pins may be used when machining costs so
      dictate. It will also be evident that, though a single key is illustrated
      for each pad segment, large pad segments may utilize plural keys for
      better distribution of the forces.
PAR  It will be appreciated that the liner 22 is held against circumferential
      shifting by the key 25 but is not positively held against radially inward
      shifting. This is effected by fastening means such as plural flat-head cap
      screws 28 recessed in the outer member 21 which screws are threadedly
      secured in suitably drilled and tapped holes in the liner 22. Plural
      screws are preferred since they additionally aid in bearing the shear
      stresses to which the liner is subjected.
PAR  It is not imperative, in the broadest embodiment of this invention that key
      means be used to inhibit circumferential relative movement between the
      liner and the outer member, if the fastening means used are sufficiently
      strong to accomplish this purpose in addition to preventing radially
      inward movement of the liner relative to the outer member. For example, a
      multiplicity of high-strength cap screws 28 profusely fastening the liner
      to the outer member may, in some instances, provide sufficient operating
      strength. Generally, however, key means of some type are preferred both
      for strength, and for speedy changes of liners, since the use of a key
      requires minimal fastening means.
PAR  Similarly, it is not imperative that the liner 22 be held against the inner
      surface of the outer member 21 by a fastening means such as the cap screws
      28. For example, well-matched surfaces such as those indicated by the
      match line 24, may be adhesively secured by known adhesives of the epoxide
      type, inter alia, which are stable under relatively high pressures and at
      the elevated temperatures developed during use of the composite pad.
      However, detachably bonding the liner to the outer member is generally
      ineffective to prevent relative circumferential movement therebetween.
      Thus an adhesively bonded composite requires that a key means of
      sufficient strength be used.
PAR  When a liner is sufficiently worn, as invariably happens incident to
      movement of the stock through the collet, only the liner 22 is replaced.
      This is accomplished by removing the pad segment with the worn liner from
      the finger of the collet, and backing off the screws 28. A new liner is
      then secured to the outer member. If the pad segments are identical the
      liners for a particular stock diameter are freely interchangeable, which
      makes it possible to replace a single liner of a pad segment when the
      teeth of that liner are unexpectedly or accidentally damaged.
PAR  Each liner is preferably bevelled near the rear face of the pad, as shown
      at 29, to facilitate insertion of the stock into the assembly of pad
      segments. It will be evident from the manner in which the pad segments are
      assembled in the jaws of a collet, that replacement of a liner involves
      removal of a pad segment. Even where the liner is threadedly secured to
      the outer member, or, bayonet mounted therein, as will be more fully
      described hereinafter, replacement of the liner necessitates removal of
      the pad segment from the collet because of the close edge to edge
      relationship of the pad segments in the composite collet pad.
PAR  In another embodiment of the composite pad segments of this invention, a
      liner may be threadedly secured to to the inner surface of the outer
      member of each pad segment, the threads terminating near either the front
      or rear face, so that the liner is locked against further movement.
      Referring more particularly to FIG. 3 there is shown a composite pad 30
      having two essentially semicylindrical pad segments 31 and 32. Each pad
      segment has a liner 33 threadedly disposed in the inner surface of the
      outer member 34, the thread pitch and diameter being so chosen as to
      survive the forces to which the liner is subjected during operation. In
      the drawing, threads 35 are cut on the outer surface of the liner 33 and,
      recesses 36 for the threads 35 are cut in the inner surface of the outer
      member. The female threads 36 cut in the outer member 34 terminate at a
      ledge 37 along one edge of the pad segment. Flat head cap screws 38 are
      inserted through the outer member and threadedly disposed in the liner 33
      to hold it against the outer member.
PAR  The foregoing threadedly secured liner and outer member described
      immediately hereinabove obviate the use of a key and at the same time
      affords sufficient strength for the purpose. It will be understood that
      the threads for the pad segment will be threaded in a direction such that,
      during operation the liners will be tightened into the outer members.
PAR  Yet another embodiment of this invention may utilize a liner and outer
      member which are removably secured, one against the other, with a bayonet
      type mount, preferably utilizing plural locking projections to withstand
      the shear forces during operation. Still other means for removably
      securing the liner to the outer member may be used depending upon the size
      of the pad segment, the materials from which the components are made, and
      the like.
PAR  It will be apparent that, where a liner is adhesively secured to the outer
      member, substitution of a new liner for a worn one requires that the
      adhesive or bonding agent be destroyed, for example by dissolving in a
      suitable solvent, or by heating to an elevated temperature sufficient to
      destroy the adhesive or bonding agent but insufficient to deleteriously
      affect the temper of the hardened steel.
PAR  It will also be appreciated that replaceable liners in the composite pad of
      this invention permits the use of much harder and more durable materials
      for making liners. This is particularly advantageous in those instances
      where a desirable liner material is too expensive to use in the
      time-honored manner, or where machining of the material by broaching is
      impractical.
PAR  The particular sequence of machining operations for making the liners and
      outer members of the foregoing embodiments is not critical, and will
      depend upon the facilities of the maker and economics of the combined
      operations. In one instance, for example, it may be desirable to make a
      liner by rough turning the outside and inside diameters of cylindrical
      stock having an appropriate axial bore, and, cutting and facing the stock
      to length. The internal circumferential grooves may then be cut with a
      single point tool or a gang tool. The internal longitudinal grooves are
      then cut with a vertical shaper or by broaching. Cutting of the
      circumferential and longitudinal grooves provides a multiplicity of teeth,
      and the grooves are cut in such a manner as to provide a desired tooth
      profile. Keyways are then milled into the outer surface of the liner at a
      location corresponding to matching keyways in the outer members of the pad
      segments in which the liner is to be used. Appropriate mounting holes for
      the cap screws are then drilled and tapped using a drill jig. The
      cylindrical liner is then heat-treated in a conventional manner for the
      particular tool steel from which it is made. The heat-treated liner is
      finished ground for the specified outside and inside diameters as well as
      for the dimensions of the keyway. The finished cylindrical liner is then
      cut into liner segments, and stamped for identification.
PAR  Alternatively, hollow cylindrical stock may be rough turned for inside and
      outside diameters, cut and faced, and the internal circumferential grooves
      cut as described immediately hereinabove. The keyways are then milled in
      the outer surface of the cylindrical liner, as before, and the liner cut
      into the desired member of segments. Each segment is then placed in a
      milling fixture and the longitudinal grooves are milled into the inner
      surface in such a manner as to provide the desired teeth. Mounting holes
      for cap screws are then drilled and tapped in a drill jig and the liner
      segments heat treated. The heat treated liners are then finish ground for
      inside and outside diameters and also for the keyway.
PAR  The outer members of the pads may be machined and cut in a conventional
      manner, including, of course, a keyway and mounting holes corresponding to
      those in the liner segments with which the outer members are to be used.
      It is preferred that the inner and outer diameters and the keyways of the
      outer members be finish ground for a close fit with the liners.
PAR  Appropriate machining operations for outer members and liners which are to
      be threadedly secured to each other, or, which are to be secured by
      bayonet mounting one with the other, will be deduced from the foregoing
      process operations described hereinabove, or may be arrived at without
      undue experimentation.
PAR  Modifications, changes and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principles and precepts
      thereof. Accordingly, the scope of the patent to be issued hereon should
      not be limited to the particular embodiments of the invention set forth
      herein, but rather should be limited by the advance by which the invention
      has promoted the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an assembly of longitudinally sectioned collet pad segments removably
      disposed in a radially expansible collet the improvement comprising plural
      composite pad segments including an outer member detachably inserted in
      said collet, an inner liner member having an outer surface matched to the
      inner surface of said outer member, said liner having an inner surface for
      gripping a workpiece when engaged therewith under sufficient pressure, and
      separate fastening means to detachably secure the outer surface of said
      liner against the inner surface of said outer member to inhibit
      circumferential and radially inward movement of said liner relative to
      said outer member.
NUM  2.
PAR  2. An assembly of plural collet pad segments removably disposed in
      longitudinal edge to edge relationship in the jaws of an expansible collet
      so as to coactingly grip a bar of stock or workpiece in pressure
      engagement therewith by compressive contraction of said collet, when
      sufficient pressure is exerted on said jaws, each pad segment including an
      outer member detachably inserted in said jaws, an inner liner member
      having an outer surface matched to the inner surface of said outer member,
      said liner having a toothed inner surface machined to grip said workpiece,
      key means, disposed between said outer surface of said liner and said
      inner surface of said outer member, to inhibit circumferential movement of
      said liner relative to said outer member when said workpiece is gripped,
      and, separate fastening means to detachably secure said liner against said
      outer member and to inhibit radially inward movement of said liner
      relative to said outer member when said pressure is removed and said
      lontigudinal edge-to-edge relationship is sufficient to permit said
      workpiece to be moved in said assembly.
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PAL  A monoski comprises an elongated body having a central waist portion, an
      upwardly curved forward tip and an upwardly tapered and outwardly flared
      tail portion. The monoski has its greatest thickness and minimum width at
      the central waist portion, and is reduced in thickness both towards the
      tail portion and the forward tip, the minimum thickness being adjacent the
      tip. The side edges flare outwardly towards the tip to a ski width, and
      then the side edges converge to join at the tip proper. The widest region
      near the tip is hereinafter called the "tip region." Thus, the tip region
      whose maximum width is about 61/2 inches is wider than the central waist
      portion, whose maximum width is about 61/4 inches and the tail portion
      whose maximum width is about 71/3 inches is substantially wider than the
      tip region. The ski also has a greater-than-normal camber, i.e., 12 - 14
      mm (about 43/4-51/2 inches) for a ski of length 90 - 180 cm (about
      351/2-727/8 inches). Ski bindings are mounted on the central waist portion
      for holding the feet of a skier in close side-by-side relation. The ski
      bindings extend slightly over the side edges of the ski. Such a new and
      improved monoski is more easily controlled and safer to use than
      conventional dual skis, not only in powder snow, but also in hard packed
      or corn snow.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a monoski, namely, a ski which is adapted to
      support both feet of a skier and including means for securing both feet or
      boots of the skier directly over the ski and alongside each other.
PAC  SUMMARY OF THE PRIOR ART
PAR  Monoskis of the above character have been disclosed in U.S. Pat. No.
      3,154,312 patented by Jacques Marchard on Oct. 27, 1964. As taught in that
      patent, the desirability of a single ski on which to ride was based on the
      greater challenge thereby offered to skiers, in that more skill would be
      required than by using two skis. Another desirable feature was based on
      its greater safety in that it would avoid twisting a leg when the skier
      falls, which often happens when using two skis. If the skier on the
      monoski should fall, the legs would both turn with the body and there
      would be very little, if any, injurious twisting of the legs. With that
      monoski, sharp turns could be made and the ski braked to be brought to a
      stop without assisting accessories. To provide a ski having the foregoing
      advantages, however, the patentee found that it was essential to secure a
      pair of boot fasteners to the ski proper so that they would be directly
      over the ski and also would be alongside each other. It was also found to
      be essential that such bindings not extend beyond the sides of the ski, at
      least not substantially.
PAR  U.S. Pat. No. 3,685,846 patented by Hans Schmid on Aug. 22, 1972 relates to
      improvements in such monoskis of the kind in which a single conventional
      ski body member, formed with a gliding surface, is provided with two ski
      bindings fixed on the ski body member in side-by-side arrangement, each
      binding having a toe portion and a heel portion. Such known monoskis
      comprised a rigid supporting plate to which the ski bindings, including
      toe and heel portions, were screwed. Skiing with this known ski, however,
      has shown certain aspects which hinder its running performance.
PAR  In the first place, such known monoski is substantially rigid in its waist
      portion, which carried the supporting plate of the ski binding. This rigid
      waist portion was adjacent to forward and tail portions having the
      required elasticity and flexibility. This structure provided discontinuous
      transitions of the elastic properties of the gliding member of this
      monoski and tended to result in a loosening or tearing off of the screws
      by means of which the supporting plate was fixed to the gliding member,
      thus rendering the ski unfit after only a short time of use.
PAR  That patentee provided a novel construction of a monoski in which the
      components supporting the toe and heel portions of the ski binding are so
      formed that the ski body portion provided with the gliding surface
      allegedly did not have any rigid waist portion. This was alleged to have
      been provided in a ski having a single ski body member formed with a
      gliding surface, and two ski bindings mounted on the body member in side
      by side arrangement, each binding having a toe portion and a heel portion.
      A support was provided for the toe portion, and a support was provided for
      the heel portion. The two supports were fixed one behind the other in
      longitudinally spaced relation on the ski body. Furthermore, in order to
      facilitate the action of the ski edges during running and to keep the
      width of the ski body portion in the order of magnitude of a conventional
      ski without having the sole edges of the ski-boot making contact with the
      track when laterally inclining the ski during turning manoeuvers, the
      ski-boot supporting surface on the toe and heel portions of the binding
      was raised a distance above the ski body member corresponding
      substantially to the width of the ski.
PAR  The ski body member provided with the gliding surface as taught by that
      patentee was a conventional ski, i.e., one having a width from 7 to 10
      centimeters (about 23/4 to about 4 inches) and a length of 210 centimeters
      (about 6 feet 103/4 inches) when the ski is destined to be used by a
      person of 175 centimeters (about 5 feet 9 inches) height.
PAR  Another improvement in monoskis was provided in U.S. Pat. No. 3,802,714
      patented by Stephen D. Freegard on Apr. 9, 1974. In that patent a deck
      structure was provided which could be added to one of a conventional pair
      of skis so that the single ski could be used as a monoski. Thus, the deck
      structure included a two-part pedestal, the parts of which were relatively
      reciprocable in one vertical plane of the pedestal, and adapted to be
      superposed on a ski and interengaged with the bindings thereof. The deck
      structure also included a two-part platform which was mounted on the
      pedestal to support the skier. The parts of the platform were also
      relatively reciprocable in the vertical plane of the pedestal, so that the
      binding on the parts of the platform, adjacent the upper surface thereof,
      could be interengaged with the boots of the sier. When the parts of the
      pedestal were interengaged with the bindings of the ski, the parts of both
      the pedestal and the platform were fixed in relation to one another.
      However, it was also taught that the parts of the platform should be
      relatively reciprocable in conjunction with the parts of the pedestal, and
      vice versa, automatically to transfer the functional relationship between
      the bindings of the ski, to the binder means on the parts of the platform.
PAR  Yet another improvement in monoskis was provided in U.S. Pat. No. 3,758,127
      patented by Michael D. Doyle and William L. Bahne, J. R. on Sept. 11,
      1973. The single ski described in that patent is much wider and shorter
      than conventional skis and, due to its large concentrated area, was said
      to ride well on soft snow. Both feet were held in close side by side
      position in any suitable type of bindings or boot retainers, the constant
      secure leg position making control more positive. It was alleged by the
      patentee that fast turns could be made at any speed with a minimum of
      effort and body motion, and that sharp pivot turns were possible as
      opposed to the usually long sliding turns made with dual skis. In a fall,
      the feet remained together and the skier could retain more control over
      the body and limbs to avoid injury.
PAR  The performance of the single ski disclosed in the above patent was said to
      be not merely the result of the short wide shape. The pattern of
      flexibility through the ski was said to be important and there was a
      definite configuration that was said to be essential to ensure proper
      action. In such patented monoski, the central body portion was very stiff,
      the tail was torsionally flexible and the nose or tip was even more
      flexible. Very little bottom camber was used and the ski did not have the
      pronounced hourglass shape used in most conventional skis to allow a tight
      radius turn. The patented ski had almost straight sides for high speed
      stability, yet was said to be capable of sharp turns due to its novel
      design.
PAR  The patented ski had a length-to-width ratio on the order of 9 or 10 to 1.
      The patentee discussed the importance of proper torsional resistance. In a
      turn the tail of the ski was said to act as a rudder and was therefore
      said to bite into the snow without twisting away from the turn. The nose
      or tip must have enough torsional resistance to hold a traverse across a
      slope, but still be able to twist and release from the snow from a turn. A
      tip that is torsionally too stiff will tend to climb or hook into a slope
      and; if too soft, it will twist away from the surface and not hold a
      traverse. The patentee stated that a ski which was too stiff overall, or
      one which was too flexible, overall, did not have the performance of the
      properly proportioned patented ski.
PAC  OBJECTIVES OF THE INVENTION
PAR  While monoskis as above described are useful in powder snow, they are most
      difficult to control and to use in hard-packed or corn snow.
PAR  An object, then, of an aspect of this invention is to provide a new and
      improved single ski on which both feet are held in close side-by-side
      relation.
PAR  An object of another aspect of this invention is to provide a new and
      improved single snow ski which is more easily controlled and safer to use
      than conventional dual skis, not only in powder snow, but in hard packed
      or corn snow.
PAC  SUMMARY OF THE INVENTION
PAR  By a broad aspect of this invention, a single snow ski is provided
      comprising: an elongated body having a central waist portion having a
      maximum width of about 61/4', an upwardly curved forward tip region having
      a maximum width of about 61/2 inches and an upwardly tapered and outwardly
      flared tail portion having a maximum width of about 71/3 inches, the ski
      having its greatest thickness at the central waist portion, and being
      reduced in thickness both towards the tail portion and the forward tip
      region, the minimum thickness being adjacent the forward tip region, and
      wherein the forward tip region is defined by side edges flaring outwardly
      from the central waist portion towards the forward end of the ski, and
      then converging to join together at the tip, such forward tip region being
      wider than the central waist portion, and wherein the tail portion is
      wider than the forward tip region; and retaining means mounted on the ski
      adjacent the central waist portion for holding the feet of a skier in
      close side-by-side relation, with such retaining means extending over the
      side edges of the ski.
PAC  BRIEF DESCRIPTION OF EMBODIMENTS OF THE INVENTION
PAR  In one embodiment, the ski is from 90 to 185 cm (about 351/2 inches to
      about 6 feet 1 inch) long, is about 16.5cm (about 61/2 inches) wide at the
      forward tip region, is 15.3cm (about 6 inch) wide at the central waist
      portion and is at least 18.5cm (about 71/3 inches) wide at the tail
      portion. Thus, in view of the essential variations in width of the ski at
      particular areas, there is no significance to any length-to-width ratio,
      as has been proposed in the past.
PAR  It has been found that, in use, a Venturi effect is created which gives
      extremely reliable control. This effect is due to the particular
      configuration of ski which is directly contrary to the configuration of
      the monoskis of the prior art, i.e., by having the forward tip region
      wider than the waist portion, and by having the tail portion substantially
      wider than the forward tip region.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a perspective view of a monoski according to one aspect of this
      invention;
PAR  FIG. 2 is a bottom plan view of the monoski of FIG. 1;
PAR  FIG. 3 is a side elevational view of the monoski of FIG. 1;
PAR  FIG. 4 is a perspective view of a monoski according to another aspect of
      this invention;
PAR  FIG. 5 is a side elevational view of the monoski of FIG. 4;
PAR  FIG. 6 is a central cross-sectional view of a monoski indicating the
      thickness and camber thereof of a typical monoski of one embodiment of
      this invention;
PAR  FIG. 7 is a top plan view of the monoski of FIG. 6;
PAR  FIG. 8 is a bottom plan view of the monoski of FIG. 6;
PAR  FIG. 9 is an isometric view of a typical binding plate used in conjunction
      with the present invention;
PAR  FIG. 10 is a central, transverse cross-section of one embodiment of an
      aspect of this invention; and
PAR  FIG. 11 is a central, transverse cross-section of another embodiment of
      another aspect of this invention.
DETD
PAC  DETAILED DESCRIPTION OF ONE PREFERRED EMBODIMENT
PAR  The monoski 10 comprises an elongated body with a central waist portion 12,
      and an upwardly curved forward tip region 14 and an outwardly flared tail
      portion 16. Each side edge 22 may be provided with a conventional steel
      wear resistant edge. The underside of the ski has a running surface 30 of
      polyethylene, or a similar plastic material, having a pair of parallel
      longitudinal grooves 32 extending adjacent the forward tip 14 along
      substantially the full length of the body. Grooves 32 allow the ski to
      unstick from the snow more readily and to reduce friction in running. A
      single groove or more than two grooves could however be used if desired.
      The tail portion 16 of the ski is slightly upwardly tapered and is
      preferably protected by a reinforcing strip 40 of metal or the like.
PAR  In plan form the ski is shorter than a conventional ski and is, on the
      average, approximately three to four times the width. While the exact
      dimensions may vary to suit the rider and the required performance
      characteristics, the basic proportions of a tested efficient ski are given
      below as typical.
PAR  In one embodiment, the ski has a length of 180cm (about 5 feet 11 inches).
      The width of the forward tip region is 16.5cm (about 61/2 inches), the
      width at the central waist portion is 15cm (about 57/8 inches) and the
      width at the tail portion is at least 17.7cm (about 7 inches). The
      bindings 36, 38, are located 5cm (about 2 inches) rearward of the center
      part of the longitudinal axis. They are set to extend from 0.56cm to
      1.12cm (about 1/4 to 1/2 inch) over the lateral edges 22 of the monoski
      10.
PAR  The grooves commence 35cm (about 133/4 inches) from the forward tip 14 and
      continue right through to the tail portion 16. The lateral positioning of
      the longitudinal grooves 32 is approximately one-third of the ski width
      and the depth is approximately 2 to 3 mm (about 3/4 inches to about 1 1/5
      inches). The bottom of the monoski 10 tapers up slightly at the tail
      portion 16. In addition, the camber of the monoski 10 is greater than that
      of conventional skis.
PAR  The materials out of which the monoski may be made and typical transverse
      cross-sections of embodiments of aspects of this invention are shown in
      FIGS. 10 and 11. In FIG. 10 it is seen that the core of monoski 10
      includes a laminate of hickory 45, glass-fiber sheet 46 and ash 47,
      enveloped with a sheet of airplane aluminum 48. The running surface 49 is
      formed of polytetrafluoroethylene or any other suitable plastics material,
      having a pair of grooves 32 therein.
PAR  In FIG. 11, there is shown a hard foam core 51 with a stiffening pair of
      layers of ash sheet 52 with an envelope of a sheet of fiberglass 53. The
      running surface 49 is formed of polytetrafluoroethylene or any other
      suitable plastics material, having a pair of grooves 32 therein. The feet
      of the skier are held in side-by-side position on the central waist
      portion 12 of the monoski 10 by any suitable bindings or boot retainers,
      represented as toe grips 36 mounted on binding plates 37 and heel clamps
      38 mounted on binding plates 39. Many different bindings and quick release
      fittings are available, and since they do not form part of this invention
      need not be discussed further. Suitable securing means can be incorporated
      on the monoski 10 where needed.
PAR  The monoski 10 is simple to ride with both feet held together on the single
      platform, represented by the monoski 10 and there is no tendency for the
      feet to separate and get out of control in extreme maneuvers. Very tight
      pivot turns can be made at substantially any speed without any substantial
      loss of stability. The turning radius can be as little as one third of
      that possible with conventional dual skies. The wide area enables the
      monoski 10 to plane effectively and to ride high in soft snow, which also
      facilitates maneuvering. In a fall, the risk of injury is greatly reduced,
      since the feet do not fly in different directions, each with a long
      unwieldy ski attached.
PAR  It has been found that the precise interrelationship of the configuration
      of the monoski 10 and the placement of the bindings 36, 38 causes the
      turning characteristics to be altered from that of normal skis. Such
      characteristics become superior, and it is possible to effect turns uphill
      more smartly, faster and with greater safety, and to effect turns downhill
      to the fall line with equally smooth characteristics. The bindings 36, 38
      may be set side by side or may be moved, one slightly ahead of the other.
      It is preferred, however, that the bindings 36, 38 be set parallel to each
      other, equidistant from the forward tip 14 and the tail portion 16.
PAR  The waist effect, and the relative widths of the forward tip region 14 and
      the tail portion 16 provide the stability and directional characteristics
      that are superior to conventional skis. Such interrelationship also
      creates a Venturi effect which provides greater speed despite the
      increased flat, plain area of the monoski 10.
PAR  It is believed that the likelihood of injury in the case of use of the
      monoski 10 is reduced because the legs are together. The majority of
      accidents result from crossed or diverging skis, with or without proper
      bindings. Preferred bindings are side release bindings of the safety type.
      They should be set 30 to 40 percent looser than is the usual practice. In
      test falls, a skier has been found to come down without discomfort in a
      sitting position. It is believed that this is due to the characteristics
      of the skis in unusual attitudes, and the weight of the skier is
      essentially towards the rear.
PAC  DETAILED DESCRIPTION OF A SECOND PREFERRED EMBODIMENT
PAR  As seen in FIGS. 4 and 5 the monoski 10 also consists of a single ski as
      described in FIGS. 1-3, including a waist portion 12, a wide forward tip
      region 14 and a still wider tail portion 16. The monoski 10 has mounted
      thereon two bindings 52 and 53. The bindings 52 are provided with a pair
      of forward jaw portions 54, and the bindings 53 are provided with a pair
      of heel portions 56, in the represented example being shown as safety
      checks 54 and automatic heel release devices 56. The two jaw portions 54
      are fixed to a front pedestal support 58 and the two heel portions 56 are
      fixed to a rear pedestal support 59.
PAR  The bindings supports 58 and 59 each include a carrier plate 60 and 61,
      respectively, situated in the same plane and forming the forward and rear
      supporting surfaces, respectively, for the sole of a ski boot (not shown).
PAR  The carrier plates 60 and 61 are supported by a web 62 and 63, respectively
      fixed to the respective carrier plate 64, 65 respectively or formed
      integral therewith as a section of a double-T beam extending in a plane at
      right angles to the ski surface and parallel to its longitudinal axis. The
      lower flanges 64 and 65, respectively, of the double-T sections are, for
      example, secured to the ski body portion by means of screws.
PAR  The two supports 58 and 59 accordingly have the profile of a double-T of
      which the carrier plate 60, 61 forms the larger, upper flange. In the
      drawing as shown, the supports are assembled from semi-finished material
      available in commerce, i.e., from plates and profiles, for example, by
      welding or rivetting; the supports also could be formed as integral molded
      parts, for example, cast from a light-weight alloy.
PAR  The fixings of the flanges 64, 65 of the supports 58, 54 can be effected
      through the intermediary of a layer of resiliently yielding rubber or foam
      rubber (not shown) of a thickness of a few millimeters. Turning now to
      FIGS. 6 and 7 there is seen typical interrelationship of ski thickness (in
      FIG. 6) and ski width, (in FIG. 7) for a typical monoski according to this
      invention, having a length of from 90 - 185 cm (about 351/2 to about 6
      feet 1/8 inch) The interrelationships are summarized below in the table.
TBL  ______________________________________                                    
            Ski Thickness     Ski Width                                        
            (mm)     Inches   (cm)      Inches                                 
            (FIG. 6) approx.  (FIG. 7)  approx.                                
     ______________________________________                                    
              7          1/4       5.0    2                                    
              7          1/4      14.0    5 1/2                                
     (tip region)                                                              
              7          1/4      16.5    6 1/2                                
              11         2/5      16.3    6 2/5                                
              14         1/2      16.0     6 3/10                              
              16.5       2/3      15.8    6 1/5                                
              19         3/4      15.7    6 1/5                                
              20         4/5      15.4    6                                    
              21         4/5      15.3    6                                    
     (waist area)                                                              
              22         7/8      15.2    6                                    
              21         4/5      15.4    6                                    
              20         4/5      15.8    6 1/5                                
              19         3/4      16.1    6 1/3                                
              17         2/3      16.5    6 1/2                                
              15.5       3/5      17.0     6 7/10                              
              12         1/2      17.6     6 9/10                              
              10         2/5      18.2    7 1/8                                
     (tail portion)                                                            
              9          1/3      18.5     7 8/10                              
              9          1/3      17.5    6 7/8                                
     ______________________________________                                    
PAR  It will be observed, moreover, that the camber at the waist area is 12 - 14
      mm (about 1/2 to about 3/5 inch). While the tip and the tip region have
      been shown as a uniform 7 mm (about 1/3 inch) thickness, the thickness may
      vary to provide a degree of "softness" which can vary for weight
      variations of skiers. Thus, the tip may taper in thickness to provide a
      softer tip for a 150 lb. skier or it may be thicker than 7 mm (about 3/10
      inch), i.e., 8 mm (about 1/3 inch) thick to provide a stiffer tip for a
      200 lb. skier; or may be up to 9 or more mm (about 2/5 inch or more) thick
      to provide a hard tip for a 250 lb. skier.
PAR  Shown in FIG. 8 is the bottom view of a ski 183 cm long. The twin grooves
      are set equidistant from the center line and are 6 cm (about 21/3  inches)
      apart, and are 1 - 2 mm (about 4/100 to about 8/100 inch) wide and 1 mm
      (about 4/100 inch) deep. They extend from 30 cm (about 11 4/5 inches) from
      the tip of the ski to the tail edge.
PAR  FIG. 9 shows a typical varaition of a binding plate 138, preferably made of
      aluminum and typically 5.5  cm (about 2 1/5 inches) wide and 17.5 cm
      (about 6 9/10 inches) long. Two slots 139 are provided with cambered edges
      140. This permits the flush attachment of screws, and allows slidable
      adjustment for ideal setting for individuals.
PAC  SUMMARY
PAR  Thus by the present invention in its many aspects, a monoski is provided
      which is of sufficient width to hold both feet in close side-by-side
      position in conventional bindings or boot retainers. The ski has a
      relatively stiff central waist portion, with a flexible tip region, a
      flexible, outwardly flared tal and a maximum bottom camber. The
      relationship of the width at the tip region, at the waist portion and at
      the tail portion is important to the performance of the ski. Advantages of
      the monoski provided herein are extreme maneuverability, good pivot
      turnability, controlled turns at all speeds and good suport on powder snow
      and excellent maneuverability in both packed and corn snow. From the
      foregoing description, one skilled in the art can easily ascertain the
      essential characteristics of this invention, and without departing from
      the spirit and scope whereof, can make various changes and modifications
      of the invention to adapt it to various usages and conditions.
      Consequently, such changes and modifications are properly, equitable, and
      "intended" to be, within the full range of equivalence of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A moniski comprising: an elongated body having a central waist portion
      having a maximum width of about 61/4 inches, an upwardly curved forward
      tip region of maximum width about 61/2 inches and an upwardly tapered and
      outwardly flared tail portion of maximum width about 71/3 inches, said ski
      having its greatest thickness at the central waist portion, and being
      reduced in thickness both towards the tail portion and the forward tip,
      the minimum thickness being adjacent the forward tip region, and wherein
      the forward tip region is wider than the central waist portion, and the
      tail portion is substantially wider than the forward tip region; and
      including bindings monted on said ski adjacent said central waist portion
      for holding the feet of a skier in close side-by-side relation, with the
      bindings extending slightly over the side edges of the ski.
NUM  2.
PAR  2. The monoski of claim 1 wherein the ski is about 90 - 185 cm long, (about
      35 4/10 to about 72 8/10 inches long), is about 16.5 - 14.5 cm wide,
      (about 61/2 to about 5 7/10 inches wide) at the forward tip region, is
      about 15.2 - 13.4 cm wide, (about 6 to about 5 3/10 inches wide) at the
      central waist portion and is at least about 17.7 - 18.5 cm wide, (about 7
      to about 7 3/10 inches wide) at the tail portion.
NUM  3.
PAR  3. The monoski of claim 1 wherein the ski is 22 mm thick (about 7/8 inches
      thick) at the central waist portion, is 11 mm thick (about 7/16  inch
      thick) at the forward tip region and is 9 mm thick (about 1/3 inch thick)
      at the tail portion.
NUM  4.
PAR  4. The monoski of claim 1 wherein the bindings include a pair of toe
      members monted parallel to one another on individual base plates, each
      said base plate being secured directly onto the ski, and a pair of heel
      members mounted parallel to one another on individual base plates, each
      said base plate being secured directly onto the ski.
NUM  5.
PAR  5. The monoski of claim 1 wherein the bindings comprise a pair of toe
      members mounted side-by-side parallel to one another on a pedestal, said
      pedestal being secured to the monoski, and a pair of heel members mounted
      side-by-side parallel to one another on a pedestal, said pedestal being
      secured to the monoski.
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ABST
PAL  An ice skate of non-integral construction wherein a thin and resilient
      blade is flexed to mate with and along the underside of the skate body or
      base, with such parts being detachably secured by hook and worm gear means
      respectively at the front and rear ends of the blade. The hook means
      includes a toe pick of cruciform configuration.
BSUM
PAR  The present invention pertains to new and useful improvements in ice skates
      and more particularly pertains to an ice skate having a toe pick of
      cruciform configuration and to an ice skate such that the lowermost
      marginal portion or blade is detachable.
PAR  The paramount objective of the present invention is to provide an ice skate
      such that the marginal portion of the skate body defining the skating or
      blade edge is readily detachable and replaceable, whereby the user can
      have a sharp pair of skate blades or skate blades of a different character
      (e.g., figure, free skating, etc.) in about the same time as normally
      required to change skate boots; this without the expense and inconvenience
      of having available an assortment of and spare skates.
PAR  Another important object of the present invention is to provide an ice
      skate compatible with the foregoing objective having a toe pick
      non-critical to use that is highly effective in accomplishing various
      figure skating means requiring vaulting off the ice while causing minimal
      damage to the ice.
PAR  Broadly, the present invention involves an ice skate of the type including
      an integral skate base inclusive of a vertical plate having an elongated
      lower edge of longitudinal convex curvature defining the blade edge of the
      skate, the improvement comprising such skate base being of non-integral
      construction with the lowermost marginal portion of such skate base
      defining the blade edge being separate from the remainder of the skate
      base, said blade edge defining marginal portion and said remainder being
      respectively hereinafter termed the blade and the skate body, said blade
      and said skate body having mating tongue and groove means interlocked
      along an intermediate portion of the skate's longitudinal extent, and
      means adjacent the opposite longitudinal extremities of the blade for
      detachably securing the blade to the skate body. Preferably, additionally
      the skate includes a toe pick of cruciform configuration that can be a
      part of the securing means.
DRWD
PAR  The invention will be best appreciated in the light of the following
      description of a preferred embodiment of the invention, such description
      being given in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view of an ice skate according to the invention, the
      same being shown apart from the shoe or boot to which the same would be
      customarily attached;
PAR  FIG. 2 is a side elevation of the skate;
PAR  FIG. 3 is an enlarged sectional detail view taken on the plane of the
      section line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged detail plan of the rear end portion of the skate
      taken from the plane of the line 4--4 in FIG. 2;
PAR  FIG. 5 is a vertical sectional detail taken on the plane of the section
      line 5--5 in FIG. 4;
PAR  FIG. 6 is an isometric view of the blade;
PAR  FIG. 7 is an enlaged isometric view of the toe pick and showing the hook
      pin and the toe pick fastening means in exploded relation thereto;
PAR  FIG. 8 is a rear view of the toe pick; and,
PAR  FIG. 9 is a side elevational view showing the blade in full lines prior to
      the worm gear being operated to secure the same, and showing in dashed
      line the position of the bottom edge of the blade after the worm gear has
      secured the same, with a portion being broken away to show the blade hook.
DETD
PAR  Referring now to the drawings wherein like numerals designate like parts
      throughout the various views, the reference numeral 10 designated the
      improved ice skate generally, it being understood that the same is to be
      connected in any suitable and conventional manner to a shoe or boot, now
      shown, of the user.
PAR  The ice skate 10 comprises a vertical generally planar skate body 12 having
      integral horizontal flanges 14 and 16 adjacent its forward and rear ends,
      respectively, for attachment to the undersides of the ball and heel
      portions of the user's boot or footwear, not shown.
PAR  The skate body 12 has detachably secured thereto a blade designated
      generally at 18. The skate body 12 together with the blade 18 attached
      thereto constitute the functional equivalent of the conventional integral
      skate base with its sharpened lower skating or blade edge.
PAR  The elongated blade 18 directly underlies the skate body 12 and the upper
      edge 20 of the blade 18 is of an inverted V-shape configuration 22 to mate
      with and be received in a complementary shaped groove 24 that extends
      longitudinally along the underside of the body 12 as best shown in FIG. 3.
      The mating of the V-shape or tongue 22 with the V-shape groove 24
      constitutes tongue and groove means that not only prevents lateral
      displacement of the parts, but also tends to laterally guide the parts
      into proper lateral relationship as they are moved vertically toward each
      other.
PAR  Inasmuch as the body 12 does not have to be of a material of hard enough
      character to have a skating edge ground therein or be such as to be brazed
      to a hard material suitable for such use, the body 12 and the flanges 14
      and 16 can be of relatively soft and lightweight material such as
      aluminum, and this is quite advantageous in that the body 12 and its
      flanges 14 and 16 can be readily fabricated by machining a T-shaped
      extrusion as will be readily understood by those conversant with
      manufacturing arts, such as tool and die makers, etc.
PAR  The blade 18 is made of material sufficiently hard as to hold an edge such
      as the edges 26 and 28 established by the hollow ground or concaved bottom
      surface 30 in relation to the flat parallel sides 32 and 34. Also the
      blade is made of resilient material. For such purpose the blade 18 can,
      for example, be made of materials such as A.I.S.I. 4130 or
      chromium-molybdenum steel.
PAR  The blade 18 has a vertical thickness such as to resiliently yield to a
      minor degree of flexing about a transverse axis. The arrangement is such
      that in response the lower edge 36 of the blade 18 will have a convex
      radius of curvature greater than that realized on assembly of the blade 18
      with its body 12. Indeed, the repose radius of curvature viewed from above
      can be positive, infinite (which may be simply fabricated and/or
      sharpened), or even negative. The vertical thickness of the blase is
      therefore quite small and is preferably substantially uniform.
PAR  The lower and grooved edge 40 is longitudinally downwardly convex (a
      positive radius of curvature viewed from above) and serves to define the
      convex curvature of the lower edge 36 of the blade 18 when the skate 10 is
      assembled. The curvature of the grooved base edge 40 is greater than that
      of the blade, the arrangement being such that the ends of the blade 18
      must be flexed upwardly relative to the center thereof on assembly of the
      skate 10 so that the blade 18 is resiliently self biased into its mating
      relationship to the base 12. Quite commonly the radius of the skating edge
      is about 7 feet and is referred to as the rocker in the industry.
PAR  Though the sides 32 and 34 of the blade 18 are shown flat and parallel,
      they can be hollow ground or concaved if desired to incorporate a common
      feature of conventional skates.
PAR  Proceeding now to the means for detachably securing the blade 18 to the
      body 12, there is provided at the forward end of the skate body 12 a
      combined means 48 for constituting a toe pick 50 and anchoring means or
      pin 52 for coacting with an upstanding hook 54 integral with the forward
      end of the blade 18. In addition to and coacting with such pick and hook
      means 48 at the forward end of the skate 10, there is provided a worm gear
      means 56 at the rear end of the body 12 for coacting with an upstanding
      rack 58 integral with the rear end of the blade 18.
PAR  The means 48 comprises a body or fitting 60 that is rearwardly bifurcated
      to include spaced side walls 62 and 64 between which is received a forward
      end portion 66 of the body 12. The leading edge of the base portion 66
      seats against the inner wall 68 of the fitting 60 and the latter is fixed
      to the body 12 by conventional threaded fastening means such as indicated
      at 70.
PAR  At a position spaced below the base portion 66, the spaced walls 62 and 64
      of the means 48 are joined by the pin frictionally driven into suitable
      openings 72 in such walls.
PAR  The body or fitting 60 and the pin 52 are preferably made of steel.
PAR  The toe pick 50 is of cruciform configuration and includes a forwardly
      projecting central tooth 76 disposed intermediate upper and lower teeth 78
      and 80 that are all coplanar with the vertical body 12. The toe pick 50
      additionally includes opposite and laterally extending teeth 82 and 84
      disposed on opposite sides of the central tooth 76. The toe pick 50 is
      faced forwardly and downwardly and is more effective for vaulting in the
      performance of a variety of figure skating moves and is less critical in
      its use than is the case with customary toe picks. Furthermore, and
      largely due to the provision of the laterally extending teeth 82 and 84,
      the toe pick 50 does not damage and crater the ice surface as is the usual
      case. In this regard, the toe pick is the answer to a rink manager's
      dream.
PAR  The toe pick 50 is sufficiently well elevated to remain clear of the ice
      when the skater is making normal use of a tooth 86 disposed adjacent the
      forward end of the blade 18. It will be evident to those skilled in the
      art that the toe pick 50 can be entirely separate from the means for
      securing the blade 18; indeed either the toe pick 50 and/or the tooth 86
      can be omitted if deemed necessary or expedient.
PAR  Referring now to the worm gear means 56, a worm gear 90 is disposed within
      a combined housing and mounting member for rotation about a vertical axis
      within a portion 94 of the latter that is internally conformable to the
      cylindrical surface defined by the exterior of the worm gear, the
      arrangement being such that the housing 92 constitutes a bearing for the
      worm gear 90. Vertical displacement of the worm gear 90 is prevented by a
      cap screw 96 threaded axially into and cemented into the worm gear 90 with
      the cap screw 96 rotatably extending through a suitable opening in the top
      wall 98 of the housing 92, the arrangement being such that the worm gear
      90 can be readily turned by applying a wrench, not shown, to the head 100
      of the cap screw 96. Cementation of the threaded connection of the cap
      screw 96 to the worm gear 90 precludes relative movement of such parts.
PAR  The side walls 102 of the housing 92 project forwardly of their journaled
      confinement of the worm gear 90 to receive therebetween a rear end portion
      104 of the body 12 with the top wall 98 being seated atop such portion
      104. The housing 92 and its contained gear 90 are fixed to the base by
      means of a suitable threaded fastening means 106. Such threaded fastening
      means 106 enables (if ever necessary) the replacement of the means 56, as
      does the fastening means 70 the combined means 48.
PAR  The housing 92 extends rearwardly of the gear 90 and is closed by a rear
      wall 108 with dimensions such as to accommodate therein the rack 58 when
      the latter is enmeshed with the gear 90 as shown in FIG. 5.
PAR  The means 56, like the means 48, is preferably made of steel.
PAR  The manner of assembly of the blade 18 with the body 12 will be readily
      understood. The hook 54 is inserted between the walls 62 and 64 and
      engaged over the pin 52 and the rear end of the blade 18 is raised
      upwardly with the tongue 22 thereof in the groove 24 of the body 12 and
      flexed upwardly to insert the upper end of the rack 58 into the housing 92
      while turning the worm gear 90. This will serve to mesh the gear 90 and
      the rack 58 and continued manual turning of the gear 90 by use of a
      suitable tool, not shown, on the head 100 will forcibly draw the rack 58
      and the blade 18 upwardly until the blade 18 is fully assembled with the
      body 12 and self biased strongly into the groove 24 in the body 12.
PAR  The effective gear ratio is such as to preclude the rack 58 from being
      withdrawn from the housing 92 except upon applying a turning torque to the
      gear 90 via the head 100. In other words, the driving means is
      unidirectional. The resiliency or bias of the blade 18 serves to maintain
      all parts of the blade securing means under load so as to prevent any free
      play of parts, and acts somewhat as a lock washer or stop nut with respect
      to the worm gear 90.
PAR  Detachment of an assembled blade 18 entails a mere reversal of the above
      stated assembly steps.
PAR  Attention is now directed to the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ice skate of the type including an integral skate base having an
      elongated lower edge of longitudinal convex curvature defining the blade
      edge of the skate, the improvement comprising the skate base being of
      nonintegral construction with the lowermost marginal portion of the skate
      base defining the blade edge of the base being separate from the remainder
      of the skate base, said portion and said remainder being respectively
      termed the blade and the skate body, said blade and said skate body having
      mating tongue and groove means interlocked along an intermediate portion
      of the longitudinal extent of the blade, and means adjacent the opposite
      longitudinal extremities of the blade for detachably securing the blade to
      the skate body, said blade being resilient and having a longitudinal
      radius of curvature in repose that is greater than that possessed by the
      same when secured to the skate body by the securing means, whereby the
      blade is resiliently self-biased toward the skate body when secured to the
      latter.
NUM  2.
PAR  2. The combination of claim 1, wherein said securing means includes means
      for urging one of the longitudinal extremities of the blade toward the
      skate body.
NUM  3.
PAR  3. The combination of claim 1, including a toe pick structure mounted on
      the skate body, said toe pick structure including a pair of teeth of about
      equal height that are disposed forwardly of the forward end of the blade
      and on opposite sides of a vertical plane defined by the blade.
NUM  4.
PAR  4. The combination of claim 3, wherein the toe pick structure includes
      laterally spaced rearwardly extending wall portions disposed on opposite
      sides of the skate body and the forward end of the blade.
NUM  5.
PAR  5. In an ice skate of the type including an integral skate base having an
      elongated lower edge of longitudinal convex curvature defining the blade
      edge of the skate, the improvement comprising the skate base being of
      non-integral construction with the lowermost marginal portion of the skate
      base defining the blade edge of the base being separate from the remainder
      of the skate base, said portion and said remainder being respectively
      termed the blade and the skate body, said blade and said skate body having
      mating tongue and groove means interlocked along an intermediate portion
      of the longitudinal extent of the blade, and means adjacent the opposite
      longitudinal extremities of the blade for detachably securing the blade to
      the skate body, wherein the blade is resilient, and wherein the skate body
      and the blade respectively have longitudinally extending lower and upper
      edges that are downwardly arcuate, with the radius of curvature of the
      upper edge of the blade being greater in repose than the radius of
      curvature of the lower edge of the skate body, the arrangement being such
      that the skate blade is held resiliently flexed against the skate body
      when secured to the latter, said securing means comprisng a worm gear
      mounted on the skate body adjacent one longitudinal extremity of the blade
      and a coacting rack fixed to said extremity of the blade, the arrangement
      being such that actuation of the worm gear in one direction will act upon
      said one extremity of the blade to urge the latter toward the skate body.
NUM  6.
PAR  6. The combination of claim 5, wherein said worm gear is provided with
      means adapted for detachable engagement by a manually operable tool
      thereby to enable a user selectively to secure and detach a blade to the
      skate body.
NUM  7.
PAR  7. In an ice skate of the type including an integral skate base having an
      elongated lower edge of longitudinal convex curvature defining the blade
      edge of the skate, the improvement comprising the skate base being of
      non-integral construction with the lowermost marginal portion of the skate
      base defining the blade edge of the base being separate from the remainder
      of the skate base, said portion and said remainder being respectively
      termed the blade and the skate body, said blade and said skate body having
      mating tongue and groove means interlocked along an intermediate portion
      of the longitudinal extremities of the blade, and means adjacent the
      opposite longitudinal extremities of the blade for detachably securing the
      blade to the skate body, said securing means comprising a pin carried by
      the skate body adjacent the forward end of the blade, with said blade
      having an integral hook at its forward end detachably engaging said pin,
      and combined means for securing the pin to the skate body and for
      functioning as a toe pick, said combined means comprising a toe pick
      having a bifurcated rear portion defining a pair of spaced walls, said
      spaced walls being connected by said pin, said skate body being received
      between said walls with the latter being fixed to the skate body.
NUM  8.
PAR  8. The combination of claim 7, wherein the toe pick is of cruciform
      configuration and includes a pair of oppositely and laterally extending
      teeth.
NUM  9.
PAR  9. The combination of claim 7, wherein the toe pick includes a pair of
      laterally spaced teeth disposed on opposite sides of a vertical plane
      defined by the blade and at positions of substantially equal height above
      the height of the blade.
NUM  10.
PAR  10. A detachable skate blade comprising an elongated resilient body having
      a lower edge adapted for engagement with an ice surface, said body having
      an integral upturned hook at its forward end and having an upwardly
      extending gear rack at its rear end, said body having an upper surface
      edge along the majority of its longitudinal extent that is of a transverse
      configuration of tongue and groove joint character, and said blade having
      a radius of curvature in repose as to its longitudinal dimension such that
      the ends thereof must be resiliently flexed upwardly to obtain a
      relatively reduced radius of curvature of about 7 feet.
NUM  11.
PAR  11. An ice skate body adapted for detachable securance thereto of a skate
      blade, said ice skate body having an elongated lower edge having a
      downwardly facing surface of a transverse configuration of tongue and
      groove character, said body having a forwardly facing convex part adjacent
      its forward end adapted to be engaged by a blade hook, and worm gear means
      carried by the body adjacent its rear end adapted for engagement with a
      blade rack whereby a blade can be detachably secured to the body to extend
      along the underside of the body.
NUM  12.
PAR  12. The combination of claim 11, including a pair of toe pick teeth carried
      at the forward end of the ice skate body, said teeth being laterally
      spaced and being substantially symmetrical to each other with respect to a
      vertical plane defined by said elongated lower edge.
NUM  13.
PAR  13. In an ice skate of the class comprising an erect skate body provided
      with an elongated lower edge therealong for contacting an ice surface, the
      combination with said body of a laterally extending toe pick carried
      thereby at a position adjacent the forward end of said lower edge, said
      toe pick being comprised of at least two teeth and including a pair of
      teeth disposed on opposite sides of and substantially spaced from a
      vertical plane defined by said lower edge, with the teeth of said pair
      thereof being disposed about equal heights above the lower edge of the
      skate body, and said toe pick additionally including a pair of vertically
      spaced teeth disposed adjacent to the first mentioned pair of teeth and in
      said vertical plane to define with the first mentioned pair of teeth a
      cruciform configuration.
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ABST
PAL  A release binding with a transmitter, arranged between the leg and the boot
      of the skier or a part corresponding to the boot, for the initiation of
      the release operation of the binding during falls, particularly during
      forward falls, in which the transmitter is arranged within the area of the
      lower leg or foot of the skier in such a manner that it responds directly
      to an excessive force acting between the leg and the boot of the skier
      with simultaneous transmission thereof to the release mechanism of the
      binding.
BSUM
PAR  The present invention relates to a safety ski binding with a transmitter
      arranged between the leg and the shoe or boot of the skier for the
      initiation of the release operation of the binding during falls,
      especially during forward falls. Release or safety ski bindings are known
      in the art for this purpose with a transmitter influenced by the skier
      whose signals control directly or indirectly an electrical release member
      coupled with the locking mechanism of the binding. For example, a sensor
      detecting the bio-electric currents occurring during muscle movements is
      to be provided as a transmitter which is secured to the body of the skier.
      However, such a transmitter influenced by the skier or a sensor dependent
      on the bio-electric currents hardly exhibits the reliability required for
      a release of the binding in the case of danger because the reactions of
      the skiers are different and/or the bio-electric currents involve very
      small currents, in the transmissions of which interferences and
      disturbances may readily occur.
PAR  Furthermore, a safety ski binding with a shank portion surrounding the
      lower leg above the ankle is known in the prior art, whose lower end
      engages as a lever arm underneath a heel-holding or heel-retaining member
      of a heel support mechanism is so supported on the ski that during a
      strong bending of the lower leg, the heel support mechanism is opened.
      Such an arrangement, however, requires a relatively large stroke or travel
      of the lower leg in order that the heel-holding or heel-retaining member
      responds with certainty, and is resented by many skiers as disagreeable by
      reason of the shank portion surrounding the lower leg.
PAR  In contradistinction thereto, the present invention is concerned with the
      task to render the functioning and operation of a transmitter arranged
      between the leg and the shoe of the skier reliable and as free from
      failures as possible. Accordingly, the present invention essentially
      consists in that the transmitter is so arranged in the area of the lower
      leg or of the foot of the skier that it responds directly to an excessive
      force acting between the leg and the shoe or boot of the skier with
      simultaneous transmission of the force to the release mechanism of the
      binding.
PAR  In another embodiment of the present invention, the transmitter is arranged
      between an inner shoe and an outer shoe, i.e., indirectly between the leg
      and the shoe, whereby the outer shoe or boot is pulled over the inner shoe
      or boot in a manner releasable under pressure. Such an arrangement of the
      transmitter is considered frequently as more comfortable since it does not
      abut directly at the leg of the skier. Also, outer shoes may then be used
      which are connected with the ski and into which the skier steps in for
      putting on the skis.
PAR  The control of the release mechanism by the transmitter may take place in
      any suitable manner, for example, by mechanical, hydraulic or electrical
      means of any known type. For the hydraulic transmission of the release
      force, for example, a pressure pad or cushion filled with a hydraulic
      medium may be provided, whose volume which may possibly be regulatable, is
      reduceable by the pressure of the leg.
PAR  In order to render the release of the leg of the skier from the ski still
      more reliable, the binding may be so constructed that, in addition to the
      hydraulic or electric release control, the same is releasable
      simultaneously by the mechanical pressure of the ski boot on the binding.
PAR  In order to assure the response of the release mechanism also in case of
      falls which, under certain circumstances, may be very different and to
      preclude accidents as much as possible with all types of falls, according
      to a further feature of the present invention, at least two transmitters
      are advantageously provided at different places within the foot area which
      respond during pressures between the foot and the shoe occurring in
      different directions, for example, during a forward fall, on the one hand,
      and a rearward fall, on the other. In particular, the transmitters are
      thereby arranged at those places of the foot whose movements are
      characteristic for falls of different types. An acutation of the release
      mechanism in every danger situation for the leg is assured in this manner
      with increased safety. Various possible arrangements which are
      representative of the present invention will be described in detail
      hereinafter.
PAR  The transmitters operate preferably onto a common control line actuating
      the release mechanism whereby depending on the transmitter system,
      amplifiers which may possibly be necessary and which preferably are
      adjustable may be connected in the output of the transmitters.
PAR  An optimum in safety can be achieved by a combination of transmitters, for
      example, by laterally arranged transmitters with two transmitters at the
      instep and the heel and/or with transmitter pairs at the instep and
      underneath the heel as well as underneath the ball and above the heel.
PAR  The transmitter may act on the ski binding to be released in a hydraulic
      manner whereby one check valve each is appropriately arranged at the
      discharge places of the control lines coming from the transmitters and
      terminating in the common control line.
PAR  Since in case of combined load of the foot, for example, during a forwardly
      acting twisting fall, the danger limit for a leg fracture is lower than
      during a load in only one load component, for example, in case of a pure
      forward fall or a pure twisting fall, a conventional converter of any
      known type, especially operating electronically or hydraulically is
      provided, according to a further feature of the present invention, by
      means of which pulses supplied simultaneously by the different
      transmitters are so converted or transformed that the effect an opening of
      the binding at a load which lies below that load, at which a simple pulse
      effects an opening of the binding or the other load components producing
      pulses are negligibly small. The danger peaks as may occur to a particular
      extent in case of a combined fall, are thereby effectively reduced or
      excluded.
PAR  A further particularly advantageous embodiment of the present invention
      avoids the necessity of a re-establishment of the connection of two
      partial systems, for example, of two partial hydraulic systems, when
      putting on the binding, in that movable parts of the release mechanism
      which transmit the release pulse or pulses of the transmitter or which are
      controlled by the release pulse or pulses, are arranged on the shoe.
      Consequently, only those parts remain on the ski itself which do not aid
      or bring about the further transmission of the release pulse or pulses,
      especially a counterdetent member, with which a latching or detent member
      arranged on the shoe and actuated by the transmitter or transmitters is in
      operative engagement. Consequently, especially with the further
      transmission of the release pulse or pulses by a hydraulic, pneumatic,
      electrical or similar auxiliary force, the entire auxiliary system
      inclusive one or several detent members releasable from the counter detent
      member or members by the release pulse or pulses of the transmitter or
      transmitters is arranged on the shoe.
PAR  The installation may also be arranged outside the shoe or boot on the
      latter or also be installed into the shoe or boot, especially into the
      shoe sole, for example, within the shoe heel. In lieu of being
      accommodated on the shoe or boot itself, the installation may also be
      accommodated on or in a sole plate which is securely clamped to the boot
      while skiing. However, in this case it is necessary as a rule to also
      separate from one another the means for the further transmission of the
      release pulse during the separation of the boot from the sole plate unless
      the transmitter or transmitters are themselves connected at all times with
      the sole plate and remain on the latter when taking off the sole plate.
PAR  A separate detent or latching member may be coordinated to each transmitter
      or also to each individual group of transmitters. On the other hand,
      according to a further feature of the present invention with several
      transmitters arranged between the leg of the skier and the shoe, these
      transmitters may act on a common detent or latching member. They may
      separately control the detent or latching member with the same or with a
      different force whereby in the latter case the detent member may be
      constructed as multipiston with piston surface of differing sizes.
PAR  For purposes of control and possibly for purposes of precluding a release
      pulse, the connection between one or several transmitters and the detent
      or latching member may also be adapted to be influenced or interrupted-for
      example, by conventional throttles or conventional blocking means of the
      hydraulic connection.
PAR  The transmitters may also in all of these cases be arranged between the
      shin and the boot or also at any other place of the leg or foot, for
      example, on the instep of the foot, at the heel or underneath the sole,
      whereby also several transmitters may cooperate in a predetermined manner
      in order to enable a release of the binding in all danger situations.
      Outer shoes or overshoes or other parts corresponding to a shoe or boot
      are to be understood as shoe within the meaning of the present invention.
      Furthermore, the transmitter or transmitters may also be arranged, for
      example, between an inner and an outer shoe or the like.
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PAR  These and further objects, features and advantages will become more
      apparent from the following description when taken in connection with the
      accompanying drawing which shows, for purposes of illustration only,
      several embodiments in accordance with the present invention, and wherein:
PAR  FIG. 1 is a schematic side elevational view of a ski binding constructed in
      accordance with the present invention;
PAR  FIG. 2 is a top plan view of the ski binding of FIG. 1;
PAR  FIG. 3 is a partial cross-sectional view of the rear support mechanism of
      the ski binding of FIG. 1, shown on an enlarged scale;
PAR  FIG. 4 is a modified embodiment of the support mechanism of FIG. 3;
PAR  FIG. 5 is a schematic side elevational view of another embodiment of the
      present invention which includes an inner and an outer shoe or boot
      whereby for the sake of simplicity the forward and rear support mechanism
      for the retention of the outer shoe on the ski have been omitted;
PAR  FIG. 6 is a front elevational view of the embodiment of FIG. 5;
PAR  FIG. 7 is a partial front elevational view, on an enlarged scale, of the
      coupling place for the outer shoe of FIG. 6;
PAR  FIG. 8 is a front elevational view, similar to FIG. 7, illustrating the
      same coupling place in the uncoupled condition;
PAR  FIG. 9 is a partial cross-sectional view of an electric control in
      accordance with the present invention by the use of an electical
      transmitter arranged between the boot and the leg of the skier;
PAR  FIG. 10 is a schematic side elevational view of a transmitter arrangement
      according to the present invention utilizing several transmitters;
PAR  FIG. 11 is a schematic side elevational view of another transmitter
      arrangement in accordance with the present invention utilizing several
      transmitters;
PAR  FIG. 12 is a schematic bottom plan view of a further transmitter
      arrangement according to the present invention utilizing several
      transmitters;
PAR  FIG. 13 is a schematic bottom plan view of still a further transmitter
      arrangement in accordance with the present invention utilizing several
      transmitters, which illustrates a circuit, in which the difference of the
      pulses of two essentially oppositely disposed transmitters are used for
      the control of the release mechanism;
PAR  FIG. 14 is a schematic side elevational view of a modified embodiment in
      accordance with the present invention with four transmitter pairs
      altogether;
PAR  FIG. 15 is a partial longitudinal cross-sectional view through a release
      mechanism of a further embodiment of the present invention;
PAR  FIG. 16 is a schematic side elevational view for the embodiment according
      to FIG. 15;
PAR  FIG. 17 is a partial longitudinal cross-sectional view, similar to FIG. 15,
      through another embodiment of a release mechanism with a simple release
      piston;
PAR  FIG. 18 is a partial longitudinal cross-sectional view through still
      another embodiment of a release mechanism in accordance with the present
      invention with a multi-piston;
PAR  FIG. 19 is a schematic side elevational view of an embodiment utilizing
      several transmitters in accordance with the present invention; and
PAR  FIG. 20 is a plan view of a schematic illustration with several
      transmitters, whereby FIG. 20 may also be a plan view of FIG. 19.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIGS. 1 and 2, in these two figures the boot 11 have the
      sole 12 is upwardly releasably retained on the ski 10 by a front jaw 13,
      releasable, for example, about an axis perpendicular to the ski surface
      and by a heel support mechanism generally designated by reference numeral
      14 with a release member releasable about a rear cross axis 15 parallel to
      the ski surface.
PAR  The retaining or hold-down member 16 whose forward lug or holding member
      engaging over the rear sole edge may be connected with the remaining
      hold-down member so as to be adjustable in the vertical direction, is--as
      shown in FIG. 3--retained in its pressed-down, use position by a latching
      pawl 17 or a pawl pair which are pivotally supported on the ski at 18 on a
      base plate secured on the ski. The joint axis 15 of the retaining or
      hold-down member 16 and the joint axis 18 of the latching pawl 17 may be
      disposed spaced from one another--as in the illustrated embodiment--or may
      also coincide with one another. A spring 19 presses the detent or latching
      pawl 17 over a roller 20 (FIG. 3) arranged on the hold-down or retaining
      member 16 or over a corresponding pin, and more particularly by means of a
      hook-like nose 21 whose engaging edge 22 cooperating with the roller 20,
      extends in the illustrated embodiment according to FIGS. 1 to 3 along a
      circular arc about the axis of the joint pin 18. The hold-down or
      retaining member 16 with the retaining element 16a is thereby prevented
      from pivoting up about its cross axis 15. The latching pawl 17 or another
      corresponding release mechanism serving for the release of the hold-down
      member 16 is controlled by a transmitter 23 which, is shown in FIG. 1, is
      arranged between the leg of the skier and the boot 11 on the inside of the
      latter and is able to actuate the release mechanism in the form of a
      latching pawl 17 by way of a hydraulic transmission system 24. The
      transmitter 23 essentially consists of a pressure pad or cushion 25 filled
      with a hydraulic medium, and is interconnected especially at the upper
      boot edge between the shoe inside and the shin of the skier, for example,
      approximately at the place of transition between the leg and the foot of
      the skier. It may be secured appropriately on the shoe in any suitable
      known manner. The hydraulic transmission system is subdivided into two
      partial systems 24a and 24b as can be seen in particular from FIG. 3. The
      hydraulic partial system 24a consists of a flexible hose 26 which is
      inserted into a bore or slot 28 by means of a bush 29, appropriately under
      interconnection of a rubber cushion 27, and is closed off on the inside of
      the bush 29 by a plunger 30 and by an elastic membrane or diaphragm 31.
      The elastic membrane or diaphragm 31 connects the lower end of the bush 29
      with the plunger 30 and is inverted in the upward direction for the
      accommodation of the plunger 30.
PAR  Whereas the primary hydraulic partial system 24a is arranged on the boot or
      is movably arranged relative thereto at the hold-down or retaining member
      16, the secondary hydraulic partial system 24b is fixedly arranged on the
      ski. It consists of a housing 32 with two mutually parallel bores 33 and
      34 which are connected with each other by a cross connection 35. A
      membrane-like flexible hollow plunger 36 is arranged in the bore 33 which
      closes off the bore in the upward direction in a fluid-tight manner and is
      in contact with the plunger 30 arranged axially or approximately axially
      thereto in the use position of the binding. Furthermore, a piston 37 is
      displaceably supported in the bore 34 which cooperates with an arm 38 of
      the latching pawl 17. If as a result of a forward fall, a strong forwardly
      directed force P acts on the leg of the skier, which presses the leg
      excessively strong in the forward direction against the boot edge of the
      boot 11, then the pressure pad 25 of the transmitter 23 is compressed
      whereby the fluid volume disposed therein forced by way of the line 26
      against the plunger 30 or the membrane 31 providing a fluid-tight seal.
      The plunger 30 is thereby pressed downwardly in the direction of arrow x,
      for example, into the position 30' and deforms thereby the membrane-like
      plunger 36 correspondingly. The fluid volume present in the plunger or in
      the bore 33 is displaced by way of the cross connection 35 into the
      cylinder formed by the bore 34 and displaces the piston 37 upwardly in the
      direction of arrow x.sub.1. The latching pawl 17 of the release mechanism
      is thereby pivoted about its axis 18 in the direction of arrow y and
      releases the roller 20 on the hold-down member 16 so that the same can be
      pivoted upwardly about its axis 15 by the upwardly directed force acting
      on the rear heel rim.
PAR  In the modified embodiment according to FIG. 4--in lieu of the edge of FIG.
      3 extending along a circular arc about the axis 18 and cooperating with
      the roller 20--an edge 22a is provided which forms an angle .alpha. with
      respect to a circular arc or with the axis 18 of the latching lever with
      respect to a tangent to this circular arc in such a manner that in case of
      an upwardly directed force A at the hold-down member or at the roller 20,
      a torque is exerted on the latching pawl 17 about the axis 18 which
      assists the effect of the transmitter acting by way of the piston 37 on
      the latching pawl 17 in the opening sense. Depending on the magnitude of
      the angle .alpha., the mechanical assist achieved in this manner of the
      hydraulic release can be selected more or less strong.
PAR  The embodiment according to FIGS. 5 to 8 illustrates another embodiment of
      the present invention. The boot 11 (inner shoe or boot of the skier) is in
      this case inserted into an outer shoe or boot 40 which is securely
      connected with the ski 10 in a suitable manner, for example, by
      screwing-on or clamping-on. The skier, for purposes of putting on the
      shoe, steps with his regular wear boot or shoe serving as inner shoe 11
      into the forwardly open outer shoe or boot, which thereupon is pulled
      together at its spread-apart edges 41 for the secure seating on the inner
      shoe and is closed by the coupling means 42 provided thereat. In FIG. 6,
      the outer boot or shoe 11 is illustrated in the open condition.
PAR  The couplings mechanisms consist of an eye or lug member generally
      designated by reference numeral 44 and of a plug member 45. The eye member
      44 is constructed essentially as hollow body 46 with an interior space 47
      filled with oil, which is closed off against the outside by a flexible
      pocket-shaped diaphragm 48 inverted inwardly. The hollow space 47 is in
      communication with the interior of the transmitter pressure pad 43 by a
      short hose connection 49. The plug member 45 has a plug head portion 50
      which can be pressed into the elastically yieldable sleeve portion of the
      eye member 44 in the manner of a snap fastener as is illustrated in FIG.
      7.
PAR  If, as in the case of the embodiment of FIG. 1, a force P occurs between
      the leg of the skier or the inner boot 11 thereof and the outer boot 40,
      and if the pressure pad or cushion 43 is compressed as a result thereof,
      the oil volume contained in the pad 43 is partially displaced by way of
      the connecting line 49 into the oil space 47 of the coupling mechanism 42.
      As a result thereof, the plug member 45 together with the plug head
      portion 50 is forced out of the eye portion 44 so that the outer shoe 40
      opens and the inner shoe is released. The skier can thus come free of the
      ski.
PAR  As indicated in FIG. 6, several coupling mechanisms may be provided. Branch
      lines may lead from the pressure pad to each sleeve portion of the
      coupling mechanism so that simultaneously all coupling mechanisms are
      opened by the pressure in the pressure pad.
PAR  For purposes of adjustment of the pressure, at which the binding opens, a
      control or regulating mechanism for the regulation of the interior volume
      of the pressure pad 25 and/or 43 may be provided. A screw may serve as
      regulating member, which can be screwed preliminarily into the interior of
      the pressure pad. Also, a conventional means for damping the fluid volume
      to be transmitted may be provided, for example, a mechanism which reduces
      the cross section of the hose 26 and/or of the connecting line 49. Also
      the throttling place may be constructed adjustable, for example, by the
      use of a screw.
PAR  In lieu of a hydraulic safety mechanism, an electrical safety mechanism may
      be provided, for example, in such a manner that a contact element actuated
      by the pressure P between the leg and the boot of the skier or between the
      inner shoe and outer shoe, which element during the rise of the pressure
      force, for example, is closed, and as a result thereof brings about the
      release of the binding. For that purpose, for example, in lieu of the
      piston 37, an electromagnetically actuated piston may be provided or the
      plug 50 may be pushed out of the lug or eyelet member 44 by an
      electromagnetically actuated pressure member arranged in the eyelet member
      44.
PAR  An embodiment for an electrical contact actuation is illustrated in cross
      section in FIG. 9. Contact strips 61 and 62 are placed on a rubber pad 60
      on both sides thereof, of which one contact strip is connected with the
      positive terminal and the other with the negative terminal of an
      electrical circuit. A screw 68 is screwed into the contact strip 61 which
      has a predetermined distance e from the contact strip 62 on the inside of
      a recess 64 in the rubber pad 60. The contact strip 61 thereby abuts, for
      example, the leg, e.g. the shin, whereas the contact strip 62 abuts at the
      shoe or boot of the skier, or in the alternative the contact strips 61 and
      62 rest on the inner and outer shoe--in aplication to the embodiment
      according to FIGS. 5 to 8.
PAR  At a predetermined pressure P, the screw 68 comes in contact with the
      contact strip 62 and therewith closes the circuit. By screwing in or out
      the screw 68, the distance e and therewith the pressure force can be
      regulated at which the release takes place.
PAR  Also, an embodiment is possible according to the present invention which
      operates in the manner of a contact mat, for example, in such a manner
      that the mat, in lieu of providing a control by closing a contact controls
      the capacity of two electrically charged systems or the capacity in a
      corresponding circuit by the change of the distance of two plates.
PAR  FIG. 10 illustrates the right foot generally designated by reference
      numeral 511 of a skier which is surrounded by a ski boot 510. A
      transmitter 513 is arranged on the instep 512 of the foot 511 of a
      skier--between the same and the ski boot 510--which transmitter may be
      constructed, for example, as pressure pad filled with a hydraulic fluid.
PAR  A control line 514 leads from the pressure pad 513 to a common control line
      515. A further transmitter 516 is arranged on the foot 511 above the heel
      517. The transmitter 516 is also connected to the common control line 515
      by way of a control line 518. The common control line 515 leads to the
      release mechanism of the ski binding (not shown) which may be of any
      conventional construction, for example, of the type described above.
PAR  One check valve 519 and 520 each is arranged between the control lines 514
      and 518, on the one hand, and the common control line 515 so that the
      transmitters 513 and 516 may act independently of one another onto the
      common control line and are able to act independently of one another on
      the release mechanism. Since, for example, during a load on the
      transmitter 516 (forward fall), customarily an unloading of the
      transmitter 513 takes place, a differential pressure transmitter of
      conventional construction may be interconnected advantageously in lieu of
      the check valves 519 and 520. This has as a consequence that a signal
      already amplified with respect to the described arrangement having check
      valves is produced in the control line 515.
PAR  In the embodiment according to FIG. 11, a first transmitter 521 abuts
      against the inner side of the foot 511 at the ball 522 whereas a second
      transmitter 523, indicated in dash line, is disposed at the outer side of
      the foot at the heel 517. The two transmitters 521 and 523 are connected
      with each other by a control line 524. A further control line 525 leads to
      a common control line designated by reference numeral 515 as in the
      embodiment of FIG. 10. In the embodiment according to FIG. 11, which is
      contemplated primarily as safety means in case of twisting falls, the two
      transmitters 521 and 523 are connected in series with each other. They act
      in unison in case of a strong torque acting at the foot (in FIG. 11, in
      the direction of rotation of the foot toward the left). However, it is
      also possible to arrange the two transmitters 521 and 523 on the same side
      of the foot and to connect the control lines 524 and 525 to a differential
      pressure transmitter or to a differential pulse transmitter (for example,
      at 515).
PAR  If the transmitters 521 and 523 involve hydraulic pressure pads or
      cushions, then it may also be of advantage, not to connect the same in
      series as illustrated, but to connect the same separately at 515 to a
      control unit because in that case the pressures and not the displaced
      fluid quantities are added.
PAR  The embodiment according to FIG. 12 illustrates a further construction of
      the embodiment according to FIG. 11. In addition to the transmitter pair
      521 and 523, a further transmitter pair 526 and 527 is provided which is
      connected with each other by way of a control line 528. Each transmitter
      pair is connected to the common control line 515 by way of a control line
      525 and 529 and by way of a check valve (corresponding to check valves 519
      and 520). The transmitter arrangement according to FIG. 12 reacts to
      twisting motions of the foot 511 in both directions of rotation. What was
      said in connection with FIG. 11 also applies to FIG. 12.
PAR  The embodiment according to FIG. 13 differs from that according to FIG. 11
      in that the mutually oppositely disposed transmitters arranged
      respectively on both sides of the foot, namely, the forward lateral
      transmitters 521 and 526 and the rear lateral transmitters 523 and 527 are
      connected pairwise with one control element 530 and 531 each. The control
      elements 530 and 531, which may be equipped with check valves or control
      amplifiers, may be so constructed that they respond to the difference of
      the two transmitters 521 and 526 or to the difference of the transmitters
      523 and 527. If, for example, a lateral fall of the skier toward one side
      occurs, then the transmitters, for example, transmitters 526 and 523 of
      one side are additionally loaded while the oppositely disposed
      transmitters are unloaded. The safety of the release of the binding can
      also be increased thereby. The control elements 530 and 531 are connected
      by way of lines 532 and 533 with the release mechanism for the binding
      either in common or separately or in their turn are connected again with a
      further control and/or amplifier unit connected in the input of the
      release mechanism.
PAR  If, for example, the foot is stressed in such a manner that it twists
      toward the right, then the pressure increases, if pressure pads are used,
      in the transmitters 526 and 527 from p.sub.o to p.sub.1 whereas the
      pressure drops in the transmitters 521 and 523 from p.sub.o to p.sub.2
      whereby it is true as regards magnitude that p.sub.1 - p.sub.o is
      approximately equal to p.sub.o - p.sub.2 insofar as p.sub.o already is at
      a sufficient level so that p.sub.2 does not become smaller than zero. The
      difference p.sub.1 - p.sub.2 is thus already available in the control
      unit. In an arrangement according to FIG. 11, half the difference would
      therefore occur at 515.
PAR  Depending on the circuit as used, one obtains in the lines 532 and 533 two
      approximately equally large and unidirectional or oppositely directed
      pulses, for example, pressure differences with respect to an initial
      pressure or potentials with respect to a normal, rest potential, for the
      twisting of the foot toward the right. One will therefore add the pulses
      or subtract the same and will obtain in this manner amplified signals. If
      one seeks to differentiate between twisting fall and lateral thrust or
      tipping over fall, then one will conduct the signals from the control
      elements 530 and 531 into parallelly connected control elements, of which
      one processes the signal difference and the other signal sum. By a
      corresponding matching of these two control devices, the release during a
      twisting fall can be accurately matched to the release during a tipping
      over.
PAR  FIG. 14 illustrates a schematic circuit diagram which assures a
      particularly high safety of the release of the binding in all danger
      cases. Similar to the embodiment according to FIG. 12, lateral
      transmitters are provided on both sides of the foot, which are connected
      with each other pairwise by way of lines 524 and 528 with control elements
      534 and 534, namely, 521 and 523 on the one hand, and 526 and 527 on the
      other. Additionally, a transmitter 536 is arranged underneath the ball of
      the foot and a transmitter 537 underneath the heel of the foot. The
      transmitters 536 and 516 are in operative connection by way of a line with
      a control element 538 whereas the transmitters 513 and 537 are in
      operative connection by way of a line with a control element 539. The
      control elements 534, 535 and 538, 539 may again be provided as hydraulic
      units with a check valve or--for example, as electric lines--with a
      control amplifier.
PAR  The transmitters 521, 523 and 526, 527 respond primarily to the stresses
      during a twisting fall in the one or the other direction of rotation
      whereas the transmitters 536 and 516 respond primarily during a forward
      fall and the transmitters 513 and 537 primarily during a rearward fall.
PAR  Similar to the embodiment according to FIG. 13, according to FIG. 14, the
      pulses occurring, for example, in the control elements 539 and 535, which
      in their turn again result--as illustrated--from sum of the pulses of the
      transmitters 513 and 537, on the one hand, as well as of the transmitters
      526 and 527, on the other, may so cooperate into a control unit that they
      control the release in unison.
PAR  Also combinations other than those described and illustrated are possible.
      Also for more simple bindings, the arrangement of the individual
      transmitters may be provided by themselves. Thus, it is possible, for
      example, to arrange at least one transmitter within the area of the upper
      boot shaft or shank edge so that a relatively large amount of work can be
      derived from the transmitter, conditioned on the large forces occurring in
      this area, on the one hand, and the relatively large paths (relative
      movement between the leg and the boot), on the other, and possibly one is
      able to get along without amplifier elements for forward and rearward fall
      releases.
PAR  In the embodiment according to FIGS. 15 and 16, the boot 11 with the sole
      12 is held on the ski 10 by a front jaw or the like (not shown)
      releasable, for example, about an axis perpendicular to the ski surface,
      and by a heel support mechanism generally designated by reference numeral
      114 with a hold-down member 16 fixed on the ski which is also possible
      adjustable or yieldable within limits. In lieu of the heel support
      mechanism, for example, the front jaw or the toe support mechanism may be
      constructed corresponding to the present invention.
PAR  The retaining or hold-down member 116 acting as counter detent member is
      provided with an inclined surface 170 rising toward the shoe on its front
      side (or at its rear side, if it involves a toe support mechanism), with
      which a pivotal piston 171 acting as detent or latching member is in
      engagement which is pivotally supported about a cross axis 174 an a
      bearing support member 173 inserted into the shoe sole within a recess
      172; the bearing support member may possibly be of housing-like
      construction. Instead of a pivotal piston, other transmission elements,
      for example, combinations of pivot levers and pistons or the like may be
      provided.
PAR  The pivot piston 171 is retained by a latching pawl 117 pivotal about a
      cross axis 118, which under the effect of a spring 119 engages by means of
      a hook-like nose 121 over a locking pin 120 provided, for example, with a
      roller, where the angle .alpha. between the radius r extending from the
      cross axis 118 to the pin axis 120 and a tangent t, in which the hook-like
      nose 121 abuts by means of a detent cam 121a at the pin 120 or the roller
      thereof, is smaller than, equal to or larger than 90.degree., as is
      indicated in FIG. 15.
PAR  Furthermore, a plunger 137 is supported in the bearing member 173 within a
      bore generally designated by reference numeral 134 and serving as a
      cylinder, which plunger cooperates with a lever arm 138 of the latching
      pawl 117. The plunger 137 is constructed as a piston and is acted upon in
      the cylinder 134 by a pressure fluid from above by way of a line 126. The
      line 126 is operatively connected with a transmitter 123 arranged at a
      suitable place which, for example, is accommodated according to FIG. 16
      between the ball of the foot and the shoe sole.
PAR  The operation of the described installation is in principle the same as
      that of the previously described installations. In case of a forward fall
      of the skier, on the one hand, the heel seeks to lift off from the ski
      and, on the other, an increased pressure is exerted by the ball of the
      foot on the ski. The piston 171 acting as detent member is forced against
      the inclined surface 170 as a result of the force acting in the direction
      of arrow A. Simultaneously therewith, as a result of the pressure of the
      foot on the transmitter 123 constructed as membranelike pressure pad,
      pressure fluid is displaced through the line 126 into the cylinder space
      formed by the bore 134 for the plunger 137 so that the plunger 137 pivots
      the latching pawl 117 in the direction of arrow y against the effect of
      the spring 119 and thus the latching pawl 117 releases the locking pin
      120. The pivot piston 171 may deflect freely in the downward direction
      about its cross axis 174 and release the boot. Appropriately, a weak
      spring (not shown) is provided which seeks to hold the released pivot
      piston 171 in an upper position.
PAR  As a result of the release or unlatching by the described release mechanism
      generally designated by reference numeral 124, the release mechanism may
      open or release at a relatively small tensional force at the
      heel-depending on the ball pressure at the transmitter 123. Consequently,
      the leg can also be protected when the line of action of a resulting force
      engaging at the knee in case of a fall, is located very near the boot tip.
      The manner of operation may thereby additionally be influenced by the
      construction of the detent cam or curved surface 121a of the latching pawl
      117. If the angle .alpha. is larger than 90.degree., then the release of
      the boot takes place only by way of the transmitter 123 and the release
      mechanism 124 whereas with angles less than 90.degree., in contrast
      thereto, a tension is effective simultaneously at the heel in that the
      latching pawl 117 is forced out of the engagement with the pin 120 by the
      wedging action of the detent cam 121.
PAR  In lieu of a pivot piston 171, a piston may be provided which, for example,
      is displaceable in the ski longitudinal direction and is under spring
      pressure. It is furthermore possible to influence the release of the
      piston 171 from the counter detent element by a corresponding inclination
      of the inclined surface 170 or by a correspondingly constructed detent
      surface or detent cam which is not flat.
PAR  As can be seen from the preceding, all of the movable parts, especially the
      plunger 137, the latching pawl 117 and the latching or detent piston 171
      are accommodated on or mounted on the shoe, and more particularly on or in
      bearing member 173, constructed, for example, housing-like, on the inside
      of the boot sole. The transmitter 123, which is arranged possibly also at
      another suitable place, may therefore be connected constantly with the
      release mechanism or the cylinder 134 thereof without the need to separate
      the connection when the binding is taken off by the skier, or to provide
      such a separation for the case of a fall since the separation takes place
      between the piston 171 serving as detent member and the counter detent
      member 116 of the retaining mechanism which is fixed on the ski and serves
      as hold-down member.
PAR  FIG. 17 illustrates a particularly simple embodiment of the present
      invention in which the detent piston 271 is in operative engagement as a
      longitudinally displaceable piston under the effect of the spring 219 with
      the hold-down member 216 fixed on the ski and provided with the inclined
      surface 270 of the retaining mechanism 214. The housing 273 is
      accommodated in a recess 272 of the boot sole 12 and connected therewith,
      and serves simultaneously as a cylinder for the longitudinally
      displaceable piston 271, which is acted upon by way of the line 226
      directly by the fluid in the space 274, which is in communication with the
      transmitter (not shown in FIG. 17) by way of the line 226. During a
      pressure exerted on the transmitter, the detent or latching piston 271 is
      pressed back against the action of the spring 219 and thus releases the
      heel from the inclined surface 270 of the hold-down member 216 which is
      fixed at the ski and acts as a counter detent member. Simultaneously
      therewith, in this case a tensional force A is exerted on the inclined
      surface 270 or against a corresponding curved surface of different
      construction in the sense of a release of the binding.
PAR  FIG. 18 illustrates a retaining mechanism corresponding in principle to
      that of FIG. 17 which, however, is constructed for actuation by several
      transmitters. In lieu of the simple latching or detent piston 217 of FIG.
      1, a multi-piston 371 is provided in this case, which is provided with
      individual piston elements 371a and 371b of smaller diameter and 371c and
      371c of larger diameter. Each of the piston elements is displaceably
      supported in a separate cylinder space 374a, 374b, 374c and 374d whereby
      each cylinder space is supplied with fluid from a respective separate
      transmitter by way of a separate line 326a, 326b, 326c and 326d,
      respectively. A throttle or closure valve 375 may be arranged in each of
      the aforementioned lines, which throttles or interrupts the connection
      between the transmitter and the associated cylinder space 374a to 374d and
      as a result thereof enables the effect of the corresponding transmitter to
      be more or less cancelled. By the closing of the one or the other line
      (FIG. 18), the response of the retaining mechanism to a predetermined load
      condition may be excluded. Additionally, a different dynamic behavior of
      the retaining mechanism for each load condition is attainable by differing
      throttling of the fluid passage in the individual control lines.
PAR  The piston 371 is again displaceably supported within a housing or cylinder
      374 accommodated in a recess 372 within the boot sole and is held in
      operative engagement by a spring 319 with the (relatively) fixed hold-down
      member 316 of the retaining mechanism 314.
PAR  The present invention may be applied not only to heel retaining mechanisms
      but also to front jaws or the like, for example, to laterally arranged
      support mechanism.
PAR  Thus, FIGS. 19 and 20 illustrate such possibilities of the arrangement of
      transmitters, and more particularly, FIG. 19 in connection with a sole
      plate 476 which is retained on the ski by a forward toe support mechanism
      413 of any conventional construction and by a rear heel support mechanism
      414 of any conventional construction. In this case, the toe support
      mechanism 413 is releasable which is so retained on the ski by a detent or
      latching mechanism having a detent member 471 and a counter detent member
      470 that in case of dangerous overloads the detent mechanism releases the
      sole plate 476.
PAR  Transmitters are arranged in FIG. 19, for example, at 423a to 423d whereas
      transmitters are arranged in FIG. 20 at 423e to 423h. They may be provided
      individually, i.e., each by itself or in any suitable combination with
      each other, for example, in an overall combination of FIG. 19 and 20 and
      may act in unison or individually on the detent element 471.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I, therefore, do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A safety ski binding with a release means for the binding, which
      includes a transmitter means for initiating the release operation of the
      binding during falls, said transmitter means being arranged between the
      leg and a part corresponding to a boot of the skier, wherein the
      transmitter means is arranged within the area of one of the two parts
      consisting of lower leg and foot of the skier and is operatively connected
      with the release means of the binding in such a manner that it responds
      directly to an excessive force acting between the leg and the boot of the
      skier with simultaneous transmission of such force to the release means,
PA1  wherein the transmitter means includes a hydraulic transmission means,
PA1  wherein the hydraulic transmission means includes two closed-off hydraulic
      partial systems, of which one partial system is mounted on one of the two
      parts consisting of leg and boot of the skier and of which the other
      partial system which is force-lockingly connected with the first partial
      system, is mounted on one of the two parts consisting of ski and of the
      binding to be released by the second partial system.
NUM  2.
PAR  2. A safety ski binding according to claim 1, wherein the transmitter means
      includes a pressure pad means filled with a hydraulic medium.
NUM  3.
PAR  3. A safety ski binding according to claim 2, wherein the pressure pad
      means has a volume which is reduceable by the pressure of the leg.
NUM  4.
PAR  4. A safety ski binding according to claim 3, wherein the reduceable volume
      is adjustable.
NUM  5.
PAR  5. A safety ski binding according to claim 2, wherein the pressure pad
      means has an internal pressure which is increased by the pressure of the
      leg.
NUM  6.
PAR  6. A safety ski binding with a retaining means according to claim 2,
      wherein the hydraulic medium acts directly on a latching means retaining
      the retaining means of the binding.
NUM  7.
PAR  7. A safety ski binding according to claim 6, wherein a detent member of
      the latching means, which retains the boot on the ski, is retained on the
      ski in the latched condition by means of a counter detent member and is in
      operative engagement with the latching means by way of an inclined surface
      in such a manner that the release pulse of the transmitter means releasing
      the latching effect is assisted by a pressure force exerted by a
      lifting-off boot.
NUM  8.
PAR  8. A safety ski binding according to claim 6, wherein said latching means
      is so constructed that the latching means, in addition to the release
      control by said transmitter means, is releasable at the same time by the
      mechanical pressure of the ski boot on a release member of the release
      means.
NUM  9.
PAR  9. A safety ski binding according to claim 2, wherein the transmitter means
      is arranged between an inner shoe and an outer shoe slipped over the inner
      shoe and releasable under pressure.
NUM  10.
PAR  10. A safety ski binding according to claim 2, wherein at least two
      transmitter means are provided at different places within the area of the
      foot, which respond to pressures between the foot and the boot occurring
      in different directions.
NUM  11.
PAR  11. A saftey ski binding according to claim 10, wherein one transmitter
      means responds to a forward fall and another transmitter means to a
      rearward fall.
NUM  12.
PAR  12. A safety ski binding according to claim 10, with a hydraulic
      transmission means, wherein one check valve each is arranged at the
      discharge places of a control line coming from the corresponding
      transmitter means to a common control means.
NUM  13.
PAR  13. A safety ski binding according to claim 10, with a hydraulic
      transmission means, wherein a differential pressure transmitter means is
      arranged at the discharge places of respective control lines coming from
      the transmitter means into the common control means.
NUM  14.
PAR  14. A safety ski binding according to claim 10, with a hydraulic
      transmission means, wherein amplifier means are arranged at the discharge
      places of respective control lines coming from the transmitter means into
      the common control means.
NUM  15.
PAR  15. A safety ski binding according to claim 10, wherein a converter means
      is provided which is operable to convert pulses supplied thereto
      simultaneously from different transmitter means in case of differing load
      components stressing the leg in such a manner that they bring about an
      opening of the binding at a load which lies below that load, at which a
      single pulse brings about an opening of the binding or the other load
      component producing pulses are neglibly small.
NUM  16.
PAR  16. A safety ski binding according to claim 2, wherein at least one
      transmitter means is arranged within the forward foot area and at least
      another transmitter means within the heel area, the two transmitter means
      acting on a common control means actuating the release means.
NUM  17.
PAR  17. A safety ski binding with a retaining means according to claim 1,
      wherein the hydraulic means acts directly on a latching means retaining
      the retaining means of the binding.
NUM  18.
PAR  18. A safety ski binding according to claim 17, wherein said latching means
      includes a latching pawl.
NUM  19.
PAR  19. A safety ski binding according to claim 17, wherein said latching means
      is so constructed that the latching means, in addition to the release
      control by said transmitter means is releasable at the same time by the
      mechanical pressure of the ski boot on a release member of the release
      means.
NUM  20.
PAR  20. A safety ski binding according to claim 19, wherein the release control
      is hydraulic.
NUM  21.
PAR  21. A safety ski binding according to claim 17, wherein the transmitter
      means is arranged between an inner shoe and an outer shoe slipped over the
      inner shoe and releasable under pressure.
NUM  22.
PAR  22. A safety ski binding according to claim 1, wherein control means are
      provided at the discharge places of respective control lines coming from
      the transmitter means to a common control line.
NUM  23.
PAR  23. A safety ski binding with a latching means according to claim 1,
      wherein a detent member of the latching means, which retains the boot on
      the ski, is retained on the ski in the latched condition by means of a
      counter detent member and is in operative engagement with the latching
      means by way of an inclined surface in such a manner that the release
      pulse of the transmitter means releasing the latching effect is assisted
      by a pressure force exerted by a lifting-off boot.
NUM  24.
PAR  24. A safety ski binding according to claim 23, wherein the pressure force
      is assisted by means of a wedging effect of an inclined surface.
NUM  25.
PAR  25. A safety ski binding according to claim 23, wherein the pressure force
      is assisted by a wedging effect of the latching means.
NUM  26.
PAR  26. A safety ski binding according to claim 23, wherein the pressure force
      is assisted by a wedging effect of the counter detent member.
NUM  27.
PAR  27. A safety ski binding with several transmitter means arranged between
      the leg of the skier and the boot, according to claim 1, wherein the
      transmitter means act on a common latching means.
NUM  28.
PAR  28. A safety ski binding according to claim 27, with a sole plate, wherein
      the transmitter means are arranged between the boot and a sole plate.
NUM  29.
PAR  29. A safety ski binding according to claim 1, with a sole plate, wherein
      the transmitter means are arranged between the boot and a sole plate.
NUM  30.
PAR  30. A safety ski binding according to claim 1, wherein one transmitter
      means is arranged at least at one of the two places consisting of instep
      of the foot and above the heel approximately within the area of the
      Achilles' heel, a second transmitter means is arranged on the inside of
      the foot at the ball thereof, a third transmitter means is arranged on the
      outside of the foot at the heel, a fourth transmitter means on the outside
      of the foot within the area of the small toe and a fifth transmitter means
      on the inside of the foot at the heel.
NUM  31.
PAR  31. A safety ski binding according to claim 30, wherein of the last four
      mentioned transmitter means the second and third transmitter means as well
      as the fourth and fifth transmitter means form a transmitter pair
      connected by a control means.
NUM  32.
PAR  32. A safety ski binding according to claim 30, wherein of the
      last-mentioned four transmitter means, the second and fourth transmitter
      means as well as the third and fifth transmitter means form a transmitter
      pair connected by a control means.
NUM  33.
PAR  33. A safety ski binding according to claim 30, wherein the first
      transmitter means include a transmitter means on the instep of the foot
      and a further transmitter means above the heel approximately within the
      area of the Archilles' heel.
NUM  34.
PAR  34. A safety ski binding according to claim 1, with a hydraulic
      transmission means, wherein control means are provided at the discharge
      places of respective control lines coming from the transmitter means to a
      common control line.
NUM  35.
PAR  35. A safety ski binding with a release means for the binding, which
      includes a transmitter means for initiating the release operation of the
      binding during falls, said transmitter means being arranged between the
      leg and a part corresponding to a boot of the skier, wherein the
      transmitter means is arranged within the area of one of the two parts
      consisting of lower leg and foot of the skier and is operatively connected
      with the release means of the binding in such a manner that responds
      directly to an excessive force acting between the leg and the boot of the
      skier with simultaneous transmission of such force to the release means,
PA1  and wherein at least two transmitter means are provided at different places
      within the area of the foot, which respond to pressures between the foot
      and the boot occurring in different directions.
NUM  36.
PAR  36. A safety ski binding according to claim 35, wherein one transmitter
      means responds to a forward fall and another transmitter means to a
      rearward fall.
NUM  37.
PAR  37. A safety ski binding according to claim 35, wherein at least one
      transmitter means is arranged within the forward foot area and at least
      another transmitter means within the heel area, the two transmitter means
      acting on a common control means actuating the release means.
NUM  38.
PAR  38. A safety ski binding according to claim 37, wherein the common control
      means is a common control line.
NUM  39.
PAR  39. A safety ski binding according to claim 37, wherein the common control
      means is a common control element.
NUM  40.
PAR  40. A safety ski binding according to claim 37, wherein one transmitter
      means is arranged at least at one of the two places consisting of instep
      of the foot and above the heel approximately within the area of the
      Achilles' heel, a second transmitter means is arranged on the inside of
      the foot at the ball thereof, a third transmitter means is arranged on the
      outside of the foot at the heel, a fourth transmitter means on the outside
      of the foot within the area of the small toe and a fifth transmitter means
      on the inside of the foot at the heel.
NUM  41.
PAR  41. A safety ski binding according to claim 40, wherein of the last four
      mentioned transmitter means the second and third transmitter means as well
      as the fourth and fifth transmitter means form a transmitter pair
      connected by a control means.
NUM  42.
PAR  42. A safety ski binding according to claim 40, wherein of the last
      mentioned four transmitter means, the second and fourth transmitter means
      as well as the third and fifth transmitter means form a transmitter pair
      connected by a control means.
NUM  43.
PAR  43. A safety ski binding according to claim 40, wherein the first
      transmitter means include a transmitter means on the instep of the foot
      and a further transmitter means above the heel approximately within the
      area of the Achilles' heel.
NUM  44.
PAR  44. A safety ski binding according to claim 40, with a hydraulic
      transmission means, wherein one check valve each is arranged at the
      discharge places of a control line coming from the corresponding
      transmitter means to a common control means.
NUM  45.
PAR  45. A safety ski binding according to claim 40, with a hydraulic
      transmission means, wherein a differential pressure transmitter means is
      arranged at the discharge places of respective control lines coming from
      the transmitter means into the common control means.
NUM  46.
PAR  46. A safety ski binding according to claim 40, with a hydraulic
      transmission means, wherein amplifier means are arranged at the discharge
      places of respective control lines coming from the transmitter means into
      the common control means.
NUM  47.
PAR  47. A safety ski binding according to claim 35, wherein the transmitter
      means act on the ski binding to be released by way of electrical means.
NUM  48.
PAR  48. A safety ski binding according to claim 47, wherein the electrical
      means include contact means.
NUM  49.
PAR  49. A safety ski binding according to claim 47, wherein the electrical
      means include a contact mat.
NUM  50.
PAR  50. A safety ski binding according to claim 47, wherein the transmitter
      means act on the ski binding to be released by way of electromagnetic
      means.
NUM  51.
PAR  51. A safety ski binding according to claim 47, wherein the transmitter
      means act on the ski binding to be released by way of a pressure
      transmitter producing an electrical signal.
NUM  52.
PAR  52. A safety ski binding according to claim 47, wherein the transmitter
      means act on the ski binding to be released by way of a strain gauge
      measuring means.
NUM  53.
PAR  53. A safety ski binding according to claim 47, wherein a converter means
      is provided which is operable to convert pulses supplied thereto
      simultaneously from different transmitter means in case of differing load
      components stressing the leg in such a manner that they bring about an
      opening of the binding at a load which lies below that load, at which a
      single pulse brings about an opening of the binding or the other load
      component producing pulses are neglibly small.
NUM  54.
PAR  54. A safety ski binding according to claim 35, wherein the movable parts
      of the retaining and release means which either transmit the release
      pulses of the transmitter means or are controlled by the release pulses,
      are arranged at the boot.
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ABST
PAL  An improved ski binding which permits lateral release at heel and toe only
      in a direction toward the inside edge of the ski, while preventing lateral
      release to the outside edge of the ski. A preferred embodiment provides a
      plate type of binding biased by an extensible leash against a pair of
      longitudinally spaced pivot points about either of which the plate can
      rotate to permit release only toward the inside of the ski.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 275,449, filed July 28, 1972, and now abandoned, the disclosure
      of which is expressly incorporated herein by reference.
BSUM
PAC  BACKGROUND
PAR  This invention relates to an improved safety ski binding for detachably
      holding a ski boot on a ski, and more particularly to a binding which
      discriminates in operation between forces applied to the lateral outside
      edge of a ski, and forces applied to the lateral inner edge of the ski.
      Still more particularly, the invention relates to a ski binding of the
      plate type which is self-restoring after release and which offers improved
      retention of the ski to the boot under certain commonly encountered skiing
      conditions which have heretofore tended to cause unwanted release of the
      bindings, while retaining a high or significant safety margin under
      conditions which present a risk of serious injury to the skier.
PAR  It is conventional in the sport of snow skiing to use a safety binding for
      attaching the boot of the skier to the top surface of the ski. The binding
      is generally intended to prevent serious injury to the skier by releasing
      the boot from the ski when the forces applied to the ski are of such a
      nature or magnitude as to cause a dangerous torque or other force to be
      applied to the skier's leg. Although the use of such safety bindings has
      reduced the incidence of serious injuries to skiers, many skiers continue
      to be injured even while wearing such safety bindings, because of
      deficiencies inherent in the design or the operation of the binding under
      commonly encountered skiing conditions.
PAR  In safety ski bindings heretofore known, it has generally been considered
      desirable to provide a mechanism which releases when a lateral force of a
      defined magnitude (adjustable by the skier) is applied to the binding,
      regardless of the side (i.e., inner or outer) of the ski to which the
      force is applied. Such bindings are generally symmetrical in their
      operation about the longitudinal axis of the ski, so that if a force of a
      given magnitude applied transversely to the side of a ski at a given
      location along its length causes the binding mechanism to release, the
      same force applied in the opposite direction to the corresponding location
      on the opposite side of the ski will also cause the binding to release.
      Further, in some bindings the same mode of release is used at the toe and
      the heel portions of the boot, making the operation of the binding
      symmetrical about a transverse axis through the boot, i.e., if a
      transverse force applied to the ski at a given distance forward of the
      boot will cause the binding to release, the same force at the
      corresponding distance rearward of the boot will also cause the binding to
      release, regardless of whether the force is applied to the inside edge or
      the outside edge of the ski.
PAR  While it was originally believed that a safety ski binding providing the
      greatest possible number of modes of release, e.g., lateral release, both
      inwardly and outwardly at the heel and toe of the boot, roll release at
      both heel and toe, vertical release at heel and toe, and thrust release at
      heel and toe, would provide the greatest protection for the skier, this
      has not proved to be true in actuality. During many skiing maneuvers,
      particularly by an advanced or expert skier, there are at times produced
      substantial lateral forces on the ski, which forces are nevertheless well
      within the safety margin necessary for the protection of the skier and
      entirely within his control. Under such circumstances, some of the prior
      art bindings have a tendency to release unexpectedly, since the force
      tending to separate the boot and the ski exceeds the force necessary for
      releasing the binding, even though there is no imminent danger to the
      skier. The unexpected release of the bindings in this manner can cause the
      skier to fall and thus suffer injuries which the bindings are intended to
      prevent. Moreover, the tendency of a skier who experiences an unexpected
      release during a controlled maneuver is to tighten the release setting of
      his bindings so as to avoid a recurrence. Tightening the bindings,
      however, reduces the margin of safety which the bindings were intended to
      provide when a dangerous situation exists.
PAR  For example, a binding providing both inward and outward lateral release at
      both toe and heel will release, as it should, if the skier catches a tip
      of his skis in an obstruction, causing a large twisting movement or torque
      to be applied to his leg. This type of binding, however, may also release
      unexpectedly during a controlled maneuver, such as a sideslip, which
      imparts a transverse force to both the toe and the heel on the same side
      of the boot and thus produces little or no torque or other dangerous
      force. If a binding of this type, however, is tightened sufficiently to
      prevent such an unexpected and unwanted release, it may fail to operate
      reliably when necessary to protect the skier in a truly dangerous
      situation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a novel and improved
      ski binding which discriminates between and has a different response to
      forces applied to the outer and inner edges of the skis. In this
      connection, it should be understood that "inner" and "outer" edges are
      used to refer to the ski edges beneath the inner and outer surfaces,
      respectively, of the skier's ankle. The inner edges of the skis are
      adjacent each other during parallel skiing.
PAR  The release modes of the safety binding of the invention permit individual
      and simultaneous inward lateral release of both the toe and heel of the
      boot, and individual and simultaneous vertical release of both heel and
      toe. Outward lateral release of heel or toe, whether individual or
      simultaneous, however, is not possible. This combination of release modes
      provides maximum safety for the skier with respect to forces applied to
      the inside of the ski, while also providing maximum retention in response
      to forces applied to the outside of the ski, in the vicinity of the
      skier's boot, the latter being usually responsible for unexpected and
      unwanted release.
PAR  In addition to an improved combination of safety and retention, the binding
      of the invention provides a selfrestoring function which returns the
      skier's boot to operative position on the binding after an upsetting force
      which has caused the binding to release has been removed. Thus, after a
      fall which may have caused one or both bindings to release, the skier has
      only to position himself suitably to permit the bindings to draw his boots
      into operative position on the skis, thus eliminating the often difficult
      procedure of trying to insert a boot into a conventional binding while
      standing on a steep slope.
PAR  The binding of the invention is of the plate type, i.e., it employs a sole
      plate to which the boot is secured, rather than the heretofore
      conventional individual bindings used to connect separately the toe and
      heel of the boot to the ski. When release of the binding occurs, the
      entire sole plate leaves its normal position on the ski; the binding,
      however, remains attached to the boot. During normal operation of the
      binding, i.e., in the absence of abnormal or dangerous forces, the sole
      plate is resiliently held in place in alignment with a base plate attached
      to the ski. The force used to hold the sole plate in position is exerted
      by a single tensioned, extensible cable operatively connected between the
      sole plate and the base plate. The base plate and the sole plate are
      normally urged into contact by the tensioned cable, the contact occurring
      in part in two longitudinally displaced zones, the areas of mutual contact
      in said zones acting as vertical pivot axes about which limited relative
      rotation can occur, producing the modes of release previously described.
      Vertical separation of the base plate and sole plate can also occur in
      response to a force sufficient to overcome the bias of the tensioned
      cable.
PAR  The tensioning means used to produce tension in the extensible cable is so
      designed that on the application of a displacing force greater than a
      preset value, the cable will extend to permit relative motion of the sole
      plate and base plate in response to the displacing force. The tension
      produced in the cable by the tensioning decreases in magnitude as the
      amount of extension increases. Even at the maximum extension of the cable,
      however, a restoring force is still exerted by the cable, so that on
      removal of the displacing force, the cable serves to return the boot to a
      normal operating position on the ski.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood from the following detailed
      description thereof, taken with the accompanying drawings, in which:
PAR  FIG. 1 is an isometric view of one embodiment of the safety binding of the
      invention in place on the top surface of a section of a ski, with a boot
      held in position by the binding shown in phantom outline;
PAR  FIG. 2 is an isometric view of the other side of the binding shown in FIG.
      1;
PAR  FIG. 3 is a bottom view of the binding shown in FIG. 1, with the ski
      removed;
PAR  FIG. 4 is a top view of the binding of FIG. 1 in position on a ski;
PAR  FIG. 5 is a sectional view along the line 5--5 of FIG. 4;
PAR  FIG. 6 is a sectional view along the line 6--6 of FIG. 4;
PAR  FIG. 7 is a sectional view along the line 7--7 of FIG. 4;
PAR  FIG. 8 is a top view of the binding of FIG. 4 with the sole plate rotated
      to illustrate partial inward release at the toe of the sole plate;
PAR  FIG. 9 is a side view of the binding of FIG. 4, showing the manner in which
      heel release of the sole plate is effected;
PAR  FIG. 10 is a sectional view along line 10--10 of FIG. 9, showing the sole
      plate in a partially released position;
PAR  FIG. 11 is a sectional view along the line 11--11 of FIG. 9, showing means
      for adjusting the release tension; and,
PAR  FIG. 12 is an illustrative graph of release curves showing the location,
      direction, and relative magnitude of lateral forces along the ski which
      will produce release of the binding, and the consequent torque on the
      skier's leg.
DETD
PAC  DETAILED DESCRIPTION
PAR  In contrast to conventional ski bindings which can be placed
      indiscriminately on either ski of a pair, the bindings of the invention
      are not interchangeable. The embodiments illustrated and described herein
      are designed for the left ski. It should be understood that the right ski
      binding is a mirror image of that shown and described and operates in a
      corresponding fashion.
PAR  As shown in the drawings and particularly in FIGS. 1 and 2, the binding 10
      of the invention comprises two portions, an elongated base plate 11
      attached to the top surface of and in alignment with a ski 13 and an
      elongated sole plate 12 resiliently held on the top surface of the base
      plate and in alignment therewith. Sole plate 12 is provided at its forward
      (toe) end with means such as a bracket 14 shown for engaging a lug in the
      toe of a ski boot 16 and holding it in position thereon. The rear end of
      sole plate 12 is similarly provided with suitable means for attaching
      thereto the heel of the ski boot. In the embodiment shown, the rear
      attaching means comprises a flexible U-shaped cable 17, which engages a
      clamp 18 on the heel of the boot in a known manner to attach the boot heel
      firmly to the sole plate. It will be apparent that any other suitable
      means for attaching the boot to sole plate 12 can also be used.
PAR  Under normal skiing conditions and in the absence of any force tending to
      produce a torque or other dangerous force on a skier's leg, sole plate 12
      remains in the position shown in FIGS. 1 and 2, i.e., held on top of and
      in alignment with base plate 11 with sufficient rigidity to permit the
      skier to control and direct his skis in the usual manner. If, however,
      there is applied to a ski a force which tends to create a dangerous
      condition relative to the skier's leg, sole plate 12 will move relative to
      base plate 11, in a direction and a manner hereinafter to be described in
      detail, in order to relieve the applied force and prevent injury.
PAR  The binding of the invention is so constructed that under the application
      of an appropriate force, the toe of sole plate 12 will move inwardly,
      i.e., in a direction toward the other ski of the pair, but not outwardly.
      The heel of sole plate 12 will similarly move inwardly but not outwardly.
      In another mode of release, both the heel and the toe of the sole plate
      can move simultaneously inwardly, but simultaneous outward movement of the
      sole and heel is not possible. In still another mode of release, the heel
      or the toe of the sole plate, or both, can move upwardly away from contact
      with the base plate, in response to forces tending to produce such
      movement.
PAR  Base plate 11 is provided with mounting holes 19, through which the base
      plate is attached to the top surface of ski 13 in conventional fashion
      with screws 21 (FIG. 8). In a preferred embodiment, shown in the drawings,
      the thickness of base plate 11 varies from a maximum at the rear to a
      minimum at the front, thus providing a built-in forward lean to boot 16
      attached thereto (FIG. 2). Because of the forward lean provided by such
      binding, a boot used in conjunction therewith need not have an elevated
      heel, commonly used for this purpose, but only a flat sole, which
      facilitates walking by the skier when not wearing the skis.
PAR  Along the outer lateral edge of base plate 11 and in a position
      approximately beneath the leg of the skier, base plate 11 is provided with
      a lateral recess 22, the length of which is generally suitably about 20 to
      80 percent of the length of sole plate 12 used in conjunction therewith.
      Attached to the rear end base plate 11 is a housing 23 enclosing a spring
      used for tensioning the release mechanism of the binding and adjustment
      means for selectively regulating the force necessary to produce release of
      the binding, in a manner to be described.
PAR  Attached to the under surface of sole plate 12 is an elongated
      approximately rectangular pivot block 24 (FIG. 9) of a size and
      configuration which permits it to nest within but rotate out of lateral
      recess 22 in base plate 11. In the particular embodiment shown, block 24
      is a separate unit attached to sole plate 12 by means of bolts 26,
      although it can also be made as a unitary part of the sole plate. Block 24
      has two generally vertical bearing surfaces 27 and 28, which are
      longitudinally displaced and adapted to bear against the longitudinal face
      or edge 29 of recess 22 in base plate 11. The areas or zones of contact
      between block 24 and recess 22 constitute two generally vertical pivotal
      axes about which block 24 and sole plate 12 attached thereto can pivot
      relative to base plate 11 on the application of a suitable force.
PAR  Block 24 is normally urged into contact with the face 29 of recess 22 by
      means of a tensioned flexible cable 31, one end of which is connected to
      depending lip 32 formed in sole plate 12, and by means of thrust button 33
      permanently attached to the end thereof, washer 34, and insert 36 used to
      prevent chafing of cable 31 against the edges of hole 37 in lip 32 through
      which the cable passes.
PAR  As shown in FIGS. 3, 7, and 8, cable 31 is extended about first pulley 38,
      which is arranged to rotate about a horizontal axis (pin 39) parallel to
      the longitudinal axis of base plate 11, and second pulley 41 which rotates
      about a vertical axis provided by pin 42. Cable 31 is pivotally attached
      by threaded adjustment sleeve 43, threaded rod 44 and pivot pin 45 to
      first arm 46 of bell crank 47, through which an adjustable predetermined
      tension is created in the cable. Tension in cable 31 is transmitted to
      sole plate 12 in a direction which is transverse to the longitudinal axis
      of the binding and at an acute angle with respect to the top of the ski,
      causing block 24 to bear against the longitudinal face 29 of recess 22 in
      base plate 11.
PAR  Bell crank 47 is pivoted for rotation about vertical pin 48 (FIG. 8 and
      11). First arm 46 of bell crank 47 is connected as previously described to
      cable 31, while second arm 49 of the bell crank is operatively connected
      with one end of coil spring 51, the other end of the spring being affixed
      to the end of spring housing 23. The connection of spring 51 to second arm
      49 of bell crank 47 is made by means of a connecting element 52, pivoted
      about pin 50 and provided with rod 53 inserted between the coils of the
      spring to keep the spring from buckling when it is compressed. It will be
      seen that in the normal or rest position of the binding, the force exerted
      by the spring 51, which is initially compressed by adjustment of sleeve
      43, is transmitted by bell crank 47 to cable 31, thereby positioning block
      24 with its bearing surfaces 27 and 28 in contact with the longitudinal
      face 29 of recess 22.
PAR  Second arm 49 of bell crank 47 is operatively connected to first arm 46 by
      means of an auxiliary extension 54 which fits within a longitudinal slot
      56 (FIG. 11) in first arm 46 and is fixed for rotation about pin 57. A
      threaded tension adjusting screw 58 in the side of first arm 46 can be
      moved inwardly to cause extension 54 to rotate about pin 57 relative to
      first arm 46, causing the effective lever arm of second arm 49 about pin
      48 to increase, and also increasing the degree of compression of spring
      51, thus effectively increasing the tension produced in cable 31 by spring
      51.
PAR  It will be seen that because of the nesting arrangement of block 24 within
      recess 22 of base plate 11, only a certain limited number of modes of
      relative motion between the base plate and sole plate 12 is possible. If a
      lateral force is exerted on the outer edge of sole plate 12 at a point
      between bearing surfaces 27 and 28, and in an inward direction, i.e.,
      toward face 29 of recess 22, causing both bearing surfaces to remain in
      contact with face 29, no relative motion of the sole plate and the base
      plate will be produced regardless of the magnitude of the force applied.
      If, however, the lateral force is applied to the opposite (i.e., inside)
      edge of sole plate 12, relative motion between base plate 11 and sole
      plate 12 can occur, provided the bias exerted by cable 31 is effectively
      overcome. Similarly, if the lateral force on either side or edge of the
      ski is applied at a point either in front of forward bearing surface 27 or
      to the rear of rear bearing surface 28, relative rotation between the sole
      plate and the base plate can occur.
PAR  The configuration shown in FIG. 8 is one which can occur as the result of
      an outward force applied to the ski at a point forward of block 24, the
      force tending to produce counterclockwise rotation of the tip of the ski
      relative to the skier's boot. Under these conditions, block 24 will rotate
      about its rear bearing surface 28, causing forward bearing surface 27 to
      move away from contact with face 29 of recess 22. As the relative rotation
      continues, cable 31, the end of which is affixed to sole plate 12, is
      extended in opposition to the restoring force exerted by spring 51, which
      is compressed as the extension of the cable proceeds. It will be seen,
      however, that because of the position of bell crank 47 and the location of
      pivot pin 48 about which the bell crank rotates, as the extension of the
      cable proceeds, the effective lever arm of first arm 46 relative to pivot
      48 increases, while the lever arm of second arm 49 decreases. With a given
      initial force exerted by spring 51, the force necessary to cause
      continuing separation of sole plate 12 from base plate 11 decreases as the
      amount of extension increases until the maximum extension of cable 31 is
      reached, i.e., full release occurs. Accordingly, the restoring force or
      tension in cable 31 is greatest when the sole plate is in its normal
      position of alignment with the base plate, before any separation has
      occured, and decreases with increasing extension of the cable.
PAR  This feature contributes a large measure of shock-resisting ability to the
      binding of the invention. A force of substantial magnitude but of limited
      duration may cause the sole plate to shift laterally, as shown in FIG. 8,
      for a sufficient distance to relieve the applied force. When the force is
      removed, the sole plate will automatically realign itself in normal
      operative position on the base plate. If the upsetting force continues to
      be applied, however, the sole plate will continue its relative rotation
      about the base plate, as long as the applied force exceeds the restoring
      force exerted by the cable. Since the cable continues to exert some
      restoring force even at its maximum extension, when the upsetting force is
      removed the sole plate will automatically be returned to its normal
      alignment with respect to the base plate, thus facilitating the resumption
      of skiing after release of the binding has occurred. Further, since at no
      time is the ski completely disengaged from the skier's boot, there is no
      necessity for the use of auxiliary bindings or straps for restraining a
      loose ski, as is customary with conventional bindings.
PAR  The displacement shown in FIG. 8 is one produced by a force tending to move
      the tip of the ski outwardly relative to the skier's boot. In response to
      a force tending to move the heel of the ski outwardly, an analogous
      situation would be created. In such case, forward bearing surface 27 of
      block 24 would remain in contact with face 29 of recess 22, while the
      rearward bearing surfaces would separate and cable 31 would be extended in
      the same manner.
PAR  The safety binding of the invention also operates in response to forces
      tending to cause the skier's toe or heel to leave the ski in a vertical
      direction. Since cable 31 is attached to sole plate 12 at an acute angle
      relative to the top of the ski, the force exerted by the cable has a
      vertical component which must be overcome to permit vertical separation of
      the sole plate from base plate 11. In general, in order for a vertical
      force to present a risk of injury to a skier, its magnitude must be
      significantly larger than that of a lateral force, which produces a twist
      or torque. Accordingly, it is desired that the binding not release in a
      vertical direction except in response to forces larger than those needed
      to produce lateral release. One way of increasing the vertical release
      force relative to the horizontal release force is to make the angle which
      cable 31 makes with the top of the ski larger than 45.degree., so that the
      vertical component of the force exerted by the cable exceeds the lateral
      component thereof. Another way of accomplishing this result, illustrated
      in the drawings (FIG. 6, 9, and 10) is to form block 24 and the
      longitudinal face 29 of recess 22 with inclined rather than vertical
      bearing surfaces, with the bearing surface of block 24 underlying the face
      29 of the recess, as shown in FIG. 6. With the arrangement shown in the
      drawings, in order to achieve vertical release, the displacing force
      applied must be sufficient to overcome not only the vertical component of
      the force exerted by cable 31, but also the horizontal component thereof,
      i.e., the block must move along the contacting surfaces of the edge and
      block, both vertically and horizontally, as shown in FIGS. 6, 9 and 10.
      FIGS. 9 and 10 illustrate a partial vertical release of the heel of sole
      plate 12, with thrust buttons 61 acting as pivots. Under appropriate
      circumstances, the toe of the sole plate will also release in a similar
      manner, with thrust block 60 acting as a pivot. It will be seen that in a
      sole plate of given length the relative magnitude of the forces necessary
      to produce release at the toe and at the heel of the binding respectively
      is controlled by the relative distances (i.e. the effective lever arms)
      from the center of cable 31 to thrust buttons 61 and to thrust block 60
      respectively. For example, the force required to produce release at the
      heel can be decreased (and the force necessary for toe release increased)
      by decreasing the distance from cable 31 to thrust buttons 61, about which
      sole plate 12 pivots for heel release, thus reducing the lever arm through
      which the tension of the cable is applied.
PAR  In order to facilitate relative rotation of sole plate 12 and base plate 11
      under release conditions, it is desirable that the friction between these
      two elements be reduced to a minimum. For this purpose, the upper surface
      of base plate 11 is provided with roller bearings 59, on which the lower
      surface of sole plate 12 rides. Thrust block 60 and thrust buttons 61 are
      preferably formed of a low friction material, such as Teflon resin, to
      minimize friction encountered during lateral release of the binding.
PAR  It will be seen that the construction of the safety binding of the
      invention provides several different modes of release, including lateral
      inward release of both the toe and heel of the boot but no lateral outward
      release of either toe or heel. In addition, simultaneous inward release of
      both heel and toe is permitted, while simultaneous outward release of both
      heel and toe is prevented. The operating characteristics of the binding of
      the invention resulting from the aforementioned modes of release are
      illustrated in FIG. 12.
PAR  As shown in FIG. 12, plotted beneath a top view of left boot 16 and ski 13,
      which also shows the tibia 62 of the skier's leg, are curves 1, 2, 3, 4,
      which represent the torque actually transmitted to the skier's leg
      (M.sub.B) as a ratio of the torque (M.sub.set) applied to the binding to
      cause it to release (adjustable by the skier). The distances O-a and O-b
      represent, respectively, the distances in front of and behind the skier's
      tibia 62 at which the forward and rearward pivotal axes of the binding are
      located. The arrows A and B represent inward release of the binding at the
      toe and heel respectively, outward release being impossible because of the
      construction of the binding.
PAR  A force applied to the outside edge of the ski, tending to create a moment
      or torque about the skier's leg is depicted as (+F) at a distance X from
      the tibia; a corresponding force applied to the inside edge of the ski is
      represented as (-F). The horizontal line passing through the point 1 on
      the vertical axis represents the value at which the pure torque without
      side forces exerted on a skier's leg is equal to that which causes the
      binding to release. Such a condition at release for torque produced by a
      side force would be obtained if the pivot axis for torque about tibia 12
      and the axes about which the binding pivots in its release modes
      coincided. Since these axes do not coincide, however, the line M.sub.B
      /M.sub.set = 1 is an asymptote, which is approached by the release curves
      as the distance at which the force (+F) or (-F) is applied increases
      forwardly or rearwardly of the skier's tibia.
PAR  In FIG. 12, curve 1 represents the torque exerted on the skier's leg by a
      lateral force (+F), applied to the outer edge of the ski at a distance X
      in front of the skier's tibia, the magnitude of the force being sufficient
      to produce inward release of the heel of the boot, i.e., in direction B.
      Curve 2 represents the torque exerted on the skier's tibia by a force (+F)
      applied a distance (-X) behind the skier's tibia, the force producing
      inward release of the toe of the boot in the direction A. Curve 3
      represents the torque applied on the skier's tibia by a force (-F) applied
      to the inside of the ski at a distance (-X) behind the skier's tibia to
      produce release at B; curve 4 shows the torque produced on the skier's
      tibia by a force (-F) at a distance (X) in front of the skier's tibia, to
      produce release at A.
PAR  Consideration of the curves in FIG. 12 shows that on the application of a
      lateral force to the inside of the ski, depicted by curves 3 and 4, the
      actual torque exerted on the skier's tibia remains at all times less than
      the torque which will cause the binding to release at toe or heel. Thus,
      if the release torque is properly set at a sufficiently low value, the
      skier's leg is protected against injury due to torque, regardless of where
      the force is applied to the inside of the ski.
PAR  With respect to lateral forces applied to the outside of the ski, it will
      be seen that the torque exerted on the skier's tibia by such forces when
      applied at a substantial distance in front of or behind the skier's leg,
      while larger than the release torque, is only slightly larger and,
      therefore, the protection afforded the skier remains adequate. As an
      outside force approaches the skier's boot, however, it will be seen that
      the torque produced increases rapidly and in the vicinity of X = a or X =
      -b, i.e., when the outside force is applied directly opposite either of
      the vertical axes about which the binding rotates, the force necessary to
      produce release becomes infinite, i.e., curves 1 and 2 are asymptotic to
      the vertical lines X = a and X = -b.
PAR  FIG. 12 also shows that, with respect to forces applied to the outside of
      the ski between the forward pivot axis a and the rearward pivot axis b, no
      amount of lateral force will cause the binding to release. While this
      situation under certain conditions may theoretically present a safety
      hazard to the skier, in practice it is only rarely encountered because of
      the design distance separating the pivotal points, because the leg is
      generally well equipped to withstand lateral outside forces applied in the
      vicinity of the skier's foot, and because the tendency of the skier is to
      be thrown over his skis under such loadings.
PAR  In summary, the curves of FIG. 12 demonstrate that the binding of the
      invention provides maximum retention of the skis with respect to forces
      directed to the outside edges thereof, while maximum safety is offered for
      forces applied to the inside edges of the skis. In addition, the operation
      of the bindings is symmetrical with respect to forward and rearward forces
      relative to the skier's leg, i.e., the binding is equally effective
      regardless of whether the forces are applied at the tip or at the tail of
      the ski.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety ski binding adapted for securing a ski boot to a ski
      comprising:
PA1  first means operatively connected between said ski and the toe of said boot
      for holding said toe in alignment with said ski, said first means being
      releasable in response to an applied predetermined force to permit said
      toe to move laterally inwardly with respect to said ski, while preventing
      outward lateral movement of said toe;
PA1  second means operatively connected between said ski and the heel of said
      boot for holding said heel in alignment with said ski, said second means
      being releasable in response to an applied predetermined force to permit
      said heel to move laterally inwardly with respect to said ski, while
      preventing outward lateral movement of said heel; and
PA1  biasing means for urging said boot into operative contact with said ski.
NUM  2.
PAR  2. A safety ski binding adapted for securing a ski boot to a ski
      comprising:
PA1  first means operatively connected between said ski and the toe of said boot
      for holding said toe in operative contact and alignment with said ski,
      said first means including first pivotal means defining a first generally
      vertical pivotal axis about which the rearward portion of said boot can
      pivot;
PA1  second means operatively connected between said ski and the heel of said
      boot for holding said heel in operative contact and alignment with said
      ski, said second means including second pivotal means defining a second
      generally vertical pivotal axis longitudinally spaced from said first
      pivotal axis, about which second axis the forward portion of said boot can
      pivot;
PA1  said first and second pivotal means permitting rotation of the boot about
      either of said pivotal axes only in a direction toward the inside edge of
      said ski on the application of a lateral force exceeding a predetermined
      value.
NUM  3.
PAR  3. A safety ski binding for securing a ski boot to a ski comprising:
PA1  an elongated base plate for attachment to the top surface of said ski;
PA1  an elongated sole plate for receiving and holding the sole of said boot,
      said sole plate overlying said base plate and having two longitudinally
      spaced generally vertical bearing surfaces depending therefrom and
      contacting said base plate in two zones of contact which constitute
      longitudinally spaced generally vertical pivotal axes about either of
      which said sole plate can rotate with respect to said base plate;
PA1  first means for controlling rotation of said sole plate, said first means
      including a bearing surface in said base plate which cooperates with one
      of said bearing surfaces in said sole plate to permit rotation about the
      forward pivotal axis only in a direction to cause lateral inward movement
      of the heel of said boot and substantially preventing lateral outward
      movement of said toe;
PA1  second means for controlling rotation of said sole plate, said second means
      including a bearing surface in said base plate which cooperates with the
      other of said bearing surfaces in said sole plate to permit rotation of
      said sole plate about the rearward pivotal axis only in a direction to
      cause lateral inward movement of the toe of said boot and substantially
      preventing lateral outward movement of said heel; and
PA1  bias means for urging said sole plate into face-to-face contact with said
      base plate and said bearing surfaces into mutual lateral contact, said
      bias means being adjustable to permit relative movement of said base plate
      and said sole plate when a force tending to cause such movement exceeds a
      preset value.
NUM  4.
PAR  4. A ski binding in accordance with claim 3, in which said first and second
      rotation controlling means comprise an elongated block affixed to and
      depending from said sole plate, said block nesting in a lateral recess in
      the inner longitudinal edge of said base plate, said block being in
      contact with a longitudinal edge of said recess in at least said two
      bearing surfaces constituting said pivotal axes, whereby rotation about
      either of said pivotal axes is restricted to one direction only, rotation
      in the other direction being blocked by contact of the bearing surface
      constituting the other of said pivotal axes with said longitudinal edge of
      said recess.
NUM  5.
PAR  5. The ski binding of claim 4, in which said bias means comprises:
PA1  a flexible cable, one end of which is attached to said base plate at a
      point between the ends of said block; and
PA1  extensible tensioning means attached to said base plate and operatively
      connected to the other end of said cable for tensioning said cable to
      apply a force transverse to the longitudinal axis of said ski at an acute
      angle with the top surface thereof and in a direction which tends to hold
      said bearing surfaces in contact with said edge of said recess, said
      tensioning means producing a maximum force of preset value and being
      extensible to permit extension of said cable and consequent realtive
      movement of said sole plate and said base plate in response to a
      displacing force having a magnitude larger than said preset value;
PA1  said tensioning means exerting a restoring force for restoring the contact
      between said sole plate and said base plate when said displacing force is
      removed.
NUM  6.
PAR  6. The ski binding of claim 5 which the force exerted by said tensioning
      means varies with extension of said cable, being a maximum when no
      extension of said cable has occurred and decreasing as said cable is
      extended by increasing separation of said sole plate from said base plate.
NUM  7.
PAR  7. The ski binding of claim 6 in which said tensioning means includes:
PA1  a compressible spring having one end fixed to said base plate; and
PA1  a two-armed bell crank pivoted to said base plate, one arm of which is
      connected to said cable and the other arm of which is attached to the
      other end of said spring in operative position to compress said spring as
      said cable is extended, said bell crank being so arranged that the
      effective lever length of the arm tending to compress said spring
      decreases as said cable is extended, whereby the force necessary to extend
      said cable decreases as the extension of said cable increases.
NUM  8.
PAR  8. The ski binding of claim 7 in which said bell crank is provided with
      means for adjusting the relative lever lengths of its arms, whereby the
      maximum force necessary to initiate extension of said cable can be
      adjusted.
NUM  9.
PAR  9. The ski binding of claim 5 in which said bearing surfaces on said block
      and the edge of said recess adjacent thereto are inclined upwardly in a
      direction generally parallel to said cable at its point of attachment to
      said sole plate, whereby the force required to overcome the tension
      exerted by said cable and to cause vertical displacement of said sole
      plate from said base plate exceeds the force required to produce relative
      lateral displacement thereof.
NUM  10.
PAR  10. The ski binding of claim 9, in which the distance between said
      longitudinally spaced bearing surfaces is about 20-80 percent of the
      length of said sole plate.
NUM  11.
PAR  11. The ski binding of claim 3, which is provided with low friction means
      located between said sole plate and said base plate for reducing the
      sliding friction therebetween during relative lateral movement thereof.
NUM  12.
PAR  12. The ski binding of claim 11, in which said low friction means includes
      roller bearings mounted in said base plate and in contact with said sole
      plate.
NUM  13.
PAR  13. The ski binding of claim 3, in which the effective thickness of said
      base plate varies from a maximum at the heel end to a minimum at the toe
      end, whereby said binding imparts a forward lean to a boot attached
      thereto.
NUM  14.
PAR  14. A safety ski binding for holding a ski boot in alignment with a ski
      comprising:
PA1  an elongated base plate for attachment to the top surface of a ski in
      alignment with the longitudinal axis thereof, said base plate having a
      lateral recess, the inner longitudinal edge of which is provided with a
      pair of longitudinally spaced upwardly inclined bearing surfaces;
PA1  an elongated sole plate overlying said base plate, said sole plate having
      means for receiving and holding the sole of a ski boot;
PA1  block means attached to the underside of said sole plate and having a
      configuration adapted to fit within the lateral recess of said sole plate,
      said block means having inclined surfaces adapted to underlie and contact
      said upwardly inclined bearing surfaces in said base plate, the zones of
      contact therebetween constituting longitudinally spaced generally vertical
      pivotal axes about which said sole plate can rotate relative to said base
      plate, rotation about the forward pivotal axis being limited to a
      direction which causes inward movement of the heel of said boot, and
      rotation about the rearward pivotal axis being limited to a direction
      which causes inward movement of the toe of said boot;
PA1  bias means including a flexible cable, one end of which is attached to said
      block means at a point between its ends, said cable being tensioned to
      apply a force transverse to the longitudinal axis of said base plate at an
      acute angle with the top surface thereof, in a direction which tends to
      hold said sole plate in contact with said base plate and said block means
      in contact with the bearing surfaces of said recess; and
PA1  tensioning means including a two-armed bell crank and a coil spring for
      creating a tension in said cable while permitting extension thereof, one
      arm of said bell crank being operatively connected to the other end of
      said cable and the other arm being operatively connected to said spring in
      a manner which causes the tension created in said cable by said spring to
      decrease as the cable is extended.
NUM  15.
PAR  15. The binding of claim 14 in which the bellcrank includes means for
      adjusting the relative effective lengths of the arms of said bell crank,
      whereby the force exerted by said tensioning means can be controlled.
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PAL  A retaining mechanism for safety ski bindings with a detent member that is
      under the effect of a detent spring and engages into a counter-detent
      constructed as a recess; the detent member is thereby adapted to be forced
      out of the counter-detent by overcoming the detent spring force when
      vertical forces act on the retaining member retaining the boot; the
      counter-detent which is delimited on different sides by differently shaped
      raised portions is adapted to be rotatably adjusted and can be fixed in a
      selected rotary position.
BSUM
PAR  The present invention relates to a retaining or hold-down mechanism for
      safety ski bindings with a detent member, for example, a detent piston, a
      detent ball or the like, under the effect of a detent spring, which
      engages in a counter-detent constructed especially as a recess, whereby
      for purposes of releasing the binding the detent member can be forced out
      of the counter-detent over a raised portion delimiting the counter-detent
      while overcoming the detent spring force in the presence of strong
      vertical forces acting from the ski boot on the hold-down or retaining
      member of the retaining mechanism holding-down the boot, for example,
      during backward falls or forward falls or twisting falls.
PAR  It is known to arrange a part which includes the counter-detent, in an
      interchangeable manner, so that the inclined surfaces delimiting the
      counter-detent which serve the purpose of elastically or yieldingly
      forcing back the detent member during the release, may receive different
      inclinations with respect to a plane that is disposed perpendicular to the
      effective direction of action of the detent spring.
PAR  It is furthermore known to arrange the inclined surfaces delimiting the
      counter-detent in a vertical plane with a different angle than the
      inclined surfaces provided at the same time in the horizontal direction.
      For instance, a greater release stiffness for a release in the vertical
      direction, for example, during a forward fall, can be effected thereby
      than in the horizontal direction, for example, during a twisting fall.
PAR  However, it is frequently desirable to adjust one and the same mechanism to
      different release or disengaging stiffnesses of the retaining mechanism
      without the need to carry along for this purposes a further part for the
      interchange of the counter-detent.
PAR  The present invention is concerned with the task to satisfy these
      requirements with the simplest possible means. Accordingly, the present
      invention essentially consists in that the counter-detent is delimited on
      different sides by differently shaped raised portions and the
      counter-detent support which includes the counter-detent with the raised
      portions is rotatably arranged about an axis in or approximately in the
      direction of the detent engagement and is adapted to be secured or fixed
      in the preselected rotational position.
PAR  It is therefore merely necessary for changing the detent engagement to
      adjust the counter-detent member, after unlocking or releasing the same,
      into another or into one of its other positions and to subsequently lock
      or secure the same again. The shifting can be realized in a simple and
      rapid manner. An additional loose spare-part is not necessary.
PAR  As such, any desired number of detents distributed about the axis of
      rotation may be provided. However, if the detent mechanism is
      simultaneously to serve the purpose to assure a release in case of a
      forward fall or a backward fall as well as simultaneously also in case of
      a twisting fall, i.e., in both lateral directions, preferably such
      rotatable counter-detents are used in which the lateral raised portions
      have different detent or release actions only on two mutually oppositely
      disposed sides whereas the raised portions offset with respect thereto by
      90.degree., insofar as present, are constructed in the same manner or
      approximately in the same manner in order that in case of a shifting of
      the counter-detent, the detent mechanism is suitable and effective in the
      same manner for a twisting fall toward the right as also for a twisting
      fall toward the left.
PAR  The constructions of the detents to be selectively adjusted may be
      different as regards the detent engagement and also, for example, as
      regards the inclined surface, along which the detent member is guided for
      the disengagement.
PAR  Accordingly, it is an object of the present invention to provide a
      retaining mechanism for safety ski bindings which avoids by simple means
      the aforementioned shortcomings and drawbacks encountered in the prior
      art.
PAR  Another object of the present invention resides in a retaining mechanism
      for safety ski bindings in which the release stiffness can be readily
      changed without the need of additional spare parts.
PAR  A further object of the present invention resides in a safety ski binding
      of the type described above which is simple in construction yet permits a
      simple and rapid adjustment of the release force required for the release
      of the binding as a result of a fall in a predetermined direction.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a side elevational view, partly in cross section, of the
      arrangement of a front jaw on a ski with an associated counter-detent of a
      ski binding member, for example, a sole plate of a safety ski binding in
      accordance with the present invention;
PAR  FIG. 2 is a horizontal cross-sectional view through the socket-like
      counter-detent member, taken perpendicularly to the plane of the drawing
      of FIG. 1; and
PAR  FIG. 3 is a horizontal cross-sectional view similar to FIG. 2, which shows
      an alternative embodiment utilizing a spring biased ball rather than a
      spring biased plunger of FIG. 2.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the two views to designate like parts, a front jaw 11 is
      secured on the ski 10 by means of screws 12. A threaded sleeve 15 is
      threadably arranged in a bore 13 of the front jaw 11 by means of an
      internal thread 14. A piston-like detent member 17 which is offset
      step-like in its diameter by a shoulder 18, as well as a detent spring 19,
      are accommodated in the threaded sleeve 15. A slide bush 16 is interposed
      between the threaded sleeve 15 and the piston-like detent member 17. The
      spring 19 seeks to force the detent member 17 by means of the offset 18
      against an abutment shoulder 20 on the slide bush 16 axially supported in
      the threaded sleeve 15 and is supported, on the other hand, against an
      adjustable spring abutment 21 which is adjustable in the threaded sleeve
      15 by screw action for purposes of controlling the spring stress.
PAR  The detent member 17 is in engagement by means of its rounded-off head
      portion 22 with a counter-detent 23 formed by a recess in a counter-detent
      member 24 which is rotatably supported about a horizontal longitudinal
      axis a--a by means of a pin portion 24a in a support bracket 25a on a
      binding part 25, for example, a sole plate of any conventional
      construction.
PAR  For example, the boot is adapted to be securely clamped together with the
      sole plate 25, e.g., by a retaining or hold-down jaw 27 overlapping the
      boot sole 26 and by a further clamping member of any conventional
      construction overlapping the heel (not shown) whereas the sole plate 25
      itself is additionally retained by detent action on the ski preferably at
      its rear end by a hold-down or retaining mechanism of any known type, for
      example, in the manner of an automatic heel-retaining mechanism.
PAR  A screw 28 is able to fix the counter-detent member 24 in two positions
      mutually offset by 180.degree. in that it can be caused to engage with a
      threaded bore 29 offset to the axis a--a or selectively with a threaded
      bore 30 offset with respect thereto by 180.degree. in relation to the axis
      a--a. The two threaded bores 29 and 30 are in a plane containing the axis
      a--a and perpendicular to the ski surface.
PAR  The recess forming the counter-detent 23 in the counter-detent member 24 is
      delimited in the upward direction by a bulge-like or cam-like raised
      portion 31 and in the downward direction by a similar raised portion 32
      whereby the raised portion 31 has a greater height--measured in the
      horizontal direction--in relation to a plane E--E perpendicular to the
      axis of rotation a--a and passing through the deepest point of the recess
      than the raised portion 32. In contrast thereto, the raised portions 33
      and 34 are preferably constructed symmetrically to this axis a--a in a
      horizontal plane on both sides of the axis of rotation a--a (FIG. 2).
PAR  If, for example, as a result of a backward fall, a strong upwardly directed
      force P.sub.V occurs at the binding part 25 or at the boot sole 26, and if
      the binding part 25 thereby seeks to lift off from the ski in the
      direction of the arrow of this force, then the detent member 17 is pushed
      back in the direction of arrow x.sub.1 by means of the inclined surface
      32a of the raised portion 32 which delimits the counter-detent 23 in the
      downward direction, whereby depending on the inclination of the inclined
      surface 32a and the height of the raised portion 32, the detent member 17
      is released from counter-detent 23 after a more or less large stroke or
      during the corresponding release forces which thereby occur at that time
      for the release of the binding.
PAR  In the case of lateral forces, for example, during a twisting fall, the
      detent member 22 is forced back by means of the inclined surfaces 33a or
      34a until a release takes place in the horizontal direction by a
      deflection of the sole plate 25 or of the corresponding binding part. By
      reason of the similar construction of the raised portions 33 and 34, the
      binding releases in an identical manner during a right or left deflection.
PAR  If, for example, a stronger resistance with respect to a release by an
      upwardly directed force P.sub.V is to be produced, then the counter-detent
      member 24, after the screw 28 has been screwed out so far that it leaves
      the threaded bore 29, can be rotated by 180.degree. in its bearing surface
      24a so that now the raised portion 31 with the inclined surface 31a comes
      to lie at the bottom and thereby cooperates with the detent member 17 or
      the head 22 thereof during an upward movement of the binding part 25 in
      the direction of the arrow of the force P.sub.V. A greater release
      stiffness results thereby in order to displace the detent member 17 over
      the raised portion 31 and to bring about the release. The dash lines over
      the raised portions 31 to 34 indicate merely that by an exchange of the
      counter-detent member 24, changed shapes of the raised portions may be
      provided and therewith different release characteristics may be achieved,
      as desired.
PAR  Instead of in conjunction with a front jaw or selectively changing with
      such a front jaw, the installation or the counter-detent member 24 may
      also be utilized in conjunction with a heel support mechanism. It may be
      desirable thereby, for example, to select the detent force for the use at
      the front jaw, on the one hand, and at the rear heel-support mechanism, on
      the other, different from each other and to adjust the counter-detent
      support correspondingly in different rotary positions.
PAR  FIG. 3 shows an alternative embodiment wherein a ball 35 is provided as the
      locking member, this ball being guided in a sleeve 36 so that it is
      pressed under the force of a spring 37 against the counter-detent member
      24.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A retaining mechanism for safety ski bindings which includes a boot
      retaining means, a detent means a counter-detent means, a detent spring
      means biasing said detent means and said counter-detent means against one
      another, one of said detent means and counter-detent means being mounted
      at said boot retaining means, said detent means engaging in said
      counter-detent means and being operable, for the purpose of releasing the
      binding, to be forced out of the counter-detent means over a raised
      portion delimiting the counter-detent means while overcoming the detent
      spring force in case of strong forces acting from the ski boot on the
      retaining means, wherein the counter-detent means is delimited on
      different sides by differently shaped raised portions, the counter-detent
      means with the raised portions being rotatably arranged about an axis
      extending approximately in the direction of the detent engagement and
      being adapted to be secured in the preselected rotational position, said
      raised portion being configured to vary the forces acting from the ski
      boot required for release of the detent and counter-detent means in skiing
      use of the binding as a function of the rotational position of said
      counter-detent means.
NUM  2.
PAR  2. A retaining mechanism according to claim 1 wherein the detent means
      includes a detent piston.
NUM  3.
PAR  3. A retaining mechanism according to claim 1, wherein the detent means
      includes a detent ball.
NUM  4.
PAR  4. A retaining mechanism according to claim 1, wherein the counter-detent
      means is constructed as a recess.
NUM  5.
PAR  5. A retaining mechanism according to claim 1, wherein a counter-detent
      support is provided which includes the counter-detent means with the
      raised portions.
NUM  6.
PAR  6. A retaining mechanism according to claim 1, wherein said axis is
      parallel to the direction of the detent engagement.
NUM  7.
PAR  7. A retaining mechanism for safety ski bindings which includes a boot
      retaining means, a detent means, a counter-detent means, a detent spring
      means biasing said detent means and said counter-detent means against one
      another, one of said detent means and counter-detent means being mounted
      at said boot retaining means, said detent means engaging in said
      counter-detent means and being operable, for the purpose of releasing the
      binding, to be forced out of the counter-detent means over a raised
      portion delimiting the counter-detent means while overcoming the detent
      spring force in case of strong forces acting from the ski boot on the
      retaining means, wherein the counter-detent means is delimited on
      different sides by differently shaped raised portions, the counter-detent
      means with the raised portions being rotatably arranged about an axis
      extending approximately in the direction of the detent engagement and
      being adapted to be secured in the preselected rotational position,
PA1  wherein a counter-detent support is provided which includes the
      counter-detent means with the raised portions, and
PA1  wherein two differently constructed raised portions are arranged mutually
      opposite in relation to the axis of rotation of the counter-detent support
      whereas the raised portions offset by 90.degree. with respect thereto are
      constructed essentially similar.
NUM  8.
PAR  8. A retaining mechanism according to claim 7, wherein said last-mentioned
      raised portions are constructed identical.
NUM  9.
PAR  9. A retaining mechanism according to claim 7, wherein the heights of the
      two first-mentioned raised portions are different.
NUM  10.
PAR  10. A retaining mechanism according to claim 9, wherein the inclinations of
      the inner surfaces of the two first-mentioned raised portions on the
      detent side are differently dimensioned with respect to a plane
      perpendicular to at least one of the direction of the detent engagement
      and axis of rotation.
NUM  11.
PAR  11. A retaining mechanism according to claim 10, wherein the rotatable
      counter-detent support is provided with two threaded bores and the
      counter-detent support is adapted to be secured on a binding part
      supporting the same in its two rotational positions by an axial screw
      selectively engaging in the one or the other of the two threaded bores.
NUM  12.
PAR  12. A retaining mechanism according to claim 11, wherein the two threaded
      bores are offset by about 180.degree. with respect to the axis of rotation
      of the counter-detent means.
NUM  13.
PAR  13. A retaining mechanism according to claim 11, wherein said binding part
      is a sole plate.
NUM  14.
PAR  14. A retaining mechanism according to claim 11, wherein the counter-detent
      support includes a rotary pin extending in the ski longitudinal direction
      and determining the axis of rotation, the two threaded bores being
      arranged in said rotary pin substantially parallel to the axis of
      rotation.
NUM  15.
PAR  15. A retaining mechanism according to claim 14, wherein the two threaded
      bores are offset by about 180.degree. with respect to the axis of rotation
      of the counter-detent means.
NUM  16.
PAR  16. A retaining mechanism for safety ski bindings which includes a boot
      retaining means, a detent means, a counter-detent means, a detent spring
      means biasing said detent means and said counter-detent means against one
      another, one of said detent means and counter-detent means being mounted
      at said boot retaining means, said detent means engaging in said
      counter-detent means and being operable, for the purpose of releasing the
      binding, to be forced out of the counter-detent means over a raised
      portion delimiting the counter-detent means while overcoming the detent
      spring force in case of strong forces acting from the ski boot on the
      retaining means, wherein the counter-detent means is delimited on
      different sides by differently shaped raised portions, the counter-detent
      means with the raised portions being rotatably arranged about an axis
      extending approximately in the direction of the detent engagement and
      being adapted to be secured in the preselected rotational position, and
PA1  wherein two differently constructed raised portions are arranged mutually
      opposite in relation to the axis of rotation of the counter-detent means
      whereas the raised portions offset by 90.degree. with respect thereto are
      constructed essentially similar.
NUM  17.
PAR  17. A retaining mechanism according to claim 16, wherein said
      last-mentioned raised portions are constructed identical.
NUM  18.
PAR  18. A retaining mechanism according to claim 16, wherein the heights of the
      two first-mentioned raised portions are different.
NUM  19.
PAR  19. A retaining mechanism according to claim 16, wherein the inclinations
      of the inner surfaces of the two first-mentioned raised portions on the
      detent side are differently dimensioned with respect to a plane
      perpendicular to at least one of the direction of the detent engagement
      and axis of rotation.
NUM  20.
PAR  20. A retaining mechanism for safety ski bindings which includes a boot
      retaining means, a detent means, a counter-detent means, a detent spring
      means biasing said detent means and said counter-detent means against one
      another, one of said detent means and counter-detent means being mounted
      at said boot retaining means, said detent means engaging in said
      counter-detent means and being operable, for the purpose of releasing the
      binding, to be forced out of the counter-detent means over a raised
      portion delimiting the counter-detent means while overcoming the detent
      spring force in case of strong forces acting from the ski boot on the
      retaining means, wherein the counter-detent means is delimited on
      different sides by differently shaped raised portions, the counter-detent
      means with the raised portions being rotatably arranged about an axis
      extending approximately in the direction of the detent engagement and
      being adapted to be secured in the preselected rotational position, and
PA1  wherein the rotatable counter-detent means is provided with two threaded
      bores and the counter-detent means is adapted to be secured on a binding
      part supporting the same in its two rotational positions by an axial screw
      selectively engaging in the one or the other of the two threaded bores.
NUM  21.
PAR  21. A retaining mechanism according to claim 20, wherein the two threaded
      bores are offset by about 180.degree. with respect to the axis of rotation
      of the counter-detent means.
NUM  22.
PAR  22. A retaining mechanism for safety ski bindings which includes a boot
      retaining means, a detent means, a counter-detent means, a detent spring
      means biasing said detent means and said counter-detent means against one
      another, one of said detent means and counter-detent means being mounted
      at said boot retaining means, said detent means engaging in said
      counter-detent means and being operable, for the purpose of releasing the
      binding, to be forced out of the counter-detent means over a raised
      portion delimiting the counter-detent means while overcoming the detent
      spring force in case of strong forces acting from the ski boot on the
      retaining means, wherein the counter-detent means is delimited on
      different sides by differently shaped raised portions, the counter-detent
      means with the raised portions being rotatably arranged about an axis
      extending approximately in the direction of the detent engagement and
      being adapted to be secured in the preselected rotational position,
PA1  wherein a counter-detent support is provided which includes the
      counter-detent means with the raised portions, and
PA1  wherein the counter-detent support includes a rotary pin extending in the
      ski longitudinal direction and determining the axis of rotation, two
      threaded bores being arranged in said rotary pin substantially parallel to
      the axis of rotation.
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ABST
PAL  A folding luggage carrier is provided with a tubular, substantially
      rectangular, primary frame with a pair of wheels attached to two adjacent
      corners. A secondary frame, similar in construction but smaller than the
      primary frame, is hinged to the primary frame with a pair of pivot pins
      and may be extended into a position coplanar therewith. The secondary
      frame is arcuately bulged at its points of superposition with the primary
      frame when in the extended position. A platform or load stop near the
      wheels supports luggage stacked onto the carrier and a flexible strap is
      used to tie the luggage to the framework by means of a buckle attached to
      the upper crossmember of the secondary frame.
PAL  In an alternate embodiment a tertiary frame may be nestled in the secondary
      frame and receive the buckle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to wheeled luggage carriers. It relates, more
      particularly, to such carriers having a foldable structure adapted to be
      handcarried in a stowed condition.
PAR  2. Prior Art
PAR  The problem of providing a traveller with means to convey his luggage with
      ease during transfer from one place to another is of long standing and
      many devices of the prior art provide for solutions of one type or
      another.
PAR  Such devices of the prior art generally provide for wheels, casters, or
      rollers attached by means of a framework to a piece of luggage, or for a
      more elaborate, self supporting, frame adapted to receive several pieces
      of luggage.
PAR  In general, such devices tend to be bulky, difficult to stow and carry when
      not in active use, and relatively heavy compared to their load-bearing
      capacity.
PAR  It is, therefore, a primary object of the invention to provide a luggage
      carrier construction for trunks and suitcases which is light in weight,
      easy to fold, simple to use and economical in construction.
PAR  It is a further object of the invention to provide in such a foldable
      luggage carrier external dimensions compatible with stowage within a piece
      of luggage.
PAR  It is yet another object of the invention to provide a foldable frame for a
      luggage carrier held in the extended condition by the load placed thereon
      and wherein the frame and the load are interlocked by means of a flexible
      strap.
PAC  SUMMARY OF THE INVENTION
PAR  To attain its objects, the invention provides a foldable luggage carrier
      with a rectangular primary frame constructed from rigid tubing and
      mounting a pair of wheels at two adjacent corners.
PAR  A secondary frame is nestled inside the primary frame and is pivotally
      attached thereto with a pair of coaxial pivot pins. The secondary frame
      may be extended from the primary frame to form a coplanar structure
      therewith. Arcuate bulges in the perimeter of the secondary frame allow
      for the superposition of the two members in the extended condition.
PAR  A stop, extending -- or extendable -- in a substantially orthogonal
      direction from the primary frame near the location of the aforementioned
      wheels provides for an abutment to the load placed on the carrier.
PAR  A flexible strap, or cinch, is attached to, or near, the stop; the strap is
      drawn around the luggage and secured to the uppermost crossmember of the
      framework by means of a buckle.
PAR  A more compact folded structure, or a longer loading bed, may be secured by
      adding a tertiary frame to the assembly. The tertiary frame nestles inside
      the secondary, and is pivoted thereon, in the same manner as the secondary
      frame is nestled and pivoted into the primary.
PAR  The luggage carrier of the invention may be constructed from steel or
      aluminum tubing; it is simple to use and light in weight. Examples have
      been constructed weighing three pounds and capable of supporting one
      hundred and fifty pounds.
PAR  These advantages, and others, will become apparent from the description of
      the preferred embodiment, below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred embodiment of the invention is illustrated and described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a foldable luggage carrier of the invention
      in the folded condition, stowed in a carrying bag;
PAR  FIG. 2 is a perspective view of the preferred embodiment of the invention
      with a representative load strapped to its frame;
PAR  FIG. 3 is a side elevation of the embodiment of FIG. 1 in the fully
      extended position;
PAR  FIG. 4 is a perspective view of another embodiment of the invention --
      employing two extendable subframes -- in the fully extended condition;
PAR  FIG. 5 is a partial, frontal elevation of the embodiment of FIG. 4, in the
      extended condition;
PAR  FIG. 6 is a partial, frontal elevation of the embodiment of FIG. 4, in the
      folded condition;
PAR  FIG. 7 is a partial side elevation of the embodiment of FIG. 4,
      illustrating the employment of the wheel covers as load supports, and
PAR  FIGS. 8 and 9 show a further embodiment of the invention, FIG. 8 being a
      fragmentary side elevational view, and FIG. 9 being a fragmentary frontal
      elevational view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a luggage carrier 10 of the invention is shown in folded
      condition, enveloped by a zippered carrier bag 20. The carrier 10 is
      equipped with a primary frame 30, a secondary frame 40, a luggage
      supporting platform 22 and a pair of wheels 12.
PAR  The same embodiment of the invention is also illustrated in the side view
      of FIG. 3 and the perspective view of FIG. 2; reference is made to all
      three Figures.
PAR  The primary frame 30 is a U-shaped structure stiffened near the open legs
      of the U by a cross-brace 36 which also serves as a pivot axis for the
      platform 22. The secondary frame 40 is of similar construction to the
      primary frame, being also U-shaped and formed of the same tubular material
      -- steel or aluminum tubing by preference -- as the primary frame. The
      secondary frame 40 is somewhat smaller than the primary frame so that in
      the stowed condition, illustrated in FIG. 1, it may be folded into the
      plane of the latter component.
PAR  The primary and secondary frames are assembled to each other by pivot pins
      34 forming a hinge. An arcuate segment 46 in each leg of the secondary
      frame provides the required clearance for base 32 of the primary frame in
      the open condition of the luggage carrier, and acts as a load transmitting
      stop in the opening direction (indicated by the arrow A) of the carrier.
PAR  The wheels 12 rotate freely on shafts 14 held in wheel frames 13 welded to
      the free ends of the primary frame 30, just below the cross-brace 36. The
      upper face of the frames 13 limit the downward travel of the platform 22
      in its opening direction -- in the sense of arrow "B" of FIG. 3 -- and
      transmit the load placed on the platform into the primary frame 30.
PAR  A flexible strap 18 is attached at one end to the outer edge of the
      platform 22, the edge farthest from its pivot axis at cross-brace 36, and
      is looped through a buckle 16 which, in turn, is hooked over base 42 of
      the secondary frame.
PAR  During loading, the luggage carrier 10 is laid on the floor and the
      secondary frame 40 and the platform 22 pivoted out of the primary frame 30
      into the using position, as shown in FIG. 3. The luggage, typically items
      2, 4, 6 and 8, is then loaded against the opened platform 22; to secure
      the luggage onto the carrier the strap 18, with its buckle 16, is passed
      around the load, or through the projecting handles for greater safety, and
      hooked over member 42.
PAR  Tightening of the strap 18 assures the unity of the carrier 10 and the
      luggage loaded thereon into a single, rigid entity, and permits the ready
      transport of the whole by pushing or pulling on base 42 of the secondary
      frame, acting as a handle.
PAR  When not in use, the secondary frame and the platform are folded within the
      primary frame and is secured into a flat package by passing the strap 18
      over base 32 and cross-brace 36, successively, and pulling it tight
      through the buckle 16, as shown in FIG. 1. The collapsed carrier is small
      enough to fit into a piece of the transported luggage, such as 2, or may
      be carried separately in carrier bag 20.
PAR  A modified embodiment 110 of the luggage carrier of the invention is shown
      in FIGS. 4, 5, 6 and 7 of the drawings. FIG. 4 is a perspective view of
      the carrier 110 in the fully open condition, ready to receive the luggage
      to be carried. FIG. 5 is a partial frontal view of the structure of FIG.
      4; while FIG. 6 is a view similar to FIG. 5, but showing the carrier in
      the folded condition. FIG. 7 is a partial side elevation of the carrier
      110, showing a wheel frame 113 acting as a support for luggage 2.
PAR  The structure of the luggage carrier 110 is based on a primary frame 130,
      rectangular in shape and secondary and tertiary frames 140 and 150,
      respectively. The frames 140 and 150 are U-shaped and open at their
      downward edges, when in the open position of FIG. 4.
PAR  The secondary frame 140 is smaller than the primary frame 130, so that in
      the collapsed position of FIG. 6 it folds within the latter part. The
      tertiary frame 150 bears a relationship to the secondary frame 140
      analogous to the latter's fit within the primary frame. The interfolded
      structure of the three frames is clearly shown in FIG. 6.
PAR  Pivot pins 134 form a hinge between the primary and secondary frames; pivot
      pins 145 interconnect the secondary and tertiary frames. Arcuate segments
      146 in the legs of the secondary frame 140 bear against section 132 of the
      primary frame in the open position and similar segments 156 in the legs of
      tertiary frame 150 bear against the base 142 of the secondary frame.
PAR  Wheels 112 are freely rotatable on shafts 114 rigidly fixed into wheel
      frames 113. The frames 113 are welded to the lower corners of the primary
      frame and are braced against spreading loads by section 136 of the frame
      130.
PAR  Strap 118 is fixed at one end to section 136; the other end, normally free,
      is looped through a buckle 116 which is hooked to base 152 of the tertiary
      frame.
PAR  The embodiment of FIG. 4 is lighter and more compact than the corresponding
      embodiment of FIG. 2; its use follows the same sequence of operations of
      unfolding the interleaved frame members, stacking the luggage against the
      upper surfaces of wheel frames 113, with the extended frame in a
      substantially horizontal alignment, and securing the luggage with flexible
      strap 118 and buckle 116.
PAR  FIGS. 8 and 9 show another modified embodiment of the luggage carrier of
      the invention, wherein a modified platform 236 is pivotally mounted on
      wheel shafts 214. Rib members extend downwardly from the platform and have
      integral stop tabs 240 at their inner ends. With the platform in its open
      position, shown in FIG. 8, the stop tab extends under wheel frame 213 to
      maintain the platform 236 in this open position. The platform is
      maintained in its closed or retracted position, shown in phantom outline,
      by engagement of the stop tabs 240 with the lower edge portions of wheel
      frames 213, as indicated in phantom outline.
CLMS
STM  The inventor claims:
NUM  1.
PAR  1. A foldable carrier for hand luggage, comprising:
PA1  a substantially rectangular primary frame having normally upper and lower
      ends and normally front and rear sides and including two parallel side
      members, and a normally lower cross-brace and a normally upper base
      extending between and joining said side members;
PA1  a pair of wheels rotatably mounted on the lower end of said frame;
PA1  luggage support means extending forwardly from the lower end of said
      primary frame;
PA1  a secondary frame including two parallel side members and a base extending
      between and joining said latter side members at one end thereof;
PA1  said second frame side members including free end portions having
      extremities disposed between said primary frame side members adjacent said
      primary frame base, opposite end portions aligned with said free end
      portions, respectively, and arcuate segments between and joining said free
      end portions and opposite end portions, and
PA1  means pivotally joining said second frame extremities to said primary side
      frame members on a pivot axis parallel to said frame bases and cross-brace
      for rotation of said second frame between a storage position wherein said
      second frame portions are coplanar with and disposed within said primary
      frame and a use portion wherein said second frame portions are coplanar
      with said primary frame, said second frame segments curve about and seat
      against the rear side of said primary frame base, and said opposite end
      portions of said second frame side members rise above said primary frame
      base to form a luggage supporting extension of and coplanar with said
      primary frame.
NUM  2.
PAR  2. The carrier of claim 1, including a strap for extending across the front
      side of said carrier between the lower end of said primary frame and the
      upper end of said second frame when said second frame occupies its use
      position relative to said primary frame, means securing one strap end to
      one of said latter frame ends and means for releasably securing the other
      strap end to the other latter frame end.
NUM  3.
PAR  3. The carrier of claim 1, wherein said luggage support means is pivotally
      attached to said primary frame cross-brace to fold into generally coplanar
      relation with said primary frame, and said strap is attached to said
      luggage support means.
NUM  4.
PAR  4. The carrier of claim 1, comprising a third frame including two parallel
      side members and a base extending between and joining said latter side
      members at one end thereof,
PA1  said third frame side members including free end portions having
      extremities disposed between said second frame side members adjacent said
      second frame base, opposite end portions aligned with said latter free end
      portions, respectively, and arcuate segments between and joining said
      latter free end portions and opposite end portions, and
PA1  means pivotally joining said third frame extremities to said second side
      frame members on a pivot axis parallel to said frame bases and cross-brace
      for rotation of said third frame between a storage position wherein said
      third frame portions are coplanar with and disposed within said second
      frame and a use portion wherein said second frame portions are coplanar
      with said second frame, said third frame segments curve about and seat
      against the rear side of said second frame base, and said opposite end
      portions of said third frame side members rise above said second frame
      base to form a luggage supporting extension of and coplanar with said
      primary and second frames.
NUM  5.
PAR  5. The carrier of claim 4, including a strap for extending across the front
      side of said carrier between the lower end of said primary frame and the
      upper end of said second frame when said second frame occupies its use
      position relative to said primary frame, means securing one strap end to
      one of said latter frame ends and means for releasably securing the other
      strap end to the other latter frame end.
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PAL  An auxiliary undercarriage for vehicles having pneumatic tires, one of
      which is flat, includes an elongated member for disposition under the
      vehicle adjacent the flat tire to help support its axle, a ramp at the
      rear end portion of the elongated member for guiding the axle to be
      supported upwardly therealong until it is disposed over a wheel journaled
      for rotation on the underside of the elongated member, and a clamping
      device on the front end portion of the elongated member for attaching
      releasably the elongated member to the nearest bumper of the vehicle. A
      normally engaged brake mechanism prevents the auxiliary undercarriage from
      rolling until a brake release device responsive to the axle being disposed
      above the wheel releases the brake for the wheel. As a result, once the
      clamping device is attached to the bumper and the brake is released
      automatically, the vehicle is free to be driven to a service station or
      other convenient location where the flat tire may be changed in a
      convenient manner.
BSUM
PAR  The present invention relates to an auxiliary undercarriage for vehicles,
      and it more particularly relates to such an undercarriage which enables
      the operator of the vehicle to drive such a vehicle having a flat
      pneumatic tire.
PAR  Vehicles, such as automobiles having pneumatic tires, are oftentimes
      rendered temporarily inoperative when a flat tire occurs. When a tire
      becomes damaged, the tire must be replaced with the spare tire and such an
      operation is not always convenient. Thus, in the past, various different
      auxiliary undercarriages and other such devices have been proposed to
      enable the driver of the vehicle to drive it at a reduced rate of speed to
      a service station or other location where the damaged tire may be replaced
      with the spare tire. In this regard, reference may be made to the
      following U.S. Pat. Nos. 2,226,521; 2,228,689; 2,247,717; and 2,987,323.
      The various different devices shown in those patents may be satisfactory
      for some applications, but it would be highly desirable to have an
      auxiliary undercarriage which is readily and conveniently attachable to a
      vehicle, and which is attached to the vehicle in a very secure manner so
      as to provide for the safety of the driver. Such an auxiliary
      undercarriage should be relatively inexpensive to manufacture, and it
      should be easily removed after it is used.
PAR  Therefore, the principal object of the present invention is to provide a
      new and improved auxiliary undercarriage for vehicles, which undercarriage
      is readily and conveniently adapted to be attached in a secure manner to
      the vehicle, and which is readily and conveniently attached and then
      removed from the vehicle.
PAR  Briefly, the above and further objects of the present invention are
      realized by providing an auxiliary undercarriage for vehicles, which
      undercarriage includes an elongated member for disposition under the
      vehicle adjacent a flat tire to help support its axle, a ramp device on
      the rear end portion of the elongated member for guiding the axle to be
      supported upwardly therealong until it is disposed above a wheel rollably
      supporting the elongated member, and a clamping device on the front end
      portion of the elongated member for attaching releasably the elongated
      member to the nearest bumper of the vehicle. A brake mechanism prevents
      the wheel from rolling until a brake release device is activated by
      engagement with the axle so that the auxiliary undercarriage becomes free
      to support rollably the weight of the vehicle and to take the place of the
      flat pneumatic tire once the clamping device is secured to the nearest
      bumper of the vehicle.
DRWD
PAR  The above, and still further highly important objects and advantages of the
      invention will become apparent from the following detailed specification,
      appended claims, and attached drawings, wherein:
PAR  FIG. 1 is a side-elevational view of the auxiliary undercarriage
      constructed in accordance with the present invention, illustrating the
      manner in which it may be attached to a vehicle;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view, with portions
      thereof broken away, of the auxiliary undercarriage of FIG. 1,
      illustrating the undercarriage in its position when attached to the
      vehicle;
PAR  FIG. 3 is a fragmentary top plan view of the undercarriage of FIG. 2; and
PAR  FIG. 4 is a fragmentary enlarged view of the auxiliary undercarriage of
      FIG. 1, illustrating it in its unattached position.
DETD
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof,
      there is shown an auxiliary undercarriage 10, which is constructed in
      accordance with the present invention, and which is adapted to be attached
      to the vehicle, such as the automobile 12, to serve as a temporary
      replacement for a flat pneumatic tire 14 of the vehicle 12. FIG. 1
      illustrates the rear portion of the vehicle 12 in the process of backing
      up onto the auxiliary undercarriage 10, and FIG. 2 illustrates the vehicle
      12 being positioned up onto the auxiliary undercarriage 10 which then
      serves to replace the rear flat pneumatic tire 14 which is still in place
      on the vehicle 12. As a result, with the auxiliary undercarriage 10 in
      position as indicated in FIG. 2, the vehicle 12 may be driven at slow
      speeds to a convenient location where the flat pneumatic tire 14 may be
      replaced with the spare tire (not shown).
PAR  The auxiliary undercarriage 10 generally comprises an elongated channel 16,
      which has a rear ramp portion 18 to guide the vehicle up onto the inclined
      elongated channel 16 until a locating notch or recess 20 receives the axle
      22 supporting the tire 14, so that the channel 16 tilts into a horizontal
      position as indicated in FIG. 2. A clamping device 24 on the front end
      portion of the channel 16 may then be securely attached to the nearest
      bumper 26 of the vehicle 12 to rigidly maintain the channel 16 in its
      horizontal position as indicated in FIG. 2. A wheel 28 is journaled for
      rotation directly below the recess 20 so that the wheel 28, which is
      smaller than the tire 14, may take the place of the tire 14 for temporary
      purposes. A brake mechanism generally indicated at 31 normally prevents
      the undercarriage 10 from rolling when the vehicle 12 is being driven up
      onto the undercarriage 10. A brake release device generally indicated at
      33 is activated in response to the axle 22 being disposed within the
      recess 20 for releasing the braking mechanism 31 to permit the auxiliary
      undercarriage 10 to partially support the axle 22 in place of the tire 14
      once the clamping device 24 is attached releasably to the bumper 26. When
      the axle 22 drops into the recess 20, the axle 22 is disposed very
      slightly forwardly of the axle 28A of the wheel 28 so that the channel 16
      pivots in a counter-clockwise direction as viewed in FIG. 1 about the
      wheel 28 until the rear portion 18 of the channel 14 engages the pair of
      longitudinally-extending vehicle frame members 34A and 34B to position the
      channel 16 in a horizontal orientation and to limit further
      counter-clockwise movement of the channel 16.
PAR  The frame members 34A and 34B may be any suitable and convenient rigid
      members disposed under the vehicle 12. It should also be understood that
      the auxiliary undercarriage 10 may be used to replace either one of the
      front tires as well. In the case of a front tire, instead of the axle 22,
      a frame member portion of the front suspension (not shown) would be
      supported by the auxiliary undercarriage 10 in the same manner as the axle
      22 is supported. When used in connection with a front wheel, the vehicle
      12 can still be driven and the vehicle 12 may be steered in a conventional
      manner while being driven slowly and making gentle turns, if necessary.
PAR  Considering now the rear portion of the channel 16 in greater detail, a
      series of rollers 35 extending transversely across the channel 16 help
      guide the axle 22 upwardly along the inclined channel 16 as indicated in
      FIG. 1 until it drops into the recess 20. A flat fan-shaped extension
      plate 37 at the terminal end portion of the rear portion 18 includes a
      pair of upstanding triangular reinforcing flanges 39 and 40 and is adapted
      to move into engagement with the frame members 34A and 34B as shown in
      FIG. 3 of the drawings to limit the tilting motion of the channel 16 when
      the axle 22 moves into engagement with the recess 20.
PAR  Considering now the locating recess 20 in greater detail with reference to
      FIG. 3 of the drawings, the recess 20 includes a pair of recesses 20A and
      20B in the upper edges of a pair of triangularly-shaped plates 44 and 46,
      respectively, for supporting rollably the wheel 28, which is positioned
      between the plates depending from the channel 16 on opposite sides
      thereof, the upper edges of the plates 44 and 46 being flush with the
      upper edges of the channel 16. The notch 20 is also partially defined by a
      pair of notches or recesses 20C and 20D in the oppositely-disposed
      portions of the side walls 16A and 16B, respectively, of the channel 16,
      the notches or recesses 20A and 20C being disposed adjacent and in
      alignment with one another and the notches or recesses 20B and 20D being
      disposed adjacent and in alignment with one another as well as with the
      other notches or recesses 20A and 20C. The notch 20 is disposed slightly
      forwardly of a vertical plane extending through the center of the axle 28A
      of the wheel 28 to cause the channel 16 to pivot in a counter-clockwise
      direction when the axle 22 is disposed within the recess 20 as shown in
      FIG. 2.
PAR  Considering now the clamping device 26 in greater detail with reference to
      FIGS. 1 and 2 of the drawings, the device 24 includes an arm in the form
      of a threaded rod 48 fixedly secured to the front end portion of the
      channel 16 and extending upwardly at right angles thereto. The rod 48 may
      be composed of any rigid material, such as metal, and the channel 16 may
      also be composed of any suitable rigid material, such as metal. The rod 48
      may be fixed to the channel 16 by any suitable technique, such as by the
      annular weld 50. A pair of clamping members or plates 52 and 54 are
      apertured to receive the respective sleeves 56 and 58 which include the
      respective peripheral grooves 61 and 63 as indicated in FIG. 2. In order
      to positionally adjust the clamping members 52 and 54 to grip the bumper
      26 therebetween, a pair of nuts 65 and 67 are each fixed to the respective
      sleeves 56 and 58 by any suitable technique, such as by welding (not
      shown). Thus, after the channel 16 tilts to a horizontal position as shown
      in FIG. 2, the upper nut 65 is rotated until the clamping member 52
      engages the upper portion of the bumper 26, and the lower nut 67 is
      rotated to move the lower clamping member 54 into engagement with the
      bumper 26 to secure it releasably therebetween. The clamping members 52
      and 54 each includes an inclined distal end portion 52A and 54B,
      respectively, inclined toward the bumper 26 to serve as spring fingers to
      resiliently engage the bumper 26 for better engagement therewith.
PAR  Considering now the braking mechanism in greater detail with reference to
      FIGS. 2 and 4 of the drawings, the mechanism 31 includes a brake pad 69
      which is curved to engage the treads of the wheel 28 for preventing it
      from rotating as shown in FIG. 4. An L-shaped link 72 is connected at one
      of its ends to the pad 69 and is integrally connected at its opposite end
      to one end portion of a bell crank 74 which is pivotally connected at 76
      between the triangular plates 44 and 46. A rod 78 extends through an
      opening 80 in the bottom wall 16C of the channel 16 and is connected at
      its upper end to an enlarged head or block 82 for engaging the brake
      release device 33 which moves it downwardly under the force of a return
      spring coiled about the rod 78. The lower end portion of the rod 78 is
      pivotally connected at 86 to an elongated slot 87 in the end portion of
      the bell crank 74 opposite the end integrally connected to the link 72 so
      that when the rod 78 moves downwardly the bell crank 74 pivots in a
      counter-clockwise direction about the pivot point 76 as viewed in FIGS. 2
      and 4 of the drawings to move the pad 69 out of engagement with the wheel
      28 as shown in FIG. 2. When the rod 78 is urged in an upward direction by
      the return spring 84, the bell crank 74 pivots in a clockwise direction
      about the pivot point 76 as viewed in FIGS. 2 and 4 of the drawings until
      the pad 69 moves into engagement with the wheel 28 for preventing it from
      rotating so that the vehicle 12 may drive up onto it as indicated in FIGS.
      1 and 4 of the drawings.
PAR  The brake release device 33 generally includes a C-shaped block 91 which is
      slidably mounted on a track or plate 93 mounted in a spaced-apart manner
      above the bottom wall 16C of the channel 16 and extends across and is
      welded to the opposite side wall 16A and 16B of the channel 16. As best
      seen in FIG. 2 of the drawings, an opening 95 in the track 93 receives the
      enlarged head or block 82, which is moved upwardly or downwardly
      therewithin as controlled by the brake mechanism 31. The C-shaped block 91
      includes a cam surface 97 on the lower leading corner thereof to cam the
      block 82 in a downward direction within the hole or opening 95 to cause
      the brake mechanism 31 to free the wheel 28. A stop or rod 99 extending
      between the walls 16A and 16B is fixed therebetween to limit the forward
      movement of the C-shaped block 91. A return spring 101 is stretched
      between a pin 103 extending upwardly from the track 93 and the block 91 so
      that the block 91 snaps back toward the pin 103 to enable the block 82 to
      be urged upwardly by the return spring 84 and extend slightly above the
      track 93 as shown in FIG. 4. As a result, in order to remove the auxiliary
      undercarriage 10 from the vehicle 12, the clamping device 24 is released
      by rotating the nuts 65 and 67 to move them further apart to free the
      clamping plates 52 and 54 from the bumper 26. Thereafter, the rod 48 may
      be grasped to pull the auxiliary undercarriage 10 out from under the
      vehicle 12. As a result, as the channel 16 rolls out from under the
      vehicle 12, the return spring 101 is permitted to pull the block 91 back
      toward the pin 103 to a position as indicated in FIG. 4. Thereafter, the
      auxiliary undercarriage 10 is then prepared to be used once again.
PAR  While the present invention has been described in connection with a
      particular embodiment thereof, it will be understood that those skilled in
      the art may make many changes and modifications without departing from the
      invention. For example, various different kinds of materials, such as
      rigid plastic materials, may also be employed for the various different
      parts of the undercarriage 10, which is preferably entirely constructed of
      metal parts as disclosed herein. Accordingly, it is intended by the
      appended claims to cover all such changes and modifications as fall within
      the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An auxiliary undercarriage for vehicles having pneumatic tires rotatably
      mounted on axle means and having a pair of bumpers, comprising:
PA1  an elongated member for disposition under the vehicle adjacent one of the
      tires to help support its axle means;
PA1  wheel means mounted under said elongated member for supporting it rollably;
PA1  ramp means on the rear end portion of said elongated member for guiding the
      axle means to be supported upwardly therealong until the axle means is
      positioned above said wheel; and
PA1  clamping means on the front end portion of said elongated member for
      attaching releasably said elongated member to the nearest one of the pair
      of bumpers.
NUM  2.
PAR  2. An auxiliary undercarriage according to claim 1, wherein said rear end
      portion of said elongated member includes a flat plate.
NUM  3.
PAR  3. An auxiliary undercarriage according to claim 1, further including a
      braking mechanism for preventing releasably said wheel means from rolling,
      a brake releasing means being responsive to the axle being disposed above
      said wheel means for causing said braking mechanism to free said wheel
      means for rotation.
NUM  4.
PAR  4. An auxiliary undercarriage according to claim 3, wherein said braking
      mechanism including a brake pad for engaging said wheel means to prevent
      it from rolling, a linkage pivotally mounted on said elongated member
      being responsive to said brake releasing means for moving said brake pad
      into and away from engagement with said wheel means.
NUM  5.
PAR  5. An auxiliary undercarriage according to claim 4, wherein said brake
      releasing means includes a C-shaped block slidably mounted on said
      elongated member to receive the axle.
NUM  6.
PAR  6. An auxiliary undercarriage according to claim 5, further including first
      return spring means for urging resiliently said block toward said ramp
      means so that the axle carries said block against the force of said spring
      means.
NUM  7.
PAR  7. An auxiliary undercarriage according to claim 6, further including a
      second return spring means for urging resiliently a portion of said
      linkage into the path of travel of said block, said portion of said
      linkage being reciprocatively movably mounted on said elongated member to
      move in a path of travel in a direction transverse to the path of travel
      of said block.
NUM  8.
PAR  8. An auxiliary undercarriage according to claim 1, said ramp means
      including a plurality of rollers.
NUM  9.
PAR  9. An auxiliary undercarriage according to claim 1, wherein said clamping
      device includes at least one positionally adjustable clamp member adapted
      to be moved adjustably in a vertical direction, an arm fixed to and
      extending from said elongated member to support said clamping member.
NUM  10.
PAR  10. An auxiliary undercarriage according to claim 1, wherein said elongated
      member includes means defining a recess in the upper surface thereof for
      receiving the axle means.
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PAL  The impact-element of this invention includes an energy-absorbing,
      elongated deformation member which is secured to an elongated,
      dimensionally stable carrier that is, in turn, mounted below the dashboard
      of the vehicle. The energy-absorbing deformation forces are generally
      independent of the impact direction. In one embodiment of the invention,
      the energy-absorbing deformation member is an elongated, hollow body
      which, in transverse cross section, is ring-shaped at least in the portion
      opposing the knees of the occupants of the vehicle. In an alternative
      embodiment of the invention, the elongated, energy-absorbing member is
      hollow and is box-shaped in transverse cross section. In the second
      embodiment of the invention, a dimensionally stable, elongated cross piece
      is diagonally positioned within the box-shaped energy-absorbing member and
      contacts the upper end of the carrier. Stiffening means in the form of
      corrugations may be provided in both the box-shaped, energy-absorbing
      member and the cross piece of the second embodiment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to automotive safety devices and more
      particularly to an impact element for the protection of the occupants of a
      vehicle, especially of a motor vehicle.
PAR  2. Description of the Prior Art
PAR  Impact-elements for the protection of the passengers in a motor vehicle are
      well known in the prior art and take many different forms. For example, in
      German Pat. Nos. 1,172,559 and 1,227,359, impact-elements are described as
      protective, hollow rubber paddings that are mounted onto projecting
      portions of a vehicle by means of screws. The prior art paddings protect
      the occupants in the case of light impact. However, the prior art devices
      described in the aforementioned German patents are not particularly well
      suited for preventing injuries when somewhat greater impacts are involved
      since the paddings are frequently too resilient and are too soft for this
      purpose.
PAR  For the protection of the occupants in motor vehicles, it is known from
      German Pat. No. 1,214,558 to mount covering panels against selected
      interior surfaces of the vehicle, namely above the dashboard of the motor
      vehicle. Energy-absorbing deformation members are frequently used for this
      purpose. The energy-absorbing deformation members of the prior art either
      extend over the entire width of the dashboard or they are constructed in
      the form of short cross pieces which are distributed over the width of the
      dashboard. The energy-absorbing deformation members of the prior art may
      be semicircular, shell-shaped, stepped or undular in cross section and are
      proportioned in such a manner that they become permanently deformed and,
      in given cases, may even be destroyed when the head of the passenger
      impacts against the covering panel.
PAC  SUMMARY OF THE INVENTION
PAR  It is the purpose of the present invention to create an impact-element
      which is suited, in particular, for supporting the knees of the occupants
      of a motor vehicle in the event of a frontal accident. In accordance with
      the present invention, the purpose and object are achieved by an
      energy-absorbing deformation member that is secured to a dimensionally
      stable carrier which is positioned below the dashboard and which is, in
      turn, suitably connected to the vehicle. The energy-absorbing deformation
      member is constructed in such a manner that its deformation forces are
      largely independent of the direction of impact.
PAR  In its broadest aspect, the present invention provides an energy-absorbing
      deformation member which is affixed to a dimensionally stable carrier that
      extends below the dashboard and which is removably connected to the
      vehicle.
PAR  In a preferred embodiment of the present invention, the deformation member
      is constructed as a hollow body, in particular in the form of a hollow
      body having an elongated, ring-shaped cross section. In another
      particularly advantageous embodiment of the impact-element design
      according to the present invention, the energy-absorbing deformation
      member is defined by an element that is constructed in the form of a
      box-shaped, elongated hollow body. In the second embodiment of this
      invention, a dimensionally stable, diagonally oriented elongated cross
      piece is positioned on the inside of the hollow body.
PAR  Accordingly, it is an object of the present invention to provide an
      improved impact-element for the protection of the occupants of a vehicle.
PAR  It is another object of the present invention to provide an improved
      impact-element, particularly for the protection of the knees of the
      occupants of a motor vehicle.
PAR  A further object of the present invention is to provide an improved
      impact-element for the protection of the occupants of a vehicle, as
      described above, wherein an elongated, energy-absorbing deformation member
      is secured to a dimensionally stable, elongated carrier that is mounted
      under dashboard of the vehicle.
PAR  An additional object of the present invention is to provide an improved
      impact-element, as described above, wherein at least the portion of the
      energy-absorbing deformation member that is in opposition to the knees of
      the occupants of the vehicle is arcuate in transverse cross section.
PAR  A particular object of the present invention is to provide an improved
      impact-element, as described above, wherein the energy-absorbing
      deformation member is ring-shaped in transverse cross section.
PAR  Another object of the present invention is to provide an impact-element for
      the protection of the occupants of a motor vehicle, as described above,
      wherein the energy-absorbing deformation member is box-like in transverse
      cross section.
PAR  A feature of the present invention is that the box-shaped energy-absorbing
      deformation member, as described above, may be mounted below the dashboard
      of the motor vehicle in opposition to the knees of the occupant, so as to
      provide an additional repository area between the energy-absorbing member
      and the dashboard.
PAR  An advantage of the present invention is that there is provided an improved
      impact-element for the protection of the occupants of a motor vehicle, the
      impact-element being adapted to be mounted either during the original
      manufacture of the motor vehicle or at any time thereafter.
PAR  Another advantage of the present invention is that the improved
      impact-element, as described above, is removably secured to the dashboard
      of the motor vehicle.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity, and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawing, which forms an integral part
      thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing, like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is a transverse, sectional elevational view illustrating one
      embodiment of the impact-element comprising the present invention;
PAR  FIG. 2 is another transverse, sectional elevational view illustrating an
      alternative embodiment of the impact-element comprising the present
      invention;
PAR  FIG. 3 is a fragmentary sectional elevational view taken along line A--A of
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, it will be seen in FIG. 1 that the
      impact-element of the present invention comprises two different
      constructional elements. The first element is a dimensionally stable
      elongated carrier 2 that is in the form of a hollow body having a
      rectangular cross section which may, for example, be connected to the
      front door post of an automotive vehicle (not shown). An elongated,
      energy-absorbing deformation member, in the form of a deformable sheet
      metal element 1 is suitably secured to the dimensionally stable carrier 2.
PAR  In the first embodiment of the invention, the deformable sheet metal
      element 1 is constructed in the form of an elongated, hollow body having a
      ring-shaped transverse cross section. In this manner, it is assured that
      the deformation force of the energy-absorbing deformation member 1 is the
      same at varying directions of application of force F, that is to say at
      any number of different impact directions ranging from F.sub.1 to F.sub.n.
      Since the impact-element is intended, preferably, for the protection of
      the knees of the occupants of the vehicle, it is desirable that the sheet
      metal energy-absorbing deformation member 1, which is constructed in the
      form of an elongated hollow body, has a transverse cross section which is
      in a ring-shaped form, at least in the region thereof that is in
      opposition to the knees of the occupants of the vehicle. In this case, a
      region of approximately 90.degree. should be sufficient and is designated
      by the reference character .alpha. in FIG. 1. The deformation force of the
      energy-absorbing deformation member 1 must be of such an order of
      magnitude that the striking impact or impact velocity of the vehicle's
      occupant is relatively slowly decelerated by the yielding and permanent
      deformation of the energy-absorbing member 1 without the load of the
      impinging body becoming too large. The magnitude of the deformation force
      of the energy-absorbing deformation member 1 is determined, in part, by
      dimensional criteria, especially by the thickness of the sheet metal used
      therein and, in part, by the diameter of the circular hollow body, as well
      as by the type of the material chosen.
PAR  In FIG. 2, an alternative embodiment of the impact-element comprising the
      present invention is illustrated. The alternative embodiment of this
      invention has an elongated box-shaped hollow body. As in FIG. 1, the
      impact-element of the second embodiment comprises two different
      constructional elements, namely the dimensionally elongated stable carrier
      2 that is suitably connected to a portion of the vehicle and an elongated
      deformable sheet metal element 4 which is constructed in the form of an
      energy-absorbing member. The deformable, energy-absorbing sheet metal
      member 4 is constructed in the form of a box-shaped hollow body having an
      elongated dimensionally stable, diagonal cross piece 3 arranged on the
      inside thereof. The cross piece 3 touches or acts upon the upper end of
      the dimensionally stable carrier 2. The cross piece 3 is provided with a
      plurality of laterally spaced apart, transversely extending stiffening
      corrugations 3a which impart the desired stability. The stiffening
      corrugations 3a can best be seen in FIGS. 2 and 3. The surfaces 4a and 4b
      of the deformable, energy-absorbing box-shaped hollow member 4 which come
      in contact with or act upon the dimensionally stable carrier 2 are each
      provided with a least one stiffening corrugation 4c and 4d, respectively,
      that extend in a longitudinal direction.
PAR  Despite the fact that there is a relationship of depth L to height H, which
      by itself is inherently unfavorable, the impact-element shown in FIG. 2,
      through its special form of construction, provides a substantially
      constant deformation force for the region of the direction of application
      of the forces F' and F" which are typically indicated by way of example,
      in FIG. 2. The energy-absorbing deformation member 4 is provided with a
      forwardly directed surface 4e that is in opposition to the dimensionally
      stable carrier 2. The surface 4e is positioned at an angle that is of a
      theoretically vertical plane. That is, the surface 4e forms an acute B
      angle with respect to the surface 4a and also forms an obtuse angle a with
      respect to the surface 4b, which is spacedly opposed to the surface 4a.
PAR  The impact-element shown in FIG. 2 has an additional advantage in that it
      can not be used for the protection of the occupants of the motor vehicle,
      but can also be made use of as an additional repository area. For this
      purpose, the embodiment of the invention shown in FIG. 2 is not installed
      directly below the dashboard of the motor vehicle but instead is spaced a
      certain distance below the dashboard. As may readily be appreciated, the
      impact-element designed according to the present invention can also be
      installed in the motor vehicle at a later point in time after manufacture,
      since the dimensionally stable carrier can be removably connected to an
      interior portion of the vehicle, especially to the front door post of the
      vehicle, as illustrated by bolt means 5 in FIGS. 1 and 2.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what I claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. A safety device for protecting an occupant of a vehicle, particularly a
      motor vehicle, against injury in the event of rapid deceleration of the
      vehicle relative to the occupant, comprising
PA1  a rigid carrier;
PA1  means for mounting said carrier in the passenger compartment of a vehicle
      forwardly of the position assumed by an occupant; and
PA1  a plastically deformable energy-absorbing member provided on said carrier
      and positioned to undergo plastic deformation upon impacting by the
      occupant to thereby absorb the impact energy and protect the occupant,
      said member being constructed in the form of a hollow body which is
      box-shaped in cross section and wherein there is further provided a
      deformation resistant, diagonally oriented cross piece in said hollow
      body.
NUM  2.
PAR  2. The device according to claim 1 wherein said diagonal cross piece
      contact an upper end of said carrier.
NUM  3.
PAR  3. The device according to claim 1 wherein said diagonal cross piece
      includes stiffening corrugations extending in a transverse direction.
NUM  4.
PAR  4. The device according to claim 1 wherein two surfaces of said box-shaped
      hollow energy-absorbing member each include at least one stiffening
      corrugation extending in a longitudinal direction.
NUM  5.
PAR  5. The device according to claim 1 wherein said energy-absorbing
      deformation member is made of sheet metal.
NUM  6.
PAR  6. The device according to claim 1 wherein said carrier is adapted to be
      removably connected to the vehicle.
NUM  7.
PAR  7. The device according to claim 5, wherein said carrier is adapted to be
      removably secured to the front door post of the vehicle.
NUM  8.
PAR  8. The device according to claim 1 wherein said energy-absorbing
      deformation member is of polygonal cross section.
NUM  9.
PAR  9. The device according to claim 8, wherein said energy-absorbing
      deformation member includes an angularly oriented end face that is in
      opposition to said carrier.
NUM  10.
PAR  10. The device according to claim 9, wherein said angularly oriented end
      face forms an acute angle with respect to one surface of said
      energy-absorbing deformation member and forms an obtuse angle with respect
      to an opposed other surface of said energy-absorbing deformation member.
NUM  11.
PAR  11. The device according to claim 1, wherein said energy-absorbing member
      is adapted to be positioned below and in spaced relationship with the
      dashboard of the motor vehicle.
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PAL  A system for warning when the liquid level of a air bag gas source as
      dropped to a predetermined level, such that the gas source would not be
      adequate to properly inflate the bag upon actuation. The source is mounted
      to rotate with a steering wheel. An electrically conductive float floats
      in the liquid such that it always remains at the upper portion of the
      source. The float comes into contact with contacts in the gas source, when
      the liquid level drops to the predetermined level, to complete an electric
      circuit to a signaling device and/or a drive disabling device.
PARN
PAR  This application is a division of application Ser. No. 237,641, now U.S.
      Pat. No. 5,825,278.
BSUM
PAR  The present invention relates to a passenger protective installation for
      vehicles, especially for motor vehicles, which includes at least one air
      bag which in case of exceeding a predetermined deceleration value of the
      motor vehicle is inflatable by means of a pressure gas that is developed
      from liquefied gas in a pressure gas producer which includes a storage
      tank for the liquefied gas.
PAR  It is a prerequisite for a completely satisfactory functioning of the
      passenger protective installation that always such a large quantity of
      liquid gas is contained in the tank that a pressure gas quantity can be
      developed in the pressure gas producer which is sufficient for the filling
      of the air bag, i.e., for the inflation thereof to a predetermined minimum
      pressure. The present invention is now concerned with the task to provide
      a monitoring system by means of which a drop in the liquefied gas
      contained in the storage tank below a predetermined minimum level and thus
      a damage of the passenger protection installation is signalled.
PAR  According to the present invention, this is attained with a passenger
      protective installation of the aforementioned type in that a float member
      with an electrically conductive surface is arranged in the tank, whereby
      contact surfaces separated from one another are coordinated to the float
      member which, in relation to the liquid level, converge toward one another
      at least in their upper area and which are so arranged that the float
      member with a liquid level below a predetermined minimum level of the
      electrically non-conductive liquid gas, abuts at the contact surfaces and
      therewith closes a circuit in which is included an indicating and/or
      control installation. A simple and operationally reliable monitoring
      installation is created by the construction according to the present
      invention, by means of which a failure of the passenger protective
      installation cannot only be indicated or signalled to the vehicle user but
      possibly also conventional control elements can be actuated or shifted
      which forcibly bring about an interruption of the driving operation.
PAR  In order to reliably maintain the connection between the contact surfaces
      to be established by way of the float member, independently also of any
      vibrations that may occur during the vehicle operation and thus to keep
      the circuit also closed when the float member, for example, with a
      complete emptying of the reservoir tank is no longer supported by the
      liquid, it may be of advantage if the mutually inclined contact surfaces
      form mutually opposite boundary surfaces of a collecting space for the
      float member.
PAR  According to a further development of the present invention, the contact
      surfaces may be provided at contact elements disposed mutually inclined
      and arranged insulated opposite the walls of the tank which are arranged
      and/or constructed with advantage in such a manner that the float member
      during abutment at the contact surface connected with a voltage source is
      completely free with respect to the wall of the tank, i.e., is completely
      spaced therefrom. An undesirable contact between the contact surfaces and
      the walls of the tank, when the tank consists of a conducting material,
      for example, of metal, can be prevented within the scope of the present
      invention also in that the wall inner surface of the tank is insulated
      within the movement area of the float.
PAR  In order to prevent a contact of the float with the wall of the tank which
      under certain circumstances may be undesired, and in order to further
      assure a correct position of the float with respect to the contact
      surfaces with a normal liquid level, it may be further of advantage within
      the scope of the present invention to limit the movement range of the
      float with respect to the contact surfaces by means of a liquid-permeable
      cover extending at least above the contact elements. However, within the
      scope of the present invention, the movement range of the float with
      respect to the contact surfaces can also be limited by an anchoring
      connection or link whose length is smaller than the distance of the
      contact surfaces to the tank walls. Such an anchoring connection can be
      constituted in a simple manner, for example, by a filament, cord,
      chain-like element or the like mounted at one of the contact elements and
      of conventional non-conductive material.
PAR  A relatively large indicating accuracy can be achieved with the arrangement
      according to the present invention in that the contact elements are
      provided within the upper area of the tank arranged with an inclined axis
      with respect to a horizontal plane.
PAR  A particularly simple embodiment of the monitoring installation within the
      scope of the present invention can be achieved in that with an insulated
      arrangement of the tank and with an at least partially conductive inner
      surface thereof, one contact surface is constituted by a wall section of
      the tank.
PAR  If the passenger protection installation according to the present invention
      is to be used for a motor vehicle with a rotatable steering column, then a
      particularly simple and appropriate construction results if the storage
      tank is arranged coaxially to the steering column and is rotatable
      together with the latter, and if the contact surfaces concentrically
      surround the axis of rotation. At least one of the contact surfaces can be
      formed thereby with advantage by the outer or generating surfaces of a
      contact element of truncated conical shape.
PAR  With an axis of the steering column or steering spindle inclined with
      respect to a horizontal plane, a particularly simple over-all construction
      can be achieved in that one of the contact surfaces is constituted by the
      generating surfaces of a cylindrical contact element. A contact element
      may be coordinated with advantage both to such a cylindrical contact
      element as also to a contact element of truncated conical shape, whose
      contact surface is constituted by a wall surface of a disk-shaped contact
      element extending in a plane perpendicular to the axis of the steering
      column or steering spindle.
PAR  Within the scope of the present invention, a control light arranged within
      the area of the instrument panel of the vehicle and formed by a lamp may
      serve as indicating installation in its simplest manner. The control light
      may also additionally serve within the scope of the present invention as
      indicating device for the inoperability of the sensor system, by way of
      which is registered when the vehicle exceeds the predetermined
      deceleration value, during which the pressure gas producer has to be
      activated for the inflation of the air bag, for which purpose an explosive
      cartridge disposed in the tank is ignited by way of the sensor, which
      produces the heat necessary for converting the gas from its liquid into
      its gaseous condition.
PAR  Accordingly, it is an object of the present invention to provide a
      passenger protective installation for vehicles, especially motor vehicles,
      which eliminates by simple means the aforementioned shortcomings
      encountered in the prior art systems.
PAR  Another object of the present invention resides in a passenger protective
      installation for motor vehicles which reliably monitors the presence of a
      sufficient quantity of liquefied gas to assure proper inflation of the air
      bag in case of need.
PAR  A further object of the present invention resides in a monitoring system
      for monitoring the sufficiency and operating readiness of the pressure gas
      producer, which is simple in construction and reliable in operation,
      independently of vibrations and shocks that may occur during the operation
      of the vehicle.
PAR  A further object of the present invention resides in a monitoring system of
      the type described above which avoids erroneous indications due to
      improper contacts without impairment of a relatively large indicating
      accuracy.
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
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PAR  FIG. 1 is a schematic view of a portion of a cell of a passenger motor
      vehicle with a passenger protective installation according to the present
      invention arranged within the area in front of a front seat of the
      vehicle;
PAR  FIG. 2 is a partial schematic view of a modified embodiment of a passenger
      protective installation according to the present invention and similar to
      FIG. 1, in which differing from the embodiment of FIG. 1, a protective
      installation coordinated to the driver seat is illustrated which is
      included into the steering column adjacent the steering wheel;
PAR  FIG. 3 is a partial schematic view similar to FIG. 2 of a still further
      modified embodiment of a protective installation according to the present
      invention;
PAR  FIGS. 4 and 5 are partial schematic views similar to FIG. 2 of further
      embodiments of protective installations in accordance with the present
      invention; and
PAR  FIG. 6 is a partial schematic view of yet another embodiment of the present
      invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughtout the various views to designate like parts, and more
      particularly to FIG. 1, a section of a cell generally designated by
      reference numeral 1 of a passenger motor vehicle is schematically
      illustrated in this figure in which a passenger protective installation
      generally designated by reference numeral 4 according to the present
      invention is coordinatedd to a front seat 2 within the area of the
      instrument panel 3. The passenger protective installation 4 includes an
      air bag 5 which is illustrated herein only in the folded-together
      condition and which is inflated by means of pressure gas when the motor
      vehicle exceeds a predetermined deceleration value. The necessary pressure
      gas is developed during activation of a pressure gas producer generally
      designated by reference numeral 6 which is part of the passenger
      protective installation 4.
PAR  The pressure gas producer 6 includes a storage tank or container 7 which is
      nearly completely filled with liquefied gas 8. For the activation of the
      gas producer 6, an explosive cartridge 9 arranged on the inside of the
      tank 7 is ignited by way of a conventional sensor 8' which registers when
      the motor vehicle exceeds a predetermined deceleration value; the heat
      necessary for the conversion of the gas from its liquid into its gaseous
      condition is developed by the explosive cartridge 9. The sensor 8' is
      electrically connected with the explosive cartridge 9. The gas, for
      example, Freon 12, is converted nearly instantaneously from its liquid
      condition into its gaseous condition by the heat liberated by the ignition
      of the explosive charge 9. A strong volume increase and a considerable
      pressure results therefrom, by means of which the cover 10 of the tank or
      container 7 is burst open so that the developed pressure gas can cause the
      air bag to unfold. However, it is also understood that the cover 10 may be
      burst open by auxiliary devices of any conventional construction not
      illustrated herein. Since a certain minimum gas quantity is necessary for
      the unfolding and inflation of the air bag to a predetermined minimum
      pressure, a certain minimum quantity of liquid gas 8 must always be
      present in the tank 7 as a prerequisite for the functioning ability, i.e.,
      for the operating readiness of the passenger protective installation 4.
      The presence of this minimum quantity is detected and registered by the
      monitoring installation generally designated by reference numeral 11
      according to the present invention, which when the liquid gas drops below
      a corresponding minimum level, triggers an indicating installation
      generally designated by reference numeral 12, i.e., in the given
      embodiment closes a circuit in which is provided a control lamp as
      indicating device 12.
PAR  The monitoring installation 11 is constituted in the embodiment according
      to FIG. 1 by two contact elements 13' and 13" which include contact
      surfaces 14 that are electrically connected, on the one hand, with a
      voltage source 15 and, on the other, with the lamp serving as indicating
      device 12 whereby the latter is also connected with ground. Upon reaching
      or dropping below the minimum level 16 of the liquid gas, the contact
      surfaces 14 are electrically connected with each other by way of a float
      member 17 having a conductive surface, which is disposed at a distance
      above the contact surfaces 14 with a liquid level above the minimum level
      16 and which comes to rest between the contact surfaces 14 of the contact
      elements 13' and 13" when the liquid condition drops to the minimum level
      16.
PAR  In order to prevent a contact between the contact surface 14, coordinated
      to the contact element 13' connected with the voltage source 15, and
      between the tank by way of the float member 17, either the contact element
      13' may be so arranged and/or constructed that a simultaneous contact of a
      wall surface of the tank 7 and of the corresponding contact surface 14 is
      not possible or for example, also the wall of the tank 7 arranged in this
      embodiment at an inclination may be insulated in the upper tank area in
      which the contact elements 13' and 13" are arranged. Such modifications
      are not illustrated for the sake of simplicity. Furthermore, other
      possibilities within the scope of the present invention and not
      illustrated herein for preventing such an undesired contact and for
      simultaneously securing a position of the float 17 which assures a
      dropping thereof between the contact surfaces 14 when the liquid level
      drops, consist in that, for example, a liquid-permeable cover (not shown)
      is provided extending at least above the contact elements 13', 13" or in
      that the float 17 is connected by way of a connecting linkage (not shown)
      with one of the contact elements 13', 13". Since such modifications are
      well within the scope of a person skilled in the art, a detailed showing
      and description thereof is omitted for the sake of clarity.
PAR  A further embodiment of a passenger protective installation according to
      the present invention is illustrated in FIG. 2 by reference to a section
      of FIG. 1, whereby the passenger protective installation generally
      designated in this embodiment by reference numeral 4' is included in the
      support of the steering wheel 18. In particular, this is achieved, as
      illustrated, essentially in that a hollow deformation member 19, a
      so-called impact pot is coordinated to the steering wheel 18, which forms
      the transition from the steering wheel 18 to the steering spindle 20. The
      hollow deformation member 19 forms or surrounds a container or tank for
      the liquefied gas again designated by reference numeral 8, from which a
      hollow space 22 provided within the hub area of the steering wheel 18 is
      separated by means of a cover 21; the air bag is folded into the hollow
      space 22. As a result of its connection to the steering wheel 18, the
      deformation member 19 and therewith also the tank which is constituted by
      the deformation member 19 or surrounded thereby, is rotatable about the
      axis 23 of the steering spindle 20 during a rotation of the steering wheel
      18.
PAR  The monitoring system generally designated in the embodiment according to
      FIG. 2 by reference numeral 24 is constituted in this embodiment by two
      contact surfaces 25 disposed coaxially to the axis of rotation 23 of the
      steering wheel 18 and of the steering spindle 20 and concentrically
      surrounding this axis. In this embodiment, on the one hand, the wall
      surface of a disk-shaped contact element 26 disposed perpendicular to the
      axis of rotation 23 of the steering spindle 20 and, on the other, the
      outer surfaces of a contact element 27 of truncated conical shape again
      disposed concentrically to the steering spindle axis 20 serve as contact
      surfaces 25. The two contact elements 26 and 27 are so arranged to one
      another that the float 17 forms a bridge between the two contact surfaces
      25 when the liquid level drops below a predetermined minimum level
      indicated in this embodiment by reference numeral 28; as to the rest, the
      contact surfaces 25 are arranged as in FIG. 1 in a circuit (not shown)
      which is to be closed by the float member 17. Also with such an
      embodiment, conventional means of the type described above may again be
      provided with advantage limiting the movement range of the float 17 in
      relation to the contact surfaces 25. Specifically, as shown in FIG. 4,
      either a liquid permeable cover C may be provided extending at least above
      the contact surfaces 25 or, as shown in FIG. 5, a suitable connecting
      linkage, for example, a filament F, may be provided for limiting the
      movement range of the float 17.
PAR  The embodiment illustrated in FIG. 3 differs from the embodiment according
      to FIG. 2 only in the construction of the monitoring system generally
      designated in this embodiment by reference numeral 29 which, with the same
      basic construction, includes in lieu of the contact element 27 of
      truncated conical shape used in FIG. 2, a similarly arranged contact
      element 30 which, however, is now of cylindrical construction. The
      circumferential wall surfaces of the contact element 30 constituted, for
      example, by a pipe section represents again one of the contact surfaces
      which is in the embodiment of FIG. 2 are designated by reference numeral
      25. It is prerequisite in this embodiment for the automatic abutment of
      the float 17 at the two contact surfaces 25 when the liquid level drops
      below a predetermined minimum level indicated in FIG. 3 by reference
      numeral 31, that the steering spindle axis 23 extends at an inclination
      with respect to a horizontal plane and that, in relation to the
      inclination, the disk-shaped contact element 26 is disposed below the
      cylindrical contact element 30 as viewed in the axial direction. The
      embodiment of a monitoring system 24 illustrated in FIG. 2, in contrast
      thereto, by reason of the inclination of the contact surfaces 25 with
      respect to each other can be utilized without difficulty also when the
      steering spindle axis 23 extends horizontally.
PAR  As shown in FIG. 6, one of the contact elements may be constituted by a
      wall section of the tank 7, for example, the cover 21 which is provided
      with at least a partially conductive inner surface 21'. The layer of
      insulating material 21" may be provided for insulating the inner surface
      21' from the remaining elements of the protective installation. As
      apparent from an inspection of FIG. 6, upon the liquid level dropping
      below a predetermined minimum level the float 17 automatically comes into
      abutment with contact surface 35 and inner surface 21' thereby closing the
      circuit to the indicating device and/or a conventional control means for
      interrupting the driving operation of the motor vehicle.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A passenger protective installation for vehicles, especially motor
      vehicles, the installation comprising: a rotatable steering spindle, a
      steering wheel mounted on said steering spindle, at least one inflatable
      air bag means, a gas producer means operatively connected with said air
      bag means for inflating the same upon a predetermined deceleration of the
      vehicle, said gas producer means including a predetermined quantity of
      electrically non-conductive liquified gas, a tank means for housing said
      liquified gas, said tank means is arranged coaxially to the steering
      spindle and is rotatable in unison with the steering spindle, a float
      means arranged in said tank means, said float means including an
      electrically conductive surface, contact surface means separated from one
      another in said tank means, said float means being disposed between said
      separated contact surface means and normally maintained out of contact
      with said contact surface during rotation of the steering spindle by a
      predetermined liquid level of said liquified gas in said tank means, said
      contact surface means is disposed in said tank means concentrically
      surrounding an axis of rotation of the steering spindle, said float means
      abutting at said contact surface means when the liquid level of said
      liquified gas in said tank means is disposed below a predetermined minimum
      level, and wherein circuit means including said contact surface means are
      provided, said circuit means further including means for monitoring the
      liquid level of said liquified gas, said circuit means being closed by
      engagement of said float means at said contact surface means.
NUM  2.
PAR  2. A passenger protective installation according to claim 1, wherein said
      monitoring means includes an indicating device.
NUM  3.
PAR  3. A passenger protective installation according to claim 2, wherein said
      monitoring means includes a control means for interrupting the driving
      operation of the motor vehicle.
NUM  4.
PAR  4. A passenger protective installation according to claim 1, wherein said
      monitoring means includes a control means for interrupting the driving
      operation of the motor vehicle.
NUM  5.
PAR  5. A passenger protective installation according to claim 1, wherein one of
      said contact surface means is constituted by a wall section of the tank
      means, said wall section being provided with at least partially conductive
      inner surfaces, and wherein means are provided for insulating said
      conductive inner surfaces.
NUM  6.
PAR  6. A passenger protective installation according to claim 1, wherein a
      deformation member is provided in a transition area from the steering
      wheel to the steering spindle, said deformation member forming said tank
      means.
NUM  7.
PAR  7. A passenger protective installation according to claim 1, wherein said
      contact surface means includes contact elements arranged at an inclination
      with respect to each other.
NUM  8.
PAR  8. A passenger protective installation according to claim 7, wherein said
      circuit means includes a voltage source means, and wherein said contact
      elements are disposed in said tank means such that during abutment of the
      float means at said contact elements said float means is free from a wall
      of the tank means.
NUM  9.
PAR  9. A passenger protective installation according to claim 8, further
      comprising means for insulating the wall surface of the tank means within
      the movement area of the float means.
NUM  10.
PAR  10. A passenger protective installation according to claim 9, wherein a
      liquid-permeable cover means is provided and extends at least above the
      contact elements for limiting the movement range of the float means with
      respect to said contact elements.
NUM  11.
PAR  11. A passenger protective installation according to claim 9, wherein a
      connecting means having a length smaller than the distance of at least one
      of the contact elements to the walls of the tank means is provided for
      limiting the movement of the float means.
NUM  12.
PAR  12. A passenger protective installation according to claim 11, wherein said
      connecting means is a filament mounted at one of the contact elements.
NUM  13.
PAR  13. A passenger protective installation according to claim 1, further
      comprising means for insulating the wall surface of the tank means within
      the movement area of the float means.
NUM  14.
PAR  14. A passenger protective installation according to claim 1, wherein a
      liquid-permeable cover means is provided and extends at least above said
      contact surface means for limiting the movement range of the float means
      with respect to the contact surface means.
NUM  15.
PAR  15. A passenger protective installation according to claim 1, wherein a
      connecting means having a length smaller than the distance of at least one
      of the contact surface means to the walls of the tank means is provided
      for limiting the movement range of the float means.
NUM  16.
PAR  16. A passener protective installation according to claim 15, wherein said
      connecting means is a filament mounted at one of the said contact surface
      means.
NUM  17.
PAR  17. A passenger protective installation according to claim 1, wherein a
      deformation member is provided in a transition area from said steering
      wheel to said steering spindle, and wherein said deformation member
      surrounds said tank means.
NUM  18.
PAR  18. A passenger protective installation according to claim 1, wherein at
      least one of said contact surface means is a contact element of truncated
      conical shape.
NUM  19.
PAR  19. A passenger protective installation according to claim 1, wherein one
      of the contact surface means is a cylindrical contact element with an axis
      of rotation of the steering spindle disposed at an inclination to a
      horizontal plane.
NUM  20.
PAR  20. A passenger protective installation according to claim 1, wherein one
      contact surface means is a disk-shaped contact element extending in a
      plane disposed substantially perpendicular to the axis of the steering
      spindle.
NUM  21.
PAR  21. A passenger protective installation according to claim 20, wherein the
      other contact surface means is a contact element of truncated conical
      shape.
NUM  22.
PAR  22. A passenger protective installation according to claim 21, wherein said
      monitoring means is an indicating lamp.
NUM  23.
PAR  23. A passenger protective installation according to claim 22, further
      comprising a means for converting said liquified gas into a gaseous
      condition including means for supplying heat to said liquified gas, said
      heat supplying means including an explosive cartridge arranged in said
      tank means, and wherein a sensor means is provided for igniting said
      explosive cartridge in dependence on the predetermined deceleration value,
      and wherein means are provided for operatively connecting said circuit
      means with waid sensor means.
NUM  24.
PAR  24. A passenger protective installation according to claim 20, wherein the
      other contact surface means is a cylindrical contact element with an axis
      of rotation of the steering spindle disposed at an inclination to a
      horizontal plane.
NUM  25.
PAR  25. A passenger protective installation according to claim 1, wherein said
      contact surface means includes contact elements, and wherein means are
      provided for insulating said contact elements with respect to the walls of
      the tank means.
NUM  26.
PAR  26. A passenger protective installation according to claim 25, wherein said
      contact elements are arranged at an inclination with respect to each
      other.
NUM  27.
PAR  27. A passenger protective installation according to claim 25, wherein said
      circuit means includes a voltage source means, and wherein said contact
      elements disposed in said tank means such that during abutment of the
      float means at said contact elements said float means is free from a wall
      of the tank means.
NUM  28.
PAR  28. A passenger protective installation according to claim 1, wherein said
      monitoring means is an indicating lamp.
NUM  29.
PAR  29. A passenger protective installation according to claim 1, further
      comprising a means for converting said liquified gas into a gaseous
      condition including means for supplying heat to said liquified gas, said
      heat supplying means including an explosive cartridge arranged in said
      tank means, and wherein a sensor means is provided for igniting said
      explosive cartridge in dependence on the predetermined deceleration value,
      and wherein means are provided for operatively connecting said circuit
      means with said sensor means.
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ABST
PAL  A safety-enhancing device for use in a seat-belt equipped frame of a
      vehicle assures a progressively increasing set belt tension in the event
      of a collision and a shock reduction to the user by an upward moving stem
      acting on a compression spring coupled to antirelease means. The device is
      easily restorable to an initial position by an external handle.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My invention relates to a seat-belt restrainer providing increased safety
      and designed to minimize injury to the user.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional seat-belts provide a restraining action, but do not prevent
      the user from being severely jolted in the event of a collision. Means
      have therefore been sought to minimize such a jolt and to bring the
      forward movement of the user to a halt in a progressive, rather than
      quasi-instantaneous fashion.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of my invention to obviate the aforesaid
      disadvantages, and in particular to provide means for a gradual decrease
      of the forward movement of the user consistent with providing effective
      restraining action.
PAC  SUMMARY OF THE INVENTION
PAR  A safety-enhancing device for use in a seat-belt equipped frame of a
      vehicle assures a progressively increasing seat-belt tension in the event
      of a collision and a shock reduction to the user by suppressing any
      rear-directed user rebound. The cylindrical case of the device is attached
      with one end to the vehicle's frame and with the other end to the seat
      belt. A compression spring holds a longitudinal ratchet and a cooperating
      pawl in place within the cylinder, the ratchet being formed on its other
      longitudinal side as a rack. A collision will cause the ratchet to be
      pulled up from the bottom of the case until the compression of the spring
      halts the forward movement of the user. A pinion cooperates with a rack
      and is rotatable by an external handle for releasing the ratchet from the
      grip of a pawl when it can be restored to an initial position following a
      collision upon release of an additional holding rod.
PAR  In a hydraulic version of the device a cylindrical stem formed with holes
      and an axial bore, and carrying a piston, and a second compression spring
      seated in the bore replace the pawl and the ratchet in a fluid-filled
      cylinder, a valve being disposed on top of the second compression spring
      up to substantially the height of the piston seated on a flange. When the
      stem is pulled up as a result of a collision, fluid flows past the holes
      and compresses the second spring, thereby causing a retardation in the
      upward movement of the first compression spring and halting the forward
      movement of the user. When the second spring is released from compression,
      the valve is reseated on the flange and the fluid returns slowly to its
      starting location until the mechanism resumes its precollision position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of my invention will be better understood with
      reference to the accompanying drawing, in which:
PAR  FIG. 1 shows a fragmentary elevational cross-section of a mechanical
      version of the seat-belt aid; and
PAR  FIG. 2 shows a fragmentary elevational cross-section of a hydraulic version
      of the device.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIG. 1 represents a mechanical, and FIG. 2 a hydraulic version of my
      invention.
PAR  Referring to FIG. 1 a cylinder 1 is shown to be formed with a hole 2 in its
      base for attachment to the frame of a vehicle. A stem 3, formed in its
      upper portion substantially as a ratchet 4, engages with a pawl 5 pivoted
      around an axle 6 projecting from a flange 7 which is integral with a cap
      8.
PAR  Two tension springs 9, are pivoted on axles 10a attached to cap 8, joined
      by a rod 10 and hold pawl 5 against the teeth of ratchet 4.
PAR  An elliptical ring 11 projects from the top portion of stem 3 to be
      attached to one end of the seat belt.
PAR  Stem 3 terminates in a plate or ring 12 forming a seat for a compression
      spring 13, which in turn abuts against cap 8, so that spring 13 is
      compressed when stem 3 carrying ring 12 is pulled upwards during a
      collision.
PAR  Stem 3 is formed with a rack 14 on the side opposite from ratchet portion
      4, a pinion 15 pivoted on an axle 16 and attached to flange 7 engaging the
      former. A rod 17 of square cross-section is fastened to the center of
      pinion 15 for permitting the attachment of a removable crank, not
      illustrated in the drawing, for repositioning of stem 3 after a collision.
      For this purpose also a fixed or removable rod 18 is provided to disengage
      pawl 5 from ratchet 4; a cover 19 encloses the mechanism.
PAR  The mechanism operates as follows:
PAR  As the seat-belt aid is attached through hole 2 to the frame of the vehicle
      and through ring 11 to the seat belt itself, a collision will cause stem 3
      to be pulled up from the bottom of cylinder 1, pawl 5 coming to rest when
      the compression of spring 13 is adequate to halt the forward movement or
      jolt of the user without the latter being hurt.
PAR  To return the seat-belt aid to the pre-collision position, it is merely
      necessary to rotate the crank and lift the stem 3 slightly to relieve the
      pawl 5 and then to swing the pawl away from the ratchet teeth by means of
      rod 18 whereupon the spring 13 repositions stem 3.
PAR  Referring now to FIG. 2 it will be seen that cylinder 1, hole 2 in cylinder
      1 and ring 11 remain unchanged. Stem 3 is replaced by a cylindrical stem
      31 carrying a piston 32 with a seal 33. It is guided within a flange 40 of
      cylinder 1 holding a torroidal seal 35 when spring 34 is in compression
      and is formed with a stepped cylindrical bore 36 extending up to a conical
      surface 37 disposed above piston 32; it is also formed with openings 38
      also located above piston 32 for permitting passage of fluid in the event
      of a collision.
PAR  Toroidal seals 41 and 42 ensure that stem 31 is tightly sealed on top, and
      a threaded plug 43 closes off bore 36 at the bottom. Two plugs 44 and 45
      permit emptying of the hydraulic fluid and its replenishment; a valve 46
      abutting a shoulder formed by stepped bore 36 is normally closed by a
      spring 47. Valve 46 is formed with a groove 39' opposite holes 39 drilled
      in stem 3 to permit passage of fluid below piston 32 in the event of a
      collision, and with transverse holes 40' which open into a small central
      hole 48 into which the fluid is released in order to restore the seat-belt
      restrainer's interlock after a collision.
PAR  Air vents 49 formed in cylinder 1 avoid any deformation of cylinder 1
      during operation of the mechanism. The latter operates in the following
      fashion:
PAR  Upon a forward movement of the user in the event of a collision spring 34
      is compressed, stem 31 ascends, and the fluid below piston 32 passes
      through holes 38, presses on valve 46 thereby compressing spring 47 and
      passes through holes 39 below piston 32 filling the space between piston
      32 and flange 40; the user's forward movement thus comes to a gentle halt.
PAR  Under the force of spring 47, valve 46 is again seated and the fluid
      confined in the space between piston 32 and flange 40 passes slowly to a
      level above piston 32 until the mechanism resumes again its pre-collision
      position.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety-enhancing device for use in a seat-belt equipped frame of a
      vehicle for assuring a progressively increasing seat-belt tension in the
      event of a collision and a shock reduction to the user by suppressing any
      rear-directed user rebound comprising:
PA1  a case attached with one end to said frame and with the other end to the
      seat belt;
PA1  a compression spring;
PA1  a longitudinal ratchet and a pawl engageable with said ratchet, said pawl
      being maintained in engagement with said ratchet by the force of said
      compression spring, said ratchet being formed on its other longitudinal
      side as a rack; and
PA1  a pinion cooperating with said rack and rotatable by an external handle for
      repositioning said ratchet to an initial position following said
      collision.
NUM  2.
PAR  2. A device as defined in claim 1, further comprising a cap for enclosing
      at least the top of said device.
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ABST
PAL  A mounting bracket for supporting a bicycle safety flag wand adjacent the
      rear end of a bicycle so as not to interfere with a rider swinging his leg
      over the rear wheel when mounting or dismounting. The bracket is
      preferably formed of hollow tubular or strip stock with one leg being
      longer than the other and with the distal end of the longer leg adapted to
      be secured to a rigid part at the rear of the bicycle such as on one of
      the sides of the rear wheel fork so that the bracket extends to adjacent
      the rear end of the bicycle. The second leg of the bracket extends
      generally upwardly and being open and hollow serves as a socket for
      receiving the bottom end of the flag wand.
BSUM
PAR  This invention relates generally to a bracket for use in mounting a bicycle
      safety flag wand adjacent the rear end of a bicycle so that the rider's
      leg does not engage the flag wand when the rider mounts or demounts from
      the bicycle and swings his leg over the rear wheel in doing so.
PAR  In recent years as bicycle riding has become increasingly popular, the use
      of bicycle safety flags has become widespread. These safety flags for
      bicycles generally consist of a tapered plastic rod in the order of six
      feet in length with a bright-colored flag or penant mounted on the tip
      end. It has been customary to mount the flag wands in fixtures that are
      secured to the rear wheel axle. These fixtures ordinarily take the form of
      a stamping which in effect provides a socket formation into which the
      lower end of the flag wand may be inserted after the fixture has been
      clamped in place by a rear axle nut.
PAR  A bicycle safety flag when mounted in the customary fashion so that its
      supporting wand or rod projects upwardly above the rear wheel axle
      interferes with the freedom with which the rider normally swings his leg
      over the rear wheel of the bicycle when mounting or demounting. The result
      is that mounting and demounting become awkward and the rider may lose his
      balance and fall with more or less serious consequences.
PAR  The object of the present invention, generally stated, is the provision of
      an inexpensive, simple and practical mounting bracket whereby a bicycle
      safety bike wand can be supported at a position adjacent the rear-most end
      of a bicycle so that it will not interfere with the rider when he swings
      one of his legs over the rear wheel in mounting or demounting.
PAR  A more specific object of the invention is the provision of a mounting
      bracket for a bicycle safety flag wand with the bracket being formed of
      lightweight rod-like or strip-like stock and having the end of a
      relatively longer leg adapted to be mounted on one side of the frame or
      fork that supports the rear wheel in such a way that the bracket extends
      rearwardly with the relatively shorter leg extending generally upwardly
      and providing a socket into which the lower end of the flag wand may be
      inserted.
PAR  Certain other objects of the invention will be obvious or appear
      hereinafter. For a more complete understanding of the nature and scope of
      the invention reference may now be had to the following detailed
      description taken in connection with the accompanying drawings wherein:
DRWD
PAR  FIG. 1 is a side elevational view of a conventional men's bicycle having a
      mounting bracket forming one embodiment of the invention secured in place
      on the bicycle and supporting a bicycle safety flag wand thereon;
PAR  FIG. 2 is a fragmentary enlarged side elevation showing the mounting
      bracket appearing in FIG. 1; and
PAR  FIG. 3 is a top plan view taken on line 3--3 of FIG. 2.
DETD
PAR  Referring to the drawings, a conventional men's bicycle is indicated
      generally at 5 in FIG. 1 the rear wheel 6 of which is provided with a
      so-called de-railer speed change mechanism of known type indicated
      generally at 7 in FIG. 3. A safety flag, indicated generally at 8 is
      mounted at the rear of the bicycle 5 comprising a conventional support
      wand or rod 10 having a penant or flag 11 mounted on the upper end
      thereof.
PAR  The present invention is directed to the mounting bracket, indicated
      generally at 12 for mounting the safety flag 8 at the rear of the bicycle
      5 rather than mounting it over the spindle or hub of rear wheel 6 where
      the same would conventionally be mounted. The mounting bracket 12 is
      generally L-shaped in side elevation when mounted, being formed with a
      relatively long horizontal leg portion 13 and a relatively short upright
      leg portion 14. The mounting bracket 12 may be formed of tubular stock
      such as steel or aluminum for strength and durability. However, other
      materials may be used such as plastic or fiber glass and the material may
      be either solid or hollow.
PAR  In the drawings the forward end of the mounting bracket 12 is shown as
      being flattened at 15 so as to facilitate secure clapping thereof to one
      side 16 of the frame or rear fork in which the rear wheel 6 is mounted.
      Two conventional band clamps 17--17 of the type used, for example, in
      securing radiator hose in place, may be used for securing and clamping the
      flattened end 15 to the frame.
PAR  In the drawings the vertical upright leg 14 is shown as being hollow or
      tubular and of the proper size to receive the lower end of the flag wand
      10. If desired, one or more crimps or identations may be placed in the
      upright leg 14 so as to offer a desired amount of frictional resistance to
      removal of the wand or rod 10 after it has been put in place while still
      allowing it to be moved when it is so desired.
PAR  It will be seen from FIG. 3 that the longer horizontal leg 13 of the
      bracket 12 is provided with a dog leg section 18 so as to fit around the
      projecting stem 20 on the de-railer mechanism 7. The section 18 affords
      protection to the de-railer mechanism. It will be understood that the dog
      leg section 18 may not have to be as pronounced or even present with
      certain types of bicycle rear wheel mechanisms or drives. Referring to
      FIG. 1, it will be appreciated that the rider is able to freely swing his
      leg over the rear wheel of the bicycle 5 in mounting and demounting
      without striking the safety flag wand 10.
PAR  It will be understood that if the mounting bracket 12 were made of solid
      stock, then a sleeve of the proper diameter could be slipped over the
      upright shorter leg so as to extend above it and provide a socket for the
      lower end of the wand 10. In the event that the bicycle 5 is provided with
      a rear mud guard it will be apparent that means could be provided for
      supporting the rear end of the mounting bracket 12 from the lower or rear
      end of the mud guard.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mounting bracket for a bicycle safety flag wand, said bracket being
      formed of a rod-like or strip-like member with the distal end of one
      bracket leg being flat and adapted to be clamped onto one side of the rear
      wheel generally horizontal supporting fork of the bicycle with the bracket
      extending rearwardly from said distal end and having an offset therein for
      clearing a rear wheel de-railer associated with the rear wheel, and with
      the other bracket leg extending generally upwardly and having a socket
      formation on its upper end for receiving the bottom end of the flag wand.
NUM  2.
PAR  2. In combination with a bicycle having a de-railer associated with its
      rear wheel, a safety flag wand and a generally L-shaped mounting bracket
      for mounting said wand on the bicycle, said mounting bracket being formed
      of a rod-like or strip-like member with the distal end of its longer leg
      being clamped onto one side of the rear wheel generally horizontal support
      fork of said bicycle adjacent its rear wheel axle and the remainder of
      said longer leg extending rearwardly and generally horizontally to
      adjacent the rearmost part of said bicycle and having an offset therein
      for clearing said de-railer and with the shorter leg of said bracket
      extending generally upwardly adjacent the rearmost part of said bicycle,
      and the bottom end of said safety flag wand being mounted on said upwardly
      extending shorter bracket leg.
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ABST
PAL  A bolt mechanism of the disclosure has a bolt driven between latching and
      non-latching positions by a rotary electric motor through a speed
      reduction gear drive train which includes a slip clutch that permits the
      bolt to be manually moved from either position thereof to the other in a
      manner overriding the drive train and the motor. The electric motor is of
      the DC type, and an electrical control circuit therefor reverses polarity
      and terminates the motor operation as the bolt moves to either of its
      positions so that subsequent normal motor operation is in a reverse
      direction to drive the bolt to the other position. A recess in the bolt
      receives an output gear of the drive train as well as an elongated gear
      rack fixedly mounted with respect to the bolt and meshed with the output
      gear to provide the bolt movement during motor operation. A handle mounted
      on the bolt is manually grasped to provide the overriding movement of the
      bolt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to bolt mechanisms for providing a
      latching function, and more particularly toward such mechanisms wherein
      the bolt thereof is driven by an electric motor between latching and
      non-latching positions.
PAR  2. Description of the Prior Art
PAR  Electrically operated bolt mechanisms whose bolts are driven by electric
      motors between latching and non-latching positions have been known for
      quite some time. Usually, such bolt mechanisms utilize a linear electric
      motor of the solenoid type whose armature is connected to the bolt and
      reciprocated within a field core that controls the armature and bolt
      position. Such linear electric motors have a limited extent of travel
      since the armature cannot move out of the core and still be controlled by
      the magnetic field the core generates. Also, this type of linear electric
      motor requires a surge of electric current when the core is energized to
      generate the magnetic field that moves the armature.
PAR  Electrically operated bolt mechanisms or locking mechanisms for such bolt
      mechanisms have also utilized rotary electric motors for providing driving
      movement. For example, see U.S. Pat. Nos.: 2,090,520; 2,922,672;
      2,943,880; 3,157,042; and 3,541,874.
PAR  One type of electric motor driven bolt mechanism that has been used in the
      past utilizes a bolt which is spring biased toward its latching position
      and has an inclined edge that is engaged by a keeper to momentarily move
      the bolt to its non-latching position against the spring bias, and the
      bolt is then moved by its spring bias to the latching position to engage
      the keeper in a latching relationship. Such a bolt mechanism is not
      capable of having an electric motor provide the primary impetus for bolt
      movement from either of its positions to the other since the spring bias
      of the bolt moves it in one of its directions of travel. The motor thus
      only provides the impetus for moving the bolt in one direction of travel
      while the spring bias provides the impetus in the other.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a bolt mechanism having an
      unbiased bolt that is normally driven between latching and non-latching
      positions by a rotary electric motor through a speed reduction gear drive
      train, and also incorporating a slip clutch along the path of driving
      engagement between the motor and the bolt so that the bolt may be manually
      moved from one position thereof to the other in a manner overriding the
      drive train and the motor.
PAR  Another object of the invention is to provide a bolt mechanism having a
      bolt that fixedly mounts an elongated gear rack and is driven between
      latching and non-latching positions by a rotary electric motor through a
      speed reduction gear drive train whose input gear is driven by the motor
      and whose output gear engages the elongated gear rack on the bolt.
PAR  The preferred embodiment of the bolt mechanism utilizes a DC type electric
      motor energized by an electrical control circuit that reverses polarity
      and terminates the motor operation as the bolt moves to either position
      thereof so that subsequent normal motor operation is in the opposite
      direction to drive the bolt to the other position. Also, the gear rack is
      fixedly mounted on the bolt within a recess in the bolt, and this recess
      also receives an output gear of the speed reduction gear drive train. The
      slip clutch is located between the input and output of the speed reduction
      gear drive train, and a handle mounted to the bolt permits the overriding
      bolt movement as the handle is manually grasped and moved.
PAR  Other objects, features and advantages of the invention will become readily
      apparent from the following detailed description of the preferred
      embodiment taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view showing a bolt mechanism constructed according to
      the present invention with the bolt thereof shown in a latching position;
PAR  FIG. 2 is a side view of the bolt mechanism taken along line 2--2 of FIG.
      1;
PAR  FIG. 3 is an end view of the bolt mechanism taken along line 3--3 of FIG.
      2;
PAR  FIG. 4 is a sectional view of the bolt mechanism taken along line 4--4 of
      FIG. 2 and shows the bolt in the solid line indicated latching position as
      well as the phantom line indicated non-latching position;
PAR  FIG. 5 is a sectional view of the bolt mechanism taken along line 5--5 of
      FIG. 4 and shows a switch which is responsive to movement of the bolt to
      each of its positions to function as part of an electric control circuit
      that energizes the motor;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 2 showing a speed
      reduction gear drive train that extends between the electric motor and the
      bolt, and also shows a slip clutch which permits the bolt movement to be
      manually overridden;
PAR  FIG. 7 is a side view of the gear drive train taken along line 7--7 of FIG.
      6; and
PAR  FIG. 8 is a view showing an electrical circuit that controls the motor
      operation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1 of the drawings, a bolt mechanism constructed
      according to the present invention is collectively indicated by reference
      numeral 10 and is mounted on a fixed member 12 adjacent a movable closure
      member 14. A keeper 16 is secured to the closure member 14 by bolts 18 and
      defines an opening 20 that faces the bolt mechanism 10. A bolt 22 of the
      bolt mechanism is movable into the keeper opening 20 to thereby latch the
      closure member 14 in the closed position shown with respect to the fixed
      member 12. Movement of the bolt 22 to the right retracts the bolt 22 from
      the keeper opening 20 to permit movement of closure member 14 to an open
      position. The respective positions of the bolt mechanism 10 and the keeper
      16 on the fixed member 12 and the movable closure member 14 may be
      reversed from that shown without inhibiting the latching function that is
      provided by their cooperative action.
PAR  With additional reference to FIGS. 2 and 3, the bolt mechanism 10 includes
      a housing collectively indicated by reference numeral 24 and consisting of
      upper and lower plates 26 and 28 above and below bolt 22. A pair of
      elongated bars 30 are positioned on opposite sides of bolt 22, and a
      number of threaded bolts 32 extend through the plates 26 and 28 as well as
      throughh the bars 30 and are received by nuts 34 to provide securement of
      the housing components to each other. The bolt 22 is supported by the
      housing 24 for sliding movement in a rectilinear path between the extended
      latching position shown in FIGS. 1 and 2 and a retracted non-latching
      position where the bolt is located through within the housing.
PAR  A drive unit indicated collectively by reference numeral 36 is mounted on
      top of the upper plate 26 of the mechanism housing and includes a DC
      electric motor 38 mounted on top of a speed reduction gear drive train 40.
      As seen in FIGS. 6 and 7, a shaft 42 of motor 38 extends downwardly into a
      housing 43 of the gear drive train and carries a small pinion gear 44 that
      functions as an input gear of the drive train. A larger gear 46 is carried
      by a shaft 48 supported by housing 43 and is meshed with gear 44 so as to
      be driven during the motor shaft rotation. A smaller gear 50 is also
      mounted on shaft 48 and rotatably fixed to gear 46 so as to likewise
      rotate during motor shaft rotation. A larger gear 52 is supported by a
      shaft 54 mounted on the housing 43 and is driven by gear 50 during the
      motor operation.
PAR  A slip clutch of gear drive train 40 is generally indicated by 56 and
      includes a small rubber hub 58 mounted on shaft 54 and rotatably driven
      along with the gear 52. A larger driven member 60 of the slip clutch is
      mounted on a shaft 62 supported by the housing 43 and includes an outer
      annular rubber ring 64 that is driven by the hub 58. The rubber ring 64 on
      the driven member 60 of the clutch and the rubber hub 58 engage each other
      with a force that normally maintains a driving relationship between these
      components. However, this engagement force between the two components of
      the clutch 56 is not so large as to prevent slippage when the gear drive
      train is driven in a reverse manner during overriding actuation of the
      bolt mechanism 10 in a manner that will be described later. The shaft 62
      of the drive train extends downwardly and connects the driven member 60 of
      clutch 56 to an output gear 66 as seen in FIG. 7.
PAR  With reference to FIGS. 4 and 5, the bolt 22 defines a recess 68 that
      receives the output gear 66 of the speed reduction gear drive train 40. An
      elongated gear rack 70 is also received within the bolt recess 68 and is
      fixedly mounted to the bolt in a suitable manner so as to be aligned with
      the direction of bolt movement. The gear rack 70 includes teeth 72 that
      mesh with the teeth of the output gear 66 of the reduction gear drive
      train so that the bolt is driven between its FIG. 4 solid line indicated
      latching position and its retracted phantom line indicated non-latching
      position in accordance with the direction of output gear rotation. The
      gear rack 70 is thus elongated in a rectilinear manner so that its driven
      movement likewise slides the bolt 22 in a rectilinear manner between its
      latching and non-latching positions.
PAR  As seen in FIGS. 1 and 3, a control panel 74 includes a two-position switch
      76 and is connected to the electric motor 38 by wire conduit bundles 78
      and 80 through a control switch 82 mounted on the upper plate 26 of the
      bolt mechanism housing in any suitable manner. The control switch 82, as
      seen in FIG. 5, includes an arm 84 that extends downwardly through an
      aperture 86 in the upper housing plate 26 and is received between a pair
      of control surfaces 88 and 90 of the bolt recess 68. The switch arm 84 is
      moved to its solid line indicated and phantom line indicated positions by
      the control surfaces 88 and 90 on bolt 22 as the bolt moves to its
      latching and non-latching positions, respectively, to control the motor
      operation. The switch 82 has a center bias that normally positions its arm
      84 in a center position between the two positions shown in FIG. 5 when the
      bolt is moving between its latching and non-latching positions to function
      in a manner that will be hereinafter described.
PAR  An override handle of the bolt mechanism 10 is indicated by reference
      numeral 92 in FIGS. 1 - 3 and includes a shaft 94 extending downwardly
      through an elongated slot 96 in the upper housing plate 26. The lower end
      of the handle shaft 94 is threaded into the bolt 22 at a location adjacent
      the gear rack 70 as can be seen in FIG. 4. When an operator desires to
      rapidly move the bolt 22 from one position thereof to the other, the
      override handle 92 is manually grasped and moved in an appropriate
      direction so that the handle shaft 94 moves from one end of the housing
      slot 96 to the other and thereby moves the bolt to the desired position.
      The slip clutch 56 of the gear drive train 40 permits a slipping action to
      occur between the rubber hub 58 and the rubber ring 64 on the driven
      member 60 while the rapid overriding bolt movement takes place. This
      overriding bolt movement thus takes place without having to drive the
      complete inertial mass of the motor in a reverse direction through the
      drive train throughout the full length of bolt movement. The engagement of
      the components of slip clutch 56 is, however, sufficiently large so that
      the inertial mass of the motor and drive train normally positions the bolt
      22 in either of its positions without any biasing means urging the bolt to
      one position or the other. Engagement between the handle shaft 94 and the
      opposite ends of housing slot 96, see FIG. 1, provides a mechanical stop
      as the bolt is driven to either of its positions or manually moved in the
      overridden manner.
PAR  The bolt mechanism 10 may also include a trim housing 98, as shown in
      phantom lines in FIG. 2, which encloses the upper portion of the bolt
      mechanism and provides an esthetically appealing appearance. This trim
      housing must, of course, define an elongated slot aligned with the slot 96
      in the upper housing plate 26 so as to permit movement of the shaft 94 of
      the manual override handle 92 during the manually actuated overriding bolt
      movement.
PAR  FIG. 8 shows an electrical control circuit for the bolt mechanism, the
      circuit being collectively indicated by reference numeral 100. The control
      panel 74 of the circuit has a source of DC power 102, such as a battery,
      that is connected by wires 104 and 106 to the two-position switch 76.
      Switch 76 has contacts a, b, c, d, e and f, the contacts b and e being
      respectively connected to wires 104 and 106, and the contact pairs a-f and
      c-d being connected by respective crossing wires 108 and 110. One position
      of switch 76 connects contacts b and c and contacts e and f to send a
      positive current to a wire 112 connected to contact d, as well as sending
      a negative current to a wire 114 connected to contact a. The other
      position of switch 76 connects contacts b and a and contacts e and d to
      send a positive current to wire 114 and a negative current to wire 112.
PAR  Wires 112 and 114 of circuit 100 are carried by wire bundle 78 to the
      switch 82 whose control arm 84 is not shown in FIG. 8. Switch 82 has
      contacts h, i, j, k, l, and m. Contacts j and k respectively connect wires
      114 and 112 extending from the control panel 74. Switch 82 per se is of a
      commercially available type such that when its arm 84, FIG. 5, is in its
      center position to which it is normally biased, the contacts i and j are
      connected as are contacts l and k. This center position of switch 52 is
      made when the bolt 22 is in transit being driven from one position thereof
      to the other. Wires 116 and 118 are respectively connected to contacts i
      and l of switch 82 and to motor 38. While the bolt 22 is in transit with
      the switch 82 in its center position, the direction the motor is driven
      corresponds with the polarity supplied to it by switch 76 which is
      determined by the position of the latter switch. As the bolt 22 moves to
      its latching or nonlatching position, the switch arm 84 of switch 82 is
      moved from its center position to one of the positions shown in FIG. 5.
      This switch arm movement breaks the connection of contact i with contact j
      if the bolt moves to the nonlatching position and connects contact j with
      contact h. If the bolt moves to the latching position, the switch arm
      movement breaks the connection of contact l with contact k and connects
      contact l to contact m. Consequently, the path of current for energizing
      motor 38 is broken when the bolt reaches either its latching or
      nonlatching position. Diode 120 permits current to pass in one direction
      from contact i to contact j of switch 82 and diode 122 permits current to
      pass in one direction from contact l to contact k of this switch. These
      diodes thus provide an initial path for current to flow through upon a
      reversal of switch 76 prior to the arm of switch 82 moving to its center
      position, but the diodes block the current flow in the opposite direction.
      Thus, as the bolt moves into either its latching or nonlatching position,
      the diodes prevent the concomitant switching of the interconnected contact
      pairs of switch 82 from energizing the motor to drive the bolt to the
      other position. The motor 38, therefore, does not oscillate and drive the
      bolt 22 back and forth between its latching and nonlatching positions, but
      rather must wait for the switch 76 to be moved from the position it is in
      to the other so the polarity of current supplied to switch 82 is reversed
      to then begin driving of the bolt to the other position.
PAR  The operation of motor 38 is thus terminated by switch 82 as the bolt 22
      moves to either its latching or nonlatching positions, and the supply
      polarity from switch 76 must be reversed to drive the bolt back to the
      other position. However, should the bolt 22 be manually moved in its
      overridden manner to the other position, engagement of control surface 88
      or 90 on the bolt with the switch arm 84 of switch 82 causes the switch 82
      to energize the motor 38 and drive the bolt back to its original position
      occupied prior to the overriding bolt movement, this being done without
      any movement of switch 76. If the overriding bolt movement carries the
      bolt less than all the way to the other position, the switch arm 84 of
      switch 82 is in its center position and drives the motor 38 according to
      the polarity supplied by switch 76, which moves the bolt back to the
      position it was in prior to the overriding movement.
PAR  While a specific embodiment of the invention has been described, those
      skilled in the art will recognize various modifications and alternatives
      that may be used while still remaining within the scope of the invention
      as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bolt mechanism comprising the combination of: a unitary bolt movable
      between latching and non-latching positions and being unbiased toward
      either position; said bolt including a pair of spaced control surfaces; a
      rotary DC electric motor having a rotatable shaft; a speed reduction gear
      drive train having an input driven by the motor shaft and an output
      drivingly engaged with the bolt so as to drive the bolt from one position
      thereof to the other as the motor shaft rotates; control circuit means for
      reversing the direction the bolt is driven by the motor and gear drive
      train so that the bolt may be driven to either the latching or
      non-latching position; said control circuit means including a switch
      having an arm received between the control surfaces of the bolt and
      engaged by one of said surfaces as the bolt moves to each of its positions
      so as to reverse the polarity supplied to the motor by the circuit means;
      and slip clutch means along the path of driving engagement between the
      motor shaft and the bolt so the bolt is normally located in either
      position thereof by the motor and drive train but may be manually moved
      from one position thereof to the other in a manner overriding the motor
      and drive train.
NUM  2.
PAR  2. A bolt mechanism according to claim 1 wherein the slip clutch means is
      located between the input and output of the speed reduction gear drive
      train.
NUM  3.
PAR  3. A bolt mechanism according to claim 1 wherein an elongated gear rack is
      fixedly mounted on the bolt and engaged by a gear at the output of the
      speed reduction gear drive train so as to be driven between the latching
      and non-latching positions.
NUM  4.
PAR  4. A bolt mechanism according to claim 3 wherein the bolt moves along a
      rectilinear path and the gear rack is elongated in a rectilinear manner
      along said path.
NUM  5.
PAR  5. A bolt mechanism according to claim 3 wherein the bolt defines a recess
      in which the elongated gear rack is mounted and the gear at the output of
      the gear drive train is also received within the recess to mesh with the
      gear rack.
NUM  6.
PAR  6. A bolt mechanism according to claim 1 wherein the bolt control surfaces
      that actuate the control circuit means as the bolt moves to the latching
      or nonlatching position are arranged in an opposed relationship to each
      other with the switch arm therebetween.
NUM  7.
PAR  7. A bolt mechanism according to claim 1 wherein the control switch arm
      pivots upon being engaged by either of the control surfaces on the bolt.
NUM  8.
PAR  8. A bolt mechanism according to claim 1 wherein a handle is fixedly
      mounted on the bolt and manually grasped to provide the bolt movement in
      the overridden manner.
NUM  9.
PAR  9. A bolt mechanism comprising: a bolt movable between latching and
      nonlatching positions and being unbiased toward either position; said bolt
      including a pair of spaced control surfaces; an elongated gear rack
      fixedly mounted on the bolt; a rotary electric motor of the DC type having
      a rotatable shaft; a speed reduction gear drive train having an input gear
      driven by the motor shaft and an output gear meshing with the gear rack to
      drive the bolt from one position thereof to the other as the motor shaft
      rotates; a control circuit that terminates the motor operation when the
      bolt moves to either position and concomitantly reverses its polarity so
      that subsequent motor shaft rotation will be in a reverse direction to
      drive the bolt to the other position; said control circuit including a
      switch having an arm received between the control surfaces of the bolt and
      engaged by one of said surfaces as the bolt moves to each of its positions
      so as to reverse the polarity supplied to the motor by the circuit; and
      slip clutch means located between the input and output gears of the
      reduction gear drive train so the bolt is normally located in either
      position thereof by the motor and drive train but may be manually moved
      from either position to the other in a manner overriding the motor and
      drive train.
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ABST
PAL  A bumper for motor vehicles which is operated by hydraulic slave cylinders
      connected to the master brake cylinder to extend the bumper upon the
      application of a predetermined amount of force to the brake to provide the
      bumper with a greater shock absorbing length of travel under collision
      conditions while permitting the retraction of the bumper to facilitate
      in-town maneuvering and parking under normal driving conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to extensible bumpers for automobiles and other motor
      vehicles, these bumpers being designed to extend upon the vehicle
      approaching a collision situation to provide a greater cushioning effect
      upon impact due to the greater length of bumper travel available.
PAR  The recent increase in interest in safety for vehicle passengers and in the
      reduction of the high repair costs arising from the involvement of
      vehicles of current design in minor accidents has led to the development
      of numerous bumpers of widely different designs, and including bumpers
      which extend in one way or another prior to impact. Of the latter, there
      are bumpers having extension mechanisms which are triggered by the
      application of the vehicle brakes, but depend on a source of power to
      effect the extension which is independant of the brake system, with the
      effect of unnecessarily complicating the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The bumper of the present design is very simple in concept and utilizes
      only the brake fluid and the braking action itself to effect the extension
      of the bumper. This is accomplished by a pair of hydraulic slave cylinders
      which are pivoted between the vehicle frame and the bumper bar, the
      primary support for the bumper bar being provided by sliding guide rods to
      relieve the cylinders of lateral stresses occuring during a collision. The
      slave cylinders communicate by intake and discharge lines directing to the
      master brake cylinder and fluid reservoir, respectively, these lines being
      provided with check valves to ensure proper flow direction, and the intake
      check valve also being a pressure valve so that the slave cylinders are
      activated only upon the application of a predetermined minimum force on
      the brake pedal to prevent projection of the bumper under normal driving
      conditions. The bumper bar is spring loaded to retract susbsequent to
      their extension during, or in anticipation of, a collision.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of the bumper system installed in a typical
      vehicle;
PAR  FIG. 2 is a top plan view of the bumper installation, with the actuating
      system shown diagrammatically; and
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 2, showing
      one actuating cylinder and the associated valves.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The front end of an automobile is illustrated diagrammatically at 10 in
      FIG. 1, having a conventional brake pedal 12 which operates the master
      cylinder 14 of the car's hydraulic brake system, which includes brake
      lines 16 and the brakes themselves, 18. As will become apparent, the
      extensible bumper of the invention would function equally well on a
      vehicle having air brakes, with some modification, although only a
      hydraulic system is described herein.
PAR  A bumper bar 20, which may be conventional but is preferably more durable
      and damage-resistant than bumpers currently in use, is mounted on frame
      members 22 of the automobile by any means that will permit forward and
      reverse sliding motion between the bumper bar and frame, such as the bars
      24 which are slideably received in the elongated sockets 26 which are
      welded or otherwise attached to the frame members.
PAR  The bumper extension assembly includes a pair of hydraulic-slave cylinders
      28 which are pivoted at 30 to a pair of mounting brackets 32 welded to the
      inner sides of the frame members 22. A pair of pistons 34 are slideable
      within the cylinders and are sealed with suitable rings 36 so that a
      sealed, expandable chamber 38 is defined in the end of each of the
      cylinders. Connecting rods 40 extend through bushings 42 in the opposite
      ends of the cylinders and are pivoted to the bumper bar by pins 44
      anchored in brackets 46 welded to the bumper bar. Thus the cylinder and
      piston assemblies can withstand considerable lateral swaying motion on
      their pivot structures without suffering damage, although the guide
      structures 24-26 should minimize such motion.
PAR  The chambers 38 are connected by a fluid intake line 48 and a drain or
      discharge line 50, these lines being connected to the master brake
      cylinder 14 and a reservoir 52, respectively, by lines 54 and 56. The
      brake cylinder line 54 is provided with a check valve 58 which is
      schematically shown in FIG. 2 and shown diagrammatically in a variant
      location in FIG. 3, wherein the valve is shown to communicate individually
      with one cylinder. In either case, the valve prevents backflow of fluid
      into the brake cylinder and is constructed with a ball 60 biased into
      seating position in the valve by a spring 62, this spring being of a
      predetermined strength to prevent the opening of the valve until a
      threshold pressure is developed in the line 54 so that unless the brakes
      are applied with a certain minimum force, the valve will not open and no
      fluid will enter the chambers 38.
PAR  In operation, when the brakes are applied with enough force to open the
      valve 58, brake fluid flows freely into the chambers 38, thereby
      projecting the bumper into its extended position shown in phantom in FIG.
      2. The strength of the spring 62 is sufficient to ensure that the high
      pressure needed in the fluid at the brakes 18 is not dissipated by fluid
      flow into the slave cylinders of the bumper. The pistons are projected
      against the bias of return springs 68, and there will of course be some
      insignificant bleeding of the brake fluid into the reservoir lines through
      the duct 66 in the valve 64.
PAR  Once the bumper bar is extended, if there is no collision it will slowly
      retract under the action of the return springs 62 until the pistons come
      to rest against resilient bumper elements 70 which are disposed in the
      pressure chambers 38 to prevent the chambers from being completely closed
      by the pistons. If there is an impact on the bumper bar, a high pressure
      will be developed in the chambers 38 which will be relieved by fluid flow
      through the duct 66 so that the bumper will yield, thereby limiting the
      otherwise rapid decelleration of the vehicle which causes personal injury
      to passengers and structural damage.
PAR  An identical bumper assembly could of course be provided at the rear of the
      car, and a somewhat more sophisticated means of controlling the discharge
      of fluid from the cylinders under impact conditions could be developed
      within the scope of the invention disclosed and claimed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An extensible bumper for use on a vehicle having a fluid-operated brake
      system comprising:
PA1  a. a bumper bar;
PA1  b. a pair of fluid-operated slave cylinders mounted to a vehicle frame and
      having the pistons thereof connected to said bumper bar to extend same
      upon said cylinder being activated;
PA1  c. said cylinders having fluid connection means to the fluid system of the
      vehicle brake system, said fluid connection means including a valve means
      to permit fluid flow into said cylinders upon the existence of a
      predetermined threshold pressure in said fluid system, whereby upon
      application of a predetermined force to the vehicle brakes said bumper bar
      is extended.
NUM  2.
PAR  2. Structure according to claim 1 wherein said brake system is hydraulic
      and includes a master cylinder and a fluid reservoir, and said fluid
      connection means includes an incoming fluid line connecting said master
      cylinder and said slave cylinders, and a drain line connecting said
      cylinders and said reservoir.
NUM  3.
PAR  3. Structure according to claim 1 wherein each of said cylinders is
      provided with a resilient bumper element inside the end thereof remote
      from said bumper bar to limit the travel of the piston therein and
      preserve a fluid chamber.
NUM  4.
PAR  4. Structure according to claim 1 wherein said pistons are pivotally
      connected to said bumper bar, said cylinders are pivotally connected to
      said frame, and including guide means connected to and between said frame
      and said bumper bar to limit the relative motion therebetween to
      unidirectional translation.
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ABST
PAL  A vehicle bumper--especially designed but not limited for use on utility or
      sport vehicles such as the "Jeep"--comprised of a combination of parts
      normally forming a rigid transverse bumper but readily adjustable to a
      mode in which such parts, upon attachment of a towing socket, provide a
      forwardly projecting tow bar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore it has been common practice to provide tow bars normally
      detached from the vehicle and hence subject to the inconvenience of
      attachment prior to use, or--if normally vehicle-mounted--the tow bar is
      usually up-folded and secured in an upstanding but unattractive transport
      position. The present invention was conceived in a successful effort to
      provide a tow bar which wholly avoids the need of the tow bar being either
      normally detached, or vehicle-mounted and normally secured in an upfolded
      position.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides, as a major object, a vehicle bumper
      convertible to a tow bar, which embodies--in novel array--parts normally
      forming a rigid transverse bumper but readily adjustable to a mode in
      which such parts, upon attachment of a towing socket, provide a forwardly
      projecting tow bar.
PAR  The present invention provides, as another important object, a vehicle
      bumper convertible to a tow bar, as in the preceding paragraph, wherein
      the conversion from a transverse bumper to a forwardly projecting tow bar
      can be manually accomplished readily and speedily, and with a minimum of
      tools--usually only a wrench or two of bolt-head or nut-engaging type.
PAR  The present invention provides, as still another important object, a
      vehicle bumper convertible to a tow bar, wherein the conversion does not
      require any change of the mount on nor the connection with the vehicle;
      all positional changes, in the array of parts comprising the bumper, being
      made within the confines of such array.
PAR  The present invention provides, as a further object, a vehicle bumper
      convertible to a tow bar which is designed for ease and economy of
      manufacture.
PAR  The present invention provides, as a still further object, a practical,
      reliable, and durable vehicle bumper convertible to a tow bar, and one
      which is exceedingly effective for the purpose for which it is designed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a plan view showing the parts forming a bumper.
PAR  FIG. 2 is a plan view showing the parts forming a tow bar.
PAR  FIG. 3 is a fragmentary sectional elevation taken substantially on line
      3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary sectional elevation taken substantially on line
      4--4 of FIG. 2.
PAR  FIG. 5 is a fragmentary exploded view showing, together with adjacent
      portions of the bumper sections the slide bar and associated parts.
PAR  FIG. 6 is a fragmentary exploded view showing, together with a portion of
      one bumper section and a portion of the corresponding tubular arm in the
      tow bar position, one of the pivotal connection units.
PAR  FIG. 7 is a fragmentary exploded view showing the parts which comprise one
      of the clamping assemblies.
PAR  FIG. 8 is a fragmentary perspective view showing the forward end portion of
      the tow bar as formed by the bumper sections; the towing socket being
      omitted.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings and to the characters of
      reference marked thereon, the vehicle bumper convertible to a tow bar
      comprises a pair of elongated bumper sections, indicated at 1 and 2,
      normally disposed transversely in oppositely extending directions and with
      their adjacent ends in abutment. Such adjacent abutting ends of the bumper
      sections 1 and 2 are formed so that they engage with a diagonal line of
      abutment, as at 3.
PAR  The sections 1 and 2 are of hollow beam form, and their adjacent or inner
      end portions are normally secured together by a slide bar 4 disposed
      within such end portions and spanning therebetween; i.e., over the
      diagonal line of abutment 3. Removable bolts 5 releasably secure the slide
      bar 4 in such spanning relation, and hence normally connect the bumper
      sections 1 and 2 in rigid relation.
PAR  The outer ends or tips 6 and 7 of the bumper sections 1 and 2,
      respectively, are bent rearwardly to a predetermined rearward and outward
      angle for the purpose to be later described herein.
PAR  Intermediate their ends, the bumper sections 1 and 2 are each secured--in
      supported relation--by a corresponding, normally coupled, connection unit,
      indicated generally at 8, carried on the forward end of the related one of
      a pair of forwardly projecting, substantially horizontal, tubular arms 9
      which converge in a forward direction. As such connection units 8 are
      identical--except for being right and left hand--a description of one will
      suffice for both.
PAR  Each connection unit 8 comprises a horizontally open clevis 10 disposed
      ahead of the related tubular arm 9; the clevis having a rearwardly
      extending spindle 11 which is journaled in a longitudinal bearing sleeve
      12 secured in the front end portion of said tubular arm 9. A nut and
      washer assembly 13 on the inner end of spindle 11 prevents its escape from
      bearing sleeve 12.
PAR  The clevis 10 embraces a vertical bearing sleeve 14 to which the clevis is
      turnably attached by a vertical bolt 15; the bearing sleeve 14 being
      integral, in right angular relation, with a lateral bearing sleeve 16
      projecting from the outer side of the tubular arm 9, and to which arm the
      bearing sleeve 16 is turnably attached by a transverse bolt 17.
PAR  At the rear ends thereof, each tubular arm 9 is attached to the forward end
      of the vehicle frame by a clamping assembly indicated generally at 18, and
      which is constructed as follows:
PAR  A somewhat U-shaped, rearwardly opening bracket 19 is rigidly secured, at
      its forward end, to the closed rear end of the related arm 9 by a bolt 20.
      The arms of the bracket 19 span and are secured to opposite sides of
      opposed clamps 21 by bolts 22; such clamps 21 being fixedly secured on
      cross members 23 of the vehicle frame by bolts 24.
PAR  With the foregoing arrangement of connection units 8, tubular arms 9, and
      clamping assemblies 18, the bumper--comprised of the sections 1 and 2--is
      normally rigidly maintained in a fixed, transverse position.
PAR  The conversion of the bumper to a tow bar, when desired, is accomplished as
      follows:
PAR  The retention bolts 5 are both first removed, and then the slide bar 4 is
      manually shifted in the direction of, and to a position entirely within,
      the bumper section 1. When this occurs, an elongated on-edge catch plate
      25 snaps upwardly (see FIG. 4) from a groove 26 in slide bar 4, and in
      which groove the catch plate is normally wholly disposed (see FIG. 3). The
      catch plate 25, as it snaps upwardly under the influence of springs 27,
      enters a longitudinal slot 28 in the top of bumper section 1, and thus
      releasably latches the slide bar in bumper section 1.
PAR  As shown, the catch plate 25 is notched at one end, as at 29, and--when
      said plate 25 snaps upwardly--the notch catch-engages under the top of
      bumper section 1 beyond one end of slot 28 whereby to prevent said catch
      plate escaping upwardly from such slot; such escape being further
      precluded by a cross pin 30 in slide bar 4 (remote from notch 29)
      extending through a vertically elongated hole 31 in the catch plate. The
      slide bar 4 is properly positionally disposed in the bumper section 1 by a
      bolt 32 which projects upwardly from the slide bar and through the slot
      28, with the bolt head above such slot.
PAR  With the bumper sections 1 and 2 disconnected from each other at adjacent
      ends, and with the slide bar 4 latched in place in section 1 as described,
      both of the bumper sections are then swung horizontally about bolts 15 as
      a vertical axis; such swinging motion being in a direction with the tips 6
      and 7 moving forwardly and inwardly until the bumper sections assume a
      forwardly converging relation with said tips in side-by-side, matching
      abutment (see FIG. 2). The inner or thenrear portions of the bumper
      sections thence lie in parallelism closely alongside the tubular arms 9.
PAR  With the bumper sections disposed in forwardly converging relation, with
      the tips 6 and 7 matchingly abutting, a towing socket, indicated generally
      at 33, is secured to such abutting tips by bolts 34.
PAR  The bumper, as so converted to a tow bar, is ready for use with the towing
      socket engaging the conventional ball mounted on the rear of the towing
      vehicle.
PAR  When the tow bar is in use, the somewhat universal effect--provided by the
      bolts 17 as one axis, and the spindles 11 as another axis--compensates for
      both limited up-and-down motion of, and torque imposed on, the bumper
      sections 1 and 2 when the tow bar is in use.
PAR  In the hollow bumper sections 1 and 2, filler blocks are employed for the
      purpose of strengthening such sections at points where other parts attach.
PAR  From the foregoing description, it will be readily seen that there has been
      produced such a vehicle bumper convertible to a tow bar as substantially
      fulfills the objects of the invention, as set forth herein.
PAR  While this specification sets forth in detail the present and preferred
      construction of the vehicle bumper convertible to a tow bar, still in
      practice such deviations from such detail may be resorted to as do not
      form a departure from the spirit of the invention as defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A front-end vehicle bumper, convertible to a longitudinally forwardly
      projecting tow bar having a towing socket at its front end, comprising a
      pair of normally transverse bumper sections having inner and outer ends,
      said bumper sections being spaced ahead of the vehicle and extending from
      adjacent inner end-to-end relation laterally in opposite directions, means
      detachably connecting the bumper sections at said adjacent inner ends, a
      pair of rigid, transversely spaced, longitudinal supporting arms
      corresponding to the bumper sections and disposed between the latter and
      the front of the vehicle, means rigidly securing the supporting arms at
      the rear to the vehicle, normally coupled connection means including
      vertical axis pivotal connections between the front of the supporting arms
      and corresponding bumper sections at points which permit of horizontal
      swinging of the latter, when detached at said adjacent inner ends, from
      said laterally extending positions to positions in longitudinally
      forwardly converging relation with said outer ends then foremost and in
      closely adjacent relation for reception of the towing socket, and means to
      detachably secure the towing socket on such foremost ends.
NUM  2.
PAR  2. A vehicle bumper, as in claim 1, in which the bumper sections include
      outer end tips; such outer end tips, which comprise said foremost ends,
      being angled so that when said bumper sections are in forwardly converging
      relation, the tips lie side-by-side in abutment.
NUM  3.
PAR  3. A vehicle bumper, as in claim 2, in which the towing socket securing
      means comprises bolts which detachably secure said abutting tips and the
      socket in rigid, unitary relation.
NUM  4.
PAR  4. A vehicle bumper, as in claim 1, in which the detachable connecting
      means at adjacent inner ends of the bumper sections comprises a bar
      normally spanning from one section to the other, said sections being
      hollow beams into each of which the bar normally extends, and removable
      bolts securing the bar to both of said sections; the bar being slidable
      into one section upon removal of the bolts, and means to releasably hold
      the bar in said one section.
NUM  5.
PAR  5. A vehicle bumper, as in claim 4, in which said releasable holding means
      includes a spring-pressed catch member; said one section having a catch
      receiving portion with which the catch member spring-engages when the bar
      is slid into such section.
NUM  6.
PAR  6. A vehicle bumper, as in claim 1, in which said normally coupled
      connection means provides, in addition to said vertical axis pivotal
      connections, longitudinal axis pivotal connections between the supporting
      arms and corresponding bumper sections.
NUM  7.
PAR  7. A vehicle bumper, as in claim 6, in which said normally coupled
      connection means provides, in addition to said vertical axis pivotal
      connections and said longitudinal axis pivotal connections, transverse
      axis pivotal connections between the supporting arms and corresponding
      bumper sections.
NUM  8.
PAR  8. A vehicle bumper, as in claim 1, in which said normally coupled
      connection means comprises, between each supporting arm and the related
      bumper section, a horizontally open clevis disposed at the front of the
      supporting arm, a longitudinal spindle projecting rearwardly from the
      clevis and journaled in the supporting arm, a vertical bearing sleeve
      journaled in the clevis, and a horizontal, transverse bearing sleeve
      integral with the vertical bearing sleeve and journaled in connection with
      said one bumper section.
NUM  9.
PAR  9. A vehicle bumper, as in claim 1, in which said normally coupled
      connection means attaches to the bumper sections intermediate the ends
      thereof whereby when said sections are in forwardly converging relation,
      rear portions thereof extend rearwardly of said vertical axis pivotal
      connections.
NUM  10.
PAR  10. A vehicle bumper, as in claim 9, in which the supporting arms converge
      forwardly, and said rear portions of the bumper sections lie substantially
      parallel thereto.
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ABST
PAL  There is described an article, suitable for handling phonograph records,
      which is in the form of a supple, laminated pad comprising (i) a
      supporting layer, (ii) a cushioning layer and (iii) a contact layer there
      being formed in said pad an elongate aperture which is from about 1 to
      about 3 inches in length and of a width such that part of the rim of a
      phonograph record can pass through said elongate aperture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an article suitable for handling phonograph
      records, e.g. Gramophone records.
PAR  It is well known that it is difficult to handle phonographic records, for
      example Gramophone records, in a manner such as to keep them clean or
      without finger marks or smears. It is an object of the present invention
      to provide an article which facilitates the handling of phonographic
      records.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided an article, suitable
      for handling phonograph records, which is in the form of a supple,
      laminated pad comprising (i) a supporting layer formed of paperboard,
      cardboard or the like, (ii) a cushioning layer formed of a foam material,
      one face of the cushioning layer being secured to one face of said
      supporting layer, and (iii) a contact layer which is secured to the other
      face of said cushioning layer and which has a surface in the form of a
      soft short pile fabric, there being formed in said pad an elongate
      aperture which is from about 1 to about 3 inches in length and of a width
      such that part of the rim of a phonograph record can pass through said
      elongate aperture.
PAR  The supporting layer can be formed, for example, from a flexible
      paperboard, cardboard or similar material.
PAR  The cushioning layer can be formed, for example, from a conventional poly
      (vinyl chloride) foam.
PAR  The contact layer can be formed, for example, from velvet or from a
      material of similar appearance and properties produced from cotton and
      rayon; the contact layer is advantageously but not necessarily impregnated
      with an antistatic material.
PAR  The supporting layer can itself be covered, on the face thereof remote from
      the cushioning layer, with a decorative layer in order to improve the
      general appearance of the article; the decorative layer can be formed, for
      example, from a synthetic leather cloth.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order that the pad may act as a holder for a phonograph record it is
      folded about a line colinear with the longitudinal axis of the elongate
      aperture. To facilitate this folding process the pad is advantageously
      provided with a crease at the point where it is desired to fold the pad,
      the crease acting as a hinge.
PAR  The pad can be any convenient shape, for example, square, round or oblong
      but it has been found that the most convenient size and shape is one
      corresponding broadly to the size and shape of the human hand. In general,
      the area covered by one side of the pad should not be larger than about 36
      square inches or smaller than about 12 square inches. If the pad is longer
      in one direction than in any other direction it is preferable for the
      elongate slot to be disposed transversely of, and most preferably at
      right-angles to, said one direction and so that the elongate slot is not
      equi-distant from each end of the pad.
PAR  By folding the article of the present invention about a line colinear with
      the axis of the elongate aperture it is possible to hold a phonograph
      record without the fingers of the hand contacting the record and spoiling
      the surface thereof, the elongate aperture in the article helping to
      prevent the record slipping from the hand. With the article it is possible
      to remove a phonograph record from its sleeve and to place it on a
      turntable or remove it from a turntable and put it back into the sleeve
      without touching the record with one's hands. Also, when the article is
      unfolded it can be used as cleaning pad for phonograph records.
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect reference will now be made, by way of example, to the
      accompanying drawing which shows one embodiment of an article according to
      the invention and in which
DRWD
PAR  FIG. 1 is a sectional view of the pad taken along the line I--I of FIG. 2;
      and
PAR  FIG. 2 is a plan view of the pad.
DETD
PAR  A supporting layer 1 is formed from a sheet of cardboard and there is
      secured thereto, on one face thereof, a decorative layer 2 made from a
      poly (vinly chloride) leather cloth. On the other face of the supporting
      layer there is secured a poly (vinyl chloride) foam layer 3. The foam
      layer is covered with a contact layer 4 made from a synthetic velvet
      formed from cotton and rayon. An aperture 5 extends transversely of the
      sole axis of symmetry of the pad, the aperture being 11/2 inches long and
      of a width such that the rim of a phonograph record can be passed
      therethrough. The article has a maximum length of 5 inches and a maximum
      width of 4 inches, the elongate aperture being disposed about 13/4 inches
      from the top of the article. A crease 6 is provided to facilitate folding
      of the pad.
CLMS
STM  We claim:
NUM  1.
PAR  1. An article for handling and cleaning phonograph records, which article
      is in the form of a supple, laminated, foldable, normally flat pad of
      generally uniform thickness comprising (i) a supporting layer formed of
      paper board, cardboard or the like, (ii) a cushioning layer being secured
      to one face of said supporting layer, and (iii) a contact layer which is
      secured to the other face of said cushioning layer and which has a surface
      in the form of a soft short pile fabric, there being formed in said pad an
      elongate aperture which is from about 1 to about 3 inches in length and of
      a relatively narrow width such that part of the rim of a phonograph record
      can pass through said elongate aperture, said pad being readily foldable
      and unfoldable about a straight fold line along the longitudinal axis of
      said elongate aperture from a substantially planar unfolded configuration
      to a folded configuration in which the contact layers of adjacent areas
      face each other.
NUM  2.
PAR  2. An article as claimed in claim 1, wherein the supporting layer is
      covered, on the face thereof remote from the cushioning layer, with a
      decorative layer.
NUM  3.
PAR  3. An article as claimed in claim 1 wherein the pad is provided with a
      permanent crease along a line colinear with the longitudinal axis of the
      elongate aperture, the pad being relatively longer in a direction normal
      to the longitudinal axis of said aperture than in a direction along said
      axis, and said aperture being closer to one end than the other along said
      normal direction.
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ABST
PAL  This invention relates to a device for handling and transporting bundles of
      large sheets.
BSUM
PAC  BACKGROUND
PAR  The usual method of transporting bundles of large sheets is to place them
      on wooden pallets. Because bundles of large sheets can weight a great
      deal, the pallets used to support them have to be of very sturdy
      construction in order to sustain such weight. Building such sturdy pallets
      is rather expensive, the pallets occupy valuable space in a store room,
      and the weight of the pallet itself is a factor in transportation costs.
PAR  It is therefore an object of this invention to provide an inexpensive light
      weight means for lifting and transporting bundles of large sheets, and
      which occupy much less space than ordinary pallets.
PAC  THE INVENTION GENERALLY
PAR  Considered from one aspect, the present invention involves a device for
      handling material comprising in combination:
PA1  A. two spaced apart elongated rod-like members,
PA1  B. a sheet of flexible material extending between said two-spaced apart
      elongated rod-like members,
PA1  C. means for securing the opposed longitudinal edges of said sheet to said
      two spaced apart elongated rod-like members,
PA1  D. a lifting yoke,
PA1  E. at least two interconnection means connecting a first set of spaced
      apart points on one side of said yoke to a second set of spaced apart
      points on one of said elongated rod-like members,
PA1  F. at least two other interconnection means connecting a third set of
      spaced apart points on the other side of said yoke to a fourth set of
      spaced apart points on the outer of said elongated rod-like members,
PA1  G. the linear distance between said first set of spaced apart points and
      said third set of spaced apart points being greater than the linear
      distance between said second set of spaced apart points and said fourth
      set of spaced apart points,
PAL  Whereby the interconnection means will diverge outwardly in an upward
      direction and tend to maintain the sheet of flexible material in a
      stretched condition when the yoke is lifted.
DRWD
PAC  THE INVENTION MORE SPECIFICALLY
PAR  Two specific embodiments of my invention are illustrated in the drawings
      wherein:
PAR  FIG. 1 is a top prospective view a first embodiment of my invention;
PAR  FIG. 2 is an end sectional view of the rod members and the intermediate
      sheet of flexible material shown in FIG. 1;
PAR  FIG. 3 is a plan view of the rod-like members and sheet of flexible
      material shown in FIG. 1;
PAR  FIG. 4 is a side view of a second embodiment of a lifting yoke in
      accordance with the invention;
PAR  FIG. 5 is an end view of a second embodiment of a lifting yoke in
      accordance with the invention; and
PAR  FIG. 6 is a plan view of a lifting yoke in accordance with a second
      embodiment of the invention.
DETD
PAR  Referring now to the drawings, it will be seen that the two elongated
      rod-like members 2 are spaced apart in an essentially parallel
      relationship. A sheet of flexible material 1 extends between these
      rod-like members 2 and the opposed longitudinal sides of the sheet 1 are
      secured to the elongated rod-like members by sewing or stitching the ends
      of the flexible material 1 into a loop 6 around the rod-like members 2.
      Alternatively, the flexible material 1 can consist of one large tube and
      the two rod-like members 2 can be positioned in the opposite flattened
      portions of such a tube.
PAR  A lifting yoke is positioned above the sheet 1 and is seen to consist of at
      least two elongated members 3 and several cross members 5. This yoke
      member is adapted to be lifted by the arms of a fork lift 9.
PAR  A plurality of interconnection means 4a and 4b (such as chains, straps,
      cables, etc.) connect the yoke to the rod-like members 2. The distance
      between the points on the yoke member to which interconnection means 4a
      and 4b are connected is greater than the linear distance between the
      points on the rod-like members 2 to which the interconnection means 4a and
      4b are connected. With this arrangement the interconnection means will
      diverge outwardly in an upward direction and tend to maintain the sheet of
      flexible material 1 in a stretched or taut condition when the yoke is
      lifted with a load of sheets thereon.
PAR  The rod-like members 2 are preferably strong metallic tubes or rods and the
      sheet of flexible material is preferably some sort of a carpet or coated
      fabric material.
PAR  Spaced apart openings are provided in the sheet 1 so that the
      interconnection means (4a and 4b) can connect directly to the rod-like
      members 2.
PAR  When the yoke is lifted with a load of sheet material the sheet of flexible
      material 1 will hang in a slight bow or arch, but this presents no problem
      with most stacks of sheet material.
PAR  Instead of a carpet or coated fabric the sheet of flexible material can be
      composed of a plastic tube or woven plastic.
PAR  FIGS. 4, 5, and 6 illustrate a slightly different yoke arrangement wherein
      the yoke member is provided with a vertically extending bracing members 8
      and 13. Also, these figures show that a ring member 7 may be employed to
      permit swivelling of the interconnecting means 4a and 4b.
PAR  More or less detailed claims will be presented hereinafter and even though
      such claims are rather specific in nature, those skilled in the art to
      which this invention pertains will recognize that there are obvious
      equivalents for the specific constructions recited therein. Some of these
      obvious equivalents are disclosed herein, other obvious equivalents will
      immediately occur to one skilled in the art and still other obvious
      equivalents could be readily ascertained upon rather simple, routine,
      non-inventive experimentation. Certainly no invention would be involved in
      substituting one or more of such obvious equivalents for the constructions
      specifically recited in the claims. I intend that all such obvious
      equivalents be encompassed within the scope of this invention and patent
      granted in accordance with the well-known doctrine of equivalents.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A structure for lifting and transporting a bundle of normally-flexible
      sheet materials, comprising;
PA1  a. a sling-type bundle support means, including; (1)  a
      generally-rectangular, flexible sheet of material slightly larger than
      said bundle and (2)  an elongated, rigid, rod-like member extending along
      and directly coupled to and supporting each of two opposed side edges of
      said flexible sheet;
PA1  b. a generally-flat, rigid lifting frame means having a width greater than
      the width of said support means from one of said rod-like members to the
      other when said flexible sheet is stretched flat between said rod-like
      members and adapted to be supported on the arms of a fork lift in a
      generally-horizontal plane;
PA1  c. a first set of a plurality of elongated, flexible connecting means, each
      of said connecting means having one end directly and fixedly attached to
      one of said rod-like members and the other end fixedly attached to said
      frame means; and
PA1  d. a second set of a plurality of elongated, flexible connecting means,
      each of said connecting means having one end directly and fixedly attached
      to the other of said rod-like members and the other end fixedly attached
      to said frame means;
PA1  e. the distance between the points of attachment of said first and second
      sets of connecting means to said frame means being greater than said width
      of said support means from one of said rod-like members to the other when
      said flexible sheet is stretched flat between said rod-like members,
      whereby said sets of connecting means diverge outwardly and upwardly to
      thereby suspend said support means below said frame means and stretch said
      flexible sheet between said rod-like members when said frame means is
      lifted.
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ABST
PAL  An air deflector used in combination with a vehicle pulling a trailer. The
      air deflector is of a V-shaped, concave, two-bladed construction. The
      blades are attached to the vehicle in a spaced position above the vehicle
      roof and in front of the trailer so as to cause the air to be deflected
      around and over the front of the trailer as the vehicle pulls the trailer
      along the road.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved air deflector used in combination
      with a vehicle pulling a trailer.
PAR  The air deflector of this invention includes first and second blade members
      having a V-shaped, plow-defining configuration. Each blade member is
      concave. The blade members are secured to the towing vehicle in a spaced
      relationship above the roof thereof and are positioned forward of the
      front wall of the trailer so as to cause the air to be deflected laterally
      around and vertically over the trailer as the vehicle pulls the trailer
      along the road. Means may be provided for pivoting the blade members from
      the nearly vertical position employed when pulling the trailer to a lower
      nearly horizontal position when the trailer has been detached from the
      vehicle.
PAR  Accordingly, it is an object of this invention to provide an air deflector
      which when attached to the roof of a vehicle pulling a trailer improves
      the handling and fuel consumption rate of the vehicle.
PAR  Another object of this invention is to provide an air deflector having
      first and second concave blade members formed into a V- or plowed-shaped
      configuration which when connected above the roof of a vehicle towing a
      trailer serves to deflect the air around and over the trailer.
PAR  Still another object of this invention is to provide an air deflector which
      is mountable on the roof of a tractor and which improves the fuel
      consumption of the tractor when pulling a trailer and which improves the
      handling of the tractor when deadheading, that is when pulling an empty
      trailer.
PAR  Other objects of this invention will become apparent upon a reading of the
      invention's description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the air deflector of this
      invention shown attached to the roof of a tractor.
PAR  FIG. 2 is a perspective view of the air deflector of FIG. 1 as viewed from
      the rear with portions of the tractor roof broken away for purposes of
      illustration.
PAR  FIG. 3 is a top plan view of the air deflector of FIG. 1.
PAR  FIG. 4 is a side view of the air deflector of FIG. 1.
PAR  FIG. 5 is a sectional view of the deflector as taken along line 5--5 of
      FIG. 3.
PAR  FIG. 6 is a perspective view of a modified embodiment of the air deflector
      of this invention shown in its upper position as viewed from the rear.
PAR  FIG. 7 is a perspective view of the air deflector of FIG. 6 shown in its
      lower position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments illustrated are not intended to be exhaustive or
      to limit the invention to the precise forms disclosed. They are chosen and
      described in order to best explain the principles of the invention and its
      application and practical use to thereby enable others skilled in the art
      to best utilize the invention.
PAR  In FIGS. 1 and 4 a vehicle 10, shown to be a tractor pulling a trailer 12,
      is shown. Vehicle 10 includes a roof 14 which is located forwardly of
      front wall 16 of trailer 12. As best seen in FIG. 4, front wall 16 of
      trailer 12 protrudes above the level of vehicle roof 14 and would, without
      the aid of this invention, provide a large wind contacting surface which
      would serve to retard the forward progress or movement of the vehicle when
      towing trailer 12.
PAR  Air deflector 18 shown in FIGS. 1-5 includes a pair of blade members 20.
      Blade members 20 are joined at their leading edges 24 and diverge
      rearwardly with respect to the orientation of vehicle 10 in a divergent,
      plow-defining manner. Each blade member 20 has an upper edge 26 and a
      lower edge 28 and is concave at its front face 30, as best seen in FIG. 5.
      Blade members 20 are mounted to roof 14 of vehicle 10 with their lower
      edges 28 spaced above the level of the roof by means of a frame assembly
      32. While the precise construction of frame assembly 32 may vary according
      to the type and configuration of vehicle roof, in the illustrated
      embodiment the assembly includes a pair of parallel elongated foot parts
      34. Each foot part 34 is positioned so as to generally parallel the
      longitudinal dimension of vehicle 10 and is secured to roof 14 in a
      suitable manner such as by attachment plates 36 which are attached at the
      ends of the foot part. Plates 36 rest upon roof 14 and are affixed in
      position by means of bolts 37 which extend through hold down plates 38
      located under the roof. Another suitable form for attaching foot parts 34
      to roof 14 would be by welding each attachment plate 36 of the foot parts
      directly to the roof at reinforced roof portions. Upright brackets 40 are
      mounted at the ends of each foot part 34. A pair of braces 42 and 44 are
      each pivotally connected at one end to brackets 40 of each foot part 34.
      Braces 42 are located forwardly of braces 44 with respect to the direction
      of vehicle 10 and are connected to the rear faces 46 of blade members 20
      near lower edges 28 of the members. Each brace 44 is connected at its
      opposite end by a bracket 48 to the rear face of a blade member 20 near
      the upper edge 26 of the member.
PAR  Blade members 20 are located by frame assembly 32 with their lower edges 28
      preferably spaced between two and ten inches from the level of roof 14.
      Angle of incline "X" shown in FIG. 4 is preferably between 45.degree. and
      60.degree.. Angle "X" is defined as that angle between the roof and a
      notional line passing through spaced points 50 and 52 which represent the
      intersection of leading edges 24 and the upper and lower edges 26 and 28
      of the blade members. The vertical height of the deflector 18 as measured
      from spaced point 50 to lower edge 28 of blade members 20 may vary from 20
      to 40 inches. The angle between blade members 20 designated by the letter
      "Z" in FIG. 3 is preferably 138.degree. but may vary between 130.degree.
      and 145.degree.. The width of deflector 18 as measured horizontally
      between trailing edges 54 may be between 50 and 70 inches. The concavity
      of each blade member 20 as measured at its front face 30 and designated by
      the radius "Y" shown in FIG. 5 is preferably 21 inches for an inclination
      angle "X" of 51.degree., and 27 inches for an inclination angle "X" of
      55.degree., and may vary between 20 and 28 inches. The precise angles and
      dimensions of blade members 20 and their location upon the vehicle roof
      will depend upon the difference in height between the roof of the vehicle
      and the roof of the trailer, the width of the trailer at its front wall
      16, and the length of the vehicle roof and location of the windshield of
      the vehicle.
PAR  In an actual test utilizing air deflector 18, as above described, connected
      to the roof of a Diamond Reo tractor pulling a Strick trailer at 55.9
      m.p.h., the mileage rate of the vehicle was 7.93 m.p.g. Without deflector
      18, the mileage rate of the tractor-trailer at 55.9 m.p.h. dropped to 6.70
      m.p.g. At 60.0 m.p.h. without the air deflector attached, the
      tractor-trailer experienced a mileage rate of 5.87 m.p.g. and with the air
      deflector attached the mileage rate increased to 7.19 m.p.g. At 63.0
      m.p.h., the tractor-trailer without the air deflector attached experienced
      a 5.27 m.p.g. mileage rate, while with the air deflector attached the
      mileage rate increased to 6.84 m.p.g. The tests also noted improved
      handling and stability of the vehicle when deadheading at high speed and,
      especially, when coming out of banked curves. Additional testing and
      driver reaction has indicated that the air deflector of this invention
      causes the air to be deflected along the sides of the vehicle pulled
      trailer and over the top of the trailer with no appreciable eddies being
      formed or created between the deflector and the front wall of the trailer.
PAR  In FIGS. 6 and 7 a modified embodiment of the air deflector of this
      invention is shown. Blade members 20 in these figures are mounted to roof
      14 of vehicle 10 by means of a collapsible frame assembly 60. Braces 42
      which are connected to the rear faces 46 of blade members 20 are pivotally
      connected to the forwardly positioned brackets 40 of foot parts 34. Braces
      44 are not of the rigid construction previously described for the
      embodiment of the air deflector shown in FIGS. 1-5, but instead are each
      of a two-piece collapsible form. Each collapsible brace 44 in FIGS. 6 and
      7 is pivotally connected at one end to a bracket 48 of a blade member 20
      and is pivotally connected at its opposite end to a rearwardly positioned
      bracket 40 of a foot part 34. Collapsible braces 44 are of an angle iron
      configuration and are of two-link construction with the links being
      pivotally connected together at 62. A T-shaped turn bolt 64 is provided at
      the connection 62 of the two links of each collapsible brace 44 so as to
      lock the links together in a straightened or selected angular position.
      Additionally, it is preferable to provide a T-shaped turn bolt 66 where
      each collapsible brace 44 is pivotally connected to its bracket 40. Frame
      assembly 60 allows deflector 18 to be shifted between an upper position as
      shown in FIG. 6 and a lower, collapsed position as shown in FIG. 7.
      Deflector 18 would be secured in its upper position when vehicle 10 is
      towing trailer 12. When the trailer has been disconnected from vehicle 10,
      deflector 18 would be collapsed as seen in FIG. 7. When in its collapsed
      or lowered position, the air deflector still has the front face 30 of each
      of its blade members 20 positioned so as to contact the oncoming wind upon
      vehicle movement but at a lesser angle than when the deflector is located
      in its upper position. This air contact at the blade members when the
      deflector is in its lower position serves to apply a downward pressure
      upon the rear axle of the vehicle which improves the stability and
      traction of the vehicle when "bobtailing", that is driving without the
      trailer.
PAR  It is to be understood that frame assemblies 60 and 32 may be constructed
      with their foot parts 34 shaped to accommodate vehicle roofs of various
      slope, dimension and configuration. Blade members 20 may be formed of a
      metal or fiberglass material with the frame assembly 32 or 60 being formed
      of metal strengthening members.
PAR  It is to be understood that the invention is not to be limited to the
      details above given but may be modified within the scope of the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An air deflector used in combination with a vehicle pulling a trailer,
      said vehicle including a roof, said trailer including a front wall located
      behind and extending above said vehicle roof, said deflector comprising
      first and second blade members each having leading and trailing edges and
      front and rear faces extending between said edges, said blade members
      being joined at their leading edges and extending divergently from said
      leading edges toward their trailing edges in a V-shaped configuration,
      said trailing edges being contained in substantially parallel
      longitudinally extending planes, each blade member having a concave front
      face with the joined leading edges of the members having a concave
      configuration, each blade member including upper and lower edges with the
      concavity thereof extending between said upper and lower edges and with
      the blade member being of substantially uniform concave cross section from
      its upper edge to its lower edge along its longitudinal dimension
      extending between its leading and trailing edges, said joined leading
      edges terminating at said upper and lower edges in upper and lower spaced
      points, frame means mounting said blade members to said vehicle roof in
      front of said trailer front wall with the lower edges of the blade members
      being spaced from said roof and with the joined leading edges of the blade
      members projecting toward the front of said vehicle, said lower spaced
      point being located forwardly of said upper spaced point of the blade
      members.
NUM  2.
PAR  2. The air deflector of claim 1 wherein said trailer has a roof, said blade
      member upper edges spaced below the level of said trailer roof.
NUM  3.
PAR  3. The air deflector of claim 1 wherein the angle between said vehicle roof
      and a line passing through said upper and lower spaced points is between
      45.degree. and 60.degree..
NUM  4.
PAR  4. The air deflector of claim 3 wherein the concavity of each blade member
      at its front face is formed by a 20 to 28-inch radius.
NUM  5.
PAR  5. The air deflector of claim 4 wherein the angle of diversion between said
      blade members as measured from said joined leading edges is between
      130.degree. and 145.degree..
NUM  6.
PAR  6. The air deflector of claim 1 wherein said frame means includes two
      forward brace parts and two rearward brace parts, means connecting each
      forward brace part at one end to the rear face of a said blade member near
      the lower edge thereof and means securing each forward brace part at its
      opposite end to said vehicle roof behind said blade member, means
      connecting each rearward brace part at one end to the rear faces of a said
      blade member above a said lower brace part and means connecting each
      rearward brace part at its opposite end to said vehicle roof between said
      trailer and a said forward brace part.
NUM  7.
PAR  7. The air deflector of claim 6 including means pivotally connecting each
      forward brace part to one of a said blade member and vehicle roof, means
      pivotally connecting the ends of each rearward brace part to a said blade
      member and vehicle roof, each rearward brace part being of a multiple link
      construction and including hinge means connecting the links for pivotal
      movement about said hinge means to pivot said blade members about the
      pivot connecting means of the forward pair of brace parts between upper
      and lower positions, lock means for rigidly coupling the links of each
      rearward brace part together after shifting said blade members into their
      upper or lower position.
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ABST
PAL  Disclosed is a roof safety latch for use with travel trailers of the type
      having a top which is lifted and lowered to expand and contract the
      trailer between living quarters and road travel conditions, respectively.
      The travel trailer disclosed includes four telescoping upright posts at
      the corners of the trailer. The posts are extended to lift the trailer
      roof by operating a winch to haul in a main cable coupled to a yoke and
      from which yoke individual cables extend to each post. The safety latch
      hereof includes a rod carried by the yoke and which rod has a catch at its
      distal end which rides in a guideway. A keeper including an opening
      defined in the guideway is located such that the catch engates the keeper
      when the yoke has been hauled in sufficiently to fully extend the posts
      and raise the top. The rod is springbiased such that the catch engages the
      keeper as the catch traverses the guideway. A release bracket is pivotally
      carried by the guideway to displace the catch from engagement with the
      keeper when it is desired to lower the trailer top.
BSUM
PAR  The present invention relates to travel trailers of the type having a top
      which is lifted and lowered to expand and contract the trailer to provide
      living quarters and road travel conditions respectively and more
      particularly relates to a roof safety latch for positively locking the
      trailer roof in its raised condition in the event of a malfunction of the
      standard roof raising and lowering mechanism.
PAR  In U.S. Pat. No. 3,314,715, there is disclosed a travel trailer of the type
      presently under consideration wherein the trailer includes a frame having
      telescoping corner posts, the upper ends of which carry a roof flexibly
      joined to the body of the frame. The posts are extended to raise the roof
      by operation of a winch which hauls in a main cable connected to a yoke.
      The yoke, in turn, carries cables individually attached to each of the
      four corner posts which, when the yoke is displaced forwardly by the main
      cable, extend the telescoping sections of the posts to raise the trailer
      roof to a condition providing living quarters in the trailer. In that
      patent disclosure, the winch is provided with a ratchet and pawl
      arrangement whereby the winch is retained in a locked condition when the
      roof has been raised. The weight of the roof and the telescoping sections
      of the corner posts maintain a bias, through the cables connected to the
      yoke and through the main cable on the winch, tending to unwind the winch
      and lower the trailer top. In the event that the pawl is inadvertently
      removed from engagement with its ratchet, or the winch malfunctions or the
      main cable breaks, the telescoping sections would retract and the roof
      would be lowered. There has thus been developed the need for a safety
      latch independent of the winch and main cable for preventing inadvertent
      or accidental lowering of the roof and injury to the occupants of the
      trailer incident to such accidental lowering of the roof.
PAR  Accordingly, the present invention provides a safety latch of a type which
      provides a positive mechanical and automatically actuated lock for
      retaining the trailer roof in its raised position notwithstanding
      malfunction of the ratchet and pawl, the winch per se or breakage of the
      main cable. To this end, there is provided a safety latch including a rod
      connected at one end to the yoke and extending forwardly through an
      opening in the forward cross frame member to terminate in a catch at its
      opposite end. The catch rides in an upwardly opening generally
      channel-shaped guideway for receiving the catch. The rod is spring biased
      to continuously bear against the guideway such that when the yoke is
      advanced to a position wherein the roof top is fully raised, the catch is
      positively displaced into the aperture and thereby set to engage the
      margins of the aperture to prevent movement of the yoke in an opposite
      direction under the rearward bias of the cables interconnecting the yoke
      and the telescopic posts in the event of malfunction of the winch or
      severance of the cable. Consequently, when the winch has drawn the yoke
      forwardly to a position wherein the roof is fully raised, the catch is set
      to engage the margins of the keeper aperture in the guideway to prevent
      movement of the yoke in the opposite direction under the bias afforded
      thereto by the weight of the roof top and telescoping posts should the
      conventional locking mechanism fail. This locking action is independent of
      the winch and main cable. Thus, the roof can be positively conventionally
      locked in its raised condition and failure of the winch or severance of
      the main cable would not result as heretofore in automatic lowering of the
      roof with possible injury to the occupants of the travel trailer
      incidental to such inadvertent lowering of the roof.
PAR  Accordingly, it is a primary object of the present invention to provide a
      novel and improved roof safety latch for use in a travel trailer.
PAR  It is another object of the present invention to provide a novel and
      improved roof safety latch which is positive acting and which is
      automatically set to lock the trailer roof in its raised condition in the
      event of failure of the conventional roof locking mechanism.
PAR  It is still another object of the present invention to provide a novel and
      improved roof safety latch for a travel trailer wherein injury to the
      occupants of the trailer is avoided in the event of failure of the winch
      or severance of the winch cable.
PAR  It is a further object of the present invention to provide a novel and
      improved safety latch for use with travel trailers which latch is set for
      positive locking engagement for each raising of the roof to its fully
      raised position and which latch is operable to lock the roof in its fully
      raised position independent of the winch and main cable.
PAR  It is still a further object of the present invention to provide a novel
      and improved roof safety latch which can be readily and easily adapted to
      existing travel trailers of the foregoing described type and which may be
      readily released from its latching position in order to lower the roof top
     .
DRWD
PAR  These and further objects and advantages of the present invention will
      become more apparent upon reference to the following specification,
      appended claims and drawings wherein:
PAR  FIG. 1 is a side elevational view of a travel trailer incorporating a roof
      safety latch constructed in accordance with the present invention;
PAR  FIG. 2 is a top plan view of the frame of the trailer with the trailer body
      removed to illustrate the roof raising and lowering mechanism and the roof
      safety latch of the present invention;
PAR  FIG. 3 is a perspective view of one of the telescoping corner posts
      utilized to raise and lower the roof top;
PAR  FIG. 4 is a fragmentary perspective view of the roof safety latch hereof;
PAR  FIGS. 5 and 6 are fragmentary enlarged cross-sectional views taken
      generally about on lines 5--5 and 6--6, respectively, in FIG. 4; and
PAR  FIG. 7 is a cross-sectional view thereof taken generally about on line 7--7
      in FIG. 6.
DETD
PAR  Referring now to the drawings, particularly to FIG. 1, there is illustrated
      a travel trailer generally designated 10 having a lower body 12, a
      vertically extensible top 14 which rests on the upper edge of body 12 and
      a frame 16 to which is suitably attached a pair of wheels 18 whereby the
      travel trailer may be trailered behind a vehicle. The travel trailer,
      excluding the roof safety latch hereof described and illustrated herein,
      is more particularly disclosed in U.S. Pat. No. 3,314,715 issued Apr. 18,
      1967, the disclosure of which patent is incorporated herein by reference
      thereto as though fully set forth herein. However, to provide a clear
      description of the roof safety latch hereof in the present application,
      the following is a brief and concise description of the trailer and the
      roof raising and lowering mechanism of the prior patent. The frame
      consists of two side members 20 and 22, end members 24 and 26 and cross
      members 28 and 30 to which the springs 29 mounting wheels 18 are secured.
      A tongue is provided the frame and comprises two angularly related members
      36 and 38 joined at their rearward ends to the side frames 20 and 22,
      respectively, and connected one to the other by a hitch 40 and a cross
      brace 42. As will be appreciated, the forward end of the trailer when
      disconnected from the vehicle is supported by a lift 50 including a wheel
      52, a jacking mechanism 54 and an operating handle 56.
PAR  Body 12 is rigidly mounted on frame 16 by any suitable means and it will be
      appreciated that various types of furnishings including cupboards, bunks,
      etc. may be carried within body 12 or fixed thereto. The top 14 is
      comprised of a generally rectangular frame supported by telescoping posts
      at each of the four corners of the body 12, one of the post being
      illustrated at 60 in FIG. 3. The top 14 is also connected to body 12 by a
      flexible material whereby, when the top 14 is raised by extension of the
      telescopic corner posts, the flexible material extends between the body 12
      and top 14 to form an enclosure.
PAR  Referring to FIG. 3, each post 60 comprises a lower section 62, an
      intermediate section 64 telescopically received in the upper end of lower
      section 62 and an upper section 66 telescopically received in the upper
      end of intermediate section 64. The sections may be channel or rectangular
      shaped as shown. To extend the posts, a pulley 68 is secured to the upper
      end of lower section 62 and its operating cable 68 extends about a pulley
      70 at the lower end of the post. The opposite end of cable 68 is secured
      to the bottom of intermediate section 64. By this construction, hauling in
      cable 68 about pulley 70 causes the intermediate section 64 to move
      upwardly within the relative to lower section 62. A second pully 70 is
      carried adjacent the upper end of intermediate section 64 and a cable 72
      is anchored at one end to the base of section 62. Cable 72 is trained over
      pulley 70 and anchored to the lower end of section 66. Consequently, as
      intermediate section 64 is raised, movement of pulley 70 upwardly with
      intermediate section 64 causes extension of upper section 66 relative to
      intermediate section 64. When cable 68 is released, the weight of the roof
      and telescopic sections causes the sections to telescope one within the
      other whereby the trailer roof is lowered to its travel condition.
PAR  As best illustrated in FIG. 2, cables 68a, 68b, 68c and 68d extend within
      the frame and are trained about respective pulleys 80a, 80b, 80c, and 80d
      carried by the frame and from such pulleys extend forwardly to a yoke 82.
      As best illustrated in FIG. 4, yoke 82 includes a generally channel shaped
      member 86 having eyelets 88 secured thereto for receiving the respective
      ends of cables 68a-68d. A forwardly projecting bracket 90 is secured to
      channel shaped bracket 86 and carries an eyelet 92 for connection with a
      main cable 94. Main cable 94 extends through a slot 96 in the forward end
      frame member 24 and is wound about a winch 98 (FIGS. 1 and 2) carried by
      the frame, the winch having an operating handle designated 100. From the
      foregoing description, it will be appreciated that hauling in main cable
      94 advances yoke 82 forwardly toward the forward end frame member 24.
      Forward displacement of yoke 82 also hauls in each of the cables 68a-68d
      to extend each of the telescoping sections as previously described and
      consequently raise the roof of the travel trailer. Once the roof is
      raised, a ratchet and pawl mechanism, not shown, carried by winch 98 may
      be engaged to retain the roof in its raised position. To lower the roof,
      the pawl is released from the ratchet and the weight of the roof and the
      telescoping sections enables the roof to move downwardly with the yoke 82
      moving toward the rear of the trailer frame and the main cable 94 being
      payed out from the winch.
PAR  In accordance with the present invention, a roof safety latch is provided
      to positively and automatically lock the roof in its raised position in
      the event a malfunction should occur in the winch or the main cable is
      severed. To accomplish this, a latch constructed in accordance with the
      present invention and generally designated 102, is provided and comprises,
      as best illustrated in FIG. 4, a channel shaped guideway 104 secured at
      one end to end frame member 24 and which guideway extends forwardly from
      member 24 toward winch 98 and is connected to a cross brace 106
      interconnecting tongue members 36 and 38. A latch rod 106 is upturned at
      one end as illustrated at 107 in FIG. 5 for reception in a pivot 109
      carried by yoke 82. The opposite end of rod 106 is downturned at 108 as
      illustrated in FIG. 6 to form a catch. The angle between the upturned end
      of rod 106 and the intermediate main portion of the rod is greater than 90
      degrees to provide a downward spring force whereby the forward end of the
      rod, particularly catch 108, bears against the upper surface of channel
      shaped guideway 104. Guideway 104 is provided with a keeper which includes
      an aperture 110 formed in channel shaped guideway 104 and into which
      aperture catch 108 is biased and received when the top is in its raised
      position. When the top is fully raised, catch 108 is located forwardly of
      the keeper and set to engage the rear margin of aperture 110 as
      illustrated in FIG. 6 in the event of failure of the winch locking
      mechanism or severance of cable 94. Thus catch 108 serves to lock and
      prevent yoke 82 from being displaced rearwardly under the bias applied
      thereto by the cables 68a-68d. A generally inverted U-shaped latch support
      112 is secured to guideway 104 and both main cable 94 and latch rod 106
      are received through guide 112.
PAR  In use, when yoke 82 is displaced forwardly by hauling in main cable 94 by
      operation of winch 98, catch 108 bears along the surface of guideway 104
      as it advances with the yoke. When the trailer roof is fully raised by
      extension of the telescoping sections, the catch 108 is disposed over
      aperture 110 and is displaced, under the spring bias of rod 106, into
      aperture 110. In the event of a malfunction of the winch or individual
      release of the pawl of the ratchet or a severance of the cable, the yoke
      is displaced slightly rearwardly to engage the catch 108 against the rear
      margin of the aperture forming the keeper. Thus winch malfunction or
      severance of the cable engages catch with the keeper to prevent
      inadvertent lowering of the roof as previously was the case. Alternately,
      the catch can be engaged with the keeper upon raising the roof whereby
      such locking device may serve as the primary lock to maintain the roof in
      its fully raised condition. In this latter instance, strain on the main
      cable 94 and winch 98 are relieved.
PAR  To release the positive acting locking latch 102, a generally inverted
      U-shape release bracket 116 is provided. Particularly, and with reference
      to FIGS. 4 and 7, a slot 118 is provided through guideway 104 transversely
      adjacent the keeper aperture 110. Bracket 116 has a horizontal release
      flat 120 at one end extending from one of the legs of the flange at an
      elevation slightly below aperture 110. Another flange from U-shaped
      bracket 116 projects laterally outwardly from guideway 104 and serves as a
      release handle. With the catch 108 engaged against the margin of the
      keeper aperture, it will be seen that downward movement of the release
      handle 122 pivots flat 120 upwardly to displace catch 108 upwardly from
      engagement with the keeper. With the catch 108 thus released, the weight
      of the top and the telescopic sections (assuming also release of the
      winch) displaces yoke 82 rearwardly whereby the trailer roof is lowered.
PAR  From the foregoing description, it will be appreciated that the present
      invention provides a roof latch which automatically and positively locks
      the roof of a travel trailer when the roof is fully raised in the event of
      a malfunction of the winch particularly its ratchet and pawl mechanism,
      and also in the event that the main cable breaks or is severed. Moreover,
      the positive acting latch hereof is automatically set to lock the trailer
      roof in its raised position when operator cranks the winch to raise the
      trailer roof without manipulation of any additional part or element of the
      travel trailer. The roof cannot be lowered without positively disengaging
      the latching mechanism hereof and hence injuries previously caused by
      inadvertent or accidental lowering of the roof while occupants are inside
      the travel trailer are substantially eliminated.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A travel trailer comprising a frame, a generally rectangular body on
      said frame, a top movable from a lowered position on said body to a raised
      position spaced above said body, a top raising mechanism including a
      telescopic post adjacent each corner of said body, a yoke carried by said
      trailer for movement between first and second positions, means coupling
      said yoke to each of said corner posts for extending said posts thereby to
      raise said top to said raised position in response to movement of said
      yoke from said first position to said second position, means for moving
      said yoke from said first position to said second position, said yoke
      moving means including a winch carried by said frame and a main cable
      connected between said winch and said yoke, a guideway carried by said
      frame, a latch for positively retaining said yoke substantially in said
      said position including a latching member carried by said yoke for
      movement therewith and having a catch, said latch member including a rod
      connected at one end to said yoke and carrying said catch at the opposite
      end, a keeper defined by an aperture in said guideway, said catch being
      engageable with said keeper to retain said yoke substantially in said
      second position and said top in its raised position, said catch being
      movable along said guideway in response to movement of said yoke from said
      first position to said second position and movable into said aperture in
      response to movement of said yoke into said second position, and means for
      releasing said catch from engagement with said keeper, said means for
      releasing including a bracket movable between locking and releasing
      positions, said bracket having an element engageable with said catch to
      displace said catch from engagement with said keeper and thereby release
      said yoke when said bracket is moved from its locking position to its
      release position.
NUM  2.
PAR  2. A travel trailer according to claim 1, wherein said rod is configured
      such that said catch is biased for reception in said aperture and in
      engagement with said keeper.
NUM  3.
PAR  3. A travel trailer according to claim 1 wherein said rod is configured
      such that said catch is biased for sliding engagement along said guideway
      as said yoke moves from said first position to said second position.
NUM  4.
PAR  4. A travel trailer according to claim 1 including means for guiding said
      rod along said guideway as said rod is moved with said yoke such that said
      catch is received within said aperture when said yoke moves into its
      second position.
NUM  5.
PAR  5. A travel trailer comprising a frame, a generally rectangular body on
      said frame, a top movable from a lowered position on said body to a raised
      position spaced above said body, a top raising mechanism including a
      telescopic post adjacent each corner of said body, a yoke carried by said
      trailer for movement between first and second positions, means coupling
      said yoke to each of said corner posts for extending said posts to thereby
      raise said top to said raised position in response to movement of said
      yoke from said first position to said second position, means for moving
      said yoke from said first position to said second position, said yoke
      moving means including a winch carried by said frame and a main cable
      connected between said winch and said yoke, a guideway carried by said
      frame, a latch for positively retaining said yoke substantially in said
      second position including a latching member carried by said yoke for
      movement therewith and having a catch, said latch member being connected
      at one end to said yoke and carrying said catch at the opposite end, a
      keeper carried by said frame, said catch being engageable with said keeper
      to retain said yoke substantially in said second position and said top in
      its raised position, said catch being movable along said guideway in
      response to movement of said yoke from said first position to said second
      position and movable into engagement with said keeper in response to
      movement of said yoke into said second position, and means for releasing
      said catch from engagement with said keeper, said means for releasing
      including a bracket movable between locking and releasing positions, said
      bracket having an element engageable with said catch to displace said
      catch from engagement with said keeper and thereby release said yoke when
      said bracket is moved from its locking position to its release position.
NUM  6.
PAR  6. A travel trailer according to claim 5 wherein said latch member is
      configured such that said catch is biased into latching engagement with
      said keeper.
NUM  7.
PAR  7. A travel trailer according to claim 1 which further includes means
      carried by said winch for locking said yoke in said second position.
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ABST
PAL  An adjustable easy chair with variable seat inclination and variable seat
      angle. The chair has a frame, a seat and a back, and a multiple-element
      linkage mounted to the frame on both sides of the seat and back. Each
      linkage has two rockers which extend downwardly from a first coupling
      member supporting the seat of the chair. The lower end portions of the
      rockers are articulated to a second coupling member which is oriented in
      approximately the same direction as the first coupling member. The
      rearward end portion of the second coupling member is articulated to the
      lower end portion of the rocker mounted to the frame and supporting the
      back, and the front end portion of the seat is articulated indirectly to
      the frame of the chair. The linkage is a four-element linkage having two
      rockers of unequal lengths, the front end portion of the first coupling
      member being supported on the frame by the four-element linkage. The point
      of connection of the first coupling member at the linkage is in the region
      of the point of connection of the longer of the rockers, and there is
      abutment means for limiting the pivot angle of the rockers at least in the
      rearward direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an adjustable easy chair with variable
      seat inclination and variable seat angle, of the type which is provided on
      both sides of the seat and back with a multi-element linkage fastened to
      the frame of the chair, the linkages having two rockers extending
      downwardly from a coupling member supporting the seat of the chair. The
      lower end portions of the rockers are articulated to a second coupling
      member oriented in approximately the same direction as the first coupling
      member and the rear end portion of the second coupling member is
      articulated to the lower end portion of the rocker which is mounted in
      permanent connection with the frame of the chair and supports the back of
      the chair. The front end portion of the seat is indirectly articulated to
      the chair frame.
PAR  Aside from such known adjustable chairs in which a change of the seat
      inclination and/or the seat angle causes the seat to travel relatively far
      forward or backward with respect to the frame, there exist adjustable
      chairs in which this drawback is almost completely eliminated.
PAR  In such chairs, which also permit the use of so-called hammer-head
      cushions, a multi-element linkage is suspended on both sides of the seat
      and the back of the chair. Each one of these linkages has two downwardly
      directed rockers which are articulated to the frame and are connected by
      means of a coupling member to form a four-element linkage, the back of the
      chair being fastened to the rearward rocker. The rearward rocker is
      additionally provided with a forwardly directed lever. Moreover, two
      further upwardly directed rockers are articulated to the coupling member
      and are coupled together through the seat. Furthermore, a control element
      engages the rear of the rocker which engages at the seat, this control
      element being cam activated.
PAR  This known adjustable chair, however, has the drawback, inter alia, that
      the cam-type control element is relatively complicated, expensive and
      requires maintenance.
PAR  Moreover, the various preselectable positions of the adjustable chair are
      badly marked. This also applies to such footrests as may be provided,
      which automatically pivot out under the influence of the seat or back when
      the seat and/or the back positions are varied.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the object of the present invention to provide an easy
      chair which overcomes the above drawbacks, and to simplify the control and
      eliminate the need for maintenance as well as to provide possibilities for
      better securing the preselectable seat, back and footrest positions than
      heretofore possible.
PAR  According to the present invention, this is accomplished by providing an
      adjustable easy chair wherein the front end portion of the first coupling
      member is supported at the frame via a four-element linkage having rockers
      of unequal length, the point of connection of the first coupling member at
      the linkage being disposed in the area of the point of connection of the
      longer of the two rockers, there being an abutment which limits at least
      the rearward position of the rockers.
PAR  This has the advantage that no complicated cam controlled devices are
      required.
PAR  Moreover, the easy chair according to the present invention can readily be
      placed into the so-called "television position", although this position
      can be overcome by a displacement of weight of the person in the chair.
PAR  Furthermore, even though the angle of the seat is increased, a foot rest
      can be brought into position by shifting the weight of the person.
PAR  According to one embodiment of the invention, the long rocker of the
      linkage at the front edge of the seat is adjacent the short rocker at the
      rear edge of the seat. Preferably, the coupling member for the four
      elements is articulated to the first coupling member ahead of the point of
      connection of the long rocker of the linkage.
PAR  According to another feature of the present invention, the coupling member
      for the linkage extends, approximately by its length between the
      connection points of the linkage, beyond the point of connection of the
      long rocker and is articulated at its free end to the front end portion of
      the first coupling member.
PAR  According to yet another feature, the coupling member for the linkage is,
      between the points of connection of the rockers, shorter than the long
      rocker of the linkage and longer than the short rocker. Preferably, the
      distance between the points of connection for the rockers of the linkage
      of the frame is greater than the distance between their points of
      connection with their coupling member.
PAR  According to another embodiment of the invention, a pull member is provided
      which limits the seat angle. One end portion of this pull member is
      mounted to the rocker supporting the back of the chair and the other end
      portion is mounted at the rear rocker which connects the first and the
      second coupling members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of an adjustable chair in the
      sitting position.
PAR  FIG. 2 is a longitudinal sectional view of the same chair in the so-called
      "television position" with extended foot rest.
PAR  FIG. 3 is a longitudinal sectional view of the same chair in the reclined
      position.
PAR  FIGS. 4 to 6 are enlarged side elevational views of the parts corresponding
      to the chair positions shown in FIGS. 1 to 3.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An adjusting mechanism incorporating a multiple element linkage is provided
      at both sides of the seat 3 and the back 4 at the two side wings 2 of the
      frame which are permanently connected together by frame portions 1. Each
      one of the two linkages includes two rockers 6 and 7 which are directed
      downwardly from a coupling member 5. The coupling members 5 for both
      linkages are bridged by a carrier 8 on which rests the seat 3.
PAR  The lower end portions of rockers 6 and 7 are articulated to a second
      coupling member 9, the distance of the points of connection 10, 11 from
      one another being greater than the distance between the points of
      connection 12, 13. The rocker 7 is longer than the rocker 6.
PAR  The rearward end portion of the coupling member 9 which protrudes
      rearwardly beyond the point of connection 12 is articulated to a rocker 14
      which is articulated to frame 2 by a connecting member 14a. The back of
      the chair 4 is fastened between rockers 14 of the two linkages.
PAR  The seat 3 is supported, in the region of the front edge and at both sides,
      by a four-element linkage which engages at coupling member 5 in front of
      rocker 6. Each one of these linkages includes a long and a short rocker
      16, 17 whose lower end portions are articulated to frame 2.
PAR  A coupling member 18 is articulated to the upper end portions of rockers
      16, 17. The coupling member 18 extends beyond the point of connection 19
      and is articulated to the coupling member 5.
PAR  A pin-type abutment 20 also protrudes from frame 2 in order to rearwardly
      limit the pivot angle of rocker 16.
PAR  The seat angle is limited by a pull member 21 in the form of a flat rod
      which is articulated to rocker 14 and which is provided at its free end
      with a longitudinal hole 22 which extends in the longitudinal direction
      and acts as the pull member. A pin 23 which extends from rocker 7 coacts
      with the pull member.
PAR  In addition to or instead of this pull member 21, there is provided a
      second abutment 24 which limits the forward swing of the rocker 16. This
      abutment, which is on the frame 2, becomes operative in the reclined
      position of the chair (FIG. 6).
PAR  The rocker 6 extends beyond its point of connection 13 and at its free end
      carries the adjusting members 25 for a foot rest 26.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an adjustable easy chair with variable seat inclination and variable
      seat angle, the chair having a frame, a seat and a backrest; a mechanism
      interconnecting the frame, the seat and the backrest and including, on
      both sides of the seat, a first coupling member extending forwardly from
      the backrest and supporting the seat of the chair and having rear and
      front portions; first and second rockers pivotally attached to the first
      coupling member adjacent the rear and the front portions thereof,
      respectively; the first and second rockers extending downwardly from the
      first coupling member; a second coupling member disposed below and
      extending generally in the same direction as the first coupling member and
      having a rear and a front portion; the first and second rockers being
      articulated to the second coupling member adjacent its rear and front
      portions, respectively; a third rocker on which the backrest is supported
      having a lower end portion at which it is pivoted to the rear portion of
      the second coupling member; the improvement in said mechanism, comprising
      in combination:
PA1  a. connecting means for articulating said third rocker to said frame, said
      connecting means being attached to said third rocker at a distance from
      the articulation between said third rocker and said second coupling
      member;
PA1  b. a third coupling member articulated to said front portion of said first
      coupling member;
PA1  c. a fourth rocker articulated to said third coupling member and to said
      frame;
PA1  d. a fifth rocker articulated to said third coupling member between the
      articulation of said third coupling member to said fourth rocker and to
      said first coupling member, said fifth rocker further being articulated to
      said frame and being longer than said fourth rocker; and
PA1  e. abutment means for limiting the pivot angle of said fourth and fifth
      rockers at least in the rearward direction;
PA1  whereby said first coupling member, together with said seat of the chair
      executes no rearward motion when said third rocker, together with said
      backrest is moved from a substantially upright, sitting position into a
      more inclined, television position.
NUM  2.
PAR  2. Adjustable easy chair as defined in claim 1, wherein said fifth rocker
      is adjacent the front edge of said seat and said fourth rocker is adjacent
      the rear edge of said seat.
NUM  3.
PAR  3. Adjustable easy chair as defined in claim 1, said third coupling member
      being articulated to said first coupling member ahead of the point of
      connection of said fifth rocker.
NUM  4.
PAR  4. Adjustable easy chair as defined in claim 1, wherein said third coupling
      member being, between its points of connection with said fourth and fifth
      rockers, shorter than said fifth rocker and longer than said fourth
      rocker.
NUM  5.
PAR  5. Adjustable easy chair as defined in claim 1, wherein the distance
      between the points of connection at said frame for said fourth and fifth
      rockers is greater than the distance between their points of connection at
      said third coupling member.
NUM  6.
PAR  6. Adjustable easy chair as defined in claim 1, further comprising a pull
      member for limiting the seat angle, one end portion of said pull member
      being mounted at said third rocker and the other end portion being mounted
      at said first rocker.
NUM  7.
PAR  7. Adjustable easy chair as defined in claim 1, wherein the distance
      between the articulations of said third coupling member to said fourth and
      fifth rockers approximately equals the distance between the articulations
      of said third coupling member to said fifth rocker and said first coupling
      member; said third coupling member extending in the forward direction from
      said fourth rocker to the articulation with said first coupling member.
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ABST
PAL  The specification discloses a highly styled yet inexpensive chair in which
      a stretcher is mounted to a base, a pair of spaced side rails are mounted
      to the ends of the stretcher, and formed, plastic supporting seat and back
      are seated on the side rails. Upholstered formed plastic inner seat and
      inner back formed generally to the shape of the supporting seat and back
      respectively, are attached to the formed plastic supporting seat and
      supporting back. The stretcher includes struts having means for securing
      the ends of optional arms thereto whereby the chair can be provided either
      with or without arms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to office furniture chairs, particularly
      those in the lower price category.
PAR  One type of lower priced office furniture chair is that comprised of a boxy
      framework of tubular elements including legs and cross pieces for
      supporting upholstered and cushioned seat and back boards. Arms can be
      provided by extending the front legs up to arm level and providing fore
      and aft cross pieces between the top of the front legs and the upwardly
      projecting back tubes. These chairs, by the nature of their construction,
      are of a simple, straightforward construction and are not highly styled in
      appearance.
PAR  Also, these chairs are too expensive for some purposes since it is
      expensive to upholster and cushion the seat boards. A type of less
      expensive chair which takes advantage of the attractive appearance and
      strength of plastic is the typical stacking chair. Plastic seat and back
      members are placed on some type of frame. Upholstering is not necessary
      due to the fact that plastic can be made fairly attractive. However, such
      stacking chairs are used primarily in institutional environments because
      they do not have a highly styled appearance.
PAR  A third type of chair which can be given a highly styled appearance is the
      sling chair in which upholstery is supported by slinging it between spaced
      side rails. This eliminates the cost of upholstering seat and back boards
      and makes it possible to provide a very highly styled design for the
      chair. One problem with such chairs, however, is that it is expensive to
      assemble the sling arrangement. Accordingly, sling chairs are typically
      more expensive than the basic box framework chair or the stacking chair
      referred to above.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a chair of an inexpensive construction
      which is of such a nature that the chair can be given a highly styled
      appearance. A pair of spaced rails are joined to a centrally located
      spreader which is operably mounted on a base. Formed plastic supporting
      seat and back means are seated on the rails. Formed plastic inner seat and
      back means are provided having a shape conforming generally to the
      configuration of the front of the seat and back and upholstery means are
      provided to cover the front of the inner seat and back means. The
      upholstery is wrapped around the edges of the inner seat and back means.
      The thus covered inner seat and back means are then secured to the
      supporting seat and back means by suitable securing means. By providing a
      stylish configuration to the spaced side rails and by providing a curved,
      sculptured configuration to the plastic supporting seat and back and to
      the plastic inner seat and back, one can give this chair a very highly
      styled configuration. Yet, one can manufacture the chair very economically
      and can sell it in the lower priced chair market to which the popular box
      type frame chain is sold.
PAR  Another styling variation which is facilitated by the present invention is
      that optional arms can be provided. The stretcher includes a central base
      mounting area and spaced fore and aft channel struts projecting outwardly
      from each side thereof. The optional arms include end portions projecting
      inwardly and being received in the channels. Suitable attaching means are
      provided for attaching the end portions to the channel struts.
PAR  These and other objects, features and advantages of the present invention
      will be more fully understood and appreciated by reference to the written
      specification and appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the chair of the present invention with the
      optional arms attached;
PAR  FIG. 2 is a perspective view of the stretcher and side rails of the chair
      with one arm attached;
PAR  FIG. 3 is a bottom plan view of the stretcher and side rails with one arm
      attached;
PAR  FIG. 4 is a perspective view of the chair before the inner seat and back
      have been attached;
PAR  FIG. 5 is a cross-sectional view of the formed plastic seat taken generally
      along plane V--V of FIG. 4;
PAR  FIG. 6 is a fragmentary bottom view of the front left hand corner of the
      chair, that portion being indicated generally by the arrow VI on FIG. 4;
PAR  FIG. 7 is a cross-sectional view of the formed plastic back taken generally
      along plane VII--VII of FIG. 4;
PAR  FIG. 8 is a fragmentary rear view of the upper left hand corner of the
      chair; that fragmentary portion being indicated generally by the arrow
      VIII shown on FIG. 4;
PAR  FIG. 9 is a fragmentary cross-sectional view of the overlapping portions of
      the formed plastic seat and backs taken generally along plane IX--IX of
      FIG. 4;
PAR  FIG. 10 is a fragmentary, rear view of the portions of the seat and back
      which are shown in FIG. 9, said portions being shown separated in FIG. 10;
PAR  FIG. 11 is a generally rear perspective view of the formed plastic inner
      back covered with upholstery;
PAR  FIG. 12 is a generally bottom perspective view of the formed plastic inner
      seat covered with upholstery
PAR  FIG. 13 is a fragmentary elevational view of the rear corner of the inner
      seat with the upholstery covering removed, said area being indicated
      generally by arrow XIII of FIG. 12;
PAR  FIG. 14 is a cross-sectional view of the inner seat assembled on the
      supporting seat, said cross section being taken generally along the plane
      XIV--XIV of FIG. 4;
PAR  FIG. 15 is a cross-sectional view of the inner back with upholstery
      covering fitted over the back, taken generally along plane XV--XV of FIG.
      4;
PAR  FIG. 16 is a fragmentary, cross-sectional view of the upper portion of the
      upholstered inner back taken generally along XVI--XVI of FIG. 4;
PAR  FIG. 17 is a generally perspective view of the chair arm, looking at the
      arm from its chair facing side;
PAR  FIG. 18 is a bottom, fragmentary view showing the central portion of the
      stretcher with the upper portion of the base attached thereto.
PAR  FIG. 19 is a lateral cross-sectional view taken along plane XIX--XIX of
      FIG. 1; and FIG. 20 is a lateral cross-sectional view taken along plane
      XX--XX of FIG. 1
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The chair 1 of the present invention comprises a stretcher 20 operably
      mounted on a base 10 for supporting at its ends a pair of spaced side
      rails (FIGS. 1 and 2). Secured to side rails 30 are a formed plastic
      supporting seat 40 and a formed plastic supporting back 50 (FIGS. 1 and 4)
      each having at its side edges side channels 41 and 51 respectively which
      are seated over side rails 30 (FIGS. 3, 4, 5, 6, 7 and 8). Secured to seat
      40 is a formed plastic inner seat 60 having a configuration comforming
      generally to that of supporting seat 40 and being covered by upholstery
      covering 70 (FIGS. 1 and 14). Secured to back 50 is a formed plastic inner
      back 80 which is covered by back upholstery covering 90 (FIGS. 1 and 15).
      The arms 100 of chair 1 may be optionally attached to the chair by
      securement to stretcher 20 (FIGS. 1 and 3).
PAR  Base 10 is a pedestal type of base having a post 11 with a plurality of
      legs 12 projecting outwardly from generally the bottom thereof and with a
      chair tilter control 13 or other mounting mechanism positioned generally
      at the top of post 11 (FIGS. 1 and 18). Stretcher 20 includes an enlarged,
      generally square shaped central mounting pan 21 to which control 13 is
      fastened by bolts or like fasteners.
PAR  Stretcher 20 is formed of stamped steel.  Projecting outwardly from each
      side of central mounting pan 21 are a front strut 22 and a rear strut 23
      (FIGS. 2, 3 and 18). Bent over along the front of stretcher 20 is a front
      wall 24 which extends downwardly across the front edge of mounting pan 21
      and across the leading edge of both front struts 22. Projecting downwardly
      from the rear edge of stretcher 20 is rear wall 25 which extends along the
      rear edge of mounting pan 21 and along the rear edges of rear struts 23.
      In a similar fashion, a side wall 26 extends downwardly and runs along the
      side edges of mounting pan 21 and extends outwardly along the inside edges
      of front and rear struts 22 and 23 which face each other. All of these
      downwardly depending walls 24, 25 and 26 to help to hide from view the
      control 13 of base 10 and its securement to stretcher 20. Also, the
      downwardly depending walls give added strength to stretcher 20. Finally,
      in extending along struts 22 and 23, these walls give the struts a
      generally downwardly opening channel shaped configuration which
      facilitates the mounting of arms 100 to the struts 22 and 23 of stretcher
      20. Preferably, the front channels 22 and front wall 24 are formed as one
      piece, the rear channels 23 and rear wall 25 are formed as one piece and
      mounting pan 21 is formed as one piece. These three pieces are then welded
      together to form an integral stretcher 20.
PAR  Stretcher 20 also includes an upwardly protruding dome 27 generally in the
      center of mounting pan 21 which leaves clearance space for the top of
      control 13 of base 10. More importantly, dome 27 provides a support for
      supporting seat 40. The distance between the bottom of supporting seat 40
      and the top of dome 27 is about 3/8 inch. It is a sufficiently small
      distance that when a person sits on the chair, supporting seat 40 comes to
      rest on the top of dome 27 before sufficient stress is put on channels 41
      to cause them to upwrap from or, in other words, be pulled off of side
      rails 30. In essence, dome 27 serves as a support so that at least some of
      the load imposed on the chair is transmitted directly axially downwardly
      onto dome 27 and from thence to the column 11 of base 10. This diminishes
      the amount of stress which has to be carried by side rails 30. As a
      result, the need for extensive, complicated fastening between channels 41
      and side rails 30 is minimized. Also, side rails 30 and the struts of
      stretcher 20 can be more economically manufactured. This function and
      further detail of dome 27 are more fully described in copending patent
      application Ser. No. 463,131, invented by Richard H. Baker, filed on even
      date herewith, assigned to the assignee of this application and
      specifically incorporated herein by reference.
PAR  The side rails 30 which are welded to the ends of struts 22 and 23 are
      tubular steel members bent to define a seat supporting portion 31 and a
      back supporting portion 32 (FIG. 2). They can be bent into any of a number
      of different configurations to give the chain a particular aesthetic or
      ornamental appearance.
PAR  Supporting seat 40 is formed by injection molding of a polypropylene
      copolymer (approximately 13% polyethylene). Other plastics and other
      forming methods can be used. Seat 40 should be quite rigid, having a
      thickness of approximately 5/32 inch. When supported on side rails 30,
      supporting seat 40 serves to support a person seated in the chair. While
      the shape of supporting seat 40 is to some extent dictated by comfort
      considerations, the ornamental designer does have some leeway and can
      affect his design theme by varying the shape to be given seat 40,
      particularly at the front, rear and side edge portions.
PAR  The channels 41 wich are formed at each side of seat 40 are raised
      generally with respect to the rest of seat 40 so as to define a well 42
      between the spaced channels 41 (FIG. 5 and 19). It is not essential that
      the entire surface of seat 40 be below the level of the tops of channel 41
      (it will be noticed that seat 40 raises somewhat towards the middle) but
      it is preferable that there be a well-like depression at least in the area
      adjacent the side channels 41. In this manner, when the upholstered inner
      seat 60 is secured to supporting seat 40, its edges will be positioned
      fairly closely adjacent the inside wall of the raised channels 41 and it
      will be more difficult to get underneath the seat upholstery pad 60 and
      pry it upwardly.
PAR  At the underside of seat 40, at each front corner of seat 40, each side
      channel 41 terminates in a recessed pocket 49 into which the forward end
      of side rail 30 extends (FIG. 6). This not only serves to hide the end of
      side rail 30, but also serves to secure supporting seat 40 in place at the
      front of the chair.
PAR  Back 50 is formed by injection molding of a polypropylene copolymer
      (approximately 13% polyethylene). Other plastics and other forming methods
      can be used. Back 50 should be quite rigid, having a thickness of
      approximately 5/32 inch. When supported on side rails 30, supporting back
      50 serves to support a person leaning back in the chair. As with seat 40,
      the shape of supporting back 50 is to some extent controlled by comfort
      considerations. However, the designer has some leeway for purely
      ornamental considerations, particularly along the top, bottom and side
      portions. The channels 51 are formed at each side of back 50 so as to
      define a well 52 between the spaced channels 51 (FIG. 7 and 20). It is not
      essential that the entire surface of back 50 be below the level of the
      tops of channel 51, but it is preferable that there be a well-like
      depression at least in the area adjacent the side channels 51. In this
      manner, when the upholstered inner back 80 is secured to supporting back
      50, its edges will be positioned fairly closely adjacent the inside wall
      of the raised channels 51 and it will be more difficult to get underneath
      the back upholstery pad 80 and pry it upwardly.
PAR  At the backside of back 50, at each top corner of back 50, each side
      channel 51 terminates in a recessed pocket 59 into which the upper end of
      side rail 30 extends (FIG. 8). This not only serves to hide the end of
      side rail 30, but also serves to secure back 50 in place at the back of
      the chair.
PAR  The side channels 41 of set 40 include projecting portions or seat channel
      projections 43 which project rearwardly and upwardly from the rear edge of
      seat 40 towards back 50 (FIGS. 4, 9 and 10). Similarly, the side channels
      51 of back 50 include projecting portions or back channel projections 53
      which project downwardly from the bottom of back 50 towards seat 40.
      Channel projection 43 terminates in a channel shaped flange 44 while
      channel projection 53 terminates in a channel shaped overlying flap 54.
      Flap 54 overlaps flange 44 so that the side channels 41 and 51 meet in
      such a way as to align channel projections 53 and 43 and to define a
      continuous, smooth flowing surface with only a slight line being visible
      at the junction. Once flap 54 is seated over flange 44, a screw is passed
      through a screw hole 54a in the inside of channel projection 53 (FIG. 9),
      above flap 54, and is threaded into underlying side rail 30. Similarly, a
      screw is passed through screw hole 44a in the inside of channel projection
      43 and is threaded into underlying side rail 30. This positively locks
      supporting seat 40 and supporting back 50 in place at their rear and
      bottom respectively so that once the ends of side rails 30 are in place in
      the pockets 49 and 59 of seat 40 and back 50 respectively and once the
      projecting side channel portions 43 and 53 are in their proper overlapping
      condition and secured by screws through holes 54a and 44a, the back 50 and
      seat 40 are firmly secured to side rails 30.
PAR  Seat 40 is rolled over along its front edge 45 and includes three
      integrally molded buttons 47 projecting from its front edge 45 at spaced
      intervals therealong (FIGS. 4 and 14). Projecting from the rear edge 46 of
      seat 40 are three spaced integrally molded tabs 48. In a somewhat similar
      manner, four integrally molded buttons 58 project upwardly at spaced
      intervals from the rolled over top edge 56 of back 50 (FIGS. 4 and 16) and
      three integrally molded buttons 57 project downwardly from the rolled over
      bottom edge 55 of back 50 (FIGS. 4 and 15). These integrally molded
      projecting buttons and tabs facilitate securement of the upholstered inner
      seat 60 and inner back 80 to seat 40 and back 50 respectively.
PAR  Inner seat 60 is preferably injection molded of basically the same plastic
      of which supporting seat 40 and supporting back 50 are made and has a
      thickness of approximately 1/8 inch. It should have sufficient thickness
      and rigidity that it will hold its shape when secured to supporting seat
      40 and such that it will not be bent out of shape when it is covered with
      upholstery covering 70. It is molded to have a configuration conforming
      generally to the configuration of the inside of supporting seat 40 within
      well 42 (FIGS. 5, 12 and 14). Inner seat 60 is approximately as wide as
      the distance between the inwardly facing walls of side channels 41 of
      supporting seat 40. Inner seat 60 is rolled over along its front edge to
      define a front lip 61 and it is turned sharply over along its rear edge to
      define a rear lip 62. Front lip 61 includes three spaced holes 63 there in
      whose positions correspond generally to the front projecting buttoms of
      seat 40. In this manner, inner seat 60 is secured along the front edge of
      supporting seat 40 by snapping the enlarged heads of projecting buttons 47
      through the holes 63 of inner seat 60. Rear lip 62 includes three spaced
      slots 64 (FIGS. 12 and 13) spaced at intervals corresponding to the
      spacing of tabs 48, and each having a length corresponding approximately
      to the width of a tab 48, so that the rear of inner seat 60 is secured in
      place by snapping rear lip 62 over the rear edge 46 of supporting seat 40
      with tabs 48 projecting into slots 64.
PAR  Inner back 80 is similarly molded of basically the same plastic of which
      supporting seat 40 and supporting back 50 are molded and has a thickness
      of approximately 1/8 inch. As with inner seat 60, inner back 80 must have
      sufficient thickness and rigidity to hold its shape during the covering
      process and to hold its shape when secured to supporting back 50. Inner
      back 80 is molded to have a configuration corresponding generally to the
      configuration of the front surface of supporting back 50 in the area of
      the well 52 of back 50 (FIGS. 11 and 15). Inner back 80 is approximately
      as wide as the distance between the inwardly facing walls of side channels
      51 of supporting back 50. Inner back 80 includes a rolled over bottom lip
      81 and a rolled over top lip 82 which fit over the bottom edge 55 and top
      edge 56 of back 50 respectively. Top lip 82 includes four spaced holes 84
      therein which receive the four spaced top projecting buttons 58 of back 50
      and bottom lip 81 includes three spaced bottom holes 83 into which snap
      the heads of bottom buttons 57. FIG. 16 is particularly helpful in
      visualizing the manner in which the enlarged heads of the projecting
      buttons snap into and through the receiving holes. Further details of the
      upholstery system are also set forth in copending application, Ser. No.
      463,191, by Richard H. Baker and Robert C. Clawson, filed on even date
      herewith, assigned to the assignee of this application, and incorporated
      herein by reference.
PAR  Inner seat 60 is covered with an upholstery covering composite 70 which
      includes a layer of cushioning material 71 and suitable upholstery
      material 72 (FIG. 14). The cushioning material is adherred to the top
      surface of inner seat 60 with a suitable adhesive. Similarly, the
      upholstery 72 is adherred to the cushioning material 71 by suitable
      adhesive. Additionally, the upholstery 72 is wrapped around all of the
      edges of inner seat 60 and is attached by adhesive or possibly by other
      fastening means along the upholstery edges to the rear surface of inner
      seat 60. FIG. 12, which is a view of inner seat 60 from the underside, is
      helpful in illustrating the manner in which the upholstery 72 is wrapped
      around the edges of inner seat 60 and adherred to the rear of undersurface
      thereof.
PAR  Back upholstery covering composite 90 is similar and includes a layer of
      cushioning material 91 which is adherred to the front surface of inner
      back 80 and a layer of upholstery 92 which covers cushioning 91.
      Upholstery 92 is wrapped around all of the edges of inner back 80 and is
      attached to the rear surface thereof as above. FIG. 11 is a generally rear
      perspective view of inner back 80 and shows the manner in which upholstery
      92 is wrapped over its edges and adherred to the rear surface thereof.
PAR  Arms 100 of the present chair are an optional attachment (FIGS. 2, 3 and
      17). Each arm 100 is a bar of metal such as cast aluminum, or the like
      which is generally U-shaped in configuration and which includes a forward
      end portion 101 and a rear end portion 102 which project inwardly toward
      the center of the chair, out of the generally vertical plane of the
      remainder of the generally U-shaped arm 100. The forward projecting end
      portion 101 fits snugly into the channel defined by front strut 22 of
      stretcher 20 and the rear end portion 102 fits snugly into the channel
      defined by rear strut 23. Each end portion includes a pair of spaced
      threaded bolt holes 103 therein whereby a suitable bolt fastening can be
      used to secure the end portions 101 and 102 to their respective struts 22
      and 23. It will be noted that matching holes 104 are provided in all of
      the struts to facilitate passing of the bolts through the struts.
PAR  In assembly, the inner seat 60 and inner back 80 are covered with
      cushioning 71 and 91 respectively and upholstery 72 and 92 respectively in
      the manner indicated above. Arms 100 may be added optionally to the struts
      of stretcher 20. The supporting seat 40 and supporting back 50 are then
      secured to the side rails 30 in the manner indicated above and the covered
      inner seat and inner back are secured to the supporting seat and
      supporting back respectively in the manner indicated above. The completed
      assembly is then secured to base 10.
PAR  The completed chair is one which is durable, capable of being highly styled
      and is yet inexpensive. Styling can be significantly effected by either
      adding or leaving off the arms 100. As such, the invention represents a
      highly significant contribution to the office furniture industry.
PAR  Of course, it is understood that the above is merely a preferred embodiment
      of the invention in that various changes and alterations can be made
      without departing from the spirit and broad aspects of the invention as
      set forth in the attached claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A chair comprising: a base; a stretcher operably mounted on said base
      and having one end at one side of said chair and another end at the other
      side of said chair; a pair of spaced side rails, one joined to said one
      end of said stretcher and the other joined to said other end of said
      stretcher, each said side rail being continuous and having a seat
      supporting portion and a back supporting portion; formed, plastic
      supporting seat and back means including an integrally formed, downwardly
      opening channel immediately at each side edge thereof whereby the body
      supporting portions of said supporting seat and back means lies entirely
      between said channels; said supporting seat and back means being operably
      connected to said side rails, with each said channel being seated over one
      of said side rails and generally following the contour of its respective
      side rail as it extends along the seat and back supporting portions of its
      respective side rail whereby said side rails define the contour of said
      chair along its side edges; formed plastic inner seat and back means
      having a shape conforming generally to the front surface of said
      supporting seat and back means; upholstery covering means covering the
      face of said inner seat and back means, said upholstery covering means
      including upholstery wrapped around the edges of said inner seat and back
      means to the rear surface thereof; means securing said inner seat and back
      means to said supporting seat and back means; and said inner seat and back
      means terminating along their side edges short of and adjacent said
      channels whereby the presence of said side rails is accentuated and
      readily apparenet even when said chair is viewed from the front and
      whereby said side rails serve as a visual focal point of said chair.
NUM  2.
PAR  2. The chair of claim 1 comprising: each of said channels being raised
      above the level of the remainder of said supporting seat and back means,
      at least in the portions adjacent said channel, to define a receiving well
      between said channels, said inner seat and back means having dimensions
      such that it fits snugly within said receiving well, between said raised
      channels, whereby one cannot readily pry underneath the side edges of said
      inner seat and back means.
NUM  3.
PAR  3. The chair of claim 2 in which said inner seat and back means includes a
      front lip extending over the front edge of the seat portion of said
      supporting seat and back means and a top lip extending over the top edge
      of the back portion of said supporting seat and back means, whereby one
      cannot readily pry underneath said front lip and said top lip of said
      inner seat and back means.
NUM  4.
PAR  4. The chair of claim 2 in which said supporting seat and back means
      comprises a separate supporting seat and a separate supporting back and
      said inner seat and back means comprises a separate inner seat and a
      separate inner back; said inner seat including a front lip wrapping over
      the front edge of said supporting seat and a back lip wrapping over the
      back edge of said supporting seat whereby one cannot readily pry under the
      front or rear of said inner seat; said inner back including a bottom lip
      extending over the bottom edge of said supporting back and a top lip
      extending over the top lip of said supporting back whereby one cannot
      readily pry under said bottom and top lips of said inner back.
NUM  5.
PAR  5. The chair of claim 1 in which said stretcher includes a large central
      mount operably connected to said base and a front and rear strut
      projecting laterally from each side of said central mount, each said side
      rail being connected to the ends of the said front and rear struts on its
      respective side of said central mount.
NUM  6.
PAR  6. The chair of claim 5 including an arm having two mounting end portions
      projecting inwardly towards the center of said chair from generally the
      bottom of said arm, one of said mounting end portions being secured to the
      forward strut on one side of said chair and the other of said mounting end
      portions being secured to said rear strut; one of said arms being secured
      to each side of said chair.
NUM  7.
PAR  7. The chair of claim 6 in which each of said forward and rear struts
      comprises a downwardly opening channel, said mounting end portions of said
      arm being received in and being hidden in said channel.
NUM  8.
PAR  8. The chair of claim 7 in which said stretcher has a front downwardly
      depending wall and a rear downwardly depending wall to provide strength
      and to provide a surface behind which the operable connection of said base
      to said stretcher is somewhat concealed from view.
NUM  9.
PAR  9. The chair of claim 1 in which said stretcher has a front downwardly
      depending wall and a rear downwardly depending wall to provide strength
      and to provide a surface behind which the operable connection of said base
      to said stretcher is somewhat concealed from view.
NUM  10.
PAR  10. The chair of claim 9 in which each said side rail comprises a bent
      metal tube.
NUM  11.
PAR  11. The chair of claim 1 in which each of said side channels of said
      supporting seat and back means terminates at its forward end in a seat
      pocket and terminates at its upper end in a back pocket; the forward end
      of each said side rail being received in its respective seat pocket and
      the upper end of each said side rail being received in its respective back
      pocket whereby said supporting seat and back means are secured to said
      side rails.
NUM  12.
PAR  12. The chair of claim 11 in which said supporting seat and back means
      comprise a separate supporting seat and a separate supporting back, said
      inner seat and back means comprising a separate inner seat and a separate
      inner back, said inner seat being secured to said supporting seat and said
      inner back being secured to said supporting back; each said side channel
      on said supporting back including a projecting portion projecting
      downwardly from the bottom of said back toward said supporting seat; each
      said side channel of said supporting seat including a projecting portion
      projecting upwardly toward said supporting back; each said supporting back
      side channel projecting portion and said supporting seat side channel
      projecting portion at least meeting; means for securing said projecting
      channel portions to their respective side rails whereby said supporting
      seat and supporting back are held down at said projecting channel portions
      as well as through the engagement of said side rails in said seat and back
      pockets.
NUM  13.
PAR  13. The chair of claim 12 in which said securing means for securing said
      projecting portions to their respective side rails comprises a fastener
      inserted into said side rail.
NUM  14.
PAR  14. The chair of claim 12 in which said inner seat includes a front lip
      extending over the front edge of said supporting seat and a back lip
      extending over the back edge of said supporting seat and said inner back
      includes a bottom lip extending over the bottom edge of said supporting
      back and top lip extending over the top edge of said supporting back.
NUM  15.
PAR  15. A chair comprising: a base, a stretcher operably connected to said
      base; seat and back means operably connected to said stretcher, said
      stretcher being generally visible beneath said seat and back means; said
      stretcher including a central mounting means for operably connecting to
      said base and front and rear struts projecting laterally from each side of
      said central mount; each of said struts having a downwardly opening,
      generally channel shaped cross-sectional configuration; an arm on each
      side of said chair, said arm including a pair of inwardly projecting end
      mounting portions spaced forwardly and rearwardly from one another, the
      forward one of said end mounting portions being received up within said
      forward strut and the rear one of said end mounting portion being received
      up within said rear strut whereby said end mounting portions are generally
      hidden when said chair is viewed from the front or rear; means securing
      each of said end mounting portions to each of said struts; and said
      stretcher having a front downwardly depending wall and a rear downwardly
      depending wall to provide strength and to provide a surface behind which
      the operable connection of said base to said stretcher is somewhat
      concealed from view.
NUM  16.
PAR  16. The chair of claim 15 in which said arm comprises a shaped number
      having a generally U-shaped configuration, the ends of the member
      extending inwardly generally laterally of the general plane of the
      U-shaped portion of said arm, each of said inwardly extending ends
      defining said end mounting portions of said arm.
NUM  17.
PAR  17. The chair of claim 16 in which said means securing said end mounting
      portions to said struts comprise fasteners.
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ABST
PAL  An adjustable deck-chair comprises a frame having two lateral frame
      portions interconnected by a cross-bar. A seat-back assembly is pivotably
      supported by the lateral portions of the frame and is movable between an
      upright position in which the back is substantially perpendicular to the
      seat and a reclined position in which the seat and the back enclose an
      angle approximating 180.degree.. The seat-back assembly is arrested in the
      upright position by a force exerted on the seat by a friction and detent
      member which is pivotably supported on the cross-bar and frictionally and
      wedgingly engages a portion of the seat frame. The lateral portions of the
      frame may be collapsible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to deck-chairs in general, and particularly
      to deck-chairs which are gradually adjustable to assume any selected
      position between an upright position in which the back is substantially
      perpendicular to the seat of the deck-chair, and a reclined position in
      which the seat and the back enclose an angle of approximately 180.degree..
      Even more particularly, the present invention relates to a deck-chair
      whose seat-back assembly is arrestable in the upright position.
PAR  There are already known various constructions of gradually adjustable
      deck-chairs which render possible the adjustment and arrest of the
      seat-back assembly in any desired position between the upright position
      and the reclined position thereof. The purpose of this construction is to
      permit utilization of the deck-chair both as a chair and as a cot.
      However, all of these constructions require utilization of relatively
      complex frames and associated adjusting and arresting mechanisms, so that
      the overall construction of such deck-chair is complicated and the
      manufacturing cost thereof substantial, which is then reflected in the
      price of such a deck-chair. If the price of such a deck-chair is to be
      held in reasonable bounds, the manufacture thereof is economical only if
      large quantities of such deck-chairs are produced in assembly-line
      production. On the other hand, the demand for such chairs is not so high
      as to warrant assembly-line production, and even if the latter is used,
      there are encountered problems with available storage space.
PAR  In addition to the above-discussed disadvantages of the conventional
      deck-chairs, the complexity of the adjusting and arresting mechanisms
      utilized in such chairs brings about various difficulties for the user of
      the chair, particularly if he is unskilled and unfamiliar with handling
      complex mechanisms. This, in turn, results in possibly dangerous
      conditions when the unskilled person improperly adjusts the adjusting and
      arresting mechanism, particularly the danger that the deck-chair may
      collapse while the user occupies the same. Moreover, the provision of
      relatively bulky and unsightly adjusting and arresting mechanisms impairs
      the appearance of the deck-chair, and the various projecting portions of
      such mechanisms may cause injury to the user of the deck-chair,
      particularly during the transport thereof from one location to another
      one.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to avoid the
      disadvantages of the prior art devices.
PAR  More particularly, it is an object of the present invention to provide a
      deck-chair or a similar device which is simple in construction and
      reliable in operation
PAR  It is still another object of the present invention to provide a deck-chair
      which may be easily adjusted and which permits gradual adjustment in any
      position of the seat-back assembly between an upright position thereof in
      which the back expends substantially perpendicularly to the seat and a
      reclined position in which the seat and the back are approximately in the
      same plane.
PAR  It is a concomitant object of the present invention to provide a simple and
      reliable adjusting and arresting mechanism to be used in a deck-chair for
      retaining the seat-back assembly thereof in any desired position.
PAR  It is a further object of the present invention to provide such adjusting
      and arresting mechanism which is simple to operate but reliable
      nevertheless.
PAR  It is yet another object of the present invention to provide a deck-chair
      in which the adjustment of the seat-back assembly may be accomplished by a
      simple transfer of the center of gravity of the occupier of the
      deck-chair.
PAR  It is a further object of the present invention to provide a deck-chair
      which assumes its upright position when the occupier leaves the same and
      is arrested in this position pending a volitional act of the occupier.
PAR  In pursuance of these objects and others which will become apparent
      hereinafter, one feature of the invention resides in providing a
      deck-chair which comprises a frame including two lateral frame portions
      which are interconnected by at least one cross-bar, and a seat-back
      assembly including a seat and a back which are pivotably connected to one
      another and being pivotably supported by the lateral portions of the frame
      so as to be movable between an upright position in which the back encloses
      substantially a right angle with the seat and a reclined position in which
      the seat and the back are located in approximately the same plane. A
      friction and detent member is pivotably supported on the cross-bar and
      engages portions of the frame of the seat so as to arrest the seat-back
      assembly in its upright position and to retard movement of the seat-back
      assembly between the upright and the reclined positions thereof.
PAR  In the currently preferred embodiments of the invention, the frame of the
      seat is provided with at least one bracket which cooperates with the
      friction and detent member in such a manner that when the seat-back
      assembly is being moved between the upright and the reclined position
      thereof, frictional force between the bracket and the friction and detent
      member results in retardation of this movement. In addition thereto, the
      bracket may be provided with a wedge member which engages the friction and
      detent member when the seat-back assembly is in its upright position, so
      that displacement of the seat-back assembly from the upright position into
      any other position requires a substantial, even though not excessive,
      force.
PAR  In the currently preferred embodiment of the invention, the friction and
      detent member is made of rubber or a similar rubber-elastic material, and
      is provided with a passage in which the bracket is partially accommodated.
PAR  A modified embodiment of the invention, which is particularly suitable if
      the deck-chair is to be often transported from one location to another,
      for instance in a car trunk or the like where the available space is
      limited and where it is important that the deck-chair be collapsible so as
      not to take an excessive space, the lateral portions of the frame are each
      composed of two parts which are connected together by means of a clamping
      device which permits dismounting of the connection and movement of the two
      parts of the lateral portions with respect to one another in such a way as
      to minimize the space taken up by the deck-chair. Preferably, the lateral
      frame portions are tubular and the clamping device is of the spreading
      type, that is a device which is inserted into the abutting end portions of
      the cooperating parts of the lateral frame portion and spread therein, so
      that the cooperating parts are held to one another by friction between the
      clamping member and the inner surfaces of the tubular end portions of the
      two cooperating and abutting parts of the lateral portion of the frame.
      Conversely, once the spreading force is discontinued, the two end portions
      of the parts of the lateral portions of the frame may be easily taken
      apart, and the deck-chair may be folded.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a first embodiment of the deck-chair
      according to the invention in its upright position;
PAR  FIG. 2 is a front elevational view of the deck-chair of FIG. 1;
PAR  FIG. 3 is a side elevational view of the deck-chair of FIG. 1 in its
      reclined position;
PAR  FIGS. 4 to 14 illustrate, in partial cross-section, various embodiments of
      the adjusting and arresting mechanism which is used in the deck-chair of
      FIGS. 1 to 3, 15 and 16;
PAR  FIG. 15 is a side elevational view of a second embodiment of the deck-chair
      according to the invention in its upright position;
PAR  FIG. 16 is a side elevational view of the deck-chair of FIG. 15 in its
      folded position;
PAR  FIG. 17 is a view of the detail A of FIG. 15 on an enlarged scale; and
PAR  FIG. 18 is an exploded view of a spreading-type device to be used for
      connecting two distinct parts of the lateral portions of the frame of the
      deck-chair illustrated in FIGS. 15 to 17.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Discussing now the drawing in detail, and firstly FIGS. 1 to 3 thereof, it
      will be seen that these Figures give an overall view of a first embodiment
      of the deck-chair according to the invention. In this context, it is to be
      understood that while the invention is being described as applied in a
      deck-chair, it is not limited to this application but can be utilized in
      other kinds of reclining or convertible chairs, chaise longues or similar
      pieces of furniture or garden or pool accessories.
PAR  The illustrated embodiment of the invention comprises a seat 1 and a back 2
      which are pivotably connected to one another by a pivot or pin 3 so as to
      form a seat-back unit. The seat 1 and the back 2 can either be of unitary
      construction, such as plates of wood, plywood or synthetic plastic
      material or, as illustrated in the drawing, comprise a rigid supporting
      structure or frame and have a system of interwoven straps, a piece of
      cloth or felt connected to the supporting structure and spanning the space
      therebetween; all these expedients are well known in the art and do not
      necessitate further elaboration. In the currently preferred embodiment of
      the invention, a cushion is placed on the seat-back assembly, this cushion
      being shown in dash-dotted lines. If so desired, this cushion can be
      attached to the supporting structure by conventional attachment means.
PAR  The seat-back assembly 1 to 3 is pivotably supported on a frame which, in
      the embodiment illustrated in FIGS. 1 to 3, comprises two lateral portions
      5 which are rigidly connected to one another at least by means of a
      cross-bar 6 so that the two lateral portions 5 and the cross-bar 6 form a
      rigid frame. A pivot 4 connects the back 2 to the two lateral portions 5
      of the frame. There may either be provided two pivots 4, each of which
      pivotably connects the back 2 to one of the lateral portions 5 of the
      frame, or there may be provided only one pivot extending between the two
      lateral portions 5 and rigidly attached thereto, which expedient affords
      the frame increased stability. In the latter case, the back 2 is pivotably
      supported on the through pivot and is free to rotate with respect thereto.
PAR  The seat 1, in addition to being connected to the back 2, is also supported
      on the cross-bar 6 in a manner which will be described later on when
      discussing the other Figures; for the present purposes it is sufficient to
      point out that the seat 1 is free to move in the forward and rearward
      direction of the deck-chair and to tilt within a limited range with
      respect to the cross-bar 6. FIG. 1 shows the deck-chair in its upright
      position, that is the position assumed when the occupant desires to use
      the deck-chair as a chair, while FIG. 3 shows the same deck-chair in its
      reclined position, that is a position which it assumes when used as a cot,
      a bed or the like. The seat-back assembly 1 to 3 may be freely moved
      between these two positions by a simple expedient of shifting the center
      of gravity of the occupant or by his bracing his feet against the ground.
      When the seat-back assembly is to be moved from its upright into its
      reclined position, the center of gravity is shifted rearwardly, so that a
      force is applied to the back 2 forcing the same to move in the clockwise
      direction as shown in the drawings. As a result of this movement of the
      back 2, the seat 1 is pushed in the forward direction --in the drawings
      toward the left--, with simultaneous lifting of the rear end of the seat
      1. The seat-back assembly may be stopped in any desired position beyond
      the upright position, and will remain in this selected position as a
      result of friction as will be described later on. If the center of gravity
      is shifted again to a sufficient extent to overcome the friction, the
      seat-back assembly may be moved to any other desired position, including
      the upright and fully reclined positions.
PAR  The lateral portions 5 of the frame of the currently preferred embodiment
      of the deck-chair as illustrated in FIGS. 1 to 3 are of tubular material
      which is bent so as to provide the desired profile. The lateral portions 5
      may be provided with, and interconnected by, a conventional arm rest which
      is shown in dash-dotted lines.
PAR  The deck-chair is provided with an adjusting and arresting mechanism which
      will now be described in detail with reference to FIGS. 4 to 14 which
      illustrate various embodiments of the mechanism. For the sake of clarity,
      the same or corresponding parts of the mechanism have been assigned the
      same reference numerals throughout. The adjusting and arresting mechanism
      includes a friction and detent member 7 which is freely rotatably
      supported on the cross-bar 6 and which may be made of natural or synthetic
      rubber or other natural or synthetic plastic material. What is important
      is that the material of the friction and detent member have pronounced
      frictional properties and be elastically yieldable to at least some
      extent. Such materials are well known in the art.
PAR  The friction and detent member 7 cooperates with a bracket 8 which is
      attached to the seat 1 by any suitable attachment means, such as screws,
      bolts, welding, soldering and so on, and possibly also with the structure
      of the seat 1 itself. The mode of cooperation will be discussed in
      connection with the various embodiments of the friction and detent
      mechanism; it is only to be pointed out that in the embodiments
      illustrated in FIGS. 4 to 13, the bracket 8 extends through a passage 71
      provided in the friction and detent member 7.
PAR  The brackets 8 which are illustrated in FIGS. 1, 3, 4 and 6 to 14 are so
      configurated that the distance between the seat 1 and the bracket 8
      increases in the rearward direction of the deck-chair, that is toward the
      right as shown in the drawings. In other words, the operative portion of
      the bracket 8 encloses an acute angle with the seat 1, so that the
      distance between the corresponding portions of the seat 1 on one hand and
      the bracket 8 on the other hand increases in the rearward direction. Thus,
      when the seat-back assembly is moved from its upright position toward the
      fully reclined position thereof, not only does the seat 1 move forwardly,
      but the portion thereof which is supported on the cross-bar 6 via the
      friction and detent member 7 and the bracket 8 is also lifted. This, of
      course, is in addition to the lifting of the rear end of the seat 1 which
      results from the circular motion of the pivots 3 about the pivot or pivots
      4. As a result of this expedient, the seat 1 is slightly inclined
      downwardly and rearwardly when the seat-back assembly is in its upright
      position, while, when the seat-back assembly assumes its fully reclined
      position, at least the seat 1 extends substantially horizontally. Of
      course, in all these explanations, it is assumed that the deck-chair is
      situated on a level ground so that the lower portions of the lateral
      portions 5 of the frame (FIGS. 1 to 3) and the cross-bar 6 extend
      substantially horizontally which, incidentally, is the suggested position
      in which the deck-chair is to be utilized. The advantage of this
      arrangement is that it affords the occupier a comfortable accommodation in
      both the upright and the fully reclined positions and also in any
      intermediate position.
PAR  Contrarily thereto, the embodiment illustrated in FIG. 5 includes a bracket
      8 whose operative portion extends in parallel to the seat 1. If the same
      advantages as in the previous embodiments are to be achieved, the pivot 4
      has to be located at substantially the same level as the cross-bar 6. In
      this embodiment, the front portion of the seat 1 only slides with respect
      to the cross-bar 6 without being lifted with respect thereto, while the
      rear part is being lifted due to the fact that the pivot 3 conducts
      circular movement about the pivot 4 as the seat-back assembly is being
      moved towards the fully reclined position thereof.
PAR  Advantageously, in all of the above-mentioned embodiments, the seat-back
      assembly, when in its fully reclined position, assumes a horizontal plane,
      or at least substantially so.
PAR  As already mentioned, the bracket 8 is accommodated in the passage 71 of
      the friction and detent member 7. At least when the deck-chair is being
      occupied, there exists a frictional force between the bracket 8 and the
      surfaces delimiting the passage 71 of the friction and detent member 7,
      the magnitude of the frictional force being directly proportional to the
      force with which the bracket 8 is pressed against the afore-mentioned
      surfaces of the member 7. The frictional force is of such a magnitude as
      to prevent unintentional movement of the seat-back assembly, but also
      sufficiently small as to be easily overcome when the occupier purposely
      transfers his center of gravity with the intention to change the position
      of the seat-back assembly. As a result of this, the frictional force
      retains the seat-back assembly in any selected position until the occupier
      decides to change the position thereof.
PAR  When the occupier of the deck-chair decides to leave the same, he has to
      move the center of gravity of his body forwardly, which results in an
      automatic movement of the seat-back assembly into the upright position,
      that is the seat 1 moves rearwardly and the back 2 in the counterclockwise
      direction. In order that, after the occupier has left the seat, the
      seat-back assembly does not assume any other than the upright position
      thereof, there are provided means for retention of the seat-back assembly
      in its upright position, which means will now be described with reference
      to the various embodiments of the adjusting and arresting mechanism as
      illustrated in the various Figures.
PAR  In the embodiments illustrated in FIGS. 4 and 5, the brackets 8 are
      preferably made of flat steel strips, and they are provided with tongues
      81 which are bent out of the plane of the operative portion of the bracket
      8, the operative portion in this and other embodiments being that portion
      which cooperates with the surfaces of the member 7 which define the
      passage 71 therein. The tongues 81 are preferably partially punched out of
      the strip-shaped bracket 8 and form a wedge. Advantageously, the passage
      71 has a corresponding wedge-shaped configuration. When the occupier is in
      the act of leaving the deck-chair and standing up, the center of gravity
      of his body moves in the forward direction which results in rearward
      movement of the seat 1 --that is to the right in the drawings--, until the
      seat-back assembly assumes the upright position thereof. As a result of
      this movement, the tongues 81 of the brackets 8 enter the wedge-shaped
      passages 71 of the friction and detent member 7, and the material of the
      member 7 and/or the tongues 71 are elastically deformed to such an extent
      that the bracket 8 is arrested in this position by friction between the
      surfaces thereof and the tongues 81 and the surfaces bounding the passage
      71 of the member 7. Once the deck-chair is again occupied, this frictional
      force may be volitionally and intentionally overcome by transferring the
      center of gravity of the body of the occupier. It is evident that this
      retention of the seat-back assembly in the upright position thereof can
      also be obtained by other means. So, for instance, in the embodiment
      illustrated in FIG. 6, a leaf spring 9 is connected to the friction and
      detent member 7, whose free end has a substantially semiannular
      configuration. The bracket 8 is provided with a recess 82, and when the
      seat-back assembly assumes its upright position, the free end of the leaf
      spring 9 enters the recess 82 and is retained therein, so that the
      seat-back assembly is prevented from leaving its upright position.
PAR  FIG. 7 shows a different embodiment of the adjusting and arresting
      mechanism, in which a separate tongue 10 is provided which is attached to
      the bracket 8 and is provided, at one of its ends, with a semi-annular
      projection. When the seat-back assembly is moved into its upright
      position, that is when the seat 1 and the bracket 8 move toward the right
      in the drawings, the projection of the tongue 10 enters the passage 71 and
      deforms the walls bounding this passage, thus arresting the seat-back
      assembly in its upright position.
PAR  In the embodiment illustrated in FIG. 8, the seat-back assembly is retained
      in its upright position in such a manner that a recess 82 is provided in
      the forward end portion of the bracket 8, and that a biconvex rubber or
      synthetic plastic body 11 is accommodated in the recess 82 and attached to
      the bracket 8. During the movement of the seat-back assembly into its
      upright position, the bracket 8 moves toward the right as seen in the
      drawing until the body 11 enters the passage 71 of the friction and detent
      member 7 and the bracket 8 and thus the seat-back assembly is arrested in
      this position due to the friction between the body 11 and the surfaces
      bounding the passage 71 of the member 7.
PAR  In the embodiment illustrated in FIG. 9, the friction and detent member 7
      is provided on its upper side with a recess 72. In addition thereto, a
      ball-shaped pin 12 is mounted in a vertical bore provided in the seat 1
      and biased in the downward direction as shown in the drawing. When the
      seat 1 is moved toward the right, that is into the upright position of the
      seat-back assembly, the pin 12 enters the recess 72 and prevents movement
      of the seat-back assembly out of its upright position until sufficient
      force is exerted on the seat 1 to overcome the resilient deformation of
      the member 7 and/or the biasing force acting upon the ball-shaped pin 12.
PAR  In the embodiment of FIG. 10, a flat, convexly configurated body 13 of
      rubber or synthetic plastic material is attached to the lower surface of
      the bracket 8. Here, the body 13 is located to the other side of the
      friction and detent member 7 than the bodies or tongues of the other
      embodiments. The dimensions of the body 13 are such as to permit passage
      of the body 13 through the passage 71 of the member 7 after overcoming the
      friction between the surfaces bounding the passage 71 of the member 7 and
      the surface of the body 13. So, when the seat 1 and the associated bracket
      8 are moved to the right due to the movement of the seat-back assembly
      into the upright position thereof, the body 13 enters into and passes
      through the passage 71 of the member 7 until it emerges on the other side
      thereof, that is it assumes the illustrated position. Once this happens,
      the seat-back assembly can be displaced out of its upright position only
      by overcoming the friction force between the member 7 and the body 13.
PAR  According to the embodiment illustrated in FIG. 11, the friction and detent
      member 7 is provided on its upwardly directed side with a rib 73, and a
      member 14 is attached to the lower side of the seat 1 and has a portion
      which contacts the rib 73 of the member 7 as the seat 1 moves to the
      right, that is in the direction of the upright position of the seat-back
      assembly, or vice versa. Thus, when the seat 1 moves to right, shortly
      before the upright position of the seat-back assembly is reached, the
      projecting portion of the member 14 contacts the rib 73 and further
      movement is only possible when one or both of the projecting portions of
      the member 14 and rib 73 of the member 7 are deflected so as to permit the
      passage of the member 14 beyond the member 7. Once in this position, that
      is in the upright position of the seat-back assembly, a sufficient force
      is needed to again deflect one or both of the projecting portions of the
      members 14 and 7, respectively. Thus, the seat-back assembly is
      effectively arrested in its upright position. It is also possible, by
      appropriately shaping and dimensioning the projecting portions of the
      member 14 and 7, as illustrated in FIG. 11 to achieve a situation in which
      larger force is needed for overcoming the force of deflection when the
      seat 1 moves in one direction than in the opposite direction.
PAR  A further embodiment of the adjusting and arresting mechanism according to
      the invention is shown in FIGS. 12 and 13. The friction and detent member
      7a of this embodiment is provided with two elastic projections 74 which
      are located mirror-symmetrically to the two sides of the member 7. A
      projection 75 is provided in the passage 71 of the member 7 approximately
      midway of the two opposite sides of the member 7. The bracket 8 of this
      embodiment is provided with a succession of holes 83. When the deck-chair
      is unoccupied, the projections 74 force the bracket 8 upwardly, so that
      the projection 75 enters a selected one of the successive holes 83
      corresponding to the instantaneous position of the seat-back assembly.
      However, once the seat is occupied, the weight of the occupant forces the
      seat 1 and thus the bracket 8 downwardly, so that the projection 75
      emerges out of the respective hole 83 and the projections 74 are
      elastically deformed. Thus, when the seat is occupied, the only force
      retarding or preventing the movement of the seat-back assembly is the
      friction force between the bracket 8 and the contacting surfaces bounding
      the passage 71 and of the projections 74, any action of the projection 75
      being discontinued. Thus, the force which is necessary to bring about the
      movement of the seat-back assembly is always the same regardless of the
      instantaneous position of the seat-back assembly, while in the other
      embodiments a larger force is needed for bringing the seat-back assembly
      out of its upright position, while a smaller force is needed for moving
      the seat-back assembly between an intermediate and fully reclined position
      or between two intermediate positions. It is to be pointed out that, when
      the projection 75 and the respective hole 83 are perfectly aligned, the
      projection 75 enters the hole 83 immediately upon the occupant's leaving
      the chair, while only a slight movement of the seat-back assembly is
      necessary for the projection 75 to enter the hole 83 when the projection
      75 is not aligned with any of the holes 83, due to the relatively small
      distance between any two adjacent holes 83. This is further aided by the
      fact that the holes 83 may diverge in the upward direction of the bracket
      8. Herein, FIG. 12 shows the mechanism in the position it assumes when the
      deck-chair is occupied or when force is exerted on the seat 1, while FIG.
      13 shows the same mechanism in its arresting position. It is evident that
      in this embodiment the seat-back assembly may be arrested in any desired
      position, not only in the upright position thereof.
PAR  Still another embodiment of the adjusting and arresting mechanism according
      to the invention is illustrated in FIG. 14. In this embodiment a simple
      upper roller 7b of rubber or elastic synthetic plastic material and a
      similar lower roller 7c are rotatably supported on the cross-bar 6 of the
      frame of the deck-chair, and serve as support rollers for the seat 1,
      particularly for the seat supporting structure. A wave-shaped bracket 8b
      of flat steel strip material is connected to the seat 1 and is situated
      downwardly of the roller 7b and thus of the cross-bar 6. In this manner,
      the cross-bar 6 and the roller 7b rotatably supported thereon are
      prevented from leaving the region defined by the seat 1 and the bracket
      8b. The forward --in the drawing the left-- portion of the bracket 8b
      extends in parallelism with the seat 1 and has a distance therefrom which
      is smaller than the diameter of the roller 7b. When the seat and the
      bracket are moved to the right in the drawing, that is in the rearward
      direction of the deck-chair --which movement ensues when the seat-back
      assembly is moved into its upright position, the roller 7b enters the
      relatively narrow gap between the bracket 8b and the seat 1, whose
      dimension is smaller than the outer diameter of the roller 7b, so that the
      roller 7b is deformed causing a marked increase in the frictional force
      between the roller 7b and the surfaces of the elements 8b and 1 bounding
      the gap. Thus, the seat-back assembly is securely retained in its upward
      position until sufficient force is exerted upon the same to overcome this
      frictional force. Moreover, the wave-shaped configuration of the bracket
      8b cooperating with the rollers 7b and 7c renders possible to hold the
      seat-back assembly in a plurality of intermediate positions, should this
      be necessary or desired.
PAR  It is to be understood that while only one adjusting and arresting
      mechanism has been described, it will be advantageous to arrange one such
      mechanism to each side of the deck-chair, that is in its region adjacent
      to the lateral portions 5 of the frame. This expedient provides for a
      better distribution of forces and stresses and improves the overall
      stability and operation of the deck-chair.
PAR  The aforementioned adjusting and arresting mechanism is also suitable for
      utilization in other types of chairs. So, for instance, FIGS. 15 and 16
      show a different deck-chair in which the mechanism can find useful
      application. The deck-chair according to this embodiment of the invention
      is collapsible, that is it may be folded if so desired in order to reduce
      the amount of space taken up by the deck-chair for the purposes of
      storage, transportation or the like. The lateral portions of the frame of
      this deck-chair consist of two sections 15 and 16 each or, alternatively,
      as shown in the drawings, the two corresponding sections 15, preferably of
      tubular cross-section, and the two corresponding sections 16 are connected
      by, or made in one piece with, transverse bars so that each of the
      sections 15 and 16, respectively, has an approximately U-shaped
      configuration. The sections 15 and 16 are pivotably interconnected by a
      through pin or two separate pins 17 to each side of the deck-chair.
      Preferably, the sections 15 and 16 are curved. A connecting section 18 is
      pivotably connected to the section 16 by the pivot 4 which also pivotably
      connects the seat-back assembly to the section 16. A cushion --shown in
      dash-dotted lines-- may be provided on and attached to the seat-back
      assembly 1 to 3, and similarly represented arm rest may be attached to the
      connecting section 18 in any conventional manner.
PAR  The connecting section 18 is so configurated that, when the deck-chair is
      in its position illustrated in FIG. 15, that is in the assembled position,
      the free end of the connecting portion bluntly abuts the free end of the
      section 15. Preferably, these bluntly abutting ends of the sections 15 and
      18 are rigidly but dismountably interconnected by means of a spreading
      device.
PAR  A spreading device which is particularly suitable for the present purpose
      is illustrated in FIGS. 17 and 18, and comprises two spreading elements 19
      and 20 of substantially semi-cylindrical configuration, which may be of
      metallic or synthetic plastic material. An internal thread 21 is provided
      in the spreading element 19 centrally thereof, and is adapted for
      accepting a screw 22 which is accessible from the exterior of the
      deck-chair. Preferably, the head 22a of the screw 22 is provided with a
      hexagonal recess 22b for accepting a tightening tool. The bluntly abutting
      ends of the sections 15 and 18 are provided with semi-circular cutouts 23
      and 24 for permitting unobstructed passage of the stem of the screw 22
      therethrough.
PAR  When the deck-chair is to be assembled, it is merely necessary to insert
      the spreading elements 19 and 20 into the tubular end portions of the
      sections 15 and 18 in such a manner that the head 22a of the screw 22 is
      accommodated in the cutouts 23 and 24. Subsequently thereto, the screw 22
      is tightened, that is rotated in such a sense that the free end of the
      screw 22 abuts against the element 20 and thus spreads the elements 19 and
      20 apart until sufficient friction force is achieved between the outer
      surfaces of the spreading elements 19 and 20 and the inner surfaces of the
      tubular end portions of the sections 15 and 18 to prevent unintentional
      dislodging of the spreading device or disassembly of the connection formed
      thereby. The advantage of this particular connecting arrangement is that
      when the deck-chair is assembled, only the relatively small heads 22a of
      the screws 22 are visible and accessible from the outside of the
      deck-chair, so that the appearance of the latter is not impaired.
PAR  When the deck-chair is to be folded, that is when it is to be brought into
      the position illustrated in FIG. 16, it is only necessary to slightly
      loosen the screws 22 so as to eliminate the friction between the spreading
      elements 19 and 20 and the end portions of the sections 15 and 18,
      whereupon the sections 15 and 18 are taken apart and the deck-chair folded
      so that the space requirement for storing and/or transporting the
      deck-chair is significantly reduced.
PAR  It is to be understood that in all other respects the deck-chair according
      to the second embodiment thereof is similar to the first embodiment of the
      deck-chair, including the possibility to move the seat-back assembly
      between the upright and the reclined positions thereof and to arrest the
      same in the former position.
PAR  The deck-chair of the present invention is particularly suitable for
      campoing purposes because of the wide range of application thereof. It is
      to be noted that this deck-chair can be easily adapted to serve as a cot
      or foldable bed by the simple expedient of providing conventional means
      for arresting the seat-back assembly in its fully reclined position.
PAR  It will be understood that each of the elments described above, or two or
      more together, may also find a useful application in other types of
      furniture or garden equipment differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      deck-chair, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. An adjustable deck-chair, comprising a frame having an elongated
      cross-bar; a seat-back assembly including a back pivoted on said frame and
      a seat pivotably connected to said back; and supporting means for
      supporting said seat on said cross-bar for movement between a forward and
      a retracted position, said supporting means including a friction and
      detent member pivotably mounted on said cross-bar for angular displacement
      about the same and having a passage extending transversely of the
      elongation of said cross-bar and offset therefrom, and a bracket connected
      to said seat underneath the same and slidably received in said passage in
      frictional contact with the surface bounding said passage for arresting of
      said seat in and intermediate said positions thereof.
NUM  2.
PAR  2. A deck-chair as defined in claim 1, wherein said back is pivoted on said
      frame for movement between an upright orientation assumed when said seat
      is in said retracted position, and a substantially horizontal orientation
      assumed when said seat is in said forward position.
NUM  3.
PAR  3. A deck-chair as defined in claim 1, wherein said seat has a rear end
      pivotably connected to said back, said bracket extending in the front-rear
      direction of said seat; and wherein said bracket is provided in the region
      of its forward end with a tongue emerging out of the bracket so as to form
      a wedge therewith, and received in said passage when said seat is in its
      retracted position to arrest said seat in such position.
NUM  4.
PAR  4. A deck-chair as defined in claim 1, wherein said frame includes a pair
      of lateral portions interconnected by said cross-bar; and wherein each of
      said lateral portions includes a plurality of interconnected sections.
NUM  5.
PAR  5. A deck-chair as defined in claim 1, wherein said friction and detent
      member is of elastic material.
NUM  6.
PAR  6. A deck-chair as defined in claim 1, wherein said seat has a rear end
      pivotably connected to said back; and wherein said bracket encloses with
      said seat an acute angle diverging in the rearward direction thereof.
NUM  7.
PAR  7. A deck-chair as defined in claim 3, wherein said wedge formed by said
      bracket and said tongue diverges in the forward direction of said bracket.
NUM  8.
PAR  8. A deck-chair as defined in claim 1, further comprising a leaf spring
      attached to said friction and detent member and having a substantially
      semi-annular free end portion emerging out of said friction and detent
      member; and wherein said bracket is provided with a recess adapted to
      accept said free end portion of said leaf spring when said seat is in its
      retracted position.
NUM  9.
PAR  9. A deck-chair as defined in claim 1, wherein said bracket is provided
      with an enlarged portion which at least partially enters said passage when
      said seat approaches said retracted position thereof.
NUM  10.
PAR  10. A deck-chair as defined in claim 9, wherein said enlarged portion is a
      spring attached to said bracket.
NUM  11.
PAR  11. A deck-chair as defined in claim 9, wherein said bracket is provided
      with a recess adapted to accept a biconvex resiliently yieldable element
      forming said enlarged portion of said bracket.
NUM  12.
PAR  12. A deck-chair as defined in claim 9, wherein said enlarged portion is
      formed by a flat convex element of resiliently yieldable material attached
      to said bracket. retracted
NUM  13.
PAR  13. A deck-chair as defined in claim 1, said friction and detent member
      having an upper side provided with a recess; and further comprising a
      ball-shaped pin biased in the downward direction of said seat and adapted
      to be accepted in said recess when said seat is in said reatracted
      position thereof.
NUM  14.
PAR  14. A deck-chair as defined in claim 1, further comprising a retaining
      member attached to said seat and having a projection extending downwardly
      and moving in a path as said seat moves between said positions thereof;
      and wherein said friction and detent member has an upwardly directed side
      provided with a rib extending into said path.
NUM  15.
PAR  15. A deck-chair as defined in claim 1, wherein said bracket has a forward
      end portion extending parallel to said seat at a predetermined distance;
      and wherein said friction and detent member is a roller having a diameter
      larger than said predetermined distance and accepted between said forward
      end portion and said seat when said seat is in its retracted position.
NUM  16.
PAR  16. A deck-chair as defined in claim 15, said bracket having a wave-shaped
      configuration.
NUM  17.
PAR  17. A deck-chair as defined in claim 4, wherein each of said lateral
      portions includes an arm-rest section and two pivotably interconnected
      support sections, said arm-rest section being pivotably attached to one of
      said support sections and dismountably connected to the other support
      section.
NUM  18.
PAR  18. A deck-chair as defined in claim 17, said arm-rest section having a
      first free end and said other support section having a second free end,
      each of said free ends being provided with a cylindrical cavity and having
      end faces adapted to bluntly abut one another; and further comprising a
      spreading device inserted into said cylindrical cavities and comprising
      two spreadable portions frictionally engaging the surfaces bounding said
      cavities and preventing mutual displacement of said free ends upon
      spreading of said portions of said spreading device.
NUM  19.
PAR  19. An adjustable deck-chair, comprising a seat-back assembly including a
      seat and a back pivotably connected to one another; a frame including a
      first and a second support section, two arm-rest sections and a cross-bar
      connecting two laterally spaced portions of said first support section; a
      pivot pivotably connecting said back to said second support section and
      said arm-rest sections to said second support section, said back and said
      arm-rest sections being movable independently of one another; adjusting
      means connecting said seat to said cross-bar with freedom of movement in a
      limited range; and a spreading device connecting the respective one of
      said arm rest sections to the associated lateral portion of said first
      support section.
PATN
WKU  039470709
SRC  5
APN  5366232
APT  1
ART  311
APD  19741226
TTL  Bicycle wheel reflector
ISD  19760330
NCL  25
ECL  1
EXA  Keen; D. W.
EXP  Knowles; Allen N.
NDR  1
NFG  6
INVT
NAM  Brilando; Frank P.
CTY  Niles
STA  IL
INVT
NAM  Heenan; Sidney A.
CTY  Park Ridge
STA  IL
INVT
NAM  Schwinn; Rudolph L.
CTY  Niles
STA  IL
INVT
NAM  Waxman; Jay S.
CTY  Skokie
STA  IL
ASSG
NAM  Schwinn Bicycle Company
CTY  Chicago
STA  IL
COD  02
RLAP
COD  71
APN  488288
APD  19740715
PSC  03
CLAS
OCL  301 37SA
XCL   40129B
XCL  301 37R
EDF  2
ICL  B60B  700
FSC  301
FSS  37 R;37 SA
FSC   40
FSS  129 B
UREF
PNO  2621081
ISD  19521200
NAM  Mann
OCL  301 37SA
UREF
PNO  3834765
ISD  19740900
NAM  Trimble
OCL  301 37R
ABST
PAL  A bicycle wheel assembly having a safety reflector stably supported between
      three adjacent spokes parallel to the plane of rotation of the wheel. The
      reflector has a flat body with retroreflective surfaces on opposite side
      portions and may, as in the embodiment illustrated, have margins curved to
      fit the contour of the wheel rim. One of the side portions has a
      spoke-receiving groove for receiving and fastening to the middle one of
      the three adjacent spokes. The reflector is positioned in a V-shaped cage
      defined by the spokes and rim in such a way that the grooved surface of
      the reflector abuts against a selected spoke. Further, the groove is
      diagonal in two directions to match the standard, non-radial inclination
      of the spoke. In the embodiment which is illustrated in the drawings for
      standard 27 inch wheels, the groove is inclined 7.degree. from the plane
      of rotation and 5.degree. from a radial line in that plane of rotation and
      the outer margin is curved along a 121/4  inch radius arc. With these
      specific dimensions, the reflector may be assembled on a 27 inch wheel
      with the outer margin abutting the ends of the nipples for the three
      spokes involved. For other sizes of wheels, the outer margin will be
      symmetrical, that is, its ends will be equally spaced, with respect to the
      wheel rim. The reflector is held in place by a single bolt extending
      through the body. The bolt is threadedly engaged with a clamp having a
      flange with a spoke-receiving recess aligned with the spoke-receiving
      groove in the body. This holds the reflector firmly on the middle spoke
      while preventing rotation about that spoke by wedging engagement with the
      two adjacent spokes. The opposite retroreflective surfaces are thereby
      maintained upright and parallel to the plane of rotation and therefore,
      retroreflect light effectively and uniformly to cross traffic in both
      directions.
PARN
PAR  This application is a continuation of Ser. No. 488,288 filed July 15, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of art to which the invention pertains is that of bicycle wheel
      reflectors in U.S. Patent Office Classification 301/37R.
PAR  Reflectors having opposite side reflecting surfaces are desirable on
      bicycle wheels so the headlights of cross traffic can readily detect a
      cyclist by retroreflection from a motor vehicle's headlights.
PAR  Many conventional bicycle wheel reflectors have simple bolt or screw
      connections to the spokes. However, because these spokes are non-radially
      and diagonally disposed relative to the wheel plane of rotation, and the
      mounting means do not take this into account, the conventional reflectors
      as assembled on the wheels are angularly disposed. For example, see Fike
      U.S. Pat. No. 2,344,542, Lindner U.S. Pat. No. 3,781,082 and Kennedy U.S.
      Pat. No. 3,820,852. One disadvantage of this angular disposition is that
      they do not retroreflect light uniformly to both sides. And the angular
      disposition on the wheel detracts from the appearance.
PAR  A preferred disposition would be for the reflector to be mounted upright on
      the wheel, that is with the opposite reflecting surfaces parallel to the
      plane of rotation. This would retroreflect light uniformly to both sides
      and would provide improved appearance. The reflector preferably should be
      between the spokes to provide maximum protection for it. And it should be
      easily attachable with a minimum of tools and effort to encourage
      widespread use.
PAR  One example of a design for an upright bicycle wheel reflector is shown in
      Lindner U.S. Pat. No. 3,809,434; it utilizes a pair of mounting brackets
      welded to the inside of the rim between a pair of adjacent spokes. This
      would not be practical for the vast majority of cyclists who have neither
      welding equipment nor skill.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An important object of the present invention is to provide an improved
      bicycle wheel reflector which can be easily and permanently mounted by
      anyone without special tools.
PAR  Another object is to provide such a bicycle wheel reflector which can be
      mounted between the spokes with opposite retroreflective surfaces parallel
      to the plane of rotation for equal light reflecting ability to both sides.
PAR  Another object is to provide a bicycle wheel reflector mounted between
      three adjacent spokes with the reflector fastened to the middle one of the
      three spokes and having the middle of one side wedged against that middle
      spoke while the ends of the opposite side are respectively wedged against
      the other two spokes to hold it stably in position in the cage like area
      between the spokes.
PAR  An important feature of the present invention is that the body of the
      bicycle wheel reflector has a diagonal spoke receiving recess in one side
      matching the inclination of the spoke to which it is attached in
      directions both parallel to and perpendicular to the wheel plane of
      rotation so the opposite reflecting surfaces will be upright in use and
      both surfaces will be parallel to the plane of rotation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will be apparent from the following
      description taken in connection with the drawings in which:
PAR  FIG. 1 is a fragmentary perspective view of a bicycle wheel assembly
      including a reflector illustrating a preferred form of the present
      invention;
PAR  FIG. 2 is an enlarged fragmentary side view of FIG. 1;
PAR  FIG. 3 is an end view of FIG. 2 as seen in the direction of the arrows
      3--3;
PAR  FIG. 4 is a fragmentary enlarged view of FIG. 2 showing only a portion of
      the reflector and with all other parts removed;
PAR  FIG. 5 is an upright cross-sectional view of FIG. 4 taken along the lines
      5--5; and
PAR  FIG. 6 is a fragmentary view of FIG. 5 as seen in the direction of arrows
      6--6.
PAR  Like parts are referred to by like reference characters throughout the
      figures.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The wheel assembly is generally designated 20. This includes a standard
      bicycle wheel 22 and the improved bicycle wheel reflector 24.
PAR  The wheel 22 has a rim 26 which may for the purposes of the present
      description be considered a standard 27 inch rim; a hub 28; and spokes
      connected between the rim and hub. The spokes are arranged in two sets,
      namely a first set L and a second set R (FIGS. 1 and 3), connected
      alternately between the rim and opposite ends of the hub. The arrangement
      of spokes L and R, as just described, defines a spoke cage 37 (FIG. 3),
      which is generally V-shaped when viewed in a plane perpendicular to the
      wheel plane 34 which is generally normal to the pavement when the bicycle
      is ridden. The drawing illustrates spokes 30a, 30b and 30c in set R; and
      32a, 32b, 32c and 32d in set L.
PAR  The sets of first and second spokes are arranged in a standard diagonal
      pattern, all alike, except that half of them are canted toward one end of
      the hub 28 and half of them are canted toward the other end of the hub, as
      shown for example in FIG. 3. Specifically, referring to spoke 30b, this is
      inclined at approximately 7.degree. with respect to the plane of rotation
      of the wheel designated 34 in FIG. 3; and 5.degree. with respect to a
      radial line 36 as shown in FIG. 2. It will be understood that this radial
      line 36 is considered to be in the plane of rotation 34, or in a plane
      parallel to it, and it extends radially from the axis X--X of hub 28.
PAR  Referring now to the improved bicycle wheel reflector 24, it comprises a
      curved, elongated, plate-like body of generally flat configuration and
      made of molded plastics or other suitable material. In the example
      illustrated it is generally in the shape of a segment of an annulus. It
      has a length greater than the arcuate distance between adjacent first
      spokes L in the general region of the rim to be mountable in the V-shaped
      cage described. Specifically, in the embodiment illustrated the length of
      the reflector is approximately equal to the arcuate distance between the
      outer ends of four successive spokes L and R. "Plexiglas" or "Lucite"
      brands of clear or colored polymerized methyl methacrylate are suitable.
      The body 38 may be molded in two portions 38a and 38b continuously welded
      together by ultrasonic equipment or otherwise suitably fused or adhered
      together along their peripheries as shown in FIG. 5. Such continuous
      welding of the reflector body portions 38a and 38b provides a sealed,
      dust-free chamber for internal reflective surfaces and makes the assembled
      reflector body extremely rigid despite the fact that the individual
      reflector portions are somewhat flexible before they are assembled. This
      eliminates the need for a frame. The body portions 38a and 38b have planar
      outer side surfaces 40a and 40b respectively. The inside or back faces 41
      and 43 may have integral polygonal facets conventionally used with molded
      plastics reflex reflectors. These are well known to those skilled in the
      art and will not be detailed here. By way of example but not by way of
      limitation, the inside surfaces 41 and 43 may be a multiplicity of
      retroreflective cube-corner elements molded for wide-angled
      retroreflectivity as disclosed in Heenan et al. U.S. Pat. No. 3,541,606
      issued Nov. 17, 1970. Alternatively, the outer side surfaces 40a and 40b
      may be coated with a sheet or layer of miniature retroreflective spherical
      lens elements such as for example material marketed by the 3M Company
      under the trademark "SCOTCHLITE". The body is bounded along its length by
      inner and outer marginal edges 42 and 44 which are curved to match the
      contour of the rim. Specifically, in the present case, both of these
      marginal edges are along arcs struck from the wheel axis X--X but this
      specific contour is not essential to practicing the present invention.
      Both edges 42 and 44 may be struck from other points along the radial line
      36; alternatively, they may have other shapes not necessarily related to a
      radial line. Preferably, however, they should be symmetrical with respect
      to the rim, that is the ends should be equidistant from the rim, for the
      best appearance. In the example shown utilizing a standard 27 inch rim,
      the radius of the outer marginal edge 44 is 121/4 inches enabling it to
      abut the inner ends of spoke nipples 46 when the reflector is wedged
      against the three spokes as shown in FIGS. 1, 2 and 3.
PAR  Body side portion 38b has a spoke-receiving groove 48 in the outer portion
      thereof. This is about half the radial width of surface 40b and is
      diagonally inclined to correspond with the inclinations of spoke 30b in
      directions parallel and perpendicular to the wheel plane of rotation 34
      described above and gradually increases in depth outward from the midpoint
      of the reflector side 40b to the outer marginal edge 44. Specifically,
      looking at FIG. 5, the angle of inclination of the groove 48 is 7.degree.
      with respect to the central plane C of the reflector body, just as the
      spoke 30b is inclined at 7.degree.  with respect to the plane of rotation
      34 as shown in FIG. 3--it being understood that when assembled and in use
      the central plane C and the plane of rotation 34 are either substantially
      parallel or coincident. And the groove 48 and the spoke 30b are both
      inclined at 5.degree.  with respect to the radial line 36 as shown in FIG.
      2.
PAR  There is a bolt hole 52 (FIG. 5) through the body 38. This is on an axis
      Y--Y which is oblique to the central plane C of the reflector body but is
      preferably perpendicular as shown to a plane parallel to the
      spoke-receiving groove 48. The bolt hole 52 is offset from but closely
      adjacent to the axis Z--Z of the spoke-receiving groove 48. The body has
      parallel flat fastener-supporting annular surfaces 54 and 56 (FIGS. 4 and
      5) at opposite ends of the bolt hole. The surface 54 is ramp-like on the
      boss or projection 53 and it is aligned with groove 48. This ramp-like
      surface 54 has a slope substantially the same as that of the groove 48.
      Because the slope of groove 48 is substantially equal to the slope of the
      spoke 30b relative to the wheel plane 34, the reflector portions 38a and
      38b will be substantially vertical in use.
PAR  A bolt 58 extends through the bolt hole 52 and has its head seated on
      surface 56. At the other side the threaded bolt shank is engaged with the
      clamp 60, seated on the opposite ramp-like surface 54. The clamp has a
      flange 62 with a spoke-receiving recess 64 in the underside aligned with
      the spoke-receiving groove 48 in the body. By tightening the bolt 58 with
      a screwdriver or even with a coin, the recessed underside of the clamp
      flange 62 may be pressed tightly against the spoke 30b to hold the
      reflector firmly in place. By reason of the fact that the angles of
      inclination of the groove 48 match those of the middle supporting spoke
      30b, the reflector is supported symmetrically with respect to the rim,
      that is with both ends being substantially the same distance from the rim
      regardless of any differences in concentricity of the reflector body and
      the rim. And the inner and outer surfaces of the reflector body portions
      38a and 38b are parallel to the plane of rotation 34 to provide the same
      outwardly directed light retroreflecting ability toward both sides of the
      wheel for maximum safety.
PAR  Thus, when so assembled on the wheel, the reflector is protected within the
      generally V-shaped cage 37 defined on the one side by two successive
      "first" spokes 32b and 32c, and defined on the other side by a "second"
      spoke 30b. In addition to the above-described bolted support on middle
      spoke 30b, the position of the reflector is stabilized on, and supported
      against rotation about, spoke 30b by the fact that its outer marginal edge
      is wedged between the three spokes.
PAR  While one preferred embodiment of the invention has been shown and
      described, it will be understood that various modifications may be made
      within the spirit and scope of the invention which therefore should be
      limited only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A bicycle wheel reflector comprising:
PA1  an elongated body extending along a central plane, said body having
      opposite side portions with light-reflective side surfaces on opposite
      sides of said plane, said body being bounded along the length thereof by a
      pair of marginal edges at least the outer one of which is symmetrical with
      respect to a radial line in said central plane;
PA1  said body having a spoke-receiving groove in one of said side portions
      which is diagonally disposed to correspond with the angle of a spoke on a
      bicycle wheel both with respect to the plane of rotation of the bicycle
      wheel and with respect to a radial line extending from the bicycle wheel
      axle in said plane of rotation, enabling said body to be assembled on the
      bicycle wheel with said groove engaging said spoke and said body
      symmetrically positioned with respect to the rim of the bicycle wheel and
      with said central plane of the body parallel to said plane of rotation;
      and
PA1  bolt means extending through a bolt hole in said body for holding said
      spoke within said spoke-receiving groove to thereby assemble said
      reflector on the wheel.
NUM  2.
PAR  2. A bicycle wheel reflector according to claim 1 in which at least said
      outer one of said pair of marginal edges is curved to follow the rim of
      the bicycle wheel.
NUM  3.
PAR  3. A bicycle wheel reflector according to claim 2 in which said outer one
      of said pair of marginal edges is curved along an arc having a radius of
      approximately 121/4  inch and is of sufficient circumferential length to
      bear against the inner ends of a plurality of spoke nipples to stabilize
      its position when assembled on a standard 27 inch bicycle wheel.
NUM  4.
PAR  4. A bicycle wheel reflector according to claim 1 in which said marginal
      edges of said body are curved along arcs struck from said radial line.
NUM  5.
PAR  5. A bicycle wheel reflector according to claim 1 in which said
      spoke-receiving groove is inclined at approximately five degrees with
      respect to said radial line and seven degrees with respect to said central
      plane.
NUM  6.
PAR  6. A bicycle wheel reflector according to claim 1 in which
PA1  said bolt hole is offset but adjacent the axis of said groove,
PA1  said body has flat fastener-supporting surfaces on opposite sides of said
      body around said bolt hole, said fastener-supporting surfaces being
      inclined relative to said side portions and being parallel to said axis,
PA1  said bolt means includes a bolt extending through said bolt hole having a
      head seated on said fastener-supporting surface on the side of the body
      opposite said groove, and
PA1  a clamp is seated on the other of said fastener-supporting surfaces
      threadedly engaged with said bolt, said clamp having a flange with a
      spoke-receiving recess aligned with said spoke-receiving groove in the
      body to retain said body on a spoke extending through said groove and
      recess and parallel to the plane of rotation of the wheel.
NUM  7.
PAR  7. In a bicycle wheel assembly rotatable in a plane of rotation:
PA1  a wheel including a hub, a rim, and spoke means extending alternately
      between the rim and opposite ends of the hub;
PA1  said spoke means including two sets of spokes, one on each side of the
      wheel, each of said spokes extending diagonally with respect to the plane
      of rotation and with respect to a radial line extending from the hub in
      said plane of rotation;
PA1  a reflector extending along said plane of rotation between said sets of
      spokes and having an elongated body of sufficient arcuate length to engage
      three successive spokes;
PA1  said body having opposite retroreflective side portions on opposite sides
      of said plane of rotation, said body being bounded along the length
      thereof by a pair of marginal edges which are symmetrical with respect to
      said radial line;
PA1  said body having a groove in one of said side portions which extends in the
      direction of the middle spoke of said three successive spokes, said middle
      spoke being recessed within said groove, and the other two spokes
      respectively engaging opposite ends of the other side portion of the body;
      and
PA1  bolt means extending through said body including means engaging said middle
      spoke to hold it within said groove and thereby retain said body on the
      wheel in a position which is substantially parallel to the plane of
      rotation and retroreflects light equally toward both sides of the wheel
      assembly.
NUM  8.
PAR  8. Safety reflector structure for mounting on a spoked wheel including a
      hub, a rim, and alternating first and second spokes interconnecting the
      hub and the rim, the first spokes being attached to one side of the hub
      and the second spokes being attached to the other side of the hub, thereby
      to create a generally V-shaped cage between the first and second spokes
      when viewed in radial section, said reflector structure comprising a
      plate-like reflector having retroflective elements for retroreflecting
      light incident thereon, said reflector having a length greater than the
      arcuate distance between adjacent first spokes in the general region of
      the rim, whereby said reflector is mountable in the portion of the
      V-shaped cage defined by a selected second spoke and two successive first
      spokes immediately adjacent thereto, said reflector having a thickness to
      be wedged against the selected second spoke and said two first spokes,
      said reflector having a diagonal spoke-receiving groove disposed to
      correspond with the angle of said selected second spoke to stabilize the
      reflector in operation, and means for attaching said reflector only to the
      selected second spoke.
NUM  9.
PAR  9. The reflector structure of claim 8, wherein said reflector is elongated.
NUM  10.
PAR  10. The reflector structure of claim 8, wherein the length of said
      reflector is approximately equal to the arcuate distance between outer
      ends of four successive spokes.
NUM  11.
PAR  11. The reflector structure of claim 8, wherein said reflector has the
      shape of a segment of an annulus.
NUM  12.
PAR  12. The reflector structure of claim 8, wherein said reflector has a
      thickness to be wedged against the selected second spoke and the two first
      spokes immediately adjacent thereto at a radial position substantially
      nearer the rim than the hub.
NUM  13.
PAR  13. The reflector structure of claim 8, and further comprising a projection
      on said reflector, said projection having a ramp-like surface with a slope
      substantially the same as the inclination of the selected second spoke
      relative to the plane of the wheel, whereby said reflector structure is
      disposed and maintained substantially parallel to the wheel plane when
      mounted on the wheel.
NUM  14.
PAR  14. In combination with a spoked wheel including a hub, a rim, and
      alternating first and second spokes interconnecting the hub and the rim,
      the first spokes being attached to one side of the hub and the second
      spokes being attached to the other side of the hub, thereby to create a
      generally V-shaped cage between the first and second spokes when viewed in
      radial section, reflector structure comprising a plate-like reflector
      having retroreflective elements for retroreflecting light incident
      thereon, said reflector having a length greater than the arcuate distance
      between adjacent first spokes in the general region of the rim, whereby
      said reflector is mountable in the portion of the V-shaped cage defined by
      a selected second spoke and two successive first spokes immediately
      adjacent thereto, said reflector having a diagonal spoke-receiving groove
      corresponding with the angle of and receiving said selected second spoke,
      said reflector having a sufficient thickness for wedging engagement
      against the selected second spoke and said two first spokes, and means for
      attaching said reflector only to the selected second spoke.
NUM  15.
PAR  15. Reflector structure for mounting on a wheel including a hub, a rim, and
      alternating first and second spokes interconnecting the hub and the rim,
      the first spokes being attached to one side of the hub and the second
      spokes being attached to the other side of the hub, thereby to create a
      generally V-shaped cage between the first and second spokes when viewed in
      radial section, said reflector structure comprising an elongated
      plate-like reflector having retroreflective elements for retroreflecting
      light incident thereon, said reflector having a length greater than the
      arcuate distance between adjacent first spokes in the general region of
      the rim, whereby said reflector is mountable in the portion of the
      V-shaped cage defined by a selected second spoke and the two first spokes
      immediately adjacent thereto, said reflector having opposing first and
      second surfaces and a transversely extending groove in said first surface
      to receive the selected second spoke, said groove being diagonally
      disposed to correspond with the angle of said selected second spoke both
      with respect to the plane of rotation of the wheel and with respect to a
      radial line extending from the hub in said plane of rotation, said groove
      being spaced from said second surface a distance to enable said reflector
      to be wedged against the selected second spoke and the two first spokes
      immediately adjacent thereto with the selected second spoke received in
      said groove, and fastening means for attaching said reflector only to the
      selected second spoke.
NUM  16.
PAR  16. The reflector structure of claim 15, wherein said groove has a length
      of about one half the width of said first surface.
NUM  17.
PAR  17. The reflector structure of claim 15, wherein said groove extends
      approximately from the transverse midpoint of said first surface to one
      edge of said reflector.
NUM  18.
PAR  18. The reflector structure of claim 15, wherein said reflector has a hole
      therethrough slightly longitudinally spaced from said groove, and said
      fastening means includes a bolt passing through said hole and a clamp
      threadedly engaging said bolt and adapted to engage the selected second
      spoke.
NUM  19.
PAR  19. The reflector structure of claim 15, wherein the depth of said groove
      gradually increases from said midpoint to said one edge, the slope of said
      groove being substantially the same as the inclination of the selected
      second spoke relative to the plane of the wheel, whereby said first
      surface is parallel to the wheel plane when said reflector is mounted on
      the wheel.
NUM  20.
PAR  20. The reflector structure of claim 19, and further comprising a
      projection on said first surface, said projection having a ramp-like
      surface aligned with said groove and having a slope substantially the same
      as the slope of said groove, the selected second spoke contacting said
      ramp-like surface in use and being secured thereto.
NUM  21.
PAR  21. Reflector structure for mounting on a wheel including a hub, a rim, and
      alternating first and second spokes interconnecting the hub and the rim,
      the first spokes being attached to one side of the hub and the second
      spokes being attached to the other side of the hub, thereby to create a
      generally V-shaped cage between the first and second spokes when viewed in
      radial section, said reflector structure comprising first and second
      elongated plate-like reflector members, each of said reflector members
      being constructed of transparent material and having a light-receiving
      front surface and a back made up of a multiplicity of retroreflective
      cube-corner elements, said plate-like reflector members being permanently
      secured to each other back to back to provide an elongated reflector
      having substantially parallel light-receiving opposed front surfaces and
      being capable of retroreflection of incident light from opposite
      directions, said elongated reflector having a length greater than the
      arcuate distance between adjacent first spokes in the general region of
      the rim, whereby said reflector is mountable in the portion of the
      V-shaped cage defined by a selected second spoke and the two first spokes
      immediately adjacent thereto, said elongated reflector having in one of
      said opposed front surfaces a diagonal spoke-receiving groove
      corresponding with the angle of said selected second spoke both with
      respect to the plane of rotation of the wheel and with respect to a radial
      line extending from the hub in said plane of rotation, said reflector
      having a thickness to be wedged against the selected second spoke and the
      two first spokes immediately adjacent thereto with the selected second
      spoke received in said groove to support said opposed front surfaces in
      substantially equal parallelism with respect to said plane of rotation,
      and means for attaching said reflector only to the selected second spoke.
NUM  22.
PAR  22. The reflector structure of claim 21, wherein each of said reflector
      members has a wall extending rearwardly from the associated front surface,
      said members being secured to each other by a continuous weld between said
      walls.
NUM  23.
PAR  23. Reflector structure for mounting on a wheel including a hub, a rim, and
      alternating first and second spokes interconnecting the hub and the rim,
      the first spokes being attached to one side of the hub and the second
      spokes being attached to the other side of the hub, thereby to create a
      generally V-shaped cage between the first and second spokes when viewed in
      radial section, said reflector structure comprising a plate-like reflector
      having retroreflective elements for retroreflecting light incident
      thereon, said reflector having a length greater than the arcuate distance
      between adjacent first spokes in the general region of the rim, whereby
      said reflector is mountable in the portion of the V-shaped cage defined by
      a selected second spoke and the two first spokes immediately adjacent
      thereto, said reflector having a thickness to be wedged against the
      selected second spoke and the two first spokes immediately adjacent
      thereto, and a bolt passing through said reflector and being constructed
      and arranged operatively to engage the selected second spoke and thereby
      attach said reflector thereto.
NUM  24.
PAR  24. The reflector structure of claim 23, and further comprising a clamp
      which is engageable with the selected second spoke and threadedly receives
      said bolt to be tightened thereby.
NUM  25.
PAR  25. The reflector structure of claim 24, wherein said clamp has a screw
      engaging portion and a hook portion for hooking onto the selected second
      spoke.
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ABST
PAL  Apparatus for the collection and discharge of material in a pneumatic
      conveying system comprising a cylindrical chamber having an inlet at one
      end thereof through which entrained air and solid matter is ducted into
      the chamber, an outlet at the other end thereof through which the air from
      which the solid matter has been separated is exhausted, an opening in the
      base of the chamber through which the separated material can be
      discharged, and a shaft carrying vanes extending radially thereof along
      the chamber so as to divide it into a number of sealed compartments which
      are selectively charged and discharged of material as the vanes are
      rotated.
BSUM
PAR  This invention relates to apparatus for the collection and discharge of
      material in a pneumatic conveying system, that is to say a system in which
      material, e.g. powdered, granulated and fragmented matter is conveyed in
      conveyed in confined conditions from one position to another position by
      the use of a forced air flow which acts as a carrier for the material.
PAR  In some known forms of apparatus of the kind referred to the pneumatic
      conveyance of materials is restricted to those having a low moisture
      content since materials with a high moisture content tend to adhere to the
      internal surfaces of the collector or separator with a resultant
      deterioration in performance and eventual failure of the apparatus.
PAR  In my co-pending patent application Ser. No. 467,481 there is described a
      mechanical hole digging machine incorporating forms of apparatus for the
      collection and discharge of material cut away by a rotary cutting tool,
      and the present invention is particularly, although not exclusively,
      concerned with providing an improved form of material separation apparatus
      for use in such a machine which is less subject to the aforesaid
      disadvantage.
PAR  According to the present invention, apparatus for the collection and
      discharge of material comprises, a chamber having an inlet port through
      which entrained material and carrier air flow is introduced into the
      chamber and an outlet port through which air is exhausted from the
      chamber, partition means mounted for rotation within the chamber and
      adapted selectively to divide at least part of the chamber into a number
      of compartments, means for rotating the partition means whereby material
      caused in use to separate from the carrier flow in the chamber is
      deposited in at least one of said compartments and upon rotation of the
      partition means is transferred to a different compartment from whence it
      can be discharged from the chamber, and means adapted in use for reducing
      any tendency for the material to adhere to the partition means and/or the
      internal surfaces of the chamber.
PAR  Preferably, the partition means comprises a number of vanes extending
      substantially radially from a shaft member supported for rotation
      co-axially within a cylindrical part of the chamber.
PAR  Preferably, the means for reducing material adhesion to the inner walls of
      the chamber consists of a scraper member which may be a scraper bar
      removably attached to the partition means or formed as an integral part of
      the partition means, together with flexible membrane members attached to
      surfaces of the movable partition members and possibly other stationary
      surface parts of the chamber.
PAR  The apparatus may include means for effecting a seal between the rotatable
      partition means and the inner walls of the chamber.
PAR  In apparatus according to the invention, the chamber is designed to ensure
      a fall in velocity of the entrained air/material entering it whereby in
      use to cause separation by fall-out of the material from the carrier air
      which is exhausted to the outlet port. This may be achieved by arranging
      for the chamber to have a relatively large volume with or without a number
      of discreetly disposed baffles.
PAR  Conveniently, the rate of collection and discharge of material from the
      chamber can be adjusted by varying the speed of rotation of the partition
      means, the discharged material being removed by any suitable transporting
      means, for example, a conveyor system or chute.
DRWD
PAR  Two embodiments of the invention, designed for the collection and discharge
      of fragmented dry and moist spoil such as may be excavated for example by
      a mechanical digging machine described in my co-pending patent application
      Ser. No. 467,481 will now be described by way of example with reference to
      the accompanying diagrammatic drawings in which:
PAR  FIG. 1 is a partly broken away longitudinal sectional elevation of the
      first embodiment,
PAR  FIG. 2 is a sectional end view on the line II--II of FIG. 1,
PAR  FIG. 3 is an enlarged fragmentary sectional detail of part of FIG. 2,
PAR  FIG. 4 shows sequentially the apparatus of the first embodiment in
      operation during the cycle of material separation, collection and
      discharge,
PAR  FIG. 5 is a sectional side elevation of a second embodiment, taken on the
      line V--V of FIG. 6, and
PAR  FIG. 6 is a sectional plan on the line VI--VI of FIG. 5.
DETD
PAR  Referring first to FIGS. 1 to 3, apparatus of the first embodiment
      comprises a cyclindrical separation chamber 1 arranged with its axis
      disposed horizontally having a discharge aperture 2 extending along the
      length of its lower portion. Both ends of the cylinder 1 are enclosed and
      sealed by plates 3, each of which has in its upper half a port 4 (only one
      of which is seen) preferably circular, in alignment with which an inlet
      duct 5 is mounted at the left and an exhaust duct 6 at the right. At the
      centre of each plate 3, and in alignment with the axis of the cylinder 1,
      a demountable hub 7 houses a conventional bearing unit 8. A shaft 9
      supported by bearing units 8 extends the entire length of the cylinder 1
      and is rotatable through a conventional fixed-ratio or variable-speed
      gearing 10 by a conventional drive unit 11.
PAR  As illustrated, for example in FIG. 1, the cylinder 1 comprises two similar
      sections with a baffle 12, preferably, but not essentially, annular in
      shape, interposed at the joint of the cylinder sections. Alternatively,
      the cylinder 1 may comprise one or more similar sections with or without
      baffles at the joining faces Alternatively one or more baffles, not
      illustrated, but similar to baffles 12 may be attached to and rotatable by
      the shaft 9.
PAR  Three radial vanes 13 are attached to and rotatable by the shaft 9 about
      the axis of cylinder 1. In its simplest form each vane extends as a single
      member radially outwards from shaft 9 leaving a narrow running clearance
      between its tip and the internal surface of cylinder 1, but preferably,
      the outer part of each vane is provided with a separate scraper member 14
      attached to and radially adjustable relative to the inner part of the vane
      13. In an axial direction, each vane extends the entire length of cylinder
      1 with slots 15 (FIG. 1) to clear stationary baffles 12, where these are
      fitted.
PAR  To ensure an adequate air seal between the vane tips 14 and the cylinder 1,
      a flexible seal 16 (typically illustrates in FIG. 3) may be attached to
      the trailing face of each vane tip. Running clearances between vane and
      vane tips 13/14, plates 3 and baffles 12 may be similarly sealed.
PAR  As already described, effective pneumatic conveyance of moist materials
      depends partly on preventing a critical build-up of matter deposited and
      consolidated on the internal surfaces of a separating or collecting
      device. FIG. 3 shows flexible membrane 17 and 18 secured to the trailing
      and leading surfaces respectively of vanes 13. These membranes provide,
      during the discharge part of the operating cycle, surfaces which will
      deform under the weight of material adhering to them, causing the material
      to break away.
PAR  FIG. 4 illustrate a sequence in the cycle of material separation,
      collection and discharge where, for example, the device is shown with
      three equally spaced vanes 13. FIG. 4(a) depicts, for descriptive
      convenience, two of the vanes 13 forming together with cylinder 1 and
      plates 3 (FIG. 1) a compartment 19 pneumatically sealed except for the
      inlet orifice 4 and a similar outlet orifice 6 at the remote end of the
      compartment. As viewed in the drawing, the vanes are rotating in an
      anti-clockwise direction.
PAR  In operation of the apparatus, entrained air and solid spoil are ducted
      through the inlet duct 5 and are separated during their passage through
      the compartment by virtue of the reduction of velocity therethrough and by
      an arresting effect of the baffles 12. The solid spoil falls onto vanes 13
      and the air is exhausted through duct 6 (FIG. 1). The spoil continues to
      accumulate in the compartment 19 as shown in FIGS. 4(b) and 4(c); until
      the position of the trailing vane, of the two vanes 13, relative to port
      4, brings the adjacent compartment 20 into operation.
PAR  FIG. 4(d) shows the leading vane of compartment 19 in a position where the
      accumulated spoil is discharged gravitationally through the aperture 2 in
      the cylinder where it may be removed by conventional means, for example,
      by a belt conveyor 21.
PAR  Referring now to FIG. 5 and 6 apparatus of the second embodiment comprises
      a semi-cylindrical settling chamber 22 arranged with its axis vertically.
      The chamber is capped by a baffle 23 around which an annular space 24
      allows air, from which the solid matter has been separated, to pass into
      an exhaust box 25 and exhaust duct 26 to atmosphere.
PAR  Entrained air and solid material enter the chamber 22 through a co-axial
      inlet duct 27 which also acts as a bearing support 28 for a rotatable
      unloading cylinder 29 housed in a lower cylindrical end of the chamber. A
      flanged extension 30 of the inlet duct 27 houses a drive shaft 31
      connected to conventional fixed-ratio or variable-speed gearing driven by
      a conventional drive unit. The final drive of the unloading cylinder 29
      may be by chain gearing 32 or other conventional means.
PAR  Typical positions of the compartments in the unloading cylinder are
      illustrated in FIG. 6, where compartments 33, 34 and 35 lie directly
      beneath the settling chamber 22 and compartments 36, 37 and 38 have
      rotated under the upper plate 42 and are thus sealed from the settling
      chamber. Partition member 39 may be provided with a scraper member such as
      is better shown in FIG. 2 and FIG. 3. Compartment 37 is shown aligned with
      an aperture 44 in the base 43 whereby it will be seen that solid material
      accumulated in the previous position of that compartment can be discharged
      gravitationally through the aperture 44 and removed, for example, by
      conveyor or chute (not shown). In operation of this apparatus entrained
      air and solid matter undergo a drop in velocity as they enter the settling
      chamber 22 causing the solid matter to fall into appropriate compartments
      rotating across the base of the lower chamber 40. In sequence, each
      compartment is sealed off from the lower pressure of the settling chamber
      and opened to atmosphere when solid material is discharged onto a conveyor
      or chute.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the collection and discharge of excavated, fragmented
      material comprising a settling chamber, having an upper portion and a
      lower portion, a rotatable cylindrical chamber housed in the lower portion
      of said settling chamber, said rotatable cylindrical chamber having a
      vertical axis and means including an inlet port through which entrained
      material and carrier air flow is introduced through the cylindrical
      chamber into the upper portion whereby said material is separated from
      said carrier air flow, the axis of said inlet port being coincident with
      the vertical axis of said rotatable cylindrical chamber, partition means
      in said cylindrical chamber to divide at least part of the cylindrical
      chamber into a number of compartments, means for rotating said cylindrical
      chamber about said vertical axis whereby said separated material is
      deposited in at least one of said compartments and upon rotation of the
      cylindrical chamber is transferred to a different location in the lower
      portion of the settling chamber from whence it can be discharged from the
      cylindrical chamber, means for reducing any tendency for the material to
      adhere to the partition means and an internal surface of the lower portion
      of the settling chamber, the upper portion of the settling chamber forming
      a partially cylindrical expansion chamber into which entrained air and
      material is delivered from said inlet port, said expansion chamber
      containing an outlet port and being capped by a baffle defining an air
      exhaust passage communicating with said outlet port, said partially
      cylindrical expansion chamber having a substantially uniform cross-section
      extending from the lower portion to said baffle.
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ABST
PAL  A brake system includes separate service and emergency brake actuators. The
      service brake actuators are normally disengaged, and engage when supplied
      with pressurized fluid. The emergency brake actuators are disengaged when
      supplied with pressurized fluid and engage in the absence of fluid
      pressurization. A restricted orifice limits the rate at which pressurized
      fluid can be supplied to the emergency brake system. Fluid is tapped from
      the emergency brake system to effect service brake application. The flow
      of tapped fluid from the emergency brake system is regulated by an
      operator control to effect a controlled application of the service brake
      actuators. In the event of a failure in the conduit receiving tapped fluid
      from the emergency brake system the discharge of tapped fluid from the
      emergency brake actuators into the failed conduit is regulated by the
      operator control to effect a smooth, controlled application of the
      emergency brake system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to fluid-operated brake systems of the type
      including service and emergency brake actuators, and more particularly to
      a brake system including a valve for effecting a controlled application of
      the emergency brake actuators in the event of a failure in the service
      brake control system.
PAR  2. Prior Art
PAR  Tractor-trailer brake systems are known which include trailer brakes having
      tandem service and emergency brake chambers. Separate service and
      emergency brake conduits communicate respectively with the service and
      emergency brake chambers.
PAR  Service brake application or engagement is effected by supplying
      pressurized fluid to the service brake chambers through the service brake
      conduit. Service brake disengagement is effected by venting the service
      brake conduit to atmosphere to exhaust the service brake chambers. The
      force of service brake application is proportional to the pressure of the
      fluid in the service brake chambers.
PAR  Emergency brake application or engagement is effected by exhausting the
      emergency brake chambers to atmosphere through the emergency brake conduit
      to permit braking members to be spring biased into engagement. Emergency
      brake disengagement is effected by supplying pressurized fluid through the
      emergency brake conduit to the emergency brake chambers to overcome the
      spring bias and disengage the braking members.
PAR  The emergency brakes are normally held off, i.e., disengaged, when the
      vehicle is in operation. When the movement of the vehicle is to be braked,
      pressurized fluid is supplied to the service brake chambers by a control
      system which communicates with the service brake conduit. When the vehicle
      is to be parked, the emergency brake conduit is vented to atmosphere,
      bringing the emergency brakes into full braking engagement.
PAR  Proposals have been made in an effort to bring the emergency brake system
      into operation if a failure should occur in the service brake system. A
      problem with most such proposals has been that if the vehicle is moving
      when the emergency brakes are brought rapidly and fully into play, the
      emergency-braked wheels may skid with a resulting loss in vehicle control.
PAR  A number of proposals have been made in an effort to provide controlled,
      modulated operation of the emergency brakes in the event of a failure in
      the service brake system. Such proposals have resulted in complex and
      expensive multi-valve systems that are sluggish in responding to a control
      signal, lacking in reliability, and do not effect a desirably smooth,
      controlled application of the emergency brakes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the foregoing and other drawbacks of the
      prior art by providing a brake system with a control valve of relatively
      simple construction which is operative normally to effect modulated
      service brake application, and which is operative in the event of service
      brake failure to provide a smooth, responsive, controlled emergency brake
      application.
PAR  Separate service and emergency brake chambers are provided which
      communicate respectively with separate service and emergency brake
      conduits. The emergency brake conduit is connected to a source of
      pressurized fluid and the conduit includes a restrictive orifice. The
      orifice limits the rate at which pressurized fluid can be supplied through
      the emergency brake conduit. The emergency brake conduit communicates with
      a reservoir which normally contains a quantity of fluid which has been
      supplied through the emergency brake conduit and its orifice. When a
      predetermined pressure has been established in the reservoir and in the
      emergency brake chambers, the emergency brakes will fully disengage.
PAR  A foot-operated control is provided at a position which is accessible by an
      operator. The foot-operated control communicates with the pressurized
      fluid source. When the foot-operated control is depressed, a fluid
      pressure output signal is provided having a pressure magnitude which
      indicates the desired degree of brake application.
PAR  A protection valve receives the fluid pressure signal from the
      foot-operated control. The protection valve serves the dual functions of
      effecting normal service brake application, and of effecting a controlled,
      modulated emergency brake application in the event of service brake
      failure.
PAR  The protection valve responds to the fluid pressure signal from the
      foot-operated control by communicating a signal conduit with the emergency
      brake conduit to transfer pressurized fluid from the emergency brake
      conduit to the signal conduit. The signal conduit connects with a relay
      valve. When the signal conduit is pressurized by fluid flowing through the
      protection valve, the relay valve communicates the service brake conduit
      with the reservoir to apply the service brakes.
PAR  If the signal conduit fails, the relay valve receives no signal to effect
      service brake application. In this situation, the protection valve
      discharges fluid from the emergency brake conduit at a rate dependent on
      the degree of foot control depression to exhaust the emergency brake
      chambers and effect a controlled emergency brake application.
PAR  The degree to which the emergency brake application is effected is
      controlled by the protection valve as a function of the degree to which
      the foot-operated control is depressed. Full depression of the
      foot-operated control will cause the protection valve to rapidly exhaust
      the emergency brake system and rapidly effect emergency brake application.
      A lesser depression of the foot-operated control will effect a
      corresponding lighter emergency brake application. If the foot-operated
      control is released, the protection valve will cease to exhaust the
      emergency brake system and the emergency brake system will be
      repressurized by air supplied through the orifice.
PAR  A significant feature of brake systems constructed in accordance with the
      present invention is the advantageous rate at which the emergency brakes
      are brought into play when the foot-operated control is fully depressed.
      Fluid from the emergency brake system is initially rapidly exhausted by
      the protection valve to initiate emergency brake application. Once the
      emergency brake application has begun, the fluid which enters the
      emergency brake system through the orifice significantly slows the rate at
      which the emergency brake system is exhausted by the protection valve.
      This slowing of the exhaustion rate provides a smoother and more efficient
      emergency brake application than would occur if the emergency brake system
      were simply rapidly and fully exhausted.
PAR  The preferred valve embodiment includes two signal responsive pistons. One
      of the pistons (1) selectively communicates the signal conduit with the
      atmosphere and with the emergency brake conduit, and (2) controls the flow
      of air between the emergency brake conduit and the signal conduit during
      normal service brake application. The other piston assists in regulating
      the discharge of air through the valve from the emergency brake conduit
      into the signal conduit when a failure has occurred in the signal conduit.
PAR  An alternate valve embodiment utilizes a single piston to effect the
      functions provided by two pistons in the preferred valve embodiment.
PAR  In the description which follows, the invention is applied to a
      tractor-trailer brake system where both brake control and brake operation
      is pneumatically effected, and where the trailer emergency brake actuators
      are spring brake actuators which are to be modulated in the event of
      trailer service brake failure. The invention can be applied to emergency
      brake systems in other types of vehicles, to brake systems which are
      controlled by signals other than pneumatic signals, and to brake systems
      where the emergency brakes are operated by fluids other than pressurized
      air.
PAR  When the present invention is applied to tractor-trailer brake systems, a
      number of other advantages obtained over prior tractor-trailer brake
      systems. By way of one example, prior tractor protection valves have been
      plumbed to supply fluid pressure to the trailer from relatively large
      diameter conduits communicating with the foot-operated valve. The present
      invention obviates the need for these large diameter supply conduits and
      permits their replacement with small diameter signal conduits that need
      only carry enough fluid to provide a signal to the protection valve.
PAR  It is a general object of the present invention to provide a novel and
      improved brake system.
DRWD
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims taken in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a tractor-trailer brake system embodying the
      present invention;
PAR  FIGS. 2 and 3 are cross-sectional views of the preferred embodiment of a
      valve used in the system of FIG. 1, the valve components in FIG. 2 being
      positioned as occurs when a low pressure signal is received by the valve,
      the valve components in FIG. 3 being positioned as occurs when a higher
      pressure signal is received by the valve; and,
PAR  FIGS. 4 and 5 are cross-sectional views of an alternate valve embodiment,
      the valve components in FIG. 4 being positioned as occurs when a
      relatively low pressure signal is received by the valve, the valve
      components in FIG. 5 being positioned as occurs when a higher pressure
      signal is received by the valve.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a tractor-trailer brake system is shown generally at
      10. The brake system 10 includes two tractor front wheel brake actuators
      11, four tractor rear wheel brake actuators 12, and four trailer wheel
      brake actuators 13.
PAR  The front wheel brake actuators 11 are conventional pneumatic brake
      actuators having service chambers 11a and having extensible push rods 21.
      A conduit 31 communicates with the service brake chambers 11a. When
      pressurized air is supplied by the conduit 31 to the service brakes
      chambers 11a, the push rods 21 extend to effect braking of the tractor
      front wheels (not shown). When air is exhausted from the conduit 31, the
      push rods 21 retract to release the brake actuators 11.
PAR  The rear wheel brake actuators 12 and the trailer wheel brake actuators 13
      are conventional pneumatic brake actuators having tandem service and
      spring brake chambers 12a, 13a, and 12b, 13b. The brake actuators 12, 13
      have extensible push rods 22, 23. Service brake conduits 32, 33
      communicate with service brake chambers 12a, 13a. Spring brake conduits
      42, 43 communicate with spring brake chambers 12b, 13b.
PAR  During normal vehicle operation, pressurized air is supplied through the
      conduits 42, 43 to the spring brake chambers 12b, 13b to effect spring
      brake release. When air is exhausted from the spring brake chambers 12b,
      13b, the spring brake actuators are operative to effect extension of the
      push rods 22, 23 to brake the rear tractor and trailer wheels (not shown).
PAR  During normal vehicle operation, the service brake chambers 12a, 13a are
      operative when pressurized by air supplied from the conduits 32, 33 to
      extend the push rods 22, 23 and apply the brake actuators 12, 13. When air
      is exhausted from the service chambers 12a, 13a, the push rods 22, 23
      retract.
PAR  Pressurized air is supplied to the brake system 10 by a compressor 50. A
      supply conduit 51 receives pressurized air from the compressor 50. A
      primary reservoir 52 receives pressurized air from the supply conduit 51.
      A return conduit 53 communicates with the reservoir 52. A governor 54
      communicates with the conduit 53 and with the air compressor 50. When the
      pressure in the primary reservoir 52 reaches a predetermined magnitude,
      the governor 54 permits pressurized air to circulate through the conduits
      51, 53 between the reservoir 52 and the governor 54 to prevent a further
      increase in pressure in the reservoir 52.
PAR  Two secondary reservoirs 55, 56 are supplied with pressurized air from the
      primary reservoir 52. A supply conduit 57 receives pressurized air from
      the primary reservoir 52. A pair of check valves 58, 59 communicate with
      the conduit 57 and the reservoirs 55, 56. The check valves 58, 59 permit
      the flow of pressurized air into the reservoirs 55, 56 from the conduit 57
      and prohibit reverse flow.
PAR  The front wheel brake actuators 11 receive pressurized air from the
      reservoir 55. A supply conduit 61 communicates with the reservoir 55. A
      relay valve 71 communicates with the supply conduit 61. A vent conduit 81,
      a signal conduit 91, and the supply conduit 31 also communicate with the
      relay valve 71. The relay valve 71 is operable to selectively communicate
      the supply conduit 31 with the supply conduit 61 and the vent conduit 81.
      When air pressure in the signal conduit 91 falls below a predetermined
      level, the relay valve 71 communicates the supply conduit 31 with the vent
      conduit 81, exhausting the supply conduit 31 to atmosphere. When air
      pressure in the signal conduit 91 is above a predetermined level, the
      relay valve 71 communicates the supply conduits 31, 61 and supplies
      pressurized air to the conduit 31 in proportion to the pressure of the air
      in the signal conduit 91.
PAR  The rear wheel brake actuators 12 receive pressurized air from the
      reservoir 56. A supply conduit 62 communicates with the reservoir 56. A
      relay valve 72 communicates with the supply conduit 62. A vent conduit 82,
      a signal conduit 92, and the supply conduit 32 also communicate with the
      relay valve 72. The relay valve 72 is operable to selectively communicate
      the supply conduit 32 with the supply conduit 62 and the vent conduit 82.
      When air pressure in the signal conduit 92 falls below a predetermined
      level, the relay valve 72 communicates the supply conduit 32 with the vent
      conduit 82, exhausting the supply conduit 32 to atmosphere. When air
      pressure in the signal conduit 92 is above a predetermined level, the
      relay valve 72 communicates the supply conduits 32, 62 and supplies
      pressurized air to the conduit 32 in proportion to the pressure of the air
      in the signal conduit 92.
PAR  A foot-operated valve assembly 99 includes a foot-operated lever 100 which
      concurrently operates a pair of side-by-side valves 101, 102. The lever
      100 is positioned in the tractor cab (not shown) for ready access by an
      operator.
PAR  A pair of supply conduits 111, 112, a pair of vent conduits 121, 122, and
      the signal conduits 91, 92 communicate with the valves 101, 102. The
      supply conduits 111, 112 connect respectively with the reservoirs 55, 56
      and supply pressurized air to the valves 101, 102. When the foot-operated
      lever 100 is depressed by an operator, the valve 101 communicates the
      conduits 91, 111, and the valve 102 communicates the conduits 92, 112, to
      supply pressurized air to the signal conduits 91, 92 in proportion to the
      extent of foot-lever depression. When the foot-operated lever 100 is in
      its normal, nondepressed position, the valves 101, 102 communicate the
      signal conduits 91, 92 with the vent conduits 121, 122, exhausting the
      signal conduits 91, 92 to atmosphere.
PAR  The signal conduits 91, 92 have branches which extend into communication
      with a conventional double check valve 125. A signal conduit 93
      communicates with the check valve 125. The check valve 125 is operative to
      permit the flow of pressurized air from the signal conduits 91, 92 to the
      signal conduit 93 and to prevent reverse flow. In the event that the air
      pressure in one of the conduits 91, 92 is higher than the other of the
      conduits 91, 92, the check valve 125 will communicate only the higher
      pressurized one of the conduits 91, 92 with the signal conduit 93.
PAR  A tractor protection valve 130 communicates with the signal conduit 130. A
      pair of conduits 133, 143 also communicate with the tractor protection
      valve 130. A vent port 135 is formed in the tractor protection valve 130.
      As will be explained in greater detail, the tractor protection valve 130
      is operative to selectively communicate the conduit 133 with the conduit
      143 and the vent port 135. When air pressure in the signal conduit 93 is
      below a predetermined level, the valve 130 communicates the conduit 133
      with the vent port 135, venting the conduit 133 to atmosphere. When air
      pressure in the signal conduit 93 exceeds a predetermined level, the valve
      130 communicates the conduits 133, 143 and supplies pressurized air from
      the conduit 143 to the conduit 133 in proportion to the pressure in the
      signal conduit 93.
PAR  A pair of conventional quick-disconnect pneumatic connectors 134, 144 are
      provided to releasably connect the tractor and trailer-carried portions of
      the brake system 10. The connector 134 communicates the tractor-carried
      conduit 133 with a trailer-carried conduit 33a. The connector 144
      communicates the tractor-carried conduit 143 with the trailer-carried
      conduit 43. The connectors 134, 144 provide a means for connecting and
      disconnecting the conduits 133, 33a and 143, 43 when the tractor and
      trailer are connected and disconnected.
PAR  The trailer-carried portion of the brake system 10 includes a reservoir
      tank 145. A check valve 146 permits the flow of air from the conduit 43
      into the reservoir 145 and prevents reverse flow.
PAR  The trailer service brake chambers 13a receive pressurized air from the
      reservoir 145. A supply conduit 147 communicates with the reservoir 145. A
      relay valve 148 communicates with the supply conduit 147. A vent conduit
      149, the signal conduit 33a, and the service brake conduit 33 also
      communicate with the relay valve 148. The relay valve 148 is operable to
      selectively communicate the service brake conduit 33 with the supply
      conduit 147 and the vent conduit 149. When air pressure in the signal
      conduit 33a falls below a predetermined level, the relay valve 148
      communicates the service brake conduit 33 with the vent conduit 149,
      exhausting the service brake conduit 33 to atmosphere. When air pressure
      in the signal conduit 33a is above a predetermined level, the relay valve
      148 communicates the service brake conduit 33 with the supply conduit 147
      and supplies pressurized air to the conduit 33 in proportion to the
      pressure of the air in the signal conduit 33a.
PAR  Returning to the tractor-carried portion of the brake system 10, a pair of
      supply conduits 155, 156 communicate respectively with the reservoirs 55,
      56. A conventional double check valve 157 communicates with the supply
      conduits 155, 156, and with a supply conduit 158. The check valve 157 is
      operative to permit the flow of pressurized air from the supply conduits
      155, 156 to the supply conduit 158 to prevent reverse flow. In the event
      that the air pressure in one of the conduits 155, 156 is higher than in
      the other of the conduits 155, 156, the check valve 157 will communicate
      only the higher pressurized one of the conduits 155, 156 with the supply
      conduit 158.
PAR  Three conventional push-pull control valves 161, 162, 163 are carried in
      the tractor cab (not shown). A conduit 164 interconnects the valves 161,
      162, 163. The valves 161, 162, 163 communicate with vent conduits 171,
      172, 173 and have push-pull knobs 181, 182, 183. A pair of conduits 192,
      193 communicate respectively with the valves 162, 163.
PAR  The valve 161 is operative to selectively communicate the conduit 164 with
      the supply conduit 158 and with the vent conduit 171. When the knob 181 is
      pushed to its inward position, the valve 161 communicates the conduits
      158, 164. When the knob 181 is pulled to its outward or "popped" position,
      the valve 161 communicates the conduits 164, 171, venting the conduit 164
      to atmosphere.
PAR  The valve 162 is operative to selectively communicate the conduit 192 with
      the conduit 164 and with the vent conduit 172. When the knob 182 is pushed
      to its inward position, the valve 162 communicates the conduits 192, 164.
      When the knob 182 is pulled to its outward or "popped" position, the valve
      162 communicates the conduits 192, 172, venting the conduit 192 to
      atmosphere.
PAR  The valve 163 is operative to selectively communicate the conduit 193 with
      the conduit 164 and with the vent conduit 173. When the knob 183 is pushed
      to its inward position, the valve 163 communicates the conduits 193, 164.
      When the knob 183 is pulled to its outward or "popped" position, the valve
      163 communicates the conduits 193, 173, venting the conduit 193 to
      atmosphere.
PAR  A quick release valve 202 communicates with the conduits 192, 42, and with
      a vent conduit 212. When the pressure in the conduit 192 exceeds a
      predetermined level, the quick release valve communicates the conduits
      192, 42. When the pressure in the conduit 192 drops below a predetermined
      level, the quick release valve 202 communicates the conduits 42, 212
      venting the conduit 42 to atmosphere.
PAR  A restricted orifice, indicated schematically by the numeral 203,
      communicates the conduits 193, 143. The orifice 203 supplies pressurized
      air from the conduit 193 to the conduit 143, but restricts the rate at
      which air can flow between the conduits 193, 143, as will be explained.
PAR  In operation, when the tractor engine (not shown) is started, the air
      compressor 50 begins charging the reservoirs 52, 55, 56. As soon as the
      reservoirs 55, 56 are pressurized, the foot-operated valve 99 is operative
      to control the front wheel service brake actuators 11. The rear wheel
      brake actuators 12 and the trailer brake actuators 13 are not yet released
      inasmuch as the spring brake chambers 12b, 13b are still exhausted.
PAR  The spring brake chambers 12b are pressurized to release the rear wheel
      brake actuators 12 by pushing in the control knobs 181, 182 to communicate
      the conduits 158, 164, 192. As pressure rises in the conduit 192, the
      quick release valve 202 communicates the conduits 192, 42 to pressurize
      the spring brake chambers 12b. Once the spring brake chambers 12b are
      pressurized, the foot-operated valve 99 is operative to control the rear
      wheel brake actuators 12.
PAR  The spring brake chambers 13b are pressurized to release the trailer brake
      actuators 13 by pushing in the control knob 183 to communicate the
      conduits 164, 193. As pressure rises in the conduit 193, the orifice 203
      supplies pressurized air to the conduits 143, 43, to the reservoir 145,
      and to the spring brake chambers 13b. Once the spring brake chambers 13b
      are pressurized, the foot-operated valve 99 is operative through the
      tractor protection valve 130 and the relay valve 148 to control the
      operation of the trailer brake actuators 13.
PAR  When the foot-operated valve lever 100 is depressed to apply the brake
      actuators 11, 12, 13 the tractor protection valve communicates the
      conduits 143, 133 and supplies signal pressure to the relay valve 148. The
      relay valve 148, in turn, communicates the conduits 147, 33 supplying
      pressurized air to the service brake chambers 13a in proportion to the
      extent of foot pedal depression.
PAR  The orifice 203 is selected to have a restrictive opening of such size as
      will permit the pressure in the conduits 143, 43 and in the reservoir 145
      to drop initially during service brake application of the trailer brake
      actuators 13. The orifice 203 is of sufficiently large size to prevent the
      pressure in the conduits 143, 43 and in the reservoir 145 from dropping
      below a level that will effect spring brake engagement of the trailer
      brake actuators 13 during service brake engagement of the trailer brakes.
PAR  The effect of reducing the pressure in the conduits 143, 43 and in the
      reservoir 145 during service brake application of the trailer brake
      actuators 13 is advantageous as it permits a more rapid spring brake
      application of the trailer brake actuators 13, should that be necessary.
      Spring brake application of the trailer brake actuators 13 does not come
      into play until the pressure in the conduits 43, 143 has been
      significantly reduced. If the trailer service brakes are operating
      normally, the pressure in the trailer spring brake system will not be
      sufficiently reduced by trailer service brake operation to engage the
      trailer spring brakes.
PAR  The valve 162 provides an operator control for effecting spring brake
      application of the tractor rear wheel brake actuators 12. When the knob
      182 of the valve 162 is pulled out to its "popped" position, the conduit
      192 is vented to atmosphere. As pressure falls in the conduit 192, the
      quick release valve 202 vents the conduit 42 to atmosphere, exhausting the
      spring brake chambers 12b.
PAR  The valve 163 provides an operator control for effecting spring brake
      application of the trailer brake actuators 13. When the knob 183 of the
      valve 163 is pulled out to its "popped" position, the conduit 193 is
      vented to atmosphere. As pressure falls in the conduit 193, air exhausts
      through the orifice 203 from the conduits 143, 43 exhausting the spring
      brake chambers 13b.
PAR  In the event of a failure in the conduits 133, 33a or in the connector 134,
      the tractor protection valve 130 is operative to permit a modulated
      depressurization of the trailer spring brake chambers 13b as controlled by
      the foot-operated valve 99. During such a failure, the tractor protection
      valve 130 is operative to exhaust the conduits 43, 143 and the reservoir
      145 into the conduit 133 in a controlled manner to operate the trailer
      spring brakes in a modulated fashion under the control of the
      foot-operated valve 99.
PAR  The preferred embodiment of the tractor protection valve 130 is shown in
      FIGS. 2 and 3. The valve 130 includes a housing 230 and a cover 231. The
      housing 230 and the cover 231 are secured together by threaded fasteners
      (not shown). A valve mounting flange 232 is provided on the cover 231.
PAR  The housing 230 is a cast metal structure having threaded apertures 233,
      243 formed in opposite sides to respectively receive the conduits 133,
      143. The cover 231 is a cast metal structure having a threaded aperture
      293 to receive the signal conduit 93.
PAR  The housing 230 and the cover 231 cooperate to define a cylindrical chamber
      240. An upstanding cylindrical wall 234 is formed within the housing 230
      and defines the sides of the chamber 240. A circular bottom wall 235 is
      formed in the housing 230 and defines the lower end of the chamber 240.
      The cover 231 extends across and closes the upper end of the chamber 240.
PAR  An annular flange 236 is formed on the cover 231. The flange 236 extends
      into the upper end region of the chamber 240 in close proximity to the
      side wall 234. A peripheral groove 237 is formed in the flange 236. A
      resilient seal 238 is carried in the groove 237 and perimetrically seals
      the annular space between the flange 236 and the sidewall 234.
PAR  An annular projection 240 is formed on the cover 231. The projection 240
      depends centrally into the chamber 240. A cylindrical bore 241 is formed
      centrally in the projection 240. A vent passage 242 is formed through the
      cover 231 and vents the upper end region of the bore 241 to the
      atmosphere.
PAR  An L-shaped passage 245 is formed in the cover 231. The passage 245
      communicates the threaded aperture 293 and the chamber 240.
PAR  A central opening 250 is formed through the housing bottom wall 235. The
      upper surface of the bottom wall 235 is tapered in the vicinity of the
      opening 250, as indicated as 251 to provide a smooth funnel-shaped
      entrance to the opening 250. A cylindrical wall 252 defines the opening
      250. An annular machined surface 253 is formed in the housing 230 around
      the underside of the opening 250.
PAR  A piston 255 is movably carried in the chamber 240. The piston 255 has a
      cylindrical outer wall 256 which slip-fits within the housing inner wall
      234. A peripheral groove 257 is formed in the outer wall 256. A resilient
      seal 258 is carried in the groove 257 and perimetrically seals the annular
      space between the outer and inner walls 256, 234.
PAR  A small diameter hole 259 is formed through the piston to facilitate the
      eventual balancing of pressures on opposite sides of the piston 255 after
      the piston has come to rest in the chamber 240. The hole 259 is
      sufficiently small to have no appreciable effect in diminishing the signal
      pressure in the region atop the piston 255, and is provided only to
      eliminate such hysteresis effects as commonly occur in fluid-operated
      valves of this type.
PAR  The piston 255 has a central stem with upwardly and downwardly projecting
      end regions 260, 261. The upper end region 260 is cylindrical and slidably
      extends into the bore 241. The bore 241 cooperates with the stem end
      region 260 to guide the movement of the piston 255 in the chamber 240. A
      peripheral groove 262 is formed in the stem end region 260. A resilient
      seal 263 is carried in the groove 262 and perimentrically seals the
      annular space between the stem end region 260 and the wall of the bore
      241.
PAR  The lower stem end region 261 has an enlarged diameter foot 265. A
      cylindrical peripheral wall 266 is formed on the foot 265. The cylindrical
      wall 266 is of such diameter as will permit the foot 265 to pass through
      the opening 250 as the piston 255 moves toward the upper end of its range
      of travel.
PAR  An annular recess 270 is formed in the top surface of the piston 255. The
      piston 255 is at the upper end of its range of travel when the annular
      cover flange 236 extends into the recess 270 and engages the piston 255.
PAR  An annular face 271 is formed on the lower surface of the piston 255. The
      piston 255 is at the lower end of its range of travel when the annular
      face 271 engages the housing bottom wall 235.
PAR  A compression coil spring 275 biases the piston 255 upwardly. The spring
      275 is positioned concentrically around the lower stem end region 261. The
      upper end of the spring 275 engages the lower surface of the piston 255.
      The lower end of the spring 275 engages the bottom wall 235.
PAR  An L-shaped passage 280 is formed in the housing 230 to communicate the
      threaded opening 233 and the chamber 260. The passage 280 opens through
      the bottom wall 235, communicating the region beneath the piston 255 with
      the threaded opening 233.
PAR  A bore 284 is formed in the housing 230. The bore 284 orthogonally
      intersects the passage 280. The upper end of the bore 284 is closed by a
      circular wall 285. The upper end region of the bore 284 is defined by a
      stepped cylindrical side wall having a small diameter region 286 and a
      larger diameter region 287. A shoulder 288 separates the sidewall regions
      286, 287. The lower end region of the bore 284 is threaded, as indicated
      at 289.
PAR  A piston 290 is movably carried in the bore 284. The piston 290 has a small
      diameter stem 291. An enlarged diameter head 292 is formed near the upper
      end of the stem 291. A smaller diameter stop projection 293 is formed atop
      the head 292. The piston 290 is at the upper end of its range of travel
      when the stop 293 engages the bore end wall 285.
PAR  A cylindrical wall 295 is formed on the piston head 295. The wall 295 is
      slidably received within the bore wall 286. A peripheral groove 296 is
      formed in the wall 295. A resilient seal 297 is carried in the groove 296
      and perimetrically seals the annular space between the walls 295, 296.
PAR  A pair of bushings 301, 302 are carried in the bore 284. The bushings 301,
      302 have aligned central apertures that slidably journal the piston stem
      291. The bushings 301, 302 have outer cylindrical walls which are
      press-fitted into engagement with the bore wall 287.
PAR  The upper bushing 301 has its upper surface in engagement with the shoulder
      288. A groove 303 is formed in the lower surface of the bushing 301. A
      resilient seal 304 is carried in the groove 304 and perimetrically seals
      the annular space between the piston stem 291 and the bushing 301.
PAR  The lower bushing 302 has its upper surface in engagement with the upper
      bushing 301. The lower surface of the bushing 302 is contiguous with the
      upper wall of the passage 280.
PAR  A compression coil spring 305 biases the piston 290 upwardly. The spring
      305 is positioned concentrically around the piston stem 291. The upper end
      of the spring 305 engages the lower surface of the piston head 292. The
      lower end of the spring 305 engages the upper surface of the bushing 301.
PAR  A vent passage 306 is formed in the housing 230. The passage 306 opens
      through the bore wall 286 at a position below the piston head 292. The
      passage 306 vents to the atmosphere the chamber which is occupied by the
      spring 305.
PAR  A passage 307 communicates the bore 284 and the chamber 240. The passage
      307 has one end which opens through the bore wall 286 at a position atop
      the piston head 292. The other end of the passage 307 opens through the
      housing inner wall 234 at a position just below the cover flange 236.
PAR  A plug 310 is threaded into the lower bore region 289. The plug 310 has an
      upwardly opening central bore 311. A circular bottom wall 312 closes the
      lower end of the bore 311.
PAR  A gate member 315 is carried on the lower end region of the piston stem
      291. The lower end region of the piston stem 291 is threaded, as indicated
      at 316. The gate member 315 has a threaded central bore 317 which is
      threaded onto the stem end region 316. The gate member 315 has a
      cylindrical outer wall 318 which slip-fits within the plug bore 311. The
      piston 290 is at the lower end of its range of travel when the gate member
      315 engages the plug bore bottom wall 312.
PAR  A passage 330 is formed in the housing 230 to communicate the threaded
      opening 243 and the opening 250. A bore 331 is formed in the housing 230
      and orthogonally intersects the passage 330. The bore 331 extends
      coaxially with the cylindrical wall 252 which defines the opening 250.
PAR  A pair of annular bushings 341, 342 are carried in the bore 331. The upper
      bushing 341 has an axially extending upper portion 343, and a radially
      extending lower portion 344. A cylindrical side wall 348 is formed on the
      lower portion 347. The side wall 348 is slip-fitted in the bore 331. An
      annular seal 349 is carried radially outwardly of the upper portion 346 at
      a position between the lower portions 344, 347. The seal 349
      perimetrically seals the annular space between the lower bushing 342 and
      the wall of the bore 331.
PAR  A circular cover plate 350 is positioned in the bore 331 at a position
      below the lower bushing 342. A groove 351 is formed in the wall of the
      bore 331 below the rim of the cover plate 350. A snap ring 352 is carried
      in the groove 351 and holds the cover plate 350 in place in the bore 331.
      A plurality of vent openings 353 are formed through the cover plate 350.
PAR  A tubular member 360 is movably carried by the bushings 341, 342. The
      tubular member 360 has a through bore 361, a large diameter head 362, and
      a smaller diameter axially extending outer wall 263. The head 362 has
      radially extending upper and lower surfaces 370, 371.
PAR  The bushings 341, 342 have aligned central apertures 364, 365 which
      slidably journal the outer wall 363. An annular seal 366 is positioned
      concentrically around the outer wall 363 and perimetrically seals the
      annular space between the bushing 342 and the tubular member 360.
PAR  A compression coil spring 372 biases the tubular member 360 upwardly. The
      spring 372 is positioned concentrically around the upper portion 343 of
      the bushing 341. The upper end of the spring 372 engages the lower head
      surface 371. The lower end of the spring 372 engages the upper surface of
      the portion 345.
PAR  The foot 265 of the piston 255 is engageable with the upper surface 370 of
      the tubular member 360. When the foot 265 engages the surface 370, the
      piston foot 265 closes off the upper end of the bore 361.
PAR  When the tubular member 360 is at the upper end of its range of travel, the
      surfaces 370, 253, engage, cutting off communication between the region
      beneath the piston 255 and the passage 330.
PAR  In operation, when the foot-operated lever 100 is not depressed, the air
      pressure in the signal conduit 93 is minimal and the pressure applied
      through the passage 245 to the upper surface of the piston 255 is likewise
      minimal. The spring 275 is operative under these conditions to hold the
      piston 255 at the upper end of its range of travel with the annular cover
      flange 236 extending into the piston recess 270.
PAR  When the piston 255 is at the upper end of its range of travel, the upper
      surface 370 of the tubular member 360 is in engagement with the surface
      253, and the piston foot 265 is out of engagement with the tubular member
      360. The opening 250 and the bore 361 then vent the region below the
      piston 255 to atmosphere through the cover holes 353. Since the pressure
      above the piston 255 is minimal, and since this minimal pressure is
      communicated through the passage 307 to the region above the piston head
      292, the piston 290 will be held at the upper end of its range of travel
      by the spring 305.
PAR  When the piston 290 is at the upper end of its range of travel, the gate
      member 315 extends into the passage 280, as shown in FIG. 2. The presence
      of the gate member 315 in the passage 280 restricts the rate of flow of
      air through the passage 280 between the region beneath the piston 255 and
      the threaded opening 233. The conduit 133 which connects with the threaded
      opening 233 is, under these circumstances, vented to atmosphere through
      the passage 280, the chamber 260, the opening 250, the bore 361, and the
      holes 353.
PAR  Normal service brake application of the trailer brake actuators 13 is
      effected by depressing the foot-operated lever 100. As the lever 100 is
      depressed, the air pressure in the signal conduit 93 increases, causing a
      corresponding increase in pressure atop the pistons 255, 290. This
      pressure increase is not initially sufficient to cause downward movement
      of the piston 290, but is sufficient to cause downward movement of the
      piston 255.
PAR  As the piston 255 moves downwardly, the piston foot 265 engages the upper
      surface 370 of the tubular member 360 and closes off the upper end of the
      bore 361. At this time, the conduit 133, the passage 280, and the region
      beneath the piston 255 are no longer vented to atmosphere.
PAR  As the piston 255 continues to move downwardly under the influence of
      increasing pressure in the signal conduit 93, the tubular member 360 is
      depressed, as shown in FIG. 2. When the upper surface 370 of the tubular
      member 360 no longer engages the surface 253, communication is established
      between the passages 280, 330 through the opening 250.
PAR  As soon as communication is established between the passages 280, 330,
      pressurized air begins to flow from the conduits 143, 43 into the conduits
      133, 33a, causing the relay valve 148 to pressurize the trailer service
      brake chambers 13a. As the foot-operated lever 100 is depressed further
      causing a continued increase in pressure in the signal conduit 93, the
      piston 290 begins to move downwardly. Downward movement of the piston 290
      pushes the gate member 315 into the plug bore 311 permitting an increased
      flow of air through the passage 280 to the relay valve 148. FIG. 3 shows
      the configuration of the tractor protection valve 130 when the trailer
      service brakes are fully applied.
PAR  The movements of the pistons 255, 290 and the tubular member 360 reverse
      when the foot-operated lever 100 is released causing a decrease in
      pressure in the signal conduit 93.
PAR  In the event of a failure in the conduits 133, 33a, or in the trailer the
      connector 134, the tractor protection valve 130 permits a modulated
      application of the trailer spring brake system, as will now be described.
      In such circumstances, the pistons 255, 290 and the tubular member 360
      will operate just as described above when the foot-operated lever 100 is
      depressed to control the discharge of air from the conduits 143, 43 and
      from the spring brake chambers 13b.
PAR  When the piston 255 starts to move downwardly in response to signal
      pressure in the conduit 93, communication is established between the
      passages 280, 330, as described above. Pressurized air begins to flow from
      the conduits 143, 43 into the conduits 133, 33a. However, due to the
      rupture in one of the conduits 133, 33a or in the connector 134, the air
      supplied to the conduit 133 will escape, and no service brake application
      of the trailer brake actuators 13 will be effected.
PAR  As air is depleted from the conduits 143, 43 the spring brake chambers 13b
      will begin to be exhausted, and spring brake application of the trailer
      brake actuators 13 will be initiated. The speed at which the spring brake
      application of the trailer brake actuators 13 takes place is governed by
      the piston 290. When the operator depresses the foot-operated lever 100
      only slightly to provide a relatively low signal pressure to atop the
      pistons 255, 290, the piston 290 remains at the upper end of its travel,
      causing the gate member 315 to substantially restrict the flow of air
      through the passage 280. When the flow of air through the passage 280 is
      restricted in this fashion, the pressure drop in the spring brake chambers
      13b is insufficient to effect spring brake application.
PAR  When the operator depresses the foot-operated lever 100 to a greater degree
      causing a higher signal pressure to be transmitted to the regions atop the
      piston 255, 290, the piston 290 begins to move downwardly. Downward
      movement of the piston 290 moves the gate member 315 inwardly of the plug
      bore 310, permitting a greater rate of air flow through the passage 280,
      and causing a sufficient pressure drop in the spring brake chambers 13b to
      bring the spring brakes into play. Further depression of the foot-operated
      lever 100 effects a more rapid exhaustion of the spring brake chambers
      13b, causing a smooth but rapid spring brake application of the trailer
      brake actuators 13.
PAR  When the operator releases the foot-operated lever 100, thereby causing a
      reduction in signal pressure applied atop the pistons 255, 290, the
      pistons 255, 290 reassume their uppermost positions. When the piston 255
      assumes its uppermost position, the tubular member 360 closes off
      communication between the passages 330, 280. As soon as communication is
      cutoff between the passage 330, 280, the conduits 143, 43 and the spring
      brake chambers 13b are recharged by air passing through the orifice 203,
      releasing the spring brake application of the trailer brake actuators 13.
PAR  As will be apparent, the tractor protection valve 130 is operative to
      control both normal service brake application of the trailer brake
      actuators 13, and to provide a modulated service brake application of the
      trailer brake actuators 13. During an emergency situation where the
      trailer service brakes system has failed, the piston 290 and the gate
      member 315 permit spring brake application of the trailer brake actuator
      13 in a controlled fashion. Moreover, as soon as the operator release the
      foot-operated lever 100, the trailer spring brake system recharges and can
      be repetitively operated under the control of the foot-operated lever 100.
PAR  Referring to FIGS. 4 and 5, an alternate embodiment of the tractor
      protection valve 130' is shown. The valves 130, 130' differ in two ways:
      First, the piston 290 and the gate member 315 are eliminated in the valve
      130'; Second, the piston foot 265' in the valve 130' is configured
      differently from the piston foot 265 in the valve 130. As will be
      explained, the piston foot 265' cooperates with the opening 250' to
      control the rate of flow of air between the passages 330', 280', thereby
      performing the same function as was achieved with the piston 290 and gate
      member 315 in the valve 130.
PAR  Since all of the components of the valve 130' correspond to the components
      of the valve 130, the components in the valve 130' have been given primed
      numerals which correspond to the numerals applied to the components of the
      valve 130.
PAR  Referring to FIGS. 4 and 5, the piston foot 265' has a tapered transition
      region 400' between the outer wall 266' and the smaller diameter portion
      of the piston end region 261'. The tapered region 400' cooperates with the
      cylindrical wall 252' to provide a restricted opening between the passages
      280', 330' which varies in size depending upon the magnitude of the signal
      pressure applied atop the piston 255'. When the signal pressure atop the
      piston 255' is relatively low, the opening between the tapered region 400'
      and the wall 252' is relatively small as shown in FIG. 4, permitting only
      a low flow rate of air from the passage 330' into the passage 280'. As
      signal pressure atop the piston 250' increases, the space between the
      tapered region 400' and the wall 252' increases in size as shown in FIG.
      5, permitting a faster flow rate of air to be exhausted from the conduits
      143, 43. As will be apparent, the tapered piston foot 265' accordingly
      effects the same type flow control as is accomplished by the piston 290
      and the gate member 315 in the valve 130.
PAR  Although the invention has been described in its preferred form with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred form has been made only by way of example and
      numerous changes in the details of construction and the combination and
      arrangement of parts may be resorted to without departing from the spirit
      and the scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle brake comprising:
PA1  a. a service brake sub-system operable when pressurized above a
      predetermined pressure to effect brake application;
PA1  b. an emergency brake sub-system operable when depressurized below a
      certain pressure to effect brake application;
PA1  c. a source of pressurized fluid;
PA1  d. flow restriction means communicating said source and said emergency
      brake sub-system for limiting the rate of flow of pressurized fluid from
      said source to said emergency brake sub-system;
PA1  e. valve means including a valve communicating with said emergency brake
      sub-system and being operative to transfer pressurized fluid out of said
      emergency brake sub-system to effect an application of said service brake
      sub-system when said service brake sub-system is operational, and to
      effect an application of said emergency brake sub-system if said service
      brake sub-system has failed.
NUM  2.
PAR  2. A vehicle brake system comprising:
PA1  a. a service brake sub-system;
PA1  b. an emergency brake sub-system;
PA1  c. a source of pressurized fluid;
PA1  d. flow restriction means communicating said source and said emergency
      brake sub-system for limiting the rate of flow of pressurized fluid from
      said source to said emergency brake sub-system;
PA1  e. valve means including a valve communicating with said emergency brake
      sub-system and being operative to transfer pressurized fluid out of said
      emergency brake sub-system to effect an application of said service brake
      sub-system when said service brake sub-system is operational, and to
      effect an application of said emergency brake sub-system if said service
      brake sub-system has failed; and,
PA1  f. said valve means additionally including:
PA2  i. a signal conduit communicating with said valve to receive pressurized
      fluid transfered out of said emergency brake sub-system by said valve;
      and,
PA2  ii. a relay valve connected to said signal conduit and operative in
      response to pressurization of said signal conduit to effect an application
      of said service brake sub-system.
NUM  3.
PAR  3. A vehicle brake system comprising:
PA1  a. a service brake sub-system;
PA1  b. an emergency brake sub-system;
PA1  c. a source of pressurized fluid;
PA1  d. flow restriction means communicating said source and said emergency
      brake sub-system for limiting the rate of flow of pressurized fluid from
      said source to said emergency brake sub-system;
PA1  e. valve means including a valve communicating with said emergency brake
      sub-system and being operative to transfer pressurized fluid out of said
      emergency brake sub-system to effect an application of said service brake
      sub-system when said service brake sub-system is operational, and to
      effect an application of said emergency brake sub-system if said service
      brake sub-system has failed;
PA1  f. control means operative to provide a variation in a control signal
      indicative of a desired degree of vehicle brake application; and,
PA1  g. said valve means being responsive to said control signal to regulate the
      flow rate of fluid transferred out of said emergency brake sub-system to
      achieve the desired degree of brake application.
NUM  4.
PAR  4. In a brake system of the type including service and emergency brake
      chambers respectively forming portions of service and emergency brake
      sub-systems, the improvement comprising:
PA1  a. connection means for communicating the emergency brake sub-system with a
      source of pressurized fluid;
PA1  b. valve means operative to selectively establish a controlled flow of
      pressurized fluid from the emergency brake sub-system;
PA1  c. said valve means being operative when the service brake sub-system is
      operating normally to utilize said controlled flow to effect controlled
      service brake application;
PA1  d. said connection means being operative when the service brake sub-system
      has failed to limit the rate at which pressurized fluid is supplied from
      such source to the emergency brake sub-system; and,
PA1  e. said valve means being operative when the service brake sub-system has
      failed to deplete pressurized fluid at a controlled flow rate from the
      emergency brake sub-system and effect a controlled emergency brake
      application.
NUM  5.
PAR  5. The brake system of claim 4 wherein:
PA1  a. control means is provided for generating a signal indicative of the
      desired degree of brake application;
PA1  b. said valve means is responsive to such signal to establish a controlled
      flow of fluid from the emergency brake sub-system that will:
PA2  i. during normal operation of the service brake sub-system, be operative to
      effect the desired degree of brake application by the service brake
      sub-system; and,
PA2  ii. during failure of the service brake sub-system, be operative to effect
      the desired degree of brake application by the emergency brake sub-system.
NUM  6.
PAR  6. The brake system of claim 5 wherein:
PA1  a. said control means includes foot-operated valve means communicating with
      a source of pressurized fluid, and conduit means interconnecting said
      foot-operated valve means and said valve means to provide a fluid pressure
      signal to said valve means indicative of the desired degree of brake
      application; and,
PA1  b. said valve means is responsive to said fluid pressure signal to
      establish a controlled flow of fluid from the emergency brake sub-system
      that will give the desired degree of brake application.
NUM  7.
PAR  7. The brake system of claim 6 wherein said valve means includes passage
      means communicating with the emergency brake sub-system and variable flow
      restriction means in said passage for controlling the flow rate of fluid
      passing through said passage.
NUM  8.
PAR  8. The brake system of claim 7 wherein said flow restriction means includes
      at least one movable piston which positions itself in response to said
      fluid pressure signal to vary said flow rate.
NUM  9.
PAR  9. A vehicle brake system, comprising:
PA1  a. a service brake sub-system normally operable when pressurized with fluid
      above a first predetermined pressure to apply a vehicle braking force;
PA1  b. An emergency brake sub-system operable when pressurized with fluid below
      a second predetermined pressure to apply a vehicle braking force;
PA1  c. a source of pressurized fluid having fluid pressurized at a third
      predetermined pressure that is greater than said first and second
      predetermined pressured;
PA1  d. flow restriction means communicating said source and said emergency
      brake sub-system for supplying pressurized fluid from said source to said
      emergency brake sub-system in an effort to maintain, the fluid pressure in
      said emergency brake sub-system at said third predetermined pressure;
PA1  e. valve means communicating with said emergency brake sub-system and being
      operative to selectively transfer pressurized fluid at a controlled rate
      of flow from said emergency brake sub-system;
PA1  f. said flow restriction means being operable to limit the rate of flow of
      pressurized fluid from said source to said emergency brake sub-system
      thereby permitting a drop in fluid pressure in said emergency brake
      sub-system when said valve means is transferring pressurized fluid from
      said emergency brake sub-system.
NUM  10.
PAR  10. The vehicle brake system of claim 9 wherein said valve means is
      operative to utilize said controlled flow to effect the application of a
      vehicle braking force by said service brake sub-system when said service
      brake sub-system is operational.
NUM  11.
PAR  11. The vehicle brake system of claim 10 wherein said valve means is
      additionally operable to deplete the pressure in said emergency brake
      sub-system and effect the application of a vehicle braking force by said
      emergency brake sub-system when said service brake sub-system has failed.
NUM  12.
PAR  12. The vehicle brake system of claim 11 wherein said flow restriction
      means is operable to provide a rate of fluid flow from said source to said
      emergency brake sub-system that will be insufficient to prevent the fluid
      pressure in said emergency brake sub-system from dropping below said
      second predetermined pressure when said valve means is transferring
      pressurized fluid from said emergency brake sub-system and said service
      brake sub-system has failed.
NUM  13.
PAR  13. The vehicle brake system of claim 12 wherein said flow restriction
      means is operable to re-establish a fluid pressure level within said
      emergency brake sub-system above said second predetermined pressure after
      said valve means has:
PA1  i. transferred a sufficient amount of pressurized fluid from said emergency
      brake sub-system during a condition of service brake system failure to
      decrease the fluid pressure in said emergency brake sub-system below said
      second predetermined pressure; and,
PA1  ii. closed to stop the transfer of pressurized fluid from said emergency
      brake sub-system.
NUM  14.
PAR  14. The vehicle brake system of claim 9, wherein:
PA1  a. a control means is provided at a vehicle location which is readily
      accessible to an operator for providing a signal indicative of whether a
      vehicle brake application force is to be applied; and,
PA1  b. said valve means is responsive to said signal to selectively prevent and
      permit a transfer of fluid out of said emergency brake sub-system.
NUM  15.
PAR  15. The vehicle brake system of claim 14 wherein:
PA1  a. said control means includes a valve structure;
PA1  b. said valve structure communicates with said source of pressurized fluid;
PA1  c. conduit means interconnects said valve structure and said valve means;
PA1  d. said valve structure is operable to transfer pressurized fluid from said
      source to said conduit means to establish a signal pressure in said
      conduit means indicative of whether a vehicle brake application force is
      to be applied; and
PA1  e. said valve structure is responsive to said signal pressure to
      selectively prevent and permit a transfer of fluid out of said emergency
      brake sub-system to effect the application of a vehicle braking force.
NUM  16.
PAR  16. The vehicle brake system of claim 15 wherein said valve means includes
      movable piston means for regulating the transfer of fluid out of said
      emergency brake sub-system in response to said signal pressure.
NUM  17.
PAR  17. The vehicle brake system of claim 16 wherein said at least one piston
      includes first and second pistons, said first piston being operative to
      prevent and permit a transfer of fluid out of said emergency brake
      sub-system, and said second piston being operative to regulate the flow
      rate of fluid transferred out of said emergency brake sub-system.
NUM  18.
PAR  18. A pneumatic tractor-trailer vehicle brake system, comprising:
PA1  a. a service brake sub-system normally operable when pressurized with air
      above a first predetermined pressure to apply a vehicle braking force;
PA1  b. an emergency brake sub-system operable when pressurized with air below a
      second predetermined pressure to apply a vehicle braking force and
      rendered inoperable when pressurized with air above said second
      predetermined pressure;
PA1  c. a source of pressurized air, the source when in use and ready for
      operation having air pressurized at a third predetermined pressure that is
      greater than each of said first and second predetermined pressures;
PA1  d. flow restriction means communicating said source and said emergency
      brake sub-system for supplying pressurized air from said source to said
      emergency brake sub-system to maintain the air pressure in said emergency
      brake sub-system at said third predetermined pressure;
PA1  e. valve means communicating with said emergency brake sub-system for
      selectively transferring pressurized air at a controlled rate out of said
      emergency brake sub-system;
PA1  f. said valve means being operative to utilize said controlled flow to
      effect the application of a vehicle braking force by said service brake
      sub-system when said service brake sub-system is operational; and,
PA1  g. said valve means additionally being operative to deplete the pressure in
      said emergency brake sub-system and effect the application of a vehicle
      braking force by said emergency brake sub-system when said service brake
      sub-system has failed.
NUM  19.
PAR  19. The vehicle brake system of claim 18, wherein:
PA1  a. said control means includes a valve structure;
PA1  b. said valve structure communicates with said source of pressurized air;
PA1  c. conduit means interconnects said valve structure and said valve means;
PA1  d. said valve structure is operable to transfer pressurized air from said
      source to said conduit means to establish a signal pressure in said
      conduit means indicative of whether a vehicle brake application force is
      to be applied; and,
PA1  e. said valve means is responsive to said signal pressure to selectively
      prevent and permit a transfer of air out of said emergency brake
      sub-system to effect the application of a vehicle braking force.
NUM  20.
PAR  20. The vehicle brake system of claim 19 wherein said valve means includes:
PA1  a. a housing structure defining a chamber;
PA1  b. a first passage communicating with said chamber for transmitting said
      signal pressure to said chamber;
PA1  c. a second pressure defining a path of flow for the transfer of air
      through said valve means out of said emergency brake sub-system;
PA1  d. piston means movably mounted in said chamber for movement in response to
      variations in said pressure signal to regulate the rate of flow of air
      through said second passage.
NUM  21.
PAR  21. The vehicle brake system of claim 20 wherein said piston means includes
      first and second pistons movably carried in said housing, said first
      piston being operative to selectively establish communication between said
      second passage and said emergency brake sub-system, and said second piston
      being extensible into said second passage to regulate the rate of flow of
      air through said second passage.
NUM  22.
PAR  22. The system of claim 1 wherein said flow restriction means and said
      valve means cooperate to effect a reduction in fluid pressure in said
      emergency brake sub-system during at least a portion of the time when said
      service brake sub-system is being pressurized to effect brake application
      of the service brake system.
NUM  23.
PAR  23. A vehicle brake system, comprising:
PA1  a. a service brake sub-system operable when pressurized above a
      predetermined pressure to effect brake application;
PA1  b. an emergency brake sub-system operable when depressurized below a
      certain pressure to effect brake application;
PA1  c. a source of pressurized fluid;
PA1  d. control means operable to:
PA2  i. selectively pressurize said emergency brake sub-system to a first
      pressure greater than said certain pressure to release brake application
      of the emergency brake sub-system;
PA2  ii. selectively pressurize said service brake sub-system to effect brake
      application of said service brake sub-system; and
PA2  iii. reduce the pressure whithin said emergency brake sub-system to a
      second pressure intermediate said certain pressure and said first
      pressure, concurrently with the application of pressurization of the
      service brake sub-system.
NUM  24.
PAR  24. The vehicle brake system of claim 23 wherein said control means
      includes a valve communicating with said emergency brake sub-system and
      being operative to transfer pressurized fluid out of said emergency brake
      sub-system to effect an application of siad service brake sub-system when
      said service brake sub-system is operational, and to effect an application
      of said emergency brake sub-system if said service brake sub-system has
      failed.
NUM  25.
PAR  25. A vehicle brake system, comprising:
PA1  a. at least one service brake actuator normally operable when pressurized
      to effect service brake application;
PA1  b. at least one emergency brake actuator operable when pressurized above a
      predetermined pressure to release emergency brake application and operable
      when depressurized below said predetermined pressure to effect emergency
      brake application; and
PA1  c. pressurization means for normally maintaining fluid pressure in said
      emergency brake actuator at a normal pressure above said predetermined
      pressure; and
PA1  d. means for diminishing the pressure in said emergency brake actuator when
      said service brake actuator is being pressurized to effect service brake
      application.
NUM  26.
PAR  26. The vehicle brake system of claim 25 wherein said pressurization means
      includes transfer means for transferring at least a portion of the fluid
      normally used to pressurize said emergency brake actuator at said normal
      pressure to said service brake actuator when said service brake actuator
      is being pressurized to effect service brake application.
NUM  27.
PAR  27. In a brake system of the type including service and emergency brake
      chambers respectively forming portions of service and emergency brake
      sub-systems, the improvement comprising:
PA1  a. connection means for communicating the emergency brake sub-system with a
      source of pressurized fluid;
PA1  b. valve means operative to selectively establish a controlled flow of
      pressurized fluid from the emergency brake sub-system;
PA1  c. said valve means being operative when the service brake sub-system is
      operating normally to utilize said controlled flow to effect controlled
      service brake application; and,
PA1  d. said valve means being operative when the service brake sub-system has
      failed to deplete pressurized fluid from the emergency brake sub-system to
      effect emergency brake application.
NUM  28.
PAR  28. The brake system of claim 27 wherein control means is provided for
      generating a signal indicative to the desired degree of brake application,
      and said valve means is responsive to such signal to establish a
      controlled flow of fluid from the emergency brake sub-system that will,
      during normal operation of the service brake sub-system, be operative to
      effect the desired degree of brake application by the service brake
      sub-system.
NUM  29.
PAR  29. In a highway vehicle, a brake system comprising:
PA1  a. a service brake sub-system;
PA1  b. an emergency brake sub-system;
PA1  c. the emergency brake sub-system including operating means normally
      biasing emergency brakes toward and applied condition, and release means
      operable to apply certain forces opposing the operation of the operating
      means to render the operating means in effectual; and,
PA1  d. interconnection means responsive to attempted actuation of the service
      brake sub-system to diminish the certain forces applied by the release
      means.
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ABST
PAL  An anti-skid braking system which includes a throttle control arrangement
      associated with the throttle plate located in the induction manifold for
      opening the plate upon operation of the anti-skid system in order to
      compensate for the braking effect of the engine initiated upon release of
      the accelerator pedal. The throttle arrangement includes a
      solenoid-controlled vacuum actuator and a piston connected to the throttle
      plate through a lever system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for reducing the braking effect of the
      engine of a motor vehicle equipped with an anti-skid braking system.
PAR  It is known, that in a vehicle equipped with an internal combustion engine,
      the moment the accelerator pedal is released the engine itself commences a
      braking action; this engine braking action is proportionately greater the
      greater the speed of the vehicle. While the braking effect of the engine
      is largely exploited when travelling downhill or during normal braking,
      without skidding, it is particularly dangerous when the vehicle is
      equipped with an anti-skid braking system, because it augments the already
      controlled action of the braking system. Furthermore the braking effect of
      the engine is particularly marked at the beginning of the braking process,
      when the anti-skid braking system can be slow to intervene for various
      reasons.
PAR  A principal object, therefore, of the present invention is the provision of
      a vehicle equipped with a control device capable of reducing or
      eliminating the braking effect of the engine during braking of a vehicle
      upon intervention of an anti-skid braking system.
PAR  A further object of the invention is the provision of a device as aforesaid
      which can be conveniently used at all speeds of the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a vehicle equipped with an
      internal combustion engine having at least one induction manifold and a
      throttle valve for regulating the air flow therein, including an anti-skid
      braking system for the wheels of the vehicle, wherein control means are
      provided for controlling the throttle valve under control of the anti-skid
      braking system so as to cause the opening of the throttle valve when the
      anti-skid braking system commences operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be more clearly understood from the description which
      follows, given by way of non-limiting example, with reference to the
      single appended drawing, which is a schematic representation of part of a
      vehicle equipped with an anti-skid braking system and a control device
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Reference numeral 10 indicates generally part of the chassis of a motor
      vehicle, on which an internal combustion engine 12 is mounted. The engine
      12 has an induction manifold 14 and a throttle valve 16. In the figure
      there is also indicated diagrammatically a braking system 18 for a wheel
      20 of the vehicle, of any type, having a brake actuator 21 operable by a
      brake pedal 22, and an anti-skid braking control system which comprises in
      general a tachometer 26 for detecting the angular velocity of the wheel 20
      and a central electronic computer 28 which controls pressure modulator
      means 30 so as to relieve the pressure of the hydraulic brake fluid in the
      brake actuator 21 in the event of incipient skidding of the wheel.
PAR  A vacuum actuator 32 comprises a housing 34 containing an internal
      diaphragm 36 which delimits within the housing a first chamber 38,
      connected through a conduit 40 to a point 42 of the induction manifold 14,
      downstream of the throttle valve 16. A compression spring 43 is located in
      the chamber 38 and acts on the diaphragm 36, which also delimits within
      the housing 34 a second chamber 44 freely vented to the atmosphere. A
      small piston 46 is housed in the second chamber 44 and is joined to the
      diaphragm 36. The piston 46 has an extension 48 kinematically connected to
      the throttle valve 16 through a lever system 52; the lever system 52 can
      easily be dimensioned so as to cause only rotation of the throttle valve
      16, independently of the control connection of the accelerator pedal of
      which only the control rod 50 is shown. When the driver operates the
      accelerator pedal the actuator 32 is unaffected since the end of the lever
      system 52 connected to the throttle valve 16 runs in a groove 56 provided
      in the rod 50.
PAR  Any other type of mechanism may be provided to make the movements of the
      throttle valve 16 due to the accelerator pedal and those due to the
      actuator 32 independent of each other.
PAR  In the conduit 40 a valve unit is inserted, which in the illustrated
      embodiment is constituted by a three-way, two-position solenoid valve 58,
      arranged so as normally to interrupt the communication between the chamber
      38 and the induction manifold 14. The excitation winding 60 of the
      solenoid valve 58 is energized by a control signal provided by the central
      electronic computer 28; in the drawing the valve 58 is represented in its
      energized position.
PAR  The operation of the control device according to the invention is as
      follows:
PAR  When the accelerator is released and the brakes applied, a braking action
      of the engine 12 commences which, because of the closure of the throttle
      valve 16, results in a vacuum in the induction manifold 14 and therefore
      at the point 42. If the wheel 20 is in a condition of incipient skidding
      the electronic computer 28 of the anti-skid braking control system emits a
      signal which controls the modulating means 30 so as to decrease the
      pressure applied to the brake actuator 21 of the wheel 20. At the same
      time the winding 60 of the solenoid valve 58 is energized, thereby opening
      the valve 58 and establishing communication between the chamber 38 and the
      induction manifold 14. In this way a vacuum is caused in the chamber 38
      and the diaphragm 36 is displaced (to the left as viewed in the drawing),
      overcoming the force of the spring 42, and carrying with it the small
      piston 46. The piston 46, acting through the mechanism 50, 52, causes the
      throttle valve 16 to rotate in an opening direction, thereby reducing the
      braking action of the engine. It is clear that the opening of the throttle
      valve is a function of the induction manifold vacuum, that is of the
      overall braking effect of the engine, and therefore in the end it will
      depend upon the speed of the vehicle.
PAR  The time for which the valve 58 is opened, and more generally, the time of
      operation of the device which puts the vacuum actuator 32 into
      communication with the induction manifold 14, depends on the requirements
      of the vehicle braking characteristics: the valve 58 can in fact be opened
      throughout the time of functioning of the anti-skid system, or it can be
      regulated by a timing device, incorporated in the computer 28, so that
      after a certain time from the first anti-skid braking control cycle the
      communication through the conduit 40, and therefore the operation of the
      device, is interrupted by closure of the valve 58. The time of opening of
      the valve 58 can also be varied in dependence upon other influencing
      parameters, for example upon a signal directly provided by a decelerometer
      included in the computer 28, or alternatively this time can be dependent
      upon other quantities, and can have a fixed duration.
PAR  Naturally, while keeping to the principle of this invention, practical
      embodiments and the dimensioning of details can be widely varied without
      departing from the spirit or scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vehicle equipped with an internal combustion engine having at least
      one induction manifold connected thereto to direct fuel/air mixture into
      the cylinders of the engine, a throttle valve located within said manifold
      for regulating the air flow therein, and an anti-skid braking system
      connected to the wheels of the vehicle, the improvement which comprises
      throttle control means connected to and controlled by the anti-skid
      braking system, said throttle control means including an actuator
      connected to the throttle valve, and also connected to the induction
      manifold said throttle control means being effective to cause the opening
      of the throttle valve when the anti-skid braking system commences
      operation, and wherein the position of the throttle valve is varied,
      through the actuator, by the induction manifold vacuum.
NUM  2.
PAR  2. The vehicle defined in claim 1, including a mechanical linkage
      connecting said actuator to the throttle valve.
NUM  3.
PAR  3. The vehicle defined in claim 1, wherein said actuator comprises a
      housing, a diaphragm delimiting within the housing a first and a second
      chamber, a conduit connecting said first chamber to the engine induction
      manifold, a freely displaceable piston connected to said diaphragm in said
      second chamber, a compression spring disposed within the first chamber and
      acting on the diaphragm, said piston having an extension which projects
      outside the housing, means connecting said extension to the throttle
      valve, valve means disposed in said conduit, said valve means being
      operable selectively to allow and to interrupt communication between the
      first chamber and the induction manifold, and valve operating means
      connected to said anti-skid braking system and controlled by the latter.
NUM  4.
PAR  4. The vehicle defined in claim 3, wherein said valve operating means
      comprise a solenoid connected electrically to the anti-skid braking
      system, the valve being normally closed and being opened by the solenoid
      upon operation of the anti-skid braking system.
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ABST
PAL  An endless track assembly for a track type vehicle comprises a symmetrical
      track link having a rail segment and a track shoe disposed on upper and
      lower surfaces thereof, respectively. A pair of longitudinally spaced
      bosses are secured to an underside of the rail segment and are each
      disposed in a bore formed transversely through the track link. A bolt
      extends upwardly through the track shoe and bore and is threadably
      attached to each of the bosses. Upon release of the bolts, the rail
      segment and track shoe may be reattached to opposite sides of the link.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional track type vehicles, such as crawler tractors, are adapted for
      heavy duty work during various construction and earthworking operations.
      Each endless track assembly thereof comprises a pin and bushing assembly
      for pivotally connecting each pair of adjacent links and track shoes
      together. The bushings, which further function as drive lugs adapted to
      engage the teeth of a drive sprocket, are subjected to wear and require
      periodic repair or replacement. The servicing of such bushings is time
      consuming and necessitates rather expensive repair or replacement
      procedures. In addition, a rail segment is oftentimes secured on one side
      of each link and must be replaced periodically.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to overcome the above briefly described
      problems by providing an economical track link assembly and method for
      expeditiously providing a new bearing surface on a drive lug attached to
      the link upon reversal of a rail segment and track shoe thereon. At least
      one continuous bore is formed transversely through the track link to
      intersect upper and lower surfaces thereof, having the rail segment and
      track shoe disposed thereon, respectively. An internally threaded annular
      boss is secured to an underside of the rail segment and is disposed in the
      bore and fastening means extend upwardly through the track shoe and the
      bore into threaded engagement with the boss. The method is carried forth
      by interchanging the dispositions of the rail segment and track shoes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects of this invention will become apparent from the following
      description and the accompanying drawing wherein:
PAR  FIG. 1 is a partially sectioned side elevational view of a track link
      assembly embodying this invention; and
PAR  FIG. 2 is an exploded view of the track link assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, a track link assembly 10 is adapted for use in an
      endless track assembly of a track-type vehicle, such as a crawler tractor.
      In particular, each pair of adjacent link assemblies are connected
      together by a pin 11 and annular bushing 12 in a conventional manner to
      form the endless track assembly. In operation, bushings 12 further
      function as drive lugs upon their engagement with the teeth of a
      conventional drive sprocket (not shown) of the tractor.
PAR  The track link assembly comprises a track link 13 which is symmetrical in
      configuration about a longitudinal axis X thereof to adapt it for reversal
      purposes, hereinafter described. The track link defines substantially flat
      upper and lower parallel surfaces 14 and 15, respectively, and has a pin
      and bushing assembly 11-12 mounted on each longitudinal end thereof. A
      pair of longitudinally spaced first bores 16 are formed transversely
      through the link to intersect surfaces 14 and 15 thereof.
PAR  A generally flat rail segment 17, adapted to engage track rollers mounted
      on the suspension system of the tractor (not shown), is disposed on
      surface 14. A pair of longitudinally spaced and internally threaded bosses
      18 are suitably secured to the underside of the rail segment, such as by
      inertia welding techniques. Each of the bosses is closely fitted within a
      respective bore 16 to prevent lateral movement of the rail segment
      relative to the track link.
PAR  A standard track shoe 19 is disposed on lower surface 15 of the track link
      and is secured thereon by a pair of fastening means, such as shoulder
      bolts 20. Each of the bolts comprises a cylindrical portion 21 which
      extends upwardly into close fitting relationship within a second bore 22,
      formed through the track shoe, and the lower end of bore 16 which is
      aligned with bore 22 and has an inside diameter identical thereto. A
      reduced necked-down portion 23 of the bolt terminates at its upper end at
      threads 24 which threadably engage boss 18.
PAR  Upon the undue wearing of one side of bushing 12 by its continuous
      engagement with the teeth of the tractor's drive sprocket (not shown), the
      endless track assembly is initially disconnected at its conventional
      master track link (not shown). Shoulder bolts 20 are then removed to
      release rail segment 17 and track shoe 19 from each of the track link
      assemblies. The rail segment and track shoe are then interchanged and
      reattached at surfaces 15 and 14, respectively, to provide a new and
      unused sprocket engaging bearing surface on bushing 12. Bosses 18 aid in
      piloting the rail segment into its correct position whereas cylindrical
      portions 21 of the bolts aid in precisely piloting the bolts into threaded
      engagement with the bosses. The endless track assemblies are then each
      reinstalled on the tractor by reconnecting the master track links thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A track link assembly for an endless track assembly of a track type
      vehicle comprising:
PA1  a track link defining upper and lower surfaces thereon and means defining
      at least one first bore transversely through said track link in
      intersecting relationship with the upper and lower surfaces thereof;
PA1  a rail segment disposed on said upper surface and having an internally
      threaded annular boss secured on an underside thereof, said boss being
      disposed in close-fitting relationship within said first bore;
PA1  a track shoe disposed on said lower surface; and
PA1  fastening means extending in aligned relationship upwardly through said
      track shoe and said first bore and threadably attached within said boss.
NUM  2.
PAR  2. The track link assembly of claim 1 further comprising a pin and bushing
      assembly mounted at each longitudinal end of said track link.
NUM  3.
PAR  3. The track link assembly of claim 1 wherein said fastening means
      comprises a bolt extending upwardly through a second bore formed through
      said track shoe, said second bore being aligned axially with said first
      bore and having an inside diameter substantially identical thereto.
NUM  4.
PAR  4. The track link assembly of claim 3 wherein said bolt comprises a
      cylindrical portion having an outside diameter slightly less than the
      inside diameter of each of said first and second bores and a reduced
      necked-down portion extending upwardly from said cylindrical portion and
      terminating at its upper end at a threaded portion threadably engaged
      within said boss.
NUM  5.
PAR  5. The track link assembly of claim 1 wherein a pair of said annular bosses
      are secured to an underside of said rail segment in longitudinally spaced
      relationship thereunder and wherein a said fastening means is threadably
      attached to each of said bosses.
NUM  6.
PAR  6. The track link assembly of claim 1 wherein said link is substantially
      symmetrical about a longitudinal axis thereof and said upper and lower
      surfaces are each substantially flat and disposed in parallel relationship
      relative to each other.
NUM  7.
PAR  7. A method for providing a new bearing surface on drive lug of a track
      line assembly comprising a track link having a rail segment and a track
      shoe attached on upper and lower surfaces thereof by at least one
      fastening means, said method comprising the steps of:
PA1  removing said fastening means, said rail segment and said track shoe from
      said track link;
PA1  repositioning said rail segment on the lower surface of said track link;
PA1  repositioning said track shoe on the upper surface of said track link; and
PA1  simultaneously reattaching said rail segment and said track shoe together
      with said fastening means.
NUM  8.
PAR  8. The method of claim 7 further comprising the step of piloting said
      fastening means in a pair of aligned bores formed through said track shoe
      and through said track link and threadably attaching said fastening means
      to said rail segment.
NUM  9.
PAR  9. The method of claim 8 further comprising the step of piloting a boss of
      said rail segment in the bore of said track link prior to attaching said
      fastening means of said rail segment.
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ABST
PAL  A bearing system, for joint or hinge point bearings, employing a spherical
      bearing wherein the ball member is provided with oppositely disposed flat
      side walls and the bearing race therefore is formed with a longitudinal
      slot whereby the ball member can be inserted into the race. A sleeve,
      which is secured to a supporting or operating member during installation,
      is provided about the race and the sleeve and race are formed with mating
      splines which enable the spherical bearing assembly to reciprocatably move
      relative to the sleeve.
PAL  Suitable lubricating channels are provided, and sealing rings are installed
      at the outer margins of the bearing ball and race members to retain the
      lubricant in place and to prevent the ingress of foreign material.
BSUM
PAR  The present invention relates generally to bearing systems, and more
      particularly to such systems as employ spherical bearings.
PAR  To provide more effective joint or hinge point bearings, there has been
      provided spherical bearings which comprise a generally spherical ball
      member which moves within a complementally formed bearing race. Thus, by
      attaching the ball member and race separately and independently to
      structural or operating members, there is afforded effective unlimited
      angular displacement movement between such members.
PAR  In the making or manufacturing of such spherical bearings, the ball member
      is formed of relatively hard material, and thereafter the race is swaged
      or formed under force to be complemental in shape to the ball member.
      However, such spherical bearings are unsatisfactory for many applications
      since the swaging or cold-forming of the race precludes such race from
      being formed of strong, tough, wearable material.
PAR  To enable each of the members of such a spherical bearing to be made
      separately of separate and independent material, and to be annealed or
      hardened in its own separate process, slotted spherical bearings were
      devised. This form of bearing utilizes a ball member which is formed with
      a pair of flat opposite side walls, and a race member which is formed
      generally complementally of said ball member and which has a slot to
      enable such ball member to be inserted and removed from the bearing race.
      Typically, such ball member is inserted generally axially into the race
      and thereafter is twisted or turned 90.degree. to be in its proper mating
      and bearing position with respect to the race. Such turning also causes
      the bearing ball to be retained within the bearing race during operating
      conditions.
PAR  A weakness of such slotted entry spherical bearings, particularly in
      certain applications within contaminating environments, has become evident
      within recent years. Such weakness is that the bearing surfaces are so
      exposed that it is difficult to retain lubricant thereon and to prevent
      the ingress of foreign material which might scar or mar the bearing
      surfaces. Also, for certain applications, as for instance where such
      bearing members are used between large aircraft landing gear struts or
      supports where complicated movements are required between certain
      structural members, such bearing members have been somewhat unyielding in
      accommodating all combinations of structural flexure caused by varying
      loads and buildup of manufacturing tolerances.
PAR  In view of the foregoing, it is an object of the present invention to
      provide a bearing system which permits complicated relative motions
      between structural members secured to the bearing system without causing
      undue internal stresses within the bearing system.
PAR  Another object of the present invention is to provide a bearing system as
      characterized above which is adapted to retain lubricants and to prevent
      the ingress of foreign materials.
PAR  Another object of the present invention is to provide a bearing system as
      characterized above having a pair of bearing members for attachment
      individually to separate structural members, but wherein one of the
      bearing members is connected to its structural member to permit
      reciprocatory movement therebetween.
PAR  A further object of the present invention is to provide a bearing system as
      characterized above wherein a slotted entry or other spherical bearing is
      mounted relative to a sleeve, there being means for permitting
      reciprocatory relative movement therebetween.
PAR  Another object of the present invention is to provide a bearing system as
      characterized above wherein the bearing surfaces are lubricated jointly
      with lubrication of the means affording reciprocatory movement between
      such bearing and fixed sleeve.
PAR  An even further object of the present invention is to provide a bearing
      system as characterized above which is simple and inexpensive to
      manufacture and which is rugged and dependable in operation.
DRWD
PAR  The novel features which I consider characteristic of my invention are set
      forth with particularity in the appended claims. The device itself,
      however, both as to its organization and mode of operation, together with
      additional objects and advantages thereof, will best be understood from
      the following description of specific embodiments when read in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary perspective view of a subject bearing system
      connected to certain structural members.
PAR  FIG. 2 is a fragmentary side elevational view of the bearing system of FIG.
      1.
PAR  FIG. 3 is a fragmentary sectional view of the bearing system, taken
      substantially along lines 3--3 of FIG. 2.
PAR  FIG. 4 is an exploded perspective view of the bearing system of FIG. 1.
PAR  FIG. 5 is a perspective view of the spherical bearing during assembly and,
PAR  FIG. 6 is an exploded perspective view of members of the spherical bearings
     .
DETD
PAR  Like reference characters indicate corresponding parts throughout the
      several views of the drawings.
PAR  Referring to FIG. 1 of the drawings, there is shown therein a bearing
      system 10 according to the present invention, in association with
      structural members 12 and 14. Although these structural members are merely
      illustrative of levers, arms or rods to which the subject bearing system
      could be connected, the present invention has particular utility in the
      aircraft industry. It has been found that certain structural members in
      the landing gear mechanisms of relatively large aircraft must go through
      very specific and complicated movements to enable the landing gear to be
      lowered and retracted whenever necessary. Such aircraft mechanisms are
      often somewhat inaccessible, and therefore reliance or dependability of
      the bearing members or systems is essential if not mandatory.
PAR  Notwithstanding, the strong applicability of the subject bearing systems to
      the aircraft industry, it is realized that such systems can be employed
      with respect to the joints or pivot points of any relatively moveable
      system of levers or other structural members associated with or a part of
      any other device or apparatus. Thus, the structural members 12 and 14 are
      merely representative of that widely varying group of structural members.
PAR  Referring more particularly to FIGS. 3, 4 and 5 of the drawings, the
      subject bearing system 10 comprises a spherical bearing assembly 16 which
      has a bearing ball member 18 and a bearing race 20. The ball 18 is
      generally spherical in its outer surface, and is provided with a pair of
      relatively flat, parallel side walls 18a joined by a spherical surface
      18b.
PAR  Such sphere or ball 18 may be formed of any appropriate material and is
      usually relatively hard for purposes of long life and proper operation.
      However, ball 18 should not be as hard or resistant to wear as race 20 to
      insure that the ball assumes most of the wear.
PAR  Such spherical bearing assembly 16 has its bearing race 20 formed with a
      spherical surface 20a which is complemental to the surface 18b of ball 18.
      Race 20 is further formed with lubricating paths or channels 20b which
      extend about the circumference of the race 20 and which conduct lubricant
      to the bearing surfaces of ball 18 and race 20 as will hereinafter become
      more apparent.
PAR  Race 20 is further formed with an annular U-shaped cut-out or groove
      wherein an O-ring 22 is positioned for engagement with the bearing surface
      18b of ball 18. Such O-ring 22 may be formed of any appropriate generally
      resilient material such as rubber, plastic or the like. The purpose of
      such O-ring is to effectively seal one side of the bearing assembly 16,
      between the bearing surfaces 18b and 20a.
PAR  Race 20 is preferably formed from materials and manufacturing processes
      that result in the load bearing surface 20a of race 20 being more
      resistant to wear than the mating bearing surface of ball 18.
PAR  Bearing race 20 is also formed with an annular L-shaped groove or cut-out
      20d wherein an O-ring 24 is positioned. To retain O-ring 24 in operating
      position between race 20 and ball 18, a retaining ring 26 is provided
      having external fastening threads 26a which mate with fastening threads
      20e formed in bearing race 20.
PAR  Referring most particularly to FIG. 6 of the drawings, the bearing race 20
      is further formed with a pair of slots 20f which are formed diametrically
      opposite each other and of a width to accommodate the width of ball 18.
      That is, as shown in FIG. 5, the slots 20f must be so positioned as to
      permit the bearing member 18 to pass into or out of one side of the
      bearing race 20.
PAR  To assemble the slotted bearing 16, it is merely necessary to firstly
      insert the O-ring 22 in the slot or annular groove 20c of bearing race 20,
      and thereafter to insert the ball 18 into the race 20 through the slot 20f
      as shown more graphically in FIG. 5 of the drawings. Once such ball 18 is
      so inserted, it is rotated 90.degree. from the position of FIG. 5 to the
      position of FIGS. 3 or 4.
PAR  Thereafter, the O-ring is positioned in the groove 20d and the retaining
      ring 26 is threaded into the race 20 so as to urge the O-ring 24 into
      engagement with the ball 18.
PAR  A cylindrical sleeve 28 is positioned about the bearing race 20, and is
      adapted to be fastened to any appropriate structural member as by
      interference fit, staking, welding, or other appropriate means. Interposed
      between sleeve 28 and bearing race 20 is reciprocatory movement means in
      the form of splines 20g formed on the outer cylindrical surface of bearing
      race 20 and corresponding splines 28a formed on the internal cylindrical
      surface of sleeve 28. The interaction of the splines 20g and 28a enables
      the entire bearing assembly 16 to move reciprocatorily within sleeve 28 to
      accommodate any slight and unusual movement between the structural members
      12 and 14. Also, the splines permit the race 20 to be rotationally
      oriented, as desired, relative to sleeve 28 and hence structural member 12
      so that the slots 20f can be positioned along the axis of minimum load and
      wear, permitting optimum effective use of the slotted bearing system.
PAR  It is further contemplated within the purview of the present invention that
      the splines could be formed on the internal cylindrical surface of ball
      member 18 and the external surface of structural member 14 rather than
      between race member 20 and sleeve 28. Thus, the reciprocatory movement
      would be between ball member 18 and structural member 14, but the same
      advantages would result as above explained.
PAR  A lubricating groove 20h is formed about the entire periphery of bearing
      race 20 to afford lubricant to the splines through an opening 20j. Thus,
      with the sleeve 28 welded, staked, or otherwise secured to a structural
      member as shown in FIG. 1 of the drawings, and with another structural
      member 14 fixed to bearing member 18 within the centrally located opening
      thereof, the members 12 and 14 can have relative movement as afforded by
      such bearing assembly 16. In the event that there is some axial
      misalignment of the structural members, the entire spherical bearing
      assembly 16 is permitted to slide within the sleeve 28 to accommodate such
      misalignment. As such, certain stresses are prevented from occurring in
      the structural members or at bearing surface 20a and the relative movement
      therebetween is smooth and unhampered.
PAR  It is thus seen that the present invention provides a bearing system which
      employs a spherical bearing and wherein means is provided for enabling
      special movements of the parts to occur. Also, proper lubrication is
      afforded to the various parts of the spherical bearings as well as the
      reciprocatory means and sealing means is provided for retaining the
      lubricant within the bearing and for preventing the ingress of foreign
      materials.
PAR  Although I have shown and described certain specific embodiments of my
      invention, I am well aware that many modifications thereof are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bearing system comprising in combination,
PA1  a spherical bearing having a ball member formed with a pair of oppositely
      disposed substantially flat side walls and a race member formed
      complementally of said ball member and having a slot for receiving the
      same,
PA1  the width of said ball member as defined by said opposite side walls
      corresponds to the slot in said race member to enable said ball member to
      pass through said slot for insertion and removal of said bearing member
      relative to said race member,
PA1  each of said bearing members having adapted for connection to a separate
      structural member to cause said bearing to afford pivotal movement between
      said structural members,
PA1  and means interposed between one of said bearing members and its
      corresponding structural member to permit reciprocatory movement
      therebetween for varying the point of pivotal movement between said
      structural members.
NUM  2.
PAR  2. A bearing system according to claim 1 wherein said means comprises
      inter-engaging splines on said one of said bearing members and said
      corresponding structural member for preventing rotational relative
      movement therebetween.
NUM  3.
PAR  3. A bearing system according to claim 2 wherein said means further
      includes lubricant retainer for maintaining said splines lubricated.
NUM  4.
PAR  4. A bearing system according to claim 3 wherein said retainer comprises an
      elongated cut-out in the splines on said sleeve.
NUM  5.
PAR  5. A bearing system according to claim 1 wherein said one of said bearing
      members and its corresponding structural member are each formed with a
      generally cylindrical surface whereon said splines are formed for
      engagement to prevent rotation but afford reciprocatory movement between
      said one bearing member and its corresponding structural member.
NUM  6.
PAR  6. A bearing system according to claim 1 wherein said spherical bearing
      further includes a pair of sealing rings on said race member on opposite
      sides of said ball member to effectively isolate the bearing surfaces of
      said ball and race members from ingress of foreign material.
NUM  7.
PAR  7. A bearing system according to claim 6 wherein said spherical bearing
      also comprises a retaining ring removably fixed to said race member for
      urging said sealing rings into sealing engagement with said bearing
      surfaces.
NUM  8.
PAR  8. A bearing system according to claim 7 wherein the bearing surface of
      said ball member is external and spherical and the bearing surface of said
      race member is internal and complemental to the bearing surface of said
      ball member.
NUM  9.
PAR  9. A bearing system according to claim 1 wherein said means comprises a
      sleeve about said race member and firmly secured to its corresponding
      structural member and mating splines formed on the exterior of said race
      member and the interior of said sleeve to afford said reciprocatory
      movement between said structural members.
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ABST
PAL  A pulley is provided with a bi-ended, hollow tube bearing, bracket mounting
      assembly. The bearing tube is slit from one end to the other, and one of
      the lips thus formed is displaced inwardly in chordal relationship to the
      balance of the bearing along all or a portion of the bearing axial length.
      This displaced lip catches drippings from a lubricant-impregnated bushing,
      and returns them to the bushing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to pulleys used in washing machines and
      the like, and more particularly concerns a low-cost, rugged pulley bearing
      adapted to maintain pulley lubrication.
PAR  It is the general object of this invention to provide a take-up or idler
      pulley at a low finished cost which features relatively permanent
      lubrication between a rotating pulley member and a stationary pulley
      bearing, thereby providing long service life.
PAR  It is a more specific object of the invention to provide a pulley of the
      type described wherein lubrication between the pulley member and the
      bearing is assured even when the pulley mechanism is installed in a
      location making subsequent lubrication difficult or impossible.
PAR  Yet another object of the invention is to provide a pulley mechanism for
      use in washing machines, clothes dryers, and like machinery which does not
      require lubrication after installation, and which discourages lubricant
      leak or drip outside the pulley.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings. Throughout the drawings, like reference numerals refer to like
      parts.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view showing the novel pulley and bearing as they
      appear when installed in a typical clothes dryer or like machine;
PAR  FIG. 2 is an elevational view showing the pulley bearing as it appears when
      installed upon a bearing support fork member;
PAR  FIG. 3 is a fragmentary view showing, in further detail, the pulley wheel,
      bearing, and bearing support fork;
PAR  FIG. 4 is a perspective view showing in yet further detail the novel pulley
      bearing member;
PAR  FIG. 5 is a sectional view taken substantially in the plane of line 5--5 in
      FIG. 3 and showing in yet further detail the pulley parts; and
PAR  FIG. 6 is a sectional view taken substantially in the plane of line 6--6 in
      FIG. 5 and showing in yet further detail the interrelationship of the
      pulley parts.
DETD
PAC  DETAILED DESCRIPTION
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that it is not intended to limit the
      invention to this embodiment. On the contrary, it is intended to cover all
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention.
PAR  Turning first to FIG. 1, there is shown a typical machine or device
      utilizing the present invention, such as a clothes dryer 10 which includes
      a clothes-containing drum 11. The drum is rotated by a motor 12 which
      powers a belt 13 looped over the drum 11. To tension the belt 13, an idler
      or take-up pulley 15 is provided. In general, this pulley mechanism can be
      considered to include a bearing support fork 16, a novel bearing 17 (see
      FIG. 2) and a pulley wheel 18 rotatably disposed upon the bearing 17. An
      oil-impregnated bushing 19 formed of known material is fixed, as by
      pressfitting, within the wheel 18.
PAR  The bearing support fork member 16 is secured at a base 20 to a convenient
      stationary machine frame member 21, as by a slide connection 22, and its
      other end is provided with two tine members 23 and 24 as shown in FIG. 2.
      In its initial or relaxed position, shown in dotted lines in FIG. 1, the
      bearing support fork 16 carries the pulley wheel 18 in a maximum slack
      take-up position. However, when the turn belt 13 is passed over the pulley
      wheel 18, the bearing support 16 is resiliently pulled into the position
      shown in solid lines in FIG. 1, but continues to urge the belt 13 and
      pulley wheel 18 back into the maximum slack take-up position against the
      action of the belt member 13. Before the bearing 16 is mounted between the
      tines 23 and 24, the tines assume the inwardly located unstressed
      positions shown in dotted lines in FIG. 2, but when the bearing 17 is
      disposed between them, the axial length of the bearing forces the tines 23
      and 24 into the outwardly splayed positions shown in solid lines in FIG.
      2.
PAR  The pulley wheel 18 and bushing 19 are mounted between the bearing support
      fork tines 23 and 24 by the novel bi-ended, one-piece cylindrical bearing
      17. Low bearing manufacturing and assembly cost is encouraged by providing
      each bearing end 27 and 28 with two axially protruding fingers 31-34
      inclusive which are adapted to engage corresponding slots 35-38 formed in
      the respective abutting tines 23 and 24. These fingers 31-34 are separated
      by recessed surfaces 39-42 formed to abut the tines 23 and 24. Together,
      the tines, fingers and abutting bearing end surfaces form an economical
      yet dimensionally accurate and sturdy interconnection between the support
      fork 16 and the bearing 17 as shown in FIGS. 2, 4 and 5. It will be
      understood that other bearing-bearing support interconnections can be
      provided without departing from the scope of the present invention.
PAR  In accordance with one aspect of the invention, this bearing 17 permits the
      pulley 18 and bushing 19 to be easily assembled over the bearing, and
      accommodates slight undulations in the inner surface of the bushing 19
      during pulley operation. To this end, the illustrated bearing 17 is formed
      as a hollow tube. The tube is provided with a slit 45 extending from one
      bushing end 27 to the other end 28, and from an outer bearing surface 47
      to an inner surface 48. This slit forms generally opposed bearing lips 50
      and 51.
PAR  In accordance with the invention, lubricant drippings from the
      oil-impregnated bushing 19 are trapped by the bearing 17 and are returned
      to the bushing, thereby prolonging the term of proper pulley lubrication
      and preventing undesirable lubricant accumulation or drip. To this end, a
      portion 54 of one lip 51 is displaced radially inwardly in chordal
      relationship to the balance of the bearing to catch drippings from the
      bushing 19, and to form an inclined shelf or channel along which the
      drippings return to the bushing. In the illustrated embodiment, the tip 55
      of the displaced portion 54 is offset more than the width of the bearing
      tube, i.e., more than the radial distance between the inner surface 48 and
      the outer surface 47 of the bearing to maximize oil-catching and retention
      capabilities.
PAR  To discourage lubricant collected by the displaced portion 54 from dripping
      outside the pulley, the support tines 23 and 24 can be formed to cover the
      bearing ends and form ends to the oil-retaining trough formed by the lip
      51 and the adjacent portions of the bearing 19.
PAR  In the preferred embodiment, the displaced portion 54 is provided on the
      second lip 51, or that lip which is lastly intercepted during pulley
      rotation. That is, when the pulley 18 is expected to rotate in the
      direction indicated by the arrow A in FIG. 6, the bearing 19 initially
      passes over the first lip 50, and then over the second lip 51. Under these
      circumstances, the displaced portion 54 is formed on the subsequently
      intercepted lip 51. This arrangement enhances the oil-catching and
      oil-returning capabilities of the invention.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A fixed bearing for rotatably supporting a pulley and lubricated bushing
      or the like, comprising a bi-ended, hollow cylindrical tube slit from an
      outer surface to an inner surface and from one end to the other in a
      direction parallel to the tube axis to form generally opposed lips, at
      least a portion of one lip being connected to an axially extending flange
      means which is disposed inwardly from said lip in chordal relationship to
      the balance of the bearing, the free edge of said flange means extending
      inwardly more than the radial distance between the inner and outer
      surfaces of said hollow bearing to catch oil drippings and return them to
      the pulley bushing.
NUM  2.
PAR  2. A bearing according to claim 1 which is formed of a single sheet metal
      piece.
NUM  3.
PAR  3. A bearing according to claim 1 wherein said pulley and oiled bushing
      rotate over said bearing in a predetermined direction and intercept a
      first lip initially and a second lip subsequently during said rotation and
      wherein said displaced lip portion is formed on the lip subsequently
      intercepted.
NUM  4.
PAR  4. A bearing according to claim 3 wherein said tube is provided with
      orienting means adjacent at least one end thereof for cooperatively
      engaging mounting means to orient said lips in a predetermined manner
      within an imaginary quadrant defined by vertical and horizontal planes
      falling on the axis of said tube, said inwardly disposed flange lying
      gravitationally below said other lip with said other lip and a portion of
      said flange lying on a plane parallel to said vertical plane and with the
      lowest edge of said flange being located adjacent said bushing to return
      all oil dripings onto said bushing.
NUM  5.
PAR  5. An idler pulley assembly for the complimental biasing and acceptance of
      a belt, said assembly comprising a spring urged bearing support fork, a
      bearing mounted on the support fork, means for orienting said bearing
      relative to said support fork, and a complimentary pulley wheel journalled
      on the bearing, the bearing included a bi-ended, hollow cylindrical tube
      slit from an outer surface to an inner surface and from one end to the
      other in a direction parallel to the tube axis to form generally opposed
      circumferentially spaced lips, at least a portion of one lip being
      connected to axially extending flange means which is disposed inwardly
      from said lip in chordal relationship to the balance of the bearing, the
      free edge of said flange means extending inwardly more than the radial
      distance between the inner and outer surfaces of said hollow bearing to
      catch oil drippings from said pulley and return them to the pulley.
NUM  6.
PAR  6. An assembly according to claim 5 including a bushing member fixed within
      said pulley member and journalled upon said bearing member, said bushing
      being formed of lubricant-impregnated material.
NUM  7.
PAR  7. An assembly of the type claimed in claim 5 wherein said tube and fork
      orienting means includes a notch and tang means arrangement between said
      fork and said bearing which orients said lips in a predetermined manner
      within an imaginary quadrant defined by vertical and horizontal planes
      falling on the axis of said tube, said inwardly disposed flange lying
      gravitationally below said other lip with said other lip and a portion of
      said flange lying on a plane parallel to said vertical plane and with the
      lowest edge of said flange being located adjacent said bushing to return
      all oil drippings onto said bushing.
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ABST
PAL  An outer bearing race is mounted in a bore defined in a support member and
      an inner bearing race is universally mounted in the outer race to form a
      ball and socket connection therebetween. An annular retainer is secured in
      the bore on each side of the outer race to retain an annular lip seal
      therebetween. A flexible lip of the seal extends radially inwardly into
      sealing contact with a convex spherical surface formed on the inner race.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional of U.S. Ser. No. 352,502, filed on Apr.
      18, 1973, as U.S. Pat. No. 3,873,166.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ball and socket connections, employing spherically-shaped self-aligning
      bearings, are commonly employed for pivotally mounting the ends of a
      hydraulic cylinder on an earthworking vehicle. Such vehicles are exposed
      to adverse environments which tend to wear the bearings excessively. The
      bearings are oftentimes "permanently" lubricated and sealed to aid in
      increasing the life expectancy thereof.
PAR  For example, various bearing materials such as oil-impregnated sintered
      metal and Teflon-coated phenolics may be employed in such bearing
      applications. Such materials are normally incapable of withstanding the
      high loads imposed thereon when used in heavy-duty earthworking
      applications. In addition, conventional ball and socket connections are
      generally difficult to assemble and disassemble for repair purposes.
      Examples of such connections are disclosed in U.S. Pat. Nos. 2,308,613;
      2,711,352; 3,347,577; 3,506,315; 3,554,588; 3,588,201; and 3,680,924.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to overcome the above, briefly described
      problems by providing an economical and non-complex sealed ball and socket
      connection which is adapted for expeditious assembly and disassembly and
      long service life. The ball and socket connection comprises an inner race
      having a convex spherical surface formed thereon and an outer race,
      mounted in a bore of a support member, having a concave spherical surface
      universally mounted on the convex spherical surface of the inner race. A
      combined sealing and retaining means is disposed on each lateral side of
      the outer race and includes an annular retainer secured within the bore,
      an annular recess formed on an inboard side of the retainer and an annular
      lip seal secured in the recess between the outer race and the retainer. A
      flexible lip of the seal extends radially inwardly into sealing contact
      with the convex spherical surface of the inner race.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of an end of a hydraulic cylinder having
      a sealed ball and socket connection of this invention mounted therein;
PAR  FIG. 2 is an enlarged sectional view of the ball and socket connection,
      taken in the direction of arrows II--II in FIG. 1; and
PAR  FIG. 3 is an enlarged cross sectional view of a combined sealing and
      retaining means employed in the ball and socket connection.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a sealed ball and socket connection 10 mounted in a bore
      11 formed transversely through a support member 12. The support member may
      comprise the head or rod end of a hydraulic cylinder, for example,
      employed in an earthworking vehicle such as a hydraulic excavator. As
      shown in FIG. 2, lubrication means comprises a grease fitting 13 which is
      threadably mounted in a recess 14, formed on the support member to
      normally close a radial fill passage 15.
PAR  The ball and socket connection comprises an inner race 16 having a convex
      spherical surface 17 formed exteriorly thereon. An outer race 18 is
      slidably mounted in bore 11 and has a concave spherical surface 19 formed
      internally thereon to substantially conform to surface 17 to provide a
      self-aligning bearing contact therebetween. Fill passage 15 is adapted to
      communicate lubricant, such as grease or oil, to a first annular groove 20
      formed on the outer periphery of the outer race and thence to a second
      annular groove 21 formed on the outer periphery of the inner race via a
      plurality of circumferentially spaced ports 22.
PAR  A combined sealing and retaining means 23 is disposed on each lateral side
      of the outer race to prevent axial displacement of the races, relative to
      support member 12, and to prevent loss and contamination of the sealed
      lubricant. Such means includes an annular retainer 24 of rectangular cross
      section press-fitted or otherwise suitably secured within bore 11 to have
      a flat inboard sidewall 26 thereof abut a respective flat outboard
      sidewall of the outer race. An annular recess 25 is formed on the
      retainer's inboard sidewall to extend radially inwardly towards the inner
      race.
PAR  An annular lip seal 27 of means 23 may be suitably disposed in the recess
      and bonded to the retainer by a suitable adhesive. As shown in FIG. 3, the
      inboard sidewall of the seal is substantially flush with inboard sidewall
      26 of the retainer to compress the seal between the retainer and outer
      race 18 to aid in positive securance thereof in the ball and socket
      connection (FIG. 2). The lip seal comprises a flexible lip 28 which
      extends radially inwardly below the retainer and into sealing and wiping
      contact with convex spherical surface 17 of the inner race. The inner race
      has a bore 29 formed transversely therethrough, adapted to mount support
      member 12 on a pivot shaft or the like (not shown).
PAR  Upon installation of each retainer 24 and lip seal 27 into bore 11, it
      should be noted that flexible lips 28 of the seals will inherently flex
      outwardly under a predetermined preload to continuously maintain their
      sealing contact with surface 17. Thus, a continuous wiping action against
      such surface will function to dislodge foreign particles and material
      therefrom and will prevent the loss of lubricant therepast. The seals
      preferably comprise a polyurethane material or the like which exhibits a
      high resistance to tear and abrasion and further exhibits a high modulus
      of elasticity and elastic memory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined sealing and retaining means adapted for use in a sealed ball
      and socket connection comprising
PA1  an annular rigid retainer having a generally rectangular cross section,
PA1  annular recess means of generally rectangular cross section formed on only
      one axial side and radially inner corner of said retainer to extend to a
      limited and substantially constant depth axially in said retainer and
      radially downwardly thereon and
PA1  an annular elastomeric lip seal constituting an upper portion secured in
      said recess means and substantially conforming to the shape thereof and a
      flexible lip extending radially downwardly from said upper portion and
      below said retainer.
NUM  2.
PAR  2. The combined sealing and retaining means of claim 1 wherein an exposed
      side of said seal is substantially flush with respect to an adjacent
      sidewall of said retainer, said retainer having a generally rectangular
      cross section.
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PAL  A bearing assembly for the rotors of a rotary screw variable volume gas
      machine, as a compressor expander or fluid pump, includes opposed thrust
      and high radial load bearings at the high pressure end of each rotor and
      high thrust bearings for each rotor shaft at the low pressure end. An
      axial force is applied to each of the bearings at the low pressure end,
      opposing the axial load on the screws from the working fluid, tending to
      equalize the thrust load on the bearings at the high pressure end so that
      bearing wear is relatively even and bearing life is improved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a bearing assembly for a rotary screw gas machine.
      A typical rotary screw machine has a housing with two axially extending
      intersecting bores, a low pressure connection at one end a high pressure
      connection at the other end. Two rotors with complementary intersecting
      spiral screws are rotatable in the bores and are carried by bearings
      mounted in the end walls of the housing. Typically, it is the bearings of
      a rotary screw machine which are the first component to fail in normal
      operation. Bearing size is limited by the center-to-center spacing of the
      rotors, and cannot be increased to provide a heavier bearing. Accordingly,
      it is desirable that the thrust loads be distributed between the bearings
      at the low pressure end and high pressure end and the appropriate bearing
      characteristics be selected for maximum bearing life.
PAR  The most common rotary screw gas machine is the gas compressor, widely used
      for compressing air and in refrigeration systems. Much of the following
      discussion will be concerned with the machine as a gas or air compressor.
      The novel bearing assembly may, however, be used with other rotary screw
      gas machines having a pressure differential between the inlet and outlet.
PAR  The radial bearing load at the low pressure end of the machine is
      relatively small as the fluid between the rotors is at a low pressure. In
      an air compressor, the pressure at the inlet is atmospheric. Conversely,
      at the high pressure end, the fluid trapped between the rotors is at high
      pressure and there is a substantial radial load on the high pressure end
      bearings. The high pressure fluid at the high pressure end is trapped
      between the end faces of the rotors and the end wall of the housing. This
      establishes a substantial axial force on the rotors. It is desirable that
      the rotors be fixed axially in the housing so that the end faces of the
      rotors have a substantially fixed clearance from the end wall at the high
      pressure end of the housing. A variable clearance, as that necessary to
      accommodate thermal expansion of the rotors, is provided at the low
      pressure end of the housing. This relationship requires that the bearings
      at the high pressure end support a large thrust load in addition to the
      large radial load.
PAC  THE PRIOR ART
PAR  Early rotary screw machines utilized duplex ball bearings at the high
      pressure end. In such ball bearings, the balls have double angular contact
      with each race, fixing the rotors axially in the housing. These bearings
      are quite expensive.
PAR  More recently it has been proposed in Olofsson et al. U.S. Pat. No.
      3,388,854 that each rotor be mounted with a combination of roller and ball
      bearings at each end. The main thrust load bearing is provided at the high
      pressure end. Springs between the bearings for each rotor at the low
      pressure end fix the rotors axially and prevent them from hitting the
      outlet end of the housing. A piston acting on the outer race of the ball
      bearing for one of the rotors at the low pressure end divides the thrust
      load between the bearings at each end. The construction shown in this
      patent utilizes identical bearings at each end of each rotor; and does not
      take into consideration the fact that there is a high radial load at the
      high pressure end and relatively little radial load at the low pressure
      end.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a principal feature of the invention, the rotors of a
      screw fluid machine have a pair of axially opposed thrust and high radial
      load bearings between each rotor shaft and the housing at the high
      pressure end, a high thrust capacity bearing between each rotor shaft and
      the housing at the low pressure end, and means for applying an axial force
      to the rotors which tends to oppose the thrust load on the rotors caused
      by working fluid pressure difference.
PAR  More particularly, the opposed thrust bearings at the high pressure end are
      opposed tapered roller bearings. The high thrust bearing at the low
      pressure end is a steep tapered roller bearing. Alternatively, the high
      thrust bearing at the low pressure end is an angular contact ball bearing.
PAR  Another feature of the invention is that the axial force applying means
      includes a cylinder defined by the housing wall, aligned with the rotor
      shaft and a nonrotating piston movable axially within the cylinder and
      engaging and applying the axial equalizing force to the outer bearing cup
      of the low pressure end bearing.
PAR  A further feature is that the rotary screw machine has an oil system
      maintained at high pressure and including a connection from the oil system
      to the pistons.
PAR  Still another feature is a spring acting on the piston to center the low
      pressure end bearing in the absence of other pressure on the piston.
DRWD
PAR  Further features and advantages of the invention will readily be apparent
      from the following specification and from the drawings, which deal
      specifically with a rotary screw compressor; however, the principles
      described could equally well be applied to a rotary screw expander or
      fluid pump:
PAR  FIG. 1 is a diagrammatic view of a rotary screw compressor and cooling
      system;
PAR  FIG. 2 is a transverse broken section taken generally along line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an enlarged longitudinal section through the compressor with the
      center portion omitted;
PAR  FIG. 4 is a fragmentary enlarged longitudinal section through the bearings
      at the outlet end of the compressor; and
PAR  FIG. 5 is a fragmentary drawing illustrating a high thrust angular contact
      ball bearing at the compressor inlet.
DETD
PAR  A typical rotary screw compressor is illustrated diagrammatically in FIGS.
      1 and 2. Housing 10 has axially extending intersecting bores 11 and 12
      which receive a male rotor 13 and female rotor 14. Spiral lobes and
      grooves on the rotors 13, 14 mesh as the rotors turn. Gas is drawn in at
      inlet 16, trapped within the housing, compressed as the lobes mesh and
      discharged at outlet 17. In an expander, high pressure gas supplied to
      port 17 drives the rotors and, following expansion, is discharged at port
      16.
PAR  The temperature of the compressor is controlled by the introduction of a
      suitable coolant, such as mineral oil, which also serves to lubricate the
      rotors and to provide a seal between the rotors and between each rotor and
      the housing. The compressed gas from outlet 17 is connected with an oil
      separator 19. Essentially oil-free compressed gas is delivered at 20 and
      the oil is recycled, under pressure from the compressed gas, through heat
      exchanger 21 to the compressor at 22 and to the inlet bearings at 23, as
      will be described in more detail below. Alternatively, the oil from
      separator 19 may be drained to a sump 24 and recycled by pump 24' at a
      controlled pressure independent of and, if desired, exceeding the pressure
      of the compressed gas.
PAR  The housing 10 has a generally cylindrical body 25 with inlet and outlet
      end plates 26, 27 and inlet and outlet covers 28, 29, FIG. 3. The rotors
      13, 14 have shafts extending from each end, which are supported in
      bearings carried in the end plates 26, 27.
PAR  More particularly, rotors 13, 14 have shafts 32, 33 at the inlet end
      supported by tapered roller bearings 34, 35 received in bores 36, 37
      extending through the inlet end plate 26. The bearings 34, 35 are steep
      tapered roller bearings which are particularly suited for carrying a
      substantial axial load or thrust. The bearings for the two shafts are
      identical and only one will be described in detail.
PAR  The bearing 34 has a cone or inner race 40 mounted on shaft 32 and seated
      against shoulder 41. Cup or outer race 42 is received in bore 36 of inlet
      end plate 26. The rollers 43 are held in a cage 44 between the cone and
      the cup. Bores 36, 37 serve as cylinders in which nonrotating pistons 46,
      47 are axially movable to apply a force through thrust bearings 34, 35 to
      the rotors, opposing the axial force generated by working fluid pressure
      difference. Coil springs 48, 49 behind the pistons, establish a minimum
      axial force which centers the cup of each bearing with respect to the
      cone, in the absence of other pressure on the piston. The angle of the
      conical surface of the cup with respect to the bearing axis is a factor in
      determining the thrust load which the bearing will handle. Increasing the
      bearing cup angle increases the ratio of thrust to radial rating for the
      bearing. A bearing with a cup angle in excess of about 22.degree. is
      considered steep angle or high thrust bearing.
PAR  Shafts 52, 53 for the rotors at the outlet end are each supported by a pair
      of axially opposed tapered roller bearings 54, 55. The compressed gas
      between the rotors at the outlet end exerts a substantial radial force on
      the rotors. Accordingly, the bearings 54, 55, to withstand the high radial
      load, have a lesser taper than inlet bearings 34, 35. Rotors 13, 14 are
      subjected to a substantial axial load from the compressed gas which is
      present between the inner end surface of end plate 27 and the end face of
      the rotors, where a running clearance indicated by the arrows at 57 is
      provided. Maximum life for opposed bearings 54, 55 is achieved when the
      axial load in the two halves of each bearing is balanced. Accordingly, a
      pressure medium introduced in the cylinders behind pistons 46, 47 exerts a
      pressure on the inlet bearings opposing the pressure of the compressed gas
      on the end faces of the rotors, minimizing the thrust load carried by the
      outlet end bearings. Preferably, the pressure is provided by the cooled
      oil from the separator 19, introduced to the two cylinders through passage
      58. Ports 46a, 47a through the pistons direct a flow of oil to the
      bearings, to provide lubrication. The pressure on oil in the cylinders may
      be provided by the gas pressure or by pump 24.
PAR  The construction of the outlet end bearings is shown on an enlarged scale
      in FIG. 4. The bearings for the two rotors are identical and only that for
      the main rotor 13 will be described in detail. The innermost of the two
      opposed bearings has a cone 60 seated against a shoulder 61 on shaft 52.
      The outer bearing has a cone 62 located with respect to the cone 60 by a
      spacer ring 63. A double cup 64 is located in bore 65 which extends
      through outlet end member 27. The inner bearing has rollers 66 positioned
      between cones 60 and cup 64 by cage 67. The outer bearing has rollers 68
      positioned between cone 62 and cup 64 by cage 69.
PAR  Cones 60, 62 are held against the shoulder 61 by a shaft coupler 72 which
      extends out through cover 29 for connection with the prime mover (not
      shown) and is held to the shaft by a retainer 73. Double cup 64 is held in
      bore 65 by a cup retainer 75 secured to the end plate 27. The axial
      position of cup 64 establishes the end clearance between the inner face of
      end plate 27 and the end surface of the rotors. The spacing may be
      selected by providing an appropriate shim 76 between retainer 75 and end
      plate 27. Preload of the double cup 64 to maintain contact between 62 and
      73 is accomplished by a bellows spring 78 between the inner edge of the
      double cup 64 and shoulder 79.
PAR  The radial load on the rotors at the outlet end is divided between the two
      halves of the axially opposed tapered bearings. By virtue of the
      equalizing thrust applied to the high thrust bearings at the inlet, there
      is little thrust load in either of the bearings at the outlet.
      Accordingly, wear on the two bearings is substantially equal and bearing
      life is maximized.
PAR  FIG. 5 illustrates a high thrust angular contact ball bearing which may be
      utilized at the low pressure end of the machine. Rotor shaft 32 extends
      into inner ball race 82 which has a symmetrical channel in which balls 83
      rotate. Outer ball race 84 has an unsymmetrical ball race providing
      angular contact with balls 83 to accommodate the axial force applied by
      piston 46 opposing the working fluid pressure on the rotor.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bearing assembly for the rotors of a rotary screw gas machine having a
      housing with a low pressure port at one end and a high pressure port at
      the other, main and gate rotors having shafts on which the rotors are
      mounted for rotation in the housing, the rotors having meshing spiral
      lobes and grooves which trap gas while moving it between the ports, the
      rotor being subject to a low radial load at the low pressure end, a high
      radial load at the high pressure end and to an axial load urging the
      rotors toward the low pressure end, said bearing assembly including:
PA1  a pair of axially opposed thrust and high radial load bearings between each
      rotor shaft and the housing at the high pressure end;
PA1  a high thrust bearing between each rotor shaft and the housing at the low
      pressure end; and
PA1  means for applying an axial force to the rotors tending to equalize the
      thrust load on the opposed thrust bearings at the high pressure end.
NUM  2.
PAR  2. The bearing assembly of claim 1 having opposed tapered roller bearings
      at the high pressure end.
NUM  3.
PAR  3. The bearing assembly of claim 2 in which each opposed tapered roller
      bearing has inner cones on the rotor shaft, outer cups mounted in the
      housing, rollers between the cones and cups, and a cup retainer fixing the
      cup position and thus the rotor position with respect to the housing.
NUM  4.
PAR  4. The bearing assembly of claim 3 including a shim positioning the cup
      retainer with respect to the housing, to establish the position of the
      rotors within the housing.
NUM  5.
PAR  5. The bearing assembly of claim 3 including a spacer spring holding the
      outer cups against the cup retainer.
NUM  6.
PAR  6. The bearing assembly of claim 5 in which said spacer spring is a
      bellows.
NUM  7.
PAR  7. The bearing assembly of claim 1 in which the low pressure, high thrust
      bearing is a tapered roller bearing.
NUM  8.
PAR  8. The bearing assembly of claim 1 in which the low pressure, high thrust
      bearing is an angular contact ball bearing.
NUM  9.
PAR  9. The bearing assembly of claim 1 in which said low pressure bearing has
      an outer race, movable with respect to the housing and the axial force is
      applied to the outer race.
NUM  10.
PAR  10. The bearing assembly of claim 9 in which the housing has a low pressure
      end plate with cylinders for the pistons formed therein.
NUM  11.
PAR  11. The bearing assembly of claim 10 in which each piston has a hole
      therethrough, together with means for directing lubricant through the hole
      to the low pressure bearing.
NUM  12.
PAR  12. The bearing assembly of claim 9 in which the axial force applying means
      includes a cylinder defined by the housing wall and aligned with the rotor
      shaft, and a nonrotating piston movable axially within the cylinder.
NUM  13.
PAR  13. The bearing assembly of claim 12 in which the low pressure bearing has
      a bearing cone and said outer race is movable axially with respect to said
      cone, and including a spring applying an axial force to said piston to
      center the race with respect to the cone, in the absence of other pressure
      on the piston.
NUM  14.
PAR  14. The bearing assembly of claim 9 in which the machine is a compressor,
      and the force applied to the bearing race is a function of the discharge
      pressure of the compressor.
NUM  15.
PAR  15. The bearing assembly of claim 14, in which a piston applies the force
      to the bearing race and the compressor has a cooling oil system with means
      maintaining the system above the pressure of the compressor discharge and
      including a connection from the cooling oil system to said piston.
NUM  16.
PAR  16. The bearing assembly of claim 14 in which a piston applies the force to
      the bearing race and the compressor has a cooling oil system maintained at
      the discharge pressure of the compressor and including a connection from
      the cooling oil system to said piston.
NUM  17.
PAR  17. The bearing assembly of claim 16 in which the force applied to the
      bearing cup is a function of the discharge pressure of the compressor.
NUM  18.
PAR  18. A bearing assembly for the rotors of a rotary screw gas machine having
      a housing with a low pressure port at one end and a high pressure port at
      the other, main and gate rotors having shafts on which the rotors are
      mounted for rotation in the housing, the rotors having meshing spiral
      lobes and grooves which trap gas while moving it between the ports, the
      rotor being subject to a low radial load at the low pressure end, a high
      radial load at the high pressure end and to an axial load urging the
      rotors toward the low pressure end, said bearing assembly including:
PA1  an axial locating bearing with high radial load capability and some thrust
      capability between each rotor shaft and the housing at the high pressure
      end;
PA1  a high thrust bearing between each rotor shaft and the housing at the low
      pressure end; and
PA1  means for applying an axial force to the rotors tending to equalize the
      thrust load on the opposed thrust bearings at the high pressure end.
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ABST
PAL  A precision machine tool spindle is mounted in a housing and machine frame
      by means which maintain the working end of the spindle in a fixed axial
      position while allowing the driven end to shift axially due to thermal
      expansion.
PAL  The foregoing abstract is not to be taken either as a complete exposition
      or as a limitation of the present invention. In order to understand the
      full nature and extent of the technical disclosure of this application,
      reference must be had to the following detailed description and the
      accompanying drawings as well as to the claims.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is directed to a temperature compensating spindle mount for
      precision machine tools, and more particularly to means for maintaining
      the tool receiving end of a machine tool spindle in a predetermined fixed
      axial position regardless of variations in operating temperature.
PAR  The advent of numerically controlled machine tools, coupled with a general
      trend toward higher operating speeds and demand for increased precision in
      machining operations has created a need for spindles having increased
      rigidity, higher operating speeds, and greater thermal stability. That is
      to say, the axial movement of the tool must be held to a minimum as the
      spindle temperature rises from ambient room temperature to a higher steady
      state operating temperature.
PAR  Because of linear expansion of the spindle in the axial direction as it
      heats up, it is necessary to hold the working end fixed axially while
      making provision for expansionary movement at the driven end. Heretofore
      this has been accomplished by empolying a fixed bearing between the
      spindle and its housing at the work end and a floating bearing at the
      drive end. One of the drawbacks of this prior practice is that fixed
      bearings adequate to sustain the radial forces encountered at the working
      end of the spindle must be quite large in diameter and can therefore not
      be accommodated within a compact housing unless the engaging spindle
      diameter is substantially reduced. Reduction of spindle diameter reduces
      desired rigidity and introduces spindle flexing which is very detrimental
      to precision machining operations.
PAR  By the present invention I have devised a spindle mounting structure
      enabling the use of a large number of small diameter roller bearings to
      support the working end of a spindle, thus affording great rigidity and
      permitting a much larger spindle diameter to eliminate spindle flexing. At
      the opposite, or driven, end of the spindle I employ a preloaded duplex
      pair of larger diameter angular contact ball bearings as the fixed bearing
      support, the outer ball bearing races being fixedly mounted in an
      expansible spindle housing which is so designed and constructed as to
      expand linearly and simultaneously with axial expansion of the spindle as
      operating temperature increases.
PAR  Another problem encountered in the prior art has been the effect of linear
      (or axial) expansion of the concentric spindle housing with respect to the
      machine frame to which it must be mounted. If the spindle housing is
      solidly clamped to the machine frame at several points or throughout its
      entire length, as is customary in prior art structures, there is poor
      thermal stability because of binding as the housing, which is closer to
      the spindle, heats up more than the outside metal frame. Various solutions
      have been proposed for this problem, most involving the use of costly
      Invar (with nearly zero temperature coefficient of expansion) for
      construction of the spindle housing. By the present invention I have
      solved this aspect of the problem by means enabling the spindle housing to
      expand freely within the machine frame, thus allowing the use of less
      expensive base metals such as aluminum or brass for the spindle housing.
PAC  OBJECTS OF THE INVENTION
PAR  A primary object of the invention is to provide an improved spindle
      mounting for machine tools wherein the tool receiving end of the spindle
      is maintained in a predetermined axial position regardless of thermal
      expansion or contraction of the spindle and other parts due to variations
      in operating temperature.
PAR  Another object of the invention is to achieve the above object in a
      structure having maximum radial rigidity and minimum spindle flexing.
PAR  A further object of the invention is to achieve the above objects in an
      economical structure not requiring costly or exotic materials.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical side elevation view, mostly in cross-section, showing
      the construction according to a preferred embodiment of the invention; and
PAR  FIG. 2 is a combined end view and radial cross-section, the left half being
      an end view as taken along the line A--A of FIG. 1 and the right half
      thereof being in section along the line B--B of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in greater detail to FIG. 1 of the drawings, the structure of
      a preferred embodiment comprises a spindle shaft 10 rotatably mounted
      within a cylindrical spindle housing 11, for rotation about a horizontal
      axis 13. Spindle housing 11 is rigidly mounted to the machine frame 12 by
      a radial flange 14 at the forward or working end of the spindle (shown to
      the right in FIG. 1). The flange 14 of spindle housing 11 is secured to
      the annular front edge of machine frame 12 by a plurality of annularly
      spaced machine screws such as 15 and 16. The plane of the junction between
      machine frame 12 and flange 14 of the spindle housing constitutes a fixed
      reference surface at the spindle working end. The spindle 10 is rotatably
      supported at the working end by a double-row cylindrical bearing comprised
      of a large number of small diameter rollers such as 18 and 19 in FIG. 1.
      This bearing construction is very rigid, accommodating a maximum of radial
      thrust, while at the same time permitting a larger spindle diameter for
      greater rigidity against spindle shaft flexing.
PAR  The opposite or driven end of the spindle 10 (shown to the left in FIG. 1)
      is rotatably supported by a pair of preloaded angular contact bearings
      20-21, the outer races of which are fixedly mounted in the rear end of the
      spindle housing 11. The angular contact ball bearings 20-21 have their
      outer races clamped against annular shoulder 22 on the inner surface of
      spindle housing 11 by means of annular clamping ring 24 which is secured
      to the left end of spindle housing 11 by a plurality of machine screws 25.
      The inner races of ball bearings 20-21 are secured to a reduced diameter
      portion 26 of spindle shaft 10 by a clamping ring 27. Axial contact
      bearings 20-21 constitute a fixed (axial locating) bearing to prevent any
      relative motion axially between spindle shaft 10 and spindle housing 11.
PAR  An annular elastic metallic diaphram 28 at the left end of FIG. 1 has its
      outer periphery secured to the machine frame 12 by a plurality of
      annularly spaced machine screws 29, while the inner rim of diaphram 28 is
      secured to annular mounting ring 24 by annularly spaced screws 30. By this
      means spindle 10 and spindle housing 11 are floatingly supported within
      the machine frame 12 whereby both the spindle and its surrounding housing
      are free to expand to the left (as viewed in FIG. 1) as these parts heat
      up during operation. Such expansion is entirely within the machine frame
      and always to the left (as viewed in FIG. 1) of the front end reference
      plane formed by the junction between flange 14 of spindle housing 11 and
      the forward annular edge of machine frame 12. Thus the axial position of
      cutting tool 34 remains unchanged by spindle expansion and/or contraction.
PAR  The floating roller bearing 17 which rotatably supports the working end of
      the spindle 10 is seated securely against a forward annular shoulder 32
      formed on the inner circumference of spindle housing 11 and is held
      thereagainst by a front end annular clamping ring 35 which is secured to
      the front end planar surface of housing flange 14 by a plurality of
      annularly spaced machine screws 36. The cutting tool 34 is secured to the
      spindle 10 by a conventional tool holder 37, as is well known in the art,
      and gaskets 38 and 39 are provided at the working and driven ends
      respectively of the spindle housing to maintain integrity of the bearing
      lubrication system.
PAR  In operation, any axial thermal expansion which may occur between the plane
      of the cutting tool 34 and the reference plane of the housing flange 14
      may be accommodated by right-to-left movement (as viewed in FIG. 1) of the
      inner race of floating bearing 17, thus leaving the tool 34 in its
      preselected cutting position. As the spindle 10 and its surrounding
      housing 11 both heat up during operation further axial expansion shifts
      the vertical plane between fixed bearings 20-21 to the left against the
      flexing of the end support diaphram 28, thus enabling the plane of the
      cutting tool 34 to remain fixed axially, while the spindle and its housing
      expand linearly within the machine frame 12. As the spindle itself
      normally operates at a higher temperature than the surrounding spindle
      housing, the housing 11 is preferably formed of a material having a higher
      coefficient of expansion than the spindle 10. In the construction
      illustrated by the drawings I have found that the use of aluminum (which
      has a coefficient of expansion of 13.times.10.sup..sup.-6 /Deg. F.) for
      the spindle housing 11, and heat treated steel (having a coefficient of
      expansion of 6.5.times.10.sup..sup.-6 /Deg. F.) for the spindle 10 provide
      substantially 100 percent temperature compensation throughout the entire
      range of operating temperatures encountered in a modern high speed
      numerically controlled machine tool. In other embodiments designed to
      operate over somewhat different temperature ranges, brass having a
      temperature coefficient of expansion of 10.0.times.10.sup..sup.-6 /Deg. F.
      may be employed for the spindle housing 11. Both of these materials are
      far less expensive than the exotic alloys, such as Invar, which have
      heretofore been proposed because of their nearly zero temperature
      coefficients of expansion.
PAR  It will be understood by those skilled in the art that the fixed (axial
      locating) bearing may take the form of a double row tapered roller bearing
      instead of the preloaded pair of ball bearings 20-21 illustrated in the
      drawing of the preferred embodiment, or it may be a pair of ball thrust
      bearings. Similarly the floating bearing which rotatably supports the
      spindle at the working end may either be a cylindrical roller bearing or a
      ball bearing mounted with a sliding fit of the outer ring in the housing,
      all without departing from the scope of the invention.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the construction set forth without departing from the scope of the
      invention, it is intended that all matter contained in the above
      description or shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A rotatable spindle support for a machine tool comprising in combination
      a rigid machine frame, a cylindrical housing enclosing the spindle and
      securely mounted to said frame at the working end of the spindle, a
      floating bearing mounted in said housing and radially supporting the
      spindle at its working end, said floating bearing comprising a large
      number of small diameter roller bearings supporting a large diameter
      portion of the spindle working end, a fixed bearing mounted in said
      housing at the opposite end thereof comprising a preloaded duplex pair of
      angular contact ball bearings supporting a smaller diameter portion of the
      spindle shaft at its driven end, and axially flexible mounting means
      securing said housing to said frame at the driven end of the spindle,
      whereby the spindle and said housing are free to expand axially at the
      driven end while remaining axially fixed at the working end.
NUM  2.
PAR  2. A rotatable spindle support for a machine tool comprising in combination
      a rigid machine frame, a cylindrical housing enclosing the spindle and
      securely mounted to said frame at the working end of the spindle, a
      floating bearing mounted in said housing and radially supporting the
      spindle at its working end, a fixed bearing mounted in said housing at the
      opposite end thereof and supporting the spindle at its driven end, and
      axially flexible mounting means securing said housing to said frame at the
      driven end of the spindle, whereby the spindle and said housing are free
      to expand axially at the driven end while remaining axially fixed at the
      working end.
NUM  3.
PAR  3. The combination of claim 2 wherein said spindle housing is constructed
      of a material having a thermal coefficient of expansion greater than that
      of the spindle material.
NUM  4.
PAR  4. The combination of claim 2 wherein said axially flexible mounting
      securing said housing to said frame at the driven end of said spindle
      comprises an elastic metallic diaphram.
NUM  5.
PAR  5. The structure of claim 2 wherein said cylindrical spindle housing is
      formed of aluminum and the spindle is formed of steel.
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PAL  The terminal block assembly includes first and second terminal blocks each
      having a plurality of terminal connectors mounted therein. Each terminal
      connector in the first block includes a terminal blade which extends from
      the block and each terminal connector in the second block includes a
      recessed female jack portion adapted to frictionally receive and hold one
      of the terminal blades extending from the first block for establishing
      individual releasable electrical connections between each one of the
      extending blades and one of the female jack portions. Each female jack
      portion is loosely mounted in the second block so that it is self-aligning
      when it engages one of the blades extending from the first block. Each
      terminal connector has means for receiving a female quick-connect terminal
      connector secured to the end of a lead whereby a plurality of releasable
      circuit connections can be formed between two groups of leads connected to
      the two blocks with each circuit connection including three
      quick-connect-disconnect connections. Also each block has a guide pin
      which is received in a mating opening in the other block when the blocks
      are brought together for aligning the terminal connectors in one block
      with the terminal connectors in the other block before the extending
      blades engage the female jack portions.
BSUM
PAR  The present invention relates to a quick-connect-disconnect terminal block
      assembly for interconnecting two groups of leads and the assembly includes
      first and second terminal blocks with one group of leads being releasably
      connected to one block, the other group of leads being releasably
      connected to the second block and the two blocks being releasably
      connected to each other. The connections between the terminal connectors
      are one block and the terminal connectors on the other block are
      releasable friction connections which can be easily separated merely by
      pulling the blocks apart. Also, the connection between each lead of the
      first and second groups of leads and one of the terminal connectors in one
      of the blocks is a releasable friction connection in which a female
      quick-connect terminal connector is connected to a terminal blade of one
      of the terminal connectors whereby the friction connection can be readily
      connected or disconnected without the use of a tool.
PAR  With the terminal block assembly of the present invention an electrician
      can simultaneously connect, or disconnect, all the circuit connections
      between each group of leads merely by pushing the blocks together, or by
      pulling the blocks apart. On the other hand, or subsequent to pulling the
      blocks apart, he can simply and quickly connect, or disconnect, one or
      more leads from one of the blocks without the use of any special tools
      merely by inserting a female quick-connect terminal connector onto, or by
      pulling it from, one of the terminal blades. Heretofore it has been known
      to provide terminal blocks or junction blocks with terminal blades onto
      which female quick-connect terminal connectors can be quickly connected
      and disconnected. It has also been known to provide a terminal block which
      has a plurality of apertures with a female jack portion of a terminal
      connector mounted in each aperture and with an extending terminal part
      connected to each female jack portion and extending from the terminal
      block. However, the provision of a terminal block assembly including two
      terminal blocks with terminal connector means permitting simultaneous
      disconnect between the terminal connectors on each block and/or the
      individual connecting or disconnecting of a quick-connect terminal
      connector at the end of the lead to a terminal connector in one or the
      other of the blocks without the use of a tool, has not heretofore been
      proposed. Accordingly, a primary object of the present invention is to
      provide such a terminal block assembly.
PAR  Another object of the present invention is to provide a triple disconnect
      terminal block assembly including two terminal blocks with terminal
      connector means mounted in each block and permitting a friction
      quick-connect connection between a lead and a terminal connector in one
      block, between a lead and a terminal connector in the other block and
      between each terminal connector in one block and one of the terminal
      connectors mounted in the other block.
PAR  Another object of the present invention is to provide a terminal block
      assembly of the type described in the preceding paragraph in which each of
      the terminal connectors mounted in one of the blocks includes a female
      jack portion which is loosely mounted within an aperture in the block.
PAR  Another object of the present invention is to provide a terminal block
      assembly including two terminal blocks with terminal connectors mounted
      therein and with the terminal connectors in one block being loosely
      mounted therein so as to be self-aligning.
PAR  Another object of the present invention is to provide a terminal block
      assembly including two terminal blocks each mounting a plurality of
      terminal connectors and with each terminal connector mounted in each block
      having a terminal blade portion which is adapted to receive thereon a
      female quick-connect terminal connector secured to the end of a lead and
      the connector in one block having means for releasably engaging and mating
      with complementary means on the terminal connector in the other block.
PAR  Still another object of the present invention is to provide a terminal
      block assembly including two terminal blocks each having a plurality of
      terminal connectors mounted therein and with each terminal connector in
      one block having means for frictionally and releasably engaging a portion
      of one of the terminal connectors mounted in the other block and the
      terminal blocks have cooperating guide means for guiding and aligning the
      terminal connectors mounted in the respective blocks when the terminal
      blocks are brought together and before the terminal connectors on one
      block engage the terminal connectors on the other block to insure proper
      mating engagement between the terminal connectors in the two blocks.
DRWD
PAR  For a more complete understanding of the nature and scope of the present
      invention, reference may now be had to the following detailed description
      of the terminal block assembly of the present invention taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of the terminal blocks forming the
      terminal assembly of the present invention;
PAR  FIG. 2 is an end elevational view of the terminal blocks shown in FIG. 1
      and taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a plan view of one side of one of the terminal blocks shown in
      FIG. 1 and taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a plan view of a portion of the other side of the one terminal
      block and taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a plan view of a portion of one side of the other terminal block
      shown in FIG. 1 and taken along line 5--5 of FIG. 1;
PAR  FIG. 6 is a plan view of the other side of the other terminal block shown
      in FIG. 1 and taken along line 6--6 of FIG. 1;
PAR  FIG. 7 is a fragmentary side elevational view of a portion of the one block
      of the terminal block assembly with portions broken away to show one of
      the terminal connectors mounted therein and taken along line 7--7 of FIG.
      2;
PAR  FIG. 8 is an elevational view of the one terminal block with portions
      broken away to show one of the terminal connectors mounted therein and
      taken along line 8--8 of FIG. 7;
PAR  FIG. 9 is a fragmentary side elevational view of the other terminal block
      shown in FIG. 2 with portions broken away to show one of the terminal
      connectors mounted therein and taken along line 9--9 of FIG. 2;
PAR  FIG. 10 is an end elevational view of the block shown in FIG. 9 with
      portions broken away to show one of the terminal connectors mounted
      therein and taken along line 10--10 of FIG. 9; and
PAR  FIG. 11 is an enlarged perspective view of the terminal connector shown in
      FIGS. 9 and 10.
DETD
PAR  Referring now to the drawings in greater detail, the terminal block
      assembly of the present invention, as disconnected, is generally indicated
      at 10 in FIG. 1. As shown, the terminal block assembly 10 includes a first
      terminal block 12 and a second terminal block 14. The block 12 is
      generally rectangular in shape and includes mounting flanges 16 and 18 at
      opposite ends thereof. Each flange 16 and 18 has a mounting bore 20, 22
      therein as best shown in FIGS. 3 and 4. The flange 16 also has a guide pin
      receiving opening 24 (FIG. 3) and the flange 18 has a guide pin 26 mounted
      thereon.
PAR  The first terminal block 12 has one side 28 which can be referred to as the
      mating side adapted for mating engagement with the block 14 and an
      opposite, terminal connector receiving side 30. The block 12 has a
      plurality of holes 32 which extend between the sides 28 and 30 of the
      block 12. A double spade terminal connector 33 is mounted in each hole 32
      as best shown in FIGS. 7 and 8.
PAR  Each of the holes 32 has a first portion 34 which opens onto the one side
      28 of the block 12 and a second portion 36 which extends from the first
      portion 34 to the other side 30 of the block 12. The first portion 34 is
      generally in the form of a slot and has a cross section substantially
      equal to the cross section of the portion of the terminal connector 33
      received therein. The second portion 36 has a generally oval cross section
      as best shown in FIG. 4 which is larger than the cross section of the
      first portion 34 and which is sized to receive a conventional female
      quick-connect terminal connector such as the terminal connector 38 shown
      in FIG. 1. As best shown in FIGS. 3 and 4 the holes 32 are arranged in
      three rows 41-43 with the holes in each row equally spaced from one
      another.
PAR  Referring now to FIGS. 7 and 8 each of the terminal connectors 33 includes
      a base 44 and first and second oppositely extending terminal blades 46 and
      48 which are integral with the base 44. As shown in FIG. 8, the terminal
      connector 33 is generally flat with the blades 46 and 48 being generally
      coplanar. As shown in FIGS. 1, 2, 3, 7 and 8, the blades 46 of the
      connectors 33 extend outwardly from the one side 28 of the block 12 and
      are adapted to engage terminal connectors 83 (FIG. 11) mounted in the
      second terminal block 14 as more fully described below.
PAR  The base 44 of each terminal connector 33 is received and mounted in the
      first or slot portion 34 of one of the holes 32 and the terminal blade 48
      of each of the terminal connectors 33 is positioned within the second
      portion 36 of one of the holes 32. As best shown in FIG. 7, the base 44
      and the slot portion 34 into which it is received is wider than the
      terminal blades 46 and 48. Also, the base 44 includes two laterally
      extending shoulder portions 50 and 52 which extend laterally of the base
      44 adjacent the junction between the base 44 and the terminal blade 46.
      The first or slot portion 34 of the hole 32 includes notches 54 and 56
      which are adapted to receive the shoulder portions 50 and 52. It will be
      apparent from FIG. 7 that the terminal connector 33 is inserted into the
      terminal block from the one side 28 thereof and that the shoulder portions
      50 and 52 cooperate with the notches 54 and 56 to limit inward movement of
      the terminal connector into the terminal block 12 from the one side 28
      thereof. To firmly mount the terminal connector 33 within the slot portion
      34 of one of the holes 32, the edge portions of the base 44 adjacent the
      terminal blade 48 received in the second portion 36 of the hole 32 are
      staked over as indicated at 58 to deform some of the material of the base
      44 and force it against the side walls of the slot 34 thereby fixing the
      terminal connectors 33 within the first block 12.
PAR  Preferably and as shown in FIG. 3, the first portion 34 of each of the
      holes 32 is formed in the shape of an X for manufacturing purposes with a
      cross slot portion generally indicated at 60. This construction of the
      first portion 34 is preferred since a thin blade shaped mold pin (not
      shown) for forming the first or slot portion 34 would have a tendency to
      bend and an X or cross shaped mold pin (not shown) for forming the slots
      34 and 60 is much stronger and will last much longer.
PAR  Referring now to FIGS. 1, 2, 5, 6, 9 and 10, the second terminal block 14
      also has a generally rectangular shape with mounting flanges 66 and 68 at
      each end thereof. The flanges 66 and 68 each have mounting bores 70 and
      72, the flange 68 has a guide pin receiving opening or bore 74 for
      receiving the pin 26 and the flange 66 has a guide pin 76 mounted thereon
      which is received in the guide pin receiving opening 24 of the block 12
      when the terminal blocks 12 and 14 are brought together to form the
      terminal block assembly 10.
PAR  The second block 14 has one side 78 which can be referred to as the mating
      side and which comes into mating engagement with the one side 28 of the
      block 12 when the blocks 12 and 14 are brought together. The other side 80
      opposite the side 78 of the terminal block 14 can be referred to as a
      terminal connector receiving side since terminal connectors 38 are
      received into apertures 82 (FIGS. 9 and 10) in the block 14 from the side
      80. As best shown in FIGS. 9 and 10, each aperture 82 extends through the
      block 14 and a male-female terminal connector 83 is loosely held within
      each of the apertures 82. Each aperture 82 includes a first portion 84
      which opens onto the one side 78, a second portion 86 which opens onto the
      other side 80 of the block 14 and a restricted portion 87 which
      communicates the first portion 84 with the second portion 86. The bottom
      88 of the first portion 84, the bottom 89 of the second portion 86 and the
      restricted portion 87 define therebetween an internal wall 90 which
      partially separates the portion 84 from the portion 86.
PAR  As best shown in FIGS. 5 and 6, the apertures 82 are aligned in equally
      spaced rows 91-93 with the apertures in each row equally spaced from each
      other. As shown in FIG. 5, the aperture portions 84 have a generally
      square cross section and as shown in FIG. 6 the aperture portions 86 have
      a generally oval cross section.
PAR  Referring now to FIGS. 9, 10 and 11, each of the male-female terminal
      connectors 83 includes a U-shaped base 94, a female jack portion 96 and a
      terminal blade portion 98. The U-shaped base 94 includes a bight portion
      100 and two leg portions 101 and 102. The female jack portion 96 includes
      opposed spring blades 103 and 104. As best shown in FIG. 11, the spring
      blade 103 extends from and is integral with the leg 101 and the spring
      blade 104 extends from and is integral with the leg 102. The major portion
      of each spring blade 103, 104 is inclined toward the other spring blade
      104, 103 with the end portions 105, 106 of each spring blade inclined away
      from the other spring blade 104, 103. The end portions 105 and 106 of the
      spring blades form a shallow V-shaped trough generally indicated at 107 in
      FIGS. 10 and 11 for guidingly receiving one of the blades 46 on one of the
      terminal connectors 33 when the blocks 12 and 14 are brought together.
PAR  Each of the terminal connectors 83 is made from a material which is stiff
      but resilient so that the spring blades 103 and 104 can be deflected away
      from each other and then frictionally engage one of the terminal blades 46
      when the terminal blade 46 is inserted into the female jack portion 96.
PAR  As best shown in FIG. 11, the terminal blade portion 98 extends from the
      bight portion 100 of the base 94. Preferably, and as shown in FIG. 11, a
      reinforcing rib is formed in the bight portion 100 and extends in the same
      direction as the terminal blade portion 98 and into the terminal blade
      portion 98 to reinforce the connection between the base 94 and the
      terminal blade portion 98.
PAR  It will be understood that each male-female terminal connector 83 is
      stamped from a sheet of resilient conductive metal and that the terminal
      blade portion is formed from an elongated strip of that metal which is
      folded over onto itself. The end 112 of the strip is bent so as to extend
      laterally outwardly from the terminal blade portion 98 and thereby form a
      deflectable detent. As best shown in FIG. 11, the detent 112 and the edges
      of the legs 101 and 102 of the base 94 are positioned to engage opposite
      sides of the internal wall 90 formed within one of the apertures 82 of the
      block 14 for the purpose of loosely maintaining each male-female terminal
      connector 83 within one of the apertures 82. In this respect, it will be
      understood that when the terminal connectors 83 are mounted within the
      apertures 82 in the block 14 the terminal connectors 83 are inserted from
      the one side 78 of the terminal connector and the detent 112 is deflected
      as the terminal blade 98 is inserted through the restricted portion 87 of
      the aperture 82. After the detent 112 has been pushed through the
      restricted portion 87 it snaps back to the position shown in FIG. 9 where
      it is in position to engage the bottom 89 of the aperture portion 86 on
      one side of the internal wall 90. Then, axial movement of the terminal
      connector 83 is prevented by engagement of the detent 112 with the bottom
      89 of the aperture portion 86 when the terminal connector 83 is moved in
      one axial direction and by engagement of the edges of the legs 101 and 102
      with the bottom 88 of the aperture portion 84 when the terminal connector
      93 is moved in the other axial direction. Note, however, that the part of
      the terminal connector 83 which is positioned in the restricted portion 87
      can move a limited distance laterally of the connector 83. In this way, he
      terminal connector 83 is loosely retained within one of the apertures 82.
PAR  As best shown in FIG. 9, the longitudinal axis 114 of the first aperture
      portion 84 is offset from the longitudinal axis 116 of the second aperture
      portion 86. This construction of the aperture 82 is preferred in order to
      provide the particular mounting arrangement of each terminal connector 83
      within one of the apertures 82 as described above. Also, the first
      aperture portions 84 are spaced from each other a predetermined distance
      so that the longitudinal axes 114 of the aperture portions 84 will be
      aligned with the longitudinal axes of the blades 46 extending from the one
      side 28 of the terminal block 12. In this way, proper mating engagement
      between each one of the blades 46 and one of the jack portions 94 is
      obtained when the terminal blocks 12 and 14 are brought together. It will
      be noted that this proper mating engagement between the blades 46 and the
      jack portions 94 is enhanced and facilitated by the loose mounting of each
      of the terminal connectors 83 within one of the apertures 82 and by the
      provision of the guide pins 26 and 76 and the guide pin receiving openings
      24 and 74. In this respect, it will be understood that the guide pins 26
      and 76 have a sufficient length so that the guide pins will be fully
      received in the guide pin receiving openings 24 and 74 before each of the
      blades 46 is received in one of the V-shaped troughs 107. Also, in the
      event one of the blades 46 is slightly bent, the loose mounting of the
      terminal connector 83 permits slight lateral movement of the jack portion
      94 when the bent blade 46 engages same.
PAR  It will be apparent from the foregoing description that the terminal block
      assembly 10 of the present invention has a simple construction being
      formed by only two terminal blocks 12, 14 with a plurality of terminal
      connectors 33, 83 in each block and a guide pin 26, 76 mounted in each
      block. Such terminal block assembly 10 permits each electrical circuit
      connection through the terminal block to be interrupted in three different
      locations. First of all, all of the electrical circuits can be
      simultaneously disconnected by pulling the blocks 12 and 14 apart.
      Secondly, before or after the simultaneous interruption of all the
      electrical circuits any one or all of the lead connections to the terminal
      blades 48 or 98 positioned within the hole portions 36 or the aperture
      portions 86 on the other side 30 or 80 of one of the blocks 12 or 14 can
      be disconnected. In this respect, the terminal block assembly 10 can be
      considered as a triple disconnect terminal block assembly. It will be
      apparent that such a triple disconnect terminal block assembly has a
      number of advantages, the most important of which is that an electrician
      utilizing the terminal block for connecting various circuits does not need
      any special tools for connecting or disconnecting the circuits. This can
      be very important when the electrician is trouble shooting the circuit
      connections and wants to individually interrupt various circuits from only
      one side of the terminal block assembly 10. Thus, he can individually
      disconnect terminal connectors 38 from the side 30 or 80 of the terminal
      block assembly 10 while the circuits through the terminal block assembly
      10 are energized or de-energized.
PAR  It will be obvious to those skilled in the art that modifications can be
      made to the terminal block assembly 10 of the present invention without
      departing from the spirit and scope of the invention. Accordingly, the
      scope of the present invention is only to be limited as necessitated by
      the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A quick-connect-disconnect terminal block assembly including first and
      second terminal blocks, a plurality of first terminal connectors mounted
      in said first block with each connector including at least one terminal
      blade which extends from one side of said first terminal block, said first
      terminal connector includes a base and a second terminal blade which forms
      means for receiving and holding a female quick-connect terminal connector
      thereon, said first block has a plurality of holes therein and each of
      said holes includes a first portion extending into said first block from
      said one side thereof and having a cross section substantially equal to
      the cross section of said base of one of said first terminal connectors
      and a second portion which extends nto said first block from another side
      thereof and which is large enough to receive a female quick-connect
      terminal connector, said base of each of said first connectors being
      received in said first portion of one of said holes and said second
      terminal blade of each of said first connectors being located in said
      second portion of one of said holes, a plurality of second terminal
      connectors mounted in said second block with each of said second
      connectors including a female jack portion which is recessed in said
      second block, each of said female jack portions being located in a
      predetermined manner for receiving and frictionally holding one of said
      terminal blades extending from said one side of said first terminal block
      to form releasable individual electrical connections between each one of
      said first connectors and one of said second connectors, each of said
      terminal connectors including means for receiving and holding a female
      quick-connect terminal connector thereon.
NUM  2.
PAR  2. The terminal block assembly of claim 1 wherein said base of each of said
      first connectors has a cross section greater than the cross section of
      said terminal blades extending therefrom and has at least one shoulder
      portion extending laterally of said first connector, and said first
      portion of each of said holes is defined in part by at least one notch
      which extends into said first terminal block from said one side thereof
      and which is adapted to receive said shoulder portion therein, said
      shoulder portion and said notch cooperating to limit movement of said
      first connector into said first block from said one side thereof.
NUM  3.
PAR  3. The terminal block assembly of claim 2 wherein at least one edge portion
      of each base of each of said first connectors is deformed in an area
      adjacent said blade positioned in said second portion of said hole so as
      to force and displace part of the material of said base against the side
      walls forming the first portion of one of said holes to thereby firmly
      hold each of said first terminal connectors in place within said first
      terminal block.
NUM  4.
PAR  4. The terminal block assembly of claim 2 wherein each of said first
      terminal connectors is generally flat and said blades thereof are
      generally coplanar.
NUM  5.
PAR  5. A quick-connect-disconnect terminal block assembly including first and
      second terminal blocks, a plurality of first terminal connectors mounted
      in said first block with each connector including at least one terminal
      blade which extends from one side of said first terminal block, a
      plurality of second terminal connectors mounted in said second block with
      each of said second connectors including a female jack portion which is
      recessed in said second block, each of said female jack portions being
      located in a predetermined manner for receiving and frictionally holding
      one of said terminal blades extending from said one side of said first
      terminal block to form releasable individual electrical connections
      between each one of said first connectors and one of said second
      connectors, each of said terminal connectors including means for receiving
      and holding a female quick-connect terminal connector thereon, said second
      terminal block has a plurality of apertures therein, each aperture having
      a first portion opening onto one side of said second block and a second
      portion opening onto another side of said second block and each of said
      second connectors includes a base, a terminal blade portion forming said
      means for receiving a female quick-connect terminal connector thereon and
      means for retaining said second connector in one of said apertures, said
      female jack portion of each of said second connectors being positioned in
      said first portion of one of said apertures and said terminal blade
      portion being positioned in said second portion of one of said apertures,
      each of said apertures includes a restricted portion dividing each of said
      apertures into said first and second portions thereof, said restricted
      portion having a cross section which is less than the cross section of
      said first and second portions of each of said apertures whereby an
      internal wall is formed between said first and second portions of each of
      said apertures, each of said restricted portions being adapted to receive
      therethrough said terminal blade portions of one of said second connectors
      and said retaining means on said second terminal connector engages one
      side of said internal wall and cooperates with said base on the other side
      of said internal wall in holding each of said second terminal connectors
      within one of said apertures in said second terminal block.
NUM  6.
PAR  6. A quick-connect disconnect terminal block assembly including first and
      second terminal blocks, a plurality of first terminal connectors mounted
      in said first block with each connector including at least one terminal
      blade which extends from one side of said first terminal block, a
      plurality of second terminal connectors mounted in said second block with
      each of said second connectors including a female jack portion which is
      recessed in said second block, each of said female jack portions being
      located in a predetermined manner for receiving and frictionally holding
      one of said terminal blades extending from said one side of said first
      terminal block to form releasable individual electrical connections
      between each one of said first connectors and one of said second
      connectors, each of said terminal connectors including means for receiving
      and holding a female quick-connect terminal connector thereon, said second
      terminal block has a plurality of apertures therein, each aperture having
      a first portion opening onto one side of said second block and a second
      portion opening onto another side of said second block and each of said
      second connectors includes a base, a terminal blade portion forming said
      means for receiving a female quick-connect terminal connector thereon and
      means for retaining said second connector in one of said apertures, said
      female jack portion of each of said second connectors being positioned in
      said first portion of one of said apertures and said terminal blade
      portion being positioned in said second portion of one of said apertures,
      the longitudinal axis of said first portion of each of said apertures in
      said second block is off-set from the longitudinal axis of said second
      portion of said aperture.
NUM  7.
PAR  7. A quick-connect-disconnect terminal block assembly including first and
      second terminal blocks, a plurality of first terminal connectors mounted
      in said first block with each connector including at least one terminal
      blade which extends from one side of said first terminal block, a
      plurality of second terminal connectors mounted in said second block with
      each of said connectors including a female jack portion which is recessed
      in said second block, each of said female jack portions being located in a
      predetermined manner for receiving and frictionally holding one of said
      terminal blades extending from said one side of said first terminal block
      to form releasable individual electrical connections between each one of
      said first connectors and one of said second connectors, each of said
      terminal connectors including means for receiving and holding a female
      quick-connect terminal connector thereon, said second terminal block has a
      plurality of apertures therein, each aperture having a first portion
      opening onto one side of said second block and a second portion opening
      onto another side of said second block and each of said second connectors
      includes a base, a terminal blade portion forming said means for receiving
      a female quick-connect terminal connector thereon and means for retaining
      said second connector in one of said apertures, said female jack portion
      of each of said second connectors being positioned in said first portion
      of one of said apertures and said terminal blade portion forming an
      internal wall being positioned in said second portion of one of said
      apertures, said apertures include a restricted portion, and wherein
      retaining means of each of said terminal connector comprises a deflectable
      detent which extends laterally outwardly from said terminal plate portion,
      said deflectable detent being reflected when it is forced through said
      restricted portion of one of said apertures after which it snaps back to a
      position where it will engage said internal wall upon movement of said
      second connector and cooperate with said base of said second connector in
      loosely retaining said second connector within one of said apertures in
      said second terminal block.
NUM  8.
PAR  8. A quick-connect-disconnect terminal block assembly including first and
      second terminal blocks, a plurality of first terminal connectors mounted
      in said first block with each connector including at least one terminal
      blade which extends from one side of said first terminal block, a
      plurality of second terminal connectors mounted in said second block with
      each of said second connectors including a female jack portion which is
      recessed in said second block, each of said female jack portions being
      located in a predetermined manner for receiving and frictionally holding
      one of said terminal blades extending from said one side of said first
      terminal block to form releasable individual electrical connections
      between each one of said first connectors and one of said second
      connectors, each of said terminal connectors including means for receiving
      and holding a female quick-connect terminal connector thereon, said second
      terminal block has a plurality of apertures therein, each aperture having
      a first portion opening onto one side of said second block and a second
      portion opening onto another side of said second block and each of said
      second connectors includes a base, a terminal blade portion forming said
      means for receiving a female quick-connect terminal connector thereon and
      means for retaining said second connector in one of said apertures, said
      female jack portion of each of said second connectors being positioned in
      said first portion of one of said apertures and said terminal blade
      portion being positioned in said second portion of one of said apertures,
      said female jack portion includes opposed deflectable spring blades, said
      base of said second terminal connector is generally U-shaped including a
      bight portion and two leg portions extending from said bight portion, each
      of said spring blades extends from one of said leg portions of said
      U-shaped base and said terminal blade portion extends from said bight
      portion of said base.
NUM  9.
PAR  9. A quick-connect-disconnect terminal block assembly including first and
      second terminal blocks, a plurality of first terminal connectors mounted
      in said first block with each connector including at least one terminal
      blade which extends from one side of said first terminal block, a
      plurality of second terminal connectors mounted in said second block with
      each of said second connectors including a female jack portion which is
      recessed in said second block, each of said female jack portions being
      located in a predetermined manner for receiving and frictionally holding
      one of said terminal blades extending from said one side of said first
      terminal block to form releasable individual electrical connections
      between each one of said first connectors and one of said second
      connectors, each of said terminal connectors including means for receiving
      and holding a female quick-connect terminal connector thereon, said second
      terminal block has a plurality of apertures therein, each aperture having
      a first portion opening onto one side of said second block and a second
      portion opening onto another side of said second block and each of said
      second connectors includes a base, a terminal blade portion forming said
      means for receiving a female quick-connect terminal connector thereon and
      means for retaining said second connector in one of said apertures, said
      female jack portion of each of said second connectors being positioned in
      said first portion of one of said apertures and said terminal blade
      portion being positioned in said second portion of one of said apertures,
      said terminal blade portion of said second terminal connector is formed by
      folding over an elongated strip connected to said base of said second
      connector and said retaining means of said second terminal connector
      comprises a bent end of said strip said bent end extending laterally
      outwardly from said terminal blade portion.
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PAL  A low insertion force electrical connector having a pair of connector
      members each with a plurality of contacts therein. One of the connector
      members includes a stationary insulator and an activating disc, receiving
      contacts mounted in axially aligned bores in the two parts. A shell
      surrounding the activating disc has an arcuate cam surface thereon which
      cooperates with a roller bearing on the activating disc to cause the
      activating disc to shift with respect to the axes of the contact bores
      upon rotation of the shell to cause the contacts of the two connector
      members to engage. An interlock is formed on the shell for allowing the
      connector members to be correctly positioned prior to electrically
      connecting the contacts together. The interlock includes spring detent
      means for connector retention and for providing an audio and tactile
      indication of full mating of the connector members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an electrical connector and,
      more particularly, to a low insertion force circular electrical connector.
PAR  The present invention comprises an improvement upon the low insertion force
      circular connector disclosed in U.S. Pat. No. 3,818,420 to John E. Barr,
      assigned to the assignee of the present application. The Barr patent
      discloses a circular connector having a pair of connectors each with a
      plurality of contacts therein. One of the connector members includes a
      stationary insulator and an activating disc, formed with a plurality of
      axially aligned bores therein receiving contacts. A rotatable shell
      surrounds the activating disc. The shell is formed with a cam tooth on the
      inner surface thereof. When the shell is rotated, the cam tooth cooperates
      with an arcuate cam surface on the activating disc to shift the disc with
      respect to the axes of the bores to interengage the electrical contacts in
      the respective connector members. The cam tooth loads the contacts in the
      last few degrees of rotation of the shell because the cam surface on the
      activating disc has a relatively hard rise angle. These characteristics
      cause excessive resistance and wear of the mating cam surfaces on the
      activating disc and shell, causing loss of mechanical integrity of the
      mated contacts after just a few actuations of the contacts in the
      connector. The loss of mechanical integrity of the contacts results in
      loss of electrical continuity in the connector. Also, this construction
      requires that the shell be formed of a relatively resilient material,
      thereby limiting the types of materials that can be utilized for
      manufacture of the shell. Further, this arrangement requires a high torque
      for mating of the two connector members.
PAR  The Barr patent also discloses an interlock arrangement for the two
      connector members of the connector. The shell on the plug connector member
      is formed with a pair of oppositely disposed teeth on the inner surface
      therein which engage in L-shaped grooves formed on the receptacle
      connector member. In a commercial embodiment of the Barr connector, raised
      areas are formed on the circumferentially extending portions of the
      L-shaped grooves, causing the shell to elongate when the shell is rotated
      to interconnect the contacts of the two connector members. When the shell
      reaches its fully mated position, it contracts or snaps back for retention
      and a tactile and audio indication of the fully mated condition of the
      connector. These characteristics may cause excessive torque and wear and
      again limits the type of material that can be utilized for the shell.
PAR  The purpose of the present invention is to overcome the attendant
      disadvantage of the aforementioned prior art zero force circular
      connector, by providing an arrangement which requires lower torque for
      mating the connector members together without loss of retention or tactile
      indication of the mating of the members. Another object of the invention
      is to improve the mechanical integrity of the connector in the areas of
      cam action, wear and resistance, so as to increase the useful life of the
      connector.
PAC  SUMMARY OF THE INVENTION
PAR  According to the principal aspect of the present invention, a low insertion
      force circular electrical connector of the type disclosed in the Barr
      patent is improved by providing a gradual arcuate cam surface on the inner
      surface of the coupling ring or shell member of the plug connector member
      providing a lower force angle and by mounting a pin bearing in the outer
      surface of the activating disc which is engaged by the cam surface on the
      shell member. In addition, a notch is provided in the surface of the shell
      member which receives the pin bearing when the activating disc is shifted
      to the position actuating the contacts in their respective connector
      members. By this arrangement, a more gradual approach of full contact load
      is made minimizing the amount of torque required for making engagement
      between the contacts in the two connector members. In addition, this
      arrangement allows for the full contact load to be distributed over
      greater rotation of the shell and minimizes wear and resistance of the
      mating cam surfaces. Also, at the fully mated position of the connector
      the load on the pin bearing is relieved by engaging the notch on the shell
      member thereby minimizing stresses on the shell member and in addition
      providing both an audio and tactile indication of when the fully mated
      position of the shell member is reached.
PAR  According to another aspect of the invention, the interlock between the
      shell member on the plug connector member and the mating receptacle
      connector member in the Barr device may be modified to relieve the torque
      and the wear which otherwise exists. The raised areas formed in the
      circumferentially extending portion of the L-shaped slot of the interlock
      arrangement are replaced by spring detent means which do not require the
      shell member to elongate during the mating operation of the connector
      members yet still provides retention for the connector members and a
      tactile and audio indication that the fully mated condition has been
      achieved. In addition, the use of a spring detent means in the groove
      lessens the torque required for mating the two connector members and
      minimizes wear.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the plug and receptacle connector members
      constructed in accordance with the present invention;
PAR  FIG. 2 is an exploded perspective view of the plug connector member
      illustrated in FIG. 1, with the environmental boot removed;
PAR  FIG. 3 is an exploded perspective view of the receptacle connector member
      illustrated in FIG. 1, with the environmental boot removed;
PAR  FIG. 4 is a partial longitudinal sectional view of the plug connector
      member illustrated in FIG. 2;
PAR  FIG. 5 is a partial longitudinal sectional view of the receptacle connector
      member illustrated in FIG. 3;
PAR  FIG. 6(a-c) shows various stages of movement of the contacts during the
      contact engagement process;
PAR  FIG. 7(a-c) depict the movement of the coupling ring in a position
      comparable to the contacts of FIG. 6(a-c), respectively;
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 5 showing the
      coupling ring of the plug connector member in its initial mated position
      with the receptacle connector member;
PAR  FIG. 9 is a sectional view similar to FIG. 8 showing the coupling ring in
      its fully mated position; and
PAR  FIG. 10 is a graph comparing the cam action of the Barr connector with that
      of a connector constructed in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, there is shown a mated pair of
      connector members comprising a plug connector 12 and a receptacle
      connector 14. The plug connector, which is shown in exploded detail in
      FIG. 2, has a coupling ring or shell 16 at the front end thereof.
      Positioned within the coupling ring is a movable contact activating disc
      18 made of a thermoplastic material. Behind the activating disc is a
      stationary insulator 22 also made of a thermoplastic material and having
      within the rear end thereof a wire seal grommet 24. An environmental boot
      28 is provided at the rear of the connector. Further positioned within the
      insulator member 22 is a plurality of contacts 32 having secured at the
      rear end thereof a wire conductor 34.
PAR  The receptacle connector member shown in exploded detail in FIG. 3
      comprises an insulator member 52 having a grommet 54 which may be
      identical to the grommet 24 mounted within the rear end of the insulator
      member 52. A boot 58, as seen in FIG. 1, is mounted on the rear end of the
      insulator 52. A plurality of contacts 62 having wire conductors 64 secured
      to the ends thereof are mounted within the insulator member 52 and may be
      made identical to the contacts 32 in the plug connector member.
PAR  In FIG. 4, there is shown a partial cross-sectional view of the plug
      connector, with the grommet 24 removed. The coupling ring 16 is typically
      knurled at the rear outer surface 65 and may contain a raised portion 66
      along the surface 65 for use as a position indicator during mating. The
      coupling ring has two internal bore surfaces 78 and 86. As can be seen in
      FIG. 2, the bore surface 86 carries a first coupling tooth 102 and a
      second coupling tooth 104. The teeth 102 and 104 are approximately
      180.degree. apart. The teeth are typically trapezoidal with the larger
      base being formed internal with the bore surface 86. Further, a pair of
      driver teeth or cams 106 and 108 are formed on the bore surface 78 with
      approximately 120.degree. spacing. The tooth 108 will be described in
      detail later.
PAR  The activating disc 18 has a front surface 112 and a rear surface 114.
      Extending forwardly from the front surface 112 are a pair of polarizing
      keys 116 and 118 and extending rearwardly from the surface 114 is an
      anti-rotation tongue 122. Further, a groove 124 is cut into the rear
      surface of the disc 18 and operates in combination with the tongue 122 to
      mate with a similar tongue and groove arrangement in the stationary
      insulator 22 as will be explained hereinafter. A plurality of bores 126
      are formed in the insulator 18. The forward ends of the contacts 32 extend
      through the bores 126 beyond the front surface 112 of disc 18.
PAR  The stationary insulator 22 has a front surface 202 having a tongue 204 and
      groove 206 arrangement which allows the stationary insulator to be locked
      to the activating disc so as to prevent rotation of the disc with respect
      to the stationary insulator. The front half of the insulator 22 contains a
      plurality of bores 208 which are axially aligned with the bores 126. Each
      bore 208 contains a flange member 212 having a forwardly facing shoulder
      214 for locking a contact 32 therein.
PAR  Referring now to FIG. 3, the insulator member 52 of the receptacle
      connector 14 is formed with a front reduced diameter section 322, and
      contains a plurality of cavities 324 therethrough into which the contacts
      62 are positioned as shown in FIG. 5. Each of the bores 324 contains an
      inwardly extending flange 326 for locking the contacts 62 in the bore. The
      front end of the insulator section 322 contains a pair of keyways 328, 332
      for insertion of the polarizing keys 116, 118 of the activating disc 18 of
      the plug connector. On the outer surface of the member 322 there are
      formed a pair of L-shaped coupling grooves 334, 336 which mate with the
      coupling teeth 102, 104 of the coupling ring 16.
PAR  As previously pointed out, the contacts 32 and 62 of the plug and
      receptacle connectors can be identical and each contain a contacting
      surface 362, 364 at the front end of the contacts, respectively. Further,
      locking tines 366, 368 allow the contacts to be inserted from the rear of
      the insulator members and abut the forward facing shoulders of the flanges
      212, 326, respectively. Each of the contacts terminate in a crimp barrel
      372, 374, respectively.
PAR  The connector described so far is essentially identical to that described
      in the aforementioned Barr patent. For further details of the connector
      reference may be made to such patent. Reference is now made to the graph
      illustrated in FIG. 10 of the drawings, wherein the motion of the
      activating disc 18 is plotted against the rotation of the coupling ring 16
      for a connector constructed in accordance with the teachings of the Barr
      patent (curve A) and a connector constructed in accordance with the
      present invention (curve B). It is noted that the graph also indicates on
      the right side thereof the nominal contact load start point and the total
      load on the contacts. It is seen from curve A that in the prior art
      connector the camming arrangement therein loads the contacts in its last
      few degrees of rotation of the coupling ring. This requires high torque
      for mating of the connector members and causes excessive resistance and
      wear of the critical areas of the connector members when in the fully
      mated position. As a result, there is rapid loss of mechanical integrity
      on the mating contacts, resulting in losses of electrical continuity in
      the connector. According to the present invention, a camming arrangement
      is provided for shifting the activating disc 18 which gives full contact
      load over the first 30.degree. rotation of the coupling ring, by using a
      lower force angle and a pin bearing as will now be described.
PAR  Referring to FIGS. 6 and 7 in detail, it is noted that the driver tooth 106
      on the coupling ring is relatively short and has a configuration like that
      illustrated in the Barr patent. However, the opposite driving tooth 108
      has been considerably modified in that the inner surface 376 thereof has
      an arcuate configuration which extends approximately 60.degree. and
      gradually decreases radially to a generally radially extending shoulder
      378. A curved notch 380 is formed in the surface 376 approximately
      45.degree. offset from the point where the arcuate inner surface 376 of
      the tooth 108 merges with the cylindrical inner surface 78 of the coupling
      ring 16, which as illustrated in FIG. 7(a) is at the point of the vertical
      plane passing through the axis of the connector when the coupling ring is
      in its inactivated position. The activating disc 18 is formed with a pair
      of flat portions 382 and 384 on opposite sides thereof. Generally radially
      extending shoulders 386 and 388 are formed on the activating disc adjacent
      to the ends of the flat portion 384. The disc 18 is formed with a cam
      surface 390 which decreases radially and terminates at the shoulder 388.
      The disc 18 is formed with a second arcuate surface 392. This arcuate
      surface decreases radially from the vertical plane passing through the
      center of the connector until it reaches the shoulder 386. The arcuate
      surface 376 and shoulder 386 define a recess in the outer surface of the
      disc 18 which is adjacent to and receives therein the driver tooth 108.
      Preferably, the arcuate surface 392 is complementary to the arcuate
      surface 376 on the coupling ring. A pin bearing 394 is mounted in a bore
      396 at the bottom of the activating disc. The curvature of the notch 380
      corresponds to the curvature of the cylindrical pin bearing.
PAR  To interconnect the connector members 12 and 14, the polarizing keys 116
      and 118 are inserted into the keyways 332 and 328, respectively. The
      coupling teeth 102 and 104 are inserted into the L-shaped coupling grooves
      334 and 336 until they abut the forward facing shoulder 346. At this
      point, the position of the coupling ring with respect to the disc 18 is
      shown in FIG. 7(a). As shown in FIG. 6(a), the contacts are inserted with
      the contacting surfaces 362 and 364 spaced apart and facing each other.
      Then the coupling ring is rotated clockwise as viewed in FIG. 7 so that
      the teeth 102 and 104 move in the coupling grooves. As shown in FIG. 7(b),
      rotation of the coupling ring in such direction also causes the driver
      tooth 108 to move the insulator upwardly in the direction shown by the
      arrow. The arcuate surface 376 on the driver tooth constitutes a low force
      angle cam surface which cooperates with the rotatable pin bearing 394 to
      effect gradual movement of the contact activating disc with a minimum of
      torque on the coupling ring. As seen from FIG. 10, the amount of movement
      of the coupling disc is greater in the present invention than that
      achieved by the prior art connector, yet with less torque, resistance, and
      wear, thereby allowing the contacts to be coupled together under greater
      force.
PAR  FIG. 7(b) illustrates the position of the coupling ring after it has been
      rotated 30.degree.. As seen in FIG. 6(b), in this position of the coupling
      ring the contacts 32 in the plug connector move upwardly fully mating with
      the contacting surfaces on the contacts 62. Further, clockwise rotation of
      the coupling ring brings the driver tooth 108 to the position illustrated
      in FIG. 7(c) wherein the pin bearing 396 registers with the notch 380 in
      the cam surface 376. During this last 15.degree. rotation of the coupling
      ring, the contacts are overloaded, as shown by the curve B between the
      angles of rotation 30.degree.-45.degree., in FIG. 10. When the ring 16
      reaches the final activated position illustrated in FIG. 7(c), wherein the
      pin bearing 394 registers with the notch 380, the load on the pin bearing
      is relieved and full contact load between the ring 16 and disc 18 extends
      over the entire surface 376 of the driver tooth 108. Thus, the load on the
      contacts will be likewise relieved slightly, and thus the contacts in the
      final mated position of the connector members will be positioned as
      illustrated in FIG. 6(c) which is identical to the position illustrated in
      FIG. 6(b). The combination of the gradual inclining cam surface 376, the
      pin bearing 394 and registering notch 380 reduces excessive resistance and
      wear between the parts of the connector and minimizes the torque required
      to interconnect the two connector halves. In addition, the registering of
      the pin bearing with notch 380 produces both an audio signal, i.e. a
      clicking noise, and a tactile indication when the connector halves are
      fully mated. A connector constructed in accordance with the present
      invention utilizing the above described camming arrangement has been
      subjected to 5000 mating cycles without loss of electrical continuity,
      connector retention or the tactile indication made when full connector
      coupling is achieved.
PAR  It is noted that the curved surface 392 forming the bottom of the recess in
      the activating disc 18 is generally complementary in configuration to the
      curved camming surface 376. Because the camming surface 376 cooperates
      with the pin bearing 394 to shift the activating disc, it is not necessary
      that the surface 392 be curved or be complementary to the to the cam
      surface. For example, the surface 392 could be flat and extend from the
      pin bearing to the shoulder 386. In addition, the pin bearing 394 and
      notch 380 could be reversed, in which case, however, the surface 392 on
      the activating disc must be curved as shown in the drawings since it then
      functions as a camming surface. It should also be appreciated that the
      bearing 394 may be a ball bearing rather than a cylindrical pin bearing as
      shown.
PAR  When the coupling ring is shifted to its fully mated position as
      illustrated in FIG. 7(c), the coupling teeth 102 and 104 have moved the
      full distance of the grooves 334 and 336. Moreover, the driver tooth 106
      abuts the shoulder 388. Thus, as it can readily be seen the coupling teeth
      102 and 104 together with the grooves 334 and 336 assure that the contacts
      are separated during the mating of the connector members and that no
      rotation of the coupling ring occurs until the contacts are directly above
      each other. To uncouple the connector, it is simply necessary to rotate
      the coupling ring 16 in the opposite direction indicated by the arrow in
      FIG. 7, whereby the driver tooth 106 tends to shift the activating disc 18
      downwardly until it reaches the position illustrated in FIG. 7(a). Then
      the coupling teeth 102 and 104 can be removed from the L-shaped grooves in
      the receptacle connector, separating the connector members simultaneously
      with the uncoupling of the contacts.
PAR  Reference is now made to FIGS. 8 and 9 of the drawings, which illustrate an
      improved interlocking arrangement which may be used for the two connector
      members 12 and 14. The improvement in the interlocking arrangement
      comprises the mounting of a spring detent means, generally designated 400,
      in the circumferentially exending portions of the L-shaped grooves 334 and
      336. Such spring detent means is provided intermediate the opposite ends
      402 and 404 of each groove. Each such spring detent means comprises a leaf
      spring 406 mounted in a recess 408 opening at the outer surface of the
      groove in the insulator 342, and formed with a curved portion 410 which
      protrudes beyond the bottom of the groove. As seen in FIG. 8, when the
      ring 16 is in its inactivated position, the tooth 104, for example, lies
      in the axially extending portion of the groove 336 and to one side of the
      spring detent 400. When the coupling ring is rotated in the direction
      indicated by the arrow in FIG. 8 to shift the activating disc 18 to couple
      the contacts together and the respective connector members, the tooth 104
      slides over the exposed upper curved portion 410 of the spring detent
      until it reaches the shoulder 404 as seen in FIG. 9 wherein the spring
      resists reverse movement of the coupling ring. Thus, the leaf spring
      retracts as the coupling ring shifts between its inactivated and activated
      positions, lessening the required torque for rotation of the ring and
      minimizing wear, yet without reducing retention characteristics of the
      coupling arrangement. The springs also provide a tactile and audio
      indication of the fully mated condition being achieved at the same time
      the pin bearing and notch in the activating disc coupling ring provide a
      similar signal. It will be appreciated that the spring detent 400 need
      only be provided in one of the grooves 336 or 334, and essentially the
      same results will be achieved. It will also be noted that the coupling
      arrangement illustrated in FIGS. 8 and 9 may be embodied in any type of
      electrical connector utilizing a rotatable coupling ring, and is not
      limited to use in a low insertion force circular connector as disclosed
      herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low insertion force electrical connector comprising:
PA1  a first connector member having a first plurality of contacts mounted
      therein;
PA1  a second connector member having a second plurality of contacts mounted
      therein for electrical engagement with said first plurality of contacts
      subsequent to mating of said first and second connector members;
PA1  said second connector member comprising a stationary insulator and a
      movable contact activating element, said activating element being formed
      wit an arcuate surface thereon, said arcuate surface gradually radially
      decreasing to a generally radially extending shoulder, said insulator and
      activating element having a plurality of axially aligned bores receiving
      said second plurality of contacts therein;
PA1  a rotatable shell element surrounding said activating element and having an
      arcuate surface therein generally complementary to said activating element
      arcuate surface and positioned adjacent thereto prior to engagement of
      said first and second plurality of contacts, said shell element having a
      radially extending shoulder thereon abutting said activating element
      shoulder;
PA1  a rotatable bearing in one of said elements projecting beyond its arcuate
      surface for rolling engagement with the arcuate surface on the other
      element;
PA1  a notch in said other element arcuate surface receiving said bearing when
      said shell element is rotated a predetermined distance relative to said
      activating element in the direction causing separation of said shoulders,
      such rotation of said shell element shifting said activating element in a
      plane intersecting the axes of said bores whereby said first and second
      plurality of contacts are engaged with each other.
NUM  2.
PAR  2. An electrical connector as set forth in claim 1 wherein:
PA1  said bearing is mounted in said activating element and said notch is
      located in said shell element.
NUM  3.
PAR  3. An electrical connector as set forth in claim 1 wherein:
PA1  said bearing is a cylindrical pin bearing and said notch has an arcuate
      configuration complementary to the cylindrical surface of said pin
      bearing.
NUM  4.
PAR  4. An electrical connector as set forth in claim 1 wherein:
PA1  said first connector member is formed with an L-shaped groove in its outer
      surface having one leg of the groove opening at the forward end of said
      first connector member and the second leg thereof extending
      circumferentially;
PA1  said shell element has a tooth on the inner surface thereof mateable with
      said groove for interlocking said first and second connector members
      simultaneously with the engagement of said first and second plurality of
      contacts; and
PA1  spring detent means in said second leg of said groove engageable by said
      tooth during mating of said connector members.
NUM  5.
PAR  5. A low insertion force electrical connector comprising:
PA1  a first connector member having a first plurality of contacts mounted
      therein;
PA1  a second connector member having a second plurality of contacts mounted
      therein for electrical engagement with said first plurality of contacts
      subsequent to mating of said first and second connector members;
PA1  said second connector member comprising a stationary insulator and a
      movable contact activating disc, said activating disc being formed with a
      recess in the outer surface thereof, said recess having a generally
      radially extending shoulder at one end thereof, a rotatable bearing in
      said activating disc at its outer surface adjacent to the other end of
      said recess, said insulator and activating disc having a plurality of
      axially aligned bores receiving said second plurality of contacts therein;
PA1  a rotatable shell surrounding said activating disc and having an arcuate
      cam surface therein opposing said recess, said cam surface gradually
      radially decreasing from said bearing to a radially extending shoulder
      abutting said activating disc shoulder;
PA1  said bearing being in rolling engagement with said cam surface; and
PA1  a notch in said cam surface receiving said bearing when said shell is
      rotated a predetermined distance relative to said activating disc in the
      direction causing separation of said shoulders, such rotation of said
      shell shifting said activating disc in a plane intersecting the axes of
      said bores whereby said first and second plurality of contacts are engaged
      with each other.
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ABST
PAL  An improved tooth configuration for the contact surface of an electrical
      connector comprises a rearwardly sloping generally V-shaped upper surface
      peripherally circumscribed by upstanding side and rear walls communicating
      therewith along a sharp continuous edge. The apex of the V-shape is
      located at the communication of the obliquely disposed side walls and may
      have a height less than the height of the side walls at their distal ends.
      The teeth may be arranged in a series of parallel rows wherein the teeth
      in one row may be either similarly or oppositely oriented with respect to
      the teeth in an adjacent row.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is directed to the field of electrical connectors and
      principally to an improved tooth form for the contact surface thereof.
PAR  2. Description of the Prior Art
PAR  Prior art electrical connectors have been provided with toothed contact
      surfaces which serve both as insulators and oxide piercing means and to
      increase the engagement between the connector and the conductor enclosed
      therewithin. Special tooth forms which have been developed to improve the
      characteristics of electrical connectors are exemplified in U.S. Pat. No.
      3,514,527 issued May 26, 1970 to T. L. C. Kuo and assigned to the assignee
      of the instant invention; and U.S. Pat. No. 3,549,786 issued Dec. 22, 1970
      to T. L. C. Kuo and assigned to the assignee of the instant invention.
      These tooth forms, although adequate in many applications, comprise
      relatively widely spaced teeth proportioned generally to accept a
      particular range of wire sizes and are of limited usefulness where both
      large and small diameter conductors are to be simultaneously connected
      within a single wire receiving cavity or ferrule of a connector employing
      such prior art tooth forms, since the smaller conductor may tend to lie
      within the recesses or channels existing between adjacent teeth and thus
      fail to be securely engaged or contacted by such teeth. Additionally, the
      teeth of such prior art connectors are generally disposed over the
      interior surface of the connector in a specific pattern commensurate with
      the placement of conductors along a preferred axis of disposition so that
      conductors oriented in a direction offset from the preferred axis may fail
      to be properly engaged by such teeth. In the case where insulation or
      oxide covered conductors are employed, such limitation may severely limit
      the integrity and reliability of the final connection, leading either to
      premature failure of the connection or erratic performance thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The invention overcomes the limitations and difficulties noted above with
      respect to prior art devices by providing an improved tooth pattern and
      tooth form for electrical connectors which is more reliable and versatile
      than such prior art devices. The teeth may be arranged over the interior
      surface of the connector in either similarly or dissimilarly oriented,
      closely spaced parallel rows, each tooth having a generally V-shaped or
      chevron-like configuration in plan view and comprising a sloping upper
      surface circumscribed by side and rear walls which communicate therewith
      along a sharp continuous edge adapted to pierce and bite into the
      conductive portion of one or more conductors placed within the connector
      and secured thereto as by crimping or the like. The upper surface may have
      a concave curvature in either or both of two mutually perpendicular
      directions and may have a height above the base surface of the connector
      substantially equal to the thickness of the base material. In one specific
      embodiment, the ends of the teeth have a height greater than the central
      portion thereof to increase the length and number of cutting edges
      available when employed, for example, with relatively small conductors.
      The tooth pattern and configuration may be coordinated to present a
      substantially continuous line of cutting or piercing edges irrespective of
      orientation over the surface of the connector so as to eliminate the need
      for preferential placement of the conductors over such surface. It is
      therefore an object of this invention to provide an improved tooth
      configuration for electrical connectors.
PAR  It is another object of this invention to provide an improved insulation
      and oxide piercing connector.
PAR  It is a further object of this invention to provide a means for increasing
      the area of contact of a toothed electrical connector.
PAR  It is still another object of this invention to provide an electrical
      connector having a tooth configuration arranged to provide a series of
      continuous cutting edges.
PAR  It is yet another object of this invention to provide a means for
      increasing the length of the cutting edge of a tooth of an electrical
      connector.
PAR  It is yet a further object of this invention to coordinate an improved
      tooth form and tooth pattern for electrical connectors for increased
      efficiency of contact.
PAR  It is still a further object of this invention to provide an electrical
      connector having a toothed surface arranged to operate with equal
      effectiveness and reliability over a wide range of conductor sizes.
PAR  It is still another object of this invention to provide an electrical
      connector having an improved tooth pattern comprising selectively formed
      teeth arranged to eliminate the need for preferential orientation in use.
PAR  Other objects and features will be pointed out in the following description
      and claims and illustrated in the accompanying drawings which disclose, by
      way of example, the principle of the invention and the best mode
      contemplated for carrying it out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings
PAR  FIG. 1 is a perspective view of an electrical connector employing an
      improved tooth configuration constructed in accordance with the concepts
      of the invention.
PAR  FIG. 2 is an enlarged fragmentary top plan view showing the details of the
      tooth form illustrated in FIG. 1.
PAR  FIG. 3 is a fragmentary sectional view taken along the line 3--3 in FIG. 2.
PAR  FIG. 4 is a fragmentary front elevational view, partly in section, taken
      along the line 4--4 in FIG. 2.
PAR  FIG. 5 is a fragmentary front elevational view, partly in section, of a
      further embodiment of an improved tooth form constructed in accordance
      with the concepts of the invention.
PAR  FIG. 6 is a fragmentary top plan view, partly cut away and partly in
      section, of a portion of the toothed connector of FIG. 1, as engaged with
      a relatively small conductor.
PAR  FIG. 7 is a fragmentary top plan view of a further embodiment of a tooth
      pattern for an electrical connector constructed in accordance with the
      concepts of the invention.
DETD
PAR  Similar elements are given similar reference characters in each of the
      respective drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIGS. 1, 2, 3, 4, and 6 there is shown an electrical
      connector 20 having an interior surface 22 over which are disposed a
      series of teeth 24 constructed in accordance with the concepts of the
      invention. As shown in the plan view of FIG. 2, the teeth 24 are arranged
      generally in a regular pattern more commonly referred to as a herringbone
      pattern comprising a series of closely spaced, parallel rows each having
      similarly oriented teeth 24 while the teeth of one row are oppositely
      oriented with respect to the teeth of an adjacent row. Each tooth 24 has a
      generally V-shaped configuration and comprises a selectively contoured
      sloping upper surface 26 bounded by a first side wall 28, a second side
      wall 30, and a rear wall 32. The first and second side walls 28 and 30,
      respectively, define the arms of the V and communicate with one another
      along a sharp vertical edge 34 at the apex of the V. The side walls 28 and
      30 and the rear wall 32 communicate with the upper surface 26 along a
      continuous sharp edge 32 (FIG. 3) circumscribing the upper surface 26, the
      side walls 28 and 30 being disposed generally normal to the surface 22,
      and the rear wall 32 preferably sloping downwardly from the upper surface
      26 of the tooth 24 at an oblique angle to the connector surface 22. As
      further illustrated in FIGS. 3 and 4, the upper surface 26 has a generally
      concave configuration essentially in two directions, that is, along an
      axis extending from the apex 34 towards the rear wall 32, as best seen in
      FIG. 3, and along an axis extending between the terminating ends of the
      side walls 28 and 30 as best seen in FIG. 4. Furthermore, the height of
      the tooth 24 at its apex 34 is shown in FIG. 4 as being less than its
      height adjacent its ends, which arrangement has been found to be
      advantageous for engagement with relatively small diameter wires. It
      should be understood, however, that the side walls 28 and 30 of the tooth
      24 may be proportioned to have a uniform height throughout their length
      without significantly altering the characteristics thereof. Additionally,
      each of the side walls 28 and 30 may have an upper edge 38, 40, (FIG. 4)
      respectively, sloping linearly from their respective ends towards the apex
      34, or, alternatively, may be proportioned to slope curvilinearly between
      these two points, as shown at 42 and 44 in FIG. 5. As shown in greater
      detail in FIG. 6, the pattern of the teeth 24 of the embodiment
      illustrated in FIG. 2 is arranged to insure that the respective sidewalls
      of adjacently disposed teeth lie in a common plane and along a common axis
      indicated by the line A--A which is shown as coincident with the side
      walls 30 of the upper teeth 24 as viewed in FIG. 6, so that a conductor
      such as 46 which is placed horizontally across the pattern, substantially
      as shown, is caused to engage at least one or more of the sharp bounding
      edges of the upper surface 26. The spacing between the teeth 24 in each
      row is further selectively arranged so that the apex 34 of each tooth lies
      within the bounds of the rear wall 32 of an adjacent tooth in the same
      row, as defined by an axis drawn between the terminating ends of the rear
      wall. Furthermore, the rows of teeth are spaced from one another in such
      manner as to insure that the terminating ends of adjacently disposed teeth
      lie within a common narrow region, conductor placed upon the above
      described pattern will be engaged by at least one or more of the sharp
      bounding edges of the upper surface 26 regardless of its orientation, so
      that, upon closure of the connector about such conductor, the outer
      surface of the conductor, regardless of its diameter, will be contacted by
      a sufficient number of teeth 24 to insure adequate and reliable
      interengagement therebetween.
PAR  Turning now to FIG. 7, there is shown a further embodiment of a tooth
      pattern 50 constructed in accordance with the concepts of the invention.
      As illustrated, the pattern 50 includes a plurality of similarly oriented
      teeth 24 arranged in closely spaced parallel rows where the teeth 24 of a
      particular row are axially offset from the teeth 24 in an adjacent row.
      For example, as viewed in FIG. 7, the upper teeth 24 of the first and
      third rows lie along an axis indicated by the numeral 52 while the upper
      tooth 24 of the second row lies along an axis 54 selectively offset from
      the axis 52 so that, in the case where all of the teeth of the pattern are
      uniformly spaced from one another, the teeth of alternating rows will lie
      intermediate the teeth of adjacent rows. Accordingly, a conductor such as
      46 disposed over the pattern 50 will also be insured contact with a given
      number of teeth regardless of its orientation, as the connector is crimped
      thereabout. It will, of course, be readily apparent to those skilled in
      the art that combination of the patterns illustrated in FIG. 2 and FIG. 7
      may be provided over the interior surface of the connector, or one or the
      other of such pattern may be provided within selected areas of the
      interior surface of the connector without departing from the spirit of the
      invention and within the concepts herein disclosed. It should also be
      appreciated that although only one form of connector 20 has been shown,
      the disclosed invention may be readily adapted to other configurations
      such as splice connectors, terminal connectors, and other like devices
      having a wire receiving portion or ferrule for engagement with either an
      insulated or non-insulated conductor.
PAR  It should be further noted that each of the teeth 24 are formed preferably
      from the base material of the connector, as by skiving and the like, and
      may have a maximum height approximately equal to the thickness of the base
      material without unduly weakening the connector.
CLMS
STM   The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an electrical connector of the type having a wire receiving portion
      having an interior surface, and a plurality of upstanding teeth disposed
      over said interior surface, the improvement comprising: each of said teeth
      having a generally V-shaped configuration in plan view, and comprising an
      upper surface circumscribed by a first side wall, a second side wall, and
      a rear wall, said upper surface communicating with said first and second
      side walls and said rear wall along a sharp edge, said first and second
      side walls being disposed generally normal to said interior surface and at
      an oblique angle with respect to one another, said first and second side
      walls communicating with one another along an edge defining the apex of
      said V-shape, said upper surface sloping downwardly from said apex to said
      rear wall and towards said interior surface, said upper surface having a
      generally concave curvature in a plan extending across said V-shape
      between the terminating ends of said first and said second side walls.
NUM  2.
PAR  2. The improvement as defined in claim 1 wherein said upper surface has a
      generally concave curvature in two planes including a first plane
      extending from said apex of said V-shape towards said rear wall, and a
      second plane extending across said V-shape between the terminating ends of
      said first and said second side walls.
NUM  3.
PAR  3. The improvement as defined in claim 1 wherein the height of said upper
      surface at said apex of said V-shape is lower than the height of said
      upper surface at the terminating ends of said V-shape.
NUM  4.
PAR  4. The improvement as defined in claim 1 wherein each of said first and
      said second side walls is generally planar.
NUM  5.
PAR  5. The improvement as defined in claim 1 wherein said rear wall is
      generally curvilinear.
NUM  6.
PAR  6. The improvement as defined in claim 5 wherein each of said side walls is
      generally planar, and said upper surface has a generally concave curvature
      in a plane extending from said apex of said V-shape towards said rear
      wall.
NUM  7.
PAR  7. The improvement as defined in claim 5 wherein each of said side walls is
      generally planar, and said upper surface has a generally concave curvature
      in a plane extending across said V-shape between the terminating ends of
      said first and said second side walls.
NUM  8.
PAR  8. The improvement as defined in claim 7 wherein said upper surface has a
      generally concave curvature in a plane extending from said apex of said
      V-shape towards said rear wall.
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ABST
PAL  An electrical contact for use in a printed circuit board edge connector
      comprises a pair of channel cross-section arms each providing a pair of
      contact surfaces for engaging a board mated with the contact, the arms
      being relatively rigid and thus providing high contact pressures.
BSUM
PAR  This invention relates to an electrical contact for a printed circuit board
      edge connector.
PAR  Printed circuit board edge connectors are widely used and for certain
      application, for example in consumer goods such as washing machines, there
      is a requirement for such connectors having contacts which provide
      reliable connection under adverse conditions at low cost.
PAR  An electrical contact according to the present invention is formed from
      sheet metal and comprises a flat web from which extend a pair of spaced
      contact arms in forklike manner, each of the arms being of channel
      section, one of the channel section sides of each arm extending in
      generally coplanar manner from the flat web, and side portions of the
      channel sections distal of the flat web extending inwardly between the
      arms to define contact portions.
PAR  The contact of the invention is relatively cheap and easy to produce, and
      has the further advantages that due to the channel section form of the
      arms thereof, this making the arms relatively resistant to flexure, high
      contact pressures giving reliable electrical connections can be developed
      at the four contact portions of the arms.
PAR  The arms at the contact portion ends are suitably formed in the channel
      section bases with longitudinally extending slot open at the contact
      portion end and terminating short of the flat web.
PAR  The provision of such slots gives substantial independence of movement of
      the four contact portions, thus further ensuring reliable electrical
      connections with a mated printed circuit board.
PAR  The contact portions are suitably of arcuate form extending lengthwise of
      the arms and on sides distal of the flat web are suitably inclined
      outwardly at a shallow angle to define an enlarged entry to allow for easy
      insertion of a printed circuit board.
DRWD
PAR  An embodiment of the invention will now be described by way of example with
      reference to the drawings in which FIG. 1 is a perspective view showing
      one side of the contact member;
PA1  Fig. 2 is a perspective view of the opposite side of the contact member.
DETD
PAR  Referring to the drawings, a crimping ferrule section 1 extends from a flat
      web portion 2 formed with a pair of parallel contact arms 3, 4. The
      contact arms are of similar form, each comprising a channel section of
      which one side 5 extends from the flat web in generally coplanar manner.
      The flat web portion 2 is formed between root parts of the arms with a
      flanged aperture 6, for mounting purposes, and at an edge between the
      aperture 6 and the side 5 of the arms 3 and 4, with a turned back tongue 7
      for latching the contact in a housing.
PAR  The bases 8 of the channel sections of the arms 3 and 4 extend normally
      from the same side of the flat web portion 2 from the region of the
      aperture 6, and the tongue 7 is disposed between the channel bases 8.
PAR  The other side 9 of the channel sections of the arms 3 and 4 extend
      rearwardly from the free ends of the arms, and terminate short of the ends
      of the bases 8 approximately level with the forward edge of the flat web
      portion 2 between the arms 3 and 4.
PAR  The bases 8 of the channel sections are each formed with a slot 10 open at
      the free ends of the arms and extending towards but terminating short of
      the roots of the arms and the forward edge of the web portion 2 from which
      the tongue 7 extends. The sides 5, 9 of the channel sections adjacent the
      free ends of the arms 3 and 4 are formed with inwardly directed arcuate
      contact protuberances 11. Edges of these arcuate protuberances 11 extend
      tangentially at a shallow angle toward the free ends of the bases 8 to
      provide entry surfaces 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical contactor, comprising
PA1  a pair of spaced parallel opposed arms,
PA1  said arms each having a planar section at the rear end thereof and having a
      channel shaped section at the front end with the sides of the channel
      shaped section of one arm extending toward the corresponding sides of the
      channel shaped section of the other arm,
PA1  a planar web element adjacent the planar section and normal thereto
      connecting the side of the channel shaped section of one arm to the
      corresponding side of the channel shaped section of the other arm,
PA1  the end of each arm distal of the web element having a longitudinal slot
      extending inwardly from the free end thereof intermediate the sides of the
      channel shaped sections,
PA1  each of the sides of the channel shaped sections being provided adjacent
      the front end of each arm with a protruding contact portion extending
      towards that of the corresponding sides of the other channel shaped
      section,
PA1  whereby the sides of the channel shaped sections of one arm are
      individually yieldable toward those of the other arm.
NUM  2.
PAR  2. An electrical contactor according to claim 1 wherein the contact
      portions of the arms are of arcuate form, the corresponding sides of both
      channel shaped sections decreasing in height from the contact portions to
      the free ends of the arms to define an enlarged entry for a printed
      circuit board.
NUM  3.
PAR  3. An electrical contactor according to claim 2 wherein a tongue member
      extends from the front edge of the web element at an angle thereto towards
      the rear end of the arm for latching the contactor in a housing.
NUM  4.
PAR  4. An electrical contactor according to claim 3 including means connected
      to the web element for attaching the contactor to a conductor.
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ABST
PAL  There is disclosed an afocal zoom lens attachment of variable magnification
      which is intended for use with a prime imaging lens of fixed focal length
      and which is particularly suited for systems using radiation having a
      wavelength in the infrared region of the spectrum. The attachable zoom
      lens system is comprised of a fixed focus front objective element and a
      fixed focus eyepiece with a zooming doublet and a zooming singlet
      therebetween and is configured to form a mechanically compensated,
      non-Galilean afocal zoom attachment. The system includes means for
      continuously varying the magnification by simultaneously moving the
      zooming singlet and doublet along linear and non-linear paths
      respectively. The doublet contains a color correcting element. A real
      intermediate aerial image is formed between the zooming singlet and the
      eyepiece at low magnifications and that image is recollimated by the
      eyepiece. During zooming to higher magnifications the singlet may move
      through the plane of the real image thereby moving its plane to contribute
      to aberration correction. In preferred embodiments the lens system is used
      as an attachment to a prime thermal imaging device and each of the lenses
      has a useful spectral bandpass for energy in the 2-20 micron region of the
      infrared spectrum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The all-weather and night capability of infrared radar and imaging systems
      has led to their increasing use and to the development of lens systems
      suitable for use with them. One such type of system is known by the
      acronym "FLIR" from "forward looking infrared". These systems are
      preferably operated in the 2 to 20 micron wavelength region of the
      spectrum. Such systems are normally equipped with a minimum number of lens
      elements since the relatively high transmission loss in lenses having a
      spectral bandpass in the infrared precludes the use of a large number of
      lenses for aberration correction as is common practice in the visible
      region particularly in zoom systems. This transmission loss limitation
      thus poses an even greater problem than is encountered in the visible
      region when one attempts to provide such a FLIR system with a zoom lens
      capability. This is particularly true of such a zoom system which is of
      the bolt on or afocal type the output of which is a collimated beam of
      energy focused at infinity and which can provide not only acceptably small
      transmission loss but also usefully high image quality when used with a
      prime lens.
PAR  Most of the previously known zoom systems, even in the visible wavelength
      region, are of the finite focus or image forming output type rather than
      of the afocal or attachment type intended for use with a prime focusing
      lens. U.S. patents typical of this image forming type at visible
      wavelengths are: U.S. Pat. No. 3,377,119 to Takano; US. Pat. No. 3,433,559
      to Vockenhuber et al; U.S. Pat. No. 3,454,321 to Klein; and U.S. Pat. No.
      3,597,048 to Bertele. Focusing lens systems intended for use at infrared
      wavelengths are shown in U.S. Pat. Nos. 3,439,969 to Kirkpatrick and
      3,825,315 to Altman et al.
PAR  In addition to their classification as either image forming or afocal in
      type, zoom lens systems may also be classified as being either of the
      optically compensated or mechanically compensated type and may be further
      classified as being of the Galilean or non-Galilean type. These
      distinctions are per se well known in the art as may be seen, for example,
      by reference to a book entitled "Modern Optical Engineering" by Warren J.
      Smith published in 1966 by McGraw-Hill Company. The author states at page
      243 that a "mechanically compensated" zoom system is one in which the
      defocusing (which is inherent by virtue of the motion of one of the
      movable lens elements) is eliminated by introducing a nonlinear
      compensating motion of one of the other adjacent lens elements of the
      system which motion is effected by a cam arrangement to provide the
      non-linearity. At page 244 it is noted that the other technique for
      reducing the focus shift in a variable system is called optical
      compensation wherein two or more alternate (rather than adjacent) lenses
      are linked and moved together with respect to the fixed lens between them.
PAR  The further distinction of types of telescopic systems as being
      astronomical (or inverting), terrestrial (or erecting), or Galilean is
      discussed by the author beginning at page 209. At page 210 the author
      points out that in the Galilean type the internal image of the system is
      never actually formed. In the Galilean type the object for the eye lens is
      a "virtual" rather than a "real" object, no inversion occurs, and the
      final image presented to the eye is erect and unreversed. Since there is
      no real image formed in a Galilean telescope there is no location where
      cross hairs or a reticle may be inserted. Hence, for purposes of this
      specification, a non-Galilean lens system will be defined as one in which
      an internal real image is formed within the system, that is, somewhere
      between the first and last lenses of the system along the optical axis.
PAR  With these distinctions in mind it may be noted that even with respect to
      afocal visible wavelength zoom systems the prior art has depended
      primarily on the use of Galilean type systems having no real intermediate
      image. Such systems are illustrated by U.S. Pat. Nos. 3,320,014 to Macher
      and 3,679,292 to Motoaki. Where an effort has been made to use a
      non-Galilean system having a real intermediate image, an optically
      compensated system such as shown in U.S. Pat. No. 3,438,689 to Wehr has
      been necessarily used.
PAR  It is an object of this invention to provide a mechanically compensated
      non-Galilean afocal zoom lens attachment of variable magnification having
      as few lenses as possible for use with a prime imaging lens of fixed focal
      length.
PAR  It is a more specific object of the present invention to provide such a
      system suitable for use in the infrared wavelength region of the spectrum
      which system overcomes the above noted problems and limitations inherent
      in the design of an optical system intended for use at such infrared
      wavelengths and which is capable of producing high image quality
      throughout the zoom range of the afocal system.
PAC  SUMMARY OF THE INVENTION
PAR  This is achieved by providing a non-Galilean variable magnification
      mechanically compensated afocal zoom system of the type wherein each of
      the lenses has a useful spectral bandpass for energy in a predetermined
      region of the infrared spectrum (which is herein taken generally to mean
      the region between 0.7 and 1,000 microns and more particularly the 2-20
      micron range) and wherein the total transmission loss of energy by
      absorption in passing through the entire lens system is less than 60
      percent of the input energy. Zooming action over a ratio of at least 5 to
      1 while maintaining high image quality is achieved by providing four
      optically coacting lens groups arranged along an optical axis to form the
      system. Each of the groups comprises at least one lens. The first group is
      a fixed focus front objective element; the second group is a zooming
      element moving in a first locus which is preferably non-linear; the third
      group is a zooming element moving in a second locus which is preferably
      nearly linear; and the fourth group is a fixed focus eyepiece element.
      Means are provided to movably mount the second and third groups so as to
      continously vary the magnification of the system between minimum and
      maximum limits. At minimum magnification the four groups of lenses are
      arranged in relation to each other so that the first, second and third
      groups of lenses produce a real intermediate aerial image at a first image
      plane located between the fourth group fixed eyepiece and the third group
      zooming element. This image is recollimated by the eyepiece group which is
      preferably a doublet. The system thus comprises an afocal device intended
      for use as an attachment to a prime imaging device, the eyepiece providing
      a collimated output beam of energy with an external exit pupil.
PAR  In one embodiment, the paths of motion or the loci of positions of the four
      groups of lenses are so related to each other that during the zooming
      motion of the second and third group zooming elements, the third group
      zooming element, at a predetermined position producing a magnification
      which is higher than the minimum magnification, passes through the real
      aerial image plane to thereby move the aerial image plane for all higher
      maginifcation settings of the zoom elements. The motion of the aerial
      image plane at higher magnification has been found to contribute to
      aberration correction in systems of this type by maintaining good image
      quality at magnifications higher than that at which the image plane begins
      to move. Such a system is thus able in a preferred embodiment to obtain
      good image quality over a range of magnifications from 3.33 .times. to 20
      .times. which thus affords a 6 to 1 zoom ratio.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages will be more fully appreciated from
      the detailed description below taken in conjunction with the accompanying
      drawings wherein like reference characters refer to like parts throughout
      and in which:
PAR  FIG. 1 is a zoom lens optical schematic view showing the lens elements of
      the device of the present invention in minimum and in maximum
      magnification configurations and indicating the loci or zoom track of the
      movable lenses between these two positions.
PAR  FIG. 2 is a view similar to FIG. 1 for a second embodiment of the invention
     .
DETD
PAC  DETAILED DESCRIPTION
PAR  There is shown in FIG. 1 an optical schematic diagram of a mechanically
      compensated 6 to 1 ratio afocal non-Galilean zoom telescope for use in the
      long wavelength infrared spectrum and more particularly in the wavelength
      range between 8 and 12 microns. The attached optical schematic shows in
      FIG. 1 that the first embodiment of the zoom telescope comprises four
      optically coacting lens groups, A, B, C, and D, arranged along an optical
      axis, O, to form a non-Galilean mechanically compensated zoom system. The
      first group A comprises a single Germanium lens A1 having surfaces 1 and 2
      which form a singlet objective lens. The second group B, which moves along
      a first locus L1 between the two positions shown in FIG. 1, is a doublet
      consisting of Germanium lens B1 having surfaces 3 and 4 and Zinc Selenide
      lens B2 having surfaces 5 and 6. This zooming group moves non-linearly
      with telescope magnification along the locus L1. The lens B2 is formed of
      Zinc Selenide in order to provide a color correcting element in the
      system. Lens B2 moves in unison with lens B1 along locus L1. The third
      group C consists of a single moving Germanium lens C1 which is moved along
      locus L2 linearly with magnification and functions as a singlet field
      lens. Lens C1 has surfaces 7 and 8. The fourth group D consists of two
      Germanium lenses D1 and D2 which respectively have surfaces 9 and 10 and
      11 and 12. This fourth group D forms a fixed doublet eyepiece.
PAR  The zooming action of the two moving lens groups B and C is controlled by a
      conventional cam mechanism so that both groups are always at the same
      magnification value point along their respective loci. Their motion
      between such points results in a continuous change in system magnification
      from 3.33 .times. minimum to 20.0 .times. maximum. The field of view in
      object space varies correspondingly from 9.0.degree. .times. 12.75.degree.
      to 1.5.degree. .times. 2.125.degree.. The exit field of view remains
      constant throughout the zoom range at 30.degree. .times. 42.5.degree.. The
      position of the plane 13 of the exit pupil also remains constant
      throughout the zoom range. Also, the entrance pupil diameter varies as a
      function of the variation in magnification of the zoom system whereas the
      exit pupil diameter remains constant throughout the zoom range.
PAR  The first three groups of lenses, A, B, and C form a real intermediate
      image at the plane R in the low magnification position which image is
      recollimated by the fixed eyepiece group D to provide a collimated output
      beam of energy through the exit pupil. As the lens group C moves through
      the zooming range its lens C1 passes through the plane R of the real
      intermediate image which image plane is thereafter moved by further motion
      of lens C1 to contribute to aberration correction at higher magnification
      ranges. This motion of the real image can be permitted in this particular
      system since the intermediate real image is recollimated by the eyepiece
      which must provide collimated energy with an external exit pupil as an
      output to the focusing lens of the infrared scanner with which the system
      is intended for use. Self focusing telescopes are of course designed to
      provide a stationary real image output. This motion of the real image
      plane in the present type of system is however not only permissible, but
      in fact desirable for aberration correction.
PAR  The system of FIG. 1 in a preferred embodiment is fabricated in accordance
      with the constructional data given in Table I below. In this table it will
      be noted that lens group A in this embodiment comprises only the single
      lens A1 having surfaces 1 and 2. Lens group B comprises the two lenses B1
      and B2 having respectively surfaces 3 and 4 and 5 and 6. A similar
      notation is used throughout. The figures for the radii and all other
      magnitudes are given in inches. The radius of course refers to the radius
      of curvature of the particular surface specified. The thickness refers to
      the distance along optical axis O from the surface for which the thickness
      is stated to the next highest numbered surface. Thus the thickness from
      surface 1 to surface 2 of lens A1 is 0.850 inch. The various thicknesses
      through air between the surface 2 of lens A1 and the surface 3 of lens B1
      are given in Table II below as listed under the column headed Thickness 2
      corresponding to different exemplary magnification settings of the lens
      system along the locus L1 of movement of lens group B. A similar notation
      is used for other fixed and variable distances. All of the lenses are
      germanium having an index of refraction of 4.00 except lens B2 which is
      Zinc Selenide having an index of refraction of 2.41.
TBL                TABLE I                                                     
     ______________________________________                                    
     Lens/               Thick-            Lens                                
     Surface  Radius     ness      Mat'l   O.D.                                
     ______________________________________                                    
     A1                                                                        
           1      18.149     0.850   Ge                                        
           2      24.986     Tbl II  Air     12.6                              
     B1                                                                        
           3      4.879       .350   Ge                                        
           4      4.447      1.436   Air     6.4                               
     B2                                                                        
           5      -24.428     .350   ZnSe                                      
           6      -45.901    Tbl II  Air     5.8                               
     C1                                                                        
           7      5.136       .350   Ge                                        
           8      7.687      Tbl II  Air     4.2                               
     D1                                                                        
           9      -3.393      .140   Ge                                        
          10      -3.186      .010   Air     2.2                               
     D2                                                                        
          11      2.600       .160   Ge                                        
          12      3.846      1.298   Air     2.1                               
          13                 Exit pupil                                        
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     Magni-      Typical Zoom Spacings                                         
     fication    THK 2      THK 6      THK 8                                   
     ______________________________________                                    
     20.times.   9.334      14.738      .984                                   
     15.times.   9.309      13.423     2.324                                   
     10.times.   8.435      12.758     3.862                                   
      5.times.   4.328      15.175     5.553                                   
      31/3.times.                                                              
                  .750      18.237     6.069                                   
     ______________________________________                                    
PAR  In a second embodiment designed to provide a zoom or variable magnification
      range from 21 power to 118 power in the 3-5 micron spectral region, the
      components and configurations are as shown in FIG. 2 and as described in
      Tables III and IV below. This system, which affords a zoom ratio of better
      than 5.6 to 1, has the same basic configuration of lens groups and design
      philosophy as the first embodiment, but the lens materials and
      prescription are different and the system does not exhibit the phenomenon
      of motion of the plane R of the intermediate real image. The corresponding
      four lens groups are shown as comprising a fixed objective E, a doublet
      group F having non-linear motion along the locus L11, a zooming singlet
      group G having nearly linearly motion along the locus L12, and a fixed
      doublet eyepiece group H to recollimate the real image formed at the plane
      R. It will be noticed that the prescriptions are such that the locus L12
      does not intersect the plane R in this embodiment.
PAR  Lens group E consists of a single objective lens E1 fabricated of silicon
      and having the prescription set forth in Table III. Lens group F consists
      of lens F1 fabricated of silicon and lens F2 fabricated of zinc sulfide
      for color correction. Lens group G consists of the zooming singlet G1
      fabricated of silicon. Lens group H consists of the doublet eyepiece. Its
      lenses H1 and H2 are both fabricated of germanium. The index of refraction
      for germanium is 4.02, for silicon it is 3.42 and for zinc sulfide it is
      2.25. The lens prescriptions for this embodiment are set forth in Table
      III in a notation entirely analogous to that used above and the spacings
      between surfaces resulting from the motion of the zooming elements are set
      forth in Table IV for representative magnification powers.
TBL                TABLE III                                                   
     ______________________________________                                    
     Lens/               Thick-            Lens                                
     Surface  Radius     ness      Mat'l   O.D.                                
     ______________________________________                                    
          101     31.200     .700    Si                                        
          102     78.243     Tbl IV  Air     11.0                              
     F1                                                                        
          103     4.780      .400    Si                                        
          104     5.037      1.311   Air     5.75                              
     F2                                                                        
          105     8.929      .300    ZnS                                       
          106     4.641      Tbl IV  Air     4.70                              
     G                                                                         
          107     2.759      .120    Si                                        
          108     4.891      Tbl IV  Air     1.30                              
     H1                                                                        
          109     -.3827     .050    Ge                                        
          110     -.3359     .010    Air     0.38                              
     H2                                                                        
          111     .2183      .045    Ge                                        
          112     .2185      .168    Air     0.35                              
          113                Exit pupil                                        
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
     Magni-      Typical Zoom Spacings                                         
     fication    THK 2      THK 6      THK 8                                   
     ______________________________________                                    
     118.times.  8.792      12.448     0.658                                   
      89.times.  8.321      12.378     1.199                                   
      60.times.  7.017      13.111     1.769                                   
      33.times.  3.797      15.801     2.300                                   
      21.times.  0.599      18.794     2.505                                   
     ______________________________________                                    
PAR  In both embodiments there is achieved an image quality having values which
      are near the diffraction limited values throughout the zoom range and they
      achieve this using a lens system having only six individual lenses
      arranged in four groups which system has a transmittance loss of incident
      radiation energy passing through the system of less than 60 percent. That
      is to say, more than 40 percent of the energy incident on the objective
      exits from the eyepiece. In terms of more specific numerical values of
      image quality, the system of FIG. 1 produces an image quality of at least
      0.083 milliradians at 20 power and of at least 0.5 milliradians at 3.33
      power. The second embodiment shown in FIG. 2 produces an image quality of
      0.043 milliradians at 118 power and an image quality of 0.235 milliradians
      at 21 power.
PAR  It is thus seen that there has been provided afocal zoom lens attachments
      of variable magnification which are suitable for use with a prime imaging
      lens of fixed focal length and which are particularly suited for systems
      using infrared radiation in the 2 micron to 20 micron spectral region
      which is commonly used in FLIR systems and other infrared thermal imaging
      and scanning devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an afocal zoom lens attachment of variable magnification use with a
      prime imaging lens of fixed focal length, the improvement comprising:
PA1  a. four optically coacting lens groups arranged sequentially along an
      optical axis to form a non-Galilean mechanically compensated zoom system,
      each of said groups comprising at least one lens, each of said lenses
      having a useful spectral bandpass in the infared wavelength region, the
      first group being a fixed focus front objective element, the second group
      being a zooming element moving in a first locus, the third group being a
      zooming element moving in a second locus, and the fourth group being a
      fixed focus eyepiece element;
PA1  b. means to continuously vary the magnification of said system between
      minimum and maximum limits comprising means to simultaneously move said
      second and third group zooming elements through predetermined loci having
      a predetermined relationship to each other, one of said loci being
      substantially linear and the other of said loci being nonlinear; and,
PA1  c. said four groups of lenses when said second and third group zooming
      elements are positioned to produce said minimum magnification of said
      system being arranged in relation to each other so that said first, second
      and third groups of lenses produce a real aerial image at a first
      intermediate image plane between said third and fourth groups of lenses
      which image is recollimated by said fourth group eyepiece element.
NUM  2.
PAR  2. A system as in claim 1 wherein the locus of said third group zooming
      element is substantially linear and the locus of said second group zooming
      element is nonlinear.
NUM  3.
PAR  3. A system as in claim 1 wherein said first lens group is a single fixed
      position front objective lens, said second lens group is a zooming doublet
      moving nonlinearly, one of the lenses of said doublet providing chromatic
      aberration correction for said system, and said third lens group is a
      zooming singlet moving substantially linearly.
NUM  4.
PAR  4. A system as in claim 1 wherein said fixed focus eyepiece is a doublet
      which provides a collimated output beam of energy with an external exit
      pupil.
NUM  5.
PAR  5. A system as in claim 3 wherein said fixed focus eyepiece is a doublet
      which provides a collimated output beam of energy with an external exit
      pupil.
NUM  6.
PAR  6. A system as in claim 5 wherein the field of view of object space varies
      as a function of the variation in magnification of the zoom system whereas
      the field of view at said eyepiece exit pupil remains constant throughout
      the zoom range and wherein the entrance pupil diameter varies as a
      function of the variation in magnification of the zoom system whereas the
      exit pupil diameter remains constant throughout the zoom range.
NUM  7.
PAR  7. A system as in claim 1 wherein:
PA1  the loci of positions of said four groups of lenses are so related to each
      other that during the zooming motion of said second and third group
      zooming elements said third group zooming element at a predetermined
      position producing a magnification higher than said minimum magnification
      passes through said first aerial image plane thereby moving said aerial
      image plane for all higher magnification settings of said zoom elements,
      said motion of said aerial image plane contributing to aberration
      correction to maintain good image quality at magnifications higher than
      that at which said image plane beings to move.
NUM  8.
PAR  8. A system in claim 3 wherein:
PA1  the loci of positions of said four groups of lenses are so related to each
      other that during the zooming motion of said second and third group
      zooming elements said third group zooming element at a predetermined
      position produciing a magnification higher than said minimum magnification
      passes through said first aerial image plane thereby moving said aerial
      image plane for all higher magnification settings of said zoom elements,
      said motion of said aerial image plane contributing to aberration
      correction to maintain good image quality at magnifications higher than
      that at which said image plane begins to move.
NUM  9.
PAR  9. A system as in claim 6 wherein:
PA1  the loci of positions of said four groups of lenses are so related to each
      other that during the zooming motion of said second and third group
      zooming elements said third group zooming element at a predetermined
      position producing a magnification higher than said minimum magnification
      passes through said first aerial image plane thereby moving said aerial
      image plane for all higher magnification settings of said zoom elements,
      said motion of said aerial image plane contributing to aberration
      correction to maintain good image quality at magnifications higher than at
      which said image plane begins to move.
NUM  10.
PAR  10. A system as in claim 1 wherein each of said lenses has a useful
      spectral bandpass for energy in the wavelength region between 2 and 20
      microns, the total transmission loss of energy at any of said wavelengths
      by absorption in passing through said entire lens system being less than
      60 percent; and,
PA1  wherein the system has a zoom ratio of at least 5 to 1.
NUM  11.
PAR  11. A system as in claim 3 wherein each of said lenses has a useful
      spectral bandpass for energy in the wavelength region between 2 and 20
      microns, the total transmission loss of energy at any of said wavelengths
      by absorption in passing through said entire lens system being less than
      60 percent; and,
PA1  wherein the system has a zoom ratio of at least 5 to 1.
NUM  12.
PAR  12. A system as in claim 4 wherein each of said lenses has a useful
      spectral bandpass for energy in the wavelength region between 2 and 20
      microns, the total transmission loss of energy at any of said wavelengths
      by absorption in passing through said entire lens system being less than
      60 percent; and,
PA1  wherein the system has a zoom ratio of at least 5 to 1.
NUM  13.
PAR  13. A system as in claim 7 wherein each of said lenses has a useful
      spectral bandpass for energy in the wavelength region between 2 and 20
      microns, the total transmission loss of energy at any of said wavelengths
      by absorption in passing through said entire lens system being less than
      60 percent; and,
PA1  wherein the system has a zoom ratio of at least 5 to 1.
NUM  14.
PAR  14. A system as in claim 8 wherein each of said lenses has a useful
      spectral bandpass for energy in the wavelength region between 2 and 20
      microns, the total transmission loss of energy at any of said wavelengths
      by absorption in passing through said entire lens system being less than
      60 percent; and,
PA1  wherein the system has a zoom ratio of at least 5 to 1.
NUM  15.
PAR  15. A system as in claim 9 wherein each of said lenses has a useful
      spectral bandpass for energy in the wavelength region between 2 and 20
      microns, the total transmission loss of energy at any of said wavelengths
      by absorption in passing through said entire lens system being less than
      60 percent; and,
PA1  wherein the system has a zoom ratio of at least 5 to 1.
NUM  16.
PAR  16. A system as in claim 15 wherein said four lens groups comprise the
      groups A, B, C and D as shown in FIG. 1 of the drawings and wherein said
      lenses are fabricated and mounted in accordance with the following
      construction Tables I and II wherein the "radius" refers to the radius of
      curvature of the lens surface indicated by the corresponding number, the
      "thickness" refers to the distance along the optical axis O from the
      indicated surface to the surface of next higher number, and the materials
      and lens outer diameters are as specified, the measured quantities being
      stated in inches as follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     Lens/               Thick-            Lens                                
     Surface  Radius     ness      Mat'l   O.D.                                
     ______________________________________                                    
     A1                                                                        
           1      18.149     0.850   Ge                                        
           2      24.986     Tbl II  Air     12.6                              
     B1                                                                        
           3      4.879       .350   Ge                                        
           4      4.447      1.436   Air     6.4                               
     B3                                                                        
           5      -24.428     .350   ZnSe                                      
           6      -45.901    Tbl II  Air     5.8                               
     C1                                                                        
           7      5.136       .350   Ge                                        
           8      7.687      Tbl II  Air     4.2                               
     D1                                                                        
           9      -3.393      .140   Ge                                        
          10      -3.186      .010   Air     2.2                               
     D2                                                                        
          11      2.600       .160   Ge                                        
          12      3.846      1.298   Air     2.1                               
          13                 Exit pupil                                        
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     Magni-      Typical Zoom Spacings                                         
     fication    THK 2      THK 6      THK 8                                   
     ______________________________________                                    
     20.times.   9.334      14.738     .984                                    
     15.times.   9.309      13.423     2.324                                   
     10.times.   8.435      12.758     3.862                                   
      5.times.   4.328      15.175     5.553                                   
      31/3.times.                                                              
                  .750      18.237     6.069.                                  
     ______________________________________                                    
NUM  17.
PAR  17. A system as in claim 10 wherein said four lens groups comprise the
      groups E, F, G and H as shown in FIG. 2 of the drawings and wherein said
      lenses are fabricated and mounted in accordance with the following
      construction Tables III and IV wherein the "radius" refers to the radius
      of curvature of the lens surface of corresponding number, the thickness
      refers to the distance along the optical axis O from the indicated surface
      to the surface of next higher number, and the materials and lens outer
      diameters are as specified in Tables III and IV as follows:
TBL                TABLE III                                                   
     ______________________________________                                    
     Lens/               Thick-            Lens                                
     Surface  Radius     ness      Mat'l   O.D.                                
     ______________________________________                                    
          101     31.200     .700    Si                                        
          102     78.243     Tbl IV  Air     11.0                              
     F1                                                                        
          103     4.780      .400    Si                                        
          104     5.037      1.311   Air     5.75                              
     F2                                                                        
          105     8.929      .300    ZnS                                       
          106     4.641      Tbl IV  Air     4.70                              
     G                                                                         
          107     2.759      .120    Si                                        
          108     4.891      Tbl IV  Air     1.30                              
     H1                                                                        
          109     -.3827     .050    Ge                                        
          110     -.3359     .010    Air     0.38                              
     H2                                                                        
          111     .2183      .045    Ge                                        
          112     .2185      .168    Air     0.35                              
          113                Exit pupil                                        
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
     Magni-      Typical Zoom Spacings                                         
     fication    THK 2      THK 6      THK 8                                   
     ______________________________________                                    
     118.times.  8.792      12.448     0.658                                   
      89.times.  8.321      12.378     1.199                                   
      60.times.  7.017      13.111     1.769                                   
      33.times.  3.797      15.801     2.300                                   
      21.times.  0.599      18.794     2.505.                                  
     ______________________________________                                    
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ABST
PAL  A method of producing a hologram with an orthoscopic, at least partially
      real image of an object is disclosed. According to the method, the object
      is recorded on a first hologram and is then reconstructed from this
      hologram and recorded on a second hologram. In taking the second hologram,
      solid objects are situated laterally with respect to the light-wave field
      reconstructing the object from the first hologram, and the solid objects
      are included in the second hologram. This technique permits reproduction
      of an image of the object which is viewable over a greater spatial region
      than would be the case if the laterally situated solid objects were
      omitted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a method of producing a hologram
      with an orthoscopic, and at least partially real image of an object, the
      object being recorded on a first hologram and the reconstruction of the
      object from this first hologram then being recorded on a second hologram.
PAR  2. Description of the Prior Art
PAR  A method of the mentioned type is known, e.g. from Appl. Phys. Letters 8,
      No. 6, March 15, 1966, pp. 146-148. The known method serves to produce
      real images which are orthoscopic. In ordinary holographic recording and
      reconstruction the real images are of course pseudoscopic (cf. e.g.
      "Funktechnische Arbeitablatter", Franzis Verlag Munich, Ot 91
      "Holographie", Blatt 2). This sharply reduces the value of the real images
      although they have a great advantage over virtual images in that every
      point of the image can be examined as closely as desired, even with a
      magnifier if necessary. This deficiency is eliminated by the known method.
PAR  However the known method still has the drawback for the observer that the
      real orthoscopic image reconstructed from the second hologram can be
      viewed by the observer only over a limited angular range determined by the
      aperture of the first hologram reconstructed by the second hologram. If
      the observer's optical sensing device, usually his eye, leaves the
      mentioned angular region, then the image vanishes for no apparent reason.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of the present invention to remedy this
      defect.
PAR  Briefly, this and other objects are attained, in accordance with the
      invention, by including in the second hologram solid objects located
      laterally with respect to the light wave field reconstructing the object
      of the first hologram.
PAR  The lateral solid objects can advantageously be lettered frosted-glass
      plates for example, or even hologram plates on which the object and/or
      another subject has previously been recorded, so that in taking the second
      hologram the object and/or the other subject is reconstructed by these
      hologram plates.
PAR  In the first case the disappearance of the image of the object upon
      exceeding the angular range set by the aperture of the first hologram is
      no longer inexplicable to the observer who now sees the frosted plates
      framing the image of the reconstructed object. In this case, therefore,
      the overall field-of-view has become larger, not of course with respect to
      the object image, but with respect to the total image. This is of great
      significance particularly when the hologram is shown to lay observers for
      demonstration or advertising purposes.
PAR  In the second case however, when the object has been recorded on the
      lateral hologram plates there is a genuine physical enlargement of the
      field-of-view. The field-of-view of the object image is now given by the
      sum of the apertures of the first hologram and the lateral hologram plates
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIGS. 1a-1d illustrate the production of a hologram with an orthoscopic,
      partially real image of the object with frosted glass plates as the
      lateral objects, the view being from the side, with the individual steps
      involved denoted by FIGS. 1a-1c and the final reconstruction of the second
      hologram by FIG. 1d;
PAR  FIG. 2 is a top view of the arrangement of FIG. 1d;
PAR  FIGS. 3a-3c illustrates the production of a hologram with an orthoscopic,
      partially real image of the object with hologram plates as the lateral
      solid objects, in top view;
PAR  FIG. 4 illustrates an arrangement for producing a hologram with an
      orthoscopic, at least partially real image of the object, the lateral
      solid objects being lettered, frosted-glass plates, shown in perspective;
      and,
PAR  FIGS. 5a-5c illustrate the production of a hologram with an orthoscopic,
      partially real image, a special plate being provided for recording the
      lateral solid objects at the position of the second hologram.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals designate
      identical or corresponding parts throughout the several views, and more
      particularly to FIG. 1a) thereof, there is shown an object 3 illuminated
      by a coherent reference light beam 1 diverted by a beam-splitter M1. The
      portion of the coherent light beam Ref. 1 transmitted by beam-splitter M1
      serves as the reference light for the first hologram 1. In the manner
      shown there is thus recorded at the position of the first hologram 1 a
      hologram of object 3.
PAR  In FIG. 1b) the object 3 of the first hologram is reconstructed by means of
      the coherent reconstructing light beam 1. As can be seen reconstructing
      light beam 1 travels parallel to reference light beam 1 in the opposite
      direction. The light-wavefield W1 arising after passage of reconstructing
      light beam 1 through the first hologram 1 then produces the real
      pseudoscopic image 3.sup.(r) of object 3.
PAR  As shown in FIG. 1c) a photographic plate is now placed at the position of
      image 3.sup.(r) of object 3 to take the second hologram 2. The plate is
      oriented with respect to the reconstructed image 3.sup.(r) of object 3 so
      that one part of the image lies behind the plate and the other part, in
      front. The plate could also be positioned, however, so that the image
      3.sup.(r) of object 3 does not intersect it, preferably in FIG. 1c) with
      the plate to the left of 3.sup.(r). To the sides of the wavefield W1 are
      provided two frosted-glass plates 4 and 5, of which however only
      frosted-glass plate 4 is shown. For taking the second hologram 2 the image
      3.sup.(r) of object 3 is reconstructed from the first hologram by means of
      the reconstructing light beam 1, while the coherent reference light beam 2
      falls on the plate at the location of the second hologram 2. The
      frosted-glass plates 4, 5 are likewise coherently illuminated,
      conveniently, as shown, by means of a portion of the reference light beam
      2 diverted by the beamsplitter M2. In FIG. 1d), finally, the
      reconstructing light beam 2 is incident on the second hologram 2.
      Reconstructing light beam 2 suitably has again the direction of reference
      light beam 1. There then arises from reconstruction of the second hologram
      2 an orthoscopic image 3.sup.(r).sup.'  of the object 3, of which the part
      towards the observer A is real and the part away from him is virtual. If
      the image 3.sup.(r) in FIG. 1c) were completely outside and to the right
      of the plate at the position of the second hologram 2, then the image
      3.sup.(r).sup.' would be entirely real. Besides the image 3.sup.(r) of the
      object 3, the lateral frosted-glass plates 4.sup.(r) and 5.sup.(r) (not
      shown) are also reconstructed from the second hologram 2.
PAR  The significance of the lateral frosted plates 4 and 5 or 4.sup.(r) and
      5.sup.(r) is particularly easy to understand from FIG. 2.
PAR  There the frosted plates 4 and 5 recorded on the second hologram 2 as
      4.sup.(r) and 5.sup.(r), as well as the object 3 recorded as orthoscopic
      image 3.sup.(r).sup.' are reconstructed by means of the reconstructing
      light beam 2.
PAR  While now without the side panels 4.sup.(r) and 5.sup.(r) any image formed
      from the second hologram 2 suddenly disappears for observer A as soon as
      he moves outside the dashed limits set by the reconstructed aperture
      1.sup.(r) of the first hologram 1, with the frosted plates 4.sup.(r) and
      5.sup.(r) present, these remain visible even beyond the limits F. Thus
      even though observer B sees no more of object 3 than without the plates 4,
      5, still he has the feeling that object 3 is hidden behind the frosted
      plates 4.sup.(r) and 5.sup.(r) which now fill his field-of-view. This is
      very important psychologically, especially if the hologram is used for
      advertising purposes. Since observer A even after crossing the bounds F
      still sees, as observer B, a holographic reconstruction, viz. that of the
      frosted plates 4, 5, his field-of-view is thus enlarged.
PAR  In FIG. 3 the frosted plates 4, 5 of FIGS. 1 and 2 are replaced with
      hologram plates 1', 1".
PAR  In FIG. 3a) the object 3 is then recorded not only on the first hologram 1
      but also on the hologram plates 1', 1". For this purpose the plates 1', 1"
      are also illuminated with the coherent reference light diverted from
      reference light beam 1 by means of beamsplitters M3, M4.
PAR  The recording of the second hologram then proceeds in accordance with FIG.
      3b). The directions of the reference light beam 1, wherever this was
      incident on the first hologram 1 and the hologram plates 1', 1", are
      reversed so that a pseudoscopic reconstruction of the object 3 as image
      3.sup.(r) on the second hologram 2 is produced by the reconstruction light
      beams 1 and 1'. However, the image 3.sup.(r) of the object 3 on the second
      hologram 2 is produced not only by the light-wavefield W1 resulting from
      the passage of the reconstructing light beam 1 through the first hologram,
      but additionally by the wavefields W1' and W1" of the reconstruction light
      beams 1' and 1".
PAR  This has, in a reconstruction of the second hologram 2 as in FIG. 3c) with
      the reconstructing light beam 2, which preferably has again the direction
      of reference light beam 1 in FIG. 1a), the important consequence that the
      observer A can now view the orthoscopic, real image 3.sup.(r).sup.' of
      object 3 in front of the second hologram 2 even from positions B and C.
PAR  In this embodiment, then, the physical viewing region of the reconstructed,
      orthoscopic image 3.sup.(r).sup.' is greatly enlarged in comparison with
      the region within the boundaries F in FIG. 2.
PAR  The box-like arrangement of the plate of the first hologram 1 and the
      frosted plates 4 and 5 with letters and symbols on them shown in FIG. 4
      permits an especially practical recording of the second hologram 2, and
      thus the copying of the original hologram in order to convert the
      pseudoscopic image of the object into an orthoscopic one with lateral
      framing. The method of recording is that described with reference to FIG.
      1c). There merely are provided special coherent illuminating light beams 1
      and 2 for the frosted plates 4 and 5, while the coherent illumination of
      the frosted plates in FIG. 1c) was split off from the reference light beam
      Ref. 2.
PAR  In FIG. 5 the side panels 4, 5 and the reconstructed image 3.sup.(r) of the
      object 3 produced at the position of the second hologram 2 by means of the
      first hologram 1 are recorded independently of one another on two separate
      plates 2" and 2' [FIG. 5a) and 5b)]. For viewing, i.e. reconstruction of
      the second hologram as in FIG. 5c), the two plates are superimposed so
      that the same image as in FIG. 1d) is produced. The arrangement of FIG. 5
      has the advantage that it is only necessary to record once the lateral
      optical screen produced by the frosted plates 4, 5 or the like as in FIG.
      5a). Holograms of various objects can then always be taken without the
      side panels. Only upon reconstruction of the second hologram by means of
      the reconstructing light beam 2 as in FIG. 5c) does the optical lateral
      screen again appear.
PAR  As already pointed out, in the method described with reference to FIG. 3 it
      is of course not absolutely necessary to record the same objects 3 on the
      hologram plates 1' and 1" as on the first hologram 1. Other subject can be
      recorded on the plates 1' and 1", which would then form the lateral
      optical screen in a reconstruction as in FIG. 3c).
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is to be understood
      therefore that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A method of producing a hologram with an orthoscopic at least partially
      real image of an object, wherein the object is recorded on a first
      hologram and is then reconstructed from this first hologram and recorded
      on a second hologram, comprising the steps of:
PA1  situating solid objects laterally with respect to the wave field produced
      when said object is reconstructed from said first hologram by using
      frosted-glass plates provided with selected symbols as said solid objects,
      and,
PA1  taking said second hologram so as to include said solid objects and said
      object reconstructed from said first hologram,
PA1  the step of taking including the step of positioning the plate for said
      second hologram at the position of said object reconstructed from said
      first hologram such that part of said reconstructed object lies behind and
      part in front of said plate.
NUM  2.
PAR  2. A method as in claim 1 wherein each frosted glass plate has at least two
      edges, one edge being substantially contiguous to said second hologram and
      the other edge being substantially contiguous to said first hologram to
      form a box-like configuration.
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PAL  A single entrance prism and two symmetrical second prisms divide the
      radiation from an object into two light paths and angularly correct the
      rotation of the image planes for a binocular viewing system.
BSUM
PAR  The invention relates to a device for varying the inclination of the object
      field or the image field relative to the optical axis in an optical
      system.
PAR  The performance of an optical system may be appreciably limited owing to
      the fact that a field in said system, which field is for example plane, is
      not transverse to the optical axis. Therefore, it may be desirable when
      designing optical equipment in which the field appears to be inclined
      relative to the optical axis, to modify the position of said field so that
      it is normal to said axis.
PAR  In practice this is for example the case with the binocular observation of
      objects of which the object field is at the same time inclined and
      symmetrical relative to each of the axes of the two optical paths.
PAR  The opposite may also occur: the object field may originally be disposed
      normal to the optical axis, while in view of the function to be performed
      by the system the image of the field must be inclined relative to the
      normal said axis.
PAR  More in general, the problem may occur that an image field has a different
      inclination relative to the optical axis of the image than the object
      field relative to the corresponding optical axis.
PAR  Hereinafter, the inclination of the field, which for simplicity is assumed
      to be a plane field, is characterized by the angle which the normal to
      said plane makes with the optical axis, and it is an object of the
      invention to provide means of varying said angle in optical systems when
      passing from the object space to the image space and vice versa. Said
      variation is denoted by the term "tilting of the field".
PAR  Tilting of the field is a phenomenon which generally occurs in optics and
      which is necessarily found in the prior art although it is in general not
      explicitly mentioned.
PAR  For example, in an optical system as shown in FIG. 1, which is one of the
      simplest systems, the object field BAC makes an angle i with the normal n
      to the axis AA' in A in the plane of the drawing, while its image B'A'C'
      makes an angle i' with the normal n' to the same axis in A', which
      generally differs from i. The line BOC represents the plane of an object,
      while line B'O'C' represents the plane of an image of the object.
      Essentially, i and i' are related by the expression i' = g i, g being the
      magnification of the lens L which corresponds to the conjugate points A
      and A'.
PAR  From said relation it is evident that one of the quantities i and i' cannot
      be zero if the other is not zero, unless the magnification g is zero,
      which implies that the power of the objective is infinite if the field is
      not located at an infinite distance. Apparently, such a system is not
      capable of arranging an initially oblique field transverse to the normal
      (i' = 0).
PAR  Moreover, to obtain a given inclination, i.e. a given tilting angle, an
      accurate magnification of the field is necessary, which may be
      undesirable. The conclusions would be the same for any other less
      schematic uniaxial optical system. Apart from the drawbacks as a result of
      aberrations which can be introduced in the image formation by such an
      optical system, said system only provides a solution to the problem of
      tilting under certain, sometimes annoying or compulsory conditions, or
      provides no solution at all, especially in the important case in which the
      field is oriented normal to the optical axis.
PAR  Other optical elements which can tilt the field include the refracting
      prism.
PAR  In the prior art the radiation refracting prism is employed in optical
      devices, but this is because of another property of the prism, namely that
      of the deflection of a beam. Although deflection and tilting occur at the
      same time, it is surprising that only the phenomenon of deflection has
      been untilized, whereas the phenomenon of tilting has never been employed
      and has apparently been ignored, annoying though it may have been at
      times. It is also remarkable to find that those skilled in the art, who
      accept and adapt themselves to the problems of the tilting caused by the
      prism, generally utilize said tilting in very special circumstances, that
      are compulsory in respect of the position which is assumed by the object
      field relative to said prism: to obtain a highly anastigmatic image field,
      the plane of the object field must pass through the refracting edge of the
      prism. In practice, said requirement makes it necessary that the location
      of the prism coincides with that of the object field, so that it is not
      possible to use a prism when the nature of the problem to be solved
      prohibits coincidence. This is for example the case when the object field
      must be common to two optical systems whose axes converge towards the
      center of the field, the inclination of the field is then assumed to be
      different for each of said axes and the prism which like the field has to
      be common for the two systems, cannot satisfy two incompatible functions.
PAR  Said remark applies in particular to binocularvision systems of the
      telescope-type, which naturally comprise two symmetrical optical paths and
      which are the subject of the present invention. For systems of this type,
      said inclination, as function of the observed point, results in a variable
      focussing error, which owing to the symmetry of the two paths manifests
      itself to the observer as variations of the accommodation which variations
      are opposite for each eye, a point of the field being in front of and
      behind the object focal plane for one eye and the other eye respectively.
      Said error is permissible only for the observer when it remains below a
      certain limit, which is a function of the apparent field of the
      instruments, so that it is maintained at comparatively small values.
PAR  In contradistinction to the prior art, the invention is concerned with
      mastering the problem of tilting of a field in optics, and with methods
      and means which cause said tilting because of their conscious and
      systematic use in optical instruments. The said methods and means are
      designed so as not to restrict their use to some particular cases.
PAR  For this, the invention pursues several objects. One of these objects is to
      accomplish tilting of a field without changing or affecting the
      magnification of the instrument.
PAR  Another object of the invention is to effect said tilting in such a way
      that a field which was initially inclined relative to the optical axis is
      restored to a position normal to said axis.
PAR  A further object of the invention is moreover to provide an element, as a
      means of tilting, which need not be disposed in the vicinity of said
      field, so as to allow, in contradistinction to the prior art, the same
      field to be used for several optical systems or optical paths, each of
      which may comprise an appropriate tilting element.
PAR  To accomplish said objects the invention utilizes a refracting prism. The
      invention pays special attention to the tilting caused by said prism,
      employing the deflection which necessarily accompanies said tilting, which
      deflection is not the only property which is utilized and considered as in
      the prior art, but which is applied in connection with the effects
      associated with tilting.
PAR  The invention determines the conditions of use of said prism for which the
      concept of tilting is accurately defined and can subsequently be the
      object of an embodiment and may be utilized.
PAR  The prism which is employed according to the invention may have a
      refractive index which is smaller or greater than that of the envireonment
      in which it is disposed. It may in particular consist of glass prism
      disposed in air or, conversely, an air prism disposed in glass.
PAR  Moreover, the refractice index of the medium in which the prism is disposed
      may differ at the entrance and at the exit of the prism. Although all
      theories and considerations which have lead to the invention are based on
      a plane field, because the prism which is used itself does not introduce
      any curvature of field, the invention also concerns and is applied to
      curved object fields, whose curvature is maintained in the image
      independently of the tilting.
PAR  As will be explained hereinafter, the invention ultimately leads to a
      device for tilting a field, use being made of a refracting prism with a
      small apex angle of the order of maximum one third of a radian and the
      entrance pupil being at infinity or very remote, the field being located
      at a finite arbitrary distance from the prism and the angle of incidence
      of the beam being substantially equal to that which corresponds to the
      minimum deviation caused by the prism.
PAR  The prism according to the invention is for example an air prism disposed
      in glass or a glass prism disposed in air.
PAR  The invention may also be applied to devices which are known per se for
      varying the field inclination relative to the optical axis.
PAR  A special application of the invention is concerned with devices for
      binocular vision having two distinct optical paths, for which the object
      field is necessarily inclined differently relative to each of the axes of
      said paths.
PAR  The invention in particular provides a new type of binocular telescope.
DRWD
PAR  The invention is explained with the aid of the following physical and
      technical considerations with reference to the drawing, in which:
PAR  FIG. 1 illustrates the tilting caused by an optical system consisting of a
      lens,
PAR  FIG. 2 shows the tilting caused by a prism which is used according to the
      invention,
PAR  FIG. 3 shows a known binocular lens,
PAR  FIG. 4 shows a first embodiment of a binocular lens according to the
      invention, and
PAR  FIG. 5 shows a second embodiment of a binocular lens according to the
      invention.
DETD
PAR  The basic optical properties of the radiationrefracting prism such as
      deviation, minimum deviation, astigmatism of a pencil of light,
      magnification, dispersion etc. have already been comprehensively described
      in publications in the field of optics. However, in said publications the
      tilting of a field is not discussed. The reason of this is that the
      concept of tilting is rarely of any significance, because the image formed
      by a refracting prism generally exhibits astigmatism and there is in fact
      no longer one image field but two: the sagittal field and the meridianal
      field. Furthermore, said two fields generally no longer have the same
      curvature as the object field and do not have the same inclination
      relative to the refracted optical axis, so that the tilting is merely an
      ambiguous concept and also a quantity which varies depending on the
      conditions of use.
PAR  The prime object of the invention is to precisely define said concept.
      Thus, the device according to the invention must provide an image of the
      object field which is substantially astigmatism-free for all points of the
      field and for an arbitrary distance of said points to the object.
PAR  In accordance with a first step according to the invention the prism
      functions with an entrance pupil at infinity in such a way that the chief
      rays are parallel to each other and thus parallel to the optical axis
      (which is merely a specific chief ray), the angle of incidence of said
      rays furthermore being such that it corresponds to the minimum deviation
      of said prism.
PAR  A second step according to the invention concerns the angle of refraction
      of the prism. Said step is dictated by the fact that the astigmatic
      difference A of a pencil of light which is refracted by a prism can be
      expressed for a point of the field by two terms of the following relation:
EQU  A = F.x - G.e                                              (1)
PAL  In this equation F and G are functions which include the refractice indices
      of both the prism and the medium surrounding it, and the angle of
      incidence of the beam at the prism surfaces, while x and e respectively
      represent the distance from the object point to the prism and the distance
      which the beam traverses in the prism for said object point.
PAR  Since the prism operates with the minimum deviation, F equals zero for any
      point of the field and the astigmatism can only depend on e. By selecting
      a small angle of refraction for the prism according to the invention, e
      will be small in any point, and also the product G.e because G&lt;&lt;1. Thus,
      it may be assumed that conditions for the prism are obtained in which at
      the minimum deviation the astigmatism is zero in any point of the field
      and independent of the position of the field relative to the prism, so
      that according to the invention said field may then be located at an
      arbitrary distance from the said prism.
PAR  FIG. 2 schematically represents an embodiment of the device for tilting a
      field according to the invention. Said Figure moreover enables the tilting
      which is obtained to be calculated.
PAR  In said Figure C S D is a principal section of the prism which provides the
      tilting. It is assumed that said prism has a refractice index which is
      greater than that of the surrounding medium. S is the apex of said
      principal section. The entrance pupil of the prism is disposed at infinity
      in the direction of the paraxial rays R.sub.1 and R.sub.2 of the pencil of
      light, which is subject to the minimum deviation in the prism, said rays
      being disposed in the plane of the drawing. R.sub.1 passes through the
      apex S of the prism. BC is the intersecting line with the plane of drawing
      of a plane object field which is perpendicular to the paraxial rays
      R.sub.1 and R.sub.2. The images B' and C' of the points B and C formed by
      the prism are located in the prolongation of the rays R'.sub.1 and
      R'.sub.2 which are refracted by the exit face SD of the prism. As BC is
      normal to R.sub.1 and R.sub.2, the field has an inclination of zero
      according to the terminology which has been adopted. However, the
      inclination of the image B'C' of said field relative to the refracted rays
      is not zero; the angle .beta. which B'C' makes with the common normal to
      R'.sub.1 and R'.sub.2 is then precisely the requested variation of the
      inclination, i.e. the angle through which the object field BC is tilted
      relative to any of the median rays, thus also relative to the optical
      axis. The value of said angle is readily found, by assuming its value to
      be equal to its tangent:
EQU  .beta. = (n - 1/n) A                                       (2)
PAL  where A is the top angle of the prism and n the ratio of the refractive
      index of the prism relative to that of the surrounding medium.
PAR  It is to be noted that said tilting is always greater than the minimum
      deviation .DELTA. = (n-1) A, which is caused by the prism and that the
      direction of rotation of the field is opposed to that of the deviation, as
      is indicated by the arrows 21 and 22. Thus, according to the invention,
      the combined effects of the rotation and the deviation of the field
      provide a variation of the inclination of the field relative to the
      optical axis.
PAR  On the other hand, it is evident that the tilting angle will not change,
      when point B moves along the ray R.sub.1, i.e. when the object field is no
      longer normal to the optical axis, or in other words the tilting angle is
      independent of the position of the object field relative to the prism.
PAR  Furthermore, according to the principle of reversal of the light path, the
      roles of object and image may be interchanged, which reveals that
      according to the invention an object field B'C' which is inclined can be
      restored to a position normal to the optical axis in the direction BC.
PAR  According to another embodiment the method may also utilize an air prism
      which is disposed in glass. The object and the image field are then
      disposed in glass and the tilting which then occurs is then given by the
      same expression, n being the refractive index of the glass which surrounds
      the air prism.
PAR  The invention provides an embodiment of the method for which the
      surrounding medium at the entrance and at the exit of the prism is not the
      same. The formula which gives the astigmatism is then more intricate, but
      there is still a specific angle of incidence at the entrance face of the
      prism for which the astigmatism is low and independent of the distance of
      the field to the entrance face, while moreover the field is tilted.
PAR  The tilting method according to the invention, which to simplify the
      present description has been assumed to relate to plane field only, also
      relates to curved fields. Under the afore-mentioned conditions of use the
      prism does not introduce any field curvature. Thus, the method according
      to the invention allows a curved field to be tilted, the original
      curvature of the field being maintained.
PAR  The invention also relates to the application of said method of tilting a
      field when it is required to vary the inclination of said field.
PAR  According to the invention the tilting operation may take place several
      times without substantially affecting the image, by repeating the method
      described hereinbefore.
PAR  The advantage of tilting a field in optical instruments may be to restore
      said field to a position normal to the optical axis so as to enlarge the
      apparent effective field.
PAR  This is for example the case in instruments or devices with two optical
      paths for the binocular vision of objects when the object field in
      inclined relative to each of the optical axes of the two paths.
PAR  The use will now be described of the device which comprises a telescope of
      the binocular type, without limiting the scope of the invention to the
      general applications of the device, specifically to binocular vision.
PAR  FIG. 3 is a section of said device in accordance with one of its planes of
      symmetry. The object plane is located at the plane face of a plane-convex
      lens 31. It is centered in the center of curvature 0 of the second face of
      said lens, whose thickness for example equals the radius of the refractice
      spherical face 30 by which it is bounded. .SIGMA. represents the axis of
      symmetry of the system, which axis passes through O. At either side of
      said axis a converging refractice surface 32 and 32.sub.1 respectively is
      disposed whose optical axis 33 and 33.sub.1 respectively passes through
      the center 0 of the object, the optical axes making an angle with the axis
      .SIGMA.. After having passed through said refractive face, each of the two
      beams 33 and 33.sub.1 propagates in the glass blocks 37 and 37.sub.1
      respectively. The beams are reflected twice at the faces 34, 35 and
      34.sub.1, 35.sub.1 respectively and reach the eyes via exit faces 36 and
      36.sub.1 respectively. The power of the refractive face is such that for
      each optical path the object focus of the combination coincides with the
      center 0 of the object.
PAR  Thus, apart from the mirrors, the system comprises for each eye two thick
      plane-convex lenses, which face each other and which are separated by a
      narrow air gap, one of said two lenses being common for the two channels
      of the system.
PAR  Such a system has two optical axes which are inclined relative to each
      other and to the object field. In order to avoid a condition wherein a
      rectangular object field is observed as a trapezium owing to its
      inclination relative to the optical axis of each path, it is necessary and
      it suffices that the entrance pupil is at infinity. Thus, in accordance
      with a first step according to the invention the entrance pupil -- which
      is materialized by the pupil of the eye -- is disposed substantially in
      the image focus of the combination for each of the two paths.
PAR  On the other hand, a point of the object field such as B, which is situated
      at a distance y from the center 0, is disposed in front of or behind the
      object focal plane, depending on whether the left or the right eye is
      considered. By limiting said difference in distance of the same point of
      the field, which is viewed differently by each eye to a maximum
      permissible value, for example 1/2 dispter, the maximum magnitude y of
      object half-field or of the apparent angular half-field .alpha.'
      (according to tan .alpha.' = y/f) can be determined as a function of the
      focal distance f of the system. Calculation yields:
      ##EQU1##
      with f in mm, n.sub.1 being the refractice index of the glass of the
      sphere 31.
PAR  For example, for a focal distance f = 30 mm the total angular field 2
      .alpha.' cannot exceed a value of 25.degree..
PAR  Owing to the step according to the invention said limit of the apparent
      field is surpassed and increased to values of the order of 40.degree..
PAR  The accomplish this, a radiation refracting prism with suitable
      field-tilting properties is included in each of the optical paths and
      applied under the conditions that are required for the use of the device
      according to the invention. The refractice index of the prism may be
      smaller or greater than the refractice index of the optical medium which
      surrounds the prism and use can be made for example of an air prism
      disposed in glass or a glass prism disposed in air.
PAR  To ensure anastigmatism and freedom as regards the position of the object
      relative to the entrance pupil of the prism (see formula 1), the angle of
      the prism is chosen small, for example smaller than 1/3 radian, the
      entrance pupil of the instrument being shifted towards infinity and the
      angle of incidence at the entrance face substantially corresponding to
      that for the minimum deviation of the prism.
PAR  Owing to refraction at the prism the plane object field is tilted relative
      to the optical axis in each optical path, said field being tilted in a
      sense which is opposite to that of the deviation of the beam and of the
      optical axis caused by said prism. By an appropriate choice of the apex
      angle of the prism the image of the object field can be restored to a
      position perpendicular to the optical axis after refraction in the prism.
      As said tilting and said perpendicular position are obtained in each
      optical path, the accommodation which is necessary to observe an object
      point which is remote from the centre of the field is the same for each
      eye, as a result of which binocular vision is no longer impaired and the
      field of view is extended.
PAR  FIG. 4 shows a section at one of the planes of symmetry of a first
      embodiment of the invention employing said principle. Use is made of an
      air prism. .SIGMA. as in FIG. 3 represents the axis of symmetry of the
      system, which has two optical paths. In this Figure the elements of the
      right-hand path are denoted by the same reference numerals as the
      corresponding elements of the left path, except for the index 1. With a
      view to the symmetry of the system only the elements of the part which is
      common for both paths and the elements of the left path are cited and
      described for the sake of simplicity. The system comprises a glass block
      40, which is common for both paths and which has a plane face 41 and two
      further plane faces 42 and 42.sub.1 which have a common refractice edge at
      R. The object field of the device is located at the plane face 41. Said
      field BOC is centered in point 0, which is the object focus which common
      for both optical paths. The optical axis is represented by 43 and makes an
      angle .gamma. with .SIGMA.. The rays 44 and 45 emerge from B and C
      respectively parallel to the optical axis 43. Said optical axis and said
      rays are deviated through an angle .DELTA. by the air prism 39 which has
      an angle of refraction A. Said air prism consists of the two plane faces
      42 and 46, 46 being a face of the glass block 47 with the same refractice
      index as the block 40 and one edge of said block 47 substantially
      coinciding with the edge of the glass block 40 at R. For a given focal
      length distance of the system said glass block 40 enables an inclination
      .gamma. of the object field to be obtained, which inclination relative to
      the optical axis of each path decreases and can thus be corrected more
      easily be means of the prismatic element 39 according as the refractice
      index of said block increases.
PAR  The object field BOC in the object space has an inclination .gamma.
      relative to the optical axis 43. As it is refracted in the air prism 39
      said object field is tilted so that B'O'C', which is an image of BOC, is
      perpendicular to the optical axis 48 and to the prolongation of the
      refracted rays 49 and 50, because the angle A of the prism 39 has been
      selected so, allowing for the infractice index n.sub.1 of the glass blocks
      40 and 47, that said tilting angle equals the inclination of the optical
      axis relative to .SIGMA.. The relation between the tilting angle - i.e.
      .gamma. - and the angle A is expressed by the formula (2)
      ##EQU2##
      After refraction in the prism the optical axis makes an angle .gamma.'
      with .SIGMA. which angle is   Allowance has been made for the fact that
      the deviation caused by the said air prism is given by the relation:
PAR  The point 0' which is the image of the center 0 of the object field after
      refraction by the prism is taken as the center of curvature of the
      refracting face 51 by which the glass block 47 is bounded. The optical
      path moreover includes a glass block 52 which is analogous to the glass
      block 37 of FIG. 3. The spherical entrance face 53 of said block is
      centred at the refracted optical axis 48, while the mirrors which follow
      (for example two), 54 and 55, form a dihedral angle .gamma.'/2, so that
      the optical axis will be parallel to .SIGMA. after being successively
      reflected at each of said mirrors. Said optical axis with the rays 44 and
      45 converges to the point P which is image focus of the optical path and
      the location of the pupil of the eye.
PAR  A system as described may be used for correcting aberrations in accordance
      with conventional methods of duplication of the refractice faces in each
      optical pathway. Expecially for the correction of chromatic aberrations
      the refracting faces 56 and 56.sub.1 may be included in each ocular, which
      faces separate for example two materials having the same refractice index
      but different dispersion, said new refractive faces each being centered at
      their respective axes, which are refracted by the prismatic elements.
PAR  To obtain a short focal length and a large anular field, glass of a high
      refractice index is chosen, which moreover allows the field curvature to
      be reduced.
PAR  To minimize the astigmatism which is introduced by the prism, tilting
      should be effected with a prism which has a small top angle A and the
      surrounding glass should have a high refractice index n.sub.1.
PAR  In addition, the device according to the invention yields certain
      advantages with respect to the sharpness of the image:
PAR  the spherical aberration is small because the first of the two refractive
      faces, whose powers are approximately the same, is aplanatic.
PAR  the coma is low because the first converging refractive face is aplanatic
      and the second face has a pupil near its centre of curvature.
PAR  For said last-mentioned reason the astigmatism and the field curvature are
      also small.
PAR  The distortion owing to spherical aberration of the pupil remains very low
      for a 40.degree. field.
PAR  The system according to the invention allows focussing at the object owing
      to the air gap which separates the two spherical faces of each optional
      path. A simultaneous translatory movement of the oculars with the mirrors
      in the direction of their optical axes, which make an angle .gamma.' with
      .SIGMA., enables the object to be observed to be defocussed, so as to
      adapt the instrument to the eyesight of an observer who is nyopic or
      hypermetropic, without causing an angular displacement of the two images,
      whose centers are viewed in a direction which remains fixed even during
      adjustment.
PAR  Moreover, the mutual distance between the pupils may be increased by
      rotating said oculars about points 0' and 0'.sub.1 respectively through an
      angle which is for example smaller than 3.degree., which suffices to vary
      the mutual distance by some ten millimeters. Said adjustment again results
      in an inclination of the field relative to the optical axes, but this is
      so small as not to affect the advantages of binocular vision. Furthermore
      the axes of the eyes must converge at a finite distance, but said distance
      is greater than 1.3 meters, which is consequently not annoying.
PAR  In a modification of said embodiment the air prism is replaced by a prism
      of a different material whose refractive index is substantially smaller
      than that of the glass of which the blocks 40 and 47 are made, which glass
      is selected allowing for the refractive index of the prism material.
PAR  In yet another modification of said embodiment the glass of the block 40
      has a refractice index which differs from that of the block 47.
PAR  In a further embodiment of the invention, which employs a glass prism
      disposed in air for tilting the object field, is shown in cross-section in
      FIG. 5. Similar to the preceding system it has two symmetrical optical
      paths relative to . Only the left path of the device will be described, as
      has been done with regard to FIG. 4. In FIG. 5 the elements which
      correspond to those in FIG. 4 bear the same reference numerals.
PAR  FIG. 5 also shows the block 40 of FIG. 4 as well as block 47, which no
      longer has a common edge with 40. Between the blocks 40 and 47 a glass
      prism 60 surrounded by air is disposed, the apex angle of the prism being
      located outside the device.
PAR  Owing to the position of said prism 60 and the fact that it is made of
      glass and disposed in air, it causes a deviation of the beam and a tilting
      of the object field, each have the same direction as in the first
      embodiment of the invention.
PAR  The glass block 40 is for example arranged so that the optical axis 43 is
      normal to the exit face 42 of said block.
PAR  Furthermore, the prism 60 operates with approximately the minimum deviation
      for the direction of the optical axis 43 and those of an angular deviation
      .DELTA. of the optical axis 43 and tilting of the object field BOC occur
      in opposite directions and in such a way that the image B'O'C' of said
      object field and the image 48 of the optical axis are at right angles
      after refraction in the prism 60.
PAR  At the exit side of the prism the block 47 is a converging optical system,
      which consists of at least one lens whose optical axis coincides with the
      optical axis 48 of the system.
PAR  The system moreover comprises the oculars 52 and 52.sub.1, which have been
      described for the first embodiment and which are disposed in a similar way
      relative to the preceding elements.
PAR  The system in accordance with said second embodiment has the same
      advantages in respect of the image quality and may be provided with the
      same features with respect to its adjustment to the eyesight of the user.
PAR  From this last embodiment a third embodiment may be derived by dispensing
      with the glass block 40 of FIG. 5. The function of said block has already
      been outlined hereinbefore. Omission of said block may be envisaged, but
      this necessitates a substantial increase of the angle A of the prism 60 if
      the power and angular field are to be maintained. The performance of this
      embodiment as regards the magnitude of the field of view is not the same
      as that of the preceding embodiments, but the advantage is that at least
      one element, which may be heavy and bulky, may be dispensed with.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A binocular viewing system for imaging a remote object comprising a
      first prism having a first planar surface receiving radiation directly
      from said object and having two further planar surfaces, the planes of the
      two further planar surfaces intersecting at a central line parallel to
      said first planar surface, said second surfaces being equiangularly
      arranged about a line, hereinafter referred to as the optic axis,
      perpendicular to said central line and to said first planar surface, a
      pair of second prisms symmetrically arranged about said central line and
      confronting said second surfaces of said first prism, a pair of plano
      convex objective lenses confronting sides of said pair of second prisms
      remote from said first prism, and an assembly of third prism means for
      directing radiation passing through said lenses into two light paths in
      directions parallel to said optic axis.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the refractive index of the
      second prism is greater than that of the surrounding medium.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein the refractive index of the
      medium which surrounds the second prism is not the same at the entrance
      and at the exit of the prism.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein the second prism is an air prism
      which is disposed in glass.
NUM  5.
PAR  5. A device as claimed in claim 2, wherein the second prism is a glass
      prism which is disposed in air.
NUM  6.
PAR  6. A device as claimed in claim 1, wherein the second prism is a glass
      prism which is disposed in air, whose apex points towards the outside of
      the instrument.
NUM  7.
PAR  7. A device as claimed in claim 1, wherein the second prism is an air prism
      whose top points towards the optic axis and which is disposed in glass,
      the entrance of said air prism being the exit of the first prism, and the
      exit face of each of said second prisms being the plane face of the
      plane-convex lens.
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PAL  A dielectric thin film optical transmission device in which a dielectric
      substrate has formed thereon a dielectric thin film of a refractive index
      larger than that of the substrate and the dielectric thin film has formed
      thereon in a desired pattern a dielectric layer of a refractive index
      smaller than that of the dielectric thin film and in which the dielectric
      thin film underlying the dielectric layer chiefly serves as a light
      waveguide to transmit light therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an optical transmission device, and more
      particularly to an optical transmission device using a dielectric thin
      film.
PAR  2. Description of the Prior Art
PAR  Since light is one kind of electro-magnetic energy which is the same as
      electric waves of the microwave band or the like, it is theoretically
      possible to construct an optical transmission device by diminishing a
      microwave transmission device in size. However, visible radiation of for
      example, red light has a wavelength of 0.6.mu., while microwaves of 5GHz
      have a wavelength of 6cm, and the ratio of their wavelengths is in the
      order of 10.sup.5 and this presents various problems.
PAR  To avoid these problems, there has heretofore been proposed a multilayer
      dielectric transmission device such as shown in FIG. 1. In FIG. 1, a
      dielectric thin film 2 of a refractive index n1 is formed on a dielectric
      substrate 1 of a refractive index n2 and a dielectric layer 3 of a
      refractive index n3 is formed on the dielectric thin film 2. Assuming that
      n2=n3=1.5 and that n1 - 2/n1 - n1 = 2.5 .times. 10.sup.-.sup.2, where a
      working wavelength is 1.mu., it is possible to transmit only the
      fundamental mode with the thickness d of the dielectric thin film 2 being
      about 0.6.mu..
PAR  It has also been proposed to use an optical transmission device such as
      depicted in FIG. 2, in which a dielectric thin film 11 having a width a, a
      thickness b and a refractive index n1 is surrounded by dielectrics 12 of
      refractive indexes n2, n3, n4 and n5. Further, an optical transmission
      device such as illustrated in FIG. 3 has also been proposed in which a
      dielectric thin film of a refractive index n1 is formed on a dielectric
      substrate 13 of a refractive index n4. However, in the cases of FIGS. 2
      and 3, if the refractive index n1 is several percent greater than those
      n2, n3, n4 and n5, it is necessary to select the width a and the thickness
      b of the dielectric thin films 11 and 11a less than several microns. In
      this case, uneveness of the interface between the dielectric thin film 11
      and other dielectrics (including air) presents a problem, and it is
      practically impossible to decrease the uneveness of the interface to such
      an extent as to be negligible with respect to a transmission wavelength.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a novel optical transmission
      device which is free from the aforesaid defects experienced in the past,
      is easy to fabricate and allows ease in the selection of transmission
      characteristics.
PAR  The optical transmission device of this invention is characterized in that
      a dielectric substrate has formed thereon a dielectric thin film of a
      refractive index greater than that of the substrate; the dielectric thin
      film has formed thereon in a desired pattern a dielectric layer of a
      refractive index smaller than that of the dielectric thin film; and the
      dielectric thin film underlying the dielectric layer permits the passage
      therethrough of light.
PAR  Objects and effects of this invention will become apparent from the
      following detailed description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3, inclusive, are schematic diagrams, for explaining
      conventional optical transmission devices;
PAR  FIG. 4 is a schematic diagram, for explaining an embodiment of this
      invention; and
PAR  FIGS. 5 and 6 are graphs showing the relationship between the thickness of
      a dielectric thin film and the coefficient of propagation therethrough.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 4 is a perspective view schematically showing one embodiment of this
      invention, in which a dielectric thin film 22 of a refractive index n1 is
      formed on a dielectric substrate 21 of a refractive index n4 and a
      dielectric layer 23 having a width a is formed on the dielectric thin film
      22 for providing a predetermined transmission path. If the refractive
      index of the dielectric layer 23 is taken as n2 and if the refractive
      index of air is taken as n3, the refractive indexes are selected so that
      n1&gt;n2&gt;n3 and n1&gt;n4. With such refractive indexes, a portion 22a of the
      dielectric thin film 22 immediately below the dielectric layer 23 serves
      as a light transmission path. The reason for this will hereinbelow be
      described.
PAR  In FIG. 4, where the dielectric layer 23 does not exist, the dielectric
      thin film 22 is covered with air of the refractive index n3=1. If the
      refractive index n1 of the dielectric thin film 22 is selected so that n1
      = n4(1 + .DELTA.), where .DELTA.&lt;&lt;1, the relationship between the
      thickness b of the dielectric thin film 22 and the normalized propagation
      coefficient
      ##EQU1##
      is such as shown in FIG. 5, in which
      ##EQU2##
      and .lambda. is the wavelength. Namely, the dielectric thin film 22 does
      not transmit light therethrough, and its thickness is less than a certain
      value b.sub.0. Further, where the dielectric thin film 22 is entirely
      covered with the dielectric layer 23 and if n2 = n4, if n1 = n4(1 +
      .DELTA.), where .DELTA.&lt;&lt;1, the thickness b of the dielectric thin film 22
      and the light normalized propagation coefficient .beta. bear such a
      relation as depicted in FIG. 6. Namely, even if the thickness b of the
      dielectric thin film 22 is close to zero, propagation of light is
      possible. If the refractive index n2 of the dielectric layer 23 is
      selected in such a range that 1&lt;n2&lt;n1, the result is a characteristic
      intermediate between those shown in FIGS. 5 and 6. Then, if the thickness
      b of the dielectric thin film 22 is selected at the cutoff value b.sub.0
      in the case where the dielectric layer 23 is not provided and if the
      dielectric layer 23 of the refractive index n2 is provided, there exists a
      mode such that the power of light is centered mainly on the portion 22a of
      the dielectric thin film 22 immediately below the dielectric layer 23 and
      propagated. Namely, it is possible to limit the light propagation path in
      the dielectric thin film 22 in its widthwise direction with the width a of
      the dielectric layer 23. It may also be considered that the refractive
      index of the portion 22a is increased to n1(1 + .DELTA.) equivalently. The
      light propagation mode is determined by the refractive indexes n1, n2, n3
      and n4 and the thicknesses b.sub. 1 and b.sub.2 and the width a of the
      dielectric layer 23. Moreover, so long as the foregoing relationship of
      n1&gt;n2&gt;n3&gt; and n1&gt;n4 is established, it will be appreciated that the layer
      in contact with film 22 and layer 23 need not be air but any suitable
      material affording the stated relative refractive index: specifically,
      n3&lt;n2.
PAR  Such an optical transmission device is produced by providing on a glass
      base plate 21 a glass thin film 22 of a refractive index larger than that
      of the base plate 21, coating light transparent resist on the thin film
      22, exposing, developing and etching the resist coated thin film 22 in a
      desired pattern to provide the dielectric layer 23. Since it is possible
      in this case, to select an etchant capable of etching only the coated
      resist, the dielectric layer 23 of very small width can easily be formed
      by etching without affecting the dielectric thin film 22. Of course, the
      dielectric layer 23 can be formed not only with the resist but also with
      other organic or inorganic material. The refractive index n2 of the
      dielectric layer 23 is selected to be smaller than the refractive index
      value n1 of the dielectric thin film 22. Further, the cross-section of the
      dielectric layer 23 need not be rectangular but instead may be of various
      other configurations which generally may be described as lens-shaped. A
      precise rectangular cross-sectional configuration of the patterned
      dielectric layer 23 is difficult to form in practice and more typically
      the edges are gently tapered and the corners somewhat rounded, departing
      thus from a precise rectangle in cross section. Aside from these practical
      considerations, the cross section may be made of a desired configuration,
      as an example, the lens-shaped cross section previously noted. Variation
      of the cross-sectional confirguration of the dielectric layer 23 has a
      corresponding variation of effect on the transmission path in the
      dielectric thin film 22 immediately below the dielectric layer 23. With
      the dielectric layer 23 becoming thick with respect to the transmission
      wavelength, for the altered cross-sectional configuration, such as
      lens-shaped, the influence exerted upon the dielectric thin film 22
      immediately underlying the layer 23 is similar to that where the layer 23
      is rectangular in section. Further, it is not always necessary to select
      the thickness of the dielectric thin film 22 at the cutoff value b.sub.0
      and the thickness can be selected in accordance with the condition for the
      propagation of light.
PAR  With this invention, by providing on a dielectric thin film a dielectric
      layer of a refractive index smaller than that of the dielectric thin film
      in a desired pattern, a light transmission path can be formed in that
      pattern and the fabrication of the device is extremely easy as has been
      described in the foregoing. Accordingly, this invention can provide an
      optical transmission device which might be called integrated optics.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Radiation transmission apparatus comprising:
PA1  a dielectric substrate having a first refractive index;
PA1  a dielectric thin film disposed upon said dielectric substrate and having a
      second refractive index greater than said first refractive index; and
PA1  a dielectric layer of a desired pattern disposed on said dielectric thin
      film, said dielectric layer having a third refractive index less than said
      second refractive index and having smaller lateral dimension than said
      dielectric thin film, and a covering layer disposed on said dielectric
      thin film and on said dielectric layer of the desired pattern disposed on
      said dielectric thin film, and having a fourth refractive index less than
      said third refractive index, whereby radiation is transmitted mainly in
      that portion of said dielectric thin film underlying said dielectric
      layer.
NUM  2.
PAR  2. Radiation transmission apparatus as claimed in claim 1, wherein said
      dielectric layer is rectangular in section.
NUM  3.
PAR  3. Radiation transmission apparatus as claimed in claim 1, wherein said
      dielectric thin film has a thickness sufficient to cut off radiation
      transmission in the absence of said dielectric layer.
NUM  4.
PAR  4. Radiation transmission apparatus as recited in claim 1, wherein said
      covering layer comprises an air layer.
NUM  5.
PAR  5. In combination, a planar dielectric thin-film waveguiding layer, passive
      means in contact with one surface of said layer for defining in said layer
      a region having an effective index of refraction that is higher than that
      in the other regions of said layer whereby waveguiding in said planar
      layer is confined to said defined region, wherein said passive means
      comprises only a single longitudinal dielectric stripe element deposited
      on a portion of the top surface of said layer directly overlying said
      defined region, and further comprising an ambient medium in contact with
      the remaining portions of said top surface of said layer and in contact
      with the top surface of said stripe element, the index of refraction of
      said single stripe element being greater than the index of refraction of
      said medium but less than the index of refraction of said layer.
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ABST
PAL  A viscous light transmissive fluid material, such as glycerine or the like,
      is applied to the solid end portion of a light conducting member of a
      light probe for optically coupling the latter with a sample having an
      irregular glossy surface. The fluid interface substantially reduces
      specular reflection from the glossy surface of the sample and also
      provides effective optical coupling between the sample and the light
      conducting member, both of which may have surface irregularities or may be
      misaligned with respect to each other.
BSUM
PAR  This invention relates to a fluid interface for a light probe and more
      particularly relates to such a fluid interface which reduces specular
      reflection of light from a sample having a glossy surface or the like.
      Moreover, the invention provides for effective and constant optical
      coupling between a light probe and a sample.
PAR  The instant invention provides for a reduction and/or elimination of
      undesirable specular reflection of light from a sample undergoing optical
      testing. Such optical testing may be in the form of color, density,
      opacity or the like measurements of the sample, and the invention will be
      described below particularly with relation to a tristimulus type
      colorimeter disclosed in U.S. patent application Ser. No. 499,478, filed
      concurrently herewith and assigned to the same assignee, for "Tristimulus
      Colorimeter and Method of Using the Same for Fabrication of Artificial
      Teeth or the Like". The following description is by way of example,
      however, and it is to be understood that the invention may be used in
      virtually any optical testing instrument or light probe device where
      effective optical coupling between a light conducting member and a sample
      is required and/or where specular reflection from the sample is to be
      reduced and/or eliminated.
PAR  The prior art is replete with various types of light conducting members,
      such as light conducting rods, fiber optic bundles or the like, for
      directing incident light to a sample and for receiving light reflected
      from such sample. One disadvantage with such prior art devices is the
      undesirable specular reflection of light caused at the interface of the
      member and a glossy surface of a test sample having a property of color,
      opacity or the like, which is to be measured. Moreover, undesirable
      refraction and/or scattering of light may occur at an imperfect interface
      between a directly abutting light conducting member and sample, which may
      cause inaccuracies in optical measurements of the sample. Also, although
      optimum optical coupling is effected by holding a light probe exactly
      normal to the sample, different operators or technicians may hold the
      light probe at different relative angles to the sample and therefore
      obtain different measurements of that sample.
PAR  In the instant invention the solid end portion of a light conducting
      member, which directs light to and/or receives reflected light from a test
      sample, is provided with a quantity of clear viscous light transmissive
      fluid material, such as glycerine or the like, which material has an index
      of refraction of approximately the same magnitude as the member and sample
      and therefore provides an effective interface between such solid end
      portion and the surface of the sample. That fluid interface provides good
      optical coupling between the light conducting member and the sample, even
      if one or both of the latter are imperfectly formed or improperly aligned,
      i.e. not normal, to permit accurate optical measurements of the latter.
PAR  Accordingly, it is a primary object of this invention to increase the
      accuracy of optical measurements.
PAR  Another object is to reduce and/or to eliminate specular reflection at the
      interface of a light probe and a sample.
PAR  An additional object is to provide a fluid extension of a solid light pipe.
PAR  A further object is to reduce the variability in optical measurements
      caused, for example, by a misaligned light probe and sample.
PAR  Yet another object of the invention is to reduce and/or to eliminate
      scattering and refraction at the interface of a light probe and a sample.
PAR  These and other objects and advantages of the present invention will become
      more apparent as the following description proceeds.
DRWD
PAR  To the accomplishment of the foregoing and related ends the invention,
      then, comprises the features hereinafter fully described and particularly
      pointed out in the claims, the following description and the annexed
      drawing setting forth in detail a certain illustrative embodiment of the
      invention, this being indicative, however, of but one of the various ways
      in which the principle of the invention may be employed.
PAR  In the annexed drawing, FIG. 1 is a section view of a light probe and
      interface in accordance with the invention coupled to a tristimulus
      colorimeter;
PAR  FIG. 2 is a plan view of the color filter wheel of the colorimeter of FIG.
      1; and
PAR  FIG. 3 is an enlarged elevation view, partially broken away in section, of
      the light probe and interface of the invention in position for optical
      coupling with a sample.
DETD
PAR  Referring now more particularly to the drawing, wherein like reference
      numerals designate like parts in the several figures, a light probe 2
      having a quantity of viscous, light transmissive fluid material 4 in
      accordance with the invention is illustrated in FIG. 1. The light probe 2
      is coupled to a tristimulus colorimeter 6, which is described in greater
      detail in the above-referenced concurrently filed patent application.
PAR  The light probe 2 includes a solid support housing 8 which may be ceramic,
      stainless steel, aluminum, plastic or the like, having an internal bore
      10. A clad glass rod 12 is preferably fixedly positioned, for example
      cemented, within a reduced cross-section portion of the bore 10 in optical
      coupled relation, preferably in abutment, with a fiber optic light pipe
      14, which is secured in the bore by a set screw 15. The clad glass rod 12
      is an article manufactured by the American Optical Company and includes a
      generally transparent cylindrical glass rod which is coated on its outer
      cylindrical surface with a material having a different index of refraction
      than the glass rod, thereby effecting reflection of light transmitted
      internally of the glass rod for diffusion of the same. The fiber optic
      bundle 14 is in the form of a bifurcated fiber optic bundle for directing
      light to and receiving light from the glass rod 12.
PAR  It is to be understood, however, that the illustrated arrangement of light
      conducting members 12 and 14 within the light probe 2 is exemplary only,
      and, as will be discussed in more detail below, the principal feature of
      the invention is the light transmissive fluid interface 4 at the solid end
      portion 16 of the light conducting member, here the clad glass rod 12,
      which is intended for positioning in abutment with the test sample
      separated from the latter only by the fluid interface. Thus, the light
      conducting member may be hollow or solid, provided that the end portion 16
      thereof is solid to cooperate with the fluid interface material.
PAR  A generally opaque hollow extension housing portion 18 is attached, for
      example by a threaded connection, to a reduced cross-section portion of
      the main support housing 8, and the leading end of the extension housing
      portion 18, which is approximately co-terminal with the solid end portion
      16 of the glass rod 12, has an inwardly turned flange 20 that cooperates
      with an outwardly extending flange 22 of an opaque tubular collar 24. The
      collar 24 is concentric with the glass rod 12 and is movable with respect
      to the latter and to the extension housing portion 18. The inner end 26 of
      the collar is normally biased by a spring 28 or the like concentrically
      positioned with respect to the glass rod 12 and normally bearing against
      the end surface 30 of the main housing 8 and the flat surface of a washer
      member 32 in abutment with the collar 24 to urge the latter to the
      position illustrated in FIG. 1 whereby the collar outer end 34 extends
      beyond the glass rod end 16. The flanges 20 and 22 interfere with one
      another to retain the collar with respect to the extension housing portion
      18.
PAR  In the colorimeter portion 6 a lamp 40, which is energized from the
      regulated power supply 42, provides light via a heat absorbing or infrared
      filter 44 to an input leg 46 of the fiber optic bundle 14, and light from
      the lamp 40 is also provided via a reference light conducting rod 48 to a
      reference photosensitive diode 50. An outpput leg 52 of the fiber optic
      bundle 14 directs light reflected from the sample to a lens 54 which
      substantially collimates such reflected light and directs the same along
      the light path 56 to a rotating color filter wheel 58 illustrated in
      detail in FIG. 2. Light transmitted through the color filter wheel 58 is
      focused by a further lens 60 onto a measuring photosensitive diode 62,
      which is coupled in reverse-poled relation to the reference photosensitive
      diode 50, for temperature and light source fluctuation compensation, and
      the signals therefrom are provided to a logic and measuring circuitry
      arrangement 64, which is synchronized to the rotating color filter wheel
      58.
PAR  More particularly, as the motor 66 rotates the color filter wheel, which
      includes for example, red, blue and green color filters 58r, 58b, 58g,
      shown in FIG. 2, light emitted by respective light emitting diodes 68d,
      70d, is occassionally transmitted through respective rotation
      synchronizing opening 72 and filter alignment openings 74r, 74b, 74g in an
      opaque annular ring 76 on the color filter wheel for energizing respective
      photosensitive transistors 68 t, 70t, as is described in more detail in
      the above referenced concurrently filed patent application. The logic and
      measuring circuitry 64 provides signals to the display 78, which upon
      operation of the colorimeter to measure red, blue and green optical
      properties of the sample, displays values indicative of such properties,
      for example, on respective light emitting diode displays.
PAR  The collar 24 of the light probe 2 provides a reservoir for the viscous
      fluid material 4, which also may be used without the collar provided that
      such material has sufficient adherence properties to adhere to the solid
      end portion 16 of the glass rod 12. If desired, however, the material 4
      may be applied to the sample instead of to the glass rod. As is
      illustrated in FIG. 3, when the light probe 2 is urged toward engagement
      with a test sample 80, such as a tooth, which has a glossy surface, the
      collar 24 is urged into the housing extension portion 18 while maintaining
      a light seal with the sample, and the solid end portion 16 of the glass
      rod 12 is brought almost to engagement with the sample, being separated
      therefrom only by a thin layer or film of the fluid interface material 4.
      The thin layer of fluid material 4, which preferably has an index of
      refraction sufficiently compatible with, i.e. between, that of the solid
      end portion 16 of the glass rod 12 and that of the glossy surface of the
      sample 80 provides for effective optical coupling of incident light from
      the glass rod 12 to the sample with very small specular reflection by the
      glossy surface and with very small scattering or refraction at imperfect
      or irregular surfaces of either of them. The fluid interface 4 thus
      provides an effective fluid extension of the light pipe or glass rod 12
      for effective optical coupling between the latter and the sample 80 even
      if the glass rod is not exactly normal to the sample surface. Therefore,
      although one technician may hold the light probe normal to the sample and
      others hold the probe at different angles to the sample slightly away from
      the normal, the same effective optical coupling will occur. Moreover,
      light reflected by the sample is transmitted back through the layer of
      material 4 into the glass rod 12 for coupling via the output leg 52 of the
      fiber optic bundle 14 to the colorimeter 6 which measures the same.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A light probe for conducting light relative to a sample, comprising a
      light conducting member having a rigid solid end portion from which
      incident light may be directed toward and light may be received from such
      a sample, and a liquid interface means for optically coupling said member
      to such sample, said liquid interface means being directly engaged with
      both such sample and said solid end portion when the latter is urged
      toward abutment with such sample, said liquid interface means comprising
      clear light transmissive material applied to said rigid solid end portion
      of said light conducting member and forming a coating on said rigid solid
      end portion, and further comprising an opaque housing longitudinally
      enclosing at least a portion of said light conducting member proximate
      said rigid solid end portion, and reservoir means for containing said
      material, said housing comprising a portion positionally fixed with
      respect to said light conducting member and said reservoir means
      comprising an opaque movable collar retained by said housing and movable
      with respect to the same and the light conducting member, said collar
      having a forward end and means for urging said collar to a position with
      respect to said housing and light conducting member such that such forward
      end normally is located beyond said rigid solid end portion, whereby when
      said light probe is directed with respect to such sample to place said
      solid end portion of said light conducting member toward engagement with
      such sample, the forward end of the collar abuts the sample forming a
      light seal therewith while the collar is moved inwardly of said housing
      and said material provides an interface between said rigid solid end
      portion and such sample.
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PAL  Disclosed are stable, homogeneous GeO.sub.2 -B.sub.2 O.sub.3 -PbO-Bi.sub.2
      O.sub.3 glass compositions having high indices of refraction, low sound
      velocities, low acoustic loss and high Verdet constants which render them
      useful in acoustooptic and magnetooptic devices.
BSUM
PAR  Communications systems of the future will involve the tremendous
      information carrying capacity of the laser beam and other types of
      electromagnetic radiation. To accomplish effective transmission of
      information, there is a need for materials and techniques capable of
      modulating such electromagnetic radiation. Accordingly, there has been a
      great deal of research and development on magnetooptic and acoustooptic
      materials to accomplish these results.
PAR  Glass, glass-ceramic and crystalline material of high indices of refraction
      have been found to possess properties useful in those magnetooptic and
      acoustooptic applications. In the case of acoustoopic modulators the
      figure of merit increases with the seventh power of index of refraction.
      Magnetooptic modulators (e.g. Faraday rotators) must also have high
      indices of refraction when the magneto-optic element is diamagnetic
      because they contain dense and highly polarizable ions such as
      Pb.sup.+.sup.2, Bi.sup.+.sup.3, Sb.sup.+.sup.3, Te.sup.+.sup.4 and the
      like.
PAR  Acoustooptical devices (also sometimes calles elastooptical devices), are
      well known in the art and reference is made to an article entitled, "A
      Review of Acousto-optical Deflection and Modulation Devices" by E. I.
      Gordon, which appeared in the Proceedings of the I.E.E.E. [10] 1391-1401
      (1966) and an article entitled, "Dielectric Materials for Electrooptic,
      Elastooptic and Ultrasonic Device Application" by E. G. Spencer et al.,
      appearing in the Proceedings of the I.E.E.E., 55 [12] 2074-2108 (1967).
      U.S. Pat. Nos. 3,671,103; 3,419,322; 3,586,120; 3,617,931; 3,852,077; and
      3,653,746 also concern this type of device.
PAR  Such acoustooptic devices are particularly advantageous in use with laser
      devices for modulation, deflection, etc. of laser beams. However, it is
      also apparent that such devices have other application.
PAR  The present invention provides an acoustooptic device wherein transparent
      GeO.sub.2 -B.sub.2 O.sub.3 -PbO-Bi.sub.2 O.sub.3 glass elements are used
      as acoustooptical modulators, laser Q-switches and/or deflectors, and like
      application.
PAR  As indicated in the above-referenced article to Gordon, the proper
      combination of material parameters for determining optimum device
      performance, designated herein as figure of merit (FOM), is as follows:
      ##EQU1##
      WHERE: N EQUALS THE INDEX OF REFRACTION.
PA1  p equals a component of a photoelastic tensor,
PA1  .rho. equals mass density and v equals the sound wave
PAL  Velocity. Thus a high index of refraction, and low sound wave velocity are
      important. In that the index of refraction is raised to the seventh power
      it is quite important. The glass must also have good melting and forming
      characteristics so that the glass element of optical quality can be formed
      in a vitreous, homogeneous seed-free condition.
PAR  As indicated above, and as indicated in the articles referenced herein
      above, one type of acoustooptical device, is a package of device
      consisting of a block of solid material having means for introducing an
      elastic pressure wave into the block and means for rotating the relative
      orientation of the block relative to a beam of collimated light,
      preferably monochromatic light in the visible and/or infrared region of
      the spectrum.
PAR  In accordance with the present invention, transparent GeO.sub.2 -Bi.sub.2
      O.sub.3 -PbO-B.sub.2 O.sub.3 glasses which are transparent in the visible
      and/or infrared region of the electromagnetic spectrum are suitable for
      the purposes of the invention are particularly suited for these
      acoustooptic purposes.
PAR  In regard to the magnetooptic applications, the GeO.sub.2 -Bi.sub.2 O.sub.3
      -PbO-B.sub.2 O.sub.3 glasses of invention have a high Verdet constant and
      are adapted to exhibit Faraday rotation in devices such as isolators and
      shutters operating in the visible and infrared region of the
      electromagnetic spectrum.
PAR  Such Faraday rotator devices include a source of polarized electromagnetic
      radiation, glass magnetoopic element capable of affecting Faraday
      rotation, a source for inducing a magnetic field in the magnetooptic
      element for rotating the electromagnetic radiation within the glass
      element. The glass element must have an unusual balance of desired
      properties including a high Verdet constant, high transmission in the
      wavelength of interest, good melting and forming properties so that the
      glass element of optical quality can be melted and formed in a vitreous,
      homogeneous, seed-free condition.
PAR  These and other advantages are obtained by providing a homogeneous glass
      composition having an index of refraction of at least about 2.1, a
      longitudinal sound velocity of less than about 4mm/.mu.sec, an acoustic
      loss of less than about 6 db/cm at 20 MHz, a Verdet constant greater than
      about 0.1 min/Oe-cm at 0.63 .mu.m and an optical loss of less than about
      10%/cm when measured at a wavelength between 1 and 2 .mu.m said glass
      consisting essentially of:
TBL         Component      Mole %                                              
     ______________________________________                                    
             GeO.sub.2     5-32                                                
             B.sub.2 O.sub.3                                                   
                           1.5-18                                              
             PbO           30-60                                               
             Bi.sub.2 O.sub.3                                                  
                           10-41                                               
     ______________________________________                                    
PAL  wherein
      ##EQU2##
PAR  Preferably the glass composition has the ratio of about
      1.ltoreq.PbO/Bi.sub.2 O.sub.3 .ltoreq. 3 for glass stability and
      resistance to devitrification. In the most preferred compositions the
      ratio of PbO/Bi.sub.2 O.sub.3 is about 2. The B.sub.2 O.sub.3 is used in a
      stabilizing proportion within the limits specified with higher proportions
      of B.sub.2 O.sub.3 being required when the PbO/Bi.sub.2 O.sub.3 ratio
      increases or decreases from about 2.
PAR  Preferably for ease of melting the compositions consist essentially of:
     Component             Mole %                                              
     ______________________________________                                    
            GeO.sub.2      9-30                                                
            B.sub.2 O.sub.3                                                    
                           2-15                                                
            PbO            34-54                                               
            Bi.sub.2 O.sub.3                                                   
                           20-35                                               
     ______________________________________                                    
PAL  The glass compositions contains significant proprtions of PbO + Bi.sub.2
      O.sub.3 (i.e. .gtoreq. 65 mole %) to achieve high index of refraction
      values while achieving glass stability against devitrification by
      contaning minor but important proportions of B.sub.2 O.sub.3 and
      GeO.sub.2. The index of refraction tends to increase with increasing
      proportions of PbO+Bi.sub.2 O.sub.3 but this causes the glass to become
      less stable. Accordingly more B.sub.2 O.sub.3 is required as the
      PbO+Bi.sub.2 O.sub.3 increases. Thus higher proportions of B.sub.2 O.sub.3
      are required for stabilization against devitrification as the Bi.sub.2
      O.sub.3 +PbO increases.
PAR  The optimum ratio of PbO/Bi.sub.2 O.sub.3 is about 2 for stability against
      devitrification. For instance when the PbO/Bi.sub.2 O.sub.3 is about 2 and
      the Bi.sub.2 O.sub.3 +PbO is about 69%, the proportion of B.sub.2 O.sub.3
      required for stabilization is less than 2%. It will be understood from the
      Examples that more B.sub.2 O.sub.3 is required for stabilization as the
      PbO/Bi.sub.2 O.sub.3 ratio increases or decreases from 2 and/or the
      Bi.sub.2 O.sub.3 +PbO content increases. The ratio of PbO/Bi.sub.2 O.sub.3
       of about 2 forms the most stable glass compositions and for this reason
      is generally preferred.
PAR  Lead bismuth glasses and glass-ceramics have been studied in the past as
      indicated in U.S. Pat. No. 3,480,566 and the articles entitled, "Unusual
      Properties and Structure of Glasses in the Systems Bi.sub.2 O.sub.3
      -B.sub.2 O.sub.3 -SrO; Bi.sub.2 O.sub.3 -B.sub.2 O.sub.3 -BaO; Bi.sub.2
      O.sub.3 -B.sub.2 O.sub.3 -ZnO and Bi.sub.2 O.sub.3 -B.sub.2 O.sub.3 -PbO"
      by Bh. V. Janakirama-Rao, International Congress on Glass VII, Vol. 1,
      104-1 - 104-6 (1965); "Optical Materials: Glasses and Glass-Ceramics" by
      Dr. Gail P. Smith, Optical Spectra, (1969) Part 2, pp. 33-37; "Bismuth
      Trioxide Glasses" by M. S. R. Heynes and H. Rawson, Journal of the Society
      of Glass Technology, pp. 347T-349T; "The Systetm Bi.sub.2 O.sub.3 -B.sub.2
      O.sub.3 " by E. M. Levin and C. L. McDaniel, Journal of the American
      Ceramic Society, Vol. 45, No. 8 (1962) pp. 355-360; and "Correlation of
      Refractive Index and Density in Oxide Glasses of High Refractive Index" by
      A. N. Tiwari and A.R. Das, American Ceramic Soc. Bull. Vol. 51, No. 9
      (1972) pp. 695-697.
PAR  In addition to these references, U.S. Pat. No. 3,723,141 discloses lead
      bismuth glasses for transmitting infrared radiation. The glasses are said
      to contain substantial proportions of barium and zinc. U.S. Pat. No.
      2,853,393 concerns high index glass elements comprising certain lead
      bismuth glasses which can contain B.sub.2 O.sub.3, SiO.sub.2, P.sub.2
      O.sub.5, and GeO.sub.2. U.S. Pat. No. 2,713,286 discloses lead bismuth
      borophosphate glasses for reflect light reflectors. British Pat. No.
      776,784 discloses lead borate glasses which contain tellurium dioxide to
      achieve X-radiation absorbing properties. None of these references suggest
      the specified combination of PbO and Bi.sub.2 O.sub.3 together with
      B.sub.2 O.sub.3 and GeO.sub.2 to achieve glass stability as well as the
      desired acoustooptic and magnetooptic properties disclosed herein.
DRWD
PAR  The invention will be described with reference to the accompanying drawing
      wherein:
PAR  FIG. 1 is a schematic representation of an acoustooptical (elastooptical)
      device for modulating the direction, phase, amplitude and/or frequency of
      light in accordance with the invention, and
PAR  FIG. 2 is a schematic illustration of a magnetooptic device known in the
      art as a Faraday rotator.
PAR  FIG. 3 is a plot of the optical transission versus wavelength for a glass
      of invention.
DETD
PAR  Referring now to FIG. 1, the light source 20 can be a laser or other
      monochromatic light source having a beam path indicated by the numeral 21
      in the drawing but which can be set at the Bragg Angle .theta.. Interposed
      in the path of beam 21 is an acoustooptical element in the shape of a
      rectangular block 22 of the glass composition described. After passing
      through the element 22, the deflected light beam designated 23 is applied
      to a detection device or utilization device 24.
PAR  The acoustooptical element 22 is shown as having at its upper end a
      mechanism 25 for rotating the element in the plane thereof as well as
      pivoting the element toward to at least about the Bragg Angle and away
      from the source 20 about a fixed pivot axis offset from the axis of beam
      21. The acoustooptical element 22 has affixed thereto a transducer member
      26 which is excited from a signal source 27 which can be in the
      ultrasonic, or radio frequency (RF) range. Usually the frequency of the
      sonic beam is in the kilohertz to gigahertz range with most applications
      being in the 10 to 500 megahertz.
PAR  As is conventional, the acoustic energy co-acts with the energy of the
      light beam within the acoustooptical body member 22 to thereby affect or
      modulate the optical transmission properties of the element with respect
      to the light energy. Thus, the acoustic energy creates what has been
      described by others as a moving optical transmission grating which
      diffracts the light beams crossing the sonic beam at near perpendicular
      incidence.
PAR  It will also be appreciated that the acoustooptical glass element 22 can be
      oriented with respect to the axis of beam 21 so that it lies at some angle
      other than perpendicular to the axis of beam 21 as well as other than the
      Bragg Angle. Thus, the body member can be oriented such that it is at
      Brewster's angle relative to the light beam to thereby minimize the effect
      of misorientation, and poor surface geometry of the acoustooptical element
      22 with respect to the axis of beam 21 to thereby enhance and improve the
      operating efficiency thereof. Thus, by varying the properties of the
      acoustic energy wave in the medium, e.g., pulsing on and off, amplitude,
      etc., as well as the angular orientation of the acoustic beam with respect
      to an incident light beam, the device may be used as a phase, frequency or
      intensity modulator, a light switch, or a beam deflector, etc. Moreover,
      as is apparent from the above discussion, the device can be used in
      information processing systems and the like.
PAR  FIG. 2 schematically illustrates a Faraday rotator device emboding the
      magnetooptical glass element of invention which is indicated by reference
      numeral 50. Element 50 is optically transposed between a polarizer 51 and
      an analyzer 52 which are conventional polarizing sheet materials. Analyzer
      52 is rotatable to achieve extinction of the polarized beam from polarizer
      51.
PAR  Positioned adjacent polarizer 51 is prism 55 which is in optical alignment
      with a source of light in the form of laser 53 so that a beam from laser
      53 will pass through polarizer 51 and into magnetoopic element 50.
      Positioned adjacent analyzer 52 is prism 56 which is optically aligned to
      direct the beam passing through analyzer 52 to a detection device or
      utilization device 54.
PAR  Magnetoopic element 50 is positioned in the field of electromagnet 70
      having steel poles 60 and 61 so that the field has a component in the
      direction of propagation of the beam through the element. Poles 60 and 61
      are provided with conductive coils 63 and 64 which are electrically
      connected to a variable DC power supply having the capability of varying
      the magnetic field between poles 60 and 61 from 0 to 10,000 Oersteds.
PAR  In operation laser 53 is a helium-neon laser admitting a beam of radiation
      at 0.6328 micrometers. The laser beam is directed through the prism 55
      through the magnetooptic element 50 through prism 53 and onto detection
      device 54. The polarizer 51 and analyzer 52 are set in the "cross"
      position so that no beam reaches detection device 54. The power source is
      then actuated in stepwise fashion to impress various magnetic field
      strengths across the magnetooptic element 50. The analyzer is rotated at
      each field strength to extinction to measure the angle that the polarized
      laser beam is rotated by the magnetic field acting upon glass element 50.
      A graph is then made of the angle of rotation as a function of the
      magnetic field in Oersted. The slope of this line is a measure of the
      Verdet constant.
PAR  Other types of Faraday rotators which can employ the element of the present
      invention are shown in U.S. Pat. Nos. 3,484,152; 3,318,652; 3,368,861;
      3,516,726; 3,629,773; and in the articles "A Faraday Effect Optical
      Isolator" by L. J. Aplet and J. W. Carson, Applied Optics, Vol. 3, No. 4
      (1964) pp. 544-545, and "Magneto-optic Effects in Glass, Part I," by H.
      Cole, Soc. Glass. Tech. Journal, Vol. 34, (1950) pp. 220 - 237.
PAR  In the Examples that follow all percentages are mole percentages and all
      temperatures are in .degree.C unless stated otherwise.
PAR  Exemplary glasses in the PbO-Bi.sub.2 O.sub.3 -B.sub.2 O.sub.3 -GeO.sub.2
      field are shown in Table I.
PAR  Glass melts of approximately 500 to 1200 grams are made from conventional
      batch materials (e.g. germanium dioxide, bismuth trixoide, lead oxide, and
      anhydrous boric acid) in refractory magnesia-stabilized zirconium oxide
      crucibles in an air atmosphere at temperatures ranging from 700.degree.C
      to 870.degree.C in an electrically heated furnace with occasional stirring
      to assure homogeneity. These glasses are quite fluid and only 1-4 hours
      are required to satisfactorily melt and refine the glasses.
PAR  A portion of each melt is quenched between metal plates at room
      temperature. The balance of the melt is then poured into a mold to form
      3/8 .times. 2 .times.  3 inch slabs. Samples for optical transmission and
      magnetic and acoustic measurements are prepared from these slabs.
PAR  The indices of refraction (n.sub.D) are measured by an immersion technique
      in standard index oils. The highest index of refraction oil available at
      the time of measurement is 2.31 so many glasses are reported as having an
      index of refraction "&gt;2.31". The Verdet constant (minutes of arc of
      rotation/Oe-cm) is measured as described above using a He-Ne laser beam at
      o.6328 .mu.m at room temperature.
PAR  Sound velocity and acoustic loss (A.sub.l) measurements in decibels per cm
      are made at room temperature using McSkimins's pulse-echo technique [see
      "Pulse Super Position Method for Measuring Ultrasonic Wave Velocities in
      Solids" J. Acoust. Soc. Amer. Vol. 33, (1) pp. 12-16 (1961)]. Twenty MHz
      x-cut or y-cut quartz transducers bonded with phenyl benzoate adhesive are
      employed for longitudinal (V.sub.l) and shear (V.sub.s) wave measurements,
      respectively. Velocity data are accurate within .+-.1% of the stated
      values.
PAR  The following criteria is utilized to rate the stability and
      glass-formation tendencies:
PAR  Rating
PAR  1. Stable enough to pour good quality 3/8 .times. 2 .times. 3 inch slabs.
PAR  2. Good: Quenched plates could easily be obtained having no uncontrolled
      devitrification.
PAR  3. Fair: Quenched plates could be obtained having some uncontrolled
      devitrification.
PAR  4. Poor: Quenched plates had only small areas of glass.
PAR  5. No glass formation.
TBL                                    TABLE I                                 
     __________________________________________________________________________
               1    2    3     4    5    6    7    8     9                     
     __________________________________________________________________________
     Mole %                                                                    
     GeO.sub.2 29.0 28.0 25    12.5 7    12   9.5  15.4  15.5                  
     Bi.sub.2 O.sub.3                                                          
               23.1 23.1 23.1  25   27   27   27   23.1  30                    
     PbO       46.1 46.1 46.1  50   54   54   54   46.1  39                    
     B.sub.2 O.sub.3                                                           
               1.8  2.8  5.8   12.5 12   7    9.5  15.4  15.5                  
     Bi.sub.2 O.sub.3 +PbO                                                     
               69.2 69.2 69.2  75   71   81   81   69.2  69                    
     PbO       2    2    2     2    2    2    2    3     1.3                   
     Bi.sub.2 O.sub.3                                                          
     Glass Stability                                                           
               1    1    1     1    1    2    1    1     1                     
     Rating                                                                    
     n.sub.D   2.30 2.30 2.26  2.173                                           
                                    &gt;2.31                                      
                                         &gt;2.31                                 
                                              &gt;2.31                            
                                                   2.14  2.154                 
     A.sub.l, db/cm                                                            
     20 MHz    4.32 3.43 5.81  3.30 2.83 3.22 2.53 4.50  2.23                  
     40                                                                        
     60                                       18   18.2                        
     100                                      17                               
     A.sub.s, db/cm                                                            
     20 MHz                                                                    
     V.sub.l, mm/.mu.sec                                                       
               2.909                                                           
                    2.857                                                      
                         3.7241                                                
                               2.796                                           
                                    2.686                                      
                                         3.155                                 
                                              2.683                            
                                                   2.8707                      
                                                         2.9794                
     V.sub.s, mm/.mu.sec                                                       
     .rho., g/cc(density)                                                      
     Verdet constant                                                           
               0.126                                                           
                    0.176                                                      
                         0.180                0.196                            
                                                   0.161                       
     min/Oe-cm at                                                              
     0.6328.mu.m                                                               
               10   11   12    13   14   15   16   17    18    19              
     __________________________________________________________________________
     Mole %                                                                    
     GeO.sub.2 25   28   22    9.5  15.5 22.0 12.5 5     29.0  25.0            
     Bi.sub.2 O.sub.3                                                          
               30   30   30    35   34.5 34.5 37.5 40.5  11.0  11.0            
     PbO       39   39   39    46   34.5 34.5 37.5 40.5  58.0  58.0            
     B.sub.2 O.sub.3                                                           
               6    3    9     9.5  15.5 9.0  12.5 14    2.0   6.0             
     Bi.sub.2 O.sub.3 +PbO                                                     
               69   69   69    81   69   69   75   81    69    69              
     PbO       1.3  1.3  1.3   1.3  1    1    1    1     5.3   5.3             
     Bi.sub.2 O.sub.3                                                          
     Glass Stability                                                           
               1    2    1     2    1    2    2    2     2     1               
     Rating                                                                    
     n.sub.D   &gt;2.31                                                           
                    2.303                                                      
                         2.303 &gt;2.31                                           
                                    2.272                                      
                                         2.302                                 
                                              &gt;2.31                            
                                                   &gt;2.31 2.173 2.222           
     A.sub.l, db/cm                                                            
     20 MHz    5.18 4.10 2.93  3.73 2.85 2.45 3.09 5.10  2.97  2.55            
     40                                                                        
     60                                                                        
     100                                                                       
     A.sub.s, db/cm                 8.11                                       
     20 MHz                                                    6.09            
     V.sub.l, mm/.mu.sec                                                       
               2.944                                                           
                    2.676                                                      
                         2.911 2.634                                           
                                    2.978                                      
                                         2.934                                 
                                              2.871                            
                                                   2.756 2.768 2.783           
     V.sub. s, mm/.mu.sec                                                      
                         1.604      1.643                      1.527           
     .rho., g/cc(density)                                                      
                         7.11                                                  
     Verdet constant                                                           
     min/Oe-cm at                                                              
     0.6328 .mu.m                                                              
     __________________________________________________________________________
PAR  As is apparent from the foregoing data, the homogeneity and stability of
      the glasses against devitrification is significantly increased by the
      combination of GeO.sub.2 and B.sub.2 O.sub.3. These ingredients provide
      for increasing the proportions of PbO and Bi.sub.2 O.sub.3 while still
      achieving a homogeneous, vitreous glass of high index of refraction. The
      minimum amount of B.sub.2 O.sub.3 necessary to obtain these stable glasses
      at various PbO/Bi.sub.2 O.sub.3 mole ratios is indicated in the data in
      the examples.
PAR  The most stable glasses are obtained when the ratio of PbO/Bi.sub.2 O.sub.3
      is about 2. When this ratio approaches 1, the glass stability is improved
      by increasing the proportion of B.sub.2 O.sub.3 to at least about 15%.
PAR  For instances, the glass of Examples 1 and 2 are preferred embodiments and
      have a mole ratio of PbO/Bi.sub.2 O.sub.3 of 2, are quite stable (i.e.
      have a glass stability rating of 1) with a B.sub.2 O.sub.3 content of 1.8
      and 2.8 respectively. Examples 3 through 7 show other glasses with
      PbO/Bi.sub.2 O.sub.3 ratios of 2 with various proportions of PbO, Bi.sub.2
      O.sub.3, GeO.sub.2, and B.sub.2 O.sub.3.
PAR  Example 8 shows a stable glass with a PbO/B.sub.2 O.sub.3 ratio of 3.
PAR  Examples 9, 10, 11, and 12 show glasses with a mole ratio of PbO/Bi.sub.2
      O.sub.3 of 1.3 and various stabilizing proportions of B.sub.2 O.sub.3.
      Example 11 has only 3% B.sub.2 O.sub.3 and yet the glass stability rating
      is 2. Example 13 has a PbO/Bi.sub.2 O.sub.3 ratio of 1.3 with the Bi.sub.2
      O.sub.3 +PbO level of 81%. This high content of Bi.sub.2 O.sub.3 +PbO
      requires a higher proportion of B.sub.2 O.sub.3 for stability.
PAR  Examples 14 through 17 illustrate glasses with a Pbo/Bi.sub.2 O.sub.3 ratio
      of 1 stabilized with various proportions of B.sub.2 O.sub.3.
PAR  Examples 18 and 19 illustrate glasses with a PbO/Bi.sub.2 O.sub.3 ratio of
      5.3. In these glasses a stability rating of 2 is achieved with only 2.0%
      B.sub.2 O.sub.3 in Example 18 and a rating of 1 is achieved in Example 19
      with 6% B.sub.2 O.sub.3.
PAR  Some minor experimentation in adjusting the contents of B.sub.2 O.sub.3 and
      GeO.sub.2 within the specified ranges may be required to optimize the
      stability at any given level of Bi.sub.2 O.sub.3 +PbO.
PAR  All of the glass in the numbered examples are clear and homogeneous and are
      useful in the acoustooptic device shown in FIG. 1 and the magnetooptic
      device shown in FIG. 2.
PAR  The foregoing data also indicates substitution of B.sub.2 O.sub.3 for
      GeO.sub.2 decreases the index of refraction. However, this substitution
      increases the stability of the glass to such an extent that stable glasses
      can also be obtained with a lower total amount of GeO.sub.2 and B.sub.2
      O.sub.3. This permits an increase in the PbO and Bi.sub.2 O.sub.3 to
      levels which more than compensates for the decrease in the index resulting
      from the B.sub.2 O.sub.3 for GeO.sub.2 substitution. Glasses having
      indices of refraction greater than 2.1 are obtained.
PAR  The table includes the sound velocity and acoustic loss or attenuation for
      several of the more stable glasses. For acoustooptical applications, these
      two properties should be as low as possible. The longitudinal sound
      velocity, V.sub.l, ranges from about 2.6-3.7 mm/.mu.sec. These low sound
      velocities are sometimes accompanied by moderately high acoustic
      attenuations, A.sub.l, with ranges 2.5-6.0 db/cm at 20 MHz and 17-18 db/cm
      at 100 MHz.
PAR  The Verdet constants are all positive, for the diamagnetic glasses of
      invention and are exceptionally large, being as high as about 0.20
      min/Oe-cm (For Example 7).
PAR  The optical transmission of the glass of Example 3 measured over the
      wavelength of 400 to 700 millimicrons (i.e. the visible range) for two
      different sample thicknesses and is shown in the graph of FIG. 3. Most of
      the loss can be attributed to surface reflection due to the high index of
      refraction.
PAR  To further determine the optical absorption of the glass itself, a
      differential transmission test is performed on a Cary spectrophotometer.
      In this test, two samples of different thickness of the glass of Example 3
      are tested together so that the transmission of one glass sample can be
      compared to the transmission of the other sample. The only difference in
      transmission is due to the difference in sample thicknesses. This result
      indicates that the absorption of the glass is less than about 2% 1cm
      between 1.0% and 2.0 .mu.m which is the limit of detection of the Cary
      spectrophotometer used in the evaluation. This loss is acceptable for many
      magnetooptic and acoustooptic applications.
PAR  For convenience in discosure, all patents and publications mentioned herein
      are incorporated by reference.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A homogeneous glass composition having an index of refraction of at
      least about 2.1, a longitudinal sound velocity of less than about 4
      mm/.mu.sec, an acoustic loss of less than about 6 db/cm at 20 MHz, a
      Verdet constant greater than about 0.10 min/Oe-cm at 0.63.mu. m and an
      optical loss of less than about 10% cm when measured at a wavelength
      between 1 and 2.mu.m said glass consisting essentially of:
TBL         Composition                                                        
                     Mole %                                                    
     ______________________________________                                    
             GeO.sub.2                                                         
                     5-32                                                      
             B.sub.2 O.sub.3                                                   
                     1.5-18                                                    
             PbO     30-60                                                     
             Bi.sub.2 O.sub.3                                                  
                     10-41                                                     
     ______________________________________                                    
PAL  wherein:
PAC  Bi.sub.2 O.sub.3 +PbO .gtoreq. 65% mole
PAL  and
      ##EQU3##
NUM  2.
PAR  2. The glass composition of claim 1 wherein 1 .ltoreq. PbO/Bi.sub.2 O.sub.3
      .ltoreq. 3.
NUM  3.
PAR  3. The glass composition of claim 1 wherein PbO/Bi.sub.2 O.sub.3 is about
      2.
NUM  4.
PAR  4. The glass composition of claim 1 which consists essentially of:
TBL         Component                                                          
                     Mole %                                                    
     ______________________________________                                    
             GeO.sub.2                                                         
                      9-30                                                     
             B.sub.2 O.sub.3                                                   
                      2-15                                                     
             PbO     34-54                                                     
             Bi.sub.2 O.sub.3                                                  
                      20-35.                                                   
     ______________________________________                                    
NUM  5.
PAR  5. In a device for the acousto-optical modulation of a beam of
      electromagnetic radiation comprising a glass element, means for
      propagating longitudinal sonic wave through said element in a propagating
      a beam of electromagnetic radiation through said element in a
      predetermined direction so as to cause deflection of said beam by
      acousto-optical interaction with the sonic waves, the improvement wherein
      said glass element has the composition of claim 1.
NUM  6.
PAR  6. In a device for the acousto-optical modulation of a beam of
      electromagnetic radiation comprising a glass element, means for
      propagating longitudinal sonic wave through said element in a
      predetermined direction, and means for propagating a beam of
      electromagnetic radiation through said element in a predetermined
      direction so as to cause deflection of said beam by acousto-optical
      interaction with the sonic waves, the improvement wherein said glass
      element has the composition of claim 2.
NUM  7.
PAR  7. In a device for the acousto-optical modulation of a beam of
      electromagnetic radiation comprising a glass element, means for
      propagating longitudinal sonic wave through said element in a
      predetermined direction, and means for propagating a beam of
      electromagnetic radiation through said element in a predetermined
      direction so as to cause deflection of said beam by acousto-optical
      interaction with the sonic waves, the improvement wherein said glass
      element has the composition of claim 3.
NUM  8.
PAR  8. In a device for the acousto-optical modulation of a beam of
      electromagnetic radiation comprising a glass element, means for
      propagating longitudinal sonic wave through said element in a
      predetermined direction, and means for propagating a beam of
      electromagnetic radiation through said element in a predetermined
      direction so as to cause deflection of said beam by acousto-optical
      interaction with the sonic waves, the improvement wherein said glass
      element has the composition of claim 4.
NUM  9.
PAR  9. In a Faraday rotator comprising a light rotating glass element, means
      for directing a beam of polarized light through said element, means for
      impressing a magnetic field on said element, said field having a component
      in the direction of propagation of the light through the element, means
      for detecting the light transmitted through said element, the improvement
      wherein said light rotating glass element has the composition of claim 1.
NUM  10.
PAR  10. In a Faraday rotator comprising a light rotating glass element, means
      for directing a beam of polarized light through said element, means for
      impressing a magnetic field on said element, said field having a component
      in the direction of propagation of the light through the element, means
      for detecting the light transmitted through said element, the improvement
      wherein said light rotating glass element has the composition of claim 2.
NUM  11.
PAR  11. In a Faraday rotator comprising a light rotating glass element, means
      for directing a beam of polarized light through said element, means for
      impressing a magnetic field on said element, said field having a component
      in the direction of propagation of the light through the element, means
      for detecting the light transmitted through said element, the improvement
      wherein said light rotating glass element has the composition of claim 3.
NUM  12.
PAR  12. In a Faraday rotor comprising a light rotating glass element, means for
      directing a beam of polarized light through said element, means for
      impressing a magnetic field on said element, said field having a component
      in the direction of propagation of the light through the element, means
      for detecting the light transmitted through said element, the improvement
      wherein said light rotating glass element has the composition of claim 4.
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ABST
PAL  In a liquid crystal display device comprising a pair of opposed
      electrode-mounted plates and a nematic liquid crystal layer, the electrode
      terminals are mounted on one plate by transferring the connection of one
      electrode to the opposite plate without directly contacting the liquid
      crystal material by interposing an electrically conductive material
      between the corresponding electrode terminal and the one electrode. In
      accordance with changes of environment, distinct patterns are obtained by
      making the front electrode of the liquid crystal display element
      transparent and the back electrode thereof a partial light-transmissive,
      mirror-like plane. The life of the liquid crystal element under
      application of D.C. field is increased by using titanium, zirconium and
      palladium as an essential component of the negative electrode of said
      element.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of co-pending application Ser. No. 281,093,
      filed Aug. 16, 1972, by Masachika Yaguichi and Shigetaro Furuta for
      "Electro-Optical Devices" now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates generally to improved nematic liquid crystal
      elements and, more particularly, to such elements consisting of two
      parallel opposed plates, electrodes on the inner faces of each of the
      plates, and a thin nematic liquid crystal layer disposed between the
      plates.
PAR  2. Description of the Prior Art:
PAR  Recently, nematic liquid crystal display elements (hereinafter referred to
      merely as an "element") have been utilized as display elements and light
      modulation elements by causing the nematic liquid crystal (hereinafter
      referred to merely as "liquid crystal") to scatter light upon the
      application of an electrical field, thereby forming various patterns.
      These elements and display devices, and liquid crystal compounds used
      therein, are disclosed, for example, in U.S. Pat. Nos. 3,322,485 and
      3,499,7o2. A fundamental structure of the element, a fundamental wiring
      for applying the field to the element, and types of electrode materials of
      the element are disclosed in these U.S. Patents. In the case where the
      element is incorporated in a practical device or equipment, the element is
      subject to various conditions. For example, the ease with which the
      element may be incorporated in the equipment depends on the space occupied
      by the element, the position the element is to be mounted, the positions
      of connecting wires, and methods used for connecting the wires. Moreover,
      the light rays are directed on the element to make patterns obvious when
      an electric field is applied to the liquid crystal layer, but it is
      influenced by the quantity of the light reflection and light transmittance
      of the electrode films. Furthermore, in the past the elements were driven
      by the application of an A.C. field to prolong the life of the element.
      The use of a D.C. field is advantageous with respect to the life of the
      associated circuits and also permits the use of a battery; however, the
      prior art has not solved the problem of prolonging the life of the element
      when D.C is used.
PAR  When incorporating an element in practical equipment, the wiring between
      the element and equipment can be effectively carried out by mounting all
      of the electrode terminals on the inner face of one plate. In the case of
      the above mentioned U.S. patents, where the electrodes are crossed, the
      plates are shifted relative to each other and the electrode terminals are
      mounted on separate levels (namely, not being on the same level and
      parallel to each other) and wires extending in different directions
      connect the terminal to driving equipment; however, there are practical
      disadvantages of such a technique, as follows:
PA1  1. Because of the terminals being positioned on both plates at different
      levels and directions, the total package size for the element becomes
      large due to the shifted portions of the plate; namely, terminal areas are
      necessary for connections, and they occupy additional space, as compared
      with the case in which the terminals are positioned on the same plate.
PA1  2. When incorporating the element in equipment, the wiring from the driving
      equipment or circuit to terminals becomes complicated because of
      connections in two directions. The use of connectors requires two members
      and is therefore more expensive even when the terminal member is the same.
PA1  3. It is necessary to determine a contact position of the connectors and
      sockets twice and, further, mounting operations and connections increase.
      Moreover, even when electrode terminals are mounted on the same side on
      the inner face of each plate, connecting lead wires, lead frames or
      connectors to each of two opposing electrodes is extremely difficult
      because the space between two plates of the element is within the order of
      5 to 50.mu. in practice. Therefore, all of the electrode terminals should
      be mounted on one plate. To effect this purpose, the electrode terminal
      which is insulated from the other electrode on one plate is mounted on the
      edge of the said plate, and the electrode which is partially opposite to
      the said insulated electrode terminal is mounted on the other plate.
      Interposed between the electrode terminal on one plate and the electrode
      on the other plate is a metallic foil, such as aluminum foil, equal
      thickness to the insulating spacer or several microns thicker than it or,
      in the alternative, a coating of electrically conductive paste over a
      portion of the insulating spacer is to provide position-transference of
      the electrode terminal (hereafter referred to merely as the "transfer
      connection").
PAR  However, the above connecting method has the following disadvantages and
      therefore is extremely low in the electrical reliability and often yields
      failures:
PA1  1. As the liquid crystal penetrates into minute apertures between the
      metallic foil and the electrode, insulation between them or increase in
      electrical resistance due to decrease of contact area of the metallic foil
      with the electrode occurs. Therefore, the desired results cannot be
      attained.
PA1  2. The thickness of a liquid crystal layer cannot be arbitrarily selected
      because a thickness of the metallic foil must be equal to that of the
      spacer or slightly thicker than the latter.
PA1  3. Where the transfer area, namely the area of an electrode terminal to
      which a transfer connection is to be made, is small, the interposing of
      the foil is quite difficult.
PA1  4. As the interposed foil is not reliably fixed and may shift in the liquid
      crystal, it is apt to move from a position at which the transfer
      connection of an electrode terminal is effected and to contact with other
      electrodes, thereby causing a short or cross charging effect or not
      effectively performing the connection.
PA1  5. There are some difficulties in manufacture in that the foil must be
      interposed between two electrodes before filling the liquid crystal.
PA1  6. Manufacture of the element needs a skilled worker.
PAR  Also, in the case where an electrically conductive paste is used for the
      metallic foil, there are the following disadvantages:
PA1  1. The conductive paste is apt to dissolve in the liquid crystal because of
      directly coming into contact therewith and disperse therein thereby
      causing a short.
PA1  2. The dissolution of the conductive paste affects the property of the
      liquid crystal.
PA1  3. There are some difficulties in manufacture in that the conductive paste
      must be coated with the uniform thickness on the given small area.
PA1  4. In manufacturing the element, it is necessary to pile electrode patterns
      mounted on the plates opposite each other simultaneously with coating the
      paste which requires a great deal of skill.
PAR  On the other hand, as the liquid crystal itself does not emit light by the
      application of an electrical field or current, there is need to utilize a
      light source, such as daylight, room light or a spot light when
      incorporating the element to the equipment. In such an element, a plate
      and electrode on the front side thereof must necessarily be transparent,
      while a plate and electrode on the back side thereof may be transparent or
      reflective. The term "the front" used hereinafter in relation to a pair of
      plates of the element and an electrode mounted on the inner face of each
      of the plates is referred to as designating the plate mounted electrode
      directed to an observer side and the term "the back" as the plate mounted
      electrode positioned opposite to the observer side.
PAR  Transparent electrodes are, for example, obtained by vacuum depositing, for
      instance, tin oxide, indium oxide or tantalum on a transparent plate such
      as glass plate, while reflective electrodes are, for example, obtained by
      vacuum depositing, plating or printing a metal such as chromium, nickel,
      copper, lead, silver, gold aluminum, titanium or an alloy such as Inconel
      on a glass plate, ceramic plate or plastic plate. When the incident light
      is scattered by the liquid crystal layer under the application of the
      field, a portion of the light passes through the light scattering area,
      but in the case of using a reflective electrode as the back, this portion
      of the light is reflected through the scattering area, so that the
      contrast increases.
PAR  On the other hand, in the case of using a transparent electrode mounted on
      a transparent plate as the back, the light scattering by the liquid
      crystal is inferior to that in the reflective electrode in contrast and it
      is difficult to observe. Therefore, increase of contrast is effected by
      providing a source of light to the rear on the inside of an
      element-incorporated device and emitting the light at the proper angle.
PAR  Thus, in order to have the observer distinguish patterns, the light must be
      directed onto the element from the observer side when using the reflective
      electrode as the back, while in the case of using the transparent
      electrode as the back, the light must be emitted from the rear (namely
      opposite to the observer side). However, in the case of an element wherein
      the back is of a transparent electrode, a source of light is provided to
      the rear on the inside of the device as mentioned above and there is
      always need to turn on the light during operation of the element.
      Accordingly, there are economic disadvantages in that the source of light
      needs a great deal of energy and the transparent electrode is relatively
      expensive as compared with the reflective electrode.
PAR  Next, in the case of an element wherein the back is of a reflective
      electrode, if it is attempted to obtain an excellent contrast with
      daylight or room light only, the element must be observed in bright
      surroundings, if possible. But, where the surrounding is dark, it is
      impossible to increase the contrast. Accordingly, an illuminator is
      provided to obtain the required contrast to the front of the element.
      However, it is necessary to provide a space for receiving the illuminator
      to the front in the inside of the device, namely to the observer side of
      the element and therefore it is economically disadvantageous in that the
      size of the device itself becomes too large. Moreover, because of the need
      of housing for receiving the illuminator, the observation angle is
      limited, and the external light rays are obstructed by it.
PAR  When incorporating a liquid crystal element filled with a thin liquid
      crystal layer between a pair of electrodes into a device to be used in
      practice, practical problems of the life of the element become most
      important. The liquid crystal causes light scattering under the
      application of either direct current or alternating current voltages above
      a threshold value.
PAR  On the other hand, from the aspects of a circuit for driving the element or
      costs thereof the application of D.C. or a D.C. pulse field is quite
      desirable. The advantages are that the element can be driven with low
      voltages and also that the low consumption of power are compatible with
      portable instruments utilizing a battery. However, when the element is
      driven under the application of D.C. or a D.C. pulse field, particularly
      in the initial step of the application, foams emerge in the element and
      the liquid crystal itself turns yellow thereby becoming impossible to use.
      In the case that an electrode of the generally used metals, such as
      aluminum, chronium, copper, gold or silver is utilized as a positive
      electrode under the application of D.C. field, the resulting anodic
      oxidation and effluence of the metals have a bad influence upon the liquid
      crystal, and also the electrode is often peeled off. The electrode of the
      above metals can be used as a negative electrode only in order to prevent
      these disadvantages although it is of no use to prevent emergence of foams
      and yellowing of the liquid cyrstal. Also, even when the negative
      electrode is made from metal oxides such as tin oxide or indium oxide, the
      foaming or yellowing occurs. These drawbacks, namely the emergence of
      foams and the yellowing of the liquid crystal have been considered due to
      impurities present in the liquid crystal or properties of the liquid
      crystal itself, but this has not been made clear yet. Introductions of a
      novel additive to the liquid crystal of the synthesis and improvement of
      the liquid crystal have been studies, but the useful ones have not as yet
      been found.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a liquid
      crystal display element composed by a pair of electrodes and a thin liquid
      crystal layer between them which features simplicity of incorporating the
      element to a driving equipment, easiness of manufacturing the element and
      high electrical reliability in use over a long time by transferring a
      terminal of the other electrode onto the same plane as that of one
      electrode-mounted plate without coming into contact with the liquid
      crystal.
PAR  Another object of the invention is to provide a liquid crystal element
      capable of indicating obvious patterns with excellent contrast in
      accordance with changes in the environment with or without lighting a
      light source mounted in a device by using an electrode film having a
      specific light transmittance.
PAR  Still another object of the invention is to provide a liquid crystal
      element capable of remarkably increasing the life thereof by using a
      specific conductive film for a specific electrode under the application of
      direct current field.
PAR  The foregoing and other objects of the invention are attained in a liquid
      crystal element composed of a pair of opposite electrode-mounted plates
      and a thin liquid layer between them by providing an improved structure
      having a terminal of the other electrode on the same plane as one
      electrode-mounted plate, which comprises positioning on an edge of one
      electrode-mounted plate an electrode terminal insulated from the electrode
      on one said plate and interposing an electro-conductive material between
      the said electrode terminal and an electrode end on a cut edge of the
      other electrode-mounted plate opposite to the said edge of one
      electrode-mounted plate.
PAR  Another aspect of the invention is directed to an improved liquid crystal
      element characterized in that the front electrode of a liquid crystal
      element is transparent and the back electrode is of reflective materials
      with a mirror-like plane reflecting a portion of the incident light rays.
PAR  Still another aspect of the present invention is directed to an improved
      liquid crystal element characterized by a negative electrode in contact
      with a liquid crystal and essentially consists of titanium, zirconium or
      palladium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1-A and FIG. 1-B represent a plane view of each of the
      electrode-mounted plates constituting an element.
PAR  FIG. II --represents a sectional view of an element filled with a liquid
      crystal between two electrode-mounted plates as indicated in FIG. 1-A and
      FIG. 1-B positioned opposite each other, along line II-- II of FIGS. 1-A
      and 1-B.
PAR  FIG. 3 represents a longitudinal sectional view of a liquid crystal element
      of an embodiment of the element according to the present invention.
PAR  FIG. 4 and FIG. 5 represent sectional views of display devices assembled
      with an element wherein the front is a transparent electrode and the back
      a reflective electrode.
PAR  FIG. 6 represents a sectional view of a display device assembled with an
      element wherein both the front and the back are transparent electrodes.
PAR  FIGS. 7, 8 and 9 represent sectional views of other embodiments of a
      display device assembled with an element according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 2, a nematic liquid crystal display element is formed by
      positioning two electrode-mounted plates, as indicated in FIGS. 1-A and
      1-B opposite to each other and filling the space between them with a
      liquid crystal. Transparent electrodes 2 and 3 are mounted on plate 1, and
      beside an electrode terminal 2', electrode 3 insulated therefrom is used
      as a terminal. Transparent or reflective electrode 4 is mounted on plate
      5. Insulating spacer 6 is interposed between two plates 1 and 5, and
      liquid crystal layer 9 fills the space between plates 1 and 5. The element
      is completed by sealing material 7 between plates 1 and 5. Lead wires or
      lead frames or connectors 10 and 10' are connected to the terminals 3 and
      2' respectively. Numeral 8 represents a conductive metal foil such as
      aluminum foil or a dried coating of a conductive paste. As shown in FIG.
      2, the transfer connection of electrode terminals has been effected by
      interposing metal foil 8 equal to the thickness of insulating spacer 6, or
      several microns thicker, or coating a conductive paste between electrodes
      3 and 4 thereby, besides the connection of lead wire 10' to electrode
      terminal 2', lead wire 10 is connected to the other electrode terminal 3
      on the same face. However, as mentioned hereinbefore such a transference
      method has various disadvantages.
PAR  The preferred embodiment of the element of the present invention is
      illustrated in FIG. 3. Numeral 11 represents an electro-conductive
      material, for example a conductive coating, or filler comprising a
      conductive paste or soft solder. An edge of plate 5 opposite to the
      electrode-transferred area on plate 1 or electrode terminal 3 has face 12
      cut diagonally. Plate 13 is the initial cut edge of plate 5. Electrode 4
      is extended on plate 5 to the diagonal plane 12 and, if necessary, to the
      perpendicular plane 13 to become an electrically continued form
      (hereinafter referred to as "continuous electrode"). As shown in FIG. 3
      sealing material 7 is filled between plate 1 and plate 5 not to cover
      electrodes 3, 12 and/or 13, and then a conductive material 11, such as
      soft solder, is coated or dropped on the sealing material to form a
      conductive coating or filler between electrode 3 and electrodes 12 or 13
      whereby the transfer connection of the electrode is effected. The
      procedure for mounting an electrode on plate 5 processed in the inclined
      plane as shown in FIG. 3 is the same as the case where an electrode is
      mounted on the planer plate as shown in FIG. 2 and does not need any
      additional manufacturing steps. Also, in case that a plurality of the
      patterns indicated in FIGS. 1-A and 1-B are mounted opposite one another
      in a linear array, the connection can be quite similarly affected. For
      example, when a plurality of the patterns indicated in FIG. 1-B are in an
      electrically insulated state separately mounted on the same plane, the
      connection can be effected to each of the corresponding electrode
      terminals. When it is intended to apply the field through only a transfer
      area by making a plurality of electrode patterns continuous electrically,
      the transfer connection can be effected at the same time to all of these
      electrodes by making electrodes on the inclined plane 12 or perpendicular
      plane 13 continuous electrically. (It is also naturally possible to mount
      the electrodes on a flat plane of plate 4 continuous electrically, but it
      does not present a good appearance.) Further, by mounting an electrode
      film over all the surface of planes 12 and 13, it is possible to transfer
      the electrode to any one of several transferring terminals on plate 1. If
      it is desired to make the above continued electrode film separate, the
      said electrode film can be easily cut by a knife edge or diamond cutter to
      the insulated state.
PAR  According to the present invention, the cut edge of plate 5 may be in any
      form of perpendicular, slope, circular arc, a portion of a polygon and
      others. Preferably, the cut edge is in the form of a slope or a portion of
      polygon as indicated in FIG. 3 or a circular arc, because it is possible
      to prevent the insulation or the increase in electrical resistance when
      mounting a continuous electrode. The liquid crystal used in the present
      invention is not restricted as far as it is a nematic liquid crystal
      compound possessing electro-optical properties. Examples of such compounds
      are, for example, disclosed in U.S. Pat. Nos. 3,322,485 and 3,499,702.
      Their mesomorphic ranges (temperature ranges necessary to exhibit a liquid
      crystal state) depend on types of the compounds. Preferably, the compounds
      exhibiting a liquid crystal state at the normal temperature are used in
      the present invention. It is possible for compounds having no mesomorphic
      range at the normal temperature to exhibit the liquid crystal state at the
      normal temperature by mixing two or more of them in a certain ratio.
      Accordingly, the liquid crystal can be used alone or in mixture.
PAR  According to the present invention, it is possible to transfer the
      connection of electrode terminals without using a metal foil and coming
      into contact with the liquid crystal and therefore there are the following
      advantages:
PA1  1. The transferring connection is surely attained and the electrical
      reliability is excellent; that is, there is no movement of a material
      coming into contact with the connecting area, and the transference can be
      certainly effected. As a result, failures in manufacture and in use
      decrease.
PA1  2. The conductive coating or filler for use in the transfer connection can
      be formed by mere coating or dropping of a conductive material so that the
      manufacture is simple and the failures in a conductive film are easily
      corrected. Moreover, the workers do not need to be highly skilled.
PA1  3. For example, as said before, in FIG. 3 when mounting an electrode film
      over both planes 12 and 13 of the cut edge, connection can be effected to
      any transfer terminal 3 on plate 1, and, further, the viewing area does
      not become obstructed but, rather, presents a good appearance.
PA1  4. It is possible to effect the electrode transfer connection either before
      or after injection of the liquid crystal; consequently, manufacture of the
      element is facilitated.
PA1  5. Limitations on the thickness of the film that were restricted by the
      aluminum foil are eliminated.
PAR  The position-transfer connection system for the electrode terminal
      according to the present invention is applicable not only to the liquid
      crystal element but also to electro-luminescent cells, plasma display
      panels, condensers and other devices which need two opposing electrodes
      with a narrow distance between them.
PAR  According to another aspect of the invention, a liquid crystal element is
      constituted by the front electrode which is transparent and the back
      electrode which is of a reflective material with a mirror-like plane
      reflecting a portion of incident light rays, as for example a so-called
      half-mirror having light transmittance preferably within the range of
      about 30 to 70%. The term "light transmittance" used herein means a rate
      of light transmission in relation to a glass plate without an electrode
      mounted thereon. When the light transmittance of the electrode is above
      about 70%, the pattern becomes unobvious because of a decrease in the
      reflection of the incident light rays on the observer side. On the other
      hand, when the light transmittance is lower than about 30%, it is
      difficult for the observer to distinguish the patterns because, when a
      source of light mounted to the rear on the inside of the device is
      provided, the quantity of the light rays therefrom to the observer side is
      reduced.
PAR  The materials of the back electrod used in the present invention are
      aluminum chromium, nickel, copper, gold, silver, titanium and the like.
      The back electrode is in general formed by vacuum depositing the metals on
      the glass plate. In this case, a half mirror having the transmittance
      within the above mentioned range is obtained by adjusting the
      vacuum-deposited film. The vacuum-deposited film may be in the form of a
      laminate of metals of two or more. The thickness of the vacuum-deposited
      film depends on the materials used. For example, with an aluminum film of
      the thickness in order of 2000A is difficult to attain the above effects,
      whereas with a half mirror of the thickness in order of 500A the purpose
      can be attained sufficiently. Chromium, nickel, copper, gold and titanium
      can be similarly used by forming a film of the thickness in accordance
      with their transmittance characteristics. l
PAR  Besides the so-called half mirror obtained by adjusting the thickness of
      the vacuum deposited film as mentioned above, the back electrode with a
      semi-transparent mirro-like plane according to the present invention
      includes one obtained by etching a vacuum deposited film of a perfect
      mirror type to form a great number of the fine holes, for example, of 0.1
      mm in diameter (making the light transmittance per a unit of surface area
      about 40%). The semi-transparent mirror-like plane obtained thus has the
      advantages that the light transmittance can be more accurately controlled
      as compared with the half-mirror, and the back electrode reliability in
      conductivity is obtained. The above mentioned fine holes are not
      restricted to a round form and may be in any geometrical form of, for
      example, rectangle, ellipse, rhombus, arc and others. The fine holes can
      be also arrayed to form a proper macroscopic pattern
PAR  Display devices 21 assembled with an element of which the front is a
      transparent electrode and the back is a reflective electrode are shown in
      FIGS. 4 and 5. Also, a display device 21 assembled with an element of
      which both the front and back are transparent electrodes is shown in FIG.
      6. There are disadvantages that these elements could be utilized only
      under the specific conditions as mentioned hereinbefore.
PAR  The drawings of from FIG. 7 to FIG. 9 show display devices assembled with
      an element embodying the present invention. Element 25 is composed of
      plate 1 having transparent electrode 2 mounted thereon and plate 5 having
      a semi-transparent electrode 24 mounted thereon. Devices 29, shown in
      FIGS. 7 and 8, are provided with a light source 28 to the rear in the
      inside thereof, and, moreover, reflective plates 26 and screening plate 27
      may be provided as shown in FIG. 7. As shown in FIG. 9, an external light
      source 28' may be provided to the rear of the display device. When light
      source 28 or 28' is directed on the back face of element 25 as indicated
      by the arrows, the position of the light source and the angle of the
      incident light should be selected so that a concentrated beam of light
      rays is incident on element 25.
PAR  When an element according to the present invention in which a
      semi-transparent mirror-like plane having both the light reflecting and
      transmitting properties is used as the back electrode, there is no need to
      tunr on light source 28 or 28' if the external ambient light (for example,
      daylight, room light, etc.) are sufficiently bright. Light rays from
      source 28 or 28' are directed on the back face of element 25 only if the
      external light is not bright enough to present excellent contrast.
      Accordingly, an excellent contrast is always and economically obtained
      notwithstanding changes in the surrounding conditions.
PAR  According to still another aspect of the present invention, the emergence
      of gas under the application of a direct current or a direct current pulse
      field can be extremely reduced by using a conductive material essentially
      consisting of titanium, zirconium or palladium as a negative electrode of
      the element. Therefore, life of the element can be remarkably extended.
      Negative electrodes used in the present invention can be prepared by
      vacuum depositing titanium on a substrate or fixing or sticking a foil or
      plate of zirconium or palladium on the substrate to form the desired
      patterns or fixing together these materials and insulators in the block to
      form the desired patterns.
PAR  The present invention illustrated by the following examples which should
      not be construed as restricting the present invention.
PAC  EXAMPLE 1
PAR  In FIG. 3 a float glass plate of 3 mm in thickness was used as substrates 1
      and 5. Substrate 5 was in advance processed so that the length of inclined
      plane 12 is 1.4 mm (an angle of inclination of 4.5.degree.). Electrodes 2
      and 3 were made of tin oxide and a continuous electrode on substrate 5
      were made from aluminum. The liquid crystal,
      N-(4-methoxybenzylidene)-(4'-butyl)aniline (MBBA) was sandwiched in
      between the electrodes to form a layer of about 20 .mu. in thickness.
PAR  Dotite (tradename by Fujikura Kasei Corp., Japan, an electrical conductive
      paste comprising an epoxy resin and silver powder) as a conductive
      material for use in the transfer connection was coated between electrode 3
      and electrodes 12 and 13 to form a conductive film 11.
PAR  Consequent on the application of D.C 20 volts between lead wires 10 and
      10', there was no electrical failure.
PAC  EXAMPLE 2
PAR  An element of the same structure as Example 1 was made except that
      electrodes 2 and 3 were made of indium oxide and the continuous electrode
      was made from titanium.
PAR  The same effect as that of Example 1 was obtained.
PAC  EXAMPLE 3
PAR  An element of the same structure as Example 2 was made except that a
      continuous electrode made from aluminum was mounted on plate 5 of which
      the cut edge for the transfer connection area was a perpendicular.
PAR  The effect as mentioned in Example 1 was obtained.
PAC  EXAMPLE 4
PAR  An element was produced in the same procedure was Example 1 except that
      electrodes 2 and 3 were made of indium oxide and the continuous electrode
      was made from titanium.
PAR  The same effect as that of Example 1 was obtained. In this case an epoxy
      resin was further coated on conductive film 11 to protect the conductive
      portions from the exterior.
PAC  EXAMPLE 5
PAR  Each of eight in number of patterns 2 and 3 of a tin oxide electrode as
      indicated in FIG. 1-A was mounted on plate 1 electrically insulated from
      one another by photo-etching, while each of eight in number of pattern 4
      of a continuous electrode of aluminum as indicated in FIG. 1-B was mounted
      on plate 5 electrically insulated from one another by photo-etching. In
      this case, each of patterns of FIG. 1-A is opposite to each of the
      corresponding patterns of FIG. 1-B. Eight transfer connections were
      effected by using a soft solder as the conductive material. Other
      conditions were the same as those of Example 1.
PAR  The same effect as that of Example 1 was obtained.
PAC  EXAMPLE 6
PAR  The element of the same structure as that of Example 3 was made except that
      the transfer connection areas were four in number and electrodes 2 and 3
      were made of tin oxide while the continuous electrode contrasts made from
      titanium.
PAR  The same effect as that of Example 1 was obtained.
PAC  EXAMPLE 7
PAR  An element consisting of two float glass plates, the front electrode on the
      inner face of one plate being made of indium oxide and the back electrode
      on the inner face of the other plate being an aluminum film of about 500A
      in thickness having a light transmittance of about 50%, is used in this
      example. MBBA was used as a liquid crystal and a thickness of the layer is
      about 20 .mu.. The aluminum electrode had such an electrical conductivity
      as not at all affecting the driving of the element.
PAR  As shown in FIG. 7, an incandescent electric lamp of 20 watts as a light
      source was provided to the rear on the inside of a device. A potential of
      20 volts D.C. was applied to the element. When observing the device in the
      bright external light without illumination by light source 28, the
      resulting contrast was slightly reduced as compared with the case of using
      a mirror plane of the light transmittance of 0% as the back electrode, but
      was superior as compared with the case of using a transparent electrode as
      the back. When lighting the rear lamp fully obvious contrasts were
      obtained even in the dark.
PAC  EXAMPLE 8
PAR  An element was produced having the same constitution as that of Example 7
      except using a fluorescent lamp of 10 watts as the light source was used.
PAR  The same effect as that of Example 7 was attained.
PAC  EXAMPLE 9
PAR  The same element as that of Example 7 was made except using the same
      electrode transfer connection system as that of Example 1 was employed.
PAR  The same effect as that of Example 7 was obtained.
PAC  EXAMPLE 10
PAR  The same element as that of Example 7 was made except that the back
      electrode was made of titanium film of about 300A in thickness having a
      light transmittance of about 40% was used. When observing the element the
      resulting patterns were slightly unobvious as compared with the case of
      using a titanium electrode of the light transmittance of 0% as the back
      electrode, though the other effects were as mentioned in Example 7.
PAC  EXAMPLE 11
PAR  The same element as that of Example 10 was made except that the same
      electrode transfer connection system as that of Example 1 was employed.
PAR  The same effect as that of Example 10 was obtained.
PAC  EXAMPLE 12
PAR  An element was prepared in the same manner as Example 10 except that the
      front electrode was made of tin oxide and the electrode transfer
      connection was effected as mentioned in Example 3.
PAR  The same effect as that of Example 10 was obtained.
PAC  EXAMPLE 13
PAR  The procedure of Example 7 was repeated except using the same electrode
      transfer connection as that of Example 3.
PAR  The same effect as that of Example 7 was obtained.
PAC  EXAMPLE 14
PAR  The procedure of Example 7 was repeated except using the same electrode
      transfer connection system as that of Example 1.
PAR  The same effect as that of Example 7 was obtained.
PAC  EXAMPLE 15
PAR  The back electrode was produced by photoetching an aluminum film of about
      1,100A in thickness having a mirror-like plane of the light transmittance
      of 0% to form a great number of holes of 0.1 mm in diameter thereby making
      a light transmittance per unit area of about 50%.
PAR  An element was constituted in the same manner as Example 5. The test
      resulted in the same effect.
PAC  EXAMPLE 16
PAR  The procedure of Example 15 was repeated except using the same electrode
      transfer connection system as that of Example 1.
PAR  The same effect as that of Example 15 was obtained.
PAC  EXAMPLE 17
PAR  In an element filled with a liquid cyrstal, MBBA having a layer thickness
      of 12.mu., a conductive coating of tin oxide was used for a positive
      electrode and the following metal coatings for a negative electrode. A
      life test of the element was measured under the application of 24 Volts
      D.C. The results are indicated below:
TBL                                    Table                                   
     __________________________________________________________________________
     negative electrode                                                        
               Al Cu                                                           
                    Pb An Ni  Au SnO.sub.2                                     
                                     Ti   Zr   Pd                              
     __________________________________________________________________________
     life (hr.)*                                                               
               4  4 22 48 160 50 3   &gt;1000                                     
                                          &gt;1000                                
                                               &gt;1000                           
     __________________________________________________________________________
      *Time until the liquid crystal shows the emergence of foams and signs of 
      yellowing.                                                               
PAR  The above table shows that the life was extremely extended by using
      titanium, zirconium or palladium as the component of the negative
      electrode.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a liquid crystal element consisting of first and second opposed
      plates, first and second electrodes mounted on the facing surfaces of said
      first and second plates, respectively, and an insulating spacer interposed
      between said plates, a nematic liquid crystal filled between said two
      plates and within said insulating spacer, the improvement wherein one of
      said first and second electrodes is selected from the group consisting of
      titanium or zirconium.
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ABST
PAL  A reflective type display apparatus comprising display means having light
      scattering areas and transparent areas backed by light reflective means.
      Transparent light refracting means is disposed at the front of the display
      means and has nonparallel front and rear surfaces. Light absorptive means
      is disposed between the front surface and the display means and outside
      the region of transparency between the display means and an observer.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention is related to displays which specularly and diffusely
      reflect light incident on the display surface back toward a frontal
      viewing space so as to manifest a desired indicia pattern. Such displays
      will be generally referred to herein merely as reflective displays.
PAR  One of the most common types of reflective display is the liquid crystal
      cell operated in the reflective mode. As is well known in the art, nematic
      liquid crystal material changes from a light transparent state to a light
      scattering state when subjected to an electric field. Thus by application
      of an electric field across patterned portions of a body of liquid crystal
      material an indicia pattern defined by the combination of transparent
      areas and light scattering areas is generated. When backed by a light
      reflective surface and illuminated from the front, the generated indicia
      pattern is manifested to an observer located in the frontal viewing space.
      However, the indicia pattern, or the "picture" produced, has very limited
      contrast. Moreover, the reflective surface backing the liquid crystal cell
      produces undesirable reflections of random objects, many times reflecting
      distracting movement or annoying light sources.
PAR  One approach to improving contrast is shown in U.S. Pat. No. 3,499,112,
      Heilmeier et al. Therein is described a flat, reflective type liquid
      crystal cell housed in a box behind an aperture approximately the same
      size as the cell. Hinged at one edge of the aperture, a black opaque lid
      is raised to permit observation of the cell at grazing angles over the
      opposite aperture edge. The lid protrudes significantly forward of the
      cell and is angularly positioned to intercept optical ray paths between
      itself and the observer which are specularly reflected from the reflective
      surface of the cell. Thus the transparent areas appear darker than the
      light diffusing areas.
PAR  Such an approach has several limitations. The enclosure plus protruding lid
      produces a very limited frontal viewing angle from which the indicia
      pattern may be viewed in total. Moreover the significant forward
      protrusion of the lid is undesirable in many applications such as aircraft
      cockpit displays and electronic watch displays. The same is true of other
      applications where thin substantially flat displays are desired or a
      substantially flush mounting is desired. Also, the protrusion of the lid
      prevents a great deal of ambient light from impinging on the diffusing
      areas of the liquid crystal, thereby reducing brightness of these areas.
      Such a reduction in brightness may counteract at least part of the
      additional contrast provided by the black protruding lid. Furthermore, as
      will be later seen, the lid blocks the light which would be most
      advantageous for illumination.
PAR  Thus it is an object of this invention to provide an improved reflective
      display apparatus which overcomes these and other disadvantages of the
      prior art.
DRWD
PAR  These and further objects, features, and advantages of the invention will
      become more apparent upon reference to the following specification,
      claims, and appended drawings wherein:
PAR  FIG. 1 is a perspective view representing the presently preferred
      embodiment of this invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 1;
PAR  FIGS. 3, 4, 5 and 6 are somewhat schematic end views of the preferred
      embodiment and illustrate certain principles of operation; and
PAR  FIG. 7 is a somewhat schematic end view representing exemplary alternatives
      to the preferred embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A display apparatus incorporating the principles of the present invention,
      and in addition representing the presently preferred embodiment is shown
      in FIGS. 1 and 2. This embodiment includes a reflective liquid crystal
      display 11 fronted by a substantially triangular prism 13, one of whose
      sides bears a light absorptive coating 15. Since liquid crystal display
      (LCD) devices and the associated phenomenon are detailed in the art (see
      U.s. Pat. Nos. 3,499,702; 3,674,341 and 3,499,112) only a brief
      description, appropriate for purposes of describing the present invention,
      and dealing with construction and operation, is presented below.
PAR  Referring then briefly to the FIG. 2 cross-sectional view, front and rear
      glass plates 17 and 19 in conjunction with spacer seal 21 retain liquid
      crystal fluid 23. (Note that the distance between plates is exaggerated
      for clarity.) On the inner surface of rear plate 19 is an electrically
      nonconductive, light reflective surface 25. The preferred reflective
      surface is a partially reflective, dichroic, dielectric material available
      from Optical Coating Laboratories Incorporated of Santa Rosa, California.
      The inner surface of glass plate 17 and the inner face of reflective
      surface 25 bear the transparent electrodes 27 that energize the liquid
      crystal fluid 23. In the preferred embodiment, nematic liquid crystal
      material is employed. The transparent electrodes 27 comprise transparent
      conductive material deposited on the appropriate surfaces. On one of the
      surfaces it is deposited in the pattern to be displayed, most generally in
      a segment pattern, with conductive leads brought to terminations.
      Generally the other electrode located opposingly across the fluid is
      nonpatterned and has a single lead brought to termination. The border
      around the perimeter of the crystal formed by spacer seal 21 is preferably
      black and opaque. The liquid crystal fluid area inside the border is
      transparent when the crystal is not energized and light impinging thereon
      is specularly reflected from reflective surface 25. When the electrodes
      forming a display character are energized, the liquid crystal fluid
      between the front and back electrodes dynamically scatter light and
      therefore appears semiopaque or translucent. More particularly, the
      energized portions of the fluid forward scatter light on toward the
      reflective surface and then forward scatter back toward an observer the
      light returning from the reflective surface. The size and shape of the
      area of light scattering is the same as the energized character forming
      electrode. Although their roles may occasionally be reversed as to which
      areas form the characters and which areas form the background, in any
      event the light scattering areas together with the transparent areas
      define the indicia to be displayed.
PAR  As will be realized, the display device may comprise any material
      containing both areas capable of light scattering and transparent areas.
      For instance, a frosted pattern on a transparent plate of acrylic plastic
      material, or some type of a negative.
PAR  The prism 13 of FIGS. 1 and 2 comprises a triangular block of transparent
      material whose surfaces have been highly polished and whose index of
      refraction is significantly greater than air or the environmental medium
      in which the display is intended to function. Glass or a transparent
      acrylic plastic material (e.g. Plexiglas brand acrylic material) is
      presently preferred.
PAR  The prism 13 is disposed at the front of the LCD and provides a transparent
      region of light refracting material between an observer and the LCD. The
      rear surface 31 of prism 13 and the front glass retaining plate of the LCD
      are juxtaposed, and in the preferred embodiment, are juxtaposed by bonding
      them together with an optically clear adhesive whose index of refraction
      is similar to glass. Also in the preferred embodiment the front surface 33
      of prism 13 forms an angle .phi. with the rear prism surface 31 where
      .phi. is in the range of about 0.5.gamma..sub.c to 0.9.gamma..sub.c and
      .gamma..sub.c is the critical angle of incidence for the particular prism
      material employed. .gamma..sub.c = sin.sup.-.sup.1 (Na/Ng) where Na and Ng
      are respectively, for the preferred embodiment, the indices of refraction
      of air and the prism material. It is particularly preferable that .phi. be
      approximately equal to 0.85 .gamma..sub.c. Thus for the preferred material
      .phi. is approximately 35.degree.. A light absorber 15 is disposed between
      the front prism surface and the LCD, but outside the region of
      transparency between the LCD and an observer. As indicated in FIG. 2, in
      the preferred embodiment the light absorber is disposed along the third
      lateral face 35 of the prism 13. Preferably it also extends over the
      adjacent edges of the LCD leaving only surface 33 from which light may
      enter the device and from which the device can be viewed. Also, it is
      preferred that the absorber extend slightly up onto face 33, curling
      around and covering the lower front corner of the prism. The absorber is
      preferably black and opaque and comprises a thin coat of black epoxy
      paint. Other colors which are good light absorbers may also be used.
PAR  Operation of the apparatus may best be understood by reference to FIGS. 3,
      4, 5 and 6 collectively. Moreover it will be assumed that at least some
      light is entering the apparatus from the front and impinging on the liquid
      crystal fluid.
PAR  Referring then to FIG. 3, an "on" liquid crystal segment in conjunction
      with the reflective surface diffusely reflects incident light back toward
      an observer. The scattered rays which strike the front prism surface 33 at
      an angle greater than .gamma..sub.c are internally reflected and not
      viewed. The rays which impinge on the front surface 33 at an angle less
      than .gamma..sub.c are refracted at the interface and passed on to an
      observer, thereby making the "on" segment visible. Theoretically, at least
      some light is directed to an observer anywhere to the left of front
      surface 33. This is, of course, because at angles approaching the critical
      angle of incidence the rays are bent almost parallel to the front surface
      33. Thus, the angular range over which "on" segments are theoretically
      viewable is .+-. 90.degree. with respect to a line of sight normal to the
      front surface. (Observer position 1 represents a zero degree line of
      sight; i.e. one normal to the front surface; observer position 2
      represents positive viewing angles; and observer position 3 represents
      negative viewing angles.) However, due to loss of resolution and
      brightness at the larger angles, the angular range over which "on"
      segments provide legible indicia is, as a practical matter, less than but
      approaching a full 180.degree..
PAR  FIGS. 4 and 5 illustrate how in the preferred embodiment the background of
      the liquid crystal display is made to appear in contrast to the "on"
      segments. Briefly, all lines of sight originating from the 0.degree. to +
      90.degree. range (i.e. positions 1 and 2) and incident on transparent
      liquid crystal areas are eventually terminated at light absorber 15 or
      seal 21 which is also a light absorber. Depending on angle .phi., some
      viewing angles below 0.degree. (i.e. position 3) also terminate at light
      absorber 15. More particularly, consider ray paths P.sub.a, P.sub.b, and
      P.sub.c from observer position 1 in FIG. 4. P.sub.a, P.sub.b, and P.sub.c
      enter the prism, pass through the transparent portions of the liquid
      crystal fluid, and strike the reflective surface 25. Since the reflective
      surface is sloped at an angle .phi., the angle of incidence for each of
      P.sub.a, P.sub.b, and P.sub.c is equal to .phi. as is the angle of
      reflection. P.sub.c reflected directly onto absorber 15 but reflected
      P.sub.a and P.sub.b intersect front prism surface 33 at an angle, in this
      example, of 2.phi..
PAR  Having selected .phi. in the preferred embodiment such that it is equal to
      or greater than 1/2 the critical angle .gamma..sub.c, internal reflection
      occurs at front prism surface 33. P.sub.b is thus reflected onto absorber
      15. P.sub.a is reflected back to reflective surface 25 from which it is
      then reflected onto absorber 15. Thus to an observer in position 1, all
      the transparent portions of the liquid crystal material appear dark and in
      substantial contrast to the "on" light diffusing segments. Analogous ray
      path tracing from an observer in position 2 to eventual termination at a
      light absorber, (see ray paths P.sub.d and P.sub.e) shows that for
      positive viewing angles also, a full contrasting background is provided.
      Note that if absorber 15 is disposed closer to the crystal fluid than
      illustrated, it will terminate all the ray paths, and any reliance on
      absorber 21 is obviated. Depending on angle .phi., an observer can also
      view the contrasting background from negative viewing angles. For any
      given angle of .phi., there is, however, a limit of angle .alpha. (see
      FIG. 5) for which internal reflection will occur and the background
      contrast can be observed. A ray incident on surface 33 at an angle .alpha.
      with respect to the 0.degree. line of sight, by Snell's law is refracted
      at the interface such that the ray forms angle .alpha..sub.1 with respect
      to the 0.degree. line of sight within the transparent portion of the
      prism. The relationship of .alpha. and .alpha..sub.1 is sin .alpha..sub.1
      /sin .alpha. = Na/Ng where Na = index of refraction of air = 1, and Ng =
      index of refraction of the prism. The ray then becomes incident at
      reflective surface 25 of the LCD at an angle of incidence .beta. with
      respect to a normal to reflective surface 25. The angle of the reflected
      ray is equal to the angle of incidence .beta. and the ray intersects
      perpendicular surface 33 of the prism at angle .gamma.. If angle .gamma.
      is greater than the critical angle of incidence, the ray is internally
      reflected onto absorber 15. When this occurs, the absorber is the apparent
      image which is observed by the viewer which in the preferred embodiment is
      selected to provide high contrast with energized segments. Thus the
      limiting angle from negative viewing aspects (i.e. position 3) is a
      function of the critical angle of incidence .gamma..sub.c and angle .phi.
      of the prism and it may be shown that .gamma..sub.c = 2.phi. - sin
      .sup.-.sup.1 [sin .alpha. Na/Ng]. Although the angular range for viewing
      contrast is limited (in the preferred embodiment), the total angular range
      over which contrast is provided is a substantial increase over that
      obtainable with prior art reflective displays. Moreover, even though
      contrast may not be viewable over the full range of negative viewing
      angles, the "on" segments as earlier explained, are viewable from an
      angular range approaching 180.degree. and encompassing both positive and
      negative viewing angles. This is also a substantial improvement over the
      prior art.
PAR  FIG. 6 illustrates some of the effects that various lighting conditions
      have on the preferred embodiment. As is apparent from the drawing, if
      light, originating from anywhere within the angular range in which
      contrast is provided (indicated generally by lamps L1 and L2), enters the
      prism and is incident on a transparent portion of the liquid crystal
      material, it is reflected on toward, and eventually terminated at, a light
      absorptive surface. Thus light originating from these positions never
      escapes the prism and is never observed directly. Moreover, light from
      these angular aspects provides some illumination of the light diffusing
      "on" segments and contributes to the brightness observed from any of the
      positions 1, 2, or 3 as previously defined.
PAR  If light, originating from negative viewing angles outside the
      contrast-viewing angular range (indicated by lamps L3 and L4), enters the
      prism and is incident on transparent fluid areas and on reflective surface
      25 of the LCD, it is reflected back toward the front prism surface 33 at
      an angle which permits it to escape. However, this light is always
      directed back into the region below the contrast-viewing range and is not
      viewable from observer position anywhere within the contrast-viewing
      range. More particularly, assuming that lamp L3 is just outside of the
      contrast-viewing range, ray RL3, after reflection from surface 25, is
      incident on prism surface 33 at an angle, with respect to a surface 33
      normal, which is less than the critical angle, and the ray emerges from
      the prism. However, it emerges at an angle which is nearly parallel to the
      surface 33 and well out of the contrast-viewing range. Light rays from
      lamp L4 which, prior to entering the prism, are nearly parallel to the
      surface 33, emerge, following reflection from surface 25, from the prism
      at an angle which is just slightly outside the limiting angle .gamma.
      determined as hereinabove described.
PAR  Rays such as R.sub.L4 from lamp L4 are particularly desirable for
      increasing brightness of the "on" segments. This is because the intensity
      of the diffused light scattered back from the LCD toward the front prism
      surface 33 is somewhat directional, tending to be greater in the direction
      a specularly reflected ray would have taken. Thus it is seen that a larger
      component of backscattered light is available to an observer when
      illumination is provided from the negative viewing angles, and especially
      from large negative viewing angles.
PAR  From the theory of operation set forth above, it is seen why the preferred
      range of values for .phi. is between 0.5.gamma..sub.c and 0.9
      .gamma..sub.c and the preferred value for .phi. is 0.85.gamma..sub.c. At
      values of .phi. less than 0.5.gamma..sub.c, the angular viewing range over
      which contrast is provided becomes smaller than 90.degree. and is thus
      somewhat inconvenient for the intended applications. Moreover, for .phi.
      &lt;0.5.gamma..sub.c, the contrast-viewing angle decreases quite rapidly. At
      values of .phi. greater than 0.9.gamma..sub.c, the brightness of the "on"
      segments decreases because of the aforementioned directionality of scatter
      inherent in reflective LCD's and other reflective displays. For .phi.
      between 0.5.gamma..sub.c and 0.9.gamma..sub.c, and especially for .phi. =
      0.85.gamma..sub.c the preferred combination of contrast-providing viewing
      angle and brightness occurs. However, the apparatus is still operative
      outside this range of .phi., and for some applications, values of .phi.
      outside the preferred range may provide quite adequate results.
PAR  It should also be apparent from the foregoing that certain other details of
      the preferred embodiment are not essential in the implementation and
      practice of the principles of the present invention. For instance, it is
      not necessary to accomplish the juxtaposition of the rear prism surface
      and the front of the LCD by optical bonding. Neither attachment nor
      contact therebetween is essential. Although a poor optical match, such as
      an air gap therebetween produces, reduces the useable viewing range (due
      to total internal reflection at the rear prism surface of incoming rays
      oriented along the larger angle paths preventing an observer outside the
      reduced range from seeing the LCD) the apparatus still operates as
      hereinabove described but within a more limited angular range.
PAR  As a further example of nonessential, although preferable, detail, the
      prism need not be triangular. A prism truncated along a line extending
      from the top of the liquid crystal material and intersecting the front
      prism surface at an angle .gamma..sub.c (see dotted line 41 in FIGS. 7)
      would function in a manner substantially identical to the aforedescribed
      preferred embodiment. Also lateral face 35 and absorber 15 could be
      replaced with a differently disposed face, also bearing an absorber, (see
      dotted line 46 in FIG. 7) or a combination of prism faces plus absorber.
PAR  Moreover, the light refracting body need not be a prism in the strictest
      sense of the word. A prism is generally defined to be a polyhedron which
      in turn is solid with faces formed from plane polygons. It should be
      apparent that neither the front or rear surface need be planar. Although
      substantially planar surfaces are preferred for simplicity and because LCD
      cells are themselves generally planar, it is sufficient that the front and
      rear surfaces, whether curved or planar, be nonparallel so as to control
      the optical rays in accordance with the inventive teachings herein. In
      like manner, as long as light absorptive means is disposed between the
      front surface and the display means in accordance with the inventive
      teachings herein, it is substantially immaterial whether it is disposed
      along a planar face, a plurality of planar faces, a curved surface, or
      even within the body of refracting material itself.
PAR  Thus while particular embodiments of the present invention have been shown
      and described, it is apparent that changes and modifications may be made
      therein without departing from the invention in its broader aspects. The
      aim of the appended claims, therefore, is to cover all such changes and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reflective type display apparatus comprising:
PA1  a. display means having transparent areas and areas capable of light
      scattering, said areas together defining indicia to be displayed;
PA1  b. light reflective means disposed at the back of said display means;
PA1  c. transparent light refracting means disposed at the front of said display
      means and providing a transparent region between said display means and an
      observer wherein the index of refraction is greater than that of the
      environmental medium in which the display is operating, said transparent
      light refracting means configured to include (i) a rear surface in
      juxtaposition with said display means, and (ii) a front surface
      nonparallel to said rear surface; and
PA1  d. light absorptive means disposed continuously along a path between said
      front surface and said display means up to and touching said light
      reflective means, whereby substantially no light can enter the apparatus
      except from the front surface of said transparent light refracting means;
      said light absorptive means further disposed relative to said front
      surface such that at least some specularly reflected rays propagating from
      said transparent areas are routed to said absorptive means only after
      internal reflection from said front surface, whereby said front surface is
      employed to provide an image of, and extend the effect of, said absorptive
      means.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said rear surface of said
      refracting means and said display means are optically bonded together.
NUM  3.
PAR  3. A reflective type display apparatus comprising: light reflective means;
      display means having areas capable of light scattering and transparent
      areas backed by said light reflective means; light absorptive means; and
      transparent, light refracting means configured to include first and second
      nonparallel substantially planar surfaces connected by a third surface,
      said first surface in juxtaposition with said display means, said second
      surface providing an area from which said display means may be viewed, and
      said third surface bearing said light absorptive means, said light
      absorptive means extending continuously from a location on said second
      surface adjacent the junction of said second and third surfaces to said
      display means so that said light absorptive means touches said light
      reflective means, said third surface and said light absorptive means being
      appropriately disposed relative to said second surface such that at least
      some specularly reflected rays propagating from said transparent areas are
      routed to said absorptive means only after internal reflection from said
      second surface, whereby said second surface is employed to provide an
      image of, and extend the effect of, said absorptive means.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said first surface and said
      display means are optically bonded together.
NUM  5.
PAR  5. Apparatus as defined in claim 3 wherein the planes containing said first
      and second surfaces intersect at an angle .phi. where .phi. is in a range
      of about 0.5.gamma..sub.c to 0.9.gamma..sub.c and .gamma..sub.c is the
      critical angle of incidence for the particular light refracting material
      employed.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein .phi. is approximately equal to
      0.85.gamma..sub.c.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein .phi. is approximately
      35.degree..
NUM  8.
PAR  8. Apparatus as defined in claim 5 wherein said light absorptive means is
      further disposed such that said light absorptive means obstructs
      substantially no rays propagating from light scattering areas toward said
      second surface at an angle, with respect to a normal to said second
      surface, of less than .gamma..sub.c, whereby the light scattering areas
      are viewable from substantially anywhere in a 180.degree. frontal angular
      viewing range.
NUM  9.
PAR  9. Apparatus as defined in claim 3 wherein said display means comprises a
      nematic liquid crystal display which includes transparent retaining means,
      nematic liquid crystal material inside said retaining means, and
      transparent electrode means arranged in an appropriate pattern for
      defining the indicia to be displayed, said electrode means causing, when
      energized, predetermined portions of the liquid crystal material to become
      said light scattering areas.
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PAL  A light beam splitter comprises a light transmissive support which
      comprises a colored glass having an absorption edge spectrally limiting
      the reflection of the light splitter. A multilayer interference coating is
      applied to the colored glass and it includes two adjacent filter spectral
      region working ranges and it transmits one spectral region of one filter
      working range and reflects the other adjacent working range. The
      interference coating has a ratio of optical thickness of the low
      refraction to the high refractive layers of from 1 to 2 to 1 to 9. The
      colored glass support is advantageously formed with an absorption edge at
      the short wave side of the wave length centroid of the spectral region to
      be reflected by the light splitter.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In certain illumination systems with deflected paths of rays (such as
      fluorescence miscroscopes, fluorescence cameras, film printers), beam
      splitters are desirable to ensure an intensity of illumination as high as
      possible in a definite, narrow spectral region and, at the same time, to
      fully absorb the light beam in a spectrally adjacent region and to
      transmit other regions as completely as possible.
PAR  In such cases, the thermal load capacity is to be as high as possible.
      I.e., with the usual, predominantly infrared light emitting light sources,
      the spectral absorption region is to be located at the shortwave side.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a beam splitter having the above-mentioned
      characteristics and constructed with a minimum of expenditure and by means
      of a single optical element. Thus, for example, due to the invention, a
      conventional microscope equipped for observation in transmitted and direct
      light may be converted into a fluorescence microscope. For a selective use
      of a microscope in the one or the other mode of operation, a slider or
      turret may be provided so that if required, alternately a neutral light
      splitter or an inventive beam splitter can be placed into the path of
      rays.
PAR  If higher standards are to be applied, a further transmission filter is
      positioned both in the path of the illumination rays and in the path of
      the observation rays.
PAR  In a beam splitter in accordance with the invention, comprising a
      multilayer interference coating applied to a light-transmissive support
      transmitting one spectral region of the filter working range and
      reflecting another, adjacent spectral region, the support is designed as a
      colored glass comprising an absorption edge spectrally limiting the
      reflection of the light splitter, and in the interference coating, the
      ratio of optical thicknesses of the low refraction to the highly
      refractive layers is 1:2 to 1:9.
PAR  At an oblique incidence, usual quarter-wave interference systems show a
      strong splitting into the two polarization components Tp and Ts (FIG. 5)
      so that the resulting transmission curve T.sub.M for natural light becomes
      flattened whereby the spectral separation of natural light is extended to
      a large wave-length range.
PAR  As it is well known, the curve T.sub.M is given by the formula T.sub.M =
      (Tp + Ts)/2. In the inventive beam splitter, the two component curves are
      brought close to each other by an appropriate selection of the thicknesses
      of the individual highly refractive and low-refraction layers and a
      corresponding choice of their thickness ratio, so that a steeper slope of
      the spectral edge for the resulting curve of natural light and thereby a
      better separation of the reflection and transmission regions is obtained.
      Such a specific structure of the interference system can be obtained, for
      example, by providing a relation of the optical thicknesses of the
      low-refraction layers to the highly refractive layers in the proportion of
      1:2 to 1:9. Interference systems of this kind are described, for example,
      in the "Handbook of Optical Design" by Baumeister, Section 2a, U.S.
      Government Printing Office, Washington, D.C. Preferably, for the desired
      reflection in the region of the fluorogenic light, the reflection range of
      the second or third, or a higher order of the basic system is used. The
      spectral steepness of the transmission curve (expressed in percent per nm)
      can therefore be improved by the factor 3.
PAR  Due to such a design of the beam splitter, the limitation of the reflection
      band of the interference system can be controlled in accordance with the
      requirements, and the remaining reflection band width is reducible
      practically to any desired extent. Up to date, limited reflection bands
      can be obtained only by providing a particular structure of the
      interference system, and even this, only for relatively wide reflection
      bands.
PAR  Accordingly it is an object of the invention to provide a light beam
      splitter which comprises a colored glass light transmissive support having
      a multilayer interference coating which includes two adjacent filter
      spectral region working ranges and which transmit one spectral region of
      one filter working range and reflects the other and wherein the
      interference coating has a ratio of optical thickness of the lower
      refraction to the highly refractive layers of from 1 to 2 to 1 to 9 .
PAR  A further object of the invention is to provide a microscope having a light
      beam splitter which may be positioned in the path of the light rays and
      which comprises a multilayer interference coating applied to a colored
      glass light transmissive support which transmits one spectral region of
      one filter working range and reflects another and which is provided with
      an interference coating having an optical thickness of the low refraction
      to the high refractive layers of from 1 to 2 to 1 to 9.
PAR  A further object of the invention is to provide a film printer having a
      light beam splitter of the invention.
PAR  A further object of the invention is to provide a light beam splitter, a
      microscope and a film printer which is simple in design, rugged in
      construction and economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of a microscope having a light beam
      splitter constructed in accordance with the invention;
PAR  FIG. 2 is a curve showing the spectral sensitivity and the specral
      distribution of radiation produced by a fluorescent surface;
PAR  FIG. 3 is another curve showing the ideal spectral characteristic of a beam
      splitter;
PAR  FIG. 4 is another curve indicating the spectral effect of the beam splitter
      constructed in accordance with the invention and indicates the
      transmission curve of the interference coating and the absorption curve of
      the colored glass support; and
PAR  FIG. 5 indicates a quarter wave interference system which splits into two
      polarization components and indicating the resulting transmission curve
      for natural light.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing the inventive beam embodied therein comprises a
      microscope which includes the tungsten lamp light source 1 which is
      directed to an object 5 through a condenser 2, a beam splitter 3, which is
      constructed in accordance with the invention and which is positioned in
      the path of the rays at an angle of 45.degree., and an objective 4. The
      light reflected from the object 5 passes through the objective 4 and the
      beam splitter 3 and the eyepiece 6 into the eye of the observer. A portion
      of the light is reflected from the object 5 and is lost by reflection on
      the beam splitter 3. In the example of the microscope shown in FIG. 1 an
      object containing a specific fluorescent substance (for example,
      fluorescein-iso-thiocyanate) is to be irradiated only by such light which
      is necessary for exciting the fluorescence. FIG. 2 shows the respective
      spectral situation in this case. Curve Ex represents the spectral
      sensitivity of the substance responding to the excitation, and curve Em
      shows the spectral distribution of the radiation produced by the
      fluorescence. The two curves overlap to a small extent.
PAR  As far as possible, the object is to be irradiated by a light only in the
      spectral range K.sub.A -K.sub.R, while the emitted fluorescent light
      within the E.sub.M range is to be directed with the greatest possible
      efficiency to the eye of the observer. However, to obtain a high contrast
      of fluorescence, the irradiative excitation light is to be kept away from
      the eye as much as possible. The sensitivity of the fluorescence method
      substantially depends on the satisfactory separation of the exciting light
      from the excited light. In addition, the exciting light should not contain
      any further, shortwave components in the AF region which, due to an
      autofluorescence of the medium, could reduce the desired contrast in the
      fluorescence image or even cause a contrast-conditioned wrong
      interpretation of the examined image. That is why a complete suppression
      of this shortwave region is of extraordinary importance, particularly if
      light sources with a strong ultraviolet component are used.
PAR  FIG. 3 shows the ideal spectral characteristic of a beam splitter in an
      application according to the foregoing example. As it is evident, region A
      up to edge KA should be completely suppressed. Region R, on the contrary,
      covering the light useful for the fluorescence excitation, should be
      reflected as completely as possible, while region T corresponding to
      fluorescence light useful for producing the image should be fully
      transmitted.
PAR  A beam splitter largely complying with these requirements may be designed,
      in accordance with the invention, as follows:
PAR  An interference coating 8 is applied to a colored glass 7 which largely
      absorbs the radiation of region A and whose absorption edge slopes down at
      KA (at the shortwave side of the maximum of the irradiation exciting the
      fluorescence). The interference coating comprises a pack of alternately
      highly refractive and low-refraction layers.
PAR  The ratio of the optical thicknesses of the highly refractive layers to the
      low-refraction layers is 5:1. The optical thickness is the product n
      .sup.. d, where n is the index of refraction and d is the geometric
      thickness of the respective substance. For example, titanium dioxide
      having an index of refraction of n.sub.1 = 2.3 may be used as the highly
      refractive substance and silicon dioxide having an index of refraction of
      n.sub.2 = 1.47 may be used as the low-refraction substance.
PAR  In the present example, assume that the long edge of the second order of
      the interference system is used as the reflection edge. Should the
      reflection maximum of the second order be situated, for example, at the
      wave length of 460 nm, the reflection maximum would have to be at 920 nm.
      However, because of the dispersion of the used substances, particularly of
      titanium dioxide, the reflection maximum of the first order is situated
      approximately at 885 nm. Consequently, the calculation of the interference
      system must start from this basic wave length .lambda..sub.o = 885 nm. To
      ensure a summation of the reflection vectors in proper phase relation, the
      condition n.sub.1 d.sub.1 + n.sub.2 d.sub.2 = .lambda..sub.o /2 (equation
      1) must be satisfied, where n.sub.1 is the index of refraction of the
      highly refractive substance, d.sub.1 is its geometric thickness, and
      n.sub.2 and d.sub.2 are the corresponding values of the low-refraction
      substance.
PAR  In addition, the following conditions must be satisfied in the above
      example:
EQU  n.sub.1 d.sub.1 = 5 n.sub.2 d.sub.2 (2)
PAL  By substituting equation 2 in equation 1:
EQU  5 n.sub.2 d.sub.2 = n.sub.2 d.sub.2 = .lambda..sub.o /2
EQU  n.sub.2 d.sub.2 = .lambda..sub.o /12
PAL  Thus,
EQU  n.sub.1 d.sub.1 = 5 .lambda..sub.o /12
PAL  For .lambda..sub.o = 885 nm, the result is
EQU  d.sub.1 = 5 .lambda..sub.o/ 12n.sub.1 = 160.3 nm
EQU  d.sub.2 = .lambda..sub.o/ 12n.sub.2 = 50.2 nm
PAL  The entire interference system is a structure of 16 individual layers. The
      substrate is a colored glass having an index of refraction of n.sub.3 =
      1.52. The medium adjacent to the layer system is air having n.sub.4 = 1.
      The angle of incidence is 45 degrees. To obtain a transmission as high as
      possible in the main transmission range, seven of the 16 layers are varied
      in their thickness for a so-called reflection reduction.
PAR  Then, the structure of the complete system is as follows:
TBL                               Geom.                                        
                                  thickness                                    
     Substrate    Colored glass   d in nm                                      
     ______________________________________                                    
     Layer 1      Titanium dioxide (T)                                         
                                  149.3                                        
     Layer 2      Silicon dioxide (S)                                          
                                   44.5                                        
     Layer 3      T               158.0                                        
     Layer 4      S                52.2                                        
     Layer 5, 7, 9, 11, 13                                                     
                  T               160.3                                        
     Layer 6, 8, 10, 12                                                        
                  S                50.2                                        
     Layer 14     S                39.8                                        
     Layer 15     T               151.2                                        
     Layer 16     S               122.5                                        
     Adjacent medium              Air                                          
     ______________________________________                                    
PAR  With this structure of the coating, a so-called edge filter is obtained
      with the edge located near KR (FIG. 2) so that the shortwave radiation is
      practically completely reflected while the longer waves are transmitted.
      By combining the mentioned colored glass with the interference coating, an
      overall system is obtained having a spectral effect which, for the
      discussed example, is represented in FIG. 4. This figure shows the
      transmission curve I of the interference coating and the absorption curve
      FG of the colored glass.
PAR  As used with a fluorescence microscope, the inventive beam splitter (as
      shown in FIG. 1) is positioned so that the interference coating is located
      at the side of the colored glass which is remote from the light source.
PAR  Therefore, the undesirable (small) residual absorption of the colored glass
      in the transmission range produces its effect only once. The regions R and
      T are thus largely characterized by the interference system because the
      transmission of the colored glass in these regions, due to the single
      passage amounts to almost 100%. Region A, on the contrary, is almost
      completely absorbed due to the passage twice through the colored glass.
PAR  The invention which has been explained in application to a fluorescence
      microscope can, of course, be used also for other purposes. For example,
      in film printers, it is necessary to separate three different, sharply
      limited spectral ranges of radiation of a light source in order to be able
      to make a color correction by separately controlling the individual color
      channels during the printing of color film. In contrast to the filter
      arrangements hitherto used for this purpose, the invention makes it
      possible to single out the individual color bands in an advantageous
      manner. The main advantage is that the ranges can be selected
      substantially smaller than up to date, with the result that troublesome
      overlappings of the individual color channels are avoided.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light beam splitter comprising a light transmissive colored glass
      support having one side exposed to light rays for passage of the rays
      therethrough and an opposite side, a multilayer interference coating
      applied to said light transmissive support opposite side and comprising a
      system of a plurality of alternately arranged highly refractory and low
      refraction layers having thicknesses which are dimensioned so that there
      are two adjacent filter spectral region working ranges, one of said ranges
      which is at the short side being transmitted and another range which is at
      the long side of the spectral range being reflected, said support having
      an absorption edge spectrally limiting the reflection of said system at
      the short wave side, said interference coating having a ratio of optical
      thickness of the low refraction to the highly refractory layers of from 1
      to 2 up to 1 to 9 .
NUM  2.
PAR  2. an optical arrangement for illuminating an object with the light of a
      sharply limited spectral region of the radiation of a luminous source,
      preferably for film copying apparatus for carrying out color corrections,
      including a beam splitter provided in the path of the light to be
      filtered, and a light transmitting substrate having one side exposed to
      the light for passage therethrough and an opposite side, a multilayer
      interference coating on said opposite side comprising a system of
      alternately highly refractory and low-refraction layers having thicknesses
      which are dimensioned so that the one spectral range at the short wave
      side is transmitted and another adjacent spectral range at the longer wave
      side is reflected, and wherein said substrate has a spectral absorption
      edge limiting the reflection of the multilayer system at the short-wave
      side, and in the multilayer system, the ratio of optical thicknesses of
      the low refraction to the high refraction layers is between 1 to 2 and 1
      to 9, and said splitter being positioned in the path of the light in a
      manner such that the light to be filtered passes through the absorbing
      substrate to the multilayer system.
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PAL  An optical device for producing a minute beam comprises beam forming means
      such as laser generator or the like, annular beam forming means such as
      lens or annular aperture mask for forming the beam from the beam forming
      means into a beam of annular cross section, and a condenser lens for
      condensing the annular beam from the annular beam forming means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an optical system for producing a minute light
      beam in such a manner that the beam intensity is uniformly distributed
      throughout a minute image which is formed by condensing the light beam
      from a light source with the aid of a lens or the like.
PAR  2. Description of the Prior Art
PAR  As a method of recording wide-band signals such as TV signals on a
      recording medium, it is widely known to use a magnetic head movable
      relative to a magnetic recording medium such as magnetic tape or disc to
      effect recording on such magnetic recording medium. There is another
      method whereby a light beam such as a laser modulated by recording signal
      is thrown upon a sensitive plate or a thermally deformable substrate while
      the former is moved relative to the latter, thereby recording the
      recording signal on the substrate in the form of the projection locus of
      the light beam.
PAR  When using a light beam to effect recording on the substrate as described
      above, it is preferable that the light beam thrown upon the substrate be
      condensed to increase the density of the signals recorded on the
      substrate. The cross-sectional configuration of the thus condensed light
      beam may be linear or a minute circle in accordance with suitable
      selection of the method of modulating the light beam with the aid of
      recording signal. For example, where a linear beam is used, the light beam
      and the substrate may be moved relative to each other at a predetermined
      speed and in a predetermined direction while the light beam is being
      modulated for interception or passage in accordance with the recording
      signal. Thereby, a projection locus of the light beam parallel to the
      linear image and corresponding to the recording signal may be provided on
      the substrate in a belt-like track thereof having a width equal to the
      length of the linear image.
PAR  Also, where a beam of minute circular cross-section is used, the light beam
      and the substrate may be moved relative to each other at a predetermined
      speed while the light beam may be deflected to right and left over a
      predetermined width and at a speed corresponding to the frequency of the
      recording signal. Thereby, the continuation of sinewaves with the
      frequency thereof controlled by the frequency of the recording signal is
      formed on the substrate.
PAR  An arrangement for producing a light beam of linear cross-section will now
      be considered with reference to FIG. 1A of the accompanying drawings. A
      light source 11 such as conventional laser generator or the like generates
      a parallel beam 12 of circular cross-section, which is directed to the
      beam expander 13 for expanding the width of the parallel beam 12. The beam
      expander 13 produces a parallel beam 14 having a width (2r) greater than
      that of the previous parallel beam 12. The parallel beam 14 in turn is
      directed to a cylindrical lens 15, whereby the parallel beam 14 is
      diffused only in one direction parallel to the plane of the drawing sheet.
      The cylindrical lens need not always be of a negative refractive power as
      shown in FIG. 1A, but it may also be of a positive refractive power.
PAR  The light beam 16 so diffused only in one direction is directed to a
      condenser lens 17 which is a convex lens, whereby a linear image 19 may be
      formed on a focusing plate 18 positioned in the focal plane of the
      condenser lens 17.
PAR  Thus, a belt-like track corresponding to the formed linear image may be
      provided on the substrate by inserting in the path of the parallel beam 12
      a light modulator which will prevent passage of the light through such
      path upon application of a voltage above a predetermined level but permit
      passage of the light through such path upon application of a voltage below
      the predetermined level, designing the light modulator so as to be driven
      by recording signal, forming the focusing plate 19 of a substrate
      comprising a sensitive plate, and moving the substrate in a direction
      perpendicular to the plane of the drawing sheet.
PAR  The above-described arrangement for producing a linear light beam suffers
      from disadvantages as well hereinafter be described.
PAR  Considering now the cross-section of the light beam, the cross-section of
      the light beam passed through the expander 13 (i.e. the cross-section of
      the parallel beam 14 in FIG. 1A taken along a plane perpendicular to the
      drawing sheet) is circular as shown in FIG. 2a (because the light source
      11 emits a beam of circular cross-section), whereas the cross-section of
      the diffused light beam 16 adjacent the condenser lens 17 is elliptical as
      shown in FIG. 2b, and the image formed on the substrate by the light beam
      16 passed through the condenser lens 17 to sensitize the substrate is not
      a perfect line but becomes bulged in the center portion (near the X-X'
      axis) as shown in FIG. 2c, although this figure is an exaggeration for
      providing a better understanding. This occurs because, as shown in FIG.
      2b, the intensity of the light energy on Y-axis of the beam of elliptical
      cross-section before reaching the cylindrical lens 15 is greater toward
      the center axis and sharply decreased toward the periphery, as illustrated
      in FIG. 2d.
PAR  As a result, the linear image formed on the substrate of sensitive material
      undergoes an overexposure in the center portion thereof, so that such
      center portion becomes thicker as shown in FIG. 2c, and this is
      inconvenient to the provision of a very minute linear image.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an optical
      device for producing a minute light beam which can form a minute beam
      projection locus on a substrate.
PAR  It is another object of the present invention to provide an optical device
      for producing a minute light beam with uniform energy distribution
      throughout the beam.
PAR  It is still another object of the present invention to provide an optical
      device for producing a minute light beam of high energy intensity.
PAR  Other objects and features of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A schematically shows a prior art optical device for producing a
      minute linear image.
PAR  FIG. 1B is a cross-sectional view of the same optical device taken along a
      plane perpendicular to the plane of the drawing sheet and lying on the
      line B-B' of FIG. 1A, and showing the essential portions of the device.
PAR  FIGS. 2a, 2b and 2c are cross-sections of the light beams in various
      portions of the optical device shown in FIG. 1A, and FIG. 2d illustrates
      the energy distribution in the light beam shown in FIG. 2c.
PAR  FIG. 3 is a front view of an annular aperture mask.
PAR  FIG. 4A schematically shows an optical device for producing a minute linear
      image according to the present invention.
PAR  FIG. 4B is a cross-sectional view of such optical device taken along a
      plane perpendicular to the plane of the drawing sheet and lying on the
      line B-B' of FIG. 4A, and showing the essential portions of the device.
PAR  FIGS. 5e, 5f, 5g and 5h are cross-sections of the light beams in various
      portions of the optical device shown in FIG. 4A, and FIG. 5i illustrates
      the energy distribution in the light beam shown in FIG. 5h.
PAR  FIGS. 6A and 6B are a perspective view and a cross-sectional view,
      respectively, of a lens for providing an annular light beam distribution.
PAR  FIG. 7A is a cross-sectional view of an optical device for providing an
      annular light beam distribution.
PAR  FIGS. 7B and 7C are perspective views showing the essential portions of
      FIG. 7A.
PAR  FIG. 7D is a front view of an annular mirror structure.
PAR  FIG. 8 schematically illustrates another embodiment of the optical device
      for producing a minute linear image according to the present invention.
PAR  FIG. 9 schematically illustrates still another embodiment of the optical
      device for producing a minute linear image according to the present
      invention.
PAR  FIG. 10 schematically illustrates a further embodiment of the optical
      device for producing a minute spot according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention comprises a combination of an optical device for
      forming a linear image as shown in FIG. 1A, and an optical device for
      providing a ring-shaped distribution of light beam.
PAR  The simplest form of the optical device for providing a ring-shaped
      distribution of light beam is a mask called "annular aperture".
PAR  This mask, as shown in FIG. 3, comprises a light-transmitting member 20
      such as glass or the like having a uniform thickness and two parallel
      surfaces, and provided with a first light-intercepting portion 21 formed
      by a light-intercepting material applied in an annular form, a second
      light-intercepting portion 22 formed by a light-intercepting material
      applied in an annular form larger than the first annulus, and a
      ring-shaped light-transmitting portion 23 formed between the first and
      second light-intercepting portions 21 and 22.
PAR  According to the present invention, the means for providing a ring-shaped
      distribution of light beam, such as the above-described annular aperture
      mask, is disposed in the optical path of the optical device shown in FIG.
      1A.
PAR  FIG. 4A shows an embodiment of the present invention wherein an annular
      aperture mask is inserted in a parallel light beam 14. The arrangement of
      FIG. 4A differs from that of FIG. 1A in that the above-described annular
      aperture mask 20 is inserted in the parallel light beam 14 between a beam
      expander 13 and a cylindrical lens 15. In FIG. 4A, similar reference
      characters are similar in significance to those used in FIG. 1.
PAR  The embodiment of FIG. 4A will be described in conjunction with FIGS. 5e,
      5f, 5g and 5h which show cross-sections of the light beams. The light beam
      directed through the beam expander 13 presents a circular cross-section as
      shown in FIG. 5e, because the parallel light beam 12 from the light source
      has a circular cross-section, but by being passed through the annular
      aperture mask 20, the light beam now designated by 24 presents a
      ring-shaped cross-section as shown in FIG. 5f.
PAR  Accordingly, the light beam 25 passed through the cylindrical lens 15 to
      the condenser lens 17 presents a elliptical ring-shaped cross-section as
      shown in FIG. 5g. Such elliptical ring-shaped light beam 26 is focused by
      the condenser lens 17, whereby there is formed a linear image such as 27
      on a substrate formed on a sensitive material alone. Such a linear image
      formed by sensitization, as shown in FIG. 5h, has a generally uniform
      width W which is a minute width.
PAR  The reason is that, due to the annular aperture mask 20 inserted, an
      elliptical ring-shaped light beam is thrown upon the condenser lens 17 and
      the center light beam portion is eliminated by the first
      light-intercepting portion 21 of the annular aperture mask so that the
      distribution of the light energy is generally uniform as shown in FIG. 5i.
      Therefore, the distribution of the light energy is substantially uniform
      throughout the linear image formed by the condenser lens 17 and, even if a
      substrate is disposed at the portion of the focusing plate 18, no partial
      over-exposure will occur and there may be provided the linear image as
      shown in FIG. 5h.
PAR  In FIG. 4A, the annular aperture mask 20 is inserted between the expander
      13 and the cylindrical lens 15, but this is not the only possible position
      for the annular aperture mask 20. For example, the mask 20 may be disposed
      between the cylindrical lens 15 and the condenser lens 17 or between the
      condenser lens 17 and the focusing plate 18. In these latter cases,
      however, the light-transmitting portion 23 of the annular aperture mask
      must assume an elliptical ring-shape.
PAR  The optical element for converting the light beam of circular cross-section
      to the ring-shaped light beam is not restricted to the above-described
      annular aperture mask but may be a transparent member comprising a
      cylindrical intermediate portion 29 having opposite end portions 30 and 31
      coaxially formed therewith, as shown in FIG. 6A.
PAR  As shown in FIG. 6B, when a light beam 33 is thrown upon such optical
      element 32 in parallelism to the center axis 0-0' thereof, the light
      enters the end portion 30 and is refracted thereat in accordance with the
      refractive index peculiar to the material of the transparent member in the
      manner as shown, and then passed through the end portion 30, the
      intermediate cylindrical portion 29 and the other end portion 31, which
      the light leaves as it is again refracted in accordance with the aforesaid
      refractive index, thereby forming a parallel light beam 34. As can be seen
      from FIG. 6B, the emergent light beam is inverted and wider in such a
      manner that the inner light rays at the incidence side provides the outer
      light rays at the emergence side. Under such conditions, the region of the
      parallel light beam 34 near the center axis 0-0' has no light ray so that
      the light beam 34 is of ring-shaped cross-section.
PAR  The distribution of the light beam at the emergence side is variable with
      the vertical angle of the conical portion, the length of the cylindrical
      portion (of course, including zero length of the cylindrical portion as
      known from U.S. Pat. No. 3,547,526), the refractive index of the material,
      etc., and any desired size of ring-shaped cross-section may be attained.
      However, where the cylindrical portion is present, the size of the
      resultant ring-shaped beam may be varied only by varying the length of the
      cylindrical portion without the configuration of the end portions being
      changed.
PAR  Thus, the use of such optical element 32 in lieu of the annular aperture
      mask 20 shown in FIG. 4A may produce a minute linear image similar to that
      described in connection with FIG. 4A. In this case, however, the
      cross-section of the resultant beam lacks a definite ring-shaped outline
      and has dim or vague outer and inner peripheries.
PAR  FIG. 7A shows another form of the optical system for providing a light beam
      of ring-shaped cross-section. This optical system includes a
      doughnut-shaped lens 35 having substantially no inner opening. This lens
      35 condenses, a parallel light beam 36 into an annular beam 37. The
      annular beam 37 may be directed to an annular mirror structure 40 which
      comprises a first annular mirror 38 having annular reflecting surfaces for
      deflecting the light beam by 90.degree. and a second annular mirror 39 for
      causing the reflected light from the first annular mirror 38 to travel
      again in the same direction as the parallel light beam 36. The light
      leaving the annular mirror structure 40 may again be passed through a
      right-shaped condenser lens 41 to form a parallel light beam 42.
PAR  As will be seen from the figure, the parallel light beam 42 is in an
      annular form and the optical system of FIG. 7A may be employed in lieu of
      the annular aperture mask 20 of FIG. 4A to attain the same result as that
      described with respect to FIG. 4A.
PAR  A ring-shaped distribution of light beam may not only be provided by the
      use of the above-described means but also may be provided directly from a
      laser as light source by adjusting a mirror in the laser. This is known
      from, for example, APPLIED OPTICS, October 1966, Vol. 5, No. 10, p. 1563,
      and is called the doughnut mode by those skilled in the art. A laser beam
      presenting such doughnut mode may be generated by the laser generator 11
      in FIG. 4A, whereby the annular aperture mask 20 may be eliminated while
      the same result as that described in connection with FIG. 4A may be
      provided.
PAR  The annular aperture mask is meritorious in that it is easy to make,
      whereas such mask in demeritorious in that since the light-intercepting
      center portion thereof intercepts the center portion of the light beam
      which is of the maximum intensity, the use of such mask accompanies a
      great loss of light. In this case, as shown in FIG. 8 or 9, either a lens
      32 or an optical device 40 may be disposed in the parallel light beam 14
      so that almost all of the ring-shaped light beam provided through such
      lens 32 or optical device 40 may be passed through the light-transmitting
      portion 23 of the annular aperture mask 20.
PAR  The ring-shaped beam thus provided through the lens 32 or the optical
      device 40 lacks a definite outline and does not always present a desired
      ring-shape. It is therefore preferable to provide a desired ring-shape of
      the light beam by selecting a suitable configuration for the
      light-transmitting portion 23 of the annular aperture mask 20.
PAR  After so converted to the ring-shaped light beam, the light beam may be
      passed to the annular aperture mask, whereby the loss of light may be
      avoided. In FIGS. 8 and 9, similar reference characters are similar in
      significance to those in FIG. 1A.
PAR  The loss of light may also be avoided by using the described means for
      providing a ring-shaped light beam with an optical device for providing a
      minute spot beam of circular cross-section, instead of the optical device
      for providing a linear image.
PAR  A spot image may be produced on the focal plane of a condenser lens by
      directing a parallel beam of circular cross-section through the condenser
      lens. For example, in Principles of Optics, by Max Born and Emil Wolf,
      Section 8.6.2, p. 414-418, it is taught that a smaller spot image may be
      produced by using an annular aperture mask to make the parallel beam
      directed to the condenser lens into a ring-like shape, but the spot image
      thus produced is of reduced intensity because the center portion of the
      light beam is intercepted by the annular aperture mask.
PAR  To avoid this, as is shown in FIG. 10, a parallel beam 44 generated by a
      laser generator 43 may be directed through a beam expander 45 to provide a
      wider parallel beam 46, which may then be passed through a lens 47 similar
      to the aforesaid lens 32 to provide a beam 48 of annular cross-section.
      Such beam 48 in turn may be directed through an annular aperture mask 49
      to provide a definitely outlined beam 50 of annular cross-section, which
      may then be directed through a condenser lens 51 to thereby produce a
      minute spot on the focal plane 52 of the lens 51.
PAR  In this manner, reduction in the beam energy of the resultant beam spot may
      be avoided by pre-forming an annular beam 48 through the lens 47 and
      directing such beam through an annular aperture mask having a
      light-transmitting portion 53 through which almost all of the annular beam
      48 may pass.
PAR  In FIG. 10, the reason why the beam 48 of annular cross-section formed
      through the lens 47 is further directed through the annular aperture mask
      for forming an annular beam is that, since the beam 48 provided through
      the lens 47 is dimly outlined without presenting a definite annular shape,
      such dim portion of the beam must be removed by the annular aperture mask
      in order to provide a definitely outlined beam of definite annular
      cross-section.
PAR  It will be apparent that, instead of the lens 47, the optical system for
      providing a beam of annular cross-section as shown in FIG. 7A may be used
      with the same result as that described in connection with FIG. 8.
CLMS
STM  We claim:
NUM  1.
PAR  1. An optical device for producing a minute beam, comprising:
PA1  means for producing a beam;
PA1  means for forming the beam produced by said beam producing means into a
      beam of an oval annular cross-section;
PA1  means for condensing the oval annular beam formed by said beam forming
      means, onto a focal plane thereof to form a linear image thereon having a
      substantially uniform distribution of light energy along its length.
NUM  2.
PAR  2. A device according to claim 1, wherein said beam forming means
      comprises:
PA1  means for forming the beam produced by said beam producing means into a
      beam of annular cross-section;
PA1  means for diffusing the annular beam in only one direction to reform the
      annular beam into a beam of oval annular cross-section.
NUM  3.
PAR  3. A device according to claim 2, wherein said annular beam forming means
      comprises an annular aperture mask having an annular transparent portion.
NUM  4.
PAR  4. A device according to claim 2, wherein said annular beam forming means
      comprises a lens having a conical light inlet portion and a conical light
      outlet portion.
NUM  5.
PAR  5. A device according to claim 2, wherein said annular beam forming means
      comprises a first annular condenser lens, a first annular mirror for
      causing the annular beam to be condensed by said annular condenser lens to
      be reflected in a direction substantially at a right angle with respect to
      the incident light, a second annular mirror for causing the light from
      said first annular mirror to be reflected in a direction parallel to the
      light incident on said first annular condenser lens, and a second annular
      lens for passing therethrough the beam from second annular mirror to form
      a parallel beam.
NUM  6.
PAR  6. An optical device for producing a minute beam, comprising:
PA1  means for producing a beam;
PA1  means for forming the beam produced by said beam producing means into a
      beam of an annular cross-section;
PA1  means for diffusing the annular beam formed by said annular beam forming
      means, in only one direction to deform the annular beam into a beam of an
      oval annular cross-section; and
PA1  means for condensing the oval annular beam formed by said beam forming
      means, onto a focal plane thereof to form a linear image thereon having a
      substantially uniform distribution of light energy along its length.
NUM  7.
PAR  7. A device according to claim 6, wherein said annular beam forming means
      comprises an annular aperture mask having an annular transparent portion.
NUM  8.
PAR  8. A device according to claim 7, wherein said annular beam forming means
      comprises a lens having a conical light inlet portion and a conical light
      outlet portion.
NUM  9.
PAR  9. A device according to claim 7, wherein said annular beam forming means
      comprises a first annular condenser lens, a first annular mirror for
      causing the annular beam to be condensed by said annular condenser lens to
      be reflected in a direction substantially at a right angle with respect to
      the incident light, a second annular mirror for causing the light from
      said first annular mirror to be reflected in a direction parallel to the
      light incident on said first annular condenser lens, and a second annular
      lens for passing therethrough the beam from said second annular mirror to
      form a parallel beam.
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ABST
PAL  A retro-telecentric lens having a divergent lens group at an object side
      and a convergent lens group at an image plane side, wherein the back focus
      of the entire lens is longer than the focal distance and the diaphragm
      coincides with the position of the focal point at an object side, and an
      optical member being composed of two lenses, which satisfy a predetermined
      relationship between dispersion and power and the cemented surface of said
      two lenses faces the object side, is positioned between the above
      mentioned divergent lens group and the convergent lens group, thereby
      inward and outward coma aberration is satisfactorily corrected.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention is related to a retrotelecentric lens in which
      lateral aberration is highly corrected and back focus is longer than focal
      distance.
PAR  An optical system of telecentric type must have a chief ray 3, which is
      incident upon an image plane 1, and is parallel with an optical axis 2 and
      for that end a diaphragm 4 must be provided at a position with a range of
      approximately .+-. 0.3f from the object side focal point 5. And the rear
      lens diameter of the lens is determined by the back focus, F-number and
      the amount of circumferential light and the larger the latter elements,
      the more the rear lens diameter increases. Therefore, especially in a
      so-called retro-telecentric type lens, to which a retro-focus type lens
      system having a back focus longer than the focal distance is applied, it
      is unavoidable that the rear lens diameter becomes excessively large.
      Thus, as a result of the lens diameter becoming large, a high degree of
      correction of aberration becomes difficult, and lateral aberration
      frequently takes place. FIG. 2 shows an example of the aberration of such
      conventionally known retrotelecentric lens as mentioned above, and as
      shown in this drawing, in a small angle that is at a central part of image
      plane many times inward, coma takes place, while in a large angle, that is
      at circumferential part of the image plane outward, coma takes place many
      times.
PAC  SUMMARY OF INVENTION
PAR  The present invention intends to correct these aberrations, and to that
      end, when a marginal ray penetrates through a convergent lens system 6
      (FIG. 1) in the rear group, as the penetrating ray takes zigzag path
      within each lens element forming a convergent lens system, being given the
      tendency of convergence or divergence, the height of the path from the
      optical axis is made to pass through the minimum position as much as
      possible.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a telecentric lens belonging to prior
      art.
PAR  FIG. 2 is a drawing for its lateral aberration.
PAR  FIG. 3 is an outline figure of a lens which embodies the principle of the
      present invention.
PAR  FIG. 4 is a drawing for its lateral aberration.
PAR  FIG. 5 is a cross-sectional view to show a concrete example of the present
      invention.
PAR  FIG. 6A through FIG. 6E are drawings for various aberrations based on the
      values of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Now the principle of the present invention will be explained. While the
      Petzval sum and the back focus of the total lens system are made constant,
      a member 8 which satisfies the conditions (1) and (2) shown below is
      provided between a front group 7 of divergent nature and a rear group 6 of
      convergent nature.
EQU  0.1 f .ltoreq. d .ltoreq. 0.5 f                            (1).
EQU  .vertline. .phi. .vertline. .ltoreq. 0.5/f                 (2).
PAR  In the above conditions, f is a focal distance of the total lens system, d
      is a synthesized thickness on axis of the member 8 and .phi. is the power
      of the member (inverse number of the synthesized focal distance).
PAR  As a result of the above, the marginal ray in the rear group 6 can be made
      low and as shown in FIG. 4, lateral aberration is satisfactorily corrected
      for in small angle and for large angle. In the above conditions, for
      example as the lower limit of the condition (1) is exceeded, the marginal
      ray at the rear group can not be sufficiently lowered and inward coma
      takes place many times at small angle while outward coma takes place many
      times at large angle. On the other hand when the upper limit is exceeded,
      the marginal ray at the rear group becomes too low, breaking the balance
      of lateral aberration, and inward coma takes place many times both at
      large angle and small angle. Next, about the condition (2) the Petzval sum
      and the back focus can not be made constant outside of the above mentioned
      limit, and other aberrations than lateral aberration take place, breaking
      the total balance, thus it becomes impossible to correct aberration with
      high degree.
PAR  However, with the above conditions only the difference between the
      reference wavelength and other wavelength in lateral aberration that is
      color aberration will take place. For example inward coma takes place in
      the ray with shorter wavelength than the reference wavelength, while
      outward coma takes place in the ray with longer wavelength than the
      reference wavelength. Therefore, in order to solve this problem, a
      cemented surface 11 with its convex surface facing to an object side is
      provided in the member which satisfies the conditions (1) and (2), and
      said member 8 (FIG. 3) is divided to a lens system 9 at an object side and
      a lens system 10 at an image side and the following condition (3) is
      provided therefor:
      ##EQU1##
PAR  In the above condition, .phi..sub.1 is power of the lens system 9 at an
      object side; .gamma..sub.1 is Abbe number of this lens system 9; .phi.
      .sub.2 is power of the lens system 10 at the image side; .gamma..sub.2 is
      Abbe number of this lens system 10. As a result, a marginal ray other than
      of the reference wavelength, penetrating through the convergent lens
      system at the rear group can be adjusted, thus color difference in lateral
      aberration can be satisfactorily corrected. When the lower limit of
      condition (3) is exceeded, outward coma takes place many times at the ray
      with shorter wavelength than the reference wavelength, while inward coma
      takes place many times in the ray with longer wavelength than the same. On
      the other hand when the upper limit is exceeded inward coma takes place in
      the ray with shorter wavelength and outward coma takes place in the ray
      with longer wavelength, thus it is difficult in both cases to
      satisfactorily correct the color difference in lateral aberration.
PAR  While the cemented plane between the front lens system and the rear lens
      system into which the member is divided is so provided that its convex
      surface faces to an object side, it is possible that said convex surface
      is faced to the image side. However as moving from small angle to large
      angle it is very effective to have the convex surface face to an object
      side in order to keep the balance of lateral aberration in satisfactory
      manner. Also, while the cemented part between the front lens system and
      the rear lens system may have the thickness zero or may have a very slight
      air layer, it is effective to cement both parts for aberration correction.
      Also it is naturally possible to form the front lens system or the rear
      lens system, which form the above mentioned member, by combination of
      several optical elements, respectively, so that a high degree of
      aberration correction can be done.
PAR  Next, an example of the present invention will be shown in FIG. 5. Table 1
      shows examples of the value according to FIG. 5, while Table 2 shows its
      third order main-aberration coefficients. FIG. 6A through FIG. 6E are
      drawings for various aberrations.
PAR  Such range of the condition equations (2) and (3) as being allowed without
      too much change in the lens composition in the example is shown below. For
      the equation (1) what has been described above will apply.
      ##EQU2##
PAR  As has been explained above, the present invention is quite useful as it is
      to provide such an optical member as satisfying the conditions (1), (2)
      (3) between a divergent lens system and a convergent lens system to have a
      marginal ray penetrate through the convergent lens system with the optimum
      optical path, so that lateral aberration is satisfactorily corrected.
TBL                Table 1                                                     
     ______________________________________                                    
     f = 100 bf* (back focus) = 163.7                                          
     FNO. 1 : 4  angle of field 21.degree.                                     
     radius of  lens thickness                                                 
                             refractive  Abbe                                  
     curvature  and distance index (d ray)                                     
                                         number                                
     ______________________________________                                    
     R.sub.1                                                                   
         -162.58    D.sub.1                                                    
                           6.7     N.sub.1 1.76182                             
                                             .gamma..sub.1 26.6                
     R.sub.2                                                                   
         - 84.77    D.sub.2                                                    
                           23.2                                                
     R.sub.3                                                                   
         - 42.475   D.sub.3                                                    
                           4.6     N.sub.2 1.713                               
                                             .gamma..sub.2 54                  
     R.sub.4                                                                   
         462        D.sub.4                                                    
                           27.9                                                
     R.sub.5                                                                   
         -420.      D.sub.5                                                    
                           3.5     N.sub.3 1.48749                             
                                             .gamma..sub.3 70.1                
     R.sub.6                                                                   
         71.5       D.sub.6                                                    
                           22.4    N.sub.4 1.51118                             
                                             .gamma..sub.4 51                  
     R.sub.7                                                                   
         1013.      D.sub.7                                                    
                           5.9                                                 
     R.sub.8                                                                   
         -210.5     D.sub.8                                                    
                           11.8    N.sub.5 1.48749                             
                                             .gamma..sub.5 70.1                
     R.sub.9                                                                   
         - 53.3     D.sub.9                                                    
                           0.2                                                 
     R.sub.10                                                                  
         215.9      D.sub.10                                                   
                           12.4    N.sub.6 1.43387                             
                                             .gamma..sub.6 95.1                
     R.sub.11                                                                  
         -111.84    D.sub.11                                                   
                           6.4                                                 
     R.sub.12                                                                  
         - 76.6     D.sub.12                                                   
                           3.5     N.sub.7 1.75520                             
                                             .gamma..sub.7 27.5                
     R.sub.13                                                                  
         -151.61    D.sub. 13                                                  
                           0.2                                                 
     R.sub.14                                                                  
         122.27     D.sub.14                                                   
                           13.5    N.sub.8 1.43387                             
                                             .gamma..sub.8 95.1                
     R.sub.15                                                                  
         -187.27    D.sub.15                                                   
                           8.2                                                 
     R.sub.16                                                                  
         .infin.    D.sub.16                                                   
                           130.    N.sub.9 1.51633                             
                                             .gamma..sub.9 64.1                
     R.sub.17                                                                  
         .infin.                                                               
     ______________________________________                                    
      *Value as N.sub.9 is eliminated.                                         
TBL                Table 2                                                     
     ______________________________________                                    
     I         II        III       P       V                                   
     ______________________________________                                    
     R.sub.1                                                                   
         -0.0571   0.1002    -0.1758 -0.2660 0.7752                            
     R.sub.2                                                                   
         1.6487    -1.1341   0.7801  0.5101  -0.8875                           
     R.sub.3                                                                   
         -5.0468   1.3268    -0.3488 -0.9800 0.3494                            
     R.sub.4                                                                   
         -1.6856   -1.5604   -1.4446 -0.0901 -1.4207                           
     R.sub.5                                                                   
         0.6747    0.8472    1.0639  -0.0781 1.2379                            
     R.sub.6                                                                   
         0.8717    0.5369    0.3307  0.0147  0.2127                            
     R.sub.7                                                                   
         -3.0961   -2.8685   -2.6577 -0.0334 -2.4933                           
     R.sub.8                                                                   
         0.4189    0.6212    0.9210  -0.1557 1.1347                            
     R.sub.9                                                                   
         10.1954   3.8020    1.4178  0.6149  0.7580                            
     R.sub.10                                                                  
         0.4706    0.5330    0.6036  0.1401  0.8422                            
     R.sub.11                                                                  
         7.3734    2.5469    0.8798  0.2706  0.3973                            
     R.sub.12                                                                  
         -16.8244  -6.9486   -2.8698 -0.5618 -1.4173                           
     R.sub.13                                                                  
         0.6298    0.0621    0.0061  0.2838  0.0286                            
     R.sub.14                                                                  
         0.8955    0.9399    0.9865  0.2475  1.2951                            
     R.sub.15                                                                  
         4.0114    1.3078    0.4264  0.1616  0.1917                            
     R.sub.16                                                                  
         -0.8782   -0.0361   -0.0015 0.      -0.0001                           
     R.sub.17                                                                  
         0.3955    0.0162    0.0007  0.      0.                                
     .SIGMA.                                                                   
         -0.0026   0.0925    -0.0818 0.0784  1.0040                            
     ______________________________________                                    
PAR  The diaphragm is positioned at 0.01f from the focal point at an object side
      towards the object side.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A retro-telecentric lens comprising a divergent lens group at an object
      side and a convergent lens group having a plurality of lenses at an image
      plane side, wherein the back focus of the total lens is longer than the
      focal distance and the aperture almost coincides with the position of the
      focal point at the object side, and wherein an optical member consisting
      of a plural number of lenses having different dispersion for correcting
      coma aberration is positioned between said divergent lens group and the
      convergent lens group and wherein said optical member includes two lenses
      and the adjoining surface of said lenses is convex at an object side, and
      both lenses are cemented together and wherein a positive lens element is
      arranged at the nearest position to said optical member within said
      convergent lens group and wherein said optical member satisfies the
      following equations:
      ##EQU3##
      wherein d is synthesized thickness on axis of said optical member, .phi.
      is a synthesized power of the member, .phi..sub.1 is the power of a front
      lens system which forms the member, .gamma..sub.1 is its Abbe number,
      .phi..sub.2 is the power of a rear lens system which forms the member,
      .gamma..sub.2 is its Abbe number, and f is the focal distance of the total
      lens system.
NUM  2.
PAR  2. A retro-telecentric lens comprising a divergent lens group at an object
      side and a convergent lens group at an image plane side, wherein the back
      focus of the total lens is longer than the focal distance and the aperture
      almost coincides with the position of the focal point at the object side
      and wherein an optical member consisting of a plural number of lenses
      having a different dispersion for correcting coma aberration is positioned
      between said divergent lens group and the convergent lens group and
      wherein the optical member contains two lenses with an adjoining cemented
      surface, said adjoining cemented surface being convex at the object side
      and wherein said lens is constructed in accordance with the following
      table:
TBL  f = 100 bf* (back focus) = 163.7                                          
     FNO. 1 : 4  angle of field 21.degree.                                     
     radius of  lens thickness                                                 
                              refractive  Abbe                                 
     curvature  and distance  index (d ray)                                    
                                          number                               
     ______________________________________                                    
     R.sub.1                                                                   
         -162.58    D.sub.1 6.7     N.sub.1 1.76182                            
                                              .gamma..sub.1 26.6               
     R.sub.2                                                                   
         - 84.77    D.sub.2 23.2                                               
     R.sub.3                                                                   
         - 42.475   D.sub.3 4.6     N.sub.2 1.713                              
                                              .gamma..sub.2 54                 
     R.sub.4                                                                   
         462.       D.sub.4 27.9                                               
     R.sub.5                                                                   
         -420.      D.sub.5 3.5     N.sub.3 1.48749                            
                                              .gamma..sub.3 70.1               
     R.sub.6                                                                   
         71.5       D.sub.6 22.4    N.sub.4 1.51118                            
                                              .gamma..sub.4 51                 
     R.sub.7                                                                   
         1013.      D.sub.7 5.9                                                
     R.sub.8                                                                   
         -210.5     D.sub.8 11.8    N.sub.5 1.48749                            
                                              .gamma..sub.5 70.1               
     R.sub.9                                                                   
         - 53.3     D.sub.9 0.2                                                
     R.sub.10                                                                  
         215.9      D.sub.10                                                   
                            12.4    N.sub.6 1.43387                            
                                              .gamma..sub.6 95.1               
     R.sub.11                                                                  
         -111.84    D.sub.11                                                   
                            6.4                                                
     R.sub.12                                                                  
         - 76.6     D.sub.12                                                   
                            3.5     N.sub.7 1.75520                            
                                              .gamma..sub.7 27.5               
     R.sub.13                                                                  
         -151.61    D.sub.13                                                   
                            0.2                                                
     R.sub.14                                                                  
         122.27     D.sub.14                                                   
                            13.5    N.sub.8 1.43387                            
                                              .gamma..sub.8 95.1               
     R.sub.15                                                                  
         -187.27    D.sub.15                                                   
                            8.2                                                
     R.sub.16                                                                  
         .infin.    D.sub.16                                                   
                            130.    N.sub.9 1.51633                            
                                              .gamma..sub.9 64.1               
     R.sub.17                                                                  
         .infin.                                                               
     ______________________________________                                    
      *Value as N.sub.9 is eliminated.                                         
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PAL  Compact periscopic device particularly adapted for vehicular rear vision,
      including an optical train to provide a wide field of view with optimum
      resolution and brightness and adapted to the confines of a relatively
      small housing enclosure. The optical train directs the incoming light rays
      through a series of direction reversals whereby the housing size
      requirements are considerably reduced. Further, the optical train consists
      of a pair of alternately operable, Fresnel-type objective lenses of
      differing focal length to provide for either a wide unit magnification of
      rear-viewed objects in one instance or a greatly expanded field of view in
      another instance. The optical train also includes image-reversing and
      image-inversion reflective surfaces, to correct for lens reversal and
      inversion of the image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a rear view periscopic device and an optical
      train therefor.
PAR  2. Prior Art
PAR  Heretofore, numerous efforts have been made to provide a rear viewing
      optical device for vehicular use which enables the user to see a true
      perspective view of objects behind an observer. Many of the earlier
      devices employed a rearward directed objective lens mounted in the upper
      portion of a tube member extending well above a vehicle roof and arranged
      to direct an image downward for viewing by the vehicle driver on a display
      surface. The primary problem with these designs has been their small
      visual fields and their bulky size. In constructing these periscopic
      devices, the required spacing between the objective lens and the image
      receiving surface plus the placement of image directing and image
      corrective mirrors produced an unacceptable proportioned device, even
      though many advantages made their use highly desirable. Most of these past
      designs required that a considerable portion of the device extended well
      above the vehicle roof line in which it was used to the detriment of the
      vehicle's appearance and which created an obstacle subject to damage.
      Further, a considerable portion of the device extended downward into the
      vehicle producing a safety hazard as well as obscuring the forward view.
PAR  More recently, certain periscopic devices have been devised to provide an
      extremely wide field of view for an over-the-top system of rear viewing
      which utilizes a pair of very wide mirrors mounted in the roof of a
      vehicle to bring an image to the driver's viewing mirror. Herein, the
      advantage of providing a wide angle rear view display system is
      overshadowed by the numerous objectional features, primarily due to the
      device's size. Namely, headroom obstruction; necessity for a wide roof
      opening, resulting in a weakened roof; high cost; subject to vibration;
      high wind resistance; defrosting and cleaning difficulties; limitations in
      viewing mirror location; and aesthetic considerations.
PAC  SUMMARY OF THE INVENTION
PAR  Applicant's invention has overcome the difficulties and shortcomings of the
      prior art and has made the over-the-top system of wide angled rear viewing
      practical for the first time by providing a compact apparatus requiring
      negligible space inside the operating compartment of a vehicle and having
      an aesthetically acceptable low profile portion mounted above the vehicle
      roof. Further, a choice of viewing areas to be covered is provided in the
      present device with a simple flick of a lever. Accordingly, the driver of
      the vehicle may select unit magnification rear viewing to accurately judge
      distances of vehicles behind or an expanded wide viewing coverage,
      desirable when "changing lanes" or when traveling on wide thoroughfares.
PAR  This compact design is made possible by virtue of an optical train which
      includes a pair of light reflective surfaces positioned in the device to
      direct the path of image forming light rays through a series of direction
      reversals between sighting and viewing openings in the device's housing.
      The light rays, as directed along the image path, pass through a thin
      rectangular objective lens, selectively positioned in an operable
      orientation from a pair of objective lenses provided in the housing to
      focus the light rays on an image forming screen. Each lens of the pair of
      lenses being spaced from the screen, as measured along the image path, a
      distance equivalent to the focal length of the respective lens.
PAR  Reflective surfaces are also provided to correct for lens related image
      inversion and reversal and to make the image visible on a viewing mirror
      positionable in a most advantageous location for a close-in display.
      Further, applicant has employed thin Fresnel-type lenses, having excellent
      resolution and well-suited to the compact design. In addition, a
      Fresnel-type screen is utilized to provide a bright and evenly illuminated
      image on the screen.
PAR  A principal advantage of the present invention, therefore, is a vehicular
      rear viewing device which provides an unobstructed wide field of rear
      vision, on a single display surface for maximum safety to the vehicle's
      operator.
PAR  Another advantage of this invention is a novel and inexpensive periscopic
      device which will provide a suitable field of view, consistent with the
      driving environment encountered.
PAR  Yet another advantage of this invention is a compact periscopic device
      which can easily be maintained and which is aesthetically acceptable to
      the general public.
PAR  Other advantages, features and objects of the invention will be readily
      apparent from the following description and with reference to the
      accompanying drawings, although variations and modifications may be
      effected without departing from the spirit and scope of the novel concepts
      of the disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of my periscopic
      device, mounted in the roof of an automobile;
PAR  FIG. 2 is a perspective view of the optical train employed in the device
      shown in FIG. 1 with the housing removed and the wide angle objective lens
      shown in its operable position;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the optical train with the
      standard objective lens in its operable position;
PAR  FIG. 4 is a sectional view of the periscopic device shown in FIG. 1 and
      utilizing the optical train in the manner shown in FIG. 2;
PAR  FIG. 5 is a view similar to FIG. 4, but utilizing the optical train in the
      manner shown in FIG. 3;
PAR  FIG. 6 is a sectional view taken substantially along the line VI--VI of
      FIG. 5 with certain portions broken away to better illustrate the relative
      positions of the internal components;
PAR  FIG. 7 is a diagrammatic sectional view of an alternate form of my
      invention in which the design achieves a maximum degree of compaction; and
PAR  FIG. 8 is a diagrammatic sectional view of yet another embodiment of my
      invention having a somewhat less compact design than my preferred
      embodiment.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF INVENTION
PAR  Referring now more particularly to the embodiment of my invention shown in
      FIGS. 1 to 6 of the drawings, an automobile 10 is provided with a
      periscopic device 12 mounted in the automobile roof 14 and adapted to
      display a panoramic view of objects to the rear on an adjustable viewing
      mirror 16. Preferably, the viewing mirror 16 is located on the automobile
      dashboard 18, close to the driver's line of sight and just below the front
      edge of the automobile hood 19 as viewed from the driver's position.
      Herein, minimum eye or head movements are required of the driver to scan
      his environment and blind spots are effectively eliminated from the rear
      scene and the rear vision information is displayed where it will not
      obscure the forward scene.
PAR  The periscopic device 12 includes an optical train 20 enclosed in a
      weather-tight housing 22 which is suitably secured in the roof 14 of the
      automobile 10, with an upper portion 24 extending above the roof 14 on the
      outside and a lower portion 26 extending slightly downward inside the
      automobile 10. The upper portion 24 of the housing is provided with a
      rearwardly directed, image-receiving opening 28 while the lower portion 26
      is provided with a downwardly directed, image-viewing opening 30. A
      transparent seal 32 is provided to cover the opening 28 to protect the
      optical train 20 from the elements on the outside of the automobile 10.
      Similarly, a transparent seal may be provided to seal the opening 30 to
      protect the optical train 20 from smoke and air-borne dust on the inside.
PAR  Now, with specific reference to FIGS. 2 and 3, the optical train 20
      includes a pair of objective lenses 34 and 35; a screen 36 for focusing an
      image thereon; an image-reversing means 38 and an image-inversion means
      42. Preferably the lens 34 is a thin Fresnel-type plastic lens
      proportioned substantially wider than its height and having a
      comparatively short focal length. The lens 34 is pivotally mounted in the
      housing 22 for selective positioning either in an operable location shown
      in FIGS. 2 and 4 or an out-of-the-way position relative to the image path
      44, as best seen in FIG. 5. Further, the lens 34 is spaced from the screen
      36, as measured along the image path 44, a distance consistent with its
      focal length to focus a sharp image on the screen 36.
PAR  Similarly, the lens 35 is preferably a thin Fresnel-type plastic lens
      pivotally mounted in the housing 22 for selective positioning in an
      operable position, as shown in FIGS. 3 and 5, or an out-of-the-way
      position, seen in FIG. 4. The lens 35 is larger in size than the lens 34
      and has a substantially longer focal length. Accordingly, the lens 35 is
      spaced a greater distance from the screen 36 to project a sharp image
      thereon. The focal lengths of the lenses 35 and 34 are selected to provide
      a wide field of view at unit magnification or a greatly expanded wide
      angle field of view at a somewhat reduced image size.
PAR  The lenses 34 and 35 are interconnected by a control linkage 46 which is
      pivotally supported in the housing 22 on a pin 47 and having a lever arm
      48 extending from the housing for manual operation to selectively position
      one of said lenses in an operable position and concurrently to move the
      other of said lenses into an out-of-the-way position.
PAR  Both lenses 34 and 35 are preferably mounted in frames 50, 51 respectively,
      to rigidify the lenses and to provide a suitable supporting structure to
      accommodate pivotal mounting in the housing 22. The control linkage 46,
      while shown as being hand-operated, may alternately be controlled by an
      electromagnetic means or other suitable servo-means, if desired.
PAR  A light shield 54 is shown cooperating with the lens 35 and is operatively
      connected to the linkage 46 for movement to a light-blocking position
      above the lens 35(when brought into an operable position) to restrict
      stray incident light rays which would otherwise by-pass the lens 35 and
      interfere with image contrast. Certain housing partitions, such as 22a and
      22b are also effective to retard light scattering, whereby only the light
      rays producing an image on the screen 36 are unobstructed. Further, the
      interior surfaces of the housing 22 are preferably finished in a dull
      black to absorb diffused light rays. In other proportioned designs, the
      lens 35 may be sufficiently larger and with suitable clearances, wherein
      the light shield 54 may be dispensed with.
PAR  Utilizing Fresnel-type lenses for the objective lenses 34 and 35 provides a
      thin light-weight construction consistent with the compact design of the
      present invention. Conventional glass lenses of equivalent size and focal
      length would not only be extremely expensive, but would also necessitate a
      much larger housing 22 and would require a more bulky linkage and
      supporting components to pivotally move thick, cumbersome glass objective
      lenses. The compact design of the periscopic device 12 also simplifies
      adapting defrosting-defogging systems (not shown) to the device.
PAR  The reverser means 38 is arranged to correct for image reversal, associated
      with the use of a single objective lens. The reverser means 38 comprises a
      pair of mirrors 60, 61 disposed at a 90.degree. angle relative to one
      another and fixedly mounted in said housing 22 at a comparative shallow
      angular tilt, to direct the incoming light rays in an opposite direction
      and somewhat downward along the image path 44 and onto the surface of a
      mirror 62 mounted in the housing 22 below the lens 35. The reverser means
      38 is effective to transpose the right and left hand portions of the image
      forming light rays in a similar manner to the converter device described
      in my U.S. Pat. No. 3,165,573, issued Jan. 12, 1965. The reverser means 38
      is positioned between the wide angle lens 34 and the unit magnification
      standard lens 35 relative to the image path 44, at an equal angle relative
      to said lenses in their respective operable positions, which may be in the
      order of 15.degree. to 30.degree., with an angle of 22.degree. shown in
      the preferred embodiment.
PAR  Accordingly, the reversing means 38 is positioned at a comparatively
      shallow angle relative to the image path 44, whereby a substantially
      greater effective reflective surface is made available as opposed to
      comparable size mirrors disposed at considerably greater angles as
      provided in the prior art. This feature further enhances the compactness
      of my invention while providing the desired full width field of view which
      may be as much as 70.degree. or even more.
PAR  The images of rear-viewed objects are focused on a frosted surface 64 of
      the screen 36. The screen 36, preferably comprises a Fresnel-type screen
      to provide a uniformly bright illuminated image.
PAR  The image, as focused on the forwardly disposed frosted surface 64 of the
      screen 36, while being re-versed by the reversing means 38, is as yet
      inverted. Accordingly, the inversion means 42, comprising a mirror 66, is
      positioned in the housing 22 above the viewing opening 30 to invert the
      image by providing a line of sight 68 from the driver's vantage point "P"
      to the viewing mirror 16, upward through the opening 30 and to the image
      forming frosted surface 64 of the screen 36. Herein, the image inversion
      correction is accomplished to right the image as viewed by the driver and
      provide a bright true perspective wide-field display of objects behind the
      driver.
PAR  In some instances, it may be desirable to provide a viewing mirror 16 which
      has a curved surface to somewhat alter the image size as it is focused on
      the screen 36, however; normally, a flat surfact mirror is preferred to
      avoid linear distortions.
PAR  Referring now more particularly to the embodiment of my invention shown in
      FIG. 7, which provides a maximum degree of compactness, a housing 22' has
      been modified to locate the mirror 6a of the inversion means 42 on the
      opposite side of the screen 36 from that of the embodiment shown in FIGS.
      1 to 6. Herein the viewing mirror 16 directly monitors the corrected image
      displayed on the screen 36.
PAR  FIG. 8 provides still another form of my invention, being somewhat less
      compact than the other embodiments, in which the housing 22" has been
      modified to locate both mirrors 66a and 62 along the line of sight 68 to
      the screen 36. In the embodiments shown in FIGS. 7 and 8, the viewing
      mirror 16 is somewhat limited in its mounting locations and accordingly
      may not be suitable for use on some vehicles.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A compact periscopic device for vehicular rear vision comprising:
PA1  a housing mounted in a vehicle roof with an image receiving opening therein
      directed rearwardly and extending above the roof, and having an image
      viewing opening therein directed generally downward inside the vehicle;
PA1  a transparent seal extending over said image receiving opening;
PA1  an angularly movable objective lens having a selected focal length
      angularly movable into and out of the path of light through said image
      receiving opening;
PA1  a screen adapted to accommodate an image to be focused thereon by said lens
      and positioned in said housing for viewing through said image viewing
      opening;
PA1  a second objective lens having a different focal length than the focal
      length of said first lens and angularly movable into and out of the path
      of light alternately of said first lens and adapted to focus an image on
      said screen as said first lens is out of position to focus an image on
      said screen;
PA1  a plurality of image reflecting surfaces positioned in said housing and
      adapted to direct the image along a path through a series of direction
      changing reversals between said image receiving opening and said image
      viewing opening and including means to correct for optical reversal and
      means to correct for optical inversion of the image, comprising a pair of
      image reversing mirrors disposed in angular relation with respect to each
      other and generally facing each other and converging to an apex in the
      image path of said transparent seal, and a mirror spaced beneath and
      downstream of the image path reflected by said mirrors to correct for
      optical inversion, said screen being in the path of said image through
      said image reversing mirrors, and said image inversion mirror, said image
      inversion mirror being downstream of said screen and directing the image
      through said image viewing opening;
PA1  one of said objective lenses being upstream of said image reversing mirrors
      and the other of said objective lenses being downstream of said image
      reversing mirrors and means selectively moving said lenses into and out of
      the path of light through said image receiving opening alternately of each
      other.
NUM  2.
PAR  2. The periscopic device of claim 1, wherein said first objective lens has
      a focal length adapted to focus a generally full-size image on said screen
      and said second objective lens has a focal length adapted to focus an
      expanded wide field image on said screen, and link and lever means
      pivotally connected with said lenses for alternately and selectively
      moving one lens into position to focus an image on said screen and moving
      the lens not in position to focus an image on the screen out of the path
      of light through the image receiving opening.
NUM  3.
PAR  3. The periscopic device of claim 1, wherein said first mentioned objective
      lens comprises a horizontally elongated unit magnification standard lens
      and said second mentioned objective lens comprises a horizontally
      elongated wide angle reduced image size lens, wherein said lenses are
      transversely pivoted to said housing and a single lever is effective to
      move one of said lenses into the path of light through the image receiving
      opening and the other of said lenses out of the path of light through the
      image receiving opening.
NUM  4.
PAR  4. The periscopic device of claim 3, wherein the pair of mirrors in angular
      relation with respect to each other and converging to an apex to correct
      for optical reversal, is positioned between said pair of lenses and
      disposed at equal angles relative to each of said lenses in their
      respective image focusing positions.
NUM  5.
PAR  5. The periscopic device of claim 4, wherein said equal angles relative to
      each of said lenses is in the order of 15.degree. to 30.degree..
NUM  6.
PAR  6. The periscopic device of claim 4, wherein said pair of lenses are
      Fresnel-type lenses and are operably interconnected by a control linkage
      to accommodate alternate and selective positioning of one of said pair of
      lenses in a focusing position, while the other of said pair of lenses is
      positioned in an out-of-the-way, inoperative position.
NUM  7.
PAR  7. The periscopic device of claim 6, wherein the screen comprises a
      Fresnel-type image forming screen.
NUM  8.
PAR  8. The periscopic device of claim 7, including a light shield framing an
      edge of said unit magnification standard lens when in an operable image
      focusing position, and wherein said control linkage is operable to
      position said light shield coincidental with positioning said unit
      magnification standard lens in an operable image focusing position.
NUM  9.
PAR  9. A compact periscopic device for vehicular rear vision requiring a
      minimum amount of vertical space comprising:
PA1  a housing mounted in a vehicle roof with an image receiving opening
      therein, rearwardly directed and extending above the roof, and having an
      image viewing opening therein directed downwardly inside the vehicle;
PA1  a screen between said openings having a focusing surface thereon;
PA1  a pair of objective lenses within said housing, including a first lens of
      one focal length supported in said housing for selective angular movement
      about a fixed axis between an operable and non-operable position, and a
      second objective lens of a different focal length than said first lens
      also supported in said housing for selective angular movement about a
      fixed axis spaced from the axis of angular movement of said first
      objective lens and movable between an operable and non-operable position
      alternately of the position of said first lens, whereby either lens may
      optionally be brought into position to focus an image on said screen;
PA1  spaced partitions between said openings to retard light scattering;
PA1  a plurality of image reflecting surfaces supported in said housing on
      opposite sides of said partitions and adapted to direct the image along a
      path between said image receiving opening and said image viewing opening
      and through one of said lenses when positioned downstream of said image
      reflecting surfaces, and including a pair of facing right-angled mirrors
      converging to an apex at the image path to correct for optical reversal
      and a second mirror in the image path to correct for optical inversion of
      the image;
PA1  said lenses being movable about spaced transverse axes and extending along
      at least one of said partitions when in a non-operable position, on
      opposite sides of said at least one partition.
NUM  10.
PAR  10. The compact periscopic device of claim 9, wherein said pair of lenses
      comprise comparatively thin horizontally elongated Fresnel-type lenses
      including a unit magnification standard lens and a spaced wide angle
      reduced image size lens.
NUM  11.
PAR  11. The periscopic device of claim 10 including a control linkage operably
      interconnecting said pair of objective lenses and a single lever for
      operating said control linkage to alternately and selectively position one
      of said pair of objective lenses in a focusing position and to position
      the other of said pair of lenses in an out-of-the-way, inoperative
      position along the at least one of said partitions.
NUM  12.
PAR  12. The compact periscopic device of claim 11, wherein the first and second
      objective lenses are elongated Fresnel lenses and the screen is downstream
      of both lenses and comprises a horizontally elongated Fresnel-type image
      forming screen.
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ABST
PAL  A rear view mirror system adapted to be incorporated in a road vehicle
      comprises co-operating first and second flat mirrors of which the first
      extends rearwardly and upwardly at an acute angle to the horizontal from a
      transverse line on the vehicle roof adjacent to the upper edge of the
      windshield and the second extends rearwardly and downwardly at an acute
      angle to the horizontal from the same line, the first mirror being viewed
      through an opening in the roof.
BSUM
PAR  This invention relates to an improved rear-view mirror system for road
      vehicles.
PAR  In modern conditions, and particularly on motorways, it is essential for
      the driver of a vehicle to be able to watch other vehicles coming up
      behind, and vehicles are normally fitted with an interior rear-view mirror
      with or without an additional external mirror mounted on a wing or other
      part of the vehicle.
PAR  The interior mirror is mounted on the windshield or on the roof or other
      part of the body adjacent to the top or bottom of the windshield and what
      is seen in the mirror is the view through the rear window in the case of
      an ordinary saloon car.
PAR  Vehicles directly behind can be seen, but the rear quarters of the body
      restrict the width of the view and are liable to create blind areas so
      that a vehicle about to pass may be temporarily obscured, and this is
      liable to lead to accidents.
PAR  To overcome this difficulty various forms of mirror of the periscope type
      have been proposed, the mirror projecting above the roof and being viewed
      either directly or by reflection in another mirror inside the vehicle so
      that the driver has a clear view rearwardly over the roof. Most of these
      system have been clumsy and bulky and have involved the projection of a
      substantial structure from the roof.
PAR  According to our invention a rear-view mirror system comprises two
      co-operating flat mirrors of which the first extends rearwardly and
      upwardly at an acute angle to the horizontal from a line in or on the
      vehicle roof adjacent to the upper edge of the windshield, and the second
      extends rearwardly and downwardly at an acute angle to the horizontal from
      the same line.
PAR  The first mirror extends above the roof and is viewed by the driver of the
      vehicle through a transparent window in the roof substantially parallel to
      the mirror.
PAR  Light rays coming from the rear of the vehicle over the roof strike the
      first mirror and are reflected on to the second mirror from which they are
      reflected back to the first mirror and from there through the window to
      the eye of the driver who thus has a clear uninterrupted view of the road
      behind.
PAR  The assembly of the two mirrors may be angularly adjustable about the
      meeting point of the front edges of the mirrors to suit drivers of
      different height and/or the inclination of the second mirror may be
      adjustable for optimum viewing.
DRWD
PAR  One practical embodiment of our invention is illustrated by way of example
      in the accompanying drawings in which:
PAR  FIG. 1 is a vertical section on the longitudinal centre line of a car
      showing the positions of the mirrors and the paths of the light rays,
PAR  FIG. 2 is a perspective view of the front part of the car showing the
      position of the driver relative to the mirror assembly, and
PAR  FIG. 3 is a diagrammatic view of a modification.
DETD
PAR  In the arrangement illustrated two mirrors 1 and 2 are mounted in a
      wedge-shaped housing 3 adapted to be fitted into or over an opening in the
      roof 4 of a car above the windshield 5.
PAR  Both mirrors are flat and are rectangular in outline and their front edges
      meet or are in close proximity to each other on a line substantially at
      right angles to the longitudinal centre line of the car.
PAR  The mirror 1 is inclined rearwardly and upwardly from its front edge at an
      acute angle to the horizontal. The second mirror 2 extends rearwardly and
      downwardly from its front edge at an acute angle to the horizontal.
PAR  Horizontal light rays 6 from the rear of the car strike the mirror 1 and
      are reflected forwardly and downwardly on to the mirror 2 from which they
      are reflected generally upwardly to the mirror 1. Finally, the rays are
      reflected rearwardly and downwardly from the mirror 1 through a
      transparent window 8 in the roof substantially parallel to the mirror 1
      and so to the eye 7 of the driver who is seated a short distance to the
      rear of the assembly of the mirrors.
PAR  The housing 3 may be made of sheet metal but preferably it is formed as a
      plastics moulding. The joint between the housing and the opening in the
      roof in which it is mounted is sealed by any convenient means to prevent
      the entry of water or dirt.
PAR  The sides of the housing may be closed or the side edges of the mirrors may
      be cut or marked to give square ends to the image.
PAR  The angle between the two mirrors is fairly critical and experiments have
      shown the optimum angle to be 50.degree. 26'. The inclination of the
      mirror 1 to the horizontal is of the order of 26.degree. so that the
      projection of its rear edge above the roof level and hence the depth of
      the rear end of the housing can be kept relatively small.
PAR  The assembly may be mounted for angular adjustment about the meeting front
      edges of the mirrors to suit drivers of different height, any convenient
      means being provided for clamping the assembly in a set position.
      Alternatively, the inclination of the mirror 2 may be adjustable through a
      small angle for optimum viewing.
PAR  In the modification shown in FIG. 3 a fixed sheet 9 of clear glass is
      located over and at a small angle to the lower mirror 2 which is itself
      adjustable angularly through a small angle about its front edge to allow
      the intensity of the image projected to the driver to be reduced and so
      avoid dazzle from the lights of following cars at night.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a road vehicle having a roof and a windshield, a
      rear view mirror system comprising first and second cooperating flat
      mirrors, means for supporting one of said mirrors from a line in or on the
      vehicle roof adjacent said windshield so that the mirror extends
      rearwardly and upwardly at an acute angle to the horizontal and in a
      position that at least a part of said mirror adjacent said line may be
      viewed by the driver of said vehicle, and means for supporting said second
      mirror from said line so that it extends rearwardly and downwardly at an
      acute angle to the horizontal from said line and in a position that an
      image received by said first mirror can be viewed by said driver in said
      first mirror after reflection on to said second mirror and back on to said
      first mirror.
NUM  2.
PAR  2. The combination of claim 1 wherein the first mirror extends above the
      roof and an opening is provided in the roof adjacent to the first mirror
      enabling the latter to be viewed through said opening by the driver of the
      vehicle.
NUM  3.
PAR  3. The combination of claim 1 wherein the two mirrors are mounted in a
      housing fitted into or over an opening in the vehicle roof.
NUM  4.
PAR  4. The combination of claim 1 wherein the angle between the mirrors is
      51.degree.  26'.
NUM  5.
PAR  5. The combination of claim 1 including means for forming an assembly of
      said mirrors in a predetermined angular relationship relative to said
      line, and means for adjusting said assembly angularly about said line.
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ABST
PAL  An apparatus and process for determining subjective astigmatic and
      spherical prescription for the eye is disclosed. A target, consisting of a
      straight line, is focused for maximum clarity by the adjustment of
      spherical optics, causing the line to become proximate to the retinal
      viewing plane of the eye. Change of astigmatic correction is made along at
      least one axis diagonal to the line until maximum sharpness of the line
      results, without resultant spherical change and resultant movement of the
      image away from the retinal plane of the eye being tested. A second
      target, again consisting of a straight line, is introduced; this line
      target is angularly inclined to the first target, preferably at
      45.degree.. Spherical adjustment is made to obtain subjective line
      sharpness. Change of astigmatic correction is made along at least one axis
      diagonal to the line until maximum sharpness of the line results, without
      resultant spherical change and resultant movement of the image away from
      the retinal plane of the eye. By the expedient of vector analysis of the
      two astigmatic components, astigmatic correction can either be plotted on
      Cartesian coordinates (in accordance with a technique recently developed),
      or conversion to the more conventional polar description of astigmatism
      using cylinder power and rotation can occur. A specialized line target
      consisting of a three point source smeared by the superimposition of
      strong cylinder in the range of 4 to 12 diopters is disclosed. This
      specialized target, when the point sources are arrayed in a triangular
      configuration, can be adjusted using patient Vernier visual acuity, a
      visual acuity common to a high degree in large numbers of the population.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to subjective eye testing apparatus for determining
      astigmatism and spherical correction.
PAC  SUMMARY OF THE PRIOR ART
PAR  Subjective measurement of astigmatism has heretofore related to patient
      focus on a radial array of spoke-like lines. Best spherical lens
      correction is determined. Additional positive sphere is added. The spoke
      line appearing sharpest is the one nearest one of the required astigmatism
      axes. Negative cylinder can be added at 90.degree. to the orientation of
      the sharper line until all lines are of similar sharpness. The process may
      be repeated with variations known to those skilled in the art. Finally,
      when the astigmatic correction reaches sufficient precision, other
      optimizing techniques such as the employment of a Jackson crossed cylinder
      may be introduced.
PAR  These prior art techniques have several disadvantages. First, the patient
      must be sufficiently instructed by the eye examiner to look for the spoke
      or other linear target having the optimum visual appearance. The process
      of instructing the patient ang getting the patient to understand the
      instructions is time consuming and to portions of the population extremely
      difficult. This is because of the presence of visual aberrations, lack of
      visual coordination, or absence of basic intelligence and experience (as,
      for example, in the case of young children).
PAR  Additionally error, especially at low diopter cylinder power, can occur.
PAR  Finally, the patient is inhibited in responding to such conventional tests
      by his own expected predelections to size and shape. Adjustment in sphere
      produces resultant change in size; the patient, not accustomed to
      resultant change in size, confuses desired optical clarity with preventing
      undesired size change. Erroneous spherical prescription can result.
PAR  Similarly, adjustments in cylinder produce resultant change in target
      geometry; the patient, not accustomed to resultant change in target
      geometry, confuses desired optical clarity with preventing undesired
      target geometry change. Erroneous cylindrical prescriptions can result.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  An apparatus and process for determining subjective astigmatic and
      spherical prescription for the eye is disclosed. A target, consisting of a
      straight line, is focused for maximum clarity by the adjustment of
      spherical optics, causing the line to become proximate to the retinal
      viewing plane of the eye. Change of astigmatic correction is made along at
      least one axis diagonal to the line until maximum sharpness of the line
      results, without resultant spherical change and resultant movement of the
      image away from the retinal plane of the eye being tested. A second
      target, again consisting of a straight line, is introduced. This line
      target is angularly inclined to the first target, preferably at
      45.degree.. Spherical adjustment is made to obtain subjective line
      sharpness. Change of astigmatic correction is made along at least one axis
      diagonal to the line until maximum sharpness of the line results, without
      resultant spherical change and resultant movement of the image away from
      the retinal plane of the eye. By the expedient of vector analysis of the
      two astigmatic components, astigmatic correction can either be plotted on
      Cartesian coordinates (in accordance with a technique recently developed),
      or conversion to the more conventional polar description of astigmatism
      using cylinder power and rotation can occur.
PAR  It has been shown that measurement of astigmatism can be determined and
      plotted at two components 45.degree. one with respect to another. By
      plotting such components on a 360.degree. chart, rotation and power of
      cylinder (especially low power cylinder) can easily be determined. See
      patent application Ser. No. 263,329, filed June 15, 1972, entitled
      "Ophthalmological Apparatus and Process Having Independent Astigmatic and
      Spherical Inputs", now William E. Humphrey, U.S. Pat. No. 3,822,932.
PAR  A specialized multi-line target created by 4 to 12 diopter cylinder smear
      consists of point sources disposed at the three apexes of a triangle. By
      utilizing the cylinder to smear the point sources normal to the base of
      the triangle and measuring astigmatism along at least one diagonal
      component of measurement inclined with respect to the axis of the smearing
      cylinder, an array of three lines is generated. Since astigmatic viewing,
      when corrected along one component of astigmatic measurement, results in
      all three smeared lines being equidistant one from another, an astigmatic
      test results which enables the patient to equidistantly space a central
      smeared line from the remaining smeared lines. The ability to center or
      align line segments, commonly known as Vernier visual acuity, is possessed
      by large samples of the population.
PAC  FURTHER OBJECTS AND ADVANTAGES OF THIS INVENTION
PAR  An object of this invention is to disclose a process and apparatus for
      determining astigmatism and spherical prescription with each measurement
      being determined in isolated components.
PAR  An advantage of determining astigmatism in two isolated components in
      accordance with the apparatus and process of this invention is that the
      adjustment of one component of astigmatism does not affect the adjustment
      of the remaining component of astigmatism.
PAR  A further advantage of the apparatus and process of this invention is that
      adjustment of the spherical input is independent of both of the astigmatic
      components of this invention. Change of the spherical prescription does
      not require correspondent change in either of the determined astigmatic
      prescriptions.
PAR  It should be noted that the spherical prescription is completely determined
      at an unexpected place in this test. Immediately before the determination
      of the second astigmatic component, spherical prescription is determined.
      Thus, the unexpected sequence of prescription of this test is first to
      determine one astigmatic component of correction for a patient's eye;
      second, to determine the total spherical component necessary for
      correction of the patient's eye; and finally, to determine the remaining
      astigmatic component for correction of a patient's eye.
PAR  It should be further noted that each line target requires adjustment of
      only two, and not three optical components. Each line target requires
      adjustment of the spherical component, and that astigmatism component
      which varies astigmatism diagonally to the orientation of the straight
      line target. Adjustment of that astigmatism component which varies
      astigmatism parallel and perpendicularly to the orientation of the
      straight line target is not made.
PAR  An advantage of each straight line target is that it requires adjustment
      only to its correspondent variable astigmatism component and the variable
      spherical component. Surprisingly, these adjustments can be made in any
      order.
PAR  A further object of this invention is to vastly simplify the instruction to
      the patient. The patient is only told to optimize the view of a straight
      line using discrete spherical and astigmatic controls. Room for confusion
      with other imaging phenomena, such as changes in shape and size, is
      completely eliminated.
PAR  A further advantage of this invention is not only the product of vastly
      simplified instructions to the patient, but additionally the product of
      the discrete and independent shperical and astigmatic adjustments.
      Adjustment of any one of the three optic inputs (one spherical input and
      two astigmatic inputs) is completely independent of the remaining optical
      adjustments. No interrelated adjustment is required.
PAR  A further object of this invention is to disclose simplified straight line
      targets for viewing by the patient, the target always consisting of at
      least one straight line.
PAR  An advantage of using a straight line target is that with spherical power
      change, no disturbing magnification change occurs to the patient. The
      patient can change his acuity with respect to a straight line without
      disturbing size changes which tend to inhibit his subjective response to
      the optical test.
PAR  A further advantage of the straight line target used with this invention is
      that with astigmatic corrections, no disturbing shapes changes occur to
      the patient. In viewing a straight line, the patient sees an unchanging
      target save and except for the optical clarity with which the target is
      seen.
PAR  An object of this apparatus and process is to provide an instrument with an
      image which is coherent to measure astigmatism in two separate components
      only.
PAR  An advantage of the image produced is that while astigmatism in one
      component is measured, astigmatism error in the remaining astigmatism
      component is completely obscured. The image, being only sensitive to one
      component of astigmatism, can determine that component of astigmatism with
      a high degree of accuracy, and with a minimum of confusion, as the test is
      specific to a particular type of astigmatism component.
PAR  A further advantage of measuring astigmatism in separate components is that
      a plot of the components to determine ultimate astigmatic prescription in
      cylinder power and rotation can be made with greater ease and higher
      degrees of accuracy than is now conventional.
PAR  Yet another advantage of the apparatus and process of this invention is
      that it can easily be constructed in the form of a hand-held instrument,
      or alternately easily inserted in and used with existing optical testing
      equipment.
PAR  Yet another object of a specialized cylinder smeared line target of this
      invention is to couple the measurement of astigmatism to patient Vernier
      visual acuity.
PAR  An advantage of utilizing patient Vernier visual acuity for subjective
      measurements of astigmatism is that high degrees of Vernier visual acuity
      are possessed by large segments of the population, and that line centering
      possesses information as to which direction additional increments of
      adjustment must be made.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of this invention can be more fully
      understood, reference being had to the following specification and
      attached drawings in which:
PAR  FIG. 1 is a schematic perspective view of the eye test device of this
      invention, schematically illustrating a target, a patient's eye viewing
      the target, and thee corrective optics intermediate the target and the
      patient's eye, and a schematic representation in planar form of the
      retinal plane of the patient's eye;
PAR  FIG. 2 is a view similar to FIG. 1 illustrating the first spherical power
      adjustment of this invention;
PAR  FIG. 3 is a view similar to FIG. 1 illustrating the determination of the
      first component of astigmatic correction of this invention;
PAR  FIG. 4 is a view similar to FIG. 1 illustrating an angularly inclined
      (preferably at 45.degree.) new target with the second and final spherical
      prescription change being made to determine the spherical prescription
      required for the patient;
PAR  FIG. 5 is a view similar to FIG. 4 illustrating the determination of the
      final astigmatic component with completion of the resultant test;
PAR  FIG. 6 is a perspective view of an alternate embodiment using cylinder
      smear of point sources of light for the measurement of one component of
      patient astigmatism;
PAR  FIG. 7 is a patient's eye view of the preferred target of this invention
      when optimum astigmatic correction has been achieved;
PAR  FIG. 8 is a view of the same target where optimum astigmatic prescription
      has not been achieved;
PAR  FIG. 9 is a view of the apparatus of FIG. 6 illustrating the smearing
      cylinder and target of this invention aligned at 45.degree.  with respect
      to the alignment shown in FIG. 6 for testing of the remaining component of
      patient astigmatism;
PAR  FIG. 10 is a patient's eye view of the target through the apparatus
      disclosed where astigmatic prescription along the remaining component of
      astigmatic acuity has been determined;
PAR  FIG. 11 is a view of the target where correct astigmatism correction has
      not been determined; and,
PAR  FIG. 12 is a graphic plot illustrating how astigmatic measurements can be
      combined on the plot to prescribe rotation and power of cylindrical
      alignment.
DETD
PAR  Referring to FIG. 1, a schematic diagram in partial perspective
      illustrating an apparatus which can be used for the practice of the
      process of this invention is illustrated. Viewing the perspective and
      schematic view from left to right, a target T consisting of a straight
      line 14 is first illustrated. Typically, straight line 14 is a line of one
      minute of arc or less to the patient's eye (this dimension being at the
      maximum of visual acuity of the eye) although coarser targets may also be
      useful. The target T can be generated in any number for conventional ways,
      from the conventional eye chart to projectors and the like.
PAR  The patient P, schematically illustrated at eye 15, views target T through
      corrective optics. Responsive to his visual clarity of the target T being
      viewed, adjustment is sequentially made to the spherical optic lens pairs
      16 (for the first time), the first astigmatic power lens pair 18, the
      spherical optic lens pairs 16 (for the second time), and finally to the
      second astigmatic power lens pair 20.
PAR  Spherical optic lens pairs 16 are known. (See U.S. Pat. No. 3,305,294,
      issued Feb. 21, 1967, entitled "Two Element Variable Power Spherical Lens"
      to Luis W. Alvarez and U.S. Pat. No. 3,507,565 issued April 21, 1970,
      entitled "Variable Power Lens and System" to Luis W. Alvarez and William
      E. Humphrey.)
PAR  Broadly, spherical optic lens pairs 16 are moved relatively one to the
      other responsive to the subjective patient manifestations of visual acuity
      of target T. The spherical optics move gradually and continuously to
      generate either positive spherical power or negative spherical power by
      relative movement of one lens element 16 relative to the other lens
      element 16.
PAR  First and second astigmatic optics 18 and 20 are known. (See U.S. Pat. No.
      3,751,138, issued Aug. 7, 1973, to William E. Humphrey, entitled "Variable
      Anamorphic Lens and Method for Constructing Lens".)
PAR  Regarding lens pairs 16, 18 and 20, the reader should realize that these
      are extremely complex optical surfaces. These extremely complex surfaces
      are here schematically shown as flat pieces of glass. Their complex
      surfaces can only be understood after referring to the referenced U.S.
      Pat. Nos. 3,305,294; 3,507,565; and 3,751,138.
PAR  Broadly, first astigmatic optic lens pairs 18 are moved relatively one to
      the other responsive to subjective patient manifestations of visual acuity
      of target T. First astigmatic lens pairs 18 change the astigmatic power or
      focal length from positive to negative along one diagonal and
      simultaneously change the astigmatic lens power from negative to positive
      along the remaining diagonal. Opposite relative horizontal movement
      produces opposite astigmatic adjustments.
PAR  Likewise, second astigmatic lens pairs 20 are moved relatively one to the
      other responsive to subjective patient manifestations of visual acuity of
      target T. Second astigmatic optics 20 change the astigmatic power or focal
      length from positive to negative along the vertical axis and
      simultaneously from negative to positive along the horizontal axis upon
      relative movement of each of the lenses of the lens pairs in relative
      horizontal movement. Opposite relative horizontal movement produces
      opposite astigmatic adjustments.
PAR  It should be noted at this juncture that much of the mechanical equipment
      which can be used to supplement the operation of this embodiment of this
      invention has been disclosed elsewhere. For example, apparatus for causing
      equal and opposite movement to lens pairs 16, 18 and 20 is described in my
      copending patent application Ser. No. 371,809, filed June 20, 1973,
      entitled "Eye Test Apparatus", now U.S. Pat. No. 3,874,774.
PAR  Likewise, it will soon hereinafter be disclosed that relative movement of
      each of the three separate lens pairs is capable of generating optic
      prescriptions. Mechanism for the remote generation of both adjusted
      spherical optic output and astigmatic prescription output is set forth in
      my copending patent application Ser. NO. 263,329, filed June 15, 1972,
      entitled "Ophthalmological Apparatus and Process Having Independent
      Astigmatic and Spherical Inputs", now U.S. Pat. No. 3,822,932.
PAR  Before proceeding further with the description of this invention, one
      aspect of the first embodiment illustrated in FIGS. 1-5 should be made
      clear. The variable astigmatic lens element pairs 18 and 20 are of the
      type that produce perpendicularly crossed positive and negative astigmatic
      lens power along axes normal one to another. While the lens elements here
      illustrated are preferred, it is apparent that other lenses and optic
      apparatus could be used for generation of this effect. For example, see my
      copending patent application Ser. No. 263,329, filed June 15, 1972,
      entitled "Opthalmological Apparatus and Process Having Independent
      Astigmatic and Spherical Inputs", now U.S. Pat. No. 3,822,932.
PAR  Having set forth the rather simple mechanics of this invention, operation
      of the process and apparatus for the generation of the subjective eye test
      of this invention can now be understood by first understanding optical
      limitations relating to astigmatism.
PAR  First, it will be well to emphasize why only straight line targets
      consisting of preferably a single straight line or at least a plurality of
      parallel straight lines are used.
PAR  Referring to FIG. 1, it will be noted that target T is shown as a single
      straight line 14 of exaggerated width extending in the vertical direction.
      An imaginary line 24, shown in broken horizontally extending lines, is
      also shown. Focus of these lines relative to the imaginary and
      schematically shown retinal plane 26 of eye 15 of patient P will help
      understand the function of the variable astigmatic lens pairs 18 and 20 of
      this invention.
PAR  Assume that the eye 15 of the patient P has an appreciable astigmatic
      aberration. It is in the nature of astigmatism that straight lines of
      certain orientations will focus at different distances relative to retinal
      plane 26 of eye 15. In the view here shown, the aberration of the patient
      P causes the imaginary horizontal line 24 to focus behind the imaginary
      retinal plane 26 and the vertical straight line 14 to focus in front of
      the imaginary retinal plane.
PAR  Clearly, if the corrected astigmatic view is to be made of either the line
      targets 14 or 24, differing spherical corrections will be required to
      bring into focus and view either of the line targets 14 or 24.
      Understanding this, it should be doubly clear that the spoke-like
      multi-lined targets of the prior art cannot be satisfactorily used with
      this invention. As different lines of different angular orientation have
      different planes of best focus in the vicinity of the retinal plane 26 of
      a patient P having astigmatism, affording completely different patient
      viewing, only line targets having parallel lines can be satisfactorily
      used.
PAR  Second, once a straight line target, such as straight line target 14, is
      focused to the focal length of an eye 15 having astigmatic aberration,
      astigmatic adjustment should be made along a plane that will not cause
      relative movement of the focal length of the viewed line with respect to
      the retinal viewing plane of the eye. Stated in other terms, astigmatism
      power adjustments should be made along normally disposed axes in equal
      positive and negative powers on each respective axis, these normally
      disposed axes being substantially 45.degree. from the angle of the target.
      Thus, astigmatic correction in such a component can be made without
      affecting the overall focal length of the astigmatism target.
PAR  Having these precepts explained and understood, the basic manipulative
      process of this invention can be explained with sequential reference being
      made to FIGS. 1-5 of the drawings.
PAR  Referring to FIG. 1, patient P is asked to view line 14. Thereafter,
      relative movement of the spherical lens elements 16 is made responsive to
      maximum or optimum visual acuity of line 14. Movement of the line to
      coincidence with the retinal plane 26 of the patient P results as is
      illustrated in FIG. 2.
PAR  As shown in the extreme right of FIG. 2, line 14 does not appear with its
      full optical clarity. This is because the ambient astigmatism of the
      patient P along diagonals relative to straight line 14 causes the edges
      thereof to be blurred. It therefore remains to correct these astigmation
      aberrations without causing resultant spherically related movement of line
      14 out of the retinal plane 26.
PAR  Referring to FIG. 3, second astigmatic lens pairs 18 have been moved
      relative to one another to cause optimum visual sharpness to patient P.
      Since second astigmatic lens pairs produce correspondent negative and
      positive or positive and negative astigmatic lens power along
      perpendicular axes -- each of which is diagonal to vertical straight line
      target 14 -- subjective improvement of the visual acuity of line target 14
      results without any change in the focal length. This adjustment produces
      the final astigmatic prescription for one component of astigmatism (the
      only qualification being that it may be desirable to repeat the entire
      sequence herein to optimize the optical settings).
PAR  Referring to FIG. 4, a new line target 34 has been placed for patient
      viewing. Preferably, this line target should be at an altered alignment of
      45.degree. with respect to the target 14. It should be noted, however,
      that precise 45.degree. alignment change of the target is not required.
      Changes in target alignment of more than 30.degree. can produce tolerable
      results.
PAR  Referring to FIG. 4, and remembering the sequence of FIGS. 1-3, it will be
      remembered the astigmatic aberration of eye 15 of patient P will cause the
      new line target 34 to have a different focal length with respect to the
      imaginary retinal focal plane 26 of eye 15. Therefore, a second spherical
      correction will be made at spherical lens pairs 16. This adjustment will
      be made responsive to maximum patient visual acuity of new line target 34
      and will cause the focal impingement of the line target 34 to fall on the
      retinal plane 26.
PAR  A surprising result occurs at this juncture of the process of this
      invention. The second adjustment of sphere to coincide straight line
      target 34 with retinal plane 26 causes the final spherical power to be
      known. This occurs even though the final astigmatic component is not
      known. Moreover, determination of the final astigmatic component will not
      effect the final spherical setting of the illustrated instrumentation,
      although transformation of the precriptions obtained herein to the more
      accepted prior art prescription will result in the adjustment of sphere
      merely because of the presence of the changing cylinder.
PAR  It should be remembered with respect to FIG. 4, that spherically optimizing
      the view of straight line target 34 leaves visual astigmatic clarity yet
      to be obtained. Stated in other words, patient P at eye 15 does not get
      the optimum clarity of his view line 34 because of the presence of the
      uncorrected astigmatic horizontal and vertical astigmatic components.
PAR  Referring to FIG. 5, first astigmatic optic lens pairs 20 are translated
      one to another responsive to maximum visual acuity. The final component of
      astigmatism is obtained. Again, since the respective negative and positive
      or positive and negative axes of astigmatic power adjustment are at
      substantial 45.degree. alignment to straight line target 34, no resultant
      movement off of the retinal plane 26 can occur. Moreover, this adjustment
      is the final adjustment in the process of this invention giving the final
      coordinate of the desired astigmatic prescription.
PAR  Having explained the process of this invention, it should be made clear
      that the sequence of steps herein set forth can be repeated. This may be
      done to optimize the prescription obtained or alternately to check
      precription accuracy.
PAR  It should also be understood that the physical positioning of lens pairs
      16, 18 and 20 may be permuted, if desired, without invalidating the
      procedure.
PAR  It should be noted that each line target 14 of FIGS. 1-3 and 34 of FIGS.
      4-5 requires adjustment of only two, and never three optical components.
      Thus, for target 14, only spherical optics 16 and first astigmatic optics
      18 are adjusted; second astigmatic optics 20 are not adjusted.
PAR  Likewise for target 34, only spherical optics 16 and second astigmatic
      optics 20 are adjusted; first astigmatic optics 18 are not adjusted.
PAR  It should also be appreciated that for each target, it does not make any
      difference in what order adjustment occurs. The spherical optics can be
      adjusted prior to the adjustment of the applicable astigmatic optics.
      Conversely, the applicable astigmatic optics can be adjusted prior to the
      adjustment of the spherical optics.
PAR  It is surprising to note that in the manipulation of either the spherical
      optics 16 or the astigmatic optics 20 for target 34, the final
      prescription results. This is true whether spherical optics 16 are first
      manipulated, or astigmatic optics 20 are first manipulated.
PAR  Having set forth this first and preferred embodiment of the invention,
      attention can now be given to an alternate embodiment.
PAR  With reference to FIG. 6, a patient P at a patient viewing station looks
      along a light path through adjustable spherical optics S, adjustable power
      cylindrical optics A, constant cylinder optics C, and onto target T.
      Typcially, the adjustable power cylindrical optics are varied so that the
      patient P obtains a view of the target T which is similar to that shown in
      FIG. 7. By collating the power of adjustable astigmatic correction
      required to have target T appear as a patient view similar to the view of
      the target shown in FIG. 7, one component of astigmatism can be measured.
      The remaining component of measurement is measured by the same device
      aligned as illustrated in FIG. 9. Typcially, patient P views realigned
      target T through adjustable spherical optics S, adjustable power
      astigmatic optics A', and realigned constant optic cylinder C'. A patient
      view of target T with corrected astigmatic prescription along the
      remaining component is illustrated in FIG. 10.
PAR  Thereafter with respect to FIG. 12, plotting of the two measured astigmatic
      inputs can be made to prescribe cylinder power and cylinder rotation.
PAR  Having generally set forth this embodiment of the invention, attention can
      now be given in some detail.
PAR  Patient P is schematically shown by an eye 44. Typically the measure of
      astigmatism of the patient will relate to irregularities of the patient's
      eye. Therefore, it must be understood that the patient angular alignment
      remains unchanged. The permanent optic cylinder and target only are
      realigned to determine a second component of astigmatism.
PAR  Adjustable spherical optics S can take any conventional form as well as the
      previously described variable focus optics. Typically, Galilean type
      optics can be used.
PAR  Target T is illustrated at the far end of the optical instrument. It is
      shown containing three point sources 48, 49 and 50. Preferably, these
      point sources are point sources of light, the light being provided by
      background illumination through the target T (the background illumination
      not being shown).
PAR  Constant cylinder optics C are shown somewhat exaggerated. The cylinder
      optics here are shown aligned horizontally with respect to patient P and
      have a strong diopter power in the vertical direction. As illustrated
      herein, cylinder optics C are of approximately 12 diopters.
PAR  In actual practice the cylinder power of cylinder C can vary within wide
      limits. For example, cylinder power ranges within 4 and 20 diopters can be
      used.
PAR  Variable astigmatic lenses A are of the type shown and described in William
      E. Humphrey Patent Application Ser. No. 235,134 filed March 16, 1972, and
      entitled "Variable Anamorphic Lens and Method for Constructing Lens", now
      U.S. Pat. No. 3,751,138, issued Aug. 7, 1973. As is set forth in great
      detail in tht disclosure, variable astigmatic optics can be obtained by
      moving specially constructed lens elements horizontally and vertically one
      with respect to another. Utilizing the lens configuration alignment and
      relative movement illustrated in FIGS. 5 and 6 of the above entitled
      patent, astigmatism correction at 45.degree. with respect to the
      horizontal axis of cylinder C can be obtained.
PAR  It should be understood that variable astigmatic lenses A are here shown
      schematically as flat circular disc of glass. Only by reference to the
      above referenced U.S. Pat. No. 3,751,138 can the extremely complex surface
      of these lenses be fully understood.
PAR  It should also be understood that virtually any apparatus designed for
      producing variable power astigmatic correction will work with this
      invention. For example, the counter-rotating negative and positive
      cylindrical lenses described and set forth in patent application Ser. No.
      263,329, filed June 15, 1972, filed by William E. Humphrey, and entitled
      "Ophthalmological Apparatus and Process Having Independent Astigmatic and
      Spherical Inupts", now U.S. Pat. No. 3,822,932 can be used. It is only
      required that the variable astigmatism be produced at an angle oblique to
      the axis of cylinder C. It is preferred that the astigmatism produced by
      the variable astigmatic lens elements A be at 45.degree. with respect to
      cylinder C.
PAR  Having set forth the simple construction of this apparatus, its operation
      can now be explained.
PAR  With the instrument orientation as shown in FIG. 6, patient P views target
      T through strong cylindrical optic C. Cylinder C will blur the respective
      point sources 48-50 of target T into a series of respective straight lines
      58-60 (see FIG. 2). First spherical correction is made to the eyes of
      patient P to secure optimum view of the borders of lines 58, 59 and 60.
      This spherical adjustment brings the lines into coincidence with the
      retinal plane, as in the manner previously illustrated in FIG. 2.
      Remembering that the point sources are disposed at the imaginary apexes of
      an isosceles triangle, and assuming for the purposes of elementary
      description that no astigmatic prescription is required, the point sources
      will appear largely as they are illustrated with respect to FIG. 7.
      Specifically, point source 48 will be blurred to a line 58, point source
      49 will be blurred to a line 59, and point source 50 will be blurred to a
      line 60.
PAR  Changing the assumption relating to eye 44 of patient P, the operation of
      the device to obtain one component of astigmatic prescription can now be
      explained. Assume that the eye of patient P includes an astigmatic
      aberration. Moreover, this astigmatic aberration has a component at
      45.degree. relative to the axis of cylinder C of +1 diopters of power and
      a component at right angles of -1 diopter. The target T, in the absence of
      any astigmatic input at variable astigmatic optics A, would appear as it
      does in FIG. 8 to patient P. Line 59' will appear close to line 60', and
      relatively spatially removed from line 58'.
PAR  Variable astigmatic optics C will next be manipulated responsive to patient
      visual Vernier acuity of target T. Specifically, paired variable
      astigmatic elements A would be translated one with respect to another to
      produce a 2 diopter astigmatism correction at a rotational alignment
      45.degree. from the rotational alignment of cylinder C. Lines 58', 59' and
      60' shown in FIG. 8 would tend to move to the position 58, 59 and 60 shown
      in FIG. 7 upon the achievement of correct astigmatic prescription. Line 59
      will be equidistantly spaced from lines 58 and 60.
PAR  Focusing attention on the target configurations of FIGS. 7 and 8, the
      Vernier acuity provided by the configuration of target T can be explained.
      Vernier acuity includes the ability of human beings to visually establish
      alignment or centering of lines. With respect to FIG. 8, it will be
      remembered that the combined astigmatism in the eye 44 of patient P at
      45.degree. to the axis of cylinder C and the power of cylinder C incline
      the blurred lines 58', 59' and 60' of point sources 48, 49 and 50
      respectively. This inclination caused line 59' to move closer to line 60'.
      Simultaneously, line 58' moved further away from line 59'.
PAR  It might be expected that adding astigmatism to the viewpath would blur the
      lines, requiring a frequent readjustment of the sphere power to maintain
      sharp lines. However, this is not the case. The addition of astigmatism
      diagonal to the "smeared" lines only changes the orientation of the
      cylindrical smearing and not its strength or spherical component, at least
      to a good approximation for the angular variation usually involved.
PAR  The patient has variable power astigmatic optics A adjusted to establish
      equidistant spacing from the line generated by the smeared point sources
      of light 48, 49 and 50. Upon adjustment, to compensate for his astigmatic
      component at 45.degree. with respect to the axis of cylinder C, the lines
      from point sources of light 48, 49 and 50 will be equidistantly spaced.
PAR  Human beings with any kind of visual acuity can normally space three lines
      one from another to an equidistant spacing with very high degrees of
      accuracy. This is herein referred to as Vernier accuity.
PAR  During the measurement of cylinder power at an angle which is 45.degree.
      with respect to the cylindrical alignment of cylinder C, it should be
      understood that the relatively strong power of cylinder C blocks
      astigmatism perpendicular and parallel to its alignment. While patient
      astigmatism in this component may cause blurred lines 58-60 to become
      slightly longer or shorter, changes in the length of these lines will be
      substantially not perceptible to the patient.
PAR  It has been found that particularly with young patients having large
      amounts of visual accommodation, large inputs of subconscious sphere
      correction can occur. Consequently, and especially with younger patients,
      the variable spherical optics S are gradually moved to the largest
      positive power for which the lines remain sharp. This causes ultimate
      cancellation of subconscious focusing and assures reliability of the test.
PAR  Having set forth the measurement of astigmatism is one component, the
      measurement of astigmatism the remaining component will occur with the
      insrument alignment shown FIG. 9.
PAR  Regarding the instrument alignment as shown in FIG. 9, patient P remains in
      the same real world alignment for view through the apparatus of FIG. 9 as
      he does for view through the apparatus of FIG. 6. Likewise, spherical
      optics S illustrated in FIG. 9 remain unchanged.
PAR  Cylinder C is realigned. Typically, it is aligned to a new position C'
      where its axis is preferably inclined 45.degree. with respect to the
      original position shown in FIG. 6 (although alignment changes up to
      30.degree. will again produce tolerable results). In this position, the
      strong power of cylinder C' neutralizes or overwhelms all components of
      astigmatism perpendicular and normal to its rotational alignment. It thus
      can be understood that the components of astigmatism originally measured
      are completely neutralized in the second test.
PAR  Target T' is similarly rotated. Point sources 48, 49 and 50 are aligned
      relative to one another at a new angle 45.degree. with respect to the
      alignment of target T shown in FIG. 6. Target T' has an alignment
      identical to the alignment of cylinder C'. Point sources 48, 49 and 50 are
      all located at the apexes of an imaginery triangle having its base
      parallel to the rotational alignment of cylinder C'.
PAR  Variable astigmatic lenses A, it will be remembered, are of the type shown
      and described in William E. Humphrey Patent Application Ser. No. 235,134,
      filed March 16, 1972, and entitled "Variable Anamorphic Lens and Method
      for Constructing Lens", now U.S. Pat. No. 3,751,138 issued Aug. 7, 1973.
      Utilizing the lens configuration, alignment, and relative movement
      illustrated in FIGS. 3 and 4 of the above entitled patent, astigmatism
      correction vertically and horizontally which is 45.degree. with respect to
      the axis of cylinder C can be obtained.
PAR  Just as in the previous illustration of the apparatus of FIG. 6, virtually
      any apparatus designed for producing variable astigmatism correction will
      work with the invention. It is only required that the variable astigmatism
      be produced at an angle oblique the axis of cylinder C. It is of course
      preferred that the astigmatism be produced by the variable astigmatic lens
      elements A' at 45.degree. with respect to the alignment of cylinder C'.
PAR  Having realigned the instrument from the orientation shown in FIG. 6 to the
      orientation shown in FIG. 9, the process of measuring the remaining
      component of astigmatism can now be described.
PAR  As in the previous case, patient P views target T' through a strong
      cylinder optic C'. Cylinder C' will blur the respective point sources
      48-50 of target T' into a series of respective straight lines 58-60.
      First, spherical correction is made to secure optimum view of the borders
      of lines 58, 59 and 60. It will be remembered that the point sources are
      disposed at imaginary apexes of an isosceles triangle. Assuming for the
      purposes of the elementary description that no spherical prescription is
      required along a horizontal or vertical component located at 45.degree.
      with respect to the axis of cylinder C', the point sources will appear
      largely as they are illustrated with respect to FIG. 10. Specifically,
      point source 48 will be blurred to a line 58, point source 49 will be
      blurred to a line 59, and point source 50 will be blurred to a line 60.
PAR  Changing the assumption relating to eye 44 of the patient P, the operation
      of the device to obtain the remaining component of astigmatism
      prescription can now be explained. Assume that the eye of the patient P
      includes an astigmatic aberration. Moreover, this astigmatic aberration
      has a horizontal component at 45.degree. relative to the axis C of -2
      diopters of cylinder power and a vertical component of +2 diopters of
      cylinder power. The target T, in the absence of any astigmatic input at
      variable astigmatic optics A, would appear as it does in FIG. 11 to
      patient P. Line 59' will appear close to line 60', and relatively
      spatially removed from line 58'.
PAR  Variable astigmatic optics A' will next be manipulated responsive to
      patient visual Vernier acuity of target T'. Specifically, paired variable
      astigmatic elements A' would be vertically translated one with respect to
      another to produce a 4 diopter crossed cylinder (.+-.)2 diopters along
      orthogonal axes at a rotational alignment of 45.degree. from the
      rotational alignment of cylinder C'. Lines 58', 49' and 60' shown in FIG.
      11 would tend to move to the position 58, 59 and 60 shown in FIG. 10 upon
      acheivement of correct astigmatic prescription. Line 59 will be
      equidistantly spaced from lines 58 and 60.
PAR  It should be realized that the second embodiment of the invention here
      shown will admit of a number of modifications. For example a two point
      source target could be used with the smearing cylinder aligned to present
      to the astigmatically corrected eye a single straight line. The
      astigmatically uncorrected eye would view more than one straight line.
      Upon the introduction of astigmatic correction, alignment of the lines
      into a single straight line would be the simple subjective visual goal for
      the patient. Thus, this embodiment of the invention will admit of the use
      of any number of targets having a plurality of straight lines provided the
      lines can move into a recognizable geometric alignment upon movement of
      the corrective astigmatic optics.
PAR  As in the case of the previous embodiment, only two and never three of the
      optical components are manipulated for each target. Thus, for target R,
      orientation of FIGS. 6-8 only, adjustment of spherical optics and
      horizontal relative movement of variable astigmatic optics A and never
      vertical relative movement of variable astigmatic optics A is required.
      Likewise, for target T', orientation of FIGS. 9-11 only, adjustment of
      spherical optics and vertical relative movement of variable astigmatic
      optics A and never horizontal relative movement of variable astigmatic
      optics A is required.
PAR  Likewise, for each orientation of target T, it should also be appreciated
      that it does not make any difference in what order adjustment occurs. The
      spherical optics S can first be adjusted. Alternately, astigmatic optics A
      can first be adjusted.
PAR  Moreover, it is surprising to note that the first manipulation of either
      the spherical optics S or the astigmatic optics A for the second
      orientation of target T results in the final prescription. This is true
      whether spherical optics S are first manipulated or astigmatic optics A
      are first manipulated.
PAR  Having obtained the two components of astigmatism utilizing the test device
      of this invention, the use of the device to obtain the required
      prescription can now be determined. Referring to FIG. 12, the Cartesian
      coordinate plot converts to conventional cylindrical lens angle. However,
      the cylindrical lens angle has been doubled or multiplied by a factor of
      2. Thus, in the plot illustrated in FIG. 12, 180.degree. of cylindrical
      lens rotation appears over 360.degree. of actual coordinate plot.
      Referring to FIG. 12, it can be seen that the compensating astigmatism
      setting of the test of the apparatus aligned at FIG. 9 should be plotted
      as -4 diopters astigmatism along the zero degree (x) direction and the
      compensating astigmatism setting of the test aligned as shown in FIG. 6
      should be plotted as +2 diopters astigmatism along the 45.degree. (y)
      direction, resulting in an astigmatism determination requiring a total of
      a 4.5 diopter cylindrical lens adjustment to the prescription at an angle
      of approximately 77.degree..
PAR  The particular lens setting used here is an extreme lens setting. Very few
      optical corrections are required that are this strong. This particular
      illustration is given here so that the polar coordinate plot of this
      invention may be set forth and thereafter understood.
PAR  It will be understood that the particular form of Cartesian coordinates
      used here has an additional advantage. Specifically, at low diopter power
      a conventional polar coordinate system prescription of astigmatic lenses
      becomes unwieldly. This inconvenience is due to the margin of error and
      the fact that the error increases with respect to angular rotation as
      lower diopter lens corrections are required.
PAR  An example of the error plotted into these coordinates can be helpful.
      Assume that the test apparatus of FIG. 6 and FIG. 9 has resulted each in
      one half of a diopter of positive cylinder correction. Assume further that
      the uncertainty of the measurement could be .+-. 1/4 diopter.
PAR  Referring to FIG. 12, it can be seen that the 1/2 diopter position has been
      plotted at 70. Moreover, the area of possible error in the 1/2 diopter
      prescriptiion has been plotted at 72. Assuming that the visual of the
      patient in the astigmatic correction could fall anywhere within the circle
      72, it can be seen that the polar coordinate plot produces a large error
      in angular description. For example, assuming that the point derived from
      the instrument was to fall somewhere within the circle 72, the angle of
      that circle could range between 11.2.degree. and 33.7.degree..
PAR  The conversion of the plots to a Cartesian coordinate system not only has
      the capability of being readily translatable into the older and more
      conventional cylindrical optical description of angle of rotation and
      diopter power, but can be used in a method in itself to describe
      astigmatic optical correction. This method, both in mathematical theory
      and apparatus is set forth and claimed in Patent Application Ser. No.
      263,329, filed June 15, 1972, and entitled "Ophthalmological Apparatus and
      Process Having Independent Astigmatic and Spherical Inputs", now William
      E. Humphrey U.S. Pat. No. 3,822,932, and my copending Patent Application
      Ser. No. 385,784, now abandoned in favor of Continuation Patent
      Application Ser. No. 483,171, filed June 26, 1974, entitled "Apparatus For
      Ophthalmological Prescription Readout". It should be apparent to the
      reader that obvious alterations can be made to this invention. Cylindrical
      optics C, variable astigmatic optics A, and target T, as well as spherical
      lens S can all be changed at will, provided that the principles set forth
      herein are practiced.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for determining optometric prescription for the eye including
      the steps of: providing a patient viewing station; providing at least one
      first straight line target of first arbitrary preselected angular
      alignment without regard to any suspected principal axis of the patient's
      eye to a view path from said patient viewing station; providing in said
      view path variable spherical optics to vary the spherical correction of
      said target as viewed by said patient; varying the spherical correction
      responsive to subjective patient visual acuity of said first straight line
      target; providing in said view path first variable astigmatic optics for
      varying astigmatic lens power along first intersecting diagonals at
      substantially equal and opposite angles from the preselected angular
      alignment of said first straight line target; said first variable
      astigmatic optics varying said astigmatic power from positive to negative
      along one axis of said first intersecting diagonals and from negative to
      positive along the other axis of said first intersecting diagonals; and,
      varying the first variable astigmatic optic responsive to subjective
      patient visual acuity of said first target to obtain a first component of
      astigmatic prescription for each patient.
NUM  2.
PAR  2. A process according to claim 1 having the additional steps of providing
      at least one second straight line target of second preselected angular
      alignment, said second straight line target having an orientation of at
      least 30.degree. from said first straight line target; varying the
      spherical correction responsive to subjective patient visual acuity of
      said second straight line target to obtain the spherical prescription for
      said patient.
NUM  3.
PAR  3. The process of claim 2 and including the further steps of providing in
      said view path second variable astigmatic optics for varying astigmatic
      lens power along second intersecting diagonals at substantially equal and
      opposite angles from the preselected angular alignment of said second
      straight line target, said second variable astigmatic optics varying said
      astigmatic power from positive to negative along one intersecting diagonal
      and from negative to positive along the other of said intersecting
      diagonals; varing said second variable astigmatic optics responsive to
      subjective patient visual acuity to determine a second component of
      astigmatic prescription for said patient.
NUM  4.
PAR  4. A process according to claim 1 having the additional steps of providing
      at least one second straight line target of second preselected angular
      alignment, said second straight line target having an orientation of at
      least 30.degree. from said first straight line target; providing second
      variable astigmatic optics for varying astigmatic lens power along second
      intersecting diagonals from the alignment of said second straight line
      target, said second variable astigmatic optics varying said astigmatic
      power from positive to negative along one intersecting diagonal and from
      negative to positive along the other intersecting diagonal; and, varying
      said second variable astigmatic optics responsive to subjective patient
      visual acuity to determine a second component of astigmatic prescription
      for said patient.
NUM  5.
PAR  5. A process according to claim 4 having the additional step of varying the
      spherical optics responsive to subjective patient visual acuity of said
      straight line target to obtain the spherical prescription for said
      patient.
NUM  6.
PAR  6. The process of claim 1 and wherein said first variable astigmatic optics
      vary equally and oppositely astigmatic power along perpendicular diagonals
      to said first preselected alignment of said straight line target.
NUM  7.
PAR  7. The process of claim 1 and wherein said step of providing at least one
      first straight line target includes the step of providing a point source
      of light and smearing said point source of light to a straight line using
      cylinder in the range of 4 to 20 diopters.
NUM  8.
PAR  8. The process of claim 7 and wherein the step of providing at least one
      first straight line target includes the step of providing a plurality of
      point sources of light and smearing said point sources of light to
      parallel straight using cylinder in the range of 4 to 20 diopters.
NUM  9.
PAR  9. The process of claim 7 and wherein said step of providing a target
      includes a target having three point sources, each point source being
      located at the apexes of an isoscele triangle with the base of said
      triangle being parallel to the axis of said cylinder and wherein said
      varying step includes varying the power of astigmatic optics to obtain the
      patient's subjective equal spacing between apparent lines generated by
      said point sources.
NUM  10.
PAR  10. The process of claim 7 including the further steps of realigning said
      cylinder in the range of 4 to 20 diopters to a second preselected angular
      alignment oblique to said original preselected angular alignment of said
      cylinder to obtain at least one second straight line target; realigning
      the axis of said first variable astigmatic optics to vary said optics
      obliquely with respect to said one second straight line; and, varying the
      power of said realigned variable cylinder optics responsive to subjective
      visual acuity of said patient.
NUM  11.
PAR  11. The process of claim 7 and wherein said first variable astigmatic
      optics are obliquely aligned at 45.degree. with respect to the alignment
      of said cylindrical optics in the range of 4 to 20 diopters.
NUM  12.
PAR  12. The process of claim 7 and including variable power spherical
      correction between said target and said viewing station and varying said
      spherical power to positive power.
NUM  13.
PAR  13. A process for determining optometric prescription for the eye including
      the steps of: providing a patient viewing station; providing a target
      having at least one first straight line of arbitrary preselected angular
      alignment without regard to any suspected principal axis of the patient's
      eye to a view path from said patient viewing station at least to said
      target; providing in said view path variable spherical optics to vary the
      spherical correction of said target as viewed to said patient; varying
      said variable spherical optics, responsive to subjective patient visual
      acuity of said first straight line target; providing in said view path
      first variable astigmatic optics for varying astigmatic lens power along
      mutually intersecting diagonals at substantially equal angular intervals
      from the alignment of said first straight line target, said first variable
      astigmatic optics varying said astigmatic power from positive to negative
      along one of said diagonals and from negative to positive along the other
      of said diagonals; varying the first variable astigmatic optics responsive
      to subjective patient visual acuity of said first target to obtain a first
      component of astigmatic prescription for said patient; providing at least
      one second straight line target of preselected angular alignment, said
      second straight line target having a preselected angular alignment of at
      least 30.degree. from said preselected angular alignment of said first
      straight line target; varying spherical correction responsive to
      subjective patient visual acuity of said second straight line target to
      obtain the spherical prescription for said patient; providing in said view
      path second variable astigmatic lens power along mutually intersecting
      diagonals at substantially equal angular intervals from the preselected
      alignment of said second straight line target, said second variable
      astigmatic optics varying said astigmatic power from positive to negative
      along one of said diagonals and from negative to positive along the other
      of said diagonals; and, varying said second variable astigmatic optics
      responsive to subjective patient visual acuity to determine a second
      component of astigmatic prescription for said patient.
NUM  14.
PAR  14. The process of claim 13 and wherein said first and second respective
      variable astigmatic optics vary cylinder power equally and oppositely
      along perpendicular diagonals to said first and second respective straight
      line targets.
NUM  15.
PAR  15. The process of claim 13 and wherein said step of varying the first
      variable astigmatic optics responsive to subjective patient visual acuity
      of said first target occurs before the step of varying the variable
      spherical optics responsive to subjective patient visual acuity of said
      first target.
NUM  16.
PAR  16. The process of claim 13 and wherein said step of varying the second
      variable astigmatic optics responsive to subjective patient visual acuity
      of said second target occurs before the step of varying the variable
      spherical optics responsive to subjective patient visual acuity of said
      second target.
NUM  17.
PAR  17. The process of claim 13 and wherein the step of providing at least one
      straight line target includes the step of providing a point source of
      light and smearing said point source of light to a straight line using
      strong cylinder in the range of 4 to 20 diopters.
NUM  18.
PAR  18. The process of claim 13 and wherein said straight line target includes
      a plurality of parallel straight lines only.
NUM  19.
PAR  19. Apparatus for determining optometric prescription for the eye, said
      apparatus comprising: a patient viewing station; a first target including
      at least one line of preselected and arbitrary angular alignment without
      regard to any suspected principal axis of said patient's eye; a view path
      from said patient viewing station to said target; variable spherical
      optics placed in said view path for view by said patient; first variable
      astigmatic optics aligned with respect to said target of preselected
      angular alignment for varying astigmatic lens power along intersecting
      diagonals at substantially equal angualr intervals from the preselected
      alignment of said first straight line target; said second variable
      astigmatic optics varying said astigmatic power from positive to negative
      along one of said diagonals and from negative to positive along the other
      of said diagonals; a second straight line target of preselected angular
      alignment, said angular alignment of said second target having an
      orientation of between 30.degree. to 60.degree. from said first straight
      line target; second variable astigmatic optics in said view path between
      said patient viewing station and target for varying the astigmatic lens
      power along intersecting diagonals at substantially equal angular
      intervals from the alignment of said second straight line target; and,
      said second variable astigmatic optics varying said astigmatic power from
      positive to negative along one of said diagonals and from negative to
      positive along the other of said diagonals.
NUM  20.
PAR  20. The apparatus of claim 19 and wherein said first target includes a
      plurality of straight lines of preselected angular alignment.
NUM  21.
PAR  21. The invention of claim 19 wherein said target includes at least one
      point source of light and cylinder optics in the range of 4 to 20 diopters
      inserted in said view path between said patient viewing station and said
      target to smear said point source of light into at least one line of
      preselected angular alignment.
NUM  22.
PAR  22. An apparatus for determining astigmatism, said apparatus comprising: a
      patient viewing station; a target including a plurality of point sources;
      a light path between said patient viewing station and target; and optic
      cylinder of constant power rotationally aligned to an arbitrary
      preselected axial rotation transverse of said light path without regard to
      any suspected principal axis of the patient's eye, said cylinder power in
      the range of 4 and 20 diopters and said optic cylinder of constant power
      producing a plurality of line targets from said plurality of point sources
      when said patient views said target through said optic cylinder of
      constant power; variable astigmatism means placed in said light path, said
      variable astigmatism means having a rotational alignment oblique to the
      alignment of said optic cylinder of constant power.
NUM  23.
PAR  23. The apparatus of claim 22 and wherein said target includes a target
      having three point sources, each point source being located at the apex of
      an equilateral triangle with the base of said equilateral triangle being
      parallel to the axis of said permanent cylinder.
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ABST
PAL  A light projector device for projecting eyesight examination tests onto a
      screen comprises a test disc and a mask disc mounted one in front of the
      other with their peripheral regions in the path of a light beam from a
      light projection unit. The discs are rotatable by independent motors and
      the test disc has on its periphery a series of translucent areas carrying
      tests while the mask disc has a series of light passages capable of being
      superimposed on the test areas of the test disc in the light beam. A test
      carrier dial is adapted for rotation in the light beam about an axis
      co-axial with the optical axis of the projection unit, and this test
      carrier dial and the test disc are both mounted on a plate which is
      adapted to rock between two end positions. In one end position of the
      plate, the test disc is in engagement with drive means driven by the motor
      associated with the test disc, the periphery of the test disc is situated
      in the light beam and the test dial is situated at a distance from the
      beam, and in the other end position the test dial is engaged with the same
      drive means and is situated in the light beam, and the test disc is
      located at a distance from the beam. Thus a single motor is sufficient for
      the controlled independent rotation of both the test disc and the test
      dial.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a light projector device for projecting
      tests on a screen. More particularly, the invention relates to a device
      for projecting eyesight examination tests, such as visual acuity and
      astigmatism tests.
PAR  The device is of the kind comprising two discs interposed successively in
      the light beam of a light projection unit, each of the said discs being
      mounted for rotation, under the control of a separate motor, about an axis
      situated at a distance from the axis of the light beam of the said
      projection unit, one of the discs, known as the test disc, carrying
      circularly on a ring a series of translucent areas carrying tests and the
      other, known as the mask disc, carrying a succession of light passages,
      such as apertures, transparent or other areas, capable of being
      individually superimposed on all or part of the test areas of the test
      disc in the said light beam, and a test carrier dial mounted for rotation
      separately and adapted to turn in the light beam of the projection unit
      about an axis which is substantially that of the said light beam, that is
      to say about an axis which is substantially the optical axis of the
      projection unit.
PAR  As a rule, when tests for the examination of sight are concerned, the tests
      carried by the translucent areas of the test disc are visual acuity tests,
      while those carried by the rotating dial are astigmatism tests. Other
      tests can also be carried out with such a device.
PAC  SUMMARY
PAR  According to the invention, the projection device is characterised in that
      the test disc and the test dial are both carried by the same plate, and in
      that this plate is mounted for rocking between two end positions, in one
      of which the test disc is in engagement with a drive means which is fixed
      in relation to the said plate and is driven by the motor associated with
      the test disc, the ring of the test disc which carries its test areas
      being then situated in the path of the light beam of the projection unit
      and the test dial being situated at a distance from the path of the said
      beam, while in the other end position the test dial is in engagement with
      the same drive means and is then situated in the path of the light beam of
      the projection unit, while the test disc is situated at a distance from
      the said path.
PAR  As the result of this arrangement a single motor is sufficient for the
      rotation of two test carrier elements, namely the test disc and the test
      dial, while the rotation of this disc can thus be effected in a controlled
      manner without requiring a separate motor.
PAR  In a second aspect of the invention, at least some of the test areas of the
      test disc comprise a plurality of generally radially arranged test lines,
      at least two of which correspond to different test scales.
PAR  This arrangement advantageously assists the arrangement on a single test
      disc of a large number of different tests belonging to various test
      scales, each of these test scales being selected by suitable selection of
      the light passage of the mask disc which is to be superimposed on the
      corresponding test areas of the test disc.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial view in exploded perspective, with parts broken away,
      of a test projection device according to the invention;
PAR  FIG. 2 is a view in longitudinal section of this device, passing through
      its optical projection axis;
PAR  FIG. 3 is a view in longitudinal section of this device, passing through
      the geometrical axis of the mask disc which it contains;
PAR  FIG. 4 shows on a larger scale a part of FIG. 3;
PAR  FIGS. 5 and 6 are cross-sectional views of the test projection device
      according to the invention, respectively on the lines V--V and VI--VI in
      FIG. 3;
PAR  FIG. 7 is a block diagram of the electrical control of this test projection
      device;
PAR  FIG. 8 is a plan view of the control keyboard of this device; and
PAR  FIGS. 9 and 10 are diagrammatical elevational views of the test and mask
      discs of the test projection device of the invention, which illustrate the
      operation of the said device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment illustrated in the drawings the test projection device of
      the invention comprises a casing 10 mounted for horizontal pivoting on an
      arm 11 carried by a base element (not shown), the casing 10 being locked
      in position on the arm 11 with the aid of a fastening button 12. The
      internal volume of the casing 10 is divided laterally into two
      compartments 10A, 10B, the first of which is formed between the front end
      wall 13 of the casing 10 and a first transverse plate 14 parallel to the
      wall 13, and the second between the plate 14 and a second plate 15 which
      in turn is parallel and fastened peripherally to the free edge of the
      casing 10.
PAR  The plate 14 is attached to the plate 15 by braces 16.
PAR  At the rear of the casing 10 a cover 17 is detachably fastened to the plate
      15 and together with the latter forms a compartment 10C.
PAR  Longitudinally the casing 10 and its cover 17 contain a light projection
      unit which in the usual manner (FIG. 2) comprises a projection lamp 20
      disposed in the compartment 10C between a condenser 21 and a concentrating
      mirror 22, and an optical projection unit 24 of variable focal length
      which is carried by the casing 10, projecting from the end wall 13 of the
      latter.
PAR  A light projection unit of this kind is well known per se and will not be
      described in detail here.
PAR  The location of its optical axis is indicated by a broken line AO in the
      drawings.
PAR  In the compartment 10B of the casing 10 a first disc 25C, hereinafter
      referred to as the mask disc, is mounted for rotation.
PAR  This mask disc 25C is carried by the plate 15 and, as can be seen in FIGS.
      3 and 4, is fastened on the output shaft 26C of a motor 27C accommodated
      in the compartment 10C formed by the cover 17.
PAR  On the mask disc 25C are angularly fastened on the one hand an arm 28C
      which extends substantially radially to a point close to the periphery of
      the mask disc 25C, and on the other hand a circular synchronisation cam
      29C which is provided peripherally with teeth separated from each other by
      notches.
PAR  The arm 28C and the cam 29C, the duties of which will be indicated
      hereinbelow, are disposed between the disc 25C and the plate 15, FIG. 4.
PAR  As can be seen in FIG. 1, the mask disc 25C is provided with a succession
      of apertures 30 distributed regularly in a circular arrangement on a ring
      comprised by the peripheral portion of disc 25C.
PAR  There are in particular a substantially square aperture, a number of
      radially elongated rectangular apertures, a circular aperture of large
      diameter, and a number of apertures of small diameter.
PAR  The ring of the mask disc 25C on which are situated the apertures 30 of the
      latter has a mean diameter substantially equal to the distance separating
      its axis of rotation from the optical axis AO of the projection unit
      described above, so that this ring is interposed in the light beam of this
      projection unit.
PAR  Between two apertures 30 the mask disc 25C is opaque; it consequently forms
      masks capable of masking the light beam of the projection unit with the
      exception of light passages formed by its apertures 30; in practice such
      apertures 30 may be formed by translucent or preferably transparent areas
      provided in an opaque ring.
PAR  The compartment 10B of the casing 10 contains a plate 32 which is parallel
      to the plates 14, 15 bounding this compartment.
PAR  This plate 32 is mounted for rocking on the plate 14, in the proximity of
      the latter, about a shaft 47 carried by the said plate 14 perpendicularly
      to its plane.
PAR  On this rocking plate 32 is mounted for rotation a second disc 25T,
      hereinafter referred to as the test disc.
PAR  On this test disc 25T are angularly fastened, as in the case of the mask
      disc 25C, on the one hand an arm 28T which extends substantially radially
      to a point close to the periphery of the test disc 25T, and on the other
      hand a circular synchronism cam 29T which is provided on its periphery
      with teeth separated two by two by notches.
PAR  A drive pinion 33T is in addition fastened on the test disc 25T.
PAR  The arm 28T, the synchronisation cam 29T, and the drive pinion 33T
      associated with the test disc 25T are disposed between the latter and the
      rocking plate 32 which carries them.
PAR  The test disc 25T carries circularly a succession of translucent test areas
      36 which are distributed about a ring comprised by the peripheral portion
      of disc 25T and each of which carries radially one or more test lines 37,
      FIG. 9.
PAR  The mean diameter of the ring of the test disc 25T which carries the test
      areas 36 is substantially equal to the mean diameter of the ring of the
      mask disc 25C which carries the apertures 30 of the latter.
PAR  The rocking plate 32 also carries a circular dial 38 which carries tests
      and the inside diameter of which is substantially equal to the diameter of
      that of the apertures 30 of the mask disc 25C which is circular.
PAR  This test dial 38 is mounted for rotation on the rocking plate 32 and is
      fastened on a drive pinion 40 whose mid-plane in the examples illustrated
      is substantially the same as that of the drive pinion 33T of the test disc
      25T.
PAR  In one aspect of the invention the same drive element 42, which is fixed in
      relation to the rocking plate 32, is conjointly associated with these
      drive pinions 33T and 40.
PAR  In the example illustrated this drive element 42 is carried by the plate 14
      and comprises two pinions, namely a first pinion 43 fastened on the output
      shaft 26T of a motor 27T accommodated in the compartment 10A of the casing
      10, and a second pinion 44 which meshes with the first pinion.
PAR  Parallel to itself the rocking plate 32 carries an arm 45 which is parallel
      thereto and whose innermost portion is interposed on the path swept by the
      arm 28C carried by the mask disc 25C and forms a rocking cam 46 for the
      said disc.
PAR  The rocking plate 32 is connected to its arm 45 by a brace 39, FIG. 1.
PAR  The rocking plate 32 is mounted for rocking between two end positions
      determined by stops 48, 49.
PAR  For the first of these end positions, which is determined by the stop 48
      and which is shown in solid lines in FIG. 6, the test disc 25T is coaxial
      with the mask disc 25C, parallel to and at a short distance from the said
      mask disc 25C; conjointly, the drive pinion 33T of the test disc 25T is in
      mesh with the pinion 44 of the associated drive element 42.
PAR  Consequently, for this first position of the rocking plate 32 the test dial
      38 is at a distance from the optical axis AO of the projection unit and
      its drive pinion 40 is at a distance from the associated drive element 42.
PAR  In a second end position of the rocking plate 32, which position is
      determined by the stop 49 and shown in broken lines in FIG. 6, the test
      dial 38 is interposed on the path of the light beam of the projection
      unit, the axis of rotation of this dial 38 then coinciding substantially
      with the optical axis AO of this projection unit, and conjointly its drive
      pinion 40 meshes with the pinion 43 of the associated drive element 42.
PAR  Consequently, in this second position of the rocking plate 32 the test disc
      25T is offset in relation to the mask disc 25C and is moved entirely away
      from the light beam of the projection unit, FIG. 10.
PAR  The rocking of the rocking plate 32 takes place against the action of a
      return spring 50 interposed between, on the one hand, a bracket 51
      fastened to the plate 15 and, on the other hand, the arm 45 carried by the
      rocking plate 32.
PAR  This return spring 50 urges the rocking plate 32 in the direction of the
      first of its end positions, in which the ring of the test disc 25T
      carrying the test areas of the latter is located on the path of the light
      beam of the projection unit.
PAR  At its bottom part the rocking plate 32 carries a stabilisation weight 52
      which is of magnetic material and is intended to cooperate with a
      permanent magnet 53 carried by the stop 48, FIG. 6.
PAR  This stabilisation weight 52 is intended to lock the rocking plate 32
      temporarily when it is in the first of its end positions.
PAR  With each of the synchronisation cams 29C, 29T associated respectively with
      the mask disc 25C and with the test disc 25T is associated a
      synchronisation lever 55C, 55T which by means of a spring 56C, 56T is
      brought back elastically into contact with the teeth of the corresponding
      synchronisation cam, these synchronisation levers respectively controlling
      synchronisation switches 57C and 57T.
PAR  The synchronisation microswitches 57C, 57T are interposed on the supply
      line of motors 27C, 27T in a manner which will be described later on; they
      are closed when the corresponding synchronisation levers 55C, 55T are in
      contact with the teeth of the corresponding synchronisation cams 29C, 29T,
      and are open when these levers 55C, 55T face the notches separating these
      teeth.
PAR  In addition, zeroising microswitches 58C, 58T are associated respectively
      with the mask disc 25C and the test disc 25T; these zeroising
      microswitches 58C, 58T are normally closed and their opening is controlled
      by levers 59C, 59T interposed respectively on the path of the arms 28C,
      28T which are respectively fastened on the mask disc 25C and on the test
      disc 25T.
PAR  Another microswitch 60 is provided which is interposed on the path swept by
      the rocking plate 32 or by a finger fastened to the latter, during the
      rocking of the said plate.
PAR  Another microswitch 63, which is not shown in FIGS. 1 to 6, is likewise
      provided, this microswitch being normally closed and its opening being
      controlled by locking means associated with the rocking plate 32 in order
      to lock the latter in the first of its end positions described above, for
      example during transport.
PAR  These locking means may simply be composed of a rod engaged successively in
      the plate 15, in the rocking plate 32, and in the plate 14, this rod then
      being locked in this position and holding open the microswitch 63 (not
      shown in detail in the drawings).
PAR  The various microswitches 57C, 58C, 57T, 58T, 60 and 63 are grouped
      together in the block diagram shown in FIG. 7.
PAR  In this FIG. 7 can be seen at 27C the motor associated with the mask disc
      25C, and at 27T the motor associated with the test disc 25T and with the
      test dial 38.
PAR  The projection lamp can also be seen at 20 in this Figure.
PAR  In FIG. 7, 65 designates any source of alternating voltage, for example the
      supply mains, 66 designates a mains switch, 67 a fuse, and 68 an on-off
      reversing switch adapted to be operated by two separate buttons, one
      corresponding to the "on" position and the other corresponding to the
      "off" position.
PAR  In the example illustrated the reversing switch 68 is in fact composed of
      two switches operated in parallel.
PAR  The first of these switches, which bears the reference 68A, applies voltage
      to the projection lamp 20 with the aid of a transformer 70.
PAR  The second of these switches, bearing the reference 68B, applies voltage in
      the "off" position, as shown in the Figure, to the zeroising microswitches
      58C and 58T described above, and in the "on"  position applies voltage to
      the synchronisation microswitches 57C and 57T described above, these
      various microswitches being disposed downstream of the reversing switch
      68.
PAR  In the example illustrated voltage is applied to the zeroising microswitch
      58T associated with the motor 27T with the aid of the zeroising
      microswitch 58C associated with the motor 27C, when the latter is open;
      the microswitch 58T is thus downstream of the microswitch 58C.
PAR  One of the terminals 70A of the source 65 is adapted to be connected to one
      of the terminals 71T of the motor 70T either by way of the corresponding
      synchronisation microswitch 57T or zeroising microswitch 58T, depending on
      the on-off position of the reversing switch 68, or, when the latter is in
      the "on" position, by way of one or the other of two push-button operated
      switches 72AT, 72BT corresponding respectively to the two directions of
      rotation of the motor 27T, these various microswitches being connected in
      parallel to the terminal 71T of the motor 27T.
PAR  The switch 72AT is connected direct to this terminal 71T, while the switch
      72BT is connected to this terminal 71T by way of a reversing contact 77T
      controlled by a reversing relay 75T.
PAR  The application of voltage to the winding 74T of this reversing relay 75T
      is controlled by the second push-button switch 72BT, and this reversing
      relay 75T controls a second reversing contact 76T which brings the other
      terminal 70B of the source 65 into communication with one or the other of
      two terminals 73T, 78T of the motor 27T, thus permitting reversal of the
      direction of running of this motor, as will be described later on.
PAR  Similar arrangements are adopted for the motor 27C associated with the mask
      disc 25C, the supply of which is thus controlled by two push-button
      switches 72AC and 72BC in dependence on a reversing relay 75C having a
      winding 74C and a reversing contact 76C and 77T.
PAR  In the example illustrated the connection of the switches 72AT and 72BT
      associated with the motor 27T of the test disc 25T to the terminal 70A of
      the source 65 is effected by means of the switches 72AC, 72BC associated
      with the motor 27C of the mask disc 25C.
PAR  In the example illustrated the microswitch 60 controlled by the rocking
      plate 32 or by a finger fastened to the latter is connected downstream of
      the synchronisation switch 57T associated with the motor 27T, in series
      with the normally closed terminal of the contact controlled by the latter.
PAR  Furthermore, in the example illustrated the connection of the terminals 70A
      of the source 65 to the corresponding terminal 71C of the motor 27C --
      whether this connection is made by way of the microswitches 57C, 58C or
      60, or by way of the reversing contact 77C controlled by the corresponding
      reversing relay 75C -- is effected under the control of the microswitch 63
      which, as described previously is controlled by a locking rod which, when
      necessary, effects the locking of the rocking plate 32 during transport.
PAR  The push-button switches 72AT, 72BT, 72AC, 72BC and the on-off push buttons
      M, A controlling the reversing switch 68 are grouped together at the front
      on a control keyboard 80, FIG. 8.
PAR  The front of this control keyboard also contains a panel 81 having a first
      column 82 listing in succession the various openings 30 of the mask disc
      25C, three columns 83A, 83B, 83C respectively listing the acuity tests of
      three different scales, for example a so-called E scale, a so-called
      Monoyer scale, and a so-called rational scale, and a column 84
      successively listing various other types of tests, such as those relating
      to binocular vision, tests more particularly intended for children, and
      tests more particularly intended for amblyopic persons.
PAR  According to a special feature of the invention the test lines 37 of at
      least some of the translucent areas 36 of the test disc 25T each belong
      individually to the different acuity scales shown in the columns 83A, 83B,
      83C.
PAR  Above these columns 83A, 83B, 83C are disposed symbols 86A, 86B, 86C
      indicating the nature of that particular aperture 30 of the mask disc 25C
      which must be superimposed on a translucent area 36 of the test disc 25T
      in order to isolate the test line 37 of that area which corresponds to the
      selected test scale.
PAR  In the example illustrated in FIG. 7, the keyboard 80 has associated with
      it a portable manipulator 90 comprising push-buttons 92AT, 92BT, 92AC,
      92BC, which are respectively connected in parallel with the pushbutton
      switches 72AT, 72BT, and 72BC described above.
PAR  For reasons which will be indicated below the mask disc 25C and the test
      disc 25T are in a clearly determined angular position when at rest, the
      mask disc 25C being superimposed axially on the test disc 25T and having
      its drive pinion 33T in mesh with the pinion 44 of the associated drive
      element 42.
PAR  After the main switch 66 has been closed and the reversing switch 68 set to
      the "on" position, whereby the projection lamp 20 is lit, and after any
      acuity test scale has been selected, it is necessary to bring the mask
      disc 25C so that one of its rectangular apertures 30 which, corresponding
      to the test scale selected, are symbolised at 86A, 86B, or 86C, is brought
      into position on the path of the light beam of the projection unit of the
      apparatus.
PAR  In order to do this, it is necessary to depress one or the other of the
      switches 72AC, 72BC, or one or the other of the switches 92AC, 92BC which
      duplicate them.
PAR  When, for example, the switch 72AC is operated, this applies voltage at
      least temporarily to the motor 27C by way of the microswitch 63C, the
      latter being assumed to be closed and the rocking plate 32 consequently
      being assumed to be unlocked and free to pivot.
PAR  As soon as the motor 27C starts to turn it closes the associated
      synchronisation microswitch 57C, so that even if the action on the switch
      72AC is short-lived the rotation of the motor 27C and consequently that of
      the mask disc 25C operated by it continue.
PAR  This rotation continues until the corresponding synchronisation lever 55C
      drops into the first notch encountered on the synchronisation cam 29C so
      that the synchronisation lever 55C frees the microswitch 57C; the latter
      thereupon returns to its open position.
PAR  This return of the microswitch 57C to the open position stops the rotation
      of the motor 27C, and this rotation can be resumed only in response to the
      re-operation of the switch 72AT.
PAR  The disc 25C thus advances step by step under the control of the
      synchronisation cam 29C, provided that the switch 72AT is operated a
      number of times in succession, each of these operations corresponding to a
      rotation of the disc 25C by one step.
PAR  Action on the switch 72BC or on the switch 92BC duplicating it would
      obviously similarly advance the disc 25C step by step, but in the opposite
      direction of rotation from that previously occurring, the winding 74C of
      the associated reversing relay 75C then being under voltage and causing
      the reversing contacts 76T, 77T controlled by it to change position.
PAR  Similarly, after selection of the aperture 30 corresponding to the selected
      test scale, a series of actions on the switches 72AT, 72BT, or 92AT, 92BT
      effects the step-by-step rotation of the test disc 25T, in one direction
      or the other depending on which of the switches 72AT, 72BT, or 92AT, 92BT
      is operated.
PAR  For each step of the test disc 25T one of the translucent areas 36 of the
      latter is superimposed on the aperture 30 of the mask disc 25C in the
      light beam of the projection unit of the apparatus, and this aperture 30
      is located opposite the test line 37 of the area 36 corresponding to the
      test scale selected in conjunction with this aperture 30.
PAR  In the usual manner the step-by-step advance of the test disc 25T
      corresponds to increasing or decreasing presentation of the test lines of
      the scale selected.
PAR  By acting once more on the switches controlling the step-by-step rotation
      of the mask disc 25C it is possible for each of these test lines to select
      all or part of the line.
PAR  It will be observed that since the switches 72AT and 72BT are in series
      with the switches 72AC, 72BC and since these switches 72AC, 72BC are
      reversing switches, the rotation of the test disc 25T is impossible during
      the rotation of the mask disc.
PAR  In order to utilise the test dial 38 it is sufficient to act on the
      switches controlling the mask disc 25C so as to bring into the light beam
      of the projection unit of the apparatus that one of the apertures 30 of
      the said mask disc 25C which is circular.
PAR  Upon the corresponding rotation of the mask disc 25C the arm 28C carried by
      the latter comes into contact with the cam 46 formed by the face of the
      arm 45 fastened to the rocking plate 32, so that the said plate is rocked
      from the first of its end positions, which it occupied previously, to the
      second end position described above.
PAR  As described above, in this second end position the pinion 40 which is
      fastened on the test dial 38 is in mesh with the pinion 43 of the drive
      element 42, while the drive pinion 37T of the test disc 25T is disengaged
      from the pinion 44 of this drive element 42 and the test disc 25T is moved
      completely away from the projection light beam (FIG. 10), the dial 38
      taking the place of the test disc 25T in this respect.
PAR  Shortly before the rocking plate 32 arrives at this second position the
      finger 62 carried by the arm 45 which is fastened to the said plate has
      temporarily closed the microswitch 60, thereby effecting a brief rotation
      of the motor 27T in such a manner that through the resulting rotation of
      the pinion 43 of the drive element 42 the engagement of the drive pinion
      40 of the dial 38 with the said pinion 43 is facilitated.
PAR  When the test dial 38, and only this dial, is thus interposed on the light
      beam of the projection unit, any action on the switches 72AT, 72BT, or
      92AT, 92BT causes it to rotate continuously in one direction or the other.
PAR  Further action on the switches controlling the step-by-step rotation of the
      mask disc 25C brings the arm 28C of the latter away from the cam surface
      46 of the arm 45 of the rocking plate 32, and the latter thereupon returns
      to the first of its end positions through the action of its return spring
      49.
PAR  When the reversing switch 68 passes into the "off"  position it applies
      voltages to the microswitches 58C, 58T, as mentioned above, and the
      latter, similarly to the microswitches 57C, 57T, supply current to the
      corresponding motors 27C, 27T until the arms 28C, 28T fastened to the mask
      disc 25C and test disc 25T act on the microswitches 58C, 58T, and thus
      interrupt the rotation of these discs.
PAR  Consequently the position of these discs when at rest is accurately
      determined angularly.
PAR  In the example described, since the microswitch 58T is downstream of the
      microswitch 58C in relation to the source 65, the zeroising of these discs
      is effected first for the mask disc 25C and then for the test disc 25T. As
      will have been understood, the microswitch 63 makes it possible to prevent
      the burning-out of the motor 27C if the switches 72AC, 72BC, or 92Ac, 92BC
      are operated when the rocking plate 32 is locked by the locking means
      associated with it.
PAR  The present invention is obviously not limited to the embodiments described
      and illustrated but includes any alternative embodiment within the scope
      of the appended claims.
PAR  In particular, in a variant which is not illustrated the mechanical
      synchronisation means which are associated with a disc, and which comprise
      the synchronisation cam fastened on the disc and the microswitch operated
      by it for the purpose of controlling the corresponding motor, may be
      replaced by electronic synchronisation means comprising position markings
      on one face of a disc of this kind, for example reflecting markings, in
      cooperation with an electro-optical position detector which is adapted to
      scan these markings and which controls the supply of current to the said
      motor.
PAR  Action on the appropriate push-button of the control keyboard or of the
      portable manipulator associated with the latter effects the starting-up of
      the corresponding motor in the forward or reverse direction, and this
      motor is automatically stopped when the corresponding position detector
      has scanned a position marking on the disc in question, unless the action
      on the said pushbutton is continued or repeated.
PAR  This disc thus advances step by step, as previously.
PAR  Similar arrangements can be adopted for returning a disc to zero and/or for
      rocking the plate carrying the test disc.
PAR  The signals transmitted by the various detectors are preferably processed
      by a central control logic system, which regroups the advance control
      information to be applied to the motors, supervises the return of the
      discs to zero in such a manner that this return to zero is effected first
      for one disc and then for the other, and supervises the different phases
      of rocking of the plate carrying the test disc.
PAR  The construction of a central control logic system of this kind is within
      the scope of those skilled in the art, once the functions which it has to
      perform have been defined, as indicated above.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for projecting images such as tests for eyesight examination
      onto a screen, comprising a casing, a light projection unit mounted on
      said casing for projecting a light beam, a rocking plate rockably mounted
      on said casing between two end positions relative to the light beam, a
      test disc including a ring having a plurality of translucent test areas
      and a test dial also carrying at least one test area, said test disc and
      said test dial being both mounted for rotation on and relative to said
      plate, said test disc being in the path of the light beam in said first
      end position of said plate and the axis of rotation of said test dial
      substantially coinciding with the axis of the light beam in said second
      end position of said plate, a mask disc including a ring having a
      plurality of light passages mounted for rotation in said casing and
      disposed along the path of the light beam axially spaced from said rocking
      plate, said light passages on said mask disc being individually
      superpositionable on at least some of the test areas of said test disc in
      said first position, a separate motor for rotating each of said discs
      about its axis of rotation, drive means fixed relative to said rocking
      plate and driven by the motor associated with said test disc, said drive
      being in operative engagement with said disc to rotate said test disc when
      said rocking plate is in said first position and in operative engagement
      with said test dial to rotate said test dial when said plate is in said
      second position.
NUM  2.
PAR  2. A device according to claim 1, wherein the drive means comprises a gear
      train fixed for rotation with the output shaft of the motor associated
      with the test disc, the test disc and the test dial both being mounted for
      rotation with a drive pinion adapted to engage one of the gears of gear
      train.
NUM  3.
PAR  3. A device according to claim 1, wherein said rocking plate is fastened to
      a rocking cam, said rocking cam being interposed in the path of movement
      of an arm mounted for rotation with the mask disc for rocking said rocking
      plate.
NUM  4.
PAR  4. A device according to claim 1, wherein said rocking plate is mounted for
      rocking movement against the action of a return spring.
NUM  5.
PAR  5. A device according to claim 4, wherein said return spring urges said
      rocking plate towards said first end position.
NUM  6.
PAR  6. A device according to claim 1, wherein said rocking plate carries a
      stabilizing weight of magnetic material, and wherein said rocking plate
      stabilizing weight faces a fixed permanent magnet, in at least one of said
      end positions of said plate to temporarily lock said plate in that
      position.
NUM  7.
PAR  7. A device according to claim 1, wherein when the test disc is in
      engagement with said drive means, it is coaxial with the mask disc.
NUM  8.
PAR  8. A device according to claim 1, wherein an electrical contact is located
      in the proximity of one of said end positions of said rocking plate, said
      electrical contact being in an electrical circuit supplying said motor
      associated with the test disc, said motor being supplied by brief contact
      every time said rocking plate comes close to said one end position.
NUM  9.
PAR  9. A device according to claim 1, wherein locking means are associated with
      said rocking plate for locking the latter in one of said end positions,
      and said locking means actuating an electrical contact disposed in an
      electrical supply circuit supplying said motor associated with the mask
      disc.
NUM  10.
PAR  10. A device according to claim 1, wherein a synchronizing cam is
      associated with each of the test disc and mask disc, each synchronizing
      cam being fixed for rotation with its associated disc and having teeth
      separated by notches for controlling a synchronizing microswitch disposed
      in the electrical supply circuit for the motor of its associated disc for
      the step-by-step rotation of the disc, each said microswitch being closed
      by one of the teeth of the synchronizing cam and opened by a notch
      thereof.
NUM  11.
PAR  11. A device according to claim 10, wherein each of the test disc and the
      mask disc has an arm fixed for rotation therewith for controlling a
      zerozing microswitch in the electrical supply circuit of its associated
      motor when the device is in the "off" position, each said zeroizing
      microswitch being normally closed the opening thereof being controlled by
      its arm.
NUM  12.
PAR  12. A device according to claim 11, wherein the zeroizing microswitch
      associated with the test disc is downstream of the zeroizing microswitch
      associated with the mask disc relative to the electrical supply source.
NUM  13.
PAR  13. A device according to claim 11, wherein the synchronizing microswitch
      and the zeroizing microswitch associated with each said disc are connected
      in parallel, and an on-off throw-over switch disposed between a power
      source for said last mentioned microswitches and said last-mentioned
      microswitches, said on-off throw-over switch supplying its synchronizing
      microswitch in the "on" position and supplying the zeroizing microswitch
      in the "off" position.
NUM  14.
PAR  14. A device according to claim 1, wherein said rocking plate is fastened
      to a rocking cam interposed in the path of an arm mounted for rotation
      with the mask disc for effecting the rocking movement of the said rocking
      plate, said arm being associated with the mask disc for controlling a
      zeroizing microswitch in the electrical supply circuit of the motor
      associated with the mask disc when the device is in the "off" position,
      each said zeroizing microswitch being normally closed, the opening thereof
      being controlled by the associated arm.
NUM  15.
PAR  15. A device according to claim 1 further comprising a control board
      including a plurality of control switches for the device, and on a face
      thereof a column listing the light passages of the mask disc, and a
      plurality of test columns listing the possible tests in accordance with
      various test scales.
NUM  16.
PAR  16. A device according to claim 15, wherein at least some of the test areas
      on the test disc comprise a plurality of test lines at different test
      scales.
NUM  17.
PAR  17. A device according to claim 16, wherein each of the test columns on the
      face of the control board is accompanied by a symbol indicating the nature
      of the light passage of the mask disc which is to be superimposed on a
      said test area of the test disc in order to isolate a said test line which
      corresponds to the test scale of the test column.
NUM  18.
PAR  18. A device according to claim 1, wherein synchronizing means is
      associated with each of the test disc and the mask disc, including
      position markings on a face of the associated disc in conjunction with an
      electro-optical position detector which is adapted to scan said markings,
      said detector also controlling current supply to the motor associated with
      the disc.
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PAL  Apparatus for evaluation a human subject's color vision response including
      light emmiting diodes providing luminance in the yellow and red and green
      color spectrums, means for controlling the individual luminescence of the
      red and green diodes in an inverse relationship and means for displaying
      the yellow and red-green luminescence for comparative viewing by the human
      subject.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an instrument for identification of a color
      deficiency, for example, in a clinical environment. The instrument further
      identifies the nature of the color deficiency as well as the degree of its
      severity.
PAR  The instrument utilizes a color mixing technique wherein the patient
      attempts to match the fixed color of one half of a bi-partite field with
      the other half. This second half includes capacity for varying of hue by
      mixing together two colors in subjectively appropriate proportions.
PAR  The principle of the color anomaloscope finds its premise in the latter of
      two of Grassman's three laws:
PAR  2. If, of a two-component mixture, one component is steadily changed (while
      the other component is maintained constant), the color of the mixture
      steadily changes.
PAR  3. Lights of the same color (that is, of the same dominant wavelength, same
      luminance, and the same purity) produce identical effects in mixtures,
      regardless of their spectral composition.
PAR  Further reference to the 1931 CIE Chromaticity Diagram (a standard
      reference in the art) illustrates that any spectral color between 540 and
      700 nm can be matched by a combination of appropriate proportions of the
      extremes of this range. The literature of the art shows that the
      proportions of the mixture in any color matching attempt, within the
      range, are the same for any normal observer. Those individuals which are
      deficient in color vision may be readily identified by observation of his
      variation from the norm.
PAR  The two types of color deficiencies which are frequently encountered in the
      human are deficiency of either the protans, or the deutans. The deficiency
      of protans will cause an individual to exhibit a deficiency of
      red-response, while the deficiency of deutans is evidenced in a sub-normal
      green-response. Each type of anomaly may range in severity from the
      characteristic of anomalous trichromatism to the more severe condition of
      severe dichromatism. An individual having the former deficiency
      demonstrates a three color response, however, either depressed in the
      green or red response and/or green or red wavelength limited. In the
      severe condition of dichromatism, the response to red or green is lacking.
PAR  The conditions of tritanism, or blue-blindness and the condition of
      monochromatism or total color-blindness, are so rare that the inclusion in
      a color anomaloscope of the ability to diagnose such a condition is not
      necessary. Rather, such inclusion would cause a clinical instrument to be
      overly complicated and expensive for normal commercial application since
      such extreme conditions are detectable by other suitable tests.
PAR  Prior art color anomaloscopes have employed incandescent sources, utilizing
      the likes of glass, gelatin or interference filters to develop
      luminescence of known spectral color. Monochromators and gas discharge
      tubes have also been employed as sources for such instruments.
      Unfortunately, such practical considerations as high cost, difficulty of
      control, extensive maintenance involvement, are associated with these
      prior embodiments of clinical instruments; and have suppressed the
      utilization (commercial production and sale) of such instruments for use
      in clinical testing and industrial screening.
PAR  There is a real need for a wavelength accurate color response measurer
      which may be operated by the professional or skilled technician which
      commands confidence that the measurements taken are indicative of patient
      characteristics. The present instrument utilizing precision light-emitting
      diodes offers these advantages.
PAC  SUMMARY OF THE INVENTION
PAR  A color anomaloscope for evaluating a human subject's color vision response
      so that color deficiencies may be identified. In accordance with certain
      features of the invention there is included light-emitting diode means for
      establishing a yellow color standard and, red and green light-emitting
      diode means for establishing an adjustable color mixture to be varied by
      the subject and matched to the standard. The instrument, in a preferred
      form, includes means for adjusting the luminance of the yellow diode and
      means for maintaining the total luminance of the red/green mixture
      constant, and in predetermined relation to the yellow luminance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing shows by way of example only, certain embodiments
      of the invention.
PAR  FIG. 1 is a pictorial view of the elements of the invention.
PAR  FIG. 2 is a pictorial view of an alternative illuminator for the bi-partite
      fields of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the figures, reference numeral 2 indicates the entirety of
      a color anomaloscope according to the present invention. The instrument
      may take the form of a hand-held tube containing the entirety of the
      operative elements.
PAR  As illustrated herein, the device may include an eyepiece 10 at one end,
      through which a patient may view a bipartite field 12. In field 12, one
      lateral half 12a is uniformly illuminated by a light-emitting diode (LED)
      14, emitting at approximately 589 nm. This yellow LED is operated at a
      fixed emission level at a predetermined standard of illumination by
      luminance power supply and control 15.
PAR  The other lateral one-half of the bipartite field 12b is illuminated
      (uniformly) by two light-emitting diode sources, 16a, 16b in order to
      provide a color mixing technique whereby the patient may adjust, or direct
      the adjustment of, the output of LED sources 16a, 16b so as to "match" the
      yellow standard. In the illustrated embodiment, a red LED emitting at
      approximately 670 nm. is coupled through a mixer control 18 to a green LED
      emitting at approximately 540 nm. The mixer control 18 also operates to
      cause the total luminance output of diodes 16a, 16b to be constant over
      the entire useable mixture range.
PAR  Color mixing, by varying the proportions of the red and green emitting LED
      emissions, may be accomplished by a variety of approaches. For example,
      independent variable current controls may be employed with each of the
      LEDs 16a, 16b.  Likewise, an independent variable pulse width (time)
      control, at a constant current level would be effective to control
      red-green mix for matching of fields 12.
PAR  It should be recognized that any one of a variety of optical schemes might
      be utilized to view the bipartite field 12. As illustrated in FIG. 1, a
      fiber optic mixer and coupler 20 is illustrated. The illustrated coupler
      provides a standard field 12a composed of the output of the yellow LED's
      14 and the "matching" field 12b composed of the output of the red-green
      LED's 16a, 16b. By this scheme, the field 12 might be viewed through a
      lens 22 lying within the focal plane of lens 22 by the subject. It is
      important to here note that the optical scheme should provide an
      unresolvable view of the inputs 16a, 16b to form a complete mix such that
      this field (12b) may be directly compared (and thus resolved from) with
      field 12a.
PAR  Such other optical elements for satisfactory viewing may be included as an
      iris diaphragm 24 (for field control), a specular reflecting surface 26
      (for calibration or white conditioning and appropriate detector 28 and
      light source 30 for such calibration and/or conditioning.
PAR  While the aforementioned fiber optic optical scheme has certain advantages
      for laboratory testing, it should be recognized that additional or other
      optical schemes may be advantageous for other circumstances. Reference to
      FIG. 2 illustrates a system wherein the output of LED's 14, 16a and 16b
      are projected upon such as an optical screen (e.g. white matte surface) to
      form the bipartite fields 12a, 12b. Such a system might include lenses 32,
      34 to provide unresolvable mixing of the "matching" field 12b and clear
      resolution with the "standard" field 12a.
PAR  It is intended that the embodiments described herein be illustrative of the
      invention and that those modifications apparent to one skilled in the art
      be included within the scope of the invention.
PAR  For example, while prior art devices for observation of tritanism were
      necessarily complex, we consider adaptation of the present instrument for
      such observation to be a straight-forward, feasible modification.
      Presently, LEDs emitting in the blue color spectrum are not commercially
      available, so this described modification is not illustrated in the
      figures. Such inclusion is considered within the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for evaluating a human subject's color vision response
      comprising: a light-emittion diode providing luminance in the yellow color
      spectrum; power means for driving said light-emitting diode and
      controlling said luminance; a light-emitting diode providing luminance in
      the red color spectrum; a light-emitting diode providing luminance in the
      green color spectrum; power means for driving said red and green
      light-emitting diodes; means for controlling said power means for said red
      and green diodes to cause the individual luminance of said diodes to be
      variably controlled in a predetermined inverse relationship; a display
      field; means for directing the luminance of said yellow diode on one
      portion of said display field; and means for directing a mixture of the
      luminance of said red and green diodes on an adjacent portion of said
      display field, whereby said human subject may observe and compare the
      displayed luminance of said yellow diode to said mixed luminance of said
      red and green diodes.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said means for directing a
      mixture of said luminance of said red and green diodes is a fiber optic
      coupler having bipartite fields.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said means for directing a
      mixture of said luminance of said red and green diodes includes lens means
      for imaging said luminance on an optical screen.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said means for controlling said
      power means includes means to cause the total luminance of said red and
      green diodes to remain constant over the range of said variable
      predetermined inverse relationship.
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ABST
PAL  There is described an eyeglass frame having a molded plastic lens frame
      which forms one element of each of the hinge assemblies having a vertical
      axis which connect the temples to the lens frame, which temples are
      pivotally adjustable about a horizontal axis.
BSUM
PAR  The present invention relates in general to eyeglass frames and associated
      hinges, and it relates more particularly to a new and improved hinge
      construction for pivotally connecting the temple pieces to the lens frame.
PAR  The present invention constitutes an improvement over the frame and hinge
      construction described in my copending application Ser. No. 182,389 filed
      Sept. 21, 1971, now U.S. Pat. No. 3,841,741 which application is a
      continuation-in-part of application Ser. No. 100, 142 Filed Dec. 21, 1970
      now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  The usual eyeglass frame hinge employs a pair of interfitting metal parts
      pivotally connected together and respectively fixed to the lens frame and
      to the associated temple piece. The interfitting hinge parts are very
      small and difficult to handle, are subject to spurious disassembly, and
      are not readily attachable to associated plastic lens frames and temple
      pieces, particularly when replacement of the hinge becomes necessary. It
      would, therefore, be desireable to provide a new and improved eyeglass
      frame construction wherein the lens frame itself provides better wearing
      parts of each of the hinge assemblies which connect the temple pieces to
      the lens frame. It would also be desireable to incorporate in such hinges
      detent means for holding the temple pieces in the open and closed
      positions.
PAR  Such eyeglasses should also enable adjustment of the pantoscopic and
      retroscopic angles of the lens in the frame thereby enabling the Doctor to
      fit faces and optical requirements of various sizes and shapes and to
      orient bifocal lenses for optimum vision through the lens portions which
      have the shorter focal length and direct them primarily at the fovea
      centralis for maximum definition.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, there is provided in accordance with the teachings of the present
      invention new and improved eyeglasses incorporating a hinge construction
      which may be molded of plastic and which utilizes the lens frame itself as
      one of the hinge parts. The temple pieces may also be molded plastic parts
      and the connections thereof to the hinge assemblies enable independent
      adjustment of the angle at which the lens frame is pantoscopic or
      retroscopic to the temples, When being used, this novel hinge is not
      visible to detract from the ornamental appearance of the eyeglasses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages and a better understanding of the present
      invention may be had by reference to the following detailed description
      taken in connection with the accompanying drawing, wherein:
PAR  FIG. 1 is a fragmentary, perspective view, partly in section, of an
      eyeglass construction embodying the present invention.
PAR  FIG. 2 is a top view of the adjoining portions of the lens frame and the
      right hand temple piece of the eyeglass construction of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along the line 3-3 of FIG. 2 with
      the piece 12 removed;
PAR  FIG. 4 is an elevational view, partly in section, of the hinge piece used
      in the eyeglass construction of FIG. 1;
PAR  FIG. 5 is a top view of the hinge piece illustrated in FIG. 4;
PAR  FIG. 6 shows an alternate hinge piece construction and
PAR  FIG. 7 is a side view taken from the right side of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawing and particularly to FIG. 1 thereof, a lens
      frame 10 in which the usual lenses 11 are mounted is made of a suitable
      plastic such as polycarbonate and includes, at the outer ends, recesses
      pivotally receiving the forward ends of hinge pieces 12 to which
      respective temple members 13 are removably attached. In FIG. 1 only the
      right hand half of the lens frame and the associated hinge piece and right
      hand temple is illustrated. It will be understood, however, that the left
      hand half of the lens frame and the associated hinge and left hand temple
      correspond in construction to that shown in FIG. 1, wherefore only that
      portion of the frame shown in FIG. 1 is described in detail hereinafter.
PAR  The inner face of the temple member 13 is provided with an elongated,
      generally rectangular recess 14 defined at its rearward end by an undercut
      shoulder 15 overlying a serrated vertical surface 16. As best shown in
      FIG. 4 the rearward edge of the hinge piece 12 tapers inwardly to one or
      more pointed teeth as indicated at 17, and this pointed rear end lies
      beneath the shoulder 15 in engagement with a selected portion of the
      serrated surface 16 to hold the temple member in an angularly adjusted
      position in the vertical plane relative to the hinge piece. The hinge
      piece 12 is fastened to the temple member 13 by means of a bolt 20 having
      a hexagonal head portion 21 embedded in the outside surface of the temple
      pices 13 and a threaded shank 22 which extends outwardly from the inner
      surface of the temple piece 13 near the forward end of the recess 14. A
      hole 23 in the hinge piece 12 (FIGS. 4 and 5) loosely surrounds the
      threaded shank portion 22, and a shoulder nut 24 is threaded thereon with
      a head of the nut 24 located in a recess 25 in the exposed face of the
      hinge piece 12. The shoulder 26 on the nut 24 has a thickness which is
      less than the thickness of the adjacent portion of the hinge piece and
      extends into the hole 23 which is substantially the same in diameter as
      the shoulder 26 which when entered into 23 removes flexibility of 12
      resulting from slot 45. To permit relative transverse movement of the
      hinge piece and the nut 24 when the nut is loose, an eccentric relief 25'
      is provided into which the head of the nut 24 can locate.
PAR  In order to adjust the retroscopic or pantoscopic angle of the temple
      member 13 it is merely necessary to loosen the nut 24 on the bolt 20 so
      the shoulder 26 clears hole 23 in piece 12, to then slide the temple
      member 13 rearwardly so as to disengage the pointed end 17 of the hinge
      piece from the serrations 16, and then to pivot the temple member 13
      relative to the hinge piece 12 until the temple member is at the desired
      angle relative to the lens frame 10 so as to properly fit the face and
      optical requirements of the user. The temple member 13 is then moved
      forwardly once again to cause the pointed end 17 of the hinge piece to
      engage the serrated surface 16. The nut 24 is then tightened to lock the
      temple member 13 in the adjusted position.
PAR  As best shown in FIGS. 2 and 3, the lens frame 10 is provided near its
      right hand outer edge with a rearwardly facing recess defined by a
      semicylindrical wall portion 30 and top and bottom parallel wall portions
      31 and 32. The hinge piece 12 is provided with axially aligned, spaced
      apart cylindrical end portions 34 and 35 complimentary to the wall surface
      30 of the lens frame and these cylindrical end portions of the hinge piece
      are pivotally disposed within the recess. A generally conical recess 36 is
      formed in the bottom wall 32 and receives a correspondingly shaped
      frustoconical depending portion 37 on the cylindrical hinge portion 35.
      The upper cylindrical hinge portion 34 of the hinge piece 12 is provided
      with a generally conical recess 38, coaxially disposed relative to the
      portion 37, and a set screw 39, optionally molded of plastic and having a
      conically tapered nose portion 40, is threadedly received in a hole 42 in
      the upper wall portion 31. The tapered nose 40 fits into the recess 38 in
      the hinge piece 12 to hold the hinge piece in assembled relationship with
      the frame and also to permit adjustment of the friction between the hinge
      piece and the frame. The portion 37 of the hinge piece and the set screw
      39 thus provide pintles aligned on the axis about which the temple member
      13 may be swung between open and closed positions. A locating hole 43 is
      provided in the hinge portion 34 in coaxial alignment with the recess 38
      and the screw 39 has a cylindrical locating nose portion 44 at the lower
      end to assure alignment of the screw with the threaded hole 42 in the lens
      frame. Being formed of plastic and because of slot 45 extending from the
      hole 23 to the forward end of the hinge piece, the hinge piece 12 is
      somewhat flexible and resilient which permits the cylindrical hinge piece
      portions 34 and 35 to be compressed together to aid assembly of the hinge
      piece to the lens frame.
PAR  In order to provide a spring tension on the hinge piece for added friction,
      a generally rectangular tongue 47 is formed integrally with the frame and,
      as best shown in FIG. 2, presses against the cylindrical portions 34 and
      35 of the hinge piece. Also, coplanar flat surfaces 48 and 49 are
      respectively provided on the rearwardly facing sides of the cylindrical
      hinge portions 34 and 35 to cooperate with the tongue 47 when the temple
      is in a closed position against the rear face of the lens frame thereby to
      act as a detent to hold the temple in the closed position. Similar flats
      (not shown) may also be provided on the hinge portions 34 and 35 to form a
      detent to hold the temple member 13 in the fully open position.
PAR  In order to provide an attractive appearing eyeglass construction while
      permitting pivotal adjustment of the temple piece in the vertical plane,
      the lens frame is provided adjacent to the hinge piece receiving recess
      with a frustoconical surface 50, and the forward end of the temple piece
      13 is complementary shaped thereto as indicated at 52. Moreover, the
      rearward edges 53 of the lens frame are disposed a short distance
      forwardly of the vertical diametric plane of the recess 50 whereby the
      spacing between the axis of the screw 20 and the central axis of the
      conical portion 52 together with the flexibility of the hinge piece,
      provide a detent action between the interfitting conical portions, thereby
      to snap and hold the temple in the open position. The vertical diametric
      plane of the recess 50 is the vertical plane which extends through the
      center of revolution of the frustoconical surface 50 and is indicated in
      FIG. 7 by the phantom line 51. The inner arcuate edge 54 of the recess 50
      is rounded or chamfered to provide a smooth action when the temple portion
      52 slides thereover as the temple piece is snapped into the fully opened
      position. When fully open, the outer arcuate edges of the surfaces 50 and
      52 are engaged so as to be invisible from a short distance away.
PAR  Referring to FIG. 6 there is shown a modified embodiment of the invention
      wherein the rearwardly extending portion of the hinge piece lies flush
      with the inner face of the temple. As there is shown the undercut
      shoulder, identified as 15', extends at an angle and the rear end of the
      hinge pieice 12' is also tapered so as to fit thereunder. The rear end of
      the hinge piece 12', like the hinge piece 12, is pointed and the tapered
      shoulder 15' is serrated to receive the pointed end at a selected
      adjustable position.
PAR  While the present invention has been described in connection with
      particular embodiments thereof, it will be understood by those skilled in
      the art that many changes and modifications may be made without departing
      from the true spirit and scope of the present invention. Therefore it is
      intended by the appended claims to cover all such changes and
      modifications which come within the true spirit and scope of this
      invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An eyeglass construction, comprising
PA1  a lens frame having near one end thereof an elongated recess defined by a
      semicylindrical wall and transverse end walls,
PA1  a flexible hinge piece having a generally cylindrical forward portion
      disposed in said recess with the top and bottom ends thereof lying
      respectively adjacent said transverse end walls,
PA1  said top and bottom ends and said transverse end walls having mutually
      complementary interfitting pintles and recesses for holding said hinge
      piece in assembled relationship with said lens frame,
PA1  said hinge piece having a rearwardly extending flat portion provided with a
      hole therethrough,
PA1  a temple member,
PA1  means extending through said hole into said temple member for pivotally
      securing said temple member to said hinge piece,
PA1  said hinge piece being provided with a slot extending from said hole to the
      forward end of said hinge piece thereby splitting said cylindrical forward
      portion into spaced apart axially aligned cylindrical portions to ease
      insertion of said portions into said recess; and
PA1  a flexible tongue extending rearwardly from said lens frame engaging said
      cylindrical forward portion of said hinge piece,
PA1  said tongue being resiliently biased against said cylindrical forward
      portion.
NUM  2.
PAR  2. An eyeglass construction according to claim 1 wherein
PA1  said tongue, said semicylindrical wall and said transverse end walls are
      integral plastic portions of said lens frame.
NUM  3.
PAR  3. An eyeglass construction according to claim 2 wherein
PA1  said cylindrical foreward portion of said hinge piece is provided with a
      flat against which said tongue presses when said temple member is in a
      closed position against said lens frame to hold said temple member in said
      closed position.
NUM  4.
PAR  4. An eyeglass construction according to claim 1 wherein
PA1  said hinge piece is an integral plastic part.
NUM  5.
PAR  5. An eyeglass construction according to claim 4 wherein
PA1  one of said pintles is a threaded member threadedly received in an opening
      in said lens frame, and
PA1  one of said complementary recesses being aligned with said opening in said
      lens frame.
NUM  6.
PAR  6. An eyeglass construction according to claim 5, wherein
PA1  the other of said pintles is integral with one end of said cylindrical
      foreward portion of said hinge piece, and
PA1  the other of said complementary recesses is provided in the other end of
      said cylindrical foreward portion of said hinge piece.
NUM  7.
PAR  7. An opthalmic mounting, comprising
PA1  a plastic lens frame,
PA1  a pair of temple members each having a forward end portion,
PA1  a pair of hinges respectively connecting said temple members to said lens
      frame to permit said temple members to be swung about substantially
      vertical axes between open and closed positions,
PA1  said lens frame having molded therein at the remote sides thereof
      rearwardly facing recesses defined by a frustoconical surface of said lens
      frame having an arcuate external edge lying in a substantially vertical
      plane,
PA1  said forward end portions of said temple members each having a
      frustoconical portion complimentary to said recess defining surface and
      tightly positioned in said recess when said temple members are in the
      fully open extended positions thereby to provide arcuate lines of
      demarcation between the outside forward edges of said temple members and
      said lens frame, and
PA1  said hinges each having a flexible, resilient portion connecting said lens
      frame to the associated temple member which flexes to permit said temple
      members to be swung into and out of said fully open positions.
NUM  8.
PAR  8. An opthalmic mounting according to claim 7 wherein each of said hinges
      comprises
PA1  a first portion pivotally connected to said lens frame, and
PA1  a flat elongated flexible, resilient portion extending rearwardly from said
      first portion and lying against the inner face of the associated temple
      member,
PA1  said flat portion lying in a plane perpendicular to the axis of generation
      of said frustoconical surface.
NUM  9.
PAR  9. An opthalmic mounting according to claim 8 comprising
PA1  means connecting said temple members to said hinges to permit pivotal
      movement of said temple members about said axis of generation relative to
      said lens frame.
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ABST
PAL  A mechanical drive arrangement for a cinematograph projector. A
      double-sided tooth drive belt passes, in succession, over a motor driven,
      film take-up sprocket, idler sprocket, intermittent drive sprocket, film
      feed sprocket and shutter drive sprocket. The intermittent drive sprocket
      and intermittent motion film sprocket are mounted on a rotatable disc. The
      axis of rotation of the disc coincides with the circumference of the
      intermittent drive sprocket at the point where the plane through the axes
      of both mounted sprockets cuts the region of engagement of the drive belt
      around that circumference. In consequence, rotation of the disc moves the
      film anchor point, on the intermittent motion film sprocket, with only
      slight rotation of the shutter drive. Thereby, ghosting is avoided when
      racking.
BSUM
PAR  This invention relates to mechanical drive arrangements and particularly to
      mechanical drive arrangements for cinematograph projectors.
PAR  Cinematograph projectors commonly have a mechanical drive arrangement which
      simultaneously drives a film feed sprocket, a film take-up sprocket, an
      intermittent drive arrangement for moving film intermittently past the
      film projector gate and a synchronized shutter.
PAR  The object of the present invention is to provide an improved mechanical
      drive arrangement particularly for this purpose.
PAR  Accordingly, the invention provides a mechanical drive arrangement,
      particularly for cinematograph projectors, comprising drive means, first
      and second sprockets, a double-sided toothed drive belt passing over both
      the first and second sprockets, drivingly engaging a shutter drive
      sprocket and an intermittent motion drive sprocket, the intermittent
      motion drive sprocket and the associated intermittent motion film sprocket
      being mounted for rotation together about a centre lying on a tangent to
      the intermittent drive sprocket. Preferably, the centre of rotation lies
      on the intermittent motion film sprocket circumference at the mid point of
      engagement of the drive belt.
PAR  Preferably, also, a line joining the centres of the intermittent motion
      film sprocket and of the intermittent drive sprocket intersects the
      circumference of the intermittent drive sprocket at the point coincident
      with the said centre of rotation and, further, the path of the drive belt
      towards and away from the intermittent drive sprocket forms equal angles
      with the said line joining the said sprocket centres, for the preferred
      mean rotational position of the said sprockets.
PAR  Conveniently, the first and second sprockets are film feed and film take-up
      sprockets, respectively.
PAR  Conveniently, the drive pulley, is tensioned by an idler sprocket and this
      sprocket may conveniently be positioned to determine the path of the drive
      belt either towards or away from the intermittent drive sprocket.
PAR  The drive means may conveniently drive one of the said first and second
      sprockets.
DRWD
PAR  In order that the invention may be readily carried into practice, one
      embodiment thereof will now be described in detail, by way of example,
      with reference to the accompanying drawing, the sole FIGURE of which is a
      diagram showing a mechanical drive arrangement, in accordance with the
      invention, for a cinematograph projector.
DETD
PAR  In the mechanical drive arrangement shown in the drawing, drive means, not
      shown, drives the shaft 1 of a film take-up sprocket 2 to rotate the
      sprocket 2 in the clockwise sense, as viewed in the drawing.
PAR  A double-sided toothed belt 3 passes around the film take-up sprocket 2,
      over an idler sprocket 4, around an intermittent motion drive sprocket 5,
      around a film feed sprocket 6, around a shutter drive sprocket 7 and back
      to the sprocket 2, as shown. The film feed sprocket 6 and the shutter
      drive sprocket 7 are both driven in the clockwise sense, as viewed in the
      drawing. The intermittent motion drive sprocket 5 is driven in the
      counter-clockwise sense.
PAR  The intermittent motion drive sprocket 5 and an intermittent motion film
      sprocket 8 are together mounted upon a rotatable disc 9. As will be seen
      from the drawing, the line 10--10 joining the centres of the sprockets 8
      and 5, when extended, intersects the circumference of the sprocket 5 at a
      point 11. A tangent 12--12 is drawn to the circumference of sprocket 5 at
      the point 11. The centre of rotation of disc 9 lies on tangent 12--12 and,
      in fact, coincides with point 11, all the said lines and points referred
      to in this construction lying in the plane of the drawing.
PAR  The drive belt 3 is tangential to drive sprocket 5 at points 5.sup.1 and
      5.sup.11 and is tangential to idler sprocket 4 at point 4.sup.1. In the
      rotational position of disc 9 shown in the drawing, the paths 6.sup.1 -
      5.sup.1 and 5.sup.11 - 4 make equal angles with the line 10--10, shown as
      angles A and B in the drawing.
PAR  In operation, sprocket 2 is driven from drive shaft 1, driving the drive
      belt 3 which, in turn, drives the intermittent motion drive sprocket 5,
      the sprocket 6 and the shutter drive sprocket 7.
PAR  Rotation of disc 9 rotates the intermittent motion film sprocket 8 about
      centre 11, and thereby racks the film, not shown, which passes over the
      intermittent motion film sprocket 8, for adjustment of the film frame in
      the projector gate in the vertical direction. The available rotational
      motion raises or lowers the projected film image by a distance equal to
      one picture frame height.
PAR  Due to the geometry described, the racking of the film by rotation of disc
      9 results in only small longitudinal movement of drive belt 3 and hence
      only small rotation of shutter sprocket 7. Rotation of sprocket 7 would
      result in a displacement drive of the associated shutter, causing loss of
      synchronism of shutter and intermittent motions and hence "ghosting" of
      the image on the screen.
PAR  Synchronism between the shutter and intermittent motions is held for all
      normal adjustment of disc 9 for film racking and the geometry is such as
      to provide this operational advantage together with simplicity of layout
      and assembly.
PAR  Using the geometry described, the degree to which synchronism between
      shutter and intermittent motions is lost by rotational adjustment of disc
      9 is dependent upon the relative diameters of the linked sprockets 5 and
      8. In the example described, they are of equal diameter.
PAR  The rolling action of the intermittent drive sprocket 5 on the drive belt 3
      is required to be such that the belt 3 undergoes minimal longitudinal
      displacement due to rotation of disc 9. Satisfying this requirement in
      practice is a compromise between the belt sprocket diameters and the angle
      of wrap of belt 3 on sprocket 5 to provide adequate power transmission
      without belt jump.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A mechanical drive arrangement particularly for cinematograph
      projectors, comprising:
PA1  a. drive means drivingly engaging a double-sided toothed drive belt;
PA1  b. a first sprocket and a second sprocket adapted to be engaged by said
      drive belt;
PA1  c. shutter drive sprocket drivingly engaged by said drive belt;
PA1  d. intermittent motion drive sprocket drivingly engaged by said drive belt,
      said intermittent motion drive sprocket being rotatably mounted on disc
      means rotatable about a center of said disc means, which center coincides
      with a circumference of said intermittent motion drive sprocket; and
PA1  e. intermittent motion film sprocket rotatably mounted on said disc means,
      and being adapted to be drivingly engaged by said intermittent motion
      drive sprocket, whereby upon rotation of said disc means, said drive belt
      engages said intermittent motion drive sprocket substantially on a tangent
      point of a circumference of said intermittent motion drive sprocket.
NUM  2.
PAR  2. A mechanical drive arrangement as claimed in claim 1 wherein said disc
      means comprises a substantially planar disc rotatable about a disc axis
      having said rotatable intermittent motion drive sprocket and said
      intermittent motion film sprocket rotatably mounted on respectively an
      intermittent motion drive sprocket axis and an intermittent motion film
      sprocket axis perpendicular to a plane of said disc, wherein a midpoint of
      engagement of said drive belt with said intermittent drive sprocket
      coincides with the said disc axis.
NUM  3.
PAR  3. A mechanical drive arrangement as claimed in claim 2 wherein said
      intermittent motion drive sprocket axis, said intermittent motion film
      sprocket axis and said disc axis lie parallel to each other in a common
      plane.
NUM  4.
PAR  4. A mechanical drive arrangement as claimed in claim 3 wherein said drive
      belt intersects said common plane at equal angles on opposite sides of the
      engagement of said drive belt with said intermittent motion drive
      sprocket.
NUM  5.
PAR  5. A mechanical drive arrangement as claimed in claim 1 wherein said first
      sprocket comprises a film feed sprocket, and wherein said second sprocket
      comprises a film take-up sprocket.
NUM  6.
PAR  6. A mechanical drive arrangement as claimed in claim 1, further comprising
      an idler sprocket adapted to be tensionally engaged by said drive belt,
      whereby upon selective positioning of said idler sprocket into and out of
      greater tension with said drive belt, the engagement of said drive belt
      with said intermittent motion drive sprocket can be changed.
NUM  7.
PAR  7. A mechanical drive arrangement as claimed in claim 1 wherein said drive
      means includes means driving one of said first sprocket and said second
      sprocket.
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ABST
PAL  Apparatus for retrieving images of microfilms on sheet-like microforms on
      which the microfilms form frames arranged in vertical and horizontal rows
      and including larger and smaller frames. A transporting unit can move a
      microform up or down in a vertical plane so as to place a selected
      horizontal row of frames in front of a horizontal light source. A carriage
      in front of the transporting unit supports two lenses which are in line
      with the light source and respectively serve to project the images of
      larger and smaller frames onto the screen of a television camera. The
      carriage is movable horizontally to place a selected lens into register
      with a selected frame of that horizontal row of frames which is located in
      front of the light source, and the carriage can transmit motion to a
      plate- or belt-like diaphragm which is disposed between the transporting
      unit and the lenses and has one or more apertures registering with that
      lens which projects the image of a selected frame onto the screen. The
      device for moving the carriage includes a steel band connected to the
      carriage and having encoded information which is scanned by one of two
      photoelectric detectors. These detectors are actuatable alternatively and
      are respectively associated with the lenses for the projection of images
      of larger and smaller microfilm frames to arrest the motor for the band
      when the corresponding lens registers with a selected frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to microfilm reading or microimage retrieving
      apparatus in general, and more particularly to improvements in apparatus
      for projecting and enlarging the images of selected frames which form rows
      of frames on sheet- or panel-like microforms or microsheets.
PAR  It is already known to provide an apparatus for retrieving images of
      microfilm frames, which form rows of frames on a microform, with a
      conveyor system serving to move a microform into and thereupon in a
      predetermined plane until the selected frame reaches a projection position
      in which its image is enlarged and projected onto a screen by a suitable
      optical system and a light source. A drawback of such apparatus is that
      the placing of a selected frame (the frames are normally arranged in
      vertical and horizontal rows) into the projection position takes up a
      substantial amount of time and that the conveyer system is bulky, complex
      and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a microimage retrieving apparatus
      wherein the projection lens or one of several projection lenses can be
      placed into register with a selected microfilm frame of an array of
      microfilm frames on a card- or sheet-like microform with little loss in
      time.
PAR  Another object of the invention is to provide the apparatus with novel and
      improved means for transporting microforms of the type wherein the
      microfilm frames form parallel first rows of frames and parallel second
      rows of frames which are inclined with respect (and preferably normal) to
      the first rows of frames.
PAR  A further object of the invention is to provide the apparatus with a novel
      and improved projection system which may include one or more lenses and a
      diaphragm.
PAR  An additional object of the invention is to provide a novel and improved
      diaphragm for use in the above outlined projection system.
PAR  Still another object of the invention is to provide the apparatus with
      novel and improved means for automatically arresting a selected lens in a
      position of register with a selected microfilm frame on a microform which
      has been inserted or fed into the transporting unit.
PAR  The invention is embodied in an apparatus for projecting the images of
      selected microfilm frames on sheet-like or panel-like microforms wherein
      the frames form a plurality of discrete parallel rows (preferably a
      plurality of first and second rows whereby the first rows are inclined
      with respect to and preferably normal to the second rows). The apparatus
      comprises means for transporting a microform in a first direction
      extending at right angles to the discrete parallel rows of microfilm
      frames on a microform which has been inserted or fed into the transporting
      means whereby the latter can move a selected discrete row into a
      predetermined projection position (e.g., in front of an elongated light
      source), and a projection system having lens means in line with the
      projection position and means for moving the lens means in parallelism
      with the discrete rows of frames on a microform in the transporting means
      so that the lens means is movable into register with a selected frame in
      the discrete row which occupies the projection position.
PAR  For example, the transporting means may include rollers or analogous
      microform-engaging elements which can move the microform up or down in
      parallelism with the vertical rows of microfilm frames on such microform,
      and the means for moving the lens means may comprise a carriage which is
      movable along a horizontal path in front of the transporting means (i.e.,
      in parallelism with the hosizontal rows of microfilm frames on the
      microform in a transporting means) and which supports one or more discrete
      projection lenses, e.g., a lens for the projection and enlargement of
      images of larger frames and a lens for the projection and enlargement of
      images of smaller frames.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved apparatus
      itself, however, both as to its construction and its mode of operation,
      together with additional features and advantages thereof, will be best
      understood upon perusal of the following detailed description of certain
      specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic perspective view of a microimage retrieving apparatus
      which embodies one form of the invention; and
PAR  FIG. 2 is a perspective view of a portion of a modified apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The microimage retrieving apparatus of FIG. 1 comprises a light source 1
      here shown as a horizontal fluorescent tube which is located behind a
      vertical path wherein a microform or microsheet 8 is movable up and down
      by a transporting unit 2. The apparatus further comprises a movable
      projection system 3 which is located in front of the aforementioned path
      and an image receiving unit 4, e.g., a television camera.
PAR  The transporting unit 2 comprises an upper or first pair of horizontal
      microform-engaging rollers 6 mounted in the frame or housing of the
      apparatus at a level above the light source 1, and a second or lower pair
      of horizontal microform-engaging rollers 7 which are located at a level
      below the light source. The illustrated microform 8 is assumed to have
      several microfilm frames which form several horizontal and vertical rows
      and include larger frames 8a, 8d and smaller frames 8b, 8c. At least one
      roller of each pair of rollers 6 and 7 is driven by an endless belt
      conveyor 11 which is trained over pulleys 12, 13 and 17. The pulley 12
      rotates the shaft 14 of the right-hand roller 6, the pulley 13 rotates the
      shaft 15 of the right-hand roller 7, and the pulley 17 is driven by the
      output element of a prime mover 16, e.g., an electric motor. At least a
      portion of the belt conveyor 11 is provided with encoded information
      (shown at 11a) which is monitored by a photoelectric detector 18 of known
      design. This detector controls the circuit of the motor 16 and insures
      that the motor is brought to a standstill when a selected horizontal row
      of microfilm frames 8a, 8b, 8c or 8d is located in a projection position,
      i.e., in front of the light source 1.
PAR  The projection system 3 is disposed in the path of light issuing from the
      source 1 and travelling toward the screen of the camera 4. This projection
      system comprises two projection lenses 20, 21 which respectively
      correspond to the format of the frames 8a, 8d and 8b, 8c and which are
      mounted in a carriage 22. The optical axes of the lenses 20, 21 are
      parallel to each other and the carriage 22 is movable along a horizontal
      path at right angles to such optical axes. The guide means for the
      carriage 22 comprises two horizontal tie rods 23, 24 which are mounted in
      a portion F of the housing. The lower portion of the carriage 22 contains
      one or more sleeves 25 with antifriction bearings so as to reduce friction
      between the carriage and the lower tie rod 24. The upper end face of the
      carriage 22 supports two upwardly extending posts for antifriction
      bearings 28, 29 whose outer races engage the tie rod 23. The posts for the
      bearings 28, 29 are preferably adjustable vertically as well as toward or
      away from each other.
PAR  The device for moving the carriage 22 lengthwise of the tie rods 23, 24
      comprises a metallic band or tape 30 (preferably a steel band) which is
      trained over pulleys 31, 32 and 33. A portion of the band 30 between the
      pulleys 31, 32 is secured to the adjacent front side of the carriage 22,
      and the pulley 33 is driven by a prime mover 34, e.g., a reversible D.C.
      motor. The latter cooperates with a suitable tachometer generator which
      indicates the angular position of the pulley 33 and hence the position of
      the carriage 22 and lenses 20, 21. The apparatus preferably further
      comprises a suitable braking device (not shown) which brakes the output
      element of the motor 34 and/or the pulley 33 when the belt 30 is idle to
      thus reduce the likelihood of vibration of the carriage 22 in a selected
      position with respect to the tie rods 23, 24. The band 30 is formed or
      provided with encoded information (shown at 30a) which is monitored by a
      photoelectric detector 36 or 37. The information 30a is indicative of the
      position of the carriage 22 as well as of the opening or closing of a
      diaphragm 42 which is associated with the lenses 20 and 21. The detectors
      36 and 37 are mounted in the housing of the apparatus and their design is
      preferably similar to that of detectors used in connection with punched
      cards or punched tape. The detector 36 scans the encoded information 30a
      when the image of a frame on a microform 8 is to be projected and enlarged
      by the lens 20, and the detector 37 is activated when the image of a frame
      is to be projected and enlarged by the lens 21. The distance between the
      detectors 36, 37 equals the distance between the lenses 20, 21. The
      feature that the detector 36 is activated when the detector 37 is
      deactivated or vice versa renders it possible to simplify the apparatus
      because the band 30 must be provided with a single set of bits of encoded
      information 30a.
PAR  The aforementioned diaphragm 42 for the lenses 20 and 21 is an endless belt
      which is trained over vertical pulleys or rollers 40 and 41 and is located
      in the space between the transporting unit 2 and the carriage 22. The
      upper portion of the front stretch of the diaphragm 42 is connected with a
      substantially U-shaped follower 43 whose central portion or web is secured
      to the diaphragm and whose legs constitute bent-over prongs 43b, 43c
      extending forwardly toward the carriage 22. The follower 43 further
      comprises a projection 43a which extends upwardly from its web and is
      disposed between the spaced-apart legs 44a, 44b of a U-shaped plate-like
      stop 44 fixed to the housing of the apparatus behind the diaphragm 42. The
      carriage 22 further supports two fixedly mounted motion-transmitting
      permanent magnets 46 and 47 which can respectively attract the prongs 43b
      and 43c of the follower 43 on the front stretch of the diaphragm 42.
PAR  The operation is as follows:
PAR  A microform 8 which can but need not carry microfilm frames 8a-8d of
      different sizes is introduced into the transporting unit 2 and the latter
      is actuated by starting the motor 16 to move the microform 8 up or down
      and to thus place a selected horizontal row of frames 8a, 8b, 8c or 8d
      into the projection position in front of the light source 1. In other
      words, that horizontal row of microfilm frames which contains a selected
      frame (e.g., a frame 8c) is then disposed in front of and in parallelism
      with the light source 1. At the same time, the motor 34 moves the band 30
      whereby the detector 37 monitors the encoded information 30a and arrests
      the motor 34 at the exact moment when the lens 21 registers with the
      selected frame 8c, i.e., when the image of such frame can be projected
      onto the screen of the camera 4. At the same time, the detector 37 causes
      an opening of the diaphragm 42, i.e., such movement of the diaphragm that
      the apertures in its front and rear stretches (see the aperture 142 in the
      front stretch) allow light to pass from the source 1, through the selected
      frame 8c, through the apertures, through the lens 21 and to reach the
      screen of the camera 4.
PAR  If the operator thereupon desires to project the image of another frame
      located in the same row and having the same format as the previously
      selected frame 8c, the carriage 22 is moved along the tie rods 23, 24 so
      that the lens 21 registers with the newly selected frame whereby the
      motion transmitting permanent magnet 47 attracts the prong 43c of the
      follower 43 and causes the diaphragm 42 to perform a corresponding
      movement so that its apertures remain in register with the lens 21.
PAR  If the operator wishes to project the image of a microfilm frame having a
      different format (e.g., a frame 8d), the detector 37 is deactivated and
      the detector 36 is activated from the control panel of the apparatus
      whereby the carriage 22 automatically moves to its right-hand end position
      A in which the lens 21 is out of register with all of the corresponding
      microfilm frames. The permanent magnet 47 can entrain the follower 43c and
      hence the diaphragm 42 only until the projection 43a reaches and is
      arrested by the arm 44b of the stop 44 so that the permanent magnet 47
      thereupon moves away from the prong 43c and the permanent magnet 46
      approaches and attracts the prong 43b as soon as the carriage 22 reaches
      the end position A. The magnet 46 thereupon establishes a motion
      transmitting connection between the carriage 22 and the diaphragm 42 until
      and unless the carriage 22 is moved to the other end position B (in
      response to renewed activation of the detector 37); this causes the magnet
      46 to move away from the prong 43b and the magnet 47 to attract the prong
      43c. The lens 20 projects the images of frames 8a, 8d and is moved into
      register with a selected frame 8a or 8d in response to a signal from the
      detector 36 which is then active and monitors the information 30a on the
      band 30.
PAR  The manner in which the detector 18 receives signals from the control panel
      to start the motor 16 and to arrest the motor when a selected frame 8a,
      8b, 8c or 8d reaches the projection position is known in the art. This
      also applies for the manner in which the detector 36 or 37 arrests the
      motor 34 when the lens 20 or 21 registers with a selected frame of that
      row which is in line with the lenses, i.e., in front of the light source
      1.
PAR  FIG. 2 shows a portion of a modified microimage retrieving apparatus which
      comprises a movable projection system 3' having a greatly simplified
      diaphragm. Thus, the endless belt-like diaghragm 42 of FIG. 1 is replaced
      with a simple plate-like diaphragm 50 which is reciprocable in fixed guide
      means 51, 52 mounted in the housing of the apparatus. The upper portion of
      the diaphragm 50 has an extension or follower 50a with two forwardly bent
      portions or prongs 50c, 50d corresponding to the prongs 43b, 43c of the
      follower 43. The carriage 22' of the apparatus of FIG. 2 has a rearwardly
      extending motion transmitting support or bracket 54 for two permanent
      magnets 55, 56 which are disposed in the space between the prongs 50c,
      50d. The prong 50c is attracted by the permanent magnet 56 when the
      carriage 22' reaches its left-hand end position (corresponding to the end
      position B of the carriage 22 shown in FIG. 1) and the prong 50d is
      attracted by the permanent magnet 55 when the carriage 22' reaches its
      right-hand end position. When the prong 50c or 50d is attracted by the
      respective magnet 56, 55, the plate-like diaphragm 50 remains coupled to
      the carriage 22' until and unless the carriage 22' is caused (in response
      to activation of the detector 36 or 37, not shown in FIG. 2) to move to
      one of its end positions and to thus automatically couple its bracket 54
      to the diaphragm 50 in such a way that the aperture 150 of the diaphragm
      registers with the corresponding lens (the optical axes of the lenses on
      the carriage 22' are indicated at 120', 121').
PAR  An important advantage of the movable projection system 3 or 3' is that the
      apparatus can be equipped with a simplified transporting unit for
      microforms. Thus, the transporting unit 2 merely serves to move a
      microform at right angles (vertically, as viewed in FIG. 1) to the
      horizontal rows of microfilm frames 8a, 8b, 8c or 8d on a microform which
      is inserted into the transporting unit so as to locate a selected
      horizontal row in the projection position in front of the light source 1,
      and the carriage 22 or 22' is simultaneously caused to move the lenses in
      parallelism with the horizontal rows of frames so as to place a selected
      lens into register with a selected microfilm frame of that horizontal row
      of frames which is located in the projection position. In other words, the
      improved apparatus divides the movements which are needed to place a
      selected lens into register with a selected microfilm frame into a first
      set of movements which are performed by a microform 8 in response to
      controlled movement of the transporting unit 2 and a second set of
      movements which are performed simultaneously with first movements by the
      lens or lenses on the carriage 22 or 22' so as to move a lens into
      register with a selected frame of the horizontal row of frames in front of
      the light source 1 whereby the device 30-34 which moves the carriage 22 or
      22' is automatically arrested by the detector 36 or 37 when the activated
      detector spots the corresponding bit of information 30a on the band 30.
      Such mode of operation greatly reduces the length of intervals which are
      required to place the lens 20 or 21 into register with a selected
      microfilm frame.
PAR  It is clear that the improved apparatus is susceptible of many additional
      modifications. For example, the projection system may comprise a single
      lens or three or more discrete lenses (and an equal number of detectors
      adjacent to the path of movement of the band 30). Also, the transporting
      unit can be designed to move a microform horizontally and the means for
      moving one or more lenses then comprises a device which can move the
      carriage 22 or 22' vertically. Still further, the apparatus can be
      provided with a more sophisticated diaphragm and with a discrete mechanism
      (which can receive motion from the motor 34 or from a separate motor) for
      moving the diaphragm in response to movement of the carriage 22 or 22'.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In an apparatus for projecting the images of selected microfilm frames
      on sheet-like microforms wherein the frames form a plurality of rows, a
      combination comprising means for transporting a microform in a direction
      at right angles to the rows of frames on said microform which is
      introduced into said transporting means whereby the latter can place a
      selected row of frames into a predetermined projection position, said
      transporting means comprising driven microform engaging elements, a belt
      movable to drive said elements and having encoded information thereon for
      identifying rows of frames on a microform, a motor for moving said belt,
      and detector means operatively connected with said motor and positioned to
      scan said information on said belt so as to effect the stoppage of said
      belt and of the microform in said transporting means when a selected row
      of frames reaches said projection position; and a projection system having
      lens means in line with said projection position, and means for moving
      said lens means in parallelism with the rows of frames on a microform in
      said transporting means, said lens means being movable into register with
      a selected frame in the row of frames occupying said projection position,
      said moving means comprising a band having a portion operatively connected
      with said lens means, a second motor for moving said band, and means for
      arresting said second motor when said lens means registers with a selected
      frame of the row occupying said projection position, said arresting means
      comprising information encoded on said band and identifying selected
      frames of a row of frames on a microform in said transporting means and
      additional detector means adjacent the path of movement of said band and
      operatively connected with said second motor to arrest the latter in
      response to detection of information identifying a selected frame of the
      row of frames occupying said projection position.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said band is a metallic
      band.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said additional detector
      means comprises at least one photoelectric detector.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said lens means comprises a
      plurality of discrete lenses and said additional detector means comprises
      a plurality of photoelectric detectors, one for each of said discrete
      lenses.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said projection system
      further comprises diaphragm means having at least one aperture and means
      for moving said diaphragm means in response to movement of said lens means
      to thereby move said aperture into register with that discrete lens which
      is in register with a selected frame of the row of frames in said
      projection position.
NUM  6.
PAR  6. A combination as defined in claim 4, wherein said lenses include first
      and second lenses spaced apart from each other by a predetermined first
      distance and the corresponding detectors are spaced apart from each other
      by an identical second distance.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein said detectors are
      actuatable independently of each other to thereby effect the movement of
      the corresponding lens into register with a selected frame of the row of
      frames in said projection position.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said microform engaging
      elements are arranged to move a microform vertically and said moving means
      further comprises a carriage for moving said lens means along a horizontal
      path.
NUM  9.
PAR  9. A combination as defined in claim 1, wherein said projection system
      further comprises a diaphragm having at least one aperture and means for
      moving said diaphragm so as to place said aperture between said lens means
      and a selected frame in the row of frames at said projection position.
NUM  10.
PAR  10. A combination as defined in claim 9, wherein said diaphragm is an
      endless flexible element.
NUM  11.
PAR  11. A combination as defined in claim 9, wherein said diaphragm is a
      reciprocable plate.
NUM  12.
PAR  12. A combination as defined in claim 9, wherein said means for moving said
      diaphragm comprises motion transmitting means provided on said carriage
      and follower means provided on said diaphragm and located in the path of
      movement of said motion transmitting means.
NUM  13.
PAR  13. A combination as defined in claim 12, wherein said motion transmitting
      means includes at least one permanent magnet on said carriage.
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ABST
PAL  The design of a large copy projector is such that its projection path
      extends rearwardly and obliquely so that the projector and the viewing
      screen can be viewed side-by-side. This projector uses an opaque copy
      sheet characterized by a lower specularly reflecting face that is
      accessible to the optical system from below but that can be marked from
      above by a chemical reactant ink from a user's pen or the like.
      Simultaneously, the upper face is unobstructedly available for direct
      observation and manual access, and the lower face is unobstrusively
      available for imaging projection through a folded optical path below the
      copy sheet and a wide angle projection lens positioned at the side of the
      copy sheet.
PARN
PAC  RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of application Ser. No.
      329,574, filed Feb. 5, 1973, now U.S. Pat. No. 3,837,739, issued Sept. 24,
      1974, and a continuation-in-part of application Ser. No. 419,063, filed
      Nov. 26, 1973, both the latter two applications, in turn, being
      continuations-in-part of application Ser. No. 81,987, filed Oct. 19, 1970,
      now U.S. Pat. No. 3,778,142, issued Dec. 11, 1973.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to optical imaging and, more particularly, to
      systems, processes and products involving episcopic imaging, i.e. imaging
      utilizing light generally reflected from or at a copy sheet or other
      visual subject, as distinguished from diascopic imaging, i.e. imaging
      utilizing light generally directed through a copy sheet. The present
      invention is directed primarily to large copy projectors, exemplified by
      so-called "overhead" and "opaque" projectors. Diascopic overhead
      projectors have been characterized by: bulky hardware that obtrudes
      between the audience and the projected image and causes the operator to
      assume an unnatural posture in order not to obtrude between the projection
      lens and the screen; and transparencies that are uncomfortable for the
      operator to view, handle and store. Episcopic overhead projectors
      theoretically are more compact than diascopic overhead projectors because
      illuminating source and imaging lens are at the same side of the copy
      sheet, whereby vertical dimensions are reduced. But, in practice,
      episcopic overhead projectors also have been obtrusive because either (1)
      the light source and imaging lens are positioned by a post in a sizeable
      casing above the copy sheet or (2) a bulky housing envelops the light
      paths to and from the copy sheet in order to control glare. Episcopic
      copy, when composed of paper or sheeting of equivalent appearance, has not
      been adapted for brilliant imaging because of its optical diffusivity.
PAR  The primary object of the present invention is the provision of systems,
      processes and products involving a portable projector and a copy sheet
      assemblage that are particularly interrelated to achieve, during
      projection, direct visual and manual access to the copy sheet by the
      operator, absolute shielding of the operator and the audience from
      illuminating light, audience viewing of the projector, together with the
      operator, and the screen in side-by-side relation, and natural posture of
      the operator at the projector. The optical projector comprises a low
      profile housing in which are positioned an upper Fresnel lens underlying
      the copy sheet, which has its front face upward for direct viewing, a
      source of illuminating light from which the exterior of the housing is
      absolutely shielded by the copy sheet itself, and a folded optical path
      below the Fresnel lens to a wide angle objective lens at the side of the
      projector. The arrangement is such that an unusually powerful illuminating
      lamp is practicable. The copy sheet is characterized by a lower reflecting
      face that is accessible to the optical system from below but that can be
      marked from above by a chemical reactant ink from a pen which is manually
      held by an operator. Corrections can be made by a chemical etching patch
      which can clear sections of the lower reflecting face and present a new
      reflecting face for marking. Substituting a second copy sheet for a first
      during projection is achieved by superposing the second upon the first and
      withdrawing the first from beneath the second so as to maintain a closed
      optical system.
PAR  Other objects of the present invention will in part be obvious and will in
      part appear hereinafter.
PAR  The invention accordingly comprises the systems, processes and products,
      together with their components, steps, parts and interrelationships, which
      are exemplified by the present disclosure, the scope of which will be
      indicated in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference is made to the following detailed description, taken
      in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view in use of a large copy projector system
      embodying the present invention;
PAR  FIG. 2 is a top plan view illustrating the side-by-side relation between
      the projector of the present invention and a viewing screen;
PAR  FIG. 3 is an exaggerated cross-sectional view of graphic materials useful
      in connection with the projector of FIG. 1;
PAR  FIG. 4 is a front elevation of the projector of FIG. 1;
PAR  FIG. 5 is a top plan view of the projector of FIG. 1;
PAR  FIG. 6 is a side elevation of the projector of FIG. 1;
PAR  FIG. 7 is a detail view of two components of the projector of FIG. 1;
PAR  FIG. 8 is a sequence of broke-away, cross-sectional detail views
      illustrating the operation of the components of FIG. 7 and associated
      components; and
PAR  FIG. 9 is an electrical schematic of the control system of the projector of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  A large copy projector embodying the present invention, i.e. for copy
      greater than 6 .times. 6 inches in area, is shown in FIG. 1 as including a
      housing 30, which mounts and contains the operating optical components. As
      shown, housing 30 is in the form of a sheet metal enclosure having a flat
      base panel 34, a flat side panel 36, a flat front panel 38, a flat side
      panel 40, and a rear panel 42. Panel 34 is generally horizontal and panels
      36, 38, 40 and 42 are generally vertical. At the top of the housing is a
      stage 43 having a central opening 44 which encompasses an optically clear,
      generally horizontal, glass or plastic window 46, the upper face of which
      is flat and the lower face of which has a Fresnel lens configuration. Rear
      panel 42 has a projection opening 48. As shown in FIG. 2, side panels 36,
      40 are disposed substantially along a viewing axis 32 and projection to a
      viewing screen 33 occurs along a path having a projection axis 35 and
      diverging boundaries 37, 39. It will be observed that, with respect to
      viewing axis 32, screen 33 and projector 30 are viewed by an audience
      side-by-side.
PAR  The optical components include: an illuminating lamp 50, associated with a
      reflecting spherical mirror 52 and a heat absorbing condensing lens 53,
      disposed along an illuminating axis 35; a rearward plane mirror 54
      generally underlying Fresnel lens 46 along a plane obliquely intesecting
      the axis of the Fresnel lens; a forward plane mirror 55 generally forward
      of Fresnel lens 46 in a plane that is generally parallel with respect to
      the axis of the Fresnel lens, generally perpendicular with respect to
      viewing axis 32 and oblique with respect to projection axis 35; and a
      projection lens 56 having an axis that coincides with viewing axis 32.
      Projection lens has a wide field angle 39, preferably of at least
      50.degree.. The arrangement is such that the field angle segment subtended
      by viewing screen 33 is at most one half of the total field angle.
      Consequently, since axis 32 is perpendicular to the plane of viewing
      screen 33, keystoning is avoided. As shown in FIGS. 4, 5 and 6, mirror 54
      is greater in maximum transverse dimension than Fresnel lens 46, and
      mirror 55 is greater in maximum transverse dimension that mirror 54.
PAR  As shown in FIG. 1, light is directed from lamp 50 along an illuminating
      axis segment 49 to mirror 55, is deflected along an illuminating axis
      segment 59 to rear mirror 54, is deflected along an illuminating axis
      segment 61 and through Fresnel lens 46 to a specularly reflective copy
      sheet thereon, and imaging light is returned from the copy sheet through
      the Fresnel lens along an imaging axis segment 63 to rear mirror 54, along
      an imaging axis segment 65 to front mirror 55, and is deflected along an
      imaging axis segment 67 through lens 56 along projection axis 35. It will
      be understood that, within the projector, the illuminating light diverges
      along axis segments 49, 59, 61 and the imaging light coverges along axis
      segments 63, 65, 67. A pair of opposed gripping mechanisms 81, 83, at the
      edges of Fresnel lens 46, position the copy sheet therebetween in a manner
      to be described below.
PAR  As shown at 60 in FIGS. 2 and 3, an opaque copy sheet, when superposed on
      Fresnel lens 46, presents an upper face for direct observation and a lower
      face for imaging by lens 56. As suggested by arrows 64, 64 and 66, 66,
      light rays emerging upwardly through Fresnel lens 46 are substantially
      parallel or collimated and light rays 69, 69 returned by reflection from
      copy sheet 60 are substantially parallel or collimated. A fan 73, together
      with suitable vents 71, 71, cause cooling air flow through the housing and
      past the lamp in order to maintain acceptable temperatures at the Fresnel
      lens and at the lamp. Replacing an initial copy sheet 60 by a new copy
      sheet 62 merely involves superposing copy sheet 62 upon copy sheet 60 and,
      while copy sheet 62 is held in place above Fresnel lens 46, withdrawing
      copy sheet 60 from between copy sheet 62 and Fresnel lens 46. It will be
      appreciated that projector 30 is capable of projecting transparencies
      which are interposed between Fresnel lens 46 and a plane cover mirror that
      can be superposed thereon. In one form (not shown) this cover mirror is
      hinged to housing 30. From the operator's viewing position, the forward
      and rightward directions of the copy sheet are indicated at 75, 77. These
      directions correspond to the upward and rightward directions of the
      viewing screen indicated at 79, 85.
PAR  The graphic product of FIG. 3 is capable of being manually marked to
      produce, simultaneously, a visual record for direct observation from the
      front or upper face and for optical projection from the back or lower face
      in conjunction with the projector of FIG. 1. This product, comprises a
      base copy sheet which in laminated sequence, comprises: a visual image
      receiving, diffusely reflecting stratum 80; a visual image receiving,
      specularly reflecting stratum 82; and an optionally clear, transparent,
      polymeric support stratum 84. Each of strata 80, 82 ranges in thickness
      from 500 to 2500 Angstrom units; and stratum 84 ranges in thickness from 3
      to 15 mils. In a preferred form, stratum 80 is composed of a metal or
      metal compound that is light diffusing. Stratum 82 is composed of a
      specularly reflecting metal in direct contact with stratum 82. It has been
      found that a special ink 86, which may be applied from a fibrous pen 87,
      is capable of chemically reacting with strata 80, 82 to leave an etched
      mark through both strata. As shown, certain of upwardly incident rays 64,
      64 are differentially reflected and certain ones are differentially
      absorbed. In association with the base copy sheet is an erasing patch
      comprising, in laminated sequence, a diffusely reflecting stratum 110, a
      specularly reflecting stratum 108, an optically clear transparent,
      polymeric support stratum 106, and an optically clear pressure sensitive
      stratum 104, containing a special composition, which is capable of
      chemically reacting with strata 80, 82 to cause them to clear optically.
      The cleared region of strata 80, 82 enables transmission of light to and
      from reflecting stratum 108. The erasing patch itself then may be marked
      as at 112 so that certain of upwardly incident rays 66, 66 are
      differentially absorbed and certain ones are differentially reflected.
      Analagous thickness dimensions of the strata of the patch and the strata
      of the base sheet correspond to each other respectively. Stratum 104
      typically ranges from 0.5 to 5 mils.
PAR  In one specific example: support strata 84, 106 are composed of a
      dimensionally stable polymer, particularly a polyester, polyethylene
      terephthalate, about 10 mils thick; reflecting strata 82, 108 are composed
      of aluminum or silver that has been vacuum vapor deposited on support
      strata 84, 106 in a thickness of about 1200 Angstrom units; visual medium
      86, 112 is an etching ink, to be described below, containing an opaque,
      visible pigment such as carbon; stratum 104 is an etching medium, to be
      described below, which is optically clear; and strata 80, 110, which are
      diffusely reflecting, contain a metal or metal salt.
PAR  In the foregoing example specifically, ink 86, 112 and stratum 104 contain
      (1) a polar solute such as water or methyl alcohol, and (2) a soluble salt
      of a metal that is lower in the electromotive series than the metals of
      strata 80, 82 and 108, 110, i.e. is characterized by a readiness to
      acquire electrons from these metals so as to be reduced in a reaction by
      which these metals are substituted in the salt. Thus with respect to
      aluminum, such etchant metals include maganese, zinc, chromium, iron,
      cadmium, cobalt, nickel, tin, lead, copper, bismuth, antimony, mercury,
      silver, platinum and gold. For example, when strata 80, 110 are composed
      of zinc or tin and strata 82, 108 are composed of aluminum the salt
      typically is a halide, for example, cupric chloride.
PAR  In the foregoing example specifically, strata 80, 110 are in the form of a
      metal containing deposit that has been produced either by chemical or
      electrochemical plating, or by chemical vapor deposition or vacuum vapor
      deposition. For example, in one form, strata 80, 110 are composed of
      diffusely reflecting zinc which has been deposited, at room temperature,
      from an alkaline aqueous, solution of zinc oxide. In another form, strata
      80, 110 are composed of diffusely reflecting tin which has been deposited,
      at room temperature, from an alkaline aqueous solution of sodium or
      potassium stannate.
PAR  As previously suggested, a pair of gripping mechanisms 81, 83 are
      positioned at opposite sides of Fresnel lens 46 on stage 43. These
      mechanisms include components that are elongated to extend along the
      entire side edges of copy sheet 60. As shown in FIGS. 7 and 8 and with
      reference to FIG. 9, each of these components includes a stationary
      elongated, elastomeric reference plate 113 and a rotary elongated clamper
      114. Each clamper 114 is in the form of an axially journalled roll having
      a cut-away portion, which presents an inwardly curved clamping edge 116.
      The rotational positions of clampers 114, 114 are controlled by pair of
      torque motors 118, 118. When clampers 114, 114 are deactuated, reference
      plates 113, 113 are free to receive a copy sheet. When actuated, clamping
      edges 116, 116 abut tightly against the upper faces of reference plates
      113, 113 as at 120, 120. The curvatures of clamping edges 116, 116
      preclude wrinkling of the copy sheet. The upper surfaces of reference
      plates 113, 113 are disposed in a plane that is spaced from and above the
      upper surface of Fresnel lens 46 so as to minimize scratching of the
      Fresnel lens and to defocus its ridges and grooves. Typically, the spacing
      between these planes ranges from 0.10 to 0.25 inch. The tension produced
      across the copy sheet is sufficiently great to enable a user to write on
      the upper surface of the copy sheet without distorting this surface
      perceptibly. Preferably the copy sheet is composed of sufficiently high
      tensile strength material, such as polyethylene terephthalate, to preclude
      stretching beyond its elastic limit when under high tension and is of
      sufficient thickness to preclude the formation of wrinkles during
      generation of the tension. When the copy sheet is so tensioned, it is
      spaced slightly from Fresnel lens 46. Deenergization of motors 118, 118
      permits springs therewithin to return clampers 114, 114 to their original
      positions so that copy sheet 60 is freed for ready removal.
PAR  The electrical control system of the overhead projector of FIG. 1 is shown
      in FIG. 9 as including torque motors 118, 118, electrical latch-unlatch
      122, lamp 50, fan 73, and electrical input 124. Closing of a switch 126
      applies power across fan 73, across lamp 60 and a resistor 128 in series,
      and across the torque motors in series. Lamp 50 thereby is sufficiently
      energized only to produce a face out condition on the screen, a condition
      that is desirable while copy sheets are being changed. When button 122 is
      actuated, resistor 128 is shunted out so that lamp 50 projects brightly
      and motors 118, 118 are energized. In consequence, edges 116, 116 grip the
      edges of the copy sheet placed on reference plates 113, 113. A second
      actuation of clamp-unclamp button 113 causes deenergization of torque
      motors 118, 118 and a low current through lamp 50.
PAC  OPERATION AND CONCLUSION
PAR  In operation, first switch 126 is closed to energize fan 73 and to
      partially energize lamp 50 to fade out condition. Next copy sheet 60 is
      placed on reference plates 113, 113 and button 122 is actuated to tension
      the copy sheet in contiguity with Fresnel lens 46 and to fully energize
      lamp 50 to projection condition. The copy sheet is manually marked to
      produce, simultaneously, a visual record for direct observation from the
      front and for optical projection from the back. The result is a visual
      record that is accessible at the upper face of the copy sheet to the eye
      of the operator and accessible at the lower face of the copy sheet to the
      enclosed folded illuminating and projecting optics of the projector for
      observation on the screen by the audience.
PAR  It will be observed that: with respect to front mirror 55, the angle of
      incidence of axis segment 49 is equal to the angle of reflection of axis
      segment 67; with respect to rear mirror 54, the angle of incidence of axis
      segment 59 is equal to the angle of reflection of axis segment 65; with
      respect to copy sheet 60, the angle of incidence of axis segment 61 is
      equal to the angle of reflection of axis segment 63. In other words, axis
      segments 49, 67 are disposed along lines that converge forwardly, axis
      segments 59, 65 are disposed along lines that converge rearwardly, axis
      segments 61, 63 are disposed slong lines that converge upwardly. Also, on
      one side of optical axis 32 of lens 56 is viewing screen 33 and on the
      other side of optical axis 32 of lens 56 are Fresnel lens 46, copy sheet
      60, mirrors 54, 55 and lamp 50. The arrangement is such that the copy
      sheet and the image of the copy sheet, in the conjugate planes of lens 56,
      are on opposite sides of the optical axis of the lens. In other words, the
      operator and the audience see corresponding visual information on the copy
      sheet and on the viewing screen at the same time and the audience sees the
      projector in use and the image on the screen side-by-side. Fan 73 remains
      on at all times switch 126 is closed.
PAR  The present invention thus provides a variety of systems involving opaque
      projection, which ensure: simultaneous, direct optical and mechanical
      access to the subject by the operator; absolute shielding of the operator
      and the audience from internal light; no interposition of the optical
      system between the audience and the screen; and natural posture of the
      operator at the projector. Since certain changes may be made in the
      foregoing disclosure, without departing from the scope of the invention
      hereof, it is intended that all matter described in the foregoing
      specification and shown in the accompanying drawings, be interpreted in an
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A large copy optical projector for imaging a generally horizontal copy
      sheet on a generally vertical screen spaced from said projector, said copy
      sheet having an upper face and a lower face and being in association with
      a specular reflector, said optical projector comprising:
PA1  a. housing means defining an enclosed chamber, said housing means having a
      forward portion, a rearward portion and a substantially horizontal upper
      portion, said upper portion having a first opening throughout a major
      portion of its area, said opening defining the field of said copy sheet;
PA1  b. flat Fresnel lens means at said opening in said upper portion, said
      Fresnel lens means being substantially coextensive with said opening in
      said upper portion;
PA1  c. said copy sheet, when in superposed relation with said Fresnel lens
      means, being substantially coextensive therewith and having substantially
      the entire upper face of said copy sheet accessible visually and manually
      to an operator;
PA1  d. said housing means having a second opening, objective lens means at said
      second opening for receiving imaging light along an imaging path and
      defining an optical axis;
PA1  e. lamp means in said chamber for directing illuminating light along an
      illuminating path;
PA1  f. first plane mirror means underlying said Fresnel lens means within said
      chamber, said first plane mirror means slanting downwardly from said rear
      portion toward said front portion;
PA1  g. second plane mirror means at said front portion;
PA1  h. said illuminating light diverging in said illuminating path along a
      first illuminating axis segment communicating with said first plane mirror
      means and then being reflected along a second illuminating axis segment
      communicating with said Fresnel lens means;
PA1  i. said imaging light reflected from said copy sheet being converged by
      said Fresnel lens in said imaging path along a first imaging axis segment
      communicating with said first plane mirror means, next being reflected
      along a second imaging axis to said second plane mirror, and then being
      reflected along a third axis segment to said objective lens means;
PA1  j. said lamp means and said objective lens means being at opposite edges of
      said first plane mirror means.
NUM  2.
PAR  2. The large copy optical projector of claim 1 wherein said second plane
      mirror means is greater in lateral extent than said first plane mirror
      means.
NUM  3.
PAR  3. The large copy optical projector of claim 1 wherein said optical axis of
      said objective lens means is disposed in a plane that is substantially
      perpendicular to said second plane mirror means.
NUM  4.
PAR  4. The large copy optical projector of claim 1 wherein said opposite edges
      of said first plane mirror means slant downwardly from said rear portion
      toward said front portion.
NUM  5.
PAR  5. A large copy optical projector for imaging a generally horizontal copy
      sheet, said copy sheet having an upper face and a lower face and being in
      association with a specular reflector, said optical projector comprising:
PA1  a. housing means defining as enclosed chamber, said housing means having a
      forward portion, a rearward portion and a substantially horizontal upper
      portion, said upper portion having a first opening throughout a major
      portion of its area, said opening defining the field of said copy sheet;
PA1  b. flat Fresnel leans means at said opening in said upper portion, said
      Fresnel lens means being substantially coextensive with said opening in
      said upper portion;
PA1  c. said copy sheet, when in superposed relation with Fresnel lens means,
      being substantially coextensive with said opening in said upper portion;
PA1  d. said housing means having a second opening, objective lens means at said
      second opening for receiving imaging light along an imaging path and
      defining an optical axis;
PA1  e. lamp means in said chamber for directing illuminating light along an
      illuminating path;
PA1  f. first plane mirror means underlying said Fresnel leans means within said
      chamber, said first plane mirror means slanting downwardly from said rear
      portion toward said front portion;
PA1  g. second plane mirror means at said front portion;
PA1  h. said illuminating light diverging in said illuminating path along a
      first illuminating axis segment communicating with said first plane mirror
      means and then being reflected along a second illuminating axis segment
      communicating with said Fresnel lens means;
PA1  i. said imaging light reflected from said copy sheet being converged by
      said Fresnel lens means in said imaging path along a first imaging axis
      segment communicating with said first plane mirror means, next being
      reflected along a second imaging axis to said second plane mirror, and
      then being reflected along a third axis segment to said objective lens
      means;
PA1  j. said lamp means and said objective lens means being at opposite edges of
      said first plane mirror means; and
PA1  k. viewing screen means generally perpendicular to said optical axis;
PA1  l. whereby said housing means and said viewing screen are observed
      side-by-side without keystoning.
NUM  6.
PAR  6. The large copy optical projection system of claim 5 wherein said second
      plane mirror means is greater in lateral extent than said first plane
      mirror means.
NUM  7.
PAR  7. The large copy optical projection system of claim 5 wherein said optical
      axis of said objective lens means is disposed in a plane that is
      substantially perpendicular to said second plane mirror means.
NUM  8.
PAR  8. The large copy optical projection system of claim 5 wherein said
      opposite edges of said first plane mirror means slant downwardly from said
      rear portion toward said front portion.
NUM  9.
PAR  9. A large copy projector for imaging a generally horizontal copy sheet on
      a generally vertical viewing screen spaced from said projector, said copy
      sheet having an upper face and a lower face and being in association with
      a specular reflector, said optical projector comprising;
PA1  a. housing means defining an enclosed chamber, said housing means having a
      forward portion, a rearward portion and a substantially horizontal upper
      portion, said upper portion having a first opening throughout a major
      portion of its area; said opening defining the field of said copy sheet;
PA1  b. a flat Fresnel lens at said opening in said upper portion, said Fresnel
      lens being substantially coextensive with said opening in said upper
      portion;
PA1  c. said copy sheet, when in superposed relation with said Fresnel lens,
      being substantially coextensive therewith and having substantially the
      entire upper face of said copy sheet accessible visually and manually to
      an operator;
PA1  d. said housing means having a second opening, objective lens means at said
      second opening for receiving imaging light along imaging path and defining
      an optical axis;
PA1  e. lamp means in said chamber for directing illuminating light along an
      illuminating path;
PA1  f. a first plane mirror underlying said Fresnel lens within said chamber,
      said first plane mirror slanting downwardly from said rear portion toward
      front portion;
PA1  g. a second plane mirror at said front portion;
PA1  h. said illuminating light diverging in said illuminating light diverging
      in said illuminating path along a first illuminating axis segment
      communicating with said first plane mirror and then being reflected along
      a second illuminating axis segment communicating with said Fresnel lens;
PA1  i. said imaging light reflected from said copy sheet being converged by
      said Fresnel lens in said imaging path along a first imaging axis segment
      communicating with said oblique plane mirror, next being reflected along a
      second imaging axis to said second plane mirror, and then being reflected
      along a third axis segment to said objective lens means; and
PA1  j. said objective lens means having a wide field angle including a pair of
      semi-field angles separated by said optical axis, said field of said copy
      sheet being substantially encompassed by one of said pair of semi-field
      angles.
NUM  10.
PAR  10. A large copy optical projector for imaging a generally horizontal copy
      sheet on a generally vertical viewing screen spaced from said projector,
      said copy sheet having an upper face and a lower face and being in
      association with a specular reflector, said optical projector comprising;
PA1  a. housing means defining an enclosed chamber, said housing means having a
      forward portion, a rearward portion and a substantially horizontal upper
      portion, said upper portion having a first opening throughout a major
      portion of its area; said opening defining the field of said copy sheet;
PA1  b. a flat Fresnel lens at said opening in said upper portion, said Fresnel
      lens being substantially coextensive with said opening in said upper
      portion;
PA1  c. said copy sheet, when in soperposed relation with Fresnel lens, being
      substantially coextensive therewith and having substantially the entire
      upper face of said copy sheet accessible visually and manually to an
      operator;
PA1  d. said housing means having a second opening, objective lens means at said
      second opening for receiving imaging light along an imaging path and
      defining an optical axis;
PA1  e. lamp means in said chamber for directing illuminating light along an
      illuminating path;
PA1  f. a first plane mirror underlying said Fresnel lens within said chamber,
      said first plane mirror slanting downwardly from said rear portion to said
      front portion;
PA1  g. a second plane mirror at said front portion;
PA1  h. said illuminating light diverging in said illuminating path along a
      first illuminating axis segment communicating with said first plane mirror
      and then being reflected along a second illuminating axis segment
      communicating with said Fresnel lens;
PA1  i. said imaging light reflected from said copy sheet being converged by
      said Fresnel lens in said imaging path along a first imaging axis segment
      communicating with said plane mirror, next being reflected along a second
      imaging axis segment to said second plane mirror, and then being reflected
      along a third imaging axis segment to said objective lens means;
PA1  j. said objective lens means having an optical axis and a wide field angle
      including a pair of semi-field angles separated by said optical axis, said
      field of said copy sheet being substantially encompassed by one of said
      pair of semi-field angles; and
PA1  k. tensioning means for positioning said copy sheet in superposed relation
      with said said Fresnel lens, said tensioning means constituting mechanism
      for gripping said copy sheet at opposite edges of said Fresnel lens.
NUM  11.
PAR  11. The large copy optical projector of claim 10 wherein said second plane
      mirror means is greater in lateral extent than said first plane mirror
      means.
NUM  12.
PAR  12. The large copy optical projector of claim 10 wherein said optical axis
      of said objective leans means is disposed in a plane that is substantially
      perpendicular to said second plane mirror means.
NUM  13.
PAR  13. The large copy optical projector of claim 10 wherein said opposite
      edges of said first plane mirror means slant downwardly from said rear
      portion toward said front portion.
NUM  14.
PAR  14. The large copy optical projector of claim 10 wherein said objective
      lens means has an optical axis and a pair of conjugate planes, said
      Fresnel lens being in one of said conjugate planes on one side of said
      optical axis, an image of a copy sheet on said Fresnel lens being formed
      in the other of said conjugate planes on the other side of said optical
      axis.
NUM  15.
PAR  15. The large copy optical projector of claim 10 wherein said tensioning
      means positions said copy sheet a slight distance from said Fresnel lens
      means.
NUM  16.
PAR  16. The large copy optical projector of claim 15 wherein tensioning means
      includes reference surfaces disposed in a plane spaced from the plane of
      said Fresnel lens means.
NUM  17.
PAR  17. An optical projector for imaging large copy means and reflecting means
      in contiguity, said optical projector comprising base means defining a
      region, Fresnel converging means at an upper position of said region,
      rearward reflecting means extending obliquely below said Fresnel
      converging means from an upper and rearward position of said region to a
      lower and forward position of said region, forward reflecting means at a
      forward position of said region, illuminating means and objective means at
      opposed side position of said region, illuminating light being directed
      from said illuminating means along a first axis segment to said rearward
      reflecting means and along a second axis segment to said Fresnel
      converging means, imaging light being directed from said Fresnel coverging
      means along a third axis segment to said rearward reflecting means, along
      a foruth axis segment to said forward reflecting means and along a fifth
      axis segment to said objective means, said first axis segment and said
      fourth axis segment being disposed along geometric lines that converge
      rearwardly, said third axis segment and said fourth axis segment being
      disposed along geometric lines that converge upwardly, said objective
      means defining an optical axis, said fifth axis segment being disposed
      along a line that is oblique with respect to said optical axis, and
      control means associated with said illuminating means and said objective
      means.
NUM  18.
PAR  18. The optical projector of claim 17 wherein said control means includes a
      pair of gripping means on said base means at opposed edges of said Fresnel
      converging means, said pair of gripping means being operative when
      actuated to tension said copy means in superposition with respect to said
      Fresnel converging means and being operative when deactuated to release
      said copy means from said tension.
NUM  19.
PAR  19. The optical projector of claim 18 wherein said pair of gripping means
      includes a pair of reference means, said reference means presenting a pair
      of surfaces disposed in a first plane, the upper surface of said Fresnel
      converging means being disposed in a second plane, said first plane and
      said second plane being spaced from each other.
NUM  20.
PAR  20. An optical projector for imaging large copy means and reflecting means
      in contiguity, said optical projector comprising base means defining a
      region, Fresnel converging means at an upper position of said region,
      rearward reflecting means extending obliquely below said Fresnel
      converging means from an upper and rearward position of said region to a
      lower and forward position of said region, forward reflecting means at a
      forward position of said region, illuminating means and objective means at
      opposed side positions of said region, illuminating light being directed
      from said illuminating means along a first axis segment to said rearward
      reflecting means and along a second axis segment to said Fresnel
      converging means, imaging light being directed from said Fresnel
      converging means along a third axis segment to said rearward reflecting
      means, along a fourth axis segment to said forward reflecting means and
      along a fifth axis segment to said objective means, said first axis
      segment and said fourth axis segment being disposed along geometric lines
      that converge rearwardly, said third axis segment and said fourth axis
      segment being disposed along geometric lines that converge upwardly, said
      objective means defining an optical axis, said fifth axis segment being
      disposed along a line that is oblique with respect to said optical axis,
      and control means associated with said illuminating means and said
      objective means, said control means including a pair of gripping means on
      said base means at opposed edges of said Fresnel converging means, said
      pair of gripping means being operative when actuated to tension said copy
      means in superposition with respect to said Fresnel converging means and
      being operative when deactuated to release said copy means from said
      tension, said pair of gripping means including a pair of reference means,
      said reference means presenting a pair of surfaces disposed in a first
      plane, the upper surface of said Fresnel converging means being disposed
      in a second plane, said first plane and said second plane being spaced
      from each other, said control means including first electrical means for
      actuating and deactuating said pair of gripping means, second electrical
      means for energizing and deenergizing said illuminating means, and circuit
      means for synchronizing said actuating of said pair of gripping means with
      said energizing of said illuminating means and for synchronizing said
      deactuating of said pair of gripping means with said deenergizing of said
      illuminating means.
NUM  21.
PAR  21. A projector for imaging a specularly reflecting copy sheet on a viewing
      screen, said projector comprising base means, field lens means on said
      base means, tensioning means on said base means on opposite sides of said
      field lens means having actuated and deactuated conditions, said
      tensioning means when in actuated condition generating tension across said
      copy sheet in order to position said copy sheet along a predetermined
      surface, said tensioning means when in deactuated condition releasing said
      tension across said copy sheet in order to permit its removal and
      replacement, objective lens means for imaging said copy sheet on said
      viewing screen, at least one mirror means for folding the optical path
      between said field lens means and said objective lens means, lamp means
      having energized and deenergized conditions, said lamp means when
      energized illuminating said copy sheet sufficiently to cause projection of
      an image on said viewing screen via said objective lens means, and control
      means operative in one mode to cause simultaneously said actuated
      condition of said tensioning means and said energized condition of said
      lamp means and operative in another mode to cause simultaneously said
      deactuated condition of said tensioning means and said deenergized
      condition of said lamp means.
NUM  22.
PAR  22. A projector for imaging a visual subject on a viewing screen for
      observation by an audience, said projector comprising:
PA1  a. stage means for supporting said visual subject;
PA1  b. optical converging field means at said stage means having a first axis,
      a forward portion relatively remote from said screen, a rearward portion
      relatively adjacent to said screen and a pair of side portions extending
      between said forward portion and said rearward portion;
PA1  c. lamp means for generating illuminating light along an illuminating path,
      said illuminating path diverging from said lamp means to said field means;
PA1  d. optical objective means defining a second axis, a pair of partial field
      angles substantially on opposite sides of said second axis and a pair of
      conjugate surfaces, said second axis and said first axis being crossed;
PA1  e. reflection of said illuminating light at said visual subject generating
      imaging light along an imaging path, said imaging path converging from
      said field means to said objective means and diverging from said objective
      means to said screen;
PA1  f. first mirror means in said imaging path disposed along a first surface
      that is oblique with respect to said first axis and said second axis;
PA1  g. second mirror means in said imaging path disposed along a second surface
      that is oblique with respect to said first surface;
PA1  h. said lamp means and said objective means being on opposite sides of said
      first axis, sand lamp means being relatively adjacent to one of said side
      portions of said field means and said objective means being relatively
      adjacent to the other of said side portions of said field means;
PA1  i. said visual subject when on said stage presenting an upper direct view
      for observation from above and a lower direct view communicating with said
      imaging path, said first mirror means, said second mirror means and said
      objective means generating a projected view on said screen, said projected
      view corresponding graphically with said upper direct view.
NUM  23.
PAR  23. A projector for imaging a visual subject on a viewing screen for
      observation by an audience, said projector comprising:
PA1  a. stage means for supporting said visual subject;
PA1  b. optical converting field means at said stage means having a first axis,
      a forward portion relatively remote from said screen, a rearward portion
      relatively adjacent to said screen and a pair of side portions extending
      between said forward portion and said rearward portion;
PA1  c. lamp means for generating illuminating light along an illuminating path,
      said illuminating path diverging from said lamp means to said field means;
PA1  d. optical objective means defining a second axis, a pair of partial field
      angles substantially on opposite sides of said second axis and a pair of
      conjugate surfaces, said second axis and said first axis being crossed;
PA1  e. stage mirror means for reflecting said illuminating light at said visual
      subject for generating imaging light along an imaging path, said imaging
      path converging from said field means to said objective means and
      diverging from said objective means to said screen;
PA1  f. first deflecting mirror means in said imaging path disposed along a
      first surface that is oblique with respect to said first axis and said
      second axis;
PA1  g. second deflecting mirror means in said imaging path disposed along a
      second surface that is oblique with respect to said first surface;
PA1  h. said lamp means and said objective means being on opposite sides of said
      first axis, said lamp means being relatively adjacent to one of said side
      portions of said field means and said objective means being relatively
      adjacent to the other of said side portions of said field means;
PA1  i. said visual subject when on said stage presenting an upper direct view
      for observation from above and a lower direct view communicating with said
      imaging path, said first deflecting mirror means said second deflecting
      mirror means and said objective means generating a projected view on said
      screen, said projected view corresponding graphically with said upper
      direct view.
NUM  24.
PAR  24. A projector for imaging a visual subject on a viewing screen for
      observation by an audience, said projector comprising:
PA1  a. stage means for supporting said visual subject;
PA1  b. optical converging field means at said stage means having a first axis,
      a forward portion relatively remote from said screen, a rearward portion
      relatively adjacent to said screen and a pair of side portions extending
      between said forward portion and said rearward portion;
PA1  c. lamp means for generating illuminating light along an illuminating path,
      said illuminating path diverging from said lamp means to said field means;
PA1  d. optical objective means defining a second axis, a pair of partial field
      angles and a pair of conjugate surfaces, said second axis and said first
      axis being crossed;
PA1  e. reflection of said illuminating light at said visual subject generating
      imaging light along an imaging path, said imaging path converging from
      said field means to said objective means and diverging from said objective
      means to said screen;
PA1  f. first mirror means in said imaging path disposed along a first surface
      that is oblique with respect to said first axis and said second axis;
PA1  g. second mirror means in said imaging path disposed along a second surface
      that is oblique with respect to said first surface;
PA1  h. said lamp means and said objective means being on opposite sides of said
      first axis, said lamp means being relatively adjacent to one of said side
      portions of said field means, and said objective means being relatively
      adjacent to the other of said side portions of said field means;
PA1  i. said visual subject when on said stage presenting a lower direct view
      communicating with said imaging path such that said first mirror means,
      said second mirror means and said objective means generate a projected
      view on said screen, said lower direct view being substantially a mirror
      image of said projected view.
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ABST
PAL  A compact imaging apparatus and rear projection display device are
      described wherein an image of an object is focused on an image area which
      is displaced and rotated from the object plane. A pair of planar mirrors
      of predetermined shape are selectively located to fold the image beam from
      an image device and provide an image of desired orientation on the image
      area. A compact camera for producing a large image area in a small volume
      is described and is particularly useful in connection with so-called
      instantly developed photographic films. A rear projection device is
      described, having an optical arrangement which confers a high degree of
      immunity to ambient light. An image beam is projected upwardly against a
      first mirror, reflected toward a second mirror behind a projection screen,
      and then reflected forwardly to the projection screen. The display is
      highly immune to ambient light, since the general path of the image
      projection beam is always upward, whereas the general path of virtually
      all ambient light is downward. The use of two mirrors to fold the image
      beam in this manner introduces an unusual rotation of the projected image
      which, however, is taken into account in the design of the optical system.
      For the sake of ruggedness and precision, as well as economy of
      construction, the cabinet of a microform display device employing the
      described optical system is formed from a unitary block of polystyrene
      foam, the interior walls of which are faceted in an appropriate manner to
      provide mounting surfaces for the two mirrors. The same optical principle
      is applied also to the design of a combined electronic and optical display
      device enclosed within a CRT envelope, which is suitable for producing
      either an ephemeral read-out or hard copy.
PARN
PAR  This application is a continuation in part of U.S. Pat. application
      entitled PROJECTION DISPLAY DEVICE filed by Adnan Waly and George J.
      Yevick on Sept. 1, 1971 bearing Ser. No. 176,805, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to imaging devices generally and more specifically
      to photographic cameras and rear projection display devices, e.g., for
      microform documents, projection TV displays and the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Imaging devices for cameras commonly employ a focusing lens whose image
      field is folded to produce a focused image in as small a volume as
      possible. The folding elements employ mirrors which are usually oriented
      at angles of 45.degree. with the optical axis to fold the image field
      along directions which are transverse to the optical axis.
PAR  Projection display devices are widely used for enlarging small image
      sources by throwing them upon a viewing screen. Often the image source is
      some type of microform document, e.g. microfilm strip or a microfiche
      sheet containing graphic information of extremely small size, which must
      be enlarged by projection in order to be readable. or the image source may
      be a miniature cathode ray tube with such a small screen that reading of a
      detailed image is difficult, and optical projection is needed for the
      purpose of enlargement. In other instances, the screen of the CRT may be
      large enough for direct viewing by a small group, but there may be a need
      to project an enlarged image upon a theater-size screen for display to a
      large assembly or for other purposes.
PAR  Rear projection screens are translucent and have a light-dispersing
      frosting or coating. The image is seen from the front of the screen, but
      projected from behind the screen, from the interior of an opaque housing.
      Such projection devices are subject to degradation of the projected image
      by ambient light, and consequently they cannot be used easily under
      ordinary lighting conditions.
PAR  Ambient light striking the front surface of a rear projection screen is
      divided into two components, one reflected from and the other transmitted
      through the translucent screen. Until now the image degradation effect of
      the transmitted component has not been dealt with successfully in the
      design of rear projection equipment. This transmitted component passes
      through the screen into the interior of the projector housing, and there
      it strikes a mirror behind the screen, which performs an image beam
      folding function. In previous devices, this mirror was inclined upwardly
      in order that an image could be projected from a microform document or
      other image source located below the projection screen. We have observed
      that most sources of ambient light are located above the level of the
      projection equipment. For example, both sunlight and the light from
      interior room fixtures usually originates above the level of the desk or
      table upon which the projection display device is employed. As a result,
      such light is downwardly incident upon the projection screen, and the
      transmitted component of it tends to strike the upwardly inclined mirror
      inside the housing. It is then reflected back toward the display screen
      along an upward path which is generally similar to the path of the image
      beam.
PAR  Prior art rear projection display devices give poor results in brightly lit
      environments, and it is generally considered necessary to use such
      equipment in semi-darkness if a high quality image is desired. It appears
      to me that the principal cause of such image degradation in brightly lit
      environments is that component of the downwardly incident light which is
      transmitted through the translucent screen and reflected back to it by the
      internal mirror.
PAR  It would, of course, be possible to avoid retro-reflection of the
      transmitted component of ambient light be eliminating beam-folding
      mirrors, and projecting the image directly upon the rear surface of the
      screen in a straight line path. In order to obtain sufficient path length
      for adequate magnification, however, this approach would require the use
      of a housing extending far behind the projection screen. The purpose of
      using mirrors to fold the image projection beam is to permit the optical
      system to fit into a housing of reasonably small size and compact shape.
PAC  SUMMARY OF THE INVENTION
PAR  In an imaging device in accordance with the invention a beam-folding device
      is formed of two planar mirrors. The mirrors are skewed relative to the
      optical axis of an imaging device to provide both a displacement and
      rotation of the image. The mirrors are selectively oriented and placed to
      provide a focused image with a desired orientation upon an image area.
PAR  As described with reference to an embodiment of a camera in accordance with
      the invention, a generally flat rectangular housing is formed. An imaging
      device such as a lens is located in a narrow side wall of the housing to
      direct an image beam upon a first planar mirror. This first planar mirror
      is oriented in a skewed relationship with the optical axis of the imaging
      device. The first planar mirror reflects the beam towards a laterally
      displaced second planar mirror which is also skewed relative to the first
      reflected optical axis and is located to direct a focused image onto a
      photographic film. The film in turn is mounted parallel with the larger
      wall of the rectangular housing. The resulting image occupies a large area
      and is oriented in rectangular alignment with the film.
PAR  In effect, therefore, the image is transposed from a first plane, which is
      transverse to the optical axis and parallel to the narrow side wall, to an
      image area which is displaced from the optical axis and lies in a plane
      parallel with the larger wall of the rectangular housing.
PAR  An advantage of a camera formed in accordance with the invention is that a
      relatively flat and small housing may be used to produce a large area
      image. such large image may then be advantageously used to expose an
      instantly developed film for a large sized print.
PAR  The planar mirrors are quadrilaterally shaped to generate the desired
      rectangular focused image. The shape, location and orientation of the
      mirrors are determined in correspondence with design criteria such as the
      location, size and distance of the image area from a point of origin on
      the optical axis of the imaging device.
PAR  In a projection display in accordance with the invention the beam-folding
      system employs the two mirrors with downwardly inclined orientations.
      Consequently, any downwardly inclined ambient light passing through the
      projection screen into the interior of the housing, and striking the
      beam-folding mirrors, must necessarily be reflected downwardly by them,
      away from the projection screen; it cannot be reflected back upwardly
      toward the screen to cause image washout. One of these mirrors is situated
      directly behind the projection screen, and the other is off to one side of
      the projection screen, within its own opaque enclosure where the image
      beam originates. Thus, ambient light cannot enter the enclosure at the
      point where the image beam originates, and travel on a generally parallel
      path to the projection screen. The microform or other image source may be
      oriented horizontally and projected upwardly against the mirrors for
      reflection to the rear surface of the projection screen. This geometry
      introduces a complex image rotation, which must be taken carefully into
      account when selecting the angles of inclination of the mirrors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other advantages of the beam-folder and imaging device in
      accordance with the invention will be understood from the following
      description of several embodiments described in conjunction with the
      drawings wherein
PAR  FIG. 1 is a perspective view of a projection display device in accordance
      with the present invention;
PAR  FIG. 2 is a front elevational view, with parts broken and sectioned for
      clarity of illustration, of the same projection display device;
PAR  FIG. 3 is a sectional view, taken along the line 3--3 of FIG. 2, looking in
      the direction of the arrows;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2, looking in
      the direction of the arrows;
PAR  FIG. 5 is a sectional view, taken along the line 5--5 of FIG. 2, looking in
      the direction of the arrows;
PAR  FIG. 6 is a fragmentary top plan view of a microfiche document, which the
      device of the preceding figures is designed to enlarge and display;
PAR  FIGS. 7, 8 and 9 are three geometric diagrams, looking in the negative z,
      positive y and negative x coordinate directions respectively, illustrating
      how the orientation angles of the beam-folding mirrors are calculated;
PAR  FIG. 10 is a front elevational view of a combined cathode ray tube and
      optical projection display device;
PAR  FIG. 11 is a top plan view of the same combined display device;
PAR  FIG. 12 is a side elevation view of the same device;
PAR  FIG. 13 is a perspective view of a camera utilizing a beam-folding and
      imaging device in accordance with the invention; and
PAR  FIG. 14 is an isometric representation of the beam folder and an associated
      orthogonal coordinate system employed to locate the beam-folding
      components of the camera shown in FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 through 5 illustrate the invention as exemplified by an optical
      rear projection display device 10 specifically designed for use with
      microfiche documents. It includes a hollow housing or cabinet 12 set upon
      a base 14. The front wall of the housing 12 is divided into two parts. At
      the left side of the housing the front wall consists of a rear projection
      screen 16 formed of a sheet of transparent material such as glass, plastic
      or the like, having a frosted rear surface for image projection. At the
      right hand side of the housing 12 the front surface consists of an opaque
      wall 18 which defines a somewhat separate enclosure off to the side of the
      projection screen 16. The housing is formed with an extension 17 which
      surrounds the screen 16 and serves as a viewing hood to prevent reflected
      glare.
PAR  A projection lamp 20 is housed in the base 14 (see FIGS. 2, 4 and 5), and a
      ventilating screen 22 is provided in the right side wall of the base 14 to
      help dissipate the heat generated by the projection lamp. The lamp shines
      upwardly through a conventional beam converging lens assembly 24 toward a
      first mirror M1 which is located largely within the separate enclosure
      defined by the opaque front wall 18. The first mirror M1 reflects this
      light beam toward a second mirror M2 which is located directly behind the
      rear projection screen 16. Below the mirror M2 and the projection screen
      16 is an empty space conveniently occupied by a supply drawer 26, which
      can be used to store microfiche documents.
PAR  A representative microfiche document 28 is illustrated in FIG. 6. This
      consists of a flat sheet of photographic film divided into a plurality of
      individual rectangular microform images 30. When used with the reader 10,
      the document 28 is received within a horizontal channel 32 defined between
      the upper housing 12 and the base 14. In order to open the channel 32 for
      microfiche insertion, the housing 12 is connected to the base 14 along the
      rear surfaces thereof by hinges 34, as best seen in FIGS. 3 and 4. The
      microfiche 28 is clamped firmly in a planar configuration between the
      projection lamp 20 and lens assembly 24 by a set of spring clips 36 seen
      in FIG. 4.
PAR  Ordinarily a single microform image 30 is viewed at one time when using the
      projection device 10 of this invention, and a suitable mechanism is
      employed for indexing left or right, and forwardly or rearwardly, so as to
      move the microfiche 28 from one microform image position to another. Such
      an indexing device forms no part of the present invention, and therefore
      is not illustrated or discussed any further herein. Such devices, however,
      are known in the art; and it is possible to use an ordinary typewriter
      mechanism to perform this indexing function as described in the co-pending
      U.S. patent application of George J. Yevick and Adnan Waly entitled
      "Microfiche Reading Attachment for a Typewriter," Ser. No. 131,050 filed
      Apr. 5, 1971, now U.S. Pat. No. 3,779,635 issued Dec. 18, 1973.
PAR  In actual tests performed in brightly lit rooms, this projection display
      device 10 has proved to be surprisingly immune to image wash-out by
      ambient light. This appears to be due to the fact that mirror M2 is
      inclined so that it reflects downwardly and to the right, and mirror M1 is
      inclined so that it reflects downwardly, to the left, and rearwardly.
      Thus, when downwardly incident ambient light strikes the front surface of
      the projection screen 16, the component of that light which is transmitted
      through the projection screen and strikes mirror m2 is thereby reflected
      downwardly and to the right, i.e., toward mirror M1. The light is then
      reflected by mirror M1 downwardly and rearwardly toward the bottom and
      rear of the interior of housing 12, where it is ultimately absorbed
      harmlessly by the internal surfaces of the housing walls. None of the
      downwardly inclined ambient light passing through the projection screen 16
      is reflected back toward that screen, to produce the image wash-out effect
      which is universally observed with prior art rear projection devices when
      they are used in brightly lit environments. Yet this advantage is achieved
      without foregoing the use of the beam folding mirrors M1 and M2, an
      expedient which would require the use of a direct projection optical
      system contained in a long, thin housing.
PAR  With this mirror configuration, the only way that a light beam can be
      reflected toward the rear surface of the projection screen 16 is to
      originate within the separate right hand enclosure defined by the opaque
      front wall 18, and then to be reflected by mirror M1 toward mirror M2 and
      finally toward the projection screen 16. This enclosure, however, prevents
      any light beam, other than that projected by lamp 20, from originating at
      that location. The only light which can enter that enslosure must come
      through screen 16 and reflect off mirrors M2 and M1, so that it is
      diverted away from the screen in the manner described.
PAR  Since the angles of inclination of mirrors M1 and M2 are critical for
      proper focusing, locating and orientation of the image upon the projection
      screen 16, the mathematics for calculating these angles will now be
      discussed in detail. In setting up a three-dimensional Cartesian
      coordinate system for this discussion, the origin O is most conveniently
      set at the apex of the image light cone shining upwardly from the lens
      assembly 24. The positive x direction is vertically upward, the positive y
      direction is from right to left as seen in FIG. 2, and the positive z
      direction is from rear to front (see FIGS. 4 and 5).
PAR  The optical axis A of the lens assembly 24 (FIGS. 2 and 4) then coincides
      with the x axis, and intercepts mirror M1 at a point P1. An image light
      ray coinciding with the axis A travels upwardly until it strikes mirror M1
      at point P1, and is then reflected upwardly, rearwardly and to the left
      along a path B until it intercepts mirror M2 at a point P2 (FIGS. 2 and
      5). Then it is reflected by mirror M2 forwardly along a path C which
      intercepts the projection screen 16 at a point P3 (FIGS. 3 and 5). Thus
      path A, B, C is the folded axis of the optical system 24, M1, M2. (See
      also the geometric diagrams of FIGS. 7 through 9). the coordinates of the
      light cone apex or origin O are, of course, (0, 0, 0); the coordinates of
      point P1 are x.sub.1, 0, 0); those of point P2 are (x.sub.2, Y.sub.2,
      z.sub.2); and of point P3 (x.sub.3, Y.sub.3, z.sub.3). Now let us simplify
      the calculations which follow by arbitrarily setting x.sub.3 =x.sub.2 and
      y.sub.3 =y.sub.2 ; which simply means that the mirrors M1 and M2 must be
      so oriented that path C is parallel to the z axis. In addition, z.sub.3
      =d', the horizontal distance of screen 16 from the origin O (see FIGS. 8
      and 9). Therefore, the coordinates of point P3, (x.sub.3, y.sub.3,
      z.sub.3) = (x.sub.2, y.sub.2, d').
PAR  The inclinations of the mirros M1 and M2 are specified by giving the
      direction cosines of their unit normal vectors n.sub.1 and n.sub.2
      respectively (FIGS. 7 through 9). By conventional vector algebra, it can
      be shown that, for a specific embodiment in which x.sub.3 =x.sub.2,y.sub.3
      =y.sub.2  and z.sub.3 =d', the direction cosines of unit vector n.sub.1
      are:
      ##EQU1##
      and those of unit vector n.sub.2 are:
      ##EQU2##
      where d.sub.1 is the absolute magnitude of the length of path B between
      points P1 and P2. These expressions give the inclinations of mirrors M1
      and M2 which are required to direct the optic axis A, B, C through a given
      set of points P1, P2 and P3.
PAR  An additional design criterion which must be met is rotation of the image
      30, from the horizontal position in it which appears on the microfiche
      document 28 located in channel 32, to a vertical position upon the
      projection screen 16. Moreover, this rotation must be in the correct
      sense, so that the image appears on the screen right-side-up and in the
      correct orientation side-to-side. This is not a trivial problem in a
      complex system such as the present one, where there are two mirrors, and
      both their normal vectors n.sub.1 and n.sub.2 are in skew relationship to
      the coordinate system, i.e., each mirror rotates the image about a
      different axis.
PAR  Rodriques' formula gives the following expression for the vector .omega.
      which describes a single rotation through an angle .alpha. about an axis
      having the direction vector .OMEGA.:
EQU  .omega. = 2.OMEGA. tan .alpha./2
PAL  Then it can be shown that the resultant rotation .omega..sub.R obtained by
      adding two rotations .omega.' and .omega." about different axes is given
      by:
      ##EQU3##
PAR  In this case, starting with a horizontal image, the resultant rotation
      .omega..sub.R must rotate it through the equivalent of 90.degree. in a
      negative sense about the z axis to move the image into a vertical position
      but perpendicular to the plane of projection screen 16, plus 90.degree. in
      a negative sense about the x axis to make it parallel to the screen 16.
      According to Rodriques' formula, the equivalent z rotation
EQU  .omega..sub.z = 2.OMEGA..sub.z tan .alpha..sub.z /2
PAL  and the equivalent x rotation
EQU  .omega..sub.x = 2.OMEGA..sub.x tan .alpha..sub.x /2
PAL  By definition .OMEGA..sub.z = -z and .OMEGA..sub.x = -x, where z and x are
      the unit vectors in the z and y directions respectively. Since
EQU  .alpha..sub.z = .alpha..sub.x = 90.degree. tan .alpha..sub.z /2 = tan
      .alpha..sub.x /2 = 1
PAL  and, therefore, the equivalent z and x rotations
EQU  .omega..sub.z = -2 z
PAL  and
EQU  .omega..sub.x = -2x
PAL  respectively. Then, by the addition formula above, the desired resultant of
      the two equivalent rotations .omega..sub.z and .omega..sub.x is:
      ##EQU4##
PAR  In actuality, the two rotations are not z and x rotations, but
      .omega..sub.1, the effect of reflection by mirror M1, and .omega..sub.2,
      the effect of reflection by mirror M2. The magnitude of the corresponding
      angular displacements .alpha..sub.1 and .alpha..sub.2 respectively is
      180.degree. in each case. To appreciate that fact, consider a
      three-dimensional coordinate system in which the x and z axes are parallel
      to the surface of a mirror, and the y axis is perpendicular thereto. If
      this coordinate system is now reflected in the mirror, it is apparent that
      in the image of the coordinate system
EQU  x = +y + x
EQU  y = -y
EQU  z = +z
PAL  Actually, however, this outcome is the net result of two separate effects
      which we may conveniently designate a) and b). Effect a) causes the image
      of the coordinate system to be rotated 180.degree. about the normal to the
      mirror (i.e., about the y axis), so that
EQU  x = -x
EQU  y = +y
EQU  z = -z
PAL  Effect b), however, inverts all three of the above through the origin, so
      that finally:
EQU  x = +x
EQU  y = -y
EQU  z = +z
PAL  which is the observed result.
PAR  The rotations of effect a) for mirrors M1 and M2 are respectively
      represented by the expressions:
EQU  .omega..sub.1 = 2n.sub.1 tan .alpha..sub.1 /2
PAL  and
EQU  .omega..sub.2 = 2n.sub.2 tan .alpha..sub.2 /2
PAL  Hence, by the addition formula:
      ##EQU5##
      where n.sub.1 and n.sub.2 are respectively the unit normal vectors of
      mirrors M1 and M2, and hence the axes of the rotations .omega..sub.1 and
      .omega..sub.2 respectively. Since .alpha..sub.1 = .alpha..sub.2 =
      180.degree. for effect a),
      ##EQU6##
      Substituting the values of n.sub.1 and n.sub.2 given above,
      ##EQU7##
      It is then seen that the desired outcome of the resultant .omega..sub.R =
      -2(1, 1, 1) is then achieved when d.sub.1 (the distance between points P1
      and P2) is chosen equal to x.sub.2 - x.sub.1 + z.sub.2 + y.sub.2.
PAR  In calculating the magnification of the reader 10, we need to know D, the
      total length of the image light cone. Thus
EQU  D = A + B + C = x.sub.1 + d.sub.1 + d' - z.sub.2
PAL  But, since
EQU  d.sub.1 = x.sub.2 - x.sub.1 + z.sub.2 + y.sub.2, D = d' + x.sub.2 + y.sub.2
PAL  The magnification M is then given by
EQU  (M + l) f = D
PAL  where f is the effective focal length of the lens assembly 24. The apex of
      the light cone, or the origin O may thus be considered to be the second
      principal point of the lens 24 or imaging device, i.e., the intersection
      of the principal plane on the image side of the lens 24 with the optical
      axis A.
PAR  In a particular embodiment of the invention, the following dimensions (in
      inches) were used:
EQU  d' + 1.75
EQU  x.sub.2 = 4.75
EQU  y.sub.2 = 11.50
EQU  D = 18.00
EQU  p.sub.1 = (1, 0, 0)
EQU  p.sub.2 = (4.75, 11.5, - 2.828)
EQU  p.sub.3 = (4.75, 11.5, 1.75)
PAL  the direction cosines of the mirror normal unit vectors were
EQU  n.sub.1 = (-0.5908, 0.7835, - 0.1927)
EQU  n.sub.2 = (0.1927, -0.5908, 0.7835)
PAR  The mirrors M1 and M2 are non-rectangular quadrilaterals, the corners of
      which may be completely specified by describing the image light cone which
      originates at the origin O. Since the micro-image 30 is rectangular, this
      "cone" is actually a pyramid with four edges. Edge No. 1 of the pyramid
      goes from the origin O to a corner No. 1 of mirrors M1, is reflected to a
      corner No. 1 of mirror M2, and then is reflected to a corner No. 1 of the
      screen 16. A similar analysis is true for pyramid edges Nos. 2, 3, and 4
      and the corresponding corners of the mirrors and screen. If the starting
      points and direction components of the four edges of the image pyramid are
      specified for each of the three folded segments of the image pyramid which
      are centered about light paths, A, B and C respectively, then all four
      corners of both mirrors and the screen are uniquely specified. Thus, for
      the pyramid segment centered on light path A, the four pyramid edges are
      lines originating at the origin O and having the following direction
      components (in inches):
PAC  PATH A
EQU  Edge No. 1 =  (0.753, -0.230, -0.178)
EQU  No. 2 = (1.931, 0.590, -0.456)
EQU  No. 3 = (1,489, 0.455, 0.351)
EQU  No. 4 = (0.675, 0.206, 0.159)
PAL  The terminations of these edges uniquely define corners 1 through 4
      respectively of mirror M1.
PAR  Then for the pyramid segment centered on light path B, the four edges of
      the reflected light pyramid start from the corners of mirror M1 so
      specified, and are specified by the following set of direction components
      (in inches):
PAC  PATH B
EQU  Edge No. 1 = (1.477, 8,971, -5.540)
EQU  No. 2 = (8.469, 8.627, -4.080)
EQU  No. 3 = (10.242, 15.744, 1.723)
EQU  No. 4 = (0.178, 15.033, 1.288)
PAL  The terminations of the lines just specified define the corners of mirror
      M2.
PAR  From the corners so defined, the four edges of the image pyramid segment
      centered on path C are reflected along lines specified by the following
      set of direction components (in inches):
PAC  PATH C
EQU  Edge No. 1 = (-0.750, 7.25, 1.75)
EQU  No. 2 = (10.25, 7.25, 1.75)
EQU  No. 3 = (10.25, 15.75, 1.75)
EQU  No. 4 = (-0.75, 15.75, 1.75)
PAL  The terminations of those dges define the four corners of screen 16.
      Specifically, edge No. 1 intercepts the lower right hand corner of the
      projection screen 16, edge No. 2 the upper right corner, edge No. 3 the
      upper left corner, and edge No. 4 the lower left corner, as viewed in
      FIGS. 1 and 2.
PAR  In the specific embodiment described, with a total path length D = 18
      inches for the folded optical axis A, B, C and an effective focal length f
      = 7 mm. for the lens assembly 24, the magnification M is approximately
      equal to
      ##EQU8##
      or approximately 65. If the magnification M in this specific embodiment
      were any greater, it would be impossible to meet the criterion
      .omega..sub.R = -2(1, 1, 1) necessary to produce an upright image on the
      screen 16. Instead, the image on the screen would be tilted from its
      upright position by an angle which is a function of
      ##EQU9##
PAR  In selecting a particular embodiment of the invention for a display
      projector, several dimensions are chosen. Thus, first the image area size
      and its distance from the x-y plane are selected. For the previously
      identified specific embodiment, the rectangular projection screen 16 (see
      FIG. 7) has dimensions of 11.0 and 7.5 inches which are respectively the
      height, H, as measured along x, and width, W, as measured along y, of the
      projection screen. The screen 16 is spaced 1.75 inches from the x-y plane
      so that the intersection of the optical axis C with the screen 16 occurs
      at x.sub.3, y.sub.3, z.sub.3, where z.sub.3 is 1.75 inches and x.sub.3 and
      y.sub.3 are respectively equal to x.sub.2 and y.sub.2, the intersection of
      optical axis B with mirror M2.
PAR  The distance D from apex O to the center of the projection screen is then
      selected on the basis of the desired magnification and for the above
      projection display is 18.0 inches. This selection of D then also specifies
      the effective focal length of lens assembly 24.
PAR  Following the selection of D, W and H, the distance x, for the length of
      the optical axis from origin or apex O to the intersection with the first
      mirror M1 is chosen. Distance x.sub.1 must be sufficiently large to avoid
      interference between mirror M1 and lens 24. Since the optical axis is
      chosen to originally lie along the x axis, the selection of x.sub.1 also
      determines y.sub.1 and z.sub.1 which are both zero.
PAR  The intersection of the optical axis with the second mirror M2 is chosen to
      determine the y.sub.2 dimension of the intersection. Selection of y.sub.2
      generally is based upon considerations such as to avoid shadow effects of
      mirror M1 on the cone of light reflected by mirror M2 into screen 16. For
      the previous embodiment y.sub.2 = 11.5 inches.
PAR  Since D = d' + x.sub.2 + y.sub.2, d' = x.sub.3, and D =  x.sub.2 + y.sub.2
      + z.sub.3. With z.sub.3 = 1.75 inches, y.sub.2 = 11.5 inches and D = 18
      inches, x.sub.2 = 4.75 inches.
PAR  It can be shown that z.sub.2, the z dimension for the intersection of the
      optical axis with mirror M2 is
      ##EQU10##
      For the proper rotation of the image on screen 16 as stated above D =
      x.sub.2 + y.sub.2 + z.sub.3 and substituting this value for D in the
      equation for Z.sub.2 yields
      ##EQU11##
PAR  At this point the dimensions x.sub.1, y.sub.1, z.sub.1, x.sub.2, y.sub.2,
      z.sub.2, x.sub.1, y.sub.3, z.sub.3, D, and the dimensions W and H of the
      projection screen and the corners x, y and z of the screen have been
      determined. The corners of projection screen 16 are known on the basis
      that optical axis C intersects screen 16 in its center.
PAR  In order to ascertain the location of the corners of mirrors M1 and M2, the
      following relationships are employed.
PAR  Let n.sub.1 be the normal to first planar mirror M1 and p.sub.1 be the
      point of intersection of mirror M1 with optic axis A. p.sub.1 = (x.sub.1 ,
      O, O).
PAR  Let a.sub.x, a.sub.y, and a.sub.z denote the direction cosines of the edges
      of the light cone from the apex to the first mirror M1 with respect to the
      x, y and z axes respectively. It can then be shown that
      ##EQU12##
PAR  Since there are four edges to the pyramid light cone, there also are four
      unit vectors a.sub.1, a.sub.2, a.sub.3, and a.sub.4 to denote these edges
      from the apex or origin O to the corners of mirror M1. Thus, the four unit
      vectors are:
EQU  a.sub.1 = (.vertline.a.sub.x .vertline., - .vertline.a.sub.y .vertline., -
      .vertline.a.sub.z .vertline.) for edge 1
EQU  a.sub.2 = (.vertline.a.sub.x .vertline., .vertline.a.sub.y .vertline., -
      .vertline.a.sub.z .vertline.) for edge 2
EQU  a.sub.3 = (.vertline.a.sub.x .vertline., .vertline.a.sub.y .vertline.,
      .vertline.a.sub.z .vertline.) for edge 3
EQU  a.sub.4 = (.vertline.a.sub.x .vertline., - .vertline.a.sub.y .vertline.,
      .vertline.a.sub.z .vertline.) for edge 4
PAR  Let L.sub.i be the length of the distance along the i.sub.th edge of the
      light cone from the apex to the i.sub.th corner of the first mirror M1.
      Then the scalar product of the normal vector to mirror M1 with the vector
      lying in the plane of mirror M1, from a corner to the point of
      intersection of mirror M1 with the optical axis, is expressed as follows:
PAR  n . (L.sub.i a.sub.i - p.sub.1) = 0 which in expanded form becomes
PAR  L.sub.i [ n.sub.x a.sub.x + n.sub.y a.sub.y + n.sub.z a.sub.z ] - n.sub.x
      x.sub.1 = 0 and
      ##EQU13##
      of the i.sub.th corner of mirror M1 from the apex of the light cone.
PAR  The values for n.sub.x, n.sub.y and n.sub.z are determined by the equation
      given for n.sub.1 on page 14 and by the equation given for d.sub.1 on page
      19. Hence, L.sub.1 having been solved, the coordinates of the i.sub.th
      corner is determined as follows: (x, y, z) i.sub.th = L.sub.i (a.sub.x,
      a.sub.y, a.sub.z) corner
PAR  Hence, when the values for p.sub.1, p.sub.2, p.sub.3, D, W and H in the
      previous particular embodiment are employed on the specific corner
      locations of the first planar mirror M1 as tabulated under Path A on page
      20 are determined.
PAR  The corners for the second mirror M2 are determined using the following
      relationships. Let p.sub.2 be the point of intersection of the optic axis
      and the second mirror M2.
EQU  p.sub.2 = (x.sub.2, y.sub.2, z.sub.2)
PAR  The direction cosines of the edges of the light cone to the screen 16 from
      mirror M2 expressed with respect to the x, y, and z axes respectively can
      be shown to be:
      ##EQU14##
PAR  The four edges of the light cone incident upon screen 16 are then specified
      as follows:
EQU  a.sub.1 = (-.vertline.a.sub.x .vertline., - .vertline.a.sub.y .vertline.,
      .vertline.a.sub.z .vertline.)
EQU  a.sub.2 = ( .vertline.a.sub.x .vertline., - .vertline.a.sub.y .vertline.,
      .vertline.a.sub.z .vertline.)
EQU  a.sub.3 = ( .vertline.a.sub.x .vertline., .vertline.a.sub.y .vertline.,
      .vertline.a.sub.z .vertline.)
EQU  a.sub.4 = (-.vertline.a.sub.x .vertline., .vertline.a.sub.y .vertline.,
      .vertline.a.sub.z .vertline.)
PAR  Let L.sub.i now be the length of an edge of a light cone commencint at an
      imaginary apex A which would be the apex if the light cone incident upon
      screen 16 were extended all the way back from the projection screen 16
      without interruption by the second mirror. Then
PAR  A =p.sub.3 - De.sub.3 where p.sub.3 is the location of the intersection of
      the optic axes with the projection screen and the center of the screen.
PAR  At any point on p on second mirror M2, the scalar product of the normal
      vector n.sub.2 to mirror M2 with a vector lying in the plane of mirror M2
      is:
EQU  n.sub.2 . (p - p.sub.2) = 0
PAR  The i.sub.th edge of the light cone emanating from A will have a point such
      that
EQU  p = L.sub.i a.sub.i + A and
PAL  substituting this value for p yields
EQU  n.sub.2 . (L.sub.i a.sub.i - p.sub.2 + p.sub.3 + D e.sub.z) = 0
PAR  Since the rotation of the image places the screen 16 parallel to the x-y
      plane and the optic axis is incident upon the screen parallel to the y-z
      plane
EQU  p.sub.3 -  p.sub.2 =  z.sub.3 - z.sub.2 and thus
EQU  n.sub.2 . (La.sub.i + (z.sub.3 -  z.sub.2 -  D) e.sub.z) = 0
EQU  Ln.sub. 2 . a.sub.i +  n.sub.z (z.sub.3 -  z.sub.2 D) = 0 = n.sub.z (D +
      z.sub.2 -z.sub.3) n.sub.2 . a.sub.i
PAL  The corner points of mirror M2 are then given by  (x, y, z).sub.ith =
      L.sub.i (a.sub.ix, a.sub.iy, a.sub.iz) + (x.sub.2, y.sub.2, z.sub.3 -  D)
PAR  It is considered that the best way of constructing the microfiche reader 10
      and of rigidly mounting the mirrors M1 and M2 in their skewed orientations
      described above, is to mold the entire cabinet 12, including the opaque
      front wall 18 and the viewing hood 17, of a light-weight but rigid
      material such as fairly dense foamed polystyrene. In addition, the rear
      wall 40 of the housing 12, as seen in FIGS. 3 and 5, is thickened so as to
      occupy the entire interior volume of the housing 12 directly behind the
      mirror M2. Further, the thickened portion of the rear polystyrene foam
      wall 40 is formed with a planar front surface or facet 42 which has just
      the right size and inclination to mount the mirror M2, which is cemented
      thereto. It will be readily appreciated therefore, that the styrene
      housing doubles as a rigid and integrally molded mounting for mirror M2.
PAR  The mirror M1 is mounted in a similar fashion, by filling almost the entire
      interior of the right hand enclosure behind opaque wall 18 with a block of
      styrene foam, which is integral with the rest of housing 12, and forming
      the styrene with an appropriate planar surface or facet 44 which is
      inclined downwardly, rearwardly and to the left, at just the right
      inclination to form a mounting for mirror M1 (see FIGS. 4 and 5). Once
      again, the mirror M1 would be secured to the planar surface 44 by suitable
      adhesive material after molding of the housing 12.
PAR  One side of the projection screen 16 is received within a vertical groove
      46 formed in the housing 12 (see FIG. 5), and a channel-shaped member 48
      receives the other side of the screen and is cemented to the interior wall
      of the housing 12 opposite the groove 46.
PAR  The image source for an optical system according to this invention need not
      be the microfiche sheet 28; it may instead be a strip of microfilm which
      is passed through the document channel 32 from reel to reel. The image
      source, moreover, does not necessarily have to be in microform, nor a
      photographic image, nor even a document. An ambient-light-resistant rear
      projection display device of the general type taught herein would also be
      quite useful for TV or any other cathode ray tube image projection
      applications. It could, for example, be used to enlarge an image from
      conventional TV screen size to theater size for viewing by a room full of
      people, or it might be used to enlarge the image on the face of a very
      small CRT to easily readable size. The reader will readily appreciate that
      the TV or CRT-generated image would be focused by a lens assembly such as
      24 and reflected by mirrors such as M1 and M2 to a rear projection screen
      such as 16, as described above.
PAR  FIGS. 10 through 12 illustrate the combination, in a single envelope, of a
      television or other CRT electronic display and a projection optical
      display system in accordance with this invention. A cathode ray tube 100
      has on the front surface thereof a display screen 116 consisting of a
      layer of phosphor material deposited over the interior surface of the face
      plate. The phosphor material could be zinc sulfide, or any other
      conventional material capable of functioning as a display screen in either
      of two operating modes. For use as a CRT screen, the phosphor material is
      excited in the conventional way by an electron gun 102 to generate an
      electron spot raster. On the other hand, the phosphor coating is optically
      similar to a ground glass or other light-diffusing surface coating, and,
      therefore, is well suited to serve also as an optical projection screen.
PAR  Mirrors M101 and M102 are mounted at appropriate skewed angles within the
      cathode ray tube 100, and correspond to mirrors M1 and M2 of the
      microfiche reader 10 described above. Suitable mounting means, not shown,
      are provided for securing mirrors M101 and M102 in the desired
      orientation; means for mounting elements in fixed position within an
      evacuated envelope are well known in the electron tube manufacturing art.
      A transparent window 105 is formed in the bottom of the envelope of tube
      100 in proper position to direct an optical image beam, from a point below
      the tube, upwardly toward mirror M101. An optical lens system 107, seen in
      FIGS. 10 and 12, is aligned with the window 105 and is used for projecting
      the image beam therethrough. The image could come from a photographic
      microform or any other conventional image source contained in an image
      projection device 109. After passing through window 105, the image beam is
      reflected by mirrors M101 and M102, in that order, to the screen 116. The
      mirror orientations and upward image beam paths are similar to those
      described in connection with the microfiche reader 10 above, so that the
      same ambient light immunity is achieved. The combined electronic and
      optical display device illustrated in FIGS. 10 through 12 can be used to
      generate displays in either of two ways, electronic and optical, at
      different times, and also can generate superimposed electronic and optical
      displays simultaneously.
PAR  Whether employed in a conventional photographic microform document reader,
      in a combined electronic and optical display tube, or any other
      environment, the rear projection display optics of this invention have the
      significant advantage of providing a very bright image which is highly
      immune to wash-out by that component of ambient light which is transmitted
      through the rear projection screen. As a result, a display device in
      accordance with this invention can be used in brightly lit environments.
PAR  Apparatus identical to that of FIGS. 10 through 12 can also be used for
      deriving photographs or hard copy from a CRT display, if element 109 is a
      camera, photostatic copier or similar image capturing device (instead of
      an image projection source as described above). Those skilled in the
      electronic arts will readily appreciate that the image raster generated on
      the CRT screen 116 by the electron gun 102 is visible as well from behind
      the phosphor coating of the CRT screen as it is from in front. Therefore,
      the optical system formed by mirrors M101 and M102 within the CRT envelope
      "sees" the electronically displayed image (with a mirror reversal because
      they are behind the screen 116), and they reflect this reversed image as
      an object beam through window 105 to lens system 107, which in turn
      focuses the image on a photographic emulsion, electrostatic receptor, or
      any other means within device 109 for capturing a permanent image or
      generating hard copy. The mirror image reversal is not a serious drawback,
      since it can be dealt with later by reversing a photographic transparency
      for projection purposes, or mirror reading of non-transparent hard copy.
      Note that the light cone of the object beam from the cathode ray screen
      has its apex on the principal point on the side of the tube.
PAR  In the past, continuous production of permanent images from a CRT display
      (e.g. at a computer terminal) while simultaneous human observation of the
      display is in progress, has required duplicate CRT read-outs. One CRT had
      to be available for human observation, while another was dedicated to
      photographic, electrostatic, or other permanent image capturing apparatus.
      Usually such apparatus was coupled to the second CRT by light-tight hoods
      in such a way that human observation of the second CRT was precluded, in
      order to avoid image fogging by ambient light, and to prevent the human
      observers from interposing themselves between the CRT and the photographic
      or electrostatic image capturing device. This invention, on the other
      hand, permits a single CRT 100 to be viewed by a human observer stationed
      in front of the screen 116, while simultaneously projecting the same image
      to a permanent recording device 109 employing the lens system 107 and
      located below the CRT.
PAR  With reference to FIGS. 13 and 14, a photographic camera 150 utilizing the
      folded optical device in accordance with the invention is shown. Camera
      150 includes a generally rectangular shaped housing 152 having a narrow
      front wall 154 and a larger side wall 156. A photographic film 158, which
      is unwound from a roll 160 and taken up by a roller 162, is mounted for
      parallel movement with the larger side wall 156.
PAR  An imaging device 164 in the form of a fixed focal lens is mounted on the
      front wall 154 and directs and focuses light along an optical axis 166.
      Optic axis 166 is coincident with the x axis of an x, y, z, orthogonal
      coordinate system. An object viewing lens 167 is located below lens 164 in
      alignment with axis 166 to view the object through lens 164. Mirror M1 is
      mounted for pivot movement in the direction of arrow 169 to enable the
      user to view the object through lenses 167 and 164. The narrow front wall
      154 is parallel to the y-z plane and the larger side wall is parallel to
      the x-y plane.
PAR  Lens 164 produces a cone of light which starts from the second principal
      point 168 as an apex and a coordinate origin 168. The cone of light is
      incident upon a first planar mirror M1. Mirror M1, in turn, reflects the
      image beam at a second mirror M2 which produces a focused image on a
      rectangular image area 170 on film 158.
PAR  The design of camera 150 commences with a selection of the dimensions W and
      H of image area 170. In the embodiment, W and H are chosen equal, e.g. 2.5
      inches, for a square image area.
PAR  Image area 170 lies in a plane which is parallel to the x-y plane and
      spaced from this by a distance d' or z.sub.3. z.sub.3 is selected
      sufficiently large to avoid any portion of mirror M1 from touching or
      extending beyond wall 156 of housing 152. A distance of 0.5 inches for
      z.sub.3 appears sufficient.
PAR  The dimension D is chosen on the basis of the focal length of lens 168. In
      the case of a typical camera, D may be chosen as 6 inches and represents
      also the focal length for lens 164.
PAR  The dimension x.sub.1, i.e. the length of optic axis 166 from apex 168 to
      mirror M1 is selected sufficiently large to avoid interference between
      lens 164 and mirror M1. Note that selection of the point of intersection
      P.sub.1, of optic axis 166 with mirror M1 includes all of its dimensions
      x.sub.1, y.sub.1, z.sub.1 which are respectively 0.5, 0, 0 inches.
PAR  The selection of P.sub.2, the point of intersection of the optic axis with
      the second mirror M2 is determined by choosing the y.sub.2 dimension.
      Y.sub.2 should be selected so as to preserve the compactness of camera
      150, yet not too small lest mirror M1 would cast shadows on the cone of
      light reflected from mirror M2. As a general role, y.sub.2 should be
      greater than half the width W of image area 170 and can be 2.5 inches.
PAR  With D = 6 inches, y.sub.2 = 2.5 inches, z.sub.3 = .5 inches, x.sub.2 is
      determined by the condition D = x.sub.2 + y.sub.2 + z.sub.3 and thus must
      be 3 inches. The value of z.sub.2 is determined by the relationship
      ##EQU15##
      and is - .9375.
PAR  With these values in mind, the input parameters for camera 150 are:
PA1  P.sub.1 (the intersection of the optic axis with the first mirror M1) is
      (1.5, 0, 0) inches
PA1  P.sub.2 (the intersection of the optic axis with the second mirror M2) is
      (3, 2.5, - .9375) inches
PA1  P.sub.3 (the intersection of the optic axis with the screen 170) is (3,
      2.5, .5 ) inches
PA1  W (the width of screen 170) is 2.5 inches
PA1  H (the height of screen 170) is 2.5 inches
PA1  D (the total length of the optic axis) is 6 inches.
PAR  The corners of screen 170 are determined on the basis that P.sub.3 lies in
      the center of screen 170. Thus
PA1  Corner 1 (P.sub.3x - 1/2 H, P.sub.3y - 1/2 W, z.sub.3) = (1.75, 1.25, .5 )
      inches
PA1  Corner 2 (P.sub.3x + 1/2 H, P.sub.3y - 1/2 W, z.sub.3) = (4.25, 1.25, .5)
      inches
PA1  Corner 3 (P.sub.3x + 1/2 H, P.sub.3y + 1/2 W, z.sub.3) = (4.25, 3.75, .5)
      inches
PA1  Corner 4 (P.sub.3x - 1/2 H, P.sub.3y + 1/2 W, z.sub.3) = (1.75, 3.75, .5)
      inches
PAR  The displacement of screen or image area 170 from the optic axis is further
      selected to be greater than one-half the diameter of lens 164 to avoid
      interference therewith.
PAR  When the above input values are applied to the equations for determining
      the corners of mirrors M1 and M2, the following corner values are found:
PAR  For mirror M1 (in inches)
PA1  Corner 1 (1.241, - 0.259, - 0.259)
PA1  Corner 2 (2.767, 0.576, - 0.576)
PA1  Corner 3 (0.395, 0.394, 0.395)
PA1  Corner 4 (1.029, - 0.214, 0.214)
PAR  For mirror M2 (in inches)
PA1  Corner 1 (2.213, 1.713, - 1.724)
PA1  Corner 2 (3.903, 1.596, - 1.163)
PA1  Corner 3 (4.201, 3.701, 0.263)
PA1  Corner 4 (1.997, 3.502, - 0.687)
PAR  A camera housing 152 which would hold mirrors M1 and M2 with a 21/2 .times.
      21/2 inch image area would be approximately 41/2 inches long in the x
      direction, 21/3 inches long in the z direction, and about 41/4 inches in
      the y direction.
PAR  Other dimensions for housing 152 can be established by selecting different
      input parameters. The mirror dimensions may then vary considerably from
      the above camera example. Generally, the maximum x dimension of mirror M2
      should not be greater than x.sub.2 (the intersection of the optic axis
      with M2) plus 1/2 the height of the x dimension of the projection area
      170. Furthermore, the first mirror M1 should not have any segments
      extending above (along the x axis) the image area 170. Mirror M2 further
      may not be so sized and located as to be interference with the projection
      area 170. The corners of the mirrors M1 and M2 preferably lie on the
      perimeter of the light cone.
PAR  In another example for a camera, the dimensions of housing 152 would be
      approximately 23/4, 43/8, and 2 inches for the x, y, and z dimensions
      respectively with an image area of 21/2 by 21/2 inches, spaced 13/4 inches
      from the x-z plane, and 1/2 inch from the x-y plane. The mirror corner
      locations would be in inches:
PAR  For mirror M1
PA1  corner 1 .4,- .1,- .1
PA1  corner 2 .857, .214,- .214
PA1  corner 3 .667, .167, .167
PA1  corner 4 .352,- .088, .088
PAR  For mirror M2
PA1  corner 1 .750, 2.250,- 1.500
PA1  corner 2 2,363, 2,167,- 1.167
PA1  corner 3 2.750, 4.250, 0.500
PA1  corner 4 .428, 4.071,- 0.214
PAR  Although in the latter example corner 3 of M2 lines in the plane of image
      area 170, a reduction of the image area dimensions of 10% would
      correspondingly alter the locations of the corners of mirror M2 and remove
      corner 3 from the plane of image area 170.
PAR  An indication of whether mirror M1 casts shadows on the folded beam
      reflected by mirror M2 can be done either mathematically or graphically.
      In a graphic inspection, the projections of the mirror arrangement on the
      x-y plane, y-z, and x-z planes will reveal undesirable interferences.
PAR  Having thus described a camera and projection display utilizing a pair of
      skewed mirrors, the advantages of the invention can be appreciated. Small
      cameras may be formed with large image areas. A projection display which
      is substantially immune to ambient light sources is provided.
PAR  Since the foregoing description and drawings are merely illustrative, the
      scope of protection of the invention has been more broadly stated in the
      following claims; and these should be liberally interpreted so as to
      obtain the benefit of all equivalents to which the invention is fairly
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compact imaging apparatus for projecting and rotating an image,
      comprising:
PA1  A. a housing in which is defined
PA2  1. an x, y, z orthogonal coordinate system having an origin;
PA2  2. an image plane parallel to the plane defined by the x and y axes and
      displaced therefrom by a distance d', and
PA2  3. an image area in the image plane spaced from the origin of said
      coordinate system by a predetermined distance measured on said y axis,
PA1  B. an imaging device for projecting an image, said imaging device being
      mounted in said housing and having an optical axis which originates at the
      origin of said coordinate system and is parallel to said x axis, and
PA1  C. means for reflecting the image projected from said imaging device along
      a reflected optical axis which is an extension of said imaging device
      optical axis and for rotating the image a predetermined degree to be
      focused on said image plane in said image area with a desired orientation,
      said means comprising
PAR  1. a first planar mirror having a normal vector n.sub.1 the direction
      cosine of which is specified by the equation
      ##EQU16##
       and
NUM  2.
PAR  2. a second planar mirror having a normal vector n.sub.2, the direction
      cosine of which is specified by the equation
      ##EQU17##
       where d.sub.1 is the distance between the point (x.sub.1, y.sub.1,
      z.sub.1) of intersection of said optical axis with said first mirror and
      the point (x.sub.2, y.sub.2, z.sub.2) of intersection of said reflected
      optical axis with said second mirror, the point of intersection of said
      reflected optical axis with said image plane being (x.sub.3, y.sub.3,
PAR   z.sub.3). 2. The compact imaging device as claimed in claim 1 wherein
PA1  the total length D of said optical axis and reflected optical axis from
      said origin to said image plane is specified by the equation
EQU  D = x.sub.2 + y.sub.2 + z.sub.3.
NUM  3.
PAR  3. The compact imaging device as claimed in claim 2 further comprising:
PA1  a projection screen mounted in said housing coincident with said image
      plane at said image area and wherein,
PA1  said imaging device and said means for reflecting and rotating the
      projected image cooperate to display the projected image on said
      projection screen with a magnification M specified by the equation;
EQU  (M + 1) f = D
PA1  where f is the effective focal length of said imaging device.
NUM  4.
PAR  4. The compact imaging device as claimed in claim 1 wherein d.sub.1 is
      specified by the equation
EQU  d.sub.1 = x.sub.2 - x.sub.1 + y.sub.2 + z.sub.2.
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ABST
PAL  Method and apparatus are described for producing a replica of a pattern
      composed of differently-colored zones, mutually exclusive areas of the
      replica being so encoded from zone to zone that when it is suitably
      illuminated, the light from each zone can be treated separately from the
      light from each of the other zones. Apparatus is also described for
      reconstructing from such separately treated light an image of the original
      pattern in which each zone may be given an arbitrary hue and intensity.
      The "color" of any one zone in such image can be black or white, as well
      as gray.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many arts, and especially in the textile industry, it is necessary to
      change one or more colors in an original pattern. In the textile industry,
      for example, the following problem is presented:
PA1  Given a swatch of material of a certain geometric design and color
      combination, is there a simple, quick and economically viable means by
      which a fabric user or designer can explore and specify other color
      variations of that particular geometric design?
PAL  The fabric industry currently solves this problem in a variety of ways, all
      of which introduce costly delays that the end user would like to
      eliminate. According to one procedure, a handwoven sample is made by a
      mill for submission to a clothing manufacturer. A reason for this practice
      derives from the fact that in the production of designs for woven fabrics
      no accurate idea of the appearance of the finished fabric can be obtained
      from drawings or paintings, except such as reproduce with enormous labor
      the most minute details of the textile. So great would the labor be in the
      production of adequate drawings and paintings that in practice another
      accepted procedure has been, once the weaving scheme is decided on, to set
      up a loom for the production of a number of color combinations from which
      are selected those which seem most suitable for the purpose for which the
      cloth is to be used. Alternatively, the manufacturer notifies the mill of
      the desired colors and the mill then hand-weaves another sample. This is
      also costly, as well as time consuming. Moreover, it is often found that
      the colors selected by the manufacturer, when woven in the original
      pattern, do not produce the desired aesthetic effect. It is then necessary
      to repeat the entire process.
PAR  It has been proposed to take a separate photographic negative of each of
      all the parts of a basic design and produce positive transparencies from
      the negatives, project beams of light through the several positives so as
      to reproduce the configuration of the basic design, and color the
      individual beams, varying their individual colors at will until the
      reproduced design has a desired appearance. U.S. Pat. Nos. 1,657,415
      (Smith) and 1,788,135 (Twyman et al) describe such a scheme. In Twyman et
      al it is proposed to weave a fabric from threads of red, green and blue,
      these colors being so selected that they can be photographed through
      filters which would suppress in turn any two of the three colors. This
      scheme has the inherent problem of registration.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  In the invention now to be described, the art of producing patterns (or
      designs) of differently-colored zones (or components) occupying
      mutually-exclusive areas is advanced to a state in which a replica of the
      pattern can be constructed in a manner such that each individual zone of
      the pattern can be given arbitrarily any desired intensity of any desired
      color or hue, including black or white (which for purposes of the
      invention may be regarded as colors), it being understood that the term
      "intensity" as applied to black or white includes "gray". According to a
      general method of the invention, each component (or zone) is enabled to be
      colored independently of the others by first forming a separate record of
      each component, then encoding each record with a unique spatial carrier,
      and finally combining all of the so-encoded records to form a replica of
      the original pattern in which each component is located in its original
      relation to the other components. The product of this process can be used
      in a Fourier-transform optical reconstruction apparatus to provide an
      optical image of the original pattern in which each component can be
      arbitrarily colored or rendered in black or white (including gray) by
      properly locating selected filters in the apparatus. Alternatively, the
      pattern can be reconstructed with components arbitrarily colored using
      electronic techniques, again from the product of this process. Following
      is a description of an exemplary embodiment of the invention. This
      description refers to a textile fabric, but it will be understood that the
      invention is not so limited, but rather is useful in connection with
      patterns or designs realized in other media as well.
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PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates a pattern or design having separate zones
      each of which may be uniquely colored or rendered in black or white;
PAR  FIG. 2 schematically illustrates a replica of FIG. 1 in which each zone is
      uniquely spatially encoded;
PAR  FIG. 3 is a group of intermediate transparencies each replicating one of
      the zones of FIG. 1;
PAR  FIG. 4 is a block diagram representing the process flow for producing the
      intermediate transparencies of FIG. 3;
PAR  FIG. 5 illustrates the process flow for producing the spatially-encoded
      replica of FIG. 2 from the intermediate transparencies of FIG. 3; and
PAR  FIGS. 6 and 6A schematically illustrate an optical Fourier-transform
      apparatus for reproducing a replica of FIG. 1 with arbitrary color, or
      black or white in each zone.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in a simplified way a fabric design or a pattern of
      differently colored components occupying mutually exclusive areas of the
      total pattern. In this instance, five colors are shown. These are red,
      blue and green, and white and black which, for the purposes of this
      invention, are regarded as colors. The pattern, therefore, has five
      differently colored components, each occupying exclusively an area of the
      pattern. In practice these colored components will normally be intermixed
      in a much more complex manner since each color will be that of an
      individual thread or group of threads woven into the fabric.
PAR  According to the present invention, it is desired to make, as by
      photographic means, a replica of the original pattern in which each
      colored component is encoded with a spatial carrier as is illustrated by
      way of example in FIG. 2. Thus, in FIG. 2 each colored component has
      imposed upon it a diffraction grating oriented at a unique angle relative
      to diffraction gratings that are imposed upon each of the other colored
      components. There being five different color components of the pattern, it
      is convenient to space the gratings about in azimuth by 36.degree.. If
      FIG. 2 is a transparency, then illumination of it in a reconstruction and
      projection system of the Fourier-transform type, as is described and
      illustrated, for example, in U.S. Pat. No. 3,561,859, will enable the
      source of diffracted light for each of the colored components to be
      separately located in space, where it can be arbitrarily colored with the
      use of a filter or filters, as will be explained below, and then the
      entire design can be reassembled optically in the same or similar
      apparatus, with each color component bearing an arbitrarily assigned
      color. In this manner, using a single replica of the original pattern, a
      designer can examine with facility a virtually infinite variety of color
      combinations for that design.
PAR  The creation of a spatially-encoded replica of the original design is made
      through steps, some of which are known. FIG. 3 illustrates a group of
      intermediate transparencies which can be made by techniques that are
      known, for example, from U.S. Pat. No. 1,788,135, issued Jan. 6, 1931 to
      F. Twyman et al. FIG. 3 shows five separate transparencies, labelled (A)
      through (E), respectively. FIG. 3A is a transparency in the form of a
      photographic positive of the red component of FIG. 1. The portion
      corresponding to the red component is transparent while the rest of FIG.
      3(A) is opaque. In FIG. 3B, also a photographic transparency, the portion
      corresponding to the white component of FIG. 1 is transparent, the
      remainder being opaque. In FIG. 3(C), there is shown a green positive in
      which the portion corresponding to the green component of FIG. 1 is
      transparent and the remainder is opaque. In FIG. 3(D), a blue positive,
      the portion corresponding to the blue component of FIG. 1 is transparent
      and the remainder is opaque. FIG. 3(E) shows a black negative in which the
      portion corresponding to the black component of FIG. 1 is transparent and
      the remainder is opaque. A scheme for making the group of intermediate
      transparencies shown in FIG. 3 is illustrated in FIG. 4.
PAR  FIG. 4 shows in block diagram form the general process flow for producing
      the intermediate transparencies. One should distinguish between the
      prior-art tricolor separations, and the present five channel separation
      images. Tri-color separations of the prior art are the conventional black
      and white transparencies one obtains when copying with standard color
      separation filters. The red separation negative, for example, will have
      dark areas corresponding to areas of red, orange, yellow magenta, white or
      any red-component reflective color. The five channel separation images
      with which the present invention is concerned are mutually exclusive; that
      is, the red separation negative will be dark only in exclusively red
      patches and not in red mixture areas such as white. Steps in the process
      are numbered from "1" to "10" in the lower right-hand corner of the
      respective pertinent blocks. The description that follows will refer to
      these steps by number.
PAR  Block 10 represents the swatch of fabric that is to be photographed. Block
      11 represents Step 1 entitled "Categorize." The first step refers to an
      initial inspection of the fabric swatch as a means to generate exposure
      data. One determines if the sample is a print or a weave, if the surface
      is diffuse or specular (soft or hard), if the overall reflectivity is
      high, low or average, if there are no more than five channels, and do the
      various channels have acceptable spectral reflectivity?
PAR  Mounting the swatch -- Step 2 in block 12 -- insures that the proper repeat
      cycle is copied and that a uniform size is obtained. It may also be
      desirable to annotate the sample at this step with an identification
      number and other information designations. The mounting frame should be
      designed to provide ease of handling in a copy camera, and the frame may
      contain exposure information gained in the categorization step.
PAR  The third step, blocks 13, 14, 15, is carried out with a copy camera having
      fixed uniform illumination provisions (3200.degree. K) and color
      separation filters (for red the equivalent of Wratten 25, for green
      Wratten 58, and for blue Wratten 47B). A graphic arts copy camera of the
      kind used in the tricolor separation work can be used. Three tricolor
      separation negatives, representing, respectively, the Red and White, Green
      and White, and Blue and White, color contents of the fabric swatch will be
      made in Step 3. The tricolor separation negatives are then contact
      printed, for example onto Kodalith Ortho film, and suitably developed to
      produce correspondng separation positives, step 4, in blocks 16, 17, 18,
      respectively.
PAR  Any two of the positives from step 4 are then registered and contact
      printed to yield a separation negative, step 5, of the white zone, block
      19. The same film and processing is used as in Step 4. The white zone
      negative is reduced to a positive by contact printing, -- step 6 in block
      20 -- which corresponds to FIG. 3(B).
PAR  The seventh step is to register the white separation negative, block 19,
      with, in turn, each of the tricolor separation positives, blocks 16, 17,
      18, respectively, and make a contact print through each combination,
      blocks 21, 22, 23, respectively. This eliminates the white zone
      contributions in the tricolor separations and yields exclusively red,
      green, and blue zonal separations, which in turn are reversed to positives
      in the contact prints of the eighth step, -- blocks 24, 25 and 26,
      respectively, which in turn correspond to FIGS. 3(A), 3(C) and 3(D),
      respectively.
PAR  The ninth step consists of registering the red, green and blue tricolor
      negatives of blocks 13, 14 and 15 in a contact print to yield the black
      zone positive, block 27, and in the tenth step a contact print is made to
      produce the final black zone mask, block 28, which turns out to be a
      negative, corresponding to FIG. 3(E). That is, the black zone mask is
      clear in all the black areas and opaque everywhere else.
PAR  In the eleventh step, block 30, the five zonal separations in blocks 24,
      25, 26, 20 and 28 are sequentially registered and copied in an encoding
      step, to provide a composite mask like that shown in FIG. 2. This may be
      done generally according to the printing method described by Carlo Bocca,
      U.S. Pat. No. 2,050,417 with reference to a set of three tricolor
      separation diapositives, which correspond to blocks 16, 17 and 18 in FIG.
      4 of the present application. However, as Bocca points out in the
      paragraph on page 1, column 2, starting at line 27, all three systems of
      ruled lines will appear in those parts corresponding to the white areas of
      the subject photographed, and in the white parts the structure of the
      "projection diapositive" will appear as in Bocca's FIG. 1. Further, in the
      black parts the "projection diapositive" will not contain any ruling. In
      the present invention, owing to intervention of the steps which create the
      zonal separations, in blocks 20, 24, 25, 26 and 28, each zone, be it
      representative of a color or of black or white, has its own exclusive
      encoding, no zone has two or more encodings in it, and no zone is without
      any encoding. For encoding purposes, a diffraction grating having 200
      lines per millimeter can be used, and the composite mask is made by
      sequential exposure through it of the five zonal separations, the grating
      being turned 36.degree. from one exposure to the next. A Ronchi ruling in
      a metal film supported on a glass substrate for use as the grating.
PAR  FIG. 5 illustrates schematically the printing method used in the present
      invention. At FIG. 5A, the red positive 3(A), the grating 35 and the
      photographic receptor 36 are aligned for contact printing with the grating
      oriented at 0.degree.. After exposure of the receptor through the red
      positive and the grating, the white positive 3(B) is substituted, the
      grating is turned 36.degree., and the receptor 36 is exposed through this
      configuration as shown in FIG. 5B. Next, the blue positive 3(D) is
      substituted, the grating 35 is turned an additional 36.degree., and the
      receptor is exposed through the configuration shown at FIG. 5(C). Next,
      the black negative 3(E) is substituted, the grating 35 is rotated an
      additional 36.degree. (to 108.degree.) and the receptor is exposed through
      the configuration shown in FIG. 5D. Finally, the green positive 3(C) is
      substituted, the grating is turned to 144.degree., and the receptor 36 is
      exposed through the configuration shown in FIG. 5E. Clearly, the order of
      exposures shown in FIG. 5 is arbitrary, and exemplary only. Whatever the
      order, it is obvious that each zone is printed on a separate and unique
      area of the receptor, and no double exposure can occur, assuming of course
      that proper precautions have been taken to assure registration of the
      successive zonal separations on the receptor 36. The receptor 36 is
      preferably a black-and-white photographic material, characterized by high
      resolution properties, and it is processed to produce a black-and-white
      transparency having the image configuration shown in FIG. 2.
PAR  FIGS. 6 and 6A show an optical display system, similar in principle to that
      of U.S. Pat No. 3,561,859, which may be used to project on a screen 40 an
      image of the original pattern or design shown in FIG. 1, and in which each
      of the separate zones may be given any desired color, in any desired hue
      and intensity. The system is arranged along an optic axis 41--41. The
      principal components shown along the axis are a light-source mask 42,
      color filters 43, a transform lens 44, a slide or transparency 45 which
      corresponds to the encoded composite mask of FIG. 2, a projection lens 47
      fitted with a stop 48, and the screen 40.
PAR  The light source mask 42 is shown in plan view in FIG. 6A. To simplify the
      illustration it is shown as a disc of preferably opaque material having an
      array of light source apertures 51, 52, 53, 54 and 55 through it. These
      apertures are arrayed on an arc and spaced 36.degree. apart between pairs
      of adjacent apertures. Each aperture is at the location of a light source
      for one of the zones in the pattern, and the angular spacing between
      apertures corresponds to the angular spacing between grating lines
      encoding each of the zones. Those skilled in the art will recognize that
      each light source aperture 51-55, respectively, can have a cognate light
      source aperture 51.1 to 55.1, respectively, located diametrically opposite
      it in the disc 42. Likewise, those having such skill will realize that
      light can be supplied in the apertures either by locating individual lamps
      in them, or by bringing light into them from a remote source or sources
      via fiber-optic conductors, as two well-known examples. In any event, the
      aperture or pair of apertures locating the light source for each zone is
      fitted with spectral filter means to impart the desired color or hue to
      that zone. A filter 43 (or a pair of filters 43, 43') is shown in FIG. 6
      in the path of light from the first (0.degree.) light source aperture 51
      (and its cognate aperture 51.1 if used), which lies in the longitudinal
      plane of the illustration and includes the axis 41--41. If desired, a
      neutral density filter, 63 for example, can be included in each light path
      in order to control the intensity of light in each zone.
PAR  If the light source aperture 51 labelled 0.degree. in FIG. 6A is assumed to
      be located on a diameter running vertically through the disc 45 as seen in
      FIGS. 6 and 6A, then the transparency 45 will be placed in the system
      oriented about the axis 41--41 so that the encoded grating lines of the
      zone that is cooperatively related to that aperture will be disposed
      horizontally, that is, 90.degree. around the axis relative to that
      vertical diameter. For convenience, assume that the originally-red zone,
      marked 0.degree. in FIG. 2, is chosen to have its grating lines oriented
      horizontally in the display system. Then, as is taught in U.S. Pat. No.
      3,561,859, first-order light of the diffraction pattern of the grating
      encoding that zone will pass on-axis through the projection lens stop 48,
      and zero-order light will be blocked by the stop. An image of the
      originally-red zone will be formed on the screen, and this image will look
      like the "red (+)" transparency in FIG. 3(A). However, with the spectral
      filter 43, this image can be given any desired color or hue, and with the
      neutral density filter it can be given any desired intensity.
PAR  In like manner, light source aperture 52 and appropriate filter means (not
      shown) can be used to construct the originally-white zone of the pattern
      or design in any desired color or hue, and intensity, light source
      aperture 53 can be used to construct the originally-blue colored zone in
      any desired color or hue, and intensity, and so forth. Especially unique
      is the fact that the originally black zone (FIG. 3(E)) can be
      reconstructed, with the aid of light source aperture 54, in any desired
      color or hue, and intensity, while any other zone can be reconstructed as
      black, or white, as desired, by either blocking, or leaving unfiltered
      spectrally, the light being used to reconstruct it. As is known to those
      skilled in the art, the grating lines that are used to encode the
      separated zones of the original design or pattern will not appear in the
      composite image reconstructed on the screen 40, or in any zonal components
      of it.
PAR  In the example described above, if the master or starting design or pattern
      configuration is embodied in a woven fabric 10, it will be desirable that
      the colored threads of the fabric be colored with an opaque ink or dye,
      and that the spectral range of each color be so narrow that it can be
      filtered to the substantial exclusion of all the other color components.
      This will facilitate the preparation of intermediate, or separation,
      transparencies which have sufficient contrast to yield a composite mask 30
      which will give acceptable separation of the respective zones in the
      display system of FIG. 6. Prior art teachings which employ diffraction
      gratings to achieve optical separation by means of spatial carriers, like
      Bocca (cited above) and Thorp's British Pat. No. 11,466 of 1899, do not
      permit complete zonal separation of components of a pattern, since they
      contain more than one carrier in a given zone, or have zones with no
      carrier at all, nor do they recognize any purpose or utility in treating
      black or white (including gray) as individual "color" zones or components
      of the pattern.
PAR  The embodiments of the invention which have been illustrated and described
      herein are but a few illustrations of the invention. Other alternative
      arrangements may be made within the scope of this invention by those
      skilled in the art. No attempt has been made to illustrate all possible
      embodiments of the invention, but rather only to illustrate its principles
      and the best manner presently known to practice it. Therefore, while
      certain specific embodiments have been described as illustrative of the
      invention, such other forms as would occur to one skilled in this art on a
      reading of the foregoing specification are also within the spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the art of producing visually-pleasing design patterns of differently
      colored components which occupy mutually-exclusive areas and which may
      include either or both of black and white as respective "color
      components," the method of producing a replica of an original pattern of
      components occupying mutually-exclusive areas, which replica is suitable
      for use in an imaging system for producing an image of said original
      pattern and for arbitrarily coloring each component over a selectible
      range of continuously variable intensity independent of the others in said
      image, which method comprises providing a master of said original pattern
      in which each component is photometrically separable substantially in its
      entirety from each of the other components, photometrically separating
      each component from the others to form a record of said component,
      modulating said record uniformly throughout its confines substantially
      exclusively with a spatial-frequency carrier having a unique azimuthal
      orientation and a spatial frequency capable of resolving the individual
      components, and combining all of the so-modulated records to form a single
      replica of the original pattern in which single replica each component is
      located in its original relation to the other components and bears its
      spatial carrier to the exclusion of the spatial carriers of all the other
      components, for visual examination of the collective effect of the
      components of said image of said original pattern when produced with the
      aid of said replica.
NUM  2.
PAR  2. Method according to claim 1 comprising:
PA1  a. forming a separate positive transparency of each of the color components
      except the black component, and forming a negative transparency of the
      black component, each transparency being substantially transparent in the
      area of its component and substantially opaque everywhere else, and
PA1  b. modulating entirely the transparent portion of each transparency with
      said spatial frequency carrier.
NUM  3.
PAR  3. Method according to claim 1 in which each spatial carrier is a
      diffraction grating overlying substantially the entire component area of
      the respective record that it modulates, characterized by the further step
      of preparing the replica by sucessively exposing a photoreceptor to each
      of said records through said grating and giving said grating a unique
      orientation for each record.
NUM  4.
PAR  4. Method according to claim 1 in which there is provided a master of said
      original pattern in which each component bears color of such narrow
      spectral width that light from it can be filtered to the substantial
      exclusion of light from all the other components, which method comprises:
PA1  a. forming a separate positive transparency of each of the colored
      components and the white component, and forming a negative transparency of
      the black component, each transparency being substantially transparent in
      the area of its respective components and substantially opaque everywhere
      else,
PA1  b. modulating entirely the transparent portion of each transparency with a
      diffraction grating having unique orientation for each component, and
PA1  c. exposing the same photoreceptor to each of the so modulated
      transparencies while maintaining registration to produce on the
      photoreceptor an encoded image which is a replica of said pattern.
NUM  5.
PAR  5. In the art of reproducing visually pleasing design patterns of
      differently-colored components occupying mutually-exclusive areas of an
      original pattern, and which may include either or both of black and white
      as respective "color components", the method of arbitrarily coloring each
      component of a reproduced pattern over a selectible range of continuously
      variable intensity independent of and in unison with all the others for
      comparative examination of such design patterns as a whole, which
      comprises providing a master of said original pattern in which each
      component is photometrically separable from all the others,
      photometrically separating each component from the others to form a record
      of said component, modulating said record uniformly throughout its
      confines substantially exclusively with a spatial-frequency carrier having
      a unique azimuthal orientation and a spatial frequency capable of
      resolving the individual components, combining all of the so-modulated
      records to form a single replica of the original pattern in which single
      replica each component is located in its original relation to the other
      components and bears its spatial carrier to the exclusion of the spatial
      carriers of all the other components, illuminating said replica with light
      and modulating said light with said respective spatial carriers so as to
      diffract in a separate direction light that is representative of each of
      said respective components for separating light that is representative of
      each component substantially entirely from light that is representative of
      any of the others of said components, arbitrarily coloring the light that
      is representative of each of said components over a selectible range of
      continuously-variable intensity, forming from the light of all said
      components in unison an image of said replica, for visual evaluation of
      the collective effect of the components of said pattern and, making a
      selection on an artistic basis of images of said replica which bear
      visually pleasing combinations of colored components.
NUM  6.
PAR  6. Method according to claim 5 comprising illuminating said replica with a
      plurality of light beams there being at least one beam for each color
      component of the pattern, the beam or beams for each component being each
      located at an angle to the replica that is so related to the spatial
      carrier of that component that nth-order diffracted light from each said
      beam falls on a common axis with nth-order diffracted light from all said
      beams ("n" being an integer greater than zero which is not necessarily the
      same for the beam or beams for each component), and arbitraily coloring
      the light of each of said beams prior to incidence of said light upon said
      replica.
NUM  7.
PAR  7. Method according to claim 5 comprising the additional steps of:
PA1  a. forming a separate positive transparency of each of the color components
      except the black component, and forming a negative transparency of the
      black component, each transparency being substantially transparent in the
      area of its respective component and substantially opaque everywhere else,
      and
PA1  b. forming said single replica by exposing a photoreceptor successively to
      each of said transparencies through a diffraction grating, while giving
      said grating a unique orientation for each exposure.
NUM  8.
PAR  8. Method according to claim 7 comprising illuminating said replica with a
      plurality of light beams there being at least one beam for each color
      component of the pattern, the beam or beams for each component being each
      located at an angle to the replica that is also so related to the
      orientation of the grating of that component that nth-order diffracted
      light from each said beam falls on a common axis with nth-order diffracted
      light from all said beams ("n" being an integer greater than zero which is
      not necessarily the same integer for the beam or beams for each
      component), and arbitrarily coloring the light of one or more of said
      beams prior to incidence of said light upon said replica.
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ABST
PAL  An illumination means for use in association with a SELFOC image
      transmitter in a photocopying machine. The illumination means comprises at
      least one light generator in the form of a tubular fluorescent lamp or
      similar means emitting light through a slit disposed parallel to the
      longitudinal axis thereof, and an associated light-guide which is made of
      glass, plastic, or other material having a high refractive index, is
      generally equal in length to the light-generator, has a generally
      trapezoidal cross-section, and directs light emitted by the
      light-generator into an illumination slot or shutter means provided in or
      below a document rest for illumination of successive portions of a
      document to be copied, the light-guide broad base and narrow base being
      proximate to, in line with, and generally equal in width to the
      light-generator slit and the document rest slot, respectively. Preferably
      the sides of the light-guide are coated with a reflective film, and a
      certain area of the central portion of the base thereof may be coated with
      a reflective patch to eliminate extra light, and so counteract the
      characteristic tendency of a tubular lamp to produce a greater quantity of
      light at the centre. The means of the invenion presents the advantages
      that there is an even distribution of light for illumination of documents
      to be copied, that there is less consumption of electricity and less
      generation of heat, and that the means consists of unitary elements which
      may be easily assembled.
BSUM
PAR  The present invention relates to an illumination means, and more
      particularly to an illumination means for use in a photocopying machine
      employing in its optical system a "SELFOC" type image transmitter.
PAR  In recent years there has been a general endeavour to provide photocopying
      machines that are more compact, a contribution to this endeavour being,
      for example, the provision of a photocopying machine employing an image
      transmitter constituted by a plurality of "SELFOC" (a trademark registered
      in Japan and owned by Nippon Sheet Glass Co., Ltd.) lenses in a bundled
      configuration.
PAR  The SELFOC lens refers to an image transmitting optical fibre made of glass
      or synthetic resin and having a refractive index distribution in a cross
      section thereof that varies consecutively and parabolically outwards from
      the centre portion thereof, said refractive index distribution satisfying
      the following equation: n = N(1-ar.sup.2), wherein N is a refractive index
      at the centre, n is a refractive index at a distance r from the centre,
      and a is a positive constant.
PAR  In a photocopying machine light is directed onto successive portions of a
      document to be copied and is reflected thereby into an image transmitter
      such as described above which directs this image-carrying light onto
      successive portions of a photosensitive material, which is carried by a
      rotatory drum or other suitable means past a series of work stations for
      effecting in succession various work operations, including, for example,
      charging of the photosensitive material to permit formation thereon of an
      electrostatic image, dusting of charged toner particles which may adhere
      to the photosensitive material in a pattern corresponding to the
      electrostatic image thereon, transfer of the adhering toner particles to a
      sheet of copy paper, and cleaning of the photosensitive material of any
      remnant toner particles.
PAR  A problem associated with conventional image transmitters is that in
      general an image transmitter needs an extremely short optical path length
      (on the order of 50mm for an 800mm size needed by spherical lens assembly,
      for example), and so suitable positioning and mounting of an illumination
      means in a photocopying machine employing a conventional image transmitter
      is rendered difficult.
PAR  Another problem associated with conventional means is that a comparatively
      strong source of light is required if image transmission is to be effected
      satisfactorily. Because this light source is in an enclosed space, the
      heat generated thereby is liable to have an adverse effect on the
      properties of the photosensitive material on which the electrostatic
      images are formed and may also cause softening of the synthetic resin, or
      similar binder, employed to hold the light-conducting fibres of the image
      transmitter in a correct bundles array, thus resulting in the possibility
      of slight displacement of fibres from a correct alignment and lowered
      accuracy and effectiveness of the image transmitter.
PAR  Also, when employing a SELFOC or similar image transmitter, if there is any
      unevenness in the light for illumination of a document being copied and
      transmission of an image thereof along the longitudinal axis of the image
      transmitter, the resulting image formed on a photosensitive material, and
      hence in the completed copy, has striped portions and so is
      unsatisfactory. For this reason, it is necessary to use a slit light
      source and to limit illumination to successive longitudinal portions of
      the document being copied. In other words, the width of the image that can
      be effectively transmitted is limited to the very narrow range defined by
      the aperture angle of an image transmitter.
PAR  It has been attemped to resolve this problem of illumination by the
      employment of a halogen lamp having a continuous filament disposed along
      the longitudinal axis thereof. However, characteristics of a halogen lamp
      are such that it is a large consumer of power, and that it generates a
      large amount of heat, which may adversely affect photosensitive material
      or the image transmitter, as described above.
PAR  It is accordingly an object of the present invention to provide an
      illumination means for use in a photocopying equipment which ensures
      generation of evenly distributed light for carrying images of documents to
      be copied along an image transmitter.
PAR  It is a further object of the invention to provide an illumination means
      which is low in consumption of energy and generates minimum heat.
PAR  In accomplishing these and other objects, there is provided, according to
      the present invention, an illumination means comprising at least one
      tubular light-generator, light from which passes through a slit formed
      along the longitudinal axis thereof into a light-guide, which has a length
      generally equal to that of the light-generator and generally trapezoidal
      cross-section and which directs light for illumination of a document and
      subsequent reflection into an image transmitter onto the document at a
      suitable angle, for example 45.degree.. Illumination of the whole of a
      document is effected by, for example, moving the document in a manner to
      bring the successive portions thereof into line with a transparent slot
      onto which light is directed by the light-guide. Efficiency of the means
      of the invention is increased by the provision of two illumination means,
      which need not necessarily be of the same size, and are disposed
      symmetrically on opposite sides of an image transmitter.
DRWD
PAR  A better understanding of the present invention from the following full
      description of the preferred embodiment thereof when read in conjunction
      with the attached drawings, in which like numbers refer to like parts, and
PAR  FIG. 1 is a schematic lay-out view of a photocopying machine employing an
      illumination means according to the invention;
PAR  FIG. 2 is a perspective view of a light-guide seen from the light exit side
      thereof; and
PAR  FIG. 3 is a perspective view of a light-guide seen from the light-entry
      side thereof, and illustrating internal configuration thereof.
DETD
PAR  Referring to FIG. 1, there is shown, a document 1 which is supported
      horizontally on a document rest 1a provided in an uppermost location in a
      copying machine, and which may be carried, in a conventionally known
      manner, past a slot 1b, through which light may be directed onto and
      reflected from successive portions of the document 1. Light is directed
      onto successive portions of the document 1 by illumination units IL
      according to the invention, which are described in further detail below.
      Image-wise light reflected from the document 1 is directed into a
      vertically aligned image-transmitter 2, which is constituted of SELFOC
      fibres in a bundled configuration and directs the light onto an
      electrophotosensitive medium 10a constituting the outer surface of a drum
      10 which is rotatable about a horizontal axis. When the drum 10 is
      rotated, successive portions thereof are brought into line with a charging
      station 11, including, for example, a corona discharger for imposing a
      uniform charge on the electrophotosensitive medium 10a. After this, the
      charged drum portions are brought into line with the image-transmitter 2,
      which directs image-wise light onto the electrophotosensitive medium 10a
      to form thereon an electrostatic image in correspondence with the contents
      of the document 1. The drum 10 is then carried past a developing station
      13, comprising a rotatory sleeve 13a which is made of an electrically
      conductive material and has provided therein permanent magnets 13b, and
      which charges toner particles 12 supplied thereonto from a suitably
      located hopper 12a, and by rotation, causes the toner particles 12 to
      contact the drum 10, causes certain of the charged toner particles 12 to
      adhere to the electrophotosensitive medium 10a in a pattern defined by the
      electrostatic image, and causes the remaining particles 12 to fall into a
      retainer box 13c surrounding the lower half of the rotatory sleeve 13a.
      The electrostatic image portions of the drum 10 thus coated are then
      carried past a transfer station 15, whereat copy paper 14 supplied thereto
      by a feed-in belt 14a, is charged by a corona discharger, and has
      transferred thereonto the toner particles 12, which are oppositely
      charged, whereby there is formed on the copy paper 14 an image
      corresponding to the contents of the original document 1. The copy paper
      14 adheres slightly to the drum 10 and is carried thereby past the
      transfer station 15, and into contact with a separator pawl 16, which
      separates the copy paper 14 from the drum 10, copy paper 14 being
      subsequently transferred out of the photocopying machine by a feed-out
      belt 14b. Meantime the drum 10 is carried past a so-called eraser lamp 17,
      which cancels remnant electrical charge on the drum 10. Then remnant toner
      particles 12 on the drum 10 are completely removed by a rotatory cleaner
      brush 18, which makes the electrophotosensitive medium 10a clean and ready
      for charging again at the charging station 11, and for effecting
      production of another document copy.
PAR  Still referring to FIG. 1, the illumination units IL are disposed below the
      document rest 1a and on opposite sides of the image-transmitter 2. One is
      slightly larger than the other, and each comprises a light-generator 3 and
      a light-guide 8. Each light-generator 3 is a reflector-type fluorescent
      tube having suitable electrical connection (not indicated) and having an
      outer case defined by a glass tube 4. A reflective film 5 covers the
      entirety of the inner surface of the glass tube 4 except for a band which
      lies parallel to the longitudinal axis of the tube 4 and constitutes in
      effect a slit 6 having a maximum width H. The inside of the reflective
      film 5 is coated with a fluorescent material 7. An imaginary line drawn
      through the centre of the circle defined by the tube 4 and the centre of
      the slit 6 is inclined at approximately 45.degree. to the horizontal and
      an extension thereof passes along the central axis of a light-guide 8,
      which is positioned between the light-generator 3 and the document rest
      1a, to the slot 1b, whereby, at any given time, light from the
      light-generator 3 may illuminate a portion A of the document 1 in line
      with the slot 1b.
PAR  As indicated in greater detail in FIGS. 2 and 3, each light-guide 8 which
      has a length generally equal to that of a light-generator 3, has a
      generally trapezoidal cross section. The lower base of the light-guide 8
      (i.e., the base which is lowermost when the light-guide 8 is mounted in a
      copying machine) is the broader base, and has a width H1 which is
      generally equal to the maximum width H of the light-generator slit 6. The
      upper, narrow base of the light-guide 8 has a width H2 generally equal to
      the width of the slot 1b through which a document portion A may be
      illuminated. The light-guide 8 is made of transparent plastic, glass, or
      other suitable material able to effect faithful transmission of light, and
      the sides thereof are coated with a reflective film 9 formed by spattered
      aluminium, for example.
PAR  Referring back to FIG. 1, in each illumination unit IL on opposite sides of
      the image transmitter 2, a light-guide 8 is positioned between a
      light-generator 3 and the slot 1b, with the lower base thereof aligned
      with the light-generator slit 6, and the upper base thereof being
      proximate to and in line with the slot 1b. Thus, light emitted by a
      light-generator 3 is transmitted through the slit 6 thereof, through the
      corresponding light-guide 8 and into the slot 1b to illuminate a document
      portion A, whose image is reflected downwards into the image transmitter 2
      as described earlier.
PAR  The refractive index of the light-guide 8 is evidently higher than that of
      air, which is the light transmission medium in a conventional means
      employing lamps and focusing mirrors, and to keep dispersion to a minimum
      the height of the light-guide 8, i.e., the distance from base to base
      thereof, is made small. This is also in accordance with the general object
      of keeping the illumination means construction compact to make possible a
      smaller photocopying machine. From the point of view of assembly and
      maintenance, the light-guide 8 has the advantage that it is easily handled
      as a single unit, as opposed to, for example, focusing mirrors which must
      be each separately and carefully set at a particular angle. Also, the
      provision of the light-guide 8 means that a light-generator 3 may be
      positioned much closer to the illumination slot 1b than is possible in
      conventional means, and so needs to produce a smaller quantity of light to
      effect the same illumination of a document. Tests conducted by the
      inventor showed that illumination efficiency with the means of the
      invention is 2 - 3 times greater than that obtainable with conventional
      means. Therefore, with this invention consumption of electrical energy is
      less, and there is less generation of heat to adversely affect other
      elements in a photocopying machine.
PAR  A characteristic of a fluorescent tube such as employed for the
      light-generator 3 is that emission of light at the ends thereof is
      generally less than at the centre thereof, thus resulting in uneven
      illumination of a document portion A. Conventionally, a method for
      resolving this problem is to provide in front of the fluorescent tube,
      i.e., facing the light emission side thereof, a differential filter having
      greater transmittivity at the ends than at the centre, to counterbalance
      the effects due to the light emission characteristics of the fluorescent
      tube. Such a method, however, has the disadvantage that the filter is a
      delicate piece of extra equipment which is difficult to mount accurately.
      According to the present invention, this problem is resolved simply by the
      inclusion of an additional reflective film portion 9a, which, as shown in
      FIG. 3, covers a generally semi-circular area formed at the central
      portion of one edge of the light-guide lower base. This reflective film
      portion 9a reduces the effective width Hl, and hence the amount of light
      transmittable, at the centre of the light-guide 8, and also causes a
      certain portion of the light received at the light-guide 8 from the
      light-generator 3 to be not transmitable, thus resulting in an even
      distribution of light transmitted through the light-guide 8.
PAR  The photocopying machine in which the abovedescribed embodiment of the
      invention may be employed, was described as a machine in which a document
      to be copied is moved relative to a stationery illumination slot and
      illumination and image transmitter means. Needless to say, however, the
      means of the invention may be employed equally well in other types of
      photocopying machine, for example, one in which illumination and image
      transmission means are moved to scan successive portions of a stationary
      document, or one in which photosensitive material for reception and
      subsequent transfer of an image is transported over a path, which may have
      varying shape, by a conveyor belt, rather than by a drum.
PAR  Further, whereas the invention has been described in detail with reference
      to a preferred embodiment of the invention, it will be understood that
      variations and modifications can be effected within the scope of the
      invention. For example, a light-generator 3 may be surrounded except for a
      slit 6' by a tubular reflecting mirror rather than being coated with a
      reflective film, the light-guide 8 need not essentially be coated with a
      reflective film 9, since dispersion of light in the light-guide 8 is very
      small, or the lower base of the light-guide 8 rather than being flat may
      be curved with the same angle of curvature as the outer surface of the
      light-generator 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved illumination means for use in a photocopy machine which uses
      in its optical system an image transmitter comprised of a plurality of
      image transmitting fibers bundled together to transfer the illuminated
      object image being copied to the copying means within the copying machine,
      said improvement comprising:
PA1  at least one tubular light-generation means positioned adjacent said image
      transmitter for generating the light necessary to illuminate the object
      image being transmitted through the image transmitter and having a light
      emission slit parallel to the longitudinal axis thereof directed toward
      the object to be illuminated;
PA1  at least one light-guide means of light conductive material having a
      trapezoidal longitudinal cross-section, the wide base of the trapezoidal
      shape positioned adjacent the emission slit of the light generation means
      and the narrow base of the trapezoidal shape directed toward the object to
      be illuminated; and
PA1  light distribution means centered on the base of the light guide means
      adjacent said light emission slit for ensuring even distribution of the
      light from the light emission slit entering the light guide means across
      the entire cross-section area of the base of said light guide means.
NUM  2.
PAR  2. An improvement as claimed in claim 1 wherein said light distribution
      means is comprised of a generally semi-circular opaque material centered
      on the broad base of the light guide means adjacent to the light emission
      slit of the light generation means, whereby the light transmitted to the
      center of the light guide means from the center of the tubular
      light-generation means is reduced and the light from the tubular
      light-generation means is evenly distributed through the light guide
      means.
NUM  3.
PAR  3. An improvement as claimed in claim 1, wherein said light generator and
      light guide means are symmetrically provided on two opposite sides of said
      image transmitter directed toward the object to be illluminated.
NUM  4.
PAR  4. An improvement as claimed in claim 3, wherein the sides of said light
      guide means are coated with a reflective film.
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ABST
PAL  An active crossmixer comprising a pair of rotatably driven augers and a
      baffle for partially submerging the augers in developer is mounted in the
      development system of an electrostatic processor above the sump in a
      position to intercept the developer returning from the development zone
      and any additional toner added to maintain the toner concentration at a
      suitable high level. The developer is divided between the augers which, in
      turn, laterally transport the developer in opposite directions.
      Preferably, the baffle is apertured so that developer not only flows over
      the ends of the baffle but also through the baffle, thereby distributing
      the developer across the full width of the sump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to development systems for electrostatic processors
      and, more particularly, to crossmixers for such systems.
PAR  In a conventional electrostatic printing process of the type described in
      Carlson's U.S. Pat. No. 2,297,691 on "Electrophotography," a uniformly
      charged photoreceptor is selectively discharged in an image configuration
      to provide a latent electrostatic image which is then developed through
      the application of a finely divided, resinous material, called "toner." As
      is known, that process has enjoyed outstanding commercial success,
      especially in plain paper copiers and duplicators. Nevertheless,
      substantial effort and expense are still being devoted to the perfection
      of the process, including the development step.
PAR  The vehicle normally used in electrostatic processors to deliver the toner
      is a multi-component developer comprising toner particles and relatively
      coarse "carrier" particles. The toner and carrier (or sometimes carrier
      coating) are formed from materials which are removed from each other in
      the triboelectric series, thereby enabling a triboelectric charging
      process to be employed to induce electrical charges of opposite polarities
      on the toner and carrier particles. The polarity of the charge for the
      toner particles is selected to oppose the charge of the latent image so
      that there are competing electrostatic forces acting on those particles.
      Specifically, the toner particles at least initially tend to be attracted
      to the carrier particles, but are subject to being electrostatically
      stripped therefrom whenever the developer is brought into the immediate
      proximity of or actual contact with an image bearing photoconductor.
PAR  Provision is commonly made in existing development systems for adding
      additional toner to the developer from time-to-time so that the toner
      concentration remains at a suitable high level. Additionally, there are
      passive and active crossmixers for maintaining a more or less uniform
      distribution of toner throughout the supply of developer so that the
      developer may be recirculated numerous times without a marked reduction in
      the quality of the copies produced.
PAR  Active crossmixers are externally powered, rather than being wholly
      dependent on gravity. Consequently, they have several advantages over
      passive ones. For example, they tend to be (1) better suited to use in
      compact development systems, (2) less sensitive to variations in the
      developer charge and (3) at least potentially more effective in (a)
      blending the toner and carrier particles, (b) reducing the incidents of
      toner impaction and (c) promoting the triboelectric charging of the toner
      and carrier particles. Conventional crossmixers of this type have not,
      however, met with complete success. The primary reason for that is that
      the usual practice of forming an active crossmixer by fully submerging one
      or more rotatably driven augers in the developer sump means that
      substantial input power is required to drive the crossmixer and also
      creates the risk that significant amounts of developer will bypass the
      crossmixers.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the primary aim of this invention is to provide a relatively
      efficient active crossmixer for use in development systems of
      electrostatic processors. In more detail, an object is to provide an
      active crossmixer which is more efficient than those that are now
      available, whether measured in terms of the blending and crossmixing
      achieved per unit of input power or in terms of the percent of
      recirculated developer which bypasses the crossmixer.
PAR  To carry out these and other objects of the invention, an active crossmixer
      comprising a pair of rotatably driven augers and a baffle for partially
      submerging the augers in developer is mounted in the development system of
      an electrostatic processor above the sump in a position to intercept the
      developer returning from the development zone and any additional toner
      added to maintain the toner concentration at a suitably high level. The
      developer is divided between the augers which, in turn, laterally
      transport the developer in opposite directions. Preferably, the baffle is
      apertured so that developer not only flows over the ends of the baffle but
      also through the baffle, thereby distributing the developer across the
      full width of the sump.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent when the
      following detailed description is read in conjunction with the attached
      drawings, in which:
PAR  FIG. 1 is a simplified schematic diagram of an electrostatic processor
      having a development system embodying the present invention;
PAR  FIG. 2 is a sectional view illustrating the basic components of the
      development system;
PAR  FIG. 3 is another sectional view illustrating further features of the
      development system;
PAR  FIG. 4 is a fragmentary elevational view showing the provision made in the
      development system to compensate for run-out variations in the drum of the
      processor;
PAR  FIG. 5 is an isometric view illustrating the split housing provided for the
      development system in its closed or operational state;
PAR  FIG. 6 is another isometric view showing the split housing in its open or
      non-operational state;
PAR  FIGS. 7a - 7c are fragmentary views of a failsafe mechanism for releasably
      latching the sections of the housing together;
PAR  FIG. 8 is a top view of the baffle for the partially submerged, auger-type
      cross-mixer included in the development system; and
PAR  FIG. 9 is a perspective view with a cut away section illustrating a
      suitable toner reclaiming system.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  While the invention is described in some detail hereinafter with reference
      to a specific embodiment, it is to be understood that there is no desire
      to limit it to that embodiment. On the contrary, the intent is to cover
      all modifications, alternatives and equivalents falling within the spirit
      and scope of the invention as defined by the appended claims.
PAR  Turning now to the drawings, and at this point especially to FIG. 1, it
      will be seen that the invention is embodied in a development system 11
      which is used in an electrostatic processor 12 to develop latent
      electrostatic images carried by a photoconductor 13 on the fly - viz., as
      the photoconductor 13 moves through a development zone 14. In this
      instance, the photoconductor 13 is coated on the surface of a rotatable
      drum 15. It will be apparent, however, that there are other suitable
      machine configurations, including one wherein a flexible photoconductor is
      supported by a belt-like substrate.
PAR  There is no reason to dwell at length on the processor 12. It is simply an
      exemplary environment for the invention, and it closely resembles a
      commercially available "4000" copier of Xerox Corporation as modified to
      include the new development system 11. Thus, anyone interested in the
      specific details of that copier can inspect one of the commercially
      available units and refer to the published literature describing it, such
      as U.S. Pat. No. 3,724,019, which issued Apr. 3, 1973 in the name of Alan
      L. Shanly. Nevertheless, a brief functional description may be helpful.
PAR  Considering the processor 12 on that level, it will be observed that the
      drum 15 and its related components are enclosed within a housing 16 which
      has a transparent platen 17 for supporting a document or other objects
      (i.e., subject copy) image side down in position to be copied. The drum 15
      is rotatably driven in the direction of the arrow (counterclockwise as
      shown) so that the photoconductor 13 is sequentially advanced during each
      copying cycle through a charging station 18, an exposure station 19, the
      development zone 14, a transfer station 21, and a cleaning station 22.
PAR  At the outset of each copying cycle, the photoconductor 13 is uniformly
      charged by a corona generator 23 as it advances through the charging
      station 18 and then selectively discharged in response to light reflected
      from the subject copy as it advances through the exposure station 19.
      There is, therefore, a latent electrostatic image of the subject copy on
      the photoconductor 13 when it reaches the development zone 14.
PAR  To carry out the exposure step, this particular copier comprises a scanning
      lamp 24 which is driven from one side to the other of the platen 17 during
      each copying cycle by a double helix auger drive 25 to illuminate
      successive lines or strips of the subject copy from below. The light
      reflected from the subject copy, which is intensity modulated in
      accordance with the image to be copied, is focused on the photoconductor
      13 by a movable lens 26, a pair of stationary mirrors 27 and 28, and an
      exposure slit 29. To maintain the focus, the movable lens 26 is laterally
      driven in timed synchronism with the scanning lamp 24. That is
      accomplished by means of a linkage 31 which has a follower 32 riding on a
      camming surface 33 which, in turn, is mounted for rotation with the drum
      15.
PAR  As described in detail hereinbelow, the development system 11 applies toner
      to develop the image carried by the photoconductor 13 as it advances
      through the development zone 14. The toner charge is then partially
      neutralized by a pre-transfer corona generator 30, thereby conditioning
      the toner image for transfer to a copy sheet under the influence of
      transfer corona generator 34 at the transfer station 21. The copy sheet is
      selectively fed from one of two supply trays 35 and 36 and is brought into
      contact with the photoconductor 13 by a sheet feeding and registration
      mechanism schematically shown at 37.
PAR  After the image has been transferred, the drum 15 rotates beneath a detack
      corona generator 38 which, at least partially neutralizes the charge
      previously provided by the transfer corona generator 34, and then beneath
      a vacuum-type stripper 39. The stripper 39 removes the copy sheet from the
      photoreceptor 13 and transports it into a nip between a pair of heated
      fuser rolls 41 and 42.
PAR  The fuser rolls 41 and 42 supply heat and pressure for fixing the toner
      image to the copy sheet so that the copy which is ultimately fed into the
      output tray 43 has a substantial degree of permanence. To minimize the
      tendency for toner to offset during the fusing process, there is a
      reservoir 44 with a wick 45 for applying a release agent such as silicone
      oil, to the lower fuser roll 41, which is the one that engages the image
      bearing side of the subject copy.
PAR  While fusing is taking place, the photoreceptor 13 continues to advance
      into the cleaning station 22 where there is a pre-cleaning corona
      generator 46 for at least partially neutralizing the charge tending to
      hold residual toner on the photoconductor 13 followed by a resilient
      cleaning blade 47 for wiping the residual tones from the photoconductor 13
      in preparation for the next copying cycle. The toner reclaimed at the
      cleaning station 22 is returned to the development system 11 through a
      toner transport mechanism 48.
PAR  As shown in FIGS. 2 and 3, the development system 11 is a so-called
      "magnetic brush" unit having a series of four development rolls 51-54
      positioned in parallel spaced apart relationship along the length of the
      development zone 14 for bringing developer into contact with the
      photoconductor 13. The development rolls 51-54 are mounted in a housing 55
      which comprises a sump 56 for storing a supply of developer, a series of
      three magnetic transport rolls 57-59 for transporting developer from the
      sump 56 to the first or lowermost development roll 51, and a slide 61 for
      guiding developer from the last or uppermost development roll 54 to a
      crossmixer 62. As explained more fully hereinbelow, the crossmixer 62
      conditions the incoming developer for recirculation and then returns it to
      the sump 56. Some toner is, of course, removed from the developer each
      time an image is developed. Thus, there is a toner dispenser 63 mounted on
      the housing 55 in a position directly above the crossmixer 62 for adding
      fresh toner to the developer from time-to-time so that its toner
      concentration remains at a suitably high level.
PAR  This type of development system is conventionally supplied with a
      multi-component developer comprising finely divided, resinous toner
      particles and relatively coarse, ferromagnetic carrier particles. The
      materials for the toner and carrier (or sometimes carrier coating) are
      removed from one another in the triboelectric series so that a
      triboelectric charging process may be relied upon to induce electrical
      charges of opposite polarities on the toner and carrier particles.
      Moreover, the materials are selected so that the charge imparted to the
      toner particles opposes the charge of the latent images which are to be
      developed. Therefore, in operation, there are competing electrostatic
      forces acting on the toner particles, whereby those particles are at least
      initially attracted to the carrier particles, but are subject to being
      electrostatically stripped therefrom whenever the developer is brought
      into the immediate proximity of or actual contact with the photoconductor
      13.
PAR  As best shown in FIG. 3, developer flowing through an opening 60 near the
      bottom of the sump 56 is transported along a generally S-shaped path by
      the transport rolls 57-59 and is then fed upwardly between the
      photoconductor 13 and successive ones of the development rolls 51-54. The
      developer within this part of the system is magnetically constrained.
      Specifically, the development rolls 51-54 and the transport rolls 57-60
      comprise permanent magnet assemblies 64-70, respectively, which are
      supported within separate non-magnetic, cylinderical sleeves 71-77 to
      provide stationary magnetic fields. Those fields entrain the developer on
      the sleeves 71-77 which, in turn, are rotatably driven in the direction
      indicated by the arrows so that the developer advances from roll-to-roll
      as previously described.
PAR  Characteristically, the fields provided by the magnetic assemblies 64-67 of
      the development rolls 51-54 are shaped so that the developer tends to
      collimate as it passes between those rolls and the photoconductor 13,
      thereby forming bristle-like stacks of developer which brush against the
      photoconductor 13. To ensure that the "magnetic brushes" thus formed have
      a more or less uniform profile across the width of the development zone
      14, there is in this instance a timmer bar 78 secured to the outer surface
      of the forward sidewall 79 of the sump 56 for leveling the developer
      magnetically entrained on the first transport roll 57.
PAR  Referring to FIG. 4, one of the important features of the development
      system 11 is that provision is made to compensate for variations in the
      radial run-out of the drum 15. It has been found that variations of that
      type tend to be distributed circumferentially about the drum 15 and are
      sometimes of sufficient magnitude to adversely affect the development
      process. In recognition of that, means are provided for automatically
      moving at least the last or uppermost development roll 54 toward and away
      from the axis of the drum 15 in response to the run-out variations,
      thereby maintaining a substantially constant spacing or gap between that
      roll and the photoconductor 13. As will be appreciated, the uppermost
      development roll 54 is the most ciritical one because it has the last pass
      at any latent image carried by the photoconductor 13.
PAR  More particularly, to compensate for the variations in the drum run-out,
      the opposite ends of the shafts 81-84 of the development rolls 51-54,
      respectively, are supported in journals by a pair of brackets 85 and 86
      which are, in turn, pivotally mounted for rotation about the axis of the
      first or lowermost development roll 51. Followers 87 and 88 (see also
      FIGS. 5 and 6) are mounted on the brackets 85 and 86, respectively,
      adjacent the uppermost development roll 54, and the brackets 85 and 86 are
      biased toward the drum 15 by separate bias srings 89 (only one can be
      seen) so that the followers 87 and 88 ride, say, on the surface of the
      drum 15 outboard of the photoconductive surface 13. Consequently, the
      brackets 85 and 86 pivot to move the development rolls 52-54 toward and
      away from the drum 15 in response to variations in the radial run-out of
      the drum 15. Accordingly, it will be understood that this provision not
      only maintains a substantially constant spacing between the uppermost
      development roll 54 and the photoconductor 13, but also tends to reduce
      the variations in the spacing between the intermediate development rolls
      52 and 53 and the photoconductor 13.
PAR  Preferably, the followers 87 and 88 are disc-like and free to rotate so
      that they apply little, if any, drag to the drum 15. As shown, a rod 90
      may be connected between the followers 87 and 88 to stiffen the housing
      55.
PAR  Turning next to FIGS. 5 and 6, another important feature of the development
      system 11 is that the housing 55 is "split" so that most of the
      maintenance which may be called for from time-to-time to keep the system
      in a fully operational state can be carried out without moving its
      position sensitive components, such as the development rolls 51-54. To
      accomplish that, as shown, the housing 55 comprises a stationary section
      91 for the development rolls 51-54, the transport rolls 57-59 and the
      slide 61, together with a movable section 92 for the sump 56, the
      cross-mixer 62 and the toner dispenser 63. The movable section 92 is
      supported by suitable bearing blocks 93 (only one can be seen) on a pair
      of generally horizontal, parallel rails 94 and 95 which extend
      substantially perpendicularly from the axis of the drum 15. Consequently,
      when maintenance is required, the movable section 92 of the housing 55 is
      slid back from the stationary section 91, thereby providing access to most
      any area requiring attention. It follows, therefore, that the time
      consuming task of resetting the nominal spacings between the development
      rolls 51-54, on the one hand, and the photoconductor 13, on the other, is
      an exceptional maintenance procedure, rather than a normal one.
PAR  To further simplify the maintenance procedures, an indirect drive 96 is
      provided for the movable section 92 of the developer housing 55. To that
      end, in the illustrated embodiment, power is transferred to that section
      through a sprocket wheel 97 which engages with and disengages from a drive
      belt 98 as the movable section 92 of the housing 55 is moved toward and
      away from the stationary section 91. The drive belt 98 is trained around a
      series of sprocket wheels 101-108 which are carried by the stationary
      section 92, and the sprocket wheel 101 is pinned to a drive shaft 111
      which, in turn, is coupled to a motor 112 by a gear reduction box 113 and
      a belt and pulley mechanism 114.
PAR  In the interest of completeness, it is appropriate to note at this point
      that the first or lowermost development roll 51 and the transport rolls
      57-59 are directly driven by the sprocket wheels 103-106, respectively.
      The other development rolls 52-54 are, however, indirectly driven off the
      sprocket wheel 103 by a gear train 121-127 so that the bracket 85 is free
      to pivot in response to variations in the radial run-out of the drums 15,
      without affecting the tension on the drive belt 98.
PAR  Referring now to FIGS. 7a-7c, still another noteworthy aspect of the
      development system 11 is that the two sections 91 and 92 of the housing 55
      are releasably latched by a catch mechanism 131 which is interlocked with
      a flow gate 132 so that the housing 55 can be "split" only after the gate
      132 has been closed to interrupt the flow of developer from the sump 56.
      This precaution is taken because any significant risk of developer being
      accidentally spilled or otherwise discharged from the housing 55 would
      weigh heavily against its use, despite all of its advantages.
PAR  As illustrated, the flow gate 132 is similar to the "Developer Shut-Off
      Apparatus" described and claimed in a copending and commonly assigned
      United States patent application of Richard E. Smith, which was filed Apr.
      29, 1974 under Ser. No. 464,862. That is, it includes a rotatable shaft
      133 which is journalled in the movable section 92 of the housing 55 to
      swing a permanent magnet 134 mounted on the lower end of a bracket 135
      toward and away from the sump 56 under the control of a manually operable
      lever arm 136. A straightforward linkage suffices. Here, for example, the
      lower end of the lever arm 136 is pinned to the shaft 133 which, in turn,
      is attached by a weld or the like to the upper end of the bracket 135.
PAR  To permit the flow of developer to be selectively turned "on" and "off,"
      the magnet 134 extends across substantially the full width of the sump 56
      and is poled to attract the ferromagnetic carrier component of the
      developer. Additionally, the strength of the magnet 134 and the length of
      the bracket 135 are selected so that the influence on the developer of the
      magnetic field supplied by the magnet 134 varies between a fully
      controlling level and a negligible level as a function of the position of
      the lever arm 136. Specifically, as best shown in FIG. 7a, the field is
      fully controlling when the lever arm 136 is advanced to, say, a clockwise
      limit because the magnet 134 then abuts the sump 56 at approximately the
      level of the discharge opening 60 (the solid line position). That causes
      the developer to bridge the opening 60, thereby interrupting the flow of
      developer. Contraiwise, when the lever arm 136 is moved to its other or
      counterclockwise extreme (its phantom line position), the magnet 134 is
      sufficiently remote from the sump 56 to insure that its field has little,
      if any, effect on the flow of developer. Of course, the attractive force
      between the magnet 134 and the ferromagnetic component of of the developer
      increases as the magnet 134 approaches the sump 56 so that there is a bias
      which is effective even before the magnet 134 reaches the sump 56 to urge
      the magnet 134 theretoward. That bias must, therefore, be overcome
      whenever it is desired to restore the system to an operational state.
PAR  The catch mechanism 131, on the other hand, comprises a link 137 with a
      hook 138 at its outer end which is selectively engaged with and disengaged
      from a pin 139 under the control of another manually operable lever arm
      141 to latch and de-latch, respectively, the two sections 91 and 92 of the
      housing 55. There desirably is a second catch 142 on the opposite side of
      the housing 55 (FIGS. 5 and 6). However, the one shown in FIGS. 7a-7c is
      not only representative, but also provides a basis for describing the
      aforementioned interlock.
PAR  Concentrating, therefore, on the catch 131, it will be seen that the pin
      139 is anchored on the stationary section 91 of the housing 55 and that
      the link 137 is secured to the other or movable section 92 by means of a
      fixed pivot 143 for the lever arm 141. The lever arm 141 rotates on the
      pivot 143, but the link 137 preferably follows a reasonably rectilinear
      path to reduce the risk of mechanical jams occurring during the latching
      and delatching processes. For that reason, the link 137 is connected to
      the lever arm 141 by a floating pivot 144 and includes a slotted cam track
      145 which rides on a peg 146 fastened to movable section 92 of the housing
      55. The relative locations for the fixed pivot 143 and the floating pivot
      144 are chosen so that the cam track 145 tends to travel upwardly and
      downwardly on the peg 146 in response to counterclockwise rotation and
      clockwise rotation, respectively of the lever arm 141. Further, the link
      137 is sequentially urged in a generally horizontal direction and a
      generally vertical direction. For example, to carry out the de-latching
      process, the lever arm 141 is rotated in a clockwise direction, thereby
      moving the link 137 first forwardly to release the hook 138 from the pin
      139 and then downwardly to provide a vertical clearance between the link
      137 and the pin 139 (FIG. 7b). Conversely, to carry out the latching
      process, the lever arm 141 is rotated in a counterclockwise direction,
      thereby moving the link 137 initially upwardly and then rearwardly to seat
      the hook 138 on the pin 139 (FIG. 7a). In passing, it should be noted that
      there are mating flanges 118 and 119 on the stationary and movable
      sections 91 and 92, respectively, of the housing 55 and that at least one
      of those flanges carries a gasket 150 or the like which provides a seal
      between the two sections 91 and 92 of the housing 55 when the catches 131
      and 142 are engaged.
PAR  Indeed, one of the special advantages of the provision made to prevent the
      catch 131 from being released while the flow gate 132 is open is that the
      flow gate 132 may be opened and closed at will while the catch 131 is
      engaged. As a practical matter, that means that the stationary section 91
      of the housing 55 may be purged of developer, without compromising the
      aforementioned seal, simply by closing the flow gate 132 to interrupt the
      flow of developer from the sump 56 and thereafter operating the system for
      a short period of time sufficient to enable the developer previously
      admitted to the stationary section 91 to return to the movable section 92
      via the transport rolls 57-59, the development rolls 51-54 and the slide
      61 (FIG. 3).
PAR  Specifically, in the illustrated embodiment, there are two more or less
      independent interlocks for thwarting any attempt to release the catch 131
      while the flow gate 132 is still open. First, there is a lug 147
      projecting rearwardly from the lever arm 136, together with a
      complementary notch 148 on the inner shoulder of the link 137. When the
      catch 131 is engaged and the flow gate 132 is open, the lug 147 seats in
      the notch 148, suitably with the assistance of a retaining spring 149.
      Under those circumstances, the catch 131 cannot be disengaged inasmuch as
      the notch 148 is spaced from the pivot 144. Should the primary interlock
      fail for one reason or another, there still is a secondary interlock to
      prevent the catch 131 from being prematurely released. Here, the back-up
      protection is afforded by providing the lever arms 141 and 136 of the
      catch 131 and flow gate 132, respectively, with separate handles 151 and
      152 which are configured so that the latter interferes with the movement
      of the former in the event of any attempt to release the catch 131 while
      the flow gate 132 is still open.
PAR  Referring now to FIGS. 2, 3, 6 and 8, yet another significant feature of
      the development system 11 is that the crossmixer 62 is a partially
      submerged, active crossmixing device which is mounted above the sump 56 in
      position to intercept not only the developer returning from the
      development zone 14 via the slide 61, but also any additional toner
      supplied by the toner dispenser 63. Among the reasons that the crossmixer
      62 is especially noteworthy are that it requires relatively little power
      but still provides effective crossmixing and blending by virtue of being
      only partially submerged in a continuously changing, locally confined
      supply of developer. The temporary, local confinement of the developer is
      a particularly important concept because it reduces the risk of developer
      by passing the crossmixing process.
PAR  More particularly, as shown, the crossmixer 62 comprises a pair of screw
      augers 155 and 156 which are supported on generally parallel, rotatably
      mounted shafts 157 and 158, respectively, above a baffle 159 which has a
      central flow splitting region 171 disposed between a pair of generally
      U-shaped channels 172 and 173. The augers 155 and 156 and the baffle 159
      extend across substantially the full width of the movable section 92 of
      the housing 55, but are slightly spaced from the sides thereof. The
      channels 172 and 173 of the baffle 159 partially cup the augers 155 and
      156, respectively, but are spaced a short distance therefrom. The flow
      splitting region 171 of the baffle 159 is, in turn, vertically aligned
      with the toner dispenser 63 and roughly in the middle of the flow path for
      developer from the slide 61 so that it divides the developer and fresh
      toner more or less evenly between the channels 172 and 173. Preferably,
      there are several small apertures 163 passing through the channels 172 and
      173 at spaced apart points along the length thereof to aid in maintaining
      a more or less even level of developer within the sump 56.
PAR  In operation, the augers 155 and 156 are rotated to laterally translate the
      developer toner loads of the channels 172 and 173 in opposite directions.
      Here, the augers 155 and 156 have the same hand (e.g., both right-hand
      devices) and are, therefore, counter-rotated by means of a pair of meshed
      gears 161 (only one can be seen in FIG. 6) which are coupled to the
      sprocket wheel 97. The same result could, however, be achieved by rotating
      them in the same direction if one happened to have a right-hand lead and
      the other a left-hand lead. In either event, the developer toner entering
      one or the other of the channels 172 and 173 dwells therein under the
      direct influence of the auger 155 or 156 until it finds its way out
      through one of the apertures 163 or over the outboard edges of the baffle
      159. In practice, of course, the incoming and outgoing flows to and from
      the crossmixer 62 tend to balance.
PAR  Turning now to FIG. 9 for the details of an exemplary toner reclaiming
      system 48, it will be seen that it includes an elongated, rotatably
      driven, helical spring 166 which is encased in a flexible jacket 167 to
      transport toner from a funnel-like pick-up chute 165 to an elongated
      discharge port 171. The pick-up chute 165 is mounted (by means not shown)
      to accept toner recovered at the cleaning station 22 (FIG. 1), and the
      discharge port 171 is positioned to dump the recovered toner onto the
      slide 61 in the stationary section 91 of the developer housing 55.
      Preferably, the spring 166 is driven from the downstream end so that it
      tends to expand or "windup" when subjected to a load. For that reason, the
      drive for the developer housing 55 comprises a coupling 167 and a pair of
      meshed gears 168 and 169 for driving the spring 166 with the sprocket
      wheel 108.
PAR  The augers or baffle may, if desired, be made of a conductive material and
      electrically grounded whereby excessive charge is drained from the carrier
      particles while the developer is being mixed and blended. In addition, the
      augers or baffle may be coated with a material selected to augment the
      triboelectric charging of the toner particles or with a release agent
      selected to inhibit toner from adhering thereto. Furthermore, the augers
      or baffle may have a roughened surface finish whereby developer is
      mechanically abraded while being mixed and blended, thereby inhibiting
      said toner particles from mechanically impacting on the carrier particles.
PAC  CONCLUSION
PAR  In view of the foregoing, it will now be appreciated that a development
      system with several advantageous features has been described. Accordingly,
      it should be understood that the feature of principal concern here is the
      crossmixer. The split housing is the subject of a copending, concurrently
      filed application of Richard E. Smith and John E. Forward, Ser. No.
      525,530; and the roll mounting is the subject of another copending,
      concurrently filed application of John E. Forward, Ser. No. 525,529.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a development system for developing latent electrostatic images
      carried by a substrate through the use of a developer containing
      triboelectrically charged toner and carrier particles; said system
      including a sump for storing a first supply of developer, and means for
      circulating developer along a predetermined path running from said sump,
      across said substrate and then back to said sump; the improvement
      comprising an active crossmixer positioned in said path above said sump
      for mixing and blending developer returning to said sump; said crossmixer
      including a baffle positioned in said path remote from said sump to
      provide a second continuously changing, locally confined supply of
      developer in addition to said first supply, and a rotatably driven auger
      mounted above said baffle and partially submerged in said second supply
      said auger being partially cupped by said baffle for laterally translating
      said locally confined supply of developer.
NUM  2.
PAR  2. The improved development system of claim 1 further including a toner
      dispenser mounted above said crossmixer for adding additional toner to
      said developer from time-to-time.
NUM  3.
PAR  3. The improved development system of claim 1 wherein at least one of said
      augers and baffle is an electrically conductive grounded member, whereby
      excessive charge is drained from said carrier particles while said
      developer is being mixed and blended.
NUM  4.
PAR  4. The improved development system of claim 1 wherein at least one of said
      auger and baffle is coated with a material selected to augment the
      triboelectric charging of said toner particles.
NUM  5.
PAR  5. The improved development system of claim 1 wherein at least one of said
      auger and baffle is coated with a release agent selected to inhibit toner
      from adhering thereto.
NUM  6.
PAR  6. The improved development system of claim 1 wherein at least one of said
      auger and baffle has a roughened surface finish, whereby said developer is
      mechanically abraded while being mixed and blended, thereby inhibiting
      said toner particles from mechanically impacting on said carrier
      particles.
NUM  7.
PAR  7. In a development system for developing latent electrostatic images
      carried by a substrate through the use of a developer containing
      triboelectrically charged toner and carrier particles; said system
      including a sump for storing a supply of developer, and means for
      circulating developer along a predetermined path running from said sump,
      across said substrate and then back to said sump; the improvement
      comprising a partially submerged active crossmixer positioned in said path
      above said sump for mixing and blending developer returning to said sump;
      said crossmixer including a pair of augers, and a baffle mounted below
      said augers; said baffle having separate channels partially cupping
      respective ones of said augers and a central flow splitting region for
      dividing the developer returning to said sump between said channels; said
      crossmixer further including means for rotatably driving said augers,
      whereby the developer in one of said channels is laterally translated in
      one direction and the developer in the other of said channels is laterally
      translated in the opposite direction.
NUM  8.
PAR  8. The improved development system of claim 7 wherein said baffle is
      apertured at spaced apart intervals along said channels to assist in
      maintaining a generally uniform level of developer in said sump.
NUM  9.
PAR  9. The improved development system of claim 7 further including a toner
      dispenser mounted above said crossmixer in vertical alignment with the
      flow splitting region of said baffle for adding additional toner to said
      developer from time-to-time.
NUM  10.
PAR  10. The improved development system of claim 9 wherein said baffle is
      apertured at spaced apart intervals along said channels to assist in
      maintaining a generally uniform level of developer in said sump.
NUM  11.
PAR  11. The improved development system of claim 9 wherein said augers have the
      same hand and are counter-rotated to laterally translate the developer in
      said channels in opposite directions.
NUM  12.
PAR  12. In a development system for developing latent electrostatic images
      carried by a substrate through the use of a developer containing
      triboelectrically charged toner and carrier particles; said system
      including a sump for storing a first volume of developer, and means for
      circulating developer along a predetermined path running from said sump,
      across said substrate and then back to said sump; the improvement
      comprising an active crossmixer positioned in said path intermediate said
      substrate and said sump, said crossmixer comprising retaining means for
      forming a second volume of said developer remote from said volume, said
      retaining means including entrance and exit openings for concurrently
      permitting entry of and exit of developer therefrom, and rotatably driven
      mixer means partially submerged in said second volume for translating
      developer along said retaining means toward said exit openings.
NUM  13.
PAR  13. The combination recited in claim 12 further including a dispenser
      located above said crossmixer for adding toner to said second volume.
NUM  14.
PAR  14. The combination recited in claim 13 wherein said retaining means
      comprises a baffle positioned below said mixer means and partially cupping
      said mixer means.
NUM  15.
PAR  15. The combination recited in claim 14 wherein said mixer means comprises
      two rotatably driven augers and said baffle includes two arcuate sections,
      each partially cupping one of said augers.
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ABST
PAL  An improved cleaning apparatus and process are provided including a
      cleaning means for removing toner particles and other particulate
      contaminants. A contaminant removal means is provided positioned between
      the cleaning means and the means for charging an electrostatic imaging
      member. The contaminant removal means which comprises a scrubber member is
      adapted to remove film-like contaminants which would otherwise cause
      deletions in the resulting copy sheet.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  U.S. application Ser. No. 465,719, filed Apr. 30, 1974, to Thomas D.
      McMullen et al. for a Contamination Removal Device and Process.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus and process for removing film-like
      contamination from the surface of an electrostatic imaging member. The
      invention is particularly adapted for use in a xerographic reproducing
      machine.
PAR  In some xerographic reproducing machines film type contamination on the
      surface of the photoconductive plate has been found to cause deletions in
      the image on the copy sheet. These deletions are believed to occur due to
      lateral surface conduction in the contaminant film which has the effect of
      discharging portions of the electrostatic image on the photoconductive
      plate. Those portions of the image which have been so discharged then show
      up as deletions in the resulting copy sheet. The film material is believed
      to be made up principally of organic components including toner
      degradation products and other species as well as one or more inorganic
      elements or compounds. These film type contaminants are believed to be
      derived from environmental sources, both internal and external of the
      machine. Contamination films of this type have been found to be resistant
      to conventional xerographic plate cleaning procedures such as the use of a
      resilient cleaning blade.
PAR  Various procedures for removing residual toner particles and other types of
      particulate components from the surface of an electrostatic imaging member
      are known, as for example, the use of resilient blades, brushes, webs, or
      the like. Numerous systems have been proposed wherein more than one
      cleaning element is provided in order to have redundancy in the cleaning
      system. Thereby, if the first cleaning element fails or incompletely
      removes toner particles, the second cleaning element will remove those
      remaining particles. For example, U.S. Pat. No. 3,552,850, granted Jan. 5,
      1971, to Royka et al discloses the use of multiple cleaning blades. In
      U.S. Pat. No. 3,795,025, the use of multiple brushes as a cleaning system
      is disclosed. In German Offenlegungsschrift, No. 2,111,509, laid open for
      public inspection Sept. 23, 1971, there is disclosed a redundant cleaning
      system comprising a blade which removes the predominant portion of any
      residual toner particles and a cleaning roller following the blade for
      removing any remaining particles. The surface of the roller is covered
      with a coating of woven or knitted cloth, suede or the like. It is alleged
      that the wiper and the roller operate according to different principles so
      that their disadvantages are balanced and complete cleaning can be
      achieved. It is not known whether these redundant cleaning systems would
      be effective to remove contaminant films of the type described above.
PAR  In addition to the foregoing prior art, there is provided in U.S. Pat. No.
      3,664,300, granted May 23, 1972, to Joseph, a system for applying
      lubricants to the surface of an electrostatic imaging member. In
      accordance with one embodiment thereof, a bar brush applicator is
      employed. The lubricant applicator may be located in the imaging cycle
      following a cleaning system or as described and shown it may act in a dual
      fashion as the basic cleaning system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention an apparatus and process are provided
      including a cleaning means for removing toner particles and other
      particulate contaminants. A contaminant removing means is provided
      positioned between the cleaning means and the means for charging the
      electrostatic imaging member. The contaminant removing means is adapted to
      remove film type contaminants, particularly contaminants as described
      above which would otherwise cause deletions in the resulting copy sheet.
      The contaminant removing means is sufficiently abrasive to scrub the
      surface of the imaging member to dislocate and/or remove any deleting
      films thereon. The contaminant removal means preferably comprises a
      scrubber element comprising a brush, pad, or roller which may be
      stationary or it may rotate, or oscillate, or otherwise move with respect
      to the surface of the drum. Preferably, the cleaning means comprises a
      blade cleaning system.
PAR  Therefore, it is an object of this invention to provide an apparatus for
      removing contaminant films from the surface of an electrostatic imaging
      member.
PAR  It is a further object of this invention to provide a reproducing apparatus
      including the above-noted apparatus.
PAR  It is a further object of this invention to provide a process for removing
      contaminant films from the surface of an electrostatic imaging member.
PAR  These and other objects will become more apparent from the following
      description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of an exemplary xerographic type copying machine
      incorporating the improved contamination removal apparatus of the present
      invention.
PAR  FIG. 2 is an enlarged side view with parts broken away showing details of
      the copying machine cleaning apparatus.
PAR  FIG. 3 is a cross-sectional view showing details of the apparatus of the
      present invention.
PAR  FIG. 4 is a series of side views showing alternative embodiments of the
      apparatus in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, there is shown, for purposes of explanation, a
      xerographic type copying machine, designated generally by the numeral 10,
      incorporating the improved cleaning apparatus of the present invention.
      Copying machine 10 has a drum-like part 11, the exterior surface 12 of
      which is finished with a suitable electrostatic imaging or photoconductive
      material in a manner known to those skilled in the art. Drum 11, which is
      suitably journaled by means of shaft 14, rotates in the direction
      indicated by the solid line arrow of FIG. 1 to bring the photoconductive
      surface 12 thereof past a plurality of xerographic processing stations as
      will appear more fully herein. Suitable drive means are provided to drive
      the various operating components of copying machine 10.
PAR  While a cylindrical or drum shaped photoconductive part 11 has been shown
      herein, other configurations, such as a flat plate, belt, or the like may
      be contemplated.
PAR  The xerographic processing stations of copying machine 10 include a
      charging station 15, wherein an electrostatic charge is deposited on the
      photoconductive surface 12 preparatory to imaging; an exposure station 16
      where a light radiation transmitted image of the document being copied is
      projected onto the photoconductive surface 12 to form a latent
      electrostatic image; a developing station 17 where a suitable xerographic
      developing material including ink or toner particles is cascaded onto the
      drum surface 12 to develop the latent electrostatic image on the drum
      surface; a transfer station 18 where the toner defined image is
      electrostatically transferred from the surface 12 of drum 11 to another
      surface, normally the copy sheet; and a drum cleaning and toner collecting
      station 19 where the surface of drum 11 is cleaned in preparation for
      reuse thereof.
PAR  Charging station 15 includes a suitable corona generator 20, the discharge
      electrode or electrodes of which extend in spaced relation transversely
      across the drum surface in a direction generally parallel to the axis of
      drum 11. A suitable source of electrical energy is provided for corona
      generator 20 together with suitable shielding means to direct the charge
      emitted therefrom toward the drum surface.
PAR  Exposure station 16, which is downstream of charging station 15, has an
      image mirror 21 arranged opposite the surface 12 of drum 11 and adapted,
      via object mirror 22 and movable lens 24, to transmit an image of the
      document being copied onto the photoconductive surface 12 of the rotating
      drum 11 as the surface 12 moves therepast. The document being copied is
      supported by a transparent platen 25, a suitable illuminating device such
      as lamp 26 being provided to illuminate the document during the copying
      process. Lens 24, which is optically positioned below platen 25, moves
      along a path generally parallel to platen 25 in timed relation to rotation
      of drum 11.
PAR  Developing station 17 is downstream of exposure station 16 and as best seen
      in FIG. 2, includes a developer housing 28, the leading edge of which is
      complementary to drum 11. The portion of housing 28 forms a sump 29 within
      which a quantity of xerographic developing material is stored. A bucket
      type conveyor 30 is provided for bringing the developing material from the
      sump 29 to the drum surface 12, conveyor 30 serving at the discharge point
      thereof to cascade the developing material downwardly onto the upwardly
      moving photoconductive surface 12 of drum 11. As will be understood by
      those skilled in the art, the toner particles deposited onto the drum
      surface are electrostatically attracted thereto in a pattern complementary
      to the charge pattern on the photoconductive surface 12 to develop the
      xerographic image. Unused developing material falls back into the sump 29.
      Toner is supplied to sump 29 from plastic supply bottle 31 through an
      automatic dispensing apparatus 32. In addition, and as will appear more
      fully, toner removed from drum 11 at the toner cleaning and recovery
      station 19 is returned to sump 29.
PAR  Referring again to FIG. 1, image transfer station 18 is downstream of
      developer station 17. There, individual copy sheets drawn from either
      upper feed tray 35 or lower feed tray 36 are brought, by sheet feeding
      mechanism 37, into transfer relationship with the surface 12 of drum 11
      where the developed image is electrostatically transferred from drum 11 to
      the copy sheet by means of transfer corotron 38 in a manner known to those
      skilled in the art. A stripper finger 39, operatively supported adjacent
      the surface 12 of drum 11 downstream of corotron 38, serves to remove or
      strip the copy sheet from drum 11 and onto vacuum transport 40. Transport
      40 carries the image bearing copy sheet forward into the nip formed by
      fuser roll pair 41, 42. There a combination of heat and pressure functions
      to fix the toner image on the copy sheet as the sheet moves through the
      rotating fuser roll pair 41, 42 and into the sheet return track 44. Return
      track 44 includes pinch rolls 45 to carry the copy sheet to output tray
      46.
PAR  A movable guide mechanism 47 is provided to allow the copy sheet to be
      alternatively routed into the upper feed tray 35. From there, the copy
      sheet can be run back through the copying machine 10 to image the reverse
      side thereof following which the new image is fixed and the finished copy
      sheet having images on both sides discharged into output tray 46.
PAR  The drum cleaning and toner recovery station 19, which is downstream of the
      transfer station 18 and upstream of the charging station 15 serves to
      clean residual toner from the surface of drum 11 following image transfer.
      The removed toner is returned to sump 29 of developer housing 28 for
      reuse.
PAR  Referring particularly to FIGS. 2 and 3, toner cleaning and recovery
      station 19 includes a relatively soft, flexible cleaning blade 50. Blade
      50, which oscillates back and forth across drum 11 during cleaning, has a
      leading edge 52 in contact with drum surface 12. Since the normal imaging
      or working width of drum surface 12 is somewhat less than the overall
      width of drum 11, the effective length of blade 50 is preferably equal to
      the working width of drum surface 12 plus an amount equal to the stroke of
      blade movement to assure effective cleaning of the entire working width of
      drum 11. Blade 50 is preferably positioned so that edge 52 thereof extends
      toward drum 11 in a direction opposite to the direction in which drum 11
      rotates so that blade angle between blade 50 and the plane tangent to drum
      11 at the line of contact of the blade edge 52 with drum surface 12 is
      selected for optimum cleaning or scraping effect.
PAR  Blade 50 is comprised of any suitable flexible material, for example,
      polyurethane. Preferably, the blade material used should be relatively
      soft to prevent or minimize abrasion, scouring, scratching, etc., of the
      photoconductive surface 12 by the blade, yet allow effective cleaning of
      the surface 12.
PAR  To return toner removed from drum 11 to developer sump 29, there is
      provided a transfer auger 60. Auger 60 is carried on shaft 61 journaled in
      end caps 59, 59' of toner recovery housing 62.
PAR  The lower portion of toner recovery housing 62, together with blade 50,
      cooperate to form a channel-like recess 63 behind blade 50 into which
      toner removed by blade 50 deposits. Auger 60, which is operatively
      disposed within housing 62 adjacent recess 63 conveys toner accumulating
      in recess 63 laterally along recess 63 to inlet 65 of toner conduit 70.
      There, bead chain conveyor 66 carries the toner through leg 70' of toner
      conduit 70 to developer sump 29.
PAR  A gear-like drive sprocket 68 is provided for bead chain conveyor 66,
      sprocket 68 being supported by stub shaft 69 rotatably journaled in end
      cap 59' of toner recovery housing 62. Stub shaft 69 is conveniently driven
      from auger shaft 61 through suitable gearing means 67.
PAR  Leg 70' of toner conduit 70 leads from toner recovery housing 62 to sump 29
      of developer housing 28, suitable openings 71 being provided in conduit 70
      opposite sump 29 to enable the toner to be discharged therefrom. Toner
      conduit leg 70" leads back to housing 62 to complete the toner recovery
      loop. As will be understood, the relative interior and exterior dimensions
      of toner conduit 70 and conveyor 66 are chosen to assure effective
      conveying of toner from recovery housing 62 through conduit 70 to
      developer sump 29.
PAR  To enhance the cleaning efficiency of blade 50, and avoid or at least
      reduce localized wear on the blade wiping edge 52 and trapping of toner or
      other foreign material between blade 50 and the drum surface 12, the blade
      50 is slowly moved or oscillated back and forth across the drum surface
      whenever drum 11 is turning and up to a limited duration thereafter as
      will appear.
PAR  The apparatus just described includes the preferred toner cleaning system
      19, however, it is believed that the contamination cleaning apparatus 80
      of this invention can be used in conjunction with other types of
      conventional toner cleaning systems.
PAR  The contamination cleaning apparatus 80 comprises at least one scrubber
      member 81. The scrubber member is positioned between the toner cleaning
      system 19 and the charging station 20. The member 81 is significantly
      different in character than cleaning elements of the type conventionally
      employed for cleaning toner particles from xerographic plates. The
      principal characteristics by which it differs from those conventional
      elements is its greater degree of abrasiveness and the increased
      frictional force which it exerts against the photoconductor surface.
PAR  Referring now to FIGS. 2-4, the contamination cleaning apparatus 80 will be
      described in greater detail.
PAR  In accordance with this invention, the toner cleaning apparatus 19 must be
      an efficient one which is adapted to remove substantially all of the toner
      particles and other particles such as dust from the surface of the imaging
      member. The film removing efficiency of the scrubber member 81 can only be
      maintained over a long period of time if the surface which it is cleaning
      is free of toner. Excess toner on the scrubber member 81 will degrade the
      scrubbing action. The scrubbing member of this invention would not be
      adequately effective as a toner removal device. While it would undoubtedly
      remove some of the toner should toner be present on the imaging surface,
      it would not be operative to remove enough of it to be an operative
      cleaning system for that purpose. Further, if the scrubbing member 81 of
      this invention were operated in the fashion of a toner cleaning apparatus
      its greater degree of abrasiveness and frictional engagement with the drum
      surface would result in excessive abrasion of the imaging member surface.
      Therefore, the present means for removing film type contaminants does not
      represent a redundant cleaning system such as those suggested by the
      patents cited in the background of this invention, but rather it
      represents a system for a purpose entirely different from the purpose of
      the conventional toner removal system.
PAR  As an example of a contaminant removal means 80 in accordance with this
      invention the scrubbing member 81 in FIGS. 2 and 3, comprises a pad 82
      type element which is mechanically biased into contact against the drum
      surface 11. The pad 82 extends across the drum surface in a direction
      transverse to the direction of rotation. In the pad 82 shown, the material
      which is frictionally engaging the drum surface comprises absorbent cotton
      fibers. The pad 82 may be pivoted against or away from the drum surface 11
      by the same mechanism which is employed for the blade 50. That mechanism
      is shown and described in greater detail in U.S. Pat. No. 3,724,019,
      granted Apr. 3, 1973 to Shanley.
PAR  The pad 82 is biased against the drum surface with sufficient normal force
      to provide the necessary abrasiveness and degree of frictional engagement
      against the drum surface to remove the film-like contaminants. A force of
      from about 1 to about 4 lbs. per square inch preferably should be
      employed. This is believed to be a substantially greater force than would
      be applied by a conventional toner cleaning device.
PAR  By employing a stationary pad 82, namely, one that does not move in the
      same direction as the moving imaging surface, the relative movement
      between the surface of the pad which engages the drum surface and the drum
      surface itself comprises only the peripheral speed of the drum surface
      thereby reducing the abrasion of the drum surface by the pad. This
      invention, however, is not limited to stationary pads 82. Even though the
      pad 82 shown is stationary in the direction in which the surface 11 moves,
      it may be oscillated transverse to that direction just as the blade in
      U.S. Pat. No. 3,724,019 to reduce pad wear.
PAR  While the pad has been described with respect to the use of absorbent
      cotton fibers which comprises a wad of randomly oriented cotton fibers,
      other materials could be employed. Further, the pad instead of being a wad
      of cotton could comprise a brush-like element or it could be formed of a
      foam-like material, such as a polyurethane foam.
PAR  In U.S. Pat. Nos. 2,832,977, granted May 6, 1968, to Walkup et al.; and
      3,682,689, granted Aug. 8, 1972, to Dultgen et al., there are disclosed a
      number of suitable toner cleaning brush fiber materials which may also be
      useful in accordance with this invention if they are selected to provide
      the greater degree of abrasiveness and frictional engagement. Mixtures of
      these various fibers could also be employed.
PAR  Among the materials which have been used in an apparatus similar to that
      shown in FIGS. 2 and 3, are Fibertran a product of the 3-M Company, Nomex
      felt, Nomex brush (nylon fibers), Dacron felt, Dacron No. 861D, polyester
      fibers, acrylic fibers, rayon fibers, billard cloth, Teflon, silicone
      sponge, cotton cloth, and Velcro. It has been found in accordance with
      this invention that the best results were obtained using the cotton fiber
      wad type material described above. Good results were also obtained
      utilizing the Dacron felt, Nomex felt, rayon fibers, cotton cloth,
      silicone sponge, and billard cloth.
PAR  In the apparatus shown, the pad member 82 is secured to a cantilever sping
      83 which is effective to bias it against the drum surface 11. The opposing
      end of the cantilever spring is mounted to a support shaft 84 of the
      cleaning housing 62.
PAR  It is apparent from the foregoing description that no provision has been
      made in the apparatus 80 shown for removing contaminants or other matter
      from the contaminant removal scrubber member 81 of this invention. It is
      believed that the contaminants remain in or on the pad 82 which then can
      be periodically replaced to provide a fresh contaminant removal device. It
      is possible in accordance with this invention to utilize a scrubber member
      81 without the necessity for some means for removing contaminants from it
      since the cleaning means 19 which comprises the blade 50 or other element
      is effective to remove substantially all of the residual particles such as
      toner from the drum surface 11 which might otherwise print-out on the copy
      sheet. If this were not the case it is clear as previously noted that the
      pad 82 would load up very quickly and loose its effectiveness as a
      contaminant removal device.
PAR  The omission of a cleaning system for the scrubber member 81 for removing
      contaminants from the scrubber means, is advantageous since it reduces
      machine noise and power requirements. The ability to employ a scrubber
      member 81 without a cleaning system for the scrubber pad 82 represents a
      significant advantage of this invention. It should be apparent, however,
      that if desired, a system for removing contaminants from the scrubber
      element 82 could be employed without departing from the present invention.
      The system shown and described herein represents an extremely compact
      arrangement which has the further advantage of being retrofitable into
      commercial apparatuses by virtue of its compact nature.
PAR  Referring to FIG. 4A, an embodiment of the apparatus of this invention is
      shown employing a blade cleaning member 50 which removes substantially all
      the loose toner T and other particles from the surface of the imaging
      member 11 leaving the contaminant film F which would cause deletions in
      the resulting copy sheet. A brush pad 82 positioned immediately following
      the blade cleaning member 50 dislocates or breaks up the contaminant film
      and/or removes it so as to eliminate the deletions in the resulting copy
      sheet. Alternatively, instead of a brush as previously described, a foam
      pad or pad of other suitable material such as felt could be employed. The
      pad 82 shown in FIG. 4A does not move in the direction of drum rotation.
PAR  Referring now to FIG. 4B, an embodiment of a contaminant removal device is
      shown. The cleaning means 19 again comprises a blade cleaning member 50.
      Immediately following the blade cleaning member is a rotating brush
      element 82' which is sufficiently abrasive to dislocate and/or remove the
      contaminant film F from the surface 11 of the drum. The brush element 82'
      may be driven by any conventional means and is biased against the surface
      11 by conventional means (not shown).
PAR  Referring to FIG. 4C, another embodiment of this invention is shown. Again,
      the cleaning means 19 comprises a blade cleaning member 50. Immediately
      following the blade cleaning member, a rotating elastomeric roller 82" is
      employed to dislocate and/or remove the contaminant film. The foam roller
      may be formed of any desired material such as that set forth in U.S. Pat.
      No. 3,807,853, granted 4/13/74 to Hudson, which shows the use of a foam
      roll for toner cleaning. The use of the foam roll as a contaminant removal
      device 82" following an operative toner removal device 19 is readily
      distinguishable from this patent with respect to the degree of
      abrasiveness exerted by the roll against the imaging member surface.
PAR  The process of this invention comprises providing an electrostatic imaging
      surface. The imaging surface is cleaned to remove residual toner and
      particulate contaminants such as dust. Following the cleaning step
      film-like contaminants are removed by scrubbing, preferably while applying
      a normal force of from about 1 to about 4 lbs. per square inch.
PAR  Preferably the process comprises a reproducing process including the
      following additional steps:
PAR  Forming a latent electrostatic image on the surface;
PAR  developing the latent electrostatic image to provide a visible powder
      image; and
PAR  transferring the powder image to a sheet of final support material.
PAR  These steps are then followed by the previous cleaning and contaminant
      removal steps. The process may be carried out automatically by
      sequentially repeating these steps to produce a desired number of copies.
PAR  Preferably the reproducing process comprises a xerographic process wherein
      the latent electrostatic image is formed by first charging the
      electrostatic imaging surface followed by the steps of exposing an
      original document to provide an optical image thereof and projecting the
      image upon the charged electrostatic imaging member.
PAR  While the invention has been described with an apparatus and process for
      use in a xerographic type reproducing machine, it is equally applicable to
      other types of reproducing machines such as, for example, electrostatic
      printers.
PAR  The patents specifically referred to in this application are intended to be
      incorporated by reference into the application.
PAR  It is apparent that there has been provided in accordance with this
      invention, an improved cleaning system and process which fully satisfies
      the objects, means, and advantages set forth hereinbefore. While the
      invention has been described in conjunction with specific embodiments
      thereof, it is evident that many alternatives, modifications, and
      variations will be apparent to those skilled in the art in light of the
      foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications, and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reproducing apparatus including a moving photoconductive imaging
      surface, means for forming an electrostatic image on said surface, means
      for developing said image with toner particles to render it visible, means
      for transferring said developed image to a sheet of final support
      material, and blade cleaning means for cleaning said photoconductive
      imaging surface to remove substantially all of the residual toner
      particles therefrom, the improvement wherein, said apparatus further
      includes;
PA1  means following said blade cleaning means for substantially continuously
      engaging said imaging surface while it is moving for removing from said
      imaging surface film-like contaminants which can cause deletions in said
      image, said contaminant removing means comprising a scrubbing pad of
      fibers which scrub said surface to dislocate and remove said films, said
      pad being biased against said surface with a normal force of from about 1
      to about 4 pounds per square inch.
NUM  2.
PAR  2. An apparatus as in claim 1, wherein said pad does not move in the
      direction of movement of said photoconductive surface.
NUM  3.
PAR  3. An apparatus as in claim 1, wherein said fibers comprise a brush.
NUM  4.
PAR  4. An apparatus as in claim 1, wherein said fibers are selected from a
      group consisting of Teflon, nylon, rayon, acrylic, polyester, and cotton.
NUM  5.
PAR  5. An apparatus as in claim 4, wherein said fibers comprise a wad of cotton
      fibers.
NUM  6.
PAR  6. An apparatus as in claim 1, wherein said pad is biased against said
      surface in a cantilever fashion.
NUM  7.
PAR  7. In a reproducing process including the steps of forming an electrostatic
      image on a moving photoconductive imaging surface; developing said
      electrostatic image with toner particles to render it visible;
      transferring said developed image to a sheet of final support material;
      and cleaning said imaging surface by biasing a resilient blade against
      said surface to remove substantially all residual toner particles
      therefrom the improvement wherein: following said cleaning step, said
      process further includes the step of removing from said imaging surface
      film-like contaminants which can cause deletions in said image, said film
      removing step including the step of biasing substantially continuously
      while said imaging surface is moving a scrubbing pad of fibers against
      said surface with a normal force of from about 1 to about 4 pounds per
      square inch.
NUM  8.
PAR  8. A process as in claim 7, wherein said forming step comprises charging
      said photoconductive surface; and exposing an original document to provide
      an optical image thereof and projecting the image upon said
      photoconductive surface.
NUM  9.
PAR  9. A process as in claim 8, wherein said pad does not move in the direction
      of movement of said surface.
NUM  10.
PAR  10. A process as in claim 7, wherein said fibers are selected from the
      group consisting of Teflon, nylon, rayon, acrylic, polyester, and cotton.
NUM  11.
PAR  11. A process as in claim 10, wherein said fibers comprise a wad of cotton
      fibers.
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PAL  An apparatus and method for processing a paper strip wherein the paper
      strip is composed of a series of closely spaced photographic prints and
      wherein the paper strip has been marked with various indicia indicating
      the location of the prints and whether the prints are satisfactory. The
      apparatus includes means for advancing the strip along a path of travel,
      means for printing a customer identification number on each of the prints,
      means responsive to the indicia for cutting the strip between adjacent
      prints, and means responsive to the indicia for sorting the unsatisfactory
      prints into a separate receptacle.
BSUM
PAR  The present invention relates to an apparatus and method for inspecting,
      numbering, cutting, and sorting an elongated paper strip composed of a
      series of closely spaced photographic prints or the like, and is
      particularly directed to the processing of a paper strip which comprises a
      series of portraits taken by a commercial photographer.
PAR  In applicants' copending application Ser. No. 384,617, filed Aug. 1, 1973,
      there is disclosed an apparatus and method for editing a negative film
      strip composed of a series of closely spaced photographic negatives such
      that the film strip is adapted to automatically control various operations
      in a printing machine as the film strip is passed therethrough. The
      present invention is directed to an efficient and economical apparatus and
      method for processing of the paper strip of positive photographic prints
      produced by such printing machine.
PAR  The printing machine typically prints the images from the negative film
      strip on an elongated strip of positive printing paper which is maintained
      in wound roll form. Also, it is common to print a "cut" mark in the form
      of a photographic line in the margin of the paper strip between each
      portrait or print, such mark serving to facilitate the subsequent cutting
      of the strip into individual prints. In addition, it has beee proposed to
      include provision for placing a suitable mark on the paper strip to
      indicate the first print in a related series of prints and thereby
      facilitate the subsequent sorting and packaging of the prints for
      individual customers.
PAR  In the conventional processing of a positive paper strip of the described
      type, the photographer assigns a sequential customer identification number
      for each customer, and this number is printed or stamped on the back of
      each print belonging to the customer. Such numbering facilitates the
      subsequent packaging and delivery of the prints to the customer, and is
      presently accomplished on an apparatus wherein the roll is manually
      advanced across a table in increments and so that the prints are
      sequentially positioned at a viewing and printing station. The operator
      then actuates one of two foot pedals to apply the number to the underside
      of each print, one foot pedal being designed to print only the number,
      while the second foot pedal advances the printing mechanism to the next
      number and then prints. Thus the second pedal is employed in association
      with the first print in a new series of related prints (i.e., where the
      photographed subject changes) while the first pedal is used to number the
      remaining prints in ther series. The operator must also periodically check
      the number being applied to the prints against the record provided by the
      photographer to insure that any errors made by the photographer in
      assigning numbers or the operator of the numbering apparatus are
      corrected. As will be apparent, the above numbering system makes it
      difficult to control the exact position at which the number is placed on
      the prints, and there are many opportunities for error in printing the
      right number on the prints.
PAR  After numbering, the positive paper strip is fed through a cutter which
      includes a sensor for monitoring the marginal cut marks between the
      prints. In this regard, the cutters of present design sense one print
      behind the point of cutting, and this results in difficulty in properly
      framing the prints.
PAR  The individual prints are next inspected so that the unsatisfactory prints
      can be reprinted (e.g., where the exposure setting in the printer should
      be adjusted), or discarded in those cases where the print is totally
      unsatisfactory (e.g., where the picture is blurred). The prints are then
      sorted by number, packaged, and the number corresponding to the customer
      identification number is written on the outside of the package. These
      operations are all performed by hand, and are time consuming and therefore
      costly. In addition, where the volume of processed prints is large, a
      number of separate employees is required to inspect, sort, and package the
      prints, and since it requires a great deal of experience and training to
      properly inspect the prints, uniformity in the inspection process is
      difficult to achieve.
PAR  It is accordingly an object of the present invention to provide an
      apparatus and method for rapidly and efficiently inspecting, numbering,
      cutting, and sorting a strip of photographic prints, and which
      accomplishes these operations in a manner which avoids the above noted
      difficulties in the presently employed system.
PAR  It is another object of the present invention to provide an apparatus and
      method for inspecting the strip of photographic prints in roll form and
      prior to cutting the individual prints, such that a single, trained
      operator may rapidly inspect a large number of prints and so that
      substantial uniformity in the quality of the prints sent to the customer
      may be achieved and any errors in the numbering sequence may be readily
      detected.
PAR  It is another object of the present invention to provide an apparatus and
      method for inspecting a strip of photographic prints of the described type
      and wherein the individual prints may be marked to indicate those prints
      which should be reprinted, to indicate those prints which are totally
      unsatisfactory, or to indicate that the numbering sequence is in error.
PAR  It is still another object of the present invention to provide an apparatus
      and method for printing a customer identification number on each of the
      prints related to a single customer, and with each print in a related
      series including a letter to facilitate re-ordering of specific prints by
      the customer. Further, the apparatus and method of the present invention
      are adapted to print the numbers at a consistent location on all of the
      prints to thereby permit the packaging of the prints in an envelope having
      a window therein which reveals the numbers on the prints.
PAR  It is a further object of the present invention to provide an apparatus
      which is adapted to cut the individual prints from the paper strip
      directly along the cut mark applied by the printer such that the proper
      framing of the print may be assured.
PAR  It is another object of the present invention to provide an apparatus of
      the descibed type which efficiently sorts the individual cut prints into a
      plurality of separate stacks according to the markings which have been
      applied by the inspector while the prints are in roll form.
PAR  It is yet another object of the present invention to provide an apparatus
      of the described type which is designed to automatically stop whenever an
      error in the numbering sequence is indicated on the prints, thereby
      permitting the re-setting of the number printing mechanism.
PAR  These and other objects and advantages of the present invention are
      achieved in the embodiment illustrated herein by the provision of an
      apparatus which includes means for advancing the paper strip along a path
      of travel, first sensing means for terminating the advance of the strip
      upon sensing a cut mark appearing on the advancing strip, means for
      severing the strip along the cut mark after termination of the advance of
      the strip, means for reactuating the advance of the strip upon completion
      of thte severing operation, and means responsive to the "reprint" mark and
      the "reject" mark for sorting the cut prints into three separate stacks
      comprising a first stack of satisfactory prints, a second stack of prints
      which require reprinting, and a third stack of prints which are totally
      unsatisfactory.
PAR  Where the film strip further includes a "stop" mark positioned with respect
      to those prints which are out of numerical sequence, and an "end of
      series" mark positioned with respect to the final print in a related
      series of prints, the apparatus may further include means for sensing
      either a stop or an end of series mark and then terminating the advance of
      the strip.
DRWD
PAR  Some of the objects of the invention having been stated, others will appear
      as the description proceeds, when taken in connection with the
      accompanying drawings, in which
PAR  FIG. 1 is a perspective view of an apparatus for processing a photographic
      paper strip and which embodies the features of the present invention;
PAR  FIG. 2 is a perspective view of the apparatus shown in FIG. 1 and taken
      from a different angle;
PAR  FIG. 3 is a side elevation view, partly broken away, of the apparatus shown
      in FIG. 1;
PAR  FIG. 4 is a front elevation view of the apparatus and taken substantially
      along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a rear elevation view of the apparatus and taken substantially
      along the line 5--5 of FIG. 3;
PAR  FIG. 6 is a plan view of a section of a paper strip of the type employed
      with the present invention and illustrating the various indicia which are
      adapted to be positioned thereon;
PAR  FIG. 7 is a plan view of the reverse or underside of the paper strip shown
      in FIG. 6;
PAR  FIG. 8 is an enlarged fragmentary plan view of a portion of the underside
      of the paper strip and illustrating a typical numbering arrangement for
      the prints;
PAR  FIG. 9 is a perspective view illustrating a number of individual prints
      packaged in an envelope and illustrating the window which reveals the
      customer number and pose letter;
PAR  FIG. 10 is a schematic representation of an electrical control system
      adapted to be employed with the apparatus illustrated in FIGS. 1-5.
DETD
PAR  Referring more particularly to the drawings, an elongated paper strip 15 of
      the type adapted to be processed by the present invention is illustrated
      somewhat schematically in FIG. 6. More particularly, the strip 15 is
      composed of a series of closely spaced photographic prints, and in the
      illustrated embodiment, each portrait or pose is printed in the form of a
      first print 20 comprising four relatively small pictures and a second
      print 21 comprising one relatively large picture.
PAR  The strip 15 includes a first indicium or cut mark 22 in the form of a
      photographic line in the left side edge margin of the strip between each
      of the prints. Such cut mark is conventionally positioned on the strip
      during the printing operation by means of a small light bulb, which when
      lighted, directs a beam of light through a slot and onto the print paper
      to form a small dark line in the margin thereof.
PAR  The strip 15 may further include a number of different indicia positioned
      thereon by an inspector while the strip is in roll form. More
      particularly, the inspector may manually place a second indicium or
      reprint mark 24 by means of a film marker pencil or the like at a
      predetermined location with respect to those prints which have been
      determined to require reprinting, and a third indicium or reject mark 25
      at a predetermined location with respect to those prints which have been
      determined to be totally unsatisfactory. Further, in the event the
      inspector has determined from the customer record supplied by the
      photographer that the numbering of the prints is out of sequence for some
      reason, a fourth indicium or stop mark 26 may be positioned at a
      predetermined location on the strip. In the illustrated embodiment, this
      stop mark 26 comprises a mark positioned at both the predetermined
      location for the reprint mark 24 and the predetermined location of the
      reject mark 25. In other words, the presence of both the reprint and
      reject marks represents the stop mark.
PAR  The illustrated strip also includes a fifth indicium or end of series mark
      27 which may be positioned on the strip during the printing operation.
      This mark represents the last pose or print in a series of prints taken of
      the same subject or customer, and typically comprises a photographic line
      similar to the cut mark 22, but positioned in the opposite side edge
      margin of the strip.
PAR  In the case of the particular paper strip 15 as illustrated in FIG. 6, the
      reprint and reject marks are designed to be positioned centrally on the
      strip, with the reprint mark 24 being positioned generally in alignment
      with the two lower small pictures of the print 20 and the reject mark 25
      being positioned generally in alignment with the two upper small pictures
      of the print 20. As will become apparent, these locations have the
      advantage of permitting a single sensor to monitor each of the reprint,
      reject, and stop marks. However, it will be understood that other
      locations for these marks could be chosen. Further, it will be apparent
      that the presence of any of these marks on the print 20 will also control
      the processing of the associated print 21 of the same portrait or pose.
PAR  The apparatus of the present invention is illustrated in FIGS. 1-5, and
      comprises a generally box-like frame 30 which supports a freely rotatable
      shaft 32 for mounting a wound roll 33 of the film strip 15 thereon. The
      shaft 32 includes a rear flange 34 fixedly carried thereon, and a
      removable front flange 35 which permits the placement of the roll 33
      thereon. If desired, the shaft 32 may include a suitable drag control
      adjustment (not specifically illustrated) for providing a degree of
      resistance to free rotation and thereby precluding the uncontrolled
      unwinding of the paper strip 15 from the roll 33.
PAR  The paper strip 15 is fed upwardly from the roll 33 and over a non-driven
      idler roller 37 which has a pair of spaced guide flanges 38 and 39 carried
      thereon. The strip is then directed verically downwardly between a drive
      shaft 42 and cooperating idler roll 43. The drive shaft 42 includes a
      composite plastic or rubber surface to frictionally engage the strip, and
      is cyclically driven to advance the strip by a drive arrangement which
      includes the electric motor 45. The motor acts through a gear reduction
      mechanism 46 to rotate the drive belt 47 and pulley 48, and the pulley is
      operatively connected to the drive shaft 42 by a conventional electrically
      controlled brake 50 and clutch 51. As will be described more fully below,
      the rotation of the pulley 48 is thus selectively transmitted to the drive
      shaft 42 to advance the strip when the clutch 51 is engaged and the brake
      50 is disengaged, and the rotation of the drive shaft 42 is stopped to
      terminate the advance of the strip by disengaging the clutch 51 and
      engaging the brake 50.
PAR  The idler roll 43 is carried on an eccentrically mounted shaft 52 such that
      the idler roll 43 may be separated from the drive shaft 42 to facilitate
      the initial threading of the strip 15 therebetween. Also, the shaft 52
      carries a lever arm 54 at the front of the apparatus which permits the
      operator to rotate the shaft 52 and effect the eccentric movement of the
      idler roll 43.
PAR  From the drive shaft 42, the strip continues downwardly between a fixed
      plastic guide sheet 56 and a cooperating metal backup plate 57. An
      electrically operated numbering unit 58 is mounted along the rear side
      edge of the plate and is designed to sequentially print a series of
      numbers and letter on each print in the manner best illustrated in FIGS.
      7-9. More particularly, the numbering unit 58 is designed to print through
      a suitable slot (not shown) in the plastic sheet 56 and against the backup
      plate 57 which serves to support the strip 15.
PAR  As illustrated in FIGS. 8-9, the numbering unit 58 applies a store number
      60 and a customer identification number 61 as supplied by the
      photographer, as well as a pose letter 62 indicating the particular pose
      in each sitting. The pose letter sequentially advances after being applied
      to both prints 20 and 21 of each pose, and thus the presence of the pose
      letter permits the customer to readily designate a particular pose in a
      series of pictures when reordering additional prints of such pose.
      Further, it will be apparent that the printed numbers and letter appear at
      substantially the same location on each print, and thus the prints may be
      positioned in an envelope 64 (note FIG. 9) having a window 65 therein
      through which the customer identification number 61 and pose letter 62 is
      visible. This arrangement eliminates the need for manually writing the
      customer identification number on the outside of the envelope and thus
      facilitates the sorting and packaging operations.
PAR  The numbering unit 58 itself is conventional, and is electrically
      controlled to advance the pose letter 62 after printing the underside of
      both prints 20 and 21 of each pose, and to advance the customer
      identification number 61 after the end of series mark 27 is sensed as more
      fully explained below. In addition, the numbering unit 58 utilizes a roll
      of dry inking ribbon 67 which is mounted on the supply spool 68 and
      directed through the numbering unit. Upon leaving the numbering unit, the
      ribbon 67 is directed between the feed wheel 69 and spring biased pressure
      roll 70, the feed wheel 69 being cyclically rotated by a stepping motor 71
      (FIG. 5) to advance the ribbon 67 through the unit. Also, a spring tension
      arm 72 of conventional design is positioned along the path of travel of
      the ribbon to maintain a proper degree of tension on the ribbon. A
      numbering unit of the above type is manufactured by Hecon Corporation,
      Eatontown, N.J., under the designation Model TP 900-18.
PAR  A mechanism for cutting the paper strip between adjacent prints is mounted
      immediately below the lower end of the sheet 56 and plate 57, the
      mechanism including a fixed blade 75, and a cooperating blade 76 carried
      on the cutting shaft 77. Thus upon counterclockwise rotation of the shaft
      77 as seen in FIG. 4, the blade 76 is advanced against the fixed blade 75
      to cut the strip which is positioned therebetween. Preferably, the fixed
      blade 75 will be positioned at a slight angle with respect to the blade 76
      so that a shearing action is achieved during the cutting operation as
      opposed to a chopping action.
PAR  The cutting shaft 77 is oscillated about its axis to effect the cutting
      operation by a pneumatic arrangement as best seen in FIG. 5, and which
      comprises an air cylinder 80 having a piston 81 and connecting rod 82
      slidably mounted therein. A first air line 83 is connected at one end of
      the cylinder, and a second air line 84 is connected at the other end. The
      free end of the rod 82 is operatively connected to a toggle mechanism
      which includes first and second linkages 85 and 86, respectively, with the
      two linkages being pivotally connected to each other and to the rod at 87.
      The upper end of the first linkage 85 is pivotally connected to the
      apparatus at 88, and the lower end of the second linkage 86 is pivotally
      connected to a bracket 90 which in turn is fixedly carried on the cutting
      shaft 77. Thus upon translation of the piston 81 toward the right as seen
      in FIG. 5, the toggle mechanism moves from the solid line position to the
      dashed line position to first rotate the cutting shaft 77 in a clockwise
      direction (which effects the cutting operation), and then rotate the shaft
      77 in the reverse direction to return the shaft and cutting blade 76 to
      their original position. Similarly, upon the return of the piston 81
      toward the left from the dashed line position, the cutting shaft 77 is
      oscillated in the same manner so as to effect the cutting operation and
      then return to its initial position. Thus the cutting operation is
      effected upon each stroke of the piston 81.
PAR  The bracket 90 on the cutting shaft 77 also carries a laterally directed
      lever arm 91 as seen in FIG. 5. The lever arm is adapted to rest upon the
      limit control 92 which is fixedly mounted on the frame and thereby defines
      the initial position of the cutting shaft 77. Further, the limit control
      92 may include an upwardly facing spring biased button 94 which serves to
      cushion or dampen the impacts between the lever arm 91 and limit control
      92.
PAR  A pair of magnetic reed switches 98 and 99 are mounted immediately adjacent
      the air cylinder 80 for the purposes fully set forth below. The first reed
      switch 98 is mounted adjacent the left end of the cylinder, as seen in
      FIG. 5, with the second switch 99 mounted adjacent the right end thereof,
      in order to actuate these switches, the piston 81 may be fabricated from a
      magnetic material such as iron, while the air cylinder 80 is made from a
      non-magnetic material such as aluminum. Thus each of the switches 98 and
      99 is closed by the piston reaching the associated end of the cylinder.
PAR  A number of sensors are mounted immediately adjacent the cutting mechanism
      for detecting the indicia carried on the film strip 15. In the illustrated
      embodiment, three such sensors 101, 102, and 103 in the form of
      conventional photoelectric cells are mounted on a bracket 104 having a
      T-shaped channel 105 therein. A mounting block 106 is associated with each
      sensor, and includes a manually operable threaded member 107 for securing
      the block in the channel 105 at a selected lateral location on the bracket
      104. As will thus be apparent, the number of the sensors may be readily
      varied, and the lateral and vertical positioning of the sensors may be
      manually adjusted. Also, it will be seen that the first sensor 101 is
      positioned along one edge of the strip to detect the cut mark, the second
      sensor 102 is positioned centrally of the strip to detect the reprint,
      reject and stop marks, and the third sensor 103 is positioned along the
      opposite edge of the strip to detect the end of series mark. As best seen
      in FIG. 4, the "cut" mark sensor 101 is mounted immediately (typically
      about 1/8 to 1/4 inch) above the line of cut of the cutting mechanism for
      the reasons set forth below.
PAR  A drive roll 110 and cooperating idler roll 111 are mounted immediately
      below the cutting mechanism to advance the severed prints vertically
      downwardly. The roll 110 is continuously rotated by the second electric
      motor 112 which acts through the speed reduction pulley 113 to rotate the
      shaft 114 which carries the roll 110. The two rolls 110, 111 are laterally
      spaced from each other so that they only lightly engage the prints since
      the prints will be held stationary for a short period of time during the
      cutting operation. Also, these rolls are preferably covered with a soft
      fabric material 115 to avoid damage to the prints, and it will be noted
      that the drive roll 110 is positioned to engage the rear side of the
      prints so as to further ensure against damage.
PAR  A sorting mechanism is positioned immediately below the rolls 110, 111, and
      is adapted to utilize the fact that the strip is moving in a vertically
      downward direction to achieve a highly efficient and rapid sorting
      operation. More particularly, the sorting mechanism includes first and
      second air nozzles 118, 119 for selectively directing the severed prints
      into one of three recceptacles 121, 122, and 123. The nozzles take the
      form of hollow tubes having a number of apertures along one side thereof,
      with the first nozzle 118 being positioned to direct a stream of air
      horizontally toward the right as seen in FIG. 4 to thereby deflect the
      leading end of the downwardly moving severed print laterally into the
      second receptacle 122. Similarly, the second air nozzle 119 is positioned
      to direct a stream of air horizontally toward the left as seen in FIG. 4
      to thereby deflect the leading end of the downwardly moving severed print
      laterally into the third receptacle 123. When neither the first nor second
      air nozzle is operative, the downwardly moving severed print falls
      vertically into the underlying first receptacle 121.
PAR  The air control system for operating the air cylinder 80 and first and
      second air nozzles 118, 119 is illustrated in FIG. 5, and comprises a
      pressure source 125 having an entry line 126 leading through a
      conventional regulator 127 and filter 128 into a manifold 129. Three air
      solenoid valves 131, 132, 133 of conventional design are operatively
      connected to the manifold 129, the first valve 131 being designed to
      selectively direct air through the first and second lines 83 and 84 to the
      cylinder 80 thereby controlling movement of the piston 81 and cutting
      mechanism. The second valve 132 selectively controls the entry of air into
      the line 135 which is connected to the second air nozzle 119, and the
      third valve 133 controls entry of air into the line 136 which is connected
      to the first air nozzle 118.
PAR  The front panel of the apparatus conveniently mounts a number of control
      switches and indicators as seen in FIG. 4. As illustrated, the front panel
      mounts a master on-off switch 137, a start button 138, a stop button 139,
      a reset button 140, an indicator light 141, a sort control switch 142, a
      numbering control switch 143, and a cut button 144. The function of these
      various switches and controls will be described below. Further, the front
      panel of the apparatus mounts a series of windows for displaying the store
      number 60, the customer identification number 61, and the pose letter 62
      as programmed in the numbering unit 58.
PAC  Operation of the Apparatus
PAR  The operation of the apparatus will now be described with particular
      reference to FIG. 10. In this regard, it will be understood that the
      electrical circuits employed are conventional and well known to those
      skilled in the art, and for this reason the various circuits have been
      illustrated schematically in FIG. 10.
PAR  Initially, the operator threads the paper strip through the apparatus, and
      then manually sets the number in the numbering unit according to a control
      sheet which accompanies the roll 33. The master off-on switch 137 is then
      closed to energize the circuits shown in FIG. 10 and start the motors 45
      and 112. The start button 138, which alternately may be in the form of a
      foot switch, is then closed to energize the stamp gate logic circuit 151
      which in turn signals the stamp control 152 to print the number and pose
      letter which has been set in the numbering unit 58 by the operator. In
      addition, the stamp gate logic circuit 151 signals the clutch-brake gate
      logic circuit 153 which acts through the brake control 154 and clutch
      control 155 to release the brake 50 and engage the clutch 51. Thus upon
      closing of the start button 138, a number and letter are immediately
      stamped on the print, and the drive shaft 42 is then rotated to advance
      the film strip along its path of travel.
PAC  CUT MARK SEQUENCE
PAR  Upon a cut mark 22 being detected by the first sensor 101, a signal is sent
      to the cut detector control logic circuit 156, which in turn actuates the
      cut control 157. Simultaneously, the circuit 156 signals the clutch-brake
      gate logic circuit 153 to terminate the advance of the film strip, and
      signals the stamp gate logic circuit 151 to actuate the stamp contnrol 152
      so that upon termination of the advance of the strip the numbering unit 58
      prints a number and letter on the print positioned immediately above the
      cut mark and advances the stepping motor 71 for the ribbon 67. The stamp
      gate logic circuit 151 then also signals the letter change control circuit
      159 to advance the letter in the numbering unit 58 to the next sequential
      letter (such letter advance occurring only after being applied to both of
      the prints 20 and 21 in the illustrated embodiment of the film strip 15).
PAR  The cut control circuit 157 actuates the first air solenoid valve 131 to
      direct air into the line 83 to thereby translate the piston 81 to the
      right as seen in FIG. 5 and effect the cutting operation. Upon termination
      of the cutting operation, the reed switch 99 is closed and this sends a
      reset signal to the cut detector control logic circuit 156 which in turn
      signals the clutch-brake gate logic circuit 153 to release the brake 50
      and initiate the advance of the film strip 15. Thus upon sensing a cut
      mark 22, the advance of the strip is immediately terminated, a number is
      printed on the underside of the print located above the cutting mechanism,
      the print located below the cutting mechanism is severed from the strip,
      the letter in the numbering unit is advanced (where applicable), and the
      advance of the strip is again initiated. Assuming non-operation of the
      first and second air nozzles 118, 119, the severed print will then drop
      vertically into the first receptacle 121 which represents the satisfactory
      prints. Also, while the advance of the strip is immediately terminated
      upon sensing the cut mark, it will be appreciated that the strip will move
      forward somewhat before the brake 50 is able to bring the strip to a
      complete stop. For this reason, the sensor 101 is mounted about 1/8 to 1/4
      inch above the line of cut as noted above, whereby the cutting mechanism
      is able to cut substantially through the sensed cut mark and thereby
      ensure that the associated print is properly framed.
PAC  Unsatisfactory Print Sequence
PAR  In the event the second sensor 102 should detect a reprint mark 24, or a
      reject mark 25, or both (which represents a stop mark 26), on the
      advancing paper strip, a signal is sent to the sort director logic circuit
      160. This circuit includes a suitable timing function which permits the
      circuit to determine which of the indicia has been sensed, and when for
      example the reprint mark 24 is sensed, a signal is sent to the reprint air
      control circuit 161 which, after a short programmed time delay, energizes
      the third air solenoid valve 133 so that air is directed through the first
      air nozzle 118 upon completion of the cutting operation. The leading edge
      of the severed print is thus directed into the second receptacle 122.
      After a short programmed period of operation, the control circuit 161 then
      terminates the air flow and resets the sensor. In the case of the
      illustrated embodiment of the film strip 15, it will be understood that
      the sort director logic circuit 160 will also be programmed to repeat the
      above sequence for the second print 21 of the pose to be reprinted.
PAR  Similarly, where a reject mark 25 is sensed, a signal is sent to the reject
      air control circuit 162 which energizes the second air solenoid valve 132
      to direct air through the second air nozzle 119. Thus the severed print is
      directed into the third receptacle 123.
PAR  Finally, if the stop mark 26 is sensed, a signal is sent to the error stop
      logic circuit 163 which acts through the clutch-brake gate logic circuit
      153 to prevent the reactuation of the film advance after the completion of
      the above described cutting operation. The operator will then have an
      opportunity to manually set the correct number in the numbering unit 58.
      When this is accomplished, the operator closes the reset button 140. The
      reset button 140 and circuit 163 acts to start the advance of the strip
      without actuating the numbering unit 58 on the next print, after which the
      cycle continues in the normal manner. This delay in numbering serves to
      avoid the numbering of the second print 21 which corresponds to the marked
      first print 20, and which is positioned immediately above the cutting
      mechanism when the apparatus stops. Thus the corrected number will be
      first applied to the first print 20 of the next pose.
PAC  End of Series Sequence
PAR  When an end of series mark 27 is detected by the third sensor 103, a signal
      is sent to the end of series detector control logic circuit 166. The
      circuit 166 in turn acts through the clutch-brake gate logic circuit 153
      to prevent the reactuation of the film advance after the completion of the
      cutting operation (as in the case where a stop mark 26 is sensed). This
      permits the operator to collect the prints from the three receptacles, and
      package those prints which are satisfactory in an envelope 64 in the
      manner shown in FIG. 9.
PAR  The end of series detector control logic circuit 166 also signals the
      number-letter gating logic circuit 168 and thus the number change control
      169 and letter reset control 170 to reset the pose letter to the initial
      letter (which is typically the letter A), and advance the numbering unit
      58 to the next sequential number. To commence the advance of the strip,
      the operator then actuates the start button 138 to immediately stamp the
      new number and letter on the print located immediately above the cutting
      apparatus, and then advance the strip as described above.
PAR  As noted above, the front panel of the apparatus mounts several other
      controls numbered 141-144. These controls are optional and not essential
      to the operation of the present invention, and thus they will be only
      generally described herein. The indicator light 141 is designed to light
      whenever the apparatus is stopped and programmed to print the second print
      21 rather than the first print 20. When the sort control switch 142 is
      closed, the start button 138 is by-passed such that the apparatus
      automatically advances after each cutting operation to thereby result in
      the continuous cyclical operation of the apparatus. When the numbering
      control switch 143 is closed, the numbering unit 58 is deactivated so that
      numbers are not printed on the strip. The cut button 144 provides a means
      for manually activating the cutting operation.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An apparatus for processing an elongated paper strip composed of a
      series of closely spaced photographic prints or the like and wherein the
      strip includes a cut mark positioned at a predetermined location with
      respect to the space between adjacent prints, a reprint mark positioned at
      a predetermined location with respect to those prints which have been
      selected to be reprinted, and a reject mark positioned at a predetermined
      location with respect to those prints which have been determined to be
      totally unsatisfactory, said apparatus comprising
PA1  means for advancing the strip along a path of travel, said path of travel
      including a substantially vertical segment at the downstream end thereof,
PA1  means positioned along said path of travel and responsive to said cut mark
      appearing on the advancing strip for severing the strip along the space
      between adjacent prints,
PA1  first receptacle means positioned directly below the downstream end of said
      vertical segment of said path of travel for receiving the severed prints
      and forming a first stack thereof,
PA1  second receptacle means positioned on one side of the downstream end of
      said vertical segment of said path of travel for receiving the severed
      prints and forming a second stack thereof,
PA1  third receptacle means positioned on the other side of the downstream end
      of said vertical segment of said path of travel for receiving the severed
      prints and forming a third stack thereof,
PA1  means positioned adjacent the downstream end of said vertical segment and
      responsive to said reprint mark appearing on the advancing strip for
      deflecting the associated severed print into said second receptacle means,
      said deflecting means comprising an air nozzle positioned adjacent the
      downstream end of said vertical segment of said path of travel and adapted
      to direct air laterally across said path of travel toward said second
      receptacle means, means for sensing the presence of a reprint mark on the
      advancing strip, and means responsive to a signal from said reprint
      sensing means for injecting air through said nozzle and against the
      leading end of the associated print, and
PA1  means positioned adjacent the downstream end of said vertical segment and
      responsive to said reject mark appearing on the advancing strip for
      deflecting the associated severed print into said third receptacle means,
PA1  whereby the satisfactory prints fall directly into said first receptacle to
      form a first stack, while the prints which require reprinting fall into
      said second receptacle to form a second stack, and while the prints which
      are totally unsatisfactory fall into said third receptacle to form a third
      stack.
NUM  2.
PAR  2. The apparatus as defined in claim 1 further comprising means positioned
      along said path of travel and responsive to said cut mark appearing on the
      advancing strip for terminating the advance of the strip prior to the
      actuation of said severing means, and
PA1  means responsive to the completion of the operation of said severing means
      for reactuating said advancing means.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein said printing means includes
      means for printing sequential letters on each of the prints in a related
      series of prints.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said severing means is
      positioned immediately adjacent said cut mark sensing means such that the
      apparatus is adapted to sever the strip substantially through said cut
      mark.
NUM  5.
PAR  5. The apparatus as defined in claim 2 wherein the elongated paper strip
      further includes a stop mark positioned at a predetermined location with
      respect to those prints which have been determined to require a stopping
      of the apparatus, and an end of series mark positioned at a predetermined
      location with respect to the final print in a related series of prints,
      and said apparatus further comprises
PA1  control means responsive to either a stop mark or end of series mark
      appearing on the advancing strip for preventing re-actuation of said
      advancing means such that the strip remains stationary after the
      completion of the severing operation.
NUM  6.
PAR  6. The apparatus as defined in claim 2 wherein said severing means
      comprises a fixed blade along one side of said path of travel, a rotatable
      cutting blade positioned along the other side of said path of travel and
      adapted to cooperate with said fixed blade, and means for sequentially
      rotating the rotatable cutting blade forwardly across the fixed blade and
      then rearwardly to its initial position.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said terminating means is
      adapted to terminate the advance of the strip at a location wherein said
      cut mark is substantially aligned with said severing means and such that
      the strip is severed substantially through said cut mark.
NUM  8.
PAR  8. The apparatus as defined in claim 2 wherein the elongated strip is
      adapted to include an end of series mark associated at a predetermined
      location with respect to the final print in a related series of prints,
      and said apparatus further includes means positioned along said path of
      travel for sensing the presence of an end of series mark, and means
      responsive to a signal from said end of series sensing means for
      preventing the reactuation of said advancing means after completion of the
      severing operation so that the operator may collect all of the severed
      prints in the related series.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said apparatus further
      comprises
PA1  means for printing a predetermined number on each of said prints in a
      related series of prints and for printing sequential letters on each of
      the prints in a related series, and
PA1  means responsive to a signal from said end of series sensing means for
      advancing the predetermined number and resetting the letter to a
      preselected initial letter.
NUM  10.
PAR  10. The apparatus as defined in claim 1 wherein said means for deflecting
      the prints into said third receptacle comprises a second air nozzle
      positioned adjacent the downstream end of said vertical segment of said
      path of travel and adapted to direct air laterally across said path of
      travel toward said third receptacle means, means for sensing the presence
      of a reject mark on the advancing strip, and means responsive to a signal
      from said reject sensing means for injecting the air through said second
      nozzle and against the leading end of the associated print.
NUM  11.
PAR  11. The apparatus as defined in claim 1 wherein the elongated strip is
      adapted to include an end of series mark associated at a predetermined
      location with respect to the final print in a related series of prints,
      and said apparatus further includes
PA1  means for sensing the presence of an end of series mark on the advancing
      strip,
PA1  means for printing a predetermined number on each of said prints in a
      related series of prints, and
PA1  means responsive to a signal from said end of series sensing means for
      advancing the predetermined number of said printing means, such that each
      related series of prints may be identified by a different number printed
      on all prints thereof.
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ABST
PAL  The present invention relates to an automatic off-line photograph printing
      control system consisting of a reader and a printer. The system employs a
      magnetic or other similar recording means for storing correcting
      information of a negative film to be applied for automatically controlling
      printing works. Inspection and selection of each effective frame of the
      negative film at the stage of reading are usually performed through a
      projector (and a screen or through direct visual inspection of the
      negative film itself by the operator). Detection of effective frames of
      film at the stage of printing shall be carried out automatically with
      information marked on the negative film and information for adjustment of
      the exposure time supplied by the magnetic recording means upon printing.
      All the data concerning the negative film itself and others are processed
      in digital fashion.
PARN
PAR  This is a continuation of application Ser. No. 340,163, filed Mar. 12,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an automatic photograph printing control system,
      and more particularly to an automatic control system for effectively
      improving an efficiency of printing works by processing the necessary
      information concerning a negative film to be printed by means of a
      magnetic recording device, and still more particularly to an automatic
      control system suitable for printing a color film with no irregularity.
PAR  Printing work of a large volume of photographs to be carried out by
      mechanical operation goes ahead with complete automation for a guide.
      However, at the present stage or to some extent, complete elimination of
      manual manipulation is very difficult or impossible. In a sense, it does
      not necessarily follow that the elimination of manual handling is always
      desirable.
PAR  A process of reaching the complete automation cannot be expressed by simple
      algebra and an effort for attaining the goal progressively increases as
      the degree of completeness desired rises. It is attributable to the fact
      that a photograph is not a simple mechanical outcome, but contains
      visual-psychological elements and that simplification of the information
      contained in the negative film is inevitable in a process of automation
      and automatization concerning the contents of a predetermined extent
      produces new exception. These backgrounds result in the requirement of
      manual handling. These circumstances bear a close resemblance to the
      difficulties for raising the purity of chemical substances, for example.
PAR  Thus, although the working efficiency is surely improved by any type of
      automation system, a yield rate may not be improved. From this point of
      view, the automatization of printing works does not necessarily improve
      the efficiency of printing operations on the whole.
PAR  Manual handling that is required to be introduced may be classified roughly
      into two categories:
PA1  A. Selection between an ineffective frame which is not worthy to be printed
      because of insufficient exposure and so called "out of focus" and the like
      and an effective frame worth printing.
PA1  B. Correcting operation of color failure and abnormal light negatives and
      the like which cannot be printed under appropriate exposure by ordinary
      automatic exposure control systems.
PAR  From this point of view, in order to obtain satisfactory prints, manual
      handling becomes necessary. However, the introduction of manual operation
      naturally requires an expert and lowers its working efficiency. The
      present invention deals with problems for optimizing assignment of works
      conducted by manual and mechanical operations.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Generally, in order to effectively carry out automatic printing works, a
      position signal corresponding to each frame in the negative film, a
      density signal representative of an average density or any appropriate
      density specified by either each point or whole frames in the negative
      film or the combination thereof correcting information concerning color
      failure as well as abnormal light negatives and the like, and other data
      to be used for printing works is required, should be provided and
      processed in synchronism with the operation of a printer. In addition, in
      complete automatization, a comparatively long negative film comprising a
      large number of frames, which is prepared by joining a number of films end
      to end, should be treated in one continuous operation without requiring
      intermediate manual handling.
PAR  In one type of automatic photograph printing control system, an exposure
      time for each frame may be automatically controlled by means of an
      exposure control timer driven in accordance with the film density
      information detected by photosensing elements. The positioning of
      respective frames of the film, however, is carried out by manual
      operation. In this case, comparatively fine control may be accomplished by
      using the density signal detected by conventional methods, but it is not
      satisfactory to process all sorts of films under appropriate exposure. As
      the result, the manual adjustment of exposure time is inevitable in order
      to obtain uniform prints from different films in comparatively broader
      range.
PAR  In the system described above, if the consecutive positioning of the frames
      in the negative film, once having been set at a correct position, is
      performed by counting the series of perforations disposed on the both
      sides of the film (and used for feeding the film during photographing) the
      relative position between the frame and the perforation will little by
      little get out of an expected correct position as it advances forward
      because the procession of the frames may not always correspond exactly to
      the number of perforations. Assuring that the positioning of each frame
      could be made precisely by virtue of the counting method mentioned above,
      the complete automatic operation may, however, be limited to only a batch
      of film since the joined portion of films must be advanced manually as the
      machine cannot control its portion. With all the conditions being
      satisfied, it should be understood that the selection or skipping of
      desired particular frames is impossible by using conventional systems.
PAR  Like these, most of ordinary conventional printers may be referred to as an
      automatic printer with exposure manual correction mechanisms wherein
      mechanical printing and manual handling are performed in one set of
      machine or printer. On the other hand, a complete auto-printer utilizing a
      computer as a coupling medium between mechanical printing and the
      measurement of exposure light is also known to those skilled in the art as
      an auto-printer with a prereader. In this type of machine, troublesome
      manual handling is not required, but the designation of effective and
      ineffective frames is impossible and fine manual correction cannot be
      made.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention is to provide a printing system and a device for
      automatically processing and controlling a negative film by means of a
      magnetic recording device to achieve an effective printing operation and
      an economization of associated works, especially applicable for printing a
      colored negative film.
PAR  Various films, which are requested to be printed by customers, are at first
      connected together into a continuous film by a special bond or paste after
      development and rolled on a suitable spool and then set on the reader or
      prereader which reads out necessary information with respect to the
      density. The effective frames are visually inspected by the operator and
      the position of each effective frame is recorded on the negative film. The
      readout information is stored in the magnetic recording device in the form
      of the corresponding digital fashion. Paralleling with this operation,
      independent necessary information, that is, the code number of shop or
      customer, can be recorded in another channel of the magnetic recording
      device, if required
PAR  The reader is provided with a projector which is used for film inspection
      and projects a film frame pattern on a screen. Generally, negative films
      from customers are not necessarily photographed with appropriate exposure,
      so that the selection or skipping of the unusable frames may sometimes be
      required. The system or device according to this invention has made
      possible the printing of the frames under appropriate exposure by using
      the data stored on the magnetic film itself in the form of a notch, for
      example, at the stage of inspection.
PAR  The additionally recorded information may be used to facilitate an
      arrangement of finished prints, an efficiency of automatic cutting of a
      long negative film and also an economization of the delivery of an
      application bill, etc.
PAR  The magnetic recording means processed by the reader and the batch of
      continuous film rolled on the spool are operatively installed in the
      printing machine as a set to perform actual printing operation. In this
      case, the digitalized or quantized film information recorded in the
      magnetic recording device are read out in synchronism with a position
      signal on the negative film detected with respect to the effective frame.
      The read out information, is introduced as correcting signal to an
      exposure control circuit after having been decoded and compensates the
      film information detected at the printing operation to finally control a
      shutter mechanism with filters.
PAR  Needless to say, the demand for a more complete automatic photograph
      printing control device is great if the actual situation of labor shortage
      and the rise in labor costs are taken into consideration. In addition, the
      development of an automatic photograph printing control apparatus is
      desirable in view of health administration.
PAR  It is therefore an object of the present invention to provide an automatic
      photograph printing control system and apparatus having improved printing
      capability.
PAR  Another object of the present invention is to provide a system and
      apparatus for automatically printing a negative film with appropriate
      exposure by means of a magnetic recording device.
PAR  A further object of the present invention is to provide a system and
      apparatus for automatically skipping ineffective frames of the negative
      film at the stage of printing thereby attaining the improvement of a yield
      rate.
PAR  A still further object of the present invention is to provide an automatic
      photograph printing control system having function for facilitating
      associated works after printing.
PAR  In short, the principal technical conception of the present invention
      includes the following three features:
PA1  a. At least two operations of the selection of effective and ineffective
      frames and the decision of correction value of exposure are carried out in
      one lot prior to printing works. The result of the former is recorded in
      the negative film itself and the result of the latter is provisionally
      stored in a magnetic or a similar recording device.
PA1  b. Two operations mentioned above are performed by using a reader which is
      operated in the relation of OFF-LINE from a printer with the help of
      manual handling.
PA1  c. The magnetic or similar recording medium into which data is stored at
      previous stage and the corresponding negative film is mounted as a set on
      the printer which is separated from the prereader. The printer detects the
      effective frames and performs the printing operation continuously while
      correcting the value of exposure with the correction value recorded in the
      magnetic or similar recording medium.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention as well
      as the invention itself, will become more apparent to those skilled in the
      art in the light of the following detailed description taken in
      consideration with the accompanying drawings wherein like reference
      numerals indicate like or corresponding parts throughout the several views
      wherein:
PAR  FIG. 1a is a schematic block diagram of a mechanical and electrical control
      system in accordance with the present invention when used for inspecting a
      negative film and recording in the magnetic recording device the necessary
      information to be used for printing.
PAR  FIG. 1b is a schematic block diagram of a mechanical and electrical control
      system in accordance with the present invention when used for carrying out
      automatic printing works by using the magnetic recording device as well as
      the negative film processed and prepared by the reader of FIG. 1a.
PAR  FIG. 2 is a sketch prepared for explaining the detection of correct
      position of a negative film.
PAR  FIG. 3 is a detailed circuit diagram of a position detector circuit 41 of
      FIG. 1a.
PAR  FIG. 4 is a detailed circuit diagram of a timing generator 51 of FIG. 1a
      and a diagram showing timing relations generated thereby.
PAR  FIG. 5 is a detailed electrical circuit diagram of a control circuit 45 of
      FIG. 1a.
PAR  FIG. 6 is a more detailed electrical circuit diagram of a
      density-compensation-value detection circuit 59 of FIG. l1a.
PAR  FIG. 7 shows a preferred embodiment of a max./min. value detector 211 of
      FIG. 6.
PAR  FIG. 8 shows a preferred embodiment of a mean value detector 213 of FIG. 6.
PAR  FIG. 9 is a diagram showing a data processing system comprising an
      adder/subtracter 61, a keyboard 63 and a shift register 65.
PAR  FIG. 10 is a timing diagram for explaining the operation of the reader.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is illustrated a preferred embodiment
      of a reader of this invention when used for checking the negative film and
      for recording in the magnetic recording device or magnetic tape the
      necessary information to be used upon printing. A light source 21 emits
      light beams with constant intensity and illuminates a negative film 23 fed
      from spools 25 to 31 through two rollers 27 and 29. The light beams
      transmitted through the negative film 23 are focused by an optical device
      33 and directed to half mirrors 37 and 39. The light beams reflected by
      the half mirrors 37 and 39 are introduced to a position detector circuit
      41 and a density-compensation-valve detection circuit 59, respectively. On
      the other hand, light beams transmitted through the half mirrors 37 and 39
      are illuminated on a screen 35 to project the pattern of the negative
      film. A control circuit 45 is provided with input terminals used for
      receiving signals from the position detector circuit 41, a puncher 43, a
      foot switch 47, a manual switch 49 and a timing generator 51 and also
      output terminals used for applying control signals to the puncher 43, the
      timing generator 51, a brake 53, a magnetic tape 55 and a gate 57. The
      position detector circuit 41 applies a control signal to the control
      circuit 45 only when the frame of the film is located at the place where
      the frame position is to be detected. At this stage, if the foot switch is
      not released, it means that the negative frame located at the place where
      the frame position is to be detected is judged as effective frames. On the
      other hand, if the operator, who is visually inspecting the condition of a
      series of negative frames, releases the foot switch 47 before the frame is
      stopped, it means that the frame is handled as an ineffective frame.
      Simultaneously, the foot switch 47 and the manual switch 49 are used for
      automatic and manual feeding of the negative film, respectively. The
      timing generator 51 is a counter to generate a plurality of timing pulses
      determined by the length of frame as a function of film speed as will be
      explained later and the start of counting is controlled by the signals
      from the control circuit 45. The puncher 43 is provided with a blade of
      certain shape and puts a mark or notch on the predetermined position when
      the effective frame is detected. These notches are used to detect the
      effective frames during printing process. The brake 53 is associated with
      a clutch (not shown) and driven by the control signal from the control
      circuit 45 to stop the feeding of the film 23.
PAR  The gate 57 is a switch circuit which is used to provide control clock
      pulses from a clock pulse oscillator 67 to a keyboard 63, an
      adder/subtractor 61, a register 65 and the magnetic recording device or
      magnetic tape 55 in response to the control signal from the control
      circuit 45. The adder/subtractor network 61 has input terminals used for
      receiving output data from the density-compensation-value detection
      circuit 59 and the keyboard 63 and an output terminal used for applying
      the corrected value processed at the adder/subtractor 61 to a shift
      register 65 whose output is connected to the magnetic tape 55 through a
      gate 69.
PAR  When the control signals from the control circuit 45 is introduced to the
      magnetic recording device or magnetic tape 55 and the gate 57, the data
      from the density-compensation-value detection circuit 59 corrected at the
      adder/subtractor 61 by preset data manually stored in the keyboard 63 are
      recorded in the magnetic tape 55 through the shift register 65 and the
      gate 69. In this case, all the functions of shifting and adding or
      subtracting data and other information are processed in accordance with
      the control clock pulses from the clock pulse generator 67.
PAR  The gate 69 is a selector switch to be used when other information from the
      outside is recorded in other channels of the magnetic tape 55
      independently or in association with the data processing by the reader of
      FIG. 1a. The output of the register 65 may be connected to utilization
      devices such as a display device and others.
PAR  Referring to FIG. 1b, there is illustrated a preferred embodiment of a
      printer of this invention when used for performing automatic printing
      operation by using the magnetic tape and the negative film rolled in the
      spool processed and prepared by the reader of FIG. 1a. The magnetic tape
      55 and the spool 31 processed and prepared by the reader of FIG. 1a are
      first mounted in place of the printer, and one end of the film 23 is
      coupled to a taken-up spool 81 through two rollers 83 and 85. Along the
      film 23 is disposed a notch detector 87 whose output is connected to a
      notch discrimination circuit 89. A control circuit 91 is provided with
      input terminals used for receiving signals from a start switch 95 and the
      notch discrimination circuit 89 and output terminals used for applying
      control signals to a brake 93, the magnetic recording device 55, a gate 97
      and a printing paper control circuit 109. The brake 93 is associated with
      a clutch (not shown) and driven by the control signal from the control
      circuit 91 to control the feeding of the film 23. With the start switch 95
      handled, the printer shall be put into operation.
PAR  When the notch detector 87 detects a notch and the notch discrimination
      circuit 89 judges that the notch is effective for printing, the control
      circuit 91 applies respective control signals to the brake 93, the
      magnetic tape 55 and the gate 97 thereby stopping the feeding of film 23
      and commencing the reading of data from the magnetic tape 55. An
      adder/subtractor circuit 99 is provided with input terminals used for
      receiving signals from the magnetic tape 55, the gate 97 and 107 and an
      output terminal used for applying data to a register 103. Besides, the
      gate 107 has an input terminal for receiving data from a keyboard 101 and
      a command signal from the outside, so that the read out data from the
      magnetic recording device 55 is shifted to the shift register 103 either
      as it is or after having been compensated at the adder/subtractor 99 with
      the preset data in the keyboard 101. In this case, all the data is
      processed by the control clock pulses from a clock pulse oscillator 113 by
      way of the gate 97. The shift register 103 has output terminals used for
      applying the resultant data to a decoder circuit 105 and another
      utilization device such as a display, etc. The data relating to the
      density and color components (Y, M and C), supplied in parallel from the
      register 103, is dissolved in conformity to respective magnitude and
      stored in the decoding network 105. An exposure control device 111 is
      provided with input terminals for receiving signals from the decoder
      circuit 105, the gate 107 and a film information detector 79 and output
      terminals for applying a control signal to a shutter mechanism 71
      containing filters. The shutter mechanism 71 therefore may be controlled
      with either a resultant data signal from the keyboard 101 and the film
      information detector 79 or a resultant data signal from the magnetic tape
      55 and the film information detector 79, or a combined data signal from
      the magnetic tape 55, the keyboard 101 and the film information detector
      79. The first control made is a conventional control system and the second
      and third ones are preferred control systems in accordance with the
      present invention. The conventional control mode may be used when the two
      control modes of operation according to the present invention are out of
      order.
PAR  A light source 73 emits light beams and illuminates a negative film 23. The
      light beams passing through the film 23 are focused through an optical
      device 75 and directed to a half mirror 77. The film information detector
      79 receives the reflected light beams by way of the half mirror 77 to
      detect the film in the same manner as described with respect to the
      density detector in FIG. 1a. On the other hand, the light beams
      transmitted through the half mirror 77 are applied to a printing paper 115
      through the shutter mechanism 71.
PAR  The printing paper control circuit 109 drives paper feeding mechanisms (not
      shown) in response to the control signal from the control circuit 91.
PAR  FIG. 2 shows a sketch for explaining the detection of effective frames and
      notches given by the puncher 43. In the drawing, the film 23 is provided
      with two kinds of notches, 121 and 123, having different size and shape.
      The notch 121 is provided to the edge portion of the film before it is
      rolled into the spool to indicate the joined section of the films, and the
      notch 123 is given by the puncher 43 (FIG. 1a) to the edge portion of the
      film when the effective frame 125 is detected at the stage of inspection.
      Two groups of photoelectric element or photocell, 127 and 129, each having
      five elements, are disposed in the position detector circuit 41 of FIG. 1a
      with a distance of L which is determined by the length of standard frame
      to detect effective frames.
PAR  FIG. 3 shows a more detailed circuit diagram of the position detector
      circuit 41 of FIG. 1a. Photocell circuits 127' and 129', level detection
      circuits 131 and 133 or AND gates 135 and 137 are identical to each other
      in characteristics and circuitry, so that only one circuit shall be
      explained. The photocell circuit 127' is a detection circuit containing
      five photocells 127 of FIG. 2 and induces potential corresponding to the
      intensity of light and applies the output signals to the level detector
      131. The level detector 131 detects inputs which exceed a predetermined
      level and applies the binary 1 to the AND gate 135. Application of the
      binary 1 to all the inputs enables the AND gate 135 which, in turn,
      supplies the binary 1 to an AND gate 139. As will be understood from the
      foregoing description, the AND gate 139 establishes when all the
      photocells receive light exceeding the predetermined level. An active
      element like a photocell is more desirable than passive ones in view of
      operation speed, sensitivity, linearity and temperature characteristics.
PAR  FIG. 4 shows a more detailed circuit of the timing generator 51 of FIG. 1a
      and the relation of timing pulses used for stopping the effective frame to
      the desired position. An oscillator 151 oscillates at a frequency of 2.5
      KHz. A counter 153 is provided with input terminals used for receiving
      pulses from the oscillator 151 and count start signal and reset signal
      from the control circuit 45 (FIG. 1a) and a plurality of output terminals
      used for applying the counted signals to a diode matrix circuit 155 and
      starts counting in response to the count start signal and reset by the
      reset signal. The diode matrix circuit 155 produces timings T.sub.1,
      T.sub.2 and T.sub.3 determined as a function of the feeding speed of the
      film and a standard length of the frame. The output terminals
      corresponding to the timing T.sub.1 and T.sub.2 are coupled to set and
      reset terminals of a flip flop 157, respectively. The output of flip flop
      157 and the timing T.sub.3 are supplied to the control circuit as timings
      (F) and (H), respectively. As is clearly shown in the timing diagram, the
      counter 153 starts counting upon the receipt of the count start signal and
      supplies the timing T.sub.1 to the set side of the flip flop 157 at a time
      corresponding exactly to the length 33.5 mm of the film, and then timing
      T.sub.2 to the reset side at a time corresponding exactly to the length
      35.5 mm. Consequently, the timing (F) has a pulse width corresponding to a
      length of 2 mm of the film. The timing (H) is also generated at a time
      corresponding exactly to the length 39 mm of the film.
PAR  FIG. 5 is a detailed electrical circuit diagram of the control circuit 45
      of FIG. 1a. In the drawing, an AND gate 171 is provided with input
      terminals used for receiving the signal (A) from the foot switch 47 and
      the timing (H) and an output terminal connected to one of inputs of an OR
      gate 173. An AND gate 175 is provided with input terminals used for
      receiving signals from the AND gate 139 and the timing (F) and an output
      terminal connected to a delay circuit 177 whose output is coupled to
      another input of the OR gate 173. The output of the OR gate 173 is
      connected to one of inputs of an OR gate 179 and the set side of a flip
      flop 181. The signal (B) from the manual switch 49 is connected to one of
      inputs of an OR gate 185 on one hand and to another input of the OR gate
      179 through an inverter 183 on the other hand. The output of the OR gate
      179 is connected to the set side of a flip flop 187. The flip flop 187 has
      two output terminals connected to the brake 53 and a clutch. An AND gate
      189 is provided with input terminals used for receiving signals from the
      foot switch 47 and the reset side of the flip flop 191 and an output
      terminal connected to an AND gate 193. The output of the AND gate 193 is
      connected to the set side of the flip flop 181. The output of the flip
      flop 181 is connected to a puncher and magnetic tape drive circuit 195 and
      the counter 153, respectively. A punch detector circuit 197 has input
      terminals used for receiving operation-end signals of the puncher 43 and
      output terminals used for applying its output to the flip flop 191 and an
      inverter 199. The output of the set side of the flip flop 191 is connected
      to the count-start-signal receiving terminal of the counter 153 (FIG. 4).
      The output of inverter 199 is connected to another input of the AND gate
      193 and an inverter 201 whose output is coupled to the reset side of the
      flip flop 181 and another input of the OR gate 185. The output of the OR
      gate 185 is coupled to the reset side of the flip flop 187. Relative
      operation of whole circuit will be explained later.
PAR  FIG. 6 shows a more detailed electrical circuit diagram of the density
      compensation value detection circuit 59 of FIG. 1a. Terminals shown by
      X.sub.1 through X.sub.n represent light receiving elements, or preferably
      photocells, disposed in the form of mesh with respect to the frames and
      connected in parallel to inputs of a max.-min. value detection circuit 211
      and a mean value detection circuit 213. The circuit 211 detects the
      maximum and the minimum values from the inputs X.sub.1 through X.sub.n.
      The maximum value at the output terminal a and the minimum value at the
      output terminal b of the circuit 211 are supplied to logarithmic
      amplifiers 215 and 217, respectively. The mean value detection circuit 213
      generates a mean value with respect to the inputs X.sub.1 through X.sub.n,
      and applies it to a logarithmic amplifier 219 from the output terminal C.
      The outputs of the logarithmic amplifiers 215 and 217 are joined to each
      other through resistors R.sub.1 and R.sub.2 and connected to one of inputs
      of an operational amplifier 221. The output of the amplifier 221 is fed
      back to the input of the amplifier 221 through a resistor R.sub.3 on one
      hand, and also connected to one of inputs of an operational amplifier 223
      through R.sub.5 on the other hand. Another input of the amplifier is
      grounded through the resistor R.sub.4. The output of the amplifier 219 is
      also connected to the said input of the operational amplifier 223 through
      a resistor R.sub.6. The output of the amplifier 223 is directly connected
      to a suitable analog/digital converter 225 on one hand and fed back to the
      said input of the amplifier 223 through a resistor R.sub.7 on the other
      hand. Another input terminal of the amplifier 223 is grounded through a
      resistor R.sub.8. The analog/digital converter 225 supplies the
      digitalized density information of the frame to the adder/subtractor 61 of
      FIG. 1a.
PAR  FIG. 7 and FIG. 8 are the max.-min. value detection circuit 211 and the
      mean value detection circuit 213 shown in FIG. 6. No reference has been
      made since these circuits are considered to be well known to those skilled
      in the art. Explanation on these circuits, therefore, shall be omitted.
PAR  FIG. 9 is a block diagram prepared for explaining a data processing system
      comprising the adder/subtractor circuit 61, the keyboard 63 and the shift
      register 65. In the keyboard 63, command data with regard to density and
      color components (for example, Y, M and C) are set in advance, and each is
      communicated with a binary encoder by means of a lead D, Y, M or C. The
      density information block D is connected to a 4-bit register which
      constitutes a part of the 16-bit register through the adder/subtractor
      circuit 61, and respective blocks Y, M and C for color information are
      also connected to 4-bit registers specifically assigned to them through a
      compensation circuit 231 through dial setting. Of four bits, three bits
      are used for storing data and one bit as a party bit for error detection.
      All the data stored in the keyboard are transferred to the shift register
      65 by the timing pulses from the clock pulse generator 67 upon the receipt
      of control signals. In this case, only the density information from the
      keyboard 63 is corrected at the adder/subtractor circuit 61 with the data
      detected by the density compensation value detection circuit 59. The color
      components Y, M and C are also corrected by the present data stored in
      advance at the compensation circuit 231 to be set by the dial.
PAR  FIG. 10 is a timing diagram, showing the function of the reader and will be
      described later in conjunction with following explanation concerning the
      operation of the reader of FIG. 1a.
PAR  The overall construction of the embodiment illustrated in FIGS. 1a-10 can
      be summarized as follows:
PAR  The automatic printing control system of the present invention is
      principally constituted by a reader and a printer operated in the relation
      of OFF-LINE system with the reader, wherein the reader comprises in
      effective frame stop position detecting 127, 129, 37, 41, 51, 47, 53 as
      well as recording means 43, an effective frame visual inspection means 21,
      33, 35, 49, manual input means of exposure light correcting value relating
      to color failure and abnormal light negatives 63, an arithmetic means 59
      for density exposure light correcting value concerning density failure and
      a density measuring means therefor 21, 33, 39, X.sub.1 - X.sub.n, an
      information recording means 61, 65, 69, 55, a reader control means 45, 67,
      57, 171, 175, 173, 177, 179, 183, 187, 189, 191, 193, 199, 201, 181, 197,
      195 for successively operating the respective units and means, which is
      constituted by logic circuitry, while the printer comprises automatic
      printer constituents 31, 81, 83, 85, 115, 73, 75, 71, 77, 79, 111, a
      detector and stop means 87, 89, 93 for designated effective frames, an
      exposure light intrinsic value correction means 55, 103, 105, 111, a
      printer control means 95, 91, 113, 97 for successively operating the
      respective constituents and means, which is constituted by logic
      circuitry.
PAR  In addition, more concrete construction of the respective fundamental
      constitutional elements including control means for the reader and the
      printer can be summarized as follows:
PAC  In the reader
PAR  The effective frame stop position detecting as well as recording means
      includes a negative film frame position detecting mechanism 127, 129, 37,
      41, 51 for determining the stop position of respective negation films to
      be used for printing, a negative film automatic feed and stop mechanism
      47, 53, and a negative film mark 123 forming mechanism 43 for determining
      the stop position of effective frames upon recording and to be based upon
      printing, and the effective frame visual inspection means includes a
      display mechanism 21, 33, 35 and a negative film manual feed mechanism 49,
      and the calculating means for density exposure light correcting value
      concerning density failure and a density measuring means therefor includes
      an optical system 21, 33, 39 for forming a light to be transmitted through
      the negative film, a density measuring mechanism X.sub.1 - X.sub.n of the
      negative film and a correcting value calculating unit 211, 213, 215, 217,
      219, 221, 223, 225, and the information recording means consists of a
      write-in mechanism 61, 65, 69, a recording mechanism 55, and a recording
      medium 55, and the reader control means for successively operating the
      respective units and means is constituted by logic circuitry for placing
      respective portions in operating condition only when the automatic feed
      mechanism is set to operating state, operating the automatic stop
      mechanism every time the frame position detection mechanism detects each
      frame, operating the negative film mark forming mechanism when the
      automatic stop mechanism is actuated and the negative film is stopped,
      calculating density exposure light correcting value by driving the
      arithmetic means and the density measuring means therefor, recording color
      exposure light correcting value from the manual input means and density
      exposure light correcting value into the information recording means, and
      interrupting automatic feed function as well as automatic write-in
      function of color exposure light correcting value and density exposure
      light correcting value into the recording means when the automatic feed
      mechanism is released.
PAC  In the printer
PAR  The automatic printer constituents include a negative film setting
      mechanism 31, 81, 83, 85, a printing paper feed mechanism 115, 109, an
      optical system 73, 75, 71 for printing, a density measuring unit 77, 79
      and an exposure light control mechanism 111, and the detection and stop
      mechanism for designated effective frames includes a mark detection
      mechanism 87, 89 and a negative film feed and stop mechanism 93, and the
      exposure light intrinsic value correcting means includes a readout
      mechanism 55, 103, 105 from the recording medium 55 and an arithmetic unit
      111 of compensating the exposure light intrinsic value with exposure light
      correcting value, and the printer control means for successively operating
      the respective constituents and means is constituted by logic circuitry
      for operating the negative film stop mechanism when the mark detection
      mechanism is actuated, and operating the readout mechanism and the
      arithmetic unit when the negative film stop mechanism is actuated.
PAR  In the above description, the density exposure light correcting value is a
      correction value for performing the compensation of exposure light
      concerning the density failure and obtained from the circuit 59, and the
      color exposure light correcting value is a correction value for performing
      the compensation of exposure light concerning the color failure and
      abnormal light negatives and manually inputed from the keyboard 63. In
      addition, the exposure light intrinsic value is a basic value of exposure
      light and compensated by the above mentioned two correcting values and
      automatically detected at the stage of printing by the film information
      detection device 79 and applied to the exposure control device 111 to
      control total exposure light of respective color components in uniform
      value or balanced magnitude, thereby making the exposure light relating to
      standard negatives to be appropriate.
PAR  In operation, the first effective partition in the film 23 set at the
      reader must be positioned at a correct position by means of the manual
      switch 49. In FIG. 5, the manual switch signal B in the state of the
      binary 1 is applied to the reset side of the flip flop 187 through the OR
      gate 185 on one hand and also in the state of the binary 0 to the set side
      of the flip flop 187 through the inventer 183 and the OR gate 179, so that
      the condition of the flip flop 187 is thereby changed. At this stage, the
      brake is released and the clutch is applied to feed the film 23. The
      feeding of the film 23 must be stopped by releasing the manual switch at a
      proper stage. In FIG. 10, the time interval from t.sub.0 to t.sub.1
      corresponds to the signal B for manual operation. During this time
      interval, the signals I and J are given from the control circuit 45 (FIG.
      5) to the clutch and the brake 53, respectively.
PAR  When the foot switch 47 is activated, the reader receives the signal A and
      starts automatic operation. In FIG. 5, the signal A from the foot switch
      47 enables the AND gate 189 as the reset side of the flip flop 191 is in
      the state of the binary 1, and the set side of the flip flop 181 is
      thereby set to the binary 1 through the AND gate 193. This signal is fed
      to the puncher and magnetic tape drive circuit 195 and the counter 153 in
      the timing generator 51, thereby performing the punching, starting the
      operation of the magnetic tape 55, resetting the counter 153 and applying
      clock pulses from the clock pulse oscillator 67 to a series of the data
      processing circuits. At this stage, the density information from the
      density compensation value detection circuit 59 is corrected at the
      adder/subtractor 61 with data previously stored in the keyboard 63 and
      introduced in parallel to the 16-bit shift register 65, and then recorded
      in the magnetic tape 55 through the gate circuit 69. These recording
      operations are performed within the predetermined time interval (signal C)
      during which the puncher and magnetic tape drive circuit 195 is in the
      state of the binary 1.
PAR  In FIG. 5, the punch detector circuit 197 supplies a punch end signal to
      the set side of the flip flop 191 and the inverter 199 to change the state
      of the flip flop 191, thereby applying the count start signal to the
      counter 153 (FIG. 4). The signal of the binary 0 at the output of the
      inverter 199 disenables the AND gate 193 and is inverted by the inverter
      201 to offer the binary 1 to the reset side of the flip flop 181 and the
      flip flop 187 through the OR gate 185, thereby changing the state of the
      flip flops 181 and 187. At this stage, the brake 53 is released and the
      clutch is engaged and the feeding of the negative film 23 is commenced and
      the counter 153 starts counting.
PAR  If the AND gate 139 of FIG. 3 establishes when the timing F is introduced
      to the AND gate 175 of FIG. 5, the output of which is delayed via the
      delay 177 for a time corresponding to the length 3 mm of the film and
      applied to the set side of the flip flop 187 through the OR gates 173 and
      179 on one hand and also to the set side of the flip flop 181 through the
      OR gate 173 on the other hand. At this stage, the function of the reader
      is returned to the starting condition of automatic operation. The above
      mentioned operation corresponds to the time interval t.sub.1 through
      t.sub.3 in FIG. 10.
PAR  Let it be assumed that the AND gate 139 of FIG. 3 is not established when
      the timing F is provided. In this case, the timing H is introduced
      unconditionally to the AND gate 171 of FIG. 5, and the output of which is
      applied to the set side of the flip flop 187 through the OR gates 173 and
      179 on one hand and also to the set side of the flip flop 181 through the
      OR gate 173 on the other hand. In paralleling with these functions,
      another control circuit (not shown) is controlled by the timing (H) to
      apply a stop signal to the puncher and magnetic tape drive circuit 195. As
      the result, the puncher 43 and the magnetic tape 55 is not operated to
      hold the machine at a standstill, but the counter is reset. The operation
      in this paragraph corresponds to the time interval from t.sub.4 to t.sub.5
      in FIG. 10. In order to operate the machine, the operator is requested to
      release the foot switch 47 and then handle the manual switch 49. This
      means that the machine requires manual handling specified by the time
      interval from t.sub.0 ' to t.sub.1 ' (corresponding to the time interval
      from t.sub.0 to t.sub.1 at initial condition). The spliced portion results
      in the non-establishment of the AND gate 139 as described above.
PAR  As will be clearly understood from foregoing explanation, the automatic
      operation of the reader continues as far as the AND gate 139 is
      established by the timing F, provided that the foot switch is being
      depressed. In other words, the automatic operation continues as far as an
      effective film partition is visually observed on the screen by the
      operator who is inspecting the content of each frame of the negative film.
      Since the decision of effective frames is completed by the operation of
      the puncher 43, if an ineffective frame is observed through the screen 35,
      the foot switch must be released before the puncher and magnetic drive
      circuit 195 is actuated through the AND gate 175, delay 177, OR gate 173
      and flip flop 181. In short, the puncher is automatically actuated due to
      the fact that an effective frame is present unless manual handling is
      intervened into this process. The selection of an ineffective frame is
      performed by interrupting the automatic processing and omitting the
      punching operation by the operator. The functions make possible the
      selection and designation of the effective and ineffective frames. The
      machine can be restarted by the manual switch 49. A reset signal is
      introduced to the reset side of the flip flop 191 in synchronism with the
      function of the reader through a suitable control circuit.
PAR  The magnetic tape 55 and the spool 31, prepared by the reader (FIG. 1a) are
      set to the printer shown in FIG. 1b. With the start switch 95 turned on,
      the control circuit 91 applies control signals to the clutch and the brake
      93 for feeding the film 23. The film 23 is then rolled in the taken-up
      spool 81. When the notches 121 and 123 are detected by the notch detector
      87, the notch discrimination circuit 89 discriminates between the notches
      121 and 123.
PAR  If the notch 123 is detected, the control circuit 91 applies a stop signal
      to the brake 93 to interrupt the feeding of the film 23 on one hand and
      also a start signal to the magnetic tape 55 and a change over signal to
      the gate 97 on the other hand. At this stage, the clock pulses from the
      timing generator 113 are fed to a series of the data processing circuits
      through the gate 97.
PAR  If the gate is placed under inoperative condition by manual command and the
      data from the keyboard 101 are interrupted, the information recorded in
      the magnetic tape 55 is transferred to the signal decoder 105 as it is
      through the register 103 and maintained there in digital fashion. The data
      from the decoder 105 and the information from the detector 79 are combined
      at the exposure control device 111 and then fed to the shutter control
      mechanism 71. The control system described above is one of preferred
      embodiments of the present invention which utilizes the magnetic recording
      device or the magnetic tape upon printing. Another preferred embodiment
      employing the magnetic recording device in accordance with the present
      invention is the use of data set manually in advance at the keyboard 101
      and will be explained below.
PAR  When the output of the keyboard 101 is communicated with the
      adder/subtractor 99 through the gate 107 by means of manual operation, the
      information recorded in the magnetic tape is compensated at the
      adder/subtractor with the data from the keyboard 101 and used as print
      control signals through the same route with that of previous systems. In
      this control system, more improvement can be expected with respect to
      fidelity and compensation of film information, but the control system
      mentioned above, in general, may be used.
PAR  When some trouble happens in the routes of the magnetic recording device
      55, the gate 107 is switched by hand to compensate the data detected by
      the film information detector 79 with the preset data from the keyboard
      101. The film information detector circuit 79 is similar to the density
      compensation value detection circuit 59 (FIG. 6) shown in FIG. 1a and
      produces the print exposure control signal for the negative film from the
      pattern reflected by the half mirror 77.
PAR  The printing paper control circuit 109 is controlled in synchronism with
      the print command signal to the negative film and produces signals
      applicable for driving the printing paper feed mechanism (not shown).
PAR  Let it now be assumed that the notch 121 attached in the joined portion of
      the film 23 is detected by the notch discrimination circuit 89. In this
      case, the detected signal may not be related to the stoppage of the
      negative film 23, but used for an automatic cutting and an arrangement of
      the film after printing. Accordingly, according to the present invention,
      the intervention of manual handling is inevitable and suitable at the
      present stage. As the result, the operator can devote himself to the
      inspection work since the printing work is automatically carried out by
      the printer separated from prereader, thereby resulting in the improvement
      of working efficiency.
PAR  According to the system of the present invention, in which the magnetic
      recording device is employed for the purpose of processing print
      information, two methods may be recommended for effectively performing the
      works therefor.
PAR  One of the methods recommendable for effectively carrying out the work is
      the employment of a plurality of printers (FIG. 1b) for one reader (FIG.
      1a). This method has an advantage of saving the working time since the
      reading of information from the negative film may be achieved in a
      comparatively short time when compared with a time for printing. As the
      result, the working cost for printing is, in general, rather cheap despite
      that the machine is comparatively complicated and expensive.
PAR  Another method suitable for effectively performing the work in accordance
      with the present invention is the employment of a simple exposure time
      control device instead of the complicated device or printer as shown in
      FIG. 1b. This method is especially effective if used in a small chamber
      since the printer shown in FIG. 1b offers high performance but requires
      large space. In this case, the workmanship of the printed photograph may
      be degraded to a certain degree, but this defect may be compensated enough
      with merits that do not require large space, for example.
PAR  Nearly complete automatic processing or printing operation of the negative
      film is accomplished by the above mentioned system and device
      representative of one of the embodiments of the present invention. In
      addition, it succeeded in providing the printed photograph with no
      irregularity. As will be clearly understood from the foregoing
      explanation, several sets of printers can be handled by only one operator
      since it automatically processes the negative film if once set to the
      machine by the operator.
PAR  The printing works may be in general carried out in a chamber especially
      designed therefor, so that the employment of the system according to the
      present invention may contribute to the improvement of working environment
      and health administration since no manual operation is required during
      printing after the installation of the negative film and the magnetic tape
      to the printer.
PAR  While the principles of the present invention have been described above in
      connection with one of specific embodiments, it is to be clearly
      understood by those skilled in the art that various alterations and
      modifications, as well as the substitution of equivalent elements or
      circuits for those shown herein for illustration, may be made without
      departing from the broader scope and spirit of the invention as set forth
      in the appended claims. The specification and drawings are accordingly to
      be regarded in an illustrative rather than in a restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An OFF-LINE automatic photograph printing control system consisting of a
      reader and a printer wherein said reader comprises:
PA1  a frame stop position detecting as well as recording means including a
      negative film frame position detection mechanism for determining the stop
      position of respective negative films to be used upon printing, a negative
      film automatic feed and stop mechanism and a negative film mark forming
      mechanism for determining the stop position of effective frames upon
      recording and to be used upon printing;
PA1  frame visual inspection means including a display mechanism and a negative
      film manual feed mechanism;
PA1  manual input means of exposure light correcting value relating to color
      failure and abnormal light negatives;
PA1  an information recording means consisting of a write-in mechanism, a
      recording mechanism and a recording medium; and,
PA1  a reader control means for successively operating said respective units and
      means, which is constituted by logic circuitry so as to place respective
      portions in operating condition only when said automatic feed mechanism is
      set to operating state, operate said automatic stop mechanism every time
      said frame position detection mechanism detects each frame, operate said
      negative film mark forming mechanism when said automatic stop mechanism is
      actuated and the negative film is stopped, record color exposure light
      correcting value from said manual input means into said information
      recording means, and interrupt automatic feed function as well as
      automatic write-in function of color exposure light correcting value into
      said recording means when said automatic feed mechanism is released;
PA1  while said printer comprises:
PA1  automatic printer constituents including a negative film setting mechanism,
      a printing paper feed mechanism, an optical system for printing, a density
      measuring unit and an exposure light control mechanism;
PA1  a detection and stop means for designated effective frames, including a
      mark detection mechanism and a negative film feed and stop mechanism;
PA1  an exposure light intrinsic value correction means including a readout
      mechanism from said recording medium and an arithmetic unit of
      compensating the exposure light intrinsic value with exposure light
      correcting value; and
PA1  a printer control means for successively operating said respective
      constituents and means, which is constituted by logic circuitry so as to
      operate said negative film stop mechanism when said mark detection
      mechanism is actuated, and operate said readout mechanism and said
      arithmetic unit when said negative film stop mechanism is actuated.
NUM  2.
PAR  2. An OFF-LINE automatic photograph printing control system consisting of a
      reader and a printer wherein said reader comprises:
PA1  a frame stop position detecting as well as recording means including a
      negative film frame position detection mechanism for determining the stop
      position of respective negative films to be used upon printing, a negative
      film automatic feed and stop mechanism and a negative film mark forming
      mechanism for determining the stop position of effective frames upon
      recording and to be used upon printing;
PA1  frame visual inspection means including a display mechanism and a negative
      film manual feed mechanism;
PA1  calculating means for density exposure light correcting value concerning
      density failure and a density measuring means therefor, including an
      optical system for forming a light to be transmitted through the negative
      film, a density measuring mechanism of the negative film and a correcting
      value arithmetic unit;
PA1  an information recording means consisting of a write-in mechanism, a
      recording mechanism and a recording medium; and
PA1  a reader control means for successively operating said respective units and
      means, which is constituted by logic circuitry so as to place respective
      portions in operating condition only when said automatic feed mechanism is
      set to operating state, operate said automatic stop mechanism every time
      said frame position detection mechanism detects each frame, operate said
      negative film mark forming mechanism when said automatic stop mechanism is
      actuated and the negative film is stopped, calculate density exposure
      light correcting value by driving said arithmetic means and said density
      measuring means therefor, record density exposure light correcting value
      into said information recording means, and interrupt automatic feed
      function as well as automatic write-in function of density exposure light
      correcting value into said recording means when said automatic feed
      mechanism is released;
PA1  while said printer comprises:
PA1  automatic printer constituents including a negative film setting mechanism,
      a printing paper feed mechanism, an optical system for printing, a density
      measuring unit and an exposure light control mechanism;
PA1  a detection and stop means for designated effective frames, including a
      mark detection mechanism and a negative film feed and stop mechanism;
PA1  an exposure light intrinsic value correction means including a readout
      mechanism from said recording medium and an arithmetic unit of
      compensating the exposure light intrinsic value with exposure light
      correcting value; and
PA1  a printer control means for successively operating said respective
      constituents and means, which is constituted by logic circuitry so as to
      operate said negative film stop mechanism when said mark detection
      mechanism is actuated, and operate said readout mechanism and said
      arithmetic unit when said negative film stop mechanism is actuated.
NUM  3.
PAR  3. An OFF-LINE automatic photograph printing control system consisting of a
      reader and a printer wherein said reader comprises:
PA1  a frame stop position detecting as well as recording means including a
      negative film frame position detection mechanism for determining the stop
      position of respective negative films to be used upon printing, a negative
      film automatic feed and stop mechanism and a negative film mark forming
      mechanism for determining the stop position of effective frames upon
      recording and to be used upon printing;
PA1  frame visual inspection means including a display mechanism and a negative
      film manual feed mechanism;
PA1  manual input means of exposure light correcting value relating to color
      failure and abnormal light negatives;
PA1  calculating means for density exposure light correcting value concerning
      density failure and a density measuring means therefor, including an
      optical system for forming a light to be transmitted through the negative
      film, a density measuring mechanism of the negative film and a correcting
      value arithmetic unit;
PA1  an information recording means consisting of a write-in mechanism, a
      recording mechanism and a recording medium; and
PA1  a reader control means for successively operating said respective units and
      means, which is constituted by logic circuitry so as to place respective
      portions in operating condition only when said automatic feed mechanism is
      set to operating state, operate said automatic stop mechanism every time
      said frame position detection mechanism detects each frame, operate said
      negative film mark forming mechanism when said automatic stop mechanism is
      actuated and the negative film is stopped, calculate density exposure
      light correcting value by driving said arithmetic means and said density
      measuring means therefor, record color exposure light correcting value
      from said manual input means and density exposure light correcting value
      into said information recording means, and interrupt automatic feed
      function as well as automatic write-in function of color exposure light
      correcting value and density exposure light correcting value into said
      recording means when said automatic feed mechanism is released;
PA1  while said printer comprises:
PA1  automatic printer constituents including a negative film setting mechanism,
      a printing paper feed mechanism, an optical system for printing, a density
      measuring unit and an exposure light control mechanism;
PA1  a detection and stop means for designated effective frames, including a
      mark detection mechanism and a negative film feed and stop mechanism;
PA1  an exposure light intrinsic value correction means including a readout
      mechanism from said recording medium and an arithmetic unit of
      compensating the exposure light intrinsic value with exposure light
      correcting value; and
PA1  a printer control means for successively operating said respective
      constituents and means, which is constituted by logic circuitry so as to
      operate said negative film stop mechanism when said mark detection
      mechanism is actuated, and operate said readout mechanism and said
      arithmetic unit when said negative film stop mechanism is actuated.
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ABST
PAL  An apparatus is provided for feeding individual sheets. The apparatus
      includes means for feeding the sheets which comprises at least one roll.
      Means are included for biasing the roll against the sheet with a first
      force normal to the sheet for a sheet having a thickness up to a first
      thickness and for step-wise increasing the first force to a second force
      normal to the sheet for sheets having a thickness greater than the first
      thickness. A reproducing apparatus including the above-noted sheet feeding
      apparatus is also provided.
BSUM
PAR  This invention relates to an apparatus for feeding individual sheets. The
      apparatus is particularly adapted for use as a document feeder for a
      reproducing machine for feeding documents over a transparent platen.
PAR  Numerous document feeders for use with reproducing machines are known as
      exemplified by U.S. Pat. Nos. 3,499,710, granted Mar. 10, 1970, to Sahley;
      3,556,512, granted Jan. 19, 1971, to Fackler; 3,674,363, granted July 4,
      1972, to Baller et al., and 3,790,158, granted Feb. 5, 1974, to Summers et
      al. These patents are representative of the broad prior art in this area
      directed to document feeders for placing a document on a transparent
      viewing platen for viewing by the optics of a reproducing machine for
      making copies of the document. The first named patent shows the use of
      friction rolls for transporting the document over the platen, and the
      remaining patents show the use of belt type transport devices.
PAR  In U.S. Pat. Nos. 3,685,905, granted Aug. 22, 1972, to Marshall et al., and
      3,747,918, granted July 24, 1973, to Margulis et al, belt type feeders are
      provided with means internally of the belt to bias it against the platen.
PAR  An alternative type document feeder for use with a reproducing machine is
      that set out in U.S. application Ser. No. 367,996, filed June 7, 1973, to
      Hoppner. In accordance with the subject application a scanning optical
      system is fixed adjacent one margin of a transparent viewing platen and a
      document feeder is positioned overlying the optics to advance documents
      past the fixed optical system at a speed synchronized to the speed of an
      image receiving member.
PAR  It is a problem common to all document feeding systems wherein rolls or
      belts bear against a platen or against the document supported on the
      platen that abrasion of the transparent platen results with consequent
      defects in the resulting copies.
PAR  The document feeding apparatus employed in the IBM Copier II employs a
      combination of feed belts and back-up belts similar to that shown in IBM
      Technical Disclosure Bulletin, Vol. 15, No. 2, July 1972, at page 389. The
      disclosure bulletin indicates that the outer feed belts by themselves do
      not adequately insure feeding since they exert a low pressure against the
      document. Therefore, back-up belts which move in synchronized relationship
      to the outer feed belts are positioned within the loop of the feed belts
      and provide an additional urging force toward the direction of feed, and a
      normal assisting force to improve the feeding of the sheet. It is possible
      that the dual belt arrangement employed in the IBM Copier II will reduce
      platen abrasion due to the feed belts alone because of the generally lower
      normal force they impart to the platen, or a sheet fed over the platen.
PAR  However, the system employed is a complex one requiring separate outer and
      inner belts. Most document feeders, as for example, those shown in the
      previously noted patents employ one or more single belts with no back-up
      belts or one or more sets of rolls. It is highly desirable that some
      system be found for reducing platen abrasion for these other types of
      document feeding apparatuses.
PAR  In U.S. application Ser. No. 464,725, filed of even date herewith to
      VanBuskirk, and assigned to the assignee of the instant invention, there
      is disclosed a document feeding apparatus wherein rolls, or rolls having a
      belt supported about their outer peripheries are biased against a platen
      glass with a first force when no sheet is being fed by the roll and with a
      second force larger than the first force when a sheet is being fed by the
      roll. In this manner, platen abrasion due to movement of the feed means
      when no sheet is being fed is substantially reduced. Other improvements
      also flow from the apparatus of the co-pending application.
PAR  The co-pending application, however, does not address the problem of platen
      abrasion which results during the actual feeding of a sheet. Most sheet
      materials fed over a transparent platen such as glass are abrasive to the
      glass during the feeding operation, particularly in the region under the
      feed means. Platen abrasion under the feed rolls during feeding of sheet
      material has been found to be a significant problem. The degree of platen
      abrasion is associated with the normal force which the feed means or rolls
      exert against the platen when the sheets are being fed. This normal force
      is selected depending on the type of sheet being fed, particularly sheet
      thickness and weight. It has been found that for thinner or lighter sheets
      the normal force required for proper feeding is low as compared to the
      force required for feeding thicker or heavier sheets. Since it is desired
      to provide a document feeder which can handle a wide range of document
      thicknesses, it has been the practice of the prior art to apply a normal
      force which is large enough to feed properly the full range of documents
      to be employed with the apparatus. This force is, therefore, greater than
      necessary for feeding many of the documents and, therefore, results in
      excess platen abrasion.
PAR  It is recognized that the feed means in some document feeders are biased
      against the platen by springs. The deflection of these springs increases
      with increasing document thickness and, therefore, the force applied by
      the springs also increases. It has been found, however, that the range of
      normal force increase due to the deflection of the springs over the range
      of conventional document thicknesses is not great enough to ensure
      consistently uniform feeding of thick documents if the initial force is
      set to be just adequate for feeding thinner documents so as to reduce
      platen abrasion.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention an apparatus is provided for feeding
      individual sheets or documents preferably over a transparent viewing
      platen. The apparatus includes means for feeding the sheets wherein the
      feeding means comprises at least one roll. The feeding means further
      includes means for biasing the roll against the sheet with a first force
      normal to the sheet for sheets up to a first thickness and for step-wise
      increasing the first force to a second normal force greater than the first
      force for sheets having a thickness greater than the first thickness.
PAR  The roll may have a web or belt supported about its outer periphery. For
      example, it could comprise the pulley of a belt transport type document
      feeder as described in the above-noted patents. The apparatus may further
      include additional means for step-wise increasing the second normal force
      to a third normal force greater than the second normal force for sheets
      having a thickness greater than the second thickness.
PAR  The sheet feeding apparatus of the present invention is particularly useful
      as a document feeder for a reproducing machine, particularly an automatic
      xerographic type machine. The apparatus of this invention provides an
      improvement with respect to the reduction of abrasion of the platen under
      the feed roll or rolls when sheets are being fed. Accordingly, it is an
      object of this invention to provide an improved apparatus for feeding
      sheets.
PAR  It is a further object of this invention to provide an apparatus as above
      including means for varying the normal force exerted by the feed means
      upon the sheet in a step-wise fashion, depending on sheet thickness.
PAR  It is a still further object of this invention to provide a reproducing
      machine including the above-noted sheet feeding apparatus.
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PAR  These and other objects will become more apparent from the following
      description and drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a reproducing machine including a
      sheet feeding apparatus in accordance with one embodiment of the present
      invention.
PAR  FIG. 2 is a top view of the sheet feeding apparatus of FIG. 1.
PAR  FIG. 3 is a partial side view of the sheet feeding apparatus of FIG. 1
      showing a biasing means in accordance with the present invention.
PAR  FIG. 4 is a series of partial side views of the sheet feeding apparatus of
      FIG. 1 illustrating the operation of the apparatus of this invention.
PAR  FIG. 5 is a partial side view of an alternative embodiment of a sheet
      feeding apparatus in accordance with this invention.
PAR  FIG. 6 is a side view of a sheet feeding apparatus in accordance with
      another embodiment of this invention employing a belt type transport.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention will now be described by reference to a specific sheet
      feeding apparatus in accordance with this invention in which a biasing
      means, as will be described in detail hereinafter, has been included. the
      sheet feeding apparatus to be described comprises a document feeder for
      providing an optical exposure of moving original, however, the invention
      is not limited thereto. This invention is broadly applicable to sheet
      feeding, but it finds particular application to the feeding of original
      documents over a transparent platen.
PAR  The apparatus of this invention has been applied to a reproducing machine
      of the type set out in the above-noted U.S. application Ser. No. 367,996.
      For purposes of example therefor, specific reference will now be made to
      the reproducing machine of the aforenoted application and to the document
      feeding apparatus in accordance with this invention incorporated in it.
      While the document feeder which will be described with reference to that
      machine is of the type for providing a moving original type exposure
      system, the invention as noted is not limited thereto. The document
      feeding apparatus of this invention may be applied to stationary original
      exposure systems as well.
PAR  Referring now to FIG. 1, there is illustrated a schematic side view of a
      compact automatic xerographic copying machine 10 incorporating the sheet
      feeding apparatus 11 of the present invention. The term compact copier, as
      herein used, refers to a machine of relatively small size, as for example,
      a desk type copier. Basically, the xerographic processor includes a
      rotatably mounted photoconductive drum P which is supported upon a
      horizontally extended shaft 12. The drum is driven in the direction
      indicated whereby its photoconductive surface is caused to pass
      sequentially through a series of xerographic processing stations.
PAR  Because the xerographic process is widely known and used in the art, the
      various processing steps involved will be briefly explained below in
      reference to FIG. 1. Initially, the photoconductive drum surface is
      uniformly charged by meeans of a corona generator 13 positioned within a
      charging station A located at approximately the 12 o'clock drum position.
      The charged drum surface is then advanced into an imaging station B
      wherein a flowing light image of an original document to be reproduced is
      projected onto the charged drum surface thus recording on the drum a
      latent electrostatic image containing the original input scene
      information. Next, subsequent to the exposure step in the direction of
      drum rotation is a developing station C wherein the latent electrostatic
      image is rendered visible by applying an electroscopic marking powder
      (toner) to the photoreceptor surface in a manner well known and used in
      the art. The now visible image is then forwarded into a transfer station D
      wherein a sheet of final support material is brought into overlying moving
      contact with the toner image and the image transferred from the plate to
      the support sheet by means of a second corona generator 14.
PAR  In operation, a supply of cut sheets are supported within the machine by
      means of a removable paper cassette 15. A pair of feed rollers 16 are
      arranged to operatively engage the uppermost sheet in the cassette so as
      to first separate the top sheet from the remainder of the stack and then
      advance the sheet into the transfer station in synchronous moving
      relationship to the developed image on the photoconductive plate surface.
      The motion of the feed rollers is coordinated with that of the rotating
      drum surface, as well as the other machine components through the main
      drive system whereby the support sheet is introduced into the transfer
      station in proper registration with the developed toner image supported on
      the xerographic plate. For further information concerning this type of
      sheet feeding mechanism, reference is had to co-pending U.S. patent
      application Ser. No. 205,911 filed in the name of Punnett et al.
PAR  After transfer, but prior to the reintroduction of the imaged portion of
      the drum into the charging station, the plate surface is passed through a
      cleaning station E wherein the residual toner remaining on the plate
      surface is removed. The removed toner particles are collected within a
      container where they are stored subject to periodic removal from the
      machine.
PAR  Upon completion of the image transfer operation, the toner bearing support
      sheet is stripped from the drum surface and placed upon a moving vacuum
      transport 17 which serves to advance the support sheet into a thermal
      fusing station F wherein the toner image is permanently fixed to the
      sheet. The copy sheet with the fused image thereon is forwarded from the
      fuser into a collecting tray 19 where the sheet is held until such time as
      the operator has occasion to remove it from the machine.
PAR  Normally, when the copier is operated in a conventional mode, the original
      document to be reproduced is placed image side down upon a horizontal
      transparent viewing platen 20 and the stationary original then scanned by
      means of the moving optical system 21. The scanning system 21
      fundamentally consists of a stationary lens system 22 positioned below the
      right hand margin of the platen as viewed in FIG. 1, and a pair of
      cooperating movable scanning mirrors 23 and 24. The lens is basically a
      half-lens objective having a reflecting surface at the stop position to
      simulate a full lens system. The two mirrors are slidably supported
      between a pair of parallel horizontally aligned guide rails (not shown).
      For a further description and greater details concerning this type of
      optical scanning system reference is had to co-pending U.S. application
      Ser. No. 259,181, now U.S. Pat. No. 3,832,057 filed in the name of
      Shogren.
PAR  In practice, mirror 23, herein referred to as the full rate scan mirror, is
      caused to move from a home position, directly below the left hand margin
      of the platen to an end of scan position below the opposite margin of the
      platen. The rate of travel of the scan mirror is equal to the peripheral
      speed of the rotating xerographic drum surface P. The second mirror 24 is
      simultaneously caused to move in the same direction as the scanning mirror
      at half the scanning rate. As the two mirrors sweep across the platen
      surface, an image of each incremental area thereon viewed by the scanning
      mirror is reflected towards the second mirror which, in turn, redirects
      the image back to the half lens system. The reflecting surface, positioned
      at the lens stop position, reverses the entering light rays and redirects
      the light rays back towards a stationary mirror 26 positioned directly
      above the drum surface at the exposure station B. In this manner a flowing
      light image containing the original input scene information is focused
      upon the charged photoconductive plate.
PAR  A wind up spring (not shown) is provided to restore the moving mirrors to a
      start of scan condition.
PAR  The copying apparatus 10 shown in FIG. 1 is provided with a document feeder
      11 in accordance with this invention. The document feeder 11 is movable
      between a first stored position adjacent to the viewing platen 20 and a
      second operative position over the platen surface. Commensurate with the
      positioning of the feeder assembly over the platen, the moving optical
      system 21 is locked in a position to view documents as they are advanced
      by the document feeder over the platen and record a flowing light image of
      the input information upon the moving photoconductive plate surface P.
PAR  Referring now more specifically to FIGS. 1 and 2, there is shown the
      document feeding mechanism 11 associated with the instant invention.
      During normal operations, that is, when the moving optics are utilized to
      provide a flowing light image of the stationary original, the document
      feeding assembly is maintained in a stored position (as depicted by the
      phantom lines shown in FIG. 1) to expose the entire platen surface area
      and thus provide a maximum working area to the operator.
PAR  To initiate the moving document mode of operation, the machine operator
      simply advances the document feeding assembly 11 from the stored position
      to a document feeding position with the feeding assembly extending over
      the left hand margin of the platen surface. Fundamentally, the document
      feeding mechanism is made up of two main sections which include a
      stationary support bridge, generally referenced 41, and a movable feed
      roller support section, generally referenced 42. The bridge 41 is made up
      of two vertically extending end support members which are securely
      anchored in the machine frame and upon which is secured a horizontal span
      44. The feed roller support section 42 is slidably suspended from the
      horizontally extended span 44 by means of a pair of parallel aligned rod
      like guide rails 47, 48 which are slidably supported in bearings (not
      shown) affixed to the underside of the bridge span. The document feed roll
      assembly is thus suspended from the span so that it can be freely moved
      back and forth from the home or stored position adjacent to the platen 20
      and an extended position over the left hand margin of the platen surface.
PAR  In practice, at the start of the moving document handling conversion cycle,
      the machine operator grasps a lever arm 49 mounted on top of the bridge
      span and rotates the arm in a clockwise direction as shown in FIG. 2. The
      lever arm is operatively connected to segmented pinion 51 which meshes
      with a rack 52 secured to the feed roller assembly 42. Movement of the arm
      in a clockwise direction causes the movable feed roller assembly to be
      advanced toward the fully extended or operative position. Rotation of the
      arm in the opposite direction produces the opposite result.
PAR  Manually moving the feed roller support assembly 42 to the extended
      position also physically closes the contacts of the large document mode
      switch (not shown) causing a signal to be sent to the main machine drive
      motor (not shown) actuating the motor. At the same time, a signal is also
      sent to the machine logic control system placing the machine in a single
      copy mode of operation. This latter step is required in order to move the
      optical system from its normal rest position, which is the start of scan
      position at the left hand end of the platen surface, to the end of scan
      position beneath the now fully extended feed roll assembly. However,
      during this initial conversion phase, no original is actually being
      processed and there is, therefore, no need to feed copy sheets through the
      copier. In point of fact, feeding a copy sheet during the conversion phase
      would have a deleterious effect on the various machine components as well
      as confusing the machine programming and registering system. To prevent
      this occurrence, means 60, as shown in FIG. 1, are provided for inhibiting
      the action of the paper feeder during the period when the machine is being
      converted to the moving document mode of operation. Means 61 are provided
      for locking the optics at the end of scan position during the moving
      original mode of operation. Means 61 comprises a lock-out mechanism which
      serves to both uncouple the drive shaft from the main drive system and
      hold the optics rigidly in a fixed position for viewing moving documents
      subsequently advanced through the document feeding assembly 11.
PAR  Further details of the inhibitor means 60 and lockout means 61 may be
      obtained by reference to the above-noted U.S. application Ser. No.
      367,996.
PAR  The movable document feed roller support section 42 of the document feeder
      assembly is provided with two sets of co-axially aligned rollers
      comprising a first set of drive rollers 70 mounted upon shaft 71 and a
      second set of hold down rollers 72 mounted upon hold down shaft 73. The
      two roller supports shafts are connected by means of a timing belt 74
      whereby each set of rollers is adapted to turn in coordination with the
      other set of rollers. Shaft 71 is arranged to extend beyond the end wall
      75 of the movable document feeder roll support section 42 and has a gear
      76 pinned thereto. In operation gear 76 is adapted to move into and out of
      meshing contact with the stationary driven gear 77 as the document feed
      roll section is moved between a stored and fully extended position. When
      placed in a fully extended position, as shown in FIG. 2, gear 76 meshes
      with gear 77 thus causing both the document feed rollers 70 and the hold
      down rollers 72 to be rotated. Directly below the stationary bridge and
      adjacent to the platen marign are a set of pinch rollers 78 (FIG. 1) which
      are rotatably supported in the machine frame. The pinch rollers are
      arranged in the machine frame so as to coact with the feed rollers 70 when
      the document feeder 11 is in the operative position so as to advance a
      document introduced therebetween. In operation, the document is moved past
      the viewing domain of the now fixed optical assembly 21 and then into the
      pinch between the hold down rollers 72 and the platen 20 surface. The hold
      down rollers 72 serve to hold the document in sliding contact with the
      platen surface as the original is being moved past the optics.
PAR  The rolls 70 and 72 in the feeder 11 shown are continuously driven during
      machine operation even when no sheet is being fed.
PAR  Referring now to FIGS. 3, 4, and 5, the apparatus 11 in accordance with
      this invention and the operation thereof will be described in greater
      detail. In FIG. 3 the hold down rolls 72 which are biased against the
      platen 20 are pivotably supported relative thereto by means of pivot arms
      80 at each end of the shaft 73. The shaft 73 is journaled for rotation in
      the pivot arms 80 by means of bearings 81. The other end of the pivot arms
      80 are pivotably supported about the shaft 70 of the upper pinch rolls 71.
      The hold down rolls 72 are biased into contact with the platen by means of
      leaf springs 82 which engage in cantilever fashion the shaft 73 of the
      hold down rolls.
PAR  The springs are mounted to the roll support section 42. These springs cause
      the rolls to be biased against the platen with a first force normal
      thereto and any sheet fed thereover It should be recognized that as a
      sheet is fed between the rolls 72 and the platen 20 the rolls are pivoted
      away from the platen an amount equal to the thickness of the sheet.
PAR  In accordance with this invention a second leaf spring 84 is provided which
      is mounted to the feeder 11 and is positioned to engage the shaft 73 after
      it has been deflected a given distance corresponding to a first maximum
      sheet thickness. For sheets having a thickness greater than this first
      thickness the second spring 84 engages the shaft 73 providing an
      additional normal force component exerted by the rolls 72 against the
      platen. This increases the first normal force in a step-wise fashion to a
      second force which is greater than the first force for sheets having a
      thickness greater than the first thickness.
PAR  The apparatus of FIG. 3 further shows a means 90 for reducing platen
      abrasion when no sheets are being fed in accordance with the above-noted
      co-pending patent application to VanBuskirk. This apparatus comprises a
      set screw 91 supported in threaded engagement with each of the pivot arms
      80 and anvils 92 supported by the feed roll support section 42. By
      adjusting the screw 91 so that it partially lifts the pivot arms 80 away
      from the platen 20 the amount of force exerted by the rolls 72 against the
      platen as a consequence of the first leaf springs 82 is reduced when no
      sheet is fed, thereby reducing platen abrasion. When a sheet is being fed,
      however, the screw 91 is lifted off the anvil so that the full normal
      force imparted by the springs 82 is imparted to the sheet being fed and,
      in accordance with this invention, for thicker sheets the additional
      normal force component due to the springs 84 may also be imparted.
PAR  Referring to FIG. 4, the operation of the apparatus 11 of FIG. 3 is
      illustrated. In FIG. 4A a sheet is not being fed and the normal force
      reducing means 90 of the co-pending application is employed to reduce the
      normal force of the roll against the platen. Therefore, a portion of the
      normal force which would result from the biasing of the leaf springs 82
      which are not shown in this Figure, is offset through absorption in the
      set screw 91 and anvil 92 arrangement. It is apparent that when a sheet is
      not being fed the additional normal force component which would be
      imparted by the second spring 84 is not so imparted since it is not
      engaged.
PAR  In FIG. 4B, a sheet S.sub.1, having a thickness less than the first
      thickness is being fed. It is apparent that the normal force reducing
      apparatus 90 is now disengaged and the first normal force is applied by
      the action of the leaf springs 82 as aforenoted. The secondary spring 84
      for applying the additional normal force is not engaged.
PAR  In FIG. 4C, a sheet S.sub.2, thicker than the first thickness is being fed
      and in addition to the leaf springs 82 an additional normal force
      component is imparted by engagement of the springs 84 against the shaft
      73.
PAR  Therefore, as a matter of example, if the leaf springs 82 were applying in
      FIG. 4B, a sufficient force to cause a normal force imparted by the rolls
      72 against the platen of about 2 pounds, then in FIG. 4A the normal force
      reducing device could reduce that force to say, about 1 pound; whereas in
      FIG. 4C the normal force assisting spring 84 could increase that normal
      force to about 5 pounds or higher as desired.
PAR  In the previously discussed embodiments, a first normal force was applied
      for feeding sheets up to a first thickness and an increased second normal
      force was applied for feeding sheets greater than the first thickness. In
      accordance with FIG. 5, an alternative embodiment is shown wherein further
      normal assisting forces may be applied in step-wise fashion at further
      document thickness intervals. In FIG. 5, a plurality of normal force
      assisting springs 84, 84', 84", and 84'" are provided. In this embodiment
      the cantilever leaf springs 82 have been eliminated since the first spring
      84 is engaged to the shaft 73. The second spring 84' is displaced or
      separated by a given distance from the first spring 84 and similarly the
      third spring 84" is displaced from the second spring 84' and the fourth
      spring 84'" from the third 84". The springs extend parallel to one
      another. In this manner it is possible, in accordance with the apparatus
      of FIG. 5, by engagement of the respective springs to apply a first normal
      force due to the action of the first spring 84 for documents up to a first
      thickness, and to then step-wise increase the normal force to a second
      normal force due to the action of the first and second springs 84 and 84'
      for documents from a first thickness to a second thickness. Similarly the
      normal force can be step-wise increased to a third normal force due to the
      action of the springs 84, 84' and 84" for documents from the second
      thickness to a third thickness, and to further step-wise increase the
      normal force to a fourth normal force due to the action of springs 84,
      84', 84" and 84'" for documents from the third thickness and up.
PAR  It should be apparent that any desired combination of normal forces
      increasing in step-wise fashion could be provided in correspondence to any
      desired thickness levels of the documents being fed. The number of such
      step-wise adjustments in normal force can be selected as desired. The
      wider the range of sheet thicknesses to be fed by the document feeder 11
      the greater the number of step-wise changes in normal assisting force
      required.
PAR  It is believed that an apparatus as above-described would be highly useful
      in reducing platen abrasion due to the normal force exerted upon a sheet
      by a feed means since the normal force may be reduced to a level which is
      just satisfactory for the sheet thicknesses being fed. Therefore, a sheet
      feeder 11 can be designed which is adapted to handle a wide range of sheet
      thicknesses properly with the least amount of platen abrasion. For
      example, if a document feeder were used predominantly for feeding 20 pound
      paper, and much heavier stock such as 0.06 inch thick stock on an
      infrequent basis, in accordance with this invention platen abrasion could
      be substantially reduced. For feeding the 20 pound sheets a fairly low
      normal force would be employed whereas for the occasional feeding of the
      thicker sheets a higher normal force including the normal assisting force
      would be employed to obtain proper feeding.
PAR  Referring now to FIG. 6, it will be made apparent that the sheet feeding
      apparatus 11 of this invention is adaptable to other than roll type
      feeding systems. In FIG. 6, a belt type sheet feeding transport 100 is
      shown. A continuous belt or web 101 is supported about the outer periphery
      of two feed rolls 72' which, in this case, comprise the belt pulleys. Each
      of the rolls 72' is pivotably supported by means of pivot arms 80' just as
      in the previously discussed embodiments. Biasing means 82' and 84' are
      employed for each of the rolls. Each pivot arm 80' includes a set screw
      91' and the roll support 42' carries the anvils 92'.
PAR  Therefore, it is apparent that just as in the previous embodiments each of
      the rolls 72' will apply a first force normal to the platen up to a first
      document thickness and then step-wise increase the normal force to a
      greater force for document thicknesses greater than the first thickness.
      Further, it should be apparent that biasing means 84 - 84'" of FIG. 5
      could also be employed in the apparatus of FIG. 6.
PAR  The step-wise normal force adjustment of this invention depending on
      document thickness is principally the adjustment of the force under the
      feed rolls 72'. The force exerted by the belt against the sheet in the
      unsupported region is more a function of belt tension which probably will
      not be substantially affected by the apparatus of this invention.
PAR  The patents and applications specifically set forth in this application are
      meant in every respect to be incorporated by reference into the
      description.
PAR  It is apparent that there has been provided in accordance with this
      invention, a document feeding apparatus which fully satisfies the objects,
      means and advantages set forth hereinbefore. While the invention has been
      described in conjunction with specific embodiments thereof, it is evident
      that many alternatives, modifications and variations will be apparent to
      those skilled in the art in light of the foregoing description.
      Accordingly, it is intended to embrace all such alternatives,
      modifications and variations as fall within the spirit and broad scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for feeding individual sheets comprising:
PA1  means for feeding said sheets, said feeding means comprising at least one
      roll; and
PA1  means for biasing said roll against said sheet, said biasing means
      comprising a first means for biasing said roll against said sheet with a
      force normal to said sheet within a first range of normal force, for a
      sheet having a thickness in a range up to a first thickness and second
      means for providing an additional normal force component within a range of
      normal force components for stepwise increasing said force normal to said
      sheet to an amount greater than said first range of normal force for
      sheets having a thickness in a range greater than said first thickness.
NUM  2.
PAR  2. An apparatus as in claim 1, wherein said second means applies said
      additional normal force component for sheet thicknesses up to a second
      thickness; and wherein said biasing means includes third means for
      applying a further additional normal force component within a range of
      normal force components for further stepwise increasing the normal force
      of said rolls against said sheets for sheets having a thickness in a range
      greater than said second thickness.
NUM  3.
PAR  3. An apparatus as in claim 1, wherein a web is supported about the outer
      periphery of said roll.
NUM  4.
PAR  4. An apparatus as in claim 3 including a plurality of said feeding means
      and said biasing means.
NUM  5.
PAR  5. An apparatus as in claim 1 further including a transparent platen and
      wherein said feeding means feeds said sheets across said platen and is
      biased against said platen.
NUM  6.
PAR  6. An apparatus for feeding individual sheets comprising:
PA1  means for feeding said sheets, said feeding means comprising at least one
      roll;
PA1  means for biasing said roll against said sheet with a force normal to said
      sheet within a first range of normal force for a sheet having a thickness
      up to a first thickness and for stepwise increasing said normal force to a
      force normal to said sheet within a second range of normal force, for
      sheets having a thickness greater than said first thickness, said second
      range of normal force being greater than said first range of normal force,
      said biasing means comprising a first spring for biasing said roll against
      said sheet with said force within said first range of normal force, and at
      least one second spring arranged for providing said stepwise increase to a
      force within said second range of normal force when said roll is displaced
      by a thickness greater than said first thickness.
NUM  7.
PAR  7. An apparatus as in claim 6, wherein at least one roll is carried by a
      shaft and wherein said second spring comprises a leaf spring having a
      surface for engaging said shaft, said surface being separated from said
      shaft by a distance equal to said first thickness.
NUM  8.
PAR  8. An apparatus as in claim 3 including a plurality of said second springs
      mounted in cantilever fashion overlying one another, each of said second
      springs being separated from the next adjacent spring by a distance
      corresponding to a desired interval of sheet thickness.
NUM  9.
PAR  9. In a reproducing apparatus for providing one or more copies of an
      original document, said apparatus including a transparent viewing platen
      for supporting said documents;
PA1  a moving photosensitive surface;
PA1  means for feeding said document over said platen;
PA1  means for projecting an image of said document on said moving
      photosensitive surface; and
PA1  means for developing said image, the improvement wherein:
PA1  said feeding means comprises at least one roll, and means for biasing said
      roll against said document, said biasing means comprising a first means
      for biasing said roll against said document with a force normal to said
      sheet within a first range of normal force, for a document having a
      thickness in a range up to a first thickness, and second means for
      providing an additional normal force component within a range of normal
      force components for stepwise increasing said force normal to said sheet
      to an amount greater than said first range of normal force for sheets
      having a thickness in a range greater than said first thickness.
NUM  10.
PAR  10. An apparatus as in claim 9, wherein said second means applies said
      additional normal force component for sheet thicknesses up to a second
      thickness; and wherein said biasing means includes third means for
      applying a further additional normal force component within a range of
      normal force components for further stepwise increasing the normal force
      of said rolls against said document for documents having a thickness in a
      range greater than said second thickness.
NUM  11.
PAR  11. An apparatus as in claim 10 including a plurality of said second
      springs mounted in cantilever fashion overlying one another, each of said
      second springs being separated from the next adjacent spring by a distance
      corresponding to a desired interval of sheet thickness.
NUM  12.
PAR  12. An apparatus as in claim 9, wherein a web is supported about the outer
      periphery of said roll.
NUM  13.
PAR  13. An apparatus as in claim 12 including a plurality of said feeding means
      and said biasing means.
NUM  14.
PAR  14. An apparatus as in claim 9 wherein said feeding means feeds said sheets
      across said platen and is biased against said platen.
NUM  15.
PAR  15. An apparatus as in claim 9 wherein said projecting means comprises a
      fixed optical system for projecting an image of a moving original document
      and wherein said feeding means includes a first set of said rolls biased
      against said platen and a second set of feed rolls positioned upstream of
      said first set for feeding said document across said platen into the nip
      formed between said first set and said platen, said rolls advancing said
      document across said platen in synchronism with said moving photosensitive
      surface.
NUM  16.
PAR  16. An apparatus as in claim 15 wherein said second set of feed rolls are
      positioned off said platen and are biased against a set of cooperating
      pinch rolls.
NUM  17.
PAR  17. In a reproducing apparatus for providing one or more copies of an
      original document, said apparatus including a transparent viewing platen
      for supporting said document;
PA1  a moving photosensitive surface;
PA1  means for feeding said document over said platen;
PA1  means for projecting an image of said document on said moving
      photosensitive surface; and
PA1  means for developing said image, the improvement wherein:
PA1  said feeding means comprises at least one roll, and wherein said feeding
      means includes means for biasing said roll against said platen with a
      force normal to said platen within a first range of normal force for
      feeding sheets having a thickness up to a first thickness and for stepwise
      increasing said normal force to a normal force within a second range of
      normal force greater than said first range of normal force for sheets
      having a thickness greater than said first thickness, said biasing means
      comprising a first spring for biasing said roll against said sheet with
      said force within said first range of normal force, and at least one
      second spring arranged for providing said stepwise increase to a force
      within said second range of normal force when said roll is displaced by a
      thickness greater than said first thickness.
NUM  18.
PAR  18. An apparatus as in claim 17, wherein said at least one roll is carried
      by a shaft and wherein said second spring comprises a leaf spring having a
      surface for engaging said shaft, said surface being separated from said
      shaft by a distance equal to said first thickness.
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ABST
PAL  A document photographing device has a surface for supporting a document to
      be photographed, a camera positioned about the surface, to receive light
      reflected from and transmitted by a document supported on the surface, and
      separate means for illuminating the document from above and below
      respectively. An exposure meter receives light reflected from or
      transmitted through the document and indicates when correct exposure
      conditions have been set. The exposure meter includes correction means for
      correcting the reading of the exposure meter to take account of the
      different spectral radiation characteristics of the illuminating means.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The invention relates to a device for document filming with optional
      illumination of the original from above or below according to choice,
      light sources of different spectral radiation characteristics being
      provided for the two types of illumination.
PAR  Conventionally, illumination from above uses a source vertically above the
      original, the camera receiving light reflected from the original.
      Illumination from below causes the camera to receive light transmitted
      through the original.
PAR  For the filming of transparent originals it is usual to illuminate the
      original either from above or from beneath. If light sources of equal
      spectral radiation characteristics, for example incandescent lamps are
      used for the two types of illumination, the adaptation of the spectral
      sensitivity of a photo-receiver to the spectral sensitivity of the film
      can be achieved by simple arrangement of a colour filter. If on the other
      hand light sources of different spectral radiation characteristics are
      used, for example incandescent lamps for illumination from above and
      fluorescent tubes for illumination from below, then the spectral
      adaptation of the photo-receiver to the different radiation
      characteristics of the two light sources cannot be achieved to the
      requisite extent by the arrangement of a colour filter. Therefore the
      indication of the exposure meter will lead to different darkening of the
      film for illumination from above and compared with illumination from
      below.
PAR  The invention is based on the problem, in a camera of the initially stated
      kind, despite deviation in the spectral adaptation between film and
      photo-receiver, of obtaining an exposure indication which leads to equal
      darkening of the film in the case of different radiation characteristics
      of the light sources for illumination from above and illumination from
      below respectively.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a device for photographing
      documents comprising:
PA1  I. a surface for supporting a document to be photographed;
PA1  Ii. a camera positioned above said surface, to receive light reflected from
      and transmitted by a document when supported on said surface;
PA1  Iii. first illuminating means for illuminating from above a document when
      supported on said surface;
PA1  Iv. second illuminating means for illuminating from below a document when
      supported on said surface, having spectral radiation characteristics
      different from said first illuminating means;
PA1  V. means for selecting between illumination from above and from below;
PA1  Vi. an exposure measuring device for receiving light reflected from or
      transmitted through a document when supported on said surface, and for
      indicating when correct exposure conditions have been set;
PA1  vii. correction means for correcting the reading of the exposure meter to
      take account of said different spectral radiation characteristics of the
      first and second illuminating means.
PAL  According to a first embodiment the correction device comprises a damping
      resistor arranged in the measuring circuit, the electric value of which
      resistor corresponds to the measurement difference caused by the different
      spectral radiation characteristics of the two kinds of illumination, and
      which resistor can be connected or disconnected by a switch which is
      operable in the change from illumination from above to illumination from
      below or vice versa and lies electrically in parallel with the damping
      resistor. The damping resistor is preferably formed as a variable
      resistor. According to a further embodiment, where for the consideration
      of different kinds of film a rheostat is provided, the slider of the
      rheostat is adjustable according to a scale with values for different film
      sensitivities and the rheostat is made displaceable in relation to the
      slider by a switch cam operable in the change from illumination from above
      to illumination from below and vice versa, this relative displacement
      corresponding to the electric magnitude of the measurement difference
      caused by the different spectral radiation characteristics of the two
      kinds of illumination. According to another embodiment the correction
      device comprises a setting mark which is settable in relation to the
      setting member for the film sensitivities, the setting mark being arranged
      on a movably mounted mark plate which is movable into mutually different
      positions in the case of illumination from above and illumination from
      below. The adjustable parts of the correction devices are expediently
      operable in dependence upon a switch knob for the one or the other type of
      illumination. According to an especially simple embodiment the setting
      knob which is settable according to the measure of a scale with values for
      different film sensitivities has setting marks arranged with spacing from
      one another which are provided with symbols for illumination from above
      and illumination from below, and this spacing corresponds to the
      measurement difference which is caused by the different spectral radiation
      characteristics of the two types of illumination.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is explained by reference to illustrated and described
      examples of embodiment.
PAR  FIG. 1 shows a device for document filming,
PAR  FIG. 2 shows a correction device with variable damping resistor,
PAR  FIG. 3 shows a correction device with rheostat for the consideration of
      different kinds of films,
PAR  FIG. 4 shows a correction device with adjustable measurement mark, and
PAR  FIG. 5 shows a correction device with separate measurement marks for each
      kind of illumination.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The device for the micro-filming of documents (see FIG. 1) consists
      essentially of a camera 2 secured on a stand 1, and having a
      picture-taking lens 3, lateral lamp carriers 4 with incandescent lamps 5
      for vertical illumination and an object table 6. A supporting surface or
      object holder is formed by the ground glass pane 7. The photo-receiver 9
      of an exposure measuring device is secured on a pivot arm 8. A pointer 11
      of an exposure meter forming a part of the exposure measuring device is
      visible in a viewing window 10. The exposure meter is influenceable by
      means of a setting knob 12. Beneath the ground glass pane 7 fluorescent
      tubes 13 are arranged with different spacings from one another; the
      spacing of the outer fluorescent tubes 13 being smaller than the spacing
      of the middle fluorescent tubes. A switch knob 14 serves for switching on
      and regulating the brightness of the incandescent lamps 5 and a switch
      knob 15 serves for switching on and regulating the brightness of the
      fluorescent tubes 13.
PAR  In the embodiment of the correction device with variable damping resistor
      16 (see FIG. 2) a switch is provided which is arranged electrically in
      parallel with the damping resistor 16; the damping resistor 16 can be
      shorted out by closure of this switch 17. The exposure meter is assembled
      according to this embodiment as a bridge circuit. The photoreceiver 9 and
      an adjusting resistor 18 lie each in one branch of the bridge, while the
      other two branches of the bridge are formed by a rheostat 20 which can be
      divided by slider 19. The slider 19 is firmly connected with the setting
      member 12 which is settable by means of a scale 21 with values for
      different film sensitivities in relation to a setting mark 22. A current
      meter 23, the pointer 11 of which swings in relation to a measuring mark
      24, lies in the diagonal branch of the bridge circuit. The exposure meter
      circuit is fed by a current source 25. In the current circuit of the
      incandescent lamps 5 a rheostat 26 is arranged which is scannable by a
      slider 27 of the switch knob 14 for varying the illumination from above.
      In the current circuit of the fluorescent tubes 13 a rheostat 28 is
      arranged which is scannable by a slider 29 of the switch knob 15 for
      varying the illumination from below. The two switch knobs 14 and 15 are
      operable either separately or simultaneously in the direction of switching
      on of the incandescent lamps 5 and the fluorescent tubes 13 respectively.
      The switch knob 15 for illumination from below possesses a switch cam 30
      by which the switch 17 is closable when the fluorescent tubes 13 are
      switched off.
PAR  The manner of operation of this embodiment is as follows:-
PAR  The sensitivity of the film material inserted into the camera 2 is taken
      into account by rotation of the setting member 12. Then a transparent
      document is placed upon the ground glass pane 7, so that it is possible to
      work with illumination from below. For this purpose the switch knob 14 for
      the incandescent lamps 5 is in the switched-off position. The fluorescent
      tubes 13 have been switched on by the switch knob 15. The switch cam 30
      has then caused the switch 17 to open, so that the damping resistor 16 is
      effective in addition to the adjusting resistor 18 in one bridge branch.
      By means of the pivot arm 8 the photo-receiver 9 is pivoted over the
      position of the document to be measured. By rotation of the switch knob 15
      the brightness of the fluorescent tubes 13 is varied until the meter
      pointer 11 stands opposite the measuring mark 24. Thus the brightness of
      the fluorescent tubes 13 is adjusted, which together with the constant
      exposure time delivered by the shutter of the camera 2 produces a
      correctly exposed photograph.
PAR  If on the other hand a document is to be illuminated from above, that is by
      the incandescent lamps 5, then the switch knob 15 for transillumination is
      brought into the position marked as "zero" and the incandescent lamps 5
      are switched on by the switch knob 14 for illumination from above. When
      the switch knob 15 is in the position marked as "zero" the switch 17 is
      held in the closed position by the switch cam 30 so that the damping
      resistor 16 is shorted out. By rotation of the switch knob 14 the correct
      brightness of the incandescent lamps 5 is set when again the meter pointer
      11 stands opposite to the measuring mark 24.
PAR  In the embodiment according to FIG. 3 the resistor 20, which can be tapped
      by the slider 19 of the setting knob 12 for the consideration of different
      film sensitivities, is made displaceable. For this purpose the resistor 20
      is arranged on a resistance plate 31 which is mounted rotatably
      concentrically with the setting knob 12. The resistance plate 31 is
      constantly held in engagement in the counter-clockwise direction with a
      coupling rod 33 by a return spring 32. The coupling rod 33 is held in the
      end position intended for illumination from above by the stop 34. Thus
      when the coupling rod 33 is in this end position the resistance plate 31
      is also situated in the position for illumination from above. The switch
      knob 14 for illumination from above, that is for the switching on and
      regulation of the incandescent lamps 5, is provided with a switch arm 35
      for the coupling rod 33. On rotation of the switch knob 14 into the
      switched-off position 27' or 35' the resistance plate 31 is rotated by
      means of the coupling rod 33 against the return spring 32 into the
      position 31' indicated in broken lines, which is intended for illumination
      from below. The correct brightness of the incandescent lamps 5 or of the
      fluorescent tubes 13 is set in each case when the meter pointer 11 stands
      opposite to the measuring mark 24.
PAR  In the embodiment according to FIG. 4 the setting mark 22, with which the
      scale 21 for the consideration of different film sensitivities
      corresponds, is arranged on a mark plate 36 which is mounted rotatably
      concentrically with the setting member 12. The mark plate 36 is provided
      with an arm 42 constantly held in engagement with a coupling rod 38 by a
      return spring 37 in the counterclockwise direction. The mark plate 36 is
      held in the end position intended for illumination from above by a stop
      pin 39. The coupling rod 38 can be displaced axially by the switch arm 35
      of the switch knob 14 for illumination from above.
PAR  When the switch knob 14 is in the switched-off position (see FIG. 4) the
      mark plate 36 is situated in the position intended for illumination from
      below. On rotation of the switch knob 14 in the direction of switching on
      of the incandescent lamps 5 the return spring 37 can rotate the mark plate
      36 as far as the stop pin 39 moving arm 42 into the position 42'. This
      position of the mark plate 36 corresponds to the position of the setting
      mark 22' intended for illumination from above.
PAR  In the embodiment according to FIG. 5 the adaptation of the exposure meter
      to the different spectral radiation characteristics of the incandescent
      lamps 5 and of the fluorescent tubes 13 is achieved by two measuring marks
      40 and 41 arranged with spacing from one another. When illumination from
      above is used the switch knob 14 should be rotated until the meter pointer
      11 stands opposite to the measuring mark 40, while with the switch knob 15
      the correct brightness of the fluorescent tubes 13 is set when the meter
      pointer 11 stands opposite to the measuring mark 41. Although not shown in
      FIG. 5, in this embodiment the setting knob 12 includes a setting mark
      similar to the mark 22 shown in FIG. 2.
PAR  The invention is not limited to the embodiments as illustrated and
      described. Of course it is also conceivable to produce a correction device
      using interchangeable filters with different spectral permeabilities or
      otherwise.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for photographing documents comprising:
PA1  i. a surface for supporting a document to be photographed;
PA1  ii. a camera positioned above said surface, to receive light reflected from
      and transmitted by a document when supported on said surface;
PA1  iii. first illumination means for illuminating from above a document when
      supported on said surface;
PA1  iv. second illuminating means for illuminating from below a document when
      supported on said surface, having spectral radiation characteristics
      different from said first illuminating means;
PA1  v. means for selecting between illumination from above and from below;
PA1  vi. an exposure measuring device for receiving light reflected from or
      transmitted through a document when supported on said surface, and for
      indicating when correct exposure conditions have been set;
PA1  vii. correction means for correcting the reading of the exposure meter to
      take account of said different spectral radiation characteristics of the
      first and second illuminating means.
NUM  2.
PAR  2. Device according to claim 1, wherein said exposure measuring device
      includes a measuring circuit, and said correction device comprises a
      damping resistor arranged in the measuring circuit, the electric value of
      which damping resistor corresponds to the electric value of the
      measurement difference caused by said different spectral radiation
      characteristics and which damping resistor can be connected and
      disconnected by a switch lying electrically in parallel with the damping
      resistor and to be operated in the change between said illumination from
      above and from below.
NUM  3.
PAR  3. Device according to claim 2, wherein the damping resistor is formed as a
      variable resistor.
NUM  4.
PAR  4. Device according to claim 3, wherein said means for selecting between
      illumination from above and from below includes a switch having a part
      which cooperates with the switch for connecting and disconnecting the
      damping resistor upon changing between illumination from above and from
      below.
NUM  5.
PAR  5. Device according to claim 1, wherein said exposure measuring device
      includes a measuring circuit having a rheostat for the introduction of
      different film sensitivities, the rheostat having a slider, a scale
      attached to said slider and a setting mark against which said scale is
      settable, the scale having indications indicative of different film
      sensitivities.
NUM  6.
PAR  6. Device according to claim 5, wherein the rheostat is displaceable
      relative to the slider and said means for selecting between illumination
      from above and from below includes a switch having a switch cam which
      cooperates with said displaceable rheostat to displace the latter upon
      changing between illumination from above and below, this relative
      displacement corresponding to the electric value of the measurement
      difference caused by said different spectral radiation characteristics.
NUM  7.
PAR  7. Device according to claim 5, wherein the setting mark is arranged on a
      movably mounted plate which is movable upon changing between illumination
      from above and below, the range of this movement corresponding to the
      electric value of the measurement difference caused by said different
      spectral radiation characteristics.
NUM  8.
PAR  8. Device according to claim 7, wherein said means for selecting between
      illumination from above and from below includes a switch having a part
      which cooperates with said movably mounted plate to move the latter upon
      changing between illumination from above and from below.
NUM  9.
PAR  9. Device according to claim 5, wherein the measuring circuit includes a
      current meter having a pointer which swings in relation to two measuring
      marks, alignment of the pointer with one of said marks being indicative of
      correct exposure settings when illumination from above is used, alignment
      of the pointer with the other of said marks being indicative of correct
      exposure when illumination from below is used, the distance between said
      marks corresponding to the electric value of the measurement difference
      caused by said different spectral radiation characteristics.
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ABST
PAL  An improved apparatus is disclosed for transferring toner from the surface
      of a toner-bearing drum, such as a xerographic drum, to a support medium
      for the toner, such as plain paper. The improvement relates to apparatus
      of the type which employs a transfer web or belt to remove toner from the
      toner-bearing drum and to transfer it to a support medium. In such
      apparatus, it is typical for the transfer web to be at least partially
      driven by means of its contact with the toner-bearing drum and/or transfer
      rollers.
PAL  The improvement described herein comprises providing means for
      simultaneously disengaging the toner-bearing drum and at least one of the
      transfer rollers from the transfer web at least once per web cycle, and
      also providing means for mechanically correcting web alignment and
      registration while the toner-bearing drum and transfer roller are
      disengaged. Suitable means for disengaging the toner-bearing drum and
      transfer roller include the provision of indented surfaces on the drum and
      transfer roller. Suitable means for mechanically correcting web alignment
      and registration includes an independent driving means, such as a chain
      drive, for the transfer web. Thus, in this embodiment, the indented
      portions of the toner-bearing drum and transfer roller simultaneously
      disengage the web which is forced back into proper alignment and
      registration by the chain drive.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electrophotographic transfer apparatus and
      more particularly to an improved electrophotographic toner transfer
      apparatus of the type which employs a transfer web or belt.
PAR  2. Description of the Prior Art
PAR  In customary electrophotographic processes, a conductive backing having a
      photoconductive insulating layer thereon is electrostatically imaged by
      first uniformly charging its surface, and subsequently exposing the
      charged surface to a pattern of activating electromagnetic radiation, such
      as light. The radiation pattern selectively dissipates electrostatic
      charges in the illuminated areas on the photoconductive surface, which
      results in a latent electrostatic image in non-illuminated areas. This
      latent electrostatic image can be subsequently developed to form a visible
      image by depositing solid electrophotographic developer materials thereon
      by a variety of development techniques, the most common of which is
      cascade development. The developed toner image is typically transferred
      and fused to another substrate such as plain paper.
PAR  Transfer of the toner image to the paper can be achieved in a number of
      ways, and one such method involves the use of an intermediate transfer web
      or belt. See, for example, Carlson, U.S. Pat. No. 2,990,278; Byrne, U.S.
      Pat. No. 3,591,276; and, co-pending U.S. patent application Ser. No.
      403,696, filed Oct. 4, 1973. Although the term "web" will be used
      hereinafter, it is used to include belts and other similar transfer
      members.
PAR  A serious problem which has developed in use of intermediate transfer webs
      is the requirement to accurately track the web. Such webs are usually
      driven by a series of rollers, and their longitudinal alignment is often
      thrown off because the web tends to "walk" around the rollers. This effect
      is cumulative and it interferes with accurate registration of the system.
      Additionally, webs tend to wander from side to side on their rollers which
      also results in misalignment problems.
PAR  Methods are known for reducing alignment errors, or for correcting them.
      Heretofore, however, such methods have either been complicated or
      impractical. For example, one solution involves the utilization of crowned
      rollers to drive the belt which reduces tracking errors. Nevertheless,
      such crowned rollers do not totally eliminate misalignment problems, and
      since the effect is cumulative, the amount of registration error
      introduced becomes significant after many cycles, even though the error
      per cycle is exceedingly small. Additionally, crowned rollers make belt
      replacement and maintenance a complicated operation.
PAR  Alternatively, electronic sensing means can be used to detect misalignment
      errors. As would be expected, such electronic means are relatively
      expensive and usually require the copier to be shut down after a tracking
      error of a certain magnitude is detected so that an operator can manually
      correct the error. This requirement for frequent servicing with
      concomittant down-time is highly undesirable in the office copier field.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an electrophotographic toner transfer apparatus of
      the type wherein an intermediate transfer web is used to transfer toner
      from the surface of a toner-bearing drum, such as a photoconductive drum,
      to a support medium, such as plain paper. In such systems, the transfer
      web is typically at least partially driven by means of the toner-bearing
      drum and/or transfer rollers. This is usually achieved by passing the web
      through nips at the toner-bearing drum and transfer rollers. The specific
      improvement of this invention is the provision of both a means for
      simultaneously disengaging the nips at the drum and at the transfer
      rollers and a means for mechanically correcting transfer web alignment and
      registration while the belt is so disengaged. Mechanical correction of web
      alignment and registration occurs once per belt cycle.
PAR  In one embodiment, a photoconductive drum and one of the transfer rollers
      have indentations in their outer surfaces which automatically serve to
      disengage the web once per revolution. An independent drive system for the
      web, such as a chain drive, is provided which takes over the function of
      driving the web while the drum and transfer roller are disengaged
      therefrom. Thus, if the belt is accurately joined to the chain drive
      system, it is forced back into accurate alignment and registration each
      time the drum and transfer roller are disengaged. Thus, alignment and
      registration are mechanically but automatically corrected during each
      cycle of the web. Moreover, it is convenient to use joints to fasten the
      transfer web to the chain drive, and indented surfaces on the drum and
      transfer roller can be synchronized with these joints thereby eliminating
      problems caused by contact between joints and the drum or transfer roller
      surfaces, which would be present if indented surfaces or other equivalent
      disengaging means were not used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a web transfer apparatus of the prior
      art;
PAR  FIG. 2 is a schematic illustration of a web transfer apparatus according to
      this invention;
PAR  FIG. 3 is a perspective view of a web transfer apparatus according to this
      invention;
PAR  FIG. 4 is a perspective view of one suitable joining mechanism for securing
      segmented transfer webs to an independent chain drive; and,
PAR  FIG. 5 is an end view illustrating how a transfer web can be joined to a
      bar which in turn could be inserted in an independent chain drive.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the Figures in more detail, FIG. 1 illustrates, in
      schematic form, a web transfer apparatus of the prior art. Photoconductive
      drum 10 is formed from a conductive substrate 12, typically aluminum, and
      has a photoconductive insulating coating 14 thereon, such as vitreous
      selenium. Photoconductive drum 10 is typical of those used in xerographic
      copiers; other electrophotographic copier apparatus usually stationed
      around the drum, such as corona charging apparatus, imaging stations and
      developer stations are omitted from the illustration for simplicity and
      since they are not directly relevant to this invention. Intermediate
      transfer web 16 is trained to pass in an endless loop around rollers 18,
      20, 22 and 24. Transfer roller 26 is provided opposite roller 24 to
      provide a suitable nip therebetween for transferring toner from web 16 to
      a support medium. Web 16 can be driven, for example, by motor 28 which is
      connected by gears or other suitable linking mechanisms to drum 10, roller
      24, and transfer roller 26, which are all driven in a clockwise direction
      with the same peripheral speed.
PAR  In such systems, there are two transfer points. The first, indicated as
      T.sub.1, occurs at a nip formed between photoconductive drum 10 and
      biasing roller 30, which can be moved into and out of a contacting
      relationship with web 16 by tensioning spring 32. At T.sub.1, toner is
      removed from the surface of photoconductive drum 10 by transfer web 16
      when biasing roller 30 is moved into pressure contact with web 16. In some
      systems, substantially all of the toner on the surface of photoconductive
      drum 10 is transferred, whereas in other systems, it is preferred to
      transfer only a portion of the toner from photoconductive drum 10 to web
      16.
PAR  Typically in electrophotographic copiers, toner residing on the surface of
      transfer web 16 is heaated to a molten state. This can be accomplished,
      for example, by radiant heater 34. Molten toner is then transferred to a
      support medium, such as paper 36, which is supplied to the nip between
      rollers 24 and 26 by paper roll 38.
PAR  The second transfer point, indicated as T.sub.2, occurs at the nip between
      rollers 24 and 26. Typically, after the molten toner is transferred to
      paper 36, it becomes fused thereon after which paper 36 can be removed
      from contact with transfer web 16 by paper removal roller 40. The paper
      with the fused image thereon can then be cut to length to form the desired
      copies.
PAR  A web transfer apparatus according to this invention is illustrated in
      FIGS. 2 and 3. Toner-bearing drum 50, which can be a photoconductive
      insulating drum such as drum 10 in FIG. 1, has an indented portion 52 cut
      into its outer surface. In a similar manner, transfer roller 54 has an
      indented portion 56 cut into its outer surface. The function of indented
      portions 52 and 56 will be discussed in detail infra.
PAR  A transfer web is formed from two independent segments, 60 and 62. These
      segments can be secured by bars or other equivalent means to form an
      endless loop which passes over web rollers 68, 70, 72 and 74. Web rollers
      70 and 74 additionally serve to provide nips at T.sub.1 and T.sub.2 to
      provide for suitable toner transfer at these points.
PAR  The transfer web is at least partially driven by its contact with drum 50
      and roller 70 at T.sub.1 and rollers 74 and 54 at T.sub.2. This can be
      achieved, for example, by providing a motor 76 which is suitably linked
      through gears or other mechanical linkage means to drive drum 50 and
      rollers 74 and 54 at the same peripheral speed.
PAR  In addition, an independent means for driving the web is also provided.
      Such independent means can comprise a chain drive system or other
      equivalent means. In FIGS. 2 and 3, chain drive system is illustrated
      consisting of drive chains 78 and 80 which are driven by sprockets
      positioned at the extremities of the web rollers.
PAR  In the embodiment illustrated in FIGS. 2 and 3, the various roller and
      sprocket sizes are designed to provide a preferred set of conditions.
      These conditions include a certain degree of slackness in the web before
      and after the nip between drum 50 and roller 70 which allows drum 50 to
      drive web 58 at the nip thereby providing for a rolling type of contact
      between web 58 and drum 50. Rolling contact is desirable to maintain high
      resolution toner images after transfer at T.sub.1 and to avoid the
      generation of excessive amounts of triboelectric charges at T.sub.1. Also,
      it is desirable to re-establish a tautness in the web as it passes from
      roller 68 to roller 74. This tends to keep the web flat and eliminate
      wrinkling as it passes through a heating zone prior to T.sub.2.
PAR  To achieve the aforementioned conditions, sprockets 82 and 84 have a larger
      diameter than roller 70; sprocket 86 as well as the sprocket on the
      opposite end of roller 74 (not shown) also have a larger diameter than
      roller 74. Sprockets 88 and 90 have substantially the same diameter as
      roller 68; sprocket 92 as well as the sprocket at the opposite end of
      roller 72 (not shown) similarly have a diameter substantially equal to the
      diameter of roller 72. Additionally, the transfer web and chains 78 and 80
      are fabricated to have substantially the same length.
PAR  As mentioned supra, web segments 60 and 62 can be secured to chains 78 and
      80 by means of fastening bars. As illustrated, the leading edge of segment
      60 is fastened to chains 78 and 80 by means of fastening bar 94.
      Similarly, the leading edge of web segment 62 is fastened to the chain
      drive system by bar 96. Bars 94 and 96 are fixedly mounted, so that the
      leading edge of web segments 60 and 62 is fixed with respect to chains 78
      and 80. The trailing edges, on the other hand, are movably attached to the
      chain drive system. Thus, the trailing edge of segment 60 is movably
      secured to chains 78 and 80 by bar 98 which is movably attached to fixed
      bar 96 by springs 100 and 102. Similarly, the trailing edge of web segment
      62 is movably secured to chains 78 and 80 by bar 104 which is movably
      attached to fixed bar 94 by springs 106 and 108. One method for providing
      the desired movable mountings for bars 98 and 104 is discussed infra.
PAR  With the arrangement illustrated, the web tends to become slightly slack
      prior to the nip at T.sub.1 because it travels a shorter path than chains
      78 and 80. Because of this, drum 50 is able to drive the web with rolling
      contact at T.sub.1. After T.sub.1, the slackness is removed as the springs
      snap the trailing edge of the web segments 60 and 62 back into place.
      Thus, the web is in a taut condition as it passes into the heating zone
      (not shown) prior to T.sub.2.
PAR  Indented portions 52 and 56 of drum 50 and roller 54 are synchronized to
      meet the web at the joints formed by the fastening bars. Thus, the use of
      larger joints can be tolerated. More importantly, each time the indented
      portions 52 and 56 meet the web, drum 50 and roller 54 are disengaged from
      it. During such disengagement, the web is automatically and mechanically
      forced back into proper alignment and registration since chains 78 and 80
      take over the web driving function and since the leading edges of web
      segments 60 and 62 are fixedly mounted to chains 78 and 80. Thus, any
      alignment and registration errors which are present are automatically and
      mechanically corrected during each transfer cycle. Preferably, each of web
      segments 60 and 62 have a length substantially equal to the periphery of
      drum 50 and transfer roller 54.
PAR  It should be understood that the apparatus illustrated in FIGS. 2 and 3 is
      only one specific embodiment among many which are possible. Those skilled
      in the art will be able to design many others, using no more than routine
      experimentation, to achieve any set of conditions which is desired.
PAR  In FIG. 4, suitable means for joining the bars which secure transfer web
      segments to a chain drive are illustrated. Bar 120 is used to movably
      secure the trailing edge of a web segment to a chain. A planar clip 122
      having a pin hole arrangement 123 is integrally attached to bar 120 and is
      movably attached to U-shaped clip 124 which can be secured to a chain
      drive. Bar 126 is used to fixedly secure the leading edge of a web segment
      to a chain. Planar clip 128 is integrally attached to bar 126 and also to
      U-shaped clip 130 which can be movably secured to a chain drive. Movably
      mounted bar 120 is connected to fixedly mounted bar 126 by means of spring
      132 which allows bar 120 to move. The pin and hole arrangement 123 allows
      bar 120 to move in accordance with the forces exerted on it and in
      accordance with the restraint exerted by spring 132.
PAR  FIG. 5 illustrates one embodiment for fastening transfer web to a mounting
      bar. Thus, transfer web 140 is bonded by an adhesive layer 142 to a clip
      144 shaped so that it can be snapped into place over mounting bar 146. Any
      suitable adhesive can be used to bond web 140 to clip 144.
PAR  Suitable toner transfer webs for use with this invention can be formed from
      a wide choice of materials. In one particularly suitable web is formed
      from a substrate having an elastomeric coating thereon. Preferred
      elastomers have a surface free energy of 40 dynes/cm or lower, a hardness
      ranging from about 3 to 70 durometers and preferably 10-30 durometers
      (Shore A), and a surface which is smooth. Specific materials which are
      suitable include conductive and non-conductive silicone rubbers and
      flouroelastomers.
PAR  Since the web typically undergoes heating, it is desired to pick a
      substrate having an ultimate tensile strength of at least about 5,000 psi
      and a creep of below about 3 percent under a load of 1,000 psi at
      175.degree. C. One suitable material for the substrate is polyimide, which
      can be obtained in film form of suitable thickness from E. I. DuPont
      DeNemours & Company under the trademark Kapton. Other high temperature
      polymers might be used and might include, for example, polyaryl, sulfones,
      polyamideimide, high temperature nylons, certain aromatic copolyesters,
      such as produced by Carborundum under the tradename Ekkcel. Metals, such
      as stainless steel, might also provide suitable substrates providing they
      can be formed into thin sheets of film having the required properties at
      elevated temperatures. Typically, metals have relatively higher specific
      heat than polymer films, and accordingly, thinner sheets can be used to
      keep the total heat capacity of the belt within the desired range. Thus, a
      0.5 mil stainless steel substrate might be used instead of the 2 mil
      polyimide film.
PAR  The substrate can be made reflective, which is desirable where the web will
      undergo radiant heating, by applying the suitable reflective coating
      thereon. Thin aluminum or gold coatings might be suitable, as well as
      others.
PAR  Suitable webs can have a wide variety of thicknesses, widths, etc. One
      typical web which has been found to have outstanding properties has a
      substrate 0.5-5 mils thick coated with an elastomer 0.1-10 mils thick, and
      preferably 0.5-2 mils thick. The reflecting layer is very thin, typically
      about 300 angstroms.
PAR  Additionally, it is an advantage to provide a transfer web designed to
      provide thermal efficiency in the transfer and fusing steps typically
      encountered in an electrophotographic process. Thus, materials,
      thicknesses, etc., are chosen to provide the member with a low heat
      capacity. This can be achieved by keeping each of the layers as thin as is
      consistent with the other parameters such as strength, and by using low
      specific heat materials. Preferred webs have total heat capacity,
      including all layers, of about 3.1 .times. 10.sup..sup.-3
      calories/cm.sup.2 /.degree.C or lower.
PAR  A more detailed description of suitable transfer webs is presented in
      copending application, U.S. Ser. No. 403,696, filed Oct. 4, 1973, the
      teaching of which are hereby incorporated by reference.
PAR  There are many equivalents to the embodiments specifically described herein
      which fall within the scope of the invention. Other means for disengaging
      drums and rollers from a transfer web can be used, for example, such as
      simply moving these out of contact with the web. Alternatively, rollers on
      the back side of the web could be moved out of contact therewith to
      effectively eliminate the nip at T.sub.1 or T.sub.2, thereby also serving
      to disengage the web. Additionally, many equivalent web materials, joining
      means, independent driving systems, etc. could be used. It is intended
      that such equivalents be covered by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrophotographic transfer apparatus wherein toner is
      transferred from the surface of a toner-bearing drum to a transfer web by
      pressure contact at a nip therebetween and subsequently transferred from
      the web to a support medium by feeding said support medium and said
      transfer web through a nip formed between transfer rollers, and wherein
      the transfer web is at least partially driven by means of the
      toner-bearing drum and transfer rollers, the improvement comprising
      providing:
PA1  means for simultaneously disengaging the nips at both said toner-bearing
      drum and at said transfer rollers from said transfer web at least once per
      web cycle; and,
PA1  means for mechanically correcting transfer web alignment and registration
      while said nips are disengaged.
NUM  2.
PAR  2. An electrophotographic apparatus of claim 1 wherein said means for
      mechanically correcting transfer web alignment and registration comprise
      independent means for driving said transfer web.
NUM  3.
PAR  3. An electrophotographic transfer apparatus of claim 2 wherein said
      toner-bearing drum comprises a drum having a photoconductive surface.
NUM  4.
PAR  4. An electrophotographic transfer apparatus of claim 3 wherein said means
      for simultaneously disengaging includes an indented surface on said
      photoconductive drum.
NUM  5.
PAR  5. An electrophotographic transfer apparatus of claim 4 wherein said means
      for simultaneously disengaging includes a transfer roller having an
      indented surface.
NUM  6.
PAR  6. An electrophotographic transfer apparatus of claim 5 wherein said
      transfer web has a plurality of segments fastened by joints to said
      independent means for driving the transfer web, and said joints are
      synchronized to meet the indentations on the photoconductive drum and
      transfer roller during each web cycle.
NUM  7.
PAR  7. An electrophotographic transfer apparatus of claim 6 wherein said
      independent means for driving comprises a chain drive.
NUM  8.
PAR  8. An electrophotographic transfer apparatus of claim 7 wherein said
      transfer web has an elastomeric surface.
NUM  9.
PAR  9. An electrophotographic transfer apparatus of claim 7 wherein said
      transfer web has a smooth, elastomeric surface with a surface free energy
      of below about 40 dynes/cm., and a hardness of from about 3 to 70
      durometers.
NUM  10.
PAR  10. An electrophotographic transfer apparatus of claim 9 wherein said
      transfer belt is divided into two segments.
NUM  11.
PAR  11. An electrophotographic transfer apparatus of claim 10 wherein each of
      the belt segments has a length substantially equal to the periphery of the
      photoconductive drum.
NUM  12.
PAR  12. In an electrophotographic transfer apparatus wherein toner is
      transferred from the surface of a toner-bearing member to a transfer web
      by pressure contact at a first roller nip and subsequently transferred
      from the web to a support medium by feeding said support medium and said
      transfer web through a second roller nip, the improvement comprising:
PA1  a. means for disengaging at least one of said nips from time to time during
      the operation of said transfer apparatus; and
PA1  b. means for automatically adjusting transfer web positioning during the
      disengagement of at least one of said nips.
NUM  13.
PAR  13. The apparatus as set forth in claim 12 wherein said means for
      automatically adjusting transfer web positioning comprises a web driving
      means and wherein one web portion is coupled to said web driving means via
      a first coupler and another web portion is coupled to said driving device
      via a second coupler, and wherein at least one of said couplers includes a
      spring member.
NUM  14.
PAR  14. The apparatus as set forth in claim 13 further including means for
      simultaneously disengaging said first and second nips.
NUM  15.
PAR  15. The transfer apparatus of claim 12 wherein said means for disengaging
      at least one of said nips includes an indented roller.
NUM  16.
PAR  16. The transfer apparatus of claim 13 wherein said means for disengaging
      at least one of said nips includes an indented roller.
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ABST
PAL  A versatile electrostatic copying machine which can provide not only
      ordinary black-and-white and monochromatic copies and ordinary
      multi-colored copies but also artificial monochromatic and multi-colored
      copies of desired optional colors differing from colors of originals
      conveniently with ease without such troubles as color mingling and paper
      jamming is disclosed, said copying machine comprising an original-light
      exposing zone for irradiating an original to be copied in the stationary
      or moving state by a light source, a photosensitive layer-light exposing
      zone for light-exposing imagewise a statically charged photosensitive
      layer, an optical system for optically connecting said original-light
      exposing zone to the photosensitive layer-light exposing zone and
      projecting an image of the original on the photosensitive layer and a
      development mechanism for developing an electrostatic latent image formed
      on the photosensitive layer directly or after it has been transferred onto
      a transfer paper, wherein said optical system comprises a light-selecting
      mechansim for selecting an optional light from white light and
      color-separated lights and exposing the photosensitive layer to said
      selected light and an exposure light quantity-adjusting mechanism for
      adjusting the exposure light quantity to an optimum quantity with respect
      to each of a plurality of said lights, the development mechanism comprises
      a development operation-selecting mechanism for selecting an optional
      development operation among a plurality of development operations
      differing in the toner hue, and said light-selecting mechanism and
      development operation-selecting mechanism are actuated independently or in
      the state interlocked with each other so that a copy having a desired
      coloring effect can be obtained.
BSUM
PAR  This invention relates to a versatile elestrostatic copying machine. More
      particularly, the invention relates to a versatile electrostatic copying
      machine which can provide not only a monochromatic copy of an optional hue
      reproducing the total image areas of an original or an image area of a
      specific hue selected from the image areas of an original, but also a
      multi-colored copy reproducing in different hues an image area of a
      specific hue selected from the image areas of an original and another
      image area of another specific hue selected from the image areas of the
      original.
PAR  In the electrostatic copying process, a photosensitive layer is statically
      charged and exposed to light imagewise to form an electrostatic latent
      image, and the electrostatic latent image is developed with charged toner
      particles directly or after it has been transferred onto a copying paper
      (transfer paper), to thereby form a visible image.
PAR  In an ordinary electrostatic copying machine for office uses, white light
      is used for the imagewise light exposure and a black-and-white image
      corresponding to the image of an original is formed. In the field of
      designing or the like, it is sometimes desired to obtain several kinds of
      copies differing in the color from one original, and further, in the field
      of planning or at ordinary offices it is also desired for distribution,
      preservation, maintenance or other purposes to obtain several kinds of
      copies differing in the color from one original. It is difficult to adapt
      conventional electrostatic copying machines for office uses to such
      demand.
PAR  Therefore, various color copying machines of the electrostatic type have
      heretofore been proposed. In these color copying machines of this type, a
      charged photosensitive layer is exposed imagewise to color-separated light
      to form an electrostatic latent image and this latent image formed on the
      photosensitive layer is developed with a developing toner corresponding
      with the color-separated light used for exposure, and these steps of
      charging, imagewise exposure and development are repeated on one
      photosensitive layer in correspondence with the three primary colors.
      Accordingly, these color copying machines of the electrostatic type are
      satisfactory in the point that copies having image areas reproduced in
      hues substantially identical with hues of corresponding image areas of an
      original can be obtained. However, these color copying machines have such
      an operational defect that even when a black-and-white copy is prepared
      from an original or a monochromatic copy is obtained from a monochromatic
      image original, the above-mentioned steps of charging, imagewise exposure
      and development should be repeated three times in respect to the three
      primary colors as in the use of multicolor reproduction.
PAR  Further, these known color copying machines of the electrostatic type
      cannot be successfully used for attaining the object of obtaining copies
      of optional hues from a common original.
PAR  It is, therefore, a primary object of this invention to provide a versatile
      electrostatic copying machine which can provide not only a monochromatic
      copy of an optional hue reproducing the total image areas of an original
      or an image area of a specific hue selected from the image areas of an
      original, but also a multi-colored copy reproducing in different hues an
      image area of a specific hue selected from the image areas of an original
      and another image area of another specific hue selected from the image
      areas of the original.
PAR  Another object of this invention is to provide a versatile electrostatic
      copying machine, in which in case a black-and-white or other monochromatic
      copy is prepared, the copying operation is accomplished by conducting one
      cycle of the charging, imagewise exposure and developing steps, and in
      case a multi-colored copy is prepared, the copying operation is
      accomplished by repeating the charging, imagewise exposure and developing
      steps in a cycle number corresponding to the number of the primary colors
      to be reproduced.
PAR  Still another object of this invention is to provide a versatile
      electrostatic copying machine which has a relatively simple structure and
      hence, can be marketed at a relatively low cost.
PAR  In accordance with this invention, there is provided a versatile
      electrostatic copying machine comprising an original-light exposing for
      irradiating an original to be copied in the stationary or moving state by
      a light source, a photosensitive layer-light exposing zone for
      light-exposing imagewise a statically charged photosensitive layer, an
      optical system for optically connecting said original-light exposing zone
      to the photosensitive layer-light exposing zone and projecting an image of
      the original on the photosensitive layer and a development mechanism for
      developing an electrostatic latent image formed on the photosensitive
      layer directly or after it has been transferred onto a transfer paper,
      wherein said optical system comprises a light-selected mechanism for
      selecting an optional light from white light and color-separated lights
      and exposing the photosensitive layer to said selected light and an
      exposure light quantity-adjusting mechanism for adjusting the exposure
      light quantity to an optimum quantity with respect to each of a plurality
      of said lights, the development mechanism comprises a development
      operation-selecting mechanims for selecting an optional development
      operation among a plurality of development operations differing in the
      toner hue, and said light-selecting mechanism and development
      operation-selecting mechanism are actuated independently or in the state
      interlocked with each other so that a copy having a desired coloring
      effect can be obtained.
DRWD
PAR  This invention will now be illustrated more detailedly by reference to the
      accompanying drawing, in which:
PAR  FIG. 1 is a view illustrating the arrangement of mechanisms and members in
      one embodiment of the electrostatic copying machine of this invention;
PAR  FIG. 2-A is a front view illustrating an instance of a color-separating
      mechanism of the copying machine of this invention;
PAR  FIG. 2-B is a side view illustrating the state of disposition of the
      color-separating mechanism of FIG. 2-A on the optical path;
PAR  FIG. 3-A is a front view illustrating another instance of the
      color-separating mechanism;
PAR  FIG. 3-B is a side view illustrating the state of disposition of the
      color-separating mechanism of FIG. 3-A on the optical path;
PAR  FIG. 4-A and 4-B illustrate arrangement of switch mechanisms adopted when
      selection of a color-separating filter in the color-selecting mechanism of
      FIG. 2-A is performed electrically;
PAR  FIG. 5 is an electric circuit diagram for the switch mechanisms of FIG.
      4-B;
PAR  FIG. 6-A and 6-B illustrate arrangement of switch mechanisms adopted when
      selection of a color-separating filter in the color-selecting mechanism of
      FIG. 3-A is performed electrically;
PAR  FIG. 7 is an electric circuit diagram or the switch mechanisms of FIG. 6-B;
PAR  FIG. 8 is a view illustrating the function of an instance of the exposure
      light quantity-adjusting mechanism;
PAR  FIG. 9 is an electric circuit diagram for the exposure light
      quantity-adjusting mechanisms in which the light quantity adjustment is
      performed electrically;
PAR  FIG. 10 is an enlarged sectional view showing a development
      passage-selecting mechanism;
PAR  FIG. 11 is a view illustrating arrangement of a switch mechanism for
      effecting synchronous movement of a moving frame and a photosensitive
      paper and controlling each copying step;
PAR  FIG. 12-A is a view illustrating the structure for actuating the
      light-selecting mechanism, the exposure light quantity-adjusting mechanism
      and the development passage-selecting mechanism in the state mechanically
      interlocked with one another;
PAR  FIG. 12-B is a front view illustrating a dial member of the structure shown
      in FIG. 12-A;
PAR  FIG. 12-C is a side view showing the dial member illustrated in FIG. 12-A;
PAR  FIG. 12-D is a view illustrating the structure for actuating the
      light-selecting mechanism, the exposure light quantity-adjusting mechanism
      and the development passage-selecting mechanisms in the state electrically
      interlocked with one another;
PAR  FIG. 13 is an electric circuit diagram for the control system of the
      electrostatic copying machine of this invention; and
PAR  FIG. 14 is a diagram illustrating arrangement of mechanisms and members of
      another embodiment of the electrostatic copying machine of this invention.
DETD
PAR  By referring to FIG. 1 showing the outline of arrangement in one embodiment
      of the electrostatic copying machine of this invention, in the interior of
      a machine frame 1 a copying paper transfer passage b extends for
      introducing a copying paper 2 from a manual paper-feeding member 3 to a
      charging device zone 4, a light exposure zone 5, a developing device zone
      6 and a drying or fixing device zone 7 successively in order.
PAR  A paper-feeding table 9 is disposed outside the machine frame at the point
      of a manual paper-feeding opening 8 and a side guide plate 10 is disposed
      slidably in the lateral direction above the paper-feeding table 9 so as to
      introduce an electrostatic copying paper into the copying paper transfer
      passage b in the position-fixed state. The position of this side guide
      plate 10 is set to a prescribed point and one or both of side edges of the
      copying paper 2 are precisely adapted along the side guide plate 10. When
      the copying paper 2 is inserted into the manual paper-feeding opening 8 in
      this state, it is made possible to feed the copying paper 2 into the
      transfer passage b in the position-fixed state. A pair of feed rollers 11
      and 11' which are perpetually driven are disposed adjacently to the manual
      paper-feeding opening 8. The charging device zone 4 includes a pair of
      copying paper transfer driving rollers 12a and 12a' disposed on the feed
      side, a pair of copying paper transfer driving rollers 12b and 12b'
      disposed on the discharge side, confronting shield cases 13 and 13'
      disposed betwen the rollers 12a and 12a' and the rollers 12b and 12b', and
      wire-like charging electrodes 14 and 14' disposed in the shield cases 13
      and 13', respectively. The light exposure zone 5 includes a transparent
      plate 15 for light exposure of a copying paper disposed between said
      driving rollers 12b and 12b' and a pair of driving rollers 12c and 12c',
      and a guide plate 15' for guiding a copying paper to the transparent plate
      15 and pressing it thereto.
PAR  An original-moving frame 17 having a transparent plate 16 for supporting
      thereon an original a to be copied is mounted in the upper portion of the
      machine frame 1. A pressing plate 18 is disposed on the moving frame 17 to
      press the original a to the transparent plate 16. The moving frame 17 is
      supported on the upper portion of the machine frame through rotors (not
      shown) so that it can be moved reciprocatively on a moving passage formed
      on the upper portion of the machine frame by a drive mechanism capable of
      driving the frame 17 in two opposite directions. As such drive mechanisms
      there can be employed a combination of a drive drum driven and rotated in
      two opposite directions and a wire or a combination of rotors driven and
      rotated in opposite directions and a clutch.
PAR  An optical system for optically connecting the transparent plate 16 of the
      moving frame 17 with the transparent plate 15 of the light exposure zone
      of the copying paper transfer passage b and focussing an image of the
      original a on the charged copying paper is disposed between the moving
      passage for the moving frame 17 and the copying paper transfer passage b
      in the state fixed in the interior of the machine frame 1. This optical
      system includes a light-projecting device zone provided with a light
      source 19 and a reflecting wall 20 an original exposure opening 21, and a
      lens housing 25' having therein a first reflecting mirror 22a, a lens 23,
      a color-separating mechanism 24 such as a light filter, a second
      reflecting mirror 22b and a third reflecting mirror 22c, and this optical
      system is so constructed that the light of the original a projected from
      the light source 19 and reflected on the original a is focussed on the
      transparent plate 15 for light exposure of a copying paper from the
      original light exposure opening 21 through reflecting mirror 22a, lens 23,
      a filter of the color-separating mechanism 24 and reflecting mirrors 22b
      and 22c.
PAR  The optical system to be used in the copying machine of this invention
      includes a light-selecting mechanism for exposing a photosensitive layer
      of a copying paper to a specific color-separated light and an exposure
      light quantity-adjusting mechanism for adjusting the exposure light
      quantity to an optimum quantity with respect to each of a plurality of
      color-separated lights.
PAR  As shown in FIGS. 2-A and 2-B, this light-selecting mechanism includes a
      color-separating mechanism 24 having a supporting frame 25 disposed to
      cross an optical path c in the optical system and a plurality of color
      separating filters 26a, 26b and 26c attached to said supporting frame, and
      a color-separating filter-selecting mechanism 27 for causing displacement
      of the supporting frame 25 so as to select a color-separating filter to be
      located on the optical path c  (see FIGS. 12-A and 12-B). The supporting
      frame 25 has, for example, a disc-like or cone-like shape and its center
      is fixed to a shaft 28. A plurality of openings (four openings 29a, 29b,
      29c and 29d in the drawing) are mounted around this disc or cone. Three
      primary color filters, namely a blue filter 26a, a green filter 26b and a
      red filter 26c, are disposed on three of these openings, respectively. The
      remaining opening 29d is kept in the filter-free state for passage of
      white light. The shaft 28 fixed at the center of the supporting frame 25
      is rotatably mounted on the machine frame 1. A pulley 28a is fixed to the
      shaft 28 and it is connected to a dial-type filter-selecting mechanism 27
      mounted outside the machine frame through a wire or the like. When the
      dial of the filter-selecting mechanism 27 is rotated to a prescribed
      indication point, the shaft 28 is rotated and a desired color filter or
      the filter-free opening 29d is positioned on the optical path c (see FIG.
      12-A). By virtue of the above structure, it is made possible to freely
      extract a total light image or monochromatic image of a specific separated
      color from one original. It is possible to employ, instead of the
      supporting frame 25 of a rotatable disc or cone shown in FIGS. 2-A and
      2-B, a supporting frame shown in FIGS. 3-A and 3-B, on which a plurality
      of color-separating filters 26a, 26b and 26c and a filter-free opening 29d
      are arranged in a line and which is slidably supported by rails 30 and
      30'. A wire 31 is fixed to the central position of each of both the ends
      of the supporting frame 25 and the wire 31 is connected to the
      filter-selecting mechanism 27, so that a desired color-separating filter
      or filter-free opening can be positioned on the optical path c by sliding
      the supporting frame 25 by rotating the dial of the filter-selecting
      mechanism 27.
PAR  In the foregoing embodiments selection of the color-separating filter is
      accomplished mechanically. In this invention, it is possible to accomplish
      the selection of the color-departing filter by electric means. For
      example, in the case of a rotatable supporting frame such as shown in FIG.
      2-A, as is illustrated in FIGS. 4-A and 4-B the supporting frame 25 is
      fitted on a rotary shaft 32 of a motor M, and pins 33a, 33b, 33c and 33d
      corresponding to color-separating filters 26a, 26b and 26c and filter-free
      opening 29d, respectively, are fixed on the surface of the supporting
      frame 25 at points different from one another in the distance from the
      rotary shaft 32 and switches Sa, Sb, Sc and Sd are mounted at such
      positions that they are pressed by said pins 33a, 33b, 33c and 33d,
      respectively. By virtue of the above structure, it is made possible to
      stop any of the filters 26a, 26b and 26c and the filter-free opening 29d
      at a position crossing the optical path c. More specifically, terminals a
      of switches Sa', Sb', Sc' and Sd' connected to the filter-selecting
      mechanism 27 (see FIG. 12-D) are connected to one end of an electric
      source E, and normally open contacts b of the switches Sa', Sb', Sc' and
      Sd' are connected to terminals a of the switches Sa, Sb, Sc and Sd,
      respectively. Further, each of normally closed contacts c of the switches
      Sa, Sb, Sc and Sd is connected to one terminal of the motor M, and the
      other terminal of the motor M is connected to the other end of the
      electric source E.
PAR  In the above arrangement, when the dial of the filter-selecting mechanism
      27 is turned to a prescribed indication point to press switch Sx' (x' =
      a', b', c', or d'), the normally open contact b of said switch Sx' is
      closed and the motor M is rotated through the switch Sx (x = a, b, c or d)
      connected to the switch Sx'. Upon rotation of the motor M, the supporting
      frame 25 is also rotated, and when the pin 33x (x = a, b, c or d) is
      contacted with the switch Sx by rotation of the frame 25, the normally
      closed contact c of the switch Sx is made open to stop application of an
      electric current to the motor M, whereby the color-separating filter or
      filter-free opening corresponding to the pin 33x is selectively positioned
      on the optical path c.
PAR  In the case of a slidable supporting frame 25 such as shown in FIG. 3-A, as
      shown in FIGS. 6-A and 6-B, pins 34a and 34b are fixed to both the ends of
      the supporting frame 25 and switches Se and Se' are disposed so that they
      are pressed by the pins 34a and 34b, respectively, and the rotation
      direction of the motor M moving the supporting frame 25 reciprocatively is
      changed over from the normal direction to the reverse direction or vice
      versa by the above arrangement. More specifically, a wire 31 of the
      supporting frame 25 is connected to a pulley 36 pivoted on a rotary shaft
      32 of a motor M through pulleys 35' rotatably mounted on a plurality of
      shafts 35, and thus, the motor M is rotated in the normal direction or
      reverse direction by change-over between the switches Se and Se' to move
      the supporting frame 25 in the left or right direction. Pins 33a, 33b, 33c
      and 33d are fixed on the supporting frame 25 at positions differing in the
      distance from the upper end of the supporting frame 25, and switches Sa,
      Sb, Sc and Sd are mounted at such positions that they are pressed by pins
      33a, 33b, 33c and 33d, respectively. The electric wiring of these members
      is shown in FIG. 7. Terminals a of switches Sa', Sb', Sc' and Sd'
      connected to the filter-selecting mechanism 27 (see FIG. 12-D) and of the
      above switches Se and Se' are connected to one end of an electric source
      E, and normally open contacts b of the switches Sa', Sb', Sc' and Sd' are
      connected to terminals a of the switches Sa, Sb, Sc and Sd, respectively,
      while normally open contacts b of the switches Se and Se' are connected to
      one end of a self-retaining relay R1. Further, normally closed contacts c
      of the switches Sa, Sb, Sc and Sd are connected to a terminal a of a
      contact R1-1 of the relay R1. The contact c of the relay contact R1-1 is
      connected to a terminal of the motor M for the normal direction rotation
      (clockwise rotation) and the contact b of the relay contact R1-1 is
      connected to a terminal of the motor M for reverse direction rotation
      (anticlockwise rotation). Both the terminals for the normal direction
      rotation and for the reverse direction rotation are connected to a
      starting condenser C of the motor M.
PAR  In the above arrangement, when the dial of the filter-selecting mechanism
      27 is turned to a prescribed indication point to press the switch Sx' (x =
      a', b', c' or d'), the normally open contact b of the switch Sx' is closed
      and the motor M is rotated through the switch Sx (x = a, b, c or d)
      connected to said switch Sx'. At this point, since the switch Se' is
      pressed by the pin 34b of the supporting frame 25, the motor M is rotated
      in the normal direction through the contact c of the relay contact R1-1.
      Although the switch Se' is released from pressing by the pin 34b when the
      supporting frame 25 is thus moved in the right direction, the switch Se'
      is self-retained by the relay R1. When the supporting frame 25 continues
      the movement in the right direction and the pin 33x (x = a, b, c or d)
      falls in contact with the switch Sx, the normally closed contact c of the
      switch Sx is opened to stop application of an electric current to the
      motor M, with the result that the rotation of the motor M is stopped and
      the color-separating filter or filter-free opening corresponding to the
      pin 33x is selectively positioned on the optical path c. When the dial of
      the filter-selecting mechanism 27 is turned to another indication point,
      the above operation is similarly repeated, and when the supporting frame
      25 completes the movement in the right direction, the switch Se is pressed
      by the pin 34a, whereby the contact c of the relay contact R1-1 is opened
      and the contact b is closed and the motor M is rotated in the reverse
      direction to move the supporting frame 25 into the left idrection, with
      the result that the switch Sx falls in contact with the pin 33x and a
      newly selected color-separating filter or filter-free opening is
      selectively positioned on the optical path c.
PAR  The exposure light quantity-adjusting mechanism to be used in this
      invention may be any of a mechanical mechanism, an electric mechanism and
      a combination of mechanical and electric mechanism, as far as it can
      select an optimum exposure light quantity depending on the image of a
      selected light. An instance of such exposure light-adjusting mechanism is
      shown in FIG. 8. The mechanism shown in FIG. 8 comprises variable iris
      mechanism 37 disposed to cross the optical path c in the optical system, a
      cam follower 38, a cam mechanism 39 interlocked with the color-separating
      filter-selecting mechanism 27 to maintain the cam follower 38 at a
      prescribed position in correspondence with the selected color-separating
      filter, and a coupling mechanism 40 for changing the degree of opening in
      the iris mechanism 37 in correspondence with the displacement of the cam
      follower 38.
PAR  The cam mechanism 39 comprises, for example, a cam board 42 including 4
      cams, namely a cam 41a corresponding to a blue filter, a cam 41b
      corresponding to a green filter, a cam 41c corresponding to a red filter
      and a cam 41d corresponding to a filter-free opening.
PAR  The cam board 42 is fixed to a shaft 43 of the dial of the filter-selecting
      mechanism 27 so that when a desired color-separating filter or filter-free
      opening is selected by the filter-selecting mechanism 27, the
      corresponding cam is caused to fall in contact with the cam follower 38.
PAR  The cam follower 38 has a driven pulley 44 rotatably mounted at one end
      thereof and a pin 45 disposed at the other end, and is supported by a
      supporting member 47 fixed to the machine frame and having supporting arms
      46 and 46'. A plate 48 fitted on the cam follower 38 is disposed between
      the supporting arms 46 and 46', and a coil spring 49 is mounted between
      said plate 48 and the supporting arm 46', so that the driven pulley 44 is
      always allowed to have a pressing contact with the peripheral surface of
      the cam board 42 by an elastic force of the coil spring 49. The above pin
      45 is fitted into a long hole 53 of a projection 52 formed on the back
      face of a shutter plare 51 of the variable iris mechanism 37 pivoted on
      the shaft 50.
PAR  In the above arrangement, by turning of the dial of the filter-selecting
      mechanism 27, the shaft 43 is rotated so as to select a desired
      color-separating filter, and when with rotation of the cam board 42 the
      cam follower 38 is moved in the direction indicated by an arrow, the above
      pin 45 moves in the long hole 53 to rotate the shutter plate 51 and shift
      its position between a point indicated by the solid line and a point
      indicated by the dotted line. In this manner, the exposure light quantity
      is adjusted to an optimum quantity depending on the percent transmission
      of the selected color-separating filter.
PAR  In order to effect fine adjustment of the exposure light quantity
      determined by the shutter plate 51 depending on the image tone, a shutter
      plate 55 fitted on a shaft 54 is provided separately from the above
      shutter plate 51, and the shaft 54 is rotated by optional means so that
      the shutter plate 55 is turned between a point indicated by the solid line
      and a point indicated by the dotted line.
PAR  In the foregoing embodiment, the adjustment for attaining an optimum
      exposure light quantity depending on the selected color-separating filter
      is accomplished by mechanical means. In this invention, this adjustment
      can also be accomplished by electric means. For example an exposure light
      source 19 is connected to an electric source through an exposure light
      quantity-adjusting circuit such as shown in FIG. 9. This exposure light
      quantity adjusting circuit consists a phase-controlling circuit
      interlocked with the above color-separating filter-selecting mechanism to
      control gate signals. In FIG. 9, a group of fixed resistances R1, R2, R3
      and R4 are connected to a variable resistance VR in series to form a
      circuit for a lamp 19. One ends of the fixed resistances are designed to
      be connected to corresponding contacts of a change-over switch S7B,
      respectively, and the other ends of the fixed resistances are connected to
      the variable resistance VR. The number of contacts of the change-over
      switch S7B corresponds with the number of the sum of the color-separating
      filters and filter-free opening (the switch S7B has 4 contacts in FIG. 4),
      and the resistivity values of these fixed resistances are so determined
      that an optimum illuminating power can be obtained in correspondence with
      the presence or absence of a filter, the quantity of transmitted light or
      the spectral sensitivity of the photosensitive layer of copying paper.
PAR  In the foregoing embodiment of this invention, when a desired filter or
      filter-free opening is selected by the color-separating filter-selecting
      mechanism 27, the switch S7B is interlocked with the selecting mechanism
      27 to effect change-over among fixed resistances, and the phase control of
      an input of the lamp is performed by change of gate signals by this
      change-over of the fixed resistances. Thus, when an illuminating power of
      the lamp is adjusted to a desired level depending on an original to be
      copied by the variable resistance VR, an optimum illuminating power can
      always be obtained regardless of the kind of a light image.
PAR  One of important features of this invention is that a development
      operation-selecting mechanism for selecting an optional development
      operation among a plurality of development operations differing in the
      toner hue is provided in association with the abovementioned
      light-selecting mechanism and exposure light quantity-adjusting mechanism,
      and said light-selecting mechanism and development operation-selecting
      mechanism are actuated independently or in the state interlocked with each
      other so that a copy having a desired coloring effect can be obtained.
PAR  Returning to FIG. 1, the developing device zone indicated as a whole by
      referential numeral 6 includes a plurality of development passages 56a,
      56b, 56c and 56d independent from one another and development
      passage-selecting mechanisms 57a, 57b and 57c for selecting an optional
      development passage among these passages 56a, 56b, 56c and 56d and guiding
      a copying paper carrying an electrostatic latent image formed thereon to
      said selected development passage.
PAR  These development passages 56a, 56b, 56c and 56d are arranged so that they
      overlap one another in the horizontal direction, and a passage for
      transfer of an exposed copying paper is disposed vertically to the
      development passages. This transfer passage comprises a pair of driving
      rollers 12c and 12c', 12d and 12d', 12e and 12e', and 12f and 12f'
      corresponding to the development passages 56a, 56b, 56c and 56d,
      respectively, and confronting guide plates 58d and 58d', 58e and 58e', and
      58f and 58f' disposed between every two adjacent pairs of the driving
      rollers.
PAR  Each of the development passages 56a, 56b, 56c and 56d had a concave curved
      shape, and it is disposed so that an upward extension line of the passage
      on the introduction side is substantially in agreement with the discharge
      side position of the corresponding pair of the driving rollers.
PAR  Each of development passage-selecting mechanisms 57 (hereinafter
      alphabetical suffixes are omitted except the case where a specific member
      is expecially mentioned among common members indicated by the same
      numerical reference) has, as shown enlargedly in FIG. 10, a guide member
      or deflector 60 oscillatably mounted on the machine frame by a pin 59, a
      solenoid mechanism 61 and a link mechanism 62 which connects the guide
      member or deflector 60 to the solenoid mechanism 61 and is actuated by the
      solenoid mechanism 61 to oscillate the guide number or deflector 60 to the
      point indicated by the dotted line. The guide member or deflector 60 is
      disposed below a pair of the driving rollers of the development passage 56
      and on the transfer passage on the side where the development passage 56
      is positioned. When the corresponding solenoid mechanism 61 is not
      actuated, the guide member or deflector 60 is located at the position
      indicated by the solid line so that it does not cross the copying paper
      transfer passage extending in the vertical direction but crosses the
      extension line of the development passage. When the solenoid mechanism 61
      is actuated, the guide member or deflector 60 is turned to the position
      indicated by the dotted line so that it crosses the copying paper transfer
      passage b extending in the vertical direction and it connects the
      extension line of the development passage to the pair of the driving
      rollers. In the above arrangement, when the solenoid 61a of the
      development passage-selecting mechanism 57a is actuated, the guide member
      or deflector 60a is oscillated to cross the copying paper transfer passage
      extending in the vertical direction, and it guides a copying paper
      discharged downwardly by a pair of driving rollers 12c and 12c' toward the
      development passage 56a. In the same manner, the copying paper is guided
      to the development passage 56b or 56c by actuation of the corresponding
      development passage-selecting mechanism 57b or 57c. When none of the
      development passage-selecting mechanisms 57a, 57b and 57c are actuated,
      the copying paper is guided to the lowermost development passage 56d.
PAR  When a combination of a photosensitive paper transfer passage extending in
      the vertical direction, a plurality of development passages disposed in
      the multi-staged manner so that they overlap one another in the horizontal
      direction, and guide members or deflectors disposed at junctions of the
      development passages with the transfer passage, such as shown in FIG. 1,
      is employed, the mechanical structure of the developing device zone can be
      greatly simplified and the frequency of occurrence of paper jamming in the
      transfer passage can be drastically reduced. Further, when a plurality of
      development passages for performing development by employing specific
      toners are disposed independently from one another and any one of these
      development passages is selected and a copying paper is guided to this
      selected development passage, copies free of color mingling or stains can
      be obtained.
PAR  Each development passage 56 is disposed above a case 63 between an upper
      saucer member 64 and a lower saucer member 65, and it is so arranged that
      a copying paper to be developed is passed through this development
      passage. A liquid developer drawing mechanism including a motor 66, a
      draw-up pump 67 and a conduit 68 is disposed to feed a liquid developer to
      the development passage. By this mechanism, the liquid developer is drawn
      up onto the upper saucer member 64, flown into the development passage 56
      and falls in contact with a copying paper having an electrostatic latent
      image to develop the latent image. On the discharge side of the
      development passage 56 are disposed a pair of squeeze rollers 69 and 69'
      to squeeze out the excessive liquid developer applied to the copying paper
      and discharge the copying paper from the development passage.
PAR  The development passage 56 can be formed integrally with the liquid
      developer-drawing mechanism, or both the members may be disposed
      separately. For example, as shown in FIG. 1, development passages 56a, 56b
      and 56c for applying yellow, red (magenta) and blue (cyane), toners,
      respectively, are disposed separately from liquid developer tanks 63a',
      63b' and 63c', and liquid developers drawn up into the development
      passages through conduits 68a, 68b and 68c are recycled to respective
      tanks through return conduits 68a', 68b' and 68c'. In the unit of the
      development passage 56d for applying a black toner, the case 63d has a
      function as a tank, and a pump and a motor are mounted integrally
      therewith.
PAR  In this invention, no particular limitation is imposed on the order in
      which developing toners differing in the hue are contained in a plurality
      of development passages which are disposed to overlap one another in the
      horizontal direction. For example, instead of the above-mentioned feature
      where yellow, red, blue and black toners are contained in this order from
      the above, there can be adopted a feature where the uppermost development
      passage 56a is used as the development passage for application of a black
      toner. Since black-and-white reproduction is conducted most frequently in
      many cases, by adoption of the above structure, the time required for
      copying can be shortened.
PAR  In this invention, in order to check the occurrence of paper jamming on the
      copying paper passage and facilitate the removal of jammed papers, it is
      preferred that the entire length of the copying paper transfer passage can
      be freely opened and each development passage can be freely withdrawn from
      the interior of the machine frame. For attaining this preferred feature,
      one rollers 12a', 12b', 12c', 12e' and 12f' of pairs of rollers disposed
      on one side of the copying paper transfer passage b extending vertically,
      one shield case 13' of the charging mechanism, and one guide plates 15',
      58d', 58e' and 58f' of pairs of confronting guide plates are attached to a
      frame member 71 which is mounted on the machine frame 1 by a hinge 70 so
      that it can be freely opened or closed. Further, one roller 69 of each
      pair of squeeze rollers is mounted integrally with the supporting case 63
      of the corresponding development passage, and the supporting case 63 of
      this development passage is dismountably attached to the machine frame. In
      the above arrangement, when the frame member 71 is opened, the operation
      of checking occurence of paper jamming in the vertical transfer passage or
      removing a jammed paper from the inside of the machine can be greatly
      facilitated. Further, when the development passage 56 is drawn out to the
      side direction of the machine together with the supporting case 63, the
      operation of checking occurrence of paper jamming in the development
      passage 56 where paper jamming occurs most frequently or removing a jammed
      paper from the inside can be performed with ease.
PAR  In this invention, in association with the above-mentioned feature where a
      plurality of development passages differing in the kind of the toner to be
      used for the development are disposed independently from one another and a
      copying paper is guided to one of these development passages that is
      especially selected, it is preferred that upon actuation of the
      development passage-selecting mechanism 57x (x = a, b, c or d), only the
      liquid developer-drawing mechanism 67x of the selected development passage
      56x is selectively actuated. If such structure is adopted, it is possible
      to prevent unnecessary degradation in liquid developers and attain such
      advantages as saving of electric power and reduction of noises.
PAR  A copying paper transfer system including a group of driving rollers and a
      belt is disposed to guide the developed copying paper discharged from a
      pair of squeeze rollers 69 and 69' to the drying or fixing device zone. In
      this invention, it is preferred that one drying or fixing device zone is
      disposed and any of copying papers discharged from development passages 56
      is discharged from one discharge outlet through said one drying or fixing
      device zone.
PAR  For attaining this preferred feature, as shown in FIG. 1, one or more
      transfer belts 72, one face 72a of which extends to cross vertically a
      discharge side extension line of the development passage 56x or come in
      contact with said discharge side extension line and the other face 72b of
      which extends to pass through the fixing device zone, are disposed in the
      state supported by a group of pulleys 73. Pairs of driving rollers 74 and
      74' for transferring copying papers, which correspond to respective
      development passages, are disposed at points present on discharge side
      extension lines of respective development passages 56x and adjacent to
      said transfer belt 72. In the above arrangement, a copying paper
      discharged from the pair of squeeze rollers 69 and 69' is nipped between
      the driving rollers 74 and 74' and delivered to the transfer belt 72 by
      the rollers 74 and 74', and then it is forwarded to the drying or fixing
      device zone 7 in the state carried on the transfer belt 72.
PAR  The drying or fixing zone 7 is disposed on the upper face 72b of the
      transfer belt and includes a fan 75 for sucking heat from the light source
      19 and an air duct 76, one end of which is connected to the air discharge
      opening of the fan 75 and the other end of which is opened toward the
      transfer belt face 72b. In this arrangement, the heat from the light
      source is blown onto the face 72b of the transfer belt to effect the
      drying or fixing operation. In the interior of the air duct 76, a heater H
      can be disposed to provide heat necessary for drying of a copying paper in
      addition to hot air discharged from the lens housing 25'. After the drying
      or fixing operation has thus been completed, a copy is discharged from the
      inside of the machine.
PAR  In the electrostatic copying machine shown in FIG. 1, the synchronous
      movement of the original-moving frame and copying paper and the control of
      each copying step are performed by a switch mechanism such as shown in
      FIG. 11 and an electric system shown in the electric circuit diagram of
      FIG. 13.
PAR  In the arrangement shown in FIG. 11, switch S1 is a switch for detecting
      the forward end of a copying paper 2 fed and starting the right direction
      movement (movement of the step for preparing for light exposure) of the
      moving frame 17, and switch S4 is a switch for detecting arrival of the
      moving frame 17 at the most right position and stopping the moving frame
      17 at this position (position for starting light exposure). Switch S2 is a
      switch for detecting approach of a charged copying paper to the copying
      paper-exposing zone 5 and starting the left direction movement (movement
      of the light expopsure step) of the moving frame 17. Switch S5 is a switch
      for detecting arrival of the moving frame 17 at the most left position
      (position of completion of the light exposure step) and starting the right
      direction movement (return movement) of the moving frame 17. Further,
      switch S3 is a switch for detecting return of the moving frame 17 to the
      standard original position and stopping the moving frame 17 at this
      position.
PAR  Stopping of the moving frame 17 at the standard original position is
      performed by engaging a projecting rod 78 mounted on the moving frame 17
      with a corresponding stopper 79, as shown in FIG. 11. The stopper 79 is
      engaged with the rod 78 when a start solenoid SL1 is not actuated, and
      when the start solenoid SL1 is actuated, the stopper 79 is released from
      the engagement. Accordingly, the start solenoid SL1 is actuated when the
      moving frame 17 starts the movement of the step for preparing for light
      exposure, and actuation of the start solenoid SL1 is stopped when the
      moving frame 17 starts the return movement. Change-over of the moving
      direction of the moving frame 17 is performed by change-over between a
      clutch C1 for the right right direction movement and a clutch C2 for the
      left direction movement in a moving frame-driving system (not shown).
PAR  Switch S6 disposed on the discharge side of the copying paper transfer
      passage detects discharge of a copying paper from the inside of the
      machine and permits feeding of another copying paper.
PAR  In this invention, the light-selecting mechanism and the developing
      operation-selecting mechanism are actuated either independently or in the
      state interlocked with each other. In association with this feature, a
      dial 80 of the color-separating filter-selecting mechanism and exposure
      light quantity-adjusting mechanism and a dial 81 of the development
      passage-selecting mechanism are disposed so that they can be turned
      independently or in the state interlocked with each other, as shown in
      FIGS. 12-A, 12-B, 12-C and 12-D.
PAR  More specifically, in FIG. 12-A, the dial 80 has projections 82a and 82b,
      and it is fitted on the outside of a cover 84 at the end of a shaft 43
      having the above-mentioned cam board 42 attached thereto and being mounted
      rotatably on an inner machine frame 83, so that the dial 80 can be turned
      outside the machine. A pulley 85 is fitted on the shaft 43 and connected
      by a wire 86 to a pulley 28a fitted on the other end of the shaft 28 of
      the supporting frame 25 (not shown) having color-separating filters and
      filter-free opening, through pulleys 88a, 88b, 88c and 88d rotatably
      attached to shafts 87a, 87b, 87c and 87d.
PAR  The dial 81 of the development passage-selecting mechanism has a concave
      shape and includes on the side thereof recesses 89a and 89b with which
      projections 82a and 82b of the dial 80 are engaged. The dial 81 is fitted
      on a shaft 90 provided coaxially with said shaft 43 but capable of
      rotating independently from the shaft 43, or the dial 81 is provided
      integrally with said shaft 90. A shaft 91 independent from the shaft 90 is
      disposed at a position having a contact with the top end of the shaft 90
      so that the shaft 91, like the shaft 90, can rotate coaxially with said
      shaft 43 and independently from the shaft 43. A slip member 92 is disposed
      between the dial 81 and the cover 84 (machine frame 1) to facilitate
      turning of the dial 81. A delivery member having a plurality of holes 93,
      such as a disc 94, is fitted on the top end portion of the shaft 90, and a
      coil spring 95 is disposed between the disc 94 and cover 84, so that the
      dial 81 is always kept in the state contacted with the slip member 92 by
      an elastic power of the coil spring 95. A member to be delivered which has
      a plurality of pins 96, for example, a disc 97, and a delivery member, for
      example, a gear 98, are fitted on the shaft 91. Pins 96 of the disc 97 are
      inserted into holes 93 of the disc 94, so that the rotation of the disc 94
      is delivered to the disc 97 while the pins 96 are not taken out of holes
      93 even when the disc 94 moves right and left. The shaft 91 is rotatably
      supported by a supporting plate 100 fixed to the inner machine frame 83 by
      a plurality of shafts 99, and a stop ring 101 is disposed to prevent the
      shaft 91 from moving right and left. A change-over switch S7A is fixed to
      the supporting plate 100 to effect change-over among development
      passage-selecting mechanisms 57x, and gear 102 fitted on the rotary shaft
      of the switch S7A is engaged with the above-mentioned gear 98.
PAR  As shown in FIGS. 12-B and 12-C, marks or letters 103, 104, 105 and 106
      indicating colors to developed, namely, yellow, red, blue and black, are
      formed on the cover 84 around the dial 81 or on a panel plate provided
      separately around the dial 81, and indicating marks 107 and 108 are formed
      on the surface of the engagement point 89a of the dial 81 and on the
      surface of the projection 82a of the dial 80, respectively.
PAR  In the above arrangement, if monochromatic copies are desired, when the
      indicating mark 107 is set at one of marks or letters 103 to 106, which
      corresponds to the color to be reproduced, the rotation of the dial 81 is
      coveyed to the gear 98 through shaft 90, disc 94, pin 96, disc 97 and
      shaft 91 to rotate the gear 102 engaged with the gear 98 and cause the
      switch S7A to select the development passage for the color corresponding
      to said mark or letter. Then, the indicating mark 108 of the dial 80 is
      set at said selected mark or letter among those 103 to 106 independently
      from the dial 81. With rotation of the dial 80, the pulley 85 fitted on
      the shaft 43 is rotated, and in turn, the pulley 28a is rotated through
      the wire 86, whereby a specific color-separating filter or filter-free
      opening of the supporting frame 25 is selected in correspondence with said
      mark or letter and simultaneously the cam board 42 fitted on the shaft 43
      is rotated to select an optimum exposure light quantity in correspondence
      with the so selected color-separating filter or filter-free opening. Thus,
      preparation for light exposure and development for obtaining monochromatic
      copies of the desired color has been completed.
PAR  In case multi-colored copies are desired, the dial 81 is pulled out against
      the elastic power of the coil spring 95, and projections 82a and 82b are
      inserted into recesses 89a and 89b of the dial 81 (see FIG. 12-C). Thus,
      the dials 80 and 81 can be turned synchronously. When the indicating mark
      107 of the dial 81 is set at one of indicating marks 103 to 106, selection
      of a color-separating filter or filter-free opening, adjustment of an
      optimum exposure light quantity and selection of a development passage can
      be accomplished at a stroke. In the foregoing manner, the indicating mark
      107 is set at marks 103 to 106 in order and the copying step is repeated,
      whereby a multi-colored copy corresponding to the colored original can be
      obtained.
PAR  When selection of the filter and adjustment of the exposure light quantity
      are performed electrically in accordance with embodiments shown in FIGS.
      4-B, 5, 6-B and 9, for example, a rotary arm 110 having a convexity 109 at
      the top end thereof is fitted on the shaft 43 instead of the
      above-mentioned cam board 42. Said convexity 109 is disposed at such a
      position that it can press switches Sa', Sb', Sc' and Sd'. Further, a gear
      111 is fitted on the shaft 43 so that it is engaged with the change-over
      switch S7B for selecting an optimum exposure light amount. The switches
      S7B, Sa', Sb', Sc' and Sd' are retained by a supporting plate 114 fixed to
      the inner machine frame 83 by means of a plurality of shafts 113.
PAR  Selection of the development passage is conducted by rotation of the dial
      81 in the same manner as in FIG. 12-A. When the dial 80 is then turned,
      one of switches Sx' (x' = a', b', c' and d') is selectively pressed to
      effect selection of the color-separating filter or filter-free opening,
      and simultaneously, an optimum exposure light auantity is selected by the
      switch S7B through the gear 111 fitted on the shaft 43 and the gear 112
      engaged therewith. The copying operation for obtaining multi-colored
      copies will be apparent from the description made with reference to FIG.
      12-A. Therefore, further illustration of this copying operation is
      omitted.
PAR  As mentioned above, the dial 80 is mechanically connected to the shaft 28
      of the supporting frame 25 of the color-separating mechanism 24, or when
      the color-separating mechanism 24 is electrically actuated, the dial 80 is
      connected to the rotary arm 100 pressing selectively one of switches Sx'
      (x' = a', b', c' and d'). Further when adjustment of the exposure light
      quantity is performed mechanically (FIG. 8), the dial 80 is mechanically
      connected to the shaft 43, or when the adjustment of the exposure light
      quantity is conducted electrically, the dial 80 is connected to the gate
      signal change-over switch S7B (FIG. 9) of the lamp circuit. On the other
      hand, the dial 81 is connected to the change-over switch S7A for
      change-over and actuation of solenoids 61a (SL2), 61b (SL3) and 61c (SL4)
      of the development passage-selecting mechanism. The change-over switch S7A
      simultaneously effects the change-over of pump motors 66a (PM1), 66b
      (PM2), 66c (PM3) and 66d (PM4).
PAR  Operations of the electrostatic copying machine shown in FIG. 1 are
      performed by the electric circuit shown in FIG. 13 in the following
      manner:
PAC  I. BLACK-AND WHITE REPRODUCTION
PAR  1. An input switch MS is contacted to actuate a fan motor FM and a driving
      motor DM, and a paper feeding-indicating lamp L is lighted.
PAR  2. The dial 80 is set at the mark indicating the filter-free opening and
      the dial 81 is set at the mark indicating the black toner, or the dial 80
      is connected to the dial 81 and the assembly is set at the mark indicating
      black-and white reproduction, whereby the color-separating mechanism 24 is
      set at the filter-free opening 29d, the exposure light quantity circuit is
      connected to the contact d for the filter-free opening by the switch S7B,
      and the development passage-selecting circuit is connected to the contact
      d for black development by the switch S7A, whereby operations of light
      selection, exposure light quantity adjustment and selection of the
      development passage are accomplished. Motor 66d (PM4) for a motor of the
      black toner development passage 56d is actuated.
PAR  3. Fine adjustment of the exposure light quantity is accomplished by the
      variable resistance VR (contrast adjustment).
PAR  4. A copying paper is manually fed from a copying paper-feeding opening 3
      (paper feeding), whereby the normally open switch S1 is closed and the
      following operations are performed.
PAR  4-1. The start solenoid SL1 is actuated through switches S3b and S1 (the
      moving frame 17 is unlocked).
PAR  4-2. Simultaneously, the relay R1 is actuated and the relay contact R1-1 is
      closed to establish a self-retaining circuit of the relay R1.
PAR  4-3. The relay contact R1-2 is closed, and the clutch C1 for moving the
      moving frame in the right direction is actuated after on-delay through the
      switch S4b and the relay contact R2-1b (the preparation step of the moving
      frame 17 is started).
PAR  4-4. The relay contact R1-3 is closed to actuate a high voltage electric
      source HVU of the charging device zone, whereby charging of the copying
      paper passing through the transfer passage by corona discharge is started.
PAR  4-5. The relay contact R1-4 is opened and the paper feeding-indicating lamp
      L is put out.
PAR  5. By the movement of the moving frame 17, the contact b of the switch S3
      is opened and the contact a is closed, but the movement continues because
      of the self-retention by the relay contact R1-1.
PAR  6. The moving frame 17 arrives at the right end of its passage to actuate
      the switch S4, whereby the contact b of the switch S4 is opened and the
      contact a is closed, and the following operations are accomplished.
PAR  6-1. The normally closed contact b of the switch S4 is opened to stop the
      actuation of the clutch C1 for moving the moving frame 17 in the right
      direction (the moving frame 17 is stopped at the right end of the
      passage).
PAR  6-2. The relay R2 is actuated through the normally open contact a of the
      switch S4. the relay contact R2-2 is closed to establish the self-retaing
      circuit of the relay R2.
PAR  6-3. The normally closed contact b of the relay contact R2-1 is opened and
      the normally open contact a is closed (preparation for the left direction
      movement of the moving frame).
PAR  6-4. The relay contact R2-3 is closed to light an exposure light source at
      an optimum illuminating power.
PAR  7. The forward end of the charged copying paper presses the switch S2 to
      actuate it, and the relays R3A and relay R3B are actuated through the
      switch S2, whereby the following operations are performed.
PAR  7-1. The relay contact R3B-1 is closed to self-retain relays R3A and R3B.
PAR  7-2. The relay contact R3B-2 is opened to keep the paper feeding-indicating
      lamp L unlighted.
PAR  7-3. The relay contact R3A-1 is closed, and the clutch C2 for moving the
      moving frame in the left direction is actuated through relay contacts
      R3A-1 and R2-1a.
PAR  Thus, the moving frame 17 starts the movement for the light exposure step,
      and the total light images of the original are projected on the
      photosensitive layer of the copying paper passing through the copying
      paper light exposure zone (light exposure step).
PAR  7-4. In each development passage-selecting mechanism, relay contacts R3A-2,
      R3A-3 and R3A-4 inserted in series in circuits of solenoids 61a (SL2), 61b
      (SL3) and 61c (SL3), respectively, are closed, but since each of the
      contacts a, b and c of the development passage changeover switch is
      opened, these solenoids are not actuated.
PAR  8. While the moving frame performs the movement for the light exposure
      step, it presses the switch S3 to open the contact S3a, but since the
      relay contact R1-2 is closed, the circuit of the contact S3a is
      self-retained and kept actuated.
PAR  9. The copying paper travels and the rear end passes through the point of
      the switch S2 to open the switch S2, but the relays R3A and R3B are kept
      actuated because of self-retaining circuit of the relay contact S3B-1.
PAR  10. Since none of solenoids SL2, SL3 and SL4 for actuation of the
      development passage-selecting mechanism are actuated, the copying paper is
      guided into the lower-most development passage 56d and is developed with
      the black toner.
PAR  11. When the moving frame reaches the left end of its passage, it presses
      the switch S5 to open the switch S5, whereby the following operations are
      performed.
PAR  11-1. The start solenoid SL1 is de-energized, and the stopper 79 returns to
      the engagement point (preparation of locking of the moving frame).
PAR  11-2. The actuation of the relay R1 is stopped, and simultaneously, the
      relay contacts R1-1 and R1-2 are opened and the relay contact R1-4 is
      closed.
PAR  11-3. The relay contact R1-3 is opened, and the actuation of the high
      voltage electric source HVU of the charging mechanism is stopped.
PAR  11-4. The actuation of the relay R2 is stopped to open the relay contact
      R2-2.
PAR  11-5. The relay contact R2-3 is opened to put out the exposure light source
      19.
PAR  11-6. The normally open contact a of the relay contact R2-1 is opened to
      stop the operation of the clutch C2 for moving the moving frame in the
      left direction and close again the normally closed contact b of the relay
      contact R2-1.
PAR  The clutch C1 for moving the frame in the right direction is actuated
      through the normally closed contact a of the switch S3, the normally
      closed contact b of the switch S4 and the relay contact R2-1b (start of
      return travel of the moving frame).
PAR  12. The moving frame 17 travels in the right direction and returns to the
      standard original position to press the switch S3 and open the normally
      closed contact a of the switch S3, whereby the actuation of the clutch C1
      for moving the moving frame in the right direction is stopped. Further,
      the projecting rod 78 of the moving frame 17 is engagement with the recess
      of the stopper 79 to lock the moving frame.
PAR  13. The copying paper presses the switch S6 disposed in the vicinity of the
      discharge opening of the copying paper transfer passage. Thus, the switch
      S6 is opened to stop the actuation of the relays R3A and R3B and open the
      relay contacts R3A-1, R3A-2, R3A-3, R3A-4 and R3B-1.
PAR  The relay contact R3B-2 is closed and the paper feeding-indicating lamp L
      is lighted through the relay contacts R3B-2 and R1-4 to indicate that next
      copying is now possible.
PAC  II. MONOCHROMATIC REPRODUCTION USING YELLOW, RED OR BLUE TONER
PAR  In case copies having all the image areas colored into yellow, red or blue
      are prepared from a sheet of an original, the copying operation is
      conducted according to the same procedures as adopted in the above case I
      except that the following changes are made.
PAR  2'. The dial 80 is turned to the "filter-free" mark, and the dial 8.sub.1
      is set to the mark indicating yellow, red or blue reproduction.
PAR  The color-separating mechanism and exposure light quentity-adjusting
      mechanism circuits have the same structures as described in (I-2) above.
      The development passage-selecting mechanism circuit is set to any of
      yellow development contact a, red development b and blue development
      contact c by the switch S7A, and a motor selected among development
      passage pump motors PM1, PM2 and PM3 is actuated.
PAR  7'. In the monochromatic reproduction, the following operations (7-4') are
      conducted instead of (7-4) mentioned above. Other operations are the same
      as described in (I-7) above.
PAR  7-4'. Relay contacts R3A-2, R3A-3 and R3A-4 inserted in series into
      circuits of solenoids SL2, SL3 and SL4 of development passage-selecting
      mechanisms 57, respectively, are closed. A solenoid connected to the
      contact selected among contacts a, b and c of the switch S7A is actuated
      to oscillate the corresponding guide nail 57a, 57b or 57c so as to connect
      the corresponding development passage 56a, 56b or 56c to the copying paper
      transfer passage.
PAR  10'. The copying paper is guided to the development passage 56a, 56b or 56c
      by the guide nail 57a, 57b or 57c and is developed with a yellow, red or
      blue toner.
PAC  III. REPRODUCTION WHERE LIGHT IMAGES OF SINGLE COLORS ARE EXTRACTED AND
      MONOCHROMATIC OR MULTI-COLORED COPIES ARE OBTAINED BY USING TONERS OF
      CORRESPONDING HUES
PAR  According to this invention, it is possible to extract a specific
      color-separated light image from an original and effect development with
      use of a toner of a hue corresponding to the light image.
PAR  In this case, the copying operation is conducted according to the same
      procedures as adopted in the above case I except that the following
      changes are made.
PAR  2". The dial 80 is connected (interlocked) with the dial 81, and the dial
      assembly is set to a disered indication mark selected among marks
      indicating red-color reproduction, blue-color reproduction and
      yellow-color reproduction.
PAR  Thus, in the color-separating mechanism, a desired filter is selected among
      blue filter 26a, green filter 26b and red filter 26c, and simultaneously,
      the exposure light quentity-adjusting circuit is connected to the contact
      a, b or c corresponding to the selected filter by the change-over switch
      S7B and the development passage-selecting passage is connected to the
      yellow, red or blue development contact a, b or c corresponding to the
      selected filter by the change-over switch S7A.
PAR  One motor corresponding to the selected filter is selected among
      development passage pump motors PM1, PM2 and PM3 and is selectively
      actuated.
PAR  7". In this case, the same operations as described in (I-7) above are
      conducted except that the following operations (7-4") are performed
      instead of the above-mentioned operations (7-4).
PAR  7-4". Each of relay contacts R3A-2, R3A-3 and R3A-4 inserted in series into
      circuits of solenoids SL2, SL3 and SL4 of the development
      passage-selecting mechanism, respectively, is closed.
PAR  The solenoid connected to the contact selected among the contacts a, b and
      c of the switch S7A is actuated to oscillate the corresponding guide nail
      57a, 57b or 57c so as to connect the corresponding development passage
      56a, 56b or 56c to the copying paper transfer passage.
PAR  More specifically, in case the selected filter is the blue filter 26a, the
      yellow toner development passage 56a is connected to the copying paper
      transfer passage, and when the selected filter is the green filter 26b,
      the red toner development passage is connected to the copying paper
      transfer passage. Further, when the selected filter is the red filter 26c,
      the blue toner development passage 56c is connected to the copying paper
      transfer passage.
PAR  10". The copying paper is guided to the development passage 56a, 56b or 56c
      corresponding to the selected filter by the guide nail 57a, 57b or 57c,
      and development is effected with a toner of the same color as the
      filter-permeating light.
PAR  According to this embodiment of this invention, it is possible to obtain a
      monochromatic copy having an image corresponding to the color-separated
      light image and having the same hue as that of said light image.
PAR  In case a multi-colored copy having the same color images as those of an
      original is obtained, namely in case a color copy is obtained, with
      respect to one original and one copy, yellow color reproduction, red color
      reproduction and blue color reproduction optionally with black-and-white
      reproduction are performed, respectively, in this order according to the
      above procedures.
PAC  IV. REPRODUCTION WHERE SINGLE COLOR LIGHT IMAGE IS EXTRACTED AND
      DEVELOPMENT IS CONDUCTED WITH USE OF TONER HAVING HUE DIFFERENT FROM THAT
      OF EXTRACTED LIGHT IMAGE
PAR  In this case, the dial 80 is set at the mark indicating yellow color
      reproduction (blue filter), red color reproduction (green filter) or blue
      color reproduction (red filter), and the dial 81 is set at the mark
      different from the mark at which the dial 80 is set, which is selected
      among marks indicating red color reproduction, yellow color reproduction,
      blue color reproduction and black color reproduction. Other operation
      procedures are the same as described above in respect to cases I and II.
PAR  If the copying operation is performed with respect to the filter and toner
      of the color different from the color of the filter and toner selected in
      the preceding copying operation, there can be obtained a multi-colored
      copy having an image of an optional combination of colors.
PAR  When the copying machine of this invention is employed, any of the
      foregoing copying operations can be adopted depending on the desired kind
      of a copy. For example, not only ordinary black-and-white and
      monochromatic copies and ordinary multi-colored copies, but also
      artificial monochromatic and multi-colored copies of desired optional
      colors differing from colors of originals can be obtained conveniently.
      Copies of the latter type are very useful when various plans and drawings
      are prepared in designing, planning or the like.
PAR  In this invention, by virtue of the feature that a plurality of development
      passage are independently disposed and a plurality of a pressing board 18
      for pressing the original a to the transparent plate 16 are disposed above
      the machine frame 1.
PAR  A movable light exposure device 116 is disposed between said copying paper
      supporting stand 115 and transparent plate 16 to connect optically the
      transparent plate 16 with the copying paper supporting stand and focus an
      image of the original a on a copying paper 2 placed on the stand 115. This
      movable light exposure device 116 comprises a projector device zone
      including a light source 19 and a reflection wall 20, an opening 21a for
      light exposure of an original, a series of reflection mirros 22a, 22b and
      22c, a lens 23, a color-separating mechanism 24 such as a light filter,
      and a housing 117 holding a charging device 4 before an opening 21b for
      light exposure of a copying paper. The movable light exposure device 116
      is supported so that it can be moved reciprocatively in the horizontal
      direction, and it is driven by a drive mechanism capable of driving in
      both the positive and reverse directions. Thus, by the horizontal
      reciprocative movement of the light exposure device 116 between the
      copying paper-supporting stand 115 and a transparent plate 16, imagewise
      charging on the copying paper 2 and imagewise light exposure are
      accomplished.
PAR  The copying paper-supporting stand 115 can be taken away from the side of
      the machine frame 1. A resulting board (not shown) slidable in the lateral
      and longitudinal direction is disposed to focus the image of the original
      a correctly on the copying paper 2. The copying paper 2 which has been
      charged and light-exposed in the position-regulated state by this
      regulating board is then forwarded to the copying paper transfer passage b
      by a roller 118 disposed above the copying paper-supporting stand 115,
      which is driven development passage-selecting mechanisms are independently
      disposed to select corresponding development passages and guide copying
      papers to the selected development passages, any of the foregoing copies
      can be obtained assuredly with great ease, and the versatile electrostatic
      copying machine of this invention can overcome effectively problems of
      color mingling and paper jamming which are involved in conventional
      copying machines.
PAR  Various modifications can be made to the copying machine of this invention
      as far as they do not deviate from the principal technical concept of this
      invention.
PAR  For instance, though in the copying machine shown in FIG. 1 the manual
      paper feeding system is adopted, it will be apparent to those skilled in
      the art that an automatic system for feeding sheetlike copying papers,
      which is known in the art, can be adopted instead of the manual feeding
      system.
PAR  Further, it is possible to adopt a light exposure system such as shown in
      FIG. 14 instead of the light exposure system where an original to be
      copied and a copying paper are moved synchronously for the light exposure
      while the optical system is fixed. In the embodiment shown in FIG. 14, the
      optical system is moved for the light exposure while both the original and
      copying paper are kept stationary. This embodiment will now be described.
PAR  By referring to FIG. 14, in the interior of the machine frame 1 a copying
      paper transfer passage b is disposed to guide a copying paper 2 from a
      stand 115 for supporting a copying paper 1 in the stationary state to a
      development device zone indicated as a whole by referential numeral 6 and
      a drying or fixing device zone 7. A transparent plate 16 for supporting an
      original a thereon and intermittently. This forwarding roller 118 is
      engaged with a drive mechanism (not shown) in the machine and receives a
      driving force therefrom, and this engagement with the drive mechanism can
      optionally be released.
PAR  As in the machine shown in FIG. 1, the development device zone 6 includes a
      plurality of independent development passages 56a, 56b, 56c and 56d and
      development passage-selecting mechanisms 57a, 57b, 57c and 56d for
      selecting optional one of these development passages 56a, 56b, 56c and 56d
      and guiding the copying paper 2 carrying an electrostatic latent image
      formed thereon into the so selected development passage. These development
      passages 56a, 56b, 56c and 56d are disposed to overlap one another in the
      horizontal direction. The copying paper transfer passage b is disposed to
      extend in the vertical direction to introduce the copying paper carrying
      the electrostatic latent image thereon into any of the development
      passages. This copying paper transfer passage b includes pairs of driving
      rollers 12a and 12a', 12b and 12b', 12c and 12c', and 12d and 12d'
      disposed to confront respective development passages, and confronting
      guide plates 58a and 58a', 58b and 58b', 58c and 58c', and 58d and 58d'
      disposed between respective pairs of the drive rollers.
PAR  The developed copying paper forwarded from the development passage is
      guided to the drying or fixing device zone 7 by a copying paper transfer
      system 119 including a group of driving rollers and a belt, so that a
      copying paper discharged from any of the development passage can be passed
      through this drying or fixing device zone 7 and discharged outside the
      machine from a single discharge outlet 120.
PAR  In the copying machine shown in FIG. 14, the copying operation can be
      conducted in the same manner as in the copying machine shown in FIG. 1.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A versatile electrostatic copying machine comprising an illuminating
      zone for illuminating an original to be copied in the stationary or moving
      state by a light source, a light exposing zone for light-exposing
      imagewise a statically charged photosensitive layer, an optical system for
      optically connecting said illuminating zone with said light exposing zone
      and projecting an image of the original on the photosensitive layer and a
      development mechanism for developing an electrostatic latent image formed
      on the photosensitive layer directly or after it has been transferred onto
      a transfer paper, wherein said optical system comprises a light-selecting
      mechanism for selecting an optional light from white light and
      color-separated lights and exposing the photosensitive layer to said
      selected light and an exposure light quantity-adjusting mechanism for
      adjusting the exposure light quantity to an optimum quantity with respect
      to each of a plurality of said light, the development mechanism comprises
      a development operation-selecting mechanism for selecting an optional
      development operation among a plurality of development operations
      differing in the toner hue, said light-selecting mechanism and development
      operation-selecting mechanism are actuated independently or in the state
      interlocked with each other so that a copy having a desired coloring
      effect can be obtained, and said development mechanism comprises a
      plurality of independent development passages differing in the hue of a
      toner to be applied to an electrostatic latent image formed on a copying
      paper, each development passage including a developing toner draw-up
      mechanism for feeding a developing toner to the development passage, and a
      plurality of development passage-selecting mechanisms for selecting one
      corresponding development passage among a plurality of said development
      passages and guiding a copying paper having an electrostatic latent image
      formed thereon into said selected development passage.
NUM  2.
PAR  2. A versatile electrostatic copying machine set forth in claim 1 wherein a
      plurality of said development passages are disposed to overlap one another
      in the horizontal direction and a copying paper transfer passage for
      introducing a copying paper having an electrostatic latent image formed
      thereon into any of said development passages is disposed to extend in the
      vertical direction, and each development passage-selecting mechanism is
      disposed at a point where the extension line of the corresponding
      development passage on the introduction side intersects the copying paper
      transfer passage.
NUM  3.
PAR  3. A versatile electrostatic copying machine set forth in claim 1 wherein
      each development passage-selecting mechanism includes a guide member
      pivotally fixed on the machine frame, a solenoid mechanism and a link
      mechanism for connecting said solenoid mechanism to said guide member and
      pivoting the guide member on actuation of said solenoid mechanism, and
      said guide member is disposed at such a position that when the solenoid is
      in the non-actuated state, the guide member does not cross the vertical
      copying paper transfer passage but crosses the extension line of the
      corresponding development passage, and that when the solenoid mechanism is
      in the actuated state, the guide member crosses the vertical copying paper
      transfer passage but does not cross the extension line of the
      corresponding development passage.
NUM  4.
PAR  4. A versatile electrostatic copying machine set forth inn claim 3 wherein
      in the vertical copying paper transfer passage, a pair of driving rollers
      are disposed above each guide member and in the vicinity thereof.
NUM  5.
PAR  5. A versatile electrostatic copying machine set forth in claim 3 wherein
      each solenoid mechanism is connected to an electric source through a
      change-over switch and the solenoid mechanism selects one corresponding
      development passage among a plurality of development passages when
      actuated by change-over of said change-over switch.
NUM  6.
PAR  6. A versatile electrostatic copying machine set forth in claim 5 wherein
      each developing toner draw-up mechanism is connected to the contact of
      said change-over switch in parallel with the solenoid of the corresponding
      development passage-selecting mechanism and is interlocked with actuation
      of said development passage-selecting mechanism so that only the
      developing toner draw-up mechanism of the selected development passage is
      selectively actuated.
NUM  7.
PAR  7. A versatile electrostatic copying machine set forth in claim 3 wherein
      the development passage for applying a black toner is disposed at the
      uppermost position among the development passages.
NUM  8.
PAR  8. A versatile electrostatic copying machine set forth in claim 1 wherein a
      single drying or fixing zone is provided in the machine frame and a
      copying transfer mechanism is disposed to introduce a copying paper
      discharged from any of the development passages into said drying or fixing
      zone.
NUM  9.
PAR  9. A versatile electrostatic copying machine set forth in claim 1 wherein
      said light-selecting mechanism comprises a light-separating mechanism
      including a supporting frame disposed to cross an optical path of the
      optical system and a plurality of color-separating filters attached to
      said supporting frame and a color-separating filter-selecting mechanism
      for causing displacement in said supporting frame so as to place it on
      said optical path, and said exposure light quantity-adjusting mechanism
      comprises a variable iris mechanism disposed to cross the optical path of
      the optical system, a cam mechanism interlocked with said color-separating
      filter-selecting mechanism to hold a cam follower at a prescribed position
      in correspondence with the selected color-separating filter, and a
      connecting mechanism for changing the degree of opening of said iris
      mechanism in correspondence with the displacement of said cam follower.
NUM  10.
PAR  10. A versatile electrostatic copying machine set forth in claim 9 wherein
      a filter-free opening is mounted on said supporting frame in addition to
      said color-separating filter.
NUM  11.
PAR  11. A versatile electrostatic copying machine set forth in claim 9 wherein
      a plurality of said development passages are disposed to overlap one
      another in the horizontal direction and a copying paper transfer passage
      for introducing a copying paper having an electrostatic latent image
      formed thereon into any of said development passages is disposed to extend
      in the vertical direction, and each development passage-selecting
      mechanism is disposed at a point where the extension line of the
      corresponding development passage on the introduction side intersects the
      copying paper transfer passage; each development passage-selecting
      mechanism includes a guide member pivotally fixed on the machine frame, a
      solenoid mechanism and a link mechanism for connecting said solenoid
      mechanism to said guide member and pivoting the guide member on actuation
      of said solenoid mechanism, and said guide member is disposed at such a
      position that when the solenoid is in the non-actuated state, the guide
      member does not cross the vertical copying paper transfer passage but
      crosses the extension line of the corresponding development passage, and
      that when the solenoid mechanism is in the actuated state, the guide
      member crosses the vertical copying paper transfer passage but does not
      cross the extension line of the corresponding development passage; each
      solenoid mechanism is connected to an electric source through a
      change-over switch and the solenoid mechanism selects one corresponding
      development passage among a plurality of development passages when
      actuated by change-over of said change-over switch; and wherein a first
      rotation shaft for rotating said change-over switch and a second common
      rotation shaft for rotating the supporting frame of said light-selecting
      mechanism and the cam of said exposure light-adjusting mechanism are
      coaxially disposed so that they can be rotated independently or in the
      interlocked state, and a dial member for indicating a developing toner is
      mounted on said first rotation shaft for the change-over switch and
      another dial member for indicating a light to be selected is mounted on
      the second common rotation shaft, said two dial members being disposed so
      that they can freely be engaged with each other and be released from the
      engagement.
NUM  12.
PAR  12. A versatile electrostatic copying machine set forth in claim 9 wherein
      said color-separating filter-selecting mechanism comprises a dial member
      disposed outside the machine frame so that it can be turned to indicate a
      prescribed mark of a light to be selected, and a member for connecting
      said supporting frame to said dial member, wherein the displacement of
      said supporting frame is caused by turning of the dial member.
NUM  13.
PAR  13. A versatile electrostatic copying machine set forth in claim 1 wherein
      said supporting frame includes a disc-like rotor mounted on the machine
      frame so that it can rotate around a shaft.
NUM  14.
PAR  14. A versatile electrostatic copying machine set forth in claim 1 wherein
      said supporting frame is slidably supported on a rail.
NUM  15.
PAR  15. A versatile electrostatic copying machine set forth in claim 1 wherein
      said light-selecting mechanism comprises a light-separating mechanism
      including a supporting frame disposed to cross an optical path of the
      optical system and a plurality of color-separating filters and a
      filter-free opening mounted on said supporting frame and a
      color-separating filter-selecting mechanism for causing displacement in
      said supporting frame so as to place it on said optical path, and said
      exposure light-adjusting mechanism includes an exposure light-adjusting
      circuit for controlling the light quantity of a light source for light
      exposure, said exposure light-adjusting circuit being a phase control
      circuit interlocked with said color-separating filter-selecting mechanism.
NUM  16.
PAR  16. A versatile electrostatic copying machine set forth in claim 15 wherein
      said phase control circuit has a lamp-lighting circuit including a group
      of fixed resistances corresponding to respective lights to be selected by
      the color-separating filter-selecting mechanism and being capable of being
      changed over by a change-over switch and a variable resistance for fine
      adjustment of the quantity of exposure light connected in series to said
      fixed resistances, and the resistivity value of each fixed resistance is
      so set that an optimum illuminating power can be obtained in
      correspondence with the selected light.
NUM  17.
PAR  17. A versatile electrostatic copying machine set forth in claim 15 wherein
      position-detecting switch mechanisms corresponding to respective lights to
      be selected by the color-separating filter-selecting mechanism are
      disposed on at least one of said supporting frame and the corresponding
      part of the machine frame, each position-detecting switch mechanism being
      actuated when it detects that the corresponding color-separating filter or
      filter-free opening arrives at the position crossing the optical path of
      the optical system, said supporting frame is connected to a driving
      mechanism for causing displacement in said supporting frame, said
      color-separating filter-selecting mechanism comprises a group of selection
      switch mechanisms which are changed over and actuated in correspondence
      with the number of lights to be selected by the color-separating
      filter-selecting mechanism, and said driving mechanism is connected to an
      electric source through normally closed contacts of said
      position-detecting switch mechanisms and through said selection switch
      mechanisms.
NUM  18.
PAR  18. A versatile electrostatic copying machine set forth in claim 15 wherein
      said development mechanism comprises a plurality of independent
      development passages differing in the hue of a toner to be applied to an
      electrostatic latent image formed on a copying paper, each development
      passage including a developing toner draw-up mechanism for feeding a
      developing toner to the development passage, and a plurality of
      development passage-selecting mechanisms for selecting one corresponding
      development passage among a plurality of said development passages and
      guiding a copying paper having an electrostatic latent image formed
      thereon into said development passage; a plurality of said development
      passages are disposed to overlap one another in the horizontal direction
      and a copying paper transfer passage for introducing a copying paper
      having an electrostatic latent image formed thereon into any of said
      development passages is disposed to extend in the vertical direction, and
      each development passage-selecting mechanism is disposed at a point where
      the extension line of the corresponding development passage on the
      introduction side intersects the copying paper transfer passage; each
      development passage-selecting mechanism includes a guide member pivotally
      fixed on the machine frame, a solenoid mechanism and a link mechanism for
      connecting said solenoid mechanism to said guide member and pivoting the
      guide member on actuation of said solenoid mechanism, and said guide
      member is disposed at such a position that when the solenoid is in the
      non-actuated state, the guide member does not cross the vertical copying
      paper transfer passage but crosses the extension line of the corresponding
      development passage, and that when the solenoid mechanism is in the
      actuated state, the guide member crosses the vertical copying paper
      transfer passage but does not cross the extension line of the
      corresponding development passage; each solenoid mechanism is connected to
      an electric source through a development passage change-over switch and
      the solenoid mechanism selects one corresponding development passage among
      a plurality of development passages when actuated by change-over of said
      change-over switch; said phase control circuit has a lamp-lighting circuit
      including a group of fixed resistances corresponding to respective lights
      to be selected by the color-separating filter-selecting mechanism and
      being capable of being changed over by an exposure light quantity
      change-over switch and a variable resistance for fine adjustment of the
      quantity of exposure light connected in series to said fixed resistances,
      and the resistivity value of each fixed resistance is so set that an
      optimum illuminating power can be obtained in correspondence with the
      selected light; position-detecting switch mechanisms corresponding to
      respective lights to be separated by the color-separating filter-selecting
      mechanism are disposed on at least one of said supporting frame and the
      corresponding part of the machine frame, each position-detecting switch
      mechanism being actuated when it detects that the corresponding
      color-separating filter or filter-free opening arrives at the position
      crossing the optical path of the optical system, and said supporting frame
      is connected to a driving mechanism for causing displacement in said
      supporting frame; said color-separating filter-selecting mechanism
      comprises a group of selection switch mechanisms which are changed over
      and actuated in correspondence with the number of lights to be selected by
      the color-separating filter-selecting mechanism, and said driving
      mechanism is connected to an electric source through normally closed
      contacts of said position-detecting switch mechanisms and through said
      selection switch mechanisms; and wherein a first rotation shaft for
      rotating said development passage change-over switch and a second common
      rotation shaft for rotating the exposure light quantity change-over switch
      and the light-selecting switch mechanism are coaxially disposed so that
      they can be rotated independently or in the interlocked state, and a dial
      member for indicating a developing toner is mounted on said first rotation
      shaft and another dial member for indicating a light to be selected is
      mounted on the second common rotation shaft, said two dial members being
      disposed so that they can freely be engaged with each other and be
      released from the engagement.
NUM  19.
PAR  19. A versatile electrostatic copying machine comprising an illuminating
      zone for illuminating an original to be copied in the stationary or moving
      state by a light source, a light exposing zone for light-exposing
      imagewise a statically charged photosensitive layer, an optical system for
      optically connecting said illuminating zone with said light-exposing zone
      and projecting an image of the original on the photosensitive layer and a
      development mechanism for developing an electrostatic latent image formed
      on the photosensitive layer directly or after it has been transferred onto
      a transfer paper, wherein said optical system comprises a light-selecting
      mechanism for selecting an optical light from white light and
      color-separated lights and exposing the photosensitive layer to said
      selected light and an exposure light quantity-adjusting mechanism for
      adjusting the exposure light quantity to an optimum quantity with respect
      to each of a plurality of said lights, the development mechanism comprises
      a development operation-selecting mechanism for selecting an optional
      development operation among a plurality of development operations
      differing in the toner hue, said light-selecting mechanism and development
      operation-selecting mechanism are actuated independently or in the state
      interlocked with each other so that a copy having a desired coloring
      effect can be obtained, said light-selecting mechanism comprises a
      light-separating mechanism including a supporting frame disposed to cross
      an optical path of the optical system and a plurality of color-separating
      filters and a filter-free opening mounted on said supporting frame and a
      color-separating filter-selecting mechanism for causing displacement in
      said supporting frame so as to place it on said optical path, and said
      exposure light quantity-adjusting mechanism includes an exposure
      light-adjusting circuit for controlling the light quantity of a light
      source for light exposure, said exposure light-adjusting circuit being a
      phase control circuit interlocked with said color-separating
      filter-selecting mechanism.
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PAL  An optical illumination device for use in a copying machine, which
      illuminates the original to be copied, with a ribbon of light. The optical
      illumination device comprises a pair of reflectors respectively having
      concave, reflective surfaces which comprise individual portions of hollow
      right elliptical cylinders of different ellipticity. Each of these first
      and second elliptical cylinders has a pair of line foci and the first and
      second reflectors are arranged such that one of the line foci of the first
      elliptical cylinder is substantially in alignment with one of the line
      foci of the second elliptical cylinder. A line light source is disposed in
      alignment with the other focus of the first elliptical cylinder while the
      other focus of the second elliptical cylinder is situated in the vicinity
      or at a position where the original to be copied is placed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an optical illuminating device for use in
      a copying apparatus for illuminating the original to be copied on a sheet
      of copying material.
PAR  A diversity of copying machines, whatever type of copying process they
      employ, are now commercially available. Most of the commercially available
      copying machines are bulky and the recent trend in the concern of the
      related industry is development of relatively small-sized copying
      machines. Though there are numerous methods of reducing the size of a
      copying machine, one of the relatively small-sized copying machines that
      have heretofore been developed employs for its optical system an image
      transmitter composed of a plurality of SELFOC (a trademark registered in
      Japan and owned by Nippon Sheet Glass Co., Ltd.) lenses in a bundled
      configuration.
PAR  The SELFOC lens refers to an image transmitting optical fiber made of glass
      or synthetic resin and having a refractive index distribution in a cross
      section thereof that varies consecutively and parabolically outwards from
      a center portion thereof, such refractive index distribution satisfying
      the following equation; n = N(1 - ar.sup.2), wherein N is a refractive
      index at the center, n is a refractive index at a distance r from the
      center and a is a positive constant. The SELFOC lens and the image
      transmitter formed by a bundle of SELFOC lenses are described in the U.S.
      Pat. No. 3,658,407, patented on Apr. 25, 1972, and therefore, reference
      may be made thereto for the details thereof.
PAR  In the copying machine wherein the optical system utilizes the particular
      image transmitter composed of the SELFOC lenses bundled side by side by
      the use of an adhesive material, the inventor has found that a great
      amount of light can enter the particular image transmitter avoiding to
      increase flared light if a beam of light travelling towards a transparent
      support for supporting thereon the original to be copied impinges upon the
      transparent support at an angle of incidence in the vicinity of
      45.degree.. Accordingly, in the case where the particular image
      transmitter is to be employed during manufacture of a copying machine for
      the purpose of reducing the size of the resultant copying machine, the
      particular image transmitter has to be arranged in position to satisfy the
      above mentioned particular and, in addition thereto, an optical
      illuminating device capable of emitting a relatively large amount of light
      has to be employed in the copying machine. Both of these requrements are
      important factors to be taken into consideration in order to manufacture a
      copying machine in a size as compact as possible.
PAR  According to the prior art, a copying machine wherein the optical
      illumination is designed such as shown in FIG. 1 is provided. Referring to
      FIG. 1, the optical illumination device comprises a single elliptical
      reflector M having a concave, reflective wall M.sub.1 which comprises a
      portion of the wall of a hollow right elliptical cylinder such as shown by
      C in a broken curved line. The right elliptical cylinder C has two
      imaginary parallel line foci A.sub.1 and A.sub.2 and a line light source
      L, for example, a tubular electrical lamp, is disposed in a position with
      the longitudinal axis thereof in alignment with one of theline foci
      A.sub.1, the other line focus A.sub.2 being parallelly occupied by one of
      the surfaces of a transparent support 4 on which the original P to be
      copied is stationarily placed. In practice, the position of the line focus
      A.sub.2 relative to the transparent support 4 is adjusted, in
      consideration of the presence of a particular refractive index of a
      transparent glass material forming the transparent support 4, by a shade 3
      positioned such that the angle of incidence can be in the vicinity of
      45.degree..
PAR  In the prior art copying machine of the arrangement as hereinbefore
      described, light emitted from the tubular light source L and after having
      been reflected by the concave wall M.sub.1 illuminates an elongated
      portion of the original P placed on the transparent support 4, which
      elongated portion is schematically indicated by B and is to be understood
      as extending in a direction at right angles to the plane of the drawing of
      FIG. 1. The light having impinged upon the original P and reflected
      therefrom in a substantially slit-like configuration is subsequently
      projected through the particular image transmitter 1 onto a light
      sensitive sufrace 2 on which an image of the original P is exposed, light
      sensitive surface 2 being either a copying material itself or a known
      photoreceptor.
PAR  In the prior art arrangement so far described, since the light source L is
      positioned relatively close to the particular image transmitter 1, some or
      all of the optical fibers forming the particular image transmitter 1
      and/or an adhesive material used to bundle the optical fibers to provide
      the particular image transmitter 1 tend to be softened by the heat of the
      light source L so that the performance characteristics of the particular
      image transmitter is adversely affected. In addition, it has been found
      that the support 4 and/or the particular image transmitter 1 are
      deteriorated in quality and that, since the amount of light which
      illuminates the elongated portion of the original P is defined by light
      reflected from an elongated portion of the concave wall M.sub.1 between a
      pair of parallely spaced line positions T.sub.1 and T.sub.2 which appear
      as points in FIG. 1 because of the cross sectional representation of the
      illumination device, it is relatively small.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an essential object of the present invention is to provide an
      improved, compact optical illumination device for use in a copying
      machine, which is capable of emitting a relatively great amount of light
      for illuminating the original to be copied by the copying machine, with
      substantial elimination of the above described disadvantages.
PAR  Another important object of the present invention is to provide an
      improved, compact optical illumination device of the type referred to
      above, wherein the source of light is sufficiently spaced from the
      transparent support and also from the particular image transmitter so as
      to minimize the thermal influence which may otherwise be exerted upon the
      transparent support and the particular image transmitter.
PAR  According to the present invention, there is disclosed an optical
      illumination device for illuminating with a ribbon of light the original
      to be copied by a copying machine. The optical illumination device herein
      disclosed is particularly suited for use in a copying machine wherein the
      optical system for transmitting an image of the original to be copied
      towards a light sensitive element which may be either a copying material
      or a photoreceptor drum or belt comprises the particular image
      transmitter.
PAR  The optical illumination device according to the present invention
      comprises first and second concave reflectors which comprise respective
      portions of the walls of hollow right elliptical cylinders of different
      ellipticity, each of which first and second concave reflectors has a pair
      of parallel line foci. These first and second reflectors are arranged such
      as to permit one of the line foci of the elliptical cylinder of either of
      the first and second reflector to be shared by one of the line foci of the
      elliptical cylinder of the other reflector with the major axes of these
      elliptical cylinders being out of alignment.
PAR  A tubular light source is positioned in alignment with the other line focus
      of the elliptical cylinder of the first reflector while the other line
      focus of the elliptical cylinder of the second reflector is positioned at
      the upper surface of the transparent support on which the original to be
      copied is placed and immediately above the particular image transmitter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the present invention will become
      readily understood from the following description taken in conjunction
      with preferred embodiments thereof with reference to the accompanying
      drawings, in which;
PAR  FIG. 1 is a cross sectional view of the prior art optical illumination
      device, reference to which has been already made in the foregoing
      description,
PAR  FIG. 2 is a schematic perspective view of the optical illumination device
      constructed in accordance with the preferred embodiment of the present
      invention,
PAR  FIG. 3 is a cross sectional view of the illumination device, shown in FIG.
      2,
PAR  FIG. 4 is a view similar to FIG. 3, showing another preferred embodiment of
      the present invention,
PAR  FIG. 5 is a view similar to FIG. 3, showing a further preferred embodiment
      of the present invention, and
PAR  FIG. 6 is a schematic cross sectional view of a copying machine employing
      the optical illumination device shown in FIGS. 2 and 3, which is used to
      illustrate a manner by which the optical illumination device is supported
      in position within the copying machine.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Before the description of the present invention proceeds, it should be
      noted that, for the sake of brevity, like parts are designated by like
      reference characters throughout the accompanying drawings.
PAR  Referring now to FIGS. 2 and 3, the optical illumination device according
      to the present invention comprises a base support 7 carrying a pair of
      elliptical reflectors R.sub.1 and R.sub.2 of different ellipticity; the
      reflector R.sub.1 being rigidly secured to base support 7 through a
      substantially L-sectioned beam member 5 and the reflector R.sub.2 being
      rigidly secured to base support 7 through a similarly sectioned beam
      member 6. The base support 7 also carries a particular image transmitter 1
      of the type referred to hereinbefore which upwardly extends at right
      angles to the plane of the base support 7. It should be noted that the
      base support 7 should be understood as having a slot S in alignment with
      the bottom, that is, exit, of the image transmitter 1.
PAR  As best shown in FIG. 3, situated above the top, that is, entrance, of the
      image transmitter 1 and extending in substantially parallel relation to
      the base support 7 is a transparent support 4 on which the original P to
      be copied may be placed.
PAR  Still referring to FIG. 3, the reflector R.sub.1 has a concave, reflective
      surface Ra which comprises a portion of the wall of a hollow right
      elliptical cylinder C.sub.1, the latter being shown in a broken curved
      line. The elliptical cylinder C.sub.1 has two imaginary parallel line foci
      F.sub.1 and F.sub.2. On the other hand, the reflector R.sub.2 has concave,
      reflective surface Rb which comprises a portion of the wall of a hollow
      right elliptical cylinder C.sub.2 shown in a broken curved line. The
      elliptical cylinder C.sub.2 has two imaginary line foci, one being
      designated by F.sub.3 and the other sharing with one of the line foci
      F.sub.2. It should be noted that the elliptical cylinders C.sub.1 and
      C.sub.2 are positioned relative to each other in such a manner that, while
      the respective major axes of these elliptical cylinders C.sub.1 and
      C.sub.2 intersect each other at the common line focus F.sub.2, the line
      focus F.sub.3 located substantially immediately above the entrance of the
      image transmitter 1 and in the vicinity of or at one of the surfaces of
      the transparent support 4 which contacts the original to be copied when
      original P is placed thereon. In practice, determination of the position
      of the line focus F.sub.3 requires that the particular refractive index of
      the transparent support 4 be taken into consideration.
PAR  In the arrangement so far described, while the rear edge of the reflector
      R.sub.1 is secured to the beam member 5, the front edge of reflector
      R.sub.1 and the rear edge of the reflector R.sub.2 extend in parallel
      relation to each other and are located on the same plane that connects the
      line foci F.sub.2 and F.sub.3. Therefore, it will be seen that rays of
      light travelling towards the line focus F.sub.3 after having been
      reflected by the concave, reflective surface Rb of the reflector R.sub.2
      impinge upon the original P at an angle of incidence in the vicinity of
      45.degree..
PAR  Referring back to FIGS. 2 and 3, the line light source L, which may, for
      example, be a tubular electric lamp, is supported in position in alignment
      with the line focus F.sub.1. To this end, a pair of end places (not shown)
      are in practice employed, which are respectively fixed to the opposite
      ends of the associated reflectors R.sub.1 and R.sub.2. In other words, one
      end plate is fixed to the ends 9a and 10a of the reflectors R.sub.1 and
      R.sub.2 and the other end plate is fixed to the ends 9b and 10b of the
      reflectors R.sub.1 and R.sub.2. These end plates, though not shown, should
      be understood as having holes formed in alignment with each other and also
      with the line focus F.sub.1, through which holes both end portions of the
      line light source L are supported. The opposite end extremities of this
      line light source L are, although not shown, received by corresponding
      sockets for electrical connection to a source of electric power.
PAR  With the foregoing arrangement of the optical illumination device, assuming
      that the line light source L is switched on, rays of light emitted from
      the line light source L are first reflected by an elongated portion of the
      concave, reflective surface Ra between positions T.sub.3 and T.sub.4 and
      then focused upon the line focus F.sub.2. The rays of light thus focused
      upon the line focus F.sub.2 act as if an electric lamp is positioned in
      alignment with the focus F.sub.2 and are reflected by an elongated portion
      of the concave, reflective surface Rb between the front and rear edges
      thereof and finally focused upon the line focus F.sub.3, thereby impinging
      upon the original P on the transparent support 4 at an angle of incidence
      in the vicinity of 45.degree.. Thus, the elongated portion B of the
      original P on the transparent support 4 can be illuminated by a great
      amount of light which substantially represents a ribbon of light extending
      in parallel relation to the elongated portion B of the original P.
PAR  Referring now to FIG. 4, wherein another preferred embodiment of the
      present invention is shown, the optical illumination device shown in FIG.
      4 slightly differs from that shown in FIG. 3 in that it additionally
      includes a reflector R.sub.3 having a concave, reflective surface Rc which
      comprises a portion of the wall of a circular cylinder shown by a broken
      curved line C.sub.3. This reflector R.sub.3 is positioned such that the
      line focus of the concave, reflective surface Rc is commonly shared by the
      line focus F.sub.1 and, therefore, is in alignment with the line light
      source L.
PAR  The reflector R.sub.3 may be integrally formed with the reflector R.sub.1
      so that the concave, reflective surface Rc is contiguous to the concave,
      reflective surface Ra of the reflector R.sub.1.
PAR  It should be noted that, in the arrangement as hereinbefore described, the
      position T.sub.4, the line focus F.sub.1 and position T.sub.6 are all in
      alignment with each other in a direction at right angles to the
      longitudinal axis of the line light source L, while the position T.sub.3,
      the line focus F.sub.1 and position T.sub.7 are all in alignment with each
      other in the same direction. Therefore, while rays of light emitted from
      the line light source L and reflected by the concave, reflective surface
      Ra between the positions T.sub.3 and T.sub.4 are utilized to illuminate
      the original P in the manner as hereinbefore described in conjunction with
      the preceding embodiment, rays of light emitted from the same line light
      source L and reflected by the concave, reflective surface Rc of the
      reflector R.sub.3 are also utilized to illuminate the original P together
      with the rays of light that have been reflected from the concave,
      reflective surface Ra. More specifically, the rays of light reflected from
      the concave, reflective surface Rc are focused on the line focus F.sub.1,
      that is, return back to the light source L, and are then diffused towards
      the concave, reflective surface Ra of the reflector R.sub.1 thereby being
      superposed upon the rays of light travelling from the line light source L
      towards the concave, reflective surface Ra.
PAR  The arrangement of the optical illumination device of FIG. 4 is
      particularly advantageous in that, due to the fact that the angles
      .theta..sub.1 and .theta..sub.2 are equal to each other, the light from
      the light source L can be utilized in an amount expressed by the following
      formular to illuminate the original P on the transparent support 4:
PAR  (.theta..sub.1 + .theta..sub.2)/2.pi. .times.  100%. Hence, 2 .times.
      (.theta..sub.1 /2.pi. .times.  100%)
PAL  This is substantially twice the amount of light available in the optical
      illumination device wherein the light from the light source L is available
      only in an amount corresponding to (.theta..sub.1 /2.pi. .times. 100%).
PAR  Thus, it has now become clear that the maximum amount of light available to
      illuminate the original P on the transparent support by the arrangement of
      FIG. 4 is greater than that available in the arrangement of FIG. 3.
PAR  In any of the arrangements shown in FIGS. 3 and 4, a shading member may be
      provided such as shown by 8 in FIG. 5 for shading a portion of the beam of
      light passing through the line focus F.sub.2 thereby to avoid flares and
      to improve the contrast of an image of the original P to be copied.
PAR  Referring to FIG. 5, the shading member 8 is shown as applied to the
      arrangement of FIG. 3 and has both side edges secured to the front and
      rear edges of the individual reflector R.sub.1 and R.sub.2. The shading
      member 8 has a slit 8a which, when shading member 8 is arranged in
      position in the manner as hereinbefore described, extends in parallel
      relation to and in alignment with the line focus F.sub.2 so that only the
      portion of the beam of light passing through the line focus F.sub.2 after
      having been reflected from the concave, reflective surface Ra can travel
      therethrough towards the concave, reflective surface Rb of the reflector
      R.sub.2. Preferably, one or both of the opposite surfaces of the shading
      member 8 may be polished to provide reflective surfaces facing,
      respectively, the concave, reflective surfaces Ra and Rb.
PAR  It should be noted that the shading member 8 also acts to minimize thermal
      transmission to the image transmitter 1.
PAR  In any of the foregoing embodiments shown in FIGS. 2 to 5, reference
      numeral 6a represents a barrier preferably made of thermal insulating
      material, which barrier may act not only to prevent thermal transmission
      to the image transmitter 1, but also to support the image transmitter 1 in
      the upright position as shown. This barrier 6a may be integrally formed
      with the beam member 6.
PAR  The optical illumination according to any of the foregoing embodiments of
      the present invention is, in practice, accommodated within a copying
      machine in such a manner as shown in FIG. 6, reference to which will now
      be made.
PAR  Since the copying machine to which the present invention is applicable may
      be of any known type, the details thereof will not be described for the
      sake of brevity. However, the light sensitive surface 2 used in the
      copying machine so far shown comprises an endless belt operatively
      suspended between drive and driven drums Da and Db in any known manner for
      intermittent movement in one direction as indicated by the arrow and
      having the outer surface applied with a known photoconductive layer.
PAR  The illumination device according to the present invention, generally
      indicated by X, is supported in position within the copying machine by
      means of any suitable guide arrangement (not shown) for movement in a
      direction parallel to the direction of movement of the light sensitive
      surface 2. For effecting the movement of the optical illumination device
      so as to illuminate consecutive elongated portions of the original P to be
      copied, the device X is connected by a cable 11 to a take-up pulley 12
      which is in turn operatively coupled to a suitable drive mechanism (not
      shown), which drive mechanism is operated to rotate the take-up pulley 12
      only when the light sensitive surface assumes a standstill position, that
      is, when the drive drum Da is not operated.
PAR  It is clear that, as the take-up pulley 12 winds up the cable 11, the
      optical illumination device X is pulled in a direction toward the take-up
      pulley 12 while illuminating consecutive portions of the original P and,
      thereafter, automatically returned to the original position, for example,
      by the action of tension spring (not shown). During the movement of the
      optical illumination device X in the direction toward the take-up pulley
      12, an electrostatic charger 13 carried by the base support 7 of the
      device X at one side of the image transmitter 1 opposed to the reflector
      arrangement charges the light sensitive surface 2 and a consecutive image
      of the original illuminated by the device X is projected on the
      electrostatically charged light sensitive surface 2.
PAR  Thereafter, developing and other required processes take place in the known
      manner, description of which is herein omitted for the sake of brevity.
PAR  Although the present invention has been fully described by way of example
      with reference to the accompanying drawings, it should be noted that
      various changes and modifications are apparent to those skilled in the
      art, these changes and modifications being to be understood as included
      within the true scope of the present invention unless otherwise they
      depart therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical illumination device for use in a copying apparatus of the
      type wherein an object is to be illuminated and an image thereof is to be
      projected through a particular image transmitter formed of a plurality of
      graded index fibers in bundled configuration to a light sensitive surface,
      said device comprising:
PA1  first and second reflectors respectively having first and second concave,
      reflective surfaces which comprise portions of first and second concave
      walls defining hollow right elliptical cylinders, each having first and
      second line foci,
PA1  said first and second reflective surfaces being oppositely disposed with
      one of the line foci of the elliptical cylinder of said first reflective
      surface coinciding with one of the line foci of the elliptical cylinder of
      said second reflective surface, the other foci of said cylinders of said
      first and second reflective surfaces being positioned on opposite sides of
      the commonly shared foci,
PA1  said first and second reflective surfaces each having an edge extending
      parallel to said commonly shared line foci at a position in an imaginary
      plane connecting said commonly shared foci and the other line focus of
      said cylinder of said second reflective surface,
PA1  means to position an object at said other line focus of said cylinder of
      said second reflective surface, and
PA1  an elongated source of light disposed along the other focus of said
      cylinder of said first reflective surface to illuminate an object,
PA1  whereby rays of light travelling towards said other focus of said cylinder
      of said second reflective surface from said light source after having
      first been reflected by said first reflective surface, then pass through
      the commonly shared foci and are finally reflected by said second
      reflective surface.
NUM  2.
PAR  2. An optical illumination device as claimed in claim 1, further comprising
      a shading member having a slit extending in parallel relation to any of
      the line foci, said shading member being disposed with said slit located
      in alignment with said commonly shared foci.
NUM  3.
PAR  3. An optical illumination device as claimed in claim 1, further comprising
      a third reflector having a third concave, reflective surface which
      comprises a portion of the concave wall of a hollow circular cylinder,
      said third reflective surface having a line focus, said third reflector
      being positioned relative to said first reflector with said line focus of
      said third reflective surface coinciding with said other line focus of
      said first reflective surface, such that rays of light that have been
      emitted from the light source in a direction opposite to said rays of
      light from said light source are diffused towards said first reflective
      surface after having been reflected by said third reflective surface and
      then passed through said light source.
NUM  4.
PAR  4. An optical illumination device as claimed in claim 3, further comprising
      a shading member having a slit extending in parallel relation to any of
      the line foci, said shading member being disposed with said slit located
      in alignment with said commonly shared foci.
NUM  5.
PAR  5. An optical illumination device as claimed in claim 3, wherein said third
      surface is integrally contiguous with said first surface.
NUM  6.
PAR  6. An optical illumination device as claimed in claim 1, further comprising
      heat shielding means for preventing transmission of thermal energy from
      said light source and said surfaces to a bundled image transmitter, said
      shielding means comprising a barrier formed of thermal insulating material
      extending from an edge of said second surface to a position adjacent said
      other line focus of said cylinder of said second surface.
NUM  7.
PAR  7. An optical illumination device as claimed in claim 1, further comprising
      an image transmitter formed of a plurality of graded index fibers in a
      bundled configuration, said fibers of said image transmitter having first
      ends positioned closely adjacent said other line focus of said cylinder of
      said second surface and extending therefrom in a direction substantially
      perpendicular to said object positioning means.
NUM  8.
PAR  8. In a copying apparatus of the type including a light sensitive surface
      means for receiving a projected image of an object to be copied;
      electrostatic charging means for charging a portion of said light
      sensitive surface means; and optical illumination means for exposing and
      projecting an image of an object onto a charged portion of said light
      sensitive surface means; the improvement wherein:
PA1  said optical illumination means comprises first and second reflectors
      respectively having first and second concave, reflective surfaces which
      comprise portions of first and second concave walls defining hollow right
      elliptical cylinders, each having first and second line foci,
PA1  said first and second reflective surfaces being oppositely disposed with
      one of the line foci of the elliptical cylinder of said first reflective
      surface coinciding with one of the line foci of the elliptical cylinder of
      said second reflective surface, the other foci of said cylinders of said
      first and second reflective surfaces being positioned on opposite sides of
      the commonly shared foci,
PA1  said first and second reflective surfaces each having an edge extending
      parallel to said commonly shared line foci at a position in an imaginary
      plane connecting said commonly shared foci and the other line focus of
      said cylinder of said second reflective surface,
PA1  means to position an object at said other line focus of said cylinder of
      said second reflective surface, and
PA1  an elongated source of light disposed along the other focus of said
      cylinder of said first reflective surface to illuminate said object,
PA1  and further comprising:
PA1  a support mounted for movement along said light sensitive surface means,
      said optical illumination means and said electrostatic charging means
      being positioned on said support; and
PA1  means for moving said support, and thus said electrostatic charging means
      and said optical illumination means, along said light sensitive surface
      means, thereby first charging a portion of said light sensitive surface
      means and thereafter exposing the thus charged portion with an image of an
      object.
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ABST
PAL  A photocomposing machine for producing an exposed sheet for use in the
      preparation of printing plates. An image is positioned on a sheet of
      sensitized material by having an object mounted on a carrier and driving
      the carrier until the position of the image is correctly positioned. The
      accurate positioning of the image is controlled by a grid line counting
      device which causes the carrier to be halted at a position corresponding
      to one of the grid lines of the grid line counting device.
PARN
PAR  This is a continuation of application Ser. No. 161,245 filed July 9, 1971,
      now abandoned.
BSUM
PAR  This invention has reference to photocomposing machines.
PAR  In the specification of U.S. Pat. No. 3,576,365, there is described a
      photocomposing machine for use more particularly in connection with the
      exposure of light sensitive material to produce an exposed sheet copy to
      be developed and used in the production of printing plates for use more
      expecially in the manufacture of business forms.
PAR  In such a machine there is provided a mounting for a copy sheet. This copy
      sheet serves as a basis for positioning the representation of lines for
      text in such a way that a light sensitive sheet is exposed in a pattern to
      correspond to the pattern on the copy. This is achieved by aligning an
      image representing a part of the total pattern onto the copy
      representation and aligning the same image onto the sensitised material.
      The operation is repeated until the whole of the parts of the copy make up
      a representation of the total original copy. In such a machine as
      described it was not intended that the position of the images on the copy
      form and on the sensitised sheet should be accurately located.
PAR  It is an object of the present invention to provide an improved
      photocomposing machine.
PAR  It is a further object of the present invention to provide a photocomposing
      machine embodying means whereby the position of the images on the material
      shall be located more accurately than heretofore.
PAR  According to the present invention a photocomposing machine comprises means
      to mount a representation of a copy form, means to project an image
      corresponding to part of the copy form on to the representation and onto
      the sensitised material whereby parts of the copy representation are built
      up in steps on to the sensitised material and means for controlling the
      accurate positioning of the position of the exposure of the sensitised
      material comprising grid line counting means and means to align the
      position of the exposed part of the sensitised material on the grid lines
      under the control of the counting means.
DRWD
PAR  A photocomposing machine in accordance with the present invention will now
      be described by way of example with reference to the accompanying drawings
      wherein:
PAR  FIG. 1 is a view of a first embodiment of projecting apparatus for the
      machine;
PAR  FIg 2 is a view of a second embodiment of projecting apparatus for the
      machine;
PAR  FIGS. 3A and 3B are diagrammatic views of the grid system;
PAR  FIG. 4 is a view of the carrier mechanism for the projector means; and
PAR  FIGS. 5 and 6 are circuit diagrams.
DETD
PAR  Referring to FIG. 1 there is shown a representation of a copy sheet 1. A
      system of lamps and an optical system 2 and a semi-transparent mirror 3
      are arranged to project an image of the representation of the copy form 1
      onto the screen 4. A further mirror with an optical system 5 is arranged
      to project an image corresponding to part of the representation of the
      copy 1 on the screen 4 from the projector mechanism 6 onto a sensitised
      sheet 7 in a film box 8. The mechanism in the projector 6 is more fully
      shown in FIG. 4, and embodies a carrier which has mounted on it line
      projecting means and text projecting means. Similarly the projector may
      incorporate text material to correspond to some of the text material
      appearing on the copy representation 1.
PAR  The image of the copy material is the projector 6 is positioned so that it
      corresponds to the position on the screen 4 of part of the image of the
      copy representation 1 and when it corresponds in size and position to the
      line of the copy representation 1, the mirror 5 is moved in such a way
      that an image of the line or text material is projected onto a film or
      other appropriate light sensitive material 7 in film box 8. This sequence
      of operations is continued until all the lines of the copy representation
      1 are exposed on the film 7 so that the exposure of the film 7 corresponds
      to the copy representation 1.
PAR  FIG. 2 corresponds to FIG. 1 except that instead of having a copy
      representation 1 projected onto the screen 4, the representation is
      projected onto the copy 1 so that it is aligned onto the actual copy
      rather than onto the viewing copy screen.
PAR  Referring to FIGS. 3A, 3B there is shown a chart with a vertical grid 10, a
      horizontal grid 11. The Grid 10 has lines spaced apart by distances of 1/6
      inch (corresponding to the universally accepted vertical line spacing of a
      typewriter of 1/6of an inch). The horizontal grid has lines spaced apart
      by increment distances 1/10th inch (corresponding to the universally
      accepted horizontal transverse spacing on typewriter of 1/10th inch).
PAR  The grid illustrated in FIGS. 3A, 3B serves as a diagrammatic
      representation of a basic layout for which a business form can be designed
      and wherein the grid lines show diagrammatically the theoretically
      possible feeding positions of the business form. The grid is utilized to
      control the positioning of a carrier carrying a line or text mechanism
      which is more fully shown in FIG. 4.
PAR  In addition to the 1/6 in. vertical spacing and 1/10 in. horizontal spacing
      there are also shown the datum lines and the various `A` form sizes of
      paper. As shown, there is included the longer horizontal component of the
      A3 form size and the shorter vertical component of the A3 form size (which
      may also be the longer vertical component of the A4 form size). There is
      also included metric measurement.
PAR  Referring to FIG. 4 there is whown a first carrier 20 mounted within the
      projector 6 of the photocomposing machine on two pairs of rollers 21. This
      carrier is movable in forward and reverse directions through the
      photocomposing machine. It is driven by a motor 22 preferably a stepping
      motor mounted on the carrier which drives a gear wheel 23 which engages
      with a toothed pinion 25 fixed within the photocomposing machine. A second
      carrier 29 is mounted on the first carrier 20 and this is movable in a
      forward reverse direction in a plane at right-angles to the plane of
      movement of the carrier 20. The carrier 29 likewise carries a stepping
      motor 26 with a drive wheel 27 which engages toothed rack 28 on the
      carrier 20. The carrier 25 as shown carries two line mechanism 28, 29.
      These line mechanisms may each comprise a printed sheet which is generally
      opaque but includes a straight line portion which is transparent and
      through which transparent straight line light can pass. A lamp mechanism
      (not shown) is mounted above the carrier in such a way that light passes
      through the transparent representation of a line from where it is
      projected (see FIG. 1) from a projector mechanism onto the screen 4 and
      also onto the film box 8 to expose the film.
PAR  In addition to the carriers 20,25 a pair of vertical masking shields 30,31
      are disposed beneath the carriers and a pair of horizontal masking sheet
      members 32,33 are also placed beneath the carriers at either above or
      below the masking shields 30,31. Each of of the four masking sheilds is
      movable towards and away from a position beneath the line mechanism
      whereby unwanted material on the line mechanism is not projected out of
      the projector mechanism. By this means the length of line projected can be
      adjusted. These masking shields may have attached to their edges away from
      the lines mechanism a light shield preferably in the form of a spring
      loaded roller blind (not shown) to prevent passage of light through the
      areas adjacent the line mechanism.
PAR  The line mechanism may be used to project the vertical lines and the
      horizontal lines from the projector mechanism. The carrier carries at one
      side end of it representations of vertical lines of different thicknesses
      and likewise the carrier 25 also carries representations of horizontal
      lines also of different thickness. A line of the required thickness is
      selected so that the required thickness of a line can be exposed. The
      carrier 25 also carries additional representations, representing any
      required text matter to be incorporated on the business form in question.
PAR  The line mechanisms and text mechanisms required are positioned in the
      projector mechanism under the control of an electronic circuit shown in
      block diagram form in FIG. 5 under the control of a grid representation as
      shown in FIG. 3. Thus FIGS. 3A, 3B shows one of the electric drive motors
      (say the motor 22) to control the movement of the carrier 20. It will be
      understood that similar circuits will be used to position the carrier 25
      and the four masks. This motor 22 is supplied with pulses from a power
      amplifier circuit 36 which receives power from a power supply 44. Pulses
      are supplied to the power amplifier circuit 36 from a phase sequential
      circuit 37 which generates pulses under the control of one of a pair of
      outputs of control circuits 38,39. The pulses generated by control
      circuit, 39 are synchronized with clock pulses from a pulse transmitted
      generator 40 and one control circuit output is arranged to control the
      generation of pulses to move the motor 22 in a forward direction while the
      other control circuit output is arranged to control the generation of
      pulses to drive the motor in a reverse direction. The operation of control
      circuit 39 is manually initiated and is subsequently automatically
      controlled by a pulse transmitted from counter circuit 41 after the
      counter circuit has counted a number of clock pulses representative of the
      distance between successive horizontal grid lines shown in FIGS. 3A, 3B.
      Thus the distance between successive horizontal grid lines corresponds to
      a movement of the motor 22 and successive output pulses from counter
      circuit 41 are used to control the movement of the 25 by the successive
      horizontal grid line distances.
PAR  Thus if all the movement of the carriers takes place in connection with the
      exposure of horizontal lines the movement of the carrier 25 will be in
      increments of 1/10 inch. On the other hand if the carrier 25 is moved in a
      vertical direction, movement is made in increments of 1/6 inch. The
      counter circuit 41 therefore counts the number of clock pulses required to
      move the carriers by the pre-determined increments which are exact
      multiples of the 1/6 of an inch and 1/10 of an inch increments referred
      to. There is also included a counter mechanism 42 which receives pulses
      supplied from the gates 38, 39 to the logic circuit 37 so that the
      position of the carrier moving under the control of the motor 22 may be
      indicated. The counter 42 operates in conjunction with the register 41 to
      control the gate 43 and this gate 43 controls the gates 38, 39 to
      determine the number of pulses and whether these pulses are to move the
      carrier in a forward or reverse direction. In FIG. 6 amplifier circuit 36,
      phase sequential circuit 37, control circuit 39, pulse generator circuit
      40, and counter circuit 41 are shown in greater detail than in FIG. 5. The
      circuits as shown are intended to drive a carrier in increments of 1/10
      inch (one tenth of an inch) in which case the stepping drive motors are so
      geared that they drive the appropriate carrier a distance of one inch on
      receipt of 160 pulses.
PAR  As pulse generator 40 includes a symmetrical multivibrator circuit 50 which
      is connected as an endless loop with a two-input NAND gate 48 and an
      inverting NAND gate 49 constitutes a pulse generator which supplies
      through NAND gate 48, pulses to counting circuit 41 which comprises a
      plurality of binary circuits 51, 52, 53, 54 arranged in cascade so that
      these circuits together provide a counting circuit which counts up to 16.
      These binary circuits are provided with a switch shown diagrammatically at
      56 to return the binary circuits to their zero conditions.
PAR  The outputs of the binary circuits 51, 52, 53, 54 are connected to a Nand
      gate 57 whose output is connected to respective inputs of a pair of Nand
      gate circuits which are each part of a pair of set and reset flip flop
      circuits 58, 59 in parallel and constitute means for generating a grid
      signal. A second nand gate circuit of the flip flop circuit 58 is driven
      from a further and forward driving nand gate circuit 60 and a second nand
      gate circuit of the flip flop circuit 59 is driven from a further and
      rearward driving nand gate circuit 61. Each of the nand gate 60,61 is
      connected through an inverting Nand gate to a common three position
      controller switch 62. This switch can either be in the `off` position (as
      shown) or positioned to supply a negative supply to either the forward or
      reward driving nand gates 60 or 61 respectively to drive motor 22 to move
      carrier 25 in a forward or rearward direction. Another input to the nand
      gates 60,61 is connected through limit switches 79 to a negative potential
      to stop the drive when the motor 22 has driven carrier 25 nearly to the
      limit of its travel. There is also a connection from the outputs of the
      first Nand gates flip flop circuits 59,58 to the inputs of NAND gates
      60,61 respectively.
PAR  A connection is made from the respective outputs of the second NAND gates
      of the respective flip flop circuits 58, 59 to a phase sequential circuit
      37. The forward-driving flip-flop circuit 58 drives the circuit 37 to
      cause the motor to drive clockwise whereas the rearward-driving flip-flop
      22 circuit 59 drives the circuit 63 to cause motors 22 to drive
      anti-clockwise. A connection is also made from the outputs of the second
      NAND gates of the circuits 58,59 through exclusive NAND gate 64, and
      inverting Nand gate 66 to the Nand gate 48 of symmetrical multivibrator 50
      to stop the multivibrator at the end of a particular train of pulses as
      described later, when the controller switch 62 is returned to its off
      position.
PAR  The phase sequential circuit 63 comprises two pairs of nand gates 67, 68,
      69, 70, the gates of each pair being connected to a respective nand gate
      with single input 71, inverting nand gates 72. The common output and the
      inverted common output of the nand gates 67, 68 are connected to the two
      inputs respectively of the J-K bestable circuit 73 whereas the common
      output and the inverted common output of the nand gates 69, 70 are
      connected to the J-K bistable circuit 74.
PAR  The bistable circuits 73, 74 of the phase sequential circuit 63 are each
      supplied with a train of pulses from the symmetric multivibrator 50. The
      outputs Q, Q of the bistable circuits 73 and 74 respectively are connected
      to respective power amplifier circuits 75, 76, 77, 78 which in turn are
      connected to the windings of the drive motor 22 whereby the motor is
      driven clockwise or anti-clockwise whereby the motor drives the carrier
      forwards or rearwards respectively. The operation of such a motor and
      motor circuit is more fully described in U.S. patent application Ser. No.
      189,504, filed Oct. 15, 1971.
PAR  The symmetric multivibrator 50 supplies a train of pulses and these pulses
      are passed to the drive motor 22 to drive the carrier. The gearing is so
      arranged that on receipt of 160 pulses by the motor the carrier is driven
      by 1 inch. When both inputs of Exclusive OR gate 64 are at logic "1", as
      they are with the conditions shown in FIG. 6, NAND gate 48 stops the clock
      pulses from multivibrator 50. When the controller switch 62 is manually
      operated to connect, for example, NAND gate 60 to a negative potential,
      the output of NAND gate 60 changes to a logic "1" and the second NAND gate
      of circuit 58 changes to a logic "0" so that the output of inverting NAND
      gate 66 changes the input of NAND gate 48 to logic "0"to allow
      multivibrator pulses to reach the bistable. circuits 51,52,53,54. Each
      pulse is applied to the circuit 51, and each alternate pulse causes the
      circuit 52 to be energised each fourth pulse causes the circuit 53 to be
      energised and each eighth pulse causes the circuit 54 to be energised.
      When all the circuits are energised (on the receipt of sixteen pulses) all
      the input connections to the nand gate 57 are positive at logic "0" so the
      gate is operative to pass a negative signal (i.e. logic "1") to the nand
      gates of circuits 58,59 to ensure that the outputs of these NAND gates are
      at logic "0". The second NAND gates of circuits 58, 59 are not effected.
      If at that time the controller switch is still operated the output of the
      nand gate 60 remains at logic "1" and the clock pulses continue because
      the second NAND gate of circuit 58 changes back to logic "1" output after
      the sixteenth pulse, but if before the sixteenth pulse controller switch
      62 is returned to the OFF position (as shown) the output of NAND gate 60
      will have returned to logic "0" and the sixteenth pulse will cause the
      second NAND gate of circuit 58 to return to logic "1". This will cause a
      stop signal to be applied to the multivibrator 50 to stop the supply of
      further pulses to the motor and the motor will be halted with the carrier
      in the accurately located position.
PAR  It will be apparent that the number of pulses supplied by the symetric
      multivibrator to the drive motor 22 (or other motor) may be varied to
      drive these motors by different distances as likewise the cascade circuit
      51,52,53,54 may be varied to supply an output pulse on receipt of a
      different number of pulses. Thus, for example, if it is required to drive
      the motor under the control of a theoretical grid spacing of 1/6 (one
      sixth) of an inch the motor may drive the carrier inch in receipt of 182
      pulses. Similarly the cascade circuits 51, 52, 53, 54 may be replaced by
      five binary circuits which constitutes "count up to 32 circuit". Such a
      circuit may be utilized to control the vertical spacing of the positioning
      of the carrier on the business form.
PAR  It is also possible to modify the invention by including some other control
      means which will be included so that the position of the exposure may be
      determined approximately but the position of the exposure may be
      determined accurately by the grid line counting means. Thus for example a
      magnetic head mounted on a movable part say the film carrier, may
      co-operate with a magnetic tape mounted on a stationery part and on which
      tape there is recorded a signal which is positioned to correspond to
      positions on the film to be exposed. The carrier is moved under the
      control of the switch 62 and under the control of the magnetic
      head/magnetic tape device. The carrier is driven by the motor which
      movement is initiated by the switch 62 and is continued until the head
      moves to a signal position on the tape. The drive is then only under the
      control of the grid line counting means and when the grid line counting
      means reaches the grid line position the drive is halted so that the
      carrier is accurately located.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photocomposing machine comprising: means to project an image
      corresponding to a portion of a copy form onto a sensitized material
      whereby image parts of the copy form are built up in steps onto the
      sensitized material, means for controlling the position of the image
      corresponding to said portion of the copy form onto said sensitized
      material including carrier means for supporting a representation of the
      images, drive means for moving said carrier means, pulse generating means
      to drive said drive means in two orthogonal directions, control means for
      generating signals to control said drive means and including counting
      means to count the number of pulses supplied to said drive means and means
      to stop said drive means at a selected position of a plurality of
      predetermined positions represented by said number of pulses when said
      counting means has counted to a predetermined number representing a
      respective position of said plurality of predetermined positions.
NUM  2.
PAR  2. A photocomposing machine as in claim 1 wherein said control means
      further includes means for generating a train of pulses, means responsive
      to said trains of pulses for generating an output signal in response to a
      predetermined number of pulses corresponding to the distance between
      adjacent positions, and gating means responsive to said output signal for
      gating said pulse train to said drive means.
NUM  3.
PAR  3. A photocomposing machine as in claim 2 wherein said carrier means
      includes a first and second carrier each movable along respective
      orthogonal axes and said drive means includes first and second drive means
      for respectively moving said first and second carrier, said first carrier
      is mounted on said second carrier and supports said copy form, said first
      and second drive means each include a step motor for respectively moving
      said first and second carrier, said gating means for each of said first
      and second drive means includes first and second gate means for
      respectively driving said step motor in one direction or the opposite
      direction whereby said first and second carrier are moved in one direction
      or the opposite direction along the respective axes thereof, switching
      means for actuating said first or said second gate means and means
      interconnecting said first and said second gate means with said pulse
      generator for terminating the generation of pulses therefrom when said
      carrier means is moved to a desired position.
NUM  4.
PAR  4. Control apparatus as in claim 3 wherein said gating means further
      includes first and second bistable circuits each respectively responsive
      to said first and second gate means, and wherein said control means
      further includes first and second pairs of amplifiers responsive
      respectively to said first and second bistable circuits for driving said
      step motor in a direction determined by said switching means.
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ABST
PAL  An automatic exposure system for a copying machine which includes a
      scanning optical system having a prescan period, comprising a lamp
      illumination control to receive light reflected from an original document
      to be copied, a lamp illumination control circuit and a synchronizing
      circuit, said control loop being arranged to adjust the illumination
      provided by the lamp means during the prescan period to maintain the
      intensity of light being received by an image forming surface from the
      original document at a predetermined level.
BSUM
PAR  The invention relates to an exposure control system primarily though not
      exclusively for an electrostatographic copy machine.
PAR  In the practice of xerography, as described, for example, in U.S. Pat. No.
      2,297,691 to Chester F. Carlson, a xerographic surface comprising a layer
      of photoconductive insulating material affixed to a conductive backing is
      used to support electrostatic images. In the usual method of carrying out
      the process, the xerographic plate is electrostatically charged uniformly
      over its surface and then exposed to a light pattern of the image being
      reproduced to thereby discharge the charge in the areas where light
      strikes the layer. The undischarged areas of the layer thus form an
      electrostatic charge pattern in conformity with the configuration of the
      original light pattern.
PAR  The latent electrostatic image can then be developed by contacting it with
      a finely divided electrostatically attractable material such as a powder.
      The powder is held in image areas by the electrostatic charge on the
      layer. Where the charge is greatest, the greatest amount of material is
      deposited; and where the charge is least, little or no material is
      deposited. Thus, a powder image is produced in conformity with the light
      image of the copy being reproduced. The powder is subsequently transferred
      to a sheet of paper or other surface and suitably affixed thereto to form
      a permanent print.
PAR  It can be readily appreciated that the quality of the print is in large
      part dependent on the exposure of the charged xerographic plate to the
      radiation image. The largest single factor effect exposure latitude, i.e.
      range of illumination intensity, is the efficiency of the developer
      system. In other words, if the developer system is highly sensitive so as
      to develop background or image portions as "grey" areas when in reality
      these are white, then illumination control must be commensurately
      sensitive to provide the proper exposure of the charged xerographic
      surface. With modern day improvement to xerographic developer system, such
      as an electrically biased backing electrode to enhance solid area
      development, the desirability of maintaining proper illumination becomes
      increasingly apparent.
PAR  A uniformly high level of illumination as required for exacting exposure is
      complicated by many factors. For example, variation in lamp output due to
      lamp aging or deterioration is sufficient to cause development of white
      areas thereby detracting from overall quality of the print.
PAR  It has been determined, for example, that deterioration of aperture lamps
      is dependent on properties of their phosphor coating. The deterioration
      characteristics of aperture lamps having the same type of phosphor coating
      do not differ significantly. The deterioration of certain types of
      aperture lamps can be as much as 40% after approximately 1000 hours of
      use. Such a large change in illumination level cannot be tolerated in most
      copying systems. The aperture lamps are generally replaced after a time
      period much earlier than the 1000 hours deterioration period mentioned
      hereinabove.
PAR  Some prior art proposals for compensating for variation in lamp output
      utilize photosensitive devices, such as photocells, which measure lamp
      output and adjust various machine parameters to compensate for the
      variation in lamp output. The present invention relates as particularly
      suitable for providing intensity of illumination compensation in an
      electrostatographic machine which includes a scanning optical system.
PAR  A copying machine such as that described in U.S. Pat. No. 3,062,109 uses an
      optical system comprising two fixed mirrors with a lens between the
      mirrors, the stationary original being illuminated by lamps on a movable
      lamp carriage, and light from the original being screened from the
      projection system except for a small slit between the lamps. U.S. Pat. No.
      3,301,126 describes a document copying machine in which the whole of the
      stationary original is illuminated during exposure, and scanning is
      achieved by oscillating one of the mirrors of the projection system about
      an axis in its plane. It has been proposed, for example in U.S. Pat. No.
      3,642,366, to have a more compact image projection system in which two
      mirrors are moved in different directions at speeds relating to the speed
      of movement of the photosensitive surface.
PAR  In copiers having optical systems of the kind already mentioned and
      generally any copier relying on a photosensitive response, it may be
      desirable to adjust the illumination of the document to be copied to
      maintain as far as possible a constant irradiance at the image plane, that
      is at the photosensitive surface of photoreceptor. This constant
      irradiance is desirably achieved for various original document background
      reflectances and as far as practical in some cases despite aging or other
      forms of deterioration of the optical system and deterioration of lamps.
PAR  In the above copiers, copies provided depend for their definition on the
      difference of light intensity between light and dark parts of an original
      document to be copied so that adjustment of the illumination of the
      document may not be so critical. In a copier as described in U.S. Pat. No.
      3,084,043 the definition of copies made depends in effect on the actual
      value of the illumination received, rather than a differential value, so
      that ensuring near constant irradiance received at the photoreceptor
      surface for differing types of original, that is, for each individual
      original, becomes even more important.
PAR  It is an object of the present invention to provide an improved exposure
      control system suitable for an electrostatograhic copier machine having a
      scannng optical arrangement.
PAR  According to the invention, there is provided an automatic exposure system
      for a copying machine which includes a scanning optical system having a
      prescan period, comprising a lamp illumination control loop associated
      with a light intensity detector positioned to receive light reflected from
      an original document to be copied, a lamp illumination control circuit and
      a synchronizing circuit, said control loop being arranged to adjust the
      illumination provided by the lamp means during the prescan period to
      maintain the intensity of light that is received by an image forming
      surface from the original document at a predetermined level.
PAR  The lamp illumination control circuit may comprise a lamp supply drive
      circuit.
DRWD
PAR  An automatic exposure system, for a copying machine, according to the
      invention will now be described by way of example with reference to the
      accompanying drawing in which:
PAR  FIG. 1 shows a schematic view of an optical scanning system of the copying
      machine;
PAR  FIG. 2 shows a view A--A of FIG. 1; and
PAR  FIG. 3 shows the circuit diagram of the automatic exposure control.
DETD
PAR  Referring to the drawings, a platen 10 is provided to support a document
      11. A scanning mirror system includes two movable mirrors 12 and 13 shown
      in their extreme left and right positions in full and dotted outline
      respectively. The mirror 13 is arranged to move at half the speed of the
      mirror 12 during scanning to maintain the optical distance constant
      between the document 11 and a lens 14. A tubular lamp 15 extending across
      the platen 10 parallel to the mirror 12 moves with the mirror 12. The lamp
      15 is provided as illumination means to illuminate the document 11 through
      the platen 10 during scanning.
PAR  An optical path extending from the platen 10 to the lens 14 continues
      beyond the lens to be reflected in sequence by mirrors 16 and 17 towards a
      photoreceptor 18. An optical slit 19, better seen in FIG. 2, is provided
      in a cover plate 20. The slit is used to restrict the image field and thus
      preserve image quality. A light intensity detector 21, see FIG. 2, is
      mounted on the plate 20 adjacent the slit 19. A platen cover 22 is laid
      over the document 11.
PAR  The configuration or shape of the slit is as shown, being narrower at its
      mid-point than at its extremities. This shape, as is already known in the
      art, is primarily to compensate for the uneven distribution of
      illumination inherent in the lamp 15. Other shapes can be provided for
      lamps having different distribution characteristics. The photoreceptor
      could be as fully described and illustrated in U.S. Pat. No. 3,084,043.
      That is, in which a latent image is formed xerographically on the
      photoreceptor 18 and then developed by a liquid development process.
PAR  In general operation, the document 11 is scanned by the sweep of the
      mirrors 12 and 13 from left to right forming a latent image of the
      document on the photoreceptor 18 which rotates in synchronism with the
      movement of the mirrors 12 and 13. The intensity of illumination incident
      on the document in the present example is determined by the magnitude of
      current supplied to the lamp 15. To provide good copies or originals of
      widely differing reflectance properties, we alter the illumination of the
      originals according to their reflectance. In the embodiment, this is
      achieved by a prescan of the document 11 and by controlling the current to
      the lamp 15 in dependence upon the maximum intensity of light received at
      the detector 21 throughout the prescan.
PAR  In the described embodiment, the detector 21 is described as being adjacent
      the photoreceptor 18. This is a preferred position so that any variations
      or deteriorations of the components of the optical system will be taken
      into account by the operation of the detector 21. The detector 21 could be
      placed in some other part of or adjacent the optical path and more than
      one detector could be provided across the width of the slit for example.
PAR  Circuit means (see FIG. 3) are provided to receive signals from the
      detector 21 corresponding to the intensity of the illumination received by
      the detector 21. The circuit means are arranged and designed to respond to
      the detector signals and to control the current to the lamp 15
      appropriately. Alteration of the current is arranged as far as possible to
      ensure there is, at the detector 21 and hence at the photoreceptor,
      constant irradiance irrespective of the background of the document to be
      copied. During prescan the circuit means is arranged to respond to signals
      corresponding to the maximum illumination received at the detector 21 and
      then adjust the current to the lamp 15 to alter the irradiance at the
      photoreceptor to some predetermined desired level.
PAR  Thus, it will be appreciated that during or as a result of the prescan the
      lamp current is automatically adjusted by the circuit means to provide the
      irradiance at the photoreceptor at the desired level irrespective of the
      actual reflectance of the background of the document to be copied. As an
      illustration, if the background is of a low reflectance value, the current
      to the lamp 15 is increased and maintained at this increased value for the
      copying or operational scan of the mirrors 12 and 13.
PAR  Difficulties can arise with the arrangement so far described, if the
      document to be copied is smaller than the area scanned during the prescan.
      If the platen cover surface is of higher reflectance then the background
      of the document, the current to the lamp 15 will be adjusted to a lower
      value than is required to provide the desired irradiance value at the
      photoreceptor when the actual document is copied. If the platen cover is
      deliberately made of low reflectance so as to be much less reflective than
      backgrounds of all documents likely to be copied, then in the situation
      where the document is smaller than the prescanned area, the area around a
      copy of the document produced by the apparatus will be very dark.
      Solutions to such problems can be described in copending applications Ser.
      No. 472,023
PAR  Referring to FIG. 3, the circuit means already mentioned above will be
      described in more detail. The detector 21 has its output connected to a
      comparator circuit 30, also connected to a reference voltage source 31.
      One side of the comparator is connected through a diode 32 (to allow
      current flow towards the comparator 30) and a resistor 33 to a reference
      point connection 34. The connection 34 is between a memory capacitor 35
      and a synchronizing switching circuit 36. The connector 34 is tied through
      a high impedance buffer circuit 37 to a lamp drive circuit 38 for
      supplying current to the lamp 15.
PAR  In use, the lamp 15 is supplied separately (not shown) with heating current
      and the lamp drive circuit is arranged to supply the lighting element only
      of the lamp 15.
PAR  At the beginning of a copying cycle the output of the voltage reference
      source 31 is set manually to some desired level which for the conditions
      of the various components of the copying machine including the
      photoreceptors, and the ambient parameters perhaps, which appear on recent
      operational experience to provide good copies.
PAR  In the described copier the optical scanning device is arrested in a
      position so that its first movement comprises a prescan cycle.
PAR  At the beginning of a prescan period, the synchronizing circuit 36 is
      arranged to supply a high charging current to charge rapidly the capacitor
      to a predetermined high value corresponding to the value for a maximum
      current to be supplied to the lamp 15. The synchronizing circuit is then
      disconnected and the prescan continues. Normally, we arrange for rapid
      charging to take place in less than say the first 10% of the prescan
      period. For the remainder of the prescan period, the voltage output of the
      detector 21 is compared with the voltage of the reference source 31 by the
      comparator 30. If the detector output voltage is higher than the reference
      source voltage, the comparator 30 allows current to flow from the
      capacitor 35 to lower its voltage. As a result the current being supplied
      to the lamp 15 is automatically reduced. This reduction continues until
      the detector output voltage equals the reference source voltage,
      whereafter discharging of capacitor 35 ceases. The voltage of the
      capacitor then remains substantially constant at the adjusted level during
      the following scanning period provided the scanned portion of the document
      continues to display the same irradiance.
PAR  At the commencement of the next prescan period, the capacitor 35 is again
      charged to a maximum value and subsequently discharged during the
      remainder of the prescan period to a desired or adjusted value as above.
      In this way the effective exposure is arranged to be automatically
      adjusted, that is reduced in the described embodiment, to a level
      dependent upon the mean or maximum irradiance value of the original
      document to be copied. When the mean value is chosen or the maximum
      irradiance value is the effective value used depends on what, if any,
      compensation is used. Forms of compensation for erroneous signals from
      say, small original documents and due to other causes can be as described
      more fully in the aforementioned copending application Ser. No. 472,023.
PAR  In the described circuit, it is noted that at the beginning of each
      prescan, the lamp current is switched to a maximum value. In another
      arrangement, we supply the capacitor 35 for the first major part, say 90%
      of the prescan with a smaller charging current so as to increase the
      voltage at the reference point 34 more gradually. With such an
      arrangement, the current supply to the lamp tends to increase throughout
      the prescan but in practice is maintained fairly constant as the capacitor
      35 discharges through the action of the comparator circuit 30. In other
      words, under the action of this other arrangement the lamp is adjusted and
      re-adjusted throughout the prescan period rather than, as in the first
      described embodiment, adjusted, in a reducing sense only, from a maximum
      value. The capacitor holds its scan voltage for the next prescan. This
      other arrangement is advantageous especially where a number of originals
      having similar background irradiance properties or multi copies of one
      original are to be copied by the copying apparatus. The principal
      advantages being that the lamp 15 is not switched to its maximum level so
      often and tends to have a longer life.
PAR  We arrange, in the automatic exposure system described, to change the
      polarity after every copying cycle (by means not shown) of the current
      supplied to the lamp 15 by the lamp driver circuit 38. This tends to
      increase the life of the lamp.
PAR  In the embodiments described, the response to changes of supply of the
      lamps we use, fluorescent or gas discharge lamps, is comparatively rapid.
      Thus, the prescan period can be relatively short. For example, the prescan
      time is 0.20 seconds and the scan period is 1.9 seconds. For other forms
      of lamps it may be necessary to extend the prescan time period to allow
      the automatic exposure control system time to adjust and possibly
      re-adjust the lamp illumination output to the optimum level for the
      scanning period.
PAR  It will be appreciated that the systems described may be used in
      conjunction with a multi-lamp copying machine.
PAR  Whereas the invention has been described in relation to an exposure system
      in which the electrical supply to the lamp is adjusted to maintain a
      constant illumination intensity, the invention may be carried using other
      techniques of controlling the illumination. Such techniques include
      altering the optical system, by varying a slot width in the system say, to
      reduce the effective intensity of received illumination by the image
      forming surface without altering the output of the lamp.
PAR  While a particular embodiment of the invention has been described above it
      will be appreciated that various modifications may be made by one skilled
      in the art without departing from the scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic exposure system for a copying machine which includes a
      scanning optical system having a prescan period, comprising lamp means and
      a lamp illumination control loop operatively connected to a light
      intensity detector positioned to receive light reflected from an original
      document to be copied, and a lamp illumination control circuit including a
      lamp drive circuit, said control loop being arranged to adjust the
      illumination provided by said lamp means in response to signal generated
      by said detector during prescan period to maintain the intensity of light
      being received by an image forming surface from the original document at a
      predetermined level, said lamp means comprising a preheated fluorescent
      lamp and said electrical supply comprises supply for the lighting element
      of the lamp.
NUM  2.
PAR  2. An exposure control system for a photocopying apparatus including:
PA1  a scanning optical system having a prescan period,
PA1  a lamp to illuminate objects to be copied, said lamb being a preheated gas
      discharge lamp,
PA1  a light intensity detector positioned to receive light reflected from said
      objects and produce a signal voltage in response to the level of intensity
      of said reflected light during said prescan period,
PA1  a lamp illumination control loop operatively connected to said light
      intensity detector, said control loop comprising a lamp illumination
      control circuit including a lamp drive circuit, a reference voltage
      source, and a comparator operatively connected to said light intensity
      detector and said reference voltage source to compare voltages therefrom,
      and means responsive to the comparison made by said comparator to decrease
      current to said lamp if said signal voltage is greater than said reference
      voltage and to increase current to said lamp is said signal voltage is
      smaller than said reference voltage.
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ABST
PAL  An apparatus for filming a plurality of index or library cards is disclosed
      which feeds, spaces and photographs the individual cards automatically.
      The apparatus is provided with a means for sensing the height of cards in
      a stack, adjusting the height of the stack so that a feeding mechanism may
      properly engage the cards for delivering them to a belt. The cards are
      photographed on the belt and are held stationary thereon by means of an
      electric charge on the individual cards so that they adhere to the surface
      of the belt. Subsequent to being photographed, the cards are restacked in
      the same order as they were stacked prior to being photographed.
BSUM
PAR  The present invention relates to a microfilm apparatus and more
      particularly to a microfilm apparatus which automatically feeds and
      photographs a plurality of documents or cards, for example, library cards,
      index cards or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Due to the proliferation of information that has become necessary for and
      available to business and government, it has become advantageous to reduce
      the physical volume that certain forms of information occupy. For example,
      it may be particularly advantageous to preserve the information normally
      contained on index cards, individual pages of books, library cards or the
      like in a microfilm format. In this way, it is possible to store the
      information in a manner which is reproducible for subsequent viewing and
      which enables subsequent reproduction for the information by duplicating
      the original cards from the microfilm negatives. The present invention
      provides an apparatus whereby a plurality of original index cards or
      library cards or the like may be microphotographed automatically. The
      particular advantages of such a system would of course include the
      automatic rapid information retrievel of the information stored in the
      negatives as well as large savings in space that microphotograph negatives
      enjoy relative to the original cards. This of course minimizes the volume
      required to store the information which was originally contained on those
      cards. This is especially true in this invention where several cards are
      photographed simultaneously so that one frame of a microphotograph may
      contain the images of several cards.
PAR  Since it is desirable to photograph several cards at one time and since
      heretofore cards and pages of books have generally been manually arranged
      in the format in which they are to be photographed, an automatic means for
      arranging and spacing of the cards from each other has long been needed.
      Of course, where cards are automatically photographed in a desired
      sequence, it is also important that the desired sequence be preserved by
      an automatic filming machine both before and after photographing the cards
      to maintain file integrity.
PAR  Accordingly, one object of the present invention is to provide an apparatus
      adapted to photograph a plurality of cards on a single negative.
PAR  Another object of the present invention is to provide an apparatus which
      automatically arranges cards within a frame to be photographed.
PAR  It is another object of the present invention to provide a means for
      maintaining file integrity of the card file which is automatically
      photographed.
PAR  Yet another object is to provide means for determining the number of cards
      to be photographed at one time.
PAR  An object of the present invention is to also provide a means for selecting
      the spacing between individual cards of the frame to be photographed.
PAR  It is an object of the present invention to provide means for holding the
      cards flat and immovable in the focusing plane of the camera while being
      arranged and photographed.
PAR  It is an object of the present invention to provide means of aligning cards
      in a stack to sense the height of the cards in the stack and adjust that
      height relative to a card feeder.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects and others are accomplished in accordance with this
      invention, generally speaking by providing an automatic apparatus
      associated with a camera having a means for transferring the top cards
      from a stack thereof one after the other to an endless belt in response to
      a command signal, means for charging the cards with static electricity so
      it will lie flat and move with the belt without slippage, means for
      delaying the feeding of a subsequent card to provide uniform adjustable
      spacing between cards, means for automatically photographing a
      predetermined number of the spaced cards on microfilm and means for
      removing the cards from the belt and stacking them again in the same order
      as they were in when placed on the stack before they were
      microphotographed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention, together with further advantages and objects thereof, may be
      better understood by reference to the accompanying drawings in which:
PAR  FIG. 1 shows a side elevational view of the automatic card photographing
      system;
PAR  FIG. 2 is an enlarged side elevational view of the side opposite to that
      shown in FIG. 1;
PAR  FIG. 3 is an end elevational view, showing the card feeding mechanism of
      the automatic card photographing system;
PAR  FIG. 4 is a longitudinal sectional view of the card feeding mechanism;
PAR  FIG. 5 is an enlarged side elevation of the card feeding mechanism seen
      from the side opposite FIG. 4;
PAR  FIG. 6 is a sectional side elevation of the card height sensing mechanism;
PAR  FIG. 7 is a top plan view of the feeding apparatus and a portion of the
      belt on which the cards are photographed;
PAR  FIGS. 8A and 8B illustrate an electronic control system, and should be
      joined along dot-dash line A-B to form a complete diagram;
PAR  FIG. 9 is a horizontal sectional view taken along the line 9--9 of FIG. 3;
PAR  FIG. 10 is an enlarged side elevation of the card inverting mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before describing the operation of the filming apparatus of the invention,
      the various structural features thereof will first be described.
PAR  FIGS. 1 and 2 illustrate the general overall configuration of the apparatus
      for automatic microphotography. In the representation of the apparatus in
      this specification, the numbers used indicate where various parts may be
      found. That is, numbers between 200 and 300 indicate parts belonging to a
      photographing section of the apparatus, parts between 100 and 200 belong
      to a mechanism for feeding cards, parts between 400 and 500 belong to a
      mechanism for receiving cards after they have been photographed and parts
      between 500 and 600 belong to a mechanism for supplying and transmitting
      motive power to the moving parts of the various mechanisms. In the
      drawings a general photographing section 200 is found in the upper center,
      with motive power section 500 disposed directly below the photography
      section 200. The photography section includes a camera 201, a belt 202
      whereon the cards are photographed and associated mechanisms for
      advancing, arranging and photographing a plurality of cards. Feed
      mechanism 100 includes those parts utilized to remove individual cards
      from a stack of cards 102 and advance them to a belt 202. The feed
      mechanism 100 is found at the left of FIG. 1 and the right of FIG. 2. A
      card receiving mechanism 400 which is utilized to receive cards after they
      have been photographed on the belt 202 and maintain them in the order in
      which they were stacked in stack 102 is provided to the right of FIG. 1
      and to the left in FIG. 2. An electronics package 300 is found centrally
      disposed beneath the motive power mechanism 500. The package 300 shown
      generally in FIG. 1 and FIG. 2 contains an electronic control system shown
      in detail in FIGS. 8A and 8B and which regulates the automatic operation
      of the overall apparatus.
PAR  The apparatus has an overall supporting frame 30 to which camera 201 as
      well as various subframes are attached.
PAR  The frame 30 includes a base 31, upright struts 32a and 32b and camera
      support 33. Camera support 33, by means of a height adjustment mechanism
      34 retains the camera 201 in vertically adjustable relationship directly
      over belt 202.
PAR  The photography section 200 includes belt 202 located in the focusing plane
      of camera 201, and section 200 is provided with a horizontal planar
      subframe 210 disposed beneath belt 202 and operative to support various
      components of section 200. Horizontal planar subframe 210 is disposed
      below the camera and attached to frame 30 and bears supports 240 and 250
      near the opposite ends of belt 202 as well as plate 211. The belt 202 is
      looped about a pair of longitudinally spaced rollers 204 and 205 supported
      by members 240 and 250 in bearings. Plate 211 supports the upper reach of
      the belt 202 and is used to keep the belt flat in the focusing plane for
      the camera. Plate 211 is attached to subframe 210 by means of struts 211a
      and 211b. Belt 202 thus provides a flat plane to support individual cards
      1 to be photographed. The cards 1 are held down on the belt 202 by
      electrostatic forces generated by a corotron 220 secured to support 240.
      The belt preferably should have a surface which enables charged cards to
      electrostatically adhere thereto. A teflon, or polytetrafluoroethylene,
      surface is an example of such a surface.
PAR  Cards are fed to the belt by a feed apparatus generally indicated by number
      100, as shown at the right of FIG. 2 and the left of FIG. 1. The cards 1
      are stored prior to being photographed in a stack 102 which is supported
      by a platform 103. Subframe 161, attached to subframe 210, supports
      threaded rods 104 rotatably secured at the bottom of the feed apparatus
      100 by bearings in a support 161a and at the top by bearings in a housing
      120. The threaded rods 104 support platform 103 and provide a means
      whereby the platform may be elevated. A motive power source 101, a clutch
      brake 101a and a belt 101c are provided to rotate the rods 104 to elevate
      the platform 103 at appropriate times as determined by a control system
      generally shown as an electronics package 300 and illustrated in detail in
      FIGS. 8A and 8B.
PAR  The feeding mechanism also includes a suction cup pick up apparatus 132
      supported by housing 120 and movably mounted thereto by cantilever members
      130. This mechanism removes cards 1 from the stack 102 to transfer them
      via a series of rollers (to be described in detail below) to the belt 202.
PAR  Cards are removed from the belt 202, after exposure, to another stack 401
      shown at the left of FIG. 2 and the right of FIG. 1. An apparatus
      generally shown at 400 collects the cards 1 after photographs thereof have
      been made. A corotron 230 is provided to discharge the photographed cards
      1 on the belt to enable them to be removed to the apparatus 400.
PAR  The apparatus 400 includes a subframe 410 attached to subframe 20 by struts
      410a, 410b and 410c and which supports a pair of rollers 402b and 404c
      which rollers secure a belt 402. Belt 402 is maintained flat by means of a
      plate 411. An inverting means including a roller 404 and a block 404a is
      attached to subframe 20 and receives cards 1 between the roller 404 and
      the block 404a and deposits the cards 1 upside down on the belt 402.
PAR  The belt 402, which is caused to move at a slower rate than the belt 202
      receives the cards in an inverted and overlapping fashion due to the
      slower speed. A stop plate member 402a is provided at the end of belt 402
      and it is secured to frame 410. The cards are caused to butt against the
      stop 402a and the leading edge of the first card to contact plate 402 is
      caused to slide the card upward along the plate 402a as shown in FIG. 1.
      Because they overlap, the cards will form a stack against the plate 402a.
PAR  Motive power to run the belt 202, to operate the card receiving apparatus
      400 and the feed apparatus 100 is supplied by a motive power transmission
      system generally indicated at 500 and disposed centrally within the
      overall apparatus below the belt 202. The system includes a motor 504
      attached to subframe 210 which provides power for the feeding mechanism
      100, for the belt 202, and for the card receiving apparatus 400.
PAR  A sprocket chain 504a is provided to transmit power from motor 504. The
      sprocket chain 504a is driven from motor 504 by motor output sprocket
      wheel 504b. An idler sprocket wheel 504c is also attached by strut 504d to
      subframe 210 and is provided for the chain 504a. Transmission 505 and
      clutch brake 508 are also attached to subframe 210 and are driven from
      chain 504a via their respective input sprocket wheels 505a and 508a.
PAR   A clutch brake 510 is attached to subframe 160 and is driven via
      transmission 505. A belt 514 connects the output of transmission 505 to
      the input pulley 510a of clutch brake 510. An idler pulley 511 attached to
      subframe 210 by strut 511a tensions belt 514. This is also illustrated in
      FIG. 2 which should also be referred to. Clutch brake 510, by means of
      belt 152 looped about the output pulley 510b, is operative to impart
      motion to the mechanical parts of feed mechanism 100 to feed cards in a
      manner described below.
PAR  The output of clutch brake 508 is taken at a pulley 508b. For purposes of
      driving belt 402 a gear reduction apparatus 513 is provided. A belt 506 is
      provided to transmit power to transmission 513 from clutch brake 508. The
      belt 506 is trained between output pulley 508b of clutch brake 508 and
      input pulley 513b of transmission 513. Idler pulley 507, attached to
      subframe 210 by means of strut 507a, tensions belt 506. The belt 513a is
      provided which transmits power from the output pulley 513c to roller 402b
      to drive belt 402.
PAR  A belt 512 is also provided to impart motion to belt 202. Belt 512 is
      trained between the output pulley 508b and roller 204. An idler pulley 518
      is attached to subframe 210 by means of strut 518a and tensions belt 512.
PAR  It is to be understood that the various rollers, pulleys, and sprocket
      wheels described herein are to be retained in their respective struts or
      supports by appropriate bearings or bearing surfaces.
PAR  The apparatus for feeding the individual cards has been generally shown at
      100 having a stack of cards 102 held on a platform 103. This will now be
      described in more detail. The platform 103 is vertically movable by means
      of motor driven screw threaded rods 104 so as to bring the top card 1 in
      proximity with a movable suction cup pick-up arm 133. This enables pick-up
      arm 133 to engage the upper most card 1 in the stack. When pick-up arm 133
      removes a card 1 from the stack 102, it initially removes it vertically
      and means are provided to later move the individual card 1 horizontally.
      Nip rollers 110 and 110a are provided to remove the card 1 from the arm
      133 when arm 133 brings the card into the nip formed between rollers 110
      and 110a. A logic circuit is provided which generates a command signal to
      actuate the feeding mechanism and simultaneously the nip rollers 110 and
      110a to move the card 1 to another set of rollers 203a and 203b. The set
      of rollers 203a, 203b are rotatably attached to support 240 as is roller
      204; a companion roller 204a is also attached to frame 24 to form a pair
      of rollers 204, 204a. A belt 216 is trained between rollers 204 and 203a
      to impart motion to roller 203a . Roller pairs 204, 204a and 203a, b run
      simultaneously with belt 202 and advance a card fed by nip roller pair
      110, 110a directly to the belt 202.
PAR  The feed mechanism 100 is operated from clutch brake 510 independently of
      belt 202 and the rollers 203a, b and 204, 204a. The rollers 110, 110a and
      pick-up arm 133 are driven from clutch brake 510 only by means of belt
      152. Clutch brake 510 thus controls the transmittal of power from motor
      504 to the feed apparatus 100. Clutch brake 510 receives this power from
      motor 504 by means of belt 514 as has been described. In this way the card
      fed to the nip rollers 110, 110a is not fed to roller pair 203a, b until a
      subsequent feed signal from the control circuit causes a subsequent card
      to be removed from the stack 102 by energizing clutch 510. The nip roller
      110 is attached to a pulley 154 which is driven by belt 152. Pulleys 153,
      154 and 122 are all provided to be driven by belt 152 and are rotatably
      secured in a housing 120.
PAR  FIGS. 3 - 7 show more clearly the arrangement utilized for picking up and
      feeding induvidual cards. The feeding mechanism has a housing 120 having a
      wheel 122 rotatably mounted thereon and an eccentrically mounted push rod
      124 is movably attached to wheel 122 and also to a lever 126. The lever
      126 is mounted to a shaft 128 rotatably fitted in the frame 120. By means
      of cantilever member 130 a vacuum suction cup apparatus 132 comprising a
      plurality of suction cup arms 133, a manifold 133a and a vacuum line 134
      are attached to a shaft 128. Vacuum may be provided from a suitable source
      and by means of line 134 to manifold 133a and arms 133 which are all
      provided with communicating passages to create a suction at cups 133b. The
      manifold 133a from which the suction cup arms 133 are suspended are
      pivotally mounted within the cantilever members 130. The suction cup arms
      133 move individual cards from a stack of cards 102 which rests on pallet
      103c on platform 103. The stack and platform 103 are raised by the
      threaded rods 104 which engage the threaded inner portions 103b of
      platform supports 103a. These threaded rods are turned by motor 101 in
      response to a signal from a sensor 138. This sensor includes a solenoid
      139, a microswitch 140 and a T-shaped feeler 142. The threaded rods 104
      are secured and rotatably mounted to housing 120 by bearings 136a at the
      top and by bearings 136b at the bottom thereof where the rods engage frame
      section 161a attached to frame 161.
PAR  The suction cup members 133b are provided with motive power to enable them
      to pick up a card from the stack by motor 504 shown in FIGS. 1 and 2.
      Clutch brake 510 allows the transferral of motive power upon receiving
      energization signals from the control circuit of FIGS. 8A, 8B. Belt 152 is
      trained about pulleys 153, 154, and tensioning idler pulley 155 to drive
      wheel 122 and roller 110. Rollers 110, 110a are provided and form a nip
      roller for engaging individual cards upon their removal from suction cup
      apparatus 133. Further a photoelectric cell 156 is provided to sense the
      rotation of the wheel 122, a single rotation of which corresponds to the
      feeding of a single card. By means of masking out a portion of a
      reflective surface on the periphery of wheel 122, for example by black
      tape 122a, photoelectric cell 156 may be deenergized. In this manner, a
      signal may be developed in the cell 156 indicative of one rotation of
      wheel 122 corresponding to the feeding of a single card. The signal
      provided by sensor unit 156 is utilized to energize the brake of clutch
      brake 510 at the completion of the feed cycle.
PAR  Also provided are rollers 203a and 203b rotatably mounted in support 240
      which advance a card from the nip roller 110 and 110a to the belt 202. By
      means of belt 216, as well as idler wheel 217, the motion of roller 204 is
      both utilized to drive belt 202 as well as the rollers 203a and 203b.
      Clutch brake 508, by means of belt 512 and idler 518 controls the motion
      of roller 204, and when energized causes the belt 202 to move. Belt 506 is
      driven through clutch brake 508, and has a tensioning idler 207. Belt 506
      drives the gear reduction unit 513 shown in FIGS. 1 and 2. Hence, the
      operation of the brake portion of unit 508 stops both belt 202 and belt
      402 at the appropriate time as determined by the control circuit. Power
      input to clutch brake 508, though not shown in complete detail in FIG. 2,
      is obtained from motor 504 by means of sprocket chain 504a which is shown
      in FIG. 1.
PAR  Upon energization of the clutch brake 510 by the control circuit of FIGS.
      8A and 8B, the clutch is actuated to impart rotational motion to the wheel
      122 by means of belt 152. This rotation displaces push rod 124 and lever
      126. By moving push rod 124 and lever 126 the suction arms 133 suspended
      from cantilever 130 are initially moved vertically downward sufficient to
      contact a single card as they pivot about shaft 128. As the wheel 122
      turns further, suction cups 133b, which now have a card attached thereto,
      are raised vertically. This point in the feed cycle is appropriate to
      straighten the uppermost cards in the stack 102. An apparatus is provided
      for this purpose and is described in detail below. A cam roller 164
      mounted on arm 162 which is fixed to the suction cup manifold 133a, cam
      160 mounted to the frame 120 and cam surface 168 on cam 160 are provided.
      Cam roller 164 contacts surface 168 so that cam 160 and roller 164 cause
      the suction assembly 132 to move horizontally when a certain vertical
      height has been reached by the suction cup 133b. Thus, the card carried by
      the suction cup engages the nip roller 110 and 110a (as best seen for
      example in FIG. 6), for advancing the card to the belt 202. The nip
      rollers 110 and 110a are also rotated by belt 152 in the same direction as
      the horizontal direction imparted by the cam to the suction assembly 133.
PAR  The rollers 110 and 110a are rotated via belt 152. Roller 110 is rotated by
      means of an associated pulley 154 about which belt 152 is looped and is
      attached to roller 110. Roller 110a rotates due to frictional engagement
      with roller 110 or with a card 1 held in the nip between rollers 110,
      110a. The size of the rollers may be selected so that the rollers 110 and
      110a rotate at the same relative speed as the horizontal motion of the
      suction cups 133b and in the proper direction to remove the card
      therefrom.
PAR  The operation of the feeding apparatus is such that the speed of feeding
      the card to the nip roller 110 and the velocity achieved by the card
      through the nip roller 110 is substantially faster than the speed of a
      card moving along the belt 202. The feeding speed may be adjusted by
      selecting the diameter of an appropriate pulley such as pulley 510b. This
      enables the cards fed to the nip rollers 110 and 110a to be stopped and
      the feeding mechanism to come to a halt before the card is required to be
      fed to the belt 202. This is important in the achievement of relative
      spacing between the cards and hence will be described in detail below.
      Card support bars 219a and 219b are attached to subframe 210 and they span
      the spaces between housing 120 and rollers 203a, b rollers and between
      rollers 203a, 203 b and rollers 204a, 204b, and are used to support the
      cards 1 to enable them to be properly fed from rollers 110, 110a to
      rollers 203a, b, to rollers 204, 204a and to belt 202.
PAR  FIG. 3 also shows the provision of two limit switches 190 and 192 at the
      upper and lower ends of travel of platform 103. These switches engage the
      platform 103 at two positions and correspond to the extreme bounds of
      travel for the platform 103. For example, when the platform engages switch
      190 the brake 101a is actuated to prevent further raising of the platform
      since this position corresponds to the exhaustion of a supply of cards in
      the stack supported by the platform. On the other hand, if the platform is
      caused to contact limit switch 192, both the clutch 101a and the motor 101
      itself are de-energized.
PAR  FIG. 4 shows the apparatus as described and shown in FIGS. 2 and 3 from the
      opposite side of FIG. 2 and in somewhat greater detail. FIG. 4 shows a
      stack of cards 102 the uppermost card of which is to be contacted by the
      suction cups 133b. As in FIG. 2, suction cup apparatus 133 are shown, and
      as they are vertically displaced, and as has been described, the suction
      cups remove a card from the stack 102 and insert it in the nip rollers 110
      and 110a. When another card is removed, the card in the nip rollers is
      advanced to the next pair of rollers 203 and 203a. Photoelectric cells 174
      and 175 are provided between roller pairs 110, 110a and 203a, 203b and
      between roller pairs 203a, 203b and 204, 204a respectively, and sense the
      presence or absence of the cards at appropriate positions. Cell 174 senses
      a card fed to the nip rollers 110 and 110a and cell 175 registers a card
      to be passed to the belt 202. Photoelectric cell 175 is also used for
      applying a signal to an electric counter circuit included in the control
      circuit described below for counting the number of cards fed to the belt
      202 so that after a predetermined number of cards are fed a photograph may
      be made. Both the photoelectric cells 174 and 175 sense the position of
      the cards 1. Cell 175 forms a means for locating the position of cards 1
      relative to each other so that a constant space is maintained between
      them. Cell 174 sense whether a card was missed by the feeding mechanism
      and is operative to stop the feeding of subsequent cards. Each card 1 will
      thus have a definite location on the belt 202 and hence in the photograph.
      The operation of photocell pick ups 174 and 175, can best be described in
      conjunction with the overall control circuit for the apparatus shown in
      FIGS. 8A and 8B and thus will be described in conjunction therewith. Thus,
      depending on the position of the card as sensed by cell 175, the feeding
      of a card may be delayed an appropriate amount for the proper spacing
      between the predetermined number of cards to be photographed on the belt
      202.
PAR  FIG. 6 and FIG. 7 in a top view, also clearly show the position of sensors
      174 and 175. The latter enables control of the spacing between cards 1 on
      the belt 202.
PAR  FIGS. 1, 2, 6 and 7 also show the position of corotrons 220 and 230 above
      belt 202. Corotron 220 is used to electrostatically charge each card as it
      emerges from roller pair 204 and 204a and is positioned close thereto so
      that each card is fully charged and thus adheres to the belt 202 when it
      is released by rollers 204 and 204a. Corotron 230 near the roller 205 is
      utilized to discharge the cards to enable them to be removed from the belt
      202 by the card inverting apparatus 404.
PAR  FIGS. 3 and 4 also show apparatus for straightening the cards in the stack
      102 disposed directly below rollers 110, 110a and adjacent the stack 102.
      The apparatus includes a solenoid 180, a lever arm 181 and a spring member
      102 attached to the above arm 181. The arm is attached pivotally to
      housing 120 by pivot block 181a and is biased by spring 183 away from the
      stack. A back stop plate 184 is disposed next to a side of the stack 102
      opposite to the arm 181. Plate 184 is attached to housing 120 by struts
      184a. Piston 180a attached to the solenoid 180 is utilized to bring spring
      182 into contact with the stack for straightening the cards and to push
      them against the back stop plate 184. A nozzle 186 having an aperture 186a
      to blow air into the stack so that the uppermost cards in the stack are
      easily removed. The nozzle 186 is attached to plate 184. The uppermost
      cards in the stack are separated in this manner. Nozzle 187 and aperture
      187a perform in the same manner and are attached to housing 120 opposite
      to the nozzle 186. Solenoid 180 is energized during every feed cycle as
      has been described above, that is, it is actuated by the photocell unit
      156 as shown in FIG. 2 in conjunction with a blacked-out portion on wheel
      122. At such time that suction cup 133 has reached its maximum downward
      stroke to engage the card and a photocell of unit 156 encounters a
      blacked-out portion of wheel 122, solenoid 180 is actuated to move arm 181
      and spring 182 to straighten the stack of cards between plate 184 and the
      spring 182. This also gives each card edge a reference point, that is,
      plate 184 from where it is fed to enable the proper registration and
      spacing of the cards.
PAR  FIG. 5 also shows the card height sensing means, which is also shown in
      greater detail in FIG. 6. As has been described above, the height sensing
      means is disposed directly below roller 110a FIGS. 5 and 6 and includes a
      solenoid 139, a plunger 190, a mircoswitch 140, a T-bar for sensing card
      height and which slides within a frame 142a. A cam 142b displaces the bar
      142 horizontally about the pivot point 142d. Springs 142e and 142f serve
      to displace the bar 142 so that flange 142c is in juxtaposition with the
      uppermost card in the stack 102 as illustrated in broken lines in FIG. 6.
      In response to a command signal from the logic circuit (having counted the
      predetermined number of cards to be photographed) the solenoid 139 is
      energized, causing a plunger 190 to be displaced in a downward direction.
      By means of spring 142f the T-bar 142 is displaced in a downward direction
      and tab 142h contacts cam 142b so that the T-bar 142 is displaced in a
      horizontal direction to move it to engagement with the uppermost card in
      the stack 102. Of course, the T-bar 142 is also displaced vertically so
      that point 142c engages the uppermost card. If the stack is too low, the
      lower surface 142g of bar 142 will contact the arm 140a of microswitch 140
      so as to actuate the switch. In response to switch 140 being actuated,
      clutch 101a is to enable motor 101 to turn rods 104 to vertically displace
      the stack in the manner above. The stack is vertically displaced until the
      tension in spring 142f is overcome to a sufficient extent that T-bar 142
      is displaced vertically sufficient to disengage microswitch 140. At this
      time the brake 101 is engaged and no more motive power is supplied to the
      thread rods and the stack is held in position. In this manner the stack is
      always raised to a height sufficient to enable the T-bar 142 to disengage
      and deactuate the microswitch 140. The position of these elements may be
      selected so that the proper height of the cards disengages the switch at
      the appropriate time. Spring 142e causes the T-bar to be raised vertically
      and be pivoted horizontally to disengage it from the stack upon
      deenergization of the solenoid 139 for subsequent feeding of cards after
      exposure as controlled by the control circuit shown in FIG. 8.
PAR  The card receiver 400 now will be explained in greater detail with
      reference to FIGS. 1, 2 and 10. In the receiving apparatus, belt 402 is
      trained around roller 402c at its far end and around roller 402b near belt
      202. The gear reducer 513 is provided so that belt 402 advances at a rate
      much slower than the velocity of belt 202. This is so that as the cards
      are individually removed from the belt 202 and upon being deposited on
      belt 402, they are caused to overlap so that when they engage with stop
      402a towards the end of belt 402 they are caused to be stacked in the
      order that they were removed from the stack 102. An inverting roller 404
      is provided adjacent the end of belt 202 so that cards may be caused to
      attach to the roller 404 and by means of a complimentary surface formed on
      block 404a the cards are inverted and fall upside down onto the belt 402.
      This mechanism will be seen more clearly in FIG. 10. The inverting
      apparatus as shown in FIG. 10 includes the aforementioned block 404a
      having a surface 404b complimentary to the roller 404. The surface 404b
      extends about enough of the circumference of roller 404 to insure that the
      card fed between the roller 404 and surface 404b falls upside down on belt
      402 when it is released from between the roller 404 and the surface 404b.
      The roller 404 may have a raised pattern 404c thereon which forms a
      card-gripping surface to insure that the card is advanced between the
      roller 404 and the surface 404b. The roller 404 is driven by a belt 205a
      from roller 205. In this manner cards are caused to be stacked in the
      relationship and in the sequence in which they were originally found in
      stack 102 from which they were fed as they are caused to slide against
      plate 402a.
PAR  The overall operation of the microfilming apparatus of the invention may be
      best described and understood by reference to the operation of the control
      system as illustrated in the logic circuit of FIGS. 8A and 8B. The control
      system may be assembled from commonly available logic devices.
PAR  Control of the various electromechanical components is effected by means of
      opto-isolators such as light emitting diodes (LED) and photo transistors.
      Because the electrical energy produced by an opto-isolator is insufficient
      to power such electromechanical devices, it is necessary to amplify the
      signals produced by such opto-isolators. Such procedures are well
      understood by designers utilizing such equipment and therefore will not be
      described in detail herein. It is therefore to be understood that the
      inputs and outputs are coupled by appropriate power amplifiers in their
      respective circuits.
PAR  The nomenclature for the individual circuit devices of FIGS. 8A, 8B has
      been developed to indicate which individual devices may correspond to
      commercially available sub-circuits from which the individual elements may
      be obtained. For example, in the upper left hand corner of FIG. 8B, in
      latch circuit L6 and gate circuit G6, the numeral 6 indicates that both of
      these circuits may be found in a single integrated circuit module. The L
      prefixing the numeral 6 in the latch circuit indicates that according to
      the interconnection of pins on module 6 a latch circuit may be obtained.
      Similarly for gate circuit G6 the interconnection of the pins on module 6
      as shown obtains a gate circuit. Similarly inverter circuits I 11C and I
      11D are shown. This nomenclature used indicates that an integrated circuit
      module 11 contains several inverter circuits if one connects the pins as
      shown. The prefix I indicates that the element shown is an inverter and
      the suffices C and D indicate that these are respectively of the third and
      fourth inverters found on module 11. The inverters as have been described
      change logic state 1 or "high"  logic to a "low" or zero signal. The
      operation of such inverters are well known but for clarity the operation
      of a gate such as G6, and a signal appearing at pin 9G6 will be
      transmitted to pin 13G6 only on the condition that no signal is present on
      pin 12G6. The term "pin" corresponds to an appropriate input or output
      terminal of the device.
PAR  Tha latch circuit such as L6 operates in a different fashion however and
      has an interconnection of terminals 5L6 and 2L6 as shown. If a signal is
      absent from pin 7L6, when a signal is placed at pin 4L6, the latch circuit
      will produce a constant high voltage output. This is the "latched up" mode
      of latch operation; when the logical one signal is removed from the output
      of a latch, this will be referred to an "unlatching" the latch. This
      logical 1 is maintained until a "one" signal is placed on pin 7L6 at which
      time the voltage on the output or 2L6 is brought back to "zero" or be
      "unlatched".
PAR  The various circuit components may be obtained commercially; for example
      the inverters can be found on a UL900 integrated circuit and the
      amplifiers on a UL914 integrated circuit as supplied by Fairchild
      Semiconductors. The logic gates G and latches L may be obtained on a
      Signetics integrated circuit SN380A. Monsanto device MCT-6 can be utilized
      for couplers, e.g. LED2. All the logic devices can be obtained by
      connecting the pins of the integrated circuits according to the following
      description. The numeral following the letter suffix as "8" in "G8"
      indicates that gate G8 may be constructed from the same integrated circuit
      module 8 as can inverter I8 by the connections as indicated. For example
      see G5 and L5. In this exaample if one connects the terminal 9, 14, 11,
      13, 2, 3, 4, 5, 6, 7 of the same SN380A "IC", one can obtain those
      circuits having the indicated terminals 9G5, 14G5, 11G5, and 13G5 for gate
      G5 and 4L5, 2L5, 3L5, 5L5, 6L5 and 7L5 for latch L5. The terminal
      designations such as 4L5 and 13G5 indicate by the numeral 5 succeeding the
      letter designation (L or G) that terminals 4 and 13 of the same solid
      state device 5 are being used to create different circuits, a latch or a
      gate (L or G).
PAR  The control system of FIGS. 8A, 8B is operative to control the card feed by
      means of energizing the clutch-brake 510 for the card feeding apparatus
      100 as has been described. This is accomplished by energizing transistor
      T1 with a pulse so as to excite light emitting diode LED1 which turns on a
      phototransistor PT1 by the transmission of light between these two
      elements. When LED1 is actuated, the clutch of clutch-brake 510 interface
      circuitry is energized and power is transmitted from motor 504 to the feed
      mechanism and as has been described a card is fed to the nip rollers 110
      and 110a. Control of the feed is essentially accomplished by two control
      devices, gate G10 and circuit EG9. Gate circuit G10 will transmit a signal
      to transistor T1 only under the conditions that no signal is present on
      pin 12G10. Input pulses are applied to the 9G10 from essentially three
      sources.
PAR  The first source and most important in the normal operation of the circuit
      are output signals from pin 13EG9 of enable gate EG9 to the input 9G10.
      The enable gate circuit EG9 is so constituted that an output is present at
      13EG9 only on the condition that input is present on 4EG9 or 5EG9 and no
      input is present on 6EG9 or 7EG9. Therefore, any signal present at 6EG9 or
      7EG9 will halt the automatic feeding sequence. For example, a signal
      present on 7EG9 indicates that a counter circuit C1 has counted five cards
      or that an inhibit signal has been presented to gate G6 in such a manner
      as to present a signal at pin 7EG9. A signal at pin 6EG9 indicates that
      card detector 174 has failed to detect a card fed into the nip rollers 110
      and 110a. This prevents a feed signal from being presented to the clutch
      brake 510 by means of the circuit EG9. Every time a card is sensed by a
      card edge sensor 175, there will be a feed signal at 5EG9 of the gate
      circuit EG9, if L8 is allowed to conduct.
PAR  Feed signals are applied to terminal 9G10 from two other sources. A manual
      feed signal is derived by the depression of toggle switch TS4, which by
      means of amplifiers A19 and an inverting amplifier A20, and steering diode
      D1 applies a signal to 9G10 to manually initiate feeding in the card.
      Similarly the connection of run switch TS5 applies a pulse to 9G10 to feed
      cards continuously by means of amplifier A22 and inverting amplifier A23
      and steering diode D2.
PAR  When a new stack of cards is placed on a platform 103 and the card stack
      height is elevated properly, by energization of the clutch brake 101a to
      raise the stack of cards to the correct height. The manual feed switch TS4
      is closed and a single card is fed to the nip rollers 110 and 110a. At
      this point the detector 174 detects a card present in the nip rollers. If
      a card is detected by sensor 174, the normal "high" signal on 12G7A and on
      6EG9 is removed to allow these gates to conduct. When G7A conducts, latch
      L8 latches to energize clutch 508 to cause belt 202 to move.
PAR  When the manual feed switch TS4 is closed, a signal is placed at terminal 9
      of gate G7A through diode D1; which presents a logic 1 pulse through diode
      D8 to terminal 4 of latch L8. This means the output of the latch at
      terminal 2L8 is high, inverter I11D inverts this high signal to a low
      signal and by means of transistor T5 actuates photo diode LED5.
      Phototransistor PT5 operates in conjunction with LED5 (in a manner
      similarly to phototransistor PT1, diode LED1, and transistor T1 as has
      been described for the card feed) to actuate the clutch of clutchbrake 508
      to drive the belt 202.
PAR  Depression of the manual feed button TS4 a second time feeds a second card
      and the first card fed to the nip rollers is passed through to rollers 203
      and 203a whereat their leading edge is sensed by the leading edge detector
      175 which by means of light emitting diode LED2 and phototransistor PT2
      presents a signal to 9G5.
PAR  The signal at 13G5 unlatches L8 by means of G7B and this in turn, applies
      the brake 508 to stop belt 202. The output 13G5 is normally sent to
      counter C1 to count the cards in the automatic mode, but this is prevented
      by G8 because L5 has been latched by depression of TS4.
PAR  Once a card is registered by sensor 175 the automatic mode of operation can
      be employed by depressing run switch TS5. This changes the logic sense of
      several circuit elements to enable automatic operation. L3 is latched up
      for control of operation in the event that sensor 174 fails to detect a
      card. L1 is reset to "zero". L5, previously latched by depression of TS4
      is unlatched to allow G8 to conduct signals from edge sensor 175 to enable
      the counter C1 to count and to present a feed signal to 5EG9. L8 is set
      through 9G7A actuating clutch 508 to move belt 202, which removes the
      first card (1) from under sensor 175 as the second card is fed to rollers
      203 to a position where the leading edge of the second card is beneath
      sensor 175. The output of sensor 175 now is fed through G8 to the counter
      C1 and to 5EG9 to feed another card. This sequence is continued until a
      preset number is counted by counter C1. The output 13G5 is high when a
      card is sensed and this signal is presented to 9G8 and to 4G7B.
PAR  When the count reaches a predetermined maximum number, for example as is
      shown in the diagram of FIGS. 8A, 8B, five cards have been counted, the
      feeding is stopped in the following manner. At the count of five, an
      output is obtained at terminal 19C1 of the counter C1. This output is
      applied to inverter I4C, which, by means of steering diode D11, unlatches
      the latch L8 which had been initially latched by the closing of the run
      switch TS5. This operates to turn on the brake of clutchbrake 508 and stop
      the belt 202. Also by means of inverter I4B, the L2 is latched. This
      applies a signal to inverter I11B which by means of transistor T3 light
      emitting diode LED3 and phototransistor PT3 turns on the card height
      sensor, which has been described above, for sensing the height of cards in
      the stack 102 and raising the stack in response thereto. Further, latch L6
      is latched so that a 1 pulse is placed at terminal 7EG9 to interrupt the
      feeding of the subsequent cards. Further, the output terminal 19C1 is also
      fed by means of I4C to I11C which by means of transistor T4 light emitting
      diode LED4 and phototransistor PT4 actuates the camera 201 to photograph
      the cards on the now stationary belt 202. When the camera shutter closes,
      switch TS1 is closed. This presents a pulse through amplifiers A16, A17
      and inverting amplifier IA18 which latches L10 to present a positive
      signal at terminal 9G6 of gate G6. Unless there is a signal from the feed
      inhibit terminal 12G6, gate G6 passes signals to terminal 7L6 of latch L6
      to unlatch L8 and to remove the high signal from terminal 7NG9 of NG9. The
      feed is actuated so long as the card height sensor solenoid 139 is
      energized which indicates that the stack 102 is not of sufficient height
      to feed cards. Unlatching L6 permits instruction from L10 to EG9 to feed
      another card for another of five cards. Simultaneously, when the latch L10
      latches up in response to the shutter closing the reset of counter C1 is
      set by means of inverter I4A which is attached to terminal 18C1 of the
      counter for the resetting thereof. The counter now returns to zero and
      when an input is obtained through gate G8 from card sensor 175 subsequent
      cards are sensed thereby and counted as above. The output 13EG9 also
      unlatches latch L10 which was latched by the signal corresponding to the
      closure of the shutter. This is accomplished by means of amplifier A21 and
      delay circuit RC1. This unlatching removes the signal from the base of
      latch L6 and latch L2 by removing the input from gate G6 upon the command
      signal for a card to be fed subsequent to the closure of the shutter.
PAR  In the normal situation, the card edge sensor 175 and the missed card
      detector 174 will detect cards corresponding thereto. A feed signal will
      be applied to gate G10 in the manner described and subsequent cards will
      continue to be fed. When a signal appears at output 13NG9 through diode
      D10 it is also fed to terminal 9G7A relatching L8 to actuate clutch 508 to
      turn belt 202. If, of course, the card detector 174 does not detect a card
      so as to shut off G7B, the latch L8 will be unlatched on the next output
      of sensor 175 and the brake of clutch-brake 508 will be actuated in the
      manner described so that rotation of the belt 202 will be halted.
PAR  By means of L3 being latched from closure of TS5, a signal appears at 9G3
      which is allowed to pass to 7G7B every time sensor fails to see a card
      because 12G3 is low. This normally occurs between the cards, but will not
      unlatch L8 because there is no input to 4G7B. Should this condition
      persist, meaning a card is missed, an input will be present at 4G7B the
      moment sensor 175 detects the leading edge. This signal will unlatch L8
      and apply brake 508 stopping belt 202. This ensures proper spacing for
      subsequently fed cards. Sensor 174 would thus stop the automatic operation
      in the event that the supply of cards had been exhausted.
PAR  When the stack 102 is replenished, the operator, through manual controls
      (not herein described) may lower the platform 103 by energizing clutch
      101a, stop the platform and add cards. The stack may now be elevated by
      the above controls reversing motor 101. These controls also actuate
      solenoid 139, to properly adjust the stack height as has been described.
PAR  Depressing the run switch TS5 will cause a card to be fed to rollers 110
      and 110a actuating sensor 174. This will allow L8 to latch on the next
      depression of run switch TS5 to resume automatic operation and the counter
      will continue the count of cards in sequence without losing the previous
      count.
PAR  A further control, the "stop at end of set" switch, TS2, is also provided.
      If this switch is activated gate G1 will be enabled. If switch TS2 is
      opened, the stop at five circuit will be operative. Hence a signal out of
      terminal 20C1 of the counter C1 is applied by inverter I4C to the terminal
      9G1 of gate G1. If the "stop at end of set" switch is opened, there will
      be no gate signal at terminal 12G1 of gate G1 and the pulse supplied from
      terminal 20 of the counter will be applied to latch up latch L1. If L1 is
      latched up in this instance, a signal will be supplied from the latch to
      terminal 12G10. This prevents any signal after the five cards have been
      counted from actuating subsequent feeding. Upon the feeding of the
      predetermined number of cards, belt 202 is stopped as described previously
      and a photograph of the set of cards will be made. Shutter closure will
      not reinitiate feeding of a new set because G10 is disabled by latch L1
      and EG9. Subsequent actuation of TS5 will reset latch L1 allowing G10 to
      conduct a feed signal. A new set of cards will be fed to belt 202 and
      operation will then be halted as described.
PAR  Of course, the counter need not be set at five cards, any number may be
      counted before the photograph is made. The counter may be set for example
      to stop at 4, 3, 2 or 1 corresponding to the placement of the output
      signal. For example, rather than taking the output for control of the
      camera trigger and the clutch-brake and so forth from pin 20C1, another
      terminal which corresponds to a four-card count may be used. A counter
      having a count higher than five may be used, or three cards may be
      utilized to actuate the automatic photographing of cards.
PAR  From the above discussion of the operation of the control circuit it will
      be apparent that since the subsequent feeding of a second card is
      controlled by the card edge sensor 175, no subsequent card is fed until
      the card edge sensor 175 encounters a card. It is apparent in referring to
      FIG. 4 in conjunction with the control circuit of FIGS. 8A, 8B that if the
      sensor 175 is, for example, positioned closer to backstop 184 a card will
      be encountered earlier by the sensor 175 and hence a feed signal will be
      supplied sooner to feed the second card. Since this is true and since the
      feed mechanism 100 moves more rapidly than the belt 202, the second card
      which is fed to the nip roller will of course be physically closer to the
      trailing edge of the card encountered by cell 175. If sensor 175 is moved
      farther away from backstop 184, the feeding of a second card will be later
      and there will be a greater space between cards on the belt 202. In this
      manner the spacing between the cards may be controlled by positioning the
      cell 175. FIG. 6 which is a top plan view of FIG. 4 shows an arm 175c upon
      which the sensor 175 is attached. This arm may be pivoted about pivot 175d
      which attaches the arm to the frame 120. This enables the positioning of
      the sensor 175 closer to the stack of cards and the back stop 184 so that
      the second card may be sensed closer or farther away from the stop by the
      sensor 175 to control the spacing as described.
PAR  In operation, initially an operator depresses the manual feed button TS-4,
      belt 202 is caused to move and the cards 1 are picked up one at a time
      from stack 102 by means of the suction cup apparatus 133 and are fed to
      the nip rollers 110 and 110a which remove the cards therefrom. Because the
      feeding process is faster than the cards move in the roller pairs 203a, b
      or 204, 204a, the card 1 held in the nip rollers 110, 110a remains
      stationary until a subsequent feed signal is received.
PAR  Once in the nip roller 110, 110a, sensor 174 senses the card and when the
      button TS-4 is again pressed another feed command signal is generated to
      actuate the clutch of clutchbrake 510. The unit 156 also actuates the card
      straightener solenoid 180 upon the occurrence of each rotation of wheel
      122. Another card is now picked up as the first card is advanced from nip
      rollers 110, 110a to rollers 203a, b. Sensor 175 is interposed between
      rollers 203a, b and 204, 204a and generates a signal upon the sensing of
      the leading edge of the first card. Upon sensor 174 detecting a card, the
      run switch TS5 may be depressed and the automatic mode commences as
      described above. The counter will count the required number of cards
      encountered by cell 175. Upon the maximum count being achieved, the logic
      circuit actuates the card height sensor solenoid 139 to adjust the height
      of stack 102 and actuates brake 510 and brake 508 to stop feeder 100 and
      belt 202 and trips the camera shutter so that a photograph of the cards on
      belt 202 may be made. After exposure, the counter returns to zero, the
      clutch 508 and 510 are reactuated and more cards are fed, counted, and
      photographed. As has been described, however, this process is
      automatically terminated if sensor 174 fails to detect a card, or if the
      "feed inhibit" or "stop at end of set" circuits in the control logic
      circuit are actuated. Normally, however, cards 1 will be delivered to the
      belt 202 by the feed mechanism 100, photographed and passed to the card
      receiving mechanism 400 automatically.
PAR  At the receiving mechanism 400, the cards are removed from belt 202 by
      inverting roller and block 404 and 404a and are placed in an inverted
      overlapping fashion on belt 402. Belt 402 then stacks the cards 1 against
      stop 402a in the same orientation and sequence as they were stacked in
      stack 102.
PAR  While an embodiment of the invention has been shown and described in
      detail, it will be understood that various changes and modifications may
      occur to those skilled in the art without departing from the spirit and
      scope of the present invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of photographing a plurality of individual cards simultaneously
      including the steps of:
PA1  removing a first individual card from a stack of cards;
PA1  feeding said first card through a roller;
PA1  advancing said first individual card from said roller to a belt;
PA1  removing a second card from said stack;
PA1  feeding said second card to said roller;
PA1  delaying the advance of said second card from said roller to said belt by a
      predetermined time interval so as to create a space between said first and
      said second cards on said belt;
PA1  removing, feeding and advancing a predetermined number of successive cards
      in the manner described;
PA1  sensing the number of cards removed, fed and advanced;
PA1  stopping the removal, feeding and advancement of said cards in response to
      a predetermined number of cards having been advanced to said belt;
PA1  sensing the height of cards in said stack;
PA1  raising said stack to a height sufficient so that the cards may be moved in
      response to said stack being diminished below a predetermined level; and
PA1  photographing said cards on said belt.
NUM  2.
PAR  2. The method of claim 1 including:
PA1  removing the cards from the belt; and
PA1  reinitiating the steps of claim 1 automatically upon removal of the cards
      from the belt.
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ABST
PAL  A plurality of range increments are sequentially pulse-illuminated and
      energy reflected therefrom is received by a gated light amplifier. Timing
      circuitry sequentially varies the range viewed, by adjusting the time
      between illumination and gating on of the light amplifier to achieve
      enhancement, suppression or apparent uniform illumination of preselected
      range increments such that all ranges of interest are viewed by the light
      amplifier within a single integration period of a recording device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electro optics and more particularly to
      the method and apparatus for simultaneously displaying targets at
      different ranges. The ability to view objects at ranges of several miles
      and under conditions of substantial total darkness has presented many
      difficulties in the past. Numerous devices have evolved which detect
      targets under such conditions. It can be readily appreciated that in
      nighttime surveillance of a battlefield area, it is highly desirable to
      minimize the possibility of detection of the illuminating device and yet
      provide a display which is the same as could be obtained during normal
      daylight hours. Accordingly, many devices utilize an illuminant operable
      in the non-visible range of the electromagnetic energy spectrum such as
      infrared of ultraviolet. Since a laser offers a narrow spectral band of
      infrared radiation and spectral discrimination, i.e., it increases the
      reflectivity of many materials, there are devices which use a pulsed laser
      to illuminate the desired area of view. There are range finders which use
      lasers to effectively search for targets at preselected ranges. In these
      active-gated laser systems, the range gate interval is successively
      lengthened upon each successive transmittal of a laser pulse until an echo
      response is detected whereupon the automatic range sweeping operation is
      halted. Thus, the presence of a target at a particular range is detected.
PAR  While some devices relate to visual display of objects at a predetermined
      distance and others relate to the ascertainment of only distance to a
      target, still others disclose means for both visually displaying a
      particular scene and at the same time determining the distance to the
      objects therein. U.S. Pat. No. 3,495,906 to Firmin and U.S. Pat. No.
      3,649,124 to Takaoka disclose such devices. Firmin periodically
      illuminates a field of view and uses the propagation time of reflected
      successive pulses to indicate distance to the object. A special form of
      display tube is used wherein different deflection rates are utilized for
      successive pulse illuminations of the target area to result in a display
      wherein objects located at various ranges within the target area are
      displaced with respect to one another. Takaoka discloses an active-gated
      television system which displays successive full-frame images of various
      ranges as a composite. Each range is displayed as a different color in the
      composite display to distinguish the various ranges that are being
      observed. In U.S. Pat. No. 3,682,553 to Kapany, successive entire frames
      are generated for successively different range distances and combined into
      a composite display to achieve a three-dimensional view of an object
      within the target area and the television system.
PAR  In known devices the range being examined is held constant for a particular
      integration time. Since a periodically pulsed illuminator is operated in
      sequence with a periodically gated sensor, the spacing between the
      illuminator pulse and the gated sensor pulse determines the particular
      range being observed. The depth of field viewed at a particular range is
      usually very narrow in order to eliminate atmospheric backscatter.
      Accordingly, a potential target may be within the field of view and not be
      detected if the range being examined happens to vary even slightly from
      the range wherein the potential target is disposed. As the depth of field
      is increased, the atmospheric backscatter also increases to seriously
      degrade image quality. Also, the observed interescene brightness of
      various targets at different ranges varies with the square of the distance
      to the particular object and with atmospheric conditions through which
      they are viewed.
PAR  There is a need for a low-tight level device that will provide surveillance
      of a wide range and yet provide uniform displayed target brightness. As
      opposed to providing a device for viewing a first range and then a second
      range or a composite formed from the stored range increments, there is a
      need for a device which continually scans a wide path of ranges to provide
      a visual image.
PAR  Accordingly, it is an object of the present invention to provide a low
      tight level active device which provides a view of a wide depth of field
      with minimal image deterioration due to backscatter.
PAR  It is a further object of this invention to provide a low light level
      active device which displays a wide depth of field wherein the image
      intensities are constant over the depth of field.
PAR  It is yet another object of this invention to provide a low light level
      active device which displays a wide depth of field wherein the image
      intensities are constant over the depth of field.
PAR  It is yet another object of this invention to provide an active-gated
      device wherein a plurality of ranges are scanned and displayed during a
      single integration period of a recording device to thereby produce a
      continuing visual display of an entire wide depth of field.
PAR  Another object of this invention is to provide a displayed image under low
      or adverse ambient viewing conditions which closely simulates that which
      occurs with natural illumination.
PAR  Yet another object of this invention is to provide for target enhancement
      or suppression at a selected range interval or intervals while
      simultaneously displaying all other ranges of interest.
PAR  A final object of this invention is to provide a device to illuminate a
      scene with pulsed illumination and observe the same scene with a gated
      light amplifier in such a manner that the time spacing between illuminator
      and light amplifier pulse pairs is varied in a systematic manner such that
      all ranges of interest are viewed by the light amplifier within a single
      integration period of a recording device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an active-gated device for scanning a wide
      depth of field during each integration time of a recording device to
      provide a visual output image to said recording device, which could
      consist of an observer, photographic film, or other electro-optical means.
      Targets at all ranges are seen simultaneously while the ability to
      suppress atmospheric backscatter is restained and interscene brightness
      differences are eliminated.
PAR  Illuminator pulses are used to illuminate a particular field of view. The
      amount of time delay between the illuminator pulse and a pulse which
      energizes the light amplifier for receiving reflected light determines the
      range displayed in the output image. The depth of field at this range is
      determined by means of a mathematical convolution operation of the
      illuminator and sensor pulses and will be referred to as a "spatial energy
      pulse." Automatic adjustment of the timing between the illuminator pulse
      and the light amplifier pulse permits an entire depth of range to be
      scanned during a single integration time of a recording device. Pulsing of
      the light amplifier occurs at a slightly different time (range) for each
      successive illuminator pulse such that all ranges of interest may be
      illuminated within a single integration time of a recording device, e.g.,
      the reaction time of an eye, the exposure time of a frame of film, etc.
      Thus, the image displayed by the light amplifier appears continuous for
      all ranges. If the image is being viewed with an eye, the repetition rate
      at which all ranges are scanned will need to be high enough to prevent the
      eye from detecting any flicker.
PAR  The spatial energy pulses are distributed over the ranges of interest
      without gaps in such a manner that the returning energy received by the
      light amplifier is constant for all ranges. More spatial energy pulses are
      placed at longer ranges and fewer spatial energy pulses are placed at
      shorter ranges to exactly compensate for the decrease in energy density at
      longer ranges due to atmospheric scattering and attenuation over the path
      length and the spread in the illuminator beam.
PAR  Selected ranges within the depth of field may be examined in greater detail
      by increasing the number of spatial energy pulses distributed at that
      particular range. Also, certain ranges may be suppressed by causing no
      spatial energy pulses to be distributed at that particular range. A
      spatial energy pulse is in essence the depth of range from which a single
      pulse of light is reflected and received by optical means. The time lag
      between pulsing of the illuminator and the pulsing of the light amplifier
      (optical receiving means) and the duration of the illuminating pulse and
      the image intensifier pulse defines the spatial energy pulse.
PAR  This technique permits all targets between an adjustable minimum and
      maximum range to be illuminated and viewed by a recording device. Image
      deterioration due to atmospheric backscatter is not serious, due to the
      described energy distribution technique. Backscatter is more severe at
      close ranges, but little energy is sensed from there. Similarly,
      backscatter is little problem at long ranges where many spatial energy
      pulses are distributed. Since the decrease in energy density has been
      compensated for by the appropriate distribution of spatial energy pulses,
      an output image is provided which appears to be uniformly illuminated as
      in daylight.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the present invention will be
      more apparent after referring to the following specification and
      accompanying drawings in which:
PAR  FIG. 1 is a system block diagram of a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a timing diagram showing the time relationship of various pulses
      employed during operation of the systems of FIG. 1;
PAR  FIG. 3 is a diagrammatic view of one embodiment of the timing circuitry of
      the present invention; and
PAR  FIG. 4 is a preferred method of spatial energy pulse distribution.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, repetitively pulsed light illuminator 10 and optical
      system 12 illuminate a scene of interest. Optical system 14 has the same
      field-of-view as optical system 12 to thus view the same scene of interest
      as optical system 12 and relay an image to gated light amplifier 16. The
      image (energy) received by optical system 14 passes to light amplifier 16
      and is present as an image to a recording device such as photographic film
      or an observer's eye. Timing circuitry 18 is paced by master clock 20 and
      provides synchronization pulses to both the illuminator 10 and to the
      gated light amplifier 16. The amount of time delay between the illuminator
      pulse and the intensifier pulse determines the range to be observed at the
      output of light amplifier 16, due to the finite speed of light making a
      round trip from the illuminator 10 to light amplifier 16. The timing
      circuitry 18 provides automatic adjustment of the time delay for each
      pulse pair so that an integrated image results, so long as all ranges are
      viewed within one integration time of the output recording device.
PAR  FIG. 2 represents an exemplary timing diagram of the present invention.
      Illuminator pulses 24 are disclosed in FIG. 2A, light amplifier gate
      pulses 26 are disclosed in FIG. 2B and range sweep reset pulses 28 are
      disclosed in FIG. 2C. Illuminator 10 (FIG. 1) is pulsed on by pulse 24
      only when light amplifier 16 is gated off. Light amplifier 16 is gated on
      a time T.sub.1 later than illuminator 10 by pulse 26 to receive returning
      energy from targets within the corresponding range interval (determined by
      the time delay). The time T.sub.1 is the time it takes for light from
      illuminator 10 to travel to a discrete range and the energy reflected
      therefrom to be received by light amplifier 16. Time T.sub.1 is altered by
      timing circuitry 18 for each pulse pair such that the successive time
      delays are T.sub.2, T.sub.3 . . . T.sub.n. The illuminator pulse
      repetition rate 29 is chosen so that the maximum time delay can be
      accomodated between two adjacent illuminator pulses. These time values may
      be selected in any manner such that desired ranges are viewed or such that
      certain range increments are pulsed more than once to provide range
      enhancement of that particular range or such that certain range increments
      are pulsed less or not at all to provide for range suppression of that
      particular range. As previously noted, it may also be necessary to pulse
      greater ranges more times than nearer ranges to compensate for the
      decrease in energy density at longer ranges due to atmospheric scattering
      and attenuation over the path length and the spread in the illuminator
      beam.
PAR  One embodiment of timing circuitry 18 is shown in greater detail in FIG. 3.
      Other circuit variation may be designed to accomplish the functions of
      timing circuitry 18. The placement of spatial energy pulses is quantized
      at integer multiples of a range increment .DELTA.R which is determined by
      the frequency of master clock 20. The frequency of master clock 20 is
      determined by the range accuracy desired for the system using the formula:
      ##EQU1##
      where f is the frequency, c is the velocity of light, and .DELTA.R is the
      range accuracy or range increment desired. The number of range increments
      equivalent to the minimum illuminated range is stored as BCD number A in
      register 30. Memory 48 stores binary numbers which represent the number of
      times it is desired to pulse at each range, starting at the minimum range
      (BCD number A) and sequentially progressing to the maximum range desired.
PAR  Timing circuitry 18 operates in the following manner. At the beginning of a
      range sweep, range sweep reset pulse 28 from sweep reset decoder 54 loads
      BCD number "A" from register 30 into BCD up counter 32. Range sweep reset
      pulse 28 also resets memory address register 46 which loads the data in
      the first memory location of memory 48 into binary down counter 50. The
      data in counter 32 represents the desired range and the data in counter 50
      represents the number of times this range is to be illuminated with a
      spatial energy pulse.
PAR  The frequency of master clock 20 is divided down to a lower frequency by
      divide circuit 40 before being fed to pulse shaper 42. The output 24 of
      pulse shaper 42 drives illuminator 10. The illuminator pulse rate (the
      period of pulse 24) is chosen to be slow enough to allow for the round
      trip time of light to the farthest target of interest within one pulse
      period. Output pulse 24 of pulse shaper 42 also enables BCD up counter 36.
      BCD up counter 36 counts up at the frequency of master clock 20.
PAR  The data in counters 32 and 36 are constantly being compared by BCD
      comparator 34. When these data become equal, a gate pulse 26 is sent to
      gated light amplifier 16 which then receives reflected energy from the
      desired range. This same gate pulse also resets BCD up counter 36 through
      time delay 44 and also causes binary down counter 50 to down count by one.
      Thus, the data in counter 50 continually represents the number of times
      the desired range represented by the data in counter 32 has yet to be
      used. When the data in counter 50 reaches zero, an output pulse is issued
      through OR gate 52 which advances memory address register 46 by one,
      causing the data in the next memory location of memory 48 to be loaded
      into counter 50. The same output pulse also advances the desired range
      data in counter 32 by one. At this point the cycle continues, with the new
      desired range (data in counter 32) being used the desired number of times
      (data in counter 50). Accordingly, the spatial energy pulse ranges
      continue to increase in a manner determined by the memory 48 and by BCD
      number "A" in register 30.
PAR  It may be desired that a particular range be skipped. In the event, a
      specially coded binary number in the corresponding memory location of
      memory 48 causes range skip decoder 56 to issue a skip pulse to OR gate
      52, which directly updates counter 32 and address register 46.
PAR  At the end of a range sweep, a second specially coded binary number from
      memory 48 triggers sweep reset decoder to produce range sweep reset pulse
      28 (FIG. 2C) which resets memory address register 46 back to zero and
      reloads BCD number "A" from register 30 into counter 32. The entire
      operational cycle set forth hereinabove then repeats to again sweep all
      range intervals within the integration time of the viewing device.
PAR  Using the method and apparatus of the present invention, it is possible to
      "sweep" in range while effecting the desired range distribution of spatial
      energy pulses. No flicker will be observed in the output image provided
      the entire sweep occurs within a single integration time of the output
      recording device. If the eye is the final recording device, for example,
      the entire sweep should occur within a time period corresponding to the
      critical flicker frequency, typically 30 to 45 Hz.
PAR  An image may be provided that displays natural illumination of all targets
      within the ranges being swept. To achieve equal illumination of targets at
      different ranges, more spatial energy pulses are placed at longer ranges
      and fewer spatial energy pulses are placed at shorted ranges to exactly
      compensate for the decrease in energy density at longer ranges due to
      atmospheric scattering and attenuation over the path length and the spread
      in the illuminator beam. To achieve equal illumination over an entire
      depth of range, the spatial energy pulses will be distributed typically as
      shown in FIG. 4. FIG. 4 discloses an exemplary spatial energy pulse
      distribution. By properly adjusting the distribution of the spatial energy
      pulses and thus line 58, all targets will have equal observed intensity.
      By drawing a vertical line such as line 60, one may see the number of
      spatial energy pulses 62 which illuminate a particular range. R.sub.max
      receives greater illumination (more spatial energy pulses) than does
      R.sub.min. Obviously there are many other techniques to achieve desirable
      spatial energy distributions. Accordingly, only an exemplary approach has
      been disclosed herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electro-optical device comprising; illuminator means for illuminating
      a scene; timing circuitry for pulsing said illuminator means on and off;
      optical means comprising a gated light amplifier, said gated light
      amplifier being gated "on" for a discrete time period after said
      illuminator means in a systematic manner such that all range increments
      within said scene are systematically scanned by said light amplifier
      within a single integration period of a recording device; and a master
      clock having a frequency determined by the formula:
      ##EQU2##
      where f is the frequency, c is the velocity of light, and .DELTA.R
      represents the range increments to be systematically scanned in said
      scene, said timing circuitry being responsive to said master clock, said
      timing circuitry comprising means for causing a preselected number of
      illuminator pulses to impinge each said range increment whereby all ranges
      within the scene viewed by said light amplifier appear to have the same
      brightness.
NUM  2.
PAR  2. An electro-optical device comprising: illuminator means for illuminating
      a scene; timing circuitry for pulsing said illuminator means on and off;
      optical means comprising a gated light amplifier, said gated light
      amplifier being gated on for a discrete time period after said illuminator
      means in a systematic manner such that all range increments within said
      scene are systematically scanned by said light amplifier within a single
      integration period of a recording device; and a master clock having a
      frequency determined by the formula:
      ##EQU3##
      where f is the frequency, c is the velocity of light, and .DELTA.R
      represents the range increments to be systematically scanned in said
      scene, said timing circuitry being responsive to said master clock, said
      timing circuitry comprising means for causing a preselected number of
      illuminator pulses to impinge each said range increment whereby any
      preselected ranges within the scene viewed by said light amplifier may
      have greater brightness than other ranges viewed by said light amplifier.
NUM  3.
PAR  3. An electro-optical device comprising; illuminator means for illuminating
      a scene; timing circuitry for pulsing said illuminator means on and off;
      and optical means comprising a gated light amplifier, said gated light
      amplifier being gated on for a discrete time period after each pulse of
      said illuminator means in a systematic manner such that a plurality of
      range increments are viewed by said light amplifier within a single
      integration period of a recording device, said timing circuitry comprising
      means for causing a preselected number of illuminator pulses to impinge
      each said range increment whereby any preselected ranges within the scene
      viewed by said light amplifier may have greater brightness than other
      ranges viewed by said light amplifier.
NUM  4.
PAR  4. An electro-optical device comprising: a pulsing source of illumination;
      a gated optical receiving means providing an image as an output; control
      means for systematically causing said receiving means to be gated "on" for
      a discrete time period T after the emission of each pulse by said source,
      said control means varying said time such that a plurality of range
      increments are viewed by said light amplifier within the integration time
      of a recording device; and means for causing a preselected varying number
      of illuminator pulses to impinge each said range increment whereby all
      ranges within the scene viewed by said light amplifier appear to have the
      same brightness.
NUM  5.
PAR  5. An electro-optical device comprising: a pulsing source of illumination;
      a gated optical receiving means providing an image as an output; control
      means for sytematically causing said receiving means to be gated on for a
      discrete time period T after the emission of each pulse by said source,
      said control means varying said time such that a plurality of range
      increments are viewed by said light amplifier within the integration time
      of a recording device; and means for causing a preselected number of
      illuminator pulses to impinge each said range increment whereby
      preselected ranges within the scene viewed by said light amplifier have
      greater brightness than other ranges viewed by said light amplifier.
NUM  6.
PAR  6. An electro-optical device comprising: illuminator means for illuminating
      a scene; timing circuitry for pulsing said illuminator means on and off;
      optical means comprising a gated light amplifier, said gated light
      amplifier being gated on for a discrete time period after each pulse of
      said illuminator means in a systematic manner such that a plurality of
      range increments are viewed by said light amplifier within a single
      integration period of a recording device; and means for generating a light
      amplifier gating pulse, said means comprising a first up counter; a second
      up counter; a comparator connected to provide a light amplifier gating
      pulse when the output of said first and said second up counters are equal;
      and means for loading a number into said first up counter representative
      of the distance to the nearest range to be viewed, said second up counter
      being connected to count up from zero when said illuminator means is
      pulsed on.
NUM  7.
PAR  7. An electro-optical device as set forth in claim 6 wherein said light
      amplifier gating pulse is connected to reset said second up counter
      whereby said means for generating a light amplifier gating pulse will
      produce an output each time said illuminator means is pulsed.
NUM  8.
PAR  8. An electro-optical device as set forth in claim 7 to further comprise a
      means for causing said first up counter to count up whereby said plurality
      of ranges are viewed by said light amplifier within a single integration
      time of a recording device.
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ABST
PAL  A device and method for obtaining an identification pattern of polished
      gemstones. The device comprises, in combination, means for holding the
      gemstone in a reproducible position, means for creating a collimated
      parallel light beam, a lens for projecting a pattern obtained by
      reflecting the collimated parallel light beam from the gemstone onto a
      plane recording medium facing a plane reference surface of the gemstone.
      The distinctive pattern may be projected onto the plane recording medium
      via beam-splitting means. The light used can be white, or monochromatic.
      Polarized light may be used. Rotation of the pattern about the reference
      point of the optical axis provides a pattern which may be evaluated
      automatically.
BSUM
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  Genuine gem-stones, such as diamonds, sapphires, emeralds and the like are
      of considerable value and it is of considerable interest to provide means
      for the positive indentification of an individual gem. This is of value
      for the owner who purchases the specific gem and can thus be given a
      certificate identifying his gem; it is of importance in cases when a gem
      is lost or stolen, and such positive records of identification can be used
      in Court as proof of identification. It is likely that insurance companies
      will find much interest in positive means of identification of gem stones,
      and other further features of the invention will become apparent
      hereinafter. The identification pattern according to the invention ought
      to be included in the insurance file of each gemstone. When gems are
      offered through middle-men, the recorded identification pattern makes
      possible a positive identification of each gemstone. Certificates issued
      for certain gems ought to be in conjuction with record patterns.
PAC  STATE OF THE PRIOR ART
PAR  The identification of gem-stones is rather difficult, and only recently a
      commercial firm has offered a service of identification based on the
      Nomarski differential interference contrast. This record is obtained at a
      high magnification and the procedure is comparatively complicated.
PAR  There is known a device for discriminating or identifying jewels, which
      comprises obtaining a record of light-beams refracted and reflected on a
      light-sensitive material, said light-sensitive material surrounding the
      holding means of the jewel. The record obtained according to this known
      method comprises a plurality of spots resulting from the regular pattern
      of the cut and polished gem; this cannot be evaluated by simple automatic
      means.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention relates to a novel device for the identification of
      polished diamonds and other similar polished gems. More particularly, the
      present invention relates to a device for obtaining a permanent record of
      polished diamonds and other gems, comprising a plurality of spots
      resulting from internal refraction and reflection of light rays due to
      imperfections of such polished gems. The term "imperfections" relates both
      to imperfections in the crystal structure of the gem as well as to
      imperfections of the polished surfaces of same. The present invention
      further relates to a device for obtaining records of identification which
      can be evaluated and compared automatically, as for example by the use of
      a scanning device in combination with a computer. Furthermore the
      invention relates to a method for recording a distinctive pattern
      resulting at least in part from internal refractions and possible multiple
      reflections and due to imperfections of the gem. According to a further
      embodiment of the invention, means are provided for holding the stone in
      such a manner as to obtain a record which is substantially invariant as
      regards rotational changes of same. It further relates to a method of
      converting such pattern into a form which can be evaluated with the aid of
      a scanning device and a computer. Other and further features of the
      present invention will become apparent hereinafter.
PAR  Contrasted with the known methods, the method according to the present
      invention is a very simple and straightforward one, and by means of a
      quite simple apparatus records can be obtained. The production of these is
      not expensive and thus the method can be widely used. Furthermore, the
      record can be easily converted into a form which can be evaluated by
      mechanooptical means, in combination with a computer.
PAR  The present invention will be described in the following with reference to
      diamonds, and especially with reference to diamonds having the standard
      brilliant cut. It is clear that this is by way of example only and that
      the method is applicable as well to other diamond cuts and to other
      polished gemstones. Practically all of these have a preferred plane
      surface which can be used as reference surface, as will be set out
      hereinafter.
PAR  The present invention comprises a novel device for obtaining permanent
      record of a "fingerprint" of gem-stones, this device comprises an optical
      system adapted to provide a plurality of reflections reflected from the
      gemstone and means for recording the reflections. At least part of these
      result from internal reflections due to imperfections. Means are provided
      for a reproducible positioning of the diamond the pattern of which is
      recorded. In the case of the brilliant-cut, the front surface ("table") is
      used as reference surface. There exists the possibility to record
      reflections at varying angles, and the results obtained by using varying
      angles are different:
PAR  a. If the diamond is positioned at such an angle that at least some of the
      direct reflections from the lateral facets of the crown reach the
      recording medium facing the stone, the pattern will comprise also some
      reflections which are indicative of the symmetry of the polished gem, and
      these facilitate the subsequent identification of such gem. This pattern
      contains always also the spots due to internal reflections, (and when
      white light is used: spots due to dispersion of light); at least part of
      these being due to the imperfections of the gem.
PAR  b. If small angles are used, none of the reflections from the lateral
      facets of the crown will reach the recording medium facing the stone, and
      in this case the recorded pattern is due only to internal reflections, the
      character of which is due to a large extent to imperfections of the
      polished surfaces and to internal imperfections. It is assumed that these
      are due to internal scatttering of the light in the diamond, and also due
      to imperfections of the stone and/or its cut and polished surfaces. The
      small-angle reflections are a very sensitive indicator of even slight
      imperfections in the diamond, and these result in a specific pattern which
      is unique for each polished gemstone.
PAR  According to a specific embodiment of the present invention, a permanent
      record is produced which is adapted to be compared by means of automatic
      means of scanning. This is accomplished by rotating the record comprising
      the plurality of spots about the optical axis and recording the resulting
      pattern of a plurality of circles. These are of a definite distribution
      and intensity, corresponding to each of the spots on the original record.
      This pattern can also be obtained directly by a time-exposure of the
      pattern while the recording medium and the stone are rotated respective
      each other about the optical axis. This record of a plurality of circles
      makes possible to compare various records by automatic means and also to
      resort to the use of a computer for the evaluation and comparison of such
      records. The record obtained is invariant as regards rotation about its
      center of rotation. This makes possible the automatic evaluation of the
      recorded pattern. It is advantageous to record both a "rotated pattern"
      for automatic preliminary identification, and also a stationary pattern
      for a final evaluation of the results obtained, as the stationary pattern
      contains more accurate details which may be used for the final
      indentification.
PAR  Monochromatic light, a combination of certain colors, white light, or
      polarized light may be used for obtaining the pattern. If monochromatic
      light is used, the pattern is due to reflections, comprising multiple
      internal reflections and refractions; if there is used white light, or a
      combination of colors, the individual spots of the pattern are due also to
      refractions of different wave lengths, and each spot has a certain
      direction and size, comprising various colors. When recorded on
      colour-film the color-spots provide additional means of identification.
PAR  The device for obtaining permanent records of reflections from polished
      gemstone is described by way of example only with reference to the
      enclosed schematical drawings, which are not according to scale and in
      which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematical side wiew, with film-holder in perspective;
PAR  FIG. 2 is an illustration of the vertical alignment of the table of a
      gemstone or other reference surface reflecting the light beam;
PAR  FIG. 3 and 3' are records obtained on a recording medium by means of the
      device of FIG. 1;
PAR  FIG. 4 and 4' are records obtained by rotating records of the type set out
      in FIG. 3 and 3';
PAR  FIG. 5 is a schematical side view of another device according to the
      present invention;
PAR  FIG. 6 is a schematical side view of yet a further embodiment of a device
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The device for obtaining the identification record of the gemstone (in the
      following: diamond) comprises essentially means for positioning the
      gem-stone so as to have a preferred defined surface thereof perpendicular
      to a collimated beam of light, means for projecting reflections from the
      diamond onto a recording medium facing the gemstone and obtaining a record
      of the pattern of reflections.
PAR  As shown in FIG. 1, a device according to the invention comprises a
      light-source 11, a shutter 12, a collimator 13, a lens 14, a screen 15, at
      the focal plane of lens 14, provided with a small central pinhole 16, a
      second lens 17, at a distance of its focal length from said screen 15, and
      means 18 for holding the diamond 19 with its table 20 perpendicular to the
      collimated beam of light 21.
PAR  The diamond is advantageously positioned quite close to the lens (nearly
      touching it). When a wide-angle lens is used a pattern is obtained which
      includes also spots due to reflections from the regular facets.
PAR  On the side of the screen 15 facing the diamond, recording means 22 are
      provided, preferably being a photographic film in a suitable holder or
      light-sensitive paper or the like. The holder 18 is preferably
      eccentrical, and as shown in FIG. 2 this provides for the possibility to
      adjust the position of the diamond by turning the holder in such a manner
      that the light reflected from the table and focused by lens 17 will be
      collimated onto pinhole 16. This provides the possibility to repeat the
      record with entirely identical results if the same optical system is used.
PAR  Advantageously, a laser or a number of lasers are used as light source, and
      the collimated beam is focused by lens 14, passes through the pinhole 16,
      and after the lens 17 a parallel beam is obtained which is perpendicular
      to the table 20 of the diamond 19. The diamond is adjusted so that the
      reflections from the table are focused onto the pinhole 16. At the same
      time reflections resulting from internal reflections and refractions
      result in the projection, by lens 17, of a distinctive pattern on the
      recording medium 22. In actual use, the diamond is first positioned in its
      exact location, and after this the recording medium is exposed and a
      record of the pattern is made by the use of the shutter 12.
PAR  According to a preferred embodiment of the invention there is used a
      vertical arrangement of the entire device, in the direction shown in FIG.
      1. in which case there is used instead of the holder 18 a plane polished
      glass plate 18', which is in a horizontal position. On this the gem is
      positioned, its table touching the glass surface. The gem is positioned in
      such a manner that its center will be exactly above the pinhole in the
      screen facing it.
PAR  It is possible to record an indentification pattern according to the
      present invention without resorting to the use of a recording medium with
      a central hole as illustrated above. This embodiment avoids the necessity
      of punching the hole and also the exact alignment of the punched film.
      This embodiment, illustrated in FIG. 5 and 6, makes use of beam splitting
      elements such as cube prisms or pellicles.
PAR  With the two embodiments shown in these Figures, the alignment is according
      to some reference point provided by the optical system.
PAR  As shown in FIG. 5, the device according to the invention comprises in
      combination a light-source 51, a shutter 52, a lens 53, a cube beam
      splitter 54, a film 55 shown in perspective view, a lens 56, a mirror 57
      and gem holder 58 holding the gem 59 with the reference surface 60 facing
      the lens 56. The path of the light beam is indicated schematically, and it
      is clear that the beam is partially reflected onto mirror 57, via lens 56
      onto the reference surface of the gem 59, and onto the film 55, where the
      pattern is recorded.
PAR  A similar arrangement is shown in FIG. 6, wherein 61 is a light source, 62
      a shutter, 63 a lens, 64 a pellicle used for beam splitting, 65 a lens, 66
      the lens holder with gem 67, having the reference plane 68 facing lens 66.
      The path of the light beam is indicated, and it is clear that the pellicle
      reflects the light onto the reference plane and that the resulting pattern
      is recorded on the recording medium, shown in perspective, 69.
PAR  It is within the ambit of the present invention to use an arrangement
      wherein the collimated light beam is directed onto the gemstone from the
      opposite direction, i.e. onto the apex of the pavilion, and the pattern of
      reflections and/or refractions resulting is recorded.
PAR  If white light is used, there are obtained colored spots, varying in size
      and degree of dispersion. When recorded on a recording medium reproducing
      the colors, these provide additional details of identification.
PAR  When polarized light is used in conjunction with a suitable analyzer,
      further special effects are obtained due to the sensitivity and
      selectivity of polarized light in multiple reflections through several
      different angles. The direction of initial polarization and of the
      analyzer can be varied, resulting in different identification patterns
      characteristic of each gem. As to the optical effects with polarized
      light, see Born & Wolf, Principles of Optics, 2nd Ed. Pergamon Press,
      London, 1964, p. 36-51.
PAR  In order to facilitate the comparison of existing records with a pattern
      recorded, it is advantageous to obtain a pattern by rotating a pattern of
      the type shown in FIG. 3 and 3', resulting in a plurality of circles of
      varying intensity. After a preliminary comparison by means of this type of
      record, the original records can be compared in order to provide for a
      positive and final identification. Such patterns are described in FIG. 4
      and 4'. It is clear that the above is by way of example only and that many
      modifications and changes in the nature and arrangement of parts may be
      resorted to without departing from the scope and spirit of the present
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for obtaining a reproducible identification pattern of a
      polished gemstone, comprising, in combination:
PA1  light directing means for creating a parallel light beam and directing the
      light beam onto the gemstone, said light directing means including light
      source means for providing a parallel light beam, a first focusing lens in
      the path of the light beam for focusing the light beam onto a focal point,
      and a second lens located downstream of said focal point in the path of
      the light beam at an optical path distance from said focal point equal to
      the focal length of said second lens;
PA1  holding means disposed downstream of said second lens for holding the
      gemstone in the path of the light beam with a plane reference surface
      thereof at a defined reproducible angle to the parallel light beam
      directed thereon through said second lens; and
PA1  a screen optically located on the opposite side of said second lens as the
      gemstone at an optical path distance from said second lens equal to the
      focal length thereof, whereby said screen receives reflections from the
      gemstone passing through said second lens.
NUM  2.
PAR  2. A device in accordance with claim 1 wherein said light source means
      comprises a light source and a collimator.
NUM  3.
PAR  3. A device in accordance with claim 1 wherein said screen is located at
      the focal point of said first lens, said screen having a pinhole
      therethrough at said focal point.
NUM  4.
PAR  4. A device in accordance with claim 1 further including shutter means
      between said light source and said first lens for obtaining a beam of
      light for a predetermined period of time.
NUM  5.
PAR  5. A device in accordance with claim 1 wherein said light source means
      includes a source of monochromatic light.
NUM  6.
PAR  6. A device in accordance with claim 1 wherein said light source means
      includes a source of polarized light.
NUM  7.
PAR  7. A device in accordance with claim 1 wherein said light source means
      includes a source of white light.
NUM  8.
PAR  8. A device in accordance with claim 7 wherein said light source means
      further includes a suitable light filter in the path of said white light.
NUM  9.
PAR  9. A device in accordance with claim 1 wherein said light source means
      includes a laser.
NUM  10.
PAR  10. A device in accordance with claim 3 further including means connected
      to said holding means for focusing the reflection from the plane reference
      surface of the gemstone onto the pinhole of said screen.
NUM  11.
PAR  11. A device in accordance with claim 3 further including a light sensitive
      recording medium positioned on the side of said screen optically facing
      the gemstone.
NUM  12.
PAR  12. A device in accordance with claim 1 further including beam splitting
      means between said first and said second lenses for splitting the beam
      into a first portion reflected at an angle and a second portion passing
      therethrough without reflection, said screen being located in the path of
      one of said portions and said focal point of said first lens being in the
      path of the other of said portions.
NUM  13.
PAR  13. A method for recording distinctive patterns for the identification of
      polished gemstones, comprising:
PA1  directing a beam of light through a lens for creating a parallel beam of
      light;
PA1  holding the polished gemstone with a plane reference surface thereof at a
      defined reproducible angle to the parallel light beam coming from the
      lens; and
PA1  recording a pattern of reflections returning through the lens on a plane
      light sensitive recording medium located at an optical path distance from
      the lens equal to the focal length thereof.
NUM  14.
PAR  14. A method in accordance with claim 13 wherein the parallel beam of light
      is of monochromatic light.
NUM  15.
PAR  15. A method in accordance with claim 13 wherein the parallel beam of light
      is of polarized light.
NUM  16.
PAR  16. A method in accordance with claim 13 wherein the beam of light directed
      toward the lens comes from a source of a parallel beam of light which has
      passed through an initial lens for focusing the light onto a focal point
      and wherein the lens for creating a parallel beam of light is at optical
      path distance from the focal point equal to the focal length thereof.
NUM  17.
PAR  17. A method in accordance with claim 13 wherein the reflections returning
      through the lens are directed onto the recording medium through a
      beam-splitting means.
NUM  18.
PAR  18. A method in accordance with claim 13 wherein the gemstone is a diamond
      of brilliant cut and wherein the plane reference surface of the gemstone
      is the table of the diamond.
NUM  19.
PAR  19. A method in accordance with claim 13 wherein said recording step is a
      time exposure while effecting a relative rotation of the recording medium
      and the gemstone over a total revolution, resulting in a pattern
      comprising a plurality of concentric circles of varying intensity.
NUM  20.
PAR  20. A method in accordance with claim 19 wherein said relative rotation
      comprises rotating the recording medium about the optical axis of the
      pattern of reflections over a total revolution,
NUM  21.
PAR  21. A method in accordance with claim 19 wherein said relative rotation
      comprises rotating the gemstone about the optical axis of the pattern of
      reflections over a total revolution.
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ABST
PAL  A device embodying a substrate having at least one longitudinal groove
      formed in a flat surface thereof for accommodating microstructures for
      microscopic examination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, microstructures, such for example as leukocytes, were prepared
      for microscopic examination by the wedge and cover-slide method or by a
      centrifuge whereby a blood smeared slide was prepared. On such microscopic
      slides, the leukocytes were randomly distributed and the observer had to
      search them out for examination and counting. Due to the random
      arrangement of the leukocytes on a blood smeared slide much time would be
      required by the operator to find each of the leukocytes before they could
      be examined and counted.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of this invention to provide a simple, economical, and
      reliable device for aligning microstructures for microscopic examination,
      which device overcomes the heretofore noted disadvantages.
PAR  Broadly, according to this invention, a device for aligning microstructures
      for microscopic examination embodies a substrate having at least one flat
      surface and at least one longitudinal groove formed in the flat surface
      for accommodating the microstructures. For ease of making a microscopic
      examination of such microstructures, a means for maintaining the
      microstructures in focus during such examination may be provided.
PAR  Additional objects, features, and advantages of the present invention will
      become apparent to those skilled in the art from the following detailed
      description and the attached drawing on which, by way of example, only the
      preferred embodiment of the present invention is illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE shows an oblique view illustrating the device of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is to be noted that the single FIGURE of the drawing is illustrative and
      symbolic of the invention, and there is no intention to indicate scale or
      relative proportions of the elements shown therein. For the purpose of
      simplicity, the present invention will be described in connection with a
      device for aligning leukocytes for microscopic examination, however, the
      present invention is in no way limited for use in connection with blood
      examinations, rather is applicable to aligning any microstructures in a
      liquid for microscopic examination.
PAR  Referring to the single FIGURE of the drawing, there is shown a substrate
      10 within which a plurality of straight, longitudinal channels 12 have
      been formed in one of the flat surfaces of substrate 10.
PAR  Substrate 10 may be an ordinary glass microscope slide within which
      channels 12 have been formed. Channels 12 may be formed by any means known
      in the art. One example is taught in U. S. Pat. No. 2,628,160 by S. D.
      Stookey, which patent is herein incorporated by reference. This patent
      teaches chemical machining or sculpturing of glass.
PAR  In the example wherein the microstructure to be examined are leukocytes, a
      quantity of blood is first prepared by lysing the erythrocytes of the
      whole blood. This is accomplished by mixing the whole blood with a 2
      percent aqueous solution of acetic acid. For suitable lysing, about one
      part of acetic acid is mixed with 10 parts whole blood. When the
      erythrocytes are lysed, the only microscopic structures remaining in the
      liquid are the leukocytes. A quantity 14 of this liquid is then placed
      upon the channeled flat surface 16 of substrate 10 and member 18 is pulled
      or pushed across the flat surface 16 in a squeegee-like manner. The
      leukocyte containing liquid is pulled across surface 16 of substrate 10
      ahead of member 18. With the leukocytes being the only microstructures
      remaining, the red blood cells having been lysed, the leukocytes 20 will
      drop into channels 12 much like B-B's in an oil. Member 18 may be an
      ordinary microscope slide or the like. After the leukocyte containing
      liquid is pulled across surface 16 only the leukocytes structures will
      drop in channels 12 while the bulk of the remaining portion of the liquid
      is pushed off the edge of member 10.
PAR  When the microstructures are leukocytes, they may thereafter be dried,
      dyed, and otherwise treated as is ordinarily required for the examination
      of bloood smears. Substrate 10 may then be placed in a microscope and the
      microscope objective may be aligned with one of the channels 12 and
      examined as heretofore except that all of the leukocytes are now aligned
      within the channels rather than be disposed over the surface of a
      microscope slide in a random manner.
PAR  To facilitate maintaining the micrsotructures in focus, as for example in
      automatic blood slide scanners, the focusing system described in U.S.
      patent application Ser. No. 399,619, filed Sept. 21, 1973 entitled
      "Automatic Focusing System" by L. G. Amos, J. S. Boone, D. L. Hollis, C.
      H. Rogers, and B. H. Sage, and now abandoned, or the like may be used.
      This application is incorporated herein by reference. Another means for
      maintaining the microstructures in focus, may be the formation of a
      plurality of graticles 22 on one of the surfaces of substrate 10 which can
      thereafter be scanned by a photodetector that provides a signal through
      suitable circuitry to adjust the microscope focus.
PAR  The width and depth of channels 12 may be suitably selected to accommodate
      the particular microstructures to be aligned. For example, for the
      purposes of aligning leukocytes, a suitable channel size is about three
      microns deep and from 7-10 microns wide. Such a channel will permit the
      leukocytes to substantially fill the channel preventing overlapping and
      the like.
PAR  Although the present invention has been described with respect to specific
      details of certain embodiments thereof, it is not intended that such
      details be limitations upon the scope of the present invention except
      insofar as is set forth in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of aligning microstructures for microscopic examination
      comprising the steps of
PA1  providing a substrate having two opposite flat surfaces and at least one
      longitudinal channel formed in one of said surfaces, the depth of said
      channel being substantially constant throughout the length thereof,
PA1  depositing a quantity of liquid containing said microstructures on said one
      surface of said substrate,
PA1  pushing the microstructure containing liquid across said one surface of
      said substrate to permit the microstructures to drop into and be deposited
      in said channel in an aligned juxtaposed relationship, said channel being
      of sufficient size to accommodate a single layer of said microstructures
      in substantially single file in said aligned juxtaposed relationship, and
      removing the balance of said liquid.
NUM  2.
PAR  2. The method of aligning leukocytes for microscopic examination comprising
      the steps of
PA1  providing a substrate having two opposite flat surfaces and at least one
      longitudinal channel formed in one of said surfaces, the depth of said
      channel being substantially constant throughout the length thereof,
PA1  depositing a quantity of blood, the erythrocytes of which have been lysed,
      on said one surface of said substrate,
PA1  pushing said blood across said one surface of said substrate to permit the
      leukocytes to drop into and be deposited in said channel in an aligned
      juxtaposed relationship, said channel being of sufficient size to
      accommodate a single layer of said leukocytes in a substantially single
      file in said aligned juxtaposed relationship, and
PA1  removing the balance of said blood.
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ABST
PAL  An Oximeter Cuvette having a complimentary cover with a stirrer that
      extends into the cuvette cavity and which is rotated relative to the
      cuvette by the oximeter unit is particularly advantageous to permit a
      plurality of samples to be evaluated rapidly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oximeter cuvettes and more particularly to an
      oximeter cuvette having a complimentary cover with a stirrer.
PAR  In vitro oximeters such as those disclosed and claimed in U.S. Pat. No.
      3,296,922 used an expensive cuvette which is manufactured to extremely
      close tolerance in combination with a permanent stirring mechanism and
      cover combination. The permanent stirring mechanism and cover combination
      is used to position the cuvette and secures the cuvette firmly against the
      glass plate through which the measurement transmission is passed. In
      devices of this type, it is necessary to clean the stirring mechanism and
      cover between the evaluation of each successive sample. Since the cleaning
      of the cover and stirrer, as well as the cuvette, involves sterilization,
      a substantial delay is incurred between successive tests, unless the
      operator has a supply of sterilized covers, stirrers and cuvettes.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION AND DRAWINGS
PAR  A cylindrical cuvette for an oximeter having a complimentary cover with a
      stirrer mounted thereon that may be driven by the oximeter is particularly
      advantageous in that it may be disposed of after a single use.
PAR  It is an object of this invention to provide a cuvette for use with a
      liquid reflectance measuring apparatus and a complimentary cover having a
      stirrer mounted thereon.
PAR  It is another object of the present invention to provide a disposable
      cuvette and stirrer assembly for use with an oximeter.
PAR  It is a still further object of the present invention to provide a
      disposable cuvette and stirrer assembly for use with an oximeter having an
      external gear on the cover to engage a drive gear on the oximeter unit.
DRWD
PAR  FIG. 1 is a perspective view of an oximeter having the cuvette and cover
      assembly positioned for evaluation of a blood sample;
PAR  FIG. 2 is a side view partly in section showing the mechanism for driving
      the stirrer according to one embodiment of the present invention;
PAR  FIG. 3 is a perspective view showing, in spatial relationship, the cover,
      cuvette, and plate for positioning the cuvette; and
PAR  FIG. 4 is a partial cross-section of another embodiment of the cuvette and
      cover.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an oximeter 1 generally having a cuvette-cover assembly 2
      positioned for evaluation of a blood sample (not shown). Referring to FIG.
      2, cuvette 3 is firmly secured against glass plate 4 by retainer 5. Glass
      plate 4 permits light to be transmitted to the blood sample (not shown)
      from the evaluator and reflected light to be transmitted from the blood
      sample to the evaluator. Cuvette 3 has a recess 6 acting as the blood
      chamber and is sealed by cover 7, which has a complimentary sidewall 8
      extending toward the base of cuvette 3 and a stirrer 9 mounted coaxially
      to the cover. Stirrer 9 has an axially displaced portion 10 located within
      recess 6. External gear 11 is mounted near the base of sidewall 8 and
      engages drive gear 12. Drive gear 12 is connected to the motor by shaft 13
      and intermediate gears 14 and 15. An inwardly extending flange provides a
      bearing surface 21 to coaxially align cover 7 and cuvette 3 with minimum
      friction while maintaining engagement of external gear 11 and drive gear
      12.
PAR  IN FIG. 3, cover 7 with stirrer 9 and external gear 11 is shown in a
      spatial relationship to cuvette 3 and retainer 5. In operation, cover 7
      rests on top edge 16 which is preferrably tapered to reduce resistance of
      the relative rotary motion between cover 7 and cuvette 3. The bottom end
      of cuvette 3 has a pair of diametrically opposed flange sections 17 (one
      shown). Retainer 5 has opening 18 which is shaped complimentary to the
      cross-section of the bottom 19 of cuvette 3. The cuvette is inserted
      through opening 18 and rotated until flange sections 17 are under edges 20
      of retainer 5. In this position, cuvette 3 is seated firmly against plate
      4 and the frictional engagement between flange sections 17, retainer 5 and
      glass plate 4 prevents rotation of cuvette 3 when the motor is started and
      cover 7 is rotated thereby.
PAR  FIG. 4 shows another embodiment in which cover 7 has radial groove 22
      extending around the interior of sidewall 8 and cuvette 3 has a
      complimentary external flange 23 which snaps into groove 22 to prevent
      unintentional axial displacement of cover 7 during rotation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cuvette and stirrer assembly for use with liquid reflectance measuring
      apparatus having a drive gear which comprises a cuvette including a
      circular cross-sectioned, cylindrical body having a cylindrical coaxial
      recess in the top thereof to hold a liquid sample, the bottom of said body
      being transparent and having a planar exterior surface adapted to transmit
      light from said apparatus into said recess, and a stirrer including a
      hollow cover having a cylindrical cavity in one end thereof and
      complimentary to the exterior of said body, said cavity being adapted to
      receive said body and to align said cavity and said recess coaxially, the
      other end of said cover being a top, said top having an elongated member
      extending therefrom into said recess, a portion of said elongated member
      being located within said recess and being spaced from the axis thereof,
      an external gear concentrically mounted on said cover to engage the drive
      gear whereby said cover may be rotated relative to said body and said
      sample stirred by the member during measuring.
NUM  2.
PAR  2. The assembly according to claim 1 wherein said gear is mounted adjacent
      said one end of cover.
NUM  3.
PAR  3. The assembly according to claim 1 wherein the bottom of said recess and
      the bottom of the body are parallel planes.
NUM  4.
PAR  4. The assembly according to claim 1 wherein the top of the cavity rests on
      the top of the body to support said hollow cover.
NUM  5.
PAR  5. The assembly according to claim 1 wherein the member extends coaxially
      from said cover to said portion of said member.
NUM  6.
PAR  6. The assembly according to claim 1 further including means to prevent
      relative axial motion between said cuvette and said cover without
      restricting relative rotation therebetween.
NUM  7.
PAR  7. A cuvette stirrer assembly for use with an in vitro reflectance oximeter
      having means to temporarily hold and prevent rotation of the cuvette and a
      drive gear which comprises
PA1  a cuvette body including a circular cross-sectioned, cylindrical recess in
      the top thereof to hold a blood sample, the bottom of said cuvette having
      a planar exterior surface adapted to transmit light from said oximeter
      into said recess and to transmit light reflected from the blood sample
      back into the oximeter, a circumferential groove and an irregular area in
      the exterior surface adjacent the bottom of said body cooperating with
      said means to temporarily hold and prevent rotation of the cuvette, and
PA1  a stirrer including a hollow cover having a cylindrical cavity in one end
      thereof complimentary to the exterior of said body, said cavity being
      adapted to receive the top of said body and to align said cavity and said
      recess coaxially, the other end of said cover being adapted to support
      said cover by resting on the top of said body, an elongated member
      extending coaxially from said top into said recess, a portion of said
      member being within said recess and being spaced from the axis thereof, an
      external gear concentrically mounted said one end of said cover to engage
      the drive gear,
PA1  whereby said cover may be rotated relative to the cuvette and the blood
      sample is stirred by the member during reflectance oximetry
      determinations.
NUM  8.
PAR  8. In combination, a reflectance oximeter for determining the percentage of
      oxygen saturation in whole blood and the cuvette and stirrer assembly of
      claim 7.
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PAL  Cells of a given type spread among an ensemble of cells of various types
      are identified and, if desired, counted. Coherent light is directed toward
      a monolayer of cells of various types. The light scattered by the
      monolayer of cells is collected by a lens and the collected light is
      filtered by an optimum filter located in the focal plane of the lens. The
      optimum filter is a minimum mean-square error linear filter which
      suppresses light scattered by cells other than the given type of cell
      whereby the light scattered by the given type is enhanced. The intensity
      of the light passed by the optimum filter is related to the number of
      cells of the given type contained in the monolayer of cells. If desired, a
      second lens may be used to collect the filtered light and focus it toward
      an integrating and squaring detector.
PAL  The optimum filter may be obtained photographically. In one form, a first
      photographic negative of a monolayer of cells having a high percentage of
      cells of the given type is made at the focal plane of a transforming lens
      mounted so as to collect the light scattered by the monolayer; and,
      developed for a gamma of unity. Thereafter, a second photographic negative
      is made at the same focal plane of a monolayer of cells containing a
      normal percentage of cells of the given type using the first negative as a
      filter. The second negative is developed for a gamma of two. The resulting
      photographic plate is a realization of the desired optimum (minimum
      mean-square error linear) filter. Alternatively, a sandwich of two
      photographic plates, one positive and obtained from a monolayer of cells
      having a high percentage of cells of the given type and the other negative
      obtained from a monolayer of cells having a normal percentage of cells of
      the given type, is constructed to provide a physical realization of the
      desired optimum filter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to particle identification and more
      particularly, to the identification of particles of one type located in a
      mass or ensemble of particles of various types, and the counting of the
      identified particles, if desired.
PAR  The herein described invention was developed for use in identifying and
      counting the number of biological cells of a given type present in a mass
      of cells of varying types and is described in that environment. In
      particular, the invention was developed for use in determining the
      percentage of reticulated (immature) blood cells, commonly called
      reticulocytes, present in a blood specimen. However, it will be
      appreciated from the following description that the invention has much
      broader applicability. For example, it can be utilized merely to identify
      cells or it can be used to identify and, if desired, count the number of
      biological cells of other types (such as leukocytes, platelets, and
      erythrocytes, etc.). Further, the invention can be utilized in pap smear
      analysis, and in other cancer screening operations.
PAR  The invention is also applicable to the identification and counting of
      particles other than biological cells. Further, the invention is useful in
      areas other than detecting defects or undesired (or desired) foreign
      bodies contained in a support medium. Hence, the use of the invention
      should not be construed as limited to the particular biological cell
      environment hereinafter described.
PAR  In recent years, various attempts have been made to develop methods of and
      apparatus for automatically identifying and counting biological cells and,
      in particular, the various biological cells contained in blood. For the
      most part, such attempts have been directed toward the identification and
      counting of leukocytes, although some attention has been given to the
      identification and counting of reticulocytes as well. In general, prior
      art attempts have been directed to the development of instruments for
      automatically analyzing blood cell images in a topographic manner. One
      prior art apparatus uses a high resolution microscope to magnify a
      conventionally stained blood smear illuminated by monochromatic light. A
      scanning detector such as a vidicon tube scans the magnified image. The
      output of the scanning detector is analyzed by a special purpose computer,
      or a suitably programmed general purpose computer, to provide the desired
      information. More specifically, the topology data contained in the
      scanning detector signal is sorted and analyzed by a series of algorithms
      to provide the desired information. Obviously, this apparatus is expensive
      and the method involved is time consuming, even considering the
      capabilities of modern digital computers. Moreover, highly skilled
      individuals are required to prepare the required program, if a general
      purpose digital computer is used. Further, a highly skilled medical
      technologist is still required to classify abnormal cells which the
      computer fails to recognize.
PAR  Another prior art proposal for identifying biological cells involves the
      suspension of the cells in a liquid. The suspended cells are carried
      through a flow tube where they interact with a focused laser beam.
      Information derived from the detection of the scattered light is analyzed
      by a suitable special purpose computer, or programmed general purpose
      computer. This approach is, obviously, also expensive and time consuming.
      First, the biological cells must be liquid suspended and, then they must
      be treated with a suitable material so that the flourescent properties of
      the cells to be detected are adequately enhanced. Finally, the material
      must be analyzed by expensive electronic equipment.
PAR  Another prior art biological cell identification and counting apparatus
      includes a continuous flow autoanalyzer. Cell identification is
      accomplished by spectrophotometrically analyzing differential cytochemical
      reactions, and by cell sizing. Again, this apparatus is expensive and its
      use is time consuming.
PAR  In general, the foregoing (except for the automatic microscope) and most
      other prior art methods and apparatus ignore the morphology (geometry) of
      the cells being analyzed. Rather, other cell parameters are emphasized,
      such as the interaction of a desired type of cell with a certain chemical
      or chemicals. The present invention, on the other hand, as will be better
      understood from the following description, places its main emphasis on
      cell morphology.
PAR  It will be appreciated from the foregoing brief discussion that the prior
      art apparatus for identifying and counting biological cells is expensive.
      In addition, the methods used are time consuming. Further, these methods
      and apparatus require the skill of highly trained personnel. Moreover,
      many of the prior art methods and apparatus are unsuitable for use in
      certain environments, such as the identification and counting of
      reticulocytes.
PAR  In view of the expensive nature of the prior art apparatus and their
      unsuitability in many environments, classical manual techniques for
      identifying and counting biological cells remains widespread. In the
      particular case of reticulocytes, the classical techniques involve
      incubating a few drops of blood with a suprevital stain (such as New
      Methylene Blue). Thereafter, thin smears are prepared and, by light
      microscopy, the number of reticulocytes among a predetermined number of
      red cells (such as 1,000 or 5,000) are manually counted. The end result is
      a percentage number representing the percentage of red blood cells that
      are reticulated. Not only is this technique tedious and time consuming,
      but it is also limited in accuracy. A recent study by the National
      Communicable Disease Center showed that performance was unsatisfactory in
      40% of the laboratories tested with respect to the differential
      classification of blood cells on normal blood smears, and unsatisfactory
      in an even greater percent of the laboratories when the test specimens
      were blood smears from certain frequently encountered abnormal conditions.
      Thus, it is desirable to provide a method of and an apparatus for
      achieving the desired information without requiring such tedious and time
      consuming labor, along with equal to or better accuracy, not only for use
      in identifying and counting reticulocytes, but also for use in identifying
      and counting other types of biological cells and particles.
PAR  Therefore, it is an object of this invention to provide a method of and an
      apparatus for identifying the particle or particles of a given type
      located in an ensemble of particles of varying types.
PAR  It is a further object of this invention to provide a method of and an
      apparatus for identifying the particle or particles of a given type
      located in a ensemble of particles of varying types and either counting
      the particles or determining their concentration with respect to particles
      of some other given type.
PAR  It is also an object of this invention to provide a method of and an
      apparatus for identifying and counting the biological cells of a given
      type present in a mixture or ensemble of biological cells of various
      types.
PAR  It is another object of this invention to provide a method of and an
      apparatus for determining the percentage of reticulated red blood cells
      present in a blood specimen.
PAR  It is a further object of this invention to provide an inexpensive
      apparatus suitable for rapidly identifying and counting the number of
      particles of a given type present in an ensemble of particles of various
      types.
PAR  It is yet another object of this invention to provide an inexpensive
      apparatus suitable for rapidly identifying and counting the number of
      biological cells of one type in an ensemble of biological cells of varying
      types, and in particular the number of reticulated red blood cells in a
      blood specimen.
PAR  During the development of the main method and apparatus of the present
      invention, it was found necessary to produce an optical filter having
      minimum mean-square error linear characteristics. Thus, it is a subsidiary
      object of this invention to provide a method of producing a minimum
      mean-square error linear optical filter, and the filter obtained thereby.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention, a method of identifying
      and counting, if desired, the number of particles of a given type located
      in an ensemble of particles of various types provided. In general, the
      method comprises the steps of: preparing a monolayer of the ensemble of
      particles or cells to be analyzed; directing a coherent monochromatic
      electromagnetic wave energy beam toward said monolayer; collecting the
      electromagnetic wave energy scattered by said monolayer of said particles
      or cells; and, passing the collected scattered electromagnetic wave energy
      through a minimum mean-square error linear filter positioned so as to
      suppress the electromagnetic wave energy scattered by the particles or
      cells other than the given particles or cells and, thereby, enhance the
      electromagnetic wave energy scattered by the given particles or cells.
PAR  In accordance with other principles of this invention, the method comprises
      the further steps of: collecting the filtered electromagnetic wave energy;
      and, integrating and squaring the filtered, collected electromagnetic wave
      energy.
PAR  In accordance with yet other principles of this invention, the
      electromagnetic wave energy beam is a coherent monochromatic light beam.
PAR  In accordance with further principles of this invention, methods of
      producing minimum mean-square error linear filters are provided. In one
      form, the method comprises the steps of: directing a monochromatic
      electromagnetic wave energy beam such as a light beam toward a first
      monolayer of particles or cells having a high percentage of particles or
      cells of the given type; collecting the light scattered by said first
      monolayer with a transform lens; taking a first photograph at the focal
      plane of the transform lens to obtain a negative of the scattered light
      intensity; directing a monochromatic light beam toward a second monolayer
      of particles or cells having a normal population of particles or cells of
      the given type; collecting the light scattered by said monolayer with a
      transform lens; and, taking a second photograph at the focal plane of the
      transform lens using the first photograph as a filter. The second
      photograph forms the desired minimum mean-square error linear filter. In
      an alternate form, the inventive method of obtaining an optimum filter
      generally comprises the steps of: obtaining a photographic positive of the
      monochromatic light scattered by a first monolayer of an ensemble of
      particles or cells having a high percentage of particles or cells of the
      given type; obtaining a photographic negative of the monochromatic light
      scattered by a second monolayer of an ensemble of particles or cells
      including a normal population of particles or cells of the given type;
      and, sandwiching the photographic positive plate with the photographic
      negative.
PAR  In accordance with further principles of this invention, the methods
      utilized to obtain the desired mean-square error linear filter both
      include the substeps of: developing the photograph related to the high
      percentage monolayer at a gamma of 1; and, developing the photograph
      related to the normal percentage monolayer at a gamma of 2.
PAR  In accordance with further principles of this invention, an apparatus for
      identifying and counting particles of a given type located in an ensemble
      of particles of various types is provided. The apparatus comprises: a
      monochromatic source of coherent electromagnetic wave energy; support
      means for supporting a monolayer of particles in the beam generated by the
      monochromatic source of coherent electromagnetic wave energy; a lens for
      collecting the electromagnetic wave energy scattered by the monolayer of
      particles; and, an optimum filter located in the focal plane of the lens,
      the optimum filter being adapted to suppress electromagnetic wave energy
      scattered by particles other than the given type.
PAR  In accordance with further principles of this invention, the optimum filter
      is a minimum mean-square error linear filter.
PAR  In accordance with still further principles of this invention, one
      mathematical form of the optimum filter is given by the following
      equation:
      ##EQU1##
      where: S.sub.ss (.omega.) = Fourier power spectral density of the light
      scattered by particles of the given type (signal)
PA1  S.sub.nn (.omega.) = Fourier power spectral density of the light scattered
      by particles of all types but the given type (noise).
PAR  In accordance with still further principles of this invention, a second
      lens is located on the remote side of the filter and collects the filtered
      light. Located on the remote side of the second lens is an integrating and
      squaring detector. The output of the detector is, preferably, an
      electrical signal that contains information related to the number of given
      particles in the monolayer.
PAR  It will be appreciated from the foregoing description that the invention
      provides an uncomplicated method of and an apparatus for detecting the
      magnitude of a given particle type in an ensemble of particles of various
      types. The particles may be, for example, biological cells, such as
      reticulocytes. Alternatively, other types of particles can be identified
      utilizing the invention. In any event, the invention utilizes the known
      fact that the farfield diffraction pattern (in the focal plane of a lens)
      is in the form of a two-dimensional Fourier transform. This phenomena is
      exploited by the invention to identify cells or particles of a given type.
      More specifically, the invention uses an optical data-processing system
      employing an optimum filter to weigh the Fourier spectrum of the cells or
      particles in a manner such that light scattered by particles other than
      the given type are suppressed whereby light scattered by the given
      particle or particles are enhanced (relatively). The population density of
      the given type is determined by optically integrating the thusly enhanced
      image. The resultant information can be turned into a percentage value by
      determining the population density of cells or particles of another type
      and comparing the derived information. In the event that the population
      density of a particular type is approximately constant from sample to
      sample, a percentage relative to this particular type can be obtained by
      simple calibration.
PAR  It will also be appreciated from the foregoing description that while film
      filters have been described other types of filters can be utilized by the
      apparatus of the invention. For example, dichromated gelatin holograms or
      photo dichroics can be used. In general, all that is necessary is that the
      filter have controlled opacity to the electromagnetic wave energy being
      used. It will further be appreciated that the monolayer of cells or
      particles can be moving as well as stationary. In fact single cells can be
      directed through the coherent monochromatic electromagnetic wave energy
      beam, if desired.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes better
      understood from the following detailed description when taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of an apparatus
      formed in accordance with the invention;
PAR  FIG. 2 is a schematic diagram of a first process for forming an optimum
      filter suitable for use in the embodiment of the invention illustrated in
      FIG. 1; and,
PAR  FIG. 3 is a schematic diagram of an alternate process for forming an
      optimum filter suitable for use in the embodiment of the invention
      illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  General Introductory Description
PAR  As generally illustrated in FIG. 1, in accordance with the invention, a
      collimated coherent monochromatic light beam 11 (electromagnetic wave
      energy) is intersected by a monolayer of cells 13. Preferably, the
      coherent monochromatic light beam is generated by a laser and collimated
      by a collimating lens. The monolayer of cells 13 lies in a plane located
      orthogonal to the axis 12 defined by the collimated light beam 11 and
      includes a cell or cells of the type (given type) to be identified and
      counted, if desired, located in an ensemble of cells of various types. For
      example, the monolayer may be a blood smear and include reticulocytes
      (immature red blood cells) randomly located among erythrocytes,
      leukocytes, platelets and other artifact normally contained in a blood
      smear. The blood smear may be mounted on a glass slide, for example.
PAR  The monolayer of cells 13 scatters the collimated coherent monochromatic
      light beam and the thusly scattered light is collected by a first
      collecting lens 15. The first collecting lens is centered on the main
      optical axis 12 and directs the scattered light toward an optimum filter
      17. The optimum filter is also centered on the main optical axis 12. In
      addition, the optimum filter is located at the focal plane of the first
      collecting lens 15. The optimum filter, as will be better understood from
      the following description, suppresses the light scattered by all of the
      cells contained in the monolayer, except the light scattered by the
      reticulocytes (the given type to be identified and counted) whereby the
      light scattered by the reticulocytes is enhanced (relatively). The light
      passed by the optimum filter 17 is collected by a second collecting lens
      19 centered about the main optical axis 12 and located a focal length (F)
      from the "output" side of the optimum filter 17. The second collecting
      lens 19 directs the "passed" light onto the light sensitive surface of a
      light detector 21. In accordance with its input, the light detector
      generates an output signal at a pair of output terminals 23 suitable for
      connection to an indicator (not shown), such as a meter. If desired,
      automatic means may be provided for moving suitably supported monolayers
      into and out of the main optical axis 12. Preferably, the lenses and
      filter bandwidths are designed to maximize the available bandwidth in the
      focal plane corresponding to the domain of reticulum and cell sizes.
PAR  While FIG. 1 illustrates a monolayer of cells mounted on a glass slide
      located at a fixed position, for example, it will be appreciated that the
      monolayer could be moved through the optical axis 12, if desired. In fact
      cells could be passed through the axis one-at-a-time, if desired.
      Moreover, the monolayer could be located between the first collecting lens
      15 and the optimum filter 17, rather than in the collimated beam 11. If
      located in such a position, movement of the monolayer back and forth
      between the first collecting lens 15 and the optimum filter will provide a
      scaling benefit.
PAC  Optimum Filter Theory
PAR  In analogy with a communication system, all cells on the blood slide
      together with artifact are considered to be a combination of signal and
      noise. The particular cell type (reticulocytes) to be identified and
      counted form a "signal" (s); and, the remaining cells and artifact
      represent "noise" (n). Thus, the light (x) scattered by the monolayer 13,
      collected by the first collecting lens 15 and received by the optimum
      filter 17 can be represented by the following equation:
EQU  x = s + n                                                  (1)
PAR  The optimum filter of the invention, thus, must optimally distinguish the
      signal from the noise. There is, however, a constraint on optimization;
      specifically, the mean-square error that exists between the signal
      estimated to be present, and the actual signal present. If the estimated
      signal is denoted s, it can be represented mathematically by a convolution
      of the input signal x(u) and the desired filter impulse response, h(u).
      The following equation describes this convolution:
      ##EQU2##
PAR  The statistical expectation value of the squared error can be represented
      by the following equation:
EQU  E[.vertline.s - s.vertline..sup.2 ]                        (3)
PAL  This equation then is the one to be minimized.
PAR  The solution to this minimization problem, which provides an optimum
      estimate satisfying equation (2), is given by the Weiner-Kolmogorov
      theory. In accordance with this theory, the mean-square error is minimized
      when the error is orthogonal to the data, i.e.,
EQU  E [(s - s) .sup.. x] = 0.                                  (4)
PAL  Expanding equation (4) in terms of equations (1) and (2) yields the
      following equation:
      ##EQU3##
      where R.sub.xx (.tau.) is the auto-correlation function of the signal x.
PAR  This result simplifies when the signal and noise are uncorrelated. In this
      case equation (5) reduces to
      ##EQU4##
      Taking the Fourier transform of equation (6) and solving for H(.omega.)
      results in the production of the filter equation:
      ##EQU5##
      Where: H(.omega.) is the desired frequency response of the filter;
PA1  S.sub.ss (.omega.) is the power spectral density (Fourier transform
      squared) signal; and,
PA1  S.sub.nn (.omega.) is the power spectral density (Fourier transform
      squared) noise.
PAR  In accordance with the invention, a coherent optical data processor
      (optical filter) is used to perform the desired filtering operation in the
      frequency domain (focal plane) of a lens. Procedures for realizing an
      optical filter having the mathematical characteristics denoted in equation
      (7) are presented next.
PAC  Optimum Filter Realization
PAR  In accordance with the invention, two different methods of obtaining or
      realizing an optical filter having the characteristics described
      mathematically in equation (7) are provided. In either case, it is
      necessary to obtain a monolayer having a high percentage of the given cell
      (reticulocytes), and a monolayer having a normal population of the given
      cell.
PAR  Two of the various methods that may be utilized to obtain monolayers having
      high reticulocyte populations are hereinafter described. In the first
      method, a standard blood sample is first centrifuged to take advantage of
      the well known fact that reticulocytes are less dense than are mature
      erythrocytes. Thus, a two to three-fold concentration of reticulocytes is
      formed in the upper layer of the centrifuged blood sample. A sample is
      then taken from the upper layer of cells. By this technique, samples with
      reticulocyte counts as high as 30-50% of the total red blood cell count
      can be obtained from samples with original reticulocyte counts of 10-20%.
      Because this reticulocyte count is still not exceedingly high, the second
      method of obtaining a high concentration of reticulocytes is preferred.
PAR  The second method comprises injecting subcutaneously a suitable animal,
      such as a rabbit, with 0.5 cc/kg of a 2.5% solution of phenylhydrazine for
      4 days. This injection causes a severe hemolytic anemia condition to
      occur. By the 7th day after the injections are started, the blood of the
      animal has a reticulocyte count of greater than 90%. Blood samples are
      taken from the animal as it recovers, at 1-2 day intervals. In this
      manner, an array of reticulocyte counts that range from 75% or more down
      to around 5% are obtained. Thus, not only are samples having high
      reticulocyte counts obtained by this technique, but samples having varying
      reticulocyte counts are also obtained. Variations in average sizes due to
      different animal blood are accounted for by the adjustment of focal
      lengths during filter formation.
PAR  The obtained blood samples are then stained with new methylene blue and
      smears are made on counterslip glass slides with a suitable centrifuge.
      This technique provides a uniform monolayer of cells on the slide. The
      slides may be counterstained with Wright's stain to provide more contrast
      between the reticulocytes and the remainder of the red blood cells,
      although this is not necessary. In this manner, a monolayer of cells
      having a high percentage of reticulocytes is obtained. As will be better
      understood from the following description, such a slide, and a slide
      having normal population of reticulocytes, are used to create the desired
      optimum filter.
PAR  In accordance with the invention, the optimum filter 17 is created by
      photographing the Fourier spectrum of both a high count slide and a normal
      count slide at the focal plane of a transform lens. The method takes
      advantage of the well known fact that the amplitude transmission
      coefficient, t.sub.a, of a film can be represented by the following
      equation:
EQU  t.sub.a = C.sub.o I.sup.-.sup..gamma..sup./2,
PAL  where: I is the incident illuminating intensity; C.sub.o is an appropriate
      constant for the particular film being used (C is a constant in all of the
      following equations); and, .gamma. is the gamma of the film or the slope
      of the Hurter-Driffield curve. As is well-known in the photographic art,
      the gamma factor may be adjusted by a suitable choice of film and
      development procedures.
PAR  In accordance with the invention, two different photographic methods can be
      employed to produce the desired optimum filter. FIG. 2 is a schematic
      illustration of one method, and FIG. 3 is a schematic illustration of the
      second method. In the first method, a photographic negative is made of the
      Fourier spectrum of a slide having a high reticulocyte count, the slide
      being illuminated by coherent monochromatic light of the type emitted by a
      laser. This negative represents the signal spectrum and is used as a
      filter for a second photographic negative taken of the Fourier spectrum of
      a slide having a normal reticulocyte count (signal plus noise). The second
      negative forms the desired optimum filter. Both photographs are taken at
      the focal plane of a transform lens, and the first is developed at a gamma
      of 1 and the second is developed at a gamma of 2. In order to better
      understand the formation of the optimum filter using the first method, the
      following mathematic description is provided.
PAR  The incident illuminating intensity, I.sub.1, for a high count slide is the
      signal spectrum, S.sub.ss (.omega.). Thus, for .gamma. = 1, equation (8)
      can be written as:
EQU  t.sub.al = C.sub.1 S.sub.ss (.omega.).sup.-.sup.1/2
PAL  Since amplitude transmission, t.sub.a, can be considered the square root of
      an intensity transmission coefficient .tau., equation (a) can be rewritten
      in terms of an intensity coefficient as:
      ##EQU6##
      Thus, the first negative possesses an intensity transmission coefficient
      related to signal only, ignoring minor errors that exist because a perfect
      100% reticulocyte count slide cannot presently be obtained.
PAR  As discussed above, the first negative is used to filter light impinging on
      a second negative located so as to photograph the Fourier spectrum of a
      slide having a normal population of reticulocytes (signal plus noise).
      Thus, the incident illuminating intensity, I.sub.2, impinging on the
      second photographic negative is the product of the intensity transmission
      coefficient .tau..sub.1 and the incident illuminating signal plus noise
      intensity. In other words, the incident illuminating intensity, I.sub.2,
      can be represented by the following equation:
EQU  I.sub.2 = C.sub.3 [S.sub.ss (.omega.).sup.-.sup.1 ][S.sub.ss (.omega.) +
      S.sub.nn (.omega.)]                                       (11)
PAL  If the gamma of the second plate is adjusted to 2, then the second
      amplitude transmission coefficient t.sub.a2, can be represented by the
      following equation:
      ##EQU7##
      Comparison of equation (12) with equation (7) reveals that the amplitude
      transmission coefficient of the second negative is the same as the desired
      filter function. Thus, the second photographic plate forms the desired
      optimum filter without requiring further processing.
PAR  In the foregoing manner, an optimum filter having minimum mean-square error
      linear filtering characteristics is created. It will be appreciated by
      those skilled in the communication art that the filter function complies
      with Weiner-Kolmgorov filter theory. When this filter is placed at the
      Fourier transform plane of a collecting lens, as illustrated in FIG. 1,
      light scattered by cells (or particles) having different geometric
      characteristics or morphology than the geometric characteristics of the
      desired cells is suppressed, whereby the light scattered by the desired
      cells is enhanced in a relative manner.
PAR  It will be appreciated from the foregoing disscussion that the invention
      utilizes the known fact that the far-field diffraction pattern (in the
      focal plane of a lens) is in the form of a two-dimensional Fourier
      transform. The optimum filter in essence weighs the Fourier spectrum
      created by the scattered light so as to enhance the light related to
      particular (given) cell types while suppressing light scattered by other
      types in a relative manner. As will be better understood from the
      following description, the population density (count) of cells of the
      given type may be determined directly by optically integrating the
      enhanced cell image.
PAC  Alternate Method of Optimum Filter Realization
PAR  FIG. 3 illustrates the alternate method of obtaining or realizing an
      optimum filter of the desired type. In this case, two photographic
      negatives are separately exposed, again at the focal plane of a transform
      lens and using coherent monochromatic light. The first negative is exposed
      to the light scattered by a monolayer having a high count of the given
      cell type (reticulocytes). This negative is developed for a gamma of 1 and
      used to create a photographic positive. The second negative is exposed to
      a monolayer having a normal count of cells of the given type and developed
      for a gamma of 2. The photographic positive made from the first negative
      is then sandwiched with the second negative. The result is the desired
      optimum filter. In certain instances, the second method of realizing an
      optimum filter may have certain beneficial advantages since control of the
      relative exposures is slightly better.
PAR  It will be appreciated by those skilled in the art that the two described
      optical filters are not only the filters that can be used by the
      invention. For example, dichromated gelatin holograms could be used; or,
      photo dichroics. In general all that is necessary is that the filter
      medium be such that its opacity can be controlled in a manner such that
      the desired filter characteristics can be created.
PAC  Reticulocyte Signal Spectrum
PAR  It can be mathematically demonstrated that the signal spectrum of a
      reticulocyte is composed of three components: (1) a convolution between
      the spectrum due to the enlarged red cells and the spectrum due to
      reticulum which accounts for the localization of the reticulum within the
      reticulated red cells; (2) the power spectrum due to the enlarged red
      cells alone and the reticulum alone which account for their characteristic
      sizes and shapes; and, (3) a delta function (DC term) contributing only to
      the power at the origin. In accordance with the invention, the latter
      component (3), is removed by placing a stop, approximately 1/10 the
      diameter of the central Airy disc for the red cells, at the origin of the
      filter. If this stop is not included, this term, obviously, would dominate
      the resuultant image and, thus, make the light scattered by the
      reticulocytes more difficult to detect.
PAR  With respect to the other two components, (1) and (2), the minimum
      mean-square error linear filter optimally passes the reticulocyte or
      signal spectrum while suppressing the spectrum of other cells. In other
      words, the optimum filter recognizes (passes light related to) only those
      red blood cells containing reticulum within their boundaries and ignores
      (suppresses light related to) artifact and cells not containing reticulum.
PAR  The effect of reticulum within a cell is to broaden the cell's spectrum
      over a wider frequency range. This spectrum broadening is due to the
      convolution process. Thus, the most important of the three components is
      the convolution component.
PAC  Output Information
PAR  As previously discussed with respect to FIG. 1, the light "output" of the
      second filter may be collected by a second collecting lens 19 and imaged
      onto the photosensitive surface of a photodetector 21. The output of the
      detector can be applied to an electric meter, for example. Obviously, the
      method of the invention can be practiced, and the apparatus used, by
      relatively unskilled individuals.
PAR  In many instances, particularly in the area of reticulocyte identification
      and counting, it is desirable to relate the output of the detector to some
      other value in order to provide percentage information. In the particular
      case of reticulocytes, the other value is the total number of erythrocytes
      in the monolayer being investigated. As will be better understood from the
      following discussion, the basic inventive apparatus is easily modified to
      provide this desired result.
PAR  Since the reticulated cell signal spectrum S.sub.ss (.omega.), has the
      morphological information pertaining to the host cell (erythrocytes), a
      portion of the signal S.sub.ss (.omega.) is related to erythrocyte
      structure. This information is used to measure the total number of
      erthrocytes present in any given signal spectrum. More specifically, in
      accordance with the invention, a minimum mean-square error linear filter
      is used to provide a total cell count. The total cell count is used for
      percentage calibration purposes. Alternatively, the output can be
      normalized to total erythrocyte density, if desired.
PAC  Example of an Actual Embodiment
PAR  In one actual embodiment of the invention, a helium-neon 5-mW laser beam 1
      mm in diameter was expanded with a 10 power objective and a 25-.mu.pinhole
      spatial filter. The resultant diverging beam was approximately both
      spatially and temporally coherent. The light was then collimated with a
      100 mm f/2 lens to obtain a collimated beam about 20 mm in diameter. This
      beam was used to illuminate an entire blood slide. A first 80 mm
      collecting lens then formed the Fourier transform in its focal plane. This
      transform was optically weighted (filtered) by an optimum filter of the
      type previously described and a second 80 mm collecting lens collected the
      enhanced image of the reticulocytes present on the input slide, and
      projected it onto a ground glass plate behind which a silicon photocell
      was mounted. The spacing between all elements in the system was the focal
      length, 80 mm, of the lenses to minimize Fourier transformation phase
      distortion.
PAC  Conclusion
PAR  It will be appreciated from the foregoing description that the invention
      provides a method of and an apparatus for recognizing and, if desired,
      counting particles of any type randomly locoated in an ensemble of
      particles of varying types. The method of the invention generally
      comprises the steps of: directing a coherent monochromatic electromagnetic
      wave (light) beam, such as that generated by a laser, toward a monolayer
      of particles located in a plane orthogonal to the axis of the light beam
      so that the monolayer of particles scatters the incoming light in
      accordance with the morophological characteristics of the various
      particles; collecting the scattered light in the farfield diffraction zone
      with a collecting lens; and, filtering the collected light with an optimum
      filter located at the focal plane of the collecting lens. The optimum
      filter eliminates the DC component along the beam axis and suppresses
      undesired light i.e., that scattered by particles other than a given type
      of particle. Thus, in a relative manner light scattered by the given type
      of particles is enhanced. In accordance with further method steps, the
      "enhanced" light is collected and imaged onto a suitable detecting device.
      In one form, the detecting device integrates and squares its received
      light to provide an output signal directly related to the number of
      particles of the desired type located in the ensemble particles. The
      particles may be biological cells or any other type of particles or items
      whose morphological characteristics allow them to scatter light (or other
      forms of electromagnetic wave energy).
PAR  The method of the invention can be utilized to identify a particular
      particle or cell, or can be used to count a plurality of particles or
      cells, of a given type. The particles or cells can be stationary in the
      beam or moving therethrough. Moreover, they can be located in a collimated
      portion of the beam or a converging portion. Being located in the
      converging portion allows the resultant image to be "scaled."
PAR  The apparatus for carrying out the invention is equally uncomplicated and
      is suitable for use by relatively unskilled technicians. Specifically, the
      apparatus of the invention comprises a source of coherent light, such as a
      laser beam. Mounted in the laser beam, at right angles to the optical axis
      thereof, is a slide containing a monolayer of cells to be analyzed. The
      monolayer scatters the light beam and the scattered light is collected by
      a collecting lens. The collecting lens images the collected light onto a
      minimum mean-square error linear filter located at its focal plane. The
      minimum mean-square error linear filter suppresses the light scattered by
      cells other than a given type and, thereby, enhances the light scattered
      by cells of the given type. The "output" of the filter is detected and
      analyzed to provide an electronic signal related to the desired
      information. It will be appreciated that no microscope or other
      complicated mechanical or electromechanical system, or sophisticated
      chemical processing system, is needed by the invention.
PAR  In addition to the basic method and apparatus of the invention, it also
      provides an uncomplicated method of realizing an optical Weiner-Kolmogorov
      filter. Specifically, the invention merely requires two optical imaging
      steps and certain conventional photographic developing steps to obtain a
      filter of the desired type. The filter can be made up of a single
      photographic plate or a sandwich of two photographic plates, as desired.
PAR  It will be appreciated from the foregoing description that while preferred
      embodiments of the invention have been illustrated and described, various
      changes can be made therein without departing from the spirit and scope of
      the invention. Hence, the invention can be practiced otherwise than as
      specifically described herein.
PAR  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of identifying a particle or particles of a given type located
      in a sample containing particles of various types, said method comprising
      steps of:
PA1  directing a beam of coherent wave energy toward a monolayer of said sample
      containing particles of various types;
PA1  collecting the wave energy scattered by said monolayer of said sample
      containing particles of various types; and,
PA1  filtering the wave energy collected with a minimum mean-square error linear
      filter adapted to pass the wave energy scattered by said particle or
      particles of a given type and suppress the wave energy scattered by
      particles other than the particle or particles of said given type, said
      minimum mean-square error linear filter having the following transfer
      function:
      ##EQU8##
      where: S.sub.ss (.omega.) is the power spectral density of the particles
      of the given type; and S.sub.nn (.omega.) is the power spectral density of
      all particles other than particles of the given type.
NUM  2.
PAR  2. A method of identifying a particle or particles of a given type located
      in a sample containing particles of various types as claimed in claim 1
      wherein said beam of coherent wave energy is a beam of coherent
      monochromatic electromagnetic wave energy.
NUM  3.
PAR  3. A method of identifying a particle or particles of a given type located
      in a sample containing particles of various types as claimed in claim 2,
      including the further steps of:
PA1  collecting the electromagnetic wave energy passed by said minimum
      mean-square error linear filter; and,
PA1  detecting the passed and collected electromagnetic wave energy.
NUM  4.
PAR  4. A method of identifying a particle or particles of a given type located
      in a sample containing particles of various types as claimed in claim 2,
      wherein said particles are biological cells.
NUM  5.
PAR  5. A method of identifying a particle or particles of a given type located
      in a sample containing particles of various types as claimed in claim 4,
      wherein said biological cells are blood cells and wherein said given type
      are reticulocytes.
NUM  6.
PAR  6. A method of identifying a particle or particles of a given type located
      in a sample containing particles of various types as claimed in claim 2
      wherein said electromagnetic wave energy is light and wherein said minimum
      mean-square error linear filter is an optical filter.
NUM  7.
PAR  7. Apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types, said apparatus
      comprising:
PA1  a beam of coherent wave energy;
PA1  support means for supporting a monolayer of said sample containing
      particles of various types in said beam of coherent wave energy in a
      position such that said particles scatter said beam;
PA1  a first collecting means for collecting the wave energy scattered by said
      monolayer; and,
PA1  a minimum mean-square error linear filter mounted so as to filter the
      scattered wave energy collected by said first collecting means, said
      minimum mean-square error linear filter passing the wave energy scattered
      by said particle or particles of a given type and suppressing the wave
      energy scattered by particles other than said particle or particles of
      said given type, said minimum mean-square error linear filter having a
      spatial frequency response having the following transfer function:
      ##EQU9##
      where: S.sub.ss (.omega.) is the power spectral density of the particles
      of said given type; and,
PA1  S.sub.nn (.omega.) is the power spectral density of particles other than
      particles of said given type.
NUM  8.
PAR  8. Apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types as claimed in
      claim 7 wherein said beam of coherent wave energy is a beam of
      monochromatic electromagnetic wave energy.
NUM  9.
PAR  9. Apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types as claimed in
      claim 8 wherein said first collecting means has a focal point and wherein
      said minimum mean-square error linear filter is mounted at said focal
      point of said first collecting means.
NUM  10.
PAR  10. Apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types as claimed in
      claim 9, wherein said beam of coherent monochromatic electromagnetic wave
      energy defines a principal beam axis and wherein: said monolayer is
      located in a plane orthogonal to said principal beam axis; said first
      collecting means is centered on said principal beam axis; and, said
      minimum mean-square error linear filter lies in a plane orthogonal to said
      principal beam axis.
NUM  11.
PAR  11. An apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types as claimed in
      claim 10, further including:
PA1  a second collecting means centered on said principal beam axis for
      collecting the electromagnetic wave energy passed by said minimum
      mean-square error linear filter; and,
PA1  a detector mounted so as to detect the electromagnetic wave energy
      collected by said second collecting means.
NUM  12.
PAR  12. Apparatus for identifying a particle or particles of a given type in a
      sample containing particles of various types as claimed in claim 8
      wherein: said electromagnetic wave energy is light; said first collecting
      means is a collecting lens; and, said minimum mean-square error linear
      filter is a minimum mean-square error linear optical filter.
NUM  13.
PAR  13. Apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types as claimed in
      claim 12, wherein said beam of coherent monochromatic light defines a
      principal beam axis and wherein: said monolayer is located in a plane
      orthogonal to said principal beam axis; said first collecting means is
      centered on said principal beam axis; and, said minimum mean-square error
      linear optical filter lies in a plane orthogonal to said principal beam
      axis.
NUM  14.
PAR  14. An apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types as claimed in
      claim 13, further including:
PA1  a second collecting lens centered on said principal beam axis for
      collecting the light passed by said minimum mean-square error linear
      optical filter; and,
PA1  an electro-optical detector mounted so as to detect the light collected by
      said second collecting lens.
NUM  15.
PAR  15. An apparatus for identifying a particle or particles of a given type
      located in a sample containing particles of various types as claimed in
      claim 14 wherein said minimum mean-square error linear optical filter is
      located at the focal plane of said first collecting lens.
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ABST
PAL  In a method of analytical spectrometry, material to be analysed is
      introduced in solution between a pair of charged electrodes so as to
      produce a light-absorbing atomic or molecular species by electrolysis at
      an electrode surface. A beam of light of an appropriate wavelength is
      directed through the solution into the vicinity of the relevant surface
      and light emerging from this vicinity is detected. Specific forms of
      apparatus are described for practising the method, using either absorption
      or fluorescence techniques.
BSUM
PAR  The present invention concerns analytical spectrometry.
PAR  One method commonly used in this field is that known as atomic absorption
      spectrometry, in respect of which two techniques are already well known.
      In the first the sample to be analysed is volatilized in a flame through
      which light having a wavelength characteristic of the atoms to be analysed
      is passed; it is to be understood that in this specification the term
      "light" is used in the sense of including ultra-violet and infra-red
      radiation as well as visible radiation. The light is subsequently detected
      so that any fall in intensity caused by the excitation of the vaporised
      atoms can be measured. In the second technique the sample to be analyzed
      is placed on an element or within a chamber which is heated without flame
      (e.g. electrically or by flash-tube heating) to volatilize the sample in
      the presence of a protective inert gas. A light source and detection
      system similar to that used with the flame technique are employed in an
      analogous manner. Both of these techniques have advantages and
      disadvantages which are well known to those skilled in the art. Similar
      techniques are also employed in the method known as atomic fluorescence
      spectrometry; in this case a cloud of free atoms is excited by light of an
      appropriate wavelength and the intensity of light emitted by the atoms at
      a different wavelength is detected.
PAR  The present invention is concerned with novel methods of spectrometry in
      which instead of working in the gas phase the species to be analysed are
      electrogenerated and examined directly in solution.
PAR  According to one aspect of the present invention there is provided a method
      of analytical spectrometry wherein material to be analysed is introduced
      in solution between a pair of charged electrodes so as to produce a
      light-absorbing species in solution by electrolysis at an electrode
      surface, the method involving directing through the solution into the
      vicinity of said surface a beam of light having a wavelength such as to
      interact with said light-absorbing species, and detecting light emerging
      from the vicinity of said surface.
PAR  In accordance with another aspect of the present invention, there is
      provided an apparatus for use in analytical spectrometry comprising a pair
      of electrodes in a cell, means for directing a beam of light into said
      cell at grazing incidence to a surface of at least one of said electrodes,
      and means for detecting light emerging from the vicinity of said surface.
DRWD
PAR  Embodiments of the present invention will now be described by way of
      example and with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of an absorption spectrometer, with
      certain components shown as in a plan view;
PAR  FIG. 2 is a diagrammatic elevation of the optical bench of the spectrometer
      of FIG. 1;
PAR  FIG. 3 is a detailed view of the sample cell of the spectrometer of FIG. 1;
PAR  FIG. 4 is a diagrammatic perspective view of an apparatus suitable for
      fluorescence spectrometry; and
PAR  FIGS. 5a and 5b, and 6a and 6b are graphs showing sample results for both
      inorganic and organic samples.
DETD
PAR  The absorption spectrometer shown in FIGS. 1 and 2 comprises an optical
      bench 1 on which are mounted various components including a lamp 2 (which
      may suitably be of the hollow cathode type) arranged to direct a narrow
      beam of light through a transparent cell 3 to the entrance slit 4 of a
      monochromator 5; the internal details of the monochromator 5 are of
      conventional form and are therefore not shown in the drawing. Accurate
      collimation of the beam is provided by lenses 6 and 7 and a pair of slits
      formed in plates 8 and 9 mounted one on each side of the cell 3, and the
      beam is concentrated on the slit 4 by means of a further lens 10. Within
      the cell 3 is an electrode system 11, shown in greater detail in FIG. 3,
      which comprises a pair of platinum plates 12 and 13 disposed horizontally
      so as to face each other; the spacing between the electrodes 12 and 13 is
      not in any way critical, but may suitably have a value of about five
      millimeters. Parts of the electrodes 12 and 13 are protected by a suitable
      substance 14 so that only the lower face of the upper electrode 12 and the
      upper face of the lower electrode 13 are exposed. For example the
      substance 14 could be paraffin wax or the electrodes could be set in a
      thermoplastic material. The collimated beam of light, which may typically
      have a diameter of 0.5 millimeter, is arranged to pass through the space
      between the electrodes 12 and 13 at grazing incidence to the upper face of
      the lower electrode 13. The term "grazing incidence" as used in this
      specification is intended to cover the cases where the beam of light is
      either partially obscured by the surface of the electrode or the optical
      axis of the beam is not further than one millimeter from the surface of
      the electrode. The light dispersed by the monochromator 5 falls on a
      photomultiplier tube 15 energised by a power supply 16 and an output
      signal from the tube 15 is fed to a chart recorder 17. Naturally other
      forms of output display could be used if desired. The electrodes 12 and 13
      are connected to a function generator 20 so that the potential difference
      between them can be varied as desired.
PAR  In use of the apparatus material to be analysed is dissolved and then added
      to a quantity of an electrolyte solution taken from a bulk supply which
      may be kept under nitrogen and continuously de-aerated, the mixture being
      transferred to the cell 3 in an amount sufficient to cover the electrode
      system 11; suitable electrolytes are for example aqueous solutions of
      potassium chloride at a concentration of 0.1M and potassium sulphate at a
      concentration 0.03M. The solution in the cell 3 is further de-aerated by
      introducing nitrogen via an inlet tube 21, the nitrogen leaving via an
      outlet tube 22. With the apparatus adjusted so that the recorder 17
      initially registers zero absorbance, the recorder 17 is started and the
      function generator 20 is operated so as to apply to the electrode system
      11 a voltage step function which steps the voltage between the electrodes
      12 and 13 from zero to a preset required value, the polarity of the
      voltage of course depending on whether the electrode 13 (at whose exposed
      surface light-absorbing species are generated) is required to operate as a
      cathode or as an anode. As a result, there is a transient increase in the
      absorbance registered by the recorder 17, and the voltage between the
      electrodes 12 and 13 is maintained at the preset value until a maximum
      value of absorbance is reached. The recorder 17 is then stopped and the
      voltage switched back to zero. The preset value of the voltage typically
      has a magnitude in the range of about one to two volts, a practical upper
      limit being imposed by the onset of evolution of gas bubbles in the
      electrolyte.
PAR  After a measurement is taken it is essential that the working electrode 13
      be thoroughly cleaned so as to prevent it being contaminated. The cleaning
      technique may vary but typically the sample solution is sucked out of the
      cell 3, for example by means of a glass capillary 23, and a relatively
      high positive voltage (up to 5 volts) is applied to the electrode 13,
      while washing through with dilute potassium chloride solution, so that the
      electrode 13 is cleaned by anodic stripping. If necessary any surface
      oxide formed may be reduced by reversing the polarity of the voltage. The
      electrodes 12 and 13 are finally washed with water before the next sample
      is placed in the cell 3.
PAR  When carrying out analyses for metals, the electrode 13 is operated as a
      cathode, and the electrolytic mechanism by which the absorbing species are
      produced at the cathode surface is thought to involve electrons tunnelling
      from the cathode surface. The electrons may react directly with the
      hydrated cations of the sample solution to produce reduced species which
      are likely to be hydrated free atoms. Alternatively the electrons may
      become hydrated and pass into the solution where they similarly reduce the
      hydrated cations at macroscopic distances from the cathode surface. Each
      reduced species exhibits absorption phenomena at a characteristic
      reduction potential and exhibits a characteristic absorption spectrum
      which frequently has half-spectral bandwidth in the region of 10 - 100
      nanometers provided that the beam of light used to produce the absorption
      spectrum passes with grazing incidence along the cathode surface.
PAR  The spectra of these atoms generated in a condensed phase (as opposed to
      the gas phase technique of all other forms of atomic spectrometry) are
      different from those of the conventional techniques due to pressure
      broadening and the presence of liganding species such as the solvent etc.
PAR  The results obtained with metals when using the apparatus shown in FIGS. 1
      to 3 may be illustrated by considering the cases of copper and cadmium. In
      FIG. 5a the curves A and B respectively show the variations of absorbance
      with wavelength (expressed in nanometers) for these two metals, in both
      cases at a concentration of 10 p.p.m. using a background electrolyte of
      0.1M potassium chloride and a voltage of 2 volts. Under the same
      conditions, the variations of absorbance with concentration (expressed in
      p.p.m.) for copper and cadmium, respectively at wavelengths of 240 and 220
      nm, are shown respectively by the curves A and B of FIG. 5b. Similar
      results have also been obtained for example for the metals iron, lead,
      zinc, cobalt, nickel and manganese.
PAR  Simple variation of the technique described above should allow the atoms to
      be generated in conducting glasses formed by freezing of the solution to
      low temperatures by liquid nitrogen or the like.
PAR  In a modified method according to the invention, a metallic specimen may be
      analysed by making it the anode and anodically stripping material from it
      into solution, the atoms being examined spectroscopically either as they
      are electrogenerated at the anode surface or in the manner previously
      described at a cathode surface. In an extension of this technique material
      to be analysed which is available only in very dilute solution may be
      initially concentrated by electrodeposition on a suitable substrate, which
      is then used as an anode from which the deposit is anodically stripped
      during the spectroscopic examination.
PAR  Although the description so far has concentrated on the analysis of
      inorganic atoms the invention is also applicable to molecular analysis of
      organic compounds and this is potentially applicable in the analysis of
      drugs, carcinogens and the like where spectroscopically different species
      may be formed by reduction or oxidation at electrode surfaces.
PAR  Thus FIGS. 6a and 6b show the results which were obtained from a study of
      the organic compound Variamin Blue using the apparatus shown in FIGS. 1 to
      3, in all cases with a voltage magnitude of two volts. This compound is a
      member of the redox indicator group and exhibits on oxidation or reduction
      a change of absorbance in the visible part of the spectrum.
PAR  A dilute solution of this compound of approximately 5 .times.
      10.sup..sup.-5 M in an inert background electrolyte of 0.03M potassium
      sulphate gave a variation of absorbance with wavelength as shown in curve
      A of FIG. 6a, with the electrode 13 functioning as a cathode. Variamin
      Blue, as with most redox indicators, is colourless in the reduced form and
      coloured in the oxidised form so that by inverting the polarities of the
      electrodes 12 and 13 oxidation was also studied at the surface of
      electrode 13. Curve B of FIG. 6a shows the variation of absorbance with
      wavelength of the same solution of Variamin Blue under these conditions.
PAR  The graphs of FIG. 6b show how the absorbances of oxidised and reduced
      Variamin Blue vary at fixed wavelengths with the concentration of the
      sample (expressed in moles/liter .times. 10.sup..sup.-5). Thus curve A of
      FIG. 6b shows the variation in absorbance with concentration for oxidation
      at both 350 and 550 nm. Only a single line is required as the curves
      obtained were virtually coincident. Curve B of FIG. 6b shows the
      corresponding curve for reduction at 245 nm.
PAR  Similar results have been obtained for the organic compound phenosafranine.
PAR  In addition to the analysis of elements and compounds, either organic or
      inorganic, by the absorption methods described hereinbefore, fluorescence
      methods may also be used and the general layout of a suitable apparatus
      for use in such cases is shown in FIG. 4. The apparatus shown in FIG. 4 is
      similar in many ways to that shown in FIGS. 1 to 3 so that components
      common to both embodiments have been given the same references. In the
      embodiment of FIG. 4 the lamp 2 is a xenon arc lamp capable of giving a
      sufficiently intense beam to excite fluorescence. The plate-like electrode
      12 shown in FIG. 3 is replaced by a platinum wire 40 whilst the electrode
      13 remains substantially unchanged. The electrodes 40 and 13 are arranged
      to extend vertically within the cell 3, although again there is grazing
      incidence as previously defined between the beam and the electrode 13. The
      lowermost tip of the wire electrode 40 is spaced a short way above the
      horizontal plane containing the uppermost edge of the electrode 13.
      FInally the monochromator 5 is positioned at right angles to the optical
      axis of the light beam so as not to receive light direct from the lamp 2.
      It will be appreciated that the apparatus will normally include additional
      optical components similar to those shown in FIG. 1 (e.g. the lenses 6, 7
      and 10), but for the sake of simplicity these are not shown in FIG. 4.
      With this apparatus the occurrence of fluorescence has been detected with
      sample solutions containing metals such as cadmium and lead.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of analysing material by spectrometry, comprising the steps of:
PA1  providing in electrical contact with a pair of charged electrodes an
      electrolytic medium containing said material in solution to produce a
      lightabsorbing species in solution by electrolysis at a surface of one of
      said electrodes,
PA1  directing through said medium over said surface in a rectilinear path a
      beam of light having a wavelength for causing said beam to interact with
      said lightabsorbing species along said path; and
PA1  detecting the intensity of light emerging from said path.
NUM  2.
PAR  2. A method according to claim 1, in which said solution contains an inert
      electrolyte.
NUM  3.
PAR  3. A method according to claim 1, wherein said providing step includes
      charging said electrodes with a voltage having a magnitude in the range of
      about 1 to 2 volts.
NUM  4.
PAR  4. A method according to claim 1 including the step of providing said beam
      of light as a single collimated light beam.
NUM  5.
PAR  5. A method according to claim 1 wherein said light beam directing step
      includes grazing said surface of said one electrode.
NUM  6.
PAR  6. A method according to claim 1 wherein said material to be analysed is
      metallic, and said method includes the steps of making said metallic
      material at least part of the one of said electrodes which is the anode
      and anodically stripping material therefrom into said solution.
NUM  7.
PAR  7. A method according to claim 1 wherein said providing step includes
      dissolving said material which is to be analysed and then adding the
      dissolved material to a quantity of an electrolyte solution to form said
      electrolytic medium.
NUM  8.
PAR  8. A method according to claim 1 wherein said providing step includes
      disposing said pair of electrodes in said solution with at least the said
      surface of said one electrode being rectilinear and said light beam is
      directed in its said rectilinear path substantially parallel to the
      interface of said solution and said one rectilinear electrode surface for
      grazing the latter along the rectilinear distance thereof.
NUM  9.
PAR  9. A method as in claim 1 wherein said material which is to be analysed is
      metallic and said one electrode is caused to be a cathode.
NUM  10.
PAR  10. A method according to claim 1 wherein said emerging light detecting
      occurs at a point in line with said rectilinear path after said light beam
      has passed through said medium.
NUM  11.
PAR  11. A method according to claim 1 including producing fluorescence in said
      medium by said beam of light, and wherein said light detecting step
      includes detecting light emerging from said medium perpendicularly of said
      path.
NUM  12.
PAR  12. An apparatus for use in analysing material by spectrometry, comprising:
PA1  electrolytic cell means including a pair of electrodes for producing
      electrolysis;
PA1  means for directing a beam of light with a given wavelength through said
      cell in a rectilinear path at grazing incidence to a surface of at least
      one of said electrodes to cause interaction between said beam and the
      light-absorbing species developed during said electrolysis when said
      material is in an electrolytic medium; and
PA1  means for detecting the intensity of light emerging from said path.
NUM  13.
PAR  13. An apparatus according to claim 12, further comprising means for
      maintaining between said electrodes a voltage having a magnitude in the
      range of about 1 to 2 volts.
NUM  14.
PAR  14. Apparatus according to claim 12 wherein said detecting means is
      disposed at a right angle to said path, and further including means for
      causing said light beam to produce fluorescence in said cell for detection
      by said detecting means at right angles to said path.
NUM  15.
PAR  15. Apparatus as in claim 14 wherein said fluorescence causing means
      includes an xenon arc lamp.
NUM  16.
PAR  16. Apparatus as in claim 14 wherein the said one electrode is a flat
      platinum plate, and the other of said electrodes is a platinum wire
      linearly extending parallel to said flat plate and perpendicularly to said
      rectilinear light beam path.
NUM  17.
PAR  17. Apparatus as in claim 12 wherein said pair of electrodes are
      substantially parallel with a spacing in the order of 5 millimeters, and
      said light beam is collimated in the order of 0.5 millimeters in diameter
      with its axis being not further than 1 millimeter from said one electrode
      surface.
NUM  18.
PAR  18. Apparatus as in claim 17 wherein said parallel electrodes are both made
      of platinum.
NUM  19.
PAR  19. Apparatus as in claim 12 wherein said detecting means is disposed
      outside of said cell at a position to receive light emerging
      perpendicularly from said path.
NUM  20.
PAR  20. Apparatus as in claim 12 wherein said beam of light is a single
      collimated light beam.
NUM  21.
PAR  21. Apparatus as in claim 12 wherein said one electrode is parallel to said
      light beam.
NUM  22.
PAR  22. Apparatus as in claim 12 wherein the material to be analysed is at
      least part of one of said electrodes.
NUM  23.
PAR  23. Apparatus as in claim 12 including an electrolyte solution in said cell
      means with the said material, which is to be analysed, dissolved in said
      solution.
NUM  24.
PAR  24. Apparatus as in claim 12 wherein said detecting means is disposed
      outside of said cell to receive light emerging therefrom in line with said
      path.
NUM  25.
PAR  25. Apparatus as in claim 12 including means for removing electrolyte
      solution from the cell.
NUM  26.
PAR  26. Apparatus according to claim 12 including means for deaerating
      electrolyte solution in said cell.
NUM  27.
PAR  27. Apparatus for use in analysing material by spectrometry, comprising:
PA1  electrolytic cell means containing a pair of electrodes adapted to be
      charged for providing in electrical contact with said electrodes an
      electrolytic medium containing said material in solution to produce a
      light-absorbing species in solution by electrolysis at a surface of one of
      said electrodes,
PA1  means for directing through said medium over said surface in a rectilinear
      path a beam of light having a wavelength for causing said beam to interact
      with said light-absorbing species along said path, and
PA1  means for detecting the intensity of light emerging from said path.
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ABST
PAL  In analysing a sample by atomic absorption or atomic fluorescence
      spectroscopy, the cloud of free atoms which interact with incident
      radiation is produced by heating a graphite body, disposed below the
      interaction region, on which the sample has been deposited. The body is
      heated in an inert atmosphere by passing electric current through it.
      Compact forms of apparatus which may replace the burner system of a
      conventional spectrometer utilise a horizontally disposed graphite rod
      around which flows a stream of inert gas.
PARN
PAR  This is a division, of application Ser. No. 2,532 filed Jan. 13, 1970, now
      U.S. Pat. No. 3,858,980.
BSUM
PAR  In the techniques of atomic absorption and atomic fluorescence
      spectroscopy, as used for the analytical determination of various
      elements, a cloud of free atoms in the vapour phase is produced from a
      sample under investigation and radiation of an appropriate wavelength to
      interact with the atoms is caused to impinge on this cloud, measurements
      being made either of the proportion of the incident radiation which is
      transmitted through the cloud or of the intensity of the fluorescent
      radiation emitted from the cloud as a result of excitation by the incident
      radiation.
PAR  Various means are known whereby the cloud of free atoms may be produced,
      but the one most commonly used, particularly in commercially available
      apparatus, involves spraying of a solution of the sample into a flame.
      This method is, however, very inefficient and is subject to the usual
      risks involved in the use of flames.
PAR  It is an object of the present invention to provide a relatively simple
      means, which avoids the disadvantages involved in the use of a flame, for
      producing free atoms from a sample under investigation by atomic
      absorption or atomic fluorescence spectroscopy.
PAR  According to the invention, in a method of atomic absorption or atomic
      fluorescence spectroscopy the cloud of free atoms which interacts with
      incident radiation is produced from a sample under investigation by
      heating a graphite body on which the sample has been deposited, so as to
      evaporate the sample, the body being disposed wholly below the region in
      which the interaction occurs and being heated by the passage through it of
      an electric current while it is surrounded by an inert atmosphere.
PAR  The graphite body may suitably be in the form of a slender rod disposed
      with its axis horizontal. The body may be disposed in a chamber through
      which a stream of inert gas is caused to flow, the chamber being provided
      with optical windows for the passage of radiation into and out of the
      chamber; alternatively the body may be arranged so that it is normally
      exposed to the ambient atmosphere, a curtain of inert gas being projected
      around the body when it is heated so as to shield it from the ambient
      atmosphere.
PAR  Apparatus for use in a method according to the invention may comprise a
      slender rod of graphite the ends of which are releasably secured to
      terminals via which an electric current may be passed through the rod, and
      means enabling an inert atmosphere to be maintained around the rod, the
      arrangement being such that with the apparatus disposed so that the axis
      of the rod is horizontal a sample to be investigated may be deposited on
      the rod, radiation from an external source may be directed horizontally
      into a region just above the rod, and radiation emerging horizontally from
      said region may be detected by an external detector.
DRWD
PAR  Thus in performing the invention use may be made of arrangements such as
      are illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a sectional side elevation of an apparatus suitable for use in
      atomic absorption spectroscopy,
PAR  FIG. 2 is an underneath plan view of part of an apparatus generally similar
      to that shown in FIG. 1, but modified for use in atomic fluorescence
      spectroscopy,
PAR  FIG. 3 is a side elevation, partly cut away to show internal details of an
      alternative apparatus suitable for use in either atomic absorption or
      atomic fluorescence spectroscopy, and
PAR  FIG. 4 is a plan view of part of the apparatus shown in FIG. 3.
DETD
PAR  Referring to FIG. 1, the apparatus shown therein comprises a chamber of
      borosilicate glass made in two parts, a base 1 and a cover 2, these parts
      mating by means of a cone joint 3 which in use is sealed with grease to
      make the chamber gas-tight. The base 1 has sealed through it two tungsten
      rods 4 and 5 to the ends of which inside the chamber are respectively
      secured two stainless steel terminals 6 and 7. In the terminals 6 and 7
      are releasably clamped the ends of a rod 8 of spectrographically pure
      graphite, such as is obtainable from Morganite Ltd.; the rod 8 may
      suitably have a diameter of one to two millimeters, the length of the rod
      8 between the terminals 6 and 7 being about two centimeters.
PAR  The main part of the cover 2 is of cylindrical form, having a length of
      about nine centimeters and a diameter of about six centimeters, and this
      part has sealed to it two coaxial side arms 9 and 10 the free ends of
      which respectively have sealed across them windows 11 and 12 of optical
      quality silica. The side arms 9 and 10 respectively communicate with tubes
      13 and 14, respectively provided with taps 15 and 16, via which a stream
      of inert gas may be passed through the chamber. The cover 2 also has
      sealed to it an inlet tube 17, normally closed by a stopper 18, which is
      disposed so that samples may be introduced through it and deposited on the
      rod 8. In use the parts 1 and 2 are fitted together so that the axes of
      the side arms 9 and 10 are parallel to the axis of the rod 8 and lie
      slightly above the terminals 6 and 7.
PAR  The apparatus shown in FIG. 1 is intended for use in a conventional atomic
      absorption spectrometer in place of the usual burner-nebulizer system,
      being disposed in the instrument between the detection system and a
      suitable light source so that a beam of radiation (indicated by the line
      19 in FIG. 1) from the light source passes through the chamber, via the
      windows 11 and 12, to the detection system; the beam 19 is directed
      parallel to the axes of the side arms 9 and 10 and passes just above the
      rod 8, which thus occupies approximately the same position as would the
      primary cone of the flame produced by a conventional burner. The rod 8 is
      arranged to be heated by passing through it, via the rods 4 and 5, an
      electric current which may suitably be derived from a mains supply via a
      stepdown transformer having a relatively low output voltage (say 6 - 8
      volts). The temperature to which the rod 8 is heated will depend upon the
      particular element which is to be analysed; it can of course be determined
      by choice of the diameter of the rod 8 and the magnitude of the current,
      and can be readily monitored by means of an optical pyrometer. Typically
      the temperature may be in the range 2000.degree. - 2500.degree.C, in which
      case a current of the order of 100 amperes will be required when using a
      rod 8 of the dimensions indicated above.
PAR  In operation, a sample to be investigated as deposited on the rod 8, in the
      form of an aqueous solution, by means of a micrometer syringe introduced
      through the tube 17, the rod 8 having previously been heated by passing
      current through it and then allowed to cool to a temperature of the order
      of 100.degree.C. After a period sufficient to allow the water to
      evaporate, the rod 8 is again heated by passing current through it for
      about five seconds, so as to volatilise the sample and produce a cloud of
      free atoms which rises into the path of the beam 19 above the rod 8, and a
      measurement is made of the intensity of the light transmitted through the
      chamber; this is of course a comparative measurement with reference to the
      intensity of the light transmitted through the chamber when the rod 8 is
      unheated.
PAR  In order to avoid oxidation of the rod 8 it is necessary to maintain an
      inert atmosphere in the chamber during operation, preferably by arranging
      for a stable flow of an inert gas to occur through the chamber. This
      ensures that the water which evaporates initially from the rod 8 is swept
      out of the chamber before atomisation of the sample occurs, and the
      sensitivity of the instrument can be enhanced by choosing the flow rate so
      as to increase the rate of diffusion of atomic vapour away from the heated
      rod 8 without at the same time unduly increasing the rate at which the
      vapour is swept out of the chamber. In practice satisfactory results have
      been achieved by using a flow of argon or nitrogen, at a pressure slightly
      above atmospheric, with a flow rate of a few liters per minute.
PAR  With the arrangement described above, it is possible to make investigations
      on a series of samples at intervals of about two minutes (sufficient to
      allow the rod 8 to cool to an appropriate temperature) without
      encountering any "memory" effects, since the rod 8 is effectively
      self-purging when heated. Before making such a series of investigations it
      is of course desirable to ensure that any initial contamination of the rod
      8 is removed by heating it for a sufficient period with the inert gas
      flowing. A rod 8 having the dimensions indicated above can normally be
      used for many individual analyses before needing to be replaced; when
      necessary, replacement of the rod 8 can be readily effected.
PAR  The base 1 with the rod 8 mounted on it may be used in conjunction with a
      modified form of cover to constitute an apparatus generally similar to
      that shown in FIG. 1 but suitable for use in atomic fluorescence
      spectroscopy. As shown in FIG. 2, the cover 2' in this case is generally
      similar to the cover 2 but has side arms 9' and 10' disposed with their
      axes at right angles in place of the side arms 9 and 10, the axes of the
      side arms 9' and 10' being disposed at a level corresponding to that of
      the axes of the side arms 9 and 10. In this case, in use a beam of
      radiation (indicated by the line 20 in FIG. 2) enters the chamber through
      the side arm 9' so as to interact with a cloud of free atoms produced
      above the rod 8, and the detection system is arranged to respond to
      fluorescent radiation emitted by the cloud and emerging from the chamber
      through the side arm 10' (as indicated by the line 21 in FIG. 2).
PAR  Referring now to FIGS. 3 and 4, the apparatus shown therein is basically
      similar to, but rather more compact than, the apparatus shown in FIG. 1
      and is intended for use in a similar manner. In this case, the apparatus
      comprises a chamber incorporating a borosilicate glass dome 22 having
      dimensions similar to those of the main part of the cover 2, and a metal
      base plate 23, the dome 22 having sealed to its mouth a metal flange 24
      which is held against the base plate 23 by means of a removable metal
      clamping ring 25, the joint between the flange 24 and the base plate 23
      being sealed by means of a rubber ring 26 disposed in a circular groove in
      the base plate 23. The base plate 23 is secured to a metal pillar 27 which
      may be held in a clamp mounted on an optical bar, the upper end of the
      pillar 27 being hollow and the space within it connecting with a supply
      tube 28 for inert gas and a circular aperture 29 formed in the base plate
      23. Within the aperture 29 is disposed a series of concentric rings of
      metal foil 30 which are alternately crimped and plain so as to provide a
      multiplicity of inlet passages for producing a laminar flow of inert gas
      into the chamber. The dome 22 has formed at its upper end a gas outlet
      tube 31 provided with a tap 32.
PAR  Extending through the base plate 23 are two stainless steel terminal posts
      33 and 34 respectively connected to external leads 35 and 36 respectively,
      the terminal post 33 being in contact with the base plate 23 and the
      terminal post 34 being electrically insulated from the base plate 23 by
      means of insulating bushes such as 37. The terminal posts 33 and 34 are
      hollow, their upper ends being closed, and in use of the apparatus are
      arranged to be cooled by circulating water through them by means of inlet
      and outlet tubes 38 and 39, the interiors of the terminal posts 33 and 34
      being connected together by side tubes 40 and 41 and a length of rubber
      tube 42.
PAR  Connected between the terminal posts 33 and 34 is a graphite rod 43 similar
      to the rod 8, each end of the rod 43 being clamped between the upper end
      of one of the terminal posts 33 and 34 and a corresponding detachable
      stainless steel plate 44 or 45. The rod 43 has a small notch 46 formed in
      it half-way along its length, the notch 46 assisting in accurate location
      when a sample to be analysed is deposited upon the rod 43. The dome 22 is
      provided with three windows 47, 48 and 49, similar to the windows 11 and
      12, whose centres are disposed somewhat above the rod 43, the windows 47
      and 48 being disposed perpendicular to the axis of the rod 43 and the
      window 49 being disposed parallel to the axis of the rod 43.
PAR  As indicated above, the apparatus shown in FIGS. 3 and 4 is used in a
      similar manner to that shown in FIG. 1, the radiation passing through the
      windows 47 and 48 in the case of atomic absorption spectroscopy and
      passing through one of these windows and the window 49 in the case of
      atomic fluorescence spectroscopy. Since in this case no provision is made
      for the introduction of a sample while the dome 22 is in position, the
      dome 22 must, of course, be removed to allow a sample to be deposited on
      the rod 43 and then replaced before a measurement is made. The provision
      of the forced cooling of the terminal posts 33 and 34 has two advantages.
      Firstly, it enables more reproducible results to be obtained, by
      substantially eliminating any tendency for the contact resistance at the
      ends of the rod 43 to vary as the rod 43 is heated; secondly it shortens
      the intervals at which it is possible to make investigations on a series
      of samples, say to a length of about one minute.
PAR  In certain cases, particularly when using very intense radiation sources,
      it may be found that the presence of the dome 22 gives rise to
      difficulties due to unwanted reflections. In such cases it is possible to
      operate the apparatus with the dome 22 removed, provided that precautions
      are taken to ensure that the rod 43 is shielded from the ambient
      atmosphere by a curtain of inert gas when it is heated. This may readily
      be achieved by providing an extension of the gas inlet almost up to the
      level of the rod 43. For example, the foil 30 may be removed from the
      aperture 29 and replaced by a tube connecting the aperture 29 to the
      interior of a rectangular metal box (indicated by the chain line 50, FIGS.
      3 and 4) occupying most of the space between the terminal posts 33 and 34,
      the upper end of this box being filled with foil arranged similarly to the
      foil 30.
PAR  It will be appreciated that the apparatuses described above are relatively
      simple, compact and safe in operation. By using them in the manner
      described, it is possible to achieve very high atomisation efficiencies
      while avoiding any complications due to background effects such as are
      encountered with flames. It is thus possible to detect very small amounts
      of individual elements; for example, in the case of atomic absorption
      spectroscopy it has been found possible to determine silver and magnesium
      at levels of the order of 10.sup.-.sup.9 gram, while in the case of atomic
      fluorescence spectroscopy it has been found possible to determine silver
      at a level of the order of 10.sup.-.sup.10 gram, magnesium at a level of
      the order of 10.sup.-.sup.10 gram, and cadmium at a level of about 3
      .times. 10.sup.-.sup.13 gram.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of spectroscopy comprising the operations of producing from a
      sample under investigation a cloud of free atoms in the vapour phase,
      directing into the cloud radiation of an appropriate wavelength to
      interact with the atoms, and measuring the intensity of radiation emerging
      from the cloud, wherein the improvement comprises producing the cloud of
      free atoms by heating a body of graphite on which the sample has been
      deposited without moving the graphite body between deposition of the
      sample and heating of the body, so as to evaporate the sample, the body
      being disposed wholly below the region in which interaction occurs between
      the atoms and the radiation directed into the cloud and the body being
      heated by the passage through it of an electric current while it is
      surrounded by an inert atmosphere.
NUM  2.
PAR  2. A method according to claim 1, in which the inert atmosphere is provided
      by causing a stream of inert gas to flow around the body.
NUM  3.
PAR  3. A method according to claim 2, in which the body is disposed in a
      chamber through which a stream of inert gas is caused to flow, the chamber
      being provided with a first optical window for the passage into the
      chamber of the radiation directed into the cloud and a second optical
      window for the passage out of the chamber of the radiation emerging from
      the cloud.
NUM  4.
PAR  4. A method according to claim 2, in which the body is arranged so that it
      is normally exposed to the ambient atmosphere, a curtain of inert gas
      being projected around the body when it is heated so as to shield it from
      the ambient atmosphere.
NUM  5.
PAR  5. A method according to claim 1, in which the graphite body is in the form
      of a slender rod disposed with its axis horizontal.
NUM  6.
PAR  6. A method of spectroscopy comprising the operations of producing from a
      sample under investigation a cloud of free atoms in the vapour phase,
      directing into the cloud radiation of an appropriate wavelength to
      interact with the atoms, and measuring the intensity of fluorescent
      radiation emitted from the cloud as a result of excitation by the
      radiation directed into the cloud, the measured flourescent radiation
      travelling from the cloud in a direction different from the direction of
      the radiation directed into the cloud, wherein the improvement comprises
      producing the cloud of free atoms by heating a body of graphite on which
      the sample has been deposited, so as to evaporate the sample, the body
      being disposed wholly below the region in which interaction occurs between
      the atoms and the radiation directed into the cloud and the body being
      heated by the passage through it of an electric current while it is
      surrounded by an inert atmosphere.
NUM  7.
PAR  7. A method according to claim 6, in which the inert atmosphere is provided
      by causing a stream of inert gas to flow around the body.
NUM  8.
PAR  8. A method according to claim 7, in which the body is arranged so that it
      is normally exposed to the ambient atmosphere, a curtain of inert gas
      being projected around the body when it is heated so as to shield it from
      the ambient atmosphere.
NUM  9.
PAR  9. A method according to claim 6, in which the graphite body is in the form
      of a slender rod disposed with its axis horizontal.
NUM  10.
PAR  10. A method according to claim 6, in which the graphite body is not moved
      between the deposition on it of the sample and the heating of the body to
      evaporate the sample.
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ABST
PAL  Disclosed is an apparatus and method which permits a manufacturer to
      precisely place a desired image on a screen to be used in a screen
      printing process. This result is accomplished by establishing a
      predetermined relationship between the screen frame and the image positive
      from which the image is to be formed on the screen. The method requires
      providing indicia of translational and rotational orientation on the image
      positive and aligning the image positive with respect to the screen frame
      by adjusting the position of the image positive in light of the location
      of separately-provided reference indicia located in a predetermined
      position with respect to the screen frame. Aligning the image positive
      indicia with the reference indicia is most easily accomplished by
      providing a microscope through which respective pairs of indicia may be
      observed simultaneously. The disclosed apparatus provides a means for
      readily performing the above steps.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of screen printing. More particularly, it
      relates to a method and apparatus for forming an image in a predetermined
      orientation on a screen to be used for screen printing.
PAR  The act of screen printing has come into much greater importance in recent
      years as the reliance of industry upon mini-circuits became more and more
      prevalent.
PAR  The thick-film technique is one method employed in preparing such
      mini-circuits. In this method, a refractory substrate called a "chip" is
      printed with an appropriate paste in the desired pattern and thereafter
      fired at high temperatures to set the paste and bond it to the substrate.
      The pattern is formed on the chip by means of a screen printer. In one
      technique for forming the desired pattern on the screen itself, the entire
      screen is first coated with a photo-sensitive material. The screen is then
      covered with an image positive which serves to mask those areas of the
      screen which will correspond to areas on the chip where no paste is to be
      applied. The screen and image positive are then exposed to light which
      results in a reaction taking place only in the unmasked areas of the
      screen. Subsequently, the screen may then be rinsed or subjected to a
      reaction whereby only the desired areas of the screen have openings
      suitable for passing the paste through the screen whereas those areas
      which where masked by the image positive remain impermeable to such paste.
PAR  In the past, the image has been only roughly centered on the screen and the
      screen held in the screen printing machine by imprecise clamps or screws.
      Since screens must be periodically discarded and/or cleaned, it is
      necessary to have numerous screens with the same pattern if a continuous
      printing operation is desired. Under such circumstances, it has been
      necessary to adjust the screen printer each time the screen was charged so
      as to bring the screen image into correct lateral position relative to the
      substrate holder beneath. A substantial amount of operator time could be
      saved, and a reduction in the number of chips rejected for quality control
      reasons could be effected if the image on the screen could be so precisely
      located with respect to the substrate holder and screen frame that the
      operator may simply replace one screen for another and continue printing
      without making any adjustments to the screen printer.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that the adjustment of image location can be
      greatly reduced or eliminated by the method and apparatus of the present
      invention. The proper use of this invention makes it possible to change or
      replace the screen insuring automatic alignment of the new and old images.
PAR  In accordance with the invention, the image positive is provided with
      indicia of translational and rotational orientation. The screen is affixed
      to a support frame and the support frame is then placed in a predetermined
      three-dimensional orientation. The image positive is placed on the screen,
      and the location of its indicia are then compared to reference indicia
      having predetermined positions with respect to the orientation of the
      frame. The image positive is then moved so as to align its indicia with
      the corresponding reference indicia, and once this result is accomplished,
      the image positive is then rendered immovable with respect to the frame.
      The desired image is then formed at the desired location on the screen by
      exposing the image positive to electromagnetic rays of sufficient
      frequency and intensity to form an image negative in a predetermined
      orientation on the screen.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of the alignment apparatus of the present
      invention having an image-positive placed on the screen.
PAR  FIG. 2 is a plan view of the image-positive of FIG. 1.
PAR  FIGS. 3a and 3b are plan views of the image-positive as seen through the
      microscope of FIG. 1 before and after alignment of the point fiducial
      mark.
PAR  FIG. 4 is a perspective view of the frame of FIG. 1.
PAR  FIG. 5 is a front elevation view of the adaptor plate of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  One apparatus embodying the present invention is illustrated in FIG. 1. The
      apparatus is composed of an adapter plate 1 fixed in a predetermined
      horizontal plane by any suitable means not shown; a screen support frame 2
      having a photo-sensitized screen 3 rigidly adhered thereto in accordance
      with conventional procedures, means for providing contact between the
      frame and the adaptor plate so as to assure that the frame will be
      disposed in predetermined three-dimensional orientation with respect to
      the plate which means are composed in FIG. 1 of conical protrusions 6a and
      6b on plate 1 adapted for contact with elongated conical depression 9a and
      conical depression 9b of the frame and cylindrical protrusion 7 of the
      plate adapted for contact with depression 8 of the frame. Once placed in
      position, the frame is maintained in the same orientation with respect to
      the plate by means of clamps or similar devices not shown. Image positive
      4 is then placed on the screen and may be viewed through microscope 5
      having reference indicia as shown in FIG. 3. The microscope is supported
      in a stationary position by support 22 and focus is locked by knob 23. The
      entire plate and frame assembly is adapted for linear movement by the
      provision of movable slide part 19 and permanent slide part 18 affixed to
      base 24. Movement of the slide is restricted at each end by blocks 20 and
      21 respectively. In operation, the point fiducial mark is aligned with the
      cross hair when the frame rests against one block and the slope fiducial
      mark is aligned with the cross hair when the frame rests against the other
      block.
PAR  FIG. 2 illustrates the image positive 4 of FIG. 1 having the desired image
      as represented by cutouts 10. The image positive has been provided with
      indicia of its translational and rotational orientation. The intersection
      of the two lines of fiducial mark 11 defines a point, whereas the
      horizontal line constituting fiducial mark 12 is a continuation of the
      horizontal line of fiducial mark 11 and thus defines a line passing
      through the point identified by fiducial mark 11. Thus, once it is known
      what horizontal plane the image-positive lies in, its translational and
      rotational position may be uniquely determined by reference to fiducial
      marks 11 and 12.
PAR  FIG. 3a is a plan view of the image positive as seen through the microscope
      of FIG. 1 showing the image-positive fiducial mark 11 and cross-hair 13
      prior to alignment. The reference fiducial mark represented by cross-hair
      13 is built into the microscope.
PAR  FIG. 3b depicts the view of the image positive after aligned. In operation,
      the adaptor plate, the screen support frame, and the screen are all in a
      predetermined fixed relationship to each other. Only the image positive
      remains unoriented. The operator may thus adjust the location of the image
      positive by any desired means until fiducial mark 11 coincides with
      reference fiducial mark 13. The frame is then slid to the opposite block
      and fiducial mark 12 aligned with reference fiducial mark 13. Once this
      has been accomplished, the image positive may be rendered immovable with
      respect to the frame by means of adhesive tape or any other suitable
      means. The frame may then be removed from the apparatus and subjected to
      suitable electromagnetic waves to form the image negative on the screen in
      the desired predetermined location.
PAR  It will be appreciated from the foregoing discussion that the use of
      fiducial marks 11, 12, and 13 as a means of determining the precise
      location of the image positive is dependent on the assumption that the
      image positive will always be in precisely the same horizontal plane.
      Should the image positive be disposed in a non-horizontal plane, or in a
      horizontal plane other than that presumed, the operator will have
      difficulty in aligning the fiducial marks or the resulting alignment will
      be inaccurate. FIGS. 4 and 5 illustrate one form of design for adaptor
      plate 1 and support frame 2 which will minimize the deviation of the plane
      of the screen from the horizontal. This design is particularly
      advantageous because great accuracy can be obtained without requiring
      unduly small tolerances in the machining of the parts. The preferred
      support frame is designed as shown in FIG. 4. The primary features of
      frame 2 are depressions 8, 9a and 9b. These depressions are adapted to
      cooperate with protrusions 6a, 6b and 7 of plate 1 as illustrated in FIG.
      5. Protrusions 6a and 6b are in the form of truncated cones whereas
      protrusion 7 is cylindrical and flat-bottomed. The centers of the plate
      protrusions are spaced apart and oriented in a manner as identical as
      possible to the centers of the depressions 8, 9a and 9b of the frame. When
      the frame is placed on the plate, depression 9a receives protrusion 6a,
      depression 9b receives protrusion 6b, and depression 8 receives protrusion
      7. The shape of depression 9b is that of a cone having a slope identical
      to that of protrusion 6b. The walls of depression 9a have a slope
      identical to that of protrusion 6a; however, depression 9a is not in the
      form of a simple cone, but is elongated. The contact between protrusion 6b
      and depression 9b  coupled with the contact between protrusion 6a and
      depression 9a serves to uniquely define the translational and rotational
      orientation of the frame with respect to the plate. In other words, the
      frame is uniquely located in the X and Y directions. The contact between
      protrusion 7 and depression 8 serves to uniquely locate the frame in the Z
      direction with respect to the plate. The provision of an elongated
      depression 9a instead of a simple conical depression serves to greater
      improve the accuracy of the frame orientation in spite of slight
      deviations from the theoretical design distances. If depression 9a were a
      simple cone, then the distance between the centers of depressions 9a and
      9b would have to be identical to the distance between the centers of
      protrusions 6a and 6b in order to prevent a skewing of the plane of the
      frame with respect to the plane of the plate. In the design shown,
      depression 9a is elongated along a line extending between the centers of
      depression 9a and 9b so as to permit an accurate orientation of the frame
      in spite of larger inaccuracies in machining.
PAR  The method of the invention thus involves the steps of providing a screen
      to be used in a screen printing operation with a photo-sensitive material
      and affixing it to a support frame in accordance with techniques
      well-known in the art. The frame is then placed in a predetermined
      three-dimensional orientation. The image-positive from which the
      image-negative will be formed on the screen is first provided with indicia
      sufficient to identify its translational and rotational orientation. The
      image-positive is then placed on the screen, and its location is adjusted
      by comparing the relationship between the image-positive indicia and
      reference indicia having a fixed position with respect to the orientation
      of the frame. Once the image positive has been adjusted so that the
      reference indicia coincide with the indicia on the image-positive, the
      image-positive is rendered immovable with respect to the frame by any
      suitable means, and the screen containing the affixed image-positive may
      thereafter be exposed to electromagnetic waves sufficient to form an
      image-negative on the screen in the predetermined orientation. The
      foregoing steps may be repeated as many times as desired using the same
      image-positive in order to form any number of screens, each of which has
      the image-negative located at precisely the same orientation with respect
      to the frame.
PAR  In the preferred method, the image-positive is provided with fiducial marks
      identifying a point and the slope of a line passing through that point on
      the image-positive and the orientation of the image-positive on the screen
      is then compared with the equivalent reference fiducial marks for
      alignment purposes. For simplicity, the reference indicia may be
      incorporated into a microscope so that the operator may observe and align
      both sets of indicia while observing the image-positive through the
      microscope.
PAR  The foregoing method results in an elimination of any adjustments on the
      part of the screen printing operator provided each frame he uses is
      affixed to the screen printing machine in precisely the same orientation.
      We have found that the means best suitable for this purpose is to provide
      an immobilized adaptor plate having protrusions identical to those of the
      adaptor plate of the alignment apparatus. Thus, the predictability of the
      orientation afforded by the plate and frame design of FIGS. 4 and 5 of the
      invention may also be utilized on the screen printing machine itself.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for forming an image negative on a printing screen, the
      improvement which comprises locating said image on a photo-sensitized
      screen in a predetermined orientation by the steps of:
PA1  a. affixing said screen to a support frame;
PA1  b. providing indicia of translational and rotational orientation on an
      image positive by the application of fiducial marks identifying a point
      and the slope of a line passing through said point on said image positive;
PA1  c. placing said image positive on said screen;
PA1  d. providing reference indicia having predetermined positions with respect
      to the orientation of said frame, corresponding to the desired position of
      said image positive indicia;
PA1  e. aligning said image positive indicia with said reference indicia by
      placing said frame in a first predetermined three dimensional orientation
      and adjusting the location of said image positive so that the point
      fiducial mark coincides with the cross hair of an immovable microscope and
      then moving said frame to a second predetermined orientation in a
      direction parallel to the line defined by the desired orientation of said
      image positive fiducial marks and adjusting the location of said image
      positive so that said slope fiducial mark coincides with said cross hair
      and thereafter repeating the above alignments until each of said image
      positive fiducial marks is coincident with said cross hair, whereby said
      image positive is placed in a unique position with respect to said frame;
PA1  f. rendering said image positive immovable with respect to said frame; and
PA1  g. thereafter subjecting said screen with image positive thereon to
      electromagnetic waves sufficient to form an image negative thereon in a
      predetermined orientation.
NUM  2.
PAR  2. The method of claim 1 wherein said reference indicia are provided for
      viewing through a microscope and said aligning is accomplished by also
      observing said image positive indicia through said microscope and
      adjusting the corresponding pairs of indicia to coincide.
NUM  3.
PAR  3. The method of claim 1 wherein said frame is placed in a predetermined
      three-dimensional orientation by providing an immovable plate with at
      least three first contact points and said frame with at least three second
      contact points and placing said frame in contact with said plate so as to
      bring respective pairs of said first and second points into contact with
      each other.
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ABST
PAL  An optical testing apparatus for use in non-destructive testing of optical
     omponents to evaluate their operational requirements. The optical component
      to be tested is mounted on a fixture that allows its accurate alignment
      and rotation so the entire surface area of the optical component can be
      scanned in discrete areas. A laser light source is positioned to
      illuminate the optical component with coherent light beams or rays. An
      aperture positioned in the light beam permits adjustment of the diameter
      of the light beam impinging on the optical component to be evaluated.
      Whenever an imperfection is present in the optical component a portion of
      the light rays illuminating the imperfection will be disarranged or
      scattered. Both the non-scattered and scattered light rays are gathered by
      means of pyroelectric detectors and their outputs are compared for
      obtaining an electrical signal that is proportional to the intensity of
      the scattered light caused by the imperfection. A visual chart is made of
      this signal by means of a recorder to indicate the magnitude of the
      scattered light which can be related to the materiality of the
      imperfection with respect to its intended utilization.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for testing the optical qualities and
      coatings of optical components by determination of the magnitude of light
      rays or waves disarranged by an imperfection either on the surface or
      internally of the optical component.
PAR  It is important in many modern weapon applications to achieve a high degree
      of sensitivity to light rays emitted from a target. This is especially
      true of missiles incorporating infrared detectors utilized for sensing a
      target and guiding the missile to the area of the target by means of the
      infrared energy sensed. These missiles normally have a dome, to protect
      the detector, which is transparent to the frequency of the infrared energy
      to be detected. Imperfections on the dome surface or interenally to the
      material of the dome masks the infrared rays passing through the dome to
      the detector due to scattering or diffusion of the infrared rays. This can
      cause missile insensitivity to weak target signals created solely by the
      dome itself and can seriously degrade missile performance.
PAR  Another area where imperfections in optical components could have a
      deleterious effect on over-all system performance is in the field of fire
      control instruments that utilize optical components such as lenses,
      prisms, mirrors, reticles, windows, wedges and the like. Any defects in
      the optical glass utilized in the manufacture of these devices or major
      scratches on their surfaces could have a harmful effect in that the
      sensitivity of the instrument could be seriously degraded by scattering of
      a portion of the light rays passing through the components.
PAR  Realization in both industry and government of the effect of the quality of
      optical components on over-all system performance has caused the
      establishment of certain required testing techniques and standards to
      accurately measure the surface roughness of manufactured optical
      components. The testing technique utilized at present that has wide
      acceptance throughout the manufacturing industry is a determination of the
      magnitude of scratches and digs existing on the surface of an optical
      element. Certain standards have been established over a long period of
      time that define the quality of the lens or other device tested by the
      number, length, depth and location of the scratches and digs present on
      the surface. One method of measuring these defects is by moving a stylus
      tip across the imperfection and relating the vertical movement of the tip
      to a predetermined established standard for the particular imperfection
      found. It can be appreciated that this technique has some major drawbacks
      when working on optical components where there is a requirement for a
      supersmooth surface. Certain inherent inadequacies such as size of stylus
      tip and skill of the test operator may prevent detection of imperfections
      that would otherwise cause rejection of the optical components. In
      addition a stylus tip could cause scratches as it is moved across the
      optical component surface and these scratches could result in destruction
      of the tested component.
PAR  Another inspection technique accepted by the government and optical
      industry is a comparative test which is accomplished by comparing a
      standard optical component that has been engraved with standard scratches
      and standard digs. Optical inspection personnel grade the optical
      component being inspected by "eyeball" comparison of its imperfections to
      those standard imperfections on the optical standard. A test such as this
      causes great variations to exist from manufacturer to manufacturer as well
      as between different optical inspection personnel since the skill of
      individual inspectors vary as well as their judgement and estimating
      ability. In view of this lack in the industry there is a need for an
      instrument that will give an objective test based on measurements that can
      characterize optical components objectively in terms of functional
      parameters in the systems where the optical components are utilized and in
      terms compatible with presently accepted standards.
PAR  The present optical testing apparatus overcomes all of these defects
      inherent in the present testing techniques discussed above and in addition
      permits tests of optical performance of components that are not possible
      to specify using present day standards. Optical components other than
      glass can be tested and also the instrument can be used to determine the
      quality of transparent and opaque components in the visible and infrared
      spectrum. Further the inventive apparatus is capable of measuring surface,
      surface coating and bulk optical properties objectively without reliance
      on the skill or judgement of inspection personnel.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly the general purpose of the invention is to provide a technique
      to determine the quality of optical components by a objection test that
      gives a numerical measurement of the light scattering level caused by
      discrete imperfections on the surface or internally of the optical
      component. The instrument is capable of utilization in functional testing
      of various optical devices such as lenses, prisms, domes and the like over
      the spectral light range of their intended use. A coherent light source
      supplies light rays or waves to an optical test sample mounted on a jig in
      order to provide accurate positioning and alignment of the optical
      component. A microprobe fiber optic device is used to accurately give an
      indication of the test piece in relation to the coherent light rays
      striking the test piece. Scanning of the test piece by movement of the jig
      support allows discrete portions of the test piece to be illuminated.
      Light rays striking imperfections in this portion will be scattered and
      picked up by a detector positioned at the focal point of the Coblentz
      sphere. Anoher detector picks up the coherent light rays passing through
      the test piece and sphere. Proportional electrical signals are generated
      by each detector that is indicative of the light intensity striking them.
      These electrical signals are processed to give an electrical ratio signal
      that is visually recorded on a chart paper.
PAR  A chopper arrangement permits passage and blocking of the light rays in
      order to interrupt it at regular intervals to provide a fixed frequency.
      This facilitates the detection and amplification of the electrical signals
      generated in response to the light impinging the pyrodetectors. A filter
      is used whenever the system is operating in the infrared spectrum. This
      filter is placed between the laser and the component being tested. The
      filter can aid in the elimination of stray, incoherent visible light from
      the laser which may be present when the laser is tuned for an infrared
      line. An aperture is inserted between the chopper and the optical
      component being tested to constrain or limit the light beam and to
      eliminate diffracted light from the edges of the chopper blade mechanism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a complete understanding of the nature and features of the invention,
      reference should be made to the following detailed descriptions taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic representation of the optical functional tester
      illustrating the apparatus arrangement for testing the quality of an
      optical component such as a lens, prism, dome or the like.
PAR  FIG. 2 is a diagrammatic representation of a modification of the optical
      functional tester illustrating the apparatus arrangement for testing an
      optical component such as a mirror.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, more particularly to FIG. 1, the optical
      component function tester apparatus is generally indicated by numeral 10
      that illustrates a diagrammatic representation of the testing of an
      optical component.
PAR  The optical device to be tested, here illustrated as a convex lens 21, is
      mounted on jig 19. It is to be understood that lens 21 is shown for
      illustrative purposes only and the apparatus as shown may be used to
      evaluate the quality of numerous other optical components such as prisms,
      domes, windows, coated lenses and the like. Jig 19 may be rotated and
      moved by a mechanical mechanism not shown, to allow light beam 18 to
      illuminate a chosen discrete point or area on the surface of lens 21.
PAR  A fiber optic microprobe indicated generally by numeral 20 will accurately
      and reliably aid in the initial axial alignment of the optical component
      with respect to light beam 18. Relatively long thin multichannel light rod
      28 positioned closely adjacent the surface of component 21 permits an
      indication of the magnitude of light reflected from its surface to give a
      visual indication at alignment sensing device 27. The transmitting light
      rods may comprise two fiber glass rods to transmit light from a light
      source in sensing device 27. A centrally disposed third rod receives the
      light reflected by the surface of the test piece and transmits it to a
      visual indicator incorporated in the sensing device to give a maximum
      reading which indicates that the surface of the test piece is equidistant
      from the two light transmitting rods. Other alignment means may be used to
      accomplish accurate alignment such as mechanical measuring devices or the
      like, but is has been found through experimentation that a fiber optic
      microprobe as described gives the best and most accurate alignment
      results.
PAR  To illuminate the test piece or optical component 21 a HeNe laser 11 is
      used to generate a coherent light beam 18 through optical component 21.
      Laser 11 has a lens system 12 and an aperture 13 to control the diameter
      of light beam to a predetermined fixed size for proper illumination of the
      type of optical component being tested. It is to be understood that
      aperture 13 although shown as fixed may be adjustable to vary the diameter
      of the light beam 18.
PAR  Chopper mechanism 14 illustrated as wheel 15 has a number of segments and
      is driven at a predeteremined speed by means of chopper 16. Spaced
      segments 15 alternating block and pass portions of light beam 18 to give a
      pulsing light beamm of a frequency dependent on the speed and number of
      segmented portions of wheel 15. Although many chopper speeds may be
      utilized it has been found that good results are obtained by use of a
      chopper that gives an 11 hertz frequency. Filter element 17 may be placed
      in light beam 18 whenever the apparatus is operating in the infrared
      spectrum. Placement of the filter 17 between the laser 11 and component 21
      that is being tested eliminates stray, incoherent visible light from the
      laser which may be present when the laser is tuned for an infrared line.
PAR  Still referring to FIG. 1, the light receiving portion of optical
      functional tester apparatus 10 is shown as made up of four major elements,
      a Coblentz sphere 22, a reference pyroelectric detector 24, a scattered
      light pyroelectric detector 23, ratioing electronics block 25 and a
      recorder element 26.
PAR  Coblentz sphere 22 is positioned behind test piece 21 and allows passage of
      coherent light rays or waves making up beam 18 through a centrally located
      passageway. Light rays impinging pyroelectric detector 24 cause an
      electrical signal to be generated that is proportional to the total light
      intensity. Another pyroelectric detector 23 generates an electrical signal
      from the scattered light rays caused by an imperfection illustrated by
      numeral 33. The Coblentz sphere acts as a collecting mirror for the
      scattered light rays striking its surface and these rays are directed to
      its focal point where detector 23 is positioned. An electrical signal
      proportional to the scattered light intensity is generated and coupled to
      ratioing electronics circuitry depicted as block 25.
PAR  A recorder mechanism 26 is electrically coupled to receive the ratio
      signals and give a visual indication of the magnitude of the scattered
      light. The visual indication may be a meter reading or a recording on
      chart paper. A mechanical mechanism indicated by the dotted line connects
      the recorder to the jig and permits the recorder to be calibrated to
      indicate the position of the test piece as it rotates in light beam 18
      during the scanning process.
PAR  In operation the optical component is affixed in jig 19 and is aligned to
      light beam 18 by means of alignment sensing apparatus 20. Beam 18 is
      restricted in diameter by aperture 13 and chopped into a predetermined
      pulse rate by chopper mechanism 16. Beam 18, made up of individual light
      rays, passes through test piece 21 and impinge on detector 24. If an
      imperfection is present in the test piece such as illustrated by 33 a
      portion of the rays will be scattered anf reflected from the surface of
      Coblentz sphere 22 to impinge pyroelectric detector 23. Electrical signals
      generated in response to the light intensity falling on the respective
      detectors is electrically coupled to ratioing electronics circuitry 25. An
      electrical output from circuitry 25, that is proportional to the scattered
      light intensity, is electrically coupled to recorder 26 which records the
      magnitude of the light intensity.
PAR  In order to completely survey the entire test piece 21, beam 18 may be
      scanned over discrete portions of piece 21. This may be accomplished by
      adjustment of the jig mechanism so that it causes the test piece 21 to
      move in a reciprocating motion normal to beam 18. Another scanning method
      that gives good results is to spirally scan test piece 21 starting the
      spiral from the outer circumference and working toward the center. This
      technique allows the recorder to be mechanically coupled to jig 19 so that
      the location of the beam on test piece 21 is correlated to calibration
      marks on the chart paper to allow the relative location of any
      imperfections to be determined.
PAR  For locating imperfections in optical components that reflect rather than
      pass a light beam a modification in the structure shown in FIG. 1 is
      necessary. This modified structure is shown in FIG. 2 wherein like
      structural elements have the same numerical designation.
PAR  Laser light source 11 generates beam 18 toward the rear portion of Coblentz
      sphere 22 for passage through a centrally located passageway to allow beam
      18 to impinge on the mirror surface of reflective test piece 29. Light
      rays that do not strike an inperfection are reflected back through the
      passageway of Coblentz shere to mirror 31. Detector 24 picks up these rays
      and transmits an electrical signal proportional to the light intensity
      striking its surface. Any imperfections cause scattered light which is
      picked up by detector 23 located at the focal point of Coblentz sphere 22.
      Mirror test piece 29 may be orientated during initial alignment by an
      alignment means 20 as shown in FIG. 1 in order to permit light rays to
      strike mirror 31. Operation of the apparatus shown in FIG. 2 is similar to
      the apparatus of FIG. 1 as described above.
PAR  It is apparent from the foregoing that the inventive apparatus described
      and shown above provides an apparatus that effectively furnishes a
      quantitative and non destructive technique of obtaining measurements that
      can be correlated to standards established in the optical industry for
      unacceptable light scattering in optical components utilized in various
      systems. The apparatus reduces to a minimum the skill and judgement of the
      optical inspector in determining whether a particular optical unit is of
      acceptable quality for use in a particular application. Utilization of the
      apparatus will reduce the cost of optical systems and eliminate
      unnecessary rejection of optical components for a given system since an
      accurate and reliable measurement of the quality of the optical component
      will now be possible based on an actual measurement, thus eliminating
      variations in quality determination due to personal judgements of the
      optical inspectors.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical testing apparatus for testing the quality of optical
      components comprising:
PA1  support means for mounting said optical component to allow rotation for
      incremental scanning of its total surface area;
PA1  coherent light source for illuminating said optical component on said
      support means with parallel light rays;
PA1  a chopper means located between said optical component and said light
      source for breaking the light rays in a series of pulses of a
      predetermined frequency;
PA1  adjustable aperture means positioned between said coherent light source and
      said chopper means for limiting the number of light rays that illuminate
      said optical component;
PA1  accumulator mirror means located adjacent and behind said optical component
      having a centrally located perforation for allowing passage of parallel
      light rays;
PA1  first collecting means located adjacent and behind said accumulator mirror
      means relative to said optical component, for collecting all parallel
      light rays and supplying an electrical signal proportional to the light
      intensity impinging said first collecting means;
PA1  second collecting means located between said optical component and said
      accumulator mirror means for collecting light scatteredd by said optical
      component; said second collecting means supplying an electrical signal
      proportional to said light intensity impinging said second collecting
      means;
PA1  comparative means for receiving electrical signals generated by said first
      collecting means and said second collecting means for supplying an
      electrical signal output that is proportional to the ratio of the two
      signals; and
PA1  recorder means electrically coupled to receive the electrical output from
      said comparative means for visually displaying the magnitude of the
      scattering light level;
PA1  whereby movement of the support means allows the light to be scanned over
      discrete portions of the optical component for determination of surface
      imperfections.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the coherent light source comprises
PA1  a laser light source.
NUM  3.
PAR  3. The apparatus of claim 1 further comprising an infrared filter element
      located between said coherent light source and said optical component for
      eliminating stray, incoherent visible light generated from said coherent
      light source.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said chopper means breaks the light
      rays in a series of pulses in the frequency range of 11 Hertz.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said accumulator mirror means is a
      spherical mirror.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said spherical mirror is a Coblentz
      sphere.
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ABST
PAL  A method and device for the comparison of patterns, and especially of
      fingerprints, making possible the identification of a given person. The
      device comprises means for projecting an incoherent image of the finger to
      be compared onto a permanent fingerprint record, oscillating same with
      respect to each other, projecting the resulting image onto a photocell and
      ascertaining the A.C.-current characteristics of the resulting electrical
      signal. When the finger is positioned exactly, oscillation in one
      direction is adequate, if not oscillations in at least two directions are
      to be resorted to. The image of the finger is advantageously obtained by
      frustrated total reflection on the totally reflecting face of a prism. The
      permanent record and the image may be subjected to a predetermined
      distortion and/or magnification according to a predetermined code,
      reducing the risk of forgeries.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During recent years many improvements have been made in the visual
      comparison of ink-recordings of fingerprints. Various optical methods have
      been resorted to in order to substantially reduce the tedious and
      time-consuming visual and manual classification and identification
      procedure. There has been described a coherent optical processor
      fingerprint identification apparatus in which identification is
      established by correlating an optical beam pattern representative of the
      finger to be identified with a prerecorded Fourier transform spatial
      filter of the fingerprint. In this known method use is made of a coherent
      light beam, and this is used for holographic and non-holographic systems
      of fingerprint comparison. According to the present invention non-coherent
      light is used, and this has a number of advantages, such as less expensive
      equipment needed, and a lesser degree of accuracy need during the initial
      recording of the fingerprint. Holographic systems require the use of
      transparencies for the holographic filter, whereas according to the
      present invention opaque reflective records can be used, as well as
      transparent ones.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  A method and device for the comparison of patterns, and especially of
      fingerprints, making possible the identification of a given person. The
      device comprises means for projecting an incoherent image of the finger to
      be compared onto a permanent fingerprint record, oscillating same with
      respect to each other in one direction; or in two directions at different
      frequencies; projecting the resulting image onto a photocell and
      ascertaining the A.C.-current characteristics of the resulting electrical
      signal. The image of the finger is advantageously obtained by frustrated
      total reflection on the totally reflecting face of a prism. The permanent
      record and the image may be subjected to keystone distortion according to
      a predetermined code, reducing the risk of forgeries.
PAR  The present invention relates to a novel device for the comparison of
      patterns making possible the positive identification of a given person.
      The invention relates specifically to the comparison of fingerprints, but
      modifications thereof can also be used for the comparison of photographs
      etc. The invention further relates to a novel process of fingerprint
      identification. A preferred device according to the present invention is
      adapted to ascertain whether a recorded fingerprint is identical with the
      fingerprint of the person identified by a document bearing such
      fingerprint record. The invention further relates to means of modifying
      identification patterns, such as fingerprints in a predetermined manner,
      so as to reduce the danger of fraudulent falsifications and misuses of
      documents bearing fingerprint records. The use of the novel device is apt
      to deter potential fradulent uses. The term document in this context
      includes identification papers, credit cards, and the like. Other and
      further features of the present invention will become apparent
      hereinafter.
PAR  The invention will be described in the following with reference to
      fingerprint identification, but it ought to be understood that it is not
      restricted thereto and that modifications thereof can be used for the
      identification of other patterns and of photographs. The widespread use of
      credit cards has resulted in various fradulent schemes. Cards can be
      stolen or forged and safety means used hitherto have not been adequate to
      prevent frauds and resulting losses due to such fradulent uses.
PAR  In the following the term "fingerprint" will be used for the specific
      pattern of ridges and valleys of the finger of the person which is being
      identified, whereas the term "fingerprint record" refers to a permanent
      record of such fingerprint, like the conventional record obtained by
      applying ink to the finger and pressing the same against a recording
      medium or by photographing the finger. The fingerprint record is obtained
      by using the device according to the invention. In this case either the
      positive or the negative may be used. The term also refers to
      transparencies, and these will be dealt with specifically hereinafter.
PAR  The device according to the present invention comprises an optical system
      for projecting an incoherent image of the finger to be compared onto a
      permanent fingerprint record, means for moving said projected fingerprint
      pattern respective the fingerprint record, and means for ascertaining the
      identity of these. According to a preferred embodiment of the invention,
      the fingerprint pattern projected onto the permanent fingerprint record is
      oscillated in two different directions, preferably at right angles with
      each other, one of these movements being at a slow rate of oscillation,
      the other at a rapid rate, and the resulting image is projected onto a
      photocell and the alternating-current nature of the resulting signal is
      determined. The term "slow rate of oscillation" designates a rate of about
      one-half to 10 oscillations per second in the one direction; the term
      "rapid oscillation" defines an oscillation of about 20 to 400 oscillations
      per second. Preferred frequencies of oscillations are 3 to 5 in the one,
      and 50 to 200 in the other direction.
PAR  The pattern resulting from the superpositioned fingerprint projection and
      fingerprint record is projected onto a photocell, and the nature of the
      electrical output of this photocell is determined. If the image of the
      fingerprint is identical with or very similar to the permanent fingerprint
      record, the A.C. signal coming from the photocell will be comparatively
      large, its frequency being that of the more rapid one of the periodic
      motions. When the two prints are in perfect register with each other, the
      permanent record being a positive, the D.C. signal will have a maximum,
      and when the record is a photographic negative, it will have a minimum. In
      both of these two cases, the oscillation of the fingerprint patterns with
      respect to each other results in an A.C. signal. It is clear that the
      oscillations can be obtained by a periodic movement of certain components
      of the optical system.
PAR  The optical system used for projecting an incoherent beam of light encoded
      with the fingerprint information onto the fingerprint record
      advantageously comprises a prism. The finger which is to be examined as to
      the correlation of its fingerprint is pressed against the totally
      reflecting face of this prism and an incoherent lightbeam is directed
      through one of the other faces of the prism. Without the finger pressed
      against the totally reflecting face of the prism, the beam undergoes total
      reflection. In the presence of the finger pressed against the totally
      reflecting face, light reflection is frustrated at the locations of the
      ridges of the fingerprints, while at the locations of the valleys of the
      fingerprint the total reflection takes place. Thus the beam of incoherent
      light is encoded with the fingerprint information, and this beam is
      projected onto the permanent fingerprint record. When a modified or
      distorted fingerprint record is used, the encoded beam is subjected to a
      similar modification so as to coincide with the permanent record. Details
      will be illustrated hereinafter.
PAR  It is possible to resort to a phase-contrast method, taking advantage of
      the large phase difference between the ridge reflections and the
      reflection from the totally reflecting face of the prism, which need not
      be total for phase contrast detection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described in the following by way of illustration
      only with reference to the following schematical drawings, in which:
PAR  FIG. 1 is a schematical side-view of a device according to the invention,
PAR  FIG. 2 is a schematic illustration of another device according to the
      invention,
PAR  FIG. 3 is an illustration of the relation between the angles of the light
      beam and the angle of the fingerprint record with said beam.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the fingerprint identification device according to the
      invention comprises in combination a source of light 11, a lens 12 which
      directs the parallel light-beam 13 through the surface 14 of the prism 15,
      and emerges through the surface 16 of said prism, after undergoing total
      reflection at the totally reflecting face 17 of the prism. The finger 18
      to be examined as to the identity of its fingerprint with the permanent
      fingerprint record is pressed against the totally reflecting face 17, its
      position being guided by the member 19 attached to the prism. The guide
      member 19 establishes the position of the finger 18 within narrow
      predetermined limits, preferably of less than 2 mm. At the exact locations
      where the ridges of the fingerprint are in contact with the totally
      reflecting face 17 of prism 15 the total reflection of the lightbeam 13 is
      frustrated. Less light is reflected at the location of the ridges of the
      fingerprint and there exists also a significant phase difference in the
      light reflected from said ridges as compared with the totally reflected
      light, which corresponds to the valleys of the fingerprint.
PAR  The lightbeam leaving through surface 16 of the prism 15 passes through the
      lens (or lens-system) 20, and an image of the fingerprint of the finger 18
      is projected onto the permanent fingerprint record 21. This may be
      negative or a positive of the fingerprint image. The dimensions and
      positions of the elements of the device are chosen in such manner that the
      projected image and the permanent record are of the same size. The image
      projected through lens 20 will substantially coincide with the permanent
      fingerprint record 21, and in order to compare these the superpositioned
      image and the permanent record are oscillated respective each other. When
      the finger is positioned exactly (which means within a displacement of
      less than about 1mm.), the oscillation need be effected in one direction
      only. The frequency of oscillation is preferably about 1-10 per second.
      When the position of the finger is such that the image of same is
      displaced to a certain extent (preferably less than about 2mm.) the
      superpositioned image and the permanent record are oscillated with respect
      to each other in at least two different directions. When these are
      oscillated in two different directions, this periodic motion is
      advantageously effected at a right angle with each other, and two
      different frequencies are chosen, one being comparatively slow, the other
      quite rapid. The order of magnitude of the motion in one direction can be
      from half to 10 oscillations per second, the other being from about 20 to
      500, and preferably between 50 and 200 per second. The lightbeam bearing
      the fingerprint image is reflected from the permanent fingerprint record
      21 through lens 22 and focused by this lens onto photocell 23 connected
      via leads 24 to the amplifier 25. The oscillation of the image of the
      fingerprint with respect to to the fingerprint record 21 can be effected
      by means of oscillating the fingerprint record 21 at different frequencies
      at an angle to each other, preferably at a right angle for the two
      directions of periodic movement. This is effected by conventional
      mechanical means, and details are not shown in the schematic drawing.
PAR  The comparison of the fingerprint image encoded on the lightbeam 13 with
      the permanent fingerprint record 21 is based on the fact that if the
      prints are identical, the oscillation will result in an A.C. current being
      generated by the photocell 23, and the nature of the current and its
      characteristics can be ascertained by the amplifier 25. When the prints
      are substantially different, a blurred image results from the
      superposition, and an ill-defined A.C. current will be obtained.
PAR  When the two prints are identical and when they coincide, the permanent
      print being a positive, there will be obtained a instantaneous signal of
      maximum intensity, and when the print is a negative the signal will be a
      minimum. In both of these cases the periodic movement of the image with
      respective to the permanent record results in an A.C. signal.
PAR  It is clear that the relative periodic movement may be attained by
      periodically moving the permanent record 21, but this may also be effected
      by a plurality of other means. Thus it is possible to oscillate members of
      the optical system. This may also be effected by means of rotating wedge
      prisms as described by F. A. Rosell; J. Opt. Soc. America, 50 (1960) 521-6
      or by means of oscillating mirrors interposed in the optical path of the
      lightbeam directed at the permanent fingerprint.
PAR  To remove the necessity for a guide to restrict the angular position of the
      fingerprint, it is also possible to rotate the fingerprint image and the
      permanent record with respect to each other. It is necessary that the
      combination of linear and rotational motion thoroughly scan the
      fingerprint image with respect to the permanent record and that one of the
      periodic motions is sufficiently rapid so as to generate a periodic signal
      in the photocell. It is immaterial which of the frequencies is associated
      with the linear and which with the rotational scan.
PAR  It is possible to use a combination of two linear and one rotational
      motion; it is also possble to use a combination of a rotation motion and a
      linear motion in one direction only. It will be appreciated that the
      rotational scan need be effected over a few degrees of angle only.
PAR  It is clear that instead of the opaque fingerprint record 21 there may be
      used a transparency of such fingerprint record. In this case the light
      transmitted through the transparency will be collected by a lens located
      behind the transparency and projected onto the photocell 23. The
      evaluation of the results in this case is identical with that described
      above.
PAR  Instead of the prism 15, there may be used a dove prism (inverting prism),
      and also in this case the light entering through one of the sides of the
      prism is refracted to the top surface from which it is normally totally
      reflected and leaves through the other side. When the finger is pressed
      onto the upper surface of the dove prism, the light reflection is
      partially frustrated, resulting in a lightbeam encoded with the
      fingerprint information.
PAR  When the phase contrast method is to be used, there is used a polarizing
      filter located after lens 12 and phase contrast optics are located in
      place of the lens 20. As these are conventional means, they need not be
      described in detail.
PAR  The amplifier 25 is advantageously a tuned amplifier, and this is adjusted
      to a certain threshold of identification. Commercially available
      amplifiers such as Phase Sensitive Amplifiers or Phase and Frequency
      Sensitive Amplifiers, produced for examaple by Princeton Applied Research
      Inc. are suitable. The threshold adjustment is advantageously set in such
      manner that it will give a positive identification signal even in cases
      without a perfect match or absolute identity. It is adequate if the
      similarity is a very close one, and thus allowance is made for minor
      distortions or misaligment of the fingerprints which are compared. By
      adjusting the degree of similarity required for a positive identification
      it is possible to eliminate fraud by the use of fingerprints having a low
      degree of similarity, yet to avoid mistakes and unpleasant situations due
      to the imperfect match of an authentic record and the fingerprint image of
      its owner. The threshold may be adjusted according to the degree of
      security required and the amount of unpleasantness one is willing to
      cause.
PAR  FIG. 2 illustrates in a schematic manner a different embodiment of a device
      according to the present invention. The beam of incoherent light 32 from
      light source 31 passes through lens 33 and the parallel beam enters
      through one side of the prism 34 and leaves through the other side, the
      finger pressed against the totally reflecting face of prism 34 resulting
      in a frustration of the total reflection along the ridges of the
      fingerprint. The beam emerging from the prism passes through the dove
      prism 35 which is rotated around the optical axis 38 as shown by the arrow
      37', and passes after passage through the dove prism through the zoom lens
      39-40. As the dove prism is rotated about the direction of the lightbeam,
      the individual rays rotate around each other with twice the angular
      velocity of the prism. After the passage through the dove prism and the
      zoom lens, the light beam passes through the rotating wedge-prism system
      41 which is rotated about the axis 42, actuated by motor 43 as indicated
      by the arrow 44. The beam passing through the rotating wedge-prism system
      undergoes an upward and downward displacement resulting in a
      two-dimensional scanning of the permanent fingerprint record 45 which is a
      transparency. The zoom lens makes possible to adjust the relative size of
      the projected image of the fingerprint and of the permanent fingerprint
      record. The rotation of the dove prism is effected at a frequency of about
      one-half to 10 about the optical axis.
PAR  The superpositioned images are projected by lens 46 onto the photocell 47
      which is connected with means for ascertaining the nature of the resulting
      current, adapted to determine the degree of correspondence of the
      fingerprint which is being examined with the permanent fingerprint record.
PAR  In order to prevent forgeries and the exchange of cards by persons having
      similar fingerprints, it is possible to include in the permanent record or
      in the card bearing such record additional means of identification, such
      as a magnetic code or the like. It is furthermore possible to modify the
      permanent fingerprint according to a predetermined scheme. For example,
      the size of the record may be magnified or made smaller by a predetermined
      factor depending on the code, which can be according to the name or some
      other parameter. This change of size is easily accomplished, and the
      projection of the fingerprint onto such record will be according to the
      same code.
PAR  A predetermined distortion may be resorted to as is illustrated with
      respect to FIG. 3. If the virtual image of the fingerprint through the
      prism 3 makes an angle .theta. with the optical axis, then the card 6
      bearing the permanent record must make an angle .theta.' with the optical
      axis in order that the image projected be in focus. The relation of
      .theta. to .theta.' is:
      ##EQU1##
      where M is the magnification of the optical system. By changing the
      magnification and the angle of the optical axis and the angle of the image
      card in accordance with the above relation, different amounts of key-stone
      distortion and/or magnification are introduced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the comparison of the image of a given member and of a
      permanent record of said member, comprising in combination an optical
      modification in the permanent record of said member, the optically
      modified record including a predetermined significantly distorted
      geometrically dissimilar image of said member, means for projecting an
      image of said member onto the optically modified permanent record of said
      member and including means for providing a corresponding optical
      modification in the projected image, means for oscillating said record
      with respect to said projected image, means for projecting the image
      resulting from the oscillation of said record with respect to said
      projected image onto a photoelectric device and means for detecting a
      predetermined A.C. fluctuation in the electric current from said
      photoelectric device.
NUM  2.
PAR  2. A device according to claim 1, wherein the oscillation is in two
      different directions.
NUM  3.
PAR  3. A device according to claim 1, for the comparison of the image of a
      finger with a fingerprint record, comprising an optical element having
      reflective interior faces, said permanent record being said fingerprint
      record, means for forming a beam of light and for projecting said beam of
      light onto said optical element wherein said beam of light undergoes
      reflection at one of the faces of said optical element, means for
      positioning the finger in a predetemined position on said reflecting face
      of the optical element, said projecting means including means for
      projecting the reflected beam of light onto said permeanent record, said
      means for oscillating the permanent record with respect to the projected
      image providing oscillation at a predetermined frequency.
NUM  4.
PAR  4. A device according to claim 3 wherein the optical element is one wherein
      the beam undergoes total reflection on the face on which the finger is
      positioned.
NUM  5.
PAR  5. A device according to claim 3, wherein said oscillating means includes
      means for oscillating the reflected beam with respect to the permanent
      record in two different directions at predetermined frequencies.
NUM  6.
PAR  6. A device as claimed in claim 3, wherein the optical element is a prism.
NUM  7.
PAR  7. A device as claimed in claim 3, wherein the photoelectric device is a
      photocell.
NUM  8.
PAR  8. A device according to claim 3, wherein the means for forming the beam of
      light is a source of incoherent light.
NUM  9.
PAR  9. A device according to claim 1, wherein the oscillating means is a
      rotating dove prism.
NUM  10.
PAR  10. A device according to claim 1, wherein the oscillating means is a
      rotating wedge prism.
NUM  11.
PAR  11. A device according to claim 1, wherein the means for providing an
      indications of a predetermined A.C. fluctuation is a phase sensitive
      amplifier.
NUM  12.
PAR  12. A device as claimed in claim 1 wherein said image projecting means
      includes phase contrast optics and means are provided to illuminate said
      member with polarized light.
NUM  13.
PAR  13. A device for comparing a fingerprint image with a fingerprint record,
      comprising means for forming a beam of light, an optical element, means
      for projecting said beam of light onto said optical element for reflection
      from a surface thereof against which a finger is to be pressed, means for
      positioning the finger in a predetermined position with respect to the
      optical element, a permanent fingerprint record having a predetermined
      optical modification, the optically modified record including a
      predetermined, significantly distorted, geometrically dissimilar image of
      a fingerprint, phase-contrast optics means for projecting the image of the
      finger in the reflected beam of light onto said permanent fingerprint
      record with a predetermined further optical modification similar to the
      optical modification in said record, means for oscillating the permanent
      fingerprint record with respect to the image projected onto it, means for
      projecting the resulting image onto a photoelectric element, and means for
      detecting a predetermined A.C. fluctuation in the electrical current from
      said photoelectric element.
NUM  14.
PAR  14. A method for comparing the image of a given member with an optical
      modification in a permanent record of said member, the optically modified
      permanent record including a predetermined, significantly distorted,
      geometrically dissimilar image of said member, comprising the steps of
      projecting a similar optical modification of an image of said member onto
      the optically modified permanent record of said member, oscillating said
      projected image with respect to said permanent record, projecting the
      resulting image onto a photoelectric element and detecting a predetermined
      fluctuation in the electric current from said photoelectric element.
NUM  15.
PAR  15. A method as claimed in claim 14, wherein the oscillation is in two
      directions perpendicular with respect to each other, the one at a
      frequency of from one-half to 10 oscillations per second, the other at a
      frequency of from 20 to 400 oscillations per second.
NUM  16.
PAR  16. A method according to claim 15, for the comparison of a fingerprint
      with a fingerprint record, wherein the image projecting step includes the
      step of pressing a finger against the face of an optical element
      projecting a light beam onto said surface so as to result in a frustrated
      reflection from said surface, and projecting the frustrated reflection
      onto the optically modified permanent record.
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ABST
PAL  The present invention relates to an apparatus for contactless measuring of
      dimensions of objects, in particular the measurement of the diameter of
      moving wire in a wire-mill, whereby the contours of the object in one
      dimension are arranged by means of an optical system to be projected on an
      opto-electrical member, the output signal of which being a measure of the
      dimension wanted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In Swedish published application 348,831, filed Jan. 5, 1971, now
      abandoned, and in corresponding U.S. Pat. application Ser. No. 268,275,
      filed July 3, 1972, now abandoned, a method is described for contactless
      measurement of in particular movable wire in a wire-mill. This known
      measurement takes place so that light from a lamp is allowed to fall onto
      the wire in such a manner that the contours of the wire are projected onto
      an opto-electric component consisting of a number of photodiodes, the
      illumination of which is scanned successively in synchronism with a clock
      frequency, whereupon the signals from illuminated and non-illuminated
      photodiodes, respectively, are separated for the recording of the image
      position of the contours of the object.
PAR  Between the wire and the opto-electrical component in this known apparatus
      a lens system is arranged. This system of lenses brings about a projection
      of the contours of the wire onto the opto-electrical component.
PAR  In a further development of said known method the lens system comprises a
      telecentric diaphragm, whereby errors caused by the movements of the beam
      perpendicular to the optic axis of the lens system and perpendicular to
      the longitudinal direction of the wire are suppressed as shown in U.S.
      Pat. No. 3,874,798.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved lens system e.g. in an
      apparatus such as the one described above. The invention is however, not
      restricted to be used in connection with such opto-electrical components
      or to such treatment of signals from the opto-electrical component as
      described in the above-mentioned prior publications.
PAR  According to the above-mentioned prior publications the wanted dimensions
      of the object may be measured by sensing the change in light intensity
      between the object and the background by means of the opto-electrical
      component. Since the lens optics in the known arrangements is circular the
      lens ought to be masked in case a moving or vibrating wire shall be
      measured and it should be masked in such a way that a small slit is left
      free preferably through the center of the lens.
PAR  Another possible way of measuring moving vibrating objects is to mount a
      telecentric diaphragm between the lens and the opto-electrical element.
      The telecentric diaphragm must, however, have a small aperture as well as
      the masked lens, and therefore a lamp having a great luminous intensity
      must be used to illuminate the object since otherwise the reliability of
      the measurement will be jeopardized on account of bad signal/radiation
      relation. This implies that the service length of the lamp will be
      comparatively short.
PAR  In the apparatus according to the invention such drawbacks are eliminated.
PAR  In the apparatus according to the invention a light source has been so
      located that the object to be measured has screened a part of the light
      from the light source, whereby the width of said screening has been a
      measure of the dimension wanted. In another embodiment hand lamps with
      screens have been placed so that they illuminate the side of the object
      which is turned toward the opto-electrical member. In this way, light from
      the lamps will be reflected by the object onto a lens and through an
      aperture 4 onto the opto-electrical sensing means.
PAR  The apparatus according to this invention is characterized in what is
      disclosed in the attached claims.
DRWD
PAR  The apparatus according to the invention will be described in more detail
      with reference to the accompanying drawings, in which
PAR  FIG. 1 shows an embodiment of the apparatus according to the invention,
PAR  FIGS. 2 and 3 show alternative embodiments of the apparatus according to
      the invention,
PAR  FIG. 4 shows the apparatus according to FIG. 3 in a different projection,
      and
PAR  FIG. 5 shows a further embodiment of the apparatus according to the
      invention.
PAR  In FIG. 1 the object whose dimension is to be measured is designated 1. In
      this case the object is assumed to be a wire, which is shown in
      cross-section in the Figure. The wire is illuminated by means of a lamp,
      from which a light beam 7 is emitted. This beam is allowed to strike the
      wire whereby a part of the beam is screened so that light beams 8 on the
      opposite side of the wire 1 with regard to the lens 3 are formed by the
      light passing the wire, whereby, if a section is imagined through the
      light beam 8 this section will show a screened belt having a width
      corresponding to the diameter of the wire. The light beam 8 passes through
      a cylinder lens 3, whereby the beams are focused in one direction as shown
      in the Figure through a slit aperture 4.
PAR  After the slit aperture 4 an opto-electrical member 5 is so arranged that
      the beams through said slit aperture strike said member in such a way that
      the contours of the wire 1 are projected onto the opto-electrical member
      5. In FIG. 1 the opto-electrical member 5 is divided into two section
      members 5a and 5b, respectively. These section members are so located that
      one contour of the wire 1 is projected onto one section member and the
      other contour on the other section member. Thus, when thick wires shall be
      measured or when the optics makes the projected contours fall wide apart
      on the opto-electrical member the advantage can be achieved that the light
      sensitive surfaces only need a small extension around the area where the
      contours are expected to be projected.
PAR  Said opto-electrical members may consist of photodiode arrays which are
      common on the market and which are often realized in integration
      techniques and which in many cases are combined moreover with read-out
      electronic devices. The block which is designated 6 in FIG. 1 may thus
      contain read-out electronic devices together with a visual read-out unit
      or only the last-named unit.
PAR  Said photodiode array consists of a multiplicity of photodiodes placed very
      tightly together. The read-out electronics is combined with the photodiode
      array and mounted in the same capsule. This electronic device comprises a
      shift register which ensures that the photodiodes are scanned one after
      the other in a certain order. From this opto-electrical element combined
      to a unit a signal is picked up which may be fed to a visual read-out unit
      and/or to a fault indicator unit from where an alarm may be sounded in
      case the measured dimensions of the object depart in either direction from
      certain values specified in advance.
PAR  As mentioned before the contours of the wire 1 are projected onto the
      opto-electrical member 5 by means of the cylinder lens 3. This cylinder
      lens allows a longer measuring length along the wire to be used. This has
      the advantage that no masking of the aperture of the optics is needed, as
      all parts of the light through the optics are equally directed after the
      cylindrical lens, that refracts the light to one beam, which gives a thin
      streak of light on the focal distance where the slit aperture is located.
      This slit aperture has the effect that only the light which is parallel at
      the wire will strike the opto-electrical member. This parallel light beam
      is directed perpendicularly onto the diameter to be measured. After the
      slit 4 the scanning means can be placed at a comparatively arbitrary
      distance and by means of the cylinder lens obtain an intenser illumination
      than in arrangement known per se, and consequently a better detecting
      capacity is achieved, and the lamp needs not have such a great power as in
      arrangements known per se.
PAR  FIG. 2 shows a somewhat modified embodiment of the arrangement in FIG. 1.
      The object, the dimension of which shall be measured is designated 1. Also
      in this case it has been assumed that the object is a wire.
PAR  A lamp 9 emits light directed to the wire 1. Between this lamp and the wire
      a condenser 10 is mounted. This condenser consists of an axially symmetric
      lens. After the wire 1 a cylinder lens 11 is arranged. In FIG. 1 the
      corresponding lens 3 is made planoconvex. The lens 11 has two convex
      surfaces. These different embodiments of the lens are not essential for
      the idea of the invention, but can be of a certain practical importance
      according to what is mentioned below. The slit aperture 4, the
      opto-electrical member 5 as well as the read-out electronics 6 resemble
      the corresponding components in FIG. 1 except that the opto-electrical
      member 5 in FIG. 2 is drawn as one sole unit.
PAR  The condenser 10 in the apparatus according to FIG. 2 has the same function
      as corresponding arrangement in ordinary projectors known per se.
PAR  In FIG. 3, 12 designates a tube-formed lamp e.g. a fluorescent tube. The
      light from this lamp 12 is directed onto the object 1, the dimension of
      which shall be defined. The object in this case is a wire. Between the
      wire 1 and the lamp 12 a condenser of cylindrical shape is arranged.
PAR  Further the apparatus comprises a cylindrical lens 14, followed by a slit
      aperture 4, a cylindrical lens 15 and finally, the opto-electrical member
      schematically indicated by a line 5 and the read-out electronics.
PAR  FIG. 4 shows the arrangement in FIG. 3 in a projection turned 90.degree. in
      relation to the one in FIG. 3. The symbols are the same as in FIG. 3. FIG.
      4 also shows the opto-electric member 5 and the read-out electronics 5.
PAR  When regarding simultaneously the FIGS. 3 and 4 the purpose of the
      different lenses is evident. The cylindrical condenser 13 refracts the
      light from the light source 12 so that the light beams are principally
      parallel when passing the wire 1. This refraction takes place only in one
      level and therefore the extension of the lamp in the longitudinal
      direction of the wire may cause a light area widely extended in this
      direction, said extension not being effected by the lens 13. The long and
      narrow light configuration in the longitudinal direction of the wire is
      not appreciably effected by the cylinder lens 14. On the other hand, said
      long and narrow light area is refracted by the cylinder lens 15, so that
      the light area striking the opto-electrical member 5 has a small extension
      in the longitudinal direction of the wire. In this manner, the advantage
      of using a longer measuring length of the wire can be utilized so that the
      information from the whole of this length is converged to fall on the
      narrow photodiode array. In this way the illumination on the
      photo-sensitive element is increased.
PAR  FIG. 5 shows a further embodiment of the arrangement according to the
      invention. The object, the dimension of which shall be measured is
      designated 1. In accordance with the above-described arrangements, a
      cylinder lens 3 is placed after the object followed by a slit aperture 4
      and a schematically shown opto-electrical member with read-out electronics
      5.
PAR  In the above-described embodiments of the apparatus according to the
      invention a light source has been so-located that the object to be
      measured has screened a part of the light from the light source, whereby
      the width of said screening has been a measure of the dimension wanted. In
      the apparatus according to FIG. 5, on the other hand, lamps with screens
      16 have been placed so that they illuminate the side of the object which
      is turned to the opto-electrical member. In this way, the light from the
      lamps 16 will be reflected by the object 1 onto the cylinder lens 3 and
      through the aperture 4 onto the opto-electrical member 5.
PAR  In connection with the different embodiments shown of the apparatus
      according to the invention it has been mentioned that the radiation source
      which illuminates the object to be measured, is a lamp. This lamp is then
      associated with one emitting visible light, but it ought to be pointed out
      that radiation sources emitting ultraviolet or infrared light may very
      well be used. Also lamps emitting a certain specific frequency of visible
      light may be used. In these latter cases the opto-electrical member may be
      provided with a filter to remove other radiation than the one emitted by
      the radiation source used in the apparatus.
PAR  The apparatus according to the invention is especially suitable for
      measuring the dimension of a wire in a wire-mill. The wire is then moving
      and vibrates and it has often such a high temperature that it emits
      infrared rays. The wire can then in certain cases itself be the radiation
      source, and therefore no further radiation sources are needed.
PAR  In the embodiments described above each cylinder lens has been drawn
      singly. According to known optical techniques it may however in certain
      cases be of advantage to use more cylinder lenses lying close together.
      The curved surfaces of said lenses can then be directed in the same
      direction or they can be opposed, depending on what is most suitable in
      each single case.
PAR  The shape of each cylinder lens is among other things due to the distance
      between the different components in the apparatus. In the embodiments
      described the cylinder lenses are generally planoconvex. In one case,
      however, a cylinder lens has been shown having two convex surfaces with
      principally the same radius. However, it can in certain cases be of
      advantage to use a cylinder lens with two convex surfaces, but one surface
      being considerably more curved than the other. Further, it is generally
      more preferable to turn the cylinder lens so that is most curved surface
      is in the direction where the rays are mostly parallel.
PAR  In every single case consideration must be taken to the dimensions of the
      arrangement when constructing a cylinder lens. In this way, economic
      reasons are essential as in many cases it is of advantage to use standard
      design.
PAR  The arrangement according to the invention has the advantage that a longer
      measuring length along the wire can be utilized than in arrangements
      having axially symmetric lenses and no especially expensive optic members
      need for that reason be comprised in the arrangement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for contactless measuring of dimensions of a moving object,
      whereby the contours of the object in one dimension by means of an optic
      system are arranged to be projected onto an opto-electrical member, the
      output signal of which is a measure of the dimension to be defined,
      comprising an optical system having a first part comprising at least one
      cylindrical lens, the cylindrical axis of which is at right angles to the
      dimension to be defined and a slit aperture located between said lens and
      an opto-electrical means, said slit aperture being so arranged that
      substantially only beams perpendicular to the dimension to be defined pass
      through said slit aperture, the distance between said opto-electrical
      means and said slit aperture being adjusted so that the projection of the
      object falls in the active area of said opto-electrical means.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said optical system also
      comprises a second part located between said aperture and said
      opto-electrical means, said second part comprising a cylinder lens turned
      90.degree. in relation to said cylinder lens in said first part.
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ABST
PAL  Apparatus for measuring a dimension of a specimen whose image is projected
      by an optical system into a television camera or other light scanner, by
      forming the ratio of the time required to scan across the unknown
      dimension, with the time required to scan across the image of a reference
      dimension. The reference dimension is the width of an object placed in a
      focal plane of the optical system other than the focal plane in which the
      specimen having unknown dimension to be measured is placed.
PAL  In a preferred embodiment, the apparatus includes a variable frequency
      oscillator which performs the measurements for the times required to scan
      these two dimensions. A feedback loop adjusts oscillator frequency so that
      the number of oscillations during the scan of the reference object equals
      the number stored in a register which can be altered only manually. This
      preferred embodiment can be calibrated by placing an object of known
      dimension within the field of view reserved for the specimen. Oscillator
      frequency is adjusted by manually varying the contents of the manually
      alterable register until the number of cycles occurring during a scan
      across the known dimension is a selected power of 10 of the value of the
      known dimension. The oscillator frequency is automatically adjusted
      thereafter by the feedback loop to maintain the number of oscillations
      equal to the contents of the manually alterable register during subsequent
      reference object scans. The number of cycles which occur during a scan
      across a specimen multiplied by the selected power of 10 is the dimension
      of that specimen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject matter of this invention relates to those devices which perform
      mensuration and particularly those which are adapted to determine
      microscopic lengths. It is most closely related to those devices which
      employ a television image of the device as an aid to the operator in
      performing the measurement.
PAR  2. Description of the Prior Art
PAR  In the most widely known device employing electronic means such as a closed
      circuit television apparatus to display a magnified image of the object to
      be measured, the viewing screen of the television apparatus has
      superimposed on it in some fashion a grid pattern whose individual
      increments correspond to known dimensions in the field of view in which
      the object is located. By careful interpolation between the lines forming
      the grid pattern, the actual dimension of the object can be determined
      with reasonable accuracy. A modification on this scheme allows manual
      control of the position of a pair of markers in the displayed field of
      view on the television monitor screen. The distance between the markers is
      electronically correlated to the actual corresponding distance in the
      field of view and the numerical distance between the markers can be
      automatically displayed. By properly manipulating the position of the
      markers, the actual horizontal distance between any two features on an
      object in the field in view can be determined. Unfortunately, both of
      these devices suffer from two failings. On the one hand, judgment of the
      operator is required in interpolating between the grid markings and in
      positioning the markers. Since this requires subjective operator judgment,
      measurements are not always as precise as is desired. Secondly, inherent
      instability in the electronic apparatus associated with both these devices
      introduce additional errors. For these reasons, accuracy not as great as
      desirable for certain applications. This apparatus solves to a great
      extent, many of these problems.
PAR  The most closely related U.S. Pat. Nos. of which the inventor is aware are
      3,737,856 (Lehrer, et al.); 3,645,377 (Troll); and 3,740,467 (Kubo, et
      al.).
PAC  SUMMARY OF THE INVENTION
PAR  An optical system such as a microscope is used to create an image of the
      specimen to be measured. The image created by the optical system is
      projected on a light-sensitive strip (hereafter, specimen strip) which
      produces a scan signal whose variations as a function of time correspond
      to variations as a function of position along the specimen strip of a
      pre-selected quality such as intensity, of the light or other radiation
      falling on the strip. The specimen dimension to be measured must be
      oriented so as to cause images of the marks defining its end points to
      fall upon the specimen strip. A scanner sequentially scans along the strip
      at a precise speed and produces a scan signal which reflects the
      variations in the light quality along the strip caused by these marks. In
      the more usual and preferred system, this light sensing function can be
      performed conveniently and accurately by a standard television camera with
      the preselected light quality sensed by the camera being intensity of the
      light. When a television camera is used, the scan signal is in fact the
      video signal, and the marks defining the dimension to be measured need
      only cause detectable variations in the video signals. The novel elements
      of the invention work in concert with the optical system and the sensing
      strip, whatever embodiment it assumes, to produce a highly accurate
      measurement of the desired dimension.
PAR  A reference object is located at some point within the light path in the
      optical system allowing a focussed image of the reference object to be
      projected thereby, i.e. at a focal plane. Conveniently, the reference
      object may be located in the eyepiece or ocular lense of the optical
      system. Another light-sensitive strip (reference strip), similar to the
      previous one mentioned is located so that the optical system image of the
      reference object falls on it with an image of a reference dimension having
      end points defined by marks whose images fall along the reference strip
      and produce variations in the reference strip signal. This can be quite
      easily accomplished when a television camera is used by locating the
      reference object within the image path so that it occupies a small
      portion, preferrably the top 15%, of the scanning area, with the specimen
      to be measured conveniently located in the remaining area. The image
      created by the reference object when so located has an apparent width
      projected on the image of the actual field of view beneath the objective
      lens. It is most convenient, although not necessary, to scan the reference
      and specimen strips sequentially. The scan signals are transmitted to a
      detector which produces a mark signal for each variation in the scan
      signal caused by a mark. It is important that the time between the two
      mark signals from a strip be equal to the time between the two mark-caused
      variations in the scan signal.
PAR  A timer receives the reference object mark signals and produces a time
      signal which encodes the time interval between them. Either the same or a
      second timer similarly receives the mark signals caused by the specimen
      and produces a second time signal encoding the time elapsing while
      scanning the specimen. These two times may be displayed directly and their
      ratio used to compute the specimen dimension in terms of units of apparent
      reference object width. It is usually more convenient, however, to
      calibrate the apparatus by determining the apparent distance in the field
      of view spanned by the image of the reference in standard length units, by
      forming the ratio of the scan time for the reference object, and for a
      calibration specimen of known length positioned on the stage as are the
      specimens of unknown length. Then the length of the unknown dimension of a
      specimen in standard units is the ratio of the scan times of the reference
      object and the specimen multiplied by the apparent length of the reference
      image. These arithmetic operations can be made electronically and the
      actual distance in standard units between the two marks defining the
      unknown dimension displayed in some convenient fashion.
PAR  However, a preferred embodiment uses a somewhat different approach. The
      timer comprises an oscillator whose frequency can be varied widely during
      the calibration step and be essentially fixed during operation. A register
      is provided which may be altered only manually and in which may be entered
      any number of cycles which may occur in the oscillator output signal
      during the time between the two mark signals generated by the reference
      strip. During operation the number of oscillator signal cycles during each
      reference object scan is compared to the count in the manually alterable
      register. If not equal thereto, the oscillator frequency is adjusted on
      succeeding scans by a feedback loop until equality occurs. The advantage
      of this embodiment is realized by proper calibration. A calibration
      specimen of known dimension is placed in the field of view and the
      contents of the manually alterable register is altered by the operator
      until the number of oscillator cycles which occur during the scan across
      the calibration specimen is a convenient power of 10 of the actual
      dimensional units of the known dimension. Thereafter, when specimens of
      unknown dimensions are placed in the field of view, the number of
      oscillator signal cycles occuring during the scan between the two mark
      signals generated by it is, the unknown dimension, in the units in which
      the known calibration specimen dimension is expressed, when multiplied by
      the selected power of 10.
PAR  There are several other improvements to this preferred apparatus which
      permit increased flexibility in its use, and greater ease of operation.
      Among these are the capability of manually selecting which scan line, when
      a television camera is used, provides the specimen mark signals; selecting
      the kind of signal changes causing generation of a mark signal; and
      selecting the portion of a scan line in which the specimen mark signals
      occur. Use of a television monitor which displays visual indication of
      these manipulations superimposed upon an actual picture of the object
      carrying the unknown dimension is a great convenience, and can be easily
      implemented when a television camera comprises the light-sensitive strips.
PAR  Accordingly, one object of this invention is to provide accurate
      measurement of microscopic distances.
PAR  Another object is to eliminate operator judgment in making these
      measurements.
PAR  Still another object is to automatically compensate for drift during
      operation, of the apparatus performing these measurements.
PAR  Yet another object is to provide apparatus capable of making such
      measurements regardless of the magnification employed in the optical
      system.
PAR  Other objects and purposes will become apparent from the detailed
      description which follows.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a block diagram of a simple generalized embodiment of the
      invention.
PAR  FIG. 1b discloses the image seen by the scanner of FIG. 1a.
PAR  FIG. 1c is a diagram of signals associated with the apparatus of FIG. 1a.
PAR  FIG. 1d is a blow up of the dotted circle area of FIG. 1a.
PAR  FIGS. 2a and 2b comprise a detailed block diagram of a preferred
      operational embodiment, and are intended to be juxtaposed, FIG. 2a to the
      left of FIG. 2b, to form the complete diagram.
PAR  FIG. 2c is a diagram of signals associated with the apparatus of FIGS. 2a
      and 2b.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning first to FIG. 1a, therein is disclosed an optical system 110
      designed for magnification of specimens within its field of view and which
      may conveniently be any suitable commercially available microscope.
      Optical system or microscope 110 comprises a barrel 102 containing the
      lenses or mirrors accomplishing the magnification, and a frame 106
      supporting barrel 102 and stage 126. Specimen 105 bearing the dimension to
      be measured is mounted on stage 126 within the field of view. Ocular lens
      103 is mounted at the end of barrel 102 furthest from specimen 105.
      Reference object 104 (FIG. 1d) is attached to ocular lens 103 in such a
      position as to cause its image 104a (FIG. 1b) to occupy a position near
      the edge of the optical system image.
PAR  Image processor 100 has an aperture 101 through which the image from
      optical system 123 is projected onto at least two light sensitive strips
      internal to processor 100. It is preferable that processor 100 comprise a
      conventional television camera, in which case each of these light
      sensitive strips will correspond to one photo-sensitive row within the
      television camera scanned by the electron beam during one horizontal
      sweep. FIG. 1b displays a typical image of the field of view received by
      image processor 100, image 104a being that of the reference object 104 and
      image 105a being that of specimen 105. Dotted lines 127 and 128 correspond
      to the position which the light sensitive strips may conveniently occupy
      with respect to the optical image projected on them.
PAR  As far as operation of this invention is concerned, it is unimportant
      whether a television camera is used as image processor 100, or if instead
      a pair of light sensitive strips or some other type are employed. However,
      it is necessary that the strips can be scanned in some fashion to produce
      a signal which varies as a function of time as a preselected quality of
      light falling on the strip varies with respect to distance from a fixed
      point on the strip. That is, the function of image processor 100 is to
      convert the magnitude of some quality of light, such as intensity, with
      respect to position along the strip, to a varying electrical signal in
      which time, the independent variable, corresponds to position along the
      strip. For good accuracy, it is almost imperative that the scan velocity
      be constant and identical for both strips, since the non-linearity
      resulting will then require additional and complicated calibration and
      compensation apparatus.
PAR  Scan controller 112 produces first and second initiate signals which are
      supplied to image processor 100 on signal paths 113 and 114 respectively.
      Generation of initiate signals may be the result of manual actuation of a
      switch or automatic and continuous. The first initiate signal causes a
      scan along the reference strip on which the reference image falls, to
      occur; similarly, the second initiate signal causes a similar scan at
      identical speed along the specimen image sensing, or simply, specimen
      strip. The reference (first) and specimen (second) initiate signals are
      shown in FIG. 1c as pulses 130a and 131a respectively.
PAR  The scan signal output of image processor 100 is sent to signal processor
      107 via signal path 108. In FIG. 1c the scan signal output of image
      processor 108 is shown as waveform 132. Signal processor 107 squares up
      the rise and fall of the unprocessed scan signals, resulting in a signal
      on path 109 having a square pulse for each scan across images 104 and 105
      and proportional in duration to the width of the object across whose image
      the scan swept. Typical processed scan signals are shown as calibration
      scan waveform 133 and measurement scan waveform 134 in FIG. 1c. The output
      of signal processor 107 has only two levels, the analog time value being
      contained in the width of the pulse and whose leading and trailing edges
      comprise the aforementioned mark signals.
PAR  The processed scan signal is converted by the remaining elements of FIG. 1a
      into a visual digital time signal which may be used by the operator to
      either calibrate the apparatus or perform a measurement. This remaining
      apparatus employs digital logic. For convenience, it can be assumed that a
      binary 0 in each element corresponds to the low voltage level in reference
      initiate signal 130 adjacent pulse 130a, and that a binary 1 is
      represented by the higher voltage of pulse 130a itself. Reference initiate
      signal 130 is applied to the clear (C) input terminal of flip-flop 111 and
      the specimen initiate signal 131 is similarly applied to the set (S)
      terminal of flip-flop 111. The 0 output of flip-flop 111 becomes 1 after
      each reference initiate pulse 130a and remains a 1 until a specimen
      initiate pulse 131 is applied, and is shown as reference gate signal 150.
      The 1 output of flip-flop 111 is the inversion of the 0 output and is
      shown by specimen gate signal 151. Reference gate signal 150 and the
      processed scan signals 133/134 are applied to the inputs of AND gate 116
      on paths 145 and 109 respectively. Processed scan signal 133/134 is
      applied also to one input of AND gate 117 on path 109, along with specimen
      gate signal 151 on path 146.
PAR  Clock 140 may conveniently be an oscillator continuously producing a pulse
      train signal 135 and whose pulse rate is constant during each scan of
      reference object image 104a and the specimen image 105a. It is preferable
      that the clock rate be so great that at least several hundred pulses occur
      during the time required to scan reference image 104a. However, for
      illustrative purposes pulse train signal 135 of clock 140 is shown to have
      a repetition rate very much lower than this, with the result that if this
      illustrative system were to be actually embodied in hardware, inaccuracies
      due to the lack of resolution caused by this low pulse rate would occur.
      The output of clock 140 provides one input to each AND gate 141 and 142.
      The second input to each AND gate 141 and 142 is provided respectively by
      the output of AND gates 116 and 117. The output of AND gates 141 and 142
      is then a series of clock pulses which occurred respectively during each
      processed scan pulse 133a/134a and 133b/134b and is shown as waveforms 136
      and 137. The output of AND gates 141 and 142 is applied on signal paths
      143 and 144 respectively, ENABLE gates of reference count (RC) register
      119 and specimen count (SC) register 120. The reference and specimen
      initiate signals are respectively supplied to the CLEAR inputs of RC
      register 119 and SC register 120. The respective outputs of RC register
      119 and SC register 120 are parallel digital outputs on paths 123 and 124,
      which after completion of measurement scan pulses 133b or 134b are
      directly proportional to the widths of images 104a and 105a as measured
      along the light sensitive strips whose images 127 and 128 respectively
      fall upon images 104a and 105a. Once this apparatus has been calibrated,
      the values contained in count registers 119 and 120 following completion
      of pulses 133b or 134b can be used to determine the actual width of
      specimen 105 at the point where its image 105a coincides with image 128 of
      the second light sensitive strip. A preferred means for displaying the
      contents of RC register 119 and SC register 120 for use by the operator is
      to supply their contents on paths 123 and 124 to reference scan time (RST)
      display 121 and specimen scan time (SST) display 122.
PAR  In operation, it is first necessary to calibrate this apparatus. This can
      be done conveniently by using for specimen 105 a calibration specimen
      having a known dimension (calibration width CW) and so positioned on stage
      126 that the image of the known width falls on the specimen strip. Scan
      controller 112 issues a reference initiate pulse 130a and a measurement
      initiate pulse 131a. The RC and SC count registers 119 and 120 are cleared
      by initiate pulses 130a and 131a respectively, and the processed
      calibration scan signal 133 is then used in conjunction with the output of
      flip-flop 111 to gate clock pulses 135 to form reference and specimen
      calibration signals 136 and 137 and supply them to, respectively, RC
      register 119 and SC register 120 and RST and SST displays 121 and 122. An
      equivalent reference width (ERW) can be defined which, when a specimen
      having a width ERW is placed on stage 126, will result in the number of
      reference pulses (RCC) in reference calibration signal 136 exactly
      equaling the number of calibration pulses (SCC) in specimen calibration
      signal 137. The ERW for a given calibration specimen is simply the ratio
      of the RCC to the SCC times CW, since the scan speed is linear with time.
      The ERW for a particular reference object 104 can be computed by
      substituting these known values in the formula expressing this
      relationship:
      ##EQU1##
      Once the ERW is known, the apparatus is calibrated. Assuming CW = .000313
      in., the counts displayed yield
      ##EQU2##
      It should be emphasized again that the number of counts chosen in this
      example to occur during the scan of reference object 104 is very much
      smaller than the several hundred necessary to achieve greatest accuracy.
PAR  An operator wishing to measure the dimension of a specimen locates it on
      stage 126 so that the image of the dimension to be measured falls on the
      specimen strip, i.e. coincides with dotted line strip 128 in FIG. 1b. As
      during calibration, scan controller 12 issues a reference initiate pulse
      130a and a specimen initiate pulse 131a, resulting in production of a
      number of clock pulses on signal paths 143 and 144, shown respectively as
      reference and specimen measurement signals 138 and 139. The ratio of these
      counts relates specimen width to ERW. The reference and specimen
      measurement counts (RMC and SMC) are arbitrarily shown to be 17 and 13
      respectively. These values are displayed by RST and SST displays 121 and
      122, respectively. The operator can then use the ratio of these values as
      shown in the following formula to determine the width W of specimen 105:
      ##EQU3##
      Using the previous values,
      ##EQU4##
PAR  It should be noted that RCC did not equal RMC, having changed from 18 in
      the former to 17 in the latter case. This change might occur because of
      thermal dimensional change in the dimension of reference object 104. As a
      practical matter this cause of such change can be eliminated by choosing
      the location of reference object 104 sufficiently far from heat sources.
      The preferred location on or adjacent ocular lens 103 is one such
      location. Any change in ambient temperature affects both reference object
      104 and specimen 105 equally.
PAR  The most common source of such changes in the reference counts from
      calibration to measurement is in the electronics. A possible cause might
      be drift in clock 140 frequency. Signal processor 107 might start applying
      a different threshold in producing the squared up processed scan signal
      from the unprocessed scan signal 132. The response times of the various
      gates might change. However, none of these changes will cause any
      appreciable error in the calculation of the unknown dimension. This is
      because the change, whatever its source, will affect in approximately
      equal percentages both those signals associated with reference object 104
      and those associated with specimen 105 because of the extremely short time
      between the scan of these two objects, and hence the ratio computed will
      be unaffected. I.e., the change which a particular electronic element may
      undergo between the scans of the two light sensitive strips will be very
      small because the time between the scans is very small. Therefore, the
      change in the example from 18 counts occuring during the scan of reference
      object 104 during calibration and the 17 counts recorded later during
      measurement does not result in error, because whatever caused the decrease
      in the number of counts recorded from one scan of reference object 104 to
      the next caused a proportional decrease in the number of counts which
      would have occurred during the scan of specimen 105 if conditions had
      remained stable between calibration and measurement. It should be kept in
      mind that because of the small number of counts used for illustrative
      purposes, a change of 1 count will introduce a certain error in the
      measurement operation, but only because of the coarseness of the time
      increments employed. In the more usual case, many hundreds of counts occur
      over a single pulse of scan signals 133 or 134. Thus, a change from 796
      counts during calibration to 793 counts during measurement for reference
      object 104 would probably result in a change of 2 counts for a measurement
      scan of 587 to 585. In fact, such a count variation would result in an
      error induced by lack of resolution only, of approximately 4 parts in
      10000.
PAR  Reference object 104 is shown in FIG. 1a as being located on ocular lens
      103. However, avoidance of thermal variations allowing it is only
      necessary that object 104 be located in some focal plane within optical
      system 110, produce an image which does not spill from the field of view,
      and be capable of accurate location within the field of view to prevent
      obscuring the portion of the field of view devoted to specimen image 105a.
      It is preferable to place reference object 104 at a focal plane other than
      on stage 126, because on stage 126 reference object 104 would interfere
      with the positioning of specimen 105, might easily tend to shift its
      position in the field of view and might undergo dimensional instability
      caused by substage lighting. When measuring extraordinarily small
      specimens with high power optical systems, reference object 104 if located
      on stage 126 would have to be small, and hence would be difficult to
      accurately manipulate into position. Furthermore, reference object 104 may
      be simply a mark or a short strip of paint placed directly on a lens of
      optical system 110, and thus not likely to be lost or damaged.
      Conveniently, reference object 104 may be formed integrally in ocular lens
      103 and thus, when it is desired to change magnifications by changing
      eyepieces, reference object 104 can be easily changed as well.
PAR  While the simple system of FIG. 1a will operate in a perfectly satisfactory
      manner, it does have limitations where a large number of measurements are
      to be performed, or where relatively unskilled operators may be employed,
      who may err in computing the formula above in determining the exact
      dimension of the measurement object. Accordingly, FIGS. 2a and 2b, taken
      together, comprise a detailed logic block diagram of a preferred
      embodiment employing logic and other elements widely available on the
      market as complete packages. Although the basic theory of operation is
      identical to that of the apparatus of FIG. 1a, additional capabilities are
      present. Among these are the capability of: calibrating the apparatus so
      as to provide an output which expresses the specimen dimension as a preset
      power of 10 of the actual dimension; electronically selecting the position
      at which the measurement is to be taken; and displaying not only the field
      of view on a television monitor, but also the position at which the
      measurement is taken.
PAR  Optical system 110 and signal processor 107 in FIG. 2a are identical to and
      perform the identical function performed in the apparatus of FIG. 1a. The
      image processor in FIG. 2a must be, in this preferred embodiment the
      closed circuit television camera.
PAR  The output of the processor 107 on signal path 109 is the typical
      television camera output signal except for the absence of a grey scale in
      the video portion, this having been removed by signal processor 107. Such
      a processed camera output signal is shown by waveform 280 which displays
      two typical horizontal scan lines of the field of view shown on TV monitor
      202 in abbreviated fashion, that for reference scan line 213d and for
      specimen scan lines 213a-213c. As of course is well known, the usual TV
      camera output is a composite of three distinct signals, viz. the video,
      the horizontal sync and the vertical sync signals. Referring to waveform
      280, pulses 280a and 280r comprise simplified vertical sync pulses which
      are used to reset the electron beam in the upper left-hand corner of
      monitor 202. The horizontal sync pulses, shown generally in waveform 280
      as pulses 280c, 280g, etc. cause the beam to be repositioned at the
      extreme left of the screen, preparatory for another scan. The remaining
      portions of 280 comprise the video portion of waveform 280 and are
      exemplified by portions 280d-f, 280j-n, etc.
PAR  The processed camera output signal must first be separated into its three
      constituents. Vertical sync separator and ramp generator (VSS/RG) 201
      receives the processed signal, extracts from it each vertical sync pulse,
      and provides a ramp output signal on path 202, shown as waveform 281, and
      a pulse output on path 203, shown as waveform 282. Horizontal sync
      separator and ramp generator (HSS/RG) 204 provides similar ramp and pulse
      outputs for the horizontal pulses on paths 205 and 206, respectively and
      shown as waveforms 283 and 284 respectively. Video separator 207 removes
      the video signal from the camera output signal and places it on path 219.
      Waveform 285 is the portions of a typical video signal corresponding to
      the four scan lines coinciding with dashed lines 213a-d on the screen of
      TV monitor 202. Because of the processing performed by signal processor
      107, the video signal has only two voltage levels. The more positive
      segments, of which portions 285a and 285c are representative, correspond
      to complete absence of an electron beam and therefore a completely dark
      screen. The less positive portions, exemplified by segments 285b and 285d,
      correspond to maximum electron beam intensity with the corresponding scan
      portions of the monitor 202 screen at maximum brightness.
PAR  The vertical ramp signal, waveform 281, is used for two purposes. It is
      supplied to reference scan enable trigger 208 for the purpose of
      generating a trigger pulse which initiates the reference timing operation.
      It is also supplied to line of measure (LOM) vertical select element 209
      and compared with a manually adjustable vertical select voltage, generated
      by manual adjust vertical element 210. LOM vertical select element 209
      produces an output on path 211 which is high during the time between the
      two horizontal sync pulses immediately following the crossing from low to
      high of the control voltage from manual adjust vertical element 210 by the
      vertical ramp signal on path 202, and low otherwise.
PAR  The horizontal ramp signal from HSS/RG elements 204 is supplied to LOM
      horizontal position element 212. LOM horizontal position element 212
      receives two manually adjustable control voltages which specify the
      position of the LOM end points in the field of view along which the
      measurement is performed. Referring to monitor 202 and the image of the
      field of view displayed therein, typical such LOM's are disclosed as
      dotted lines 313a--c, although it should be understood that only a single
      line will be present at any one time. Manual adjust start point element
      214a provides a voltage whose level equals the horizontal ramp voltage at
      the starting point or position of the extreme left-hand end of each LOM.
      Manual adjust finish element 214b similarly identifies the rightmost point
      of each LOM. LOM horizontal position element 212 produces, on path 216, a
      high output when the horizontal ramp signal on path 205 is between the two
      voltages from manual adjust start and finish point elements 213 and 214,
      and a low output otherwise. AND gate 215 receives this horizontal position
      signal and the vertical select signal on path 211, and produces an output
      put which is high during the time the electron beam in the TV camera (and
      TV monitor 202) is sweeping along the desired LOM and is low otherwise.
      The output of AND gate 215, on path 217, is ANDed with the video signal on
      path 219 by AND gate 218 to produce a measurement pulse on path 220 which
      is high during the time the electron beam, while scanning along the
      selected LOM, also sweeps across the specimen 105 dimension to be
      measured, and low otherwise. The horizontal sync pulses are supplied to
      LOM vertical select element 209 to allow proper timing of its output pulse
      and proper selection of the scan line coinciding with the LOM.
PAR  The LOM position pulse on path 217 is also supplied to TV monitor 202,
      along with the processed camera signal waveform. Monitor 202 displays an
      image of the field of view on its CRT as well as the actual position of
      the LOM in the image. Logic to be described later permits measurements to
      be made in several different ways between light intensity changes on the
      CRT screen caused by the presence of specimen 105.
PAR  When measuring the time required to scan between the edges of reference
      object image 104a, it has been found convenient to record the time for
      several reference scans between successive vertical pulses for each
      measurement. Accordingly, reference scan enable trigger 208 provides a
      high output for a period of several scans, the first and last of which
      both fall upon reference object image 104a. Two internal voltages are
      generated by reference scan enable and the high output on path 221 occurs
      while the vertical ramp signal is between these two voltages. These two
      voltages must be selected to place the first and last reference object
      scans upon the reference object itself. The reference scan enable signal
      on path 221 and the video signal on path 219 are applied to the inputs of
      AND gate 222 to produce a reference count enable signal on path 223 which
      is high during the time the scan is sweeping across reference image 104a
      during the scanning of the reference scan lines and low otherwise.
PAR  Turning next to FIG. 2b, the reader should be reminded that FIG. 2b is
      intended to be juxtaposed to FIG. 2a along their respective left and right
      hand edges to complete the detailed logic diagram. In the further
      processing performed in computing the reference scan count, reference
      count enable signal on path 223 is applied to the enable input of
      reference counter 224. (Reference counter 224 and measurement counter 255
      preferrably are of the type which operates in the so-called
      binary-coded-decimal (BCD) mode, allowing the counting to occur in decimal
      rather than binary. The advantage from the choice is that the operator,
      most likely completely unfamiliar with binary numbers, can operate instead
      in the familiar decimal system.) The horizontal sync pulses on path 206
      are applied to the CLEAR terminal of reference counter 224 to set it to 0.
      Each positive-going pulse applied to the ADV. COUNT input of counter 224
      advances the recorded count within the counter by 1 when the ENABLE input
      (path 223) is high. The contents of reference counter 224 is provided in
      parallel on path 226 to the INPUT 1 terminal of reference comparator 228.
      As mentioned in conjunction with the description of FIG. 1a, it is
      desirable that at least several hundred counts occur during the scan of
      reference object 104; hence at least 3 decimal digits for counter 224
      capacity is preferred. If counter 224 operates in BCD format, then manual
      count select (MCS) register 230 may be a bank of manually selectable
      10-position switches of size equal to the decimal digit capacity of
      reference counter 224. By selecting switch positions properly, it is
      possible to provide an output signal encoding a decimal integer of the
      specified number of digits. This output of MCS register 230 is transmitted
      in parallel on path 227 to the INPUT 2 terminal of reference comparator
      228. Responsive to a pulse on its ENABLE COMPARE input, reference
      comparator 228 produces a pulse on a single one of its three outputs. If
      the contents of reference counter 224 (INPUT 1) are less than the value
      selected in MCS register 230 (INPUT 2), the pulse will appear on the "1&lt;2"
      output path 231. If the contents of reference counter 224 equal the value
      selected in MCS register 230, the pulse will appear on the "1=2" output
      path 232, and if the value selected in MCS register 230 is less than the
      contents of reference counter 224, then the "2&lt;1" output will supply the
      pulse. One-shot 229 supplies the required enable pulse via path 273 to the
      ENABLE COMPARE input of comparator 228, responsive to the trailing edge of
      the reference count enable pulse on path 223. The "1&lt; 2" and the "2&lt;1"
      outputs are supplied on lines 231 and 233 to, respectively, the UP and
      DOWN inputs of up/down counter 234 (which may be a binary counter). Each
      pulse on path 231 supplied to the UP input causes the contents of counter
      234 to increase by one. Each pulse applied to the DOWN input of counter
      234 causes its contents to decrease by one. The output of up/down counter
      234 is supplied on path 235 to D/A converter 236. D/A converter 236
      produces an analog voltage output on path 237 whose level accurately
      follows the digital value of the contents of up/down counter 234. Voltage
      controlled oscillator (VCO) 238 receives the analog output of D/A
      converter 236 and provides a signal whose frequency follows the voltage
      from D/A converter 236. That is, as the contents of up/down counter 234
      increases or decreases and the output voltage on path 237 from D/A
      converter 236 respectively increases and decreases, the output frequency
      of VCO 238 on path 225 also respectively increases and decreases. The
      frequency range of VCO 238 for the voltage range of D/A converter 236
      should be selected such that the number of pulses emitted at the highest
      frequency during the time required to scan one line in the RV camera is
      slightly less than the maximum capacity of reference counter 224. This
      then ensures that the number of counts will never exceed the maximum
      capacity of reference counter 224. The output of VCO 238 on path 225 is
      applied to the ADVANCE COUNT input of reference counter 224, which, when
      its ENABLE input is high, will advance the value of its contents by one
      for each pulse from VCO 238.
PAR  The "1 = 2" output of comparator 228 is applied to the CLOCK input of J-K
      flip-flop 239. The reference scan enable pulse provided on path 221, it
      will be recalled, is a signal which is high for a period of several scans
      across the reference object image 104a, and is applied to both J and K
      inputs of J-K flip-flop 239. When both J and K inputs are high a
      positive-going transition (from low to high) on the CLOCK input will cause
      the Q output to become high. The Q output is reset to low by each
      occurance of a vertical pulse on path 203 at the CLR (clear) input, at the
      end of the bottom-most scan line. A high from the Q output of flip-flop
      239 denotes comparison equality achieved and causes indicator 257 to
      display this fact to the operator. Certain light-emitting diodes will
      operate directly from logic level voltage and one of this type may be
      conveniently selected as indicator 257.
PAR  The other elements of the diagram of FIG. 2b deal with the means by which
      the time required to scan specimen image 105a is determined. The
      measurement signals on path 220 are the basic data input to this portion
      of the apparatus. Waveforms 286-288 disclose measurement signals A-C
      produced respectively during the scans of LOMs 213a, 213b, and 213c. For
      LOMs 213a and 213c, their position pulses are high from a time prior to
      the instant the video signal changes level at the left hand edge of image
      105a to a time subsequent to video signal change caused by the extreme
      right hand edge of object 105a. Measurement signal A level changes from
      low to high and vice versa at the left and right hand edges, respectively
      of specimen image 105a in FIG. 2a. For LOM 213b, measurement signal B
      produced by AND gate 218 is gated by the position signal from shortly
      before to shortly after the existence of video pulse 285f, which
      corresponds to pulse 287a in waveform 287. For LOM 213b, the LOM position
      pulse ends before the scan reaches the right hand upwardly-projecting arm
      of image 105a. Thus, measurement pulse 287a is narrower than measurement
      pulse 286a.  Measurement signal C, waveform 288, has two pulses 288a and
      288b, since the inputs to AND gate 218 are both high at two separate
      times, coinciding with video pulses 285c and 285e.
PAR  The measurement signal is applied to one-shot 240 and, through inverter
      241, to one-shot 242. Both one-shots 240 and 242 produce a short pulse of
      predetermined duration upon receiving an input signal transition from low
      to high. In the case of one-shot 240, this produces the specified pulse on
      line 244 responsive to a change in the image from light to dark along the
      line being scanned. Inverter 241 inverts the measurement signal on path
      220 and thus causes oneshot 242 to produce its output pulse responsive to
      each transition along the scan line from dark to light. Contrast selector
      switches 246 and 247 in conjunction with OR gate 250 determine the type of
      light intensity changes, and their order, between which measurement is
      effected. With switches 246 and 247 in the position shown, OR gate 250
      produces a pulse on path 263 for every low to high and every high to low
      transition of the measurement signal. If switch 246 is shifted to its
      alternate position, then only high to low transitions produce pulses on
      path 263. Similarly, if switch 247 is shifted to its alternate position,
      only low to high transitions produce such pulses on path 263.
PAR  J-K flip-flop 251 receives a permanent logical 0 (low) on its K input and a
      permanent logical one (high) on its J input. With these inputs, each pulse
      applied to the CLOCK input (path 263) will cause the Q output of flip-flop
      251 to change state as long as the CLR input is maintained at a logical
      high. While the scan is sweeping along the LOM, the output of AND gate 215
      on path 217 is maintained at a high. At all other times, a logical low is
      present thereon, causing J-K flip-flop 251 to be held cleared and the Q
      output on path 252 at this time to be always low. Upon the occurance of
      the first pulse on path 263 during the scan of the LOM, flip-flop 251 is
      set and its Q output becomes high. A succeeding pulse on path 263 clears
      flip-flop 251 and drops the Q output to a logical low. Succeeding pulses
      on path 263 alternately set and clear flip-flop 251, as long as the scan
      coincides with the LOM. Presence of a logical high signal on line 252
      coupled with the Q output of J-K flip-flop 239 being high (caused by
      equality having been found during the reference comparing step) causes a
      high to be placed on the ENABLE input of measurement counter 255. It is
      preferred that measurement counter 255 performs its functions in the BCD
      mode, which allows the values recorded therein to be easily displayed as
      decimal numbers. Each cycle of VCO 238 output on path 225 then advances
      the contents of measurement counter 255 by one, and this continues for as
      long as J-K flip-flop 251 is set. When flip-flop 251 is cleared for any
      reason, counting is disabled for that period of time. Hence, for LOM 213c
      and the position of switches 246 and 247 shown, counting occurs only
      during the scan across each of the two vertical arms. Thus, the
      measurement taken is the sum of the widths of the two vertical arms.
      Measurement counter 255 is initially cleared by every horizontal sync
      pulse on path 206, and thus is preset to 0 when the scan line coinciding
      with the line of measure is scanned.
PAR  The output of measurement counter 255 is a parallel transmission via path
      258 to holding register 256, which is adapted to record the contents of
      counter 255 in a convenient fashion. One-shot 261 produces its output
      pulse responsive to the trailing edge of the LOM position pulse on path
      217. The resulting pulse on path 262 is applied to the gate input of
      holding register 256 and causes the data on path 258 to be stored within
      holding register 256. Until another pulse is put on its GATE input, the
      contents of register 256 cannot thereafter be changed. Display 260 can be
      any device, such as displays 121 and 122 of FIG. 1a, and merely allows
      easy visual determination of the contents of register 256. If measurement
      counter 255 is of the preferred BCD type, display 260 should function in
      the BCD mode as well to show the decimal value of counter 255.
PAR  This apparatus is specifically designed for use after calibration in a
      preferred manner has been done. Briefly, a calibration specimen 105 of
      predetermined width is placed within the field of view on stage 126. The
      switches of manual count select register 230 are then adjusted by the
      operator until the value shown by display 260 is a convenient power of 10
      of the width of calibration specimen 105. Any specimen 105 of unknown
      width placed thereafter in the field of view will produce a value in
      display 260 which when multiplied by the same power of 10 chosen during
      calibration, is the unknown dimension. Because of the extreme speed at
      which the scans occur, only a few seconds at most are required to achieve
      equality between reference counter 224 and manual count select register,
      230 after each change of the latter. In the preferred embodiment, scan
      controller 112 (FIG. 1a) actually comprises the vertical pulse generator
      within TV camera 100, and this equality during the scan of specimen 105 is
      therefore quickly achieved.
PAR  The calibration procedure begins with the placing of a calibration specimen
      105 of known dimension on stage 126 and within the field of view of
      optical system 110 with an orientation which causes the known dimension of
      calibration specimen 105 to extend in parallel with the scan lines of
      camera 100 and monitor 202. It is preferable that the known dimension of
      calibration specimen 105 be chosen to be approximately the same width as
      the apparent or effective width of reference object 104. Manual count
      select register 230 is then set to some value which, when multiplied by a
      convenient power of 10 is approximately equal to the known width of
      calibration specimen 105. E.g., if calibration specimen 105 is the
      previously assumed 0.000313 in., then manual count select register 230
      can, e.g. be set to 300. Vertical ramp signal 281 produced by VSS/RG 201
      swings from one to the other voltages generated within reference scan
      enable element 208 and which define the scan lines during which VCO 238
      frequency is adjusted to produce comparison equality. During the occurance
      of video pulse 285a, the signal on path 223 is changed to a low, disabling
      the ADV COUNT input of reference counter 224 and effectively locking the
      number of counts which occurred during video pulse 285a in reference
      counter 224. The dropping of the signal to a low on path 223 also triggers
      a pulse from one-shot 229 which enables the comparison in reference
      comparator 228 between the contents of reference counter 224 and the value
      selected in manual count select register 230. The contents of up/down
      counter 234 is caused to decrease by 1 by the pulse on the 2&lt;1 output on
      path 233 to decrease by 1. Similarly, if the contents of reference counter
      234 are less than the value selected in manual count select register 230,
      a pulse appears on the 1&lt;2 output of reference comparator 228, path 231,
      which causes the contents of up-down counter 234 to be increased by 1. If
      counter 234 is incremented by one, the voltage on path 237 from D/A
      converter 236 is slightly increased, which increases the frequency of VCO
      238. Similarly, if up/down counter 234 is decremented the frequency output
      of VCO 238 is correspondingly decreased. When the horizontal pulse on path
      206 which immediately follows each comparison and subsequent alteration of
      up/down counter 254 occurs, reference counter 224 is cleared and the new
      VCO 238 frequency is then tested to see whether or not its frequency
      causes equality between reference counter 224 and the contents of manual
      count select register 230 after completing a scan of reference object
      image 104a.
PAR  This pattern continues until either equality is found and a pulse issued on
      the 1 = 2 output of reference comparator 228, or the scan moves out of the
      reference scan area causing the output of reference scan enable element
      208 to become low and remove the high on the ENABLE input of reference
      counter 224 until the occurance of the next vertical pulse. Upon the
      occurance of the next vertical pulse the entire procedure begins again
      until finally the looked for pulse on the 1 = 2 output of reference
      comparator 228 occurs. This causes J-K flip-flop 239, previously cleared
      by the vertical sync pulse on path 203, to become set and produce a high
      on its Q output, which enables one input of AND gate 253 and causes the
      comparison equality achieved indication from indicator 257.
PAR  Measurement counter 255 then records the time necessary to scan the image
      of calibration specimen 105a by recording the number of oscillator cycles
      which occur during that time. During calibration, the intent is to adjust
      manual count select register 230 until the contents of measurement counter
      255 is the product of an exact power of 10 and the known width of
      calibration specimen 105 located on stage 126. Manual adjust start and
      finish elements 214a and 214b and LOM vertical select element 209 are
      adjusted so that the LOM displayed on monitor 202 extends completely
      across and past each side of the known dimension of calibration specimen
      image 105a. A suitable LOM might be dashed line 213a. For the typical
      solid calibration specimen, switches 246 and 247 should be placed in the
      position shown in FIG. 2b. As previously explained, the measurement signal
      generated during the scan of the line coincident with the LOM position
      produces a positive-going pulse whose duration corresponds to the width of
      specimen 105. The positive-going leading edge causes a pulse from one-shot
      240 and the trailing edge produces a pulse later on from one-shot 242.
      These two pulses are ORed together by OR gate 250 and applied to the CLOCK
      input of J-K flip-flop 251, which has been previously cleared by the start
      of the LOM position pulse on path 217, corresponding in time to the point
      on the scan at which the LOM begins. Each pulse applied to the CLOCK input
      of flip-flop 251 causes the Q output thereof to change. The first pulse
      from OR gate 250, results from the start of the scan sweep across image
      105a and causes the Q output of J-K flip-flop 251 to become high, which,
      once comparison equality has occured, produces a high output on path 264
      to the enable input of measurement counter 255, allowing the output of VCO
      238 to begin advancing the contents of counter 255. The trailing edge of
      the measurement pulse on path 220 causes counting to cease in counter 255
      and the trailing edge of LOM position pulse on path 217 causes one-shot
      261 to gate the contents of measurement counter 255 into holding register
      256 from which it can be displayed by display element 260, to the
      operator.
PAR  The operator then compares the value displayed by display element 260 with
      the actual width of calibration specimen 105. Say, for example, the
      contents of measurement counter 255 are displayed as 320. Since the actual
      width has been assumed to be 0.000313 inch, which when multiplied by the
      appropriate power of 10 (10.sup.6) is not equal to 320, manual count
      select register 230 must be changed, in this case downwardly to cause VCO
      238 to run more slowly. Manual count select register 230 is adjusted and
      readjusted many times if necessary, until finally the value displayed in
      display register 260 equals, in the hypothetical example, 313. At this
      point, the apparatus is calibrated such that specimens 105 of unknown
      width placed within the field of view on stage 126 will cause the actual
      width times 10.sup.6 to be shown by display unit 260. It should be
      understood that after calibration has been completed, manual count select
      register 230 must not be altered in any way.
PAR  The advantages present in the apparatus of FIG. 1a relating to elimination
      of errors caused by drift within the electronics are equally present in
      the apparatus of FIGS. 2a and 2b. If for any reason, equality does not
      occur during the first reference scan when measurements are being
      attempted, up/down counter 234 adjusts appropriately to change VCO 238
      frequency until equality is achieved. Because measurement of specimen 105
      occurs a short time, 20 ms. or less, after equality is achieved even
      fairly rapid signal drift in the electronic elements will not produce any
      noticeable errors.
PAR  It is possible, when employing a TV camera to transform the light
      variations caused by the images of reference object 104 and specimen 105
      into electrical signals, that the value of the horizontal sweep voltage
      can be recorded at the instant each mark signal is detected. The sweep
      voltage difference, if linearly related to the distance between the
      related mark image pairs can be used as a measure of the time elapsed
      between the related pairs of mark images. Although this is not considered
      to be a preferred embodiment, some discussion of it is deemed necessary
      since arguably, this voltage difference is different from a direct
      measurement of time. Applicant wishes to include such indirect
      measurements of time in his references to time recording where
      appropriate. Particularly in the claims, it is important to understand
      that recording sweep voltage at the instant each mark signal occurs is
      simply a different means of recording the actual time.
PAR  Another possibly desirable feature provides automatic calibration. MCS
      register 230 is used in a different manner for this embodiment. It is
      initially set to a value equal to the actual calibration specimen
      dimension times a selected power of 10. A switch-selectable calibration
      mode then employs apparatus which varies oscillator 238 frequency until
      the number of counts occurring during the scan of the calibration specimen
      equals that recorded in MCS register 230. The number of oscillator counts
      which occurred while scanning reference object 104 just previously is
      recorded and becomes the value against which reference comparison is made
      during subsequent measuring operations.
PAR  These embodiments by no means exhaust the possibilities for alternative
      designs and features. For example, once the ERW of reference object 104 is
      known, elements could be added to the device of FIG. 1a to directly and
      automatically compute arithmetically the unknown width, using the time
      required to scan image 105a. Reference object 104 need not comprise an
      actual object, but instead could be a short band of paint or even a line
      engraved on ocular lens 103. Reference object 104 need not be placed in
      the focal plane of ocular lens 103, but may be located in any of the other
      focal planes within optical system 110. It is not, however, preferable to
      place reference object 104 in the focal plane on stage 126, because of the
      aforementioned difficulties of alignment and interference between the two
      objects. The quality of light which triggers each mark signal need not be
      intensity change. Change in color or polarization can function as this
      quality as well. Selection apparatus for specimen mark signals can permit
      inside measurements to be made. There are many other features and
      advantages which may be employed in accomplishing certain requirements
      needed for a particular application.  These possible differences should
      not be allowed to obscure the basic concepts of the invention, which are
      claimed as follows:
CLMS
STM  I claim
NUM  1.
PAR  1. In apparatus of the type comprising an optical system projecting a
      focussed image of a field of view, and an image processor comprising
PA1  a. at least first and second light sensitive strips on which at least a
      part of the image falls, each producing along each strip a signal
      indicating variations along the strip in a preselected quality of light
      impinging thereon,
PA1  b. a scanner receiving first and second initiate signals and responsive
      thereto scanning at a preselected speed along the first and second strips
      respectively, the light variations, and producing a scan signal encoding
      the variations in the light quality adjacent the point of scan, and
PA1  c. a scan controller issuing first and second initiate signals, an
      improvement for providing a signal indicating the exact distance between
      third and fourth marks positioned in the field of view to cause focussed
      images thereof to fall on the second strip and cause detectable variations
      in said preselected quality of the light, comprising:
PA1  a. a reference object having thereon and spaced a preselected distance
      apart, first and second marks causing said detectable variations in said
      preselected quality of the light and located within the image path to
      cause a focussed image of each mark to fall on the first strip;
PA1  b. a detector receiving the scan signal and producing first through fourth
      mark signals occurring at substantially equal times after occurrence of
      each scan signal variation caused respectively by the first through fourth
      marks; and
PA1  c. timing means receiving the mark signals and producing a first time
      signal encoding the time span between the first and second mark signals
      and a second time signal encoding the time span between the third and
      fourth mark signals;
PAL  wherein said preselected distance between the first and second marks is a
      dimension producing a time span encoded in the first time signal
      substantially equaling the time span encoded in the second time signal
      when the spacing between the third and fourth marks is a preselected known
      distance.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the optical system further comprises a
      microscope and the improvement further comprises the reference object
      located adjacent the microscope ocular lense.
NUM  3.
PAR  3. In apparatus of the type comprising an optical system projecting a
      focussed image of a field of view, and an image processor comprising
PA1  a. at least first and second light sensitive strips on which at least a
      part of the image falls, each producing along each strip a signal
      indicating variations along the strip in a preselected quality of light
      impinging thereon,
PA1  b. a scanner receiving first and second initiate signals and responsive
      thereto scanning at a preselected speed along the first and second strips
      respectively, the light variations, and producing a scan signal encoding
      the variations in the light quality adjacent the point of scan, and
PA1  c. a scan controller issuing first and second initiate signals,
PAL  an improvement for providing a signal indicating the exact distance between
      third and fourth marks positioned in the field of view to cause focussed
      images thereof to fall on the second strip and cause detectable variations
      in said preselected quality of the light, comprising:
PA2  a. a reference object having thereon and spaced a preselected distance
      apart, first and second marks causing said detectable variations in said
      preselected quality of the light and located within the image path to
      cause a focussed image of each mark to fall on the first strip;
PA2  b. a detector receiving the scan signal and producing first through fourth
      mark signals occurring at substantially equal times after occurrence of
      each scan signal variation caused respectively by the first through fourth
      marks; and
PA2  c. timing means comprising
PA3  i. an oscillator;
PA3  ii. a first counter receiving the oscillator output signal, the first and
      second mark signals and a first enable signal, and responsive to the first
      enable signal, setting to a preselected value, incrementing by a
      preselected amount responsive to each oscillator cycle occurring between
      the first and second mark signals, and supplying its contents as a first
      time signal;
PA3  iii. a second counter receiving the oscillator output signal, the third and
      fourth mark signals and a second enable signal, and responsive to the
      second enable signal, setting to a preselected value, incrementing by a
      preselected amount responsive to each oscillator cycle occurring between
      the third and fourth mark signals, and supplying its contents as a second
      time signal; and
PA3  iv. a timer control supplying the first and second enable signals to the
      first and second counters, responsive to the first and second initiate
      signals respectively;
PAL  wherein the first and second time signals comprise the signal indicating
      the exact distance between the third and fourth marks.
NUM  4.
PAR  4. The apparatus of claim 1, wherein the detector further comprises
PA1  a. a first one-shot receiving the scan signal and producing an output
      signal pulse each time the scan signal changes in a first predetermined
      fashion;
PA1  b. a second one-shot receiving the scan signal and producing an output
      signal pulse each time the scan signal changes in a second predetermined
      fashion different from the first predetermined fashion; and
PA1  c. manually selectable multi-position switching means receiving the
      one-shot outputs for supplying selected one-shot output pulses as the mark
      signals, said pulse selection depending on manual selection of switching
      means position.
NUM  5.
PAR  5. The apparatus of claim 3, wherein the light-sensitive strips comprise a
      television camera whose plurality of scan lines comprises the light
      sensitive strips, and which supplies a video signal encoding the light
      intensity variations along the scan lines and horizontal synchronization
      signals indicating the start of the scan of each line and wherein the
      improvement further comprises manually operable means for supplying a scan
      line signal specifying a desired scan line, and video signal gating means
      receiving the scan line and video signals, for supplying the video signal
      to the detector while the scan line specified by the scan line signal is
      being scanned.
NUM  6.
PAR  6. The apparatus of claim 5, wherein the improvement further comprises a
      television monitor receiving the video signal and displaying an image of
      the field of view on its screen, and indicator means receiving the scan
      line signal for supplying an indicator signal to the television monitor
      causing a visual indication of the location of the scan line specified by
      the scan line signal to be displayed on the television monitor screen.
NUM  7.
PAR  7. The apparatus of claim 5, further comprising manually adjustable means
      recieving the horizontal synchronization and video signals, and having
      manually adjustable controls specifying first and second line of measure
      times following each horizontal synchronization signal, wherein said
      manually adjustable means is for gating the video signal to the detector
      during the interval between the first and second line of measure times,
      and for supplying a line of measure signal to the television monitor
      causing a visual indication of the position of the scan along the scan
      line at the first and second line of measure times.
NUM  8.
PAR  8. The apparatus of claim 3, wherein the oscillator is a variable frequency
      oscillator whose frequency varies monotonically from a lower to a higher
      frequency as a frequency control input varies monotonically from a first
      to a second value; and further comprising
PA1  a. a manually alterable register which may be manually set to produce a
      reference count signal encoding a value duplicating any one of a plurality
      of values which the first counter is capable of recording; and
PA1  b. a count comparator receiving the reference count signal and the first
      time signal, and supplyng the frequency control signal, and, responsive to
      the second mark signal comparing the counts encoded by the reference count
      signal and first time signal and changing the frequency control signal so
      as to reduce the difference between the reference count signal and a
      subsequent first time signal, if not zero.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the optical system comprises a
      microscope, and the improvement further comprises the reference object
      located adjacent the microscope ocular lens.
NUM  10.
PAR  10. The apparatus of claim 8, wherein the oscillator is a voltage
      controlled oscillator whose frequency varies monotonically from a lower to
      a higher frequency as the frequency control signal varies monotonically
      from a first to a second voltage, and wherein the count comparator further
      comprises:
PA1  a. a digital circuit providing first, second, and third comparison signals
      accordingly as the count encoded by the reference count signal is less
      than, equal to, or greater than the count encoded by the first time
      signal;
PA1  b. a digital to analog converter receiving an up-down counter signal,
      converting the digital count encoded therein to an analog voltage
      representative thereof and falling between the first and second voltage
      associated with the frequency control signal, and supplying the analog
      voltage to the oscillator frequency control signal input; and
PA1  c. an up-down counter supplying the count recorded therein to the digital
      to analog converter, and responsive to the first comparison signal
      changing its recorded count by a predetermined amount in a direction
      causing the analog voltage output of the converter to shift toward the
      first voltage, responsive to the third comparison signal changing its
      recorded count by a predetermined amount in a direction causing the analog
      voltage output of the converter to shift toward the second voltage, and
      remaining constant responsive to the second comparison signal.
NUM  11.
PAR  11. The apparatus of claim 8, further comprising a display register
      receiving the first time signal and providing a visual indication of the
      count encoded therein.
NUM  12.
PAR  12. A method for calibrating the apparatus of claim 11, comprising the
      steps of
PA1  a. placing an object having a known dimension capable of producing third
      and fourth mark signals in the field of view and located so as to place
      the image of the known dimension along the second light sensitive strip;
PA1  b. comparing the visual indication in the display register with a
      preselected constant;
PA1  c. reducing the count value recorded in the manually alterable register by
      a selectable amount if the visual indication in the display register is
      greater than the preselected constant;
PA1  d. increasing the count value recorded in the manually alterable register
      by a selectable amount if the visual indication in the display register is
      less than the preselected constant; and
PA1  e. repeating the above comparing, reducing, and increasing steps until the
      difference between the visual indication in the display register and the
      preselected constant is a minimum.
NUM  13.
PAR  13. The method of claim 12, wherein the preselected constant is a power of
      10 of the length of the known dimension expressed in preselected units of
      length.
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PAL  A device for indicating the soiling of a sheet of glass or windshield
      comprising a source that emits light through the windshield onto the
      soiled surface at the angle of total reflection, a photometer that
      registers the changes caused in the light returned through the glass as
      the result of the soiling of the windshield, and an indicating device or
      signal transmitter connected to the photometer.
BSUM
PAR  Up to the present time, no such glass pane soil indicator has been
      successfully used in daylight. In German Patent application P 21 01 319.4,
      it is suggested that the light of a light source situated in front of the
      windshield be sent through the windshield and that the weakness or loss of
      intensity of the light caused by the soiling of the glass be registered by
      a photometer disposed behind the windshield pane. But this proposal has
      the structural drawback that the light source and the photometer must be
      mounted at two separate places, on both sides of the windshield. It also
      has the basic drawback that it does not adequately take into consideration
      the problem of the changing intensity of the outside light. Consequently,
      in order to compensate for the changing of outside light during daytime
      and night time, the supplemental proposal is made to set up a second
      photometer adjacent to the first one in order to eliminate the
      interference factor of the surrounding brightness by the formation of a
      differential of the two measured values of the photometers. The above
      mentioned structural drawback of the separate locations for the light
      source and the photometers results in a great distance between the two and
      comlicates accurate optical focusing. Furthermore, due to this spatial
      disposition, the light measuring beam penetrates the windshield pane whose
      degree of soiling is being measured in only punctiform fashion and does
      not cover or include the remaining condition of the glass. For these
      reasons the above mentioned suggestion will probably not be realized in
      the future.
PAR  Another comparable arrangement described in German patent application P 21
      37 231.6 bypasses the problem of outside light by being usable only at
      night, in other words, without the influence of daylight interference.
      Moreover, this device uses the strong light source of a head light as its
      source of light, so that in this way it is possible to measure the light
      sent back from the dirt particles in an indirect manner, since the absence
      of daylight provides a suitable zero value which allows a critical value
      to be ascertained. But even the interference caused by the head light of
      an approaching vehicle requires compensation, which is done by installing
      time-lag members in series in a relay circuit. This device cannot be used
      in daylight or with just any desired type of glass pane, such as the
      windshield of motor vehicles since the latter are never exposed to the
      light of a strong head light in the daytime and if such a light were
      constantly turned on during the whole day, it would be an expenditure of
      energy that would exceed the capacity of an automobile battery.
PAR  Briefly, according to this invention, a glass pane soil indicator is
      secured to the unexposed surface of the pane, A light source and a first
      optical system direct a beam of light through the unexposed surface to the
      exposed (soilable) surface at the angle of total reflection. A second
      optical system is arranged to allow the beam to pass from the pane to a
      photometer. A signal transmitting device is arranged to produce a signal
      indicative of the light returned through the pane to the photometer.
PAR  It is the object of the invention to create a glass-pane or windshield
      soiling indicator which is very simple in construction, takes up little
      space, saves energy and operates in a trouble free manner, an indicator in
      which the interference factor of changing outside light has been
      eliminated.
PAR  The invention achieves the objects by having the light which is sent from
      the light source conducted through prismatic devices as it enters or
      leaves the glass pane, the prismatic devices allowing the light to strike
      the soiled glass surface at the angle of total reflection.
PAR  By using the totally reflecting light proposed by the invention instead of
      transmitting light, the drawbacks of the two above described prior art
      methods can be avoided. Outside light which strikes the flat sheet of
      glass from the outside is always broken at an angle into the interior of
      the glass, so that no bothersome outside light can reach the photometer.
      Consequently, no compensation must be made for outside light and the
      device of the invention can therefore also be used during daylight and
      under changing outside light conditions. However, if some transparent or
      non-transparent dirt is present on the surface of the glass, this will
      affect the total reflection and the photometer can register suitable
      changes in the light intensity and compare them with the zero value of
      undisturbed total reflection. When a set given limit value is exceeded,
      this can be passed on to a signal transmitter connected up at the outlet
      side.
PAR  Advantageously the transparent members of the device and the transparent
      adhesives for securing the device to the sheet of glass have the same
      index of refraction as the glass itself, so as to avoid refraction and
      reflection and thereby to increase the intensity of the light.
PAR  The prismatic devices for the entering or departing beam of light may be
      composed of many small prisms, thus making a flat construction possible.
PAR  In order to enlarge the illuminated measuring area on the sheet of glass or
      windshield, the light emitted from the light source may also be totally
      reflected in the glass a number of times. Due to this advantageous design
      it is also possible to arrange the light source and the photometer
      separately on both sides of the illuminated measured glass area which has
      been enlarged by multiple total reflection, so that the device of the
      invention may be divided into two still smaller structural units which may
      also be glued supplementarily to the inner side of the glass without
      obstructing the free field of vision. When the device is installed
      supplementarily no optical adjustment will be necessary since the whole
      path of the light rays is already preset in the device.
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PAR  Further features and other objects and advantages of my invention will be
      described more fully with the aid of the accompanying drawing which is a
      schematic drawing of one embodiment of my invention emphasizing the
      optical aspects thereof.
DETD
PAR  The light issuing from light source 1 is conducted through a focusing
      optical system 8 (for greater light yield) to a prism 9 and a mirror 10
      and is guided to the top surface 2 of the transparent sheet of glass or
      windshield 21. The totally reflected light emerges from the glass through
      a prism plate 11 and is focused through an optical system 12 onto
      photometer 7 with shutter 6. The use of prisms 9 and 11 is necessary
      because the light must strike top surface 2 of the glass at an angle of
      total reflection, and should be reflected at the same angle. This cannot
      be done when a sheet of glass with plane parallel faces is illuminated.
PAR  Photometer 7 measures a certain measuring value under interference-free
      total reflection which represents a good zero or neutral point. If the
      intensity of the totally reflected light is changed as the result of drops
      3 of water or solid dirt particles 4, photometer 7 can determine
      corresponding new measuring values and pass them on to a signal emitter
      which is set for a predetermined limit value. When this limit value is
      exceeded, a signal can be given which will actuate a windshield cleaning
      device of any desired type. In this connection, it is important that this
      type of measurement of a totally reflecting beam of light and its changes
      in intensity takes place completely unaffected by fluctuations in the
      daylight and furthermore requires a very small light source 1.
PAR  In order to prevent refraction and reflection, the transparent parts of the
      device and the adhesive 15 between the parts have the same index of
      refraction or a similar one.
PAR  In order to enlarge the illuminated surface on the sheet of glass and with
      the optical system remaining the same, the prisms 9 and 11 are spaced.
      Then a multiple total reflection can take place in the sheet of glass,
      thus enlarging the illuminated measuring area on the glass. In this way,
      the probability of a ray of light that has been totally reflected a number
      of times striking a drop of water or a particle of dirt and thus
      interfering with the intensity of the ray of light is substantially
      increased.
PAR  The device is shown approximately four times actual size in the drawing.
      Therefore, the housing containing the necessary electrical and optical
      parts is relatively small in its actual size. When the illuminated
      measuring surface on the glass pane is enlarged and multiple total
      reflection is utilized, it is possible to split up the device and to make
      it even smaller, so that the light source 1 is to be contained in one
      housing and the photometer 7 is to be contained in another housing. These
      two structural components will then be so small that they will not present
      the slightest hindrance to the field of vision.
PAR  Thus, the described windshield soil indicator consists of only a few small
      structural components that are scarcely susceptible to trouble, it always
      operates accurately and is unaffected by changes in outside light, and due
      to the use of transparent adhesives with the appropriate optical
      properties, it can very simply be glued to windshields or sheets of glass.
PAR  Having thus described my invention with the detail and particularity as
      required by the Patent Laws, what is desired protected by Letters Patent
      is set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A glass pane soil indicator for detecting water, dirt or the like on the
      exposed surface of the pane comprising a portion of said pane having
      exposed and unexposed surfaces normally free of any substance, a light
      source, a photometer, means for directing the light from said source
      through the unexposed surface of the pane to the exposed surface, an
      optical system for directing light returned through the pane to pass to
      the photometer, said photometer being arranged to receive only light
      leaving the exposed pane surface at the angle of total reflection, and
      means responsive to the output of the photometer for indicating the
      condition of the exposed glass surface.
NUM  2.
PAR  2. A glass pane soil indicator according to claim 1 in which said optical
      system is secured to the pane by a transparent adhesive having the same
      index of refraction as the pane.
NUM  3.
PAR  3. A glass pane soil indicator according to claim 1 in which the optical
      system is comprised of many small prisms.
NUM  4.
PAR  4. A glass pane soil indicator according to claim 1 in which the directing
      means and the optical system are spaced such that a single light beam is
      totally reflected from the exposed and unexposed surfaces at a plurality
      of points.
NUM  5.
PAR  5. A glass pane soil indicator according to claim 4 wherein the directing
      means and the optical system are spaced across the viewing area of the
      pane from one another such that the measuring area is enlarged by multiple
      total reflections.
NUM  6.
PAR  6. A glass pane soil indicator according to claim 1 in which the directing
      means directs the light to strike the exposed surface at the angle of
      total reflection.
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ABST
PAL  The application discloses a writing instrument adapted to be worn on a
      forefinger, thereby allowing the user of the instrument to pursue his
      normal activities without interruptions necessitated by picking up and
      setting down a writing instrument each time it is needed.
PAL  Accordingly, the writing instrument of the present invention includes a
      holder adapted to fit on the end of a finger and having interior
      constriction rings enabling the holder to firmly grip normal variations in
      the forefinger of either an adult male, an adult female or a child.
PAL  A substantially conically shaped writing means is firmly affixed to the
      holder and may be characterized by either an ink or crayon writing
      capability. In the ink embodiment, the writing means includes a conically
      shaped ink reservoir having an appropriate writing tip engaging the apex
      thereof and an air-vented capillary tube to insure uniform ink flow.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of copending application Ser. No. 502,872
      filed Sept. 3, 1974, and now abandoned, in the name of Joseph Fox and
      bearing the same title as the present application.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to writing instruments of the type which may be
      retained on the forefinger of the user, thereby allowing continued use of
      the writing hand without interruptions necessitated by picking up and
      setting down a writing instrument each time it is needed.
PAR  Of key importance to the success of a finger tip writing instrument is its
      ability to firmly grip the forefinger of its user. Furthermore, the finger
      gripping mechanism should be adaptable so as to adequately grip variously
      sized forefingers. Also of importance is the requirement that the gripping
      mechanism be comfortable when applied to the forefinger of a user by not
      putting any appreciable stress thereon. The prior art finger tip writing
      instruments disclose no gripping mechanisms which simultaneously satisfy
      the aforementioned requirements. Traditionally, the finger insertion
      portion of finger tip writing instruments have consisted of thimble type
      members having solid walls with flattened interior surfaces. If a
      particular finger conformed to the shape of the thimble, an adequate grip
      was achieved. However, the thimble arrangement would not adequately grip
      fingers of other sizes and shapes.
PAR  In order to overcome the problems associated with the gripping
      characteristics of thimble type holders, prior art devices teach the use
      of holders comprising various clamping means. Although the prior art
      clamping holders reduce the problems associated with maintaining a firm
      grip, they become rather uncomfortable after continuous use for a period
      of time.
PAR  The prior art discloses that most proposed finger tip writing instruments
      were developed for use around the turn of the century. Since, at that
      time, ball point and felt tip pens had not been adequately developed, the
      prior art devices are generally limited to fountain pen type instruments.
      Furthermore, the prior art does not appear to disclose a finger tip
      writing instrument characterized by a crayon writing capability adapted
      for use by small children.
PAR  A significant deficiency in prior art fountain pen type instruments is
      that, for the most part, their ink retention capabilities are negligible.
      Some prior art finger tip writing instruments attempted to increase their
      ink retaining capabilities by the inclusion of ink reservoirs in the form
      of hollow walls in the body of the instrument. Although the ink retention
      capabilities were thereby increased, the difficulties associated with
      inexpensively manufacturing body members with hollow walls presented
      problems.
PAR  In order to carry an adequate ink supply, present day ball point pens
      provide a long thin tube as an ink reservoir. However, due to their
      relatively long length, tube type ink reservoirs would be completely
      inadequate with respect to a finger tip writing instrument.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a finger tip writing
      instrument having a holder means capable of firmly gripping the forefinger
      of either an adult male, an adult female or a child, including normal
      variations therein.
PAR  It is another object of the present invention to provide a finger tip
      writing instrument capable of retaining an adequate supply of ink and
      which can be easily and inexpensively manufactured. More specifically, it
      is an object of the present invention to provide a ball point finger tip
      writing instrument having an ink reservoir comparable in volume to ink
      reservoirs of conventional ball point pens and which can be easily and
      inexpensively manufactured.
PAR  It is still a further object of the present invention to provide a finger
      tip writing instrument fabricated in whole or in part from crayon wax and
      especially adapted for use by small children.
PAR  In accordance with these and other useful objects, there is provided a
      finger tip writing instrument having a conically shaped finger retention
      means adapted to fit onto and firmly grip the forefinger, including normal
      variations therein, of either an adult male, an adult female, or a child.
      The conically shaped finger retention means includes an open substantially
      circular finger inlet end and a smaller truncated end exhibiting a
      substantially flat exterior and a rounded interior. Gripping capabilities
      are enhanced by two concentric constriction rings circumferentially
      protruding from the interior surface of the finger retention means.
PAR  A fastening member, secured to the flat exterior of the finger retention
      means truncated end, may be provided to facilitate the engagement of an
      appropriate writing means thereto. The writing means may comprise either
      an ink or a crayon embodiment.
PAR  In the ink embodiment, the fastening member comprises a disc structure
      having a smaller outer circumference than the truncated end of the finger
      retention means and fixedly engaged to the truncated end thereof. The disc
      member includes an L-shaped capillary tube having one axis in axial
      alignment therewith and slightly protruding from the side of the disc
      opposite the finger retention means. The remaining axis of the L-shaped
      capillary tube extends radially through the disc member and terminates in
      a hole in the rim thereof. A key lug is situated on the rim of the disc
      member and in communication with the truncated end of the conically shaped
      finger retention means to insure proper orientation of the parts.
PAR  In communication with the finger retention means and the disc member is a
      substantially conically shaped ink reservoir capable of retaining a
      quantity of ink comparable to that of conventional ball point pen
      tube-type ink reservoirs. The base portion of the ink reservoir terminates
      in a ring structure of substantially uniform diameter. The ring structure
      includes a vent hole extending radially therethrough and an indented key
      receptacle configured so as to mate with the aforementioned key lug. The
      vent hole and key receptacle are positioned on the ring structure so as to
      cause the vent hole to be in alignment with the hole in the disc member
      when the ink reservoir and finger retention menas are joined together. The
      conical portion of the ink reservoir extending from the ring structure is
      provided with an increased inside diameter so as to form a ledge at its
      juncture with the ring structure. Upon joining the finger retention means
      with the ink reservoir this ledge mates with the outside end of the disc
      member while the ring structure mates with the truncated end of the finger
      retention means.
PAR  An appropriate writing tip engages the conical portion of the ink reservoir
      at its apex. Thereupon, when the conical portion of the ink reservoir is
      filled with ink, the writing tip will be in communication therewith. To
      insure that a uniform ink flow is provided, the portion of the L-shaped
      capillary tube protruding from the disc member is immersed within the ink
      supply, the former being in communication with atmospheric pressure
      through the remaining leg of the L-shaped capillary tube, the hole in the
      disc member and the vent hole in the ring structure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the ink embodiment of the fingertip
      writing instrument of the present invention.
PAR  FIG. 2 is a side elevation view of the fingertip writing instrument shown
      in FIG. 1 looking from the right.
PAR  FIG. 3 is a partially exploded front elevational view of the finger tip
      writing instrument shown in FIG. 1 including a modified finger inlet end.
PAR  FIG. 4 is an exploded front elevation view, in cross-section, of the finger
      tip writing instrument shown in FIG. 1, taken along line 5--5.
PAR  FIG. 5 is a front elevation view, in cross-section, of the finger tip
      writing instrument shown in FIG. 1, taken along 5--5 including a modified
      finger inlet end.
PAR  FIG. 6 is a side elevation view of the conically shaped ink reservoir of
      the ink embodiment of the finger tip writing instrument of the present
      invention as seen from the right side in FIG. 4.
PAR  FIG. 7 is a side elevation view of the conically shaped finger retention
      means of the finger tip writing instrument of the present invention as
      seen from the left side in FIG. 4.
PAR  FIG. 8 diagramatically shows the insertion of the forefinger of an adult
      male, an adult female and a child into the fingertip writing instrument of
      the present invention.
PAR  FIG. 9 is a front elevational view, in cross-section, of a crayon
      embodiment of the fingertip writing instrument of the present invention.
PAR  FIG. 10 is an exploded front elevational view of another crayon embodiment
      of the finger tip writing instrument of the present invention.
PAR  FIG. 11 is a side elevation view of the finger tip writing instrument shown
      in FIG. 10, taken along line 11--11.
PAR  FIG. 12 is an exploded front elevation view, in cross-section, of a final
      crayon embodiment of the finger tip writing instrument of the present
      invention.
PAR  FIG. 13 is a side elevation view of the finger tip writing instrument shown
      in FIG. 12, taken along line 13--13.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, FIGS. 1 through 8 depict the ink embodiment
      of the finger tip writing instrument of the present invention. As best
      noted in FIG. 1, the finger tip writing instrument 10 comprises a
      conically shaped holder means 12, a substantially conically shaped ink
      reservoir 14 and a writing tip 16. Two V-shaped slots 18 and 18a (slot 18
      only being shown in FIG. 1) are provided in holder means 12. Slots 18 and
      18a permit a somewhat more comfortable gripping action by the holder means
      12 when a finger is inserted into the opened end 20 thereof.
PAR  The writing tip 16 can be of any standard variety, such as a standard brass
      writing tip with a 1 millimeter ball swedged therein. The conical ink
      reservoir 14 functions to retain a supply of ink and to uniformly supply
      the ink to the writing tip 16. A detailed description of the conical ink
      reservoir 14 and its manner of operation will be provided hereinafter.
PAR  As most clearly shown in FIGS. 3, 4 and 5, the finger tip writing
      instrument 10 of the present invention is actually composed of 3 major
      sections, namely; a conically shaped ink reservoir 14, a disc member 11
      including an L-shaped capillary tube 21 and a conically shaped holder
      means 12. As indicated previously, the main function of the conically
      shaped holder means 12 is to provide a facility for the insertion of a
      forefinger into the instrument 10. Accordingly, the conically shaped
      holder means 12 includes a circular finger inlet end 20 adapted to receive
      a user's forefinger. As shown most clearly in FIG. 4, the truncated end 22
      of the holder means 12 exhibits a flattened exterior 17 and a
      substantially rounded interior 19. Furthermore, it is to be noted that as
      shown in FIG. 2, the interior of the holder means 12 includes two
      protruding constriction rings 13 and 15. The purpose of the constriction
      rings 13 and 15 and of the rounded interior section 19 is to provide a
      firm grip on the finger of a user of the writing instrument 10 whether
      that user be an adult male, an adult female or a child. A more detailed
      description of the ability of the holder means 12, through the action of
      the constriction rings 13 and 15 to firmly grip forefingers of varying
      sizes is provided hereinafter. As mentioned previously, slots 18 and 18a
      are provided in the holder means 12 for purposes of comfort.
PAR  As shown most clearly in FIG. 3, a disc member 11, of smaller outer
      circumference than the truncated end 22 of the holder means 12, is fixedly
      engaged to truncated end 22. An L-shaped capillary tube, as generally
      shown at 21, is in direct communication with the disc member 11. Axis 23
      of the L-shaped capillary tube 21 is in axial alignment with the disc
      member 11 and extends partially therethrough. The remaining axis 25 of the
      L-shaped capillary tube 21 extends radially through the disc member 11
      terminating in a hole 26 in the rim 27 thereof.
PAR  The remaining portion of the fingertip writing instrument 10 consists of a
      substantially conically shaped ink reservoir 14. The ink reservoir 14
      consists of two sections, a ring structure section 28 and a conical ink
      retaining means 29. The ring structure 28, extending from the base 31 of
      conical ink retaining means 29, includes a vent hole 30 extending
      therethrough. The vent hole 30, which is of smaller diameter than hole 26
      in the rim 27 of disc member 11, aligns with hole 26 upon the assembly of
      the various sections of fingertip writing instrument 10 as shown in FIG.
      5.
PAR  To insure proper alignment of the vent hole 30 with the hole 26, key means
      32 and 33 are provided. As noted in FIGS. 3, 6 and 7, key means 33
      comprises a key lug which extends from the truncated end 22 of holder
      means 12 and is in communication with the rim 27 of the disc member 11.
      Key means 32 is a corresponding key receptacle notched from the ring
      structure 28 and adapted to mate with the key lug 33.
PAR  As best noted in FIGS. 4 and 5, the interior surface 35 of conical ink
      retaining means 29 is of reduced diameter with respect to the
      corresponding interior surface 36 of the ring structure 28. Due to this
      diameter variation a circular ledge 34 is formed at the juncture of the
      conical ink retaining means 29 and the ring structure 28. The ledge 34
      allows for a good seal to be formed at the base of the ink retaining means
      29 thereby reducing any problems regarding ink leakage.
PAR  As best seen in FIG. 5, upon assembly of the various sections of the
      fingertip writing instrument i.e., the holder means 12, the disc member 11
      including capillary tube 21 and the ink reservoir 14, the disc member 11
      is affixed to the truncated end 22 of the holder means 12. Similarly, the
      ink reservoir 14 is affixed to the disc member 11 and the holder means 12
      whereby the inside surface 36 of the ring structure 28 tightly embraces
      the rim 27 of the disc member 11 and, the ledge 34, at the base 31 of
      conical ink retaining means 29, abuts one end 37 of the disc member 11.
      The key lug 33 and the key receptacle 32 cause the disc member 11 and the
      ink reservoir 14 to align in a manner such that the vent hole 30 is in
      alignment with the hole 26. Since, axis 23 of the L-shaped capillary tube
      21 extends through the ring structure 28 and into the conical ink
      retaining means 29, a passage, extending from conical ink retaining means
      29 and through axis 23 and 25 of the L-shaped capillary tube 21, is
      created from the ink supply to the outside air. This passage keeps the ink
      supply in the conical ink retaining means 29 under atmospheric pressure
      and insures a proper and uniform ink flow through the writing tip 16
      located in the apex of the conical ink retaining means 29.
PAR  The unique combination of the conically shaped ink retaining means 29 and
      the action provided by the L-shaped capillary tube 21 along with hole 26
      and vent hole 30 permit the finger tip writing instrument 10 to retain a
      supply of ink comparable to that contained in conventional thin tube
      reservoirs while, at the same time, insuring a uniform ink flow. It is to
      be noted that, if a vent hole were included in the structure of the
      conically shaped ink retaining means 29, comparable to vent holes in tube
      reservoirs, the mass of ink would ordinarily force its way therethrough.
      However, in the case of the L-shaped capillary tube 21, the mass of ink is
      unable to force its way therethrough. The viscous ink will be forced part
      way up axis 23 of the capillary tube 21 to a point of balance between the
      pressure of the mass of ink and the viscosity of the ink. As the vent hole
      30 is smaller than the hole 26 in the rim 27 of disc member 11 this will
      further insure that the no leakage of ink occurs.
PAR  FIG. 8 diagramatically shows the gripping action of the holder 12 with
      respect to three forefingers of different size and shape, namely; that of
      an adult male, an adult female and a child. As will be noted and, as
      previously mentioned, the conically shaped interior surface of the holder
      12 along the constriction rings 13 and 15 function to provide a gripping
      force which will comfortably retain normal variations in finger size and
      shape. For example, FIG. 8A shows the forefinger of a typical adult male
      inserted into the holder 12. In this case, due to the size of the finger,
      it only partially penetrates the holder 12 and therefor, most of the
      gripping force is applied by constriction ring 13. On the other hand, in
      the case of an adult female (see FIG. 8B), penetration into the holder 12
      is somewhat deeper, both constriction rings 13 and 15 providing gripping
      force. Finally, it will be noted (see FIG. 8C) that in the case of a
      child, penetration of the forefinger into the holder means 12 is
      substantially complete. In this latter case, most of the gripping force is
      provided by constriction ring 15.
PAR  It is therefore seen that through the action of the constriction rings 13
      and 15 a firm grip may be provided on fingers of varying sizes.
      Furthermore, the rounded profiles of the constriction rings 13 and 15, the
      conical shape of the holder 12 and the slots 18 and 18a, besides achieving
      a firm grip, also maintain a conformable fit.
PAR  It has been found that due to the excellent gripping characteristics of the
      holder 12 and to the ease by which writing may be accomplished utilizing
      the writing instrument of the present invention, its use is ideally suited
      for small children who frequently encounter, as the result of a lack of
      sufficient manual dexterity, considerable difficulty in manipulating most
      elongated tubular instruments. These factors coupled with the desire of
      small children for drawing with crayons, has resulted in the crayon
      embodiments of the fingertip writing instrument of the present invention
      shown in FIGS. 9 through 13.
PAR  As will be noted from the drawings, the various crayon embodiments all
      include the holder 12, as previously described herein, as a common
      element. Accordingly, the constriction rings 13 and 15 serve to firmly and
      comfortably maintain the writing instrument on a child's finger. FIG. 9
      illustrates one crayon embodiment wherein the instrument 10 is a unitary
      structure molded entirely of crayon wax. That is, both the holder 12 and
      the writing means 39 are cast as a single structure. The embodiment shown
      in FIG. 9 is inexpensively and easily manufactured but, due to the
      frangible nature of thinly molded crayon wax, it is necessary to mold the
      body of this instrument substantially thicker than the other crayon
      embodiments described herein.
PAR  Another crayon embodiment is shown in FIGS. 10 and 11. In this embodiment,
      the holder means 12 may be molded of plastic and includes, projecting from
      the truncated end 22 thereof, an undercut button structure 40. The
      undercut button structure 40 facilitates fastening of the writing means 39
      which, in this embodiment, comprehends firmly molding a tip of crayon
      material thereover. Additionally, a longitudinal notch 41 is provided in
      the undercut button structure 40 to prevent the molded crayon tip 39 from
      rotating should it become loosened during use.
PAR  A final crayon embodiment is illustrated in FIGS. 12 and 13. The holder 13,
      fabricated again of a non-breakable plastic material, is provided with a
      stem 42 having substantially the same diameter as a corresponding hole 43
      in the molded crayon tip 39. The stem 42 is provided with a plurality of
      axially extending ribs 44, 45 and 46 which, upon insertion of the stem 42
      into the hole 43, force their way into the wax material of the crayon tip
      39, thereby holding the tip 39 firmly in place. The instrument of this
      embodiment is especially adapted for use with interchangeable crayon tips
      39 of different colors.
PAR  It will, of course, be understood that the descriptions herein of the
      preferred embodiments of the invention are intended as exemplary only and
      not to impose any limitations on the invention. For example, the finger
      inlet end 20 of the holder means 12 may be configured so as to exhibit a
      humped shape, as generally indicated at 38 in FIGS. 3 and 5, wherein the
      instrument 10 could not assume an upright orientation when not in use. In
      the ink embodiment of the present invention, this would prevent the supply
      of ink in the ink reservoir 14 from gravitating to the base 31 thereof and
      causing poor ink flow upon the resumption of use of the instrument 10.
      Also, the disc member 11 and the holder means 12, for manufacturing
      purposes may be molded as a single unit, the key means 32 and 33 may be
      otherwise configured, interchangeable writing tips of various types may be
      utilized and the slots 18 and 18a may be configured otherwise than as
      shown or, even omitted entirely.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A finger tip writing instrument comprising:
PA1  a. a conically shaped holder means adapted to fit on the end of a finger,
      said holder means having an open finger inlet end and a smaller truncated
      end,
PA1  b. a disc-like member having an axially extending tubular element and
      having a radial hole communicating with said axial tubular element, said
      tubular element and radial hole together constituting a capillary tube,
      and
PA1  c. a substantially conically shaped ink reservoir having a vent hole
      extending radially therethrough, the apex of said substantially conically
      shaped ink reservoir engaging a writing tip and, the opposite end thereof
      being affixed to said holder means such that said tubular element of said
      disc-like member extends partially therein and said vent hole is in
      alignment with said radial hole in said disc-like member.
NUM  2.
PAR  2. The finger tip writing instrument according to claim 1 wherein said
      finger inlet end of said holder means is substantially circular.
NUM  3.
PAR  3. The finger tip writing instrument according to claim 1 wherein said
      truncated end of said holder means has a substantially flat exterior and a
      rounded interior.
NUM  4.
PAR  4. The finger tip writing instrument according to claim 1 wherein said
      disc-like member has a smaller outer circumference than said truncated end
      of said holder means.
NUM  5.
PAR  5. The finger tip writing instrument according to claim 1, wherein said
      substantially conically shaped ink reservoir comprises a conical ink
      retaining means and a ring structure extending from the base thereof.
NUM  6.
PAR  6. The finger tip writing instrument according to claim 5, wherein said
      radial vent hole extends through said ring structure.
NUM  7.
PAR  7. The finger tip writing instrument according to claim 5, wherein the
      inside surface of said conical ink retaining means is of reduced diameter
      with respect to said ring structure, the base of said conical ink
      retaining means forming, at its juncture with said ring structure, a
      ledge, whereby said ink reservoir is affixed to said disc-like member and
      said holder means such that:
PA1  1. the inside surface of said ring structure mates with the rim of said
      disc-like member,
PA1  2. said ledge abuts the end of said disc-like member having said axially
      extending tubular element, and
PA1  3. the end of said ring structure opposite said conical ink retaining means
      abuts said truncated end of said holder means with said radial hole in
      said disc-like member aligned with said vent hole in said ring structure
      and said axially extending tubular element of said capillary tube
      extending through said ring structure and into said conical ink retaining
      means.
NUM  8.
PAR  8. A finger tip writing instrument according to claim 1 wherein said holder
      means includes at least two concentric inwardly projecting constriction
      rings, said constriction rings adapted to provide gripping forces on
      variable sized fingers inserted into said holder means.
NUM  9.
PAR  9. A finger tip writing instrument according to claim 1, where key means
      are provided to insure proper alignment of said radial hole in said
      disc-like member with said vent hole in said substantially conically
      shaped ink reservoir.
NUM  10.
PAR  10. A finger tip writing instrument according to claim 1, wherein said
      writing tip is interchangeable.
NUM  11.
PAR  11. A finger tip writing instrument according to claim 1, wherein said
      holder means includes at least two substantially V-shaped slots.
NUM  12.
PAR  12. A finger tip writing instrument according to claim 1, wherein said vent
      hole is smaller than said radial hole in said disc-like member.
NUM  13.
PAR  13. A finger tip writing instrument according to claim 1, wherein said
      finger inlet end of said holder means is humped shaped so as to prevent
      said finger tip writing instrument from assuming an upright orientation
      when not in use.
NUM  14.
PAR  14. A finger tip writing instrument comprising a conically shaped holder
      means adapted to fit on the end of a finger and having an open finger
      inlet end and a smaller truncated end, said holder means including at
      least two concentric inwardly projecting constriction rings, said
      constriction rings adapted to provide gripping forces on variable sized
      fingers inserted into said holder means and a substantially conically
      shaped writing means engaging said truncated end of said holder means,
      said holder means and said writing means comprising a unitary structure
      molded of crayon wax.
NUM  15.
PAR  15. A finger tip writing instrument comprising:
PA1  a. a conically shaped holder means adapted to fit on the end of a finger
      and having an open finger inlet end and a smaller truncated end, said
      holder means including at least two concentric inwardly projecting
      constriction rings adapted to provide gripping forces on variable sized
      fingers inserted into said holder means;
PA1  b. A substantially conically shaped writing means comprising a crayon wax
      structure, said writing means being characterized by a recessed portion at
      the base thereof;
PA1  c. A fastening member of lesser diameter than and rigidly projecting from
      said truncated end of said holder means, said fastening member cooperating
      with said recessed portion of said writing means and including means to
      non-rotatably secure said writing means to said truncated end of said
      holder means.
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PAL  A push-button type automatic pencil includes an outer tubular member which
      is held in the hand of the user and lead rod holding means for holding the
      lead rod. A lead rod stepping means of a push button type is provided and
      the lead rod holding means is mounted within the outer member in such a
      way that the lead rod holding means is movable relative to the outer
      member, while still holding the lead rod, when the lead rod is pushed
      backward relative to the outer member. Accordingly, the breaking of the
      lead rod while writing is eliminated, and a soft writing feel is achieved.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to push-button type automatic pencils, and more
      particularly, to a lead propelling arrangement in which a lead piece or
      rod is moved forward every time a push-button disposed at the rear end of
      the body is pushed.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide an improved automatic
      pencil which tends to prevent the lead rod from being broken when writing.
PAR  With the automatic pencil, according to this invention, a lead holding
      means is movable relative to a holder or outer tubular member in the axial
      direction, and is biased forward with a predetermined force. Accordingly,
      when the outer member is pressed toward the surface of a paper sheet, the
      lead rod and means for holding it are allowed to move backward relative to
      the outer member. Consequently, the lead rod is not subjected to a larger
      force than the predetermined value, thereby preventing effectively
      breaking of the lead rod.
PAR  Another object of this invention is to provide a lead propelling mechanism,
      in which the movement of the lead holding means is accurately
      accomplished.
PAR  A further object of this invention is to provide a propelling mechanism
      which results in a soft feeling, when writing due to resilient movement of
      the lead.
DRWD
PAR  Other objects and features of this invention will be apparent from the
      following description, with reference to the accompanying drawings, in
      which:
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a longitudinal, partly cutaway, sectional view of a propelling
      mechanism embodying features of the invention; and
PAR  FIGS. 2 to 6 are partial sectional views showing the different embodiments
      of propelling mechanisms, according to this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the accompanying drawings, more particularly to FIG. 1, the
      reference numeral 11 generally designates a holder or outer tubular member
      having an annular projection 11a on the inner surface thereof. The holder
      is formed of a metal or plastic material, and on the front end there is
      detachably mounted a guide means 12. In addition, the tubular member
      encloses a lead holding means 13 in the interior thereof.
PAR  The lead holding means 13 includes a tubular member or housing 14 forming a
      chamber 14a for storing one or more lead rods or pieces. A cap 15 is
      attached to the rear end of the housing 14, and has an eraser member 16
      extending outwardly from the rear end thereof. The eraser, in effect,
      forms a push-button. Preferably, a resilient wire member or spring 15a is
      provided, which has a pair of portions acting to resiliently engage the
      end of the housing 14, so as to prevent the cap 15 from slipping off. One
      of the portions extends from the end of the cap to provide a pushing
      portion for the end.
PAR  An inner tubular member 18 is connected to the front end of the housing
      through a connecting member 17, which is coaxial with the outer member 11.
      The interior of the inner member 18 is connected to the chamber 14a via a
      path 17a formed in the connecting member 17 for receiving a single lead
      rod supplied from the chamber 14a. Furthermore, the inner member 18 has a
      plurality of slits 18a extending in the axial direction from the front end
      to the central portion thereof to form a plurality of chucks 18b, which
      are biased outwardly by the resiliency of the member 18 to form a space
      through which the lead rod projects.
PAR  The guide means 12 includes a tubular member 19 having a generally troidal
      configuration and a tubular holding member 20 securely fixed within the
      top of the member 19. The holding member 20 is arranged coaxially with the
      inner member 18, so that the lead rod in the inner member 18 can project
      through the member 20, and provide a protruding portion for writing. The
      tubular member 19 has a cylindrical recess 19a provided for movably
      receiving the chucking portions 18b and a ring 21. The front end of the
      recess 19a forms a stopper for restricting the forward movement of the
      ring 21 but allows for forward movement of the chucking portions 18b. A
      friction ring 22 provides the proper frictional engagement with the lead
      rod to control the axial movement of the lead rod.
PAR  In the cylindrical space defined by the inner tube 18, the outer tube 11
      and the tubular member 19, there is enclosed a generally cylindrical or
      annular member 23 having a pair of flat surfaces 23a and 23b at both ends.
      The member 23 is movable relative to the outer and inner members 11 and
      18. The movable member 23 is biased in the forward direction by a spring
      25, which is placed between a washer 24 abutting the projection 11a and
      the first flat surface 23a. In the ordinary state, the member 23 is
      pressed ino engagement with an annular surface 19c formed at the rear end
      of the recess 19a via a washer 26. An additional spring 27 is placed
      between the second surface 23b and the front end of the connecting member
      17, and acts to press the inner member 18 and the other members integral
      therewith backward against the movable member 23. The spring force from
      the spring 27 provides the chucking force to the chucks or chucking
      portions 18b by movement of the inner member 18 relative to the ring 21.
PAR  The piece place or rod used extends through the interior of the inner
      member from the top end of the holding member 20, and is chucked between
      the chucking portions 18b, which are pushed inwardly by the ring 21.
PAR  The forward movement of the lead rod, registered within the chuck 18, is
      accomplished by pushing the button 16 forward. The forward movement of the
      button 16 causes the holding means 13 to move in the same direction with
      the lead being chucked and the ring 21 frictionally coupled with the
      chucking portions 18b, until the front end contacts with the first stopper
      19b. Accordingly, the lead rod is kept in the chucked condition and moves
      forward by overcoming the friction between the lead rod and the friction
      member 22. In the course of the forward movement, the ring 21 stops its
      forward movement upon contacting the first stopper 19b, while the inner
      member 18 continues to move forward. As the result, the chucking portions
      18b are released from the chucking engagement with the ring 21 and moved
      outward due to their resiliency, thereby allowing continued movement of
      the lead rod in the axial direction.
PAR  After the push-button 16 is released from the pushing operation, the
      holding means 13 moves backward under urging of the spring 27. However,
      the lead rod is kept in position by friction between the lead rod and the
      friction member 22. The lead rod is again chucked, when the inner member
      18 returns to its original position, where the chucking portions 18b are
      pressed inward by the ring 21, which is pushed forward against the
      chucking portions 18b by the washer 26. The position of each of the
      movable members is same as they were initially with the exception that the
      lead rod has been moved forward by one step length. Accordingly, one can
      move the lead rod by the requisite length by repeating the pushing and
      releasing operation. When the push-button 16 has been pushed continuously,
      the leads can be moved forward or backward, since they encounter only a
      slight friction.
PAR  When writing, a larger force is impressed on the outer member 11, in order
      to push it against the surface of the paper. A counter force thereto will
      act to push backward the lead rod and the holding means 13. Although the
      holding means 13 is held in a stable position, restricted by the washer 26
      and the ring 21 contacting therewith, it is moved backward with
      compressing the spring 25, which pushes the chucking ring 21 through the
      movable member 23 and washer 26, when the lead is subjected to a force
      acting backward. After the large force is removed, the holding means 13
      will return to its original position by the action of the spring 25.
PAR  As has been stated, in propelling the lead according to this invention, the
      lead rod and the holding means 13 will move backward, when subjected to a
      force acting to the outer member 11 in the direction toward the surface of
      a paper sheet. Accordingly, the lead rod does not receive a force greater
      than a predetermined value corresponding to the righting movement of the
      spring 25 thereby eliminating breaking of the lead rod. In addition, the
      backward movement of the lead rod, i.e., the decrease in the projecting
      length of the lead rod from the top of the holding member 20, provides a
      good writing feel.
PAR  FIGS. 2 to 6 illustrate additional embodiments showing modified automatic
      pencils, according to this invention, in which same or similar parts, as
      in FIG. 1, are denoted by the same reference numerals.
PAR  In the embodiment of FIG. 2, the holding member 20 is connected to the
      tubular member 19 through an adjusting member 201, which is supported by
      the member 19, so as to be movable in the axial direction by rotation
      thereof. Therefore, there is a gap G between the inner end of the member
      201 forming the stopper 19b and the front end of the movable member 23.
      The adjustment of the gap G allows one to adjust the length of the stroke
      of the ring 21, which substantially corresponds to the one step length of
      the lead.
PAR  In FIG. 3, a tubular member 301 is used to connect the member 19 to the
      outer tube 11. The rear end wall 301a forms a receptacle for the rear end
      of the first spring 25 in lieu of the projection 11a.
PAR  The embodiment, shown in FIG. 4, includes a receiving ring 401 held in
      position between the outer tube 11 and tubular member 19. The first spring
      25 is placed between the ring 401 and washer 24, while the second spring
      27 is placed between the ring 401 and movable member 23.
PAR  In the modification of FIG. 5, the receiving ring 401 is omitted and a
      single spring 501 is placed between the washer 26 and movable member 23
      for biasing the holding means backward and the movable member 23 forward.
PAR  It will be clearly understood that the modifications, illustrated in FIGS.
      2 to 5, ensure the backward movement of the lead, when subjected to a
      force larger than the predetermined value.
PAR  FIG. 6 illustrates a further embodiment of this invention, wherein the lead
      is capable of being moved forward by knocking the push-button, as well as
      by pushing the outer tube forward and then moving the tube back. In this
      embodiment, the basic arrangement and construction are substantially same
      as the previous embodiments, with the exception that the guide means 12 is
      movable relative to the outer tube 11 within a predetermined range. The
      movable guide means comprises a cylindrical member 601 connected to the
      tubular member 19 and a pair of cams 602 rotatably supported at the rear
      end of the member 601 by means of a shaft 603. Each cam 602 has two cam
      surfaces 602a and 602b. The former cam surface 602a engages with the end
      of a sleeve 604 described below and the latter 602b with a stopper 11b
      formed at the inner surface of the outer tube 11. An annular member 605 is
      provided for receiving one end of spring 606, the other end of which
      contacts the projection 11a. Another spring 607 having a spring of lesser
      stiffness than the spring 606 is placed between the annular member 605 and
      the front end of the connecting member 17 which, in this embodiment, has a
      flange 17b for restricting one end of the stroke of the holding means 13.
PAR  When no external force is exerted, each cam 602 tends to rotate in a
      direction, so that the inner cam face 602a moves forward, so as to push
      the ring 21 through a sleeve 608, which is disposed coaxially to the inner
      tube 18 and movable relative thereto, because the tubular member 19 is
      urged forward by the action of the springs 606 and 607. On the other hand,
      the inner tube 18 is urged backward, together with the connecting member
      17 by the springs 607, so that the chucking portions 18b are pressed
      inward. The difference in spring force, between the first and second
      springs 606 and 607, is selected so that the ring 21 is positioned near
      the central portion of the movable range thereof.
PAR  If the outer tube 11 is pressed forward, the lead will move backward, still
      being chucked by the chucking portions 18b with the inner tube 18 and ring
      21 against the spring force of the spring 606, until the flange 17b comes
      into contact with the projection 11a.
PAR  After the flange 17b contacts the projection 11a, the inner tube 18 is
      pushed forward by the outer tube 11, so that the chucking portions 18b are
      released from restriction by the ring 21 and allow the lead rod to move
      backward. Therefore, the guide means 12 will move backward with the lead
      rod, after the free end of the holding member 20 contacts the paper sheet.
      At the last stage of the movement of the holding member 20, the stopper
      19b pushes the ring 21 backward to release the chucking portions 18b. When
      the outer tube 11 is disengaged from the paper sheet, the inner tube first
      moves backward to the ring 21, which abuts the front end of the member 601
      to chuck the lead rod and then, during the forward movement of the guide
      means 12 relative to the outer tube 11, the cams 602 rotate so as to push
      the sleeve 604 forward. This results in the forward movement of the ring
      21 with the inner tube 18, now secured thereto, and with the chucked lead
      rod having the desired predetermined length.
PAR  Of course, it is also possible to move the lead rod by knocking the
      push-button 16 (not shown in FIG. 6).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic pencil comprising:
PA1  a. an outer tube to be held by the user;
PA1  b. a holding means having an inner tube coaxially inserted in said outer
      tube and movable in the axial direction relative to said outer tube;
PA1  c. said inner tube having a plurality of chucking portions to chuck a lead
      piece disposed therebetween;
PA1  d. a guide means having a tubular member connected to said outer tube for
      guiding the lead piece chucked by said chucking portions and defining a
      space;
PA1  e. a ring having a bore through which said chucking portions project and
      disposed in said space in a manner to be movable in the axial direction;
PA1  f. a movable member provided for pushing said ring forward to cause said
      chucking portions to chuck the lead piece;
PA1  g. means for urging said movable member forward and said inner tube
      backward; and
PA1  h. a push-button for pushing said holding means forward.
NUM  2.
PAR  2. An automatic pencil as defined in claim 1 wherein said urging means
      comprises a first spring for urging said inner tube forward and a second
      spring for urging said holding means backwards.
NUM  3.
PAR  3. An automatic pencil as defined in claim 1 wherein said holding means
      includes a housing connected to said inner tube, a cap member having a
      push-button and a spring member having a portion to secure said cap member
      on said housing and another portion extending from said cap member.
NUM  4.
PAR  4. An automatic member pencil as defined in claim 1 wherein said guide
      means includes an adjusting member for adjusting the movable range of said
      ring.
NUM  5.
PAR  5. An automatic pencil as defined in claim 4 wherein said adjusting member
      comprises a member movably connected to said tubular member and having an
      inner end which defines a stopper for said ring.
NUM  6.
PAR  6. An automatic pencil comprising:
PA1  a. an outer tube to be held by the user;
PA1  b. a holding means having an inner tube coaxially inserted in said outer
      tube and movable in the axial direction relative to said outer tube;
PA1  c. said inner tube having a plurality of chucking portions to chuck a lead
      piece disposed therebetween;
PA1  d. a guide means having a tubular member connected to said outer tube for
      guiding the lead piece chucked by said chucking portions and defining a
      space;
PA1  e. a ring having a bore through which said chucking portions project and
      being disposed in said space in a manner to be movable in the axial
      direction;
PA1  f. means for causing said ring to be pushed forward when the guide means is
      moved forward and to be released from the pushing action when said inner
      tube is moved forward thereby allowing the backward movement of the lead
      piece; and
PA1  g. means for urging said guide means forward relative to said outer tube
      and said inner tube backward to said guide means.
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ABST
PAL  A device for dispensing moistened cleansing tissues. The device provides
      cleansing tissues which have been moistened with a predetermined and
      definite quantity of heated water. The device includes a hot water heater
      for heating the water to an appropriate temperature, a water supply tube
      for supplying unheated water to said hot water heater, a water discharge
      tube for discharging properly heated hot water onto serially arranged
      cleansing tissues, and a throttling mechanism for alternately throttling
      said tubes for the purpose of controlling the supply of water to said
      heater and the discharge of heated water therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hot water supplying devices and more particularly
      to such devices which are adapted to supply a predetermined definite
      volume of properly heated water to cleansing tissue such as toilet paper.
PAR  It is a common experience to feel comfortable and clean following a bowel
      movement providing the excretion is clearly removed from the body.
      However, it is often difficult for one to remove such excretions in the
      usual way. This results in the lack of cleanly feelings. Im some
      instances, such difficulty makes anal fistula patients worse in their
      disease and frequently causes inflamations among infants.
PAR  In such circumstances, one can sometimes enjoy a feeling of cleanliness by
      resorting to the use of a steamed towel, or the like properly moistened
      with hot water.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the principal object of the present invention is to provide a
      device for dispensing cleansing tissues which is adapted to automatically
      provide such tissues moistened with a predetermined volume of properly
      heated water.
PAR  Another object of the present invention is to provide a device of the
      character described above which is capable of preventing the excessive
      wetting of the tissues by positively blocking a hot water supply tube
      after a definite volume of hot water has been supplied therethrough to the
      cleansing tissues.
PAR  A further object of the present invention is to provide a device of the
      character described which is capable of promptly heating water in a water
      tank to a predetermined appropriate temperature in preparation for the
      moistening of the tissues.
PAR  A still further object of the present invention is to provide a device of
      the character described in which the volume of hot water to be applied to
      the tissue is readily adjustable.
PAR  A still further object of the present invention is to provide a device of
      the character described in which, even after hot water has been repeatedly
      applied to sheets of tissues, relatively cool water which has not yet been
      heated to the appropriate temperature, will not be supplied thereto.
PAR  According to the present invention there is provided a device for serially
      despensing cleansing tissues or the like which have been moistened to a
      predetermined degree with heated water, comprising a frame, a reservoir
      mounted within said frame for the storage of relatively cool water, a hot
      water heater positioned in said frame below said reservoir adapted to
      receive cool water from said reservoir and to discharge water therefrom
      heated to a predetermined temperature, a flexible water supply tube
      connecting said reservoir and said hot water heater, a flexible hot water
      discharge tube being mounted in said hot water heater with the upper end
      thereof projecting thereinto a preselected distance, a hot water supply
      chamber being located in said frame below said hot water heater and the
      lower end of said hot water discharge tube extending into said chamber, an
      oscillatable throttling means being mounted within said frame adapted to
      oscillate between a first position whereby it constricts the passageway of
      said hot water discharge tube to prevent the discharge of hot water
      therefrom and a second position whereby it constricts the passageway of
      said water supply tube to prevent the flow of relatively cool water from
      said reservoir to said hot water heater, and means for storing a plurality
      of cleansing tissues and for moving same in a path within said frame
      whereby they are moistened by the hot water before being dispensed.
PAR  The above and other objects, features and advantages of the present
      invention will become apparent from the following description when taken
      in conjunction with the accompanying drawings, which show a preferred
      embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully comprehended it will now be
      described, by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a perspective view of a tissue dispensing device embodying the
      present invention;
PAR  FIG. 2 is a partly broken, enlarged side elevational view of FIG. 1;
PAR  FIG. 3 is an enlarged view, in longitudinal section, of the essential parts
      of the device;
PAR  FIG. 4 is a front elevational view of a throttling mechanism employed with
      the device, taken from the back side of FIG. 3;
PAR  FIG. 5 is a longitudinal sectional view of the throttling mechanism, taken
      along the line V--V of FIG. 4 and additionally showing a hot water heater
      and the associated parts thereof;
PAR  FIGS. 6 through 10 are views illustrating various operative states of the
      device;
PAR  FIG. 6 is a view similar to FIG. 4, showing the throttling mechanism in the
      state assumed when water is being supplied to a water tank;
PAR  FIG. 7 is a front elevation of the hot water heater and its associated
      parts, showing the same state as shown in FIG. 6;
PAR  FIG. 8 is a view similar to FIGS. 4 and 6, but showing the throttling
      mechanism in a state assumed when water is being discharged from the water
      tank;
PAR  FIG. 9 is a longitudinal sectional view of the hot water heater and its
      associated parts, showing the same state as shown in FIG. 8;
PAR  FIG. 10 is a view similar to FIGS. 4, 6, and 8, showing the throttling
      mechanism in the state assumed when it is being restored from the water
      discharge state shown in FIGS. 8 and 9 to the water supply state shown in
      FIGS. 6 and 7; and
PAR  FIG. 11 is a perspective view of a vortex generator plate of the device
      mounted within a water tank.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, reference numeral 1 is a frame incorporating
      therein the device of the present invention, and having its open top end
      enclosed by an enclosure member 3 swingably hinged thereto for opening or
      closing thereof. A water reservoir 2 is removably accommodated in the
      upper portion of the frame 1 for storing clean water, disinfectant
      solutions or the like, so that it can be easily removed from the frame by
      opening the enclosure member 3. A hot water producing chamber A and a hot
      water supply chamber B are provided immediately below the water reservoir
      3 in the frame 1. Also provided in the frame immediately below the hot
      water supply chamber B is a downwardly elongated chamber C for the
      accommodation of a series of cleansing tissues P, the chamber C opening at
      the front for removably accommodating therethrough a container 5 for the
      tissues P.
PAR  As shown in FIG. 3, supported at the central portion of the chamber A by
      means of a bracket 10 fixed to the frame 1, is a hot water heater
      indicated generally at 6, composed of a cylindrical tank 7 and an
      electrical heater or resistance wire 8 enclosing the outer peripheral
      surface of the tank 7. The tank and resistance wire are surrounded by a
      pair of insulator layers i.sub.1, i.sub.2, and the outer peripheral
      surface is tightly braced by a bracing band 9 fixed to the bracket 10.
      Thus, the hot water heater is rigidly secured to the bracket and hence to
      the frame. As detailed later, the clean water or disinfectant solution
      contained in the tank 7 is heated by the operation of the heater 8 to a
      predetermined appropriate temperature, e.g., 40.degree. - 70.degree.C, and
      when such a temperature level is reached a thermostat 11, mounted on the
      top of the tank 7, operates to shut off the heater 8. Simultaneously a
      pilot lamp 12 (FIG. 1) arranged on the outer front surface of the frame is
      illuminated.
PAR  At the bottom of the water tank 7 are provided an inlet port 13 and an
      outlet port 14, into the former of which the lower end of a J-shaped
      flexible water supply tube 15 formed of a suitable heat-resisting material
      such as a silicon tube is inserted. The upper end of the tube 15 is
      connected to an outlet pipe 16 integrally formed with the water reservoir
      2 and projecting downwardly from the bottom thereof, so that water in the
      water reservoir 2 can be supplied to the tank 7 through the tube 15. Both
      the lower end of tube 15 and the upper end of the tube are appropriately
      sealed relative to the inlet port and outlet pipe to prevent leakage of
      water from the joints thus formed.
PAR  A water discharge tube 18 of the same material as the water supply tube 15
      is vertically adjustably inserted into the outlet port 14 at the bottom of
      the water tank 7, tube 18 opening at its upper end into the interior of
      the tank 7 at an appropriate height above the bottom thereof, while
      extending downwardly to open at its lower end into the hot water supply
      chamber B.
PAR  The water supply and discharge tubes 15, 18 are preferably kept
      water-sealed at the inlet and outlet port 13, 14 under the action of their
      own resiliency so that there is no danger of water leakage through the
      ports as stated above.
PAR  As illustrated in FIG. 11, mounted in the tank 7 at the lower portion
      thereof is a vortex generator plate 70 which is slightly smaller in
      diameter than the tank 7. The plate 70 has several integral legs disposed
      on the bottom of the tank 7 so that the plate 70 can be maintained at a
      definite distance from the tank bottom. The tank 7 is formed on its
      interior surface with a small number of projections 72 which serve, in
      cooperative engagement with the vortex generator plate 70, to fix the
      plate in place within the tank 7. The vortex generator plate 70 is
      provided about its periphery with the same number of recesses 73 as there
      are projections 72. The recesses, when aligned with projections 72, serve
      to enable the plate 70 to be set into the tank 7. After having been set in
      place the vortex generator plate 70 is rotated slightly so as to stagger
      the recesses and projections and thereby prevent vertical movements of the
      plate 70.
PAR  Connected to the top of tank 7 is a transparent, flexible airvent tube 22
      which extends laterally and then upwardly along the outer surface of the
      water reservoir 2, opening at its upper end into the atmosphere for the
      purpose of venting air in the tank 7. The middle portion of tube 22,
      extending upwardly along the side wall of tank 7, is exposed exteriorly of
      the frame 1, so that the user of the device can visually determine the
      vertical level of water in the reservoir 2 from the outside of the device.
      As described later, the user can also visually ascertain whether the
      interior of the tank 7 has been filled up with water.
PAR  The water supply tube 15 and the water discharge tube 18 are alternately
      throttled or blocked intermediate their ends immediately below the bottom
      of the tank 7 by virtue of a throttling mechanism a, which will be
      described below.
PAR  Describing the throttling mechanism a mainly with reference to FIGS. 4 and
      5, there is shown a retainer plate 25 vertically mounted within the hot
      water producing chamber A, to which plate is pivoted a knee-shaped
      operating lever 26 at its knee portion. As depicted the operating lever
      takes the form of a bell crank. One end of the operating lever 26 extends
      exteriorly of the frame 1 through a slot 28 (FIG. 1) formed therein, and a
      push button 29 is fixedly attached thereto for manual actuation. Connected
      to the operating lever 26 at a location 32 near the push button side
      thereof is one end of a return spring 30, the other end of which is fixed
      at 31 to the retainer plate 25. The return spring 30 acts to bias the
      operating lever 26 towards rotation in the counterclockwise direction
      about a pivot pin 27 until the lower end of the lever 26 engages a stopper
      33 of the retainer plate 25, as clearly shown in FIG. 4.
PAR  At the backside of the retainer plate 25, there is provided a rocker arm
      34, the lower end of which is pivoted at 35 for rocking movement to the
      right and left and which has a throttling bar 36 fixedly secured to the
      basal or lower portion thereof, the bar 36 extending substantially
      horizontally between the water supply and discharge tubes 15, 18, arranged
      immediately below the tank 7 in parallel relation with each other, so as
      to be oscillatable for the purpose of alternately throttling the tubes 15,
      18 in cooperation with the inverted J-shaped stopper element 21. The upper
      or free end of the rocker arm 34 is bent or hooked substantially
      perpendicularly so that the bent end 34' of the rocker arm 34 can be
      rockably fitted into an arcuated aperture 37 formed in the retainer plate
      25. The bent end thus projects therethrough slightly beyond the front
      surface of the plate 25 for connection with a tension spring 38 secured to
      the lower end of the operating lever 26, the arrangement being such that
      rotation of the operating lever 26 about pivot pin 27 causes the rocker
      arm 34 to rock to the right or left about a pivotal point 35 through the
      action of the tension spring 38 arranged between the rocker arm 34 and the
      operating lever 26. Pivotally secured to the retainer plate 25 near its
      one side is a force accumulating lever 41 having a recess 46 formed in the
      underside thereof for engagement at one edge thereof with the hooked end
      34' of the rocker arm 34. A positioning spring member 43, weaker than the
      tension spring 30, is provided between the medial portion of the force
      accumulating lever 41 and a lower appropriate point of the retainer plate
      25 for the purpose of urging the lever 41 downwardly or in a clockwise
      direction about a pivotal point 42 into engagement with the shoulder
      portion 26' of the operating lever 26.
PAR  Thus, both the force accumulating lever 41 formed with the recess 46 and
      the positioning spring member 43 constitute a springforce accumulating
      means b for the tension spring 38.
PAR  Attached to the underside of the bottom wall 20 of the hot water producing
      chamber A, (see FIG. 3), is a resilient ring member 50 made of rubber or
      the like material, which extends downwardly within the hot water supply
      chamber B and encircles the lower end of the water discharge tube 18, for
      prevention of splattering or overspreading of the hot water discharged
      from the water discharge tube 18. The ring member 50 is provided at the
      lower portion with a number of longitudinal slits for easy deformation
      thereof.
PAR  Support means such as a tray 51, for receiving one or more of a series of
      cleansing tissues P is vertically movably mounted on the top of the
      storage container 5 by means of a leaf spring 52, the tray being
      integrally formed at its front edge with a cutter 53 for cutting the
      tissues after they are dispensed (see FIG. 1). Support means 51 is
      integrally formed near the forward end with a downwardly depending or
      extending projection in which are laterally slidably mounted a pair of
      retainer pieces 55, (see FIG. 3), which are biased by a spring member 50
      to move outwardly away from each other into mating or nesting engagement
      with a pair of grooves 57 formed in the opposite side walls of the frame
      1.
PAR  Fitted within the tissue-receiving chamber C is a wrapper 58 accommodating
      a series of tissues P with its component segments p.sub.1, p.sub.2, . . .
      p.sub.n continuously connected with eech other and folded one over the
      other in zigzag form.
PAR  As illustrated in FIGS. 1 and 2, after the user has positioned storage
      container 5 in chamber C the retainer pieces 55 are caused, under the
      action of spring member 56 to engage to grooves 57 thereby fixing the
      position of container 5 within the frame. The inner or rear end of the
      support means 51 thus rests upon slanting surface 60 of a bearing piece 59
      and is kept in a substantially horizontal state.
PAR  Segments p.sub.1, p.sub.2, . . . p.sub.n of the tissues P can be drawn from
      the wrapper 58, passing through the rear end of the tray 51, so as to rest
      thereon.
PAR  The container 5 can be easily removed from the frame by pulling together
      inwardly extending projections or tongues 54 of the retainer pieces 55 so
      as to release them from the grooves 57 in the opposite side walls of the
      frame 1.
PAR  The operation of the device will now be described with particular reference
      to FIGS. 6 through 10.
PAR  When the device is not in use, or when no operational force is exerted upon
      push button 29 of the operating lever 26, the lever 26 will be normally
      biased by the force of spring 30 to rotate counterclockwise about the
      pivot pin 27 until the lower end of the operating lever 26 is brought into
      engagement with the stopper 33, as shown in FIG. 6. In this state, the
      rocker arm 34 is urged under the action of tension spring 38 to rotate
      clockwise about the pivotal point 35 until the bent end 34' of the rocker
      arm 34 reaches the right-hand end of the arcuate aperture 37, also as
      shown in FIG. 6. Consequently, the throttling bar 36, fixedly secured to
      rocker arm 34, pushes the water discharge tube 18 against the stopper 21
      to block the flow of hot water from tank 7, while the water supply tube 15
      is free from being throttled so that water can flow freely from the water
      reservoir 2 through the tube 15 to the tank 7. The water entering tank 7
      impinges against the vortex generator plate 70 and disperses in various
      directions to intermix with the previously heated relatively hot water in
      the tank 7 below the plate 70. Then, the mixture of relatively cool and
      hot water flows upwardly through a pair of oppositely directed diametral
      openings 74, 75 formed in the plate 70 and into the upper portion of tank
      7, simultaneously generating vortical flow thereby to rise, and then
      comingle with the previously heated water remaining therein.
PAR  In this connection, it should be noted that the intended purpose of the
      vortex generator plate 70 is to prevent relatively cool water, freshly
      supplied from the water reservoir 2 to the tank 7, from directly entering
      the upper portion of the tank 7 above the vortex generator plate 70. In
      this manner it is assured that relatively hot water will always be
      discharged from the tank 7 onto the tissues even when the device is used
      continuously or frequently at relatively short intervals.
PAR  As the interior of the tank 7 is vented through the transparent air-escape
      tube 22 into the atmosphere, the flow of water from water reservoir 2 to
      tank 7 is effected smoothly, and it is also possible to visually determine
      from the outside of the device whether tank 7 is filled up with water, by
      observing that portion of the tube 22 which extends upwardly along the
      forward wall of the reservoir 2 and which is exposed to the outside of the
      frame 1.
PAR  Further, as the water discharge pipe 18 is vertically adjustably inserted
      into the bottom of the tank 7, the volume of hot water to be discharged
      from the tank 7 may be varied in accordance with the user's requirements
      simply by adjusting the height of the pipe 18 above the bottom of the tank
      7.
PAR  Upon removal of the manual force on push button 29 the operating lever 26
      is restored under the action of the return spring 30 to its initial
      position, simultaneously returning the rocker arm 34 to its initial
      position through the intermediary of the tension spring 38. As illustrated
      in FIGS. 6 and 7, the throttling bar 36 thus operates to once again
      throttle the water discharge tube 18 while at the same time reestablishing
      fluid communication between the water reservoir 2 and the tank 7 so as to
      permit the feeding of fresh water from the former to the latter. In this
      connection, during the return movement of the rocker arm 34 to its initial
      position, i.e., from the position of FIG. 8 to that of FIG. 6, the bent
      end 34' of the rocker arm 34 engages the right-hand edge of the recess 46,
      formed in the underside of the spring-force accumulating lever 41, to be
      instantaneously and momentarily stopped in its movement thereby permitting
      the tension spring 38 to accumulate or restore for a second its spring
      force. Subsequently thereafter, the shoulder portion 26' of the operating
      lever 26, continuing to move upwardly, acts to push up the lever 41 to
      thereby release the upper bent end 34' of the rocker arm 34 from the
      recess 46 of the lever 41, thus enabling the rocker arm 34 to commence
      moving again rapidly in the clockwise or rightward direction under the
      influence of the now accumulated force of the tension spring 38. This
      eliminates the tendency for a tardy return motion of the rocker arm 34,
      accordingly assuring the complete throttling of the water discharge tube
      18 by means of the throttling bar 36 and preventing the flow of hot water
      from the tank 7.
PAR  In this manner, a fraction P.sub.1 of a series of tissues P on support
      means 51 is supplied with properly heated water in a predetermined
      definite amount and is ready for the aforementioned uses. The user can
      obtain a thus moistened tissue simply by pulling it out from the frame 1
      and by separating same from the following tissues with the aid of cutter
      53.
PAR  As will be apparent from the foregoing description, by a simple one-touch
      operation of the operating lever 26 it is possible according to the
      present invention to alternately throttle the water supply tube 15, which
      communicates between the water reservoir 2 and tank 7, and the water
      discharge tube 18, which opens at the upper end into the tank 7 and at the
      lower end into the hot water supply chamber B, thereby enabling a
      predetermined, definite volume of properly heated water to be supplied to
      cleansing tissues or the like to moisten such tissues to the desired
      degree of wetness.
PAR  According to another aspect of the invention, upon throttling the water
      discharge pipe 18, the throttling bar 36 is momentarily arrested in its
      movement to thereby effectuate a partial accumulation of the spring force
      of tension spring 38, so that it can thereafter be moved swiftly under the
      action of such accumulated spring force thereof to a position of complete
      throttling of the water discharge pipe 18.
PAR  According to a further aspect of the invention, the time required for
      heating the water in the tank 7 to an appropriate temperature is reduced
      to a substantial extent due to the fact that the water discharge pipe 18
      is positioned into tank 7 at an appropriate height above the bottom
      thereof so as to permit a portion of previously heated hot water to remain
      in the tank 7 after discharge thereof and to comingle with relatively cool
      water freshly supplied from the water reservoir 2. Additionally, the
      volume of hot water to be discharged from the tank 7 is easily adjustable
      as desired by changing the height of the water discharge pipe 18 above the
      bottom of the tank 7.
PAR  According to a still further aspect of the invention, upon the entrance of
      water from the water supply tube 15 into the tank 7 the entering water
      impinges against the vortex generator plate 70 and then disperses in
      various directions to flow through a pair of diametrically opposite
      openings 74, 75 formed in the plate 70, generating or converting to vortex
      flow and thereby pushing up a mass of previously heated hot water in the
      tank 7 above the plate 70. Thus, relatively warm or hot water may be
      discharged from the tank 7 at any time even when the device is repeatedly
      used at substantially short intervals while, at the same time, relatively
      cool water which has just been fed to the tank 7 is prevented from being
      directly discharged therefrom.
PAR  Finally, by virtue of the present vent tube 22, the user can visually
      determine from the outside of the device whether the interior of the tank
      7 is filled with water, thereby serving the purposes of preventing the
      tank 7 with no water therein from being heated unawares and of detecting
      from outside of the device the exact level of water stored in the water
      reservoir 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for serially dispensing cleansing tissues or the like which
      have been moistened to a predetermined degree with heated water,
      comprising a frame, a reservoir mounted within said frame for the storage
      of relatively cool water, a hot water heater positioned in said frame
      below said reservoir adapted to receive cool water from said reservoir and
      to discharge water therefrom heated to a predetermined temperature, a
      flexible water supply tube connecting said reservoir and said hot water
      heater, a flexible hot water discharge tube being mounted in said hot
      water heater with the upper end thereof projecting thereinto a preselected
      distance, a hot water supply chamber located in said frame below said hot
      water heater and the lower end of said hot water discharge tube extending
      into said chamber, an oscillatable throttling means being mounted within
      said frame adapted to oscillate between a first position whereby it
      constricts the passageway of said hot water discharge tube to prevent the
      discharge of hot water therefrom and a second position whereby it
      constricts the passageway of said water supply tube to prevent the flow of
      relatively cool water from said reservoir to said hot water heater, and
      means for storing a plurality of cleansing tissues and for moving same in
      a path within said frame whereby they are moistened by the hot water
      before being dispensed.
NUM  2.
PAR  2. A device according to claim 1, wherein an operating lever in the form of
      a bell crank is pivotally mounted within said frame, return spring means
      being provided for biasing said operating lever towards a non-operational
      position, and said operating lever being manually actuable into its
      operational position, stop means being mounted within said frame for
      limiting the pivotal movement of said operating lever, a rocker arm being
      pivotally mounted within said frame operatively connected to said
      operating lever, said rocker arm carrying a throttling bar fixedly thereon
      at a location spaced from the pivot axis of said rocker arm, means being
      provided for operatively connecting said operating lever and rocker arm
      such that when said operating lever is biased into said non-operational
      position said rocker arm is thereby pivoted and said throttling bar is
      oscillated to said first position whereby it is urged against said hot
      water discharge tube to prevent the discharge of hot water therefrom, said
      connecting means being adapted, upon pivotal movement of said operating
      lever into the operational position thereof, to pivot said rocker arm and
      thereby oscillate said throttling bar to said second position whereby it
      is urged against said water supply tube to prevent the flow of relatively
      cool water from said reservoir to said hot water heater.
NUM  3.
PAR  3. A device according to claim 2, wherein said means for operatively
      connecting said operating lever and rocker arm comprises a tension spring
      connected at one end thereof to one arm of the bell crank and at the other
      end thereof to the free end of said rocker arm, and a force accumulating
      lever mounted in said frame pivotable into the arcuate path of movement of
      said free end of said rocker arm and engageable with said operating lever,
      said force accumulating lever having a recess formed in the underside
      thereof for engagement of one shoulder of said recess with said free end
      of said rocker arm, positioning spring means being provided for biasing
      said force accumulating lever into said arcuate path of the rocker arm,
      the relative strengths of said return spring, tension spring and
      positioning spring and the disposition of said force accumulating lever
      relative to said arcuate path of the rocker arm and said operating lever
      being such that during the pivotal movement of said rocker arm and the
      consequent oscillation of said throttling bar from said second position
      towards said first position the movement of the free end of said rocker
      arm is momentarily arrested by engagement with said one shoulder of the
      recess, continued pivotal movement of said operating lever under the
      influence of said return spring effecting an engagement of said force
      accumulating lever by said operating lever, whereby said force
      accumulating lever is caused to pivot against the force of said
      positioning spring and the free end of said rocker arm is permitted to
      continue its movement to oscillate the throttling bar towards said first
      position, the momentary interruption of such movement enabling an
      accumulation of spring force to develop in said tension spring so as to
      rapidly oscillate the throttling bar to said first position and fully
      constrict the passageway of said hot water discharge tube.
NUM  4.
PAR  4. A device according to claim 3, wherein a retainer plate is vertically
      carried by said frame within said hot water supply chamber, said operating
      lever being pivotally mounted at one side of said retainer plate, said
      rocker arm being pivotally mounted on the other side of said retainer
      plate, said retainer plate having an arcuate aperture therein, said free
      end of the rocker arm having a bent portion which extends through said
      arcuate aperture, and said tension spring being connected between said
      bent end and said one arm of the bell crank which constitutes said
      operating lever.
NUM  5.
PAR  5. A device according to claim 1, wherein a stopper element is mounted on
      said frame and both of said water supply and discharge tubes extend
      through an aperture in said stopper element, said oscillatable throttling
      means being cooperable with said stopper element in the constriction of
      the passageways in said tubes.
NUM  6.
PAR  6. A device according to claim 1, wherein said hot water discharge tube is
      adjustably mounted in said hot water heater so as to permit regulation of
      the volume of water to be discharged from said heater upon actuation of
      said operating lever.
NUM  7.
PAR  7. A device according to claim 1, wherein said hot water heater comprises a
      tank, a vortex generator plate being mounted within said tank in spaced
      relation to the bottom thereof and adapted to produce an upwardly flowing
      vortex of water, the outlet end of said water supply tube terminating
      below said plate and the upper portion of said hot water discharge tube
      extending through said plate such that the upper end thereof opens into
      the section of the tank above said plate, whereby the water discharged
      from said tank is the relatively hot water within same and the cool water
      entering said tank from said reservoir is prevented from directly mixing
      with the relatively hot water therein.
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ABST
PAL  A paint tray, for use with a paint roller or the like, including
      substantially coplanar front and rear edges, a paint well adjacent to and
      below the rear edge for storing a supply of paint, and an inclined surface
      tapering upwards from the well to the front edge for rolling excess paint
      off the roller. The tray and roller coact for supporting at least one
      portion of the paint roller above the well thereby allowing excess paint
      from the roller to drip back into the well.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of my copending application Ser. No.
      380,603, filed July 19, 1973 now U.S. Pat. No. 3,870,420.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional paint trays, for use with rollers in applying paint to wall
      surfaces, are made of cardboard or metal in a roughly rectangular shape.
      The tray typically has a depression or well near one end into which the
      painter pours a supply of paint. The well terminates in an inclined
      surface upon which the painter may roll the paint roller to remove excess
      paint therefrom.
PAR  During periods of non-use of the roller, the painter conventionally places
      the roller upon the tray with the paint applying portion resting on the
      inclined surface. All too often, the paint roller flips out of the tray or
      rolls into the well causing paint to splash out. In the event that neither
      of these undesirable results occur, storage of the roller on the inclined
      surface tends to flatten one side of the roller surface which is usually
      manufactured of a wool-like material or flocking or the like.
PAR  Finally, when the time comes to clean and store the paint tray, storage is
      normally accomplished by merely placing the tray on a shelf or the like.
      This occupies unnecessary space because of the irregular shape of the
      tray.
PAR  Thus, it is desirable to provide a paint tray which includes an improved
      mechanism for holding a paint roller during periods of non-use, and a tray
      which may be conveniently stored after use.
PAR  In providing these features for a paint tray, several factors must be
      appreciated. First, the painter normally has several tools and each
      additional, independent tool merely adds to the bulk which the painter
      must carry from job location to job location. Thus, an independent paint
      roller stand is impracticable. Second, paint trays and the like are
      typically inexpensive and have a short useful life and it is extremely
      important that additional features for paint trays be relatively
      inexpensive.
PAR  Third, any feature added to a paint tray must not interfere with the
      primary function of the tray, namely, a paint reservoir for use with a
      paint roller in applying paint to a surface.
PAR  Hence, the invention herein relates to an improvement in conventional paint
      trays, namely, means for supporting a roller and for providing for storage
      of the tray during the periods of non-use.
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein relates to providing a simple inexpensive support
      means as part of a paint tray or as part of the roller, which serves to
      support and hold at least part of the roller above the well of the paint
      tray during periods of roller non-use. The support means must be extremely
      inexpensive and must hold the paint roller in such a way that no
      flattening occurs to the paint applying portion of the roller. In one
      embodiment, the support means may also be used to store the tray during
      periods of non-use.
PAR  Finally, the improvements to the paint tray of the present invention are
      extremely inexpensive and do not materially add to the cost of the tray
      which is a very important factor in this type of competitive disposable
      device.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings, wherein like reference numerals identify corresponding
      parts:
PAR  FIG. 1 is a perspective illustration of a paint tray and a paint roller
      having coacting support means according to the principles of the present
      invention;
PAR  FIG. 2 is a fragmentary end view seen in the direction of arrows 2--2 of
      FIG. 1;
PAR  FIG. 3 illustrates the use of a support means for storing the paint tray;
PAR  FIG. 4 illustrates another embodiment of a support means;
PAR  FIG. 5 illustrates another embodiment of a support means for holding the
      paint roller over the well of the paint tray;
PAR  FIG. 6 illustrates another embodiment of the present invention;
PAR  FIG. 7 is yet another embodiment of the present invention; and
PAR  FIG. 8 is still another embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates a conventional paint tray 10 having a front edge or
      surface 12 and a rear edge or surface 14, which are substantially
      coplanar, and having side walls 16 and 18. The tray includes a well
      portion 20 positioned adjacent to and below the rear surface 14 for the
      storage of paint or the like and an integral inclined surface 22 tapering
      upward from the paint well 20 to the front surface 12.
PAR  The paint tray includes a peripheral outwardly extending, lateral flange
      24, and optional front and rear hand holds 26 and 28 in the coplanar front
      and rear surfaces, respectively. The hand holds may be utilized for
      carrying the tray from one location. to another and is especially
      beneficial when there is a supply of paint in the well. The rear surface
      14 of the tray also includes a plurality of apertures 30.
PAR  Illustrated in FIG. 1 is a conventional paint roller 32 having a paint
      applying portion 34, a bent wire or support rod 36 and a handle 38.
PAR  Means are provided for supporting the paint roller on the paint tray.
      Specifically, a second short flange 40 is provided in the region of the
      rear surface 14 and the well 20. The second flange 40, which may include
      multiple sections as at 41, is vertically in a different plane from the
      main peripheral flange 24.
PAR  The vertical spacing between the main flange 24 and the second flange 40 is
      such that the wire rod 36 may be removably force-fit or frictionally
      retained therebetween. With the rod so positioned, and with the handle 38
      of the roller resting on the inclined surface 22, one end of the paint
      applying portion 34 of the roller is suspended above the well. The
      opposite end may tip down into the well and touch the bottom of the well
      depending upon the degree of freedom and slippage between the flanges and
      the rod.
PAR  With rod 36 force-fit between the flanges, the roller is supported over the
      well and is secured against splashing into the well or against tipping
      outward of the tray. The flange arrangement is totally unobtrusive and
      does not affect use of the paint tray or roller in any fashion.
PAR  It should be noted that in the manufacture of a tray having this feature,
      it is merely necessary to bend down portions of the peripheral flange 24
      to form the second flange sections 40 and 41.
PAR  Another means for supporting the paint roller is also illustrated in FIG. 1
      and includes a wire rod 42 formed into a U-shape and having a wide base 44
      and a pair of first legs 46. The first legs are bent into an S-shape and
      extend from the base of the rod to form a pair of second legs 48.
PAR  In operation, the second legs 48 are inserted in the apertures 30 in the
      rear surface of the paint tray. The second legs are inserted up to the "S"
      portion, at which time the base 44 of the rod extends over the paint well.
      The base and the first legs form a support upon which the paint roller may
      be placed. In this fashion, any paint on the roller will drip down into
      the well.
PAR  When it is desired to store the paint tray after use, the wire rod 42 is
      removed from the apertures 30 and inserted into apertures in a
      conventional pegboard 50 as seen in FIG. 3. The hand hold 28 is slipped
      over the base 44 of the wire rod and the paint tray may be suspended in a
      vertical fashion to occupy a minimum of storage space.
PAC  EMBODIMENTS OF FIGS. 4-8
PAR  FIG. 4 illustrates an embodiment of a support means including a clip 52 for
      securing the roller and tray together. The clip 52 is of a generally
      U-shaped configuration having first and second legs 53, 54. The clip is
      attached to the bent portion of the wire rod 36, either by welding or by a
      force-fit, with the legs extending downwardly perpendicular to the rod.
      The spacing between the legs is such that the clip may be releasably
      force-fit onto the flange 24. Thus the roller 32 is supported by the tray
      10 with the paint applying portion over the paint well 20.
PAR  In the embodiment of FIG. 5, the clip 52 having legs 53 and 54 is welded to
      the flange 24 with the legs extending upwardly in a channel-like
      configuraton.  The wire rod 36 is provided with recesses or flats 56 of a
      size to fit between the legs of the clip. When it is desired to support
      the roller over the paint well, the wire rod 36 and specifically the
      recessed portions 56 are releasably force-fit into the clip 52.
PAR  The embodiments of FIGS. 6 and 7 rely on the coaction of a post or stud and
      an aperture for supporting the roller above the paint well.
PAR  In FIG. 6 the wire rod 36 includes a downwardly projecting post or stud 58.
      Extending laterally outwardly from flange 24 is an auxilliary flange 60
      having a suitable aperture 62 of a size and shape to receive the post 58.
      When the post is inserted in the aperture, the paint applying portion is
      supported above the paint well.
PAR  In FIG. 7 the flange 24 includes an upwardly extending post or stud 58. The
      wire rod 36 includes an aperture 62 therethrough to receive the post. If
      necessary, a portion of the rod may be of enlarged diameter, as at 64, to
      accommodate the aperture 62 without the resultant loss of strength in the
      rod.
PAR  Finally, in FIG. 8, a clip 66 is provided having a generally S-shaped
      configuration. One leg is welded to the rod 36, as at 68. The other leg 70
      is removably hooked under the flange 24 of the tray when it is desired to
      support the roller over the paint well. As illustrated, clip 66 is
      oriented to be hooked under flange 24 by moving the roller toward the tray
      from the exterior thereof.
PAR  The foregoing is a description of operative embodiments of the present
      invention and should not be read in a limiting sense but only as
      describing the underlying inventive concepts. The invention may be further
      developed within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a paint tray for use with a paint roller or the like, said paint
      roller having a bent wire rod supporting a paint applying portion at one
      end and having a handle at the other end, said paint tray including
      substantially coplaner front and rear edges, a paint well adjacent to and
      extending vertically below said rear edge for storing a supply of paint,
      and an integral inclined surface tapering upwardly from said paint well to
      said front edge for rolling excess paint off said paint applying portion
      whereby execes paint flows into said well, said paint tray further
      including a peripheral outwardly extending lateral flange substantially
      coplaner with said front and rear edges, the improvement comprising:
PA1  a small relatively thin support member defining a slot for retaining said
      bent wire rod and said flange together for supporting the paint applying
      roller above the paint well,
PA1  said support member being formed by said paint tray flange having at least
      one portion thereof bent to form a second flange, said flange and said
      second flange defining said slot therebetween for frictionally retaining
      said bent wire rod therein.
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ABST
PAL  In combination with a fluid applicator of the fluid marker type, a unitary,
      self-sealing, one-way check valve for admission and retention of air under
      pressure to the interior of the applicator, an elastomeric bulb for
      developing pressure and means for relieving internal pressure.
PARN
PAC  REFERENCE TO PRIOR APPLICATIONS
PAR  This is a continuation of application Ser. No. 424,630 filed Dec. 13, 1973,
      now abandoned, which in turn was a continuation of application Ser. No.
      230,947, filed Mar. 1, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to fluid applicators and more
      specifically to applicators of the type known as markers wherein fluid
      contained in an elongated, cylindrical body is dispensed by capillary
      action through a porous tip which is in communication with the interior of
      the container. In such devices, the rate at which the marking fluid or ink
      is dispensed is determined by the porosity of the tip. Since the porous
      tip also serves as a seal to block the free flow of fluid from the
      interior of the applicator, the porousity of the tip must be such that
      only a relatively low rate of flow is permitted. This means that for
      certain applications, the tip will dispense too lightly or unevenly. One
      such application for which the device of the present invention may be used
      is in the creation and development of artistic works using several
      different applicators each dispensing a different color ink.
PAR  It is the purpose of the present invention to provide a means for
      controlling flow from a fluid applicator of the type mentioned at selected
      rates of flow in accordance with particular individual requirements which
      can be suited to the end use of the applicator.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improvement in fluid applicators of the
      type having a hollow elongated body defining a chamber for containing a
      quantity of fluid, used for marking purposes and the like, the body having
      at one end a porous tip in communication with the marking fluid in the
      conventional manner. The other end of the applicator receives a deformable
      bulb. The body of the applicator adjacent to the bulb contains a one-way
      check valve for permitting the passage of a discrete quantity of air from
      the bulb into the fluid containing chamber. Successive actuations of the
      bulb can thus build up internal pressure within the body of the applicator
      to increase the rate of flow of fluid therefrom. In accordance with a
      further aspect of the invention, means are provided internally of the
      applicator for permitting external actuation of the adjacent check valve
      in order to relieve internal pressure within the applicator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial, vertical cross section of a fluid applicator having
      pressure control means in accordance with the principles of the present
      invention;
PAR  FIG. 2 is a horizontal cross section taken in the direction of arrows 2--2
      of FIG. 1;
PAR  FIG. 3 is a partial, vertical cross section of a second embodiment of the
      invention;
PAR  FIG. 4 is a partial, vertical cross section of a third embodiment of the
      invention; and
PAR  FIg. 5 is a cross section of the embodiment of FIG. 4 showing sequential
      movement of the pressure control means therein.
DETD
PAC  DESCRIPTION OF PARTICULAR EMBODIMENTS
PAR  Referring to the drawing and initially to FIGS. 1 and 2 thereof, a fluid
      applicator 10 incorporating pressure control means in accordance with the
      present invention has been illustrated. The applicator 10 has an
      elongated, hollow cylindrical body 11 designed to fit the hand of the
      user. At one end (not shown), the applicator 10 includes a porous felt tip
      in the conventional manner through which a quantity of ink or other
      marking fluid held within the body 11 can pass for marking or other
      artistic purposes. The body 11 defines a chamber 12 in the interior
      thereof for the containment of such ink or marking fluid as is
      conventional with such fluid applicators generally.
PAR  In accordance with the present invention, the end of the body 11 opposite
      its tip receives an elastomeric bulb 13 having an annular lip 13a over
      which the upper end 11a of the body 11 is crimped. A retainer ring 16 is
      received within the applicator body 11 in close frictional engagement
      therewith. Ring 16 has an annular cutout 16a which in combination with the
      body 11 and its crimped end 11a forms a groove for the reception of the
      lower edge of bulb 13 and its lip 13 a. A valve body 17 is closely fitted
      in frictional engagement with the interior wall of applicator body 11 and
      defines a circular cutout 17a for the reception of a mating, cylindrical
      section 16b of a retainer 16. The valve body further includes downwardly
      inclined lips 17b which meet at a common center 17c.
PAR  A resilient washer 18 rests upon section 17d of the valve body. The washer
      18 has a central opening 18a therein for the reception of the stem portion
      19a of a movable valve element 19. The stem 19a is integrally connected to
      a circular flange 19b and to a conically shaped valve portion 19c. In the
      position of FIG. 1, valve portion 19c is held in sealing engagement with
      the seat 16c of retainer ring 16 due to the upward pressure of washer 18
      against flange 19b. It will be noted that in the position of FIG. 1, the
      flange 19b rests upon the edge of washer 18 adjacent to the opening 18a
      therein and that a flat annular opening 20 is defined between conical
      valve portion 19c of valve element 19 and the washer 18. Furthermore, as
      best seen in FIG. 2, the washer 18 is straight along sides 18b. Beneath
      washer 18, above lips 17b is a chamber 21 which is in communication with
      passage 20 past sides 18b. The interior of elastomeric bulb 13 defines a
      chamber 22. Bulb 13 has an opening 13a therein interconnecting ambient
      atmospheric pressure with chamber 22.
PAR  The operation of the embodiment of FIG. 1 will now be described. Bulb 13 is
      pressed inwardly (as illustrated in FIG. 5 with respect to an alternate
      embodiment), while the user places his thumb over the opening 13a therein.
      Air trapped within chamber 22 will increase in pressure sufficiently to
      force valve element 19 and portion 19c thereof in the direction of the
      arrow, away from seat 16c. Pressurized air may thus pass through passage
      20 into chamber 21. Such pressure should ordinarily be great enough to
      force valve lips 17b apart (again see FIG. 5) and a slug of pressurized
      air will pass into chamber 12. Upon the release of bulb 13, the bulb will
      return to its position of FIG. 1. Lips 17b thereupon resume their
      contacting position due to their natural resilience but also due to the
      increased pressure in chamber 12 which acts normal to the lower surface of
      each lip 17b to urge them into sealing contact. Valve element 19 will
      return to the position of FIG. 1 due to the resilience of washer 18 and
      due to any pressure which may be trapped in chamber 21. Thus, a primary,
      one-way check of the air pressure within chamber 12 is formed by valve
      lips 17c, and a secondary check against return flow is effected by valve
      element 19.
PAR  By pressing the bulb 13 a number of times in succession and allowing a new
      charge of air each time to enter chamber 22, the pressure within chamber
      12 can be built up quite rapidly in accordance with the requirements of
      fluid flow from the applicator. When the user wishes to stop using the
      applicator, pressure can be relieved from within chamber 12 in the
      following manner. A pencil point or some similar elongated object may be
      inserted through opening 13a in bulb 13 to press down against the upper
      surface of element 19 to cause stem 19a to thrust valve lips 17c apart.
      Thus, pressure within chamber 12 will be quickly relieved.
PAR  Referring to FIG. 3, an applicator 10' has been illustrated wherein those
      parts which are similar to those of the embodiment of FIG. 1 have been
      indicated by the same but primed reference numerals. The applicator 10'
      includes a bulb 13' held within an elongated, tubular body 11'. Within the
      body 11' is a retainer ring 16' and valve body 17' which are fitted
      together in frictional engagement with the interior of the hollow
      cylindrical applicator body 11'. Valve body 17' includes depending lips
      17c' which meet at 17d'. A valve element 19' is retained in the position
      of FIG. 3 through the intermediacy of a deformable, resilient member 30
      having spaced cutouts 30a therein which communicate with a chamber 31
      surrounding member 30 and with a chamber 21' within the valve body. Valve
      element 19' includes a valve portion 19c' which is held in contact with
      the seat 16c' by the upward thrust of member 30. However, when bulb 13' is
      pressed downwardly, pressure created in chamber 22' will act upon valve
      element 19' to unseat portion 19c' thereof and air will flow from chamber
      22' into chamber 31 through openings 30a and into chamber 21'. Such
      pressure will force open lips 17c' so that air may flow under pressure
      into chamber 12' in the same manner as described in connection with the
      embodiment of FIG. 1. Similarly, the valve element 19' includes a stem
      19a' which can be used as above-described to force open lips 17c'  in
      order to relieve pressure in chamber 12'.
PAR  A third embodiment of the invention has been illustrated in connection with
      FIGS. 4 and 5. In this embodiment, an applicator 35 includes a tubular
      body 36 receiving at its upper end an elastomeric bulb 37. The bulb is
      retained at its lower end 37a between the crimped edge 36a and a washer 38
      having an annular lip 38a for this purpose. Washer 38 defines a central
      opening 38b therein and bulb 37 has opening 37a therein which communicates
      with chamber 39 within the bulb. Received in close frictional engagement
      within the body 36 is a valve body 40 whose upper portion 40a abuts the
      lower end 37a of bulb 37 and the lower surface of washer 38. Valve body 40
      includes depending valve lips 40b which define a slitted orifice 40c.
      Above lips 40b and below washer 38 is a chamber 41, while below lips 40b
      is a chamber 42 within the body of the applicator.
PAR  As may be seen in connection with FIG. 5, when the bulb 37 is pressed
      downwardly, air compressed in chamber 39 will flow through opening 38b
      into chamber 41 and will cause lips 40b to part in the manner shown. Thus,
      a slug of pressurized air will be forced into chamber 42 and successive
      actuation of bulb 37 will build up the pressure within chamber 42 to the
      desired amount. In the embodiment of FIGS. 4 and 5, the lips 40b act as a
      single seal against the return passage of air from chamber 42 to the
      atmosphere. Furthermore, in the embodiment of FIGS. 4 and 5, in order to
      relieve the pressure within chamber 42, an elongated object must be thrust
      through openings 37a and 38a directly against lips 40b in order to open
      the seal which they effect.
PAR  It will be understood that the foregoing description has related to
      particular embodiments of the invention and is, therefore representative.
      In order to appreciate fully the scope of the invention, reference should
      be made to the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fluid applicator having a hollow elongated body defining a chamber
      for containing a quantity of fluid, said body ending in a tip for the
      application of said fluid, the improvement comprising:
PA1  a. a deformable bulb connected to the other end of said body;
PA1  b. internal valve means within said body in communication with said bulb
      and said chamber, said valve means in turn comprising
PA2  i. a unitary compressible body section adapted to be inserted into the
      elongated body and held in position therein;
PA2  ii. flexible lips integrally-formed as part of said body section which lips
      are angularly-disposed to each other and have bevelled ends which engage
      substantially in a plane in the closed-valve position and which ends
      separate from said plane in the open-valve position;
PA2  iii. said compressible body and said flexible lips cooperating to define
      the elements of said internal valve means; and
PA1  c. a second valve member provided between said compressible body and said
      bulb, said second valve member having means for sealing against return
      pressure of air from said chamber, said second valve member further
      including a stem extending toward said valve lips, the end of said stem
      being disposed adjacent to said lips, said second valve member when moved
      sufficiently toward said first valve member causing the valve stem thereof
      to force the valve lips arart to relieve pressure within said chamber.
NUM  2.
PAR  2. The applicator according to claim 1 wherein a resilient member is
      interposed between said compressible body and said second valve member,
      said resilient member defining an opening through which the valve stem
      extends, the edge of said resilient member bearing against portions of
      said second valve member to urge said member into a sealing position to
      block the return flow of air from said chamber.
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ABST
PAL  A socket for a ball point pen comprises a hollow sleeve receiving a writing
      ball at the forward end, a rod member forcefully inserted into the sleeve
      to be pressed at the forward end against the writing ball, and ink
      passageways defined between the sleeve and rod member so as to extend
      throughout the socket. The sleeve is provided with a communication section
      for causing the ink passageways to communicate with the outside of the
      socket, thereby attaining a reliable delivery of ink from the ink
      passageways to the writing ball and preventing ink from leaking out of the
      pen body through an air passage provided at the forward end portion of the
      barrel of the ball point pen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a socket for a ball point pen suitable for use
      with low viscosity aqueous ink, and more particularly to a socket for a
      ball point pen which is designed to deliver a proper amount of ink quickly
      from an ink cartridge to a writing ball when the cartridge is inserted
      into the ball point pen.
PAR  2. Description of the Prior Art
PAR  Most of the prior art ball point pens using aqueous ink have the ink
      reservoir in the barrel filled with aqueous ink. When therefore, a long
      period of time passes before the ball point pen is actually used after
      being manufactured, the ink held in the ink passageways provided in the
      socket to connect the writing ball with the cartridge often becomes so dry
      as to flow with great difficulty or not at all when the user is going to
      commence writing, rendering the ball point pen utterly unavailable for
      practical application. To eliminate the above-mentioned difficulties
      accompanying most of the ball point pens using aqueous ink, there has been
      developed such type of ball point pen as is designed to be fitted in use
      with a cartridge filled with aqueous ink. With a known ball point pen,
      however, the ink passageways provided in the socket are so narrow that
      under natural conditions, the ink held in the cartridge is delivered only
      by capillary action to the writing ball through the passageways.
      Therefore, the aforesaid developed type of ball point pen has the drawback
      that ink takes too long to reach the writing ball after the cartridge is
      inserted into the pen body, preventing the pen from being immediately put
      to use. For quick ink delivery, the user often manually squeezes the
      ink-filled cartridge fitted into the socket after removing the pen body in
      order to apply pressure on the ink held in the cartridge. With a general
      ball point pen, however, a clearance between the writing ball and the edge
      of the tip portion of the socket is smaller than in the ordinary ball
      point pen using viscous ink, preventing the air remaining in the ink
      passageways from easily escaping out of the ball point pen through the
      forward end of the socket. As a result, the air itself exerts a resistive
      force within the ink passageways, not only obstructing the quick influx of
      fresh ink thereinto, but also preventing the ink already held in the
      passageways from being delivered to any proper outlet due to the
      prevalence of the air resistance. Accordingly, the ink is unavoidably
      forced out of the pen body through an air duct provided at the forward end
      of the pen barrel, undesirably wetting the forward end.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide a socket for a
      ball point pen, the sleeve of which is provided inside with ink
      passageways and a communication section causing the ink passageways to
      communicate with the atmosphere, thereby enabling aqueous ink to be
      supplied to a writing ball smoothly and quickly from the very start of
      writing.
PAR  Another object of the invention is to provide a socket for a ball point pen
      which prevents aqueous ink from soiling a barrel by being forced out
      therefrom through an air duct even when an ink cartridge mounted in the
      socket is manually squeezed to apply pressure to the ink to enable the ink
      to quickly flow from the cartridge.
PAR  According to this invention, a socket for a ball point pen comprises a
      hollow sleeve for receiving a writing ball at the forward end; a rod
      member inserted into the sleeve in a fluid tight state so as to abut
      against the writing ball at the forward end; ink passageways defined
      between the sleeve and rod and open to both ends of the sleeve; and a
      communication section provided in the sleeve to cause the ink passageways
      to communicate with the atmosphere.
PAR  The communication section plays the part of conducting the air remaining in
      the ink passageways to the atmosphere as aqueous ink is successively
      brought into the passageways, thereby enabling a proper amount of aqueous
      ink to be quickly delivered to the writing ball through the passageways
      and also preventing the ink from leaking through the air duct to soil the
      forward end of the barrel of the ball point pen as often occurs when it is
      attempted quickly to force the ink into the passageways from the ink
      cartridge connected to the socket by manually squeezing the cartridge.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This invention will be described by way of example with reference to the
      accompanying drawings.
PAR  FIG. 1 is a longitudinal sectional view of an embodiment of a socket for a
      ball point pen according to this invention;
PAR  FIG. 2 is a cross sectional view on line 2--2 of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view of the tip portion of a ball point
      pen with the socket of FIG. 1 inserted therein;
PAR  FIG. 4 is a cross sectional view on line 4--4 of FIG. 3;
PAR  FIG. 5 is a longitudinal sectional view of a socket according to another
      embodiment of the invention for a ball point pen; and
PAR  FIG. 6 is a cross sectional view on line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Throughout the drawings, the similar parts are denoted by the same
      numerals.
PAR  Referring to FIGS. 1 and 2, a socket 10 has a hollow cylindrical sleeve 12.
      As seen from FIG. 1, the sleeve 12 receives a writing ball 14 in the
      forward end portion 12a, which in turn is crimped or deformed to prevent
      the ball 14 from falling out.
PAR  As is apparent from FIG. 2, a rod member 16 having a flat plane 16a formed
      at two opposite peripheral portions and presenting a drum shape in cross
      section as a whole is inserted into the sleeve 12 in close contact (FIG.
      2) with the inner wall 12b thereof, except for the flat planes 16a.
PAR  The flat planes 16a of the rod member 16 and the inner wall 12b of the
      sleeve 12 define two ink passageways or ink conducting chambers 18.
PAR  The rod member 16 is formed of wear-resistant and corrosion-resistant
      material, such as nylon impregnated with molybdenum disulfide (MoS.sub.2),
      carbon fiber-reinforced plastic (CFRP) or bearing metal material. A
      funnel-shaped seat 20 (FIG. 1) is provided at the forward end 16b of the
      inserted rod 16 to receive the writing ball 14, thereby fixing its
      position in the axial direction of the socket 10.
PAR  The sleeve 12 has part of its peripheral wall bored with a slit-like
      communication section or chamber 22 lengthwise extending from the rear end
      12c of the sleeve 12 to the proximity of the forward end 12a thereof. In
      other words, that portion of the sleeve 12 which extends from the
      proximity of the forward end 12a to the rear end 12c has a C-shaped cross
      section as shown in FIG. 2. The communication chamber 22 is defined by a
      pair of spatially facing parallel wall surfaces 24 of the sleeve 12. The
      communication chamber 22 is open to the rear end 12c of the sleeve 12 so
      as to be easily machined.
PAR  FIG. 3 illustrates the forward end portion of the barrel 26 of a ball point
      pen using the socket 10. The barrel 26 receives a feed bar 28 having its
      peripheral wall provided with a plurality of annular projections 28a. The
      smaller diameter cylindrical forward end portion 28b of the feed bar 28 is
      inserted in a fluid tight state into a cylindrical hole 30 bored in the
      tip portion 32 of the barrel 26.
PAR  The feed bar 28 is provided with a narrow ink groove 34 (see FIG. 4) whose
      deepest part reaches the central line of the feed bar 28 and which extends
      all along the feed bar 28 except for the forward end portion 28b. A long
      cylindrical hole 36 penetrates the forward end portion 28b and part of the
      main body of the feed bar 28 in such a manner that the hole 36 is
      concentric with the forward end portion 28b of the feed bar 28. The socket
      10 is inserted into the long cylindrical hole 36 so as to cause that
      portion of the communication chamber 22 which is disposed near the forward
      end 12a of the sleeve 12 to be exposed out of the tip portion 32 of the
      barrel 26. In the rear end of the feed bar 28 is mounted a cartridge (not
      shown) filled with aqueous ink, which is conducted through the groove 34
      to the passageways 18. An air duct 40 is provided in the forward portion
      of the barrel 26 so as to cause a control chamber 38 defined by the inner
      wall of the barrel 26 and the peripheral wall or annular projections 28a
      of the feed bar 28 to communicate with the atmosphere. The control chamber
      38 normally contains both aqueous ink and air.
PAR  When there is a change in the temperature within the barrel 26 or in the
      pressure applied to the ink passing through the groove 34, the air duct 40
      plays the part of allowing air to be brought into the control chamber 38
      from the atmosphere or conversely to be discharged from the control
      chamber 38 into the atmosphere, thereby fixing the pressure applied to the
      aqueous ink flowing through the groove 34 and consequently enabling the
      ink to be supplied to the passageways 18 of the socket 10 smoothly at a
      constant rate. A ring member 42 is placed in the hole 30 of the tip
      portion 32 of the barrel 26 and disposed ahead of the forward end portion
      28b of the feed bar 28. The ring member 42 tightly holds the peripheral
      wall of the socket 10 inserted therein to prevent the socket 10 from
      readily falling out of the tip portion 32 of the barrel 26. Further, the
      ring member 42 prevents ink from running over the outer peripheral wall of
      the socket 10 to leak from the engagement section between the socket 10
      and tip portion 32.
PAR  There will now be described the operation of a ball point pen using the
      socket of this invention. When a cartridge filled with aqueous ink is
      mounted in the rear end of the feed bar 28, the ink passes by capillary
      action through the groove 34 into the passageways 18 at the rear end of
      the socket 10. The air which is filled in the passageways 18 before the
      arrival of the ink is expelled to the atmosphere through the communication
      chamber 22 due to the influx of the ink. Accordingly, the ink brought into
      the passageways 18 displaces the air contained therein and is quickly and
      smoothly conducted to the writing ball 14. The cartridge is sometimes
      manually squeezed, for example with one's fingers, to attain the quick
      delivery of ink to the writing ball 14 from the cartridge soon after it is
      fitted to the feed bar 28. In this case, the air remaining in the
      passageways 18 immediately escapes into the atmosphere through the
      communication chamber 22 as the ink rapidly comes into the passageways 18
      due to the pressures applied to the ink. Accordingly, the ink quickly
      reaches the writing ball 14 with little air resistance, substantially
      eliminating the possibility of the ink overflowing from the groove 34 and
      leaking to the atmosphere from the air duct 40 due to the overburdened
      capacity of the control chamber 38 and in consequence soiling the outer
      surface of the barrel 26.
PAR  In contrast, the prior art socket for a ball point pen lacks a portion
      corresponding to the communication chamber 22 used in the socket of this
      invention. Therefore, the air remaining in the passageways has to be
      discharged into the atmosphere through a narrow clearance between the
      sleeve and writing ball in order to be displaced by the ink brought into
      the passageways, naturally causing the ink not only to take too long to
      reach the writing ball but also to run over the ink groove due to the
      prevalence in the passageways when the ink cartridge is manually squeezed
      for quick delivery of ink therefrom, as is sometimes attempted. In such
      case, the overflowing ink runs out of the pen through the control chamber
      and air duct to soil the pen barrel.
PAR  It is seen from the foregoing description that a socket according to this
      invention for a ball point pen eliminates the drawbacks accompanying the
      prior art socket.
PAR  FIGS. 5 and 6 jointly illustrate a socket according to another embodiment
      of this invention for a ball point pen. The difference between the
      preceding embodiment of FIGS. 1 to 4 and that of FIGS. 5 and 6 is that in
      the second embodiment, the slit-like connection chamber 22 is replaced by
      a hole-shaped communication chamber 122 which is provided in a hollow
      cylindrical sleeve 112 near its forward end portion 112a to establish
      communication between the ink passageways 18 and the atmosphere. This
      chamber 122 which corresponds to the communication chamber 22 of the
      preceding embodiment formed in the socket 10 penetrates the sleeve 112 in
      the radial direction to attain communication between the ink passageways
      18 and the atmosphere.
PAR  Throughout FIGS. 5 and 6, numerals 110, 112b, 112c respectively denote the
      socket, and the inner wall and rear end of the sleeve 112. The other
      numerals show the same parts as those of the preceding embodiment of FIGS.
      1 to 4.
PAR  When the socket 110 is inserted into the tip portion 32 of the barrel 26,
      the communication chamber 122 is brought outside of the tip portion 32,
      causing the ink passageways of air conducting chambers 18 to communicate
      with the atmosphere through the communication chamber 122. The socket 110
      of the second embodiment shown in FIGS. 5 and 6 is operated with the same
      effect as the socket 10 of the first embodiment of FIGS. 1 to 4,
      description thereof being omitted by way of eliminating duplication.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a socket for use with a ball point pen comprising a barrel, a feed
      bar disposed in the barrel coaxially therewith, and an air duct formed in
      the barrel for communication between the atmosphere and a control chamber
      defined between the barrel and the feed bar, the improvement wherein said
      socket comprises:
PA1  a. a hollow sleeve firmly held in the tip portion of the barrel as well as
      in the forward end portion of the feed bar;
PA1  b. a writing ball located in the forward end portion of the sleeve, said
      forward end portion of the sleeve being crimped to hold said writing ball;
PA1  c. a rod member inserted into the sleeve with the forward end thereof
      pressed against the writing ball, said rod member having at least one flat
      plane on the outer periphery thereof;
PA1  d. at least one ink conducting chamber defined between the inner wall of
      the sleeve and the at least one flat plane; and
PA1  e. a communication chamber formed in the sleeve for direct communication
      between the ink conducting chamber and the atmosphere, at least part of
      said communication chamber being exposed to the atmosphere so as to expel
      air filled in the conducting chamber directly to the atmosphere due to ink
      being being brought into the conducting chamber.
NUM  2.
PAR  2. A socket according to claim 1, wherein the communication section
      comprises a slit-like communication chamber extending lengthwise of the
      sleeve.
NUM  3.
PAR  3. A socket according to claim 2, wherein the communication chamber extends
      from the proximity of the forward end to the rear end of said sleeve.
NUM  4.
PAR  4. A socket according to claim 1, wherein the communication section
      comprises a hole-shaped communication chamber provided in the sleeve near
      its forward end.
NUM  5.
PAR  5. A socket according to claim 1 wherein said rod member has a second flat
      plane on the outer periphery thereof.
NUM  6.
PAR  6. A socket according to claim 5 wherein said flat planes of said rod
      member are opposite each other.
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ABST
PAL  A clamping fixture detachably mountable on an easel, or wall, mounted
      upright, support board hanging a heavy stack of large paper sheets against
      the front face of the support board so that the stack may be readily
      removed or rearranged, or the sheets torn off one-by-one. The fixture
      comprises a back support member, a top clamp housing member, and a blade
      member. The blade member and the clamp housing are pivotally connected to
      each other so as to move in unison when the clamp housing is pivoted about
      the back support member for inserting or removing a stack of papers. The
      blade member also acts as a clamping member and is tensioned for
      automatically adapting to the thickness of the sheets or pads of paper and
      means are provided for quickly and automatically permitting the fixture to
      open and then snap lock automatically in closed position, making the
      insertion and removal of display sheets or pads an effortless task.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to fixtures for hanging stacks of large sheets of
      paper on the surface of an upright support board on a lecture or display
      stand; such display stands being disclosed and claimed in U.S. Patent
      2,638,300 owned by the assignee of the present application.
PAR  2. Prior Art
PAR  Clamping fixtures for holding and gripping pads of tearable paper
      detachably held on a lecture or display stand are typically described and
      claimed in the U.S. Pat. No. 2,985,174, issued to Chester K. Guth on May
      23, 1961. In the patent the clamping fixture comprises an inverted
      channel-shaped top casing member which was attached to the support board
      and provided in its internal channel space with a pivoted knife member
      which served to not only form the tear blade, but also clamp the pad in
      position. In this fixture, the tear blade had a spur or flange plate which
      was engaged by thrust applying screws outside the channel space to provide
      the clamping action. Thus, to insert and hold the paper on the support
      board not only required insertion into the clamping fixture channel space
      but further also required actuation of the thrust engaging screws so as to
      cause the tear blade to engage the paper. The required actuation of the
      engaging screws made it difficult to reinsert or rearrange the pads of
      paper during a lecture, for exmple, even though the fixture did function
      to hold the pad and to permit sheets to be torn off one-by-one.
PAR  Thus, in view of the prior art, it is an object of this invention to hold
      and support pads or single sheets of display paper so that they can be
      readily removed or rearranged from the fixture while on the lecture or
      display stand.
PAR  Another object of this invention is to allow the improved fixture to open
      and then snap lock automatically in a closed position, thereby making the
      insertion and removal of the display sheets or pads an effortless task.
PAR  An additional object of this invention is to greatly improve manufacturing
      efficiency by the elimination of many parts of the clamping fixture of the
      prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are realized in the present invention which comprises
      principally three relatively long members preferably of extruded lengths
      of metal -- a back support member, a top channel shaped clamp housing, and
      a tear member. The tear member is pivotally hinged to the clamp housing
      within the channel space of the clamp housing and the clamp housing is, in
      turn, pivotally mounted on the back support member so that pivoting the
      clamp housing automatically carries with it the tear member so as to open
      the fixture for the ready insertion or removal of a sheet or pad of paper.
      The tear member is biased so as to engage the sheet or pad of paper
      automatically regardless of the difference in thickness of the sheet or
      pad and means are also provided to permit the fixture to be opened and
      then automatically snap locked in closed position thereby making the
      insertion or removal of the display sheets or pads an effortless task.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accomplishment of the objects of the invention will become apparent
      from the following description of the preferred embodiment wherein:
PAR  FIG. 1 is a perspective view of the clamping fixture mounted detachably on
      the top edge of an easel supported paper-backing or support board with a
      pad of paper display sheets suspended on the front face thereof;
PAR  FIG. 2 is an enlarged perspective view of the clamping fixture embodying
      the present invention showing only the top margin of the support board and
      of the stack or pad of paper sheets backed thereby;
PAR  FIG. 3 is a fragmentary perspective view of the rear of the structure shown
      in FIG. 2;
PAR  FIG. 4 is an end elevation;
PAR  FIG. 5 shows a ganged arrangement of a plurality of fixtures constructed in
      accordance with the teachings of this invention;
PAR  FIG. 6 is a top or plan view of the clamping fixture as shown in FIG. 2;
PAR  FIG. 7 is a perspective view showing the fixture in open position showing
      the paper supported by protruding studs fastened to the back support
      member;
PAR  FIG. 8 is a perspective view of the back support member; and
PAR  FIG. 9 is a fragmentary perspective view of the rear of the structure, like
      FIG. 3, but showing an alternative form of snap lock arrangement.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings, particularly FIGS. 1 and 2, it can be seen
      that the clamping fixture comprising the present invention is indicated in
      its entirety as 10 and is shown connected to the highest or top edge of an
      easel-type support board 12 for clamping and holding sheets or pads of
      paper 14. The back support 12 is supported, in this embodiment, on an
      easel such as shown and claimed in the U.S. Patent to DeJen, U.S. Pat. No.
      2,638,300 which was issued May 12, 1953.
PAR  The clamping fixture 10 (as shown singly in FIG. 8) comprises a relatively
      thin elongated plate-like back support member 16 having a concave
      cylindrical bearing surface 18 of more than semicircular compass but
      interrupted by a gap 20 extending throughout the length of the back
      support member 16 on the top edge thereof. The back support member 16 is
      also provided with protruding hanging brackets 22, shown in FIG. 8, which
      are punched or otherwise formed on one face of the back support and of a
      length to engage suitable slots 24 (FIGS. 3 and 5) provided in the top
      edge of the support board 12. This back support member 16 is also provided
      with a plurality of protruding studs 26 corresponding in number to the
      number of holes 28 (FIG. 7) formed in a typical paper pad, such holes 28
      being predrilled and symmetrically spaced in the paper pad.
PAR  Clamping fixture 10 also is provided with a clamp housing 30 in the form of
      a channel, also preferably formed of an extruded metal and having on one
      edge an integrally formed rod-like member 32 which forms a pivot joint
      when inserted in the cylindrical bearing surface 20 of the support member.
      Spaced from the rod-like pivot is a top or cross wall 34 containing an
      additional concave cylindrical bearing surface 36 with gap 38 which faces
      the channel space formed by the clamp housing and is also provided with a
      front wall 40 which also acts as a stop point for the protruding studs 26.
      An upwardly directed spur 42 continues in parallel but spaced from the
      front wall 40 and acts as a support retainer for protruding brackets 22
      when a complete clamping fixture is ganged with other clamping fixtures
      such as shown in FIG. 5.
PAR  Within the channel space and pivoting within the bearing surface 36 located
      in the cross wall 34, is a relatively long thin preferably extruded metal
      tear member 46 having at its upper end a rod-like part 48 which is located
      within bearing surface 36 to form a hinge joint. The hinge gap 38 of
      bearing surface 36 is so arranged as to limit the blade's traverse
      movement, thereby keeping the blade from interfering with the paper pad
      installation and removal when the clamp housing is in open position, and
      the lower edge 48 of the tear member is beveled to produce sharpness and
      intensity of contact pressure. Also, along the blade's lower paper edge
      are slots 50 (FIG. 7) corresponding to the number of protruding studs 26
      and located so as to allow the blade member to pivot past the studs and to
      come into contact with the paper pad or stack of sheets 14.
PAR  Tear blade member 46 is held in spring tension by a leaf spring 52 (FIGS. 4
      and 5) suitably attached either to the blade's front surface, allowing it
      to press against the clamp housing as shown, or fastened to the clamp
      housing thereby pressing against the blade member. The spring tension is
      sufficient to clamp single sheets or pads of sheets when they are placed
      within the clamp fixture and to act as a tear blade when the full pads are
      in position.
PAR  At each of the outer ends of the clamping fixture 10 there is provided a
      snap lock arrangement, indicated at its entirety as 54, which facilitates
      the opening and closing of the clamping fixture 10 for ready insertion and
      removal of the sheets or pads of paper. The snap lock arrangement 54
      comprises an L-shaped bracket 56 suitably attached near the outer edges of
      the back support member 16 and provided with a relatively small protruding
      stud 58 (clearly shown in FIG. 7) engageable in a suitable aperture 60 in
      an L-shaped spring lock member 62 which is suitably attached to the inner
      edge of the outer wall 40 of the clamp housing. The spring lock member 62
      is provided with a spur or bent portion 64 which serves as a means for
      grasping and bending the lock to disengage the protruding studs from the
      apertures to open the lock.
PAR  To place paper pads in position within the clamp housing, it is simply
      necessary to unlock the ends of the clamp housing lock arrangement 54 by
      grasping the bent portion 64 and overcoming the tension of the spring to
      disengage pin 58 and pivoting the clamp housing and tear blade as a unit
      about the pivot hinge approximately 90.degree. on the back support member
      16. It is to be noted that the hinge joint on the back support member
      remains stationary while the blade member and clamp housing swings to
      fully open the housing. At this time, a pad of paper may be inserted on
      the protruding studs 26 and the clamping housing and tear blade member can
      then return to its closed position by pivoting about the stationary hinge
      joint. The closing of the housing is automatic and snap locked by the snap
      lock arrangement 54 and the clamping of the pad or sheet by the tear blade
      member 46 is also automatic by reason of the tension springs 52. It is to
      be noted also that with the closing, the inside face of the front wall 40
      engages the ends of the hanging studs 26 thereby locking the paper or
      paper sheets against inadvertent removal.
PAR  From the foregoing it can be seen that with the clamp housing and tear
      blade moving as a unit, the opening and closing of the clamping fixture 10
      can be done quickly and effortlessly in closed position because the
      tension is applied to the pad automatically through the spring-actuated
      tear member and the closing is automatic by the spring action of the
      locks.
PAR  Finally, attention is now directed to FIG. 9 where an alternative form of
      snap lock arrangement is shown. In this embodiment the snap lock
      arrangement 54a of suitable plastic material comprises a resilient
      L-shaped portion 56a which is attached to the outer wall 40 and formed
      integral with a spring lock arm 62a. At the opposite end of the spring
      lock arm 62a there is provided a hook surface 70 and an integral spur 64a
      which serves as a handle. The hook surface 70 engages the back support
      member 16 when in locked condition and is released by pulling on the spur
      64a.
PAR  Thus, to open the clamp housing it is simply necessary to pull on the spur
      to bend the spring lock arm 62a away from the back support member and to
      close the clamp housing, it is simply necessary to pivot the housing
      toward the back support member where initial engagement of the edge of the
      back support member against a camming surface 72 will overcome the
      resiliency of the spring lock arm until the camming surface is past the
      edge of the back support member whereby the hook surface will again engage
      to lock the clamp housing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A clamping fixture for hanging and clamping a heavy stack of large
      sheets of paper against the front surface of an upright support board in
      condition to be torn off one-by-one comprising:
PA1  a back support member adapted to be supported on the top edge of said
      upright support board;
PA1  a clamping member pivotally attached to said support member;
PA1  a tear blade member pivotally attached to said clamping member and adapted
      to swing with said clamping member when the latter is swung about its
      pivotal attachment to open said clamping fixture for the insertion of
      paper therein, said tear blade member engaging the paper and clamping the
      same against the front surface of the upright support board when the
      clamping member and tear blade are again swung in a closed position; and
PA1  resilient tensioning means between said clamping member and said tear blade
      member resiliently urging the tear blade member against the paper when
      said fixture is in closed position and wherein said pivotal attachment of
      said tear blade and member to said clamping member together with said
      resilient tensioning means automatically adjusts to accommodate sheets or
      pads of paper of different thicknesses.
NUM  2.
PAR  2. The clamping fixture as claimed in claim 1 wherein means are provided
      for snap locking the clamping fixture in closed position.
NUM  3.
PAR  3. The clamping fixture as claimed in claim 2 further including studs
      fastened to the back support member for holding the paper on pre-drilled
      holes, and a wall on said clamping member, said wall engaging said studs
      when said clamping fixture is in closed position to lock and prevent
      removal of said paper from said pre-drilled holes when said clamping
      fixture is locked closed.
NUM  4.
PAR  4. A clamping fixture for hanging and clamping a heavy stack of large
      sheets of paper against the front surface of an upright support board in
      condition to be torn off one-by-one comprising:
PA1  a back support member adapted to be supported on the top edge of said
      support board, said member including a portion of a stationary hinge
      joint;
PA1  a clamping member including a portion of a stationary hinge joint and
      adapted to be pivotally attached to said support member;
PA1  said clamping member further having a portion of a movable hinge joint;
PA1  a tear blade including a portion of said movable hinge joint and adapted to
      be pivotally attached to said clamping member to swing about said
      stationary hinge joint to a clamping fixture open portion for insertion of
      paper in said clamping fixture; and
PA1  tensioning means for resiliently urging said tear blade member against the
      paper when said fixture is in a closed position.
NUM  5.
PAR  5. The clamping fixture as claimed in claim 4 wherein said back support
      member is provided with means for attaching said support member to the top
      edge of said support board.
NUM  6.
PAR  6. The clamping fixture as claimed in claim 4 wherein said clamping member
      includes means for allowing like clamping fixtures to be ganged one on the
      face of another thereby allowing multiple pads of paper to be displayed on
      a single upright support board.
NUM  7.
PAR  7. The clamping fixture as claimed in claim 4 wherein means are provided
      for snap locking said clamping member to said back support member when
      said fixture is in a closed position.
NUM  8.
PAR  8. The clamping fixture as claimed in claim 4 wherein said snap locking
      means comprises means on said back support member supporting a detent pin,
      spring means on said clamping member with an aperture to receive said pin,
      said spring means being yieldable to remove said aperture from said pin
      permitting opening of said snap lock means.
NUM  9.
PAR  9. The clamping fixture as claimed in claim 7 wherein said snap locking
      means comprises a resilient arm attached to said clamping member and
      engageable with said back support member.
NUM  10.
PAR  10. A clamping fixture for hanging and clamping a heavy stack of large
      sheets of paper against the front surface of an upright support board in
      condition to be torn off one-by-one comprising:
PA1  a relatively flat relatively long back support member adapted to be
      supported horizontally on the top edge of said support board, said member
      including a front portion of a stationary hinge joint;
PA1  a relatively long channel-shaped clamping member having a pair of side
      walls separated by a cross wall;
PA1  said clamping member including a portion of said stationary hinge joint on
      one of said side walls and when joined to said front portion pivotally
      attaches said clamping member to said support member;
PA1  said clamping member further having a portion of a movable hinge joint
      located on said cross wall;
PA1  a tear blade including a portion of said movable hinge joint and adapted to
      be pivotally attached to the cross wall of said clamping member to swing
      about said stationary hinge joint to a clamping fixture open portion for
      insertion of paper in said clamping fixture; and
PA1  resilient tensioning means for resiliently urging said tear blade member
      against the paper when said fixture is in a closed position.
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ABST
PAL  There is disclosed a light assembly or similar apparatus which is
      adjustable by means of a ball and socket assembly incorporating an
      elastomeric "O" ring which abuts against the periphery of the ball when a
      ball accommodating sectionalized socket assembly is clamped together.
PARN
PAR  This is a divisional of application Ser. No. 462,616, filed on Apr. 22,
      1974.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Lighting fixtures and light sources are an integral part of modern day
      surgical techniques. As physicians and surgeons develop new surgical
      techniques, the need increases for more reliable and efficient optical
      aids. Thus, the field of optical aids and equipment has also been
      associated with rapid strides and progress in order to supply the lighting
      required by the significant advances made in the medical and related
      fields.
PAR  Coupled with the desire to provide better illumination while reducing glare
      and improving efficiency, is the need for a light source which can be
      easily and conveniently adjusted either prior to or during the surgical
      technique.
PAR  The surgeon desires to adjust the light source in a given direction and
      position and must be assured that it will be maintained in that position
      during the surgical procedure.
PAR  As one can easily envision, the prior art is replete with a number of
      references that are directed toward the problem of adjusting a source of
      light and maintaining the same in a predetermined and desired position.
PAR  To facilitate solution of this problem, certain of the prior art devices
      employ the conventional ball and socket joint with various modifications
      to insure greater capability of adjustment. While a "ball and socket
      joint" is a well-known and conventional means for providing adjustability,
      it suffers from many disadvantages.
PAR  First, the problem of maintaining the apparatus in a given position is
      considerable; as due to the nature of the joint it is capable of easy
      positioning and once utilized for an extended time becomes loose fitting
      and can move due to extremely small spurious forces. Also depending upon
      the weight of the apparatus to be positioned, the forces thus exerted on
      the assembly may cause one to experience difficulty in accurately
      positioning the same caused by slippage or inertia due to the weight. Such
      mechanical drifts would be extremely detrimental and disturbing to a
      physisian or surgeon during an operating procedure and, in general, would
      be disturbing to any user desiring to maintain an accurate, predetermined
      positioned assembly, be it a light source or any other device whose
      adjusted position is to be accurately maintained once aligned properly.
PAC  BRIEF DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A ball and socket joint associated with a optical assembly comprises a
      hollow socket having an internal groove or channel about the inner
      periphery thereof, said hollow accommodating a ball section with friction
      means accommodated in said channel for frictionally engaging the
      peripheral surface of said ball when accommodated by said socket to
      maintain said ball in any one of a plurality of positions of adjustment,
      said frictional means including a beveled "O" ring seated and positioned
      in said channel socket.
DRWD
PAC  BRIEF DESCRIPTION OF FIGURES
PAR  FIG. 1 is a side elevational view of an auxillary lamp apparatus according
      to the invention.
PAR  FIG. 2 is a partial cross sectional view of the ball and socket apparatus
      according to the invention.
PAR  FIGS. 3A and 3B are respectively a side view of a hemispherical "O" ring
      section and a top view showing the two "O" sections.
PAR  FIG. 4 is a front perspective view depicting certain adjustable aspects of
      the apparatus.
PAR  FIG. 5 is a partial cross sectional front view of an alternate use of the
      apparatus.
DETD
PAC  DETAILED DESCRIPTION OF FIGURES
PAR  Before describing the invention in detail one should be aware that the ball
      and socket joint to be depicted has wide-spread applicability as a
      positional apparatus and may be used to support and position surgical
      microscopes, all types of other lighting arrangements as well as
      additional apparatus. In any event, the specification will concentrate on
      an auxillary lighting source used primarily for surgical procedures,
      understanding that a plethora of additional apparatus could be
      accommodated as well.
PAR  Referring to FIG. 1, there is shown a perspective side elevational view of
      a lighting apparatus 10 including a ball and socket joint assembly
      according to this invention.
PAR  A conical shaped front assembly 12 is utilized to permit sterilization of
      the section and the assembly 12 acts as a means for adjusting the light
      source under sterile conditions. The surgeon adjusts the light by grasping
      the sterile conical section 12 and hence he does not become contaminated
      while affording adjustment. The section 12 is fabricated from aluminum or
      other metal capable of being sterilized prior to surgical procedure. As
      such, the cone 12 is removably secured to a shaft 14 which is fixed or
      rigidly secured to the ball section 15 of a ball and socket assembly 16.
      The socket assembly 17 surrounds the ball 15 and permits rotational
      movement of the same and hence of the shaft 14 secured to the ball 15 and
      therefore of the light emitting conical section 12.
PAR  The socket portion 17 is split into a first and second section 17A and 17B
      which are held together by means of set screws as 18, which, as will be
      explained, can be tightened to set the assembly at a fixed position or
      loosened to provide adjustability. Once the set screws are tightened
      constant tension is exerted on the ball allowing the user to adjust the
      apparatus at any time without having to loosen or tighten any position
      fixing nuts and screws.
PAR  A cable 20, which may be a fiber optic assembly or a power cable is coupled
      to a lens assembly or a lamp source which, as will be shown, can be
      positioned in or mounted within the shaft 14 or ball assembly 15 of the
      assembly 10. The shaft 14 actually contains te optical system and together
      with the lens controls the light pattern. The socket 17 may have an
      additional coupling member 21 secured thereto to enable the entire
      assembly to be coupled to or fastened to additional adjustment means for
      providing complete horizontal and vertical movement.
PAR  Thus shown in FIG. 1, is an adjustable bracket arrangement 30, consisting
      of a vertical support member 32 and a horizontal support member 33. The
      vertical and horizontal members are attached to each other via a hinged
      joint 34, which may also be a ball and socket assembly or a hinged
      assembly affording the motion shown by the arrow 40. The horizontal member
      33, in a similar manner, may be associated with an additional hinge 42 to
      permit motion in the direction shown by arrows 43. Thus, as one can see,
      the entire assembly can move in all planes and at all angles at distances
      determined by the length of the assemblies 32 and 33. The conical front
      section 12 can also be independently adjusted by means of the ball and
      socket assembly 16 to be described.
PAR  Referring to FIG. 2, there is shown a cross sectional view of the ball and
      socket apparatus 16 of FIG. 1.
PAR  The socket assembly 17, as indicated, comprises two mirror image sections
      having a central aperture 50 for accommodating a ball joint. Each section
      as 17A and 17B has a groove 51 along the inside of the socket wall. The
      groove is adapted and dimensioned to hold and contain an elastomeric split
      "O" ring. The interior chamber 50 is formed when two sections as 17A are
      secured together by means of "Allen" type set screws which engage and are
      held within the threaded apertures as 52 and 53 formed in the socket
      assemblies 17A and 17B, as more clearly depicted in FIG. 1. The socket
      sections 17A and 17B may be fabricated from aluminum or another suitable
      structurial material.
PAR  The ball assembly 15 is integral and is fabricated from a mixture of bronze
      and brass. The ball has a central aperture 54 to accommodate and permit
      the cable assembly 20 to couple via an aperture 53 in the ball assembly
      into which aperture a lens accommodating shaft as 14 of FIG. 1 is inserted
      and rigidly held. The fiber optic or power cable 20 is thus directed, as
      shown (dashed) throughout the socket aperture via the aperture 54 in the
      ball 15 and thence to the shaft 14, which may contain a lens assembly for
      further focusing the light rays emanating from cable 20. The shaft 14 has
      a threaded end which engages with a corresponding thread in the conical
      section 12 to permit the easy removing of the conical section 12.
PAR  Thus, the ball assembly 15 is retained within the recess or aperture 50
      formed when the two socket sections are placed in contact and secured
      together by means of the set screws. The "O" ring is shown in FIGS. 3A and
      3B. The "O" ring 60 is placed and retained in each groove 51 of the socket
      sections 17A and 17B. Once the socket sections are placed and secured
      about the ball section 15, the "O" ring 60, having a beveled edge forms a
      continuous surface for engaging and contacting the surface of the ball 15.
      The "O" ring 60 as indicated, is split as shown in FIG. 3B into a first
      section 60A and a second section 60B for insertion into the grooves as 51
      associated with the socket sections 17A and 17B.
PAR  The "O" ring is pushed into contact with the surface of the ball 15 upon
      the tightening of the set screws. The ring assures that contact tension is
      impressed about the periphery of the ball 15 restraining movement of the
      same once adjusted to a desired position by tightening the set screws. The
      frictional forces impressed upon the ball by the "O" ring and socket
      assembly assure it is rigidly held with relatively constant tension at any
      position of adjustment.
PAR  Typically, the ball assembly 15 defines a diameter of about two inches,
      while the central socket aperture is slightly larger. (2 inches plus 0.005
      inches). This increased diameter of the socket allows for all motion as
      shown in FIG. 4, for example. The tightening of the screws causes the "O"
      ring to firmly abut the ball assembly 15 and impress a force thereon about
      the periphery of the ball to secure it firmly within the recess formed by
      the socket parts. The "O" ring 60 has a beveled edge closest to the lens
      shaft 14. The bevel prevents the edge of the ball assembly 15 from
      catching on the surface of the "O" ring as one part of the an is turned
      below the "O" ring during a extreme adjustment angle as shown in FIG. 4,
      for example. When the cone 12 is supported as shown in FIG. 1, relatively
      horizontally or upright, the "O" ring 60 contacts the ball relatively in
      the center or about the major diameter thereof. As also can be verified
      from FIG. 4, the diameter of the shaft 14 limits the extreme position of
      the cone 12 by contacting with the edge of the socket. This prevents undue
      flexing or bending of the light transmitting cable assembly 20.
PAR  For the assembly, one can obtain, in excess of 130.degree. range of
      movement of the ball, which movement is further complemented by the hinged
      joint and rotatable movement of the supporting assembly as 32 and 33 of
      FIG. 1.
PAR  In utilizing the apparatus shown, the surgeon or his associates would
      disengage the reflector conical section 12 and sterilize the same prior to
      surgery. The sterilized section 12 would then be secured to the shaft
      assembly 14, the set screws are preadjusted to provide constant tension
      and the surgeon can now adjust the light apparatus by means of the cone 12
      to any position desired. The adjustment as facilitated is maintained by
      tightening of the set screws 18 and held securely by causing the
      elastomeric "O" ring to press or abut against the ball assembly 15. Since,
      the entire assembly is sterilized, further adjustment can be made under
      sterile conditions.
PAR  Due to the fact that the cable 20 may be an optical cable, it can therefore
      transmit light emanating from a remote source and eliminates the need for
      an incandescent bulb.
PAR  Thus, one can readily ascertain from the description above, that there is
      provided a unique ball and socket joint employing a split socket assembly
      with an "O" ring accommodating channel. The "O" ring assures constant
      tension on the ball firmly securing the same within the socket. This
      feature can be employed in a plurality of circumstances and can, for
      example, be used to support a surgical microscope to enable adjustment of
      the same as seen in FIG. 5.
PAR  Thus, in FIG. 5 a ball assembly is shown secured within a split socket
      housing 72. The housing 72 has a channel accommodating an "O" ring 75 with
      a shaft 76 coupled to a surgical microscope 73. While the ball section 70
      may have a cable accommodating aperture as previously shown, it can also
      be solid and a cable 76 may be directed to the microscope from another
      source; the main feature being the adjustability aspects of the ball and
      socket assembly.
PAR  Other modifications and uses will become apparent to those skilled in the
      art upon reading this specification and all such embodiments are deemed to
      be encompassed within the spirit and scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a ball and socket joint, said socket having an internal groove about
      the inner periphery of a ball accommodating aperture, friction means in
      said socket for holding said ball in any desired position of movement of
      said ball, said means including a elastomeric beveled "O" ring having a
      continuous engaging surface which is seated and positioned in said groove
      to coact with and engage the central periphery of said ball for exerting a
      frictional force on the peripheral surface of said ball for maintaining
      said ball in all positions of adjustment, with said beveled edge of said
      "O" ring permitting said full range of adjustable positions; while
      providing a full 360.degree. rotational motion.
NUM  2.
PAR  2. A ball and socket joint as defined in claim 1 wherein said socket
      comprises two halves clamped together, said socket having a
      circumferential groove in which said beveled "O" ring is adapted to be
      positioned.
NUM  3.
PAR  3. A ball and socket joint as defined in claim 2 wherein said ball and
      socket both have centrally positioned openings for accommodating a light
      carrier cable positioned within said openings.
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PAL  A crutch construction for underarm and forearm crutches, wherein the
      handgrip is mounted, at least in part, forward of the longitudinal axis of
      the crutch, and the arm support is mounted, at least in part, rearward of
      said longitudinal axis. The arm support is adjustably mounted for movement
      at an angle within a range of about 5.degree.-20.degree. to said
      longitudinal axis. The thrust line of the crutch is located slightly
      forward of the longitudinal axis of the crutch. The handgrip is
      substantially centered relative to the thrust line of the crutch, and the
      longitudinal axis of the handgrip is substantially normal to said thrust
      line. The arm support is laterally adjustable relative to the handgrip for
      proper palm placement and wrist angulation and to enable to the user of
      the crutch to apply a forward rotational bias to the crutch sufficient to
      hold the arm support securely and comfortably against the arm of the user,
      but insufficient to render the crutch unstable.
PAL  The crutch construction herein claimed includes an adjustable spring-urged
      locking element which interlocks the respective movable parts and
      impresses a spring bias upon them to dampen relative movement between
      them.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to underarm and forearm crutches and such other
      tubular construction type hospital and patient appliances and equipment
      such as canes, walkers and commodes.
PAR  2. Description of the Prior Art.
PAR  Adjustable crutches embodying tubular construction are, of course, in
      common use. These crutches are extensible and contractible substantially
      along their longitudinal axes to either increase or decrease their length
      (height) in relation to the requirements of the individual users. In some
      cases, the handgrip and arm support are substantially centered relative to
      the longitudinal axis of the crutch. Illustrative are Murcott U.S. Pat.
      Nos. 3,133,551 and 3,157,187. In other cases, the handgrip and arm support
      are both offset from said longitudinal axis, forward thereof.
PAR  In the case of the Murcott patents, the centered relationship of the
      handgrip and arm support to the longitudinal axis of the crutch prevents
      the user from holding the handgrip in a comfortable, centered position. In
      consequence, the user tends to grasp the outer end of the handgrip, and
      this displaces the thrust line substantially forwardly of the longitudinal
      axis of the crutch, resulting in an excessive forward rotational bias
      which unbalances the crutch and fatigues the user. A similar condition
      obtains in the case of the crutches wherein both the handgrip and arm
      support are disposed forwardly of the longitudinal axis of the crutch. In
      such case, an excessive forward rotational bias develops, producing an
      unstable and fatiguing crutch design.
PAR  Commonly used on these adjustable crutches of the prior art are
      spring-urged lock buttons which lock the relatively movable parts
      together. These lock buttons do not, however, apply a spring load between
      the relatively movable parts, and since there is sufficient clearance for
      actuation of the lock buttons, the movable parts are not confined against
      relative vibratory movement and the like. This is true not only of
      adjustable crutches but also various other patient and hospital appliances
      and equipment made of tubular construction such as canes, walkers and
      commodes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to underarm and forearm crutches of tubular
      construction. Essentially these crutches comprise a tubular upright, an
      adjustable extension piece at the upper end of the upright, a second
      extension piece at the lower end of the upright, a handgrip secured to the
      upright, and a forearm or underarm support mounted on the upper extension
      piece. By adjusting the lower extension piece relative to the upright, the
      effective length of the upright may be extended or reduced. This is also
      true of the extension piece at the upper end of the upright, and since the
      arm support is mounted on said upper extension piece, its height from the
      floor may be adjusted by adjusting either or both of the two extension
      pieces. Additionally, by adjusting the upper extension piece the spacing
      between the arm support and the handgrip may be altered to the
      requirements of the individual user of the crutch.
PAR  Thus far, the crutch construction described is conventional. However, the
      upper end of the upright of the present crutch is angled rearwardly and
      the handgrip is secured to said rearwardly angled upper section at such
      point that the handgrip extends, in part, forwardly of the longitudinal
      axis of the crutch and, in part, rearwardly of said longitudinal axis.
      Specifically, the present invention provides a crutch upright which is
      angularly offset at its upper end at an angle of about
      5.degree.-20.degree. to the longitudinal axis of the main body of the
      upright. An extension piece is telescopically connected to said angularly
      offset upper end of the upright and an arm support -- either forearm or
      underarm -- is mounted on said extension piece. It is clear that
      telescopic movement of the extension piece relative to the upright will
      change the offset position of the arm support in relation to the
      longitudinal axis of the main body of the upright.
PAR  In the preferred form of the invention, the larger part of the handgrip
      extends forwardly of the longitudinal axis. The arm support is mounted on
      a telescopic extension of said rearwardly angled upper section, and it is
      disposed, at least in part, on the rearward side of the longitudinal axis
      of the crutch. The precise location of the arm support in relation to said
      longitudinal axis is determined by the direction and extent of the
      telescopic adjustment of said extension of the rearwardly angled upper
      section.
PAR  The result is that the handgrip can comfortably be held by the hand while
      the arm support is comfortably engaged by the arm. The offset relationship
      between the handgrip and longitudinal axis of the crutch, and the offset
      relationship between the arm support and said longitudinal axis, produce a
      condition of forward rotational bias which holds the arm support securely
      and comfortably against the arm of the user without rendering the crutch
      unstable. The crutch thrust line is located slightly forward of the
      longitudinal axis of the crutch.
PAR  Also important is the angular relationship of the handgrip to the thrust
      line of the crutch. The handgrip is substantially centered with respect to
      the thrust line and the longitudinal axis of the handgrip intersects the
      thrust line substantially at right angles.
PAR  Another important feature of the invention resides in the spring-urged lock
      button used to secure the telescopically joined parts in selected relative
      positions. This feature of the invention is applicable not only to
      crutches but also to canes, walkers, commodes and other patient and
      hospital appliances and equipment which embody telescopic tubular parts
      requiring adjustment in selected relative positions. Specifically, the
      spring-urged lock button is mounted on the inner tubular member for
      spring-urged engagement with the outer tubular member of a pair of
      telescopically joined tubular members. The outer tubular member is
      provided with a plurality of longitudinally spaced holes. The lock button
      is tapered for selective engagement with these holes. The larger end of
      the taper is greater in cross-sectional dimensions than the holes which
      the lock button engages. This enables the lock button to apply spring bias
      to the two tubular members to dampen any vibratory or other relative
      movement between them.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of an underarm crutch made in accordance with the
      principles of this invention.
PAR  FIG. 2 is a similar view of a forearm crutch made in accordance with the
      invention.
PAR  FIG. 3 is an enlarged fragmentary section showing the lock button mechanism
      of either crutch shown in FIGS. 1 and 2, said lock button performing the
      function of interlocking the upper end of the main body of the crutch with
      the upper extension piece thereof.
PAR  FIG. 4 is a view similar to that of FIG. 3, but showing a dual lock button
      construction as used to interlock the lower end of the main body of the
      crutch and the lower extension piece thereof.
PAR  FIG. 5 is a face view of one of the lock buttons shown in FIG. 4, this
      being equivalent to a face view of the lock button shown in FIG. 3.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF INVENTION
PAR  Referring now to the details of one preferred form of this invention, as
      illustrated in FIG. 1 of the drawing, it will be observed that underarm
      crutch 10 has a tubular upright 12 with an angularly bent upper end 14, an
      extension tube 16 telescopically connected to the lower end of said
      tubular upright 12, a second extension tube 18 telescopically connected to
      the angularly bent upper end 14 of upright 12. The angularly bent upper
      end 14 of the tubular upright 12 may be integral therewith or, as shown in
      the drawing, it may consist of a straight length of tubing joined by a
      sleeve coupling 15 to an angularly bent upper end of the main body of
      upright 12. The straight length of tubing may be welded or otherwise
      secured to coupling 15. The coupling may be riveted or otherwise secured
      to the angularly bent upper end of upright 12. For the purposes of this
      specification, coupling 15 and the straight length of tubing which is
      welded to it will be considered to comprise the angularly bent upper end
      14 of tubular upright 12.
PAR  It will be observed that a handgrip 20 is secured to said angularly bent
      upper end 14 and, more particularly, to coupling 15 thereof. Mounted on
      upper extension tube 18 is an underarm support 22. Spring-urged lock
      buttons 24, mounted in lower extension tube 16, are selectively engageable
      with holes 26 formed in upright 12, longitudinally thereof, a similar
      spring-urged lock button 28 is mounted in upper extension tube 18, and
      selectively engageable holes 30 are formed in the angularly bent upper end
      14 of upright 12.
PAR  A conventional crutch tip 32 is attached to the lower end of the lower
      extension tube 16. Handgrip 20 may be conventional in design, and this is
      equally true of underarm support 22. The entire construction may also be
      conventional in the sense that elements 12, 16 and 18 are telescopically
      and adjustably joined tubes. But there are two important features which
      are not conventional and which comprise the claimed invention.
PAR  The first of these features resides in the angular relationship between the
      main body of upright 12 and its angularly extending upper end 14. The
      angle between upper end 14 and the longitudinal axis of the main body of
      upright 12 should range from about 5.degree. to about 20.degree.. In the
      preferred form of this invention a 12.degree. angle is used, but this is
      purely illustrative. It will be understood that when the upper extension
      piece 18 is moved axially of the angular upper end 14 the distance between
      handgrip 20 and underarm support 22 is changed, depending on the direction
      and extent of movement of said extension piece 18 in relation to said
      angular upper end 14.
PAR  But there is another change in positional relationship. Handgrip 20 remains
      fixed in relation to the longitudinal axis LA of the main body of upright
      12. Underarm support 22, however, moves laterally of said longitudinal
      axis as it moves axially of the angular upper end 14 of said upright.
      Stated differently, underarm support 22 may be offset to a greater or
      lesser degree from the longitudinal axis LA of the main body of upright 12
      by simply adjusting extension piece 18 longitudinally of angular upper end
      14 of the upright.
PAR  It will be understood that, in the typical operative condition and
      relationship of parts of the crutch under description, as illustrated in
      FIG. 1 of the drawing, the major part of handgrip 20 extends on the
      forward side of longitudinal axis LA, while the major part of underarm
      support 22 extends on the rearward side of said longitudinal axis. Since
      the major part of the handgrip is thereby positioned forward of the
      underarm support, the handgrip is comfortably held by the hand while the
      underarm support is comfortably engaged by the arm. In this connection, it
      will be noticed that the longitudinal axis of the handgrip is
      substantially perpendicular to the longitudinal axis of the upright.
PAR  It will also be understood that the lateral relationship between the
      handgrip and underarm support produces a slight forward rotational bias
      about the fulcrum of crutch tip 32. This forward bias is sufficient to
      hold the underarm support in firm engagement with the underarm of the
      user, but it is insufficient to reduce the stability of the crutch and
      fatigue the user. The result is a thrust line TL which extends slightly
      forward of longitudinal axis LA.
PAR  The second important feature of this invention resides in the configuration
      and function of lock buttons 24 and 28. It will be seen in FIGS. 3 and 4
      of the drawing that lock buttons 24 and 28 are identical and that a
      description of lock buttons 24 will also describe lock buttons 28. It will
      be observed that lock buttons 24 comprise a generally cylindrical shank
      40, an enlarged head or shoulder 42 at the inner end of cylindrical shank
      40, a conically tapered tip 44 at the outer end of said cylindrical shank,
      and a bowed or looped spring 46 projecting at one end into a slot 48 in
      said head and shank.
PAR  In the preferred form of this invention two lock buttons 24, instead of
      one, are used for added strength, but where a single such lock button
      suffices, as in the case of a child's crutch, only a single lock button is
      used. As shown in FIG. 4, one hole 50 is formed in extension tube 16 (or
      18 as the case may be) for each lock button, and such hole or holes are
      registrable with holes 26 (or 30, as the case may be) formed in the
      tubular upright 12 (or its angled upper end 14). Normally occupying each
      hole 50 is the cylindrical shank 40 of one of said lock buttons. The head
      42 and bowed or looped spring 46 are positioned within extension tube 16
      (or 18), and it will be observed that said spring engages the inner wall
      of the tube opposite hole 50 to confine the lock button to said tube while
      impressing a radially outward spring bias thereon. Head 42 of the lock
      button is larger than hole 50, precluding ejection of the lock button
      therethrough under the action of the spring.
PAR  The structure of the lock button, including the spring which urges it
      radially outwardly, is conventional except for the tapered tip 44. This
      tapered tip is engageable with the peripheral edge which defines holes 26
      (and 30). The smaller cross-sectional dimensions of tapered tip 44 are
      smaller than the diameter of these holes, and to that extent the button is
      adapted to project into them. The cross-sectional dimensions of the larger
      end of tapered tip 44 are larger than the diameter of the holes, and
      consequently engage the peripheral edges which define them. Since the
      button is spring-urged in radially outward direction, the effect is to
      impress a spring bias between the outer tube (tubular upright 12 or its
      angularly bent upper end 14) and the inner tube (lower extension tube 16
      or upper extension tube 18). The outer and inner tubes are thereby held by
      spring action against lateral vibratory movement or the like.
PAR  This same lock button feature is equally applicable to other telescopic
      tubular structures of other patient and hospital appliances and equipment
      such as canes, walkers, commodes and the side rails of beds. This aspect
      of the invention is clearly not intended to be limited to crutches.
PAR  The foregoing description relates to a crutch having an underarm support.
      The same description applies equally to a like crutch 60 (FIG. 2) having a
      forearm support 62 mounted on an extension tube 18a. This forearm support
      may take the form of a conventional open-sided cuff or any other
      conventional configuration. In all other respects crutch 60 may correspond
      to crutch 10 and like parts are given like reference characters in the
      drawing.
PAR  The foregoing is illustrative of preferred forms of the invention, and it
      will be understood that design modifications and improvements may be built
      into the described appliance, within the broad principles of the invention
      and the broad scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable telescopic connection for tubular construction hospital
      and patient appliances and equipment, such as crutches, canes, walkers and
      commodes, said adjustable telescopic connection comprising:
PA1  a. inner and outer telescopically joined, slidably adjustable, tubes
PA1  b. a plurality of spaced sharp edged holes formed in the outer of said
      tubes, longitudinally thereof, each hole being defined by a peripheral
      sharp edge at substantially right angles to the length of the outer tube,
PA1  c. a hole formed in the inner of said tubes for selective registration with
      the holes in the outer tube,
PA1  d. the diameter of the hole in the inner tube being larger than the
      diameter of the holes in the outer tube,
PA1  e. a radially extending lock button mounted in the inner tube and
      spring-urged radially outwardly through the hole in said inner tube into
      selective engagement with said sharp edge of the holes in the outer tube,
PA1  f. said lock button having a generally conically, tapered tip which extends
      radially outwardly from said inner tube,
PA1  g. stop means provided at the inner end of said lock button to prevent
      radial outward dislodgement of said lock button from said inner tube,
PA1  h. the relative cross-sectional dimensions of said lock button and the
      holes in said inner and outer tubes being such that the lock button,
      outward of the stop means, is freely and closely received through the hole
      in said inner tube, the generally conically, tapered tip of the lock
      button being received in locking engagement with the peripheral edge which
      defines the selected hole in the outer tube, impressing an outward spring
      bias on said outer tube, said stop means being out of engagement with the
      inner tube,
PA1  i. the spring bias being sufficiently strong to effect a movement dampening
      engagement between said tubes along the portions thereof opposed from the
      holes.
NUM  2.
PAR  2. A construction in accordance with claim 1 wherein said lock button has a
      cylindrical shank between the stop means and the tapered tip.
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PAL  A fishing rod comprising a plurality of segments adapted to be coupled
      together by means of coupling ferrules including an elastic member
      interconnecting each segment whereby the ferrule connections are retained
      in locking condition during use of the fishing rod.
BSUM
PAC  BACKGROUND
PAR  The present invention relates generally to an improved fishing rod
      construction and more particularly to a segmented fishing rod normally
      coupled by means of coupling ferrules wherein the segments are permanently
      interconnected by an elastic member.
PAR  Segmented fishing rods are well-known in the art, the segments being
      assembled by means of ferrules. For example, an end of one segment of the
      rod is provided with an extension of slightly smaller outside diameter.
      This extension is adapted to be fitted within a female part provided at
      one end of another segment of the rod. For fishing rods having more than
      two segments, each segment is coupled together in like fashion.
PAR  According to present practice such ferrule connections may take various
      forms. In some embodiments, the male section is tubular. On the other
      hand, it is also known to provide on one segment of the rod an integral
      extension which is slightly frusto-conical. The frusto-conical section is
      adapted to be fitted in a corresponding slightly frusto-conical part
      provided in an extremity of another segment of the rod.
PAR  In any of the known ferrule type connections for segmented rods, it is
      essential that the connecting parts be of very close tolerances in order
      for ease of assembly and disassembly and yet provide a secure friction
      connection during use of the fishing rod. However, with the known types of
      ferrule connections, after repeated assembly and disassembly, the elements
      of the ferrules become worn and fail to provide the necessary secure fit.
      Thus, the rod segments no longer are able to be assembled in a rigid
      manner for fishing and the rod becomes useless.
PAR  Accordingly, a principal object of the present invention is to provide in a
      segmented fishing rod a ferrule assembly which is unaffected by repeated
      use and wear and which automatically takes-up any play between the
      respective segments.
PAC  SUMMARY
PAR  According to the present invention there is provided in a segmented fishing
      rod, a ferrule construction having a slightly conical male part and a
      slightly frusto-conical female part; interconnecting said segments in an
      elastic member passing through said male part. In such manner, the ferrule
      connection is maintained in constant traction when the segments are
      assembled.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important, therefore, that the claims be regarded as including such
      equivalent constructions as do not depart from the spirit and scope of the
      invention.
DRWD
PAR  Specific embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings,
      forming a part of the specification, wherein:
PAR  FIG. 1 represents a plan view of a segmented fishing rod suitable for the
      present invention;
PAR  FIG. 2 represents a longitudinal cross-section of a ferrule connection
      according to the invention; and
PAR  FIG. 3 represents a fragmented longitudinal cross-section of a second
      embodiment of the ferrule connection.
PAC  DESCRIPTION
PAR  Referring to FIG. 1, there is illustrated a segmented fishing rod generally
      indicated by the numeral 10. The rod 10 is comprised of two segments 12
      and 13 coupled by a ferrule 14. The rod further comprises a handle 11 and
      means 15 for attaching a reel 16 thereto. Although the rod illustrated
      will be recognized as a spin casting arrangement, it should be understood
      that the novel ferrule connection of the invention is useful for all
      casting rods which are segmented. Moreover, as will be described more
      fully hereinafter, the ferrule construction of the invention is useful for
      all segmented rods independent of the number of segments.
PAR  Referring now to FIG. 2, there is illustrated a ferrule construction
      according to the invention. Depending upon the nature of the fishing rod,
      the ferrule connection may be either formed directly of the rod material
      or may alternatively be constructed of a different material which is
      joined permanently to the rod segments during manufacture. Thus, for
      example, if the fishing rod is metal, the ends of each segment are simply
      pre-formed into the necessary configuration. The same applies to fiber
      glass rods, but it is often more preferable to fit metallic ferrules to a
      fiber glass rod.
PAR  As illustrated, the ferrule 14 comprises mating elements adapted to be fit
      flush at each end of segments 12 and 14 by means of at least partially
      tubular elements 21 and 22. Element 21 includes the male coupling part of
      the ferrule and comprises a partially frusto-conical shoulder 17 and a
      reduced diameter section 25. Female part 22 optionally includes a portion
      30 of slightly increased diameter and a shoulder 18. The portion 30 is
      dimensioned to slightly overlap the end of extension 21. One skilled in
      the art will recognize that the ferrule extensions 21 and 22 are
      constructed to provide a close tolerance fit therebetween. Since in most
      fishing rods the segments 12 and 13 are a continuous taper, extension 25
      also is slightly tapered to provide the necessary friction fit within
      section 22.
PAR  Extension 25 of element 21 includes an axial bore 26 through which an
      element 27 of elastic link-up is arranged to provide constant traction
      between elements 21 and 22. The extremity 28 of elastic element 27 is
      permanently secured within element 21, for example by glueing, and its
      other extremity 29 is secured within element 22 in the same manner.
PAR  In accordance with the present invention, the elastic element 27 may be
      made of any material which will provide the necessary constant traction
      between elements 21 and 22. For example, element 27 may be a rubber band
      or alternatively a helical spring. Any elastomeric material is acceptable.
      The elasticity of element 27 is such that it maintains extension 25
      constantly fitted and wedged in the corresponding part of element 22,
      while nevertheless permitting disassembly of the rod segments at will, the
      relative axial displacement of elements 21 and 22 being sufficient to
      disjoin them and to arrange the rod segments in parallel relationship for
      storage.
PAR  The elastic link-up element 27 functions to take up any play between
      elements 21 and 22 and thus rod segments 12 and 13 when a fisherman
      assembles the rod prior to fishing, as well as when casting. In the latter
      case, it will be appreciated that casting causes shaking of the rod
      segments which heretofore tended to loosen the ferrule connection.
      However, with the provision of an elastomeric member interconnecting the
      rod segments, any play caused by loosening of the ferrule is immediately
      taken up, thus providing for a constant tight fit.
PAR  In accordance with the embodiment illustrated in FIG. 3 wherein like
      numerals indicate similar parts, there is provided an intermediate rod
      segment 35 between the elements 21 and 22. In this instance, the
      intermediate section 35 is tubular in order to permit passage of the
      elastic element 27 therethrough, the extremities 28 and 29 of the elastic
      element 27 being permanently secured, as in the preceding embodiment,
      within elements 21 and 22 respectively. Of course, the intermediate
      segment 35 is provided with end configurations similar to elements 21 and
      22 in order to provide the necessary connection therebetween. In such
      manner, a fishing rod having three or more segments may be provided with
      the ferrule connection of the invention. However, it is to be understood
      that a fishing rod comprised of more than two segments may also be
      constructed of individual ferrule connections such as is illustrated in
      FIG. 2.
PAR  A fishing rod provided with the ferrule connection of the invention may be
      used in all cases in which one desires to obtain a rapid assembly or
      disassembly of its segments while maintaining a secure coupling between
      the segments without play for a long period of operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fishing rod comprising at least two rod segments, an end of one of
      said segments having a tapered, hollow extension dimensioned to snugly fit
      within a hollow mating, tapered end of a second segment, said extension
      having a first surface wedging against the inner tapered surface of said
      mating end, and a second surface on said mating end providing a radial
      clearance between the end of said first segment and said mating end; and
      elastic connector means extending between said segments and having one end
      fastened within said one segment and the other end fastened within said
      second segment, said means taking up any play between said extension and
      said mating end and permitting said segments to be folded one upon the
      other.
NUM  2.
PAR  2. A fishing rod according to claim 1 wherein said extension is
      frusto-conical.
NUM  3.
PAR  3. A fishing rod according to claim 1 wherein said segments have an
      annular, tapered cross-section.
NUM  4.
PAR  4. A fishing rod according to claim 1 wherein said elastic means comprises
      a rubber band.
NUM  5.
PAR  5. A fishing rod according to claim 1 wherein said elastic means is a
      helical spring.
NUM  6.
PAR  6. A fishing rod according to claim 1 further including a frusto-conical
      shoulder between said tapered extension and said one segment.
NUM  7.
PAR  7. A fishing rod according to claim 6 wherein said second segment further
      includes an end portion having a diameter greater than the diameter of
      said one segment to partially overlap said one segment and a
      frusto-conical shoulder between said end portion and said mating end.
NUM  8.
PAR  8. A fishing rod comprising a first rod segment, a second rod segment and
      at least one intermediate rod segment, one end of said first segment
      having a tapered, hollow extension dimensioned to snugly fit within a
      hollow mating tapered end of said intermediate segment, said extension
      having a first surface wedging against the inner tapered surface of said
      mating end, and a second surface on said mating end providing a radial
      clearance between the end of said first segment and said mating end; and
      elastic connector means extending through said intermediate segment and
      the other end fastened within said second segment, said means taking up
      any play between said extension and said mating end and permitting said
      segments to be folded one upon the other.
NUM  9.
PAR  9. A fishing rod according to claim 8 wherein said elastic means is a
      rubber band.
NUM  10.
PAR  10. A fishing rod according to claim 8 wherein said elastic means is a
      helical spring.
NUM  11.
PAR  11. A fishing rod according to claim 8 wherein said intermediate segment
      includes a tapered, hollow extension dimensioned to snugly fit within a
      mating end of said second segment, said extension having a first surface
      for wedging against the inner surface of said mating end of said second
      segment and a second surface to provide a clearance between the end of
      said intermediate segment and said mating end of said second segment.
NUM  12.
PAR  12. In a fishing rod having at least two interconnecting segments, a
      ferrule connector comprising a tubular member adapted to be attached to
      one end of one of said rod segments and having a hollow, tapered
      extension, a mating tubular end piece adapted to be attached to an end of
      another one of said rod segments, said mating tubular end piece having a
      portion of progressively reduced inner diameter, said extension having a
      first surface wedging against said progressively reduced inner diameter,
      and a second surface on said end piece providing a radial clearance
      between said tubular member and said mating tubular end piece; and elastic
      connector means interconnecting said tubular members, the ends of said
      means being secured to the distal ends of said tubular members, said means
      taking up any play between said extension and said progressively reduced
      inner diameter and permitting said segments to be folded one upon the
      other.
NUM  13.
PAR  13. A ferrule according to claim 12 wherein said tapered extension is
      frusto-conical and further including an intermediate frusto-conical
      shoulder between said tubular member and said extension.
NUM  14.
PAR  14. A ferrule according to claim 12 wherein said mating tubular end piece
      further includes a portion having a diameter greater than said tubular
      member and adapted to partially overlap said tubular member; and an
      intermediate frusto-conical shoulder between said greater diameter portion
      and said progressively reduced inner diameter portion.
NUM  15.
PAR  15. A ferrule according to claim 12 wherein said elastic means is a rubber
      band.
NUM  16.
PAR  16. A ferrule according to claim 12 wherein said elastic means is a helical
      spring.
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ABST
PAL  A tandem drum-type pavement compacting machine having front and rear drums
      journaled in substantially identical yokes, each of which is connected
      with the chassis of the machine for steering rotation about a vertical
      axis which intersects the axis of its respective drum midway of its axial
      width, and wherein the front end portion of the chassis to which the yoke
      of the front drum is steerably connected, is joined to the main section of
      the chassis by a trunnion or swivel connection that provides for relative
      oscillation or rocking motion between the front and rear drums about a
      horizontal axis extending fore and aft along the centerline of the machine
      and intersecting the vertical steering axes of the drums. An operator's
      platform is fixed with respect to the yoke of the rear drum and overlies
      the rear portion of the main section of the chassis.
BSUM
PAR  This invention relates to roller type compacting machines and refers more
      particularly to pavement rolling machines having front and rear drums that
      are individually driven and mounted on the chassis of the machine in a
      manner which enables the drums to be moved from a conventional tandem
      disposition to an offset, though parallel, relationship. The invention is
      therefore generally classifiable with such prior art as the Kaltenegger
      U.S. Pat. No. 3,403,610 and the earlier Hamm U.S. Pat. No. 2,132,107.
PAR  The capability of offsetting the drums enables the machine -- in one pass
      -- to roll widths of pavement substantially twice as wide as the axial
      dimension of the drums and of course, any intermediate width. This is an
      important advantage, especially in rolling thin overlays of asphaltic
      material. such material cools to a critical temperature rather quickly --
      hence, the initial "breakdown" rolling pass must be made as soon as
      possible after the paver has laid the paving material in place. Since
      modern pavers are quite wide and simultaneously place the paving material
      across several traffic lane widths, a roller capable of spanning a width
      of pavement twice as wide as the width of its drums is indeed a welcome
      tool for the paving contractor.
PAR  While the machines of the aforesaid Kaltenegger and Hamm patents possess
      the drum-offsetting capability, they do not have the flexibility needed in
      finishing crowned pavement surfaces or surfaces otherwise not lying in a
      flat plane. This invention provides that flexibility by connecting the
      yoke of the front drum with the chassis of the machine through a
      horizontally disposed trunnion or pivotal connection the axis of which
      extends fore and aft along the centerline of the machine. As a result the
      front drum can oscillate or rock relative to the chassis and the rear
      drum.
PAR  In addition, because of a novel chassis design and the way in which the
      drums are steerably connected with the chassis, the weight of the chassis
      is borne equally by the two drums and distributed evenly across the width
      of each drum at all steering angles and all relative positions of the
      drums. This important advantage insures even compactive effort across the
      face of the drums in contact with the pavement surface.
PAR  A very important requirement in a pavement finishing roller is good
      visibility from the operator's station of the pavement being compacted and
      the area immediately surrounding the machine so that critical maneuvers
      can be performed without sacrificing the quality of work being done. To
      the attainment of that objective, this invention has the operator's
      platform rigidly mounted on the yoke of the rear drum and projecting
      forwardly therefrom to overlie the main frame. As a result, the operator's
      station is at a desirably high elevation and forward of the rear drum,
      where it provides an excellent vantage point from which everything
      requiring observation during handling and operation of the machine can
      easily be seen.
PAR  With these observations and objectives in mind, the manner in which the
      invention achieves its purpose will be appreciated from the following
      description and the accompanying drawings, which exemplify the invention,
      it being understood that changes may be made in the specific apparatus
      disclosed herein without departing from the essentials of the invention
      set forth in the appended claims.
DRWD
PAR  The accompanying drawings illustrate one complete example of the embodiment
      of the invention constructed according to the best mode so far devised for
      the practical application of the principles thereof, and in which:
PAR  FIG. 1 is a perspective view of the variable width pavement rolling or
      compacting machine of this invention;
PAR  FIG. 2 is a top plan view of the machine;
PAR  FIG. 3 is a side view of the machine with a portion thereof broken away and
      in section;
PAR  FIG. 4 is a detail sectional view through FIG. 2 on the plane on the line
      4--4; and
PAR  FIGS. 5 through 8 are diagrammatic top views of the machine with its front
      and rear drums in different relative positions to show the versatility of
      the machine.
DETD
PAR  Referring to the accompanying drawings, the numeral 10 identifies the
      chassis of the compacting machine of this invention. It consists of a main
      section 11 having a mid portion 12 and forwardly and rearwardly projecting
      arms 13 and 14, respectively, and a front section 15 which is connected
      with the main section by a trunnion or pivot 16 (see FIG. 4) the axis a--a
      of which is horizontal and extends fore and aft along the centerline of
      the machine. A significant feature of the chassis is the symmetry of its
      design and construction about the longitudinal centerline of the machine.
      As will be brought out hereinafter, that symmetry and the manner in which
      the drums are connected with the chassis makes it possible to distribute
      the weight of the chassis equally between the two drums and evenly across
      the width of each drum regardless of the relative disposition of the
      drums.
PAR  The main chassis section is conveniently made as a hollow weldment. Its mid
      portion 12 contains the power unit of the machine, diagrammatically
      depicted as at 17 in FIG. 1, and mounted in its forwardly projecting arm
      13 is the trunnion 16 and the fuel tank (not shown) for the engine of the
      power unit.
PAR  Substantially identical front and rear roller units 19F and 19R
      respectively are connected with the forwardly and rearwardly projecting
      arms of the chassis. Each roller unit consists of a drum 20 rotatably
      mounted between the arms 21 of a yoke 22, the cross bar 23 of which
      extends across the top of the drum and is longitudinally bisected by a
      vertical plane containing the axis of the drum. Like the main section of
      the chassis, the cross bars are preferably hollow weldments.
PAR  The cross bar of the front yoke is embraced by the arms of the clevis-like
      extremity of the front chassis section 15 and is connected thereto by a
      pivot 24, the axis of which perpendicularly intersects the axis of the
      drum and is symmetrically disposed with respect to the drum. Similarly the
      cross bar of the rear yoke is embraced by a clevis-like extremity 25 of
      the rearwardly projecting arm 14 of the main section of the chassis and is
      connected thereto by a pivot 26, the axis of which perpendicularly
      intersects that of the drum and is symmetrically disposed with respect to
      the drum.
PAR  As will no doubt be evident, the pivots 24 and 26 by which the roller units
      are connected with the chassis provide steering axes about which the
      roller units can be rotated independently of one another. By virtue of the
      symmetrical design of the chassis, these steering axes intersect the
      longitudinal centerline of the machine and the axis of the trunnion 16.
      This intersecting relationship of these axes, together with the fact that
      the center of gravity of the chassis is equi-spaced from the steering
      axes, and the symmetrical disposition of the steering axes with respect to
      the drums enables the weight the chassis to be borne equally by the two
      drums and evenly distributed across the full width of the drums.
PAR  The freedom of the chassis sections to rock with respect to one another
      provided by the pivotal connection 16, enables the front drum to assume
      whatever position the contour of the surface being traversed requires,
      while the rear drum is held rigid with respect to the chassis to provide
      chassis stability while maintaining even weight distribution and
      flexibility between the front and rear drums. This freedom of the drums to
      tilt with respect to one another gives the machine the flexibility needed
      in finishing crowned pavement surfaces with the drums offset as shown in
      FIG. 8 and at opposite sides of the crown. It also acommodates, without
      stressing any part of the machine, such transport situations wherein, for
      instance, an edge of one of the drums encounters a bump in the surface
      being traversed causing that drum to tilt while the other drum remains in
      a normal untilted position.
PAR  The independent steerability of the front and rear drums illustrated in
      FIGS. 6, 7 and 8 gives the machine fine maneuverability.
PAR  For conventional steering as when compacting an essentially straight
      pavement, either with the drums following one another in tandem or offset
      to a desired wider rolling width, only the front drum need be steered, as
      shown in FIG. 6.
PAR  For "crabbing" or oblique movement of the machine to offset the drums and
      increase the rolling width, as shown in FIG. 8, both drums are steered in
      the same direction and through the same angle with respect to the chassis.
PAR  For a tight steering radius and to maintain constant drum tracking or
      rolling width around curved pavements, both drums are steered but in
      opposite directions with respect to the chassis, as shown in FIG. 7.
PAR  To effect the steering of the drums, a pair of hydraulic rams 27 connects
      the cross bar of each drum yoke with pivot points fixed with respect to
      the adjacent one of the arms 13-14 of the main section of the chassis, one
      at each side thereof and symmetrically disposed with respect to the
      centerline of the machine. Extension of one of a pair of rams coincident
      with retraction of its mate imparts the desired steering torque; and as
      will be readily understood, the extension and retraction of the rams is
      effected by regulating the connection of the opposite ends of their
      cylinders with a source of hydraulic pressure derived from a pump which
      forms part of the power unit of the machine. That power unit comprises the
      customary engine, three hydraulic variable displacement pumps, the fuel
      tank 18, a reservoir for hydraulic fluid, and a water tank and pump for
      wetting the drums to prevent the adhesion of asphalt thereto. All of these
      items are conventional and hence have not been illustrated beyond the
      diagrammatic identification in FIG. 1 of the power unit.
PAR  Each drum has its own hydrostatic drive powered by one of the pumps of the
      power unit, and each is equipped with a variable amplitude vibration
      system. To isolate the vibration of the drums from their respective yokes
      when their vibration systems are operative, the bearings in which the
      drums are journaled are shock-mounted on the yokes. However, since those
      features form no part of this invention, they are not illustrated in the
      drawings. Moreover, they are fully disclosed and explained in the Barrett
      et al U.S. Pat. No. 3,814,532, and the Takata U.S. Pat. No. 3,909,147,
      which are assigned to the assignee of this invention.
PAR  The various controls including a steering wheel 30, by which operation of
      the machine is controlled, are located on a console 31 on the operator's
      platform 32. The location of that platform is unique. It is rigidly
      fastened to the rear yoke and, as shown, projects forwardly over the
      rearwardly projecting arm of the main section of the chassis. This
      elevated location of the platform and its fixed relationship with respect
      to the rear drum rather than the chassis affords an excellent vantage
      point from which the operator has optimum visibility of the pavement being
      compacted and the area immediately surrounding the machine, no matter what
      the relative disposition of the drums might be. Hence, the operator can
      handle the machine far more capably than was possible in prior machines of
      this type wherein the operator's station was on the chassis.
PAR  Those skilled in the art will appreciate that the invention can be embodied
      in forms other than as herein disclosed for purposes of illustration.
CLMS
STM  The invention is defined by the following claims:
NUM  1.
PAR  1. A surface compacting machine of the type having individually and
      separately steerable front and rear drums and a chassis supported by said
      drums, characterized in that:
PA1  A. the chassis comprises a main section and a front section and means
      connecting said sections for and constraining them to rocking motion
      relative to one another about a horizontal axis that extends fore and aft
      of the machine;
PA1  B. a front yoke embracing the front drum and a rear yoke embracing the rear
      drum, each drum being freely rotatably connected to the arms of its yoke
      for rotation about the axis of the drum, and the crossbar of the yoke
      overlying the top of the drum;
PA1  C. front pivot means connecting the crossbar of the front yoke with the
      front section of the chassis, to provide for steering motion of the front
      drum with respect to the chassis,
PA2  said pivot means constraining all relative motion between the front yoke
      and the front section of the chassis to rotation about an axis that is
      fixed with respect to the front section of the chassis and perpendicularly
      intersects the axis of the front drum symmetrically thereof, and also
      intersects said fore and aft horizontal axis;
PA1  D. rear pivot means connecting the crossbar of the rear yoke with the main
      section of the chassis to provide for steering motion of the rear drum
      with respect to the chassis,
PA2  said rear pivot means constraining all relative motion between the rear
      yoke and the main section of the chassis to rotation about an axis that is
      fixed with respect to the main section of the chassis and perpendicularly
      intersects the axis of the rear drum symmetrically thereof, and also
      intersects said fore and aft horizontal axis; and
PA1  E. separate operator controlled power steering means for imparting steering
      motion in either direction to each of the drums independently of one
      another or simultaneously, whereby said drums can be disposed with their
      axes at different angles with respect to one another and also in laterally
      offset relationship with their axes parallel,
PA2  said power steering means being operatively connected with and reacting
      between each of said yokes and the chassis section to which it is
      connected, so that said power steering means does not interfere with the
      freedom of the drums to rock with respect to one another about said fore
      and aft horizontal axis.
NUM  2.
PAR  2. The surface compacting machine of claim 1. wherein said power steering
      means comprises extensible and contractible hydraulic rams at opposite
      sides of said fore and aft horizontal axis, each having one end thereof
      connected at a fixed point to a crossbar and its other end connected at a
      fixed point to its chassis section,
PA1  so that the distance between the fixed points of connection of said rams
      with their respective chassis sections and yokes is not affected by
      relative rocking of the chassis sections about said fore and aft
      horizontal axis.
NUM  3.
PAR  3. The surface compacting machine of claim 1, further characterized by:
PA1  an operator's platform fixed with respect to the rear yoke and projecting
      forwardly from said yoke at an elevation no less than that of its
      crossbar, so that an operator stationed on said platform at all times has
      a clear view of the location of the rear drum with respect to an edge or
      other predetermined line along the surface over which said drum is
      travelling.
NUM  4.
PAR  4. The surface compacting machine of claim 3, further characterized by:
PA1  said opertor's platform projecting forwardly from the crossbar of the rear
      yoke and overlying the main section of the chassis.
NUM  5.
PAR  5. The surface compacting machine of claim 1, further characterized in that
      the main section of the chassis is a rigid structure having a mid-portion
      and forwardly and rearwardly projecting arms, the outer extremity of the
      rearwardly projecting arm forming a clevis that embraces the crossbar of
      the rear yoke and has the pivot means of paragraph D of claim 1 mounted
      therein.
NUM  6.
PAR  6. The surface compacting machine of claim 5, wherein the front section of
      the chassis projects forwardly of the forwardly projecting arm of the main
      section of the chassis,
PA1  wherein the means connecting said chassis sections for rocking motion
      relative to one another is a trunnion on the forwardly projecting arm of
      the mid-portion of the main section and on the front chassis section, the
      axis of which lies on the longitudinal center line of the machine, and
PA2  wherein the front chassis section comprises a clevis embracing the crossbar
      of the front yoke.
NUM  7.
PAR  7. The surface compacting machine of claim 4, wherein the mid-portion of
      the main section of the chassis and its forwardly and rearwardly
      projecting arms are symmetrically disposed in the horizontal direction
      with respect to the axis of said trunnion.
NUM  8.
PAR  8. The surface compacting machine of claim 7, wherein said trunnion is
      located in said forwardly projecting arm of the main section of the
      chassis.
NUM  9.
PAR  9. The surface compacting machine of claim 5, wherein the mid-portion of
      the chassis has the power unit of the machine mounted therein.
NUM  10.
PAR  10. The surface compacting machine of claim 9, wherein the forwardly
      projecting arm of the main section of the chassis contains the fuel tank
      for the engine of the power unit.
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ABST
PAL  A twist drill comprising a bit containing spirally arranged grooves and
      lands of substantially equal width, with a shank at one end and a pointed
      tip at the other, the leading edges of the grooves being inclined to the
      axis of the bit and constituting cutting edges and the lands rearwardly of
      the cutting edges being relieved, characterized in that there are
      auxiliary rectilinearly arranged axially spaced cutting edges parallel to
      the axis of the bit formed by straight line channels spaced peripherally
      about the axis of the bit but of lesser depth than the spirally arranged
      grooves.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  In the patent to Ostrom, U.S. Pat. No. 3,778,180 there is shown a specially
      designed drill bit for use in drilling holes in printed circuit boards
      wherein the spirally arranged grooves extend from the bit into the shank
      to facilitate rejection of the drilled material, shavings and the like
      which tend to cling to the shoulders. In the patent to Shaner, U.S. Pat.
      No. 3,667,857, there is disclosed a drill bit provided with conventional
      helical grooves and between these grooves additional helical grooves of
      lesser depth provided with notched leading edges which supplement those of
      the conventional grooves. The discontinuity of the teeth are alleged to
      facilitate chip removal, reduce resistance to rotation of the tool,
      provide for closer tolerances and to provide for operation at relatively
      lower speeds and temperatures thereby increasing the tool life and
      eliminating the necessity of reaming operations.
PAR  The drill bit of this invention is designed especially for drilling printed
      circuit boards to eliminate the problems heretofore encountered and
      specifically to provide burr free, smear free and stress free holes within
      allowable tolerances as to size, without need for cleaning processes and
      to improve the life and cutting characteristics of the drill. This is
      achieved herein by providing the conventional twist drill with auxiliary
      cutting edges which function primarily to remove the material generated by
      the cutting edges of the spiral grooves, the formation of which reduces
      the surface area of the drill bit in contact with the hole being generated
      thereby reducing the friction and enabling maintaining drill speed without
      overheating which is the primary cause of smearing and pitting and which
      places limitations on the speed of operation.
PAC  SUMMARY OF INVENTION
PAR  As herein illustrated, the twist drill of this invention comprises a drill
      bit having spirally arranged grooves and lands wherein the leading edges
      of the grooves are inclined to the axis of the drill bit and constitutes
      cutting edges and the lands rearwardly thereof with respect to the
      direction of rotation are relieved, characterized in that there are
      auxiliary rectilinearly arranged, longitudinally spaced cutting edges
      which intersect the inclined cutting edges and are parallel to the axis of
      the drill bit. These auxiliary cutting edges are spaced peripherally about
      the axis of the drill bit and are constituted by the leading sides of
      straight channels extending longitudinally of the drill bit which
      intersect the leading edges of the inclined grooves and the lands
      rearwardly thereof and are of lesser depth than the inclined grooves. The
      straight channels optionally may be of arcuate or rectangular cross
      section transversely of the axis of the bit. Alternatively, the auxiliary
      cutting edges may be in the form of truncated teeth on the surface of the
      lands, the tops of which are substantially flush with the cutting edges of
      the spiral grooves. Such truncated teeth may comprise knurling coextensive
      with the lands or confined to the shank.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary perspective of a drill bit supported and arranged
      to perform drilling operations in a printed circuit board;
PAR  FIG. 2 is an elevation broken away in part of the preferred form of drill
      bit made according to this invention;
PAR  FIG. 3 is an end view of the drill shown in FIG. 2 as seen from the point;
PAR  FIG. 4 is an elevation of a drill bit broken away in part showing an
      alternative form in which truncated teeth are formed on the lands;
PAR  FIG. 5 is a view corresponding to FIG. 4 with the truncated teeth confined
      to the shank, and
PAR  FIG. 6 is an enlarged fragmentary elevation diagramatically showing the
      straight line arrangement of the flat tops of the teeth shown in FIGS. 4
      and 5.
DETD
PAR  Drilling printed circuit boards entails many problems both with respect to
      the production of an acceptable circuit board and to the provision of a
      drill of the kind that can be used for any length of time efficiently.
      Primarily, the problems arise from the fact that the printed circuit
      boards are comprised of laminations of fiber glass, epoxy and copper which
      embody different physical characteristics. The epoxy smears on the
      surfaces of the holes generated and burrs are produced in the copper so
      that cleaning techniques such as etching and reaming operations are
      required which for their part cause additional difficulties and are time
      consuming, all of which adds to the cost of manufacture. As related above,
      the patents to Ostrom and Shaner attempted to solve some of these problems
      with special drill formations. The drill bit disclosed herein and as will
      now be described is considered to produce results far superior to that
      which can be obtained by the use of the drills shown in the aforesaid
      patents and to provide for longevity of the drill itself, which is of
      material consideration since these drills are made of high carbon alloys
      and are expensive.
PAR  Referring to the drawings, FIGS. 1, 2 and 3 for the preferred form, the
      drill comprises a bit 10 at one end of which there is a shank 12 and the
      other end a tip 14. The bit 10 contains spirally arranged grooves 16--16
      and lands 18--18. The leading edges 20--20 of the grooves 16--16 are the
      cutting edges of the bit. The surfaces of the lands 18--18 rearwardly of
      these leading edges in the direction of rotation are backed off in
      accordance with conventional practice to reduce the friction between the
      surfaces of the lands and the hole being generated.
PAR  In accordance with the preferred form of the invention as herein
      illustrated there are provided four uniformly spaced, circumferentially
      disposed, longitudinally extending straight line channels 22 which extend
      from the shank at one end to the tip at the other end, parallel to the
      axis of the bit. The channels 22 may be of arcuate cross section as shown
      in FIG. 3 or rectangular cross section and intersect the sloping cutting
      edges 20--20 thereby providing auxiliary longitudinally spaced axially
      cutting edges 24 which are substantially parallel to the axis of the bit.
      The auxiliary cutting edges 24 are correspondingly parallel to the wall of
      the hole being generated by the bit and so function as do the cutting
      edges of a reaming tool to scrape the shavings from the wall of the hole
      being generated. The channels 22 extend from the cutting edges 24 through
      the lands providing cutting edges 24.sub.a which are backed off from the
      cutting edges 24 by the amount that the lands themselves are backed off
      and provide avenues for the escape of debris from the inside surface of
      the hole. The presence of these channels 22 reduces the total surface in
      contact with the inner wall of the hole thereby reducing frictional
      heating and this in turn reduces expansion and torsion in the drill bit
      itself.
PAR  Instead of using channels 20 as shown in FIGS. 1 and 2, the surface of the
      lands 18 as shown in FIG. 4 may be embossed or otherwise impressed with a
      plurality of supplemental cutting edges 24.sub.b in the form of straight
      lines of truncated teeth 28, FIG. 6, parallel to the axis of the bit.
      These truncated teeth 28 may be formed by knurling and their ends
      terminated substantially in the same plane as the cutting edges 20.
PAR  Optionally, as shown in FIG. 5, this knurling may be omitted from the bit
      and applied to the shank.
PAR  In whichever form the drill is made it is apparent that it requires no
      special machining of the drill in forming the spiral grooves and lands. In
      the preferred form as shown in FIGS. 2 and 3 a very simple milling
      operation is all that is required to cut the straight line channels 22-22
      parallel to the axis of the bit and at uniformly spaced intervals about
      the axis without modification of the drill in any respect. Two, four or
      more of such channels may be employed. In the forms shown in FIGS. 4 and 5
      the knurling may be formed on the lands or on the shank with a
      conventional knurling tool, again without any modification in the
      structure of the drill itself.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and includes all modifications or improvements which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A twist drill, comprising a rigid cylindrical body containing spirally
      thereof longitudinally extending grooves and lands, said lands having
      spaced parallel inclined leading and trailing edges in relation to the
      direction of rotation, the leading edges constituting the principal
      cutting edges of the drill, characterized in that there are spaced
      circumferentially of the body in the surfaces of the lands longitudinally
      extending channels parallel to the axis of the drill comprising axially
      spaced channel portions which are in communication at their ends with the
      grooves and which divide the lands into peripherally spaced sections each
      section having spaced parallel edges parallel to the axis of the drill
      such that the leading edges of the peripherally spaced sections of the
      lands in relation to the direction of rotation constitute secondary
      cutting edges.
NUM  2.
PAR  2. A twist drill according to claim 1, wherein there are four channels
      spaced uniformly about the axis of the drill.
NUM  3.
PAR  3. A twist drill according to claim 1, wherein the channels are arcuate in
      section transverse to the axis of the drill.
NUM  4.
PAR  4. A twist drill according to claim 1, wherein the channels are rectangular
      in section transverse to the axis of the drill.
NUM  5.
PAR  5. A twist drill according to claim 1, wherein the width of the grooves and
      lands at right angles to the inclination of the grooves and lands are
      substantially equal.
NUM  6.
PAR  6. A twist drill according to claim 1, wherein the widths of the channels
      at right angles to the axis of the drill are narrower than the width of
      the grooves at right angles to the inclination of the grooves.
NUM  7.
PAR  7. A twist drill according to claim 1, wherein the depths of the channels
      are less than the depths of the grooves.
NUM  8.
PAR  8. A twist drill according to claim 1, wherein there are a plurality of
      channels spaced at equal distances from each other about the axis of the
      drill.
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ABST
PAL  An articulated swivelling boom combination adapted to carry on one of its
      extremities a device, such as a camera, which it is desired to be able to
      move about smoothly in any direction of 360.degree.  in a given plane
      within a predetermined area. The combination comprises an elongated rigid
      member mounted intermediate its ends for swivelling about a vertical axis
      in a predetermined arc of rotation with a secondary rigid element
      similarly swivellingly mounted in the vicinity of each of the ends of the
      rigid member. The device is mounted on the free end of one of the
      secondary rigid elements and counterweighting is provided on the free end
      of the other of the two secondary rigid elements. The two secondary rigid
      elements may be oppositely directed and their swivelling mounts
      interlocked by a gear and belt arrangement. Thereby, any movement of the
      device on the free end of its secondary rigid element produces a
      compensating counterweighted movement of the other element. Motorized
      movement control may be provided and control may be by a computer,
      particularly, for example where device is a machine tool, such as a
      cutter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the field of mechanical movements with
      a wide variety of applications, but is particularly related to the field
      of motion picture and video camera support and handling.
PAR  2. Description of the Prior Art
PAR  For many years in the taking of motion pictures and more recently, video
      film, cameramen have needed means to support their cameras, which means
      enable the cameramen to move their camera about readily and smoothly
      toward or away from, or to one side or another of the subject being
      photographed. Such camera mobility permits cameramen to produce many
      desired film effects.
PAR  Heretofore, there have been developed a number of different types of
      carriers and booms to provide such desired camera mobility. These carriers
      and booms generally provide excellent camera support and smooth raising
      and lowering movements for both the camera in its entirety as well as in
      the angle it may be directed toward the subject being photographed.
      However, where it is desired to move the camera in a horizontal plane in
      relation to the subject, prior art devices have always comprised some type
      of a vehicle which must actually travel over a surface in the vicinity of
      the subject.
PAR  Where the camera is heavy, the vehicle must be not only well built and
      provided with a finely attenuated and reliable motor control, but the
      surface upon which it is driven must be smooth -- otherwise the camera
      will be jostled during its movement in the horizontal plane with obvious
      undesirable effects upon the film taken during any such horizontal
      movement. In addition, since the camerman ordinarily always wants to be
      able to raise and lower his camera and to tilt it, the vehicle must also
      have a conventional camera boom mounted on it in a very secure manner so
      that when the vehicle moves no vibration or jerking of the camera is
      caused by any movement of the boom structure. Because of the support, boom
      and motor control requirements for the vehicle, the cost of such a vehicle
      may run into many thousands of dollars. Moreover, the necessity of its
      being operated on a smooth surface and of having driving and turnaround
      room may greatly limit the use of the vehicle supported camera to special
      larger studio areas with provision for vehicle ingress and egress and such
      a large and smooth driving surface.
PAR  It has thus been a considerable handicap to smaller studios in conducting
      their photographing operations in not having either the capital to acquire
      prior art camera support vehicles or areas in which they can be
      effectively employed. Further, even where such vehicles are available, it
      may be difficult to utilize them for accomplishing smaller camera
      movements or movements closely in or around the subject to be
      photographed, and they have not been satisfactory where photographing must
      be accomplished on any kind of rough terrain.
PAR  Thus, prior art camera support means have been quite deficient in
      satisfying the needs and in overcoming the problems hereinabove described.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a camera support boom which obviates the
      problems encountered with prior art boom and carrier devices in that, for
      a certain substantial area of movement of the camera in a horizontal
      plane, it is entirely unnecessary to move any vehicle or other element
      upon which the boom may be swivellingly mounted. All movement of the
      supported camera in the horizontal plane in such area in any direction is
      accomplished entirely by holding on to the camera and moving it in any
      combination of directions while being supported by its boom.
PAR  Thus, a primary elongated rigid member is mounted on a base platform for
      swivelling movement about a vertical axis at a point intermediate the
      extremities of such member. At each such extremity, a secondary elongated
      rigid element extends therefrom, being also swivellingly mounted on such
      extremity, also to pivot about a vertical axis. Each secondary element
      preferably extends in a direction 180.degree. opposite that of the other
      element and the swivelling portions of the mountings of the two elements
      are so connected by gears and a belt that when one element is moved in any
      arc of rotation, the other element moves in an opposite and corresponding
      arc of rotation. The device to be moved, such as a camera, is mounted on
      the free end of one of the two elements, while the free end of the other
      of the two elements and its extremity of the primary member are
      counterweighted to place the entire assembly in perfect balance.
PAR  Provision may be made for the camera itself to be swivelled about a
      horizontal and vertical axis where it is mounted to the end of one of the
      two secondary elements. Also the swivel mounting of the primary member may
      be made tiltable so that the camera supporting secondary element may be
      raised or lowered.
PAR  In addition, means may be provided which can be manually or hydraulically
      controlled in the vicinity of the camera of the primary vertical axis to
      lock the assembly or any part of it in any selected position or angle.
PAR  While the present invention is especially designed and adopted for camera
      support and movement, it may also be utilized to support any other device
      which must be moved about smoothly in a horizontal plane; and, moreover,
      such movement may be motor actuated and remotely or computer controlled.
      The invention, thus, may be utilized for computer controlled machinery,
      cutting or plotting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is a plan view, partly in section, of a preferred embodiment of the
      invention.
PAR  FIG. 2 is a section taken on the line 2--2 of FIG. 1 and looking in the
      direction of the arrows.
PAR  FIG. 3 is an enlarged detail of the rod and belt connection in the circled
      portion designated 3 in FIG. 1.
PAR  FIG. 4 is an end elevation of the counterweighted secondary element as seen
      in the direction of the arrows 4--4 in FIG. 1.
PAR  FIG. 5 is a section taken on lines 5--5 and looking in the direction of the
      arrows on FIG. 4.
PAR  FIG. 6 is a partial end elevation as seen in the direction of the arrows
      6--6 in FIG. 1.
PAR  FIG. 7 is a section taken on the line 7--7 of FIG. 6.
PAR  FIG. 8 is a schematic view showing the manner in which the apparatus could
      be adapted for cam operation with respect to a workpiece.
PAR  FIG. 9 is a plan, partly schematic view showing how the apparatus could be
      adapted for a computerized motor control.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the preferred embodiment of the invention,
      which is particularly designed for supporting a camera 12 and providing
      the desired mobility therefor, may comprise a tubular primary support
      member 14 which is mounted intermediate its extremities 16 and 18 by means
      of annular bracket members 20, 22 within a rectangular frame housing 24
      and trunions 26, 28 to swivel about the vertical axis 30. The trunions 26
      and 28 extend into and are rotatably secured within the bearing boxes 32,
      34 respectively. Desirably, the housing 24 may itself be provided with
      trunions 36, 38 extending from its sides 40, 42 respectively into further
      bearing boxes 44, 46 secured on the inside of the side walls 48, 50 of an
      outer boxlike housing 52. Thereby, the inner housing 24, with the primary
      support member 14 swivellingly mounted therein, may itself be swivelled
      about a horizontal axis 54.
PAR  The outer housing 52 desirably should be mounted securely on the platform
      56 of a vehicle 58 having a plurality of casters 60. Desirably, however,
      each of the casters 60 should be provided with means for locking it
      against any movement after the apparatus has been brought into position
      from which photographing of the subject is to take place. Such locking
      means being well known in the art are not separately shown. In addition,
      hydraulically actuated locking means 62 and 64 are provided for both pairs
      of bearing boxes 32, 34 and 44, 46 respectively to enable each trunioned
      housing 24 and 52 respectively to be locked in any position into which it
      may be swivelled by the operator. Manual controls 66 and 68 desirably
      should be located on the axle 114 comprising part of the camera mounting
      means hereinafter to be described. Appropriate hydraulic lines not shown
      would of course extend between each control 66, 68 and a hydraulic
      cylinder also not shown, to actuate respectively the locking means 62, 64.
PAR  On the extremity 16 of the primary support member 14, may be rotatably
      mounted an "L" shaped secondary member or arm 70 toward the end 72 of
      which are disposed counterweights 74. As may be better seen in FIGS. 4 and
      5, the arm 70 is rotatably mounted to the extremity 16 of the primary
      support member 14 by its leg 76 which is splined to the rotatable shaft 78
      held between bearing brackets 80 and 82. Also splined to the shaft 78 for
      rotation therewith is a gear 84. A belt 86 having a series of notches 88,
      as best shown in FIG. 3, passes around the gear 84 and extends within the
      tubular primary support member 14 to pass around a similar gear 90
      disposed in the other extremity 18 of the member 14 (See FIGS. 6 and 7).
      Gear 90 is splined to another shaft 92 which is rotatably held in the
      extremity 18 of the member 14 in the manner similar to the shaft 78 as
      shown in FIG. 5. Also splined to the shaft 92 is another "L" shaped arm 94
      extending 180.degree. oppositely to the arm 70 and which serves as a
      secondary support member for the camera 12. As may be seen in FIGS. 1 and
      3, the belt 86 does not extend continuously throughout its entire length
      but desirably may be centrally interrupted by tensioning rods 96 which are
      connected to the ends 98 of segments of belt 86. Such connections may be
      provided by the open blocklike elements 100 by having the ends 106 of rods
      96 inserted through orifices in one end 102 of such elements 100 and held
      by means of nuts 104 which may be tightened on the threaded ends 106 of
      the rods 96. By thus interposing the rods 96 between opposite segments of
      the belt 86, it may be seen that the belt may be kept in a properly
      tensioned condition. This arrangement is, of course, possible because
      neither gear 84 or 90 will rotate one full revolution when its shaft 78 or
      92 respectively is splined to carry arm 70 or 94 respectively.
PAR  In addition, to providing the counterweight 74 towards the extremity 72 of
      the arm 70, it may also be desirable to provide a static counterweight 108
      on a further arm extension 110 secured fixedly to the extremity 16 of the
      tubular member 14. The purpose of this latter counterweighting is to place
      in balance that portion of the tubular member 14 which is disposed toward
      the extremity 16 from the trunions 26, 28 with the portion of the tubular
      member extending towards such extremity from the trunions 26, 28 toward
      the extremity 18 together with the weight which is carried on extremity
      18.
PAR  The camera 12 may be mounted on the extremity 112 of the arm 94 for
      pivoting about a shaft 114 and further could include means to enable the
      camera to be tilted with respect to a horizontal plane is by mounting on a
      transverse shaft 116.
PAR  In use, the vehicle 58 may be rolled by means of its wheels or casters 60
      into the area in the vicinity of the subject to be photographed. The
      wheels or casters may then be locked against further movement and the
      camera 12 is attached to the shaft 114 at the extremity 112 of the arm 94.
      The counterweights 74 and 108 are then adjusted by moving them outwardly
      from the arms 70 and 110 until the entire device is in perfect balance.
      Assuming that the photographing is to be taken in a horizontal plane
      passing through the axis of the trunions 36 and 38, the primary support
      element 74 is disposed so that its axis also lies in such plane. Thereupon
      a locking means 64 is locked to prevent any rotation of the trunions 36,
      38 in the bearing boxes 44, 46 respectively. With the apparatus balanced,
      it will be found that any movement of the camera in any direction in the
      horizontal plane in which it is disposed may be accomplished only by
      moving the arm 94 about the axis of the shaft 92. However, any such
      movement results in the gear 90 being rotated and this rotation is
      conveyed similarly to the gear 84 which, in turn through shaft 78, causes
      the arm 70 with its counterweight 72 to swing in the opposite direction
      from the directional swing of the arm 94. Thereby, the movement of the
      camera 12 is at all times smoothly counterbalanced by the movement of the
      counterweight 74. If the camera movement also involves the swivelling of
      the tubular element 14 about the trunions 26, 28, such movement is
      delicately accomplished by the fact that the member 14 is in perfect
      balance about the trunions 26, 28 through the arm 110 and its
      counterweight 108. It will be found, thus, that the camera is at all times
      firmly supported and its movement in any direction is smoothly
      counter-weighted to the point where photographing may take place without
      any jossling or shaking of the camera continuously during movement of the
      camera in any direction of 360 degrees within the area into which it can
      be moved about the axis 30 of trunions 26 and 28. Should the cameraman
      desire that his camera be fixed in any position he may, by manipulating
      the control 66, effect a locking of the trunions 26, 28 in their bearing
      boxes 32, 34, respectively. Additional locking means (not shown) could, of
      course, be provided to lock the shaft 92 against rotation in its bearing
      members 118, 118.
PAR  While the apparatus of the present invention is particularly suited for
      movably supporting a motion picture or video camera, it should be
      appreciated that it may have other applications, as for example those
      shown in FIGS. 8 and 9. Considering first FIG. 8, a cam follower 120 may
      be mounted to extend from the extremity 122 of the arm 124 to move about
      cam 126, and the movement of the cam follower 120 would result in
      corresponding opposite movement of a cutter 128 disposed on the extremity
      130 of the arm 132 over a workpiece 134.
PAR  In the FIG. 9 embodiment of the invention, the apparatus is shown adapted
      for computerized motor control. Thus, one reversible motor 136 may be
      connected through gearing 138 to drive the counterweighted arm 140, while
      a second reversible motor 142 may be connected to drive the primary
      support member 144 about the axis 146 of its trunnions 148. Both motors
      136 and 142 may be directed by a computer 150. If, then, a cutter or other
      device 152 is placed at the extremity 154 of the arm 156 the movement of
      such cutter or other device 152 may be effectively and smoothly directed
      by the computer 150.
PAR  It may be seen, thus, that the apparatus of the present invention not only
      lends itself to providing an effective smooth mobile support for a camera,
      but its principles of constructional operation may be utilized in other
      important applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. An articulated swivelling boom combination adapted to carry on one of
      its extremities a device and to enable said device to be moved about
      smoothly in any direction of 360.degree. in a given plane within a
      predetermined area, said boom combination comprising:
PA1  A. a base, said base including a supporting platform and first pivot
      bearing means projecting perpendicularly with reference to said platform,
      said bearing means being rotatable about a substantially vertical axis in
      a predetermined arc of rotation;
PA1  B. an elongated rigid member, said member being mounted at a point
      intermediate its extremities on said pivot bearing means thereby to be
      pivotable in a plane normal to said axis, said member having in the
      vicinity of one of its two extremities a further second pivot bearing
      means and, in the vicinity of the other of its two extremities a third
      pivot bearing means, each of said second and third pivot bearing means
      being rotatable about an axis parallel to the axis of rotation of the
      first pivot bearing means;
PA1  C. a first rigid elongated element, one end of said element being rotatably
      mounted on said member by the second pivot bearing means to be rotatable
      about the axis of said second bearing means, said first rigid element
      extending in a first direction from said second bearing means, and the
      other end of said element having means to carry said device;
PA1  D. a second rigid elongated element, one end of said second element being
      rotatably mounted on said member by the third pivot bearing means to be
      rotatable about the axis of said third bearing means, said second rigid
      element extending from said third bearing means in a second direction, and
      the other end of said second element carrying counterweight means, the end
      of said member in the vicinity of which said second rigid element is
      mounted being counterweighted to equalize any static weight differential
      between that portion of said rigid member extending from the first pivot
      bearing means and rotatably carrying the first rigid element and said
      device, and the remaining portion of the rigid member extending oppositely
      from the first pivot bearing means and rotatably carrying the second rigid
      element, and said second rigid element being counterweighted at a point
      remote from the third pivot bearing means to equalize any change in weight
      distribution with reference to the second pivot bearing means which may be
      occasioned by rotation of the first rigid element carrying said device
      about said second pivot bearing means;
PA1  E. two circular gear means, one of said circular gear means being secured
      to rotate with said first rigid element, the other of said circular gear
      means being secured to rotate with said second rigid element, each of said
      gear means being disposed coaxially with the axis of rotation of its
      respective rigid element about its respective pivot bearing means; and
PA1  F. means connecting both of said gear means for co-ordinated rotation.
NUM  2.
PAR  2. The combination as described in claim 1 wherein each of the first and
      second rigid elements is "L" shaped.
NUM  3.
PAR  3. The combination as described in claim 1 wherein means are provided to
      mount the elongated rigid member for swivelling about a substantially
      horizontal axis.
NUM  4.
PAR  4. The combination as described in claim 1 wherein the base is provided
      with castered wheels to enable the combination to be moved about over a
      ground surface into any desired location.
NUM  5.
PAR  5. The device as described in claim 1 wherein the first pivot bearing means
      comprises a pair of trunnions extending from opposite sides of the
      elongated rigid member, and the base includes a surrounding housing having
      bearings rotatably to receive said trunnions.
NUM  6.
PAR  6. The combination as described in claim 1 wherein the elongated rigid
      member is mounted by means of the first pivot bearing means on the base at
      a point not centered with respect to said member.
NUM  7.
PAR  7. The combination as described in claim 1 wherein the elongated rigid
      member comprises a hollow tube.
NUM  8.
PAR  8. The combination as described in claim 7 wherein the means connecting
      both said gear means for coordinated rotation extend within the tube
      constituting said elongated rigid member.
NUM  9.
PAR  9. The combination as described in claim 1 wherein the extremity of the
      elongated rigid member on which the second rigid elongated element is
      rotatably mounted includes a fixed counterweight to balance the static
      weight of the elongated rigid member and the first rigid elongated element
      on the other side of the first pivot bearing means.
NUM  10.
PAR  10. The combination as described in claim 1 wherein the means connecting
      both gear means for coordinated rotation comprises a notched belt portion
      extending around each of the circular gear means at least to the full
      extent to which such gear means may rotate in any swinging movement of the
      device.
NUM  11.
PAR  11. The combination as described in claim 10 wherein the belt portions on
      opposite gear means are interconnected by pairs of tensioning rods.
NUM  12.
PAR  12. The combination as described in claim 3 wherein manually actuatable
      control means are provided to lock the elongated rigid member against
      swivelling about either its horizontal axis or a vertical pivot axis.
NUM  13.
PAR  13. The combination as described in claim 12 wherein the control means are
      disposed in the vicinity of the device at the end of the rigid element
      upon which it is carried.
NUM  14.
PAR  14. The combination as described in claim 1 wherein first reversible motor
      means are provided to drive the gear means connected to rotate with the
      first rigid elongated element, and second motor means are provided to
      rotate to the elongated rigid member about the axis of the first pivot
      bearing means, and computer control means are connected to operate both
      said motor means.
NUM  15.
PAR  15. The combination as described in claim 4 wherein the device is a
      machining tool.
NUM  16.
PAR  16. A combination as described in claim 1 wherein the extremity of the
      second rigid element includes a cam follower which moves about a cam, and
      the extremity of the first rigid element is connected to a machining tool
      to operate the same on a workpiece.
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ABST
PAL  A seal is provided between adjacent stationary annular shroud members in a
      gas turbine. The shroud members have an axially directed gap disposed
      between their adjoining ends. Each adjoining end of each stationary shroud
      has a shoulder arrangement which provides support for a seal disposed
      across the gap. The shoulders on the ends of the shrouds provide restraint
      against radially inwardly directed dislocation, and a blade ring which
      supports the shroud members themselves, provides restraint against axial
      and radially outwardly directed dislocation. The seal prevents escape of
      hot motive fluid from the generally axially directed working fluid flow
      path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to gas turbines, and more particularly to sealing
      arrangements between adjacent stationary shroud members in a gas turbine.
PAR  2. Description of the Prior Art
PAR  Present high efficiency gas turbines produce more work per stage and have a
      high pressure drop across the first stage nozzle or stator vanes. To
      maintain high first stage efficiency it is important to minimize leakage
      around the stator vanes.
PAR  The first row vanes are usually manufactured in arcuate arrays of three or
      four vanes, with a clearance between adjacent arcuate arrays to permit
      expansion. Due to unequal heating in the combustion system and localized
      hot spots in any one arcuate array of vanes, each array may have a
      different circumferential expansion. Previous seal arrangements used on
      turbomachines utilized gaps permitting radial leakage between adjacent
      arcuate shroud members, or partial sealing between adjacent shrouds as
      shown in U.S. Pat. No. 3,728,041.
PAR  An object of this invention is to provide an easy to assemble sealing
      arrangement for shroud segments.
PAR  Another object of this invention is to provide a seal between adjacent
      shroud members that seals along the entire axial gap between adjacent
      arcuate arrays of shroud members.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a seal member disposed across the gap between
      adjacent arcuate stationary shroud members in a gas turbine. The
      neighboring edges of adjacent shroud members have a shoulder arrangement
      thereon which supports an elongated seal member. The shoulder portions on
      each adjacent shroud member prevent the seal member disposed thereon from
      dislocation in the radially inward direction. A blade ring, which provides
      axial and radial support for the shroud segments, also provides restraint
      in the radially outward direction and in the axial direction, for the
      elongated seal members. Each elongated seal member extends across the
      entire axial gap between adjacent shrouds, and is also disposed in a
      tongue and groove relationship with the blade rings which prevent radial
      and axial dislocation of the seal member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the nature and objects of the invention,
      reference may be had to the following detailed description, taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a portion of a gas turbine showing a
      portion of an annular array of stationary shroud members constructed in
      accordance with the principles of this invention;
PAR  FIG. 2 is an enlarged view of a portion of the shroud and seal arrangement
      shown in FIG. 1; and,
PAR  FIG. 3 is a partial side elevational view of the stationary shroud and seal
      member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail, particularly to FIG. 1, there is shown
      a portion of a stationary blade and shroud arrangement 10 of an axial flow
      gas turbine 12. The axial flow gas turbine 12 includes a turbine axis 14,
      an outer cylinder 16, a plurality of stationary blades 18, several of
      which comprise an arcuate array of blades or a blade segment 19, an
      annular array of which comprise an inlet vane or a stationary blade
      portion of a stage of gas turbine 12. The gas turbine 12 also includes at
      least one rotor disc 20.
PAR  Hot motive fluid passes through the annular array of stationary blades 18,
      in a direction indicated by the arrow A, as shown in FIGS. 1 and 2. The
      hot motive fluid is a product of combustion from the ignition of fuel and
      air, in an array of combustion chambers, not shown, which are disposed
      generally upstream of the gas turbine 12. The hot motive fluid may pass
      through an alternating series of stationary blades 18, and rotating blades
      22 as exemplified in FIG. 1. The hot motive fluid, upon striking the
      rotatable blades 22 imparts a force thereon causing them to rotate the
      rotor 20.
PAR  The stationary blade and shroud arrangement 10 includes an elongated seal
      member 24, an outer shroud portion 26, an inner shroud portion 28, and the
      stationary blades 18 being radially disposed between the shroud portions
      26 and 28. The elongated seal member 24, is disposed across a gap between
      adjacent outer shroud members 26 and 26', as shown in FIGS. 1 and 2.
PAR  Each outer shroud member 26 and 26' has a shoulder portion 30 that extends
      the axial distance of the outer shroud portion 26 and 26'. The elongated
      seal member 24 is of a non-linear configuration, having a generally
      straight central portion 25 and end portions, 27 and 29, disposed at
      opposite obtuse angles thereto, as shown in FIG. 3.
PAR  The elongated seal member 24 which may be flexible, provides sealing for
      the hot motive fluid, preventing fluid from escaping the hot motive fluid
      flow path. The shoulder portions 30 provide sufficient sealing interface
      between said shroud member 26 and each seal member 24 along their common
      axial extent. A blade ring 32 is disposed within the outer cylinder 16, at
      the downstream end of the outer shroud member. Another blade ring 34 is
      disposed within the outer cylinder 16, at the upstream end of the outer
      shroud member 26. Each blade ring, 34 and 32, has arcuate annularly
      directed grooves 35 and 35' respectively for supporting a tongue portion
      38, which extends off both the upstream and downstream ends of the outer
      shroud 26 along with the terminal ends of each seal member 24. The grooves
      35 and 35' thus provide support and restraint in both the axial and radial
      direction for the elongated seal member 24.
PAR  Assembly of the stationary blade and shroud arrangement 10 includes
      inserting the tongue portions 38 of the blade segment 19 into the grooves
      35' and 35 of the blade ring members 32 and 34 respectively. Between each
      blade segment 19, is an elongated seal member 24, which also mates with
      the blade rings 32 and 34, in a tongue and groove arrangement. This series
      of steps is performed until each blade ring 32 and 34, supports a
      semicircular array of blade segments 19 and elongated seal members 24
      therebetween.
PAR  By having the elongated seal member 24 extend along the entire axial length
      of the outer shroud member 26, as shown in FIG. 3, the gap between
      adjacent outer shroud members 26 and 26' shown in FIG. 2 can be
      effectively sealed.
PAR  From the foregoing description, it is apparant that the invention provides
      a seal structure which is particularly suitable for utilization in
      conjunction with stationary blade segments in a gas turbine. However, the
      present seal structure is not limited in its application to the gas
      turbine, but may be utilized in elastic fluid machines of other types. The
      seal structure is relatively simple to construct and assemble and is
      efficient in operation.
PAR  Since numerous changes may be made in the above described construction and
      different embodiments of the invention may be made without departing from
      the spirit and scope thereof, it is intended that all subject matter
      contained in the foregoing description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A seal structure for controlling leakage of hot motive fluid between
      adjacent stationary shroud segments in a gas turbine comprising: A turbine
      casing having at least one blade ring disposed within said casing, said
      blade ring defining radially inwardly projecting members, said members
      having axially opening opposed grooves, an annular array of stationary
      blades supported on their radially outer ends by a plurality of arcuately
      formed outer shroud segments and supported on their inner ends by a
      plurality of arcuately formed inner shroud segments; said outer shroud
      segments having axially opposed ends generally snugly received within said
      opposed grooves for supporting said blades and disposed therein so as to
      have a circumferential gap between adjacent shroud segments providing
      spatially separated facing end portions; each of said portions defining a
      generally circumferentially projecting shoulder extending generally
      through the axial extent of said outer shroud segments; a seal member
      disposed across said gap throughout the axial extent thereof to prevent
      leakage of fluid therepast and being in generally sealing engagement with
      said adjacent facing shoulder portions with the axial ends of said seal
      member received snugly within said opposed grooves of said blade ring for
      restraint against both radial and axial displacement.
NUM  2.
PAR  2. A seal structure as recited in claim 1, wherein said seal member is
      generally elongated and has each opposed axial end portion disposed
      generally obtusely with respect to the plane of its body portion.
NUM  3.
PAR  3. A seal structure as recited in claim 1, wherein said seal member is
      comprised of generally flexible material.
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ABST
PAL  To reduce the pressure drop of intercoolers and final coolers in a single
      or multi-stage gas compression, the compressed gas is cooled in direct
      heat exchange with a liquid cooling medium in a spray tower, for example,
      instead of by indirect contact in tube-type exchangers. The process is
      especially amenable to the multi-stage compression of cracking gas wherein
      a gasoline faction is condensed out in each cooling stage and is used to
      supplement water as the cooling medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system for the removal of the heat of
      compression produced during the compression of a gas by heat exchange with
      a liquid cooling medium, and in particular to the cooling of a
      multicomponent hydrocarbon gas in a plurality of compression stages.
PAR  A process for ethylene production is known wherein a suitable starting
      material, for example naphtha, is cracked, the cracked gas is quenched and
      is subsequently subjected to a multistage compression before entering a
      low-temperature separation section wherein lower-boiling hydrocarbons,
      such as ethylene, ethane, methane, as well as hydrogen are separated by
      rectification. To remove the heat of compression produced in each
      compression stage, the cracked gas is subjected to indirect heat exchange
      with water in tube-type heat exchangers. The relatively high-boiling
      hydrocarbons which are condensed out of the cracked gas during this heat
      exchange, being essentially in the gasoline range, are withdrawn and can
      be delivered as one of the products after a further processing operation.
      In this conventional process, the pressure drop of the cracked gas when
      flowing through the individual tube-type heat exchangers is sufficiently
      large, and the energy requirement to compress the cracked gas so
      considerably increased, that this invention takes cognizance of these
      energy requirements and is directed to an improvement thereon.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved system (process and
      apparatus) in order to reduce the energy requirements in the compression
      of gases, especially in the multi-stage compression of cracking gases.
PAR  Upon further study of the specification and appended claims, further
      objects and advantages of this invention will become apparent to those
      skilled in the art.
PAR  To attain these objects, the heat of compression is removed by direct heat
      exchange of the compressed gas with the cooling medium.
PAR  It was found that when the heat of compression of a compressed gas
      (including one or more gaseous components) is removed by direct heat
      exchange with a liquid coolant, e.g. water, the resultant pressure drop
      during this heat exchange is far lower than when the heat of compression
      is removed by indirect heat exchange with water, for example in a tubular
      heat exchanger. Accordingly, the energy requirements for compression and
      subsequent cooling of a gas is considerably lower in the process of this
      invention than in the prior-art processes.
PAR  It is especially advantageous to subject a gas to a multistage compression,
      to obtain a desired final pressure, and to remove the heat of compression
      produced in each compression stage by direct heat exchange with the liquid
      cooling medium. Since also in this case, the pressure drop of the gas is
      relatively minor, one obtains a further advantage in addition to the
      saving in energy, namely a saving in initial investment costs since, with
      the same throughput of the gas to be treated through the individual
      compressor stages, the number of such compressor stages can be reduced in
      total as compared to the state of the art, due to the smaller pressure
      drop.
PAR  It is particularly economical to remove the amounts of compression heat,
      produced in the individual compression stages during a multistage
      compression, by means of a closed cooling cycle. In this case, the cooling
      medium is first brought into direct heat exchange with the gas obtained in
      the last compression stage, during which step the cooling medium is
      warmed. Thereupon, the thus-warmed cooling medium is recooled in heat
      exchange with a further cooling medium and then utilized for the removal
      of the compression heat produced in the second-to-last compression stage
      of the gas. This procedure is then successively repeated utnil all of the
      various heats of compression obtained in the individual compression stages
      have been removed.
PAR  The direct heat exchange between gas and cooling medium takes place
      advantageously in conventional spray coolers wherein the gas passes
      countercurrently to the liquid cooling medium. To increase the heat
      exchange surface area, the spray coolers can be filled with packing. In
      order to prevent with certainty that liquid droplets are entrained from a
      spray-zone cooler by the gas or gaseous mixture into the subsequent
      compression stage, each spary-zone cooler can be provided in its upper
      region with an entrainment separator or other conventional means for
      retaining liquid droplets.
PAR  If a gaseous mixture made up of components with differing boiling points is
      compressed, the higher-boiling components can be condensed during the
      first stage or stages of a multistage compression wherein each stage
      comprises compression and subsequent cooling of the gaseous mixture.
      Accordingly, these condensed higher-boiling components can be utilized, as
      a supplement to the liquid cooling medium, for the cooling and partial
      condensation of the gaseous mixture produced in an earlier compression
      stage.
PAR  The invention is particularly advantageous in the compression of a cracked
      gas consisting essentially of hydrocarbons with varying boiling points
      obtained, for example, during the cracking of naphtha. Water can be used
      as the cooling medium in this case.
PAR  The cracked gas obtained in the individual compression stages is
      advantageously cooled by means of a closed water cycle as mentioned
      hereinabove. The water is first warmed in the cooling stage following the
      last compression stage in direct heat exchange with the cracked gas, is
      then recooled, thereafter rewarmed in the penultimate cooling stage, and
      so forth, until the water has passed through all of the cooling stages.
      During this process, the water cycle is constantly enriched with the
      hydrocarbons which are condensed out in the individual cooling stages; in
      other words, the amount of cooling fluid available in each cooling stage
      is enlarged by the quantities of hydrocarbons which have already been
      condensed out in the cooling stages disposed downstream of this cooling
      stage. In this way, the amount of cooling fluid is automatically adjusted
      to the quantitative throughput of the cracked gas, this being a
      substantial advantageous effect in the heat exchange between the cracked
      gas and the cooling fluid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the preferred embodiment schematically illustrated in the attached
      drawing, there is depicted a section of an ethylene plant relating to the
      multistage compression and the removal of the compression heat obtained in
      each compression stage, according to this invention, from a cracked gas
      (derived from a cracking furnace not shown) which has already been
      quenched and has partially been freed in a primary column from
      high-boiling hydrocarbons, such as pyrolysis oil, for example.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  According to the drawing, the cracked gas enters the first compressor 2 via
      conduit 1 under a pressure of about 1.1 atmospheres absolute and is
      compressed therein to about 1.9 atm. abs. During this compression step,
      the cracked gas is heated to about 90.degree.C., i.e. a temperature just
      sufficient to prevent the formation of undesired polymers. Thereafter, the
      cracked gas is cooled to about 30.degree. C. in the spray cooler 3 which,
      as in the case of other spray coolers, can be filled with packing, and is
      then compressed in a second compression stage in compressor 4 to about 4.3
      atm. abs. The removal of the compression heat produced in compressor 4,
      i.e. the recooling of the cracked gas to about 30.degree. C., takes place
      in the spray cooler 5. Thereupon, the cracked gas is compressed in
      compressor 6 to about 9 atm. abs., recooled in spray-zone cooler 7 to
      about 30.degree. C., and subjected to an alkazid (removal of SO.sub.2 by
      absorption in cold .alpha.-aminopropionic acid) scrubbing step in scrubber
      8. Further compression to about 17.4 atm. abs. occurs in the compressor 9,
      and the cracked gas is then recooled in the spray-zone cooler 10 to about
      30.degree. C. The cracked gas leaving the spray-zone cooler 10 is
      subjected to a glycol drying step in the apparatus 11 and thereupon
      compressed in compressor 12 to the required final pressure of about 33
      atm. abs. Under this pressure, the cracked gas is fed via conduit 13 to a
      low-temperature separation section, not shown herein, where it is
      separated by conventional technology into its components, i.e. primarily
      hydrogen, methane, ethane, and ethylene.
PAR  To cool the cracked gas in the spray-zone coolers 10, 7, 5 and 3, a closed
      water cycle is provided:
PAR  The water is first pumped to a pressure of about 19 atm. abs. by means of
      the pump 14. It is then passed through the cooler 15 where it is cooled to
      about 30.degree. C. in heat exchange with water, and then it is passed via
      conduit 16 into the spray cooler 10, after having been expanded in valve
      17 for further cooling. In the spray cooler 10, the water is warmed to
      about 55.degree. C. in direct heat exchange with the cracked gas entering
      from compressor 9. During the course of this heat exchange, a portion of
      the higher-boiling hydrocarbons within about the gasoline range, is
      condensed out of the cracked gas. Together with the thus-condensed
      hydrocarbons, the water is cooled in the water cooler 18 to about
      30.degree. C. and thereupon fed, via the expansion valve 19, to the spray
      cooler 7 wherein it is warmed, together with the condensate from cooler
      10, to about 55.degree. C. in direct heat exchange with partially
      condensing cracked gas from compressor 6. Thereafter, the water is
      recooled to about 30.degree. C. in the water cooler 20 together with the
      hydrocarbons from cooler 10 and with the hydrocarbons which are condensed
      out in the cooler 7 and are likewise in the gasoline range; via the valve
      21, the water is then expanded into the spray cooler 5 wherein the cracked
      gas obtained from the compressor 4 is cooled and partially condensed. The
      same procedure is repeated in the spray cooler 3 from which finally a
      liquid mixture consisting of water and the hydrocarbons obtained in the
      coolers 10, 7, 5, and 3 is withdrawn via conduit 22 under a temperature of
      about 55.degree. C. The hydrocarbons are separated from the water in the
      separating tank 23 and withdrawn via conduit 24 for further processing,
      whereas the water is recycled by way of conduit 25.
PAR  In order to prevent droplets of liquid from being entrained from the spray
      coolers and passed into the compressors connected thereafter, the coolers
      are provided with entrainment separators 26 in their to zones. top is
      preferred to employ a low pressure drop entrainment separator of the type
      of a laminated separator, i.e. a separator with a laminated structure of
      thin sheets of metal each having the function of a reflecting plate.
PAR  It is also preferred to use a low pressure drop type of packing of the type
      of Raschig rings.
PAR  It has been found that the pressure loss of the cracked gas can be
      considerably reduced by the use of spray coolers for removing the heat of
      compression of the cracked gas, i.e. by direct heat exchange between the
      cracked gas and the cooling medium. Whereas the pressure drop of the
      cracked gas when passing through a heat exchanger is about 0.7 atm. abs.
      according to the state of the art, i.e. with the use of tubular heat
      exchangers, the pressure drop is reduced to approximately 0.2 atm. abs. in
      accordance with the process of the present invention, with the same
      throughput, all other things being equal. Accordingly, the process of this
      invention provides, as compared to the prior art, a considerable saving in
      energy, as well as a substantial saving in initial investment costs, since
      it is now possible to reduce the total compressor capacity to attain the
      desired final pressure.
PAR  In addition to packed column spray towers there can be employed for example
      cyclone spray towers, venturi and jet scrubbers as well as wetted wall
      columns, at which the latter is accomplished with the least pressure drop.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process which comprises compressing a gas in a plurality of
      compression stages, after each compression stage cooling the compressed
      gas by direct contact with a liquid cooling medium and removing resultant
      warmed liquid from said gas, the improvement comprising the steps of
      providing a closed liquid cooling medium cycle, pressurizing the liquid
      cooling medium and injecting the same into direct heat exchange with the
      gas compressed from the last pressure stage of the plurality of stages,
      the thus-warmed liquid cooling medium then being withdrawn and cooled by
      indirect heat exchange, the resultant recooled liquid cooling medium being
      thereafter injected into the gas compressed by the stage preceding the
      last pressure stage, and when more than two compression stages are
      employed in said plurality of compression stages, repeating the aforesaid
      steps until the heat of compression produced resulting from the first
      compression stage of the gas has been transferred to the liquid cooling
      medium in direct heat exchange contact, and pressurizing said liquid
      cooling medium and cooling the same by indirect heat exchange and
      recycling the resultant cooled pressurized liquid cooling medium into
      direct heat exchange contact with the gas of the last compression stage.
NUM  2.
PAR  2. A process according to claim 1, wherein said gas is a mixture of
      hydrocarbons boiling at different temperatures, and the liquid cooling
      medium comprises water.
NUM  3.
PAR  3. A process according to claim 2, wherein a portion of hydrocarbon is
      condensed during at least one of the indirect heat exchange steps between
      two compression stages, said condensed portion is separated from the
      compressed gas; said separated condensed portion is employed in addition
      to said water as said liquid cooling medium.
NUM  4.
PAR  4. A process according to claim 3, wherein said direct heat exchange is
      conducted in a plurality of spray towers.
NUM  5.
PAR  5. A process according to claim 1, wherein direct heat exchange is
      conducted in a plurality of spray towers.
NUM  6.
PAR  6. A process according to claim 4, wherein said condensed portions of
      hydrocarbon boil in the range of gasoline.
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ABST
PAL  A stator of a hydraulic machine with the end-face sealing of vanes
      comprises an upper rim, a lower rim and rotatable stator vanes mounted
      with their journals in said rims in such a manner as to form an annular
      row. The upper and lower rims are provided with holes for receiving the
      vane journals and with rectangular recesses located between the adjacent
      holes receiving the vane journals in the zone of projection of the section
      of the vanes on said rims when the vanes are in the closed position. In
      order to eliminate leakages of liquid between the rims and the end faces
      of the vanes, a seal is disposed in each recess along the entire length
      thereof. The seal comprises a gasket inserted in the recess with a space
      remaining between the base thereof and the bottom of the recess, the
      gasket having at least one through passage for filling the space with
      liquid flowing to the stator. The passage has the cross-sectional area
      sufficient to build-up a pressure beneath the gasket for urging it against
      the end faces of the vanes. In order to prevent leakages through the
      space, a sealing member is mounted between the gasket and the rim.
BSUM
PAR  The present invention related to the manifacturing of hydraulic machines,
      and more particularly to stators of hydraulic machines having the end-face
      sealing of vanes.
PAR  The invention can be the most advantageously used in hydraulic machines
      operating preferably under high heads.
PAR  Generally, in hydraulic turbines and pumps use is made of a stator
      comprising an upper rim and a lower rim, as well as stator vanes rotatably
      mounted therebetween. The stator vanes are arranged to form an annular row
      and serve to control the discharge of liquid flowing to the runner of the
      hydraulic machine. Small spaces are defined between the end faces of each
      vane and the rims. When the stator is in the closed position, the vanes
      contact each other, the inlet edge of each vane being in contact with the
      outlet edge of another vane so that liquid cannot penetrate the chamber of
      the runner. However, some amount of liquid leaks from the zone before the
      stator through the spaces at the end faces of the vanes into the chamber
      of the runner. In order to eliminate the leakage of liquid between the end
      faces of the stator vanes and the upper and lower rims, a seal is used.
PAR  Known in the art is a stator of a hydraulic machine with the end-face
      sealing of vanes.
PAR  In this hydraulic machine, a stator comprises an upper rim and a lower rim,
      as well as rotatable stator vanes mounted in the rims in such a manner as
      to form an annular row. Small spaces are formed between the end faces of
      each vane and the rims. The upper and lower rims are provided with holes
      for receiving journals of the rotatable vanes, as well as with recesses.
      The recesses are disposed between the adjacent holes receiving the
      journals of the vanes in the zone of projection of the section of each
      vane on the rims when the vanes are in the closed position. In order to
      eliminate the leakage of liquid from the zone before the stator into the
      chamber of the runner through the spaces between the end faces of the
      vanes and the rims, a seal is provided in the recesses along the entire
      length thereof. This known seal comprises a metallic gasket with an
      elastic member mounted on a housing. The housing is provided with a thread
      to engage the journals of the adjacent vanes. The housing is mounted in
      the recess, and an elastic cord having e.g. a U-shaped configuration is
      placed on the bottom of the recess.
PAR  When the vanes of the stator are rotated to close the latter the housing is
      caused to move towards the end faces of the adjacent vanes due to the
      threaded connection between the housing and the journals of the vanes.
      Thus, the gasket is positively urged against the end faces of the vanes
      with the vanes in the completely closed position.
PAR  However, this construction of the seal cannot provide for reliable
      engagement between the metallic gasket and the end faces of the vanes due
      to the fact that the long plates of the housing are fastened only at the
      end faces of the vanes which results in sagging of the plates in the
      central portion thereof. As the pressure grows, the leakage of liquid in
      the central portion of the plates increases, thus resulting in an
      increased sagging of the plate. This renders such seals unsuitable for
      hydraulic machines operating under a high head. Another disadvantage of
      such prior art seal resides in the fact that it is complicated in
      manufacture and maintenance.
PAR  Known in the art is a better construction of a stator with the end-face
      sealing of vanes.
PAR  This prior art stator of a hydraulic machine comprises an upper rim, a
      lower rim and rotatable stator vanes located in the upper and lower rims
      in such a manner as to form an annular row. Each stator vane is arranged
      so that its end faces are adjacent to the rims.
PAR  The upper and lower rims are provided with holes for receiving journals of
      the stator vanes, as well as with arcuated recesses. The recesses are
      arranged between the adjacent holes receiving the journals of the vanes in
      the zone of projection of the section of each vane on the rims when the
      vanes are in the closed position. When in the closed position, the vanes
      engage each other so that the inlet edge of each vane engages the outlet
      edge of the adjacent vane, whereby liquid cannot flow from the zone before
      the stator into the chamber of the runner. However, small spaces are
      formed between the end faces of each vane and the upper and lower rims so
      that liquid leaks through these spaces into the chamber of the runner. In
      order to eliminate the leakage of liquid through these spaces, a seal is
      provided in the recesses along the entire length thereof, which is
      essentially a composite seal consisting of a metallic portion and an
      elastic portion. The elastic portion of the seal comprising an elastic
      gasket is located between the metallic portion of the seal, (metallic
      gasket) and the bottom of the recess and serves for urging the metallic
      gasket against the end faces of the vanes. When the stator is in the
      closed position, the metallic gaskets protrude from the recesses of the
      upper and lower rims under the action of elastic gaskets and are urged
      against the end faces of the vanes. This results in sealing of the space
      between the end faces of the vanes and the upper and lower rims.
PAR  This prior art sealing means cannot, however, ensure a reliable sealing
      between the end faces of the vanes and the upper and lower rims under high
      heads because the urging force which can be developed by the elastic
      gasket is limited by the elastic properties of the material. Under high
      heads, the elastic properties of the gaskets can ensure the development of
      the pressure force which is smaller than that developed by the working
      liquid under the head of a water power plant. In addition, it is known
      that with a time lapse elastic properties of the material of elastic
      gaskets (generally, various kinds of rubber) are deteriorated so that the
      sealing efficiency decreases.
PAR  It is an object of the invention to improve the reliability of the end-face
      sealing of the stator vanes upon closing of the stator under largely
      variable heads.
PAR  Another object of the invention is to prolong the service life of the
      stator by improving the wear resistance of the gaskets.
PAR  In accordance with these and other objects, the invention consists in the
      provision of a stator of a hydraulic machine comprising: an upper rim; a
      lower rim; rotatable stator vanes; holes provided in said rims for
      receiving journals of said vanes said rotatable guide vanes being mounted
      in said upper and lower rims in such a manner as to form an annular row,
      and each of said vanes having the end faces thereof arranged adjacent to
      said upper and lower rims; rectangular recesses in said upper and lower
      rims, each recess being arranged in the zone of projection of the section
      of said vanes on said rims when said vanes are in the closed position,
      said rectangular recesses being disposed between said adjacent holes
      receiving the journals of said vanes; a seal for preventing leakages of
      liquid between said rims and said end faces of said vanes; said seal being
      disposed in each of said recesses of said upper and lower rims, extending
      along the entire length thereof and comprising a gasket positioned in such
      a manner as to form a space between the base thereof and the bottom of
      said recess and having at least one through passage for filling said space
      with liquid flowing to the stator of the hydraulic machine, said passage
      having the cross-sectional area sufficient to build-up a pressure beneath
      said gasket for urging it against the end faces of said vanes; a sealing
      member for preventing leakages through said space, said sealing member
      being mounted between said gasket and said rim.
PAR  In this stator, a reliable sealing between the end faces of the vanes and
      the upper and lower rims is ensured upon closing the vanes under largely
      variable heads. The space between the base of the sealing gasket and the
      bottom of the recess is filled with liquid under pressure equal to the
      effective head. This pressure ensures that urging of the gaskets against
      the end faces of the vanes upon closing them, the urging force being
      proportional to the value of head, that is, the greater the head, the
      stronger the urging force pressing the gasket against the end faces of the
      vanes. This results in a considerable reduction of leakages from the zone
      before the stator into the chamber of the runner.
PAR  Each gasket is preferably made of a wear-resistant material.
PAR  It is expedient that each gasket be made of polyethylene.
PAR  The gasket made of polyethylene exhibits sufficient wear- and cavitation
      resistance so that the service life of the stator is prolonged.
PAR  Where gaskets of other materials having lower wear resistance are used, the
      following phenomenon occurs. During the operation of the hydraulic machine
      the greatest wear takes place in the zones of gaskets located closer to
      the vane journals, while the intermediate portion of the gasket remains
      intact. The moment the stator is closed, the gasket is retracted into the
      recess at the distance corresponding to the amount of wear so that gaps
      remain along the worn portions through which water leaks to disturb the
      sealing between the rims and the end faces of the vanes. The leakages
      occuring through the gaps at high velocities result in a cavitation which
      damages the gaskets and rims thus substantially reducing the service life
      of the seal and the stator as a whole.
PAR  The employment of polyethylene as a material for the gasket, rather than
      tin-containing alloys, such as brass, reduces the cost of the seal and the
      stator as a whole.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description of a specific embodiment thereof with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 shows a diagrammatic radial section of a portion of a stator;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1;  PG,9
PAR  FIG. 3 shows an enlarged view of a seal positioned between the end face of
      a vane and the upper rim;
PAR  FIG. 4 shows an enlarged view of a seal positioned between the end face of
      a vane and the lower rim.
DETD
PAR  FIG. 1 shows a portion of a stator 1 of a Francis water turbine with the
      end-face sealing of vanes according to the invention comprising opposed
      rims such as an upper rim 2 and a lower rim 3. Rotable stator vanes 4 are
      mounted with their journals in the upper rim 2 and the lower rim 3 in such
      a manner as to form an annular row, the vanes serving to control the
      discharge of the working liquid flowing to the runner (not shown) of the
      water turbine. Each guide vane 4 has its end faces 5 and 5' located
      adjacent to said rims 2 and 3.
PAR  A small space 6 is provided between the end face 5 of each vane 4 and the
      upper rim 2, and a small space 6' is provided between the end face 5' of
      each vane 4 and the lower rim 3. The spaces 6 and 6' are selected to have
      a minimal size to prevent the vanes 4 from interfering with the rims 2 and
      3 upon rotation. The upper rim 2 and the lower rim 3 are provided with
      holes for receiving journals 17 and 17' of the stator vanes 4 and
      rectangular recesses 7 (FIG. 3) and 7' (FIGS. 2 and 4). Since all elements
      of the upper rim 2 (FIG. 1) are similar to the elements of the lower rim
      3, only the lower rim 3 is shown in FIG. 2 for the sake of clarity. The
      rectangular recesses 7' (7) are located between the adjacent holes 18'
      (18) receiving the journals 17' (17) of the vanes 4 in the zone of
      projection of the section of each vane 4 on the rim 3 as shown in FIG. 2,
      when the vanes 4 are in the closed position, while in the closed position,
      the vanes 4 engage each other so that the inlet edge of each vane 4 is in
      contact with the outlet edge of the adjacent vane 4 to hamper the flow of
      liquid from the zone A before the stator 1 into the chamber of the runner
      (not shown). However, liquid can leak through the spaces 6 and 6' (FIG. 1)
      into the chamber of the runner. In order to eliminate the leakage of
      liquid through said space 6, a seal 8 is palced in the recesses 7 (FIG. 3)
      of the upper rim 2 along the entire length of each recess. In order to
      eliminate the leakage of liquid through the space 6' (FIG. 4), a seal 8'
      is placed in the recesses 7' of the lower rim 3 along the entire length of
      each recess.
PAR  Each seal 8 (FIG. 3) comprises a rectangular gasket 9 of a wear-resistant
      material, e.g. of polyethylene. The gaskets 9 may have an appropriate
      shape ensuring their close contact with the end faces 5 of the guide vanes
      4 and are mounted to form a space 10 between the base of the gasket and
      the bottom of the recess 7. The polyethylene gasket 9 has at least one
      through passage 11 so that the liquid from the zone A (FIG. 1) before the
      stator 1 flows through the passage into the space 10 (FIG. 3). The
      cross-sectional area of the passage should be sufficient to buildup a
      pressure beneath the gasket 9 urging it against the end faces 5 of the
      vanes 4, this area being determined by any known method.
PAR  Each seal 8' (FIG. 4) comprises a gasket 9' of a wear-resistant material,
      e.g. of polyethylene. The gaskets 9' may have any appropriate shape
      ensuring their close contact with the end faces 5' of the vanes 4 and are
      mounted to form a space 10' between the gasket base and the bottom of the
      recess 7'. The body of the polyethylene gasket 9' is provided with e.g.
      three through passages 11' (FIG. 2) so that the liquid from the zone A
      before the stator 1 flows into the space 10' (FIG. 4). The total
      cross-sectional area of the passages 11' is sufficient to build-up a
      pressure beneath the gasket 9' urging it against the end faces 5' of the
      vanes 4.
PAR  Any appropriate means may be used for holding the gaskets 9 (FIG. 3) and 9'
      (FIG. 4) in the recesses 7 (FIG. 3) and 7' (FIG. 4). For the purpose of
      illustration only, it is shown in the drawings that the recesses 7 (FIG.
      3) are provided with a shoulder 12, and the recesses 7' (FIG. 4) are
      provided with a shoulder 12'. The gasket 9 (FIG. 3) has two flanges 13.
      One flange 13 rests against the shoulder 12 of the recess 7, while the
      other flange 13 rests against a shoulder of a bar 14 fixed by means of
      bolts 15 to the upper rim 2. The gasket 9' (FIG. 4) is provided with two
      flanges 13. One flange 13' rests against the shoulder 12' of the recess
      7', while the other flange 13' rests against a shoulder of a bar 14' fixed
      to he lower rim 3 by means of bolts 15'.
PAR  The polyethylene gaskets 9 (FIG. 3) and 9' (FIG. 4) are mounted in such a
      manner that they protrude beyond the planes of the rims 2 (FIG. 3) and 3
      (FIG. 4) so as to take part in the closing of the stator 1 (FIG. 1). In
      order to eliminate leakages of liquid through the space 10 (FIG. 3)) from
      the high pressure zone A (FIG. 1) before the stator 1 into the chamber of
      the runner, a sealing member 16 is provided between the gasket 9 and the
      upper rim 2 (FIG. 3), and to prevent liquid from leaking through the space
      10' (FIG. 4) between the gasket 9' and the lower rim 3, there is provided
      a sealing member 16'. The sealing member 16 (FIG. 3) and 16' (FIG. 4) may
      be located at any point on the path of flow of liquid through the space 10
      (FIG. 3) and 10' (FIG. 4). As shown in the drawings, (in the cross
      section), the sealing member 16 (FIG. 3) and 16' (FIG. 4) comprises a
      solid round cord made of rubber.
PAR  Upon closing the stator 1 (FIG. 1). the end faces 5 (FIG. 3) and 5' (FIG.
      4) of the vanes 4 engage the protruding portions of the rectangular
      polyethylene gaskets 9 (FIG. 3) and 9' (FIG. 4) to displace them into the
      recesses 7 (FIG. 3) and 7' (FIG. 4) of the rims 2 (FIG. 3) and 3 (FIG. 4)
      respectively.
PAR  The liquid from the pressure zone A (FIG. 1) before the stator 1 flows
      through the passages 11 (FIG. 3) and 11' (FIG. 4) in the body of the
      polyethylene gaskets 9 (FIG. 3) and 9' (FIG. 4) into the space 10 (FIG. 3)
      and 10' (FIG. 4) to act on the base of the gaskets 9 (FIG. 3) and 9' (FIG.
      4), thereby providing their efficient urging against the end faces 5 (FIG.
      3) and 5' (FIG. 4) of the vanes 4. The greater the head of water in the
      zone A (FIG. 1) before the stator 1, the stronger the urging of the
      gaskets 9 (FIG. 3) and 9' (FIG. 4) against the end faces 5 and 5' of the
      vanes 4 under the action of water so that a reliable barrier for liquid is
      provided between the end faces 5 and 5' of the vanes 4 and the rims 2 and
      3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a stator of a hydraulic machine, a pair of opposed rims spaced from
      each other and respectively situated in parallel planes, a plurality of
      rotatable stator vanes each extending between said rims, each stator vane
      having a pair of opposed coaxial end journals and said rims being
      respectively formed with holes in which said journals are turnable, said
      vanes being rotatable with respect to said rims between an open position
      where liquid can flow between said vanes and a closed position where said
      vanes engage each other, each vane having a pair of opposed end faces
      respectively situated adjacent but spaced slightly from said rims, and
      said rims being respectively formed with elongated grooves extending from
      one hole to the next of each rim and said grooves being respectively
      aligned with said end faces of said vanes when the latter are in their
      closed positions, a plurality of non-metallic sealing gaskets respectively
      situated in said grooves and extending along the entire length thereof,
      said gaskets extending outwardly beyond said grooves into engagement with
      said end faces of said vanes, when the latter are in their closed
      positions, said rims carrying at said grooves retaining means for
      retaining said gaskets in said grooves while freeing said gaskets for
      pressing against said end faces of said vanes to prevent liquid from
      passing between said rims and end faces of said vanes when the latter are
      in their closed positions, said rims respectively having at innermost
      parts of said grooves, innermost groove surfaces spaced from said gaskets,
      and a plurality of elongated sealing members narrower than said gaskets
      respectively situated between and in engagement with said innermost
      surfaces of said grooves and said gaskets and extending longitudinally
      along said gaskets along the entire length thereof for preventing liquid
      which reaches the space between said innermost surfaces of said grooves
      and said gaskets from leaking through the latter space beyond said sealing
      members wherein liquid under pressure seeks to flow from the high pressure
      side toward the other side of each groove when said vanes are in their
      closed positions, and said gaskets each being formed at said high pressure
      side of each groove with at least one through-passage providing for flow
      of liquid under pressure into the space between each gasket and said
      innermost surface of each groove into engagement with said sealing member
      for pressing each gasket on one side of said sealing member toward an end
      face of a vane.
NUM  2.
PAR  2. The combination of claim 1 and wherein said retaining means includes
      opposed side surface portions of each groove respectively formed with
      shoulders directed toward said innermost surface of each groove, and each
      gasket having opposed flanges engaging said shoulders of said retaining
      means to be retained by said shoulders in said grooves.
NUM  3.
PAR  3. The combination of claim 1 and wherein each gasket is of a substantially
      rectangular cross section while each sealing member is of a substantially
      circular cross section, and each gasket being formed at its surface which
      is directed toward and spaced from said innermost surface of each groove
      with a groove receiving part of a sealing member.
NUM  4.
PAR  4. The combination of claim 1 and wherein said gaskets are made of a
      wear-resistant material.
NUM  5.
PAR  5. The combination of claim 4 and wherein said gaskets are made of
      polyethylene.
NUM  6.
PAR  6. The combination of claim 1 and wherein said sealing members are in the
      form of rubber cord.
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ABST
PAL  The disclosure relates to a fan assembly including a duct in which an axial
      flow fan is mounted, there being a plurality of apertures formed in the
      duct wall around the fan and a layer of acoustic absorption material
      encircles the duct and projects through the apertures into the duct to
      have a minimum running clearance from the periphery of the fan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to fan assemblies more particularly axial flow fan
      assemblies. One application of such fan assemblies is in cooling
      combustion engines such as automobile engines.
PAR  2. Description of the Prior Art
PAR  U.K. Patent Specification No. 967,100 describes a radial flow fan located
      in a casing which comprises an outer, gas-tight, wall of a flexible
      material, an inner, perforated wall of a rigid material such as sheet
      metal with an absorption layer of foamed or expanded plastics disposed
      therebetween.
PAR  The acoustic absorption material is effective to an extent in absorbing
      sound emitted by the fan and the casing construction could be applied to
      an axial flow fan. In the case of an axial flow fan a high-frequency sound
      is generated at the tips of the fan blades and although sound absorption
      material can, to an extent, absorb such frequencies, it is desirable to
      make a further reduction in the level of high-frequency sounds emitted
      from an axial flow fan assembly and that is the object of the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a fan assembly comprising a duct, an axial flow fan
      located within the duct, the wall of the duct having a plurality of
      apertures spaced around the part of the duct encircling the fan, an
      acoustic absorption material encircling said part of the duct and
      projecting into the duct through said apertures to have a minimum
      clearance from the periphery of the fan.
PAR  The presence of the acoustic absorption material at a minimum clearance
      from the tips of the fan blades causes a reduction in the level of noise
      generated by the fan tips and also the presence of the sound absorption
      material immediately in contact with the air flow along the duct reduces
      the noise emitted by air flow along the duct. In the result an overall
      reduction in noise emitted is achieved compared with a casing constructed
      as described in the prior U.K. Patent Specification No. 967,100 referred
      to earlier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view through a first fan assembly; and
PAR  FIG. 2 is a cross-sectional view through a second fan assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring firstly to FIG. 1 of the drawings there is shown a duct 10 for
      delivering cooling air to a radiator of a motor vehicle engine, the duct
      containing an axial flow fan 11 driven by a shaft 12. Stator blades 13 are
      mounted in the duct upstream of the fan. The part of the duct 10
      encircling the fan and extending both upstream and downstream of the fan
      is formed with a number of circumferentially spaced elongate slots 14
      extending along the duct at an angle to the axis thereof. The slots 14
      project between the blades of the stator.
PAR  The part of the duct in which the slots are formed is encircled by a
      thicker layer 15 of an acoustic absorption material such as open cell
      polyurethane foam. The foam projects through the apertures 14 into the
      duct and has a minimum working clearance from the periphery of the fan. In
      order to minimise the clearance between the periphery of the fan and the
      projecting acoustic absorption material, the material can be pressed
      through the apertures until it just touches the tips of the fan blades
      which then cut a path through the material as soon as the fan is rotated.
PAR  The layer of acoustic absorption material is supported and encircled by an
      acoustic barrier material 16 such as a plastics, synthetic or natural
      rubber.
PAR  The noise created by the rotating fan blade tips is absorbed by the
      acoustic absorption material projecting through the apertures and the
      layer of acoustic absorption material encircling the duct and the acoustic
      barrier material further assists in reducing fan noise.
PAR  The apertures extend over a greater part of the length of the duct 10 as
      can be seen in FIG. 1 to assist in attenuating the noise induced in the
      duct by interaction between laminar and turbulent air flow along the inner
      surface of the duct. The angling of the apertures to the longitudinal axis
      of the duct presents a greater end-on length of sound absorption material
      to the direction of air flow.
PAR  Vehicles incorporating an embodiment of the invention have been subjected
      to tests in accordance with British Standard No. 3245:1966 which covers
      external noise test procedures. A repeated one third octave frequency
      analysis showed up to a 5 dB (A) reduction in sound pressure levels
      associated with the fan and ducting assembly at frequencies corresponding
      to a fan rotational speed in the order of 4,500 RPM compared to an
      un-insulated assembly, whilst the overall external noise level over the
      complete frequency test range showed a 1.25 dB (A) reduction compared with
      un-modified vehicles of the same type.
PAR  FIG. 2 of the drawings shows a similar arrangement employing shorter
      apertures which project only just upstream and downstream of the fan 11
      and extend lengthwise of the duct. The arrangement is otherwise identical
      to that described with reference to FIG. 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fan assembly comprising a duct, an axial flow fan located within the
      duct and including rotor blades having outer tips, the wall of the duct
      having a plurality of radial apertures circumferentially spaced around at
      least the part of the duct encircling the fan, an acoustic absorption
      material encircling said part of the duct and having projecting portions
      extending radially inwardly through the apertures into the duct towards
      the fan axis, the projections terminating in radially inwardly directed
      end faces which lie in the path of rotation of the periphery of the fan in
      a manner to provide a minimum clearance between the projections and the
      tips of the rotor blades of the fan.
NUM  2.
PAR  2. A fan assembly as claimed in claim 1 wherein the layer of acoustic
      absorption material is encircled by a layer of acoustic barrier material.
NUM  3.
PAR  3. A fan assembly as claimed in claim 1 wherein the acoustic absorption
      material is an open cell polyurethane foam.
NUM  4.
PAR  4. A fan assembly as claimed in claim 2 wherein the acoustic barrier
      material is a plastics.
NUM  5.
PAR  5. A fan assembly as claimed in claim 1 wherein the apertures are elongate
      and extend along the duct both upstream and downstream of the fan.
NUM  6.
PAR  6. A fan assembly as claimed in claim 5 wherein said apertures extend at an
      angle to the axis of the duct.
NUM  7.
PAR  7. A fan assembly as claimed in claim 1 wherein the duct contains stator
      blades spaced around the inner periphery of the duct upstream of said fan
      and said apertures project between the stator blades.
NUM  8.
PAR  8. A fan assembly as claimed in claim 2 wherein the acoustic barrier
      material is a synthetic rubber.
NUM  9.
PAR  9. A fan assembly as claimed in claim 2 wherein the acoustic barrier
      material is a natural rubber.
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ABST
PAL  In a peripheral fluid pump designed for operation submerged in a vehicle
      fuel tank and comprising an impeller raceway with an outer annular
      channel, appropriately placed stripper abutments and an inlet and outlet
      on opposite sides of the raceway in communication with the annular
      channel, an impeller in the raceway has a hub and a plurality of vanes
      projecting radially outward into the annular channel. Each vane has front
      and rear sides in the direction of impeller rotation which are parallel to
      the axis of impeller rotation, an inlet side adjacent the inlet side of
      the pump forming an acute angle with the front side and an outlet side
      adjacent the outlet side of the pump forming an acute angle with the rear
      side.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to vehicle fuel pumps of the submerged
      type and particularly to peripheral pumps containing vaned rotating
      impellers adapted to be driven by electric motors.
PAR  Electrically driven submergible fuel pumps designed for operation in the
      vehicle fuel tank are well known for their decreased tendency to produce
      vapor lock, their dependability and the flexibility of a separate
      switchable power source, which enables engine operation to be
      automatically stopped in situations where great engine damage is
      threatened, such as loss of oil pressure. Of course, these advantages are
      not without their price; since the electric motor of such a pump is an
      additional element added to the vehicle fuel system which may occasionally
      fail.
PAR  Although the failure rate of such pumps has been quite low, improvements in
      the dependability or expected life of vehicle fuel pumps are always
      welcome, since the result of a failed vehicle fuel pump is generally an
      inoperable vehicle.
PAR  A more efficient fuel pump -- that is, a pump that produces a greater fluid
      output flow at a given rotational speed -- could be run at a lower speed,
      thus reducing wear in the pump and the electric motor for longer pump life
      and more dependable operation.
PAC  SUMMARY OF THE INVENTION
PAR  The pump of this invention includes an impeller having vanes whose axial
      sides are beveled so that a cross section of the vane forms a
      parallelogram with the axial side of the inlet side of the pump forming an
      acute angle with the front side in the direction of pump rotation and the
      axial side on the outlet side of the pump forming an acute angle with the
      rear side. The beveled blade sides have been found to contribute to
      greater flow efficiency through the pump and result in a greater pump
      output at a given rotational speed.
PAR  Further details and advantages of this invention will be apparent from the
      accompanying drawings and following description of the preferred
      embodiment.
DRWD
PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1 shows a submergible fuel pump according to this invention partially
      cut away to show the peripheral pump.
PAR  FIG. 2 is a cutaway view along line 2--2 in FIG. 1.
PAR  FIG. 3 is a cutaway view along line 3--3 in FIG. 1.
PAR  FIG. 4 is a cutaway view along line 4--4 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a submergible electrically driven fuel pump 10 of the
      type shown in the U.S. Patent to Shultz et al. No. 3,418,991 dated Dec.
      31, 1968, hereby incorporated by reference, includes a cylindrical housing
      12 which contains at one axial end, a peripheral pump, generally denoted
      as 14. Peripheral pump 14 comprises a cylindrical casing 16 and a cover
      18, both preferably formed of a synthetic resin material such as
      fiberglass reinforced acetal resin. Casing 16 and cover 18 together
      respectively have confronting spaced-apart side walls 17 and 19 defining
      lateral surfaces or annular lands 20 and 22 and outwardly extending
      annular channels 24 and 26, respectively. Casing 16 has an inlet port 28
      communicating with its annular channel 24, while cover 18 has an outlet
      port 30 communicating with its annular channel 26. These ports 28 and 30
      are separated from each other by side stripper abutments 32 and 34,
      respectively in the casing 16 and cover 18, and a peripheral stripper
      abutment 36 in casing 16. Side stripper abutments 32 and 34 are extensions
      of lateral surfaces 20 and 22, respectively, and therefore are spaced
      apart the same lateral distance to effect fluid isolation for a seal
      between inlet and outlet ports 28 and 30 during operation of pump 14.
PAR  Casing 16 is provided with a center bearing bore 38 that terminates in a
      bearing seat 40. Bore 38 provides a journal support for the end of an
      armature shaft 42 of an electric motor, not shown, within cylindrical
      housing 12 which provides rotary power to pump 14. Bearing seat 40
      includes a bleed hole 44 which exhausts to a tubular shaped extension 46
      of casing 16 a small amount of leakage fuel that passes between the
      armature shaft 42 and bore 38 to provide bearing cleansing and
      lubrication. Tubular shaped extension 46, which communicates with inlet
      port 28, provides an inlet storage area for incoming fuel and a mounting
      for a filter element, not shown, to clean the fuel as described more
      completely in the reference patent.
PAR  Lateral surfaces 20 and 22 define therebetween a raceway 48 which has
      revolvably positioned therein an impeller 50, which may be made of the
      same material as casing 16 and cover 18 or of an easily die-casted metal
      such as aluminum. Impeller 50 includes a hub 52 that has substantially the
      same outer diameter as the inner diameter of annular channels 24 and 26.
      Extending radially outward from hub 52 are a series of vanes 54 which have
      random but carefully selected variable spacings and which are disconnected
      from each other so that crossflow of fuel can take place between the
      individual vanes 54. The random disposition of the vanes reduces pump
      noise.
PAR  Impeller hub 52 has a center opening 56 with slightly rounded or tapered
      edges for easy insertion of the end of armature shaft 42 and a series of
      slots 58 spaced as shown in FIG. 2 about opening 56 for reception of a
      driver element 60 afixed to armature shaft 42, as shown in FIG. 1. Driver
      element 60 causes impeller 50 to turn with armature shaft 42; but the
      loose connection allows for slight variations resulting from manufacturing
      tolerances.
PAR  As can be seen in FIG. 3, a cross section of a vane 54 forms the shape of a
      parallelogram. Vane 54 has an inlet side 62 on the axial side of the
      impeller 50 adjacent inlet port 28 which forms an acute angle with front
      side 64 of vane 54 in the direction of vane rotation. Likewise, vane 54
      has an outlet side 66 on the axial side of impeller 50 adjacent outlet
      port 30 which forms an acute angle with the rear side 68 of vane 54 in the
      direction of impeller rotation. Front side 64 and rear side 68 are
      parallel to each other and to the axis of rotation of impeller 50. Inlet
      side 62 and outlet side 66 are preferably, though not necessarily,
      parallel to one another; and the acute angle that they form with front
      side 64 and rear side 68, respectively, is, in this embodiment,
      45.degree., although the invention is not to be construed as limited to
      that angle only. The parallel inlet and outlet sides 62 and 66 provide an
      additional advantage in that, in pump assembly, impeller 50 cannot be
      inserted backward.
PAR  In operation, impeller 50, in passing over inlet port 28, creates a suction
      that initiates fuel flow into the spaces between impeller vanes 54 from
      the inlet tubular extension 46. Due to centrifugal force the fuel is moved
      outwardly into an annular peripheral channel 70 defined between the
      peripheral edges 72 of the vanes 54 and the outer diameter 76 of the
      annular channels 24 and 26. The continuing force thereon causes the fuel
      to move into channels 24 and 26 inwardly toward the impeller hub at the
      same time it is advancing peripherally in the direction of impeller
      rotation at a speed slower than that of the impeller 50. It competes
      successfully with other fuel to re-enter the space between the impeller
      vanes 54 where centrifugal force again increases the energy of this fuel.
      Since the fuel is retained by the relatively close fits, it recirculates
      and spirals around the impeller 50. As impeller 50 continues to rotate,
      the fuel is acted upon several times and, therefore, acquires more energy
      than would be imparted to it by an equivalent size centrifugal pump. This
      results in a desired greater pressure than that attained in an equivalent
      centrifugal pump. Due to this increased energy, the fuel has its pressure
      progressively and continuously increased as it proceeds from the inlet
      port 28 to outlet port 30.
PAR  As impeller 50 passes over outlet port 30, the fuel in annular channel 26,
      as well as some of that in annular peripheral channels 70 and between
      vanes 54, is pushed out through outlet port 30.
PAR  It has been found that the angled inlet and outlet sides 62 and 66 of vanes
      54 increase the fluid output of the pump through outlet port 30 at a given
      rotational speed of impeller 50. It is believed that the angled inlet side
      62 contributes to this by creating a larger area between inlet side 62 of
      one vane 54 and front side 64 of the following vane into which fuel can
      flow and that angled outlet side 66 contributes to this effect by
      imparting a direct component of axial momentum to some of the fuel in the
      direction of outlet port 30.
PAR  The impeller 50 of this invention, in which front side 64 and rear side 68
      of vanes 54 are parallel to the axis of impeller rotation and only inlet
      and outlet sides 62 and 66 are slanted, should be differentiated from an
      impeller in which the front and rear sides 64 and 68 are themselves
      slanted with respect to the axis of impeller rotation. The cross-sectional
      shape of the vanes of this invention is a relatively thick, stubby, strong
      vane which nevertheless produces the benefits of the invention. On the
      other hand, slanted vanes would have to be made considerably thinner than
      the typical 0.05 - 0.06 inch width between front and rear sides 64 and 68
      of the impeller vanes 54 or the flow space between blades would become
      smaller and more constricted. Such thinner slanted blades would not have
      the strength of the vanes 54 of this invention and might be subject to an
      increased rate of failure which would cancel the very advantages sought.
PAR  The embodiment of this invention as described above is a preferred
      embodiment, but equivalents will occur to those skilled in the art.
      Therefor, the scope of this invention should be limited only by the claim
      which follows.
CLMS
STM  The embodiments of the invention in which are exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A peripheral fuel pump assembly comprising, in combination:
PA1  a casing having confronting spaced-apart sidewalls defining an impeller
      raceway with an outer annular channel and having confronting side and
      peripheral stripper abutments in the annular channel and inlet and outlet
      ports positioned one in each sidewall adjacent to and on opposite sides of
      the side and peripheral stripper abutments and communicating with the
      annular channel; and
PA1  an impeller revolvable in the raceway, the impeller having a hub and a
      series of vanes radially extending from the hub into the annular channel
      in peripherally spaced relationship to allow lateral fluid flow
      therebetween, each vane having front and rear sides in the direction of
      impeller rotation parallel to the impeller rotational axis, an axial
      outlet side forming a first acute angle with the rear side, which first
      acute angle is of such substantial size that the axial outlet side imparts
      to the fuel a substantial axial component of momentum toward the outlet,
      and an inlet side forming a second acute angle with the front side, the
      angled inlet side providing greater entrance area for fuel between the
      vanes, the second acute angle being equal in size to the first.
NUM  2.
PAR  2. The peripheral fuel pump assembly of claim 1 in which the first and
      second acute angles are approximately 45.degree..
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ABST
PAL  An adjustable locking device facilitates the insertion and removal of a
      diaphragm upper half in the upper portion of the split housing of an axial
      turbine. The diaphragm upper half is provided with a slot at its outer
      edge which permits the turbine housing locking pin to pass therethrough.
      An eccentric pivot locking device positioned in the slot is rotated to
      close the slot and secure the diaphragm half in the turbine housing
      relative to the pin. Slots may be provided at both edges of the diaphragm
      half or at only one edge while the other edge contains a bore hole recess
      to receive a corresponding locking pin of the housing. Set screw means
      associated with the locking device may be provided for further security.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to split housing axial turbines and, more
      particularly, to a locking device to facilitate insertion and removal of a
      diaphragm upper half, secured in the upper portion of the turbine housing,
      when assembling and disassembling the turbine.
PAR  The diaphragms located between the turbine wheels mounted on a rotor
      enclosed within the horizontally split housing of an axial turbine are
      also split into two parts. Thus, the turbine has a horizontal shaft and
      the turbine housing and the diaphragms are divided along a horizontal
      axial section, with each portion of a diaphragm arranged in a respective
      portion of the turbine housing. The diaphragms are mounted relatively
      loosely in slots in the turbine housing, in order to allow for thermal
      expansion and contraction of the housing and the diaphragms in relation to
      one another, and are preferably secured against rotation in the slots.
      Generally, no special joint between the two halves of a diaphragm is
      required. The lower portion of a diaphragm is placed in a corresponding
      slot in the lower portion of the turbine housing, while the upper portion
      of the diaphragm is secured in some manner in the upper portion of the
      housing until the housing halves and the diaphragm halves been properly
      aligned and joined together.
PAR  The upper portion of a diaphragm may be secured to the upper portion of the
      turbine housing for alignment with the diaphragm bottom portion upon
      joining of the housing portions by means of pins carried in the turbine
      housing inner wall. These pins project into corresponding recesses in the
      diaphragm outer peripheral surface. However, the positioning of the
      diaphragm upper portion and the turbine housing upper portion is not
      easily accomplished due to the presence of these projecting securing pins
      which interfere with convenient placement. Thus, the present arrangements
      do not permit the easy insertion and removal of the diaphragm upper
      portion when assembling and disassembling the turbine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the disadvantages associated with the
      aforementioned diaphragm securing means and facilitates the insertion and
      removal of the diaphragm upper portion in the turbine housing upper
      portion when assembling and disassembling the turbine. This is
      accomplished, according to the invention, through the provision of a
      locking device positioned in the diaphragm upper portion in conjunction
      with the provision of a slot in at least one outer edge of the diaphragm
      upper portion.
PAR  The corresponding securing pin in the turbine housing projects into and
      passes through the slot so that the diaphragm upper portion is not blocked
      from placement and positioning within the housing. Once the diaphragm is
      positioned, the diaphragm and the housing are secured relative to one
      another by virtue of a locking device located in the slot. This locking
      device may take the form of an eccentric pivot means positioned in the
      slot above the location of the securing pin projecting therein. By
      pivoting this locking device, the slot is closed or blocked so that the
      securing pin can not move therein and the diaphragm upper portion is
      secured in the housing preventing its removal.
PAR  Thus, it is a feature of this invention to provide a locking device for
      securing a split diaphragm portion in a turbine housing of an axial
      turbine while at the same time enabling convenient insertion and removal
      of the diaphragm portion when assembling and disassembling the turbine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing advantages and features of this invention will be more fully
      understood from the following description with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a cross sectional view through an axial turbine housing in the
      region surrounding a split diaphragm;
PAR  FIG. 2 is an enlarged view, partly in section, showing the outer edges of
      the diaphragm upper portion in relationship to the turbine housing in
      secured position therein with the locking device locked;
PAR  FIG. 3 is a top view, partly in section, of the diaphragm upper portion
      taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 2 showing the outer edge of the diaphragm
      upper portion in relationship to the turbine housing with the locking
      device in unlocked position permitting insertion and removal of the
      diaphragm during assembly and disassembly of the turbine;
PAR  FIG. 5 is a top view of an embodiment of the locking device according to
      this invention; and
PAR  FIG. 6 is a sectional view through the locking device showing the recess
      therein for receiving a securing pin.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is schematically shown a section through that
      portion of an axial turbine housing 1 which surrounds a diaphragm
      consisting of an upper diaphragm portion or half 4 and a lower diaphragm
      portion or half 9. The diaphragm may be of the type normally utilized as a
      support for guide vanes, not shown, or may also be formed as an entire
      blank diaphragm which functions to separate two turbine parts from one
      another. The diaphragm has an opening in the center for a turbine shaft
      12. A space or gap 13 exists between the diaphragm, made up of halves 4
      and 9, and the turbine housing 1 to permit thermal movement between the
      parts.
PAR  As seen in FIG. 1, the lower diaphragm half 9 rests freely on the pins or
      supports 11 which may be adjustable so that the vertical position of the
      horizontal partition line splitting the diaphragm may be adjustably fixed
      in relation to the turbine shaft as required. Thus, a degree of horizontal
      movement is permitted through use of the adjustable supports 11. The
      diaphragm upper half 4 is retained within the upper half of the turbine
      housing 1 by means of the pins 2 projecting from the housing and engaging
      recesses in the diaphragm portion.
PAR  FIGS. 2 and 4 show an enlarged view of the lower outer corners of the
      diaphragm upper half 4, in partial section, revealing the support pins 2
      and the corresponding recesses in the diaphragm. The support pin at the
      left, looking at FIG. 2, extends into a recess which is a simple bore hole
      of slightly larger dimensions than the pin 2. The recess at the right is
      formed as a slot, illustrated at 8, at the lower circumferential edge of
      the diaphragm upper half. This slot 8 allows the pin 2 at the right edge,
      and the diaphragm upper half, to pass freely relative to one another.
      Thus, when the diaphragm upper half 4 is inserted in the upper portion of
      the turbine housing and moved relative to the right side of the housing,
      the pin 2 projects into the slot 8 and passes freely from the top of the
      slot to the bottom of the slot. The slot 8 can be seen in a top view in
      FIG. 3 which also shows the diaphragm provided with a flange guided in a
      slot 3 in the turbine housing.
PAR  Once the pin 2 on the right side of the housing is in place, the slot 8 is
      blocked by pivotal movement of the eccentric wedge 5 positioned in the
      slot of the diaphragm upper half. Referring to FIGS. 3 and 5, it can be
      seen that the eccentric wedge 5 provided in the diaphragm slot 8 is a
      rotatable cylinder having a stepped recess 15 shown in FIG. 6. When in
      position for insertion of the diaphragm in the housing, the recess 15
      forms a continuation of the slot so that the pin 2 may pass. When rotated
      or pivoted, the wedge 5 blocks the slot 8 and prevents movement of the
      diaphragm relative to the pin 2 to remove the diaphragm portion.
PAR  The diaphragm upper half 4 is inserted in the housing by first inclining it
      to the horizontal a slight degree so that the left pin 2 is fitted into
      the corresponding bore hole in the left corner of the diaphragm. Following
      this, the right corner of the diaphragm is put into proper position, as
      shown in FIG. 4, since the slot 8 carries the right pin 2. As seen in FIG.
      4, the eccentric cylinder wedge 5 is in its open position permitting
      insertion of the upper diaphragm half 4. Once the diaphragm portion is in
      position, the wedge 5 is rotated 90.degree., by means of the squareshaped
      pin 14 at its end, as seen in FIGS. 3 and 5, to block the slot as shown in
      FIG. 2. The wedge 5 now rests on the right pin 2 so that the diaphragm
      upper half 4 is secured in the upper housing of the turbine. Also seen, in
      FIG. 2, is a screw 6 which may be screwed in from below the wedge as a set
      screw so that the wedge is locked. Advantageously, the recess for the set
      screw 6 communicates with the surface of the diaphragm portion at the
      dividing plane of the diaphragm.
PAR  The details of construction of the wedge 5 are most clearly seen in FIGS. 5
      and 6. The wedge 5 is designed as a cylinder with the square shaped pin 14
      at one end. A recess 15 extends approximately half way through the
      cylinder body. Advantageously, the recess may be stepped so that it is
      deeper where the screw 6 is inserted. The stepped surface, formed as shown
      at 7 in FIG. 6, a section taken through the recess 15, results in the
      screw 6 and the wedge 5 being mutually locked. A similarly advantageous
      locking and securing of the diaphragm in place can be obtained by making
      the cylinder 5 longer, if the thickness of the diaphragm permits, and
      displacing the set screw 6, and its recess, in relation to the slot 8 and
      the recess for the pin 2. In this manner two different recesses,
      approximately perpendicular to one another, are obtained with the recess
      for the screw 6 being provided in the shape of a sector of the cylinder
      while the recess for the pin 2 is in the form of a segment through the
      cylinder. A further alternative is to provide the screw 6 with a large
      diameter in relation to the wedge 5 and positioning the screw such that it
      overlaps the center line of wedge 5. Thus, a double-sided locking can be
      obtained. It will be understood by those skilled in this art that slot
      recess means may be advantageously provided on both edges of the diaphragm
      and that the securing and locking means described are applicable to
      turbine components other than diaphragms having the same insertion and
      removal characteristics. While generally not required, the locking means
      may be utilized with the lower diaphragm portion provided suitable
      adaptations are made.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an axial turbine having a split housing including an upper and a
      lower portion, a rotor having turbine wheels and diaphragms between the
      turbine wheels, the diaphragms being divided into two portions, each
      portion being secured in respective upper and lower turbine housing
      portions, the improvement comprising means for conveniently removably
      securing the diaphragm upper portion in the housing upper portion
      comprising securing pin means positioned within the housing on each side
      thereof, recess means located on opposite sides of the periphery of the
      diaphragm upper portion, at least one of the recess means extending in the
      form of a slot means for permitting the corresponding securing pin means
      to pass freely therein when inserting and removing the diaphragm upper
      portion in the housing and locking pivot means permanently positioned in
      the diaphragm upper portion slot for pivotal movement from a position in
      which the slot is open and the securing pin passes freely therein to a
      position in which the pivot means blocks the slot preventing movement of
      the pin therein for locking the diaphragm relative to the securing pin
      means by preventing the pin means movement in the slot means and thereby
      securing the diaphragm in the housing upper portion.
NUM  2.
PAR  2. The improvement as claimed in claim 1 where the pivot means is an
      eccentric wedge.
NUM  3.
PAR  3. The improvement as claimed in claim 1 wherein the locking means further
      includes a set screw, the set screw being positioned in a recess within
      the diaphragm upper portion communicating with the diaphragm surface at
      its dividing plane and with the pivot means so that the set screw may be
      tightened to contact the pivot means and lock it in position.
NUM  4.
PAR  4. The improvement as claimed in claim 3 wherein the pivot means comprises
      a cylindrical means having a recess cooperating with the slot to permit
      passage of the securing pin means and a recess for receiving the set
      screw.
NUM  5.
PAR  5. The improvement as claimed in claim 4 wherein the set screw recess
      communicates with the recess for the securing pin means.
NUM  6.
PAR  6. The improvement as claimed in claim 4 wherein the set screw recess is
      displaced relative to the recess for the securing pin means.
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ABST
PAL  This invention relates to hollow hub marine propellers provided with an
      external groove girdling the hub disposed between the propeller blades and
      the rear hub opening. The walls of the groove or annular cavity do not
      extend outwardly of the hub and thereby offer minimal water resistance.
      The groove serves to minimize forward migration of exhaust gas issuing
      from the rear end of the hub, thus to minimize blade cavitation.
BSUM
PAR  This invention relates to an anticavation device for marine propellers
      having a hub with a hollow interior passage terminating at a rearwardly
      located discharge opening for passage of exhaust gases into the water and
      with a plurality of blades extending forwardly of this opening.
PAR  It is known before that, for instance, outboard motors or drive legs of
      inboard-outboard drive units, have the exhaust gas discharge through a
      passage in the propeller hub, as this method provides for an improved and
      safer silencing of the exhaust gas noises as well as for an improved
      propeller efficiency. To achieve the latter object it is also possible to
      force a flow of air instead of the exhaust gases through the propeller
      hub.
PAR  There are, however, also disadvantages associated with this method of
      discharging the exhaust gases through the propeller hub. During operation
      through the water, under certain circumstances, especially when turning
      the outboard motor for swinging the boat, when running the boat against
      heavy waves and when forcing the boat from displacement to planing
      position, there is developed an exhaust gas migration forwardly along the
      hub to the front face of the propeller blades, thereby causing conditions
      of cavitation.
PAR  Various constructions have been devised in efforts to thwart the
      undesirable action and reference may be had to the disclosures of U.S.
      Pat. Nos. 2,948,252; 3,092,185; 3,102,506; 3,246,698; 3,356,151;
      3,467,051; 3,554,665; 3,587,510; 3,589,833; and 3,765,370. Each of these
      patents discloses means for passing air or exhaust gas outwardly from a
      propeller hub, and some of the arrangements are more or less effective to
      reduce cavitation. Those arrangements which seem more effective in this
      respect tend to have other undesirable effects, particularly reduced
      efficiency. Typically, there is a loss of efficiency caused by various
      projecting members or portions used in the constructions which are
      intended to have an anticavitation effect, and these projecting members or
      portions of course constitute a resistance against the water when
      propelling the boat. Among other patents showing propeller hub exhausts
      are U.S. Pat. No. 2,213,612 -- Ronning; U.S. Pat. No. 3,279,415 --
      Kiekhaefer; U.S. Pat. No. 3,431,882 -- Irgens; U.S. Pat. No. 3,587,510 --
      Shimanckas and U.S. Pat. No. 3,765,370 -- Shimanckas.
PAR  A smooth hub gives optimum possibilities to have high efficiency of the
      propulsion unit, but this efficiency has hitherto been reduced when the
      cavitation problem has not been taken into consideration.
PAR  The object of the present invention is to solve this problem, so that an
      anticavitation device is provided, which device minimizes any speed or
      efficiency reducing properties and is comparable with a smooth propeller
      hub as to drag while also reducing cavitation.
PAR  According to the invention there is made on the outside of the propeller
      hub, or of an attachment secured to the rear end of the hub, one or more
      axially spaced annular grooves or one or more axially spaced series of
      annularly disposed recesses, these grooves or recesses being located
      between the propeller blades and the exhaust gas discharge opening.
PAR  The novel features which are believed to be characteristic of this
      invention are set forth with particularlity in the appended claims. The
      invention itself, however, both as to its organization and method of
      operation, together with further objects and advantages thereof, may best
      be understood by reference to the following description taken in
      connection with the accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a sectional side view of a preferred embodiment of the invention;
PAR  FIG. 2 is a side view of a second embodiment of the invention; and
PAR  FIGS. 3, 4 and 5 are sectional side views, on an enlarged scale, of other
      embodiments of the invention.
DETD
PAR  In the drawings 1 designates a propeller hub having blades 2 and a passage
      3 for the exhaust gases from the engine, this passage terminating at a
      rearwardly located discharge opening 4. Between the opening 4 and the
      propeller blades 2 there is made on the outside of the hub 1 an annular
      groove or cavity 5 girdling the hub and having a rectangular section,
      forming a front wall 6, a rear wall 7 and a bottom 8. Within the scope of
      the invention the groove can be made in other sectional forms. Thus the
      bottom 8 of the groove may be concave or of V shape, or it may be
      frusto-conical about the hub axis, providing maximum depth of the groove
      at or adjacent the rear wall 7. According to the invention, the outer hub
      surface is smooth and fair aft of the blades and a groove is provided in
      the hub below this surface and opening outwardly through this fair
      surface. The groove, according to the invention, should have a rear wall 7
      which extends substantially radially outwardly, that is, at an angle of
      90.degree. with respect to the longitudinal axis of the hub, or which
      extends outwardly and forwardly, that is, at an angle with respect to the
      hub axis of less than 90.degree. measured in a forward direction, but
      which does not extend outwardly and rearwardly. The effectiveness of the
      groove depends upon a rear wall which restricts the flow of water
      rearwardly from the groove, and a groove having sufficient depth and width
      to receive at least a small but significant volume of water. The forward
      wall is shown as extending radially outwardly, in a plane normal to the
      hub axis, but this wall may be inclined forwardly or rearwardly as
      desired. If the bottom wall extends from the bottom of the rear wall
      forwardly and outwardly, the front wall may disappear with such inclined
      bottom wall meeting the outer surface of the hub forwardly of the top of
      the rear wall forming a groove of V shape with the apex of the "V" at the
      bottom of the rear wall. The rear wall then serves its purpose to restrict
      the escape of water from the groove or recess which is defined in front of
      the rear wall. The groove or cavity 5 thus opens outwardly through the
      smooth and fair hub outer surface.
PAR  It is also possible to have a plurality of such grooves axially spaced
      between the discharge opening 4 and the propeller blades 2 or to have, as
      is shown in FIG. 2, a single groove helically formed having a bottom 9 and
      extending to a plurality of turns. The turns may be continued forwardly,
      if desired, up to the base of the propeller blades. The groove or grooves
      can also be replaced by one or a series of axially spaced annularly
      extending recesses.
PAR  In FIG. 3 the device is modified such that the rear wall 7 of the groove 5
      is provided with a projection in the form of a lip 10 directed towards its
      front wall 6 and dimensioned shorter than the width of the groove 5.
      Preferably the outer edge of this projection is tapered. The rear wall 7
      may be provided with a plurality of passages 11, terminating at the rear
      wall of the hub 1. Passages 11 typically constitute cylindrical bores
      extending parallel to or at a small angle to the hub axis. In effect, the
      projection 10 causes the rear wall to extend outwardly and forwardly. The
      passages 11 permit escape of water from the groove and tend to reduce the
      amount of water thrown from the groove into the volume of low pressure, as
      hereinafter explained, yet serve to supply a water shield around the
      exhaust gases expelled from the hollow hub interior.
PAR  In FIG. 4 the rear wall 7 and the projection 10 have been made of a
      resilient material having such elasticity properties that it yields
      slightly under the forces of the flowing water. Alternatively either the
      wall 7 or the projection 10 can be made of such resilient material.
PAR  In FIG. 5 is shown a further embodiment of the device generally according
      to FIG. 1. In this further embodiment the bottom 8 of the groove 5 is
      connected to the passage 3 through radially extending holes 12.
PAR  The holes 12 are not usually to be desired but under some conditions may
      serve to assist in the release of water from the groove into the volume of
      reduced pressure. Insofar as holes 12 may permit escape of exhaust gas
      from the hub interior into such volume, such holes would, however, tend to
      defeat the purposes of the invention.
PAR  The consecutively or intermittently arranged annular recesses can be placed
      on the outside of the hub 1 or on the outside of an attachment connected
      to the rear end of the hub or on both the hub and its attachment. Such
      attachment may, for instance, be a hollow nut.
PAR  The various devices described above can be combined with transversal
      grooves made on the base of the propeller blades. It is also possible
      within the scope of the present invention to combine any detail, described
      in connection with the embodiment according to one figure, with other
      details in the embodiments according to other figures.
PAR  The operation of the grooves or recesses is such that the water, when
      steering the boat by means of the outboard motor or outboard leg, when
      propelling the boat against heavy waves and when forcing the boat from
      displacement to planing position, is given a certain angle of incidence
      towards the propeller hub 1 and by the inventive device is forced to flow
      in a transverse direction, which flow will constitute an effective barrier
      to the exhaust gases, so that their migration forwardly along the hub to
      the front faces of the propeller blades is prevented or reduced. By
      forming the groove below the normal outer surface of the hub 1, which also
      applies to the projection 10, harmful effects on the propulsion speed are
      minimized.
PAR  When, during steering or as a result of wave action or otherwise, water
      flows with respect to the hub and propeller in the direction indicated by
      arrow 13 (the angle being exaggerated) rather than parallel to the
      propeller axis, the space generally indicated at 14 which space is
      partially shielded by the hub, contains water under reduced pressure, and
      there is a tendency for exhaust gases issuing from the hub opening 4 to
      migrate forwardly generally along the hub surface into this space or
      volume of water and to find its way to the front faces of the propeller
      blades.
PAR  According to the invention, water enters the groove generally in the
      direction of arrow 13 on the higher water pressure side of the hub, that
      is, at the portion of the hub toward which water is angling, be it the
      top, bottom, right or left side of the hub, and leaves or is thrown from
      the groove into the space on the opposite side of the hub then occupied by
      water under reduced or lower pressure. The water so issuing from the
      groove presents a barrier to the forward migration of the exhaust gases.
PAR  The hub outer surface may be cylindrical, as shown, although it may depart
      slightly from this shape. The hub, as is well known, should present a
      smooth surface extending in the direction of normal water flow past or
      along the hub when the boat is being propelled straight ahead at high
      speed thereby to minimize drag. Whether hub should be of slightly reducing
      or slightly increasing diameter rearwardly of the propeller blades is a
      compromise between drag and exhaust back pressure.
PAR  While the invention has been described with respect to certain specific
      embodiments, it will be appreciated that many modifications and changes
      may be made by those skilled in the art without departing from the spirit
      of the invention. It is intended, therefore, by the appended claims to
      cover all such modifications and changes as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed as new and what it is desired to secure by Letters Patent
      of the U.S. is:
NUM  1.
PAR  1. A marine propeller having a hub with a hollow interior passage
      terminating at a rearwardly located discharge opening for passage of
      exhaust gases into the water and with a plurality of propeller blades
      extending outwardly from said hub spacedly forwardly of said opening, said
      hub rearwardly of said blades having a smooth outer surface extending in
      the direction of normal water flow during straight ahead high speed
      propulsion, said propeller being characterized by a hub-girdling groove
      disposed spacedly between said blades and said rearward opening, said
      groove opening outwardly through said hub surface and defined by a rear
      groove wall, said groove having a bottom located inwardly of said surface
      and said rear wall extending outwardly from the bottom of said groove
      toward said surface at an angle with respect to the hub axis not greater
      than 90.degree. as measured in a forward direction.
NUM  2.
PAR  2. A marine propeller in accord with claim 1 wherein more than one such
      groove is located along the portion of said hub surface between said
      blades and said rearward opening.
NUM  3.
PAR  3. A marine propeller in accord with claim 1 wherein said groove rear wall
      extends circularly around said hub.
NUM  4.
PAR  4. A marine propeller in accord with claim 1 wherein said groove defines a
      helix of at least one full turn around and along said hub.
NUM  5.
PAR  5. A marine propeller in accord with claim 1 wherein said groove is
      rectangular in cross section.
NUM  6.
PAR  6. A marine propeller in accord with claim 3 wherein said groove is
      rectangular in cross section.
NUM  7.
PAR  7. A marine propeller in accord with claim 4 wherein said groove is
      rectangular in cross section.
NUM  8.
PAR  8. A marine propeller in accord with claim 1 wherein the upper end portion
      of said rear wall is in the form of a forwardly extending annular lip
      partially closing the entrance into said groove.
NUM  9.
PAR  9. A marine propeller in accord with claim 8 wherein said lip tapers in
      cross section forwardly from said rear wall.
NUM  10.
PAR  10. A marine propeller in accord with claim 8 wherein said lip is
      resilient.
NUM  11.
PAR  11. A marine propeller in accord with claim 8 wherein said groove is
      defined by a front wall lying in a plane normal to the hub axis.
NUM  12.
PAR  12. A marine propeller in accord with claim 1 wherein said wall is of
      resilient material.
NUM  13.
PAR  13. A marine propeller in accord with claim 1 wherein the width of the
      opening through said surface into said groove is less than the maximum
      width of said groove inwardly of said surface.
NUM  14.
PAR  14. A steerable marine propeller having a hub with a hollow interior
      passage terminating at a rearwardly located discharge opening for passage
      of exhaust gases into the water and with a plurality of propeller blades
      extending outwardly from said hub spacedly forwardly of said opening, said
      hub rearwardly of said blades having a fair outer surface extending in the
      direction of normal water flow during straight ahead high speed
      propulsion, said propeller being characterized by means defining an
      annular cavity girdling said hub having a bottom disposed inwardly of said
      surface and opening outwardly through said outer surface of said hub, said
      means including rear wall extending outwardly from said bottom, said
      cavity being operative to receive water thereinto through said opening at
      one side of the hub when the hub is subjected to water flow toward such
      side, such as during steering, and to release water so received from the
      cavity on the opposite side of the hub.
NUM  15.
PAR  15. A marine propeller in accord with claim 14 wherein said cavity has a
      closed bottom and a rearward end wall and is in part defined inwardly of
      an annular lip extending forwardly from said rearward end wall, said lip
      having an outer surface substantially fair and flush with said outer
      surface of said hub, said lip terminating forwardly in an edge defining
      the rearward side of such opening.
NUM  16.
PAR  16. A marine propeller in accord with claim 14 wherein said cavity has a
      closed bottom and a rearward end wall and is in part defined inwardly of
      an annular resilient lip extending forwardly from said rearward end wall,
      said lip having an outer surface when at rest substantially fair and flush
      with said outer surface of said hub, said lip being yieldable from its at
      rest shape under the forces of flowing water and terminating forwardly in
      an edge defining the rearward side of such opening.
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ABST
PAL  A centrifugal pump assembly especially adapted for use in conjunction with
      ink reservoirs of printing press apparatuses. There is provided a
      centrifugal pump assembly comprising motor mounting means for mounting the
      motor with respect to the cover member of an ink reservoir. The shaft of
      the motor extends downwardly into the reservoir and has secured thereto a
      coupling sleeve. The coupling sleeve includes means for securing the same
      to the motor shaft and means for releasably engaging the impeller shaft of
      the pump assembly. The impeller shaft is provided with a positive drive
      pin adapted to fit into a slot formed in the coupling sleeve to thereby
      properly align said impeller shaft with respect to the impeller housing
      and to insure proper positive connection of the impeller shaft with
      respect to the motor shaft for corresponding rotational movement
      therewith. The releasable engagement of the impeller shaft with respect to
      the motor shaft permits disengagement of the motor from the centrifugal
      pump assembly prior to washing and cleansing operations of the impeller
      assembly and ink reservoir.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to a new and novel centrifugal pump assembly
      and, more particularly, to a centrifugal pump assembly for use in
      conjunction with ink reservoirs employed in printing presses.
PAR  Prior art centrifugal pump assemblies employed in conjunction with printing
      operations have presented serious problems when the cleaning of the ink
      reservoir and impeller assemblies have been required. In this regard,
      these prior art pump assemblies incorporated electrical motors which were
      fixedly secured to the impeller assembly and to the reservoir cover plate.
      Thus, when the impeller assembly and reservoir cover were to be cleansed,
      to remove ink accumulations or change the color of ink employed, care had
      to be taken not to have the cleansing solution contaminate the motor.
      Since the workmen employed to complete these tasks were not usually
      careful, many motors were burned out necessitating complete disassembly of
      the centrifugal pump assembly and replacement of the motor. The frequency
      of motor replacement was very high and extremely costly from both a
      material and labor point of view.
PAR  Accordingly, it is the primary object of the present invention to provide a
      new and novel centrifugal pump assembly which is specifically intended for
      use in conjunction with ink reservoirs of printing presses.
PAR  It is another object of the present invention to provide a centrifugal pump
      assembly of the foregoing type employing releasable engaging means between
      the motor shaft and impeller shaft of the pump assembly.
PAR  It is still another object of the present invention to provide a
      centrifugal pump assembly of the foregoing type having means for enabling
      the motor of the pump assembly to be quickly and detachably secured to the
      reservoir cover plate.
PAR  It is still a further object of the present invention to provide a pump
      assembly of the foregoing type including releasably engageable coupling
      means between the motor shaft and impeller shaft of the pump assembly.
PAR  It is yet another object of the present invention to provide a centrifugal
      pump assembly as aforesaid including positive drive and alignment means
      between the coupling means and the impeller shaft to insure proper
      alignment of the impeller shaft in the impeller housing and proper
      rotational movement of the impeller shaft in correspondence with the motor
      shaft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more apparent from the detailed description
      hereinafter when considered in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of the new centrifugal pump assembly for use
      in conjunction with an ink reservoir;
PAR  FIG. 2 is a partial sectional view of the centrifugal pump assembly of FIG.
      1 with the component members thereof in their disassembled state;
PAR  FIG. 3 is an expanded cross-sectional view of the centrifugal pump assembly
      depicted in FIG. 1;
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 3; and
PAR  FIG. 6 is a sectional view taken on the line 6--6 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is illustrated a perspective view of the
      centrifugal pump assembly in conjunction with the ink reservoir of a
      printing press, and which is constructed in accordance with the principles
      of the present invention. The pump assembly is generally denoted by the
      reference numeral 10 and includes the electrical motor 12 and the impeller
      assembly 14. The ink reservoir or vat 16 includes a cover member or plate
      18. The impeller assembly 14 comprises the upper impeller housing portion
      20, impeller shaft 22 and the impeller 24. The assembly 10 also includes a
      motor mounting hub 26. The hub 26 is positionally secured with respect to
      the cover plate 18 and to the upper housing portion 20, and more
      particularly, to the flange portion 28 of the upper impeller housing
      portion, by means of bolts 30 which pass through the upper flange portion
      28, the cover plate 18 and the hub 26.
PAR  The motor 12 has an end wall 32, of substantially circular configuration,
      which is seated within a circular recess 34 formed in the hub 26. The
      motor also includes a pair of grooved locating studs 36 which are
      positionally disposed within bores 38 formed in the hub. In this regard,
      it is to be noted that the thickness of hub 26, and thus of bores 38, is
      substantially equal to the right of the external portion of the studs 36,
      wherefore the bottom end 40 of motor 12 is disposed in abutting engagement
      with the top 42 of hub 26. The motor 12 is secured in releasable
      engagement to the hub 26 by means of threaded knurled bolts 44 which
      extend through threaded lateral bores 46 in the hub 26. The rounded distal
      ends 48 of the bolts 44 are positionable in seated engagement in the
      peripheral grooves 50 of the motor locating studs 36 and, when in this
      position, secures the motor with respect to the hub.
PAR  The motor 12 includes a centrally disposed rotatable shaft 52 to which is
      secured a coupling sleeve 54 by means of a recessed set screw 56. It is to
      be noted that the shaft 52 is provided with a flat 58 slightly spaced from
      the inner bore 60 of the coupling sleeve 54 to enable secured engagement
      of the sleeve with respect to said shaft. The lower portion of sleeve 54
      is provided with a recessed flat 62 to which a leaf spring 64 is secured
      by means of screws 66 and 68. A laterally protruding locator pin 70 is
      secured to the upper or free end of the leaf spring 64 by means of a
      riveted head 72. The pin 70 extends through a countersunk hole 74 formed
      in said sleeve and projects into the sleeve.
PAR  The upper end of the impeller shaft 22 is disposed within bore 60 in the
      sleeve 54 and the head 76 of shaft 22 is rounded to facilitate the
      insertion of the head into bore 60, as will be explained more fully
      hereinafter. When the head 76 is positioned within bore 60, proper
      vertical alignment of impeller shaft 22 and, more particularly, impeller
      24 is obtained by engagement of the locator pin 70 within the V-shaped
      peripheral groove 77 formed in the upper end portion of shaft 22, adjacent
      head 76. Centrally disposed within shaft 22 and laterally extending
      therethrough is a drive pin 78 adapted to be engaged by the laterally
      extending slot 80 formed in sleeve 54 by means of diametrically opposed
      notches 82 provided in the lower end of sleeve 54. Seating engagement of
      the drive pin 78 in the slot 80 causes concomitant rotational movement of
      impeller shaft 22 with coupling sleeve 54, as will also be explained in
      more detail hereinafter. It is herein to be noted that the positioning of
      locator pin 70 within groove 77 cannot occur until drive pin 78 is engaged
      in slot 80.
PAR  The impeller shaft 22 is provided with a reduced lower portion 84 having a
      recessed flat 86. The impeller 24 is secured to impeller shaft portion 84
      by a set screw 88 which abuttingly engages the flat 86. The lower portion
      of the impeller 24 is disposed within the impeller lower housing portion
      90. The housing portion 90 is provided with an underside cover 92 secured
      thereto by means of bolts 94 and has a central inlet aperture 96.
PAR  In the operation of the centrifugal pump assembly 10, starting of the motor
      12 causes rotational movement of motor shaft 52 and the coupling sleeve
      54. By virtue of the positive engagement of drive pin 78 in slot 80, there
      is corresponding rotational movement of the impeller shaft 22 and thus of
      the impeller 24. Rotational movement of impeller 24, in turn, causes the
      inward flow of ink, generally denoted 98, through the inlet aperture 96
      and inlet apertures 100 and 102 formed in impeller upper housing portion
      20. The ink 98 is then pumped by centrifugal force upwardly through outlet
      tube 104 into a T coupling 106 provided with a bypass valve (not shown)
      which supplies the major portion of ink flowing in outlet tube 104 to a
      flexible tube 108 connected to the ink fountain (not shown) of the
      printing press. The valve also provides for a small amount of ink flow
      from tube 104 to the reservoir inlet tube 110. The flow of ink from tube
      104 through T coupling 106 and tube 110 serves to produce a circulatory
      flow which keeps the ink 98 in reservoir 16 sufficiently mixed to prevent
      any residue or pigmentation settling from occuring therewithin. THe inlet
      tube 110 is also connected via coupling 112 to the fountain return tube
      114 from whence the ink overflow from the fountain is returned to the
      reservoir 16.
PAR  As best seen in FIG. 2, the cover plate 18 is provided with a peep inlet
      hole 116 having pivotal cover 118. The peep hole 116 permits for visual
      inspection of the ink 98 and the provision of an additional amount of ink
      to the reservoir 16 without necessitating the cessation of operation of
      the centrifugal pump assembly; however, if desired the pump may be stopped
      and the entire cover member 18 may be lifted to provide an additional
      supply of ink to the reservoir.
PAR  When the pump assembly 10 has to be cleansed or repaired, the motor 12 is
      stopped and disconnected by removing the line cord 120 from the power
      receptacle. Thereafter the pump is disassembled by unscrewing knurled
      bolts 44 until the distal ends 48 thereof have become disengaged from the
      grooves 50. The motor 12 is then capable of being released from its
      engagement with hub 26 by merely lifting the same upwardly. This upward
      movement of motor 12 causes the coupling sleeve 54 secured to motor shaft
      12 to become disengaged from impeller shaft 22 by causing the impeller
      shaft portion adjacent the V-shaped groove 77 to urge the locator pin
      outwardly of the hole 74 by deflection of the leaf spring 64. This also
      causes disengagement of the drive pin 78 from within the slot 80. After
      the sleeve 54 has been removed from the impeller shaft 22, the impeller 24
      becomes misaligned with respect to the assembly 20 and abuts the lower
      housing portion 90, wherefore care must be taken to properly align the
      impeller 24 before restarting the pump assembly 10. Of course, separation
      of the coupling sleeve 54 from the impeller shaft 22 permits withdrawal of
      the sleeve from the circular recess 34, thereby separating the motor from
      the remainder of the pump assembly 10 and reservoir 16. The remainder of
      the pump assembly which includes the impeller assembly and reservoir may
      then be completely immersed in any type of solvent or cleansing solution
      without any danger of impairment or deleterious effect upon the motor 12.
PAR  After the impeller assembly 14 and reservoir 16 have been cleaned the pump
      assembly 10 is readily reassembled by insertion of the coupling sleeve 54
      into upper impeller housing portion 20, In this regard, the person
      reassembling the pump need merely place the impeller hub upon a flat
      surface and then slowly rotate the motor a maximum of 180.degree. until
      the slot aligns itself with the drive pin 78. Thereafter, the motor is
      permitted to descend a slight distance further until the groove 77 is
      disposed adjacent hole 74 and the locator pin 70. When this occurs, pin 70
      seats itself within groove 77 and urges the impeller shaft 22 into proper
      vertical alignment which also causes proper alignment of impeller 24
      within the lower housing portion 90. Thus, the cover plate 18 may
      thereafter be placed upon vat 16 and the pump assembly 10 is again ready
      for operation.
PAR  It is thus seen that we have provided a new and novel split shaft
      centrifugal pump arrangement wherein the motor is simply and readily
      releasably engageable with the impeller assembly, so as to effect quick
      engagement and disengagement of the motor and wherein, the motor shaft and
      impeller shaft are releasably engageable by positive drive connection
      means which also provides proper alignment of the pump components at the
      time of engagement.
PAR  While we have shown the preferred embodiment of our invention, it will be
      readily apparent to those skilled in the art that there are many
      modifications, changes and improvements which may be made therein without
      departing from the spirit and scope of the invention as hereinabove
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A centrifugal pump apparatus comprising
PA1  a motor assembly, and
PA1  an impeller assembly,
PA1  said motor assembly including a shaft mounted for rotational movement,
PA1  said impeller assembly comprising,
PA2  a housing having an upper portion
PA1   and a lower portion,
PA2  a shaft, and
PA2  an impeller,
PA1  coupling means disposed within said upper housing portion for releasably
      securing said motor shaft to said impeller shaft and for providing
      concomitant rotational movement of said impeller shaft with said motor
      shaft,
PA1  means for securing said impeller to said impeller shaft,
PA1  said motor shaft extending into said upper housing portion, and
PA1  said coupling means including alignment means for longitudinally and
      laterally aligning said impeller within said lower housing portion and for
      positioning said motor shaft and said impeller shaft in coaxial alignment,
PA1  said coupling means including a sleeve fixedly secured to said motor shaft
      and a drive member connected to said impeller shaft,
PA1  said sleeve including a drive engaging member therein, and
PA1  said drive engaging member engaging said drive member to provide said
      concomitant rotational movement.
NUM  2.
PAR  2. A centrifugal pump apparatus in accordance with claim 1, wherein
PA1  said drive member comprises a driving pin extending laterally through said
      impeller shaft,
PA1  said drive engaging member comprising a pair of diametrically opposed
      notches formed in the bottom end of said sleeve and defining a laterally
      extending slot, and
PA1  said driving member being engageable within said slot.
NUM  3.
PAR  3. A centrifugal pump apparatus in accordance with claim 2, wherein
PA1  said coupling means comprises
PA2  a groove formed in said impeller shaft, and
PA2  a locator pin laterally movable inwardly and outwardly of said sleeve,
PA1  said locator pin being operative to become seated within said groove, and
PA1  said seated engagement of said locator pin within said groove serving to
      releasably secure said sleeve with respect to said impeller shaft and
      positioning said impeller shaft in coaxial alignment with said motor
      shaft.
NUM  4.
PAR  4. A centrifugal pump apparatus in accordance with claim 3, wherein
PA1  said sleeve includes an aperture formed therein,
PA1  a spring member secured to the outer surface of said sleeve,
PA1  means for securing said locator pin to the free end of said spring member
      to permit lateral inward and outward movement of said locator pin through
      said aperture, and
PA1  said pin being laterally movable in dependence upon the vertical movement
      of said impeller shaft.
NUM  5.
PAR  5. A centrifugal pump apparatus in accordance with claim 4, wherein
PA1  the upper end of said impeller shaft is rounded to facilitate the initial
      engagement of said sleeve and said impeller shaft.
NUM  6.
PAR  6. A centrifugal pump apparatus in accordance with claim 4, wherein
PA1  said groove formed in said impeller shaft is of V-shaped configuration and
      extends laterally about the peripheral surface of said impeller shaft.
NUM  7.
PAR  7. A centrifugal pump apparatus in accordance with claim 4, wherein
PA1  said aperture formed in said sleeve is a countersunk hole, thereby
      permitting pivotal movement of said locator pin through said aperture.
NUM  8.
PAR  8. A centrifugal pump apparatus in accordance with claim 1, wherein
PA1  said coupling means includes
PA2  a groove formed in said impeller shaft, and
PA2  a locator pin laterally movable inwardly and outwardly of said sleeve,
PA1  said locator pin being operative to become seated within said groove, and
PA1  said seated engagement of said locator pin within said groove serving to
      releasably secure said sleeve with respect to said impeller shaft and
      positioning said impeller shaft in coaxial alignment with said motor
      shaft.
NUM  9.
PAR  9. A centrifugal pump apparatus in accordance with claim 8, wherein
PA1  said sleeve includes an aperture formed therein,
PA1  a spring member secured to the outer surface of said sleeve,
PA1  means for securing said locator pin to the free end of said spring member
      to permit lateral inward and outward movement of said locator pin through
      said aperture, and
PA1  said pin being laterally movable in dependence upon the vertical movement
      of said impeller shaft.
NUM  10.
PAR  10. A centrifugal pump apparatus in accordance with claim 9, wherein
PA1  the upper end of said impeller shaft is rounded to facilitate the initial
      engagement of said sleeve and said impeller shaft.
NUM  11.
PAR  11. A centrifugal pump apparatus in accordance with claim 9, wherein
PA1  said groove formed in said impeller shaft is of V-shaped configuration and
      extends laterally about the peripheral surface of said impeller shaft.
NUM  12.
PAR  12. A centrifugal pump apparatus in accordance with claim 9, wherein
PA1  said aperture formed in said sleeve is a countersunk hole, thereby
      permitting pivotal movement of said locator pin through said aperture.
NUM  13.
PAR  13. In combination with an ink reservoir having a cover plate, a
      centrifugal pump apparatus comprising
PA1  a motor assembly, and
PA1  an impeller assembly,
PA1  a motor mounting member secured to said cover plate,
PA1  said motor mounting member having a substantially centrally disposed
      aperture formed therein,
PA1  said motor assembly including a shaft mounted for rotational movement
      extending outwardly from the end wall thereof,
PA1  said motor assembly being disposed in juxtaposed relationship with respect
      to said motor mounting assembly and said motor shaft extending through
      said aperture,
PA1  said impeller assembly comprising
PA2  a housing having an upper portion and a lower portion,
PA2  a shaft, and
PA2  an impeller,
PA1  coupling means disposed within said upper housing portion for releasably
      securing said motor shaft to said impeller shaft and for providing
      concomitant rotational movement of said impeller shaft with said motor
      shaft,
PA1  means for securing said impeller to said impeller shaft,
PA1  said motor shaft extending into said upper housing portion,
PA1  said coupling means including alignment means for longitudinally and
      laterally aligning said impeller with said lower housing portion and for
      positioning said motor shaft and said impeller shaft in coaxial alignment,
PA1  means for securing said upper portion of the impeller housing to said cover
      plate, and
PA1  means for detachably securing said motor assembly to said motor mounting
      member.
NUM  14.
PAR  14. A combination in accordance with claim 13, wherein said means for
      detachably securing said motor assembly to said motor mounting member
      comprises
PA1  a plurality of studs secured to said motor assembly,
PA1  a plurality of substantially vertical bores formed in said mounting member,
PA1  a plurality of substantially lateral bores formed in said mounting member,
PA1  said lateral and vertical bores being disposed in perpendicularly
      intersecting axial alignment,
PA1  said studs being positionable within said vertical bores, and
PA1  means insertable into said lateral bores being operative to positionally
      secure said motor with respect to said motor mounting member.
NUM  15.
PAR  15. A combination in accordance with claim 14, wherein
PA1  said lateral bores are threaded and said insertable means comprises
      threaded bolts having rounded distal ends,
PA1  said studs being provided with laterally extending peripheral grooves, and
PA1  said positional securement occuring upon seated engagement of the rounded
      distal ends of said bolts in the peripheral grooves of said studs.
NUM  16.
PAR  16. A combination in accordance with claim 13, wherein
PA1  said coupling means includes a sleeve fixedly secured to said motor shaft,
PA1  said coupling means including a drive member connected to said impeller
      shaft,
PA1  said sleeve including a drive engagement member therein, and
PA1  said drive engaging member engaging said drive member to provide said
      concomitant rotational movement.
NUM  17.
PAR  17. A combination in accordance with claim 16, wherein
PA1  said drive member comprises a driving pin extending laterally through said
      impeller shaft,
PA1  said drive engaging member comprising a pair of diametrically opposed
      notches formed in the bottom end of said sleeve and defining a laterally
      extending slot, and
PA1  said driving member being engageable within said slot.
NUM  18.
PAR  18. A combination in accordance with claim 17, wherein
PA1  said coupling means comprises
PA2  a groove formed in said impeller shaft, and
PA2  a locator pin laterally movable inwardly and outwardly of said sleeve,
PA1  said locator pin being operative to become seated within said groove, and
PA1  said seated engagement of said locator pin within said groove serving to
      releasably secure said sleeve with respect to said impeller shaft and
      positioning said impeller shaft in coaxial alignment with said motor
      shaft.
NUM  19.
PAR  19. A combination in accordance with claim 18, wherein
PA1  said sleeve includes an aperture formed therein,
PA1  a spring member secured to the outer surface of said sleeve,
PA1  means for securing said locator pin to the free end of said spring member
      to permit lateral inward and outward movement of said locator pin through
      said aperture, and
PA1  said pin being laterally movable in dependence upon the vertical movement
      of said impeller shaft.
NUM  20.
PAR  20. A combination in accordance with claim 19, wherein
PA1  said groove formed in said impeller shaft is of V-shaped configuration and
      extends laterally about the peripheral surface of said impeller shaft.
NUM  21.
PAR  21. A combination in accordance with claim 19, wherein
PA1  said aperture formed in said sleeve is a countersunk hole, thereby
      permitting pivotal movement of said locator pin through said aperture.
NUM  22.
PAR  22. A combination in accordance with claim 13, wherein
PA1  said coupling means comprises
PA2  a groove formed in said impeller shaft, and
PA2  a locator pin laterally movable inwardly and outwardly of said sleeve,
PA1  said locator pin being operative to become seated within said groove, and
PA1  said seated engagement of said locator pin within said groove serving to
      releasably secure said sleeve with respect to said impeller shaft and
      positioning said impeller shaft in coaxial alignment with said motor
      shaft.
NUM  23.
PAR  23. A combination in accordance with claim 22, wherein
PA1  said sleeve includes an aperture formed therein,
PA1  a spring member secured to the outer surface of said sleeve,
PA1  means for securing said locator pin to the free end of said spring member
      to permit lateral inward and outward movement of said locator pin through
      said aperture, and
PA1  said pin being laterally movable in dependence upon the vertical movement
      of said impeller shaft.
NUM  24.
PAR  24. A combination in accordance with claim 22, wherein
PA1  the upper end of said impeller shaft is rounded to facilitate the initial
      engagement of said sleeve and said impeller shaft.
NUM  25.
PAR  25. A combination in accordance with claim 22, wherein
PA1  said groove formed in said impeller shaft is of V-shaped configuration and
      extends laterally about the peripheral surface of said impeller shaft.
NUM  26.
PAR  26. A combination in accordance with claim 22, wherein
PA1  said aperture formed in said sleeve is a countersunk hole, thereby
      permitting pivotal movement of said locator pin through said aperture.
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ABST
PAL  A glandless pump and wet motor unit for circulating water in a boiler has
      an axially movable shaft which is rotatable in a liquid-filled housing of
      the motor and carries a disk disposed between electromagnets which are
      energizable to produce an electromagnetic field serving to maintain the
      shaft through magnetic bearings in a selected axial position when the
      electromagnets are energized. At least one mechanical auxiliary thrust
      bearing is provided in the housing and becomes effective in response to
      deenergization of the electromagnets. The auxiliary bearing may be a
      Kingsbury bearing which is spaced apart from the electromagnetic thrust
      bearing, or the auxiliary bearing may include the disk which cooperates
      with adjacent surfaces of the electromagnets or with adjacent surfaces of
      the housing when the shaft is subjected to axial stresses while the
      electromagnets are deenergized. Each bearing is preferably a double-acting
      bearing, and the auxiliary bearing or bearings are also surrounded by the
      liquid which is confined in the housing. The disk of the electromagnetic
      thrust bearing has one or more radial channels which circulate liquid in
      the housing when the shaft rotates to drive the impeller of the pump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in pump and motor units,
      especially in hermetically sealed pump and motor units wherein an electric
      motor (preferably a wet motor) drives a centrifugal pump for circulation
      of water or another hydraulic fluid in a boiler or the like. More
      particularly, the invention relates to improvements in thrust bearing
      assembles for axially movable, axially stressed motor shafts in pump and
      motor units.
PAR  Boiler circulators in the form of pump and motor units must frequently
      operate at extremely high system pressures and temperatures. Such units
      must remain effective during each and every stage of operation including
      one or more stages during which the temperature and/or pressure of
      circulated fluid fluctuates within an extremely wide range. Many recent
      types of boilers employ at least one but normally two pairs of pump and
      motor units which are connected in parallel. When the boiler is started,
      one of the units normally operates under overload prior to starting of the
      other unit or units. At such stage of boiler operation, the operating
      point of the one unit is well within the overload range so that axial
      stresses upon the motor shaft which carries the impeller of the pump are
      extremely high due to suction which develops in the region of the impeller
      and causes a pronounced rise in axial and radial stresses.
PAR  The situation is analogous during normal operation of the boiler, i.e.,
      when the liquid supplying pump begins to feed liquid into the boiler. The
      one recirculating pump and motor unit is then caused to coast (the
      operating point then lies in the fourth force quadrant of the flow-head
      performance curve, i.e., in the negative range) which also results in
      generation of pronounced stresses upon the bearings for the motor shaft.
      In order to save energy, the operators prefer to disconnect the motor of
      the circulating pump and motor unit from the source of electrical energy
      which results in an operation known as windmilling. The unit then
      constitutes an additional resistance in the system and its rotary parts
      can turn at speeds ranging from zero to well beyond the normal operating
      speed. When the rotational speed is low, the customary hydrodynamic
      bearings are incapable of resisting the developing axial stresses.
      Therefore, the construction of thrust bearings in such units is of great
      importance and the presently known bearings are often incapable of taking
      up stresses during each and every stage of boiler operation.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a novel and improved thrust
      bearing assembly for use in pump and motor units, especially in pump and
      motor units which are utilized to circulate water in boilers and wherein a
      wet motor drives a glandless centrifugal pump whose impeller is attached
      to the motor shaft.
PAR  Another object of the invention is to provide a thrust bearing assembly
      which can be used as a superior substitute for thrust bearings in
      presently known pump and motor units and whose mounting necessitates minor
      changes in the design of existing units.
PAR  A further object of the invention is to provide a bearing assembly which
      embodies at least one safety feature so that it can continue to take up
      axial stresses even if its main bearing breaks down or is rendered
      ineffective due to an accident or on purpose.
PAR  An additional object of the invention is to provide a thrust bearing
      assembly which can take up extremely high axial stresses including those
      occuring as a result of cavitation and stresses which develop due to
      rotation of the motor shaft at a very low speed, which operates
      satisfactorily even if the coolant which surrounds the bearing assembly
      contains solid particles, which occupies little room, and which is
      constructed and assembled in such a way that at least one group of its
      components is always held in a position of readiness to take up all or
      some axial stresses if another group of components breaks down or is
      rendered ineffective, either accidentally or on purpose.
PAR  The invention is embodied in a pump and motor unit, especially in a pump
      and motor unit wherein a wet electric motor drives a centrifugal pump for
      circulation of water or another hydraulic fluid whose pressure and/or
      temperature fluctuates within an extremely wide range. The improved unit
      comprises a liquid-containing housing, a shaft which is rotatably mounted
      in the housing and has at least some freedom of axial movement therein, a
      preferably double-acting main thrust bearing which is in contact with
      liquid in the housing and includes a disk on the shaft and electromagnet
      means provided in the housing adjacent to the disk and being energizable
      to produce an electromagnetic field which normally maintains the disk and
      the shaft in a predetermined axial position with respect to the housing,
      and at least one preferably double-acting mechanical auxiliary thrust
      bearing for the shaft. The parts of the auxiliary bearing are in contact
      with liquid in the housing.
PAR  The electromagnet means defines with the disk at least one clearance and
      the pump and motor unit may further comprise means for regulating the
      strength of the electromagnetic field as a function of changes in the
      width of the clearance in response to variations of axial stresses upon
      the shaft.
PAR  In accordance with a more specific feature of the invention, the one
      auxiliary bearing may comprise a radially extending surface on the disk
      and a surface on the electromagnet means. The two surfaces are out of
      contact with each other in energized condition of the electromagnet means
      and engage with each other in response to axial stressing of the shaft in
      deenergized condition of the electromagnet means.
PAR  In accordance with another more specific feature of the invention, the
      auxiliary bearing includes a radially extending first surface on the disk
      adjacent to the electromagnet means and a second surface provided on the
      housing adjacent to the first surface and surrounding the electromagnet
      means (i.e., the distance between the axis of the shaft and the
      electromagnet means is less than the distance between the axis of the
      shaft and the second surface). The two surfaces are disengaged from each
      other in energized condition of the electromagnet means and engage with
      each other in response to axial stressing of the shaft in deenergized
      condition of the electromagnet means. The arrangement is preferably such
      that the distance between the two surfaces is energized condition of the
      electromagnet means is less than the distance between the first surface
      and the electromagnet means so that the first surface remains out of
      contact with the electromagnet means when the latter is deenergized so
      that the first surface engages the second surface in response to axial
      stressing of the shaft.
PAR  The disk may comprise means for circulating the liquid in the housing; such
      circulating means may comprise one or more substantially radially
      extending channels or passages each having an intake end nearer to and a
      discharge end remote from the axis of the shaft.
PAR  In accordance with a further more specific feature of the invention, the
      auxiliary bearing may constitute a Kingsbury thrust bearing which is
      spaced apart from the main thrust bearing, as considered in the axial
      direction of the shaft.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved bearing
      assembly itself, however, both as to its construction and its mode of
      operation, together with additional features and advantages thereof, will
      be best understood upon perusal of the following detailed description of
      certain specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary axial sectional view of an electric motor which
      drives a centrifugal pump and whose shaft is mounted in a bearing assembly
      embodying one form of the invention; and
PAR  FIG. 2 is a fragmentary axial sectional view of a motor embodying a
      modified bearing assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the housing H of an electric motor (e.g., a 3-phase squirrel
      cage induction type wet motor) which drives the impeller of a centrifugal
      pump (not shown). The pump and motor unit is used for circulation of a
      hydraulic fluid in a boiler, and the pump is preferably of the glandless
      type. The housing H contains electromagnets 1 which cooperate with a disk
      3 on the motor shaft 2 to form therewith a main or primary axial or thrust
      bearing. The electromagnets 1 act on both sides of the disk 3 and their
      electromagnetic field takes up the axial stresses which are transmitted to
      the disk 3 and motor shaft 2 by the impeller of the pump in the boiler.
PAR  The shaft 2 further rotates in a mechanical thrust bearing 4 which
      constitutes an auxiliary or emergency axial bearing and becomes effective
      when the supply of electrical energy to the electromagnets 1 is
      interrupted. This insures that the unit remains operative even if the
      primary thrust bearing is out of commission, e.g., until the cause of the
      interruption of energy supply is detected and eliminated or while the
      boiler is in the process of being shut down.
PAR  It is also within the purview of the invention to omit the auxiliary thrust
      bearing 4 and to use the assembly of parts 1, 3 as a combined primary and
      auxiliary thrust bearing. Such function is performed by the neighboring
      surfaces 5 of the disk 3 and electromagnets 1.
PAR  That portion of the housing H which contains the thrust bearings is
      completely filled with a cooling liquid which also serves to cool the
      thrust bearings, especially the primary bearing 1, 3. To this end, the
      disk 3 is formed with at least one but preferably two or more
      substantially radially extending passages or channels 6 which draw the
      liquid at their inner ends and discharge the liquid at their outer ends to
      thus insure an effective cooling of the disk by streams of continuously
      circulating liquid. The liquid withdraws heat from the primary bearing as
      well as from the auxiliary bearing 4. Moreover, such circulation insures a
      more satisfactory lubrication of moving parts including the shaft 2 and
      the components of the two thrust bearings as well as the evacuation of
      contaminants (especially solid particles of dirt) from the clearances 7
      and/or the clearances between the parts of the auxiliary thrust bearing 4.
      The flow of liquid in the housing H is indicated by arrows.
PAR  The auxiliary bearing 4 is a double-acting Kingsbury type bearing and
      comprises a chromium-plated chrome-steel disk 2a which is affixed to the
      shaft 2, ring-shaped pads 4a at both sides of the disk 2a, and ring-shaped
      shoes 4b in the housing H. The pads 4a are disposed between the shoes 4b
      and the respective sides of the disk 2a.
PAR  The clearances 7 between the electromagnets 1 and the surfaces of the disk
      3 are relatively wide so as to insure that the main thrust bearing can
      take up extremely high stresses without permitting the disk 3 to contact
      the electromagnets, as long as the latter remain connected to the source
      of electrical energy. This guarantees that the neighboring surfaces 5 of
      the parts 1, 3 are normally out of contact with each other and the primary
      thrust bearing is not subjected to any wear as a result of friction.
PAR  The unit preferably further comprises means for monitoring the width of
      clearances between the disk 3 and electromagnets 1, and for regulating the
      intensity of electromagnetic fields when the width of such clearances is
      outside of a preselected range. The width of clearances can be monitored
      directly (i.e., by continuously measuring the distance between the one or
      the other side of the disk 3 and the adjacent electromagnet 1) or
      indirectly by monitoring the axial position of the motor shaft 2 which is
      rigid with the disk 3. The monitoring means preferably comprises a
      proximity probe whose output supplies electric signals having an intensity
      which is proportional to the width of the clearance between one side of
      the disk 3 and the respective electromagnet 1.
PAR  If the primary thrust bearing performs the function of an auxiliary or
      emergency bearing (e.g., due to an interruption in the connection between
      the electromagnets 1 and the energy source) and the auxiliary bearing 4 is
      not used, the disk 3 can be permitted to directly engage the adjacent
      surfaces of the electromagnets 1. Alternatively, the unit can be modified
      in a manner as shown in FIG. 2. Thus, the housing HH includes two annular
      sections 8, 9 into which the electromagnets 1 are embedded so that the
      surfaces 8a, 9a of the sections 8, 9 are nearer to the disk 3 than the
      surfaces 1a of the electromagnets. When the primary thrust bearing is used
      as an emergency bearing, the disk 3 engages the surface 8a or 9a but
      remains spaced apart from the surfaces 1a to thus avoid the wear upon the
      electromagnets. It will be noted that the surfaces 8a, 9a surrounds the
      electromagnets 1, i.e., that the loci of mechanical contact between the
      disk 3 and housing section 8 or 9 are more distant from the axis of shaft
      2 than the electromagnets 1. However, it is also within the purview of the
      invention to provide the sections 8, 9 with annular surfaces (indicated at
      8b, 9b) which are nearer to the axis of the shaft 2 than the
      electromagnets 1 or to provide the section 8 and/or 9 with two surfaces
      (8a, 8b and/or 9a, 9b) which can engage the disk 3 when the primary thrust
      bearing is out of commission. The flow of liquid in the housing HH is
      indicated by arrows.
PAR  It is clear that the improved thrust bearing arrangement can be used with
      equal advantage in all such establishments wherein the impeller of a pump
      is subjected to substantial axial stresses which are normally taken up by
      a primary thrust bearing and wherein at least one auxiliary thrust bearing
      is needed or desirable to take up axial stresses when the primary bearing
      is disconnected or out of commission. For example, the bearing arrangement
      can be used to circulate a liquid in a boiling water reactor.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a pump and motor unit, especially in a unit wherein a wet electric
      motor drives the impeller of a centrifugal pump for circulation of
      hydraulic fluids at least one of several characteristics of which
      fluctuates within a wide range, said characteristics including the
      temperature and pressure of fluids, a combination comprising a
      liquid-containing housing; a shaft rotatably mounted in said housing; a
      main thrust bearing in contact with the liquid in said housing and
      including a disk on said shaft and electromagnet means provided in said
      housing adjacent to said disk and being energizable to produce an
      electromagnetic field which normally maintains said disk and said shaft in
      a predetermined axial position with respect to said housing; and at least
      one mechanical auxiliary thrust bearing for said shaft, said auxiliary
      thrust bearing being in contact with the liquid in said housing.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said electromagnet means
      defines with said disk at least one clearance, and further comprising
      means for regulating the strength of said field in dependency on changes
      in the width of said clearance in response to variations in axial stresses
      upon said shaft.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said one auxiliary bearing
      comprises a radially extending surface on said disk and a surface on said
      electromagnet means, said surfaces being out of contact with each other in
      energized condition of said electromagnet means and engaging with each
      other in response to axial stressing of said shaft in deenergized
      condition of said electromagnet means.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said auxiliary bearing
      includes a radially extending first surface provided on said disk,
      adjacent to said electromagnet means and a second surface provided on said
      housing adjacent to said first surface and surrounding said electromagnet
      means, said surfaces being disengaged from each other in the energized
      condition of said electromagnet means and engaging with each other in
      response to deenergization of said electromagnet means.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein the distance between said
      surfaces in energized condition of said electromagnet means is less than
      the distance between said first surface and said electromagnet means so
      that said electromagnet means is out of contact with said first surface
      when the latter engages said second surface.
NUM  6.
PAR  6. A combination as defined in claim 1, wherein said disk comprises means
      for circulating the liquid in said housing.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein said circulating means
      comprises at least one substantially radially extending channel having an
      intake end nearer to and a discharge end remote from the axis to said
      shaft.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said auxiliary bearing is a
      Kingsbury thrust bearing.
NUM  9.
PAR  9. A combination as defined in claim 1, wherein said auxiliary bearing is
      spaced apart from said main bearing, as considered in the axial direction
      of said shaft.
NUM  10.
PAR  10. A combination as defined in claim 1, wherein each of said bearings is a
      double-acting bearing.
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ABST
PAL  A pump assembly for circulation of liquid coolant in boiling water reactors
      has a thin-walled spherical pump body for an impeller which rotates about
      a vertical axis and an electric motor which drives the impeller and has an
      upright housing with a heat barrier at its upper end. The heat barrier has
      a thin-walled neck portion which surrounds the impeller shaft below an
      opening in the lower part of the pump body and a ring-shaped surface which
      is biased against a complementary surface of the pump body around the
      opening by several heat-expansible bolts which separably couple the
      housing to the pump body. The heat barrier has an annular air space
      surrounding the neck portion and being surrounded by an annulus of cooling
      ribs, an upper flange which abuts against the pump body and has one or
      more compartments for a circulating coolant, and a lower flange with one
      or more compartments for a circulating coolant. The area of contact
      between the surfaces of the pump body and the upper flange of the heat
      barrier is small so that the heat barrier prevents excessive transfer of
      heat between the pump body and the motor housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to pump assemblies or aggregates in general, and more
      particularly to improvements in assemblies wherein a preferably glandless
      motor drives the impeller of a centrifugal pump. Such pump assemblies can
      be used for circulation of fluids which are maintained at an elevated
      pressure and/or temperature, for example, to recirculate water in boiling
      water reactors.
PAR  It is already known to drive a vertically mounted recirculating pump by a
      glandless motor whose output member rotates the impeller of the pump. It
      is also known to provide in such assemblies a barrier serving to interfere
      with the transfer of heat from the pump to the motor which latter is
      normally mounted at a level below the pump. A drawback of presently known
      assemblies of the above outlined character is the complexity of heat
      barrier, high initial and maintenance cost, and excessive transfer of heat
      between the pump and motor.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a pump assembly which is
      particularly suited for circulation of highly pressurized liquid coolant
      in nuclear reactors, such as boiling water reactors, and which is provided
      with novel and improved means for preventing excessive transfer of heat
      between the body of the pump and the housing of the prime mover which
      drives the impeller of the pump.
PAR  Another object of the invention is to provide a novel and improved heat
      barrier between the body of a centrifugal pump which is used to circulate
      liquids at elevated temperatures and the housing of a glandless electric
      motor which drives the impeller in the pump body.
PAR  A further object of the invention is to provide a novel and improved
      separable coupling between the housing of an electric motor and the body
      of a pump whose impeller is driven by the motor.
PAR  An additional object of the invention is to provide a pump assembly which
      can be readily and rapidly assembled or taken apart, which can be used as
      a superior substitute for presently known pump assemblies in boiling water
      reactors or the like, and which prevents leakage of fluid between the pump
      body and the motor housing even if the temperature of fluid which is being
      conveyed or circulated by the pump fluctuates within a wide range.
PAR  The invention resides in the provision of a pump assembly which is
      especially suited for circulation of highly pressurized fluids whose
      temperature fluctuates within a wide range. The assembly comprises a pump
      including a preferably spherical and preferably thin-walled hollow pump
      body provided with an opening and a first surface surrounding the opening,
      and a rotary impeller in the pump body, and a prime mover (preferably a
      glandless electric motor) including a rotary output member which rotates
      the impeller and a motor housing having a second surface which sealingly
      engages the first surface whereby the area of contact between the two
      surfaces is held to a minimum. The housing of the prime mover includes a
      specially designed heat barrier which is adjacent to the first surface and
      includes the second surface; this heat barrier comprises a thin-walled
      annular neck portion surrounding a portion of the output member and being
      preferably surrounded by one or more air spaces within an annulus of
      cooling ribs. The heat barrier preferably further comprises one or more
      compartments for a circulating coolant, and such compartments may be
      disposed at both axial ends of the neck portion whereby at least one
      compartment preferably extends into the opening of the pump body. The pump
      assembly further comprises steel bolts or other suitable biasing means for
      urging the two surfaces against each other; such bolts are preferably
      expansible and contractible in response to heating or cooling to thus
      compensate for changes in the temperature of fluid which is being conveyed
      or circulated by the pump and which heats or cools the pump body.
PAR  The motor may be installed at a level below the pump body and may
      constitute with the impeller and/or certain other parts a prefabricated
      unit or module which is detachable from the pump body in response to
      disengagement of bolts from the pump body.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved pump
      assembly itself, however, both as to its construction and its mode of
      operation, together with additional features and advantages thereof, will
      be best understood upon perusal of the following detailed description of
      certain specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is an axial sectional view of a pump assembly with
      glandless motor which embodies the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The pump assembly which is shown in the drawing comprises a preferably
      spherical or substantially spherical cast or forged pump housing or body 1
      having an inlet 1a and outlets 1b, 1c. The inlet 1a admits inflowing fluid
      into a conical suction pipe 3' which directs the fluid into the range of a
      rotary impeller 2 mounted at the upper end of a vertical output member or
      shaft 8. The impeller 2 is surrounded by an annulus of guide vanes 3
      between which the fluid is caused to flow into a pressure chamber 1d on
      its way into the outlets 1b, 1c.
PAR  The prime mover which rotates the pump shaft 8 is a glandless electric
      motor having a housing 6 provided with an external collar 6a. The means
      for separably coupling the housing 6 to the body 1 and for biasing the
      housing against the pump body comprises several expansible threaded bolts
      14 whose heads engage the collar 6a and whose upper end portions extend
      into tapped bores of the body 1. The bolts 14 may consist of steel or
      another metallic material which can expand sufficiently in response to
      temperature changes to prevent leakage of fluid through the opening 1e in
      the lower part of the pump body 1. A portion of the shaft 8 rotates in a
      sleeve bearing 9 which is mounted in the upper portion 5 of the motor
      housing 6.
PAR  The upper portion 5 of the motor housing 6 constitutes a heat barrier and
      has a thin-walled annular neck portion 7 above the bearing 9. The neck
      portion 7 is surrounded by a ring-shaped air-filled space 10 which, in
      turn, is surrounded by an annulus of radially extending cooling ribs 11
      disposed between an upper flange 5a and a lower flange 5b of the housing
      portion 5. The upper flange 5a has an extension which projects into the
      opening 1e in the lower portion of the pump body 1 and is formed with one
      or more compartments 12 for a circulating cooling fluid, e.g., water. The
      lower flange 5b is formed with several compartments 13 which also receive
      a circulating coolant so that the housing portion 5 is cooled above as
      well as below the thin neck portion 7.
PAR  The pump body 1 has a flat ring-shaped surface 4 which surrounds the
      opening 1e and is in abutment with a complementary surface at the marginal
      portion of the upper flange 5a. The described surfaces cooperate to seal
      the interior of the pump body 1 from the atmosphere. The area of that
      portion of the surface 4 which abuts against the flange 5a is small to
      thus reduce the transfer of heat between the pump body 1 and the housing
      6. Such transfer of heat is also limited owing to the thinness of the neck
      portion 7, owing to the provision of cooling space 10 and ribs 11 around
      the neck portion 7, and owing to the provision of cooling compartments 12,
      13 in the flanges 5a, 5b above and below the neck portion 7.
PAR  The impeller 2, guide vanes 3, suction pipe 3', shaft 8 and the motor
      including the housing 6 are assembled into a prefabricated unit or module
      which is thereupon coupled to the pump body 1 by bolts 14 so that the
      extension of the flange 5a, the impeller 2, the vanes 3, the pipe 3' and a
      portion of the shaft 8 extend into the pump body 1 and the surface at the
      marginal portion of the flange 5a sealingly engages the surface 4.
PAR  The bolts 14 replace conventional flange couplings which are normally
      employed to secure the motor housing to the pump body. It has been found
      that, by reducing the area of contact between the pump body 1 and the
      flange 5a to a minimum, and also by reducing the thickness of the neck
      portion 7 to a minimum, the transfer of heat between the pump and the
      motor is reduced to a fraction of heat transfer in heretofore known pump
      assemblies with glandless motors. Additional reduction of heat transfer
      can be achieved by reducing the wall thickness of the motor housing 6 and
      by the aforedescribed construction of the housing portion 5 (with air
      space 10, ribs 11 and coolant-containing compartments 12, 13). A spherical
      or substantially spherical pump body 1 exhibits the advantage that it can
      stand extremely high stresses even though its wall thickness is much less
      than the wall thickness of cylindrical or otherwise configurated pump
      bodies.
PAR  The improved pump assembly exhibits a number of important advantages. Thus,
      the aforementioned prefabricated unit including the motor, pump shaft,
      guide vanes, suction pipe and impeller can be rapidly attached to or
      detached from the pump body. The exterior of the entire motor is
      accessible for inspection of its surfaces, the overall weight of the
      assembly is small (especially when considering the pressures which the
      assembly must withstand in actual use,) the sealing action between the
      pump body and motor housing is reliable even if the temperature and/or
      pressure of fluid in the pump body fluctuates within a very wide range,
      and that portion of the shaft which extends beyond the bearing is
      relatively short so that the diameter of this shaft can be small to
      thereby further reduce the transfer of heat between the pump and motor.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pump assembly, particularly for circulation of highly pressurized
      fluids whose temperature fluctuates within a wide range, comprising a pump
      including a body having an opening and a first surface surrounding said
      opening, and a rotary impeller in said body; a glandless electric motor
      including a rotary output member for rotating said impeller and a housing
      having a second surface sealingly engaging said first surface, the area of
      contact between said surfaces being small and said housing including a
      heat barrier adjacent to said first surface and having a thin-walled neck
      portion surrounding said output member, an air-filled space surrounding
      said neck portion, cooling ribs surrounding said space and
      coolant-containing compartments at both sides of said space; and elongated
      expansible coupling elements connected to said body and said housing for
      biasing said surfaces against each other.
NUM  2.
PAR  2. A pump assembly as defined in claim 1, wherein said output member is
      rotatable about a substantially vertical axis and said body and said
      housing are located at different levels.
NUM  3.
PAR  3. A pump assembly as defined in claim 1, wherein at least one of said
      compartments is located in the interior of said body.
NUM  4.
PAR  4. A pump assembly as defined in claim 1, wherein said body is a hollow
      sphere.
NUM  5.
PAR  5. A pump assembly as defined in claim 1, wherein said coupling elements
      are expansible bolts separably connecting said housing to said body, said
      motor and said impeller forming part of a module which is separable from
      said body in response to disengagement of said bolts from said body and
      said module further comprising a suction pipe located in said body and
      arranged to convey fluid to be circulated into the range of said impeller.
NUM  6.
PAR  6. A pump assembly as defined in claim 1, wherein said heat barrier further
      includes two flanges disposed at the opposite axial ends of said neck
      portion, said second surface being provided on one of said of said flanges
      and each of said flanges having at least one coolant-containing
      compartments.
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ABST
PAL  A moving-iron, linear-motor compressor suitable for use in a refrigerant
      system, wherein a conical armature reciprocates in a complementary air-gap
      under the influence of an electromagnetic circuit and a pair of linear
      (constant rate) complementary return springs connected to the armature
      between the compressor piston and an outboard bearing. The armature rod is
      made of magnetically permeable material. The electromagnetic circuit
      includes a pair of abutting convoluted loops of spirally wound magnetic
      strip material with a conical air-gap fabricated in the area of abutment.
      The motor has a layered construction which cooperates with the conical
      armature and air-gap such that the motor is self-aligning at the assembly
      stage.
BSUM
PAR  This invention relates to reciprocating electric motors of the type in
      which a magnetically permeable armature is disposed to axially reciprocate
      within the air-gap of a fixed electromagnetic circuit.
PAR  In the art of moving-iron linear-motor compressors, much effort has been
      expended without having achieved significant commercial success (see P. W.
      Curwen, "Recent Developments of Oil-Free Linear-Motor Resonant-Piston
      Compressors,"ASME publication 69-FE-36, June, 1969). The linear-motor
      compressor disclosed herein has been subjected to extensive laboratory
      testing and the design parameters have been verified through the use of
      iterative computer programming techniques, and therefore, the requirements
      of a commercially viable product are believed to have at last been
      achieved.
PAR  The U.S. Pat. No. 3,461,806 to Barthalon teaches that the efficiency of a
      linear motor will be optimized if the reluctance of the magnetic circuit
      varies linearly with armature movement. Pursuant to the present invention,
      it has been discovered that, in a pump which may act below atmospheric
      pressure, such as a refrigeration compressor, stability will be enhanced
      if the reluctance curve has a low slope. It is, therefore, an object of
      the present invention to provide a moving-iron linear-motor compressor
      having not only a substantially linear reluctance curve but also one of
      low slope.
PAR  It is another object of the present invention to provide a moving-iron
      linear-motor compressor that is easy and economical to assemble.
PAR  It is a further object of the present invention to provide a moving-iron
      linear-motor compressor in which radial deflection of the armature rod is
      reduced or eliminated.
PAR  It is yet a further object of the present invention to provide a
      moving-iron linear-motor compressor in which axial movement of the piston
      with respect to the armature during operation is prevented.
PAR  To achieve a linear reluctance curve of low slope, the present invention
      provides a moving-iron linear-motor compressor in which the armature and
      the air-gap defined by the pole pieces of the core of the magnetic circuit
      have a conical geometry, and preferably the same axial dimension. However,
      the minimum diameter of the air-gap is greater than the minimum diameter
      of the armature so that the armature may move through the air-gap a
      substantial distance beyond the point where these minimum diameters are
      coplanar. This relationship is coordinated with the electromagnetic drive
      such that the armature may be flush with the pole pieces at the time of
      maximum flux through the magnetic circuit to thereby optimize the
      performance and efficiency of the motor and pump. In addition, the
      armature rod is made of magnetically permeable material.
PAR  The compressor may be easily and quickly assembled in a "layered" fashion,
      i.e., a sequential part stack-up assembly procedure. An additional feature
      resulting from this layered construction and from the conical armature
      geometry is that insertion of the piston, rod and armature into the
      cylinder block and magnetic circuit, such that the piston is within the
      compression chamber and the armature is seated against the pole faces,
      automatically aligns the cylinder block and the magnetic circuit with the
      piston, rod and armature.
PAR  To reduce armature rod deflection, the return means are connected to the
      armature between the piston and an outboard bearing. To further reduce
      deflection, the return means includes a pair of complementary return
      springs with straight end-tangs.
PAR  Axial movement of the piston with respect to the armature is prevented by
      providing a piston element having a positive abutment interconnection with
      the armature.
DRWD
PAR  The novel features which are considered characteristic of the invention are
      set forth in particular in the appended claims. The invention itself,
      however, together with additional objects, features and advantages
      thereof, will be best understood from the following description when read
      in connection with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of one embodiment of the linear-motor
      compressor hermetically encased within a protective housing in accordance
      with the present invention;
PAR  FIG. 2 is an exploded perspective view of the linear compressor motor and
      gas pump shown in FIG. 1;
PAR  FIG. 3 is an elevational view of the compressor shown in FIG. 1 taken
      partly in axial section along the line 3--3 of FIG. 1;
PAR  FIG. 4 is an axial sectional view of the compressor shown in FIG. 3 in a
      stage of partial assembly;
PAR  FIG. 5 is a fragmentary axial sectional view of the compressor shown in
      FIG. 3 in a second stage of partial assembly;
PAR  FIG. 6 is a graph used to explain the operation of the compressor shown in
      FIGS. 1-5;
PAR  FIG. 7 is a graph of the reluctance curve of one embodiment of the
      compressor of FIG. 1;
PAR  FIG. 8 is a sectional view of an alternative piston assembly which may be
      used in the compressor;
PAR  FIG. 9 is a perspective view of an alternative paired spring arrangement
      which may be used in the compressor;
PAR  FIG. 10 is a fragmentary axial sectional view of an alternative embodiment
      of the compressor of FIG. 1 which includes a pair of zero-pitch
      internesting springs;
PAR  FIG. 11 is an end view of the compressor of FIG. 10 which shows the
      internested relationship of the springs in greater detail;
PAR  FIG. 12 is a plan view of a modified magnetic core which may be used in the
      compressor of FIG. 1;
PAR  FIG. 13 is a perspective view of the air-gap in the core of FIG. 12 at an
      intermediate stage of fabrication;
PAR  FIG. 14 is a perspective view of the completed air-gap in the core of FIG.
      12; and
PAR  FIG. 15 is a graph used to explain the operation of the modified core shown
      in FIG. 12.
DETD
PAR  In the various FIGS., identical reference numerals indicate identical
      parts. Referring to FIG. 1, there is shown an exemplary embodiment of a
      linear-motor compressor 20 constructed pursuant to the present invention
      suspended within a protective enclosure 21 by the suspension springs 22
      which ideally provide a zero retarding force to the axial oscillatory
      movement of compressor 20 and an infinite retarding force to lateral or
      radial oscillatory movement thereof. Enclosure 21 is hermetically sealed
      and may be formed of sheet steel or aluminum or molded plastic, and may
      assume a shape most convenient for the particular application. Lubricating
      oil is preferably provided in a sump 23 at the bottom of the enclosure at
      a depth sufficient to contact the lower portion of compressor 20. The oil
      will be splashed onto the moving parts by the axial reciprocating action
      of the motor. Alternatively, the oil may be channeled to lubricated
      surfaces by other means known in the art.
PAR  The detailed description of compressor 20 may be best understood with
      reference to FIGS. 2-3. Magnetic circuit 30, which includes magnetic core
      31 and windings 32 and 33, has a pair of spaced-apart poles 32a and 32b
      defining an air-gap 34 with the opposed surfaces or pole faces of poles
      32a and 32b defining a portion of a frustoconical surface of revolution.
      Attached to opposite sides of the magnetic circuit by means of bolts 35
      and 36 is an outboard bearing and spring retainer plate 37 and a cylinder
      block 38 having a pump chamber or cylinder 39 formed therein. As shown in
      FIG. 3, the taper of air-gap 34 converges in the direction of chamber 39
      with the center axis of gap 34 being coaxial with chamber 39.
PAR  Movable in air-gap 34 is a frustoconical armature 40 carried by an armature
      rod 41. Armature 40 may be made of either solid magnetically permeable
      material or, preferably, stacked laminations as shown. It has been found
      that the use of stacked laminations increases the efficiency of the
      compressor by 15 percent. Armature rod 41 may be made of nonmagnetic
      material, such as stainless steel, or, preferably, magnetically permeable
      material.
PAR  Mounted on one end of rod 41 and slidable in chamber 39 is a piston 42. For
      maximum compression efficiency, the sliding clearance between piston 42
      and the side wall of chamber 39 must be small: a nominal clearance of
      0.0003 inches is preferred.
PAR  Mounted in plate 37 is a sleeve bearing 43 disposed about rod 41 at the end
      thereof remote from piston 42. Because of the close sliding clearance
      between piston 42 and the wall of chamber 39, the piston will cooperate
      with bearing 43 to maintain rod 41 and armature 40 centered in air-gap 34
      during axial displacement of the armature, rod and piston.
PAR  Slidably mounted on plate 37 and clamping one end of a pair of return
      springs 44 and 45 is an adjustable clamp bracket 46. Bracket 46 may be
      tightly clamped to plate 37 by means of screw 47 which is threadably
      received in a split or slotted offset portion of the clamp. The respective
      straight endtang terminations 44a and 45a at the outboard end of springs
      44 and 45 are clamped into associated holes 46a and 46b of bracket 46 by
      means of screws 48 and 49 which traverse associated bracket splits leading
      to each of the clamp holes. One end of each of return springs 44 and 45 is
      thus fixedly clamped in relation to magnetic circuit 30 and air-gap 34.
      The other straight end-tangs 44b and 45b of each return spring 44 and 45
      is operatively clamped to armature 40 by means of a spring clamp plate 50
      which is mounted on rod 41 against the large diameter face of conical
      armature 40.
PAR  End-tangs 44b and 45b are inserted into associated holes 50a and 50b
      respectively and clamped therein by means of screws 50c and 50d threadably
      received into respective split portions of clamp 50. It should be noted
      that springs 44 and 45 are coiled in the same direction but that each
      spring enters bracket 46 and clamp 50 from a direction 180.degree. from
      the direction of entry of the other. In this configuration the bending
      forces imparted upon armature 40 by the springs during axial reciprocation
      of the armature tend to cancel each other, thereby assisting bearing 43
      and the bearing action of piston 42 to center armature 40 in air-gap 34
      during reciprocating axial movement. It should be further noted that
      endtangs 44a, 44b and 45a, 45b extend in a direction parallel to the
      central axis of the springs from the periphery of the respective springs.
      This feature allows bracket 46 and clamp 50 to assume a reduced diameter,
      thereby reducing the required dimensions of enclosure 21. While several
      methods of terminating and affixing springs 44 and 45 will be evident to
      those skilled in the art, it has been found that the use of straight
      end-tang terminations 44a, 44b and 45a, 45b on the return springs and the
      associated split clamp mounting facilitates adjustment and assembly.
PAR  Compressor 20 is suspended in sump 23 as detailed above with reference to
      FIG. 1. Because the lateral dimension of block 38, that is, the dimension
      perpendicular to a line between bolts 35 and 36 and perpendicular to the
      axis of reciprocation, is less than the corresponding lateral dimension of
      core 31, which relationship is best seen in FIGS. 1 and 2, and because of
      the access via side openings provided by the axial spacing of block 38
      from core 30 due to mounting pads 38c and 38d (FIG. 2), oil splashed
      upwardly by the reciprocating action of compressor 20 will enter the
      chamber 31a (FIG. 3) between core 30 and block 38. Splashed oil which
      contacts the minor diameter face of armature 34 will be thrust into
      chamber 39 against the back of piston 42 by the reciprocating action of
      the armature. This oil will lubricate the sides of chamber 39 in the area
      of sliding contact with piston 42.
PAR  A valve plate and cylinder head assembly 51 is mounted on cylinder block 38
      by means of bolts 52. The suction and discharge valves, the valve plate
      assembly, and the cylinder head may each be any one of the several
      standard designs known to the art and do not form a part of this
      invention. In a 450 BTU/Hr working embodiment of the present invention to
      be discussed in detail hereinafter, valve plate assembly 51 is an
      adaptation of the valve system from a commercially available Model AE
      Compressor manufactured by Tecumseh Products Company of Tecumseh,
      Michigan. Valve assembly 51 will not be discussed further except by
      reference during the discussion of the assembly and operation of the
      compressor.
PAR  The economical method of assembling the compressor provided by the present
      invention may be best understood by reference to FIG. 4 in which
      compressor 20 is shown being assembled on an assembly surface 80. Cylinder
      block 38 is first placed head-end down on the assembly surface. Then
      magnetic circuit 30 is loosely placed on the accurately machined seating
      surfaces 38a and 38b of block 38 with the respective bolt holes of the
      core and block roughly aligned. The armature rod assembly, consisting of
      clamp 50, armature 40 and piston 42 all mounted on armature rod 41, is
      then seated in the magnetic circuit by being piloted piston-end first into
      chamber 39 until the piston extends sufficiently into chamber 39 such that
      the conical armature is seated against the pole faces 32c and 32d which
      define conical airgap 34. Note in FIG. 4 that in this fully inserted
      condition piston 42 extends beyond the head-end face 38c of cylinder block
      38 by an amount of distance indicated "b" when armature 40 abuts the pole
      faces. The purpose of this extension will be explained in the discussion
      of the operation of the compressor motor hereinafter. As the armature is
      being thus seated, the geometry of the armature and air-gap and the tight
      tolerance between the piston and chamber wall causes the armature rod
      assembly to act as a set-up jig which cams core 31 sideways so as to shift
      it laterally on faces 38a and 38b to thereby automatically center the
      magnetic circuit and cylinder block with one another and with the
      armature, rod and piston. The outboard bearing plate 37 and bearing 43 is
      next mounted on the magnetic circuit, and then bolts 35 and 36 are
      inserted through plate 37 and core 31 and threaded into block 38, thereby
      automatically aligning bearing 43 with the common axis of the air-gap and
      compression chamber and bringing the parts into accurated angular
      registry. Bolts 35 and 36 may be then tightened down to secure the
      sub-assembly.
PAR  In the next stage of assembly shown in FIG. 5, end-tangs 44a, 44b and 45a,
      45b of return springs 44 and 45 are inserted and tightly clamped in
      adjustable bracket 46 and clamp 50. Bracket 46 at this stage is loosely
      received on a mounting post 37a of plate 37 so that it can move thereon as
      piston 42 is raised to rest upon a jig block 81 which is inserted below
      the piston in the pocket of the assembly surface 80. The piston and
      armature will then be in the desired rest position, and clamp 46 is then
      tightly clamped to post 37a after the valve plate and cylinder head
      assemblies 51 are mounted to the cylinder block, the motor will be ready
      for operation.
PAR  To operate the linear compressor motor, windings 32 and 33 must be
      connected to a source of alternating current. In the embodiment of the
      invention illustrated herein, the source of alternating current is
      half-wave rectified utility power at a frequency of 60 Hz. The motor thus
      operates at 3600 reciprocations per minute. It is well known in the art
      that maximum compressor efficiency will be achieved when the resonant
      frequency of the compressor during normal operation approaches the line
      frequency of the exciting voltage. Thus, the natural oscillating frequency
      of the piston, armature, rod and return springs taken together with the
      normal suction and discharge pressures in the compression chamber should
      approach 60 Hz. The natural frequency of the return springs together with
      the rod, piston and armature must, therefore, be less than the frequency
      of exciting current. In the disclosed embodiment, the natural frequency of
      the return springs and the rod, piston and armature is preferably
      substantially equal to 38 Hz.
PAR  Operation of compressor 20 may be best understood with reference to FIG. 6
      which is a timing diagram depicting the relationships of selected
      parameters of compressor 20 during one cycle of line voltage. The line
      voltage 60 describes a substantially sinusoidal pattern over the duration
      of a 360.degree. cycle time. Because compressor 20 presents an inductive
      load to line voltage 60, it is to be expected that the current 61 will lag
      voltage 60 and describe a rectified half wave which is periodic but not
      sinusoidal. The flux 62 through magnetic circuit 30 follows, but slightly
      lags, current 61. The ordinates of voltage 60, current 61 and flux 62 are
      measured in units of volts, amps and kilomaxwells respectively and are not
      to scale. However, voltage 60, current 61 and flux 62 have a common zero
      ordinate reference for clarity of understanding. The armature displacement
      63 is measured in units of inches with the zero displacement reference
      being the abutment position of armature 40 against pole faces 32c and 32d
      which reference position is depicted in FIG. 4. The magnetic force 64 is
      measured in units of pounds with reference to positive displacement of
      armature 40. Thus, magnetic force 64 which tends to move armature 40 in a
      negative direction, that is, a direction toward the zero displacement
      reference, is shown executing a negative excursion from the zero magnetic
      reference point. Similarly, spring force 65, which is the force exerted
      upon armature 40 by springs 44 and 45, and pressure force 66, which is the
      force exerted on the compression face of piston 42, are measured in units
      of pounds with reference to a positive axial displacement armature 40;
      that is, a spring or pressure force which tends to move armature 40 in the
      direction of positive axial displacement is considered to be a positive
      force. Magnetic force 64, spring force 65 and pressure force 66 have a
      common zero ordinate reference for clarity of understanding. The abscissa
      of FIG. 6 is measured in units of electrical time in degrees of a single
      cycle of line voltage 60. It should be noted with respect to FIG. 6 that,
      while the signals shown therein are not to scale, the geometry of each
      signal is duplicated from test results based upon the 450 BTU/Hr working
      embodiment to be set forth in detail hereinafter.
PAR  In the operation of compressor 20 voltage 60 begins a positive excursion at
      electrical time zero degrees and induces current 61 in the windings of
      magnetic circuit 30. Current 61 induces, in turn, flux 62 in core 31 and
      armature 40. Thus, starting at zero degrees electrical time, magnetic
      force 64 gradually increases (in the negative direction) and urges
      armature 40, and therefore piston 42, in the negative displacement
      direction. It will be noted from FIG. 6 that, at time zero degrees,
      armature 40 is moving in the positive displacement direction which means
      that, at the beginning of an electrical cycle, the armature is executing
      its return stroke, as opposed to its compression stroke, as a result of
      the momentum imparted to the moving assembly comprising armature 40, rod
      41, piston 42 and clamp 50 by return springs 44 and 45 during the
      preceding electrical cycle. Spring force 65 is negative at time zero
      degrees indicating that springs 44 and 45 are in compression and exert a
      force on armature 40 in the negative displacement direction. Thus, shortly
      after time zero degrees, magnetic force 64 cooperates with spring force 65
      to work against the momentum of the assembly to arrest positive
      displacement thereof and begin movement in the negative direction.
PAR  At an electrical time of 90.degree., displacement 63 has reached its
      maximum value and the moving assembly has reached its "top dead point" of
      operation. The assembly will begin to move in the negative direction. As
      is to be expected, at time 90 degrees spring force 65 has reached its
      maximum negative or compression value and will begin to move in the
      positive direction. Magnetic force 64 will continue to increase in a
      negative direction as current 61 and resulting flux 62 increase. Armature
      40 and piston 42 now move in the negative displacement or working
      direction toward the head-end of pump chamber 39, compressing the gas in
      chamber 39 to a desired discharge pressure at which the discharge valve
      will open.
PAR  When moving in the negative displacement direction, armature 40 will
      eventually pass its neutral position so hat springs 44 and 45 go into
      tension and begin to retard further negative displacement of the moving
      assembly. In FIG. 6 this neutral or zero spring force position is achieved
      at an electrical time of approximately 208.degree.. It should be noted
      that at time 208.degree. flux 62 has already passed its maximum point and
      has begun to decline toward zero.
PAR  When magnetic force 64 and the rate of change of momentum of the moving
      mass 40, that 42 and 50 is equal to the sum of spring force 65 exerted on
      armature 40 by return springs 44 and 45 in tension and pressure force 66
      exerted on the face of piston 42 by the compressed gas in chamber 39,
      positive displacement is arrested and the armature and piston reach their
      "bottom dead point" of operation. In FIG. 6 this occurs at an electrical
      time of approximately 265.degree.. It should be noted that at this "bottom
      dead point" time flux 62 in magnetic circuit 30 is less than half of its
      maximum value.
PAR  Magnetic force 64 will continue to decline after bottom dead point time
      265.degree. so that spring force 65 and pressure force 66 govern movement
      of the armature and piston and return the moving assembly in the positive
      displacement or return direction. Winding current 61 reaches a zero value
      at time 320.degree.. Because the current is rectified, voltage 60 drops to
      zero at this time. The moving assembly comprising armature 40, rod 41,
      piston 42 and clamp 50 continue motion in the positive displacement or
      return direction under the influence of pressure force 66 and spring force
      65. Positive displacement 63 will continue to increase until the moving
      assembly reaches its top dead point of operation under the influence of
      the spring and magnetic forces as outlined above.
PAR  In prior linear-motor compressors of the type which include a cylindrical
      armature and air-gap, the armature is attracted into the air-gap and made
      to do work until it reaches a point at which its top and bottom end faces
      are flush with the faces defining the axially opposite ends of the
      air-gap. At this point, the armature completely fills the air-gap and,
      since the air space between the armature and pole faces is constant, the
      reluctance of the total magnetic circuit is at a minimum. The armature can
      thus be made to do no further work in that cycle. It has apparently been
      assumed by others in the art that this constraint will also apply to a
      linear motor having a conical armature and air-gap; this, however, is not
      the case.
PAR  Indeed, pursuant to the present invention, it has been discovered that
      maximum compressor efficiency is obtained when the conical armature "fills
      the air-gap" at the point of maximum flux and that, since this maximum
      flux point will not necessarily occur at the "bottom dead point" of
      operation, it is advantageous to have the armature continue through the
      air-gap beyond this flush point. Since the air space between the armature
      and pole faces is no longer constant and is, in fact, a function of axial
      displacement, the reluctance of the total magnetic circuit will continue
      to decrease even though part of the armature is moving out of the air-gap.
PAR  Returning to FIG. 4, it can be seen that armature 40 extends out of the
      air-gap a distance "a" when piston 42 extends a distance "b" beyond the
      end face of cylinder block 38. The flush condition will exist when the
      minimum diameters of the armature and air-gap are coplanar--i.e., when a =
      0. It is undesirable to allow armature 40 to strike the pole faces; for
      this reason, distance "a" is made much larger than distance "b". The
      piston will thus strike the valve plate before the armature can reach the
      pole faces, which prevents the armature from striking the pole faces.
PAR  Referring to FIG. 6, it will be seen that the "bottom dead point" of
      opeation is achieved at an electrical time of about 265.degree.. At this
      time flux 62 in magnetic circuit 30 is less than half of its maximum
      value. Armature 40 is to be positioned on rod 41 so that the armature is
      flush with pole pieces 32a and 32b at an electrical time of approximately
      180.degree., at which time flux 62 achieves its maximum value. This may be
      accomplished by modifying the diameter of air-gap 34 vis-a-vis the
      diameter of armature 40, while maintaining identical included angles of
      taper, so that, when piston 42 is in the set-up position shown in FIG. 4,
      armature 40 extends through the air-gap a distance calculated to achieve
      the desired flush position at the desired time based upon the test results
      shown in FIG. 6. Referring again to FIG. 4, in the 450 BTU/Hr working
      embodiment of the invention armature 40 is positioned to extend
      approximately 0.350 inches beyond pole pieces when piston 42 extends 0.030
      inches beyond the head-end of cylinder block 38.
PAR  The minimum air space between the pole faces and the armature will exist
      when the piston abuts the valve plate assembly. In the disclosed
      embodiment this minimum space, that is, the minimum distance from a pole
      face perpendicular the armature as measured in a direction peerpendicular
      to the pole face, is substantially 0.0035 inches. It would, of course, be
      undesirable to allow the piston to continually strike the valve plate
      during normal operation. However, as is well known in the art, compression
      efficiency is optimized when the distance between the piston face and the
      valve plate approaches zero at the "bottom dead point" of operation.
      Magnetic force, spring force and compression force must be thus optimized
      to achieve maximum compression efficiency without allowing the piston to
      strike the valve plate.
PAR  While it has been stated for purposes of explaining the operation of the
      invention that the armature moves "into" and "out of" the air-gap, it
      should be noted that the present invention, utilizing the discovery
      outlined above, need not move the armature "entirely out of the air-gap"
      nor locate "a major portion thereof" outside of the air-gap at the "top
      dead point" of operation, contrary to the disclosure in the U.S. Pat. Nos.
      3,542,495 and 3,461,806 to Barthalon respectively. Indeed, in the
      embodiment disclosed herein, which operates at 450 BTU/Hr at standard
      rating point conditions, the total compression stroke is only 0.8 inches,
      and the armature exposure at the "top dead point" of operation is less
      than 50 percent.
PAR  When the magnetic circuit reluctance characteristics detailed above have
      been defined -- i.e., a substantially linear reluctance curve over the
      entire stroke length and an armature flush condition at the time of
      maximum flux -- then the included angle of taper of armature 40 and
      air-gap 34 may be specified. As stated above, it has been found that,
      under the above recited conditions, a piston extension dimension "b" of
      0.030 inches yields good results. To achieve this dimension, the included
      angle of taper of the armature and air-gap should be at least 10.degree.,
      and a range of taper included angles between 10.degree. and 14.degree. is
      preferred.
PAR  The aforementioned Barthalon patent teaches that the efficiency of a linear
      motor will be optimized if the reluctance of the magnetic circuit varies
      linearly with armature movement. Pursuant to the present invention, it has
      beer discovered that the stability of a pump which may occasionally
      operate below atmospheric pressure, such as a refrigeration compressor,
      will be enhanced if the linear reluctance curve also has a low slope. The
      various design parameters have been optimized in the present compressor
      motor to achieve this desired result. While it is not necessary to have
      the angle of taper of the armature identical to that of the air-gap, it
      has been found that this condition gives the best overall results. It has
      also been found that the best results are achieved if the net cross
      section of the armature, that is, the cross sectional area of the armature
      taken on a plane through the center of the armature parallel to the axis
      of movement and excluding the armature rod, is equal to about 80 percent
      of the effective cross sectional area of the pole piece. The effective
      cross sectional area of the pole piece is that area taken on a plane
      parallel to the axis of movement of the armature and perpendicular to the
      flux through the pole piece and should be substantially square rather than
      rectangular to achieve the minimum winding length per unit of desired
      flux. The gross cross sectional area of the armature, that is, the cross
      sectional area of the armature taken as above but including the armature
      rod, should be greater than the effective cross sectional area of the pole
      piece. This arrangement yields good results, particularly when an armature
      rod of magnetically permeable material is used to increase the "magnetic
      cross section" of the armature.
PAR  The reluctance curve of the above-mentioned 450 BTU/Hr embodiment is shown
      in FIG. 7. In the curve 70 of FIG. 7 the abscissa is in inches of
      displacement as measured from the condition of FIG. 4 when the armature is
      seated in the magnetic core. The ordinate measurement of reluctance
      indicates that minimum reluctance at the position of FIG. 4 is
      approximately 0.001 ampere-turns per maxwell. It has been found that an
      excessive slope angle 71 is accompanied by frequent impact of piston 42
      upon valve plate 51, while an insufficient slope results in loss of
      mechanical efficiency and a reduced range of conditions for successful
      operation. It will be noted that reluctance curve 70 is substantially
      linear over the entire stroke of 0.8 inches and has a slope of
      approximately 0.022 ampere-turns per maxwell-inch. the parameters of this
      450 BTU/Hr working embodiment which contribute to this low-sloped, linear
      reluctance curve, and the consequent high compressor efficiency, are set
      forth in the discussion of the working embodiment detailed hereinafter.
PAR  As stated above, the compression volume between the piston face and valve
      plate assembly should approach zero at the "bottom dead point" of
      operation. Since the motor does not contain means to positively stop
      movement of the piston in the direction of compression, it may be expected
      that the piston will occasionally strike the face of the valve plate
      assembly, thus tending to jerk armature 40 along the rod 41 in the
      direction of the compression chamber. If the armature is allowed to move
      in response to this jerking action, it may be expected that the armature
      will eventually strike the face of the pole pieces, thus damaging the core
      and armature and causing loud acoustical noise as well as detuning the
      mechanism. It is, therefore, desirable to inhibit movement of the armature
      with respect to the piston. Means for accomplishing such a purpose is
      shown in FIG. 8. Piston 80 contains head portion 81 and shank portion 82
      extending along rod 41 into abutment with armature 40. With piston 80
      secured to rod 41, as by press fit, shrink fit, adhesive and/or being made
      integral, and also abutting armature 40, movement of the armature with
      respect to the piston in response to the jerking action above mentioned is
      prevented.
PAR  FIG. 9 shows an alternative to the three-turn paired spring arrangement in
      compressor 20 of FIG. 1. A pair of single-turn linear springs 90 and 91
      extend between bracket 46 and clamp 50 through a slotted outboard bearing
      and spring retainer plate 92. Springs 90 and 91 are clamped at tangs 90a,
      91a and 90b, 91b to bracket 46 and clamp 50 respectively. Plate 92 is
      slotted where springs 90 and 91 pass therethrough so that movement of
      armature 40 toward valve plate 51, which movement results in a linear
      extension of the single coil of springs 90 and 91, will not cause
      interference between the springs and plate 92. The use of single-turn
      springs 90 and 91 reduces the overall axial dimension of motor 20 and also
      reduces the twisting forces imparted upon armature 40 by the springs
      during axial reciprocation of the armature.
PAR  A second alternative to the three-turn paired spring arrangement in the
      compressor of FIG. 1 is shown in which 10 and 11. An outboard bearing and
      spring retainer plate 100 is clamped to magnetic circuit 30 and cylinder
      block 38 by the tie bolts 102 and 104. Plate 100 has a pair of spring
      retainers 106 and 108 each of which fixedly clamps one end of the zero
      pitch linear springs 110 and 112. Respective straight end-tang
      terminations 110a and 112a at the outboard end of springs 110 and 112 are
      clamped into associated holes 106a and 108a of clamps 106 and 108 by means
      of screws 114 and 116 whhich traverse associated bracket splits leading to
      each of the clamp holes. End-tangs 110b and 112b are similarly clamped to
      armature 40 by means of spring clamp plate 50.
PAR  It will be appreciated by those skilled in the art that, depending upon the
      manufacturing technique used to fabricate the springs, a "zero pitch"
      spring will have a pitch between zero and the diameter of the spring
      material. Where straight end-tangs are required, the spring is usually
      first coiled on a circular mandrel or jig with the end-tangs extending
      tangentially from the coil. The end-tangs are then bent to positions
      perpendicular from the plane of the coil. The pitch of the spring thus
      formed will be substantially equal to zero within some tolerance range
      which depends upon the resilience of the material used to wind the spring.
PAR  There are approximately 0.92 turns of spring material in springs 110 and
      112. End-tangs 110a and 110b of spring 110 are thus laterally spaced from
      each other allowing room for spring 112 to pass therethrough before
      terminating in clamp 50. Similarly, end-tangs 112a and 112b are spaced to
      allow passage of spring 110 therebetween, thereby internesting the
      springs. In this geometry the coils of springs 110 and 112 are aligned
      with a line connecting tie bolts 102 and 104 rather than being
      perpendicular therewith and are contained within the lateral perimeter of
      compressor 20 defined by magnetic circuit 30, thereby reducing the lateral
      and axial dimensions of the compressor. Furthermore, with the coils of
      springs 110 and 112 disposed in axial proximity to magnetic circuit 30,
      housing 21 which encompasses compressor 20 may assume an eliptical shape
      which is believed to reduce the level of acoustical noise eminating from
      an operating unit.
PAR  The zero pitch internesting springs shown in FIGS. 10 and 11 have the
      additional advantage of reducing the twisting forces imparted upon
      armature 40 almost to zero. This reduction in the torsion or twisting
      forces on the armature and springs results in long spring life and helps
      maintain armature 40 within air-gap 34 during axial reciprocation thereof.
PAR  As shown in FIG. 2, magnetic core 31 comprises stacked laminations attached
      in a manner well known in the art. Alternatively, the magnetic core may be
      comprised of first and second inner loops spirally wound of magnetic strip
      material with the loops placed in abutment and banded together by an outer
      loop of the same magnetic strip material. Such a core 120 is shown in FIG.
      12 and is constructed by first separately winding a pair of identical
      inner loops 122 and 124 of magnetic strip material to form spiral wrap
      pattern 126. When loop 122 has reached the desired thickness, the strip
      material may be terminated and tacked as shown in 128. When loop 124 has
      reached the desired thickness, the strip material is to be tacked as at
      130, but need not be terminated. Loops 122 and 124 are than placed in flat
      end abutment on plane 129 and the magnetic strip material extending from
      tack 130, or a separate strip material tacked onto either loop at a
      convenient attachment point, is wound around the exposed periphery of the
      dual loop subassembly to form an outer convoluted loop 132 which holds
      inner loops 122 and 124 tightly together as disclosed in U.S. Pat. No.
      2,431,128. Conical air-gap 134 is then machined in the area of abutment of
      inner loops 122 and 124. Windings 32 and 33 will be wound about the
      opposing pole pieces and will have magnetic communication carried entirely
      by the inner loops. For this reason, outer loop 132 may be of any
      convenient material. The magnetic core shown in FIG. 12 is more easily
      assembled and has less waste material than stacked lamination core 33.
PAR  FIG. 13 is a perspective view of conical air-gap 134 after the air-gap is
      first machined into the area of abutment of first and second loops 122 and
      124. When the minor diameter of gap 134 is less than the width of the core
      (i.e., the dimension perpendicular to plane 129), then the pole pieces 136
      and 138, rather than being isolated from each other, are connected by the
      magnetic bridges or connections 140 and 142 on either side of the machined
      gap. In order to mount windings 32 and 33 upon pole pieces 136 and 138,
      connections 140 and 142 must be removed at a second machining stage in the
      fabrication of magnetic core 120.
PAR  FIG. 14 is a perspective view of air-gap 134 in magnetic core 120 after
      bridges 140 and 142 have been removed. Bridges 140 and 142 have been
      removed by machining across the faces of pole pieces 136 and 138 in a pair
      of planes X and Y respectively perpendicular to the central axis of poles
      136 and 138 and parallel to but displaced on opposite sides of the axis of
      reciprocation. When the distance between planes X and Y is less than the
      maximum diameter of gap 134, this machining will produce inthese planes
      the triangular coplanar exposed gap surfaces 140x, 142x, and 140y, 142y
      upon opposing faces of pole pieces 136 and 138 respectively. When the gap
      between planes X and Y is to be only sufficient to allow insertion of
      windings 32 and 33, a distance between the planes of 16.7 percent of the
      cross-sectional area of the poles is sufficient.
PAR  However, it has been discovered pursuant to the present invention that
      compressor operation is enhanced when the distance between planes X and Y
      is increased beyond this 16.7 percent figure. In a specific 450 BTU/Hr
      working embodiment of the present invention having 1.5 inch-square poles,
      the distance between planes X and Y was increased to 0.8 inches or
      approximately 35.5 percent of the cross-sectional area of the poles. This
      arrangement yielded the results shown in FIG. 15 when compared to a
      similar 450 BTU/Hr unit with a planar gap of 0.375 inches or 16.7 percent.
      In FIG. 15 BTU/Hr output is plotted versus evaporation temperature. Dashed
      curve 150 depicts the output of the 0.375 inch unit over a wide range of
      evaporation temperatures while curve 152 represents the output of the 0.8
      inch unit over the same range. It can be seen that the two units perform
      equally at rating point conditions - point 154 -- and perform similarly at
      evaporation temperatures lower than rating point. However, at higher
      evaporation temperatures the performance of the 0.375 inch unit falls off
      much more rapidly than the performance of the 0.8 inch unit. It should be
      noted that the curves of FIG. 15 were plotted from actual test results and
      are to scale.
PAR  Strip wound core 120 may replace laminated core 31 in compressor 20 of FIG.
      2. In this compressor assembly, tie bolts 35 and 36 pass through a pair of
      substantially triangular apertures 131 and 133 which are formed in the
      area of abutment of inner loops 122 and 124 and are bounded by the inner
      loops and outer loop 132 as best seen in FIG. 12. Apertures 131 and 133
      afford core 120 a greater degree of lateral "slop" in the assembly stage,
      thus facilitating the automatic alignment process discussed above with
      respect to FIG. 4. In addition, the strip wound core is not compressible
      in the direction of tightening of tie bolts 35 and 36. For this reason, it
      is easier to hold alignment tolerances when core 120 is used.
PAR  The material disclosed immediately above with reference to FIGS. 10-12 is
      the subject of a separate U.S. Pat. application of Richard A. Stuber Ser.
      No. 507,538 having the same filing date as the subject application and
      assigned to the assignee of this application. The general concept of
      tailoring the pole pieces 136, 138 such as along planes X and Y as shown
      in FIG. 14 and its effect on performance is part of the present invention.
      The specific air-gap sequentially fabricated as shown in FIGS. 13 and 14
      and as described above in connection with the specific ratios of plane
      spacing to pole cross section to achieve the result graphically depicted
      in FIG. 15 is, however, the subject of the above-mentioned application of
      Richard A. Stuber. These concepts are disclosed herein as being part of
      the best method presently known for practicing the subject invention.
PAR  Pursuant to the present invention, several working embodiments of
      compressor 20 have been built and tested; one such embodiment is the 450
      BTU/Hr (nominal) unit mentioned above and drawn to scale in FIGS. 1-5. By
      way of example and not by way of limitation, the parameters which
      contribute to the low-slope linear reluctance curve and the resulting high
      compressor efficiency at rating point conditions are as follows:
     mass of piston 42     0.17 lbm                                            
     mass of armature 40   0.8 lbm                                             
     mass of rod 41        0.13 lbm                                            
     mass of clamp 50      0.12 lbm                                            
     effective mass of springs 44                                              
     and 45 (1/3 actual mass)                                                  
                           0.08 lbm                                            
     rate of springs 44 and 45                                                 
                           200 lb/in                                           
     material of rod 41    1060 steel                                          
     net cross-sectional area of                                               
     armature 40           1.76 sq. in.                                        
     gross cross-sectional area                                                
     of armature 40 (and 41)                                                   
                           2.32 sq. in.                                        
     effective cross-sectional                                                 
     area of pole pieces 32a and 32b                                           
                           2.25 sq. in.                                        
     resistance of windings 32 and 33                                          
                           2.10 ohms                                           
     number of turns in windings 32                                            
     and 33                400                                                 
     refrigerant suction pressure                                              
                           4.4 psig                                            
     refrigerant discharge pressure                                            
                           180 psig                                            
     refrigerant temperature entering                                          
     compressor housing    90.degree.F                                         
     bore                  1.156                                               
                           inches dia.                                         
     flux path area        2.25 sq. in.                                        
PAL  In the working embodiment with the above exemplary parameters, the
      following results were measured at refrigeration industry standard rating
      point conditions after 10,000 hours of operation:
TBL  capacity       485 BTU/Hr                                                 
     power input    134 watts                                                  
     efficiency     3.62 BTU/watt-hour (Weston)                                
PAL  In addition, the following results, which are difficult to accurately
      measure in a working linear compressor, were calculated from a computer
      analysis of the 450 BTU/Hr model, the analysis being similar to that set
      forth above with reference to FIG. 6:
TBL  length of stroke     0.54 in                                              
     position of A/C power cycle at                                            
     "top dead point" of operation                                             
                          91 degrees                                           
     position of A/C power cycle at                                            
     flush position       207 degrees                                          
     current at flush position                                                 
                          4.9 amps                                             
     flux at flush position                                                    
                          213 kilomaxwells                                     
     position of A/C power at                                                  
     maximum flux         180 degrees                                          
     current at maximum flux                                                   
                          7 amps                                               
     maximum flux         231 kilomaxwells                                     
     spring force at "top dead                                                 
     point" of operation  -70 lbf                                              
     spring force at "bottom dead                                              
     point" of operation  +38 lbf                                              
     position of A/C power at                                                  
     opening of discharge valve                                                
                          252 degrees                                          
PAL  As discussed above, reluctance curve 70 at FIG. 7 indicates that this
      embodiment achieved the objective of having a low-sloped, linear
      reluctance curve. Furthermore, the above data indicates that the objective
      of achieving maximum flux at the flush position has been achieved within 8
      percent.
PAR  Further embodiments of the present invention having greater or lesser
      pumping capacities may be constructed using the parameters set forth above
      with respect to the 450 BTU per hour embodiment of the invention by using
      the following equations:
      ##EQU1##
      where C = coefficient viscose friction
PA1  E = Zero to peak maximum sine wave voltage
PA1  F = pressure force on piston
PA1  i = instantaneous current
PA1  K = spring rate of return means
PA1  Kp = average pneumatic spring constant
PA1  m = mass of rod, armature and piston assembly along with a lumped spring
      contribution
PA1  M = gross compressor assembly wt minus (m)
PA1  N = number of turns in the motor windings
PA1  r = motor winding resistance
PA1  R = magnetic reluctance
PA1  S = scaling factor
PA1  t = instantaneous value for time
PA1  x = displacement of the armature and piston
PA1  Wn = natural mechanical frequency of the mechanical elements associated
      with m
PA1  w = frequency of the electrical circuit
PAL  The above equations may be readily derived from well-known art in the field
      of mechanical dynamics and electromagnetics as applied to a linear
      compressor. The basis for equation 1 is found in Roters, Herbert C.,
      "Electromagnetic Devices," 1st ed., Wiley, New York, 1963. The basis for
      equation 2 will be found in Shames, Irving A., "Engineering
      Mechanics-Dynamics," 2nd ed., Prentice Hall, Englewood Cliffs, New Jersey,
      1966. The scaling factor S has been introduced into equations 1 and 2 to
      facilitate the development of compressors with equivalent performance over
      a range of capacities. The final equation 3 is from the above-mentioned
      Curwen article.
PAR  It has been discovered, pursuant to the present invention, that, by
      mathematically inserting scaling factor S into the above equations, these
      equations may be used to approximate the dimensions and parameters of
      alternative embodiments of the present invention. More specifically, the
      parameters of a scaled embodiment may be derived from those of an
      operative embodiment as follows:
PA1  New capacity equals reference X S
PA1  New bore equals reference X.sqroot.S
PA1  New moving mass equals reference X S
PA1  New spring rate equals reference X S
PA1  New flux path area equals reference X.sqroot.S
PA1  New coil resistance equals reference X l/S
PA1  New coil turns equals reference X 1/.sqroot.S
PAL  where S is a positive real number. As stated above, application of scaling
      factor S to the parameters of the reference embodiment will result in
      approximate dimensions and parameters for the alternative embodiment.
      Translation of these approximate dimensions and parameters into a working
      model may require some minor parameter adjustments in the directly scaled
      replica to achieve the most efficient combination of parameters, but such
      empirical adjustments are believed to be well within the ordinary skill in
      the art and do not negate the substantial savings resulting from
      application of these scaling principles.
PAR  The disclosed 450 BTU per hour working embodiment of the present invention
      was scaled from an earlier embodiment by application of a scaling factor
      of 1.33 to the parameters of the earlier embodiment. The resulting 450 BTU
      per hour embodiment had substantially the same stroke efficiency and
      performance characteristics as the reference embodiment and performed
      substantially as predicted.
PAR  From the foregoing description, it will now be apparent that there has been
      provided, in accordance with the invention, a moving-iron linear
      compressor motor that fully satisfies the objects and advantages set forth
      above. While the invention has been described in conjunction with specific
      embodiments thereof, it is evident that many alternatives, modifications,
      and variations will be apparent to those skilled in the art in light of
      the foregoing description. It will be further apparent that, while the
      invention has been disclosed and exemplified in connection with a
      refrigeration system, the invention is equally applicable to other types
      of refrigerant systems and that, indeed, many principles of the invention
      may be applied generally to gas pumps, such as air compressors or the
      like. Accordingly, the invention is intended to embrace all such
      alternatives, modifications, and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electromagnetic circuit of the type in which a magnetically
      permeable armature is disposed to axially reciprocate within an air-gap
      defined by a pair of spaced-apart coaxial poles on a fixed magnetic core,
      the improvement wherein said poles are square in cross section
      perpendicular to the pole axis, wherein said circuit includes electrical
      windings coiled around each said poles coaxially therewith to energize
      said circuit, and wherein said air gap comprises means providing a first
      space between said poles, said space having a circular cross section
      pependicular to the axis of reciprocation of said armature, and means
      providing on each said pole a pair of exposed coplanar gap surfaces, the
      surface plane of each pole being parallel to that of the opposing pole,
      said planes being displaced on opposite sides of said axis of
      reciprocation such that the maximum displacement between said pairs of
      surfaces is less than the maximum diameter of said first space, the space
      between respective coplanar surface pairs being devoid of core material.
NUM  2.
PAR  2. The improvement set forth in claim 1 wherein said first space is a
      substantially conical space, the axis of said conical space being coaxial
      with said axis of reciprocation.
NUM  3.
PAR  3. The improvement set forth in claim 2 wherein the minimum diameter of
      said conical space is less than the width of said poles measured along a
      line perpendicular to said pole and to said axis of reciprocation.
NUM  4.
PAR  4. A moving-iron linear-motor compressor comprising, in combination,
PA1  a gas pump having a pump chamber,
PA1  a magnetic circuit stationarily connected to said pump and having
      spaced-apart poles defining a substantially conical air-gap, the taper of
      said gap converging in the direction of said chamber and the center of
      said gap being coaxial with said chamber,
PA1  a rod extending between said spaced-apart poles and having a pumping member
      carried on one end thereof and a substantially conical armature carried by
      the central portion thereof for movement between said poles,
PA1  bearing means disposed on the side of said air-gap remote from said pumping
      member and supporting the other end of said rod for axial movement and
      restraining lateral movement thereof,
PA1  means for magnetically activating said circuit thereby driving said
      armature in one direction toward said chamber, and
PA1  return means operatively connected to said armature drive said armature in
      a direction opposite to said one direction.
NUM  5.
PAR  5. A moving-iron linear compressor as set forth in claim 4 wherein said
      pumping member abuts said armature on a plane perpendicular to said
      central axis of said armature and pump chamber, whereby relative movement
      of said armature and piston is prevented.
NUM  6.
PAR  6. A moving-iron linear compressor as set forth in claim 4 wherein said
      conical armature moves in said one direction such that the large-diameter
      face of said armature moves into said conical air-gap beyond the
      large-diameter end thereof.
NUM  7.
PAR  7. A moving-iron linear-motor compressor as set forth in claim 4 wherein
PA1  the bore of said pump chamber is substantially equal to 1.156.sqroot.S
      inches,
PA1  the combined mass of said compression member, armature and rod plus the
      effective mass of said return means is substantially equal to 1.3S
      pounds-mass,
PA1  the spring rate of said return means is substantially equal to 200S pounds
      per inch,
PA1  the cross-sectional area of each of said spaced-apart poles taken on a
      plane parallel to the axis of movement of said armature and perpendicular
      to the direction of magnetic flux through said poles is substantially
      equal to 2.25.sqroot.S square inches,
PA1  the electrical resistance of said magnetically activating means is
      substantially equal to 2.1/S ohms, and
PA1  the number of coil turns in said magnetically activating means is
      substantially equal to 400/.sqroot.S turns,
PA1  where S is a positive, non-zero, real number.
NUM  8.
PAR  8. A moving-iron linear compressor as set forth in claim 4 wherein the
      included angle of taper of said conical air-gap and conical armature are
      substantially identical and wherein said angle of taper is at least
      10.degree..
NUM  9.
PAR  9. A moving-iron linear compressor as set forth in claim 8 wherein the
      included angle of taper of said armature and air-gap is between 10.degree.
      and 14.degree..
NUM  10.
PAR  10. A moving-iron linear compressor as set forth in claim 4 wherein said
      rod is formed of magnetically permeable material.
NUM  11.
PAR  11. A moving-iron linear compressor as set forth in claim 10 wherein the
      gross cross-sectional area of said armature taken through the center of
      said armature on a plane parallel to the axis of movement thereof is
      greater than the cross-sectional area of said spaced-apart poles taken on
      a plane parallel to the axis of movement of said armature and
      perpendicular to the direction of flux through said poles.
NUM  12.
PAR  12. A moving-iron linear compressor as set forth in claim 11 wherein said
      gross cross-sectional area excluding the area of said rod is substantially
      80 percent of said cross-sectional area of said spaced-apart poles.
NUM  13.
PAR  13. A moving-iron linear compressor as set forth in claim 4 wherein during
      travel of said conical armature in said one direction the small-diameter
      face of said armature moves out of said conical air-gap at the
      small-diameter end thereof.
NUM  14.
PAR  14. A moving-iron linear-motor compressor as set forth in claim 13 wherein
      said small diameter face of said armature is coplanar with the minimum
      diameter of said air-gap substantially at the time of maximum flux through
      said magnetic circuit, armature and air-gap.
NUM  15.
PAR  15. A moving-iron linear compressor as set forth in claim 4 wherein the
      natural frequency of said return means, rod, pumping member and armature
      is less than the frequency of said activating means.
NUM  16.
PAR  16. A moving-iron linear compressor as set forth in claim 15 wherein the
      frequency of said activating means is 60 Hz and the mechanical frequency
      of said return means and said rod, pumping member and armature is
      substantially 38 Hz.
NUM  17.
PAR  17. A moving-iron linear compressor as set forth in claim 4 wherein said
      pumping member and chamber comprise a piston and cylinder reciprocable
      relative to one another and having a close-clearance sliding relationship
      with one another whereby insertion of said rod and armature into said
      magnetic circuit is guided by assembly of said cylinder and piston until
      said armature abuts said spaced-apart poles, thereby aligning said
      magnetic circuit with said pump and with said rod and armature.
NUM  18.
PAR  18. A moving-iron linear compressor as set forth in claim 17 wherein said
      piston is fixedly connected to said rod and the maximum diameter of said
      piston is less than the minimum diameter of said air-gap whereby said
      piston, rod and armature are insertable as one unit into said magnetic
      circuit until said piston extends into said pump chamber.
NUM  19.
PAR  19. A moving-iron linear-motor compressor as set forth in claim 4 wherein
      the magnetic reluctance through said magnetic circuit, armature and
      air-gap is a substantially linear function of armature movement during the
      time of travel of said armature in said one direction.
NUM  20.
PAR  20. A moving-iron linear-motor compressor as set forth in claim 19 wherein
      said substantially linear function is of low slope.
NUM  21.
PAR  21. A moving-iron linear-motor compressor as set forth in claim 20 wherein
      said low slope is substantially 0.022 amp-turns per maxwell-inch.
NUM  22.
PAR  22. The combination set forth in claim 4 wherein said poles defining said
      air-gap are coaxial and include
PA1  means providing a conical hole coaxially with said chamber, and
PA1  means providing opposing pairs of exposed coplanar gap surfaces, the planes
      of said surfaces being perpendicular to the common axis of said poles but
      displaced on opposite sides of said axis of reciprocation such that the
      maximum displacement between said pairs of surfaces is less than the
      maximum diameter of said conical hole, the space between said pairs of
      surfaces being devoid of core material.
NUM  23.
PAR  23. The improved magnetic core set forth in claim 22 wherein said opposing
      pairs of exposed coplanar surfaces are parallel to each other.
NUM  24.
PAR  24. A moving-iron linear compressor as set forth in claim 4 wherein said
      return means comprises
PA1  paired, complementary coil springs with substantially straight end-tangs,
PA1  means clamping one end of each of said springs in fixed relation to said
      magnetic circuit, and
PA1  means operatively clamping the other end of each of said springs to said
      armature between said pumping member and said bearing means.
NUM  25.
PAR  25. A moving-iron linear compressor as set forth in claim 24 wherein said
      coil springs comprise a pair of single turn, internested springs.
NUM  26.
PAR  26. A moving-iron linear-motor compressor as set forth in claim 24 wherein
      said fixed clamping means comprises a post extending from said bearing
      means in a direction remote from said air-gap and chamber coaxially
      therewith, means slidable on said post fixedly clamping said one end of
      each of said springs, and means mounted on said slidable means to clamp
      said slidable means to said post when said armature and pumping member are
      in the desired rest position.
NUM  27.
PAR  27. A moving-iron linear-motor compressor as set forth in claim 24 wherein
      said operatively clamping means comprises a spring clamp mounted on said
      rod against the large-diameter face of said armature tightly clamping the
      said other end of each of said springs.
NUM  28.
PAR  28. A moving-iron linear-motor compressor as set forth in claim 24 wherein
      said coil springs are coiled in the same direction and wherein each of
      said springs enters said fixed clamping means and operatively clamping
      means respectively from a direction substantially 180.degree. from the
      direction of entry of the other.
NUM  29.
PAR  29. A moving-iron linear-motor compressor as set forth in claim 24 wherein
      said springs are so disposed that the coils thereof are diametrically
      contained within the peripheral boundary defined substantially by the
      diameter of said magnetic circuit.
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ABST
PAL  A diaphragm pump, especially a vacuum pump, in which a diaphragm of
      elastomeric material is clamped at its outer peripheral portion against a
      peripheral portion of a rigid wall which has, radially inwardly of the
      clamped portion, a concavely curved spherical surface forming with the
      diaphragm a pumping chamber with which inlet and outlet ports, each
      provided with a one-way valve, communicate. A central substantially rigid
      portion of the diaphragm is moved between a suction stroke increasing the
      volume of the pumping chamber, and a compression stroke. The wall surface
      and the diaphragm are constructed and arranged relative to each other that
      the volume of the pumping chamber is reduced substantially to zero at the
      end of the compression stroke and so as to permit easy sliding movement of
      portions of the diaphragm and the surface of the wall as the diaphragm
      approaches the end of the compression stroke.
PARN
PAR  This is a continuation-in-part of Ser. No. 334,940, filed Feb. 22, 1973,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a diaphragm pump, particularly for the generation
      of vacuum, in which the central portion of the diaphragm is attached to a
      connecting rod of a crank drive, whereas its periphery is fixed in the
      pump chamber or some other part of the crank case of the pump.
PAR  Diaphragm pumps of the aforementioned kind are known in the art. A
      difficulty which arises in such diaphragm pumps is that of reducing or
      completely eliminating any clearance between the diaphragm and the surface
      of a wall facing the diaphragm and forming with the latter a pumping
      chamber at the top dead-center position of the crank drive. Any such
      remaining clearance will prevent the generation of a high vacuum and
      thereby reduce the performance of such a diaphragm pump.
PAR  Also known in the art are diaphragm pumps comprising a plurality of pumping
      elements working in series and disposed about a common drive shaft.
      However, the attainable vacuum cannot thus be substantially improved,
      despite a considerable increase in cost.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the above mentioned
      disadvantages of diaphragm pumps known in the art.
PAR  It is an additional object of the invention to reduce the generation of
      noise during operation of such pumps.
PAR  Yet another object of the invention is to limit the stresses imparted to
      the diaphragm during operation.
PAR  With these and other objects in view, which will become apparent as the
      description proceeds, the diaphragm pump of the present invention,
      particularly a vacuum pump, mainly comprises a rigid wall having an inner
      surface with a central concavely curved spherical surface portion, a
      diaphragm facing the inner surface of the wall and having a peripheral
      portion fixed to the rigid wall radially outwardly of the central surface
      portion of the latter, a central substantially rigid portion having a
      convexly curved spherical surface facing and substantially matching the
      central concavely curved surface portion of the wall, and an annular
      flexible portion between the fixed spherical portion and the central
      portion thereof, inlet and outlet ports in the wall radially inwardly of
      the fixed diaphragm portion, and a one-way valve in each of said ports,
      and drive means rotatable about a fixed axis and a connecting rod
      connected at one end to the drive means pivotably about a pivot axis
      spaced from said fixed axis, and at the other end to the central portion
      of the diaphragm for moving the diaphragm between a suction stroke in
      which the central and flexible portions thereof are spaced from the inner
      surface of the wall to define with the latter a pumping chamber in which
      fluid is sucked through the inlet port, and a compression stroke during
      which fluid is displaced from the pumping chamber through the outlet port.
      The convexly curved spherical surface portion of the diaphragm has a
      radius of curvature which is substantially equal to the distance of any
      point of this surface from the aforementioned pivot axis, and the rigid
      wall has an annular surface portion facing the annular flexible portion of
      the diaphragm, and this annular surface portion of the wall deviates
      inwardly toward the flexible diaphragm portion from a hypothetical
      spherical surface of a radius of curvature equal to that of the
      substantially rigid central portion of the diaphragm.
PAR  This specific construction will assure that at the end of the compression
      stroke of the diaphragm the latter will be in contact substantially over
      its whole surface with the facing inner surface of the wall even though
      the flexible annular portion of the diaphragm tends, near the end of the
      compression stroke, to bulge away from the facing surface of the wall in
      the region of the outlet port for reasons which will be explained later
      on.
PAR  In one modification of the present invention, the central concavely curved
      spherical surface portion of the wall has exactly the same radius of
      curvature as the convexly curved central substantially rigid portion of
      the diaphragm and in this modification the annular surface portion of the
      wall is convexly curved toward the annular flexible portion of the
      diaphragm.
PAR  In another modification of the present invention, the annular surface
      portion of the wall is likewise concavely curved and has a common radius
      of curvature with the central concavely curved spherical portion of the
      wall and this common radius of curvature is slightly smaller than that of
      the central substantially rigid portion of the diaphragm. Preferably, the
      ratio of the common radius of curvature to that of the central portion of
      the diaphragm is 1:1.1.
PAR  According to a further feature of the present invention, the central and
      the annular surface portions of the wall are provided with a coating
      having a low friction and adhesion coefficient, whereby the stresses on
      the diaphragm during operation of the pump are reduced. Preferably, the
      Shore hardness of the central portion of the diaphragm exceeds 80 and that
      of the annular flexible portion of the diaphragm is between 40 and 80.
PAR  The central portion of the diaphragm is connected to the other end of the
      connectng rod in such a manner that this connection can be easily
      established and released, when necessary for repair purposes, and also in
      such a manner that the distance of the convexly curved central portion of
      the diaphragm from the fixed axis of the drive means may be held within
      close tolerances.
PAR  The drive means including the connecting rod are enclosed in a housing or
      crankcase and the aforementioned rigid wall which forms with the diaphragm
      the pumping chamber is connected to the crankcase in such a manner so as
      to be properly centralized with respect to the latter to thereby also
      establish the desired proper relationship of the concavely curved central
      surface portion of the wall and the fixed axis of the drive means within
      close tolerances.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal cross section through one embodiment of the
      diaphragm pump of the invention and showing the diaphragm at the end of
      the compression stroke;
PAR  FIG. 2 is a cross section corresponding to that of FIG. 1 and showing the
      diaphragm at the end of the suction stroke;
PAR  FIG. 3 is a cross section similar to that shown in FIG. 1 and showing the
      diaphragm as it approaches the end of the compression stroke;
PAR  FIG. 4 is a cross section similar to that shown in FIG. 2 and illustrating
      another embodiment according to the present invention;
PAR  FIG. 4a is a schematic explanatory Figure referring to the embodiment shown
      in FIG. 4; and
PAR  FIG. 5 is diagram illustrating the pressure in the pumping chamber in
      dependence on the turning angle of the crank drive.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to the embodiment illustrated in FIGS. 1-3 of the drawing,
      it will be seen that the diaphragm pump 1 illustrated in these three
      Figures comprises a crankcase or housing K having an upper open end, a
      rigid wall 3 above the upper open end of the crankcase K and a diaphragm 2
      having a peripheral portion 7 clamped between a peripheral surface portion
      of the wall 3 and the upper surface 23 about the open end of the
      crankcase. The diaphragm 2 further comprises a central substantially rigid
      or unflexible portion 8 having an upper convexly curved spherical surface
      portion 8' and between the clamped peripheral outer portion 7 and the
      central portion 8 an annular flexible portion 9. The diaphragm is provided
      in its central portion 8 with a stiffening member 25 so that the central
      portion, as mentioned before, is substantially inflexible. The central
      portion portion 8 of the diaphragm is further provided with a projection
      8a projecting opposite from the surface 8' therefrom and tapering towards
      its free end. A disc-shaped metal member 17 is connected, preferably by
      vulcanizing, to the free end of the projection 8a and the disc-shaped
      member in turn has a central cylindrical projection or stem 18 of smaller
      diameter than the disc-shaped member and integral therewith which is
      snugly received in a bore formed in the upper end of a connecting rod 14.
      The lower annular end 15 of the connecting rod encompasses a cylindrical
      member 13 eccentrically fixed to the drive shaft 12 mounted for rotation
      about a fixed axis a on bearings (not shown in the drawing) provided in
      the crankcase so that the lower end 15 of the connecting rod 14 will
      pivot, during rotation of the drive shaft 12 about its fixed axis a, about
      a pivot axis b spaced from the fixed axis.
PAR  The central projection 18 on the disc member 17 is held in the bore at the
      upper end of the connecting rod 14 by a set screw 20 engaging with its
      lower end a V-shaped groove 19 in the projection 18. Thereby, the
      disc-shaped member 17 is pressed with its lower face against the upper
      face 16 of the connecting rod so that the member 17 and the central
      portion 8 of the membrane can be held at close tolerances with respect to
      the axis b about which the connecting rod will pivot during rotation of
      the shaft 12.
PAR  The crankcase K has an annular flange 22 having an upper face slightly
      below the top face 23 about the open end of the crankcase, and the wall or
      cover 3 is provided with a corresponding flange portion 21 connected by
      screws 24 to the flange 22 so that the bottom face of the flange portion
      21 will be pressed against the upper face 26 of the annular flange 22
      whereby an inner cylindrical surface of the flange portion 21 will engage
      a corresponding outer surface of the crankcase K. This arrangement will
      assure that the cover 3 is properly centered with respect to the crankcase
      and therefore also with respect to the fixed axis a of the drive shaft 12.
      Additionally, this arrangement will greatly facilitate assembly and
      disassembly of the various elements of the pump, since, by removing the
      screws 24, the cover 3 may be lifted from the crankcase K, whereby the
      clamped outer annular portion 7 of the diaphragm 2 is released. By
      subsequently removing the set screw 20 the diaphragm 2 with the
      disc-shaped member 17 fixed thereto may be removed for replacement
      purposes without the necessity of disassembling the remaining parts of the
      pump.
PAR  The wall or cover 3 is provided with an inlet port 10 and an outlet port 11
      each provided with a one-way valve 50 respectively opening in opposite
      directions.
PAR  According to the invention, the central convexly curved spherical surface
      8' of the substantially inflexible central portion 8 of the diaphragm has
      a radius of curvature which is equal to the distance of any point of this
      surface from the pivot axis b, and the central inner surface portion of
      the wall 3 which is a concavely curved spherical surface has in this
      modification the same radius of curvature. An outer annular portion of
      this inner surface of the cover 3 which faces the flexible portion 9 of
      the diaphragm deviates inwardly from this spherical surface towards the
      flexible portion of the diaphragm, and in the modification as shown in
      FIGS. 1-3, the annular surface portion 4' is convexly curved toward the
      flexible portion 9 of the diaphragm, for a purpose which will be described
      later on. It is mentioned that the convexly curved annular surface portion
      4' is shown exaggerated in the drawing and the maximum dimension x at
      which this annular surface portion 4' deviates from the spherical surface
      portion of the same radius of curvature as the central portion 8' of the
      diaphragm is in the region of 1 mm or less. As can be seen from FIGS. 1-3,
      the inlet port 10 is spaced further from a central longitudinal plane of
      the pump than the outlet port 11.
PAR  The above described diaphragm pump, which is to be used as a vacuum pump,
      will operate as follows:
PAR  In FIG. 1, the crank drive of the pump is shown in its upper dead-center
      position, and in this position the upper surface of the diaphragm 2
      engages over its whole area the inner surface of the cover 3. During
      rotation of the drive shaft 12, in the direction as indicated by the
      arrow, the crank drive will move to its lower dead-center position, as
      illustrated in FIG. 2, and during such movement a gaseous fluid will be
      sucked through the inlet port 10 and the valve 50 into the pumping chamber
      5 formed between the upper surface of the diaphragm and the inner surface
      4, 4' of the cover 3. During such turning of the crank drive through an
      angle of 180.degree., the pressure in the pumping chamber 5 will decrease,
      as indicated in the diagram of FIG. 5. During further rotation of the
      crank drive, the gaseous fluid will be discharged from the pumping chamber
      through the outlet port 11 and the one-way valve 50 connected thereto,
      whereby the outside pressure and the resistance of the one-way valve
      against opening has to be overcome so that the pressure in the pumping
      chamber will rise, and actually surpass atmospheric pressure as indicated
      in FIG. 5. Since during such movement of the crank drive from its lower
      dead-center position back to its upper dead-center position, the
      connecting rod 14 will be slightly inclined with respect to the vertical
      as indicated in FIG. 3, the right portion of the flexible annular portion
      9 of the diaphragm will first contact the inner surface of the cover 3 and
      close the inlet port, whereas the left portion of the flexible annular
      portion 9 of the diaphragm will, under the influence of the increasing
      pressure in the pumping chamber 5, bulge slightly downwardly away from the
      annular surface portion 4' of the cover 3. To avoid that this downwardly
      bulging portion of the diaphragm will, at the end of the compression
      stroke, remain spaced from the inner surface of the cover 3 this inner
      surface is provided, as mentioned before, with an annular outer portion 4'
      which deviates inwardly from a spherical surface having the same radius of
      curvature as the convexly curved spherical surface 8'. Providing such an
      inwardly deviating annular surface portion on the cover 3, shown in the
      embodiment of FIGS. 1-3 as a convexly curved annular surface portion 4',
      will assure that at the end of the compression stroke no dead space will
      be created between the upper surface of the diaphragm in the region of the
      left flexible portion thereof and the inner surface of the cover 3 and
      this omission of any dead space will evidently improve the vacuum
      obtainable with the pump according to the invention.
PAR  During operation of the pump, the upper surface 8' will at the end of the
      compression stroke make a slight sliding movement relative to the inner
      surface 4 of the cover 3 and by making the central portion of the surface
      4 with the same radius of curvature than the surface 8' such sliding
      movement will be facilitated and the stresses imparted to the membrane
      during such sliding movement at the same time reduced. To further reduce
      the friction between the upper surface of the membrane and the inner
      surface of the cover, this inner surface 4, 4', is preferably covered with
      a coating 28 having a low friction and adhesion coefficient, and such
      coating may for instance be made of Teflon. The diaphragm itself is made
      of elastomeric material, for instance natural or synthetic rubber, and the
      thickness of the annular portions 7 and 9 of the diaphragm is about 0.5 to
      4 mm. The central portion 8 of the diaphragm is preferably harder than the
      annular flexible portion 9 thereof and the Shore hardness of the central
      portion is preferably above 80, whereas the Shore hardness of the annular
      flexible portion is between 40 and 80.
PAR  The embodiment illustrated in FIG. 4 differs from the above described
      embodiment illustrated in FIGS. 1-3 only in that the inner surface 4a of
      the cover 3 is configurated slightly different than in the above described
      embodiment.
PAR  More specifically, in the embodiment shown in FIG. 4, the radius of
      curvature R1 of the inner concavely curved spherical surface 4a of the
      cover 3 is slightly smaller than the radius of curvature R2 of the
      convexly curved surface 8' of the central portion 8 of the diaphragm.
      Therefore, in this construction too the outer annular portion of the inner
      surface 4a will deviate inwardly toward the flexible annular portion 9 of
      the diaphragm from a hypothetical surface with the same radius of
      curvature as the central spherical surface portion 8' of the diaphragm, as
      schematically shown in FIG. 4a. Therefore, in this construction a dead
      space between the upper surface of the diaphragm and the inner surface 4a
      of the cover 3, at the end of the compression stroke, is likewise avoided
      and the same advantageous results can be obtained with the specific
      construction as shown in FIG. 4 as is obtainable with the construction of
      the embodiment illustrated in FIGS. 1-3. Evidently, by making the inner
      surface 4a of the cover with a uniform radius of curvature, the machining
      of the cover in the embodiment shown in FIG. 4 is simpler than the
      machining of the cover in the embodiment illustrated in FIGS. 1-3. The
      difference between the radii R1 and R2 is shown exaggerated in FIG. 4a and
      the relationship of R1 to R2 is preferably 1:1.1. As evident from FIG. 4a,
      the central surface portion 8' of the diaphragm will at the end of the
      compression stroke tightly abut against the central portion of the inner
      surface portion 4a of the cover, even if the flexible portion should bulge
      slightly inwardly due to the conditions described above, the flexible
      portion of the diaphragm will still be in tight engagement with the inner
      surface 4a, due to the specific construction of this surface.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      diaphragm pumps differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      diaphragm pump operated as a vacuum pump, it is not intended to be limited
      to the details shown, since various modifications and structural changes
      may be made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A diaphram pump, particularly a vacuum pump, comprising a rigid wall
      having an inner surface with a central concavely curved spherical surface
      portion; a diaphragm facing said inner surface of said wall and having an
      outer peripheral portion fixed to said rigid wall radially outwardly of
      said central surface portion of the latter, a central substantially rigid
      portion having a convexly curved spherical surface facing and
      substantially matching said central concavely curved surface portion of
      said wall, and an annular flexible portion therebetween, integral with and
      of the same material as said fixed peripheral portion and said central
      portion thereof; inlet and outlet ports in said wall radially inwardly of
      said fixed diaphragm portion and a one-way valve in each of said ports;
      and drive means rotatable about a fixed axis and a connecting rod
      connected at one end to said drive means pivotable about a pivot axis
      spaced from said fixed axis and at the other end to said central portion
      of the diaphragm for moving said diaphragm between a suction stroke in
      which said central and flexible portions thereof are spaced from said
      inner surface of said wall to define with the latter a pumping chamber
      into which fluid is sucked through said inlet port, and a compression
      stroke during which fluid is displaced from said pumping chamber through
      said outlet port, said convexly curved spherical surface of said diaphragm
      having a radius of curvature which is substantially equal to the distance
      of any point of said surface from said pivot axis, and said rigid wall
      having an annular surface portion facing said annular flexible portion of
      said diaphragm and deviating inwardly toward said flexible diaphragm
      portion from a hypothetical spherical surface of a radius of curvature
      equal to that of said central substantially rigid portion of said
      diaphragm.
NUM  2.
PAR  2. A diaphragm pump as defined in claim 1, wherein said central concavely
      curved spherical surface portion of said wall has the same radius of
      curvature as said convexly curved central rigid portion of said diaphragm
      and wherein said annular surface portion of said wall is convexly curved
      toward said annular flexible portion of said diaphragm.
NUM  3.
PAR  3. A diaphragm pump as defined in claim 1, and including a coating having a
      low friction and adhesion coefficient covering said central and said
      annular surface portion of said wall.
NUM  4.
PAR  4. A diaphragm pump as defined in claim 1, and including a housing
      surrounding and rotatably mounting said drive means, said housing having
      an open end and at said open end an annular end face facing said rigid
      wall, said peripheral portion of said diaphragm being located between said
      annular end face of said housing and said rigid wall, and including
      connecting means radially outwardly of said peripheral portion of said
      diaphragm for pressing said wall against said end face so as to clamp said
      peripheral portion of said diaphragm therebetween, and means for centering
      said wall relative to said housing.
NUM  5.
PAR  5. A diaphragm pump as defined in claim 4, wherein said housing has at said
      open end an outer cylindrical surface and a radially outwardly projecting
      flange axially spaced from said end face of said housing, said wall having
      an outer annular portion with an inner cylindrical surface engaging said
      outer cylindrical surface so as to center said wall on said housing, and
      said connecting means including screw means extending through aligned
      bores in said outer annular portion of said wall and said flange.
NUM  6.
PAR  6. A diaphragm pump as defined in claim 1, wherein said inlet and said
      outlet ports are located in a plane normal to said fixed axis of said
      drive means and the latter are rotated in a direction that during the
      compression stroke a portion of the diaphragm in the region of said outlet
      port is the last to engage said inner surface of said wall.
NUM  7.
PAR  7. A diaphragm pump as defined in claim 1, wherein said outlet port is
      offset to one side of a vertical plane of symmetry passing through said
      fixed axis for a distance which is smaller than the distance said inlet
      port is offset to the other side of said plane.
NUM  8.
PAR  8. A diaphragm pump as defined in claim 1, wherein said diaphragm is formed
      from elastomeric material and wherein the Shore hardness of said central
      portion of said diaphragm exceeds 80 and that of said annular flexible
      portion is between 40 and 80.
NUM  9.
PAR  9. A diaphragm pump as defined in claim 1, wherein said annular surface
      portion of said wall is likewise concavely curved and has a common radius
      of curvature with said central concavely curved spherical portion of said
      wall, said common radius of curvature being smaller than that of said
      convexly curved spherical surface of said central substantially rigid
      portion of said diaphragm.
NUM  10.
PAR  10. A diaphragm pump as defined in claim 9, wherein the ratio of said
      common radius of curvature to that of said convexly curved spherical
      surface of said central portion of said diaphragm is 1:1.1.
NUM  11.
PAR  11. A diaphragm pump as defined in claim 1, wherein said central portion of
      said diaphragm has an integral projection projecting opposite from said
      convexly curved surface thereof for attaching said connecting rod thereto.
NUM  12.
PAR  12. A diaphragm pump as defined in claim 11, said connecting rod having at
      said other end an end face spaced from said projection and being provided
      with a central bore extending from said end face into said rod, and
      including a metal member fixed to said projection and having an end face
      abutting against said end face of said rod and a central stem integral
      with said metal member and projecting into said bore, and co-operating
      means on said stem and said connecting rod for holding said end faces in
      tight abutment against each other.
NUM  13.
PAR  13. A diaphragm pump as defined in claim 11, wherein said integral
      projection tapers away from said convexly curved spherical surface of said
      central portion.
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ABST
PAL  A reciprocating pump fabricated from an assembly including a body having a
      cylinder bore formed therein for receiving a reciprocating plunger, and
      with a transverse bore extending radially outwardly from the cylinder bore
      at a certain axial position, and passing through the wall of the pump
      body. A counterbore is formed along the cylinder bore and is arranged to
      receive a stacked assembly of guide means, packing means, and lantern ring
      means. The guides are operative to control the radial thrust on the
      plunger, while the lantern ring is arranged to provide communication from
      the interior of the cylinder bore to the atmosphere. The packing means
      includes a pair of axially displaced ring seals, one each being disposed
      on opposite sides of the lantern ring, and providing for mutual isolation
      between the pumping chamber of the pump and the crankcase.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a reciprocating pump structure,
      and more particularly to a piston-type pump which is rugged and durable,
      being fabricated from a minimum number of components, and which may be
      easily assembled and disassembled for purposes of maintenance and repair.
      The structure is particularly easily serviced in connection with assembly
      of guides and packings. In addition, the structure utilizes a resilient
      spring member to stroke the piston or plunger in one axial direction.
PAR  In the preparation of reciprocating pump structures, design features which
      provide for ease of assembly and maintenance are highly desired. It is
      desired that these structures, in addition to being durable and rugged,
      are also easily assembled and serviced. In the normal operation of
      reciprocating pumps, the components which require the most frequent
      attention from the standpoint of service and maintenance are the piston or
      plunger guides, along with the packings and seals. It is, accordingly, a
      desirable feature to provide for ease of assembly, accessibility, and
      re-assembly of these components in the finished product. The apparatus of
      the present invention provides these advantages to a significant degree.
PAC  SUMMARY OF THE INVENTION
PAR  Essentially, the pump structure of the present invention employs a pump
      body having conventional inlet and outlet ports, along with the inlet and
      outlet valves. The structure is provided with a pumping cylinder which
      receives a reciprocating plunger arranged for movement within the
      cylinder. A transverse bore or slot is formed in the body in order to
      establish communication between the cylinder and the atmosphere. The
      structure further includes a composite stacking of guides, packings, and
      lantern ring, with the guides normally being disposed at the extremities
      of the pumping cylinder area, and with the lantern ring being disposed
      generally intermediate the ends and communicating with the transverse bore
      or slot. The sealing means are normally and preferably disposed on
      opposite sides of the lantern ring and provide for isolation between the
      crankcase and the pumping chamber. Thus, when leakage occurs from either
      the pumping chamber or the crankcase, cross-contamination will not occur
      with the leakage or drainage being permitted to pass through the lantern
      ring to the atmosphere. Preferably, the lantern ring is provided with a
      plurality of spaced bores to accommodate any such leakage.
PAR  In order to stroke the plunger or piston element, the drive shaft is
      provided with eccentric means for moving the piston during the pressure
      stroke, and a resilient compression spring is provided for accommodating
      the return or inlet stroke for the piston. Such a structure eliminates the
      requirement of having a yoke assembly coupled to the eccentric means for
      returning the piston or plunger during the inlet stroke. Such an
      arrangement enhances the serviceability of the structure and provides for
      ease of maintenance and repair.
PAR  Therefore, it is a primary object of the present invention to provide an
      improved reciprocating pump structure which is fabricated from a minimum
      number of components, and which is arranged for ease of assembly,
      disassembly, and servicing.
PAR  It is a further object of the present invention to provide an improved
      reciprocating pump structure having a crankcase portion for retaining
      lubricant for certain of the moving components, and wherein means are
      provided for eliminating cross-contamination between the crankcase
      lubricant and the fluid being pumped.
PAR  It is yet a further object of the present invention to provide an improved
      single piston reciprocating pump utilizing a stacked arrangement of
      guides, packings, and lantern ring which stacked arrangement may be easily
      and readily removed and replaced as required.
PAR  Other and further objects of the present invention will become apparent to
      those skilled in the art upon a study of the following specification,
      appended claims, and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the reciprocating pump structure of
      the present invention;
PAR  FIG. 2 is a side elevational view of the structure illustrated in FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken along the line and in the
      direction of the arrows 3--3 of FIG. 2, and illustrating the working
      components of the structure;
PAR  FIG. 4 is a vertical sectional view taken along the line and in the
      direction of the arrows 4--4 of FIG. 1, with this view illustrating a
      modified form of guide and packing stacking arrangement;
PAR  FIG. 5 is a detail sectional view on a slightly enlarged scale, and
      illustrating a segment of the body wall and guide-seal-lantern ring
      stacking arrangement as shown in FIG. 1; and
PAR  FIG. 6 is a perspective view of the lantern ring which is utilized in
      combination with the packing and guide arrangements of the pump of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the preferred modification of the present invention, and
      with particular attention being directed to FIGS. 1-3 of the drawings, the
      reciprocating pump structure generally designated 10 includes a body
      member 11 having an inlet port 12, and outlet port 13, along with inlet
      and outlet valves 14 and 15 respectively. The body 11 has a cylindrical
      bore 17 formed therein, the bore 17 being arranged to receive the
      reciprocating plunger means generally designated 18. The bore 17 has an
      inner terminal end as at 19, and an outer terminal end as at 20, with the
      body 11 having a crankcase zone 21 formed adjacent the inner end 19. Head
      22 is secured to the body 11 adjacent the outer end 20 of the bore 17,
      head 22 being secured to the body by means of a plurality of cap screws
      such as at 23-23.
PAR  A rotary drive shaft 25 is provided in the assembly, with this shaft being
      journaled for rotation in bearings 26 and 27. The bearing 26 is held in
      proper position within the body by means of the shoulder abutment 28
      formed in the body along with snap ring 29. Snap rings 30 and 31 are
      utilized to hold or retain bearing 27 in proper disposition. Cam bearing
      32 is secured to bearing pin 33, with pin 33 being press-fit into a bore
      formed in shaft 25, and retained in place by means of retaining pin 34
      which is secured transversely in shaft 25. Cap 35 is utilized to receive
      lubricant for the crankcase, with the lubricant extending through the
      entire crankcase area and providing lubrication for cam bearing 32, as
      well as bearings 26 and 27. Plug 36 is threadably received within the body
      11, and may be removed in order to accommodate drainage of the lubricant
      retained in the confines of the crankcase zone, such as the zone 37.
PAR  The bore 17, as indicated, accommodates and receives reciprocating plunger
      member 18. A pumping chamber is defined by the bore 17, and generated by
      motion of the reciprocating plunger 18, with the pumping chamber area
      being shown generally at 40. Compression spring 41 is provided in the
      structure, and is received in cavity 42 formed in the body of plunger 18.
      Compression spring 41 is accordingly compressed between the base of cavity
      42 and the inner surface of head 22, and accordingly provides for movement
      of the plunger 18 inwardly during the intake stroke.
PAR  Attention is now directed to FIGS. 3 and 5 wherein the details of the guide
      rings, packing, and lantern ring are illustrated. Specifically, this
      stacked arrangement is disposed within counterbore 44 formed in bore 17,
      with a pair of guides being shown at 45 and 46. Guide 45, which is a
      conventional graphite piston guide, is seated against an abutment step 48
      formed at the end of counterbore 44, while guide 46 is retained at the
      outer end of counterbore 44. Head 22 has a face surface as at 50 (FIG. 5)
      which maintains constant contact with the outer surface of guide 46 and
      retains the stacked arrangement in place. Lantern ring 51 is interposed
      between a pair of seals shown generally at 52 and 53, seals 52 and 53 each
      including an O-ring 54 and a contact ring 55, contact ring 55 being
      prepared from polytetrafluoroethylene, such as "Teflon" or the like. As is
      indicated in FIG. 5, a transverse bore shown at 56 is provided to arrange
      for communication between the inner portion of the pumping cylinder area
      and atmosphere. The details of lantern ring 51 are shown in FIG. 6, with
      ring 51 having an I cross-section, with a plurality of bores such as the
      bores 58-58 being formed herein. The I configuration provides for a
      greater area of contact between O-rings 54 and lantern ring 51 for sealing
      purposes. Thus, the manufacturing tolerances are greater in this
      arrangement.
PAR  The details of design of inlet valve 14 and outlet valve 15 are provided in
      U.S. Pat. No. 3,238,890, as well as the details of design of head 22. As
      is indicated, O-ring 60 is provided to seal head 22 to body 11, with
      O-ring 60 being disposed in groove 61 formed in head 22. It will also be
      appreciated that valves 14 and 15 are retained in place by virtue of
      contact with face 50 of head 22.
PAR  It will be appreciated that transverse bore 56 formed in body 11 may be
      either in the form of a bore or a slot. The essential feature is that an
      opening be established to accommodate removal of any leakage from either
      the crankcase side or the pumping chamber side.
PAR  In order to increase the life of the plunger 18, wear pin 62 is provided at
      the base of plunger 18. Pin 62 is preferably pressed into an opening or
      cavity formed in plunger 18 and is accordingly retained in place in that
      fashion. Pin 62 is, of course, hardened to a greater degree than plunger
      18 and as such provides a long life wearing surface for the plunger 18 in
      its contact with cam bearing 32.
PAR  As is indicated in FIGS. 3 and 4, cam bearing 32 utilizes needle bearings
      to separate the outer race from the center of bearing structure. Such an
      arrangement provides for a low friction drive for the pump assembly. In
      order to control the capacity of the pump, reference is made to the radial
      disposition of the crank pin receiving bore formed in the drive shaft 25.
      Accordingly, with a single cylinder pump, the required capacity may be
      designed into the unit.
PAR  In order to enhance the ease of servicing, it will be observed that the
      base end portion of plunger 18 is tapered inwardly, thus enhancing the
      ability of the serviceman to re-assemble the unit following replacement of
      the guide-packing-lantern ring stack. Accordingly, it is possible for the
      serviceman to assemble the plunger into the bore and simultaneously expand
      the polytetrafluoroethylene ring members 55-55. Closure of the head 22
      onto the arrangement will accordingly compress and expand O-rings 54-54,
      and thus aid in sealing the outer periphery of plunger 18. It will be
      further observed that the inwardly disposed packing member 52 seals
      crankcase area 37 from opening 56, while the outwardly disposed packing
      member 53 seals the pumping chamber 40 from opening 56.
PAR  It will be observed that the outer guide 46 is longer in its axial
      dimension than the inner guide 45. Such an arrangement matches the guiding
      requirements to the structure, that is, the guide at the pressure end of
      the plunger 18 is elongated to a greater extent than the guide member 45.
PAR  FIG. 9 illustrates a modified embodiment of the structure wherein a single
      guide ring is employed. In this arrangement, it will also be observed that
      a pair of seal rings are utilized, one being disposed on either side of
      the lantern ring. The arrangement is held in place in the same manner as
      that previously discussed, and the function is, of course, identical. In
      order to assist in removal of plunger 65 from the remaining portions of
      the assembly, a threaded bore is provided as at 66 in order to permit a
      tool to be engaged and thus permit the serviceman to lift or otherwise
      remove the plunger 65 from the structure. Also, it will be observed that
      the spring 67 illustrated in FIG. 4 is somewhat shorter in its normal
      length than is the spring 41, this being due to the shorter cavity depth
      available in the plunger 65.
PAR  Conventional materials of construction may be utilized to fabricate the
      pump structure of the present invention, with no unusual features being
      required. As has been indicated, the connecting rod or yoke which would
      normally be required to retract plunger 18 is not utilized, with a spring
      return feature being employed in lieu of such a connecting rod. It will be
      appreciated, of course, that for certain applications of this pumping
      arrangement, a positive return may be employed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a reciprocating pump:
PA1  a. a body having an inlet port, an outlet port, a cylinder bore formed
      therein and extending therethrough and having an inner end and an outer
      end, the bore being arranged to receive reciprocating plunger means
      therewithin, plunger means disposed within said bore, a rotary drive shaft
      journaled for rotation in said body and having eccentric means coupled
      thereto and operatively associated with said plunger for imparting
      reciprocatory motion thereto, a pumping chamber defined by said cylinder
      bore and generated by the motion of said reciprocating plunger means;
PA1  b. fluid channels formed in said body and extending from said inlet and
      outlet ports to said pumping chamber and having inlet and outlet valve
      means disposed therealong and operative to control admission and discharge
      of fluid to and from said chamber;
PA1  cylinder head means secured to said body and isolating said pumping chamber
      from atmosphere and having a relieved inner surface zone for fluid flow
      and a projection surface abutting the surface of said body;
PA1  d. a crankcase disposed in said body and housing said rotary drive shaft
      and being disposed at the inner end of said cylinder bore;
PA1  e. at least one counterbore being formed along said cylinder bore at the
      outer end thereof and having a step formed at the base thereof, guide
      means, packing means and lantern ring means disposed as a stack within
      said counterbore and operative to guide said plunger in its reciprocatory
      motion and to seal said plunger between said pumping chamber and said
      crankcase, said abutting surface being in bearing contact with the outer
      end surface of said stack;
PA1  f. a transverse bore extending radially outwardly from said counterbore at
      a certain axial position therealong and passing through said body;
PA1  g. said guide means and packing means including at least one sleeve guide
      member and a pair of seal rings, said lantern ring means having at least
      one radially extending bore passing through the wall thereof and being
      disposed at said certain axial position and providing communication
      between said counterbore and atmosphere; and
PA1  h. said seal ring means being axially spaced, one from another, and being
      disposed on opposite sides of said lantern ring means, with the inwardly
      disposed seal ring being supported by said step.
NUM  2.
PAR  2. The reciprocating pump as defined in claim 1 being particularly
      characterized in that spring means are provided for imparting
      reciprocatory motion to said plunger during the intake stroke of said pump
      structure.
NUM  3.
PAR  3. The reciprocating pump structure as defined in claim 1 being
      particularly characterized in that said seal rings include a ring of
      molded polytetrafluoroethylene with the inner surface being held in firm
      abutting contact with the outer surface of said plunger.
NUM  4.
PAR  4. The reciprocating pump structure as defined in claim 1 being
      particularly characterized in that the cross-section of said lantern ring
      is in substantially I configuration
NUM  5.
PAR  5. The reciprocating pump structure as defined in claim 1 being
      particularly characterized in that the surface of said reciprocating
      plunger means in contact with the eccentric means of said drive shaft is
      provided with a hardened wear surface.
NUM  6.
PAR  6. In a reciprocating pump:
PA1  a. a body having an inlet port, an outlet port, a cylinder bore formed
      therein and extending therethrough and having an inner end and an outer
      end, the bore being arranged to receive reciprocating plunger means
      therewithin, plunger means disposed within said bore, a rotary drive shaft
      journaled for rotation in said body and having eccentric means coupled
      thereto and operatively associated with said plunger for imparting
      reciprocating motion thereto, a pumping chamber defined by said cylinder
      bore and generated by the motion of said reciprocating plunger means;
PA1  b. fluid channels formed in said body and extending from said inlet and
      outlet ports to said pumping chamber and having inlet and outlet valve
      means disposed therealong and operative to control admission and discharge
      of fluid to and from said chamber;
PA1  c. cylinder head means secured to said body and isolating said pumping
      chamber from atmosphere and having a relieved inner surface zone for fluid
      flow and a projection surface abutting the surface of said body;
PA1  d. a crankcase disposed in said body and housing said rotary drive shaft
      and being disposed at the inner end of said cylinder bore;
PA1  e. a first counterbore formed along said cylinder bore at the outer end
      thereof and having a first step formed at the base thereof, a second
      counterbore formed within said first counterbore and having a second step
      formed at the juncture of said first and second counterbores, first guide
      means disposed within said first counterbore and with the inner end
      thereof being seated upon said first step, second guide means, packing
      means and lantern ring means being disposed as a stack assembly within
      said second counterbore, said first and second guide means and said
      packing means and lantern ring means being operative to guide said plunger
      in its reciprocatory motion and to seal said plunger between said pumping
      chamber and said crankcase;
PA1  f. a transverse bore extending radially outwardly from said second
      counterbore at a certain axial position therealong and passing through
      said body;
PA1  g. each of said guide means being sleeve guide members, and said packing
      means including a pair of seal rings, and said lantern ring means having
      at least one radially extending bore passing through the wall thereof and
      being disposed at said certain axial position and providing communication
      to atmosphere, said abutting surface being in bearing contact with the
      outer end surface of said stack; and
PA1  h. said seal ring means being axially spaced, one from another, and being
      disposed on opposite sides of said lantern ring means, with the inwardly
      disposed seal ring being supported at least partially by said second step.
NUM  7.
PAR  7. The reciprocating pump as defined in claim 6 being particularly
      characterized in that a pair of guide means are provided, with a first
      guide means being in abutting contact with said first counterbore step,
      and with a second guide means being disposed at the outer end of said
      second counterbore.
NUM  8.
PAR  8. The reciprocating pump structure as defined in claim 7 wherein the guide
      means arranged adjacent the outer end of said second counterbore is
      substantially longer in axial dimension than the inwardly disposed guide.
NUM  9.
PAR  9. The reciprocating pump structure as defined in claim 6 being
      particularly characterized in that said guide means, packing means, and
      lantern ring means are held in compressed disposition by contact with the
      inner face of said head means.
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PAL  An oil well subsurface pump comprising a plunger reciprocally disposed
      within a working barrel and having check valve means carried thereby,
      metallic ring means provided on the outer periphery of the plunger for
      engaging the inner periphery of the working barrel, resilient sleeve or
      cup means disposed around the outer periphery of the plunger and having
      one end in engagement with the ring means, means threadedly secured to the
      outer periphery of the plunger for engaging the opposite end of the
      resilient means for applying selected longitudinal pressure thereon for
      radial expansion thereof into engagement with the inner periphery of the
      working barrel.
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PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is an improvement over the oil well pump disclosed in my
      copending applications Ser. No. 429,542, filed Jan. 2, 1974 and entitled
      "Oil Well Pump" and Ser. No. 445,285, now U.S. Pat. No. 3,910,730, filed
      Feb. 22, 1974 and entitled "Oil Well Pump."
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in oil well pumps and more
      particularly, but not by way of limitation, to a reciprocal plunger type
      subsurface pump.
PAR  2. Description of the Prior Art
PAR  In producing oil wells it is common practice to provide a pump at the
      bottom of the well bore, or at least down the well bore in the proximity
      of the producing formation. The pump is normally secured to the lower end
      of the sucker rod string, which extends longitudinally through the well
      bore from a reciprocating device at the surface of the ground. The
      reciprocating device at the surface is usually a horsehead type apparatus
      and alternately raises and lowers the string of sucker rods in the well
      bore. Subsurface pumps have long presented many problems in lifting of the
      well fluid to the surface of the ground. For example, most pumps presently
      available have an inner barrel or plunger 21/2 feet to 8 feet long which
      cause friction and drag on the pumper as the plunger reciprocates within
      the working barrel. As a result it is usually necessary to load the pump
      by the weight of the rods pushing down on the plunger. If the plunger does
      not move freely, the plunger may not have a full stroke, thus reducing
      pumping efficiency. In addition, many of the subsurface pumps have
      slippage in the operation of the plunger and require several strokes of
      the pump before a sufficient load is applied to the pump for starting the
      pumping action. Also, many well fluids contain sand and other foreign
      particles which greatly hinder the operation of the subsurface pump and
      frequently damage the working parts thereof. The pumping of heavy viscous
      fluids also presents a problem to the ususal pump available today.
PAC  SUMMARY OF THE INVENTION
PAR  The subsurface pumps disclosed in my aforementioned copending applications
      were developed particularly for overcoming the above disadvantages, and
      have been successful in producing results greatly improved over the
      results of prior subsurface pumps. However, there are some instances
      wherein it has proven advantageous to provide resilient cup means in
      combination with metallic seal rings on the outer periphery of the pump
      plunger. The present invention contemplates an improved subsurface oil
      well pump wherein the plunger is preferably only 9 to 12 inches long and
      at least one metallic ring or stop member may be provided on the outer
      periphery of the plunger, preferably in the proximity of the upper end
      thereof, with a resilient cup or sleeve means disposed on the outer
      periphery of the plunger having one end thereof in engagement with the
      metallic ring. Jamb nut means, or the like, is movably secured on the
      plunger for selective engagement with the opposite end of the resilient
      means for applying longitudinal pressure thereagainst whereby the
      resilient means is expanded radially outwardly into a desired engagement
      with the inner periphery of the working barrel. The jamb nut means may be
      an annular sleeve or ring member threadedly secured to the outer periphery
      of the plunger or may be check valve cage means threadedly secured to the
      plunger in a manner to provide a check valve for the pump and to provide
      pressure engagement means for the resilient means. The material from which
      the resilient cup or sleeve means is constructed is particularly selected
      to be resistant to the bottom hole temperatures and pressures and the
      corrosive characteristics of the well fluids. The novel pump is simple and
      efficient in operation and economical and durable in construction.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevational view of an oil well pump embodying the
      invention.
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 1, with portions depicted in
      elevation for purposes of illustration.
PAR  FIG. 3 is a sectional elevational view of a modified oil well pump
      embodying the invention.
PAR  FIG. 4 is a sectional elevational view of a sealing sleeve such as may be
      utilized in the invention and depicts the sleeve in a relaxed position.
PAR  FIG. 5 is a top view of a check valve and cage member such as may be
      utilized in the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 2, 4 and 5, reference character 10 generally
      indicates a subsurface pump for oil well bores (not shown) and the like,
      and comprises a plunger assembly 12 reciprocally disposed within a working
      barrel 14. The working barrel 14 is preferably set within a well tubing
      (not shown) by a suitable packer (not shown), or the like, as is well
      known and in such a manner that the pump 10 is disposed in the proximity
      of or within the producing subsurface formation (not shown) of the well
      bore (not shown). However, it is to be noted that it may be desirable to
      retain the pump plunger assembly 12 stationary and reciprocate the working
      barrel 14 with respect thereto during the pumping operation.
PAR  The plunger assembly 12 comprises a main sleeve or housing 16 having a
      central bore 18 extending longitudinally therethrough for receiving a
      check valve assembly 20 therein. One end of the bore 18 is threaded as
      shown at 22 for receiving a sleeve 24 to removably retain the check valve
      assembly 20 within the sleeve 24. An inwardly directed annular shoulder 26
      is provided in the bore 18 longitudinally spaced from the threaded portion
      22 for receiving the upper end of the check valve assembly 20
      thereagainst, as particularly shown in FIGS. 1 and 2. The bore 18 is
      reduced at 28 and is preferably threaded for receiving a threaded end of a
      stem member 30 therein.
PAR  The stem 30 extends longitudinally from the sleeve 16 and a resilient
      sealing sleeve 32 is disposed around the outer periphery thereof for
      engagement with the inner periphery of the working barrel 14 in a manner
      and for a purpose as will be hereinafter set forth. The sleeve 32 is
      preferably constructed from a suitable resilient material such as rubber
      or the like which is capable of withstanding the high temperature and
      pressure in the well bore and the corrosive characteristics of the well
      fluid. A pair of oppositely disposed reinforcing rings 34 and 36 are
      provided at the opposite ends of the sleeve 32. The ring 34 is slidably
      disposed around the outer periphery of the stem 30 and a suitable jamb nut
      38 is interposed between the ring 34 and the upper end of the sleeve 16
      and is threadedly secured to the outer periphery of the stem 30. An
      outwardly extending annular shoulder 40 is provided on the outer periphery
      of the stem 30 spaced from the threaded end thereof and provides a stop
      member for receiving the ring 36 thereagainst.
PAR  A central bore 42 extends longitudinally into the stem 30 and has one end
      thereof in open communication with the interior of the check valve
      assembly 20. A plurality of circumferentially spaced bores 44 are provided
      in the walls of the stem 30 at the opposite end of the bore 42 for
      providing communication between the bore 42 and the annular space 46
      between the stem 30 and the inner periphery of the working barrel 14. The
      bores 44 are preferably disposed at a downwardly and outwardly extending
      angle to provide a jet-like action during operation of the pump 10 as will
      be hereinafter set forth.
PAR  The upper end of the stem 30 as shown in FIGS. 1 and 2 is closed and is
      provided with a central longitudinal threaded bore 48 for connection with
      the usual sucker rods (not shown) or the like normally utilized for
      reciprocating the pump plunger 12 within the working barrel 14 as is well
      known. It is to be noted that the particular embodiment shown herein is
      for use with solid sucker rods. In the event hollow sucker rods are
      utilized, it may be desirable to deliver the well fluid to the surface of
      the ground through the sucker rods, in which event the bores 44 may be
      eliminated, and the bore 42 may extend longitudinally completely through
      the stem 30.
PAR  The check valve 20 as shown in FIGS. 1 and 2 comprises an annular valve
      seat 50 disposed on the sleeve 24 and supporting an open-type cage member
      52 thereon. The cage 52 comprises an annular base element 54 having an
      inverted substantially U-shaped strap member 54 integral therewith or
      rigidly secured thereto. The upper end of the U-strap 54 is normally held
      in engagement with the annular shoulder 26 and a ball member 56 is loosely
      disposed within the cage 52 for cooperation with the valve seat 50 to
      provide alternate open and closed positions for the check valve 20. A
      centrally disposed stop member 58 is integral with or suitably rigidly
      secured to the upper end of the U-strap 54 and extends longitudinally
      within the cage 20 for limiting the upward movement of the ball 56 during
      opening of the valve 20. A suitable helical spring 60 is disposed around
      the stop member 58 and has one end thereof suitably anchored in the
      proximity of the U-strap 54 and the opposite end thereof normally freely
      suspended below the outer extremity of the stop 58 for initial engagement
      with the ball 56 during opening of the valve 20 for reducing the shock on
      the ball 56 upon engaging the stop member 58.
PAR  As particularly shown in FIG. 4 the resilient sleeve 32 as shown herein is
      provided with a substantially straight walled inner bore 62 extending
      longitudinally therethrough and of a diameter for snugly fitting on the
      outer periphery of the stem 30. The outer periphery of the sleeve 32 is
      concave in the normal or relaxed position thereof and the opposite ends
      are provided with annular grooves 64 and 66, respectively, of a
      substantially V-shaped cross-sectional configuration. The grooves 64 and
      66 provide outwardly extending annular lips 68 and 70, respectively, on
      the outer periphery of the opposite ends of the sleeve 32. Any fluid
      surrounding the sleeve 32 tends to enter the grooves 64 and 66 and apply
      radial outward pressure for forcing the lips 68 and 70 into a tight
      engagement with the inner periphery of the working barrel 14. In addition,
      the overall length of the sleeve 32 may be shortened by moving the jamb
      nut 38 in a direction toward the sleeve 32 to apply axial pressure
      thereagainst. Of course, as the length of the sleeve 32 is shortened, the
      sleeve is expanded radially outwardly for increasing the outer diameter
      thereof. The jamb nut 38 may be adjusted with respect to the sleeve 32 to
      provide substantially any desired pressure engagement of the sleeve 32
      against the inner periphery of the working barrel 14. In the event any
      wear occurs on the outer periphery of the working barrel 14 during use of
      the pump 10, the jamb nut 38 may be further adjusted to increase the
      pressure of the sleeve 32 against the working barrel 14 as desired.
PAR  Whereas the sleeve 32 as shown herein is of one particular configuration it
      is to be understood that the sleeve 32 may be simply a "regular" resilient
      sleeve having concentric inner and outer peripheries even in the relaxed
      position thereof and there is no intention of limiting the invention to
      the particular sleeve shown herein.
PAR  A standing valve (not shown) is normally installed in the lower portion of
      the well bore or well tubing (not shown) and the working barrel 14 is set
      in the well tubing (not shown) in the proximity of the producing formation
      in any well known manner and preferably above the standing valve (not
      shown). In order to install the plunger assembly 12 in the working barrel
      14 it is preferable to attach a seating nipple (not shown) to the upper
      end of the working barrel 14 in any suitable manner, such as by a threaded
      connection therebetween. The upper end of the seating nipple is preferably
      provided with a beveled edge around the inner periphery thereof and as the
      plunger assembly 12 is lowered in the well tubing (not shown), the
      lowermost end of the assembly 12 will initially engage the upper end of
      the seating nipple. In the event the plunger assembly 12 is not exactly in
      axial alignment with the seating nipple and/or working barrel 14, the
      plunger assembly will engage the beveled edge of the nipple and will be
      easily guided into a centered or aligned position with respect to the
      nipple and working barrel. The assembly 12 may then be readily moved by
      gravity into the inner bore of the working barrel 14. In this position the
      sleeve 24 is open to or in communication with the fluid reservoir (not
      shown) provided in the well tubing (not shown).
PAR  The pump plunger assembly 12 may be reciprocated within the working barrel
      14 by the normal sucker rods (not shown) in the usual manner. On the
      upstroke of the plunger assembly 12, a suction is created in the well
      tubing above the standing valve for opening the standing valve and pulling
      a quantity of well fluid into the interior of the well tubing. It will
      also be apparent that the ball 56 will be urged against the valve seat 50
      upon the upstroke of the plunger assembly 12 for closing of the ball check
      valve 20. On the downstroke of the plunger assembly 12 the pressure of the
      fluid in the well tubing will raise the ball 56 from the valve seat 50 for
      opening of the ball check valve 20 (sometimes called a travelling valve).
      The well fluid will move through the open valve 20 and into the interior
      of the cage 52. The construction of the cage 52 is of a particular design
      to provide a maximum internal volume for the check valve 20 in order to
      produce a minimum restriction of fluid flow through the valve and into the
      bore 42. The upward movement of the ball 56 is limited by the engagement
      thereof with the stop member 58. Of course, the ball 56 initially engages
      the free end of the spring 60 which dampens the force of the engagement of
      the ball 56 with the stop member 58.
PAR  As the plunger assembly 12 is continuously reciprocated within the barrel
      14, the fluid moved upwardly through the passageway 42 and is discharged
      through the ports 44 into the annulus 46 and moves upwardly therein to the
      surface of the well, as is well known. The fluid is discharged from the
      ports 44 in a jet-like action which maintains the upper end of the sleeve
      32 substantially clean and free of sand accumulations and the like.
PAR  The outer periphery of the sleeve 32 moves against the inner periphery of
      the working barrel 14 during reciprocation of the plunger assembly 12 for
      substantially precluding any leakage of well fluid between the sleeve 16
      and the working barrel 14 whereby each stroke of the pump plunger assembly
      12 delivers fluid into the working barrel 14 above the plunger assembly 12
      with substantially no slippage between the plunger and the working barrel.
      In addition, the sleeve 32 will function as a wiper ring against the inner
      periphery of the barrel 14. As wear occurs on either the outer periphery
      of the sleeve 32 or the inner periphery of the barrel 14, the outer
      diameter of the sleeve 32 may be selectively increased by moving the jamb
      nut 38 in a direction toward the sleeve 32. This may be accomplished in
      any well known manner, such as by inserting an Allen wrench (not shown) or
      the like into a complementary bore 39 provided in the outer periphery of
      the nut 38 in order to rotate the nut 38 on the threaded end of the stem
      30. In addition, any well fluid present above and below the sleeve 32 will
      cause a fluid accumulation in the grooves 64 and 66 for urging the lips 68
      and 70 radially outwardly into a tight sealing engagement with the inner
      periphery of the working barrel 14.
PAR  As hereinbefore set forth, in the event hollow sucker rods are utilized in
      lieu of solid sucker rods, it may be desirable to eliminate the ports 44
      and move the fluid upwardly from the bore 42 through the hollow sucker
      rods for elevating the well fluid to the surface of the ground.
PAR  Referring now to FIG. 3 a similar subsurface oil well pump is generally
      indicated at 72. The pump 72 comprises a plunger assembly 74 reciprocally
      disposed within a stationary working barrel 74. However, it is to be
      understood that the plunger assembly 74 may be held stationary and the
      working barrel 74 reciprocated with respect thereto, if desired.
PAR  The plunger assembly 74 comprises a main sleeve 78 having a central bore 80
      extending longitudinally therein to provide a fluid passageway. A check
      valve assembly 82 is removably secured to one end of the sleeve 80. The
      valve 82 comprises an outer housing 84 threadedly secured to the sleeve 80
      at 86 and having a central bore 88 in open communication with the
      passageway 80. An inwardly directed annular shoulder 90 is provided in the
      bore 88 for receiving a suitable annular valve seat 92 thereagainst, and
      the valve seat 92 is securely retained in position by a retainer sleeve 94
      which is threadedly secured at 96 to the lower or outer end of the sleeve
      84. A ball member 98 is loosely disposed within the sleeve 84 and
      cooperates with the valve seat 92 to provide alternate open and closed
      positions for the valve 82. It is preferable to provide a beveled or
      inwardly tapered annular shoulder 100 in the bore 88 spaced above the
      valve seat 92 for facilitating guiding of the ball 98 onto the valve seat
      92 during closing of the valve 82 as is well known.
PAR  The outer diameter of the sleeve 78 is reduced at 102 to provide a
      circumferential shoulder 104 around the outer periphery thereof. A sleeve
      106 of the same type as the sleeve 32 is disposed around the reduced neck
      portion 102 and one end thereof is disposed on the shoulder 104. A
      threaded portion 108 is provided on the outer periphery of the reduced
      neck 102 and is longitudinally spaced from the shoulder 104 as clearly
      shown in FIG. 3 for receiving a suitable jamb nut 110 thereon. The jamb
      nut 110 engages the opposite end of the sleeve 106 and may be threadedly
      adjusted on the neck 102 for selectively applying longitudinal pressure on
      the sleeve 106 in order to increase the outer diameter thereof to adjust
      the pressure of the outer periphery of the sleeve 106 against the inner
      periphery of the working barrel 76 as hereinbefore set forth.
PAR  A plurality of circumferentially spaced outlets or ports 112 are provided
      in the walls of the neck 102 spaced above the threaded portion 108 to
      provide communication between the bore 80 and the annular space 114
      between the neck 102 and the working barrel 76. The upper end of the bore
      80 as viewed in FIG. 3 is closed by an inwardly directed annular flange
      116 which supports a disc or plate 118 having a shank or stem 120
      extending axially therefrom through the bore 80. A retaining cup member
      122 is threadedly secured at 124 to the neck 102 above the disc 118 and
      bears thereagainst for securely retaining the disc 118 in position against
      the flange 116 and for cooperating therewith to close the upper end of the
      bore 80. Of course, suitable sealing means may be interposed between the
      disc 118 and the neck 108 and/or between the disc 118 and the retainer cup
      122 for precluding leakage of fluid therebetween. The retainer 122 is
      internally threaded at 124 for connection with the usual sucker rods (not
      shown). Of course, if the sucker rods are hollow, the disc 118 may be of a
      spider-type or open construction and the cup 122 may be an open sleeve in
      order that the fluid may move upwardly through the hollow sucker rods.
PAR  The operation of the subsurface pump 74 is substantially identical with the
      operation of the pump 10. The upward movement of the ball 98 is limited by
      the engagement thereof with the shank member 120. It will be apparent that
      a suitable helical spring (not shown) similar to the spring 60 may be
      disposed around the shank 120 and suspend therebelow for cushioning the
      initial engagement of the ball 98 with the shank 120 in order to dampen
      the shock of the engagement therebetween. Furthermore, it will be apparent
      that the length of the shank 120 may be selected in order to provide
      substantially any desired length of travel for the ball 98 within the bore
      80. Of course, the pressure of the outer periphery of the sleeve 106
      against the inner periphery of the working barrel 76 may be adjusted by
      moving the nut 110 along the threaded portion 108, which may be
      accomplished in any well known manner, such as by inserting an Allen
      wrench (not shown) or the like in a complementary bore 111 provided in the
      outer periphery of the nut 110 in order to rotate the nut about the
      threaded 108.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel subsurface pump for producing oil wells wherein a simple
      reciprocal plunger member is disposed within the working baarrel. The
      usual travelling valve or check valve is carried by the plunger and
      preferably disposed within the plunger for facilitating admitting of the
      well fluid from the fluid reservoir in the well bore to the interior of
      the tubing string or to the interior of the hollow sucker rod string, for
      advancing or lifting the well fluid to the surface of the ground.
      Resilient sleeve means is disposed around the outer periphery of the
      plunger for engaging the inner periphery of the working barrel for
      providing efficient pumping action on each stroke of the plunger. The
      pressure engagement of the sleeve against the working barrel may be
      selectively adjusted to compensate for any wear during operation of the
      pump for assuring a long and efficient life for the pump.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A subsurface well pump comprising a first elongated stationary tubular
      member in communication with a well fluid reservoir, a second elongated
      tubular member in communication with the well fluid and concentrically
      arranged with respect to the stationary tubular member and reciprocal with
      respect thereto, check valve means disposed within one of said tubular
      members to provide alternate open and closed positions for the pump during
      operation thereof, resilient sleeve means disposed around the outer
      periphery of the said one tubular member and engagable with the inner
      periphery of the other tubular member, stop means provided on the outer
      periphery of the said one tubular member and engagable by one end of the
      resilient sleeve means, adjustment means movably secured to the outer
      periphery of the said one tubular member and selectively engagable with
      the opposite end of the resilient sleeve means for applying longitudinal
      pressure thereto whereby the outer diameter of the resilient sleeve may be
      varied, and discharge port means provided for the said one tubular member
      for discharging the well fluid therefrom for elevation of the fluid to the
      surface of the well during operation of the pump; said check valve means
      comprising an annular valve seat member removably secured within said one
      tubular member, cage means supported by the valve seat member, a ball
      member freely disposed within said cage means and cooperating with the
      valve seat to provide said open and closed positions for the pump, and
      stop means carried by the cage means for limiting the movement of the ball
      during opening of the check valve; and said stop means comprising
      longitudinally extending stem means centrally disposed within the said
      cage means and secured thereto, and helical spring means disposed around
      the stem means and having one end secured thereto and the opposite end
      suspended freely therebelow for cushioning the engagement of the ball
      member with the stem means.
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PAL  A multi-rotor Wankel type rotary engine is disclosed having an intermediate
      or center bearing assembly for the eccentric shaft in addition to end
      bearing assemblies. The center bearing is split along a central plane for
      special assembly techniques. The indermediate housing, receiving the
      center bearing, is substantially hollow and has a sector interrupting the
      hollow interior to act as a support for one of the split portions of the
      center bearing. The portions are joined to the sector by a pair of bolts
      extending only through the sector and split bearing portions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In rotary internal combustion engines incorporating more than one rotor
      along a common eccentric shaft, the problem of supporting the eccentric
      shaft within the engine housing becomes more acute. Typically the
      eccentric shaft has been supported solely by main bearings stationed at
      opposite ends of the shaft. This has served satisfactorily in connection
      with single rotor engines since the loading arm is inadequate to seriously
      deflect the center of the eccentric shaft. However, as the number of
      rotors is increased, assembly becomes difficult and the loading arm
      increases with the opportunity for slight deflection in the mid region of
      the eccentric shaft. Since the sealing efficiency of the engine and
      consequent engine efficiency is dependent on close tolerances, such
      deflection is highly undersirable.
PAR  One approach to preventing such deflection has been to split the eccentric
      shaft and support each split portion with opposite end main bearings.
      This, of course, complicates the engine construction and promotes problems
      of main bearing lubrication and excess weight. Another approach by the
      prior art is to incorporate a center bearing in addition to the end
      bearings. This latter suggestion has not become a practical reality since
      it presents immediate problems of interrupting the normal oil flow which
      traditionally passes through and radially outwardly of the intermediate
      housing in a multi-rotor engine. If a typical known configuration is used
      for the intermediate bearing, it is required that it be stationed in place
      by the use of rods extending through and out of the intermediate housing,
      the latter interrupting not only the oil cooling circuit but also the
      water cooling circuit.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to provide a bearing assembly for the
      eccentric shaft of a multi-rotor Wankel type internal combustion engine,
      the improved assembly being capable of providing adequate support for the
      eccentric shaft while at the same time providing minimal interference with
      the oil flow and drainage through the housings supporting the various
      bearing assemblies.
PAR  Another object of this invention is to provide a rotary internal combustion
      engine having a bearing assembly for the eccentric shaft of a multi-rotor
      engine wherein the mode of assembly of intermediate bearings is simplified
      and the cost of fabricating the engine is decreased.
PAR  Specific features pursuant to the above objects comprise; (a) the
      combination of a bearing and stationary gear (the latter serving as a
      timing element for the rotor) in a unitary structure, the structure being
      split along a central axial plane; (b) the attachment of such split
      structure as an intermediate bearing in steps, first inserting the larger
      of the split bearing portions into a space opposite from what it will
      occupy, then inserting the smaller of the split bearing portions, finally
      rotating the mated portions into a proper oriented position for being
      keyed and locked in position; the attachment of the split center bearing
      is to a housing sector which extends along an arc of less than
      100.degree.. The intermediate housing has channels for facilitating
      continuous 360.degree. oil drainage.
PAC  SUMMARY OF THE DRAWINGS
DRWD
PAR  FIG. 1 is a schematic layout of a rotary internal combustion engine
      according to the prior art and illustrating the type of oil lubricating
      circuit used with this invention; the sketch illustrates in heavy line the
      outline of the engine and other parts in narrower line (there is shown an
      eccentric shaft for the multi-rotor engine which does not incorporate the
      features of this invention but rather has only main bearings disposed at
      opposite ends of the eccentric shaft);
PAR  FIG. 2 is a central sectional view of an intermediate housing multi-rotor
      engine illustrating the center bearing of this invention as installed;
PAR  FIG. 3 is an enlarged elevational view of the center main bearing
      illustrating portions of the housing surrounding said bearing, certain
      portions of the bearing and housing being broken away to show structure
      therein; and
PAR  FIG. 4 is a sectional view taken substantially along line 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning to FIG. 1, there is illustrated a schematic layout of an oil
      lubricating circuit for a conventional prior art multi-rotor engine. The
      engine 9 is comprised of a plurality of housing units: front side housing
      10, front rotor housing 11, intermediate housing 12, rear rotor housing 13
      and rear side housing 14. The housing units are connected together in
      side-by-side aligned relationship about an eccentric shaft 15 extending
      therethrough, the eccentric shaft carrying oppositely arranged eccentrics
      16 and 17 for mounting respectively the rotors 18 and 19 thereon.
PAR  Oil is drawn from an oil reservoir 20 by way of suction created in passage
      21 by an oil pump 22. The pressurized oil is directed to an oil cooler 23
      but may be short circuited or bypassed from the cooler by operation of a
      thermal valve 25 which will direct the oil, if an appropriate temperature
      exists, directly to the downstream section of the lubricating system. Oil
      exiting from the oil cooler is directed along with bypassed oil to an oil
      filter 26 and from there a major portion of the oil is directed to a
      central bore 27 within the eccentric shaft, the bore extending along
      substantially the entire length thereof. Radiating ports 28 and 29 (and
      32-33) within the eccentric shaft direct high pressure and filtered oil to
      the bearing sleeves or bushings within the front and rear side housings
      and to the bearing sleeves or bushings separating the rotors from the
      eccentrics. In addition, oil is directed on a biased line into scooped out
      side portions 34 and 35 of each of the rotors so that the contour of the
      interior of the rotors acts as a slinging mechanism for throwing oil not
      only around the interior of the rotor but for stimulating a toroidal flow
      which will throw the oil toward and into the access openings 36 and 37 in
      the sides of the intermediate housing 12. All of such oil, which is
      introduced to the various housings and to the various bearing elements of
      the housings and rotors, drains principally through drain openings
      (indicated by arrow 38) through the intermediate housing. In some prior
      art constructions, the front and rear side housings may also have drain
      openings leading back to the oil reservoir 20.
PAR  The other portion of the high pressure oil may be directed to an oil
      metering pump 39 which sends a portion of the oil for mixing with the
      combustible mixture introduced through the carburetor 40, where the added
      oil will facilitate coating the interior trochoid surfaces 41-42 of the
      respective rotor housings as well as being combusted in a minor amount
      with the mixture, as a net result of the combustion process.
PAR  The important point depicted by the layout of FIG. 1 is that oil flow must
      proceed to and through the intermediate housing to exit and drain to the
      oil reservoir. It is at this point that any undue restriction caused by
      interposition of a center main bearing would be detrimental.
PAR  With this in mind, the structure of FIG. 2 has been developed for a center
      main bearing to support the eccentric shaft 15 in the central region
      thereof. The intermediate housing 12, as well as all the other housing
      units of the engine, are constructed with independent water cooling
      circuits. The water cooling circuit 50 for the intermediate housing is
      shown extending from an entrance positioned at seven o'clock and extends
      upwardly flowing and exiting from the housing at a twelve o'clock
      position. The housing 12 is hollow and has wall 51 separating and
      cooperating to define the water cooling circuit 50. The remainder of the
      hollow interior 52 to the other side of wall 51 serves as part of the oil
      circuit 53.
PAR  A crescent shaped housing sector 54 extends between opposite side walls of
      the intermediate housing and must occupy an arcuate extent less than
      100.degree.; the sector has a thickness sufficient to act as a solid
      support for the bearing but should be as minimal in thickness with that
      criteria in mind.
PAR  The center bearing 55 itself is bipartite having two portions 56 and 57
      adapted to mate along a serrated parting plane 58, the plane extending
      through a diameter of the circular bearing assembly 55.
PAR  To assemble the bearing, the intermediate housing 12 is usually placed on
      its side with the eccentric shaft extending vertically therethrough. The
      first portion 57, the radially larger of the portions is placed through
      one of the access openings 36 to reach the interior of the intermediate
      housing and is stationed opposite from the sector 54. The housing is moved
      laterally in its own plane toward the larger of the bearing portions
      causing the sector to move toward the eccentric shaft. Then the second
      portion 56, which is radially smaller, is inserted through the slightly
      larger opening available for it and is nested and mated with the larger
      portion along the serrated surfaces 58; the mated portions are rotated
      180.degree. so that the larger portion becomes interengaged with the
      sector 54. At this point, mounting bolts or screws 60 and 61 are inserted
      not only through the sector 54 but through both of the portions 56 and 57
      of the bearing assembly to provide a rigid support therebetween. A locking
      key 62 is inserted in grooves defined in both the interior of the sector
      and the exterior surface 63 of the bearing portion 57.
PAR  Oil flow is uninterrupted with this embodiment because of the ability of
      oil slinging to move the oil inwardly and around the bearing assembly, and
      about the arcuate configuration of the supporting sector.
PAR  In FIGS. 3 and 4, an alternative embodiment is shown wherein the supporting
      sector 70a is solidily connected with the wall 70, defining in part the
      interior of the water cooling circuit. This cast portion adds rigidity not
      only to the inner wall of the water cooling circuit but is located at a
      good mass distribution point for the engine. The wall 70 can aid in
      cooling the bearing. In essence, the sector is disposed at a location
      opposite from that disposed in the embodiment of FIG. 2. However, the
      construction of the split bearing is comparable and similar to that in
      FIG. 2 with the bearing portions 71 and 72, each carrying a portion of the
      stationary gear 79, split along a central plane 73 and having serrated
      mating faces. Aligned openings for mounting bolts 74 and 75 are provided
      which extend chordally with respect to the centerline 76 of the housing.
      To permit full 360.degree. circulation of oil through the oil gallery 77
      of the intermediate housing, not only to cool the intermediate housing but
      also to flow outwardly through drain passages thereof, an arcuate passage
      78 is defined in the sector 70a to connect remote regions of the oil
      gallery 77.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a multi-rotor rotary internal combustion engine, the engine having at
      least two rotor housings and an intermediate housing all in adjacent
      aligned relationship, an eccentric shaft extending through each of said
      housings with rotors supported thereon for planetary movement within each
      of said rotor housings, the combination comprising:
PA1  a. an intermediate housing having at least a peripheral end wall and side
      walls defining a hollow interior, said walls having access openings
      through which said shaft extends, an integral crescent mounting sector
      extending between opposite side walls and interrupting the interior of
      said intermediate housing, said sector having surfaces for directing full
      360.degree. flow of said oil circuit throughout the hollow interior of
      said intermediate housing,
PA1  b. means defining an oil flow circuit effective to direct oil received from
      the motion of said rotors into and through said access openings of said
      intermediate housing in a rotary spiraling path, and
PA1  c. bipartite bearing means secured together as a unit and attached to said
      sector, said bearing means being spaced from said access openings but
      providing support for said eccentric shaft extending therethrough, said
      bearing means being located and supported by said sector in a manner to
      continue the full 360.degree. flow of said oil circuit about the bearing
      as well as the hollow interior of said intermediate housing.
NUM  2.
PAR  2. The combination as in claim 1, in which the sector occupies an arc about
      said eccentric shaft no greater than 100.degree..
NUM  3.
PAR  3. In a multi-rotor rotary internal combustion engine, the engine having at
      least two rotor housings and an intermediate housing all in adjacent
      aligned relationship, an eccentric shaft extending through each of said
      housings with rotors supported thereon for planetary movement within each
      of said rotor housings, the combination comprising:
PA1  a. an intermediate housing having at least a peripheral end wall and side
      walls defining a hollow interior, said walls having access openings
      through which said shaft extends, an integral crescent mounting sector
      extending between opposite side walls and interrupting the interior of
      said intermediate housing, said sector having surfaces for directing full
      360.degree.F flow of said oil circuit throughout the hollow interior of
      said intermediate housing,
PA1  b. means defining an oil flow circuit effective to direct oil received from
      the motion of said rotors into and through said access openings of said
      intermediate housing in a rotary spiraling path, and
PA1  c. bipartite bearing means secured together as a unit and attached to said
      sector, said bearing means being spaced from said access openings but
      providing support for said eccentric shaft extending therethrough, said
      bearing means being located and supported by said sector in a manner to
      continue the full 360.degree. flow of said oil circuit about the bearing
      as well as the hollow interior of said intermediate housing, said sector
      containing an oil passage extending arcuately therethrough to connect the
      uninterrupted hollow portion of said intermediate housing for promoting
      said full 360.degree. circular flow thereabout, said oil flow flooding the
      exterior of said bearing means.
NUM  4.
PAR  4. In a multi-rotor rotary internal combustion engine, the engine having at
      least two rotor housings and an intermediate housing all in adjacent
      aligned relationship, an eccentric shaft extending through each of said
      housings with rotors supported thereon for planetary movement within each
      of said rotor housings, the combination comprising:
PA1  a. an intermediate housing having at least a peripheral end wall and side
      walls defining a hollow interior, said walls having access openings
      through which said shaft extends, an integral crescent mounting sector
      extending between opposite side walls and interrupting the interior of
      said intermediate housing, said sector having surfaces for directing full
      360.degree. flow of said oil circuit throughout the hollow interior of
      said intermediate housing,
PA1  b. means defining an oil flow circuit effective to direct oil received from
      the motion of said rotors into and through said access openings of said
      intermediate housing in a rotary spiraling path, and
PA1  c. bipartite bearing means secured together as a unit and attached to said
      sector, said bearing means being spaced from said access openings but
      providing support for said eccentric shaft extending therethrough, said
      bearing means being located and supported by said sector in a manner to
      continue the full 360.degree. flow of said oil circuit about the bearing
      as well as the hollow interior of said intermediate housing, said bearing
      means having first and second portions each having identical radially
      inner surfaces but different radially outer surfaces, the portion having
      the outer surface with the large radius being in intimate engagement with
      said sector along the outer surface thereof.
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PAL  The arrangement comprises an intermediate housing for a plural-rotor
      mainshaft of a rotary engine in which the housing is vertically split
      transverse to the shaft rotary axis, into two portions. Each housing
      portion, like the mainshaft itself, is of one-piece construction, the
      portions having interfaced circular bores in which to receive the
      mainshaft. Rotor journals integral with the mainshaft are eccentric for
      use with rotary pistons, and are dimensioned to fit through the bores. In
      addition, a large radial bearing journal, also integral with the shaft,
      carries a full sleeve-type bearing and is directly received by the bore
      formed in one housing portion; the journal and its bearing are directly
      supported by and wholly radially enclosed by only the one housing portion.
      Accordingly, none of the bearing support is overhung, and yet both housing
      portions are abutted and interfitted together to transmit loading
      therebetween.
BSUM
PAR  This invention pertains to housing and shaft arrangements for rotary
      mechanisms and in particular to such arrangements in which the housing,
      which supports the mainshaft of a plural rotor mechanism, is vertically
      split, transverse to the rotary axis of the mainshaft. U.S. Pat. No.
      3,062,435 issued to Max Bentele on Nov. 6, 1962, for a Multi-Unit Rotary
      Engine, disclosed the particular benefit and utility to be found in the
      employment of vertically-split intermediate housings for rotary machines.
      Such housings particularly facilitate assembly, disassembly and
      maintenance, and enable a rather compact construction of such machines.
PAR  The instant invention was conceived during a development program having as
      its end purpose the construction of an especially large rotary machine
      which, accordingly, presented uncommon loading, and stress problems. In a
      large machine of the type contemplated by the invention, it is essential
      to have a large mainshaft bearing for support and yet it remains desirable
      to have an intermediate housing of sufficient axial length which will
      provide adequate bearing and mainshaft support, but not undue axial
      length. Too, it still remains desirable to have the housing split, to
      accommodate assembly and disassembly and servicing.
PAR  In the prior art, however, as exemplified by the cited patent, it has been
      the practice to employ split bearings and a vertically divided housing
      comprised by a plurality of diverse components. In the cited Bentele
      patent is disclosed an intermediate housing arrangement having one-piece
      housing elements, but wherein one of the housing elements has as an
      adjunct thereto a kind of subassembly defined by a flange extending
      radially from a bearing. In machines of this type, it is necessary,
      therefore, to make and arrange for precise alignment of the split,
      half-shell portions of the bearing and the fastening or clamping means
      therefor and also arrange for precise mating of the bearing flange to a
      housing portion, drilling and tapping of bolt holes, and alignment as well
      of an annular retainer or shield which encloses the bearing flange and is
      fitted into an annular recess provided therefor in the housing portion.
      This involves considerable time and expense in machining, but it appeared
      to be unavoidable if mainshaft eccentric rotor journals were to be
      slidably installed into and accommodated by the housing.
PAR  For large rotary machines, it is preferred to have direct rather than
      overhung bearing support -- to avoid sheer stresses which arise in the
      prior art practices of housing and shaft arrangements. It is preferred to
      have rotor and bearing journals integral with the mainshaft, to have whole
      sleeve-type bearings mounted directly in intermediate housings, large
      shaft sections for added strength and yet, to have vertically split,
      one-piece housing portions. All the foregoing is to be preferred in an
      arrangement which, even so, will accommodate facile disassembly, assembly
      and servicing.
PAR  It is an object of this invention, then, to disclose such a preferred
      housing and shaft arrangement.
PAR  Particularly, it is an object of this invention to set forth a housing and
      shaft arrangement for a rotary machine, such as rotary piston engine or
      the like, comprising a one-piece shaft, having a longitudinal, rotary
      axis; said shaft also having a plurality of eccentrically-disposed rotor
      journals; said shaft further having a bearing journal; and a housing
      supporting said shaft for rotation; wherein said housing is subdivided,
      transverse to said axis, defining thereof a plurality of mating and
      interfacing one piece housing portions; said housing portions having
      complementary and interfacing circular bores formed therein; said rotor
      journals each having a given diameter; said bores having a diameter
      greater than said given diameter; said bearing journal having a full
      sleeve type bearing fitted thereabout, said bearing having an outside
      diameter substantially equal to said given diameter; and said bearing
      journal and bearing being engageably mounted in, and being directly
      supported by, only a single one of said housing portions, via said bore
      thereof; and said bearing journal and bearing being wholly radially
      enclosed by said single one of said housing portions.
PAR  Another object of this invention sets forth, in combination, a shaft and
      bearing support housing, and a rotary shaft having an eccentric rotor
      journal and bearing journal integral therewith, wherein said shaft is of
      one-piece construction and has a given nominal diameter; said rotor
      journal and said bearing journal having diameters approximately twice said
      given nominal diameter; said housing is of one-piece construction and has
      an axially-extending straight-walled bore formed therein for directly
      supporting said bearing journal in said bore wall; and said shaft and
      journals are slidably movable through said bore for disposing said bearing
      journal in said bore for direct, engaging support of said bearing journal
      by said bore wall.
PAR  A feature of this invention comprises an arrangement having an intermediate
      housing for a plural-rotor mainshaft of a rotary engine in which the
      housing is vertically split, transverse to the rotor axis, into two
      portions. Each housing portion, like the mainshaft itself, is of one-piece
      construction, the portions having interfaced circular bores in which to
      receive the mainshaft. Rotor journals integral with the mainshaft, are
      eccentric for use with rotary pistons, and are dimensioned to fit through
      the bores. In addition, a large radial bearing journal, also integral with
      the shaft, carries a full sleeve-type bearing and is directly received by
      the bore formed in one housing portion; the journal and its bearing are
      directly supported by and wholly radially enclosed by only the one housing
      portion. Accordingly, none of the bearing support is overhung, and yet
      both housing portions are abutted and interfitted together to transmit
      loading therebetween.
PAR  Further objects and features of this invention will become more apparent by
      reference to the following description taken in conjunction with the
      accompanying figures in which:
DRWD
PAR  FIG. 1 is a vertical, cross-sectional view of an embodiment of the housing
      and shaft arrangement according to the invention; and
PAR  FIGS. 2A and 2B are outline type diagrams depicting the installation of the
      mainshaft with its integral journals into the housing, an intermediate
      housing.
DETD
PAR  As shown in FIG. 1, a housing 10 for a rotary machine comprises a pair of
      rotor housings 12 and 12' which have, therebetween, an intermediate
      housing 14. The intermediate housing 14 is split vertically, transverse to
      the axis 16 of a mainshaft 18. At spaced-apart locations, the mainshaft 18
      carries a pair of integral rotor journals 20 and 20'. The rotor journals
      are those of the eccentric type, well known in the art, which are used in
      conjunction with rotary pistons or rotors for use in Wankel-type,
      epitrochoidal engines, and have therebetween an integral bearing journal
      22.
PAR  The split housing 14 defines a pair of one-piece housing portions 24 and
      24'. Each of the housing portions has a circular bore 26 and 28 which
      interfaces the bore of the other for accommodating the mainshaft 18
      therewithin. The rotor journals 20 and 20' and the bearing journal 22 are
      of substantially common diameter, and the bearing journal 22 has a full
      sleeve bearing 30 fitted thereabout.
PAR  The bearing journal 22 and bearing 30 are directly received and supported
      by only one of the housing portions 24, this housing portion completely
      enclosing the bearing 30 and journal 22 thereabout.
PAR  The prior art practices employ split bearings of some relatively smaller
      diameter and greater axial length. However, according to our teaching, a
      large diameter, whole bearing 30 is used, there remaining only the
      difficulty of mounting the mainshaft 18 with a bearing 30 and journal 22
      of such diameter in one-piece intermediate housing portions 24 and 24'.
PAR  According to our teaching, the mainshaft 18 is admitted through the
      right-hand portion 24 of the housing 14 until the bearing 30 and its
      journal 22 must be accommodated. Then, as shown in the installation
      progression depicted in FIGS. 2A and 2B, the mainshaft 18 must be elevated
      so that the intermediate bearing journal portion might be received in the
      one housing portion 24.
PAR  The benefit of the split housing 14 is evident now. It will be appreciated
      that the mainshaft 18 cannot be elevated, to admit journal 22 into bore
      26, due to the interference of bore 28 with journal 16. Accordingly,
      housing portion 24' is removed from portion 24; the former is assembled to
      the latter, after the mainshaft 18 is properly fitted in place in housing
      portion 24.
PAR  An intermediate portion 32 of the mainshaft having an axial length equal
      to, and slightly greater than, the width of the housing portion 24, is
      provided in order that the first rotor journal 16 will clear the housing
      portion 24 (in order that the mainshaft might be elevated to fit the
      bearing journal 22). If it would be considered advantageous to have a
      bearing journal 22 equal in length to the width of the full intermediate
      housing 14, it would also be necessary to have an intermediate shaft
      portion 32 of twice the bearing length. This is undesirable, as it would
      provide a machine of undue axial length. Alternatively, then, we propose a
      large (radial) bearing and journal rather than a extended (axial) bearing
      and journal. In that both the rotor journal 16 and the bearing journal 22
      can be moved through the one housing portion 24 we provide shaft portion
      32 as a large, circular shaft section to enhance the strength of the
      mainshaft. This section portion 32, has a center line 34 which is offset
      relative to the mainshaft axis 16. A similar, but axially shorter, second
      large shaft portion 36 also contributes to the strength of the mainshaft.
      The center line 34 of shaft portion 32 is intermediate the axis 16 and the
      centerline 38 of journal 16, and the centerline 40 of shaft portion 36 is
      intermediate axis 16 and the centerline 42 of rotor journal 20.
PAR  Housing portions 24 and 24' have axial dimensions A and B defined by
      outermost planar surfaces I, II, III and IV, yet planar surfaces II and
      III overlap, as the portions 24 and 24' are interfitted together. Surfaces
      II and III are recessed to define complementary, annular shoulders 44 and
      44' which close upon one another with an interferenc fit. Radially
      outwardly therefrom, housing portions 24 and 24' are abutted together.
PAR  Our teaching discloses the manner of solidly mounting a rather massive
      mainshaft and journal unit in a simplified split housing arrangement,
      where the unit and the housing portions are each of one-piece
      construction. The rotor journals 20 and 20' rotate within a rotary
      envelope Z which has a diameter some twenty percent greater than the
      smaller diameters of bores 26 and 28. The bearing 30 and its journal 22
      are directly and radially supported by housing portion 24, and yet the
      interfitting of shoulders 44 and 44' transmit loading into housing portion
      24'. The bearing journal 22 is quite large, and wholly adequate to support
      the mainshaft 18 and rotor journals 20, 20', and having a diameter which
      is more than twice the axial length thereof. Notwithstanding the large
      radial dimension of the bearing journal 22, it receives a whole
      (non-split) shell-type bearing 30. The housing and shaft arrangement still
      accommodates assembly, disassembly and repair with no less facility than
      that offered by Patentee Bentele's "Engine".
PAR  While we have described our invention in connection with a specific
      embodiment it is to be clearly understood that this is done only by way of
      example and not as a limitation to the scope of our invention set forth in
      the objects thereof and in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A housing and shaft arrangement, for a rotary mechanism such as a rotary
      piston engine or the like, comprising:
PA1  a one-piece shaft having a longitudinal, rotary axis;
PA1  said shaft also having a plurality of eccentrically-disposed rotor
      journals;
PA1  said shaft further having a bearing journal; and
PA1  a housing supporting said shaft for rotation; wherein
PA1  said housing is subdivided, traverse to said axis, defining thereof a
      plurality of mating and interfacing one-piece housing portions;
PA1  said housing portions having complementary and interfacing circular bores
      formed therein;
PA1  said rotor journals each having a given diameter;
PA1  said bores having a diameter greater than said given diameter;
PA1  said bearing journal having a full sleeve-type bearing fitted thereabout,
      said bearing having an inside diameter substantially equal to said given
      diameter; and
PA1  said bearing journal and bearing being engageably mounted in, and being
      directly supported by, only a single one of said housing portions, via
      said bore thereof; and
PA1  said bearing journal and bearing being wholly radially enclosed by said
      single one of said housing portions.
NUM  2.
PAR  2. A housing and shaft arrangement, for a rotary mechanism such as a rotary
      piston engine or the like, comprising:
PA1  a one-piece shaft having a longitudinal, rotary axis;
PA1  said shaft also having a plurality of eccentrically-disposed rotor
      journals;
PA1  said shaft further having a bearing journal; and
PA1  a housing supporting said shaft for rotation; wherein
PA1  said housing is subdivided, traverse to said axis, defining thereof a
      plurality of mating and interfacing one-piece housing portions;
PA1  said housing portions having complementary and interfacing circular bores
      formed therein;
PA1  said rotor journals each having a given diameter;
PA1  said bores having a diameter greater than said given diameter;
PA1  said bearing journal having a full sleeve-type bearing fitted thereabout,
      said bearing having an inside diameter substantially equal to said given
      diameter;
PA1  said bearing journal and bearing being engageably mounted in, and being
      directly supported by, only a single one of said housing portions, via
      said bore thereof;
PA1  said bearing journal and bearing being wholly radially enclosed by said
      single one of said housing portions;
PA1  said shaft has a prescribed, nominal diameter; and
PA1  said bearing journal has a diameter which is substantially twice said
      prescribed nominal diameter.
NUM  3.
PAR  3. A housing and shaft arrangement, for a rotary mechanism such as a rotary
      piston engine or the like, comprising:
PA1  a one-piece shaft having a longitudinal, rotary axis;
PA1  said shaft also having a plurality of eccentrically-disposed rotor
      journals;
PA1  said shaft further having a bearing journal; and
PA1  a housing supporting said shaft for rotation; wherein
PA1  said housing is subdivided, traverse to said axis, defining thereof a
      plurality of mating and interfacing one-piece housing portions;
PA1  said housing portions having complementary and interfacing circular bores
      formed therein;
PA1  said rotor journals each having a given diameter;
PA1  said bores having a diameter greater than said given diameter;
PA1  said bearing journal having a full sleeve-type bearing fitted thereabout,
      said bearing having an inside diameter substantially equal to said given
      diameter;
PA1  said bearing journal and bearing being engageably mounted in, and being
      directly supported by, only a single one of said housing portions, via
      said bore thereof;
PA1  said bearing journal and bearing being wholly radially enclosed by said
      single one of said housing portions; and
PA1  said shaft further has a given axial portion which is eccentrically formed
      relative to said axis.
NUM  4.
PAR  4. A housing and shaft arrangement, for a rotary mechanism such as a rotary
      piston engine or the like, comprising:
PA1  a one-piece shaft having a longitudinal, rotary axis;
PA1  said shaft also having a plurality of eccentrically-disposed rotor
      journals;
PA1  said shaft further having a bearing journal; and
PA1  a housing supporting said shaft for rotation; wherein
PA1  said housing is subdivided, traverse to said axis, defining thereof a
      plurality of mating and interfacing one-piece housing portions;
PA1  said housing portions having complementary and interfacing circular bores
      formed therein;
PA1  said rotor journals each having a given diameter;
PA1  said bores having a diameter greater than said given diameter;
PA1  said bearing journal having a full sleeve-type bearing fitted thereabout,
      said bearing having an inside diameter substantially equal to said given
      diameter;
PA1  said bearing journal and bearing being engageably mounted in, and being
      directly supported by, only a single one of said housing portions, via
      said bore thereof;
PA1  said bearing journal and bearing being wholly radially enclosed by said
      single one of said housing portions; and
PA1  at least one of said rotary journals defines a rotary envelope having a
      diameter which is greater than said diameters of said bores.
NUM  5.
PAR  5. A housing and shaft arrangement, for a rotary mechanism such as a rotary
      piston engine or the like, comprising:
PA1  a one-piece shaft having a longitudinal, rotary axis;
PA1  said shaft also having a plurality of eccentrically-disposed rotor
      journals;
PA1  said shaft further having a bearing journal; and
PA1  a housing supporting said shaft for rotation; wherein
PA1  said housing is subdivided, traverse to said axis, defining thereof a
      plurality of mating and interfacing one-piece housing portions;
PA1  said housing portions having complementary and interfacing circular bores
      formed therein;
PA1  said rotor journals each having a given diameter;
PA1  said bores having a diameter greater than said given diameter;
PA1  said bearing journal having a full sleeve-type bearing fitted thereabout,
      said bearing having an inside diameter substantially equal to said given
      diameter;
PA1  said bearing journal and bearing being engageably mounted in, and being
      directly supported by, only a single one of said housing portions, via
      said bore thereof;
PA1  said bearing journal and bearing being wholly radially enclosed by said
      single one of said housing portions; and
PA1  at least one of said rotor journals defines an overall rotary envelope
      having a diameter which is substantially 20% greater than said diameters
      of said bores.
NUM  6.
PAR  6. A housing and shaft arrangement, for a rotary mechanism such as a rotary
      piston engine or the like, comprising:
PA1  a one-piece shaft having a longitudinal, rotary axis;
PA1  said shaft also having a plurality of eccentrically-disposed rotor
      journals;
PAR  said shaft further having a bearing journal; and
PA1  a housing supporting said shaft for rotation; wherein
PA1  said housing is subdivided, traverse to said axis, defining thereof a
      plurality of mating and interfacing one-piece housing portions;
PA1  said housing portions having complementary and interfacing circular bores
      formed therein;
PA1  said rotor journals each having a given diameter;
PA1  said bores having a diameter greater than said given diameter;
PA1  said bearing journal having a full sleeve-type bearing fitted thereabout,
      said bearing having an inside diameter substantially equal to said given
      diameter;
PA1  said bearing journal and bearing being engageably mounted in, and being
      directly supported by, only a single one of said housing portions, via
      said bore thereof;
PA1  said bearing journal and bearing being wholly radially enclosed by said
      single one of said housing portions; and
PA1  said shaft further has a plurality of given axial portions which are
      eccentrically formed relative to said axis.
NUM  7.
PAR  7. An arrangement, according to claim 6, wherein:
PA1  said axial portions have disparate axial lengths.
NUM  8.
PAR  8. A housing and shaft arrangement, for a rotary mechanism such as a rotary
      piston engine or the like, comprising:
PA1  a one-piece shaft having a longitudinal, rotary axis;
PA1  said shaft also having a plurality of eccentrically-disposed rotor
      journals;
PA1  said shaft further having a bearing journal; and
PA1  a housing supporting said shaft for rotation; wherein
PA1  said housing is subdivided, traverse to said axis, defining thereof a
      plurality of mating and interfacing one-piece housing portions;
PA1  said housing portions having complementary and interfacing circular bores
      formed therein;
PA1  said rotor journals each having a given diameter;
PA1  said bores having a diameter greater than said given diameter;
PA1  said bearing journal having a full sleeve-type bearing fitted thereabout,
      said bearing having an inside diameter substantially equal to said given
      diameter;
PA1  said bearing journal and bearing being engageably mounted in, and being
      directly supported by, only a single one of said housing portions, via
      said bore thereof;
PA1  said bearing journal and bearing being wholly radially enclosed by said
      single one of said housing portions; and
PA1  an axial portion of said bearing journal and bearing are enclosed by
      another of said housing portions.
NUM  9.
PAR  9. An arrangement, according to claim 8, wherein:
PA1  said one housing portion has a maximum width defined by opposite, planar
      surfaces thereof which lie in first and second parallel and axially
      spaced-apart planes;
PA1  said another of said housing portions has a maximum width defined by
      opposite, planar surfaces thereof which lie in third and fourth parallel
      and axially spaced-apart planes; and wherein
PA1  said third plane is more adjacent to said first plane than is said second
      plane.
NUM  10.
PAR  10. An arrangement, according to claim 9, wherein:
PA1  said one and another housing portions have complementary, annular recesses
      formed therein which effect an interference fit therebetween.
NUM  11.
PAR  11. An arrangement, according to claim 10, wherein:
PA1  said annular recess of said one housing portion defines an annular shoulder
      which projects axially from said third plane toward said fourth plane.
NUM  12.
PAR  12. An arrangement, according to claim 10, wherein:
PA1  said annular recess of said another housing portion defines an annular
      journal which is in penetration of said second plane.
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ABST
PAL  A composite metal rotor tip seal for use in rotary internal combustion
      engines and a process for making a composite rotor tip seal. The composite
      seals are formed from at least two different metals or alloys having
      different frictional and wear characteristics whereby uniform wear and
      improved sealing are obtained. The seal is mounted so that different
      components of the composite contact the chamber wall during operation. A
      process for producing composite material, for the fabrication of composite
      seals, utilizing a pressure welding process is also described.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This case is a continuation-in-part of copending application Ser. No.
      347,153 by Charles D. McLain for "Composite Metal Seals For Use In Rotary
      Internal Combustion Engines", filed Apr. 2, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The rotary internal combustion or Wankel engine is being considered for use
      as a replacement for conventional reciprocating piston type internal
      combustion engines in automotive and similar applications.
PAR  The advantages of the rotary internal combustion engine include simplicity
      and light weight and small size per horsepower output. Basically the
      engine consists of a triangular shaped rotor which rotates eccentrically
      within an epitrochoidal chamber. Seals at the tips of the rotor serve to
      divide the space within the chamber into three working spaces. As the
      rotor rotates these working spaces also rotate and their volume changes as
      a function of rotation. This change in volume is used to compress the fuel
      air mixture which is subsequently burned and exhausted. The expansion of
      the burning fuel air mixture provides the energy which is developed into
      power output.
PAR  A significant difficulty encountered in the development and use of the
      rotary internal combustion engine is the difficulty encountered with the
      rotor tip seals. During operation of the engine these seals contact the
      chamber wall and have a high velocity relative to the chamber wall. The
      resulting friction causes the seal and/or the chamber wall to wear
      rapidly. Difficulty has also been encountered because of the deleterious
      effect of thermal and mechanical shock encountered during operation on the
      seals.
PAR  For economic reasons conventional practice has been to make the cavity
      walls significantly harder than the rotor tip seals. In this way the wear
      problem is largely confined to the rotor tip seals. If the rotary internal
      combustion engine is to be a commercial success, the seals and the cavity
      wall must last for the life of the engine.
PAC  SUMMARY OF THE INVENTION
PAR  The improved rotor tip seal disclosed in the present application consists
      of at least two different metal layers metallurgically bonded together and
      mounted so that different metal components are in contact with the chamber
      wall during various stages of the combustion cycle.
PAR  It is an object of this invention to provide a rotor tip seal having a
      combination of superior wear resistance and sealing properties.
PAR  A further object of this invention is to provide a rotor tip seal which
      tends to wear evenly during its useful life.
PAR  Yet another object of this invention is to provide a process for making
      rotor tip seals having superior resistance to abrasion and wear.
PAR  Still a further object of this invention is to provide a composite seal
      wherein the seal components have different wear rates with the leading
      edge having a greater resistance to wear than the trailing edge.
PAR  Further objects and advantages of the present invention will become evident
      as reference is made to the detailed description of the invention.
PAR  In accordance with the present invention is has been found that these
      objects may be readily achieved.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a cross-sectional view of a rotary internal combustion engine.
PAR  FIGS. 2A and 2B show the geometric relationship between the rotor tip and
      the chamber wall when the rotor tip is at the minor and major axis
      respectively.
PAR  FIG. 3 shows the geometric relationship between the rotor tip and the
      chamber wall when the rotor tip is at an intermediate position between the
      minor and major axis.
PAR  FIG. 4 shows the relationship between the rotor tip seals and the chamber
      wall.
PAR  FIG. 5 shows a cross-sectional view of a rotary internal combustion engine
      having a two layer composite seal according to the present invention.
PAR  FIG. 6 shows a rotary internal combustion engine having a three layer
      composite seal according to the present invention.
PAR  FIG. 7 shows two layers of metal prior to the formation of a composite
      metal strip.
PAR  FIG. 8 shows two layers of metal after the formation of a composite strip.
PAR  FIG. 9 shows three layers of metal prior to the formation of the composite
      strip.
PAR  FIG. 10 shows three layers of metal after the formation of a composite
      metal strip.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A cross-sectional view of a rotary combustion engine is shown in FIG. 1.
      The engine comprises an epitrochoidal chamber 1 having an intake port 2
      and an exhaust port 3 passing through the chamber wall 11 for the flow of
      gases during operation of the engine and an ignition means 4 for igniting
      the air fuel mixture. The epitrochoidal chamber is cooled by water which
      flows through a water passage 6 within the wall 11 of the chamber. Within
      the epitrochoidal chamber is a rotor 7 having three apexes 8. At each apex
      8 there is a seal 9 which contacts the inner wall 11 of the chamber. These
      apex seals serve to divide the space between the rotor and the chamber
      wall into three working spaces 12, 13 and 14. As the rotor rotates the
      working spaces 12, 13 and 14 rotate and the different cycles of the
      combustion process occur. For example, when the rotor is in the position
      shown in FIG. 1, combustion is occurring in space 12, the exhaust process
      is occurring in space 13 and the intake process is occurring in space 14.
      The rotor rotates about an axis 5 which in turn rotates about the center
      10 of the epitrochoidal chamber 1.
PAR  As previously indicated, one of the major drawbacks heretofore encountered
      in the development of the rotary internal combustion engine has been the
      high wear rates which have been encountered in the rotor tip seals. This
      high rate is compounded by the fact that the angle of contact between the
      rotor tip seals and the chamber wall varies as the rotor rotates.
PAR  The angle between the rotor tip seal and the normal axis to the chamber
      wall at the point of contact is known as the tilt angle. FIGS. 2A and 2B
      show the tilt angle at the major and minor axis. At both major 16 and
      minor 17 axis, the tilt angle is 0.degree., that is, the center line 18 of
      the rotor tip seal 9 is perpendicular to the tangent line 19 to the
      chamber wall 11 and therefore the seal 9 is perpendicular to the chamber
      wall 11. FIG. 2A shows this condition when the rotor tip seal 9 is at the
      minor axis 17 while FIG. 2B shows this condition when the rotor tip seal 9
      is at the major axis 16.
PAR  The tilt or the rotor tip seal is described as leading if the seal tilts
      towards the direction or rotation and trailing if the seal tilts away from
      the direction of rotation.
PAR  FIG. 3 shows the tilt angle when the rotor tip is at an intermediate
      position between the major axis 16 and the minor axis 17. The center line
      20 of the rotor tip 21 does not coincide with the perpendicular 22 to the
      chamber wall 11 at the point of contact. In the situation shown in FIG. 3,
      there is shown a leading angle L, between the center line 20 and
      perpendicular axis 22. Also shown in FIG. 3 is the situation of a trailing
      angle T shown between the center line 26 of the rotor tip 27 and the
      perpendicular 25 to the chamber wall 11.
PAR  The behavior of the rotor tip seal relative to the chamber wall 15 shown in
      FIG. 4 may be described as follows: as the rotor tip seal 9A, 9B and 9C
      moves from a minor axis 17 to a major axis 16 the seal 9A, 9B and 9C
      adapts an increasing leading angle until it reaches the midway point
      between the major 16 and minor axis 17. Then the angle is gradually
      reduced until the angle reaches 0.degree. at the major axis 16. A similar
      situation exists as the seal 9A, 9B and 9C moves from the major axis 16 to
      a minor axis 17 except that the angle is a trailing angle. When the seal
      9A is in the position shown, the trailing edge 23 of the seal 9A contacts
      the chamber wall 11. When the seal 9B is in the position shown, the
      leading edge 24 of the seal 9B contacts the chamber wall 11.
PAR  The instant invention comprises an improved form of rotor tip seal for use
      in rotary internal combustion engines. The seal is comprised of at least
      two metals, having different mechanical properties, metallurgically bonded
      together to form a composite. This composite seal is mounted in the rotor
      tip in such a way that as the tilt angle changes during operation,
      different components of the composite seal contact the chamber wall at
      different times during the combustion process. The seal components are
      preferably made from materials chosen for their wear characteristics.
PAR  In a conventional rotary internal combustion engine different amounts of
      wear occur on the leading and trailing sealing edges. Typically the
      leading edges wear twice as fast as the trailing edges. This uneven wear
      contributes to poor sealing, loss of power and poor fuel economy. By
      properly selecting the components of the composite seal of the present
      invention, advantageous material properties may be obtained during
      different parts of the engine cycle as different parts of the seal come in
      contact with the cavity wall.
PAR  As previously discussed, the operation of the rotary internal combustion
      engine depends upon the change in volume of working space defined by the
      rotor face, the two rotor tip seals and the chamber face between the two
      rotor tip seals. As this working space makes a complete circuit around the
      chamber wall the four phases or "strokes" (to use conventional internal
      combustion engine terminology), intake, combustion, power and exhaust take
      place. It is a characteristic of the internal combustion engine that each
      of these four phases occurs at a fixed position relative to the
      epitrochoidal chamber. Because of this localization of the four phases,
      extreme localized heating occurs at those parts of the chamber wall
      corresponding to the power and exhaust phases. Another difference caused
      by the localization of the phases is the reduction of friction on the
      chamber wall by the presence of unburned fuel during the intake and
      compression phases.
PAR  Because of the differences of chamber wall temperature, chamber wall
      friction coefficient and gas pressure, it is difficult to construct a
      sealing system which is effective and has a long operating life. Through
      the use of the present invention, which comprises a composite metal rotor
      tip seal, a far more satisfactory sealing system is obtained.
PAR  FIG. 5 illustrates the basic concept of the present invention. Through the
      fabrication of the rotor tip seals 9A, 9B and 9C from a composite metallic
      material formed from components A and B, it is possible to obtain an
      improved sealing system for a rotary internal combustion engine. As shown
      in FIG. 5 when the rotor tip seal 9A is traveling from a minor axis 17 to
      a major axis 16, the trailing edge 23 of the rotor tip seal 9A contacts
      the chamber wall 11. By selecting the material A which forms a trailing
      edge 23, with reference to its frictional properties relative to the
      chamber wall 11, taking into account the temperature and presence or
      absence of lubrication, it is possible to obtain improved sealing.
      Likewise when the rotor tip seal 9B is in the position shown, the leading
      edge 24 of the seal 9B contacts the chamber wall 11. Since the leading
      edge 24, of the seal 9B is made from material B having selected frictional
      characteristics, improved sealing and wear resistance may be obtained.
PAR  The materials from which the composite seal of the present invention is
      fabricated are selected for their frictional properties and resistance to
      wear relative to the chamber wall at different temperatures and their
      resistance to erosion by high temperature gases encountered during
      operation of the engine. As previously mentioned, conventional seals have
      been found to wear at least twice as fast on the leading edge as on the
      trailing edge. This uneven wear rate is detrimental to sealing efficiency.
      By properly selecting the components of the composite seal of the present
      invention a more even wear rate may be obtained. It is desirable that the
      composite seals of the present invention be fabricated from at least two
      copper alloys metallurgically bonded together.
PAR  It will be appreciated that one of the major purposes of the present
      invention is to provide a composite seal having essentially uniform wear
      characteristics from the leading edge of the seal to the trailing edge of
      the seal. This goal will be achieved by properly selecting the materials
      from which the seal is fabricated. It is difficult, however, to precisely
      predict the wear characteristics of different alloys from their mechanical
      properties at room temperature or from different types of conventional
      wear tests. There is, however, a general correlation between the wear
      behavior of the seal material within the engine and hardness, yield
      strength and room temperature abrasion characteristics. As a general rule,
      the hardness of the leading component should be at least twenty points, on
      the Diamond Pyramid Hardness scale, greater than the hardness of the
      trailing component. Likewise, the yield strength of the material from
      which the leading component is to be fabricated will generally be at least
      5 ksi greater than the yield strength of the trailing component material.
      Finally, the abrasion characteristics of the leading component material
      should be at least 10% less as measured in weight loss per unit area than
      the abrasion characteristics of the trailing component when these
      characteristics are measured at room temperature using a standard type
      abrasion test.
PAR  The most obvious way to obtain these desired differences in hardness, yield
      strength and abrasion resistance is by using alloys having different
      chemical compositions. Of course, these different values may also be
      obtained by using the same alloy in different conditions. For example, if
      the alloy in question is age hardenable, two components may readily be
      produced having different properties merely by changing the aging
      conditions. Another possibility is to add a small amount of grain refiner
      during the casting of one of the components, thereby producing two
      components having vastly different grain sizes and therefore having
      different mechanical properties. Finally, it may be possible to use two
      components which have had different amounts of cold work and therefore
      have different mechanical properties.
PAR  A desirable embodiment for use in engines in which extremely high
      temperatures are encountered consists of a three layer composite. This
      embodiment is shown in FIG. 6. Component C of the composite which forms
      the rotor tip seals 9A, 9B and 9C is selected for its high temperature
      mechanical properties. For example, it may be a ferrous alloy such as
      stainless steel or low carbon steel, or it may be a high strength non
      ferrous copper alloy such as CDA alloys 638 or 195. The facing alloy
      layers A and B are selected for their frictional properties. During the
      operation of the engine central core or component C would contact the
      chamber wall 11 only when the rotor tip seal approached a minor axis 17 or
      a major axis 16. At all other times the facing layers A and B would
      contact the chamber wall 11. The materials from which facing layers A and
      B are fabricated should be chosen to minimize the wear on the rotor tip
      seal and the chamber wall and to equalize the wear on leading edge 24 and
      the trailing edge 23 of the rotor tip seal.
PAR  Of course, other embodiments are possible. For example, the rotor tip seal
      may have more than one part. For example, the problems encountered in
      sealing the rotor tip near the corners of the rotor tip may be reduced
      through the use of a seal having more than one part, preferably all parts
      of the seal of this embodiment are made of composite material.
PAR  The composite materials used for the production of the seals of the present
      invention may be formed in a variety of different ways. An exemplary
      technique is illustrated in U.S. Pat. Nos. 3,397,045 and 3,381,364 issued
      to J. Winter and assigned to the assignee of the present invention. The
      process disclosed in these patents is briefly described in FIGS. 7, 8, 9
      and 10.
PAR  Referring to FIGS. 7 and 8 there is illustrated a process for making two
      layer composite metal seals. Two strips A' and B' of the desired alloys A
      and B are employed. The major surface 34, 36 of the two strips A' and B'
      are cleaned so as to remove all dirt, oxide and grease. The two strips of
      metal A' and B' are superimposed one upon the other with the cleaned major
      surfaces 34, 36 of the strip in contact with each other as shown in FIG.
      7. The two strips A' and B' are then secured together to prevent relative
      motion as for example by welding the edges together. Thereafter, the
      superimposed strips A' and B' are pressure welded together by rolling so
      that the cleaned major surface 34, 36 of the adjacent strips A' and B'
      become bonded together. The finished composite is shown in FIG. 8. It is a
      highly desirable feature of the metallurgical bond produced by this
      process that the bond has a wavy characteristic and consequently has an
      area at least 20% greater than the area of the metal strip. This increased
      area increases the strength of the metallurgical bond. The rolling of the
      strips results in a reduction of the two strips and in elongation of the
      resultant blank 30 in the direction of rolling 31 while the width 32 of
      the resultant blank 30 remains substantially the same as the initial width
      33 of the strips. Following the rolling operation the blank 30 is usually
      softened by annealing to make it more ductile and if desired it may be
      further rolled to a final gage and again softened by annealing. FIGS. 9
      and 10 show the analogous process for the production of a three layer
      composite having layers A, B and C.
PAR  The rotor tip seals may be formed by a variety of different mechanical
      means. For example, a punch and die may be used to stamp out seals of a
      desired shape. Other methods include slitting the blank 30 or 30' into
      pieces of the desired width and cutting rectangular seals from the slit
      pieces of the blank 30 or 30'. A final mechanical operation such as honing
      may be employed to produce an edge with the desirable surface finish on
      the blank 30 or 30'. To facilitate the break-in of the engine it may be
      desirable to coat the edge of the seal which will be in contact with the
      cavity wall with a layer of lubricant such as molybdenum disulfide or
      Teflon or a soft metal such as zinc, cadmium or tin.
PAR  The concept of the present invention will be made more clear by reference
      to the following illustrative example:
PAC  EXAMPLE
PAR  A variety of commercial copper base alloys were tested for their wear
      properties. The test was performed using a Taber Abraser. In this test a
      sample is contacted by a rotating abrasive wheel specified by ASTM C
      501-66 except that the test was run for 10,000 cycles, the abrasive wheels
      were dressed every 1,000 cycles, and the samples were weighed to determine
      relative wear properties. The results are summarized below:
TBL  CDA ALLOY      Weight Loss Mg/10,000 Cycles                               
     ______________________________________                                    
     194            320-390                                                    
     195            410-450                                                    
     510            330-350                                                    
     619            300-315                                                    
     638            300-340                                                    
     688            200-230                                                    
     ______________________________________                                    
PAR  Present commercial rotary internal combustion engines utilizing a
      homogeneous rotor tip seal, exhibit twice the wear on the leading edge as
      on the trailing edge. Through a selection of these alloys, for example,
      CDA Alloy 638 for the leading facing and CDA Alloy 195 for the trailing
      strip uniform wear would result with attendant better sealing and improved
      engine performance.
PAR  As an alternative, the seals of the present invention may be formed using
      powder metallurgy techniques. At least two layers of powder having
      different compositions may be superimposed in a die. The powder layers may
      then be compressed to form a green compact and then sintered to obtain
      mechanical properties. If the sintering conditions are properly chosen, a
      somewhat porous seal may be obtained. Such a porous seal will have the
      advantage of retaining the lubricating oil thereby improving the
      lubrication and decreasing the wear of the seal.
PAR  As a further alternative, a layer of powder may be compacted together with
      a strip of metal to attain certain desirable properties. For example, two
      layers of copper powder may be bonded to a ferrous alloy strip. The
      resulting seal, after sintering will have a desirable combination of
      mechanical strength and lubrication properties.
PAR  Through the use of powder metallurgy techniques, a significant amount of
      non-metallic material having desirable mechanical properties such as
      graphite may be incorporated into the seal.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved rotor tip seal for rotary internal combustion engines, of
      the type having a hollow epitrochoidal chamber defined by a wall and a
      rotor having a plurality of apexes, the rotor being rotatably and
      eccentrically mounted within the chamber and having a tip seal located at
      each apex, comprising: a composite seal of different metal components
      mounted in the axial direction at each tip of the rotor to seal the space
      between the rotor tip and the chamber wall, said seal consisting of at
      least two outer metal strip components, one being the leading seal
      component and the other being the trailing seal component, the said outer
      components being adapted cyclically to contact different portions of the
      said chamber wall, the said component strips being unified by
      metallurgical bonds at abutting surfaces, and said leading component
      substantially exceeding said trailing component in wear resistance
      properties, whereby the said seal components display substantially uniform
      wear and superior performance during engine operation.
NUM  2.
PAR  2. A seal as in claim 1 wherein the individual components are
      metallurgically bonded together with the metallurgical bond having a
      wavelike configuration and an area at least 20% greater than the area of
      the layers.
NUM  3.
PAR  3. A seal as in claim 1 wherein the said leading seal components has a
      hardness at least twenty points higher on the Diamond Pyramid Hardness
      scale than the said trailing seal component.
NUM  4.
PAR  4. A seal as in claim 1 wherein the said leading seal component has a yield
      strength at least 5 ksi higher than the said trailing seal component.
NUM  5.
PAR  5. A seal as in claim 1 wherein the said leading seal component is at least
      10% more resistant to abrasion than the said trailing seal component.
NUM  6.
PAR  6. A seal as in claim 1 wherein the outer components are high strength low
      friction copper alloys.
NUM  7.
PAR  7. A seal as in claim 1 wherein the seal comprises leading and trailing
      components each of a copper base alloy.
NUM  8.
PAR  8. A seal as in claim 2 wherein the seal comprises three components of
      metal bonded together.
NUM  9.
PAR  9. A seal as in claim 8 having a central layer or core of an iron alloy and
      two facing layers of a copper alloy.
NUM  10.
PAR  10. A seal as in claim 8 having a central layer or core of high strength
      copper alloy and two facing layers of low friction copper alloys.
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ABST
PAL  A radial seal for a rotary piston internal combustion engine, especially of
      trochoidal construction, which is constituted by a sealing bar, possibly
      of multi-partite construction, that is guided in an axially parallel
      groove of a piston and is forced radially outwardly by springs; the
      springs are thereby arranged separate from one another in series one
      behind the other--as viewed in the longitudinal direction of the groove.
BSUM
PAR  The present invention relates to a radial seal for a rotary piston internal
      combustion engine, especially of trochoidal type of construction,
      essentially consisting of a radial sealing bar possibly of multi-partite
      construction which is guided in an axially parallel groove of a piston and
      is forced outwardly in the radial direction by springs.
PAR  It is known in connection with three-partite sealing bars to arrange in a
      sealing bar groove two leaf springs of different construction as regards
      the length, one above the other in such a manner that the ends of the
      large leaf spring abut at the corner parts and the ends of the small leaf
      spring at the center part of the sealing bar.
PAR  Such double-spring constructions entail the disadvantage that two different
      spring sizes are required and two leg portions for each spring are
      necessitated as stop means against lateral displacement. Additionally, the
      assembly is difficult and time-consuming.
PAR  The aim of the present invention is to eliminate these disadvantages in a
      simple manner.
PAR  The underlying problems are solved according to the present invention in
      that the springs are separately arranged one behind the other--as viewed
      in the longitudinal direction of the groove.
PAR  In a preferred embodiment according to the present invention the center
      part of the three-partite sealing bar is provided with a centrally
      arranged small leg portion and one leaf spring each is arranged between
      this centrally arranged leg portion and the small leg portion of the
      corresponding corner part, whereby the arcuate portions of the leaf
      springs are supported at the groove bottom and the free ends thereof abut
      at the sealing bar.
PAR  Only one limit means against lateral displacement is thus required for both
      springs in the center part of the sealing bar. Furthermore, by the use of
      uniform leaf springs the part's supply and the assembly is more simple and
      more safe.
PAR  A further advantage of the present invention resides in that one point of
      engagement each of both srings is disposed in the center of the center
      part of the sealing bar and each spring operates separately as a result
      thereof with the corresponding corner part. The center part thereby
      becomes more capable of adaptation and all parts of the sealing bar become
      more gas-tight. The consequence thereof is a greater insensitivity to
      chattering.
PAR  Accordingly, it is an object of the present invention to provide a radial
      seal for a rotary piston internal combustion engine which avoids by simple
      means the aforementioned shortcomings and drawbacks encountered in the
      prior art.
PAR  Another object of the present invention resides in a radial seal for a
      rotary piston internal combustion engine which eliminates the need for
      different spring sizes and reduces the number of abutments required to
      prevent lateral displacements of the springs.
PAR  A further object of the present invention resides in a radial seal for a
      rotary piston internal combustion engine which facilitates the assembly
      and reduces the time required in connection therewith.
PAR  Still a further object of the present invention resides in a radial seal
      for a rotary piston internal combustion engine which entails considerable
      advantages as regards improved operating characteristics, particularly as
      regards greater gas-tightness and greater insensitivity against
      chattering.
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
DRWD
PAR  FIG. 1 is a somewhat schematic cross-sectional view through a rotary piston
      internal combustion engine of trochoidal construction having radial seals
      in accordance with the present invention; and
PAR  FIG. 2 is a partial, somewhat schematic crosssectional view through a
      radial seal in accordance with the present invention.
DETD
PAR  Referring now to FIGS. 1 and 2 of the drawings wherein like reference
      numerals are used in both views to designate like parts, the rotary piston
      internal combustion engine which is only schematically indicated, is of
      conventional construction and includes a housing consisting of the lateral
      parts 1 and 2 and of the housing casing 3. A rotatable piston 4 is
      arranged within the housing of the rotary piston internal combustion
      engine which rotates in the usual manner so that its piston corners slide
      along the inner surface 16 of the housing casing 3 which is, for example,
      of trochoidal construction. The piston 4 is provided with grooves 5 in the
      corners thereof, in which one three-partite sealing bar each generally
      designated by reference numeral 9 and consisting of two corner parts 6 and
      7 and of a center part 8 is guided. Each corner part 6, 7 is provided
      within the area of the lateral part 1, 2 with a small leg portion 10, 11
      whereas the center part 8 is provided with a small leg portion 12 in the
      longitudinal center thereof. Two leaf springs 14 and 15 which are arranged
      one behind the other--as viewed in the longitudinal direction of the
      groove--and which are bent similar to a bow, support themselves underneath
      the sealing bar 9 against the groove bottom 13 of the groove 5; of these
      two leaf springs 14 and 15, the leaf spring 14 is arranged between the
      small leg portions 10 and 12 and the leaf spring 15 between the leg
      portions 12 and 11. The free ends of the springs 14 and 15 abut, on the
      one hand, at a corner part 6, 7 and, on the other, at the center part 8 of
      the sealing bar 9. The leg portions 10, 11 and 12 serve as limit or stop
      means against lateral displacement of the springs 14 and 15. The center
      part 8 and the corner parts 6 and 7 are pressed radially outwardly against
      the casing contact surface 16 of the housing casing 3 by the spring force
      of the springs 14 and 15.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein, but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radial seal for a rotary piston internal combustion engine which
      comprises radial sealing bar means guided in a groove means of a piston of
      the engine and forced radially outwardly by spring means, characterized in
      that the spring means are arranged separate from one another and one
      behind the other, as viewed in the longitudinal direction of the groove
      means, the sealing bar means is constructed three-partite and consists of
      a center part and two corner parts with leg portions, and in that the
      center part is provided with a substantially centrally arranged leg
      portion, one spring means each is arranged between said centrally arranged
      leg portion and the leg portion of the corresponding corner part, said
      center part includes an inclined surface portion at respective lateral
      edges thereof, each of said corner portions including a complimentary
      surface adjoining the respective inclined surface portions of said center
      part.
NUM  2.
PAR  2. A radial seal according to claim 1, characterized in that the rotary
      piston internal combustion engine is of trochoidal construction.
NUM  3.
PAR  3. A radial seal according to claim 1, characterized in that the groove
      means is disposed substantially axially parallelly.
NUM  4.
PAR  4. A radial seal according to claim 1, characterized in that each spring
      means is a leaf spring means, and the leaf spring means are bowed and
      supported with the arcuate portions thereof at the groove bottom and abut
      with the free ends thereof at the sealing bar means.
NUM  5.
PAR  5. A radial seal according to claim 4, characterized in that the groove
      means is disposed substantially axially parallelly.
NUM  6.
PAR  6. A radial seal according to claim 4, characterized in that the rotary
      piston internal combustion engine is of trochoidal construction.
NUM  7.
PAR  7. A radial seal for a rotary piston engine, the engine includes a casing
      having disposed on respective sides thereof lateral parts, radial sealing
      means guided in a groove means of a piston of the engine, and spring means
      for forcing the radial sealing means radially outwardly, the improvement
      comprising: a three-part radial sealing bar means forming said radial
      sealing means, said radial sealing bar means consisting of a center part
      and a corner part disposed at each respective lateral edge of said center
      part, leg portions provided on each of said corner parts extending
      downwardly in the direction of the bottom of the groove means, said leg
      portions being provided on each of said corner parts at a side thereof
      adjacent the respective lateral parts of the engine, a centrally arranged
      leg portion provided on said center part of said radial sealing bar means
      extending downwardly in the direction of the bottom of said groove means,
      the spring means includes one leaf spring means each disposed between said
      centrally arranged leg portion and the respective leg portions of said
      corner parts, said center part includes an inclined surface portion at
      respective lateral edges thereof, each of said corner portions including a
      complimentary surface adjoining the respective inclined surface portions
      of said center part.
NUM  8.
PAR  8. A radial seal according to claim 7, wherein said leaf spring means are
      bowed with the arcuate portions thereof abutting the bottom of the groove
      means, one free end of each of said spring means abutting said center part
      and the other free end of each of said leaf spring means abutting a
      respective corner part.
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ABST
PAL  A screw rotor machine is disclosed in which a screw thread rotor enclosing
      a screw cam rotor is axially balanced through having an area enclosed by a
      seal between the screw thread rotor and the housing which area stands in a
      predetermined relation to the hole area of the screw thread rotor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a screw rotor machine for a compressible working
      medium with a screw cam rotor and a screw thread rotor enclosing the screw
      cam rotor which rotors are rotatably journalled in a housing for rotation
      around mutually sideways displaced fixed rotation axes and thereby between
      their screw cam means and screw thread means form chambers for the working
      medium which chambers during rotation of the rotors move from end to end
      of the rotors while changing their volumes.
PAR  In such screw rotor machines of which suggestions are shown e.g. in Swedish
      Pat. No. 85.331 and U.S. Pat. No. 1.892.217 practical operation at high
      numbers of revolution and pressure suitable for now actual compressor or
      motor applications has hitherto not been realized. According to prior
      suggestions the bearings of the screw thread rotor are exposed to the
      entire axial load which follows from the pressure of the working medium
      against the end of the screw thread rotor. The design suggestions are,
      therefore, only suitable for low pressures and numbers of revolution which
      result in a low compressor capacity or motor power.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has as its purpose to create a screw rotor machine of the
      above mentioned type in which the axial load on the bearings of the screw
      thread rotor running at a high number of revolutions and a high pressure
      level easily and effectively are brought down. This is achieved through
      the characteristics given in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described more in detail in connection with the
      accompanying drawings in which:
PAR  FIG. 1 shows a longitudinal section through a screw rotor machine according
      to the invention.
PAR  FIG. 2 is a cross section according to line II--II in FIG. 1.
PAR  FIG. 3 is a cross section according to line III--III in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1-3 the invention is shown as applied to a screw compressor but
      the illustrated constructive solution is also applicable to other types of
      screw rotor machines e.g. screw motors or screw pumps. The screw
      compressor shown has a housing 1, 2 which forms part of a not shown and as
      regards other components in a conventional way built up compressor
      aggregate. The housing comprises two transversely divided housing parts 1
      and 2 which are kept together by means of screws 3 and enclose a chamber 4
      for the compressible working medium e.g. air. The air enters into the
      housing part 2 via an inlet opening 5 after it has passed a not shown
      filter. The housing parts 1, 2 carry in the chamber 4 coaxially arranged
      rolling bearings 6, 7. A gate or screw thread rotor provided with screw
      threads is divided transversely and comprises two hollow rotor parts 8, 9
      which are mutually fixed by screws 10.sup.1 and at the ends fastened to
      end parts 11, 12. The end part 11 is fixed by the screws 10.sup.1 and has
      a tubular neck of shaft 13 with a reduced diameter which is carried by the
      rolling bearing 7. The end part 12 is fixed by screws 10.sup.11 to the
      rotor part 8 and has a similarly reduced neck of shaft 14 which is carried
      by the rolling bearing 6. The screw thread rotor 8, 9 is through this
      arrangement rotatably journalled in the chamber 4 for rotation around a
      fix rotation axis 15.
PAR  Rolling bearings 17, 18 are arranged in the respective housing parts 1, 2
      and carry rotatably a screw cam rotor 19, 20 which through gudgeons 22, 23
      is introduced into the rolling bearings 17, 18 and rotates around a fix
      rotation axis 16 which is situated eccentrically to and parallelly to the
      rotation axis 15. The screw cam rotor 19, 20 can if needed be dynamically
      balanced by means of eccentric weights 44, 45 which are freely rotatable
      in hollow spaces inside the end parts 11, 12 of the screw thread rotor 8,
      9. The screw cam rotor 19, 20 is driven by an external not shown motor and
      gear change over a toothed wheel 24 which outside the housing part 2 is
      keyed to the gudgeon 22.
PAR  Screw cam means on the screw cam rotor 19, 20 is during rotation in
      engagement with screw thread means in the screw thread rotor 8, 9 so that
      the latter is rotated around the axis 15 with a gear change depending on
      the type of the screw engagement. From the chamber 4 the working medium
      flows via the neck of shaft 14 and the end part 12 into the screw thread
      means of the screw thread rotor 8, 9. The screw cam means of the screw cam
      rotor 19, 20 cooperates with the screw thread means so that chambers for
      the working medium are formed during rotation which chambers move from end
      to end of the rotors while changing their volumes i.e. in the shown
      compressor application the working medium is compressed during passage
      through the rotor parts 8 and 9. The cooperating screw profiles can
      thereby be made in an arbitrary suitable way. The embodiment shows in
      FIGS. 2, 3 the screw cam part 19 made as a single-thread screw with a
      circular profile and constant lead. The screw thread rotor part 8 hereby
      becomes a hollow profile with two opposite half circular and mutually
      connected screw threads which sealingly cooperate with the screw profile
      and having a constant lead which is double that of the screw cam rotor
      part 19. In a leap plane 25 which is transverse to the rotors and forming
      a dividing plane between the screw thread rotor parts 8 and 9 and a
      transference plane between the screw cam rotor parts 19 and 20, a sudden
      decrease of the thread leads from the leads in the rotor parts 8 and 19 to
      the leads in the rotor parts 20 and 9 occurs. Through this the rotor parts
      9, 20 will act as gates damming the working medium axially which during
      rotation makes inner compression of the working medium between the rotor
      parts 8 and 19 possible. The compressed working medium is passed through
      the rotor parts 9, 20 into the end part 11 and continues via the neck of
      shaft 13 to a pressure chamber 26 in the housing part 1 from which it is
      taken off under pressure via a high pressure outlet 27.
PAR  The pressure chamber 26 is via the rolling bearing 17 open to a cylindrical
      guidance 28 which is coaxial with the rotation axis 16 and rotatably
      carries a balancing part in form of a piston 29. The piston 29 is by means
      of a nut 31 together with the inner race of the rolling bearing 17
      fastened to the gudgeon 23. Oil under pressure is supplied from a suitable
      not shown pressure source in the compressor aggregate via a conduit 32 to
      channels 33, 34 in the housing part 1 of which the channel 33 emerges into
      a circumferential groove 35 around the piston 29 while the channel 34
      emerges into a corresponding circumferential groove 36 around the neck of
      shaft 13 and coaxial with the rotation axis 15. The circumferential
      grooves 35, 36 form liquid pressure seals through which the pressure
      chamber 26 is sealed off in relation to the rotating rotor parts. The
      guidance 28 is covered by a cover 37 and provided with suitable drainage
      outside the piston 29.
PAR  The balancing piston 29 is exposed to the pressure of the working medium in
      the pressure chamber 26 and given such an area in relation to the hole
      area 40 of the screw thread rotor which is enclosed by the circumscribing
      contour line 38 in FIGS. 2, 3 that the desired limitation of the axial
      force loading of the screw cam rotor 19, 20 and its bearing 17 is
      obtained. In the present embodiment the diameter of the balancing piston
      29 is chosen somewhat smaller than the diameter of the circle
      corresponding to the hole area 40 of the screw thread rotor 8, 9. With
      superatmospheric pressure in the pressure chamber 26 this results in a
      constantly in the illustrated arrow direction 39, FIG. 1, acting
      restricted force component on the rolling bearing 17. The neck of shaft 13
      of the screw thread rotor 8, 9 has the sealing off comprising the
      circumferential groove 36 suitably situated at a diameter which also is
      somewhat smaller than the diameter of the circle corresponding to the hole
      area 40 of the screw thread rotor. Consequently superatmospheric pressure
      in the pressure chamber 26 will result therein that the rolling bearing 7
      of the screw thread rotor 8, 9 is exposed to an axial force which
      constantly acts in the direction of the arrow 42. Through exact mounting
      of the rolling bearings the play between the rotors during operation is
      hereby kept very low. If needed it is possible to allow the outer races of
      the rolling bearings 6, 7 to be freely glidable and axially unlocked by
      stops in the housing parts 1, 2 so that the screw thread rotor 8, 9 may
      adjust itself in relation to the flanks of the screw cam means on the
      screw cam rotor 19, 20 and the leap plane 25 of the rotors. Since the area
      of the balancing piston 29 and the area of the neck of shaft 13 situated
      inside the circumferential groove 36 both are close to the hole area 40
      the axial forces in the arrow directions 39 and 42 become low so that the
      screw cam rotor 19, 20 can be driven with high numbers of revolution
      without overloading the rolling bearings. Of these the bearings 17, 18 in
      the present compressor application work with a number of revolutions on
      the screw cam rotor 19, 20 amounting to 15.000 rpm while the screw thread
      8, 9 in its bearings 6, 7 runs with half that number of revolutions.
PAR  In order to improve the driving engagement between the screw cam rotor 19,
      20 and the screw thread rotor 8, 9 while simultaneously improving the
      sealing between the rotors and the cooling of the working medium during
      compression, it is suitable to inject liquid into the working medium
      between the rotors preferably oil in finely divided form. The oil can be
      injected into the neck of shaft 14 via a nozzle 66 carried by the housing
      part 2 or alternatively via one or more radial borings 68 in the screw cam
      rotor part 19 which are supplied with oil via an oil channel 69 through
      the cover 37 and a central axial rotor boring 70 connected to the oil
      channel 69 through the rotor part 23, 20, 19.
PAR  In simple pump applications the rotor parts 9, 20 making inner compression
      possible can be excluded.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a screw rotor machine for a compressible working medium including a
      screw cam rotor, a screw thread rotor enclosing the screw cam rotor, the
      screw cam rotor and screw thread rotor being rotatably journalled in a
      housing for respective rotation around parallel mutually displaced
      rotation axes, the rotors forming chambers for the working medium between
      their screw cam and screw threads which chambers move from end to end of
      the rotors during their rotation while changing their volume, the
      improvement enabling machine operation at a high number of revolutions and
      a high pressure level with a reduced axial load on the bearings of the
      screw thread rotor comprising:
PA1  a high pressure chamber formed in the housing adjacent the high pressure
      discharge ends of the rotors, a circular balancing piston secured to the
      screw cam rotor and exposed to the high pressure in the chamber,
PA1  a stepped end part fixed to the screw thread rotor and having a tubular
      neck of reduced diameter,
PA1  the tubular neck forming a shaft projecting into the high pressure chamber
      and being sealed off from the housing,
PA1  the diameter of the balancing piston and of the tubular neck shaft where it
      is sealed being smaller than the diameter of a circle corresponding to the
      opening area of the screw thread rotor,
PA1  whereby the high pressure in the chamber acting on the balancing piston and
      on the end part will result in low axial forces on the rotors in opposite
      directions serving to substantially balance the axial load while
      maintaining play between the rotors at a minimum.
NUM  2.
PAR  2. The improved screw rotor machine according to claim 1, wherein the area
      enclosed by the seal is approximately equal to the screw thread rotor
      opening area.
NUM  3.
PAR  3. The improved screw rotor machine according to claim 1, wherein the screw
      thread rotor at its ends is provided with coaxial end parts provided with
      necks of shaft through which the screw thread rotor is carried in the
      housing by means of rolling bearings whereby one of the necks of shaft
      forms a low pressure opening and the other a high pressure opening for the
      screw thread rotor each being eccentric in relation to the rotation axis
      of the screw cam rotor.
NUM  4.
PAR  4. The improved screw rotor machine according to claim 1, wherein the screw
      thread rotor is rotatably journalled in and enclosed by a chamber for the
      working medium which communicates with the low pressure opening of the
      screw thread rotor and an outer low pressure opening for the working
      medium is arranged in the housing communicates with the chamber.
NUM  5.
PAR  5. The improved screw rotor machine according to claim 1, wherein the screw
      cam rotor is journalled in the housing by means of rolling bearings
      axially outside the low pressure and high pressure openings.
NUM  6.
PAR  6. The improved screw rotor machine according to claim 5, wherein a high
      pressure outlet for the working medium is connected to the pressure
      chamber and arranged in the housing between the bearings for the high
      pressure ends of the rotors.
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ABST
PAL  A rotatable machine for operation as a compressor or a motor. A stator
      rotates a rotor positioned therewithin. The rotor variably limits the
      radial section of an annular space or room. The rotor carries a series of
      blades rotatably mounted thereon and positioned within the room. The
      machine includes control means impelling the blades to oscillating
      movement synchronized with the rotation of the rotor such that the blades
      move themselves as a function of the angular position of the rotor and
      thereby divide the room into partitions, each having the shape of a
      segment of a crown.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a rotatable machine operating as a
      compressor or a motor, the machine comprising a stator inside which
      rotates a rotor, the rotor and stator limits an annular space or room, the
      radial section of which varies; the rotor carries a series of blades
      rotatably mounted thereon, positioned in the said room; the machine
      includes control means impelling the said blades to oscillating movement
      synchronized with the rotation of the rotor in such a way that the blades
      move themselves as a function of the angular position of the rotor and
      thus divide the said room into partitions, each having the shape of a
      segment of crown.
PAR  The machine is characterized by the fact that control of the blades is
      ensured by means of a control member provided with an annular groove in
      which are engaged crank-pins of crank-shafts operating the said blades.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing shows, by way of example, two embodiments of the invention and
      two modifications thereof.
PAR  FIG. 1 is a longitudinal sectional view of a first embodiment of the
      rotatable machine of the invention.
PAR  FIG. 2 is an elevational view thereof, with portions shown in section.
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 2 in the
      direction indicated generally.
PAR  FIG. 4 is a developed sectional view taken along the line IV--IV of FIG. 3,
      at a smaller scale.
PAR  FIG. 5 is a sectional view illustrating the principle of operating of the
      machine represented in FIGS. 1 to 4.
PAR  FIG. 6 is a developed sectional view, similar to that of FIG. 4, showing a
      modification.
PAR  FIG. 7 is a diagrammatic axial sectional view illustrating the principle of
      operating of the modification of FIG. 6.
PAR  FIG. 8 is a diagrammatic axial sectional view of a modification shown in
      the machine of FIGS. 1 to 4.
PAR  FIG. 9 is a diagrammatic side profile view of a second modification of a
      rotatable machine.
PAR  FIG. 10 is a diagrammatic axial sectional view of a portion of the machine
      of FIG. 9, illustrating its principle of operating.
PAR  FIG. 11 is a diagrammatic side profile view of a modification of the
      machine of FIG. 9.
PAR  FIG. 12 is a diagrammatic axial sectional view, similar to that of FIG. 10,
      illustrating the principle of operating of the machine of FIG. 11.
PAR  FIG. 13 is a diagrammatic side profile view of a modification of the
      machine of FIG. 9, and
PAR  FIG. 14 is a diagrammatic side profile view of a machine constructed with
      the combined use of two machines according to the embodiment of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The machine represented in FIGS. 1 to 4 comprises a tubular body 1
      provided, at one of its ends, with an annular flange 1a to which are
      secured, by means of longitudinal screws 2 (diagrammatically shown by
      dotted lines in FIG. 1), two distance pieces 3 and 4 maintaining at a
      distance from the flange 1a an annular plate 5. Two rings 6 and 7 are
      located between the plate 5 and the flange 1a and are respectively secured
      to the said plate and to the said flange, by means of screws 8 and 9
      (diagrammatically shown by dotted lines in FIG. 1).
PAR  The two rings 6 and 7 thus provide therebetween a free annular space or
      room 10 having the shape of a groove opening radially towards the inside
      of the stator 1. The respective axial faces 11 and 12 of the two rings 6
      and 7 opposed to each other (FIG. 4) are not plane, and the width of the
      groove 10 consequently varies but its depth remains constant. FIG. 4,
      which is a developed sectional view of the groove 10, shows that the width
      thereof is defined by a minimum dimension l and by a maximum dimension L,
      in two diametrically opposed points.
PAR  The rotor of the machine comprises a tubular piece 13, rigidly connected
      with a wheel 14. The tubular piece 13 is rotatably mounted, by means of
      roller bearings 15, inside of the tubular stator 1. The tubular member 13
      is provided with a terminal flange 13a to which is secured, by means of
      screws 16 (only one of which is diagrammatically shown in FIG. 1), an
      annular member 17 carrying, articulated thereon, eight blades 18 each of
      which is rigidly connected to a journal 18a radially mounted on the
      annular member 17 and which can rotate thereon. Each journal 18a is
      provided with a shoulder 18b carrying an eccentric control crank-pin 19.
PAR  The control crank-pins 19 of the blades 18 are engaged in an annular groove
      20 provided in a ring 21 rotatably mounted, by means of a rolling bearing
      22, on a stationary journal 23, the axis of which is inclined with respect
      to the longitidunal axis of the machine. The journal 23 is rigidly
      connected with an axis 24 which can be slightly moved axially by means of
      a nut 25, upon initial adjustment of the machine, this axial movement
      having no bearing on the operation of the machine.
PAR  The operation of the machine as disclosed and represented is as follows:
PAR  During the rotation of the rotor 13-17, the blades 18 effect an oscillating
      movement synchronized with the rotor. The oscillating movement of the
      blades 18 causes them to occupy successively the positions represented in
      dot-and-dash lines in FIG. 3. As a result of this movement, the blades 18
      divide permanently the room 10 into partitions having the shape of
      segments of crown. The distance pieces 3 and 4 are provided with two
      passages permit input and output of air or of gas into the said room. The
      machine can operate either as a pump or compressor, in which case the
      rotor will be driven by means of the pulley wheel 14, or as a motor, the
      room 10 being then provided with means for igniting of the combustible
      gaseous mixture that is contained therein and the pulley wheel 14
      operating to transmit the force.
PAR  The blades 18 being controlled positively, there is no friction between
      them and the walls of the room 10. Moreover, the control ring 21 being
      rotatable, it follows the rotation of the rotor, being driven by the
      crank-pins 19, so that there is also no friction between the ends of the
      crank-pins, which are provided with the head 19a having the shape of a
      segment of sphere, and the walls of the groove 20. It is to be noted that
      if the ring 21 is stationary, the kinematics would remain the same but
      friction would occur between the walls of the groove 20 and the heads 19a
      of the crank-pins 19.
PAR  The machine has the advantage of operating continuously, without
      alternative movements except for that of the blades 18, thereby requiring
      no lubrication and producing no friction.
PAR  The amplitude of the oscillating movements of the blades 18 and,
      consequently, the volumetric ratio of the rooms 10, is determined by the
      inclination of the control ring 21 with respect to the longitudinal axis
      of the machine. If this ratio is required to be high, that is to say if
      the ratio of the width l/L of the room 10 is high, the inclination of the
      journal 23, and consequently of the ring 20, must be higher than if this
      ratio is low. The eccentricity of the crank-pins 19 with respect to the
      axis of the journals 18a of the blades 18 also obviously must be
      determined correspondingly.
PAR  As shown in FIG. 5, the axial position of the control ring 21 is such that,
      at two diametrically opposed points, through which the section of FIG. 5
      is passed, the groove 20 of the ring 21 is on the one hand at its maximum
      of eccentricity with respect to the axis of the journals 18a, as it is the
      case for the upper blade of FIG. 5, and on the other hand at its minimum
      of eccentricity, that is to say zero, as it is the case for the lower
      blade. In view of this arrangement, the machine operates at two cycles,
      the room 10 passing from a minimum of volume to a maximum of volume and
      return to its minimum of volume at each complete revolution of the rotor.
PAR  The same machine could also operate at four cycles, in which case the width
      of the room is provided with two minimums and two maximums as is the case
      in the modification of FIG. 6. In FIG. 6 there are shown two rings 26 and
      27 limiting the room. The rings 26 and 27 correspond respectively to the
      rings 6 and 7 of the first embodiment discussed above. As it can be seen,
      the minimum widths l, as well as the maximum widths L are diametrically
      opposed; the minimum widths are shifted 90.degree. with respect to the
      maximum widths. The room, 28 is thus provided with two minimum sections
      alternating with two maximum sections. In order for the blades 18 to
      effect double oscillating movements as in the first embodiment, the
      control ring 21 has been moved axially with respect to its position in the
      first embodiment and is also more inclined. The result is that, at two
      diametrically opposed points, shown in the section of FIG. 7, the groove
      20 of the ring 21 is at its maximum of eccentricity with respect to the
      axis of the journals 18a. In FIG. 7 the two points of minimum
      eccentricity, that is to say zero, are not visible in the since they are
      in a plane perpendicular to the one shown in the section of FIG. 7.
PAR  The modification of FIG. 8 is distinguishable from the first embodiment by
      the fact that the stator 29, diagrammatically represented, is positioned
      within the rotor 30, which is bell-shaped. The groove providing the room
      31 is provided in the outer cylindrical face of the stator 29, while the
      blades 32 rotatably mounted on the rotor 30 and disposed radially with
      respect to the axis thereof, are located within the rotor. The control
      crank-pins 33 of the blades 32 are positioned outside of the rotor 30 and
      are engaged within an annular groove 34 provided on the inner facing
      surface of the control piece constituted by a ring 35, the axis of which
      is inclined with respect to that one of the rotor.
PAR  In the embodiment of FIGS. 9 and 10, the blades have their axes directed
      parallel to the axis of the rotor and equally radially as in the first
      embodiment.
PAR  In the FIGS. 9 and 10 embodiment, which is diagrammatically shown, the
      rotor 36 rotates inside the stator 37 and is mounted eccentrically with
      respect thereto. The room 38 is constituted by the free space provided
      between the rotor 36 and the stator 37. The width of the room 38, not
      visible in the drawing, is constant while its dimension measured radially
      passes through a minimum, situated at 39, for reaching a maximum at a
      point 40 which is diametrically opposed thereto. A manifold 41 opens into
      the room 38 in the vicinity of its point 39 of minimum section, while a
      manifold 42 opens into the portion of the room the section of which
      increases in the direction of rotation of the rotor 36 indicated by the
      arrow 43.
PAR  The blades 44 are constructed of one piece with journals 44a rotatably
      mounted in the rotor 36, parallel to the axis thereof. The journals 44a
      are each provided with a shoulder 44b carrying a crank-pin 45 engaged in a
      circular groove 46 provided in the axial face 47 of a control disc 48
      rotatably mounted and the axis 49 of which is slightly eccentric with
      respect to the axis of rotation of the rotor 36. The circular groove 46 is
      coaxial with the disc 48.
PAR  The operation of this embodiment is identical to that of the first
      embodiment.
PAR  It is to be noted that, when modifying the diameter of the groove 46, the
      amplitude of the oscillating movements of the blades is varied, thus
      enabling a choice of different volumetric ratios.
PAR  In the case of FIGS. 9 and 10, the operation of the machine is of two
      cycles so that, at two diametrically opposed points, through which the
      section of FIG. 10 is passed, the groove 46 is on the one hand at its
      maximum of eccentricity with respect to the axis of the journals 44a, as
      is the case for the upper blade of FIG. 10, and on the other hand at its
      minimum of eccentricity, that is to say zero, as is the case for the lower
      blade.
PAR  When modifying the eccentricity of the control piece 48 with respect to the
      rotor 36, an operation of four cycles, can be obtained. In this case the
      shape of the rotor will be such that it gives to the annular room two
      maximum sections and two minimum sections diametrically opposed, the
      maximum being however shifted 90.degree. with respect to the minimum. This
      is the case in the modification of FIGS. 11 and 12 where the same
      reference numerals as those of the embodiment of FIGS. 9 and 10 have been
      used.
PAR  In order that the blades 44 effect double the oscillating movements of the
      first embodiment, the control plate 48 has been displaced laterally with
      respect to the position it occupies in the first embodiment, and the
      diameter of the groove 46 has been modified.
PAR  While the machine according to the embodiment of FIGS. 9 and 10 is intended
      to operate as a pump or a compressor, the modification of FIG. 13, in
      which the same reference numerals have been used, is intended to operate
      as a motor, the ignition of the gas contained in the room being effected
      at 51.
PAR  FIG. 14 shows a mounting using two machines of the type shown in FIGS. 9
      and 10, each being of two cycles and coupled to each other by means of a
      shaft 52. The machine 53 shown on the left side of FIG. 14 operates as a
      compressor, and the machine 54 shown on the right side of FIG. 14 operates
      as a motor. Ignition is effected at 55 and an injection of gasoline is
      provided at 56. The ratio between the compressor and the motor can be
      choosen in such a way that decompression is effected totally in the zone
      of the room 38 of the motor 54 located between the ignition point and the
      output opening 42. The results are that the gasses are burned more
      effectively than in a conventional motor, that the efficiency of operation
      is increased, and the motor is less noisy and less polluant.
      Notwithstanding the fact that the FIG. 14 apparatus comprises two cycle
      machines, the combination operates at four cycles.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A rotatable machine for operation as a compressor or a motor comprising,
      a stator, a rotor positioned within the stator for rotation, a room
      defined by the rotor, the room having a longitudinal dimension which is
      variable, a set of blades carried by the rotor and rotatably mounted
      thereon, the blades being disposed in said room, control means for
      impelling oscillating movement to the blades, the movement of the blades
      being synchronized with the rotation of the rotor such that the blades
      move as a function of the angular position of the rotor to thereby divide
      the room into partitions, each partition having the shape of a segment of
      a crown, a control piece having an annular groove, the control piece being
      rotatable with the rotor, and a plurality of crank-shafts having
      crank-pins engaged in the groove for controlling operation of the blades,
      the control piece being driven by the crank-pins such that there is no
      slipping friction between the control piece and the crank-pins.
NUM  2.
PAR  2. A machine as claimed in claim 1 in which the rotor is eccentrically
      mounted within the stator, the room being of annular configuration and
      including a free space formed between the rotor and the stator, the free
      space having a radial dimension which varies and an axial dimension which
      is constant, the blades having axes of oscillation and said axes being
      arranged axially on the rotor, the annular groove in which said control
      crank-pins are engaged being provided in the axial face of the control
      piece, the axis of the annular groove being eccentric with respect to the
      axis of the rotor, the control crank-pins being positioned on the axial
      face of the rotor opposed to the face on which the blades are positioned.
NUM  3.
PAR  3. A machine as claimed in claim 1 in which the rotor and the stator are
      coaxially arranged, the room being of annular configuration and defined by
      a groove opening radially and provided in the cylindrical face of the
      stator, the axial dimension of the room being variable and the radial
      depth of the room being constant, said blades having axes of oscillation
      and said axes being arranged radially on the rotor, the annular groove in
      which said control crank-pins are engaged being provided in the
      cylindrical face of the control piece, the axis of the annular groove
      being inclined with respect to the axis of the rotor.
NUM  4.
PAR  4. A machine as claimed in claim 3 in which the rotor and the stator are of
      annular configuration, the groove defining the room being provided in the
      inner cylindrical face of the stator, the control crank-pins for operation
      of the blades being disposed within the rotor and the control piece, the
      control piece having an outer cylindrical face with the groove for
      receiving the crank-pins provided thereon.
NUM  5.
PAR  5. A machine as claimed in claim 3 in which the rotor is of annular
      configuration and the stator is positioned within the rotor, the annular
      groove defining the room being provided in the outer cylindrical face of
      the stator, the control crank-pins for operation of the blades being
      disposed within the rotor and the control piece, the control piece having
      a ring, an inner cylindrical face of the ring including the groove for
      receiving said crank-pins.
NUM  6.
PAR  6. A machine as claimed in claim 3 in which the room has a point in which
      its width is of maximum value and a point in which its width is of minimum
      value, said two points being diametrically opposed one with respect to the
      other.
NUM  7.
PAR  7. A machine as claimed in claim 3 in which the room has two points in
      which its width is of maximum value, said two points being diametrically
      opposed to each other, and two points in which its width is of minimum
      value, said last defined two points being diametrically opposed to each
      other and being arranged at 90.degree. with respect to the two points in
      which the width is of maximum value.
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ABST
PAL  An apparatus and method for making seamless tubular containers having a
      first end terminating in a shoulder and threaded neck of a reduced
      diameter with increased wall thickness and a second open end. The process
      uses a mold having an internal surface configuration corresponding to the
      external configuration of the desired tubular container. Suction means
      draws electrostatically charged powder through the mold and permits a
      portion thereof to deposit on the internal surface, the amount of
      deposition being partially controlled by the surface configuration.
      Subsequently, the container is heated to fuse the deposited powder into
      homogeneous mass, while subsequent cooling permits shrinking of the
      container away from the mold walls such that it may be removed by hand or
      by mechanical apparatus.
PARN
PAR  This is a division of Ser. No. 304,443, filed Nov. 7, 1972, now U.S. Pat.
      No. 3,833,692.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of flexible collapsible tubes for
      packaging cosmetics and toiletry products such as lotions, toothpaste,
      etc. Such tubes are generally cylindrical, having a shoulder terminating
      in a threaded end adapted to receive a closure. The other end remains open
      for filling and is subsequently closed by heat sealing or other means.
      More specifically, this invention relates to a method and apparatus for
      manufacturing seamless, integral tubular containers by electrostatic
      deposition of a powder on a mold and subsequent sintering of the powder
      into a fused homogeneous mass.
PAR  In the past, the commercial manufacture of such tubes has been accomplished
      by injection molding, or by the extrusion of a tubular parison with
      subsequent welding of a shoulder and threaded neck portion to the extruded
      parison. With respect to the manufacture of these containers by injection
      molding, such requires large capital expenditures including investment in
      expensive two-piece molds, presses, and an extruder for the polymeric
      material. On the other hand, where tubular parisons are made, such
      requires an extruder to provide a cylindrical tube of polymeric material
      which is subsequent cooled and cut into the desired lengths. After the
      cylindrical tubes have been cooled, they are welded in some fashion to a
      shoulder and neck portion which is adapted to receive a closure, the
      shoulder and neck portion being previously formed by injection molding.
      Both of these processes are expensive, require the employment of
      additional undesirable manufacturing steps and do not permit a higher rate
      of production which is desirable.
PAC  SUMMARY OF THE INVENTION
PAR  In order to overcome the disadvantages of the prior art, the preferred
      embodiment of the instant invention utilizes an electrostatic fluidized
      bed of a polymeric material. A unitary mold having the desired internal
      configuration is placed adjacent this fluidized bed. Suction means are
      utilized to draw an electrically charged polymeric powder through a mold
      having a different electrical potential so as to cause powder deposition
      on the mold surfaces. By placing the reduced section of the mold adjacent
      the fluidized bed, the powdered particles are passed through a narrow
      orifice at a high velocity, and upon reaching the enlarged diameter of the
      mold, the powder immediately decelerates so that the particles may be more
      easily attracted to the side walls of the mold. Additionally, the passing
      of the powder through the orifice of the mold creates a turbulence which,
      with the decrease in velocity, produces a greater deposition of powder in
      the shoulder portion of the mold such that the finished container has a
      thicker cross-section in this area. Subsequent heating apparatus is
      utilized to fuse the powder into a homogeneous mass and a final step of
      cooling permits removal of the sintered container from the mold. After
      manufacture of the container, a closure is placed upon the neck portion,
      and filled through the open end which is then sealed.
PAR  Accordingly, it is an object of the instant invention to provide an
      apparatus and method for manufacturing tube-like containers which requires
      low capital investment and yet permits a very high rate of production.
      Another object of this invention is to provide a tube-like container
      requiring fewer manufacturing steps, and to provide a method and apparatus
      which permits the manufacture of such containers in a continuous manner.
      Too, the object of the instant invention is to produce a container having
      a seamless external shape so as to improve the appearance and processing
      thereof. Finally, it is an object of the instant invention to provide a
      container made by electrostatic powder deposition in which the wall
      thickness of the size of the container may be controlled and varied by
      effecting changes in the velocity of the powder particles, and turbulence
      of the powder flow as they pass through the mold.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The manner in which the objects of this invention is attained will be made
      clear by consideration of the following specification and claims when
      taken in conjunction with the drawings in which:
PAR  FIG. 1 is a side elevational view of the preferred embodiment of the
      instant apparatus and process in schematic form;
PAR  FIG. 2 is an elevational view taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a side elevational view in section of a mold which may be
      utilized in conjunction with the preferred embodiment of FIGS. 1 and 2 and
      discloses a container formed therein; and
PAR  FIG. 4 is a side elevational view in section of a thermoplastic insert
      which may be threadably engaged with the mold of FIG. 3 to further enhance
      the preferred embodiment of my process.
DETD
PAC  DETAIL DESCRIPTION
PAR  In the preferred embodiment of my invention, a metallic mold is exposed to
      an electrostatic fluidized bed, which provides a supply of thermoplastic
      powder, with vacuum means being provided to draw a thermoplastic powder
      through the mold. A reduced opening at the end of the mold adjacent the
      fluidized bed causes the powder velocity to decrease upon entering the
      mold and effects turbulence of powder particles within the mold such that
      its deposition to the internal wall portions of the mold is enhanced.
      Subsequently, the molds are conveyed by belts or other means through a
      heating device such as a gas oven or an induction heater to sinter the
      powder into a fused homogeneous mass. After sintering, fluids or other
      means are utilized to cool the molds such that the finished tubular
      container can be removed.
PAR  With reference to the preferred embodiment of the mold 10 of FIG. 3, such
      may take the form of an elongated cylindrical member 12 having a reduced
      cross-sectional area 14 at the forward end thereof which forms a shoulder
      of the finished container. This reduced area 14 terminates in a threaded
      section 16 for forming a threaded neck portion. Forward of the threaded
      section is a frusto-conical opening 18 through which powder is drawn
      through the mold. With further reference to FIG. 3, such depicts a
      finished container 20 already formed therein. The container comprises a
      cylindrical section 22 which terminates forwardly in a shoulder section 24
      joined to a threaded neck section 26. As later explained,
      electrostatically charged polymeric powder will be drawn through the mold
      of FIG. 3 from left to right as viewed in the drawings. Since such powder
      must enter through the threaded area 16 which, in effect, represents an
      orifice of relative small cross-section, the powder and the fluid
      conveying it must pass at a relatively high velocity. In this area, the
      threads will create sufficient turbulence to cause deposition of powder to
      form the neck portion. As the polymeric powder enters the larger diameter,
      cylindrical portion 12 of the mold, the velocity of the powder particles
      abruptly decrease. Too, turbulence is created adjacent the surface of the
      mold rearwardly of the threaded section area 16 resulting in a greater
      deposition of powder on the reduced area 14 than on the remainder of the
      mold 10. After deposition, the mold is ready for heating such that the
      material may be fused into homogeneous mass while subsequent cooling will
      permit the shrinking of the fused thermoplastic material away from the
      interior walls of the mold 10 such that it can be removed as an integral
      seamless container. Alternatively, the mold might be coated with a release
      agent.
PAR  This process of making the tube-like container can be more thoroughly
      understood with reference to FIG. 2. As shown the molds 10 are carried on
      fixed supports 52, one of which is preferably grounded so that the molds
      will have no electrical charge. The molds are placed upon the left end of
      the supports 52 as viewed in FIG. 2 while belts 54 above the supports 52
      moving in the direction indicated by arrows will cause the molds to rotate
      and to traverse the supports from left to right. At the left end of the
      supports 52, the molds 10 are heated by a preheater 60 which may be flame
      burners or other appropriate heating means. Subsequently, the molds are
      carried across the fluidized bed 30 which is more fully depicted in FIG.
      1.
PAR  The electrostatic fluidized bed 30 may comprise a container 32 having an
      opening 33 in the side wall adjacent which is placed the front end of the
      mold 10. The lower portion of the container 32 has a porus member 34 upon
      which the polymeric powder is placed. A pump P1 then delivers a fluid such
      as air or an inert gas through the porous material to fluidize the powder
      within the container. At the same time, a source of electrical energy 40
      provides an electrical charge to the particles of powder through the
      corona tips 42. As the molds 10 are conveyed across the width of the
      container 32, they are also exposed to a funnel shaped member 68 which is
      attached to a pump P2, the latter creating a suction effect to draw the
      fluidized powder through the molds 10. As previously explained, the
      particles of powdered material will enter the front end of the mold at a
      relatively high velocity, with the threads creating turbulence so as to
      cause the powder to be deposited thereon. Additionally, as the powdered
      material enters into the enlarged diameter section of the mold, the
      velocity is decreased and the turbulent flow will cause a greater
      deposition of the powdered material at the shoulder portion 24 which
      extends between the threaded section of the mold 10 and the cylindrical
      body portion 12. Thereafter the powder is relatively evenly distributed
      upon the remaining portion of the internal wall section of the mold 10.
      Preferably, one of the supports 52 is grounded as indicated in FIG. 1 so
      as to create the electrical potential difference between the powder
      entering the mold and the mold itself such that the particles will be more
      strongly attracted to the surfaces of the mold 10. Excess powder which is
      not deposit on the mold is then carried by the pump P2 into a collecting
      container 72.
PAR  As viewed in FIG. 2, the molds 10 after leaving the fluidized bed 30 are
      conveyed through an oven 62 such that the powdered material may be
      sintered into homogeneous mass. Upon leaving the oven, the molds are
      sprayed with water from a spray device 74, or cooled in any other
      conventional manner. Subsequently, the conveyor belts 54 transfer the
      cooled molds to a collecting point or to another apparatus for removing
      the formed container from the mold.
PAR  The polymeric powder which may be utilized to form the tube-like container
      may be polyethylene, polypropylene or other plastic materials which are
      suitable for electrostatic deposition. In selecting the powder,
      consideration should be given to the desired properties of the container,
      and the product to be packaged. Additionally, it was within the scope of
      my invention to pass the molds across a fluidized bed having a mixture of
      different polymeric materials, or to pass the molds through separate
      fluidized beds containing different powders.
PAR  Finally, reference should be made to FIG. 4 which depicts an insert 80
      having a cylindrical shape with threads 81 on its exterior surface. This
      insert may be appropriately threaded into the mold threads 16 by
      mechanical means prior to the electrostatic deposition of powder. Such
      will insure that the neck portion has sufficient strength to receive a
      threaded closure for the container. During the deposition process, some
      material will be deposited on its inner surface 82 as well as the rear end
      thereof so as to insure an integral attachment to the shoulder 24 of the
      container upon fusing within the oven 62.
PAR  Accordingly, I have disclosed an inexpensive apparatus for making seamless
      tube-like containers which will have a very desirable external appearance
      and which can be manufactured in a continuous manner at relatively high
      production rate. The molds are a one-piece construction and are easily
      manufactured by conventional screw machine operations to avoid the
      otherwise high cost of injection molds and the use of extruders.
      Additionally, my invention includes the manufacture of various tubular
      devices having wall sections with varying thickness, since the utilization
      of an orifice and the creation of turbulence can be employed to effect
      this result.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for making tubular containers with each container having an
      open end and another end including a shoulder of decreasing diameter and a
      neck portion, said apparatus comprising:
PA1  a. support means;
PA1  b. a mold carried by said support means and having an internal surface
      corresponding to the external configuration of the to-be-formed container
      including a decreased diameter portion;
PA1  c. a supply of powdered polymeric material adjacent said support means and
      the decreased diameter portion of said mold; and
PA1  d. combined pump means and electrostatically charging means adjacent said
      mold for causing said powdered material to generally pass through said
      mold, and effecting deposition of a portion of said powdered material on
      said mold internal surface with a variable thickness.
NUM  2.
PAR  2. An apparatus as recited in claim 1 in which:
PA1  a. said mold is of unitary construction.
NUM  3.
PAR  3. An apparatus for making seamless tubular containers having first and
      second ends, said first end including a shoulder and neck of reduced
      diameter and increased wall thickness, said apparatus comprising:
PA1  a. a hollow mold having an internal configuration corresponding to the
      external configuration of said tubular container, said mold having first
      and second ends each of which is open and said internal configuration
      including a shoulder and a reduced diameter portion;
PA1  b. a supply of powdered polymeric material, said powdered polymeric
      material having a different electrical potential than said mold;
PA1  c. flow means for operative association with said mold and for causing said
      powdered material to generally flow through said mold with a portion of
      said powder forming a deposit upon the internal surface thereof, said
      powdered material flow extending in a direction from the mold first end to
      the mold second end with the reduced diameter portion of said mold
      effecting a velocity decrease of the powdered material and said velocity
      decrease in combination with said electrically potential difference
      functioning to increase the deposition of powdered material in the
      vicinity of said shoulder; and
PA1  d. fusing means for fusing the deposited powdered material into a
      homogeneous mass conforming to the shape of the mold surface.
NUM  4.
PAR  4. An apparatus according to claim 3 together with support means for
      positioning said mold relative to said flow means and determining a path
      of movement of said mold relative to said flow means, said flow means
      extending along said path of movement a distance in excess of one mold
      width, and said support means including conveyor means for moving said
      mold along said path relative to said flow means during the operation of
      said flow means.
NUM  5.
PAR  5. An apparatus according to claim 4 wherein said support means also
      includes a fixed support and said conveyor means is spaced from said fixed
      support for effecting rolling of said mold along said fixed support.
NUM  6.
PAR  6. An apparatus according to claim 5 wherein fusing means is positioned
      adjacent said flow means for cooperation with a rolling mold.
NUM  7.
PAR  7. An apparatus according to claim 3 wherein said fusing means includes a
      mold preheater in advance of said flow means.
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ABST
PAL  A process for agglomerating a powdered product comprises contacting the
      product with a current of steam and with a gaseous fluid the temperature
      of which is lower than the temperature of the steam. An apparatus for
      carrying out the process is also disclosed.
BSUM
PAR  The present invention is concerned with the agglomeration of powdered
      products.
PAR  The agglomeration of dry powders, in particular food products and beverage
      compositions, improves certain of their properties. Thus, the agglomerated
      products are made up of particles of uniform size the dimensions of which
      may be adjusted as desired. These products, which are free from fines,
      i.e. particles of small dimensions, are free-flowing and have improved
      wettability as compared with the original powder. Moreover, agglomeration
      makes it possible to adjust the density of the treated product and to
      improve its appearance and its homogeneity.
PAR  The agglomeration of the powdered products is generally carried out in two
      main stages. During the first stage the particles of powder are make
      sticky by surface moistening and agglomerated with one another. During the
      second stage the agglomerates formed are dried, for example in a drying
      chamber.
PAR  The surface wetting of the powder particles is generally carried out with
      steam, preferably at a temperature sufficiently elevated (e.g.
      100.degree.-130.degree.C) to supply sufficient water for effective
      moistening of the powder. It is desirable that the temperature of the
      powder to be wetted be as low as possible in order to promote condensation
      of the steam. Moreover, excess heating of the powder may impair certain
      properties of the product.
PAR  An object of the present invention is to provide an improved agglomeration
      process suitable for the treatment of large quantities of powdered product
      under conditions affording particularly effective moistening of the
      product without adversely affecting its quality.
PAR  The invention provides a process for agglomerating a powdered product which
      comprises contacting a current of the powdered product with a current of
      steam and with a current of a gaseous fluid which is at a temperature
      below the temperature of the steam.
PAR  The invention also provides an apparatus for carrying out the process.
PAR  Preferably, the steam is at a temperature of the order of 100.degree. to
      140.degree.C and desirably is saturated, whereas the temperature of the
      gaseous fluid is advantageously in the range 10.degree. to 40.degree.C.
      The gaseous fluid is useful in preventing excessive heating of the
      product, and also promotes the condensation of the steam on the powder
      particles. Preferably, the currents of steam and of gaseous fluid, at
      least over the first parts of their trajectories, lie on coaxial surfaces
      of revolution of which the axis is substantially parallel to that of the
      current of powder. It is particularly preferred to introduce the current
      of gaseous fluid between the current of steam and the moving powder, with
      the current of steam converging towards the powder. Under these conditions
      the moistened particles or those in the process of being moistened are
      located in a zone of turbulent flow in which contact between the particles
      and the steam and the gaseous fluid is improved and contact between powder
      particles themselves is increased. The gaseous fluid may be chosen having
      regard to the characteristics of the product to be agglomerated and the
      temperature used. Preferably, the gaseous fluid is a gas or a mixture of
      gases which is substantially inert towards the powdered product, for
      example nitrogen, carbon dioxide or air.
PAR  Depending on the nature of the powder being treated and on the desired
      characteristics of the agglomerated product, the agglomeration technique
      described above may be repeated on the same batch of powder.
PAR  Following agglomeration and depending on the moisture uptake during this
      operation, the product may be dried to the desired moisture content, for
      example in a drying tower.
PAR  The process of the invention may advantageously be carried out in an
      apparatus which comprises:
PA1  a. at least one hollow member having a central transverse opening forming a
      nozzle and defining a chamber which communicates with a steam feed duct
      and which terminates in at least one steam ejection orifice for directing
      a current of steam which converges towards the axis of the central
      opening, and
PA1  b. a supply duct for powdered product located within the central opening of
      the hollow member to provide a passage for gaseous fluid between the outer
      wall of the duct and the inner wall of the central opening.
PAR  Preferably, the hollow member is circular and the steam ejection orifice
      may be an annular opening or may be provided by a series of spaced holes,
      preferably spaced at regular intervals around the central opening.
PAR  The duct for supplying powdered product may constitute the lower portion of
      a feed hopper or a funnel, or it may be fed by any other suitable means.
      The passage between the supply duct and the inside wall of the central
      opening of the hollow member provides for isolation of the powder from the
      hollow member which is heated by the steam. This passage is preferably
      annular in shape, and may be connected with a chamber containing a gas
      such as nitrogen or carbon dioxide at the desired temperature. It may also
      be in communication with the ambient atmosphere. In a particularly
      preferred embodiment of the apparatus, the steam ejection orifice directs
      a current of steam into the central opening which produces a depression so
      that ambient air is aspired into the passage between the powder supply
      duct and the inner wall of the central opening.
PAR  If desired, two or more of the hollow members described above may be
      mounted above each other, on a common axis, with each member being
      separated from its neighbour by a space admitting gaseous fluid. Using
      this arrangement, the product is subjected to successive agglomerations
      and passes through a cool zone between each, which permits control and
      adjustment of physical characteristics of the final product such as its
      density and its colour.
DRWD
PAR  One form of the apparatus according to the invention is shown by way of
      example in the accompanying drawings, in which:
PAR  FIG. 1 is a side view of the apparatus, and
PAR  FIG. 2 is a section taken along II-II of FIG. 1.
DETD
PAR  As shown in FIGS. 1 and 2, the agglomeration apparatus comprises a hopper 1
      for feeding the powdered product, having a lower cylindrical extremity or
      supply duct 2 located within the central opening 3a of the annular hollow
      member 3.
PAR  The hopper 1 and the member 3 are supported on brackets 4 and 5 which are
      adjustably mounted on a frame made up of two uprights 7 and 8 supported by
      a base plate 6 having an opening 6a. The apparatus also comprises a second
      annular hopper member 9 positioned coaxially with respect to the hopper 1
      and the member 3 and separated from the member 3 by a free space. This
      member 9 is also attached adjustably to the uprights 7 and 8 by way of the
      brackets 10.
PAR  The member 3 is made up of two annular wall parts 11 and 12 screwed
      together at 13, and these parts define a central opening 3a and an annular
      chamber 14. This chamber is supplied with steam through two diametrically
      opposed pipes 15, and has a lower annular opening defining a steam
      ejection orifice 16. The orifice 16, the size of which may be adjusted by
      screwing the part 12 into part 11 to a greater or lesser extent, has a
      profile which converges towards the axis of the opening 3a.
PAR  Moreover, the respective dimensions of the hopper 1, its lower extremity 2
      and the opening 3a are such that the hopper and its end 2 are separated
      from the member 3 by an annular space permitting ambient air to pass.
PAR  The second hollow member 9 is likewise made up of two parts 17 and 18
      screwed together at 19 and defining a central opening 9a and an annular
      chamber 20. The chamber 20, supplied with steam through two diametrically
      opposed pipes 21, terminates in the lower portion of the member 9 in an
      annular steam ejection orifice 22. The size of this opening may likewise
      be adjusted by screwing the part 18 into the part 17 to a greater or
      lesser extent, and it converges towards the axis of the central opening
      9a.
PAR  The apparatus is generally mounted vertically on top of a drying chamber.
      The powder to be agglomerated falls from the hopper by gravity and passes
      through the central openings of the members 3 and 9, whilst steam,
      preferably saturated, is supplied to the chambers 14 and 20. At the base
      of the member 3 the steam forms a hollow cone which contacts the powder,
      creating at the same time a depression within the cone whereby ambient air
      is drawn into the annular space between the extremity 2 of the hopper 1
      and the inside wall of the central opening 3a. The powder thus comes into
      contact with the steam under turbulent conditions, as well as with a
      current of cool air which promotes condensation of the steam on the powder
      particles and prevents overheating of the product.
PAR  After undergoing a primary agglomeration, the powder falls into the cental
      opening of the member 9 and is subjected to a secondary agglomeration
      under analogous conditions, with a second current of fresh air being drawn
      into the opening 9a from the space separating the members 3 and 9.
PAR  The temperature, pressure and rate of flow may be adjusted having regard to
      the type of material being agglomerated and the properties desired in the
      finished product. Likewise, the spacing between the hollow members and the
      sizes of the steam ejection orifices may be varied.
PAR  The process and apparatus in accordance with the invention may be used for
      the agglomeration of a large number of powdered materials, more
      particularly for the agglomeration of edible products such as powdered
      extracts of coffee or of tea, or powdered beverage compositions
      containing, for example, sugar, cocoa and/or milk solids.
PAR  The invention is illustrated by the following examples, in which the
      percentages are given on a weight basis.
PAC  EXAMPLE 1
PAR  A simulated orange juice composition containing 80% sucrose, 8% dehydrated
      natural orange juice, 7% citric acid, 3% clouding agent and colourings and
      flavourings is agglomerated.
PAR  This powdered mixture has a mean particle size below 500  microns and a
      bulk density of 900 g/l.
PAR  The agglomeration is effected with an apparatus comprising a single hollow
      member. This has a central opening 4.5 cm in diameter and an annular steam
      ejection orifice with a diameter of 5 cm, a width of 1 mm and which is
      inclined to the axis at 20.degree..
PAR  This apparatus is mounted vertically at the top of a drying tower.
PAR  The powdered product is fed into the apparatus at a rate of 500 kg/hour,
      whilst saturated steam under a pressure of 1.2 atmospheres is supplied to
      the annular chamber at a temperature of 105.degree.C and at a rate of 1200
      kg/hour. The dryer is operated at an air inlet temperature of 130.degree.C
      and an air outlet temperature of 100.degree.C. The dried agglomerated
      product has homogeneous colour and particle size (mean diameter of the
      particles=2 mm) a density of 500 g/l and a moisture content of 0.7%. This
      product has excellent wettability and on dispersion in cold water at a
      concentration of 50 g/l, provides a beverage reproducing the appearance
      and flavour of natural orange juice.
PAR  By way of comparison, agglomeration of the same product with a conventional
      nozzle (i.e. without a fresh air intake) with saturated steam leads to
      localised fusion and the resulting agglomerate do not have a homogeneous
      particle size and appearance.
PAC  EXAMPLE 2
PAR  A beverage composition as described in Example 1 is agglomerated in an
      apparatus comprising two hollow coaxial members having the following shape
      characteristics:
TBL                 Upper member       Lower member                            
     Central opening diameter                                                  
                    4.5 cm             7.4 cm                                  
     Annular orifice diameter                                                  
                    5  cm              8  cm                                   
     Orifice width  0.4 mm             0.6 mm                                  
     Angle between annular                                                     
     orifice and axis                                                          
                    20.degree.         15.degree.                              
     Distance between the two                                                  
     hollow bodies             3 cm                                            
PAR  This apparatus is mounted vertically at the top of a drying tower operated
      at an air inlet temperature of 130.degree.C and an air outlet temperature
      of 100.degree.C.
PAR  Saturated steam at a temperature of 106.degree.C and a pressure of 1.25
      atmospheres in supplied to the hollow members, at a rate of 1200 kg/hour.
      The powdered product is treated under these conditions at the rate of 500
      kg/hour.
PAR  An agglomerated product having a density (in the uncompressed state) of 500
      g/l is obtained, which is darker in colour than that obtained in Example
      1. The moisture content is 0.3%.
PAR  The product has excellent wettability and on dispersion in cold water, at a
      level of 50 g/l, yields a beverage reproducing the taste and flavour of
      natural orange juice.
PAC  EXAMPLE 3
PAR  A chocolate beverage composition containing the following substances is
      agglomerated:
TBL  Sucrose               90 %                                                
     Solubilised cocoa powder                                                  
     containing 12% cocoa butter                                               
                           9.6%                                                
     Sodium chloride       0.4%                                                
PAR  This powdered mixture, of which the particles have a mean diameter between
      100 and 500 microns, has a bulk density of 680 g/l. It is agglomerated in
      an apparatus comprising one hollow member whose characteristics are
      identical to those of member described in Example 1 except that the
      annular opening is 0.9 mm wide. As before, the apparatus is mounted
      vertically on a drying tower.
PAR  Saturated steam under a pressure of 1.5 atmospheres at a temperature of
      111.degree.C is supplied to the annular chamber and the drier is operated
      at an air inlet temperature of 150.degree.C and an outlet temperature of
      110.degree.C.
PAR  600 kg an hour of powder are agglomerated. The product has uniform colour
      and particle size, and a desnity of 465 g/l with a moisture content of
      1.5%. This product provides a chocolate beverage on dispersion in warm or
      cold water or milk at a concentration of 50 g/l.
PAC  EXAMPLE 4
PAR  The powdered composition described in Example 3 is agglomerated with an
      apparatus comprising two coaxial hollow members mounted vertically at the
      top of a hot-air drying tower (inlet temperature = 150.degree.C, outlet
      temperature = 110.degree.C).
PAR  The agglomeration is effected under the following conditions:
TBL                     Upper member                                           
                                   Lower member                                
     Central opening diameter                                                  
                        4.5 cm     7.4 cm                                      
     Annular orifice diameter                                                  
                        5  cm      8  cm                                       
     Orifice width      1  mm      1  mm                                       
     Angle between annular opening                                             
     and axis           20.degree. 15.degree.                                  
     Saturated steam inlet pres-                                               
     sure (temperature = 102.degree.C)                                         
                        1.1 atms   1.1 atms                                    
     Distance between the members                                              
                        3 cm                                                   
PAR  The total steam consumption is 1200 kg/hour for agglomerating 600 kg/hour
      of powder.
PAR  The agglomerated dried product has a density of 350 g/l and a moisture
      content of 1.0%. Its colour is more pronounced than that of the product
      prepared in Example 3.
CLMS
STM  We claim:
NUM  1.
PAR  1. Agglomeration apparatus comprising
PA1  a hollow annular member having an inner wall extending encirclingly about a
      central vertical axis and defining a central passage in said member, said
      central passage terminating at the lower end of said member in an opening
      extending transverse to said axis,
PA1  a cylindrical supply duct received concentrically within said central
      passage and being spaced radially inwardly from said member inner wall for
      defining with said member inner wall an annular passage through which a
      gaseous fluid can be flowed, said hollow member having an outer wall
      spaced from said inner wall to define an encircling chamber, and
PA1  a steam supply duct communicating with said chamber, said chamber
      terminating in an orifice adjacent said central passage transverse
      opening, said orifice being disposed such as to direct a current of steam
      in a course converging with said vertical axis, said orifice extending in
      an annular encircling course about said transverse opening, said hollow
      member comprising complemental inner and outer wall parts moveable axially
      one with respect to the other for selectively altering the size of said
      orifice.
NUM  2.
PAR  2. An apparatus according to claim 1, comprising a further hollow member
      located below and on the axis of the first member, there being space
      between the first and further member for the passage of a gaseous fluid.
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ABST
PAL  A concrete slip former having a hopper mounted on ground-supporting wheel
      assemblies with a front steerable wheel and a pair of tandem individually
      mounted rear wheel assemblies connected to the hopper through vertical
      jack adjusting means to control the height and level. The hopper has an
      open bottom from which an open bottom mold extends rearwardly to shape the
      concrete mixture as the machine moves forwardly. A paddle assembly is
      mounted in the hopper for rotation about an axis transverse to the
      direction of travel of the machine. The paddle assembly is vibrated by
      mechanical, pneumatic and/or electrical means during rotation of the
      paddle assembly.
BSUM
PAR  This invention relates to improvements in concrete slip formers, and more
      particularly, to a driven paddle assembly in the hopper for transferring
      the mixture from the hopper to the mold extending rearwardly from an open
      bottom in the hopper and including a vibrator to vibrate the paddle
      assembly and/or arms thereof during rotation and to a paddle assembly
      including means for vibrating the same.
PAR  Concrete slip formers having a paddle assembly therein are known, as
      exemplified by Australian Pat. No. 292,398 accepted July 9, 1969 in the
      name of Francis William Quintel. The slip former consists of a hopper
      having an open bottom with a forming mold extending rearwardly therefrom
      to shape the deposited concrete as the machine is propelled forwardly. A
      driven paddle assembly, located in the hopper, agitates the mixture
      therein and transfers the same into the leading end of the mold compacting
      the concrete in the mold as the machine moves forwardly. It has been found
      in practice considerable power is required to drive the paddle assembly
      and the object of the present invention is to provide modifications in the
      paddle assembly to reduce the power requirement while, at the same time,
      retaining the advantages of utilizing a paddle assembly in such type of
      machine.
PAR  In accordance with the present invention, there is provided a paddle
      assembly for use in a slip former which is vibrated as a whole or in part
      during rotation, thereby facilitating compacting the concrete mix during
      depositing of the same in the mold.
PAR  There is also provided in accordance with the present invention a concrete
      slip former having a driven paddle assembly mounted in the hopper thereof
      to mix and agitate a mixture therein and force the mixture through an
      outlet from the hopper into an open bottom shaping mold wherein said
      driven paddle assembly comprises:
PA1  A. a longitudinally extending hub;
PA1  B. means for mounting said hub in said hopper for rotation about the
      longitudinal axis of said hub;
PA1  C. a plurality of arms secured to said hub and radiating outwardly
      therefrom; and
PA1  D. means for vibrating at least a portion of said paddle assembly during
      rotation thereof.
PAR  During use of the known paddle assemblies, it has been found a mass of
      concrete mixture accumulates in the centre of the paddle assembly and
      rotates therewith rather than becoming mixed with the remainder of the
      concrete mix in the hopper during rotation of the paddle assembly. To
      overcome this, and in accordance with the present invention, a modified
      paddle assembly is provided wherein the hub portion is larger than the
      previously known assemblies and at least some of the arms radiating
      outwardly therefrom are of channel or scoop shape to move the concrete
      from adjacent the hub toward the terminal ends of the paddles during
      rotation of the paddle assembly.
PAR  In accordance with a further aspect of the present invention, there is
      provided a paddle assembly for use in a hopper to mix and agitate a
      mixture therein and force the mixture through an outlet therefrom, wherein
      said paddle assembly comprises a longitudinally extending hub having a
      plurality of arms radiating outwardly therefrom with at least some of said
      arms comprising scoops which radiate outwardly from the hub for
      transferring mixture from adjacent the hub toward terminal ends of the
      arms during rotation of the paddle assembly.
DRWD
PAR  The invention is illustrated by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a side view of a concrete slip former incorporating a vibrating
      paddle assembly in accordance with the present invention;
PAR  FIG. 2 is an oblique view of the machine shown in FIG. 1 taken from the
      rear;
PAR  FIG. 3 is a diagrammatic cross-sectional view of the hopper and mold
      assembly with a vibrating paddle assembly mounted therein in accordance
      with the present invention;
PAR  FIG. 4 is a partial, cross-sectional view showing a modified vibrating
      paddle assembly;
PAR  FIG. 5 is a cross-section taken along Section 5--5 of FIG. 3; and
PAR  FIG. 6 is a schematic of a modification for mounting the paddle assembly.
DETD
PAR  Referring now to the drawings, shown in FIGS. 1 and 2 is a concrete slip
      former 10 having a frame portion 11 supported at the forward end by a
      front steerable wheel 12 and at the rear by a pair of laterally
      spaced-apart, independently mounted tandem wheel assemblies 13. The tandem
      wheel assemblies are connected to the rear frame portion through a
      vertically disposed screw jack 14 driven by a hydraulic motor 15 for
      vertical adjustment to maintain a selected height of deposited material as
      the machine moves forwardly over undulating terrain.
PAR  The front wheel assembly 12 is driven by a hydraulic motor 16 through a
      chain drive assembly 17.
PAR  The rear portion of frame 11 supports a hopper assembly 18 having a front
      wall 19, a rear wall 20, a pair of opposed side walls 21 and an open
      bottom wall 22. Extending rearwardly from the open bottom wall 22 is a
      longitudinally extending shaping mold 23 which, in the present instance,
      has a portion 24 to define a gutter and a portion 25 to define a curb in a
      ribbon of concrete deposited by the machine as it is propelled forwardly.
PAR  A paddle assembly 26 is rotatably mounted in the hopper to mix the concrete
      mixture therein and force the mixture through the outlet into the open
      leading end of the mold as the machine moves forwardly.
PAR  The paddle assembly 26 consists of a longitudinally extending hub 27
      journalled at opposed ends in bearing assemblies 28 on respective ones of
      the hopper opposed side walls 21. The journals 28 may be adjustably
      mounted, as for example, by screw jacks in the respective walls permitting
      variously adjusting the paddle assembly for different vertical heights
      relative to the open bottom wall of the mold.
PAR  The hub 27 of the rotating paddle assembly 26 may be mounted in resilient
      blocks in the bearing assemblies 28, minimizing the vibration transferred
      therefrom to the hopper assembly 18.
PAR  A plurality of arms 29 are secured to the hub 27 and radiate outwardly
      therefrom at positions spaced apart circumferentially around the hub and
      longitudinally therealong. At least some of the arms or all of them are
      channel-shaped in cross-section (see FIG. 5) consisting of a web 30 having
      spaced-apart legs 31 and 32 extending outwardly therefrom longitudinally
      therealong. The legs 31 and 32 extend from the web in a direction leading
      forwardly of the web in the direction of rotation and provide effectively
      scoops which radiate outwardly from the hub. During rotation of the paddle
      assembly, the concrete moves longitudinally along the respective arms
      toward the outer ends thereof, thereby moving the mixture of concrete from
      adjacent the hub to the outer periphery of the rotating assembly.
PAR  The hub 27 is a tubular member having a shaft 33 extending longitudinally
      therethrough and journalled for rotation in respective opposed ends of the
      hub and/or hopper opposed side walls 21. The shaft 33 has one or more
      eccentric weights 34 thereon to cause vibration of the rotating paddle
      assembly. The shaft 33 may be driven in any convenient manner, as for
      example, through a shaft portion 33A extending outwardly through the
      hopper side wall 21, such extending portion being driven by, for example,
      a hydraulic motor assembly 34 connected either directly thereto or through
      a suitable drive train.
PAR  The paddle assembly 26 is driven for rotation by a pair of hydraulic motors
      35 and 36 through a suitable gear box and drive train.
PAR  Hydraulic pressure for the hydraulic motors 15, 16, 34, 35 and 36 is
      provided by a pump, or series of pumps, 37 driven by an internal
      combustion engine 38 mounted on the forward end of the frame 11. The
      hydraulic motors may be individually controlled manually and/or
      automatically through a control box 39 mounted on the rearward portion of
      the machine at a position convenient for operation by the operator. A
      further hydraulic motor 40 is provided for steering the front wheel 12.
      The height control motors 15 and steering motor 40 may be automatically
      controlled by sensors engaging a pre-set datum line supported on posts to
      one side of the machine at the desired reference elevation and path of
      travel for the machine.
PAR  In FIG. 4, there is shown an alternative arrangement for the vibrating
      paddle assembly cantilevered from one side wall of the hopper. Referring
      to FIG. 4, there is illustrated a vibrating drum-type paddle assembly 50
      cantilevered from the hopper wall 21 and projecting therefrom in a
      direction toward the opposed hopper side wall 21. The paddle assembly 50
      consists of a sleeve or drum-type hub 51 having a closed end 52 and an
      opposite open end 53. Secured to the hub and projecting radially outwardly
      therefrom at circumferentially spaced positions longitudinally along the
      drum are a plurality of paddle blades 54 having the same cross-sectional
      configuration as shown in FIG. 5. The paddle assembly 50 is driven for
      rotation by a hydraulic motor 55 secured by bolt and nut assemblies 56 to
      end flange 57 on a motor mounting sleeve 58. The sleeve 58 is concentric
      with the sleeve 51 and projects thereinto from side wall 21 to which the
      sleeve 58 is secured. The motor 55 has a drive shaft 59 secured in driving
      relation to the sleeve 51 by a shock-absorbing rubber and steel bushing
      60. The steel portion 61 of the bushing is secured to the sleeve 51
      (intermediate opposed ends thereof) as by welding or the like. The rubber
      portion of the drive assembly 60 is of a type which will withstand
      considerable torque and provides a cushion between the motor and the
      paddle assembly. The hub 51, adjacent open end 53, has an annular rubber
      or other resilient pad 62 secured thereto and which engages an annular
      bearing 63. The bearing 63 is held securely to hopper wall 21 by a bearing
      carrier 64. The hub 51, accordingly, adjacent the open end 53, is
      journalled for rotation on the hopper wall 21. The bearing 63, resilient
      mount 62 and bearing carrier 64 are covered by an annular plate 65 sealing
      the same against concrete mix in the hopper during operation. The annular
      plate 65 has an annular rubber seal 66 secured thereto which is interposed
      between the plate 65 and hub 51 for sealing foreign material from entering
      between the cover plate 65 and the bearing.
PAR  The hub 51, with paddle members 54 attached thereto, is vibrated by a
      hammer 67 pivotally attached to the hub 58 by a pin 68 and having a head
      69 engageable with the inner surface of the sleeve drum 51. The hammer
      head 69 passes through an aperture 70 in a wall of sleeve 58. The hammer
      67 is oscillated about pin 68 to alternately strike the hub 51 by a motor
      driven cam 71 which engages a lever or handle portion of the hammer 67.
      The cam 71 is driven by a hydraulic or electric motor 72.
PAR  In the foregoing embodiments, an eccentric cam within the shaft is
      illustrated in FIG. 3 for effecting vibration and in FIG. 4, the foregoing
      described hammer assembly is utilized. As an alternative to these
      mechanisms for vibrating, electric and/or pneumatic means may be utilized.
      The electric and/or pneumatic mechanisms may be attached at various
      positions internally of hub 51 transmitting vibrations thereto through
      oscillating mechanisms in the hydraulic and/or electro-magnetic
      mechanisms.
PAR  In addition to vibrating the paddle wheel assembly, a further alternative
      is illustrated in FIG. 6 diagrammatically illustrating mounting the hub of
      the paddle assembly for oscillating movement longitudinally of the shaft.
      The longitudinal oscillation of the hub may be used in place of vibrating
      the assembly, or alternatively, in combination therewith.
PAR  Referring to FIG. 6, there is diagrammatically illustrated a hub 70 for a
      paddle assembly of the type shown in FIGS. 3 or 4 wherein there is
      included on the inner surface of the hub a cam 71 having an undulating
      cam-follower surface 72 for engaging a cam 73 secured to a side wall of
      the hopper. A similar arrangement at the opposite end of the hub 70
      consisting of a cam follower 74 having a cam face 75 engaging a cam 76
      secured to the hopper wall acts in conjunction with the cam and cam
      follower at the opposite end to effect reciprocal movement of the hub in a
      direction longitudinally of the hub.
PAR  In each of the foregoing embodiments, means may be provided to vary the
      frequency of vibrations and/or the degree of vibration imparted to the
      paddle assembly. The frequency of vibration in the embodiment illustrated
      in FIGS. 3 and 4 may readily be varied by altering the speed of the
      vibrating member. In FIG. 3, this can be effected by controls on the motor
      for driving the eccentrially weighted rotary shaft 33 and in FIG. 4,
      controlling the speed of motor 72. To vary the degree of vibration in the
      embodiment illustrated in FIG. 3, eccentrics 34 may be mounted on a shaft
      controllably rotatably about shaft 33 to variously position the eccentrics
      relative to one another at different peripheral locations around the axis
      of rotation. Bringing the weights into alignment with one another at one
      peripheral location will provide maximum impact or degree of vibration
      while rotating, say, half of the weights to a position 180.degree. out of
      phase with the remaining weights will nullify the effect of the vibration
      providing a balanced rotating assembly. Controls may be provided variously
      positioning the eccentrics from minimum to maximum imbalance.
PAR  In the embodiment illustrated in FIG. 4, the degree of vibration may be
      varied by providing two or more hammer assemblies at various positions
      internally of the shaft and having control means to effect operation of
      the hammer assemblies simultaneously. The frequency of vibration may be
      varied by providing controls to different ones of a plurality of hammer
      assemblies to operate out of phase with respect to one another. In the
      case of electrical solenoid type of units for imparting vibration,
      controls may be provided in the circuitry to vary the frequency of
      operation of the plunger of the solenoid and also the strength of the
      solenoid may be varied to permit varying the degree of impact provided to
      the paddle assembly during rotation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A concrete slip former having a hopper with an open bottom and shaping
      mold extending rearwardly from said open bottom for placing a mixture of
      concrete in ribbon form on the ground as the slip former travels forwardly
      thereover and a driven rotatable paddle assembly in said hopper to force
      the mixture therefrom into the shaping mold, said paddle assembly
      comprising:
PA1  a longitudinally extending hub; means mounting said hub in said said hopper
      for rotation about an axis transverse to the direction of travel of the
      slip former;
PA1  a plurality of arms secured to said hub and radiating outwardly therefrom
      at positions spaced longitudinally along and circumferentially around the
      hub;
PA1  drive means for rotating said hub; and vibrating means within said hub
      comprising eccentrically mounted weights rotatably mounted for vibrating
      at least a portion of said paddle assembly during rotation thereof.
NUM  2.
PAR  2. A concrete slip former having a paddle assembly as defined in claim 1
      wherein selected ones of said arms are of channel shape in cross-section
      to move the concrete from adjacent the hub toward the terminal ends of the
      paddle arms during rotation of the paddle assembly.
NUM  3.
PAR  3. A concrete slip former having a paddle assembly as defined in claim 1
      further including means oscillating said hub in directions along the
      longitudinal axis thereof during rotation of said hub.
NUM  4.
PAR  4. A slip former having a paddle assembly as defined in claim 1 including
      means for variably adjusting the degree of vibration of the paddle
      assembly.
NUM  5.
PAR  5. A slip former comprising a hopper mounted on ground supported means for
      travel over the ground surface and having an open bottom with a shaping
      mold extending rearwardly from said open bottom to deposit concrete
      mixture in the hopper on the ground and shape the deposited concrete as
      the slip former is propelled forwardly, a driven paddle assembly located
      in the hopper to agitate a mixture therein and transfer the same into the
      leading end of the mold and compacting the concrete in the mold as the
      machine moves forwardly, said paddle assembly comprising:
PA1  a longitudinally extending hub; means mounting said hub in said hopper for
      rotation about an axis transverse to the direction of travel of said slip
      former;
PA1  a plurality of arms secured to said hub and radiating outwardly therefrom
      at positions spaced longitudinally along and circumferentially around the
      hub;
PA1  drive means for rotating said hub; and vibrating means comprising
      eccentrically mounted weights rotatably mounted within said hub for
      vibrating at least a portion of said paddle assembly during rotation
      thereof.
NUM  6.
PAR  6. A slip former having a paddle assembly as defined in claim 5 further
      including means oscillating said hub in directions along the longitudinal
      axis thereof during rotation of said hub.
NUM  7.
PAR  7. A concrete slip former having a paddle assembly as defined in claim 5
      wherein selected ones of said arms are of channel shape in cross-section
      to move the concrete from adjacent the hub toward the terminal ends of the
      paddle arms during rotation of the paddle assembly.
NUM  8.
PAR  8. A slip former as defined in claim 5 wherein said hopper is supported on
      selected ones of the ground-supported means by power driven vertically
      adjusted jack means.
NUM  9.
PAR  9. A slip former having a paddle assembly as defined in claim 5 including
      means for variably adjusting the degree of vibration of the paddle
      assembly.
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ABST
PAL  A process for effectively and rapidly desalting gelatino silver halide
      emulsions for photographic light sensitive elements wherein a thin film of
      the emulsion is formed and gelled by cooling and thereafter washed with
      cold water.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a divisional application of Ser. No. 726,047
      filed May 2, 1968, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of purifying photographic
      materials and more particularly to a method of purifying dispersions or
      emulsions for photographic materials by continuously gelling the
      dispersions or emulsions under cooling while forming them into thin films
      and thereafter washing said thin films with water. This invention further
      relates to an apparatus for conducting the above method.
PAR  2. Description of the Prior Art
PAR  In order to remove impurities from a dispersion or emulsion for
      photographic material mainly consisting of gelatin and capable of being
      gelled by cooling, such as, gelatino silver halide emulsions,
      matting-agent-containing gelatin emulsions, coupler-containing gelatin
      emulsions, dye-containing gelatin emulsions for filter layers, and the
      like, in particular, for desalting gelatino silver halide emulsions, there
      has usually been employed a method wherein the dispersion or emulsion is
      gelled by cooling, cut into fine noodle like strands, and washed with cold
      water. The dispersion or emulsion however must be sufficiently gelled by
      cooling in order to cut it into the fine strands prior to water washing
      and hence the cutting operation must be conducted separately from the
      cooling operation, which requires a long period of time for finishing the
      purification as well as for installations. Moreover, in the above method,
      the more finely the gelled dispersion or emulsion is cut, the more
      effectively and rapidly the water washing can be accomplished. However, if
      the gel is cut into finer pieces, the sufficient recovery of the finer
      pieces after washing becomes difficult, resulting in large loss thereof.
      Accordingly, there is a limit in the degree of fineness to which the
      strands can be cut which makes it impossible to increase sufficiently the
      washing efficiency. Furthermore, the conventional method is accompanied
      with such disadvantages that it is difficult to conduct the purification
      steps continuously through cooling, cutting and washing and it is
      difficult to obtain a dispersion or emulsion having constant and uniform
      qualities.
PAR  Therefore, an object of this invention is to provide a method and apparatus
      of purifying photographic materials as mentioned above capable of easily
      and continuously purifying gellable dispersions or emulsions for
      photographic materials.
PAR  Another object of the invention is to provide a method and apparatus for
      purifying gellable dispersions or emulsions for photographic materials in
      which water washing can be rapidly accomplished in a short period of time.
PAR  A further object of this invention is to provide a method and apparatus for
      purifying photographic materials which is capable of obtaining purified
      photographic dispersions or emulsions having consistently uniform
      qualities with reduced loss.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects of the present invention can be attained according to the
      present invention by forming a thin film of a gellable dispersion or
      emulsion of a photographic material, gelling said thin film by cooling,
      and bringing the thin film gelled into contact with cold water.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be explained in detail by referring to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic cross sectional view showing one embodiment of the
      present invention,
PAR  FIG. 2 is a partially enlarged schematic cross sectional view showing the
      scraping means in another embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, a gellable dispersion or liquid for photographic material as
      mentioned above is supplied in the form of a thin film over the surface of
      a cylindrical support or drum 2 rotating at a constant speed by means of a
      hopper 1 disposed above the drum. The lower section of the drum is
      immersed in cold water 8 in a tank 3 so as to maintain the surface of the
      drum at a low temperature. The dispersion which is spread over the surface
      of the drum in the form of a thin film is immediately gelled and caused to
      enter the cold water in tank 8, where the film is brought into contact
      with the cold water effectively in an enlarged area to effect the
      purification of the film gelled. In order to purify or desalt the gelled
      film more effectively, it is desirable to flow the cold water through the
      tank. The gelled film 7 of the dispersion or emulsion thus washed or
      purified is then stripped from the surface of the drum by means of a
      scraper 4 and withdrawn from the system through a conveyor 5.
PAR  In FIG. 2 there is illustrated a preferred embodiment of the scraping
      mechanism used in this invention. The gelled thin film 12 of the
      photographic dispersion or emulsion is stripped from the surface of a
      rotary drum 13 by means of a scraper 11 which is fixed to a supporting
      means 14 mounted on frame 15. The frame 15 is so supported by axis 16 that
      the angle of the supporting means 14 to the surface of the drum, that is
      the angle of the scraper 11 to the surface of the drum, can be varied. The
      scraper 11 is preferably made of a plastic such as polyfluoroethylene or
      nylon and is preferably bent into a convex shape as shown in the figure.
      The angle between the top portion of the scraper in contact with the
      surface of drum and the surface is preferably less than 60.degree.. The
      purified film thus scraped is withdrawn through a conveyor roll or guide
      roll 20. In the embodiment shown in FIG. 2 there is provided a
      water-supplying pipe 18 which supplies clear water dropwise onto the
      surface of the drum. The water thus supplied is collected into a water
      bead of pool 19 in the space between the surface of the drum and the top
      portion of the scraper. The water acts as a lubricant for the scraper to
      the drum surface. Since the top of the scraper is closely contacted with
      the drum surface, the entrance of water into the purified film can be
      prevented and the water can be removed from the opposite sides of the
      drum.
PAR  In the present invention, the thickness of the dispersion or emulsion
      formed on the rotary drum is preferably 30-300 microns for securing the
      strength of film enduring vigorous washing as well as for securing rapid
      gelling and rapid purifying or desalting. Any known method may be employed
      for forming such thin films. The thickness of the film may be varied in
      the aforesaid range according to the degree of purification or desalting
      desired. In the foregoing range of film thickness, the desalting by water
      washing can be completed for several minutes and the steeping distance and
      moving speed of the thin film can be correspondingly determined. Control
      of the degree of purifying or desalting in an apparatus having a constant
      steeping distance of a thin film may be effected by varying the moving
      speed of the thin film or by varying the film thickness in the foregoing
      range.
PAR  The temperature of a dispersion or emulsion during the formation of the
      thin film, depending on the concentration of gelatin contained therein is
      preferably as low as possible in order to promote gelling and suitably in
      the range of 30.degree. to 45.degree.C in order to form a stable thin
      film. The washing water is preferably fed to a washing tank at a low
      temperature to prevent a thin film of gelled dispersion from softening,
      that is, in the range of 2.degree. to 15.degree.C in an amount enough for
      desalting, and sufficiently stirred in the washing tank.
PAR  The above mentioned embodiment is illustrative only and is not intended to
      limit the invention. In the practice of the invention, a thin film may be
      formed by means of not only a cylindrical rotary drum but also a moving
      strip. Other film forming methods may be employed, of course. In each case
      the type of a water washing tank is correspondingly designed. Although the
      contact of a thin film with washing water is carried out by steeping in a
      washing tank together with a support in the foregoing embodiment, the thin
      film may be contacted with washing water alone or may be contacted with
      the washing water after removal onto another support.
PAR  In the method of this invention, a dispersion or emulsion to be processed
      is formed into a thin film whereby a rapid gelation is made possible and
      subsequently contacted with washing water whereby a rapid purification can
      be effected. Since the dispersion or emulsion is passed through the water
      washing step in the form of a continuous thin film, the recovery of the
      dispersion can readily be completed with little loss accompanying the
      washing water and the resulting dispersion or emulsion has a constant
      uniform quality.
PAR  In accordance with the method of the invention, as illustrated above, a
      dispersion or emulsion having a desired degree of purification can rapidly
      be obtained through the continuous operation from cooling to water washing
      by selecting conditions suitably.
PAR  The following example is given to illustrate further the invention.
PAC  EXAMPLE
PAR  A gelatino silver bromide emulsion containing 55 parts by weight silver
      bromide and 5 parts gelatin per 1000 parts the total weight was prepared
      in the conventional manner, mixed further with 100 parts of gelatin and
      then subjected to physical ageing. The electric conductivity of the
      emulsion was 56,000.mu.V/cm. The emulsion was on the surface of a rotating
      cylindrical support or drum to give a thickness of 150 microns, while
      keeping the temperature of the emulsion at 40.degree.C. The cylindrical
      support was immersed in a water washing tank to which washing water at
      15.degree.C was fed with adequate stirring, in a system as shown in the
      accompanying drawing. The circumference immersed extended to 1 m. and the
      tank was simultaneously rotated at a circumferential speed of 95 cm/min.
PAR  The emulsion was gelled, formed into a thin film, passed through the
      washing tank with movement of the support, taken out of the tank, stripped
      from the surface of the support and recovered. The so obtained,
      water-washed emulsion was dissolved and the electric conductivity was
      measured to give 1,200.mu.V/cm. Examination of the emulsion, after being
      aged in the conventional manner, gave the same characteristics as the
      ordinary emulsions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A desalting apparatus for desalting a photographic emulsion consisting
      of a rotatable drum having a flat cooling surface, a cooling bath
      containing cold water and means to flow said cold water through said
      cooling bath, the lower section of said rotatable drum being immersed in
      said cold water, a hopper for supplying the photographic emulsion to said
      flat surface to form thereon a thin film of said photographic emulsion
      having a thickness of from 30 to 300 microns and scraper means for
      scraping the gelled and desalted film of the photographic emulsion from
      said flat surface after passage through said cold water bath, said scraper
      means consisting of a flexible plastic sheet, and wherein said apparatus
      further consists of a water supply member disposed above said scraper
      means to supply fresh water to the end of said scraper.
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ABST
PAL  Apparatus for producing composite thermoplastic extrusion products
      comprising first and second extruder barrels communicating with one
      another so that the output of the first extruder barrel is directed to the
      input of the second extruder barrel, the output of said second extruder
      barrel being greater than the output of said first extruder barrel. Motor
      means and heating means for rotating and heating extruder barrels and
      hoppers for introduction of plastic materials and fillers is also
      provided.
PARN
PAR  This is a division of application Ser. No. 23,496, filed Mar. 27, 1970, now
      abandoned, which is a continuation-in-part of application Ser. No. 849,267
      filed Aug. 11, 1969 now abandoned, which is a continuation of Ser. No.
      568,902, filed July 29, 1966, now abandoned.
BSUM
PAR  This invention relates to apparatus and method for making rods or tubes
      having a filler. More particularly, the invention is directed to apparatus
      and method for making rods or tubes from a polymeric plastic material
      having a filler which is an abrasive.
PAR  Rods or tubes having a filler have been proposed heretofore. However, they
      have suffered from poor uniformity in that the filler is not distributed
      throughout the substance of the rod or tube. Thus, heretofore, filler and
      plastic molding granules have been introduced into a hopper. Such methods
      result in poor uniformity of distribution since the filler is generally
      heavier and smaller in particle size than the thermoplastic molding
      pellets, thereby settling to the bottom of the hopper. In addition, such
      usage of a single hopper into which filler and molding pellets are
      introduced creates a terrific problem of wear when the filler is an
      abrasive. Such wear occurs at the throat plate at the feed end of the feed
      screw to such an extent that within one or two days a replacement is
      required.
PAR  The above-mentioned problems and others attendant thereto are solved by the
      present invention wherein the filler is not mixed with the plastic molding
      pellets in the same hopper. Instead, the plastic molding pellets, which
      may be thermoplastic or thermosetting, are rendered to a semi-liquid state
      before the filler is introduced thereinto. The liquid or semi-liquid state
      of the plastic envelops the filler so as to reduce wear on the components
      of the apparatus. Uniformity of distribution of the filler throughout the
      plastic carrier is attained by means of an extrusion screw. The products
      of the present invention are in the form of a rod or tube having a wide
      variety of cross-sectional configurations and may have, for example, a
      diameter from about 0.01 inch to 0.125 inch.
PAR  The extruded products of the present invention may be cut into unit lengths
      such as five to ten inches, thereby forming bristles which can be utilized
      in making abrasive wheels. The unit lengths may be two to three feet long
      for use in making brooms. Alternatively, the unit lengths may be
      one-eighth to one-quarter inch for use as injection molding granules or
      pellets for making a wide variety of molded products.
PAR  The apparatus of the present invention is in the form of two separate
      extrusion cylinders each having a screw rotatable therein. The cylinders
      are preferably disposed at right angles so that separate driving motors
      may be utilized with the individual screws whereby the second screw may be
      driven at a slightly faster rate than the first screw. However, an in-line
      extrusion device could be used so long as the capacity of the second
      cylinder is greater than that of the first. The outlet end of the second
      cylinder is provided with an extrusion die for extruding the product of
      the present invention onto a conveyor belt. A liquid such as water may be
      discharged onto the extruded products while they are supported on the
      conveyor belt to facilitate cooling and solidification of the product.
PAR  It is an object of the present invention to provide novel apparatus and
      method for making extruded rods or tubes.
PAR  It is another object of the present invention to provide apparatus and
      method for extruding rods or tubes having a filler distributed throughout
      the same while substantially prolonging the life of the apparatus.
PAR  It is another object of the present invention to provide novel apparatus
      and method for providing a composite extruded product wherein a plastic
      carrier is first liquefied before a filler is mixed therewith.
PAR  It is another object of the present invention to provide apparatus and
      method for producing an extruded composite product in the form of a
      plastic tube or rod having a filler more uniformly distributed than can be
      attained with apparatus and method proposed heretofore.
PAR  It is another object of the present invention to provide a method wherein
      only the skin portion of a rod or tube has a filler distributed therein.
PAR  It is another object of the present invention to provide apparatus and
      method for producing extruded plastic rods or tubes in a manner which is
      simple, reliable, and inexpensive.
PAR  Other objects will appear hereinafter.
PAR  For the purpose of illustrating the invention, there are shown in the
      drawings forms which are presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
DRWD
PAR  FIG. 1 is a top plan view of the apparatus of the present invention with
      portions broken away from purposes of illustration.
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is a sectional view taken along the line 3--3 in FIG. 1.
PAR  FIG. 4 is a sectional view taken along the lines 4--4 in FIG. 3.
DETD
PAR  Referring to the drawing in detail, wherein like numerals indicate like
      elements, there is shown in FIG. 1 an extrusion apparatus in accordance
      with the present invention designated generally as 10. The apparatus 10
      includes a first housing 12 having an extrusion cylinder 14 disposed
      therewithin. An extruder screw 16 is disposed within the cylinder 14 and
      rotatably mounted therein. A heating coil 18 surrounds the cylinder 14.
      Coil 18 is preferably adjusted so as to have a temperature between about
      20.degree. and 100.degree.F. above the melting point for the plastic
      material. For example, if the plastic material is nylon, the temperature
      of coil 18 would be between 500.degree. and 525.degree.F.
PAR  A motor 20 is connected to one end of the screw 16 to rotate the same about
      the longitudinal axis thereof. A hopper 22 has its throat 24 communicating
      with the lefthand end of the screw 16 as shown more clearly in FIG. 2.
      Control of flow of molding pellets 28 from the hopper 22 into the cylinder
      16 is effected by an adjustable valve member 26. The pellets 28 are
      preferably thermoplastic molding pellets. Any thermoplastic can be used
      including the following: nylon (type 6, 6-6, 6-10, 6-11), polypropylene,
      polycarbonate (Lexan), acetals (Delrin), acrylics, polyethylene,
      polyurethane, polyvinylchloride, polystyrene, ethylene vinyl acetate
      copolymer, polyester and combinations thereof.
PAR  As shown more clearly in FIGS. 1 and 2, the end of screw 16 adjacent to
      from the motor 20 is provided with a bearing 30. Bearing 30 supports screw
      16 so that the latter may rotate about its longitudinal axis. Screw 32 is
      similarly supported by a bearing. Screw 32 is disposed within an extruder
      cylinder 34 surrounded by a heating coil 36. Coil 36 corresponds to coil
      18 described above.
PAR  A motor 38 is connected to the lefthand end of screw 32 as shown more
      clearly in FIG. 3. Motor 38 preferably has a speed which is up to fifty
      percent greater than the speed of motor 20 so that screw 32 may rotate at
      a speed up to fifty percent greater than the speed of screw 16.
PAR  Cylinder 34 is disposed within a housing 40. A hopper 42 is provided with
      its throat 44 communicating with the cylinder 34. Hopper 44 is separate
      from its throat and provided with a vibrator 46. Control of flow of filler
      from the hopper 42 into the cylinder 40 may be effected by means of a
      valve member as described above in addition to varying the speed of the
      vibrator 46. A wide variety of devices are commercially available for
      controlling the relative rate of filler with respect to the rate of feed
      of the plastic pellets 28 into the cylinders 14.
PAR  The screw 32 is provided with a pointed tip 48 partially projecting into a
      multi-orifice die 50. As shown in FIG. 4, the die 50, for purposes of
      illustration, has three orifices identified by the numerals 52, 54, and
      56. For purposes of illustration, the apparatus 10 is extruding three
      solid rods 62.
PAR  A mesh conveyor belt 58 is provided for receiving the extruded products
      such as rods 62 and conveying the same in a direction away from the die
      50. The rods 62 are cooled and permitted to rapidly solidify by spraying
      water from nozzles secured to manifold 60. Thereafter, the rods 62 are
      chopped into unit lengths ranging from one-eighth of an inch to three feet
      depending upon the nature of the product to be made therefrom as described
      above. Any conventional chopping or cutting apparatus may be utilized.
PAR  By trial and error, the rate of feed to the filler may be correlated to the
      rate of feed of the plastic pellets 28 into their respective extruders.
      Since the filler is mixed with the plastic in cylinder 40, at which point
      the plastic is in a liquid or semi-liquid state, the filler is enveloped
      by the plastic thereby preventing the filler from having deleterious
      effects on the apparatus.
PAR  The amount of filler added may be varied depending upon the nature of the
      filler. For example, when the filler is an abrasive grit, the percentage
      of grit by weight to the plastic may vary between 5 and 65 percent, but
      will preferably constitute 20% by weight with respect to the plastic.
PAR  The present process is particularly useful in preparing abrasive filled
      thermoplastics wherein the abrasives have a hardness value, as rated by
      the Knoop Scale, greater than 800 and preferably greater than 1000. The
      Knoop Scale values are determined by measuring the indentation resulting
      when a weighted diamond pyramid penetrates the test material. Thus the
      hardness value is experienced as the load in kilograms divided by the
      projected area in square millimeters.
PAR  In addition to the aforementioned hardness, the abrasives found most useful
      were those which will pass through screens size 10-1500, preferably
      80-500. Accordingly, the abrasive filler may be aluminum oxide and silicon
      carbide each having a grit size ranging from 10-1500, preferably 80-500
      and a hardness value of 1,250-1750 for aluminum oxide and 2,130-2,500 for
      silicon carbide, or the abrasive filler may be diamond dust having a grit
      size of 80-320 and a hardness value of 5,500-6,950. Although aluminum
      oxide, silicon carbide and diamond dust are the preferred abrasive
      fillers, other abrasives having the aforementioned hardness and grit sizes
      can be utilized. Representative examples of other abrasives employable in
      the present process are boron carbide, tungsten carbide, tantalum carbide
      and the like.
PAR  When the thermoplastic material utilized is nylon, chopped glass fibers may
      be incorporated with the abrasive fillers to give added strength to the
      finished article. When such a filled product is desired, the chopped glass
      fiber may be added by mixing with the nylon pellets prior to the addition
      of said material in the extruders, or the two materials may be
      simultaneously fed into the extruder. Alternatively, the glass fibers may
      also be added to the molten nylon in the second extruder simultaneously
      with or as a mixture with the abrasive filler component.
PAR  When glass reinforced abrasive containing thermoplastic articles are
      prepared, the chopped glass fibers comprise one to fifty percent,
      preferably 20 to 30 percent by weight with respect to the plastic, the
      abrasive component being present in the amounts stated above.
PAR  It is often desirable to produce the product 62 in crimped form for added
      strength purposes. Such crimping is accomplished by passing the rod 62
      between serrated rolls after discharge from the die orifices and before
      being subjected to the water spray from the nozzles on manifold 60.
PAR  It is often desirable to produce a product wherein the filler is
      distributed throughout a skin portion of the rod. This may be accomplished
      by extruding the product in the form of a tube as described above. After
      the product is cut into unit lengths, the hollow tubes may be filled with
      a solid rod in any convenient manner. Alternatively, the composite rod
      could be formed by using a cross-head extruder wherein the skin portion
      containing the filler is extruded around a solid core of the same or
      different material having entirely different properties. For example, the
      core could be a metal wire. In this manner, the end product will have the
      filler distributed throughout the skin portion of the product for depth
      corresponding to the wall thickness of the tube.
PAR  The above reference to the fact that screw 32 is rotated at a speed greater
      than the speed of rotation of screw 16 presumes that the screws are
      identical in size and length. The screws may be rotated at the same speed,
      or screw 16 may be rotated at a speed higher than the speed of screw 32,
      if the capacity and size of screw 32 is greater than that of screw 16. The
      object to be attained is that the output from cylinder 40 should exceed
      the output from cylinder 14.
PAR  It is often desirable to orient the product 62. It is old in the art, per
      se, to orient thermoplastics to increase the tensile strength. It has been
      found that in brushes made from product 62 and rotated at high speeds, the
      bristles tend to elongate if the product 62 was unoriented. If an oriented
      product is desired, the product 62 may be subjected to a stretching
      process before the cutting step. A suitable stretching process could
      include wrapping the water cooled solidified product 62 around Godet rolls
      driven at different speeds. Other known stretching processes may be used.
      Thereafter, the oriented product may be crimped, cooled to room
      temperature, and then cut to desired lengths. The crimping step may be
      eliminated if desired.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for making an extruded product composed of a thermoplastic
      material and an abrasive filler, comprising first and second extruder
      barrels communicating with one another so that the output of the first
      extruder barrel is directed into the input of the second extruder barrel,
      an extruder screw in each barrel, the output of said second extruder
      barrel being greater than the output of said first extruder barrel, motor
      means for rotating the screws, means for heating the extruder barrels, a
      first hopper communicating with the inlet end of the first barrel for
      introducing thermoplastic material to said first barrel, said second
      hopper communicating with said second barrel downstream from the inlet end
      of said second barrel for introducing abrasive particles to said second
      barrel, an extrusion die coupled to the outlet end of the second extruder
      barrel, whereby said thermoplastic material may be introduced into the
      first extruder barrel from the first hopper, melted in said barrel, and
      said abrasive filler may be introduced from the second hopper into the
      melted thermoplastic material, and the mixture extruded through at least
      one orifice on the die.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said extruder barrels are
      disposed at right angles to one another, a separate motor is connected to
      each screw, and the greater output of said second extruder barrel is
      effected by operating the motor connected to the second screw at speeds in
      excess of the speed of the motor connected to the screw in the first
      extruder barrel.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 including a conveyor belt for
      receiving the extruded product from the die orifice, and nozzle means for
      spraying water onto the extruded product supported by the conveyor belt.
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ABST
PAL  A rotary blowhead for making tubular plastics film and comprising interior
      and exterior air cooling means is adapted to be centrally fed with
      plastics material from a stationary extruder and is connected to
      stationary air fans by means of segmented air distributing means.
BSUM
PAR  The invention relates to a rotary film blowhead fed centrally with
      thermoplastic material for making tubular film, comprising film cooling
      means with interior and exterior cooling rings and air supply connectors,
      said blowhead being rotatably connected to the stationary extruder. In the
      manufacture of films from thermoplastic materials, it will be known that
      thickness variations are unavoidable. When coiling such films exhibiting
      fluctuations in thickness, the thicker film portions have a cumulative
      effect and form annular beads on the coil, these causing a permanent
      deformation of the film in this region. After uncoiling, such a film will
      no longer lie completely flat and this makes the printing and processing
      of the film to packaging means or like products more difficult.
PAR  In the manufacture of tubular films by the blowing method and of flat films
      formed by the longitudinally severing a tubular film, the annular beads on
      the coils and the disadvantages caused thereby can be avoided if relative
      rotation is brought about between the film blowhead on the one hand and
      the flattening and take-off apparatus on the other hand. Such rotation can
      be continuous or oscillating, with reversal in the direction of rotation
      after every 360.degree.. These rotary movements spread the thickness
      errors over the entire width of the coil in much the same way as a rope is
      coiled on a drum, whereby cylindrical coils without annular beads are
      created.
PAR  To achieve the relative rotation between the film blowhead and the
      flattening and take-off apparatus, it is known to mount the blowhead, with
      or without the extruder, for continuous or oscillating rotation.
PAR  An improved distribution of thickness errors in the film to make
      cylindrical coils is achieved by apparatus in which the film blowhead is
      stationary and the take-off apparatus is mounted for continuous or
      oscillating rotation through 360.degree., whereby all thickness errors in
      the film that might be caused by the extruder, the connector, the film
      blowhead, the film cooling rings as well as the room influences are
      distributed over the entire width of the coil. Such an oscillating
      flattening and take-off apparatus for tubular webs of plastics film is
      known from German Specification No. 2,035,584. Blown film extruder
      installations equipped with this known apparatus make it possible to
      obtain at high production rates large-diameter coils of film that are free
      from beads.
PAR  In the production of blown film having a very large width in the flattened
      condition, for example covering foils used in the building industry and in
      agriculture, it has been found that the expense for an oscillating
      take-off apparatus with a system of turning bars downstream thereof is
      unjustifiably large, particularly because of the large roller widths that
      are involved, and that the operation of such a large installation is made
      very difficult, especially when threading the tubular film into the
      apparatus on commencement of operation.
PAR  The manufacture of blown film with a large width in the flattened condition
      and at high production capacities requires the use of interior film
      cooling means. These can be provided without difficulty for blown film
      extruder installations with oscillating take-off means because the
      blowhead is stationary.
PAR  If only for reasons of weight, it is not usual in the manufactur of blown
      film having a large width in the flattened condition to produce
      large-diameter coils, so that, because of the small number of film
      convolutions in the coil, it is not necessary to install an expensive
      oscillating film take-off apparatus. The quality of coiling that can be
      achieved with rotary film blowheads is quite adequate for such films
      having a large width in the flattened condition. However, a particular
      problem with the rotary film blowheads arises out of the connection of the
      supply of cooling and blowing air.
PAR  The aim of the present invention is therefore to provide a rotary film
      blowhead to which the cooling and blowing air can be supplied in a simple
      manner so that interior film cooling will also be possible.
PAR  In a film blowhead of the aforementioned kind, this aim is fulfilled in
      accordance with the invention in that the individual co-rotating air
      supply connectors are connected to the stationary blowers by segmented
      relatively rotatable air distributing rings which are sealed by sealing
      elements and of which the portion connected to the blowers is stationary.
      The rotary film blowhead according to the invention can be equipped with
      interior film cooling means so that even blown films having a large width
      in the flattened condition can be adequately cooled at high production
      rates. Although rotary film blowheads cannot be effective in distributing
      over the width of the film the one-sided room influences on the neck of
      the film that is still soft, this is not disadvantageous with the small
      coil diameters that are here involved. Such room influences may continue
      to be markedly reduced by avoiding draughts.
PAR  Advantageous embodiments of the invention are described in more detail in
      the subsidiary claims.
DRWD
PAR  An example of the invention will be described in more detail with reference
      to the drawing in which the single FIGURE is a diagrammatic section
      through a rotary film blowhead with cooling and blowing air supply.
DETD
PAR  The molten material fed from an extruder that is diagrammatically indicated
      at 1 is led through the connector 2, the elbow 2' and the connector 2" via
      the rotary member 3 into the distributing passages 4 of the film blowhead
      5 and from these it is formed into the tubular film 6 by way of the nozzle
      rings 7, 8. The rotary member 3 is mounted by means of the bearings 9, 9'
      on the supporting plate 12 which, in turn, is carried by the supporting
      carriage 13, 13'. The rotary motion of the film blowhead is brought about
      by the geared motor 10.
PAR  Rotating together with the film blowhead there is an interior cooling
      apparatus which is diagrammatically indicated at 14 for the exchange of
      cooling air in the film bubble, and the outer cooling ring 15. The
      connection of the co-rotating cooling apparatuses 14, 15 to the stationary
      main blower 16 having the throttle flap 17 for controlling the degree of
      inflation by means of the quantity of interior air, as well as to the
      suction blower 21 having the throttle flap 22 for influencing the amount
      of interior cooling air, takes place in accordance with the invention by
      way of the segmented, relatively rotatable, concentric air distributing
      chambers 19 to 19'" which are arranged at approximately the same height as
      the rotary apparatus 3, 3' and from which, as diagrammatically illustrated
      by the flow arrows, the different supply points are connected through
      flexible hoses. The dividing planes of the concentric air chambers 19 are
      sealed from one another by suitable sealing elements 23 so that in this
      region there will be no mixing of the cooling air and no loss of air. The
      rotary air chamber 19' serves to supply air to the exterior cooling ring
      15, the air chamber 19" to supply the connectors for the interior cooling
      air supply as well as the air chamber 19'" for connecting the hot air
      suction connectors which lead the heated air out of the tubular film
      bubble through the pipe 20.
PAR  It is desirable to supply current to the rotary heated head portions in
      known manner by way of the slip rings 11, the temperature regulators
      preferably being mounted on the co-rotating part of the air supply
      chambers 19. This avoids the need for likewise leading the sensitive
      temperature measuring lines through a rotary connection to a stationary
      regulator.
PAR  Compared with known rotary film blowheads, the arrangement according to the
      invention of the film blowhead with interior cooling apparatus and the
      cooling apparatuses, one achieves that, except for the room influence, all
      possibilities of errors having an effect on the tubular film will rotate
      about the longitudinal axis of the film. Temperature errors possibly
      arising out of the connector 2 to 2' over the cross-section of the supply
      bore for the molten material can be evened out by a mixing tool 3"
      provided beyond the rotary sealing position.
PAR  The illustrated example of the air distributing chambers 19' to 19'"
      confronting one another at a radial dividing plane is a particularly
      advantageous form of the cooling air rotary connection. It is, however,
      readily possible to provide such a rotary connection with a different
      arrangement of the dividing plane.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary film blowhead fed centrally with thermoplastic material for
      making tubular film, comprising film cooling means with interior and
      exterior cooling rings and air supply connectors, said blowhead being
      rotatably connected to a stationary extruder, characterised in that the
      individual co-rotating air supply connectors are connected to the
      stationary blowers (16, 21) by segmented relatively rotatable air
      distributing rings (19, 19', 19", 19'") which are sealed by sealing
      elements (23) and of which the portion connected to the blowers (16, 21)
      is stationary.
NUM  2.
PAR  2. A blowhead according to claim 1, characterised in that the exterior
      cooling ring (15) rotates with the blowhead.
NUM  3.
PAR  3. Apparatus according to claim 1, characterised in that concentric
      relatively rotatable air chamber rings are mounted at the level of the
      rotary apparatus for the film blowhead, through which the cooling air
      supply to the outer ring, the cooling air supply to the interior cooling
      apparatus as well as the withdrawal of heated air takes place.
NUM  4.
PAR  4. A blowhead according to claim 1, characterised in that the rotary
      portion of the film blowhead with cooling means is oscillatingly rotatable
      by means of a geared motor (10).
NUM  5.
PAR  5. A blowhead according to claim 1, characterised in that a mixing tool
      (3") for evening out the temperatures in the stream of supplied molten
      material is mounted beyond the rotary sealing means (3').
NUM  6.
PAR  6. A blowhead according to claim 1, characterised in that the current
      supply for the rotating parts takes place in known manner through slip
      rings (11) and the regulators for the heating zones are mounted on the
      rotating part of the air distributing chambers (19).
NUM  7.
PAR  7. A blowhead according to claim 1, characterised in that the throttle
      flats (17, 22) necessary for controlling the degree of inflation are
      mounted on the stationary parts of the air supply means.
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ABST
PAL  An apparatus for producing precast concrete members which is efficient,
      mobile and cost saving, and comprises at least: a curing chamber having an
      opening in the portion which faces substantially a concrete placing
      section and having a plurality of support members to support form members
      leaving predetermined distance apart, a high temperature curing apparatus
      which is installed to said curing chamber, a concrete placing section in
      which necessary work for concrete placing is carried out, and a
      predetermined number of precast concrete form members which are diposed
      and moved horizontally and separately between said support members in said
      curing chamber and said concrete placing section by horizontal transfer
      means which comprise a plurality of rollers attached to said support
      members.
BSUM
PAR  The present invention relates to an apparatus for producing precast
      concrete members. Further, the invention relates to an improved apparatus
      for producing the precast concrete members (hereinafter referred to as "PC
      member"), in which the concrete placing and curing are performed in
      multilayered arrangement and in a continuous procedure. The apparatus of
      the present invention is suitable for the production of the PC members at
      the construction site, as it is compact and mobile one.
PAR  The present invention provides a novel apparatus for producing the PC
      members which has several advantages in connection with horizontally
      oriented concrete placing forms, a savings of equipments and floor space
      in the vertically layered arrangement and the workability of the conveyer
      system. Further, the apparatus of the invention comprises several unit
      parts which can be assembled and disassembled without any trouble and
      difficulty. Therefore, the apparatus is very convenient for the production
      of the PC members at the construction site.
PAR  In the apparatus of the invention, the concrete placing section, with
      concrete form members, is positioned next to the curing chamber so that
      the preliminary work and placing of concrete can be carried out separately
      or concurrently in said sections to improve the workability.
PAR  Several steps in the production of the PC members by the apparatus of the
      invention can be carried out independently with regard to respective
      production lines. The control of the curing chamber is easy. The supply of
      the raw material concrete is convenient because fixed place production can
      be done. The inspection of the process is easy to facilitate the check of
      defects. There is no fear of delay caused by performance on one form
      member of the preceding and following steps.
PAR  Further, in the apparatus of the invention, the main portions comprise
      multi-layered unit bodies which are suitable for use with a mobile plant.
      In addition to that each form member can be introduced into or taken out
      from the curing chamber separately. Thus, the workability of each form
      member can be increased very much.
PAR  Still further, with regard to the apparatus of the invention, the working
      space is small as the apparatus is vertically arranged to save the cost
      for land. The preliminary work on the form member is carried out its
      respective one of the multi-layered support members. Each form member on a
      support member is moved independently with regard to other form members.
      The order or sequence of the work can be determined at will, and the work
      can be started from any form member. Thus the work hours can be used most
      efficiently. Furthermore, the complete cycle of production can be designed
      by providing each production line with a respective time schedule, and the
      taking out of the form members from the curing chamber can be performed at
      any time.
PAR  In order that the invention may be more fully understood, preferred
      embodiments and various supplementary features will be described with
      reference to the accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a plan view partly broken away of the first embodiment of the
      apparatus of the present invention in which the curing chamber is placed
      on one side of the concrete placing section;
PAR  FIG. 2 is a vertical sectional view of the curing chamber and a part of the
      concrete placing section;
PAR  FIG. 3 is a sectional view of the concrete placing section;
PAR  FIG. 4 is a perspective view of the form member for placing the fresh
      concrete; and
PAR  FIG. 5 is a schematic illustration of the production process.
PAR  In the following, the embodiment of the present invention will be explained
      according to the accompanying drawings. The apparatus of the invention
      generally comprises a concrete placing section 1, hereinafter referred to
      as "working section", a curing section 2 and form members 3.
PAR  Working section 1 will be explained further in accordance with FIGS. 1 to
      3. Along both sides of the working section 1, frames 12 are provided in
      parallel with each other with proper intervals and strength to support
      said form members 3.
PAR  On the inside surface of each of said frames 12, a plurality of supporting
      members 13 are provided at certain intervals. The upper side of each
      supporting member 13 is provided with a roller 14. Each frame 12 is
      provided with a buttress 15 on the outside thereof, whereby the mechanical
      strength of the frames 12 is improved.
PAR  The distance between one frame 12 and another adjacent frame 12 may be such
      length that the form member 3 can be supported at any position in the
      longitudinal direction at two or more points. The length of said working
      section 1 must be sufficiently long so as to enable two or more of the
      concrete placing operation to be concurrently performed at two or more of
      the working levels when the two form members 3 are not vertically aligned
      and wherein the two form members are arranged one before the other, as in
      FIG. 1.
PAR  The curing chamber 2 is a box type prefabricated chamber which is formed by
      fitting the outer walls 16 and the roof 17 to said frame 12. The
      dimensions of the chamber 2 must be sufficient to store the PC slabs. The
      outer walls 16 and roof 17 are preferably standardized panels and are of
      some heat insulating material. The curing chamber 2 is located at one end
      portion of said working section 1, and the faces of said outer walls and
      roof of the curing chamber must be substantially coincided with the lines
      of said frames 12 and supporting members 13. The outer walls 16 are
      provided also with buttresses 15 on the outside thereof. A boiler 20 is
      installed on one side of said curing chamber 2, and high temperature steam
      is directed to the radiator 21 in the chamber 2 through pipes, thereby the
      conventional temperature regulation of the chamber can be accomplished.
PAR  The passageway of the curing chamber 2 is provided with closing members,
      for example, elastic partitions 18 made of rubber to form the side walls,
      thereby preventing the leakage of the hot air from the chamber 2.
PAR  The form members 3 for the preparation of PC members will be explained
      according to FIG. 4. The form member 3 consists of a smooth and solid
      pallet 4 to support the bottom of the PC member, peripheral frame 5 and
      other known parts which are used for the assembling and disassembling of
      the form member 3 for the moulding of PC member. Form member 3 is
      supported on each stage on two or more of the supporting members 13 of the
      frames 12 on each side in said working section 1 or the curing chamber 2.
      Thereby, the form member 3 can be shifted horizontally within the section
      1 and the supporting members 13. The driving means for the movement of
      this form member 3 may be any known devices. In the embodiment as shown in
      FIGS. 1 and 2, the pallet 4 is provided with wire ropes 7 which are
      extended through the hanging member 19 and is shifted by the power of a
      winch (not shown). In FIG. 4, reinforcing steels 8 for the PC member are
      placed in the peripheral frame 5. The numeral 9 in FIG. 5 indicates a
      completed PC member taken out from the form member 3.
PAR  Further, in FIGS. 1, 2 and 5, the numeral 22 indicates a bucket for feeding
      fresh concrete which is commonly used in the PC member producing
      apparatus, 23 indicates a crane for lifting the PC members, said bucket
      etc. and 24 indicates an elevator for operators of the apparatus.
PAR  The process for producing PC members using the apparatus of the present
      invention will be explained in the following.
PAR  The pallets 4 are, in the first place, positioned on the supporting members
      13 of the frames in the working section 1 and the following steps are
      carried out by the operators: cleaning -- assembling of the form member --
      setting of the reinforcing steel and so forth (including dispositions of
      structural joints, auxiliary frames of opening portions and pipings and
      wirings) -- placing of the fresh concrete - concrete surface finishing --
      releasing from the form. In the steps, after said concrete placing step,
      the whole of the form member 3 including the placed concrete is
      transferred into the curing chamber 2, in which the concrete material is
      preheated. After the excessive water subsides, the form member 3 is taken
      out from the chamber 2. Then the surface finishing is carried out, and the
      form member 3 is put into the curing chamber 2 again in order to cure
      completely. Thereafter, the PC member is taken out from the form member 3
      and is laid in the depository yard. The above-mentioned steps are well
      known ones in the field of the invention concerned, it is the
      characteristic feature of the apparatus of the invention that the other
      pallets 4 can be continuously worked on other working layers and
      positions, which provides far superior workability. In the embodiment as
      disclosed in the above, the working section 1 and the curing chamber 2
      make a pair naturally, while as shown in FIG. 5 with the chain lines,
      another curing chamber 2' can be provided on the other side of the working
      section 1. Thereby, the work in the working section 1 can be carried out
      smoothly and each step of the production process can be proceeded more
      effectively.
PAR  Further the whole parts of the present apparatus are unitized. Therefore
      the assembling and disassembling of the apparatus are easy, the
      transportation of the disassembled apparatus is also easy and the
      juxtaposition or extension of the unit apparatus is of course possible.
      Accordingly, the apparatus of the present invention is suitable as a
      mobile apparatus in proportion to the scale of the construction site. In
      addition, it can be conveniently used as a stationary apparatus.
PAR  It should be emphasized, however, that the specific embodiments described
      and shown herein are intended as merely illustrative and in no way
      restrictive of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for producing precast concrete members, comprising:
PA1  a curing chamber in which concrete is to be cured; said curing chamber
      having an entrance side facing toward a concrete placing section;
PA1  a concrete placing section in which the work for concrete placing in form
      members is performed; said concrete placing section having an entrance
      side facing toward said curing chamber side;
PA1  a pair of laterally spaced, parallel, vertically extending and vertically
      oriented frame means which extend longitudinally between and through said
      curing chamber and said concrete placing section; a plurality of spaced
      apart vertical layers defined on and extending longitudinally along each
      said frame means, with corresponding said vertical layers on both said
      frame means being horizontally aligned;
PA1  a respective plurality of form members supporting rollers on every said
      layer of both said frame means; each of said rollers on one of said frame
      means being paired with one of said rollers on the other of said frame
      means defining a plurality of roller pairs; both said rollers of each said
      pair being horizontally aligned longitudinally along both said frame
      means;
PA1  support means on both said frame means for supporting each said roller near
      to its respective said frame means and at a location between both said
      frame means; said support means and said rollers being shaped and
      positioned to define an open area in the intermediate space between the
      said rollers of each said roller pair;
PA1  a plurality of precast concrete form members; at least one said form member
      being supported on some of said roller pairs at each said vertical layer;
      the length, measured in the longitudinal direction along said frame means,
      of each said form member and the spacing between adjacent said roller
      pairs on a said layer being coordinated such that each said form member is
      continuously supported from beneath by at least two said roller pairs as
      said form member is moved longitudinally along said frame means; the width
      of each said form member is such that it is supported on both rollers of
      each said pair it is then being supported upon;
PA1  all said support means and said rollers being so shaped and positioned that
      concrete poured from above said concrete placing section will pass by all
      said layers of said roller pairs without interference with its passage
      until the poured concrete falls on a said form member that has been
      located in said concrete placing section beneath the pouring concrete;
PA1  moving means for moving each said form member longitudinally along said
      frame means and along its respective said layer between said curing
      chamber and said concrete placing section.
NUM  2.
PAR  2. The apparatus for producing precast concrete members of claim 1, wherein
      said form members are generally elongated in two dimensions and are
      considerably shorter in their third dimension; the shorter said dimension
      of said form members being the vertical dimension thereof, whereby said
      form members lie flat generally horizontally as they are moved.
NUM  3.
PAR  3. The apparatus for producing precast concrete members of claim 1, wherein
      said moving means comprise a respective rope means connected to each said
      form member and extending the length of said frame means; hanging means
      for each said rope means located at the longitudinal ends of said frame
      means such that drawing upon each said rope means moves past its said
      hanging means and moves its said form member.
NUM  4.
PAR  4. The apparatus for producing precast concrete members of claim 1, further
      comprising means for feeding fresh concrete to said form members on all
      said vertical layers and being located above all said layers.
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PAL  Flow conditions in an extrusion head in a cross head type extrusion
      apparatus for applying a concentric plastic insulating covering uniformly
      around a longitudinally advancing filamentary core advancing axially
      through a die concentrically disposed in an extrusion chamber in the head,
      are improved by providing channeled tooling within the chamber which bends
      and divides an initial stream of plastic material forced into the chamber
      into a plurality of equal streams which combine symmetrically around the
      core. With respect to certain channels, the ratio of the length of the
      channel to its effective cross-sectional diameter exceeds a predetermined
      critical number to achieve the development of steady state fluid flow
      therein.
PAL  Additionally, whenever a stream of plastic material is divided subsequent
      to a bend before steady flow can develop therein, the division is made
      symmetrically with respect to the principal plane of the preceding bend to
      ensure identical pressure and velocity profiles in each of the divided
      streams.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 303,435, filed Nov. 3, 1972, now
      U.S. Pat. No. 3,860,686, issued on Jan. 14, 1975, which in turn is a
      continuation-in-part of application Ser. No. 260,584, filed June 7, 1972,
      now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for extruding plastic materials,
      and more particularly, to apparatus for extruding uniform coverings of
      plastic insulating materials upon continuously advancing filamentary
      cores, which may be, for example, electrical conductor wires.
PAR  2. Technical Considerations and Prior Art
PAR  In the manufacture of communications wire and cable, insulating plastic
      coverings are extruded over a filamentary core, such as a wire or a cable
      core, by extrusion apparatus of the cross head type, which includes an
      extrusion cylinder having a stock screw rotatably mounted within a
      cylindrical bore therein for forcing an extrudable plastic compound from
      an entrance end of the bore to a delivery end thereof. The filamentary
      core is advanced through an extrusion head mounted at the delivery end of
      the bore and formed with an extrusion chamber or passage extending
      transversely across and communicating with the extrusion bore, for
      receiving a stream of plastic compound in a viscous fluent state. A
      forming die, concentric with and positioned in an exit end of the
      extrusion chamber, is positioned in axial alignment with and spaced from a
      core tube or guide positioned in the chamber, which passes and guides the
      advancing core through the axial center of an extrusion orifice in the
      die.
PAR  Extrusion apparatus of the foregoing type necessitates that the stream of
      fluent plastic material undergo at least one 90.degree. bend in its flow
      path, producing flow imbalance conditions in the plastic compound
      characterized by differences in flow rates and fluid pressures in those
      portions of the extrusion head proximate to and remote from the delivery
      end of the extrusion bore. These flow imbalances are a frequent cause of
      eccentricity, or lack of concentricity, between the plastic insulating
      sheath and the core of the extruded product and/or out-of-roundness of the
      outer circumference of the plastic insulating sheath. This results in
      cross-sectional and longitudinal variations in the wall thickness of the
      covering on the core. Such variations are virtually intolerable in
      insulated wire conductors utilized for electrical communications, since
      the electrical characteristics thereof must be substantially uniform.
      Therefore, the concentricity, roundness and uniformity of the insulating
      covering must be stringently controlled.
PAR  The foregoing inherent unbalanced flow conditions within a cross head type
      plastic insulation extruder are magnified when the plastic insulating
      material extruded onto the filamentary core is of a highly viscous or
      highly elastic type, for example, polypropylene.
PAR  Various methods and apparatuses have been devised in an attempt to solve
      the problem of flow imbalance in cross head extruders with varying degrees
      of success. These have included, among other things, dividing the stream
      of plastic material delivered to the chamber into a plurality of smaller
      streams which are subsequently recombined around the forward end of the
      core tube adjacent to the die, in an attempt to equalize the flow of
      plastic onto the core at circumferentially spaced points therearound. This
      was done on a volumetric or flow rate basis, neglecting the pressure and
      velocity distribution in the plastic streams, to attempt to obtain an
      equal quantity of plastic material in each stream combining around the
      filamentary core.
PAR  While many prior art flow balancing techniques have resulted in the
      production of an extruded product having improved concentricity of the
      insulating sheath relative to the core and improved roundness of the
      product, they have been found to be unsatisfactory when the plastic
      material utilized is of the highly viscous or highly elastic type. A
      stream of highly viscous fluid, such as molten polypropylene, when moving
      through a conduit or closed channel, is subjected to shear stresses which
      result in substantial velocity and pressure gradients, particularly in and
      subsequent to a curve or bend in the channel, before steady state fluid
      flow has been established in the stream. It is therefore imperative that
      these gradients be taken into consideration when the fluid stream in the
      channel is further divided into smaller streams in order to assure that
      the velocity and pressure gradients in each of the smaller streams is
      identical. Otherwise each smaller stream will not deliver an equal
      quantity of plastic to the core and the plastic covering formed thereon
      will not be uniform therearound and may be eccentric with respect thereto.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide new and improved
      apparatus for extruding plastic materials.
PAR  Another object of the present invention is to provide new and improved
      apparatus for extruding uniform coverings of highly viscous or highly
      elastic plastic materials upon continuously advancing filamentary cores.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for extruding a uniform covering of plastic material upon a
      continuously advancing filamentary core, wherein a stream of plastic is
      divided into a plurality of smaller streams such that each smaller stream
      is provided with substantially identical pressure and velocity gradients
      to impinge on the core at equal circumferentially spaced points with
      respect thereto.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for extruding a uniform covering of plastic material upon a
      continuously advancing filamentary core wherein the flow of the plastic
      material is substantially lengthened in order to achieve steady state flow
      characteristics, by providing relatively inexpensive modifications to
      existing types of extrusion apparatus.
PAR  An apparatus for extruding a plastic covering around a filamentary core
      advancing through an extrusion chamber into which a stream of fluent
      plastic material is forced and having an extrusion die therein through
      which the core is passed axially, may include means for bending the stream
      of plastic material to flow in the direction of and parallel to the path
      of the core at a first predetermined radial distance therefrom, means for
      dividing the bent stream into a first plurality of distinct streams in
      paths circumferentially spaced around and parallel to the core at the
      first predetermined radial distance therefrom, means for directing the
      first plurality of streams radially inward toward the core, means for
      dividing each radially directed stream of plastic material into a second
      plurality of distinct streams circumferentially spaced around the core at
      a second lesser radial distance therefrom and means for assembling the
      second divided streams at the die circumferentially around the core.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention will be obtained from the
      following detailed description of a preferred embodiment and four
      exemplary alternative embodiments thereof when read in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of an insulated electrical conductor
      consisting of a conductive filamentary core, for example, a copper wire,
      having a uniform sheath or covering of plastic insulating material
      thereon;
PAR  FIG. 2 is a fragmentary, horizontal sectional view of a cross head type
      extrusion apparatus, illustrating certain features of the invention, for
      applying the plastic insulating sheath to the filamentary core of FIG. 1;
PAR  FIG. 3 is a perspective view of a tool holder or capsule, forming part of
      the apparatus shown in FIG. 2, particularly illustrating an E-shaped flow
      channel formed in the peripheral surface thereof for dividing a stream of
      plastic material into a plurality of smaller streams;
PAR  FIG. 4 is a perspective view of a core tube holder, forming part of the
      apparatus of FIG. 2, particularly illustrating one of a pair of
      diametrically opposed U-shaped channels or grooves formed in the
      peripheral surface, and converging at the tip, thereof;
PAR  FIG. 5 is a sectional view of the apparatus of FIG. 2, taken along the
      lines 5--5 thereof;
PAR  FIG. 6 is a schematic illustration representing a stream of fluent material
      flowing in a confined channel having a 90.degree. bend therein;
PAR  FIG. 7 is a schematic illustration representing the stream of FIG. 6 being
      divided into two streams a short distance after having undergone the
      90.degree. bend of FIG. 6;
PAR  FIG. 8 is a perspective view of a column or stream of plastic insulating
      compound and the manner in which it is divided, balanced and reassembled
      the apparatus of the invention, particularly by the capsule of FIG. 3 and
      the core tube holder of FIG. 4; and
PAR  FIGS. 9, 10, 11 and 12 illustrate alternative embodiments of the apparatus
      of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, an insulated wire conductor 21 includes a conductive
      filamentary core 22 covered with a uniform sheath of tubular plastic
      insulating material 23. The core 22 may be, for example, a copper or
      aluminum wire having a diameter which may range between approximately
      0.016 and 0.045 inches and the insulating sheath 23 may be formed of, for
      example, polypropylene, having a wall thickness which may range between
      approximately 0.008 and 0.022 inches, respectively.
PAR  The plastic sheath 23 is typically extruded upon the filamentary core 22 as
      the latter is advanced longitudinally by a suitable strand advancing
      means, such as a capstan (not shown), through a cross head type extrusion
      apparatus 26, as shown in FIG. 2, in which molten plastic 23 is applied to
      the core 22 in an extrusion head 27.
PAR  Referring to FIG. 2, the extrusion apparatus 26 includes an extrusion
      cylinder 28 formed with a centrally located, elongated, cylindrical
      extrusion bore 31, having a stock screw 32 mounted for rotation about a
      longitudinal axis therein by suitable drive means (not shown). Helical
      threads 33-33 formed on the stock screw 32 work and advance the plastic
      insulating material 23 along the extrusion bore 31 to a delivery end
      thereof through a straining screen 36 and an apertured backing plate 37
      adjacently aligned at the mouth of an infundibular opening 38 formed in
      the extrusion head 27. The extrusion head 27 is threaded into the
      extrusion cylinder 28 with the opening 38 coaxially aligned with the
      extrusion bore 31 to form a continuation thereof. The opening 38
      communicates with an axial extrusion passageway 41 formed in the extrusion
      head 27 in orthagonal relationship to the extrusion bore 31.
PAR  The foregoing described components of the extrusion apparatus 26 are
      well-known in the art and are included for a proper understanding of the
      remainder of the apparatus.
PAR  It has been determined that, notwithstanding the various improvements in
      extrusion tooling, i.e., the components of the extrusion apparatus in the
      extrusion head that guide the core and direct and apply the plastic
      material delivered to the extrusion head around the core, eccentricity and
      out-of-roundness of the extruded product remain pronounced problems when
      the plastic material is highly viscous or highly elastic, i.e., able to
      recover easily from a deformation produced therein.
PAR  It has been determined that if the flow of the plastic material in the
      extruder head is lengthened, the material has a longer time to damp out
      any disturbances therein and achieve steady state flow conditions before
      it contacts the advancing core. It has been discovered that steady state
      flow of a viscous fluid in a confined channel will be achieved if the
      fluid is permitted to flow for a distance in the channel which bears a
      predetermined relationship to the effective diameter of the stream of
      fluid. It has been discovered also that if a stream of highly viscous or
      highly elastic fluent plastic material is divided into small streams
      circumferentially spaced equally around an advancing filamentary core to
      impinge thereon, a superior product will be obtained if the division is
      carried out such that the pressure and velocity gradients in the small
      streams are identical and are symmetrical with respect to the core.
PAR  The extrusion tooling hereinafter described is designed to utilize the
      foregoing discoveries to advantage with many types of existing cross head
      extruders, requiring little or no modification to the components thereof
      thus far described and being relatively inexpensive.
PAR  As shown in FIG. 2, the passageway 41 includes a bore 43, a counterbore 46
      and a tapped section 47 coaxial therewith. A generally cylindrical tool
      holder or capsule 48 is removably retained in the passageway 41 in the
      head 27 by a retainer plug 51 threaded into the tapped section 47 thereof.
      The cylindrical capsule 48 includes an enlarged portion 52 having a
      smaller portion 53 extending coaxially therefrom. A shoulder 54 on the
      capsule 48 engages a step 56 in the passageway 41.
PAR  As shown in FIGS. 2 and 3, the periphery of the enlarged cylindrical
      portion 52 of the capsule 48 is formed with an E-shaped channel 57
      including a longitudinal central channel leg or groove 58 which
      communicates with a pair of contiguous circumferential channel legs 61--61
      transversely aligned therewith. A pair of outer longitudinal channel legs
      62--62 extend from the extremeties of the channel legs 61--61. The central
      leg 58 and the outer legs 62--62 are mutually parallel and are parallel to
      a longitudinal central axis through the capsule 48. The distal ends of the
      outer legs 62--62 extend beyond the proximal end of the central leg 58.
      The legs 62--62 are approximately twice the length of the central leg 58
      and are disposed on diametrically opposite sides of the enlarged portion
      52 of the capsule 48. The E-shaped channel 57 is symmetrical about a plane
      through the longitudinal central axis of the capsule 48 and bisecting the
      central channel leg 58. While the legs of the E-shaped channel 57 are
      shown preferably as being substantially semi-circular in cross-section,
      they may have various cross-sectional sectional configurations, e.g.
      V-shaped, rectangular, etc.
PAR  The capsule 48 is provided with a longitudinal opening 63 axially
      therethrough which includes a bore 66 and a counterbore 67 formed in the
      smaller portion 53 and a larger bore 68 formed in the enlarged portion 52
      thereof. The bore 68 communicates with the counterbore 67 through an
      aligned tapered opening 71. Additionally, a radial bore 72 is formed in
      the distal end of each outer channel leg 62 on diametrically opposed sides
      of the capsule 48. Each radial bore 72 communicates with the bore 68 of
      the opening 63 in capsule 48.
PAR  The capsule 48 is aligned axially in the passageway 41 with the proximal
      end of the central channel leg 58 forming a continuation of a cylindrical
      feed port 73 at the end of the opening 38 in the head 27. The alignment of
      the capsule 48 is maintained by a socket head set screw 74, threaded into
      the head 27, having a lug 76 thereon extending into a longitudinal slot 77
      formed in the smaller portion 53 of the capsule 48.
PAR  Referring to FIGS. 2 and 4, a core tube holder 78, includes a generally
      frustoconical body 81 extending from a cylindrical member 82 having a
      flange 83 formed thereon. The holder 78 is removably fitted closely within
      the longitudinal opening 63 formed in the capsule 48 with the cylindrical
      member 82 and the body 81 aligned with the bore 68 and the tapered opening
      71, respectively, therein.
PAR  The outer periphery of the core tube holder 78 is formed with a pair of
      diametrically opposed, U-shaped channels 86--86, each of which includes a
      pair of longitudinal channel legs 87--87 connected by an arcuate
      circumferential channel leg 88. The radial bores 72--72 in the capsule 48
      are aligned and communicate transversely with the central portions of the
      arcuate legs 88--88. The longitudinal channel legs 87--87 are
      substantially parallel at the portions thereof formed on the cylindrical
      member 82, and converge towards the forward end of the holder 78, parallel
      to the conical periphery of the body 81, flaring out to form a
      frustoconical confluence 91, extending from a plurality of beveled land
      portions 92--92 defined between adjacent spaced legs 87--87. The bevel
      angle of the land portions is approximately 45.degree., terminating
      approximately three-tenths of an inch from the end of the confluence 91 on
      the core tube holder 78. The legs 87--87 are spaced equally about the axis
      of the core tube holder 78 at angular distances of 90.degree..
PAR  A cylindrical core tube 93 of the well-known type having an axial passage
      (not shown) for guiding a filamentary core therethrough and having a
      frustoconical end 94 which converges at a conical angle of approximately
      60.degree., is removably retained within a bore 96 and a counterbore 97
      formed axially in the core tube holder 78, with a shoulder 98 formed on
      the core tube 93 engaging a step 101 defined between the bore 96 and the
      counterbore 97. The end 94 of the core tube 93 projects from the end of
      the core tube holder 78 into a frustoconical entrance orifice 102 formed
      in a cylindrical die 103, removably retained within the bore 66 and the
      counterbore 67 of the opening 63 in the capsule 48, with a shoulder 106 on
      the die 103 engaging a step 107 formed between the bore 66 and the
      counterbore 67 of the capsule 48. The entrance orifice 102 of the die 103
      converges at a conical angle of approximately 60.degree. and communicates
      coaxially with a frustoconical throat 108, which converges at an angle of
      approximately 5.degree.. The throat 108 may be approximately twice the
      axial length of the entrance 102 of the die 103. A core tube retainer 111,
      having a flange 112 formed thereon, positions the core tube 93 at the
      forward end of the holder 78. In addition to securing the capsule 48 in
      place, the retainer plug 51 also serves to retain the core tube holder 78
      and the core tube retainer 111 in place within the capsule 48.
PAR  Referring to FIG. 6, there is shown a schematic illustration of the curved
      flow of a stream of incompressible fluid 116 in a confined channel or
      conduit 117 having a bend formed therein. The pressure and velocity
      gradients of the stream 116 in the vicinity of the bend are simplified by
      considering the curved stream 116 as comprising two contiguous parallel
      curved half-streams, designated "A" and "B", the division therebetween
      being indicated by a dotted line bisecting the stream 116. For purposes of
      explanation, let it be assumed that half-stream A has an average pressure
      P.sub.a and an average velocity V.sub.a and that the half-stream B has an
      average pressure P.sub.b and an average velocity V.sub.b. Due to the
      curved flow of the stream 116 around the bend, illustrated as being
      approximately 90.degree., and according to well-known principles of fluid
      mechanics, the average pressure and average velocity between the
      half-streams A and B will differ in the bend and for some distance
      therebeyond, until the shear forces in the stream are balanced and a
      steady state flow established. This difference becomes more pronounced for
      fluids of increased viscosity or elasticity.
PAR  If the stream 116 is separated or divided into two equal streams before a
      steady state flow thereof can be achieved, i.e., flow in a straight path
      in a confined channel for a time sufficient to allow the fluid to recover
      from the transient gradients therein produced by the bend in channel 117,
      the pressure and velocity gradients in the streams resulting from the
      division can be identical only if the each stream resulting from the
      division includes equal parts of the half-streams A and B. This principle
      is utilized in the present invention whenever a stream of plastic is
      divided into smaller streams subsequent to a bend in a channel in which
      the stream flows.
PAR  As an example of the foregoing, consider the schematic illustration of FIG.
      7, which shows the stream 116 of FIG. 6 being divided equally into two
      streams 118 and 121 in opposite directions in a pair of aligned channels
      122 and 123, respectively, transverse to the flow, immediately following
      the bend in channel 117 and before the fluid has had time to achieve a
      steady state flow. It has been discovered that plastic material flowing in
      a confined channel will achieve steady state characteristics if the ratio
      of the length of the channel to its effective cross-sectional diameter
      (hereinafter referred to as the L to D ratio) equals or exceeds a
      predetermined number. For polyethylene and polyvinyl chloride this number
      has been empirically found to range between five and ten. It will be
      assumed here that the division of stream 116 occurs before the fluid has
      traveled a distance sufficient to exceed its L to D ratio.
PAR  As shown in FIG. 7, each stream 118 and 121 includes equal parts of
      half-streams A and B, therefore the pressure and velocity gradients in
      streams 118 and 121 are not merely volumetrically identical but have
      identical pressure and velocity profiles. This will be true if the
      division occurs symmetrically with respect to the principal plane of the
      bend. It has been found that if such identical streams are combined
      symmetrically around a filamentary core, the resulting insulated conductor
      will have a uniform tubular sheath with improved roundness and improved
      concentricity with respect to the filamentary core.
PAR  FIG. 8 illustrates the flow of plastic material 23 in the extruder head 27.
      The various sections of the plastic material have been provided with
      reference numerals corresponding to the component of the apparatus in,
      over or through which the plastic material flows, with a prime (')
      following the reference numeral. It will be seen that the principles
      relating to steady state flow and stream separation set forth in the
      foregoing description relating to FIGS. 6 and 7 are applied, with the
      result that a plurality of identical streams of plastic material are
      combined at the forward end of the core tube holder 78, symmetrically
      about the filamentary core 22 in order to provide a uniform covering
      therearound.
PAC  OPERATION
PAR  In the operation of the extrusion apparatus 26, the filamentary core 22 is
      advanced at a predetermined speed axially through the chamber 41 in the
      head 27, passing through a flared opening 126 in the retainer plug 51, an
      axial passageway 127 in the core tube retainer 111, and axially through
      the core tube 93 and the die 103. The plastic material 23, in a molten or
      viscous fluid state, is forced from the delivery end of the bore 31
      through the screen 36 and the apertured backing plate 37 into the opening
      38 through the cylindrical feed port 73 and into the proximal end of the
      longitudinal central channel leg 58 of the E-shaped channel 57 formed in
      the periphery of the capsule 48. The flow of plastic material 23 in the
      channel 57 is confined therein by the counterbore 46 of the passageway 41.
PAR  The primary stream 73' of plastic material 23 from the feed port 73
      undergoes a 90.degree. bend at the proximal end of the channel leg 58,
      thereafter flowing parallel to the direction of the advancing filamentary
      core 22 at a first radial distance (approximately one inch) therefrom.
      Then the plastic material 23 is divided transversely, symmetrically with
      respect to the principal plane of the bend defined by stream 73' and
      stream 58' into a pair of equal oppositely directed symmetrical
      circumferential streams 61'--61' in the channel legs 61--61. Each stream
      61' undergoes another 90.degree. bend, flowing in the outer, diametrically
      opposed channel legs 62--62, in two equal streams 62'--62', parallel with
      and opposite to the direction of the advancing filamentary core 22 and the
      exit end of the extrusion chamber 41. The plastic material thereafter
      undergoes another 90.degree. bend, flowing inward through the radial bores
      72--72 in the capsule 48 and is divided again transversely, symmetrically
      with respect to the principal plane of the bends defined by streams
      62'--62' and 72'--72', into equal, oppositely directed, circumferential
      streams 88'--88' in the channel legs 88--88 formed in the core tube holder
      78 at a second radial distance (approximately 0.5 inches) from the
      advancing core.
PAR  The four streams 88'--88' thereafter bend and converge toward the
      confluence 91 on the core tube holder 78, as four identical streams
      87'--87', flowing in the longitudinal channel legs 87--87, formed therein.
      The plastic material 23 in the channel legs 87--87 and 88--88 is confined
      therein by the tapered opening 71 formed in the capsule 48 and the larger
      bore 68 therein, respectively.
PAR  The four streams 87'--87' converge at equally spaced points
      circumferentially around the confluence 91, combining and flowing over the
      frustoconical tip 94 of the core tube 93 into an annular extrusion orifice
      defined between the tip 94 and the entrance 102 of the die 103, entering
      the throat 108 therein, to form a uniform tubular insulating sheath 23
      around the filamentary core 22 as the plastic material exits the die 103
      as a finished insulated conductor 21.
PAR  Referring again to FIG. 8, the streams 61'--61', 62'--62', and 87'--87' are
      long enough with respect to their effective cross-sectional diameters to
      permit the plastic material 23 to establish steady state flow
      characteristics. This occurs because each channel leg 61, 62 and 87 has an
      L to D ratio in excess of the critical number for the plastic material to
      be utilized. For example, if the confined channel formed by an outer
      channel leg 61 of the capsule 48 and the counterbore 46 in the head 27 has
      an effective cross-sectional diameter of 0.25 inches, a channel length of
      2.5 inches will insure that steady state flow conditions will be present
      in the plastic material entering the associated radial bore 72, if the
      plastic material is polypropylene or polyethylene. This, together with the
      principles of balanced division of the streams subsequent to a bend
      thereof, set forth above, make the extrusion apparatus highly desirable to
      utilize with highly viscous or highly elastic plastic materials.
PAR  The cross-sections of the channel legs formed in the various components of
      the apparatus are preferably smaller following a division of a stream
      therein. For example, in the E-shaped channel 57 formed on capsule 48, the
      central channel leg 58 may be larger in cross-section than either of the
      circumferential channel legs 61--61 or either of the outer longitudinal
      channel legs 62--62. Similarly, each of the bores 72--72 may have larger
      cross-sectional areas than each of the channel legs 86--86 and 87--87
      formed in the periphery of the core tube holder 78.
PAC  ALTERNATIVE EMBODIMENTS
PAR  Four exemplary alternative embodiments of extrusion tooling for a
      cross-head type extrusion apparatus in accordance with the principles of
      the invention are illustrated in FIGS. 9, 10, 11 and 12.
PAR  Referring to FIG. 9, a core tube holder 178 which completely encloses a
      core tube 193 is removably positioned within a capsule 148. The core tube
      holder 178 includes a frustoconical tip 181 extending from a cylindrical
      body 182. The tip 181 is provided with a frustoconical confluence 191
      extending therefrom. The tip 181 and the confluence 191 converge at an
      angle of 45.degree. with the tip 181 being, for a short distance,
      contiguous with a 45.degree. converging entrance orifice 202 of a die 203.
      The core tube 193 is retained within an axial bore 196 and a counterbore
      197 formed in the core tube holder 178. A tapered bore 131 having a guide
      bore 132 coaxially extending therefrom communicates and is coaxially
      aligned with the bore 196 in the core tube holder 178. The bore 132
      provides an additional guide means for a filamentary core 122 passing
      axially through the core tube 193 and the die 203.
PAR  A pair of diametrically opposed U-shaped channels 186--186, each including
      a pair of spaced, parallel longitudinal channel legs 187--187 connected by
      a circumferential channel leg 188, are formed in the periphery of the core
      tube holder 178. The channel legs 187--187 terminate at the confluence 191
      to deliver four equally spaced, balanced streams of plastic material
      between confluence 191 and the entrance orifice 202 of the die 203 to
      impinge upon the core 122.
PAR  The arrangement of FIG. 10 is similar to FIG. 9, having a core tube holder
      278 which is similar to the core tube holder 178 of FIG. 9 modified to
      expose, rather than enclose, a frustoconical tip 226 formed on a core tube
      293, removably positioned therein, by eliminating the confluence 191 and
      machining the tip 181 to form a pair of successively converging
      frustoconical portions 136 and 137 respectively, the latter terminating
      just behind the tip 226 on the core tube 293. The embodiment of FIG. 10
      increases the volume of plastic material at the entrance orifice 302 of a
      die 303, which may be longer than the die 203 of FIG. 9.
PAR  FIG. 11 shows capsule 348 formed with a tapered bore 363 for removably
      receiving a frustoconical die 403 and a coaxially aligned, generally
      frustoconical core tube 378 having a flange 383 formed thereon. The die
      403 and the core tube 378 are coaxially aligned, having identical
      converging angles, for example, approximately 15.degree.. The core tube
      378 is designed to perform the functions of the combination of a
      conventional core tube and the channeled core tube holder or adapter 78,
      178 and 278 of FIGS. 2, 9 and 10, respectively.
PAR  The core tube 378 is formed with a tapered passageway 341 therethrough
      which terminates in a cylindrical land 137 for receiving a bored diamond
      die 138 therein for guiding a filamentary core 322 therethrough. A pair of
      diametrically opposed U-shaped channels 386--386 each including a pair of
      converging longitudinal channel legs 387--387 connected by a
      circumferential channel leg 388 at their diverging ends, are formed on the
      core tube 376. The channel legs 387--387 terminate at a reduced
      frustoconical confluence 391 of the core tube 378. The plastic material
      flows in the channel legs 387--387, confined therein by the bore 363 of
      the capsule 348, into the space between the confluence 391 and the bore
      363, flowing over it and into a curved entrance orifice 402 of the die 403
      and into a throat 408 thereof to impinge upon the advancing filamentary
      core 322.
PAR  FIG. 12 illustrates a modification of the apparatus of the invention for
      carrying out tubing type extrusion as distinguished from the pressure type
      extrusion illustrated in the foregoing embodiments. Tubing type extrusion
      is well known and may be utilized for wire insulation, but its chief
      application lies in sheathing or jacketing a cable core or cordage.
PAR  As shown in FIG. 12, plastic material 423 is applied around a filamentary
      core 422 advanced through an extrusion head 427 to form a finished
      sheathed core 421. The core 422 is passed through a die 403 positioned in
      a capsule 448 in the head 427, with plastic material 423 combining and
      flowing around a tip 494 of a core tube 493 as previously described above.
      In this embodiment, however, the plastic material 423 is prevented from
      contacting the core 422 until the latter has exited, or nearly exited the
      die 403 by providing the core tube 493 with a tubular extension or mandrel
      495 extending coaxially from the tip 494 thereof. The extension 495
      projects into and through a throat 408 formed in the die 403, the end of
      the extension 495 being substantially coplanar with the exit end of the
      die 403 or projecting slightly therebeyond or slightly short with respect
      thereto. Tubing type extrusion allows sufficient clearance to be provided
      for cross-sectional variations occurring in the core 422. As the core 422
      advances through the head 427, the tubular sheath 423 formed around the
      mandrel 493 is drawn down around the core 422 to form a sheathed core 421.
PAR  The present invention additionally may be utilized advantageously in the
      extrusion of expanded or cellular plastics onto filamentary cores.
PAR  Generally, expanded plastic insulated wire includes a conductive
      filamentary core having a tubular plastic sheath thereon containing a
      multiplicity of minute blown cells distributed uniformly throughout the
      sheath. Expanded insulation may be formed by utilizing a plastic compound
      mixed with a heat-decomposible expanding or blowing agent such as
      azodicarbonamide, which decomposes at a controlled temperature, evolving a
      gas to form cells in the plastic as the sheath issues from the die.
      Alternatively, plastic compound mixed with a nucleating agent, such as
      particles of silica, may be introduced into the extrusion chamber 41,
      where pressurized gas, for example, carbon dioxide, may be injected to
      cause the nucleable plastic compound to achieve cellular form. Aside from
      the flow-balancing principles set forth above, inherent in the design of
      the extrusion apparatus of the invention are the restricted flow back
      pressure principles taught in U.S. Pat. No. 2,766,481 to G. E. Henning, as
      being particularly suitable for the extrusion of expanded plastics.
PAR  Thus, the invention is not limited to the extrusion of highly viscous or
      highly elastic plastic insulating material. It may be used for insulating,
      jacketing or sheathing various types of moving cores with uniform
      coverings of many types of extrusion grade plastics, including
      thermoplastic materials, for example, high density polypropylene, low,
      medium or high density polyethylene, expanded plastics, such as cellular
      polyethylene or polypropylene, or polyvinyl chloride, and nylon, and
      thermosetting materials such as rubber or rubber-like compounds of various
      types, and at substantially higher line speeds, than before possible.
PAR  Additionally, it will be appreciated that the grooves or channels formed in
      the various components of the extrusion tooling set forth may be aligned
      with corresponding grooves formed in mating parts to enlarge and make the
      streams of plastic material symmetrical along two cross-sectional
      coordinate axes. For example, in FIG. 2, the counterbore 46 formed in the
      chamber 41 may be formed with arcuate grooves aligned with the E-shaped
      channel 57 such that the plastic streams 58' and 61'--61' (FIG. 8) have
      circular or elliptical cross-sections. Similarly, the passageway 63 may be
      formed with internal grooves aligned with and corresponding to the channel
      legs 87--87 and 88--88 such that the streams 87'--87' and 88'--88' have
      circular or elliptical cross-sections.
PAR  It will also be appreciated that the various embodiments of the invention
      set forth herein are merely exemplary and other embodiments may be made by
      those having ordinary skill in the art, without departing from the spirit
      and scope of the invention, as defined and set forth in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for extruding a plastic covering around a filamentary core
      advancing through an extrusion chamber into which a stream of fluent
      plastic material is forced and having an extrusion die therein through
      which the core is passed axially, which comprises:
PA1  means for bending the forced stream in a direction parallel to the
      direction of the advancing core at a first predetermined radial distance
      therefrom;
PA1  means for dividing said bent stream into a first plurality of distinct
      streams in paths circumferentially spaced around and parallel to the core
      at said first predetermined radial distance therefrom, each of said
      streams being of a sufficient length with respect to its cross-sectional
      size to achieve equal and constant pressures anv velocities at the
      extremities thereof;
PA1  means for directing said first plurality of streams radially inward toward
      said filamentary core;
PA1  means for dividing each of said radially directed streams of plastic
      material into a second plurality of distinct streams circumferentially
      spaced around the core at a second predetermined radial distance therefrom
      with all of the material of each of said plurality of said distinct
      streams being moved toward said extrusion die, each of said streams being
      of a sufficient length with respect to its cross-sectional size to achieve
      equal and constant pressures and velocities at the extremities thereof;
      and
PA1  means for assembling said second plurality of distinct streams of equal and
      constant pressures and velocities at said die circumferentially around the
      core.
NUM  2.
PAR  2. An apparatus for extruding a plastic covering upon a filamentary core,
      as set forth in claim 1, including means for directing a substantial part
      of the flow paths of each of said first plurality of streams opposite the
      direction of said initial bent streams and said advancing filamentary
      core.
NUM  3.
PAR  3. A tool holder for an extrusion head of a cross head type extruder having
      a feed port through which fluent plastic material may be forced, which
      comprises:
PA1  a hollow, generally cylindrical body;
PA1  an E-shaped channel formed in the periphery of said body including:
PA2  a central longitudinal channel leg for alignment transversely with the feed
      port;
PA2  a circumferential channel intersecting said first longitudinal channel leg
      and extending a predetermined circumferential distance symmetrically on
      either side of the intersection of said first longitudinal leg; and
PA2  second and third equal longitudinal channel legs extending from the ends of
      said circumferential channel parallel to said central longitudinal channel
      leg and having distal ends terminating on the same side of said
      circumferential channel as the proximal end of said first longitudinal
      channel leg; and
PA1  first and second radial bores formed through said hollow cylindrical body
      between the distal ends of said second and third longitudinal channel legs
      and communicating with the hollow interior of said body.
NUM  4.
PAR  4. A member for guiding a filamentary core axially through an extrusion
      chamber, which comprises:
PA1  an elongated body having an axial bore therethrough for passing the core
      axially therethrough; and
PA1  a pair of diametrically opposed, U-shaped channels formed longitudinally in
      the periphery of said body, each including a pair of spaced longitudinal
      channel legs connected by an arcuate channel leg, the unconnected ends of
      said longitudinal channel legs being open to the core exiting end of said
      body.
NUM  5.
PAR  5. A core guiding member as set forth in claim 4 wherein said body is
      substantially cylindrical and said longitudinal channel legs are
      substantially parallel.
NUM  6.
PAR  6. A core guiding member as set forth in claim 4 wherein said body is
      substantially frustoconical and said longitudinal channel legs converge
      toward the core exiting end of said body.
NUM  7.
PAR  7. A core guiding member as set forth in claim 4 wherein said longitudinal
      channel legs are spaced equally circumferentially around said body.
NUM  8.
PAR  8. A core tube holder for removably receiving a core tube axially therein
      which comprises:
PA1  a hollow member having a cylindrical portion and a coaxial frustoconical
      body extending from said cylindrical portion for receiving a core tube
      therein; and
PA1  a pair of circumferentially spaced U-shaped channels formed in said body,
      each including:
PA2  first and second equal longitudinal channel legs, extending from said
      frustoconical body toward said cylindrical portion; and
PA2  a circumferential channel leg formed in said cylindrical portion to join
      said longitudinal legs.
NUM  9.
PAR  9. A core tube holder as set forth in claim 8, wherein said longitudinal
      channel legs are circumferentially spaced equally around said body.
NUM  10.
PAR  10. A core tube holder as set forth in claim 9, wherein the portions of
      said longitudinal channel legs formed on said cylindrical portion of said
      member are mutually parallel and the portions of said longitudinal channel
      legs formed on said frustoconical body converge at the conical angle
      defined thereby.
NUM  11.
PAR  11. A core tube holder as set forth in claim 10, including a second
      frustoconical portion extending coaxially from said frustoconical body and
      having a circular base with a radius substantially equal to the difference
      between the radius of said frustoconical body at the terminating point of
      said longitudinal channel legs and the maximum depth thereof, to define a
      confluence at the end of said core tube holder.
NUM  12.
PAR  12. A core tube holder as set forth in claim 11, wherein said confluence is
      formed with a cylindrical bore for receiving a core tube therein and
      extending beyond said confluence for a predetermined distance.
NUM  13.
PAR  13. A core tube holder as set forth in claim 11, wherein said confluence is
      formed with a frustoconical opening axially therethrough for confining a
      core tube therein.
NUM  14.
PAR  14. A core tube holder as set forth in claim 11, wherein the peripheral
      surfaces thereof defined between adjacent longitudinal channel legs are
      beveled at a predetermined angle at the terminal ends of said longitudinal
      channel legs.
NUM  15.
PAR  15. A core tube holder as set forth in claim 14, wherein said predetermined
      angle is 45.degree..
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ABST
PAL  First and second concentric insulating sheaths of plastic materials are
      formed continuously around a filamentary core advancing longitudinally
      through an extrusion chamber. The core is passed axially through a tapered
      entrance portion and a coaxially aligned tapered throat portion formed in
      a separable die disposed in the chamber. Fluent plastic material for the
      first sheath is delivered from a main extrusion bore, impinging on the
      core circumferentially at the entrance portion of the die, the flow
      thereof being developed as it passes into the throat portion thereof.
      Fluent plastic material for the second sheath is delivered from an
      auxiliary extrusion bore flowing through a plurality of dividing channels
      formed in the die and radially inward at a plurality of circumferentially
      spaced points around the die axis into an annular manifold or reservoir
      where the fluid pressure of the plastic achieves a steady state condition.
      The plastic is forced from the manifold circumferentially, flowing in a
      frustoconical channel formed in the die which terminates in an annular
      fluid inlet formed in the throat portion of the die to impinge
      circumferentially around the first sheath, forming both sheaths
      simultaneously around the core.
PARN
PAR  This application is a division of application Ser. No. 288,648 filed on
      Sept. 13, 1972, now abandoned, to which a continuation, Ser. No. 479,396,
      was filed on June 14, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for extruding uniform coverings
      of plastic insulating materials upon filamentary cores, and more
      particularly, to apparatus for extruding first and second concentric
      sheaths of plastic insulating material coaxially around a longitudinally
      advancing filamentary core.
PAR  2. Technical Considerations and Prior Art
PAR  In the manufacture of plastic insulated wires, it is frequently desirable
      to provide the wire with two or more concentric uniform tubular sheaths
      coaxial with the wire. For example, in dual insulated wire, an inner
      sheath, which may be a soft plastic, or foam plastic, provides the primary
      insulating covering for the wire while an outer sheath may be a harder or
      more dense plastic to provide a protective covering for the inner sheath
      and the core.
PAR  Several problems have arisen when it is desired to extrude two concentric
      insulating sheaths of plastic material around a filamentary core,
      especially when the inner sheath is an expanded or foam-type plastic, for
      example, expanded polyethylene or polypropylene.
PAR  One method of extruding a dual insulating covering on a filamentary core
      utilizes a tandem arrangement of extruders one extruder for each sheath to
      be applied to the core in an extrusion die therein. While this is the
      simplest method of applying dual insulation, it is difficult to control
      the eccentricity of successively applied coverings thus giving rise to
      nonuniform capacitance variations coaxially in the cross sectional plane
      of the sheathed conductor.
PAR  Additionally, the tandem extrusion method, when utilized to extrude an
      expandable plastic such as polyethylene foam, gives rise to an inherent
      problem therein, that being the plating out in the forming portion of the
      die, of the heat-decomposible blowing agent admixed with the plastic
      compound, which requires the extrusion pressure to be increased to achieve
      a constant flow rate. Furthermore the residue formed in the die eventually
      leads to eccentricity of the sheaths and out-of-roundness of the product.
      Also the second sheath must be applied by tubular type extrusion tooling,
      e.g. in the second extruder, the plastic material cannot contact the
      primary insulated core until it has exited or nearly exited the die, since
      this is the only way to insure that sufficient clearance is provided in
      the second extruder to pass the insulated core. Since tubular extrusion is
      limited to lower line speeds, the tandem method results in lower
      production than can be achieved with a pressure method, where the plastic
      compound contacts the core in the die.
PAR  An improved prior art method of extruding dual concentric plastic sheaths
      onto an axially advancing conductor utilizes a single extrusion chamber in
      which first and second spaced, coaxially aligned dies pass the core
      sequentially. Plastic material for the inner sheath is delivered from a
      first extrusion bore to the first die where the plastic material is
      applied to and formed around the core. The insulated core is thereafter
      passed through the second die, to which the second plastic material is
      delivered from a second extrusion bore to impinge upon and be formed
      around the insulated core.
PAR  The two-die method permits higher line speeds than the tandem method, but
      requires a critical coaxial alignment of the dies to prevent
      eccentricities between the insulating sheaths. Furthermore, when an
      expanded plastic is utilized for one or both sheaths, plating out of the
      blowing agent on one or both dies is still a problem. But the most serious
      defect of the two-die method is that the pressures in the dies are
      cumulative, making it difficult to control the blowing of the expanded
      plastic.
PAR  In still another prior art method, the plastic material for the outer
      sheath of a dual insulated wire is bled around the entrance portion of the
      forming die in the extrusion passageway before the insulating material for
      the first sheath is compressed around the advancing core such that the
      second plastic forms a barrier between the forming die and the first
      sheath.
PAR  This method prevents plating out of the blowing agent where the inner
      sheath is an expanded plastic and the outer sheath is a solid plastic,
      but, since the plastic material for both sheaths communicate with one
      another directly before the flow of at least the plastic for the inner
      sheath is permitted to develop, irregularities and nonuniform skin
      thickness can result. Furthermore, if there are substantial differences in
      the melting point temperatures of the materials, the hotter plastic may
      cause the cooler plastic to burn, or the cooler plastic may reduce the
      temperature of the hotter plastic below its melting point causing
      premature solidification thereof, producing lumps therein.
PAR  In still another prior art method the outer sheath is formed as the core
      having the inner sheath already formed thereon issues from the die in a
      single extrusion chamber. The outer sheath is formed by the plastic
      material therefor being forced onto the inner sheath in two or more
      streams. This can result in "knit" lines being formed on the outer sheath
      where the streams converge. The localized pressure from the streams may
      also deform the inner sheath and the core.
PAR  There exists therefore, a need for a method of and apparatus for extruding
      dual concentric plastic sheaths onto a moving elongated core at high line
      speeds and low pressures wherein plating out of the blowing agent for
      expanded plastics is eliminated, or minimized and better control of
      expansion is obtained, wherein the temperature differences of the plastic
      materials present no problems, and wherein the inner and outer sheaths are
      concentric and are of uniform thickness.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a new and improved
      apparatus for extruding concentric plastic sheaths.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for extruding two or more concentric plastic sheaths coaxially
      onto an advancing filamentary core.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for simultaneously extruding two concentric uniform plastic
      sheaths of insulating material onto a moving filamentary conductor at
      substantially high line speeds and low pressures, wherein one sheath may
      be an expanded plastic.
PAR  Another object of the present invention is to provide a new and improved
      extrusion die for simultaneously forming concentric plastic insulating
      sheaths coaxially around a filamentary core.
PAR  Another object of the present invention is to provide a new and improved
      extrusion die for simultaneously forming two concentric plastic insulating
      sheaths coaxially around a filamentary conductor wherein the die is
      constructed to permit the flow of plastic material to develop to insure
      uniformity of the sheaths.
PAR  Another object of the present invention is to provide a new and improved
      extrusion die for simultaneously applying two concentric plastic
      insulating sheaths coaxially to a filamentary core, wherein the inner
      sheath may be an expandable type plastic material in which plating out in
      the die of the blowing agent for the plastic material is minimized.
PAR  An apparatus for simultaneously forming first and second concentric sheaths
      of plastic material around a longitudinally moving filamentary core, in
      accordance with the present invention, may include a confined passageway
      for receiving the core, means for introducing a first fluent plastic
      material into the passageway circumferentially around and in the direction
      of the moving core and means for introducing a second fluent plastic
      material into an intermediate section of the passageway circumferentially
      around and in the direction of the flowing first plastic material at a
      sufficient distance from the point of introduction of the first plastic
      material to have allowed the flow of the first plastic material to develop
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the present invention will be obtained
      from the following detailed description of a preferred embodiment and
      three exemplary alternative embodiments thereof, when read in conjunction
      with the accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view of an insulated wire which includes a
      conductive filamentary core having first and second concentric uniform
      sheaths or coverings of plastic insulating material thereon;
PAR  FIG. 2 is a fragmentary, partial horizontal section of an extrusion
      apparatus, illustrating certain features of the invention, for applying
      the plastic insulating sheaths to the filamentary core of FIG. 1;
PAR  FIG. 3 is a sectional view of the apparatus of FIG. 2, taken along the line
      3--3 thereof;
PAR  FIG. 4 is a perspective view of one embodiment of a separable channeled die
      in accordance with the principles of the present invention;
PAR  FIG. 5 is an exploded perspective view of the die of FIG. 4;
PAR  FIGS. 6 and 7 illustrate alternative embodiments of the separable die of
      FIG. 4;
PAR  FIG. 8 is an enlarged vertical sectional view of parts of the apparatus of
      FIG. 2, particularly illustrating the die of FIG. 4;
PAR  FIG. 9 is a sectional view of the die shown in FIG. 4, taken along the line
      9--9 of FIG. 8;
PAR  FIG. 10 is a sectional view of the die of FIG. 4 taken along the line
      10--10 of FIG. 8; and
PAR  FIG. 11 is a perspective view of a column or stream of plastic insulating
      compound and the manner in which it is divided into a plurality of equal
      streams and recombined and applied to a filamentary core being covered
      with dissimilar plastic compound.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a dual insulated wire 21 includes a filamentary
      conductive core 22 having two concentric sheaths 23 and 26 of plastic
      insulation thereon. The inner sheath 23 is preferably formed of an
      expanded or foam plastic, for example, polyethylene containing a
      multiplicity of minute blown cells distributed uniformly throughout the
      sheath 23. The outer sheath or skin 26 is preferably a solid plastic, for
      example polyvinyl chloride (PVC) which forms a protective jacket around
      the expanded plastic sheath 23.
PAR  Alternatively, both sheaths 23 and 26 may be solid plastic, both may be
      expanded plastic, or the outer sheath 26 may be expanded plastic over an
      inner sheath 23 of solid plastic Also both sheaths may be of the same
      material, for example, high density polyethylene or polypropylene over
      expanded polyethylene or polypropylene, respectively.
PAR  The conductor 22 may be formed of, for example, copper or aluminum, and may
      range in diameter from 16 to 45 mils. The outer diameter of the insulated
      wire 21 may range between 30 and 80 mils. The wall thickness of the outer
      sheath 26 may range between 2 and 5 mils.
PAR  The dual insulation on the insulated wire 21 may be extruded onto the
      conductor 22 by an extrusion apparatus 33, as shown in FIG. 2. The
      following description will assume that the insulated wire 21 is being
      covered with a dual insulating sheath comprising PVC over expanded
      polyethylene. It should be understood, however, that the apparatus 33 may
      be utilized for extruding both solid and expanded plastics and that the
      term "plastic" is intended to include both thermoplastic and thermosetting
      materials including rubber and rubberlike materials.
PAR  Referring to FIG. 2, the extrusion apparatus 33 includes an extrusion
      cylinder 36 formed with a centrally located elongated, cylindrical, main
      extrusion bore 37 having a stock screw 38 mounted for rotation about a
      longitudinal axis therein by suitable drive means (not shown). Helical
      thread 41--41 formed on the stock screw 38 work and advance the plastic
      insulating material 23 for the inner sheath along the extrusion bore 37 to
      a delivery end thereof through a straining screen 42 and an apertured
      backing plate 43 adjacent thereto and aligned therewith at the mouth of an
      infundibular opening 46, formed in an extrusion head 47 threaded into the
      extrusion cylinder 36, with the opening 46 coaxially aligned with the
      extrusion bore 37 to form a continuation thereof. The opening 46
      communicates with an axial extrusion passageway or chamber 48 formed in
      the extrusion head 47 in orthogonal relationship with the extrusion bore
      37.
PAR  The filamentary conductive core 22 is longitudinally advanced at a uniform
      speed axially through the extrusion chamber 48 wherein the plastic sheaths
      23 and 26 are formed simultaneously and concentrically thereon.
PAR  The foregoing described components of the extrusion apparatus 33 are
      well-known in the art and are included for a proper understanding of the
      remainder of the apparatus 33, which includes the extrusion tooling, i.e.
      the parts of the extrusion head 47 within the chamber 48 which guide the
      core 22 through the apparatus 33 directing and applying the plastic
      material onto the core 22.
PAR  Though various types of extrusion tooling are available for applying the
      plastic material for the inner sheath 23 to the core 22, it is preferred
      to utilize tooling similar to the extrusion tooling disclosed in the
      application of D. L. Myers, Ser. No. 260,584, filed June 7, 1972, and
      assigned to the instant assignee, now abandoned, on which a
      continuation-in-part, Ser. No. 303,435, was filed on Nov. 3, 1972 now U.S.
      Pat. No. 3,860,686 issued on Jan. 14, 1975.
PAR  As shown in FIG. 2, the passageway 48 includes a bore 51, a counterbore 52
      and a tapped section 53 coaxial therewith. A generally cylindrical tool
      holder or capsule 56 is removably retained in the passageway 48 by a
      retainer plug 57 threaded into the tapped section 53 thereof. The capsule
      56 includes an enlarged cylindrical portion 58, extending coaxially from
      which is a smaller cylindrical portion 61. The smaller portion 61 is
      disposed in the bore 51 with a shoulder 62, defined between the portions
      58 and 61 of the capsule 56, engaging a step 63, defined between the bore
      51 and the counterbore 52 of the passageway 48.
PAR  The capsule 56 is provided with an axial opening 66 therethrough which
      includes a frustoconical bore 67 extending coaxially from and
      communicating with a cylindrical bore 68. The outer periphery of the
      enlarged portion 58 of the capsule 56 is formed with an E-shaped guide
      channel for the plastic material from the main extrusion bore 37,
      including a central channel leg 71 aligned with a feed port 72 in the
      opening 46 in the head 47, to the passageway 48. The leg 71 intersects and
      communicates with a pair of contiguous circumferential channel legs 73--73
      transversely aligned therewith and communicating with a pair of
      diametrically opposed longitudinal channel legs 76--76.
PAR  The central leg 71 and the outer legs 76--76 are mutually parallel and are
      parallel to the axis of the capsule 56. The channel legs formed in the
      periphery of capsule 56 are preferably generally semicircular or U-shaped
      in cross section but may have various cross sectional configurations, e.g.
      V-shaped, rectangular, etc.
PAR  A radial bore 77, communicating with the cylindrical bore 68 is formed in
      the enlarged portion 58 of the capsule 56 in the terminal end of each of
      the outer channel legs 76--76. Thus the terminal end of each leg 76
      communicates with the bore 68.
PAR  The alignment of the capsule 56 in the passageway 48 is maintained by a
      socket head set screw 78, threaded into the head 47, having a lug 81
      thereon extending into a longitudinal slot 82 formed in the smaller
      portion 61 of the capsule 56.
PAR  A core tube holder 83, having a generally frustoconical body 86 extending
      from a cylindrical member 87 having a flange 88 formed thereon, is
      removably fitted closely within the bores 67 and 68, respectively, of the
      axial opening 66 formed in the capsule 56.
PAR  The outer periphery of the holder 83 is formed with a pair of diametrically
      opposed U-shaped channels 91--91, each of which includes a pair of
      elongated channel legs 92--92 connected by an arcuate channel leg 93. The
      radial bores 77--77, formed in the capsule 56, communicate with the
      central portions of the arcuate legs 93-93. The elongated channel legs
      92--92 are substantially parallel at the portions thereof formed on the
      cylindrical member 87 and converge toward the smaller end of the holder
      83, parallel to the conical periphery of the body 86, flaring out to form
      a frustoconical confluence 96. As seen from FIG. 3, the legs 92--92 are
      spaced equally about the axis of the core tube holder 83.
PAR  A cylindrical core tube 97 is removably retained within an axial bore 98
      formed in the holder 83 with a shoulder 101 formed on the core tube 97
      engaging a step 102 formed between the bore 98 and a counterbore 103
      communicating therewith. A frustoconical tip 104, formed on the core tube
      97, converges at a conical angle of approximately 60.degree. and projects
      outwardly from the smaller end of the holder 83.
PAR  A tubular core tube retainer 106 having an annular flange 107 formed
      thereon, maintains the core tube 97 in position at the end of the holder
      83. In addition to securing the capsule 56 in the place, the retainer plug
      57 also serves to retain the core tube holder 83 and the core tube
      retainer 106 in place within the capsule 56.
PAR  The tip 104 on the core tube 97 projects into a frustoconical entrance
      portion 111, which converges at a conical angle of 60.degree., formed in a
      separable channeled die 112, having a generally frustoconical outer
      surface and positioned at the leading end of the bore 67 formed in the
      capsule 56. The plastic material 26 for the outer sheath of the insulated
      wire 21 is delivered to the die 112 from a vertical extruder where it is
      applied to the core 22 simultaneously in a confined passageway in the die
      112 with the plastic material 23.
PAR  Referring to FIGS. 4, 5, and 8, the die 112 includes first and second
      coaxial mating parts 113 and 116. The smaller forward part 113 of the die
      112 is formed on the surface thereof with a plurality of guide channels
      the purpose of which is to divide the plastic material 26 into balanced
      streams for impinging the plastic material 26 concentrically around the
      inner sheath 23 on the core 22 in the die passageway.
PAR  A first longitudinal channel leg 117 intersects and communicates with a
      pair of contiguous circumferential channel legs 118--118 which communicate
      with second and third diametrically opposed, longitudinal channel legs
      121--121. Each leg 121 terminates at the junction of a pair of contiguous
      equal circumferential channel legs 122--122 which terminate at radial
      bores 123--123 which communicate with an annular groove 126 formed between
      a tapped cylindrical bore 127 and a frustoconical bore 128 formed in the
      part 113 (see FIG. 8). A second frustoconical bore 131 is formed in the
      part 113 communicating and coaxial with the bore 128 to complete an axial
      passageway through the part 113.
PAR  The part 116 includes an enlarged frustoconical base 132 projecting from
      which is a threaded cylindrical projection 133 extending from which is a
      frustoconical tip 136 having an annular groove 137 formed thereon adjacent
      to the threaded projection 133.
PAR  The parts 113 and 116 are assembled together to form the die 112 by
      threading the threaded projection 133 of part 116 into the tapped bore 127
      of the part 113.
PAR  When the parts 113 and 116 are assembled, the grooves 126 and 137 define an
      annular manifold 138 which communicates with an annular frustoconical
      channel 141 defined between the tip 136 on part 116 and the bore 128 in
      part 113.
PAR  A frustoconical bore 142 extends coaxially from the entrance portion 111 of
      the die 112 through the part 116 thereof. The bore 131 in part 113 and the
      bore 142 in part 116 of the die 112 are coaxially aligned when the parts
      are assembled, converging at the same conical angle, which is
      approximately 5.degree., and defining a throat 143 in the die 112. The
      channel 141 communicates with the throat 143 as an annular inlet thereto,
      at an intermediate section of the axial passageway through the die 112
      defined by the entrance opening 111 and the throat 143.
PAR  The radial bores 123--123, which are spaced equally around the
      circumference of the part 113, form a path between the channel legs
      122--122 and the manifold 138 defined by the grooves 126 and 137.
PAR  FIGS. 6 and 7 show two alternative embodiments of the extrusion die 112,
      the main difference of each with respect thereto being the manner in which
      its peripheral surface is grooved. This is merely to illustrate that the
      grooves formed on the periphery of the die can be altered to lengthen the
      flow path of the plastic material delivered thereto, as will be seen
      below, as long as certain principles relating to the flow of highly
      viscous or highly elastic plastic materials are recognized and followed.
PAR  As shown in FIG. 6, a die 212 including mating parts 213 and 216, is formed
      with a first longitudinal channel leg 217 which communicates with a first
      pair of contiguous circumferential channel legs 218--218 which
      communicates with second and third channel legs 221--221, each of which
      terminates in second and third pairs of contiguous circumferential channel
      legs 222--222. The distal ends of each of the channel legs 222--222
      terminates at a radial bore 223. The longitudinal channel legs 217 and
      221--221 are mutually parallel and extend over both parts 213 and 216,
      thus increasing the length of the flow path for the plastic material 26
      into the die 212.
PAR  FIG. 7 shows a second alternative embodiment of the die 112 as indicated by
      the die 312, including mating parts 313 and 316. As in the die 212 of FIG.
      5, the surface channeling of the die 312 extends over both parts 313 and
      316, including a longitudinal channel leg 317 which communicates with a
      pair of contiguous circumferential channel legs 318--318 which communicate
      with second and third longitudinal channel legs 321--321, each of which
      terminates at a pair of contiguous circumferential channel legs 322--322.
      The die 312 is further formed with four additional longitudinal channel
      legs 325--325 each of which extends from the distal end of each leg 322,
      over the parts 316 and 313, terminating in a radial bore 323.
PAR  As can be seen from FIGS. 4, 6, and 7, the radial bores 123--123, 223--223,
      and 323--323, respectively, are located in similar positions around the
      circumference of parts 113, 213, and 313, respectively. Furthermore, the
      internal die structure of all three embodiments is identical for dual
      insulation and the radial bores all terminate in a manifold defined by a
      pair of aligned, spaced, annular grooves formed on adjacent mating parts.
PAR  As can be seen most clearly in FIG. 8, the die 112 is positioned at the
      forward end of the capsule 56 with the channel leg 117 aligned and
      communicating with a vertical feed port 146 formed in the capsule 56. The
      feed port 146 communicates coaxially with a tapped bore 147 formed in the
      capsule 56. A fitting 148, having a threaded cylindrical projection 151
      thereon, is threaded into the tapped bore 147. The fitting 148 is formed
      with an axial passageway 152 which includes a tapered bore 153 and a
      coaxial smaller bore 156 extending therefrom and aligned with the feed
      port 146.
PAR  The fitting 148 may be connected to an auxiliary extrusion apparatus (not
      shown) which delivers the plastic material 26 for the outer sheath of the
      insulated wire 21 vertically to the extrusion chamber 48, as represented
      by the capsule 56.
PAR  The flow channels formed on the capsule 56 and the core tube holder 83 for
      the plastic material 23, and on the die 112 for the plastic material 26,
      utilize the balanced flow principles for highly viscous or highly elastic
      plastic materials set forth in the above-identified patent of D. L. Myers.
      These principles have been incorporated into the design of the apparatus
      33, whenever a stream of fluent plastic material is subdivided subsequent
      to a bend therein.
PAR  Stated briefly, if a stream of plastic is separated before the material can
      achieve steady state flow characteristics i.e., flow in a straight path in
      a confined channel for a sufficient time to allow the fluent plastic to
      recover from the transient pressure and velocity gradients produced
      therein by the bend, the pressure and velocity gradients in the divided
      stream can be shown to be identical if the separation occurs symetrically
      with respect to the principal plane of the bend. It has further been found
      that steady state flow of plastic material in a confined channel is
      achieved if the ratio of the length of the channel to the diameter thereof
      exceeds an empirically determined number, e.g. 5 to 10 for PVC and
      polyethylene.
PAR  FIG. 11 illustrates the flow of plastic material 26 from the extrusion bore
      of the auxiliary extruder to the die 112 and onto the plastic material 23
      being formed around the conductor 22 in the die 112. The various sections
      of the flow paths shown for both plastic materials have been provided with
      reference numerals according to the component of the extrusion tooling
      into and over which plastic material flows, with a prime (') following the
      reference numeral. It will be seen that each time a stream of plastic
      material is caused to undergo a division, the above balanced flow
      principles are applied.
PAR  The plastic compound 23 is preferably mixed with heat-decomposible
      expanding or blowing agent, for example, azodicarbonamide, which
      decomposes at a controlled temperature, evolving gases to form cells or
      bubbles in the plastic material 23 when the pressure in the extruder head
      is lowered sufficiently to permit the formation of said cells.
PAR  Alternatively, the plastic material 23 may be mixed with a nucleating
      agent, for example, particles of silica. Pressurized gas, for example,
      carbon dioxide, may be injected into the extrusion chamber to cause the
      nucleated plastic compound to achieve cellular form.
PAC  Operation
PAR  Referring again to FIGS. 2 and 3, the filamentary core 22 is advanced at a
      predetermined speed through the extrusion passageway or chamber 48 in the
      head 47, passing through a flared opening 157 formed in the retainer plug
      57, the core tube retainer 106 and axially through the core tube 97 and
      the passageway through the die 112. The plastic material 23, for the inner
      insulating sheath around the core 22, in a molten or viscous fluid state,
      is forced horizontally from the delivery end of the main extrusion bore 37
      into the opening 46 through the straining screen 42 and the plate 43 and
      into the feed port 72 communicating with the channel leg 71 formed in the
      periphery of the capsule 56.
PAR  The material 23 in the channel 71 flows parallel to the direction of the
      advancing core 22 for a short distance before it is divided into two
      oppositely directed circumferential streams in channel legs 73--73. Each
      stream thereafter undergoes a bend, flowing in the outer, diametrically
      opposed channel legs 76--76, parallel with and opposite to the direction
      in which the core 22 is advanced. The plastic material 23 flowing in the
      channels formed in the periphery of the capsule 56 is confined therein by
      the counterbore 52 of the extrusion passageway 48.
PAR  The material 23 in the outer legs 76--76 flows radially inward through the
      diametrically opposed bores 77--77, formed in the capsule 56, where they
      divide equally at the central portions of the arcuate channel legs 93--93
      formed in the core tube holder 83. The four streams of material thus
      formed flow in channel legs 93--93 and 92--92 around the periphery of the
      cylindrical member 87, being confined therein by the cylindrical bore 68
      formed in the capsule 56. The four streams thus formed bend toward the
      direction of advancement of the core 22, converging toward the confluence
      96 formed on the core tube holder 83, flowing in the elongated channel
      legs 92--92 and being confined therein by the tapered opening 67 formed in
      the capsule 56.
PAR  The four equally spaced streams of plastic material 23 in the channel legs
      92--92 converge at equally spaced points circumferentially around the
      confluence 96, flowing over the tip 104 of the core tube 97 into an
      opening defined by the tip 104 and the entrance portion 111 of the die 112
      and into the throat portion 143 defined by the bores 142 and 131 to be
      formed around the advancing core 22.
PAR  The plastic material 26, for the outer sheath of insulating material of the
      insulated wire 21 is forced from an auxiliary extrusion apparatus (not
      shown) through the opening 152 of the fitting 148 vertically into the feed
      port 146 formed in the capsule 56 and into the aligned tip of the channel
      leg 117 formed in the periphery of part 113 of the die 112.
PAR  The plastic material 26 in channel 117 flows generally in the direction of
      the advancing core 22 dividing into two equal and oppositely directed
      circumferential streams in the channel legs 118--118, bending around in a
      direction generally opposite to the advancing core 22 through the channel
      legs 121--121. The material 26 flowing in each channel 121 is divided
      again into equal and oppositely directed circumferential streams in the
      channel legs 122--122, and passes through the bores 123--123 radially
      inward toward the advancing core 22. The flow of plastic material in the
      channeled periphery of the part 113 of the die 112 is confined therein by
      the bore 67 formed in the capsule 56.
PAR  The radially directed streams of plastic material 26 through the bores
      123--123, enter the annular manifold 138 at four equally spaced
      circumferential points therearound. The fluent material 26 thus delivered
      to the manifold 138 is permitted therein to achieve a substantially steady
      state.
PAR  The plastic material 26 is forced out of the manifold 138 at a uniform rate
      through the frustoconical channel 141 to impinge circumferentially around
      the plastic material 23 being formed around the advancing core 22 in the
      throat 143 of the die 112.
PAR  Because the plastic material 23 is initially formed around the core 22 at
      the entrance portion 111 of the die before a substantial drop of pressure
      takes place the problem of plating out of the blowing agent therein is
      minimized. This also applies to the bore 142, since the fluid pressure of
      the material 23 has still not dropped substantially. Since the material 26
      is delivered to the bore 131 externally of the material 23, the material
      23 never contacts the bore 131 and no plating out of the blowing agent
      occurs. Thus both sheaths 23 and 26 are formed around the core
      simultaneously in the bore 131 after the material 23 has undergone an
      initial and an intermediate forming step at different pressure rates in
      the entrance portion 111 and the bore 142 of throat portion 143 in the die
      112.
PAR  The entrance portion 111 of the die 112 and the bore 142 are of sufficient
      length, to permit the flow of plastic material 23 to develop around the
      core 22. The term "develop" refers to the achievement in the fluent
      plastic of a uniform distribution of pressure and velocity radially around
      the moving core 22. Thus, the plastic material 23 is given time in the die
      112 to achieve steady state or uniform flow before the material 26 is
      extruded therearound. Additionally, the axial length of the channel 141
      and bore 131 are selected to insure that the flow of material 26 has
      sufficient time to develop.
PAR  In extruding a polyvinyl chloride skin over an expanded polyethylene
      sheath, it has been determined that satisfactory results are achieved if
      the combined axial lengths of the entrance portion 111 and the bore 142
      are at least 0.8 inches, the length of the channel 141 is at least 0.1
      inches and the length of the bore 131 is at least 0.4 inches.
      Additionally, the widest part of the entrance portion 111 of the die 112
      may be approximately 0.75 inches in diameter, tapering down to
      approximately one-eighth of an inch in diameter. The smaller end of the
      bore 131 at the exit end or tip of the die 112 may be from 30 to 70 mils
      in diameter.
PAR  The plastic material 23 being formed around the core 22 in the throat 143
      of the die 112 contains gases in saturated solution being evolved from the
      decomposed azodicarbonamide blowing agent. These may include carbon
      dioxide, carbon monoxide, ammonia and nitrogen. As the formed sheaths
      approach the tip of the die 112, shear forces create heat energy, raising
      the temperature of the plastic material 23, decomposing substantially all
      of the blowing agent and supersaturating the plastic material 23. Some
      bubbles are also formed in the plastic.
PAR  As the core 22 exits from the smaller end of the die 112, the sudden
      reduction in pressure outside the head 47 permits the gases to expand to
      form blown cells in the material 23 thus expanding the plastic inner
      sheath therearound, while the outer sheath 26 of the finished dual
      insulated wire 21 is stretched equally, such that the wall thickness of
      each sheath is uniform around the core 22 and both sheaths 23 and 26 are
      concentric with respect to one another and with respect to the core 22.
PAR  It will be appreciated that though the preferred apparatus of the invention
      has been described with respect to a pressure type extrusion apparatus, it
      is capable and is intended to be of application with respect to a tubular
      type extrusion apparatus. This can be accomplished simply by extending a
      thin hollow tube from the tip 104 of the core tube 97 to the exit tip of
      the die 112 to prevent the plastic material from contacting the core 22 at
      or beyond the exit tip of the die 112.
PAR  Additionally, the apparatus of the invention may be utilized to form
      uniform laminated concentric filamentary or tubular plastic articles of
      indefinite length simply by running the apparatus without a core 22 or by
      extending a closed or solid tip from the core tube 97 through the throat
      143 of the die 112. The tip may have the same diameter as the core 22 but
      would be stationary and extend to the exit tip of the die 112, thus making
      the passageway through the die annular in cross-section.
PAR  Furthermore, more than two plastic sheaths may be made by the apparatus of
      the invention simply by introducing the plastic material for each
      successive outer sheath at a downstream section of the die passageway at a
      longitudinal distance sufficient to have allowed the flow of the
      preceeding material to develop.
PAR  Thus, the embodiments of the invention set forth are merely exemplary and
      other embodiments will be contemplated by those having ordinary skill in
      the art without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for forming first and second concentric sheaths of plastic
      material around a longitudinally moving filamentary core, which comprises:
PA1  a single confined passageway through which the core is passed, said
      passageway forming a tapered die orifice;
PA1  means for introducing a first fluent plastic material into said passageway
      at an entrance section thereof circumferentially around and in the
      direction of the moving core and ultimately onto the core; and
PA1  means for introducing a second fluent plastic material into an intermediate
      section of said passageway after it has flowed a sufficient distance to
      achieve a uniform distribution of velocity and pressure, around the
      periphery of said passageway and in the direction of the flowing first
      plastic material and the core and ultimately onto the first plastic
      material, at a sufficient distance from the point of introduction of the
      first plastic material to have allowed the flow of the first plastic
      material to have achieved a uniform distribution of velocity and pressure,
      to form first and second concentric sheaths of plastic material around
      said core between the intermediate section of the passageway and the exit
      section thereof.
NUM  2.
PAR  2. An apparatus for forming first and second sheaths of plastic material
      around a longitudinally moving filamentary core which comprises:
PA1  a sheath forming element formed by a single axial passageway which
      converges for a second predetermined distance at a second angle, through
      which the core is passed axially;
PA1  means for introducing a first fluent plastic material into said first
      convergence of said passageway circumferentially around and in the
      direction of the core; and
PA1  means for introducing a second plastic material into an intermediate
      section of said second convergence of said passageway at a uniform
      distribution of velocity and pressure around the periphery of said axial
      passageway and in the direction of said first plastic material and said
      core, at a sufficient distance from the point of introduction of the first
      plastic material to have allowed the flow of the first plastic material to
      have achieved a uniform distribution of velocity and pressure,
      simultaneously to form said first and second materials therearound.
NUM  3.
PAR  3. An apparatus for forming first and second concentric tubular sheaths
      around a longitudinally moving filamentary core, which comprises:
PA1  an extrusion chamber through which the core is passed axially;
PA1  a single die formed with an axial passageway therethrough, including a
      conically tapered entrance communicating coaxially with a narrower
      conically tapered throat, disposed coaxially in said extrusion chamber;
PA1  means for introducing a first fluent plastic material under pressure into
      said entrance of said die circumferentially around said core to form said
      first sheath which is ultimately uniformly formed thereon; and
PA1  means for introducing a second fluent plastic material under pressure into
      said throat of said die uniformly around the periphery of said uniformly
      formed first sheath.
NUM  4.
PAR  4. An apparatus for forming first and second concentric tubular sheaths
      around a longitudinally moving filamentary core, as set forth in claim 3,
      wherein said means for introducing said second plastic material into said
      throat of said die includes:
PA1  an annular manifold concentric with said passageway;
PA1  a plurality of circumferentially spaced radial bores formed in said die and
      communicating with said annular manifold;
PA1  a circumferential inlet formed in said throat of said die;
PA1  a frustoconical channel extending circumferentially from said annular
      manifold to said circumferential inlet; and
PA1  means for forcing the second plastic material through the radial bores into
      said manifold, and through said frustoconical channel into said
      circumferential inlet in said throat.
NUM  5.
PAR  5. An apparatus for forming first and second concentric tubular sheaths
      around a longitudinally moving filamentary core, as set forth in claim 4,
      wherein said last-mentioned means includes:
PA1  a longitudinal channel formed in the periphery of said die;
PA1  a plurality of additional channels formed in the periphery of said die and
      extending from said longitudinal channel to said radial bores;
PA1  a feed port formed in said extrusion chamber and communicating with said
      longitudinal channel; and
PA1  means for connecting said feed port to a pressurized source of the second
      plastic material.
NUM  6.
PAR  6. An apparatus for extruding first and second plastic sheaths
      concentrically around an elongated core advancing longitudinally through
      an extrusion chamber, which comprises:
PA1  means for delivering a stream of fluent plastic material for said first
      sheath to said extrusion chamber;
PA1  a single die formed with a frustoconical entrance portion connecting and
      coaxialy with a narrower frustoconical throat portion, through which said
      core is advanced;
PA1  means in said extrusion chamber for dividing said first plastic material
      into a plurality of equal paths having a component of velocity in the
      direction of said advancing core, said paths converging together at the
      entrance portion of said die to impinge circumferentially around said core
      and ultimately uniformly cover said core with said first plastic material;
PA1  an annular manifold formed in said die concentrically with respect to said
      throat portion formed therein;
PA1  means for separating said stream of second plastic material into a
      plurality of streams flowing into said manifold radially inward at equally
      spaced circumferential points therearound; and
PA1  a frustoconical channel connecting said manifold to said throat portion of
      said die for delivering said second plastic material from said manifold to
      said throat portion uniformly around the periphery of said uniformly
      formed first plastic material and said core.
NUM  7.
PAR  7. An extrusion die, which comprises: a first section including,
PA1  a base,
PA1  a threaded cylindrical projection extending from the smaller end of said
      base;
PA1  a frustoconical tip extending from said threaded projection and formed
      adjacent thereto with an annular groove around the periphery thereof;
PA1  a frustoconical entrance passageway extending from said base toward said
      cylindrical projection, and
PA1  a frustoconical throat passageway communicating and coaxial with said
      entrance passageway and extending therefrom through the smaller end of
      said frustoconical tip; and a second section formed with,
PA1  a tapped cylindrical bore adapted to be fastened to the threaded
      cylindrical projection of said first section such that said first and
      second sections define a unitary frustoconical structure,
PA1  an annular groove formed adjacent to said tapped portion and adapted to
      subtend the annular groove formed on said tip to define an annular
      manifold,
PA1  a plurality of radial bores extending from said annular groove through the
      periphery of said second section,
PA1  a first frustoconical bore extending from said annular groove toward the
      smaller end of said second section and converging at substantially the
      same conical angle as the frustoconical tip on said first section to
      define a frustoconical channel communicating with said manifold
      therebetween, and
PA1  a second narrower frustoconical bore extending to the smaller end of said
      second section and converging at substantially the same conical angle as
      the throat passageway in said first section.
NUM  8.
PAR  8. An extrusion die as set forth in claim 7, and formed with a plurality of
      channels in the periphery of at least said second section, extending from
      said radial bores to meet at a common point on said periphery.
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ABST
PAL  Apparatus is provided for preparing perforated seamless tubular films of
      preferably thermoplastic material by passing an extruded tubular film over
      a perforated wall of a chamber connected to a constant pressure compressed
      air source.
PAL  In the apparatus compressed air from the chamber is allowed to pass
      periodically out of a first series of openings in the perforated wall, the
      openings being periodically closed either by axially displacing a plate to
      block said openings, or by rotating a subadjacent chamber itself provided
      with a second series of openings, whereby said first and second series of
      openings are periodically aligned.
BSUM
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  This invention relates to a process for the production, by extruding a
      synthetic material, preferably a thermoplastic material, of a perforated
      tubular film without any welded seams by continuously extruding a tubular
      sheath by means of an extrusion head an pneumatically forming openings or
      perforations by passing the tubular film over a perforated wall of a
      chamber connected to a compressed-air source. According to the invention,
      the process is essentially distinguished by the fact that this chamber is
      supplied with compressed air at a constant pressure.
PAR  By virtue of the fact that said chamber is supplied with compressed air
      under constant pressure, it is possible to dispense with more or less
      complex systems between the compressed-air source itself and the pipe
      through which the extrusion head is supplied with compressed air.
PAR  The invention also relates to an arrangement of carrying out the
      above-mentioned process, distinguished by the fact that the continuous
      over a surface in which is formed a first series of openings distributed
      in a circle and which is provided on its lower face with an annular groove
      into said openings open, and by the fact that this groove is engaged by an
      annular shoulder of a subjacent chamber which is provided with a second
      series of openings designed to coincide periodically with the openings of
      said first series, and which is permanently connected to a source of a
      pneumatic medium, preferably compressed air, said chamber being rotated,
      optionally in an oscillating rotary movement.
PAR  By virtue of this arrangement, in which the compressed air is permanently
      supplied under constant pressure, the openings in the continuous tubular
      film are formed when the two series of openings coincide. The perforations
      are immediately formed in the tubular film without any delays. The
      arrangement according to the invention as defined above has a zero
      response time.
PAR  In another embodiment of the invention, the arrangement is distinguished by
      the fact that the wall with the first series of openings forms part of the
      chamber connected to the compressed-air source, and by the fact that a
      plate carrying a solid rib which is designed to engage in said groove to
      periodically obstruct or gate said first series of openings is axially
      displaceable in said chamber.
PAR  In this embodiment, in which said first series of openings is blocked by
      the rib formed by an axially displaceable plate, the groove provided in
      the wall of the chamber, over which the perforated film passes, is not
      subjected to any wear.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  Two embodiments of an arrangement according to the invention are described
      by way of example in the following with reference to the accompanying
      drawings wherein:
PAR  FIG. 1 is a diagrammatic axial section through the first embodiment.
PAR  FIG. 2 is an axial section through the second embodiment.
PAR  FIG. 3 is a general view of the installation used to manufacture the
      proposed tubular film.
DETD
PAC  DETAIL DESCRIPTION OF INVENTION
PAR  In FIG. 1, the general reference 1 generally denotes the extrusion head
      which is formed by a block 2 provided with a cylindrical opening 3 in its
      upper part, followed by a downwardly widening conical bore 4.
PAR  A conical intermediate member 5 is mounted in this bore 4, terminating at
      its upper end in a cylindrical section 6 which extends through the
      cylindrical opening 3 in the block 2. At its end, the cylindrical section
      6 has a screwthread 7 onto which is screwed a nut 8 which rests on the
      bottom 9 of a recess 10 formed in the upper part of the block 2.
PAR  The outer surface 11 of the conical intermediate member 5 is situated at a
      certain distance from the conical bore 4 of the block 2 so as to form a
      transfer chamber 12 for the plastics material which passes through an
      opening 13 designed to communicate with a source supplying a plastics
      melt, such as for example an extruder (not shown).
PAR  The lower front face 14 of the block 2 forms an extrusion slot 15 with the
      transverse surface upper face 16 of a plate 17 which is fixed by screws 18
      to the conical intermediate member 5, the object of the extrusion slot 15
      being to form a conical sheet or sheath 19 with the plastics material
      passing through the chamber 12.
PAR  The intermediate member 5 is hollow and is formed in its lower part with a
      conical bore 20 and in its upper part with a cylindrical bore 21. A
      central core is accommodated in the cylindroconical passage 20-21 thus
      formed. This central core is formed by a lower conical section 22 and by
      an upper cylindrical section 23 which overlaps the intermediate member 5
      and which, in addition, extends through an opening 26 formed in a plate 27
      screwed by bolts 28 to the upper part of the block 2.
PAR  The central core 22-23 is elastically suspended by means of two bearings 29
      and 30 between which a helical spring 31 is arranged, and is held in
      position by means of a nut 32 and a locknut 33 both screwed onto the
      thread 34.
PAR  The central core 22, 23 is formed with an axial passage 35' designed to be
      coupled to a compressed-air source (not shown).
PAR  In addition, the central core is designed to be rotated by suitable means
      (not shown) which can be means designed to impart to the core an alternate
      rotary movement in the direction of the double arrow 35.
PAR  At its lower end, the conical section 22 of the central core carries, by
      means of two bolts 36 and 37, a wall 39 situated at a certain distance
      from its front face 40 which extends peripherally beyond the core 22 to
      form a plate 41 provided with a peripheral rib 42 extended by a collar 43
      extending towards the plate 39, the arrangement being such that a
      peripheral first series of individual openings 44 is formed in an annular
      section 43' situated between the rib 42 and the collar 43.
PAR  This first series of openings 44 co-operates with openings 45 of a second
      series of openings formed in the plate 17 whose lower face has a groove
      covering the upper part of the structure formed by the rib 42 and the
      collar 43. The plate 39 is fixed to this structure by screws 39', 39" with
      a seal 43" in between.
PAR  The arrangement which has just been described functions as follows:
PAR  To begin with, the extrusion head is fed with the plastics material which
      passes through the feed chamber 12 and which is extruded through the die
      or extrusion slot 15 to form a tubular film or sheath 19.
PAR  The compressed air under constant pressure which flows through the bore 35'
      places the chamber 46 under pressure, and when the central core 22 is
      rotated in one direction or the other, or alternatively in one direction
      and the other, of the double arrow 35, perforations 47 are formed in the
      extruded tubular film every time the first series of openings 44 coincides
      with the second series of openings 45.
PAR  Naturally, the shape of the perforations formed in the tubular film is
      governed by the shape given to the series of openings 44 and 45 on the one
      hand and on the other hand by the longitudinal and transverse traction
      conditions to which the perforated tubular film is exposed as it issues
      from the extrusion slot, on the one hand through the taper 17' of the
      plate and on the other hand through the winding traction applied to the
      perforated sheet in known manner.
PAR  The perforated tubular film thus produced is hardened off in known manner
      by passage through a cold water bath, optionally after having passed
      through a calibration unit if necessary, and is subsequently wound into
      rolls.
PAR  In one known method, it is also possible to arrange a cutting blade in the
      path followed by the tubular film. This cutting blade cuts the tubular
      film along one of its generatrices or in a spiral to obtain a flat
      perforated film.
PAR  FIG. 2 is a diagrammatic axial section through the second embodiment of an
      apparatus according to the invention.
PAR  The extrusion head, which is again denoted by the general reference 1, is
      formed by a block 48 provided with a conical bore 49 which terminates in a
      cylindrical bore 50 at the upper end of the block 48.
PAR  A central core designated by the general reference 51 is accommodated in
      the cylindroconical bore 49, 50. This central core is formed by a lower
      conical section 52 and an upper cylindrical section 53. The section 53
      fits tightly into the cylindrical bore 50 whilst the conical section 52
      has a smaller diameter than the bore 49 so that a chamber 54 is left free
      for passage of the material coming from the extruder through the opening
      illustrated diagrammatically by the reference 55. At its upper end, the
      cylindrical section 53 of the central core has a screwthread 56 onto which
      is screwed a nut 57 which rests on the bottom 58 of a recess 59 formed in
      the block 48.
PAR  A chamber formed by a plate 63 provided with a lateral collar 64, to which
      a cover 65 is fixed by means (not shown), is fixed by means of screws 61
      and 62 to the major base of the conical section 52 with an insert 60 in
      between. To the right of the block 48, the plate 63 has a series of
      openings 66 which open downwards into a groove 67.
PAR  The chamber 68 houses a plate 69 carried by a shaft 70 guided in bearings
      71 and 72 arranged in a bore 73 in the central core 51, said shaft 70
      passing freely through a plate 74 screwed by bolts 75 and 76 to the upper
      front face of the block 48 which is provided with a radial opening 77
      communicating freely with the chamber 59 and through the bore 73 with the
      chamber 68, said radial bore 77 being connected by means (not shown) to
      the compressed-air source, whilst the shaft 70 is connected to a known
      device designed to impart to it an alternating axial movement in the
      direction of the double arrow 78.
PAR  The plate 69 comprises a rib 79 designed to engage in the groove 67 so as
      to periodically gate or obstruct all the openings 66.
PAR  The lower front face of the block 48, denoted by the reference 80, forms
      with the upper face 81 of the plate 60 an extrusion slot for the plastics
      material passing through the chamber 54.
PAR  As it issues from said extrusion slot, the material forms a tubular film
      which passes over the plate 63.
PAR  If the head is connected to a source of compressed air which permanently
      feeds the chamber 68, and if the shaft 70 is moved alternately in the
      direction of the double arrow 78, it can be seen that the rib 79
      periodically blocks the openings 66, so that between two successive
      blockings openings such as those denoted by the reference 84 are formed in
      the tubular film.
PAR  The axial interval between the perforations formed in the tubular film is
      of course governed by the oscillation frequency of the plate 69 and by the
      rate at which the sheath is extruded.
PAR  The tubular film thus formed can pass over a former 83, after which it
      enters a cooling bath to be treated in known manner.
PAR  To facilitate formation of the openings in the extruded tubular film both
      with the arrangement shown in FIG. 1 and with the arrangement shown in
      FIG. 2, the compressed air admitted into the extrusion head 1 is preheated
      to a temperature close to the melting temperature of the plastics material
      used, preferably to a temperature of around 150.degree. C.
PAR  The general installation for manufacturing the perforated tubular sheath on
      one or other of the arrangements is shown in FIG. 3.
PAR  In FIG. 3, the reference 101 denotes the screw of an extruder which is
      rotated by the motor 102 and which is used in known manner to plasticise
      the plastics material introduce into the extruder from a hopper 103. The
      plastics material is carried by the screw through a channel 104 into the
      die 1 from which issues the perforated tube which, passing over a former
      107, dips into a tank 108 containing cooling water. Above the die 1, the
      reference 105 denotes a compressor for air heated in the heater 105' and
      delivered through the pipe 105" either into the bore 35 in FIG. 1 or into
      the bore 73 in FIG. 2. Two cylinders 109, 110 are mounted in the bottom of
      the cooling tank, rotating in opposite directions and serving to flatten
      the tubular sheath 111 which is delivered in the form of a band 112 by the
      cylinder 110 acting as a delivery cylinder. The band 112 formed by the
      perforated sheath, which constitutes a seamless tubular film, issues from
      the tank and passes between two delivery cylinders 113, 114 which rotate
      in opposite directions and deliver the band through a system for removing
      from the band any water that may still be adhering to it.
PAR  This system is made up of an open box 115 under which the band 112 travels
      over an idler cylinder 116, rubbing against the edges 17 and 18 of the box
      115 as it does so.
PAR  It also comprises downstream of the box 115 two boxes 119 and 120 through
      which the band 112 passes freely and in each of which rotate brushes, such
      as denoted by the reference 120, which are mounted on shafts such as
      denoted by the reference 121.
PAR  On leaving the drying box 120, the band 112 passes between two cylinders
      123, 124 and over a delivery cylinder 125 and is then wound onto the spool
      126 of a winding unit 127 where the roll 128 is formed.
PAR  The plastics materials to be used are, for example, polyolefins, such as
      high-density or low-density polyethylenes, polypropylenes, plasticised or
      non-plasticised PVC, and any mixtures of these materials.
PAR  The openings through which passes the constant-pressure compressed air,
      optionally heated to around 150.degree. C, have a small diameter because
      it is sufficient to have minimal perforations in the sheath because these
      perforations are subsequently enlarged in both directions by traction of
      the sheath both in the longitudinal and in the transverse direction by the
      former. The number of these holes can vary according to the number of
      perforations required.
PAR  With an arrangement of the kind in FIG. 1 used in an installation of the
      kind shown in FIG. 3, it was possible to obtain sheaths which, after
      cooling, have a diameter of from 130 to 190 mm. The diameter of the circle
      around which the openings 45 are distributed is 80 mm, the plastics
      material used being low-pressure polyethylene, and the air being
      compressed to 3-3 bars and heated to around 150.degree. C.
PAR  The rotary air distributor was provided with openings 44 whose diameter is
      at least equal to that of the fixed openings 45. However, tests have shown
      that better yields can be obtained if the diameter of the openings 44 is
      equal to 2 or 3 times the diameter of the fixed openings 45.
PAR  The number of openings 44 of the distributor may optionally be equal to the
      number of fixed openings. However, a better yield is obtained if the
      number of openings 44 of the distributor is smaller than the number of
      fixed openings 45, for example equal to half the number of fixed openings
      45.
PAR  With a head in which 110 fixed openings 45 and 55 openings 44 in the
      distributor were provided, the rotational speed of the distributor was 30
      revolutions per minute.
PAR  If the rotational speed of the perforating distributor 44 is increased, the
      extrusion rate and traction rate of the sheath should also be increased,
      because for one complete revolution of a distributor with 55 openings 44
      55 rows of successive openings, situated substantially in planes
      perpendicular to the axis of the sheath, are formed in the sheath.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for producing perforated seamless tubular film having a
      source of extruded thermoplastic, full-walled, tubular film and a body
      having means defining a chamber therein and an external tapered surface
      exposed to the atmosphere over which said thermoplastic, full-walled
      tubular film travels longitudinally in direct contact therewith during
      operation, in a direction of increasing diameter, a transverse surface
      over which the tubular film travels exposed to the atmosphere transverse
      to said tapered surface, and a transverse surface merging smoothly with
      said tapered surface immediately upstream of the tapered surface relative
      to the longitudinal travel of said tubular film, said transverse surface
      being provided with a first series of openings distributed in a circle on
      the periphery of said body and communicating with said chamber in said
      body, means providing a path to said chamber for communicating with a
      constant-pressure compressed gaseous fluid source, and means for regularly
      closing said openings.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the first series of openings
      open into an annular groove on the inner surface of said body, and said
      groove is engaged by an annular shoulder of a subjacent chamber, said
      means defining said chamber being rotatable and provided with a second
      series of openings positionable to coincide periodically with the openings
      of said first series on rotation of said chamber.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein both series of openings have
      equal numbers of openings.
NUM  4.
PAR  4. Apparatus as claimed in claim 2, wherein said first series of openings
      has twice as many openings as said second series.
NUM  5.
PAR  5. Apparatus as claimed in claim 3, wherein the openings of said second
      series have at least the same diameter as the openings of said first
      series.
NUM  6.
PAR  6. Apparatus as claimed in claim 4, wherein the openings of said second
      series have at least the same diameter as the openings of said first
      series.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, wherein said first series of openings
      are provided in a wall forming part of the chamber connected to the
      compressed gaseous fluid source, said chamber having an annular groove
      into which said openings lead, and a plate provided with a solid rib
      axially displaceable in this chamber, to engage said rib in said groove to
      periodically block said first series of openings.
NUM  8.
PAR  8. Apparatus for producing a tube of a plastic material having perforated
      walls comprising, core means having external perforated walls with
      openings therein open to the atmosphere, said core means having means
      therein defining a chamber for receiving a fluid under pressure therein,
      means defining a flow path into said chamber for connection in operation
      to a source of fluid under pressure, means for continuously passing in
      operation a full-walled, thermoplastic tube longitudinally over said
      perforated walls in contact therewith and open to the atmosphere with said
      core means disposed internally of said tube, said walls comprising a
      tapered surface increased in diameter in a direction of travel of the
      tubular film and a transverse surface transverse to the tapered surface
      merging smoothly with said tapered surface immediately upstream thereof
      and over which said tube travels longitudinally open to the atmosphere,
      and perforation control means operable from externally of said core means
      for periodically closed and opening said openings to flow said fluid under
      pressure therethrough to develop perforations through said tube in areas
      thereof in registry with said openings while said tube is travelling
      longitudinally.
NUM  9.
PAR  9. Apparatus for producing a tube of a plastic material having perforated
      walls according to claim 8, in which said means for passing said
      full-walled tube of thermoplastic material over said core means comprises
      extruder means for extruding a seamless tube of thermoplastic material in
      a plastic state over said perforated walls and close adjacent to said
      openings.
NUM  10.
PAR  10. Apparatus for producing a tube of a plastic material having perforated
      walls according to claim 9, in which said gaseous fluid comprises air.
NUM  11.
PAR  11. Apparatus for producing a tube of a plastic material having perforated
      walls according to claim 9, in which said perforation control means
      comprises wall surfaces on said chamber having openings positionable in
      registry and out of registry with th first-mentioned openings, and means
      to rotate said chamber selectively to effect said registry.
NUM  12.
PAR  12. Apparatus for producing a tube of a plastic material having perforated
      walls according to claim 9, in which said perforation control means
      comprises a plate movable to positions for masking and unmasking said
      openings.
NUM  13.
PAR  13. Apparatus for producing a tube for a plastic material having perforated
      walls according to claim 9, in which said openings are arranged in a
      circle.
NUM  14.
PAR  14. Apparatus for perforating a tubular film of plastic material before
      setting thereof comprising, core means inserted in operation into a
      full-walled tube of thermoplastic film in a plastic state for effecting
      perforations into said tube of thermoplastic film, said core having a
      chamber therein for receiving a gaseous fluid therein under pressure, said
      core means having a diverging surface open to the atmosphere over which
      said tube of thermoplastic film is advanced in operation longitudinally in
      contact therewith, and open to the atmosphere, said diverging surface
      increasing in transverse dimension in the direction of travel of said
      tube, a transverse surface transverse to the tapered surface merging
      smoothly with said diverging surface immediately upstream thereof and over
      which said tube travels longitudinally and open to the atmosphere, said
      transverse surface having openings therein immediately adjacent an area of
      merging of the surfaces and in communication with said chamber, means
      defining a path for providing a gaseous fluid under pressure into said
      chamber, perforation perforations control means including means operable
      from externally of said tube for periodically obstructing said openings
      from internally of core means to flow said fluid under pressure
      therethrough to develop perforations through said full-walled tube areas
      in registry with said openings.
NUM  15.
PAR  15. Apparatus for perforating a tubular film of plastic material before
      setting thereof according to claim 14, including an extruder means
      circumferentially of said core means for extruding said full-walled tube
      of thermoplastic film upstream of and close adjacent to said openings over
      which said full-walled tube of film advances longitudinally.
NUM  16.
PAR  16. Apparatus for producing a perforated seamless thermoplastic tubular
      film comprising, extruder means for extruding during operation a
      thermoplastic, full-walled, tubular film open to the atmosphere, core
      means within the extruded full-walled tubular film during operation having
      walls having perforations open to the atmosphere over which said
      full-walled tubular film travels longitudinally in direct contact
      therewith, said walls having surfaces changing the direction of travel
      longitudinally of said tubular film and including a diverging surface for
      expanding it during travel thereof, said perforations being disposed
      immediately upstream of said diverging surface defining flow paths slanted
      relative to the axis of the tubular film in a direction toward the
      direction of travel of the tubular films over said walls, perforation
      control means operable for periodically closing and opening said
      perforations to flow air under pressure therethrough to develop
      perforations through said full-walled tube in areas thereof in registry
      with said perforations while said tube is travelling longitudinally, and
      means for connecting said core means to a source of air under pressure.
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ABST
PAL  Injection molding apparatus for discontinuous fabrication of molded bodies
      consisting of a plurality of layers with a foaming core and an outer skin
      of non-foaming thermoplastic material, the apparatus consisting of an
      injection head connected to two extruders and equipped with a
      centrally-located jet surrounded by a ring jet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Molded bodies, made from foam plastics have an advantage over molded bodies
      made from dense plastic, because they can be fabricated on the one hand
      independently of wall thickness and on the other hand they have
      considerably lower weight. This results in a considerable saving of
      material without a sacrifice in the strength of the molded body. The
      disadvantage of molded bodies made from plastic which contains a blowing
      agent is that it produces a rough surface. If this rough surface is not
      desirable, only an additional working step can make the molded body of the
      required smoothness. To later improve the surface of a molded body made
      from foamed plastic, a number of procedures are known, all of which
      require a high expenditure which usually cannot be justified. German Pat.
      No. 1,778,457 describes a procedure for fabrication of plural-layer molded
      bodies with a foamed core and a non-foaming thermoplastic outer skin;
      first a plug is pushed into the mold and filled with an uncompleted charge
      of non-foaming thermoplastic material; thereafter, before solidification
      of the inside of this plug to the first charge, a second charge is
      injected which contains a blowing agent where the material of the second
      charge presses the material of the first charge to all sides into the mold
      so that it is completely filled. Devices for the execution of this
      procedure are described in the German Pat. No. 1,779,280, the German Pat.
      No. 1,814,343, and the German Pat. No. 2,007,238; the second charge is
      introduced only when the introduction of the first charge has been
      interrupted or completely ended. However, this procedure often leads to
      undesirable markings on the surfaces of the finished molded bodies.
      Furthermore, it is possible, especially on molded bodies with complicated
      molds, that the first injected charge is not pressed uniformly against the
      walls of the mold by the following foaming charge, but is rather driven so
      far apart that it tears. In this case, the smooth surface of the outer
      skin is interrupted and the molded body is not usable. To prevent this
      from happening, the amount of the non-foaming thermoplastic materials is
      often increased by a certain amount which amount is not necessary for the
      fabrication of a molded part with a non-foaming thermoplastic outer skin.
      This naturally leads again to an additional weight increase.
PAR  Another procedure has been suggested (which does not belong to this art),
      especially for injection molding of plastic parts with thick walls and
      smooth surface and porous core; wherein, first, the material forming the
      smooth surface and, thereafter, the inner plastic is injected into the
      mold which contains the blowing agent. First, a part of the material which
      forms the smooth surface is injected and, thereafter, the plastic
      containing the blowing agent with more material forming the smooth surface
      is injected at the same time. The device for execution of this procedure
      contains an injection head which is connected with two injection
      cylinders. Within the injection cylinder, which takes in the material
      forming the smooth surface, is arranged a piston-cylinder operating as an
      injection piston which takes in the material containing the blowing agent.
      This piston and cylinder carries on its front end a displacement jet and
      its rear end is equipped with channels; it is capable of being pushed into
      the inside of the piston-cylinder carrying the material containing the
      blowing agent. Furthermore, the injection jet is equipped with a
      gate-valve movable transversely of the flow channel. By this design there
      is the condition that the outlet nozzle arranged on the mold body extends
      relatively far into the closed injection jet, so that the mold ejection
      procedure is greatly handicapped. In addition, this device is complicated
      and expensive, because of the shape of the injection jet. After the
      hardening of the molded body, the outlet nozzle has to be removed by
      cutting or breaking off, which requires an additional working procedure
      which should not be overlooked.
PAR  In the German Pat. No. 1,154,264 a device is described for a continuous
      extrusion press for endless mold bodies or of plate-shaped elements
      containing a foamed material core and an outside skin made from
      thermoplastic material, in which the jet is arranged centrally inside the
      injection head of the extrusion press for the exit of the foam plastic and
      is surrounded by a jet for the exit of the foam plastic material, from
      which the thermoplastic material exits along with the foamed plastic.
      Based on the working procedure of this device, these mold bodies of
      plate-shaped design elements have front faces which are not provided with
      a layer of thermoplastic material; this means that formed bodies or
      plate-shaped design elements may not be fabricated where its foam material
      core is completely surrounded by a cover of dense thermoplastic material.
PAR  The present invention provides apparatus for the discontinuous fabrication
      of mold bodies made with several layers of thermoplastic material, which
      has a simple design by which the different materials can be injected
      separately or in common. Furthermore, by means of this device, it is
      possible for the thickness of the individual layers of the finished mold
      bodies to be changeable. To solve this task, according to this invention,
      it is suggested that the ring jet be limited in its movement through the
      injection head and that an axially-displaceable ring jet guided within the
      injection head be provided in the form of a closing sleeve whose bore
      forms the central jet equipped with a displaceable closure needle.
PAR  According to a further characteristic of this invention, the front faces of
      the sleeve and the closure needle are closed in their injection position
      in the plane of the front face of the injection head. By this method, it
      is assured that, in the area of the injection head, no outlet nozzle is
      created, so that the molded bodies may be removed without any difficulty
      by opening the mold.
PAR  The front face of the sleeve, closure needle, and injection head can form a
      part of the inside wall of the mold. This design would be used in the case
      where no outlet nozzle on the molded body should be created. Therefore,
      the expenditure of work to remove the outlet nozzle is eliminated. In
      addition, a molded body made by this device contains a covering made from
      dense thermoplastic material which completely surrounds the foam material
      core. Connected to the sleeve and the closure needle are separate or
      common displacement drives, where the use of a common displacement drive
      can bring the sleeve against the force of a spring through the closure
      needle into its arrested position. According to a further characteristic
      of this invention, the displacement drives are controllable for the sleeve
      and the closure needle in accordance with the position of the piston
      within the injection cylinders, so that the opening and closing of the
      central jet and the ring jet may be selectively chosen.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the invention consists of an injection molding apparatus having
      an injection head with two injection cylinders and having a central jet
      with a ring jet surrounding it. The ring jet is guided and limited by the
      injection head. Axially displaceable in the head is a ring jet closing
      sleeve whose bore forms the central jet and which is equipped with a
      displaceable closure needle.
PAR  More specifically, the sleeve and the closure needle have front faces which
      are in their stopped position coplanar with the front face of the head.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 shows an injection molding apparatus in crosssection with a closed
      central jet and closed ring jet,
PAR  FIG. 2 shows a presentation of FIG. 1 with an open central jet and an open
      ring jet,
PAR  FIG. 3 shows a modified form of the injection molding apparatus with closed
      central jet and closed ring jet,
PAR  FIG. 4 shows the apparatus of FIG. 3 in another condition with a closed
      central jet and closed ring jet, and
PAR  FIG. 5 shows the apparatus of FIGS. 3 and 4 with open central jet and open
      ring jet.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 of the drawing show an injection head 1 of an injection
      molding apparatus for the discontinuous fabrication of molded bodies made
      with several layers with a foamed core and a non-foamed thermoplastic
      outer skin. Only two jet cylinders 2, 3 of the known type are shown as
      attached, these being connected to extruders in the well-known manner. In
      the described example, the injection head 1 is positioned against an
      outlet sleeve 4 of a conventional injection mold, not shown, which
      contains a mold cavity for forming a configured body with several layers.
      The injection head 1 is equipped with a centrally-located bore 5, which
      has through most of its length a constant cylindrical shape and close to
      the outlet nozzle 4 is formed with a conical surface 6. To the conical
      surface 6 is attached another short cylindrical part 7. In this bore 5 is
      positioned a sleeve 8 which is displaceable in the axial direction and
      which has a short arm 9 arranged on the end extending out of the injection
      head 1. The short arm and the short cylindrical part 7 form a ring nozzle
      between them. Close to the end facing the outlet jet 4, the sleeve 8 is
      equipped with a reset 10 having a smaller diameter, so that a space 11 is
      formed between the wall of bore 5 and the reset 10 surrounding it
      circumferentially. The end of the sleeve 8 opposite the end having the arm
      9 has the shape of a hollow cylinder 12 whose outside diameter corresponds
      exactly to the inside diameter of the cylindrical part 7 of the bore 5.
PAR  The bore 14 of sleeve 8 serves to receive an axially-displaceable closure
      needle 15, which has one end extending out of the sleeve 8 and carrying an
      arm 16. The diameter of the other end 17 of closure needle 15 is selected
      in such a way that the end of bore 14 in the sleeve 8 facing the outlet
      nozzle 4 can be closed with it the closure needle 15 and the bore 14 form
      a central jet between them. Between this closure part 17 of the closure
      needle 15 and the cylindrical guiding part of the closure needle 15
      extends a conical surface 18. In the area of the conical surface 18, the
      sleeve 8 is equipped with a cylindrical recess 19, so that another annular
      space 20 is created between the inside wall of the sleeve 19 and the
      inside wall of the closure needle 15. Into this annular space 20 extends a
      radial channel 21 formed in the sleeve 8, which (as shown in FIG. 2)
      connects to a channel 22 within the injection head 1. On the opposite end
      of the channel 22 relative to the sleeve 8 is attached an injection
      cylinder 3. A channel 23 also extends from the injection cylinder 2
      through the injection head 1 into the bore 5. The sleeve 8 has a
      heart-shaped channel 24 which merges into channel 23 in the position of
      the sleeve 8 shown in FIG. 2 of the injection head 1.
PAR  To the arm 9 of the sleeve 8 is connected a conventional piston-cylinder
      unit 25, through which it is possible to move the sleeve 5 from the
      position in FIG. 1 into the position shown in FIG. 2 and back. Also, the
      arm 16 of the closure needle 15 is connected to a piston-cylinder unit 26,
      which moves the closure needle 15 according to demand out of its closure
      position shown in FIG. 1 into the "open" position which is shown in FIG.
      2.
PAR  During the fabrication of a molded body with several layers with a foamed
      core and a non-foamed thermoplastic outer skin, the sleeve 8 and the
      closure needle 15 are closed as shown in FIG. 1 of the drawing and a
      certain dose of plastic containing foaming media is introduced into the
      injection cylinder 3, while into the injection cylinder 2 is introduced a
      certain amount of dense plastic to form a smooth surface. As soon as the
      two injection cylinders 2, 3 are under tension, i.e., the cylinders are
      under working pressure, the piston-cylinder unit 25 will be pressurized in
      such a way that the sleeve moves out of its closed position into its open
      position as shown in FIG. 2. Through the arm 16 the closure needle 15 is
      displaced the same distance; however, the outlet opening of the sleeve 8
      stays closed within the part 12. With the opening movement of the sleeve
      8, the channel 24 (which is heart-shaped) comes into connected
      relationship with the channel 23 of injection head 1, so that, during
      displacement of the injection piston within the injection cylinder 2, the
      compact plastic to form the smooth outer skin flows through the channel 27
      of the outlet nozzle 4 into the mold. As soon as the injection piston
      within injection cylinder 2 has passed a predetermined point and thereby a
      certain partial amount of plastic material forming the outer skin is
      present within the mold, then the piston-cylinder unit 26 is pressurized.
      This pressurizing can be done in such a way that the injection piston
      within injection cylinder 2 activates a cam. The closure needle 15 will
      now be displaced by the pistoncylinder unit 26 and the exit opening of the
      sleeve 8 is opened, as shown in FIG. 2. The plastic mass containing the
      foaming media, now can be pushed out of the injection cylinder 2 into the
      channel 27 of the nozzle 4 and then into the mold through the channel 22
      within the injection head 1, through the channel 21 within sleeve 8, and
      through the circumferential space 20. With this operation, the emptying of
      the injection cylinder 2 will normally not be interrupted; only the amount
      of exit flow per unit time is reduced. Now the flow consists of one
      plastic string of ring-shaped cross-section made from dense material and a
      plastic string with circular cross-section containing the foaming media
      passing simultaneously through the channel 27 of the nozzle 4 into the
      mold. The speed of flow of these two plastic strings can be equal but also
      could be made different from each other by means of a corresponding
      control of the injection pistons within the injection cylinders 2, 3. The
      exit-flow speed (the amount of flow per unit time) of the expanding agent
      containing plastic out of the injection cylinder 3 is selected in such a
      way that the injection cylinder 3 is emptied before the injection cylinder
      2. As soon as the injection piston of the injection cylinder 3 reaches the
      emptying position, the piston-cylinder unit will be pressurized in such a
      way that the exit-flow opening within the cylindrical part 12 of the
      sleeve 8 is closed by the closure needle 15. With this method of
      operation, any flow of plastic mass containing the foaming agent into the
      channel 27 of the outlet nozzle 4 is interrupted. The supply of non-foamed
      plastic from the injection cylinder 2, however, will continue for a short
      time, as long as it is certain that channel 27 of the nozzle 4 contains
      only non-foaming plastic coming from the injection cylinder 2. Now the
      piston cylinder unit 25 will be pressurized in such a way that the sleeve
      8 moves again into its "closure" position as shown in FIG. 1. The closure
      needle 15 is moved by the piston cylinder unit 26 in the same way, so that
      the outlet opening within the cylindrical part 12 of sleeve 8 stays
      closed. Within the mold only the pressure of the air which escapes from
      the mold acts against the plastic containing the foaming agent, so that
      the foaming agent (which is well distributed within the plastic mass) can
      expend. There is an enlargement of the plasticized plastic mass and,
      consequently, this results in a complete filling of the mold. The molding
      mass present within the mold, that is to say, the injected molded body,
      consists now of a foamed core and an outer skin made from non-foaming
      plastic which surrounds the foamed core completely. After hardening of the
      molded mass, the molded body will be removed from the mold.
PAR  On the example of the invention shown in the FIGS. 3 to 5, the injection
      head 31, to which are attached two injection cylinders 33, 34 in the
      above-mentioned manner, will be supported by a plate-shaped injection head
      holder 32. At the same time the injection cylinder 33 contains a dense but
      non-foaming plastic mass, while the injection cylinder 34 contains the
      plastic mass containing the foaming agent. The injection head 31 extends
      through the injection head holder and is guided within a center opening 35
      of the mold 36 which is equipped with a mold cavity 37. The free,
      annular-shaped front area 38 of the injection head 31 forms a part of the
      inside wall of the mold 36. Within the central bore 39 of the injection
      head 31 is also supported a sleeve 40 which is displaceable in the axial
      direction. It is shaped in the same manner as the sleeve 8 of FIGS. 1 and
      2 and also contains a displaceable closure needle 41. In the closing
      position of the sleeve 40 and the closing needle 41 (see FIG. 3) the front
      area 42 of sleeve 40 and the front area 43 of the closure needle 41 are in
      the same plane as the front face 38 of the injection head 1. The front
      areas 42 and 43 also form a part of the inside wall of the mold.
PAR  On the opposite end of the injection head 31 from the mold 36 are
      screwed-in three guide rods 44 at 120.degree. displacement, of which only
      one guide rod 44 is shown for clarity. These guide rods 44 extend through
      bore 45 formed in the collar 46 of the sleeve 40. On the free end of each
      guide rod 44 is screwed on a double-acting piston-cylinder unit 47.
      Between the collar 46 on the sleeve 40 and the piston-cylinder unit 47 and
      on the guide rods 44 are mounted spacer sleeves 48 against which the
      collar 46 is pressed by means of compression springs 49. These compression
      springs 49 also surround the guide rods 44 and are supported with recess
      50 in the injection head 31. In the condition of piston-cylinder unit 47
      shown in FIG. 5, the spacer pieces 48 determine the "open" position of
      sleeve 40. By corresponding pressure in the piston-cylinder unit 47, their
      piston 51 (on which the collar 52 of the closure needle 41 presses) is
      moved. The closure needle 41 extends into the sleeve far enough so that
      the collar 52 presses against the surface of the collar 46. With this
      operation, the first step of the piston-cylinder unit 47 movement is
      ended. In this position the ring jet is still open (limited by the
      injection head 31 and sleeve 40) and the central jet within sleeve 40 is
      closed by the closing needle 41 (FIG. 4). Now, as soon as the
      piston-cylinder unit 47 is put under further pressure, the piston 51 moves
      further in the direction of the injection head 31. This movement of the
      piston 51 causes a further displacement of the closure needle 41 through
      the collar 52 in the direction of the mold 36. Since the needle 41 with
      its collar 52 is pressing against the surface of the collar 46, the sleeve
      40 will be thereby forcibly displaced against the force of the pressure
      springs 49, until the sleeve 40 and the closure needle 41 have taken the
      positions shown in FIG. 3.
PAR  During fabrication of a molded body with a foamed plastic core and a skin
      of dense plastic passing into the injection head 31, the openings and
      closure movements of the sleeve 40 and the closure needle 41 in the
      injection head 31 are made in the same manner as has been described in
      connection with the injection head 1 of FIG. 1. Considering that the front
      faces 38, 42 and 43 form a part of the inside wall of the mold 36, the
      finished molded body does not contain an outlet nozzle. By use of the
      injection cylinder 1 (according to the FIGS. 1 and 2) it is possible to
      control the piston-cylinder unit 25, 26 in such a way that first only one
      non-foaming plastic and, thereafter, only plastic containing foaming agent
      can be injected into the mold. Furthermore, it is possible to exchange the
      filling of both injection cylinders 2, 3, or 33, 34.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Injection molding apparatus for the injection molding of bodies
      consisting of several layers, including a foamed thermoplastic core and a
      non-foamed thermoplastic skin, by injecting foaming and non-foaming
      thermoplastic material into a hollow molding tool, comprising:
PA1  a. an injection head having an axial first bore,
PA1  b. a first injection cylinder adapted to deliver a foaming thermoplastic
      material,
PA1  c. a second injection cylinder adapted to deliver foaming thermoplastic
      material,
PA1  d. a ring jet closing sleeve axially movable within the first bore and
      having a second axial bore,
PA1  e. a closure needle axially movable within the second bore,
PA1  f. a ring jet formed by the injection head and the closing sleeve,
PA1  g. a central jet formed by the closing sleeve and the closure needle,
PA1  h. a first conduit adapted to carry material from one of the cylinders to
      the ring jet, and
PA1  i. a second conduit adapted to carry material from the other of the
      cylinders to the central jet.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein the said one of the cylinders
      is the first cylinder and the said other of the cylinders is the second
      cylinder.
NUM  3.
PAR  3. Apparatus as recited in claim 1, wherein the sleeve and closure needle
      have front areas (42, 43) and the injection head has a front face (38)
      each at their respective forwardmost extremities, and when the sleeve,
      needle, and head are in a position in which the ring jet and central jet
      are closed, the face and areas are coplanar.
NUM  4.
PAR  4. Apparatus as rectied in claim 3, wherein the front face and front areas
      form a part of the inside wall of the molding tool.
NUM  5.
PAR  5. Apparatus as recited in claim 1, wherein separate displacement drives
      (25, 26) are connected to the sleeve and to the closure needle.
NUM  6.
PAR  6. Apparatus as recited in claim 5, wherein the displacement drives control
      the positions of the sleeve, needle, and injection head with respect to
      one another.
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ABST
PAL  A parison for blow molding is applied to a core rod by successive injection
      operations in different injection molds. The material for the first layer
      is injected into the end of the mold cavity remote from the neck portion
      of the core rod, in the usual manner. The second layer is injected into
      the second injection mold cavity adjacent to the neck of the core rod to
      flow over the first layer in a direction from the cooler part of the first
      layer toward the hotter part. The twolayer parison is then transferred to
      a blowing mold where it is blown in the usual way.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention applies a two-layer parison to a core rod in successive
      injection molds and then transfers the two-layer parison to a blowing
      mold. The practical difficulty, in the prior art, to the injecting of two
      layers of plastic on a core rod before blowing has been that the second
      layer damages the first layer.
PAR  The usual way of applying a parison to a core rod, in an injection mold, is
      to inject the plastic material into the mold cavity at the end of the
      cavity remote from the neck of the core rod. Thus the plastic material is
      applied to the end of the core rod which is furthest from any contact with
      the metal of the mold; and the injected material highly heats the end of
      the core rod since the only way in which heat can flow from the end of the
      core rod is lengthwise toward the neck and through the relatively
      restricted cross-section of metal.
PAR  When the core rod was transferred to a second injection mold, and the
      injection operation repeated, the hot plastic material would contact with
      the hottest part of the plastic of the first layer and would wash some or
      all of this material off the tip of the core rod leaving no first layer on
      the tip portion of the core rod, or at least very little material of the
      first layer. This produced an unsatisfactory parison; but if sufficient
      time were allowed to lapse for the first layer to cool to a temperature
      where it would not be washed off, then the time cycle of the molding
      machine was increased to such an extent as to be impractical.
PAR  This invention obtains a second layer of plastic on the parison without
      requiring extra cooling time for the first layer. The new result is
      obtained by applying the second layer by neck gating. The first layer of
      plastic cools as it spreads along the core rod toward the neck end of the
      cavity. This cooling results from the fact that the plastic material is in
      contact with the wall of the cavity and is also in contact with portions
      of the core rod which are progressively closer to the neck which is held
      by the mold. The metal of the cavity wall and of the core rod neck, and
      the metal of the mold which grips the core rod neck all provide heat sinks
      into which heat flows from the plastic that forms the first layer of the
      parison. Thus the temperature of the first layer of the parison is
      progressively lower toward the neck of the core rod.
PAR  This invention injects the plastic for the second layer of the parison at
      the neck end of the second injection mold cavity. Thus the hot plastic for
      the second layer comes into contact first with the coolest part of the
      first layer and this material of the first layer is cool enough to
      withstand the flow of the second layer material without being washed off
      the core rod or even deformed by the flow of the new material. The
      material for the second layer is cooled by contact with the lower
      temperature plastic at the first layer and as the second layer material
      flows toward the other end of the core rod, the flowing material is cooled
      by contact with the wall of the cavity of the second injection mold. Thus
      it reaches the tip end of the core rod at a lower temperature than its
      injection temperature and at a time when the first layer on the tip of the
      core rod has had more opportunity to cool.
PAR  By making a parison in accordance with this invention three advantages are
      obtained. The invention eliminates the mark from the bottom of the blown
      article because the runner mark left on the tip end of the first layer is
      covered by the second layer. The invention shortens the cycle because it
      is not necessary to wait for the tip of the first material to cool; and it
      makes it possible to mold on top of a much thinner primary layer.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic top plan view of a fourstation blow molding
      machine having two injection molds in accordance with this invention;
PAR  FIG. 2 is a greatly enlarged sectional view through the first injection
      mold of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2 but taken through the second injection
      mold of FIG. 1;
PAR  FIG. 4 is a fragmentary sectional view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 4; and
PAR  FIG. 6 is a sectional view through the blow mold of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows an injection molding maching having a first injection station
      10; a second injection station 12; a blowing station 14; and a stripper
      station 16. The machine has an indexing head 18 which rotates
      intermittently about a center shaft 20. There are core rods 22 extending
      from the different faces of the indexing head 18. These core rods 22
      extend into molds at the various operational stations and the indexing
      head stops with the core rods in alignment with the mold cavities.
PAR  Since the molding machine shown in FIG. 1 has four operational stations,
      the indexing head 18 has four corresponding side faces related to one
      another at 90.degree. angular spacing, this being what is known as a
      "four-position machine".
PAR  At the first injection station 10 there is an injection mold 26 which is
      supplied with molten plastic from a plasticizer 28 which injects the
      molten material into the middle cavities through a runner indicated
      diagrammatically and identified by the reference character 30.
PAR  FIG. 2 is a sectional view through the mold 26 which includes a stationary
      lower section 32 and a movable upper section 34. When these mold sections
      are brought together so as to close the mold, each of the core rods 22
      extends through an opening 36 which is formed in the mold. The neck
      portion 38 of each core rod is firmly gripped by the wall of the opening
      36.
PAR  The core rod 22 extends from the neck portion to a tip portion 40 of the
      core which is supported as a cantilever from the neck portion 38.
PAR  The mold 26 has a cavity 42 which is of somewhat larger cross section than
      the part of the core rod 22 which extends into the cavity 42. The cavity
      is also somewhat longer than the core rod 22 so that when molten plastic
      is injected into the cavity 42 it coats the core rod 22 with a parison 44.
      This parison 44 covers the tip portion 40 of the core rod and flows back
      along the core rod to the neck end of the cavity 42.
PAR  As the molten material for the parison 44 is injected into the cavity 42,
      and flows along the length of the core rod (toward the right in FIG. 2),
      the molten plastic contacts with the core rod 22 and with the wall of the
      mold 42. The mold wall 42 is cooled by cooling chambers 46 formed in the
      upper and lower sections of the mold 26. Thus the parison 44 gives up some
      of its heat to the mold 26 and some of its heat to the core rod 22.
      Because of the larger cross section of the neck portion 38 of the core
      rod, there is considerably more metal at this neck end of the core rod
      which serves as a heat sink for the molten plastic material that flows
      into the neck end of the cavity 42. The highest temperature plastic is
      that at the tip end of the core rod and the core rod is at its highest
      temperature at the tip portion 40.
PAR  Upon completion of the injection operation illustrated in FIG. 2, the mold
      26 opens as the upper section 34 rises; and the core rods 22 are lifted
      clear of the mold cavity in the lower section 22 by rising movement of the
      indexing head from which the core rods 22 extend. this is conventional
      practice. The indexing head turns 90.degree. and brings the core rods with
      the parisons 44 on them over the lower section of a second injection mold
      48 at the second injection station 12.
PAR  As the second injection mold 48 closes on the neck portion 38 (FIG. 3), it
      is gripped by the wall of an opening 36a corresponding to the opening 36
      of the mold 26 already described in connection with FIG. 2. Parts of the
      mold 48 which correspond with the mold 26 are indicated by the same
      reference characters with a letter "a" appended. The lower and upper mold
      sections 32a and 34a, respectively, are cooled by cooling fluid
      circulating in cooling chambers 46a. The mold 48 has mold cavities 42a
      which are somewhat larger in cross-section than the corresponding cavity
      42 shown in FIG. 2. Thus the parison 44 does not fill the cavity 42a and
      there is space around the parison 44 for receiving a second layer of
      plastic indicated by the reference character 44'.
PAR  If the molten plastic for the outer layer 44' were injected into the cavity
      42a from the tip end of the cavity, the injection of the hot molten
      plastic from the plasticizer into contact with the hottest part of the
      parison 44 would wash some or all of the parison 44 off the tip portion 40
      of the core rod and the first layer of plastic on the core rod would be
      missing from the tip end or greatly distorted so that it's wall thickness
      flows different at different parts of its area, as already explained in
      the introduction of the specification. To avoid this result, the plastic
      for the outer layer 44' is introduced into the cavity 42 from a manifold
      runner 50, best shown in FIG. 4. This manifold runner 50 has individual
      runners 52 communicating with the different cavities 42a of the mold 48.
      The individual runners 52 communicate with the cavity at the neck end of
      the cavity and the introduction of the material into the cavity at this
      end is commonly referred to as "neck gating".
PAR  The molten material that enters the cavity 42a through the runners 52 comes
      in contact with the coolest part of the parison 44. As this plastic for
      the second layer 44' enters the cavity 42a and flows toward the left in
      FIG. 3, toward the tip of the core rod, it contacts with the wall of the
      cavity 42a and it's temperature decreases progressively as it flows along
      the first layer parison 44 toward the tip end of the cavity 42a. While the
      material for the second layer 44' is at its highest temperature,
      therefore, it contacts with the part of the first layer parison 44 which
      is at its lowest temperature; and the second layer material cools to a
      lower temperature as it flows leftward in the cavity 42a and toward the
      hotter end of the first layer parison 44. This results in the coating of
      the first layer 44 by the second layer 44' without any damage or
      deformation to the first layer by the hot plastic material of the second
      layer.
PAR  FIG. 5 shows a plasticizer 28a communicating directly with a main runner 54
      which leads to the manifold runner 50 from which the individual runners 52
      convey plastic to the respective cavities 42a of the mold 48.
PAR  With the next intermittent movement of the indexing head, the core rods 22
      are moved from the mold 48 to a mold 58 at the blowing station 14. Parts
      of the mold 58 are indicated by the same reference characters 26 but with
      a letter "b" appended. The mold 58 holds the neck portion of the laminated
      parison, designated in its entirety by the reference character 60. Beyond
      the neck portion, the cavity 42b is of larger cross-section and shaped to
      the outline of the article which is to be blown from the laminated
      parison. FIG. 6 shows the laminated parison 60 in its blown condition and
      thus the reference character also indicates the product made by the
      operation of the three operational stations 10, 12 and 14 of the machine
      shown in FIG. 1.
PAR  The blowing operation illustrated in FIG. 6 is conventional and because of
      the making of the complete parison in two layers, the container or product
      60 is of laminated construction with the inner and outer laminations
      chosen for particular advantages which the intended service of the product
      makes advantageous. For example, the inner layer 44 may be made of
      material which resists reaction with the contents of the container; and
      the outer layer 44' may be made of a material of substantially greater
      strength than the inner layer.
PAR  The blown products 60 advance to the stripper station 16 (FIG. 1) with the
      next intermittent movement of the indexing head 18; and at the stripper
      station a stripper 64 pushes the molded products 60 from the core rods 22
      in accordance with conventional practice.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made and some features can
      be used in different combinations without departing from the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Molding apparatus including a first and a second injection mold, a core
      rod movable from one mold to the other, each injection mold having a
      cavity with means at one end for gripping the neck end of the core rod
      when the core rod is in the mold, each injection mold having a passage
      through which plastic is injected into the cavity, one of the molds having
      its injection passage at an end of the cavity at which the core rod is
      gripped and the other mold having its injection passage at the other end
      of its cavity, means for injecting material about said core rod in said
      first mold cavity and sequentially moving the core rod from said first
      mold cavity to the next, and for injecting a superimposed layer of molding
      material about said core rod is said second mold cavity to form a
      two-layer parison on the core rod.
NUM  2.
PAR  2. The molding apparatus described in claim 1 characterized by the molds
      being part of a blow molding machine including a plurality of core rods, a
      support to which the core rods are connected at their neck ends, means
      that move the core rod support intermittently to shift the core rods from
      one operational station to another, operational stations including the
      first injection mold, the inlet passage for the plastic into the cavity of
      said first injection mold being at the end of the cavity remote from the
      neck end of the core rod, the second injection mold having its inlet
      passage for the plastic into the cavity at the end of the cavity nearest
      to the neck end of the core rod, a blowing mold to which the core rod is
      transferred from the second injection mold, means for blowing a laminated
      product in the blowing mold, and a stripper station that removes blown
      products from the core rods beyond the blowing mold.
NUM  3.
PAR  3. The molding apparatus described in claim 2 characterized by the
      injection molds being spaced from one another, and the means for moving
      the core rod from the first injection mold to the second injection mold
      including the core rod support and being movable between two positions
      that cause the core rod and the parison to pass through the ambient
      atmosphere and to cool therein while passing from the first to the second
      injection mold.
NUM  4.
PAR  4. The molding apparatus described in claim 2 characterized by the neck end
      of the core rod connecting with the support at regions of substantially
      lower temperature than the temperature of the injection molds whereby the
      neck end core rod connections provide a heat sink for heat from the core
      rod and the parison thereon, the mass and heat conductivity of the heat
      sink structure being sufficient to cool the neck end of the parison to a
      substantially lower temperature than the other end of the parison before
      the core rod is coated with a second layer in the second injection mold.
NUM  5.
PAR  5. The molding apparatus described in claim 2 characterized by means for
      cooling the cavity of the second injection mold so that plastic injected
      into the cavity of the second mold at the neck end of the core rod cools
      at it travels across the cavity wall toward the end of the core rod remote
      from the neck end whereby the plastic injected into the second mold
      contacts first with the lower temperature portion of the first layer of
      the parison and cools to a lower temperature as it travels toward the
      higher temperature end of the first layer of the parison.
NUM  6.
PAR  6. The molding apparatus described in claim 1 characterized by the support
      for the core rods being an indexing head that rotates about a center axis
      and that has faces at equal angular positions about the center axis, one
      of the core rods projecting from each of the faces of the indexing head,
      the operational stations being located at angular positions corresponding
      to the angular spacing of the faces of the indexing head, the first
      injection mold including means for cooling the cavity therein, the second
      injection mold also including means for cooling the cavity therein, the
      angular space between the first and second injection molds including space
      across which the core rod and parison travel through the ambient
      atmosphere and in which the parison undergoes a degree of cooling, and the
      passage through which plastic is injected into the cavity of the second
      injection mold being neck gated by a passage opening into the mold cavity
      of the second injection mold adjacent the neck end of the core rod.
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ABST
PAL  Method and apparatus for the intermittent manufacture of multi-layer molded
      bodies of thermoplastic material with a foamed core and an unfoamed shell,
      wherein a strand of a nonfoaming plastic of ring-shaped cross-section
      enclosing a strand of plastic containing a foaming agent is injected into
      a mold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  German Pat. No. DT-AS 1,778,451 teaches the manufacture of multi-layer
      molded bodies with a foamed core and an unfoamed thermoplastic shell,
      wherein there is first injected into the mold a plug of a first charge of
      unfoamable thermoplastic material, which does not fill the mold. Then,
      before solidification of the mid-section of this plug of the first charge,
      there is injected into this mid-section a charge of thermoplastic material
      containing a foaming agent, whereby the material of the second charge
      presses the material of the first charge in every direction in the mold,
      so that it becomes fully filled. In this known method, the second charge
      is fed only when the input of the first charge has been interrupted or
      fully terminated. This frequently leads to undesirable markings at the
      surface of the finished molded bodies. Furthermore, particularly on molded
      bodies of complex shape or complex surface, the first-injected charge
      sometimes is not pressed uniformly against the walls of the mold by the
      subsequent second charge containing a raising agent, but is dispersed so
      far apart that it ruptures. As a result, the smooth surface of the shell
      is broken up and the molded body becomes useless.
PAR  German Pat. No. DT-OS 2,241,002 teaches further a method for the injection
      molding of plastic bodies with smooth surface and porous core, wherein
      subsequent to the injection of the portion part of the plastic that forms
      the smooth surface there is injected a plastic containing a foaming agent
      simultaneously with an additional portion of the plastic that forms the
      smooth surface. The plastic containing the foaming agent flows into the
      mold through a central nozzle, while the plastic which forms the smooth
      surface enters the mold through a ring nozzle, that encircles the central
      nozzle. In this method only a small amount of the plastic which forms the
      smooth surface can still reach (during the simultaneous injection phase of
      the two different plastics) that part of the mold wall which lies opposite
      the sprue. Therefore, at this site of the finished molded body (which most
      of the time forms the so-called "visual" side) the shell of plastic which
      forms the smooth surface is relatively thin and sometimes even tears. This
      shell is, however, unnecessarily thick at the site of the finished mold,
      which is adjacent to the sprue. It is not possible by this method to
      control in any economically-justifiable manner the thickness of the
      smooth-surfaced shell in the region of the visual side of the finished
      molded body. These and other difficulties experienced with the prior art
      devices have been obviated in a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      method and apparatus for the intermittent manufacture of multi-layer
      molded bodies of thermoplastic material with a foamed core and an unfoamed
      shell, whereby it is assured (without increasing the amount of plastic
      that forms the unfoamed shell) that the unfoamed shell is approximately
      uniformly thick over the whole surface of the finished molded component
      and is, above all, absolutely compact.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, to accomplish this task, it is proposed in the method described
      above in accordance with the present invention that the strand of plastic
      that contains a foaming agent is injected into the mold along with a core
      of nonfoaming plastic. This core, consisting of nonfoaming plastic, always
      arrives, during the injection process, at the surface of the mold that
      lies opposite to the sprue. In that way it can be assured, on the one
      hand, that the unfoamed shell will be without interruption on the visual
      face of the finished molded body. On the other hand, however, this method
      allows the thickness of the unfoamed shell to be controlled in a simple
      manner in the region of the visual surface of the molded body as well as
      also in the region of the surface lying opposite the visual surface.
PAR  More specifically, three strands of plastic material are injected into the
      mold either with equal or with unequal velocity and this is accomplished
      through an appropriate actuation of the delivery pistons in the injection
      cylinders. In this way it is possible to adapt the thickness of the shell
      to the demands required in the individual regions of the molded component.
      The nonfoaming, ring-shaped strand of plastic and the nonfoaming plastic
      core are composed either of the same or of a different material.
PAR  Apparatus for the intermittent manufacture of multi-layer molded bodies of
      thermoplastic material, particularly for the performance of this method,
      consisting of an injection head connected to at least two separate
      injection cylinders and of an outer ring nozzle and a central nozzle, it
      is proposed that between the outer ring nozzle and the central nozzle is
      arranged at least one other ring nozzle. This arrangement of the nozzles
      ensures that the tubular strand of plastic containing foaming agent as
      well as the tubular strand of non-foaming plastic display a completely
      closed cross-section. The ring nozzles and the central nozzle are arranged
      concentrically of one another.
PAR  With closed nozzles to avoid any possibility that the individual plastics
      flow into another inside the injection head, it is proposed that the outer
      ring nozzle be limited by the injection head, and that an outer sleeve
      that seals the outer ring nozzle is axially-slidably guided in the
      injection head. The inner ring nozzle is formed by the outer sleeve and an
      inner sleeve that is axially slidable in the outer sleeve and that seals
      the inner ring nozzle. The bore of the inner sleeve forms the central
      nozzle and is equipped with a slidable closing pin. To be able to open and
      to close the two ring nozzles and the central nozzle independently of one
      another, separate slide drives are assigned to the two sleeves and the
      closing pin. For the simultaneous opening of all nozzles it is possible to
      use only one joint slide drive for all nozzles. The slide drives for the
      sleeves and the closing pin are controlled in accordance with the position
      of the pistons in the injection cylinders and this depends on the amounts
      of ejected plastics. The stroke of the slide drives is adjustable to
      permit modification of the discharge cross-section of the individual
      nozzles.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  the character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view of an injection head of apparatus
      constructed in accordance with the invention with a closed central nozzle
      and closed ring nozzles,
PAR  FIG. 2 is a view similar to that of FIG. 1 but with an open central nozzle
      and with one open ring nozzle,
PAR  FIG. 3 is a view similar to that of FIG. 1, where all the nozzles are open,
PAR  FIG. 4 is a view similar to that of FIG. 1 with one open ring nozzle, and
PAR  FIG. 5-11 are schematic views showing different phases of the injection of
      the plastics into a mold.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1-4 of the drawing show an injection head of an apparatus for the
      intermittent manufacture of multi-layer molded bodies of thermoplastics,
      to which there are connected in this exemplified embodiment two injection
      cylinders 2, 3 of known construction. The injection head 1 presses on a
      mold 5 in the region of a sprue runner 4. The mold has (as shown in FIGS.
      5-11) a simply shaped cavity 6 for the manufacture of a multi-layer molded
      body. The injection head 1 is provided with a central opening 7, which has
      a cylindric shape which remains constant over a great part of its length
      and which near the sprue runner 4 of mold 5 passes into a narrowing cone
      8, followed by a short cylindric aperture portion 9. In the opening 7 of
      the injection head there is supported, so as to be axially slidable, an
      outer sleeve 10, which has (at the end that faces toward the sprue runner
      4) an offset 11, the external diameter of which exactly corresponds to the
      inside diameter of the cylindric aperture part 9 of injection head 1. At
      some distance from this offset 11, the outer sleeve 10 has a constriction
      12, which merges with the offset 11 by way of the conical part 13. By
      means of this constriction 12 at the outer sleeve 10, there is created an
      annulus 14 between the inside wall of opening 7 and the outer sleeve 10.
      To the annulus 14 is connected a channel 15, developed as a so-called
      cardioid, which is formed in the outer surface of the outer sleeve 10. The
      injection head 1 is provided with a channel 16, which connects the channel
      15 of the outer sleeve 10 with the injection cylinder 3. In this
      exemplified embodiment the outer sleeve 10 has an arm 17 which engages the
      piston rod 18 of a conventional hydraulically-acutated piston-cylinder
      unit 19. By means of this piston-cylinder unit 19 the outer sleeve 10 may
      be shifted from its position of FIG. 1 (the so-called "closed" position)
      into the position shown in FIG. 2 (the "open" position). In this position
      the outer sleeve 10 frees an outer ring nozzle 20, which is limited by the
      injection head 1 and the outer sleeve 10.
PAR  Axially-slidably supported in a bore 21 of outer sleeve 10 is an inner
      sleeve 22, which is provided with a cylindrical offset 23 at its end that
      faces toward the sprue runner 4. The external diameter of this cylindric
      offset 23 is equal to the inside diameter of the offset 11 of outer sleeve
      10. At some distance from this cylindric offset 23 the inner sleeve 22
      likewise is provided with a constriction 24, which is connected with the
      cylindric offset 23 by a conical part 25. This constriction 24 creates
      between the inner sleeve 22 and the outer sleeve 10 an annulus 26 to which
      is likewise connected a channel 27 that is developed as a cardioid. The
      channel 27 (and thus the annulus 26) is in communication with the
      injection cylinder 2 through a recess 28 in outer sleeve 10 and a channel
      29 in injection head 1.
PAR  The inner sleeve 22 engages a piston 30 of an hydraulically-actuated
      piston-cylinder unit 31, which is rigidly braced against the injection
      head 1. By means of this piston-cylinder unit 31, the inner sleeve 22 may
      be shifted from the position shown in FIG. 1 (the closed position) into
      the position shown in FIG. 2, and from there into the position shown in
      FIG. 3, (the open position). In the open position the inner sleeve 22
      frees an inner ring nozzle 32 that is limited by the outer sleeve 10 and
      the inner sleeve 22.
PAR  Guided so as to be axially slidable in a bore of the inner sleeve 22 is a
      closing pin 34, which is provided at its end that faces toward the sprue
      runner 4 with an offset, cylindric journal 35, the external diameter of
      which is equal to the inside diameter of the cylindric offset 23 of the
      inner sleeve 22. Formed in the inner sleeve 22 is a rotary groove 36 by
      which an annulus 37 is formed between the closing pin 34 and the inner
      sleeve 22. To this annulus 37 is connected a channel 38 which opens in the
      illustrated embodiment into the channel 15 of the outer sleeve 10. Thus,
      it is also connected by the channel 16 in the injection head 1 to the
      injection cylinder 3. Also at the closing pin 34 is connected a piston 30
      of a piston-cylinder unit 40, which is affixed to the injection head 1. By
      means of this piston-cylinder unit 40 the closing pin 34 may be shifted
      from its closed position (as shown in FIG. 1) stepwise, first into the
      closed position of FIG. 4, and then into the open position shown in FIG.
      3. In this last position the closing pin 34 frees the central nozzle 41
      which is formed by the discharge point of the inner sleeve 22.
PAR  In the manufacture of a multi-layer molded body of thermoplastic material
      with a foamed core and an unfoamed shell the apparatus starts with a
      closed outer sleeve 10, closed inner sleeve 22, and a closed closing pin
      34 in accordance with FIG. 1 of the drawing. Into the injection cylinder
      is measured a smooth-surface-forming, that is, a nonfoaming plastic
      material and into the injection cylinder 2 is measured plastic material
      containing a foaming agent, that is a plastic material which foams when
      pressure is released. As soon as the two injection cylinders 2, 3 are
      loaded, the piston-cylinder units 19, 31, 40 are energized in such a
      manner that the outer sleeve 10, the inner sleeve 22, and the closing pin
      34 are moved into the positions shown in FIG. 2. In this position the
      outer ring nozzle 20 and the central nozzle 41 are open, so that, upon
      displacement of the injection piston in the injection cylinder 3, the
      nonfoaming plastic material, which forms the smooth shell, may flow
      through the outer ring nozzle 20 and the central nozzle 41 from the
      injection cylinder 3 into the sprue runner 4 and thus into the cavity 6 of
      mold 5 (FIG. 5).
PAR  As soon as the conventional discharge point of the injection cylinder 3 has
      covered a specified path and a partial amount of the
      smooth-surface-forming plastic material is accumulated in the cavity 6 of
      the mold 5, then the piston of injection cylinder 3 actuates in known
      manner a circuit parameter, such as a cam, not shown, which causes
      energization of the piston-cylinder unit 31 and, thus, an opening of the
      ring nozzle 32. Through the channel 29 in the injection head 1, the
      channel 27 and the annulus 26 there is now pressed the plastic material
      containing foaming agent from the injection cylinder 2 through the inner
      ring nozzle 32 into the cavity 6 of the mold 5. The emptying of the
      injection cylinder 3 is not interrupted, so that there may simultaneously
      flow a tubular strand 42 of a nonfoaming plastic, a tubular strand 43 of a
      plastic-containing-foaming agent and a central strand 44 of a similar
      nonfoaming plastic through the sprue runner 4 into the cavity 6 of the
      mold (FIG. 6). The velocities of flow, or the amounts of the plastics
      strands 42, 43, 44 arriving per unit of time at the cavity 6 may be
      identical or different and may be controlled depending on the type of
      molded bodies to be made through an appropriate energization of the
      discharge pistons in the injection cylinders 2, 3.
PAR  As soon as a sufficient amount of nonfoaming plastic and of the plastic
      containing foaming agent has accumulated in the cavity 6, all nozzles 20,
      32, 41 are closed. The only pressure against the plastic containing
      foaming agent in the cavity 6 of the mold 5 is the pressure of the
      escaping air, so that the foaming agent, which finely dispersed in the
      plastic material, may expand. This causes an apparent expansion of the
      plasticized mass of plastic material and, thus, a filling of the cavity 6
      in the mold 5 (FIG. 7).
PAR  The nonfoaming plastic that flows into the cavity 6 through the outer ring
      nozzle 20 forms a compact layer at the surface of the cavity 6 adjacent
      the sprue runner 4, while the similar nonfoaming plastic arriving in the
      cavity 6 through the central nozzle 42 is deflected at the surface of
      cavity 7 that lies opposite to the sprue runner 4 and forms a compact
      layer there. The compact layer of nonfoaming plastic material extends to
      the lateral surfaces of the cavity 6 and this can be controlled in a
      simple manner through the amount of nonfoaming plastic that is delivered.
      In doing this, the thickness of this layer of nonfoaming plastic can be
      controlled in a simple manner. After the expiration of the periods of
      reaction and cooling, the finished molded body is removed in the known
      manner through the opening of the mold 5 and the operation described
      hereabove is then repeated. In a modified form of the illustrated
      embodiment described above, it is possible to allow only a flow of plastic
      containing the foaming agent cavity 6 during a certain period of time. For
      this purpose the outer ring nozzle 20 and the central nozzle 41 are
      closed, as is illustrated in FIG. 4.
PAR  It is also possible to open all nozzles 20, 32, 41, simultaneously, so that
      the nonfoaming plastic strands 42 and 44 and the plastic strands 43
      containing the foaming agent flow at the same time into the cavity 6 of
      the mold 5 (FIG. 8). It may be advantageous to regulate the velocities of
      flow of the nonfoaming plastics strands 42, 44 so that they are slightly
      greater than the velocity of flow of the plastic strand 43 containing the
      foaming agent, so that there may develop with certainty a compact layer of
      nonfoaming plastic at the surface of the cavity 6 lying opposite the sprue
      runner 4 (FIG. 9). In this case, as soon as there has accumulated in the
      cavity 6 of the mold 5 a sufficient amount of nonfoaming plastic and of a
      plastic containing foaming agent, the nozzles 20, 32, 41 are closed
      through an appropriate energization of the drives 19, 31, 40. Also, in
      this case the raising agent causes an apparent dilation of the mass of
      plastics that entered through the inner ring nozzle 32, so that the cavity
      6 becomes completely filled (FIGS. 10 and 11).
PAR  The molded component that has been manufactured in this manner still has
      foamed plastic present in the region of the sprue runner 4. After the
      sprue has been removed, for this reason, there exists in the unfoamed
      plastic layer a visible, circular surface of foamy structure. In the event
      that there should also exist at the separation site of the sprue a surface
      of unfoamed plastic, then the outer sleeve 10 or the closing pin 34 can be
      closed with a time lag, so that a small amount of nonfoaming plastic may
      still flow into the sprue runner 4 and there displace the foamed plastic.
      This procedure is particularly applicable if the side of the molded body
      which faces the sprue is used as the so-called "visual" side.
PAR  A modified form of the above-described illustrated embodiment is also
      possible by providing in the closing pin 34 a central channel, not shown,
      through which a gaseous medium, such as air, may be blown into the cavity
      6 of the mold 5. The finished molded body then has a cavity that is
      surrounded by a three-layer jacket. In that way, if the strength permits,
      it is possible to achieve a considerable saving in weight. It is also
      possible to join the injection head 1 to the cavity 6 of the mold 5 in
      such a way that molded bodies without a sprue may be formed. Depending on
      the nature of the molded body to be made, it is possible to use different
      materials for the plastic strands flowing through the outer ring nozzle 20
      and the central nozzle 41. These may differ, for example, in their
      composition or in their color. This necessitates, however, that the outer
      ring nozzle 20 and the central nozzle 41 be served through separate
      channels from separate injection cylinders.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the injection molding of multilayer bodies of
      thermoplastic, comprised of
PA1  a. a nozzle having a peripheral edge defining a central opening (7) adapted
      to be placed in communication with the sprue of a mold, the opening having
      an axis,
PA1  b. an outer sleeve (11) mounted within the edge for movement along the axis
      to form with the peripheral edge an outer ring nozzle (20), the sleeve
      shape conforming to the peripheral edge to allow sealing of the outer ring
      nozzle when the outer sleeve is in a closed position with respect to the
      edge and opening of the outer ring nozzle when the outer sleeve is in an
      open position with respect to the edge,
PA1  c. an inner sleeve (25) mounted within the outer sleeve for movement along
      the axis to form with the outer sleeve an inner ring nozzle, the inner
      sleeve shape-conforming to the outer sleeve to allow sealing of the inner
      ring nozzle when the inner sleeve is in a closed position with respect to
      the outer sleeve and opening of the inner ring nozzle when the inner
      sleeve is in an open position with respect to the outer sleeve,
PA1  d. a pin (34) mounted within the inner sleeve for movement along the axis
      to form with the inner sleeve a central nozzle, this pin shape-conforming
      to the inner sleeve to allow sealing of the central nozzle when the pin is
      in a closed position with respect to the inner sleeve and opening of the
      central nozzle when the pin is in an open position with respect to the
      inner sleeve,
PA1  e. a first source of fluid thermoplastic of a first type,
PA1  f. a second source, distinct from the first source, of fluid thermoplastic
      of a second type,
PA1  g. a first conduit which carries thermoplastic from the first source to the
      outer ring nozzle and central nozzle,
PA1  h. a second conduit which carries thermoplastic from the second source to
      the inner ring nozzle, the conduits being separate so that there is no
      intermixing of the thermoplastics of the first and second type prior to
      reaching the nozzles,
PA1  i. a drive actuator connected to the edge, sleeves, and pin and adapted to
      selectively cause the edge, sleeves, and pin to move with respect to one
      another.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein at least one of the conduits
      includes a helical channel.
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ABST
PAL  A method and apparatus for making filled products of various shapes and
      sizes and the products. The products can be toroidal, rings of
      interconnected knobs, crescent-shaped, spherical or other shapes, each
      having one or more discrete spots or globs of filling material within. The
      filling material can be injected in any direction without the product, for
      example, sidewise along the midline of a toroidal product, or radial in
      the toroidal product. The amount of filling material and its location
      within the product can be varied. The filling material flow is controlled
      by positive and negative pressure.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our earlier application, Ser.
      No. 463,155, filed Apr. 22, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to improvements in methods and apparatus for the
      production of filled, edible products, particularly, but not limited to,
      irregularly shaped products and to the products so formed.
PAR  2. Description of the Prior Art
PAR  Various types of techniques have been used for injecting into edible
      products, such as doughnuts or other confection products, a filling
      material, such as cream or jelly. These devices primarily use some form of
      extrusion technique for forming the product, then either extrude or inject
      the filling material into the product while in a yet unformed state, and
      then finally form the product around the filling material. These various
      techniques have generally involved very elaborate mechanical mechanisms to
      control and guide the flow of both the filling material and the product
      material, and thus have been expensive to manufacture and difficult to
      maintain.
PAR  One problem in injecting the filling material into edible products that are
      later cooked, as in a fryer, is that the filling material, during the
      injecting process, is not adequately sealed from the outside surface of
      the product, preventing the formation of a good bond between the product
      material at the surface of the product and impairing the quality and
      appearance of the final product.
PAR  Various of the most pertinent techniques known to Applicants for filling
      doughnut-like products are described in the following U.S. Pat. Nos.
      3,452,687; 3,362,355; 3,653,336; 3,196,810; 2,982,231; 1,933,557; 516,648
      and 3,807,919.
PAR  Our earlier application, Ser. No. 463,155, discloses and claims interalia
      the concept of controlling the injection of filling material into the
      product material by applying positive pressure on the filling material to
      discharge it and applying negative pressure on the filling material to
      withdraw a portion of it for stopping the discharge. This broad concept
      was described as being suitable for products of any shape and any type of
      filling material. This application is an improvement on such earlier
      application in that it discloses and claims specific products and specific
      methods and apparatus for making products of various shapes, primarily
      each with discrete spots of filling material within.
PAR  Heretofore, filled edible products were limited in shape and size due to
      the necessity of injecting the filling material into the product in a
      manner such that it would not leak out or cause failure of the structure
      of the product. One attempt at solving this problem for a specific
      toroidal or doughnut-shaped product is described in U.S. Pat. No.
      3,807,919. This patent discloses a filling material injecting nozzle which
      has a mechanical valve that opens and closes to control the discharge of
      filling material into the product. Such a mechanical valve frequently
      leaves a dribble of filling material still flowing when the edible product
      material is injected around. This dribble creates defects in the product,
      such as a weak plane in a toroidal shape, because the dribble prevents an
      adequate bond of the product material around the filling material.
      Furthermore, the mechanical valving mechanism of U.S. Pat. No. 3,807,919
      limits the types, shapes and sizes of products that can be made.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved method for forming
      edible products with discrete spots of filling material within.
PAR  It is another object of this invention to provide an improved method and
      apparatus for forming irregularly shaped products of various types with
      one or more spots of filling material within.
PAR  It is another object of this invention to provide a method and apparatus
      for providing an improved toroidal-type doughnut having circumferentially
      spaced spots of filling material within which result in a structurally
      stronger filled doughnut than heretofore possible.
PAR  It is another object of this invention to provide a variety of novel,
      filled, edible product configurations.
PAR  It is another object of this invention to provide a method and apparatus
      for providing a structurally improved, better appearing, filled, edible
      product.
PAR  Basically, these objects are obtained in one aspect of the invention by
      providing a method and apparatus for injecting spots of filling material
      into products of various shapes.
PAR  Another aspect of this invention is to provide a method and apparatus for
      controlling the injection of filling material by positive and negative
      pressure in discrete filling material paths or tubes for providing
      discrete spots of filling material within an edible product.
PAR  Still another aspect of this invention is to provide edible products of
      various shapes, each of which has a completely closed, well-bonded, edible
      product surface completely surrounding a spot or glob of filling material.
PAR  Various types of edible products are made according to this invention. The
      preferred product is a doughnut-type, edible product with a cream or jelly
      filling. Other products are potato balls filled with cheese, shaped dog
      food products, such as meatballs filled with a filling, or various other
      products. Obviously, the products do not even have to be edible as the
      invention can be used for other applications having an outer material
      completely enclosing an inner filling material.
PAR  Various shapes may include spherical balls having a center of filling
      material, crescent-shaped products having single or multiple spaced spots
      of filling material, crescent shaped having a continuous line of filling
      material, conventional toroidal dougnut shapes having circumferentially
      spaced spots of filling material, interconnected rings of knob-like
      products, each having a spot of filling material within, etc. In each
      case, the edible product surrounding the filling material will be
      structurally completely bonded, resulting in a strong product which will
      resist breaking when being coated or which, even without a coating, will
      have a smooth, aesthetic appearance.
PAR  The use of spots or separated spots of filling advantageously allows
      products of smaller sizes because a smaller amount of structure is
      required to direct the path of the filling material into the product
      material. The separated spots give better structural connection since
      there is considerably more locations where product material extends
      transversely all the way across the cross-section of the product. When the
      customer initially breaks open the product, where separated spots are used
      in an elongaged product, such as around a doughnut or along a
      crescent-shaped product, the product will almost always break at a filling
      material spot so that the appearance to the customer is of a continuously
      filled doughnut. Thus the customer is able to have a filled product which
      will resist breaking before being eaten.
PAR  The use of positive and negtive pressure for controlling the injection of
      the filling material also advantageously allows the use of filling
      materials of different viscosities, thus allowing the manufacturer to use
      a wider variety of and less expensive filling material.
PAR  In one embodiment of the invention, the discharge of the filling material
      into the product can be along the length of the product or generally
      parallel to the outer walls of the product so that it is less likely to be
      extruded through or break through the wall of the product when being
      injected. The invention will be described in terms of "spots" of filling
      material but it should be understood that any quantity of filling material
      can be injected into the spot, either as a small dot or as a large glob,
      and that particularly with sidewise discharge of the filling material into
      the product, the globs can be interconnected, if desired, to form almost a
      continuous chain of globs of filling material.
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PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS
PAR  FIG. 1 is an isometric illustration of a center-filled-product making
      apparatus embodying the principles of the invention.
PAR  FIG. 1A is a fragmentary illustration of a modified form of the apparatus
      shown in FIG. 1.
PAR  FIGS. 2-5 are vertical sections taken through the product-extruding portion
      of the apparatus shown in FIG. 1 at various sequences to illustrate the
      formation of a pair of filled, crescent-shaped products.
PAR  FIG. 6 is a diametrical section taken along the ling 6--6 of FIG. 4.
PAR  FIG. 7 is a lengthwise section of a crescent-shaped product made with the
      embodiment illustrated in FIG. 6.
PAR  FIG. 6A is a modified form of apparatus, also taken along the line 6--6 of
      FIG. 4, but for making discrete spots of filling material in the product.
PAR  FIG. 7A is a lengthwise cross-section of a product made with the apparatus
      of FIG. 6A.
PAR  FIG. 6B is a modified form of apparatus, also taken along line 6--6 of FIG.
      4, but for making sidewise discharged spots of filling material in the
      product.
PAR  FIG. 7B is a length wise cross-section of a product made with the apparatus
      of FIG. 6B.
PAR  FIG. 8 is a timing diagram illustrating an operational sequence of the
      apparatus.
PAR  FIGS. 9-12 are vertical sections of the extruding portion of the apparatus
      of FIG. 1 illustrating various sequences of steps for forming spherical
      balls with a center filling.
PAR  FIG. 13 is a diametrical section taken along the line 13--13 of FIG. 10.
PAR  FIG. 14 is a diametrical cross-section of a spherical filled ball made with
      the apparatus of FIGS. 9-12.
PAR  FIGS. 15-18 are vertical sections of the extruding apparatus of FIG. 1
      illustrating various sequences of operations for forming an interconnected
      ring of knob-like products, each with a spot of filling within a knob.
PAR  FIG. 19 is a diametrical section taken along the line 19-19 of FIG. 18.
PAR  FIG. 20 is a diametrical cross-section of a ring of knobs made with the
      apparatus of FIGS. 15-18.
PAR  FIGS. 21-24 are vertical sections of the extruding portion of the apparatus
      of FIG. 1 illustrating a sequence of operations for making a toroidal or
      conventional doughnut-shaped product having circumferentially spaced dots
      of filling material therein.
PAR  FIG. 25 is a diametrical section taken along the line 25--25 of FIG. 24.
PAR  FIG. 26 is a diametrical cross-section of a toroidal-shaped product made
      with the apparatus of FIGS. 21-24.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As best shown in FIG. 1, the filled-product making apparatus includes a
      unique cutter head 10 embodying the principles of the invention which is
      carried on a well-known doughnut fryer 12. The fryer employs a tank 14
      which holds hot cooking oil through which the doughnuts or other products
      are carried by a conveyor 15. A paddle 16 overturns the doughnuts as they
      travel through the tank in a well-known manner. Further details of the
      frying unit are not believed necessary to an understanding of the
      invention.
PAR  Sitting adjacent the frying unit is a filling material dispenser 18 which,
      as will be described herein below, operates in conjunction with the cutter
      head 10 to inject semisolid filling material, such as jelly, into a wide
      variety of products.
PAR  As is best shown in FIGS. 1 and 3, the cutter head includes a conventional
      hopper 20 for holding a supply of edible product D. Seated in the bottom
      of the hopper is a forming cylinder 21 through which the product material
      D is extruded. The product material is pushed through the cylinder by a
      metering pistion 22. A forming piston 24 is positioned axially a
      variable-spaced distance below the metering piston to provide a forming
      surface for the bottom of the doughnut or other product and to also act as
      a cutter to sever the product from the forming cylinder, allowing it to
      fall into the tank 14. As thus far described, the cutter head is similar
      to known doughnut formers, such as illustrated in U.S. Pat. No. 2,643,621.
      The pistons 22 and 24 are reciprocated in timed sequence relative to one
      another by cams in a well-known manner and as illustrated in more detail
      in said copending application, Ser. No. 463,155. The cams are driven
      through a combination motor-brake and oscillate cam levers 30 and 32 to
      reciprocate the metering piston 22 and forming piston 24, respectively.
PAR  Jelly or other filling material is injected into the product P during the
      extruding process to form a line (FIG. 7) or, preferably, a discrete spot
      or spots (FIGS. 7A and 7B) of filling material. For this purpose, the
      forming piston 24 is secured to an actuating rod 36, the intermediate
      portion of which is a hollow tube 38. The bottom of the tube 38 is solid,
      as at 39, to form a plug for the end of the hollow tube. As best shown in
      FIG. 6A, the hollow tube 38 terminates in a plurality of radially directed
      tubes 40, each having an axial discharge opening 42, as best shown in FIG.
      6A or a ring as in FIG. 6. In the embodiment shown in FIG. 6B, the
      discharge openings can be side openings 43 to get a sidewise discharge of
      the filling material and can be on either one side of each tube 40 or both
      sides, as illustrated. As is readily apparent, the filling material is
      moved through the tube 38 and out the discharge passages 42 or 43 to
      provide discrete spots of filling material adjacent each tube 40.
PAR  The dough D is free to pass between the radial tubes 40 and thus around the
      discharge openings of the tubes as well as outwardly between the lower end
      of the cylinger 21 and the forming piston 24. In this manner, the product
      material is extruded against the forming piston and moves radially
      outwardly above and below the discharge openings of the tubes.
PAR  Movement of the filling material through the discharge openings or ports 42
      and 43 is uniquely controlled by sequential application of positive and
      negative pressure to the tube 38 in the manner described in detail in said
      copending application. For the purpose of this description, the filling
      material dispenser is provided with a conventional three-phase motor 56
      and a brake 58 to drive a gear reducer 59. The gear reducer is provided
      with an output shaft 60 that drives a twin-output gear box 62. The outputs
      of the gear box are coupled to a pair of impellers 64 of a metering pump
      66. The pump is of a conventional type, providing a positive displacement
      of filling material from a hopper 70 to the filling material discharge
      openings in exactly measured amounts. The quantity of filling material is
      determined from a control panel 76 having a meter readout dial 77 coupled
      to the shaft 60 and a plurality of variable electric controls 78 for
      energizing the motor 56 and brake 58 and synchronizing the energization
      with movement of the product-forming elements of the cutter head 10. The
      control panel is provided with various time delay relays, which, through
      related circuitry, run the pump 64 to force filling material through a
      pair of lines 74 to the tube 38, thence through the discharge ports 42. It
      is not critical that particular controls be employed. After a
      predetermined amount of filling material is discharged from the ports, the
      control automatically applies a delay period and then reverses the pump 66
      to place a negative pressure on the filling material in the lines 74 to
      withdraw a portion of the filling material from the discharge ports back
      into the tubes 40. In this manner, the flow of filling material in the
      formed product is completely terminated. As described in said copending
      application, the filling material is pulled back through the discharge
      ports so that no trails or dribbles of filling material are left between
      the spot of filling material and the outer surface of the product. The
      controls are variable so that either the quantity of filling material
      injected can be varied or the length of time of negative pressure varied,
      depending upon the type of product being formed and the viscosity and like
      characteristics of the filling material. Furthermore, a suitable,
      adjustable time delay is provided to initiate the injection of the filling
      material into the product so that the location of the filling material
      radially in the product can be varied, if desired.
PAR  As described earlier, the control of the filling material by positive and
      negative pressure enables various types of products to be formed, whether
      using discrete spots of filling material or a ring of filling material as
      in the copending application. One such product is illustrated in FIG. 7
      and is made on the apparatus illustrated in FIGS. 2-6. This embodiment
      utilizes a discontinuous ring of discharge ports 42 connected to the tubes
      40 by metering cavity 41, as described in said copending application. Thus
      a generally discontinuous ring of filling material is extruded. The
      embodiment is much the same as that shown in said copending application,
      with the exception of the diametrically opposed partition bars 80 which
      protrude vertically upwardly from the forming piston 24. As best shown in
      FIG. 2, product D gets trapped between the metering and forming pistons
      and, as the forming piston leaves the bottom of the cylinder 21, the
      product begins to get extruded radially in a continuous ring from between
      the lower end of the cylinder 21 and the forming piston 24. The filling
      material also passes between the tubes 40 so that is passes over the top
      and from below the discharge ports 42. At the desired time, the filling
      material F is pushed out through the openings 42. After a time delay, the
      filling material is subjected to negative pressure, which withdraws a
      portion into the openings 42, and the metering piston is moved further
      downward to push the product material between the discharge opening 42 and
      the injected filling material, as shown in FIG. 4. Finally, the forming
      piston is raised to pinch off the product material, with the product
      falling into two separated pieces due to the blocking of material at
      diametrically spaced points on the product by the partition bars 80. FIG.
      7 illustrates a cross-section of the product which is somewhat
      crescent-shaped and has an essentially continous string of filling
      material positioned in the center of the product.
PAR  FIG. 6A is also provided with the partition bars 80, but with the separated
      tubes and separated discharge openings 42, such that discrete separated
      dots of filling material F are provided in the product P. The product in
      outside appearance is identical to that shown in FIG. 7.
PAR  FIG. 6B illustrates an embodiment in which the discharge of filling
      material is through side ports 43 so that two dots of filling material (F1
      and F2) are provided. The spots then come together to form the oval-shaped
      spots as shown in FIG. 7B. The outside of the product 7B is, of course,
      the sum as that in FIGS. 7 and 7A. An advantage of the side discharge of
      the filling material is that its path is essentially parallel to the outer
      surfaces of the product, as best shown by the arrows 90 in FIG. 7B, so
      that substantially greater amounts of filling material can be injected
      without the risk of the filling material pushing through the outer surface
      or wall of the product. Control of the radial location of the filling
      material within the product, however, can also be provided with the axial
      discharge ports 42 of FIG. 6A by properly timing through trail and error
      to correlate movement of the product material with movement of the filling
      material.
PAR  FIGS. 9-13 illustrate an apparatus for making a spherical-type product with
      a center filling, as shown in FIG. 14. In this embodiment, a circular
      partition 92 is secured to the forming piston 24 and is provided with four
      equidistantly, circumferentially spaced orifices or openings 93. An inner
      partition 94, concentric with the partition 92, guides the product
      material into a ring-like cavity 95 so that discrete balls of product can
      be extruded through the openings 93. Extrusion of the product occurs as in
      the earlier-described embodiments, with product material passing down
      through the passage 95 and out the openings 93. In FIG. 10, the filling
      material is injected. In FIG. 11, the filling material has been stopped,
      and further extrusion pushes the product in four circumferentially spaced
      paths paths radially from the forming cylinder 21. In FIG. 12, the forming
      piston 24 has moved up, pinching the product into spheres, each with a
      center filling as shown in FIG. 14.
PAR  FIGS. 15-18 illustrate an apparatus for forming a ring of interconnected
      knobs, as illustrated in FIG. 20. In this embodiment, a circular partition
      96 is provided with circumferentially spaced recesses 97 in which is
      centered the discharge opening 42 of each tube 40. The partition 96 is
      capped by a planar partition 98 provided with openings 99 aligned with the
      recesses 97. In FIG. 16, product material is extruded downwardly through
      the openings 99, out the recesses 97 and around the discharge openings 42
      of the tubes 40. In FIG. 17, the filling material has been injected and
      stopped, and the product further extruded. In FIG. 18, the forming piston
      24 has been raised to pinch off the product P in the shape of a ring of
      interconnected knobs. FIG. 20 illustrates a horizontal view through the
      product, whereas FIG. 19A is a fragmentary vertical section taken in the
      direction of line 19A--19A of FIG. 20.
PAR  FIGS. 21-24 illustrate an apparatus for making a conventional toroidal or
      doughnut-type shape with circumferentially spaced, discrete spots of
      filling material, as shown in FIG. 26. In this embodiment, there are no
      restrictions or partitions between the cylinder 21 and the forming piston
      24; and insofar as the product extrusion is concerned, it is identical to
      the embodiment illustrated in said copending application. Filling material
      is provided through tubes 40 and discharge openings 42. Product material
      is extruded downwardly, as in FIG. 22, around the discharge openings 42. A
      predetermined amount of filling material is injected, as in FIG. 22. In
      FIG. 23, the filling material has been stopped, and further extrusion of
      the product material places additional product material between the spots
      of filling material F and the discharge openings 42. In FIG. 24, the
      forming piston has been retracted to pinch off a toroidal-shaped doughnut
      with separate, circumferentially spaced, discrete spots of filling
      material F, as shwon in FIG. 26.
PAR  The modification of FIG. 1A is employed for multiple product making
      apparatuses where the lines between the pump 66 and the tubes 38 of the
      apparatuses become quite long. As the lines between the tubes 38 and the
      pump 66 get longer, the reversal of the pump has an immediate decreasing
      effect on the filling material at the discharge openings 42 and 43. In
      FIG. 1A, a piston 86a of larger diameter than the diameter of line 74 is
      normally spring-biased outwardly of the line 74 and solenoid-powered into
      the closed position shown in FIG. 1A. As the filling material is moved
      from the pump to the discharge openings, solenoid 86 is energized to
      extend the piston 86a. When pump 66 is reversed, the solenoid 86 is
      de-energized, causing the spring to retract the piston 86a, immediately
      drawing a portion of the filling material up through tube 38. Thus the
      piston brings more instantaneous withdrawing control on the filling
      material, for cleaner, more positive cutoff.
PAR  A typical operational sequence is illustrated in FIG. 8. A switch 85 (FIG.
      1) senses the location of the stroke of the forming and metering pistons
      and signals to stop motor 80 and apply brake 82 to stop the forming and
      metering pistons. After a desired variable time delay, pump 66 is
      energized forward and solenoid 86 energized (for long line apparatus).
      After the filling material is injected, the pump is stopped and a hold
      period initiated to allow the filling material to move into the void in
      the product material. Next, the pump is reversed and solenoid 86
      de-energized to withdraw filling material. Finally, the pump is stopped
      and the metering and forming pistons again put into operation.
PAR  The timing illustrated should be understood to be variable and modified by
      trial and error for a few products to obtain the best formed product using
      a particular formulation of filling and product materials.
PAR  While various forms of the invention have been illustrated and described,
      it should be understood that additional variations will be apparent to one
      skilled in the art without departing from the principles expressed herein.
      Accordingly, the invention is not to be limited to the specific
      embodiments illustrated.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for filling edible products with spots of filling material,
      comprising:
PA1  means for partially forming the product into its final form,
PA1  discrete separated tubes having discharge openings for injecting filling
      material into said partially formed product,
PA1  means for pushing a predetermined amount of filling material through said
      tubes and out said discharge openings to inject discrete spots of filling
      material within said partially formed product,
PA1  means for halting the flow of filling material, and
PA1  means for finally forming the product between the tube discharge openings
      and the injected filling material to form a final product completely
      enclosing at least one spot of filling material, said means for partially
      forming the product including a product material hopper having a forming
      cylinder, forming piston means reciprocably mounted in said forming
      cylinder, metering piston means axially spaced from said forming piston
      means and independently reciprocably mounted in said forming cylinder,
      means for reciprocating the forming and metering piston means in said
      forming cylinder to trap a quantity of product material and extrude it
      radially outwardly of said forming cylinder, said tubes extending
      lengthwise radially of said metering piston means for discharging discrete
      spots in the radially extruded product material.
NUM  2.
PAR  2. The apparatus of claim 1, including at least two diametrically opposed,
      vertical partition bars on said forming piston for dividing the opening of
      the forming cylinder into at least two sections to form circumferentially
      discontinuous products, each containing at least one spot of filling
      material.
NUM  3.
PAR  3. The apparatus of claim 1, including an outer circular partition wall on
      said forming piston and having a plurality of circumferentially spaced,
      product-forming openings, each tube centered in a forming opening, an
      inner circular partition wall on said forming piston concentric with said
      outer circular partition wall of forming discrete balls of edible product,
      each containing a spot of filling material.
NUM  4.
PAR  4. The apparatus of claim 1, including an outer circular partition having a
      plurality of downwardly opening, circumferentially spaced recesses with a
      tube central in each recess, said outer circular partition having an upper
      circular planar cap lying diametrically across said recesses for forming a
      product of a continuous ring of knobs of edible product, each having a
      spot of filling material within.
NUM  5.
PAR  5. The apparatus of claim 1, the space between the forming piston and the
      metering piston adjacent said tube discharge being unrestricted whereby a
      continuous torodial product is formed having circumferentially spaced
      spots of filling material therein.
NUM  6.
PAR  6. Apparatus for filling edible products with discrete spots of filling
      material, comprising:
PA1  means for partially forming the product into its final form,
PA1  a plurality of discrete, separated tubes, each having a discharge opening
      for injecting filling material into said partially formed product,
PA1  means for applying positive pressure on said filling material in said tubes
      and for applying negative pressure on said filling material to partially
      retract the flow of filling material, and
PA1  means for finally forming the product between said discharge openings and
      the injected filling material to form a final product completely enclosing
      the spots of filling material, said means for partially forming the
      product including a product material hopper having a forming cylinder,
      forming piston means reciprocably mounted in said forming cylinder,
      metering piston means axially spaced from said forming piston means and
      independently reciprocably mounted in said forming cylinder, means for
      reciprocating the forming and metering piston means in said forming
      cylinder to trap a quantity of product material and extrude it radially
      outwardly of said forming cylinder, said tubes extending lengthwise
      radially of said forming cylinder between said forming piston means and
      said metering piston means for discharging discrete spots of filling
      material in the radially extruding product material.
NUM  7.
PAR  7. The apparatus of claim 6, including at least two diametrically opposed,
      vertical partition bars on said forming piston for dividing the opening of
      the forming cylinder into at least two sections to form circumferentially
      discontinuous products, each containing at least one spot of filling
      material.
NUM  8.
PAR  8. The apparatus of claim 6, including an outer circular partition wall on
      said forming piston and having a plurality of circumferentially spaced,
      product-forming openings, each tube centered in a forming opening, an
      inner circular partition wall on said forming piston concentric with said
      outer circular partition wall for forming discrete balls of edible
      product, each containing a spot of filling material.
NUM  9.
PAR  9. The apparatus of claim 6, including an outer circular partition having a
      plurality of downwardly opening, circumferentially spaced recesses with a
      tube central in each recess, said outer circular partition having an upper
      circular planar cap lying diametrically across said recesses for forming a
      product of a continuous ring of knobs of edible product, each having a
      spot of filling material within.
NUM  10.
PAR  10. The apparatus of claim 6, the space between the forming piston and the
      metering piston adjacent said tube discharge being unrestricted whereby a
      continuous toroidal product is formed having circumferentially spaced
      spots of filling material therein.
NUM  11.
PAR  11. Apparatus for filling edible products with spots of filling material,
      comprising:
PA1  means for partially forming the product into its final form,
PA1  filling nozzle means having circumferentially spaced discharge openings for
      injecting discrete spots of filling material into said partially formed
      product,
PA1  means for pushing a predetermined amount of filling material through said
      filling nozzle and out said discharge openings to inject discrete spots of
      filling material within said partially formed product,
PA1  means for halting the flow of filling material,
PA1  means for finally forming the product between the filling nozzle discharge
      openings and the injected filling material to form a final product
      completely enclosing at least one spot of filling material,
PA1  said means for partially forming the product including a product material
      supply having a forming cylinder with a discharge end,
PA1  disk means having a peripheral edge generally coaxially aligned with said
      forming cylinder discharge end for providing a generally radially opening
      product material discharge passage,
PA1  means selectively opening and closing said product material discharge
      passage for passing a quantity of product material through said forming
      cylinder and generally radially out said product material discharge
      passage to form a final product having radially inner and outer portions,
PA1  said filling nozzle discharge openings opening into said product material
      discharge passage for forming a final product having partially radially
      spaced but interconnected portions of product material with a discrete
      spot of filling material between the radially spaced portions.
NUM  12.
PAR  12. The apparatus of claim 11, said filling nozzle including a plurality of
      discrete, separated, circumferentially spaced radially extending tubes
      each terminating in a discharge opening within said product material
      discharge passage.
NUM  13.
PAR  13. The apparatus of claim 12, said discharge openings in said tubes lying
      perpendicular to the length of the tube whereby the discharge of filling
      material is in a direction sidewise of the product and generally parallel
      to the outer surface of the product.
NUM  14.
PAR  14. The apparatus of claim 12, said discharge openings in said tubes each
      lying coaxially at the end of each tube whereby discharge of filling
      material is in the same direction as the movement of product material.
NUM  15.
PAR  15. The apparatus of claim 11, including control means for delaying
      discharge of the filling material for varying the location of the filling
      material within the product.
NUM  16.
PAR  16. The apparatus of claim 11, said means for partially and finally forming
      the product including dividing means for separating the product into
      circumferentially spaced units each having at least one spot of filling
      therein.
NUM  17.
PAR  17. Apparatus for filling edible products with discrete spots of a
      relatively low-viscosity, readily flowable filling material, comprising:
PA1  means for partially forming the product into its final form,
PA1  filling nozzle means having a plurality of discrete, separated discharge
      openings for injecting discrete spots of filling material into said
      partially formed product,
PA1  means applying positive pressure on said filling material in said filling
      nozzle and applying negative pressure sufficient to completely eliminate
      any positive pressure acting on said filling material for halting the flow
      of filling material out said discharge openings, and
PA1  means for finally forming the product between said discharge openings and
      the injected filling material to form a final product completely enclosing
      the spots of filling material,
PA1  said means for partially forming the product including a product material
      supply and cylindrical forming means,
PA1  disk means having a peripheral edge generally coaxially aligned with said
      cylindrical forming means for providing a generally radially opening
      product material discharge passage,
PA1  means selectively opening and closing said product material discharge
      passage for passing a quantity of product material through said
      cylindrical forming means and generally radially out said product material
      discharge passage to form a final product having radially inner and outer
      portions,
PA1  said filling nozzle means discharge openings opening into said product
      material discharge passage for forming a final product having partially
      radially spaced but interconnected portions of product material with a
      discrete spot of filling material between each radially spaced portion.
NUM  18.
PAR  18. The apparatus of claim 17, wherein said product material is formed in
      an atmosphere of a first pressure, said means applying a negative pressure
      on said filling material including means applying on said filling material
      a negative pressure less than said first pressure for withdrawing a
      portion of the filling material into said filling nozzle means and pulling
      a portion of said product material against said discharge openings for
      sealing the discharge openings against filling material leakage.
NUM  19.
PAR  19. The apparatus of claim 17, said filling nozzle including a plurality of
      discrete, separated, circumferentially spaced tubes each terminating in a
      discharge opening within said product material discharge passage.
NUM  20.
PAR  20. The apparatus of claim 18, said means for partially and finally forming
      the product including dividing means for separating the product into
      circumferentially spaced units each having at least one spot of filling
      therein.
NUM  21.
PAR  21. The apparatus of claim 18, including control means for varying the time
      of energization of the means for applying positive and negative pressure
      on said filling material relative to the location of the extruded product
      material and the length of energization to vary the location and quantity
      of the filling material within the product.
NUM  22.
PAR  22. The apparatus of claim 18, said means for applying negative pressure
      including primary pump means for applying the negative pressure and means
      supplemental to said primary negative pressure pump means and located
      close to the filling material discharge openings for providing rapid
      responsive retraction of the flow of filling material at the discharge
      openings.
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ABST
PAL  The disclosure relates to a dough processing machine that is capable of
      continuously feeding pieces of dough on a traveling surface first to a
      roll for the flattening operation where the pieces of dough are caused to
      assume the proper length and width for the desired product to be created
      therefrom. As the flattened dough is emitted from the rolling operation,
      the leading edge thereof is caused to be raised from the traveling surface
      and directed rearwardly while the remainder of the dough progresses
      through the rolling operation and is advanced to another member which
      rolls the length of dough upon itself to complete the formation of the
      finished product.
BSUM
PAR  The invention relates to a device and a method for rolling flat and rolling
      up pieces of dough, such as are used for the production of small loaves
      and rolls slit longitudinally. The invention relates in particular, but
      not exclusively, to such a device and method which uses a rotatable roller
      which is provided with a stripping member, pivotally mounted flaps which
      are disposed following this and which are each provided with ends bent
      over in the form of a hook, and at least one following rolling-up member.
PAR  The machines at present on the market for the fully automatic production of
      small loaves, such as rolls, French rolls or the like for example, make it
      necessary to adapt the dough to be processed to the machines available,
      within certain limits. As a result, disturbances repeatedly occur in
      operation, because the necessary conditions cannot be adhered to
      constantly, such as the humidity of the air in the area of the bakery for
      example, which has a powerful influence on the stickiness of the dough to
      be processed.
PAR  The invention seeks to provide a method and a device for carrying out the
      rolling flat and rolling up pieces of dough, which with suitable
      arrangement may work substantially uniformly regardless of external
      influences and of the consistency of the dough.
PAR  A further problem which occurs in the fully automatic production of small
      loaves is due to the fact that it is of decisive importance for the baking
      process that the portions of dough should be deposited regularly on the
      surface of the baking oven. The depositing of the portions of dough from
      the so-called bread-roll lines on the leavened-goods carriers for charging
      the baking ovens is effected fully automatically, and care has to be taken
      to ensure that the depositing is effected regularly. Thus it is necessary,
      therefore, to carry out the operation of rolling up the portions of dough
      in a precise and constant manner in the bread-roll line.
PAR  Members for carrying out the rolling-up operation consisting of various
      working steps have already long been known, but these do not work with the
      necessary accuracy and in addition do not cooperate in such a manner that
      the smallest and largest portions of dough arriving for processing are
      rolled up precisely and uniformaly. Thus rollers, for example, have long
      been known for rolling flat the portions of dough, at the circumference of
      which there is provided a scraper rail to detach the portions of dough
      from the roller. In the rollers of this kind hitherto known, the stripping
      edges of the scraper rails are mounted at the circumference of the roller
      in such a manner that when the consistency and the stickiness of the dough
      permit it, the portions of dough remain adhering to the roller to beyond
      the range of action thereof and are only detached from the roller after
      travelling through an angular range of about 50.degree. or 60.degree.. If
      a uniform dough is used and if specific environmental conditions are
      adhered to, such as the humidity of the air in the surrounding area for
      example, such a roller device works relatively accurately. If the
      conditions referred to alter, however, then the stickiness of the dough
      also varies and hence the adhesion to the roller. Thus the leading edge of
      the piece of dough reaches the folding member disposed following the
      roller at different times, however, so that the whole rolling-up
      operation, in relation to the individual pieces of dough, no longer takes
      place constantly.
PAR  Folding members are also known already in the most varied forms of
      construction, which are constructed, for example, in the form of resilient
      aprons or also in the form of plates which are pivotable about an axis. In
      a medium range of weight of the pieces of dough of about 50 g, there are
      no problems with either folding member. When a resilient apron is used,
      the resilience of the apron is designed for this medium range of weight.
      Now if pieces of dough in a range of weight from 10 to 20 g for example
      arrive for processing, the resilience of the apron may have been made too
      little so that the adhesion of the pieces of dough to the conveyor belt is
      not sufficient to achieve swinging away of the apron and hence lifting of
      the pieces of dough. Thus the pieces of dough remain in front of the apron
      and an accumulation of pieces of dough results in front of the folding
      member. On the other hand, if pieces of dough having a relatively great
      weight arrive for processing, the resilience of the apron may be too great
      to cause a sufficient force for lifting the front edges of the pieces of
      dough. Instead of being lifted, the resilient apron causes the portions of
      dough to be pressed flat.
PAR  Turnover hooks have also been used already, which are secured to transverse
      pins for swinging and intervene in the path of the piece of dough supplied
      to the hook. There turnover hooks consist of a uniform piece so that the
      front edge of the piece of dough, which is generally irregular, can only
      act at some points and accordingly makes the turning over irregular and
      causes harmful tensions in the piece of dough. In order to avoid this
      disadvantage, according to the German Pat. No. 419,565, a plurality of
      plates have been used which were bent over in the form of hooks and which,
      distributed over the width of the piece of dough, can swing between
      adjustable stop rails. These ends of the plates which are bent over in the
      form of hooks can grasp and fold the piece of dough independently of one
      another, so that rolling up of the piece of dough is effected regardless
      of how its front edge extends. When the piece of dough leaves the
      preceding roller for rolling flat smoothly, such turnover members work
      relatively accurately, if the dimensioning, that is to say the size and
      the weight of the plates, is in correct relationship to the average weight
      of the pieces of dough arriving for processing. Such a device is, however,
      largely dependent on the consistency and size of the pieces of dough
      arriving for processing. Actually, if the pieces of dough remain adhering
      to the roller for a certain length of time, which frequently occurs in
      practice, the whole dough-shaping machine works inaccurately, because the
      rolling-up operation would be initiated already by the roller, so that the
      ends bent over into the form of hooks grasp a portion of the piece of
      dough which has already been lifted. At the end of the rolling-up
      operation, such a piece of dough has a different angular position of the
      closure from the pieces processed previously or subsequently. In order to
      avoid adherence in such cases, it is necessary to sprinkle the piece of
      dough and/or the suface of the roller continuously with flour.
PAR  When pivotally mounted plates are used as a rolling-up member, there are
      also similar problems to those with resilient aprons, if pieces of dough
      having an extremely low weight are to be processed. Actually, if the
      weights of the pieces of dough are too low in relation to the dimensioning
      of the plates, here there is the danger that the pieces of dough may
      remain in front of the flap and that an accumulation of pieces of dough
      may thus form.
PAR  In order to at least partly overcome one or more of the above disadvantages
      the present invention provides a device for rolling up pieces of dough,
      comprising, in the following order in the direction of dough movement,
      through the device, flattening means for flattening the dough pieces,
      turning means for turning up the leading edges of the flattened dough
      pieces, and rolling means for rolling up the dough pieces when flattened
      and with their leading edges turned up, the flattening means, the turning
      means and the rolling means being so mutually arranged that a piece of
      dough passing through the device is at all times subject to at lease one
      of the said means.
PAR  Preferably the method is effected by means of a rotatable roller provided
      with a stripping member, pivotally mounted flaps which are diposed
      following thereon and which are each provided with ends bent over in the
      form of hooks, and at least one following rolling-up member, the
      arrangement being such that the plane portions of the pieces of dough
      rolled flat by the roller are detached from the roller by mechanical means
      immediately after the rolling region, the front edges of the pieces of
      dough are grasped and raised by the hooked ends of the flaps while at
      least the end portions of the particular piece of dough are still under
      the influence of the roller so that a thrust action in the direction of
      the flaps is exerted on the pieces of dough, the rolling-up operation
      initiated by the flaps is continued by the rolling-up member following
      directly thereon while the corresponding flap is still acting on the
      particular piece of dough, and the rolling-up operation is completed
      consistently by the rolling-up member.
PAR  More particularly, the method is preferably carried out by a device which
      comprises at least one rotatably mounted roller provided with a stripping
      member, a movable counter surface carrying of the pieces of dough,
      following flaps pivotally mounted parallel to the axis of the roller, and
      at least one following rolling-up member, the dough-stripping member being
      disposed coaxially to the roller and being associated by its stripping
      edge with the circumference of the roller in such a manner that the range
      of action for rolling out the pieces of dough is restricted to a minimum,
      and the pivotally mounted flaps, which follow immediately after the
      folder, being disposed at the shortest possible distance from this so that
      the operation of rolling up the pieces of dough is initiated while place
      portions thereof are still within the range of action of the roller. The
      dough-stripping member is advantageously constructed in the form of a
      resilient cylinder which is cut open in the axial direction and of which
      the cut edges extending in the axial direction are mounted for scraping on
      the roller under spring pressure. The normal on the imaginary line
      connecting the cut edges of the cylinder, seen in cross-section, forms an
      angle of between 20.degree. and 25.degree. to the vertical. Preferably the
      flaps are mounted parallel to the axis of the roller, side-by-side a short
      distance apart, so as to pivot independently of one another in the
      direction of movement of the counter surface, and scrape on the movable
      counter surface in the absence of a piece of dough.
PAR  In a further development of the invention, the flaps are mounted on a
      spindle which can be adjusted horizontally and, independently thereof,
      vertically. By this means, the effect is achieved that the flaps can be
      removed from the range of action so that the device can also be used for
      rolling flat pieces of dough which do not need to be rolled up.
PAR  In order to bring about an advantageous angular position of the flaps in
      relation to the movable counter surface, which may, for example, be
      constructed in the form of a conveyor belt, each flap may be provided with
      a stop member on its pivot so that, in the position in which it is out of
      contact with the counter surface, the flap forms an angle larger than
      15.degree. with the vertical.
PAR  Advantageously the flaps consist of metal and appropriate means such as,
      for example, magnetic members or weighting members are provided for
      varying their weight and connected to the flaps by screwing or insertion.
PAR  The rolling-up member may be constructed in a manner known per se as a
      rolling surface which is provided with rounded surface portions at the
      entry and exit sides of the pieces of dough, and the entry and exit sides
      are adjustable in height independently of one another so that the
      effective rolling path for the pieces of dough is variable.
PAR  In an advantageous further development of the rolling-up member, the
      rolling surface is held at its entry and exit sides by articulatedly
      mounted variable-length telescopic spindles each of which is further
      connected at its other end, in an eccentric and articulated manner, to a
      disc rotatable about an axis. Each of the discs is adapted for rotation by
      means of a worm shaft, a hand wheel or a handle being provided at the
      upper end of the worm shaft.
PAR  The invention is explained in more detail with reference to the
      accompanying drawing in which one example of an embodiment is illustrated.
      The drawing represents a cross-section through the whole installation
      which can be used either as a component in a so-called bread-roll line or
      as a separate device for rolling flat and rolling up pieces of dough.
PAR  A roller 1, which is mounted for rotation about a shaft 8, is opposed by a
      counter surface 9 for co-operation with the roller. The counter surface is
      constructed in the manner of an endless belt and can be tensioned by means
      of a tensioning device 24. A dough-stripping member 2, which is mounted
      parallel to the shaft 8 of the roller 1, consists of a cylindrical body
      which is cut open along its longitudinal axis and is bounded by a
      stripping edges 3 and 4. These stripping edges 3 and 4 are adapted for
      scraping on the surface of the roller 1 by spring pressure. The
      dough-stripping member 2 of cylindrical construction is made resilient so
      that adequate pressure on the surface of the roller 1 is achieved. The
      stripping edges 3 and 4 are made tangential in accordance with their
      correlation with the surface of the roller 1 so that satisfactory
      separation of the dough from the surface of the roller is achieved. The
      normal 6, which is perpendicular to the imaginary line connecting the
      stripping edges 3 and 4, forms and angle a of about 22.degree. with the
      vertical 7. By this means, the stripping edge 3 of the dough-stripping
      member 2 is associated with the circumference of the roller 1 in such a
      manner that the range of action for rolling out the pieces of dough, that
      is to say the effective roller circumference, is restricted to a minimum.
PAR  Mounted for vertical adjustment parallel to the shaft 8 of the roller 1 is
      a shaft 10 on which flaps 5 are mounted for pivoting. The shaft 10 and
      hence the individual flaps 5 are disposed immediately following the roller
      1 and at the shortest possible distance from this, so that the operation
      of rolling up pieces of dough leaving the area between the roller 1 and
      the movable counter surface 9 is initiated while the plane portions of the
      pieces of dough are still within the range of action of the roller 1.
PAR  Associated with each flap 5 on the shaft 10 is a stop member 11 such that
      the deflection of the flaps 5 from the vertical is limited to an angle b.
      The limitation of the deflection of the flaps 5 in the direction of the
      horizontal is effected by the rounded surface portion 13 of a rolling-up
      member 12 later to be described. The upper limiting position of the flaps
      5 is represented by the flap 5' shown in broken lines. At its ends, the
      shaft 10 is mounted in a sheet-metal member 25 and can be displaced
      horizontally in a slot 26 which is provided in the sheet metal member 25.
      The shaft 10 is rigidly connected to the sheet-metal member 25 by screw
      connections not illustrated. The sheet-metal member 25 is in turn secured
      to a vertically adjustable holding member 27, the adjustment in height of
      which is effected by means of a handle 28. The holding member 27 is
      adjustably connected by means of screw connections 29 and 30 to a housing
      31 which also carries holding and adjusting devices for the rolling-up
      member 12.
PAR  The rolling-up member 12 is constructed in the form of a rolling surface 15
      which is provided with rounded surface portions 13 and 14 at the entry and
      exit sides of the pieces of dough, and the entry and exit sides of which
      are adjustable in height independently of one another so that the
      effective rolling path for the pieces of dough is variable. The adjustment
      in height is effected through articulately mounted, variable-length
      telescopic spindles 16 and 17, which are each eccentrically and
      articulately connected to a rotatably mounted disc 18 or 19 at their upper
      ends 32 or 33. The telescopic spindles 16 and 17 are variable in length
      and a change in position of the rolling-up member 12 both in the
      horizontal and in the vertical direction is rendered possible by means of
      their articulately constructed bearing arrangements 32 and 34 or 33 and
      35. The effective rolling path of the rolling surface 15 can, however,
      also be varied by means of a different variation in the length of the
      telescopic spindles 16 and 17, for example by shortening the telescopic
      spindle 17 so that the rearmost rounded surface portion 14 is at a greater
      distance from the counter surface 9 than the front rounded surface portion
      13. The rolling surface 15 may be covered with a felt cloth in a manner
      known per se. Teflon, for example, is also suitable for the covering.
PAR  The discs 18 and 19 are mounted for rotation about their shafts 36 and 37
      respectively and can each be actuated by a worm shaft 20 or 21.
PAR  The individual working members such as the roller 1, the flaps 5 and the
      rolling-up member 12 are so correlated or mutually disposed that their
      ranges of action overlap even with the smallest pieces of dough arriving
      for processing. Thus, before leaving one range of action, for example of
      the roller 1, even the smallest piece of dough to be processed, is already
      under the influence of the following range of action, namely in this case
      of the flaps 5. There is a corresponding relationship for the flaps 5 and
      the rolling-up member 12. The effect is thereby achieved that during the
      whole sequence of operations, each piece of dough is under the influence
      of at least one working member. Thus the whole sequence of operations
      becomes independent of the nature of the dough, of the size of the pieces
      of dough and other influential factors such as the humidity of the
      environment and temperature, which has a particular effect on the nature
      of the pieces of dough. Because the range of action of the roller 1 is
      reduced to a minimum by reason of the scraping edge 3 being taken as far
      as possible in the direction of the minimum spacing between the counter
      surface 9 and the roller 1, the effect is achieved that the areas of a
      piece of dough which have been rolled flat no longer rise from the counter
      surface 9. Thus the pieces of dough remain lying flat on the counter
      surface 9 and remain under the influence of the roller 1 until the front
      edges of the pieces of dough have been lifted sufficiently by the flaps 5.
      As a result, assurance is provided that the pieces of dough cannot be
      displaced on the counter surface 9 by the flaps 5, because a holding or
      thrust action by the roller 1 is effective for a sufficiently long time.
      The rolling-up member 12 takes over each piece of dough while it is still
      under the influence of the action of the flaps 5, so that the rolling-up
      operation can be continued and completed in a precise manner. As a result
      of the overlapping of the individual ranges of action, assurance is
      provided that when the piece of dough is transferred seriatim from one
      working member to another, the previous member is still active so that a
      precise transfer to the following member is ensured.
PAR  The whole housing 31 with the holding member 27 for holding the shafts 10
      and the flaps 5 and with the whole rolling-up member 12 can be displaced
      horizontally. Attachment members 40, which can be displaced and fixed in
      slots 38 and 39, serve for this. The solts 38 and 39 are in those further
      housing members which also guide the conveyor belt 9 at the same time.
      Thus all folding and rolling-out members can advantageously be adjusted
      and displaced differently and horizontally in relation to the roller 1, so
      that all pieces of dough from the lowest to the highest weights can be
      processed, completely independently of their dough consistency, and the
      sequence of operations takes place fully automatically and uniformly.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a dough preparing apparatus having an endless belt for transporting
      dough pieces seriatim to a first dough rolling element, thereafter to
      means for elevating the front edge of the dough pieces, and finally to a
      second dough rolling member, the combination comprising, said endless belt
      having an upper flight arranged to traverse a horizontal inflexible
      surface, said first rolling element being supported on a horizontally
      disposed shaft and associated with a dough stripping member, said dough
      stripping member including a flexible tubular member that is provided with
      a longitudinally extending slitted wall having opposed abutting edge
      portions, each of which has been moved laterally to permit a biased
      engagement with the periphery of said first rolling element, said dough
      elevating means associated with a shaft means lying in a plane parallel
      with the shaft of said first rolling element and serving to lift the front
      edge of each dough piece and bend it backwardly upon the dough piece while
      it is still rolling contact with the first rolling element.
NUM  2.
PAR  2. In a dough preparing apparatus as claimed in claim 1, in which the dough
      stripping member includes a support means which is to offset at an angle
      of between 20.degree. and 25.degree. relative to a vertical plane
      extending through the shaft of said first rolling element.
NUM  3.
PAR  3. In a dough preparing apparatus as claimed in claim 1, in which the dough
      elevating means comprise a plurality of independently pivotal fingers.
NUM  4.
PAR  4. In a dough preparing apparatus as claimed in claim 3, in which the shaft
      means supporting said pivotal fingers is vertically adjustable.
NUM  5.
PAR  5. In a dough preparing apparatus as claimed in claim 4, in which the shaft
      means is horizontally adjustable.
NUM  6.
PAR  6. In a dough preparing apparatus as claimed in claim 3, in which stop
      means are associated with said fingers, said stop means serving to
      maintain the said fingers at an angle of 15.degree. relative to their
      support shaft.
NUM  7.
PAR  7. In a dough preparing apparatus as claimed in claim 1, in which the
      second dough rolling member includes a relatively flat surface area, the
      entry and exit areas of which are rounded, further means being included to
      permit independent adjustment of both the entry and exit areas thereof to
      provide a variable path for rolling the said dough pieces.
NUM  8.
PAR  8. In a dough preparing apparatus as claimed in claim 7, in which said
      independent adjustment of said second rolling surface includes plural
      means providing for both linear and rotatable movement thereof.
NUM  9.
PAR  9. In a dough preparing apparatus as claimed in claim 8, in which the
      rotary movement is achieved by plural worm shafts which serve to raise or
      lower the second rolling member.
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PAL  A method and apparatus for combined injection moulding and blow forming of
      containers or objects of plastics material. A preform is formed on a
      mandrel by injection moulding. The mandrel with the preform is transferred
      from the injection mould to a blow forming mould and the preform is blow
      formed to the final product. It is characteristic of the invention that
      the preforms are formed in the injection mould and extracted from the
      injection mould at a higher rate than their forming in the blow forming
      mould, two or more preforms being simultaneously blow formed in two or
      more blow forming moulds. This arrangement has the advantage of providing
      complete independence of the two production cycles. The apparatus includes
      a conveyor for the mandrels carrying the preforms, this conveyor extending
      from an injection mould to a blow forming mould. The conveyor comprises a
      rail and carriages carried and guided by the rails, which carriages are
      movable independently of each other and of the rate of operation of the
      injection mould and blow forming mould. Two or more blow forming moulds
      are arranged along said conveyor.
BSUM
PAR  The forming of plastics products by combined injection moulding and blow
      forming has been known for many years. The patent literature concentrates
      on methods for transferring the preform from the injection mould to the
      blow forming mould. This is a step of considerable economical and
      technological importance. With the methods known so far the forming of the
      preform in the injection mould and the final blowing of the product are
      carried out simultaneously and at the same rates in synchronized cycles.
PAR  This means that the injection moulding of a single preform and the final
      blow forming must have the same duration. However, it has been found that
      whereas the blow forming requires about ten to 15 seconds the time
      required for the injection moulding can be reduced to about 2 seconds. It
      is therefore necessary to look for methods for a more economic way of
      using such injection moulding and blow forming machines.
PAR  The invention has the object of providing complete independence of the two
      production cycles. According to the invention the mandrels carrying the
      preform are movable along a conveyor completely independent of each other
      and of the production rates of the injection mould and blow of the forming
      station. Therefore the conveyor extends through all production stations.
      The conveyor preferably comprises a rail where carriages are carried and
      guided, which carriages are movable independently of each other either by
      hand or by a corresponding drive means.
DRWD
PAR  In the drawings:
PAR  FIG. 1 shows a schematic plan view of a complete production site for
      combined injection moulding and blow forming.
PAR  FIG. 2 shows a schematic vertical section through the injection mould,
DETD
PAR  FIG. 1 shows carriages 1 movably mounted and guided on a rail or carrier 2.
      The rail 2 forms a closed path for the carriages 1. This path may have the
      geometrical form a circle as shown in the figure or any other form. The
      carriages 1 carry the mandrels 3, on which the preform 5 is formed in an
      injection mould 4 in a conventional manner. The injection mould 4 may be
      provided with the usual conventional plastifying and extrusion machine as
      schematically indicated in FIG. 1. When the preform 5 has been formed the
      extrusion mould 4 is opened and the carriage 1 with mandrel 3 carrying the
      preform 4 are further advanced along the rail 2. They pass through a
      heating section where the preforms are suitably heated by heating means
      indicated at 8 which may comprise conventional electrical induction
      heaters. The carriages 1 with the preheated preforms then are advanced to
      blow moulding forms 6 where the preforms are shaped to the final product
      by pressurized air which is blown through the mandrel into the interior of
      the preform in a conventional manner. The blow forming moulds 6 operate at
      a lower rate than the injection mould 4. Thus two (or more) preforms are
      simultaneously blow moulded in two (or more) blow forming moulds 6
      arranged along the rail 2. The cycle necessary for blow forming is
      sufficiently long for the injection mould 4 to complete two (or more)
      operational cycles thereby producing two (or more) preforms 5, which, as
      the carriages 1 are independently movable, may be extracted from the
      injection mould 4 and kept waiting opposite the heating means 8 until they
      are admitted to the blow forming moulds 6.
PAR  The final products 7 obtained by blow forming are taken off or extracted
      from the mandrels at a subsequent take-off station. The carriages 1
      carrying the empty mandrels are then advanced along the rail 2 through a
      further heating section where they are preheated by heating means 9
      (preferably electrical induction heating) before they are moved again into
      injection mould 4.
PAR  As shown in FIG. 2 the rail 2 may have a simple rectangular cross section
      and the carriages 1 may be attached by simple C-shaped guiding profiles.
      Of course roller bearings or similar means may be provided. The means by
      which pressurized air is introduced through the mandrels at each of blow
      forms 6 are not shown as they are easy to conceive for those skilled in
      the art such as disclosed in U.S. Pat. No. 3,579,725 to Hansen, et al.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the combined injection moulding and blow moulding of
      objects from plastic material comprising: a plurality of mandrels;
      conveyance means, said mandrels being mounted on said conveyance means,
      each of said mandrels being moveable on said conveyance means
      independently of the other mandrels; at least one injection moulding means
      for moulding a plastic preform on said mandrel, and at least one more blow
      moulding means for blow moulding said preform than injection molding
      means, said conveyance means extending from said injection moulding means
      to said blow moulding means.
NUM  2.
PAR  2. The apparatus according to claim 1 further comprising a take-off
      station, said conveyance means further extending from said blow moulding
      means to said take-off station.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein said conveyance means extends
      from said take-off station to said injection moulding means, the
      conveyance means comprising a closed loop.
NUM  4.
PAR  4. The apparatus according to claim 1 wherein said conveyance means
      comprises a rail; carriage means mounted on said rail for carrying said
      mandrels, said carriage means being independently moveable with respect to
      each other on said rail.
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ABST
PAL  A press for molding and blowing hollow articles includes plural mold halves
      disposed in a table at successive work stations about an axis, a platen
      carrying complimentary mold halves movable toward and away from the table,
      and a tool carrier journaled in that axis, reciprocatable with the platen
      and rotatable to index the tools from one station to another. A first
      collar journaled in the table about the shaft is rotatable for indexing
      purposes, and a second collar coupled to the shaft is provided for
      rotational engagement with the first collar to accept torque from the
      first collar while the mold halves are open, subject to manual
      disengagement of the collars by shift of the second collar axially of the
      shaft.
BSUM
PAR  The present invention pertains to a tool assembly constituting part of a
      press.
PAR  The invention is applicable to presses of all kinds for working various
      material such as wood, metal, plastics and the like.
PAR  More particularly, according to one feature of the invention, the apparatus
      thereof is particularly adapted for use with machines for molding plastic
      materials into hollow bodies such as bottles and flasks.
PAR  Machines for the formation of hollow plastic bodies as heretofore known
      include means to effect transfer of a blank or parison through a
      succession of work stations. In the course of a cycle of such a machine,
      the tool assembly is first stationary while the molds are closed, with the
      tool or tools extending, in some cases, into one or more of the closed
      molds. Upon opening of the molds the tool assembly is freed and is shifted
      so as to transfer each tool and a partially finished article thereon to
      the following work station, whereupon the tool assembly is again
      immobilized upon renewed closure of the molds. A complete cycle of the
      machine may include a number of such phases or steps.
PAR  The invention provides improved apparatus of this kind.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described in a number of presently
      preferred exemplary embodiments and by reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic representation in plan of part of a molding machine
      in accordance with the invention;
PAR  FIG. 2 is a fragmentary view, partly in perspective and partly in vertical
      section, of apparatus according to the invention and of which that shown
      in FIG. 1 constitutes a part;
PAR  FIG. 2a is a fragmentary view representing a variant construction of part
      of the apparatus shown in FIG. 2;
PAR  FIG. 3 is a schematic sectional view taken on the line III--III of FIG. 2;
PAR  FIGS. 4 and 5 are views in elevation of the apparatus of FIGS. 2 and 3
      showing operation of the ejection system and of the unmolding carriage;
PAR  FIG. 6 is a sectional view taken on the line VI--VI of FIG. 4;
PAR  FIG. 7 is a view in elevation of a second form of apparatus in accordance
      with the invention;
PAR  FIG. 8 is a plan view of the apparatus shown in FIG. 7;
PAR  FIG. 9 is a sectional view taken on the line IX--IX of FIG. 8;
PAR  FIG. 10 is a sectional view taken on the line X--X of FIG. 9; and
PAR  FIG. 11 is a sectional view taken on the line XI--XI of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the description now to be given, reference will be made for simplicity
      to a machine for molding articles from plastic material. It is to be
      understood, however, that the invention can be applied to all forms of
      machines employing a press and irrespective of the nature of the working
      material.
PAR  Moreover, in the following description the same reference character will be
      applied to corresponding elements of structure throughout the several
      views.
PAR  Referring first to FIG. 1, there is there shown in plan a mold press
      wherein reference character 1 identifies the support for stationary halves
      2 and 3 of two molds and wherein reference character B identifies the
      guiding columns for a movable plate A (FIG. 2) which carries the upper,
      movable halves of the molds.
PAR  In the example under consideration, two molds are provided, equidistant
      from the axis of a vertical shaft 9. The mold of which element 2 is a half
      is an injection mold into which the plastic material to be molded is
      introduced from a plasticizing machine of known character and of which the
      nozzle end is shown schematically at C. The mold of which element 3 is a
      half is a blowing or finishing mold.
PAR  Table 1 carries, between the mold halves 2 and 3, a fixed turret support 5
      in which is mounted a tool carrying turret intended to cooperate with the
      molds. The support 5 is fixed to the table 1 by bolts 6 and it carries
      guide pins 7 equiangularly spaced from each other and intended to
      cooperate with holes 7' which are formed at regular intervals in a turret
      hub 8 fixed to the upper end of a vertical shaft 9. Shaft 9 is journaled
      in the body 5 so as to be free to rotate and to move axially with respect
      thereto.
PAR  Tool carrying arms 10, 11, 12 and 13 radiate from the hub 8 and are
      angularly spaced by the same angles as are the mold halves 2 and 3, with
      reference to the axis of the shaft 9. In the example under consideration,
      there are four tool-carrying arms spaced 90.degree. apart and four pins 7
      likewise spaced 90.degree. apart.
PAR  In addition, the apparatus is such that when the pins 7 engage the holes
      7', two adjacent tool arms are aligned with the two molds. Of the other
      two arms, one will then be disposed in alignment with the ejection
      station, generally indicated at PE, and the fourth will be aligned with a
      control or checking station PC for the tool thereon before its transfer,
      on the next motion of shaft 9, to the injection location occupied by mold
      2. In FIG. 1 it is assumed that the hub 8 rotates clockwise. At the
      station PC, a check is effected on the temperature and cleanliness of the
      tool (not shown) on the tool carrier 10, prior to its presentation to the
      mold 2 on the next indexing step of the machine. The tool must not be
      contaminated with traces of the molding material. Means S of known type
      may be provided at the control station PC to stop the machine if the tool
      on carrier 10 is found to be contaminated.
PAR  Diametrically opposite from the first mold 2 is disposed the ejection
      station PE for the finished articles, such as bottles in the case under
      consideration. The ejection station comprises two parallel guide rods 14
      affixed to the table 1, these rods extending perpendicularly to shaft 9
      and serving as guides to a demolding or ejection carriage generally
      indicated at 16 which will be further described hereinbelow.
PAR  As is seen more particularly with reference to FIG. 2, the shaft 9 is
      disposed for axial (vertical) motion and also for rotation in a vertical
      opening 17 of the support 5. The lower end of shaft 9, which extends below
      support 5, carries a collar 18 in which the shaft is permitted to turn but
      which is affixed to the shaft with respect to axial motion. The collar 18
      carries two diametrically opposite trunnions 19 on which are articulated
      the arms 20 of a coupling device serving to connect the shaft 9 to a
      command element D. Element D is fixed, by means of a link diagrammatically
      indicated at E, to the movable plate A. This head D is subject to
      translation vertically between the positions shown therefor in full and
      dashed lines in FIG. 2. It possesses a socket 21a into which there extend
      the extremities of the arms 20 carrying a cam follower 21 in rolling
      contact with the inclined plane wall of the socket 21a. Between the
      opposite ends of the arms 20 there extends a pin 22 to which the arms 20
      are pivoted. The pin 22 is suspended from the fixed frame of the machine
      (indicated at 24) by an attachment device 23 of adjustable length. One end
      of this device is fixed to the pin 22 whereas the other end thereof is
      coupled by a ball and socket joint to a pin 23a fixed to the machine
      frame. The coupling 23 just described and the inclined plane-roller
      coupling 21, 21a of the arms 20 to the device D make it possible for the
      arms 20 to impose vertical, axial motion on the shaft 9 when the device D
      is moved upwardly or downwardly.
PAR  Shaft 9 is also coupled to a ring 26 disposed inside the body 5, the ring
      26 being disposed for motion with the shaft 9 by operation of a
      disengageable coupling to be described hereinafter. The ring 26 carries
      fingers 27 destined to enter into corresponding holes 29 of a rotatable
      ring 28. Ring 28 surrounds the shaft 9 but this shaft is freely movable
      with respect to the ring 28, both vertically and rotationally, that ring
      being maintained in fixed axial position in the body 5 while being free to
      rotate with respect to it. The ring 28 has affixed thereto a radial
      extension or lever 30 which extends outside the body 5 and to which is
      coupled one end of a link 31 whose other end is articulated to a plate 32
      fixed to a shaft 33 slidably supported in bearings 34 and 35 fixed with
      reference to the body 5.
PAR  Shaft 33 is coupled to a driving element which takes the form of the piston
      in a hydraulic cylinder 37. This piston effects reciprocating motion of
      the shaft 33, as indicated by the double-headed arrow in FIG. 2.
      Preferably, the cylinder is double-acting, both of the to-and-fro motions
      of its piston being driven. The cylinder receives an operating or driving
      fluid from supply conduits 38 and 39.
PAR  The shaft 33 and the piston of cylinder 37 are coupled together by means of
      a plate 40 which includes as an extension thereof an arm 41 positioned to
      engage contacts 42 and 43 stationarily mounted with respect to body 5. The
      contacts 42 and 43 define the limits of travel of plate 40 and shaft 33.
PAR  The apparatus operates as follows:
PAR  Taking as the start of the cycle the moment in which a completed bottle or
      other plastic object has been ejected, the apparatus will be in the
      position shown, for the movable elements thereof, in dashed lines in FIG.
      2 wherein:
PAR  a. the molds are closed, the collar 18, shaft 9 and ring 26 being in their
      lower position;
PAR  b. the hub 8 of the tool turret is lowered and is held against rotation by
      the pins 7 engaged in its holes 7';
PAR  c. the piston of cylinder 37 is at the end of its return stroke (to the
      right, in FIG. 2) and the arm 41 has operated contact 42, thereby
      terminating this return stroke;
PAR  d. the ring 28 is in its rest position (rotated counterclockwise, in FIG.
      2) and the link 31 is disposed parallel to the shaft 33 (dash line showing
      of link 31 and lever 30 in FIG. 2).
PAR  Operation of contact 42 at the end of the return stroke for the piston of
      cylinder 37 initiates lifting of the upper mold halves A through a
      distance L. In consequence, element D lifts the shaft 9 and hub 8 through
      a distance L'. Preferably, L' is equal to L/2 and the trunnions 19 will
      hence be disposed in the middle or at the mid-point of the arms 20 to
      effect a 2-to-1 demultiplication of motion.
PAR  The elements will then be disposed in the full line position of FIG. 2,
      wherein:
PAR  a. the hub 8 is freed from pins 7 and the tools on those of the carriers 10
      to 13 aligned with the molds 2 and 3 are disengaged from those molds,
      which are open;
PAR  b. the pins 27 of the ring 26 (fixed to the shaft 9) are engaged in the
      holes 29 of the ring 28, the latter being still in the counterclockwise
      position shown by the dashed lines for lever 30 in FIG. 2.
PAR  At the upper limit of its travel, element D operates a contact 44,
      initiating operation of the hydraulic cylinder 37 to drive its piston to
      the left. Shaft 33 is thereby driven to the left in FIG. 2, rotating
      clockwise the ring 28 and hence shaft 9 and hub 8 with its tool assembly
      clockwise. The assembly therefore turns through an angle which is a
      submultiple of 360.degree., namely, 90.degree. in the example under
      consideration.
PAR  It will be noted that in consequence of the coupling between shaft 33 and
      shaft 9 via link 31 and crank 30 there is obtained at the end of the
      rotation a decelerated motion which avoids shocks and sudden stops which
      might otherwise result due to the inertia of the tool assembly.
PAR  The tool carrying arms 10, 11, 12 and 13 are hence indexed one station,
      i.e. through 90.degree., in the embodiment illustrated. At the end of the
      outward motion of the shaft 33, the arm 41 operates the contact 43 which
      initiates:
PAR  a. closure of the molds by lowering of the shaft 9;
PAR  b. engagement of pins 7 in holes 7'; and
PAR  c. decoupling of shaft 9 from the ring 28 due to withdrawal of pins 27
      (fixed to ring 26) from the holes therefor in ring 28.
PAR  When these elements have been restored to the position shown in broken
      lines therefor, i.e. when the molds are closed, supply of pressure fluid
      to the hydraulic cylinder 37 is reversed, by action of a switch 44', so as
      to reverse the motion of the piston therein driving shaft 33 to the right
      in FIG. 2. This reverses the rotation of the ring 28, driving it in the
      direction indicated by the arrow F. This produces restoration of the crank
      30 to its dashed line position. The accompanying counterclockwise rotation
      of ring 28 does not however rotate shaft 9. At the end of the return
      stroke of the cylinder there occurs ejection of the molded article by
      means of ejection mechanism to be described presently.
PAR  It will be noted that means are provided manually to position the tool
      assembly, as might be necessary in the event of sudden interruption of the
      operation of the machine, in order to restore it to proper operation.
PAR  The apparatus thus includes a disengageable coupling between the shaft 9
      and ring 28. This coupling can be engaged and disengaged when the
      apparatus is in the position shown in full lines in FIG. 2, i.e. when the
      mold has just opened, the hub 8 being disengaged from the pins 7 whereas
      the pins 27 of the ring 26 are engaged in the holes 29 of the ring 28.
PAR  This disengageable coupling may comprise, as shown for example in FIG. 2, a
      stem 46 engaged in a central bore 47 of the shaft 9 and extending to a
      handle above the tool assembly, this stem being connected to the ring 26
      by a pin 48. A groove 49 is provided in the shaft 9 to permit vertical
      displacement of the stem 46 and pin 48. A spring 50 extends between the
      lower end of the stem 46 and the bottom of the bore 47 and tends to stress
      the stem 46 and pin 48 upwardly. The pin 48 is thus stressed against the
      ring 26, which is held against a shoulder 26a on the shaft 9. The strength
      of the spring 50 is such that upon operation in an automatic manner the
      machine operates as if the ring 26 were affixed to the shaft 9.
PAR  In a variant construction, apparatus may be provided as shown in FIG. 2a
      wherein, in place of a single ring 26, there is disposed a ring 126a
      affixed with respect to the shaft 9 by pins 128 and having holes for the
      passage of vertical pins 127 which are carried by and fixed to a ring 129,
      fixed in turn to the stem 46 by pin 130 susceptible of motion along a
      groove in the shaft 9 as in the case of FIG. 2. It will be understood that
      in such a case the stem 46 operates on the ring 129, the ring 126a
      remaining stationary.
PAR  Returning to FIG. 2, when the apparatus is in the position shown in full
      lines, decoupling of the shaft 9 from the ring 28 is obtained by pressing
      in the direction of the arrow V on the stem 46 against operation of the
      spring 50. This forces the ring 26 downward, producing descent of the
      fingers 27 whereas the shaft 9 and consequently the tool assembly remain
      in upward position. When the fingers 27 have emerged from the holes 29 in
      the ring 28 it is possible freely to turn the tool assembly by hand so as
      to place it in a desired position.
PAR  The mechanism for ejection of the finished articles will now be further
      described with reference to FIGS. 3 to 6.
PAR  Ejection of the articles is effected by means of a carriage of known type.
      The carriage is generally indicated at 16 in FIG. 1 and comprises two
      sleeves 52 (FIG. 3) which slide on rods 14 of a support which is fixed to
      the body 5, the sleeves being connected by a transverse plate 53.
PAR  The transverse plate 53 supports a manually rotatable or rockable
      mold-opening device 53a (FIGS. 4, 5 and 6), supported more particularly on
      lateral shafts 53b which rotate in the sleeves 52 as shown in FIG. 6. One
      of the shafts 53b is extended into a handle 53c which is urged toward an
      upper position shown in full lines in FIG. 4 by operation of a spring 53d
      connected at one end to the handle and at the other end to one of the
      sleeves 52. Lowering of the handle 53c to the dash-line position of FIG. 4
      produces rotation of mold opener 53a to the horizontal position therefor.
PAR  Displacement of the mold-opening carriage 16 lengthwise of the guide rods
      14 is effected by motion of the shaft 33 under influence of the hydraulic
      cylinder 37.
PAR  The shaft 33 carries an ejector 54 which comprises a sleeve movable on the
      reduced diameter portion 33a of shaft 33. The ejector is thus slidingly
      mounted on the shaft 33a between the two stops constituted one by the
      shoulder 55 on shaft 33 and the other by the head of a threaded rod 57
      which is adjustably screwed into a plate 58 fixed to the part 33a of the
      shaft 33. The ejector 54 is likewise fitted with a threaded rod 59 screwed
      into the interior of the ejector, the portion of this rod extending beyond
      the ejector toward the body 5 being subject to adjustment by rotation of
      rod 59. The threaded rods 57 and 59 make it possible to adjust the stroke
      of the ejector 54 and hence the stroke of the ejection carriage 16, as
      will be presently described.
PAR  On the internal face 60 of the ejector 54 there is mounted a transmission
      crank 61, pivotally mounted on the cylindrical portion 62 of a shaft whose
      end 63 is threaded into the ejector 54. The crank has as its two ends lugs
      64 and 65 which cooperate with guide elements 66 and 67, respectively
      fixed to the ejector carriage plate 53 and to an element 36 fixed to the
      machine. The two guide elements 66 and 67 extend in vertical planes
      transversely to the length of the shaft 33.
PAR  It will now be understood that displacement of the ejector 54 lengthwise of
      the axis of the rod 33 will effect, as shown in FIGS. 4 and 5,
      displacement of the ejector carriage (16, 52, 53) in the same directions
      lengthwise as the guides 14. Specifically, displacement of the ejector 54
      and hence of the ejection carriage 16 is effected by displacement of the
      shaft 33 under action of the hydraulic cylinder 37 in the course of the
      reciprocating motion of the latter.
PAR  Thus, at the end of a mold cycle, i.e. when the mold is closed and when the
      apparatus of the invention is in the position indicated in dash lines in
      FIG. 2, the cylinder 37 is at the end of its return stroke (to the right
      in FIG. 2) and the rod 33 is in its outer position as shown in FIG. 4.
PAR  In this position for the rod 33, the shoulder 55 will have pushed the
      ejector back to the maximum toward the right and the lever 61 will have
      displaced the carriage 16 to a maximum extent outwardly from the body 5 in
      the course of ejecting the finished article.
PAR  It will be noted in this connection that preferably the transmission
      coupling rod produces a demultiplication of motions which insures that for
      a given stroke of the ejector 54 a larger stroke occurs for the ejection
      carriage 16, e.g. one of twice the amplitude.
PAR  After ejection a new cycle begins with opening of the mold and this cycle
      continues with rotation of the tooling assembly consequent upon the
      outward stroke of the hydraulic cylinder 37. This stroke effects
      displacement of the rod 33 to the left, in FIGS. 2 and 4, as before. At
      the start of this displacement the ejector 54 and the ejection carriage 16
      remain stationary until the end 56 of the rod 57 comes into contact with
      the ejector 54. When this takes place, the ejector 54 is carried along
      with that stem (to the left in FIG. 3) at the same time as the ejector
      carrige 16 until the screw 59 of the ejector 54 comes to bear against a
      stop 68 provided on the fixed bearing 35 in which the rod 33 moves. The
      ejector carriage 16 then finds itself in the position shown in FIG. 5.
PAR  At the end of the outward stroke of the cylinder 37, the ejection carraige
      is then ready to effect a new ejection and this takes place in the course
      of the return stroke of the cylinder.
PAR  It will be noted that whereas the ejection position of the carriage 16
      (namely the position shown in FIG. 4) is fixed irrespective of the
      dimensions of the molded article to be ejected, the position of the
      carriage when at rest (as in FIG. 5) is adjustable by operation of the
      screw 59. It is thus possible to adjust the stroke of the carriage 16 as a
      function of the length of the articles manufactured.
PAR  FIGS. 7 to 11 show a variant construction according to the invention of
      which it will suffice to describe the portions which differ from the
      embodiment already described.
PAR  Thus, in this variant, the shaft 9 is fixed to a lower nut 70 including an
      annular groove 71 into which extend lugs 72 carried by pin 19. This pin
      belongs to a system for coupling the shaft 9 to the upper movable plate of
      the molding system identical with that already described. The nut 70 also
      includes four radial grooves 77 provided for effecting rotation thereof.
PAR  The connection between the shaft 9 and the driving ring 28 is effected by a
      pivoting finger 73 carried on a shaft 74 which is horizontal and which is
      fixed to the ring 28. This finger is provided to cooperate with the
      grooves 77 of the nut. The shaft 74 and, hence, the finger 73 may be
      subjected to a pivoting motion by action of a motor such as the hydraulic
      cylinder 75 which is coupled on the one hand to the ring 28 as shown in
      FIG. 10 and on the other hand to one end of a L-shaped member 76 the other
      end of which is fixed a portion 76 of L-shape fixed at one end to the
      shaft 74.
PAR  The hydraulic cylinder 75 may advantageously be a single acting cylinder
      driven in one direction only and returned by means of a spring back to the
      position of rest shown in full lines in FIG. 10.
PAR  Upon upward motion of the shaft 9 and nut 70, a groove 77 of the latter
      will become engaged on the finger 73 which is in the position shown in
      full lines in FIG. 9. Operation of the cylinder 37 and hence of the rod 33
      produces, as in the embodiment previously described, rotation of the ring
      28 and hence of the shaft 9 by action of the finger 73 and nut 70.
PAR  Decoupling of the shaft 9 and ring 28 is easily accomplished by controlling
      opening of the finger 73 by the cylinder 75 so as to bring the finger into
      the position shown in dashed lines in FIG. 9. To this end, the cylinder
      can be controlled by a manual three-position valve not shown.
PAR  It will be noted that in this embodiment the ring 28 is also coupled to the
      rod 33 by a crank 31. However, this crank is directly articulated on the
      rod 33 at a pin 33a.
PAR  Another difference between this embodiment and that previously described
      pertains to the system for multiplication of motion between the ejector
      and the ejection carriage and also to means to cause pivoting of the
      ejector, shown in particular in FIGS. 7, 8 and 11.
PAR  In the embodiment of FIGS. 7 to 11, the motion multiplication mechanism
      comprises a rack and pinion. A first rack 80 is movably affixed beneath
      the ejection carriage 53 by means of screws 79. A second rack 81, fixed in
      position, is mounted by means of screws 82 on part of the stationary
      structure of the body 5.
PAR  The racks 80 and 81 face each other with a pinion 83 mounted between them
      for free rotation on an axle 84a on the ejector 84, the pinion engaging
      both of the racks. As in the preceding embodiment, the ejector 84 is
      mounted for sliding motion on the rod 33 and can move along that rod
      between stops 55 and 56. The ejector also supports a threaded control rod
      59. It will be understood that with this construction when the rod 33
      shifts, it carries with it the ejector 84 along and the pinion 83, which
      is obliged to rotate by action of the stationary rack 81. In the light of
      this movement, the stroke of the carriage 53 is twice that of the ejector
      84.
PAR  It will also be noted that in this embodiment the rocking of the demolder
      53a is automatically effected at the end of the stroke.
PAR  The demolding mechanism 53a is, as already indicated, fixed on shafts 53b
      and 53e which pivot on sleeves 52 of the carriage. The shaft 53b is
      extended at an L-shaped portion 53c carrying a follower 85. This follower
      cooperates with a guide ramp 86 having a plane portion 87 which terminates
      at the end of the arms 14 in a notch 88 whose width is slightly greater
      than the diameter of the follower. The notch therefore presents an
      elevated surface 89 having the function of a stop.
PAR  In the position shown in dashed lines in FIG. 7, the carriage is backed
      against the body 5 and the demolder is vertically disposed. The angular
      portion of the shaft 53b being lifted by the ramp 87.
PAR  When the carriage moves to the right in FIG. 7, the demolder remains in the
      position shown in dashed lines until the follower 85 falls into the slot
      or notch 88, the follower being immobilized and the carriage 53 continuing
      its motion, the shaft 53b rotates about the follower and produces pivoting
      of the demolder through 90.degree. into the position shown in full lines
      therefor in FIG. 7.
PAR  Of course, the ramp 86 must be positioned and adjusted as a function of the
      stroke of the motion desired for the carriage 53. This method of pivoting
      makes it possible once the articles have been ejected horizontally, to
      position them vertically for further operations thereon.
PAR  The invention thus provides a tool assembly comprising a table 1, 4, 5, a
      plurality of first mold halves or portions 2, 3 disposed on the table, a
      mold carrier A having thereon a plurality of second mold portions movable
      toward and away from the table to close and to open the molds, a tool
      carrying turret 8, a shaft 9 supporting the turret and journaled in the
      table for rotation and axial motion with respect thereto, means E, D, 19,
      20 coupling the shaft 9 to the mold carrier A for translation upon
      translation of the mold carrier, a first collar or drive means 28
      journaled in the table and engaged about the shaft, means 30-33 to impose
      reciprocating angular motion on the first drive means 28, a second collar
      or drive means 26 engaged about the shaft and coupled thereto (at pin 48)
      for rotation therewith, and releasable torque transmitting means 27
      coupling the first and second drive means together when the molds are open
      but not when they are closed. The tool assembly further desirably
      comprises means 46 to displace the second drive means 26 axially of the
      shaft to disengage the torque transmitting means even when the mold halves
      are open. Preferably the coupling means E, D, 19, 20 impose on the shaft 9
      a motion smaller than the motion of the mold carrier A. Further the shaft
      9 desirably includes means such as the shoulder 26a to limit axial motion
      of the second drive means 26 therealong, and resilient means such as
      spring 50 are provided stressing said second drive means against those
      motion limiting means.
PAR  While the invention has been described hereinabove in terms of a number of
      presently preferred exemplary embodiments thereof, the invention itself is
      not limited thereto but rather comprehends all modifications of and
      departures from those embodiments properly falling within the spirit and
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool assembly comprising a table, a plurality of first mold portions
      disposed on the table, a mold carrier having thereon a plurality of second
      mold portions movable toward and away from the table to close and to open
      the molds, a tool carrying turret, a shaft supporting the turrent and
      journaled in the table for rotation and axial motion with respect thereto,
      means coupling the shaft to the mold carrier for translation upon
      translation of the mold carrier, a first drive means journaled in the
      table and mounted about the shaft to permit free rotation and axial motion
      of the shaft with respect to said first drive means, a reciprocating
      member and crank means coupling said reciprocating member to said first
      drive means to impose reciprocating angular motion on the first drive
      means, a second drive means engaged about the shaft and coupled thereto
      for rotation therewith, and releasable torque transmitting means coupling
      the first and second drive means together when the molds are open but not
      when the molds are closed.
NUM  2.
PAR  2. A tool assembly according to claim 1 further comprising means to
      displace the second drive means axially of the shaft to disengage said
      torque transmitting means.
NUM  3.
PAR  3. A tool assembly according to claim 2 wherein said shaft includes means
      to limit axial motion of said second drive means therealong and resilient
      means stressing said second drive means against said motion limiting
      means.
NUM  4.
PAR  4. A tool assembly according to claim 1 wherein said coupling means impose
      on the shaft a motion smaller than the motion of the mold carrier.
NUM  5.
PAR  5. A tool assembly according to claim 3 wherein said coupling means
      includes a lever coupled via a movable link to said table and coupled to
      said shaft and mold carrier at unlike distances from said link.
NUM  6.
PAR  6. A tool assembly according to claim 1 including ejector means coupled to
      said reciprocating member.
NUM  7.
PAR  7. A tool assembly according to claim 6 in which said ejector means
      comprise a carriage movable along guide ways perpendicular to said shaft.
NUM  8.
PAR  8. A tool assembly according to claim 7 including motion multiplying means
      coupled between said reciprocating member and ejector means.
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ABST
PAL  An elongated hollow termination pin assembly for mechanically terminating a
      fiber bundle of a fiber optic cable. The pin assembly includes an
      elongated hollow pin with coaxially slidable outer sleeve and an O-ring of
      resilient material mounted in a groove about the pin immediately adjacent
      to the end of the sleeve toward the terminal end of the cable. A backward
      facing shoulder is provided about the circumference of the sleeve so that
      a retaining clip within the connector shell can restrain backward axial
      movement of the sleeve. The pin can slide within the sleeve, however, and
      is resiliently constrained by the O-ring to provide a positive abutment
      force at the interface of the fiber bundles, dampen contact vibrations,
      and absorb axial tolerances. Alternatively, the O-ring may be positioned
      between a forwardly facing shoulder on the connector body and the
      retaining clip, with a tine on the clip engaging a rearwardly facing
      shoulder on the pin.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 518,488, filed Oct. 29, 1974 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to connectors for use with fiber optic cables.
PAR  2. Description of the Prior Art
PAR  The employment of fiber optic cables or light guides, also sometimes
      referred to as optical communication fibers, for the transmission of
      information-bearing light signals, is now an established art. Much
      development work has been devoted to the provision of practical low-loss
      glass protective outer coatings or jackets. The jacket makes them resemble
      ordinary metallic-core electrical cable upon superficial external
      inspection. Obviously, if fiber optic cables are to be used in practical
      signal transmission and processing systems, practical connectors for the
      connection and disconnection of fiber optic cables must be provided.
PAR  Before the prior art in respect to connectors, per se, is discussed, some
      references will be given for the benefit of the skilled reader in
      understanding the state of fiber optic art in general.
PAR  An article entitled "Fiber Optics" by Narinder S. Kapany, published in the
      SCIENTIFIC AMERICAN, Vol. 203, Pages 72-81, dated November, 1960, provides
      a useful background in respect to some theoretical and practical aspects
      of fiber optic transmission.
PAR  Of considerable relevance to the problem of developing practical fiber
      optic connectors, is the question of transfer efficiency at the connector.
      Various factors, including separation at the point of abutment, and
      lateral separation or offset, are among the factors effecting the light
      transfer efficiency at a connector. In this connection, attention is
      directed to the Bell System Technical Journal, Vol. 50, No. 10, December
      1971, specifically to an article by D. L. Bisbee, entitled "Measurement of
      Loss Due to Offset, and End Separations of Optical Fibers." Another Bell
      System Technical Journal article of interest appeared in Vol. 52, No. 8,
      October 1973 and was entitled "Effect of Misalignments on Coupling
      Efficiency on Single-Mode Optical Fiber Butt Joints" by J. S. Cook, W. L.
      Mammel and R. J. Grow.
PAR  The patent literature also contains much information relative to the state
      of this art. For example, U.S. Pat. No. 3,624,816 describes a "Flexible
      Fiber Optic Conduit." The device described there uses a plurality of light
      conducting fibers in a flexible cable type arrangement.
PAR  Concerning the utility of fiber optic cables and therefore the utility of
      connectors for such cables, various systems are described in the patent
      literature which employ fiber optic cables. One example of such a
      utilization system is described in U.S. Pat. No. 3,809,908.
PAR  Yet another patent of interest is entitled "Glass Fiber Optical Devices,"
      U.S. Pat. No. 3,589,793. That reference relates to the fiber optic bundles
      and the glass fibers themselves, as well as to a method of fabrication for
      the fiber optic elements themselves.
PAR  A selection of U.S. patents relation more particularly to optical cable
      connectors includes U.S. Pat. Nos. 3,790,791; 3,734,594; 3,637,284;
      3,572,891; 3,806,225; 3,758,189 and 3,508,807 are representative of the
      connector prior art.
PAR  It is known that, in a fiber optic bundle, it is very desirable to compress
      the fibers as close together as possible, so that the unused, or void area
      between fibers, is reduced to a minimum. It is also known that one
      important factor in joined fiber optic cable connections having the least
      light-loss at transfer from surface to surface is provision of an axially
      tight contact at the fiber end interfaces. This is true whether or not an
      interface gel or other material is used at the fiber bundle abutment.
PAR  In the prior art, there has been mainly reliance on close tolerances or
      interface materials to deal with the problems present. These problems
      include optical gaps at abutment points, mechanical damage to the bundle
      end surfaces and the potential for variations in optical transmission
      through an insufficiently positive abutment. The maintenance of close
      tolerances involves high costs and other disadvantages and optical gaps
      and mechanical damage to the fiber bundle ends can deteriorate the light
      transfer. Vibration effects have deleterious effects including possible
      introduction of modulation on the light intensity level.
PAR  The manner in which the present invention deals with such problems of the
      prior art will be understood as this description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns a fiber optic cable terminating pin assembly
      for use in a connector assembly comprising at least one fiber optic
      circuit connection.
PAR  The principal novel feature of the present invention involves the structure
      of the termination pin assembly allowing a limited amount of axial sliding
      against a resilient force (of at least one of the termination pin bodies)
      to allow for a nominal interference fit at the point of abutment of the
      optic fibers at the terminal ends of abutting termination pins. This
      abutment may be with or without an optical interface part, or with or
      without liquid gel interface materials, insofar as the present invention
      is concerned. The result is a structure allowing for axial tolerances
      while providing a positive abutment force and dampening of contact
      vibration at the interface of the two fiber bundles.
PAR  At least one of the abutting hollow pin bodies is an assembly according to
      the present invention with a coaxially slidable outer sleeve an an O-ring
      of resilient material mounted in a circumferential groove about the pin
      body immediately adjacent to the end of the said sleeve on the side toward
      the terminal end of the pin body and cable. A backward facing shoulder is
      provided about the circumference of the slidable sleeve and when the
      assembly is mounted in one or the other or both mating connector shells,
      retaining clips or some other means can be employed to prevent backward
      movement (away from the point of cable abutment) of the said outer
      slidable sleeve. As a result of an actual or near interference fit at the
      point of abutment, however, the pin body within the slidable sleeve can
      "back off" a limited amount against the resilient resisting force of the
      O-ring. Alternatively, the O-ring may be positioned between a forwardly
      facing shoulder on the connector body and the retaining clip with a tine
      on the clip engaging a rearwardly facing shoulder on the pin.
PAR  The O-ring, in addition to its capability for resilient axial compression,
      can also expand circumferentially and thereby "ride up" the chamferred
      side of the circumferential groove retaining it.
PAR  A form in which the invention may be effectively and economically
      constructed will be seen from the following description of a typical
      embodiment thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cutaway view showing a termination pin assembly in
      accordance with the present invention, as it might be typically installed
      in mating connector shells;
PAR  FIG. 2 is a detail illustrating the structure of the termination pin in
      accordance with the present invention; and
PAR  FIG. 3 is a detail illustrating a modified form of the termination pin
      assembly in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, two mating connector shell assemblies 10 and 11,
      are illustrated. These connector shells may be very similar to those used
      in the well known electrical connector art.
PAR  As in the electrical connect art generally, insert parts 28 and 29, usually
      are molded from an insulating material, and serve to hold a plurality of
      cables generally in a connectable configuration. In the case of FIG. 1,
      only one pair of cables is shown connected, although insert parts 28 and
      29 are drawn for accommodation of four pairs of connectable cables. The
      pair of fiber optic cables 26 and 27 to be connected in the illustration
      of FIG. 1 comprise a fiber optic bundle 26a with its jacket 26b on the
      left, and a fiber optic bundle 27a with its jacket 27b on the right.
PAR  The termination pins in accordance with the present invention are shown at
      25 in two places on FIG. 1, abutting each other at their extreme ends at
      12. It will be realized from FIG. 1 that each of the cable fiber bundles
      26a and 27a is terminated in a substantially identical termination pin 25,
      these abutting at their extreme ends to bring optical contact between
      fiber bundles. The optical contact at 12 is either a direct abutment with
      or without interface gel or oil materials, but may include an optical,
      refraction index matching interface piece at 12. The actual nature of the
      interface is incidental insofar as the present invention is concerned.
PAR  It is advantageous to refer at this time also to FIG. 2, so that the
      detailed elements of a termination pin assembly according to the present
      invention can be more fully explained. Contemporaneously these elements
      may be visually related to FIG. 1.
PAR  FIG. 2 depicts one or the other of the termination pins illustrated in FIG.
      1, and identified simply as 25.
PAR  The termination pin 25 is shown employing the "split tine" (or "spring
      tine") arrangement for gripping and compacting the individual glass fibers
      of 26a or 27a in the vicinity of the point of interface abutment. This
      split tine arrangement is described in U.S. patent application Ser. No.
      510,310, filed Sept. 30, 1974, entitled: Fiber Optic Connector with Split
      Tine Optic Contact Arrangement. That co-pending application is of common
      inventorship with respect to the present application and is assigned to
      the same assignee.
PAR  The terminating pin assembly depicted in detail in FIG. 2 includes an
      elongated hollow body at 13 and 14 (depending upon which pin is referred
      to on FIG. 1). The aforementioned split tine effect is produced by means
      of the groove 15 or 16, again depending upon which of the two pins is
      considered on FIG. 1. The end toward the split tine, i.e., to the right of
      FIG. 2, is considered to be the terminal end of the terminating pin
      assembly and is, of course, the end which abuts the other terminating pin
      assembly at 12 in FIG. 1. The pin body will be seen to increase in outside
      diameter looking from right to left on FIG. 2 at 33, to a second and
      larger outside diameter 34. The shape of the transistion 33 to this larger
      diameter is not of any great importance, except that it may be desirable
      to have it match (at least approximately) inside cavity formed by the
      retaining parts within the corresponding connector shell. The pin outside
      diameter 34 may be substantially the same as at 35, or may differ slightly
      as will be obvious once the present invention is understood. Proceeding
      still farther to the left, it will be noted that the pin body again
      increases in diameter to that shown at 36, forming a shoulder at 31.
PAR  In the absence of the O-ring 17 or 18, the sleeve 19 or 20, (yet again
      depending upon which pin from FIG. 1 is being viewed) may be inserted over
      the pin body along the diameter 35 from the terminal end of the pin
      assembly. Accordingly, it will be realized that if there is any difference
      between pin body diameters at 34 and 35, it is necessary for 34 to be the
      smaller of the two.
PAR  It will be noted that the slidable sleeve 19 or 20, has a larger diameter
      portion adjacent to the O-ring, thereby forming a backward looking
      shoulder at 21. Thus, a spring retaining finger 30 (which may itself have
      a substantially circular cross-section in a plane perpendicular to the
      axis of FIG. 2, and may also include axial grooves to form independent
      spring fingers) engages the shoulder 21 and also the internal edge of a
      counterbore within the connector shell at 37.
PAR  Accordingly, it will be realized that the part 30 effectively restrains the
      slidable sleeve (19 or 20) from backward movement, i.e., axial movement
      away from the aforementioned terminal end of the pin assembly.
PAR  It will be realized that the terminating pin assembly would be fully
      assembled including the O-ring 17 or 18 before it is inserted within the
      connector shell such that this engagement by part 30 can occur.
PAR  It will be noted that the O-ring 17 or 18 is retained with a
      circumferential groove in the pin body to a depth represented at 23 on
      FIG. 2 and having a rearward groove wall 22 which is preferably
      perpendicular to the axis of the pin. The forward wall of the groove is
      chamferred or sloped as indicated at 24. The angle of this chamfer is not
      particularly critical, but normally would be in the vicinity of
      45.degree..
PAR  Although the slidable sleeve 19 or 20 is restrained from translational
      movement (to the left on FIG. 2) by abutment at 31 and 32, this is more of
      an assembly and manufacturing convenience than a necessity in the fully
      assembled and installed condition. This is because the part 30 effectively
      restrains the said slidable sleeve from leftward movement, and extra
      initial projection of the pin body before connector mating is not of much
      significance.
PAR  Assume at this time, that the configuration of FIG. 1 has been assembled
      and that a nominally interference fit situation has been pre-established
      at 12 when the connector shells are fully mated. The hollow pin body 13 or
      14 is thus subjected to a force causing it to move to the left (as viewed
      on FIG. 2). The O-ring 17 or 18 is then subjected to an axially directed
      compression force. Since the O-ring is fabricated from a resilient
      material, it may not only compress between the surfaces 22 and 24, but
      will also "ride up" on the chamferred groove wall 24 to a certain extent.
      In doing so, the O-ring also expands radially or circumferentially and
      provides a radially inward force against the chamferred groove wall which
      is translated to an axial force also tending to thrust the pin body
      forward. It will be evident that the leftward movement of the hollow pin
      body is resisted by the resilient reaction forces thereby generated, and
      this force remains to insure positive abutment pressure between fiber
      bundle terminal ends in the connector mated condition, as depicted in FIG.
      1.
PAR  Suitable materials for the various parts of the structure described will be
      immediately evident to those skilled in this art. Normally, the hollow pin
      body 13 or 14 is constructed from a relatively high strength metal,
      necessarily having certain spring characteristics if the spring tine fiber
      bundle gripping arrangement at 15 or 16 is contempated. Of course, the
      spring tine feature may not be used, the bonding of the optical fibers in
      the termination pin being provided by an adhesive or other means.
PAR  The O-ring may be neoprene or some other synthetic or natural rubber
      material or one of the resilient polymers having the desired elasticity
      characteristic.
PAR  The parts generally referred to as 28 and 29 on FIG. 1, which perform the
      general alignment functions within the connector shells may be of moldable
      plastic material but, since there are no electrical insulating
      requirements in fiber optic connectors, these parts need not be
      non-conductive, per se. The influence of environmental considerations
      would, generally speaking, dictate the exact choice of materials for the
      parts of the assembly in accordance with the present invention.
PAR  While the fiber bundle interconnection arrangement disclosed in FIGS. 1 and
      2 are incorporated into the shells of an electrical connector, as in a
      conventional electrical connector, the interconnection arrangement could
      also be utilized without the use of such shells. For example, the inserts
      which hold the spring retaining clips 30 and the pin terminated fiber
      optic cables could be mounted in plastic bodies which slidably
      inter-engage with each other without the use of outside metal shells with
      a coupling nut on one shell or coupling to the mating shell. Further, the
      fiber cable interconnection arrangement of the present invention could be
      incorporated in a supporting plate, such as a bulkhead. Such an
      arrangement is illustrated in FIG. 3 wherein the bulkhead is designated
      40. An insert 42 is mounted within a bore 44 which extends through the
      bulkhead. The insert is retained in the bore 44 by an externally threaded
      retaining nut 46. A passage 48 extends longitudinally through the insert
      42. A fiber optic cable 58 having a fiber bundle 60 therein and terminated
      by a termination pin 62 is mounted in one end of the passage 48. The
      termination pin 62 may be similar to the termination pin 25 described
      hereinbefore, except that the groove 64 therein has a rearwardly facing
      shoulder 66 which is transverse to the axis of the pin. A mating
      termination pin 68 is mounted in the passage 48 in abutment with the end
      of the pin 62. The pin 68 terminates a second fiber optic cable, not
      shown. Pin 68 may be either permanently mounted in the passage 48 in
      insert 42 or removably mounted therein by the use of a suitable retention
      clip. The retention clip 70 for the pin 62 has a plurality of forwardly
      and inwardly extending spring fingers 72 the tips of which extend into the
      groove 74 to engage the shoulder 66 on the pin, thereby limiting rearward
      axial translation of the pin in the passage 48. Rather than utilizing a
      slidable sleeve between the retention clip and the O-ring as in FIGS. 1
      and 2, in this embodiment of the invention the slidable sleeve is
      eliminated and the O-ring 74 is disposed between the rear 76 of the clip
      and the forwardly facing shoulder 78 defined by the front face of the nut
      46. The O-ring 74 can obviously be replaced by any suitable annular
      resilient ring or for that matter could constitute any form of a spring
      member which will bias the retention clip 70 in the forward direction.
      Thus, it is seen that the resilient member 74 will insure positive
      abutment pressure between the fiber bundle terminal ends and will provide
      relief for axial manufacturing tolerances as in the first embodiment of
      the invention. This embodiment has the advantage that it requires fewer
      number of parts because the slidable sleeve on the termination is
      eliminated. By the arrangement illustrated in FIG. 3, individual fiber
      optic cables terminated by termination pins may be inserted and extracted
      directly from the bulkhead 40 for connection to mating fiber optic cables
      without the use of connector shells or the like. The termination pin 62 is
      released from the panel 40 by inserting a suitable longitudinally split
      tool, as well in the art, through the bore in the nut 46 under the ring 74
      and between the space between the retention clip 70 and the surface of the
      pin 62 until the end of the tool engages under the forward ends of the
      spring finger 72, lifting the fingers out of the groove 64 thus out of
      engagement with the shoulder 66. Thereupon, the pin 62 may be withdrawn
      rearwardly from the passage 48 in the bulkhead 40.
PAR  Modifications and variations in the structure illustrated and described
      will suggest themselves to those skilled in this art, once the principle
      of the present invention is understood. Accordingly, it is not intended
      that the scope of the invention should be considered limited by the
      drawings or this description, these being illustrative and typical only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A termination pin assembly for adapting a fiber optic cable for
      insertion into a connector assembly, comprising:
PA1  a hollow elongated pin body having an axial bore of such a diameter over a
      predetermined axial dimension from a first end of said pin body so as to
      accommodate insertion of the optical fiber of said cable through said bore
      for at least said predetermined axial dimension, said first end of said
      pin body being the terminal end thereof when said cable is inserted within
      said pin:
PA1  a circumferential groove about a central portion of said pin body, said
      groove having first and second side walls, said first side wall being
      nearest said first end of said pin body;
PA1  an axially slidable sleeve mounted to slide over at least a portion of the
      outside surface of said pin body extending from said groove away from said
      first end of said pin body; and
PA1  resilient annular ring means installed within said groove, said ring means
      being compressively engaged between said slidable sleeve and said first
      side wall of said groove and providing a resilient force tending to resist
      axial movement of said pin body first end toward said slidable sleeve.
NUM  2.
PAR  2. In a fiber optic connector for providing a removable light signal
      connection between the ends of at least one pair of fiber optic cables,
      said pair consisting of first and second cables, each containing a fiber
      optic bundle comprising at least one light transmitting fiber, said
      connector having first and second mating connector shells and
      corresponding guide means for holding said first and second cables in
      substantially colinear positions with said ends of said first and second
      fiber bundles in substantial abutment when said shells are mated; the
      combination comprising:
PA1  first and second elongated hollow cable terminating pins corresponding
      respectively to each of said first and second cables, said pins each
      having an axial cavity therethrough, having an inside diameter for a
      predetermined axial length from a first pin end for accommodating said
      fiber bundle of the corresponding cable inserted therein, said first pin
      end being substantially coextensive with said end of the corresponding
      cable;
PA1  means for bonding said fiber bundle within at least a portion of said axial
      cavity to provide substantial resistance to axial movement of said fiber
      bundles within said hollow pins;
PA1  means comprising a coaxial sleeve slidably fit about the outside diameter
      of a central portion of at least one of said first and second terminating
      pins;
PA1  first means associated with the internal cavity of at least the
      corresponding one of said connector shells for restraining axial
      translation of said coaxial sleeve in a direction away from the point of
      abutment of said cable ends;
PA1  and second means including a resilient member associated with both the body
      of said termination pin and said coaxial sleeve to permit relatively small
      axial translation of said termination pin within said sleeve thereby to
      provide a compression force at the point of said abutment of said first
      and second fiber optic bundles thereby also providing relief for axial
      manufacturing tolerances.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said coaxial sleeve includes a
      circumferential shoulder facing in a direction opposite said point of
      abutment of said first and second optical fiber bundles and said first
      means includes a plurality of spring tines axially constrained within the
      internal cavity of said connector shell, said spring tines bearing
      resiliently against the outside periphery of said coaxial sleeve and
      engaging said circumferential shoulder to constrain said sleeve from axial
      movement away from said point of abutment.
NUM  4.
PAR  4. Apparatus according to claim 2 in which said first means are provided in
      the internal cavities of both of said connector shells and said second
      means are provided for both first and second termination pins.
NUM  5.
PAR  5. Apparatus according to claim 2 further defined in that said second means
      includes a circumferential retaining groove in the wall of said pin
      beginning substantially at the end of said coaxial sleeve closest to said
      point of abutment of said fiber bundles, and an O-ring in said groove,
      said O-ring having an outside diameter greater than the inside diameter of
      said coaxial sleeve.
NUM  6.
PAR  6. Apparatus according to claim 5 in which the wall of said groove closest
      to said first end of said pin is sloped radially outward toward said first
      end of said pin thereby to permit said O-ring to climb said groove wall in
      response to axial thrust of said pin in the direction away from said point
      of abutment of said fiber bundles.
NUM  7.
PAR  7. Apparatus according to claim 2 further defined in that said second means
      includes a circumferential groove in the wall of said pin, said groove
      having a first sidewall lying adjacent to the end of said coaxial sleeve
      toward said point of abutment of said first and second fiber optic bundles
      and a second wall spaced toward said point of abutment, said second wall
      being sloped so that the width of said groove is greater at its greatest
      diameter than at its least diameter, and an O-ring installed within said
      groove, said O-ring responding to axial thrust of said pin in the
      direction away from said point of abutment by climbing said second groove
      wall thereby to provide a resilient reaction to said thrust to keeps said
      point of abutment under compressive stress.
NUM  8.
PAR  8. Apparatus according to claim 7 further defined in that said second means
      includes a circumferential groove in the wall of said pin, said groove
      having a first sidewall lying adjacent to the end of said coaxial sleeve
      toward said point of abutment of said first and second fiber optic bundles
      and a second wall spaced toward said point of abutment, said second wall
      spaced toward said point of abutment, said second wall being sloped so
      that the width of said groove is greater at its greatest diameter than at
      its least diameter, and an O-ring installed within said groove, said
      O-ring responding to axial thrust of said pin in the direction away from
      said point of abutment by climbing said second groove wall thereby to
      provide a resilient reaction to said thrust to keep said point of abutment
      under compressive stress.
NUM  9.
PAR  9. A termination pin assembly for adapting a fiber optic cable for
      insertion into a connector assembly, comprising:
PA1  a hollow elongated pin body having an axial bore of such a diameter over a
      predetermined axial dimension from a first end of said pin body so as to
      accommodate insertion of the fiber optic bundle of said cable through said
      bore for at least said predetermined axial dimension, said first end of
      said pin body being the terminal end thereof when said cable is inserted
      within said pin;
PA1  a circumferential groove about a central portion of said pin body, said
      groove having its side wall nearest said first end of said pin body
      sloping outward such that the top of said groove is wider in the axial
      dimension than is the bottom;
PA1  an axially slidable sleeve mounted to slide over at least a portion of the
      outside surface of said pin body extending from said groove away from said
      first end of said pin body;
PA1  and an O-ring installed within said groove, said O-ring being compressively
      engaged between said slidable sleeve and said sloping side wall of said
      groove, thereby to provide a resilient force tending to resist axial
      movement of said pin body first end toward said slidable sleeve.
NUM  10.
PAR  10. Apparatus according to claim 9 in which means are included for securing
      said fiber optic bundle of said cable within said pin body.
NUM  11.
PAR  11. Apparatus according to claim 9 in which said sloping side wall of said
      groove makes an angle of approximately 45.degree. with respect to the
      axial centerline of said pin body.
NUM  12.
PAR  12. In a fiber optic connector assembly for providing a removable light
      signal connection between the ends of at least one pair of fiber optic
      cables, said pair consisting of first and second cables each containing at
      least one light transmitting fiber, said connector assembly having means
      for holding said first and second cables in substantially colinear
      positions with the forward ends of said first and second cable in
      substantial abutment the combination comprising:
PA1  first and second elongated hollow cable terminating pins mounted
      respectively on the forward ends of said first and second cables, said
      pins each having a front end substantially coextensive with the forward
      end of its corresponding cable fiber;
PA1  first means associated with at least one of said pins for restraining axial
      translation of said pin in a direction away from the point of abutment of
      said cable fiber ends; and
PA1  second means including a resilient member associated with said one pin and
      said first means permitting relatively small axial translation of said pin
      and providing a compression force at said point of abutment thereby
      providing relief for axial manufacturing tolerances.
NUM  13.
PAR  13. A connector assembly according to claim 12 in which said first and
      second means are provided for both said first and second termination pins.
NUM  14.
PAR  14. A connector assembly according to claim 12 including a coaxial sleeve
      slidably fit about said one pin, said second means including a
      circumferential retaining groove in the wall of said one pin beginning
      substantially at the end of said coaxial sleeve closest to said front end
      of said one pin, said resilient member comprising an annular resilient
      ring in said groove, said ring having an outside diameter greater than the
      inside diameter of said sleeve.
NUM  15.
PAR  15. A connector assembly according to claim 14 in which said ring is an
      O-ring and the wall of said groove closest to said front end of said one
      pin is sloped radially outward toward said front end thereby to permit
      said O-ring to climb said groove wall in response to axial thrust of said
      pin in the direction away from said point of abutment.
NUM  16.
PAR  16. A connector assembly according to claim 14 in which said coaxial sleeve
      includes a circumferential shoulder facing in a direction opposite said
      point of abutment and said first means includes a plurality of spring
      tines axially constrained within said connector assembly, said spring
      tines bearing resiliently against the outside periphery of said coaxial
      sleeve and engaging said circumferential shoulder to constrain said sleeve
      from axial movement away from said point of abutment.
NUM  17.
PAR  17. A connector assembly according to claim 12 including a fixed shoulder
      in said connector assembly behind said first means and facing in the
      direction toward said point of abutment, a rearwardly facing shoulder on
      said one pin in front of said first means, said resilient member and said
      first means being positioned between said shoulders.
NUM  18.
PAR  18. A connector assembly according to claim 17 wherein said resilient
      member is disposed between said fixed shoulder and the rear of said first
      means, the front of said first means engages said rearwardly facing
      shoulder on said one pin.
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ABST
PAL  A system which transforms a liquid crystal composition having a mixture of
      cholesteric liquid crystal or other optically active materials and nematic
      liquid crystal materials from an electrically induced dynamic scattering
      state into an aligned nematic state by changing variables of an applied
      electrical field, and an imaging system wherein such a liquid crystal
      member is imaged in a desired image configuration by such an electrical
      field-induced transition system. Such systems exhibit high optical
      contrast and may be viewed without the aid of light polarizing devices.
BSUM
PAR  This invention relates to electro-optic systems, and more specifically to
      an electro-optic system wherein a liquid crystal composition having a
      mixture of cholesteric liquid crystals or other optically active materials
      and nematic liquid crystal materials is used. Furthermore, this invention
      includes electro-optic cells and imaging systems embodying the inventive
      liquid crystalline electro-optic system.
PAR  Liquid crystal substances exhibit physical characteristics some of which
      are typically associated with liquids and others which are typically
      unique to solid crystals. The name "liquid crystals" has become generic to
      substances exhibiting these dual properties. Liquid crystals are known to
      appear in three different forms: the smectic, nematic, and cholesteric
      forms. These structural forms are sometimes referred to as mesophases,
      thereby indicating they are states of matter intermediate between the
      liquid and crystalline states. The three mesophase forms of liquid
      crystals mentioned above are characterized by different structures wherein
      the molecules of the compound are arranged in a molecular structure which
      is unique to each of the three mesomorphic states. Each of these
      structures is well known in the liquid crystal art.
PAR  Liquid crystals are known to be sensitive or responsive to a variety of
      stimulii, including temperature, pressure, and foreign chemical compounds,
      as well as electrical and magnetic fields. Cholesteric liquid crystals are
      known to have certain unique responses to electrical fields, as disclosed,
      for example, in Wysocki et al U.S. Pat. No. 3,652,148; Wysocki et al U.S.
      Pat. No. 3,642,348; and Haas et al U.S. Pat. No. 3,680,950.
PAR  Cholesteric liquid crystals or compositions exhibiting cholesteric liquid
      crystalline characteristics are typically translucent, for example like a
      milky white, opalescent material in one of their natural optical states.
      This state is also known as the focal-conic or "undisturbed" state of
      cholesteric liquid crystal materials. U.S. Pat. No. 3,652,148 describes a
      system wherein compositions exhibiting cholesteric liquid crystal
      characteristics are placed in high strength electrical fields to cause an
      electrical-field induced phase transition to occur wherein optically
      negative cholesteric liquid crystal compositions are transformed into a
      transparent optically positive liquid crystal state, which is believed to
      structurally resemble the nematic liquid crystal mesophase structure.
PAR  Nematic liquid crystals are also known to be responsive to electrical field
      and currents, and have been used in various electro-optic cells and
      imaging systems, for example as disclosed in Williams U.S. Pat. No.
      3,322,485, Heilmeier et al, U.S. Pat. No. 3,499,112; and Haas U.S. Pat.
      No. 3,806.230. Many of the known nematic liquid crystalline light valves
      and display devices make use of the dynamic light scattering
      characteristics of layers of nematic liquid crystalline materials which
      have electrical fields placed across the thickness of the layer. See
      Heilmeier et al., "Dynamic Scattering: A New Electro-Optic Effect in
      Certain Classes of Nematic Liquid Crystals" Proc. I.E.E.E., Vol. 56, No.
      7, July, 1968, pp 1162-1171. The dynamic light scattering is believed to
      be due to the differential alignment of domains or swarms of birefringent
      liquid crystalline molecules in the electric field affected areas in such
      systems.
PAR  Mixtures of cholesteric and nematic liquid crystals have also shown
      responses to electrical fields, as shown for example in Heilmeier, G.H.
      and Goldmacher, J.E., Appl. Phys. Letters Vol. 13, No. 4, p. 132 (1968),
      and Soref, R.A., "Thermo-Optic Effects in Nematic-Cholesteric Mixtures,"
      J. Applied Physics, Vol. 41, No. 7, June, 1970, pp 3021-3026, which
      disclose optical changes of induced states in nematic-cholesteric
      mixtures, and in Haas, W., Adams, J., and Flannery, J.B.,
      "ac-FIELD-INDUCED GRANDJEAN PLANE TEXTURE IN MIXTURES OF ROOM-TEMPERATURE
      NEMATICS AND CHOLESTERICS" Phys. Rev. Letters, Vol. 24, No. 11, p 511(c),
      (1970), which discloses that certain mixtures of cholesteric and nematic
      liquid crystals exhibit dynamic scattering in response to an electrical
      field.
PAR  However, in new and growing areas of technology such as liquid crystal
      electro-optic and imaging systems, new methods, apparatus, compositions,
      and articles of manufacture continue to be discovered for the application
      of the new technology in surprising new and improved advantageous modes.
      For example, the present invention provides imaging systems which produce
      high contrast images which are observable either with or without the aid
      of light polarizing devices.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a novel
      electro-optic system.
PAR  It is another object of this invention to provide a novel liquid
      crystalline imaging system.
PAR  It is another object of this invention to transform a liquid crystalline
      composition comprising a mixture of cholesteric liquid crystals or other
      optically active materials, and nematic liquid crystal materials from its
      electrical field induced dynamic scattering state into an aligned nematic
      state by different applied electric fields.
PAR  It is another object of this invention to provide a liquid crystal imaging
      system which can be viewed in transmitted light without the aid of light
      polarizing devices.
PAR  It is another object of this invention to provide novel, liquid crystal
      compositions suitable for use in the A.C. or D.C. electrical field
      transition system of the present invention.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing a layer of liquid crystal composition, comprising a
      mixture of cholesteric liquid crystals or other optically active materials
      and nematic liquid crystal materials, in an electrical field and
      transforming that composition from its electrical current induced dynamic
      scattering state into an aligned nematic state by changing variables of
      the applied electrical field, and an imaging system wherein such a liquid
      crystal member is imaged in a desired image configuration by such a system
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of preferred embodiments of the invention taken in conjunction
      with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a partially schematic, cross-sectional view of an electro-optic
      cell embodying the present invention.
PAR  FIG. 2 is a partially schematic, isometric view of an electro-optic imaging
      cell embodying the present invention wherein the desired image is defined
      by the shape of at least one of the electrodes.
PAR  FIG. 3 is a partially schematic, exploded isometric view of an
      electro-optic imaging cell of the present invention wherein a liquid
      crystal imaging composition is imaged by an X-Y electrode grid address
      system.
PAR  FIG. 4 is a partially schematic, isometric view of a typical electro-optic
      imaging cell embodying the present invention wherein said cell is viewed
      between polarizers.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a typical electro-optic liquid crystal cell 10, sometimes
      referred to as an electroded sandwich cell, is shown embodying the present
      invention, wherein a pair of transparent plates 11 having substantially
      transparent conductive coatings 12 upon the contact surfaces thereof,
      comprise a substantially parallel pair of transparent electrodes. Cells
      wherein both electrodes are substantially transparent are preferred where
      the imaging member is to be viewed using transmitted light; however, a
      liquid crystal cell may also be viewed using reflected light thereby
      requiring only a single transparent electrode while the other may be
      opaque and/or reflecting. The transparent electrodes are separated by
      spacing-gasket member 13 which includes voids which form one or more
      shallow cups which contain the liquid crystal material in a film or layer
      which comprises the active element of the electro-optic cell. In the
      present invention the layer of liquid crystal material comprises a mixture
      of cholesteric liquid-crystals or other optically active materials and
      nematic liquid crystal materials. An electrical field is created between
      the electrodes by external circuit 15 which typically comprises electrical
      potential sources V.sub.1 and V.sub.2 which are connected across portions
      of the two electrodes through leads 17. The circuit 15 may also contain
      any suitable switching means that is desired.
PAR  The electro-optic effect of the liquid crystal members of the present
      invention, which may also be used as a liquid crystal electro-optic
      imaging system, is in part described in U.S. Pat. No. 3,652,148, the
      entire disclosure of which is hereby expressly incorporated by reference
      in the present specification. In the system described in that patent and
      in the system of the present invention, a mixture or composition
      exhibiting cholesteric liquid crystal characteristics is used in an
      electrode sandwich configuration embodiment such as that described in FIG.
      1 so that high strength electrical fields across the liquid crystal
      composition film cause an electrical field-induced phase transition to
      occur wherein the optically negative cholesteric liquid crystal
      composition is transformed into an optically positive liquid crystal
      state. The electro-optic cholesteric liquid crystal or optically active
      compositions suitable for use in the present invention typically have a
      transition threshold field strength at or above which the advantageous
      transition takes place. This transition is believed to be the result of
      the cholesteric liquid crystal transforming into the nematic liquid
      crystal mesophase structure. This is believed to be a bulk effect which
      affects the entire cross-section of the transformed portions of the
      composition layer.
PAR  But in the system of the present invention, the cholesteric-nematic
      mesophase transition does not occur between an initial cholesteric
      material in its natural state unaffected by any electrical field, and the
      subsequent electrical field induced phase transformed nematic state.
      Rather, the present inventors have found that a cholesteric-nematic phase
      transition will occur when a mixture of cholesteric liquid crystals or
      other optically active materials, and nematic materials, which is
      initially in an A.C. or D.C. electrically induced dynamic scattering
      state, is further affected by an electrical field of different voltage
      and/or frequency, to transform the mixture into an induced, transparent,
      nematic state. In terms of visual appearance, this transition is from a
      bright, highly light scattering layer having small, transient,
      birefringent domains therein, to a substantially transparent aligned
      nematic state.
PAR  However it has now been found that not only can a transition be achieved in
      mixtures of cholesteric liquid crystals or other optically active
      materials, and nematic liquid crystals from the electrically induced
      dynamic scattering state to the electrical field induced transparent
      aligned nematic state, but even more surprising, that such a system is
      capable of good switching speeds. In addition, it has been found that this
      inventive transition system can be used as a high contrast imaging system,
      without the necessity for using light polarizing, or other contrast
      enhancing devices as required in previous imaging systems. A reason for
      the increased contrast capability of the present system is that the
      dynamic scattering state is significantly brighter than the non-field
      affected states such as the normal focal-conic state. The present system
      also operates at threshold conditions which are more easily achieved than
      in other systems.
PAR  In FIG. 2 a preferred embodiment of the electro-optic cell described in
      FIG. 1 is shown wherein the desired image is defined by the shape of the
      electrodes, and therefore by the shape of the electrical field created by
      the electrodes. This electro-optic imaging cell comprises transparent
      plates 11 separated by spacer gasket 13 having void area 20 filled with
      the mixture of cholesteric liquid crystals or other optically active
      material, and nematic liquid crystal materials, with that area comprising
      substantially the entire area of spacer gasket 13. A desired image is
      defined by the shape of a substantially transparent conductive coating
      shown at 21, which is affixed to the inner surface of one or more of the
      transparent support plates 11. The embodiment illustrated in FIG. 2 shows
      only one of the two electrodes on both sides of the imaging materials in
      image configuration; however, it will be understood by those skilled in
      the art that both electrodes could easily be made in a matched, congruent
      pair to define the same desired image. In addition to image shaped
      substantially transparent conductive coating 21, one or both of the plates
      11 also have affixed to the inner surfaces thereof a second substantially
      transparent coating 22 which has a shape complementary to the image shaped
      coating 21, but spaced apart from or otherwise electrically insulated from
      coating 21. The coating 22 may be referred to as a background electrode
      complementary to imagewise electrode 21. In FIG. 2, the electrode 12a on
      the opposite side of gasket 13 from shaped electrodes 21 and 22, is shown
      as a full area electrode or substantially transparent coating 12a, but in
      various embodiments of the present invention the opposte electrode 12a may
      comprise complementary shaped electrodes like electrodes 21 and 22. While
      electrodes 21 and 22 are designed for separate operation, or operation at
      different electrical conditions, it will be appreciated that they may be
      operated together or at the same conditions as a substantially full-area
      electrode.
PAR  A very thin or substantially invisible conductor 16 is typically used in
      this embodiment to electrically connect image shaped electrode 21 to
      external circuit 15. Conductor 16 is spaced from or otherwise electrically
      insulated from the complementary background electrode 22. Conductor 16 is
      connected to conductor 19 which leads to electrical potential source
      V.sub.2. Complementary background electrode 22 is connected to conductor
      28 which leads to electrical potential source V.sub.1. Opposite electrode
      12a is illustrated as being electrically connected to a common ground
      between sources V.sub.1 and V.sub.2. However, if the opposite electrode
      comprises separate shaped electrodes like electrodes 21 and 22, each of
      those separate shaped electrodes would typically be connected across the
      same electrical potential source as their congruent shaped electrode on
      the other side of the gasket and imaging material.
PAR  In operation, one of the shaped electrodes, for example a background shaped
      electrode 22, is electrically connected to one terminal of an electrical
      potential source such as source V.sub.1, the other terminal thereof being
      connected to a full-area or congruent shaped electrode on the opposite
      side of the imaging material, and the source V.sub.1 provides an
      electrical potential sufficient to cause dynamic scattering in that
      portion of the layer of liquid crystal imaging material which
      geometrically corresponds to the shaped background electrode. An image
      shaped electrode, for example electrode 21, is electrically connected to
      one terminal of an electrical potential source such as source V.sub.2, the
      other terminal thereof being connected to a full-area or congruent shaped
      electrode on the opposite side of the imaging material, and the source
      V.sub.2 provides an electrical potential sufficient to produce an
      electrical field across the layer of liquid crystal imaging material,
      which field is sufficiently strong to cause the imaging material to
      transform to its transparent induced nematic state. The transparent image
      in a light scattering background may be viewed in either transmitted or
      reflected light. Where reflected light is used, one of the electrodes may
      be opaque if desired. Furthermore, by varying the potential and/or
      frequency (if the source is A.C.) a variety of imaging combinations are
      possible, and various portions of the imaging composition may readily be
      switched from one state to another. For example in the system described
      above, if the potential of source V.sub.2 is varied so that it
      approximates the stated potential of source V.sub.1, the transparent image
      will disappear, and the full area will assume the dynamic scattering
      state. In similar fashion, any shaped electrode area may be switched from
      conditions producing the dynamic scattering state to conditions producing
      the transparent induced nematic state in the imaging material 10a. Hence
      either transparent images in a light scattering background, or light
      scattering images in a transparent background may be produced in the
      present invention.
PAR  In the electro-optic liquid crystal cells described herein the electrodes
      may comprise any suitable transparent conductive material. Typical
      suitable transparent, conductive electrodes include glass or plastic
      substrates having substantially transparent and continuously conductive
      coatings of conductors such as tin, indium oxide, aluminum, chromiun, tin
      oxide, or any other suitable conductor. These substantially transparent
      conductive coatings may be evaporated or otherwise applied onto the
      transparent substrate. NESA glass, a tin oxide coated glass manufactured
      by the Pittsburgh Plate Glass Company, is a commercially available example
      of a typical transparent, conductive electrode material.
PAR  The spacer 13 which separates the transparent electrodes and contains the
      liquid crystal film between said electrodes, is typically chemically
      inert, substantially insulating, may or may not be transparent, and has
      appropriate dielectric characteristics. Materials suitable for use as
      insulating spacers include cellulose acetate, cellulose triacetate,
      cellulose acetate butyrate, polyurethane elastomers, polyethylene,
      polypropylene, polyesters, polystyrene, polycarbonates, polyvinylfluoride,
      polytetrafluoroethylene, polyethylene terephthalate and mixtures thereof.
PAR  Such spacers, also approximately define the thickness of the imaging layer
      or film of liquid crystals, and are preferably of a thickness in the range
      of about 10 mils or less. Optimum results are typically attained with
      spacers in the thickness range between about 1/4 mil and about 5 mils.
PAR  The layer or film of liquid crystal composition 14 comprises a mixture of
      cholesteric liquid crystals or other optically active materials and
      nematic liquid crystal materials. Mixtures of liquid crystals can be
      prepared in organic solvents such as chloroform, petroleum ether,
      methylethyl ketone and others, which are typically subsequently evaporated
      from the mixture thereby leaving the liquid crystalline mixture in a
      desired location. Alternatively, the individual liquid crystals of the
      mixture can be combined directly by heating the mixed components above the
      isotropic transition temperature. Such solutions or melts of liquid
      crystals are particlarly suitable for use in providing layers of liquid
      crystals on surfaces.
PAR  The cholesteric component of the liquid crystal mixture may comprise any
      suitable cholesteric liquid crystal, mixture or composition having
      cholesteric liquid crystal characteristics. Cholesteric liquid crystals
      suitable for use in the present invention include derivatives from
      reactions of cholesterol and inorganic acids; for example, cholesteryl
      chloride, cholesteryl bromide, cholesteryl iodide, cholesteryl fluoride,
      cholesteryl nitrate; esters derived from reactions of cholesterol and
      carboxylic acids; for example, cholesteryl crotonate; cholesteryl
      nonanoate, cholesteryl hexanoate; cholesteryl formate; cholesteryl
      chloroformate; cholesteryl propionate; cholesteryl acetate; cholesteryl
      linoleate; cholesteryl linolenate; cholesteryl oleate; cholesteryl
      erucate; cholesteryl butyrate; cholesteryl caprate; cholesteryl laurate;
      cholesteryl myristate; ethers of cholesterol such as cholesteryl decyl
      ether; cholesteryl lauryl ether, cholesteryl oleyl ether; cholesteryl
      dodecyl ether; carbamates and carbonates of cholesterol such as
      cholesteryl oleyl carbonate; cholesteryl ethyl carbonate; cholesteryl
      butyl carbonate; cholesteryl geranyl carbonate; cholesteryl erucate;
      cholesteryl cetyl carbonate; cholesteryl-p-nonylphenyl carbonate;
      cholesteryl-2-(2-ethoxyethoxy) ethyl carbonate;
      cholesteryl-2-(2-butoxyethoxy) ethyl carbonate; cholesteryl
      1-2-(2-methoxyethoxy) ethyl carbonate; cholesteryl heptyl carbamate;
      peptides such as poly-.gamma.-benzyl-l-glutamate derivatives of beta
      sitosterol such as sitosteryl chloride; and active amyl ester of
      cyanobenzylidene amino cinnamate. The alkyl groups in said compounds are
      typically saturated or unsaturated fatty acids, or alcohols, having less
      than about 25 carbon atoms, and unsaturated chains of less than about 5
      double-bonded olefinic groups. Aryl groups in the above compounds
      typically comprise simply substituted benzene ring compounds. Any of the
      above compounds and mixtures thereof may be suitable cholesteric liquid
      crystal materials in the advantageous system of the present invention.
PAR  Other optically active, non-mesomorphic materials may be used with, or
      instead of, the aforementioned cholesteric liquid crystal materials in the
      imaging compositions of the present invention. Typical suitable optically
      active, nonmesomorphic materials include: derivatives of alcohols such as
      1-menthol, 1-linanool, d-mannitol, d-bornel and d-quercitol; derivatives
      of ketones such as d-camphor, d-3-methylcyclohexanone 1-methone and
      1-6-isopropyl-3-cyclohexanone; derivatives of carboxylic acids such as
      d-citronellic acid, 1-citronellic acid, d-chaulmoogric acid, 1-campholic
      acid, 1-arabonic acid, d-tartaric acid and 1-ascorbic acid, derivatives of
      aldehydes such as d-citronellal; derivatives of alkenes such as
      1-B-pinane, d-silvesterene, and d-limonene; derivatives of amines such as
      1-2-methylpiperidine; derivatives of nitriles such as d-mandelonitrile;
      derivatives of amides such as d-hydrocarbamide; and mixtures thereof.
PAR  Nematic liquid crystal materials suitable for use as components of the
      liquid crystal composition in the present invention include:
      p-azoxyanisole, p-azoxyphenetole, p-butoxybenzoic acid, p-methoxy-cinnamic
      acid, butyl-p-anisylidene-p-aminocinnamate, anisylidene
      para-amino-phenylacetate, p-ethoxy-benzalamino-a-methyl-cinnamic acid,
      1,4-bis (p-ethoxy benzylidene) cyclo-hexanone, 4,4'-dihexyl-oxybenzene,
      4,4'-diheptyloxybenzene, anisal-p-amino-azo-benzene, anisaldazine,
      n,n'-nonoxybenze-toluidine; anils of the generic group
      (p-n-alkoxy-benzylidene-p-n-alkylanilines), such as p-methoxy benzylidene
      p-n-butylaniline, and p-ethoxy benzylidene p'-n-butylaniline;
      chlorostilbenes, mixtures of the above and many other.
PAR  The above list of materials are not intended to be exhaustive or limiting.
      The lists disclose a variety of representative materials suitable for use
      in the electro-optic liquid crystal composition or mixture which comprises
      the active element in the advantageous system of the present invention.
PAR  Preferred liquid crystal compositions having the mixed cholesteric-nematic
      properties, suitable for use in the present invention, are mixtures
      comprising p-[N-(p-butoxy-benzylidene) amino] phenylacetate;
      p-anisalamino-phenylacetate; p-anisalamino valerophenone;
      N-(p-ethoxy-benzylidene)-p-butylaniline and
      N-(p-butoxybenzylidene)-p-butylaniline; and
      N-(p-methoxybenzylidene)-p-butylaniline; with one or more of the following
      additional components: cholesteryl chloride; cholesteryl erucate;
      2-(-2-ethoxy) ethyl carbonate; or cholesteryl geranyl carbonate.
PAR  While the foregoing combinations of materials are preferred for use in the
      present invention, it should be appreciated that any mixture of
      cholesteric liquid crystals or other optically active materials, and
      nematic liquid crystals, which will exhibit both electrically induced
      dynamic scattering, and the transparent, electrical field induced aligned
      nematic state, is suitable for use in the present invention. While the
      entire theory of why such mixtures exhibit this unique combination of
      properties, is not known it is believed that the key to that combination
      of properties may be related to the dielectric anisotropy of the
      individual components of the mixture, as well as of the mixture as a
      whole.
PAR  The sources of electrical potential used in the present invention may be
      either D.C., A.C. or combinations thereof. The use of A.C. fields provides
      an additional degree of freedom, since frequency, as well as voltage may
      then be varied to control the desired liquid crystal states and
      transitions. A typical set of D.C. operating conditions in an about 8
      micron thick cell of the present invention is: ON (dynamic scattering)
      state -- about 8 volts, OFF (transparent nematic) state -- about 30 volts.
      However, these voltage values are only exemplary, and the voltage values
      will vary considerably for various mixtures of liquid crystal materials,
      and for various cell thicknesses. In addition, the use of A.C. potential
      provides means for adjusting contrast between the OFF and ON states by
      changing the frequency of the potential input. It has been found that the
      contrast between the two states used in the present invention increases
      with decreasing frequency of the applied A.C. electrical potential. This
      phenomenon is further illustrated by the data given in Examples I and II,
      below.
PAR  Another preferred embodiment of the electro-optic display cell of the
      present invention is schematically illustrated in FIG. 3 in exploded
      isometric format. The cell of FIG. 3 includes plates 11 sandwiching gasket
      13 having void 20 therein for the imaging composition, as in the
      embodiments of FIGS. 1 and 2. But here the electrodes on plates 11 are in
      the form of strips of substantially transparent conductive material, with
      a plurality of such strips 41 spaced apart or otherwise electrically
      insulated from each other, and extending in a parallel grid arrangement
      across the inner face of each plate 11. The electrode strips 41a on the
      inside of the front plate are oriented a different direction, preferably
      rotated about 90.degree., from the direction in which the electrode strips
      41b cross the inside of the rear plate. The electrode strips thus formed
      crossed X-Y grids having a layer of imaging composition therebetween. By
      selectively connecting any one of the front strips 41a and any one of the
      rear strips 41b across an electrical potential source such as V.sub.1 or
      V.sub.2, any area between two crossing electrode strips may be
      electrically activated to cause the imaging composition in that area to
      assume either its dynamic scattering state or its transparent induced
      nematic state.
PAR  The cell of FIG. 3 having the X-Y grid electrodes is schematically provided
      with circuitry so that any pair of strips selected from groups 41a and 41b
      may be connected across one of two electrical potential sources V.sub.1 or
      V.sub.2. In the present invention, all portions of the area of the display
      cell typically have an electrical potential provided across the thickness
      of the imaging composition, with some portions of that area having an
      electrical potential sufficient to cause the imaging composition in those
      portions to exhibit dynamic scattering, while other portions have an
      electrical potential sufficient to transform the imaging composition into
      its transparent electrical field induced nematic state. The X-Y grid
      electrode system shown in FIG. 3 includes conductors 29a and 29b to
      connect any desired electrode strip 41a and any desired electrode strip
      41b across electrical potential source V.sub.1, which may, for example,
      provide potential sufficient to cause an imaging composition of the
      present invention to exhibit dynamic scattering. And, conductors 30a and
      30b may be used to connect any desired strip 41a and any desired strip 41b
      across electrical potential source V.sub.2, which may, for example,
      provide potential sufficient to transform an imaging composition of the
      present invention into its transparent induced nematic state. Each strip
      is schematically illustrated with a switching means 31 by which the
      electrode strip may be electrically connected to a conductor 29a, 29b,
      30a, or 30b. In the manner described above, the area of the imaging
      composition between any two crossing strips 41a and 41b may be selectively
      activated so that the imaging composition in that area provides a light
      scattering unit in a transparent background, or vice-versa.
PAR  While the imaging system of the present invention has such high contrast
      that it may be used without polarizers or other contrast enhancing
      devices, in some embodiments or applications of the system it may be
      desirable to use such devices. For example, FIG. 4 shows an electro-optic
      imaging cell comprising a pair of substantially transparent electrodes 18
      sandwiching the spacer 13 containing a liquid crystal film, shown being
      observed between polarizers 23. As described earlier herein, mixtures of
      cholesteric liquid crystals or other optically active materials, and
      nematic liquid crystals, in the electrically induced dynamic scattering
      state are diffusely light scattering, having many small birefrigent
      domains; conversely, such mixtures transformed into the induced aligned
      nematic state are substantially transparent. Hence, when such a mixture is
      viewed between crossed polarizers, it is not visible with transmitted
      light when the mixture is in the transparent aligned nematic state, but it
      is brightly visible when the mixture is in the birefrigent dynamic
      scattering state. As illustrated in FIG. 4, light from source 24 is plane
      polarized by polarizer 23a. In traversing the liquid crystalline film it
      remains plane polarized in the transformed (transparent) aligned nematic
      areas 26, and ceases to be plane polarized in the birefrigent dynamic
      scattering areas 25. In passing through polarizer 23b, which is adjusted
      to a suitable angle, the aligned nematic areas 26 appear dark and the
      birefrigent dynamic scattering areas 25 appear bright thereby defining a
      dark image on a light background.
PAR  Although the embodiment of the advantageous system of the present invention
      illustrated in FIG. 4 shows a liquid crystal film being observed between
      polarizers, it will be appreciated that other means for enhancing the
      image or non-image areas may perform a function similar to that of the
      polarizers in the illustrated embodiment. For example, in addition to
      polarizers, edge-lighting systems, optical filter systems, or any other
      suitable means may be used to enhance the quality of the desired image. It
      is therefore clear that any desired image may be created in dark-on-light,
      light-on-dark, or even colored image-background combinations.
PAR  The imaging system of the present invention has been explained, for
      purposes of simplicity, in conjunction with the single, electrode sandwich
      mode. However, it should be appreciated that the present invention may be
      used in any embodiments capable of producing the requisite electrical
      potentials and fields. For example it may be used in large area displays,
      or in stacked nixie tube type applications, as shown in U.S. Pat. No.
      3,622,224. Other suitable applications include bit-matrix address systems,
      as well as electric stylus and electron beam address systems as shown in
      U.S. Pat. No. 3,652,148.
PAR  In all of the aforementioned embodiments, or in various combinations
      thereof, it will be appreciated that the imaging system of the present
      invention may be used to create any desired figure or character in any
      language or number system or any other desired design or image according
      to the application desired by its user.
PAR  While the present invention usually exhibits a transition from the highly
      visible dynamic scattering state at relatively low electrical potentials,
      to the transparent, field-induced, aligned nematic state at relatively
      high field strengths, surprisingly, it has been found that in some
      embodiments the field-induced aligned nematic state may appear at field
      strengths which are lower than those which produce dynamic scattering in
      the same liquid crystal composition. The theory of this phenomenon is
      presently unknown.
PAR  The following examples further specifically define the present invention
      with respect to the electrical transformation of a mixed
      cholesteric-nematic liquid crystal composition from a dynamic scattering
      state into the electrical field induced aligned nematic state. Parts and
      percentages are by weight unless otherwise indicated. The examples below
      are intended to illustrate various preferred embodiments of the novel
      liquid crystal electro-optic display system.
PAC  EXAMPLE I
PAR  An electro-optic liquid crystal cell is prepared by providing a tin oxide
      coated glass slide, providing on the conductive side of said slide an
      about 1/2 mil thick spacer gasket of Tedlar, a polyvinylfluoride resin
      film available from Dupont, having a small, square opening cut therein,
      and a second tin oxide coated glass slide over the spacer gasket and
      enclosing a liquid crystalline composition having cholesteric optical
      characteristics between the conductively coated slides and within the
      opening in the spacer gasket. A mixture of cholesteric and nematic liquid
      crystals is prepared by initially mixing about one part
      p-[N-(p-butoxybenzylidene)amino] phenylacetate; about one part
      p-anisalamino-phenylacetate; about two parts p-anisalamino valerophenone;
      about one part of a mixture of about 64%
      N-(p-ethoxybenzylidene)-p-butylaniline and about 35%
      N-(p-methoxybenzylidene)-p-butylaniline. To that initial mixture, an
      additional about 3% of cholesteryl chloride is added, and that mixture is
      placed in the cell during cell fabrication. The electrically conductive
      tin oxide coatings of the two slide electrodes are electrically connected
      to circuitry for providing either D.C. or A.C. electrical potential across
      the electrodes. The cell is placed without polarizers, between a source of
      light of wavelength of about 5460A, and a photodiode which is connected to
      a voltmeter for reading its output which increases as the photodiode is
      increasingly exposed to light. As a control embodiment, the photodiode
      first gives an output voltmeter reading of about 2 mV. when no field is
      applied across the cell, and gives a reading of about 20 mV. when an about
      50 V., D.C. field is applied thereby transforming the mixture to its
      transparent, aligned nematic state. A D.C. voltage of about 6-8V. gives a
      photodiode output reading of less than about 1.0 mV, thereby illustrating
      the increased reflection and absorption of the mixture when in its dynamic
      scattering state. The effects of A.C. fields (expressed as r.m.s. voltages
      values), and the variation in effects as the A.C. frequency increases are
      shown by the approximate values given below:
TBL  A.C.    Low     Photodiode   High Photodiode                              
     Frequency                                                                 
             Field   Output Signal                                             
                                  Field                                        
                                       Output Signal                           
     ______________________________________                                    
      5 cps  6v.     0.7 mV       50 v.                                        
                                       4.0 mV                                  
     10 cps  6v.     1.0 mV       50 v.                                        
                                       2.5 mV                                  
     20 cps  6v.     1.2 mV       50 v.                                        
                                       3.0 mV                                  
     40 cps  6v.     15.0 mV      50 v.                                        
                                       17.0 mV                                 
     ______________________________________                                    
PAL  This data indicates that as A.C. frequency increases, the contrast between
      the dynamic scattering state and the transformed aligned nematic state,
      decreases.
PAC  EXAMPLE II
PAR  The cell of Example I is used in the same system described in Example I,
      except that the cell is placed between substantially crossed polarizers
      (as shown in FIG. 4), and those crossed polarizers are between the
      photodiode and a source of light of wavelength of about 6328A. As a
      control experiment the photodiode first gives an output voltmeter reading
      of about 20.0 .times. 10.sup.2 mV. when no field is applied; this is due
      to the great birefringence of the liquid crystal mixture which rotates
      light to allow it to easily pass through the crossed polarizers. The
      photodiode output voltmeter gives a reading of about 24.0 mV when an about
      100 V., D.C. field is applied. The effects of A.C, fields (expressed as
      r.m.s. voltage values) and the variation in effects as the A.C. frequency
      increases are shown by the approximate values given below:
TBL  A.C.    Low    Photodiode   High  Photodiode                              
     Frequency                                                                 
             Field  Output Signal                                              
                                 Field Output Signal                           
     ______________________________________                                    
      40 cps 6 v.   36.0 mV.     100 v.                                        
                                       18.0 mV.                                
     100 cps 6 v.   32.0 mV.     100 v.                                        
                                       18.0 mV.                                
     150 cps 6 v.   28.0 mV.     100 v.                                        
                                       20.0 mV.                                
     250 cps 6 v.   24.0 mV.     100 v.                                        
                                       20.0 mV.                                
     ______________________________________                                    
PAL  Between crossed polarizers, the cell appears brighter when in the dynamic
      scattering state than when in the aligned nematic state. However, the
      foregoing data continues to show the trend of the data of Example I, that
      the contrast between the dynamic scattering state and the transformed
      aligned nematic state decreases as A.C. field frequency increases.
PAC  EXAMPLES III-VI
PAR  The initial mixture of Example I is used in the systems of both Examples I
      and II, except in each of Examples III-VI the following material replaces
      the 3% cholesteryl chloride of the final mixture of Example I:
PA0  Iii. about 5% cholesteryl erucate; about 1/4 mil of this final mixture
      transforms at about 12-15V., D.C.
PA0  Iv. about 1% cholesteryl chloride.
PA0  V. about 5% 2-(2-ethoxyethoxy) ethyl carbonate; about 1/4 mil of this final
      mixture transforms at about 100-125 V., D.C.
PA0  Vi. about 5% cholesteryl geranyl carbonate; about 1/4 mil of this final
      mixture transforms at about 100-125 V., D.C.
PAC  EXAMPLE VII
PAR  An electro-optic cell is prepared as described in Example I, above, except
      that the second tin oxide coated glass slide has an X-shaped image area
      separated (by etching or otherwise physically removing the coating around
      the shaped area) from a complementary background area in that portion of
      the slide which covers the opening in the spacer gasket, and the image
      area and the complementary background area of the second slide are
      provided with separate electrical leads for separately connecting them,
      along with the first conductive slide, to a source of A.C. or D.C.
      electrical potential. The low voltages or fields described in Example I
      are placed across the background area electrode and the first slide, and
      the higher voltages or fields described in Example I are placed across the
      shaped image area electrode and the first slide, thereby producing a
      transparent induced nematic image in a light scattering background, with a
      variety of contrasts corresponding to each different set of low and high
      field strengths as described in Example I.
PAR  The system of Example II and compositions of Example III-VI may also be
      used in the cell of Example VII.
PAR  Although specific components, proportions and arrangements of elements have
      been stated in the above description of preferred embodiments of this
      invention, other equivalent components and arrangements of elements may be
      used with satisfactory results and various degrees of quality, or other
      modifications may be made herein to synergize or enhance the construction
      of the invention to thereby increase its utility. It will be understood
      that such changes of details, materials, arrangements of parts, and uses
      of the invention described and illustrated herein, are intended to be
      included within the principles and scope of the claimed invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of imaging, comprising: providing a layer of liquid crystalline
      composition comprising a mixture of p-[N - (p-butoxy-benzylidene) amino]
      phenylacetate; p-anisalaminophenylacetate; p-anisalamino valerophenone;
      N-(p-ethoxy-benzylidene)-p-butylaniline and
      N-(p-butoxybenzylidene)-p-butylaniline; and
      N-(p-methoxybenzylidene)-p-butylaniline; and, an optically active material
      selected from the group consisting of cholesteryl chloride; cholesteryl
      erucate; 2-(2-ethoxy) ethyl carbonate; and cholesteryl geranyl carbonate;
PA1  applying to one portion of the area of said layer an electrical potential
      across the thickness of said layer, said electrical potential having
      sufficient strength to place said mixture in its electrically induced
      dynamic scattering state; and
PA1  applying to another portion of the area of said layer an electrical field
      across the thickness of said layer, said electrical field having
      sufficient strength to transform said mixture to its electrical field
      induced aligned nematic state, thereby producing an image comprising said
      one and another portions of said layer.
NUM  2.
PAR  2. The method of claim 1 wherein said electrical field is a D.C. electrical
      field.
NUM  3.
PAR  3. The method of claim 1 wherein said electrical field is an A.C.
      electrical field.
NUM  4.
PAR  4. The method of claim 3, wherein said layer of liquid crystal composition
      is of a thickness in the range of about 1/4 mil to about 5 mils.
NUM  5.
PAR  5. The method of claim 1, wherein said layer of liquid crystal composition
      is of thickness not greater than about 10 mils.
NUM  6.
PAR  6. The imaging method of claim 1, further including the step of viewing
      said layer of liquid crystal composition in transmission.
NUM  7.
PAR  7. The imaging method of claim 6, wherein the layer of liquid crystal
      composition is between substantially crossed polarizers.
NUM  8.
PAR  8. The method of claim 1, wherein the electrical potential is applied to
      said one portion of the area of said layer by initially applying to said
      one portion across the thickness of said layer an electrical field having
      field strength sufficient to transform said mixture to its electrical
      field induced aligned nematic state, and thereafter changing the strength
      of said electrical field to said electrical potential having sufficient
      strength to place said mixture in its electrically induced dynamic
      scattering state, thereby switching said one portion of the area of said
      layer from its electrical field induced transparent aligned nematic state,
      to its electrically induced dynamic scattering state.
NUM  9.
PAR  9. The method of claim 1, wherein the electrical field is applied to said
      another portion of the area of said layer by initially applying to said
      another portion across the thickness of said layer an electrical potential
      having sufficient strength to place said mixture in its electrically
      induced dynamic scattering state, and thereafter changing the strength of
      said potential to provide to said another portion said electrical field
      having sufficient strength to transform said mixture to its electrical
      field induced aligned nematic state, thereby switching said another
      portion of the area of said layer from its electrically induced dynamic
      scattering state, to its electrical field induced transparent aligned
      nematic state.
NUM  10.
PAR  10. The method of claim 1, wherein said one portion is in an image
      configuration.
NUM  11.
PAR  11. The method of claim 10, wherein said another portion is in another
      image configuration which is complementary to said image configuration of
      said one portion.
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ABST
PAL  A nematic liquid crystalline composition having positive dielectric
      anisotropy is provided in the homeotropic texture by contact with a layer
      of an electrically insulating polysiloxane elastomer. An electrical field
      is then applied parallel to the molecular axes of the nematic resulting in
      reorientation of the nematic molecules.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electro-optic imaging and, more specifically, to
      electro-optic imaging wherein a nematic liquid crystalline composition is
      imaged by applying an electrical field.
PAR  Recently, there has been substantial interest in the discovery of more
      useful applications for the class of substances known as "liquid
      crystals". The name liquid crystals has become generic to liquid
      crystalline materials which exhibit dual physical characteristics, some of
      which are typically associated with liquids and others which are typically
      unique to solids. Liquid crystals exhibit rheological characteristics,
      such as viscosities, which are normally associated with liquids. The
      optical characteristics of liquid crystals are more similar to those
      characteristics ordinarily unique to crystalline solids.
PAR  In liquids or fluids, the molecules are typically randomly distributed and
      oriented throughout the mass of the material. Conversely, in crystalline
      solids the molecules are generally rigidly oriented and arranged in a
      specific crystalline structure. Liquid crystals resemble solid crystals in
      that the molecules of the liquid crystalline compositions are regularly
      oriented in a fashion analogous to, but less extensive than, the molecular
      orientation and structure in a crystalline solid. Many substances have
      been found to exhibit liquid crystalline characteristics in a relatively
      narrow temperature range; below the temperature range the substances
      typically appear as crystalline solids, and above that temperature range
      they typically appear as liquids. Liquid crystals are known to appear in
      three different mesomorphic forms; the smectic, the nematic and
      cholesteric. In each of these structures, the molecules are typically
      arranged in a unique orientation.
PAR  In the nematic liquid crystalline mesophase structure, the major axes of
      the molecules lie approximately parallel to each other, but the molecules
      are typically not specifically organized in any other fashion.
PAR  Nematic liquid crystals are known to be responsive to electrical fields,
      and have been used in various electro-optic cells and imaging systems, for
      example as disclosed in Williams U.S. Pat. No. 3,322,485; Freund et al.,
      U.S. Pat. No. 3,364,433; Heilmeier et al., U.S. Pat. No. 3,499,112; and
      Goldmacher et al., U.S. Pat. No. 3,499,702. Most of the known nematic
      liquid crystalline light valves and display devices make use of the
      dynamic light scattering characteristics of layers of nematic liquid
      crystalline materials which have electrical fields placed across the
      thickness of the layer.
PAR  In the cholesteric structure, the molecules are believed to be arranged in
      definite layers as in the smectic structure; however, within a given
      layer, the molecules are believed to be arranged with their major axes
      approximately parallel in a fashion resembling the structure of nematic
      liquid crystals. Because the major axes of the molecules in the
      cholesteric structure are believed to be parallel to the planes of the
      layers, the molecular layers are very thin. The cholesteric structure
      derives its name from the fact that materials exhibiting the cholesteric
      liquid crystalline structure typically have molecules which are
      derivatives of cholesterol or which are shaped very similarly to molecules
      of cholesterol. Because of the shape of the cholesteric molecule; in the
      cholesteric structure the direction of the major axes of the molecules in
      each of the aforementioned thin layers is displaced slightly from the
      direction of the major molecular axes in the adjacent molecular layers.
      When compared to a hypothetical straight line axes passing through a
      cholesteric liquid crystalline substance and perpendicular to the
      molecular planes within said substance, the angular displacement of the
      direction of the molecular axes within each adjacent molecular layer
      traces out a helical path around the hypothetical straight line axes.
PAR  Cholesteric liquid crystals are known to be responsive to electrical fields
      (see Harper, W. J., "Voltage Effects in Cholesteric Liquid Crystals," in
      Molecular Crystals, Vol. 1, 1966, pages 325-332). The effects of an
      electrical field upon a sample of a liquid crystalline substance have
      typically been observed in a cell comprising a film of liquid crystals
      sandwiched between transparent electrodes, as disclosed, for example in
      U.S. Pat. No. 3,804,618 and French Pat. No. 1,484,584. U.S. Pat. No.
      3,652,148 to Wysocki et al., discloses the application of an electrical
      field to transform a cholesteric liquid to a nematic liquid crystalline
      structure.
PAR  Haas et al., U.S. Pat. 3,687,515 discloses an electro-optic system wherein
      a layer of spontaneously homeotropic textured optically uniaxial nematic
      liquid crystalline composition with the optic axis normal to the plane of
      the layer was rendered optically biaxial by the application of an
      electrical field perpendicular to the uniaxial optic axis. When the field
      is removed, the composition naturally relaxes back into its optically
      uniaxial, homeotropic texture. Copending application U.S. Ser. No. 349,497
      filed Apr. 9, 1973 discloses the use of electrical fields to drive an
      optically uniaxial nematic between two orientations approximately
      90.degree. apart. Each applied electrical field is applied normal to the
      optic axis and, hence, the molecular axes of the uniaxial nematic.
PAR  Further, the use of aligning agents, including silanes are known in the art
      for aligning liquid crystalline materials, including the alignment of
      nematics in either the nematic homeotropic or nematic homogeneous texture.
      See, for example, F. J. Kahn, "Orientation of Liquid Crystals by Surface
      Coupling agents," Appl. Phys. Lett., Vol. 22, No. 8, Apr., 15 1973.
PAR  The application of electrical fields to nematics has heretofore been
      limited to applying the electrical field in a direction which is normal to
      the net dipole moment of the molecules so that the molecules will be
      re-oriented by the applied field. That is, a nematic having negative
      dielectric anisotropy has a net dipole moment substantially perpendicular
      to the molecular axis is substantially normal to the net dipole moment.
      The net dipole moment aligns with the direction of the applied electrical
      field and hence the molecular axes of the negative dielectric anisotropy
      nematics becomes substantially aligned with the applied electrical field.
      Conversely, positive dielectric anisotropy nematics have net dipole
      moments substantially parallel to the molecular axes of the nematic.
      Therefore, positive dielectric anisotropy nematics align in an electrical
      field with both the molecular axes and the net dipole moment substantially
      parallel to the direction of the applied electrical field.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a novel imaging
      method.
PAR  It is another object of this invention to provide a novel electro-optic
      imaging method.
PAR  It is another object of this invention to provide a novel liquid
      crystalline imaging method.
PAR  It is still another object of the invention to provide a novel method of
      obtaining an electro-optic effect.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing in homeotropic alignment a layer of nematic liquid
      crystalline composition having a positive dielectric anisotropy by
      contacting the nematic with an electrically insulating polysiloxane
      elastomer layer and, applying an electrical field across the nematic
      composition in a direction parallel to the optic axis, and hence the
      molecular axes, of the homeotropically aligned positive dielectric
      anisotropy nematic. Surprisingly, and unexpectedly the electrical field
      applied parallel to the molecular axes of the homeotropically aligned
      nematic results in a re-orientation of the molecules under the influence
      of the applied electrical field.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of preferred embodiments of the invention taken in conjunction
      with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a partially schematic, exploded isometric view of an embodiment
      of the present invention.
PAR  FIG. 2 is a schematic illustration of another embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the FIG. 1 embodiment, an electro-optic cell 10 comprises a pair of
      overcoated substantially transparent plates 11 and 30 separated by a void
      containing spacer 31, and the layer of nematic liquid crystalline
      composition 13 having positive dielectric anisotropy occupies the void of
      spacer 31. Substantially transparent plate 30 is overcoated with
      substantially transparent conductive coating 39 and insulating layer 40
      comprising a polysiloxane elastomer composition. Substantially transparent
      plate 11 is overcoated with substantially transparent conductive coating
      38 and insulating layer 41 comprising polysiloxane, Images formed in
      accordance with the practice of the present invention, can be viewed in
      transmission with the aid of polarizers 19 and 22, collimator 18 and light
      source 17.
PAR  In operation, the electro-optic cell 10 is typically connected to the
      voltage source 14 by leads 15. Voltage source 14 may be either D.C., A.C.
      or a combination of D.C. and A.C. The voltage source results in an
      application of an electrical field between the conductive coatings 38 and
      39 and, therefore, across the layer 13 of nematic liquid crystalline
      composition having positive dielectric anisotropy. Voltage source 14 is
      preferably selectively activated such as, for example, by an electrical
      switch when application of the electrical field is desired.
PAR  In the electro-optic cells described herein, the substantially transparent
      plates 11 and 30 may comprise any suitable substantially transparent
      material. Preferably, the plates 11 and 30 are at least semi-transparent;
      i.e., glass, polyethylene; polyvinylchloride; Mylar, a polyester resin
      film available from DuPont; Teflon, a polytetrafluoroethylene film
      available from DuPont; or any other suitable substantially transparent
      material may be used.
PAR  The conductive coatings 38 and 39 constitute electrodes and may comprise
      any suitable electrically conductive material. Such electrical conductors
      will preferably have electrical resistivities in the range between about
      10.sup..sup.-8 and about 10.sup..sup.-3 ohm-cm, although materials having
      resistivities outside this range will perform satisfactorily. Typical
      conductive materials suitable for use as electrodes herein include
      aluminum, copper, silver, gold, tin oxide, chromium, indium, indium oxide
      and others. The thickness of the electrodes is typically not greater than
      about 250 microns. The individual cells in the present invention are
      typically of width not greater than about 50 millimeters. Within this
      range thin (about 1 to about 100 microns thick) individual cells or
      combinations thereof are preferably for use in high resolution imaging or
      display systems.
PAR  Where it is desirable to use a gasket-like material to seal the
      electro-optic cell, any suitable substantially electrically insulating
      material may be used. Preferred gasket materials will typically be
      chemically inert and possess appropriate dielectric characteristics.
      Materials suitable for use as insulating materials include cellulose
      acetate, cellulose triacetate, cellulose acetate butyrate, polyurethane
      elastomers, polyethylene, polypropylene, polyesters, polystyrene,
      polycarbonates, polyvinylfluoride, polytetrafluoroethylene, polyethylene,
      terephthalate, mixtures thereof, and others. These materials are also used
      for spacer 31. The use of spacer 31 is optional. Also, one of layers 40
      and 41 may be formed in spacer configuration by being provided with side
      walls to retain the liquid crystalline composition and to seal the cell.
PAR  The nematic liquid crystalline composition having positive dielectric
      anisotropy can comprise any suitable nematic liquid crystalline material
      having positive dielectric anisotropy, or a mixture of nematic liquid
      crystalline materials with materials having positive dielectric
      anisotropy, or a mixture of positive and negative dielectric anisotropy
      nematics which yield a net positive dielectric anisotropy nematic
      composition.
PAR  Typical suitable nematic liquid crystalline materials having positive
      dielectric anisotropy are well known in the liquid crystalline art and
      need not be listed in detail herein. These include cyanoaniline compounds
      such as p-hexyloxybenzylidene-p'-cyanoaniline and
      p-heptyloxybenzilidene-p'-cyanoaniline disclosed by M. Schadt and W.
      Helfrich in Appl. Phys. Lett., 18, 127 (1971); nematic esters such as
      p-cyanophenyl-P-butylbenzoate and p-cyanophenyl-p-heptylbenzoate, both
      available from Aldrich Chemical Company; and butyl-p,
      p-ethoxyphenoxycarbonylphenyl carbonate, available from Eastman Chemical
      Products, Inc.
PAR  Typical suitable materials having positive dielectric anisotropy include
      smectic liquid crystalline materials having positive dielectric anisotropy
      such as p-methoxybenzylidene-p'-trifluoromethylaniline and
      p-heptyloxybenzylidene-p'-trifluoromethylaniline. These materials can be
      conveniently prepared by starting with about 0.10 mole of either
      p-methoxybenzylidene or p-heptyloxybenzaldehyde, depending upon the
      product desired. The starting compound is refluxed with
      p-trifluoromethylaniline for about 4 hours in about 100 cc of absolute
      ethanol to which a trace of p-toluenesulfonic acid is added. The water
      produced in the reaction is removed by azeotroping over the 95% ethanol
      into a Dean-Stark trap. The reaction mixture is allowed to cool to room
      temperature and the crude product is crystallized from solution. The
      resulting product is recrystallized from hexane and yields about 0.06
      moles of purified product. The purified
      p-methoxybenzylidene-p'-trifluoromethylaniline is mesomorphic from about
      50.degree. to about 87.degree. C, and the purified
      p-heptyloxybenzylidene-p'trifluoromethylaniline is mesomorphic from about
      38.degree. to about 82.degree. C.
PAR  The positive dielectric anisotropic materials, including positive
      dielectric anisotropic smectics, to be added to nematic liquid crystalline
      materials can be added in any amount so long as the resulting composition
      retains the nematic mesomorphic state. Similarly, when mixtures of
      positive and negative dielectric anisotropic nematics are to be utilized,
      the amount of negative dielectric anisotropic nematic can be added in any
      amount so long as the resulting composition has a net positive dielectric
      anisotropy. Negative dielectric anisotropy nematic liquid crystalline
      materials are well known in the art and need not be listed in detail
      herein. Typical suitable negative dielectric anisotropy nematic liquid
      crystalline materials include N-(p-methoxybenzilidene)-p-butylaniline
      (MBBA); p-azoxyanizole (PAA); N-(p-ethoxybenzylidene)-p-butylaniline
      (EBBA); dl-4-(2-methylhexyl)-4'-ethoxy-.alpha.-chloro-transstilbene;
      pp'-methoxypentyltolane, ethoxybenzylidene-p'-aminophenyl-3-methyl
      valerate, and trans-4-butyl-.alpha.-chloro-4'-ethoxystilbene.
PAR  Layers 40 and 41 can comprise any electrically insulating polysiloxane
      elastomer. Typical suitable polysiloxane elastomers include either homo-
      or copolymers of disiloxanes. Generally speaking, typical suitable
      siloxane homopolymers are represented by the formula
      ##EQU1##
      and typical suitable siloxane copolymers are represented by the formula
      ##EQU2##
      where, for the homopolymer, R and R.sup.1 are selected from the group
      consisting of alkyl and aryl where R may or may not equal R.sup.1 and
      where, for the copolymer, R.sup.1 does not equal R and R and R.sup.1 are
      selected from the group consisting of alkyl and aryl. Preferably, the
      alkyls have from about 1 to about 20 carbon atoms. Typical suitable
      polysiloxane elastomer compositions for layers 40 and 41 include:
      polydialkylsiloxane such as polydimethyl siloxane, polydiethyl siloxane,
      and polydibutyl siloxane; polydiaryl siloxanes such as polydiphenyl
      siloxane, polydinaphthyl siloxane, and polydianthryl siloxane; and
      polyalkylaryl siloxanes such as polymethylphenyl siloxane, polybutylphenyl
      siloxane, polymethylnaphthyl siloxane, polyethylnaphthyl siloxane, and
      polybutylnaphthyl siloxane.
PAR  Layers 40 and 41 are preferably from about 2 to about 20 microns thick and
      can be conveniently formed by dissolving the polysiloxane composition in
      an organic solvent such as, for example, benzene, dioxane,
      tetrahydrofuran. The solution can be applied to the electrodes by any
      conventional technique such as by spraying, roll coating, reverse roll
      coating, knife-edge coating and other suitable techniques. After the
      solution is applied to the electrode, the organic solvent is evaporated
      by, for example, air drying resulting in the formation of layers 40 and 41
      of the polysiloxane composition.
PAR  Exemplary of suitable polysiloxane elastomers are those having only methyl
      containing groups in the polymer chain such as polydimethyl siloxane;
      elastomers having both methyl and phenyl containing groups in the polymer
      chain as well as elastomers having both methyl and vinyl groups, methyl
      and fluorine groups, or methyl, phenyl and vinyl groups in the polymer
      chain.
PAR  Typical suitable elastomers include the thermally curable type, including
      Syl Gard No. 182, Syl Off No. 22 and No. 23 manufactured by Dow Corning,
      Midland, Michigan; Y-3557 and Y3602 available from Union Carbide Company,
      New York, New York, as well as No. 4413 and No. 4427 available from
      General Electric Company, Waterford, New York. Y-3557 and Y-3602
      specifically have aminoalkane crosslinking sites in the polymer backbone
      which react with a diisocyanate crosslinking agent over a wide range of
      temperature and time to produce a durable, elastomeric film.
PAR  As is seen in FIG. 1, the advantageous effect of the present invention is
      typically observed through an analyzer or polarizer with linearly
      polarized and collimated light. The light is preferably monochromatic. The
      source of light may intrinsically emit polarized and collimated light such
      as, for example, lasers; in which case only the one polarizer 22 is
      needed. Or, the light source may be either a monochromatic or white light
      source of light passed through a collimator 18 positioned normal to the
      plane of the layer 13 of liquid crystalline composition. The collimated
      light is then passed through a polarizer 19 and the plane polarized light,
      here transmitted along line 20, enters the electro-optic cell
      perpendicular to the optic axis of the liquid crystalline composition in
      layer 13. The liquid crystalline composition in layer 13, under the
      homeotropically aligning influence of the layers 40 and 41 is now
      optically uniaxial and has its optic axis perpendicular to the plane of
      layer 13. An observer 21, on the opposite side of the electro-optic cell,
      observing the cell through polarizer 22, oriented 90.degree. with respect
      to polarizer 19, in the direction normal to the plane of layer 13 and
      parallel to the optical axis of liquid crystalline composition in layer
      13, will observe that the field of view is dark. The electro-optic cell is
      in its "OFF" imaging state. To turn the electro-optic cell to its "ON"
      imaging state, the voltage is switched on to create an electrical field
      between electrode 39 and electrode 38. The optic axis of liquid
      crystalline composition 13, now under the influence of the parallel
      electrical field, has its optic axis, and its molecular axes, re-oriented
      from a direction normal to the plane of layer 13 to another direction. If
      the observer 21 were to view the electro-optic cell as he did previously,
      his direction of view is not parallel to the optic axis of the liquid
      composition in layer 13, in areas of the applied electrical field, and the
      observer will find that the field of view is bright in areas of the
      applied electrical field. The electro-optic cell is, therefore, on its
      "ON" imaging state.
PAR  Preferred field strengths are from about 10.sup.3 to about 10.sup.5 volts
      per centimeter; preferred electrode thickness is from about 50A to about
      10 microns; and preferred layer thickness for the liquid crystalline
      composition is from about 1 micron to about 50 microns. The applied
      potential used in creating the electrical fields may be either D.C., A.C.
      or combinations thereof.
PAR  FIG. 2 illustrates an electro-optic cell in which the electrical field is
      applied in imagewise configuration to provide a bright image on a dark
      background.
PAR  Like numerals in FIG. 2 refer to like components in FIG. 1. Additionally,
      photoconductive layer 50 is inserted between conductive coating 38 and the
      electrically insulating layer 40 comprising a polysiloxane composition.
PAR  Photoconductive layer 50 may comprise any suitable photoconductive
      material. Typical suitable photoconductive materials include
      photoconductive inorganic materials and photoconductive organic materials.
      Typical suitable inorganic photoconductive materials include sensitized
      zinc oxide, for example, sensitized by the addition of Rhodamine Dye,
      available from DuPont, selenium, selenium alloyed with arsenic such as,
      for example, arsenic triselenide, tellurium antimony or bismuth; cadmium
      sulfide, cadmium sulfoselenide, and the many other typical suitable
      inorganic photoconductive materials listed in U.S. Pat. No. 3,121,006 to
      Middleton et al. and listed in U.S. Pat. No. 3,288,603, both of which
      patents are hereby incorporated by reference. Typical suitable organic
      photoconductive materials include, for example, the combination of
      2,5-bis(p-aminophenyl)-1,3,4-oxadiazole available under the trademark TO
      1920 from Kalle and Company, Weisbaden-Biebrich, Germany and Vinylite,
      VYNS, a copolymer of vinyl chloride and vinyl acetate, available from
      Carbide and Carbon Chemicals Company, and the combination of
      2,4,7-trinitro-9-fluorenone to polyvinylcarbazole, available under the
      trademark Luvican 170 from Winter, Wolf and Company, New York, New York.
      The thickness of the photoconductive layer 50 is not critical to the
      practice of the invention. Preferably, the thickness of layer 50 is from
      about 1 to about 100 microns because enhanced resolution is obtained
      within that range.
PAR  To create an imagewise configuration of electrical field across the nematic
      liquid crystalline composition, radiation actinic to photoconductive layer
      50 is utilized. The actinic radiation is provided in imagewise
      configuration by suitable means such as, for example, passing the
      radiation through a mask or stencil. Further, optical image sources such
      as, for example, a cathode ray tube can be utilized. It will be
      appreciated, of course, that the elements or layers interposed between the
      source of actinic radiation and photoconductive layer 50 are selected to
      be at least partially transmissive to the actinic radiation.
PAR  Further, it will be understood that other means of providing an imagewise
      configured electrical field can be utilized. For example, in FIG. 1
      conductive coating 31 may be in imagewise configuration which will result
      in an imagewise configured electrical field. Although individual
      electro-optical cells have been described in conjunction with FIGS. 1 and
      2, it will be appreciated that grids or bit-matrices can be provided to
      exhibit the novel effect of the present invention.
PAR  The following examples further specifically define the novel method of
      creating an electro-optical effect, either uniformly or in imagewise
      configuration. Parts and percentages are by weight, unless otherwise
      indicated.
PAC  EXAMPLE I
PAR  The imaging member 10 of FIG. 1 is prepared as follows. Substrates 11 and
      30 are glass slides conventionally used to support specimens for
      microscopic examination. Conductive coatings 38 and 39 are layers of
      indium dioxide. Layers 40 and 41 are layers of polydimethyl siloxane
      resulting from air drying of a solution of polydimethyl siloxane in
      benzene. Spacer 31 is made from an about 1 mil thick piece of Mylar. Layer
      13 of nematic liquid crystalline composition having positive dielectric
      anisotropy comprises a 1:1:1 mixture of
      p-methoxybenzylidene-p'-trifluoromethylaniline,
      p-hexyloxybenzylidene-p'-cyanoaniline and
      p-heptyloxybenxylidene-p'-cyanoaniline. Polysiloxane layers 40 and 41 are
      about 10 microns thick. The member 10 thus prepared is placed between
      crossed polarizers.
PAR  Without the application of voltage, the field of view between crossed
      polarizers is black. A variable D.C. voltage source is electrically
      connected to conductive coatings 38 and 39 and the voltage is steadily,
      slowly increased with the following observations: upon application of
      voltage the field of view between crossed polarizers changes from black to
      dark brown, at 35 volts the liquid crystalline composition begins
      exhibiting a birefringence and continues to become lighter at higher
      magnitudes of D.C. voltage.
PAC  EXAMPLE II
PAR  Example I is repeated except that the polysiloxane layers 40 and 41 are
      omitted. Initially, between crossed polarizers the field of view is light
      and birefringence is observed. A variable D.C. voltage source is
      electrically connected to conductive layers 38 and 39. Upon application of
      voltage the field of view becomes dark and increases in darkness with
      increasing applied voltage. At about 50 volts the field of view is
      substantially completely black.
PAC  EXAMPLE III
PAR  Example I is repeated except that
      p-heptyloxybenzylidene-p'-trifluoromethylaniline is substituted for the
      p-methoxybenzylidene-p'-trifluoromethylaniline in the layer 13 of liquid
      crystalline composition. The field of view is initially dark and upon
      application of D.C. voltage begins to lighten. Increasing magnitudes of
      voltage result in increasing lightening and at about 150 volts D.C.
      voltage the field of view is substantially completely clear.
PAC  EXAMPLE IV
PAR  Example II is repeated except that the compositional substitution of
      Example III is made. The field of view is initially substantially clear
      and the field of view is birefringent. Upon application of voltage a large
      portion of the field of view is substantially completely dark; at 100
      volts, most of the field of view is dark and at about 200 volts, the field
      of view is substantially completely dark.
PAC  EXAMPLE V
PAR  Example I is repeated except that the embodiment depicted in FIG. 2 is made
      by adding a photoconductive layer 50 comprising polyvinylcarbazole and
      having a thickness of about 8 microns. The initial field of view is dark
      between crossed polarizers. During application of voltage, the photo
      conductive layer is irradiated with light at a wavelength at about 3400A
      and at an intensity of about 2 .times. 10.sup.10 photons/cm.sup.2 -sec for
      about 12 seconds. This radiation is provided in imagewise configuration by
      passing the radiation through a stencil or mask prior to its impinging the
      photoconductive layer 50. The resulting field of view comprises a light
      portion in imagewise configuration corresponding to the imagewise
      configured radiation surrounded by a dark background. The contrast is
      improved with increasing applied voltages.
PAC  EXAMPLE VI
PAR  Example III is followed except that the embodiment of FIG. 2 is provided by
      including a photoconductive layer 50 comprising polyvinylcarbazole. During
      application of voltage the member is struck with radiation in accordance
      with the procedures of Example V. The imagewise configured radiation and
      application of D.C. voltage provides a field of view between crossed
      polarizers comprising a light portion in imagewise configuration
      surrounded by a dark portion. The contrast is acceptable at about 50 volts
      applied voltage, better at about 100 volts applied voltage, and optimum at
      about 200 volts applied voltage.
PAR  It will be appreciated that other variations and modifications will occur
      to those skilled in the art upon a reading of the present disclosure.
      These are intended to be within the scope of this invention.
PAR  For example, any numerous cell electrode configurations that allow
      selective addressing of the liquid crystalline material may be utilized,
      such as the so-called matrix or cross-grid electrode configuration, where
      non-optical input imaging is desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-optic method, for use with a liquid crystal cell containing
      between two electrodes a layer of positive dielectric anisotropic nematic
      liquid crystalline composition, comprising the steps of:
PA1  a. homeotropically aligning said composition by providing a coating of
      polysiloxane elastomer composition on each electrode and in contact with
      said layer of liquid crystalline composition; and
PA1  b. applying a voltage between said two electrodes.
NUM  2.
PAR  2. The method of claim 1 wherein said voltage is a D.C. voltage.
NUM  3.
PAR  3. The method of claim 1 wherein said voltage is an A.C. voltage.
NUM  4.
PAR  4. The method according to claim 1, further including between one of said
      layers of polysiloxane composition and said liquid crystalline
      composition, a layer of photoconductive material and further including
      during the performance of step (b) the step of irradiating said layer of
      photoconductive material with actinic radiation.
NUM  5.
PAR  5. The method according to claim 4 wherein said layer of photoconductive
      material has a thickness of about 1 to about 100 microns.
NUM  6.
PAR  6. The method according to claim 1 wherein said liquid crystalline
      composition comprises a nematic having positive dielectric anisotropy.
NUM  7.
PAR  7. The method according to claim 6, wherein said liquid crystalline
      composition further includes a nematic liquid crystalline composition
      having negative dielectric anisotropy, wherein said liquid crystalline
      composition has a net positive dielectric anisotropy.
NUM  8.
PAR  8. The method according to claim 1, wherein said liquid crystalline
      composition comprises a smectic liquid crystalline material having
      positive dielectric anisotropy.
NUM  9.
PAR  9. The method according to claim 1, wherein said layer of liquid
      crystalline composition has a thickness from about 1 to about 100 microns.
NUM  10.
PAR  10. The method of claim 1 wherein at least one of said layers of
      polysiloxane elastomer composition comprises a polysiloxane homopolymer of
      the general formula
      ##EQU3##
      wherein R and R.sup.1 are selected from the group consisting of alkyl and
      aryl.
NUM  11.
PAR  11. The method according to claim 1 wherein at least one of said layers of
      polysiloxane elastomer composition represented by the general formula
      ##EQU4##
      wherein R and R.sup.1 are selected from the group consisting of alkyl and
      aryl and wherein R.sup.1 = R.
NUM  12.
PAR  12. The method of claim 10 wherein said polysiloxane elastomer composition
      is selected from the group consisting of polydimethyl siloxane,
      polydiethyl siloxane, polybutyl siloxane, polydiphenyl siloxane,
      polydinaphthyl siloxane and polydianthryl siloxane.
NUM  13.
PAR  13. The method according to claim 11 wherein said polysiloxane elastomer
      composition is selected from the group consisting of polymethylphenyl
      siloxane, polyethylphenyl siloxane, polybutylphenyl siloxane,
      polymethylnaphthyl siloxane, polyethylnaphthyl siloxane and
      polybutylnaphthyl siloxane.
NUM  14.
PAR  14. An electro-optic method, for use with a liquid crystal cell containing
      between two electrodes a layer of positive dielectric anisotropic nematic
      liquid crystalline composition, comprising the steps of:
PA1  a. homeotropically aligning said composition by providing a coating of
      polysiloxane elastomer composition on each electrode and in contact with
      said layer of liquid crystalline composition; and
PA1  b. applying an electric field in imagewise configuration across said layers
      of polysiloxane elastomer composition and liquid crystalline composition
      in a direction normal thereto.
NUM  15.
PAR  15. The method according to claim 14 wherein said electrical field has an
      electrical field strength from about 10.sup.3 to about 10.sup.5 volts/cm.
NUM  16.
PAR  16. The method of claim 14 wherein one of said electrodes is in imagewise
      configuration.
NUM  17.
PAR  17. The method of claim 14 further including a layer of photoconductive
      material sandwiched between one of said layers of polysiloxane elastomer
      composition and said liquid crystalline composition, further including in
      the performance of step (b) the step of irradiating said layer of
      photoconductive material with actinic radiation while a voltage is applied
      between said electrodes.
NUM  18.
PAR  18. The method of claim 17 wherein said layer of photoconductive material
      comprises arsenic triselenide.
NUM  19.
PAR  19. The method of claim 18 wherein said layer of photoconductive material
      has a thickness from about 1 to about 100 microns.
NUM  20.
PAR  20. The method according to claim 19 wherein said layer of liquid
      crystalline composition has a thickness from about 1 to about 100 microns.
NUM  21.
PAR  21. The method according to claim 20 wherein said layers of polysiloxane
      composition have a thickness of about 10 microns.
NUM  22.
PAR  22. The method according to claim 14 wherein at least one of said layers of
      polysiloxane elastomer composition comprises a polysiloxane homopolymer of
      the general formula
      ##EQU5##
      wherein R and R.sup.1 are selected from the group consisting of alkyl and
      aryl.
NUM  23.
PAR  23. The method according to claim 14 wherein at least one of said layers of
      polysiloxane elastomer composition comprises a polysiloxane copolymer
      represented by the general formula
      ##EQU6##
      wherein R and R.sup.1 are selected from the group consisting of alkyl and
      aryl and wherein R.sup.1 = R.
NUM  24.
PAR  24. The method according to claim 22 wherein said polysiloxane elastomer
      composition is selected from the group consisting of polydimethyl
      siloxane, polydiethyl siloxane, polydimethyl siloxane, polydiethyl
      siloxane, polydibutyl siloxane, polydiphenyl siloxane, polydinaphthyl
      siloxane and polydianthryl siloxane.
NUM  25.
PAR  25. The method according to claim 23 wherein said polysiloxane elastomer
      composition is selected from the group consisting of polymethylphenyl
      siloxane, polyethylphenyl siloxane, polybutylphenyl siloxane,
      polymethylnaphthyl siloxane, polyethylnaphthyl siloxane and
      polybutylnaphthyl siloxane.
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ABST
PAL  In a field effect twisted nematic mode liquid crystal display device the
      fraction of the total number of liquid crystal molecules assembled into
      helical structures having the same direction of twist is greatly increased
      over that found in the usual construction. A method of preparing the
      liquid crystal cell to ensure that virtually all of the molecules in the
      liquid crystal cell are assembled in helices having the same twist
      direction is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Liquid crystal display devices using nematic liquid crystals may be
      classified roughly into those operating by the dynamic scattering mode
      (DSM) and those operating by the field-effect mode (FEM). FEM liquid
      crystals may in turn be divided into those showing the DAP effect and
      those operating in the twisted nematic mode, according to the way of
      orientation of the liquid crystal molecules. The DAP effect mode includes
      those nematic liquid crystals having negative dielectric anisotropy and
      homeotropic alignment wherein the molecular axes are aligned
      perpendicularly to the plates. The twisted nematic mode crystals includes
      those having positive dielectric anisotropy and homogeneous alignment
      wherein the molecular axes of the liquid crystal molecules proximate the
      plates are aligned in parallel with the plates. Further, where the plate
      is so treated as to have a preferred direction as by rubbing with cotton
      or other mild abrasives and the plates are mounted so that the rubbing
      directions are at an angle to each other, then the liquid crystal
      molecules at the opposed surfaces make an angle with each other and liquid
      crystal molecules between the plates form a helix with the molecules at
      the ends of the helix corresponding in direction to the rubbing direction
      of the plates
PAR  The rubbing direction may be termed an orientation of the inner surface of
      the plates. It is now believed that minute grooves are formed, all of
      which are essentially parallel when the plate is unidirectionally rubbed.
      Liquid crystal molecules proximate the surface of the plates fall into
      these grooves with their molecular axes parallel to the grooves. As
      aforenoted, when a pair of plates are opposed to each other and spaced
      apart so that a cell may be formed which can contain liquid crystal
      molecules, a helical structure results. This helical structure is stable
      only in the absence of an electric or magnetic field. If a sufficiently
      strong electric field is applied the spiral structure is broken down, this
      being due to the dipole moments of the molecules causing them to orient
      themselves parallel to the field. As a result of the helical structure, a
      cell containing liquid crystals such as are under discussion here can
      rotate the plane of polarization of linearly polarized light through an
      angle corresponding to the twist angle between the plates. When a
      sufficiently strong electric field is applied between the plates, the
      optical activity disappears.
PAR  As aforenoted, the liquid crystal molecules adjacent a surface follow the
      orientation of that surface. However, in lining up within the grooves, the
      molecules within a groove or in adjacent grooves may be either parallel to
      each other or anti-parallel to each other. Accordingly, the terms normal
      direction (the "normal" direction being selected arbitrarily) and the
      reverse direction may be used. Since there are two concurrent directions
      at each of the inner surfaces, there are four combinations in all. In the
      conventional twisted nematic mode liquid crystal display device, although
      not all four combinations may be produced as evidenced by the twist
      direction of helices formed between the plates, there are, nevertheless, a
      plurality of combinations formed. The different combinations are observed
      as domains on the display surface. The alignment of the liquid crystal
      molecules is therefore different in each domain. The practical result of
      this phenomenon is that the contrast observed on activation of a display
      varies with the direction of observation. Also, the intensity of the
      display will be a function of the point from which the display is viewed.
      It would be desirable to eliminate the difference in contrast resulting
      from the phenomenon described; in order to do this, it would be necessary
      to align the liquid crystal molecules so that the liquid crystal layer is,
      in effect, monocrystalline. To put this in another way, the twist
      direction of the great majority, and if possible, all, of the helices
      between the plates should be the same.
PAC  SUMMARY OF THE INVENTION
PAR  In a liquid crystal display device using liquid crystals of positive
      dielectric anisotropy the observed contrast of the display is rendered
      independent of the direction from which it is viewed by constructing the
      cell in such a way that the major portion if not virtually all of the
      liquid crystal molecules in the cell are aligned in helices having axes
      perpendicular to the surfaces of the cell walls and having the same
      direction of twist. Two means of achieving this objective are disclosed
      herein, said means being usable either alone or in combination, the use of
      said two means in combination giving an enhanced effect. In the first of
      these means the angle between the two rubbing directions of the opposing
      cell walls is established either in the range of 65.degree. to 89.degree.
      or in the range from 91.degree. to 115.degree.. When the angle is in the
      former range, nematic liquid crystals are used in which the potential
      energy increases with increase in twist angle. When the latter range is
      used, nematic liquid crystals are used which have the characteristic of a
      decrease in potential energy with increase in twist angle.
PAR  For the second mode of increasing the fraction of molecules lying in
      helical structures having the same twist direction, a filling hole and a
      venting hole are formed in the wall of the cell which is to contain the
      liquid crystals, the two holes being positioned in a pair of vertical
      angles formed by the rubbing directions on the opposed cell walls. It is
      to be noted at this point, that each of the rubbing directions is
      considered to include a normal direction and a reverse direction.
PAR  when liquid crystal material is poured into the cell through the filling
      hole, it will flow through the cell toward the vent hole. As the liquid
      crystal material flows, the molecules of liquid crystal material will tend
      to orient themselves so that the rear part of the liquid crystal either
      corresponds to the fore part of the orientation of the inner surface or
      the converse. Where the rear part of the liquid crystal as established by
      the direction of flow from one hole toward the other corresponds to the
      fore part of the orientation of the inner surface then the liquid crystal
      is poured into that hole which is in the angle formed by the two normal
      directions of the rubbed surfaces. When the converse is true, the hole in
      the vertical angle formed by the reverse directions of the rubbed surfaces
      is used as the filling hole and the hole in the corresponding vertical
      angle is used as a vent hole. Positioning of the two holes and selection
      of which is to be the filling hole and which the vent hole in accordance
      with this rule leads to proper orientation of the liquid crystal molecules
      so that the domain effect is minor. Combination of the two means, namely
      selection of the proper angle range between the two rubbing directions in
      accordance with the potential energy relationship of the type of liquid
      crystal used, and selection of which of the two holes to use as the
      filling hole leads to almost complete elimination of the domain effect.
PAR  Accordingly, an object of the present invention is an improved liquid
      crystal display device wherein the degree of contrast attainable is
      essentially free of variation resulting from a change of the viewing
      angle.
PAR  Another object of the present invention is an improved liquid crystal
      display device in which a preponderance of the molecules are arrayed in
      helices having the same twist direction.
PAR  A further object of the present invention is an improved liquid crystal
      display device in which the interior surfaces of the cell walls are
      unidirectionally rubbed and the angle between the directions of rubbing on
      the two plates fall within two specified ranges.
PAR  An important object of the present invention is an improved liquid crystal
      display device in which the angle between the rubbing directions of the
      cell walls are correlated with the potential energy curves of the type of
      liquid crystal used.
PAR  An important object of the present invention is a method of filling the
      cell in a liquid crystal display device which results in enhanced contrast
      and freedom from dependence on the angle of view.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      article possessing the features, properties, and the relation of elements,
      which are exemplified in the following detailed disclosure, and the scope
      of the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1a is a graph of potential energy of one type of nematic liquid
      crystal molecules as a function of twist direction;
PAR  FIG. 1b is a graph of another type of liquid crystal molecules as a
      function of twist direction;
PAR  FIG. 2 is a plan view of a liquid crystal cell having unidirectionally
      rubbed interior wall faces where the angle between the rubbing directions
      is 90.degree.;
PAR  FIG. 3 shows a liquid crystal cell similar to that of FIG. 2 where the
      angle between the rubbing directions is 75.degree.;
PAR  FIG. 4 shows another embodiment of the cell of FIG. 2 in which the angle
      between the rubbing direction is 105.degree.;
PAR  FIG. 5 is a sectional view of a liquid crystal cell having a vent hole and
      a filling hole in a wall thereof; and
PAR  FIG. 6 is a plan view of the cell of FIG. 5 in which a filling hole and a
      vent hole are located in a pair of vertical angles established by the
      rubbing directions of the interior faces of the cell walls.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As is known, when nematic liquid crystals having positive dielectric
      anisotropy are placed between the walls of the cell, where each of the
      cell walls has been unidirectionally rubbed and the cell plates have been
      so mounted that there is an angle between the directions of rubbing, then
      the liquid crystal molecules adjacent the surfaces align themselves with
      grooves formed in the cell walls and the liquid crystal molecules
      intermediate the plates form themselves into a helix having a twist angle
      between its ends corresponding to the angle between the rubbing directions
      of the two plates. The axis of the helix is, of course, perpendicular to
      the surfaces of the cell walls. This phenomenon is used for display
      purposes by placing the cell between polarizer and analyzer plates and by
      applying an electric field of sufficient voltage to transparent conductive
      segments of thin film on opposed surfaces of the plates.
PAR  As aforenoted, the liquid crystal molecules adjacent the surface orient
      themselves in accordance with the grooves on said surfaces. However, the
      grooves on each plate may be considered as having a preferred direction,
      termed the normal direction. Consequently, the liquid crystal molecules
      which are in the grooves may be oriented in either of two directions, the
      normal direction or the reverse direction. The difference arises from the
      fact that the nematic liquid crystals of positive dielectric anisotropy
      are asymmetric with respect to the ends thereof.
PAR  Since there are two directions, namely a normal and a reverse direction for
      each of the plates, the four angles between the two sets of rubbing
      directions may be regarded as different with respect to the way in which
      liquid crystal molecules between the plates will be oriented. In these
      four angles the molecules of the liquid crystal material will be subjected
      to different forces as to the way in which they will be oriented. Although
      there are four sets of forces, not all four sets are represented in the
      orientation, necessarily. However, there are different alignments and each
      specific alignment may occur in a specific area which is termed a domain.
      The alignment of the liquid crystal molecules may be different in every
      domain.
PAR  As a result of this domain effect, the contrast observed when the display
      is actuated varies in accordance with the direction of observation. It is
      desirable to avoid this phenomenon as by reducing the plurality of domains
      to a single domain, which, in effect implies that the liquid crystal layer
      between the cell walls is in what is essentially a monocrystalline
      condition. When this is achieved, the difference in contrast observed with
      difference in direction of observation disappears.
PAR  Conventionally, when using nematic liquid crystals of positive dielectric
      anisotropy, the angle between the rubbing directions on the inner surface
      of the plates is set at 90.degree. so that the twist angle is 90.degree..
      Under such conditions the domain effect is usually present. As the first
      means of avoiding this effect, advantage is taken of the effect of the
      twist angle. It has now been established that the twist angle should
      preferably lie in one of the ranges 65.degree.-89.degree. and
      91.degree.-115.degree..
PAR  The selection of the appropriate twist angle range depends on the
      relationship between the potential energy of the molecules arrayed in a
      helix and the twist angle of the helix. The nematic liquid crystals of
      positive dielectric anisotropy fall into two classes by this criterion,
      the first of which, termed type a increases in potential energy (E) with
      increase in twist angle (.phi.) and the second of which, termed b
      decreases in potential energy (E) with increase in twist angle (.phi.).
      These two types of relationship between E and .phi. are apparently
      determined by the structure of the liquid crystal molecules and the
      intermolecular forces resulting from the structure. FIGS. 1a and 1b are
      graphs showing the forms of relationships between E and .phi. for the two
      types of molecules.
PAR  The cell shown in FIG. 2 consists of a front plate 11 and a rear plate 12.
      The rubbing direction of the inner surface of front plate 11 is shown as a
      solid line and that of the rear plate 12 is shown as a dashed line. In the
      construction shown the angle between the rubbing directions of the two
      surfaces is 90.degree.. The surface orientation of the liquid crystal
      molecules wherein the molecules lie in a preferred direction, or normally,
      to the orientation of the inner surface of the plate is termed the normal
      surface orientation and the orientation of the molecules wherein they lie
      in the reverse direction is called the reverse surface orientation. The
      liquid crystal moleucles are essentially free to select either of the
      orientations with respect to a specific set of grooves. Apparently the
      surface forces between the grooves and the axes of the liquid crystal
      molecules are such that when the molecule is in a specific orientation
      there is little tendency for the molecule to reverse itself. Consequently,
      the method of obtaining uniform surface orientation must depend on the
      relationship between the potential energy and the twist angle.
PAR  The first case to be considered is that in which the twist angle .phi. is
      90.degree.. Assume that the molecules in contact with front plate 11 are
      in the normal orientation and those with the rear plate 12 have either the
      normal or the reverse orientation, then the orientations in the domains
      can be either normal-normal or normal-reverse. In both cases the twist
      angle is 90.degree., taking into account the fact that
      180.degree.-90.degree. equals 90.degree.. Consequently, the potential
      energy will be the same for both orientations. From this it follows that
      the stability is the same for the normal-normal surface orientations and
      the normal-reverse surface orientations. The twist angle, i.e., the
      direction of rotation of the helix formed will be either right-handed or
      left-handed, and with the potential energies for the two configurations
      being the same, a domain once being generated or established will not be
      changed.
PAR  The situation in FIG. 3 where the angle .phi. is 75.degree. will now be
      considered. For the normal-normal surface orientation the twist angle is
      75.degree. and for the normal-reverse surface orientation the twist angle
      is 105.degree. (180.degree. minus 75.degree. equals 105.degree.). Where
      type a liquid crystals are used, the helix having a twist angle of
      75.degree. in the normal-normal surface orientation is the more stable,
      and the portion having the twist angle of 105.degree. with respect to the
      surface orientation becomes more unstable. The reason why the surface
      portion having the twist angle of 75.degree. in the normal-normal surface
      orientation has enhanced or double stability is that both surfaces against
      which the molecules make contact have the normal orientations so that the
      surface has a twist angle of 75.degree.. In contrast, the portion having
      the twist angle of 105.degree. has a normal-reverse surface orientation so
      that increased or double instability is present and there is a large
      possibility of a change to the twist angle of 75.degree. corresponding to
      the normal-normal surface orientation. As a result, the molecules fall
      into arrays in which the helices have a single twist direction. If type b
      liquid crystals were used in such an arrangement, it would be difficult to
      obtain a uniform surface orientation.
PAR  FIG. 4 shows the case for which the angle .phi. is 105.degree.. In this
      case in which type b liquid crystals are used, the portion having the
      twist angle of 105.degree. in the normal-normal surface orientations has
      enhanced or double stability with respect to the portion having the twist
      angle of 75.degree. in the normal-reverse surface orientation. Using type
      b liquid crystals it is possible to make the surface orientation of the
      liquid crystal molecules follow the orientation of the inner surfaces of
      the plates uniformly so that the preponderance of the domains have the
      same direction of rotation. If type a liquid crystals were used instead it
      would be difficult to make the surface orientation of the liquid crystal
      molecules accord with the orientation of the inner surface of the plates
      uniformly.
PAR  It would appear from the above analysis of the situation that the larger
      the difference between the twist angle .phi. and 90.degree., the more
      easily and completely uniform surface orientation could be obtained, and
      tests have shown that this is correct. However, when the difference
      between .phi. and 90.degree. is large, clear visibility as a display
      device cannot be obtained, the reason being that the system is used in
      combination with a polarizer and an analyzer. Consequently, the optimum
      ranges for the twist angle .phi. lie between 65.degree. and 89.degree. and
      between 91.degree. and 115.degree..
PAR  A further improvement in the uniformity of the twist direction of the
      liquid crystal helices and therefore in the operation of the cell as part
      of a liquid crystal display device can be provided through the effect of
      the way in which the liquid crystal material is placed in the cell.
PAR  FIGS. 5 and 6 show an example of a cell in which the flow direction of the
      liquid crystals during the process of inserting the liquid crystals into
      the cell can be controlled. As before, the cell has a front plate 11 and a
      rear plate 12, both of which are fitted with transparent electrodes on the
      inner surfaces thereof. The liquid crystal material 13 is in the form of a
      thin layer between front and rear plates 11 and 12. A spacer 14 seals the
      liquid crystal into the cell. Two openings through a wall in the cell are
      shown for injecting the liquid crystal and for venting the space between
      the liquid crystal. For purposes of the presentation herein, hole 15 is
      assumed to be that through which the liquid crystal is injected and hole
      16 is considered to be that from which air is exhausted. The direction
      lines of the orientations of the inner surfaces of plates 11 and 12 are
      shown by arrows passing through the center of thin layer surface 13.
      Again, as before, the solid arrow corresponds to front plate 11 and the
      dashed arrow corresponds to rear plate 12. As will be observed, holes 15
      and 16 are disposed in a single pair of vertical angles of size .phi.
      which is defined by the rubbing directions on the two plates.
PAR  It will now be assumed that the liquid crystals are injected through hole
      15 and that air and excess liquid crystals are vented through hole 16.
      Taking account of the fact that liquid crystal molecules of either type a
      or type b have non-symmetric structure and anisotropic viscosity, the
      molecules of liquid crystal will have a tendency to be aligned in a fixed,
      single direction as they flow through the space between the plates.
      Accordingly, it is necessary that the filling hole and the vent hole shall
      be consistent with the direction of the orientation of the inner surface
      of the plate. Consequently, it is necessary that holes 15 and 16 lie
      respectively in each of a pair of angles which are vertical to each other.
      Furthermore, filling hole 15 is used with that type of liquid crystal
      wherein the rear part of the liquid crystal corresponds to the fore part
      of the orientation of the inner surface, taking account of the direction
      in which the liquid crystal molecules flow. When the liquid crystal
      molecules are of the opposite type, the position of the holes is reversed,
      in other words, hole 16 becomes the filling hole and hole 15 becomes the
      vent hole. By proper selection of through-holes 15 and 16 in accordance
      with the conditions outlined, the liquid crystal molecules can readily be
      made to follow the orientation of the inner surfaces of the cell walls
      correctly and the domain effect is almost completely eliminated.
PAR  For essentially complete elimination of the domain effect, the twist angle
      is selected to lie in the range which is appropriate to whether the liquid
      crystal material is of type a or type b and the filling and vent holes
      again, are appropriately positioned to correspond to the orientation of
      the molecules during flow. By combining the two effects, virtually
      complete uniformity of orientation of the molecules to correspond with the
      orientation of the inner surfaces can be achieved and the generation of
      domains within the display device can be eliminated. As a result, the
      variation in contrast with the direction from which the device is observed
      is eliminated and variations between display devices of the same type can
      also be eliminated.
PAR  It should be noted that in order to use the effect of the direction of flow
      over as large an area as possible of the display device, the filling and
      vent holes 15 and 16 should be close to the periphery of the cell, as is
      shown in both FIG. 5 and FIG. 6.
PAR  The present invention is applicable to all twisted nematic mode liquid
      crystal display devices and increases the attractiveness of such devices.
      The invention is suitable for use with display devices used in timepieces,
      electronic desk calculators, and other instruments, and particularly where
      such devices are to be observed from a variety of directions.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the article set forth without departing from the spirit and scope of the
      invention, it is intended that all matter contained in the above
      description and shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention, which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a liquid crystal display device, a cell comprising opposed
      unidirectionally rubbed transparent plates, said plates being mounted so
      that said rubbing directions are at an angle to each other, the angle for
      said rubbing directions lying between 65.degree. and 89.degree. for type a
      liquid crystals, type a liquid crystals having the characteristic of an
      increase in potential energy with increase in angle between rubbing
      directions on opposed cell plates when placed therebetween, the angle for
      said rubbing directions lying between 91.degree. and 115.degree. for type
      b liquid crystals, type b liquid crystals having the characteristic of a
      decrease in potential energy with increase in angle between rubbing
      directions on opposed cell plates when placed therebetween, transparent
      conductors on the inner faces of said plates, and field effect nematic
      liquid crystal between said plates, said liquid crystal being a member
      selected from the group consisting of types a and b, said liquid crystal
      having a helical structure about an axis perpendicular to said plates, a
      substantial preponderance of the molecules in said liquid crystal lying in
      helices of the same twist direction.
NUM  2.
PAR  2. A cell as defined in claim 1 wherein said liquid crystal is of type a,
      said plates lying with their rubbing directions at an angle between
      65.degree. and 89.degree..
NUM  3.
PAR  3. A cell as defined in claim 1, wherein said liquid crystal is of said
      type b, said plates lying with their rubbing directions at an angle
      between 91.degree. and 115.degree..
NUM  4.
PAR  4. A cell as defined in claim 1, wherein said cell has a filling hole and a
      venting hole in a wall of said cell, each of said holes being within a
      different angle of a pair of vertical angles formed by said rubbing
      directions and one of said pair of vertical angles being the angle between
      said rubbing directions.
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PAL  The invention is a test lens made to fit a standard optometrist's
      trial-lens frame. The lens is a crossed-cylinder astigmator of about .+-.
      5 diopter strength, preferably formed by cementing together a first
      planoconvex cylinder lens of about 5 diopter strength and a second
      equal-strength plano-concave cylinder lens with a parallelogram grid
      sandwiched between them, the grid lines being about one millimeter apart
      in each of the parallel sets, and inclined one set to the other at an
      angle of about 73 degrees, the axes of principal curvature of the lens
      elements being perpendicular one to the other, and respectively parallel
      one to each of the diagonals of the grid elements. The subject under test
      views monocularly a spectrally pure point source through the test lens.
      Ideally, he sees an undistorted pattern of vertical and horizontal lines;
      but depending on the nature of his refractive defect, various distortions
      of the grid pattern are seen which the subject may then sketch, or
      identify, with the aid of an atlas of variously distorted patterns.
BSUM
PAR  This invention relates to Ophthalmology, and particularly to a novel test
      lens for study of monochromatic aberrations of the eye. The present
      invention has resulted from the extension of the methods and apparatus
      described in my U.S. Pat. No. 3,574,464 granted Apr. 13, 1971 for the
      testing of camera lenses to the test of the human eye. The optical theory
      upon which the present invention rests is explained in the patent in
      connection with FIGS. 10 and 11 thereof.
PAR  FIG. 10 of the patent illustrates a test of a camera lens in which, as
      disclosed in the specification, a photograph is taken of a point source of
      light through a weak, crossed-cylinder lens and an orthogonal grid
      pattern. It is demonstrated in the patent that the extent and character of
      certain errors in camera focus are measured by the amount of apparatus
      rotations and stretchings of the elements of the grid pattern as they
      appear on the film. The patent also discloses that various types of
      aberrations may be detected in the observed distortions of the shadow
      image of the grid as it appears on the film. The patent contemplates that
      the crossed-cylinder lenses used for the test have only a weak power
      consistent with the minor errors in any practical camera lens.
PAR  I have found that use of a relatively strong crossed-cylinder lens and a
      grid pattern to view a point source provides a powerful method to
      determine aberrations of the human eye more complex than myopia and
      astigmatism such as, for example, occur in the pathological condition
      known as "conical cornea."
PAR  Since the new method requires an untrained person to make subjective
      observations and report on them, and since the testing is normally done by
      an ophthalmic physician or technician, the apparatus is made compatible
      with the commonly used optometrist's trial-lens frame.
PAR  The use of a special test lens and grid pattern for the detection of
      monochromatic aberrations of the eye was treated in Volume I of
      Helmholtz's "Treatise on Physiological Optics." In the third German
      edition of the Treatise, as edited by Gullstrand, an apparatus is
      described which is termed "Tscherning's aberroscope" on page 437. "The
      instrument consists of two systems of perpendicular opaque lines ruled on
      the flat side of a planoconvex lens, which is held in front of the eye,
      from 10 to 20 cm away, and toward a luminous point. The shadows of the
      lines are seen in the blur circle produced by the artificial myopia."
      Gullstrand, in his commentary which follows this brief description of the
      aberroscope, is highly critical of the theory and effectiveness of the
      instument. One problem with the aberroscope is that the eye struggles to
      overcome the artificial myopia by its accommodation. The present invention
      avoids this, because it operates on the principle of inducing an
      artificial astigmatism which cannot be reduced by accommodation.
PAR  At page 440 Gullstrand mentions Helmholtz' famous dictum, that the
      monochromatic aberrations of the eye are such as would not be tolerated in
      any good optical instrument. Possibly for this reason we were slow to
      recognize that the same general principal which provided a very sensitive
      test for extremely slight defects in camera lenses, as described in the
      above-mentioned patent, could also be adapted with a much stronger
      crossed-cylinder lens to detect the much more severe aberrations,
      particularly asymmetrical aberrations which may occur in the eye. Or
      possibly the disparaging nature of Gullstrand's remarks about Tscherning's
      work turned aside research that may have resulted in the present
      discovery.
PAR  I have found that by using an artificial astigmatism in connection with a
      grid pattern instead of the artificial myopia described by Tscherning, a
      sensitive test results that is mathematically manageable. As pointed out
      by Gullstrand, the separation of the grid from the lens complicates the
      mathematics. Troublesome as this may have been to Gullstrand, in the case
      of the crossed-cylinder method this is seen to be corrected by a simple
      linear transformation which may be called an "italic" transformation in
      that it changes common type to italics, or vice versa.
PAR  It is, accordingly, a feature of the present invention to provide an
      improved test lens with an associated parallelogram grid which is
      transformed to a square shadow pattern at the cornea and then transformed
      by a normal eye to a square blur pattern at the retina. It is a further
      feature of the present invention to provide an improved test using the
      novel test lens.
DRWD
PAR  Other features and objects of the invention will, in part, be obvious and
      in part be apprehended from the following specification taken in
      connection with the accompanying drawings of which:
PAR  FIG. 1 is a schematic illustration of the relation of the test apparatus
      and the eye under test,
PAR  FIG. 2 is a plan view of the parallelogram grid and indexing marks of the
      test lens,
PAR  FIG. 2A is an exaggerated section through the lens along line AA, and
PAR  FIG. 2B is an exaggerated section along the line BB,
PAR  FIG. 3A is the perceived image by a normal eye, and
PAR  FIG. 3B is the perceived image by an eye with spherical aberration.
DETD
PAR  FIG. 1 illustrates the test arrangement. The subject eye 10 views light
      from a source 12, which is condensed by a lens 14 (such as a microscope
      objective) to form a virtual point source 15 of light. The light passes
      through the test lens assembly 20 comprising a positive cylinder lens 21,
      a grid 22, and a negative cylinder lens 24, all retained by a ring 25 with
      a handle 26, then continues through the lens 30 of the eye to form an
      image 32 on the retina 34. In practice the assembly 20 is proportioned to
      fit a standard test frame, and therefore, is positioned approximately
      three centimeters in front of the cornea, the special lens being inserted
      in the outermost slot in the trial frame. With the test lens in this
      position the grid line sets, which intersect at an angle of 73.degree.,
      transform to a substantially square pattern at the cornea and are viewed
      as a square grid pattern by the normal eye.
PAR  FIG. 2 is a plan view of the test lens viewed facing the subject eye. Since
      the lens is used in a low ambient light condition, it is desireable to
      have the grid marked for orientation in assembly and in use. The grid
      lines 32 spaced approximately 1.25 millimeters apart are inclined
      81/2.degree. from the vertical, which is by the line R . The grid lines
      34, also spaced apart by approximately 1.25 millimeters, are inclined
      8.5.degree. from the horizontal indicated by the line marked   on the
      reticle. The sets of lines 32 and 34 are seen to intersect at the acute
      angle of 73.degree.. The lines AA and BB are principle diameters bisecting
      respectively the acute and obtuse angles between the grid sets. The
      positive cylinder lens 21 is oriented with its principle axis along BB,
      and, as shown in FIG. 2A, its plane of greatest curvature is in the
      section through the line AA. The negative cylinder lens 24 on the other
      side of the grid 22 is oriented with its principle axis parallel to the
      line AA, and as shown in FIG. 2B,  its plane of greatest curvature is in
      the section through the line BB . . . . It will be apparent that if the
      lens is situated so that the symbol R at the top appears normal, looking
      towards the subject, the orientation is proper whether the lens 21 or the
      lens 24 be the outermost element of the test lens as inserted in the
      frame.
PAR  The actual preferred angle of intersection of the grid sets to transform
      into a square pattern of the cornea of the eye depends upon the desired
      strength of the crossed-cylinder lens and the distance of the lens in
      front of the cornea. The preferred angle is given by the equation
      ##EQU1##
      where d is the distance from cornea to test lens in meters
PA1  D is the power of each element of the test lens, one positive, one
      negative, in reciprocal meters (diopters).
PAR  The diopter powers for the cylinder lens elements are preferred to be each
      of about 5 reciprocal meters which value is substituted for the D in the
      above equation. With this power of crossed-cylinder lens, defects have
      been observable in about 75 percent of the eyes tested. It is not apparent
      that the remainder of apparently normal eyes would have any systematic
      error stable from day to day which could be or should be corrected.
      However, it would be possible to repeat the test for those eyes using a
      lens of lesser correction, such as .+-. 1 or .+-. 2 diopters. This lens
      would be more sensitive both to errors in the prescription and to
      aberrations. Similarly, a more powerful lens would measure eyes having
      more severe aberrations. The operable range is from about .+-. 1 diopter
      to as much as .+-. 20 diopters. To conduct a test, the trail frame is
      fitted to the subject, one eye occluded. The test lens is placed in the
      front slot for the other eye.
PAR  Frequently a subject in need of the test already wears glasses; and a lens
      or lenses are inserted in accord with the subject's eye-glass prescription
      together with a positive lens correction to account for the nearness of
      the point source of light. The subject is then asked to view the point
      source and to describe the center square of the observed pattern. It
      should be an erect square; but if not, the refraction is adjusted with
      simple lenses to render it square and erect. The subject is then asked to
      sketch the whole pattern as observed. In the alternative he may be asked
      to select from a book of sample pictures, the picture or pictures which
      show in type and amount the distortion observed.
PAR  The test is very sensitive. Some deviation from the ideal square pattern,
      as indicated by FIG. 3A, has been reported by nearly all subjects tested;
      moreover, a very wide range of complex defects have been observed, each
      with its characteristic observed pattern. Using a digital computer, it is
      possible to generate the power series which describes to any desired
      degree of approximation the departure from the ideal corneal shape which
      would produce the observed pattern. One potential value of the test is to
      determine whether the defect is of a kind which could be helped with
      contact lenses. At the present time it is not practical to stabilize
      contact lenses against rotation around the line of sight. Thus, they may
      be used to correct spherical aberration which results in a pattern as
      shown in FIG. 3B. This invention provided an impetus for the invention of
      means for maintaining the rotational orientation of contact lenses.
PAR  It will be understood that the present invention is in the nature of a new
      use for apparatus previously known and an article of manufacture specially
      adapted to make the new use more simple and practical. Accordingly, it
      will be understood that the new use may be performed with old apparatus,
      but it will be further understood that as old apparatus is modified to
      perform the new use, there will be a point wherein the modified test lens
      itself will be seen to fall within the scope of the present invention,
      although it may differ in some respects from the preferred embodiment as
      herein shown and described. Accordingly, it will be understood that the
      preferred embodiment and best mode set forth above are merely exemplary,
      and that the invention is limited by the claims.
PAR  We wish to make clear that our characterization of the power of a crossed
      cylinder lens of .+-. 5 diopters corresponds to a lens which would have an
      optician's prescription of - 5 diopters (sphere), + 10 diopters
      (cylinder). Similarly, a crossed cylinder lens having a power of .+-. N
      diopters would have an equivalent optician's prescription of - N diopters
      (sphere) and + 2N diopters (cylinder).
PAR  While there are many ways to build the astigmator with .+-. 5 diopter
      power, I prefer to fabricate it from two elements as described above, with
      a plano-convex cylinder lens 21 and a plano-concave cylinder element 24.
      The grid is formed using the techniques of the printed-circuit art
      photochemically deposited directly on one of the plane surfaces. The
      second plane surface is then cemented over the grid, sandwiching it
      between the two lens elements. The elements are preferably round, and
      their edges are protected, and the assembly further held together by the
      ring 25 which has a groove to engage the edges, bevelled in the usual
      manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. As a new use for the combination of
PA1  I. an article of manufacture comprising
PA2  a. an astigmator lens,
PA2  b. a grid made up of two sets of substantially parallel occluding lines
      with the lines of each set spaced each from the next by a distance of from
      1/4 mm. to 2 millimeters, the lines of one of said sets intersecting the
      lines of the other set at an angle of between 65.degree. and 115.degree.,
      and
PA2  c. mounting means to hold said grid in a plane parallel to the axes of
      principal curvature of said astigmator, in close association with said
      astigmator and with the longer and the shorter diagonals of the cells of
      said grid parallel respectively to the sections through said astigmator
      for greatest positive and negative power,
PA1  Ii. together with means for holding said article as a test eyeglass in
      front of the eye of a human subject, and
PA1  Iii. a light source substantially a monochromatic point source, the method
      comprising the steps of
PA2  1. viewing by the subject said point source through said test eyeglass to
      see a blurred grid pattern,
PA2  2. optically adjusting the apparatus until the subject observes a
      predetermined normal pattern for the central cell of said blurred pattern,
PA2  3. representing by the subject the appearance of the whole visible blur
      pattern as a diagram, and
PA2  4. determining the amount and kind of aberration by comparison of said
      diagram with standard diagrams representative of known aberrations.
NUM  2.
PAR  2. The method of claim one wherein said combination includes a set of
      lenses of various powers, and wherein said supporting means are adapted to
      hold selected ones from said set in optical alighment with said eyeglass,
      and wherein said adjusting step is carried out by inserting selected ones
      of said lenses into said supporting means.
NUM  3.
PAR  3. The method of claim one wherein said subject represents said appearance
      by drawing the observed pattern with a writing instrument.
NUM  4.
PAR  4. The method of claim one wherein said representing step is accomplished
      by selecting a pattern from a prerecorded set of illustrations.
NUM  5.
PAR  5. The method of claim one wherein said representing is accomplished by
      adjusting the controls of a computer console to generate a matching
      pattern.
NUM  6.
PAR  6. The new use as defined by claim one wherein if said angle is related to
      the strength of said astigmator and the distance at which said means for
      holding supports said article from said eye by the equation:
      ##EQU2##
      where .phi. is said angle, d is the distance from said eye to said article
      in meters, and D is the power of each of two cylinder-lens elements, one
      positive, and one negative equivalent to said astigmator.
NUM  7.
PAR  7. An ophthalmic test lens comprising:
PA1  I. an astigmator lens having substantially equal positive and negative
      powers of between one and twenty diopters,
PA1  Ii. a grid made up of two sets of substantially parallel occluding lines
      with the lines of each set spaced each from the next by a distance of from
      1/4 mm. to 2 millimeters, the lines of one of said sets intersecting the
      lines of the other set at an angle between 65.degree. and 87.degree., and
      III. mounting means to hold said grid in a plane parallel to the axes of
      principal curvature of said astigmator, in close association with said
      astigmator and with the longer and the shorter diagonals of the cells of
      said grid parallel respectively to the sections through said astigmator
      for greatest positive and negative power.
NUM  8.
PAR  8. A test lens as defined by claim 5
PA1  Iv. wherein said astigmator comprises a plano-concave lens element and a
      plano-convex element of equal and opposite powers, said grid is
      photochemically deposited on the plane surface of one of said elements,
      and wherein said mounting means comprises cement to fasten plane surface
      to plane surface with said grid sandwiched between.
NUM  9.
PAR  9. A test lens as defined by claim 7
PA1  V. wherein said mounting means comprise a metal ring to engage and retain
      the outer edges of said elements.
NUM  10.
PAR  10. A test lens as defined by claim 5
PA1  Iv. wherein said grid is formed of occluding lines deposited on a surface
      of an element of said astigmator.
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ABST
PAL  Photographic processing and projector apparatus having a drive system
      including a gear train for advancing and rewinding the film on spools
      within a film cassette. Included in the gear train is an inertia dumper
      which is operative at the conclusion of a high speed rewind run to reduce
      film tension and cassette shock caused by the abrupt cessation of film
      movement at the end of the film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photographic apparatus and, more particularly, to
      an improved drive system for advancing and rewinding film in a film
      cassette inserted into the photographic apparatus.
PAR  2. Prior Art
PAR  Recent important technological advances have made it possible to provide
      multi-purpose motion picture cassettes from which the film need not be
      removed during exposure, processing and projection operations. Exemplary
      of such systems are those described in U.S. Pat. No. 3,615,127 of Edwin H.
      Land issued Oct. 26, 1971; and U.S. Pat. No. 3,77,861 of Edwin H. Land
      issued Nov. 13, 1973.
PAR  Such systems utilize replaceable film cassettes, each containing a strip of
      film, a supply of processing composition for the film, and an internally
      programmed processor responsive to manipulation of the film in the
      cassette for applying the processing composition to the film after its
      exposure. Initially the cassette is inserted into a camera for exposure of
      the film. After exposure, it is loaded into a projector apparatus which is
      adapted to receive the cassette and has a drive apparatus for manipulating
      the film in the cassette. The film is manipulated in a sequence determined
      by a signal provided by the cassette that indicates whether or not the
      film has been processed.
PAR  When a cassette containing unprocessed film is inserted into the projector,
      movement of the film activates the processor, developing the film to
      produce a series of fixed, visible, projectable images as the film is
      driven by the drive system. Thereafter, the apparatus manipulates the film
      in an optical system, causing it to be projected for viewing. The film is
      then rewound from a takeup spool onto a supply spool for storage and
      subsequent reuse. The speed at which the film is rewound exceeds the speed
      at which the film is advanced during the projection mode. Finally, the
      cassette is automatically ejected. In response to insertion of a cassette
      containing processed film, the apparatus simply projects the film, rewinds
      it, and then ejects the cassette.
PAC  SUMMARY OF THE INVENTION
PAR  When the film in the cassette is driven from one spool to the other and the
      film reaches a given end, film advancement abruptly ceases. This stopping
      of film motion halts rotation of the film spool. In the rewind mode, where
      relatively continuous high speed motion of the film drive is employed, the
      system develops considerable kinetic energy such that the abrupt halting
      of the film produces a large peak force on the cassette elements, e.g.,
      high film tension.
PAR  The present invention is designed to temporarily absorb this kinetic energy
      of the drive system so as to reduce the shock or peak forces applied to
      the cassette at the end of a high speed film run particularly when the
      film is rewound onto the supply spool.
PAR  Consequently, a primary object of this invention is to provide an improved
      film drive system for use in photographic apparatus.
PAR  Another object of this invention is to provide means for dampening high
      peak forces developed within a film drive system resulting from abrupt
      cessation of film movement.
PAR  Still another object of this invention is to provide a drive system which
      exerts minimum forces on a film cassette whose film strip is subject to
      abrupt cessation of advancement.
PAR  Broadly, the invention comprises a photographic film drive system having an
      energy absorbing means of significantly greater compliance than the film
      strip or the cassette elements associated with film advancement such that
      the kinetic energy of the drive system is essentially absorbed in the
      drive system when abrupt film stoppage occurs.
PAR  In the illustrated embodiment, the photographic apparatus has a novel film
      drive system including an inertia dumper consisting of a pair of drive
      elements or gears intercoupled through a torsion spring having a much
      lower spring rate than the film strip so that at the end of the high speed
      rewind of the film onto the supply spool at which time a film speed of
      approximately 90 inches per second is reached, the peak energy or shock
      generated upon cessation of film movement is absorbed by the spring which
      permits limited movement between the pair of drive elements against the
      bias of the spring. Thereafter, the spring returns the drive elements to
      their normal angular positions relative to each other.
PAR  When the film is being driven in the forward direction from the supply
      spool to the takeup spool, for example, during projection, there is a
      direct driving relationship between the two drive elements such that the
      drive elements are not operative on each other through the spring but are
      directly intercoupled through the provision of a lug or abutment on one of
      the drive elements in physical contact with an abutment on the other drive
      element. Since the forward movement of the film onto the takeup spool is
      intermittent and at considerably slower speed than the speed of the film
      while being rewound, the magnitude of the energy to be dissipated when the
      film is fully advanced onto the takeup spool does not present the same
      problem as when the film is rewound onto the supply spool.
PAR  Although not limited thereto, the film drive system finds particular
      utility in a projector which, as in the illustrated embodiment, is a rear
      projection viewer which includes a slot-like well configured to receive a
      film cassette. Responsive to insertion of the cassette within the well, a
      shaft member is displaced laterally into the cassette to cam the latter
      into, and lock it in an operative position within the apparatus.
      Displacement of the latching shaft into its latching position
      automatically brings cooperating elements of the apparatus into operative
      engagement with the cassette and initiates the start of a preprogrammed
      operational sequence. Finally, at the completion of the preprogrammed
      sequence, the latching shaft and other cassette engaging elements are
      automatically withdrawn, the cassette is partially ejected from the well
      so as to be accessible for manual removal by the operator and the
      apparatus is shut off.
PAR  The cassette includes means for indicating the processed or unprocessed
      condition of its film strip and the apparatus is configured to cooperate
      with and respond to this indicating means so as to operate the cassette in
      either a processing-projection sequence or only a projection sequence.
      This is accomplished by apparatus configured for automatically
      transporting the film strip in both a forward and rewind direction and for
      then terminating the cassette operation. When the film strip has been
      previously processed, the projection operation is carried out during this
      first forward run. However, if the film strip has not been previously
      processed, projection during the first forward transport is omitted and
      the film strip is processed during the immediate rewind. Then, the
      transport is automatically repeated with projection thereby allowing the
      film to be first processed and then projected. Consequently the apparatus
      is capable of automatically operating the cassette in either a
      processing-projection program or only a projection program and for
      terminating cassette operation subsequent to completion of either program.
PAR  Preferably, the apparatus is configured to cycle the cassette film so as to
      initially transport the film in a forward direction to the takeup spool
      and then rewind the entire length to the supply spool. Following rewind to
      the supply spool, the apparatus automatically disengages the latching
      shaft member and the driving elements, ejects the cassette and shuts off
      the apparatus. When the film strip is unprocessed, the apparatus
      automatically prevents projection during the first forward transport of
      the film and release of the shaft at the end of the first rewind (during
      which processing occurs) such that the cassette is then operated through
      an additional forward transport of the film for projection and a
      subsequent rewind at which time the termination of the program and
      ejection of the cassette occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and its method of operation, together
      with additional objects and advantages thereof will best be understood
      from the following description of the preferred embodiment when read in
      connection with the accompanying drawings wherein like numbers have been
      employed in the different figures to denote the same parts and wherein:
PAR  FIG. 1 is a diagrammatic perspective view of a motion picture film handing
      cassette and a motion picture projector apparatus embodying the features
      of this invention;
PAR  FIG. 2 is a partial vertical cross sectional view taken on line 2--2 of
      FIG. 1 showing the film drive system of the present invention during
      rewind drive of the film;
PAR  FIG. 3 is a view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary view of a portion of the gear train of FIG. 2 as
      positioned during forward drive of the film;
PAR  FIG. 5 is an exploded view of the elements forming the inertia dumper of
      the present invention;
PAR  FIG. 6 is a graph depicting the film tension occurring at the end of rewind
      without the novel inertia dumper of the invention;
PAR  FIG. 7 is a graph showing the film tension experienced at the end of rewind
      when the inertia dumper is utilized; and
PAR  FIG. 8 is a graph depicting the film tension vs. time during the completion
      of rewind.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and, more particularly, to FIG. 1, reference
      numeral 10 generally designates a film handling cassette which is employed
      in conjunction with a projector 12. The cassette is of the multi-purpose
      type which is designed to be first exposed in a camera to record scene
      images on the film. Then, the cassette is loaded into the projector which
      first subjects the film strip to a processing treatment, thereafter dries
      the film strip, and projects the recorded images for viewing. The cassette
      10 and projector 12 are of the type described in U.S. Pat. No. 3,771,862
      issued to Edwin H. Land on Nov. 13, 1973.
PAR  The projector 12 is illustrated as a rear projection viewer comprising a
      box-like housing 13 which includes a front viewing screen 14. In the top
      surface 15 of the housing there is a cassette-receiving slot or well 16
      which extends to and is in communication with the top surface 15. In this
      embodiment, the well 16 is made up of side walls 17 and 18, end walls 19
      and 20 and bottom wall 21 which together form a box-like, open ended slot
      16 in communication with the top surface 15 through the open top 22 of the
      well. Mounted beneath the cassette-receiving well 16 is projection lens
      assembly 23 and a reflector element 24 which in conjunction with a
      conventional projection lamp 11 is configured to project film images
      forwardly to the rear of the transparent screen 14.
PAR  As shown in FIG. 1, the cassette 10 is oriented over the cassette-receiving
      well 16 in proper position for loading within the receiving well. Loading
      is accomplished by moving the cassette downwardly to slide it within the
      receiving well 16.
PAR  The cassette 10 comprises a generally parallelepiped casing or housing 25
      constituted by a pair of planar side walls 26 and 27 joined together at
      their edges by end walls 28, 29 and elongated top and bottom edge walls 30
      and 31. A plurality of apertures are located in side wall 26 to facilitate
      the cassette operation. Hence, an illumination aperture 32 is configured
      to permit entrance of illumination for projection purposes. Apertures 33
      and 34 permit access of external drive members, and aperture 35 is
      configured to receive a latching shaft of the apparatus for locating and
      locking the cassette within the well 16, as will be more fully explained
      hereinafter. Within cassette 10, a pair of spools 38 and 40 having hubs 36
      and 37 respectively located in alignment with apertures 33 and 34 are
      mounted for rotation about parallel axes. The spool 38 provides a supply
      spool to which a trailing end (not shown) of a film strip 42 is attached
      and about which substantially the entire length of the film strip 42 is
      initially coiled (prior to exposure) with a leading end (not shown) of the
      film extending across an exposure projection station, designated at 39 and
      affixed to the spool 40 which provides a takeup spool.
PAR  When the cassette is inserted into the projector, a latching shaft (not
      shown) of the apparatus is inserted into aperture 35 of the cassette and
      actuates extension of a pair of drive spindles 44 and 46 into operative
      engagement within apertures 33 and 34 in the cassette side wall 26. Hence,
      the spindles 44 and 46 provide means for coupling the projector drive to
      the cassette film spools.
PAR  Referring now to FIG. 2 which shows the cassette 10 in operative position
      within the projector, the drive system for spindles 44 and 46 will now be
      described. The film drive system includes an actuatable power drive means,
      such as a reversible DC motor 48 to provide torque for driving the supply
      spool drive spindle 44 and the takeup spool drive spindle 46. Motor 48 is
      supported within the projector housing upon a frame member 49. A pinion
      gear 52 is keyed to the motor output shaft 50 and is in engagement with a
      spur gear 54. Spur gear 54 is coupled through a relatively high torque
      slip clutch 56 to a pinion gear 58. Pinion gear 58 in turn is in
      engagement with a spur gear 60 which is part of the inertia dumper
      generally designated by reference numeral 62. The inertia dumper 62
      provides means for resiliently coupling the drive motor to the spool
      coupling spindles at least in one direction of drive rotation and
      comprises another drive element consisting of pinion gear 64 which is
      coaxial with the spur gear 60 and a resilient means, such as a torsion
      spring 63, between the gears 60 and 64. The interrelationship between
      gears 60 and 62 and spring 63 will be described hereinafter in connection
      with the description of FIG. 5. The inertia dumper pinion gear 64 meshes
      with a spur gear 66 which is positioned upon a movable support shaft 67
      which permits the gear 66 to be either in engagement with gear 68 on
      supply spool drive spindle 44 when the spur gear 66 is driven in a
      counter-clockwise direction as illustrated in FIG. 2, or in engagement
      with gear 70 mounted on the takeup spool drive spindle 46 when gear 66 is
      rotating clockwise as shown in FIG. 4. That is, because of the drag
      between gear 66 and its shaft 67, reversal of motor 48 and hence gear 64
      displaces the gear 66 left or right between the positions shown in FIGS. 2
      and 4.
PAR  Referring to FIG. 5, as stated previously, the inertia dumper 62 is
      comprised of a pair of gears 60 and 64 which are intercoupled by a torsion
      spring 63. The gear 60 has at its center an outwardly projecting hollow
      axle 72 which extends into an axial bore 74 which commences in a tubular
      projection 76 on gear 64. The bore 74 continues through flange-like
      central portion 78 and through gear 64. When the gear elements are
      assembled, the axle 72 extends completely through bore 74, and the end 80
      of axle 72 is engaged by a snap fastener 82 to maintain the parts in
      assembled relationship. As shown in FIG. 2, one end 61 of torsion spring
      63 is attached behind an abutment 84 on the outer periphery of the central
      flange portion 78 of gear 64 whereas the other end 65 of spring 63 is held
      against the side of an abutment 86 on the gear 60. The spring 63 is
      loosely centrally retained in the assembled position by a tubular housing
      or sleeve 90, disposed on gear 60 concentrically with the axle 72 and is
      wound on a diameter sufficiently larger than the diameter of the sleeve 90
      so that the spring does not coil tightly against the latter during dumper
      operation.
PAR  When assembled, the tubular sleeve 90 fits within a circular groove 91 of
      the flange 78 and spaces the gear 64 from the gear 60 such that abutments
      84 and 88 are longitudinally spaced from each other so as to clear or pass
      over each other.
PAR  To provide a substantially direct drive in one direction, e.g., when gear
      64 is driven in a ccw direction, the gear 64 includes a projecting rib 92
      shown in FIG. 4 which is configured to engage a drive transmitting member
      or stop 85 comprised of a hard rubber abutment or block 87 adjacent a
      strengthening projection 88 within the tubular housing 90 of gear 60. The
      stop 85 is positioned nearly 180.degree. from the operating surface 86 of
      the spring abutment 86 whereas the rib 92 of gear 64 is adjacent the
      abutment 84. Further, the spring 63 in the relaxed condition has its ends
      spaced nearly 180.degree. apart.
PAR  During assembly of the dumper, the gear 64 is rotated clockwise (cw) as
      viewed in FIG. 4 against the spring 63 while rib 92 is dropped into the
      tubular housing 90 clockwise of the stop 85. Hence, the spring 63 then
      forces the rib 92 against the block 87 and provides a substantially direct
      drive relation between gears 60 and 64 when the gear 64 is rotating
      counterclockwise, or, that is, in the forward advancement mode. As shown
      in FIG. 4 when the film is being advanced in a forward direction from the
      supply spool 38 onto the takeup spool 40, the inertia dumper is rotating
      counterclockwise and there is direct drive between gears 60 and 64 at this
      time.
PAR  On the other hand, when these gears are driven to rotate clockwise, there
      is initially limited angular movement between gears 60 and 64 against the
      bias of spring 63, and in this case, the gears are intercoupled through
      the torsion spring 63. Hence, referring again to FIG. 2, when the film is
      being advanced in a rewind direction from the takeup spool 40 onto the
      supply spool 38, the inertia dumper is rotating clockwise and there is a
      resilient, spring coupled drive between gears 60 and 64.
PAR  It should be noted that the clutch 56 is designed to slip once the film has
      stopped and this load has been transmitted back through the drive to the
      clutch. Hence, the clutch has a given breakaway torque substantially
      higher than the running load of the film. Once the clutch beings to slip
      as later explained with regard to FIG. 8, the film tension can only reach
      a level commensurate with the breakaway torque; however, since the latter
      is not instantaneous with film stoppage, the clutch and the motor probably
      contribute to the kinetic energy which must be absorbed in the drive
      system at the instant the film end is reached.
PAR  For switching the drive system from engagement with the spindle drives of
      the two film spools, motion detectors (not shown) may be employed to sense
      when rotation of the moving spool spindle ceases and to subsequently
      reverse the input to DC motor 48. Thus, for example, when the forward
      movement of the film from the supply spool has been completed using the
      direct drive in the inertia dumper and with the gears in the FIG. 4
      relationship, cessation of the spool spindle rotation is sensed and causes
      reversal of the DC motor 48. Since the forward film motion is at
      relatively low speed, the cessation of forward movement normally does not
      cause shocks or energy peaks which cannot be absorbed by the cassette and
      its film strip 42 without harm.
PAR  The reversal of the motor 48 results in a consequent reversal of the
      direction of rotation of the spur gear 60 to the clockwise direction. This
      tends to move the projection 92 of gear 64 away from the stop 85 of the
      gear 60 and against the spring 63. This rotation thereby increases the
      contraction or load on spring 63, and the driving engagement between the
      two gears 60 and 64 is only through the spring. As later explained in
      detail with regard to FIGS. 6 and 7, this driving engagement through the
      spring provides an elasticity in the drive which while sufficient to
      provide tight coupling for the load expected during the film running is
      much less than the film and film cassette compliance so as to permit
      displacement between the drive elements and absorption of the kinetic
      energy of the system when the film abruptly stops the drive.
PAR  Clockwise rotation of gear 64 causes gear 66 to move from its FIG. 4
      position in engagement with gear 70 to its FIG. 2 position in which it
      meshes with the small gear 68 associated with the supply spool. Since gear
      88 is smaller than gear 66, the film is rewound onto the supply spool 38
      at high speed. At the completion of the high speed rewind operation when
      the leading end of the film is reached and the film stops, rotation of the
      supply spool 38 and its associated drive spindle 44 stops abruptly. This
      tends to cause a sharp energy peak or shock to the cassette elements such
      as the film spool 38 and the film strip 42. This energy peak or shock is
      dampened and/or dissipated by permitting angular rotation between gears 60
      and 64 of inertia dumper by further contraction of the torsion spring 63
      as the motor continues to run in this direction. The energy stored in
      spring 63 is thereafter effective to turn gears 60 and 64 to their
      relative positions during the direct drive phase, i.e., to positions in
      which block 87 and rib 92 are in contact.
PAR  As previously indicated, the spring 63 is preloaded during assembly so as
      to hold the two gears in driving engagement with each other. While this
      preload need not exceed the expected running load of the film during
      rewind, in the preferred embodiment the preload is made slightly greater
      than the running load. For example, in the preferred embodiment where a
      running load of approximately 15 ounces is anticipated, the spring preload
      is in the order of 20 ounces. Hence, except for start up inertia of the
      rewind or for temporary variations causing increased load, the gear 64 is
      held ccw against the stop 85 of the gear 60 by the spring 63 until film
      stoppage occurs at which time the gear 64 rotates cw while the gear 60
      remains stationary.
PAR  The operation of the inertia dumper will now be explained by referring to
      FIG. 8 wherein the film tension during rewind is plotted under conditions
      with and without the novel dumper arrangement. As can be seen from this
      figure, the film during rewind experiences a running load tension of
      T.sub.1. At the end of rewind, when the film stops, the tension rises
      rapidly on the film to T.sub.4 if the dumper is not present but only rises
      to T.sub.3 when the inertia dumper is employed. The peak force then
      rapidly diminishes until the film is subjected to the tension T.sub.2
      resulting from the breakaway torque setting of the system clutch.
PAR  The peak film tension results from the fact that at the end of rewind there
      is a significant amount of rotational kinetic energy stored in the drive
      system. This energy must be absorbed at the end of the run when the film
      and drive system stops. Without the novel inertia dumper, the energy is
      essentially stored in the film since the latter has more elasticity or a
      lower spring rate than the drive components or cassette elements
      associated with film advancement. With regard to the latter, it should be
      noted that the supply spool and the idler components of the cassette may
      be slightly deformed and hence store some of the energy.
PAR  Under these conditions, where the film is most compliant element, the film
      is stretched an amount "X" as shown in FIG. 6. The film stretches along
      its spring rate curve (which for clarity is assumed to be a straight line)
      as the tension rises to T.sub.4 and the area, designated at A, under the
      curve represents the energy now stored in the film.
PAR  When the inertia dumper is inserted in the system, it, in effect, provides
      a low spring rate element between the film and the kinetic energy. Hence,
      the spring of the inertia dumper is in series with the film and has a much
      lower spring rate (e.g., approximately 1/50 that of the film when gearing
      is taken into effect as explained below) so that most of the kinetic
      energy is stored in the inertia dumper as represented by the area
      designated as B in FIG. 7. A small portion of the energy, represented by
      the area designated at C in this figure, is still stored in the film, but
      the overall tension experienced by the cassette and the film is limited to
      value T.sub.2.
PAR  In the illustrated embodiment where the film speed at the end of rewind is
      expected to reach approximately 90 inches per second, and the film and
      supply spool spring rate was approximately 18 inch pounds per radian, the
      inertia dumper spring 63 was chosen to have a spring rate of approximately
      0.4 inch pounds per radian. Since the gear ratio of the drive between the
      inertia spring 63 and the spool is 1.3 to 1, the film (and spool) spring
      rate appeared to be 18 .times. 1.3 or 23 such that the ratio of spring
      rates was 23/.4 which equals 58.
PAR  In the illustrated embodiment the dumper gears 60 and 64 can only rotate
      relative to each other approximately one turn before the stop 85 is
      reached. Hence, the spring rate of the spring 63 was also chosen so that
      the energy is absorbed with a one turn deflection, e.g., within
      approximately three-fourths of a turn. This follows since too low a spring
      rate would still allow a system shock as the stop is reached, or, that is,
      require the film to absorb the remaining energy. Consequently, in other
      embodiments where more than one turn of the dumper elements is permitted
      still lower spring rates will be useful.
PAR  It should also be noted that the inertia dumper must be placed between the
      drive system inertia, or, that is, between the elements in which the
      kinetic energy is stored and the film so that the dumper prevents this
      energy from reaching the film. Hence, in a preferred arrangement, the
      inertia dumper is as close to or actually also provides means for coupling
      to the film cassette or the film itself.
PAR  In some applications, the members providing a direct drive between the
      gears 60 and 64 may be omitted. In this case these gears would be
      intercoupled through the torsion spring regardless of the direction of
      rotation. In such an arrangement, the spring abutment members on the gears
      could be modified, e.g., to receive the ends of the spring in recesses so
      as to affix the spring ends to the gears.
PAR  While the invention has been described with particularity with respect to
      the details of a specific embodiment thereof, the invention is applicable
      to other types of photographic apparatus utilizing drive systems for the
      film. It should be understood that this invention may be practiced or
      embodied in other ways without departing from the spirit or essential
      character thereof. Hence, the preferred embodiment described herein is
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims and all variations which come within the
      meaning of the claims are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Photographic apparatus for use with a film handling cassette, the
      cassette including a cassette housing retaining a photographic film strip
      and means for guiding the film strip along a given path within the
      cassette housing, said guiding means including at least one film spool to
      which one end of the film strip is attached and upon which the film strip
      is wound, the film strip being drawn from the film spool as the film strip
      is advanced in a given direction within said cassette housing, the film
      strip being subject to abrupt stoppage within the cassette housing when
      the film strip is advanced to the one end, and the film strip and the film
      guiding means having a high spring rate, said apparatus comprising means
      for receiving the cassette, means for cooperating with the cassette when
      it is received in said receiving means for driving the film strip in at
      least said given direction along the given path within the cassette
      housing, said film driving means including means for absorbing at least a
      large portion of the kinetic energy of said driving means when film
      stoppage occurs, said absorbing means comprising means having a
      substantially lower spring rate than that of the film strip and the film
      guiding means when the film strip is driven by said driving means in said
      given direction, said driving means including a drive train having a
      plurality of elements configured for rotation, said absorbing means
      including a spring configured for intercoupling a first and a second of
      said plurality of elements, said spring having a lower spring rate than
      the spring rate of the film strip, said first and second elements engaging
      respective ends of said spring so as to provide a driving connection
      through said spring when said drive train is rotated in a first direction
      configured for advancing the film strip in said given direction, and said
      first and second elements include means for engaging each other so as to
      provide a direct driving connection when said drive train is rotated in
      the opposite direction.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said absorbing means is a spring having
      a spring rate approximately 1/50 the spring rate of the film strip.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said first and second elements comprise
      first and second gears mounted on a common axis, one of said gears having
      means for axially spacing the other of said gears therefrom, and said
      engaging means comprises an abutment member carried on each of said gears,
      said abutment members being positioned on each of said gears so as to
      contact each other when one of said gears is rotated in said opposite
      direction.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said first and second elements comprise
      first and second gears mounted on a common axis, each of said gears having
      a flange-like body portion extending radially from said common axis, one
      of said gears having a tubular sleeve projecting axially therefrom and
      configured for engaging the body portion of the other of said gears so as
      to axially space said body portions from each other, said spring being a
      tortion spring loosely coiled about said sleeve, and said engaging means
      includes an abutment member carried on each of said gears, said abutment
      members being respectively positioned on each of said gears so as to be
      located within said sleeve and to contact each other when at least one of
      said gears is rotated in said opposite direction.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first and second elements comprise
      first and second gears mounted for rotation about a common axis, each of
      said gears having a flange-like body portion, one of said gears having a
      tubular sleeve projecting axially therefrom and configured for engaging
      the body portion of said second gear so as to axially space said body
      portions of each of said gears from each other, said second gear having an
      axial bore therein, and said first gear further including an axle located
      within said sleeve and concentric thereto, said axle projecting from said
      body portion beyond the distal end of said sleeve and within said axial
      bore of said second gear such that said second gear is mounted for
      rotation on said first gear, said spring being loosely coiled about said
      sleeve with the ends of said spring in engagement with each of said gears
      respectively, and said engaging means includes an abutment member carried
      on each of said gears, said abutment members being respectively positioned
      on said body portions of said gears so as to be located within said sleeve
      and to contact each other when at least one of said gears is rotated in
      said opposite direction.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said axle extends through said second
      gear, and further including means coupled to the distal end of said axle
      for retaining said second gear in a rotational arrangement thereon.
NUM  7.
PAR  7. Photographic apparatus for use with a cassette having a cassette
      housing, a pair of film spools rotatably supported within the cassette
      housing, and a strip of photographic film having a given spring rate wound
      on and extending between the film spools with the respective ends of the
      film strip affixed to the film spools, the film strip being configured for
      advancement within the cassette by winding the film strip on one film
      spool as it is unwound from the other film spool and subject to abrupt
      stoppage of advancement as the film strip reaches the film strip end
      affixed to the said other film spool, said apparatus comprising drive
      means for rotating said film spools, said drive means including first and
      second gears rotatable about a common axis, and a spring of substantially
      lower spring rate than such film strip disposed between said first and
      second gears, said spring having portions thereof engaging portions of
      said first and second gears to permit limited angular movement between
      said first and second gears and to establish a driving connection
      therebetween in at least one direction of rotation thereof, said spring
      having a substantially lower spring rate than the given spring rate of
      such film so that said spring absorbs the kinetic energy of said drive
      means when such film movement abruptly ceases as a result of film
      stoppage, and each of said first and second gears having an abutment
      member thereon, said abutment members being positioned to contact each
      other when said first and second gears are rotated in a second direction
      opposite to said one direction to thereby establish a direct drive
      transmitting connection between said gears during rotation in said second
      direction.
NUM  8.
PAR  8. The apparatus of claim 7 further comprising a tubular housing mounted on
      said first gear and disposed around said common axis, said tubular housing
      projecting from said first gear toward said second gear, and said abutment
      members being located on said gears so as to be positioned within said
      tubular housing.
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ABST
PAL  An optical system for projecting an image of an object, operating between
      fixed object and image planes. Both the object conjugate and the image
      conjugate are variable to vary the magnification in the system. This is
      accomplished without moving the optical axis by means of a first roof
      mirror on the object side of the lens and a second roof mirror on the
      image side of the lens. These mirrors each fold the optical axis by
      90.degree. and are movable along a locus at 45.degree. to the optical axis
      to change the object and image distances.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to an optical imaging system and
      more particularly to an optical imaging system useful for projecting
      images of variable magnification between a fixed object plane and a fixed
      image plane.
PAR  This invention is intended for use in a photocopying environment, though it
      will be appreciated that its usefulness is not limited to that.
PAR  In photocopying machines a light image of the object being copied is
      projected by means of a lens onto a photosensitive image surface which is
      then used to make a permanent record of the original object. This is
      sometimes done by full frame exposure and sometimes by scanning of the
      original in which a composite image is developed by scanning and
      projecting incremental portions of the objects. There are numerous ways to
      perform the scanning function just described. However, it will facilitate
      an understanding of this invention to describe it in connection with an
      arrangement in which a moving object is passed over a fixed illuminating
      apparatus and is imaged on an image member moving synchronously with the
      moving object. It is to be noted that this aspect of the description is
      background or environment only and is not a material part of the
      invention.
PAR  In the prior art, image projection systems providing for variable
      magnification are known and they take several forms. A varifocal or zoom
      lens between object and image is one known solution. Another is the
      add-lens arrangement. In yet another type of system, the optical axis
      between object and image is moved and folded through varying angles to
      accommodate changes in total conjugate length. In these systems, generally
      it is necessary to move the imaging lens. Also it is inherent in some such
      systems that the optical axis is shifted through lateral or angular
      displacements which must be accommodated.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a variable
      magnification projection system which operates between fixed conjugate
      planes.
PAR  Another object of the present invention is to provide a variable
      magnification projection system which operates between fixed conjugate
      planes and does not require the movement of the optical axis.
PAR  Another object of the present invention is to provide a variable
      magnification projection system which operates between fixed conjugate
      planes and without movement of the projection lens or of the optical axis.
PAR  Briefly, this invention is practiced on one form by an optical system which
      includes, between object and image planes, a first roof mirror to fold the
      optical axis by 90.degree., a projection lens, and a second roof mirror to
      fold the optical axis by 90.degree.. Movement of one or the other, or
      both, of the roof mirrors along a 45.degree. axis relative to the optical
      axis varies the conjugate distance as desired on each side of the
      projection lens without displacing the optical axis laterally or angularly
     .
DRWD
PAR  For a better understanding of this invention, reference is made to the
      following detailed description given in connection with the accompanying
      drawing.
PAC  DRAWING
PAR  FIG. 1 is a schematic optical diagram, representative of an elevation view
      of an optical system according to the present invention.
PAR  FIG. 2 is a schematic optical design of an alternate arrangement.
PAR  FIG. 3 is a diagram of a penta prism which may be used in the practice of
      this invention.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 schematically represents the optical system of a photocopying
      apparatus generally indicated at 2. An object surface or object plane 4
      and an image plane 6 are shown at opposite ends of an optical axis 8. In
      one embodiment an original object indicated by the arrow 10 is mounted on
      the object surface 4 for movement as shown relative to the optical axis 8
      to project an image at image 6 of the object 10. A movable or rotatable
      photoconductive drum or surface 14 is disposed at the image surface 6, and
      a narrow exposure slit 16 is defined by a suitable stop member 18 so as to
      expose on the photoconductive drum 14 only a line at a time. Thus, as the
      object 10 moves relative to the optical axis 8 in synchronism with the
      movement of the photoconductive drum 14, a composite image of the object
      10 is projected onto the drum 14.
PAR  The optical system 2 further includes a 45.degree. roof mirror 20 on the
      object side of lens 12 and a 45.degree. roof mirror 22 on the image side
      of lens 12. The roof mirror 20 is positioned such that its center line or
      axis of symmetry 24 is at 45.degree. relative to the optical axis 8.
      Similarly, the roof mirror 22 is positioned with its axis 26 at 45.degree.
      relative to the optical axis 8. Each roof mirror is effective to fold the
      optical axis 8 by 90.degree. after two reflections.
PAR  Optical axis 8 is also referred to herein in terms of its path segments.
      Thus optical path OABLXYI is the sum of the paths from O (object) to A
      (reflector) to B (reflector) to L (lens) to X (reflector) to Y (reflector)
      to I (image).
PAR  In the arrangement shown in solid lines, roof mirrors 20 and 22 are so
      positioned that the object conjugate is equal to the image conjugate for
      unit magnification. In other words, object distance OABL is equal to image
      distance LXYI.
PAR  The total conjugate (TC) of lens 12 is equal to the sum of its object
      conjugate (S) and its image conjugate (S').
PAR  The object conjugate S is expressed by the relationship
      ##EQU1##
      where m = magnification
PA1  f = lens focal length
PAR  The image conjugate S' is expressed by the relationship
EQU  (2)   S' = (m+1) f
PAR  The total conjugate is therefore expressed by the following relationship
      ##EQU2##
PAR  In the unit magnification case of lens 12, shown in solid lines, TC=4f,
      S=2f, and S'=2f.
PAR  If it is desired to change the magnification, equation (3) above provides
      the parameters of object conjugate, image conjugate, and total conjugate
      required to achieve the result. As an example, a desired magnification of
      0.5X, put into equation (3) gives the required parameters of TC=4.5f, S=3f
      and S'=1.5f. The change in value S from 1X to 0.5X magnification is equal
      to 1f, an absolute value since f is constant. Similarly, the change in S'
      from 1X to o.5X magnification is equal to 0.5f.
PAR  The object conjugate S and the image conjugate S' can be changed to meet
      the above requirements by translating the roof mirrors 20 and 22
      respectively to other positions, exemplified by 20' and 22'. It can be
      shown that the change in object conjugate S resulting from a roof mirror
      displacement D.sub.O is according to the relationship .DELTA.S = D.sub.o
      .sqroot.2. Similarly, the change in the image conjugate S' resulting from
      a roof mirror displacement D.sub.i is according to the relationship
      .DELTA.S' = D.sub.i .sqroot.2.
PAR  Transposing the terms, it is found that the required displacement of the
      object roof mirror 20 to achieve a required .DELTA.S is equal to
      .DELTA.S/.sqroot.2. Similarly, the required displacement of the image roof
      mirror 22 to achieve a required .DELTA.S' is equal to .DELTA.S'/.sqroot.2.
      Again, the values of .DELTA.S and .DELTA.S' are obtainable from solution
      of equation (3) and computation involving the value of f.
PAR  In the optical system just described, it will be apparent that through the
      magnification change there was no change in the object position, no change
      in the image position, no change in the lens position and no change in
      either the lateral or angular position of the optical axis.
PAR  It will be seen with reference to the drawings, that, in any position of
      the object roof mirror 20 along the axis 24, the optical axis OA is
      coincident with OA' and BL is coincident with B'L. Similarly, in whatever
      position of the image roof mirror 22 along its axis 26, the optical axis
      LX is coincident with LX' and YI is coincident with Y'I.
PAR  In a second embodiment, it is possible to move the lens along the optical
      axis and in conjunction with such lens movement to move only one or the
      other of the roof mirrors 20 or 22. The required movements are dictated by
      the foregoing equation (3). It is a possible advantage of this embodiment
      that only one mirror assembly moves and that the required translation of
      such mirror assembly is smaller than in the case where the lens remains
      stationary.
PAR  In a third embodiment, it is possible to have the lens 12 and both roof
      mirrors 20 and 22 arranged to move interdependently along thier respective
      axes. Again the parameters of such an arrangement are dictated by the
      equation (3). In this arrangement the total required movement of all
      movable elements is less than in the preceding case in which the lens is
      stationary or in which one of the mirrors is stationary. The selection of
      any of these embodiments is a subject of practical considerations of
      machine configuration, cost, and complexity of mechanism.
PAR  All of the foregoing embodiments have been described with reference to a
      photocopying system of the image transfer type in which an even number of
      reflections is required in the optical system between object and image. In
      a direct imaging system an odd number of reflections is required in the
      propagation of the image. The present invention may be employed in such a
      system simply by replacing one or the other of the roof mirrors by a
      single plane mirror. FIG. 2 is a schematic representation of a
      three-mirror direct imaging system. In this arrangement, the plane mirror
      28 will remain fixed while the lens and the single roof mirror move to
      effect magnification changes. It will be appreciated that the arrangement
      of mirrors as shown in FIG. 2 can be reversed. The plane mirror 28 is
      shown here on the image side of the lens, but may be used on the object
      side with the roof mirror located on the image side.
PAR  In all of the foregoing modifications, it will be apparent that it is not
      essential whether one roof mirror moves or whether two roof mirrors move
      or whether two roof mirrors and the lens move. These are questions of
      satisfying the requirements of equation (3). The essential points are that
      the movement of these various elements does not laterally or angularly
      displace the optical axis and that the object and image planes are not
      required to move.
PAR  An additional advantage of the 45.degree. roof mirror (or penta prism) is
      that it deflects the incident light beam by 90.degree. regardless of the
      orientation of the roof. That is, the roof may be inclined relative to the
      axis (24 or 26) and still be effective to deflect the optical axis by
      90.degree.. Consequently, practical considerations of alignment and the
      like are eased.
PAR  Another benefit derived from this arrangement discosed herein is that the
      movement of each roof mirror is along a single axis (24,26). This is
      mechanically simpler to achieve than a combined XY motion of two mirrors
      or XYZ motion of three mirrors.
PAR  The invention has been described in relation to a scanning system but this
      is only for convenience of illustration. The concept of this invention may
      also be used in a non-scanning system in which object and image are
      stationary. In this system the full frame of the object plane is exposed
      simultaneously upon a corresponding full frame at the image plane. This
      would of course necessitate a flat plate or belt photoconductor in place
      of the drum 14.
PAR  FIG. 3 is a diagram of a penta prism 30 shown in a position relative to
      optical axis 8 to correspond to the position of roof mirror 20 in FIGS. 1
      and 2. Such a prism may be used as the full equivalent of mirrors 20 and
      22. The term roof reflector in the appended claims is intended to include
      such a prism.
PAR  The foregoing description of several embodiments of this invention is given
      by way of illustration and not of limitation. The concept and scope of the
      invention are limited only by the following claims and equivalents thereof
      which may occur to others skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A variable magnification optical system for projecting an image along an
      optical axis and including the following disposed along said optical axis:
PA1  a fixed object plane,
PA1  a fixed image plane,
PA1  a projection lens to project an image from said object plane to said image
      plane, and
PA1  a double reflector to deflect said optical axis by 90.degree.,
PA1  said double reflector being movable as a unit along a path which bisects
      said 90.degree. deflection of said optical axis, whereby said optical axis
      is varied in length and held from lateral and angular displacement.
NUM  2.
PAR  2. A variable magnification optical system as defined in claim 1 in which
      said projection lens is movable along said optical axis to accommodate
      change in magnification.
NUM  3.
PAR  3. A variable magnification optical system for projecting an image along an
      optical axis and including the following disposed along said optical axis:
PA1  a fixed object plane,
PA1  a fixed image plane,
PA1  a projection lens to project an image from said object plane to said image
      plane,
PA1  an object double reflector on the object side of said lens to deflect said
      optical axis by 90.degree., said object double reflector being movable as
      a unit along a path which bisects said 90.degree. deflection of said
      optical axis whereby said optical axis between said object plane and said
      lens is varied in length and held from lateral and angular displacement,
      and
PA1  an image double reflector on the image side of said lens to deflect said
      optical axis by 90.degree., said image double reflector being movable as a
      unit along a path which bisects said 90.degree. deflection of said optical
      axis whereby said optical axis between said lens and said image plane is
      varied in length and held from lateral and angular displacement,
PA1  whereby object and image distances relative to said lens are varied to suit
      the requirements of different image magnifications.
NUM  4.
PAR  4. A variable magnification system as defined in claim 3 in which said lens
      is movable in addition to said double reflectors to suit the requirements
      of different image magnifications.
NUM  5.
PAR  5. A variable magnification optical system for projecting an image along an
      optical axis and including the following disposed along said optical axis:
PA1  a fixed object plane,
PA1  a fixed image plane,
PA1  a projection lens to project an image from said object plane to said image
      plane, and
PA1  a double reflector unit to deflect said optical axis and including two
      planar reflective surfaces disposed relative to each other at an angle
      therebetween,
PA1  said double reflector unit, including said two reflective surfaces, being
      integrally movable on a path bisecting the angle of deflection of said
      optical axis whereby said optical axis is varied in length and
      concurrently held from lateral and angular displacement.
NUM  6.
PAR  6. The variable magnification optical system of claim 5, wherein said angle
      is 45.degree. and said optical axis is deflected by 90.degree..
NUM  7.
PAR  7. The variable magnification optical system of claim 5 wherein said acute
      angle is 45.degree. and said optical axis is deflected by 90.degree..
NUM  8.
PAR  8. A variable magnification optical system for projecting an image along an
      optical axis including the following disposed along said optical axis:
PA1  a fixed object plane,
PA1  a fixed image plane,
PA1  a projection lens to project an image from said object plane to said image
      plane, said projection lens being movable along said optical axis to
      accommodate a change in magnification, and
PA1  a double reflector unit to deflect said optical axis and including two
      planar reflective surfaces disposed relative to each other at an acute
      angle therebetween,
PA1  said double reflector unit, including said two reflective surfaces, being
      integrally movable on a path bisecting the angle of deflection of said
      optical axis whereby said optical axis is varied in length and
      concurrently held from lateral and angular displacement.
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ABST
PAL  An optical device for concentrating in a plane a radiation modulated by an
      object, carrying data. It comprises a mask splitting an incident beam into
      a plurality of elementary beams, and two stigmatic systems, the first of
      which for focussing and the second for converging the elementary beams
      into a predetermined zone, which is the image of the source of the
      incident beam; the modulating object comprises elementary zones bearing
      said data, these zones being arranged in the path of the elementary beams.
BSUM
PAR  The present invention relates to an optical device which makes it possible
      to concentrate in a plane, a modulated radiation emerging from a data
      carrier of non-uniform transparency playing the part of modulator object,
      and relates also to its application to a holographic store recording
      system.
PAR  An object of this kind is conventionally achieved using a light source
      which emits a divergent beam, and an objective lens arranged in the
      immediate proximity of the modulator object, in order to cause the
      radiation issuing from said source to converge in a data storage plane.
      The image of the source is thus converted into a diffraction pattern
      representing the spectrum of the frequencies of the modulation created by
      the non-uniform transparency of the modulator object.
PAR  In certain applications, in particular in large capacity holographic
      stores, on the one hand the radiation source is located in a plane
      parallel to the object and, on the other hand, the data carrier is given a
      very large area, the capacity of this kind of store being directly linked
      to the area of the object and to the extent of the zone in which the
      source is located. This obviously requires a large-diameter objective lens
      with a large aperture and a substantial angle of view; the practical
      design of such a lens comes up against prohibitive technical obstacles,
      due to the nature of the aberrations which have to be corrected.
PAR  The object of the invention is an optical data projection device, which
      makes it possible to avoid this difficulty by breaking up the divergent
      beam designed for illuminating the modulator object and the lenses, into a
      plurality of elementary beams having the same phase centre, whose
      convergence in the data storage plane is successively brought about with
      the help of two stigamtic optical systems arranged in cascade.
PAR  In accordance with the present invention, there is provided an optical data
      projection device comprising:
PAR  A LIGHT SOURCE, CAPABLE OF OCCUPYING A PLURALITY OF POSITIONS IN AN ENTRY
      PLANE OF SAID DEVICE AND FURNISHING AN INCIDENT BEAM;
PAR  A FRAME LOCATED ON AN OBJECT PLANE, ARRANGED IN THE PATH OF SAID INCIDENT
      BEAM, A MODULATOR OBJECT, CARRYING SAID DATA, BEING INTRODUCED IN SAID
      FRAME WHEN THE DEVICE IS ON OPERATION;
PAR  AN EXIT PLANE ONTO WHICH SAID PROJECTION IS EFFECTED;
PAR  STIGMATIC MEANS WHICH ENABLE THE OPTICAL CONJUGATION OF SAID ENTRY AND EXIT
      PLANES, SAID STIGMATIC MEANS COMPRISING TWO SUCCESSIVE STIGMATIC OPTICAL
      SYSTEMS, THE FIRST OF WHICH HAVING FOR ITS CONJUGATE PLANES SAID ENTRY
      PLANE AND A FOCUSSING INTERMEDIATE PLANE, LOCATED BETWEEN SAID TWO
      STIGMATIC SYSTEMS, AND THE SECOND OF THESE SYSTEMS HAVING FOR ITS
      CONJUGATE PLANES SAID INTERMEDIATE PLANE AND EXIT PLANE.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will be made to the following description
      and the attached figures among which:
PAR  FIG. 1 illustrates an embodiment of the device in accordance with the
      invention;
PAR  FIG. 2 is a fragmentary view of a variant embodiment of the device;
PAR  FIG. 3 is an example of the application of the device.
PAR  In all these figures, similar references are used to designate similar
      elements.
DETD
PAR  FIG. 1 is a sectioned diagram of the device in accordance with the
      invention.
PAR  It comprises, illuminated by a light source 50, a mask 1, assemblies of
      adjacent lenses 3 and 4 and a frame designed to hold a modulator object 2.
      The source 50 has by way of example been illustrated as a point source; it
      belongs to a plane 5 referred to as the entry plane of the device and
      perpendicular to the plane of the figure, and supplies a divergent beam 7.
      The mask 1 is a screen containing N openings 10; it will for example be
      substantially parallel to the plane 5; it makes it possible to split the
      incident beam into N beams (71) known as elementary beams.
PAR  The first lens matrix (3) is constituted by N identical, elementary,
      convergent lenses 31 of focal length f, arranged in the same plane
      parallel to the preceding planes (5 and 1); the matrix 3 is arranged at a
      distance f from the mask 1. This matrix 3 constitutes a first stigmatic
      system in respect of which the plane conjugate with the entry plane 5, is
      an intermediate plane 90 on which each of the elementary beams 71 are
      focused.
PAR  The second matrix of lenses (4) is constituted in a similar way by
      elementary, convergent lenses 41, preferably identical to the lenses 31.
      This second matrix 4 is designed to cause each of the elementary beams 71,
      previously focused in the intermediate imediate plane 90, to converge a
      second time in a plane 6 referred to as the exit plane of the device and
      parallel to the preceding planes; this point of convergence is in the
      neighbourhood of a point 60 which is the image of the source 50. This
      second matrix constitutes a second stigmatic system in respect of which
      the intermediate plane 90 and the exit plane 6 are conjugate planes.
PAR  The modulator object 2 is constituted by elementary zones 20 of non-uniform
      transparency, representing the information or data to be projected; these
      elementary zones are arranged in such a fashion and provided in such
      number, that despite the splitting of the incident beam 7 by the mask 1,
      all the zones 20 are illuminated. In FIG. 1, a simple embodiment has been
      shown in which the zones 20 number N, arranged in the plane 2 in the same
      way that the openings 10 are arranged in the mask 1, the plane 2 being
      arranged behind the matrix 4 at a distance f. It will be remembered that
      the distance between the two matrices 3 and 4, which is equal to 2p', is
      given by
      ##EQU1##
      where p is the distance between the entry plane 5 and the matrix 3;
      generally speaking, the distance p will be given a large value compared
      with f and this, for the distance between the matrices, yields a value in
      the order of 2f. The N lenses 31, the N lenses 41, the N openings 10 and
      the N zones 20 are arranged in such a fashion in relation to one another
      that the openings, lenses and zones 20 are substantially coaxial with each
      other; thus, N optical assemblies are obtained each made up of a lens 31
      and a lens 41 whose optical axis is at right angles to the planes 5 and 6.
PAR  A variant embodiment, which has not been shown, consists in providing in
      the portion of the surface of the object plane 2 located between the zones
      20, similar zones carrying data to which access can be had after a lateral
      deflection either of the light beams or of the object itself, and which
      can be exploited in the same fashion as the information stored in the
      zones 20.
PAR  Ultimately, then, with the help of the device described above, projection
      of the data carried by the object 2 onto the exit plane 6 is obtained,
      with the advantage over the known systems, that it is possible to utilise
      lenses of small size and medium quality, this of itself creating a
      substantial technological simplification.
PAR  FIG. 2 illustrates a variant embodiment of the invention in which the
      matrices of lenses are replaced by pieces of optic-fibres 9 with a
      non-uniform refractive index. In the diagram, an elementary beam such as
      one of the beams 71 of FIG. 1, has been picked out, and two of its
      contours 72 and 73 are shown in accordance with the position of the
      source, respectively at 52 and 53, in the entry plane 5. Also shown are
      fragments of the mask 1 and the object 2 as well as the element 9
      transmitting this elementary beam and arranged between said two planes (1
      and 2), perpendicularly to them, at the level of an opening 10 and an
      elementary zone 20.
PAR  The elements 9 are each constituted by a piece of glass fibre which makes
      it possible to guide a light beam and whose refractive index varies in
      accordance with the distance from the axis of symmetry of the element. An
      embodiment of such an element is commercially marketed under the registred
      Trade Mark SELFOC; this is a cylindrical element whose refractive index
      varies radially in accordance with a parabolic law.
PAR  The two contours (72 and 73) of light beams passing through the section of
      fibre 9, illustrated by way of example in FIG. 2, show how this piece of
      fibre performs the same function as an assembly of elementary lenses
      31-41, belonging to the matrices 3 and 4 of FIG. 1 and causing the beams
      72 and 73 to converge in the exit plane 6 at points 62 and 63 which are
      images of the sources 52 and 53: in other words, the first half of the
      fibre 9 can constitute the first stigmatic system and the second half the
      second stigmatic system, the plane 90 being one of the plane of symmetry
      of the piece of fibre 9.
PAR  In order to provide a complete device, it is merely necessary to arrange
      between the mask 1 and the object 2, a matrix of N pieces of fibres 9
      whose axes of symmetry are disposed parallel to one another.
PAR  FIG. 3 illustrates an application of the device in accordance with the
      invention to a holographic store recording system.
PAR  The recording system illustrated by way of example in the figure is
      constituted in a conventional manner, by:
PAR  a coherent light source 11, such as a laser;
PAR  a light deflector 12 causing a beam issuing from the source 11 to undergo
      an angular deflection .theta.;
PAR  a semi-transparent plate 30 which makes it possible to split the beam into
      an object beam 33 and a reference beam 34;
PAR  a convergent lens 13, a mirror 14, a convergent lens 15, an assembly of two
      convergent lenses 151 and 152 reversing the angle of deflection of the
      reference beam 34, an objective lens 16 and a holographic grating 17,
      designed to cause the reference beam 34 to converge in the exit plane 6;
PAR  an objective lens 18 and an objective lens marked 5 since it constitutes
      the entry plane of the projection device;
PAR  the device in accordance with the invention, illustrated by its entry plane
      5, the mask 1, the two stigmatic systems schematically represented by an
      element 32 and constituted by one or the other of the embodiments
      hereinbefore described, the modulator object 2, and the various elementary
      beams 71 converging in the exit plane 6 at the point 60.
PAR  This system operates in a conventional way, as described for example in
      U.S. application Ser. No. 395,080: a plate of photosensitive material is
      arranged in the exit plane 6; the deflector 12 causes the light beam to
      undergo deflection through an angle .theta. corresponding to a determinate
      zone 60; the latter is then simultaneously illuminated by the object beam
      (33) and the reference beam (34), enabling holographic recording of the
      data carrier by the object 2, in the zone 60. It should be pointed out,
      however, that in this system, the device in accordance with the invention,
      between its entry (5) and exit (6) planes, subjects the object beam (33)
      to a positive magnification equal to +1.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An optical data projection device comprising: an entry plane; a light
      source, capable of occupying a plurality of positions in said entry plane,
      said light source furnishing an incident beam of radiant energy; an object
      plane arranged in the path of said incident beam; a frame lying in said
      object plane for receiving a modulator object carrying said data; an exit
      plane arranged for receiving said radiant energy upon being transmitted
      across said frame; and stigmatic imaging means positioned between said
      entry plane and said exit plane for optically conjugating said entry plane
      and said exit plane; said stigmatic imaging means comprising two
      successive stigmatic optical systems separated from one another by a
      focussing intermediate plane, the first of said stigmatic optical systems
      optically conjugating said entry plane and said focussing intermediate
      plane; and the second of said stigmatic optical systems optically
      conjugating said focussing intermediate plane and said exit plane.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said entry plane is
      substantially parallel to said exit plane; each of said stigmatic optical
      systems being constituted by a planar matrix arrangement of adjacent,
      convergent lenses having the same focal length; said planar matrix
      arrangement being substantially parallel to said entry and exit planes
      said stigmatic imaging means including a plurality of similar elementary
      imaging channels; each of said elementary imaging channels having an axis
      substantially at right angle to said entry and exit planes, and being
      constituted by aligning one lens pertaining to said first stigmatic
      optical system with one lens pertaining to said second stigmatic optical
      system.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said stigmatic optical systems
      are constituted by a matrix arrangement of optical fiber members having a
      non-uniform refractive index; the optical axes of said optical fiber
      members being arranged substantially at right - angle to said entry and
      exit planes; each of said optical fiber members extending symmetrically on
      each side of said focussing intermediate plane for respectively forming
      said first and second stigmatic optical systems.
NUM  4.
PAR  4. A device as claimed in claim 2, further comprising a mask arranged in
      one focal plane of said stigmatic optical systems; said mask being
      constituted by an opaque screen substantially parallel to said entry plane
      and comprising openings in the neighbourhood of the axes of said
      elementary imaging channels; said mask splitting said incident beam into
      elementary beams having a common phase centre.
NUM  5.
PAR  5. A device as claimed in claim 3, further comprising a mask arranged in
      one focal plane of said stigmatic optical systems; said mask being
      constituted by an opaque screen substantially parallel to said entry plane
      and comprising openings in the neighbourhood of the axes of said optical
      fiber members; said mask splitting said incident beam into elementary
      beams having a common phase centre.
NUM  6.
PAR  6. A device as claimed in claim 4, wherein said mask is positioned between
      said entry plane and said stigmatic imaging means.
NUM  7.
PAR  7. A device as claimed in claim 5, wherein said mask is positioned between
      said entry plane and said stigmatic imaging means.
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ABST
PAL  An electrophotographic apparatus in which photosensitive paper travels
      through a substantially U-shaped path, comprises a base and a frame
      assembly provided on the base in a freely openable and closeable manner.
      Those components which require higher accuracy in mutual positioning, such
      as a paper feeding device, an exposure device, a cathode ray tube, a
      cathode ray tube optical device, a format and a format optical apparatus,
      are mounted on the frame assembly, and those components which require less
      accuracy in mutual positioning, such as a developing device, a motor and
      the like, are mounted on the base. The respective images from the format
      and the cathode ray tube are focused on an exposure plane of the exposure
      device in superimposed relation.
BSUM
PAR  The present invention relates to an electrophotographic apparatus, and more
      particularly to an apparatus for reproducing an image on the image screen
      of a cathode ray tube (hereinafter abbreviated to CRT) to such a degree as
      to be readable directly by eye.
PAR  Conventionally, the apparatus of this type includes side plates supported
      uprightly on a base, and the side plates fixedly support therebetween by
      means of screws a paper feeding means, an exposure device, an optical
      device, a developing device, a fixing device, a liquid storage device,
      motor control device, and so on, all these devices being then covered with
      an upper housing. In this respect, the apparatus has the following
      drawbacks:
PAR  1 Since the side plates for fixedly supporting a plurality of components
      are uprightly disposed on the base, insufficient flatness of the base
      results in poor optical alignment of the optical device and difficult
      alignment of the optical device relative to the exposure device.
PAR  2 It is difficult to replace any one of the components with another because
      they are stacked from the bottom.
PAR  3 Operations at the side of the side plates are required for fixing the
      components on the side plates, resulting in a requirement for space
      therefor.
PAR  4 The alignment of the optical system or the exposure plane requires the
      disassembling of the upper housing or predetermined components with the
      difficulty of maintenance and inspection.
PAR  5 When the apparatus is jammed with paper, the jammed paper cannot be
      removed therefrom with ease because the components are stacked one upon
      another.
PAR  Further, in the apparatus of this type, it is necessary to superimpose
      character information appearing on the CRT on stationary information on a
      slide (hereinafter referred to as a format) for synthetic recording on
      photosensitive paper. For the device to fulfil the requirement there has
      been known a COM (Computer Output on Microfilm), which, however, requires
      a microscope serving to make alignment of the two kinds of informations
      with one another, and is complicated and expensive in structure.
PAR  The apparatus according to the present invention which is intended to
      record the character information on the CRT to such an enlargement as to
      be readable directly by eye doesn't require such critical accuracy in
      alignment of the two pieces of information as the COM does, but actually
      requires an accuracy in the order of 1 mm measured on the recording paper
      (photo-sensitive paper). The apparatus further requires only easy
      adjustment thereof because it is not operated by skilled engineers
      (operators) differently from in the COM. In this respect, the conventional
      apparatus includes an image plane such as the exposure plane which cannot
      be viewed from the outside because it is located at the most important
      position within the apparatus, so that it is difficult to adjust the
      positions of the two pieces of information (synthetic positions in the
      exposure plane).
PAR  An object of the present invention is to provide an electrophotographic
      apparatus which is improved in the assembling and operations thereof and
      in the positional accuracy of the optical device, etc.
PAR  Another object of the present invention is to provide an
      electrophotographic apparatus capable of adjusting the respective image
      positions in the exposure plane of the images of the format and CRT.
PAR  Still another object of the present invention is to provide an
      electrophotographic apparatus capable of adjusting the respective images
      of the format and CRT for alignment therebetween with ease by eye.
PAR  In order to attain the above-mentioned objects, the present invention is
      intended to provide an electrophotographic apparatus in which components
      which require high accuracy in mounting such as an optical device, an
      exposure device, a paper feeding device, a CRT, a format, and so on are
      mounted on a frame assembly, and other components which require less
      accuracy in mounting are mounted on a base on which the frame assembly is
      mounted in a freely openable and closeable manner. Further, the frame
      assembly is opened in the focusing and adjusting operations to provide a
      visible exposure surface of an exposure device and provide easy access to
      focusing and adjusting means.
DRWD
PAR  Further objects and advantages of the present invention will become more
      evident from examination of the drawings, wherein:
PAR  FIG. 1 is a vertical sectional view of essential portions of an
      electrophotographic apparatus according to the present invention;
PAR  FIG. 2 is a vertical sectional view of a portion of the apparatus of FIG. 1
      at the base side thereof;
PAR  FIG. 3 is a plan view of the base of the electrophotographic apparatus;
PAR  FIG. 4 is a vertical sectional view of a portion of the apparatus of FIG. 1
      at the frame side thereof;
PAR  FIG. 5 is a plan view of the electrophotographic apparatus a portion of
      which is broken away at the frame side;
PAR  FIG. 6 is an illustrative view showing an arrangement of an optical system;
PAR  FIG. 7 is an illustrative view showing an arrangement of essential
      components viewed from a direction of an arrow P in FIG. 1;
PAR  FIG. 8 is a vertical sectional view of essential portions showing one form
      of a format; and
PAR  FIGS. 9 and 10 are perspective views of essential portions showing another
      form of a format.
DETD
PAR  The present invention will be now described in detail in connection with
      the accompanying drawings. In the drawings, a rectangular base 1 is
      provided at its rear portion with an upright wall 1a and at its bottom
      with four legs 2 of rubber. Support columns 3a, 3b are provided on the
      opposite sides at the rear portions of the base 1. A developing device 4
      is disposed at the central portion of the base 1 and fixed thereto by
      means of screws. A motor 5, driving the developing device 4, is disposed
      near the developing device 4. A support 6 secures the motor 5 to the base
      1. A high voltage transformer 7 is disposed in the proximity of the motor
      5 and fixed to the base support 1. A controlling device 8 for controlling
      the motor 5 is mounted on the base 1 at the rear thereof.
PAR  The developing device 4 comprises feed rollers 10 for feeding
      photosensitive paper 9, a shower case 11 for applying a developing liquid
      onto the photosensitive paper, a developing bath 12 disposed beneath the
      shower case 11, a developing case 13 disposed beneath the developing bath
      12 for receiving an excess developing liquid, and squeezing rollers 14 for
      squeezing the liquid applied onto the photosensitive paper 9.
PAR  A fixing device 15 comprises fixing rollers 16a, 16b, 16c provided in the
      front of the squeezing rollers 14, and feed gides 17a, 17b provided
      between the fixing rollers 16a, 16b, 16c.
PAR  A belt 18a serves to transmit rotation from the motor 5 to the squeezing
      and fixing rollers 14 and 16a respectively; a belt 18b serves to transmit
      rotation of the squeezing roller 14 to the feed roller 10; a belt 18c
      serves to transmit rotation of the fixing roller 16b to the fixing roller
      16c; a belt 18d serves to transmit rotation of the fixing roller 16a to
      the fixing roller 16b; and a belt 18e serves to transmit rotation from the
      feed roller 10 to a clutch roller 19 provided behind the feed roller 10.
      The clutch roller 19 is equipped with a clutch 20. A first gear 21 is
      provided at the edge portion of the clutch roller 19. An idler gear 22
      comes into engagement with the first gear 21 and is adapted to engage with
      a gear for imparting rotation to a belt driving roller of an exposure
      device, as will be described hereinafter. A second gear 23 is provided at
      the edge portion of the clutch roller 19 to drive a gear 24 a of a pulse
      counter 24 which is disposed in the proximity of the feed roller 10. A
      liquid supply pipe 25 connects a pump described below with the shower case
      11.
PAR  Side plates 26a, 26b are releasably mounted on the base 1 and integrally
      support the feed roller 10, shower case 11, developing bath 12, developing
      case 13, squeezing roller 14, fixing rollers 16a, 16b, 16c, feed guides
      17a, 17b, 17c, belts 18a, 18b, 18c, 18d, 18e, clutch roller 19, clutch 20,
      first gear 21, idler gear 22, second gear 23, gear 24a for the pulse
      counter 24 and liquid supply pipe 25.
PAR  A tank unit 27 for storing the developing liquid comprises a tank portion
      28, a pump 29 for circulating the liquid, a styled panel 30 covering the
      upper surface of the tank portion 28, and a supply opening 31 from which
      the liquid is supplemented into the tank portion 28, these components
      being formed integrally with each other so as to be pulled out together
      with the tank portion 28, when the latter is simply pulled out. A tray 32
      is provided on the styled panel 30 to serve to receive a sheet of paper
      which is delivered from the fixing roller 16c and on which a desired image
      has been copied.
PAR  A rectangular frame assembly 33 made of a rigid body (see FIG. 5) comprises
      longitudinal frames 34, 35, lateral frames 36, 37 fixed at their ends to
      opposite ends of the longitudinal frames 34, 35, and a central frame 38
      fixed to the lateral frames 36, 37 and disposed between the longitudinal
      frames 34, 35.
PAR  Pivot pins 39a, 39b are provided on the longitudinal frames 34, 35 and
      rotatably mounted in a mount hole 40 provided at the tip end of the
      support columns 3a, 3b so that the frame assembly 33 may be mounted on the
      base 1 in a freely openable and closeable manner. Columns 41a, 41b are
      provided on the base 1 at both side and in front of the base 1. Each of
      columns 41a, 41b is provided at its tip end with a hook 42. Corresponding
      to the respective hooks 42 on the longitudinal frames 34, 35 there are
      provided engaging fittings (not shown), which are brought into engagement
      with the hooks 42 in a state shown in FIG. 1. The releasing of the hooks
      42 from the respective engaging fittings causes the frame assembly 33 to
      be opened upwardly about the pivot pins 39a, 39b. A stopper is provided on
      the frame assembly 33 or on the base 1 so that the frame assembly may be
      secured in a position where the lower surface of a paper feeding device 43
      is to be substantially vertical.
PAR  The paper feeding device 43 is adapted to be disposed above the developing
      and fixing devices 4 and 15, respectively, when the frame assembly 33 is
      closed as shown in FIG. 1. The paper feeding device 43 comprises roll
      fittings 44 for holding the photosensitive paper wound therearound in
      rolls, a brake 45 provided at the edge of the shaft of rotation of the
      roll fittings, a guide rod 46 for positioning the insertion of the
      photosensitive paper 9 as well as removing the curl thereof, a cutter 47
      for cutting off the photosensitive paper 9, feed rollers 48a, 48b, 48c,
      48d, feed guides 49a, 49b provided between the feed rollers 48a, 48b, 48c,
      48d, respectively, and side plates 50a, 50b for mounting thereon these
      components. Fittings 51a, 51b, 51c, 51d fixedly welded to the side plates
      50a, 50b are fixed to the upper surface of the frame assembly 33 by means
      of screws 52a, 52b, 52c,  52d so that the paper feeding device 43 may be
      mounted on the upper surface of the frame assembly 33. The fittings 51c,
      51d are mounted on the longitudinal frame 34, and the fittings 51a, 51b on
      the central frame 38.
PAR  A charging device 53 is located behind the paper feeding device 43 and
      mounted on a mount frame 54 provided between the side plates 50a, 50b by
      means of a fixing spring.
PAR  An exposure device 56 comprises a guide roller 57, a guide 58 cooperating
      with the guide roller 57 to change the direction of travel about
      90.degree. (turning it to a  -shaped direction) of the photosensitive
      paper 9 from the paper feeding device 43, a belt roller 59, a belt driving
      roller 60, drum rollers 61a, 61b, a belt support 62, a guide 63 serving to
      change the direction of travel of the photosensitive paper 9 (turning it
      to a  -shaped direction) about 90.degree. to introduce it to the
      developing device 4, a fan base 64, and side plates 65a, 65b for mounting
      thereon these components. The exposure device 56 is mounted on the frame
      assembly 33 by means of fittings 66a, 66b. Screws 67a, 67b serve to mount
      the fittings 66a, 66b on the longitudinal frame 54 and the central frame
      38, respectively.
PAR  The belt driving roller 60 is provided at its one end with a gear 68, which
      comes into engagement with the idler gear 22 to transmit rotation from the
      motor 5 through the belts 18b, 18e and the clutch roller 19 to the belt
      driving roller 60. A belt 69 is wound around the belt roller 59, the belt
      driving roller 66 and the drum rollers 61a, 61b to move in the trapezoid
      form depending on the rotation of the belt driving roller 66. The belt 69
      has its one surface arranged perpendicular to the lower surface of the
      frame assembly 33 to form an exposure surface 70 when the frame assembly
      33 is set to the base 1 as shown in FIG. 1. The exposure plane 70 is made
      horizontal upon the opening of the frame assembly 33 so as to permit
      direct view.
PAR  Within the belt 69 there is provided the belt base 62 so as to be in
      contact with the inner circumference of the belt 69. The belt base 62 is
      provided with a plurality of absorption holes 71, from which air is sucked
      by means of a fan 72 mounted in the belt 69 with the aid of the fan base
      64 in order for the photosensitive paper 9 to adhere to the exposure plane
      of the belt 69. A belt 73a transmits rotation from the feed roller 48d to
      the feed roller 48c; a belt 73b transmits rotation from the feed rollers
      48c to 48b; a belt 73c transmits rotation from the feed rollers 48b to
      48a; and a belt 73d transmits rotation from the motor 5 to feed roller
      48d, the turning on or off of the motor 5 causing the feed rollers 48a,
      48b, 48c, 48d of the paper feeding roller 43 to be rotated or stopped by
      those belts 73a to 73d.
PAR  A CRT optical device 74 is mounted on the lower surface of the longitudinal
      frames 34, 35 of the frame assembly 33 by means of screws 75a,  75b. A CRT
      76 is mounted on the lower surfaces of the central and longitudinal frames
      38 and 35 of the frame assembly. The CRT optical device 74 comprises a
      first mirror 78 for turning light from the CRT 76 by 90.degree., a lens 79
      for focusing the light from the first mirror 78, a half-mirror 80 for
      turning the light from the lens 79 by 90.degree. to direct it towards the
      exposure plane 70, and a cabinet 81 for receiving these components
      therein. These components of the CRT optical device 74, the CRT 76 and the
      exposure plane 70 are disposed in the horizontal plane so as to form
      substantially three rectangular sides, or a U-shaped arrangement, as shown
      in FIG. 6. A cabinet 82 for housing the controllers of the CRT 76 is
      disposed behind the exposure device 56 and mounted on the frame assembly
      33 by means of screws. The CRT 76 is received in a cabinet 83, which is
      mounted on the frame assembly 33 with the aid of screws.
PAR  A format optical device 84 comprises a lamp 85, a first lens 86, a second
      lens 87, a half-mirror 88 and a cabinet 89 for receiving these components.
      These components of the format optical device 84 and the exposure plane 70
      are disposed substantially in an L-shape position in the horizontal plane
      as shown in FIG. 6 so that the light turned 90 degrees by the half-mirror
      88 may pass through the half-mirror 80 to impinge on the exposure plane
      70. A screw 90 serves to mount the format optical device 84, and more
      particularly mount a cabinet 89 of the format optical device 84 on the
      cabinet of the CRT optical device 74.
PAR  A format 91 records thereon stationary information such as an inscribing
      frame for documents, and it is disposed between the first and second
      lenses 86, 87.
PAR  A front panel 92, top panel 93 and side panels 94a, 94b are mounted on the
      frame assembly to provide an upper case. Between the top panel 93 and
      front panel 92 there is partly disposed a cover 96 which is pivotally
      mounted by means of a hinge. Thus the cover 96 can be opened to mount the
      photosensitive paper 9. The top panel 93 is fixed at its top end to an
      operational panel 97. At the front panel 92 there is provided a slot 98,
      through which the format 91 is inserted for setting in the format optical
      device 84. The cabinet 89 of the format optical device 84 is formed with a
      housing for the format 91. The alignment of the exposure plane 70 with the
      format image can be attained only by a fine adjustment when the format 91
      is received in the housing.
PAR  Embodiments of the format 91 will be described referring to FIGS. 8 to 10.
      In FIG. 8 the format is embodied by a slide magazine holding a slide 116
      in a frame 99 by means of spring plates 111, 112 and adjusting screws 113,
      114 and 115. In the use of this format 91, the screws 113, 114, 115 are
      adjusted to provide displacement of the slide 116 in the frame 99 for
      adjustment of an imaging position in the exposure plane 70. The frame 99
      includes a gripper 117, which is used to set the format to the format
      optical device 84 through the slot 98. In FIG. 9, a plurality of sides 116
      are disposed on a disk 119 fixed to a revolving shaft 118. The disk 119 is
      set in the CRT optical device 84 to adjust the imaging position in the
      exposure plane 70 by rotating the shaft 118 by predetermined amount. In
      FIG. 10, a plurality of sides 116 is disposed in succession on an
      elongated film stripe, which is wound around rollers 121a, 121b and set in
      the CRT optical device 84 to adjust the imaging position in the exposure
      plane 70 by rotating the rollers 121a, 121b. It is desirable that the
      adjustment is made through the operational panel 97 when a device is
      provided which is adapted to adjust the imaging position in the exposure
      plane 70 of the format image in a state where the format 91 is set to the
      format optical device 84.
PAR  On the operational panel 97 there are provided a push button for energizing
      the motor 5, a device 123 for setting the number of copy, various kinds of
      designations 124, a CRT operating button 125, and a button 126, for
      turning on the lamp 85.
PAR  In the thus arranged apparatus, the pushing of the push button 122 on the
      operational panel 97 causes the motor 5 and the fan 72 to be rotated to
      initiate the operations of the paper feeding device 43, the exposure
      device 56, the developing device 4 and the fixing device 15. The
      photosensitive paper 9 is cut off to a predetermined size by the cutter 47
      and shifted to the charging device 53 to effect the charging operation.
PAR  The charged photosensitive paper 9 is turned about 90 degrees in the
      vertical direction by means of the guide roller 57, guide 58 and belt 69,
      and then set to the exposure plane 70.
PAR  When the photosensitive paper 9 has been set to the exposure plane 70, it
      is absorbed to the belt 69 by the fan 72 and at the same time the push
      button 122 is returned to stop the motor 5 and the fan 72. In this state,
      the CRT operating button is pushed to operate the CRT 76 to cause the
      photosensitive paper 9 on the exposure plane 70 to be exposed to the image
      of the CRT through the CRT optical device 74 for a predetermined period of
      time. Further, in this state, the button 126 for turning on the lamp 85 of
      the format optical device 84 to cause the photosensitive paper 9 on the
      exposure plane 70 to be also exposed to the image of the format through
      the half mirrors 88, 80, thereby forming thereon the latent images of the
      CRT and format.
PAR  The photosensitive paper formed with the latent images is turned 90 degrees
      by the guide 63 by re-starting the motor 5 to be transported to the
      developing bath 12 through the feed roller 10. The developing liquid is
      supplied by the pump 29 from the tank 28 through the liquid supply pipe 25
      and the shower case 11 to the developing tank 12, and then it flows
      through the developing case 13 into the tank portion 28. Accordingly, the
      photosensitive paper 9 is formed with the visible image by the developing
      liquid as the paper is advanced into the developing bath 12.
PAR  The photosensitive paper 9 formed with the visible image is squeezed to
      remove the excess liquid therefrom by the squeezing roller 14, fixed by
      the fixing rollers 16a, 16b, and then delivered to the tray 32. Thus, the
      photosensitive paper 9 is advanced along the  -shaped path to provide a
      copy of desired information.
PAR  In maintenance and inspection, the frame assembly 33 is opened to expose
      the developing device 4, the paper feeding device 43, the CRT 76, the CRT
      optical device 74 and the format optical device 84. The fixing screws are
      removed for each component for replacement with another. In assembling
      operations, each component is previously assembled to form a unit, which
      is then assembled on the opened frame assembly 33.
PAR  The alignment of the format image with the imaging position of the CRT
      image in the exposure plane 70 is made first by opening the frame assembly
      33 to expose the exposure plane 70 and then focusing the respective images
      of the CRT 76 and the format 71 on the exposure plane 70 to thereby adjust
      the position of the format 91 viewing the images by eye. The positioning
      of the format 91 may be made by turning the adjusting screws 113, 114, 115
      to displace the slide 116.
PAR  In a fault such as jamming, the frame assembly is opened to expose the
      lower surface of the paper feeding device 43 and the upper surface of the
      exposure device 4 with the result of easy removal of the jammed paper by
      the operator.
PAR  The replacement of the photosensitive paper 9 with another and the mounting
      thereof may be made by opening the cover 96 and mounting it on the roll
      fittings 44 and dismounting it therefrom, respectively.
PAR  The supplementation of the developing liquid is made by withdrawing the
      tank unit 27 and pouring in the liquid from the supply aperture 31 to the
      tank portion 28.
PAR  Those parts which require precise positioning relative to each other in
      assembly, such as the paper feeding device 43, the CRT optical device 74,
      the CRT 76, the format optical device 84 and the exposure device 56, are
      mounted as a unit on the frame assembly, so that the precise mutual
      positioning is assured. Without assembling the whole, when only the CRT
      optical device 74, CRT 76, format optical device 84 and the exposure
      device have been mounted on the frame assembly 33 for optical adjustment,
      optical adjustment can be made, thus resulting in the ease of adjustment.
PAR  As mentioned above, the driving operations, replacement of the components
      such as the photosensitive paper 9, supplementation of the developing
      liquid, maintenance and inspection are made in the front of the apparatus
      with remarkable improvement in operating conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A electrophotographic apparatus comprising
PA1  base means having a forward portion and a rearward portion, and including
      supporting column means provided on an upper surface of said base means at
      said rearward portion thereof;
PA1  frame means pivotally mounted on said supporting column means for movement
      to open and closed positions;
PA1  paper feeding means provided on said frame means opposite said forward
      portion of said base means;
PA1  charging means provided on said frame means at the rear of said paper
      feeding means;
PA1  exposure means provided on said frame means at the rear of said charging
      means;
PA1  a cathode ray tube provided on said frame means alongside said charging
      means and said exposure means;
PA1  cathode ray tube optical means, provided on said frame means adjacent to
      said cathode ray tube, for focussing an image from said cathode ray tube
      on an exposure plane of said exposure means;
PA1  format support means, provided at a forward portion of said frame means,
      for supporting a format;
PA1  format optical means, provided on said frame means adjacent to said format
      support means, for focussing an image from a format supported by said
      format support means on said exposure plane of said exposure means;
PA1  a tray provided at a forward portion of an upper surface of said base
      means;
PA1  fixing means provided on said base means at the rear of said tray;
PA1  developing means provided on said base means at the rear of said fixing
      means;
PA1  an electric motor provided on said base means alongside said developing
      means and said fixing means;
PA1  control means, provided on said base means adjacent to said motor, for
      controlling said motor; and
PA1  adjusting means for enabling the manual adjustment of the focus of an image
      from a format supported by said format support means on said exposure
      plane.
NUM  2.
PAR  2. An electrophotographic apparatus according to claim 1, further
      comprising an upper case means mounted on said frame means, said upper
      case means including a front panel, a top panel and a plurality of side
      panels, and a cover pivotally mounted between said top panel and said
      front panel for movement to open and closed positions, wherein paper can
      be mounted on said paper feeding means when said cover is in its open
      position.
NUM  3.
PAR  3. An electrophotographic apparatus according to claim 1, wherein said
      charging means includes means for effecting a charge on paper fed from
      said paper feeding means; and said exposure means includes means for
      guiding the charged paper to travel in a direction substantially
      perpendicular to the direction in which the paper fed from said paper
      feeding means travels, and further means for guiding the charged paper to
      travel in a direction substantially parallel and opposite to said
      direction in which the paper fed from said paper means travels.
NUM  4.
PAR  4. An electrophotographic apparatus according to claim 3, wherein said
      developing means includes means for applying developing material onto the
      charged paper as it travels along said direction substantially parallel
      and opposite to said direction in which the paper fed from said paper
      feeding means travels; said fixing means includes delivering means for
      delivering to said tray the charged and exposed paper applied with said
      developing material; and said control means includes belt means coupled to
      said motor and to each of said paper feeding means, said exposure means,
      and fixing means and said developing means for advancing said paper fed
      from said paper feeding means to said tray.
NUM  5.
PAR  5. An electrophotographic apparatus according to claim 4, further including
      tank means provided beneath said tray on said base means for storing said
      developing material, said tank means including a pump means mounted
      therein for supplying said developing material to said developing means.
NUM  6.
PAR  6. An electrophotographic apparatus according to claim 1, wherein said
      cathode ray tube optical means comprise first mirror means for reflecting
      an image from said cathode ray tube by a first predetermined angle, first
      lens means for focussing the image reflected by said first mirror means,
      and second mirror means for reflecting the image focussed by said first
      lens means by a second predetermined angle towards said exposure plane of
      said exposure means.
NUM  7.
PAR  7. An electrophotographic apparatus according to claim 6, wherein said
      format optical means comprises means for illuminating an image of a format
      support by said format support means, second lens means for focussing the
      image illuminated by said means for illuminating, third mirror means for
      reflecting the image focussed by said second lens means by a third
      predetermined angle toward said exposure plane of said exposure means
      through said second mirror means.
NUM  8.
PAR  8. An electrophotographic apparatus according to claim 7, wherein said
      first, second and third predetermined angles are each substantially
      90.degree..
NUM  9.
PAR  9. An electrophotographic apparatus according to claim 1 wherein said
      adjusting means includes a portion positioned in front of said frame means
      and includes means for changing the position of a format supported in said
      format support means.
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ABST
PAL  An articulated boom of high strength to weight ratio is disclosed including
      an inner steel boom of modified trapezoidal cross-section including a top
      web, inclined opposed side webs and an arcuately curved bottom web; a
      pivotal elbow connector is mounted on the outer end of the inner boom and
      supports the inner end of a tapered hollow fiberglass shell defining an
      outer boom member of inverted modified trapezoidal cross-section including
      a top wall having progressively decreasing width from its inner to its
      outer end, opposed side walls which progress inward from top to bottom
      with the degree of inward taper decreasing from the inner end to the outer
      end of the outer boom and with the lower ends of the side walls being
      connected by an arcuate, downwardly convex hollow connector wall opposite
      the top wall.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  This invention is in the field of multi-section booms, such as telescoping
      booms and articulated booms and component sections of such booms, and is
      particularly directed to a unique articulated boom structure providing
      safe, reliable support and dielectric isolation for a personnel supporting
      basket at the outer end of the boom.
PAR  Utility companies, outdoor advertising companies and other companies having
      operations requiring the positioning of workmen or other personnel at
      elevated levels for installation, servicing or repairing of equipment
      frequently employ maintenance trucks on which power operated boom members
      having personnel supporting baskets at their outer ends are mounted.
      Normally, the inner end of such boom members is mounted for rotational
      movement about a vertical axis by a supporting pedestal or the like and is
      also mounted for pivotal movement about a horizontal axis on the pedestal.
      In many instances, the boom members are dimensioned and shaped to have
      adequate structural strength and capacity to enable support by the boom of
      relatively heavy auxiliary equipment such as ground drilling auger means
      for drilling pole holes or the like. Additionally, it is important that
      boom members employed by electrical companies and others for use in areas
      in close proximity to high voltage equipment employ a dielectric section
      electrically isolating the outer boom end and personnel supporting basket
      from the remainder of the structure in order to minimize the extremely
      dangerous possibility of creating a short circuit through the boom to the
      ground should any part of the outer boom portion accidentally contact a
      high voltage conductor.
PAR  It is desirable that boom members be dimensioned and constructed so as to
      permit the outer end of the boom to be easily positionable throughout a
      work area of substanial extent without repositioning of the boom
      supporting vehicle. It is also obviously imperative that such boom members
      have sufficient strength and structural integrity as to provide a
      substantial safety factor for the users.
PAR  Previous boom constructions have frequently employed a telescopic type
      construction in which two or more relatively axially movable boom members
      are mounted for extensible movement of the outer boom member outwardly
      from within the inner boom members. Other prior known constructions have
      disclosed articulated boom members in which the outer boom portion, which
      may or may not comprise a telescopic boom section, is pivotally connected
      to the outer end of an inner boom member which is pivotally supported on a
      pedestal in the well-known manner previously discussed.
PAR  All workmen supporting boom members must have adequate strength to safely
      support the weight of the workmen and associated equipment being employed
      by the workmen as well as having adequate strength to resist lateral and
      vertical inertia forces created by the stopping and starting of the boom
      movement during a positioning operation. It is desirable that a boom
      provide adequate resistance to stress conditions resulting from bending,
      buckling, shear forces and combination forces while providing such
      adequate resistance without employing excessively heavy and consequently
      cumbersome structural members. It is also desirable that boom members
      occupy a minimum amount of space when contracted on the supporting vehicle
      for transport from one job site to another.
PAR  Unfortunately, boom designs providing advantages in one area frequently
      suffer a consequent loss of a desirable characteristic in another area and
      an optimum boom design must consequently reflect a proper relative
      proportioning of conflicting design factors.
PAR  Therefore, it is the primary object of this invention to provide a new and
      improved boom construction having optimum functional characteristics.
PAR  A more specific object of the invention is the provision of a new and
      improved articulated boom construction.
PAR  Yet another object of the invention is the provision of a new and improved
      boom construction having design simplicity enabling achievement of economy
      both in fabrication and maintenance of the boom member.
PAR  A still further object of the invention is the provision of a new and
      improved boom construction having an improved strength to weight ratio.
PAR  Another object of the invention is the provision of a new and improved boom
      component usable either alone or as part of a compound boom structure.
PAR  Yet another object of the invention is the provision of a new and improved
      articulated boom construction having no internal parts requiring
      maintenance or servicing.
PAR  Achievement of the foregoing objects is enabled by the preferred embodiment
      of the invention as embodied in an articulated boom consisting of an inner
      steel boom member and an outer fiberglass boom member each of which is of
      unique design.
PAR  The inner boom is supported on its lower or inner end by a pivotal
      connection to a horizontal pivot shaft on a conventional support pedestal.
      The inner boom is formed of a hollow steel shell member of modified
      trapezoidal cross-section consisting, when considering the longitudinal
      axis of the inner boom positioned substantially horizontally, of a top
      web, a bottom web and first and second side webs joined along their lower
      edge portion by the bottom web to corresponding edge portions of the
      companion side webs. The first and second side webs are inclined in
      downwardly convergent relation with respect to a vertical plane passing
      through the axis of the inner boom member so that their edges connected to
      the bottom web are more closely spaced with respect to each other than are
      their edge portions connected to the top web. The side webs are
      symmetrical with respect to the vertical plane and the bottom web is
      arcuately curved about a center of curvature positioned within the
      interior of the hollow boom member.
PAR  A horizontal pivot pin mounted near the outer end of the inner boom member
      provides pivotal support for a steel elbow connector means including a
      boom support stub member extending outwardly from the pivot shaft. Support
      for the outer boom member is provided by the boom support stub member by
      virtue of the fact that the inner end of the outer boom member comprises a
      hollow coupling portion fitting over the stub member. In the preferred
      embodiment, the coupling portion is formed on the stub member during the
      fabrication of the entire boom on a mandrel on which the stub member is
      mounted. In an alternate mode of fabrication, the entire outer boom is
      fabricated by conventional procedures and the coupling portion is secured
      to the stub member by epoxy or other suitable adhesive or by mechanical
      securing means. The remaining portions of the outer boom member include a
      top wall, side wall and a bottom connector wall portion.
PAR  The top wall tapers inwardly from the inner to outer end of the outer boom
      and side walls taper inwardly from top to bottom with the amount of taper
      decreasing from the inner end to the outer end of the boom member so that
      the side walls at the outer end of the boom are in parallel relation with
      respect to each other. The bottom wall of the outer boom member is of
      arcuate, downwardly convex configuration having a center of curvature
      interiorly of the boom.
PAR  The prior known boom constructions have largely been of either rectangular
      cross-section or of circular cross-section, or of upwardly convergent
      trapezoidal configuration formed of metal truss members, insofar as the
      main boom elements are concerned. The boom of the present invention has
      been fully developed to provide an optimum cross-sectional configuration
      of the boom elements which provides substantial strength and weight
      advantages as compared to the prior known boom configurations.
PAR  In addition, the preferred embodiment employs a hydraulic cylinder mounted
      between the outer end of the inner boom member and the elbow connector in
      a space-saving manner for enabling a pivoting of the boom members with
      respect to each other.
PAR  Prior known fiberglass booms of rectangular cross-section have frequently
      employed an inefficient excessive amount of material due to the fact that
      they are designed with a very high safety factor insofar as resistance to
      bending stresses is concerned. It has been found that a substantially more
      efficient use of material can be achieved by the present invention which
      is based upon the provision of an appropriate shape for providing a
      properly balanced resistance to all stresses in an efficient manner.
PAR  Analysis of boom members having different geometric shapes and lengths
      established the substantial advantages of the present invention over the
      prior known boom constructions.
PAR  A better understanding of the manner in which the preferred embodiment
      achieves the foregoing objects and results will be enabled when the
      following written description is considered in conjunction with the
      appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a side elevation view of the preferred embodiment as mounted in
      folded position on a conventional truck;
PAR  FIG. 2 is a side elevation view illustrating the preferred embodiment in a
      vertically extending position and illustrating intermediate positions in
      dashed lines;
PAR  FIG. 3 is a fragmentary side elevation, with portions removed, of the outer
      boom member and the boom support stub shaft assembly and the pivotal elbow
      connector means;
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a bottom plan view of a portion of FIG. 3;
PAR  FIG. 6 is an exploded fragmentary perspective view of portions of the outer
      boom, the boom support stub shaft and the pivotal elbow connector means;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 1;
PAR  FIG. 8 is a side elevation with portions removed of the outer boom member
      and the boom support stub shaft as mounted in an alternative manner;
PAR  FIG. 9 is a sectional view taken along lines 9--9 of FIG. 8;
PAR  FIG. 10 is a sectional view taken along lines 10--10 of FIG. 8; and
PAR  FIG. 11 is an exploded perspective view of the outer boom member and the
      boom support stub shaft of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Attention is initially invited to FIG. 1 of the drawings which illustrates
      the preferred embodiment of the invention, generally designated at 20,
      mounnted on a conventional supporting vehicle in the form of a truck 22 by
      means of a conventional pedestal type support means 24 having vertically
      oriented ear plates 25. Support means 24 is mounted for rotation about a
      vertical axis extending coaxially through the support means in a manner
      well-known to those of skill in the art.
PAR  The articulated boom structure constructed in accordance with the preferred
      embodiment consists of three primary elements; a first or inner hollow
      boom member 26, a second or outer boom member 28 and a pivotal connector
      means 30 fixedly connected to the inner end of the outer boom member 28
      and mounted for pivotal movement about boom support pivot pin 31 on the
      outer end of the first hollow boom member 26. A workman's basket or
      platform 32 is mounted for movement about pivot axis 34 adjacent the outer
      end of the outer boom member by any well-known basket mount or by the
      basket mounts of my prior U.S. Pat. Nos. 3,590,948 and 3,295,633.
PAR  The first or inner hollow boom member 26 is formed of steel having a
      substantially uniform cross-section throughout the greater part of its
      length. More specifically, boom 26 cross-sectionally, comprises top web 34
      (when viewed in horizontal position as shown in FIG. 1), a first side web
      36 and a second side web 38 respectively joined by curved corner junction
      portions 40 and 42 to the opposite sides of the top web 34 as best
      illustrated in FIG. 7. The first and second opposed side web members 36
      and 38 lie in downwardly converging planes inclining from top to bottom
      symmetrically with respect to the vertical center plane through the inner
      boom axis as illustrated in FIG. 7. An arcuately curved bottom web 44
      connects the edges of the side webs 36 and 38 opposite top web 34 with the
      center of curvature of the bottom web 44 being positioned equidistantly
      between the first and second side web members 36 and 38 in the interior of
      the boom member.
PAR  Support for the inner boom 26 is provided by side bracket plates 46 welded
      to the inner end portions of side web members 36 and 38 with the inner
      ends of the bracket plates 46 being supported for pivotal movement about a
      horizontal pivot pin 48 on the upstanding ear plates 25 of the support
      means 24. An anchoring bracket 50 for an end of a hydraulic cylinder unit
      is welded to the inner boom 26 at an intermediate position as shown in
      FIG. 2. A pivotal connection 51 connects bracket 50 to the outer end of a
      piston rod 52 extending from hydraulic cylinder 54 and the base end of
      hydraulic cylinder 54 is connected by a pivot pin 56 to the pedestal
      support means 24.
PAR  Outer boom supporting pivot shaft 31 is mounted in the outer end of the
      first hollow boom member 26 and provides pivotal support for the steel
      elbow connector means 30 which includes an outer boom support stub member
      70 (FIGS. 3 and 7) in the form of a rigid sleeve or shell of substantially
      uniform cross-section. Stub sleeve 70 includes a top panel 72, first and
      second opposed side panels 74 and 76 which are downwardly convergent
      symmetrically relative to the vertical center plane and join downwardly
      convex bottom connector portion 78 having a center of curvature
      equidistantly spaced between the panels 74 and 76 on the interior of the
      stub sleeve as best illustrated in FIG. 7. Connection between the upper
      ends of the side panels 74 and 76 and the top panel 72 is respectively
      provided by curved corner junction portions 80 and 82.
PAR  Flexure slots 84 (FIG. 3) extend inwardly from the outer end of the boom
      support stub sleeve 70 and the wall portion of the stub sleeve at its
      outermost end tapers inwardly from a transverse plane indicated by line 86
      to define a sharp outer edge 88 as illustrated in FIG. 11. Slots 84
      provide a degree of flexibility of the outer end portions of the stub
      shaft 70 for preventing high concentrations of stress and pressure between
      the outer end of the stub sleeve and the boom member 28 during use of the
      boom.
PAR  Outer boom 28 is formed of a unitary filament wound fiberglass shell and
      consists of a coupling portion 100 defining the innermost end of the outer
      boom which is matingly formed over the boom support stub member 70 in the
      manner best illustrated in FIG. 3. In the preferred mode of fabrication,
      the stub member 70 is positioned on a mandrel and uncured resin saturated
      fiberglass is wound on the mandrel and the stub shaft 70 to form the outer
      boom 28 and simultaneously effect a bonding of the boom to stub shaft 70
      to provide a strong unitary structure.
PAR  Boom 28 includes an outer boom portion 102 connected to coupling portion
      100 by means of a transition connector portion 104 (FIG. 3) having an
      inwardly converging configuration from the coupling portion 100 to the
      outer boom portion 102.
PAR  The inner end of stub member 70 is matingly received for fixed support in a
      socket formed in the outer end of a hollow support tube 89 of the pivotal
      connector member 30. Slots 105 (FIG. 6) are provided in the socket portion
      of member 30 to enable permanent attachment of the stub member by welding
      in the slots as shown at 107 in FIG. 3. Support bearings 90 are provided
      on the inner end of pivotal connector means 30 for enabling mounting of
      the connector on pivot pin 31. Similarly, bearings 91 are provided
      outwardly of bearings 90 as shown in FIG. 6 with the bearings being
      mounted in ear frame members 92 welded to opposite sides of a tube 89 in
      which stub member 70 is received.
PAR  The outer boom of FIG. 8 is identical to the outer boom of FIG. 3 with the
      single exception of the fact that the boom of FIG. 8 is separately formed
      with a connector portion 100' (FIG. 11) slightly larger than stub member
      70 over which it is subsequently positioned for retention by conventional
      means such as epoxy adhesive or the like. Therefore, it should be
      understood that the following description of the outer boom applies to
      both embodiments.
PAR  Coupling portion 100 includes a top wall 106 and first and second opposed
      side walls 108 and 110 respectively joined to the top wall 106 by curved
      corner junction portions 114 and 116 as shown in FIG. 7. The bottom of the
      coupling portion of the outer boom comprises an arcuately curved,
      downwardly convex bottom wall 118 having a center of curvature located in
      the interior of the coupling portion and equidistantly spaced between the
      opposed side walls 108 and 110.
PAR  Outer boom portion 102 is cross-sectionally in the form of a modified
      trapezoid including a top wall 120 having a gradually narrowing or
      decreasing width progressing from its inner end to its outer end as
      illustrated in FIG. 11 and as also emphasized by comparison of FIGS. 9 and
      10. In addition, the outer boom portion also includes first and second
      opposed side walls 122 and 124 disposed along compound surface paths
      defined by lateral surfaces which progress from a cross-section near the
      inner end having downwardly converging symmetrically inclined sides
      through sections or progressively decreasing angles of downward
      convergence having a uniform rate of change to a section having parallel
      vertical sides at the outer end of the boom portion. Otherwise stated, the
      degree of downward and inward convergence of the side walls 122 and 124
      progressively decreases from the inner end to the outer end of the outer
      boom portion to reach a state of vertical parallelism at the outer end as
      shown in FIGS. 10 and 11.
PAR  An arcuate bottom connector wall portion 126 extends between the lower ends
      of the side walls 122 and 124 as illustrated in FIGS. 9 and 10. In
      addition, it is to be noted that the bottom connector wall portion 126 is
      of constant width and uniform radius of curvature throughout its length
      and is of convex uniform curvature about a center of curvature
      equidistantly spaced in an axial plane between the opposed side walls 122
      and 124 within the interior of the outer boom portion. While the bottom
      connector wall portion 126 is of lessor width than the width of the top
      wall 120 for the greater portion of the length of the outer boom portion,
      it reaches a condition of equal width to the top wall 120 adjacent the
      outer end of the outer boom portion as seen in FIG. 10. The foregoing
      relationship is due to the gradually decreasing width of the top wall
      progressing from the inner end to the outer end of the outer boom.
PAR  The special configuration of the outer boom herein disclosed provides
      significantly improved resistance to flexural buckling and shear stress in
      a fiberglass reinforced plastic boom section which has especially improved
      resistance to buckling when compared to conventional boom configurations
      presently employed for molded fiberglass or similar insulative boom
      sections.
PAR  Relative pivotal positioning of the inner boom with respect to the outer
      boom is enabled by means including a hydraulic cylinder 41 connected to a
      pivot shaft 39 extending between the first and second side webs 36 and 38
      of inner boom 26. A piston rod 43 extending from the opposite end of
      hydraulic cylinder 41 is pivotally connected to the pivotal connector
      means 30 by a connector pin 45 mounted in bearings 91 so that actuation of
      cylinder 41 serves to pivot the pivotal connector means 30 about the boom
      support pivot shaft 31 as illustrated by the various solid and dotted line
      positions of the components in FIG. 2.
PAR  The inner hollow boom member 26 and the outer boom member 28 are movable
      between a folded position illustrated in FIG. 1 and an extended position
      illustrated in solid lines in FIG. 2 in which the outer boom member is
      oriented at an obtuse angle with respect to the inner boom member 26.
PAR  A slot 35 (FIG. 7) in the outer end of the top web 34 of the first hollow
      boom member 26 provides clearance for the cylinder 41 to enable the
      operation of the cylinder through all positions of adjustment in which
      portions of the cylinder extend outwardly of the boom member. Moreover,
      slot 35 enables a close spacing of boom members 26 and 28 in the folded
      position illustrated in FIG. 1. Consequently, the nearly complete total
      enclosure of the cylinder 41 results in a very neat appearance as shown in
      FIG. 1 without any substantial loss of functional efficiency of the
      cylinder.
PAR  The superiority of the subject boom constuction over the prior art is made
      evident by analytic comparison of a boom of the cross-section illustrated
      in FIG. 9 with a rectangular boom having rounded corners and of the same
      maximum width and height and the same wall thickness as the FIG. 9 boom.
      Analysis of such booms indicates that the boom of FIG. 9, while being
      lighter than the rectangular boom, has a greater safety factor with
      respect to elastic buckling under dead static loads, dead plus live static
      loads and dynamic loads than does the boom of rectangular configuration.
      Additionally, the boom having the cross-section of FIG. 9 has a greater
      safety factor with respect to compression under static loads, dead plus
      live static loads and dynamic loads than does the boom of the rectangular
      cross-sectional configuration.
PAR  Numerous modifications of the preferred embodiment will undoubtedly occur
      to those of skill in the art; for example, the individual boom sections 26
      and 28 are capable of use alone or in other type compound boom
      constructions such as telescopic devices. Therefore, it should be clearly
      understood that the spirit and scope of the invention is to be limited
      solely by the appended claims. I claim:
CLMS
NUM  1.
PAR  1.  A hollow boom member having an inner end and an outer end formed of an
      elongated hollow shell member including an inner end comprising a coupling
      portion dimensioned and shaped to be attached to a boom support member and
      an outer boom portion extending outwardly from said coupling portion and
      comprising a top wall having progressively decreasing width from its inner
      end to its outer end, opposed side walls having downward convergence with
      the degree of downward convergence of said opposed side walls
      progressively decreasing from the inner end to the outer end of said outer
      boom portion and a curved bottom connector wall portion of downwardly
      convex configuration at all transverse section planes of the boom member
      extending between lower portions of said opposed side walls.
NUM  2.
PAR  2. The invention of claim 1 wherein said bottom connector wall portion
      comprises an arcuately curved member having a substantially constant
      radius of curvature and a center of curvature positioned internally of
      said boom.
NUM  3.
PAR  3. The invention of claim 2 wherein the progressive decrease in the
      downward convergence of said opposed side walls of the outer boom portion
      is such that diametrically opposed portions of said side walls are
      parallel at the outer end of the outer boom portion.
NUM  4.
PAR  4. The invention of claim 1 wherein said bottom connector portion comprises
      an arcuately curved member having a substantially constant radius of
      curvature and a center of curvature positioned internally of said boom and
      additionally including curved corner junction portions of said shell
      member formed between the upper edge portions of said opposed side walls
      and opposite edge portions of said top wall.
NUM  5.
PAR  5. The invention of claim 1 wherein said coupling portion comprises a top
      wall, opposed side walls lying in downwardly converging planes symmetrical
      to a vertical plane through the center axis of the boom member when in
      horizontal position and a curved bottom wall extending between lower edge
      portions of said opposed side walls of the coupling portion.
NUM  6.
PAR  6. The invention of claim 1 wherein said coupling portion comprises a top
      wall, opposed side walls lying in downwardly converging planes symmetrical
      to a vertical plane through the center axis of the boom member when the
      boom is in a horizontal position and a curved bottom wall extending
      between lower edge portions of said opposed side walls of the coupling
      portion and additionally including a transition connector portion of said
      shell member of converging configuration from the outer end of said
      coupling portion to the inner end of said outer boom portion.
NUM  7.
PAR  7. The invention of claim 1 wherein said bottom connector portion comprises
      an arcuately curved member having a center of curvature positioned
      internally of said boom and also having a substantially constant radius of
      curvature along its length, said coupling portion comprises a top wall,
      opposed side walls lying in downwardly converging planes symmetrical to a
      vertical plane through the center axis of the boom member when the boom is
      in a horizontal position and a curved bottom wall extending between lower
      edge portions of said opposed side walls and additionally including a
      transition connector portion of said shell member of converging
      configuration from the outer end of said coupling portion to the inner end
      of said outer boom portion.
NUM  8.
PAR  8. The invention of claim 1 wherein said bottom connector portion comprises
      an arcuately curved member having a center of curvature internally of said
      boom and also having substantially constant radius of curvature along its
      length, said coupling portion comprises a top wall, opposed side walls
      lying in downwardly converging planes symmetrical to a vertical plane
      through the center axis of the boom member when the boom is in a
      horizontal position and a curved bottom wall extending between lower edge
      portions of said opposed side walls and additionally including a
      transition connector portion of said shell member extending with
      converging configuration from the outer end of said coupling portion to
      the inner end of said outer boom portion and curved corner junction
      portions between the upper edge portions of said opposed side plates and
      opposite edge portions of said top plate.
NUM  9.
PAR  9. The invention of claim 5 wherein said curved bottom wall extending
      between lower edge portions of said opposed side walls of said coupling
      portion is arcuately curved and has a center of curvature internally of
      said boom.
NUM  10.
PAR  10. The invention of claim 9 wherein said curved bottom wall has a
      substantially constant radius of curvature along its length.
NUM  11.
PAR  11. The invention of claim 10 wherein the progressive decrease in the
      downward convergence of said opposed side walls of the outer boom portion
      is such that diametrically opposed portions of said side walls are
      parallel at the outer end of the outer boom portion.
NUM  12.
PAR  12. The invention of claim 1 wherein said coupling portion is of
      substantially constant cross-section along its length and comprises a top
      wall, opposed side walls having convergence from top to bottom and an
      arcuately curved bottom wall extending between lower edge portions of said
      opposed side walls.
NUM  13.
PAR  13. The invention of claim 1 wherein said coupling portion is of
      substantially constant cross-section along its length and comprises a top
      wall, opposed side walls having convergence from top to bottom and an
      arcuately curved bottom wall extending between lower edge portions of said
      last-mentioned opposed side walls and wherein the side walls of the outer
      boom portion at the outermost end of said outer boom portion are mutually
      parallel and perpendicular to the top wall.
NUM  14.
PAR  14. The invention of claim 13 wherein said arcuately curved bottom wall has
      a center of curvature internally of said boom.
NUM  15.
PAR  15. A hollow boom member in the form of an elongated hollow shell member of
      integral tubular configuration having an inner end portion and an outer
      portion terminating in an outer end, the inner end portion being adapted
      to be coupled to boom support means, and the outer portion extending over
      a major portion of the axial length of the boom member, said outer portion
      comprising a top wall of a width which progressively decreases from said
      inner end portion to said outer end, a pair of downwardly converging
      opposed side walls integrally joined along uppermost portions to side
      portions of said top wall and having a lower termination located along
      parallel lines in a common plane, each of said parallel lines being
      equidistantly spaced on opposite sides of a vertical plane passing through
      the axis of the boom in horizontal position, a curved bottom connector
      wall portion extending in a downwardly curving arcuate path unitarily and
      integrally from lower portions of said opposed side walls, said top wall
      at the innermost end of said outer portion being of a width greater than
      the width of said curved bottom connector wall and said top wall further
      being of less width at its outer end than at its inner end.
NUM  16.
PAR  16. The invention of claim 15 wherein said arcuately curved bottom
      connector wall portion has a constant cross-section along its length.
NUM  17.
PAR  17. The invention of claim 15 wherein said curved bottom connector wall
      portion defines a cylindrically convex bottom surface along the length of
      the boom.
NUM  18.
PAR  18. A hollow boom member in the form of an elongated hollow shell member of
      integral tubular configuration having an inner end portion and an outer
      portion terminating in an outer end, the inner end portion being adapted
      to be coupled to boom support means, and the outer portion extending over
      a major portion of the axial length of the boom member, said outer portion
      comprising a top wall, a pair of downwardly converging opposed side walls
      integrally joined along uppermost portions to side portions of said top
      wall and having a lower termination located along parallel lines in a
      common plane, each of said parallel lines being equidistantly spaced on
      opposite sides of a vertical plane passing through the axis of the boom in
      horizontal position, a curved bottom connector wall portion extending in a
      downwardly curving arcuate path unitarily and integrally from lower
      portions of said opposed side walls, said top wall at the innermost end of
      said outer portion being of a width greater than the width of said curved
      bottom connector wall and said top wall further being of less width at its
      outer end than at its inner end and wherein said side walls at successive
      transverse section planes progressing outwardly along said shell member
      comprise downwardly converging rectilinear wall portions of progressively
      decreasing angles of convergence and reaching substantially vertical
      parallelism at the outer end of said shell member.
NUM  19.
PAR  19. The invention of claim 18 wherein said arcuately curved bottom
      connector wall portion has a constant cross-section along its length.
NUM  20.
PAR  20. The invention of claim 18 wherein said curved bottom connector wall
      portion defines a cylindrically convex bottom surface along the length of
      the boom.
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ABST
PAL  A paving block having sides which are shaped to provide an interlocking
      tooth engagement between the complementary sides of adjacent blocks when
      laid. Such engagement counteracts shifting of the laid blocks when loads
      are applied thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the art of paving.
PAR  2. Description of Prior Art
PAR  Masonry stones or blocks have been laid in adjacent relationship to define
      roadways, yards and the like for many years. Generally, the adjoining
      sides of such stones or blocks merely abut one another and are not
      provided with any special interlocking means. As a result, such stones or
      blocks are subject to relative displacement when loads are applied
      thereto.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the present invention to provide a paving block
      having side edges formed with a concave portion adjoining a rectilinear
      portion which adjoins a convex portion. Such paving block is laid adjacent
      other blocks having complementary side edges, with the side edges of the
      contiguous blocks being interlocked. The resulting paving resists shifting
      of the blocks when loads are applied thereto.
PAR  Another object of the present invention is to provide a paving block
      arrangement of the aforedescribed nature having plan configurations of
      varying geometrical shapes.
PAR  A further object is to provide a paving block wherein the side portions are
      chamfered.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a paving stone or block embodying the present
      invention with three basic shapes provided on each side of the stone or
      block;
PAR  FIG. 2 is a rectangular paving stone or block embodying the present
      invention;
PAR  FIG. 3 is a square paving stone or block embodying the present invention,
      which stone or block is the equivalent of the two rectangular stones shown
      in FIG. 2;
PAR  FIG. 4 is a hexagonal paving stone or block embodying the present invention
      in which each of the three basic shapes are repeated six times;
PAR  FIG. 5 is a plan view showing an octagonal paving stone or block with a
      smaller square stone or block in contact therewith, and;
PAR  FIG. 6 is a plan view showing a plurality of octagonal and square stones or
      blocks.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to the accompanying drawings, the embodiment of the present
      invention shown in FIG. 1 is seen to comprise a paving block having
      symmetrical defining surfaces on all four sides of such stone or block,
      each surface of each side consisting in each case of the three basic
      shapes, a concave portion an adjoining rectilinear portion and an
      adjoining convex portion. The rectilinear portion in each case is inclined
      at the angle of 45.degree. to a tangent connecting the point of maximum
      depth of the concave portion or the point of maximum height of the concave
      portion.
PAR  More particularly, the length e 1 of the concave portion of the stone or
      block corresponds to the length e 1 of the convex portion and these
      lengths together with the length e 2 of the rectilinear portion taken in
      the same direction, correspond to the mean overall length l 2 and the mean
      overall breadth b 2 of the three basic shapes. The three basic shapes are
      related to the apex height h 2, the rectilinear portion corresponding to
      the full apex height h 2 and the arcs of concave portion and convex
      portion terminating in each case at half, namely h -1, of the full apex
      height h 2. This feature produces a symmetrical closed tooth engagement on
      all sides. The mean overall length l 2 of the three basic shapes lies in
      the order of magnitude between 90 and 130 mm, preferably at 110 mm. The
      length of the concave portion e 1 and that of the convex portion e 1 is in
      the ratio of about 1:2.5 to the mean overall length l 2 of the three basic
      shapes. In accordance with the above mentioned conditions, accordingly,
      the mean length
      ##EQU1##
      where l 1 is the inner and l 3 the outer overall length of the bonding
      stone and in correspondence l 1, l 2, l 3 = b 1, b 2, b 3.
PAR  In the embodiment shown in FIG. 2, the three basic shapes form the two
      short sides of a rectangular paving stone or block, the long sides being
      formed by two of each of the three basic shapes set in one direction in
      succession. The mean breadth B of this rectangular paving stone or block
      coreesponds approximately to the mean overall length l 2 of the three
      basic shapes, by way of example, approximately a hand's breadth. The
      external breadth b 3 of this stone or block corresponds to the external
      breadth b 3 of the stone shown in FIG. 1. The mean length L of this stone
      or block corresponds to twice the mean overall length l 2 or the mean
      overall breadth b 2 of the three basic shapes.
PAR  The paving stone shown in FIG. 3, is the equivalent of two of the paving
      stones or blocks shown in FIG. 2 set side by side, the same geometric
      relationships being valid for this stone as for the paving stones as shown
      in FIGS. 1 and 2, so that the length L corresponds to the length L
      according to FIG. 2.
PAR  In FIG. 4 there is shown a paving stone which in plan view is substantially
      of hexagonal form, the three basic shapes concave, rectilinear and convex
      according to FIG. 1 being incorporated six times in the sides. Again the
      symmetrical dimensions on all of the six sides correspond to the basic
      dimensions according to FIG. 1. It should be particularly noted that this
      embodiment of the paving stone embodying the present invention can be
      provided with a chamfer F starting from a central circle K.
PAR  It should also be noted that FIGS. 1 and 2 are represented on the scale
      1:1, FIGS. 3 and 4 are shown on the scale 1:2.
PAR  The tooth engagement of the paving stones or blocks embodying the present
      invention is designed so that thus an optimum is obtained, so that
      disadvantages of such stones hitherto, especially in relation to their
      shifting, are overcome. With the paving stones or blocks embodying the
      invention the slightest shift even in laying, irrespective of the
      direction, is no longer possible. The paving stones embodying the present
      invention guarantee security and substantially no lateral shift or
      distortion of any kind, under heaviest loading. The forces occurring in
      all directions are taken up uniformly.
PAR  A further advantage of the paving stones embodying the present invention
      consists in that in laying they need to be neither twisted or turned, but
      the direct toothings always fit in and against one another. If necessary,
      the edge or defining surfaces of a stone embodying the present invention,
      including the hexagonal paving stone, can be provided with a chamfer,
      whereby damage is avoided in loading and tipping on the building site and
      in shaking-in in laying, apart from the better adhesion quality of the
      laid stones. Especially, however, the chamfer F in the case of the
      hexagonal bonding stone achieves a considerably better adhesion of
      vehicles passing over paving made up of the stones, since the chamfer
      width is here varying, if in the design of the chamfer one starts from an
      inner circle K as shown in FIG. 4. Moreover, this feature achieves an
      attractive and ventilated optical effect which causes the stone to appear
      round, which is not otherwise possible with toothed paving stones.
PAR  FIGS. 5 and 6 show an embodiment of paving stone or block which is
      octagonal. The relationships of the dimensions of the concave, rectilinear
      and convex portions on the side edges are similar to that as described in
      relation to FIGS. 1 to 4.
PAR  As shown in FIG. 5, the side edges of the paving stones I and II have a
      concave portion a, an adjoining rectilinear portion b and an adjoining
      convex portion c and the mean length l 2 of each side is the sum of
      lengths e 1, e 2 and e 1.
PAR  As shown in FIG. 6, the stones I and II are laid in alternating sequence
      around a stone I. Against the octagonal paving stones I, which are thus
      relatively large, there are set firstly the relatively small square paving
      stones with the abutting portions a, b and c interengaging, then three
      portions a, b, c of a further adjoining octagonal paving stone are engaged
      with portions a, b, c of the octagonal stone and three portions engaged
      with the relatively small square stone II. The resultant paving
      accordingly has only two kinds of paving stones in very different size
      with otherwise fully symmetrical defining surfaces, which are repeated
      eight times in the case of the large paving stone and only four times in
      the case of the square paving stone, that is to say once on each side. The
      paving made up of such stones accordingly has a constant alternation in
      the stone size of two greatly differently dimensioned paving stones which,
      however, are joined symmetrically and closely to one another. As a result
      of the alternating availability, the grip firmness of the bond according
      to the invention is optimally increased. Furthermore, damage and waste of
      the two kinds of laid stones are largely avoided in transport, in
      shaking-in and in laying.
PAR  Various modifications and changes may be made with respect to the foregoing
      detailed description without departing from the spirit of the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paving block particularly for the laying of roadways, yards and the
      like, said block having symmetrical defining surfaces on all sides, said
      surfaces extending in the same direction on each side, and being disposed
      clockwise in a respective succession of a concave portion adjoining a
      rectilinear portion which in turn adjoins a convex portion with said
      rectilinear portion adjoining said concave portion and said convex portion
      at an angle of approximately 45.degree., and with the opposite ends of
      said concave portion and said convex portion being broken off at
      approximately one-half the apex height of said rectilinear portion.
NUM  2.
PAR  2. A paving block as set forth in claim 1 wherein the length of the side
      edge over which the concave portion extends corresponds to the length of
      the side edge over which the convex portion extends, and these two lengths
      together with the length of the side edge over which the rectilinear
      portion extends corresponds to the mean overall length of the side edge.
NUM  3.
PAR  3. A paving block as set forth in claim 1 wherein the ends of the concave
      and convex portions remote from the rectilinear portion terminate on a
      line which lies mid-way between the distance between the point where the
      rectilinear portion intersects the concave portion and the point where the
      rectilinear portion intersects the convex portion.
NUM  4.
PAR  4. A paving block as set forth in claim 1 wherein the mean overall length
      of the side edge over which the three portions extend is 90 to 130 mm. and
      the length of the side over which the concave portion or convex portion
      extends is in the ratio of approximately 1:2.5 to the said mean overall
      length.
NUM  5.
PAR  5. A paving block as set forth in claim 1 wherein the upper portion of said
      side edges are provided with a chamfer.
NUM  6.
PAR  6. A paving block as set forth in claim 1 wherein said block is
      substantially square in plan view, each side being provided with said
      three portions.
NUM  7.
PAR  7. A paving block as set forth in claim 1 wherein the paving block is
      oblong in plan view, the two shorter sides each being provided with said
      three portions, and with the two longer sides each having two series of
      said three portions.
NUM  8.
PAR  8. A paving block as set forth in claim 1 wherein the paving block is
      rectangular in plan view, each side being provided with two series of said
      three portions.
NUM  9.
PAR  9. A paving block as set forth in claim 1 wherein the block is hexagonal in
      plan view, with each of the six sides being provided with said three
      portions.
NUM  10.
PAR  10. A paving block as set forth in claim 1 wherein the block is octagonal
      in plan view, with each of the eight sides being provided with said three
      portions.
NUM  11.
PAR  11. A paving block as set forth in claim 5 wherein the chamfer extends from
      a central circle.
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ABST
PAL  The structure comprises a turbo-molecular pumping element providing a very
      moderate compression ratio and a rotating drum type pumping element
      equipped with an interchangeable stator or drum. These two elements are
      mounted in series and driven in a rotating movement by a single shaft. On
      the interchangeable part, parallel helical grooves whose depth depends on
      the molecular mass of the gas to be pumped are formed.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Turbo-molecular pumps which are similar in structure to turbines but which
      resemble the Gaede molecular pump in their operating principle, that is,
      that their compression energy finds its source in the shock of the
      molecules against the walls in motion, have been known for a long time.
PAR  It is also known that this type of pump is, at present, the object of great
      development in the field of vacuum techniques, in which these pumps are
      used as secondary pumps because of their aptitude to constitute an
      effective barrier against oil vapors which may be retrodiffused from the
      primary vacuum.
PAR  It is also known that the compression ratio per stage of a molecular pump
      may be evaluated by means of a mathematical formula expressing the fact
      that the logarithm of the compression ratio per stage is proportional to
      the square root of the molecular mass of the pumped gas. The result of
      this is that these pumps have remarkable effectiveness for the removal of
      heavy gases, such as, more particularly, oil vapors, but that, on the
      other hand, their performance is very slight in contact with a light gas,
      such as hydrogen which, it is known, is always found in great proportions
      in the residual atmosphere of enclosures in which a vacuum is formed.
PAR  In this way, for example, a turbo-molecular pump having 16 stages with a
      compression ratio of 10.sup.8 for nitrogen would cause a perfectly,
      satisfactory removal of the heavy vapors such as oil vapors, but it can be
      easily calculated that the compression ratio of hydrogen would only be in
      the vicinity of 10.sup.2, this being clearly insufficient in a great
      number of cases.
PAR  It is very easy to observe that, to reach the same compression ratio as for
      nitrogen, it would be necessary to have available 3.7 times as many
      stages. That is, a pump would require 59 or 60 stages, and this is
      prohibitive.
PAR  Even if certain users can accept the use of such equipment, its price would
      be all the higher for those users who only need to remove nitrogen in
      which a turbo-molecular pump having 16 stages is preferred. In this way,
      the constructor would be induced to produce very small series of pumps
      having a varied number of stages corresponding to the requirements of each
      to be used; and in conclusion, turbo-molecular pumps are not very easy to
      adapt to the kind of gas to be pumped and their manufacturing cost remains
      high.
PAR  But it is known on the other hand that these turbo-molecular pumps have the
      great advantage of a very substantially constant output whatever the
      molecular mass of the gases pumped may be.
PAR  It, therefore, appears to be an advantage to combine these properties of
      turbo-molecular pumps capable of pumping gases having different molecular
      masses with the same output, but at a different compression ratio, with
      the properties of rotating drum type molecular pumps in which the
      manufacturer can increase at will the compression ratio simply by
      modifying the depth of the grooves.
PAR  Indeed, it is known that rotating drum type molecular pumps comprise a
      cylindrical drum rotating at high speed with slight clearance inside a
      stator whose inside face is also cylindrical. On the inside face of the
      stator, on the outside face of the drum, or on both the two adjacent
      faces, several parallel grooves are formed having a helical shape whose
      depth, decreasing from the inlet to the output, determines the compression
      ratio for a given gas, and whose cross-section determines the output.
PAR  It is known that this output is, as a general rule, less than the required
      output. However, on connecting up the suction part of such a rotating drum
      type molecular pump to the outlet of a turbo-molecular pump, whose output
      is satisfactory, the output in weight of the rotating drum type molecular
      pump is improved since the latter will have an effect on a gas whose
      volume has been reduced in a proportion equal to the compression ratio of
      the turbo-molecular pump. The advantage thus obtained is very clear, but
      it may nevertheless be considered insufficient or too expensive by users
      if the two pumps are not perfectly adapted to each other and do not meet
      certain requirements. Thus, on examining again the preceding example, and
      if the molecular pump having 16 stages providing a compression ratio of
      10.sup.8 for nitrogen and about 100 for hydrogen is combined with a drum
      type molecular pump whose depth has been especially calculated for
      hydrogen, it will be possible to produce a total compression ratio, for
      hydrogen, of 10.sup.3, but the price of such an equipment will remain
      prohibitive since the price of the complete turbo-molecular pump is added
      to that of the rotating drum type pump.
PAR  It may be conceived that if a structure affording an advantage, combining
      these two types of pumps is required to be produced, it is necessary to
      adapt the two types of pumps to each other by harmoniously distributing
      the compression ratio to be established between the two components, so as
      to improve the discharge in weight of the part of the structure fulfilling
      the function of a rotating drum type molecular pump.
PAR  In order to reduce the size and cost of a structure combining a
      turbo-molecular pumping element with a rotating drum type pumping element,
      it is considered in the present invention an advantage to contrive a
      standard element in which the number of stages of the turbo-molecular
      element has as low a value as possible, making it possible, nevertheless,
      to obtain a substantial improvement in the output in weight of the
      rotating drum type molecular pumping element.
PAC  SUMMARY OF INVENTION
PAR  In this way, from a general point of view, the object of the invention is a
      molecular vacuum pump structure comprising a turbo-molecular pumping
      element and a rotating drum type pumping element mounted on the same pivot
      or shaft, the outlet of the turbo-molecular pumping element being
      connected in a very direct way to the inlet of the rotating drum type
      pumping element, characterized in that the turbo-molecular element
      comprises a small number of stages providing, for a given gas, a
      compression ratio in the same order as the ratio of the output in volume
      of the two pumping elements.
PAR  Thus, for example, when the gas chosen is nitrogen and the ratio of the
      output of the two pumping elements is in the order of 100, the compression
      ratio of the turbo-molecular pumping element, a structure having a rotor
      diameter of 200 mm, which has, for a conventional rotation speed of 24,000
      rpm, a compression ratio, per stage, for nitrogen, of 3.3, this being
      substantially in the order of .sqroot.10, it will be observed that a
      turbo-molecular pumping element having four stages will give a
      satisfactory compression ratio of
EQU  (.sqroot.10).sup.4 = 100
PAR  It has been specified above that the compression ratio obtained at the
      outlet of the turbo-molecular element will be different if the molecular
      mass of the gas pumped is different.
PAR  The result of this is that in numerous cases it is an advantage to adapt
      the cross-section and the depth of the grooves of the drum type molecular
      pumping element, which comes after the turbo-molecular pumping element to
      the type of gas for which the pumping unit is called upon to handle the
      most frequently, or to the gas whose removal is considered indispensable
      by the user. Moreover, taking into account the fact that in industry, each
      pumping assembly is assigned during a long period to a single function,
      the present invention provides a structure suitable for satisfying all the
      requirements of the users in industry, and comprising an easily
      interchangeable part, which may be adapted to each particular problem.
PAR  A structure which also forms the object of the invention comprises,
      consequently, a turbo-molecular pumping element in which the number of
      stages is very small and a cylindrical drum type turbo-molecular pumping
      element rotating in a cylindrical stator, in which multiple grooves are
      formed only on one of the two adjacent cylindrical parts are driven at
      high speed by the same shaft, characterized in that the part on which the
      threads are formed is made easy to remove.
PAR  Thus, the present invention provides a structure meeting all the
      requirements of industry after slight adaptation. The whole advantage of
      such a structure in which it is possible to mass-produce in great
      quantities and for which it is possible to reduce very greatly the
      manufacturing price in relation to the manufacturing price of a structure
      manufactured especially to meet such a particular industrial requirement
      will be appreciated.
PAR  In the case where the grooves have a certain depth, it appeared
      advantageous to form them on the stator of the rotating drum type
      molecular pumping element, thus leaving the drum perfectly smooth. It was
      necessary to design a structure of the "suspended" type to make
      dismantling of the stator of the rotating drum type molecular pumping
      element easy. To simplify assembling, it is first an advantage to make the
      two rotors fixed together and to connect them to the shaft. The stator of
      the turbo-molecular pumping element then supports the stator of the
      rotating drum type molecular pumping element which is itself connected to
      a housing covering the base part which supports the rotating shaft. The
      dismantling of the stator is then obtained by detaching the stator of the
      rotating drum type pumping element from the stator of the turbo-molecular
      pumping element after having removed the housing in a downwards direction.
PAR  It may happen that the user needs, on the contrary, a pump which pumps all
      usual gases very well but which nevertheless also draws off a great
      quantity of hydrogen. In this case, the present invention combines a drum
      type molecular element having multiple grooves of a very recent type with
      the turbo-molecular element in which each groove is subdivided over a part
      of its length into an increasing number of narrower channels from the
      inlet to the outlet.
PAR  Such a rotating drum type molecular pumping element makes it possible to
      improve the compression ratio in a spectacular way while maintaining a
      high discharge. A full use is found for such an element in the combining
      thereof with the turbo-molecular element having a moderate compression
      ratio.
PAR  The invention will be better understood from an example of an embodiment,
      having no limiting character in which the grooves of the rotating drum
      type element are formed on the stator, as described below by reference to
      the drawing figures representing a very diagrammatic cutaway view of such
      a structure having an interchangeable stator element, and in which
DRWD
PAR  FIG. 1 is a cutaway view of a vacuum pump according to the present
      invention, and
PAR  FIG. 2 is a plane view of a surface wall of the rotating drum portion of
      the pump of FIG. 1, including subdivided grooves.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  On referring to FIG. 1 showing diagrammatically a model of an embodiment of
      the structure according to the invention, it will be seen that there is a
      shaft or pivot 1 driven in a rapid rotating movement by a motor 10. A
      pivot support 2 provided with internal ducts surrounds and supports the
      pivot 1. A housing 3 protects the pivot support 2. It is connected to the
      detachable stator element 4 by screws such as 23 which may easily be
      removed.
PAR  Pumping is obtained by drawing the gases away towards a turbo-molecular
      pumping element 8 comprising a rotor 6 made fast with the pivot 1 by a
      removable screw 7 rotating in a stator 9 fixed by the connection flange
      11. That turbo-molecular element 8 comprises a certain number of stages 20
      bearing fins (not shown). The rotating drum type element 12 consists of a
      smooth cylindrical rotor 14 extending from the rotor element 6 with which
      it is integrally connected and of a removable stator 4 surrounding the
      cylindrical rotor 14. On the internal wall of the stator element 4, facing
      the cylindrical rotor 14, multiple helical grooves such as 16, 17, 18, 19,
      etc., having a decreasing depth from the inlet to the outlet, are formed.
      In the example of the embodiment, the stator comprises six parallel
      helical grooves having decreasing depth.
PAR  A turbo-molecular element having four stages, to provide, at zero output, a
      compression ratio for nitrogen in the order of 100, is used to great
      advantage. That element, which has four times fewer stages than that of
      the turbo-molecular pump considered above, by way of an example, would
      provide, if it were taken separately, only an insufficient vacuum. But a
      compression ratio of the order of 100 for nitrogen makes it possible to
      feed the drum type molecular pumping element situated downstream from the
      turbo-molecular element in conditions which prove to be a great advantage.
      Indeed, if the output in volume of a drum type molecular element is
      defined by the cross-section of the grooves formed, for example, on the
      stator, the output in weight will be all the higher as the density of the
      gas which flows is high. The result of this is that the presence of a
      turbo-molecular element arranged between the secondary vacuum and the
      rotating drum type molecular element actually has the effect set forth
      above, i.e. it improves, in very great proportions, the output in weight
      of the rotating drum type molecular element.
PAR  The rotating drum type pumping element 12 receives the gaseous flux
      discharged by the turbo-molecular element 8, where the gaseous flux is
      still compressed. A toroidal chamber 21 enables the collecting of the
      gaseous flux discharged by the rotating drum type pumping element 12. That
      gaseous flux, discharged by the passage 22, is directed towards the
      primary pump (not shown).
PAR  The pivot rotates without friction on the fluid bearings. Indeed, the pivot
      support 2 comprises, in a known way, a compressed air inlet 24 and a
      network of ducts leading to fluid bearings such as 25 enabling the
      rotating pivot to be centered in relation to the fixed structure. The
      pivot support 2 comprises a recess containing a rotating flange 26 having
      a rectangular cross-section and carried by and forming part of the pivot
      1. It is kept in a stable position by opposing balanced jets of air such
      as 27, 28 coming from the appropriate ducts of the air inlet 24. The
      rotating flange 26 thus acts as a gas stop for the pivot 1.
PAR  The stator 9 of the turbo-molecular element 8 is constituted by two half
      rings such as 35 held in place with precision between the stator 4 of the
      rotating drum type pumping element and the connection flange 11, by the
      adjustment of removable screws such as 28. The two half rings 35 are,
      moreover, assembled by means of tangent screws 37, 38, 39 and 41.
PAR  A certain number of seals provide fluid-tight sealing between the various
      parts constituting the pumping structure. They are arranged according to a
      technique known by one skilled in the art.
PAR  For pumping nitrogen, a stator having six parallel grooves whose depth
      varies between 17.5 mm at the inlet end and 0.75 mm at the outlet end is
      used. The compression ratio thus obtained at zero output is 10.sup.8, the
      discharge of the structure as a whole reaching 350 liters per second.
PAR  When a gas having a very different molecular mass, such as hydrogen, for
      example, is required to be pumped, it is necessary to assemble on the
      rotating drum type molecular pumping element 12 a different stator.
PAR  The screws such as 23 are removed so as to remove the housing 3 downwards.
      It is then sufficient to unscrew screws such as 28 to remove the stator 4
      downwards.
PAR  It is then possible to install, for the pumping of hydrogen, a stator 4
      having six grooves with a depth equal to 4 mm at the inlet and to 1.5 mm
      at the outlet towards the primary pump. The compression ratio thus
      obtained at zero discharge is in the order of 10.sup.5 and the  discharge
      is in the order of 40 liters per second approximately.
PAR  In the case where gases heavier than nitrogen and whose specific gravity is
      close to that of argon (A = 40) are to be pumped, a stator having six
      grooves with a depth varying between 30 mm at the inlet and 2 mm at the
      outlet towards the primary pump will be placed on the removable structure.
      The discharge will be about 400 liters and the compression ratio at zero
      discharge will be 10.sup.8.
PAR  The structure as a whole, the pivot 1, the pivot support 2, the
      turbo-molecular pumping element 8, the rotor assembly 6 and the housing 3
      remain unchanged whatever the stator 4 installed may be. The result of
      this is a very great reduction in the manufacturing price of such
      structures which may be mass-produced in great quantities and equipped, at
      the user's request, with one stator or another according to the kind of
      gas to be pumped.
PAR  The invention also contemplates structures in which the six parallel
      grooves are formed on the rotor cylinder with the stator being smooth. The
      results obtained with grooves having the same depth are comparable in all
      points to the results obtained with grooves formed on the stator.
PAR  To avoid increasing manufacturing costs, the rotor cylinder 14 can be
      screwed onto the rotor assembly 5 and only the cylindrical part is made
      interchangeable. This arrangement is preferable for pumps intended more
      particularly for relatively light gases, where the grooves formed are not
      very deep. The arrangement with the interchangeable stator has been
      applied to all cases, whatever the density of the fluid to be pumped may
      be.
PAR  When the user wishes to use a pumping device suitable for pumping all gases
      without exception, it is further possible to satisfy him in a fairly
      complete way by using a stator of a recent kind, wherein a multi-groove
      type in which the number of grooves increases going from the suction
      towards the discharge by subdivision of each groove comprised between two
      successive threads by one or several additional threads forming at least
      two separate channels such as illustrated in FIG. 2. Such measures have
      only a slight incidence on the cost of machining and enable the
      compression ratio to be increased without reducing the output by stopping,
      to a great extent, the leakages.
PAR  Thus, by using a stator in which the depth of the grooves varies between 8
      mm and 1 mm, a stator element in which each groove is subdivided into 2
      channels starting from the third of the length of each thread, from the
      inlet to the outlet, has been produced. Then, each of the grooves is
      subdivided again into two channels starting from the second third of the
      length of each groove. Such a device gives, further, for light gases whose
      mass is close to that of hydrogen, a compression ratio at zero output in
      the order of 10.sup.4 to 10.sup.5 and a discharge of 30 to 40 liters
      approximately, but it also enables the obtaining, for a gas such as air
      having a density close to that of nitrogen, a discharge in the order of
      200 liters per second while having at zero output, a compression ratio
      clearly higher than 10.sup.6.
PAR  Although the devices which have just been described appear to afford the
      greatest advantages for implementing the invention to satisfy the
      requirements of users in particular technical conditions, it will be
      understood that various modifications bearing on the type of the stator
      grooves, their number and their depth, as well as on the type of the
      stages of the turbo-molecular element and on their number may be made
      without going beyond the scope of the invention, it being possible to
      replace certain of these elements by others capable of fulfilling the same
      technical function therein.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A molecular vacuum pump arrangement comprising:
PA1  turbo-molecular pumping means for providing evacuation of predetermined
      gases, said turbo-molecular pumping means including a predetermined number
      of stages,
PA1  rotating-drum pumping means directly connected to said turbo-molecular
      pumping means for providing further evacuation of said predetermined
      gases,
PA1  wherein said turbo-molecular pumping means includes an outlet corresponding
      to an inlet of said rotating-drum pumping means, and
PA1  shaft means for rotatably supporting rotating elements of both of said
      turbo-molecular pumping means and said rotating-drum pumping means.
NUM  2.
PAR  2. A molecular vacuum pump arrangement according to claim 1, wherein said
      shaft means includes a common shaft rotatably supporting a rotor of said
      turbo-molecular pumping means and a rotor of said rotating-drum pumping
      means.
NUM  3.
PAR  3. A molecular vacuum pump arrangement according to claim 2, wherein said
      rotor of said rotating-drum pumping means has a cylindrical surface, and
      wherein said rotating-drum pumping means includes a cylindrical stator
      having an internal face adjacent said cylindrical surface of said rotor,
      one of said cylindrical surface and said internal face being provided with
      a plurality of helical grooves.
NUM  4.
PAR  4. A molecular vacuum pump arrangement according to claim 3, wherein each
      of said plurality of helical grooves has a decreasing depth in the
      direction going from said inlet toward an outlet of said rotating-drum
      pumping means.
NUM  5.
PAR  5. A molecular vacuum pump arrangement according to claim 3, wherein the
      part of said rotating-drum pumping means being provided with said grooves
      is removably attached to said rotating-drum pumping means.
NUM  6.
PAR  6. A molecular vacuum pump arranged according to claim 1, wherein said
      predetermined number of stages of said turbo-molecular pumping means are
      determined for said predetermined gases to provide a compression ratio for
      said turbo-molecular pumping means of the same order as the ratio of the
      volume output of said turbo-molecular pumping means and said rotating-drum
      pumping means.
NUM  7.
PAR  7. A molecular vacuum pump arrangement comprising:
PA1  turbo-molecular pumping means for providing evacuation of predetermined
      gases, said turbo-molecular pumping means including a predetermined number
      of stages,
PA1  rotating-drum pumping means directly connected to said turbo-molecular
      pumping means for providing further evacuation of said predetermined
      gases,
PA1  wherein said turbo-molecular pumping means includes an outlet corresponding
      to an inlet of said rotating-drum pumping means, and
PA1  shaft means for rotatably supporting rotating elements of both of said
      turbo-molecular pumping means and said rotating-drum pumping means,
      wherein said shaft means includes a common shaft rotatably supporting a
      rotor of said turbo-molecular pumping means and a rotor of said
      rotating-drum pumping means,
PA1  wherein said rotor of said rotating-drum pumping means has a cylindrical
      surface, and wherein said rotating-drum pumping means includes a
      cylindrical stator having an internal face adjacent said cylindrical
      surface of said rotor, one of said cylindrical surface and said internal
      face being provided with a plurality of helical grooves,
PA1  wherein the part of said rotating-drum pumping means being provided with
      said grooves is removably attached to said rotating-drum pumping means,
      and
PA1  wherein said shaft means includes a removable support housing to which said
      part of said rotating-drum pumping means with said plurality of grooves is
      removably attached, said support housing further supporting said rotatable
      shaft to which said respective rotors are connected.
NUM  8.
PAR  8. A molecular vacuum pump arrangement according to claim 7, wherein said
      rotatable shaft is supported in said support housing by means of fluid
      bearings.
NUM  9.
PAR  9. A molecular vacuum pump arrangement comprising:
PA1  turbo-molecular pumping means for providing evacuation of predetermined
      gases, said turbo-molecular pumping means including a predetermined number
      of stages,
PA1  rotating-drum pumping means directly connected to said turbo-molecular
      pumping means for providing further evacuation of said predetermined
      gases,
PA1  wherein said turbo-molecular pumping means includes an outlet corresponding
      to an inlet of said rotating-drum pumping means, and
PA1  shaft means for rotatably supporting rotating elements of both of said
      turbo-molecular pumping means and said rotating-drum pumping means,
      wherein said shaft means includes a common shaft rotatably supporting a
      rotor of said turbo-molecular pumping means and a rotor of said
      rotating-drum pumping means,
PA1  wherein said rotor of said rotating-drum pumping means has a cylindrical
      surface, and wherein said rotating-drum pumping means includes a
      cylindrical stator having an internal face adjacent said cylindrical
      surface of said rotor, one of said cylindrical surface and said internal
      face being provided with a plurality of helical grooves, and
PA1  wherein each of said plurality of helical grooves is subdivided in the
      direction downstream from said inlet toward an outlet of said
      rotating-drum pumping means.
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ABST
PAL  An apparatus for damping the pressure increase of hydrostatic drives,
      especially axial piston pumps, with swash plate control and pre-biased oil
      circulation, wherein the pressurized oil compartment of an adjustment
      cylinder is connected with the low pressure side of the oil infeed of the
      pump via a check or nonreturn valve which opens in the direction of the
      low pressure conduit of the oil infeed. There is further provided a supply
      pump and a mechanical adjustment mechanism. The adjustment cylinder is
      rigidly connected with the mechanical adjustment and the bottom side of
      the adjustment cylinder is connected via a regulation throttle and a check
      valve means with the pressure side of the supply pump.
PARN
PAC  CROSS-REFERENCE TO RELATED CASE
PAR  This is a divisional application of my commonly assigned, copending U.S.
      application Ser. No. 333,652, filed FEB. 20, 1973 now U.S. Pat. No.
      3,854,847.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      apparatus for damping the pressure increase of hydrostatic drives wherein
      a controllable axial piston pump, preferably equipped with a swash or
      wobble plate, drives a motor or selectively the hydraulic cylinder of a
      concrete pump.
PAR  With such type drives oftentimes there occur rapid load changes at the
      motor, even if such operates at a constant rotational speed. In the case
      of concrete pumps operating according to a rotor principle or piston
      displacement principle, such is the case if, after each stroke change or
      after each operable activity of a displacement roller, the concrete
      column, which is at rest during the stroke change in the conveying line,
      again must be accelerated. The rotational movement of the oil motor or the
      speed of the piston rods of the conveying cylinder is always a uniform one
      because it is acted upon by a displacement pump.
PAR  The large forces required for the renewed acceleration of the concrete
      column leads to a brief high pressure increase at the high pressure side
      of the drive. The pressure peaks are so high that the overpressure valve
      responds and there is perceivable a certain development of heat. On the
      other hand, the sudden accelerated concrete column produces undesirable
      reaction forces which, for instance, can result in the concrete line or
      conduit being exposed to impacts.
PAR  In order to overcome these drawbacks it would be conceivably possible,
      after each stroke reversal or change, to rock the hydraulic pump into its
      null conveying position and to allow such to be slowly controlled in order
      to realize a slow feed of the concrete column. Yet in practice this is not
      possible for a number of reasons, particularly also because the time-span
      between the point in time of reversing the control of the conveying
      pistons and the moment at which such impinge against the concrete columns
      and begin to accelerate such occur quite differently, depending upon the
      composition of the concrete and the operating speed of the pump.
PAR  To avoid such acceleration peaks which oftentimes exceed 200% of the
      conveying pressure, it is equally not possible to employ the known
      pressure compensation. During conveying of the concrete the pressure level
      continuously changes because the consistency of the concrete and the
      length of the conveying conduit or line varies.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it will be recognized that this particular field of technology is
      still in need of apparatus for damping the pressure increase at
      hydrostatic drives in a manner which effectively and reliably overcomes
      the aforementioned drawbacks existing in the state-of-the-art
      constructions. It is therefore a primary object of the present invention
      to provide an apparatus which effectively and reliably fulfills the needs
      existing in the art and overcomes the aforementioned drawbacks present
      with the prior art constructions.
PAR  Another and more specific object of the present invention aims at limiting
      the speed of increase of the pressure whenever the pressure increase
      occurs and irrespective of its magnitude, and specifically particularly
      during constant rotational speed of the pump or the oil motor or during
      uniform speed of the conveying cylinder.
PAR  Now in order to implement these objects and others which will become more
      readily apparent as the description proceeds, the invention proposes a
      novel solution while resorting to the use of a phenomenon which previously
      was considered to be disadvantageous. In most of the hydrostatic pumps,
      especially however axial piston pumps with swash or wobble plate control,
      during the pressure increase there occurs an increased escape of leakage
      oil. This can be essentially explained in terms of the variable gap widths
      under which the control plates of such pumps move towards one another with
      and without pressure. With a closed circulatory flow, this leads to the
      result that with a sudden pressure increase the conveyed quantity of the
      supply pump is often not sufficient. As a result, the pre-bias of the oil
      collapses at the low pressure side, leading to annoying and damaging
      cavitation effects. As soon as the maximum pressure has been reached, the
      escape of leakage oil again assumes normal values.
PAR  Since most of the hydraulic pumps in modern drives are no longer
      mechanically controlled as concerns their conveying length, rather through
      the agency of hydraulic adjustment cylinders, for instance as a function
      of the rotational speed of the drive motor, the invention proposes that
      with a hydraulic pump, preferably an axial piston pump having a swash or
      wobble plate control, and which pump is equipped with a hydraulic
      adjustment cylinder and at the pre-biased oil circulation system with a
      supply pump and the therewith associated conventional filling pressure
      limiting devices, flushing and reversing valves, the pressurized oil
      compartment of the adjustment cylinder is connected with the low pressure
      side oil circulation system of the pump via a check valve. When there is a
      pressure drop at the low pressure side owing to an increased leakage oil
      consumption, pressurized oil flows out of the control cylinder through the
      check valve to the low pressure side of the pump and this check valve then
      prevents flow of the oil in the opposite direction. Consequently, there is
      thus temporarily prevented rocking or swiveling of the pump and therefore
      the pressure increase velocity at the pressure line.
PAR  With the apparatus of the type proposed by the invention, wherein the
      conveyed quantity is controlled independently of the conveying pressure by
      means of internal servo-adjustment of the swash or wobble plate, the
      servo-control advantageously embodies an external adjustment lever hinged
      with the outer adjustment cylinder, and the inner adjustment cylinder
      likewise possesses a connection with the low pressure line in which the
      check valve is arranged. The outer adjustment cylinder advantageously
      possesses a spring, the restoring force of which corresponds to a pressure
      which is only slightly less than the pressure prevailing at the low
      pressure line of the pump. Both the outer adjustment cylinder as well as
      also the low pressure line connected with such cylinder via the check
      valve as well as also the servo-valve are supplied by an external
      auxiliary pump.
PAR  An advantageous further embodiment of the apparatus consists in the
      features that the servo-valve is coupled via a check valve with the
      auxiliary pump. The supply pump which is usually flanged to the pump can
      then be dispensed with for this type of modified equipment.
PAR  A further variant construction of the apparatus of this development
      contemplates that when dispensing with the use of an auxiliary pump and a
      throttle arranged after such auxiliary pump, the adjustment cylinder is
      connected with a mechanical adjustment mechanism and the side at the floor
      or bottom of the adjustment cylinder is connected via a regulating
      throttle and a check valve with the servo-control pressure side of the
      pump.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      at the annexed drawings wherein:
PAR  FIG. 1 illustrates an exemplary embodiment of apparatus possessing an
      internal servo-adjustment of the swash or wobble plate of an axial piston
      pump and an auxiliary pump; and
PAR  FIG. 2 is a modified form of the apparatus depicted in FIG. 1 without an
      auxiliary pump.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, it is to be understood that at the momentary
      low pressure side 1a of the main circulation system 50 of the pump 1, oil
      is conveyed from a supply pump 5, which is protected by a filling
      pressure-safety valve 6, through the agency of a check valve or nonreturn
      valve 7. For the sake of simplicity in illustration, the circulation
      system has only been depicted for a non-reversible pump which conveys in
      one direction. The supply pump 5 also conveys oil to a servo-valve
      mechanism 10 by means of which the piston 8a of an inner or internal
      adjustment cylinder 8 can be outwardly displaced or ejected. The piston
      rod 8b thereof is connected via a rigid mechanical connection 9 with an
      adjustment element, schematically indicated at 9a, of a conventional and
      therefore not particularly illustrated swash plate of the pump 1. Between
      the piston rod 8b of the adjustment cylinder 8 and the servo-valve
      mechanism 10 there is provided a mechanical return device 20. As soon as a
      shaft 4 drives the pump 1 then this pump, by means of a servo-adjustment,
      is switched to the desired delivery capacity when the adjustment lever 12
      of the servo-valve mechanism 10 is rocked out of its null position. This
      occurs under the action of the external or outer hydraulic adjustment
      cylinder 13, the piston 13a of which is retained in its null position
      through the agency of a return spring 17. In the embodiment under
      consideration the required adjustment pressure is generated by an
      auxiliary pump 14 which, as a general rule, is driven by the same motor as
      the pump 1 and therefore has a rotational speed proportional to the pump 1
      and conveys in the direction of a regulation throttle 15.
PAR  With a certain adjustment of the throttle 15 the control oil pressure which
      is effective in the adjustment cylinder 13 increases proportionally as a
      function of the rotational speed of the drive motor. At a certain
      rotational speed the pre-bias force of the spring 17 is overcome, the
      piston 13a of the adjustment cylinder 13 is displaced within the
      compartment 13b of the adjustment cylinder 13, and therefore, the pump 1
      is switched over into its delivery or conveying mode via the servo
      mechanism 10 which is acted upon by the adjustment lever 12. The auxiliary
      pump 14 generates a maximum oil pressure which, limited by the throttle 15
      and, if desired, a further overpressure valve, preferably is at a value
      slightly below the low pressure prevailing in the conduit or line 3.
PAR  Now if with a constant rotational speed there occurs an operating condition
      for the main pump 1 which results in a rapid rather pronounced pressure
      increase at the high pressure conduit or line 2, then there is an
      increased leakage oil escape out of the closed working circuit into the
      pump housing which is vented to the tank and which with normal
      dimensioning of the supply pump 5 can no longer be made up by the latter.
      As a result, there is present a pressure drop at the low pressure line 3
      and therefore the danger that cavitation effects occur. However, such is
      prevented by the check valve 16 through which the pressurized oil flows
      into the low pressure line 3 from the auxiliary pump 14 or the control
      chamber of the adjustment cylinder 13. With an auxiliary pump 14 which is
      designed as concerns its delivery capacity to the corresponding operating
      conditions, the return spring 17 accordingly can displace the piston 13a
      through a greater or lesser extent into the adjustment cylinder 13. As a
      result the conveyed quantity of the main pump 1 is temporarily reduced via
      the adjustment lever 12 and the servo-mechanism 10 and specifically for
      such length of time as there exists the increased consumption of leakage
      oil due to the increase in pressure and which exceeds the delivery
      capacity of the supply pump 5 and the auxiliary pump 14.
PAR  Due to this cooperative action there is not only madeup the increased
      leakage oil consumption of the pump but at the same time owing to the
      reduction of the angle of attack of the wobble plate the pressure increase
      is limited by the reduced delivered capacity or conveyed quantity. The
      speed of the pressure increase can be controlled in a simple manner in
      that the delivered capacities of the supply pump 5 and the auxiliary pump
      14 are coordinated to one another. For instance, the supply pump 5 can
      possess a constant delivery capacity starting from a certain rotational
      speed; the main pump then operates at high rotational speeds and higher
      pressure loads in an increasing softer manner with respect to the pressure
      increase.
PAR  With a pressure drop in the low pressure conduit or line 3 there is not
      only infed thereto oil from the outer adjustment cylinder 13 but also from
      the inner adjustment cylinder 8 via the check valve 18.
PAR  Now with the modified version of equipment as depicted in FIG. 2, and
      wherein here no auxiliary pump is provided, the housing of the adjustment
      cylinder 13 is rigidly connected with a mechanical adjustment mechanism.
      The adjustment cylinder 13 serves as an intermediate element in the
      mechanical adjustment. The floor or bottom side of the adjustment cylinder
      13 is continuously connected via a regulation or control throttle 52 and a
      check valve 11 with the servo-control pressure side of the supply pump 5.
PAR  If the pump is mechanically switched into its conveying or delivery mode
      and if during operation thereof there occurs a sudden increase in
      pressure, then, the piston 13a of the adjustment cylinder 13 can
      temporarily discharge fluid via the check valve 16 into the low pressure
      conduit or line 3. The compartment 13b of the adjustment cylinder 13 is
      less rapidly charged by the supply pump 5. As a result, there is a
      temporary pivoting back of the adjustment lever 12, that is to say, a
      decrease in the delivery or conveying capacity of the pump 1 with
      subsequent repositioning of the adjustment lever after the pressure
      increase in the main conduit or line 2 has slowly been completed.
PAR  The speed of the pressure increase is limited in known manner for all
      servo-controlled pumps by an inflow throttle arranged forwardly of the
      servo-slide valve mechanism 10, which can also be designed to be
      controllable. An apparatus of the described type can also be separately
      installed in a very simple manner as a supplementary unit at drives of
      this type which are already in operation.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for damping the pressure increase of hydrostatic drives,
      especially axial piston pumps with swash plate control and pre-biased oil
      circulation system, the improvement comprising an adjustment cylinder
      having a pressurized oil compartment, a pump, an oil infeed means
      including an oil infeed line for the pump, a first check valve, the
      pressurized oil compartment of the adjustment cylinder being flow
      connected with the low pressure side of the oil infeed line of the pump
      via said first check valve, said first check valve opening in the
      direction of the low pressure infeed line, a servo-adjustment means
      including an external adjustment lever hingedly connected with the
      adjustment cylinder, a supply pump, a mechanical adjustment mechanism,
      said adjustment cylinder being rigidly connected with and axially movable
      by the mechanical adjustment mechanism, the pressurized oil compartment of
      the adjustment cylinder being connected via a regulation throttle and a
      second check valve with the pressure side of the supply pump.
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ABST
PAL  Apparatus for use in processing molten plastics is connected to a
      polymerisation vessel and has an outlet, a pump and three-way gate valve
      downstream of the pump. The three-way valve has an inlet connected to the
      pump, an outlet connected to the vessel and an outlet connected to the
      outlet of the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus for use in processing molten plastics,
      particularly but not exclusively for use in extruding plastics strands in
      the production of plastics granulate.
PAR  Plants for the production of plastics granulate comprise a polymerisation
      vessel and a pump disposed downstream thereof and adapted to deliver the
      molten plastics into a die head from whose die bores plastics strands are
      discharged downwardly. The strands are then taken up by a haul-off and
      cooling device in which the plastics strands become hardened whereupon
      they are granulated. The process which takes place in the polymerisation
      vessl normally requires several hours during which the product polymerises
      while being constantly stirred. The plastics granulate is therefore
      produced in batches. During the entire period it is necessary not only for
      the polymerisation vessel to be heated but for all parts of the plant
      between the polymerisation vessel and the die head to be heated in order
      to avoid solidification in such parts of the apparatus of the plastics
      derived from the last processed batch, an effect which would render the
      plant useless. It is therefore not possible to avoid temperature-sensitive
      plastics becoming thermally damaged in the hot pipe lines and ports
      between the polymerisation vessel and the die head during the
      polymerisation process. Operation with known plants therefore made it
      necessary to discard the batch of granulate which was initially produced.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to limit such losses of plastics.
PAR  According to the present invention there is provided apparatus for use in
      processing molten plastics, including means for connection to a
      polymerisation vessel, an outlet, a pump, and a three-way valve downstream
      of the pump, the three-way valve having an inlet which is connected to the
      pump, an outlet for connection to the vessel and another outlet connected
      to the outlet of the apparatus.
PAR  The inventor has proceeded from the fundamental consideration that the
      quantities of thermally damaged plastics, which are small by comparison to
      the contents of the polymerisation vessel can be mixed with the material
      of a fresh batch.
PAR  The outlet of the apparatus will, in use, be connected to an extrusion die.
PAR  With this apparatus it is possible, on completion of the polymerisation
      process, to flush the pipe line and port system with fresh polymerised
      material as far as a position immediately in front of the die head when
      the three-way valve is in one position, the fresh polymerised material
      together with the plastics residue of the last batch being pumped back
      into the polymerisation vessel where it is mixed with fresh polymerised
      material, for example, by means of an agitator. The production of plastics
      strands then commences after the three-way valve is changed over.
PAR  Particularly rapid changeover of the three-way valve can be ensured if the
      said valve is a gate valve operated by pressure medium.
PAR  In the course of efforts directed towards obtaining the least loss of
      quality of the plastics granulate resulting from thermally damaged
      plastics it is also advisable to provide the apparatus according to the
      invention with at least two pumps, connected in parallel, instead of only
      one pump. This provides the advantage that a specific delivery rate can be
      achieved with pumps which operate more slowly and generate less heat so
      that the risk of thermal damage to the plastics material in the pump is
      avoided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of this invention will now be described, by way of example
      only, with reference to the accompanying drawing in which:
PAR  FIG. 1 is a vertical section through a part of apparatus for producing
      plastics granulate, the figure being confined only to the beginning of a
      haul-off and cooling device for the extruded plastics strands;
PAR  FIG. 2 is a section along the line 2-2 of FIG. 1; and
PAR  FIG. 3 is a section along the line 3-3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 discloses the bottom of a double-walled polymerisation vessel 10
      which can therefore be heated by means of a thermal oil medium but is not
      shown. A batch of the plastics which is to be processed into granulate is
      polymerised in the aforementioned vessel. The bottom of the vessel is
      provided with an outlet valve, referenced in its entirety with the number
      12 and adapted to be operated through its shaft 12a in a manner which is
      not shown. The polymerisation vessel communicates through a connecting
      pipe 14 with a pumping unit of which only one pump casing 16 and an inlet
      pipe 18 and an outlet pipe 20 is shown. Two parallel connected pumps, for
      example, gear pumps, should be provided between the inlet pipe and the
      outlet pipe. To heat this part of the plant the connecting pipe 14 is
      surrounded by a jacket 14a and the pump casing 16 is double-walled.
PAR  The pumping unit communicates with a distributor housing 22 through the
      outlet pipe 20, the distributor housing incorporating an inlet pipe 24, an
      outlet pipe 26, a riser 28 and a gate valve which is referenced in its
      entirety by the numeral 30. The pumping unit communicates with the gate
      valve through the inlet pipe 20, the gate valve communicates with the die
      head, referenced in its entirety with the numeral 32, through the outlet
      pipe 26 and the gate valve finally communicates with the polymerisation
      vessel 10 in a manner not shown by means of the riser pipe 28.
PAR  No detailed description of the die head 32 is necessary because it is not
      subject of the present invention.
PAR  The plastic strands 34 which are extruded downwardly from the die head are
      taken up by a haul-off and cooling device 36 of which only the feed
      rollers 36a are shown.
PAR  A liquid thermal medium can be conducted through the interior 22a of the
      distributor housing 22 so that the latter can be heated in its entirety.
PAR  As may be seen by reference to FIGS. 1 and 3 the gate valve 30,
      representing a three-way valve comprises a valve gate 40 and a distributor
      plate 42 cooperating therewith and having three ports 44, 46 and 48, the
      distance between said ports corresponding to the length of a U-shaped
      recess 50 in the valve gate 40. In the gate position shown in FIG. 3 the
      inlet pipe 24 communicates with the outlet pipe 26 while FIG. 3 shows in
      dash-dot lines the position of the valve gate in which the inlet pipe
      communicates with the riser pipe 28. The valve gate is operated by a
      pneumatic cylinder 52 to whose piston rod 52a the valve gate is jointed at
      54.
PAR  While a new batch is being polymerised in the polymerisation vessel it is
      possible for heat-sensitive plastics deriving from the processing of the
      last batch and filling the plant between the polymerisation vessel and the
      gate valve 30 to be thermally damaged because all parts between the
      polymerisation vessel and the die head 32 must be heated in order to avoid
      solidification of the plastics. In the illustrated embodiment a
      substantial part of the quantity of molten plastics derived from the last
      batch is now, according to the invention and prior to the preparation of
      granulate from the newly prepared charge, largely carried back to the
      polymerisation vessel and is there mixed with the fresh polymerisate. For
      this purpose, the valve gate 40 is placed in its right-hand position
      according to FIG. 3 (illustrated by dash-dot lines), whereupon the outlet
      valve 12 is opened and the pumping unit is started. The latter now pumps
      molten plastic of the fresh polymerisate through the connecting pipe 14,
      the pumping unit itself, the inlet pipe 24, the gate valve 30, and through
      the riser 28 back to the polymerisation vessel, where with the help of a
      stirrer, not shown, an intimate mixing is brought about. Subsequently the
      gate valve 30 is positioned, so that the valve gate 40 connects the inlet
      pipe 24 with the outlet pipe 26. At the start of the extrusion process
      only a very small amount of the molten plastic derived from the preceding
      charge will be pressed out of the die head 32, namely, that plastic which
      was still present in the outlet pipe 26 and in the die head itself.
      However, in some cases, this plastic will have previously run off under
      the influence of gravity and could be led into a waste container.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing plastics granulate from batches of freshly
      polymerized molten plastics including in combination a polymerization
      vessel in which a batch of plastics is polymerized, an extrusion die, a
      supply line connecting said polymerization vessel to said extrusion die,
      said supply line comprising a pump and downstream of said pump a three-way
      valve having an inlet duct connected with said pump and a first outlet
      duct and a second outlet duct, said first outlet duct being connected with
      said extrusion die and a recycling line connecting said second outlet duct
      with said polymerisation vessel, said valve being actuatable between a
      first position thereof in which said first outlet duct is connected to
      said inlet duct for the extrusion of plastic strands to be granulated and
      a second position of said valve in which said second outlet duct is
      connected with said inlet duct for flushing all of the supply line between
      the vessel and the valve and the pump and the valve itself and the
      recycling line after completion of the polymerization process and prior to
      starting of the extrusion process.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the three-way valve is a gate
      valve.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein the gate valve is operated by
      pressure medium.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, including at least two parallel
      connected pumps in said supply line.
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ABST
PAL  A rubber material is sequentially injected into a plurality of elongated
      molds positioned within a corresponding plurality of vertical hydraulic
      presses arranged in a row. The material is injected into each mold by a
      pair of injection molding machines which are arranged in side-by-side
      relation and are supported by a carriage for both axial and lateral
      movement as a unit. Each of the molds has a set of mold sections which are
      supported by upper and lower platens of the corresponding press, and each
      press includes a set of vertical tie rods which are spaced longitudinally
      along the mold and are actuated by hydraulic cylinders for rigidly
      clamping the platens and mold sections together. The tie rods have upper
      end portions which are releasably locked to the upper mold platen by a
      laterally movable latch mechanism. After a molding cycle, the latch
      mechanism is released, and the tie rods are retracted downwardly. The mold
      is then opened, and the upper and lower mold sections within each press
      are automatically moved or shifted laterally through the paths of the tie
      rods by a mold transfer mechanism. The transfer mechanism also positions
      the upper mold section so that it slopes upwardly and the lower mold
      section slopes downwardly to provide for conveniently removing the molded
      parts. The mold sections are then automatically returned to the press and
      closed, and the tie rods are extended and latched for the next molding
      cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the molding of an elongated rubber article or part having substantial
      length, it is sometimes desirable to provide for removing the mold from
      the press after each molding operation to provide for more convenient
      removal of the molded rubber part or parts from the mold. Preferably, when
      the mold has substantial length, it is desirable to move the mold
      laterally outwardly from between the mold support platens of the press in
      order to minimize the distance and time for moving the mold into and out
      of the press.
PAR  It has also been found that the molding of an elongated part having
      substantial length, usually requires that the mold sections and the mold
      support platens of the hydraulic press be constructed with substantial
      mass and rigidity so that when the mold support platens are pressed
      together, the mold sections are also pressed together with generally
      uniform pressure along the length of the mold sections. This distribution
      of the clamping force is desirable to avoid any separtion of the mold
      sections by the substantial pressure developed in the mold cavity or
      cavities when the rubber material is forced into the mold from the
      injection molding machine. The substantial mass of the mold sections and
      of the mold support platens significantly increase the weight, size and
      cost of the mold and of the hydraulic molding press.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to improved injection molding apparatus
      which is ideally suited for efficiently molding rubber articles or parts
      of substantial length and which provides for minimizing the size and mass
      of both the press and mold. The apparatus of the invention includes an
      improved hydraulic press which assures that the elongated mold sections
      are held together with a substantial force distributed uniformly along the
      length of the mold. In addition, the apparatus provides for quickly
      removing the mold sections laterally from the press after the mold
      sections are opened and for positioning the mold sections where the press
      operator may quickly and conveniently remove the molded rubber part or
      parts from the mold sections. As a result, the apparatus of the invention
      provides for significantly increasing the rate of producing or molding a
      high volume of large rubber parts by significantly reducing the time of
      the molding cycle.
PAR  In accordance with preferred embodiments of the invention, the above
      features and advantages are provided in apparatus which includes a series
      of vertical hydraulic presses arranged in a row. Each press includes a set
      of upper and lower platens which support corresponding sections of an
      elongated mold. Each mold has laterally spaced cavities which receive
      rubber material from a pair of injection molding machines positioned in
      side-by-side relation. The machines are supported for both axial and
      lateral movement as a unit by a carriage mounted on a set of tracks
      extending parallel to the row of hydraulic presses.
PAR  Each of the hydraulic presses includes a set of vertical tie rods which are
      spaced longitudinally along the length of the corresponding mold, and the
      upper end portions of the tie rods are releasably secured to the upper
      platen of the press by a laterally moving latch plate. The tie rods are
      supported for axial movement by the lower platen of the press and are
      retractable downwardly as a unit in response to actuation of a set of
      longitudinally spaced hydraulic cylinders depending from the lower platen
      of the press and connected to a common actuator plate for the tie rods.
      After the tie rods are retracted and the press is opened, the mold
      sections are automatically removed laterally from the press by a mold
      transfer mechanism which tilts the lower mold section downwardly and tilts
      the upper mold section upwardly to expose the inner surfaces of the mold
      sections for conveniently removing the molded rubber parts.
PAR  Other features and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of injection molding apparatus constructed in
      accordance with the invention and with the upper portion of one of the
      molding presses broken away to show the position of an elongated mold;
PAR  FIG. 2 is a side elevational view of an injection molding machine and one
      of the hydraulic presses, as taken generally on the line 2--2 of FIG. 1;
PAR  FIG. 3 is an elevational side view of a hydraulic press, as taken generally
      on the line 3--3 of FIG. 2;
PAR  FIG. 4 is an end elevational view of the injection molding machines, as
      taken generally on the line 4--4 of FIG. 1;
PAR  FIG. 5 is a fragmentary elevational view of the hydraulic press shown in
      FIG. 3, illustrating the press in its closed position and the tie rods in
      their retracted positions;
PAR  FIG. 6 is a fragmentary view similar to FIG. 5 and showing the press in its
      open position and the mold removed;
PAR  FIG. 7 is a lateral section of the elongated mold shown in FIG. 1;
PAR  FIG. 8 is a top view of a hydraulic press constructed in accordance with a
      modification of the invention and illustrating a modified tie bolt
      latching mechanism in its released position;
PAR  FIG. 9 is a fragmentary view similar to FIG. 8 and showing the latching
      mechanism in its latched or locked position;
PAR  FIG. 10 is a fragmentary elevational end view of a press shown in FIGS. 8
      and 9 and illustrating its relation to a corresponding mechanism for
      automatically transferring mold sections laterally into and out of the
      press;
PAR  FIG. 11 is a horizontal section taken generally on the line 11--11 of FIG.
      10; and
PAR  FIG. 12 is a fragmentary elevational view similar to FIG. 10 and showing a
      set of mold sections removed from the press and positioned for removal of
      the molded parts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a pair of rubber injection molding machines 15 are
      mounted on a platform 16 in side-by-side parallel relation, and each
      machine 15 includes an elongated cylindrical barrel 18 which encloses an
      injection screw (not shown) driven by a motor 20. The barrel 18 of each
      machine 15 supports an injection nozzle 22 through which is ejected a
      heated compound of elastomeric rubber material supplied to the machine 15.
      It is to be understood, however, that the specific construction of each of
      the injection molding machines 15 forms no part of the present invention.
PAR  The platform 16 which supports the molding machines 15, is supported for
      longitudinal or axial movement of the machines 15 by parallel spaced
      tracks 24 which are mounted on a bed member 26 of a carriage 28. The
      carriage 28 includes a set of wheels 29 which are mounted on an axle 31
      and which rest upon a pair of elongated parallel spaced tracks 32
      extending along the floor at right angles with respect to the tracks 24 on
      the carriage bed member 26. A corresponding set of hydraulic motors 34
      (FIG. 2) are connected to drive the axles 31 for moving the molding
      machines 15 laterally as a unit along the tracks 32. A double-acting
      hydraulic cylinder 36 (FIGS. 1 and 2) provides for moving the platform 16
      and the molding machines 15 axially as a unit so that by actuation of the
      motors 34 and cylinder 36, the molding machines 15 may be sequentially
      presented as a unit to a plurality of four elongated molds 40 supported by
      a corresponding plurality of four molding presses 45 arranged in a row
      extending parallel to the carriage support tracks 32.
PAR  In one molding apparatus which has been tested and provided highly
      desirable results, each of the molds 40 was of substantial size and had a
      length of approximately 84 inches and a width of approximately 32 inches.
      As shown in FIG. 7, each of the molds 40 consists of a base or lower mold
      section 42 which mates with an upper mold section 44 covered by a top mold
      section 46. The mold sections 42 and 44 cooperate to define a pair of
      generally parallel cavities 48 which extend longitudinally of the mold 40,
      as illustrated in FIG. 1. The cavities 48 receive the rubber material
      ejected from the machines 15 through a set of vertical sprue passages 49
      (FIG. 7) which connect with a pair of laterally extending and
      longitudinally spaced runner passages 52 defined between the upper mold
      section 44 and top mold section 46. The horizontal runner passages extend
      to one side edge of the mold 40 and terminate at corresponding seat
      members 53. In the molding apparatus which was constructed and tested, and
      for purposes of illustration, each of the cavities 48 was formed to
      produce an elongated molded rubber part or strip which is adapted for use
      on an automobile for covering the gap between the front bumper and the
      body of the vehicle.
PAR  Referring to FIGS. 2 and 3, each of the presses 45 includes a substantially
      rectangular lower platen 54 and an upper platen 56 which have opposing
      flat parallel surfaces for supporting the corresponding lower mold section
      42 and the top section 46 of the corresponding mold 40. The support for
      the upper mold section 44 will be described later. Each set of the
      rectangular platens 54 and 56 are greater in width than the mold 40, as
      shown by the press at the right in FIG. 1.
PAR  A set of four hydraulic cylinders 58 are mounted on the ends of the lower
      platen 54 and include corresponding upwardly projecting piston rods 59
      which are connected to the upper platen 56. Actuation of the cylinders 58
      provides for moving the upper platen 56 between a lower or a closed
      position (FIGS. 2, 3 and 5) and an elevated or open position (FIG. 6) to
      effect opening and closing of the sections of the corresponding mold 40.
PAR  A set of two parallel rows of vertical tie rods 60 extend through the lower
      platen 54 along opposite longitudinal sides of the mold 40, and each tie
      rod 60 is supported for axial vertical movement by a cylindrical bushing
      (not shown) confined within a corresponding vertical bore formed within
      the lower platen 54. The lower end portions of the tie rods 60 extend
      through corresponding vertical bores within a horizontal actuating plate
      or member 62 and are rigidly secured to the actuating member 62 by
      corresponding cylindrical nuts 63.
PAR  A set of hydraulic cylinders 65 are arranged in two parallel rows (FIG. 2)
      between the tie rods 60, and the upper end portions of the cylinders 65
      project into the lower mold support platen 54 which contains all of the
      fluid passages for actuating the cylinders 65. Each of the cylinders 65
      includes a piston rod 66 which extends downwardly and is rigidly connected
      to the actuating plate or member 62. As is apparent from FIG. 2, the lower
      portions of the presses 45 are located within a large pit or recess formed
      within the floor which supports the tracks 32.
PAR  A cylindrical nut 68 is threadably connected to the upper end portion of
      each of the tie rods 60, and the upper platen 56 is provided with a set of
      clearance holes or bores (not shown) for receiving the nuts 68 and the
      corresponding tie rods 60. A substantially flat rectangular latch plate 72
      is mounted on the upper surface of the upper platen 56 of each press 45,
      and a set of keyhole shaped holes or openings 74 are formed within the
      latch plate 72 in two parallel rows for receiving the corresponding nuts
      68 and tie rods 60. The latch plate 72 is supported for lateral sliding
      movement in response to actuation of a hydraulic cylinder 76. The
      hydraulic cylinder 76 is mounted on the upper platen 56 within a
      rectangular opening 77 formed within the center of the latch plate 72 and
      has a piston rod which is connected to the latch plate. By actuation of
      the cylinder 76, the latch plate 72 is movable laterally on top of the
      upper platen 56 between a locked position, as shown by the two middle
      presses 45 in FIG. 1, and an unlocked or released position, as shown by
      the press at the left in FIG. 1.
PAR  After a mold 40 is moved laterally into the corresponding press 45, as will
      be explained later, the mold 40 is closed by actuation of the cylinders 58
      to retract the piston rods 59 and the upper platen 56 to the positions
      shown in FIGS. 2 and 3. The cylinders 65 are then actuated to retract the
      piston rods 66 so that the plate member 62 is elevated and the upper
      portions of the tie rods 60 are moved upwardly through the corresponding
      bores within the upper platen 56. The latch plate 72 is then shifted
      laterally by actuation of the cylinder 76 so that the latch plate 72 moves
      under the cylinder nuts 68 on the upper ends of the tie rods 60. The
      cylinders 65 are then actuated in the opposite direction so that the
      piston rods 66 press downwardly on the plate member 62, thereby clamping
      or pressing the platens 54 and 56 together along the entire length of the
      mold 40 positioned between the platens.
PAR  While the mold 40 is being clamped between platens 54 and 56, the two
      injection molding machines 15 are shifted laterally on the tracks 32 to
      positions where the nozzle members 22 align with corresponding seat
      members 53 on the mold 40. The molding machines 15 are then shifted
      axially as a unit towards the mold 40 so that the nozzle members 22 engage
      the seat members 53. After the rubber material is injected into the mold
      cavities 48 through the longitudinally spaced sets of passages 49 and 52,
      the molding machines 15 are retracted by actuation of the cylinder 36 and
      are then shifted laterally on the tracks 32 to the next adjacent press 45.
PAR  After the molded rubber parts within the mold cavities 48 are cured, the
      hydraulic cylinders 65 are actuated to retract the piston rods 66 and
      release the clamping force exerted by the tie rods 60. The latch plate 72
      is then shifted laterally to its released position, and the tie rods 60
      are retracted downwardly to their retracted positions (FIG. 5) by
      extension of the piston rods 66 of the cylinders 65. The mold 40 is then
      moved to an open position of the press (FIG. 6) by actuating the cylinders
      58 to elevate the upper platen 56 and thereby elevate the mold sections 44
      and 46 relative to the lower mold section 42.
PAR  FIGS. 8 and 9 show a modified latching mechanism for locking the upper
      platen 56 to a set of eight tie rods 60' which project upwardly through
      corresponding bores within the upper platen 56' of a press 45'. In this
      embodiment, a generally rectangular latch plate 82 is supported for
      lateral movement adjacent the top surface of the upper platen 56' by a set
      of rollers 83 which engage a corresponding set of flat horizontal tracks
      84. The plate 82 includes a set of eight U-shaped notches or openings 87
      for receiving the upper end portions of the tie bolts 60' directly under
      the cylindricl nuts 68'. The latching mechanism for the tie bolts 60' also
      includes a rectangular frame 89 which is supported for lateral movement
      relative to the latch plate 82 by a set of rollers 91 mounted on the latch
      plate 82. The frame 89 carries a set of latch pads or bars 93 which oppose
      the corresponding set of U-shaped openings 87 on the opposite side of the
      tie rods 60'.
PAR  A pair of lever arms 96 are pivotally supported by corresponding studs 97
      which are secured to the upper platen 56', and a set of bolts 98 connect
      the opposite ends of each lever arm 96 to the latch plate 82 and the latch
      frame 89. Thus when the latch plate 83 is shifted laterally from its
      released position (FIG. 8) to its locked position (FIG. 9) by actuation of
      the hydraulic cylinder 76', the latch frame 89 and the latch bars 93
      automatically move from their released positions (FIG. 8) to corresponding
      latched positions (FIG. 9) so that the nut 68' on each tie rod 60' is
      backed up or supported substantially around its entire periphery. The
      latching mechanism or system shown in FIGS. 8 and 9 is particularly
      desirable on a press wherein the tension force on each tie rod is many
      tons resulting in an extremely high shearing force between each of the tie
      rods and the nut mounted on the upper end of the tie rod.
PAR  Referring to FIGS. 10-12, a mold transfer mechanism 100 is erected adjacent
      each press 45' on the side opposite to the side which is adjacent the
      injection molding machines 15. Each of the transfer mechanisms 100
      provides for transferring the sections 42' and 44' of the corresponding
      mold 40' between positions within the press 45' and laterally spaced
      positions where the molded parts may be conveniently removed. Each
      mechanism includes an inverted U-shaped frame formed by a pair of vertical
      columns 103 having lower ends secured to a foundation and upper ends
      rigidly connected by a cross frame member 104. The frame supports a set of
      parallel spaced tracks 106 each of which includes an upwardly curving
      track portion 108 secured to the adjacent upright frame members 103. A
      pair of parallel spaced horizontal frame members 110 extend from the lower
      platen 54' to the vertical frame members 103 and are also rigidly
      connected by an inverted U-shaped frame member 112.
PAR  A mold support table assembly 115 is positioned between the horizontal
      frame members 110 and is pivotally supported by a cross-shaft 116 (FIGS.
      11 and 12) which extends through a set of bearings 117 mounted on
      corresponding brackets 118 secured to the lower platen 54'. The table
      assembly 115 includes a pair of parallel spaced side plates 119 which are
      rigidly connected by a pair of parallel spaced cross-channel members 121.
      A set of rollers 122 are supported by the upper edge portions of the side
      plates 119.
PAR  A pair of endless conveyor chains 123 are positioned between the side
      plates 119 and extend around corresponding sprockets mounted on the shaft
      116 and on a cross-shaft 126 supported adjacent the outer edges of the
      side plates 119 by corresponding bearings 117. The chains 123 also extend
      around sprockets mounted on a cross-shaft 127 and around corresponding
      sprockets mounted on the output shafts of a set of reversible hydraulic
      motors 128 mounted on one of the channel members 121. The table assembly
      115 is movable between a horizontal position (FIG. 10) and a downwardly
      sloping position (FIG. 12) in response to actuation of a pivotally
      supported hydraulic cylinder 132 having a piston rod 133 connected to one
      of the side plates 119 by a pivot pin 134.
PAR  As shown in FIGS. 10 and 11, the lower mold section 42' is supported by a
      slightly larger rectangular platform 135 which has notches in its opposite
      end surfaces for receiving a corresponding set of rollers 137. The rollers
      137 engage a set of flat tracks 138 on the lower platen 54' and provide
      for moving the platform 135 and lower mold section 42' laterally relative
      to the lower platen 54' when the tie rods 60' are retracted downwardly
      into corresponding vertical counter bores 139 formed within the lower
      platen 54'.
PAR  A pair of brackets 140 (FIGS. 10 and 11) are mounted on a longitudinal edge
      of the platform 135 and pivotally support a corresponding pair of arms
      142. A downwardly facing U-shaped notch 143 (FIG. 10) is formed within
      each of the brackets 140, and a similar notch 144 (FIG. 12) is formed
      within the outer end portion of each arm 142. A set of parallel cross-rods
      146 (FIGS. 11 and 12) are secured to the conveyor chains 123 and are
      adapted to receive sequentially the notches 143 and 144 in an alternating
      manner, when the chains are driven by the reversible motors 128, as will
      be explained later.
PAR  A pair of upwardly projecting brackets 148 (FIG. 10) are secured to
      opposite corner portions of the platform 135, and each bracket includes a
      vertical slot 149. A pair of rollers 152 are mounted on the corresponding
      corner portions of the upper mold section 44'  and project outwardly into
      the slots 149 within the brackets 148. A set of rollers 154 (FIG. 10) are
      mounted on each end of the upper mold section 44' and engage corresponding
      horizontal tracks 156 each mounted within recesses on the adjacent pair of
      piston rods 59 of the hydraulic cylinders 58'. A set of brackets 158
      depend from the center of a rectangular plate 162 secured to the lower
      surface of the upper platen 56' and support a set of rollers 164 which are
      positioned to engage a corresponding set of brackets 166 projecting
      upwardly from the center of the upper mold section 44'. The top mold
      section 46' is secured to the lower surface of the plate 162.
PAR  When the press 45' moves from its closed position (not shown) to its open
      position (FIG. 10), the top mold section 46' rises directly with the upper
      platen 56'. The upward movement of the tracks 156 with the piston rods 59'
      elevates the upper mold section 44' to a position where the tracks 156 are
      level with the tracks 106. After the tie rods 60' are retracted, the two
      hydraulic motors 128 are energized in a direction to cause the platform
      135 and the lower mold section 42' to be pulled laterally outwardly
      through the vertical paths of one row of tie rods 60' and onto the rollers
      122 of the table assembly 115. As a result of the connection of the upper
      mold section 44' to the lower mold section 42' through the brackets 148
      and the rollers 149, the upper mold section 44' moves laterally outwardly
      with the lower mold section 42' and onto the stationary tracks 106.
PAR  After the platform 135 and the lower mold section 42' are positioned on the
      rollers 122 of the table assembly 115, the hydraulic motors 128 are
      stopped, and the hydraulic cylinder 132 is actuated to retract its piston
      rod 133 and tilt the table assembly 115 on the axis of the shaft 116 to a
      downwardly sloping position as shown in FIG. 12. The tilting of the
      brackets 148 causes a simultaneous outward movement of the upper mold
      section 44' along the upwardly curved track portions 108 so that the upper
      mold section 44' moves to an upwardly sloping position as also shown in
      FIG. 12. These positions of the lower mold section 42' and the upper mold
      section 44' provide for convenient removal of the molded rubber parts
      within the cavities 48 of the lower mold section 42' and also for removal
      of any sprues which might remain in the sprue passages 49 within the upper
      mold section 44'.
PAR  When the parts and sprues are removed, the hydraulic cylinder 132 is
      actuated to return the table assembly 115 to its horizontal position,
      after which the motors 128 are actuated in a reverse direction to retun
      the lower mold section 42' and the upper mold section 44' back into the
      open press, as shown in FIG. 10. The upper platen 56' is then lowered by
      actuation of the cylinders 58', and the mold sections 42', 44' and 46' are
      returned to their closed positions. The tie rods 60' are then elevated by
      actuation of the hydraulic cylinder 65', and the upper end portions of the
      tie rods 60' are locked to the upper platen 56' by the lateral shifting of
      the latch plate 82 and the latch frame 89. The cycle is then repeated for
      producing another set of rubber parts within the cavities 48. While the
      molded rubber parts are being cured and removed from the mold 40'
      associated within one of the presses 45', the injection molding machines
      15 are shifted laterally on the tracks 32 to another press 45', as
      described above in connection with FIG. 1, to obtain the maximum
      efficiency of operation of the molding apparatus and to obtain a maximum
      production of molded rubber parts.
PAR  From the drawings and the above description, it is apparent that an
      injection molding system apparatus constructed in accordance with the
      present invention provides a number of desirable features and advantages.
      For example, the apparatus is ideally suited for molding large or long
      rubber parts wherein it is desirable to remove the mold from each press
      after the injected rubber material has been cured within the mold so that
      the parts may be conveniently removed from the mold cavities. The
      arrangement of the tie rods 60 or 60' at longitudinally spaced intervals
      along the mold within each press, provides for clamping the mold sections
      together with substantial force which is uniformly distributed along the
      length of the mold. As a result, the mold sections and the upper and lower
      platens of each press may be more economically constructed with less mass.
PAR  Another important feature is provided by the latching mechanism for locking
      the tie rods 60 or 60' to the upper platen 56 or 56', respectively, and by
      the means of retracting the tie rods downwardly relative to the lower
      platen after the tie rods are released from the upper platen. This
      mechanism provides for quickly removing a mold laterally from the press
      after the molding operation so that the parts may be quickly and
      conveniently removed from the mold and for quickly returning the mold back
      into the press. This feature is especially desirable when the molds have
      substantial length, such as, for example, the mold 40 which has a length
      of seven feet.
PAR  The side-by-side arrangement of the two injection molding machines 15 on
      the platform 16 mounted on the carriage 28, also provides for a desirable
      feature. That is, the carriage 28 and the tracks 32 provide for quickly
      positioning the two machines 15 to each of the vertical presses 45 or 45',
      and the movable platform 16 provides for quickly bringing both of the
      machines 15 into engagement with the mold 40 within each of the presses 45
      so that the corresponding mold cavities 48 are rapidly filled with the
      rubber material ejected simultaneously from the machines 15.
PAR  As mentioned above, the mechanism shown in FIGS. 10-12 provides the
      additional advantages of quickly removing a mold laterally from each of
      the presses after the molding operation and for automatically opening the
      mold sections to the positions as shown in FIG. 12 for conveniently
      removing the molded parts from the mold cavities. This mechanism is
      especially desirable for large molds having substantial length and width.
      That is, the operator of the presses may conveniently remove the molded
      rubber parts from the mold cavities while the mold sections are tilted to
      the positions shown in FIG. 12 where the cavities are generally facing the
      operator.
PAR  While the forms of molding apparatus herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of apparatus, and that changes may be
      made therein without departing from the scope and spirit of the invention
      as defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. In apparatus for injecting a material into a mold cavity defined between
      a set of upper and lower mold sections, and including a vertical press
      having a set of upper and lower mold support platens with substantially
      parallel surfaces for supporting the corresponding mold sections
      therebetween, means for moving one of said platens relative to the other
      said platen for moving said mold sections between open and closed
      positions, and an injection molding machine positioned for injecting the
      material into the cavity when the mold sections are in their closed
      position, the improvement wherein said press comprises a plurality of
      parallel tie rods extending adjacent the mold sections substantially
      perpendicular to said surfaces of said platens, said tie rods being
      movable axially between extended and retracted positions relative to said
      platens, hydraulic actuated means connected to one of said platens for
      moving said tie rods axially, latch means for releasably connecting said
      tie rods to the other said platen when said tie rods are in said extended
      position, said hydraulic actuated means and said tie rods in said extended
      positions being effective to clamp said platens together with a
      substantial force distributed along the mold sections, said tie rods in
      said retracted positions providing for removing at least one of the mold
      sections through the paths of said tie rods, power operated means for
      moving the mold sections generally horizontally between a molding station
      between said platens and a part removal station when said platens are in
      said open positions and said tie rods are in said retracted positions, and
      means for automatically tilting the upper mold section upwardly and for
      tilting the lower mold section downwardly at the part removal station to
      facilitate convenient removing of the molded part from the mold cavity.
NUM  2.
PAR  2. In apparatus for injecting a material into a mold cavity defined between
      a set of mold sections having a substantial length, and including a press
      having a set of mold support platens with substantially parallel surfaces
      for supporting the mold sections therebetween, means for moving one of
      said platens relative to the other said platen for moving said mold
      sections between open and closed positions, and an injection molding
      machine positioned for injecting the material into the cavity when the
      mold sections are in their closed position, the improvement wherein said
      press comprises a plurality of parallel tie rods extending adjacent the
      mold sections substantially perpendicular to said surfaces of said
      platens, the spacing between adjacent said tie rods being substantially
      less than the length of the mold sections, means on one of said platens
      for supporting said tie rods for axial movement between extended and
      retracted positions relative to said platens, hydraulic actuated means
      secured to said one platen and connected to said tie rods for rapidly
      moving said tie rods between said retracted and extended positions, latch
      means for releasably connecting said tie rods to the other said platen
      when said tie rods are in said extended position, said hydraulic actuated
      means and said tie rods in said extended positions being effective to
      clamp said platens together with a substantial force distributed along the
      length of the mold sections, and said tie rods in said retracted positions
      providing for removal at least one of the mold sections through the paths
      of said tie rods after each molding operation.
NUM  3.
PAR  3. Apparatus as defined in claim 2 including means defining a corresponding
      plurality of openings within said other mold platen for receiving said tie
      rods, and said latch means comprises a linearly movable latch plate
      effective to latch and release said tie rods substantially simultaneously
      relative to said other mold platen.
NUM  4.
PAR  4. Apparatus as defined in claim 2 including means forming a generally
      radial shoulder on each of said tie rods, said latch means comprise an
      elongated latch plate extending substantially normally to said rods and
      having means for engaging each said shoulder, and means for moving said
      latch plate laterally and linearly relative to said tie rods to effect
      locking and releasing of said rods.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein each of said shoulders is
      annular, said latch plate includes means forming a U-shaped seat for
      engaging a portion of each said shoulder, and means movable with said
      latch plate for engaging the remaining portion of each said shoulder.
NUM  6.
PAR  6. Apparatus as defined in claim 4 wherein said latch plate defines a
      U-shaped opening for each of said tie rods, and fluid cylinder means
      connecting said latch plate to the adjacent said platen for moving said
      latch plate.
NUM  7.
PAR  7. Apparatus as defined in claim 2 wherein the mold sections define a set
      of runner passages extending to the mold cavity, a plurality of said
      injection molding machines arranged in side-by-side relation, a carriage
      supporting said injection molding machines for simultaneously horizontal
      linear movement as a unit in a first direction between a retracted
      position and elongated injecting position engaging the mold, and elongated
      track means supporting said carriage and said molding machines for
      horizontal linear movement as a unit in a second direction substantially
      perpendicular to said first direction.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said mold platens are elongated
      and generally rectangular in configuration for receiving an elongated
      mold, said molding machines are spaced longitudinally relative to said
      platens, and said track means extend in a longitudinal direction relative
      to said platens.
NUM  9.
PAR  9. Apparatus as defined in claim 2 wherein said mold platens are elongated
      and generally rectangular in configuration for receiving an elongated
      mold, and at least three said tie rods are disposed in at least one row
      extending longitudinally of said mold platens adjacent the mold.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein said tie rods are disposed in
      two substantially parallel rows extending longitudinally of said mold
      platens on opposite sides of the mold.
NUM  11.
PAR  11. Apparatus as defined in claim 2 wherein said press is vertical and the
      mold includes upper and lower mold sections, and including power operated
      means for moving the mold sections generally horizontally between a
      molding station between said platens and a part removal station when said
      platens are in said open positions and said tie rods are in said retracted
      positions.
NUM  12.
PAR  12. Apparatus as defined in claim 11 wherein said means for moving the mold
      sections include at least one endless chain, a motor for driving said
      chain, and means for connecting at least one of said mold sections to said
      chain.
NUM  13.
PAR  13. Apparatus as defined in claim 11 including means for automatically
      tilting the upper mold section upwardly and for tilting the lower mold
      section downwardly at the part removal station to facilitate convenient
      removing of the molded part from the mold cavity.
NUM  14.
PAR  14. Apparatus as defined in claim 13 wherein said means for tilting the
      lower mold section include a pivotally supported table assembly positioned
      to receive the lower mold section, and said means for tilting the upper
      mold section include a curved track, and means responsive to pivoting of
      said table assembly and the lower mold section for moving the upper mold
      section along said curved track.
NUM  15.
PAR  15. Apparatus as defined in claim 2 including a plurality of vertical said
      presses arranged in a horizontal row, a plurality of said injection
      molding machines arranged in horizontally spaced side-by-side relation,
      means including a carriage for supporting said injection molding machines
      for horizontal linear movement in a first direction perpendicular to said
      row of presses, and elongated track means supporting said carriage for
      horizontal linear movement of said machines in a second direction parallel
      to said row of presses.
NUM  16.
PAR  16. Apparatus as defined in claim 2 wherein said mold support platens
      includes a stationary lower platen and an upper platen supported for
      vertical movement, hydraulic cylinder means mounted on said lower platen
      and connected to move said upper platen, said tie rods are supported by
      said lower platen for vertical movement on their respective axes, said
      latch means is mounted on said upper platen, a plurality of hydraulic
      cylinders mounted on said lower platen and projecting downwardly
      therefrom, said hydraulic cylinders including downwardly projecting
      corresponding piston rods, and means for rigidly connecting said piston
      rods to the lower end portion of said tie rods to effect vertical movement
      of said tie rods as a unit in response to actuation of said hydraulic
      cylinders.
NUM  17.
PAR  17. Apparatus as defined in claim 16 wherein said hydraulic cylinders are
      simultaneously supplied with hydraulic fluid through passages formed in
      said lower platen.
NUM  18.
PAR  18. Apparatus for injecting a material into a mold cavity defined between a
      set of mold sections, comprising a vertical press having an upper platen
      and a lower platen for supporting the mold sections, means for moving said
      upper platen vertically relative to said lower platen for moving said mold
      sections between open and closed positions, an injection molding machine
      positioned for injecting the material into the cavity when the mold
      sections are in their closed position, a plurality of parallel vertical
      elongated tie rods arranged in a row and extending adjacent the mold
      sections, said tie rods being supported by said lower platen for vertical
      movement between upwardly extended positions and lower retracted positions
      relative to said platens, hydraulic cylinder means connected to said lower
      platen, means for connecting said cylinder means to said tie rods for
      moving said tie rods axially as a unit, latch means supported by said
      upper platen for releasably connecting said tie rods to said upper platen
      when said tie rods are in said extended positions, said tie rods in said
      extended positions being effective to clamp said platens together with a
      substantial force distributed along the mold sections in response to
      actuation of said hydraulic cylinder means, and said tie rods in said
      retracted positions providing for removing at least one of the mold
      sections horizontally through the paths of said tie rods.
NUM  19.
PAR  19. Apparatus as defined in claim 18 including a plurality of said presses
      arranged in a horizontally extending row, means supporting said injection
      molding machine for lateral horizontal movement in a first direction
      parallel to said row of presses, and means supporting said machine for
      horizontal movement in a second direction perpendicular to said first
      direction to present said machine to the mold within each press.
NUM  20.
PAR  20. Apparatus for injecting a material into a mold cavity defined between a
      set of mold sections, comprising a vertical press having an upper platen
      and a lower platen for supporting the mold sections, means for moving said
      upper platen vertically relative to said lower platen for moving said mold
      sections between open and closed positions, an injection molding machine
      positioned on one side of said press for injecting the material into the
      cavity when the mold sections are in their closed positions, a plurality
      of parallel vertical elongated tie rods arranged in a row and extending
      adjacent the mold sections, said tie rods being supported by said lower
      platen for vertical movement between upwardly extended positions and lower
      retracted positions relative to said platens, hydraulic cylinder means
      connected to said lower platen, means for connecting said cylinder means
      to said tie rods for moving said tie rods axially as a unit, latch means
      supported by said upper platen for releasably connecting said tie rods to
      said upper platen when said tie rods are in said extended position, said
      tie rods being effective to clamp said platens together with a substantial
      force distributed along the mold sections in response to actuation of said
      hydraulic cylinder means, said tie rods in said retracted positions
      providing for removing at least one of the mold sections horizontally from
      said press through the paths of said tie rods, and a mold transfer
      mechanism positioned on the opposite side of said press and having power
      operated means for moving said one mold section to a laterally spaced
      position to facilitate removing a molded part from the cavity.
NUM  21.
PAR  21. Apparatus for injecting a material into a plurality of mold cavities
      defined between corresponding sets of mold sections each having a
      predetermined length, comprising a plurality of presses arranged in a row,
      each press having a set of mold support platens with substantially
      parallel surfaces for supporting the mold sections therebetween, means for
      moving one of said platens relative to the other said platen for moving
      said mold sections between open and closed positions, a plurality of
      injection molding machines positioned for injecting the material into the
      cavities when the corresponding mold sections are in their closed
      position, each said press including a plurality of parallel tie rods
      extending adjacent the corresponding mold sections substantially
      perpendicular to said surfaces of said platens, the spacing between
      adjacent said tie rods being substantially less than the length of the
      mold sections, means on one of said platens for supporting said tie rods
      for axial movement between extended and retracted positions relative to
      said platens, hydraulic actuated means secured to said one platen and
      connected to said tie rods for rapidly moving said tie rods between said
      retracted and extended positions, latch means for releasably connecting
      said tie rods to the other said platen when said tie rods are in said
      extended position, said hydraulic actuated means and said tie rods in said
      extended positions being effective to clamp said platens together with a
      substantial force distributed along the length of the mold sections, said
      tie rods in said retracted positions providing for removing at least one
      of the mold sections through the paths of said tie rods after each molding
      operation, a carriage supporting said injection molding machines, and
      track means supporting said carriage for movement of said presses as a
      unit generally parallel to said row of presses.
NUM  22.
PAR  22. Apparatus as defined in claim 21 wherein said carriage and said
      injection molding machines are supported by said track means on one side
      of said row of presses, and at least one mold transfer mechanism is
      positioned on the opposite side of said row of presses for quickly
      transferring at least one mold section from each said press after a
      molding operation between a molding position within said press and a
      position spaced laterally from said press to facilitate convenient removal
      of a molded part from the mold section.
NUM  23.
PAR  23. Apparatus for injecting a material into a mold cavity defined between a
      set of mold sections, comprising a press having a first platen and a
      second platen for supporting mold sections of predetermined length, a
      plurality of hydraulic cylinders secured to said first platen and
      including a corresponding plurality of parallel piston rods secured to
      said second platen, means for actuating said cylinders for moving said
      second platen relative to said first platen for quickly moving said mold
      sections between open and closed positions, an injection molding machine
      positioned for injecting the material into the cavity when the mold
      sections are in their closed position, a plurality of elongated tie rods
      extending adjacent the mold sections parallel to said piston rods, the
      spacing between adjacent said tie rods being substantially less than the
      length of the mold sections, hydraulic cylinder means connected to one of
      said platens, said tie rods being supported for axial movement between
      extended positions and retracted positions relative to said one platen,
      means for connecting said hydraulic cylinder means to said tie rods for
      moving said tie rods axially as a unit relative to said one platen, latch
      means supported by the other said platen for releasably connecting said
      tie rods to said other platen when said tie rods are in said extended
      positions said tie rods in said extended positions being effective to
      clamp said platens together with a substantial force distributed along the
      length of the mold sections in response to actuation of said hydraulic
      cylinder means and to minimize the thickness of said platens, and said tie
      rods in said retracted positions providing for removing at least one of
      the mold sections laterally through the paths of said tie rods.
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ABST
PAL  Apparatus for blow molding consisting of a preform station where a blank is
      shaped around a mandrel and a blow station where the blank is formed in a
      mold, the mandrel being removed from the blank and a compressed air member
      being applied to the orifice of the blank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A German published Pat. application No. 2,208,165 teaches a method for
      manufacturing hollow bodies out of thermoplastic materials. In a
      preforming station a blank is shaped around a blow mandrel, the blank with
      the blow mandrel is transferred to a blow station and therein is expanded
      in a divided blow mold by means of compressed air, is cooled, is
      solidified, and is removed from the blow mold. The blow mandrel is removed
      from the inflated hollow article prior to conclusion of the cooling by a
      relative motion between the blow mandrel and blow mold and immediately
      another conventional member feeding compressed air is brought to the
      opening in the hollow body for additional cooling.
PAR  The apparatus for performing this method consists of a preforming station,
      a blow station with a divided blow mold arranged at some distance from it,
      and a blow mandrel which can be moved back and forth between the
      preforming station and the blow station; it also includes equipment for
      the blowing and cooling of the hollow body. The blow mandrel and the other
      organs, which deliver compressed air in a similar manner, are arranged on
      a common guideway. These and other difficulties experienced with the prior
      art devices have been obviated in a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to simplify this
      known apparatus and to so develop it that the blow mandrel and the other
      compressed-air-feeding member execute only translational motions and take
      up a particularly well-defined spatial relationship to the different work
      stations.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  According to one embodiment of the invention, the function is obtained by
      arranging the blow mandrel on a beam that can be raised and lowered (as
      well as moved laterally perpendicular to the direction of the extension of
      the blow mandrel) in order that it may be moved from a preforming station
      to at least one blow station. It cooperates with other
      compressed-air-feeding members which may be pushed onto or into the
      opening in the hollow article in the blow mold associated with the blow
      station after the blow mandrel has been lifted out.
PAR  The above-described embodiment may be further modified by providing at
      least two sets of blow mandrels which lie side-by-side and are rigidly
      connected with one another through the movable beam longitudinally of the
      beam. The blow mandrel sets alternately interact with a central preforming
      station and with each one of two blow stations arranged on either side of
      the central preforming station. At the same time each one of the two blow
      mandrel sets is arranged to be movable into the preforming station and the
      other set of blow mandrels is movable into each one of the two blow
      stations. There is provided at least one compressed-air-feeding member
      that displays a number of exhaust compressed-air ports corresponding to
      the number of blow mandrels, which member can be moved over or into the
      openings into the mold cavities after a blow mandrel set has been removed
      from one of the blow stations.
PAR  The beam connecting the two blow mandrel sets is preferably constructed as
      a sliding carriage, which is set into a counter-support which is mounted
      for raising and lowering relative to the machine frame, whereby the
      counter-support is arranged in a bar that is mounted on the machine frame
      by means of two vertical columns.
PAR  Each blow mandrel set has at least one blow mandrel; the blow mandrel sets
      may also consist of three or four, but preferably two blow mandrels. The
      number of blow mandrels per blow mandrel set corresponds to the number of
      exhaust ports of the compressed-air-feeding members; the same applies with
      regard to the number of mold cavities, which is identical with the number
      of blow mandrels per blow mandrel set. Preferably, two
      compressed-air-feeding members are provided for producing the holding
      pressure after removal of the blow mandrel sets, whereby one interacts
      with one blow mandrel station and the other member with the other station.
      Of course, it is also possible to provide separate compressed-air-feeding
      auxiliary members for each mold cavity of the blow mold.
PAR  According to another alternative embodiment, the movements of the blow
      mandrel are limited to translational motions in the direction of the mold
      axis, whereby the locking station is arranged vertically over the
      preforming station, and the mandrel is movable from the preforming station
      into the locking station, and whereby the locking station is laterally
      movable from the direction of alignment with the preforming station, so
      that it may be conveyed to a compressed-air-feeding member which likewise
      lies laterally of the above-named direction of alignment.
PAR  According to a third embodiment of the invention, the preforming station
      consists of an extruder which first injects the thermoplastic material
      through a circular slot nozzle into a head that is equipped with a central
      blow mandrel. Then, by means of movement of the extruder slot nozzle
      relative to the head, it provides it with a tubular blank, which extends
      over the end of the central blow mandrel in the head to whatever length is
      desired. This third embodiment may be used in connection with the
      first-named embodiment, as well as in connection with the second
      embodiment, or it may be used independently of these two embodiments; it
      is merely necessary to ensure that, after removal of the head with the
      central mandrel part, a compressed-air-feeding member may readily be moved
      over the opening in the blow mold.
PAR  According to a fourth embodiment of the present invention, the expansion of
      the blank is not completed until it abuts the walls of the mold cavity,
      but only up to the free blowing of the mandrel, whereas the
      compressed-air-feeding auxiliary member completes the final shaping of the
      blank and fully molds the only partly-inflated hollow body and holds it in
      the expanded position until its progressive cooling permits the ejection
      of the hollow body. This embodiment is especially indicated if it is
      desirable to have a certain time lag between the removal of the blow
      mandrel and admission of the other compressed-air-feeding memeber in order
      that the preblown hollow body, after a certain cooling period, is finally
      expanded with a stretch effect to the walls of the mold cavity. The
      residual cooling period would then have to be quite prolonged, so that the
      advantage of the invention will become still more noticeable than on the
      other applications, because for this last procedural phase only the
      simple, compressed-air-feeding auxiliary members need to be employed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIGS. 1-4 illustrate the work cycle of an apparatus constructed in
      accordance with a first example of the invention,
PAR  FIG. 5 is a schematic view of an apparatus for the actuation of the
      apparatus according to FIGS. 1-4,
PAR  FIG. 6 illustrates schematically a second exemplified embodiment of the
      invention,
PAR  FIGS. 7a, 7b, 8a, and 8b are sectional views of successive work stages of
      the work cycle of a third embodiment of the invention,
PAR  FIG. 9 illustrates a fourth embodiment of the invention similar to that of
      FIG. 6,
PAR  FIGS. 10a and 10b represent an exemplified embodiment of the invention
      where the expanding process occurs in two stages.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1-4, which illustrate schematically a part of the
      work cycle, the blow station, preforming station, and the other associated
      component parts are shown in a simplified manner. By means of a beam 1 the
      blow mandrel pairs 2, 2' and 3, 3' are rigidly connected with one another.
      The beam 1 which is jointly slidable with the mandrels as well as raisable
      and depressable is shifted from the one lateral limiting position,
      illustrated in FIGS. 1 and 2, into the other lateral limiting position,
      which is illustrated in FIGS. 3 and 4.
PAR  In the operational stage illustrated in FIG. 1 the two mandrels 3 and 3'
      are in preforming station, which consists in this embodiment of two
      tip-stretch stations 4 and 4', while the mandrel pair 2, 2' has moved
      along into the blow station 5, which consists of a blow mold with the two
      mold cavities 5a and 5b. The blanks are blown out in the mold cavities 5a
      and 5b and then contact the mold pocket walls, which have not been
      depicted in detail. In the blow station 6, which is provided with
      corresponding mold cavities 6a and 6b, a compressed-air-feeding member 7'
      is meanwhile being pushed over the opening of the hollow body in the mold
      cavities 6a and 6b. The supply of compressed air through the member 7'
      ensures that the cooling of the hollow body will proceed while the proper
      pressure is maintained. Also, the member 7' has a number of openings which
      correspond to the number of mold cavities per blow station, i.e., in this
      embodiment it has two openings, which are moved over the openings of the
      mold cavities 6a and 6b of the blow mold that has been moved into the blow
      station.
PAR  After completion of the molding process, the beam 1 with the two blow mold
      sets is removed from the preforming station 4, 4' and from the first blow
      station 5. As is further evident in FIG. 2, immediately another
      compressed-air-feeding member 7 is pressed with its openings over the
      openings in the mold cavities 5a and 5b of the mold located in the blow
      station 5, so that in the interior of the inflated hollow body the
      pressure is maintained despite removal of the blow mandrel until the final
      solidification of the hollow body.
PAR  Subsequently, the beam 1 is shifted, as is shown in FIG. 3, in such a way
      that the mandrel pair 2, 2' now lies over the tip-stretch station 4, 4',
      whereas the mandrels 3, 3' provided with a blank lie above the blow
      station 6. The blank that has been applied to the blow mandrel 3, 3' is
      indicated as the fully drawn layer 8.
PAR  FIG. 4 illustrates the manner in which the blow mandrels have been moved
      from the position shown in FIG. 3 into the preforming station 4, 4' and
      the blow station. The work cycle is then repeated in the reverse direction
      from the position of the apparatus shown in FIG. 4, that is to say,
      rearwardly until the position shown in FIG. 1 is again reached, whereby
      one full period of the operating cycle has been completed.
PAR  FIG. 5 shows the attachment of a beam 1 developed as a carriage in a
      counter-support mounted on a bar 9 which is actuated by means of a
      cylinder-piston system 10. The shifting of the beam 1 in the
      counter-support may be effected by hydraulic, pneumatic, or mechanical
      means. Compressed air for the blow mandrel sets 2, 2', and 3, 3' is
      supplied through the tubes 11 and 12 as soon as the work cycle triggers
      the expansion of the blank in the blow station. The counter-support is
      slidably supported by columns 13 which are connected with one another
      through a rigid crossbeam 13' and are mounted on the machine frame 15.
PAR  Of course, instead of a mandrel pair, it is also possible to use a single
      mandrel, so that in the simplest case one blow mandrel is arranged at each
      end of a slide rail. On the other hand, any other multiple set of blow
      mandrels may be provided instead of a set of pairs. The number of the
      tip-stretch pockets of the preforming stations and the number of the mold
      cavities of the locking devices 5 and 6 must be in agreement. Instead of
      mandrels with two or three mold cavities, there may, naturally, be
      provided also two or three separate blow stations, whose locking and
      opening movements naturally have to be simultaneously controlled, so that
      the term "blow station" in the above and the following text also stands
      for a plurality of stations. The same applies to the tip-stretching
      pockets of the preforming stations, which may be replaced by a
      corresponding plurality of individual preforming stations. Transfer press
      stations, immersion blow stations, or other preforming stations which
      furnish blanks may be used as preforming stations.
PAR  A particularly simple arrangement is the result of another embodiment
      variant, which is schematically illustrated in FIG. 6. In the interests of
      simplicity the guides and the drive of the mandrel 15 have not been
      depicted. Important to this embodiment is the fact that the mandrel 15
      executes motions only in its axial direction, which makes it possible to
      obtain a particularly well-defined guidance with the simplest means. In
      the raised position (shown as I) the blow mandrel 15 is located in the
      preforming station 16, from which it is moved into the raised position II,
      while the mold parts of the blow mold 17, 17' are open. After closing the
      parts 17, 17' in the blow station and after the hollow body has been blown
      up, the mandrel 15 is moved into position III, which in the axial
      direction (indicated by a broken line) lies exactly above the position
      shown in II. Immediately after the removal of the mandrel 15 from the blow
      mold 17, 17' in the blowing station II, it is laterally moved (illustrated
      by arrow 19) until it is positioned under the compressed-air-feeding
      member 18, which, by feeding compressed air into the interior of the
      inflated hollow body, prevents shrinking during cooling as a result of the
      memory effect. After the lateral removal of the blow mold, the mandrel 15
      is again lowered from the raised position III into the raised position I
      in the axial direction, so that a new blank may be formed on it. After the
      conclusion of the cooling process and after the ejection of the hollow
      body (in the laterally moved position of the blow mold) this mold
      (remaining in opened position) is then moved back parallel to the
      direction of arrow 19' into the dash-lined starting position. In order to
      lock itself subsequently around the mandrel in position II after this, it
      again takes up the position II with the blank. In the interest of
      simplicity, the drive and the quidance of the mandrel 15 have not been
      depicted. It is, however, readily obvious that the arrangement constructed
      in accordance with this exemplified embodiment provides for a particularly
      precise and simple guidance system.
PAR  In FIGS. 7a, 7b and 8a, 8b is illustrated an embodiment of the invention
      wherein the blank is produced by means of a common extrusion method. The
      orifice of the hollow body, e.g., the neck of a bottle, is formed by
      placing a head 22 with a muzzle tool 25 on the ring nozzle 4a of a
      schematically-indicated extruder, which fully injects the cavity between
      the mandrel 22a and the muzzle tool 25 until the bottle neck cavity is
      filled and in order then to form a tube 20 after the tool 25 forms the
      bottle neck has been withdrawn. In the case of such known methods for
      making blanks, after the stretching of the tube 20, the blow mold is moved
      in between the stationary ring nozzle of the extruder and the head which
      contains the bottle neck and the blow mandrel, and it severs thereby the
      tube, which is then expanded on the blow mandrel located in the head. The
      injection molding of the orifice and the extrusion of the blank is
      interrupted during the period of blowing and cooling of the inflated
      hollow body, so that the expensive tools for injection and extrusion are
      tied up for the greater part of the total work cycle. Now, the embodiment
      according to the invention results in an elimination of these drawbacks
      and a saving in tools in that, after the tube 20 has been stretched, this
      tube is cut off by a shear 21 and is then moved into a folded-up position
      together with the head 22 into the position shown in FIG. 7b, as is
      indicated by the arrow 23. FIG. 7b shows the blow mold 24, 24' as already
      in the moved-in position after the shear 21 has been retracted. After the
      tube 20 has been inflated, the head 22 is then withdrawn in the direction
      of the arrow 23 and moved from the blow mold into the position shown in
      FIG. 7a for the expanding process. It is subsequently moved into the
      position shown in FIG. 8a for the forming of a new blank after the divided
      muzzle tool 25 that is assigned to the head has again been moved back to
      the head 22, as illustrated in FIG. 8a.
PAR  The muzzle tool 25 for the bottle neck may be opened in different ways; in
      the illustrated embodiment this is preferably accomplished by the fact
      that the double-jawed tool, whose plane of separation lies in the plane of
      the drawing, is moved apart perpendicular to the drawing plane, so that
      the head 22 with the mandrel 22a may be readily transferred into the
      position shown in FIG. 7b, which in the drawing plane is laterally offset
      to the position of FIG. 7a. After the head 22 with its associated blow
      mandrel 15 has been withdrawn, the compressed-air-feeding member 26 is
      then introduced as illustrated in FIG. 8b. The compressed-air-feeding
      member shown has the shape of a spherical segment that stands with its end
      face resting on the topside of the mold halves.
PAR  FIG. 9 relates to a variant which essentially corresponds to the embodiment
      of FIG. 6, whereby the blow mandrel may be moved along its axis into three
      different positinns. In position I the head 32 with the muzzle tool 25
      stands directly on the ring nozzle 4" of the extruder, whereby the ring
      nozzle is in alignment with the cavity between tool 25 and a blow mandrel
      22a from which the orifice is being formed (this is not depicted in detail
      and corresponds essentially to FIG. 8a). From this position the head 22
      with the muzzle tool 25 is then moved in the known manner into the
      position shown in FIG. 9, whereby a blank in the shape of a tube 20 is
      extruded. Subsequently, the tool 25, as is indicated by the arrows 27, is
      then moved into an upper position, so that the two mold halves 28, 28' may
      be closed around the blank. After the subsequent preliminary inflating of
      the blank, the head 22 with the blow mandrel 22a is withdrawn from the
      mold and the mold is moved outwardly into a position that is laterally
      displaced to the axis of the blow mandrel, in which position it arrives
      under another compressed-air-feeding member 18 (see FIG. 6).
PAR  Although in the interests of simplicity no muzzle tools have been depicted
      on the embodiments of FIGS. 1 to 6, it is obvious that muzzle tools of the
      kind illustrated in FIGS. 8 and 9 can or must be used also on these
      embodiments.
PAR  The muzzle tool may be used in different variations. Thus, the muzzle tool
      may already be open before blowing begins. The neck part of the bottle is
      in such case already enveloped by the muzzle jaws while the mold is
      closing.
PAR  If the muzzle tools are kept closed during the pre-inflating of the blank
      through the blow mandrel, then the muzzle tools on the mold are first
      withdrawn. Then may be combined with the compressed-air-feeding member
      that is constructed as a bottle pusher.
PAR  If the mouth of the bottle has no undercutting, then possibly also an
      unsplit muzzle tool in the station may suffice. FIGS. 10a and 10b
      illustrate a device by means of which a special type of expanding process
      may be performed. For this purpose, there is first introduced a blow
      mandrel 29 into the blow mold depicted in FIG. 10a and (through adjustment
      of the pressure and/or the amount of compressed air by means of a
      controlled valve 30) the blank 31 is blown from the blow mandrel without
      quite reaching the wall of the mold cavity of the blow mold. In a second
      procedural step (which is depicted in FIG. 10b) the blank is blown through
      another compressed-air-feeding member 26 against the walls of the mold
      pocket, whereby (through selection of the time gradation between the
      withdrawal of the actual blow mandrel and the application of the
      compressed-air-feeding member) the hollow body may undergo a process of
      stretching, which, after a sufficient cooling period, may lead to a
      deformation. If the other compressed-air-feeding member has a rod-like
      shape (similar to the shape of the blow mandrel, of course, without this
      member serving for performing processes so that it may therefore be
      machined without precision), then it may in the case of a cold deformation
      be introduced into the mold during the operation of the stretching
      process, e.g., in agreement with the course of the stretching process.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the manufacture of hollow bodies of thermoplastic
      material, comprising
PA1  a. a first blow station,
PA1  b. a second blow station spaced from the first blow station,
PA1  c. a preforming station spaced midway between the first and second blow
      station, so that the preforming station is a specific distance from each
      blowing station and the three stations define a path passing through each
      station,
PA1  d. a beam,
PA1  e. a motion mechanism adapted to move the beam parallel to, toward, and
      away from the path,
PA1  f. a first blow mandrel extending from the beam toward the path,
PA1  g. a second blow mandrel extending from the beam toward the path and spaced
      the specific distance from the first blow mandrel,
PA1  h. a first compressed-air feeding member movable to selectively supply
      cooling air to the first blow station,
PA1  i. a second compressed-air feeding member movable to selectively supply
      cooling air to the second blow station,
PA1  j. a control mechanism operable on the apparatus to bring about a work
      cycle, the work cycle having a first phase in which the first blow mandrel
      is inserted in the first blow station, the second blow mandrel is inserted
      in the preforming station and the second compressed-air feeding member is
      supplying cooling air to the second blow station, and a second phase in
      which the first compressed-air feeding member is supplying cooling air to
      the first blow station, the first blow mandrel is inserted in the
      preforming station and the second blow mandrel is inserted in the second
      blow station.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein the first blow mandrel is a
      member of a first set of more than one mandrel arranged in a pattern on
      the beam, and wherein the second blow mandrel is a member of a second set
      of more than one mandrel arranged on the beam in a pattern identical to
      the first set so that each member of the first set has a corresponding
      member of the second set the specific distance from it, and wherein each
      station is adapted to receive an entire set of mandrels simultaneously,
      and wherein the compressed-air feeding members are adapted to provide
      cooling air to an entire station simultaneously.
NUM  3.
PAR  3. Apparatus as recited in claim 1, wherein the motion mechanism is
      comprised of a machine frame, and a counter-support mounted for motion
      toward and away from the frame, the beam being mounted on the
      counter-support for motion parallel to the path.
NUM  4.
PAR  4. Apparatus as recited in claim 3, wherein the counter-support is slidably
      mounted on two vertical columns which are rigidly mounted to the frame,
      and a cylinder-piston drive is provided to move the counter-support on the
      columns.
NUM  5.
PAR  5. Apparatus as recited in claim 2, wherein each set of mandrels consists
      of two blow mandrels arranged in pairs at ends of the beam.
NUM  6.
PAR  6. Apparatus as recited in claim 2, wherein each blow station included a
      dividable blow mold which is provided with a number of separate mold
      cavities corresponding to the number of mandrels in each set of mandrels.
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ABST
PAL  A bag-making machine including a longitudinally slotted roller and feed
      means for feeding plastic film onto the roller. A synchronised cutter
      sealing member is displaceable cyclically to cause it to enter a slot of
      the roller to cut and seal the film. Mating formations on the cutter
      sealing member and roller are engageable at the start of each cycle and
      moveable arcuately in unison before disengaging. This engagement ensures
      accurate registration of the cutter sealing member with a slot during
      simultaneous arcuate movement thereof.
PAL  An inline bag-making installation including the bag-making machine.
PAL  A bag-making method which includes feeding plastic film over a
      longitudinally slotted roller and moving a synchronised cutter sealing
      member cyclically to engage the roller cyclically in registration with a
      slot thereon, and to move arcuately in unison therewith while sealing and
      cutting the film.
BSUM
PAR  This invention relates to a method of making bags from synthetic plastic
      film, and to apparatus therefor. It relates more particularly to the
      extrusion of such film in tubular blown form from an extruder, and the
      subsequent processing of such film for making bags, including the printing
      of such film.
PAR  According to the invention there is provided a method of making bags from
      synthetic plastic film, which includes the steps of:
PAR  A. FEEDING A CONTINUOUSLY MOVING WEB COMPRISING AT LEAST TWO LAYERS OF
      HEAT-SEALABLE SYNTHETIC PLASTIC FILM OVER A CYLINDRICAL ROLLER HAVING A
      PLURALITY OF CIRCUMFERENTIALLY SPACED SLOTS EXTENDING LONGITUDINALLY IN
      ITS PERIPHERY;
PAR  B. ROTATING THE ROLLER ABOUT ITS AXIS AT A RATE CORRESPONDING TO THE RATE
      OF FEED OF THE WEB;
PAR  C. CAUSING A CUTTER SEALING MEMBER DISPOSED TRANSVERSELY TO THE DIRECTION
      OF MOVEMENT OF THE WEB, AND HAVING A CUTTER BLADE TO MOVE IN SYNCHRONISM
      WITH THE ROLLER CYCLICALLY FROM AN INITIAL POSITION TOWARDS THE ROLLER
      AXIS AND TO ENGAGE WITH THE ROLLER OR WITH A MEMBER FAST WITH THE ROLLER
      TO ENSURE ACCURATE REGISTRATION OF THE CUTTER BLADE WITH ONE OF THE SLOTS
      IN THE ROLLER PERIPHERY;
PAR  D. THEN CAUSING THE CUTTER SEALING MEMBER TO MOVE FOR A PERIOD IN UNISON
      WITH THE ROLLER IN AN ARC ABOUT THE ROLLER AXIS, DURING WHICH PERIOD THE
      CUTTER SEALING MEMBER ENGAGES THE FILM LAYERS, AND SEALING AND CUTTING OF
      THE FILM LAYERS TAKE PLACE;
PAR  E. CAUSING THE CUTTER SEALING MEMBER, WHEN IT REACHES THE END OF THE ARC,
      TO MOVE AWAY AGAIN FROM THE ROLLER AXIS TO BECOME DISENGAGED FROM THE FILM
      LAYERS AND FROM THE ROLLER OR FROM THE MEMBER FAST WITH THE ROLLER; AND
PAR  F. THEN CAUSING THE CUTTER SEALING MEMBER TO RETURN TO ITS INITIAL POSITION
      FOR A NEW CYCLE OF OPERATION.
PAR  Further according to the invention, there is provided a bag-making machine,
      which includes:
PAR  A. A CYLINDRICAL ROLLER HAVING MEANS TO ROTATE IT ABOUT ITS AXIS, THE
      ROLLER HAVING A PLURALITY OF CIRCUMFERENTIALLY SPACED LONGITUDINAL SLOTS
      IN ITS PERIPHERY;
PAR  B. FEED MEANS ADAPTED TO FEED A CONTINUOUS WEB OF HEAT-SEALABLE SYNTHETIC
      PLASTIC MATERIAL TO THE ROLLER AT A RATE CORRESPONDING TO THE RATE OF
      ROTATION OF THE ROLLER;
PAR  C. A CUTTER SEALING MEMBER MOUNTED TO BE DISPLACEABLE BOTH RADIALLY
      RELATIVE TO THE ROLLER AXIS AND ARCUATELY ABOUT THE ROLLER AXIS AND HAVING
      A CUTTER BLADE ADAPTED IN OPERATION TO REGISTER WITH AND TO ENTER INTO A
      SLOT OF THE ROLLER, THE CUTTER SEALING MEMBER THEREBY CUTTING AND SEALING
      THE FILM LAYERS;
PAR  D. DISPLACING MEANS FOR CYCLICALLY DISPLACING THE CUTTER SEALING MEMBER
      ARCUATELY ABOUT AND RADIALLY RELATIVE TO THE ROLLER AXIS AND IN
      SYNCHRONISM WITH THE ROLLER; AND
PAR  E. MATING FORMATIONS FAST WITH THE ROLLER AND WITH THE CUTTER SEALING
      MEMBER RESPECTIVELY, AND ADAPTED TO ENGAGE WITH EACH OTHER AT THE START OF
      A CYCLE OF OPERATION, AND TO MOVE IN UNISON WITH EACH OTHER OVER AN ARC
      ABOUT THE ROLLER AXIS, AND TO DISENGAGE FROM EACH OTHER AT THE END OF THE
      ARC, THE MATING FORMATIONS BEING ADAPTED TO ENSURE, UPON INTER-ENGAGEMENT
      WITH EACH OTHER, THAT THE CUTTER BLADE REGISTERS ACCURATELY WITH AND
      REMAINS IN REGISTRATION WITH A SLOT IN THE ROLLER SURFACE DURING THE
      PERIOD OF TRAVEL OVER THE ARC, DURING WHICH PERIOD THE MATING FORMATIONS
      ARE ENGAGED AND THE CUTTER SEALING MEMBER AND ROLLER ARE MOVING IN UNISON
      OVER THE ARC, AND DURING WHICH PERIOD SEALING AND CUTTING OF THE FILM
      LAYERS IS TAKING PLACE.
PAR  The displacing means may include a pair of chains at opposite ends of the
      roller, the chains supporting the cutter sealing member between them.
PAR  If desired, the cutter sealing member may be arranged to perform reciprocal
      cyclic movements peripherally with the roller, and inwardly and outwardly
      relative to the roller axis, the periods of such cyclic movements,
      together with the rate of rotation of the roller and its diameter,
      determining the length of the bags. Thus the displacing means may include
      a crank wheel meshing with a toothed wheel fast and co-axial with the
      roller and driven thereby, and a link lever system connected via a crank
      pin to the crank wheel and adapted to displace the cutter sealing member
      to have a reciprocating movement to cause the cutter sealing member to
      perform working and return strokes while moving in a closed, substantially
      elliptical path. The reciprocating movement of the crank in a downstream
      and upstream direction, is responsible for the movement of the cutter
      sealing member, first downstream with the peripheral movement of the
      roller surface, and then upstream against the peripheral movement of the
      roller surface.
PAR  The link lever system may be adapted to reduce the displacement of the
      cutter sealing member in a direction transverse to the direction of travel
      of the web to a value less than the throw of the crank pin. This is done
      by the link lever system having a mechanical advantage such that the
      transverse displacement of the cutter and sealing member in a direction
      transverse to the direction of movement of the web, is a suitable
      fraction, say, of about half of the crank radius.
PAR  The mating formation for the roller may include a toothed wheel fast and
      co-axial with the roller, the number of teeth of the wheel corresponding
      to the number of slots in the drum, and the mating formation for the
      cutter sealing member may include at least one tooth adapted to mesh with
      the said toothed wheel. The slots in the roller may be aligned with the
      spaces between the teeth of the toothed wheel, and may have a width only
      slightly wider than the cutter blade, thus permitting the cutter blade to
      pass with clearance into the slots. The link mechanism and the toothed
      wheel are interconnected to ensure that the strokes of the cutter sealing
      member are performed in synchronism with the rotation of the roller.
PAR  The cutter sealing member may include a carrier which carries the cutter
      blade, and the carrier may include a pair of aligned forks at opposite
      ends of the roller, the forks permitting displacement of the carrier both
      arcuately about and radially relative to the roller axis. The cutter blade
      may be resiliently mounted on the carrier to be resiliently displaceable
      away from the roller axis relative to the carrier.
PAR  The roller may have a plurality of axially spaced, narrow circumferential
      grooves at least as deep as the longitudinal slots, and there may be
      provided take-off fingers having their upstream ends within the
      circumferential grooves and extending downstream away from the roller
      relative to its direction of rotation. The take-off fingers may be in the
      form of thin plates, and the circumferential grooves may be of a width to
      accommodate the take-off fingers with running clearance. The
      circumferential grooves may be deeper than the longitudinal slots, and the
      take-off fingers may extend radially into the grooves to such an extent
      that at least part of the upstream ends of the take-off fingers are closer
      to the axis of the roller than are the bottoms of the longitudinal slots.
PAR  The invention extends also to the modification of a bag-making machine
      having feed means adapted to feed a continuous web comprising at least two
      layers of heat-sealable synthetic plastic material to pass over a rotating
      roller which has a plurality of longitudinal slots spaced
      circumferentially, and having a cutter sealing member registering
      cyclically with one of the slots in the roller and sealing and cutting the
      film at the slot, by the provision in the roller of a plurality of narrow
      circumferential grooves spaced axially, the grooves having a depth at
      least that of the longitudinal slots, and by the provision of the take-off
      members with running clearance within the grooves and extending downstream
      away from the roller relative to its direction of rotation.
PAR  The take-off members may be in the form of plates or sheets arranged to lie
      in planes at right angles to the roller axis.
PAR  If desired, intercalating corrugated take-off rollers may be provided
      immediately downstream of and in alignment with the take-off members.
PAR  The invention extends also to an inline bag-making installation comprising:
PAR  a bag-making machine as described,
PAR  draw rollers mounted in line with and upstream of the bag-making machine;
PAR  a printer in line with and upstream of the draw rollers, the printer having
      at least one set of printing rollers comprising an impression roller and a
      stereo roller and other associated rollers; and
PAR  interconnecting drive means drivingly interconnecting the cylindrical
      roller of the bag-making machine with the draw rollers and with the or all
      the impression rollers of the or all the sets of printing rollers, for
      synchronous operation of the said interconnected rollers.
DRWD
PAR  The invention will now be described by way of example, with reference to
      the accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 shows diagrammatically a part-sectional side elevation at I--I in
      FIG. 2 of a drum and cutter sealing means adapted to move in a closed path
      in combination with cam means in the form of a path, for a bag making
      machine in accordance with the invention;
PAR  FIG. 2 shows diagrmmatically a part-section view along II--II of FIG. 1;
PAR  FIG. 3 shows diagrammatically a line diagram in side elevation of a
      bag-making machine in accordance with the invention with its link system
      for providing reciprocal movement to a cutter sealing member;
PAR  FIG. 4 shows diagrammatically a side elevation of the link system at a
      different time in its cycle from that shown in FIG. 3;
PAR  FIG. 5 shows diagrammatically a part cross-sectional view showing the
      roller and cutter sealing member;
PAR  FIG. 6 shows a cross-section of the roller at VI--VI in FIG. 7 and of that
      part of the machine downstream from the roller;
PAR  FIG. 7 shows a part front elevation of one end of the roller;
PAR  FIG. 8 shows a part cross-section at VIII--VIII in FIG. 7;
PAR  FIG. 9 shows a part cross-section at IX--IX in FIG. 7;
PAR  FIG. 10 shows a part side elevation of a cam assembly;
PAR  FIG. 11 shows a timing diagram showing the sequence of operations of the
      various components during a cycle of operations;
PAR  FIG. 12 shows diagrammatically a part-sectional end elevation of a double
      sealing cutter sealing member;
PAR  FIG. 13 shows diagrammatically a part-sectional end elevation of a bottom
      cutter sealing member with roller, and also a detail arrangement of take
      off members;
PAR  FIG. 14 shows diagrammatically a front elevation of the electrical
      circuitry of the cutter sealing members and rollers of FIGS. 12 and 13;
PAR  FIG. 15 shows diagrammatically a block diagram showing the progress of film
      from an extruder through to the finished bags;
PAR  FIG. 16 shows diagrammatically a side elevation of an in line bag-making
      installation comprising various sets of apparatus arranged in accordance
      with the invention; and
PAR  FIG. 17 shows in side elevation thereof the arrangement of the clutch on an
      impression roller, and the associated stereo cylinder.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, reference numeral 10 refers
      generally to the sealing part of a bag-making machine according to the
      invention having a hollow roller 12. The roller is mounted rotatably about
      its axis (not shown). A cutter sealing member 20 extending axially
      parallel to the rotational axis of the roller, is supported at both ends
      of the roller by axially spaced supports. The cutter sealing member 20 is
      adapted to move arcuately with the peripheral movement of the roller,
      thereby moving in unison with the roller over a predetermined arc length.
      The cutter sealing member 20 has a heat-sealing element including a blade
      23 energised via flexible leads 25. The element or blade 23 is mounted in
      carrier 23.1.
PAR  The roller has a plurality of perforations 40 and a plurality of
      circumferentially spaced axially extending slots 42 between the said
      perforations. The roller is arranged to rotate in the direction of arrow
      43. On the inside of the roller there are provided low vacuum cavities 44
      and 46, and between them a high vacuum cavity 48. When these cavities are
      subjected to sub-atmospheric pressure, then ambient atmospheric pressure
      presses upon layers of synthetic plastic film 50 drawn against the
      periphery of the roller and the film thus moves with the roller as it
      rotates. The film 50 is fed over the roller 12 at a uniform rate
      corresponding to the rate of rotation of the roller.
PAR  The cutter sealing member 20 is arranged to be displaced inwardly in the
      direction of arrow 52 when the blade 23 is in register with a slot 42.
      Upon such displacement of the member 20, the blade 23 intersects the
      synthetic plastic film 50 at 50.1 where it spans the opposed edges
      defining the slot, thereby cutting through the synthetic plastic film, the
      member 20 sealing the film at the same time. The blade 23 of the cutter
      sealing member 20 is conveniently a heat cutter. The blade 23 engages the
      layers of plastic material at 50.1 at the entrance to cam path 66 and
      remains in that position 50.1 until the end of the cam path 66.
PAR  The carrier 23.1 is mounted between a pair of chains 60 spaced laterally
      from each other along the length of the roller 12, each arranged to travel
      in a closed path 62 in proximity to the roller 12 in the direction of
      arrows 64. These chains may be spaced at a spacing corresponding to or
      somewhat larger than the length of the roller 12. At least one, and
      conveniently a plurality of serially spaced cutter sealing members 20 is
      provided, the members 20 being mounted on the chains and spaced in series
      from each other longitudinally in the direction of travel of the chains.
      The chains 60 have rollers 60.1 engaging with the cam paths 66. The chains
      60 and the roller 12 may have mating formations fast with them in the form
      respectively of teeth 60.11 and 12.1 engaging with each other, the chains
      being driven by the roller 12, there being a plurality of teeth 60.11 on
      each of the chains 60 and the teeth 12.1 being provided on a pair of
      toothed wheels mounted at opposite ends of the roller 12. Instead of the
      chains 60, there may be provided toothed belts.
PAR  The blade 23 is held at its ends in clamp blocks 23.2 biassed away from
      each other relative to carrier 23.1, by coil springs 23.3 under
      compression mounted in carrier 23.1. The flexible leads 25 for energizing
      the blade 23 are connected to axially spaced slip rings 67 mounted on
      hollow shaft 68 via insulating rings 68.1. The shaft 68 is mounted to be
      rotatable about its axis on axially spaced bearings 68.2 and is driven by
      means of gear or sprocket 68.3 to rotate at a speed corresponding to the
      speed of the chains 60 or belts, such that it will perform a full
      revolution for every full cycle of travel of the chains 60. The slip rings
      67 are energized via brushes 67.1 having energizing leads 67.2.
PAR  The spacing of the blades 23 along the chains 60, will determine the length
      of the bag or the width of the bag, i.e. the distance between consecutive
      seals in a bag.
PAR  Referring now to FIG. 3 of the drawings, numeral 69 refers generally to
      another bag-making machine according to the invention, shown
      diagrammatically in side elevation, and unless otherwise specified like
      reference numerals refer to like parts. The machine comprises generally a
      link lever system 70, a roller 12, drive means 72 for driving the roller,
      feed means 74 for feeding the layers of plastic film 50 onto the roller
      12, and take-off means 76 adapted to take off the bags after they pass
      over the roller, and arranged to pass bags on to stacking means 78 after
      they leave the take-off means 76 which comprises intercalating corrugated
      rollers. In addition, the machine includes counter means 80 driven in
      synchronism with the cutter sealing member in a manner to be described
      more fully hereafter, to count the number of bags and to operate the
      stacking means 78 when a predetermined number of bags have been stacked on
      the stacking means.
PAR  The various parts of the machine will now be described in greater detail.
PAR  The link lever system 70 is adapted to impart reciprocating forward and
      backward movement to the cutter sealing member 20, relative to the
      direction of rotation of the roller 12 as indicated by arrow 43. The link
      lever system is also adapted to provide radial movement towards and away
      from the axis of the roller 12, for bringing the cutter sealing member 20
      into and out of contact with the layers of synthetic plastic film 50
      passing over the roller 12 for bag-making purposes. The roller 12 is
      itself driven by the drive means 72 via a toothed wheel 12.2. The wheel
      12.2 meshes with an interchangeable crank wheel in the form of a gear 70.2
      carrying a crank pin 70.1 at a radius corresponding to that of the pitch
      circle of the gear 70.2. The toothed wheel 12.2 is fast and co-axial with
      the roller 12. The pitch circle circumference of the gear 70.2 determined
      the length of bags produced by the machine 69.
PAR  The link lever system 70 includes a connecting rod 70.3 pivotally connected
      to the crank pin 70.1 and pivotally supporting a strut 70.4 at 70.31. The
      strut 70.4 is adapted to displace the effort arm of a lever 70.5 via a
      pivotal connection 70.51, the lever 70.5 having its fulcrum at 70.52. The
      lever 70.5 has one end of a tie member 70.6 pivotally connected to its at
      70.61. Longitudinally spaced along the tie member is the cutter sealing
      member 20, pivotally connected thereto at 70.62. Also pivotally connected
      to the cutter sealing member at 70.62 is a walking beam 70.7 having a
      remote end 70.71 adapted to move in correspondence with the remote end
      70.32 of the connecting rod 70.3. Both the members 70.3 and 70.7 are
      pivotally connected respectively at 70.32 and 70.71 to the lower ends of
      hanging members 70.8 and 70.9. The hanging members 70.8 and 70.9 are
      respectively pivotally hung from pivotal fixed mountings 70.81 and 70.91.
      In fact the remote ends 70.71, 70.32 of the beam 70.7 and rod 70.3 are
      conveniently interconnected by being pivotable independently of each other
      about a common pivot axis, so that the hanging members 70.8 and 70.9 may
      in fact be a single member pivotally hung from a single fixed mounting
      70.81, 70.91. The lower end of the single hanging member will thus have
      the beam 70.7 and rod 70.3 axially pivotally connected thereto at 70.71,
      70.32 so that the rod and beam can pivot independently of each other about
      the axis at 70.71, 70.32, the beam 70.7 responding to horizontal to and
      fro movement of the rod 70.3 (caused by movement of the crank pin 70.1) by
      moving horizontally to and fro (see locus 71 of ends 70.71, 70.32 in FIG.
      4 discussed below).
PAR  The drive means 72 may comprise a drive roller 72.1 driven by means of a
      chain 72.2 or by any other suitable means from a gearbox 72.3 which may be
      of the epicyclic type. The gearbox 72.3 may itself be driven from a
      reduction gearbox 72.4 driven by a motor 72.5. This motor 72.5, in an
      installation in which the bag making machine is mounted in line with an
      extruder and printing apparatus, may be driven at a speed corresponding to
      the speed of the synthetic plastic material coming off the printer. This
      speed regulation may be obtained by electrically interconnecting the motor
      72.5 with the motor driving the haul-off rollers hauling off the film from
      the printers. Alternatively, the gearbox 72.3 may be mechanically driven
      from a single source of power, supplying power also to the haul off
      rollers from the printers.
PAR  On the other hand, the synthetic plastic film may be supplied at a uniform
      rate from a roll 50.3, the film 50 passing over idler rollers 74.1 and
      74.2 before it passes over the roller 12. The film 50 is pressed against
      the roller 12 by one or more pressing rollers 74.3.
PAR  Instead of a roll 50.3 being used, the apparatus may be so arranged that
      tubular film 50 is fed at a uniform rate over the idler rollers 74.1 and
      74.2 directly from the draw-off rollers at the downstream end of a
      printing machine which is mounted downstream of and in line with an
      extruding machine.
PAR  During a full cycle of operation, the connection 70.62 and hence the cutter
      sealing member 20, describes the locus 70.621. The various parts of the
      link system describe the loci as set out in the following table:
TBL  Link System Part or other Part                                            
                          Part No.   Locus                                     
     ______________________________________                                    
     Pivotal connection   70.62      70.621                                    
     Cutter sealing member                                                     
                          20                                                   
     Pivotal connection   70.61      70.611                                    
     Pivotal connection   70.51      70.511                                    
     Pivotal connection   70.31      70.311                                    
     Pivotal connection   70.71                                                
                                     71                                        
     Pivotal connection   70.32                                                
     ______________________________________                                    
PAR  The effect of the link system is to arrange for the total lift of the
      member 20 to be reduced relative to the throw or total displacement of the
      crank pin 70.1 in accordance with the combined mechanical advantage of the
      lever 70.5 and the lever formed by the connecting rod 70.3. Thus, the
      cutter sealing member 20, in following the locus 70.621, travels with the
      roller periphery over a small arc for a short period, during which period
      cutting and sealing of the layers of plastic film take place.
PAR  Referring now to FIG. 5, there is shown the cutter sealing member 20 prior
      to inward movement to sever the plastic film 50. The member 20 includes
      biassed shoes 21 on opposite sides of the blade 23. The carrier 23.1 is of
      hollow box section provided with ventilating holes 23.11.
PAR  The shoes 21 include spring-loaded plungers mounted on the carrier 23.1 and
      have linings 21.1 of PTFE. The clearance space c between the blade 23 and
      opposed edges of the lining of shoes 21 should not exceed half the pitch p
      of the slots 42.
PAR  Referring now to FIGS. 6, 7 and 8 of the drawings, details are shown of the
      roller 12 and of a take-off mechanism 82 for the roller. The take-off
      mechanism 82 comprises a roller 82.1 rolling via the film 50 against the
      roller 12, and having a peripheral speed slightly larger by, say, about 15
      - 20 percent, than the peripheral speed of the roller 12. This is to
      ensure that the film 50 is stretched on the roller downstream from the
      cutter sealing member 20, and to ensure that the two adjacent seals become
      separated and do not become welded together again.
PAR  The roller, besides having the axially extending grooves 42 spaced
      circumferentially, also has a plurality of axially spaced circumferential
      grooves 12.11. The widths of the grooves 12.11 are of the order of about 1
      mm. Stripper or take-off members 82.2 are mounted to have their upstream
      ends projecting into the grooves 12.11. They act to strip bags 50.2 from
      the roller 12 and to guide them in co-operation with guide fingers 82.3
      into intercalated corrugating rollers 82.4 and 82.5 arranged downstream
      from the members 82.2 and guide fingers 82.3. The corrugating rollers have
      undulations 82.41 and 82.51 staggered in an axial direction, and are
      adapted to roll past each other with clearance and out of contact with
      each other, and with the undulations mating to provide corrugations in the
      bags 50.2 as they pass between the rollers 82.4 and 82.5. In doing so, the
      bags acquire sufficient stiffness for them to be delivered in stacked
      relationship in a stacking zone 78. See also further the description with
      reference to FIG. 13.
PAR  Referring now to FIG. 9 of the drawings, the cutter sealing member carrier
      23.1 has aligned forks 23.21 at opposite ends thereof adapted to slide
      reciprocating fashion in the direction of arrow 23.31, in a linear guide
      23.41 within which a shaft 12.13, fast with the roller 12, is adapted to
      rotate.
PAR  The roller 12 has gears 12.2 at is opposite ends, one of the gears being
      driven by drive roller 72.1. The teeth of these gears are identical in
      number to the number of grooves 42 and are at the identical pitch and are
      circumferentially aligned with the grooves. The carrier 23.1 is provided
      at each end with a mating formation in the form of a tooth 23.22 which is
      adapted to engage on its inward movement towards the axis of the roller
      12, with the mating formations of the roller namely the teeth of the gears
      12.2, thereby to ensure positive location and alignment of the cutter
      sealing member 20 and the blade 23 in relation to the slots 42. Such
      interengagement of the mating formations over an arc determined by the
      length of the stroke as ascertained from FIG. 4, ensures that the cutter
      sealing member travels in unison with the roller over the arc, and that it
      registers accurately with a slot during such travel. The interengagement
      of the mating formations also ensures that the blade 23 during the period
      of travel of the cutter sealing member remains radially orientated
      relative to the roller axis.
PAR  Referring now to FIG. 10 of the drawings, the counter means 80 comprises a
      drive shaft 80.1 driven from the crank wheel 70.2 and in synchronism
      therewith. The drive shaft is arranged to have cam faces 80.2 which in
      turn operate counter mechanism 80.3. The shaft 80.1 drives a worm 80.4
      engaging with a wormwheel 80.5 having an appropriate number of teeth
      corresponding to the number of bags which are to be stacked in the
      stacking zone 78, and which is adapted to actuate bag removing means when
      the appropriate number of bags have been stacked in the stacking zone 78.
      The stacking zone may thus comprise bag removing means in the form of a
      platform, table, or belt, which is movable in response to one or more
      revolutions of the wheel 80.5.
PAR  Referring now to FIG. 11 of the drawings, it will be noted that a timing
      diagram is shown, From this drawing it will be clear that for any one
      cycle of operation, the biassed shoes 21 will come into contact with the
      plastic film 50 on the roller 12, before the cutter sealing member 20
      comes into contact therewith, and will still press the plastic layers
      against the roller, even after the cutter sealing member 20 has withdrawn.
PAR  FIG. 12 shows a detail of a roller slot 42 and cutter sealing member 20.7.
      Inside the slot 42 there is mounted a heat sink 42.1 which may be of
      aluminium. There is provided an anvil 12.7 comprising, on either side of
      the slot 42, an insulator block 42.2 on top of which there are provided
      heating element sealing bars 42.3 secured to the blocks 42.2 and energized
      by conductors 86 from a slip ring 88. (See also FIG. 14). Each bar 42.3
      has a covering 42.4 of polyetrafluoroethylene sheet (PTFE), available
      presently under the brand name TEFLON. The sheets 42.4 are held in
      position over the bars 42.3 and against the blocks 42.2 by means of a flat
      spring member 42.5 located in recesses in the blocks 42.2. The outer ends
      of the sheets 42.4 are held by wires 42.6 in recesses provided in the
      sides of the slots.
PAR  The cutter sealing member 20.7 has a heat cutter blade element 23.12 and
      sealing element strips 20.71. The element 23.12 and strips 20.71 are
      energized respectively in parallel via conductors 75.1 and 75.2. The
      strips 20.71 are covered by PTFE sheets 20.72 held in position by wires
      seating in recesses 20.73 in the member 20.7. The element 23.12 is
      arranged to be at a higher temperature than the bars 42.3 and sealing
      element strips 20.71.
PAR  The cutter sealing member 20.8 shown in FIG. 13, is intended specifically
      for bottom sealing bags, i.e. on one side of the element 23.12 only. The
      member 20.8 and anvil 12.8 shown in FIG. 13, are similarly constructed,
      arranged and energized to the member 20.7 and anvil 12.7 respectively of
      arrangement of FIG. 12, except that sealing takes place on one side only.
      (See also FIG. 14). The element means 23.12, like the element 23.12 in
      FIG. 12, is arranged to be at a higher temperature than the sealing
      element strip 20.81 and the sealing bar 12.81. They are arranged to be
      energized respectively via conductors 75.1, 75.2 and 86.
PAR  To facilitate bag separation upon stripping, the anvil 12.8 may be arranged
      against the upstream side of the slot 42 instead of against the downstream
      side, as shown, the cutter sealing member 20.8 thus having its element
      23.12 downstream of its sealing strip 20.81.
PAR  In both FIGS. 12 and 13 the fact that the element 23.12 is at a higher
      temperature than each associated sealing strip and sealing bar, and the
      fact that the element remains in contact with the film 50 momentarily
      after each strip is withdrawn from the corresponding bar, both tend to
      facilitate bag separation during stripping.
PAR  FIG. 13 also shows details of the take-off arrangement shown generally in
      FIG. 6. It will be noticed that the circumferential groove 12.11 is deeper
      than the slots 42. The upstream ends 82.21 of the take-off members 82.2
      project radially inwardly of, and closer to the axis of the roller 12 than
      the bottoms of the slots 42. The PTFE covering for the bar 12.81 is shown
      at 12.82; and the PTFE covering for the strip 20.81 is shown at 20.82.
PAR  A bag-making machine as described above ensures accurate placement of cut
      and seal. This is particularly useful where film having printed matter on
      it has to be processed. The machine is therefore particularly useful for
      in line operation with an extruder and printer installation. An example of
      such an installation will now be described with reference to FIGS. 15, 16
      and 17 of the drawings.
PAR  Referring now to FIGS. 15, 16 and 17 of the drawings, reference numeral 108
      refers generally to an installation in accordance with the invention,
      comprising an extruder 110 feeding film 112 into a Corona discharge unit
      114 for treating the film to accept printing. From the Corona discharge
      unit the film passes into the printer 116 and thence through the draw
      rollers 118 to bag-making machine 10, as described. The finished bags
      issue at 122 from the bag-making machine.
PAR  Referring now particularly to FIG. 16 of the drawings, the extruder 110 has
      a die 10.1 and a cooling air ring 110.2. The film is blown in the form of
      a bubble 124. It passes between nip rollers 126. It then passes in the
      form of a collapsed tube 128 through the Corona discharge unit 114 having
      Corona discharge bars 114.1 and 114.2. In passing through the Corona
      discharge unit, the film passes over rollers 114.3 and 114.4. These
      rollers are merely idler rollers. The film then passes into the printer,
      generally indicated by reference numeral 116. This printer comprises a
      deflecting roller 130.
PAR  After passing over the deflecting roller 130, the film passes into the
      first set of printing rollers 132.1. A set of printing rollers comprises a
      driven impression roller 134, a stereo cylinder 136 drivingly
      interconnected with the impression roller 134, a transfer or anilox roller
      138, and an inking roller 140. The inking roller is adapted to dip into
      ink 142 held in a tray 144. Thereafter the film passes over a deflecting
      roller 146.1, and thence into a next set of printing rollers 132.2.
      Thereafter the film passes into a third set of printing rollers 132.3 and
      thence, after passing over a deflecting toller 146.2, it passes into a
      fourth set of printing rollers 132.4. Thence the film passes over the
      deflecting roller 148 over a further deflecting roller 150, and thence
      onto the draw rollers, generally indicated by reference numeral 118.
PAR  These draw rollers comprises a drive roller 118.1 which is driven in the
      direction of the arrow shown. The other roller of the draw rollers 118.2
      is biassed to roll on the film against the drive roller 118.1. Thereafter
      the film passes in the direction of arrow 128.1, into the bag-making
      machine 10. The bags issue as indicated, at 122.
PAR  All the impression rollers 134 and the driving draw roller 118.1, are
      driven in synchronism from a suitable rotary power source. The various
      rollers may conveniently be interconnected by drive shafting, or by chain
      drive to rotate at the appropriate speeds. Alternatively, they may be
      driven by suitably interlocked electrical drive means arranged to run in
      synchronism with each other.
PAR  Any one of the sets of printing rollers may be taken out of commission by
      merely disengaging the drive from the impression roller of that set, to
      its stereo cylinder. This may be done by declutching the stereo cylinder
      from the impression roller.
PAR  Referring now to FIG. 17 of the drawings, there is shown an impression
      roller 134 which receives rotary drive at its shaft 134.1. A toothed
      sliding member 134.2 is axially slidable on a splined portion 134.3 fast
      with the roller 134. The teeth 134.21 of the sliding member are engageable
      with teeth 134.41 of a mating portion 134.4 which is freely rotatable
      about the shaft 134.1. The part 134.4 has teeth 134.5 meshing with teeth
      136.1 fast with the stereo roller 136. The drive between the impression
      roller 134 and the stereo cylinder 136, may be engaged or disengaged by
      suitably positioning the sliding member 134.2, i.e. by bringing the teeth
      134.21 and 134.41 into or out of engagement, as desired. When the member
      134.2 and portion 134.4 are out of engagement as shown in the drawing then
      the shaft 134.1 rotates freely within the portion 134.4 and no driving
      torque is transmitted to the roller 136 via the teeth 134.5 and 136.1. The
      sliding member 134.2 thus acts as a clutch.
PAR  This facility permits the changing of stereo cylinders even while the film
      continues to pass over the impression roller 134. This provides a feature
      which is particularly useful in an in line installation whereby it becomes
      possible to change the printing rollers without stopping the operation of
      the installation as a whole.
PAR  This apparatus has the advantage that it makes possible the economic
      production of small runs of printed bags.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bag-making machine, which includes:
PA1  a. a cylindrical roller having means to rotate said roller about its axis,
      the roller having a plurality of circumferentially spaced longitudinal
      slots in its periphery;
PA1  b. feed means adapted to feed a continuous web of heat-sealable synthetic
      plastics material to the roller at a rate corresponding to the rate of
      rotation of the roller;
PA1  c. a cutter sealing member mounted to be displaceable both radially
      relative to the roller axis and arcuately about the roller axis and having
      a cutter blade adapted in operation to register with and to enter into a
      slot of the roller, the cutter sealing member thereby cutting and sealing
      the film layers;
PA1  d. displacing means for cyclically displacing the cutter sealing member
      arcuately about and radially relative to the roller axis and in
      synchronism with the roller, the displacing means including a crank wheel
      meshing with a toothed wheel fast and co-axial with the roller and driven
      thereby, and a link lever system connected via a crank pin to the crank
      wheel and adapted to displace the cutter sealing member to have a
      reciprocating movement to cause the cutter sealing member to perform
      working and return strokes while moving in a closed loopshaped path; and
PA1  e. mating formations fast with the roller and with the cutter sealing
      member respectively, and adapted to engage with each other at the start of
      a cycle of operation, and to move in unison with each other over an arc
      about the roller axis, and to disengage from each other at the end of the
      arc, the mating formations being adapted to ensure, upon inter-engagement
      with each other, that the cutter blade registers accurately with and
      remains in registration with a slot in the roller surface during the
      period of travel over the arc, during which period the mating formations
      are engaged and the cutter sealing member and roller are moving in unison
      over the arc, and during which period sealing and cutting of the film
      layers is taking place.
NUM  2.
PAR  2. An inline bag-making installation comprising:
PA1  a bag-making machine as claimed in claim 1;
PA1  draw rollers mounted in line with and upstream of the bag-making machine;
PA1  a printer in line with and upstream of the draw rollers, the printer having
      at least one set of printing rollers comprising an impression roller and a
      stereo roller and other associated rollers; and
PA1  interconnecting drive means drivingly interconnecting the cylindrical
      roller of the bag-making machine with the draw rollers and with the or all
      the impression rollers of the or all the sets of printing rollers, for
      synchronous operation of the said interconnected rollers.
NUM  3.
PAR  3. An inline installation as claimed in claim 2, in which there is provided
      an extruder with nip rollers, upstream of the printer.
NUM  4.
PAR  4. An inline installation as claimed in claim 2, in which there is provided
      a clutch between the impression roller and the stereo roller of each set
      of printing rollers, the clutch being disengageable to bring its
      associated stereo roller to a stop while film is passing over the
      impression roller.
NUM  5.
PAR  5. A machine as claimed in claim 2, in which the link lever system is
      adapted to reduce the displacement of the cutter sealing member in a
      direction transverse to the direction of travel of the web to a value less
      than the throw of the crank pin.
NUM  6.
PAR  6. A machine as claimed in claim 2, in which the number of teeth of the
      toothed wheel corresponds to the number of slots in the roller, the
      toothed wheel forming part of the mating formation for the roller and the
      mating formation for the cutter sealing member including at least one
      tooth adapted to mesh with the said toothed wheel.
NUM  7.
PAR  7. A machine as claimed in claim 2, in which the cutter sealing member
      includes a carrier which carries the cutter blade, and in which the
      carrier includes a pair of aligned forks at opposite ends of the roller,
      the forks permitting displacement of the carrier both arcuately about and
      radially relative to the roller axis.
NUM  8.
PAR  8. A machine as claimed in claim 7, and in which the cutter blade is
      resiliently mounted on the carrier to be resiliently displaceable away
      from the roller axis relative to the carrier.
NUM  9.
PAR  9. A machine as claimed in claim 2, in which the roller has a plurality of
      axially spaced narrow circumferential grooves at least as deep as the
      longitudinal slots, and in which there are provided take-off fingers
      having their upstream ends within the circumferential grooves and
      extending downstream away from the roller relative to its direction of
      rotation.
NUM  10.
PAR  10. A machine as claimed in claim 9, in which the take-off fingers are in
      the form of thin plates and the circumferential grooves are of a width to
      accommodate the take-off fingers with running clearance.
NUM  11.
PAR  11. A machine as claimed in claim 9, in which the circumferential grooves
      are deeper than the longitudinal slots, and in which the take-off fingers
      project radially into the grooves to such an extent that at least part of
      the upstream ends of the take-off fingers are closer to the axis of the
      roller than the bottoms of the longitudinal slots.
NUM  12.
PAR  12. A bag-making machine, which includes:
PA1  a. a cylindrical roller having means to rotate said roller about its axis;
PA1  b. feed means adapted to feed a continuous web of heat-sealable synthetic
      plastics material to the roller at a rate corresponding to the rate of
      rotation of the roller;
PA1  c. a cutter sealing member disposed transversely to the direction of feed
      of the web and mounted to be displaceable both radially relative to the
      roller axis and arcuately about the roller axis and adapted to cut and
      seal the film layers;
PA1  d. displacing means for cyclically displacing the cutter sealing member
      arcuately about and radially relative to the roller axis and in
      synchronism with the roller, the displacing means including a crank wheel
      meshing with a toothed wheel fast and co-axial with the roller and driven
      thereby, and a link lever system connected via a crank pin to the crank
      wheel and adapted to displace the cutter sealing member to have a
      reciprocating movement to cause the cutter sealing member to perform
      working and return strokes while moving in a closed loop-shaped path; and
PA1  e. mating formations fast with the roller and with the cutter sealing
      member respectively, and adapted to engage with each other at the start of
      a cycle of operation, and to move in unison in engagement with each other
      over an arc about the roller axis, and to disengage from each other at the
      end of the arc, the mating formations being adapted to ensure, upon
      interengagement with each other, that the cutter sealing member and roller
      move accurately and in unison during the period of travel of the mating
      formations over the arc, during which period sealing and cutting of the
      film layers is taking place.
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ABST
PAL  A novel printing plate is produced by placing an electrotype shell and a
      partial base in a mold cavity, holding them in place in properly spaced
      relation to each other as by means of vacuum and hydraulically or
      pneumatically operated holddown mechanisms, and filling the mold cavity
      with molten plastic or similar synthetic material from a plastic injection
      machine. The partial base skeleton includes scarf cavities, and portions
      of this skeleton may be embedded in the plastic when it hardens into the
      final shape.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of copending U.S. Pat. application Ser. No.
      108,010, filed Jan. 20, 1971 entitled COMPOSITE LETTERPRESS PLATE WITH
      SCARF DEFINING POCKETS AND APPARATUS FOR CONSTRUCTING SAME, which in turn
      is a division of application Ser. No. 755,059, filed Aug. 26, 1968, now
      U.S. Pat. No. 3,566,789, dated Mar. 2, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a process widely used at present, an electrotype shell is laminated to
      an aluminum base through sheets of plastic, nylon, and cheesecloth all of
      which are heated as a "sandwich" unit and squeezed together under a
      hydraulic ram, then cooled while still under pressure.
PAR  After these components are laminated together as one unit, this unit is
      then trimmed of excess shell and plastic, and then placed in a boring
      machine where it is machined to the proper thickness for the press. Often
      plates have been damaged, many beyond repair, by accidentally shaving
      corners or other areas too thin. Either expensive and time consuming
      repairs are needed, or a new plate must be made.
PAR  The plate may then have a hole punched in each end to accommodate the pins
      of the pin register machinery. Then in sequence the plate is "tailed" on
      one machine, scarfed on another machine, and end cut on still another
      machine. It is then routed before being mounted on a press.
PAR  One disadvantage in this process is the high cost of the aluminum bases
      used. They are not reused and instead can only be disposed of as scrap.
      Other significant disadvantages include the many hours of labor consumed
      in completing the various operations.
PAR  In the manufacturing of the electrotype shell, a plastic "mat", typically
      of a vinyl plastic is made and used as a master for construction of the
      shell by electroplating. Once these mats are no longer needed they are
      disposed of as waste.
PAC  SUMMARY OF THE INVENTION
PAR  The novel process provided hereby uses, instead of the aluminum bases,
      partial bases made of inexpensive sheet metal, which may be punched out on
      a punch press. These partial bases or base skeletons, have the scarf catch
      cavities punched into them, eliminating the scarfing operation which
      consumes thousands of man hours annually.
PAR  By using injection molding, these plates can be cast to the exact thickness
      required by various printing presses, thus eliminating the need for
      placing them in a boring machine. The material from old mats can be cut up
      and reused in the injection molding. By punching register pin holes in the
      electrotype shells before they are cast in the injection mold, they can be
      placed in the mold in the proper position, in relation to the partial base
      and the plate can be cast to exactly the proper width, this eliminating
      the tailing operation.
PAR  The objects and advantages of this invention include, providing an improved
      printing surface by producing plate with a more level printing surface;
      eliminating the boring machine operation by casting plates at proper
      thickness; reducing press make ready time by producing a plate of uniform
      thickness; eliminating the use and cost of aluminum bases; reducing fill
      in of originals before molding and fill in of shells before casting;
      greatly reducing the necessity for close tedious, and time comsuming
      routing; eliminating the scarfing operation; eliminating some pin register
      operations by casting a plate to proper width, and permitting reusing
      waste of old molding vinyl plastic from the electrotype manufacturing
      operation.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation showing a typical molding press and adjoining
      injection molding machine for use in manufacturing printing plates
      according to the invention;
PAR  FIG. 2 is a view, partially in section, taken generally along 2--2 in FIG.
      1;
PAR  FIG. 3 is a perspective view of a typical electrotype shell and the partial
      base or skeleton provided by the invention;
PAR  FIG. 4 is a cross sectional view through a typical printing plate
      manufactured according to the invention, and showing a fragment of the
      molding dies;
PAR  FIG. 5 is an enlarged view of one end segment of FIG. 4, showing the scarf
      opening formed in the completed plate; and
PAR   FIG. 6 is a bottom view of the plate shown in FIG. 4, with a central
      segment of the plate broken away exposing part of the shell on the right
      hand side, and also indicating generally the section along which FIG. 4 is
      taken.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 3, 4 and 5, a typical electrotype shell 10 is
      shown provided with register holes 12 which may be formed one in the
      center of each end of the shell. This shell becomes the active printing
      surface of the plate, the upper surface as shown in FIG. 3 being formed
      with a relief printing surface in a known manner. Beneath the electrotype
      shell in FIG. 3 there is a partial or skeleton base 15, which together
      with the thermoplastic material forming the major part of the completed
      plate, is molded to the rear surface of the shell 10. This partial base
      includes side members 16 joined by a plurality of cross pieces 18, and
      these cross pieces preferably are offset somewhat upwardly from the side
      members 16. Furthermore, each of the side members has an offset outer lip
      portion 20 which preferably is provided with one or more holes or similar
      apertures 21, through which the plastic material flows in its molten state
      during manufacture of the plate.
PAR  The partial base is also provided along each of the side members 16 with a
      plurality of scarf cavities 24. These cavities, as can be seen more
      clearly in FIGS. 5 and 6, have a generally vertical wall 24a and a sloping
      wall 24b, and are essentially of the same shape as the scarf cuts formed
      in a metallic base section of known printing plates. These cavities
      cooperate with clamps on the plate cylinder of the printing press, to hold
      the plate in position.
PAR  According to the invention, the electrotype shell 10 and the partial base
      15 are supported within a molding press 30, shown in FIGS. 1 and 2,
      including an upper die member 32 and a lower die member 33 having
      complementary mold cavity forming parts, which, when brought together,
      define the thickness, length and width of the resultant plate. The upper
      die 32 also is provided with one or more register pins 35 which cooperate
      with the register holes 12 in the electrotype shell to position the shell
      precisely within the upper mold cavity. Each of the upper and lower die
      members 32 and 33 is provided with a vacuum retaining means (optional in
      the lower die member), in the form of a number of cross passages 37 having
      suction or vacuum holding passages 38 extending therefrom to the surface
      of the respective die members. Suitable gaskets (see fragment 39, FIG. 4),
      surround the face of the vacuum retaining means. All of these vacuum
      passages are connected, in known manner, to the vacuum manifolds 40 (FIG.
      1) which in turn may be connected to a suitable vacuum source such as a
      pump. A control valve (not shown) is provided to permit the operator to
      switch the vacuum on and off as needed during the molding operation. Each
      of the die members 32 and 33 is also provided with heat exchange passages
      42 through which a suitable coolant, or in some cases a heating fluid if
      desired, may be circulated from the manifolds shown schematically at 43 in
      FIG. 1.
PAR  The upper die 32 is carried on a movable press member 45, which may be
      raised and lowered as indicated by the arrow in FIG. 1, through a
      conventional arrangement such as a hydraulic cylinder or mechanical toggle
      linkage. The lower die 33 is mounted on the press bed 46. It also includes
      hook levers 47 arranged to engage in the scarf cavities of the skeleton,
      and operated by a hydraulic or pneumatic cylinder 48 to hold the skeleton
      in place for molding and to release when the plate molding operation is
      complete.
PAR  The plastic material to make up the substantial portion of the plate is
      provided in heated molten form from a conventional injection molding
      machine 50 which has a discharge nozzle 52 arranged to fit into a socket
      53, which in turn communicates with the interior of the mold cavity
      between the die members 32 and 33. The injection molding machine
      illustrated in FIG. 1 is of a conventional design, including suitable
      heaters 54 surrounding the press barrel, and having a screw member 55
      which can rotate and also reciprocate within the barrel of the machine.
      The rotary drive is provided through the drive shaft 57, and reciprocating
      motion is provided through the hydraulic cylinder device 58. The screw is
      shown in its withdrawn position, preparatory to receiving a charge of
      powdered or flaked plastic molding material 60 from the hopper 61. Various
      types of thermoplastic molding material are usable in making plates
      according to the present invention. One form in particular is a vinyl
      molding plastic which can be obtained from discarded mats used in the
      manufacture of the electrotype shell.
PAR  As is known in the art, these mats are formed by molding under pressure to
      the type, and/or original engravings, making up the printed subject matter
      to appear on the electrotype shell. The shell is then formed by a plating
      process on the rear surface of the mat, and after the plates have been
      made and the mat is no longer useful, it is discarded. This vinyl molding
      material can be cut into chips or otherwise made usable in the molding
      process of the present invention, thus providing further economy in the
      platemaking operation.
PAR  In use of the apparatus, the electrotype shell 10 is placed in the upper
      die 32, and the partial base or skeleton 15 is placed in the lower die 33.
      Both of these parts are held securely to the respective dies and the dies
      are brought together to the molding position, after which the injection
      molding machine injects sufficient molten plastic material into the
      molding cavity to cover the rear surface of the electrotype shell and to
      cover and surround the partial base 15. In particular, due to the offset
      construction the cross pieces 18 and the lip portion 21 will be embedded
      in the plastic material, thus further strengthening and promoting the
      integral structure of the finished plate.
PAR  The scarf cavities 24, being closed and facing downward on the lower die
      33, prevent flow of plastic in the lower face of the scarf cavities, thus
      these cavities are formed during the molding operation, and there is no
      need for a later machine cutting of these cavities, as has been required
      in the past. The lower die 33 has the hooks 47 as projections which enter
      these scarf cavities (FIG. 5) to further assist in centering and
      registering the base skeleton in the lower die during the molding
      operation. The molten plastic also will flow through the apertures 21 and
      around the lip portions 20 of the skeleton, as well as around the cross
      pieces 18, thereby embedding substantial portions of the skeleton in the
      resultant plate and contributing to its strength and integrity.
PAR  The resulting plate is removed by separating the dies, once the
      thermoplastic material has completely hardened. In some instances it may
      be desirable to circulate coolant through the passages 42 to promote this
      setting operation, depending upon the type of molding plastic being used.
PAR  It will be obvious to those skilled in the art that use of the skeleton or
      partial base members 15 eliminates the need for expensive light metal
      reinforcing bases, which are presently used either in solid or perforate,
      form, and which must be discarded along with the plate when it is no
      longer useful. The skeleton bases, provided by this invention, can be
      formed by a simple stamping operation, and made of relatively inexpensive
      sheet metal. It is not necessary that they have substantial structural
      strength, since they become an integral part of the molded plastic member
      which forms the major reinforcement for the electrotype shell.
PAR  While the method herein described and the form of apparatus for carrying
      this method into effect, constitute preferred embodiments of the
      invention, it is to be understood that the invention is not limited to
      this precise method and form of apparatus, and that changes may be made in
      either without departing from the scope of the invention which is defined
      in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for manufacture of composite printing plates by molding a
      synthetic plastic backing onto the entire back surface of an electrotype
      shell and for simultaneous forming of scarf cavities in said backing
      comprising
PA1  a first molding die having a first mold cavity arranged to receive an
      electrotype shell therein and curved to the desired curvature of the
      composite plate,
PA1  retaining means and registering means associated with said first die and
      operative to locate and hold an electrotype shell in said first die with
      the rear surface of the shell exposed in said first mold cavity,
PA1  a second molding die operatively associated with said first die and having
      a second mold cavity also curved to the desired shape of the composite
      plate,
PA1  movable means supporting said dies and operative to move said dies together
      with said mold cavities in registry to define a space of predetermined
      thickness between the shell and said second die,
PA1  scarf forming means supported on the surface of said second cavity and
      extending partially into selected regions of said space and shaped to
      prevent flow of the plastic material into such regions so as to form a
      plurality of scarf cavities in the plastic as it hardens in said space and
      against said second mold cavity around the scarf forming means,
PA1  movable members supported on said second die and operative to hold said
      scarf forming means in position within said space when said dies are
      closed in registry, and
PA1  means for injecting a hardenable synthetic plastic material into said space
      and around said scarf forming means in a fluid state and under pressure to
      bond to the rear face of the shell forming with the shell a composite
      plate of predetermined thickness and curvature having scarf cavities
      therein to facilitate quick mounting of the plates on a press.
NUM  2.
PAR  2. Apparatus for manufacture of composite printing plates by molding a
      synthetic plastic backing onto an electrotype shell and for simultaneous
      forming of scarf cavities in said backing, comprising
PA1  a first molding die having a curved first mold cavity arranged to receive
      an electrotype shell therein,
PA1  retaining means and registering means associated with said first die and
      operative to locate and hold an electrotype shell in said first die with
      the rear surface of the shell exposed in said first mold cavity,
PA1  a second molding die operatively associated with said first die and having
      a second curved mold cavity, said cavities being curved to the desired
      shape of the composite plate,
PA1  movable means supporting said dies and operative to move said dies together
      with said mold cavities in registry and defining a space of predetermined
      thickness between the shell and said second die,
PA1  means for injecting a hardenable synthetic plastic material into such space
      in a fluid state and under pressure for bonding to the rear face of the
      shell forming with the shell a composite plate of predetermined thickness
      and curvature,
PA1  means for retaining a reinforcing skeleton in said second mold cavity for
      incorporation of the skeleton into the hardened plastic of the plate, said
      skeleton including said scarf forming means, and
PA1  said second die member including movable hooks extending into said second
      cavity and engageable with the skeleton to retain and position it for
      molding.
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ABST
PAL  The invention relates to an apparatus and process for producing striated
      soap bars using a high intensity mixer extruder. A soap mass is levigated
      and homogenized in a high intensity mixer barrel and forced into a dye
      injection assembly wherein dye is injected into the soap mass. The soap
      mass with the injected dye is then forced through conically tapered
      nozzles to form a striated soap bar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus and process for forming striated
      soap bars and more particularly to a process for forming striated soap
      bars employing a high intensity mixer extruder.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,485,905 teaches a process and apparatus for producing
      striated soap bars which employs a modified double barrel Mazzoni type
      extruder wherein a soap mass is levigated and homogenized in a first
      barrel and forced by a first auger through a compression plate assembly to
      form soap pellets which then pass through a vacuum chamber into a second
      and preferably double bored barrel. Dye is injected in the area of the
      vacuum chamber and rotating augers in the second barrel drive the mixed
      soap pellets and due through a nozzle arrangement to form continuous
      striated soap bars.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the requirement present in the prior art
      for the uses of a Mazzoni type extruder having an upper and a lower barrel
      and a vacuum chamber for producing striated soap bars. In carrying out the
      invention, the soap mass is levigated and homogenized in a counter
      rotating twin screw high intensity mixer extruder which is provided with a
      dye injection assembly in accordance with the invention. The dye injection
      assembly includes a pair of dye injection tips which inject dye into the
      soap mass at selected locations relative to the front, or cone end, of the
      counter rotating screws. The dye is injected close to the front end of the
      screws at a location corresponding approximately to the root diameter of
      the screws and at an angular position of 4 o'clock for the left screw and
      10 o'clock for the right screw when facing the front end of the extruder.
      The dye as injected and dispersed is held in a pattern as the spiral
      motion of the soap mass reduces to zero and the soap mass goes under full
      compression in a conventional or twin screw nozzle. To render the use of
      the high intensity mixer extruder functional for use in extruding
      satisfactory striated soap, a high pressure capillary dye injection system
      is employed to feed the dye mixture to the dye injection tips.
PAR  It is therefore an object of the invention to provide a process and
      apparatus for manufacturing striated soap bars using a modified counter
      rotating twin screw high intensity mixer extruder.
PAR  Another object and feature of this invention resides in the provision of a
      process and apparatus for making striated soap without resorting to the
      use of a Mazzoni type extruder.
PAR  Still another object of this invention is to provide a process and
      apparatus for making striated soap that is capable of employing existing
      high intensity mixer extruders with a dye injection modification which can
      be made at relatively moderate cost and which can provide a high quality
      striated soap at a reasonable cost.
PAR  These, together with various ancillary objects of the present invention are
      obtained by this apparatus and process for making a striated soap bar, a
      preferred embodiment being shown in the accompanying drawings, by way of
      example only, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical schematic fragmentary view of a counter rotating twin
      screw high intensity mixer extruder employing the concepts of the present
      invention;
PAR  FIG. 2 is a sectional view taken along the plane of the line 2--2 in FIG.
      1;
PAR  FIG. 3 is a view corresponding to FIG. 1 and including a representation of
      vectors indicating the relative pressures within the soap mass and
      including vectors indicating the state of flow of the soap mass within
      various portions of the extruders.
PAR  FIG. 4 is an alternative twin cone nozzle; and,
PAR  FIG. 5 is a view of an alternative embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With continuing reference to the accompanying drawing, wherein like
      reference numerals designate similar parts throughout the various views,
      reference numeral 10 is used to generally designate a twin screw high
      intensity mixer extruder having a barrel assembly 12 including a first
      bore 14 and a second bore 16. A first auger or screw 18 is rotatably
      mounted in the first bore 14 and a second auger or screw 20 is rotatably
      mounted in the second bore 16. Intake means, which are not shown, are
      provided for introduction of soap into the first and second bores 14, 16
      wherein the soap is levigated and homogenized. Means are also provided for
      counter rotation of screws 18 and 20. A dye injection assembly 22 is
      located at the front end of the barrel assembly 12 and communicates with
      the bores 14 and 16. The dye injection assembly 22 includes a housing 26
      and a pair of dye injection tips 28 and 30. The first dye injection tip 28
      is located approximately in line with the root diameter of the first screw
      18 which rotates in the counter-clockwise direction, when viewed from the
      front end 32 of the dye injection assembly 22, as indicated by the arrow
      34 in FIG. 2. The first dye injection tip 28 is located angularly with
      respect to the first screw 18 at approximately four o' clock, when viewed
      from the front end 32 of the dye injection assembly 22. The second dye
      injection tip 30 is located approximately in line with the root diameter
      of the second screw 20 which rotates in the clockwise direction when
      viewed from the front end 32 of the dye injection assembly 22 as indicated
      by the arrow 36 in FIG. 2. The second dye injection tip 30 is located
      angularly with respect to the second screw 20 at approximately 10 o'clock
      when viewed from the front end 32 of the dye injection assembly 22. The
      first and second dye injection tips 28, 30 are closely spaced relative to
      the front ends 38, 40 of the first and second screws 18, 20 in the
      longitudinal direction. A spacing of approximately one-half of the pitch
      length of the screws 18 and 20 has been found to be satisfactory. The dye
      injection assembly 22 further includes a cavity 42 which has a length
      approximately equal to the major diameter of the screws 18 and 20. The
      cavity 42 leads to converging nozzle means 44. The converging nozzle means
      44 includes a conventional single nozzle 46 or alternatively, the
      converging nozzle means 44 may include a twin cone nozzle 48 as shown in
      FIG. 4.
PAR  The states of flow of the soap mass in the various portions of the
      apparatus according to the present invention are shown in FIG. 3 and are
      as follows, in order stated: rotation; rotation changing to compression;
      full compression; swaging and extrusion. The state of flow within the
      barrel, shown as Zone I extending to the end 50 of the barrel assenbly 12
      is rotation and is represented by the vector 52. Zone II extends from the
      end of Zone I to a point corresponding to approximately one-fifth of the
      length of the cavity 42 and the state of flow within Zone II is rotation
      and is represented by the vector 54. Zone III extends from the end of Zone
      II to a point corresponding to approximately two-fifths of the length of
      the cavity 42 and the state of flow within Zone III is rotation changing
      to compression and is represented by the combination of the vectors 56 and
      58. Zone IV extends from the end of Zone III to a point corresponding to
      approximately three-fifths of the length of the cavity 42 and the state of
      flow within Zone IV is compression and is represented by the vector 60.
      Zone V extends from the end of Zone VI to the end 62 of the cavity 42 and
      the state of flow within Zone V is swaging and is represented by the
      vector 64. Zone VI extends over the length of the compression nozzle 46
      and the state of flow within Zone VI is extrusion and is represented by
      the combination of the vectors 64 and 66.
PAR  The relative pressures within the soap mass in Zones IV and V in the radial
      direction are shown by the line 68 which bounds the plurality of vectors
      shown typically as vectors 70 and 72. The locations of maximum pressure 74
      and 76 are spaced from the center lines of the screws 18 and 20 at a
      radius approximately equal to one-half the radius of the major diameter of
      the screws 18 and 20. The plurality of lines shown typically as lines 78
      and 80 depict progressively increasing pressure within the soap mass in
      the cavity 42 with relatively lower pressure at the end 82 of the cavity
      42 and relatively higher pressure at the end 62 of the cavity 42. The
      location of the dye injection tips 28 and 30 in the longitudinal direction
      is within Zone II. This location has been found to be optimum for
      dispersing the injected dye and holding the injected dye in a pattern as
      the spiral of the soap mass goes to zero.
PAR  The location of the dye injection tips 28 and 30 relative to the rotating
      screws 18, 20 is an essential feature of the present invention and
      distinguishes it from the prior art. In U.S. Pat. No. 3,485,905 dye
      injection means are located at the rear end of a plodder within a vacuum
      chamber at a point corresponding to 10 o'clock for a screw with clockwise
      rotation and 2:30 o'clock for a screw with counter-clockwise rotation and
      at an elevation of 1 to 2 inches above the rotating screws, on the climb
      side of the screws only. In contrast to the above in the present invention
      the dye injection tips 28 and 30 are located in the forward spiraling
      discharge stream from each of the screws 18 and 20 and the dye as injected
      and dispersed is held in a pattern as the soap mass undergoes rotation to
      compression, full compression, swaging and finally extrusion in a single
      cone 46 or twin cone nozzle 48. The process and apparatus according to the
      present invention results in a striated soap bar which is characterized by
      high quality and relatively sharply defined variegations.
PAR  An alternative embodiment of the present invention is shown in FIG. 5 and
      comprises moving the dye injection tips 84, 86 to the root diameter of the
      screws and to the screw center area and incorporating means for pulsing
      the flow of dye to the injection tip to provide a marbleized appearance in
      the soap bar.
PAR  Another alternative embodiment of the present invention is the provision of
      multiple dye injection tips, two per screw, for variation in the depth and
      the longitudinal location of the dye injection tips.
PAR  A latitude of modification, substitution and change is intended in the
      foregoing disclosure, and in some instances, some features of the present
      invention may be employed without a corresponding use of other features.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for producing striated soap on a high intensity mixer
      extruder comprising a first barrel, having a first and a second end, first
      screw means in said first barrel, a second barrel having a first and a
      second end, said second ends being coextensive, second screw means in said
      second barrel, means for rotating said first and second screw means
      counter-currently, means for feeding soap into said first ends of said
      first and second barrels, dye injection means for injecting dye disposed
      at said second ends of said first and second barrels said dye injection
      means including a single chamber housing mounting dye injection tips, said
      dye injection tips terminating at a point adjacent and downstream to said
      second ends, and nozzle means communicating with said dye injecting means
      for discharging striated soap.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said nozzle means comprises a
      pair of converging nozzles.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said dye injection means
      includes a pair of dye injection tips located outwardly of the root
      diameters of said screws.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein said first screw rotates
      counter-clockwise and said first dye injection tip is located angularly at
      a point corresponding to approximately four o'clock, when viewed from said
      nozzle means and said second screw rotates clockwise and said second dye
      injection tip is located angularly at a point corresponding to
      approximately ten o'clock when viewed from said nozzle means.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said dye injection means
      include a pair of dye injection tips located approximately in line with
      the root diameters of said screws.
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ABST
PAL  Plastic extruding and roll forming apparatus having a connecting passage at
      least partially formed by a plate which is swingable between open and
      closed position to conduct material from an extruder to forming rolls and
      to provide access and/or to release excess material in the passage. The
      extrusion and forming rates are controlled by the movement of the plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with improvements in or relating to extruders,
      and is especially concerned with extruders of the type including rolls by
      which material is formed into sheets. Extruders are known in which
      material to be processed, for example rubber or plastics material, is
      extruded from a screw-type extruder portion into the nip between two
      rotating rolls which form the material into a sheet of desired thickness
      or form. In known extruders an extrusion head is interposed between the
      end of an extruder screw and the rolls, the extruder head being so shaped
      that the material issues from a slot parallel with and into the nip
      between the rolls.
PAR  A serious problem encountered with such extruders is to ensure that the
      material formed by the rolls is withdrawn at the same rate as the material
      is supplied to the rolls by the extruder. If the material is extruded
      faster than it is withdrawn, great pressures quickly build-up placing
      excessive loads on the extruder, the rolls and any connecting members. If
      the material is withdrawn faster than it is extruded, a non-uniform sheet
      will be formed. For this reason it has been necessary to construct the
      various units to withstand high stresses. Certain prior art devices
      provide means for sensing pressure build-up in the closed passageway and
      for controlling the extrusion or withdrawing rates. Other devices have
      provided means for detecting strain or separation of the extruder and roll
      mounting even though heavily constructed. Such massive construction has
      made it difficult to separate the units to permit access for cleaning and
      the like.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a general object of the invention to provide an improved
      extruding apparatus which overcomes the above problems by relatively
      simple and light constructions.
PAR  The invention provides, as one of its several features, a roller die
      extruder comprising an extruder portion, rolls and a member such as a
      swingable plate disposed between an outlet end of the extruder portion and
      the rolls to bound, in part, a passage through which material from the
      extruder passes into the nip between the rolls. The member is yieldingly
      mounted in such a manner that if, in the operation of the extruder, the
      material in the region between the outlet end of the extruder portion and
      the rolls exceeds a preselected volume, the member yields whereby to
      release the excess material in the region. The invention also provides, as
      another of its features that said member is movable to permit access to
      the outlet end of the extruder. Movement of the member also may be used to
      sense a build-up or reduction of material in the passage and to cause
      synchronization of the extrusion and roll withdrawal rates.
PAR  The invention further provides, as yet another of its several features, an
      extruder comprising a cylindrical bore, an extruder screw rotatably
      mounted in the bore and an outlet member at an outlet end of the bore. The
      outlet member has an opening therein which has a first dimension slightly
      greater than the diameter of a nose portion of the screw, and which has a
      second dimension at right angles to said first dimension equal to or
      greater than the diameter of the nose portion. The construction and
      arrangement is such that the nose portion of the screw is disposed in the
      opening with its axis of rotation passing near or through the center of
      the opening, whereby to divide the opening into two parts so that in the
      operation of the extruder, material forced through the opening by rotation
      of the screw will issue from the aperture in two streams.
PAR  The above and other of the various objects and several features of the
      present invention will become more clear from the following description,
      to be read with reference to the accompanying drawings, of the
      illustrative extruder aforementioned. It will be realized that this
      illustrative extruder had been selected for description to illustrate the
      invention by way of example and not of limitation of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a perspective view of apparatus embodying the invention and
      showing one end of an extruder and a connecting unit secured to the
      extruder;
PAR  FIG. 2 is a side view of the illustrative apparatus showing the extruder,
      the connecting unit and a pair of die rolls; and
PAR  FIG. 3 is a plan view of the apparatus shown in FIG. 2.
DETD
PAR  Referring to the drawings, the apparatus comprises an extruder 10, a
      connecting unit 12 secured to an outlet end of the extruder 10, and
      opposed die rolls 14. The extruder typically comprises a tubular barrel 16
      having an extruder bore 18 within which an extruder screw 20 is mounted
      for rotation. The connecting unit 12 comprises a shear plate 22 secured to
      the barrel 16 and having a rectangular opening 24 when viewed from the
      front with a height dimension, as seen in FIG. 2, slightly less than the
      diameter of the extruder bore 18. As seen in FIG. 3, the opening 24
      diverges from the extruder bore 18. A nose 26 of the extruder screw
      projects into the opening and screw flights 28 of the extruder screw
      terminate in sliding contact with a rear face 30 of the shear plate 22.
      The height of the opening 24 is such that the nose 26 of the screw rotates
      in the opening with only a slight clearance between top and bottom of the
      opening and the nose 26.
PAR  The connecting unit 12 includes side guides 32 secured to a front face of
      the shear plate 22 at either side of the front end of the opening 24. The
      connecting unit 12 also includes top and bottom guide plates 34, 36
      respectively. The bottom guide plate 36 is pivoted on an axle 38 extending
      between the side guides 32 beneath the opening 24. The plate 36 is
      normally held in a generally horizontal position by air under pressure in
      a cylinder 70, an upper surface of the plate being disposed slightly below
      the bottom edge of the opening 24 and a front edge of the plate
      terminating just short of a lower one of the rolls 14. The cylinder 70 is
      pivoted on a bracket 74 secured to the shear plate, and a piston rod 72
      extending from the cylinder is connected by a pivot pin 76 to a front edge
      portion of the guide plate 36.
PAR  The top guide plate 34 is pivoted on an axle 40 extending between the side
      guides 32 above the opening 24 in the shear plate 22. The top guide plate
      is normally held by a piston and cylinder arrangement 41 in a generally
      horizontal position just above the top edge of the opening 24 and with the
      front end close to the upper roll 14. The piston and cylinder arrangement
      41 is pivoted on a bracket 48 secured to the shear plate 22. A piston rod
      44 projecting down from the cylinder is connected to the top guide plate
      34 by a pivot pin 46. Upstanding frame members 49 are secured to the upper
      end of the cylinder and are connected at their upper ends by a bridge
      piece 55. The piston rod 44 extends through the upper end of the cylinder
      and has an extension 50 which extends between the frame members 49 and
      projects through the bridge piece 55. An adjuster wing nut 51 is threaded
      onto the extension 50 above the bridge piece 55. Thus admission of air
      under pressure to the upper end of the cylinder drives the piston rod 44
      down to the extent permitted by engagement of a piston on the rod with the
      bottom of the cylinder 42, whereby to determine the lowermost generally
      horizontal position of the top guide plate 34. The frame members 49 are
      provided with front slots 53 and rear slots 52 parallel with the piston
      rod 44. Two microswitches 62 are mounted, one on each of the frame members
      49 by clamping screws 63 passing through the slots 53. The positions of
      the switches heightwise of the frame members are adjustable along the
      slots 53. Operating plungers 64 of the switches project through the slots
      52 towards the extension 50 of the piston rod 44. Two cams 54 are secured
      to the extension 50 between the bridge piece 55 and the upper end portion
      of the cylinder 42 and are disposed so as to actuate the plungers 64 of
      the microswitches 62 to control the extruder. In the operation of the
      illustrative extruder the piston and cylinder 41 acts to maintain the top
      guide plate 34 in the horizontal position determined by engagement of the
      piston with the bottom of the cylinder 42. The force with which the top
      guide place is held can be adjusted by varying the pressure of air
      supplied to the cylinder 42. The rolls 14 are mounted for rotation in
      bearings (not shown) carried in frame members 58 (FIG. 3). Drive means
      (not shown) is provided to drive the rolls 14. Side guide members 60 are
      secured to the frame members 58 so as to closely fit the periphery of the
      rolls 14, the distance between the members 60 being adjustable. The
      construction is such that the side guides 32 extend forwardly between the
      guide members 60, and the top and bottom guide plates 34, 36 extend
      forwardly respectively above and below the guide members 60.
PAR  In the operation of the illustrative extruder material to be formed into a
      sheet, for example rubber, is supplied to a feed end of the extruder
      portion 10. The extruder screw 20 is rotatably driven by a motor (not
      shown), and mixes and forces the material along the extruder bore 18
      through the opening 24 in the shear plate 22. The configuration of the
      opening 24 is such that the material forced through the opening is sheared
      by the end of the screw flights 28 working against the rear face 30 of the
      shear plate 22 to force the material through the opening in two streams,
      one at either side of the screw 20. The usual "corkscrew" effect of the
      screw on the material forced through the opening 24 is thus eliminated and
      the material is allowed to travel forward steadily. Passageways (not
      shown) may be formed in the shear plate 22 (and if desired in the guide
      plates 34, 36) so that cooling or heating fluid can be passed, as
      necessary, through the passageways to control the temperature of the shear
      plate and guide plates. Rotation of the screw 20 is started with the rolls
      14 stationary and with the guide plates held in horizontal positions by
      air pressure in the cylinders 42, 70. Material leaving the extruder bore
      18 is forced into a connecting passage formed by the opening 24 and
      between the side guides 32, guide plates 34, 36 and guide members 60 in
      the connecting portion 12. When this connecting passage is full of
      material extruded by the extruder portion 10, the volume of the material
      building up in the connecting passage acts on the top guide plate 34 to
      swing it upwardly about the axle 40, against the action of the air
      pressure in the cylinder 42. The air pressure was previously adjusted to
      maintain a suitable yieldable force on the plate 34 and thus a suitable
      maximum force on the material in the connecting passage. When the top
      guide plate 34 has been lifted by a suitable extent one of the cams 54
      actuate one of the microswitches to cause starting of the motor (not
      shown) of the rolls 14. Preferably, the circuitry is arranged so that the
      motor of the rolls 14 is slowly accelerated.
PAR  As the rolls 14 start to rotate, material is drawn from the connecting
      passage through the nip between the rolls in the form of a sheet. The side
      guide members 60 ensure that the sheet so formed has a clean edge and
      controls the width of the sheet formed. As the rolls slowly accelerate,
      the material is moved more rapidly from the connecting passage and the
      volume of material in the connecting passage gradually falls so that the
      top guide plate 34 returns, toward its horizontal position, under the
      force of the air pressure in the cylinder 42. When the plate 34 has
      reached an intermediate position said one cam 54 is disengaged from the
      plunger 64 of the said one of the microswitches 62 and the circuitry
      preferably is such that the speed of the motor of the rolls 14 then
      remains constant. The volume of material in the passage may continue to
      fall if the rolls draw it off faster than it is extruded into the passage
      and the top guide plate then continues to drop until the other one of the
      cams 54 actuates the other one of the microswitches 62. This causes the
      speed of the rolls 14 to be gradually reduced so that the material again
      builds up in the connecting passage until the top guide plate 34 is again
      lifted to the intermediate position. Said other of the cams 54 thus again
      disengages from said other one of the microswitches and the speed of the
      motor of the rolls again remains constant until the volume again builds up
      sufficiently to again actuate the first one of the microswitches thus to
      again speed up the rolls 14. This cycle continues until the with drawings
      speed of the rolls 14 is synchronised with the rate of delivery of the
      material by the screw 20. The force exerted on the bottom guide plate 36
      by the cylinder 70 is selected to be such that the plate 36 is maintained
      in its horizontal position during normal operation of the illustrative
      extruder.
PAR  The illustrative extruder may be so constructed and arranged that the
      electrical circuitry (not shown but of common type) associated with the
      microswitches 62 can be conditioned alternatively to control the speed of
      rotation of the extruder screw 20, the speed of the rolls 14 being in this
      mode of operation, maintained constant. In this mode of operation the
      rolls 14 are initially set rotating at a suitable constant speed and the
      screw 20 is set in operation, the speed of rotation of the screw gradually
      increasing until movement of the top guide plate 34 under pressure of
      material in the connecting passage operates the microswitch 62 to cause
      the speed of the screw to gradually reduce. The speed of the screw 20 and
      rolls 14 gradually synchronise in a similar manner to that described
      previously where the microswitch 62 controls the speed of the rolls.
PAR  Should the rolls 14 be stopped during normal operation such, for example by
      failure of the motor, or should the rolls operating at maximum speed be
      unable to remove material at the rate of delivery by the extruder portion
      10, first the top guide plate 34 and then the bottom guide plate 36 will
      be pushed wide open by build-up of the material in the connecting passage.
      The excess material then can escape through the openings so formed without
      excessive pressures being generated between the extruder and the rolls.
      The frame members 58 carrying the rolls 14 also may be mounted on
      vibration insulators (not shown) which allow the rolls 14 carried by the
      frame 58 to sway away from the extruder should the pressure between the
      extruder portion and the rolls build up to an unacceptable level. A limit
      switch may be arranged, as a further safeguard, to be operated by the
      swaying of the frame members to stop the extruder screw 20. Thus the
      arrangement of the illustrative extruder militates against excessive
      pressures building up between the extruder and the rolls, damage to the
      illustrative extruder thereby being avoided should any breakdown occur.
PAR  Should it be necessary to have access to the connecting passage for example
      to clean out the passage and the nose 26 of the screw 20, or to clear away
      small tailings at the end of a run, the top and bottom die plates 34, 36
      can be swung about their axles 40, 38 so that the plates are in a vertical
      position. The length of the plates is such that as they are swung about
      the axles 40, 38 they just clear the surface of the rolls 14. The bottom
      guide plate 36 may be moved by allowing the air under pressure to escape
      from beneath the piston in the cylinder 70 which normally holds the plate
      36 in the horizontal position, thus lowering the plate 36 to the vertical
      position. The top guide plate 34 is moved by admitting air under pressure
      beneath the piston in the cylinder 42 while allowing air to escape from
      above this piston and the plate 34 is thus lifted until it is in the
      vertical position. The wing nut 50 also may be threaded by the operator
      down the extension 51 of the rod 44 to retain the plate 34 in the vertical
      position. The illustrative apparatus is simple in construction and is
      arranged to operate in such a way that only minimum pressures are
      generated in the connecting passage between the extruder and the rolls.
      The nose 26 of the screw 20, and the connecting passage are readily
      accessible for cleaning purposes and eliminate the usual necessity for
      known extruders to provide means, for example hydraulic pistons and
      cylinders, for separating the extruder from the rolls to permit access.
      Because only small pressures are generated between the extruder and the
      rolls, it is possible for the rolls to be mounted on vibration insulators
      and not secured to a fixed base and should it be necessary to remove the
      screw 20 from the extruder portion the rolls can readily be moved aside.
      The construction and arrangement of the extruder and the connecting
      portion is such that rolls of smaller diameter may be used than would
      otherwise be necessary to ensure that the rolls bite into the material in
      the connecting passage.
PAR  In a modified version (not shown) of the illustrative machine the top guide
      plate may be maintained in its horizontal position by a spring strut
      arrangement, in place of the piston and cylinder arrangement, and the
      bottom guide plate 36 may be maintained in its horizontal position by
      removable screws without departing from the scope of the invention. Should
      it be necessary to obtain access to the connecting passage, the plates 34,
      36 can be moved to their vertical positions by an operator after first
      removing the spring pressure from the top plate and removing the screws
      from the bottom plate and the plates can then be bolted by the operator in
      their vertical positions. In this modified version a microswitch likewise
      may be arranged to be operated by movement of the plate 34 from the
      horizontal position (when the modified version is in operation) to control
      the speed of rotation of the rolls and/or the screw.
PAR  Having thus described my invention it should be apparent that various
      mechanisms and combinations of parts may be varied without departing from
      the scope of the invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for extruding and forming plastic material, an extruder for
      feeding plastic material, rolls adapted to receive and form the extruded
      material, a unit forming a connecting passage between the extruder and the
      rolls, said passage being formed at opposed sides of the extruder opening
      by stationary guides and at other opposed sides by plates extending
      between and swingably mounted on the guides for movement between open and
      closed positions, means for maintaining the plates in closed positions to
      direct extruded material into said rolls, the maintaining means being
      operable to move the plates to open positions to provide access to the
      rolls and the extruder.
NUM  2.
PAR  2. Apparatus according to claim 1 in which the plate maintaining means are
      yieldable to permit the plates to be swung toward open positions by a
      build-up of material in the passage to permit escape of excess material.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said yieldable means comprise
      fluid pressure operated piston/cylinder devices and the pressure of the
      fluid is variable to provide variably yieldable forces holding the
      swingable plates in closed positions.
NUM  4.
PAR  4. Apparatus according to claim 2 in which means are provided to sense
      build-up of excess material in the passage by detecting movement of the
      plates toward open position for controlling the withdrawing rate of the
      rolls.
NUM  5.
PAR  5. Apparatus according to claim 2 in which means are provided to sense
      build-up and reduction of material in the passage by detecting movement of
      the plates toward and away from open position for synchronizing the
      extrusion rate and the withdrawing rate of the rolls.
NUM  6.
PAR  6. Apparatus according to claim 5 in which the sensing means comprises
      limit switches actuated by opening movement of at least one of the plates
      to cause starting of the rolls when the passage is full of material.
NUM  7.
PAR  7. Apparatus according to claim 6 in which detection of further opening of
      the plate by the limit switches causes the withdrawing speed of the rolls
      to be varied.
NUM  8.
PAR  8. In apparatus for extruding plastic material comprising a barrel having a
      bore connecting a feed inlet and an outlet, a rotatable screw in the bore
      for plasticating and feeding material through the outlet, a shear plate at
      said outlet against which threads on the screw terminate and having an
      opening which receives a cylindrical end portion of the screw, said
      opening closely fitting the end portion at diametrically opposite sides
      and providing openings at other diametrically opposite sides whereby
      material is extruded in two separate streams.
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ABST
PAL  Apparatus for filtering molten plastics and for extruding plastic strands
      has a filter combined with a die head into an interchangeable unit.
      Plastics strands are discharged from the die head. The interchangeable
      unit is movable transverse to the direction of flow of plastics material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus for filtering molten plastics and for
      extruding plastics strands, more particularly for the production of
      plastics granulate, with a filter which is exchangeable by movement
      transverse to the stream of plastics and with a die head from which the
      plastics strands are discharged.
PAR  The production and processing of plastics frequently calls for filtration
      of the product. Known filter systems give rise to substantial difficulties
      which are due to the fact that changing the filter causes dirt to be
      returned into the product path while temperature-sensitive plastics may
      suffer from damage which ranges from discoloration to carbonisation. There
      are various reasons for thermal damage. In known devices the distances
      between the filter and the die head are relatively long so that the
      plastics material comes into contact with relatively large metal surface
      areas, even downstream of the filter, such metal surfaces having high
      temperatures since the entire device must naturally be heated. In order to
      minimise the size of such hot metal surfaces the diameter of pipes and
      ports through which molten plastics folows in known devices have been
      minimised but in the region of the filter whose surface area is made
      relatively large in the interests of a high throughput, this leads to the
      creation of dead zones in transition regions between small and large
      cross-sections of the heater device, the plastics material being also
      thermally damaged due to excessive dwell periods in such zones. Finally,
      there are difficulties in providing a seal for the filters, constructed as
      inserts in a slide, with respect thereto. Sealing is usually achieved by
      thrusting the filter insert against a seal surface by means of the
      pressure difference which occurs in operation; however, experience has
      shown that this cannot provide complete sealing, more particularly because
      the filter inserts must be inserted with some clearance into the slide in
      order to meet the demand for easy and rapid exchanging of the filters. The
      resultant gaps either cause undesirable bypassing of the filter or they
      form dead spaces in which molten plastics remains for a prolonged time and
      is thus thermally damaged. Changing the filter in known devices also
      causes relatively large amounts of air to be introduced into the plastics
      flow upstream and downstream of the filter.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide apparatus for filtering molten
      plastics and for extruding plastics strands which is such that the risk of
      thermal damage to the processed plastics is reduced.
PAR  According to the present invention there is provided apparatus for
      filtering molten plastics and for extruding plastics strands, including a
      filter combined, into an interchangeable unit, with a die head from which
      the plastics strands are discharged, the interchangeable unit being
      movable transverse to the direction of flow of plastics material.
PAR  Such apparatus can be used in the production of plastics granulates.
PAR  Apparatus embodying the invention can have the following advantages: the
      distance traversed by the molten plastics from the filter to the die of
      the combined filter and die head (sometimes referred to as the "filter
      die") is reduced to a minimum so that in practice it is not possible for
      the molten plastics to suffer any thermal damage downstream of the filter.
      Furthermore, in contrast with interchangeable filters of known
      construction the interchangeable unit comprising the filter and die head
      has only one surface instead of two which require sealing so that this
      step not merely simplifies construction and reduces sealing problems but
      also meets the demand for easy interchangeability of the filter in a more
      complete manner.
PAR  The invention also enables chambers, which are disposed upstream and
      downstream of the filter and are subject to different pressure levels, to
      be completely sealed with respect to each other by a positive connection
      so that bypassing of the filter is reliably avoided.
PAR  The construction according to the invention also permits the adoption of
      more optimum flow cross-sections for the molten plastics material because
      there is no need to restrict the flow cross-section downstream of the
      filter since the die head itself has a relatively large inlet
      cross-section. Furthermore, practically no air is introduced into the
      molten plastics when the filter die is changed because the filter die does
      not interrupt the plastics stream in the apparatus but is quasi-connected
      to the exit aperture of the device. There is also the additional advantage
      that the dies of the die head can be cleaned together with the filter.
PAR  As already mentioned, known devices of the kind described hereinbefore have
      two sliding surfaces which cooperate with the two end faces of the
      interchangeable filter in the sense of providing a seal and have ports
      upstream and downstream of the filter for the supply and discharge of
      molten plastics.
PAR  In a preferred embodiment of the invention the apparatus has a casing
      adapted to accommodate the plastics supply duct and having a slide surface
      into which the supply duct extends, the arrangement being that the die
      filter is resiliently pressed against the casing slide surface by means of
      a slide surface which incorporates its inlet port. Exceptionally accurate
      fits such as those required in apparatus of the known kind are therefore
      avoided.
PAR  It is advantageous to guide the die filter in guide rails which are
      resiliently prestressed in the direction towards the casing slide surface
      in order to facilitate the operation of exchanging the die filter and
      simultaneously to ensure that the die filter thrusts resiliently against
      the casing slide surface. The last-mentioned feature can be achieved with
      particular simplicity in terms of construction if the guide rails can be
      tilted about axes which are parallel to the guide rails.
PAR  In order to accelerate the exchange operation and to facilitate work
      concerned with the preparation for exchanging the die filter it is also
      advantageous if slide rails are provided, at least for retaining a die
      filter which is to be freshly inserted. The exchange operation is also
      accelerated if slide rails are also provided for retaining a die filter
      that has been exchanged. The slide rails for a die filter which is to be
      inserted and one that has just been exchanged are appropriately in
      alignment with the guide rails which maintain the die filter in the
      operational state. In such a construction the die filter which is in
      operation and is to be cleaned can be exchanged simply by the insertion of
      a cleaned, and where appropriate, preheated die filter into the operating
      position, the ejected die filter being still retained in the slide rails.
      The operation of exchanging the filters can be greatly accelerated by
      these means. Furthermore, a cleaned die filter which is to be freshly
      inserted can be preheated in the standby position and heating units which
      are to be mounted on the sides of the new die filter and are required to
      provide the operating state, can be mounted while the die filter is still
      in the standby position.
PAR  Particularly good sealing of a die filter which is to be inserted into the
      apparatus is obtained if all slide surfaces which are displaced with
      respect to each other in the course of a die filter changing operation are
      of a relatively soft material, more particularly aluminium bronze and on a
      hard material, more particularly hardened steel, respectively. It is
      appropriate to provide the slide surfaces of soft material on the die
      filter so that they can be remachined without difficulty if necessary.
PAR  While a change of filter in known apparatus of the kind described
      hereinbefore results in a prolonged interruption of the production of
      plastics strands this is not the case in the apparatus according to the
      invention; to completely prevent the ingress of extruded material into
      plant disposed downstream of the apparatus either during the operation of
      changing the die filter and briefly thereafter there is preferably
      provided a reversing device, more particularly in the form of a chute,
      under the die filter for the plastics strands and adapted to be adjusted
      between an operative and an inoperative position. The extruded material
      can be deflected by means of this reversing device, for example into a
      waste container, during the period in which the flow of material is
      disturbed by the die filter. Details of a suitable reversing device are
      disclosed in our copending patent application No.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the present invention will now be described, by way of
      example only, with reference to the accompanying drawings in which:
PAR  FIG. 1 is an axial section through the exit region of apparatus for
      filtering molten plastics and for extruding plastics strands in accordance
      with this invention; and
PAR  FIG. 2 is a section through the apparatus along the line 2--2 of FIG. 1;
      the sectional plane for FIG. 1 is indicated in FIG. 2 at 1--1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the exit zone of an extruder 10 which is provided with a
      heating jacket 12. A connecting pipe 16, through which the extruder
      communicates with a filtering and extruding device according to the
      invention and referenced in its entirety with the numeral 18, is connected
      to a nozzle 14 of the extruder. Heating jackets 20 and 22, which are
      electrically heated or can be fed, for example, with a liquid thermal
      medium, extend over the connecting pipe and the apparatus 18. An
      insulating jacket, referenced in its entirety with the numeral 24, is also
      provided.
PAR  The device 18 comprises a casing 26a to 26c which consists of several
      parts, and a supply duct 28, for molten plastics thrust by the extruder 10
      into the connecting pipe 16, extending through the casing parts 26a and
      26c. The casing parts 26a and 26c are sealed with respect to each other by
      means of a seal 30 and are joined to each other by means of countersunk
      screw fasteners 32. The casing parts 26b have longitudinal grooves 34 in
      which rods 36 are disposed but act as bearing elements. Guide rails 38 can
      be pivoted around the said rods, the guide rails being also provided with
      longitudinal notches 40 for bearing purposes. Screw-threaded bolts 42
      which are mounted in tapped holes 44 of the casing part 26a extend through
      the guide rails 38 and the casing parts 26b, the bottom ends of the said
      bolts having screwthreads so that the guide rails 38 and casing parts 26b
      can be tightened against the casing part 26a by means of nuts 46. A stack
      of diaphragm springs 49 which bear on the guide rails 38 is situated under
      each of these nuts in addition to a washer 48.
PAR  A die filter, referenced in its entirety with the numeral 50, is slidably
      guided between the casing parts 26b and 26c and the guide rails 38 in a
      direction which is perpendicular to the plane of the drawing of FIG. 1.
      The die filter comprises a top 50a and a die head 50b which is mounted
      thereon by means of screw fasteners 52. The die head is provided with a
      series of die bores 54 through which a plurality of plastics strands 56
      are simultaneously extruded. A sliding member 58 of aluminium bronze is
      inserted into the top 50a and mounted therein by means of countersunk
      screw fasteners 60. The sliding member 58 bears sealingly against the
      casing part 26c of hardened steel and is provided with an inlet port 62
      which is in flush alignment with the bottom aperture of the inlet duct 28
      when the die filter 50 is in the operating position illustrated in FIG. 2.
      In its bottom region the top part 50a is provided with a cavity 64 and the
      top region of the die head 50b has a cavity 66, both cavities being
      shouldered at 68 or 70 respectively. A filter, referenced in its entirety
      with the numeral 72, is clamped between the aforementioned shoulders, the
      construction of the filter being described in detail by reference to FIG.
      2.
PAR  Since the top 50a of the die filter is to be constructed of hardened steel
      it cooperates with guide strips 74 and 76 of a soft material, which are
      recessed into the casing parts 26b and into the guide rails 38. The guide
      strips 76 as well as the right hand guide strip 74 are bolted in position
      while the left hand guide strip 74 can be readjusted by means of an
      adjusting screw 78.
PAR  As may be clearly seen by reference to FIG. 2 the height of the top 50a of
      the die filter 50 is dimensioned so that the guide rails 38 bear on the
      underside of the top part 50a with the full force of the diaphragm springs
      49 so as to compensate for any tolerances resulting from a pivoting motion
      of the guide rails about the rods 36.
PAR  FIG. 1 also discloses two heating units 80, which are laterally attached
      alongside the die head 50b and are retained by means, not shown, on the
      die filter but can be easily removed therefrom. They are connected via
      connections also not shown, to a supply of electric power or liquid
      thermal medium, the said connections being flexible so as to permit
      sliding of the die filter 50 when the heating units are connected. A
      cooling device 82, which is only diagrammatically indicated, draws off the
      plastics strands 56 which are extruded from the die filter; these features
      represent prior art and it is therefore not necessary to describe them in
      detail. To prevent plastics reaching the cooling device in unusable form
      while the die filter is exchanged a reversing device, referenced in its
      entirety with the number 84 is attached to the bottom of the device 18 and
      is subject of our copending patent application so that it need only be
      briefly described in this context.
PAR  The reversing device is suspended from retaining means 86, mounted in a
      manner not shown on the device 18, and can be slid at right angles to the
      plane of the drawing of FIG. 1 along a rail 88 of the aforementioned
      retaining means. To this end it is provided with a guide frame 90 which is
      guided and retained by means of strips 92 in slots 94 of the rail 88. The
      guide frame 90 supports a chamber 95 which is disposed at an angle below
      the die filter and has a sheet metal chute 96 clamped therein. The top of
      the sheet metal chute can be provided with a film of water discharged via
      the chamber 95 which is connected to water mains, the film of water
      preventing the molten plastics from sticking.
PAR  If the reversing device 84 is not situated under a die filter 50 in the
      operative position the plastics strands 56 will pass into the cooling
      device 82 over the path indicated in dash dot lines. However, if the sheet
      metal chute 96 is driven under the die filter 50 or under the opening of
      the inlet duct 28 by means of a pneumatic cylinder, not shown, it will
      prevent molten plastics discharged from the device 18 in an undesirable
      form or composition from reaching the cooling device 82.
PAR  As may be seen by reference to FIG. 2 and more clearly by reference to FIG.
      1 the filter 72 comprises a support member 102 containing ducts 100 and a
      filter layer 104 which bears upon the aforementioned support member 102.
      FIG. 2 also clearly shows the uniform increase of the flow cross-section
      for the molten plastics from the bottom zone of the inlet duct 28 to the
      zone of the filter 72 without any substantial restriction downstream of
      the filter so that the illustrated apparatus 18 constructed in accordance
      with the invention has no dead zones in which sensitive plastics materials
      could be thermally damaged due to excessive dwell periods in the heated
      device 18.
PAR  The drawings also clearly show that the distance between the filter 72 and
      the nozzle bores 54 is very short.
PAR  FIG. 2 also shows that slide rails 106 and 108 are provided as an extension
      of the guide rails 38 on both sides of the die filter which is in the
      operative position in order to retain a cleaned, preheated die filter 50'
      which is to be inserted into the device 18 and, where appropriate, a die
      filter 50" which has just been ejected from the device 18 and is to be
      cleaned. One end of the resilient guide rails 38, but preferably both ends
      can be chamfered so that a die filter which is to be inserted into the
      rails can be inserted into the guide system formed by the guide rails even
      when these are pivoted upwardly by the diaphragm springs 50, even if the
      previously operated die filter had already been completely withdrawn from
      between the guide rails 38.
PAR  However, the normal operation for changing the die filter proceeds as
      follows:
PAR  A cleaned die filter 50' is inserted between the slide rails 108 (but these
      may of course also be the slide rails 106). Heating units 80 as shown in
      FIG. 1 can be mounted on the die filter and further heating units 110 can
      be mounted on the end faces of the die filter for preheating the same, the
      last mentioned heating units remaining on the die filter during the
      changing operation. A heating hood 112 may also be mounted but this must
      be removed prior to exchanging the die filter and must be held so that the
      die filter 50' can be slid away under the hood. The die filter 50' is slid
      under the device 18 by an actuating device not shown, more particularly a
      pneumatic cylinder, so that the inlet port 62 of the said device is in
      alignment with the bottom end of the inlet duct 28. This causes the
      previously operated die filter 50 to be pushed out of the guide rails 38
      and to be thrust between the slide rails 106. It will be clear that the
      operation of changing can be performed with great rapidity so that
      extrusion of the plastics strands 56 is only briefly interrupted and
      practically no oxygen is introduced into the molten plastics material.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for filtering molten plastics and for extruding plastic
      strands including in combination, a casing formed with a slide surface, a
      plastics supply duct in said casing leading into said casing slide
      surface, an interchangeable unit comprising a filter and a die head from
      which plastic strands are discharged, said unit being formed with a slide
      surface having an inlet port therein, and means for mounting said unit on
      said casing with said slide surfaces in engagement for movement of said
      unit transverse to the direction of flow of plastics material, said
      mounting means comprising guide rails for receiving said unit and means
      for resiliently biasing said guide rails toward said casing resiliently to
      bias said slide surfaces into engagement.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the guide rails can be tilted
      about axes which are parallel to the guide rails.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, comprising slide rails for retaining at
      least one combined filter and die head which is to be newly inserted.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, comprising slide rails for retaining an
      interchanged combined filter and die head.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, comprising slide rails for retaining at
      least one combined filter and die head which is to be newly inserted and
      slide rails for retaining an interchanged combined filter and die head,
      wherein the slide rails are in alignment with the guide rails.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein the slide surfaces which are
      displaced with respect to each other when a combined filter and die head
      is exchanged are of a relatively soft material and a relatively hard
      material respectively.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein the slide surfaces of soft
      material are mainly provided on the combined filter and die head.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 comprising, under the combined filter
      and die head, a reversing device for the plastics strands, said reversing
      device being adjustable between an operative position and an inoperative
      position.
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ABST
PAL  Apparatus for manufacturing blanks from a synthetic plastics material
       inces a mould cavity defined between a mandrel and an outer mould. A
      retractable sleeve is slidably mounted on the mandrel and is displaceable
      within the cavity at a rate which depends on the rate at which the
      plastics material is injected into the cavity.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to apparatus for manufacturing blanks from a
      synthetic plastics material which is injected under pressure into a mould
      cavity formed between a mandrel and an outer mould.
PAR  Blanks of this kind are needed as a basic product in the manufacture of
      containers, in particular plastics bottles. The blank is normally a
      relatively long thin-walled structure, the wall strength of which should
      be as uniform as possible.
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of plastics blanks, it is known to inject plastics
      material into a cavity formed between a separable outer mould and a fixed
      mandrel. Thus the injection of the plastics material takes place centrally
      of the blank and at the end of the cavity adjacent the free end of the
      mandrel.
PAR  It has become apparent that, with high pressure injection of the plastics
      material, the mandrel can be bent or warped because of uneven rates of
      flow of the plastics material around the mandrel. Blanks with considerably
      varying wall thickness and strength are produced by bending of the mandrel
      and this causes difficulties in the subsequent blow-moulding process. The
      warp on the mandrel is all the more apparent, the longer the mandrel. The
      length of the mandrel can be five to ten times as much as its diameter.
      With continued use of blanks with varying wall strengths and thicknesses
      the quality of the bottles being manufactured is considerably reduced and
      the productivity of the bottle producing machine suffers accordingly.
PAR  Moreover, streaks and swirls can form in the blanks as a result of
      uncontrolled injection of the plastics material, which streaks and swirls
      adversely affect the quality of the blanks.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided apparatus as referred to above
      wherein a retractable sleeve is provided within the cavity and is
      displaceable within the cavity at a rate dependent on the rate of
      injection of plastics material into the cavity.
PAR  Thus the sleeve is in a forward position in the cavity at the beginning of
      the process of injection of the plastics material and the mandrel is
      supported substantially throughout its length by the sleeve. As soon as
      the plastics material enters the forward end of the cavity and fills it
      the sleeve is displaced rearwardly. This rearward motion of the sleeve is
      controlled so that the volume of the cavity thereby vacated is always
      equal to the volume of the amount of plastics material which has been
      injected. Inadmissibly high and uneven injection speeds and
      correspondingly uneven rates of flow are avoided by the equal volume
      displacement of the sleeve. During the entire filling process the plastics
      material is injected much more evenly and at a constant speed into the
      cavity around the head of the mandrel.
PAR  By this equal volume displacement of the sleeve the manufacture of blanks
      is made much more accurate and the influence of uncontrolled events during
      injection is avoided as are the consequences connected therewith, such as
      streaks or swirls in the blank and bending of the mandrel.
PAR  The apparatus for manufacturing blanks can be developed in a number of
      ways. Thus the equal volume displacement of the retractable sleeve may be
      effected in dependence on the forward movement of an extruder screw or
      injection piston. Rearward displacement of the retractable sleeve and
      forward movement of the extruder screw or injection piston for the
      plastics material must occur in equal volume relationships. In this way,
      the plastics material does not shoot in an uncontrolled manner into the
      empty mould cavity, but is fed into it at a constant rate, since the
      volume inserted is always equal to the volume of the cavity vacated by the
      sleeve.
PAR  The equal volume displacement of the retractable sleeve can also be
      dependent on forward movement of the outer mould. Thus the plastics
      material may be displaced upon movement of the outer mould from a chamber
      into the mould cavity, the rearward movement of the sleeve being of equal
      volume relationship to the displaced volume of plastics material. The
      required relationship between the outer mould feed movement and the sleeve
      displacement is thereby maintained.
PAR  According to a further feature of the invention, the outer mould is movable
      relative to a fixed cylinder containing a chamber which is connected to a
      supply nozzle in which the connection between the chamber and the mould
      cavity is controlled by a displaceable shaft. The chamber in the cylinder
      is initially filled with the plastics material through the supply nozzle
      while the opening for the flow of plastics material into the mould cavity
      is blocked by the shaft. The sleeve is in its forward position near the
      end wall of the mould cavity, which end wall is formed at least in part by
      the adjacent surface of the shaft. After the shaft has been pulled back
      and the outer mould is inserted into the cylinder, the plastics material
      is caused to flow out of the chamber into the mould cavity where the equal
      volume displacement of the sleeve takes place. Inward movement of the
      outer mould is completed as soon as it engages the shaft which bears
      against a stop so the mould cavity is thereby blocked off.
PAR  According to a further feature of the invention a mould part is provided
      axially adjacent the outer mould, within which mould part is a recess
      containing two split ring moulds for forming the necks of the blanks. A
      hydraulic piston and cylinder mechanism controls movements of the sleeve,
      and the mould part acting on the outer mould, and to separate the split
      ring moulds.
PAR  The construction of the apparatus is particularly facilitated if the outer
      mould and the mould part are each of unitary construction. Means may be
      provided whereby the mould part can be pulled back away from the outer
      mould to enable the removal of the moulded blank from the outer mould.
      Assuming that the split ring moulds are then opened, moulded blanks can be
      taken off the mandrel by retraction of the sleeve. Both split ring moulds
      are preferably movable within the undivided mould part so that the opening
      movement thereof takes place uniformly so as to avoid any damage to the
      necks of the moulded blanks during said opening movement.
DRWD
PAR  The invention will now be described by way of example with reference to one
      embodiment shown in the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of the moulding apparatus at the beginning of
      the moulding process,
PAR  FIG. 2 is a sectional view showing the relative positions of the parts of
      the apparatus at the end of the moulding process, and
PAR  FIG. 3 is a section along the line 3--3 of FIG. 1.
DETD
PAR  The apparatus shown in the drawing includes an outer mould 10 of unitary
      construction and a mandrel 11, which between them define an annular mould
      cavity. A sleeve 14 is disposed between the outer mould 10 and the mandrel
      11 such that it can be displaced longitudinally. In FIG. 1 the sleeve 14
      is shown in its forward position, in which the mandrel is supported
      substantially throughout the whole of its length and only the inner end
      portion of the cavity 12 is empty. FIG. 1 also schematically illustrates
      the hydraulic system for reciprocating sleeve 14.
PAR  The mandrel 11 and the sleeve 14 extend through a bore in a mould part 15
      which is of unitary construction and is retractable longitudinally quite
      independently of the outer mould 10. The mould part 15 is formed with a
      recess 16 in which two split ring moulds 17 and 18 are arranged, and the
      split moulds 17 and 18 can be opened, in the manner shown in FIG. 3, to
      permit removal of a moulded blank. The split ring moulds 17 and 18 are
      formed with rebates as shown and these rebates serve to form the neck of a
      moulded blank. The mandrel 11 and the sleeve 14 are mounted on a fixed
      base structure (not shown) on which the mould part 15 is also mounted.
PAR  The front portion of the outer mould 10 is displaceable within a cylinder
      19 containing a chamber 20 which is filled with plastics material through
      an opening 21 by means of an injection nozzle 22. In the cylinder 19 there
      is a longitudinally displaceable shaft 23, the forward end surface of
      which constitutes an end wall 12a  of the mould cavity 12. In the position
      shown in FIG. 1, the shaft 23 separates the chamber 20 from the mould
      cavity 12. The shaft 23 includes a collar 50 which is connected to a
      piston rod 52 of a hydraulic ram arrangement 54 so that the shaft 23 can
      be pushed back against a stop 24 to provide an opening through which the
      plastics material can flow into the mould cavity 12.
PAR  The process of manufacturing a moulded blank, for use in, for example, a
      blow-moulding apparatus, is such that the plastics material is first of
      all injected into the chamber 20 within the cylinder 19 through the
      injection nozzle 22 and the temperature is controlled in that chamber by
      heating elements (not shown). The chamber 20 is closed, during injection
      of the plastics material, by the shaft 23 which abuts a frusto-conical
      surface of the outer mould 10 as shown in FIG. 1. The chamber 20 is of
      somewhat larger volume than the moulded blank to be manufactured.
PAR  After the chamber 20 has been filled with hot plastics material,
      communication is established between the chamber 20 and the mould cavity
      12 by retracting the shaft with the hydraulic ram 54 so that the shaft
      bears against the stop 24. Simultaneously the mould part 15 is pushed
      forwards together with the outer mould 10 by a hydraulic piston and
      cylinder mechanism (not shown) and the plastics material displaced by
      insertion of the outer mould 10 into the chamber 20 is caused to flow into
      the mould cavity 12 through an opening of fairly large section. The outer
      mould 10 and the sleeve 14 are displaced by related amounts and the
      relationship between the rate of forward movement of the outer mould 10
      and the rate of backward movement of the sleeve 14 must be so fixed that
      the volume of plastics material caused to flow into the mould cavity is
      equal to the volume of the sleeve 14 effectively withdrawn from the cavity
      12.
PAR  A biassing force initially acts on the sleeve 14 to urge it into the
      position shown in FIG. 1 and this must be overcome during retraction, so
      that no cavities are formed in the moulded blank. The biasing force may be
      applied as follows. An arm 60 is connected to a rear portion of sleeve 14,
      as ahown in FIG. 1. A piston rod 62 is connected to the arm 60 and extends
      rearwardly into a cylinder 64, which contains hydraulic fluid. Cylinder 64
      may be rigidly connected to mold part 15. Further, arm 60 could be
      eliminated so that sleeve 14 is connected directly to a piston rod 63. As
      plastic material enters the mold cavity 12, pressure is exerted on the
      terminal end of sleeve 14, and this pressure is transmitted through arm
      60, piston rod 62, and piston 63 to the hydraulic fluid in cylinder 64. As
      the pressure increases, the biasing force of a conventional relief valve
      66, such as a one-way spring-biased ball valve, is overcome and hydraulic
      fluid flows from cylinder 64 through flow line 68 and 70 to a sump 72.
      Thus, inadmissibly high uneven injection speeds are avoided by retraction
      of the sleeve 14 and advance of the outer mould 10 at controlled rates.
      The plastics material is caused to flow into the mould cavity 12 around
      the head of the mandrel at a constant speed throughout the entire moulding
      process. Since the sleeve 14 is initially in the forward position, the
      plastics material cannot squirt or flow rapidly into the adjacent portion
      of the mould cavity and therefore produce inadmissibly high and uneven
      rates of flow which can result in bending of the mandrel 11, which is,
      moreover, substantially supported throughout its length by the sleeve 14.
PAR  When the outer mould 10 and the mould part 15 have reached their final
      positions as shown in FIG. 2, (wherein the hydraulic biasing means is not
      shown) the process of filling the mould cavity 12 is completed and the
      passage for the flow of the plastics material out of the chamber 20 is
      blocked by the shaft 23, which is situated against the stop 24. When the
      outer mould 10 is in this positon, the sleeve 14 is in its final position
      between the split ring moulds 17 and 18 whereby a neat neck is formed on
      the moulded blank. This final position of the sleeve 14 is determined by a
      stop, not shown. The blank 25 manufactured in this way is then allowed to
      harden or set. The coolant channels required for this are not shown.
PAR  After the moulded blank has hardened or set the mould part 15 is withdrawn
      axially together with the sleeve 14 and the blank 25 on the mandrel 11,
      the outer mould 10 being urged back to engage a stop 27 by springs 26. At
      the same time the shaft 23 returns to its final forward position by
      hydraulic ram 54 as shown in FIG. 1.
PAR  When the moulded blank has been withdrawn sufficiently so as to be clear of
      the outer mould 10 the split ring mould parts 17 and 18 are opened and the
      sleeve 14 is moved back towards its initial position, as shown in FIG. 1.
      This is accomplished by supplying hydraulic fluid to cylinder 64 from the
      sump 72 through flow line sections 74 and 76 by a pump P. The moulded
      blank 25 is released from the mandrel 11 by this movement of the sleeve
      and can fall into a container. The mould part 15, the mandrel 11 and the
      sleeve 14 are then returned to their initial positions and the injection
      process is repeated after the chamber 20 has been refilled with the
      plastics material. Stops (not shown) are provided for determining the
      final position of the sleeve.
PAR  In FIG. 3 both split ring mould parts 17 and 18 are shown in end view; they
      are fixed to two arms 28 and 29 which span the recess 16 of the mould part
      15. The ends of the arms 28 and 29 are pivotally connected at 30 for
      pivotal movement relative to the mould part 15, while the free ends of the
      arms 28 and 29 are spaced apart and connected together by a parallelogram
      linkage which is made up of four separate links 31 which are connected to
      the arms by pivotal connections 32 and to each other by pivotal
      connections 33 and 34. The connection 34 is fixed to the mould part 15.
      The split ring mould parts 17 and 18 are opened and closed evenly and
      uniformly by a hydraulic piston and cylinder mechanism 35 situated between
      the connections 33 and 34.
PAR  An important advantage of the apparatus is its space-saving construction,
      so that it is especially suited to the simultaneous injection of several
      blanks. In addition, only the small ring mould for making the neck portion
      of the blank needs to be made in two parts, while the outer mould 10 and
      the mould part 15 are not split. Production and operating costs are
      thereby reduced.
CLMS
STM  I claim:
NUM  1.
PAR  1. An injection molding apparatus for forming plastic blanks, comprising a
      generally tubular mold cavity defined by an outer mold and a concentric
      mold mandrel, a retractable tubular sleeve telescoped over the mandrel to
      substantially occupy the mold cavity prior to the injection of plastic
      material, said sleeve being displaceable from the cavity at a rate
      dependent upon the rate of injection of plastic material into the cavity,
      means biasing said retractable sleeve toward a position to substantially
      occupy the mold cavity so that sleeve displacement is in response to
      plastic material completely filling the mold cavity, a fixed cylinder for
      receiving and accumulating moldable plastic material, said outer mold
      including an injection port providing communication between the mold
      cavity and the fixed cylinder, the outer mold being moveable into the
      cylinder to force material from the cylinder through the injection portion
      into the mold cavity, and a retractable shaft extending through the fixed
      cylinder for controlling communication between the cylinder and the mold
      cavity.
NUM  2.
PAR  2. The apparatus as defined in claim 1, further including a stop in
      alignment with the retractable shaft, said shaft being moveable from the
      injection port to a retracted position against the stop to establish
      communication between the cylinder and the mold cavity, and the outer mold
      being moveable into the fixed cylinder to a position where the shaft
      engages the injection port to terminate material injection.
NUM  3.
PAR  3. The apparatus as defined in claim 1, characterized by said biasing means
      for said sleeve being hydraulic.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein there is provided, adjacent the
      outer mould, a mould part in which two split ring moulds are arranged for
      the formation of necks on the blanks.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein the mould part can be drawn back
      to permit removal of the moulded blank from the outer mould and the split
      ring moulds can be opened whereupon the moulded blank can be displaced
      from the mandrel by movement of the sleeve.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein the split ring moulds are
      carried by arms which have their one ends pivotally connected to the mould
      part and their other ends interconnected by a parallelogram linkage.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein opposite corners of the
      parallelogram linkage are connected by a hydraulic piston and cylinder
      mechanism.
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ABST
PAL  Apparatus for rapidly making thermoplastic containers wherein the resultant
      containers can, if desired, be multilayered for vapor or gas barrier or
      other reasons, or be oriented for toughness and improved stress crack
      resistance. The apparatus takes a measured amount of thermoplastic
      material which is lubricated, heated and forged into a desired shape
      preform with a predetermined lip configuration. The center portion of each
      said preform is maintained at a forming temperature while the peripheral
      portion thereof is clamped and rapidly brought below the softening point
      of the plastic resin. The preform can then be immediately thermoformed
      into a container having a desired shape and size, and cooled. If desired,
      the preform can be forged, cooled and recovered for a subsequent
      thermoforming operation or can be a finished article itself.
PARN
PAR  This is a continuation-in-part of application Ser. No. 295,092, filed Oct.
      2, 1972, now abandoned which, in turn, is a division of application Ser.
      No. 62,969, filed Aug. 11, 1970, now U.S. Pat. No. 3,739,052.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a high speed process for making thermoplastic
      containers or other articles wherein a measured amount of thermoplastic
      material, such as a thermoplastic blank, is forged under proper conditions
      into a preform having a defined peripheral configuration and then
      immediately thermoformed into a container to produce the desired container
      shape having advantageous properties heretofore unobtainable in rapidly
      thermoformed containers.
PAR  It is well known that preforms can be injection molded from a molten
      polymer and later thermoformed into a thermoplastic container. See, for
      example, U.S. Pat. Nos. 3,305,158 and 3,488,805. However, no quick forming
      process for thermoforming scrap free containers using other than an
      injection molding process has been known. Injection molding processes are
      severely limited in what can be done in forming the preform and the
      resultant qualities of the container. For example, the forming of oriented
      and/or multilayered preforms is not readily and easily accomplished in
      injection molding processes, and relatively expensive equipment is
      required.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement over the prior art in that an
      especially quick process of making a thermoplastic container or other
      article is achieved, while the process is scrap free and provides a
      container which can be multilayered and/or oriented where desired. In the
      process a preform is forged in a matter of seconds with a finished rim and
      immediately thermoformed into the container while the relatively hot
      center portion thereof is still at a thermoforming temperature.
PAR  The present invention includes the following steps: A measured amount of
      thermoplastic material, such as a relatively thin thermoplastic blank, is
      provided. Lubrication is then provided for the surfaces of the blank by
      directly lubricating the blank or the molds in which the blanks are
      forged. One of these blanks is then pre-heated to a temperature ranging
      from just below the softening point to about the melting point of the
      plastic resin and immediately forged in a heated mold into a desired
      preform in which the center portion thereof is maintained at its forming
      temperature while the peripheral portion is rapidly brought below the
      softening point of the plastic. The preform is then immediately
      thermoformed into a container having a desired shape and size, and cooled.
PAR  Orientation is built into the container through the forging of the preform
      and/or thermoforming of the containers by this process. A higher degree of
      orientation can be obtained if the preform is forged directly from
      oriented blanks; where forging is initiated below the softening point of
      the blank.
PAR  A further aspect of the present invention is the provision wherein a
      relatively thin thermoplastic blank is provided by dividing a sheet of
      plastic into a plurality of polygonal blanks having a size and shape such
      that scrap is minimized or eliminated. It particularly is desirable in
      this regard to cut the sheet into a series of square blanks. These blanks
      can then be forged to a desired forming shape such as circular with
      virtually no scrap.
PAR  Another aspect of this invention is the provision wherein blanks are forged
      in a forging means having a cooled lip forming means therein whereby the
      forging pressure applied is sufficient to cause the plastic blank to flow
      uniformly into the lip forming means with a dwell time just sufficient to
      cause the peripheral part thereof to be clamped securely and brought
      rapidly below the softening point of said plastic while the center portion
      is maintained at its forming temperature in the event subsequent
      thermoforming is desired without reheating.
PAR  Other features of the process are that single and multiple layer preforms
      can be readily contoured to provide more uniform draw of containers, and
      the preforms can be distortion printed prior to thermoforming.
PAR  While a wide variety of thermoplastics can be used in this invention, the
      invention is particularly applicable to a multilayer sheet of at least two
      different plastics, for example, wherein the multilayer sheets or laminate
      consists of two sheets of a polyvinyl aromatic such as styrene, polyvinyl
      toluene, or rubber modified blends thereof with a core of polyvinylidene
      chloride (saran). A further useful laminate comprises two sheets of a
      polyolefin such as polyethylene or polypropylene with a core of
      polyvinylidene chloride.
PAR  The containers formed by this process when a multilayer blank is used
      containing a core of saran are particularly advantageous in that this
      process gives a composite wherein the saran layer is essentially pinhole
      free with no cracks. Hence, the containers are excellent barriers to gases
      such as oxygen and carbon dioxide, for example, odors, etc. and are useful
      to package foodstuffs.
PAR  The invention is also applicable to the use of a single sheet of plastic
      such as polyolefin, i.e., polyethylene, polypropylene, etc., and polyvinyl
      aromatics such as polystyrene, as well as polyvinyl halides such as
      polyvinyl chloride, etc.
DRWD
PAC  DETAILED DESCRIPTION
PAR  The process of this invention is illustrated by the drawings in which:
PAR  FIG. 1 is a diagrammatic, cross-sectional view of a forging press having
      heated platens and a cooled lip forming fixture in accordance with the
      present invention;
PAR  FIG. 2 is a similar view showing enlarged and in greater detail the
      relationship of the lip forming fixture to the platens of the press and to
      the blank which is to be forged;
PAR  FIG. 3 is a view similar to FIG. 2 showing the relationship of the parts
      after the blank is forged into a preform;
PAR  FIG. 4 is an enlarged, fragmentary sectional view of the lip forming
      fixture illustrating the details of the detent;
PAR  FIG. 5 is an exploded isometric view of the details of the lip forming
      fixture in relationship to the blank and the platens of the press;
PAR  FIG. 6 is a similar isometric view showing the relationship of the parts
      after the platens have compressed the blank into a preform;
PAR  FIG. 7 is a view similar to FIG. 2 only showing apparatus for thermoforming
      the preform into a container;
PAR  FIG. 8 is a fragmentary plan view of a modified ring clamping device;
PAR  FIG. 9 is a cross-sectional view of the modified clamping device taken
      along reference line 9--9 of FIG. 8;
PAR  FIG. 10 is an enlarged, fragmentary sectional view of a modified lip
      retaining feature shown in FIG. 9;
PAR  FIG. 11 is a fragmentary sectional view of a modified ring cooling and yet
      another lip retaining feature; and
PAR  FIG. 12 is an enlarged, fragmentary sectional view of the lip retaining
      feature shown in FIG. 11.
DETD
PAR  Referring more specifically to FIG. 1, 10 is the movable ram of a hydraulic
      or similar press 11 and 12 is the lower stationary ram of the same press
      11. The upper ram 10 is guided during its vertical reciprocating motion by
      the guides 13 which are fixed into the lower ram 12. The upper ram 10 has
      a platen 14 secured to it in the center of a heating coil 18 which is
      provided with pipes 19 to carry a heating fluid such as steam or hot oil.
      In a similar manner, the lower stationary ram 12 has mounted on it a lower
      platen 16 which is likewise heated by a heatinng coil 20 having pipes 19
      to carry the heating fluid. On top of the lower platen 16 a lip forming
      fixture 21 is removably mounted. This lip forming fixture 21 has flexible
      hoses 24 and 26 to carry a cooling fluid to and from the lip fixture.
PAR  In FIG. 2 the details of the lip forming fixture 21 are shown in greater
      detail. Thus, the lip forming fixture 21 comprises a first clamp means
      shown embodied as an upper ring 36 which is contoured at 37 to match the
      chamfered surface 15 of the upper platen 14 and a second clamp means shown
      embodied as a lower ring 38 which is likewise contoured at 39 to match the
      chamfered surface 17 of the lower platen 16. The upper ring is channeled
      to provide a circumferential cooling channel 28 which is sealed by a
      sealing ring 29. In similar manner, the lower ring 38 is channeled to
      provide cooling means in the form of a cooling channel 30 which is sealed
      by a sealing ring 31. Upper ring 36 adjacent its central opening includes
      a shoulder or inner surface 61, and adjacent its central opening includes
      lower ring 38, a shoulder or inner surface 62 and a face 63 such shoulders
      and face providing a lip opening for receiving preform lip 23, the
      shoulders cooperating in a clamp fashion to firmly engage the top of
      preform lip 23. The lip opening includes a cut out presenting face 63
      angled from the horizontal sufficient to resist the retraction stress of
      the polymer so that the preform will not pull out of the fixture 21 when
      the platen 14 is opened. At the same time the function of the clamp
      results in a finished molded lip about the rim of the preform.
PAR  The upper ring 36 has a plurality of notches 27 cut out of the lower sides
      thereof. Three of these notches 27 have been found to be adequate for most
      purposes. However, more or less than this number can be used as is
      desired. These notches are for the purpose of obtaining a positive lock
      when the upper ring 36 is depressed into the lower ring 38. During the
      course of the downward movement of the upper ring 36, the spring detent 25
      is pushed back momentarily against a spring 41 and then pushed forward to
      lock into the notch 27 as is shown in FIG. 3. Associated with the detent
      25 is an adjusting screw 22 for adjusting the tension on the spring loaded
      detent 25. The series of flexible hoses 24 and 26 are provided to carry a
      cooling fluid such as cold water to the upper ring 36 and the lower ring
      38, respectively.
PAR  In FIGS. 5 and 6 essentially the same details shown in FIG. 2 are
      illustrated in exploded and isometric views to further clarify the
      relationship of the parts. For purposes of clarity, the flexible cooling
      tubes 24 and 26 are not illustrated in these figures. It is readily
      apparent that a plurality of these cooling tubes can be provided in order
      that the upper and lower rings are maintained at a uniform temperature
      substantially below that of heated platens.
PAR  In the steps of this process, a lubricant is applied to the surface of a
      blank 32 (which can be homogeneous as shown on the left side, or
      optionally multilayered, as layers 32a, 32b, 32c, for example, on the
      right side of FIG. 2) or platens of forging fixture 21, the blank 32,
      which is a measured amount of thermoplastic material, is then preheated in
      an air oven or other appropriate apparatus to a temperature ranging from
      just below the softening point to about the melting point of the plastic,
      and this is then placed on the lower platen 16. The upper ram 10 then
      descends under pressure to forge the heated blank 32 into the cavity
      between the platens 14 and 16 and into the adjacent lip forming cavity 23
      (shown in FIG. 3) which is formed at the circumferential space between the
      upper ring 36 and the lower ring 38. The present invention is applicable
      to blanks regardless of their source, whether they are formed from a piece
      of sheet, injection, gob or compression molded pieces, sections cut from
      an extruded rod, or pieces formed from resin powders, or the like.
PAR  It is to be understood that the upper and lower platens 14 and 16,
      respectively, are previously heated to a forging temperature generally
      above the softening point of the plastic. The temperature of the platens
      and the blank can be the same or different but it is preferred to have the
      platens at a slightly higher temperature than the blank. It is also
      preferred to have the blank 32 preheated in an air oven or a similar
      device prior to its insertion into the fixture 21. A preform is formed
      from the blank, and a container can be subsequently thermoformed from the
      preform. Where desired, the preform can be a finished article itself, such
      as a container lid.
PAR  The platens can optionally be contoured (not shown) so that the forged
      preform will be correspondingly contoured with the result that the
      distribution of resin in the preform will permit more uniform drawing of
      the container. For example, more resin material can be located in that
      part of the preform from where the bottom corner of the container will be
      formed. This is readily accomplished whether the preform is homogeneous or
      multilayered.
PAR  The upper platen 14 remains in its lower compressing position for a dwell
      time just sufficient to cause the peripheral part of the resulting forged
      preform 34 (which can be homogeneous as shown on the left side, or
      optionally multilayered as layers 34a, 34b and 34c, for example, on the
      right side of FIG. 3) to be brought rapidly below the softening point of
      the plastic by the cooled lip fixture 21 and its associated parts. At the
      same time, the center portion of said preform remains in a softened state
      due to the higher temperature of the heated platens 14 and 16.
PAR  The platens 14 and 16 are then withdrawn from the lip forming fixture 21,
      and the fixture 21 having the preform 34 contained therein is then moved
      rapidly to a mold 40 wherein a thermoforming operation is preformed to
      form the preform into the shape of container 42 (which can be homogeneous
      as shown on the left side, or optionally multilayered, as layers 42a, 42b
      and 42c, for example on the right side of FIG. 7) including the rim or lip
      23 as shown in FIG. 7. A top plate 44 is then clamped to the retaining
      ring 21 and applies air pressure through aperture 46 to the top of the
      preform to assist in the thermoforming operation. A vacuum can be drawn
      through vacuum ports 48 which, in cooperation with positive pressure from
      the aperture 46, performs the thermoforming function. A plug 96, shown in
      dotted lines in FIG. 7, can also be used where an especially deep draw is
      necessary. A hydraulic mechanism 50 serves to move the top plate 44 up and
      down to open the cavity for removal of the part, and to close upon the
      clamp ring to secure the rim 23 in place during thermoforming,
      respectively. Transfer of a preform occurs while it is still hot moldable
      so that it can be vacuum formed into the mold 40 and there allowed to
      cool, and is then subsequently recovered. Cooling passages 52 can be used
      to assist the solidification of the container 42 in mold 40.
PAR  Modifications of the apparatus of the present invention are illustrated in
      FIGS. 8 to 12. Specifically, FIGS. 8 and 9 illustrate a modified clamping
      mechanism for rings 36 and 38. Here upper ring 36 carries a top plate 60
      which has a keyhole slot 62 overlying elongated slot 64 in the upper ring,
      the width of slot 64 being at least as great as the largest width of
      keyhole slot 62. The extra plate is carried for ease of machineability of
      the keyhole slot but, if desired, the entire keyhole slot could instead be
      located in the upper ring 36, thus eliminating the need for upper plate
      60. The narrow neck portion 66 of the keyhole slot 62 has a diameter less
      than the head 70 of pin 68, the latter being carried in an upstanding
      position from lower ring 38. The diameter of head 70 is less than the
      diameter of the widest part of the keyhole slot 62 so that it can be
      inserted therethrough. By clockwise rotation of the upper ring 36, which
      carries plate 60, with respect to lower ring 38, the rings can be clamped
      together. This clamping arrangement can be located repeatedly around the
      periphery of the rings as necessitated to securely clamp the two rings
      together, or can be located in ring segments in the event the rings are
      not continuous about the periphery of the preform rim, that is, where it
      may be desired not to clamp the preform rim about its entire periphery.
PAR  The modification shown in FIG. 9 also includes an extra cut-out 72 in the
      rim clamping area of the lower plate 38, this being shown in more detail
      in the enlarged view of FIG. 10. The preferred embodiment of the
      improvement shown in FIG. 10 is of saw-tooth like shape having a face 74
      at substantially a right angle to surface 62 of ring 38, with an inclined
      face 76 angled acutely from the other direction of that same surface. This
      permits a protrusion 78 of thermoplastic material from the preform 34 to
      fill the cut-out 72 and to thereby, in combination with the skirt portion
      23, secure the peripheral rim area of the preform within the forming
      fixture. Sharply angled face 74 provides resistance to pull-out of the
      preform periphery from the forming fixture. While the configuration of
      face 76 is not particularly critical, it is important that the face 74 be
      at a relatively sharp angle with respect to the surface 62. The faces
      themselves need not necessarily be flat to function. Thus, the actual form
      of the cut-out, and the actual location and number of the cut-outs, can
      vary provided the function of sufficiently resisting pulling of the rim
      periphery from the fixture is accomplished.
PAR  an alternate form of preform rim clamping is shown in the preferred
      embodiments of FIGS. 11 and 12 wherein the lip 80 of the preform 34
      extends laterally outwardly from the central body portion of the preform.
      Since the lip 80 in this case does not include a downwardly extending
      skirt, reliance is made of several protrusions, such as 82, 84, 86 and 88,
      which are like protrusion 78. The cut-outs for protrusions 82 to 88 are
      like cut-out 72, and, as illustrated, they extend from both surfaces 61
      and 62 of each of the clamping rings 36 and 38. The protrusions can be
      located directly opposite from one another, such as protrusions 84 and 88,
      or can be staggered laterally with one another, such as protrusions 82 and
      86, in cases where this can be an advantage. In any event, the total
      effect of the protrusions 82 through 88 should be sufficient with the
      clamping force of the rings themselves, to fully resist pulling of the
      preform 34 from the clamping rings of the forming fixture. Again
      variations can occur in shape, number and location of protrusions,
      provided the desired clamping function is achieved.
PAR  Also iillustrated in the modification of FIG. 11 is a modified cooling
      means or heat exchanger 90 for the clamping rings 36 and 38. This
      embodiment of cooling means 90 comprises a plurality of radiating fins 92
      and 94 in a row extending laterally outwardly from the periphery of the
      clamping rings, the fins being constructed such that they provided large
      surface areas exposed to the atmosphere for radiation. In many cases such
      a radiation cooling means can be adequate so that it is unnecessary to
      provide more elaborate cooling means receiving cooling liquid and the
      like.
PAR  The use of lubricants on the blanks or on the platen surfaces or both is
      necessary in this invention to insure that the plastic flows uniformly
      into the mold cavity and to avoid warping. It has been found that without
      the use of lubricants, a laminated sheet will not flow uniformly into the
      caavity but that the internal layer or core will be substantially extruded
      ahead of the outer surfaces of the laminate so that partial or complete
      disruption of the laminates takes place. In other words, the lubricant
      permits "plug flow" of the blank (i.e., flow approaching the uniform
      velocity profile of the polymer cross-section) into the shape of the
      preform. Illustrative examples of lubricants that can be used are
      glycerine, fatty acid soaps, paraffin waxes, silicones, thermoplastic
      films, oils, and the like.
PAR  The "plug flow" resulting from the lubrication in turn permits the preform
      to be distortion printed prior to thermoforming into a container.
PAR  Since the thermoplastic resins that may be used in this invention are quite
      varied, it is obvious that the terms "forging temperpature,"
      "thermoforming temperature," "softening point," and "melting point" used
      herein are relative terms and cannot be defined specifically without
      considering the characteristics of each resin employed in the process.
      Laminates of two or more plastics will have different forging
      temperatures, softening points, melting points, etc., than their component
      parts. Generally it has been found that the softening temperature of a
      laminate is dominated by the softening temperature of the surface layer in
      contact with the mold surface. For a given thermoplastic material, optimum
      forging temperature can be determined in accordance with accepted
      techniques by following the principles of this invention. The pressure
      ranges used in the forging step are quite variable according to the
      plastic which is to be forged and to the temperatue to which it is heated
      and to the dimensions of the cavity at the mold lip.
PAR  It is essential to the success of this invention when using multilayer
      blanks that at least three conditions be obtained before the plastic blank
      is forged: (1) the blanks must be warm, i.e., preheated to a temperature
      ranging from just below its softening point to about its melting point
      depending on the particular resin in the blank; (2) the blank and/or the
      mold (i.e., platen) surfaces must be lubricated; and (3) the mold surfaces
      must be warm, i.e., heated to a temperature above the softening point of
      the resin of the blank.
PAR  As illustrations of the criticality of the foregoing conditions, it was
      observed that if the mold surfaces were cold, i.e., at room temperature,
      and the multilayer balnk was heated to a forging temperature and no
      lubrication was used, the center layer of layers were squeezed out of the
      multilayered blanks. Even when lubricants were used under the above
      conditions, there was considerable extrusion of the middle layer or
      layers. When both the blank and the mold were heated to a forging
      temperataure and no lubrication was used, there was still extrusion of the
      middle layers. It was only when all three of the above conditions were
      observed that uniform preforms were obtained from the multilayer blanks.
PAR  When the process was applied to the homogenous plastic blank, i.e., a blank
      made from a single plastic sheet, the above conditions are not as
      critical, but is preferred to use them since by so doing the process in
      much faster and springback or warpage of the resultant container is
      eliminated.
PAC  EXAMPLES
PAR  The invention is further illustrated by the following examples.
PAR  Quantities of high impact polystyrene containing 5 per cent
      styrene-butadiene rubber were compression molded or extruded into sheets
      of about 100 mils in thickness. Some of these sheets were then tentered
      and biaxially oriented at various temperatures as indicated in Table I.
      Square blanks of about 2-3 inches square were then cut from these sheets
      and forged into generally circular preforms and containers having a
      circular horizontal cross-section with a maximum diameter of 5 inches and
      a depth of 11/2 inches, with outwardly sloping side walls in the manner
      indicated above. The results are indicated in Table I. In each Example of
      Table I the softeninig temeprature was about 205.degree. F., the melting
      temperature (usually not a definite point) was in the range of 300.degree.
      F. to 550.degree. F., and the forging temperature (temperature of forging
      platens) was about 265.degree. F. In each example it can be seen that the
      blank preheat temperature (from Table I) was in the range of from just
      below the softening temperature to about the melting temperature of the
      resin of the blank, and the forging temperature was at least as high as
      the softening temperature of the resin.
TBL                                    TABLE I                                 
     __________________________________________________________________________
          Blank  Transparency            Transparency                          
                                                Range of Preheat               
     Example                                                                   
          Orientation                                                          
                 of     Birefringence*   of     Temperature of                 
     No.  Conditions                                                           
                 Sheet  Sheet   Container                                      
                                         Sheet    Blank                        
     __________________________________________________________________________
     1    Not oriented                                                         
                 Opaque 0       4 .times. 10.sup.-.sup.3                       
                                         Opaque 240.degree.-260.degree.F.      
     2    Stretched                                                            
                 Opaque 1.2 .times. 10.sup.-.sup.3                             
                               12 .times. 10.sup.-.sup.3                       
                                         Transparent                           
                                                175.degree.-190.degree.F.      
     3    Stretched                                                            
                 Opaque 2.2 .times. 10.sup.-.sup.3                             
                               14 .times. 10.sup.-.sup.3                       
                                         Transparent                           
                                                175.degree.-190.degree.F.      
     4    Stretched                                                            
                 Opaque 4.1 .times. 10.sup.-.sup.3                             
                               Not tested                                      
                                         Transparent                           
                                                175.degree.-190.degree.F.      
     5    Stretched                                                            
                 Opaque 7.9 .times. 10.sup.-.sup.3                             
                               No containers                                   
                                         --     175.degree.-190.degree.F.      
                               made due to                                     
                               inability of                                    
                               fixture to retain                               
                               preform                                         
     __________________________________________________________________________
      *Index of orientation determined from fringe patterns under a polarized  
      microscope with monochromatic light by the method of E. F. Gurnee Jour. o
      Applied Physics 25:1232-30 (1954)                                        
PAR  In similar examples of the present invention, it was found that when a
      blank having no orientation was used to form a container according to this
      invention the container was always opaque but did have improved strength
      and stress crack resistance due to orientation resulting from forging of
      the blank into a preform, and subsequent thermoforming of the preform into
      a container. If at least a moderate amount of orientation was present in
      the blank a generally transparent container usually resulted, and this
      container had greatly improved strength and stress crack resistance. The
      upper limit on the amount of orientation is determined by the physical
      characteristics of the lip forming fixture. For example, for every lip
      forming fixture there will be a point at which the stresses induced into
      an oriented blank are greater than the ability of the fixture to hold the
      lip of the resultant oriented preform when it is attempted to squeeze the
      blank into a preform. This is believed to be due to the fact that heat is
      transferred from the mold which then causes the preform to shrink and
      revert back to its original unoriented size and shape, i.e., the "memory
      effect." In certain instances where some polymers are under high stress,
      the polymers heat distortion temperature may be decreased somewhat.
PAR  From the data presented in Table I it is evident that the process of this
      invention always produces a container having orientation greater than that
      of the blank from which it is formed with the added advantage that if the
      blank is opaque, due to the presence of small amounts of impact improvers
      such as various rubbers, the container usually will also be rendered
      generally transparent.
PAR  A summary of physical properties in a series of tests of sheet, preforms
      and containers when starting from sheets of different levels of
      orientation, where the containers are formed according to this invention,
      are set forth in Table II, the results clearly showing a dramatic increase
      in tensile strength for a given polystyrene material through the steps of
      the process and also as the orientation of the original sheet is
      increased. This increased orientation also contributes to highly improved
      stress crack resistance of the resulting polystyrene container, the
      relationship between increased orientation and stress crack resistance
      being well established. The physical properties of the sheet stock from
      which squares were cut, the 51/8  inches diameter preforms and the former
      containers of Table II were all tested for tensile strength and precent of
      elongation by A.S.T.M. Method D1708-66(Tensile Properties of Plastics by
      Use of Microtensile Specimens). I-shaped test bars were cut in the radial
      and tangential direction from the flat sections of the preform and the
      formed containers, and also from the sidewall of the formed container. In
      most cases, data for any one preform or container was averaged and
      reported as a single value.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Summary of Physical Properties                                            
                             Example 2                                         
                                      Example 3                                
                   Example 1 Polystyrene                                       
                                      Polystyrene                              
                   Polystyrene                                                 
                             Biaxially                                         
                                      Biaxially                                
     Properties of the Blank                                                   
                   Unoriented Blank                                            
                             Oriented Blank                                    
                                      Oriented Blank                           
     __________________________________________________________________________
     *Birefringence                                                            
                   0         1.2 .times. 10.sup.-.sup.3                        
                                      2.2 .times. 10.sup.-.sup.3               
      TS at Yield  3810 psi  4090 psi 4320 psi                                 
      TS at Rupture                                                            
                   2950 psi  4310 psi 4800 psi                                 
      Elong. at Rupture                                                        
                   35%       39%      22%                                      
      Properties of the                                                        
      51/8 " Dia. Preform                                                      
     *Birefrigence 1.05 .times. 10.sup.-.sup.3                                 
                             3.4 .times. 10.sup.-.sup.3                        
                                      5.2 .times. 10.sup.-.sup.3               
      TS at Yield  4310 psi  5500 psi 6650 psi                                 
      TS at Rupture                                                            
                   4390 psi  6850 psi 6950 psi                                 
      Elong. at Rupture                                                        
                   38%       43%      60%                                      
      Properties of the                                                        
      51/8 " Dia. .times. 11/2 " Deep                                          
      Formed Containers                                                        
     *Birefringence                                                            
                    4.0 .times. 10.sup.-.sup.3                                 
                              12 .times. 10.sup.-.sup.3                        
                                       14 .times. 10.sup.-.sup.3               
      TS at Yield  5690 psi  8740 psi 10,080 psi                               
      TS at Rupture                                                            
                   6660 psi  9100 psi 10,440 psi                               
      Elong. at Rupture                                                        
                   50%       32%      27%                                      
     __________________________________________________________________________
      "*Birefringence" is defined in Table I                                   
      "TS" means tensile strength of section from Example                      
      "Elong." means elongation of section from Example                        
PAR  The above process was appied to multilayered sheets of varying composition
      and under varying conditions to form an essentially pinhole free circular
      container having a diameter of 51/8  inches, a depth of 11/2  inches and
      outwardly sloping side walls. The conditions and results are indicated
      below in Table III. In each of the five examples, the multilayered sheet
      was coextruded with a glue layer of a commercially available
      ethylene-vinyl acetate copolymer havingn a melt index of 6.0 and 28% vinyl
      acetate.
PAR  The results of the oxygen permeability test support the conclusion that the
      saran layer was continuous and essentially free of flaws since the value
      obtained are in good agreement with the calculated values for saran of the
      same thickness. Such items find especial use in containers for products
      having extreme sensitivity to oxygen penetration such as meat packages,
      latex paints, cheese, cooking oil and many other food products.
TBL                                    TABLE III                               
     __________________________________________________________________________
                                Approximate Blank                              
                       Square   Saran Thickness                                
                                            Thickness                          
     Example Compositions                                                      
                       Blank Size                                              
                                in Blank (Mils)                                
                                            (Mils)                             
     __________________________________________________________________________
     6       MIPS/S/MIPS                                                       
                       25/8 "   13.2        110                                
     7       MIPS/S/MIPS                                                       
                       31/8 "   9.6         95                                 
     8       GPPS/S/GPPS                                                       
                       25/8"    11.8        110                                
     9       GPPS/S/GPPS                                                       
                       31/8"    11.0        110                                
     10      HDPE/S/HDPE                                                       
                       31/8"    5.4         85                                 
     __________________________________________________________________________
      MIPS: Medium impact polystyrene (3.5% styrene-butadiene rubber)          
      GPPS: General purpose polystyrene (no rubber present)                    
        S: Saran (vinylidene chloride/vinyl chloride copolymer)                
      HDPE: High density polyethylene 0.959 density 0.5 melt index?            
TBL                                     Oxygen                                 
                        Press                                                  
                            Avg. Saran  Transmission                           
     Preheat     Forge  Dwell                                                  
                            Thick. at Bottom                                   
                                        Rate                                   
     Example                                                                   
          Temp. .degree.F.                                                     
                 Temp. .degree.F.                                              
                        (Sec.)                                                 
                            of Container (Mils)                                
                                        Mesr'd*                                
                                              Calc'd                           
     __________________________________________________________________________
     6    260    260    1   2.0         0.78  0.50                             
     7    260    260    1   2.4         0.49  0.42                             
     8    260    260    1   2.0         0.66  0.50                             
     9    260    260    1   2.9         0.34  0.34                             
     10   275    300    1   1.1         0.63  0.91                             
     __________________________________________________________________________
      *c.c./100 in..sup.2 -- 24 hours -- atmosphere (of samples cut from the   
      bottom of the formed container)                                          
       Mesr'd means "Measured                                                  
       Calc'd means "Calculated                                                
PAR  From the foregoing, it is evident that the process of this invention can be
      used to produce oriented containers with good stress craze resistance
      having one or more layers of the same or different polymers. For example,
      oleomargarine tubs can be made by this process from impact modified
      polystyrene which will have good resistance to the fatty oils of the
      oleomargarine by virtue of the orientation built into the tub by this
      process.
PAR  By using a white pigmented impact polystyrene sheet, i.g., one containing
      1-5percent by weight of finely divide titanium dioxide or other white
      pigments, in addition to styrene-butadiene rubber which has been laminated
      to an impact polystyrene sheet which has been pigmented with a contrasting
      pigiment such as carbon black, one can obtain oleomargarine tubs or other
      food containers which are extremely attractive in that the inner surfaces
      are white while the outer sufaces are black or other colors. These
      containers, in addition to being attractive, are impact and stress craze
      resistant due to the orientation built into them by this process.
PAR  It should also be appreciated that the concepts of the present invention
      can be employed in rapid forming of preforms with finished rims, which
      preforms can be cooled once forged and stored for later use. When ready to
      be used the preforms can then be reheated and thermoformed into
      containers. This would be a readily inexpensive and highly practical way
      to obtain, for example, multilayered highly oriented preforms which can
      later be formed into especially advantageous containers of the type
      heretofore described.
PAR  It should additionally be appreciated that what we have heretofore called
      "preforms" can themselves be the final article, that is, an item requiring
      no further thermoforming. For example, a lid with a finished rim could be
      made in the same manner as the preform.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invenetion, it will be apparent to those
      skilled in the art that various changes and modifications can be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  Accordingly, what is claimed as new is:
NUM  1.
PAR  1. An apparatus for scrapless forming of thermoplastic articles comprising
      a ring-like forming fixture adapted to receive a measured amount of
      thermoplastic material to be forged into a preform which can subsequently
      be thermoformed into an article, said forming fixture comprising an upper
      ring with a central oepning the lower extent of which defines a peripheral
      dimension about the same as that of said preform less its rim area, a
      lower ring including a central opening the upper extent of which defines a
      peripheral dimension about the same as that of said preform less its rim
      area, a lip opening contoured out of at least one of said rings around the
      entire extent thereof and presenting a face angled from the horizontal
      sufficient to resist the retraction stress of the thermoplastic material
      of the preform, the inner surfaces of said rings adjacent their respective
      central openings being spaced from one another a distance no greater than
      the thickness of said preform and presenting opposed shoulders which
      together with said face secure the peripheral rim area of said preform,
      including its lip, in clamped fashion within said fixture priior to and
      during subsequent thermoforming of the preform into a container, cooling
      channels extending through at least one of said rings adjacent the rim
      receiving portion thereof sufficient to cool rapidly the rim area while
      leaving the central portion of said proform at a thermoformable
      temperature.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the peripheral edges of said central
      openings are chamfered outwardly from their inner extent to their outer
      extent, the inner extent of said central openings being in open
      communication with one another.
NUM  3.
PAR  3. The apparatus of claim 2 wherein means is located within said central
      openings for forging said thermoplastic material into said preform.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said means comprises upper and lower
      platens adapted to fit within the chamfered openings within said upper and
      lower rings, respectively, and including means for driving said platens
      together to squeeze said thermoplastic material into said preform.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said upper and lower platens are
      located within said central openings for forging said thermoplastic
      material into said preform, the thermoplastic material engaging surfaces
      of said platens being contoured to distribute material in said preform for
      more uniform thermoforming of said preform into a container.
NUM  6.
PAR  6. The apparatus of claim 2 wherein the rings have cooperating means to
      lock the same together for thermoforming of said preform into said
      container.
NUM  7.
PAR  7. The apparatus of claim 2 wherein the upper ring has a plurality of
      notches cut out from the outer sides thereof, a spring detent carried
      within said lower ring mating with said notches to secure said rings
      together for thermoforming of said preform into said container.
NUM  8.
PAR  8. The apparatus of claim 2 wherein the upper ring includes keyhold slots
      extending vertically through their periphery, the lower ring including
      headed lugs protruding through said slot with the heads of the lugs being
      locked with the narrow sections of the keyholes for securing said rings
      together for thermoforming of said preform into said container.
NUM  9.
PAR  9. An apparatus for scrapless forming of a thermoplastic article having a
      rim area with a finished molded lip, said apparatus comprising a ring-like
      forming fixture adapted to receive a measured amount of thermoplastic
      material to be forged into a preform which can subsequently be
      thermoformed into said article, said forming fixture comprising an upper
      ring with a central opening the lower extent of which defines a peripheral
      dimension about the same as that of said preform less its rim area, a
      lower ring including a central opening the upper extent of which defines a
      peripheral dimension about the same as that of said preform less its rim
      area, a lip opening contoured out of at least one of said rings at least
      partially about the extent thereof and presenting a lip opening angled
      from the horizontal to enable the preforms polymer when contained therein
      to resist the retraction stress of the thermoplastic material of the
      preform, the inner surfaces of said rings adjacent their respective
      central openings being spaced from one another a distance sufficiently
      close to the thickness of said preform to assist in resisting said
      retraction stress and presenting opposed shoulders which together with
      said lip secure the peripheral rim area of said preform in clamped fashion
      within said fixture prior to and during subsequent thermoforming of the
      preform in the event the preform is thermoformed into a container, at
      least one of said rings hving cooling means adjacent the rim receiving
      portion thereof sufficient to cool rapidly the rim area while leaving the
      central portion of said preform at a thermoformable temperature in the
      event subsequent thermoforming is desired without reheating.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said lip opening is angled
      sufficiently to fully enable the preform polymer therein to remain in
      place during operation of the apparatus.
NUM  11.
PAR  11. The apparatus of claim 9 wherein at least one of said rings includes at
      said lip opening a cut-out at a substantial angle to the inner surface of
      said ring to enable the thermoplastic material of the article located said
      cut-out together with the rest located in the lip opening to fully enable
      the thermoplastic material to remain in place during operation of the
      apparatus.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said cut-out presents a face
      substantially at a riight angle to the inner surface of the ring in which
      it is located.
NUM  13.
PAR  13. The apparatus of claim 11 wherein said cut-out is of generally
      saw-tooth shape and extends in the same general direction from the inner
      surface of the ring as said lip opening.
NUM  14.
PAR  14. The apparatus of claim 9 wherein said cooling means comprises cooling
      channels extending through at least one of said rings.
NUM  15.
PAR  15. An apparatus for scrapless forming of a thermoplastic article having a
      rim area with a finished molded lip, said apparatus comprising a forming
      fixture adapted to receive a measured amount of thermoplastic material to
      be forged into said article, said forming fixture comprisng a first clamp
      means with a centrral opening defining a peripheral dimension about the
      same as that of said article less its rim area, a second clamp means
      including a central opening defining a peripheral dimension about the same
      as that of said article less its rim area, a lip opening contoured out of
      at least one of said clamp means at least partially about the extent
      thereof, said lip opening including a cut-out presenting a face at an
      angle to the clamp means surface sufficient to enable the thermoplastic
      material of the article to resist the retraction stress of the
      thermoplastic material, inner surfaces of said clamp means adjacent their
      respective central openings being spaced form one another a distance
      sufficiently close to the thickness of said article to assist in resisting
      said retraction stress and presenting opposed shoulders which together
      with said lip opening secure the peripheral rim area of said article in
      clamped fashion within said fixture.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said first clamp means comprises an
      upper ring and said second clamp means comprises a lower ring.
NUM  17.
PAR  17. The apparatus of claim 15 wherein said lip opening extends
      substantially laterally outwardly from the central opening and includes a
      plurality of said cut-outs extending into the inner surfaces of both said
      clamp means.
NUM  18.
PAR  18. The apparatus of claim 17 wherein cooling means in the form of
      radiating fins extend outwardly from the outer periphery of said clamp
      means.
NUM  19.
PAR  19. The apparatus of claim 15 wherein said article is a preform adpated to
      be subsequently thermoformed into a final article, at least one of said
      clamp means having cooling means adjacent the rim receiving portion
      thereof sufficient to cool rapidly the rim area while leaving the central
      portion of the preform at a thermoformable temperatue for subsequent
      thermoforming without reheating.
NUM  20.
PAR  20. The apparatus of claim 15 wherein said cut-outs present a face
      substantially at a right angle to the inner surfaces of the clamp means in
      which they are located.
NUM  21.
PAR  21. The apparatus of claim 20 wherein a cut-out on one clamp means is
      laterally disposed with respect to a cut-out in the other clamp means.
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ABST
PAL  Reshaping of a nestable plastic container of substantially uniform wall
      thickness into a non-nestable container of substantially uniform wall
      thickness by substantially uniform radial and axial enlargement thereof.
      The nestable plastic container is heated below its rim portion to a
      predetermined temperature where the nestable container is readily
      deformable, the thus heated nestable container then being fixedly
      supported in a mold cavity having a non-nestable inner wall configuration,
      and subsequently expanding the nestable container against the non-nestable
      inner wall configuration of the mold cavity by differential fluid pressure
      to form a non-nestable container product.
PARN
PAR  This is a continuation of application Ser. No. 328,197 filed Jan. 31, 1973,
      and now abandoned, which was a continuation of application Ser. No. 12,652
      filed Feb. 19, 1970, and now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Molding operations for fabricating reduced or small necked plastic bottles,
      containers and the like have built upon the experiences of the glass
      blowing art where liquid melted glass in the shape of a parison is
      injected or introduced into a split mold cavity having a configuration of
      the ultimate article to be formed, the parison then being subjected to air
      pressure, through a tube, needle or the like to expand the parison against
      the inner wall of the split mold cavity. After being cooled against the
      inner wall of the mold cavity, the final article may then be removed upon
      opening of the split mold cavity.
PAR  In the present state of the art of blow molding disposable plastic bottles
      or containers having small or reduced necks, there are several ways in
      which the material is introduced into a mold cavity. In addition to
      depositing an unshaped parison into the mold cavity, the prior art has
      included the introduction of a partially shaped parison, the insertion of
      an extruded tube, and in some instances, a preformed or preshaped article
      is deposited in the mold cavity. The present invention is directed to the
      type of reshaping operation where a nestable container, suitable for
      shipping and storage purposes, is introduced into a mold cavity having a
      non-nestable inner wall configuration, and the nestable container is
      subsequently reshaped by differential fluid pressure into a non-nestable
      container product.
PAR  It is well known that blow molding operations inherently involve numerous
      problems in the manufacture of bottles, containers and the like. Flash is
      frequently formed about the outside surface of the neck portion and outer
      walls of the bottle or the container due to the pressing of excess
      material in the seam areas of the split mold when the parison or extruded
      tubing is reshaped. In some cases, flash has been removed by automatic
      deburring equipment prior to the removal of the bottle from the mold to
      avoid expensive, time-consuming operations normally associated with hand
      labor. Improper centering of the parison, tubing or preformed article has
      also resulted in the formation of flash, not to mention the molding of
      thick and thin areas in the ultimately formed article which may result in
      undesirable weaknesses at stress points in the container.
PAR  While the above disadvantages may be alleviated, at least in part, by the
      introduction of a closed end parison into a mold cavity under known
      techniques, difficulty still persists in the proper seating or centering
      of the preform and additional problems are created such as the proper
      sealing of the preform in the mold cavity to avoid air leaks and the
      attendant non-uniform expansion that will result. Furthermore, the
      relative complexity of the equipment and its cost have restricted the
      potential use in the packaging industry of reshaped containers for both
      the small and large users of bottles or containers.
PAR  The present invention has the advantage that the preform may be fabricated
      as a nestable container by a manufacturer who can provide the proper
      quality standards that are necessary for the preformed product. The
      nestable container can then be shipped by the preform maunfacture to the
      bottle fabricator where a simple, economical technique may be employed to
      fabricate articles of the desired shape.
PAR  Accordingly, it is an object of the present invention to overcome the
      inherent disadvantages of current blow forming operations and the
      deficiencies in the products resulting therefrom.
PAR  More specifically, it is an object of the present invention to provide a
      method and apparatus for fabricating nestable plastic containers of
      substantially uniform will thickness into uniquely configured non-nestable
      containers of substantially uniform wall thickness.
PAR  Another object of the present invention is a method and apparatus which
      enables economic fabrication of non-nestable articles of predetermined
      shape having the desired thickness and strength.
PAR  These and other objects and advantages of the present invention are
      attained by providing a non-nestable, thermoplastic container of
      substantially uniform wall thickness which is reshaped from a nestable,
      thermoplastic container of substantially uniform wall thickness by both
      radial and axial enlargement thereof. The procedural steps and structural
      elements for manufacturing a non-nestable container include the steps or
      means of forming a nestable container with a rim portion of predetermined
      diameter at the open upper end thereof, heating the nestable container
      below its rim portion to a predetermined temperature where the nestable
      container is readily deformable, fixedly supporting the heated nestable
      container in a mold cavity having a non-nestable inner wall configuration,
      sealing off the heated nestable container in the vicinity of its rim
      portion from the mold cavity, and thereafter expanding by differential
      fluid pressure the heated nestable container against the non-nestable
      inner wall configuration of the mold cavity to form a non-nestable
      container with a rim portion of the same predetermined diameter at its
      open upper end.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a semidiagrammatic sectional view of an apparatus constructed in
      accordance with the teachings of the present invention, which is also
      capable of carrying out the method of the present invention, and
      illustrating the placement of a nestable plastic container on a heated
      upper mold or mandrel;
PAR  FIG. 2 is a view similar to FIG. 1 and showing the disposition of the
      nestable container and mandrel within a mold cavity having a non-nestable
      inner wall configuration;
PAR  FIG. 3 is a view similar to FIGS. 1-2 and illustrating the manner in which
      the nestable container is expanded into a non-nestable container product;
PAR  FIG. 4 is a view similar to FIGS. 1-3 and depicting the removal or
      separation of the non-nestable container from the apparatus;
PAR  FIG. 5 is an enlarged fragmentary sectional view showing a portion of the
      apparatus in greater detail;
PAR  FIG. 6 is a combined sectional and side elevational view of the
      non-nestable container with a snap-in closure applied to the open end
      thereof; and
PAR  FIG. 7 is a combined sectional and side elevational view of a non-nestable
      container with an overcap applied over the open upper end and extending
      around and below the rim portion thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before considering the details of the preferred embodiments, it will be
      understood that the present invention is directed to the manufacture of a
      wide variety of shapes and sizes of hollow articles made of organic
      plastic material. The invention is not limited to a particular type of
      organic material, but must have the characteristic of being rendered
      plastic by heat in order to permit it to be shaped into hollow articles
      such as bottles or containers. Several types of preferred materials
      include polystyrene, polyethylene, and polyvinyl chloride; but other
      materials within the general parameters outlined above may also be
      utilized.
PAR  It is also to be understood that while the nestable container preform is
      preferably made by sheet thermoforming techniques, it is conceivable that
      injection molding, blow molding and the like may be employed.
PAR  The nestable container 10 illustrated in the drawings is preferably molded
      by a technique, commonly referred to as sheet thermoforming, where the
      application of heat and pressure causes a web of thermoplastic material to
      be deformed to the desired shape. One particularly efficacious technique
      for thermoforming nestable containers is disclosed in U.S. Pat. No.
      2,891,280 where a heated web of thermoplastic material is first
      mechanically predrawn by a mandrel and then subjected to air under
      pressure within the confines of a mold cavity, thereby causing the
      preformed shape to conform to the outline of the mold cavity. While it is,
      of course, possible to thermoform a non-nestable container as illustrated
      in U.S. Pat. No. 3,259,942, it has been found that the equipment and
      standards which are necessary to produce products of consistent quality
      has discouraged many of the non-nestable container users. As a result,
      there has been a long felt need for a technique whereby accurately formed
      products of substantially uniform wall thickness could be formed by
      economical and simple molding techniques.
PAR  The nestable plastic container 10, as best seen in FIGS. 1-2 of the
      drawings, include a bottom wall 12 which is configured in central axial
      cross section to enhance its resistance to deformation, as can be seen
      from the slightly upwardly bowed or concave section 14. The bottom 12 may
      be otherwise configured to enhance its resistance to deformation such as
      by thickening the bottom or by impressing other reinforcing structure
      therein. The container 10 further includes an upwardly and outwardly
      tapering side wall 16 which extends from the bottom wall to an open upper
      end. At the open upper end there is provided a rim portion 18 in the form
      of a radially outwardly directed rolled rim or curled lip. It will be
      apparent that various types of rim constructions may be employed,
      including thickened or solid bead constructions, flat lips or lips of any
      other construction or configuration which offer sufficient increased
      lateral or radial width at the open upper end of the container 10 to
      enhance the lateral strength at the open upper end.
PAR  The diameter of the container 10 at the open upper end in the vicinity of
      the rim portion 18 is preferably of sufficient diameter to permit drinking
      from one edge thereof. As will be explained in the molding technique to be
      described below, the rim portion 18 preferably remains undeformed during
      the reshaping of the nestable container to a non-nestable container
      construction. Of course, it is to be understood that the ultimately formed
      non-nestable container product may be used for containing products not
      otherwise brought into direct contact with a user's lips; and in this
      regard, the predetermined diameter at the open upper end of the container
      which is selected will take into consideration the products that are
      contained therein.
PAR  In order to limit telescoping between adjacent nested containers 10 in a
      stack of similarly configured containers, each nestable container 10 is
      preferably provided with a stacking means 20 in the side wall 16 thereof.
      The stacking means 20 may be of the type depicted in U.S. Pat. No.
      3,139,213 for limiting telescoping between thin-walled, nestable products
      of substantially uniform thickness with which the present invention is
      concerned. It will be understood, however, that a stacking means or
      configuration may be incorporated at other places in the side wall, in the
      bottom wall, or at the rim of the container 10, as may be desired.
PAR  In thermoforming nestable containers 10, such as by the thermoforming
      process disclosed in U.S. Pat. No. 2,891,280, the nestable container 10 is
      formed as a thin-walled container in the range of 0.01 inches in
      thickness. The range of thicknesses in thin-walled plastic containers may
      be on the order of 0.008-0.025 inches in thickness, but it is to be
      understood that the range of thickness is given for exemplary purposes
      only. The thin-walled, nestable containers 10 are also of substantially
      uniform thickness in the sense that the inner and outer surfaces of the
      container have corresponding contours. Thus, variations in thickness
      caused by the thermoforming process will be considered to fall within the
      generally understood definition of substantially uniform thickness in the
      thermoforming field.
PAR  Nestable containers 10 are preferably thermoformed by a manufacturer who
      has the necessary equipment and quality standards to consistently produce
      thin-walled, plastic nestable containers of substantially uniform
      thickness. The nestable containers 10 are then placed in stacks of fifty
      to one hundred containers, for example, and then shipped to a non-nestable
      container user who will fill the non-nestable containers with a desired
      product for distribution in the market place. At the plant of the
      non-nestable container user, there will be provided a machine which will
      reshape the nestable container 10 into a non-nestable container product 20
      as best seen in FIGS. 3-4 and 6-7 of the drawings. For the discussion that
      is to follow a non-nestable container product is a product which is not
      designed to provide substantially complete nesting, as in the case of
      nestable containers, although a partial nesting may occur between limited
      areas of the top and bottom of adjacent stacked non-nestable containers.
      Thus, a non-nestable container product is one in which there is no
      inherent nesting characteristics between adjacent containers.
PAR  While freedom of design will permit a great variety of shapes and sizes of
      non-nestable containers to be formed, there is illustrated at FIGS. 3-4
      and 6-7 of the drawings a preferred form of non-nestable container
      construction. The non-nestable container 20 includes a bottom wall 22
      which is preferably axially upwardly directed at least in part to enhance
      its resistance to deformation by the product contained in the container
      20. The container 20 further includes a radially outwardly directed
      generally bulbous shaped side wall 24 which curves from the bottom wall 22
      to a rim area 26 of the container which includes the rim portion 28 and a
      downwardly and inwardly tapering skirt or wall 30 which connects the rim
      portion 28 to the bulbous shaped side wall 24. The juncture between the
      downwardly and inwardly (or upwardly and outwardly) tapering skirt or wall
      30 and the bulbous shaped side wall 24 provides a radially inwardly
      extending offset shoulder 32.
PAR  The rim portion 28 is maintained during the reshaping operation from the
      nestable container 10 to the non-nestable container product 20 of the same
      predetermined diameter as the nestable container 10. In this way, it is
      possible to provide a predetermined diameter at the open upper end of the
      container which has a diameter sufficient to permit the lips of the user
      to engage one edge thereof. The dimension of the open upper end of the
      non-nestable container 20 will be governed largely by the product to be
      contained therein, but it will be understood that it will be possible
      according to the techniques disclosed herein to maintain the dimensional
      characteristics of the rim portion as may be desired.
PAR  The rim area 26 of the container 20 is adapable for use with both a snap-in
      lip or overcap as may be desired. In FIGS. 6-7 of the drawings the use of
      a snap-in lid and an overcap is illustrated. Specifically, in FIG. 6 of
      the drawings a snap-in lid 34 is shown in assembled relationship relative
      to the rim area 26 of the non-nestable container. The snap-in lid 34
      includes an enlarged bead 36 at the lower end thereof which has a diameter
      slightly larger than the radially inwardly offset shoulder 32 of the
      container 20. The dimensional arrangement of the parts is such that the
      lid 34 may be snapped in the rim area 26 of the container below the
      radially inwardly offset shoulder 32 thereof. The snap-in lid 34 is guided
      or centered as it is assembled relative to the rim area of the container
      by the downwardly and inwardly tapering wall or skirt 30. If desired, the
      snap-in lid 34 may be provided with a generally U-shaped lid section 38
      which is designed to fit over the rim portion 28 of the container 20 in a
      manner well known in the art.
PAR  The rim area 26 of the container 20 also facilitates the use of an overcap
      40 as illustrated in FIG. 7 of the drawings. The overcap 40 may have a
      formed shape or, as depicted in FIG. 7 of the drawings, may comprise a
      crimped lid made from paper, foil, or laminated paper, foil, or plastic
      constructions where the outer peripheral portions 42 of the overcap are
      crimped beneath the radially outwardly directed rim portion 28. It will
      thus be apparent that the non-nestable container 20 readily adapts itself
      to known capping technology which is readily accessible.
PAR  In the container 20 which is illustrated in the drawings, the generally
      bulbous shaped side wall 24 is provided with a plurality of rib portions
      44 in the area of the container which would be generally gripped by a
      user. Other types of reinforcing patterns such as flutes (vertically
      oriented), grid-like patterns and the like may be employed to enhance the
      lateral rigidity of the non-nestable container in the area in which it is
      to be gripped by a user. In the illustrated container 20 it is to be
      further noted that the maximum diameter of the bulbous shaped side wall 24
      exceeds the diameter at the rim area 26 of the container including the
      radially outwardly directed rim portion 28 thereof. Preferably, the ribs
      44 are provided in the area of maximum diametrical extent of the bulbous
      shaped portion. It will be apparent that the non-nestable container is not
      limited to a bulbous shaped side wall 20, but may include various designs
      and shapes which are consistent with products that can be formed by split
      mold technology which is used in the non-nestable container fabricating
      technique. It has been found, however, that the generally bulbous shape is
      at least one preferred form of non-nestable container which affords good
      lateral rigidity in a thin-wall container of the type to be formed.
PAR  Reference is now made to FIGS. 1-4 of the drawings for the reshaping
      technique that is employed in converting the nestable container 10 to the
      non-nestable container product 20. The illustrated apparatus includes
      cooperating upper and lower mold means 50, 52 respectively which cooperate
      to form the non-nestable container 20.
PAR  The upper mold means 50 includes a mandrel 54 having an outside shape
      generally complementary to the inside shape of the nestable container 10,
      an insulator member 56, and a mounting base 58 to which the mandrel and
      insulator 54, 56 respectively are mounted. The mounting base 58 is
      reciprocated by means (not shown) to move the upper mold means 50 relative
      to the lower mold means 52.
PAR  The mandrel 54 is preferably of the type which may be heated as well as
      permit the ingress and egress of air therethrough. For this purpose, a
      sintered bronze material which provides a porous structure of the heat
      conducting type may be utilized. A heater element 55 is mounted with a
      sintered opening 60 of the mandrel for introducing sufficient heat to the
      sintered bronze material for heating the nestable container 10 to a
      temperature permitting ready deformation thereof. It will be apparent that
      other types of heating elements 55 may be associated with the mandrel 54,
      but this arrangement of parts performs in a very satisfactory manner to
      convey the necessary heat and at the same time permit air to introduce
      through the remainder of the channel 50 in the mandrel 54, as will be
      presently described.
PAR  In order to convey air through the mandrel 54, a plurality of
      interconnecting channels or openings 60, 62, and 64 are provided
      respectively in the mandrel, insulator and mounting base 54, 56, and 58
      respectively.
PAR  In the form illustrated in the drawings, the mandrel 54 has an outer shape
      conforming essentially to the inner shape of the nestable container 10.
      When heat is thus applied through the mandrel 54, the nestable container
      10 will be substantially uniformly heated throughout all areas which are
      in close proximity relative to the mandrel 54. In order to retain the
      nestable container 10 relative to the mandrel 54 and encourage
      substantially uniform heating of the nestable container throughout, a
      vacuum or negative pressure is preferably established through the opening
      60, 62 and 64 by a suitable source (not shown) which will draw the
      nestable container in close conforming relationship relative to the outer
      shape of the mandrel 54. To prevent air leaks, a seal, in the form of an
      O-ring, is provided and is illustrated as being mounted in the insulator
      member 56 to prevent undesired deformation or hardening of the elastomeric
      sealing member shown in the form of an O-ring 66, the O-ring 66 is mounted
      over the radially outwardly extending flange 68 of the insulator and is
      trapped within the recess 70 defined by the upper surface 72 of the
      radially outwardly directed flange 68, an outer side surface 74 of the
      insulator member 56 located immediately above and interconnected to the
      upper surface 72, and a lower face portion 76 of the lower face 78 of the
      mounting base 58.
PAR  The arrangement and mounting of the O-ring seal 66 is best illustrated in
      FIG. 5 of the drawings. The O-ring seal 66 has a diameter slightly greater
      than the dimensions of the recess 70 so that it is slightly compressed or
      flattened when mounted in the recess to extend slighty beyond the end or
      extremity of the radially outwardly directed flange 68. It will be noted
      that the end or extremity of the radially outwardly directed flange 68 of
      the insulator member 56 is provided with an outer peripheral surface which
      is complementary to and merges with the upwardly and outwardly tapering
      surface of the mandrel 54. Thus, the O-ring 66 is capable of extending
      beyond the outer surface of the flange 68 to engage the nestable container
      10 in the vicinity of the rim portion 18 thereof. As a result, the
      nestable container 10 is sealed from the outside atmosphere when mounted
      on the mandrel 54.
PAR  As the nestable container 10 is heated by the mandrel 54 in the stage of
      the molding operation illustrated in FIG. 1 of the drawings, it is
      important that little or no heat be transmitted to the area of the
      nestable container 10 in the vicinity of the rim portion 18. For this
      purpose, the radially outwardly directed flange 68 of the insulator 56
      prevents sufficient heat from being conducted to the area of the container
      in the vicinity of the rim portion 18. This permits the rim portion 18 in
      the subsequent reshaping operation to retain its shape and enables the rim
      portion 18 to be utilized in the proper centering and sealing of the
      nestable container relative to the lower mold 52 as will be described.
PAR  The upper and lower mold means 50, 52 are relatively advanced toward one
      another preferably after the nestable container 10 has been heated to a
      suitable temperature where it is then readily deformable. The lower mold
      means 52 comprises a split mold cavity, illustrated as two split mold
      halves 80, 82 in the drawings (or split quarter sections, etc.), and a
      knock-out plunger or base 84 which is received between the split mold
      halves 80, 82 at the lower end thereof. The inner wall surfaces of the
      split mold halves 80, 82 and the upper surface of the knockout base or
      plunger 84 defines a mold cavity 86 having a non-nestable inner wall
      configuration which is complementary to the outer shape of the
      non-nestable container 20. Specifically, the split mold halves 80, 82 are
      provided with a mirror image inner wall surface 88 having a plurality of
      rib shoulders 90, which are adapted to form the bulbous shaped side wall
      24 having the plurality of ribs 44 in the nestable container 20. The upper
      surface 92 of the knock-out base or plunger 84 conforms in shape to the
      bottom wall 22 of the nestable container 20 as previously described.
PAR  When the upper and lower mold means 50, 52 are telescoped relative to one
      another, as illustrated in FIG. 2 of the drawings, the heated nestable
      container 10 is fixedly mounted or supported within the mold cavity 86.
      Each of the split mold halves 80, 82 are provided with a semicircular,
      horizontally extending surface 94 which engages and underlies the rim
      portion 18 of the nestable contaner. Extending downwardly and inwardly
      from the semicircular surfaces 94 are a pair of mirror image,
      frusto-conical surfaces 96, which conform, at least in part, to the
      upwardly and outwardly tapering side wall 16 of the nestable container 10
      in the immediate vicinity of the rim portion 18. Each of the mold halves
      80, 82 are further provided with a mirror image, semicylindrical,
      generally vertically directed surface 98 which extends upwardly from the
      horizontally extending, semicircular surfaces 94. The surfaces 94, 98 are
      arranged to confine the rim portion 18 in a manner to be described below.
PAR  Each of the mold halves 80, 82 are also provided with a semi-circular,
      horizontally extending surface 100 and a semicylindrical, vertically
      directed surface 102, which define a recess of receiving the enlarged
      section 104 of the mounting base 58. This is best illustrated in FIGS. 2-3
      of the drawings where the upper and lower mold means 50, 52 are assembled
      or telescoped relative to one another. The enlarged section 104 of the
      upper mold means cooperates with the surfaces 100, 102 of the mold halves
      80, 82 to provide a proper centering of the mandrel 54 relative to the
      mold cavity 86. This is important from the standpoint of insuring accurate
      and consistent manufacture of non-nestable container products.
PAR  When the upper and lower mold means 50, 52 are relatively telescoped to one
      another, the O-ring 66 also engages the side wall 16 of the nestable
      container in the vicinity of the rim portion 18. Since the downwardly and
      inwardly tapering surface 96 of each mold hald 80, 82 conformed at least
      in part to the downwardly and inwardly tapering side wall 16 of the
      nestable container 10, it is possible to provide a pinch seal of the
      container side wall 16 in the immediate vicinity of the rim portion 18, as
      is best illustrated in FIG. 5 of the drawings. The O-ring 66 which is
      compressed in the recess 70, as previously described, is further
      compressed by the downwardly and inwardly tapering surfaces 96 of the mold
      halves 80, 82 to thereby provide the pinch seal as indicated clearly in
      FIG. 5 for the purpose of sealing off the container 10 from the mold
      cavity 86. The pinch seal takes place as the upper and lower mold means
      50, 52 are brought into telescoping relationship, and this permits the
      vacuum to be terminated and a positive air pressure introduced by a
      suitable source (not shown) through the openings 60, 62, and 64 of the
      upper mold means through the porous structure of the mandrel 54 for
      expanding the heated nestable container 10 against the non-nestable inner
      wall configuration of the mold cavity 86 defined by the surfaces 88, 90,
      and 92 of the mold halves 80, 82. The mold halves 80, 82 are chilled or
      cool enough such that the expanded container will harden to the shape of
      the non-nestable inner wall configuration of the mold cavity 86. The
      expansion of the nestable container 10 into a non-nestable container
      product, through the introduction of air against the inner surface of the
      nestable container 10 is best illustrated in FIG. 3 of the drawings.
PAR  When suitably hardened, the nestable container 20 may be removed by the
      separation of the mold halves 80, 82 and the disassociation of the upper
      and lower mold means 50, 52 relative to one another. As depicted in FIG. 4
      of the drawings, the ultimately formed non-nestable container product may
      then be removed by suitable product removal apparatus (not shown).
PAR  One of the important features of the present invention not heretofore
      described is the manner in which the rim portion 18 is engaged by the
      cooperating surfaces of the upper and lower mold means 50, 52
      respectively. As best depicted in FIG. 5 of the drawings, the rim portion
      18 of the nestable container 10 is contacted by the horizontally and
      vertically extending surfaces 94, 98 of the mold halves 80, 82 and a
      portion of the lower surface 78 of the enlarged section 104. The
      arrangement of the surfaces 94, 98 and 78 are such that the lip portion 18
      of the nestable container will be accurately sized both axially and
      radially to the desired height and width of the rim portion 28 of the
      non-nestable container 20. Inaccuracies which are normally associated with
      the rim rolling or curling process of thermoformed containers, for
      example, are thus corrected by the sizing technique above described. This
      is advantageous in that the rim portion 28 of the non-nestable container
      20 will be consistently and accurately formed to a shape which will
      provide proper fitting for a snap-in or overcap lid. The sizing technique
      further enhances the reliability of the capping equipment which can be
      used with the non-nestable container once filled with the desired product.
PAR  In addition to sizing the rim portion 18 of the nestable container, it will
      be apparent that a mechanical seal is also provided at the point where the
      rim portion 18 contacts the surfaces 94, 98 and 78 respectively, as is
      illustrated in FIG. 5 of the drawings. As will be apparent, this will aid
      in the sealing of the nestable container relative to the mold cavity
      during the expansion thereof into a non-nestable container product. If
      desired, a O-ring seal 106 may also be utilized between the insulator 56
      and mounting base 58, as depicted in FIGS. 1-3.
PAR  When the rim portion 18 of the nestable container 10 is engaged by the
      surfaces 94, 98, and 78 there is also an assurance that the nestable
      container 10 will be properly seated and centered in the mold cavity 86.
      Not only does this enhance the accuracy and consistency in the formation
      of the non-nestable product, but also assures that the height of the
      product will be maintained within prescribed limits. As will be readily
      understood, the height of the non-nestable container 20 and the shape of
      the rim portion 28 are important during the capping operation.
PAR  In accordance with the teachings of the present invention, the method
      herein disclosed may be performed in the following manner: A thin-walled,
      nestable plastic container 10 with rim portion 18 is mounted upon the
      mandrel 54 and held in close conforming relationship thereto by vacuum
      established through the openings 60, 62, and 64 of the upper mold means
      50. The O-ring 66 seals the nestable container 10 in the vicinity of the
      rim portion 18 to the mandrel from the outside atmosphere. A heating
      element 55 conducts heat through the mandrel 54 and heats the nestable
      container, held in close conforming relationship to the outer surface of
      the mandrel by the vacuum, to a sufficient temperature where it is readily
      deformable. The above described stages of the molding procedure are
      generally illustrated in FIG. 1 of the drawings.
PAR  When the nestable container 10 has been suitably heated, the upper and
      lower mold means 50, 52 respectively are relatively advanced and
      telescoped into one another, as depicted. The nestable container 10 is
      properly seated and centered relative to the mold cavity 86 by
      interengaging mold surfaces 100, 102 of the mold halves 80, 82 and the
      enlarged section 104 of the upper mold means 50. Further centering and
      seating of the nestable container 10 is provided by the engagement of the
      rim portion 18 thereof by the surfaces 94, 98 of the mold halves 80, 82
      and the lower surface 78 of the mounting base 58.
PAR  The mechanical seal that is created by the rim portion 18 engaging the
      surfaces 94, 98 and 78 supplements the primary seal established through
      the pinch seal of the O-ring 66 against the side wall 16 of the nestable
      container trapped between the O-ring 66 and the inwardly and downwardly
      tapering surface 96 of the mold halves 80, 82. The sealing of the nestable
      container 10 relative to the mold cavity 86 occurs quite rapidly after the
      telescoping movement of the upper and lower mold means 50, 52 relative to
      one another. This then provides the desired environment for the subsequent
      expansion of the nestable container 10 into the non-nestable container
      product 20.
PAR  As depicted in FIG. 3 of the drawings, air introduced through the openings
      60, 62 and 64 of the upper mold means 50 is transmitted through the porous
      structure of the mandrel 54 from a suitable air source (not shown) against
      the inner walls of the nestable container 10 to expand the heated nestable
      container against the non-nestable inner wall configuration of the mold
      cavity 86. The non-nestable container thus formed assumes an outer shape
      conforming to the non-nestable inner wall configuration of the mold cavity
      86. Cooling of the non-nestable container to a hardened state occurs
      immediately after the container engages the wall surfaces of the mold
      halves 80, 82, and after a predetermined cooling period, the mold halves
      80, 82 may be separated and the upper and lower mold means 50, 52
      disassociated relative to one another as indicated in FIG. 4 of the
      drawings to permit removal of the non-nestable container 20 by suitable
      product removal means.
PAR  From the foregoing it will now be appreciated that the manufacture of
      nestable, thin-walled plastic containers of substantially uniform
      thickness into non-nestable containers of substantially uniform thickness
      may be greatly facilitated by the herein disclosed method and apparatus.
      Non-nestable containers may be produced of the desired substantially
      uniform thickness in a wide variety of shapes and sizes by consistently
      accurate and economical manufacturing techniques. The non-nestable
      container products incorporate lateral strength in a thin-walled product
      and offer ready adaptability to conventional capping techniques, and the
      ability to be handled and placed in shipping cases by conventional methods
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for forming a nestable container made of plastic material
      and having a rim portion of predetermined diameter at the open end thereof
      into a non-nestable container product comprising a mandrel of a shape
      generally complementary to the shape of said nestable container so that
      said nestable container is mountable on said mandrel in close conforming
      relationship thereto, said mandrel comprising a lower heated portion and
      an upper insulated portion, said insulated portion having an axial extent
      substantially limited to said internal rim portion of said nestable
      container, said mandrel further including elastomeric air sealing means on
      said insulated portion for resiliently air sealing said internal rim
      portion of said nestable container on said mandrel and vacuum means for
      holding the portion of said nestable container below said rim portion in
      close conforming relationship to said lower heated portion of said mandrel
      so that the portion of said nestable container below said rim portion is
      heatable on said mandrel to a predetermined temperature where said portion
      of said nestable container below said rim is readily deformable, a mold
      cavity having a non-nestable inner wall configuration and a temperature
      substantially below said predetermined temperature, said mold cavity being
      formed to have an open upper end capable of receiving and cooperating with
      said mandrel, the unheated rim portion of said nestable container and said
      sealing means to seal said rim portion from said mold cavity below said
      open upper end after said portion of said nestable container below said
      rim portion is heated to said predetermined temperature and said mandrel
      is received within said mold cavity, and means in said mandrel for
      thereafter expanding by differential fluid pressure the portion of said
      nestable container below said rim portion against the non-nestable inner
      wall configuration of said mold cavity to form a non-nestable container
      product with a rim portion of predetermined diameter at its open upper
      end.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said cooperating means
      provide proper positionment of the nestable container within the mold
      cavity to assure uniform expansion of the nestable container into a
      non-nestable container product.
NUM  3.
PAR  3. The apparatus as defined in claim 1 and said mandrel and said mold
      cavity including cooperating means for sizing the rim portion of the
      container to a maximum radial and axial dimension by axial compression
      thereof by the cooperating mold surfaces.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein the sealing means comprises
      an O-ring which is engaged by cooperating mold sections provided on the
      mandrel and mold cavity.
NUM  5.
PAR  5. The apparatus as defined in claim 1 wherein the sealing means comprises
      an O-ring mounting in the insulating means of the mandrel.
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ABST
PAL  In a sheet corrugating machine used to fabricate corrugated paper board
      from rolls of sheet stock, the formed sheet is held tightly to the
      undulating surface of one corrugating roll between the corrugating nip and
      a liner sheet application nip by a vacuum system within the corrugating
      roll. The corrugating roll vacuum system comprises apertures through the
      roll shell within the corrugation valleys. Such apertures communicate with
      longitudinal conduits disposed about the internal periphery of the roll
      shell and extended through one axial end of the roll. A stationary,
      sliding seal vacuum box evacuates only those conduits rotatively passing
      through the desired arc thereby leaving the roll journals free to
      simultaneously conduct roll heating steam therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to the art of continuously forming sheet
      material into an undulating pattern.
PAR  More particularly, the present invention relates to an improved apparatus
      for nip forming paper and plastic materials into a corrugated sheet.
PAR  2. Description Of The Prior Art
PAR  Corrugated paperboard is a structural product fabricated from two or more
      laminae of paper sheet, usually in the order of 0.009 inch (0.229 mm)
      thick, one of the laminae being formed to an undulating or "corrugated"
      pattern. Relative to one or both faces of the corrugated lamina, a "liner"
      sheet is adhesively secured to the corrugation crests.
PAR  The fabrication of corrugated board is carried out on machinery of a
      generally standardized design comprising two steam heated corrugating
      rolls, a pressure roll and an adhesive application roll system.
PAR  The corrugating rolls are hollow cylinders mounted for rotation about the
      axes thereof, the surface of said cylinders being shaped to the desired
      corrugation pattern.
PAR  Each period of undulation in the corrugation pattern is characterized as a
      "flute" and on the corrugating rolls, the flutes are disposed parallel
      with the roll axes.
PAR  The two corrugating rolls are disposed relative to each other whereby the
      respective flutes intermesh gear fashion to create a rolling nip
      therebetween. The heat and pressure of this nip on a paper sheet drawn
      therein forces a permanent set in the sheet with the corrugation pattern.
PAR  After emerging from the corrugating nip, the sheet is held tightly to the
      undulating surface of one corrugating roll by a number of "fingers"
      distributed along the roll length. The objective of these fingers is to
      precisely position the fluted sheet for application of adhesive to the
      crests thereof. Such adhesive is applied as a film wiped from the surface
      of a glue applicator roll as the flute crests pass tangently thereagainst.
PAR  Subsequently, around the one corrugating roll periphery, the adhesive
      carrying flute crests enter a nip with a smooth surface pressure roll into
      which is fed a liner sheet. The consequent nip pressure between the
      adhesive carrying flute crests of the corrugated sheet and the liner sheet
      bonds the two together to form a "single face" board.
PAR  Thereafter, the board is separated from the one corrugating roll surface
      for subsequent processing such as application of another liner sheet to
      flute crests on the opposite side of the corrugated sheet to form "double
      face" board.
PAR  The use of fingers to hold the corrugated sheet to the corrugating roll
      surface betwen the corrugating nip and the liner board nip constitutes the
      source of numerous operational and product integrity problems.
PAR  One such problem is the fact that a continuous score crease is pressed into
      the flute crests by internal sheet stresses which force the sheet strongly
      against the narrow finger edge. Such score creases ultimately become lines
      of weakness and failure for the board product.
PAR  Also, as a consequence of sheet stresses against the fingers, is a
      longitudinal bowing of the sheet flutes. For this reason, the finger
      objective is not entirely achieved since such bowing of the flutes
      represents a dimensional variation along the flute length which the fixed
      dimension cylindrical glue applicator roll cannot accommodate.
      Accordingly, no adhesive is applied to the flute crests in the proximity
      of the fingers and too much adhesive is applied to the center span between
      the fingers.
PAR  If the corrugated sheet is also coated with a polymer plastic for water
      proofing and other properties, it is heated to a tacky consistency for
      liner bonding in lieu of adhesive. In this state, the plastic wipes off
      onto the fingers and accumulates to the point of sheet damage.
PAR  For the foregoing reasons, corrugating roll fingers have been merely
      tolerated as a poor compromise to achieve necessary objectives. Although
      the use of vacuum to secure the corrugated sheet to the roll surface has
      been considered as an alternative to fingers, the concept has not received
      industry acceptance because of mechanical conflict with roll heating steam
      which is delivered to the roll interior. Prior art systems have presented
      the industry with a one or the other choice which has heretofore been
      resolved in the favor of steam heating.
PAR  Accordingly, it is the objective of the present invention to disclose and
      describe a corrugating system whereby the sheet may be simultaneously held
      to the corrugating roll surface by vacuum and also heated by flowing steam
      through the roll interior.
PAR  Another objective of the present invention is to teach the construction of
      a corrugating roll whereby a select, fixed position arc of the roll may be
      surface evacuated as the roll rotates about the axis thereof.
PAR  Another objective of the present invention is to teach the construction of
      a corrugating roll whereby a vacuum draft system is inexpensively disposed
      adjacent the interior periphery of the cylindrical shell and in intimate
      heat transfer contact therewith, the roll axis being left free for the
      disposition of a pressurized flow journal for steam.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, the sheet transfer roll of the
      corrugating pair is provided with several peripherial belts of holes
      drilled through the corrugated cylindrical shell, the belts being spaced
      along the roll length by distances generally corresponding to the prior
      art practice of lateral spacing between fingers. The drilled holes are
      positioned within the flute valleys thereby longitudinally aligning all
      holes of the several belts into a multiplicity of longitudinally extending
      rows.
PAR  Each row of drilled holes is partitioned off from the remaining internal
      roll volume by a conduit wall extending the roll length. At one roll end,
      the conduit walls are sealed. At the other roll end, the conduit walls are
      sealed to the roll end cap; the end being drilled to open the conduit
      interior to the end cap exterior.
PAR  The roll end cap is also provided with a sliding seal surface for sealing
      cooperation with a stationary suction box.
PAR  In the foregoing manner, a sheet holding vacuum system is operationally
      sustained without the necessity of utilizing the entire roll interior
      volume or of foreclosing the use of the roll journal for steam heat
      delivery.
PAR  The system may be inexpensively constructed and even adapted to existing
      corrugating rolls by the use of relatively light gauge corrugated sheet
      metal to line the internal shell periphery; the flute crests being sealed
      to the shell wall by any convenient means and the flute valleys aligned
      with the drilled hole rows to provide the requisite conduit. If a heat
      conductive bonding agent such as welding is used to seal the flute crests
      to the shell wall, a highly efficient heat conductance may be sustained
      between the roll interior steam chamber and the exterior surface in
      contact with the paper sheet.
PAR  Even greater heat transfer efficiency may be achieved by a ring and tube
      embodiment of the invention whereby the greater majority of the interior
      shell surface is free to direct contact with interior chamber steam. In
      this embodiment of the invention, each belt of drilled holes is provided
      with an interior ring, the several rings being interconnected by
      longitudinally extending tubular conduits penetrating the ring annulus.
      The rings are secured and sealed to the shell interior wall in alignment
      with the belts of drilled holes which are extended into the ring annulus
      and a respective conduit interior. One longitudinal end of the conduits is
      sealed with the other opened to the roll cap exterior as described
      relative to the corrugated flute conduits.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Relative to the drawing wherein like reference characters designate the
      same or similar elements throughout the several figures:
PAR  FIG. 1 is a schematic representation of the prior art apparatus for
      fabricating single face corrugated paperboard.
PAR  FIG. 2 illustrates a section of the corrugating transfer roll taken through
      out line II--II of FIG. 1.
PAR  FIG. 3 is an enlarged view of the corrugating apparatus dynamic position of
      the paper sheet relative to corrugating roll shell, the retaining fingers
      and the glue applicator roll.
PAR  FIG. 4 illustrates an axial end section of a corrugating roll constructed
      pursuant to the present invention.
PAR  FIG. 5 illustrates a full axial end view of the corrugating roll pursuant
      to the present invention.
PAR  FIG. 6 illustrates an axial end view of the present corrugating roll
      equipped with a cooperative suction box.
PAR  FIG. 7 illustrates a cylindrical face view of the present invention as seen
      from the view plane VII--VII of FIG. 6.
PAR  FIG. 8 illustrates a partial section of the present invention as seen from
      cutting plane VIII--VIII of FIG. 6.
PAR  FIG. 9 illustrates a sectionalized isometric view of a second embodiment of
      the present invention.
PAR  FIG. 10 illustrates a partial end view of the FIG. 9 embodiment.
PAR  FIG. 11 illustrates a modified detail of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  To form a base of reference for the following description of the invention
      and preferred embodiments thereof, attention is first directed to the
      prior art FIGS. 1 through 3.
PAR  The corrugating apparatus of FIG. 1 comprises two corrugating rolls 10 and
      11 and pressure roll 13. The intermediate corrugating roll 11 is also a
      transfer roll for the corrugating sheet 20 between the corrugating nip 12
      and a liner sheet application nip 19.
PAR  Sheet restraining fingers 14 extend into relief slots 40 cut around the
      periphery of corrugating roll 10 to direct the corrugating sheet 20 away
      from the roll 10 and onto the surface of roll 11. Further to this purpose,
      the fingers continue from the corrugating nip 12 around the periphery of
      transfer roll 11 to the liner nip 19.
PAR  Intermediate of the nips 12 and 19, adhesive is applied to the corrugated
      flute crests by an applicator roll 15 of the adhesive application assembly
      which further comprises a fountain roll 16, a doctor blade 17 and a glue
      pan 18. The fountain roll 16 picks up a coating of adhesive from the
      constant level reservoir in glue pan 18 and transfers a portion thereof to
      the surface of applicator roll 15. Intermediate of the adhesive transfer
      tangent and the corrugation crest application tangent is a doctor blade 17
      which very precisely regulates the adhesive film thickness on applicator
      roll 15 thereby controlling the exact amount of adhesive applied to the
      flute crests.
PAR  Coincident with the technique of controlling the applied adhesive quantity
      with fingers 14, the applicator roll must be provided with relief slots
      33.
PAR  The fact that no adhesive may be applied beneath the finger edge area is an
      accepted compromise. What is unacceptable, however, is that because of
      spring stresses in the corrugated sheet, the flute crest of the sheet
      (FIG. 3) moves away from the roll surface flute crest 23a between the
      fingers 14 notwithstanding the presence thereof to leave a greater region
      25 devoid of adhesive. Because the glue application mechanics require a
      wiping action between the roll and the flute crest surface, the applicator
      roll cannot be used to press the sheet against the corrugating roll
      surface.
PAR  Subsequent to application of the adhesive, the corrugated sheet 20 is
      delivered into the nip 19 along with a liner sheet 21 which adheres to the
      flute crests under the nip pressure. The laminated combination of the
      sheets 20 and 21 emerging from the nip 19 is single face board 22.
PAR  To assist the corrugated formation, the roll 11 is heated by steam
      delivered by pipe 30 to the roll interior chamber 34 through pressure
      sealing journals 32. To minimize the formation of condensate, steam
      removal pipe 31 permits the use of a flowing circuit.
PAR  Relative to the present invention, the restraining fingers 14 are replaced
      by a vacuum system which comprises a multiplicity of drilled apertures 45
      through the corrugated surface shell of roll 11. These apertures 45 are
      located in the flute valleys 23b and arranged in several, laterally
      spaced, circumferential belts 47 (FIG. 7) around the roll periphery. The
      lateral frequency of the hole 45 belts may be more than prior art finger
      spacing since the entire interproximate volume between the sheet 20 and
      the roll surface is evacuated by the system and the resulting atmospheric
      pressure differential uniformly presses the entire sheet area against the
      roll surface.
PAR  To partition the holes 45 in the roll shell from the interior steam chamber
      34, the interior periphery of the shell is lined with corrugated sheet
      metal; the valleys thereof being aligned with laterally adjacent apertures
      45 of the respective belt 47 to serve as a continuous evacuation conduit.
PAR  For best heat transfer and pressure sealing efficiency between the flute
      valleys, the flute crests should be secured to the shell interior wall by
      a joint of high heat conductivity such as welding or brazing.
PAR  At one axial end of the roll 11, the evacuation conduits are sealed as by
      brazing a plug ring.
PAR  At the other axial end of the roll 11, the evacuation conduits are sealed
      from the steam chamber 34 but communicated through the roll end cap by
      apertures 50. Such apertures 50 are extended through a smooth face sealing
      ring 51 which cooperates with a similar sliding seal ring 52 (FIGS. 7 and
      8) secured to stationary suction box 53.
PAR  The suction box 53 is a simple chamber manifold extending arcuately over
      that portion of the roll arc that is in need of evacuation. By
      incorporating an arcuate, sliding damper valve adjacent the suction box
      sealing 52, the arcuate degree of roll surface evacuation may be adjusted
      within the maximum arc.
PAR  As a stationary element, the suction box 53 may be conveniently secured to
      the roll journal housing, for example. Vacuum line 54 is connected to any
      convenient vacuum source such as a pump not shown. Only a partial vacuum
      is adequate to perform the objective task, therefore, the sliding seals
      need not be absolute nor the equipment structure heavy.
PAR  FIGS. 9 and 10 illustrate an embodiment of the invention suited for even
      greater heat transfer efficiency between the roll shell and the steam
      chamber 34. In this embodiment, the vacuum system takes the form of a ring
      cage wherein the several rings 60 are positioned interior of the roll 11
      shell periphery opposite each aperture belt 47.
PAR  Longitudinally, the rings are fitted with tubes 61 which are sealed at one
      axial end and open at the other through the roll end cap 49.
PAR  Both, rings 60 and tubes 61, are drilled for apertures 62 to communicate
      the shell apertures 45 with the interior of tubes 61.
PAR  The system is otherwise evacuated by a vacuum pump, suction box 53 and
      sliding seals 51 and 52 as described relative to the FIGS. 4 through 8
      embodiment.
PAR  FIG. 11 illustrates a modified detail of the FIGS. 9 and 10 embodiment of
      the invention wherein the number of vacuum tubes 61 is minimized by
      providing for the evacuation of several flute valleys 23b with a single
      tube 61. In this case, the apertures 45 and 62 may be drilled radially of
      the tube 61 axis rather than radially of the roll axis.
PAR  It should be obvious that the FIG. 11 detail may also be appropriated for
      the FIGS. 4 through 8 invention embodiment by drilling the apertures 45 of
      several adjacent roll shell flute valleys 23b into a single liner flute
      conduit.
CLMS
STM  Having described our invention and the several preferred embodiments
      thereof, we claim:
NUM  1.
PAR  1. An apparatus for continuously forming sheet material into a surface
      profile of undulating pattern within a meshing nip between two cylindrical
      rolls having cylindrical surface profiles corresponding to said undulating
      pattern, one of said two rolls further comprising:
PA1  a rotatably mounted hollow cylindrical shell surrounding an interior void
      space and having a substantially circular interior periphery and an
      undulating exterior surface periphery, said shell being perforated by a
      multiplicity of apertures disposed in valley portions of said undulating
      surface;
PA1  a plurality of fluid conduits disposed within said interior space, secured
      non-rotatively relative to said shell longitudinally parallel with the
      cylindrical axis of said roll and adjacent said interior periphery, one
      end of said conduits being sealed closed and the other end being sealed to
      but open through a smooth face sliding seal ring;
PA1  said shell perforation apertures being in fluid communication with said
      conduits;
PA1  stationary vacuum chamber means having a fluid sealing surface cooperative
      with said sliding seal ring, said fluid sealing surface extending over and
      serving an arcuate portion of said seal ring; and,
PA1  vacuum source means connected to said chamber means to evacuate atmospheric
      fluid from said conduits over an arcuate portion of said shell exterior
      surface coextensive with the arcuate portion of said seal ring served by
      said stationary vacuum chamber sealing surface during rotation of said one
      roll.
NUM  2.
PAR  2. Apparatus as described by claim 1 where said interior space is sealed at
      respective axial ends thereof to form a pressure tight chamber therein,
      said fluid conduits passing through one of said end seals and fluid flow
      journal means rotatably supporting said roll through which a pressurized
      heating fluid is conducted into said chamber.
NUM  3.
PAR  3. Apparatus as described by claim 2 wherein an undulating liner sheet of
      high heat conductivity is secured to the interior periphery of said shell,
      undulations of said liner sheet forming valleys between crests thereof,
      the crests of one face of said liner sheet having a high heat conductive
      contact with said interior periphery, the valleys of said liner sheet
      comprising said fluid conduits.
NUM  4.
PAR  4. Apparatus as described by claim 3 wherein a plurality of longitudinally
      adjacent shell apertures communicate with the same fluid conduit.
NUM  5.
PAR  5. Apparatus as described by claim 2 wherein said fluid conduits comprise a
      cage of tubes secured through a plurality of rings that are aligned in
      planes substantially normal to said roll axis and peripherial apertures in
      said rings disposed to communicate shell apertures in the proximity of
      respective ring planes with said tubes.
NUM  6.
PAR  6. Apparatus as described by claim 5 wherein a plurality of radially
      adjacent shell apertures communicate with the same tube.
NUM  7.
PAR  7. A steam heated paper corrugating roll wherein heating steam is
      introduced to an interior chamber within said roll through a roll
      supporting journal seal, said roll comprising a shell element having a
      corrugated exterior surface profile and a cylindrical internal periphery,
      said shell having caps at respective axial ends thereof, said chamber
      being delineated by said internal periphery and said caps, the improvement
      comprising:
PA1  perforations through said shell located within valleys of said surface
      profile corrugation, said perforations opening into a plurality of
      longitudinally extending conduits non-rotatively secured relative to said
      shell and circumferentially distributed within said chamber adjacent said
      internal shell periphery, said conduits passing through one of said end
      caps as apertures having substantially equidistant spacing from the axis
      of said shell element, said perforations, conduits and apertures being
      pressure sealed from said chamber, said apertures having terminal openings
      through the face of a smooth finish annual sealing surface disposed in a
      plane substantially normal to said shell axis.
NUM  8.
PAR  8. A paper corrugating roll as described by claim 7 wherein said plurality
      of conduits comprise the valleys of corrugation flutes respective to one
      side of a heat conductive sheet element formed to a corrugated surface
      profile.
NUM  9.
PAR  9. A paper corrugating roll as described by claim 8 wherein crests of said
      corrugated sheet element adjacent said interior shell periphery are sealed
      thereto with a heat conductive junction.
NUM  10.
PAR  10. A paper corrugating roll as described by claim 7 wherein said plurality
      of conduits comprise tube elements secured to annular ring members, said
      ring members being secured adjacent said internal shell periphery in
      planes substantially normal to said shell axis, said apertures being
      extended through said ring members into said tube elements.
NUM  11.
PAR  11. A paper corrugating roll as described by claim 10 wherein the space
      volume of said pressure tight chamber extends around and between adjacent
      tube elements and into direct contact with said internal shell periphery.
NUM  12.
PAR  12. A paper corrugating roll as described by claim 7 further comprising a
      vacuum chamber rotationally secured to roll supporting rotational journal
      means and disposed for stationary positionment during rotation of said
      roll, said vacuum chamber having vacuum source conduit means and sealing
      surface means cooperative with said annular sealing surface, said vacuum
      chamber sealing surface means extending over an arcuate portion of the
      terminal openings of said plurality of conduits to permit a sealed
      communication between conduits within said arcuate portion and said vacuum
      source during rotation of said roll.
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ABST
PAL  A method and apparatus for fabricating a conical seamless bra pad preform
      for subsequent molding into a finished pad. The material used is fiberfill
      or the like and a blank, cut from such a sheet, or from a sandwich of two
      sheets, is indented by a conical member which has pins spaced over the
      surface of the cone for engaging the material. Variable thinning of the
      material is achieved by the action of the pins in engaging the material
      successively. A second embodiment involves a series of coaxial rings to
      grasp the blank. Non-uniform displacement of the ringsets causes the
      desired uneven stretching of the blank. Permeating the fiberfill sheet
      with cold acrylic resin prior to the curing of the preform in a mold
      counteracts deterioration of the bonding of the individual fibers which
      occurs during the intermediate drawing process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the fabrication of molded brassiere pads.
PAR  2. Prior Art
PAR  Brassiere pads molded from fiberfill material of varying thicknesses have
      been made for many years. Prior art processes have suffered from thinning
      at the apex while forming the pad to the required contour and consequently
      have resulted in poor washability. In order to avoid thin spots or tears
      at the apex of the pad, it has been common to use a cut and sewn or
      preformed blank of material having roughly the finish contours desired.
      Such preforms have been made, for example, by cutting a pie-shaped segment
      out of a flat blank and sewing or gluing the cut edges to form a conical
      shape. Another method of fabrication involves making a single cut part way
      across the pad and overlapping the material on each side of the cut,
      followed by gluing or sewing.
PAR  These methods avoid the problem of thinness at the apex of the pad.
      However, the glued or sewn seam pad is always visible and felt through the
      outer fabric which is generally applied over the inside and outside
      thereof. The purpose of a bra pad is to enhance the apparent size of the
      breast without making the presence of a pad obvious. In order to
      accomplish this, the pad should be relatively heavy at the apex and thin
      gradually to the periphery. The invented method and apparatus thins out
      selected portions of the blank, leaving the apex heavy, and at the same
      time forms the blank into the proper conical shape for insertion into a
      heated mold for final forming, resulting in a totally seamless pad which
      can be lined totally to create a sandwich therewith.
PAR  The fiberfill material used in the invented pad preform is a nonwoven
      fibrous batting material which is comprised of relatively short polyester
      fibers randomly packed and bound together with an acrylic resinous binder.
      The fibers are loosely packed and are compressed in the pad molding
      operation so that the desired softness of the pad is obtained. In order
      for the material to retain the desired density and the form of the mold,
      the mold is heated, typically from 300.degree. to 450.degree. F so that
      the binder resin will cure with the fibers compressed in the mold. The
      resin, however, is 75 to 80% cured when the fiberfill sheet is received.
      In the drawing operation, prior to molding the bonding between the
      individual fibers is partially broken, resulting in weakening of the
      fiberfill pad, so that it has a reduced life, especially under continued
      washing causing, the contour shape to be lost. The invented method
      overcomes this problem by introducing additional acrylic resin, of the
      same type as used to bond the fibers in the original sheet, and which
      rebonds any bonds broken in the curing cycle. The additional bonding
      agent, when cured, also reinforces unbroken bonds in the sheet.
PAR  Another prior art approach involves the use of a flat sandwich of fiberfill
      material which is placed between two layers of liner material. This
      sandwich is then placed in a two-part mold where it is first shaped
      thereby in a bra shape mold. In this process the fibers of the fiberfill
      and the molding agent break down. Additionally, the apex flattens out,
      thus still leaving the basic problems unresolved.
PAC  Summary of the Invention
PAR  In the manufacture of brassiere pads from fiberfill or the like material,
      the usual procedure is to fabricate a conically shaped preform
      approximating the final desired shape of the pad by sewing or gluing sheet
      material. Then the final pad is molded in a two-part heated mold. The
      preform is used in order to avoid the stretching and consequent thinning
      at the apex of the pad which would occur if a flat piece of material were
      inserted in the heated mold. The reverse situation is preferable, that is,
      the pad should be thinned near the periphery and left relatively heavy at
      the apex.
PAR  The method and apparatus of this invention accomplishes the desired result
      by driving a conically shaped member into a blank of fiberfill or the like
      material as it is held by a pair of clamping rings. Variable stretch in
      the conical indent is achieved by spacing a plurality of pins on the
      surface of the cone such that those near the apex of the cone engage the
      blank material first and thus stop any stretching in the material between
      the apex and the engaged pins. As the cone penetrates deeper more pins are
      engaged and further stretch (with consequent thinning of the material
      stretched) is confined progressively to the areas closer to the periphery.
      The result is a conical preformed pad blank with little or no thinning at
      the apex and more progressively thinner material closer to the periphery.
PAR  In a second embodiment portions of the blank are progressively grasped and
      stretched, starting with the apex of the preform. The desired extra
      thinning at the periphery is accomplished by varying relative spring
      stiffnesses within the apparatus.
PAR  The difficulty in obtaining a long lasting pad using blanks formed from
      flat sheet fiberfill has persisted using prior art methods, as the fiber
      bonds are partially destroyed in the drawing process. An improvement in
      this characteristic is achieved by adding uncured acrylic resin to the
      blank which upon curing in a three-dimensional mold adds to the bonding
      between the fibers of the fiberfill and counteracts deterioration of
      existing bonds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of an apparatus for forming brassiere pad preforms
      in accordance with the method of this invention.
PAR  FIG. 2 is an enlarged cross-sectional view of the apparatus of FIG. 1,
      taken along 2--2, the apparatus being in the open condition.
PAR  FIG. 3 is a view looking upward into one of the clamping rings of the
      apparatus taken at 3--3 of FIG. 2.
PAR  FIG. 4 is a view looking downward onto the forming cone of the apparatus
      taken at 4--4 of FIG. 2.
PAR  FIG. 5 is a view similar to FIG. 2 but with a blank clamped between the
      clamping rings.
PAR  FIG. 6 is a view similar to FIGS. 2 and 5 but with the forming cone in its
      upward position showing a blank formed.
PAR  FIG. 7 is a cross-sectional view of an apparatus for making laminated
      material to be used to form bra pad preforms.
PAR  FIG. 8 is a cross-sectional view of a bra pad preform suitable for
      fabricating push-up bra pads.
PAR  FIG. 9 is a perspective view of a second embodiment of apparatus for the
      present invention.
PAR  FIG. 10 is a cross-sectional view of the apparatus of FIG. 9 in the open
      position.
PAR  FIG. 11 is a cross-sectional view of the apparatus of FIG. 9 in the closed
      position.
PAR  FIG. 12 is an end view of the female portion of the dieset of the second
      embodiment of the invention taken at 10--10 of FIG. 9.
PAR  FIG. 13 is a plan view of a preformed bra pad made on the dieset of FIG. 9.
PAR  FIG. 14 is a cross-sectional view of the bra pad of FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1 where a two-position apparatus for preforming bra
      pad blanks is shown. The two positions are identical and one is shown in
      the closed position with a preformed blank therein, while the other
      position is shown open, ready to form a blank. The apparatus will be
      described in the singular and the same reference designations will be used
      for the same part in either position. The forming apparatus is mounted on
      a base member 10 which, for convenience may be supported on legs 11. A
      frame 12 over the base member 10 carries a mechanism for clamping the
      blank during the forming operation. A clamp ring 20 is mounted on base 10
      but is spaced from it by spacers 21 so that blank material being held by
      the clamp ring will clear the mechanism positioned below it. On frame 12,
      directly above clamp ring 20 is air cylinder 30 having a piston rod 31. A
      second clamp ring 32 which mates with clamp ring 20 is mounted on piston
      rod 31 through yoke 33.
PAR  In operation, a blank of uniformed bra pad material 40 is placed on clamp
      ring 20 and air cylinder 30 is actuated which drives clamp ring 32 against
      clamp ring 20 securely holding the blank between them. Subsequent forming
      of the blank is accomplished while the blank is thus held between clamp
      rings 20 and 32.
PAR  On the base member 10, substantially coaxial with air cylinder 30 and clamp
      rings 20 and 32 is a second air cylinder 50 having a piston rod 51. The
      travel of piston rod 51 is such that when it is extended, cone 52 assumes
      the position such that an extension of the surface of the cone would
      approximately intersect the inner diameters of clamp rings 20 and 32 at
      the clamping surfaces.
PAR  The surface of cone 52 contains a plurality of upward facing pins 53 which
      are long enough to engage the bra pad material and allow the material to
      stretch without tearing. A length of about one-half to three-quarters the
      thickness of the blank material is a suitable length. The pins may be made
      of any suitable rigid material, for example, steel, and may be pressed
      into holes in the cone, swaged or otherwise held in place. The spacing of
      the pins affects the amount of thinning of the material; the closer the
      spacing, the less thinning. In the area where thinning is not desired,
      that is, around the apex, the pins are closely spaced and as more thinning
      is desired in the regions away from the apex, the pins are spaced further
      apart.
PAR  The sequence of steps in preforming a bra pad starts with laying an
      unformed flat blank of material on top of clamp ring 20. Fiberfill in a
      single layer may be used but a laminated two-layer type material which is
      to be described below, may also be used.
PAR  Air cylinder 30 is then actuated which causes clamp ring 32 to descend onto
      the blank so that the blank is securely held between clamp rings 20 and
      32. The actuation of air cylinder 50 causes cone 52 to push the blank 40
      into a conical shape.
PAR  As cone 52 travels upward causing the blank to deform, the first contact,
      with the rounded apex of cone 52, deflects the blank without causing
      substantial stretching of the material. The first row of pins 53 on cone
      52 engages the blank after only a small deflection. At this point, very
      little stretch has been imparted to the blank and the engagement by the
      pins effectively stops any further stretching of the material between the
      engaged pins and the apex. As the cone travels further, the material
      begins to stretch and pins further down the cone engage the material. As
      the pins engage, the material remaining between the engaged pins and the
      inner clamping diameter of clamp rings 20 and 32 stretches. Since there is
      progressively less engaged material there is proportionally more stretch
      imparted to the material as the cone travels down. The result is that
      essentially no stretch is imparted to the material at the apex of the pad
      and progressively more stretch, and consequent thinning of the material,
      is imparted to the pad away from the apex. This is the desired
      configuration.
PAR  When the air cylinders 30 and 50 are released, the stretched pad retains
      the shape imparted during the forming operation and is removed from the
      cone.
PAR  The completed preformed pad is then placed in a two-piece heated mold, as
      is common in the art, and cured into the final form of the pad. The
      molding operation compresses the material to the density desired, that is,
      to the density of material which has a softness which approximates the
      softness of the human body. The resinous binder which holds the fibers of
      the material together is not completely cured when the fiberfill sheet is
      received and the subsequent heating of it with the added resin, typically
      to 300.degree. F to 450.degree. F, while in a mold, completes the cure and
      results in a pad having the contours of the mold, which contours will be
      retained.
PAR  A second embodiment of the present invention is illustrated in FIGS. 9
      through 14. In this embodiment the dieset comprises a male portion 101 and
      a female portion 102. Shank 103 carries a series of tapered rings 104
      through 109 separated springs 110 through 113. The springs are relatively
      stiff and hold the tapered rings so that their peripheries form sections
      of a cone. Ring 104 is secured to shank 103 but the remainder of the rings
      are free to move along the shank and are urged toward ring 104 by spring
      114.
PAR  The female dieset portion 102 includes a set of nested cup-shaped parts 120
      through 125. The cups have tapered rims which will mate with the tapered
      rings 104 through 109. Each cup is spring-supported by the next larger cup
      so that in the free position the rims of the cups are all substantially
      even. Springs 126 through 129 show one springing method which has been
      found to be satisfactory. Another springing method is illustrated by the
      springs 130 through 132 which support cup 123 from cup 124. These are
      small diameter coil springs which are in cutout portions of cup 124. In
      FIG. 7 spring 130 can be seen in detail. It bears against cup 124 at 133
      and screw 134 screwed into cup 123.
PAR  In operation a blank pad 140 of fiberfill material is placed between the
      two portions of the dieset and the dieset closed. As the dieset closes,
      tapered disc 104 engages cup 120 grasping the center of blank 140
      therebetween. Further closing compresses spring 126 and ring 105 engages
      cup 121. At this point spring 114 begins to compress and ring 105 moves
      back from its position against ring 104. This movement causes stretching
      of pad 140 in the region between the portion grasped by ring 104 and that
      grasped by ring 105. Progressively, rings 106, 107, 108 and 109 grasp
      parts of the blank 140 and cause the blank to be stretched and formed into
      a roughly conical shape. The amount of stretch depends upon the relative
      strength of springs 110 through 114 with respect to springs 126 through
      132.
PAR  As in the first embodiment described, uniform stretching of the material
      may be obtained. There is no tendency to overstretch the apex since that
      portion is firmly held between ring 104 and cup 120. By varying the
      relative spring strengths any desired distribution of stretch may be
      obtained. For example, if spring 113 were made relatively weaker, the
      stretch near the periphery would be increased.
PAR  As in the first embodiment described, the preformed blank is then placed in
      a heated two-part mold for the finishing operation.
PAR  While the use of a flat sheet of fiberfill material or the like has been
      referred to above as a suitable material for making the preformed blank
      described herein, a laminated sheet has also been found useful. The method
      of making the laminated sheet is illustrated in FIG. 7. The starting
      material is sheet fiberfill, or the like, having half the desired blank
      thickness. This material is shown in FIG. 7 on two supply rolls 70 and 71.
      The width of the rolls can be just one preform width or wider, in which
      case blanks of the desired size can be cut from the finished blank
      material.
PAR  As the material comes off the supply rolls 70 and 71, nozzles 74 and 75
      spray a polyurethane adhesive on one surface of each strip, covering the
      mating surfaces of the sheets with adhesive, which sheets have previously
      been permeated with the acrylic resin. The supply rolls 70 and 71 are
      arranged so that the strips from each come together between rollers 72 and
      73 which apply a light pressure to the laminate, perhaps 2 to 4 ounces per
      foot of width. The pressure is not critical but should be enough to cause
      the strips to stick lightly.
PAR  After the strips are contacted and stuck, blanks of the desired size may be
      cut from the laminated strip.
PAR  The use of a laminated sheet also allows the addition of an auxiliary piece
      of material between the laminations which increases the thickness of the
      blank in one part of the blank for the purpose of fabricating a bra pad
      with push-up action. Bra pads having push-up action are described in the
      co-pending application Ser. No. 412,666 filed Nov. 5, 1973, by Herbert
      Magidson, Otto L. Huber and Helmut Heinrich. The auxiliary piece 80, as
      illustrated in FIG. 8 is typically circular but need not be. It is made of
      similar material as the blank but its initial thickness may be more or
      less, depending upon the extent of the push-up action desired in the
      finished pad.
PAR  While a useful bra pad can be made as described above, some difficulty with
      the ability of the pad to withstand repeated washings without losing shape
      can be encountered. This is because the resin binder in fiberfill
      material, as received, is some 75 to 80% cured and when the material is
      subsequently stretched, compressed and heated during the bra pad
      fabrication, many of the bonds between the individual fibers are weakened
      or broken. To counteract this tendency, an additional step is added to the
      process. Prior to the curing of the pad, and preferably before stretching
      the material into the conical preform shape, fresh acrylic resin, of the
      same kind as is used in bonding the fiberfill fibers is sprayed onto the
      sheet using a relatively high pressure so that the resin will permeate the
      sheet. This additional resin, upon being cured, reinforces the fiber bonds
      and adds somewhat to the stiffness of the finished pad. The quantity of
      resin added can be varied to suit the final stiffness desired.
PAR  It is typically desirable to cover and/or line the bra pad with a light,
      smooth fabric such as, for example, tricots, laces, etc. This can be
      accomplished by spraying the inner, outer, or both surfaces of the pad
      preform, as desired, with a polyurethane adhesive and bonding the liner
      and/or liners to the pad at the same time that the pad itself is being
      molded and cured. Polyurethane adhesive is heat polymerizing so that a
      single heating in a two-piece mold will simultaneously polymerize the
      polyurethane adhesive bonding the molded liner to the bra pad.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for preforming brassiere pad blanks which comprises:
PA1  a. a first die member comprising:
PA2  i. a support member;
PA2  ii. a plurality of rings axially spaced on said support member;
PA2  iii. elastic means disposed between said rings and said support member; and
PA1  b. a second die member comprising:
PA2  i. a plurality of cylinders disposed to engage said rings;
PA2  ii. elastic means engaging said cylinders whereby upon engagement of said
      first die member with said second die member, each of said cylinders will
      be displaced from its rest position against the force of said cylinder
      engaging elastic means.
NUM  2.
PAR  2. An apparatus for preforming seamless brassiere pad blanks as recited in
      claim 1 where the force of said cylinder engaging elastic means
      transmitted through each of said cylinders displaces each of said rings
      with respect to said support member whereby the spacing of said rings will
      change.
NUM  3.
PAR  3. An apparatus for preforming seamless brassiere pads from sheet fibrous
      batting material prior to final molding of said pad which comprises:
PA1  a. clamping means lying in a plane for said sheet;
PA1  b. a conical form, the axis of said conical form being substantially
      perpendicular to the plane of said clamping member;
PA1  c. means connected to said conical member for driving said conical form
      into said sheet material thereby stretching the surface of said sheet
      material and forming said sheet into a conical shape; and
PA1  d. a plurality of pins on the surface of said conical form, the axis of
      said pins being substantially parallel to the axis of said cone, said pins
      being distributed over substantially all of the area of said form away
      from the apex of said conical form whereby the stretching of said sheet
      material will be progressively arrested upon engagement with said pins.
NUM  4.
PAR  4. An apparatus as recited in claim 3 where said clamping means comprises a
      pair of rings of a predetermined shape, and means for urging one of said
      rings against the other whereby said sheet material will be firmly held.
NUM  5.
PAR  5. The apparatus as recited in claim 3 wherein none of said pins are at the
      apex of said conical form.
NUM  6.
PAR  6. The apparatus as recited in claim 5 where the closest ones of said pins
      to said apex form a substantially circular pattern around said apex.
NUM  7.
PAR  7. The apparatus as recited in claim 3 where said pins are spaced farther
      apart over some areas of said conical form than over other areas whereby
      said sheet will suffer greater stretch over areas corresponding to greater
      pin spacing.
NUM  8.
PAR  8. The apparatus as recited in claim 3 where said pins more remote from
      said apex are spaced generally farther apart whereby said sheet material
      will suffer progressively greater stretch in areas of said sheet material
      more remote from said apex.
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ABST
PAL  An apparatus for engaging and extracting formed articles from an article
      forming machine is machine mounted adjacent the article forming area and
      includes a robot in the form of a pivotally connected arm suspended from
      the mounting and fingers at the free or head end of the arm operative in
      article engaging and article releasing motions by a cylinder on the fore
      part of the arm in synchronism with the article forming cycles of the
      machine. The formed articles are grasped by the fingers, retracted from
      the forming area, carried to a distant discharge location and released
      thereat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention accommodates to a molding machine of the automatic type
      wherein a split mold, defining one or more mold cavities, includes a
      stationary mold half and a movable mold half reciprocable relative thereto
      between opened and closed positions.
PAR  In such a machine, the article or articles molded in an operational cycle
      are usually discharged from the movable mold portion as the latter moves
      toward the withdrawn or opened position, normally with the aid of one or
      more ejector rods or pins projectible into each cavity of the receding
      mold portion so as to dislodge the respective article or workpiece
      therefrom. The article then usually falls between the mold portions,
      usually by now approaching each other during the next following closure
      stroke, into a suitable receptacle therebelow.
PAR  With molding machines operating at ever-increasing speeds, such an ejection
      system is no longer satisfactory since the released article may not
      properly clear the path of the reciprocating mold portion. Attempts have
      been made to provide means for positively removing all the workpieces from
      the mold in its opened state, thus to prevent them from being crushed
      between the mold portions and from interferring with mold reclosure. Prior
      systems, however, could not always be fully synchronized with the mold
      cycle and, for this reason, were not wholly dependable in their operation.
      Furthermore, even when articles or workpieces were positively removed,
      they were generally dropped randomly into a receptacle and had to be
      handled anew for stacking or packing purposes.
PAC  SUMMARY OF THE INVENTION
PAR  The general object of this invention is to provide an improved
      article-removal system which, by being positively coupled with the mold
      drive, ensures timely separation of each article from the mold and enables
      unobstructed mold closure on the next following article forming operation.
PAR  The invention finds application in a press molding machine having a fixed
      mold half or platen and a movable mold half or platen movable in a linear
      horizontal direction relative to the fixed mold half between mold-opened
      and mold-closed positions, with the fixed and movable mold halves being
      spaced apart or in direct confrontation respectively. Therewith, the means
      of the invention are provided for engaging and extracting a molded article
      or articles from the space between the fixed and movable mold halves
      following the molding operation and as the mold halves are being first
      opened for such clearing and second closed for the next following molding
      operation.
PAR  The engaging and extracting means are mounted relative to the machine,
      normally above and astride the forming area and include an extracting arm
      mounting a gripping element or cooperating fingers on its free distal end.
      The opposite end of the extracting arm is fixed to and swingable with and
      at right angles to and may be movable with and in the plane of a driving
      or pushing shaft, which shaft is machine mounted so as to extend along a
      horizontal axis parallel to the path of movement of the movable mold half
      and so as to be reciprocable in forward and retrograde strokes timed with
      and responsive to the reciprocating opening-closing cyclic strokes of the
      movable mold half.
PAR  The driving shaft is cam operated so that, as it so reciprocates, it
      simultaneously rotates, in a first mode, to effect the swinging of the
      extracting arm into and out of the forming area as the mold halves are
      changing from one mold closed position to the next subsequent mold closed
      position and moves horizontally, in a second mode, to transport the so
      retracted extracting arm to a distant discharge point, and reversely,
      simultaneously moves horizontally to return the extracting arm to proper
      location preparatory to the next subsequent rotation wherewith the
      extracting arm again swings into and out of the forming area. Such cycle
      is continuously repetitive during machine operation.
PAR  As the extracting arm is swung into the forming area in the first mode of
      movement, it is motivated into an article engaging position whereat the
      gripping element, which may be pneumatically or hydraulically operated,
      engages the article and withdraws it therewith as it is swung out of the
      forming area, also as a part of this first mode of movement.
PAR  The swinging movement throughout this first mode is in the form of an arc
      in a generally single vertical plane from an initial position outwardly of
      the forming area to a second position within the forming area and to a
      return position again outwardly of the forming area, all while the driving
      or pushing shaft and the extracting arm mounted thereon is being
      simultaneously motivated first in retrograde movement responsive to the
      mold opening stroke and second in forward movement responsive to the mold
      closing stroke.
PAR  Article retrieval takes place in such a way that the extracting arm is
      swung along this primary vertical path, and is simultaneously moved along
      the secondary horizontal path toward and away from a distant discharge
      point.
PAR  And if desired, the part may be moved along a tertiary path to an even more
      distant discharge point. That is, the first and second modes of movement
      of the extracting means may be followed by a third mode wherein the
      extracting means may be rotated in another arc away from the axis of
      movement of the second mode toward and away from a provided discharge
      means such as a tray or slide or chute or barrel or degating fixture or
      profiling machine or other article receiving member.
PAR  An object of this invention is to provide an article extracting machine
      that overcomes the disadvantages in prior article extracting machines. A
      more particular object is to provide an article extracting machine that is
      adapted to be mounted on the article forming machine and requires
      substantially no floor space while performing all tasks expected of an
      article extracting machine.
PAR  Another object is to provide such an article extracting machine having an
      extractor head that is supported from above and which may be swung in
      substantially a straight line into and out of the article forming area.
PAR  Another object is to provide an article extracting machine that has
      provision for performing all extracting and related operations in
      essentially one motion such as article extracting and article depositing.
PAR  Yet another object is to provide an improved article extracting machine
      that is simple but efficient in construction, economical to manufacture,
      and efficient and economical to use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary diagrammatic view in top plan of a press molding
      machine according to the present invention;
PAR  FIG. 2 is a simplified diagrammatic view in side elevation looking toward
      the working face of the movable mold and platen and showing the gripping
      component in a generally horizontal mode of article gripping position;
PAR  FIG. 3 is a view similar to FIG. 3 but showing the gripping component in a
      generally vertical mode of article gripping position;
PAR  FIG. 4 is a view in side elevation of a first modified form of the
      invention looking toward the working face of the movable mold and platen
      and showing the gripping component in article gripping position;
PAR  FIG. 5 is a fragmentary broken view in top plan of the FIG. 4 arrangement;
PAR  FIG. 6 is a fragmentary broken view in side elevation of the FIG. 4 first
      modified form at the completion of its vertical stroke (first mode)
      outwardly of the molding area preparatory to further movement forwardly in
      a horizontal direction responsive to the continued unidirectional movement
      of the driving shaft;
PAR  FIG. 7 is a fragmentary view in end elevation of the FIG. 6 arrangement
      taken from the end (at the right in FIG. 6); and
PAR  FIGS. 8 and 9 are actual size representations of the gripping fingers and
      actuating means thereof in the fingers open and fingers closed positions
      respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and initially to FIG. 1, an article engaging
      and extracting arrangement is shown mounted on an article forming machine
      which generally includes a movable mold portion or platen 10 cooperant
      with a fixed mold portion or platen 12, each mounting on the confronting
      side faces a respective mold 14 and 16. Movable platen 10 is adapted to be
      moved toward and away from fixed platen 12 in repetitive forming cycles
      with an article or plurality thereof being formed in the defined cavity or
      cavities with each forming cycle.
PAR  The usual injection piston, cylinder and cylinder housing and other
      supporting equipment for the charging of the mold with a plastic material
      are omitted herefrom for purposes of simplification, as is the usual ram
      driven in reciprocating strokes and mounted rigid with movable mold
      portion 10, the latter being reciprocable on conventional upper and lower
      pairs of horizontally-extending tie bars 20, and the fixed platen being
      stationarily secured to such tie bars. The tie bars will be understood to
      extend between spaced supporting portions of the machine, again which are
      not herein shown for purposes of simplification.
PAR  A pusher bearing 26 is suitably mounted by a bracket 28 secured as by a
      weldment or bolting on the top planar surface of movable platen 10. A pair
      of aligned pusher bearings 30 spaced from each other by a base 32 are
      mounted as by a weldment or bolting on the top planar surface of fixed
      platen 12. Pusher bearings 26 and 30 are coaxially aligned as to each
      other preferentially vertically above and in parallelism with the upper
      tie bar on the tending side of the machine.
PAR  Extendable through the provided openings in pusher bearings 26 and 30 is a
      pusher or driving shaft 34.
PAR  Between spaced pusher bearings 30 and 30 is a stationary or fixed cylinder
      or barrel cam 36 which is sleeved over driving shaft 34 and is fixedly
      secured to base 32.
PAR  Cylinder or barrel cam 36 is provided with a milled cam slot 38 which is
      constituted by a first involute dwell or cam rise portion and a
      communicating second elongated horizontally-extending cam straight line
      portion so as to impart to the driving shaft through a follower 40 fixed
      to the driving shaft and receivable within the cam slot, when the movable
      mold half is moving in retrograde mold opening direction, a first driving
      shaft horizontal straight line motion followed by a second driving shaft
      combination of horizontal straight line and rotating motions, and when the
      movable mold half is moving in forward mold closing direction, a first
      driving shaft combination of horizontal straight line and rotating motions
      followed by a second driving shaft horizontal straight line motion.
PAR  The cam arrangement dictates the retrograde movement followed by the
      combination retrograde and rotative movements of the article engaging and
      extracting arrangement in the mold opening mode and the reverse situation
      in the mold closing mode of the article forming cycle.
PAR  A U-shaped extracting arm 50 at one of its ends is fixed to and is
      swingable on driving shaft 34 by means of an adjustable collar 52 so that,
      on assembly, the extracting arm may be located precisely with respect to
      the vertical center line of the sprue of the formed article or articles to
      be engaged when the extracting arm has swung into the finger engaging
      position.
PAR  The article engaging means comprises a gripper component which is
      constituted by a pair of oppositely facing gripping fingers 70, 70 which
      are each pivotally mounted on extracting arm 50 and which may be actuated
      into closed article gripping position toward each other at their free
      outboard ends by means of a cylinder operated piston 72 mounted on the
      extracting arm and operative between article gripping or jaw closed and
      article releasing or jaw opened positions in timed relation to the machine
      cycle to which it is connected by the usual means, not shown in FIG. 1.
PAR  The arrangement of extracting arm 50 may take a first form or side
      configuration, as shown in FIG. 2, wherein the said arm swings inwardly
      from the side of the machine toward article A and is shown as being
      constituted by the adjustable collar in the form of a two part gripping
      clamp 54 with each part thereof disposed on opposite sides of driving rod
      34 and clamped thereto by the usual clamping bolts 55, which clamp 54
      adjustably mounts a horizontally-extending first arm part 56 having a free
      end carrying an elbow 57 from which adjustably extends, at right angles to
      arm part 56, a second arm part 58 having a free end carrying an elbow 59
      from which adjustably extends a third arm part 60 which pivotally mounts
      fingers 70, 70 at the free end thereof, which fingers are pivotally
      motivated in opposite directions between jaw closed and jaw opened
      positions, in FIGS. 9 and 8 respectively, in response to a power stroke of
      the piston 72 extendable from a cylinder 74 by hydraulic or pneumatic
      operation.
PAR  The gripping fingers, in most cases, will have to be adjustable and formed
      in a different way for each molding operation. The details thereof are
      only schematically indicated in the drawing.
PAR  The arrangement of extracting arm 50 may take a second form or top
      configuration as shown in FIG. 3 wherein the said arm swings inwardly from
      the top of the machine toward article A and is shown as being constituted
      by the same components but arranged differently as to each other in view
      of the disposition of the driving shaft 34' at the side of the machine in
      a horizontal plane substantially intermediate the horizontal planes of the
      upper and lower pairs of tie rods 20, 20, such an arrangement conceivably
      better serving the needs of the user, the dimensions of the formed
      articles, the location of the machine within the facility or what have
      you, any of which factors may dictate the advisability of approaching the
      article from vertically above rather than horizontally astride.
PAR  If desired, any one or more of the arms can be connected to the piston of a
      respective servo-motor for adaptation to be swung in any position so as to
      locate the gripping fingers at a different situs relative to the machine
      at the completion of its forward mold closing stroke.
PAR  Referring now to FIGS. 4 through 7, a first modified form of article
      engaging and extracting arrangement is shown as mounted on an article
      forming machine which generally includes the same movable mold portion or
      platen 10 mounting a mold 14 and being cooperant with a fixed mold portion
      or platen and mold, which are not shown. Movable platen 10 is of course
      adapted to be moved toward and away from the fixed platen in repetitive
      forming cycles with an article or plurality thereof being formed in the
      cavity or cavities with each forming cycle and is driven in reciprocating
      strokes along the conventional horizontally-extending tie bars 20.
PAR  As is known, the two opposing molds are provided with suitable cavities or
      recesses corresponding to the shape of the article or articles B being
      molded.
PAR  Additionally, there is provided a pusher bearing 126 which is journalled in
      a bracket 128 mounted as by a weldment or bolting on a side of movable
      platen 10.
PAR  A like pusher bearing and bracket arrangement may be provided on a
      corresponding side of fixed platen so that a driving shaft 134 may be
      extended therebetween in parallelism with the tie bars, preferentially on
      the tending side of the machine in a horizontal plane between the
      horizontal planes defined by the upper and lower pairs of tie bars.
PAR  The driving shaft will be understood to be provided with the same
      arrangement of cylinder or barrel cam, not shown, which is sleeved over
      the driving shaft, and is provided with the same type of milled cam slot
      constituted by a first involute dwell or cam rise and a communicating
      second elongated horizontally-extending cam straight line portion so as to
      impart to the driving shaft through a follower fixed to the driving shaft
      and receivable within the cam slot, when the movable mold half is moving
      in retrograde mold opening direction, a first driving shaft horizontal
      straight line motion followed by a second driving shaft combination of
      horizontal straight line and rotating motions, and when the movable mold
      half is moving in forward mold closing direction, a first driving shaft
      combination of horizontal straight line and rotating motions followed by a
      second driving shaft horizontal straight line motion.
PAR  A U-shaped extracting arm 150 at one of its ends is fixed to and is
      swingable on driving shaft 134 by means of an adjustable collar 152 so
      that on assembly the extracting arm may be located precisely with respect
      to the center line of the sprue of the formed article or articles to be
      extracted as the article engaging movement is reached.
PAR  The extracting arm arrangement, as shown, takes a top configuration,
      similar to the FIG. 3 disclosure, when the said arm swings inwardly from
      the top of the machine toward the articles B and is shown as being
      constituted by an adjustable collar in the form of a two part gripping
      clamp 154 with each part thereof disposed on opposite sides of the driving
      rod and clamped thereto by the usual clamping bolts 155, which clamp 154
      also adjustably mounts a vertically extending first arm part 156 having a
      free end carrying an elbow 157 from which adjustably extends, at right
      angles to arm part 156 a second part 158 having a free end which supports
      a pair of wrists 159 fixed thereto at diametrical opposite sides thereof
      and between which a jaw member 160 is stationarily secured. At one side of
      the jaw member, a gear 161 is rotatably mounted by means of a pin 162
      extendable through the jaw member 160 and opposite wrists 159.
PAR  Gear 161 meshes with a gear rack 163 slidably mounted on the adjacent wrist
      159 of the pair thereof.
PAR  The outer free end of jaw member 160 mounts a frame 170 provided with
      pockets 172 each arranged to nestably receive one of the formed articles B
      being formed. The frame shown is provided with 8 pockets so as to receive
      8 of the articles B which are interconnected as by sprues S.
PAR  The extracting arm is moved rearwardly as the molds are first being moved
      in mold opening direction and is then, as the arm moves further
      rearwardly, moved in an arc so as to sway frame 170 first into the molding
      area where it embraces the articles B and second out of the molding area
      carrying the articles B therewith to the FIG. 6 position whereat frame 170
      is swung outwardly of the area between the molds and mold platens.
PAR  As before explained, when the movable mold half is moving in retrograde
      mold opening direction, the cam arrangement ensures a first driving shaft
      horizontal straight line motion, and then a second driving shaft
      combination of horizontal straight line and rotating motions. Now with the
      parts in the FIG. 6 position, the movable mold half moves in forward mold
      closing direction to allow a first driving shaft combination of horizontal
      straight line and rotating motions, and a second driving shaft horizontal
      straight line motion.
PAR  As the driving shaft moves forwardly, carrying the extracting arm
      therewith, it is moved until the follower approaches the extreme in its
      stroke, by which movement the gear rack has been brought into contact with
      the side wall of an inclined tray like arrangement so as to preclude
      further movement of the gear rack. So stopped and with the driving rod
      continuing its forward mold closing stroke, the gear is caused to continue
      in its forward movement therewith and as it so moves forwardly, it also
      rotates by virtue of its meshing relationship with the gear rack. The
      rotative movement of the gear induces, in its train, a pivoting movement
      of the tray 170 so that it is moved to a FIG. 7 position, approximately
      90.degree. from the FIG. 6 position, whereat it releases the articles B
      into a suitable tray or other discharge means.
PAR  In FIG. 8 is shown an article forming machine which generally includes a
      movable mold platen 210 cooperant with a fixed mold platen 212, each
      mounting on the confronting side faces a respective mold 214 and 216.
      Movable platen 210 is adapted to be moved toward and away from fixed
      platen 212 in repetitive forming cycles.
PAR  A pusher bearing 226 is mounted by a bracket 228 on the top planar surface
      of movable platen 210. Other pusher bearings 230 spaced from each other as
      by a base 232 is mounted as by a weldment or bolting on the top planar
      surface of fixed platen 212. Pusher bearings 226 and 230 are aligned as to
      each other, are located vertically above and in parallelism with the usual
      tie bars and accommodate a driving shaft 234 extendable therewith.
PAR  Between spaced pusher bearings 230 and 230 is a stationary or fixed
      cylinder or barrel cam 236 which is sleeved over the driving shaft and is
      fixedly secured to the base which barrel cam is provided with a milled cam
      slot 240 formed to give a horizontal movement and a simultaneous rotative
      movement to the driving shaft. When the movable mold half is moving in
      retrograde mold opening direction, the driving shaft moves in a horizontal
      straight line motion and also in a rotary motion and when the movable mold
      half is moving in forward mold closing direction, the driving shaft moves
      in a horizontal straight line motion and also in a rotary motion.
PAR  The cam arrangement allows the combination retrograde and rotative movement
      in the mold opening mode and the reverse situation in the mold closing
      mode of the article forming cycle.
PAR  An extracting arm 250 is fixed to and is swingable on driving shaft 234.
PAR  Stops 260 may be stationarily secured to the driving shaft 234 on opposite
      sides of the cam, if desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article engaging and extracting arrangement for the removal of molded
      pieces from a molding machine and the deposit thereof at a point apart
      from the molding machine, the combination of:
PA1  a rotatable and reciprocable driving shaft mounted on the molding machine
      for retrograde movement with the movable mold in a mold opening direction
      and for forward movement with the movable mold in a mold closing
      direction, a cam means fixed on the molding machine for generating a
      horizontal and rotational movement of the driving shaft responsively to
      mold opening and mold closing strokes, an extracting arm mounted on and
      movable with the driving shaft so as to be movable rearwardly with the
      driving shaft and into the space between the molds in the mold opening
      mode of the machine and out of the space between the molds and forwardly
      with the driving shaft in mold closing mode of the machine,
PA1  gripping means responsive to penumatic or hydraulic pressure to open and
      close in scissor like fashion and carried by the extracting arm and
      arranged to move therewith in timed relation with the mold opening and
      mold closing cycle strokes of the molding machine,
PA1  a sequencing mechanism responsive to the cyclic movements of the molding
      machine for moving the jaws of the gripping means into locking engagement
      with the article within the machine at the first appropriate moment in the
      mold opening-closing strokes of the molding machine and for moving the
      jaws into released engagement with the article outside the machine at the
      second appropriate moment in the mold opening-closing strokes of the
      molding machine.
NUM  2.
PAR  2. In a press molding machine including a fixed mold and a horizontally
      movable mold with means for moving the movable mold in linear horizontal
      directions between mold opened and mold closed positions and with the
      molds being spaced apart out of engagement when in the opened positions
      and being in confronting relationship when in the closed positions forming
      a mold cavity therebetween, the improvement in means for removing a molded
      article from the space between the fixed and movable means as the machine
      is moving from a first mold or closed position to a next following mold
      closed position comprising:
PA1  a driving shaft mounted relative to and movable with the movable mold,
PA1  a cam means sleeved around the driving shaft and mounted relative to and
      stationary with the fixed mold,
PA1  the driving shaft being imparted a horizontal linear motion and a rotative
      motion as the movable mold moves in each of mold opening and mold closing
      directions,
PA1  an extractor arm fixed to the driving shaft and movable linearly and
      rotatively therewith,
PA1  gripper means pivotally mounted on the extractor arm for grippingly
      engaging a molded article as the extractor arm is swung rotatively into
      the space between the molds in the mold opening mode of cyclic operation
      and swinging the molded article out of the space between the molds in the
      mold closing mode of cyclic operation.
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PAL  An elastic candle mold has a plurality of circumferentially spaced metal
      plates embedded in the side walls of the mold and which are pulled
      radially outward simultaneously by individual pull cables, each cable
      having one end attached to the plate and the opposite end attached to the
      movable element of an air powered piston-cylinder or other actuator
      device. A spring mounted on each cable attachment at the mold serves to
      return the mold and cables to a contracted position for the mold when the
      piston-cylinder device is reversed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an expander for elastic molds and has been
      applied to the art of candle making wherein the elastic mold is expanded
      by the application of discrete pulling forces to specified attachment
      points on the mold to release the molded candle and then returned to its
      contracted position for molding the next candle.
PAR  2. Description of the Prior Art
PAR  Heretofore elastic molds have been expanded by applying a differential in
      air pressure between the inside and the outside of the mold, which entails
      problems of sealing against the elastic mold and thereby is limited in
      production rate.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, the elastic mold has two or more
      expander plates embedded in the side walls thereof and spaced peripherally
      of the mold, and means are employed to move the plates radially outward to
      expand the mold and thereby release the molded object for removal.
PAR  The expander means preferably embodies a pull rod for each plate attached
      thereto radially outward thereof, with the rods simultaneously actuated as
      by one or more air cylinders to effect the desired simultaneous radial
      movement of the plates.
PAR  For this purpose, in the embodiment illustrated a cable is attached at one
      end to each pull rod and passes over a pulley disposed radially outward
      from the plate and downwardly from the pulley to the piston rod of an air
      actuated cylinder piston device disposed axially beneath the mold and in
      alignment therewith whereby a downward movement of the piston effects a
      radial outward movement of all of the plates simultaneously, thereby
      expanding the mold in the direction of movement of the several plates.
PAR  A spring on each pull rod assists in returning the same to a retracted
      position upon reversal of the air cylinder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the preferred embodiment presently
      contemplated by the inventor for carrying out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of the mold and apparatus for expanding the same
      with a part of the mold broken away and sectioned to show an embedded
      expander plate;
PAR  FIG. 2 is a view similar to FIG. 1 showing the mold expanded;
PAR  FIG. 3 is a side elevation of the mold and apparatus of FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3 showing the air cylinder actuated to
      expand the mold as in FIG. 2;
PAR  FIG. 5 is a transverse section of the mold taken on line 5--5 of FIG. 3;
      and
PAR  FIG. 6 is a detail view of the air cylinder and the actuating controls
      therefor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus disclosed in the drawings comprises in general an elastic
      mold 1 of generally cylindrical shape in the side walls of which four
      similar plates 2 are embedded equidistant from each other
      circumferentially (90.degree. apart on centers), a radial projection 3
      extending outwardly from each plate, and individual pull rods 4 attached
      to the corresponding projections 3 to effect expansion of the walls of the
      mold outwardly to release the molded object 5.
PAR  The object 5 may be of any configuration and moldable material such as a
      wax candle which may be tapered or may have an irregular shape, in which
      case the walls of mold 1 may be of varying thickness requiring the mold to
      be expanded to free the candle for removal.
PAR  As shown in the drawings, the cavity for receiving and molding the object 5
      is bounded on all sides by the mold 1 and the latter is generally
      continuous although not necessarily of uniform elasticity throughout.
PAR  The walls of mold 1 are themselves cast of a suitable synthetic plastic
      such as Silastic-rubber made by Dow Corning Corporation of Midland,
      Michigan with the plates 2 integrally embedded therein.
PAR  Plates 2 may be of any desirable size and outline to protect the walls of
      the mold 1 against undue concentrations of stress, the plates shown being
      of plate metal generally rectangular in shape and having several openings
      6 therethrough to adequately secure the inner surface portion 7 of the
      mold adjacent the plate to the corresponding outer surface portion 8 by
      integral mold material filling the openings and joining the portions.
PAR  The radial projections 3 may be pre-attached to the corresponding plates 2,
      or they may be threaded thereinto after the mold is cast.
PAR  The outer ends of projections 3 are preferably universally connected to
      pull rods 4 as by a horizontal loop 9 on each projection receiving an
      upstanding hook 10 on the inner end of the corresponding pull rod 4, so
      that the mold can be readily lifted from the apparatus and replaced by a
      different mold, and further to enable a plate 2 to shift angularly with
      respect to the pull rod 4 therefor during radial movement as may result
      from flexing of the wall of mold 1 as it expands.
PAR  The pull rods 4 extend radially with respect to mold 1 and are individually
      mounted to reciprocate in openings 11 at the upper ends of corresponding
      posts 12 extending upwardly from the top of the bench 13 or other support
      for the mold 1.
PAR  A suitable spring 14 is mounted on each pull rod 4 between the post 12 and
      a flange 15 on the rod adjacent to hook 10 for the purpose of urging the
      rod radially inward toward mold 1 to a collapsed position for the mold.
      Expansion of the mold 1 as by pulling on rods 4 effects compression of
      springs 14.
PAR  The pull rods 4 are actuated outwardly by means of individual cables 16
      secured to the outer ends thereof, each passing over an idler pulley 17
      rotatably carried by an upstanding post 18 on bench 13 and disposed in the
      general vertical axial plane of the corresponding rod 4.
PAR  Any suitable power means such as an hydraulic or air cylinder 19 is
      preferably suspended beneath bench 13 in line with mold 1 and has a piston
      20 reciprocally operable therein with a piston rod 21 extending downwardly
      through a closed end 22 of the cylinder.
PAR  The outer lower end of piston rod 21 has a transverse disc 23 with four
      holes 24 therethrough for securing the lower ends of the corresponding
      cables 16 to the piston rod, the holes 24 being equally spaced
      circumferentially of disc 23.
PAR  The cables 16 pass down freely through openings 25 in the top of bench 13,
      and are adjusted to be of equal length to provide for simultaneous equal
      movement of plates 4 when the cylinder 19 is actuated to push piston rod
      21 downwardly.
PAR  The cylinder 19 is illustrated as double acting with air pressure
      selectively admitted to both ends thereof on opposite sides of piston 20.
PAR  For this purpose, the compressed air line 26 from any source 27 of
      compressed air usually available in most shops feeds into a four way valve
      28 to two lines or passages 29 and 30 to the upper and lower ends,
      respectively, of cylinder 19.
PAR  Valve 28 may be of any suitable construction with an oscillating member of
      either the rotary or plunger type which connects line 26 to line 29 and at
      the same time connects line 30 to a discharge opening 31 when it is
      desired to expand mold 1 to release object 5.
PAR  Upon removal of object 5 from the mold the oscillating member of valve 28
      is moved to the opposite position where it connects line 26 with line 30
      to raise piston 20 in cylinder 19, and at the same time valve 28 connects
      line 29 to a discharge opening 31 to release the air above piston 20.
PAR  If desired, an adjustable speed control may be provided for actuation of
      piston 20 in the form of suitable adjustable restrictions 32 in passages
      29 and 30.
PAR  Also, if desired, the valve 28 may be automatically actuated in sequence
      with repeated molding operations to provide maximum production of a given
      object.
PAR  Various embodiments of the invention may be employed within the scope of
      the following claims which particularly point out and distinctly claim the
      subject matter of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an elastic mold, a mechanical expander comprising a
      generally continuous elastic mold, a plurality of expander means spaced
      peripherally of the mold and secured thereto, and means to move said first
      named means radially of the mold to expand the latter.
NUM  2.
PAR  2. The construction of claim 1 in which said first named means comprise
      plates embedded in the walls of the mold and means secured to said plates
      for attaching said second named means thereto.
NUM  3.
PAR  3. The construction of claim 1 in which said second means comprises a pull
      rod attached to each of said expander means, and means to move said pull
      rods radially relative to the mold.
NUM  4.
PAR  4. The construction of claim 3 in which said last named means comprises a
      cable attached at one end to each pull rod, and power means operably
      connected to the opposite ends of said cables to actuate the same
      simultaneously.
NUM  5.
PAR  5. The construction of claim 4 and spring means operably connected to said
      pull rods to return the same to a retracted position for the mold upon
      release of said cables by said power means.
NUM  6.
PAR  6. The construction of claim 5 in which said power means comprise a double
      acting power cylinder, and means to alternately actuate the same to effect
      expansion and contraction of the mold in relation to molding operations.
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ABST
PAL  Apparatus for injection molding parts which comprises forming mold cavities
      from a set of molds and injecting molding material into the cavities to
      mold a part on a pin extending up in each cavity; the molded parts are
      then ejected by being pushed up and off the pins when the molds are moved
      to expose the parts; ejection involves the application of a substantially
      uniform force over the base of the moulded part. The apparatus includes
      means for automatically degating moulded parts from waste material
      involving initial movement of one of the molds in the set relative to the
      others; automatic degating can be employed which can occur internally or
      externally of the molded parts; the molds employed with these specific
      ejecting and degating means, or with other ejecting and degating means,
      comprise an upper and lower portion of a universal mold base which forms
      an integral part of the molding apparatus and to these portions are
      detachably secured modular mold sections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  This invention relates to improvements in injection molding.
PAR  B. Description of Prior Art
PAR  Injection molding apparatus presently used has several disadvantages. The
      ejection of the molded parts from the apparatus can be difficult or
      awkward when the parting line between the molds defining the mold cavities
      in which the parts are molded, is horizontal. Usually individual knock-out
      pins are required, one or more for each molded part, to remove it from the
      molding apparatus, and this can make the apparatus expensive.
PAR  Ejection of the molded parts can also be difficult if the parts to be
      molded have an uneven base. The knock-out pin or pins may not apply
      uniform force on the part when stripping it from a core if it acts or they
      act against an uneven base and damage to the part can occur.
PAR  A further disadvantage in injection molding is that the waste or sprue
      member, which comprises molding material that has set in the channels and
      passages leading to the mold cavities after molding must be manually
      separated from the parts molded in the cavities. This is time consuming
      and expensive. Also, the separation operation may leave a rough surface
      area on the finished part which may necessitate a further operation to
      clean or smooth the rough surface area.
PAR  A further disadvantage is the face that known injection molding apparatus
      employs integral molds which have both the mold defining surface and the
      positioning and moving means on the same member; because of this use of
      integral molds, it is very difficult and time consuming to change an
      injection molding machine to mold different parts. Also, the molds
      required for different parts are expensive since each mold must include
      both and the mold defining surface and the positioning and moving means.
PAC  SUMMARY OF INVENTION
PAR  It is the purpose of the present invention to provide improvements in
      injection molding which overcome or at least minimize the above noted
      disadvantages.
PAR  The present invention provides a novel means for ejecting or stripping
      molded parts from the molds.
PAR  The present invention also provides improvements in the removal of molded
      parts particularly those having uneven bases from the cores of molding
      machines. The improvement provides means for the application of a
      substantially uniform force over the entire base of the part to strip the
      part from a pin.
PAR  The present invention further provides apparatus for automatically degating
      molded parts, either internally or externally of the parts, when removing
      them from the mold, the degating apparatus can be used in conjunction with
      the novel ejecting apparatus.
PAR  The invention further provides a molding apparatus which employs molds each
      made in at least two pieces, with one piece containing the mold-defining
      surface and the other piece being used to detachably mount the one piece
      in the apparatus in the proper position. The two piece molds can be
      employed in molding apparatus which incorporates the novel ejecting means
      and which incorporates the novel degating means, if desired.
PAR  More particularly, the present invention is directed toward molding parts
      which comprises means forming cavities in a set of molds and means for
      injecting molding meaterial into the cavities to form a part of each
      cavity on a pin which extends upwardly in the cavity; the molded parts on
      the pins are then exposed, and the exposed parts are moved up and off the
      pins.
PAR  The invention is also directed toward the apparatus which comprises a set
      of molds, at least some of which are movable to form mold cavities in
      which parts are to be molded; a pin member extends up in each cavity and
      means direct molding material into each cavity to mold the product which
      is defined by the open area between the pin member and the mold cavities
      and means are also provided for pushing the molded part up and off each
      pin member after the molds are moved to expose the parts on the pin
      members.
PAR  The invention is further directed toward means for molding articles which
      comprises movable molds together brought to form at least one cavity in
      which a part is to be molded, in which molding material passes from a
      sprue in one of the molds, through passages, to the cavity and after the
      molding material has set, the one mold element is moved an initial
      distance away from other element to degate or separate waste molding
      material in the passages and sprue from the part and both the part and the
      waste material are then removed from the apparatus.
PAR  The invention is directed toward an apparatus for use in carrying out a
      degating method in which the apparatus comprises two movable side molds,
      and means for moving the molds together to define therebetween open-ended
      cavities in which parts are to be molded. Two end elements, at least one
      of which is movable, cooperate with the side elements to substantially
      close the ends of the cavities. Passage means direct molding material from
      a sprue in one movable end element to one end of each cavity, pin means on
      the other end element extend into the cavities. A sprue molding member on
      the other end element extends into the sprue on the one end element.
PAR  The invention is further directed toward molding apparatus having two,
      movable side elements and means for moving the side elements together to
      define open-ended cavities in which parts are to be molded. End elements,
      at least one of which is movable, cooperate with the side molds, to close
      the cavities. Passage means are provided for directing molding material to
      one end of each cavity. Means are provided in one of the end elements for
      separating the molded parts from waste molding material in the passage
      means when the one end element is moved relative to the side elements
      after molding.
PAR  The invention is still further directed toward molding apparatus which has
      two, movable side molds, means for moving the side molds together to
      define cavities in which parts are to be molded and end element, at least
      one of which is movable, cooperating with the side elements to close the
      cavities, each element comprises a main base or support member and a die
      plate detachably connected thereto.
PAR  The invention is also directed toward the set of detachable die plates.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention will now be described in detail having reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a molded article prior to separation of a
      sprue member from molded parts;
PAR  FIG. 2 is a cross-sectional elevational view of the molding apparatus in a
      closed position;
PAR  FIG. 3 is a cross-sectional view of the molding apparatus in FIG. 2 in an
      open position; after an article has been molded;
PAR  FIG. 4 is a fragmentary cross-section of the apparatus taken along line
      4--4 of FIG. 2 generally on the mold parting line;
PAR  FIG. 5 is an enlarged fragmentary cross-section of the apparatus taken
      along line 5--5 of FIG. 4;
PAR  FIG. 5A is a cross-section taken along line 5A--5A of FIG. 5;
PAR  FIG. 6 is an enlarged fragmentary cross-section of the apparatus taken
      along line 6--6 of FIG. 4;
PAR  FIGS. 7A, 7B and 7C are detail views of the apparatus showing different
      stages of removing the molded parts;
PAR  FIG. 8 is a detail of a modification in the part of the apparatus similar
      to that shown in FIG. 5;
PAR  FIG. 9 is a detail of a modification in the part of the apparatus similar
      to that shown in FIG. 6;
PAR  FIGS. 10A, 10B, 10C and 10D are detail views of the modified apparatus of
      FIG. 9 taken during different stages in removing the molding parts;
PAR  FIG. 11 is a cross-section view of another mold embodiment;
PAR  FIG. 12 is a fragmentary cross-section view taken along line 12--12 of FIG.
      11; and
PAR  FIG. 13 is a front elevation view of a further embodiment of the mold
      apparatus.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention is directed toward the injection molding articles 1 of the
      type shown in FIG. 1. The article 1 comprises a plurality of identical
      molded parts 3 connected to a waste or sprue member 5 by narrow necks or
      gates 7. Sprue member 5 comprises runner members 9 leading from gates 7 to
      a main channel member 11 which connects with a sprue 13.
PAR  An injection molding apparatus 15 is provided for molding article 1. The
      apparatus 15, as shown in FIGS. 2 and 3, includes a pair of movable side
      molds 17, 19. The side molds 17, 19 are mounted on stationary wear plates
      21, 23 respectively which are in turn, fixed by suitable means, to end or
      bottom element 25 which acts as a platform. The side molds are located in
      the side-by-side relation and their facing surfaces form die cavity
      surfaces 27, 29 which, when the molds 17, 19 are closed to have surfaces
      27, 29 in proximate relation, provide open-ended cavities 31 in which
      parts 3 are molded (as shown more clearly in FIG. 5).
PAR  A second end or top mold element 33 is also provided for cooperating with
      side elements 17, 19 to close the top end of cavities 31. The top element
      33 has a pair of fixed vertical pins 35 which slide into holes 37 in
      bottom element 25 to properly locate and guide top element 33 relative to
      bottom mold 25. Top element 33 also carries a pair of fixed, inclined pins
      39, 41. Pins 39, 41 diverge from one another and slide freely in inclined
      holes 43, 45 in elements 17, 19 respectively. Top mold elements 33 also
      includes members 47 and top pins 49 (shown in FIG. 4) which extend down to
      cavities 31 to substantially close their open top ends. A central sprue
      opening 51 is provided in top mold element 33 for receiving the molding
      material from an external source (not shown). The opening 51 connects with
      a main channel 53 formed by groove 55 in the bottom surface 57 of mold
      element 33 and the top surfaces 59, 61 of the abutting side mold elements
      17, 19 as shown in FIGS. 5 and 5A. Runners 63 lead down from main channel
      53 to each cavity 31. Each runner 63 is formed by grooves 65, 67 in side
      mold elements 17, 19 respectively and a portion of top pin 49. Runner 63
      in each case terminates in a gate 69 formed by a small groove 71 leading
      off from large groove 65. Gate 69 leads into cavity 31.
PAR  Bottom mold element 25 carries bottom pins 73, one for each cavity 31,
      which extend up into the cavity thus closing the open bottom ends as shown
      in FIG. 4. The top of the bottom pins 73 abut the bottom of pins 49 and
      members 47 at the top of the cavity adjacent gate 69. The parts 3 are
      molded on bottom pins 73. Bottom mold element 25 also carries sprue member
      puller means 75. This puller means comprise a rod 77, as shown in FIG. 6,
      extending up from mold bottom 25, through a bore in side mold elements 17,
      19 and into opening 51 in top mold element 33. The top end 83 of rod 77
      has an undercut 85 for receiving waste material.
PAR  The bottom mold element 25 includes means for ejecting or stripping the
      parts 3 and sprue member 5 from the mold elements after molding, the
      stripping means preferably comprises a stripper plate 91 mounted on a pair
      of guide pins 93 on bottom mold element 25. As shown in FIG. 4, the plate
      has a pair of holes 95 at its ends for receiving guide and pusher pins 93.
PAR  The stripper plate 91 also has holes 97, through which bottom pins 73
      freely pass, and a central hole 99, through which puller rod 77 freely
      passes. Pusher pins 93, passing freely through bottom mold element 25,
      connect plate 91 to suitable actuating means (not shown). Plate 91 also
      has a sleeve 103 projecting from its top surface 105 and concentric with
      hole 99 to surround puller rod 77. Mold elements 17, 19, 25 and 33 are all
      suitably mounted in frame means (not shown) of a molding machine along
      with the suitable actuating means.
PAC  OPERATION
PAR  In operation, the elements 17, 19 and 33 are moved to the position of FIG.
      2, to form empty cavities 31 as shown in FIGS. 4 and 5. More particularly,
      top mold element 33 is moved down toward mold 25 bottom by suitable known
      actuating means (not shown). This downward movement of mold element 33
      causes elements 17, 19 to be brought together via angled pins 39, 41
      (position of FIG. 3 to position of FIG. 2). When cavities 31 have been
      formed, suitable molding material is injected into the cavities through
      sprue opening 51, channel 53, runners 63 and gates 69. The material is
      molded about bottom pins 73 in the cavities 31 to form molded parts 3.
      After the molding material has set, as shown in FIG. 7A, top mold element
      33 is raised by its actuating means away from bottom mold element 25 as
      shown in FIG. 7B. This upward movement simultaneously causes side elements
      17, 19 to move outwardly away from each other via pins 39, 41 causing them
      to slide out on plates 21, 23; see FIG. 3. This leaves parts 3, on pins 73
      exposed as well as attached to sprue member 5. When top mold element 33 is
      raised, the sprue member 5, consisting of waste molding material in
      opening 51, channel 53, runners 63 and gates 69, remains in place, held by
      the undercut 85 on the sprue member puller means 75. Stripper plate 91 is
      now actuated to move up from bottom mold element 25 as shown in FIG. 7C.
      As plate 91 moves vertically up, sleeve 103 pushes sprue member 5 off rod
      77 while top surface 105 of the plate is simultaneously pushing parts 3
      off bottom pins 73. Article 1 consisting of joined parts 3 and sprue
      member 5, falls away, after clearing rod 77, and pins 73 and the apparatus
      is ready for the next molding operation. pars 3 can later be manually
      separated from sprue member 5.
PAR  Preferably, the top surface 105 of plate 91 is contoured as shown at 107 to
      conform to the contoured bottom surfaces 109 of the parts 3 being molded.
      The side elements 17, 19 are shaped to receive this contoured surface
      where they abut over it. The contoured top surface 105 permits parts 3
      with uneven bottom contours 109 to be pushed off pins 73 with uniformly
      applied vertical pressure. The parts 3 are not subjected to twisting
      forces which could damage them during stripping.
PAR  While parts 3 can be ejected from the apparatus integrally with member 5,
      it is preferred to separate or degate the parts 3 from member 5
      automatically prior to stripping. To provide automatic degating, each top
      core pin 49 is provided with a transverse notch 111 extending off runner
      63 and adjacent gate 69 as shown in FIG. 8. Also, puller means 75 is
      mounted in bottom mold 25 to have limited vertical movement rather than
      being fixed as before. To this end as shown in FIG. 9, rod 77 passes
      freely through a bore 113 in bottom mold element 25. Rod 77 has an
      enlarged head 115 which fits in a counterbore 117 in bottom mold element
      25. Head 115 has a length shorter than the length of counterbore 117, FIG.
      9-10D which is closed with a plug 119. This permits head 115 to freely
      move in counterbore 117.
PAC  AUTOMATIC DEGATING OPERATION
PAR  In operation, molding material enters notches 111 during molding of parts 3
      and sets as shown in FIG. 10A. As the top mold element 33 starts moving
      upwardly its engagement with the waste material in the notch will cause
      the material to break away from parts 3 at gates 69 and as shown in FIG.
      10B. The sprue member 5 can be raised a short distance because the puller
      means 75 about which it is mounted, has limited vertical movement in
      counterbore. As member 5 breaks away from parts 3, head 115 of rod 77
      encounters the base 121 of counterbore 117 and is prevented from rising
      further. The travel of head 115 of rod 77 in counterbore 117 permits
      plates 27 and 29 to separate a distance greater than the depth of notch
      111 in the pins 49. This makes possible the release of the material that
      has been molded into this notch 111 and the retention of member 5 on rod
      77. The undercut 85 holds onto sprue member 5 as it is separated from the
      top mold element 33 and pins 49, as shown in FIG. 10C. Member 5 is then
      stripped off rod 77 as before through upward movement of plate 91; see
      FIG. 10D, and now falls away separate from stripped off parts 3.
PAR  The automatic degating operation described has separated sprue member 5
      from parts 3 at an external location on parts 3. The separation occurs at
      gates 69. While external degating cannot always be avoided, depending on
      the part to be made, it does tend to leave a rough surface on the part
      which may require smoothing. Therefrom, in another embodiment of the
      invention, the molds are modified to provide automatic degating of the
      parts internally thereof. In this embodiment, the top core pins are
      extended into the parts being molded. As shown in FIGS. 11 and 12, four
      mold elements 17A, 19A, 25A and 33A are employed in a similar manner as
      elements 17, 19, 25 and 33, to form mold cavities 31A. When the molds are
      in the molding position, core pins 49A extend down from top mold element
      33A into cavities 31A. The core pins 49A abut with bottom core pins 73A
      extending up from bottom mold 25A at a plane A--A slightly below the top
      end 201 of cavity 31A; see FIG. 11. A channel 203 is formed by groove 205
      in top mold element 33A cooperating with top surface 207, of side mold
      element 17A. Channel 203 directs molding material from a sprue opening 51A
      in top mold element 33A to horizontal runners 213 formed by grooves 215 in
      top mold element 33A and top surface 207 of side mold element 17A.
      Horizontal runners 213 communicate with vertical runners 217 extending
      down to a point just above cavities 31A. Runners 217 are each formed by a
      groove 219 in core pin 49A and side wall of a bore defined by side
      elements 17A, 19A for receiving pin 49A. A narrow blind groove 221 extends
      from the end of groove 219 in pin 49A to a point just within cavity 31A.
      The molding material flows through groove 221 into the cavity 31A to mold
      the material. The groove 221 acts as a gate. Upon completion of the
      molding, after the material has set, top mold element 33A is initially
      raised a short distance to separate sprue member 5A from parts 3A.
      Separation occurs due to pin 49A shearing off the material in groove 221
      from the material of part 3A. It is noted that the shearing, and thus
      separation occurs internally of part 3A, and this is a clean separation.
PAR  After internal degating, top mold element 33A continues to move away with
      sprue member 5A being pulled away therefrom by sprue member puller means
      75A as before. The travel of head 115 of rod 77 in counterbore 117 permits
      plates 27 and 29 to separate a distance greater than the depth of notch
      219 in the pins 49. This makes possible the release of the material that
      has been molded into this notch 219 and the retention of member 5A on rod
      77. The sprue member 5A and parts 3A are then stripped off the rod 77A and
      bottom core pins 73A as before by stripper means such as a stripper plate
      91A. Stripper plate 91A can include a contoured top surface, as before, to
      strip off parts 3A having contoured bottom surfaces.
PAR  In all the embodiments described thus far, the molds used incorporate the
      die surfaces and pins integrally with the means on the molds to locate and
      to be used in moving the molds. The present invention contemplates
      employing molds, each made in at least two pieces, with one piece forming
      a base member having the locating and moving means thereon and the other
      piece having a die surface. The piece with the die surface can be
      detachably connected to its base member. The base members of the molds
      remain attached to the frame of the molding apparatus. The pieces or
      plates carrying the die surfaces however can be readily replaced by a
      different set of die plates for molding a different part. The molding
      apparatus incorporating the die plates, can be used with, or without, the
      ejecting means and degating means previously described.
PAR  As shown in FIG. 13, the apparatus 301 incorporating separate die plates
      comprises side mold elements 303, 305, top mold element 307 and bottom
      mold element 309. Bottom mold element 309 comprises a base or platform
      member 311 fixed to the frame (not shown) of the molding machine.
      Detachably connected to base member 311 by suitable means, such as bolts
      (not shown) is bottom die plate 315 having pins 317 extending up
      therefrom. A stripper plate 319 forms part of die plate 315 and can be
      moved by suitable means such as push rods 320 relative to pins 317 to
      strip the parts being molded off the pins. Die plate 315 can also mount
      puller means 321 for the sprue member.
PAR  The side mold elements 303, 305 each comprise a base or cam member 323
      mounted for sliding movement on a plate 325 fixed on platform 311. Cam
      member 323 have an inclined bore 327 for receiving an inclined pin 329
      extending down from top mold 307. Mounted on the surface 331 of the cam
      members 323 which face each other is a die plate 333. Die plate 333 is
      detachably connected to cam member 323 by bolts 335. Die plate 333 has a
      die surface which, when the two plates 333 are abutting, form mold
      cavities for molding parts.
PAR  Top mold element 307 comprises a top member 339 connected to suitable
      actuating means (not shown) in the apparatus and mounted for movement away
      or toward platform 311 by vertical guide pins 341. Top member 339 also
      carries inclined pins 329 which, when top member 339 is raised or lowered,
      moves cam members 323 away or toward one another. Detachably connection to
      top member 339 by bolts 343 is a top die plate 345 having top pins and
      means for directing molding material from injection means (not shown) to
      the cavities formed by the die plates in the molding position. As
      described, the plates forming the mold cavities can be readily replaced
      when it is desired to mold a new part without having to replace the die
      plate positioning and moving means.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an injection molding apparatus including two juxtapositionable side
      molds including cooperating means for forming a sprue and gates
      communicating with open-ended article-forming cavities;
PA1  juxtapositionable bottom and top mold elements, at least one of said top
      and bottom mold elements being displaceable vertically relative to the
      other and including means for closing the open-ended article-forming
      cavities;
PA1  means operatively connecting said side molds and bottom and top mold
      elements for moving them simultaneously and in unison and causing the side
      molds to be spaced laterally at a vertical parting line therebetween when
      the top mold element is raised vertically from said bottom mold element,
      the improvement comprising:
PA1  automatic article degating means and sprue-removingmeans including bottom
      pins on said bottom mold element projecting into the article-forming
      cavities at the parting line for conforming to a surface of the articles
      being molded and supporting the molded articles thereon when the side
      molds are moved apart at the vertical parting line; sorue-removing means
PA1  sprue-pulling means of said bottom mold element comprising a sprue-holding
      rod projecting from the bottom mold element at the vertical parting line
      and including an upper portion projecting into the sprue, said
      sprue-holding rod including means for receiving on the portion projecting
      into the sprue molding material therein so that the sprue of the articles
      and the molded articles are integrally connected by the gate;
PA1  top pins and top members depending from said top molded element at the
      vertical parting line into said article-forming cavities for movement with
      the top mold element relative to the bottom mold element and side molds
      upon upward relative movement of said top mold element; and
PA1  stripper means on said bottom mold element and including means for moving
      the stripper means relative to the bottom pins and sprue-holding rod when
      the side molds are apart at the vertical parting line when the sprue and
      the molded articles are exposed between the side molds; said top pins
      comprising automatic degating means including means for receiving mold
      material therein for automatic degating of the molded articles from the
      sprue prior to the sprue being separated from the sprue-holding rod, said
      sprue-holding rod being displaceably mounted in said bottom mold element
      and having limited relative movement with respect to said bottom mold
      element, said top pins and sprue-holding rod having means affording a
      timing sequence between article-degating and sprue-removal whereby initial
      upward movement of said top mold element degates the articles from the
      sprue retained on the sprue-holding rod, and the stripper means
      subsequently strips the sprue from the sprue-holding rod after the side
      molds are spaced at the vertical parting line.
NUM  2.
PAR  2. The structure as claimed in claim 1, in which said stripper means
      includes a plate having an upper surface portion with a contour for
      corresponding to the bottom contour of each exposed molded part for
      applying a substantially uniform force on each exposed molded part when
      stripping it off the bottom pins.
NUM  3.
PAR  3. The structure as claimed in claim 1, wherein said side molds, top and
      bottom mold elements comprise side, top and bottom base members, and side,
      top and bottom die plates detachably connected to the respective base
      members.
NUM  4.
PAR  4. The structure as claimed in claim 1, in which said stripper means
      comprises a displaceable stripper plate having portions through which said
      bottom pins and sprue-holding rod freely project for permitting relative
      movement between said stripper plate and the bottom pin and the
      sprue-holding rod.
NUM  5.
PAR  5. The structure as claimed in claim 4, in which said stripper plate
      includes a sleeve element circumposed about said sprue-holding rod and
      displaceable with said plate for dislodging the sprue and material molded
      about said sprue-holding rod.
NUM  6.
PAR  6. The structure as claimed in claim 1 in which said top pins extend from
      the top mold element into said article-forming cavities, said top pins
      abutting said bottom pins in a plane below an upper portion of the
      article-forming cavity, said top pins including a gate-forming groove
      extending to a point within the article-forming cavities whereby upward
      movement of said top mold element relative to said bottom mold element and
      the sprue-holding rod causes internal degating of the molded article
      within the article-forming cavity.
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ABST
PAL  An improved means for supporting an elongated device for pouring concrete
      pipe, pile and similar devices. The means makes use of pins movably
      supporting a device for pouring concrete inside of a concrete molding
      frame and support levers support the concrete pouring device outside of
      the frame in order to prevent the concrete pouring pipe from being flexed
      with its own weight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a means for supporting a concrete pouring device
      such as a pouring pipe suited for molding a long concrete member such as a
      pipe.
PAR  Operation of pouring and placing concrete into a steel molding frame in a
      process of manufacturing long concrete pipes, piles and other members,
      utilizing centrifugal force has usually been one of the most timeconsuming
      and laborious tasks. There has already been proposed and practically
      employed a method of concrete pouring wherein the concrete is placed into
      a molding frame utilizing a concrete pump to save labor. This method of
      the prior art utilizing the concrete pump comprises the steps of placing
      support means for a concrete pouring pipe in the form of a cantilever
      member in front of the outlet of said concrete pump and introducing the
      front end of said pouring pipe supported by said support means into a
      hollow interior of a cylindrical molding frame of steel carried on a
      flatcar by moving said flatcar in parallel with axes of said concrete
      pouring pipe. This method of prior art has been disadvantageous, however,
      in that said cantilever-shaped support means should be necessarily of a
      large scale, since the concrete pouring pipe is supported merely by said
      support means in the form of a cantilever member and the part of said pipe
      which is in the hollow interior of said cylindrical molding frame of steel
      is held without any support. This means that the length of said part which
      can be introduced into the molding frame is disadvantageously limited.
      Therefore, what is needed then is a means by which extraordinary lengths
      of concrete pipe and pile may be centrifugally molded without entailing an
      undue amount of time or hand labor.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention is to provide support means suited
      for molding a long concrete pipe or similar member, which may be simply
      constructed and therefore easily manufactured.
PAR  Other and further objects of this invention will become obvious upon an
      understanding of the illustrative embodiments about to be described or
      will be indicated in the appended claims, and various advantages not
      referred to herein will occur to one skilled in the art upon employment of
      the invention in practice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, a process of manufacturing a long concrete pipe or similar
      member according to the present invention is shown by way of example in
      which:
PAR  FIG. 1 is a side view in which the molding frame is shown in section;
PAR  FIG. 2 shows in enlarged scale a pair of support levers for supporting the
      concrete pouring pipe; and
PAR  FIG. 3 is a front view in section taken along a line 3--3 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention will be now described, by way of example, as in the
      production of long cylindrical pipes, with reference to the accompanying
      drawings. It is understood that this invention may be employed to form any
      elongated concrete member.
PAR  A concrete pouring pipe 2 with bearing flanges 4 axially extending
      integrally therewith on both sides is connected by a water tight joint 3
      to the outlet of a concrete pump 1 and horizontally supported by a
      suitable number of retractable support levers 16 for the concrete pouring
      pipe which support levers 16 are vertically fixed by stands 19 to a floor
      and which rotatably engage flanges 4 by means of rollers 17. Support
      levers 16 are pivoted to stand 19 by a pivot means 21. Coil springs 20 are
      coupled to support levers 16 and encourage levers 16 into a generally
      upright position. The stands 19 are, in turn, positioned at such intervals
      so that flexing of said concrete pouring pipe may be reduced to a minimum
      in spite of the weight of concrete pumped therethrough. A suitable number
      of horizontal support rods or support pins 7 are provided at such
      intervals that the concrete pouring pipe 2 introduced into the hollow
      interior of a molding frame 5 may be supported by these support pins 7
      without occurrence of a substantial flexing of said concrete pouring pipe
      2. It should be noted here that said support pins 7 extend through
      respective sockets 6 (FIG. 3) which sockets 6 are fixed by appropriate
      means, such as welding on both sides of said molding frame 5. Then the
      assembled molding frame 5 is held by support blocks 15 on a flatcar 12 at
      a predetermined position and said flatcar 12 is moved on rails 14 toward
      the concrete pump so that an end of the pouring pipe 2 may be introduced
      into the hollow interior of the molding frame 5. Simultaneously, a skid 13
      mounted on base of the flatcar 12 may be urged against a roller 18 mounted
      between each pair of support levers 16 at middle points thereof. Thus said
      support levers 16 are successively moved downward from a position where
      they support the concrete pouring pipe 2 to a position at which these
      support levers 16 lie under the skid 13 allowing the flatcar 12 to move
      further toward concrete pump 1. The end of said concrete pouring pipe 2
      thus introduced into the hollow interior of the molding frame 5 now has
      its bearing flange 4 smoothly moving and supported on rollers 8 mounted at
      the ends of the support pins 7 projecting into said molding frame 5. The
      bearing flanges 4 are integrally formed on both sides of said concrete
      pouring pipe 2. When the end of the concrete pouring pipe 2 reaches a
      point adjacent the opposite end of the molding frame 5, the flatcar 12 is
      moved in the opposite direction relative to the concrete pump as concrete
      is poured and placed through said pouring pipe into the hollow interior of
      said molding frame 5 until the process of pouring and placing of the
      concrete is completed. The support levers 16 for the concrete pouring pipe
      2 automatically restore their vertical positions under effect of coil
      springs 20 as the flatcar 12 is moved in the direction away from concrete
      pump 1 on rails 14 and again support the concrete pouring pipe 2. After
      completion of the pouring of the concrete, the support pins 7 are removed
      through the sockets 6 before the wet concrete hardens, said sockets 6
      being filled with plug bolts (not shown) to prevent the wet concrete from
      flowing out therethrough.
PAR  As shown in FIGS. 1 and 3 and as is well known to the art, the cast
      concrete may be reinforced by an internal network of steel. By way of
      example, steel rods 9 and 10 are shown as assembled within molding frame 5
      before the placement of concrete therein by means of the present
      invention. Rods 9 are illustrated as longitudinal rods extending axially
      down the length of molding frame 5, while rods 10 are shown as
      circumferential, circular bracing connected to rods 9. Thus rods 9 and 10
      in combination form a cylindrical steel cage which is well known to the
      art as reinforcement for cylindrical concrete sections. The cylindrical
      cage 9, 10 is fixed and centered within molding frame 5 by means of
      sockets 11 provided in end plates which may be attached to the ends of
      molding frame 5. Rods 9 extend through sockets 11 provided in end plates
      as shown in FIG. 1. In practice, since the length of molded pipe or pile
      may approach or exceed 40 meters, cage 9, 10 may be given additional
      support and centering along its length by means of spacers, well known to
      the art, which are usually of concrete and which remain embedded in the
      finished molding.
PAR  Wet concrete deposited within molding frame 5 will generally collect at the
      bottom portion of molding frame 5. After a sufficient amount of concrete
      has been deposited within molding frame 5, by pouring pipe 2, which has
      been removed from molding frame according to the present invention, and
      after support pins 7 and rollers 8 have been removed through sockets 6 as
      described above, the concrete may be distributed and compacted about the
      interior of molding frame 5 by means of centrifugal force as is well known
      to the prior art.
PAR  It will be understood from the aforegoing description that, according to
      the present invention, a concrete pouring pipe 2 of a relatively thin
      thickness, such as a gas pipe which is commercially available, may be
      horizontally supported on the support means which is the subject of the
      present invention so long as said thickness is sufficient to resist the
      pressure of the concrete flowing through the pipe. This support means,
      fabricated according to the present invention, may substantially
      facilitate production of cylindrical concrete pipe, pile and the like of a
      length or a diameter that is too large or small, respectively, to be
      obtained by the methods pouring concrete pipe which are conventionally
      employed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for forming a concrete structural member comprising:
PA1  an elongated molding frame;
PA1  an elongated pouring pipe adapted for pouring a concrete mixture
      therethrough, said pouring pipe longitudinally positionable within said
      molding frame;
PA1  a plurality of support pins extending through said elongated molding frame
      and removable therefrom, said support pins in slideable contact with said
      pouring pipe when said pouring pipe is disposed within said elongated
      molding frame; and
PA1  a plurality of support levers to provide support for said pouring pipe when
      said pouring pipe is withdrawn from contact with said support pins within
      said elongated molding frame, said support levers being normally biassed
      into supporting engagement with said pipe and also being retractable from
      engagement with said pipe upon engagement by means associated with said
      molding frame.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising:
PA1  a spring means coupled to each of said support levers, for biassing said
      support levers into the upright position thereby supporting said pouring
      pipe.
NUM  3.
PAR  3. The apparatus of claim 2 further comprising:
PA1  a movable means for supporting said elongated molding frame, said movable
      means to translate said elongated molding frame thereby disposing said
      pouring pipe within said elongated molding frame, said movable means
      sequentially engaging each of said of retractable support levers
      encouraging each of said support levers to retract from the upright
      position to a position permitting sequential engagement with another one
      of said support levers.
NUM  4.
PAR  4. The apparatus of claim 3 wherein each of said support levers further
      comprises:
PA1  two rigid members one end of each member in slideable contact with said
      pouring pipe, the correspondingly opposite end of each member coupled to
      said spring means;
PA1  a pivot means coupled to each of said rigid members, said pivot means for
      permitting said rigid members to retract to a position permitting said
      movable means to sequentially engage each of said support levers; and
PA1  a second roller coupled to said rigid members to provide for rotatable
      engagement with said movable means.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said elongated molding frame has a
      generally circular cross-section, and said plurality of support pins are
      disposed on a diameter of said elongated molding frame, and further
      comprising:
PA1  a plurality of sockets disposed on said diameter of said molding frame,
      each of said support pins removably extending through one of said sockets
      and through said elongated molding frame, said socket to provide
      additional support for said corresponding support pin.
NUM  6.
PAR  6. The apparatus of claim 5 further comprising:
PA1  a first roller disposed on an end of each said support pins, said first
      roller being in slideable contact with said pouring pipe.
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ABST
PAL  Apparatus for and method of making products, such as pastry cups, ice cream
      cones and the like, by baking batter in split molds carried by mold bars,
      the molds cooperating with removable cores carried by core bars
      selectively latched to the mold bars. The mold bars are mounted on a
      continuously operating conveyor by which they are progressively carried
      through an oven, a core bar removing station, a mold opening and product
      removing station, mold closing and mold charging stations, a core bar
      replacement station, a core bar jogging station, and a core bar latching
      station. When the core bars with their cores are removed from the mold
      bars, they are temporarily stored on and carried by the conveyor. The
      apparatus includes split molds with mold opening and closing means;
      mechanism for removing core bars from mold bars, storing the core bars,
      and reapplying them to the mold bars; means for centering the core bars on
      the mold bars to thus register the cores with the mold cavities; mechanism
      for latching and unlatching the core bars; and means for removing the
      product from the molds and forwarding the same to a product trimming
      station.
PARN
PAR  This is a division of application Ser. No. 103,707, filed Jan. 4, 1971.
BSUM
PAR  This invention relates to an apparatus for and a method of making products
      such as pastry cups or cones by baking batter in molds provided with
      removable cores.
PAR  Prior apparatus for producing these and similar products have been slow in
      operation; core removal, storage, and replacement have required
      cumbersome, bulky mechanism which was also defective in that it did not
      center the cores accurately in the mold cavities upon their replacement
      therein. As a result, the products had sidewalls which were frequently
      porous and/or markedly non-uniform in thickness, and the number of rejects
      and the amount of wastage generally were high.
PAR  The apparatus of the invention overcomes the above indicated disadvantages
      of the prior art by the provision of an improved apparatus of the type
      wherein molds are carried by a conveyor through successive stations. The
      improvements in the general organization of the apparatus, and of the
      various individual units or parts thereof, will appear from the following
      description of an illustrative preferred embodiment of the apparatus.
PAR  The invention has among its objects the provision, in an endless chain type
      of pastry baking apparatus provided with molds and cores removable
      therefrom, of an improved core transferring and storing mechanism.
PAR  Another object of the invention is the provision of split molds having
      novel mold opening, closing, and locking means.
PAR  A further object is the provision of cores and core bars mounting the cores
      in a novel manner, and cooperating with the molds in such manner as to
      permit the selective locking of the core bars to the mold bars mounting
      the molds, and the unlocking and removal of the core bars therefrom.
PAR  Yet other objects of the invention are the provision of means for latching
      the core bars individually on the mold bars, means for insuring the
      centering of the cores in the molds before they are latched thereto, and
      means for detecting the locking of the core bars to the mold bars and for
      stopping the machine if a core bar should not be properly latched.
PAR  Still further objects are the provision of novel core bar unlatching means,
      novel means for removing the baked product from the opened molds, a novel
      batter pump novelly placed in the apparatus for charging the molds after
      they have been closed, and core jogging means operative upon the cores
      prior to the latching of the core bars to the mold bars to permit the
      ready escape of steam and air from the molds.
PAR  The above and further objects and novel features of the invention will more
      fully appear from the following detailed description when the same is read
      in connection with the accompanying drawings. It is to be expressly
      understood, however, that the drawings are for the purpose of illustration
      only and are not intended as a definition of the limits of the invention.
DRWD
PAR  In the drawings, wherein like reference characters refer to like parts
      throughout the several views,
PAR  FIG. 1 is a shortened view in side elevation of an illustrative machine in
      accordance with the invention, the front or delivery end thereof being at
      the left and an intermediate portion of the oven or rear end of the
      machine being broken away;
PAR  FIG. 1a is a fragmentary view in side elevation of the front end portion of
      the machine, the view being taken from the side opposite that shown in
      FIG. 1;
PAR  FIG. 2 is a fragmentay view in vertical longitudinal section at the front
      end of the apparatus, the view showing the core removal, mold opening,
      product discharge and flash trimming stations, the sections being taken
      along the line 2--2 of FIG. 4;
PAR  FIG. 3 is a fragmentary view in vertical longitudinal section at the mold
      charging, core replacement, core jogger and core bar locking stations, the
      section being taken along the line 3--3 of FIG. 5 and showing an extension
      toward the right of the apparatus of FIG. 2;
PAR  FIG. 4 is a view in front elevation of the apparatus, the section being
      taken along the line 4--4 of FIG. 1;
PAR  FIG. 5 is a vertical transverse section of the apparatus; the section being
      taken along the lines 5--5 of FIGS. 1 and 1a;
PAR  FIG. 6 is a fragmentary view in plan of the apparatus, the view being taken
      from the right and in the plane of the line 6--6 of FIG. 3;
PAR  FIG. 7 is a view in side elevation of the cone or cup produced by the
      machine;
PAR  FIG. 8 is a schematic view showing the manner in which core bars are
      transferred from travelling molds to travelling storage means which
      alternate with the molds;
PAR  FIG. 9a is a view in side elevation of the upper reach of a conveyor chain,
      molds, and core bar storage means in generally that portion of the
      apparatus which is shown in FIG. 2, one of the molds being shown open and
      the product being about to be discharged therefrom;
PAR  FIG. 9b is a view in side elevation similar to FIG. 9a but of a portion of
      the upper reach of the conveyor shown in FIG. 3 rearwardly or downstream
      of that shown in FIG. 9a, the view being taken along the line 9b-9b of
      FIG. 6, FIGS. 9a and 9b taken together showing a continuous portion of the
      conveyor with molds and core bar storage means of the apparatus;
PAR  FIG. 10 is a rear elevation view of one end portion of a mold bar and a
      core bar assembly mounted on the conveyor chain, the view being taken
      along the line 10--10 of FIG. 6;
PAR  FIG. 11 is a view in vertical axial section through a mated mold and core
      filled with batter, the core being shown in elevation, the section being
      taken along the line 11--11 of FIG. 10;
PAR  FIG. 12 is an isolated view in side elevation of the core bar lifting and
      transferring mechanism, the mechanism being shown in its lowered and
      left-hand or forward terminal position, preparatory to being moved to the
      right and lifted so as to engage core bar supporting rollers at two
      stations spaced longitudinally of the machine;
PAR  FIG. 12a is a view similar to FIG. 12 but with the core bar lifting and
      transferring mechanism having been moved somewhat to the right and lifted
      so as to engage and support two longitudinally spaced core bars;
PAR  FIG. 13 is a schematic view showing the motion of a roller mounted on the
      end of a core bar during the transfer of the core bar from a mold to a
      storage position or vice versa;
PAR  FIG. 13a is a fragmentary isolated view in side elevation of the machine at
      the entering end of the core bar jogger, the figure also showing the means
      for maintaining the core bar latching means open or raised as the core bar
      passes through the jogger;
PAR  FIG. 14 is a view in plan of a multi-unit pump for metering battery to the
      mold cavities;
PAR  FIG. 15 is a schematic view in side elevation of the pump valve operating
      mechanism, as viewed from the bottom of FIG. 14, with the pump in a first
      transversely indexed position and the metering valves in closed position;
PAR  FIG. 15a is a view similar to FIG. 15 but with the pump indexed one
      position to the right;
PAR  FIG. 16 is a fragmentary view in side elevation of the lower, piston side
      of the pump, the view being taken from the line 16--16 of FIG. 20;
PAR  FIG. 17 is a fragmentary view in vertical section of the pump, the section
      being taken through a metering valve along the line 17--17 of FIG. 20, the
      valve being shown in position to close the dispensing orifice and open the
      inlet orifice;
PAR  FIG. 17a is a view similar to FIG. 17 but with the valve in open or
      dispensing position;
PAR  FIG. 18a is a view in side elevation at the left-hand end of the pump and a
      mold bar as viewed from the right in FIGS. 1 and 20, the view being taken
      along the line 18a-18a of FIGS. 3 and 14 with the pump indexed into its
      left-hand position as in FIG. 15, and the valve operating mechanism
      lowered into valve-opening position;
PAR  FIG. 18b is a view similar to FIG. 18a with a portion broken away, of the
      other or right-hand end of the pump and a mold bar, the view being taken
      along the line 18b--18b of FIG. 14;
PAR  FIG. 19 is a view in elevation of the pump and a mold bar assembly as
      viewed in FIG. 2, the view being taken from the line 19--19 of FIGS. 14
      and 18b;
PAR  FIG. 20 is a view in transverse vertical section through the pump, the
      section being taken along the line 20--20 of FIG. 14, a pump piston there
      shown being at the end of a batter-dispensing stroke, the valve associated
      with such piston being shown in closed position;
PAR  FIG. 20a is a fragmentary view showing the pump piston of FIG. 20 at the
      end of a suction stroke, the valve dispensing orifice being closed;
PAR  FIG. 21 is a view partially in elevation and partially in vertical section
      through a mold bar assembly, the parts being shown in solid lines in mold
      closed position and in phantom lines in mold open position, the section
      being taken along the line 21--21 of FIG. 6;
PAR  FIG. 22 is a fragmentary view in side elevation of the core bar unlatching
      mechanism, the mechanism being shown in solid lines about to be operated,
      the core bar latching dog on the latching member being shown in phantom
      lines elevated into its unlatched position;
PAR  FIG. 23 is a view in elevation of the core bar unlatching mechanism, the
      view being taken from the line 23--23 of FIG. 22, the latching member
      being shown in solid lines in its latching position and in phantom lines
      in its inoperative position;
PAR  FIG. 24 is a fragmentary view in vertical section through the second and
      third cam cases, the section being taken along the line 24--24 of FIGS. 1,
      1a and 32;
PAR  FIG. 25 is a fragmentary isolated view in plan of the air cylinder
      controlling valves for the pump, for the air discharge of the cones, and
      for the latch bar lock detecting mechanism, the view being taken from the
      line 25--25 of FIG. 1a
PAR  FIG. 26 is a view in transverse vertical section through the core bar
      latching mechanism, the section being taken on the line 26--26 of FIG. 1;
PAR  FIG. 27 is a view in vertical transverse section, with parts broken away,
      through the first gear and first cam cases, the section being taken along
      the line 27--27 of FIGS. 1 and 1a;
PAR  FIG. 28 is an isolated fragmentary view in side elevation of the core bar
      lock failure detecting means;
PAR  FIG. 29 is an isolated fragmentary view in end elevation of the core bar
      lock failure detecting means, as viewed from the right in FIG. 28;
PAR  FIG. 30 is an isolated view in end elevation of the core bar centering
      means, the view being taken from the front of the machine and with the
      core bar travelling away from the reader;
PAR  FIG. 31 is a view in plan of the core bar centering means of FIG. 30; and
PAR  FIG. 32 is a fragmentary view in plan of the driving mechanism at the
      forward end of the apparatus, such mechanism including the first gear
      case, the first cam case, the combined second gear and cam case, and the
      third cam case.
DETD
PAR  The illustrative machine has a mold filling section 10, an oven 11, and a
      conveyor 12 disposed in front of the section 10 for receiving baked and
      trimmed cones discharged from the section 10. The section 10 has two
      laterally spaced vertical plate-like frame members 14 and 15, the member
      nearer the reader in FIG. 1 being designated 14. Laterally spaced conveyor
      sprockets 16 are affixed to a horizontal cross shaft 17 which is
      journalled in the frame members 14 and 15 as shown in FIG. 27. Similar
      sprockets 19 are affixed to a shaft 18 jounalled in frame structure at the
      rear end of the oven. Two similar conveyor chains 20 each having laterally
      spaced links 23 are entrained over the sprockets 16 and 19 as shown in
      FIG. 1. The sprockets 16 and 19 are driven by a motor 21, the motor shaft
      being connected by a flexible coupling to an aligned longitudinally
      extending drive shaft 22 to which a worm 24 (FIGS. 27 and 32) is affixed.
      Worm 24 meshes with a worm wheel 25 which is affixed to that end of a
      cross shaft 26 which is disposed outwardly of the frame member 14. A
      pinion 27 keyed to shaft 26 meshes with an idler gear 29 journalled on a
      fixed stub shaft 33, a pinion 30 affixed to gear 29 meshing with a larger
      gear 31 which is affixed to the shaft 17 carrying the sprockets 16. The
      sprockets 19 at the rear end of the machine are driven by the shaft 22
      through the medium of a gear box 32, a sprocket on the output shaft of the
      gear box being connected by a chain 34 to a sprocket 35 secured to the
      shaft 18 carrying the conveyor sprockets, 19, as shown in FIG. 1.
PAR  The chains 20 are provided with supporting rollers 36, such rollers being
      journalled on stub shafts which connect successive links 23 of the chain
      together. Upper horizontal tracks 37 (FIG. 10) and lower horizontal tracks
      39 (FIG. 5) disposed within and extending forwardly from the oven support
      the respective upper and lower runs of said chains. Mounted upon the
      chains 20 on transversely disposed mold bar assemblies 45, to be
      described, are a plurality of molds 40, there being two transversely
      aligned sets, each containing five molds, in each of the mold bar
      assemblies in the embodiment shown. Transversely disposed core bars 86
      carry cores 41 for cooperation with the molds 40. As will be seen
      hereinafter, the core bars are disposed in mating cooperating relationship
      with the mold bar assemblies throughout the entire length of the chains 20
      with the exception of a relatively short portion of section 10 of the
      machine in which the core bars are removed from the mold bar assemblies
      and temporarily stored to permit the removal of the baked cones from the
      molds and the filling of the molds prior to the reinsertion of cores
      therein before the re-entry of the assembled molds and cores into the
      oven. The product produced by the illustrative apparatus is a
      frusto-conical or flat bottomed cone or cup which is shown at 42 in FIG.
      7.
PAC  The Mold Structure
PAR  As shown in FIG. 10, right angled brackets 44 are affixed to the chains 20,
      the vertical flange of each bracket being disposed outwardly of the inner
      link 23 of the chain, and the other flange of the bracket being disposed
      horizontally and extending laterally inwardly. Mold bar assemblies 45,
      which extend transversely of the machine between the spaced chains 20, are
      provided with ears 43 at their opposite ends, such ears being bolted to
      the horizontal flanges of the brackets 44. The molds 40 of each mold bar
      assembly are split vertically along their transverse central planes, being
      formed of ten semi-frusto-conical cavities in a fixed body portion 43, 47
      and confronting semi-frusto-conical cavities in two pivoted body portions
      49, each having five such cavities (FIGS. 19 and 21). The leading mold bar
      portion 47 and the trailing mold bar portions 49 are pivotally connected
      by depending ears 46 at the ends and center of fixed portion 47,
      cooperating depending ears 50 on the ends of mold parts 49, and horizontal
      stub shafs 51 through the sets of ears 46 and 50 adjacent their lower
      ends. The mold parts 47, 49 are forcibly held together, so that the mold
      cavities are substantially liquid-tight, by stiff arcuate springs 52 (four
      shown) which are disposed in vertical planes logitudinally of the machine.
      One set of ears 46, 50 and a spring 52 are disposed at each end of the
      mold bar 47, 49, and one set of ears 46, 50 and two springs 52; one at
      each side of the last set of ears, are disposed centrally of the machine
      between the two transversely aligned sets of five molds each formed by the
      mold parts 47, 49.
PAR  The trailing end of each of the springs 52 is pivotally connected by a pin
      54 to a projection 53 extending from the trailing edges of the movable
      mold bar portions 49. A first-class lever 56 at each end of a mold bar
      assembly 47, 49 is pivoted intermediate its length on a stub shaft 51
      which pivotally connects the fixed and movable mold bar parts 47, 49
      together at their lower ends. The leading ends of the levers 56 are
      pivotally connected at 57 to curved links 59, the forward end of each of
      such links and springs 52 being pivotally connected at 60 to the outer
      free ends of arms 61 which are secured to and extend radially from the
      center and each end of a shaft 62 pivotally mounted at its ends in mold
      bar portion 43, 47.
PAR  The springs 52, the links 59, levers 56 and the lever arms 61 are so
      constructed and arranged that when the mold bar parts 47 and 49 are
      together and the molds are thus closed as shown in FIG. 9b, the arms 61
      are inclined somewhat upwardly from the axis of pivot shaft 62. The
      springs 52 and the lever arms 61 in effect constitute a toggle which is in
      over-center position when the molds are closed, the ends of each spring 52
      then being spread and hence under tension so that the springs strongly
      urge the mold parts 47 and 49 together. In the illustrative machine, each
      spring 52 is somewhat more relaxed with the ends thereof closer together
      when the molds are open as seen in phantom in FIGS. 9a and 21.
PAR  The portions of the mold bars 47, 49 which form the opposed halves of an
      individual mold are designated 65 and 66 in FIG. 11. Such mold halves meet
      along side and bottom edges 67. Such engaging edges 67 are preferably made
      relatively thin as shown, whereby to increase the unit pressure imposed
      thereon by the springs 52 to insure a good seal between the closed mold
      halves. Also, the mold halves in each group or row of five are so made
      that when they are closed, the walls of the mold at the middle of the row
      engage each other first and hence somewhat more forcibly than the walls of
      the other molds, whereby to pre-stress the walls of the middle mold and to
      prevent leakage of all of the molds when the same are subjected to heat.
PAR  The ends of the trailing arms of the levers 56 are provided with rollers 64
      which engage cam tracks, to be described, whereby to swing the levers 56
      clockwise (FIG. 9b) so as to open the molds at the location in section 10
      of the machine wherein the baked cones are to be removed from the molds.
      When the molds are thus opened, as shown centrally in FIG. 9a, the
      effective diameter of the springs 52 between pivots 54 and 60 is
      decreased, and the tension thereof is diminished.
PAC  The Mold Opening and Closing Mechanism
PAR  The respective rollers 64 on the levers 56 at each end of the travelling
      mold bar assemblies are sequentially received within an open-ended cam
      "box" 80 adjacent each side of the machine (FIGS. 2 and 9a). Each cam box
      or track 80 has lower and upper surfaces 81 and 82. The tracks 80 are
      formed in the outer free ends of two similar laterally spaced levers 69
      which are fixedly secured to a transverse rock shaft 70 journalled in the
      side frame members 14 and 15 of the machine. A lever arm 71 (FIG. 2)
      affixed to the rock shaft 70 is pivotally connected to a vertical link 72,
      the lower end of which is pivotally connected at 74 to the end of a
      substantially horizontal arm of a bell crank lever 75 mounted on a cross
      shaft 76. A cam follower roll 77 is journalled on the lower end of the
      second, substantially vertical arm of the bell crank 75. Such cam follower
      rides upon the surface of a suitable cam 79 (FIG. 27) which is fixed to
      the cross shaft 26 within the cam case 78. The cam 79 is of such
      configuration that after the rollers 64 have entered the tracks 80 the
      lever arms 69 are pivoted clockwise (FIG. 2) so as to lift said tracks and
      swing the levers 56 clockwise and thus open the molds of that particular
      mold bar assembly which is approaching the product discharge station.
      After the rollers 64 have passed through the raised cam tracks 80, the
      same are moved down by the linkage 69, 71, 72, 75 and cam 79 or by
      resilient means to be in position to receive the rollers 64 on the next
      mold bar assembly. The molds in the opened set thereof are maintained
      stably open until after the baked cones have been removed therefrom,
      following which the levers 56 are forcibly swung counterclockwise(FIGS. 2
      and 9a) to close the molds in readiness for their being charged with
      batter. The closing of the molds is effected as follows. The followers 64,
      travelling with the molds, are received beneath stationary upper cam
      tracks 84. Cam tracks 84 gradually rotate the levers 56 counterclockwise
      as the molds travel to the right (FIG. 9a). As the levers 56 approach
      their terminal, mold-closed position, the rollers 64 enter slightly
      inclined tracks between cams 84 and lower fixed cams 85. The rollers 64
      are now trapped between the stationary cams 84, 85 and are gradually
      brought into their final, mold-closed position (FIG. 9b).
PAC  The Core Bar Structure
PAR  As shown in FIGS. 6 and 11, there are provided core bars 86 which are
      disposed transversely of the length of the machine. In the illustrative
      embodiment the core bars have openings therethrough which receive ten
      cores 41 in two aligned spaced sets of five cores each at each end of the
      bar. Each of the openings through the bar 86 through which the upper end
      of the cores 41 protrude is provided with a radially inwardly extending
      annular flange 87, the opening in the core bar beneath such flange being
      somewhat enlarged at 89. Each core 41 has an upper smaller circular
      cylindrical portion 90 which is joined to an intermediate larger
      diametered circular cylindrical portion 91 by a transverse annular
      shoulder 93. A short sleeve 94 is affixed to the core coaxially thereof as
      by being heat shrunk on portion 91 of the core. Beneath portion 91 the
      core 41 has a frusto-conical portion 92 which shapes the inner surface of
      the cone. The outer surface of sleeve 94 accurately engages the
      confronting annular internal surface 88 of the closed mold.
PAR  A coil compression spring 95 is disposed between the flange 87 and a washer
      on the shoulder 93 whereby forcibly to maintain the core in the downward
      position thereof shown in FIG. 11 wherein the shoulder 98 formed by the
      lower outer corner on the sleeve 94 engages an annular shoulder 99 on the
      mold halves. In such position the lower surface of core bar 86 is spaced
      somewhat from the upper edge surface of the closed mold. A ring 96 pinned
      to the cylindrical upper end portion 90 of the core retains the core in
      the core bar 86 despite the lifting of the latter. The mold halves are
      provided with a shallow annular groove 97 which receives excess batter
      which is extruded upwardly from the mold as the core 41 is inserted fully
      therewithin. The annular surface 88 of the mold is provided with a
      plurality (four employed) of arcuate channels 103 which receive any excess
      batter from groove 97 to form ears integral with a rim on the cone formed
      in groove 97. The rim and ears are later removed from the baked cone by
      cone trimming means, to be described. The core bars 86 are provided with
      rollers 100 at their opposite ends, the core bars being lifted from and
      reinserted in the mold cavities by means to be described, which engage the
      rollers 100.
PAR  The construction of the mold and core and their manner of interaction are
      such that the cores are erected and accurately centered upon each
      insertion of the cores into the molds. The upper circular cylindrical part
      90 of each core fits loosely within the passage through its flange 87 on
      the core bar 86. This permits the core 41 to tip in all directions through
      an appreciable angle with respect to the core bar 86, and also to move an
      appreciable distance both laterally and longitudinally in the plane of the
      core bar. Upon the insertion of a core into its mold, the annular
      transverse shoulders 98 and 99, on the core and mold, respectively, are
      yieldingly brought into engagement by the spring 95, thereby "erecting"
      the core; that is, bringing its axis into coincidence with the axis of the
      mold cavity. The circular cylindrical outer surface of the sleeve 94
      engages the annular surface 88 above the mold cavity proper with
      considerable accuracy, therefore not only aiding the shoulders 98, 99 in
      erecting the core, but also centering the core with respect to the axis of
      the mold cavity.
PAC  The Core Bar Lock
PAR  At each end of a core bar 86 there is provided a vertical transversely
      extending slot 101 (FIG. 26) which is closed at its outer end by a
      partition 102 integral with the bar. Within the slot 101 there is
      pivotally mounted a latch 104 which is secured to the bar by a pivot pin
      105. The latch 104 has a depending portion 106, the lower end of which
      carries a laterally inwardly directed bifurcated finger 107 having two
      similar parts which cooperate with the opposite ends of latch pins 109
      mounted on a boss 108 on the mold assembly part 47. When the core bar 86
      has been mounted upon a transverse set of molds and has been pressed
      thereupon so as to compress the springs 95 associated with the cores, the
      fingers 107 on the latches 104 swing inwardly so that the spaced parts of
      the finger 107 lie on opposite sides of the boss and below the respective
      ends of latch pins 109 on the respective ends of the mold bar part 47. The
      latches 104 are stopped in the locking position in which they fully engage
      the pins 109 by engagement between stop fingers 110 on the latches and
      stop lugs 111 on the core bar 86. The laterally outer end of each of the
      latches 104 is provided with a vertically disposed latch release lug 112
      which engages a respective latch release cam, to be described, fixedly
      mounted on the machine frame.
PAR  As the molds containing the baked product, with the cores mounted therein,
      approach the product discharge station, the core latching means is
      released preparatory to the removal of the cores from the mold. Two
      similar core bar depresser means 114 (FIGS. 2, 4, and 22) are mounted on
      the opposite fixed frames of the machine. Each of means 114 includes a
      bell crank lever which is pivoted on a fixed stub shaft 115, one arm 116
      of the lever extending generally horizontally in the direction of travel
      of the molds, and the other arm 120 thereof extending generally
      vertically. The mold entering end of the lower surface of the arm 116 is
      inclined gradually downwardly and rearwardly, being joined at its rear end
      to a horizontal surface 119. The bell crank lever 116, 120 is constantly
      urged in a clockwise direction (FIG. 2) by a coil depression spring 124
      which acts between the upper end of the arm 120 and an abutment on the end
      of a fixed rod, over which the spring 124 is telescoped and which extends
      rearwardly through an enlarged hole in the upper end of the arm 120 to a
      fixed part of the frame. The two coil compression springs 124 are of such
      strength that when the rollers 100 on the opposite ends of a core bar have
      reached the surfaces 119 of the respective core bar depresser means 114,
      the bar 86 will have been moved down and the coil compression springs 95
      associated with the respective cores will have been compressed
      sufficiently so that the fingers 107 of the latching means 104 will be
      disengaged from the latching pins 109 and free to pivot about pin 105.
PAR  After the core latching means 104 have been thus released, the same are
      free to be pivoted upwardly clockwise (FIG. 23) by engagement of the lower
      ends of the latch release lugs 112 with the upper surfaces 129 of two
      opposite ramp members 126 which are mounted on fixed portions of the
      machine frame in the path of the lugs 112. The upper surfaces 129 of the
      ramps 126 first incline upwardly and rearwardly and then merge through a
      curved zone with a short horizontal rear portion. When the rollers 100 of
      the core bar being released from a mold have reached the position thereof
      shown in phantom lines at the right in FIG. 22, the latch members 104 will
      have been tipped upwardly into the position shown in phantom lines in FIG.
      23 in which the latching finger 107 has been pulled laterally outwardly
      from beneath the mold bar pin 109. When the latching members are held in
      such position, the core bar 86 is free for vertical removal from the mold
      bar assembly.
PAC  Core Removal and Storage
PAR  Each set of oppositely disposed links forming the chains 20 is provided
      with a core bar storage means 132 which is secured to bracket 44 in
      advance of a mold bar assembly connected thereto. Means 132 is in the form
      of a U-shaped member or cradle 134, the root of said member being secured
      to a link 23, 44 with the forwardly and rearwardly spaced legs thereof
      extending upwardly from the link and in alignment therewith. Seats 135 are
      provided in the upper inner edges of the legs of members 134. Each pair of
      the opposed laterally spaced cradles 134 provides seats for receiving the
      opposite ends of a core bar 86 which has been removed from an aligned set
      of molds in a mold bar assembly disposed immediately in advance of such
      cradles. Such relationship is shown in FIGS. 6 and 8. The core bars are
      successively removed from the mold sets and are transferred to the
      following adjacent storage means 132 by means which are particularly shown
      in FIGS. 12 and 12a.
PAR  On each side of the core removal station there are two longitudinally
      spaced vertical bars 136, the two forward bars 136 and the two bars being
      respectively transversely aligned. The bars 136 at each side of the
      machine are secured together in fixed spaced relation by a longitudinally
      extending tie bar 139 which is clamped to the upper ends of said bars at
      140. The forward and rear ends of the tie bar 139 beyond the bars 136
      freely extend through a vertically arranged forward core bar lift member
      141a and a rear core bar lift member 141b, the passages 142 through the
      lift members slidably and guidingly receiving the tie rod 139. The forward
      members 141a and the rear members 141b on opposite sides of the machine
      are also respectively transversely aligned. A second tie rod 144 disposed
      parallel to the tie rod 139 is secured at its ends at 145 to the left
      members 141a, 141b. Rod 144 is slidably received in passages 146 through
      the bars 136. Third, short horizontal rods 147 are fixedly secured to the
      bars 136 and have sliding engagement with the lift members 141a, 141b by
      means of passages 149 in such members receiving the rods 147. Each of the
      lift members 141a, 141b is provided with a respective cradle member 150a,
      150b on its upper end, each of members 150a, 150b having a broad V-shaped
      recess therein to receive the rollers 100 and thereby support the core
      bars 86. It will be apparent that the lift members 141a, 141b and the
      members 150a, 150b carried thereby move synchronously and instantaneously
      in the same direction at all times.
PAR  The thus described core bar lifting means including the bars 136, the lift
      members 141a, 141b, the tie rods connecting and guiding them, and the
      roller receiving members 150a, 150b are periodically lifted in timed
      relation with conveyor 20 so that the rollers 100 on the opposite ends of
      one core bar are received within the recesses in the members 150a, as
      shown at the left in FIG. 12a, and the rollers 100 on another core bar are
      simultaneously received within the recesses in the members 150b. The core
      bar lifting members 141a, 141b are so disposed longitudinally of the
      machine that the members 150a at the left engage the rollers 100 on the
      core bar 86 immediately in advance of the product discharge station
      whereas the members 150b at the right engage the rollers 100 on a core bar
      86 rearwardly of the station of the machine in which the molds are charged
      with metered quantities of batter. The left-hand members 141a, 150a lift a
      core bar 86 from a mold assembly 47, 49 and lower the same onto the
      oncoming storage cradles 134 to the left of and trailing the mold assembly
      from which it is removed. At the same time the lift members 141b, 150b at
      the right (FIG. 12) remove a core bar 86, 100 from a storage station 134
      and lower it upon the adjacent oncoming mold bar assembly which has just
      been provided with batter.
PAR  The core transferring means shown in FIGS. 12 and 12a is periodically
      actuated in a novel manner by the following means. Two longitudinally
      spaced horizontal transverse rock shafts 154 are journalled at their ends
      in frame members 14 and 15. Adjacent each end of each shaft 154 inwardly
      of the side frames there is affixed a lever arm 155, the outer end of
      which is pivotally connected to the lower end of a respective bar 136 by a
      pivot pin 156, said arms 155 being parallel. Also affixed to the rock
      shafts 154 adjacent the frame member 14 are two lever arms 157, the free
      ends of which are pivotally connected to a tie bar 159 by pivot pins 160.
      Also pivotally connected to pivot 160 of the forward lever arm 157 is a
      push rod 164 which is reciprocated by means to be described. The parts
      141b, 144 and 141a of the core bar transfer means are reciprocated
      longitudinally by second push rods 161 on each side of the machine, each
      rod 161 being pivotally connected as by clevis means which is adjustably
      secured at 162 to the tie bar 144. Rods 161 and 164 are reciprocated in
      timed relationship so as to move each of a pair of spaced core bars 86
      engaged by the members 150a and 150b in the manner generally illustrated
      in FIG. 13, to be described hereinafter.
PAC  The Drive for the Core Bar Transfer Means
PAR  The extension of the drive shaft 22 intermediate its length runs through a
      gear box 183 adjacent the entering or front end of the oven as shown in
      FIG. 1. Connected to the drive shaft in gear box 183 is a worm 169 which
      meshes with a worm wheel 171 affixed to a stub shaft 170 as shown in FIGS.
      5 and 24. A pinion shaft 172 on shaft 170 meshes with an intermediate
      idler gear 174 which in turn drives a gear 175 affixed to a cross shaft
      176 journalled in frame plates 14, 15. Fixedly mounted on the lefthand end
      of the shaft 176 as it is shown in FIG. 24 is a cam 184 which horizontally
      reciprocates the core bar transfer means shown in FIGS. 12 and 12a in the
      following manner.
PAR  A rock shaft 177 is journalled in the frame members 14 and 15 of the
      machine. Affixed to the shaft 177 adjacent each end thereof inwardly of
      the respective side frame member is an arm 179 (FIG. 3) which is connected
      at its upper end to the respective push rod 161 by a pivot pin 180. As
      shown in FIG. 1, affixed to the rock shaft 177 at the outer end thereof is
      a cam follower arm 181 having a cam follower roll 182 on the free end
      thereof. Roll 182 cooperates with the above-mentioned cam 184 affixed to
      shaft 176 whereby to rock the shaft 177 and to reciprocate the core bar
      transfer means shown in FIGS. 12 and 12a horizontally.
PAR  On a transverse rock shaft 185 (FIGS. 3 and 5) journalled in frame member
      14 there is mounted a cam follower lever arm 186 having a cam follower
      roll 187 on its outer end. A cam 189 in cam case 183 is affixed to the
      shaft 176; the cam follower roll 187 rises upon cam 189 to rock the shaft
      185 and thus to oscillate an arm 190 affixed to said shaft inwardly of
      frame member 14 as shown in FIG. 3. The upper end of arm 190 is pivotally
      connected to the forward end of the push rod 164 by a pivot pin 191; the
      rear end of the push rod 164 is pivotally connected to the lever arm 157
      on rock shafts 154, as we have seen above. The configurations of the cams
      184 and 189 are such that the core bar transfer means moves members 150a,
      150b and hence the core bars 86,100 substantially in the manner shown in
      FIG. 13.
PAC  The Motion of the Core Bar Transfer Means
PAR  In FIG. 13 there is schematically shown the motion of a core bar supporting
      roller 100 as the core bar on which it is mounted is transferred from a
      mold bar assembly 45 after it passes a station 192 to an adjacent trailing
      core bar storage cradle 134 at a station 193. It must be remembered, in
      considering FIG. 13, that the conveyor chains 20 and the mold bar
      assemblies and core bar cradles 134 carried thereby move continuously at a
      constant speed from left to right in FIGS. 2 and 13. Thus, while a core
      bar 86 is supported and being moved by the transfer means, the cradle 134
      behind or trailing (on chain 20) the mold bar assembly from which the core
      bar was removed will travel through station 192 to station 193.
      Substantially the same motion is imparted to a core bar transferred by
      members 150b from a storage cradle 134 to the adjacent trailing mold bar
      assembly after the mold cavities thereof have been charged with batter.
PAR  The core bar transfer or manipulating means is driven horizontally by cam
      184 so as to track or move synchronously with the molds 40 and cradles 134
      while the core bar transferring operation is taking place. Vertical motion
      of the transfer means is imparted thereto by cam 189. After accelerating
      horizontally from its forward or left-hand terminal position (FIGS. 12 and
      13) and moving upwardly, the roller engaging members 150a lie beneath and
      engage the rollers 100 at station 192. The members 150a continue to travel
      horizontally rearwardly for a short distance at the same speed as conveyor
      20, following which they rise a short distance to break the cores free
      from the cones, again travel a short distance horizontally, and then to
      rise and simultaneously travel horizontally so as to trace the reverse
      crossing loop shown in FIG. 13. The roller 100 finally descends to station
      193, where its mold bar 86 is received in the next adjacent core bar
      storage means 134, such storage means having travelled to station 193
      during the time that the core bar has been travelling through the
      described path including the reverse loop. The angles at which the lower
      ends of the loop lie with respect to the vertical, taken with the
      horizontal travel of the molds, is such that the cores leave the mold
      cavities substantially along the axes thereof and enter the storage means
      134 substantially normal thereto.
PAR  The forward core bar manipulating members 150b trace the same path as the
      members 150a in picking up a core bar from a core bar storage means 134
      and reinserting the cores of such bar in the molds, now charged with
      batter, of the mold bar which lies immediately behind such storage means
      on the conveyor 20. The cores are centered longitudinally in the charged
      molds, after such reinsertion, by reason of the accurate positioning of
      the core bar rollers 100 in the V-shaped seats in the core bar lifting
      means 150b, and the accurate timing of the means 141b, 150b with respect
      to the travel of the molds. The vertical jogging of the core bars and
      cores does little to disturb such longitudinal centering, since the cores
      are erected at the lower terminus of each reciprocation of the cores by
      engagement between the shoulders 98 and 99, and are also closely held by
      the confronting annular outer surface of sleeve 94 on the core and the
      annular surface 88 in the mold. The core bar centering means 458, to be
      described, and the above described core erecting and guiding means on the
      core and mold, maintain the core laterally centered after its insertion in
      the mold, during the core jogging, and as the core bar is finally latched
      to the mold.
PAC  Cone Removal
PAR  As shown most clearly in FIGS. 2 and 4, the cone removing mechanism at the
      discharge station includes a transverse manifold 194 from which there
      depend ten suckers 195, one over each longitudinal row of molds. The lower
      end of the sucker is of downwardly diverging frusto-conical shape, such
      lower end being receivable within the upper end of the cone product. The
      manifold 194 and suckers 195 are supported and operated as follows.
PAR  Mounted on fixed structure above the machine is a transverse tubular rock
      shaft 196 to which parallel upper links 199 are secured by fittings 197
      (FIG. 4). The other ends of the links 199 are pivotally secured by pivot
      means 201 to a drum 200 mounted on the upper end of a central tube 198
      which supports the manifold 194. The interior of the tube 198 and thus of
      manifold 194 is periodically subjected to reduced pressure by a vacuum
      source which is connected to the upper end of the tube 198 through a
      flexible conduit 202. A lever arm 205 is connected to the rock shaft 196
      by a second fitting 204, lever 205 being oscillated by means of a push rod
      206 which is connected to the outer end of the lever by pivot pin 207. The
      lower end of the push rod 206 is connected to the outer end of a lever arm
      209 by pivot pin 210, the lever 209 being fixedly secured to a rock shaft
      211 journalled in fixed frame structure of the machine. Secured to shaft
      211 is a further lever 212 having a cam follower roll 214 mounted on its
      free end. The cam follower 214 cooperates with a cam 215 which as shown in
      FIGS. 4 and 32 is fixedly connected to the transverse shaft 26 within cam
      case 78. The cam 215 is of such configuration and the lever arms and
      thrust rod forming the linkage between it and the tube 198 are of such
      sizes that they tend to reciprocate the tube 198 and the manifold 194 in a
      substantially vertical direction.
PAR  As the tube 198 is raised and lowered, however, it is oscillated in a
      longitudinal vertical plane so that it alternately lies in the full line,
      generally vertical position shown in FIG. 2 in which it cooperates with
      and tracks a cone to be discharged from a mold, and in a position shown in
      phantom lines wherein the suckers 195 overlie a discharge conveyor 237.
      Such oscillation of the tube 198 is effected by the following means. A
      fitting 216 is secured to the tube 198 intermediate its length, the
      fitting having spaced parallel vertically disposed ears to which an end of
      a link 217 is secured by a pivot pin 219. The other end of the link 217 is
      connected to the upper free end of a lever arm 220, fixedly connected to a
      rock shaft 222, by a pivot pin 221. A second lever arm 224 which is
      fixedly connected to the rock shaft 222 is pivotally connected at its free
      end by a pivot pin 225 to the upper end of a push rod 226. A lever arm 227
      which is fixedly connected to a rock shaft 230 has the free end thereof
      connected to the rod 226 by a pivot pin 229. A lever arm 231 fixedly
      connected to the rock shaft 230 carries a cam follower roll 232 on its
      free end, such roll cooperating with a box cam 234 which is fixedly
      secured to the transverse driven shaft 26. The cam track of cam 234 has a
      configuration which is more clearly shown in FIG. 2.
PAR  The suckers 195 are employed to insure that the cone product will remain in
      the rear, fixed parts 47 of the mold cavities when the molds are opened.
      Thus, the suckers are introduced into the cones shortly before the cones
      are discharged from the molds, the suckers travelling horizontally with or
      tracking the cones in the molds for a short distance as the molds are
      being opened in the manner described above. The forward, movable mold
      parts 49 are then swung forwardly and downwardly (FIG. 2) about pivots 51.
      Immediately thereafter, the suckers 195 are moved forwardly (to the left)
      a short distance so as to pull the vertical and peripheral ribs on the
      cone product free from the grooves in the fixed rear portions 47 of the
      molds. Thereafter, the suckers are raised and are then swung clockwise, as
      above described, and released to fall onto conveyor 237.
PAR  The cone removing mechanism is provided with means which forcibly removes
      the cone from the sucker 195 when the sucker occupies the phantom line
      position thereof shown in FIG. 2. Such removal of the cone is accomplished
      by means including an elbow fitting which is secured to the manifold 194,
      such fitting being provided with a flexible feed conduit 236 through which
      compressed air is periodically applied (by the operation of valve 374,
      FIG. 25) to the suckers 195 after the suckers have been cut off from the
      vacuum source by the operation of valve 451 (FIG. 3). Cones received by
      the conveyor 237 are fed downwardly to a plurality of transversely aligned
      cone trimmers 539, to be described hereinafter, which shear any flash
      which may be present from the upper edge of the cone. Normally, the molds
      are, in effect, somewhat overcharged deliberately, so that the cones, when
      extracted from the molds, have an annular collar formed in the groove 97
      and four ears, formed in the scallops or grooves 103, projecting upwardly
      from the annular collar.
PAC  Mold Charging Pump and Control
PAR  The batter metering pump is particularly shown in FIGS. 14-20a, inclusive,
      wherein it is generally designated 244. As shown in FIGS. 1 and 3, the
      pump is supported above conveyor 20 and the molds on horizontal support
      beams 245 affixed to the frame of the machine. Depending from an upper
      forward cross shaft 246 are two similar links 247, the lower ends of which
      are pivotally connected to the frame which carries the pump by stub pivot
      shafts 249. Similar depending links 251 are secured to the rear cross
      shaft 250 at their upper ends and by pivot stub shafts 252 to the pump
      supporting frame at their lower ends. A crank lever arm 254 which is
      fixedly connected to the rock shaft 250 adjacent frame plate 14 is
      pivotally connected to a thrust rod or link 255 by a pivot pin 256. The
      lower end of rod 255 is pivotally connected by a pivot pin 257 to the
      outer free end of a lever arm 259 which is fixedly secured to a cross
      shaft 260 (FIG. 5). A second lever arm 262, secured to shaft 260 outwardly
      of frame member 14, carries a cam follower 264 on its outer end, such cam
      follower cooperating with a cam 265 in cam case 183. Said cam is fixedly
      secured to the shaft 176 as shown in FIG. 5 and is of such configuration
      that the pump supporting frame and the pump body carried thereby are
      cyclically oscillated by the linkage 262, 259, 255, 254, 251 to move in
      the same direction and at the same speed as the molds, that is, track the
      molds, during that portion of the cycle in which the pump is charging the
      molds with batter, thereby avoiding any spilling of the batter in such
      operation.
PAR  Turning now to FIGS. 14, 19 and 20, it will be seen that the pump unit 244
      includes a frame which is cyclically reciprocated longitudinal of the
      machine as described above so as to move with the molds during the mold
      charging operation, and a pump body embodying a plurality of pumps and
      carried by the pump frame so as to be reciprocable therewith in the
      direction of travel of the molds. The pump body, however, is so mounted
      upon the pump frame that it may be selectively indexed in a direction
      transverse to the longitudinally moving molds so that successive molds in
      a moving longitudinal row thereof are charged by different successive
      pumps. This makes it possible for successive molds in each longitudinal
      row, i.e., a row consisting of corresponding molds in all of the mold bar
      assemblies, to produce cones of different composition, texture, and/or
      color. In the illustrative machine the pump is so constructed and arranged
      as to deliver four different batters to the molds of each series of four
      in one longitudinally moving row thereof.
PAR  The pump body supporting frame includes two spaced parallel members 270
      which extend transversely of the machine, said members being joined by
      cross members 271. Members 272, in the form of inverted U's, are secured
      to the members 270 adjacent their ends, members 272 carrying upper
      horizontal track members 274 and lower track members 275 parallel thereto,
      as shown in FIG. 20. The pump body is provided at its opposite ends with
      vertical plate members 280 and 284. The pump assembly 276 includes a
      plurality of rollers 277 journalled on stub shafts 279. The tracks and the
      rollers permit the pump assembly 276 to be moved longitudinally of the
      frame members 270 (transversely of conveyor 20) through a distance which
      equals that between the center lines of the first and fourth of the molds
      in a transverse row thereof.
PAR  Affixed to the plate member 280 is a horizontal plate 281 which forms a
      platform, a vertical plate 282 being secured to the outer end of plate 281
      (FIG. 18b). Beneath the plate 281 there are provided parallel depending
      ears 285; an eye 286 is pivotally connected to the ears 285 by a pivot pin
      288. The eye 286 is adjustably mounted to the end of a push rod 287 which
      indexes the pump body transversely of conveyor 20 by means to be
      described.
PAC  The Pump Body
PAR  The pump body proper is designated 289. As shown in FIG. 20, such body is
      provided with four batter supply passages extending longitudinally thereof
      (transversely of the machine), such passages being designated,
      respectively, Y, G, B, and P for the colors yellow, green, brown, and pink
      of the four respective batters. The G passage designated 290 is connected
      by a cross passage 291 to its respective vertical passage 292 (FIG. 20a).
      The passage 292 connects at its lower end with a larger horizontal passage
      294 which contains a batter pumping cylinder and piston and a rotary
      valve, to be described. The pump body 289 is maintained cool in order to
      avoid premature setting of dough or batter therein by the provision of
      cooling passages 293, 298 therein, cool water entering the passage 293
      flowing through a cross conduit 303 and thence into the passage 298 to be
      discharged from the latter. It will be understood that the pump body 289
      is provided with a plurality of vertical passages 292, there being 14 of
      such passages in the embodiment shown, and that every fourth passage 292
      is connected to a G supply passage, intervening passages 292 being
      connected to respective passages Y, B and P in sequence. Each passage 292
      opens into a different horizontal passage or pump chamber 294.
PAR  Within each passage or chamber 294 there is fixedly positioned a pump
      sleeve 295 at one end thereof and a valve sleeve 296 in the other end
      thereof. The axially inner radially outer edge of the pump sleeve or
      cylinder 295 is provided with an annular groove 297 which receives the end
      of a flange 301 of a rotary valve having a body 299. A flange 300 extends
      radially from such body, the above-mentioned flange 301 extending axially
      from the outer edge of the flange 300. Disposed in alignment with the
      passage 292 is a pump discharge port 302 through which batter flows
      downwardly into the molds when the parts are in the correct position as
      described above. As shown in FIGS. 17 and 17a, the flange 301 of the valve
      is provided with a first lower port 304 and a second upper port 305.
PAR  The valve body 299 and the flange 301 thereon are turned from the valve
      closed position to receive batter (FIG. 17) into the valve open position
      to discharge batter (FIG. 17a) and vice versa by a valve operating lever
      arm 306 which is controlled in a manner to be described. When the valve is
      closed, with port 304 out of alignment with the discharge port 302 of the
      pump body, the port 305 of the valve is in registry with the passage 292.
      A pumping stroke of the pump piston with the valve in such closed position
      (FIG. 20) serves only to return a small amount of batter upwardly through
      passage 292 toward the batter supply means, not shown. When the valve is
      open as shown in FIG. 17a, port 304 is in registry with port 302, whereas
      port 305 of the valve is out of registry with passage 292. A batter
      dispensing stroke of the pump plunger, therefore, forwards batter from
      within the valve flange 301 downwardly through the pump discharge port 302
      and into an open mold 40.
PAR  Each pump within the pump body 289 is provided with a piston 307 which
      slides within the sleeve 295. The pistons are driven to the right (FIG.
      20) for a batter dispensing stroke by an elongated bar 313 which is
      connected to the outer end 309 of reduced diameter of all of the piston
      rods 308 of the pump pistons. The bar 313 is actuated by two similar
      parallel levers 312 which are affixed to a rock shaft 311 which is
      journalled at its ends in the plate members 280, 284 on the pump body. The
      lower ends of the lever arms 312 are connected to the bar 313 by means of
      links 314, one end of the links being connected to said bar and hence to
      the piston rods by pivot pins 315 and the other being connected to the
      lever arms 312 by pivot pins 316. Affixed to the shaft 311 at one end
      thereof (FIG. 14) is a lever arm 317 which is oscillated by a
      double-acting air cylinder 318 which is pivotally mounted upon the pump
      body by means of pivot shafts 319 which support it between plate members
      280 and 282. The piston rod 320 of the cylinder 318 is provided with an
      ear 321 at its outer end, such ear being received in the clevis end of the
      lever arm 317 and pivotally connected thereto by a pin 322.
PAC  The Pump Valve Operating Means
PAR  As shown in FIGS. 14, 18a, 18b and 20, two horizontal sleeves extend across
      the top of the pump frame members 270 and are secured thereto; the
      right-hand sleeve in FIG. 14 is designated 324 and the left-hand sleeve is
      designated 325. Right- and left-hand bell cranks 326, 327 are mounted upon
      shafts 328 journalled in the respective sleeves. Such bell cranks have
      upper substantially vertical arms 329 and lower generally horizontal arms
      332, the upper arms being connected for equal angular movement by
      connecting links 330 which are secured to the arms 329 by pivot pins 331.
      Vertical slides 334 are mounted in suitable guides on the pump frame, such
      slides being connected to the outer end of the respective lever arm 332 by
      a pivot pin 335. The slides 334, which move vertically through equal
      distances upon the rotation of the bell cranks 326, 327, have seats 336 at
      their lower ends (FIGS. 19 and 20), such seats receiving an insert block
      337 of generally L cross section. The lower horizontal portion 339 of the
      insert block forms a continuous horizontal lower track. Integral with or
      secured to the insert block above and parallel to the lower track 339 is
      an interrupted upper track formed of two longitudinally spaced blocks 340
      (FIGS. 15 and 15a). The lower track 339 and the upper track forming
      members 340 are spaced uniformly to form a roller confining track 342
      which is of such width as accurately to receive rollers 341 on the ends of
      the respective valve operating levers 306. It will be seen that the upper
      and lower track forming members 339 and 340, being mounted on the pump
      frame 270, are stationary in the direction transverse to the direction of
      conveyor travel, but oscillate with the pump and pump-carrying frame as
      the same are swung on supporting links 247, 251. Accordingly, the pump
      body 289 and the pump pistons and valves therein move along the length of
      the track members 339, 340 into a plurality (four are illustrated) of
      indexed positions therealong, one of which is shown in FIG. 15 and another
      of which is shown in FIG. 15a. The track forming members 339, 340 are
      selectively raised in order to close all of the valves 301 by reason of
      the engagement of all the rollers 341 with the lower track 339. It is
      while the track 339, 340 is raised and the valves are all closed (FIG. 17)
      that the pump body and valves are indexed by means to be described. When
      the track forming members 339, 340 are lowered, only those valves whose
      rollers 341 lie beneath the upper track members 340 are opened for the
      dispensing of batter to aligned molds therebeneath.
PAR  The selective raising and lowering of the track members 339, 340 is
      effected by a second double-acting air cylinder 345 (FIG. 14) which is
      pivotally secured at one end to a bracket affixed to one of the frame
      members 270. The piston rod 346 of motor 345 is provided with a clevis 347
      at its outer end, the clevis receiving the upper end of a lever 349
      therewithin and being connected thereto by a pivot pin 350. Lever 349 is
      rigidly connected with bell crank 327 and hence with bell crank 326
      through links 330. Thus, oscillation of lever 349 effects vertical
      oscillation of track 339.
PAC  Valves Controlling Cylinders 318 and 345
PAR  As shown in FIGS. 1a, 25 and 32, a chain 354 extends from a sprocket 355
      affixed to shaft 176 to a sprocket 356 affixed to a short horizontal shaft
      357. Shaft 357, which extends outwardly through side frame member 15,
      carries on its outer end a cam drum 359 carrying three cams 360, 361 and
      375. The cams 360 and 361 operate valves which control fluid pressures in
      cylinders 318 and 345, respectively. A cam follower roll 362 on a yoke 364
      controls plungers of a valve 365 for the cylinder 318. A similar cam
      follower cooperating with cam 361 is supported on a yoke which operates a
      valve 366 for cylinder 345. Connected between the valve 365 and the
      cylinder 318 are inlet and outlet conduits 367 and 369 for the cylinder.
      Similar conduits 370 and 371 extend between the valve 366 and the cylinder
      345. The cams 360 and 361 are provided with suitable lobes on their
      peripheries whereby to operate the double-acting piston-cylinder motors
      318 and 345 in reverse directions in the desired time sequence.
PAR  Disposed on the cam drum 359 is a third cam 375 which operates a cone blow
      off valve 374. The valve 374 controls a source of compressed air, and at
      the required time discharges such air to the above-mentioned conduit 236
      which is connected to the fitting 235 immediately above the suckers 195. A
      cam follower lever which extends from the valve 374 carries a cam follower
      roll 376 on its outer end. The cam 375 carries a single lobe which
      cooperates with the roll 376 to open the normally closed valve 374 at the
      proper time to blow the cones off the suckers 195. Thereafter, the valve
      is closed so that the sucker may be reconnected to a source of vacuum at
      the proper time as explained above.
PAC  The Pump Body Indexing Means
PAR  The above-described indexing of the pump body whereby it consecutively
      dispenses four different kinds of batter to four successive molds in a row
      of longitudinally aligned molds is effected as follows. A cam case 379
      disposed on the left-hand side of the machine as it is viewed from the
      front or left in FIGS. 1 and 32 houses two peripheral cams 424 and 434 on
      cross shaft 176, and also a drive from the shaft 176 to a pump indexing
      box cam 384 journalled on a stub shaft 382. Such drive is by way of a
      pinion 380 affixed to the shaft 176 and a larger gear 381 meshing
      therewith (FIG. 24), such gear and box cam 384 being integral. A cam
      follower roll 385 (FIG. 1a) is journalled on the outer end of an arm 386
      which is affixed to a stub shaft 387 journalled in the frame 15 of the
      machine. A second arm 389 extending oppositely from arm 386 is also
      affixed to the shaft 387. A first, lower link 390, connected to the arm
      389 by a pivot pin 391, extends upwardly to be connected by a pin 392 to a
      first, generally horizontal arm 394 of a bell crank which is journalled on
      the frame of the machine at 395 (FIGS. 1a and 5). The second, generally
      vertical arm 396 of the bell crank is connected to the outer end of the
      above-discussed link 287 which is pivotally connected to an end of the
      pump body assembly 276. The cam 384, one suitable configuration of which
      is more particularly shown in FIG. 1a, is a four position cam whereby the
      pump body assembly 276 may be successively laterally indexed from a
      terminal position to three additional positions and returned either by
      similar indexing or a single continuous motion. The pivotal connectors 397
      and 288 are of the type known as "Spherco" connectors which permit
      substantial misalignment between the connected parts without binding.
PAC  Core Bar Re-Insertion
PAR  After the pump 244 has dispensed the requisite metered quantity of batter
      into a transverse row of molds A (FIG. 3) travelling therebeneath, the
      core bar B which is held in the core bar storage means 134 immediately in
      advance of such row of molds on chains 20 is laterally centered, as
      hereinafter described, and lifted by the core bar lifting and transferring
      means 150b (FIGS. 3 and 12-13, inclusive) and is placed so that the cores
      are inserted into such recently charged molds A when the latter have moved
      to a position C near the entrance to a jogging track 406, 407 to be next
      described. The motion of the core bar while being thus transferred and
      re-inserted is the same as that which it had when it was removed from the
      molds (FIG. 13), the core bar lifting means "tracking" the molds, that is,
      moving the core bar horizontally with the molds in such manner that the
      cores enter the molds substantially centrally and in a vertical position
      concentric with the mold cavities. Upon the re-insertion of the cores 41
      into the molds, the lugs 112 on core bar latching pawls 104 engage lobes
      405 at the forward ends of horizontal tracks 404 of a core bar supporting
      and jogging means on both sides of the machine to thereby pivot the latch
      pawls to the phantom line position shown in FIG. 23
PAR  A short time after the core bar is released by saddles 150b, the core bar
      rollers enter a core bar jogging track 406, 407, and the lugs 112 ride
      down onto the main extended parts of the tracks 404 which continue to hold
      the latches 104 out of engagement with pins 109.
PAR  Disposed laterally outwardly of the tracks 404 are the lower tracks 407 of
      the core jogging means, the opposite tracks 407 being laterally spaced for
      engagement by the rollers 100 on the opposite ends of the core bars 86.
      The tracks 404 are secured to tracks 407 and move in unison therewith in a
      manner and for a purpose to be next described.
PAC  The Core Jogging Means
PAR  The entering end of the track 407 which is inclined rearwardly and upwardly
      is so located relative to the rear end of the lobe 405 that as the dogs
      112 on the core bar run down the rear ends of the lobes the rollers 100 on
      the ends of the core bars engage the track 407. The jogger also has upper
      horizontal tracks 406 which are parallel to the tracks 407 and spaced
      therefrom a distance slightly greater than the diameter of rollers 100.
      The upper and lower tracks 406 and 407 are connected by longitudinally
      spaced vertical strap members 409. The upper ends of the strap members 409
      are connected by pivot pins 410 to the outer ends of first generally
      horizontal upper arms 411 of pairs of bell crank levers 412, 414 that are
      pivotally mounted at 413 on fixed brackets 418. The rear lever 414 has a
      vertical arm 415 which is connected to the vertical arm 416 of the forward
      bell crank lever 412 by a link 417 which is connected at its rear end by a
      pivot pin 419 to the arm 415 and at its forward end by pivot pin 420 to
      the arm 416. Since the stub shafts 413 are located in the same horizontal
      plane and the arms 415 and 416 of the bell crank levers connected by the
      link 417 are of equal length, the tracks 406, 407 of the jogging means are
      maintained parallel and horizontal at all times.
PAR  The tracks 404, 406 and 407 of the jogging means are moved vertically
      through a short distance a number of times during the travel of the rolls
      100 of a core bar rearwardly between the tracks 406, 407, thereby
      vertically jogging the core bars and the cores thereon. In the present
      embodiment the core bar is raised and lowered through a total of six
      cycles during such travel of a core bar. The jogging means insures the
      complete filling of the void in each mold cavity between the mold and the
      core, and permits gas and steam to escape from the molds before the cores
      are clamped and locked in their fully inserted position.
PAR  The drive for the tracks of the jogging means is effected as follows. A
      cross shaft 422, journalled at its opposite ends in the side frame members
      of the machine, has an arm 424 affixed thereto, such arm carrying a cam
      follower roll 425 which cooperates with a core jogging cam 426 affixed to
      shaft 176. Such cam, the cam follower, and the arm 424 are located within
      the cam case 379 as shown in FIG. 1a. Inwardly of the side frame members
      of the machine there is fixedly mounted at each end of the cross shaft 422
      a second arm 427. The upper free end of each arm 427 is connected to the
      rear end of a respective link 429 by a pivot pin 430, the forward end of
      each link 429 being connected to the respective vertical arm 416 of the
      forward bell crank lever by a pivot pin 431.
PAC  Vacuum for Cone Transfer
PAR  Affixed to the shaft 176 within the cam case 379 there is a cam 434 (FIG.
      24) which actuates the vacuum valve 451 for supplying reduced pressure to
      the suckers 195. A lever arm 435 (FIG. 3) affixed to a shaft 436 carries a
      cam follower roll 438 cooperating with the cam 434. A lever arm 437
      affixed to shaft 436 is connected to an upwardly extending link 439 by a
      pivot pin 440 at its lower end. The upper end of the link 439 is connected
      by a pivot pin 441 to an arm 442 which is connected to a cross shaft 444.
      Also affixed to such shaft is a second upstanding arm 445, the upper end
      of which is connected to a cross link 446 by a pivot pin 447. The other
      end of the link 446 is pivotally connected by a clevis and pin connection
      449 to the valve rod 450 of the vacuum valve 451. The valve 451 is
      connected by the flexible conduit 202 to the manifold 194 to which the
      cone extracting suckers 195 are connected. The valve is also connected to
      a suitable source of vacuum (not shown) through a conduit 452. The cam 434
      and the linkage between it and the valve 451 is so constructed and
      arranged that vacuum is applied to the suckers 195 only when the suckers
      have been inserted into the tops of the baked cones in the molds (FIG. 2),
      and that vacuum is cut off from the suckers when they are in the cone
      discharge position thereof shown in phantom lines in FIG. 2.
PAC  Core Bar Centering Means
PAR  Since the core bars and the cores carried thereby may get out of lateral
      alignment with the molds during the time that they are removed therefrom
      and transferred to and from the core bar storage means, and to guard
      against this possibility, the apparatus may be provided with means which
      centers the core bars laterally with respect to the rows of molds to which
      they are to be applied. Core bar centering means 458 are accordingly
      provided in the machine, such means, which is shown more particularly in
      FIGS. 30 and 31, being mounted upon the rear members 141b which lift the
      core bars from the storage means 134 on the chains 20 and lower them onto
      the mold bar assemblies which have been charged with batter. One such core
      centering means is shown carried by the right-hand member 141b in FIG. 30.
      It is to be understood that the opposite member 141b carries a similar
      core bar centering means but of opposite hand.
PAR  The core bar centering means 458 is provided with a body 461 which is
      affixed to the horizontal plate portion 459 of the core bar lifting means
      150b. Mounted on the body 461 is a pawl 462 which pivots about a vertical
      pivot pin 464 connecting it to the body 461. The pawl is provided with a
      cam plate 465, the laterally inner surface of which is convexly curved as
      shown (FIG. 31) and is so positioned vertically as to cooperate with the
      outer ends of the stub shafts on the core bars 86 which carry rollers 100.
      The cam 465 is secured to the pawl by machine screws 466 as shown. The
      pawl is forcibly urged counterclockwise about the axis of the pivot pin
      464 (FIG. 31) by a coil compression spring 469, the outer end of which
      receives a spring guide pin 470 affixed to a vertical abutment plate 467.
      The spring 469 constantly urges the pawl 462 toward a terminal inner
      position in which the pawl contacts an abutment member 471 on the body
      461. The two opposing core bar centering means are so disposed on their
      respective members 141b that when a core bar is correctly centered it will
      move between cam plates 465 without engaging the same. If, however, the
      core bar is out of alignment laterally of the conveyor 20 and cores 40,
      one end will engage one of the cam plates 465 and be forced by spring 469
      laterally of the machine to the extent permitted by stop 471. The core bar
      will thus be centered with respect to the molds as the core bar is being
      transferred by means 150b.
PAC  The Core Bar Latch Closing Means
PAR  The machine is provided with core bar latch actuating means 474-476 on each
      side thereof (FIGs. 1, 3 and 26) which are disposed immediately to the
      rear of the core bar jogging means. On each side of the machine there is
      provided at such location an L-shaped overarm 474, the vertical portion of
      which is secured to the upper edge of the respective frame plate 14, 15
      and the upper portion of which extends laterally inwardly toward the
      molds. Such upper portion of each overarm carries a downwardly facing
      generally horizontal track 475, the forward lower surface of which is
      inclined to form a ramp so that the rollers 100 on the core bars may enter
      therebeneath. An upwardly extending flange 479 on the upper portion of the
      overarm 474 carries a horizontal stub shaft 477, such shaft journalling a
      roll 476 on its inner end. The axis of the shaft 477 lies in a vertical
      transverse plane which substantially coincides with the zone of the track
      475 wherein the lower surface thereof becomes horizontal. As the core bars
      86 travel with the molds into which the cores thereon have been inserted,
      they are thrust downwardly by track 475 toward the molds against the
      opposition of the coil compression springs 95 (FIG. 11) which are
      interposed between the cores 41 and the core bars 86. This permits the
      pivoted latches 104, 112 at each end of a core bar, which are no longer
      supported by track 404, to swing downwardly in a clockwise direction (FIG.
      26) so that the finger 107 on each latch underlies the respective latch
      pin 109 on the mold bar 47. The roll 476 then engages an upstanding lug
      480 on the upper outer end of the latch member 104 as it passes beneath
      the roll so as to force the latch members 104 into their fully engaged
      locking position to secure the core bar 86 to the mold bar 47 during
      passage thereof through the oven 11.
PAC  The Core Bar Latch Position Detecting Means
PAR  On each side of the machine rearwardly of but close to the core bar latch
      closing means there is disposed a latch position detecting means 483 as
      indicated in FIGS. 1, 3, 28 and 29. A vertical frame member 484 carries an
      overarm 485 fixedly secured thereto, such overarm carrying a horizontal
      transverse sleeve 486 on its lower inner end. A shaft 487 journalled in
      the sleeve 486 carries a detecting arm 489 which is fixedly connected
      thereto. The arm 489, which extends rearwardly from the shaft 487, is
      positioned to underlie the rollers 100 on its respective end of the core
      bars. The upper surface of arm 489 has a first upwardly inclined ramp-like
      portion 490 and a generally horizontal gently curved portion 491 at its
      rear end. The arm 489 is constantly urged toward a terminal
      counterclockwise position thereof (FIG. 28) in the following manner. A
      crank arm 492 affixed to the outer end of the shaft 487 extends downwardly
      therefrom. A horizontal rod 494 which has a clevis 495 on its inner end is
      connected to the arm 492 somewhat above its lower end by a pivot pin 496.
      The outer end of the rod 494 carries a flanged sleeve 500, the flanges on
      the sleeve lying on opposite sides of a block 497 which is fixedly
      attached to a fixed frame part 499. The rod 494 is free for sliding within
      the sleeve 500 to a limited degree, movement of the rod to the right (FIG.
      28) being terminated by engagement between a nut 501 adjustably mounted on
      the end of the rod with the end of the sleeve 500. The rod 494 is
      constantly urged into such terminal position, and thus the arm 489 is
      constantly thrust toward its upper terminal position, by a coil
      compression spring 502 which acts between an abutment collar on the rod
      494 and the inner end of the sleeve 500.
PAR  The lower end of the arm 492 is provided with an abutment finger 504 at its
      lower end. A switch 505 is mounted on the frame adjacent the arm 492, a
      crank 506 on the operating shaft of the switch carrying a roller 507 which
      abuts the member 504 on the arm 492. The switch is thus normally held in
      circuit closing position by spring 502. Switch 505 opens when a roller 100
      of a locked core bar 86 engages and passes over lever arm 489 to pivot arm
      492 clockwise (FIG. 28) and release lever 506. However, when the roller
      100 of an unlatched core bar passes over lever arm 489, the latter will
      not be depressed sufficiently to permit switch 505 to open. The switches
      505 of the two detectors on opposite sides of the machine are connected in
      parallel and are interposed in a control circuit for the motor 21 which
      drives conveyor 20 and other parts of the machine.
PAR  A second switch 509 (FIG. 25), which is normally open, is interposed in the
      control circuit in series with the two parallel connected switches 505.
      Switch 509 has an operating shaft 510 to which is fixedly connected an arm
      511 bearing a roller 512 on its outer end. The roller 512 cooperates with
      the cam 375, the switch 509 being closed during each passage of the single
      lobe of the cam past the switch operating roller 512. The parts are so
      constructed and arranged that the lobe of the cam 375 engages the roller
      512 each time that a roll 100 on a core bar passes the detector lever 489.
      The control circuit is so arranged that if either of the two switches 505
      thereof should remain closed when switch 509 is closed, the motor 21 will
      be stopped. Thus, should a core bar 86 not be properly locked to its mold
      bar 47 at either end, the respective detecting arm 489 will remain fully
      or partially elevated as the roller 100 rides thereover. Under such
      conditions the switch 505 operated by such arm 489 will remain closed and
      the motor 21 will be de-energized to stop the machine.
PAC  The Drives at the Forward End of the Machine
PAR  Inwardly of the side frame plate 14 and of the gear case 28 mounted on the
      outer side thereof there is a sprocket 514 which is affixed to the shaft
      26 (FIGS. 4 and 32). A chain 515 extends from the sprocket 514 to a
      sprocket on an intermediate stub shaft 516, the shaft 516 driving a cross
      shaft 517 through a gear set 519. A chain 520 extends in generally
      vertical runs between a sprocket 521 on shaft 517 and a sprocket 522 on a
      lower shaft 524 of an upper cone conveyor. Such conveyor has a second
      upper shaft 525, the shafts 524 and 525 being connected by parallel
      conveyor chains 526 entrained over sprockets 527 on shaft 524 and
      sprockets 529 on shaft 525. Beneath the upper conveyor there is disposed
      an inclined chute made up of an upper portion 530 and a lower portion 531
      which lie at a slight angle with respect to each other as shown in FIG. 2.
      The chute is divided by longitudinally extending vertical partitions 532
      which form a plurality (10 shown) of channels, each of which is aligned
      with a respective longitudinally extending row of molds and a sucker 195.
      Cross members 534, which are secured at their opposite ends to the
      respective chains 526, carry a plurality of equally spaced transverse
      partition or paddle members 535, such partitions, when confronting the
      chute 530, 531, forming a plurality of sequentially travelling
      compartments, each of which receives a single cone or cup discharged from
      the molds and sucker in its particular row.
PAC  The Cone Trimmer
PAR  The chute 531, which is provided with relatively shallow partitions 532
      which serve to maintain the cones in the various rows thereof separated
      from each other, discharges the cones to a plurality of cone trimmers 539
      (FIGS. 1 and 2), there being 10 cone trimmers, one for each longitudinal
      row of molds 40. As shown in FIG. 2, each of the cone trimmers has a male
      die 541, such male dies being mounted in a row upon a common cross slide
      540. Slide 540 is guided for vertical reciprocation by two fixed vertical
      guide rods 542 which are received in passages in the respective ends of
      the cross slide. Mounted on a fixed frame part of the machine in alignment
      with the respective male dies are 10 female dies 544 which are disposed in
      alignment with and below the lower end of the chute 531 so that individual
      cones discharged upon such chute slide downwardly in upright position and
      into the opening in the female die, when the male dies are in elevated
      position. The cones or cups remain suspended in the female dies by
      engagement between the upper enlarged collar thereon and the upper end of
      the female die. Upon the descent of the male die 541 into the cone, the
      upper collar on the cone as baked and any excess portions of the cones at
      such locations, such as flash, are sheared from the cone which then passes
      downwardly through the female die and into a discharge chute 545 which is
      provided with partitions 546 so as to maintain the cones baked in the
      molds of the respective longitudinal rows of molds separated from each
      other.
PAR  The slide 540 of the cone trimmer is vertically reciprocated in the
      following manner. A can 547 is affixed to the lefthand (FIG. 27) end of
      the cross drive shaft 26. The cam 547 drives a trimmer rock shaft 549
      (FIGS. 2 and 4) through the medium of a cam follower arm 550 affixed to
      the shaft 549 and a cam follower roll 551 on the outer end of the arm 550.
      Two similar laterally spaced arms 552 are affixed to the shaft 549, the
      outer end of each being pivotally connected to the lower end of a
      respective thrust rod 554 by a pivot pin 555. The upper end of each rod
      554 is connected to the slide 540 by a pivot pin 557. The cam 547 and the
      described driving linkage between it and the slide 540 are so constructed
      and arranged that the slide makes one complete cycle of reciprocation
      between the delivery of successive cones to the cone trimmer.
PAC  Drive for Conveyor 12
PAR  Shaft 517 carries a sprocket 559 which is affixed thereto, a chain 560
      being entrained over said sprocket and a further sprocket 561 affixed to a
      shaft 562 at the cone-entering end of the conveyor 12. Conveyor 12 is
      provided with an endless belt 564 which rests upon and is driven by
      pulleys on the shaft 562. The upper, operative run of the belt 564 travels
      along an upper, belt-supporting table 565, the lower run of the belt being
      supported by a lower table 566. Preferably, the upper table 565 is
      provided with longitudinally extending vertical partitions which maintain
      the cones delivered from the various longitudinally extending rows of the
      molds separated from each other. This permits a four color cone pack to be
      formed from the cones issuing from each row of molds when the
      batter-delivering pump 244 is supplied and operated in the manner above
      described.
PAR  Although only one embodiment of the invention is illustrated in the
      accompanying drawings and described in the foregoing specification, it is
      to be expressly understood that various changes, such as in the relative
      arrangement and dimensions of the parts, may be made therein without
      departing from the spirit and scope of the invention, as will now be
      apparent to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus comprising a conveyor carrying a plurality of longitudinally
      spaced molds on transversely-disposed mold bars and interfitted cores
      mounted on transversely-disposed core bars from which the cores extend,
      said core bars overlying the mold bars when the cores are interfitted with
      the molds, said cores and core bars being removable from the molds and
      said cores having limited reciprocation relative to the core bars in a
      direction into and out of the molds, interengaging stop means on the cores
      and molds to determine the fully inserted position of the cores, resilient
      means acting between the core bars and the cores for constantly thrusting
      the cores into the molds, a first core manipulating means for removing the
      cores from the molds and temporarily storing the removed cores on the
      conveyor, a second core manipulating means downstream of said first means
      for removing the cores from storage on the conveyor and re-inserting them
      in the molds, and releasable means for selectively latching each core bar
      to an underlying mold
NUM  2.
PAR  2. Apparatus as defined in claim 1 comprising means responsive to movement
      of the conveyor for releasing said core bar latching means.
NUM  3.
PAR  3. Apparatus comprising a continuously moving endless conveyor, at least
      two longitudinally spaced and aligned molds carried by the conveyor, each
      said mold comprising separable parts whereby the same may be opened to
      permit the discharge of a molded product therefrom, a core for said molds
      interfittable therewith and removable therefrom, a core bar, said core
      being mounted on said core bar for limited reciprocation relative thereto
      in a direction into and out of a mold when the bar overlies the mold, core
      storage means on the conveyor for supporting the core and core bar between
      said molds, means for locking the core bar to the leading one of said
      molds with the core in the cavity of the leading one of said molds,
      interengaging stop means on the core and mold to determine the fully
      inserted position of the core, resilient means acting between the core bar
      and the core for constantly thrusting the core into the mold, means for
      releasing said locking means, means for transferring the unlocked core bar
      and core from said leading mold to said storage means, means for opening
      and closing said leading mold, means for transferring said core bar and
      core from said storage means to the trailing one of said molds, and means
      for activating said locking means to lock the core bar to said trailing
      mold with the core in the cavity of the mold.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein the means for releasing the core
      bar locking means is responsive to movement of the conveyor.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein the core bar lies appreciably
      spaced from the mold when the core bar is locked to the mold, the locking
      means comprises a first latching member movably mounted on the core bar
      and a second latching member on the mold engaged by the first latching
      member, the first latching member being releasable from the second
      latching member upon thrusting the core bar toward the mold against the
      opposition of the resilient means and then moving the first latching
      member to clear the second latching member.
NUM  6.
PAR  6. In apparatus for making a hollow molded product, a mold, a core bar, a
      core supported on the core bar and adapted to be inserted in the mold, the
      core bar overlying the mold when the core is disposed within the mold, the
      core bar and the core being removable from the mold, the core being
      mounted on the core bar for limited reciprocation in a direction into and
      out of the mold, interengaging stop means on the core and mold to
      determine the fully inserted position of the core, resilient means acting
      between the core bar and the core for thrusting the core into the mold,
      conveyor means for transporting the mold, core bar and core in an endless
      path, releasable latching means comprising latches movably mounted on the
      core bar and operatively engageable with the mold to lock the mold and
      core bar together, first means responsive to movement of the conveyor
      means for thrusting the core bar toward the mold against the pressure of
      said resilient means to and beyond the position at which the core attains
      said fully seated position, and second means responsive to movement of the
      conveyor means for holding the latches in locking position when the core
      bar is released by said first means to effect locking engagement of the
      latches with the mold, whereby said resilient means is compressed and
      effective to hold the core in said fully inserted position and to retain
      the latches in locking position.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein cylindrical parts of the core are
      disposed in an enlarged cylindrical passage in the core bar so as to
      permit appreciable linear bodily movement of the core laterally relative
      to the core bar in the plane of the core bar perpendicular to the axis of
      the core.
NUM  8.
PAR  8. Apparatus according to claim 6 comprising cooperating, generally
      cylindrical guide surfaces on the mold and core within the mold cavity for
      centering the core with respect to the mold axis.
NUM  9.
PAR  9. Apparatus as defined in claim 6 comprising means responsive to movement
      of the coveyor means to again temporarily thrust the core bar slightly
      toward the mold to release the latches and facilitate movement thereof out
      of locking position.
NUM  10.
PAR  10. Apparatus as defined in claim 9 comprising means responsive to movement
      of the conveyor means for moving said latches out of locking position to
      permit removal of the core bar and core from the mold.
NUM  11.
PAR  11. Apparatus as defined in claim 6 wherein said first means comprises
      rollers mounted on the core bar and rails cooperable with the rollers.
NUM  12.
PAR  12. Apparatus as defined in claim 6 wherein said second means comprises
      rollers mounted on stationery axles and engageable with said latches.
NUM  13.
PAR  13. In apparatus for making a hollow molded product, a mold, a core bar, a
      core supported on the core bar and adapted to be inserted in the mold, the
      core bar overlying the mold when the core is disposed within the mold, the
      core bar and the core being removeable from the mold, the core being
      mounted on the core bar for limited reciprocation in a direction into and
      out of the mold, interengaging stop means on the core and mold to
      determine the fully inserted position of the core, resilient means acting
      between the core bar and the core for thrusting the core into the mold,
      conveyor means for carrying the mold, core bar and core in an endless
      path, releasable latching means acting between each end of the core bar
      and the mold to lock them together with the core bar appreciably spaced
      from the mold when the core bar is locked to the mold, each said latching
      means comprising at least one latching member movably mounted on the core
      bar and a latching member on the mold engaged by the latching member on
      the core bar, means responsive to movement of the assembled mold and core
      bar by the conveyor means for thrusting the core bar toward the mold
      against the opposition of the resilient means, and means responsive to
      such movement for actuating said latching members out of locking position
      while the core bar is thus thrust toward the mold.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein the means for thrusting the
      core bar comprises spring pressed means engaging the core bar and
      thrusting the core bar toward the mold against the opposition of the
      resilient means acting between the core bar and the core.
NUM  15.
PAR  15. Apparatus as defined in claim 13 wherein the means for actuating the
      latching member comprises cam means engageable by one of said latching
      members.
NUM  16.
PAR  16. In apparatus for making a hollow molded product, a mold having an open
      end cavity, a core bar, a core supported on the core bar and adapted to be
      inserted in the mold cavity through said open end, the core bar overlying
      the mold when the core is disposed within the mold, the core bar and the
      core being removable from the mold, the core being mounted on the core bar
      for limited reciprocation in a direction into and out of the mold,
      interengaging internal and external shoulders on the core and mold,
      respectively, within the mold cavity to determine the fully inserted
      position of the core and thereby form a closed molding space inwardly of
      said shoulders around the core, interengaging surfaces on the core and
      mold within the cavity and outwardly of said interengaging shoulders for
      piloting and centering the core in the cavity, a groove in the wall of
      said cavity between said internal shoulder and said piloting surface in
      the mold cavity forming a space between the core and mold within the
      latter to receive excess moldable material from said molding space upon
      insertion of the core, resilient means acting between the core bar and the
      core for thrusting the core into the mold, releasable latching means
      acting between the core bar and the mold to lock them together, said
      latching means comprising hook-like latches pivotally mounted on the core
      bar for movement into and out of operative locking engagement with the
      mold, conveyor means for carrying said mold and core bar in an endless
      path in a vertical plane, first means responsive to movement of the
      conveyor means for moving the core bar toward the mold against the
      pressure of said resilient means when the core is in said fully inserted
      position to permit pivotal movement of the latches into locking position,
      and second means responsive to movement of the conveyor means for pivoting
      the latches into locking position to engage the mold when the core bar is
      released by said first means.
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ABST
PAL  A mold for forming a recycled rubber material under high pressure and
      temperature comprises a female mold member having a rectangular solid
      exterior and a pyramid cavity extending into the base thereof. A pair of
      opposed detents or latches are pivotally secured to each end of the female
      mold member, adjacent to a pair of slots extending into each end. The male
      mold member comprises a base plate from one side of which extends a
      pyramid member. To the opposite side a pair of parallel bars is welded,
      disposed to be received in the slots in the female member. With a charge
      of recycled rubber material disposed in the female member of the mold, the
      pyramid portion of the male mold member is placed in the mold cavity, and
      the two are compressed together by external means, creating very high
      pressure in the rubber material. The detents are pivotted to engage the
      bars, locking the mold members together and maintaining the high internal
      pressure without the external means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recent developments and innovations in the field of recycling used rubber
      articles, in particular automobile tires, have determined that
      longstanding problems of disposal of waste rubber may be soluble by new,
      economically feasible recycling processes. However, new molding techniques
      are required to fashion useful articles from the recycled material, due to
      the high pressure and temperature required to effect repolymerization. The
      molds must be capable of generating, maintaining, and withstanding intense
      pressure in the mold change, and also must transfer heat evenly and
      efficiently to the molded material.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a molding device which is designed to
      maintain intense pressure on the mold change while providing thereto rapid
      heating and cooling. The female mold member includes pivotting detents or
      latches at each end thereof, and the male mold member includes a pair of
      bars secured thereto which are engaged by the detents or latches. After
      the mold change is placed in the mold, the mold members are compressed
      together by hydraulic or similar means, and the detents are secured to the
      bars, maintaining the compression on the mold change. The male mold member
      is hollow, creating a large external surface which is exposed to the heat
      of the molding furnace, increasing the heat transfer capability of the
      member. Also the reduced mass of the male member results in less thermal
      inertia and quicker heating and cooling.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a top perspective view of a molded article fashioned by the
      present invention.
PAR  FIG. 2 is a bottom perspective view of the article shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional elevation of an embodiment of the present
      invention adapted to fashion the article depicted in FIGS. 1 and 2.
PAR  FIG. 4 is a cross-sectional elevation of the embodiment of FIG. 3.
PAR  FIG. 5 is a side cross-sectional view of the embodiment of FIGS. 3 and 4.
PAR  FIG. 6 is a top perspective view of another article fashioned by the mold
      of the present invention.
PAR  FIG. 7 is a bottom perspective view of the article shown in FIG. 6.
PAR  FIG. 8 is a cross-sectional view of the parts of another embodiment of the
      present invention which fashion the article of FIGS. 6 and 7.
PAR  FIG. 9 is a cross-sectional view of the joined parts of the embodiment
      shown in FIG. 8.
PAR  FIG. 10 is a top view of the embodiment of FIGS. 8 and 9.
PAR  FIG. 11 is a detailed end view of the latch portion of the second
      embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention generally comprises a molding device especially
      adapted for forming recycled rubber material under high pressure and
      temperature into useful articles. Although the preferred embodiment is
      directed toward such use, it may be appreciated that the invention may be
      employed to form other moldable materials into many useful shapes.
PAR  As shown in FIGS. 1 and 2, one article formed by a first embodiment of the
      present invention is a wheel chock 16 useful in blocking the wheels of
      vehicles, especially trucks and draft vehicles disposed on sloping
      roadways or the like. It is a solid having a base 17 into which extend a
      pair of cavities 18, each of a pyramid configuration. The chock includes
      opposed parallel ends 19 and 21 joined by the base and a top surface 22
      parallel thereto. Opposed sloping surfaces 23 and 24 extend from the top
      surface to skirt sides 26 and 27.
PAR  The mold device 29 for forming the chock 16 includes a female mold member
      31 and a male mold member 32 as shown in FIGS. 3 through 5. The member 32
      includes a plate 33 to which is secured a pair of parallel U-shaped
      channel members 34 and 36. Secured atop the channel members and
      perpendicular thereto is a pair of pipe sections 37 and 38, each adjoined
      by a bar 39 and 41 secured to the channel members and pipe sections as
      lateral support for the latter. Depending from the plate 33 is a pair of
      hollow pyramid members 48 corresponding to the cavities 18 in the wheel
      chock.
PAR  The female mold member 31 includes a base plate 42 corresponding to the top
      surface 22 of the wheel chock. End plates 49 and 51 are joined normally to
      the base plate 42, and correspond to the ends 19 and 21 of the wheel
      chock. Extending between the end plates 49 and 51 and joined to the base
      plate are a pair of opposed sides 43 and 44 extending obliquely upward and
      outward corresponding to the sloping sides of the chock. The sides 43 and
      44 are joined to parallel upper sides 46 and 47 extending between the end
      plates. Each of the upper sides is provided with a pair of spaced slots 52
      aligned with counterparts in the opposite upper side.
PAR  To employ this embodiment of the invention, an amorphous mass of recycled
      rubber molding material 55 is placed into the female mold member, and the
      mold member 32 is placed in the upper open end of the female mold member.
      The mold member 32 is then driven down into the female mold cavity by
      external means, such as a hydraulic ram or the like. In this way the
      molding material 55 is changed into a fluid mass experiencing pressures
      ranging from 42,500 psi to 80,000 psi (2900 Kg./cm..sup.2 to 5,600
      Kg./cm..sup.2). These high pressures are required to repolymerize the old
      rubber particles, the highest pressures corresponding to the lowest sulfur
      content of the molding mix.
PAR  To maintain these pressures during the heating stage of the molding
      process, a pair of solid bars 53 are inserted through the slots 52 and the
      pipe sections 37 and 38. These bars maintain the mold parts in a pressure
      generating disposition while the mold is placed in a furnace and the mold
      material 55 is fired. The firing considerably reduces the internal
      pressure as polymerization and other chemical reactions proceed, so that
      no added pressure is required to release and separate the mold parts after
      the mold is cooled. The wheel chock is then removed, and an eye bolt 54 is
      anchored in one end thereof.
PAR  In a further embodiment shown in FIGS. 8, 9, 10, and 11 a wheel chock 61,
      as shown in FIGS. 6 and 7, may be advantageously formed. The wheel chock
      61 has the same general shape as the chock 16, with the exception that it
      is shorter from end to end, and has only one cavity 62, of pyramidal
      configuration, in the base 17.
PAR  The mold device 63 which produces this wheel chock includes a male mold
      member 64 and a female mold member 66. The male mold member includes a
      plate 67 and a pair of opposed bars 68 and 69 secured to the top thereof.
      Joined to the upper surface of the bars are a pair of rods 70 and 71 which
      overhang the ends of the plate 67. Depending subjacently from the plate 67
      is a single pyramid-shaped cavity forming element 72.
PAR  The female mold member includes opposed parallel upper sides 73 and 74
      which extend between end plates 76 and 77. Extending between the upper
      sides and the base 78 are sloping sides 79 and 81, the base being joined
      to the sloping sides and the end plates. Each end plate is provided with a
      pair of slots 82 and 83, aligned with the slots of its counterpart, in the
      upper edge of the end plates. Associated with each slot is a latch arm 84
      pivotally joined to the exterior of the end plate by a pin 86 extending
      therefrom. Each latch arm includes a notch 87 adapted to engage and retain
      the rods 70 or 71 when disposed in the respective slots.
PAR  In this embodiment the charge of recycled rubber molding material is placed
      in the female mold member 66, and the male mold member is then placed in
      the mold member 66. As before, the mold members are compressed together by
      external means to create high pressures in the charge. In this case, the
      latches are then pivotted to engage the rods 70 and 71, locking the mold
      members together in a disposition which maintains the internal pressure of
      the charge. The mold is then placed in a furnace. After molding and
      cooling no additional pressure is required to release the mold and remove
      the completed wheel chock.
PAR  It should be noted that although each embodiment incorporates a particular
      means for locking the mold members together in combination with a
      particular mold design, either locking means may be employed
      advantageously separately or together in a wide variety of mold
      configurations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A molding device for use in a press comprising a first mold member
      having a mold cavity therein, a second mold member releasably mating with
      said first mold member and having a portion extending into said mold
      cavity, securance means for releasably joining said first and second mold
      members together to maintain high pressure in the mold charge said
      securance means including a plurality of latches pivotally secured to the
      exterior of said first mold member and a plurality of slots in said first
      mold member adjacent said latches, said second mold member including a
      plurality of members extending therefrom and each adapted to be seated in
      one of said slots and to be engaged by one of said plurality of latches
      when said mold members are pressed together.
NUM  2.
PAR  2. The device of claim 1, wherein said slots and latches are disposed in
      opposed ends of said first mold member.
NUM  3.
PAR  3. The device of claim 1, wherein said portion extending into said mold
      cavity includes at least one pyramid-shaped element.
NUM  4.
PAR  4. A molding device for use in a press comprising a first mold member
      having a mold cavity therein, a second mold member releasably mating with
      said first mold member and having a portion extending into said mold
      cavity, securance means for releasably joining said first and second mold
      members together to maintain high pressures in the mold charge, said
      securance means including a plurality of holes disposed in opposed sides
      of said first mold member, said second mold member including a pair of
      parallel tubes secured thereto and aligned with said holes when said mold
      members are pressed together, and rod-like members insertable through and
      engageable with said holes and said tubes to releasably retain said mold
      members together.
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ABST
PAL  A mask or face plate, having an orifice or opening formed therethrough of
      desired size and configuration, is positioned against the discharge face
      of an extrusion die. The mask restricts the flow of extrudable material
      through the die so that such material will conform to the size and
      configuration of the opening or orifice formed through the mask. A recess
      formed in the face of the mask adjacent the discharge face of the
      extrusion die, surrounds the orifice formed therethrough, and communicates
      with said orifice by means of a gap formed in the inlet face of the mask
      between said recess and said orifice. The recessed or scalloped mask has
      particular utility when utilized with an extrusion die for forming
      cellular or honeycomb structures, in that the predetermined gap meters a
      controlled flow of additional batch material from the recess to the outer
      boundaries of the extruded honeycomb article passing through the orifice
      in said mask to encapsulate the honeycomb structure with a smooth uniform
      skin having improved isostatic crushing strength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the art of manufacturing extruded articles from
      extrudable material such as ceramic batches and similar materials which
      have the property of being able to flow or plastically deform during
      extrusion, while being able to become sufficiently rigid immediately
      thereafter so as to maintain their structural integrity. More
      particularly, the present invention relates to an improved extrusion die
      mask utilized in conjunction with an existing extrusion die, for not only
      providing such extrusion die with greater versatility, but also for
      improving skin characteristics about cellular or honeycomb articles which
      may be extruded by such die.
PAR  The extrusion die may be of virtually any known construction, however the
      extrusion die mask of the present invention has particular application
      with respect to extrusion dies having multiple core pins for forming
      cellular or honeycomb structures, such as disclosed in U.S. Pat. No.
      3,790,654. That is, such extrusion dies for making honeycomb structures
      necessitate the formation of numerous core pins, and accordingly the
      manufacture of such dies is not only very complex but quite costly.
      Further, every time a honeycomb structure having a new size or shape is
      required, it necessitates the burdensome manufacture of an additional new
      costly die. Not only does this require the maintenance of a relatively
      large inventory of extrusion dies with different sizes and configurations,
      but also many of such dies become obsolete as size and shape requirements
      are varied.
PAR  U.S. Pat. No. 3,836,302 discloses a mask or face plate for overlying a
      portion of the discharge face of an extrusion die so as to provide such
      die with greater flexibility and variability. The mask of said invention
      did in fact function satisfactorily to provide extrusion dies with greater
      flexibility and variability, and when such mask was utilized with dies for
      forming honeycomb structures, they also provided an integral skin or
      casing about such structures. However, during the formation of the skin
      about the honeycomb structures, the mask had a tendency to crush
      peripheral cells as the structure passed through the central opening of
      the mask. Further, the surface of the skin produced by such mask had a
      tendency to be fairly rough, and was not of a character to provide a high
      degree of isostatic crushing strength.
PAR  Accordingly, the present invention has overcome the problems of rough skin
      texture, peripheral cell distortion, and low isostatic crushing strength
      which resulted from the utilization of the mask or face plate of the prior
      art, by providing an improved extrusion die mask having a recess reservoir
      and a flow control or metering gap in its inlet face for forming a
      substantially smooth integral skin about a honeycomb article without
      causing peripheral cell distortion and with improved isostatic crushing
      strength.
PAC  SUMMARY OF THE INVENTION
PAR  In its simplest form, the present invention is directed to a face plate or
      mask for overlying a portion of the discharge face of an extrusion die so
      as to provide an article extruded by such die with an integral skin of
      desired thickness, texture, and improved strength.
PAR  The invention has particular application for use with extrusion dies for
      forming thin walled cellular or honeycomb structures which are provided
      with an integral shell or casing about the honeycomb network. Cellular or
      honeycomb structures refer to any structure having a plurality of openings
      or passages of any desired size or shape extending therethrough, and the
      present invention provides the advantage of being able to form a plurality
      of such structures with different sizes and shapes from a single extrusion
      die while simultaneously providing a bounding wall or shell about the
      desired shape with a predetermined thickness and surface texture.
PAR  The mask or face plate of the present invention has a blocking surface
      positioned adjacent the discharge surface of an extrusion die so as to
      block or mask-off the discharge flow of extrudable materials which would
      normally flow through the masked-off portion of the extrusion die. An
      opening or orifice of desired size and configuration is formed centrally
      through the mask such that the inlet end of such orifice is in direct
      communication with the discharge face of the extrusion die. An annular
      recessed reservoir or scalloped portion is formed in the blocking surface
      about the orifice, and communicates with an inlet portion of the orifice
      by means of a predetermined gap. Since the mask has particular utility
      when utilized with extrusion dies for forming honeycomb structures by
      providing an integral skin thereabout, the predetermined gap is of great
      significance in view of the fact that it controls the thickness of the
      skin applied about the outer periphery of the honeycomb article.
      Accordingly, batch material extruded adjacent the periphery of the inlet
      end of the orifice is received within the annular reservoir and
      controllably fed by means of the predetermined gap to a tapered or
      chamfered inlet portion of the orifice for forming a skin about the
      extruded honeycomb article passing therethrough. The mask will also
      function with a straight inlet, that is, without a taper or chamfer. Masks
      of the present invention are removably mounted to the die structure so as
      to be readily interchangeable with different extrusion dies, thus
      providing a greater degree of flexibility in their utilization.
PAR  It thus has been an object of the present invention to provide a novel
      extrusion die mask for existing extrusion dies so as to provide greater
      flexibility and variability in the dies and configurations of the extruded
      product which may be formed from such dies.
PAR  A further object of the present invention has been to provide a novel means
      for utilizing existing extrusion dies which form honeycomb structures, to
      form such structures with different sizes and configurations while
      simultaneously forming a substantially smooth integral skin or casing
      thereabout with improved isostatic crushing strength and without
      materially distorting peripheral cells about the honeycomb structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view in section of an extrusion die assembly
      including the extrusion die mask of the present invention.
PAR  FIG. 2 is a top plan view of the mask shown in FIG. 1.
PAR  FIG. 3 is a cross sectional view in elevation taken along line 3--3 of the
      mask shown in FIG. 2.
PAR  FIG. 4 is an enlarged fragmental elevational view partially in section
      illustrating the configuration and positionment of the recessed reservoir
      and gap formed in the extrusion die mask relative to the extrusion die.
PAR  FIGS. 5, 6, 7, 8, and 9 illustrate further embodiments of the recessed
      reservoir which may be formed in the face of the extrusion die mask.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and particularly FIG. 1, an extrusion die
      apparatus 10 is shown including a support structure 12 for a cylinder 14,
      housing an extrusion chamber 16. An extrusion die 18 of any desired
      configuration is positioned adjacent the outlet end of the extrusion
      chamber 16. Since the present invention has particular application with
      respect to extrusion dies for forming honeycomb structures, such a die is
      shown for purposes of illustration. The die body 18 has an inlet face 20
      provided with a plurality of openings or feed passageways 22, and an
      outlet face 24 which may be provided with a plurality of interconnected
      discharge slots 26. The feed passageways 22 communicate with selected
      areas of the discharge slots 26 so as to deliver the batch material from
      the extrusion chamber 16 to the discharge slots 26. The interconnected
      discharge slots 26 form a grid work through which the batch material is
      extruded to form the matrix of the coherent honeycomb structure.
PAR  An extrusion die mask 32 is positioned adjacent the outlet face 24 of the
      extrusion die 18 and is removably secured in position adjacent the outlet
      face by means of a retaining ring 34 and a plurality of bolts or cap
      screws 36. The mask 32 has a blocking surface 38 which is positioned
      adjacent the outlet face 24 of the die 18 and surrounds a central opening
      or orifice 40 of desired size and configuration extending through the mask
      32. An annular recess or reservoir area 42 is formed in the blocking
      surface 38 about an inlet portion 44 of orifice 40. The annular recess 42
      is radially outwardly offset with respect to orifice 40, and communicates
      therewith by means of a predetermined channel or gap 46 formed in blocking
      surface 38 between the inlet portion 44 of orifice 40 and the annular
      recess 42. As shown, the inlet portion 44 is preferably tapered so as to
      facilitate the flow of batch material delivered by gap 46 from the
      reservoir area 42 to the orifice 40, however, the mask will also function
      without a tapered inlet.
PAR  Whereas the blocking surface 38 restricts the flow of extrudable material
      through the die 18 to those areas of such die which are in open
      communication with the orifice 40, the annular recess or reservoir area 42
      provides a supply of batch material which is controllably fed by the
      predetermined gap 46 to the orifice 40 for forming a skin about the
      honeycomb article extruded through die 18. The orifice 40 may have a
      chamfered outlet end 48 for facilitating the withdrawal of the extruded
      article. Further, a peripheral positioning rim 50 may be formed on
      blocking surface 38 for positionment within an aligning recess 52 formed
      in the outlet face 24 of die 18.
PAR  Although the cross sectional shape of the annular recess or reservoir area
      42 may vary as shown in FIGS. 5 through 8 inclusive, the contour of the
      reservoir as shown in FIGS. 1 through 4 inclusive is presently preferred.
      As will be apparent from FIG. 4, the preferred contour is in the form of a
      shallow recess formed by striking the curvature from a center of radius
      positioned above the blocking surface. The contours of the recessed
      portion 42 of FIGS. 5 and 6 are characterized by being substantially
      deeper than that of FIG. 4, since the centers of radius for their
      curvatures are below the blocking surface 38. In FIG. 6, the gap 46 is
      characterized by a pointed ridge rather than a flat surface as disclosed
      in the other embodiments. FIG. 7 discloses a recessed or reservoir area 42
      having a rectangular cross sectional configuration, whereas FIG. 8
      discloses such reservoir area having a triangular cross sectional
      configuration, and FIG. 9 discloses the reservoir area having a wedge
      shaped cross sectional configuration.
PAR  The smoothly curved contour of the recess 42 is preferred for facilitating
      the flow of batch material from the die 18 into the reservoir and then
      outwardly through metering channel or gap 46 into the orifice 40 for
      forming a skin about the outer boundary of the honeycomb article extruded
      by die 18 and passed through orifice 40. The thickness of the skin formed
      on the honeycomb article is controlled by the gap depth 46. That is, by
      increasing the gap depth, a thicker skin or outer casing can be provided
      about the extruded article, whereas a reduction in the depth of gap 46
      will produce a thinner skin. In view of the fact that the batch material
      from die 18 which flows into reservoir 42 is compacted within the
      reservoir before flowing outwardly through the metering gap 46, the batch
      from reservoir 42 provides a solid continuous smooth-surface skin about
      the honeycomb article without crushing or materially distorting peripheral
      cells of the article, as was common with a prior art device. Accordingly,
      with the mask of the present invention it is possible to provide improved
      isostatic crushing strength to the honeycomb articles. In fact, using
      substantially identical batch compositions and extrusion procedures, it
      has been found that through the utilization of the mask of the instant
      invention, over that of the prior art, isostatic crushing strengths have
      increased on the order of 100 to 250 psi.
PAR  Although the orifice 40 is shown in FIG. 2 in the shape of a circle, the
      size and configuration thereof may vary as desired, and may include
      virtually any geometric shape such as oval, square, triangular, eliptical,
      etc. Further, it will be appreciated that the various dimensions of the
      orifice may vary considerably with the material being extruded, however,
      the following specific example is given as an illustration for extruding a
      clay type of material. A stainless steel mask was formed having a circular
      orifice provided with an inlet portion having a 25.degree. taper with the
      axis of extrusion and extending from a flat gap surface to the periphery
      of the main orifice having a diameter of about 41/4 inches. The gap had a
      depth of 0.015 inches and the annular recess had a radius of 3/32 inch
      with a radius center above the blocking surface, so as to form a recess
      depth of about 0.05 inches. Clay material was extruded through a known
      honeycomb die and passed through the circular orifice of the mask, with
      peripheral portions of the extruded material being collected within the
      annular recess and metered through the gap to form a cylindrical honeycomb
      structure having a smooth integral outer skin with a thickness of about
      0.015 inches. The cells about the periphery of the extruded article were
      not deformed and virtually identical to interior cells, and the article
      after firing had an isostatic crushing strength of about 480 psi.
PAR  It will be understood that the foregoing example merely sets forth a now
      preferred embodiment whereas the metering channel or gap may vary as
      desired to produce a predetermined thickness with gaps of about 0.01 to
      about 0.06 providing operable results. Further, the depth of the recess
      may be varied by either increasing or decreasing both the radius of
      curvature and the center of radius, when utilizing a curved recess, or by
      merely increasing or decreasing the depth per se when utilizing a
      polygonal recess. Further, it appears that the entrance angle may be
      varied over rather wide limits, such as from 0.degree. to 45.degree.,
      without affecting operability. That is, the mask will function with a zero
      degree entrance angle, however to reduce corner wear an entrance angle is
      preferred.
PAR  Although the now preferred embodiments of the invention have been set
      forth, it will be apparent to those skilled in the art that various
      changes and modifications may be made thereto without departing from the
      spirit and scope thereof as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An extrusion die mask for use in combination with die means having a
      plurality of feed passageways which communicate with selected areas of a
      plurality of interconnected discharge slots for forming honeycomb
      structures which comprises, a mask having a blocking surface for blocking
      off selected portions of the outlet face of an extrusion die for forming
      honeycomb structures, an orifice extending longitudinally through said
      mask and communicating at an inlet end with said blocking surface for
      receiving an extruded honeycomb article therethrough, annular recess means
      formed in said blocking surface radially outwardly of said orifice and
      communicating with the outlet face of said extrusion die for receiving and
      compacting extruded batch material from said die and for forming a
      reservoir of said extruded material, and predetermined metering gap means
      formed in said blocking surface and communicating between said recess
      means and said orifice for metering the flow of said batch material from
      the reservoir to said orifice and for forming a smooth skin of desired
      thickness on the honeycomb article extruded from said die.
NUM  2.
PAR  2. An extrusion die mask as defined in claim 1 wherein said orifice
      includes a tapered inlet portion, and said blocking surface is provided
      with an annular positioning rim receivable within a recess in the outlet
      face of the extrusion die for positioning said mask relative to said die.
NUM  3.
PAR  3. An extrusion die mask as defined in claim 1 wherein said annular recess
      means has a cross sectional configuration in the shape of an arc of a
      circle.
NUM  4.
PAR  4. An extrusion die mask as defined in claim 1 wherein said annular recess
      means has a cross sectional configuration in the shape of a rectangle.
NUM  5.
PAR  5. An extrusion die mask as defined in claim 1 wherein said annular recess
      means has a cross sectional configuration in the shape of a triangle.
NUM  6.
PAR  6. An extrusion die mask as defined in claim 1 wherein said annular recess
      means has a cross sectional configuration in the shape of a wedge.
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ABST
PAL  The method of burning fume, including combustible gases and gas-borne
      particles, comprising moving the fume in a tube having a blind end and one
      or more slits in the tube short of the end, while the fume is at least
      partially at ignition temperature, and emitting the fume into the air, the
      slit width and the slit total area being chosen such that the fume
      velocity through the slits will be more than the flame velocity and up to
      the flame blow-out velocity. The device includes a tube having a closed
      end and slits having a width between one-eighth and 1 inch and preferably
      about five-eighths inch, and a length of between one-eighth and one-half
      of the circumference.
BSUM
PAC  DISCLOSURE OF INVENTION
PAR  Our invention relates to a process and apparatus for burning fume having
      combustible gases and combustible particles, the fume being moved in a
      tube having a blind end and having at least one slit, the fume when
      released in the air being at least partially at ignition temperature, the
      slit width and slit total area being chosen such that the fume velocity
      through the slits is more than the flame velocity and up to the flame
      blow-out velocity, with the fume being burned before it is quenched by the
      air to below ignition temperature. Also, the invention relates to fume
      flares in which the fume is burned in a tube having closed end and having
      at least one slit of a width of one-eighth to 1 inch, and preferably of
      5/8 -inch width.
PAC  PRIOR ART
PAR  The invention relates to methods and devices for burning fume which results
      particularly from baking the carbonaceous linings which are formed in the
      vessel used for electrolytic reduction of aluminum to aluminum metal by
      the Hall-Heroult process. This carbonaceous lining is baked to harden it
      and increase its electrical conductivity. Heat is supplied by flames or by
      electric resistance heating which results is producing fume which exits
      from the vessel.
PAR  Klemm U.S. Pat. No. 2,891,297, granted June 23, 1959, relates to an
      electrolytic vessel for reduction of aluminum ore.
PAR  FIG. 1 shows such a vessel which has a carbonaceous lining 20 and
      carbonaceous particles 22 protecting the lining. An electrical connection
      is made by collector rods 24 in the lining.
PAR  The lining is surmounted by refractory shell 26 and burners 28 are used in
      connection with the baking of the lining. As an alternate to the burners,
      electrical resistors (not shown) may be used. Fume is produced by the
      baking of the lining and goes out through stack 30. The fume contains
      combustible gases and also entrained solid particles of carbonaceous
      material.
PAR  An incinerator has an annular escape vent in Brophy U.S. Pat. No.
      3,357,375, granted Dec. 12, 1967. Another expedient is shown in Stockman
      U.S. Pat. No. 3,572,265, granted Mar. 23, 1971, in which a stack is
      provided and flame is introduced into this stack to burn with aspirated
      air.
PAR  Lausmann U.S. Pat. No. 3,638,591, granted Feb. 1, 1972, uses a cone which
      is surmounted by a cylinder provided with louvres in the side. Spitz U.S.
      Pat. No. 3,076,421, granted Feb. 5, 1963, shows a cone topped by a
      cylinder having a lateral aperture.
PAR  Audels Home Gas Heating and Appliance Manual by Edwin P. Anderson, Theodore
      Audel & Co., January 1965, has an incinerator which has a ventilation
      screen at the outside and a closed end.
PAC  THE PRESENT INVENTION
PAR  The present invention involves a method of burning fume, including
      combustible gases and gas-borne combustible particles. The fume is moved
      along a tube which is closed at the end and which has at least one slit on
      its circumference adjacent the closed upper end. As it moves through the
      slit or slits, the fume is preferably completely above the temperature at
      which it will burn. The fume burns at and around the slits and is evolved
      in burning condition into the air.
PAR  While it is preferred that the fume be completely above the temperature at
      which it will burn, some regions in it can be permitted to be below that
      temperature, termed the ignition temperature. Thus, as long as there is
      enough fume region at or above ignition temperature to maintain burning,
      operation is successful. It can be determined by simple observation
      whether the regions below ignition temperature have become too large,
      because then smoke is caused, this indicating that the fume has not been
      able to burn completely before being quenched by the air to below ignition
      temperature.
PAR  The slit width is preferably about five-eighths inch, though it may be as
      little as one-eighth inch or as much as 1 inch.
PAR  The fume velocity as it goes through the slits is such that the fume
      velocity may be anywhere from the flame velocity up to the flame blow-out
      velocity. Toward the feature of having the fume burned before it is
      quenched by the air to below ignition temperature, it is preferred that
      the fume velocity through the slits not be above 5 times the flame
      velocity.
PAR  The fume is heated in the tube, preferably by a burner which burns gas or
      the like. Above the burner the fume goes through a space where inspirated
      air is drawn in. The fume also may be aided by compressed air for burning
      in, and/or out of, the tube with increased oxygen content. This air is
      blown in below or about the burner.
PAR  In order to reduce the amount of heat required for the burner, the tube may
      be insulated.
DRWD
PAC  DRAWINGS
PAR  In the drawings we have shown the prior art and also a preferred embodiment
      of the invention, without, however restricting it to the only possible
      such arrangement.
PAR  FIG. 1 is a diagrammatic cross section showing one form of electrolytic
      furnace which produces fume when its lining is being baked.
PAR  FIG. 2 is a diagrammatic section of a cylindrical fume flare of the present
      invention.
PAR  It will be evident that this is merely one suggested form.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention as shown in FIG. 2 involves a vertical stack 40, suitably of
      8 inches diameter steel tube, with the fume introduced in the bottom at
      42, for example by attachment to stack 30 of FIG. 1. The fume progresses
      upwardly to a closed end 44 and radial slits 46 adjoining the closed end
      and preferably four in number. The slits extend around the tube for a
      suitable distance such as one-eighth of the circumference and have a width
      varying from one-eighth to one inch and preferably about five-eighths
      inch.
PAR  Around the slits is ambient air in which burning of the fume is completed.
PAR  The stack 40 is provided, adjacent the bottom, with a burner at 48 and to
      provide air for the burner and burning the fume it may optionally have an
      inlet for compressed air 50 adjacent the burner and preferably below it
      and, between the burner and the region of the slits, a slightly
      constricted space where a baffle 52 (venturi) is provided and inlet for
      inspirated air 54 is permitted, the inlet preferably being of about 1 inch
      in width and being above the inlet for compressed air.
PAR  In the showing of the invention, we preferably also include, as a part of
      stack 40, heat insulation 56 surrounding the steel tube.
PAC  EXAMPLE
PAR  The fume flare of the invention has a typical operating condition as
      follows:
PAR  With the compressed air turned off, the flow through one stack, which was
      mounted over a Hall-Heroult cell whose lining was being baked, as in a
      combination of FIGS. 1 and 2, was estimated to be
     Fume              74 c.f. per hour                                        
     Methane for the burner                                                    
                       106 c.f. per hour                                       
     Air inspirated in the burner                                              
                       1060 c.f. per hour                                      
     Air inspirated in the venturi                                             
                       384 c.f. per hour                                       
                       1624 c.f. per hour                                      
                  standard conditions of temperature                           
                  and pressure                                                 
PAR  The venturi appears to promote turbulence for better heating of the fume.
PAR  Assuming the fume and the methane flame from the burner are at 1200.degree.
      K, the velocity through the 6 inch diamater venturi is 7.7 feet per
      second. The velocity through the total slit area of 62.8 square inches is
      4.54 feet per second.
PAR  This is about 3 times as high as the flame velocity and much of the fume
      burns outside the slits.
PAR  Complete combustion of the fume was estimated to require 7143 cubic feet of
      air per hour. At times fluctuations in the process would cause smoking,
      and this smoking was eliminated by the addition of up to about 1000 cubic
      feet per hour of compressed air through inlet 50.
PAR  Calculations follow:
PAR  The slit area at 8 inches diameter is as follows:
EQU  8 in. dia. .times. 3.14 .times. 5/8 in .times. 4 slits = 62.8 sq. in.
PAR  The gas flow may be calculated as follows:
      ##EQU1##
PAR  We may assume 2000 pounds of fume counting the amount of the carbonaceous
      seam mass tamped around the cathode blocks.
PAR  Assume average molecular weight of 200:
      ##EQU2##
PAR  The "lbs. mol." is the molecular weight in pounds.
PAR  The fume burners burn the following:
      ##EQU3##
      At 10:1 air ratio
      ##EQU4##
      at standard pressure and temperature.
PAR  Total gas flow through the venturi is 71.8 (c.f. fume/hr.) + 1166
      (c.f./hr.) products of methane combustion = 1238 (c.f./hr.) at S.T.P. or
      approximately 1240 (c.f./hr.)
      ##EQU5##
PAR  The velocity through the 6 inch diameter venturi vent at baffle 52 equals
      the following:
      ##EQU6##
PAR  Inspirated air may be calculated as follows:
      ##EQU7##
PAR  This is Equation No. 120 from p. 88 of Fan Engineering, 6th Ed., the
      Buffalo Forge Company, Buffalo, New York, where
PA1  C.sub.D = coefficient of discharge having to do with contraction of the gas
      as it goes from one side to the other of the venturi.
PA1  A.sub.3 = smallest cross sectional area of the venturi.
PA1  SP.sub.1 -SP.sub.3 = static pressure upstream and downstream of the
      venturi.
PA1  .phi..sub.i = flow coefficient from Table 33 of Fan Engineering.
PA1  .delta. = gas density in pounds per cubic foot.
      ##EQU8##
EQU  SP.sub.1 -SP.sub.3 = 0.0037 inches water gage
EQU  x = 14.8 ft./min.
PAR  The velocity through the slits is calculated as follows:
PAR  Add the 1240 (c.f. gas/hr.), from above, to the 384 (c.f./hr.) inspirated
      air to give 1624 (c.f./hr.) Then,
      ##EQU9##
PAR  Flame velocity is about 1.5 feet per second for methane.
PAR  Amount of air needed for complete combustion of the 71.8 (c.f. fume/hr.):
      ##EQU10##
PAR  Exemplary for introducing compressed air through inlet 50 is flow through a
      1/4-inch diameter orifice at 40 inches pressure water gage as in the above
      Table 26:
      ##EQU11##
PAR  Ignition temperature and flame velocity which appear in the specification
      and claims is described by Reinhardt Schumann, Jr. in Vol. I of
      Metallurgical Engineering, pp. 98-101 (Engineering Principles)
      Addison-Wesley Press, Inc. 1952.
PAR  The form shown is not the exclusive form of the invention but is merely
      suggestive of the invention.
PAR  In view of our invention and disclosure, variations and modifications to
      meet individual whim or particular need will doubtless become evident to
      others skilled in the art to obtain all or part of the benefits of our
      invention without copying the method and device shown, and we, therefore,
      claim all such insofar as they fall within the reasonable spirit and scope
      of our claims.
CLMS
STM  Having thus described our invention what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. A method of burning fume, including combustible gases and gas-borne
      combustible particles, comprising moving the fume in a tube through at
      least one slit in the tube, while preventing the fume from going further
      in the tube and while the fume is at least partially at ignition
      temperature, heating the fume in the tube by a burner, adding air between
      any slits and the burner, and moving the fume out into the air, the slit
      width and total area being chosen such that the fume velocity through any
      slits is between flame velocity and the flame blow-out velocity and such
      that the fume will burn before being quenched by the air to below ignition
      temperature.
NUM  2.
PAR  2. A method of burning fume, including combustible gases and gas-borne
      combustible particles, comprising moving the fume in a tube through at
      least one slit in the tube, while preventing the fume from going further
      in the tube and while the fume is at least partially at ignition
      temperature, introducing in the tube compressed air for burning the fume,
      to increase the oxygen content, and moving the fume out into the air, the
      slit width and total area being chosen such that the fume velocity through
      any slits is between flame velocity and the flame blow-out velocity and
      such that the fume will burn before being quenched by the air to below
      ignition temperature.
NUM  3.
PAR  3. A fume flare for burning fume, including combustible gases and gas-borne
      combustible particles, comprising a tube having a closed end and a slitted
      region at the closed end, the slits being of a width between one-eighth
      and 1 inch, and burner means in the tube for elevating the temperature of
      the fume in the tube.
NUM  4.
PAR  4. A fume flare of claim 3, in which the slits are approximately
      five-eighths inch in width.
NUM  5.
PAR  5. The invention of claim 3, in which the tube has an inspirator between
      the burner and the slit region.
NUM  6.
PAR  6. The invention of claim 3, in which the tube has a compressed air source
      at about the burner.
NUM  7.
PAR  7. The invention of claim 3, in which the tube is insulated.
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ABST
PAL  An injector formed of an outer Coanda nozzle, consisting of three bodies,
      is located inside a flame stabilization cylinder, also introduced into a
      supplementary ejection nozzle. The front body is endowed with a baffle
      followed by an adjustable slot and continued by a Coanda profile having a
      recess with several orifices. The injector is simultaneously fed with air
      and fuel, which mix due to the depression created by the Coanda effect.
BSUM
PAR  The prevent invention refers to a burner for liquid fuels, the
      pulverization being realized in shock waves and in ultrasonic field by an
      adequate arrangement of an outer Coanda nozzle.
PAR  A burner is known for liquid fuels endowed with pulverization head in which
      the liquid fuel is mixed with some fluid in order to be turned into a
      finely pulverized fog.
PAR  This burner has the disadvantage of an insufficiently high pulverization.
PAR  Burners are known based on the Coanda effect, using outer or inner nozzles
      and utilized only for gaseous fuels.
PAR  The burner for gaseous fuels, including an inner Coanda nozzle, consists of
      a body having an admission room which shapes the inner nozzle and is
      provided with an annular convergent nozzle built up between the terminus
      of the room gate and the curvilinear end of the same admission room.
PAR  The annular nozzle forms an adjustable slot at its end, through which the
      fuel gas passes from a pipe.
PAR  The inner side of the body is endowed with an annular rectangular recess,
      which provokes a sudden gas deviation creating this way an increased
      depression and obtaining the Coanda effect on a Coanda polyhedric profile
      consisting of a number of steps correlated with one another by some angles
      and lenghths finding themselves in an adequate relation.
PAR  The steps form inside the body a convergent - divergent interlocking
      further on a diffuzer, having on it, at its other end, a burning head in
      which a deflector is mounted, endowed with radial paddles which are
      swirling and homogenize the gas and air mixture by paddle striking, and
      finally is endowed with a disk with holes and with a flame stabilizer
      having also holes.
PAR  At the same time, burners are known for gaseous fuels which realize the gas
      - air mixture using an outer Coanda nozzle consisting of a bulb with total
      or partial surface of revolution. This burner includes an intake chamber
      for the fuel gases which get out through an annular slot and below the
      continuous Coanda profile entraining, at the same time, the air necessary
      for the combustion.
PAR  The above mentioned burners expose the disadvantage that besides the fact
      of being used for gaseous fuels only, they do not secure through the
      ejection process generated by the Coanda effect, the whole air quantity
      necessary for combustion, this way leading to a polluting combustion and
      to low efficiency.
PAR  The burner for liquid fuels, according to the invention, avoids the above
      mentioned disadvantages by realizing the fuel pulverization in shock waves
      and in ultrasonic field using an injector which consists of an outer
      Coanda nozzle consisting of three bodies: front, middle and back, located
      inside a perforated flame stabilization cylinder introduced, in its turn,
      in a supplementary ejection nozzle which has its front section flared, the
      injector being fed simultaneously with compressed air and fuel, the fuel
      feeding being done through a delivery regulating device, a pipe and a
      built-up barrel and, similarly, the air feeding, through a delivery
      regulating device, a pipe, continued with a built-up barrel, and a channel
      made in a profiled blade.
DRWD
PAR  Here is an example of realizing the burner, according to the invention and
      in connection with the FIGS. 1, 2, 3 and 4 which represent:
PAR  FIG. 1, a general diagram of the burner;
PAR  FIG. 2, a longitudinal section through the fuel injector realized according
      to the invention;
PAR  FIG. 3, a cross-section through A -- A.sub.1, according to FIG. 2;
PAR  FIG. 4, an axial section of the fuel injector realized according to the
      invention.
DETD
PAR  The burner, according to the invention, consists of an injector 1 realized
      by an adequate arrangement of an outer Coanda nozzle and endowed at its
      front section with delivery regulating devices for the fuel 2 and for the
      air 2 a.
PAR  The injector 1 is mounted inside a perforated flame stabilization cylinder
      3 placed, in its turn, in a supplementary ejection nozzle 4, and having an
      adequately profiled front section in order to diminish the local
      resistances to the air intake.
PAR  The injector 1 is fastened on the supplementary ejection nozzle 4 by means
      of a profiled blade 5 provided with a central channel l destined to the
      air intake.
PAR  On the outer part of the supplementary ejection nozzle 4 there is or there
      is not a built-up barrel 6 playing the part of a preheater for the active
      air which has an outstanding contribution to the functioning.
PAR  At the same time, the assembly has or has not a fuel preheating pipe 7
      endowed with a built-up barrel 7 a.
PAR  The injector 1 used with the present invention consists of a front body 8,
      a profiled middle body 9 and a back body 10.
PAR  The front body 8 includes, in its turn, a partially grooved cylindrical
      section 8 a, a baffle 8 b in a right angle shaping one of the lateral
      walls of an adjustable slot f, the other wall of the same slot being
      shaped by an annular prologation of the profiled blade 5.
PAR  The same front body 8 is outerly continued with a Coanda profile 8 c.
PAR  On the profile 8 c, near to the baffle 8 b there is an adequately profiled
      recess a in which there are certain grooves b penetrating through the wall
      of the Coanda profile 8 c under a certain inclination.
PAR  On the same Coanda profile 8 c there is also another series of inclined
      grooves c, penetrating the Coanda profile, too.
PAR  Inside the front body 8 there is a channel d connected to the fuel feeding
      pipe.
PAR  Also inside the front body 8, about the Coanda profile 8 c, there is a plug
      11, creating behind it an accummulation space e for the fuel which comes
      through the channel d. Inside the same channel d there is a duct 12 which
      communicates at one end with the profiled blade 5 for the air intake and
      at the other end pervades the plug 11.
PAR  The grooves b and c communicate with the accummulation space e.
PAR  The front body 8 is assembled with the middle profiled body 9 by means of a
      thread. Inside the middle profiled body 9 there are a number of channels g
      practicated in a separating wall 9 a facilitating the communication
      between a front space h and another space i located downhill the wall 9 a.
PAR  The space i is delimited by the middle profiled body 9 and by the back body
      10.
PAR  The back body 10 is assembled with the middle profiled body 9 by means of a
      thread, the front element having a central channel j facilitating the
      communication between the space h and the environment.
PAR  On the circumference of the back body 10, along the generatrix, there are
      some grooves k, through which a supplementary quantity of air is evacuated
      under the form of thin jets in order to improve the pulverization and to
      intesificate the combustion process in the centre of the flame.
PAR  The burner functions as follows :
PAR  The air necessary for the function of the injector 1, having a certain
      pressure, enters the circuit, in which a built-up barrel 6 is mounted, and
      then the profiled blade 5 from which is separates into two flows, namely :
PA1  a main flow issuing through a series of grooves from the area 8 a of the
      front body 8 getting into the slot f;
PA1  a secondary flow getting through the duct 12, located inside the channel d
      of the front body 8, and entering the space h.
PAR  The main flow, leaving the slot f, clings to the Coanda profile 8 c
      realizing the Coanda effect. The so realized diverted jet creates a
      depression near the profile having as a result an entrainment of the
      atmospherical air inside the flame stabilization cylinder 3 and inside the
      supplementary ejection nozzle 4.
PAR  The evolution of the gases when getting out of the flame stabilization
      cylinder 3 provokes a supplementary ejection phenomenon inside the
      supplementary ejection nozzle 4 thus increasing the volume of air
      entrained from the atmosphere.
PAR  The secondary flow, existent within the space h, communicates both with the
      space i by means of the channels g, and with the atmosphere inside the
      flame stabilization cylinder 3 by means of the channels j, this way
      creating a central jet.
PAR  The air under pressure inside the space i communicates, at the same time,
      with the atmosphere inside the flame stabilization cylinder 3 by means of
      the grooves k giving birth to axial peripheric jets.
PAR  In the slot f and in the channel j, like in the grooves k, the parameters
      of the air flow have critical values.
PAR  The fuel at low pressure is directed or not through the fuel preheating
      duct 7 to the injector 1 by the delivery regulating device 2.
PAR  The fuel gets into the front body 8 through the channel d reaching the
      accumulation space e from where, due to the depression created by the
      Coanda effect near the grooves b and c, it is entrained to the exterior of
      the Coanda profile.
PAR  At the contact of the fuel jet and of the air jets passing through the slot
      f and through the grooves k a strong energy interchange takes place due to
      the shock waves characteristic to the critical evolution of the air
      through the slot f and through the grooves k, with the consequence of a
      fragmentation in very small particles of the fuel film.
PAR  At the same time, flowing with a high velocity through the slot f, through
      the grooves k and through the channel j, the air gives birth to an
      ultrasonic field which contributes to the increase of the degree of
      fineness of the fuel pulverization process.
PAR  The role of the recess a, in which the grooves b are penetrating, is to
      avoid the pulsation phenomenon of the fuel supply generated by the
      apparition of the shock waves as a consequence of the evolution of the
      compressed air at critical parameters.
PAR  The air and fuel particles mixture is compelled, due to the Coanda effect,
      to wash the profile of the injector 1, contributing to its cooling.
PAR  The air evacuated through the channel j in the center of the flame secures
      the homogenization of the fuel mixture contributing to the intensification
      of the combustion processes.
PAR  When the fuel is pulverized in the above mentioned conditions, the ignition
      takes place due to a certain system. The flame is unidirectionally
      direction downhill the injector 1 and is compelled to evolve axially being
      longitudinally stabilized by the flame stabilization cylinder 3.
PAR  Due to the ejection phenomena a quantity of air is entrained from the outer
      medium into the supplementary ejection nozzle 4. This supplementary air
      has the role of securing the complete combustion of the fuel.
PAR  The present invention exposes the following advantages:
PA1  it secures a stoichiometric combustion mixture, permitting a high
      efficiency of the process of combustion;
PA1  it concomitantly secures, by the ejection process generated by the Coanda
      effect and by the supplementary ejection nozzle, the whole quantity of air
      necessary for the combustion, making a supplementary air source
      unnecessary;
PA1  it secures a particularly fine pulverization of the fuel without any
      special pumps for the supply with fuel;
PA1  it allows a complete combustion of the heavy fuels, eliminating the
      apparition of deposits;
PA1  it doesn't allow the flareback even in conditions of low air pressure;
PA1  it allows the realization of a long or of a short flame depending on the
      technological process;
PA1  it is of a simple, robust construction, with no moving parts and it is
      easily exploited;
PA1  the burner can be used as an atomizer for any liquids when it has not the
      flame stabilization cylinder 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid-fuel burner comprising:
PA1  an outer generally cylindrical housing having an outwardly flared intake
      end and an outlet end remote from said intake end;
PA1  a perforated generally cylindrical flame stabilizer disposed in said
      housing and coaxial therewith while being spaced with substantially
      all-around clearance from the inner wall of said housing at said intake
      end thereof;
PA1  a profiled rib extending radially of said flame stabilizer in said housing;
PA1  an outer Coanda ejector mounted on said rib coaxial with said flame
      stabilizer and therein proximal to said intake end, said Coanda ejector
      comprising a body defining with said rib an annular outwardly opening
      slot, said body having a bulbous convex portion axially spaced from said
      slot toward said outlet end and rotationally symmetrical about the common
      axis of Coanda ejector and said flame stabilizer, said body thereafter
      converging toward said outlet end;
PA1  means for supplying combustion air to said slot; and
PA1  means for feeding a liquid fuel to said body, said body being formed with a
      chamber receiving said fuel and with passages extending from said chamber
      toward said intake end and terminating along the surface of said bulbous
      portion of said body for discharging fuel therealong.
NUM  2.
PAR  2. The burner defined in claim 1 wherein said means for supplying
      combustion air to said slot includes a duct surrounding said housing and
      in heat exchanging relationship therewith and wherein said means for
      feeding a liquid fuel to said body includes a duct surrounding said
      housing and in heat exchanging relationship therewith.
NUM  3.
PAR  3. The burner defined in claim 3 wherein said body is provided with a
      plurality of channels opening in the direction of said outlet end, a
      compartment in said body spaced from said chamber and communicating with
      said channels, said means for supplying combustion air to said slots
      including a tube extending into said body and opening into said chamber,
      and a passage in said rib communicating with said tube for delivering
      combustion air thereto.
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ABST
PAL  Inert gas is produced by the combustion of hydrocarbon fuel and air in a
      combustion chamber. The gaseous product of the combustion is cooled in a
      scrubbing chamber.
PAL  The amount of inert gas produced is measured, and in accordance therewith
      the fuel-to-air ratio of the combustion is controlled discontinuously
      between set time intervals.
BSUM
PAR  The present invention relates to a process for the production of inert gas
      as the exhaust gas from the combustion of a hydrocarbon-containing fuel
      with air and with subsequent cooling, the fuel/air ratio is controlled in
      accordance with the proportion of a characteristic component of the inert
      gas produced as monitored by gas analysis, and to an apparatus for
      carrying out such process and comprising a combustion chamber, a
      subsequent scrubbing and cooling device for the inert gas, a compressor
      for transporting either the combustion air or the inert gas, and an
      analyzer for the continuous measuring of characteristic components of the
      inert gas.
PAR  It is already known (German patent application 1,667,613 laid open to
      public inspection) to effect in processes of the above-described type a
      continuous control of the combustion air, especially of the excess
      quantity of combustion air discharged by a bypass, in accordance with the
      continuous analysis of the characteristic components of the inert gas
      produced in the combustion, such as CO, H.sub.2.
PAR  However, this process for the production of inert gas
PAR  Particularly in the case of great variations of the conditions of
      operation, e.g. of the temperature and of the moisture content of the
      combustion air drawn in, substantial variations in the gas constituents
      could not be avoided. d suffers from certain disadvantages. Not only does
      the above control result in reaction inefficiency, but large variations in
      the amount of inert gas produced also result.
PAR  Further, it has been found that the conventional apparatuses for the
      production of inert gas are of complicated construction and uneconomical
      in operation.
PAR  Accordingly, it is the object of the present invention to provide a process
      for the production of inert gas wherein, by means of an improved control,
      a constant quality of the inert gas produced is guaranteed even in the
      case of greater variations of the operational conditions, e.g. in the case
      of variations of the fuel value or of the quantity of the fuel supplied,
      and in the case of variations of the quantity or of the moisture content
      as well as of the temperature of the combustion air supplied.
PAR  Another object of the present invention is the provision of a process and
      of an apparatus for the production of inert gas by means of which the
      quality of the inert gas produced can be improved on the whole in
      comparison with the existing systems, and which permit the inert gas to be
      produced in a particularly economical, trouble-free and safe manner.
PAR  According to the invention, this object is solved in that during the
      continuous measuring of the characteristic component of the inert gas the
      adjustment of the quantity of air supplied is performed in equal time
      intervals and discontinuously.
PAR  Advantageously, the adjustment of the valve controlling the quantity of air
      can be performed in intervals of 5 seconds up to a maximum of 20 seconds,
      and the adjustment may involve a suspension period of about 8 seconds with
      a set period for the variation of the quantity of air supplied of about 2
      seconds.
PAR  In order to provide for an easy, operationally safe control, the
      transmission of the control signal may advantageously be performed by
      electrical means, and the magnitude of the variation of the signal depends
      on the deviation of the actual value from the set point value, whereby no
      control signal is provided within predetermined limits of the set point
      value.
PAR  Naturally, as an alternative the set period may be varied, too in response
      of the deviation of the actual value from the set point value with the
      intervals between the adjustments remaining constant.
PAR  Preferably, the apparatus for carrying out the process according to the
      invention is characterized by regulating elements for the regulation of
      the discharge of the excess combustion air or of the inert gas introduced
      into the combustion air or of the combustion air supplied or drawn in by
      the bypass flow, which regulating elements are adapted to be positioned by
      a servomotor into their fully open or closed position; a servomotor which
      acts upon said regulating elements in response of the magnitude of time
      limited signals succeeding each other with intervals therebetween; and a
      measuring transformer including a step or increment controller for the
      production of the control signals.
PAR  On the whole, the control according to the invention, in a manner being
      surprising to the expert, even under severe conditions of operation, e.g.
      on a seagoing vessel, is not only more reliable, but also more exact than
      conventional control means. It has been found that oscillations of the
      control do not occur, that unjustified switch-off of the system does not
      take place and that the system and the process thereby on the whole are
      more economical in operation than previously known systems and processes.
DRWD
PAR  In the following, exemplary embodiments of the invention are explained in
      greater detail by referring to the enclosed drawings, wherein:
PAR  FIG. 1 shows the flow diagram of the process according to the invention
      including a throttling of the outflowing excess combustion air;
PAR  FIG. 2 shows a flow diagram of the process according to the invention
      including a throttling or restriction of the quantity of the inert gas
      produced which is fed into the intake air;
PAR  FIG. 3 shows a flow diagram of the process according to the invention
      including a throttling or restriction of the combustion air drawn in
      through the combustion with the main flow; and
PAR  FIG. 4 shows a flow diagram of the process according to the invention
      including a controlling of compressed air introduced into the combustion
      air in the bypass flow.
PAR  The process and the apparatus according to the invention are useful for the
      production of inert gas with minimum contents of oxygen and carbon
      monoxide. Inert gas of this kind is used in navigation and in the field of
      transportation for filling tanks as well as for fire extinguishing
      purposes and as a protective gas in the transport of perishable goods,
      e.g. fish flour, and, finally, also, in cold-storage depots and the like.
DETD
PAR  As shown in the Figures, a system according to the invention comprises
      essentially a combustion chamber or burner 10 which is continuously and
      uniformly fed with a liquid fuel through a pump 12 or with a gaseous fuel,
      a subsequent cooling device, e.g. a scrubbing tower 14, and not
      illustrated further cooling and/or drying devices for the resulting inert
      fuel gas (inert gas).
PAR  The combustion air is either compressed, as shown in FIGS. 1 and 2, prior
      to being supplied to the combustion, or, as shown in FIGS. 3 and 4, drawn
      through the combustion chamber 10 and compressed only upon exit from the
      scrubbing flow or from the cooling system, and transferred to a point of
      consumption.
PAR  The scrubbing flow and the cooling system may operate with sea water which
      is continuously drawn in and discharged.
PAR  Since the combustion chamber 10 is fed with combustion air in a
      stoichiometric ratio to the fuel or nearly at such ratio, respectively, a
      gas is formed in the combustion chamber which gas in addition to N.sub.2
      and CO.sub.2 contains minor traces of CO,H.sub.2 and O.sub.2.
PAR  The gas produced is continuously analyzed by an analyzer 18 for its
      contents of the above-mentioned gas components, and the analyzer 18
      provides a signal to a measuring transformer 20 in proportion to the
      resulting components, whereby the proportional values of this measuring
      transformer are continuously registered by a recorder 45 and which
      transformer provides a signal by an audio signaling device 21 and/or a
      visual signaling device 23 if pre-settable maximum values are exceeded.
PAR  Then, the signal produced by the measuring transformer is applied via an
      increment or step controller 22 in regular intervals to a servomotor 24
      for the setting of the control or regular elements 25 for the combustion
      air.
PAR  Preferably, the signal which is given off by the measuring transformer 20
      in response of the deviation of the actual value from the set point value,
      is proportional to the deviation or difference of the measured values, and
      the motor 24 for the adjustment of the regulating elements 25 during its
      constant period of adjustment will then open or close the regulating
      elements 25 to greater or lesser degree in proportion to the adjustment
      signal.
PAR  In another embodiment of the invention, the step controller 22 may vary
      also the period of adjustment or the interval between the periods of
      adjustment to thereby obtain a different degree of adjustment of the
      regulating elements 25 at constant revolutions of the motor 24 per unit of
      time.
PAR  Furthermore, the servomotor 24 for the regulating elements 25 can be
      operated manually by manual central means 30. Since the regulating
      elements 25 are adjusted by the servomotor 24 within a predetermined range
      only, under certain circumstances it may be also necessary to manually
      adjust the location of the range of adjustment when the admissible
      tolerances for the contents of O.sub.2, CO or H.sub.2 are exceeded. Such
      exceeding is possible to occur with greater variations of the condition or
      consistency of the substances to be burned.
PAR  Alternatively, a system as shown in FIGS. 1 to 4 can be employed for the
      arrangement of the regulating elements for the control of the intake air
      quantity for the burner.
PAR  According to FIG. 1, a fan 32 for the combustion air provides a certain
      excess of air, and such excess is vented over a conduit 42 and through a
      control valve serving as the regulating element 25. Then, amount of vented
      air may be adjusted by means of the above-mentioned regulating elements
      25, so that a very precise adjustment of the combustion air supplied over
      conduit 41 by controlling a relatively small quantity of air in the
      conduit 42.
PAR  As shown in FIG. 2, a feeding of excess air may be dispensed with if a
      small portion of the inert gas produced is fed via a conduit 36 into the
      input conduit 41 leading to the burner 10. The proportion of air in the
      mixture supplied to the burner 10 is varied while maintaining a constant
      throughput through the fan 32; thus, in this case too, the full quantity
      of the air supplied can be adjusted exactly with small increments of
      regulation or control in the conduit 36, such that it may be adapted to
      variations of the conditions or consistency of the components supplied.
PAR  In FIG. 3, a compressor 40 is positioned at the output side of the burner
      10 and of a cooling device 14. In this case, the combustion takes place at
      reduced pressure, and the combustion air is drawn in the form of a main
      flow in conduit 43 and a bypass flow through conduit 42. In this
      embodiment, the bypass flow which is a fraction of the main flow only, may
      be controlled in most easy manner, and according to FIG. 4, the intake air
      admitted by the bypass flow conduit 42 can be supplied in the form of
      compressed air, whereby in this case the quantity of the relatively small
      proportion of compressed air supplied may be easily controlled.
PAR  Naturally, in a further embodiment of the invention the stream of
      compressed air, as shown in FIG. 4, flowing inward through conduit 42 may
      be combined with a constant rate of flow through conduit 43 and a fan
      according to FIG. 1.
PAR  Now, it is the principle of the control according to the invention that the
      control signals are not applied continuously as would seem to be
      self-evident, but rather discontinuously with substantial intervals
      between the signals. For example, the signal may be applied during a
      period of 2 seconds with interval of 8 seconds.
PAR  It has been found to be of particular advantage if certain deviations or
      differences do not cause controlling operations to be performed, but that
      control signals are provided only when upper or lower limits are exceeded.
      For example, in the case of an average value of a gas proportion of 0.3%,
      the control limits may be at 0.35% as the maximum value and at 0.25% as
      the minimum value.
PAR  As is known per se, it is not only possible to produce a signal parallel to
      the signal production when the admissible values of proportion in the
      inert gas are exceeded; rather, a venting of the then produced inert gas
      may be initiated, too. However, such venting is only performed if the
      admissible values of proportion are present for a given period of time,
      e.g. of some minutes. This avoids a venting from occuring in the case of
      troubles lasting only a short time.
PAR  Obviously, the process and the apparatus according to the invention offer a
      solution to the problem of the inert gas production, which solution in the
      sum and in the combination of its advantages must be surprising to the
      expert.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of inert gas comprising supplying an air
      mixture to a combustion chamber, supplying a hydrocarbon fuel mixture to
      said combustion chamber, combusting said hydrocarbon fuel mixture with
      said air mixture to form certain gaseous products, cooling said gaseous
      products, measuring the quantity of a characteristic component of the
      inert gas in said gaseous products, and controlling said air mixture
      discontinuously at timed intervals with intervals therebetween of
      non-control in response to variations of the quantity of said
      characteristic component of inert gas exceeding predetermined limits by
      operating a regulator regulating a portion of the maximum quantity of air
      mixture fed to said combustion chamber.
NUM  2.
PAR  2. A process in accordance with claim 1 in which the step of controlling
      said air mixture comprises changing the quantity of air mixture supplied
      to the combustion chamber in proportion to the amount by which said
      variations in the quantity of said characteristic component in said inert
      gas exceed said predetermined limits.
NUM  3.
PAR  3. A process in accordance with claim 1 in which the step of controlling
      the air mixture comprises directing a portion of said gaseous products
      into the air mixture supplied to the combustion chamber in proportion to
      the amount by which said variations in the quantity of said characteristic
      component in said inert gas exceed said predetermined limits.
NUM  4.
PAR  4. A process in accordance with claim 1 in which the step of controlling
      the air mixture comprises varying the time period of response in
      proportion to the amount by which said variations in the quantity of said
      characteristic component in said inert gas exceed said predetermined
      limits.
NUM  5.
PAR  5. A process in accordance with claim 1 in which the step of controlling
      the air mixture comprises changing the degree of response over a fixed
      response interval in proportion to the amount by which said variations in
      the quantity of said characteristic component in said inert gas exceed
      said predetermined limits.
NUM  6.
PAR  6. A process in accordance with claim 1 in which the step of controlling
      said air mixture comprises the additional step of adjusting the quantity
      of air supplied in intervals in the range of 5 to 20 seconds.
NUM  7.
PAR  7. The process in accordance with claim 6 including the step of adjusting
      the quantity of air at two-second increments in the range of between 5 to
      20 seconds.
NUM  8.
PAR  8. The process according to claim 6 in which the step of controlling said
      air mixture includes the step of adjusting only when the magnitude of the
      variation of the measured quantity of said characteristic component in
      said inert gas deviates within predetermined limits of a predetermined
      value.
NUM  9.
PAR  9. The process according to claim 1 in which the step of supplying an air
      mixture to the combustion chamber comprises the steps of conveying and
      compressing air in excess of that required for combustion and in which the
      step of controlling said air mixture includes the step of venting excess
      air prior to combustion.
NUM  10.
PAR  10. A process in accordance with claim 1 in which the step of supplying an
      air mixture to a combustion chamber comprises the step of drawing air in a
      main flow and in a smaller bypass flow and in which the step of
      controlling said air mixture comprises the steps of controlling the intake
      of air of said bypass flow only.
NUM  11.
PAR  11. The process in accordance with claim 10 including the step of
      compressing the air in said bypass flow.
NUM  12.
PAR  12. An appartus for producing inert gas comprising a combustion chamber,
      means for supplying an air mixture to said combustion chamber, means for
      supplying a hydrocarbon fuel mixture to said combustion chamber, means for
      combusting said fuel and air mixture to create gaseous products which
      contain inert gases, means to cool said gaseous products, measuring means
      for continuously measuring said gaseous products to determine the amount
      of a characteristic component of the inert gases in said gaseous products,
      regulating means controlling a portion of said air mixture fed to said
      combustion chamber, and means to control said air mixture discontinuously
      at timed intervals with intervals therebetween of non-control in response
      to variations of the quantity of said characteristic component of inert
      gas exceeding predetermined limits by operating said regulating means.
NUM  13.
PAR  13. The apparatus of claim 12 in which said means to control said air
      mixture comprises a valve means flowably connected to said air supply
      means, means for opening said valve means to an extent proportional to the
      amount by which said variations of said quantity of said characteristic
      component in said inert gas exceed said predetermined limits and a timer
      means for activating said opening means for fixed adjustment periods at
      fixed time intervals.
NUM  14.
PAR  14. The apparatus of claim 12 in which the means to control said air
      mixture comprises a valve means fixable only in a fully open or fully
      closed position, an opening means for opening said valve means and a timer
      means for activating said opening means for variable time periods, said
      variable time periods being proportional to the amount by which said
      variations of said quantity of said characteristic component in said inert
      gas exceed said predetermined limits, said variable time period spaced
      apart by fixed time intervals.
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ABST
PAL  An electronic network for safe operation of an infrared flame flicker
      burner control system is disclosed. The network is placed across the
      infrared flame detector and modifies the detector's action in the event of
      a flameout so that a refractory shimmer effect is reduced to avoid falsely
      causing the burner control system to indicate the presence of flame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In fuel burner control systems that operate by monitoring the infrared
      radiation of a flickering flame, problems have arisen where the system is
      fooled by the infrared radiation of the hot refractory material in the
      furnace and a shimmering effect caused by the movement of air currents or
      unburnt fuel. The movement of unburnt fuel and/or air causes a shimmer or
      flickering to appear at the flame detector which simulates the presence of
      a flame and the system can thus fail in an unsafe manner.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the possibility of an unsafe set of
      circumstances occuring in a sudden loss of flame in a system monitored by
      an infrared flame flicker type system. An extensive investigation into the
      output voltage of an infrared photocell versus time during the start,
      pilot flame, main burner operation, and a flameout has disclosed that when
      a flameout occurs the infrared photocell voltage rises very sharply but
      can have the characteristics of a flickering caused by the combination of
      a hot refractory and the rising of air and/or unburnt fuel. Prior art
      devices have been used wherein a diode, resistor, and capacitor network is
      connected across the infrared photocell so that the capacitor will slowly
      discharge during normal operations and rapidly charge during a flameout to
      filter infrared flicker for a short time interval so that safe operation
      of the system can be accomplished. The prior art arrangements did not
      recognize the existence of various types of external interference such as
      radio frequency signals generated by other electrical equipment, ignition
      equipment, and local radio stations. This additional interference has
      caused the prior art safety networks to be less effective than desired.
      The present invention utilizes a unique combination of a particular type
      of diode, an additional resistor, and a radio frequency bypass capacitor
      in order to correct the shortcomings of the prior art devices.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a simple infrared photocell
      controlled flame flicker type system;
PAR  FIG. 2 is a voltage and time graph of a system such as disclosed in FIG. 1
      showing the voltage across the infrared photocell versus time;
PAR  FIG. 3 is a system similar to FIG. 1, but with the prior art safety network
      of a diode, resistor, and a capacitor added;
PAR  FIG. 4 is a voltage versus time graph of a system utilizing a safety
      network of FIG. 3, and;
PAR  FIG. 5 is a schematic representation of the improvement forming the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 discloses a prior art configuration of a very simple fuel burner
      control system utilizing an infrared photocell and a flame flicker
      amplifier. An infrared photocell 10 is disclosed and has a normally high
      resistance in the absence of flame or an infrared radiation. In the
      presence of a flame, the infrared radiation drives the resistance of the
      photocell to a relatively low value. The photocell 10 forms part of a
      voltage divider with resistor 11 from a voltage source 12. A flame flicker
      type of amplifier means 13 is generally disclosed and can also be
      energized from the same source of energy as the terminal 12. The infrared
      flame flicker amplifier 13 is a conventional type of flame flicker
      amplifier that responds to variations in voltage across conductors 14 and
      15, which are in turn connected across the photocell 10. The variations in
      voltage result as a variation in the resistance of photocell 10 as part of
      the previously described voltage divider network. A conventional burner,
      such as a gas burner or an oil burner, has a flame that has a distinct
      flicker with an amplitude that varies with the reciprocal of frequency
      (1/f). The infrared flame flicker amplifier 13 has a response that is
      particularly tuned to the flame flicker frequency and in a conventional
      case would be a band-pass type of amplifier commercially used for many
      years. The band-pass range would be in the flame flicker frequency range
      of 2 to 40 hertz and would be cut off quite sharply below the 60 cycle per
      second or 60 hertz frequency range normally used to energize such systems.
      This is a safety precaution to prevent 60 hertz interference from passing
      through the amplifier 13 and simulating a flame.
PAR  The output of the infrared amplifier 13 is by way of a pair of conductors
      16 and 17 to operate a flame relay 18. The flame relay 18 is part of a
      burner control system and in turn energizes some type of fuel supply means
      in a conventional fashion.
PAR  It has been found that when the type of system disclosed in FIG. 1 is used,
      it has a voltage versus time curve similar to that disclosed in FIG. 2.
      The voltage across the photocell 10 is a relatively high value at the
      start time 20, and then drops abruptly to 21 when the pilot flame in the
      burner is ignited. As soon as the main burner ignites, a further flame
      appears and the voltage across the photocell 10 drops to the voltage shown
      at 22. The voltage at 22 is not uniform but varies with the flame
      intensity and flame flicker, and has been disclosed as an irregular
      voltage in a relatively limited voltage range.
PAR  At a time 23 when the flame is either intentionally turned "off" or is
      accidently extinguished, the photocell 10 voltage rises very abruptly to
      24 and than more slowly rises at 25 with a flickering or shimmering effect
      as the photocell 10 senses the hot refractory surface of the burner. As
      time passes, the photocell voltage becomes relatively fixed at 26 with
      what is referred to as a cool refractory surface.
PAR  The type of system disclosed in FIGS. 1 and 2 is very functional in a
      theoretical sense, but in a practical application, problems have arisen
      that make the system unsafe. During the refractory cooling portion 25 of
      the curve, variations in the voltage of the photocell 10 can simulate
      flame by the unburnt fuel, air currents, and similar products of
      combustion that move through a hot burner. In the event of a flameout, the
      movement of fuel along with the air and the hot refractory can simulate
      flame and create an exceedingly unsafe condition. The simulated flame of
      the refractory shimmer 25 could create an explosive condition by the
      introduction of unburnt fuel to a hot burner area and the fuel could
      accidently be ignited with an explosive impact.
PAR  In FIG. 3, a first step in correcting the refractory holdin problem was
      taken and has been disclosed as prior art to the present invention. Once
      again the photocell 10 is provided with the voltage dropping resistor 11
      to a voltage source 12, along with conductors 14 and 15 to an infrared
      flame flicker amplifier means 13. Output conductors 16 and 17 control a
      flame relay 18. The system disclosed in FIG. 3 has been modified by the
      additional of a parallel combination of a diode 40 and a relatively high
      resistor 41, which parallel combination is in series with a capacitor 42.
      The network made up of the diode 40, resistor 41, and the capacitor 42
      theoretically provide a system which reduces response to a hot refractory
      holdin type of problem. When the system is energizes, the capacitor 42
      charges through the diode 40 to a relatively high voltage. The voltage on
      capacitor 42 rises to approximately the same level as the voltage across
      the photocell 10 before the system is put into operation. When the burner
      is ignited, the photocell voltage drops to a level corresponding to the
      voltage 22 of FIG. 2. The capacitor 42 now discharges slowly into the
      amplifier 13 and the photocell 10 through the relatively high resistor 41.
      The resistor 41 is a large resistor to insure that the capacitor 42 does
      not degrade the flame flicker signal. Eventually, the voltage across the
      capacitor 42 will approximate the averate voltage of the photocell 10. The
      capacitor 42 and the diode 40 now act as an adjustable voltage clipper.
      The voltage across capacitor 42 charges through the diode 40 whenever the
      voltage across photocell 10 exceeds the voltage on the capacitor 42 plus
      the drop across the diode 40.
PAR  As shown in FIG. 4, by a dashed line 28, the capacitor voltage follows the
      voltage across the photocell 10 down as the pilot and than main flame are
      ignited. The capacitor 42 acts like a voltage clipper on the peaks and
      basically follows an average type of response during the time when the
      main flame is burning. In FIG. 4, the capacitor 42 is effectively
      "switched" into the circuit whenever it charges. Whenever the capacitor 42
      discharges it is effectively "switched" out of the circuitry by the
      resistor 41 and the diode 40. The photocell 10 has voltage peaks that are
      sufficient in amplitude and frequency to keep the capacitor 42 "switched"
      out of the circuit most of the time. This is why the modification has
      little effect on the flame sensitivity during a normal burner operating
      cycle. When a flameout occurs, the photocell 10 has a voltage which
      abruptly rises at 29 of FIG. 4 to a new average value determined by
      temperature of the combustion chamber walls as viewed by the photocell 10.
      The capacitor 42 is now considered "switched" into the circuit through the
      diode 40 and any flame flicker signal will be filtered by the capacitor
      42. The effectiveness of this filtering is determined by the series
      impedance of the capacitor 42 and the diode 40 in combination. This
      impedance varies with the current through the diode 40. The diode 40
      current varies with the voltage difference between capacitor 42 and the
      photocell 10. While capacitor 42 charges, represented by voltage 29 of
      FIG. 4, any flame flicker will be filtered and the control acts as if the
      burner has lost its flame and thereby allows the flame relay 18 of FIG. 3
      to drop out turning "off" the burner in a proper manner. Once again, in
      theory, the system of FIGS. 3 and 4 would eliminate the infrared
      refractory holdin problem that has developed in actual burner
      installations. The system is quite effective in eliminating false flame
      indications from a shimmer caused by moving air currents or unburnt fuel
      between the photocell and the refractory walls. Unfortunately, a further
      type of interference was found to cause this type of system to still fail
      in an unsafe manner in many installations.
PAR  The improvement which overcomes these failures is disclosed in FIG. 5 and
      forms the basis of the present invention. Installations utilizing the
      circuit of FIG. 3 and having a voltage versus time curve similar to FIG. 4
      have falsely indicated the presence of flame in certain types of
      installations. It was found that this type of installation had picked up
      radio frequency interference from various sources such as ignition
      devices, other electrical equipment in the immediate vicinity, and even
      radio signals from local radio stations. The radio frequency signals would
      be picked up and rectified through the diode 40 of FIG. 3 to charge the
      capacitor 42 during times when the capacitor should not be charged thereby
      creating system failures. The addition of components to the network across
      the photocell, as disclosed in FIG. 5, have eliminated this problem. The
      system disclosed in FIG. 5 includes a safety network means 30 which
      includes a special diode 31, a series impedance 32, and a first capacitor
      33. A second capacitor 35 and a resistor 34 are connected in parallel and
      in turn are connected across the series combination of the diode 31 and
      the impedance 32. The impedance 32 has been shown in its simplest form as
      a resistor. The safety network means 30 is unique in that it provides for
      the rejection of false flame flicker signals caused by a refractory holdin
      problem, and also acts as a radio frequency rejection or compensation
      network.
PAR  The diode 31 requires an unusual characteristic in that it should be a
      diode which has a very low forward voltage drop and a very high resistance
      to reverse leakage. As a result of this, the diode 31 is a Schottkey
      barrier diode. In order to make the network insensitive to radio frequency
      signals which would be rectified by the high-quality diode 31, the
      impedance 32 has been added in series with the diode 31. The impedance or
      resistor 32 is approximately 2,000 ohms and is related to the resistance
      of photocell 10. Its resistance is low enough to provide a good response
      to the normal flameout signals, but is high enough in impedance to provide
      the rejection of radio frequency signals that would be rectified by the
      diode 31. The capacitor 33 is of the same magnitude as disclosed in the
      prior art device of FIG. 3, while the capacitor 35 is a radio frequency
      bypass capacitor to aid in the removal of any radio frequency signals from
      the system. Its capacitance must be kept low in order to avoid degrading
      the flame flicker sensitivity of the burner control system. The resistor
      34 is similar to the resistor 41 of FIG. 3.
PAR  The safety network means 30 is connected across the flame and ground
      terminals 36 and 37 of the photocell 10, which is again connected by
      conductors 14 and 15 to a flame flicker type of amplifier 13. The
      photocell 10 is also connected by the resistor 11 to a voltage terminal
      12, which supplies the voltage for the infrared flame flicker amplifier
      13. The output conductors 16 and 17 from the amplifier 13 provide the
      energization of the flame relay 18. The flame relay 18 is connected by
      conductors 38 to a fuel supply means 40 to complete a fuel flow control
      means used in a conventional fuel burner.
PAR  Actual field experience with the safety network means 30 has proven it to
      be effective against both radio frequency interference and false infrared
      flicker signals generated by the shimmer effect of fumes moving in a hot
      burner between the photocell 10 and the refractory surface of the burner.
      It is also been found that the components made up of diode 31, resistor
      32, capacitor 33, the capacitor 35, and the resistor 34 require mounting
      in close proximity to one another to cut down the pickup on the leads
      between the components so that radio frequency interference can be
      properly rejected.
PAR  At the time the prior art device disclosed in FIGS. 3 and 4 was produced,
      it was not obvious to the electronics engineers working on this problem
      that a radio frequency pickup problem would defeat the prior art safety
      networks. This was found only after considerable experimentation in the
      field. The normal solution to a radio frequency pickup of bypassing the
      radio frequency with a capacitor was not available in the present
      invention, as the required bypass capacitance was large and would in
      effect severely degrade the control system's flame sensitivity. An
      additional impedance 32 was added in series with diode 31 and capacitor 33
      that enabled radio frequency bypass capacitor 35 to have a small
      capacitance value. Series impedance 32 enabled the safety network means 30
      of FIG. 4 to be effective against radio frequency interference and false
      flame flicker signals while still retaining an acceptable level of control
      system flame flicker sensitivity. It can thus be seen that the radio
      frequency modification to the safety network means 30 was not readily
      available or obvious to anyone skilled in the burner control art, but came
      about after lengthly investigations and has now created a system that is
      reliable and safe for use in the burner control art.
PAR  In one successful embodiment of this invention, the value of the components
      of the safety network means 30 and the photocell 10 are as follows:
TBL   Photocell 10 -                                                           
                 dark resistance -                                             
                                600,000 ohms to                                
                                3 megohms                                      
                 light resistance -                                            
                                approximately                                  
                                100,000 ohms                                   
     Capacitor 33                                                              
                   47 microfarads                                              
                   Capacitor 35                                                
                    0.01 microfarads                                           
                   Resistor 32                                                 
                    2,000 ohms                                                 
                   Resistor 34                                                 
                    1 megohm                                                   
                   Diode 31                                                    
                    Hewlett-Packard 5082-6227                                  
                     or Motorola MBD502.                                       
PAR  The numerical values of the successful embodiment described above are of a
      preferred embodiment, but the inventor wishes to be limited, however, in
      the scope of the invention solely by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or right is
      claimed are defined as follows:
NUM  1.
PAR  1. In a fuel burner control system which utilizes flame flicker responsive
      sensor means to monitor the burning of fuel to thereby control fuel supply
      means, including; flame flicker responsive sensor means which varies in
      impedance with exposure to the radiation from a flame wherein said
      variations in impedance are rapid enough to follow the flicker radiation
      of said flame; flame flicker responsive amplifier means having input
      terminals including a voltage source and output terminals with said
      amplifier means responding to a range of flicker frequency normally found
      in the variations of radiation from said flame; said flame flicker
      responsive sensor means connected to said input terminals and fuel flow
      control means connected to said output terminals; safety network means
      connected in parallel with said sensor means; and said safety network
      means including a diode, impedance means, and a first capacitor connected
      in series circuit and further including a second capacitor and a resistor
      connected in parallel circuit with each other and in parallel with said
      diode and said impedance means; said safety network means altering the
      effect of said sensor means briefly upon the termination of flame to
      prevent said sensor means from inadvertently sensing a hot refractory
      surface in said fuel burner by said second capacitor charging from said
      voltage source at said input terminals.
NUM  2.
PAR  2. In a fuel burner control system as described in claim 1 wherein said
      impedance means is a resistor.
NUM  3.
PAR  3. In a fuel burner control system as described in claim 2 wherein said
      second capacitor is a low impedance to radio frequencies and a high
      impedance to flame flicker frequencies.
NUM  4.
PAR  4. In a fuel burner control system as described in claim 3 wherein said
      diode is a metal semiconductor diode.
NUM  5.
PAR  5. In a fuel burner control system as described in claim 4 wherein said
      diode is a Schottkey barrier diode.
NUM  6.
PAR  6. In a fuel burner control system as described in claim 5 wherein said
      flame flicker responsive amplifier means is a band pass type of amplifier
      with a band-pass range that coincides with the most predominate flicker
      frequency of a burning fuel being monitored by the control system.
NUM  7.
PAR  7. In a fuel burner control system as described in claim 6 wherein said
      fuel flow control means includes a relay to in turn control a fuel valve.
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ABST
PAL  An interrupted ignition system for a burner control circuit having a
      primary side which has as its primary function the application of a line
      voltage to a burner motor and a fuel igniter and a secondary side, which
      is responsive to a thermostat, and includes a light sensitive element for
      detecting a flame at the burner plus a current responsive element which in
      combination with a circuit breaking switch in the primary functions as a
      circuit breaker for disconnecting the igniter and motor from the line
      voltage under certain conditions. The igniter is controlled by a triac
      switch in the primary side which in turn is responsive to an optical
      coupler connected to the secondary side of the burner control circuit.
      When the thermostat contacts are closed, thereby indicating a call for
      heat, the optical coupler will cause the triac to switch on resulting in
      current flow through the igniter. With the detection of a flame by the
      flame cell, the optical coupler will be shut off resulting in the
      switching off of the triac and the discontinuation of current through the
      igniter, thus permitting a reduction in the overall electrical power
      consumption of the system. In the event the flame should be lost, the
      optical coupler will again switch on the igniter until either a flame is
      detected or the circuit breaker opens disconnecting the primary side is
      disconnected from the line voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of oil burner control and ignition
      systems and more particularly to an interrupted ignition system.
PAR  In prior art burner control systems, specifically represented by: Lenski
      U.S. Pat. No. 3,770,365; the application of Lenski entitled "Burner
      Control" Ser. No. 362,387 filed on May 21, 1973; the application of
      MacAskill entitled "Burner Control System With Primary Safety Switch"; and
      the application of MacAskill entitled "Burner Control System with
      Secondary Safety Switch", which are all assigned to the assignee of this
      application, an igniter is activated i.e. generates electrical sparks in
      order to ignite fuel oil, as long as power is being applied to a burner
      motor, that is used to supply the fuel.
PAR  Generally, once ignition has been achieved in a burner system, the fuel oil
      will continue to burn without the continued application of sparks from the
      igniter. With the increasing emphasis in reducing wasteful uses of power
      of all types, it has become apparent that the continued operation of the
      igniter after the fuel oil has been ignited provides a very significant
      use of electrical power that is by no means necessary. In addition, the
      sparks generated by the igniter in a burner control system have a tendency
      to produce other undesired effects such as generating electromagnetic
      radiation and electrical noise that can often interfere with the operation
      of various types of electronic devices including radios, televisions,
      controls for appliances and sensitive electronic instruments.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to provide a burner control
      system wherein the igniter is activated only during the absence of flame.
PAR  It is another object of the invention to provide a burner control system
      having a primary and a secondary side wherein the operation of the igniter
      is controlled by a thermostat and a flame detecting cell in the secondary
      of the circuit.
PAR  It is a further object of the invention to provide a burner control system
      with interrupted ignition wherein the igniter is controlled by a triac
      type device in the primary of the burner control system and the triac is
      in turn controlled by an optical coupler which responds to a thermostat
      and a flame detecting cell in the secondary side of the burner control
      circuit.
PAR  It is an additional object of the invention to provide a burner control
      system with interrupted ignition having a fail safe device that
      automatically disconnects the burner motor and igniter from the line
      voltage in the event that flame is not detected within a predetermined
      time or when flame has been lost and not re-established within a
      predetermined time or when the switching device that controls the
      application of the line voltage to the motor and igniter shorts out.
PAR  The burner control circuit is comprised of two major portions; a primary
      circuit connected to a line voltage which has as its basic function a
      application of a line voltage to the burner motor and an igniter, and a
      secondary circuit that is responsive to both a thermostat and a light
      sensitive element for detecting a flame in the burner. The primary circuit
      includes a triac switching device, responsive to signals from the
      secondary via a first optical coupler, for connecting the motor and
      igniter to line voltage. In addition, the primary circuit contains a
      circuit breaking switch that is responsive to a current sensitive element
      contained in the secondary circuit, for disconnecting the primary circuit
      from the line voltage a predetermined time after current has begun to flow
      through the current sensitive element. The primary also includes a light
      source for a second optical coupler. The igniter itself is further
      controlled by a second triac switch connected between the line voltage and
      the triac which controls the application of the line voltage to the motor
      and the igniter. A third optical coupler, with its light sensitive,
      resistive element connected to the gate of the second triac, serves to
      switch on the igniter in response to signals from the secondary circuit
      during a portion of the time the burner motor has been connected to the
      line voltage by the first triac.
PAR  The secondary circuit, in response to a signal from the thermostat
      representing a call for heat, turns on the light generating sources of the
      first and third optical couplers thereby having the effect of connecting
      the burner motor and igniter to the line voltage. The closing of the
      thermostat contact also closes a second switch, for example, an SCR, that
      permits current to flow through the current sensitive element until the
      flame detecting cell senses a flame at the burner thus causing the second
      switch to turn off and preventing the circuit breaker from opening and
      disconnecting the line voltage. However, if the flame is not detected
      within the predetermined time, the circuit breaker will disconnect the
      motor and igniter from the line voltage. Detection of a flame by the flame
      detection cell also serves to discontinue current flow through the third
      optical coupler resulting in the turning off of the igniter.
PAR  During normal operation, when the thermostat contacts open as a result of a
      termination of a call for heat, the first optical coupler will turn off
      the triac thus disconnecting the motor and igniter from the line voltage.
      In the event the flame should go out during a call for heat, the flame
      cell will cause current to again flow through the third optical coupler
      thus turning on the igniter and also cause the SCR to allow current to
      pass through the heating element of the circuit breaker. If a flame is not
      reestablished within the time it takes the circuit breaker to time out,
      the circuit breaker switch in the primary will disconnect the motor from
      the line voltage.
PAR  A fail safe capability is provided by the second optical coupler, which is
      responsive to the application of the line voltage across the motor along
      with having a light sensitive resistance in the secondary which cooperates
      with the flame detecting cell to turn on the SCR. In the event the triac
      which connects the motor to the line voltage should become shorted in a
      closed condition, thus preventing the motor from being shut off when there
      is no longer a call for heat, the combination of the thermostat opening
      with the reduced resistance in the light sensitive element in the second
      optical coupler will cause the SCR to close thereby permitting current to
      flow through the current responsive element of the circuit breaker. This
      will have the net effect of disconnecting the line voltage from the motor
      and igniter when the thermostat is open and the first triac has shorted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of the burner control circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preferred embodiment of the invention is illustrated in FIG. 1 and is
      composed of a burner control circuit having a primary circuit 10 and a
      secondary circuit 12. The primary circuit 10 is operatively coupled to the
      secondary circuit 12 by means of a transformer 14. The primary circuit 10
      is connected across a line voltage, typically 115-120 volts AC, by means
      of terminals 16 and 18. Associated with the primary circuit are a burner
      motor 20 and an igniter 22. The function of the motor 20 is to atomize the
      fuel oil and force it through or by the spark gap 24 of the igniter 22,
      thus causing the ignition of the fuel oil. Controlling the application of
      the line voltage across the motor 20 and igniter 22 is a switch 26 which,
      in the preferred embodiment, is a triac type device. The triac 26 responds
      to a reduced electrical resistance in a light sensitive element C1 that is
      connected by line 28 to the gate of the triac 26. Light sensitive element
      C1 forms a portion of an optical coupler L1-C1 having its light source L1
      located in the secondary circuit 12 and where the operative relationship
      is indicated by the dashed line 30. When a light is applied to the light
      sensitive element C1 from light source L1 of the optical coupler,
      electrical resistance of C1 is substantially reduced, thus allowing a
      voltage to be applied to the gate of triac 26. This will serve to switch
      on triac 26 resulting in the line voltage being applied across both the
      motor 20 and the igniter 22. In the preferred embodiment of the invention,
      triac 26 is controlled by the optical coupler L1-C1 but it is apparent
      that this essentially relay type function could be accomplished by a wide
      variety of relay elements including an electromechanical relay.
PAR  In addition to the triac 26, the primary 10 contains a circuit breaking
      switch 32 which in turn is controlled by a heat or current sensitive
      element 34 in the secondary 12. This control relationship is indicated by
      the dashed line 36. The combination of the current sensitive element 34
      and the switch 32 is equivalent to, and can be implemented by a wide
      variety of commercially available circuit breakers. As is typical of
      current sensitive circuit breakers, when current flows through the current
      or heat sensitive element 34, it will gradually heat the element until it
      reaches a predetermined temperature whereupon it will cause switch 32 to
      open. A second optical coupler, L2-C2, forms another portion of the burner
      control circuit and performs essentially a relay type function. The light
      generating element L2 is connected in parallel with the motor 20 and
      igniter 22 as well as being in series with the triac 26. In the preferred
      embodiment of the invention the light source L2 is a neon lamp that
      generates light whenever triac 26 is turned on and the line voltage is
      applied to the primary 10. Light sensitive element C2 forms a portion of
      the secondary 12 and its operative relationship with L2 is indicated by
      the dashed line 40. The primary 10 also includes the resistor 42 and the
      capacitor 44 which are connected in parallel with the triac 26 forming a
      "snubber circuit" in order to suppress the stress in the triac 26 caused
      by inductive loads.
PAR  Application of the line voltage to the igniter in the preferred embodiment
      is further controlled by means of a second triac 31 and the light
      sensitive resistance C3 of an optical coupler L3-C3. When the first triac
      26 is turned on, the line voltage is applied to both the second triac 31
      and light sensitive resistance C3. As light is generated by L3, the
      resistance in C3 is lowered thus permitting the line voltage to be applied
      to the gate of the triac 31 resulting in the switching on of triac 31.
      This relay function can, of course, be accomplished by a wide variety of
      mechanical or electromechanical relay systems.
PAR  The secondary of the transformer 14 provides the secondary side 12 of the
      circuit with, in the preferred embodiment, approximately 12 volts AC.
      Responding to a call for heat, the contacts of the thermostat 50 close,
      thereby serving to energize the secondary circuit 12 of the circuit. Prior
      to the closing of the thermostat contacts 50, current will not be able to
      flow through a resistor 52 and light sensitive element C2 due to the fact
      that resistance of C2 will be very high. At this point, it will be
      remembered, that triac 26 will be in a non-current conducting state and
      light source L2 will be off.
PAR  Upon the closing of the thermostat contacts 50, current will flow through
      resistor 54, through light emitting diode 56 and resistor 58. This current
      flow will serve to apply a voltage to the gate of an electronic switch 60
      which, in the preferred embodiment, is a silicon controlled rectifier or
      SCR. This voltage applied to the gate of SCR 60 will be sufficiently
      positive to turn it on thus allowing current to flow through current
      sensitive element 34 of the circuit breaker. In addition, the voltage drop
      across LED 56 and the resistor 58 applied to the gate of SCR 60, will be
      sufficient to turn on SCR 61 and permit current to flow through L3.
PAR  Also included in the secondary side is a flame sensitive element 62, which
      is preferably a light sensitive cadmium photo resistive cell located
      adjacent to the burner (not shown) so that the cell 62 is responsive to
      the presence or absence of a flame at the burner. Flame cell 62 is shown
      with dashed lines because it is normally not included in the same physical
      package as the rest of the circuit. Normally flame cell 62 will have a
      very high resistance until a flame is present in the burner whereupon its
      electrical resistance will drop to a very low value. When this occurs, an
      alternate current path is opened so that the positive voltage previously
      applied to the gate of the SCR 60 will be, in effect, removed, thus
      turning off SCR 60. By the same token, SCR 61 will be turned off when the
      flame cell 61 detects a flame, resulting in the igniter 22 being shut off
      and thereby conserving a significant amount of electrical power.
PAR  The secondary 12 further includes a diode 64 and a capacitor 66 that
      cooperate, when the thermostat contacts 50 are closed, to establish a
      negative DC potential across lines 63 and 65. The cathode of an
      asymmetrical switching diode 70 is connected to a voltage divider composed
      of resistors 72 and 74. During normal operation, just after the thermostat
      contacts are closed but before a flame is detected by the flame cell 62,
      SCR 60 will permit current to flow through current sensitive element 34
      and through resistors 76, 78, and 80. A portion of the positive voltage
      developed across the current sensitive element 34 is applied to the
      asymmetrical switching diode 70 through resistor 76 and the adjustable
      resistance 78. This positive voltage will cause diode 70 to break over and
      latch in a current conducting state thus serving to turn on transistor 68.
      The capacitor 81 prevents the asymmetrical switch 70 from being triggered
      by electrical noise or transient signals in the circuit. When transistor
      68 is in a current conducting state, current flows from transistor 68 to
      resistor 82 and through the light generating element L1 resulting in the
      application of the line voltage to the motor 20 and the igniter 22. If for
      some reason a flame is not present or detected by the flame cell 62 within
      a predetermined amount of time, the current sensitive element 34, as
      previously explained, causes the circuit breaking switch 32 to open, thus
      disconnecting the motor 20 and igniter 22 from the line voltage.
PAR  An additional safety feature is provided to compensate for a short in the
      flame detecting cadmium cell 62. Resistors 84 and 86 form a voltage
      divider that is effective to apply the negative voltage from line 63
      through the shorted flame detector cell 62 to the gate of the SCR 60
      thereby preventing the activation of the system. The diode 64 and
      capacitor 66 produce approximately a negative 12 volts at line 63. In
      addition, a resistor 88 is placed in circuit between the flame detecting
      cell 62 and SCR 60 in order to prevent excessive current from being
      applied to the gate of the SCR 60 in the event of a short across the flame
      detecting cell 62. Another resistor 90 is placed in the circuit between
      line 65 and the thermostat 50 in order to provide for sufficient current
      flow through the thermostat ensure proper operation of the thermostat's
      anticipator circuitry.
PAR  Another very important feature of the burner control circuit of FIG. 1 is
      the fail safe capability that is implemented with the aid of the optical
      coupler L2-C2. This fail safe capability is most useful in the event that
      triac 26 shorts in a current conducting state thereby preventing the motor
      20 or igniter 22 from turning off when the thermostat contacts 50 are
      opened. In the event this condition should occur, there will be enough
      current flowing through the neon lamp L2 to have the effect of lowering
      the resistance in the light sensitive element C2. With the opening of the
      thermostat contact 50 and the low resistance in C2, a sufficiently
      positive voltage will be applied to the gate of SCR 60 to turn it on. This
      will result in the current sensitive element 34 eventually timing out and
      opening the circuit breaking switch 32 thus preventing damage to the
      burner system as a whole. Another particularly useful aspect of this
      arrangement concerns the fact that it is possible to utilize the burner
      control system even when the triac 26 is in a permanently shorted
      condition. For example, if parts or properly qualified service personnel
      are not available, it is possible for the owner to utilize his burner
      control system in a manual fashion simply by resetting the circuit breaker
      whenever the temperature drops below the desired level. Resetting the
      circuit breaker when the thermostat contacts 50 are closed will cause the
      burner and motor to operate in a normal manner until the thermostat
      contacts open indicating that the desired temperature has been reached.
CLMS
STM  I claim:
NUM  1.
PAR  1. A burner control system having a burner motor, an igniter, a flame
      detecting means, and a thermostat, with an interrupted ignition capability
      comprising:
PA1  a primary circuit including a first triac for connecting the burner motor
      and igniter to a line voltage and a second triac for disconnecting the
      igniter from the line voltage;
PA1  a secondary circuit responsive to the thermostat and the flame detecting
      means; and
PA1  an optical coupler having its light generating source operatively connected
      to said secondary circuit and its light sensitive resistance connected to
      the gate of said second triac, effective to interrupt ignition in the
      presence of a burner flame.
NUM  2.
PAR  2. The system of claim 1 wherein said second circuit additionally includes:
      an electronic switch operatively connected between said light source and a
      voltage source in said secondary circuit; and a circuit operatively
      connected to the gate of said electronic switch and responsive to the
      thermostat and said flame detecting means for activating said light source
      in response to a call for heat and the absence of a flame at the burner.
NUM  3.
PAR  3. The system of claim 2 wherein said electronic switch is a silicon
      controlled rectifier.
NUM  4.
PAR  4. The system of claim 1 additionally including:
PA1  circuit breaker means for disconnecting the burner motor and igniter from
      the line voltage wherein said circuit breaker means includes a current
      sensitive element in said secondary circuit; and
PA1  a fail safe means for activating said circuit breaker means in the event
      said first switch should fail.
NUM  5.
PAR  5. The system of claim 4 wherein:
PA1  said circuit breaker means includes a circuit breaker  switch in said
      primary circuit responsive to said current sensitive element;
PA1  a second optical  coupler with its light sensitive resistive element
      operatively connected to the gate of said first triac, and its light
      source operatively connected to said secondary circuit and responsive to
      said thermostat and said flame detecting means; and
PA1  said fail safe means includes a third optical coupler having its light
      generating source responsive to the application of the line voltage across
      the motor and an electronic switch in said secondary circuit, responsive
      to said third optical coupler, effective to permit current to flow through
      said current sensitive element of said circuit breaker.
NUM  6.
PAR  6. In a burner control system having: a primary circuit including a switch
      for connecting a burner motor and an igniter to a source of line voltage
      and a secondary circuit having a thermostat and a flame detecting means, a
      circuit for disconnecting the igniter comprising:
PA1  switch means, in said primary circuit, for disconnecting the igniter from
      the line voltage;
PA1  an optical coupler operatively connected to said switch means and to a
      voltage source in the secondary circuit;
PA1  a second switch means, in the secondary circuit and responsive to the
      thermostat and the flame detecting means, for admitting current from said
      voltage source to the light generating element of said optical coupler in
      response to a call for heat and an absence of flame.
NUM  7.
PAR  7. The system of claim 6 wherein said switch means is a triac having its
      gate operatively connected to the light sensitive resistance of said
      optical coupler.
NUM  8.
PAR  8. The system of claim 7 wherein said second switch means is a silicon
      controlled rectifier having its gate connected in circuit with the
      thermostat and the flame detecting means and effective to turn on said
      silicon controlled rectifier when the thermostat contacts are closed and a
      flame is not detected at the burner thereby permitting current to flow
      through the light source of said optical coupler switching on said triac
      in order to activate the igniter.
NUM  9.
PAR  9. A burner control circuit comprising:
PA1  a primary circuit, operatively connected to a line voltage, including: a
      burner motor; an igniter; a first triac for connecting said motor and said
      igniter to said line voltage; a second triac for disconnecting said
      igniter from said line voltage; and a circuit breaker switch for
      disconnecting said primary circuit from said line voltage;
PA1  a secondary circuit, operatively connected to a thermostat, including: a
      current sensitive element operatively connected to said circuit breaking
      switch; a first silicon controlled rectifier operatively connected to said
      current sensitive element; a flame detecting cell operatively connected to
      the gate of said first silicon controlled rectifier; a source of direct
      current connected to said flame detecting cell; and a second silicon
      controlled rectifier operatively connected to said source of direct
      current and having its gate operatively connected to said flame detecting
      cell;
PA1  a transformer operatively connected to said primary and said secondary
      circuits;
PA1  a first optical coupler operatively connected between said first triac and
      said secondary circuit;
PA1  a second optical coupler operatively connected between said primary circuit
      and the gate of said first silicon controlled rectifier; and
PA1  a third optical coupler operatively connected between said second silicon
      controlled rectifier and said second triac.
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ABST
PAL  A control arrangement for igniting gaseous fuel supplied to a main burner
      of a fuel ignition system includes a spark producing circuit to ignite the
      gaseous fuel for establishing a flame at the main burner, a flame sensing
      circuit for detecting the presence and absence of the flame, and a
      switching circuit responsive to the flame sensing circuit detecting the
      presence of the flame for maintaining a control circuit enabled to hold
      the valve operated and for de-activating the spark producing circuit when
      the flame becomes established. In the event of a flame-out condition, the
      flame sensing circuit enables the switching circuit to activate the spark
      producing circuit to attempt to re-establish the flame. A timing circuit
      responds to the flame sensing circuit detecting the absence of the flame
      for maintaining the control circuit enabled for a predetermined time and
      for causing the control circuit to be disabled to turn off the valve and
      interrupt the flow of fuel to the main burner whenever the flame fails to
      be re-established within the predetermined time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a fuel ignition control arrangement, and
      more particularly relates to an automatic fuel ignition system
      automatically providing ignition and reignition of a gaseous fuel.
PAR  2. Description of the Prior Art
PAR  Control arrangements for fuel systems have been employed to control
      selectively the burner apparatus of the systems. For example, as disclosed
      in United States patent application Ser. No. 422,692, filed Dec. 7, 1973,
      entitled FUEL IGNITION CONTROL ARRANGEMENT, a fail-safe timing circuit is
      employed in a fuel ignition system to enable the main burner apparatus of
      a heating system to be activated tentatively by opening a valve to permit
      the flow of gaseous fuel under pressure so that the fuel could be ignited.
      The fail-safe timing circuit de-activates the valve and the ignition
      circuit after a predetermined time-out interval in the event that the
      flame is not established to prevent undesirable and unwanted escaping of
      unburned gas from the main burner apparatus. While such a fail-safe timing
      circuit is reliable and efficient in operation, it would be highly
      desirable to have such a timing circuit control arrangement and also the
      ability to shut off the flow of fuel in the event that the flame becomes
      extinguished inadvertently as a result for example, of being blown out or
      for any other reason. Moreover, such a control arrangement should also
      attempt to re-establish the flame before interrupting the flow of fuel
      following a flame-out condition. All of these capabilities of the control
      arrangement should be embodied in a highly reliable and efficient circuit
      arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is the principal object of the present invention to provide a
      new and improved fuel ignition control arrangement, which in the event of
      a flame-out automatically attempts reignition of the fuel before
      interrupting the flow of fuel to burner apparatus.
PAR  The present invention provides a new and improved igniter circuit and a
      control arrangement including the igniter circuit for use in an automatic
      fuel ignition system which includes a valve for controlling the flow of a
      gaseous fuel to a burner apparatus for ignition by sparks produced by the
      igniter circuit.
PAR  The igniter circuit includes a spark producing means, a flame sensing
      means, and a switching means. The spark producing means is enabled by the
      switching means to generate ignition sparks in the proximity of the burner
      for igniting gaseous fuel supplied to the burner. The flame sensing means
      is operable whenever a flame is established at the burner to disable the
      switching means for deactivating the spark producing means. In the event
      of a flame outage, the flame sensing means reenables the switching means
      to activate the spark producing means to attempt reignition of the fuel.
PAR  The control arrangement provided by the present invention includes the
      igniter circuit and a control means which controls the operation of the
      valve for supplying fuel to the burner. When a flame is established, the
      flame sensing means maintains the control means enabled so that fuel
      continues to be supplied to the burner as long as the flame is present.
      Should the flame become extinguished, the valve is maintained operated for
      a predetermined time interval while reignition is attempted. To this end,
      a timing means responsive to the flame sensing means detecting the absence
      of the flame, maintains the control means enabled for a predetermined time
      interval after the flame is extinguished. If the flame fails to be
      reestablished within such time interval the control means is then
      disabled, deactivating the valve to interrupt the flow of fuel to the
      burner.
PAR  Thus, in the control arrangement of the present invention, the flame
      sensing means controls both the activation of the spark producing means
      and the operation of the fuel supply valve. In the event of flame outage,
      the control arrangement automatically attempts reignition of the fuel
      before interrupting the flow of fuel to the burner.
PAR  In accordance with one embodiment, the control arrangement is energized by
      a 120 volt AC voltage to permit the igniter circuit to produce a high
      magnitude spark. In a further embodiment, the control arrangement includes
      an inverter circuit energized from a DC source to produce a 120 volt AC
      voltage to the igniter circuit. In this embodiment, there is provided a
      protection arrangement which prevents the valve from being held open in
      the event of a malfunction in the control means which controls the
      operation of the valve.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a control arrangement for a fuel ignition
      system in accordance with the present invention; and
PAR  FIG. 2 is a schematic diagram of another control arrangement for a fuel
      ignition system in accordance with the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof,
      there is shown a control arrangement 10 provided in accordance with the
      present invention. The control arrangement 10, which may be employed in a
      fuel ignition system (not shown), includes a pair of input terminals 11
      and 12 connected to a pair of terminals 14 and 16, respectively, which are
      in turn connected to a source (not shown) of 120 volts AC power. The input
      terminal 11 is connected through a thermostatically-controlled
      normally-open switch THS and the terminal 14. The terminal 12 is connected
      directly to the terminal 16.
PAR  A control valve 18 supplies gaseous fuel under pressure to a main burner
      apparatus 55 of the fuel ignition system. The control valve 18 has an
      operating winding 18' connected beetween the terminals 11 and 12 through a
      pair of normally-open contacts 19 of a relay 21. With the arrangement 10
      of the present invention, the main gas valve 18 is operated for a short
      period of time of, for example, five to fifteen seconds, as defined by a
      predetermined start-up time delay interval for the purpose of establishing
      a flame as hereinafter described in greater detail. If a flame is not
      established within the predetermined start-up time delay interval, the
      main burner valve 18 is de-activated. Such a direct ignition heating
      system requires that any type of component failure that may occur must be
      fail safe, that is, the gas supply and ignition circuit must be shut off.
PAR  The control arrangement 10 further includes a control circuit 23 having an
      igniter circuit indicated generally at 24 and a control circuit 32. The
      igniter circuit 24 includes a spark producing circuit 25 for generating
      sparks across the gap of a pair of spaced-apart electrodes 27 and 29 to
      ignite gaseous fuel supplied to the main burner 55, when the main burner
      valve 18 is operated. The igniter circuit 24 further includes a switching
      circuit 26 which controls the enabling of the spark producing circuit 25
      and a flame sensing circuit 28 which detects the presence and absence of
      the flame and control the enabling of the switching circuit 26.
PAR  The control circuit 32, which includes a pair of redundantly connected
      parallel capacitors 34 and 36, a capacitor 38, a programmable unijunction
      transistor 40 and a silicon controlled rectifier 42, is enabled in
      response to operation of the thermostatically-controlled switch THS to
      cause silicon controlled rectifier 42 to conduct for the purpose of
      operating the relay 21. When relay 21 is operated, contacts 19 are closed
      effecting energization of winding 18' to operate valve 18 for supplying
      fuel to the burner 55 for ignition by sparks produced by the spark
      producing circuit 25. If a flame fails to be established within a
      predetermined time, transistor 40 becomes cut off, causing the silicon
      controlled rectifier 42 to de-energize the relay 21 deactivating valve 18
      thereby interrupting the flow of fuel to the main burner 55.
PAR  In order to cause the spark producing circuit 25 to initiate the production
      of its sparks, a transistor 44 of the switching circuit 26 is rendered
      conductive in response to the conduction of the silicon controlled
      rectifier 42 to cause in turn the conduction of a silicon controlled
      rectifier 46 of the spark producing circuit 25 for turning it on via
      normally conducting field effect transistor 48 of the switching circuit
      26.
PAR  A sensing probe 53 of the flame sensing circuit 28 is disposed in close
      proximity with the main burner 55 for sensing the main burner flame 57 to
      cause the transistor 48 to be rendered non-conductive for turning off the
      spark producing circuit 25 when the flame 57 is established. In accordance
      with the present invention, the flame sensing probe 53 also maintains the
      charge on the capacitors 34 and 36 of the valve control circuit 32 to
      cause the silicon-controlled rectifier 42 to remain conductive when the
      flame is established to thereby maintain the valve 18 operated.
PAR  If the flame 57 should be extinguished inadvertently, the flame sensing
      circuit 28 causes the transistor 48 to turn on the spark producing circuit
      25 before the gaseous flow is interrupted to attempt reignition of the
      main burner flame. A timing circuit 72 including diode 69, resistors 71
      and 86, and capacitor 73 maintains the silicon controlled rectifier 42
      conductive which in turn holds relay 21 operated for a predetermined time
      interval after loss of flame. If the flame fails to be reestablished
      within the time interval, the silicon controlled rectifier 42 is rendered
      non-conductive interrupting the flow of gaseous fuel by turning off the
      valve 18.
PAR  Considering now the control arrangement 10 in greater detail with reference
      to FIG. 1 of the drawings, the transformer 59, over which the 120 AC
      voltage is supplied to the control arrangement, has an input winding 61
      connected across the terminals 11 and 12 and has an output winding 63
      connected across a pair of terminals 65 and 67 to the control circuit 23.
      A suitably-poled diode 69 connects the terminal 65 through a
      series-connected resistor 71 and a timing capacitor 73 of the timing
      circuit 72 to a point 75, which is grounded at point 51 and which is
      connected to the upper ends of parallel capacitors 34 and 36, the lower
      ends of which are connected to the terminal 67. The resistor 77 connects
      the point 75 to the gate of the PUT transistor 40 for control purposes.
      The anode of the PUT transistor 40 is connected over resistors 80 and 79
      to terminal 65. The capacitor 38 is connected between the anode of the
      transistor 40 and the terminal 67. A suitably-poled diode 82, connected in
      parallel with the capacitor 38, prevents the discharge of capacitor 38
      during the half cycle of the applied voltage when the terminal 67 is
      positive relative to terminal 65. A resistor 84 is connected between the
      gate of the transistor 40 and the terminal 67 for biasing purposes.
      Resistor 86, of the timing circuit 72 is connected between the terminal 67
      and a point 88 between the diode 69 and the resistor 71 to provide a
      discharge path for the capacitor 73.
PAR  Considering now the relay 21 in greater detail, relay 21 is connected
      between a current limiting resistor 79 and the anode of silicon controlled
      rectifier 42. Relay 21 has normally-open contacts 19 connected between the
      winding 18' of the main valve 18 and terminal 11. A capacitor 91 is
      connected in parallel with the relay 21 to make it slow-to-release so that
      when the silicon controlled rectifier 42 is alternatively rendered
      conductive and non-conductive at a high rate of speed relative to the
      slow-to-release delay time of the relay 21 produced by its capacitor 91,
      the relay 21 remains operated. The cathode of the silicon controlled
      rectifier 42 is connected to the terminal 67 and the gate of silicon
      controlled rectifier 42 is connected to the cathode of the PUT transistor
      40. A pair of redundant parallel-connected resistors 93 and 95 are each
      connected between the gate of the silicon controlled rectifier 42 and
      terminal 67 for biasing purposes. It should be understood that the
      resistors 93 and 95 are provided for safety purposes so that should one of
      them become inadvertently open-circuited, the other one continues to
      maintain a biasing potential for the silicon controlled rectifier 42.
      Similarly, the capacitors 34 and 36 are provided in duplicate for safety
      purposes.
PAR  Considering now the spark-producing circuit 25 in greater detail, a
      transformer 93 has its primary winding 95 connected in series with a
      capacitor 97 across the cathode-anode circuit of the silicon controlled
      rectifier 46.
PAR  A charging path for capacitor 97 is provided from terminal 67 over resistor
      103, a suitably-poled blocking diode 101, capacitor 97, the input winding
      95 of the transformer 93, a resistor 105 to terminal 65.
PAR  The silicon controlled rectifier 46 is rendered conductive and
      non-conductive alternately during successive half cycles of the applied
      current, to permit capacitor 97 to discharge over winding 95 to thereby
      provide high voltage pulses in a secondary winding 99 of transformer 93.
      One of the ignition electrodes 29 is connected to one end 98 of the
      secondary winding 99 and the other ignition electrode 27 is connected to
      the other end 100 of the winding 99. The end 100 of the winding 99 is also
      connected to ground potential at point 51. The electrodes 27 and 29 are
      positioned adjacent the burner 55 and are spaced apart providing a gap
      therebetween. Accordingly, each voltage pulse induced in the secondary
      winding 99 is applied to the electrodes 27 and 29 producing an ignition
      spark in the proximity of the burner 55.
PAR  A biasing resistor 107 is connected between the cathode of silicon
      controlled rectifier 46 and terminal 67. A biasing resistor 109 is
      connected between the gate and the cathode of silicon controlled rectifier
      46.
PAR  The operation of the silicon controlled rectifier 46 and thus the operation
      of the spark producing circuit 25 is controlled by the switching circuit
      26 including field effect transistor 48 and transistor 44. The gate of the
      silicon controlled rectifier 46 is connected directly to the drain of the
      field effect transistor 48, which drain is also connected through the
      biasing resistor 109 to the cathode of the silicon controlled rectifier
      46. The source of the field effect transistor 48 is connected to the
      collector of the transistor 44, which has its emmiter connected to the
      terminal 65.
PAR  As indicated above, transistor 44 which is normally non-conducting is
      rendered conductive in response to the enabling of silicon controlled
      rectifier 42. A resistor 114 connects a point 116 between the relay 21 and
      the silicon controlled rectifier 42 to the base of the transistor 44 for
      controlling its operation so that when silicon controlled rectifier 42 is
      conducting, the potential at point 116 causes transistor 44 to conduct.
PAR  When transistor 44 conducts, a path is completed from terminal 65 over the
      emitter-collector circuit of transistor 44, through the source and drain
      of transistor 48 to the gate of silicon controlled rectifier 46, through
      resistor 107, establishing a turnon voltage for silicon controlled
      rectifier 46.
PAR  The switching circuit 26 is in turn controlled by the flame sensing circuit
      28 which effects turnoff of the spark producing circuit upon detection of
      the presence of the main burner flame 57. The flame sensing circuit 28
      includes a resistor 118 connected between the sensing electrode 53 at
      point 117 and the terminal 65 at point 119. A capacitor 122 is connected
      between the electrode 53 and the terminal 65.
PAR  When the flame is established, flame rectified current flow is provided
      over a path from terminal 65 over resistor 118, the sensing electrode 53,
      the flame to the burner 55 which is connected to ground at point 51. When
      the flame is established, a voltage provided across resistor 118 is
      extended through a resistor 120 to the gate of the field effect transistor
      48 causing the transistor 48 to pinch off whereby the path for supplying
      the gate voltage to the silicon controlled rectifier 46 is removed and
      silicon controlled rectifier 46 becomes non-conductive. Accordingly, the
      spark producing circuit 25 is de-energized to prevent further sparks from
      being established between the electrodes 27 and 29.
PAR  In accordance with the present invention, the flame-sensing circuit 28 not
      only effects shut off of the spark-producing circuit 25 when the flame 57
      is established, but the flame-sensing probe 55 also employs the potential
      at point 119 established by the rectified flame current to maintain the
      voltage across the capacitor 34 and 36. Accordingly, transistor 40 is
      maintained conductive such that silicon controlled rectifier 42 and thus
      the relay 21 remain operative. Thus, the main gas valve 18 remains
      operated and fuel continues to be supplied to the main burner apparatus 55
      as long as the flame 57 is present.
PAC  OPERATION
PAR  Assume now that before the power is applied to the terminals 14 and 16 of
      the control arrangement 10, there is no secondary voltage across the
      winding 63 and that the relay 21 is not operated. When power is applied to
      the primary winding 61 of the transformer 59, an AC voltage is developed
      across the secondary winding 63 of the transformer 59. When the terminal
      67 becomes positive relative to terminal 65 during a first half cycle of
      the applied AC voltage, the capacitor 97 of the spark producing circuit 25
      charges from the terminal 67 through resistor 103, the diode 101 to the
      capacitor 97 and from there through the resistor 105 back to the other
      terminal 65. The charge remains on the capacitor 97 when the terminal 65
      becomes positive relative to terminal 67 due to the blocking diode 101.
PAR  When the terminal 65 becomes positive during a second half cycle of the AC
      voltage across the secondary winding 63, the parallel capacitors 34 and 36
      quickly become charged from the terminal 65 through the diode 69, the
      resistor 71 to the capacitors 34 and 36 via the capacitor 73. Resistor 86
      serves as a discharge path for the capacitor 73 to reset the arrangement
      after normal operation thereof. The voltage across the capacitors 34 and
      36, which are connected over the resistor 77 to the gate of the
      programmable unijunction resistor 40, establishes a gate potential
      therefor as is more fully described in the above-cited co-pending patent
      application.
PAR  During the same positive half cycle for charging the capacitors 34 and 36,
      the capacitor 38 is charged over a path extending from the terminal 65,
      the resistor 79, the resistor 80, the capacitor 38 and from there to the
      terminal 67 for the purpose of establishing a potential at the anode of
      the transistor 40. The diode 82 prevents the capacitor 38 from discharging
      during the half cycle when the terminal 67 becomes positive. The
      resistance-capacitance delay of the resistor 80 and the capacitor 38 is
      selected such that some time before the peak of the AC line voltage during
      the positive cycle at the terminal 65, the anode-to-gate potential of the
      transistor 40 exceeds approximately +0.6 volts so that the transistor 40
      conducts and thus permits the capacitor 38 to discharge. This
      resistance-capacitance delay also allows the capacitor 38 to charge to a
      voltage sufficient to effect the generation of a voltage pulse across the
      parallel resistors 93 and 95 so that the silicon controlled rectifier 42
      becomes conductive.
PAR  When the silicon controlled rectifier 42 is rendered conductive, an
      energizing path is completed between the terminal 65, and the relay 21 and
      the silicon controlled rectifier 42 through its anode and cathode path to
      the terminal 67, whereby the relay 21 operates to close its contacts 19
      for the purpose of energizing winding 18' to operate valve 18, enabling
      gaseous fuel under pressure to flow to the main burner 55. When the
      silicon controlled rectifier 42 becomes conductive and voltage across the
      resistor 114 is applied to the base of the transistor 44, the transistor
      44 is rendered conductive to complete a path from the terminal 65 through
      the emitter and collector of the transistor 44, through the source and
      drain of the field effect transistor 48 to the gate of the silicon
      controlled rectifier 46, to the cathode of silicon controlled rectifier 46
      and through resistor 107 to terminal 67, establishing a positive voltage
      between the gate and cathode of the silicon controlled rectifier 46. This
      positive gate voltage causes silicon controlled rectifier 46 to become
      conductive and permit capacitor 97 of the spark producing circuit 25 to
      discharge through the input winding 95 of the high voltage pulse
      transformer 93, inducing a high voltage pulse in the secondary winding 99,
      which voltage is applied to the ignition electrodes 27 and 29, producing a
      spark between the electrodes 27 and 29 to ignite the gas flowing from the
      main burner 55.
PAR  The foregoing operational description relative to establishing a flame
      indicates the operation of the control circuit 23 for a given cycle of the
      applied AC voltage. It should be noted that if the main burner gas is not
      ignited, transistor 40 is rendered conductive during alternate half cycles
      of the applied AC voltage under the control of capacitors 34, 36 and 38
      providing pulses for gating silicon controlled rectifier 42 into
      conduction to maintain relay 21 operated. As indicated above, once
      operated, relay 21 is maintained operated by capacitor 91 during the half
      cycles in which silicon controlled rectifier 42 is non-conductive.
PAR  The pulsing of transistor 40 continues until a flame is established or
      until capacitor 73 becomes fully charged. While capacitors 34 and 36 are
      being charged over capacitor 73 and discharged during alternate half
      cycles, the charging and discharge rate of capacitor 73 is such that
      capacitor 73 eventually becomes fully charged. After the ignition time
      interval defined by the charging time of capacitor 73, capacitors 34 and
      36 are prevented from charging, and accordingly, transistor 40 and silicon
      controlled rectifier 42 do not conduct. Under such conditions, relay 21
      releases, after the time delay provided by capacitor 91, de-energizing the
      valve 18.
PAR  While silicon controlled rectifier 42 is being gated to conduction by
      transistor 40, transistor 44 of the switching circuit 26 is also rendered
      alternately conductive and non-conductive in accordance with the potential
      at point 116 to extend an enabling signal to the gate of silicon
      controlled rectifier 46 of the spark producing circuit 25 effecting
      discharge of capacitor 97 to produce ignition sparks during alternate half
      cycles of the applied AC voltage. At the end of the ignition time interval
      when transistor 40 and silicon controlled rectifier 42 are maintained
      cutoff, transistor 40 is also cutoff to inhibit further spark generation
      in the event the main burner gas is not ignited.
PAR  When the flame 57 at the main burner 55 becomes established, the flame
      sensing electrode 53 senses the existence of the flame 57 by enabling
      current to flow from the terminal 65, through the resistor 118 and through
      the flame 57 to the ground at point 51. In accordance with the present
      invention, the flame rectified current provides the following separate
      functions:
PAR  1. The voltage across the resistor 18 provides a signal through the
      resistor 120 to the gate of the field effect transistor 48 to cause it to
      be rendered non-conductive and thus to open the circuit for the current
      flowing to the spark producing circuit 25 which is thus disabled. Thus,
      when the main burner flame 57 becomes established, the spark generation is
      terminated.
PAR  2. The rectified flame current also causes the maintenance of the voltage
      across the parallel capacitors 34 and 36 so that transistor 40 is
      maintained conducting whereby silicon controlled rectifier 42 and the
      relay 21 remain activated to maintain the main valve 18 operated to supply
      fuel to the main burner 55.
PAR  When the main burner gas becomes lit, the potential across the parallel
      capacitors 34 and 36 enables a potential to exist across the capacitor 73
      to limit charging of capacitor 73. Should the main burner gas flame 57
      becomes extinguished for any reason, the flame rectified current through
      resistor 118 ceases. Capacitor 73 charges towards fully charged condition
      when terminal 65 becomes positive, current flowing through diode 69,
      resistor 71, capacitor 73 and capacitors 34 and 36. This maintains
      capacitors 34 and 36 charged, maintaining relay 21 energized until
      capacitor 73 becomes fully charged. At this point, capacitors 34 and 36
      discharge through resistors 77 and 84, removing the gate potential from
      transistor 40, allowing relay 21 to release.
PAR  During this relight time interval, the spark-producing circuit 25 is
      enabled to attempt to relight the flame by producing sparks between the
      electrodes 27 and 29. When the main burner gas flame 57 is extinguished,
      the spark generation commences due to the loss of potential across the
      resistor 118 which causes the field effect transistor 48 to conduct
      enabling the silicon controlled rectifier 46 to be pulsed, as transistor
      44 is rendered conductive and non-conductive, thereby causing the
      generation of sparks to attempt reestablishment of the main burner flame.
PAR  When capacitor 73 becomes fully charged, as was previously stated, relay 21
      de-energizes to close main valve 18, and stop operation of spark-producing
      circuit 25 as described.
PAR  In one exemplary embodiment, the components of the control arrangement 10
      may have the values listed in Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Capacitor 34        0.22 microfarads                                      
     Capacitor 36        0.22 microfarads                                      
     Capacitor 38        0.33 microfarads                                      
     PUT 40              SPU 35                                                
     SCR 42              C106B                                                 
     Transistor 44       2N5355                                                
     SCR 46              C106B                                                 
     FET 48              2N5458                                                
     Diode 69            1N5059                                                
     Resistor 71         680K Ohms                                             
     Capacitor 73        1.0 microfarads                                       
     Resistor 77         2.2 M Ohms                                            
     Resistor 79         470 Ohms                                              
     Resistor 80         390 K Ohms                                            
     Diode 82            1N5059                                                
     Resistor 84         330 K Ohms                                            
     Resistor 86         1.0 M Ohms                                            
     Capacitor 91        22 microfarads                                        
     Capacitor 97        1.0 microfarads                                       
     Diode 101           1N5059                                                
     Resistor 103        1.5 K Ohms                                            
     Resistor 105        470 Ohms                                              
     Resistor 107        33 K Ohms                                             
     Resistor 109        1 K Ohms                                              
     Resistor 114        33 K Ohms                                             
     Resistor 118        560 K Ohms                                            
     Resistor 120        1.0 M Ohms                                            
     Capacitor 122       680 Picofarads                                        
     ______________________________________                                    
PAR  Referring now to FIG. 2 of the drawings, there is shown a control
      arrangement 125, which is constructed in accordance with the present
      invention, and which is similar to the arrangement 10, except that the
      arrangement 125 is designed to be portable and is adapted to be energized
      by a battery rather than a 120 volt source of AC power. Thus, the
      arrangement 125 is designed to be used for portable applications, such as
      in recreational vehicles.
PAR  The arrangement 125 generally comprises a control circuit 127 which is
      identical in all respects to the control circuit 23 of FIG. 1, and an
      inverter circuit 129 powered by means of a battery 132 for supplying power
      to the circuit 127. A main gas valve 134, which is opened under the
      control of the circuit 127, permits gaseous fuel under pressure to be
      supplied to a burner 55' for ignition by sparks produced between ignition
      electrodes 27' and 29'. An igniter circuit 24' effects ignition of the
      fuel and detects the presence of the flame 57'.
PAR  The control circuit 127 includes all of the same circuit elements and
      components as the control circuit 23 of FIG. 1 and the corresponding
      circuit elements and components shown in FIG. 2 of the circuit 127 are
      designated with the same reference character as the reference characters
      of FIG. 1 with the addition of a prime notation. It should be noted that
      in place of the relay 21 of FIG. 1, the operate winding 134' of the valve
      134 of the arrangement 125 is directly energized by the silicon controlled
      rectifier 42' instead of first operating a relay which in turn operates
      the main burner valve.
PAR  Considering now the arrangement 125 in greater detail, the inverter circuit
      129 includes a pair of transistors 152 and 154, transistor 152 is
      connected through a resistor 200 to the emitter of transistor 154, which
      in turn is connected to the grounded negative terminal of the battery 132.
      The collectors of transistors 152, 154 are connected to the opposite ends
      of a winding 156 of a three-winding transformer 158. A winding 161 of the
      transformer 158 has one end 162 connected over a resistor 167 to the base
      of the transistor 152 and a second end 164 connected to the base of
      transistor 154. Center tap terminals of the windings 156 and 161 are
      connected to opposite ends of a resistor 163 with the center tap of the
      winding 156 being connected over normally open switch contacts THS to the
      positive terminal of the battery 132. An output secondary winding 165 of
      the transformer 158 supplies 120 volt AC voltage to energize the control
      circuit 127. The upper end of the winding 165 is connected through a
      resistor 169 to a terminal 170 which corresponds to the terminal 65 of the
      arrangement 10 of FIG. 1. The opposite end of the output winding 165 is
      connected to a terminal 172 which corresponds to the terminal 67 of FIG.
      1.
PAR  In operation, when switch contacts THS are closed, the transistors 152 and
      154 are rendered alternately, conductive and non-conductive to cause an
      alternating current to be induced in the secondary output winding 165 of
      the transformer 158. A diode 174 is connected in parallel with the valve
      winding 134' and the capacitor 91' to further facilitate the maintenance
      of the field for the operation of the valve 134.
PAR  In accordance with the present invention, the control arrangement 125 shown
      in FIG. 2 includes a novel safety circuit which prevents the main valve
      134 from being held open in the event of a short across silicon controlled
      rectifier 42'. As noted above, the inverter circuit 129 converts DC
      potential from the battery 132 to 120 volts AC for the main valve
      energizing circuit. The resistor 167, connected in the base circuit of
      transistor 152, provides voltage regulation, the resistor 200 enables an
      imbalance condition to be established for the inverter circuit 129 when a
      short across the anode-cathode of the silicon controlled rectifier 42'
      occurs.
PAR  More specifically, in the case of a short across the silicon controlled
      rectifier 42', a sufficient load is put upon transformer winding 165 to
      cause an induced voltage to be fed back to the winding 156 of the inverter
      129. This induced voltage attempts to provide a large current through the
      feedback circuit to winding 61 in the base circuit of transistors 154 and
      152. The resistor 200 causes an imbalance of the inverter circuit 129
      causing transistor 154 to be rendered and maintained conducting. This
      condition causes transistor 152 to be maintained non-conducting.
      Accordingly, the inverter circuit 129 fails to convert the DC voltage to
      an AC voltage for the control circuit 127. The inverter circuit 129 then
      provides only DC power to the control circuit preventing energization of
      the main valve 134, a fail-safe condition.
PAR  It will be readily apparent to those skilled in the art that the present
      invention provides a novel and useful improvement in the fuel ignition
      control arrangement of the character described herein. The arrangement and
      type of structural components and inter-connections utilized within the
      purview of this invention, such modifications might well include the
      substitution for the valve 134 and the diode 174 of the arrangement 125
      with a relay such as the relay shown in FIG. 1 to be operated by the
      control circuit 127 to in turn close a pair of normally-open contacts for
      connecting the winding of the main burner valve across the terminals of
      the battery whereby the valve would then be a lower voltage DC valve
      instead of a higher voltage AC valve.
PAR  In one exemplary embodiment, the components of the control arrangement 125,
      other than the control circuit 127, may have the values listed in Table
      II.
TBL                Table II                                                    
     ______________________________________                                    
     Transistors 152, 154    D44C8                                             
     Resistor 163            680 Ohms                                          
     Resistor 167            18 Ohms                                           
     Resistor 169            470 Ohms                                          
     Resistor 200            3.9 Ohms                                          
     Diode 174               1N5059                                            
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automatic fuel ignition system having valve means operable when
      energized to supply gaseous fuel under pressure to a burner apparatus, a
      control arrangement for controlling the operation of said valve means and
      for effecting ignition of fuel supplied to said burner apparatus, said
      control arrangement comprising control means operable to energize said
      valve means for a first duration, ignition means including spark producing
      means including electrode means positioned adjacent said burner apparatus,
      discharge means coupled to said electrode means, means for enabling said
      discharge means to be charged to a predetermined potential, and controlled
      switching means operable when enabled to cause said discharge means to
      discharge to thereby apply a high voltage pulse to said electrode means
      for generating an ignition spark in the proximity of said burner apparatus
      for igniting fuel from said fuel outlet to establish a flame, and enabling
      means controlled by said control means to extend enabling signals to a
      control electrode of said controlled switching means to effect periodic
      enabling of said controlled switching means, flame sensing means operable
      when a flame is established to enable said control means to remain
      operated when a flame is established to thereby maintain said valve means
      operated, and to control said enabling means for preventing said enabling
      signals from being extended to said control electrode of said controlled
      switching means to thereby disable said controlled switching means, said
      flame sensing means being operable in the event the flame becomes
      extinguished to control said enabling means to permit further enabling
      signals to be extended to said control electrode of said controlled
      switching means for enabling said controlled switching means, whereby said
      spark producing means is activated to effect the generation of further
      ignition sparks and to cause said control means to remain operated for a
      second duration after the flame is extinguished to thereby maintain said
      valve means energized for said second duration, said control meand
      deenergizing said valve means and said ignition means whenever a flame
      fails to be reestablished within said second duration.
NUM  2.
PAR  2. A control arrangement as set forth in claim 1 wherein said enabling
      means includes first switching means operated by said control means to
      effect periodic enabling of said spark producing means, and a second
      switching means responsive to a control potential provided by said flame
      sensing means to inhibit said spark producing means when a flame is
      established.
NUM  3.
PAR  3. A control arrangement as set forth in claim 2 wherein said flame sensing
      means includes sensing electrode means positioned in the proximity of said
      burner apparatus in spaced-apart relationship therewith providing a gap
      therebetween and circuit means connecting said electrode means in a
      circuit path to permit flame rectified current to flow over said circuit
      path whenever a flame bridges said gap, for establishing said control
      potential.
NUM  4.
PAR  4. A control arrangement as set forth in claim 3 wherein said control means
      includes further switching means operable when enabled to energize said
      valve means, pulsing means for providing control pulses for operating said
      further switching means for said first duration, and timing means
      responsive to said control potential for controlling said pulsing means to
      maintain said further switching means enabled when a flame is established.
NUM  5.
PAR  5. A control arrangement as set forth in claim 4 wherein flame rectified
      current flow over said circuit path is interrupted when the flame is
      extinguished preventing said control potential from being maintained,
      permitting said timing means to control said pulsing means to maintain
      said further switching means enabled for said second duration, said timing
      means disabling said pulsing means to disable said further switching means
      when the control potential fails to be reestablished during said second
      duration.
NUM  6.
PAR  6. A control arrangement as set forth in claim 4 wherein said first
      switching means comprises first transistor means and second means
      comprises second switching transistor means, said second transistor means
      being normally conductive, said first transistor means being normally
      non-conductive and being rendered conductive whenever said further
      switching means is operated to extend an enabling signal over a further
      circuit path including said second transistor means to said control input
      of said controlled switching means to enable said controlled switching
      means, said second transistor means being rendered non-conductive by said
      control potential when a flame is established to interrupt said further
      circuit path to thereby inhibit said controlled switching means.
NUM  7.
PAR  7. In an automatic fuel ignition system having valve means operable when
      energized to supply gaseous fuel under pressure to a burner apparatus, a
      control arrangement for controlling the operation of said valve means and
      for effecting ignition of fuel supplied to said burner apparatus, said
      control arrangement comprising energizing means operable to control the
      energization of said valve means, timing means for supplying pulses to
      said energizing means for a predetermined time for periodically enabling
      said energizing means to energize said valve means for said predetermined
      time, ignition means including spark producing means and enabling means
      including first and second switching means operable when enabled to
      provide a series circuit path between a source of enabling signals and a
      control input of said spark producing means, said second switching means
      being normally enabled, and said first switcing means being enabled by
      said energizing means to permit said enabling signals to be extended over
      said circuit path to said control input effecting periodic enabling of
      said spark producing means to generate ignition sparks for igniting fuel
      supplied to said burner apparatus to establish a flame, flame sensing
      means operable when a flame is established to disable said second
      switching means while said first switching means remains enabled to
      thereby interrupt said circuit path to inhibit said spark producing means
      and to control said energizing means to maintain said valve means
      energized when a flame is established, said flame sensing means being
      operable in the event the flame becomes extinguished to enable said second
      switching means to thereby complete said circuit path to permit further
      enabling signals to be extended to said control input for enabling said
      spark producing means to effect the generation of further ignition sparks
      and to cause said energizing means to deenergize said valve means and said
      ignition means after a predetermined time whenever a flame fails to be
      reestablished within said predetermined time.
NUM  8.
PAR  8. A control arrangement as set forth in claim 7 wherein said energizing
      means includes first means operable when enabled to energize said valve
      means, and pulsing means responsive to the pulses provided by said timing
      means to provide further pulses for enabling said first means.
NUM  9.
PAR  9. A control arrangement as set forth in claim 8 wherein said pulsing means
      includes second means and circuit means including first capacitor means,
      said timing means supplying pulses to said pulsing means to permit said
      first capacitor means to charge and discharge during said predetermined
      time rendering said second means alternately conductive and non-conductive
      to provide said further pulses, said flame sensing means being operable to
      prevent said timing means from supplying pulses to said pulsing means when
      a flame is established whereby said first capacitor means remains charged
      to maintain said second means conductive.
NUM  10.
PAR  10. A control arrangement as set forth in claim 9 wherein said timing means
      includes said second capacitor means and means for deriving said pulses
      from a source of AC potential, said pulses being extended to said pulsing
      means over said second capacitor means, enabling said second capacitor
      means to charge, and means for establishing a charging rate for said
      second capacitor means whereby said second capacitor means becomes fully
      charged at said predetermined time.
NUM  11.
PAR  11. A control arrangement as set forth in claim 10 wherein said flame
      sensing means enables said timing means to supply pulses to said pulsing
      means for said predetermined time in the event the flame becomes
      extinguished to permit said second means to maintain said valve means
      operated for said predetermined time after the flame is extinguished.
NUM  12.
PAR  12. An igniter for use in an automatic fuel ignition system for effecting
      ignition of a gaseous fuel emanating from a fuel outlet, said igniter
      comprising spark producing means including electrode means positioned
      adjacent said fuel outlet, discharge means coupled to said electrode
      means, means for enabling said discharge means to be charged to a
      predetermined potential, and controlled switching means operable when
      enabled to cause said discharge means to discharge to thereby apply a high
      voltage pulse to said electrode means for generating an ignition spark in
      the proximity of said fuel outlet for igniting fuel from said fuel outlet
      to establish a flame, enabling means operable to extend enabling signals
      to a control electrode of said controlled switching means for enabling
      said controlled switching means, flame sensing means operable when a flame
      is established at said fuel outlet to control said enabling means for
      preventing enabling signals from being extended to said control electrode
      of said controlled switching means to thereby disable said controlled
      switching means, said flame sensing means being operable in the event the
      flame is extinguished to control said enabling means to permit further
      enabling to be extended to said control electrode of said controlled
      switching means for enabling said controlled switching means whereby said
      spark producing means is activated to generate further ignition sparks for
      reestablishing a flame at said fuel outlet.
NUM  13.
PAR  13. An igniter as set forth in claim 12 wherein said enabling means
      includes first switching means operable when enabled to effect periodic
      enabling of said controlled switching means and second switching means
      enabled by said flame sensing means when a flame is established for
      maintaining said controlled switching means disabled to inhibit said spark
      producing means.
NUM  14.
PAR  14. An igniter as set forth in claim 13 wherein said flame sensing means
      includes sensing electrode means positioned in the proximity of said fuel
      outlet in spaced-apart relationship therewith providing a gap therebetween
      and circuit means connecting said electrode means in a circuit path to
      permit flame rectified current to flow over said circuit path whenever a
      flame bridges said gap, for establishing a control potential for enabling
      said second switching means.
NUM  15.
PAR  15. An igniter for use in an automatic fuel ignition system for effecting
      ignition of a gaseous fuel supplied to a fuel outlet, said igniter
      comprising spark producing means, and enabling means including first and
      second switching means operable when enabled to provide a series circuit
      path between a source of enabling signals and a control input of said
      spark producing means, said second switching means being normally enabled,
      and said first switching means being enabled in response to the occurrence
      of a condition to permit said enabling signals to be extended over said
      circuit path to said control input of said spark producing means, said
      spark producing means being responsive to said enabling signal to generate
      ignition sparks for igniting fuel supplied to said fuel outlet to
      establish a flame at said fuel outlet, and flame sensing means for
      detecting the presence of a flame at said fuel outlet to disable said
      second switching means while said first switching means remains enabled to
      thereby interrupt said circuit path to inhibit said spark producing means,
      said flame sensing means enabling said second switching means in the event
      the flame is extinguished to thereby complete said circuit path to permit
      further enabling signals to be extended to said control input for enabling
      said spark producing means.
NUM  16.
PAR  16. An igniter as set forth in claim 15 wherein said first switching means
      includes first transistor means having a control electrode, and input
      electrode connected to a source of enabling signals and an output
      electrode, and said second switching means includes second transistor
      means having a control electrode connected to an output of said flame
      sensing means, an input electrode connected to said output electrode of
      said first transistor means and an output electrode connected to said
      control input of said spark producing means, means biasing said second
      transistor means to be normally conductive and said first transistor means
      to be normally non-conductive, said first transistor means being rendered
      conductive in response to an enabling signal supplied to the control
      electrode thereof to complete said circuit path over said first and second
      transistor means for permitting enabling signals to be extended to said
      control input, said second transistor means being rendered non-conductive
      in response to a control signal supplied to the control electrode thereof
      by said flame sensing means to interrupt said circuit path when a flame is
      established.
NUM  17.
PAR  17. An igniter as set forth in claim 16 wherein said spark producing means
      comprises ignition electrode means, discharge means, means for enabling
      said discharge means to charge to a predetermined voltage, controlled
      switching means having a control electrode connected to said control input
      for receiving said enabling signals to permit said controlled switching
      means to effect discharge of said discharge means to thereby provide high
      voltage pulses for application to said ignition electrode means to effect
      the generation of ignition sparks in the proximity of said fuel outlet.
NUM  18.
PAR  18. In an automatic fuel ignition system including valve means operable
      when energized to supply gaseous fuel under pressure to a fuel outlet, and
      ignition means for effecting ignition of fuel supplied to said fuel outlet
      whenever said valve means is operated, a control arrangement for
      controlling the operation of said valve means, said control arrangement
      comprising a control circuit including switching means connected across a
      pair of input terminals of said control circuit, inverter means normally
      operable to supply an AC voltage to said input terminals for energizing
      said control circuit and said valve means whenever said switching means is
      operated, and control means connected to said input terminals and
      responsive to said AC voltage to enable said switching means to provide an
      energizing path for said valve means, said inverter means being operable
      to provide a DC voltage across said input terminals to thereby effect
      deenergization to said valve means whenever a short circuit condition
      occurs in said switching means.
NUM  19.
PAR  19. A control arrangement as set forth in claim 18 wherein said inverter
      means includes first and second switching transistors and feedback means
      connected to DC source and operable to provide control signals to said
      transistors for rendering said first and second transistors alternately
      conductive and non-conductive to produce an alternating current in an
      output circuit of said inverter means which is connected to said input
      terminals, said feedback means including circuit means for causing one of
      said switching transistors to be maintained continuously conductive
      whenever a short circuit condition occurs in said switching means whereby
      a DC current is provided in said output circuit.
NUM  20.
PAR  20. A control arrangement as set forth in claim 18 wherein said inverter
      means includes first and second switching transistors, transformer means
      having a first winding connected in an input circuit for said first and
      second switching transistors, a second winding connected in an output
      circuit for said switching transistors and a third winding connected to
      said input terminals, means for supplying a DC potential to said inverter
      means for enabling said switching transistors to be rendered alternately
      conductive and non-conductive, and circuit means including resistor means
      connected in the emitter circuit of one of said switching transistors for
      causing an imbalance condition for said inverter means whereby said one
      switching transistor is maintained continuously non-conducting whenever an
      overload is placed on said third winding.
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ABST
PAL  An attachment for converting a standard camera flashbulb unit into a
      personal defense device for use against criminals. The attachment consists
      of a support element adapted to be attached to a standard flashbulb unit,
      the support element being provided with a manually operable flexible
      trigger arm having a lug engageable through a slot in the bottom of the
      flashbulb unit with the cocked percussion spring of the unit to release
      the spring and cause it to fire the unit. The attachment is provided with
      an outwardly projecting carrying ring to facilitate transportation and
      handling of the flashbulb unit when the attachment is operatively
      connected thereto. In one form of the attachment it can rotatably receive
      the bottom base post of the flashbulb unit and allow the various flash
      sections of a multiple-flash unit to be successively fired. In another
      form of the attachment it can be connected to the flashbulb unit for
      single triggering action.
BSUM
PAR  This invention relates to personal defense devices, and more particularly
      to a device adapted to be carried by an individual and which can be
      operated to provide a blinding flash so as to temporarily incapacitate a
      criminal or other assailant so as to enable an individual to escape or
      call for assistance while the assailant is incapacitated.
PAR  A main object of the invention is to provide a novel and improved personal
      defense device adapted to be easily carried by an individual for
      temporarily blinding a criminal or other assailant, the device employing
      as a component thereof a standard flashbulb unit and being arranged so
      that it can be easily carried by an individual and readily operated to
      temporarily blind an attacker, the device being compact in size, being
      easy to assemble, and being instantaneously operable.
PAR  A further object of the invention is to provide an improved personal
      defense attachment which can be employed with a standard camera flashcube,
      the attachment involving very simple parts, being convenient to carry when
      it is attached to a flashcube unit, and being readily transferrable from a
      used flashcube unit to a new one.
PAR  A still further object of the invention is to provide an improved personal
      defense device of the type which provides a blinding flash which can be
      employed by an individual to temporarily blind an assailant, the
      attachment being adapted to be easily carried by an individual and being
      very easy to operate, enabling the individual to temporarily blind a
      criminal or other assailant so as to facilitate the individual's escape or
      to provide the individual with time to call for assistance.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following description and claims, and from the accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of an improved personal defense device
      constructed in accordance with the present invention.
PAR  FIG. 2 is a bottom plan view of the personal defense device shown in FIG.
      1.
PAR  FIG. 3 is a side elevational view of the device of FIGS. 1 and 2.
PAR  FIG. 4 is a fragmentary perspective view showing the parts of the device of
      FIGS. 1, 2 and 3, in separated positions, and illustrating the alternative
      manner of fastening the triggering attachment to the flashbulb unit of the
      assembly.
PAR  FIG. 5 is a bottom plan view of an alternative form of attachment according
      to the present invention employed with a standard camera flashbulb unit.
PAR  FIG. 6 is a side elevational view of the form of triggering attachment
      shown in FIG. 5.
PAR  FIG. 7 is a plan view of another embodiment of a triggering attachment
      which may be employed to form a personal defense device according to the
      present invention.
PAR  FIG. 8 is an enlarged fragmentary cross-sectional view taken substantially
      on the line 8--8 of FIG. 2.
PAR  FIG. 9 is a horizontal cross-sectional view taken substantially on the line
      9--9 of FIG. 8.
DETD
PAR  Referring to the drawings, and more particularly to FIGS. 1, 2, 3, 8 and 9,
      11 generally designates an improved personal defense device according to
      the present invention. The device 11 employs a standard flashbulb unit 12,
      for example, a multiple-flash unit such as the "Magi-Cube," manufactured
      by General Electric Company, Nela Park, Cleveland, Ohio 44112. This
      flashcube unit has a transparent generally cubical casing 13 secured on a
      generally square base 14, the base being formed with an integral central
      post element 15 having a central bore 16. Mounted on this base are four
      percussive-packed flashbulb elements 17, evenly spaced around the central
      axis of the device, namely, the axis of post element 15, each flashbulb
      element 17 being provided with a primer tube 18 which is located adjacent
      an arcuate slot 19 provided in base 14. Overlying the slot 19 is a
      resilient striker arm 20 which is normally in cocked position against
      standing pin 21 in the manner illustrated in FIG. 8. When the striker arm
      20 moves upwardly to disengage from the detent element 21, the tension
      therein causes it to strike the tube 18 and detonate the bulb 17.
PAR  The structure of the flashbulb unit 11 is conventional per se, and this
      unit is commercially available. Further details of the structure of this
      type of flashbulb unit will be found in U.S. Pat. No. 3,597,603 to Thomas
      B. McDonough, issued Aug. 3, 1971.
PAR  A typical personal defense attachment according to the present invention is
      designated generally at 22. The attachment 22 comprises a main supporting
      plate member 23 which has a main body portion 24 shaped to conformably
      receive the base 14 of a flashbulb unit 12, the plate member being
      provided with a circular aperture 25 adapted to receive the post portion
      15 of the standard flashbulb unit 12, and to rotatably receive a shoulder
      portion 26 provided around the post element 15, as shown in FIG. 8.
PAR  In the conventional flashbulb unit 12 above described, the base portion 14
      is provided with corner apertures 27. The portion 24 of plate member 23 is
      provided with upwardly deformed projections 29 yieldably engageable in the
      apertures 27 to serve as detent means for holding the plate member 23 in
      definite operating positions relative to the flashcube member 12 for a
      purpose presently to be described, the plate member 23 being of sheet
      metal or other somewhat resilient sheet material, to allow the flashcube
      unit 12 to be rotated from one operating position to the next successive
      operating position, as will be also presently described.
PAR  Plate portion 24 is formed with an arcuate slot 30 registrable with the
      slots 19 of base 14 in the various operating positions of the attachment
      22. Thus, in the embodiments of FIGS. 1, 2, 3, 8 and 9, a cap member 31
      receives the post portion 15 and the fastening screw 32 engages through a
      central aperture in the cap member and is threadedly engaged in the bore
      16, the screw 32 being of the sheet metal type which forms its own
      threads. As shown in FIG. 8, the cap member 31 bears on the shoulder 26
      acts as a retention means for the plate portion 24 since it overlaps the
      portion of plate 24 around the aperture 25.
PAR  Secured to the other portion of plate member 23, as by a weld 33, FIG. 2,
      is a flexible arm 34 which extends beneath the portion 24, as shown in
      FIG. 3, and which is provided with an upstanding lug 35 in registry with
      the slot 30 and of sufficient length to operatively engage the striker arm
      20 when it is pushed upwardly through the slot 19. Thus, to fire a
      flashbulb unit 17 with the attachment 22 secured to the flashcube assembly
      12, it is merely necessary to push upwardly on the free end portion of the
      flexible arm 34, causing the lug 35 to move striker arm 20 out of
      engagement with detent pin element 21 and release striker arm for impact
      with the percussive primer tube 18.
PAR  The outer end portion of plate member 23 may be provided with an integral
      carrying ring 36 to enable the personal defense device 11 to be carried on
      the user's finger in a position to allow another finger of the same hand
      to operatively engage the flexible arm 34, or alternatively, enabling the
      device to be carried on a necklace, or the like.
PAR  After one of the flashbulb elements 17 has been fired, another flashbulb
      element may be brought into operating position by rotating the assembly 12
      ninety degrees relative to the plate member 23, the detent elements 29
      being movable relative to the corner apertures 27 of base 14 to allow
      rotation of unit 12 from one operating position to the next.
PAR  FIG. 4 illustrates an alternative mode of connection of plate member 23 to
      the flashbulb assembly 12, wherein an aperture 37 is provided at a corner
      portion of plate member 23 in place of one of the detent elements 29, and
      wherein a sheet metal screw 38 is engaged through the aperture 37 and is
      threadedly engaged in one of the corner apertures 27 of the base 14 of the
      flashcube assembly 12. In this arrangement, the post member 15 extends
      through the aperture 25 of plate member 23, but the attachment is rigidly
      held relative to the flashcube assembly 12 so that the flashcube assembly
      12 is not rotatable relative to plate member 23. With this arrangement, in
      order to rotate the flashcube assembly 12 to the next firing position, it
      is necessary to first unfasten the screw 38, whereby the assembly 12 can
      be rotated ninety degrees, after which the screw 38 is reinserted through
      the aperture 37 and threadedly engaged in a corner aperture 27 of the base
      portion 14 of flashcube assembly 12. The arm 34 and plate member 23 have
      openings 53 and 54 which, if desired, may be used to secure the plate
      member 23 to the flashbulb unit 12 by a fastener, like screw 38, but in a
      manner described below in connection with FIG. 5. This would convert the
      embodiment of FIG. 3 into a single flash unit. The hole 55 may be used to
      mount the plate member on objects, such as doors for activation by a
      moving object, or perhaps to hang from the neck or wrist of a user.
PAR  Referring now to FIGS. 5 and 6, a modified form of personal defense
      attachment for use with a standard flashbulb unit is designated generally
      at 39 and comprises a main supporting plate member 40 substantially
      identical in shape with the bottom wall 14 of a standard flashbulb unit
      and having a central aperture 41 to receive the post member 15 of such a
      unit 12. A flexible trigger arm 42 is secured at one end thereof by a
      fastening screw 43 to a corner portion of the plate member 40, and a
      holding ring element 44 is similarly secured by the fastening screw 43 to
      the corner portion of said plate member. The ring member 44 may be similar
      to that employed with a standard disposable beverage can, having a tab
      element 45 which is apertured to receive the fastening screw 43. It will
      be further apparent that the flexible trigger arm 42 and ring member 44
      may comprise a normally discarded torn off beverage tab portion so that
      this portion of the attachment may utilize such discarded pieces and
      thereby constitute means for economical disposal of such pieces. The
      flexible arm portion 42 is formed with the upstanding trigger lug 50,
      similar to the trigger lug 35 in the previously described form of the
      invention, which is located to register with an arcuate slot 19 in the
      bottom wall of a standard flashbulb unit 12, and an arcuate slot 46 in
      plate member 40 for passage therethrough. The plate member 40 may be
      secured to the center post 15 of a standard flashbulb 12 in the same
      manner as in a previously described embodiment of the invention, namely,
      by the use of a retaining cap member 31 and screw 32, or, alternately, may
      be merely frictionally engaged on the post element 15 of the flashbulb
      unit. As in the previously described form of the invention, the plate
      member 40 is formed with corner projections or indentations 29 registering
      with the corner apertures 27 in the bottom wall of a standard flashbulb
      unit 12, and an arcuate detent 52 to fit in a slot 19.
PAR  FIG. 7 discloses still another form of attachment according to the present
      invention, comprising merely a finger gripping element 44 to which is
      secured a flexible trigger arm 42 having the trigger lug 50, similar to
      that shown in FIGS. 5 and 6, and adapted to be secured by a fastening
      screw 43 to a corner portion of the bottom wall 14 of a standard flashbulb
      unit 12; for example, by engaging the fastening screw 43 through a corner
      aperture 27 of a flashbulb unit bottom wall 14. As in the form of the
      invention shown in FIGS. 5 and 6, the attachment of FIG. 7 may be
      fabricated from the torn off tab portion of a beverage can, to thereby
      provide economical utilization of such a torn off tab portion, which would
      otherwise be discarded, and result in undesirable litter.
PAR  In the various embodiments disclosed above, the attachment is secured to a
      standard flashbulb unit 12 in the manner above described, and in order to
      fire the flashbulb unit, it is merely necessary to exert upward pressure
      on the resilient trigger arm to thereby urge the lug carried thereon into
      operating engagement with the striker arm 20 to thereby release the
      striker arm and allow it to strike the percussion tube element 18 and fire
      the associated flashbulb 17.
PAR  As will be readily apparent from the above discussion, it is possible to
      fabricate a firing attachment for a standard flashbulb unit by utilizing
      the torn off tab portion of a beverage container, such tab portions being
      heretofore discarded and presenting problems to the environment since they
      are difficult to retrieve from the ground, especially in inconvenient
      locations. The present invention therefore creates a use for such
      previously discarded items and also contributes to protection of the
      environment by giving the previously discarded torn off tab portions some
      economic value.
PAR  While certain specific embodiments of an improved personal defense device
      of the flashbulb type have been disclosed in the foregoing description, it
      will be understood that various modifications within the spirit of the
      invention may occur to those skilled in the art. Therefore, it is intended
      that no limitations be placed on the invention except as defined by the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A personal defense attachment for use with a flashbulb unit of the type
      including a casing and at least one flashbulb having percussive flash
      means with a percussion striker arm engaging a detent which can fire the
      bulb responsive to movement of the striker arm off the detent, the casing
      having an aperture adjacent the striker arm, said attachment comprising a
      flexible arm, means to secure said flexible arm to the casing, a trigger
      lug on the flexible arm engageable through said aperture and being of
      sufficient length to engage the striker arm and move it off the detent
      when the flexible arm is flexed toward the aperture in the casing, a
      carrying ring, and means securing said carrying ring to the flexible arm
      in a position such as to allow a user's finger to be engaged therein and
      so that another finger on the same hand is operatively engageable with
      said flexible arm to flex said arm toward said aperture.
NUM  2.
PAR  2. The personal defense attachment of claim 1, and wherein the means to
      secure the flexible arm to the casing comprises a plate member carrying
      the flexible arm, and means to fasten said plate member to the casing.
NUM  3.
PAR  3. The personal defense attachment of claim 1, and wherein the means to
      secure the flexible arm to the casing comprises a plate member carrying
      the flexible arm, and means to rotatably connect said plate member to the
      casing in a position wherein said lug can be registered with said
      aperture.
NUM  4.
PAR  4. The personal defense attachment of claim 3, and wherein said carrying
      ring is secured to an outer end portion of said plate member.
NUM  5.
PAR  5. A personal defense device comprising the combination of a flashbulb unit
      and an attachment therefore, said unit including a casing and at least one
      flashbulb having percussive flash means with a percussion striker arm
      engaging a detent which can fire the bulb responsive to movement of the
      striker arm off the detent, the casing having an aperture adjacent the
      striker arm, said attachment comprising a flexible arm, means to secure
      said flexible arm to the casing, a trigger lug on the flexible arm
      engageable through said aperture and being of sufficient length to engage
      the striker arm and move it off the detent when the flexible arm is flexed
      toward the aperture in the casing, a carrying ring, and means securing
      said ring to said flexible arm in a position such as to allow a user's
      finger to be engaged therein and so that another finger on the same hand
      is operatively engageable with said flexible arm to flex said arm toward
      said aperture.
NUM  6.
PAR  6. The personal defense device of claim 5, and wherein the means to secure
      the flexible arm to the casing comprises a plate member carrying the
      flexible arm, and means to fasten said plate member to the casing.
NUM  7.
PAR  7. The personal defense device of claim 5, and wherein the means to secure
      the flexible arm to the casing comprises a plate member carrying the
      flexible arm, and means to rotatably connect said plate member to the
      casing in a position wherein said lug can be registered with said
      aperture.
NUM  8.
PAR  8. The personal defense device of claim 7, and wherein said carrying ring
      is secured to an outer end portion of said plate member.
NUM  9.
PAR  9. The personal defense device of claim 6, and wherein the casing is
      provided with a center post on said axis and the plate member has an
      opening receiving said center post.
NUM  10.
PAR  10. The personal defense device of claim 9, and retaining cap means secured
      to said center post and retentively engaging said plate member.
NUM  11.
PAR  11. The personal defense device of claim 6, and wherein said carrying ring
      is secured to an outer end portion of the plate member.
NUM  12.
PAR  12. The personal defense device of claim 5, and wherein said flashbulb unit
      is of the multiple flash type having a plurality of flash bulbs, each
      provided with identical percussive flash means, each having a resilient
      and tensed percussion arm engaging a detent which can fire the associated
      bulb responsive to movement of the percussion arm off its detent, the
      casing having respective apertures adjacent the percussion arms, and
      wherein the means to secure the flexible arm to the casing comprises a
      plate member carrying the flexible arm, and means to rotatably secure the
      plate member to the casing for rotation around an axis centered relative
      to said apertures, the trigger lug being at the same radial distance from
      said axis as said apertures.
NUM  13.
PAR  13. The personal defense device of claim 12, and interengaging yieldable
      detent means on the plate member and casing located to align the lug with
      the respective apertures in the various firing positions of the flexible
      arm.
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ABST
PAL  A multilamp photographic flashlamp unit, the lamps of which are of the
      percussive primer type, having self-contained means in the form of a
      self-latching folded torsional spring for firing each of said lamps and
      featuring a short latch and a spring formation designed to give thereto a
      net downward force which holds the striker in contact with the flashcube
      base member.
PARN
PAR  This is a continuation of application Ser. No. 861,126, filed Sept. 25,
      1969, and now abandoned.
BSUM
PAR  This invention relates to multilamp photographic flash units, commonly
      called flashcubes, and more particularly to flashcubes having lamps of the
      percussive primer type and the means employed to fire them.
PAR  Generally speaking, a percussive-type photoflash lamp comprises an
      hermetically sealed, light-transmitting envelope containing a source of
      actinic light and having a primer secured thereto. More particularly, the
      percussive-type photoflash lamp may comprise a length of glass tubing
      constricted to a tip at one end thereof and having a primer sealed therein
      at the other end thereof. The length of glass tubing which defines the
      lamp envelope contains a combustible such as shredded zirconium foil and a
      combustion-supporting gas such as oxygen. The primer may comprise a metal
      tube and a charge of fulminating material on a wire anvil supported
      therein. Operation of the lamp is initiated by an impact onto the tube of
      the primer to cause deflagration of the fulminating material on the wire
      anvil up through the tube to ignite the combustible disposed in the lamp
      envelope.
PAR  Heretofore, several different means have been suggested for firing these
      percussive-type flashlamps, many of which involve some form of spring
      mechanism built into the camera. More recently it has been suggested that
      the firing means be self-contained within the body of the flashcube itself
      and a separate one of these means be provided for each of the lamps.
      Various forms and types of springs have been suggested for this purpose,
      one of the most practical being a folded torsion spring described in the
      co-pending application of J. W. Shaffer, Ser. No. 785,098, filed Dec. 19,
      1968, and now Pat. No. 3,597,604 entitled "Photographic Flashlamp Unit,
      and assigned to the same assignee as this invention. In accordance with
      the principles of that invention, each percussive-type flashlamp in the
      flashcube is provided with its own folded torsion spring to store the
      energy for firing it, with the tip of the stationary end of the spring
      shaped to function as a catch to hold the striker formed on the movable
      end thereof while the spring is in the cocked position. Displacement of
      the cocked striker to release it from the catch and thus permit it to
      strike the tube of the primer and fire the lamp is effected by a suitable
      finger or the like reciprocatively supported in a camera and arranged to
      move up through a slot provided therefor in the flashcube base to engage
      and displace the striker.
PAR  Although the foregoing arrangement, as described in the referenced
      application, provided a significant improvement over the several
      arrangements previously suggested, several shortcomings have been noted.
      Previous self-latching, folded torsional springs were designed to achieve
      a minimized release force rather than a minimized release travel.
      Accordingly, there was generally a relatively large displacement against a
      small force in order to achieve release. Such springs had either no net
      downward striker force, when cocked, or had a very low downward force.
      Actuator displacements and the associated spring latch length were
      relatively high.
PAR  Many disadvantages were inherent in the former spring construction. The
      large actuator movement was difficult to attain in inexpensive camera
      mechanisms. The initial or rest elevation of the striker was poorly
      defined, which contributed to poor release uniformity and lamp-shutter
      synchronization. A very severe problem with the previous spring designs
      was that they would often release inadvertently when the percussive
      flashcube was vibrated, jarred or dropped. Such inadvertent spring release
      flashes the lamp associated with that particular spring. Commercial
      shipping, handling and marketing of such a sensitive product would be a
      formidable task and the resulting high rate of product loss due to
      inadvertent flashing would increase the ultimate cost of the percussive
      flashcube to the consumer.
PAR  Thus one of the principal objects of this invention is to provide a
      self-latching, folded torsional spring for percussive flashcubes that is
      highly resistant toward inadvertent release but which can be intentionally
      released with low energy and a low camera actuator travel.
PAR  I have found that high resistance toward inadvertent spring release can be
      achieved without exceeding the release energy available from the camera
      actuator mechanism. This may be accomplished by making the latch as short
      as possible and forming the spring so that there is a net downward force
      which holds the striker in contact with the top face of the base of the
      flashcube. Since inadvertent release is caused by inertial flexing of the
      spring during vibration or impact, the initial downward force of the
      striker is adjusted, by proper choice of angles and lengths in the spring
      design, so that inertial forces are insufficient to cause striker movement
      and subsequent release. In general, this downward force present with the
      striker in contact with the flashcube base may be from about two ounces to
      about one ounce less than can be supplied by the camera actuator, which
      may be about six ounces. I have found that springs constructed in this
      manner are stable to inadvertent release even when the percussive
      flashcube is dropped from six feet or more onto a concrete surface. On the
      other hand, intentional release is obtained easily because very low camera
      actuator energies are required. This is possible because energy is equal
      to the product of acting force and distance, and the distance is reduced
      to a very small fraction of an inch, thereby making the force times
      distance product small even when the force is several ounces.
PAR  In view of the foregoing, it will be apparent to those skilled in the art
      that one of the advantages of this invention is the provision of a
      self-latching, folded torsional spring for percussive flashcubes that is
      highly resistant to inadvertent releasing caused by vibration or dropping
      of the flashcubes.
PAR  Another advantage is that in addition to being stable toward inadvertent
      release it is also reliably triggered by a low energy camera actuator
      mechanism.
PAR  A further advantage is that the required camera actuator travel is less
      than for previous spring models and thus greatly facilitates
      synchronization of spring release with the camera shutter.
DRWD
PAR  In the specific embodiment of the invention illustrated in the accompanying
      drawing.
PAR  FIG. 1 is a perspective view of a flashcube embodying the principles of
      this invention with a portion of the flashcube broken away for clarity of
      illustration.
PAR  FIG. 2 is an enlarged, sectional, fragmentary elevational view showing
      particularly the details of a torsional spring mounted in a flashcube base
     .
DETD
PAR  In the specific embodiment illustrated in the accompanying drawing, the
      flashcube 2 comprises a substantially rectangular base 4 along each side
      of which a percussive-type flashlamp 6 is arranged. Each lamp 6 is
      provided with its own reflector 8 and the assemblage of lamps and
      reflectors is enclosed in a transparent container 10 secured to the base
      4. Each lamp 6 comprises a hermetically sealed, light-transmitting
      envelope 12 having a primer depending therefrom and a filling of
      combustible foil 14 and a combustion-supporting gas disposed therein. The
      primer comprises a metal tube 16 within which an anvil and a charge of
      fulminating material are disposed.
PAR  As shown particularly in FIG. 2, the folded torsion spring 1 is formed from
      0.021 inch diameter music wire. The wire is shaped to define a hairpin
      torsional section having segments 3 and 5 and a bight 7. The end portion
      of segment 3 is shaped to define a stationary foot 9, the tip of which is
      shaped to define a latch 11. The end portion of segment 5 is shaped to
      define a striker 13 which, when the spring is cocked as shown, crosses
      over the stationary foot 9 and is restrained by latch 11. The junction of
      segment 5 and striker 13 is referred to hereinafter as the striker heel 15
      and the angle formed thereat as Angle A. The junction of segment 3 and
      foot 9 is referred to hereinafter as the foot heel 17 and the angle formed
      thereat at angle B.
PAR  The stationary foot 9 is seated in an elongated slot formred in the base 4
      on or near a diagonal thereof, said slot being sufficiently shallow so
      that the latch 11 formed on the free end of the foot 9 projects above the
      plane of the top face of the base 4. Displacement of the cocked striker
      13, to release it from the latch 11 and thus permit it to strike the tube
      16 of the primer and fire the lamp, is effected by a suitable finger 18 or
      the like moving up through a slot 20 provided therefor in the base. The
      finger 18 may be part of a camera mechanism designed to enable a
      photographer to flash a lamp in synchronization with the tripping of the
      camera shutter to take a picture. Thus when the finger 18 pushes the
      striker 13 upwardly a distance sufficient to clear the top of the latch
      11, the striker swings clockwise and hits and indents the impact-sensitive
      primer tube 16 at high velocity to cause deflagration of the fulminating
      material located therein and thus ignite the combustible foil 14.
PAR  As noted above, the spring 1 of the specific embodiment is formed from
      0.021 inch diameter music wire. The length of hairpin torsional segment 3
      is 0.815 inch and segment 5 is 0.675 inch long. The length of the striker
      13 is 0.395 inch. The foot 9 is 0.205 inch long and the slot in which it
      is seated is about 0.110 inch deep. The length of the latch 11 is 0.145
      inch. Angle A is about 101.degree. and angle B is about 86.degree.. The
      exposed latch length is about 0.035 inch and the force of the striker 13
      against the base 4 at 13a is about two ounches. Nine flashcubes containing
      thirty-six such springs were dropped from a height of 8 foot 4 inch onto a
      concrete surface and none of the springs released.
PAR  A similar test was conducted using substantially the same spring design
      except that it was not formed in accordance with the principles of this
      invention. The latch length was 0.165 inch, angle A was 96.degree. and
      angle B was 90.degree.. The downward force exerted by this striker was
      less than one ounce. Five flashcubes containing twenty such springs were
      dropped 8 foot 4 inch onto a concrete surface and four springs or 20
      percent released.
PAR  As noted above, the latch should be as short as possible and the spring
      should be formed so that there is a net downward force which holds the
      striker in contact with the top face of the base of the flashcube. I have
      found that for best results, the exposed latch length above the top face
      of the flashcube base should not be more than about three times the
      diameter of the wire used. The downward forces should be not less than one
      ounce and preferably two or more ounces. This may be assured by shaping
      the spring so that angle A is between 90.degree. and 120.degree. and angle
      B is between 80.degree. and 90.degree..
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A photographic flashlamp unit comprising:
PA1  a plurality of percussively-ignitable flashlamps with primer tubes
      depending therefrom;
PA1  a plurality of folded torsional resilient devices for firing said
      flashlamps, each of said devices being disposed in operative relationship
      with respect to one of said flashlamps and each of said devices comprising
      a substantially hairpin torsional section having a projection of one leg
      thereof at a substantially normal but obtuse angle thereto defining a
      striker, a projection of the other leg thereof at a substantially normal
      but acute angle thereto defining a foot and a projection of said foot
      substantially normal thereto defining a latch, said striker crossing said
      latch whereby said latch restrains said striker in a cocked position; and
      a base on which said flashlamps and said folded torsional devices are
      mounted, said base having elongated slots formed therein within which the
      foot of each of said folded torsional devices is seated, the free end of
      said latch projecting above the top face of said base and the free end of
      said striker bearing against the top face of said base, the configuration
      of said folded torsional device urging the free end of said striker
      downwardly against the top face of said base with a net force of greater
      than about one ounce, said force holding the free end of said striker in
      contact with the top face of said base.
NUM  2.
PAR  2. The combination of claim 1 in which the length of the exposed segment of
      the latch above the top face of the base is not more than about three
      times the diameter thereof.
NUM  3.
PAR  3. The combination of claim 1 in which the angle formed by the striker and
      its associated leg of the hairpin torsional section is between about
      96.degree. and120.degree. and the angle formed by the foot and its
      associated leg of the hairpin torsional section is between about
      80.degree. and 88.degree..
NUM  4.
PAR  4. The combination of claim 1 in which the net force of the free end of
      said striker against the top face of said base is between about two and
      five ounces.
NUM  5.
PAR  5. The combination of claim 4 in which the angle formed by the striker and
      its associated leg of the hairpin torsional section is about 101.degree.
      and the angle formed by the foot and its associated leg of the hairpin
      torsional section is about 86.degree..
NUM  6.
PAR  6. The combination of claim 4 in which the angle formed by the striker and
      its associated leg of the hairpin torsional section is between about
      96.degree. and 120.degree. and the angle formed by the foot and its
      associated leg of the hairpin torsional section is between about
      80.degree. and 88.degree..
NUM  7.
PAR  7. The combination of claim 6 in which the length of the exposed segment of
      the latch above the top face of the base is not more than about three
      times the diameter thereof.
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ABST
PAL  A photoflash lamp having a glass envelope with an inner layer or coating of
      a material selected to have a low thermal conductivity and diffusivity for
      minimizing heat losses during the collision of molten droplets of
      combustible metal with the inner wall of the envelope during flashing. In
      this manner, radiative energy losses resulting from the droplet-wall
      collisions are minimized and light output is improved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photoflash lamps and, more particularly, to
      flashlamps containing a combustible material which is ignited to produce
      actinic light.
PAR   A typical photoflash lamp comprises an hermetically sealed glass envelope
      containing a quantity of combustible metal, such as shredded zirconium or
      hafnium foil, and a combustion supporting gas, such as oxygen, at a
      pressure well above one atmosphere. In lamps intended for battery operated
      flash systems, the envelope also includes an electrical ignition system
      comprising a tungsten filament supported on a pair of lead-in wires having
      a quantity of ignition paste on the inner ends thereof adjacent to the
      filament. This type of lamp is operated by the passage of an electrical
      current through the lead-in wires which incandesces the filament to ignite
      the ignition paste which in turn ignites the combustible metal in the
      envelope. In the case of percussive-type photoflash lamps, such as
      described in U.S. Pat. No. 3,535,063, a mechanical primer is sealed in one
      end of the lamp envelope. The primer may comprise a metal tube extending
      from the lamp envelope and a charge of fulminating material on an anvil
      wire supported in the tube. Operation of the percussive photoflash lamp is
      initiated by an impact onto the tube to cause deflagration of the
      fulminating material up through the tube to ignite the combustible metal
      disposed in the lamp envelopes.
PAR  During lamp flashing, the rapid combustion process causes molten droplets
      of metal and metal oxide to be ejected from the burning strands of
      combustible metal and to impinge upon the inner walls of the glass
      envelope. The radiative energy of these molten droplets is directly
      related to the light output characteristics of the flashlamp, and it has
      long been recognized that each droplet-wall collision results in a
      substantial loss of radiative energy from the molten droplet with an
      attendant diminishing of light output. For example, U.S. Pat. No.
      3,377,126 of Nijland et al views this problem from the standpoint of the
      light absorbing deposits which collect on the inner wall of the envelope
      during flashing. After the molten droplets collide with the glass wall,
      there often remains gray or blackish deposits which appear as wall
      encrustations of approximately 0.2 mm to 1.0 mm in diameter, apparently
      the result of non-quantitative combustion products. Such deposits can
      clearly reduce light output by masking or optically attenuating radiation
      within the lamp vessel. Further, the deposits contain incompletely reacted
      zirconium or hafnium which is lost for the generation of useful light. The
      problem is compounded by the current trend to smaller lamp envelope sizes,
      as the resulting shorter paths of travel for ejected molten droplets mean
      the resulting droplets will be even less completely burned out prior to
      colliding with the envelope wall. The use of excess oxygen to alleviate
      these problems has generally proved ineffective as a remedy.
PAR  The Nijland et al. U.S. Pat. No. 3,377,126 attacks the problem by proposing
      the use of colorless inner wall coatings which release gaseous
      dissociation products which react with the combustible material "so that
      the bulb wall cannot be affected or darkened by incompletely burned
      reducing reaction products". Gains in brightness of over 20% are claimed
      for applications of multiple coatings of inorganic substances and organic
      polymers. Suitable inorganic substances proposed are colorless
      oxygen-releasing compounds such as nitrates, chlorates and perchlorates;
      whereas the proposed organic substances are colorless, polymeric,
      fluorated hydrocarbon compounds which evaporate or dissociate at a
      relatively low temperature. Hence, it appears that the Nijland et al
      patent provides a vapor or oxygen "cushion" about the inner wall which
      apparently delays droplet-wall collisions and the condensation or
      combustion products on the envelope wall.
PAR  The most obvious disadvantages of the application of organic coatings, as
      proposed by the Nijland et at patent, is the possible danger of increasing
      internal lamp pressures during flashing, expecially in miniaturized lamps
      with volumes less than 1 cc. These small vessels typically contain fill
      pressures in excess of five atmospheres and any additions of hydrocarbons
      would certainly increase the probability of containment failure. Additions
      of inorganic substances, such as the evaporable solutions of perchlorates
      suggested by the Nijland patent, would add to lamp manufacturing
      difficulties and pose problems with retainment of water during lamp
      processing which would seriously affect light output characteristics.
PAR  U.S. Pat. No. 3,630,650 of Kaufmann et al., on the other hand, views the
      problem of radiative energy losses as due to the heat sink effect of the
      glass with respect to the burning metal strands and controls shred
      configuration to minimize these undesired energy losses. More
      specifically, the Kaufmann et al patent proposes the use of crumpled
      shreds to promote "optimum combustion without energy losses due to
      extensive heat transmission to the glass". The process of crumpling
      provides sharp bends in the shreds which are intended to reduce the
      bearing area of the combustible material on the inner wall of the lamp
      envelope. Light output gains of up to 40% are claimed. Nevertheless, the
      Kaufmann approach still prevents only a fraction of the incompletely
      reacted droplets from striking the inner lamp walls. Our measurements have
      shown that losses in brightness of approximately 40-50% occur via wall
      collision losses, even in the case of flashlamps employing the teachings
      of Kaufmann.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, a principal object of this invention is to
      provide a photoflash lamp having improved light output characteristics.
PAR  A particular object of the invention is to provide a flashlamp having
      improved means for minimizing the radiative energy losses resulting from
      droplet-wall collisions.
PAR  These and other objects, advantages and features are attained, in
      accordance with the invention, by providing an envelope material selected
      to minimize heat losses occuring during the collision of molten droplets
      of the combustible material with the inner wall of the envelope during
      flashing. More specifically, we have discovered that the thermal
      conductivity and thermal diffusivity properties of a photoflash envelope,
      i.e., the impingement surface of the droplet, are of significant
      importance in determining the extent of a radiative energy that will be
      lost as a result of droplet-wall collision. We have found that the lower
      the thermal conductivity and thermal diffusivity properties are, the lower
      the energy losses from the droplet will be during impingement against the
      inner wall of the lamp envelope. By providing at least a thin inner layer
      of this selected material on the interior surface of the lamp envelope, we
      have found that photoflash brightness losses can be reduced to a marked
      degree, to thereby yield a significant gain in the light output of
      photoflash lamps. Preferably, the selected material is an inorganic glass
      of very low thermal conductivity and low thermal diffusivity, such as a
      lanthanum borate, lead borate or lead borogermanate glass, which is coated
      and/or fused onto the interior surface of a much thicker layer of the
      primary glass envelope material.
PAR  Thus, whereas the Nijland et al patent counters radiative energy losses
      associated with droplet-wall collisions by providing an inner wall coating
      of organic and/or inorganic materials which give off gas dissociation
      products to apparently delay droplet collision with and condensation upon
      the envelope walls, we provide an inner wall coating or layer, preferably
      of an inorganic material, which is selected to minimize heat losses during
      the collision of the molten droplets with the wall. That is, whereas the
      Nijland et al. coating is selected to react with the molten droplets, we
      control the inner surface composition of the envelope to extend the
      radiative energy life of the colliding burning droplet. Further, our
      selected inner layer material causes colliding droplets to be cooled less
      upon impinging against the envelope wall, whereupon the molten droplet
      leaves substantially less material as a wall deposit or encrustation.
      Accordingly, the masking effect of wall deposits is reduced and light
      output is enhanced.
PAR  The Kaufmann et al patent, on the other hand, counters energy losses to the
      glass envelope by controlling the configuration of the combustible metal
      shreds to reduce their bearing surface area upon the envelope wall and
      thus minimize the heat sink effect of the glass envelope with respect to
      ignited shreds. In contrast, we control the surface composition of the
      inner wall of the envelope to extend the radiative life of the burning
      droplets. Accordingly, we can obtain significant gains in light output
      without any alterations in the quantity, configuration or arrangement of
      the fuels or oxidants presently used in flashlamps.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be more fully described hereinafter in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is an enlarged sectional elevation of an electrically ignitable
      photoflash lamp having an envelope with an inner layer of a material
      selected in accordance with the invention;
PAR  FIG. 2 is an enlarged sectional elevation of a percussive-type photoflash
      lamp having an envelope of a material selected in accordance with the
      invention;
PAR  FIG. 3 is a greatly enlarged detail cross-section of a portion of the
      envelope wall of the lamp of FIG. 1, with the outer plastic coating being
      omitted for clarity; and
PAR  FIG. 4 is a greatly enlarged detail cross-section of an alternative
      embodiment of the envelope wall of FIGS. 1 and 3 showing a three-layer
      laminate, the outer plastic coating being omitted for clarity.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The teachings of the present invention are applicable to either percussive
      or electrically ignited photoflash lamps of a wide variety of sizes and
      shapes; however, it is particularly useful with respect to flash lamps
      having tubular shaped envelopes with a volume of less than 1 cubic
      centimeter (cc.). Accordingly, FIGS. 1 and 2 respectively illustrate
      electrically ignited and percussive-type photoflash lamps embodying the
      principles of the invention.
PAR  Referring to FIG. 1, the electrically ignitable lamp comprises an
      hermetically sealed lamp envelope including a primary layer of glass
      tubing 2 having a press 4 defining one end thereof and an exhaust tip 6
      defining the other end thereof. Supported by the press 4 is an ignition
      means comprising a pair of lead-in wires 8 and 10 extending through and
      sealed into the press. A filament 12 spans the inner ends of the lead-in
      wires, and beads of primer 14 and 16 are located on the inner ends of the
      lead-in wires 8 and 10, respectively, at their junction with the filament.
      Typically, the lamp envelope has an internal diameter of less than
      one-half inch, and an internal volume of less than 1 cc., although the
      present invention is equally suitable for application to larger lamp
      sizes. The exterior surface of the glass envelope is covered with a
      protective coating 17 (denoted by dashed lines) such as cellulose acetate
      lacquer or a vacuum-formed thermoplastic coating, such as described in
      U.S. Pat. No. 3,770,366. A combustion-supporting gas, such as oxygen, and
      a filamentary combustible metal 18, such as shredded zirconium or hafnium
      foil, are disposed within the lamp envelope. Typically, the
      combustion-supporting gas fill is at a pressure exceeding about 500
      centimeters of mercury, and the lamp is loaded with at least about 18
      milligrams of the filamentary combustible metal. In accordance with the
      invention, the lamp envelope also includes an inner layer of a
      light-transmitting material 19 which is coated and/or fused onto the inner
      surface of the primary layer of glass 2 and is selected to minimize heat
      losses during flashing, as shall be described in more detail hereinafter.
PAR  The percussive-photoflash lamp illustrated in FIG. 2 comprises a length of
      light-transmitting tubing defining an hermetically sealed lamp envelope 22
      constricted at one end to define an exhaust tip 24 and shaped to define a
      seal 26 about a primer 28 at the other end thereof. In accordance with the
      invention, envelope 22 comprises a material selected to minimize heat
      losses during flashing, as shall be described in more detail hereinafter.
      The primer 28 comprises a metal tube 30, a wire anvil 32, and a charge of
      fulminating material 34. A combustible metal 36, such as filamentary
      zirconium or hafnium, and a combustion-supporting gas, such as oxygen, are
      disposed within the lamp envelope with the fill gas typically being at a
      pressure of greater than about 500 cm. Hg. and the quantity of combustible
      metal fill being at least about 18 mgs. The exterior surface of the glass
      envelope is covered with a protective coating 37, such as cellulose
      acetate lacquer or a vacuum-formed thermoplastic.
PAR  The wire anvil 32 is centered within the tube 30 and is held in place by a
      circumferential indenture 38 of the tube 30 which loops over the head 40,
      or other suitable protuberance, at the lower extremity of the wire anvil.
      Additional means, such as lobes 42 on wire anvil 32 for example, may also
      be used in stabilizing the wire anvil, supporting it substantially coaxial
      within the primer tube 30 and insuring clearance between the fulminating
      material 34 and the inside wall of tube 30. A refractory or metal bead 44
      is located on the wire anvil 32 just above the inner mouth of the primer
      tube 30 to eliminate tube 30 burn-through and function as a deflector to
      deflect and control the ejection of hot gases from the fulminating
      material in the primer. The lamp of FIG. 2 is also typically a
      subminiature type having envelope dimensions similar to those described
      with respect to FIG. 1.
PAR  Although the lamp of FIG. 1 is electrically ignited, usually from a battery
      source, and the lamp of FIG. 2 is percussion-ignitable, the lamps are
      similar in that in each the ignition means is attached to one end of the
      lamp envelope and disposed in operative relationship with respect to the
      filamentary combustible metal 18 or 36. More specifically, the igniter
      filament 12 of the flash lamp in FIG. 1 is incandesced electrically by
      current passing through the metal filament support leads 8 and 10,
      whereupon the incandescent filament 12 ignites the beads of primer 14 and
      16 which in turn ignite the combustible metal 18 disposed within the lamp
      envelope. Operation of the percussive-type lamp of FIG. 2 is initiated by
      an impact onto tube 30 to cause deflagration of the fulminating material
      34 up through the tube 30 to ignite the combustible metal 36 disposed
      within the lamp envelope.
PAR  Ignition of the filamentary combustible metal 18 or 36 produces an array of
      burning droplets of metal and metal oxide which impinge against the
      envelope walls. The typical droplet radius is from 50-100 microns.
      Pursuant to extensive experimentation, we have closely studied the
      kinetics of combustion involved in the collison of such droplets with a
      variety of wall materials. To our surprise, we discovered that the
      composition of the inner surface of the envelope wall determined to a
      significant extent the radiating life time of the burning droplet
      subsequent to collision. For example, droplets were essentially
      extinguished when striking a sapphire surface, while the radiative energy
      of droplets colliding with a mica surface was insignificantly affected.
      More interestingly, a close correlation was found to exist between the
      thermal conductivity of the impingement surface and the droplet energy
      losses during collision. Thermal diffusivity was also found to be a
      significant contributing factor. Accordingly, we have determined that the
      radiative energy losses resulting from droplets colliding with the
      envelope walls of an ignited photoflash lamp can be significantly
      minimized by selecting an envelope material which will minimize the
      conductive heat losses occuring during dropletwall collisions. In
      particular, envelope materials having a low thermal conductivity, that is,
      less than 24 .times. 10.sup.-.sup.4 cal/cm-sec-.degree.C at 100.degree.C,
      and/or a low thermal diffusivity, that is, less than 50 .times.
      10.sup.-.sup.4 cm.sup.2 /sec at 100.degree.C, have been found especially
      suitable for this purpose. Thus, FIG. 1 illustrates one embodiment of the
      invention wherein a thin inner layer 19 of a material selected to minimize
      conductive heat losses is coated and/or fused onto a primary layer 2 of a
      different material. Typically, primary layer 2 is a soft glass of the type
      conventionally used for flashlamp envelopes, and the thermal conductivity
      and/or thermal diffusivity of the inner layer material 19 are respectively
      less than the thermal conductivity and/or thermal diffusivity of the
      primary layer material 2. FIG. 2, on the other hand, illustrates another
      embodiment wherein the entire glass envelope 22 (exclusive of the exterior
      plastic coating 37) is composed of the selected low conductivity material.
PAR  Preferably, the selected material 19 or 22 is inorganic and has a thermal
      conductivity which is less than about 20 .times. 10.sup.-.sup.4
      cal/cm-sec-.degree.C at 100.degree.C and a thermal diffusivity of less
      than about 30 .times. 10.sup.- .sup.4 cm.sup.2 /sec at 100.degree.C. Among
      the materials found particularly suitable for this application are
      lanthanum borate glasses, lead borogermanate glasses and lead borate
      glasses. For example, lanthanum borate glass having a composition (percent
      by weight) of 20.7% La.sub.2 O.sub.3, 27.6% B.sub.2 O.sub.3, 20.7% BaO,
      20.7% ZnO and 10.3% TiO.sub.2 has been determined to have a thermal
      conductivity of about 19.1 .times. 10.sup.-.sup.4 cal/cm-sec-.degree.C at
      100.degree.C and a thermal diffusivity of about 22.7 .times.
      10.sup.-.sup.4 cm.sup.2 /sec at 100.degree.C; lead borogermanate glass
      having a composition of 64% GeO.sub.2, 16% PbO and 20% B.sub.2 O.sub.3 has
      been determined to have a thermal conductivity of about 15.3 .times.
      10.sup.-.sup.4 cal/cm-sec-.degree.C at 100.degree.C and a thermal
      diffusivity of about 21.9 .times. 10.sup.-.sup.4 cm.sup.2 /sec at
      100.degree.C; and lead borate glass having a composition of 76.2% PbO and
      23.8% B.sub.2 O.sub.3 has been determined to have a thermal conductivity
      of about 15.0 .times. 10.sup.-.sup.4 cal/cm-sec-.degree.C at 100.degree.C
      and a thermal diffusivity of about 16.7 .times. 10.sup.-.sup.4 cm.sup.2
      /sec at 100.degree.C. The above mentioned lead borogermanate glass
      composition is the subject of a copending application Ser. No. 487,076,
      now U.S. Pat. No. 3,897,197 filed on even date herewith and assigned to
      the present assignee. It is to be understood, however, that the present
      invention is not limited to the use of low conductivity glass, for it is
      contemplated that a number of light-transmitting materials are available
      having the desired characteristics particularly suitable for minimizing
      the heat losses occuring during droplet-wall collision.
PAR  FIG. 2 illustrates an embodiment wherein the selected low conductivity
      material comprises the entire lamp envelope 22 exclusive of the outer
      plastic coating. Depending upon the application and the particular
      material selected, however, this construction may prove relatively
      unfeasible from a cost or design standpoint. Accordingly, in certain
      applications the embodiment of FIG. 1 may be preferred wherein the low
      conductivity material is coated and/or fused as an inner layer 19 of the
      lamp envelope. The minimum thickness of layer 19 for providing an
      effective barrier to thermal losses into the envelope wall upon collision
      by a burning droplet of metal for a fraction of millisecond may be
      calculated by approximated means considering the duration of droplet wall
      contact and the thermal conductivity, density and heat capacity of the
      impinged envelope material. For example, for a set of typical subminiature
      flashlamp parameters and an assumed collision duration of about 0.1
      millisecond, we determined a minimum layer thickness of about 10 microns.
      In general, however, the thickness of inner layer 19 will range from one
      to three mils, with the primary layer of glass being several times thicker
      than the inner layer (e.g., of the order of 24 mils) as illustrated by the
      greatly enlarged wall cross-section of FIG. 3.
PAR  The mean coefficient of thermal expansion of the inner layer 19 is
      substantially matched to or less than the mean coefficient of thermal
      expansion of the primary layer 2. For example, a typical primary layer
      glass is Corning type 0010, which has a mean coefficient of thermal
      expansion of about 93 .times. 10.sup.-.sup.7 in./in./.degree.C between
      0.degree. and 300.degree.C. If it is desired that the low conductivity
      coating provide an expansion match with this glass, a lead borate glass
      having a composition (percent by weight) such as 76.2% PbO and 23.8%
      B.sub.2 O.sub.3 may be employed as inner layer 19, as it has approximately
      the same coefficient of thermal expansion. On the other hand, it is often
      desired that the thin inner layer 19 have a lower coefficient of thermal
      expansion than prmary layer 2, whereby layer 19 will be in a state of
      compression to provide added strength. In such a case, suitable materials
      for the inner layer 19 include a lanthanum borate glass having a
      composition (percent by weight) such as 20.7% La.sub.2 O.sub. 3, 27.6%
      B.sub.2 O.sub.3, 20.7% BaO, 20.7% ZnO and 10.3% TiO.sub.2 and a lead
      borogermanate glass having a composition (percent by weight) such as 64%
      GeO.sub.2, 16% PbO and 20% B.sub.2 O.sub.3, each of which have been
      measured as having a mean coefficient of thermal expansion of about 68 to
      70 .times. 10.sup.-.sup.7 in./in./.degree.C between 0.degree. and
      300.degree.C.
PAR  In one embodiment of the invention, electrically ignitable flashlamps of
      the type shown in FIG. 1 were provided by coating a layer of lanthanum
      borate glass of the composition set forth above, on the inner surface of
      Corning type 0010 tubular glass sleeves of the size employed for making
      tubular flashlamp envelopes having an internal volume of 0.78 cc. More
      specifically, the lanthanum borate glass was ground to a particle size of
      100 to 200 mesh and suspended in an organic binder system, such as ethyl
      cellulose lacquer. This liquid suspension was then coated on the inner
      surface of the glass sleeve, after which the coating was dried by forced
      air and then flame-fused to the 0010 glass. Preferably, the coating is
      heated to just below the softening temperature of the 0010 glass during
      fusing. In addition to fusing the coating to the substrate glass, this
      process serves to bake off the organic binder. The ignition structure was
      then press-sealed into one end of the glass sleeve, and the lamp was
      loaded with 30 mgs. of shredded zirconium foil comprising four inch
      crumpled strands having a cross-section of approximately 0.95 .times. 1.3
      mils. Thereafter the lamp was filled with oxygen and tipped off, the
      initial oxygen fill pressure being about 675 cm. Hg. The resulting tubular
      lamp envelope had an outside diameter of 0.4 inch, with the primary layer
      2 of Corning 0010 glass having a thickness of about 35 mils and the inner
      layer 19 of lanthanum borate glass being about 0.5 mil thick. Finally, the
      lamp was provided with an exterior lacquer dip coating 17 of cellulose
      acetate having a thickness of about 11 mils. In comparative performance
      testing, these lamps having a low conductivity inner coating of lanthanum
      borate glass exhibited an average improvement in light output of about 15%
      as compared to conventional flashlamps of the same type but without the
      inner coating.
PAR  In lieu of applying a coating of the low conductivity material, such as
      described above, the multilayer envelope structure may be provided by
      employing laminated glass sleeves having two or more layers of glass fused
      together. For example, the laminated glass may have a cross-section such
      as illustrated in FIG. 3 with a thin (e.g. one to three mils thick) layer
      19 of selected low conductivity glass fused to a much thicker (e.g. 24
      mils) layer 2 of conventional soft glass.
PAR  Another interesting approach is to combine the features of the present
      invention with the envelope strengthening characteristics of the lamp
      described in U.S. Pat. No. 3,676,043, assigned to the present assignee.
      According to that patent, an improved flashlamp structure is provided by
      employing a laminated envelope comprising three separate layers of glass
      fused to one another. The center layer of glass has a higher coefficient
      of thermal expansion than the inner and outer layers, with the result that
      the center layer is in tension and the outer layers are under compressive
      stress. As a result, the envelope is stronger than conventional single
      layer glass envelopes and more resistant to internal pressure when the
      lamp is flashed.
PAR  Hence, as illustrated in FIG. 4, a flashlamp in accordance with the
      teachings of both the present invention and U.S. Pat. No. 3,676,043 may
      have a three-layer laminated glass envelope. The primary (center) layer 2
      would comprise a relatively thick (e.g., 24 mils or greater) layer of
      higher thermal expansion glass, while the inner and outer layers 19 and
      46, respectively, would be quite thin (e.g. one to three mils) and have a
      lower coefficient of thermal expansion than the center layer 2. For
      example, the center layer 2 may have a thickness of about 24 mils and
      comprise Corning type 0080 glass having a coefficient of thermal expansion
      of approximately 92 .times. 10.sup.-.sup.7 in./in./.degree.C between
      0.degree. and 300.degree.C. Inner layer 19 may be about 3 mils thick and
      comprise lead borogermanate glass of the composition set forth
      hereinbefore and having a measured coefficient of thermal expansion of
      about 68 to 70 .times. 10.sup.-.sup.7 in./in./.degree.C between 0.degree.
      and 300.degree.C. Finally, outer glass layer 46 may be about 3 mils thick
      and comprise the same glass as inner layer 19 or some other suitable glass
      having a coefficient of thermal expansion similar to that of inner layer
      19. In this manner, the low conductivity of the inner layer will result in
      improved light output, and the compressive loading of the inner and outer
      layers will result in a stronger envelope.
PAR  Although the invention has been described with respect to specific
      embodiments, it will be appreciated that modifications and changes may be
      made by those skilled in the art without departing from the true spirit
      and scope of the invention. For example, in lieu of a fused layer 19, the
      low conductivity thermal barrier may comprise a tubular sleeve of the
      selected material of low thermal conductivity and diffusivity
      concentrically located within the lamp envelope.
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STM  What we claim is:
NUM  1.
PAR  1. A photoflash lamp comprising:
PA1  an hermetically sealed, light-transmitting envelope;
PA1  a quantity of combustible material located in said envelope;
PA1  a combustion-supporting gas in said envelope, and
PA1  ignition means attached to said envelope and disposed in operative
      relationship to said combustible material;
PA1  said envelope comprising a material selected to have a thermal conductivity
      of less than 24 .times. 10.sup.-.sup.4 cal/cm-sec-.degree.C at
      100.degree.C and a thermal diffusivity of less than 50 .times.
      10.sup.-.sup.4 cm.sup.2 /sec at 100.degree.C so as to minimize conductive
      heat losses through said envelope occuring during the collision of molten
      droplets of said combustible material with the inner wall of said envelope
      during flashing of said lamp, whereby losses in radiative energy resulting
      from said droplet-wall collisions are minimized.
NUM  2.
PAR  2. The lamp of claim 1 wherein said envelope material is inorganic and has
      a thermal conductivity of less than about 20 .times. 10.sup.-.sup.4
      cal/cm-sec-.degree.C at 100.degree.C and a thermal diffusivity of less
      than about 30 .times. 10.sup.-.sup.4 cm.sup.2 /sec at 100.degree.C.
NUM  3.
PAR  3. The lamp of claim 2 wherein said envelope material comprises at least
      one member from the group consisting of lanthanum borate glasses and lead
      borate glasses.
NUM  4.
PAR  4. The lamp of claim 1 wherein said envelope includes a primary layer of
      first material and an inner layer of a second material located between
      said combustible material and said primary layer, said inner layer
      consisting of said material having a thermal conductivity of less than 24
      .times. 10.sup.-.sup.4 cal/cm-sec-.degree.C at 100.degree.C, said thermal
      conductivity of the inner layer being less than the thermal conductivity
      of said primary layer material.
NUM  5.
PAR  5. The lamp of claim 4 wherein said inner layer material is inorganic.
NUM  6.
PAR  6. The lamp of claim 6 wherein said primary layer material is glass, and
      the inner layer of said envelope comprises a light-transmitting coating on
      the inner surface of said glass primary layer.
NUM  7.
PAR  7. The lamp of claim 6 wherein said coating has a thickness of at least
      about ten microns.
NUM  8.
PAR  8. The lamp of claim 7 wherein said coating has a thickness of at least
      about one mil.
NUM  9.
PAR  9. The lamp of claim 6 wherein said coating has a mean coefficient of
      thermal expansion which is substantially matched to or less than the mean
      coefficient of thermal expansion of said glass primary layer.
NUM  10.
PAR  10. The lamp of claim 9 wherein the inner layer of said envelope is fused
      to the inner surface of said glass primary layer.
NUM  11.
PAR  11. The lamp of claim 6 wherein said coating is inorganic and has a thermal
      conductivity of less than about 20 .times. 10.sup.-.sup.4
      cal/cm-sec-.degree.C at 100.degree.C and a thermal diffusivity of less
      than about 30 .times. 10.sup.-.sup.4 cm.sup.2 /sec at 100.degree.C.
NUM  12.
PAR  12. The lamp of claim 11 wherein said coating comprises at least one member
      from the group consisting of lanthanum borate glasses and lead borate
      glasses.
NUM  13.
PAR  13. The lamp of claim 11 wherein the internal volume of said envelope is
      less than about one cubic centimeter, said combustible material is
      filamentary, the weight of said quantity of filamentary combustible
      material is at least about 18 milligrams, and the fill pressure of said
      combustion supporting gas is greater than about 500 centimeters of
      mercury.
NUM  14.
PAR  14. The lamp of claim 1 wherein said envelope includes a primary layer of a
      first material and an inner layer of a second material located between
      said combustible material and said primary layer, said inner layer
      consisting of said material having a thermal conductivity of less than 24
      .times. 10.sup.-.sup.4 cal/cm-sec-.degree.C at 100.degree.C.
NUM  15.
PAR  15. The lamp of claim 14 wherein said primary layer material is glass, and
      the inner layer of said envelope comprises a light-transmitting coating on
      the inner surface of said glass primary layer.
NUM  16.
PAR  16. The lamp of claim 14 wherein said envelope is a laminate including at
      least two layers of glass fused together, one of said layers being said
      primary layer and another of said layers being said inner layer.
NUM  17.
PAR  17. The lamp of claim 16 wherein said inner layer material has a thermal
      conductivity and thermal diffusivity which are respectively less than the
      thermal conductivity and diffusivity of said primary layer material.
NUM  18.
PAR  18. The lamp of claim 16 wherein said inner layer material has a thermal
      conductivity of less than about 20 .times. 10.sup.-.sup.4
      cal/cm-sec-.degree.C at 100.degree.C and a thermal diffusivity of less
      than about 30 .times. 10.sup.-.sup.4 cm.sup.2 /sec at 100.degree.C.
NUM  19.
PAR  19. The lamp of claim 18 wherein said inner layer material comprises at
      least one member from the group consisting of lanthanum borate glasses and
      lead borate glasses.
NUM  20.
PAR  20. The lamp of claim 16 wherein the coefficient of thermal expansion of
      said inner layer material is less than that of said primary layer
      material.
NUM  21.
PAR  21. The lamp of claim 16 wherein said inner layer has a thickness of from
      about one to three mils, and said primary layer is several times thicker
      than said inner layer.
NUM  22.
PAR  22. The lamp of claim 16 wherein said inner layer material has a thermal
      conductivity of less than about 20 .times. 10.sup.-.sup.4
      cal/cm-sec-.degree.C at 100.degree.C.
NUM  23.
PAR  23. The lamp of claim 16 wherein said inner layer material has a thermal
      diffusivity of less than about 30 .times. 10.sup.-.sup.4 cm.sup.2 /sec at
      100.degree.C.
NUM  24.
PAR  24. The lamp of claim 1 wherein said envelope material has a thermal
      conductivity of less than about 20 .times. 10.sup.-.sup.4
      cal/cm-sec-.degree.C at 100.degree.C.
NUM  25.
PAR  25. The lamp of claim 1 wherein said envelope material has a thermal
      diffusivity of less than about 30 .times. 10.sup.-.sup.4 cm.sup.2 /sec at
      100.degree.C.
PATN
WKU  039472248
SRC  5
APN  5199662
APT  1
ART  344
APD  19741101
TTL  Photoflash lamp with modified polycarbonate coating
ISD  19760330
NCL  9
ECL  1
EXP  Dority, Jr.; Carroll B.
NDR  1
NFG  4
INVT
NAM  Shaffer; John W.
CTY  Williamsport
STA  PA
ASSG
NAM  GTE Sylvania Incorporated
CTY  Danvers
STA  MA
COD  02
CLAS
OCL  431 94
EDF  2
ICL  F21K  502
FSC  431
FSS  94
UREF
PNO  3156107
ISD  19641100
NAM  Shaffer
OCL  431 94
UREF
PNO  3492268
ISD  19700100
NAM  Baker
XCL  260 47
UREF
PNO  3635895
ISD  19720100
NAM  Kramer
XCL  260 47
UREF
PNO  3770366
ISD  19731100
NAM  Audesse et al.
OCL  431 94
LREP
FR2  Coleman; Edward J.
ABST
PAL  A photoflash lamp having a protective coating over its glass envelope which
      is composed of an acidified polycarbonate resin for providing a strong
      containment vessel with improved aging charcteristics under conditions of
      stress and humidity. A preferred coating comprises a vacuum-formed sleeve
      composed of a polycarbonate resin with a phthalic anhydride additive.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  A modified polycarbonate resin useful as a protective coating for the
      photoflash lamp of the present invention is disclosed and claimed in
      copending application Ser. No. 519,964 filed concurrently herewith in the
      name of the present inventor and assigned to the present assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photoflash lamps and, more particularly, to an
      improved protective coating for flashlamps.
PAR  A typical photoflash lamp comprises an hermetically sealed glass envelope,
      a quantity of combustible material located in the envelope, such as
      shredded zirconium of hafnium foil, and a combustion supporting gas, such
      as oxygen, at a pressure well above one atmosphere. The lamp also includes
      an electrically or percussively activated primer for igniting the
      combustible to flash the lamp. During lamp flashing, the glass envelope is
      subject to severe thermal shock due to hot gloubles of metal oxide
      impinging on the walls of the lamp. As a result, cracks and crazes occur
      in the glass and, at higher internal pressures, containment becomes
      impossible. In order to reinforce the glass envelope and improve its
      containment capability, it has been common practice to apply a protective
      lacquer coating on the lamp envelope by means of a dip process. To build
      up the desired coating thickness, the glass envelope is generally dipped a
      number of times into a lacquer solution containing a solvent and a
      selected resin, typically cellulose acetate. After each dip, the lamp is
      dried to evaporate the solvent and leave the desired coating of cellulose
      acetate, or whatever other plastic resin is employed.
PAR  In the continuing effort to improve light output, higher performance
      flashlamps have been developed which contain higher combustible fill
      weights per unit of internal envelope volume, along with higher fill gas
      pressure. In addition, the combustible material may be one of the hotter
      burning types, such as hafnium. Such lamps, upon flashing, appear to
      subject the glass envelopes to more intense thermal shock effects, and
      thus require stronger containment vessels. One approach to this problem
      has been to employ a hard glass envelope, such as the borosilicate glass
      envelope described in U.S. Pat. No. 3,506,385, along with a protective dip
      coating of cellulose acetate. Although providing some degree of
      improvement in the containment capability of lamp envelopes, the use of
      cellulose acetate dip coatings and hard glass present significant
      disadvantages in the areas of manufacturing cost and safety. More
      specifically, the hard glass incurs considerable added expense over the
      more commonly used soft glass due to both increased material cost and the
      need for special lead-in wires to provide sealing compatibility with the
      hard glass envelope. In addition, even though more resistant to thermal
      shock, hard glass envelopes can also exhibit cracks and crazes upon lamp
      flashing, and, thus, do not obviate the need for a protective coating.
PAR  Another approach toward providing an improved containment vessel for
      photoflash lamps has been to employ a stronger, more temperature resistant
      coating material on the exterior of the glass envelope. For example U.S.
      Pat. No. 3,156,107 describes a flashlamp having an exterior coating of
      polycarbonate resin, a material which exhibits relatively high impact and
      tensile strengths and a high softening temperature.
PAR  Yet a further approach to providing a more economical and improved
      containment vessel is described in a copending application Ser. No.
      268,576, filed July 3, 1973, now U.S. Pat. No. 3,893,797, and assigned to
      the assignee of the present application. According to this previously
      filed application, a thermoplastic coating, such as polycarbonate, is
      vacuum formed onto the exterior surface of the glass envelope. The method
      of applying the coating comprises: placing the glass envelope within a
      preformed sleeve of the thermoplastic material; drawing a vacuum in the
      space between the thermoplastic sleeve and the glass envelope; and,
      simultaneously heating the assembly incrementally along its length,
      whereby the temperature and vacuum cause the thermoplastic to be
      incrementally formed onto the glass envelope with the interface
      substantially free of voids, inclusions and the like. This method provides
      an optically clear protective coating by means of a significantly faster,
      safer and more economical manufacturing process, which may be easily
      integrated on automated production machinery.
PAR  Heat is employed in applying the polycarbonate resin coatings on the lamp
      envelopes by thermoforming. Subsequent cooling of the glass envelope and
      polycarbonate coating causes the buildup of high tensile forces in the
      coating because it tends to contact more than the glass. These forces can
      be reduced somewhat by heating a narrow band of the coating as described
      in U.S. Pat. No. 3,832,257. It has been found, however, that even such
      stress relieved coatings can crack and fail in a relatively short time
      under conditions of high humidity, even when the remaining stresses are
      within the accepted design limits for the polycarbonate resin used. It
      should be noted here that unstressed polycarbonate has good resistance
      toward humidity or even water immersion. In searching for a solution to
      this aging, or shelf-life, problem under humid conditions, an extensive
      literature survey failed to shed light on the cause of this unexpected
      cracking under stress levels allowed by good design practices.
PAR  Consideration was then given to the incorporation of a compatible
      plasticizer into the resin with the anticipation that it might promote
      relaxation and stretching and thereby relieve the stresses caused by
      differential contraction between the coating and glass. Evaluation of
      coatings containing, for example, 20 to 30 parts of a plasticizer to 100
      parts of resin did in fact show significantly improved life under humid
      conditions. The plasticized polycarbonate was quite rigid rather than
      extensible as had been expected and, therefore, did not function in the
      manner anticipated. That is, the reduced coating stresses obtained with
      the plasticized resin were the result of a considerable lowering of the
      softening temperature needed for thermoforming. Cooling of the coated lamp
      over a lesser temperature gradient resulted in less stress build up. The
      shortcoming of this approach, however, was that the introduction of the
      required amounts of plasticizer resulted in substantial weakening of the
      coating, when compared to unplasticized polycarbonate. The resulting
      plasticized polycarbonate did not provide the desired stronger protective
      coating; more specifically, the plasticized polycarbonate coatings were
      not consistently better than cellulose acetate lacquer in containment
      tests with overcharged lamps. In addition, with respect to the preformed
      polycarbonate sleeves which are vacuum-formed onto the lamp, the low set
      point and poor strength at elevated temperatures of the plasticized
      polycarbonate made extraction from the mold of the injection molded
      sleeves a difficult, slow and uneconomical process.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is an object of this invention to provide a
      photoflash lamp having a strong protective coating with improved aging
      characteristics.
PAR  It is a particular object of the invention to provide an improved
      polycarbonate coating for a flashlamp which exhibits a prolonged time to
      failure under conditions of high humidity and high mechanical stress.
PAR  A further object is to provide an improved containment vessel for a flash
      lamp by employing on the glass envelope of the lamp an exterior coating of
      a modified polycarbonate resin which retains the toughness and high
      softening temperature for which polycarbonate is known, but which affords
      substantially improved resistance toward stress cracking of such coatings
      under humid conditions.
PAR  These and other objects, advantages and features are attained in accordance
      with the invention by coating the exterior surface of the glass envelope
      of the lamp with a polycarbonate resin which is acidified to counteract
      any alkali-catalyzed hydrolysis of the resin and thereby prolong the time
      to failure of the resin under conditions of high humidity and high
      mechanical stress. By deliberately rendering the resin acidic, rather than
      neutral, the time to crack development can be extended significantly.
      Whereas the actual time to failure is influenced by stress level,
      temperature and humidity, the lifetime ratio of acidified to nonacidified
      polycarbonate appears to be relatively constant under diverse conditions
      of testing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be more fully described hereinafter in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is an enlarged sectional elevation of an electrically ignitable
      photoflash lamp having a protective coating in accordance with the
      invention;
PAR  FIG. 2 is an enlarged sectional elevational of a percussive-type photoflash
      lamp having a protective coating in accordance with the invention;
PAR  FIG. 3 is an enlarged sectional elevation of a preformed sleeve of modified
      polycarbonate adapted for assembly and vacuum forming onto the glass
      envelope of a percussive-type photoflash lamp; and,
PAR  FIG. 4 is an enlarged elevation, partly in section, showing a percussive
      flashlamp assembly in the sleeve of FIG. 3, prior to vacuum forming.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The teachings of the present invention are applicable to either percussive
      or electrically ignited photoflash lamps of a wide variety of sizes and
      shapes. Accordingly, FIGS. 1 and 2 respectively illustrate electrically
      ignited and percussive-type photoflash lamps embodying the principles of
      the invention.
PAR  Referring to FIG. 1, the electrically ignitable lamp comprises an
      hermetically sealed lamp envelope 2 of glass tubing having a press 4
      defining one end thereof and an exhaust tip 6 defining the other end
      thereof. Supported by the press 4 is an ignition means comprising a pair
      of lead-in wires 8 and 10 extending through and sealed into the press. A
      filament 12 spans the inner ends of the lead-in wires, the beads of primer
      14 and 16 are located on the inner ends of the lead-in wires 8 and 10
      respectively at their junction with the filament. Typically, the lamp
      envelope 2 has an internal diameter of less than one-half inch, and an
      internal volume of less than 1 cc., although the present invention is
      equally suitable for application to larger lamp sizes. A
      combustion-supporting gas, such as oxygen, and a filamentary combustible
      material 18, such as shredded zirconium or hafnium foil, are disposed
      within the lamp envelope. Typically, the combustion-supporting gas fill is
      at a pressure exceeding one atmosphere, with the more recent subminiature
      lamp types having oxygen fill pressures of up to several atmospheres. As
      will be described in more detail hereinafter, the glass envelope 2 is
      reinforced, in accordance with the invention, by an acidified
      polycarbonate coating 20 on its exterior surface.
PAR  The percussive-photoflash lamp illustrated in FIG. 2 comprises a length of
      glass tubing defining an hermetically sealed lamp envelope 22 constricted
      at one end to define an exhaust tip 24 and shaped to define a seal 26
      about a primer 28 at the other end thereof. The primer 28 comprises a
      metal tube 30, a wire anvil 32, and a charge of fulminating material 34. A
      combustible 36, such as filamentary zirconium or hafnium, and a combustion
      supporting gas, such as oxygen, are disposed within the lamp envelope,
      with the fill gas being at a pressure of greater than one atmosphere. As
      will be detailed hereinafter, the exterior surface of glass envelope 22 is
      covered by an acidified polycarbonate coating 46 in accordance with the
      invention.
PAR  The wire anvil 32 is centered within the tube 30 and is held in place by a
      circumferential indenture 38 of the tube 30 which loops over the head 40,
      or other suitable protuberance, at the lower extremity of the wire anvil.
      Additional means, such as lobes 42 on wire anvil 32 for example, may also
      be used in stabilizing the wire anvil, supporting it substantially coaxial
      within the primer tube 30 and insuring clearance between the fulminating
      material 34 and the inside wall of tube 30. A metal or glass bead 44 is
      fused to the wire anvil 32 just above the inner mouth of the primer tube
      30 to eliminate burn-through and function as a deflector to deflect and
      control the ejection of hot particles of fulminating material from the
      primer. The lamp of FIG. 2 is also typically a subminiature type having
      envelope dimensions similar to those described with respect to FIG. 1.
PAR  Although the lamp of FIG. 1 is electrically ignited, usually from a battery
      source, and the lamp of FIG. 2 is percussion-ignitable, the lamps are
      similar in that in each the ignition means is attached to one end of the
      lamp envelope and disposed in operative relationship with respect to the
      filamentary combustible material. More specifically the igniter filament
      12 of the flash lamp in FIG. 1 is incandesced electrically by current
      passing through the metal filament support leads 8 and 10, whereupon the
      incandesced filament 12 ignites the beads of primer 14 and 16 which in
      turn ignite the combustible 18 disposed within the lamp envelope.
      Operation of the percussive-type lamp of FIG. 2 is initiated by an impact
      onto tube 30 to cause deflagration of the fulminating material 34 up
      through the tube 30 to ignite the combustible 36 disposed within the lamp
      envelope. The invention is also applicable to other types of electrically
      ignited lamps, such as those having spark gap or primer bridge ignition
      structures.
PAR  In accordance with the invention, I have found that a significant
      improvement in the stressed-part humidity tolerance of polycarbonate
      coatings on flashlamps can be achieved by employing a resin which has been
      acidified, such as by blending a compatible acidifying agent into the
      resin.
PAR  Polycarbonate resins are polymeric materials which incorporate the
      carbonate radical
      ##EQU1##
      as an integral part of the main polymer chain. In polycarbonate synthesis,
      a dihydroxy aromatic compound undergoes reaction with a carbonyl compound
      to yield long chain molecules which consist of alternate aromatic and
      carbonate groups. An example of such a polyarylcabonate resin is the
      product of the reaction between phosgene and 2,2-bis(4-hydroxypenyl)
      propane (bisphenol A) in the presence of a basic substance such as
      pyridine. The structure of this polymer is:
      ##SPC1##
PAL  In commercial polycarbonate resins, the number of repeating units, n, is
      such that the molecular weight is from about 25,000 to 75,000.
PAR  It is hypothesized that stress cracking of the polycarbonate under humid
      conditions is accompanied by localized scission of the polymer chains due
      to a hydrolytic mechanism. Small traces of alkali, either in the resin or
      its environment, appear to greatly accelerate this hydrolytic mechanism
      and probably act by way of basic catalysis. It has been shown that
      sufficient alkali is released from glass, as for example a lamp envelope,
      to measurably promote such failure of the polycarbonate in the presence of
      moisture. By adding an acidifying agent to the polycarbonate resin in
      accordance with the invention, a dramatic improvement in humidity
      tolerance is obtained which may be explained on the basis of the additive
      reacting with and thereby eliminating the traces of catalytic alkali that
      enter the resin.
PAR  As a preferred acidifying agent, I have found phthalic anhydride to offer
      effective hydrolytic stabilization to polycarbonate resins while at the
      same time providing high transparency, freedom from discoloration or haze,
      and good retention of thermal and mechanical properties. Other acids and
      acid anhydrides that are soluble in polycarbonate resin may be used;
      however, to attain the high degree of optical transparency required for
      photoflash lamp coatings, a truly soluble agent, such as phthalic
      anhydride is needed.
PAR  The quantity of acidifying agent used may be varied from about 0.1 percent
      to as much as 30 percent by weight in the modified polycarbonate resin,
      depending on end use requirements. That is, the modified resin comprises a
      homogeneous mixture of from about 70 to 99.9 percent by weight of a
      polycarbonate resin and from about 0.1 to 30 percent by weight of a
      compatible acidifying agent. At very low concentrations, the acidic
      additive will serve to insure freedom from harmful residual traces of
      alkali in the resin itself; however, protection from externally introduced
      alkali, as for example, from contact with a substance such as glass, will
      be inconsequential. At very high concentrations of additive, the alkali
      tolerance is increased, but the thermal and mechanical properties will
      suffer somewhat, as was found with plasticized polycarbonate. For
      flashlamp coating applications, an acidifying agent concentration from
      about 0.5 to 1.5 percent by weight is deemed optimal. That is, the
      acidified resin of a flashlamp coating comprises a homogeneous mixture of
      from about 98.5 to 99.5 percent by weight of polycarbonate resin and from
      about 0.5 to 1.5 percent by weight of an acidifying agent which is soluble
      in the resin.
PAR  The choice of acid or acid anhydride for the desired protective effect is
      not considered critical and many such substances could be used
      interchangeably. More specifically, an acid or anhydride of an acid having
      a first ionization pKa value in a range of from about 1.0 to 6.5 will
      function within the spirit of the invention, provided the agent chosen is
      sufficiently soluble in the polycarbonate resin so as to give a
      homogeneous mixture with the degree of optical clarity required.
      Acidifying agents with a pKa value between 1.5 and 4.5 are preferred
      because of their greater effectiveness or ability to maintain the resin
      acidic at low concentrations and/or after being largely depleted through
      reaction with alkaline materials.
PAR  The acidifying agent should also have a sufficiently high boiling point (or
      low vapor pressure at polycarbonate processing temperatures), to not cause
      bubbles or voids in the coating on the finished flashlamp.
PAR  By way of example, the following are among the acidifying agents that would
      appear suitable for use as an additive to modify polycarbonate resin for
      use as a flashlamp coating in accordance with the invention.
TBL                                Boiling                                     
     Additive    (First Ionization) pKa                                        
                                   Point .degree.C                             
     ______________________________________                                    
     benzoic acid                                                              
                 4.19              249                                         
     phthalic anhydride                                                        
                 (acid 2.89)       284                                         
     phenylacetic acid                                                         
                 4.28              266                                         
     ______________________________________                                    
PAR  An alternative to the addition of acidic materials to polycarbonate resins
      is to incorporate a source of acid internal to the molecular structure
      itself. By way of illustrative example only, acidic moieties such as
      carboxyl groups could be affixed regularly or at random along the length
      of the polycarbonate chain. Such internally acidified polycarbonate resins
      should offer properties and advantages similar to those obtained through
      blending of an acidic substance into an unmodified resin.
PAR  One method of applying the acidified polycarbonate resin coatings 20 and 46
      to the flashlamps of FIG. 1 and 2 would be to employ a lacquer dip
      process, similar to that described in U.S. Pat. No. 3,156,107. Another
      method of application is to employ a fluidized bed process, such as that
      described in a copending application Ser. No. 482,038, filed June 24, 1974
      and assigned to the present assignee, with the acidified polycarbonate
      resin being initially provided in powder form for subsequent fluidization
      in this process. However, the previously referred to vacuum-forming method
      of application is preferred and shall now be briefly described. Referring
      to FIG. 3, the acidified polycarbonate resin to be coated on the exterior
      surface of the lamp envelope is initially provided as a preformed sleeve
      48 having the shape of a test tube. To facilitate the one or more metallic
      members depending from the lamp envelope (i.e. leads 8 and 10, or primer
      tube 30) one or more holes are provided at the bottom of test tube-shaped
      sleeve. For purposes of example, the method will be described with
      reference to vacuum forming the coating 46 on the percussive lamp of FIG.
      2, although it will be understood that a similar method may be employed
      with the electrically ignited lamp of FIG. 1. Accordingly, sleeve 48 is
      provided with a single coaxially disposed hole 50 to facilitate passage of
      coaxially projecting primer tube 30. Sleeve 48 may be formed by a molding
      or extrusion process, and to minimize possible checks and crazes in the
      plastic upon being vacuum formed to the glass envelope, the preformed
      sleeve 48 should be prebaked at about 125.degree.C for at least 15 minutes
      to drive away residual moisture prior to assembly with the glass envelope.
PAR  In the next step, shown in FIG. 4, the glass envelope 22 of the percussive
      lamp is place within the preformed sleeve 48, with the primer tube 30
      projecting through hole 50. It will be noted that both the sleeve 48 and
      the lamp envelope 22 have generally tubular sidwalls. To facilitate the
      vacuum forming process, the fit should be as close as possible.
      Accordingly, the outside diameter of the tubular envelope 22 and the
      inside diameter of the tubular sleeve 48 are dimensioned so that, when the
      envelope is placed within the sleeve, there exists a clearance x of from
      about 0.001 to 0.010 inch between the tubular sidewalls thereof prior to
      heating and vacuum forming.
PAR  The next step, heating and vacuum forming comprises drawing a vacuum in the
      space between the sleeve 48, and envelope 22, while simultaneously heating
      the envelope and sleeve assembly incrementally along its length. More
      specifically, the vacuum is drawn through a tube at the open end of sleeve
      48, while at the same time, heaters are controlled to heat the sleeve to
      approximately the softening temperature of the acidified resin. A relative
      incremental axial movement is effected between the envelope-sleeve
      assembly and the heaters, so that incremental heating in a localized
      elevational plane starts at the end of the sleeve 48 through which the
      primer tube 30 projects, and then proceeds toward the open end of the
      sleeve from which the vacuum is being drawn. In this manner, the
      temperature and vacuum cause the sleeve 48 to be formed onto the glass
      envelope 22 with the interface therebetween substantially free of voids,
      inclusions and the like.
PAR  At the conclusion of the incremental heating process, the sleeve 48 is
      constricted above the exhaust tip 24 while continuing to apply heat and
      draw a vacuum. Finally, the vacuum-formed sleeve 48 on the lamp is
      separated from the scrap portion of the sleeve and tipped off, thereby
      completing the encapsulation of glass envelope 22 in the acidified
      polycarbonate resin coating 46. Commercial blue dyes can be used in the
      sleeve, or coating, for color corrections desirable with various
      photographic color films.
PAR  As the acidified polycarbonate resin has a coefficient of thermal expansion
      several times greater than the coefficient of thermal expansion of the
      glass envelope, the coating 46, provided by the above described
      vacuum-forming process, will exert a compressive load on the glass
      envelope 22 to thereby in effect strengthen the glass and make it more
      resistant to thermal shock. For example, with a coefficient of thermal
      expansion at least six times greater than that for the glass, the
      acidified polycarbonate coating may exert a compressive load of from about
      1000 to about 3000 pounds per square inch on the glass envelope, depending
      upon the relative thicknesses of the envelope and coating. Preferred
      tensile loading in the coating would be from 1000 to no more than 2000
      psi.
PAR  In one typical embodiment of the invention, an electrical flashlamp of the
      type shown in FIG. 1 was provided with a clear vacuum-formed coating 20 of
      acidified polycarbonate resin having a wall thickness of about 0.027 inch.
      More specifically, the coating material comprised a homogeneous mixture of
      about 99 percent by weight of an injection molding grade of bisphenol A
      polycarbonate resin (specifically Merlon type M-50 resin of the Mobay
      Chemical Co., Pittsburgh, Pa.) and about 1 percent by weight of phthalic
      anhydride. The lamp contained a combustible fill 18 comprising 25 mgs. of
      shredded hafnium foil and oxygen at a fill pressure of about 12.8
      atmospheres. The tubular envelope 2 was formed of G-1 type soft glass and
      had a nominal outside diameter of 0.259 inch, a wall thickness of 0.030
      inch, an overall outside length of 0.980 inch, and an internal volume of
      0.32 cc. In the process of coating the lamp, an injection molded sleeve of
      clear acidified polycarbonate resin having nominal inside diameter of
      about 0.283 inch of the open end, which narrows to about 0.268 inch, and a
      wall thickness of 0.025 inch was employed. The sleeve had two holes at the
      bottom for accommodating leads 8 and 10. During vacuum forming, the molded
      sleeve was incrementally heated to a temperature of about 400.degree.F by
      air from a serpentine heater. Flashing of a number of these lamps in both
      the vertical and horizontal position exhibited no containment failures.
PAR  Percussive lamps of the type shown in FIG. 2 have also been coated in
      similar fashion with acidified polycarbonate resin. Accelerated humidity
      tests indicate a dramatic retardation of crack development when the
      polycarbonate resin is acidified.
PAR  In summary, the present invention provides a modified polycarbonate coating
      for flashlamps which has a substantially improved tolerance to humid
      environments without at the same time destroying the good tensile and
      impact strength at elevated temperatures which make polycarbonate a
      particularly desirable material for many applications. Use of the modified
      resin permits significant increases in the life expectancy of stressed
      polycarbonate parts that are subjected to humid environments.
PAR  Although the invention has been described with respect to specific
      embodiments, it will be appreciated that modifications and changes may be
      made by those skilled in the art without departing from the true spirit
      and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A photoflash lamp comprising an hermetically sealed glass envelope, a
      combustion supporting gas in said envelope, a quantity of combustible
      material located in said envelope, ignition means attached to said
      envelope and disposed in operative relationship to said combustible
      material, and a protective coating on the exterior surface of said glass
      envelope, said coating comprising a polycarbonate resin which is acidified
      to counteract any alkalicatalyzed hydrolysis of the resin and thereby
      prolong the time to failure of said resin under conditions of high
      humidity and high mechanical stress.
NUM  2.
PAR  2. A lamp according to claim 1 wherein said coating is vacuum-formed on
      said envelope and exerts a compressive load on the glass envelope of from
      about 1000 to about 3000 pounds per square inch.
NUM  3.
PAR  3. A lamp according to claim 1 wherein said coating comprises a preformed
      sleeve of acidified polycarbonate resin which has been vacuum-formed onto
      said glass.
NUM  4.
PAR  4. A lamp according to claim 1 wherein the acidified resin of said coatign
      comprises a homogeneous mixture of from about 70 to 99.9 percent by weight
      of a polycarbonate resin and from about 0.1 to 30 percent by weight of a
      compatible acidifying agent consisting of an organic carboxylic acid
      having a first ionization pKa value in a range of from about 1.0 to 6.5 or
      an anhydride thereof.
NUM  5.
PAR  5. A lamp according to claim 4 wherein said acidifying agent has a first
      ionization pKa value between about 1.5 and 4.5.
NUM  6.
PAR  6. A lamp according to claim 4 wherein said acidifying agent has a boiling
      point sufficiently high to preclude bubbles or voids in said coating
      pursuant to the processing thereof.
NUM  7.
PAR  7. A lamp according to claim 6 wherein said acidifying agent is soluble in
      said polycarbonate resin, and said coating is clear.
NUM  8.
PAR  8. A lamp according to claim 4 wherein the acidified resin of said coating
      comprises a homogeneous mixture of from about 98.5 to 99.5 percent by
      weight of a polycarbonate resin and from about 0.5 to 1.5 percent by
      weight of an acidifying agent which is soluble in said resin.
NUM  9.
PAR  9. A lamp according to claim 4 wherein said acidifying agent is phthalic
      anhydride.
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PAL  A photoflash lamp having an envelope comprised of a lead-containing glass
      having a low coefficient of thermal expansion and a pair of
      filament-supporting lead-in wires secured to the glass envelope by means
      of a graded seal having a lead-free intermediate expansion glass disposed
      between the envelope and lead-in wires. The lead-in wires are composed of
      an iron-nickel-cobalt alloy. The intermediate expansion glass may be in
      the form of a bead having its midportion between the lead-in wires
      stretched to protrude toward the filament to prevent post-ignition short
      circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of photoflash lamps and, more
      particularly, to flashlamps containing filament-supporting lead-in wires.
PAR  Photoflash lamps generate an actinic light output by the burning of an
      energetic fuel, such as finely shredded zirconium, hafnium or aluminum
      metal foil, in a combination supporting atmosphere, such as oxygen. In
      some of the tubular electrically ignitable photoflash lamps presently
      manufactured, the ignition means comprises a pair of lead-in wires sealed
      through one end of the tubular glass envelope. A tungsten filament is
      mounted across the inner ends of the two lead-in wires with the ends of
      the wires at their junctions with the filament being coated with a primer
      material, such as a powdered zirconium mixture. Typically, the envelope is
      comprised of G-1 type soft glass having a coefficient of thermal expansion
      within the range of 85 to 95 .times. 10.sup.-.sup.7 per .degree.C between
      20.degree.C and 300.degree.C, and the lead-in wires are formed of a metal
      having a similar coefficient of thermal expansion so as to provide a match
      seal.
PAR  When battery power is applied to the external projecting portions of the
      two lead-in wires, the filament glows to incandescence, causing the primer
      material to ignite, which in turn ignites the finely shredded metallic
      combustible in the lamp envelope and, thus, flashes the lamp. During lamp
      flashing, the glass envelope is subjected to severe thermal and mechanical
      shock due to hot globules of metal oxide impinging on the walls of the
      lamp. As a result, cracks and crazes occur in the glass and, at higher
      internal pressures, containment becomes unlikely. In order to reinforce
      the glass envelope and improve its containment capability, it has been
      common practice to apply a protective lacquer coating on the lamp envelope
      by means of a dip process. To build up the desired coating thickness, the
      glass is generally dipped a number of times into a lacquer solution
      containing a solvent and a selected resin, typically cellulose acetate.
      After each dip, the lamp is dried to evaporate the solvent and leave the
      desired coating of cellulose acetate, or whatever other plastic resin is
      employed.
PAR  In the continuing effort to improve light output, higher performance
      flashlamps have been developed which contain higher combustible fill
      weights per unit of internal envelope volume along with higher fill gas
      pressures. In addition, the combustible material may be one of the more
      volatile types, such as hafnium. Such lamps, upon flashing, appear to
      subject the glass envelopes to more intense thermal shock effects, and
      thus require stronger containment vessels. One approach to this problem
      has been to employ a hard glass envelope, such as the borosilicate glass
      envelope described in U.S. Pat. No. 3,506,385, along with a protective dip
      coating. More specifically, this patent describes an electrically
      ignitable lamp having in-leads of a metal alloy such as Kovar secured by
      an internal expansion match seal in a lead-free glass envelope having a
      coefficient of thermal expansion in the range of 40 to 50 .times.
      10.sup.-.sup.7 per .degree.C. Type 7052 glass is mentioned as typical. The
      patent imposes a minimum of 40 .times. 10.sup.-.sup.7 per .degree.C on the
      coefficient of thermal expansion of the glass to assure the necessary
      match seal with the Kovar in-leads. Further, it is theorized that glass in
      this thermal expansion range provides a more beneficial mode of fracture
      which results in a delay in crack time after flashing. More specifically,
      fracture of the glass is delayed to a time when the pressure in the lamp
      has been reduced to a point where containment is more readily assured.
PAR  As described in U.S. Pat. No. 3,832,124, assigned to the present assignee,
      it has been discovered that by using glasses having an even lower thermal
      expansion than that specified in the aforementioned U.S. Pat. No.
      3,506,385 the flashlamp envelope can be made even more resistance to
      thermal shock and thereby delay crack time even further. Alternatively,
      the use of lower thermal expansion glass provides a lamp capable of higher
      thermal loadings, as the glass surface stresses are proportional to the
      thermal expansion of the glass. In particular, we have found that glasses
      having a coefficient of thermal expansion within the range of 30 to 40
      .times. 10.sup.-.sup.7 per .degree.C between 0.degree.C and 300.degree.C
      are particularly suitable for improving the containment of flashlamp
      envelopes. Hereinafter, such glass will be referred to as "low-expansion
      glass". Of course, fused quartz has a very low coefficient of thermal
      expansion, in the order of 4 .times. 10.sup.-.sup.7 per .degree.C, but it
      is somewhat costly for this application.
PAR  In attempting to use a low-expansion glass envelope in flashlamp
      applications, however, a sealing problem arises as many of the metals
      typically used for ignition structures have a substantially higher
      coefficient of thermal expansion than the glass and, therefore, are not
      suitable for providing a match seal. In the above-referenced U.S. Pat. No.
      3,832,124, which describes a percussive type flashlamp having a depending
      primer tube assembly for ignition, this problem is met by employing a
      compression seal. That is the metal primer tube is shaped so that it bears
      against the exterior surface of the glass envelope of lower thermal
      expansion, whereby the seal area of the glass is placed under compression
      upon cooling from the sealing process. Under a compressive strain, glass
      is made considerably stronger; hence, even though the metals are
      mismatched with respect to thermal expansion, a strong seal results. The
      low-expansion glasses suggested in that patent are Corning types 7740,
      7760, 7250 and 7070, and the primer tube metals include 42 nickel-iron
      alloy and alloys of iron, nickel and cobalt, such as Kovar.
PAR  Another approach to the metal-to-glass mismatch problem is to employ a
      graded seal, such as described in U.S. Pat. No. 3,771,941, assigned to the
      present assignee. This last-mentioned patent describes a percussive flash
      lamp having a low-expansion glass, such as Corning type 7070 hard glass,
      sealed to a Kovar primer tube by means of a graded seal having an
      intermediate expansion glass, such as Corning type 7050, disposed between
      the envelope and primer tube.
PAR  In addition to the sealing difficulties encountered with low-expansion
      glasses, another major problem is workability. A common characteristic of
      the aformentioned hard glasses is a relatively narrow temperature working
      range. Accordingly, such glasses are more difficult to draw, and thus,
      relatively expensive. Further, such glasses are more difficult to work
      with conventional sealing methods during the lamp-making process, thereby
      causing increased shrinkage in the factory.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is an object of the present invention to
      economically provide a photoflash lamp having an improved containment
      vessel.
PAR  Another object of the invention is to provide an improved glass-to-metal
      seal for a flashlamp.
PAR  A principal object is to economically provide an electrically ignitable
      photoflash lamp having a low expansion glass envelope with improved
      working characteristics and a strong glass-to-metal seal between the
      envelope and lead-in wires.
PAR  These and other objects, advantages and features are attained, in
      accordance with the invention, by sealing a body of lead-free intermediate
      expansion glass between a lead-containing low expansion glass envelope and
      the higher expansion metal lead-in wires. More specifically, we have
      discovered that the addition of a small percentage of lead, say on the
      order of 1 to 6 percent PbO by weight, to a low expansion glass
      composition appears to significantly improve the working characteristics
      of the glass without impairing the thermal characteristics and containment
      capabilities of the glass with respect to photoflash applications. As
      noted in U.S. Pat. No. 3,506,385, column 7, lines 68-71, however, glasses
      containing substantial amounts of PbO, such as Nonex Glass 7720 (which
      contains about 6 percent PbO), react with iron-containing inlead wires
      during sealing, producing bubbles and unacceptable leaky seals.
      Accordingly, such glasses often require that lead-in wires to be sealed
      through them be molybdenum, tungsten or other materials generally less
      desirable for outer lead wires of photoflash lamps than certain other
      metals due to their high rigidity, brittleness and cost. In accordance
      with the invention, therefore, we have also determined that a flashlamp
      envelope having the easier drawing and improved containment properties of
      a low-expansion, lead-containing glass, such as Nonex, can be employed
      with a more suitable lead-in wire material, such as the iron-nickel-cobalt
      alloys of Kovar or Rodar, if a lead-free intermediate expansion glass,
      such as Corning type 7750, is sealed or beaded to the lead-in wires and
      then sealed to one end of the envelope. Such a construction not only
      provides a graded seal between the lead-in wires and glass envelope which
      avoids the creation of high stresses at the glass-to-metal interface, but
      it also isolates the iron-containing lead-in wires from the
      lead-containing glass envelope to prevent leaky seals due to undesired
      reaction therebetween.
PAR  According to another embodiment, a further aspect of the invention may be
      provided by stretching or reshaping the bead of intermediate expansion
      glass which is sealed to the lead-in wires to provide a separator between
      the leads for assuring an open circuit condition after the bulb is
      flashed. More specifically, the insulating bead of intermediate expansion
      glass is shaped between the lead-in wires to protrude toward the filament,
      so as to provide at minimum cost a reliable means for preventing
      post-ignition short circuits between the lead-in wires. In this manner,
      the need for additional separator beads and/or sleeves within the lamp
      envelope is avoided, and the internal valume of the lamp is maximized to
      thereby enhance the efficiency of combustion for a given lamp size. Stated
      another way, this construction contributes toward obtaining improved light
      output from smaller size lamps.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be more fully described hereinafter in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is an enlarged sectional elevation of an electrically ignitable
      photoflash lamp having a graded seal between the envelope and lead-in
      wires according to the invention; and
PAR  FIG. 2 is an enlarged sectional elevation of an electrically ignitable
      photoflash lamp having a graded seal provided by a glass bead which is
      stretched to protrude between the lead-in wires toward the filament.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 an electrically ignitable photoflash lamp is shown
      comprising an hermetically sealed, lighttransmitting envelope 10 of glass
      tubing having a press 12 defining one end thereof and an exhaust tip 14
      defining the other end thereof. A quantity of filamentary combustible
      material 16, such as shredded zirconium or hafnium foil, is located within
      the lamp envelope. The envelope is also provided with a filling of
      combustion-supporting gas, such as oxygen, at a pressure of several
      atmospheres. The exterior surface of the glass envelope 10 is covered with
      a suitable plastic coating, such as cellulose acetate. Typically, the lamp
      envelope has an internal diameter of less than one-half inch, and an
      internal volume of less than 1 cc., although the present invention is
      equally suitable for application to larger lamp sizes.
PAR  The ignition structure comprises a pair of lead-in wires 18 and 20
      extending through and sealed into the press 12. A filament 22 spans the
      inner ends of the lead-in wires, and beads of primer 24 and 26 are located
      on the inner ends of the lead-in wires 18 and 20, respectively, at their
      junctions with the filament.
PAR  When battery current is applied to the external projecting portions of the
      two lead-in wires the filament 22 glows to incandescence, causing the
      primer material 24, 26 to ignite, which in turn ignites the finely
      shredded metallic combustible material 16 in the lamp to produce the
      desired flash of light output.
PAR  In accordance with the invention the glass envelope 10 is selected to be a
      low expansion glass, i.e. with a coefficient of thermal expansion between
      about 30 to 40 .times. 10.sup.-.sup.7 per .degree.C between 0.degree.C and
      300.degree.C, which contains a small proportion of lead, say in the range
      of from about 1 to 6 percent by weight. For example, a glass that has been
      found particularly suitable for forming envelope 10 is Corning Glass Works
      type 7720 (known as Nonex glass), which has a mean coefficient of thermal
      expansion of about 36 .times. 10.sup.-.sup.7 per .degree.C, between
      0.degree.C and 300.degree.C, and a composition which is approximately: 73%
      SiO.sub.2, 2% Al.sub.2 O.sub.3, 15% B.sub.2 O.sub.3, 4% Na.sub.2 O and 6%
      PbO.
PAR  The lead-in wires 18 and 20 are preferably composed of a metal alloy such
      as that commercially known as Kovar or Rodar, which has a mean coefficient
      of thermal expansion of about 50 .times. 10.sup.-.sup.7 per .degree.C,
      between 25.degree.C and 300.degree.C, and a composition which is
      approximately: 54% Fe, 29% Ni, 17% Co, &lt;0.5% Mn, &lt;0.2% Si, and &lt;0.06% C.
PAR  Further in accordance with the invention, the lead-in wires 18 and 20 are
      sealed in the end of the lamp envelope by means of a graded seal including
      a bead 28 of pressed and sintered intermediate expansion glass.
      Preferably, bead 28 is formed of a glass having a mean coefficient of
      thermal expansion of about 40.5 .times. 10.sup.-.sup.7 per .degree.C
      between 0.degree.C and 300.degree.C, such as Corning Glass Works type 7750
      glass, which has a composition of approximately 68% SiO.sub.2, 2% Al.sub.2
      O.sub.3, 26% B.sub.2 O.sub.3, 0.5% Li.sub.2 O and 3.5% Na.sub.2 O and/or
      K.sub.2 O.
PAR  To provide a strong glass-to-metal seal, 7750 glass powder is heated and
      pressed into a doughnut-shaped preform comprising the bead 28. This
      doughnut shaped bead 28 is then slipped over the spaced apart lead-in
      wires 18 and 20, and the assembly is rotated over the flame of a torch to
      seal the glass bead 28 to the lead-in wires. Thereafter, the 7720 glass
      envelope 10 is sealed about the 7750 glass bead in the same manner.
      Thereafter, the heated seal is pressed at 12. The choice of 7750 glass,
      with an expansion of 40.5 is reasonably critical due to its suitable match
      to both the Kovar or Rodar leads 18 and 20, with an expansion of 50, and
      the 7720 glass envelope, with an expansion of 36. The resulting graded
      seal avoids the creation of high stresses at the glass-to-metal interface
      and cracking of the seal. In addition, the lead-free composition of the
      7750 glass provides isolation between the lead-containing 7720 glass and
      the iron-containing Kovar or Rodar leads to prevent undesired reaction
      therebetween.
PAR  Accordingly, a strong glass-to-metal seal is provided between a
      low-expansion, but easier to draw, glass envelope and the lead-in wires to
      provide a significantly improved containment vessel for a flashlamp. More
      specifically, whereas 0010 type soft glass (expansion of 93) and 7052
      hard glass (expansion of 46) used on prior art flashlamps have thermal
      stress resistances of about 19.degree.C and 41.degree.C, respectively, the
      thermal stress resistance of 7720 glass (expansion of 36) is about
      49.degree.C. By definition, thermal stress resistance in .degree.C is the
      temperature differential between the two surfaces of a tube or constrained
      plate that will cause a tensile stress of 1000 pounds per square inch on
      the cooler surface. Hence, the hermetically sealed, low-expansion glass
      envelope of FIG. 2 provides a higher resistance to thermal shock, thereby
      permitting greater loading of the lamp with a combustible material and
      oxygen to provide increased light output. In addition, however, the PbO
      contained in the 7720 glass provides improved working characteristics
      during the production process, thereby significantly reducing factory
      shrinkage.
PAR  FIG. 2 illustrates a further aspect of the invention wherein a preferred
      graded seal construction is shown which is designed not only to provide an
      improved seal to an easier drawing, lower expansion glass, but also to
      prevent post-ignition short circuits across the lead-in wires. Such a
      feature is required for the proper operation of certain flash sequencing
      circuitry for controlling linear arrays of flash lamps. For example, in
      one presently marketed photoflash array application, if a short circuit
      occurs between the melted lead-in wires in the first (or subsequent) lamp
      of the array to be flashed by the sequencing circuitry, the entire array
      of lamp is rendered useless. Previous approaches for providing this
      function include those described in U.S. Pat. No. 3,816,054, wherein a
      glass bead inside the lamp envelope supports the lead-in wires in a spaced
      apart relation with a glass sleeve disposed about a portion of one of the
      lead-in wires as an insulating shield, and application Ser. No. 444,343,
      filed Feb. 21, 1974, now U.S. Pat. No. 3,897,196 and assigned to the
      present assignee, which employs a stretched bead within the lamp envelope.
      FIG. 2 employs the stretched bead concept of this last-mentioned reference
      and incorporates it in the graded seal construction. More specifically, a
      glass bead 30 of the same composition and thermal expansion coefficient as
      bead 28 (of FIG. 1) is shaped by a distortion of its midportion 32 between
      the lead-in wires to protrude toward the filament 22. The remaining
      elements of the lamp of FIG. 2 are the same as the like-numbered elements
      of the lamp of FIG. 1.
PAR  Upon ignition of the flashlamp the intense heat of the combustion process
      causes the top portion of the lead-in wires 18 and 20 to melt away down to
      the top surface of the glass bead 30. The upwardly protruding portion 32
      of the glass bead, however, serves to isolate the molten portions of the
      two lead-in wires so that a short circuit conductive path is not
      inadvertently effected by a chance fusion of the two melting wires
      subsequent to flashing.
PAR  Accordingly, the construction of FIG. 2 permits the elimination of separate
      glass beads and/or sleeves within the lamp envelope, while still providing
      protection against post-ignition shorts. The attendant advantages of this
      feature may best be appreciated by considering disadvantages of the glass
      insulating sleeve approach. Firstly, the relatively massive bead-sleeve
      ignition structure substantially decreases the internal volume of the
      lamp, a factor which is of considerable importance in the currently
      popular subminiature lamp sizes having internal volumes much less than one
      cubic centimeter. The presence of the bead sleeve structure results in a
      higher initial pressure and also causes difficulty in obtaining good fill
      distribution within the envelope. In addition, it has been determined
      through many tests that the relatively massive beaded and bead-sleeve
      inlead structures in subminiature flashlamps cause a decrease in flash
      illumination efficiency due to their heat absorbing effects. In fact, it
      has been found that this effect can reduce the light output efficiency by
      as much as 10 to 15% when compared to lamps employing ignition structures
      which do not contain a glass bead or bead and sleeve, as separate elements
      within the lamp.
PAR  To provide the construction of FIG. 2, 7750 glass powder is heated and
      pressed into a doughnut shaped preform, or bead, which is slipped over the
      lead-in wires 18 and 20. The assembly is then rotated over the flame of a
      torch to fuse the glass bead to the wires to retain a spacing
      therebetween. While the bead is still in the plastic state from the fusing
      step, a blade is inserted between the pair of wires and pushed against the
      midpoint of the fused bead to stretch and displace the midportion 32 so
      that it protrudes toward the end of the pair of wires across which the
      filament is to be attached. Thereafter the 7720 glass envelope 10 is
      sealed about the 7750 glass bead 30 and the seal area 12 is pressed. As a
      result, the bead 30 of the finished lamp of FIG. 2 provides the multiple
      functions of (1) a graded expansion seal to permit the use of a low
      expansion glass envelope for improved containment; (2) isolation between
      the glass envelope and lead-in wires to permit the use of a
      lead-containing glass envelope with improved working characteristics; and
      (3) a means for preventing post-ignition short circuits between lead-in
      wires which permits the removal of beads and/or sleeves within the lamp
      envelope, thereby increasing the internal volume of a given envelope size
      and improving light output efficiency.
PAR  Although the invention has been described with respect to a specific
      embodiment, it will be appreciated that modifications and changes may be
      made by those skilled in the art without departing from the true spirit
      and scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photoflash lamp comprising:
PA1  an hermetically sealed envelope formed of a lead-containing glass having a
      first mean coefficient of thermal expansion;
PA1  a quantity of combustible material located within said envelope;
PA1  a combustion-supporting gas in said envelope;
PA1  an ignition structure disposed in said envelope in operative relationship
      with respect to said combustible material, said ignition structure
      including a pair of spaced apart lead-in wires sealed in one end of said
      envelope and a filament connected across said lead-in wires, said lead-in
      wires having a second mean coefficient of thermal expansion which is
      higher than said first mean coefficient;
PA1  and means for sealing said lead-in wires in said end of said envelope
      comprising a body of glass sealed between said lead-in wires and said
      envelope and supporting said wires in a spaced side-by-side relation, said
      body of glass having a third mean coefficient of thermal expansion which
      is intermediate said first and second mean coefficients.
NUM  2.
PAR  2. A lamp according to claim 1 wherein said first mean coefficient of
      thermal expansion is about 36 .times. 10.sup.-.sup.7 per .degree.C between
      0.degree.C and 300.degree.C.
NUM  3.
PAR  3. A lamp according to claim 2 wherein said envelope is composed of a glass
      comprising the following constituents about in the proportions stated by
      weight: 73% SiO.sub.2, 2% Al.sub.2 O.sub.3, 15% B.sub.2 O.sub.3, 4%
      Na.sub.2 O and 6% PbO.
NUM  4.
PAR  4. A lamp according to claim 2 wherein said second mean coefficient of
      thermal expansion is about 50 .times. 10.sup.-.sup.7 per .degree.C between
      25.degree.C and 300.degree.C.
NUM  5.
PAR  5. A lamp according to claim 4 wherein said lead-in wires are composed of a
      metal alloy comprising iron, nickel and cobalt.
NUM  6.
PAR  6. A lamp according to claim 4 wherein said third mean coefficient of
      thermal expansion is about 40.5 .times. 10.sup.-.sup.7 per .degree.C
      between 0.degree.C and 300.degree.C.
NUM  7.
PAR  7. A lamp according to claim 6 wherein said body of glass having said third
      mean coefficient of thermal expansion has a composition comprising the
      following constituents about in the porportions stated by weight: 68%
      SiO.sub.2, 2% Al.sub.2 O.sub.3, 26% B.sub.2 O.sub.3, 0.5% Li.sub.2 O, and
      3.5% Na.sub.2 O and/or K.sub.2 O.
NUM  8.
PAR  8. A lamp according to claim 6 wherein said body of glass having said third
      mean coefficient of thermal expansion comprises a preformed bead of
      pressed and sintered glass powder, said bead being sealed about said
      lead-in wires, and said end of said glass envelope being sealed about said
      bead.
NUM  9.
PAR  9. A lamp according to claim 1 wherein the proportion of lead contained in
      the glass of which said envelope is formed is on the order of about 1 to 6
      percent by weight.
NUM  10.
PAR  10. A lamp according to claim 1 wherein said body of glass having said
      third coefficient of thermal expansion is shaped between said lead-in
      wires to protrude toward said filament for preventing post-ignition short
      circuits between said wires.
NUM  11.
PAR  11. A lamp according to claim 10 wherein said body of glass is in the form
      of a bead distorted in the middle to protrude toward said filament.
NUM  12.
PAR  12. A lamp according to claim 8 wherein the midportion of said preformed
      bead between said lead-in wires is stretched to protrude toward said
      filament for preventing post-ignition short circuits between said wires.
NUM  13.
PAR  13. The lamp of claim 12 wherein said ignition structure further includes
      beads of primer located on the inner ends of said lead-in wires at the
      junction between the lead-in wires and the filament.
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ABST
PAL  A combustion system, such as a recuperator in a furnace, has a combustion
      chamber, a burner which communicates with the combustion chamber and tends
      in operation to produce acoustic waves leading to the development of
      vibrations, and a conduit communicating with the burner and supplying
      thereto a stream of fuel fluid. The development of the waves and
      vibrations is precluded by providing in the conduit upstream of the burner
      a compartment having a volume equal to forty times the product of the
      cross-sectional area and the diameter of the conduit so that the
      acoustical waves originating in the burner are reflected, and the conduit
      is further intermediate the burner and the compartment so constructed as
      to be of unobstructed cross-section and has a length equal to
      substantially one-quarter of the wave length of sound waves which would
      develop if the vibrations were allowed to occur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to combustion systems, and more
      particularly to combustion systems having an arrangement for suppressing
      combustion chamber vibrations.
PAR  There are many instances, for example in industrial furnace recuperators,
      where combustion chamber vibrations of the organ-pipe variety develop when
      the system is in operation. Such vibrations can lead to damage to the
      system. Details of the development and the possible damage resulting from
      such vibrations can be found in A. A. Putnam and W. R. Dennis, "Survey of
      Organ-Pipe Oscillations in Combustion Systems," Journal of the Acoustic
      Society of America, 28 (1956). These are self-excited acoustic vibrations
      in the gas columns in the combustion chamber, in the grate chamber, and in
      the conduits which supply the fuel liquid and the combustion air to the
      burner. The self-excitation of such oscillations or vibrations is largely
      determined by the characteristics of the flame in the burner, the size and
      form of the combustion chamber and the acoustic impedances of the outlets
      of the fuel fluid and combustion air conduits into the combustion chamber.
      Details of the determination and calculation of the acoustical impedance
      may be found in E. Meyer and E. G. Neumann, "Physikalische und Technische
      Akustik", Friedrich Wieweg & Sohn, Braunschweig, Germany, 1967.
PAR  The development of such oscillations is undesirable, not only because of
      the noise level involved, but because they can lead to actual damage to
      the system. It has been found that of the various factors which are
      involved in the generation of such oscillations, the acoustical impedances
      are most readily susceptible to variation, and thus can be used in an
      attempt to control the development of the oscillations.
PAR  In fact, in a research paper issued by IRSID, namely J. M. Pariel, und L.
      de Saint Martin, "Contribution a l'Etude' des Instabilites de Combustions
      dans les Foyers Industriels," Revue Generale de Thermique, Volume VI, No.
      69, Sept. 19, 1967, recommendations are made for selecting the length of
      the conduits between the burner inlet and acoustically reflecting points
      of the conduit system in such installations, in an attempt to overcome the
      development of oscillations. Acoustically reflecting points are identified
      as the change in cross-section between the gas collecting conduit and the
      feeder line extending from the same to the burner chamber, and the blower
      for supplying combustion air. The influence of such devices as the damper
      or throttle in the fuel fluid conduit, which extend into the cross-section
      of the conduit, is not taken into account in these recommendations. It is
      intended that when the recommended distances between the burner inlet and
      the main reflective points are maintained, the acoustic impedances of the
      conduits are to assume values at the burner inlet which prevent the
      development of self-excited oscillations.
PAR  However, experience and examinations have shown that in actual fact even
      installations constructed in accordance with these requirements are still
      subject to self-excited combustion chamber oscillations which, as
      examination has shown, are the result primarily of the acoustic behavior
      of components which extend into the cross-section of the fuel fluid feeder
      conduit intermediate the burner and the variation in the cross-section
      which occurs where the feeder conduit branches off from the collecting
      conduit. These devices, such as the throttle which is used to vary the
      flow of fuel fluid, and a measuring device for measuring the flow of fuel
      fluid, are absolutely necessary for a proper operation of the system and
      it is therefore not possible to dispense with them. A further reason which
      has been found for the development of self-excited oscillations despite
      the recommendations made in the industry is that these recommendations
      assume an excessively high impedance range as having a vibration damping
      characteristic, which is not the case.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      combustion system wherein the self-excitation of oscillations and
      vibrations is completely and reliably prevented.
PAR  It is another object of the present invention to provide such a combustion
      system which is simple in construction.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in an arrangement wherein
      the desired impedance in the outlet of the fuel fluid conduit is produced
      in that the fuel fluid conduit has interposed in it a compartment for the
      reflection of acoustic waves originating from the burner, this compartment
      having a volume which is equal to approximately forty times the product of
      the cross-sectional area and the diameter of the fuel fluid conduit, or is
      larger than this, and wherein the fuel fluid conduit is of unobstructed
      cross-section intermediate the compartment and the burner inlet and has a
      length which is equal to approximately one quarter of the wave length of
      sound waves which would develop in the fuel fluid if self-excitation were
      to be permitted to occur.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additonal objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic illustration showing the construction of a
      prior-art recuperating system without the present invention;
PAR  FIG. 2 illustrates the system of FIG. 1, embodying one embodiment of the
      invention;
PAR  FIG. 3 is a fragmentary detail view, illustrating a further embodiment of
      the invention; and
PAR  FIG. 4 is a view of FIG. 3, seen in the direction of the arrow A of that
      Figure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIG. 1 it will be seen that in that prior-art
      construction reference numeral 1 identifies the combustion chamber or
      upright shaft, and reference numeral 2 identifies the grate shaft of the
      recuperator installation which is used in an industrial furnace. Reference
      numeral 3 identifies the feeder conduit which branches off from the gas
      collecting conduit 4 and suplies fuel fluid to a burner 9. At the junction
      of the feeder conduit 3 and the gas collecting conduit 4 is a
      cross-sectional step 5. Combustion air is supplied to the burner 9, the
      inlet of which is identified with reference numeral 6, via a conduit 8
      from a blower 7. Reference numeral 10 identifies a throttle or damper by
      means of which the amount of fuel fluid that can flow to the burner 9 is
      regulated, and reference numeral 11 identifies a measuring device by means
      of which the amount of fuel fluid flowing through the conduit 3 per unit
      time, can be measured.
PAR  The system of FIG. 1 is subject to the self-excitation of organ-pipe
      oscillations, with the consequent damage resulting therefrom.
PAR  FIG. 2 shows a system which is analogous to that of FIG. 1, and wherein
      like reference numerals identify like elements. In FIG. 2, however, the
      present invention is embodied in that a compartment 12 is interposed in
      the conduit 3, being spaced by the distance a from the burner inlet 6. The
      distance a corrresponds to approximately one-quarter of the wave-length of
      sound waves in the gas flowing in the conduit 3 if such sound waves were
      allowed to develop. The volume of the compartment 12 corresponds to or is
      greater than approximately forty times the product of the cross-sectional
      area of the conduit 3 and the diameter thereof. Over the distance a the
      interior cross-section of the conduit 3 is unobstructed, and it will be
      seen that the throttle 10 and the measuring device 11 are located upstream
      of the compartment 12, intermediate the same and the gas collecting
      conduit 4.
PAR  The embodiment of FIGS. 3 and 4 shows that the compartment 12 can be
      replaced with a compartment 12a which is constructed as a separate
      compartment in the lowest portion of the upright combustion column 1 of
      the system. The compartment 12a is connected with the burner inlet 6 by
      the conduit 13 which again has a length a. In all other respects the
      embodiment of FIGS. 3 and 4 corresponds to that of FIG. 2, and its
      operation and effect will also be the same.
PAR  By resorting to the present invention, the impedance of the inlet of the
      conduit 3 at a predetermined frequency of the vibrations is determined
      only by the impedance of the gas outlet of the compartment 12 or 12a, and
      the length of the conduit between the compartment and the burner inlet 6,
      and is independent of such components which tend to reduce the
      cross-section of the fuel fluid conduit, as the throttle and the measuring
      device mentioned above. By arranging the throttle and the measuring device
      in the manner disclosed in FIGS. 1 and 3-4, they no longer have any
      significant influence on the acoustic characteristics of the outlet end of
      the compartment 12 or 12a, and therefore the development of self-excited
      oscillations is suppressed.
PAR  In principle, the location of the compartment 12 or 12a can be freely
      selected as long as the length a of the conduit between the compartment 12
      or 12a and the burner inlet 6 is maintained equal to approximately
      one-quarter of the wave length of sound that would develop if vibrations
      were permitted. The embodiment in FIGS. 3 and 4 is currently preferred
      because it eliminates the need for additional space to accommodate or
      provide the compartment 12 as in FIG. 2. Moreover, the embodiment of FIGS.
      3 and 4 has the advantage that the length a of the conduit can be readily
      changed in the event that the natural frequencies of the combustion
      chamber 1 which have been calculated before the installation was built are
      found to deviate in actual fact from the calculations when the
      installation is built and operated.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      combustion system, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Withoug further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a combustion system, a combination comprising a combustion chamber; a
      burner communicating with said combustion chamber and tending in operation
      to produce vibrations; a conduit communicating with said burner and
      supplying thereto a stream of fuel fluid; and a compartment interposed in
      said conduit and having a volume equal to a multiple of the product of the
      cross-sectional area and the diameter of said conduit for reflexion of
      acoustical waves originating in said burner and tending to produce said
      vibrations, that portion of said conduit which connects said burner and
      said compartment being of unobstructed cross-section and having a length
      equal to substantialy one quarter of the wave length of said acoustical
      waves which would develop if vibrations were allowed to occur.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said system comprises a
      furnace recuperator having said combustion chamber in form of an upright
      shaft, and wherein a lower end portion of said shaft is configurated as
      said compartment and interposed in said conduit.
NUM  3.
PAR  3. A combination as defined in claim 2, wherein said lower end portion is
      separate from the remainder of said upright shaft; and wherein said
      conduit comprises said portion connecting said burner and said
      compartment, and a discrete further portion communicating with said
      compartment and supplying said stream of fuel fluid thereto.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said volume of said
      compartment is equal to about forty times said product.
NUM  5.
PAR  5. A combination as defined in claim 1; and further comprising a throttle
      and a measuring instrumentality interposed in said conduit upstream of
      said compartment.
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ABST
PAL  A metal foam burner element holds liquid fuel by capillary action. The
      element is in contact with one or more fuel feed pipes connected to a
      pressurised fuel supply. The element has air passageways through it so
      that combustion takes place between air passing through the element and
      the fuel.
BSUM
PAR  This invention relates to burners and in particular to burners which
      operate on vaporisable liquid fuels such as kerosene.
PAR  It is know to burn liquid fuels for heating purposes in wick burners
      wherein the wick enables transference of fuel from a reservoir to the
      combustion zone. An example of this type of burner is shown in British
      patent specification No. 1,247,406.
PAR  We have now discovered an improved burner element or wick which gives
      improved combustion characteristics.
PAR  According to the invention there is provided a burner element at least part
      of which can hold liquid fuel by capillary action which element is adapted
      for contact with a fuel supply supplying fuel under pressure to said
      element, the element having air passageways through it so that, during the
      use of the element as a component of a burner burning a liquid fuel,
      combustion takes place between air passing through the air passageways and
      the fuel.
PAR  Preferably the fuel supply comprises one or more fuel feed pipes.
PAR  Generally speaking, the combustion zone will be situated substantially
      adjacent to the burner element but it is also possible to transport the
      combustible mixture to a point remote from the element where combustion
      then takes place.
PAR  The burner element is preferably made from a metal foam material. A
      suitable material is a metal foam of nickel plated plastic (open cell
      polystyrene) with a flash coating of chromium for strength. Also other
      materials may be suitable e.g. metal filled plastics, porous ceramic
      materials and sintered metals.
PAR  The fuel feed pipe may also be `sandwiched` between layers of burner
      elements.
PAR  It will usually be desirable to use the thinnest element consistent with
      achieving the necessary fuel transfer since the greater the thickness the
      greater the heat capacity of the element and the fuel contained therein. A
      low heat capacity facilitates ignition since the smaller the heat capacity
      the more easily the fuel is vaporised and ignited. (Ease of ignition is
      particularly important in the case of a burner which is turned on and off
      by an automatic control system). A thin element confers an additional
      advantage when the burner is turned out. Combustion continues until the
      supply of fuel contained in the element is exhausted and this exhaustion
      is more satisfactorily achieved when the supply is small, i.e. when the
      element is thin. It is preferable that the element is less than 10 mm
      thick and for certain application, e.g. domestic central heating, it is
      preferable that the element be less than 5 mm, and most preferably less
      than 3 mm, thick.
PAR  In order to achieve uniform air distribution it is desirable that the air
      passageways be uniformly distributed over the element.
PAR  The air passageways are preferably air holes which are preferably circular
      in shape and preferably of an area of 0.01-1.0cm.sup.2. The number of air
      holes is such that they account for preferably 25-55 percent of the total
      area of the element. The air passageways can also be in the form of slits
      or other suitable shapes.
PAR  The invention includes both rigid and non-rigid wicks.
PAR  Non-rigid wicks are made of flexible material, e.g. ceramic fibres, and
      therefore, since the wick would collapse under its own weight, it must be
      used in conjunction with a support member adapted to hold the wick in the
      required configuration. On the other hand rigid wicks, e.g. wicks made of
      a porous metal such as a metal foam, are capable of supporting their own
      weight and therefore no support member is necessary.
PAR  Anisotropic wicks are particularly suitable for most applications. Examples
      of these are crushed metal foam where the pore size is smaller measured in
      the direction of air flow than at right angles thereto and a mat of
      ceramic fibres where there is a lower resistance to liquid flow in a
      horizontal direction than in the vertical direction.
PAR  Anisotropic wicks have the property of facilitating fuel flow in desired
      direction (i.e. across the element to achieve uniform fuel distribution)
      but hindering fuel flow in undesired directions (e.g. in a horizontal
      position to counteract fuel dripping out of the wick).
PAR  Ignition of the burner may be manual e.g. by naked flame or automatic e.g.
      by electrical means, such as spark ignition.
PAR  Preferably a drain trough is provided below the burner element so as to
      collect excess fuel dripping from the fuel outlets of the feed pipe.
PAR  The use of a pressurised fuel supply to the burner element means that
      normally the element is saturated with fuel and any excess fuel dripping
      from the element is collected in the drain trough. Thus the element or a
      part of the element is subject to continual flushing which aids in
      reduction of carbon build up caused by cracking of the fuel.
PAR  Further the fuel is contained in a system which reduces the possibility of
      flooding outside the burner. The burner has a low fuel capacity outside
      the element thus enabling a rapid flame out and elimination of fuel from
      the burner.
PAR  The fuel outlets in the feed pipe may be of any suitable shape e.g.
      circular or slits and are suitably arranged so as to give an even fuel
      distribution across the burner element. Preferably the total
      cross-sectional area of the fuel outlets of a feed pipe is not greater
      than the cross-sectional area of said feed pipe.
PAR  The burner element is normally used in a substantially horizontal position
      but may also be used in other orientations e.g. vertical, depending upon
      the required mode of application of the burner element.
DRWD
PAR  The invention will now be described with reference to FIGS. 1 to 4 of the
      drawings accompanying the provisional specification.
PAR  FIG. 1 is a vertical cross-section of a burner having a foam metal burner
      element.
PAR  FIG. 2 is a top view of the burner shown in FIG. 1.
PAR  FIG. 3 shows an embodiment of the burner element having a twin inlet fuel
      supply.
PAR  FIG. 4 illustrates a burner in practical operation e.g. a central heating
      unit, having a high mounted heating unit.
DETD
PAR  The burner element 1 shown in FIG. 1 is in the form of a flat rectangular
      slab of crushed metal foam. The element 1 is pierced by air holes 2
      arranged in an hexagonal pattern. The particular foam used was a metal
      foam made from nickel plated open cell polystyrene foam with a flash
      coating of chromium for strength.
PAR  The element 1 was made from a block of metal foam which had an average pore
      diameter of 0.3 mm by crushing it parallel to its axis in the ratio 3:1
      and the air holes 2 were cut at the same time. This compression yields an
      anisotropic element. The compression converted the pores (which were
      originally irregular dodecahedra in shape) to voids which were thin in the
      vertical direction.
PAR  A fuel feed pipe 3 was affixed to the underside of the element by means of
      an adhesive. This feed pipe 3 has fuel outlets 13 of suitable shape e.g.
      circular holes, slits etc. on the top side and in contact with the under
      side of the element 1. The fuel outlets 13 are distributed so as to give
      an even distribution of fuel across the element 1 when fuel is pumped into
      the fuel feed pipe 3.
PAR  On the underside of the fuel feed pipe 3 there is provided a drain trough 4
      so as to collect any excess fuel that may drip down from the fuel outlets
      13.
PAR  FIG. 2 shows a top view of the foam metal burner element 1. For kerosine
      fuel, the optimum thickness of the element was of the order 1 mm. A
      slightly thicker element was used when the fuel used was gas oil.
PAR  For a typical burner element with circular air holes the dimensions are as
      follows:
TBL  Length                 245     mm                                         
     Breadth                45      mm                                         
     Thickness              1.2     mm                                         
     Diameter of air holes  3.0     mm                                         
     No. of air holes       480                                                
     Total Area of air holes                                                   
                            3395    mm.sup.2                                   
PAR  FIG. 3 shows a further embodiment of the invention in which the fuel feed
      pipe 3 has two inlet positions for receiving fuel. This arrangement
      enables a better distribution of fuel in the burner element 1 to be
      obtained. As the fuel is supplied to the feed pipe from header 5 under a
      small pressure, the burner element 1 becomes saturated with fuel and the
      excess drips off into the drain trough 4. This means that the element 1 is
      subjected to continual flushing by fuel and carbon build up as a result of
      heat or imcomplete combustion is reduced. The excess fuel is collected and
      recycled by means of drain off line 7.
PAR  Air is supplied to underside of element by means of a forced draught i.e.
      by use of an air pump.
PAR  Referring to the system shown in FIG. 4, fuel is transported to the burner
      element 1 from a fuel storage system 10 situated below the level of the
      burner by means of a pump 8. The particular pump employed was an
      electrically operated diaphragm pump. A fuel level control 9 is located in
      the fuel supply line in between the fuel pump 8 and fuel storage system 10
      and is further connected to the fuel drain-off line 7 of the element 1 so
      as to allow recycling of excess fuel.
PAR  The fuel level control 9 is used to avoid the pump 8 sucking back air which
      would occur if the drain-off line 7 was directly connected to the pump
      inlet tube 11.
PAR  In use of the burner system, fuel is pumped from the fuel level control 9
      then along pump inlet tube 11 into the pump 8 and thence along pump outlet
      tube 12 into the burner element. The fuel pressure supplied to the burner
      element is only of the order of a few inches water gauge.
PAR  If the fuel storage system 10 is situated above the burner element 1, then
      the fuel level control 9 tray may be mounted inside enclosure 14. Also it
      is possible to replace the pump 8 and fuel level control 9 with an
      accurate fuel metering pump.
PAR  Automatic ignition is conveniently achieved by an electrical system (not
      shown in any drawing). The system may comprise either a coil heater for
      heating and igniting a small area of the element or an electrode for
      generating sparks in co-operation with the (metal foam) element. To
      achieve ignition the ignition system is switched on and the fuel is
      restarted. When the liquid fuel reaches the heated area some vaporises and
      the vapour is ignited by the sparks. This produces a flame which spreads
      over the whole area of the burner.
PAR  The burners described may comprise part of a domestic central heating
      appliance, for example, the hot water circulating type. Further the burner
      system shown in FIG. 4 is not dependent on gravity feed and so makes
      possible fuel storage below ground or in basements.
PAR  It has been found possible to operate the burner system continuously for up
      to 1000 hours before excessive carbon build up on the element occurs. It
      has been found that operation on and on-off cycle reduces the rate of
      carbon build up on the element and thus may further extend burner
      operating times.
CLMS
STM  We claim:
NUM  1.
PAR  1. A burner comprising: a burner element formed of a slab of material which
      is adapted and arranged to hold liquid fuel by capillary action and
      defining air passageways therethrough for the passage of combustion air to
      a combustion zone at the surface of the burner element; means supplying
      fuel under pressure in said element in an amount in excess of that
      required to saturate said element thereby to cause the element to be
      flushed and to remove carbon build up therefrom during the entire normal
      operation of the burner, said excess fuel dripping from the underside of
      the element said means including an elongated pipe having a plurality of
      orifices abutting the burner slab material and directed toward the
      combustion zone for directing the fuel into the burner slab material; and
      means for collecting and recycling the excess fuel to said supplying
      means; the combustion air and fuel vapors from the burner element being
      mixed and reacted above said element.
NUM  2.
PAR  2. A burner according to claim 1 in which, the total cross-sectional area
      of the orifices is not greater than the cross-sectional area of the pipe.
NUM  3.
PAR  3. A burner according to claim 1 in which said element is made from a metal
      foam material.
NUM  4.
PAR  4. A burner according to claim 3 in which the metal foam material is a
      metal foam of nickel plated plastic with a flash coating of chromium.
NUM  5.
PAR  5. A burner according to claim 1 in which said element is made from a metal
      filled plastics material, a porous ceramic material or a sintered metal.
NUM  6.
PAR  6. A burner according to claim 1 in which said element is less than 10 mm.
      thick.
NUM  7.
PAR  7. A burner according to claim 6 which is less than 3 mms. thick.
NUM  8.
PAR  8. A burner according to claim 1 in which said air passageways are air
      holes of circular shape, each air hole having an area of from 0.01 to
      1.0cm.sup.2.
NUM  9.
PAR  9. A burner according to claim 8 in which the air holes account for from 25
      to 55 percent of the total area of the element.
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ABST
PAL  Waste liquor obtained when pulping wood can be advantageously burned and
      used for raising steam, while simultaneously chemicals are reclaimed.
      Certain waste liquors have a noted tendency to cause deposits in valves
      and piping, which therefore must be intermittently washed by a neutral
      fluid. This means an interruption of the supply of fuel to the burner, and
      even if a furnace usually is provided with several burners the
      interruption causes a disturbance of the steam production, beside
      necessitating a considerable amount of labor.
PAL  The invention proposes a means for supplying liquid fuel and washing fluid
      simultaneously to each burner by two parallel conduits in such a manner
      that a simple switch-over will result in the (occasional past) supply
      conduit and the major part of the burner will be washed, while liquid fuel
      is supplied through a conduit having recently been washed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to means for burning liquid fuels of the hing
      having a tendency to cause deposits in conduits and fixtures, and where
      there are seasons to fear operational disturbances caused by such
      deposits. Such fuels are for instance found among the waste liquors
      produced when pulping wood.
PAR  When burning sulphite liquor from the magnesium or calcium process in
      recovery furnaces two separate supply conduit systems are usually provided
      for feeding the burners, one of said conduits being used to transport the
      waste liquor, while the other is washed by a fluid (usually acid water).
      After a certain period of time (usually 8 hours) the two systems are
      switched over in such a manner that the liquor in the first system is
      substituted by washing fluid, and the washing fluid in the second system
      is substituted by liquor.
PAR  This is necessary in order to prevent the formation of such thick deposits,
      which would be the result if one conduit was used to transport liquor for
      too long a time. At each burner there is branch conduit, which is
      connectable to both main conduits and may be switched over to the main
      contuit occassionally supplying liquor while being disconnected to the
      conduit transporting washing fluid.
PAR  In order to wash the branch conduit as well as the burner connected thereto
      it has hitherto been necessary to disconnect the burner, to remove the
      lance body and to substitute the latter by a fitting connected to a hose,
      which in turn is connected to a return flow conduit. Thereafter the
      washing fluid is made to flow through the burner head and the branch
      conduit to the return flow conduit. The system including the branch
      conduit and the burner head is usually washed during 8 hours. With a
      furnace provided with twelve burners it is common praxis to disconnect two
      burners simultaneously, which means that each burner will operate for two
      days between washings. During such a period the deposits formed will build
      up to such amounts that they will noticeably reduce the free flow area and
      thus also the capacity of the burner. It is evident that the lance body
      may easily be substituted by a clean one at any time.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a means is proposed for burning fuel of
      the type referred to above, where the burner head is connected to two main
      supply conduits and includes two three-way valves fitted adjacent to the
      lance body, as well as a return flow conduit for washing fluid, the
      arrangement permitting the lance body to be connected to be main conduit
      momentarily supplying fuel by way of one of the three-way valves, while
      the other three-way valve connects the second main supply line,
      momentarily transporting the washing liquid, with the return flow conduit.
PAR  All burners may then be practically continuously operated, which means that
      the total number of burners may be reduced. There are further less risks
      of the burner head and adjacent parts of the system being clogged, as the
      time between washings will be considerably reduced, for instance from the
      two days mentioned, to about 8 hours.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  One embodiment of the invention will below be described with reference to
      the accompanying drawing which schematically shows an arrangement
      according to the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The invention is used at a recovery furnace adapted to burn magnesium
      bisulphite liquor and it is presupposed that a number of burners 10 are
      fitted in the walls of said furnace.
PAR  There is a first tank 11 containing the magnesium waste liquor and a second
      tank 12 for a washing fluid. The system further includes pumps (not shown)
      for transporting the liquor and the washing fluid, respectively, as well
      as governing and supervision devices of conventional kind used with plants
      of this type.
PAR  Two parallel main supply conduits 13 and 14 run between the tanks and the
      burners and in these conduits there are immediately downstream of the
      tanks a first set of three-way valves 15 and 16, respectively. A cross
      conduit 17 is provided between three-way valve 15 and main conduit 14
      downstream of valve 16 therein. From the latter a corresponding cross
      conduit 18 runs to conduit 13, downstream of valve 15.
PAR  These first three way valves are operated in such a manner that they, in
      use, will occupy the positions shown in the drawing for supplying liquor
      or fluid, respectively, through the conduit in which they fitted, or
      alternatively, by way of the cross connections, through their opposite
      main conduits.
PAR  At each burner 10 there is a second set of three-way valves 19 and 20, one
      fitted in each main conduit 13 and 14, respectively and adapted to connect
      the pertaining main conduit with a passage 21 in the burner head which
      conveys the liquor through the burner lance body to the nozzle thereof.
      The burner further is supplied with steam for automization of the liquor
      by way of a conduit 22, the steam having a somewhat higher pressure than
      the liquor.
PAR  An effluent pipe 23 is connected to both three-way valves 19 and 20. The
      effluent pipe ends over an open funnel 24, which is the starting point of
      a return flow conduit 25 which conveys the washing fluid back to tank 12.
PAR  This second set of three-way valves is operated in such a manner that the
      valves will always occupy opposite position, i.e. one of them will, in one
      position, permit flow from the pertaining conduit 13 to the burner, while
      the other valve permits flow from the pertaining conduit 14 to the return
      flow conduit 23-25, and in the other position permits flow from the said
      main conduit to the return flow conduit and to the burner, respectively.
PAR  In the position shown waste liquor from tank 11 is supplied to the burner
      by way of main conduit 13 and valve 19, while simultaneously washing fluid
      flows through conduit 14 by way of valves 16 and 20 back to tank 12.
PAR  If now the first set of three way valves 15 and 16 are switched over, waste
      liquor will flow through main conduit 14, while main conduit 13 will
      convey washing fluid. The second set of valves will then also be switched
      over and waste liquor will flow through the burner passage 21 by way of
      valve 20. Simultaneously washing fluid will pass to effluent pipe 23 by
      way of valve 19.
PAR  In this manner the conduits to and including the burner head will be
      efficiently washed. The second set of three-way valves 19, 20 are built
      into the burner head, where the non-washed parts of the system will be
      very short. The lance body is connected to the burner head by a clutch
      permitting a rapid disconnection. At certain intervals a lance body is
      removed, substituted by a reserve lance body, and then washed separately.
PAR  It should be mentioned that the drawing is schematic only, and that in the
      actual embodiment the distance between the second set of valves and the
      lance body is proportionally much shorter than has been shown in order to
      explain the connections.
PAR  The main conduits 13 and 14 are connected to further burners at the same
      furnace, and are operated in the same manner as has been described above.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a means for burning a liquid fuel of the kind having a tendency to
      cause deposits, said means including a first storage tank for the liquid
      fuel, a second storage tank for a washing fluid, at least one burner
      having a head and an elongated lance body attached thereto, two main
      supply conduits running from the two storage tanks to said burner, and
      valve means for connecting at will the said main supply conduits to said
      storage tanks in such a manner that any of said supply conduits will
      convey liquid fuel, while the other supply conduit simultaneously conveys
      washing fluid, the improvement that the burner head is connected to the
      two main supply conduits and includes two three-way valves fitted adjacent
      to the lance body, as well as a return flow conduit for the washing fluid,
      the arrangement permitting the lance body to be connected to the main
      conduit momentarily supplying fuel by way of one of the three-way valves,
      while the other three-way valve connects the second main supply conduit,
      momentarily transporting the washing liquid, with the return flow conduit.
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PAL  An unvented, open-flame type room heater comprising an open-faced container
      having a chamber therewithin, a plate mounted in the chamber so as to
      divide it into an upper and a lower volume and having a myriad of tiny
      passageways therein leading from the lower volume to the upper volume,
      means for introducing gas and air into the lower volume, a plurality of
      bars spanning the open face of the container in parallel, spaced array,
      and a plurality of simulated logs located on top of the bars in generally
      parallel relationship thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to unvented, open-flame type room heaters employing
      simulated logs. Such room heaters are commonly installed in real or
      simulated fireplaces, and they have decorative as well as heat-generating
      functions.
PAR  2. Description of the Prior Art
PAR  Room heaters of the above type commonly employ so called "infra-red" plates
      covered by a metal lattice which assists in the diffusion of the flames.
      However, it is difficult to disguise or hide such metal lattices, the
      visibility of which detracts from the desired natural effect of the
      simulated logs. Moreover, such metal lattices prevent the flames from
      emerging from between the logs, which also detracts from the desired
      natural effect. However, if the metal lattices were simply removed from
      the prior art room heaters of this type, the result was loss of efficiency
      and the production of excessive amounts of toxic waste gasses such as
      carbon monoxide, unless appropriate supplementary ventilation was also
      installed.
PAC  OBJECT OF THE INVENTION
PAR  Accordingly, it is the object of this invention to provide a room heater of
      the unvented, open-flame type which simulates a true log burning fireplace
      with a high degree of accuracy, does not produce excessive amounts of
      toxic waste gasses, has a high level of efficiency, and does not require
      supplementary ventilation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention consists of an unvented, open-flame type room heater
      comprising an open-faced container having a chamber therewithin, a plate
      mounted in the chamber so as to divide it into an upper and a lower volume
      and having a myriad of tiny passageways therein leading from the lower
      volume to the upper volume, means for introducing gas and air into the
      lower volume, a plurality of bars spanning the open face of the container
      in parallel, spaced array, and a plurality of simulated logs located on
      top of the bars in generally parallel relationship thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a gas burner according to the present
      invention.
PAR  FIG. 2 is a cross-sectional view of the gas burner shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The preferred embodiment of this invention shown in the drawings comprises
      a container 1, a plate 6, means 7 for introducing gas and air into the
      lower volume 10 contained within the container 1, a plurality of bars 3,
      and a plurality of simulated logs 5.
PAR  The container 1 is made of a refractory material, such as refractory
      ceramic, has a chamber therewithin, and has an open face 2 on the top
      thereof. The container 1 is preferably, though not necessarily,
      rectangular parallelopipedal in shape.
PAR  The plate 6 is also made of a refractory material, such as refractory
      ceramic, and it is mounted in the container 1 so as to divide the chamber
      therewithin into an upper volume 11 and a lower volume 10. The lower
      volume 10 can be entirely empty or, as shown, means defining a separate
      interior chamber 8 can be disposed therewithin. The purpose of mounting
      the plate 6 interiorly of the container 1 is to shield it from exposure to
      ambient temperature variations and drafts which would otherwise alter the
      normal caloric flow of the device. The plate 6 contains a myriad of tiny
      passageways 12 more or less evenly distributed over the major faces of the
      plate and leading from the lower volume 10 to the upper volume 11. Each
      passageway must be large enough in cross section to readily pass a mixture
      of comburent gas and air but otherwise the passageways should be as small
      and as closely spaced as is economically feasible. As shown, the plate 6
      may be simply laid on an appropriate circumferential shelf 13 in the
      container 1.
PAR  The means 7 for introducing gas and air into the lower volume 10
      preferably, though not necessarily, comprise two tubes leading into the
      lower volume 10, one of the two tubes being located within the other.
PAR  The plurality of bars 3 are made of a refractory material and span the open
      face 2 of the container 1 in parallel, spaced array. They are shaped such
      that the sides 4 of their longitudinal cross sections converge towards the
      chamber within the container 1. The purpose of this is to cause flames and
      unburn gas to circulate in the converging spaces between the bars 3,
      providing a combustion zone which is separate and distinct from the
      combustion zone in upper volume 11. Conveniently, their cross sections
      have the shape of a regular trapezoid the minor base of which is towards
      the plate 6. Also conveniently, the plurality of bars 3 are held in fixed
      mutual relationship by means not shown, but they are simply laid on the
      top of the container 1.
PAR  The plurality of simulated logs 5 are located on top of the plurality of
      bars 3 in generally parallel relationship thereto. Portions of the
      exteriors of adjacent logs 5 are in contact, but passageways are left
      therebetween. These passageways serve as a third separate and distinct
      combustion zone. Preferably, but not necessarily, the simulated logs are
      made out of refractory material, such as refractory ceramic. Conveniently,
      the plurality of bars 5 are held in fixed mutual relationship by means not
      shown.
PAR  When the heater is being used, gas and air passes into the lower volume 10
      (or, more particularly in the embodiment shown, into the interior chamber
      8), where they are mixed (if they have not already been mixed externally
      of the device) and allowed to spread out more or less homogeneously
      beneath the plate 6. The mixture of gas and air then passes through the
      myriad of tiny passageways 12 in the plate 6 and enters the upper volume
      11. In the upper volume 11, the mixture of gas and air is initially
      burned. However, not all the gas is burned in that volume, and the burning
      continues in the space between adjacent bars 3 and in the passageways
      between adjacent logs 5. The plate 6, the bars 3, and the logs 5 soon
      become red hot, and tests (described hereinafter) have shown that
      combustion of the gas by the time it emerges from the logs 5 is virtually
      complete--or, at any rate, so nearly complete that the level of toxic
      waste products emitted is far below accepted levels.
PAC  Test Results of Embodiments of this Invention
PAR  Three models of commercial embodiments of this invention, all of which were
      within the scope of claim 1 of this application, were submitted to the
      State Gas Company of Argentina for testing. All three tests were
      successful, the results being summarized below.
PAR  Test No. 1, Model 80
PAR  This test was conducted in a room having a volume of 30.sup.3 meters. Both
      natural and liquid gas were used, and the results for each are given in
      parallel columns below.
TBL  ______________________________________                                    
                    Natural Gas                                                
                              Liquid Gas                                       
     ______________________________________                                    
     Length of Test   21/4 hours  21/4 hours                                   
     Temperature of the Room at                                                
                      23.degree.C.                                             
                                  22.degree.C.                                 
     the Beginning of the Test                                                 
     Temperature of the Room at                                                
                      43.degree.C.                                             
                                  44.degree.C.                                 
     the End of the Test                                                       
     Consumption of Gas                                                        
                      715 liters/ 308 liters/                                  
                      hour        hour                                         
     Percentage of CO.sub.2 Emitted                                            
                      0.9%        1.2%                                         
     at End of Test                                                            
     Percentage of O.sub.2 Emitted                                             
                      18.2%       18.0%                                        
     at End of Test                                                            
     Percentage of CO Emitted                                                  
                      0.005%      0.008%                                       
     at End of Test                                                            
     ______________________________________                                    
PAR  Test No. 2, Model 74
PAR  The size of the test room is not given in the official report, but it was
      probably the same room as was used for the first test. Again, both natural
      and liquid gas were used.
TBL  ______________________________________                                    
                    Natural Gas                                                
                              Liquid Gas                                       
     ______________________________________                                    
     Length of Test   31/4 hours  43/4 hours                                   
     Temperature of the Room at                                                
                      26.degree.C.                                             
                                  24.degree.C.                                 
     the Beginning of the Test                                                 
     Temperature of the Room at                                                
                      44.degree.C.                                             
                                  38.degree.C.                                 
     the End of the Test                                                       
     Consumption of Gas                                                        
                      489.7 liters/                                            
                                  141.6 liters/                                
                      hour        hour                                         
     Percentage of CO.sub.2 Emitted                                            
                      0.4%        0.6%                                         
     at End of Test                                                            
     Percentage of O.sub.2 Emitted                                             
                      19.8%       19.8%                                        
     at End of Test                                                            
     Percentage of CO Emitted                                                  
                      0.000%      0.005%                                       
     at End of Test                                                            
     ______________________________________                                    
PAR  Test No. 3, Model 76
PAR  Again, the size of the test room is not given in the official report, and
      again both natural and liquid gas were used.
TBL  ______________________________________                                    
                    Natural Gas                                                
                              Liquid Gas                                       
     ______________________________________                                    
     Length of Test   31/4 hours  43/4 hours                                   
     Temperature of the Room at                                                
                      (not given) (not given)                                  
     Beginning of the Test                                                     
     Temperature of the Room at                                                
                      44.degree.C.                                             
                                  38.degree.C.                                 
     the End of the Test                                                       
     Consumption of Gas                                                        
                      489.7 liters/                                            
                                  141/6 liters/                                
                      hour        hour                                         
     Percentage of CO.sub.2 Emitted                                            
                      0.4%        0.6%                                         
     at End of the Test                                                        
     Percentage of O.sub.2 Emitted                                             
                      19.8%       19.8%                                        
     at the End of the Test                                                    
     Percentage of CO Emitted                                                  
                      0.000%      0.005%                                       
     at the End of the Test                                                    
     ______________________________________                                    
PAC  Caveat
PAR  While the present invention has been illustrated by a detailed description
      of a preferred embodiment thereof, it will be obvious to those skilled in
      the art that various changes in form and detail can be made therein
      without departing from the true scope of the invention. For that reason,
      the invention must be measured by the claims appended hereto and not by
      the foregoing preferred embodiment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An unvented, open-flame type room heater comprising:
PA1  a. a container
PA2  i. made of a refractory material,
PA2  ii. having a chamber therewithin, and
PA2  iii. having an open face on the top thereof;
PA1  b. a plate
PA2  i. made of a refractory material,
PA2  ii. mounted in said container so as to divide the chamber therewithin into
      upper and lower volumes, and
PA2  iii. having a myriad of tiny passageways therein leading from the lower
      volume to the upper volume;
PA1  c. means for introducing gas and air into the lower volume;
PA1  d. a plurality of bars
PA2  i. made of refractory material,
PA2  ii. spanning the open face of said container in parallel, spaced array, and
PA2  iii. shaped such that the sides of their longitudinal cross sections
      converge towards the chamber in said container; and
PA1  e. a plurality of simulated logs
PA2  i. located on top of said plurality of bars in generally parallel
      relationship thereto and
PA2  ii. in contact with adjacent logs along portions of their exteriors, but
      leaving passageways therebetween,
PAL  whereby, when the heater is being used, the gas and air passes through the
      myriad of tiny passageways in said plate and is burned in three separate
      locations, namely, between said plate and said plurality of bars, in the
      spaces between adjacent ones of said plurality of bars, and in the
      passageways between adjacent ones of said plurality of simulated logs,
      thereby virtually eliminating the passage of carbon monoxide into the
      surrounding atmosphere.
NUM  2.
PAR  2. A room heater as recited in claim 1 wherein said container is a
      rectangular parallelopiped in shape.
NUM  3.
PAR  3. A room heater as recited in claim 1 wherein said means for introducing
      gas and air into the lower volume comprise two tubes leading into the
      lower volume.
NUM  4.
PAR  4. A room heater as recited in claim 3 wherein one of said tubes is located
      within the other.
NUM  5.
PAR  5. A room heater as recited in claim 1 wherein the cross sections of said
      bars have the shape of a regular trapezoid the minor base of which is
      towards said plate.
NUM  6.
PAR  6. A room heater as recited in claim 1 wherein said simulated logs are made
      out of a refractory ceramic material.
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PAL  A combustion chamber device includes a combustion chamber and a rotatable
      cup-shaped fuel spreader arranged centrally therein. Liquid fuel is
      supplied to within said cup for being distributed therein and discharged
      therefrom and intermixed with an air stream supplied to said combustion
      chamber to form an air-fuel mixture which then is ignited. The spreader
      cup is located adjacent a combustion zone in the combustion chamber and
      provided with an enclosing insulation in the form of a layer of axially
      flowing air. According to the invention, the fuel spreader cup has a
      substantially straight and cylindrical inner surface with a
      circumferential shoulder or threshold adjacent the open end, said shoulder
      having a radial thickness sufficient for maintaining inside said spreader
      cup a fuel layer of required depth for obtaining a predetermined fuel
      supply volume in the cup. The spreader cup and the adjacent portions of
      the combustion chamber are shaped so as to provide around the rotary
      spreader cup a return-flow zone for the air-fuel-mixture in which is
      maintained a primary combustion zone, which pre-heats the cup so as to
      bring same to normally operate as vaporizer, while sufficient air is
      supplied to the air layer surrounding the cup for avoiding over-heating
      and boiling of the fuel in the cup.
BSUM
PAR  The present invention relates to a combustion chamber device including a
      combustion chamber and a rotary cup-shaped fuel spreader or distributor
      arranged centrally therein and particularly of small size, into which
      spreader cup fuel, preferably liquid fuel, is supplied through at least
      one conduit so as to be distributed therein and discharged therefrom and
      intermixed with an air stream supplied to said combustion chamber, after
      which the air-fuel-mixture is ignited, and which spreader cup is located
      adjacent a combustion zone in the combustion chamber and surrounded by an
      insulation, particularly in the form of a layer of axially flowing air.
PAR  It is well known that liquid fuels must be converted into a gaseous phase
      before being able to be combusted by means of supplied air. The almost
      dominating method for obtaining this is to atomize the fuel into small
      droplets which are supplied to the combustion zone in which they are
      vaporized and combusted when contacting surrounding oxygen-containing warm
      gas which after a first ignition of the air-fuel-mixture in a suitable way
      is returned to the combustion zone. Among the many different types of
      devices which are utilized for applying this method it can be mentioned a
      rotary disk or cylinder or some hybrid therebetween to which fuel is
      supplied for being distributed along the periphery and form a liquid layer
      or foil, which is sprayed at the peripheral edge and finely-divided into
      small droplets. The Swedish patent specification 192,925, the U.S. Pat.
      No. 1,970,145 and the Frent patent specification 527,537 can be mentioned
      as examples of these devices. Said kind of devices has been utilized in a
      number of known structures with good result, preferably in larger
      combustion chamber plants, also such operating with high-viscous liquids,
      such as heavy fuel oils. When it is desired to reduced the dimensions of
      the combustion chamber and particularly the radius thereof below a certain
      limit, great difficulties will meet, however, in getting sufficient time
      for the vaporization of the fuel droplets before same reach the combustion
      chamber wall in which case the combustion will be impaired and pulsate
      which is difficult to control and often gives rise to a completely
      unacceptable and heavy noise which is disturbing.
PAR  Attempts have already been made to provide an introductory vaporization of
      the liquid fuel which is to be combusted but difficulties have met in
      obtaining a sufficient control of the vaporization as well as the
      subsequent combustion. For providing the vaporization in some cases it has
      been utilized porous bodies or the like in which the fuel has been sucked
      up and then been evaporated from the suface of said body. For obtaining
      the sufficient vaporization it is desirable that the porous body is heated
      by means of the combustion heat but then a tendency occurs to clogging of
      the pores in the body, in case of petrol as fuel due to the cracking of
      the petrol.
PAR  Thus there is an ever-increasing demand of providing a combustion chamber
      device in which an effective vaporization of the fuel can be obtained
      without the occurrence of the above - stated drawbacks. The main object of
      the present invention now is to provide such a device and the invention is
      based on the idea that a fuel distributor of cup-type is located purposely
      in a combustion zone of the air-fuel-mixture but simultaneously a required
      sufficient control of the vaporization and combustion is provided for by
      an exactly dimensioned cooling.
PAR  Said object is achieved by a device essentially distinguished in that the
      fuel spreader cup has a substantially straight and cylindrical inner
      surface with a circumferential shoulder or threshold disposed adjacent the
      open end of the cup, said shoulder having a radial thickness sufficient
      for maintaining inside said spreader cup a fuel layer of required
      thickness for obtaining a predetermined fuel supply volume in the cup, and
      in that the spreader cup and the adjacent portions of the combustion
      chamber are shaped so as to provide around the rotary spreader cup a
      back-flow zone for the air-fuel-mixture in which an ignition device is
      located and in which is maintained a primary combustion zone adapted to
      provide such a pre-heating of the spreader cup that the same during normal
      operating conditions substantially operates as a vaporizer, while the air
      layer surrounding the spreader cup is adapted to be supplied with air to
      an extent required for avoiding too strong heating of the spreader cup and
      the fuel therein.
PAR  Contrary to most of the previously known fuel spreaders in devices of
      above-stated type which must be located in front of the combustion zone,
      as seen in the direction of flow for being able to provide a sufficient
      atomization of the fuel without any hazards of detrimental over-heating,
      it is now obtained with the device according to the present invention a
      vaporization of the fuel also in smaller very compact combustion chamber
      devices which is much more effective than the atomization. Furthermore the
      combustion process in the device according to the invention can be so well
      controlled that the pulsations in the combustion process which otherwise
      could cause harmful noise are eliminated almost completely. Owing to the
      fact that all parameters of the combustion process can be so well
      controlled the device according to the invention is particularly well
      suited for use in connection with combustion chambers of very small size,
      e.g. in so-called parking heaters for motor vehicles.
DRWD
PAR  By way of example, the invention will be further described below with
      reference to the accompanying drawings, in which
PAR  FIG. 1 illustrates a diagrammatic sketch in principle in a longitudinal
      section of a device according to the invention.
PAR  FIG. 2 illustrates another embodiment of the device illustrated in
      principle in FIG. 1.
PAR  FIG. 3 shows the possibilities of applying the combustion chamber device
      according to invention also in a jet engine, and
PAR  FIG. 4 illustrates a particularly advantageous embodiment of the fuel
      spreader cup and the surrounding cap.
DETD
PAR  With reference to the drawings and particularly FIG. 1 therein the
      combustion chamber device according to the present invention includes a
      fuel spreader or distributor 1 of cup-type. The spreader cup 1 has a
      bottom, from which rises a substantially straight cylindrical peripheral
      surface and the spreader cup is supported on its axis of symmetry by a
      rotatable shaft 2, driven in any suitable way not further illustrated. The
      spreader cup 1 is located coaxially within an air supply duct 3 with its
      open end turned upstream and into said duct 1 and up to the interior of
      the fuel spreader cup 3 extends at least one fuel conduit 4. Said fuel
      conduit 4 is adapted to supply in a known manner fuel to the inside of the
      cup-shaped fuel spreader 1 so that the inner wall thereof will be coated
      with a thin layer of said fuel.
PAR  According to the present invention, the fuel spreader cup 1 is located in
      the combustion zone of the combustion chamber device and the combustion
      heat is to be utilized for obtaining the required vaporization of the fuel
      layer on the internal wall of said spreader cup 1. For this purpose the
      fuel spreader cup 1 is externally surrounded by an insulation 6 which in
      the preferred embodiment illustrated consists of an air layer formed by
      means of a cap 7 at a predetermined spacing externally of said fuel
      spreader cup 1 and combined if desired with any heat-resistent material of
      known kind, such as ceramics or asbestos. For providing the introduction
      of a required quantity of air in this case for obtaining this coolant
      layer 6 of air is arranged a central passage 8, which coaxially surrounds
      the shaft 2 of the spreader cup 1, and at least one opening 17 in the
      bottom of the spreader cup 1.
PAR  The fuel spreader 1 is centrally located within a surrounding can which is
      formed by a flame tube 9, having a predetermined spacing inwardly of the
      wall of the air supply duct 3, which flame tube is closed in its upstream
      end except for the central air passage 8 and has adjacent its downstream
      end a plurality of circumferentially spaced distribution holes 10 as well
      as a coolant slot 11 close to the outlet of the duct 3. Owing to said
      design it is now provided a combustion zone in the combustion chamber
      device which is divided into two portions namely a primary zone 12 closely
      surrounding the fuel spreader cup 1 and a secondary zone 13. In said
      primary zone it is provided a backflow of hot combustion gases which
      provide the required heating of the rotary fuel spreader cup 1. In the
      primary zone 12 is to be maintained a mixing ratio which is somewhat
      over-stoichiometric. In the secondary zone in which additional air is
      supplied through the distribution holes 10 the total combustion is
      completed.
PAR  For initiating the combustion process there is also an ignition plug 14 and
      at the internal wall of the cup-shaped spreader 1 there is formed adjacent
      the open end a shoulder or threshold 15. Said shoulder has a radial
      thickness which is selected so as to provide at the internal wall of the
      spreader cup a fuel layer of a depth sufficient for obtaining a uniform
      fuel distribution around the periphery and an insensitivness for
      short-time disturbances in the supply of fuel. It is to be understood that
      the ignition plug 14 primarily is adapted to be used when initiating the
      combustion process while the back-flow of hot gases in the primary zone 12
      can later ignite and combust the vaporized fuel leaving the spreader cup
      1. Furthermore it is to be pointed out that it lies within the scope of
      invention, of course, to operate the combustion chamber device with
      various fuels such as petrol, Diesel oil, etc. If Diesel oil or similar
      fuels are used, which are difficult to ignite, they are to be supplied
      through an individual fuel conduit 4a, illustrated with dashed lines in
      the drawings while the first-mentioned fuel conduit 4 is adapted for
      supplying petrol or a similar fuel, which is easier to ignite, for
      starting purposes. Of course, it is also possible to use only one single
      fuel conduit 4, which is to be selectively connectible with two or more
      fuel tanks with different fuels.
PAR  In this connection it can also be stated that during the starting period of
      the combustion chamber device, i.e. when the fuel spreader cup 1 is cold,
      no vaporization will occur, of course, but instead the fuel spreader cup 1
      by the rotary motion will throw the fuel outwardly at its free end, which
      preferably is shaped outwardly diverging, as free droplets which still can
      provide a sufficient ignition with a suitable location of the ignition
      plug 14. The outwardly diverging free end of the spreader cup 1 provides a
      means for suitable guiding of the fuel-air-mixture leaving the spreader
      cup towards the end wall of the flame tube 9, which is located upstream
      thereof and deflects the flowing gas mixture and provides the creation of
      a combustion-supporting back-flow zone, which constitutes the primary
      combustion zone 12. By preferably giving the outer surface of the spreader
      cup 1 a corresponding outwardly divering shape the air from the coolant
      air layer 6 will assist in maintaining this back-flow zone.
PAR  Should it be desired, however, to obtain a preparatory pre-heating of the
      fuel spreader cup 1 before starting, such as when using fuels which are
      more difficult to ignite and when it is not desired to utilize a
      particular starting fuel, it can be arranged, as illustrated in FIG. 2 an
      incandescent coil 16 within the fuel spreader cup 1, preferably mounted on
      the outer side of the central coolant air supply passage 8. In FIG. 2 it
      is also illustrated other practical modifications of the device
      illustrated in FIG. 1. In said embodiment the fuel spreader cup 1 is thus
      mounted axially movable together with its driven supporting shaft 2 and at
      the same time the cap 7 surrounding the spreader cup 1 is mounted
      separately axially adjustable on an own central shaft 2a, slidable within
      the spreader cup shaft 2. By this it is provided a complete selectivity as
      to the temperature of the wall of the cup-shaped fuel spreader 1 and thus
      the vaporization of the fuel. Also the dimensions of the openings 17 which
      are made in the bottom of the fuel spreader cup 1 have influence on the
      thickness of the air layer 6 and in the structure according to the present
      invention there are thus all possibilities to obtain an optimum
      temperature of the fuel spreader cup 1 with respect to Leidenfrost's
      phenomenon and fuel cracking. The last-mentioned version with axial
      movability of the fuel spreader 1 and the surrounding cap 7, respectively,
      is primarily suited for use in e.g. oil heating plants and gas turbines.
PAR  Although the invention has been described above exclusively for being
      operated with liquid fuels, it is fully possible, however, to use also
      gaseous fuels, either alone or combined with liquid fuels. In doing so
      there is a possibility of introducing a combustible gas in a slot between
      the spreader shaft 2 and the cup shaft 2a in the embodiment illustrated in
      FIG. 2, but instead it is as well possible to use said slot for
      introduction of additional cooling air, should so be required.
PAR  The spreader shaft 2 can be driven by means of any suitable motor, not
      illustrated but it can also be provided with vanes and driven only by
      means of air supplied thorugh the air supply passage 8.
PAR  As stated in the opening portion above, the present invention is primarily
      adapted for being used in connection with combustion chambers of smaller
      dimensions, and particularly parking heaters for motor vehicles. In
      principle, however, there is no obstacle for utilizing the invention also
      in larger combustion chamber devices, and even in gas turbines. In its
      principle, the combustion chamber device according to the present
      invention is annular and annular combustion chambers have been used since
      long in gas turbines, without however, a spreader according to the
      spreader according to the present invention. In FIG. 3 it has been
      diagrammatically illustrated a possible application of the combustion
      chamber device according to the invention in a gas turbine of the axial
      type. Since the operation will be completely identical with the
      embodiments described above it seems to be unnecessary to repeat said
      description for this application.
PAR  Sometimes it can also turn out that the above-described combustion chamber
      device operates not so well, if in certain conditions of operation
      disturbances occur in the back-flow zone outside the fuel spreader cup,
      where the primary combustion zone is maintained. Such disturbances can
      primarily be caused by the coolant air leaving the slot between the fuel
      spreader cup and the surrounding cap. The occurrence of said disturbances
      can be avoided, however, by a suitable shape of the fuel spreader cup such
      as illustrated in FIG. 4 of the drawings. According thereto, the fuel
      spreader cup 1 is provided at it outside at a predetermined distance from
      the open end with a means in the form of a radially protruding
      circumferential flange 20, serving as a flame-holder or combustion
      support. In the illustrated embodiment the fuel spreader cup is made as a
      sheet pressing and in this case the flange 20 can be made as a double-bent
      rim around the periphery of the cup. Preferably, in said embodiment the
      cup may have a concave outer surface in the area between the
      circumferential flange 20 and the free end of the cup, the portion of said
      area lying closest to the shaft 2 at the same time being able to define
      the threshold 15 at the internal wall of the cup 1. Owing to this it is
      now achieved an essentially improved definition of the back-flow zone of
      the gas mixture and the cooling air leaving the cup is effectively
      prevented from having any disturbing influenece upon the back-flow zone
      for all operation conditions occurring in practice.
PAR  Certainly, the invention has been described and illustrated above in
      connection with some embodiments considered as being particularly
      suitable, but it is of course evident to artisans that many adaptations
      and modifications easily can be made within the scope of invention such as
      defined in the accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combustion chamber device comprising in combination:
PA1  a. a fuel spreader element in the form of a generally cup-shaped member
      that has a generally cylindrical side section, a perforated bottom
      section, and an open top section,
PA1  b. a generally cylindrical air passageway disposed concentrically within
      said fuel spreader element so that the open discharge end of said air
      passageway is positioned at a spaced distance away from the aforesaid
      perforated bottom section of said generally cup-shaped fuel spreader
      element so that the air introduced through said passageway can flow both
      through said perforations and through the space between the outer surface
      of said air passageway and the inner surface of said cup-shaped member,
PA1  c. a non-rotating conduit for supplying a liquid fuel to the interior
      surface of said cup-shaped fuel spreader,
PA1  d. a cap member arranged concentrically around the sides and bottom of said
      cup-shaped fuel spreader element and spaced therefrom so as to form an
      annular passageway for the flow of air that enters through said air
      passageway and that passes through the openings in the bottom of said
      perforated bottom section,
PA1  e. a generally cylindrical combustion chamber wall disposed concentrically
      around said cup member and spaced therefrom so as to form an annular zone
      for the admixture and burning of fuel and air,
PA1  f. one end of said combustion chamber wall terminating in a discharge
      outlet for combustion gases,
PA1  g. the other end of said combustion chamber wall being provided with a
      inwardly extending end wall member that serves to reverse the direction of
      flow of the fuel vapors and air exiting from the open top section of said
      cup-shaped member and the air flowing between the outside of said
      cup-shaped member and the inside of said cap member to reverse its
      direction of flow and pass back over the outer sides of said cap member
      toward said discharge outlet,
PA1  h. a circumferential shoulder disposed around the open top section of the
      cup-shaped fuel spreader element, said shoulder having a radial thickness
      sufficient to maintain a layer of fuel of the desired thickness on the
      sides of the cup-shaped member,
PA1  i. means to rotate said fuel spreader element about its axis, and
PA1  j. an ignition device in the annular zone between the inside of the
      combustion chamber wall and the exterior of said cap member.
NUM  2.
PAR  2. A device according to claim 1 wherein said cap member is adjustably
      mounted so the width of said annular passageway can be varied.
NUM  3.
PAR  3. A device according to claim 1 wherein said combustion chamber wall is
      provided with circumferentially spaced air distribution openings adjacent
      its downstream end.
NUM  4.
PAR  4. A device according to claim 1 with a pre-heating element disposed within
      said cup-shaped fuel spreader element.
NUM  5.
PAR  5. A device according to claim 1 wherein said cup-shaped member and the cap
      member are each mounted so that they are axially adjustable with respect
      to each other.
NUM  6.
PAR  6. A device according to claim 1 wherein said cup-shaped member diverges
      outwardly at its open top section so as to create a back-flow zone between
      the interior of the combustion chamber wall and the exterior of said
      cup-shaped member.
NUM  7.
PAR  7. A device according to claim 1 wherein said cup-shaped member is provided
      with a radially protruding circumferential flange in the form of a double
      bent rim adjacent its open top section.
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ABST
PAL  A means for lighting a main burner with a new pilot system comprises
      inserting and utilizing precisely formed restrictive orifices in the gas
      and air supply lines for providing a gas-air combustible mixture for
      flowing downstream to an orifice-diffuser pilot for instantaneous lighting
      thereof and for insuring steady burning with no flame-out when heating
      high pressure high velocity turbulent air.
PARN
PAR  This is a continuation-in-part of application Serial No. 368,797, filed
      June 11, 1973, now abandoned which was a division application of Ser. No.
      201,011 filed Nov. 22, 1971 now U.S. Pat. No. 3,768,964 issued Oct. 30,
      1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A typical air heater for a fluid catalytic cracking unit comprises a gas
      burner for heating a large mass of high velocity turbulent air under
      several psig (pounds per square inch gauge) pressure from a powerful air
      blower and for supplying the heated air to a regenerator of a fluid
      catalytic cracking unit during startup of the unit. The main burner is
      lighted for a gas fired pilot which has previously been lighted from an
      electrical spark igniter. The usual and average time of 10 hours, with a
      maximum of 24 hours has been required by operators in the past to
      successfully light the pilot and have it stay lighted until the main
      burner can be lighted. This is due to the trial and error method of
      adjusting the fuel to arrive at a combustible mixture with the air
      available at the burner in the heater and the ease in which the flame can
      be blown out due to the tremendous turbulence of the air in the heater.
PAR  The disclosed turbulent air heater provides a precise pre-mix of compressed
      air and fuel gas in the combustible range for the pilot, with the correct
      combination of restrictive orifices and upstream pressure settings and
      particularly for air heater pressures not exceeding 15 psig, for example.
PAC  OBJECTS OF THE INVENTION
PAR  A principal object of this invention is to provide turbulent air heater
      which takes much less than the average 10 hours to ignite a main air
      burner for heating air, as for example, for a fluid catalytic cracking
      unit.
PAR  Another principal object of this invention is to provide a pilot for a
      turbulent air heater that will provide an instantaneous pilot flame having
      steady burning with no flame-out in the heater for heating turbulent high
      velocity air.
PAR  A further object of this invention is to provide a pilot burner system that
      is easy to operate, is of simple configuration, and is economical to
      construct and assemble.
PAR  Other objects and various advantages of the disclosed pilot system and
      turbulent air heater combination will be apparent from the following
      detailed description, together with the accompanying drawings, submitted
      for purposes of illustration only and not intended to define the scope of
      the invention, reference being had for that purpose to the subjoined
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings diagrammatically illustrate by way of example, not by way of
      limitation, one apparatus of the invention wherein like reference numerals
      designate corresponding parts in the several views in which:
PAR  FIG. 1 is a schematic perspective view of the heater-pilot system for a
      typical fluid catalytic cracking unit with parts deleted for clarity of
      disclosure;
PAR  FIG. 2 is a section taken at 2--2 on FIG. 1;
PAR  FIG. 3 is a section taken at 3--3 on FIG. 1 with the diffuser removed; and
PAR  FIG. 4 is a plan view of the orifice plate of FIG. 3.
PAR  The invention disclosed herein, the scope of which being defined in the
      appended claims is not limited in its application to the details of
      construction and arrangement of parts shown and described, since the
      invention is capable of other embodiments and of being practiced or
      carried out in various other ways. Also, it is to be understood that the
      phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a schematic view of an air heater 10, with parts cut away, having
      a housing 10a with a pilot 11 therein. Lines 12 and 13 provide air and
      gas, respectively, for being mixed for the pilot 11. The disclosed
      examplary heater is for a fluid catalytic cracking unit. Air is supplied
      through valve 14 to the one-inch pipe 12 past a pressure gauge 15, which
      air is preferably held to approximately 50 psig (pounds per square inch
      gauge), and passes through a sharp edge restrictive orifice, such as but
      not limited to an orifice union 16 having an inside diameter for example,
      of 0.138 inches, for controlling the air flow through one arm of a "T" 17,
      and then through another valve 18 in the neck of the "T" which forms the
      beginning of a 11/2 inch mixture line or mixing chamber 19. Likewise,
      pilot fuel gas, such as natural gas, is supplied through a valve 20 to the
      1 inch line 13. The fuel gas passes by a gas pressure gauge 21, which gas
      likewise is held preferably at approximately 50 psig. This gas then passes
      through another sharp edge restrictive orifice, such as but not limited to
      an orifice union 22 having an internal diameter, for example, of 0.098
      inches, wherein from there the gas passes to the other arm of the "T" 17
      and then to the mixing chamber 19 where the gas is mixed with the air.
      From this area the gas-air mixture exits at a pressure not exceeding 15
      psig, for example, as indicated by a pressure gauge 23. This gas-air
      mixture passes on to the pilot 11 of the heater 10, FIG. 1.
PAR  Valve 18 in mixing chamber 19 is normally open while the pilot is being
      used and is closed when use of the pilot is no longer required. The sharp
      edge restrictive orifice may be formed from a thin plate or from a thick
      plate with the portion including the orifice being ground down to provide
      a sharp edge orifice. In regard to orifices 16 and 22, with a pressure as
      P.sub.1 on the upstream side of each orifice and a pressure as P.sub.2 on
      the downstream side of each orifice, the flow through each orifice is
      constant for all pressures of P.sub.2 that do not exceed 0.55 P.sub.1, and
      P.sub.2 being absolute pressures.
PAR  FIG. 2, a sectional schematic view at 2--2 on FIG. 1, illustrates a main
      burner 24, FIG. 2, having a gas line 25 for supplying raw gas to a gas tip
      26. The gas escaping from the tip 26 aspirates air from therearound to
      provide a proper gas-air mixture in a main heater diffuser 27 mounted in
      the air heater 10 over the gas tip. The pilot 11 has an expanding section
      or burner diffuser 35 forming the egressing end thereof. The diffuser 35
      is preferably 4 inches long with ingressing and egressing openings being
      approximately 21/2 inches and 4 inches, respectively.
PAR  The pilot 11, FIG. 2, is mounted in juxtaposition with the main gas burner
      24 having the tip 26 and extends up to the bottom of the main heater
      diffuser 27 to substantially the same height as the burner tip. The pilot
      11 utilizes a self-contained independent gas-air mixture from the line 19
      whereas the main gas burner 24 uses the pure or raw gas and mixes it with
      the air drawn in by aspiration. Therefore the pilot is not affected by
      adjustments and fluctuations of the air in the main air heater 10, nor of
      the gas pressure in the main gas burner.
PAR  As shown in FIG. 2, a spark ignitor tube 34 is mounted in the heater 10 and
      extends down over and adjacent to the pilot 11. After being lighted by the
      spark igniter tube 34, the pilot 11 then ignites the main burner 24 of the
      heater 10 and its flame is held within the main diffuser mounted
      thereover. The feature of the self-contained independent pilot gas-air
      mixture system accordingly provides an instantaneous pilot flame having
      steady burning with no flame-out.
PAR  The turbulent and high velocity air at 300.degree.F., for example, to be
      heated may be injected into the heater 10 at right angles through air
      inlet 28 from the left, as shown in FIG. 2, for example, producing very
      turbulent air. A typical installation which generates and heats very
      turbulent air and either very low pressure air as under a vacuum or high
      pressure air, as at 35 psig (pounds per square inch, gauge), and in which
      the new pilot has been very successful, is one in which the longitudinal
      axis of the main air heater diffuser 27 and burner diffuser 35 are mounted
      at right angles to the incoming air so that the air passes directly over
      the heater, is heated as it passes thereover prior to turning 90.degree.,
      and subsequently leaves the heater through exit duct 29. Typical inlet and
      exhaust ducts, 28 and 29, are 4 feet and 6 feet in diameter, respectively.
      Duct 29 may exhaust 350,000 cfm (cubic feet per minute) of air at
      1000.degree.F. and 35 psia, for example.
PAR  FIG. 3, a sectional schematic view at 3--3 on FIG. 1 illustrates the novel
      pilot 11 with burner diffuser 35 deleted. This pilot comprises a cylinder
      30 for being secured to the pilot gas-air mixture line (not shown) with a
      coupling 31 welded to one end of the cylinder, the other or exit end of
      the cylinder being open for transmission of the gas-air mixture to the
      burner diffuser 35, FIG. 1, connected thereto. Positioned intermediate of
      the two ends of the pilot cylinder is a quarter inch stainless steel
      orifice plate 32, FIG. 3, which plate of the preferred embodiment has an
      inside diameter of 1.939 inches for a cylinder length including the
      coupling of 6 inches. This preferred embodiment of the pilot has a
      coupling with threads 1 inch long made from 1 1/2 inch stainless steel and
      spaced a quarter of an inch from the weld joint between the coupling and
      the cylinder. The orifice plate 32 is welded in the cylinder at a distance
      of 1/2 inches from the coupling end. The distance from the back surface of
      the orifice plate 32 to the exit end of the cylinder 30 is substantially 4
      inches. The cylinder 30 is made from 2 inch stainless steel pipe.
PAR  These restrictive orifices 16 and 22 provide critical flow of the gas-air
      mixture as it flows to the point of mixing in the neck of "T" 17. These
      orifices 16 and 22 must be designed to provide critical flow for the
      particular operating pressures, psia (pounds per square inch, absolute
      pressure) utilized or the pressure of the downstream fuel mix must be
      equal to or less than 55 percent of the pressure upstream.
PAR  The orifice plate 32 is illustrated in greater detail in FIG. 4. The
      examplary orifice plate 32 comprises a round plate with nine holes 33,
      each hole being 3/8 inch in diameter with eight holes equally spaced on a
      1 1/8 inch diameter circle on the circular plate, with the ninth hole
      being in the center of the plate. This insures that the orifices pass the
      independently supplied pilot gas-air fuel mixture at a higher velocity
      than the pilot fuel flame propagation rate to prevent flash-back of the
      flame. The pilot diffuser 35, FIG. 1, slows the passage of the pilot
      gas-air mixture therethrough to a velocity less than that of the pilot
      fuel flame propagation rate so that instant ingnition will occur when the
      ingiter 34 is energized. The diffuser 35 also shields the pilot flame from
      the turbulent air and provides steady burning with no flame-out.
PAR  Accordingly, it will be seen that the disclosed method performed by the
      present turbulent air heater and pilot combination operates in a manner
      which meets each of the objects set forth hereinbefore.
PAR  While only one embodiment of the invention has been disclosed, it will be
      evident that various other modifications are possible in the arrangement
      and construction of the disclosed turbulent air heater and pilot
      combination without departing from the scope of the invention, and it is
      accordingly desired to comprehend within the purview of this invention
      such modifications as may be considered to fall within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for lighting a main burner having a diffuser for heating high
      velocity high pressure turbulent air comprising,
PA1  a. line means for supplying both high pressure air and fuel gas to a mixing
      chamber means,
PA1  b. orifice-diffuser pilot means within said main burner diffuser comprising
      a pilot with an orifice plate means having a plurality of orifices mounted
      in the upstream mixture intake portion thereof and with a diffuser mounted
      on the downstream flame exit portion thereof for instant ignition of the
      positive pressure combustion chambered burner means,
PA1  c. precisely formed sharp edge restrictive orifice means in said air supply
      line means for passing said high pressure air therethrough and downstream
      to said mixing chamber means,
PA1  d. second precisely formed sharp edge restrictive orifice means in said gas
      supply line means for passing high pressure fuel gas therethrough and
      downstream to said mixing chamber means,
PA1  e. valve means in both said air and gas supply line means for controlling
      the upstream supply of said air and fuel gas through their respective
      sharp edge restrictive orifices,
PA1  f. air pressure gauge means and gas pressure gauge means in their
      respective air and gas supply line means intermediate their respective
      precisely formed sharp edge restrictive orifice means and their respective
      valve means,
PA1  g. air flow control means comprising said air precisely formed sharp edge
      restrictive orifice means, said air pressure gauge means, and said air
      valve means,
PA1  h. gas flow control means comprising said gas precisely formed sharp edge
      restrictive orifice means, said gas pressure gauge means, and said gas
      valve means, and
PA1  i. both said air flow control means and said gas flow control means
      comprising a means generating a combustion mixture down to a pressure of
      at least 55 percent of the pressure upstream of said orifices for
      instantly lighting said orifice-diffuser pilot means.
NUM  2.
PAR  2. A pilot system for a main burner having a diffuser comprising,
PA1  a. an air supply line connected to one arm of a T-joint,
PA1  b. a precisely formed sharp edge restrictive orifice mounted in said air
      supply line,
PA1  c. a fuel gas supply line connected to another arm of the T-joint,
PA1  d. a second precisely formed sharp edge restrictive orifice mounted in said
      fuel gas supply line,
PA1  e. a neck formed on said T-joint connected to a mixing chamber for receving
      the fuel gas and air therein,
PA1  f. a restrictive orifice-diffuser pilot mounted in the main burner diffuser
      comprising an orifice plate having a plurality of orifices mounted in the
      upstream mixture intake portion of the pilot for receiving the fuel
      gas-air mixture and a diffuser mounted on the downstream flame exit
      portion of the pilot for instant ignition of said main burner,
PA1  g. control valve means mounted in the air supply line and in the fuel gas
      supply line for controlling the upstream supply of air and fuel gas
      through their respective sharp edge restrictive orifices,
PA1  h. air pressure gauge means and gas pressure gauge means in their
      respective air and gas supply lines intermediate their respective
      precisely formed sharp edge restrictive orifices and their respective
      control valve means,
PA1  i. air flow control means comprising said air precisely formed sharp edge
      restrictive orifice, said air pressure gauge means, and said air control
      valve means,
PA1  j. gas flow control means comprising said gas precisely formed sharp edge
      restrictive orifice, said gas pressure gauge means, and said gas control
      valve means, and
PA1  k. both said air flow control means and said gas flow control means
      comprising a means generating a combustible mixture down to a pressure of
      at least 55 percent of the pressure upstream of the orifices for instantly
      lighting said restrictive orifice diffuser pilot.
NUM  3.
PAR  3. A pilot system for lighting a main burner having a diffuser comprising,
PA1  a. an air supply line and a fuel gas supply line connected to a mixing
      chamber for supplying a combustible mixture to the pilot system,
PA1  b. a precise sharp edge restrictive orifice in said air supply line,
PA1  c. a control valve means in said air supply line on the upstream side of
      said sharp edge restrictive orifice,
PA1  d. a second precise sharp edge restrictive orifice in said fuel gas supply
      line,
PA1  e. a second control valve means in said fuel gas supply line on the
      upstream side of the sharp edge restrictive orifice,
PA1  f. a restrictive orifice-diffuser pilot in the main burner diffuser
      comprising an orifice plate having a plurality of orifices mounted in the
      upstream mixture intake portion of the pilot for receiving the fuel gas
      and air mixture and a diffuser mounted on the downstream flame exit
      portion of the pilot for instant ignition of said main burner,
PA1  g. said sharp edge restrictive orifices being formed to precise
      predetermined values,
PA1  h. air pressure gauge means and gas pressure gauge means in their
      respective air and gas supply lines intermediate their respective precise
      sharp edge restrictive orifices and their respective valve means,
PA1  i. air flow control means comprising said air precise sharp edge
      restrictive orifice, said air pressure gauge means, and said air control
      valve means,
PA1  j. gas flow control means comprising said gas precise sharp edge
      restrictive orifice, said gas pressure gauge means, and said gas control
      valve means, and
PA1  k. both said air flow control means and said gas flow control means
      comprising a means generating an optimum combustible mixture at a pressure
      down to at least 55 percent of the pressure upstream of the orifices for
      supplying the combustible mixture to said orifice-diffuser pilot in the
      main burner.
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ABST
PAL  A decorative candle molded from candle material wherein the surface of the
      candle has a plurality of randomly distributed pores adjacent the surface
      thereof only and said pores are less than 4 millimeters diameter in size
      and form an attractive random pattern. There are at least 5 said pores per
      said centimeter of the surface of said candle and the central portion of
      the candle is substantially pore-free.
PAL  The candle is made by melting candle material and then cooling the liquid
      candle material to a temperature and for a time such that a thin film is
      formed on the surface of the liquid candle material, then mixing the
      liquid and film phases until the mixture is bubbly and thereafter pouring
      the candle material into a candle mold from a height at least 50% greater
      than the height of the mold, cooling and removing the candle from the
      mold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to candles and more particularly to large size
      decorative candles having interesting surface decorations thereon and to a
      method for manufacturing such candles. While the method of manufacture of
      the present invention is of particular advantage in the manufacture of
      large candles, it is equally applicable in manufacturing candles of
      varying sizes; however, because of the large surface area of bigger
      candles, it is particularly well suited for obtaining very pleasing as
      well as interesting decorative finishes. The candle of the present
      invention is one without any significant voids except in the region of the
      external surfaces and immediately adjacent to external surfaces. This
      presents a very pleasing and interesting decorative appearance hitherto
      not obtained in the decorative candle arts.
PAR  2. Prior Art:
PAR  The decorative candle of the present invention has a substantially solid
      body except that the surface region has a unique and attractive effect
      described in greater detail below. Various attempts have been made in the
      art to obtain economical and interesting effects particularly in the case
      of large candles.
PAR  In U.S. Pat. No. 3,254,512 Prentice, a candle of large dimension and
      relatively low density is disclosed which presents a porous external
      appearance but is in fact porous throughout the candle with the pores or
      voids being of relatively large dimension. In this case, the effect is
      produced by pouring melted wax into a large candle mold, the mold
      previously having been filled with crushed ice. The size of the crushed
      ice particles ranges from those passing a 1/2 inch screen mesh to a 1 inch
      screen mesh. The wax when it is poured is at or above the melting point of
      the wax. The molten wax contacting the crushed ice is rapidly chilled and
      this accelerates the setting of the candle and at the same time, the hot
      wax coming in contact with the ice is melted quite rapidly. The resulting
      candle has many irregular large shaped openings connecting its exterior
      surface with a series of voids which extend throughout the body of the
      candle. The voids are formed as the crushed ice subsequently melts and the
      water runs out of the candle. This structure results in a candle of large
      dimensions but relatively low density and containing significantly less
      paraffin or other candle material to burn than other candles. As it burns,
      the voids with the light shining through the thin partitions of the voids
      illuminate the upper portion of the candle with a soft radiance. There is
      a tendency for the melted wax to flow out through the voids descending
      copiously down the sides of the candle. Thus while such a candle presents
      a novel structure, it has a deficit in the amount of paraffin available to
      burn and is of relatively short duration for its size. It has a tendency
      to cause a messy accumulation of paraffin due to the running of the molten
      paraffin from the interior through the voids and down the side of the
      candle.
PAR  In U.S. Pat. No. 2,974,502, there is disclosed a decorative candle which is
      the form of a flower and constructed with a special base and core. The
      candle in this case is comprises of paraffin which has been whipped to the
      consistency of whipped cream, distributing minute air bubbles in the
      paraffin so that in effect it is foamed. This tends to give the paraffin
      when it is cooled a translucent characteristic. The paraffin is whipped
      after having been melted and cooled down to a point where a thin film or
      skimming appears on the top surface of the molten paraffin. It is whipped
      using a beater and thereafter when in a more or less plastic state is
      molded to the desired shape with various sculpturing tools as the case may
      be.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with a decorative candle having a very
      interesting aesthetically pleasing surface effect resulting from the
      presence of a multitude of pores on the surface of the candle and
      extending into the body of the candle a very limited depth, not over 5
      millimeters. The pores range in size from micropores hardly visible (200
      microns) to the naked eye to approximately 4 millimeters in diameter. The
      majority being less than 1 millimeter across and the voids extending less
      than 5 millimeters into the body of the candle. The candle, therefore, is
      one having a body, the central portion of which is void free and one
      having a very interesting surface effect which is consistently obtained.
      The overall appearance is one of a unique irregular porous structure which
      is wholly random. The effect is enhanced in the case of dyed candles
      wherein the variations of shade add interest to the surface.
PAR  The invention further comprises a method of making this candle. The method
      employs no special mold or mold fillers such as the crushed ice above nor
      are any time-consuming and complicated molding techniques required.
PAR  The process of obtaining the decorative candle of the present invention
      comprises utilizing paraffin or its equivalent candle material which
      commonly has a melting point ranging from 133.degree. to 145.degree.F. A
      conventional mold for a large candle is prepared in the usual manner.
      Paraffin is melted in a melting container. The melted paraffin is allowed
      to cool down to the point where a thin film is formed on the top surface
      of the melted paraffin in the container. When this occurs, the wax has
      usually reached the temperature of approximately 100.degree.F. It has been
      found that the film should be thick enough to be able to form a definite
      break in it. A pouring ladle or a pouring can may be used to mix up the
      paraffin when it has reached this state. The paraffin is agitated to the
      state where it has a bubbly appearance but it is stirred or mixed rather
      than having air whipped into it. A quantity of paraffin sufficient to fill
      the mold, and preferably 50% excess, is placed in a pouring ladle and from
      the pouring ladle poured into the prepared mold from a height at least 50%
      higher than the height of the mold. In the case of a 12 inch candle, for
      example, I have found that initial pouring should be at least 6 inch from
      the top of the mold. The pouring should be at a steady rate in order to
      insure a relatively even effect in the final decorative candle.
PAR  After pouring into the mold, the candle paraffin was allowed to cool to
      room temperature in the mold. The candle is then treated according to the
      usual procedures, by punching holes in the bottom of the mold after about
      45 minutes to relieve wick tension and subsequently filling any well which
      forms with molten paraffin. The candle in the mold is placed in a
      refrigerated atmosphere for approximately 1 hour and finally removed from
      the mold and trimmed to standard height as required. While the mechanism
      is not understood, the resulting candle when sectioned, except for the
      surface effect, is substantially void free throughout. The surface
      presented is one of random pores opening into the surface with the pores
      of sizes varying from micropores to just under 4 millimeters scattered in
      a random distribution over the surface thereby presenting a very unique
      and interesting appearance, adding greatly to the marketable value of the
      candle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention may be more clearly
      seen when viewed in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a plan view of a candle according to the present invention
      illustrating the surface effects obtained according to the invention.
PAR  FIG. 2 is a section through the candle along lines II--II of FIG. 1.
PAR  FIG. 3 is a view in section of a container of stirred melted paraffin wax.
PAR  FIG. 4 is a perspective view illustrating filling a candle mold according
      to the present invention.
DETD
PAC  SPECIFIC EMBODIMENTS
PAR  A candle made according to the method of the present invention is
      illustrated in the accompanying drawing. Referring to FIG. 1, the candle 2
      with wick 4 is shown with the random pattern 6 of voids 8 of varying sizes
      indicated schematically. As mentioned, the voids range in diameter from
      microscopic to about 4 millimeters and a randomly distributed on and
      adjacent the surface 10 of the candle 2.
PAR  The sectional view of the candle 2 is shown in FIG. 2 and it is seen that
      voids 8 are only present at and immediately adjacent the surface 10 of the
      candle 2, extending approximately 5 mil. into the candle 2. The entire
      central portion 12 of the candle 2 is void free.
PAR  The candle 2 shown in FIGS. 1 and 2 is made as follows:
PAR  Paraffin 14 having a melting point of about 137.degree.F is melted in a
      container 16, and then allowed to cool to below 100.degree.F and stand
      until a thin film 18 is formed on surface 20 of the paraffin. A pouring
      ladle 22 is then placed in the paraffin 14 and the paraffin stirred to a
      point where it takes on a somewhat bubbly appearance indicated by bubbles
      24.
PAR  Previously a standard candle mold 26 for a candle 3 inch in diameter and 12
      inch in height has been prepared. The pouring ladle 22 which holds
      approximately twice the volume of paraffin necessary to fill the mold 26
      is dipped into the bubbly paraffin 14 in the container 16 and thereafter
      as shown in FIG. 4 poured from a height of about 6 inch above the top 28
      of the mold into the mold 26. The pouring is at a steady rate so that the
      resulting surface effect is what is termed a consistently random effect.
      The candle is allowed to dry routinely at room temperature in the mold 26
      and then holes are punctured into the bottom 30 of the mold to relieve the
      tension of the wick 4. After 45 minutes, the well formed in the bottom of
      the candle is filled with heated paraffin at 250.degree.F. After the mold
      26 and candle 2 are again cooled, they are placed in a refrigerator or
      similar cooling compartment for about 1 hour and then the candle 2 is
      removed from the mold 26 and trimmed to desired size. The decorative
      surface is unique and very attractive making candles with it highly valued
      for both their decorative and utilitarian properties.
PAR  While the invention has been explained by a detailed description of certain
      specific embodiments, it is understood that various modifications and
      substitutions can be made in any of then within the scope of the appended
      claims which are intended also to include equivalents of such embodiments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for making a decorative candle of generally cylindrical shape
      comprising melting candle material at or above its melting point to a
      liquid phase cooling said liquid candle material to a temperature and for
      a time such that a film is formed on the surface of said liquid candle
      material, gently mixing the liquid and film phases of said candle material
      and thereafter pouring said mixed candle material into a cylindrical
      candle mold from a height of at least 50% greater than the height of the
      mold, cooling to a solid phase, and removing the resulting candle from
      said mold.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein said candle material is a
      paraffin wax melting at a temperature from 133.degree. to 142.degree.F and
      wherein following the melting step said paraffin is cooled to a
      temperature of 100.degree.F.
NUM  3.
PAR  3. A decorative candle made according to the process of claim 1.
NUM  4.
PAR  4. A decorative candle made according to the process of claim 2.
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ABST
PAL  There is disclosed a free-burning equipment for gaseous fuel which
      comprises a burner member or filter into which fuel is fed under pressure
      by a feed pipe. The burner member is suitably shaped such as a flat plate
      which includes a multitude of narrow channels for the passage of fuel
      therethrough. The fuel is mixed as it turbulently emerges from the outside
      of the burner member, and is later ignited. A multitude of flames will
      thus, due to the gas pressure, burn well away from the burner head surface
      permitting said burner head surface to remain cold during so-called
      "free-burning."
PARN
PAR  This application is a continuation-in-part application based on application
      Ser. No. 246,871 filed Apr. 24, 1972 and now abandoned.
BSUM
PAR  The present invention relates to free-burning equipment for gaseous fuel
      with admixture of air and more particularly, to burner heads of a type
      which permits so-called "free-burning" and when used for industrial
      heating purposes is capable of a specific heat generation that is
      approximately hundredfold that of conventional burners of infratype.
PAR  There are known burners of different types e.g. athmospheric burners and
      fan burners. The former receives gas at a pressure greater than
      athmospheric pressure which gas is passed through a nozzle where it sucks
      air along before it passes through a combustion pipe and is ignited and
      absorbing secondary air from environment. Thus one gets the so called
      "Bunsenflame" with relatively low temperatures.
PAR  The most common type of industrial Bunsenburners are the so called
      infraburners, which utilize porous ceramic materials where the gas burns
      at the surface of the ceramic filter, the temperature of which reaches
      approx. 1000.degree.C suitable to obtain infra-radiation. Due to the poor
      heat conducting properties of the ceramic material the interior
      temperature of the filter plate is limited to only approx. 200.degree. C,
      preventing the gas-air mixture in the mixing chambers from igniting.
PAR  In the patent literature there is disclosed (e.g. U.S. Pat. No. 2.528.738)
      methods of using sintered metal for infra-burner filters where the
      combustion takes place on the surface of burner face. This is, however, no
      improvement since the metal is consumed at the high temperatures involved
      an also on account of the high heat conductivity of the metal raising the
      interior temperatures to a level where the gas-air mixture in the mixing
      chambers is definately ignited. The surface load of an infraburner is
      comparatively low in the neighbourhood of 12 koal/cm.sup.2. h.
PAR  Among the latter type of burners, the fan burners, one may distinguish
      between two types:
PAR  Firstly, those with pre-mixing of gas and air and secondly those where the
      mixing of gas and air does not take place until gas and air has been fed
      into the burner where gas and air mix at the end of respective feed-pipe,
      so called nozzle mixing. Burners with nozzle mixing are the most common
      industrial burners but have the disadvantage of giving incomplete mixing
      with resulting poor combustion and comparatively high fuel consumtion in
      addition to the disadvantage of long flames. The latter property resulting
      in the necessity of specially designed furnaces to enable the flame to
      completely burn out before hitting the material to be treated.
PAR  With the type of burner disclosed by the present invention a pre-mixed
      gas-air mixture at sufficiently high pressure is used, such that a so
      called "free-burning" flame appears i. a. a flame which is positioned
      outside of the burner plate but which in spite of this is stable and
      difficult to blow out. On account of the low mechanical strength of
      ceramic materials and the difficulty of tightly attaching this material to
      metal mixing chambers it is not possible to obtain a "free-burning" flame
      with known ceramic filter designs.
PAR  An attempt to solve this problem is disclosed by the U.S. Pat. No.
      3,199,944 where a sheet of asbestos is used.
PAR  However, asbestos sheets are comparatively fragile, hence support means,
      usually metal nettings must be provided thereby correspondingly increasing
      the total costs of the burner. Another disadvantage of burners of this
      kind is that the useful life of asbestos sheets is rather short. The
      initially very narrow channels therein are fairly rapidly destroyed by
      erosion; it has been found that they either become clogged or too wide.
      Moreover, the flame on the outside of the sheet when the burner is used
      tends to destroy the supporting metal netting after a comparatively short
      time, and such destruction of the netting causes collapse or falling out
      of the sheet.
PAR  In order to obtain a stable burner flame it is necessary that the exit
      velocity of the outflowing gas mixture equals the ignition velocity.
      Should the exit velocity increase the flame will lift away from the burner
      face and with decreased exit velocity the flame may backfire. Through
      tests it has been found that increased turbulence results in increased
      ignition velocity and thus in a possibility of increasing the load
      (kcal/cm.sup.2. h.) Increased turbulence also results in more stable and
      shorter flames with higher flame temperatures. These circumstances are
      utilized in certain types of fan burners which are provided with different
      types of guide devices to increase turbulence. Further it is also shown
      that the ignition velocity of the gas increases with temperature causing
      the flame to creap closer to the burner face should the gas be heated up
      during the passage through the filter.
PAR  The present invention discloses a burner of sintered metal yielding:
PA1  a strong turbulence of gas-air mixture,
PA1  a stable "free-burning" flame,
PA1  a burner operating in cold condition,
PA1  a burner able to withstand surface loads of up to 1000 kcal/cm.sup.2.h,
PA1  a burner able to operate with considerably higher pressures than hitherto
      known burners and
PA1  a burner which is positively backfire proof.
PAR  Finally it is also known to provide sintered ceramic or metal filters
      formed by particles of different shape (globular, fibre etc.). All these
      burners are so called infra-burners, where the flames are in direct
      contact with the filter surface. The all overshadowing problem with this
      prior art has been to find suitable porous materials able to withstand the
      high temperatures generated by infra-burning but yeat retaining its
      mechanical strength.
PAR  On account of the high temperatures generated it is desirable to use
      ceramic materials with low expansion coefficients. This material is,
      however, brittle and is easily developing heatcracks. It is also feasable
      to use metals of various types and shapes but serious problems arise here
      as well due to heat expansion.
PAR  Above described problems are obviously accentuated if one wishes to
      increase heat generation by higher fuel pressure and thereby increased
      mechanical stresses. The high temperatures often softens the material
      prohibiting high surface loads. Only low gas pressure surface loads may
      therefore be permitted which limits the fuelflow and possible heat
      generation thus completing a vicious circle.
PAR  In known sintered or drilled burners of the ceramic type the gas mixture
      pressure used is comparetively low and the burners are always of the
      atmospheric type which means that gas under pressure passes a nozzle
      sucking air along towards the filter. (The so called above referred to
      Bunsen method, which is possible only when the burner plate has a very low
      resistance to facilitate gas and air passage. Should the resistance be too
      high the gas will not suck the air along and the air will instead leave
      the very holes, which are intended for air entrance).
PAR  In the case of a sintered metal filter of porosity 50% the pressure
      decrease is averaging 150 mm WH/mm filter thickness operating at a heat
      generation level of 1000 kcal/cm.sup.2.h. Thus a gas pressure of at least
      450 mm WH is required to drive a filter of a thickness of 3mm.
PAR  However, in order to obtain the effect of "free-burning" a gas mixture
      pressure of up to 2000 mm (Water Head) is required. It is at present not
      technically possible to make a ceramic filter of said thickness (3 mm) and
      porosity of 40-60% that is able to withstand such a gas pressure, and if
      the thickness is increased in order to increase the mechanical strength
      gas pressure must be correspondingly increased to maintain the gasflow
      velocity.
PAR  When sintered metal is used in the prior art it has been applied in the
      same way as the above described ceramic filter. This is, however, no
      technical improvement and perhaps the contrary, due to the fact that metal
      is more rapidly consumed by the surface burning flames, than is ceramic
      materials. Additional problems are also encountered on account of the
      thermal expansion of the metal if not spec. counter-measures are used.
PAR  The present type of burner head is perhaps more appropriately referred to
      as a gas-air mixer operating at fairly high pressures. So called fan
      burners are normally used when high heat generation is required, which
      burners usually mix air and gas near the opening of the burner pipe
      resulting in poor mixing unless costly mixing devices are utilized. The
      present burner is normally supplied with pressurized gas-air mixture by
      means of a fan and the superior mixing results in a more complete
      combustion throughout the entire regulation range. Normal fan air pressure
      is approx. 1500 mm WH while the fan gas pressure is approx. 1000 mm WH
      when a stainless steel filter of approx. 50% porosity with particle sizes
      of approx. 75 .mu. is used. This is not the case with conventional
      burners, the efficiency of which varies between 30-70 % depending on the
      operating point within the regulation range.
PAR  The good fuel mixing of the present burner results in an extremly clean
      combustion with considerable savings in fuel consumtion and costs.
PAR  The audio noice level is due to the small flames strongly reduced. For a
      large burner of iron-work purposes which is burning 4 kg gas/h the noice
      level is only 70 dba at a distance of 100 cm. Hence no audio noice level
      attenuation facilities are required.
PAR  To sum up, the so called "free-burning" mode of operation being the basic
      idea of the present invention, prevents by means by turbulent jets of
      different directions the gas mixture from igniting until it is well
      outside (1- 10 mm) of the filter surface the temperature of which remains
      low. The cooling in fact being so effective that backward radiation of
      heat is not at all noticible and one may put one's hand on the filter
      immediately after shut down.
PAR  The "free-burning" idea disclosed by the present invention offers a
      multitude of advantages over the conventional infra-burning technique e.g.
PA1  1. More efficient turbulence fuel mixing.
PA1  2. Cold filter operation.
PA1  3. Cleaner combustion.
PA1  4. Long useful filter life.
PA1  5. Higher temperatures may be reached.
PA1  6. Heat generation relative filter area is increased approx. hundred-fold.
PA1  7. Lower fuel costs with increased efficiency.
PA1  8. Lower operating noice levels.
PA1  9. Large burner areas possible.
PA1  10. Greater freedom of design with respect to shape and form.
PAC  THE INVENTION
PAR  It is a broad object of the invention to provide a novel and improved
      burner for gaseous fuel, the burner member of which is free of the
      aforepointed out shortcomings of the now known burner member in that it is
      not using the method of infra-burning but that of "free-burning", the
      implication of which is that the burner head filter generates a great
      multitude of turbulent gas jets of random directions thus accomplishing a
      very efficient fuel (gas and air) mixing zone above which ignition takes
      place. Due to the continuous cooling effect of new cool gasmixture
      continually passing through the filter at a fairly high speed and pressure
      the cooling will be very effective resulting in a long useful filter life
      and rendering the filter less expensive to manufacture.
PAR  A more specific objet of the invention is to provide a novel and improved
      burner of a new kind above referred to, the burner member of which is made
      of a porous sheet of metal thereby obtaining the advantages of perforated
      metal sheets as to durability and mechanical strength and which is able to
      withstand high gas mixture pressures required to obtain necessary
      turbulence for "free-burning"
PAR  Another more specific object of the invention is to provide a novel and
      improved burner of the new kind above referred to, the burner member of
      which has all the advantages of a perforated metal sheet as now known but
      operating with "free-burning", where the extremly efficient mixing results
      in comparatively short and stable flames of high temperature thus
      increasing flame velocity and thereby possible maximum heat generation.
      (approx. 100 times that of infra-burners). This results also in
      elimination of any danger of backfiring of the flame.
PAR  Another object of the invention is to facilitate construction of large
      burner areas, where the only limitation is the production of sufficiently
      large filters with even porosity. In the case of bronze this limitation is
      today approx. 3000 cm.sup.2 corresponding to a capacity of 3 million
      kcal/h.
PAR  This feature enables e.g. construction of smaller ovens for metallurgical
      industry by the use of shorter flames.
PAC  SUMMARY OF THE INVENTION
PAR  The aforepointed out objects, features and advantages, and other objects,
      features and advantages which will be pointed out hereinafter are obtained
      by providing as burner member a porous metal sheet including flow channels
      which are more or less irregular and particularly not straight as to
      produce a multitude of randomly directed gas jets of such velocity that
      when ignited they result in short flames at a distance from burner member
      surface, so called "free-burning".
PAR  Tests have shown that a porous metal sheet according to the invention also
      has good cooling action and a practically unlimited useful life, thus
      eliminating all problems with mechanical strength.
PAR  To obtain a short and stable flame an extremly good mixing of gas and air
      is required which in the present case is obtained by strong turbulence
      caused by curling gas jets directed in random directions by the arbitrary
      openings of the sintered metal filter, the main object of which is to
      effect the mixing function. In comparable burners the mixing usually takes
      place near the burner pipe opening resulting in incomplete mixing and long
      flames with resulting lower temperatures.
PAR  According to another aspect of the invention, the width of the channels in
      the metal sheet decreases from the side of the member to which the fuel is
      fed toward the sheet side at which the fuel emerging from the sheet is
      ignited. De crease of the width of the channels may be gradual or
      stepwise. The porous metal sheet may be in one piece or composed of
      superimposed layers within which the width of the channels may change from
      layer to layer.
PAR  According to another aspect of the invention metals such as bronze are used
      as filter material. Metals of low melting point may of course never be
      used with infra-burners.
PAR  The burner member may be in the form of a flat plate, it may be dome-shaped
      or sperical or cylindrical. Various other configurations of the burner
      member may also be suitable. When the burner member is cylindrically
      shaped, the fuel may be fed to the burner from the inside of the burner
      member or from the outside. In the first case, the fuel will pass into the
      cylindrical member, in the second case it will flow out of the same. In
      either case ignition of the fuel is effected on the side on which the fuel
      emerges from the sheet. A feeding of the fuel to the burner member to a
      cylindrical burner member from the outside thereof is particularly
      suitable when, for instance, shafts are to be heated.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawing, several embodiments of the invention are shown
      by way of illustration and not by way of limitation.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is an elevational, partly sectional view of a prior art burner;
PAR  FIG. 2 is an elevational, partly sectional view of a burner according to
      the invention, the burner of FIG. 2 being similar to the burner of FIG. 1
      except for the burner member at the top of the burner;
PAR  FIG. 3 is an elevational, partly sectional view showing the burner member
      of FIG. 2 in detail andon an enlarged scale;
PAR  FIG. 4 is an elevational view, partly in section, of a cylindrical burner
      member according to the invention;
PAR  FIG. 5 is a fragmentary view of a burner member composed of several layers;
PAR  FIG. 6 is a fragmentary view of a modification of a burner member composed
      of several layers; and
PAR  FIG. 7 is an elevational view, partly in section, of a modification of the
      cylindrical burner member shown in FIG. 4.
DETD
PAR  Referring now to the figures in greater detail, the Prior Art infra-burner
      according to FIG. 1 comprises a generally conical holder 1, the bottom of
      which is supported by a ring-shaped member 2, which in turn is secured to
      an upright hollow stand 3. This stand communicates with feed pipes 4 and
      5. Pipe 4 may be visualized as a feed pipe for supplying air to the stand
      and pipe 5 as supplying gaseous fuel. The air and the fuel are mixed in
      stand 3 and this mixture passes through a porous asbestos sheet 6 which is
      sandwiched between wire netting 7 and 8. As previously explained, such
      wire netting is required to prevent a collapse of the inherently rather
      fragile asbestos sheet. The gas is ignited by any suitable means as it
      emerges on the top side of the asbestos sheet.
PAR  Turning now to FIG. 2, the burner as shown in this figure is similar to
      that of FIG. 1, except that the burner member 6, 7 and 8 is replaced by a
      burner member 9 in the form of a porous metal plate. Feed pipe 4 is thus
      supplying pressurized air from fan or compressor, and pipe 5 compressed
      gaseous fuel with overall pressure .gtoreq. 100 mm WH. Such porous metal
      includes inherently a multitude of irregular channels that may have
      various shapes, but are generally not straight. Metals suitable for the
      purpose are, for instance, steel and bronze.
PAR  A porous metal sheet suitable for the purpose of the invention can be
      conveniently produced by sintering together metal particles. These
      particles may be in the form of small spheres or irregular bodies, they
      may also be in the form of short metal threads. As it is evident, a sheet
      consisting of sintered-together small spheres or otherwise shaped metal
      particles includes a multitude of interstices constituting small
      irregularly shaped channels permitting on one hand a flow of gaseous fuel
      therethrough to establish free-burning as shown in FIG. 3 where the flames
      (9A) are spaced from the filter face (9) by a mixing zone (9B) and which
      on the other hand effectively preventing backfiring of the flame from the
      top side of the burner plate into conical holder 1 and even into the stand
      3 where such backfiring may have dangerous consequences.
PAR  As it is shown in FIG. 5 the porous burner cover may be composed of
      superimposed layers 10 and 11; more than two layers may, of course, be
      used if desired.
PAR  It has been found advantageous to decrease the cross-sectional areas of the
      channels from the inside of the sheet toward the top side thereof. Such
      variations in the cross-section of the channels can be conveniently
      obtained by decreasing the particle sizes from the inner side of the outer
      side of the burner plate. If the plate is composed of several layers, the
      layer made of the largest particles and thus having the widest channels
      may be the bottom layer and the layer including the smallest particles and
      thus the narrowest channels is used as top layer. The layers may be simply
      stacked one upon the other or they may be bonded together by any one of
      the many metallurgical methods known for such purpose.
PAR  Reverting to FIG. 5, layer 10 is the inner layer. As is clearly shown,
      comparatively small spheres are used in this layer and layer 11 is the
      outer or top layer and the spheres used for that layer are correspondingly
      smaller.
PAR  FIG. 6 shows a burner plate in which the thick layer 25 is composed of a
      mixture of metal spheres and metal threads while the thin layer 26 is
      composed of short metal threads only. Of course, layer 26 may also include
      metal spheres and conversely, layer 25 may consist of threads only.
PAR  The spheres used in layer 10 may be selected so that the channels have a
      diameter of 100 .mu. and the particles used in layer 11 have a size such
      that the channels have a diameter of about 20 .mu.. The threads in the
      layers 25 and 26 in FIG. 6 may be correspondingly varied in thickness.
PAR  As it is now evident, any desired cross-sectional areas in the channels may
      be obtained by suitably selecting the sizes of the particles of which the
      burner plate 9 is composed. As it is also evident, the superimposed layers
      of which the cover is composed may be given different thicknesses. For
      instance, the layer including the widest channels may have a thickness of
      approximately 3 mm and the layer including the narrowest channels may have
      a thickness between 0.1 mm and 1 mm (see FIGS. 5 and 6).
PAR  Reverting to FIG. 3, the burner member 9 of this figure is secured by two
      rings 12 and 13 at the upper edge of conical holder 1. As previously
      explained, the channels formed in a porous burner member are inherently
      irregular and in particular rarely straight thereby effectively preventing
      backfiring of a flame burning above the top side of member 9. As it is
      indicated, a great number of intense flames of comparatively short length
      such as about 10 mm can be readily obtained. This has the advantage that
      an object to be heated can be placed without danger of damage very close
      to the burner thus making it unnecessary to heat the object further by
      secondary heat radiated from the wall of the burner.
PAR  It is further found that when the flame in the burner according to FIG. 3
      is estinguished, the heat of member 9 decreases very rapidly to a level at
      which the member can be safely touched due to the high cooling efficiency
      obtained by the presence of the multitude of channels.
PAR  According to FIG. 4, the burner member 9a comprises a porous metal tubular
      member 14 which is arranged coaxially within an outer shell 15, which has
      at its upper and lower ends inwardly extending peripheral flanges 16 and
      17, respectively, defining a narrow annular space 18 within the shell. A
      feed pipe 19 secured to shell 15 communicates with this space for pressure
      feeding fuel gas, either with or without an admixture of air, into said
      space. The fuel flows from space 18 through the channels in member 14 into
      the inner space 20 defined by porous member 14 and is ignited within space
      20. Accordingly, cylindrical objects such as shafts are conveniently and
      uniformly heated on their entire outer wall surface when place within
      space 20.
PAR  As it is obvious, the burner according to FIG. 4 can be readily so arranged
      that fuel is fed into the space 20. It will then flow through the porous
      wall of member 14 into the space 18, where it is ignited. Of course, with
      such arrangement the space 20 would have to be completely closed.
PAR  FIG. 7 illustrates a burner arrangement as just described. According to
      this figure, the annular space 18 as defined by inner porous shell 14 and
      solid outer shell 15 is left open at one end but may be closed at the
      other end by a wall 30. The space 20 as defined by the porous inner shell
      is closed at both ends by closure members 31 and 32. The gaseous fuel is
      fed into space 20 by a pipe 19a. The gaseous fuel which as described is
      fed under pressure, with or without the admixture of air, flows through
      the channels in shell 14 and is ignited after it emerges from the wall,
      that is, within space 18. Members such as cylindrical tubular members to
      be heated or otherwise processed are inserted into this space 18.
PAR  The wall of shell 14 may be constructed as previously described, for
      instance in the mannershown in FIGS. 5 and 6. As indicated before, the
      burner member may be also spherical; or dome-shaped, generally speaking,
      any desired shape can be selected for the burner member provided only that
      it directs the flow of gas and thus the direction of the flame in a manner
      such that the flame is suitable for heating a selected object.
PAR  While the invention has been described in detail with respect to certain
      now preferred examples and embodiments of the invention, it will be
      understood by those skilled in the art, after understanding the invention,
      that various changes and modifications may be made without departing from
      the spirit and scope of the invention, and it is intended, therefore, to
      cover all such changes and modifications in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A burner equipment for burning gaseous fuel, said burner equipment
      comprising in combination:
PA1  a burner stand defining an open space therein;
PA1  feed means for feeding a pressurized mixture of gaseous fuel and air into
      said space; and
PA1  a burner member closing said space, said burner member having an outside
      surface and an inside surface, the latter being in communication with said
      space the burner member consisting of sintered-together metal particles,
      the interstices between the particles defining a multitude of channels in
      random distribution and forming passages for a flow of pressurized gaseous
      fuel and air mixture through the burner member from the inside to the
      outside surface thereof, said burner member being composed of superimposed
      layers, the cross-sectional widths of the channels being different in
      different ones of said layers, the narrowest channels being in the
      outermost layer, the channels in the layer including the widest channels
      having a width of about 100 .mu. and the channels in the layer including
      the narrowest channels having a width of about 20 .mu., the layer
      including the widest channels having a thickness of about 3 mm and the
      layer including the narrowest channels having a thickness between about
      0.1 mm and 1 mm, the flow of the gaseous fuel and air mixtures forming a
      turbulent zone at the outside surface of the burner member, said zone
      constituting an insulation layer above the outside surface of the burner
      member preventing contact of a flame with the outside surface of said
      burner member and forcing the flame to burn free of the burner member upon
      ignition of the emerging flow of gaseous fuel and air mixture thereby
      maintaining the burner member at cool operational condition.
NUM  2.
PAR  2. The burner according to claim 1 wherein said burner member is a flat
      plate.
NUM  3.
PAR  3. The burner according to claim 1 wherein said burner member is a tubular
      member.
NUM  4.
PAR  4. The burner according to claim 3 wherein the gaseous fuel is fed to said
      tubular member from the inside thereof.
NUM  5.
PAR  5. The burner according to claim 3 wherein the gaseous fuel is fed to said
      tubular burner member from the outside thereof.
NUM  6.
PAR  6. The burner according to claim 1 wherein said metal particles are made of
      stainless steel.
NUM  7.
PAR  7. The burner according to claim 1 wherein said metal particles are made of
      bronze.
NUM  8.
PAR  8. The burner according to claim 1 wherein said metal particles are in the
      form of spheres.
NUM  9.
PAR  9. The burner according to claim 1 wherein said particles are in the form
      of threads.
NUM  10.
PAR  10. The burner according to claim 1 wherein said stand is a hollow tubular
      stand open at one end, said burner member covering said open end.
NUM  11.
PAR  11. The burner according to claim 1 wherein said burner stand comprises an
      outer shell and an inner shell disposed in coaxial and radially spaced
      apart relationship to define an annular space therebetween, the wall of
      the inner shell including said multitude of channels, cover means closing
      said annular space at both ends, said feed means feeding the gaseous fuel
      into said closed annular space.
NUM  12.
PAR  12. The burner according to claim 1 wherein said burner stand comprises an
      outer shell and an inner shell disposed in coaxial and radially spaced
      apart relationship to define an annular space therebetween, the wall of
      the inner shell including said multitude of channels, cover means closing
      the space within the inner shell at both ends thereof, said feed means
      feeding the gaseous fuel into said closed inner space within the inner
      shell through the cover means at one end of the inner shell.
NUM  13.
PAR  13. A burner for gaseous fuel comprising:
PA1  a hollow burner stand;
PA1  a feed pipe for pressure feeding gaseous fuel into said stand; and
PA1  a burner member covering an open end of said stand, said burner member
      including a multitude of channels for the passage of the gaseous fuel
      under pressure from the stand through the burner member directed upon the
      inner side thereof for ignition of the fuel on the outside of said member,
      said burner member being composed of a multitude of sintered-together
      metal particles, the interstices between said particles forming said
      channels, said particles being disposed in superimposed layers, the
      cross-sectional widths of the channels being different in different ones
      of said layers, the narrowest channels being in the outermost layer, the
      channels in the layer including the widest channels having a width of
      about 20 .mu., the layer including the widest channels having a thickness
      of about 3 mm and the layer including the narrowest channels having a
      thickness between about 0.1 mm and 1 mm.
NUM  14.
PAR  14. The burner according to claim 13 wherein said multitude of channels
      include channels having a configuration other than a straight
      configuration.
NUM  15.
PAR  15. The burner according to claim 13 wherein said burner member is a flat
      plate.
NUM  16.
PAR  16. The burner according to claim 13 wherein said metal particles are made
      of stainless steel.
NUM  17.
PAR  17. The burner according to claim 13 wherein said metal particles are made
      of bronze.
NUM  18.
PAR  18. The burner according to claim 13 wherein said metal particles are in
      the form of spheres.
NUM  19.
PAR  19. The burner according to claim 13 wherein said particles are in the form
      of threads.
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ABST
PAL  A method of raising the temperature of a reducing gas containing a CO
      component for avoiding the problems caused by soot inevitably generated in
      raising the temperature of the reducing gas. In heating the reducing gas
      to a temperature higher than 500.degree.C, the rate of raising the
      temperature of the reducing gas is kept higher than 350.degree.C/sec.
      during the time the temperature of the gas is being raised through the
      range of 500.degree. - 750.degree.C, while the flow velocity of the
      reducing gas is kept higher than 7 m/sec.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of raising the temperature of a
      reducing gas containing a CO component for avoiding the troubles caused by
      soot inevitably generated in raising the temperature of the reducing gas.
PAR  A reducing gas having CO and H.sub.2 as its main components controlled at a
      particular temperature is very useful as a gaseous reducing agent for
      example, for iron ores. In the operation of a blast furnace, the reducing
      gas forced into the interior of the blast furnace effectively serves to
      accomplish the gas reduction of the charged ores so that the lowering of
      the coke ratio and the improvement in the productivity are achieved.
      Further, in a method of producing reduced iron other than the blast
      furnace process, the above described reducing gas is highly useful as a
      heat source for the reducing furnace and as the gaseous reducing agent.
      The reducing gas may also be used as an agent for heat-treatment of the
      reduced iron, such as, a desulfurization, carburizing, or other gaseous
      treating agent.
PAR  Reducing gas used as a gaseous reducing agent or heat-treating agent and
      having CO and H.sub.2 as its main components is obtained in the form of a
      high temperature reducing gas at a temperature higher than 1000.degree.C,
      for example, by means of the partial oxidation of a hydrocarbon fuel,
      steam reforming processes, etc. The high temperature reducing gas is blown
      into the reducing furnace with the temperature thereof being appropriately
      adjusted. The amount of the gas used in the reducing furnace is determined
      by various conditions, such as the volume of the furnace, and the desired
      results. In any event, large volumes are used. On the other hand, the rate
      of utilization of the gas in the reducing furnace is far below 100%, and
      therefore, unused reducing gas, containing H.sub.2 O and CO.sub.2, is
      discharged from the top of the reducing furnace is collected and
      regenerated by a gas circulating system and used again as the gaseous
      reducing agent. It is necessary to raise the temperature of the thus
      regenerated reducing gas which has cooled to a lower temperature to a
      higher blowing temperature needed for the reducing furnace. In the
      regenerating process for the reducing gas in the above described
      circulating system, when a catalyst is used, it is necessary to
      preliminarily raise the temperature of the gas to be treated to a
      temperature desired for the reforming process. Also, in the case of a low
      temperature reducing gas obtained by a production process other than that
      described above, the gas is required to be heated to a temperature desired
      for the utilization thereof.
PAR  In raising the temperature of the reducing gas for the regeneration process
      described above or for the using it as a gaseous reducing agent, the
      equilibrium will proceed toward the right in the following equation, when
      the reducing gas containing a CO component is indirectly heated,
EQU  2 CO.revreaction. CO.sub.2 + C
PAL  thereby producing carbon (soot) from the gas and generating CO.sub.2.
PAR  The thus separated soot adheres to the heating tubes so that not only is
      the heat conducting efficiency lowered, but also, the flow path of the gas
      is blocked, thereby making it impossible to raise the temperature of the
      reducing gas. If the reducing gas is processed for the regeneration by
      using a catalyst, the separated soot adheres to the surface of the
      catalyst thereby significantly deteriorating the function of the catalyst.
      Thus, technical measures for prolonging the effective function of the
      catalyst or quickly changing the catalyst are required. These measures
      generally disturb the continuous process used to improve the quality of
      the gas.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, various experiments have been carried out to
      observe the behaviour of the separating soot from the above described CO
      containing reducing gas when its temperature is raised so as to find out
      measures to avoid the above described disadvantages. Thus, the object of
      the present invention is to make it possible to reduce the amount of soot
      separated from the CO containing reducing gas while it is flowing within
      the heating tube. This is accomplished by adopting a particular rate of
      raising the temperature of the gas within a particular range of heating
      temperature as well as a particular rate of flow of the gas through the
      heating tube. The gist of the present invention lies in raising the
      temperature of the reducing gas at a rate higher than 500.degree.C/sec.
      when the reducing gas is heated over the temperature of 500.degree.C and
      particulars when the temperature is being raised in the range of
      500.degree. - 750.degree.C, and maintaining the flow velocity of the
      reducing gas higher than 7 m/sec.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an equilibrium diagram showing the relationship of the content of
      CO in the reducing gas to the temperature thereof;
PAR  FIG. 2 is a diagram showing the representative pattern of the amount of
      carbon separated from the CO containing reducing gas when the same is
      heated;
PAR  FIG. 3 is a diagram showing the relationship between the heating
      temperature of CO gas of 100 Nm.sup.3 within the range of 500.degree.
      -750.degree.C when the same is heated to 800.degree.C and the amount of
      soot separated from the gas;
PAR  FIG. 4 is a diagram showing the relationship between the flow velocity of
      the reducing gas containing soot through a heating tube and the heat
      transfer coefficient thereof; and
PAR  FIG. 5 is a schematic diagram showing the apparatus for carrying out the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the equilibrium diagram (Boudouard curve) showing the ratio of
      CO component in the reducing gas and the temperature thereof. As is clear
      from FIG. 1, when the temperature of the gas is lower than about
      400.degree.C, the total amount consists of CO.sub.2 and C. Actually,
      however, the equilibrium state can not be reached unless the rate of
      raising the temperature is made extremely low.
PAR  The present inventors have carried out experiments in which a plurality of
      samples of the reducing gas containing different contents of CO were
      tested by raising their temperatures at a substantially constant rate.
      FIG. 2 shows the diagram of the representative pattern showing the
      condition of separating carbon (soot) from the reducing gas when the same
      is heated to various temperatures. As seen from FIG. 2, the gas as it is
      heated separates various amount of soot depending upon the heating
      temperature. Particularly, the amount of soot separated from the reducing
      gas is rapidly increased when the reducing gas is heated to a temperature
      in the range of 500.degree. - 750.degree.C. The peak of the amount of soot
      separated from the reducing gas lies at a heating temperature of about
      630.degree.C. The height of the peak varies depending upon the ratio of
      the CO in the heated gas and the height of the peak is proportional to the
      amount of CO component in the gas.
PAR  Together with the separation of soot, a proportionate molar amount of
      CO.sub.2 corresponding to the amount of separated soot is generated.
PAR  The present inventors have noticed the increase in the separation of soot
      from the reducing gas within the heating range of 500.degree. -
      750.degree.C and have carried out experiments in which the rate of raising
      the temperature of the gas is varied in order to find out the conditions
      under which the increase in soot separation is suppressed. FIG. 3 shows
      the relationship between the rate of raising the temperature of CO gas of
      100 Nm.sup.3 within the range of 500.degree. - 750.degree.C when the gas
      is being heated to 800.degree.C and the amount of soot separated
      therefrom. As is clear from FIG. 3, the amount of soot separated from the
      gas decreases as the rate of raising the temperature of the gas is
      increased. The higher the rate of raising the temperature of the gas, the
      smaller the amount of soot separation from the gas. However, when the
      above described process of raising the temperature of the gas is carried
      out industrially, the rate of raising the temperature of the gas is
      limited from the economic point of view, such as, the heat resistance of
      the heating tube and the life thereof. When the reducing gas thus heated
      is used in the operation of the furnace, a certain amount of soot can be
      present in the gas without deteriorating its performance. For example,
      when the reducing gas is blown into a reducing furnace of iron oxide
      pellets, the degree of deterioration of the performance of the reducing
      furnace caused by the accumulation of soot in the various devices of the
      reducing furnace can be remarkably reduced if the amount of soot contained
      in the reducing gas is held to less than 10 g/Nm.sup.3, preferably, less
      than 7 g/Nm.sup.3, thereby permitting the reducing furnace to be operated
      without substantial hindrance of the operation. In case the reducing gas
      is preliminarily heated for reaction with a catalyst in order to
      regenerate the reducing gas, it is preferred to limit the amount of soot
      in the gas to below 200 mg/Nm.sup.3.
PAR  In view of the above, the present invention comprises maintaining the rate
      of the temperature increases of the reducing gas higher than
      500.degree.C/sec. within the heating temperature range of 500.degree. -
      750.degree.C when the reducing gas is being heated to a temperature higher
      than 500.degree.C. As described previously, since the amount of soot
      separated from the reducing gas when heated varies depending upon the
      content of the CO component in the reducing gas, the rate of raising the
      temperature of the reducing gas within the above described range of the
      heating temperature is in general increased as the content of the CO
      component in the reducing gas increases. When a certain amount of
      components, such as, impurities, e.g., CO.sub.2, N.sub.2 and the like
      which affect the behaviour of the soot separation from the reducing gas
      when it is heated are included in the reducing gas, the rate of raising
      the temperature of the reducing gas is adjusted to a value higher than
      500.degree.C/sec.
PAR  By adapting the heating conditions of the reducing gas as described above,
      the amount of soot separated from the reducing gas can be reduced to an
      allowable range. However, as described previously, it is impossible to
      reduce the absolute amount of soot to zero.
PAR  As was well known, when the temperature of the reducing gas is raised by
      using a heating tube, the efficiency of raising the temperature of the
      reducing gas varies as the diameter of the heating tube varies, and the
      efficiency is improved as the diameter of the tube is made smaller, if
      other conditions are the same. However, the troubles caused by soot
      inevitably generated during the heating of the reducing gas are made more
      serious as the diameter of the heating tube is made smaller when the
      amount of soot is constant. For example, soot adheres to the wall of the
      tube thereby lowering the heat transfer coefficient of the heating tube.
      Further, the soot tends to adhere more intensively to elbow portions,
      valve portions and like portions, of the tubing, thereby tending to cause
      blockage thereof. The adhesion of soot described above was found to be
      caused only depending upon the flow velocity of the gas containing soot
      under the dry condition. For example, when the gas containing soot of 10
      g/Nm.sup.3 is conveyed through a heat conducting tube so as to assure h =
      50 Kcal/m.sup.2. h.sup.. .degree.C at various flow velocities under a
      clean condition, the heat transfer rate of the heat conducting tube
      deteriorates as shown in FIG. 4. In other words, the amount of soot of
      this type adhering to the tube wall tends to rapidly increase when the
      flow velocity is made less than 7 m/sec. According to the present
      invention, the flow velocity of the reducing gas is made higher than 7
      m/sec. during the time the temperature of the same is being increased. As
      a result, the soot contained in the reducing gas tending to adhere to the
      tube wall and like surfaces is forced to move by virtue of the high flow
      velocity of the gas thereby substantially preventing the soot from
      adhering to the tube wall and surfaces so that the heat transfer rate of
      the heat conducting tube is not decreased.
PAR  Now, an example of the apparatus for carrying the method of the present
      invention will be described in connection with FIG. 5 illustrating the
      same. The heating apparatus shown in FIG. 5 is of an indirect heating
      furnace of the isoflow type. A gas burner 2 is located at the center of
      the bottom of the furnace 1. A heating tube 3 is arranged in the furnace
      1. One end of the heating tube 3 is connected to a reducing gas supply
      tube 4 and a thermometer 5 is provided in the supply tube 4. The other end
      of the heating tube 3 is connected to a discharge tube 6 of the reducing
      gas which has been heated to a raised temperature in the furnace 1. A
      thermometer 7 is provided in the discharge tube 6. The amount of the fuel
      to be supplied to the gas burner 2 is determined by the aimed raised
      temperature of the reducing gas which is flown through the heating tube 3
      at a set flow velocity. A reflecting plate 8 is provided in the furnace 1
      as shown in FIG. 5.
PAC  EXAMPLE 1
PAR  A reducing gas (CO = 46.16%; H.sub.2 = 52.2%; CO.sub.2 = 0.06%; N.sub.2 =
      0.47% ) at the temperature of 30.degree.C was flown through a heating tube
      having the diameter of 90 mm at the flow velocity of 25 m/sec. so that a
      reducing gas having the temperature of 800.degree.C was obtained. The
      amount of the gas processed was 400 Nm.sup.3 /h. In the heating process
      described above, the rate of raising the temperature of the reducing gas
      within the raised temperature range of 500.degree. - 750.degree.C was set
      to 700.degree.C/sec. As the result of the above process, the composition
      of the reducing gas of 800.degree.C thus obtained was CO = 44.76%; H.sub.2
      = 53.09%; CO.sub.2 = 0.20%; N.sub.2 = 0.50%, and the amount of carbon
      separated from the reducing gas was 3.0 g/Nm.sup.3. However, the heat
      transfer rate of the heating tube was not affected by the separated carbon
      (soot), and stable heating of the reducing gas was achieved.
PAC  EXAMPLE 2
PAR  A reducing gas (CO = 42.94%; H.sub.2 = 48.64%; CO.sub.2 = 0.02%; N.sub.2 =
      8.35% ) at 200.degree.C was introduced into an apparatus as shown in FIG.
      5 in which 50 heating tubes each having the diameter of 25 mm were
      arranged so as to flow the reducing gas through the heating tubes at the
      flow velocity of 12 m/sec. thereby obtaining a reducing gas having the
      temperature of 800.degree.C. The amount of the gas thus processed was 450
      Nm.sup.3 /h. In the heating process described above, the rate of raising
      the temperature of the reducing gas within the raised temperature range of
      500.degree. - 750.degree.C was set to 1000.degree.C/sec. As a result of
      the above heating process, the composition of the thus obtained reducing
      gas having the temperature of 800.degree.C was CO = 41.60%; H.sub.2 =
      49.07%; CO.sub.2 = 0.07%; N.sub.2 = 8.56%, and the amount of carbon (soot)
      separated from the reducing gas was 2 g/Nm.sup.3. However, no blockage of
      the heating tubes took place and no substantial variation in the heat
      transfer rate of the heating tubes occurred so that a stable heating of
      the reducing gas was achieved.
PAR  As described above, the present invention provides a method of raising the
      temperature of a reducing gas containing a CO component to a temperature
      higher than 500.degree.C wherein the temperature of the reducing gas is
      raised at a rate higher than 500.degree.C/sec. when the gas is being
      heated in the temperature range, of 500.degree. - 750.degree.C in which
      range the separation of soot from the reducing gas is rapidly increased.
      Therefore, the present invention makes it possible to reduce the amount of
      soot separated from the reducing gas at least to 1/10 of the amount
      heretofore generated by the prior art heating systems for such reducing
      gas.
PAR  Further, since the flow velocity of the reducing gas is set to be higher
      than 7 m/sec. in accordance with the present invention, troubles, such as,
      the adhesion of soot inevitably generated during the heating of the
      reducing gas onto the tube walls and like portions and surfaces and,
      hence, the variation in the heat transfer rate of the heating tube and the
      blockage of the tubing system are positively eliminated. Thus, in
      accordance with the present invention, the stable heating of the reducing
      gas to a temperature higher than 500.degree.C can be achieved without
      substantially deteriorating the performance of the reducing gas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for heating a reducing gas having CO as a component thereof
      to a temperature in excess of 500.degree.C, the improvement which
      comprises heating the reducing gas at a rate greater than 350.degree./sec
      while the temperature of the gas is passing through the temperature range
      of 500.degree.-750.degree.C.
NUM  2.
PAR  2. The method of claim 1 wherein the gas is heated by passing it over a
      heating surface at a flow velocity greater than 7m/sec.
NUM  3.
PAR  3. The method according to claim 1 in which the reducing gas temperature is
      raised at a rate higher than 500.degree.C/sec.
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ABST
PAL  The present invention concerns a method and an installation for the stoving
      of articles, inter alia of freshly painted articles. A combustion is used
      to eliminate a substantial proportion of the polluting and solvent-charged
      products given off by the articles during stoving and entrained by the
      ventilating air which is evacuated from the stove. The purified and heated
      gas supplied by the combustion of the polluting products is reintroduced
      into the stove, with fresh air. Before combustion, the ventilation air is
      preheated in a heat exchanger whose source of heat is supplied with heat
      by said purified and heated gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention, due to the work of Paul BORNERT relates in the first place
      to a method of stoving articles, inter alia freshly painted articles
      introduced into a stove and eventually being submitted to other preceding
      or following treatments in one or more enclosures, and in which combustion
      is used to eliminate a substantial proportion of the polluting and
      solvent-charged products given off by the articles during stoving and
      entrained by the ventilating air which is evacuated from the stove. When
      articles are stoved, more particularly freshly painted articles, the
      articles of course give off pulluting solvent-charged products whose
      carbon content exceeds the content permitted by the Law in many countries.
      Moreover, these products smell bad. This is why there has been the
      intention of eliminating by combustion a substantial proportion of the
      polluting products entrained by the ventilation air which is evacuated
      from the stove.
PAR  For instance, French Patent No. 1 587 679 of Aug. 22, 1968 discloses how to
      destroy the polluting products by using the ventilation air leaving the
      stove and containing such products, as the combustion-aiding air of the
      stove burners and/or by combustion in a heating device of the stove. It is
      also known to destroy the polluting products in a combustion chamber in
      which they are burnt, the air thus purified being then ejected to
      atmosphere; however, in this way considerable amount of heat is lost.
PAR  Moreover, the thermal balance sheet of a conventional stove is very poor.
      For instance, with a stove having a very high weight of production,
      intended, for instance, for firing the paint on motorcar bodywork, a heat
      power 20 to 30 times greater than the heat power needed for firing the
      paint is required. This poor thermal balance sheet is due to losses at the
      ends of the stove (inlet and discharge of the bodywork), to the storage of
      heat by the painted bodywork, and more particularly to losses due to
      ventilation, since the ventilation of stoves, to evacuate the polluting
      products given off and limit the risk of explosion, is very intense and
      therefore robs the stoves of a great deal of heat.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to obviate this disadvantage and more
      particularly to improve the thermal balance sheet of a stove installation.
PAR  To this end, in a method of the kind specified according to the invention,
      the purified and heated air supplied by the combustion of the polluting
      products is reintroduced into the stove in the form of two gaseous
      curtains, one adjacent the aperture through which articles enter the
      stove, the other adjacent the aperture from which the articles are
      discharged, and if necessary passed into one or more of the said
      enclosures, mixed with fresh air, and before combustion the ventilation
      air is preheated in a heat exchanger whose source of heat is supplied with
      heat by said purified and heated gas.
PAR  Thus, according to the invention, the ventilation air reintroduced into the
      stove after purification and heating by the combustion of the polluting
      products enables the thermal balance sheet of stoving to be considerably
      improved and also if necessary improves the thermal balance sheet of the
      other preceding or following treatments in the other enclosures. Moreover,
      the preheating of the ventilation air before combustion, in a heat
      exchanger whose source of heat is supplied with heat by the purified
      heated gas enables the combustion to be improved, and therefore further
      improves the thermal performance of stoving.
PAR  Moreover, the fact that the purified, heated gas supplied by the combustion
      of the polluting products is reintroduced into the stove mixed with fresh
      air allows the convenient and ready adjustment of the temperature of the
      air supplied to the stove, since if such an arrangement were not to be
      made, the air reintroduced into the stove, and possibly also carried into
      one or more of the other preceding or following treatment enclosures,
      would be too hot to obtain optimum conditions.
PAR  The feature that the purified and heated air supplied by the combustion of
      the polluting products is reintroduced into the stove in the form of two
      gaseous curtains considerably limits heat losses at the inlet and outlet
      of the stove, the hot gaseous curtains forming excellent thermal barriers.
PAR  In one particularly advantageous embodiment of the method according to the
      invention, the purified and heated gas supplied by the combustion of the
      polluting products is to be reintroduced into the stove in the form of two
      other gaseous curtains each disposed adjacent one of the aforementioned
      curtains. As a result of this arrangement, adjacent the inlet and oulet
      apertures of the stove inlet and outlet air locks are created which
      contribute in a particularly marked manner to further limiting the losses.
PAR  Preferably, the two gaseous curtains closest to the central zone of the
      stove are at a higher temperature than that of the two curtains furthest
      away therefrom.
PAR  Also preferably, a proportion of the ventilating air entraining the
      polluting, solvent-charged products is evacuated from the stove by being
      removed between the two gaseous curtains disposed adjacent the aperture
      through which the articles enter the stove. The fact is that the articles
      are liable to give off the largest amount of polluting products at the
      inlet to the stove when the paint solvents are light solvents.
PAR  In that case, according to another possible feature of the invention,
      another proportion of the ventilating air is evacuated from the stove to
      atmosphere, being removed between the two gaseous curtains which are
      disposed adjacent the aperture through which the articles are discharged
      from the stove, because at that place the air is much less polluted and
      can be evacuated directly to atmosphere without needing to be purified.
PAR  In contrast, according to another possible feature of the invention, a
      proportion of the ventilating air is evacuated from the stove after it has
      been taken from between the two gaseous curtains which are disposed
      adjacent the aperture through which the articles are discharged from the
      stove, more particularly in cases in which the paint solvents are heavy
      solvents which take longer to evaporate.
PAR  In that case, another proportion of the ventilating air is evacuated from
      the stove to atmosphere, being taken between the two gaseous curtains
      disposed adjacent the aperture through which the articles enter the stove.
PAR  These different possibilities can also be combined with one another.
PAR  The invention also relates to a stoving installation for the performance of
      the method defined hereinbefore, of the kind comprising a stove having an
      aperture through which the articles to be stoved enter, and an aperture
      through which the articles are discharged, and at least one evacuating
      aperture for the ventilating air entraining a substantial proportion of
      the polluting, solvent-charged products given off by the articles during
      stoving, a burner connected via an evacuation conduit to the evacuating
      aperture, and if necessary one or more other enclosures for the preceding
      or following treatment of the articles, characterised in that the
      installation comprises a first heat exchanger whose source of heat,
      supplied with heat by the purified combustion gas coming from the burner,
      is disposed on the path of the ventilation air coming from the evacuation
      aperture and is connected via a return conduit to at least one inlet of
      purified air into the stove and if necessary into one or more of said
      other enclosures, and connected to the return conduit are two air mixers
      supplied with fresh air, whose outlet paths are connected respectively to
      two inlets of purified air into the stove disposed one adjacent the
      aperture through which the articles enter, and the other adjacent the
      aperture through which they are discharged, so as to form two hot gaseous
      curtains.
PAR  Also preferably, the installation is characterised in that the return
      conduit communicates with two other air mixers supplied with fresh air
      whose outlet paths are connected respectively to two other inlets of
      purified air into the stove, each disposed adjacent one of the aforesaid
      inlets so as to form two other hot gaseous curtains.
PAR  According to another possible feature, an installation according to the
      invention is characterised in that an evacuating aperture for the
      ventilation air is disposed between the two purified air inlets which are
      disposed adjacent the aperture through which the articles enter the stove,
      or adjacent the aperture through which the articles are discharged from
      the stove.
PAR  According to another possible feature of the invention, another evacuating
      aperture for the ventilation air in communication with the atmosphere is
      disposed between the two purified air inlets which are disposed adjacent
      the aperture through which the articles are discharged from the stove, or
      adjacent the aperture through which the articles enter the stove.
PAR  Also advantageously, the return conduit communicates with the two other air
      mixers via the heat source of a second heat exchanger which is disposed on
      the path of a portion of the ventilation air taken from a central zone of
      the stove and reintroduced into said zone. This arrangement further
      encourages the rise in temperature of the stove when it is put into
      operation and ensures satisfactory homogenization of the temperatures.
PAR  The arrangement also enables the amount of fresh air fed to the two other
      air mixers to be reduced, since heat is taken from the return conduit by
      the second heat exchanger, such heat being recovered to heat the said
      central zone.
DRWD
PAC  SHORT DESCRIPTION OF THE DRAWING
PAR  One embodiment of the invention is shown by way of nonlimitative example in
      the single accompanying drawing, which illustrates diagrammatically a
      motor-car bodywork stoving installation according to the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The stoving installation illustrated in the drawing comprises a stove 1
      having an inlet aperture 2 through which freshly painted motor-car
      bodywork to be stoved (not shown) is introduced and an output aperture 3
      through which the bodywork is evacuated from the stove after being dried.
      The installation also comprises a first evacuation aperture 4 for the
      ventilation air which entrains a substantial proportion of the polluting
      solvent-charged products which are given off by the bodywork while the
      paint dries. A burner 5 is connected to the aperture 4 via an evacuation
      conduit 6 connected to a first fan 7 so as to produce a current of
      ventilating air in the conduit 6 in the direction indicated by the arrows.
      The burner 5 is disposed in a combustion chamber 8 disposed in a
      combustion enclosure or incinerator 9. The burner 5 is supplied with fuel
      via a conduit 10.
PAR  Enclosure 9 also contains a first heat exchanger 11 whose source of heat
      12, disposed in an exchange chamber 13, is supplied with heat by the
      purified heated combustion gas coming from the combustion chamber 8; to
      this end a conduit 14 connects the chamber 8 to the source of heat 12. The
      latter is also disposed on the path of the ventilation air coming from the
      evacuating conduit 6 and passing into the combustion chamber 8 via conduit
      15 after passing through the exchange chamber 13. The ventilation air is
      thus preheated before acting as a combustion-aiding fuel in the combustion
      chamber 8.
PAR  Lastly, the heat source 12 is connected via return conduit 16, for purified
      and heated combustion gas, to two three-way air mixers 17, 18 which are
      supplied with fresh air via conduits 19, 20 and whose outlet parts 21, 22
      are connected to two inlets 23, 24 for purified air to the stove 1. The
      conduits 19, 20 are connected to a common conduit 25 which supplies fresh
      air and communicates with the delivery of the second fan 26 whose intake
      is from atmosphere. The inlet 23 is disposed adjacent the inlet aperture 2
      of the stove so as to form a hot gaseous curtain 27, and the inlet 24 is
      disposed adjacent the outlet aperture 3 of the stove, so as to form a hot
      gaseous curtain 28; the two gaseous curtains thus form effective thermal
      barriers between the outside and the central zone 29 of the stove.
PAR  The return conduit 16 also communicates with two other three-way air mixers
      30, 31 via the heat source 32 of a second heat exchanger 33 whose exchange
      chamber 34 is traversed by a portion of the ventilation air taken in the
      central zone 29 of the stove by a second evacuating aperture 35, such part
      of the ventilation air returning to such central zone via another inlet
      36. The evacuating aperture 35 communicates with the exchange chamber 34
      via an upstream conduit 37 and a third fan 38, the other inlet 36
      communicating via a downstream conduit 39. The mixers 30, 31 are supplied
      with fresh air via conduits 40, 41 connected to conduit 25 and their
      outlet parts 42, 43 are connected to two other inlets 44, 45 for purified
      air into the stove 1.
PAR  The inlet 44 is disposed adjacent the inlet 23 so as to form another hot
      gaseous curtain 46, and the inlet 45 is disposed adjacent the inlet 24 so
      as to form another hot gaseous curtain 47, the curtains 46, 47 being
      closer to the central zone 29 than the curtains 27, 28. The four
      aforementioned air exchangers are also so adjusted that the temperature of
      the curtains 46, 47 is higher than that of the curtains 27, 28. However,
      the temperature of the four gaseous curtains is close to that inside the
      stove 1. Between the curtains 27 and 46 there is therefore formed an inlet
      air look 48 for motor-car bodywork, an outlet air lock 49 being formed
      between the curtains 47 and 28.
PAR  Moreover, a second evacuating aperture for the ventilation air 50 is
      disposed between the two purified air inlets 23 and 24 and connected to
      the evacuation conduit 6 via a conduit 51, a third evacuating aperture for
      the ventilation air 52 being disposed between the two air inlets 45 and 24
      and connected directly to atmosphere via conduit 53. Lastly, to eliminate
      any excess heat if necessary, a valve 54 communicating with atmosphere is
      connected to the return conduit 60.
PAR  When the installation is started up, the fans 7, 26, 38 are started. The
      burner 5 is fed with fuel via conduit 10. The combustion-aiding air is
      supplied to the combustion chamber 8 via the ventilation air evacuating
      conduit 6, the fan 7, and then the conduit 15, after passing through the
      exchange chamber 13, in which it is preheated by the heat source 12. The
      heated air of combustion returns to the stove 1 via conduit 16, directly
      across mixers 17, 18 and indirectly across mixers 30, 31, after passing
      through the heat source 32 of the heat exchanger 33. In the manner
      described hereinbefore, therefore, hot gaseous curtains 27, 46; 47, 28 and
      inlet and outlet air locks, 48, 49 respectively, are therefore formed in
      the stove 1. The air of the stove taken at 35 is also heated by the heat
      source 32 when it passes through the exchange chamber 34, being
      reintroduced into the central zone 29 at a place 36. The air in the
      conduit 16 therefore gives up heat to the air taken at 35. When the air in
      the stove has reached the desired temperature, the freshly painted
      bodywork to be dried is introduced via the aperture 2 and, after passing a
      predetermined period in the stove, is evacuated via the outlet aperture 3.
      Polluting products are therefore given off in the stove which are charged
      with solvents and evacuated via aperture 4 and 50. The products are
      entrained by the ventilation air into the evacuation conduit 6 and burnt
      in the combustion chamber 8, in which the temperature rises. The purified
      air is reintroduced into the stove via the conduit 16 after preheating the
      polluted air entering the exchange chamber 13. The four mixers are
      adjusted, for instance automatically, to determine the amount of fresh air
      supplied to the stove, so that the bodywork is not subjected to an
      excessive temperature. It should be noted that the mixers 30, 31 consume a
      relatively small amount of fresh air, since in them such air is mixed with
      the hot air already cooled by heat being removed on the heat source 32.
      Air is also evacuated from the stove 1 via the aperture 52 and is ejected
      directly to atmosphere, being much less polluted than the air taken at 50
      or 4.
PAR  Lastly, to enable the installation according to the invention to be
      satisfactorily adjusted, inter alia if the heat produced by the combustion
      chamber 8 is greater than the heat needed by the stove, the valve 54
      enables the conduit 16 to be vented to atmosphere, thus eliminating excess
      heat. The hot air thus ejected is of course purified, since it is ejected
      to atmosphere only after passing through chamber 8.
PAR  Finally, it can be noted that the invention affords considerable advantages
      over the prior art, since essentially on the one hand it enables only
      gases to be ejected to atmosphere which are slightly polluted, their
      content of harmful agents being at any rate lower than that required by
      the law, and it also enables the thermal performance of the stove to be
      very considerably improved.
PAR  Since, moreover, a large amount of heat is given off in the chamber 8,
      instead of ejecting the excess heat to atmosphere it might be used for the
      main or supplementary heating of other treatment enclosures upstream or
      downstream of the stove, if necessary also mixed with fresh air.
PAR  Clearly, and as results from the foregoing, the invention is not limited to
      those methods of application and embodiments which have been more
      specially considered but, on the contrary, the invention covers all
      variants.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of stoving articles, such as freshly painted articles, which
      enter a stove and may undergo other preceeding or subsequent treatment in
      one or more enclosures, and in which combustion is used to eliminate a
      substantial proportion of the polluting and solvent-charged products given
      off by the articles during stoving and entrained by the ventilating air
      which is evacuated from the stove, said stoving being carried out in a
      stove including an inlet aperture through which the articles enter the
      stove and an outlet aperture from which the articles are discharged from
      the stove, said method comprising reintroducing the purified and heated
      air supplied by the combustion of the polluting products into the stove in
      the form of two gaseous curtains, one adjacent the inlet aperture and the
      other adjacent the outlet aperture, mixing said purified and heated air
      with fresh air prior to reintroduction into the stove, preheating the
      ventilating air in a heat exchanger prior to combustion, and supplying
      heat to said heat exchanger from said purified and heated gas.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein the purified and heated gas
      supplied by the combustion of the polluting products is to be reintroduced
      into the stove in the form of two other gaseous curtains each disposed
      adjacent one of the aforementioned curtains.
NUM  3.
PAR  3. A method as set forth in claim 2, wherein the two gaseous curtains
      closest to the central zone of the stove are at a higher temperature than
      that of the two curtains furthest away therefrom.
NUM  4.
PAR  4. A method as set forth in claim 2, wherein a proportion of the
      ventilating air entraining the polluting, solvent-charged products is
      evacuated from the stove by being removed between the two gaseous curtains
      disposed adjacent the aperture through which the articles enter the stove.
NUM  5.
PAR  5. A method as set forth in claim 3, wherein in that another proportion of
      the ventilating air is evacuated from the stove to atmosphere, this
      proportion being removed between the two gaseous curtains which are
      disposed adjacent the aperture through which the articles are discharged
      from the stove.
NUM  6.
PAR  6. A method as set forth in claim 2 characterised in that a proportion of
      the ventilation air is evacuated from the stove by this proportion being
      taken between the two gaseous curtains disposed adjacent the aperture
      through which the articles are discharged from the stove.
NUM  7.
PAR  7. A method as set forth in any of claims 2, characterised in that a
      proportion of the ventilation air is evacuated from the stove to
      atmosphere, being taken between the two gaseous curtains disposed adjacent
      the aperture through which the objects enter the stove.
NUM  8.
PAR  8. A stoving installation for stoving articles, such as painted articles,
      comprising a stove having an aperture through which the articles to be
      stoved enter, an aperture through which the articles are discharged, and
      at least one evacuating aperture for the ventilating air which entrains a
      substantial portion of the polluting, solvent-charged products given off
      by the articles during stoving, and a burner connected through an
      evacuation conduit to the evacuating aperture for combusting said
      ventilating air and said products entrained therein and producing purified
      combustion gas, said installation comprising a first heat exchanger
      including a heat source disposed in the path of the ventilating air coming
      from said evacuation aperture and connected to a return conduit, means for
      supplying heat from said purified combustion gas coming from said burner
      to said heat source of said first heat exchanger, first and second air
      mixers connected to said return conduit and supplied with fresh air, the
      outlet paths of said air mixers being connected respectively to first and
      second purified air inlets for said stove so as to form first and second
      hot gaseous curtains, said first inlet being disposed adjacent the
      aperture through which the articles enter and said second inlet being
      disposed adjacent the aperture through which the articles are discharged.
NUM  9.
PAR  9. An installation as claimed in claim 8, further comprising third and
      fourth air mixers supplied with fresh air and connected to communicate
      with said return conduit, means for connecting the outlets of said third
      and fourth air mixers with third and fourth purified air inlets for said
      stove, said third and fourth inlets being respectively disposed adjacent
      one of said first and second inlets so as to form two further hot gaseous
      curtains.
NUM  10.
PAR  10. An installation as claimed in claim 9, further comprising a further
      conduit for ventilation air taken from a central zone of the stove and
      reintroduced into said central zone of the stove, a second heat exchanger
      including a heat source disposed in said further conduit, means connecting
      said return conduit to said heat source of said second heat exchanger, and
      means for connecting the output of said heat source of said second heat
      exchanger to said third and fourth air mixers.
NUM  11.
PAR  11. An installation as set forth in claim 9, further comprising an
      evacuating outlet for the ventilation air disposed between the two
      purified air inlets which are disposed adjacent the aperture through which
      the articles enter the stove.
NUM  12.
PAR  12. An installation as set forth in claim 11, further comprising another
      evacuating outlet for the ventilation air communicating with atmosphere
      disposed between the two purified air inlets which are disposed adjacent
      the aperture through which the articles are discharged from the stove.
NUM  13.
PAR  13. An installation as set forth in claim 9, further comprising an
      evacuating outlet for the ventilation air disposed between the two
      purified air inlets which are disposed adjacent the aperture through which
      the articles are discharged from the stove.
PATN
WKU  039472361
SRC  5
APN  4532139
APT  1
ART  344
APD  19740321
TTL  Fluid bearing transfer and heat treating apparatus and method
ISD  19760330
NCL  27
ECL  1
EXP  Camby; John J.
NDR  2
NFG  4
INVT
NAM  Lasch, Jr.; Cecil A.
STR  20200 Lucille Drive
CTY  Cupertino
STA  CA
ZIP  95014
RLAP
COD  71
APN  203086
APD  19711129
PSC  03
CLAS
OCL  432 11
XCL  165 65
XCL  214  1BE
XCL  302  2R
XCL  302 29
XCL  302 31
XCL  432 80
XCL  432121
EDF  2
ICL  F27D  300
FSC  302
FSS  2 R;29;31
FSC  214
FSS  1 BE
FSC  432
FSS  11;121;80
FSC  165
FSS  65
UREF
PNO  3405977
ISD  19681000
NAM  Albright
OCL  302 29
UREF
PNO  3588176
ISD  19710600
NAM  Byrne
OCL  302 29
UREF
PNO  3603646
ISD  19710900
NAM  Leoff
OCL  302 29
UREF
PNO  3614168
ISD  19711000
NAM  Range
OCL  302 31
UREF
PNO  3645581
ISD  19720200
NAM  Lasch et al.
OCL  302  2R
UREF
PNO  3717381
ISD  19730200
NAM  Hagler
OCL  302 31
UREF
PNO  3718371
ISD  19730200
NAM  Lasch
OCL  302 31
UREF
PNO  3731823
ISD  19730500
NAM  Goth
OCL  302 31
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  An improved apparatus and method for transferring articles, such as silicon
      and like wafers used in making electronic devices from one station to
      another at variable rates of movement utilizing a fluid bearing. The
      apparatus and method also provide for heat treating the wafers in a
      furnace through which the fluid bearing extends.
PAL  The fluid bearing track structure utilized is produced from a refractory,
      heat-resistant material, such as quartz or silicon carbide, and comprises
      an enclosed tube having fluid bearing passages through the base wall
      thereof in communication with fluid supply means. The track structure is
      operatively divided into at least two track sections positioned as linear
      continuations of each other.
PAL  Article receiving means for automatically feeding articles in sequence from
      a supply thereof and for accepting articles in sequence following
      completion of treatment thereof are provided at the stations between which
      the wafers are transferred. Such means includes automatically indexable
      magazines for discharging and receiving wafers in sequence.
PAL  The fluid bearing apparatus and method is constructed to rapidly accelerate
      slow moving or stopped wafers in sequence onto means for rapidly cooling
      the wafers after heat treatment so that rapid and uniform quenching may be
      effected and uniform results insured.
PARN
PAR  This is a continuation of application Ser. No. 203,086 filed Nov. 29, 1971,
      now abandoned.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The fluid bearing track structure utilized in the subject apparatus and
      method has been designed to meet the particular needs encountered in the
      high temperature transfer of articles as will be described. However, the
      article receiving means positioned at the respective stations between
      which the articles are transferred, and that portion of the fluid bearing
      track structure utilized in conjunction with such article receiving means
      may take the form illustrated and described in Lasch et al. application,
      Ser. No. 779,033, "Apparatus and Method for Handling and Treating of
      Articles", filed Nov. 26, 1968 now U.S. Pat. No. 3,645,581 dated Feb. 29,
      1972; and Lasch application, Ser. No. 174,808, "Fluid Bearing Track
      Structure and Components Thereof and Method of Producing Same", filed Aug.
      25, 1971, now U.S. Pat. No. 3,718,371 dated Feb. 27, 1973. Such
      applications illustrate desirable means for automatically indexing
      magazines from which articles may be fed in sequence and into which
      articles may be introduced in sequence in conjunction with fluid bearing
      track structure provided as an integral part of such article receiving
      means for outfeeding and infeeding articles automatically therefrom.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the field of improved fluid bearing
      track structures, components thereof, and methods of utilizing the same in
      conjunction with transferring articles, particularly fragile articles such
      as silicon and like wafers, between predetermined stations. More
      particularly, this invention relates to the field of procedures for
      transferring articles between stations on a fluid bearing at selectively
      variable rates of movement, including if desired, a full stop or dwell for
      predetermined periods of time, followed by rapid acceleration to a
      predetermined location.
PAR  Still more particularly, this invention relates to the field of high
      temperature fluid bearing track structures which are heat resistant and
      which may be incorporated into a heat treating apparatus in which
      articles, such as silicon and like wafers commonly utilized in the
      production of electronic devices, may be heat treated. This invention also
      relates to the field of apparatus and methods for rapidly quenching such
      heated articles in a procedure which insures uniformly reproducible
      results.
PAR  This invention further relates to the field of improved refractory type
      heat resistant fluid bearing track structures utilizable in heat treating
      devices, such as diffusion furnaces commonly and extensively utilized in
      the electronics industry in the manufacture of semiconductor and like
      electronic devices. In that regard, while in its more specific aspects,
      the track structure and method of this invention relate to the improved
      fluid bearing handling and transferring of articles utilized in the
      production of electronic devices, such as semiconductor wafers, its
      applicability in other fields in which articles are required to be
      automatically transported under controlled non-manual conditions at
      variable rates of movement also should be recognized.
PAR  2. Description of the Prior Art
PAR  Fluid bearing track structures for utilization in the handling and transfer
      of fragile articles, such as silicon and like wafers utilized in the
      manufacture of semiconductor devices, have been known heretofore, as
      described in the above identified Lasch et al and Lasch applications. Such
      prior known track structures, however, were devised for utilization
      generally at normal temperatures and, because of the materials from which
      the same are produced, such track structures are not utilizable in
      conjunction with article handling systems requiring transfer of articles
      through high temperature environments.
PAR  So far as is known, the apparatus, the particular track structure, and the
      transfer method disclosed herein have been unknown heretofore, and have
      not been used in conjunction with transferring of articles through a high
      temperature furnace. More particularly, so far as is known, the track
      structure disclosed has not been utilized heretofore in conjunction with
      transfer of articles at variable rates of movement, including if desired,
      a full stop or dwell, and a rapid acceleration.
PAR  In the electronics industry when high temperature treatment of silicon or
      like wafers is to be effected in a diffusion furnace or like heating
      devices, current practice calls for the furnace attendant to place a
      refractory carrier, such as a quartz block, on which a series of wafers
      are supported into the furnace for a predetermined time period. After the
      wafers have been heat treated in the furnace to accomplish the treatment
      desired, the furnace attendant manually withdraws the carrier block from
      the furnace as rapidly as possible and sets the hot carrier on a cold
      metal plate to effect cooling of the carrier and the wafers carried
      thereon. Such cooling takes several seconds, with the cooling rate varying
      depending upon the operator's dexterity, skill and experience. As a
      result, the highly necessary results of rapid cooling accompanied by
      reproducibility of cooling time are not achievable with the manual
      operations heretofore encountered. Thus, the manual methods heretofore
      used are incapable of producing the uniformity of results producible by
      the present invention.
PAR  With the present invention, transfer of articles into and out of a high
      temperature environment is effected automatically, sequentially and
      without manual handling, and the reduction of temperature of individual
      articles in sequence is effected rapidly so that high speed operation and
      reproducibility of treating results are insured with uniformity in each of
      a series of articles being treated in the heated atmosphere.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved fluid bearing apparatus and
      method for transferring generally flat articles, such as silicon and like
      wafers, between predetermined stations and at widely varied rates of
      movement, including a full stop or dwell. More particularly, this
      invention relates to an improved apparatus and method for utilizing an
      improved fluid bearing track structure for transferring articles between
      predetermined stations through a high temperature environment.
PAR  Still more particularly, this invention relates to a heat treating
      apparatus for silicon wafers and like articles utilized in producing
      electronic devices in which a heat resistant refractory fluid bearing
      track structure is positioned within a heating device, such as a gas
      diffusion furnace; articles are transferred therethrough in sequence for
      heat treatment therein, with movement through the furnace on a fluid
      bearing being effected automatically and without manual handling and at
      selectively varied speeds of movement.
PAR  This invention further relates to improved means in conjunction with a heat
      treating procedure for silicon wafers or like articles for automatically
      and rapidly quenching such articles from elevated temperatures to near
      room temperatures in a procedure which insures uniformity and
      reproducibility of results.
PAR  From the foregoing it should be understood that objects of this invention
      include: the provision of an improved fluid bearing apparatus and method
      for transferring articles between predetermined stations; the provision of
      an improved fluid bearing track structure utilizable in a high temperature
      environment; the provision of improved apparatus and method for
      transferring articles between predetermined stations at selectively varied
      rates of movement, including a full stop or dwell; the provision of
      improved apparatus and method for heat treating articles, such as silicon
      wafers or the like, utilized in the production of electronic devices, in a
      high temperature environment, and for rapidly and uniformly reducing the
      temperature of such articles following heat treatment thereof; and to the
      provision of an automatic apparatus and method for removing articles from
      a supply thereof, transferring the same in sequence on a fluid bearing
      through a heated atmosphere at variable rates of movement, rapidly
      reducing the temperature of such articles in sequence following heat
      treatment thereof, and introducing the same into a collector therefor.
PAR  These and other objects of this invention and various aspects thereof will
      become apparent from a study of the following detailed description in
      which reference is directed to the attached drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generally schematic plan view of the subject fluid bearing and
      heat treating apparatus.
PAR  FIG. 2 is a vertical sectional view through the heat resistant portion of
      the fluid bearing track structure of the subject apparatus.
PAR  FIG. 3 is an end elevational view of the track structure taken in the plane
      of line 3--3 of FIG. 2.
PAR  FIG. 4 is a diagrammatic view of the pneumatic and hydraulic system
      utilized in conjunction with the subject apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In its broader aspects, the subject invention relates to the transfer of a
      series of articles in sequence between two predetermined stations or
      locations at varied rates of speed. In its more particular aspects, the
      subject invention relates to an apparatus and method for sequentially
      transferring individual articles between an outfeed or supply station and
      an infeed or receiving station through a high temperature environment
      positioned therebetween at varied speed rates, and to means for rapidly
      quenching the articles in sequence after they exit from the heated
      environment.
PAR  To that end, the subject apparatus includes an improved fluid bearing track
      structure which is positioned within a conventional heating device, such
      as a diffusion furnace commonly utilized in the production of electronic
      devices in the electronics industry. Provided in conjunction with the
      improved track structure are article receiving means from which articles
      are removed in sequence and into which articles are introduced in sequence
      prior to and following heat treatment thereof.
PAR  While certain aspects of the subject apparatus have been utilized and known
      heretofore, as described previously with respect to Lasch et al.
      application Ser. No. 779,033 and Lasch application Ser. No. 174,808, the
      fabrication of semiconductor wafers by utilizing the improved fluid
      bearing features of this invention has been unknown heretofore and such
      utilization insures the highly desirable and effective results produced
      with this invention.
PAR  Referring first to the generally schematic view of FIG. 1, the subject
      apparatus is generally designated 1 and comprises an improved fluid
      bearing track structure generally designated 2 to be described hereinafter
      in detail. Such track structure includes at least two integral but
      operatively discrete sections 3 and 4 for the purpose to be described. The
      track structure 2 is heat resistant as will be described and is surrounded
      by a generally cylindrical transparent enclosure 6 which permits heat
      transmission therethrough without interference therby.
PAR  Surrounding enclosure 6 is a conventional heating means, such as a
      diffusion furnace or like device 7 of any suitable type commonly utilized
      in the electronics industry for heat treating, in a controlled gaseous
      atmosphere, silicon wafers or like articles utilized in the production of
      semiconductor devices. The furnace 7 is illustrated schematically in the
      attached drawings and the source of heat therein has not been illustrated
      in view of the standard and well known construction of such a furnace and
      its operative components.
PAR  As noted herein previously, with prior known heat treating procedures
      utilizing such a diffusion furnace, it has been common to utilize batch
      procedures in which a plurality of wafers to be treated are placed on a
      heat resistant carrier, such as a quartz block, and inserted manually into
      and retained in the furnace for the desired period of time, after which
      the block with its heated wafers thereon are manually moved from the
      furnace and placed on a cooling block to reduce the temperature of the
      wafers. Such manual procedures leave much to be desired in that
      reproducible and consistent results are not obtainable and such results
      very depending upon the dexterity and skill of the furnace operator. Such
      batch procedures also are slow and cumbersome and produce undesirable
      non-uniform temperature loads on the furnace.
PAR  With the present invention, individual articles are transferred through the
      furnace while supported on a fluid bearing emanating from the track
      structure 2 and are rapidly quenched following movement through the
      furnace to insure the reproducibility of results and high speed of
      operation uncharacteristic of prior known procedures.
PAR  In that regard, article receiving means, generally designated 8, are
      positioned at a first or outfeed station positioned at one end of the
      apparatus and other article receiving means, generally designated 9, are
      positioned at a second or infeed station at the opposite end of the
      apparatus. Such article receiving means 8 and 9 preferably are
      substantially identical and differ from each other only in the fact that
      means 8 is conditioned to discharge articles therefrom individually in
      sequence while means 9 is conditioned to receive articles therein
      individually in sequence. As noted previously, such articles are fragile
      thin wafers but may be other articles also. In that regard, reference is
      hereafter directed to handling silicon wafers but the broader aspects of
      this invention should be recognized also.
PAR  The respective means 8 and 9 each include wafer receiving magazines,
      designated 11 and 12 respectively, in which a plurality of wafers
      designated W are positioned or receivable. Provided in conjunction with
      each of the magazines 11 and 12 is indexing mechanism (not shown) for
      vertically indexing the respective magazines to bring wafer receiving
      slots provided therein into alignment with fluid bearing track structure
      provided in conjunction therewith. Such track structure effects automatic
      discharge of wafers in sequence from magazine 11 and automatic
      introduction of the wafers in sequence into magazine 12 without requiring
      any manual handling of the wafers. In that regard, a section 13 of fluid
      bearing track structure is provided in conjunction with and extends into
      magazine 11 and its indexing means and a similar section 14 of fluid
      bearing track structure is provided in conjunction with and extends into
      magazine 12 and its indexing mechanism. Track sections 13 and 14 are
      substantially identical in construction.
PAR  In that connection, details of construction and mode of operation of the
      respective magazines 11 and 12, the means for indexing the same, and the
      track sections 13 and 14 utilized in conjunction therewith, are
      illustrated in full detail in the aforementioned Lasch et al. application
      Ser. No. 779,033 and reference is directed thereto for a full
      understanding thereof.
PAR  For purposes of this disclosure, it is deemed sufficient to relate that
      outfeed magazine 11 is indexed sequentially vertically downwardly to bring
      the lowermost wafer of the supply in the magazine generally into alignment
      with the upper surface of track structure 13 so that such lowermost wafer
      may be automatically withdrawn from the magazine when fluid is temporarily
      introduced into the track structure. Upon the lowermost wafer being
      withdrawn from magazine 11, the magazine is automatically indexed
      downwardly to bring the next wafer into alignment with the upper surface
      of the track structure so that it is ready to be discharged onto the track
      structure when fluid is subsequently introduced through the track
      structure into engagement with such wafer.
PAR  The infeed magazine 12 is sequentially indexed vertically upwardly to bring
      successive empty article receiving slots thereof into general alignment
      with the upper surface of track structure 14 so that wafers, following
      treatment and transfer thereof to the discharge station, may be introduced
      automatically into successive empty slots of the magazine 12 until the
      same is filled. Such introduction is effected by periodically introducing
      fluid into track structure 14 to effect movement of wafers in sequence
      into magazine 12.
PAR  Preferably, the capacity of each of the magazines 11 and 12 is uniform so
      that when magazine 11 has been emptied, magazine 12 has been filled.
      Thereafter, each of such magazines may be replaced with other magazines
      and the sequence repeated. Thus, with the present procedure, no manual
      handling of any of the wafers being transferred and treated is necessary
      and the only manual operation is the periodic replacement of a full
      outfeed magazine 11 and an empty infeed magazine 12 into the apparatus at
      appropriate intervals.
PAR  The track structure sections 13 and 14, with respect to their fluid bearing
      aspects, may take the construction and configuration illustrated in Lasch
      et al. application Ser. No. 779,033. However, a somewhat simplified and
      more preferable track construction is the type shown in Lasch application
      Ser. No. 174,808 and such construction is perhaps better suited for track
      sections 13 and 14. Reference is directed to that latter mentioned Lasch
      application for details of construction of such an improved track
      structure.
PAR  For purposes of this invention, and referring to FIG. 1, it should be
      understood that each of the track structure sections 13 and 14 is provided
      with one or more longitudinal series of fluid passages, designated 16 and
      17 respectively, which extend upwardly therethrough and open onto the
      upper surface thereof. Such fluid passages are oriented in conjunction
      with bearing fluid plenum chambers positioned beneath the track structures
      which are designated 18 and 19 in the schematic showing of FIG. 4. Such
      plenums are in operative communication with a supply of bearing fluid as
      will be described.
PAR  Provided adjacent the outfeed magazine 11 in track structure 13 is a
      photoelectric wafer sensor 21. A similar wafer sensor 22 is provided
      adjacent the discharge end of the apparatus in conjunction with the wafer
      quenching means to be described.
PAR  Interposed between the track structure 14 at the discharge end of the
      apparatus and the heat resistant track structure 2 extending through
      furnace 7 are means, generally designated 23, for rapidly reducing the
      temperature of wafers discharged in sequence from the furnace 7. Such
      quenching means comprises a chill plate structure having a series of
      bearing fluid passages 24 extending therethrough which are in
      communication with a plenum 26 as seen in FIG. 4. Such fluid passages are
      provided to effect movement of wafers onto and off the chill plate
      structure as desired.
PAR  Such chill plate structure further includes means for rapidly stopping a
      wafer passing thereover and holding the wafer thereon for a predetermined
      time. Such means in the embodiment illustrated comprises a series of
      vacuum openings, generally designated 27, which are selectively connected
      with a vacuum source as will be described so that a wafer passing over the
      plate structure may be held until the same is cooled.
PAR  Preferably provided in conjunction with the vacuum structure is additional
      means for holding the wafer on the chill plate structure. Such means takes
      the form of a fluid jet nozzle 28 which is positioned and supported
      generally above the vacuum section of the chill plate. Such nozzle is
      designed to direct a stream of air or gas downwardly onto a wafer
      positioned on the plate structure to assist in holding the same flat on
      the chill plate during the rapid quench operation.
PAR  Separate fluid supply means are provided in conjunction with the operative
      sections 3 and 4 of the heat resistant track structure 2. In the
      embodiment illustrated in FIGS. 2 and 3, such fluid supply means comprise
      a pair of separate conduits 31 and 32 which are designed to introduce
      bearing fluid selective into the track structure 2 for passage
      therethrough upwardly into contact with wafers to be transported
      thereover. Such fluid supply means is regulated by control means to be
      described so that movement of wafers over track structure 2 may be
      effected at varied rates, including a full stop if desired, as may be
      necessary for effective treatment of the wafers to produce a particular
      type of semiconductor device.
PAR  Referring now to FIGS. 2 and 3, details of the improved fluid bearing track
      structure of this invention will be described. As seen in FIG. 3, such
      track structure 2 comprises a hollow, generally flat one piece tube having
      opposed sidewalls 36 and 37 and opposed top and base walls 38 and 39
      respectively. Such track structure tube is formed from a suitable
      refractory heat resistant material, such as quartz or silicon carbide,
      which is unobstructive to heat energy directed thereagainst from the
      heating elements of furnace 7. Similarly, the cylindrical enclosure 6
      surrounding the tube track structure 2 is formed from a suitable heat
      transparent refractory material, such as quartz or silicon carbide, which
      is also unobstructive to heat energy.
PAR  As noted from FIG. 2, track structure 2 is bonded in the opposite end walls
      41 and 42 of the enclosure 6 so that a gas tight relationship is formed
      therebetween. In that same regard, the fluid supply conduits 31 and 32
      extend through the end wall 41 and are sealed therein by use of any
      suitable heat resistant sealant in gas tight fashion relative thereto.
PAR  It will be noted that conduit 32 extends to a location substantially midway
      of the tube of the enclosure 6 where it passes through a quartz or like
      divider baffle plate 43 positioned to extend transversely of the enclosure
      6 and surrounding track structure tube 2 as seen in FIG. 2. The track
      structure tube 2 extends through the baffle plate in gas tight
      relationship therewith and the baffle plate divides the track into the
      aforementioned sections 2 and 3. Thus, conduit 32 opens into a plenum
      portion 44 of the enclosure 6 which lies to the right of the baffle plate
      when viewed in FIG. 2. As a result, bearing fluid may be introduced into
      portion 44 of the enclosure independently of plenum portion 46 of the
      enclosure which lies to the left of FIG. 2. The other conduit 31 opens
      into plenum portion 46 of the enclosure and introduces bearing fluid into
      such portion independently of portion 44 serviced by conduit 32.
PAR  As also noted from FIG. 2, the base wall 39 of the tube structure 2 is
      provided in each of its sections 3 and 4 with a series of fluid passages
      extending therethrough. The passages in section 3 are designated 47 and
      those in section 4 are designated 48. The configuration of such fluid
      passages is selected in accordance with the speed and manner of movement
      desired for the wafers and it will be noted that such passages are formed
      generally with the configuration of a tapered jet nozzle which opens onto
      the upper surface of the base 39 of the track structure to effect
      directional movement of the fluid therethrough for effecting longitudinal
      movement of wafers thereover from the right to left in FIG. 2 as noted by
      the arrows therein.
PAR  In that connection, the considerations involved in designing the fluid
      passage nozzles are described in detail in the aforementioned Lasch et al
      and Lasch applications and reference is directed thereto for an
      understanding of such considerations. However, because of the heat
      resistant material from which the track structure 2 is formed is very
      difficult to produce in the configuration desired, the fluid passages 47
      and 48 formed therein may not include the complex curved configurations of
      the jet nozzles illustrated in the aforementioned applications. That is,
      manufacturing considerations normally dictate that essentially straight
      tapered jet passages, formed to extend at a predetermined angle relative
      to the upper surface of the base wall 39, be utilized.
PAR  Normally, a single row of longitudinally extending fluid passages are
      adequate to effect the wafer movement desired. However, two or more
      parallel rows of such passages may be provided in base wall 39 if required
      to handle large wafers.
PAR  It will be noted from FIG. 2 that the fluid passages 47 in section 3 of
      track structure 2 are generally equally spaced longitudinally therealong
      while the passages 48 in section 4 of the track structure are unequally
      spaced therealong. The spacing of passages 48 is substantially closer
      together adjacent the baffle plate 43 so that initial movement and rapid
      acceleration of a wafer through the track section 4 may be effected upon
      introduction of bearing fluid into plenum portion 46 of enclosure 6. Such
      rapid acceleration is effected to produce rapid quenching of wafers in
      sequence to effect the speed of operation and uniformity of results
      produced with the subject invention.
PAR  In that regard, it should be understood that in certain steps in the
      fabrication of semiconductor devices it is necessary to heat and hold the
      devices at a substantially high temperature, such as 1100.degree. C. or
      1150.degree. C., and to thereafter rapidly quench the same to below
      600.degree. C., preferably to 100.degree. C. or below. Such heating and
      rapid quenching is necessary to control the lifetime of minority carriers
      after commonly known operations, such as gold diffusion and spike
      alloying, have been effected on the wafers. It is important that such
      quenching should be as rapid and reproducible as possible and the present
      invention has been designed to produce such reproducibility and rapidity.
      As noted previously, such features are not obtainable with current
      practices utilizing batch heat treating processes. The present invention
      effects wafer cooling from temperatures as high as 1150.degree. C. to
      approximately room temperature safely and rapidly so that minority carrier
      lifetime control, after gold diffusion, spike alloying, and like known
      operations, is insured.
PAR  The subject apparatus is designed to withdraw wafers in sequence from the
      outfeed magazine 11 and to move the same individually and at a
      predetermined rate and in a straight line path through section 3 of the
      track structure 2 past the baffle plate 43. During such movement (in
      continuous fashion in the apparatus illustrated herein but in
      discontinuous or non-straight fashion in modifications of this invention
      not shown herein which are to be described by separate applications), the
      temperature of the wafer is elevated to that of the furnace environment
      through which it is passing.
PAR  In that regard, movement of the wafer over track section 3 is continuously
      effected because bearing fluid is continuously introduced through conduit
      32 into plenum portion 44 of enclosure 6. Thus, a wafer transferred onto
      track section 3 by the track structure 13 provided in conjunction with the
      outfeed magazine 11 is carried past baffle plate onto section 4 of the
      track structure at a predetermined continuous rate. Such rate is selected
      in accordance with the particular treatment desired for the wafer and is
      produced by controlling the in-flow velocity and quantity of bearing fluid
      introduced through conduit 32 into plenum portion 44 of/the enclosure 6.
PAR  While bearing fluid is continuously introduced through the fluid passages
      47 of track section 3, bearing fluid is intermittently introduced or
      pulsed into plenum portion 46 of enclosure 6 for pulsating movement
      through the fluid passages 48 provided in the track section 4. When a
      wafer is first transferred onto track section 4, no bearing fluid is
      emanating from conduit 31 into plenum portion 46. As a result, the wafer
      comes to a stop at the dwell position shown for wafer W in FIGS. 1 and 2.
      The wafer is allowed to soak at the elevated temperature noted within the
      furnace for a predetermined time determined by the treatment the wafer is
      undergoing. In that connection, the wafer is held in the stop position for
      a sufficient period of time to reach temperature equilibrium and twenty
      seconds is an exemplary soaking period.
PAR  After such soaking has been completed, a large pulse or blast of bearing
      fluid is introduced through conduit 31 into plenum portion 46 which
      emanates through the fluid passages 48 against the undersurface of the
      wafer. Such pulse of bearing fluid rapidly accelerates the wafer over
      track section 4 and out of the furnace onto quench plate structure 23.
      Because the spacing of the fluid passages 48 adjacent baffle plate 43 is
      quite close, initial movement and rapid acceleration thereof is insured.
      The spacing of the fluid passages adjacent the discharge end of the track
      section 4 is greater in that the wafer is moving at the time it passes
      thereover and less support is required therefor at that location.
PAR  It should be understood that, except for the time when the wafer is in the
      dwell position shown in FIG. 2 and is resting on the base wall 39, it is
      supported on a fluid bearing emanating from fluid passages and moving
      above the surface of base wall 39 of the track structure.
PAR  In that regard, the fluid bearing utilized may be air, nitrogen, oxygen, a
      mixture of nitrogen and oxygen; if preferred, chemical dopants commonly
      utilized in conjunction with heat treatment of silicon and like wafers in
      known fashion may also be included in the bearing fluid utilized to move
      the wafers in sequence through track section 3.
PAR  Similar bearing fluids may be utilized for moving the wafer across the
      acceleration section 4 of the track structure. Wafer acceleration at the
      rate desired normally is effected by introducing bearing fluid into the
      accelerator track section 4 at pressures of 40 psi minimum and 80 psi
      maximum and such pressure have been found suitable for handling wafers of
      the sizes most commonly encountered. Such pressures, of course, may be
      varied to handle articles of other sizes and weights.
PAR  As each wafer is discharged in sequence under rapid acceleration from the
      track structure 2, the same is carried over sensor 22, the purpose of
      which will be described subsequently, onto the chill plate structure 23
      mentioned previously. When a wafer reaches the chill plate, vacuum is
      applied thereto from below and a gas jet 28 is simultaneously applied
      thereto from above to abruptly halt movement of the wafer and to hold the
      same flat on the chill plate so that rapid cooling thereof is effected.
PAR  In that regard, such cooling is accomplished because of the rapid movement
      of the wafer from the track structure onto the chill plate. Such cooling
      normally may be completed in about one second from 1150.degree. C. to
      below 600.degree. C. which is the critical lower limit desired. Cooling to
      room temperature normally is accomplished in about another one second.
      Movement of the wafer from the stop position shown in FIGS. 1 and 2 to the
      chill plate position is accomplished in approximately 200 milliseconds
      under most operation conditions. Preferably the chill plate is liquid
      cooled by water or the like passing through conduit structure
      schematically shown and designated 51 and 52 in FIG. 4. Such cooling
      liquid passes through the chill plate in the desired path as schematically
      shown at 53 in FIG. 4. Thus, the temperature of the chill plate may be
      maintained at a level sufficiently low to effect rapid cooling of all
      wafers fed thereto in sequence.
PAR  Because wafers are fed into the furnace sequentially and individually, no
      substantial thermal load is placed on the furnace and the heat-up time for
      the wafers is very rapid. Thus, the temperature of the furnace does not
      vary noticeably as individual wafers are introduced thereinto. The absence
      of thermal load on the furnace, plus the rapid quench and precise soak
      times available with the subject procedure, makes the same highly
      effective for wafer treatment of the type noted.
PAR  While the embodiment thus far described emphasizes the controlled
      acceleration and rapid cooling rate of wafers, it should be understood
      that features hereof make the same utilizable in conjunction with
      analogous but specifically different procedures, such as alternative
      procedures in which slower cooling is desired but with which reproducible
      results are essential. Thus, the present invention is utilizable in
      conjunction with treatment of articles, of which silicon wafers are
      exemplary, to heat the same to some predetermined level, followed by
      cooling at a slower but nonetheless predetermined rate. Alternatively, the
      concepts hereof may be utilized in conjunction with a procedure involving
      rapid cooling followed by gradual or rapid reheating. This invention lends
      itself to transfer of articles at selectively varied rates while various
      thermal operations are performed thereon.
PAR  One sequence of operation of the apparatus in the illustrative rapid quench
      procedure described will now be set out. Magazine 11 is indexed downwardly
      one position to bring a wafer into alignment with track structure 13 and
      bearing fluid is introduced into track structure 13 to withdraw the wafer
      from the magazine and to carry the same over sensor 21. Such passage over
      the sensor activates a photoelectric responsive preset timing device (not
      shown) of conventional construction which is correlated to the time of
      movement of the wafer through track structure 2 over track section 3
      thereof to the stop position shown in FIG. 1. Movement over track section
      3 is effected because bearing fluid is always passing through conduit 32
      into plenum portion 44.
PAR  When a predetermined time, determined by the setting of the sensor
      controlled time, has elapsed, which includes the time for the wafer to
      pass over track section 3 and to soak at the dwell position shown in FIG.
      1, a valve designated 56 in FIG. 1 is automatically opened to introduce a
      large pulse of bearing fluid through conduit 31 into contact with the
      track section 4 to rapidly move the wafer from the dwell position onto the
      chill plate 23.
PAR  During such movement, the wafer crosses the second sensor 22 which
      activates the vacuum of the chill plate and introduces a pulse of air
      through the jet nozzle 28 to rapidly stop the wafer on the chill plate.
      Such sensor also initiates a second photoelectric responsive preset timing
      device (not shown). When the wafer has been held on the chill plate for
      the desired amount of time in accordance with the setting of the second
      preset timer, the vacuum and jet blast are automatically turned off and a
      quantity of bearing fluid is introduced through fluid passages 24 in the
      chill plate and fluid passages 17 on track structure 14 to transfer the
      same into a waiting open slot in magazine 12 positioned at the infeed
      station. Magazine 12 is then automatically indexed upwardly one position
      to be in a location ready to receive a subsequent wafer introduced
      thereto. In conjunction with such upward indexing of magazine 12, magazine
      11 is downwardly indexed to feed another wafer into the apparatus to
      repeat the sequence just described. In that connection, indexing of the
      respective magazines to discharge a subsequent wafer to the system is
      effected automatically in conjunction with sensing means (not shown)
      provided in conjunction with the respective magazines in the manner
      described in the aforementioned applications.
PAR  Referring to FIG. 4, the pneumatic system for the subject apparatus is
      shown schematically and will now be described.
PAR  The aforementioned valve 56 which controls pulsing of bearing fluid into
      track section 4 preferably is a conventional two-way solenoid valve
      available on the open market. Such valve is interposed between a fluid
      pressure regulator 57 which is interposed between the valve and a source
      of bearing fluid, generally designated 58. Thus, when the first preset
      timer 21 reaches the end of its setting, valve 56 is actuated and a pulse
      of air is introduced through valve 56 via a conduit 59 into conduit 31 as
      described previously.
PAR  Similar two-way solenoid valves of conventional construction, designated
      61, 62 and 63 respectively, are governed by a second fluid pressure
      regulator 64 also connected with the source of bearing fluid 58. Such
      valves 61, 62 and 63 operate in unison to introduce a periodic flow of
      bearing fluid through conduits 66, 67 and 68 respectively, into the track
      structures 13 and 14 adjacent the respective magazines 11 and 12, into the
      first track section 3 within the furnace through the aforementioned
      conduit 32, and into the chill plate structure 23. Actuation of valves 61,
      62 and 63 is effected in response to the second preset timer 22 reaching
      the end of its setting.
PAR  The jet nozzle 28 is actuated simultaneously with the application of vacuum
      to the chill plate structure 23 and with the pulsing of bearing fluid into
      track section 4 in the furnace. Such jet is carried through a conduit
      extension 69 provided in communication with the conduit 59 regulated by
      the aforementioned valve 56 and regulator 57. The vacuum is applied to
      chill plate 23 through a conduit 71 regulated by a solenoid valve 72 of
      conventional construction which is interposed between the chill plate and
      a source of vacuum, generally designated 73. In that regard, vacuum in the
      range of fifteen inches of mercury minimum, has been found acceptable to
      effect rapid halting of the wafer passing over the chill plate. Such
      vacuum is maintained on the chill plate for the period of time determined
      by the setting of the second preset timer and is released upon such time
      period elapsing.
PAR  Having thus made a full disclosure of a preferred embodiment of this
      invention, which is directed to an improved procedure and structure for
      transferring articles, such as silicon wafers, between two predetermined
      stations through a high temperature environment, and at varied rates of
      movement, reference is directed to the appended claims for the scope of
      protection to be afforded thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of handling articles, such as silicon wafers, to support and
      transfer the same on a fluid supporting and transporting cushion at varied
      predetermined rates of movement under positive control conditions between
      two stations, comprising
PA1  A. supporting an article on a fluid bearing emanating solely through a base
      surface of a track structure over which said article is to pass,
PA1  B. moving said article along a first predetermined and operatively discrete
      portion of said track structure by introducing a quantity of article
      supporting and transporting fluid therethrough and causing said fluid to
      move in a predetermined direction to support said article solely by said
      fluid emanating through said base surface and to move the same positively
      in said direction,
PA1  C. moving said article along a second predetermined and operatively
      discrete portion of said track structure by introducing a quantity of
      article supporting and transporting fluid therethrough and causing said
      fluid to move in a predetermined direction to support said article solely
      by said fluid emanating through base surface and to move the same
      positively in said direction,
PA1  D. altering the rate at which said article moves on said second portion of
      said track structure in said direction by altering the flow of supporting
      and transporting fluid emanating through said base surface of such track
      structure portion, and thereafter
PA1  E. continuing movement of said article along said second portion of said
      track structure in said direction for a predetermined period of time by
      introducing additional bearing fluid thereagainst through said base
      surface of said second portion of said track structure.
NUM  2.
PAR  2. The method of claim 1 which includes
PA1  E. halting movement of said article at a predetermined location on said
      track structure by discontinuing the supply of bearing fluid to said
      second portion of said track structure so that said article is halted
      thereon for a predetermined time, and thereafter
PA1  F. pulsing additional bearing fluid through said base surface of said
      second portion of said track structure so that said article is rapidly
      accelerated from said location.
NUM  3.
PAR  3. A method of heat treating articles, such as silicon wafers, comprising
PA1  A. transferring an article from a supply thereof on a fluid bearing
      emanating from a track structure in a furnace,
PA1  B. moving said article in predetermined fashion through a portion of said
      furnace,
PA1  C. altering the manner in which said article moves on said track structure
      within said furnace,
PA1  D. maintaining said article within said furnace on said track structure for
      a predetermined period of time, and thereafter.
PA1  E. moving said article from said furnace on said fluid bearing track
      structure.
NUM  4.
PAR  4. The method of claim 3 in which said article movement through said
      furnace is altered by altering the flow of bearing fluid through said
      track structure.
NUM  5.
PAR  5. The method of claim 3 which includes
PA1  F. discontinuing the supply of bearing fluid to a section of said track
      structure within said furnace so that said article is halted therein for a
      predetermined time, and thereafter
PA1  G. pulsing bearing fluid through said track structure section so that said
      article is rapidly accelerated from said furnace for cooling.
NUM  6.
PAR  6. The method of claim 5 which further includes
PA1  H. halting said article on a chill plate structure after the same leaves
      said furnace by applying a vacuum to said plate structure as said article
      passes thereover, and
PA1  I. passing cooling fluid through said chill plate to reduce the temperature
      of said article supported thereon.
NUM  7.
PAR  7. The method of claim 3 in which articles are heat treated in said furnace
      in sequence as they are transferred from said article supply in sequence
      and without requiring manual handling.
NUM  8.
PAR  8. Fluid bearing apparatus for supporting and transferring articles, such
      as silicon wafers, between predetermined first and second stations and at
      varied predetermined rates of movement under controlled conditions on a
      fluid supporting and transporting cushion, comprising
PA1  A. fluid bearing track structure extending between said stations comprising
PA2  1. first and second operatively discrete fluid bearing track sections
      positioned as linear continuations of each other,
PA2  2. said track sections each having directional fluid passages extending
      only through a base surface hereof,
PA2  3. said fluid passages extending in a predetermined direction so that
      bearing fluid emanating therefrom positively supports and simultaneously
      urges an article positioned thereover in said direction without additional
      assistance,
PA1  B. separate and operatively discrete bearing fluid supply means in
      conjunction with said respective track sections in communication with the
      directional fluid passages provided in the base surface of each section,
      and
PA1  C. control means for selectively regulating the flow of fluid through said
      separate supply means selectively into said directional fluid passages of
      each of said track sections so that the flow of bearing fluid emanating
      from the fluid passages in said respective track sections may be varied
      selectively to selectively and positively move, stop or accelerate
      articles passing over said track sections in sequence and under positive
      control conditions.
NUM  9.
PAR  9. The apparatus of claim 8 which further includes
PA1  D. article receiving means positioned adjacent each end of said track
      structure at said stations,
PA2  1. each said article receiving means including a supply magazine capable of
      receiving a quantity of said articles therein,
PAR  2. said magazine at said first station initially containing a supply of
      said articles to be transferred in sequence to said second station,
PA2  3. said magazine at said second station being positioned to receive said
      articles in sequence as the same are transferred thereto across said track
      structure, and
PA1  E. means for indexing said magazines to position articles in sequence to be
      withdrawn from said first magazine for movement along said track structure
      and to receive articles therein in sequence from said track structure.
NUM  10.
PAR  10. The apparatus of claim 8 which further includes
PA1  D. a furnace for heating said articles as the same are transferred along
      said track structure,
PA2  1. those portions of said first and second track sections which are
      positioned within said furnace being formed from a heat resistant
      refractory material.
NUM  11.
PAR  11. The apparatus of claim 10 in which said track structure comprises a
      heat resistant tube extending through said furnace with said fluid
      passages extending through the base wall of said tube.
NUM  12.
PAR  12. The apparatus of claim 8 which further includes
PA1  D. vacuum plate structure interposed between said second track section and
      said second station over which said articles pass,
PA2  1. said plate structure having vacuum passages extending therethrough,
PA1  E. means for selectively applying a vacuum to said plate structure through
      said vacuum passages, and
PA1  F. control means for selectively applying said vacuum to said plate
      structure when an article is passing thereover to halt movement of said
      article and hold the same on said plate structure.
NUM  13.
PAR  13. The apparatus of claim 12 which further includes
PA1  G. fluid jet means in conjunction with said vacuum plate structure for
      directing a stream of fluid against each article passing over said plate
      structure to assist in holding each such article on said plate structure
      when movement thereof is to be halted.
NUM  14.
PAR  14. The apparatus of claim 2 in which said vacuum plate structure further
      includes
PA1  2. bearing fluid passages extending therethrough, and
PA2  G. control means for selectively regulating the flow of bearing fluid
      through said fluid passages to move articles in sequence from said plate
      structure toward said second station.
NUM  15.
PAR  15. The apparatus of claim 10 which further includes
PA1  E. a vacuum plate structure interposed between said second track section
      and said second station over which said articles pass,
PA1  F. means for selectively applying a vacuum to said plate structure through
      vacuum passages provided therein,
PA1  G. control means for selectively applying said vacuum to said plate
      structure when an article is passing thereover to halt movement of said
      article,
PA1  H. fluid jet means in conjunction with said vacuum plate structure for
      directing a jet of fluid against each article passing over said plate
      structure to assist in holding each such article on said plate structure
      when movement thereof is to be halted, and
PA1  I. cooling means in said plate structure for rapidly lowering the
      temperature of each article exiting from said furnace and halted on said
      plate structure by said vacuum and jet applied thereto.
NUM  16.
PAR  16. The apparatus of claim 11 which further includes
PA1  F. heat transparent enclosure means surrounding said track structure tube
      and defining a bearing fluid plenum therebeneath, said enclosure means
      including
PA2  1. a divider plate interposed between opposite ends of said plenum and
      defining the line of demarcation between said first and second track
      sections,
PAR  2. said fluid supply means being in individual communication with the
      respective portions of said plenum so that bearing fluid may be introduced
      selectively through the fluid passages of said respective track sections.
NUM  17.
PAR  17. Fluid bearing apparatus for transferring and heat treating articles,
      such as silicon wafers, between predetermined first and second stations
      and at varied rates of movement comprising
PA1  A. a furnace,
PA1  B. fluid bearing track structure extending through said furnace between
      said stations comprising
PA2  1. first and second track sections positioned as linear continuations of
      each other,
PA2  2. said track stations each having fluid passages extending through a base
      surface thereof,
PA2  3. said track structure being formed of heat resistant material, such as
      quartz,
PA1  C. separate bearing fluid supply means in conjunction with said respective
      track sections, and
PA1  D. control means for selectively regulating the flow of fluid through said
      separate supply means so that the flow rate and velocity of fluid
      emanating from the fluid passages in said respective track sections may be
      varied selectively to move, stop or accelerate articles passing over said
      track sections in sequence.
NUM  18.
PAR  18. The apparatus of claim 17 which further includes
PA1  E. article receiving means positioned adjacent each end of said track
      structure at said stations,
PA2  1. each said article receiving means including a supply magazine capable of
      receiving a quantity of said articles therein,
PA2  2. said magazine at said first station initially containing a supply of
      said articles to be transferred in sequence to said second station,
PA2  3. said magazine at said second station being positioned to receive said
      articles in sequence as the same are transferred thereto across said track
      structure, and
PA1  F. means for indexing said magazines to position articles in sequence to be
      withdrawn from said first magazine for movement along said track structure
      and to receive articles therein in sequence from said track structure.
NUM  19.
PAR  19. The apparatus of claim 17 in which said track structure comprises a
      heat resistant tube extending through said furnace with said fluid
      passages extending through the base wall thereof.
NUM  20.
PAR  20. The apparatus of claim 17 which further includes
PA1  E. chill plate structure over which said articles pass in sequence
      interposed between said second track section and said second station,
PA2  1. said plate structure having vacuum passages extending therethrough,
PA1  F. means for selectively applying a vacuum to said plate structure through
      said vacuum passages, and
PA1  G. control means for selectively applying said vacuum to said plate
      structure when an article is passing thereover to halt movement of said
      article.
NUM  21.
PAR  21. The apparatus of claim 20 which further includes
PA1  H. fluid jet means in conjunction with said chill plate structure for
      directing a stream of fluid against articles passing over said plate
      structure in sequence to assist in holding each such article on said plate
      structure when movement thereof is halted by said vacuum.
NUM  22.
PAR  22. The apparatus of claim 20 in which said vacuum plate structure further
      includes
PA1  2. bearing fluid passages extending therethrough, and
PA2  H. control means for selectively regulating the flow of bearing fluid
      through said fluid passages to move articles in sequence from said plate
      structure toward said second station when said vacuum is removed
      therefrom.
NUM  23.
PAR  23. The apparatus of claim 19 which further includes
PA1  G. heat transparent enclosure means surrounding said track structure tube
      and defining a bearing fluid plenum therebeneath, said enclosure means
      including
PA2  1. a divider plate interposed between opposite ends of said plenum and
      defining the line of demarcation between said first and second track
      sections,
PA2  2. said fluid supply means being in individual communication with the
      respective portions of said plenum so that bearing fluid may be introduced
      selectively through the fluid passages of said track sections.
NUM  24.
PAR  24. Apparatus for transferring articles, such as silicon wafers, between
      predetermined first and second stations and at varied rates of movement,
      comprising
PA1  A. fluid bearing track structure extending between said stations comprising
PA2  1. first and second track sections positioned as linear continuations of
      each other,
PA2  2. said track sections each having fluid passages extending through a base
      surface thereof,
PA1  B. separate bearing fluid supply means in conjunction with said respective
      track sections,
PA1  C. control means for selectively regulating the flow of fluid through said
      separate supply means so that the flow of bearing fluid emanating from the
      fluid passages in said respective track sections may be varied selectively
      to move, stop or accelerate articles passing over said track sections in
      sequence,
PA1  D. article receiving means positioned adjacent each end of said track
      structure at said stations,
PAR  1. each said article receiving means including a supply magazine capable of
      receiving a quantity of said articles therein,
PA2  2. said magazine at said first station initially containing a supply of
      said articles to be transferred in sequence to said second station,
PA2  3. said magazine at said second station being positioned to receive said
      articles in sequence as the same are transferred thereto across said track
      structure, and
PA1  E. means for indexing said magazines to position articles in sequence to be
      withdrawn from said first magazine for movement along said track structure
      and to receive articles therein in sequence from said track structure.
NUM  25.
PAR  25. The apparatus of claim 24 which further includes
PA1  F. vacuum plate structure interposed between said second track section and
      said second station over which said articles pass,
PA2  1. said plate structure having vacuum passages extending therethrough,
PA1  G. means for selectively applying a vacuum to said plate structure through
      said vacuum passages, and
PA1  H. control means for selectively applying said vacuum to said plate
      structure when an article is passing thereover to halt movement of said
      article and hold the same on said plate structure.
NUM  26.
PAR  26. The apparatus of claim 25 which further includes
PA1  I. fluid jet means in conjunction with said vacuum plate structure for
      directing a stream of fluid against each article passing over said plate
      structure to assist in holding each such article on said plate structure
      when movement thereof is to be halted.
NUM  27.
PAR  27. The apparatus of claim 25 in which said vacuum plate structure further
      includes
PA1  2. bearing fluid passages extending therethrough, and
PA2  I. control means for selectively regulating the flow of bearing fluid
      through said fluid passages to move articles in sequence from said plate
      structure toward said second station.
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ABST
PAL  A method of controlling the heating gases in a kiln having a firing zone
      and at least one adjacent zone which, for example, may be a preheating
      zone and/or an after-heating zone, comprises directing combustion products
      into the firing zone to generate high temperature gases therein and
      withdrawing a portion of the gases generated after giving up some of the
      heat in the firing zone upwardly through an exhaust gas flue and sensing
      the temperature in at least one select location in said kiln and
      regulating the quantity of gases withdrawn in accordance with the
      temperature which is sensed. The kiln advantageously includes a preheating
      zone before the firing zone and an afterheating zone thereafter arranged
      in a straight line. Burners are arranged to fire downwardly in the firing
      zone and all of the zones are connected to discharge through a flue. The
      flue is provided with one or several control elements for regulating the
      rate of withdrawal of the flue gases which, for example, includes a
      controllable damper or a controllable circulating fan. A temperature
      sensing device, such as a thermocouple, is advantageously located in the
      preheating zone to control either the operation of the fan or the damper
      in accordance with the temperature sensed in the preheating zone. In
      addition, or alternatively, a temperature sensing device is located in the
      afterheating zone for controlling a withdrawal fan for gases connected
      directly to the afterheating zone. The control may also operate to control
      the air supplied to the furnace as a means for regulating the temperature
      in the firing zone and, consequently, in the preheating and afterheating
      zones.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction and operation of
      kilns and, in particular, to a new and useful method of controlling air
      volume in a tunnel kiln in accordance with the batch density, to thereby
      control the preheating and heating condition, and to the construction of
      the kiln.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Considerable improvements have been achieved in recent times in the
      development of tunnel kilns in respect to the temperature control and the
      different control zones and in respect to increasing output due to the use
      of various cooling systems, particularly for downflow cooling. An unsolved
      problem, however, is the construction or method of operating a kiln so as
      to ensure an air volume which is necessary to obtain the required cooling
      rate and, at the same time, to ensure the required heating of the batch
      between the lock gate and the firing zone. Expensive trials have been made
      in this respect with the use of a controller comparing the temperatures in
      the preheating and cooling zones and keeping the temperature difference at
      a constant level. Attempts have also been made to operate with a constant
      flue gas temperature and to predetermine a temperature variation for
      preheating. None of these trials have resulted in the desired success. The
      reason for this is that there is no generally applicable system for the
      optimum operation of a single kiln fed with a great variety of products.
PAR  It has been found, for example, that in periodically operating kilns, it is
      impossible to influence the air volume by permanent corrections and that
      it is substantially more advantageous to record any change in the batch
      density in synchronism with the car feeding operation which contains the
      batch being charged; and, within a certain period of time afteer a new car
      has been pushed in, to have a reaction in the kiln which would correspond
      to the new feeding.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a kiln
      construction and method for controlling the air volume in a tunnel kiln so
      that it can become adapted to the varying batch densities. The invention
      provides a tunnel kiln which is fully automatic and can be operated under
      optimal conditions with a high output and high thermal efficiency without
      requiring permanent supervision.
PAR  The invention provides a kiln having means for recording the temperature in
      a portion of the kiln during each batch operation and comparing this with
      a previous condition or batch operation and adjusting the volume of gases
      which are withdrawn through the flue of the kiln in accordance with any
      changes which are senses. A thermocouple is advantageously located in a
      preheating zone before the firing zone and the flue gas withdrawal rate is
      set in accordance with the operation of a controller which is connected to
      the temperature sensing device in the kiln and may be set to operate in an
      adjustable period of time after the feed of a new car with the materials
      to be baked. It is advantageous to carry out a comparison measurement with
      the state of the preceding measurement or with an actual value input in
      definite, adjustable periods of time by means of a further thermocouple
      which is located in the cooling zone of the kiln or the afterheating
      portion. A second controller may be connected to the thermocouple arranged
      in the cooling zone and, depending upon the measurement indicated, the
      controller may vary the volume in the cooling zone or in the firing zone
      selectively either by the evacuation of the hot gases or a supply of fresh
      air. In this latter case, the flue gas volume and/or the volume of cooling
      and/or the fresh air is advantageously controlled by means of a speed
      controlled ventilator or fan. If a constant speed ventilator is employed
      in each case, the control may be effected by control dampers or flaps in
      the withdrawal duct or the air supply duct.
PAR  The apparatus for carrying out the method of controlling the air volume in
      the tunnel kiln comprises a thermocouple which is provided in the
      preheating zone of the kiln and is connected to a controller. The
      controller is connected, for example, to operate a ventilator or fan, or a
      regulating valve or flap for adjusting the quantity of flow in the flue
      gas duct under the control of the controller. In addition, a thermocouple
      is advantageously also located in the cooling zone of the kiln and is
      connected to a second controller. The second controller is also connected
      to a ventilator or fan which is driven by a variable speed drive or it is
      connected to an adjustable valve or flap in the air ducts associated with
      the cooling zone and/or the firing zone and which operate in accordance
      with the setting of the controller.
PAR  The method or device for controlling the air volume in the tunnel kiln is
      not only very inexpensive, but it requires little operating attendance.
      The apparatus may be fitted to the already existing tunnel kilns and the
      kilns may be operated fully automatically and adapted immediately to the
      various feeding requirements and batch densities. The controller may be a
      simple device for controlling the speed of the ventilating fan or the
      opening of a flow duct in accordance with a compared fed value which
      advantageously compares the present operational requirements with the
      operational requirements of the last feed. Thus the flue gas volume can be
      changed in a relatively short period.
PAR  It is easy to understand that, for example, if the batch density suddenly
      increases, the temperature between the firing zone and the feed end must
      drop and, consequently, a larger amount of heat can be supplied to the
      batch. This would means that the temperature drops, as compared to the
      preceding feed. Thus, the temperature difference is, at the same time, a
      measure of the increased batch density. Thereby, for example, a
      potentiometer is turned by means of a servomotor and either the motor of
      the flue gas ventilator is correspondingly accelerated or the flap is
      opened. With the invention, it is not necessary to continuously supervise
      the tunnel kiln but, nevertheless, in a certain period of time, the air
      volume of the kiln is adapted to the varying batch densities by comparing
      the temperature in the kiln with a preceding state. To obtain this effect,
      a thermocouple is mounted adjacent the firing zone or, depending on the
      wares or materials to be processed, between the firing zone and the lock,
      or even near the lock. In a certain period of time after the feed, the
      thermocouple temperature is picked up by the controller and if the
      temperature on the thermocouple increases, from the previous state, the
      flue gas volume is automatically throttled. If the temperature drops, the
      flue gas volume is increased. The balancing operation is restricted to a
      very short, adjustable period of time.
PAR  To explain the operation of such a device by an extreme example; assume
      that hollow ware and solid stones are fired in a kiln consecutively. The
      hollow ware is located in the preheating zone and the solid stones in the
      cooling zone. In condequence, provided the same passage of air through the
      kiln takes place, the temperature would increase in the front part of the
      kiln above admissible values. The draft of the ventilator should be slower
      to prevent a too sudden heating up. Then, however, the cooling in the
      cooling zone would be insufficient. Therefore, it is necessary to remove
      heat from the firing zone proper in order to transport the necessary
      larger cooling volume through the cooling zone. Even such complicated
      operations can be perfectly controlled by means of the second
      thermocouple.
PAR  If in this kiln, solid stones, for example, come suddenly into the
      preheating zone, while hollow ware leaves the kiln, the air volume just
      necessary for the cooling would not be sufficient for heating up the
      stones. Therefore, additional air is supplied to the firing zone. Up to
      date burners for gasifiable fuel are able to operate with such air
      volumes. Thus, in this case, the second controller would demand additional
      air for the firing zone while no heat is removed from the cooling zone.
      This makes a tunnel kiln fully automatic and a constant heating rate is
      obtained independently of the batch density.
PAR  Accordingly, it is an object of the invention to provide an improved method
      of controlling the gas volume in a tunnel kiln which has a firing zone and
      at least one adjacent preheaing and/or cooling zone, comprising directing
      combustion products into the firing zone to generate high temperature
      gases therein and withdrawing a portion of the gases generated after
      giving up some of its heat in the kiln upwardly through a gas exhaust
      flue, sensing the temperature in at least one select location of said kiln
      and comparing the sensed temperature with a previous condition of
      operation and adjusting the withdrawal rate of the gases in accordance
      with the sensed differences.
PAR  A further object of the invention is to provide a tunnel kiln, which
      includes a tunnel having means for transporting articles to be fired
      therethrough, burner means in an intermediate location connected to fire
      into said tunnel, a temperature sensor located in the tunnel adjacent said
      firing zone, a flue for withdrawing gases from said tunnel, means
      associated with said flue for controlling the gases passing therethrough
      and a controller connected to said sensing means and to said means for
      withdrawing the gases from said flue having means therein for comparing
      the sensed temperature with a previous sensed condition and for regulating
      the operation of said withdrawal means for controlling the volume of gases
      exiting from the flue in accordance with the sensed differences in
      operating conditions.
PAR  A further object of the invention is to provide a tunnel kiln which is
      simple in design, rugged in construction and economical to operate.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawing and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The only FIGURE of the drawing is a schematic longitudinal sectional view
      of a tunnel kiln constructed in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing in particular, the invention embodied therein,
      comprises a tunnel kiln, generally designed 1, which is adapted to fire a
      batch of material which is placed on a tunnel kiln car 2. The tunnel kiln
      1 is divided into a preheating zone 11, an intermediate firing zone 12,
      and an afterheating zone or cooling zone 13. The kiln cars 2 are fed into
      tunnel kiln 1 through an air lock 3 and are moved either continuously or
      periodically through the kiln. During the passage, the ware to be fired is
      heated up in preheating zone 11 by the flue gases which are fired in
      firing zone 12. Firing zone 12 is operated by the burning of gasifiable
      fuel and air in burners 7 which are mounted in the ceiling of the kiln and
      fired downwardly. Products are subsequently permitted to cool in the
      cooling zone 13. A flue gas duct 4 is connected to the tunnel kiln, for
      example, at the inner end of the preheating zone 11, and it is equipped
      with a flue gas ventilator or fan 5 and/or an adjusting flap or valve 6
      for controlling the flue gas flow through the flue 4 and hence, the volume
      of the flue gas which is evacuated. The fan 5 may advantageously be a
      variable speed fan.
PAR  In accordance with the invention, the apparatus permits an automatic
      adaptation of the gas volume in the kiln in accordance with the varying
      batch densities. For this purpose, a thermocouple 21 is mounted in
      preheating zone 11 and is connected to a first controller 22. Within a
      certain time after the feed has begun, the temperature in preheating zone
      11 is measured by the thermocouple 21 and compared with a temperature
      which has been measured previously, for example, after the last feed, by
      controller 22. If the temperature is lower or higher than the preceding
      measured temperature, then the batch on the kiln car 2 is obviously of
      either a greater or lesser density and, accordingly, the volume of the
      flue gases passing through flue 4 must be adjusted. For this purpose, the
      controller 22 is connected through a line 24 to provide a control signal
      for operating the fan 5 and, alternatively or conjointly, it is also
      connected through a controller conduit 50 which sets the position of the
      damper valve 6. In this manner, the ventilator fan 5 is either increased
      or decreased, or the valve 6 is either closed or opened by an amount
      depending upon the actual temperature change which has taken place, as
      indicated by the sensor 21. This makes it possible to obtain a heating
      rate which is constant, independently of the batch density.
PAR  In order to obtain a more fully automatic operation of tunnel kiln 1, and
      even in extreme cases, for example, where the firing of holloware and
      solid stones follow consecutively, a further thermocouple or sensor 31 is
      located in the cooling zone 11. Thermocouple 31 is connected to a second
      controller 32 which, in turn, is connected through signal transmitting
      lines 34 and 35 to a ventilator fan 36 and air supply fan 39,
      respectively. Ventilator 36 is mounted for regulating the flow through a
      ventilating connection 37 into the cooling zone. A damper 38 may also be
      regulated by a similar connection 34 thereto from the controller 32. Fan
      39 supplies combustion air for burners 7. Controller 32 may operated in
      accordance with an actual value input, as indicated by the connecting line
      33, which corresponds to the state of the preceding measurement, or by a
      reference input, which is fed into controller 32. The blower 36 may be
      employed for regulating the amount of air which is withdrawn from the
      cooling zone 13 and this may be used in conjunction with a regulation of
      the amount of air fed through the fan 39 to the burners 7 which passes
      through air ducts 40 therefor into the firing zone. The air removal from
      cooling zone 13 may also be controlled by means of the adjusting flap or
      damper 38, which is mounted in air duct 37.
PAR  If, for example, holloware and solid stones are fired consecutively and the
      holloware is located in the preheating zone 11, and the solid stones in
      cooling zone 13, and provided that the same air transport through tunnel
      kiln 1 is in effect, the temperature in the front part or preheating zone
      11 would increase above the admissible value. Consequently, the flue gas
      ventilator 5 will be slowed down in order to prevent a sudden heating up.
      This, however, causes the cooling in cooling zone 13 to be insufficient.
      In such a case, it is necessary to remove heat from the firing zone 12 by
      means of ventilator 36 and to direct the required larger cooling volume
      through cooling zone 13.
PAR  If, on the contrary, solid stones are located in the preheating zone, while
      holloware leaves tunnel kiln 1, the air volume just necessary for the
      cooling would not be sufficient for the heating up of the solid stones. In
      such a case, additional air is supplied to firing zone 12 through
      ventilator 39. Thus, by means of a controller 32, additional air is
      demanded for firing zone 12, while no air is removed from cooling zone 13.
      The operation, therefore, provides a fully automatic system even with
      varying batch densities.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of controlling the gases in a kiln in which ceramic materials
      are advanced through the kiln for burning therein in various quantities
      and at varying rates, said kiln having a firing zone in at least one
      adjacent preheating zone in which the gases act on the material to heat
      the material prior to burning and at least one cooling zone in which the
      gases and air in the kiln act on the materials to cool the materials after
      they are burnt, comprising directing combustion products into the firing
      zone to generate high temperatures gases therein, advancing material
      through said preheating zone, said firing zone and said cooling zone,
      circulating the gases to preheat the material to be burnt in the
      preheating zone, circulating gases in the cooling zone along with air to
      cool the material after it is burnt in the firing zone, withdrawing a
      portion of the gases generated during the movement of the material through
      the kiln after giving up some of the heat in the kiln and directing them
      upwardly through a gas exhaust flue, sensing the temperature in at least
      one select location in said kiln, comparing the sensed temperature with a
      previously sensed temperature condition in the same select location so as
      to sense any change in quantity of material being fed thereby, and
      changing the quantity of gases which are withdrawn from the flue in
      accordance with the differences in sensed temperature conditions.
NUM  2.
PAR  2. A method according to claim 1, wherein said tunnel kiln includes a
      preheating zone adjacent its entrance end, an intermediate firing zone,
      and a cooling zone adjacent its exit end, said temperature being sensed in
      said preheating zone and including sensing the temperature in the cooling
      zone in addition to the preheating zone and in accordance with a change in
      temperature conditions which are sensed, withdrawing gases from the
      cooling zone directly.
NUM  3.
PAR  3. A method according to claim 2, wherein the firing zone is established by
      firing burners with gasifiable fuel and air and regulating the quantity of
      air to the burners in accordance with the temperature sensed in the
      cooling zone.
NUM  4.
PAR  4. A method according to claim 1, wherein the variable speed fan is
      connected to said exhaust flue and including regulating the withdrawal of
      the gases by varying the speed of said fan.
NUM  5.
PAR  5. A method according to claim 1, including a control damper in said flue
      and wherein, the control of the gases which are withdrawn is regulated by
      controlling the position of said control damper.
NUM  6.
PAR  6. A tunnel tiln for ceramic materials, comprising a tunnel housing having
      an entrance end and an opposite discharge end, burner means on said tunnel
      housing firing into the interior of said tunnel housing in an intermediate
      firing zone to generate high temperature gases to burn the ceramic
      materials therein, the interior of said tunnel housing having a preheating
      zone before and a cooling zone after said firing zone, means for
      circulating the high temperature gases and cooling air so as to preheat
      materials in said preheating zone and to cool the burnt material in said
      cooling zone, a flue connected to the interior of said tunnel housing, gas
      flow control means in said flue for controlling the rate of withdrawal of
      gases through said flue, temperature sensing means in said tunnel housing,
      and a controller connected to said temperature sensing means and to said
      gas flow control means and being responsive to a change in temperature
      which is sensed to regulate the gas flow control means and to thereby vary
      the amount of gases and air which are withdrawn through said flue.
NUM  7.
PAR  7. A tunnel kiln, according to claim 6, wherein said gas flow control means
      comprises a variable speed fan.
NUM  8.
PAR  8. A tunnel kiln, according to claim 6, wherein said gas flow control means
      comprises a movable damper valve for controlling the amount of gases
      through said flue.
NUM  9.
PAR  9. A tunnel kiln, comprising a tunnel housing having an entrance end and an
      opposite discharge end, burner means on said tunnel housing firing into
      the interior of said tunnel housing in an intermediate firing zone, the
      interior of said tunnel housing having a preheating zone before and a
      cooling zone after said firing zone, a flue connected to the interior of
      said tunnel housing, gas flow control means in said flue for controlling
      the rate of withdrawal of gases through said flue, temperature sensing
      means in said tunnel housing, and a controller connected to said
      temperature sensing means and to said gas flow control means and being
      responsive to a change in temperature which is sensed to regulate said gas
      flow control means to vary the amount of gases which are withdrawn through
      said flue, said temperature sensing means comprising a temperature sensing
      element located in said preheating zone and a second temperature sensing
      element located in said cooling zone, and including a second controller
      connected to said second temperature sensing means, a gas duct for the
      withdrawal of gases from the cooling zone connected into said tunnel
      housing into said cooling zone, cooling zone gas flow control means
      connected to said gas duct and said second controller and being operable
      by said second controller in accordance with a change in said temperature
      conditions in said cooling zone for varying the amount of gases moved
      through said gas duct.
NUM  10.
PAR  10. A tunnel kiln, according to claim 9, wherein said burner means includes
      means for supplying air for combustion to said burners connected to said
      second controller, said means for supplying air to said burners being
      variable by said second controller to vary the quantity of air delivered
      to said burners in accordance with a change in conditions sensed by said
      second controller.
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ABST
PAL  A method and apparatus for thoroughly dispersing powdered material in a
      combustion chamber of a furnace in combination with a suspension preheater
      and a kiln to improve combustion efficiency. The material is introduced as
      a free falling stream in the upper zone of the combustion chamber and is
      contacted in the upper zone with recycled gases from a cooler and a second
      gas introduced at a higher velocity than said recycled gases, whereby the
      powdered material is thoroughly dispersed throughout said combustion
      chamber and heat exchange between the material and gases is enhanced.
BSUM
PAR  This invention relates to a method and apparatus device for effectively
      dispersing powered material supplied into the combustion chamber of a
      furnace and at the same time, enhancing the efficiencies of combustion
      therein with heavy oil utilizing recycled hot air from the cooler, heat
      exchange with conduction by swirling air, and controlling the volume of
      air throughout the heating apparatus including a suspension preheater and
      furnace.
PAR  More particularly in the suspension preheater and furnace for calcining
      cement material by combustion of heavy oil therein, the present invention
      contemplates to economically promote the dissolution of material with
      better heat exchange thereby to increase calcining efficiency of the kiln
      and avoid problems with bricks of the furnace caused by coating of
      material thereon.
PAR  One conventional heating device is shown in FIG. 3 in which the numeral 1
      is a kiln from which a duct having a throttle 4 is upstanding. The
      resistance of the throttle 4 is made somewhat larger than that of another
      duct 5 so as to suction hot air into the furnace 3. Another conventional
      heating device is shown in FIG. 4 in which the whole volume of air to be
      used in the furnace 3 is blown with fan 6 provided in a duct 5 from the
      cooler 10. Even with the provision of a throttle 4, this can only
      supplementally maintain a proper draft in the kiln system.
PAR  In the former (FIG. 3) since no operative means is provided in the duct 5,
      there will not occur any trouble in the duct except the deposit of dust
      therein. However on the other hand, due to changes of operational
      conditions of the device, the air flow resistance of the throttle 4 and
      duct 5 can become unbalanced. For example, assume that the size of the
      throttle 4 is set for balancing the draft in the normal operation, then
PAR  A. If fly dust deposits in the throttle 4, air flow resistance therein will
      be increased.
PAR  B. If residues deposit in to the kiln, air flow resistance in the throttle
      4 will be increased.
PAR  C. If the operation is not normal, there will occur a difference in air
      flow resistances in the throttle 4 and duct 5 to cause an unbalance of air
      flow therebetween.
PAR  D. If dust deposits in the duct 5 extending from the cooler 10 to the
      furnace 3, its air flow resistance will increase.
PAR  The change of such air flow resistance will cause a lack or excess of air
      necessary for combustion which prevents the stable operation of the
      furnace with resulting problems.
PAR  In the latter method (FIG. 4), since this is not subject to mutual
      interference of air flow resistance, each of the throttle 4 and duct 5 can
      be set with an appropriate air ratio for combustion to enable stable
      operation.
PAR  However, on the other hand, since the temperature of hot air from the
      cooler 10 rises to as high as 650.degree. - 750.degree.C and since clinker
      particles of abrasive nature can be be contained in the hot air, the fan 6
      is often damaged.
PAR  The first object of the present invention is to improve the dispersion of
      material supplied to the furnace and to enhance the efficiencies of
      combustion and heat exchange by a swirling movement of the material.
PAR  The second object of the present invention is to diminish wear of the fan
      or other parts of the apparatus so as to ease maintenance.
PAR  The third object of the present invention is to set the volume of necessary
      air in the furnace by means of a fan at the predetermined rate even when
      there occurs difference in the air resistances between the throttle and
      duct.
PAR  To achieve these objects, the apparatus of the present invention includes a
      main air exhaust means to suction exhaust gas of the rotary kiln into a
      preheater and with the provision of a fan to blow hot air generated in the
      cooler connected to the rotary kiln into the furnace at higher speed than
      that of said hot air stream so that powder supplied to the furnace is
      given swirling movement therein. Said main air exhausting means and
      preheater are successively connected in the material inlet side, and the
      outlet of calcined material is connected to the cooler, and the cooler and
      the furnace are connected through a duct and an air inlet in tube with a
      fan is provided for blowing air into the path of falling material.
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PAR  FIG. 1 is a diagrammatic side view of one embodiment of the present
      invention.
PAR  FIG. 2 is a diagrammatic side view of another embodiment of the present
      invention.
PAR  FIGS. 3 and 4 are, each diagrammatic side views of conventional furnaces.
PAR  FIG. 5 is a fragmentary side view partially in part section view of the air
      and material inlets of the furnace of the present invention.
DETD
PAR  In FIG. 1 and FIG. 2, 1 is a rotary kiln, 2 is a suspension preheater, 3 is
      a combustion furnace communicated to said preheater, 4 is a throttle for
      draft balancing, 5 is a duct through which high temperature air from a
      cooler 10 passes to said furnace 3, and 6 is a fan for blowing air into
      powdered material and for dispersing the material. In FIG. 1, such fan is
      provided in the blowing tube 12 extending via a cyclone 7 to the duct 5.
      In FIG. 2, such fan is provided in the blowing tube 12 which directly
      communicates to the atmosphere. Another cyclone 7 is provided in a line
      from the preheater to the furnace. 8 is a flap damper, 9 is a shoot, and
      11 is a main air exhaust means. Said blowing tube 12 extends to the
      furnace in tangential relation to the circumference of the furnace 3. 13
      is powder material and 14 is a dispersion rod.
PAR  Powdered material falling through suspension preheater 2 is caught in the
      upper cyclone 7 and then passes through flap damper 8 and shoot 9 into the
      furnace 3. In the shoot 9, the material flow is considerable. If this
      flows down as it is into the furnace 3, the interior wall of the furnace
      3, because of the high temperature of the very hot combustion gas, a part
      of the material fuses on the wall to become a coating which disturbs the
      circulation of gas in the furnace 3 and prevents combustion. Further this
      retards not only the heat conduction to the material but also interferes
      with the continuous operation of the furnace. For effective dispersion of
      the mass of powdered material falling down through the shoot 9, it is
      necessary to blow air an appropriate angle from the fan 6 through the air
      tube 12. Also for better circulation of air in the furnace 3, it is
      effective to blow air in a tangential direction to the furnace 3 or in an
      angle approximate thereto. The speed of air blown from the fan 6 should be
      higher than the rate, 30 m/sec. With a lower speed than this, coating
      troubles will occur in the furnace when the furnace is continuously
      operated for a long time. Thus the operation is forced to eventually
      cease.
PAR  Also this ratio should be determined with the volume of air to be blown
      into the furnace by the fan 6. Therefore it is necessary to determine the
      speed of air blown by the fan 6 so that a total of kinetic energy of the
      air introduced by the main air exhaust means 11 of the suspension
      preheater and air blown in the furnace with the fan 6 is to be always
      maintained over a certain amount. Such amount shall be determined by
      experiments because it varies depending on the volume of powdered material
      to be treated, the height of material shoot to the furnace, or the
      imparted inertia of material and its massive state. Further, the volume of
      air to be blown in the furnace by the fan 6 shall be 5% preferably 10%
      more than the volume of air needed for combustion. With a smaller volume
      than this, the dispersion of material will be insufficient.
PAR  Practially considering from the point of utilization of exhaust heat from
      the cooler, the smaller the air volume blown into the furnace by the fan
      the better it will be. However considering the case when there occurs an
      unbalance in air flow resistance between the throttle line 4 and duct line
      5, it is necessary to adjust the air volume blown by the fan 6 so that the
      volume of air needed in the furnace may become constant and to maintain
      the speed of air blown in the furnace in proper range. For this, it was
      found after experiment it may be good to take consideration of a 40% spare
      at the highest. That is, no more volume of air is needed because excess of
      air results in heat loss.
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STM  What is claimed is:
NUM  1.
PAR  1. A method of thoroughly dispersing powdered material into a combustion
      chamber of a furnace, wherein said material is introduced into the top of
      said combustion chamber from a suspension preheater including air exhaust
      means, and wherein said material is combusted in said combustion chamber
      and is passed to a calcining chamber and cooling zone, and wherein gases
      from said cooling zone are recycled to said combustion chamber, comprising
      introducing said recycled gases to the upper zone of said combustion
      chamber, introducing a second gas into said upper zone at a velocity
      greater than said entering recycled gases, introducing said material as a
      free falling stream into said upper zone of said combustion chamber and
      contacting said free falling stream of material with said recycled gases
      and second gas prior to combustion of said material in said combustion
      chamber, to thereby give said gases and material a swirling motion and to
      thoroughly disperse said material in said chamber.
NUM  2.
PAR  2. The method of claim 1, wherein said second gas comprises a portion of
      said recycled gases.
NUM  3.
PAR  3. The method of claim 1, wherein said second gas is introduced
      tangentially into said upper zone.
NUM  4.
PAR  4. The method of claim 1, wherein said second gas introduced is in an
      amount 5% to 10% by volume greater than that required for combustion of
      said material.
NUM  5.
PAR  5. The method of claim 1, wherein said second gas comprises atmospheric
      air.
NUM  6.
PAR  6. An apparatus for thoroughly dispersing powdered material into a
      combustion chamber of a furnace wherein combustion thereof takes place,
      comprising, in combination, suspension preheater means, furnace means,
      kiln means, and cooling means, for introducing said material from said
      preheater means as a falling stream into the upper part of said combustion
      chamber, means for recycling gases from said cooling means into the upper
      part of said combustion chamber, means including blower means for
      introducing a second gas into the upper part of said combustion chamber at
      a velocity greater than the velocity of said recycled gases, said gas
      recycling means and second gas introducing means disposed in said upper
      part of said combustion chamber adjacent said material introducing means,
      whereby said falling stream of material contacts said recycled gases and
      second gas prior to combustion of said material in said combustion
      chamber, to thereby give said gases and said material a swirling motion
      and to thoroughly disperse said material in said chamber.
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ABST
PAL  A method of processing granular material by passing a gas in contraflow to
      a bed of the material descending in an independently rotatable annular
      chamber of annular width a surmounting an annular eccentrically rotating
      floor, the outer bed wall being in gas-tight sliding relationship to the
      floor but the inner wall being spaced above the floor by a distance h, not
      less than, and not more than 10 percent in excess of, the value satisfying
      the relationship tan .phi. = h/a where .phi. is the operative angle of
      repose of the charge material at the bottom of the bed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to the control of the descent of sub-divided
      solid material in a bed thereof in counterflow to a gas. More particularly
      the invention relates to the control of such descent in a bed of annular
      horizontal cross-section, for instance to regulate contact between the
      solid and the fluid.
PAR  The invention will be described with particular reference to annular
      apparatus for contacting a solid with a gas for the purposes of heat
      exchange or reaction, such as an annular kiln, but it will be understood
      that the principles of the invention also apply in the foregoing wider
      context to annular beds of granular and nodular solids in general.
PAC  BACKGROUND OF THE INVENTION
PAR  The principles of the invention will be more readily appreciated if one
      first considers the derivation of the annular kiln from the ordinary
      vertical kiln or shaft furnace.
PAR  With most forms of vertical kiln or shaft furnace for the treatment of, for
      instance, ferrous or non-ferrous ores, cement clinker, dolomite, lime or
      the like, the removal of the finished or heat-treated product from the
      lower, i.e. discharge, end of the shaft is rendered difficult by the fact
      that the whole mass of material under treatment filling the shaft should
      be encouraged to bear directly on the discharge means, so that the
      material will be engaged over the whole cross-section and the charge will
      sink as uniformly as possible through the shaft, thereby to maintain
      reasonably consistent gas permeability over the full effective
      cross-section.
PAR  Such difficulties were discussed for instance by H. Eigen
      (Zement-Kalk-Gips, October 1956, pages 454 - 456), K. Beckenbach (British
      Patent Specification No. 934,230), H. R. Suter (U.S. Pat. No. 2,861,788;
      assigned to L. von Roll, A.G.,) E. Spohn (Tagungsberichte der
      Zement-industrie, 1955, 11, 39 - 55), F. P. Somogyi, "The Vertical Kiln"
      (Cement Lime and Gravel, May 1952), and B.A.S.F (British Patent
      Specification No. 950,576).
PAR  These references also show that because of the lack of uniformity of the
      load across the shaft cross-section and the correspondingly uneven
      discharge rates from the centre to the perimeter or outer wall, not only
      is the material heat treatment irregular but it is also impossible, for
      example in the case of the calcination of limestone or dolomite, to obtain
      a product that is of a uniformly porous quality and in which an original
      size grading is retained as far as possible. As stated by K. Beckenbach,
      these characteristics can only be incompletely achieved even with the best
      of existing discharge devices and his approach was intended to discharge
      the material from the shaft furnace uniformly and without undue crushing,
      by the introduction of a fixed discharge table which, when disposed below
      the lower opening of the furnace and having a larger diameter than that
      opening, introduced stabilising and load-shedding characteristics
      according to the angle of repose of the material at the perimeter, thus
      leaving the extractor gear free to complete the feeding off action.
PAR  Furthermore the uniform treatment of the material in a shaft system can be
      seriously interfered with by the loosening action which must take place at
      the perimeter or outer wall and which has hitherto limited the maximum
      diameter of most stationary shaft systems to a few metres.
PAR  Various attempts were made both to increase the capacity and to improve the
      performance of shaft kilns or preheaters by the inclusion of core
      sections, thereby introducing the annulus principle, but in every case
      these have again been based on static arrangements with no relative
      movement between the outer shaft and the inner core walls; an interesting
      attempt was also made by B.A.S.F. both to incline and to rotate a shaft
      kiln so as to prevent hold-ups in the burning zone and give a more
      intimate mixing of the solids and hot gases. The fact that all of these
      arrangements would prove extremely complicated in both their manufacture
      and operation appears to have hindered their practical application.
PAR  In U.S. Pat. No. 2,842,350, M. Berz proposed a fixed annular shaft furnace
      in which the central opening in the annular floor, for the discharge of
      solid material which had descended through the annular shaft, was smaller
      than the inner diameter of the annular shaft. A ring structure was
      supported coaxially above the centre floor opening, forming a channel for
      gas to be passed upwards and thence through the annular bed, while treated
      solid was discharged over the edge of the floor under the ring structure.
      The gas was to enter the bed of solid material through the surface of the
      solid charge material sloping down from the inside bottom of the annular
      shaft, to the top of the ring structure.
PAR  Our own approach to this general problem can be said to have started with
      the annular preheater designed by R. V. Beal and L. H. Bishop, (British
      Patent Specification 828,886) in which we managed to overcome the main
      disadvantages of the Berz annular preheater by putting an eccentric
      discharge port in the floor and by rotating the bowl constituted by the
      floor and the wall and adopting an external cam track to work the pusher
      discharge rams to push the treated solids to the edge of the port. These
      measures virtually eliminated both the feeding and sealing problems which,
      at the fairly high operating suctions associated with deep bed up-draught
      operation, had been responsible for the lack of commercial success with
      the Berz design. The Beal approach had, however, still not fulfilled the
      essential need for continuous and uniform feeding of a granular or
      nodulised solid because, as will be more clearly explained later in this
      description, the bowl, its floor and the inner dome remained in fixed
      geometrical relationship to one another. Moreover the intermittent pusher
      discharge action could not help but impose unacceptably high disruptive
      forces on the solid material being treated and was unable to provide the
      uniformly distributed feed-off action and the regimented downward flow of
      the solids so essential for efficient contra-flow heat exchange.
PAR  In the annular preheater or hiln, described in our British Patent
      Specification 828,888 and U.S. Pat. No. 2,945,687, G. G. J. Davis took a
      significant step forward towards overcoming the above mentioned drawbacks,
      in that the floor or hearth on the one hand, and the walls of the annulus
      -- sometimes referred to as the bowl (outer) and dome (inner) -- on the
      other hand, were mounted to rotate about their respective central vertical
      axes, but these parallel axes were spaced from each other by a certain
      offset distance. The resulting precession and interaction between the bowl
      wall and the floor, which we shall call the Offset Feed Action, caused
      solids at the bottom of the bed to be pushed to and over the edge of the
      discharge port. The cam arrangements of the earlier versions were thereby
      dispensed with, and the effect of the offset action in this case was
      equivalent to an infinite number of radial pushers around the
      circumference, resulting in a solids flow of improved smoothness under
      favourable conditions.
PAR  During the rotation of the Davis preheater through one complete revolution,
      the relative motion between the annulus and the floor is circular, i.e.
      the locus of a point in the rotating annulus with respect to the rotating
      floor is a circle having a radius equal to the offset distance, assuming
      that the annulus and floor are rotated in unison, i.e. at the same angular
      velocity and neither lags behind the other. Such rotation in unison would
      be obtained in practice only by applying suitable positive drive both to
      the floor and to the annulus; if the floor alone were positively driven,
      the reactions between floor, solid charge material and annulus walls would
      not cause the annulus to rotate without some slippage with respect to the
      floor, so that the above mentioned locus would depart from circular and
      tend towards a cycloid curve.
PAR  According to U.S. Pat. No. 3,403,895, assigned to Dravo Corporation, P. E.
      Hatfield and L. H. Jacquay attempted to emulate the relative circular
      motion between annulus and floor of the Davis preheater, without actually
      revolving the annulus or the floor about their own central vertical axes,
      by imparting an orbital motion to either the floor or the annulus only,
      e.g. by rotating the vertical axis of the floor about the vertical axis of
      the annulus. Their ostensible purpose was to reduce the power requirement
      of the system; it would, however, require more power than the Davis system
      and it could only handle a solid charge capable of withstanding prodigious
      crushing forces, largely because it could permit no tangential slip
      between floor, charge and annulus walls.
PAR  The advantage of providing some tangential movement, in a partially
      analogous situation, was noted by C. Candlot in U.S. Pat. No. 1,429,925.
      Candlot mounted a horizontal grate below a shaft furnace, leaving a
      peripheral space between the bottom of the shaft and the grate below it.
      The grate was subjected to a planetary movement whereby solid charge
      material from the furnace, resting on the grate, was withdrawn radially
      outwards and spilled over the edge of the grate to a hopper. According to
      Candlot the planetary movement caused a tangential movement of the
      material covering the grate, thus avoiding any jamming that night
      otherwise occur between the grate and the shaft.
PAR  It is important to appreciate that all the annular preheaters and kilns
      thus far referred to, have relied for their discharge substantially
      entirely upon a pushing action applied by a circumferential member such as
      a ram or a wall, to compel the charge material to move inwardly from the
      bottom of the annular bed proper, across the floor to the discharge outlet
      in the floor. This pushing or ramming action, as will be more fully
      explained later, involves the exertion of considerable forces upon the
      actual charge material and upon the bearing supports of the equipment,
      with concomitantly high rates of degradation of the charge and wear on the
      machine parts.
PAR  Our British Patent Specification 1,059,149 and U.S. Pat. No. 3,331,595,
      both describe some modifications made by P. H. Nelson to the Davis annular
      preheater or kiln, mentioned above, having the offset feed action. These
      modifications included (1) a change from the flat horizontal floor, to a
      floor sloping conically downwards towards the centre at a shallow angle to
      the horizontal, and (2) the provision of sealing means at the extremities
      of the bowl and dome which permit quite independent rotation of the three
      components: hearth or floor, bowl or outer wall, and dome or inner wall.
PAR  The Nelson-Davis annular heat exchanger which forms the subject of British
      Patent Specification 1,059,149 and U.S. Pat. No. 3,331,595, operates like
      its predecessors in pushing the charge material across the hearth for
      discharge through the aperture, except under particular circumstances to
      which the present invention is directed, and which are applicable by
      virtue of the two modifications mentioned above. We have found that
      apparatus of the immediately foregoing type providing an annular bed of
      descending granular or nodular material, can be operated in a decisively
      advantageous manner if the geometrical design and control of the apparatus
      bear a suitable relationship to the physical properties of the charge
      material of the bed. When the relationship is suitable, the apparatus may
      be said to operate in a critical mode, in which the pushing action already
      referred to is superseded by action of a different kind, and advantages
      enumerated in the following description are attained.
PAR  It is an object of the present invention to provide conditions for
      operating an annular bed, of descending granular or nodular material, in
      the critical mode referred to.
PAC  DESCRIPTION OF THE INVENTION
PAC  The charge material
PAR  The charge material may be any solid granular or nodular material so long
      as it is not so fine or light that contraflow gas to be passed through it
      will lift it all up, and so long as it is not composed of particles too
      large in relation to the width of the annular space, to fall freely down
      such a space together.
PAC  Type of Apparatus
PAR  In the type of apparatus to which the invention applies, an annular base,
      which we shall call a floor or hearth, occupies a substantially horizontal
      plane and is mounted for rotation about its substantially vertical central
      axis. Surmounting the floor are two substantially coaxial cylinders having
      their central axes substantially vertical and displaced from the parallel
      axis of the floor by a distance we call the offset distance. The stroke
      length later referred to, is twice the offset distance.
PAR  The outer one of these two cylinders, which we call the bowl, is mounted
      for independent rotation about its axis and the bottom of the cylinder
      forms a sliding seal with the floor. The inner one of the two cylinders,
      which we call the dome, is also mounted for independent rotation about its
      axis but the bottom of this latter cylinder is spaced above the floor
      level (i.e. the horizontal diameter of the floor surface) by a certain
      distance which we call the choke height, the bottom rim of the dome being
      referred to as the choke. The dome is preferably supported in such a way
      as to permit its axis to tilt away from the vertical by a small angle,
      herein referred to as the angle of tilt. The central aperture of the
      annular floor is of smaller diameter than the dome and is the discharge
      aperture. The upper face of the floor slopes downwardly from the floor
      periphery to the central aperture in the floor at a shallow angle to the
      horizontal, which we call the floor angle, (.theta.), forming the floor
      into a shallow cone.
PAR  The respective cylinders form two sliding seals with the outer and inner
      edges respectively of an annular top cover or hood which confines the
      annulus between the cylinders but leaves open to the atmosphere the upper
      side of a roof which spans and closes the dome. The underside of this roof
      slopes upwardly and inwardly towards its centre from the periphery, i.e.
      from the choke, at an angle which we refer to as choke relief. The top
      cover, which remains static, incorporates an inlet for feeding in solid
      charge materials and one or more outlets for emitting gas or vapour.
PAR  As already stated, the floor aperture diameter must be less than the dome
      diameter by a certain amount defined later herein. When this condition,
      which we refer to as the stability criterion, is satisfied, sub-divided
      solid material charged into such apparatus does not fall straight out
      through the aperture but forms a stable bed in the annular space between
      the cylinders and also spills over the floor in a radially inward
      direction to an extent depending initially on the angle of repose of the
      sub-divided solid material.
PAR  In operation, the parts of the apparatus thus described, apart from the top
      cover, rotate about their respective said axes. The present invention is
      concerned with apparatus of the type described in which only the rotation
      of the floor is directly due to the application of powered drive means
      therefor: there are no mechanical links between the bowl and the dome, nor
      between either the bowl or the dome and the floor. The observed rotation
      of bowl and dome when the floor of the charged apparatus is driven, is due
      to the interaction between the three independently rotatable components
      (floor, bowl, and dome) and the solid charge between them.
PAR  For the purposes of explaining and ascertaining the present invention we
      refer to the line joining the choke to the nearest point on the bottom rim
      of the bowl as the choke line or slope, and we refer to the frustoconical
      surface generated by this line as the annulus makes one revolution about
      its axis, as the choke interface, regardless of whether it be considered
      to have a real or merely hypothetical existence.
PAR  The annular width is defined by the difference between the respective radii
      of the bowl and the dome. We consider the annular bed to be bounded
      laterally by the bowl and dome respectively, bounded above by the level it
      adopts in operation and bounded beneath by the choke interface.
      Sub-divided solid material disposed below or radially inwards from the
      choke interface may be regarded simply as material resting on the floor in
      the course of discharge from the bed.
PAR  The eccentric rotation of the floor with respect to that of the bed, in
      causing removal of the solid material from under the bed in a radial
      direction, subjects the material to some angular compression, which finds
      relief in an increase in height of the pile with decreasing radius, until
      the material slides over the edge of the aperture in the floor.
PAR  Some embodiments of the apparatus described in the above mentioned British
      Patent Specification 1,059,149, and U.S. Pat. No. 3,331,595, will be found
      to exemplify the aforesaid type of apparatus utilised in the invention.
PAC  The Critical Mode
PAR  In general terms, which will be more readily understood in the light of the
      following particular description, an annular bed apparatus of the type
      described, when operating in the critical mode, is characterised by the
      peculiar ease and smoothness with which the charge feeds through and out
      of the bed. Such operation is obtainable by means of the invention and is
      recognisable by a number of observable and quantifiable results, which
      will be hereinafter defined.
PAR  Accordingly the present invention in one aspect comprises operating an
      annular bed of the type described, in the critical mode.
PAR  In the critical mode, granular or nodular material can descend in the bed
      in a regular manner hereinafter defined, whereby substantially every piece
      of the granular or nodular material undergoes a substantially similar
      cycle of treatment as it passes in counterflow to a rising gas through the
      full height of the bed as hereinbefore defined, i.e. the annulus.
PAC  Regular Descent
PAR  The regular manner in which charge material should descent through the bed
      is defined as follows, disregarding differences in rotational speed
      between the annulus and the floor:
PAR  In the ideal case, each piece of solid charge material, in travelling from
      the top to the bottom of the annular bed as hereinbefore defined,
      describes (not relative to the rotating apparatus but relative to the
      earth) a vertical helix of constant radius and constant pitch at a
      constant horizontal component of angular velocity. The constant radius is
      equal to the distance of the piece from the axis of rotation of the
      annulus, the constant pitch is proportional to the stroke length of the
      apparatus and the horizontal angular velocity is equal to that of the
      annulus as a whole. The stroke length is defined as twice the distance
      between the axis of rotation of the floor and the axis of rotation of the
      annulus.
PAR  Accordingly the solid charge descends substantially without any horizontal
      mixing and each part descends through the same distance for any given
      complete revolution of the annulus; consequently, as long as the top of
      the bed is supplied at a uniform rate with uniformly distributed charge
      material, uniform distribution and uniform residence time is maintained as
      the charge material descends uniformly through the bed.
PAR  Since the bed is steadily rotating it is a simple matter to feed the charge
      material to it at a uniform rate from a fixed point above it and thereby
      achieve uniform distribution in the circumferential direction. Indeed,
      because the advance of the charge material through the apparatus is
      dependent upon the discharge rate, and as will be seen later the discharge
      rate can be held constant according to the invention, the uniform feed
      rate can be achieved simply by keeping the level of the top of the bed
      constant, e.g., by automatic means linked to the speed. Uniform
      distribution in the radial direction is assured by feeding the material to
      the top of the bed close to the inner wall of the annulus and causing or
      allowing the top of the bed to slope down towards the outer wall at the
      effective angle of repose of the charge material.
PAR  Relative to the rotating annulus, each piece of solid charge material
      travels down a substantially vertical path through the bed, but whether
      considered relative to the annulus or relative to the earth, the vertical
      component of velocity of the charge material is not constant; each part of
      the charge undergoes in each complete revolution the same constantly
      recurrent cycle of acceleration and deceleration, as will be more fully
      explained in relation to the withdrawal action. Accordingly the slopes of
      succeeding turns in the abovementioned helical path are not constant but
      are parallel to one another.
PAR  In practice the regular descent of material departs from the ideal
      described but is considered to be within the scope of the invention if the
      following Primary Relationship holds.
PAC  Primary Relationship
PAR  The invention is based on the realisation that in order to operate annular
      bed apparatus of the type defined above in the critical mode, it is
      necessary to maintain substantial equality between (a) the angle the choke
      interface makes with the horizontal and (b) the operative angle of repose
      of the charge material under the choke. By "substantial equality" we mean
      in this context that the choke height H shall be not less than, and not in
      excess of ten percent more than, the value satisfying the relationship
      (1):
PAC  tan .phi. = h/a                                            (1)
PAL  where .phi. is the said operative angle of repose, a is the width of the
      annular space, and h is the perpendicular height of the choke above the
      periphery of the floor.
PAR  According to one aspect therefore, the present invention comprises
      dimensioning or operating an annular bed of the type defined, so that the
      above mentioned substantial equality is provided.
PAR  It will be apparent that apparatus to which, and in which, the present
      invention can be applied, has already been disclosed, particularly in
      British Pat. Specification No. 1,059,149 and U.S. Pat. No. 3,331,595 and
      used in various parts of the world for instance in the manufacture of
      cement and coke, and the treatment of ores and other minerals. What have
      not hitherto been recognised, however, are (a) the existence of the
      critical mode, (b) the particular embodiment of the apparatus that must be
      selected and (c) the conditions and relationships which must be fulfilled,
      whereby the form of solid discharge can be obtained which is
      characteristic of the present invention and is now to be described.
PAC  Charge Withdrawal Action
PAR  The discharge of solid granular material from the annular bed in the
      practice of the present invention is more aptly referred to as the
      withdrawal action, because the material is not forced or pushed out, but
      carried out, from the bottom of the bed. The regular descent already
      referred tok is a direct result of the withdrawal action.
PAR  It is helpful to consider first the interrelation of the parts of an
      annular bed resting on a concentric annular floor. If we take the outer
      wall of the empty annulus, resting on the concentric annular floor without
      the inner wall, we have in effect a tube with an internal rim around the
      bottom circumference. We can load granular material on this rim until the
      full width of the rim is occupied; the top of the pile of granular
      material will have an inverted frusto-conical surface with a slope
      corresponding to the drained angle of repose of the granular material. If
      any further granular material is added, it will all slide off at once
      through the floor aperture. For convenience of expression we shall refer
      to such behaviour as "running off."
PAR  If we now lower a concentric inner wall, of larger diameter than the floor
      aperture, into the outer wall at least until the bottom edge of the inner
      wall just touches the sloping pile of granular material, we shall be able
      to add further granular material to the annular bed between the walls
      without any of the material running off. We refer to such a bed as stable,
      and later in this specification we define the necessary relationship
      between the charge material and dimensions of the apparatus for stable
      operation in the critical mode, as the stability criterion.
PAR  The function of the withdrawal action is to draw from under a stable
      annular bed, charge material which has descended through the bed, drawing
      it in a generally radial direction across the rim or annular floor to be
      dropped through the floor aperture, without disturbing the stability of
      the bed, and in particular to thereby facilitate operation in the critical
      mode.
PAR  The withdrawal action is obtained when the annular floor is not concentric
      with the annular bed and is rotated about its central axis while the above
      mentioned primary relationship is satisfied. If (a) the eccentric rotating
      annular floor has a central aperture (the aperture being concentric with
      the floor) which is as big as the outer wall of the annular bed, all the
      charge material in the bed will, of course, fall straight out through the
      floor. If (b) the diameter of the aperture, allowing an extra margin for
      the eccentricity, is less than the limit for stability, the bed will of
      course remain stable. Between these two conditions (a) and (b) the charge
      material will "run off" to a greater or lesser extent according to the
      extent by which the aperture undercuts the otherwise stable bed and for
      what proportion of each revolution it does so.
PAR  If the aperture is small enough to permit the bed to remain stable, charge
      material will be moved in a generally radial direction across the floor to
      the aperture, by virtue of the relative reciprocatory action between floor
      and bed caused by their eccentric rotation. In this movement across the
      floor the charge experiences a pushing force unless the withdrawing action
      of the invention is achieved by operating in the critical mode.
PAR  If the aperture is too small to allow the material transferred across the
      floor to pass through it, the transferring movement will, of course, come
      to a halt.
PAR  In the operation of annular bed apparatus hitherto it has been observed
      that the rate of discharge of solid material from the bed has been
      dependent upon the size of the discharge aperture in the floor.
PAR  If the discharge rate is found to depend on the aperture size, three
      possibilities arise:
PAR  1. the aperture is far too small; this possibility has been referred to
      above;
PAR  2. the aperture is too big and fails to satisfy the stability criterion;
      charge material "runs off," i.e. discharges at an undesirably high and
      uneven rate;
PAR  3. the discharge is being brought about by the action of the annulus wall
      pushing the charge material across the floor, and consequently the rate
      depends upon the size of the pile of material to be pushed, and hence upon
      the distance from bed to aperture.
PAR  These possibilities do not, however, arise when operating in the critical
      mode, when the withdrawal rate is substantially independent of discharge
      aperture size for a stable bed.
PAR  We refer to the diameter passing through the respective centres of rotation
      of the outer wall and of the floor as the off-set axis and we use this
      axis as a datum line in describing the movements of the annular bed
      apparatus. During the rotation of the floor, any given point on the
      surface of the floor follows a locus which alternately approaches and
      recedes from the centre of rotation of the annular bed, in the
      reciprocatory relative motion between bed and hearth which brings about
      the withdrawal of the charge material from the bed. When that given point
      is at its furthest distance from from the centre of rotation of the bed,
      it will be on the offset axis at a position which we refer to as the
      .gamma. = 0.degree. position. For the purposes of explanation it is not
      important whether all positions on the locus of the given point, from
      .gamma. = 0.degree. to 360.degree. with respect to the offset axis, are
      taken about the centre of the annular bed or of the floor when the offset
      distance is small in comparison with the diameter of the floor, but for
      clarity we take the centre of the floor as the angular reference point for
      rotational position of the apparatus.
PAR  Each point on a given radius of the floor, in passing round from the
      .gamma. = 0.degree. position to the .gamma. = 180.degree. position during
      half a revolution of the floor, will approach the axis of the annular bed
      by a total distance equal to twice the offset distance, i.e., equal to the
      stroke length of the apparatus, at a rate of approach which increases
      gradually and in proportion to sin .gamma. from zero at the .gamma. =
      0.degree. position, reaches a maximum at the .gamma. = 90.degree. position
      and decreases in proportion to sin .gamma. from the maximum back to zero
      at the .gamma. = 180.degree. position. Solid charge material resting on
      the floor will accordingly in the critical mode of operation, be carried
      toward the axis of the annular bed at the stated rate of approach. The
      effective radius of the floor exposed to the annular bed will increase by
      one stroke length, again at the stated rate, as points on the floor radius
      which were outside the outer wall pass to positions within it. The
      increase in effective radius will, in the critical mode, permit access of
      further charge material to the floor below the bed, resulting in descent
      of charge material in the bed, through a total distance equal to tan .phi.
      x stroke length, at a rate of descent which increases gradually in
      proportion of sin .gamma. from zero at the .gamma. = 0.degree. position,
      reaches a maximum at the .gamma. = 90.degree. position and decreases
      gradually in proportion to sin .delta. back to zero at the .gamma. =
      180.degree. position. Thus while the charge is withdrawn from under the
      bed during this half revolution, the material descends in the bed and the
      bed can be correspondingly filled at the top most conveniently in the
      region above the .gamma. = 90.degree. position. The half revolution from
      .gamma. = 0.degree. to .delta. = 180.degree. is therefore the filling
      stroke. During the fiflling stroke the bed becomes mobile and more highly
      gas permeable.
PAR  Each point on a given radius of the floor, in passing round from the
      .gamma. = 180.degree. position to the .gamma. = 360.degree. position
      during half a revolution of the floor, will recede from the axis of the
      annular bed by a total distance equal to twice the offset distance, i.e.,
      equal to the stroke length of the apparatus, at a rate of recession which
      increases gradually and in proportion to sin .gamma. from zero at the
      .gamma. = 180.degree. position, reaches a maximum at the .gamma. =
      270.degree. position and decreases gradually in proportion to sin .gamma.
      from the maximum back to zero at the .gamma. = 360.degree. position. Solid
      charge material resting on the floor will, in the oritical mode of
      operation, be stabilised by the presence of the bed and will remain at a
      more or less fixed distance from the axis of the annular bed as the floor
      undercuts the solid charge material. The latter will accordingly advance
      with respect to the floor towards the floor aperture, at a rate
      substantially equal to the above mentioned rate of recession. After
      preliminary revolutions during which the floor becomes covered with solid
      charge material, there will be a steady discharge of solid charge material
      over the edge of the floor aperture, at a rate increasing gradually and
      substantially in proportion to sin .gamma. from zero at the .gamma. =
      180.degree. position, reaching a maximum at the .gamma. = 270.degree.
      position and decreasing gradually in proportion to sin .gamma. from the
      maximum back to zero at the .gamma. = 360.degree. position. During the
      half revolution from .gamma. = 180.degree. to .gamma. = 360.degree. the
      charge material in the bed remains substantially stationary while that
      which is undercut by the floor aperture falls out through the aperture.
      This half revolution is the discharge stroke. During the discharge stroke
      the bed becomes static and less permeable to gas.
PAR  In the alternating sequence of filling strokes and discharge strokes
      experienced by a particle of solid charge material after entering the top
      of the bed, the particle descends the cascade of stages, of period tan
      .phi. x stroke length, which is the constant pitch of the helix mentioned
      above.
PAR  The machine forces acting on the charge material in the critical mode are
      those arising from resistance to movement across the floor (not in passing
      from bed to floor) which resolve radially. These forces are minimised
      particularly as follows.
PAR  The friction factor F between charge material and floor is beneficially
      reduced by sloping the hearth downwardly toward the centre at an angle
      .theta. of say 5.degree. to 71/2.degree., or more; the friction factor
      reduces to zero in the region of 25.degree. slope but at slopes exceeding
      about 20.degree. the stability of the bed becomes uncertain. The slope of
      the floor, is of course, not taken to the extreme periphery of the floor,
      since the part of the floor which oscillates directly under the outer wall
      must be flat and horizontal.
PAR  The friction factor F is further reduced to F cos .beta. if the solid
      charge moves at an angle .beta. to the floor radius; it is inherent in an
      annular bed with an offset rotary discharge system that part of the path
      of the granules or nodules of the solid charge material will be at an
      angle to the radius. In the annular bed apparatus utilised in the present
      invention the annulus walls are free to rotate independently of each other
      and of the floor, and consequently the outer wall is free to rotate more
      slowly than the driven floor. If the withdrawal of the charge material is
      achieved with negligible force between the charge material and the outer
      wall, i.e., in the critical mode, there must be tangential slip in the
      system such that the rotating outer wall lags behind the rotating floor by
      a circumferential distance approaching or equal to the stroke length in
      each complete revolution. The locus of a point on the outer wall relative
      to the floor will be a cycloid curve, instead of the circle which
      characterised the prior art Davis and Dravo annular bed apparatus. The
      angle .beta. is consequently the greater and the friction factor the
      smaller, than it would be in the absence of slip.
PAR  The machine forces are also minimised when using a closely graded solid
      charge material, as more fully discussed below.
PAR  The action of the apparatus produces a resultant thrust between the floor
      and the outer wall. This thrust resolves in a constant direction if the
      apparatus is in the critical mode; the walls and floor being mounted for
      independent rotation, the thrust is exerted at right angles to the offset
      axis, i.e., on the outer wall, where it can be measured, at the .gamma. =
      270.degree. position, and on the floor at the 90.degree. position (where
      measurement is not made, because the drive is applied to the floor). In
      critical mode operation the amount of the thrust diminishes towards the
      ideal in which it represents the resultant of the drive forces and machine
      friction, e.g., in supporting rollers, with negligible charge material
      friction, since the force which moves the charge through the apparatus
      will be almost entirely gravitational.
PAR  In general the rotation of the inner wall of the annular bed follows that
      of the outer wall, so that the annular bed revolves generally as one unit
      although the charge material is descending, as already described, in paths
      parallel to the walls. There are minor variations in the apparent rotation
      rate of the inner wall; if, as is preferable, the inner wall is mounted to
      be capable of some tilt away from the vertical axis in any plane,
      according to the attitude it tends to adopt in response to the prevailing
      thrusts, it will indeed assume a slight tilt, generally along the offset
      axis in the .gamma. = 0.degree. direction. This tilt, which affords a
      cushioning action for the charge material, involves a very slight
      eccentricity between the walls of the annulus, whereby the relative speed
      of the inner wall with respect to the nearest part of the outer wall
      increases and decreases in the course of each complete revolution. This
      tilt and speed variation accompanies a slight paddle-type action as the
      charge material revolves alternately through zones of slightly increasing
      and decreasing annular width.
PAR  A significant result of the ability of the walls to respond in a relatively
      free manner to thrusts which would otherwise be exerted on the charge
      material, is that the handling of the charge material is extremely gentle.
      In particular any tendency for charge material to form a bridge across the
      annular width, is cancelled by lack of support at the ends of the bridge,
      instead of culminating in damage to the charge.
PAR  The withdrawal action of the annular bed apparatus in the critical mode is
      to be contrasted with the discharge action of similar apparatus as
      operated hitherto.
PAR  If annular bed apparatus operating initially according to the invention is
      permitted to go out of the critical mode, for instance by too low a choke
      height, restricting the freedom of one of the walls or introducing
      degraded charge material into the bed (any one of which effects will bring
      about the others), a number of further significant changes occur in the
      behaviour of the apparatus and its charge, for instance:
PAR  1. The sector of the floor aperture rim, over which maximum discharge
      occurs, migrates from the .gamma. = 270.degree. position towards the
      .gamma. = 360.degree. position; instead of crossing the floor by way of
      the path of least effort, the solid charge waits to be forced off towards
      the end of the discharge stroke;
PAR  2. The position of maximum thrust on the outer wall also migrates from the
      .gamma. = 270.degree. position towards the .gamma. = 360.degree. position
      and the amount of thrust assumes relatively enormous values of an entirely
      different order from those encountered in the critical mode (see for
      instance the above mentioned Dravo Corporation U.S. Pat. No. 3,403,895);
      the power requirement rises steeply;
PAR  3. Whereas in the critical mode the circumferential lag between the outer
      wall and the floor approaches a value equal to the stroke length, and the
      effort involved in rotating the outer wall is minimal; when out of the
      critical mode the lag becomes less and the freedom of the walls to lag
      behind the floor is hindered by a tendency towards positive drive from the
      floor, through the charge; the inner wall may undergo considerable
      acceleration;
PAR  4. Grinding and crushing forces are applied to the charge material in the
      region of the choke such that the charge material will be degraded or the
      apparatus will suffer heavy wear, or both such effects will result
      together;
PAR  5. The movement and distribution of the solid charge material in the bed
      will become non-uniform in every sense, with sharp deterioration in gas
      flow control and performance generally and development of local phenomena
      such as hotspots; the apparatus becomes increasingly unpredictable and
      destructive whereas in the critical mode it is gentle, robust and easy to
      control.
PAR  In short, whereas in the critical mode the solid charge is primarily fed
      through the apparatus by the force of gravity, away from the critical mode
      the charge is fed through the apparatus primarily by applied motive power;
      the excess of the latter over the former in terms of energy finds
      expression in destructive effects.
PAR  In the critical mode, the charge material, having descended vertically down
      to the bottom of the annular bed, smoothly changes direction through
      90.degree. and progresses across the floor in an infinitely incremental,
      orderly manner. Moreover the operation of the apparatus in the critical
      mode, in any aspect of movement or performance, is continuous not only in
      the sense that it continues to occur, but also in the sense that any curve
      characterising its behaviour is free from discontinuities.
PAR  The practice of the present invention is not contingent upon the adoption
      of a particular theory of the mechanism of the smooth transition of the
      charge material through the choke region in the critical mode. The
      observed behaviour is, however, consistent with a choke transfer mechanism
      operating in the ideal case as illustrated in and referred to later with
      reference to the accompanying drawings.
PAR  In connection with the choke transfer mechanism it is observed that if the
      feed of solid charge to the annular bed apparatus is cut off at the source
      so that the machine begins to empty, the emptying process continues in the
      critical mode until there is an annular pile of material on the floor, the
      outermost upper surface of which is frusto-conical and at the .gamma. =
      0.degree. position coincides with the postulated choke interface whereas
      at the .gamma. = 180.degree. position it is parallel to that interface but
      drawn inwardly from it by the stroke length of the machine. The
      crescent-shaped area of floor then extending behind the charge material
      and against the outer wall from a point at .gamma. = 0.degree. to a
      maximum width equal to the stroke length at .gamma. = 180.degree. and back
      to a point at .gamma. = 360.degree., is substantially clean of charge
      material, but the machine is unable to empty itself any further. There is
      no material in the bed proper. We refer to this condition as the nominally
      empty condition. A similar machine relying on a pushing action for
      discharge, i.e., not in the critical mode, cannot empty itself to this
      extent.
PAR  The choke transfer mechanism is considered to act as follows in an annular
      bed apparatus filled with solid charge material and operating in the
      critical mode: when the floor is moving radially inwards relative to the
      annular bed during the filling stroke it carries with it all that solid
      charge material which lies under the choke interface, because by the
      definition of the critical mode the choke interface coincides with the
      effective angle of repose, or the angle of sliding friction, of the pile
      of solid material thus carried forward. As each part of the pile
      immediately under the choke interface makes an incremental movement away
      from the interface in a radial direction, a corresponding part of the
      material immediately above the first part across the interface is thereby
      permitted to fall by gravity to take the place of the first part. In the
      ideal case this action can proceed substantially without rearrangement or
      dilation of the charge.
PAR  During each filling stroke, therefore, a layer of solid charge is "peeled"
      off the bottom of the bed at the choke interface; this layer, brought away
      from the interface with negligible effort, has a length equal to half the
      (mean) circumference of the choke interface, and a cross-section which is
      a parallelogram having a vertical height equal to the choke height, a base
      equal to the stroke length and a side sloping at the effective angle of
      repose. A feed rate formula derived hereinafter on this basis is found in
      practice to agree within the limits of experimental error with data
      obtained on a wide variety of annular beds, varying in diameter from less
      than one metre to more than 10 metres and with an even larger range of
      throughput rates according to stroke length or rotation rate.
PAR  As the layer leaves the choke interface its place is taken by a layer of
      the same dimensions and sloping attitude, which has descended down the bed
      in the same attitude, at a rate of one layer depth (tan .phi. x stroke
      length) for each revolution of the bed, from an initial position at the
      top of the bed where proper feeding lays the solid charge down
      continuously at the effective angle of repose (of the feed). When the bed
      is operating in the critical mode the grading of the charge should not
      alter in the descent through the bed enough to cause any significant
      charge in the effective angle of repose.
PAR  The layer-by-layer advance of the charge material facilitates close control
      of its treatment in the bed, the layer depth being directly proportional
      to the stroke length, i.e., to the offset distance. The bed height can be
      held constant to within a tolerance of a fraction of the offset distance,
      by means of feedback regulation linked to the discharge applied to the
      supply device, instead of relying upon weighing. A bed top level variation
      of one layer depth, or one granule diameter can be achieved regardless of
      the mean path length of the bed material.
PAR  Maximum benefit is obtainable from this layer-by-layer treatment, by
      adopting a small offset distance, corresponding if desired even to a layer
      only one granule or nodule thick, so that the throughput is low per
      revolution but is brought up to the desired total rate by increasing the
      rotation speed of the bed.
PAR  All the work, e.g., heat exchange, or physical or chemical change, to be
      performed on the solid charge material by contraflow against updraught
      gas, is to take place within the bed proper where the descent of material
      is uniform and the residence time is uniform, i.e., above the choke
      interface. We consider now the movement of the charge material between the
      choke interface and the floor aperture, after that work has been done.
PAR  A given amount of solid charge material, while being carried by the floor
      in a radial direction towards the axis of the annular bed, i.e., towards
      the centre of a circle, must occupy progressively smaller circumferences
      of that circle. The volume of a given amount of the solid charge on the
      floor can be reduced only to a severely limited extent, so that the
      decrease in the circumferential direction or angular constraint, finds
      compensation in an increase in height of the pile of material, as referred
      to in more detail hereinafter with reference to the accompanying drawings.
      The above mentioned layer "peeled" from the choke interface accordingly
      shortens immediately in circumference in the act of being drawn from the
      bottom of the bed, and increases substantially correspondingly in height;
      each lump (granule or nodule) in the layer consequently follows a
      different radial path, making an angle with the floor which is the
      greater, the higher the lump in the initial position of the layer at the
      choke interface, until the path reaches the inner surface of the pile of
      charge material sloping down to the floor aperture rim at the effective
      angle of repose of the charge material. The angle of repose at this
      location will be very slightly greater than that under the choke in the
      critical mode.
PAR  Solid charge material entering the top of the operational bed close to the
      inner wall descends through the bed close to the inner wall, passes across
      the choke interface close under the choke point, rides at the top of the
      crater-shaped pile of charge material as it moves inwards over the floor,
      and slides finally down the inner slope, out through the discharge
      aperture.
PAR  Solid charge material entering the top of the operational bed close to the
      outer wall descends through the bed close to the outer wall, passes across
      the choke interface close to the bottom of the outer wall, and rides in
      contact with the floor to the discharge aperture.
PAR  The closer to the floor the material rides in the pile, the longer the time
      it spends in the pile; in the limiting case when the discharge aperture
      has maximum diameter the material at the top of the pile may be withdrawn
      in a single stroke of the apparatus whereas the material in contact with
      the floor remains in the pile for the duration of a number of strokes.
PAC  Stability Criterion
PAR  If R.sub.a is the radius of the discharge aperture in the floor;
PAR  R.sub.b is the radius of the `bowl` or outer annulus wall;
PAR  .sup.a is the annular width of the bed, i.e., the difference in the
      respective radii of the outer and inner walls of the annular bed;
PAR  .theta. is the angle of slope between the floor and the horizontal;
PAR  .phi. is the effective angle of repose of the charge material under the
      choke when the apparatus is operating in the critical mode; and if the
      effective angle of repose at the discharge aperture is assumed to be equal
      to .phi., and the offset distance is neglected as small in relation to
      R.sub.a and R.sub.b, the stability criterion may be expressed by the
      following relationship (2):
      ##EQU1##
      which specifies the maximum limit which must not be exceeded by the
      discharge aperture diameter if the bed is to be stable.
PAR  In general the discharge aperture diameter should not be more than the
      value determined by the stability criterion at the lowest expected angle
      of repose of the charge material, i.e., the angle corresponding to the
      best grading, which (because of the floor slope) requires the greatest
      floor width for stability. With this precaution the apparatus will remain
      stable if the grading deteriorates and the angle of repose consequently
      rises.
PAR  The pile of solid charge material carried on the floor radially away from
      the choke interface during the filling stroke, will tend to increase in
      height as it leaves the choke point, as will be more fully explained
      later. Ideally therefore the roof over the inwardly moving pile should
      slope upwardly from the roof periphery at the choke, to give relief, i.e.,
      to accommodate the increase in height. Further relief is afforded by the
      downward slope of the floor.
PAR  Inadequate relief has the effect of a horizontal choke, as distinct from
      the vertical choke of height h. Some horizontal choke effect will be
      present unless the choke point is sufficiently sharp in relation to the
      offset distance; any appreciable area of roof surface extending
      horizontally inwards from the periphery at the choke, will give rise to
      substantial horizontal choke effect, compressing the pile, with consequent
      risk of degrading the solid charge material and departing from the
      critical mode.
PAR  If horizontal choke effect is present, the discharge aperture should be as
      large as possible within the limits set by the stability criterion at
      minimum angle of repose.
PAC  Angle of Repose
PAR  The angle of repose of a sub-divided solid material may be measured in the
      direct sense by pouring the material on to a flat supporting surface, or
      by draining some material from a pile over the edge of a flat supporting
      surface; the angle of repose, i.e. the angle between the sloping side of
      the resulting pile and the supporting surface, may then be directly
      measured but the poured angle of repose will generally be found to differ
      from the drained angle of repose.
PAR  It is not assumed that the dynamic or effective angle of repose .phi. of
      the solid charge material under the choke will be exactly the same
      (although it will be approximately the same) as the angle of slope
      directly observed either inside the apparatus or in an external pile of
      the same material. The effective angle of repose is the angle which
      fulfils the primary relationship (1) when the annular bed apparatus is
      operating in the critical mode; hence the effective angle of repose may be
      determined by an indirect method wherein the apparatus is brought into
      operation in the critical mode by adjusting the choke height for a given
      annular bed width, whereupon the angle .phi. may be found by substituting
      the operative values of choke height and annular bed width in the primary
      relationship (1).
PAR  The detection of operation in the critical mode is in practice not
      difficult, because the observed behaviour of the apparatus is so markedly
      distinctive in that mode, for instance in respect of output size grading
      quality, power requirement and general ease of running. As will be clear
      from the description already given, of effects of operation in the
      critical mode, the establishment of that mode can be ascertained by
      reference to optimum achievement of any one of a number of these effects,
      for instance as follows:
PAR  1. the circumferential lag in annular bed rotation behind that of the
      floor, is as close to the ideal value as the apparatus is found to be
      capable of achieving with the floor-to-wall seal in a free running
      condition;
PAR  2. the direction of maximum lateral thrust on the outer wall approaches
      .gamma. = 270.degree. with respect to the offset axis as nearly as it can,
      and this maximum thrust reaches its lowest value;
PAR  3. any degradation suffered by the charge material is at a minimum;
PAR  4. the total drive power requirement is at a minimum;
PAR  5. the solid charge material is discharged over the edge of the floor
      aperture as near to the .gamma. = 270.degree. position as the apparatus
      will allow;
PAR  6. the treatment of the solid charge material reaches the peak of
      uniformity and the feed rate approaches closes to the relationship (3)
      hereinafter defined.
PAR  In so far as the scope of the invention may depend on the degree to which
      any one of these effects approaches the optimum condition, this degree can
      readily be related by experiment to the range of choke height permitted by
      the primary relationship.
PAR  Values of .phi. can accordingly be determined to characterise given
      materials so that further apparatus can be designed and operated on them
      according to the invention.
PAR  Accordingly the invention provides a method of measuring the effective
      angle of repose, which in view of the mechanism involved could be
      considered the ideal or natural angle of repose. When the annular bed is
      fed with granular, nodular or pelletised material larger than 5 mm. the
      subdivided solids which emerge from the apparatus can be assumed to have
      substantially the same particle size distribution as those at the choke.
      For all practical purposes these solids will be nodules or granules which,
      depending on their initial state and the degree of breakdown to which they
      have been subjected, will range in a continuous size grading from a size
      of at least 0.3 mm., more usually at least 1 mm., up to a size not
      normally exceeding 4 cm. The grading itself may range from a predominantly
      one-size grading (particles predominantly of one size) to an aggregate
      grading approaching that in which the widest range of sizes is
      represented.
PAR  These distributions are illustrated in the accompanying drawings and
      correspond to an angle of repose ranging respectively from 30.degree. to
      45.degree. in practice, for which tan .phi. may be taken to range from 0.6
      to 1.0. The subject of grading is dealt with further below.
PAR  Material below 0.3 mm. in size will in general be removed from
      consideration by the flowing gas, being either held in suspension in the
      upper parts of the individual voids between granules or cleaned right out
      of the bed. Given sufficient gas pressure or fan suction, the annular bed
      can handle even the most seriously degraded material as long as the
      critical mode is maintained.
PAR  It has been found, however, that the values of .phi. thus obtained as
      described above, are related to other, measurable, parameters and that the
      latter can therefore be usefully adopted in the practice of the invention
      in the place of .phi..
PAR  Thus tan .phi. is found to have a substantially linear relationship,
      illustrated in the accompanying drawings and obtainable by experiment,
      with the bulk density .gamma..sub.B of the solid charge material at the
      point of discharge. This relationship applies satisfactorily over a range
      of specific gravity of from 1.5 to 4.0. This bulk density can, of course,
      be readily determined from the observed volumetric and mass feed rates
      determined at the discharge outlet.
PAR  Accordingly the invention provides a method of operating annular bed
      apparatus of the type described, wherein the primary relationship (1) is
      fulfilled for a value of .phi. corresponding to the observed bulk density
      of the discharged material.
PAC  Feed Rate Relationship
PAR  The volumetric feed rate equation obtained by considering the volume of the
      layer withdrawn under the choke in the critical mode in each complete
      revolution, is as follows. It is appreciated that the derivation of this
      equation, illustrated in the accompanying drawings, assumes that the choke
      transfer mechanism operates as postulated above; the significance of the
      equation lies, however, in its good conformity with observed data:
EQU  V.sub.r = 2 .pi. e (R.sub.m -  e)(h + a tan .theta.)       (3)
PAL  where
PA1  V.sub.r is the volume fed per revolution;
PA1  e is the offset distance (eccentricity, or half stroke length);
PA1  R.sub.m is the mean radius of the annular bed, or (R.sub.b - a/.sub.2 );
PA1  h is the choke height;
PA1  a is the annular width between the inner and outer walls;
PA1  .theta. is the angle of slope of the floor below the horizontal.
PAR  The mass feed rate is accordingly, for the solids contemplated herein,
      given by the following equation where M.sub.r is the mass per revolution:
EQU  M.sub.r = 2.pi. r.gamma..sub.B (R.sub.m - e)(h + a tan .theta.)
PAR  If we regard the small component of this feed which actually moves out of
      the bed in the filling stroke by virtue of the floor slope under the bed,
      merely as a relief for the choke effect and allow a first approximation,
      neglecting e in relation to R.sub.M, we have
EQU  M.sub.r = 2 .pi. e .gamma..sub.B R.sub.m h                 -(3A)
PAC  grading
PAR  Another parameter which may be adopted in place of .phi., and furthermore
      affords important linking relationships with other important parameters is
      the grading factor P as applied to the solid material at the point of
      discharge. The grading factor expresses the ratio by weight or volume in a
      sample of the granular solid material between (a) the fraction which
      exceeds a first predetermined size (e.g. 1 inch) and (b) the fraction
      which is smaller than a second predetermined size (e.g., 3/8 inch) which
      would fit the interstitial voids of the first fraction. The ratio may be
      expressed for instance as +1/-3/8 (inch) or +25/ -10 (mm); another example
      of grading factor useful in coke assessment is +40/-10 (mm).
PAR  In the present description we assume for simplicity that the granular or
      nodular charge materials are homogeneous with respect to the specific
      gravity of the individual granules or nodules, so that P may be rendered
      equally by weight or volume; if mixed materials are treated, it is of
      course necessary to compensate accordingly.
PAR  Although the advantages of the present invention may be obtained with
      granular or nodular materials in general, they are secured to an
      increasing degree as the grading improves towards a single-size grading,
      i.e., approaches a high grading factor P.
PAR  Attention to measures which will increase the grading factor of the initial
      feed will therefore be beneficial to an important degree.
PAR  The effective angle of repose .phi. varies with the grading factor P in a
      manner which can readily be calibrated from observed analyses: with
      increasing grading factor the angle of repose decreases to values near
      30.degree., with the corresponding reduction in bulk density due to
      increased voidage. The calibration is also illustrated in the accompanying
      drawings.
PAR  Accordingly the invention provides a method of operating annular bed
      apparatus of the type described, wherein the primary relationship (1) is
      fulfilled for a value of .phi. corresponding to the observed grading
      factor of the discharged material.
PAR  The grading factor expressed as +1/-3/8 (inch) gives a range of values from
      about 0.06 to 60, for graded material ranging respectively from aggregate
      to that for which .phi. = 30.degree..
PAR  A useful relationship exists not only between P, .phi. and .gamma..sub.B as
      indicated, but also with d.sub.m, the mean (granule or nodule) particle
      diameter in the charge material. The various relationships which can be
      established between parameters of the annular bed and of its operation,
      when in the critical mode, enable the designer or operator to determine
      any or all of them; the grading factor P is a most useful linking
      parameter of the charge material to be treated, in several such
      relationships as more fully set forth hereinafter.
PAC  Gas Flow
PAR  If the distribution and movement of granular or nodular solid material in a
      gas-solid contactor is not uniform it is impossible to provide uniform gas
      flow or uniform treatment of the solid by the gas. On the other hand, if a
      granular or solid material is distributed, and moves, in a uniform and
      regular manner in a descending bed, it is possible to approach
      substantially uniform treatment of the solid by updraught gas if the gas
      is supplied to the bed in a properly distributed way, so that true
      contraflow is obtained through the full height of the bed.
PAR  In the annular bed apparatus of the present invention, the bed extends by
      definition (corresponding to operational fact) from the top surface of the
      charge of material down to the choke interface. When the bed is operating
      in the critical mode, the solids flow determines the gas flow and the
      resulting gas flow is found to be remarkably uniform. Evidence of this
      aerodynamic levelling is found for instance in uniformity of product, such
      as pelletised coal carbonised to coke in an annular kiln operating in the
      critical mode; in the feasibility of correlation factors linking the gas
      pressure drop .DELTA.p in the bed (total restriction R divided by bed
      height H) and the grading of the solid charge, characterised for instance
      by a grading factor P or mean particle diameter d.sub.m or by .phi.; and
      in the attainment of substantially equal temperatures at points across the
      bed width.
PAR  The bed of granular or nodular material, i.e. above the choke interface, is
      mobile, "live" and reaches maximum permeability to gas, during the filling
      stroke; during the discharge stroke, the bed material being static, its
      permeability to gas is lower. In this description, references to .DELTA.p
      or R relate to the mean values for the whole annulus. It will be
      appreciated that although the bed rotates, the filling sector and
      discharge sector each remain oriented in one direction relative to the
      ground. It must be understood that unless the bed is actually rotating,
      the critical mode cannot be established and there is no possibility of
      achieving satisfactory gas flow.
PAR  During the filling stroke the pile of material on the floor is accelerated
      away from the choke interface with consequent reduction in bulk density
      whereas in the discharge stroke that part of the pile adjacent to the
      choke interface remains virtually static (in relation to the bed). The
      point of entry for gas is normally the solids discharge aperture but it
      could be supplied additionally through a suitable inlet or burner in the
      roof of the dome; in any event the gas, whether supplied under pressure or
      induced by suction, is first confronted by the crater slope of the pile of
      solid granular or nodular material. The shortest path to the outlet at the
      top of the bed would take the gas close to the choke, but because the
      acceleration of the pile away from the choke interface lowers the local
      bulk density, i.e. opens up that part of the pile, an effect is produced
      of a "plenum" chamber into which gas readily flows and equalises across
      the bottom of the bed. From all points on the botton of the bed (as
      defined herein) the paths to the surface are equal with no preferred
      channels except for relatively minor wall effects. The result is as if the
      gas had been supplied through a multichannel spreader or distributor
      designed to emit gas at a uniform pressure into all parts of the filling
      sector of the bed bottom (.gamma.= 0.degree. to 180.degree.).
PAR  Gas permeability and uniformity is further assisted by the fact that,
      because of the plenum effect, the charge material descending from the
      annular bed towards a retreating surface of the pile, is also falling
      against the upcoming gas stream which may well represent the same order of
      mass flow rate as that of the solid charge; consequently the dust
      entrapped in the bed must be held at the upper surfaces of the
      interstitial voids in the bed, not only improving permeability but
      encouraging the maintenance of the true angle of sliding friction .phi. at
      the choke interface. In ways such as this operation within the critical
      mode tends to sustain itself whereas by contrast, departure from the
      critical mode tends to worsen automatically; the 10 percent permitted
      increase in choke height above the value satisfying primary relationship
      (1) fairly represents the cross-over point between those opposed
      tendencies.
PAR  The readiness with which uniform gas behaviour can be attained is, of
      course, to some extent dependent upon good grading (high P value) but the
      annular bed in the critical mode performs better than other types of bed
      even with badly degraded material.
PAR  Operation in the critical mode renders possible the correlation of gas flow
      directly or indirectly with all other parameters of the bed. This may be
      achieved in various ways ascertainable in principle from case to case but
      applicable only by virtue of the uniform nature of the flow. For instance,
      in the majority of uses envisaged for such annular bed apparatus, the
      treating gas will be supplied at temperatures substantially within the
      range from 800.degree. to 900.degree. C., and for a typical gas
      composition it is found that the following relationship agrees with
      observed data from annular bed plants of the most widely varied sizes and
      throughput rates:
      ##EQU2##
      where R is the gas flow restriction in the bed, in inches (water gauge); H
      is the height of the bed, in inches;
PA1  G.sub.a is the mass gas flow per unit area, in pounds per minute per square
      foot (of annulus cross-section);
PA1  P is the grading factor, + 1 inch/- 3/8th inch.
PA1  (R/H = .DELTA. p)
PAR  The following Table 1 shows a comparison of calculated values with actual
      values obtained with a variety of granular solids such as iron ore, and
      cement, at various gradings. The numbers given in the first column refer
      to the numbered curves in FIG. 11, and the actual values correspond with
      FIG. 17, both described later herein.
TBL                TABLE 1                                                     
     ______________________________________                                    
     No.    P            Actual      Calculated                                
     ______________________________________                                    
     1      0.076        1.0         0.950                                     
     2      0.42         0.734       0.728                                     
     3      4.5          0.475       0.475                                     
     4      12.5         0.402       0.402                                     
     5      60           0.308       0.308                                     
     ______________________________________                                    
PAR  Although satisfactory for most practical purposes, the approximation
      involved in the correlation (5A) causes a noticeable deviation in some
      cases, particularly in the region of the dotted lines in FIG. 17. A better
      approximation is obtained in the following correlation in the derivation
      of which the Reynolds Number has been taken into account:
      ##EQU3##
      where R is the gas flow restriction,
PA1  H is the bed height,
PAL  and
PA1  R/h = .DELTA.p is measured in inches water gauge per  inch of bed or in
      centimetres water gauge per centimetre of bed;
PA1  W.sub.t is the superficial gas velocity in meters per second at temperature
      t, in this case taken as 800.degree. C.;
PA1  .nu..sub.t is the kinematic viscosity of the gas at temperature t, taken as
      800.degree. C.;
PA1  d.sub.m is the mean particle size of the solid charge material, in metres.
PAR  This relationship (5A) can be expressed in the form:
EQU  R/H = k.sub.1 . W.sub.t.sup.1.33 / d.sub.m.sup.1.67        -(5C)
PAL  where k.sub.1 is a constant which can be determined for the given gas.
PAR  By way of example, and using the relationship illustrated in FIGS. 13 and
      16 between P and d.sub.m, explained later herein, we find that for nodular
      cement-making materials, in an annular kiln supplied with gas at the rate
      of 0.71 metres/second at 800.degree. C., .nu..sub.t being 140 .times.
      10.sup..sup.-6 m.sup.2 /sec, for material of relatively poor grading,
PA1  P = 1.0; r/h = 0.912 cms/cm. or ins/in; for material of above average
      grading,
PA1  P = 10.0; r/h = 0.520 cms/cm. or ins./in.; for material of good grading,
PA1  P = 60; r/h = 0.294 cms/sm. or ins./in.
PAR  It will be noted that relationship (5A) is expressed in terms of British
      units of measurement whereas relationship (5B), (5C) is based on metric
      units. For purposes of conversion, 0.71 kg/sec/m.sup.2 = 10
      lb/min/ft.sup.2 ; and in the case of typical combustion gas used in kilns,
      at 800.degree. C., one kg/sec/m.sup.2 corresponds to one metre per second.
PAR  A graph of relationship (5B) or (5C) showing R/H versus W.sub.t between
      logarithmic co-ordinates provides a group of parallel lines, each for a
      particular grading factor P (corresponding to a particular value of
      d.sub.m), which agree very well with data observed on a wide range of
      sizes of bed and rates of throughput.
PAR  The following comparison in Tables 2 and 3 between two operational runs in
      the same annular kiln shows not only close agreement between actual values
      of R/H and those calculated from relationship (5B), but also the sharp
      deterioration in R/H when the kiln departs from the critical mode.
PAC  TABLE 2
PAL  Conditions:
PAR  Operating in critical mode; tan .phi. = h/a.
PAR  Output = 22-23 tons per hour, clinker.
PAR  Mass gas flow G = 2000 lb/min.
PAR  G/.sub.A = 8.3 lb/min/ft..sup.2 (A = annulus area)
PAR  W.sub.t = 0.59 m/sec.
PAR  .nu..sub.t = 140 .times. 10.sup..sup.-6 m.sup.2 /sec.
TBL  ______________________________________                                    
     Hours P        Mean lump  R      Restriction,R/H                          
     from  +1"/-1/8"                                                           
                    diameter   (actual)                                        
                                      ins/in or cms/cm                         
     start          d.sub.m.sup.1.67                                           
                               ins.                                            
              millimeters                                                      
                       water    Actual  Calculated                             
     ______________________________________                                    
      3    2.6      9.1        6.6    0.275 0.275                              
      5    2.3      8.9        6.9    0.288 0.282                              
     10    2.1      8.0        7.5    0.313 0.313                              
     15    1.8      7.5        8.0    0.334 0.334                              
     20    1.7      7.1        8.7    0.363 0.352                              
     30    1.4      6.0        9.9    0.412 0.418                              
     35    1.2      5.2        10.5   0.438 0.480                              
     40    1.1      4.9        11.1   0.462 0.510                              
     50    1.0      4.5        12.3   0.512 0.556                              
     60    1.0      4.5        13.5   0.562 0.556                              
     ______________________________________                                    
                  2500 .times. 10.sup.3                                        
            R/H =                   ins/in.                                    
                  d.sub.m.sup.1.67                                             
PAC  TABLE 3
PAL  Conditions:
PAR  tightness at choke, excessive compaction;
PAR  h &lt; a tan .phi., not in the critical mode; Output: 17-19 tons per hour
      clinker Mass gas flow G = 1900 lb/min.; G/A = 7.9 lb/min/ft.sup.2 ;
      W.sub.t = 0.56 m/sec; .sub..nu.t = 140 .times. 10.sup..sup.-6 m.sup.2
      /sec.
TBL  ______________________________________                                    
     Hours P        Mean lump  R      Restriction,R/H                          
     from  +1"/-1/8"                                                           
                    diameter   (actual)                                        
                                      ins/in or cms/cm                         
     start d.sub.m.sup.1.67                                                    
                    ins.                                                       
              millimeters                                                      
                       water    Actual  Calculated                             
     ______________________________________                                    
      3    2.1      8.3        11.4   0.518 0.278                              
      5    --       --         11.6   0.526 --                                 
     10    2.0      8.0        12.1   0.550 0.288                              
     15    1.7      7.1        12.6   0.573 0.324                              
     20    1.8      7.3        13.1   0.596 0.316                              
     25    --       --         13.6   0.619 --                                 
     30    1.3      5.6        14.1   0.640 0.410                              
     35    --       --         14.6   0.664 --                                 
     40    1.1      4.9        15.1   0.687 0.470                              
     45    --       --         15.6   0.709 --                                 
     50    1.0      4.9        16.5   0.750 0.470                              
     ______________________________________                                    
                  2300 .times. 10.sup.-.sup.3                                  
            R/H =                   ins/in.                                    
                  d.sub.m.sup.1.67                                             
PAR  Comparison of the respective R/H values shows a consistent approximately 50
      percent increase in gas restriction due to tight feeding and choke
      compression effects, over that appropriate to the critical mode.
DRWD
PAR  The invention is further illustrated with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a cross-sectional side elevation, taken in the plane of the
      offset axis, of an annular kiln in which the invention may be practised;
PAR  FIG. 2 is a schematic plan view of the three major components of annular
      bed apparatus, i.e. floor or hearth, outer wall or bowl, and inner wall or
      dome, showing aspects of their relative motion, and of charge material
      therein in the critical mode;
PAR  FIG. 3 is a schematic vertical section through the choke region of annular
      bed apparatus, useful in establishing the stability criterion (2) in the
      critical mode;
PAR  FIG. 4 is a schematic vertical section through the choke region of annular
      bed apparatus, useful in establishing the feed rate relationship, in the
      critical mode;
PAR  FIG. 5 is a modification of FIG. 4, useful in establishing the volume fed
      in the discharge stroke in the critical mode;
PAR  FIG. 6 is a graph showing observed data from a wide range of annular kilns
      in the critical mode, in relation to a line representing feed rate
      relationship (3);
PAR  FIG. 7 is a schematic vertical section through the choke region
      illustrating the movement of a pile of material on the annular floor in
      the filling stroke, in the critical mode;
PAR  FIG. 8 is a chart showing residence time of charge material in an annular
      bed in relation to radial position in the bed, in the critical mode;
PAR  FIG. 9 is a graph showing log (bulk density) against log tan .phi.;
PAR  FIG. 10 is a graph showing bulk density against tan .phi.;
PAR  FIG. 11 is a chart of a series of five continuous gradings of granular
      material;
PAR  FIG. 12 is a graph between linear co-ordinates showing tan .phi. against
      grading factor P (+ ; inch/- 3/8th inch);
PAR  FIG. 13 is a graph between linear co-ordinates showing mean particle
      diameter d.sub.m against grading factor P (+1 inch/- 3/8th inch);
PAR  FIG. 14 is a graph between linear co-ordinates showing tan .phi. against
      mean particle diameter d.sub.m ;
PAR  FIG. 15 is a chart of the series of five continuous gradings of FIG. 11 but
      on a logarithmic probability scale;
PAR  FIG. 16 is a graph between logarithmic co-ordinates showing tan .phi. and
      mean particle diameter against grading factor, in the critical mode;
PAR  FIG. 17 is a graph between linear co-ordinates showing gas restriction
      against mass gas flow at various grading factors, in the critical mode;
PAR  FIG. 18 is a geometrical diagram useful in determining scaled dimensions of
      an annular bed apparatus for operation in the critical mode.
DETD
PAR  Referring to FIG. 1 the apparatus shown therein comprises an annular floor
      or hearth 1 of refractory material supported on a base plate, constituting
      the hearth of an annular processing chamber generally indicated at 24
      which is defined by outer and inner wall parts 2 and 2' respectively, and
      through which solid granular or nodular material to be dried, heated,
      cooled or otherwise processed, is passed. The floor or hearth 1, the inner
      wall 2' and the outer wall 2 are separately mounted for rotation, the
      hearth about an axis x and the walls about an offset axis y.
PAR  The chamber 24 is closed at the top by a stationary annular cover plate 40
      secured to the superstructure 39 which is supported by uprights 18.
PAR  The cover is arranged to close the chamber in an air tight manner by means
      of downwardly depending flanged plates 41 which extend into the
      liquid-filled troughs 31 and 32, which are built in respectively to the
      wall structure of the outer and inner walls 2 and 2'. Overhanging guard
      plates may be provided if desired, to minimise loss of sealing medium by
      evaporation in the event of it being a liquid, and to exclude the ingress
      of dirt and dust. Liquid, preferably water, for the sealing troughs 31 and
      32 is constantly supplied by pipes to maintain the troughs filled to the
      level of overflow pipes which discharge into a drain trough (not shown)
      secured to the uprights 18 of the superstructure.
PAR  The hearth 1 is built on a frame which on its underside is provided with a
      circular running band or track 9', by which the hearth is rotatably
      supported on a plurality of rollers, one of which is indicated at 9,
      mounted to revolve in brackets (not shown) supported on the floor. To
      confine movement of the hearth 1 to rotation about the axis x a plurality
      of circumferentially spaced thrust rollers 8 are provided to engage the
      lateral wall of the band 9'. The rollers 8 are laterally adjustable by
      means of screws along radially aligned guideways (not shown).
PAR  The hearth 1 is arranged to be driven by means of an electric motor M
      driving through suitable reduction gearing G, a pinion 33 which meshes
      with a toothed driving band 34 on the outer perimeter of the hearth 1.
PAR  The outer wall 2 is provided with a tyre 15 by which it is rotatably
      supported on rollers 16 mounted on the uprights 18 to revolve on radially
      aligned horizontal axes. Means (not shown) incorporating screws are
      provided to enable the rollers 16 to be vertically adjusted. Movement of
      the outer wall 2 is confined to rotation about the y axis by lateral
      thrust rollers 17, and upward movement of the outer wall is prevented by
      engagement on its upper side with a second set of rollers, 16'.
PAR  The inner wall 2' is united with a roof structure 25 which spans the centre
      of the hearth to define and enclose a space thereabove. The roof structure
      comprises a framework 26 lined on its underside with refractory material
      25', and suspended by a central tubular rod or king-pin 27 which is
      attached to a spindle 37 suspended to revolve in a central bearing 38. The
      bearing 38 in turn is carried by the superstructure 39. Thrust rollers 44
      mounted to revolve about vertical axes on a series of circumferentially
      spaced brackets 47 depending from the superstructure 39, engage a circular
      rail 45 fast with the framework 26 of the roof structure, to ensure that
      the roof structure rotates about the axis y and is prevented from excess
      lateral movement.
PAR  Material to be treated is supplied to the processing chamber 24 via a valve
      device 105 mounted over an aperture in the cover 40. The apparatus is
      depicted as a cross-section on the offset axis, so that in fact the valve
      will not be in the position shown but in a corresponding position rotated
      behind the plane of the drawing about 90.degree. about the axis y. The
      material is fed in through a chute 115 to deflect the material towards the
      inner wall 2' and allow it to build up into a bed supported by the hearth
      1 and contained between the walls 2 and 2' as described in the foregoing
      general description.
PAR  No provision is made for positively rotatably driving either the inner wall
      2' or the outer wall 2. When the apparatus is in use, as already
      explained, and the chamber 24 filled with material, drive will be
      transmitted to the walls by the charge material in contact therewith and
      resting on the hearth which will be driven in rotation.
PAR  Upon such rotation, as explained at the outset, due to the offset between
      the axes x and y, the hearth and chamber rotate eccentrically with the
      result that material is continuously peeled off the bed on hearth 1 and
      passes out through a central discharge opening 5 provided in the hearth 1
      and concentric therewith.
PAR  Processing gases, for example hot gases issuing from a kiln, are supplied
      to the apparatus via a shaft S, through the discharge opening 5, a liquid
      or other suitable seal being provided between the shaft S and the hearth 1
      as indicated at 30. A further seal is provided between the lower end of
      the outer wall 2 and the hearth 1 as indicated at 35. From the space above
      the hearth enclosed by the roof structure 25, into which they are
      initially introduced, the processing gases are of course constrained to
      pass through the bed of material in contraflow thereto, the gases finally
      being withdrawn or allowed to escape from the processing chamber via one
      or more flues or ducts as indicated at 48 for convenience although they
      will not in practice be over the offset axis.
PAR  It will be seen that by the provision of a stationary cover 40 for the
      processing chamber 24, independent of the main roof structure 25, the
      framework 26 of the latter and the upper surface of the roof proper, is
      open to the atmosphere.
PAR  The roof lining 25' has a peripheral skirt portion 28 which provides for
      relief where solid charge material should rise after leaving the choke
      point located at 29.
PAR  Further details of the structure and significance of parts of the apparatus
      of FIG. 1 will become apparent from the following description of the other
      Figures. It will be appreciated that in order to provide for adjustments
      in operation, there should preferably be provided screw means or other
      suitable devices, for raising or lowering the roof 25, and for increasing
      or decreasing the offset xy, in a continuously controlled manner; as well
      as bed level detection means to sense the level of the top of the bed,
      most preferably associated with bed level recording means.
PAR  The positions X, O, O' and X' are explained in connection with FIG. 2.
PAR  Other embodiments of apparatus which may be employed in the practice of the
      present invention are illustrated in the above mentioned British Patent
      Specification 1,059,149 and U.S. Pat. No. 3,331,595; it must be borne in
      mind, however, that such apparatus can be used only if it is constructed
      so that (a) the inner wall, outer wall and hearth are independently
      rotatable, and (b) the dimensions are capable of fulfilling the conditions
      set by the primary relationship (1).
PAR  In FIG. 2, there is represented in plan the circular floor or hearth 1 of
      an annular bed apparatus useful in the invention, with a concentric
      discharge aperture 5, the centre of the hearth being at 0'. The outer wall
      2 and the inner wall 2' of the annulus are centred on 0.
PAR  The radius of the hearth 1 is shown as R.sub.h, the radius of the outer
      wall 2 as R.sub.b (bowl), and the radius of the inner wall 2' as R.sub.d
      (dome) and the radius of the discharge aperture 5 as R.sub.a.
PAR  As the hearth 1 rotates in the sense indicated by the arrow, it revolves
      through an angle measured by .gamma.. The angle .gamma. is shown as
      representing either the rotational position of hearth 1 or of the outer
      wall 2, regardless of the discrepancy due to the offset distance e between
      the respective centres 0, 0', because the value of e,  exaggerated for
      clarity in the drawing, is in practice small in relation to R.sub.h and
      R.sub.b, so that for instance the respective positions .gamma. =
      270.degree. on both floor and wall are in fact substantially the same.
      OO', or AA', is the offset axis.
PAR  During rotation of the charged apparatus, a point on the surface of floor 1
      at X on the offset axis immediately under the outer wall 2, i.e. at
      .gamma. = 0.degree., will pass round to point X', i.e. at .gamma. =
      180.degree., as the floor rotates through 180.degree.. This semi-circular
      pass indicated by the dotted line is the filling stroke during which the
      floor withdraws radially inwards from under the wall 2 so that X' at
      .gamma. = 180.degree. is a distance 2e from the wall 2. Material resting
      on the floor is carried inwards on the floor at a radial velocity which in
      the critical mode increases and decreases as already described under
      "Withdrawal Action," reaching a maximum at .gamma. = 90.degree..
PAR  During further rotation through a semicircle, the point at X' returns to X,
      now undercutting material resting on the floor because the material
      revolves in this half circle about centre 0, under the constraint of the
      bed behind it, instead of about centre 0' and in so doing, either in the
      same revolution or a later one, reaches and drops through aperture 5.
      Thus, solid material which descended through the bed close to the outer
      wall 2 and has arrived at point X on the floor, will proceed without
      undergoing any sudden change in momentum, along a path P until it reaches
      the discharge aperture. Owing to a distortion effect of the exaggerated e
      in the drawing, and also because no allowance has been made for slip in
      drawing this locus which centres about 0 and 0' in alternate semicircles,
      the discharge point happens not to be at or near .gamma. = 270.degree.
      position where in practice, in the critical mode, it would most probably
      be.
PAR  In fact, in the critical mode, when the point on the floor 1 has travelled
      once from X, through X' and back to X, it will be found that the point on
      the outer wall 2 which was at X at the start of this revolution has by the
      end of the same single revolution of the floor through 360.degree., only
      reached B, which represents circumferentially measured lag of 2e of the
      wall, behind the floor. In the same revolution a corresponding point on
      the inner wall 2', starting on the offset axis at C, would only reach the
      point D.
PAR  By reference to FIG. 1 it will be seen that, as viewed in a vertical
      cross-section that moves round with the apparatus, the movement of any
      given granule or nodule in the charge material relative to the apparatus,
      will be a descent down the vertically extending bed, followed by passage
      in a more or less horizontal direction over the floor; the path of the
      material thus turns through 90.degree. in the region of the choke. It is
      important to realise, however, that the situation is not that of granular
      materials passing round a right angle bend in a pipe, but of granular
      materials in paths undergoing a smooth directional transition, the angle
      of deviation at any given point not being more than tan.sup..sup.-1
      (e/R.sub.d).
PAR  It will be appreciated from FIG. 2 that a granule descending in the bed
      thereby describes circles about 0; on reaching the floor (or, more
      generally, the choke interface) in a filling stroke the granule begins to
      describe a circle about 0' until it crosses the offset axis whereupon it
      reverts to a circular path about 0 of smaller radius than its previous
      circle about 0. The granule is thus subjected to steps of increasing
      radial acceleration when it reaches the choke, the change of acceleration
      being relatively slight, and giving rise only to a small angle of
      inflexion in the path even at the maximum position (.gamma. = 90.degree.).
      Moreover the angle of approach between the granule and the floor (or
      material resting on the floor) is very shallow, being proportional to 2 e
      tan .phi. divided by the circumference of the apparatus.
PAR  In the critical mode, the maximum lateral thrust on the outer wall bears a
      linear relationship to the charge weight and should be found at T, i.e.
      where .gamma. = 270.degree.. The movement of the line of maximum thrust
      can be readily determined in stereogrammetric manner by means of two or
      more thrust meters placed at suitable peripheral points. In annular bed
      apparatus departing from the critical mode, the line of thrust not only
      moves round towards the .gamma. = 360.degree. position but increases
      steeply to values which may be of the order of ten times the optimum
      value. If the thrust line moves round as far as the offset axis, the
      actual offset may be cancelled out by the distortion of the machine
      towards a concentric condition, with consequent loss of feed.
PAR  In spite of tilting of the inner wall in response to thrust forces within
      the critical mode, .phi. may be taken in any radial vertical plane.
PAR  FIG. 3 shows the geometrical relationships which determine the maximum
      discharge aperture diameter according to the stability criterion (2). The
      figure represents the region of the choke in apparatus such as that of
      FIG. 1, in vertical radial cross-section, at the .gamma. = 0.degree.
      position, where the discharge aperture 5 is nearest to the inner wall 2',
      during operation in the critical mode.
PAR  In FIG. 3, BZ represents the horizontal from the floor periphery at B (more
      strictly the outer wall bottom). CY represents the vertical choke height
      (h) and BN represents the annular width (a). The angles of repose .phi.
      (NBC) and (NMC) are assumed to be equal. The error due to this
      approximation lies in the direction of smoother and more stable operation.
      The distances BN and NM are therefore each equal to (a). The floor slope
      angle is .theta. to the horizontal. .
PAL  Hence:
      ##EQU4##
      MZ = MY.cos .phi. and
PA1  R.sub.a +  e &lt; R.sub.b - BZ if the bed is to be stable.
PAL  whence
      ##EQU5##
      where R.sub.a = radius of discharge aperture,
PA1  R.sub.b = radius of outer wall,
PA1  e = offset distance.
PAR  The degree of offset e is limited by the stability criterion for a given
      value of R.sub.a ; however, because .phi. (NMC) is in practice greater
      than .phi. (NBC), and e is small in relation to R.sub.a, we have as an
      approximation:
      ##EQU6##
PAR  Stability in respect of operational characteristics is also favoured by
      adopting a bed height H measured vertically from the choke interface BC to
      the bed top parallel to BC, of at least h cot .phi. (=a) or more
      preferably 2h.
PAR  In the event (A) that R.sub.a is too large in relation to .phi., a
      condition of running off sets in, illustrated in FIG. 3 in broken lines.
      If the angle of repose .phi. becomes equal to angle NBW, then the slope of
      the top of the pile down to the aperture will become WY, so that material
      which is in the bed above the line VW will slide off, for instance along
      the line TMU, and fall through the aperture 5. In this manner the material
      in the bed flows out at an excessive and uncontrollable rate, not in the
      critical mode; running-off occurs more or less all round the periphery of
      the discharge aperture, creating a rotating funnel of falling material.
      This condition can only be cured by lowering inner wall 2'.
PAR  FIG. 3 also illustrates the tight choke condition brought about (B) when h
      is not high enough in relation to .phi.. If .phi. becomes the angle NBQ,
      for instance by the introduction of degraded material, it will be found
      that charge material remains static above the level QC against the inner
      wall 2'. This behaviour is consistent with a migration of the choke point
      C to the point Q, with a choke transfer mechanism operating as already
      described above and further illustrated in FIG. 4, but on the basis of a
      choke interface at BQ instead of BC, so that the machine feeds only across
      the line BQ. When the floor moves to the right, as in the filling stroke,
      there is no way for material above QC to descend.
PAR  As a result, compression of the charge occurs in the choke region, the feed
      rate falls severely and the apparatus departs from the critical mode with
      the results hereinbefore enumerated, such as the migration of the maximum
      discharge point and maximum lateral thrust line from .gamma. =
      360.degree.. The dead area above QC rapidly becomes solid with dust and
      other debris as the gas flow fails in that region, and the restriction R/H
      becomes relatively higher. This condition can only be cured by raising the
      inner wall 2'.
PAR  Under condition (A) or (B) the conditions for proper heat exchange between
      gas and solid are contravened.
PAR  FIG. 4 illustrates the derivation of a feed rate equation. It is postulated
      that material at the choke interface BC as described with reference to the
      choke transfer mechanism, is drawn during one revolution (actually in the
      filling stroke) of the floor through a stroke length 2e to the position
      ED. Put another way, the cross-section of the layer peeled off the bed in
      one revolution (as described under "Withdrawal Action") is parallelogram
      BCDE.
PAR  In practice, as more fully illustrated in FIG. 7, material at C will rise
      along line CC' during the filling stroke because of the effects of the
      angular constraint suffered by the material while advancing radially
      towards one centre. The error introduced over the relatively short length
      2e may be ignored, but because of the angular constraint effects, the
      position D' reached by material from C in two revolutions of the floor
      will be higher than C'; depending on R.sub.a, i.e. on the floor width, the
      material over the floor will require a greater or lesser number of
      revolutions of the floor in order to reach the fall-off position on the
      slope down to the aperture 5. Nevertheless the feed rate will be the same,
      as already discussed, regardless of R.sub.a as long as the latter is not
      too big or too small. Consequently the dimensions of the quantity of
      material which slides off the pile into the discharge aperture 5 in one
      revolution of the floor cannot be directly ascertained. In fact the
      quantity must be the same as that which passes across the choke interface.
PAR  R.sub.m, the mean annular radius is equal to 1/2(R.sub.b + R.sub.d) where
      R.sub.b is the outer wall radius and R.sub.d is the inner wall radius.
PAR  It must be remembered that the volulme fed across the choke interface, or
      the layer of cross-section BCDQ, is only semicircular per revolution of
      the floor (as a result of the respective filling and discharge strokes).
      The volume of the frusto-conical semi-ring of cross-section BCDE can be
      ascertained in various ways, e.g. as half the product of the area of the
      choke interface .pi. S(R.sub.b + R.sub.d -  e) where S is the length BD =
      h/sin .phi., and the layer thickness 2e sin .phi.; or as half the product
      of the mean circumference 2.pi. (R.sub.m - e) and the layer
      cross-sectional area 2eh, or by integration for a ring volume from 0 to
      .pi..
PAR  Accordingly the volume fed per revolution in the filling stroke, V, is:
EQU  V.sub.1 = 2.pi.e h (R.sub.m - e)
PAR  In FIG. 5, parts of FIG. 4 are shown with a highly exaggerated floor slope
      .theta.. By geometry, from FIG. 5 following reasoning analogous to that
      relating to FIG. 4, it is evident that a small volume V.sub.2 is fed past
      the choke interface during the discharge stroke. This volume V.sub.2 helps
      to relieve the choke and has a layer cross-sectional area BEFG, given to a
      close approximation by:
EQU  V.sub.2 = 2.pi.e a tan .theta. (R.sub.m - e)
PAR  Summing the equations for V.sub.1 and V.sub.2 and ignoring any effect of
      slip we obtain the Reed Rate Equation already stated:
EQU  V.sub.r = 2.pi.e (R.sub.m - e)(h + a tan .theta.)          -(3)
PAL  or
EQU  M.sub.r = approximately 2.pi.e h .delta..sub.B R.sub.m     -(3A)
PAR  when operating in the critical mode it is found that the relationship
      between ingoing feed rate and floor revolution rate is linear for various
      offset distances; and the slopes of this relationship when plotted against
      e, also produce a linear graph.
PAR  FIG. 6 shows the close agreement found in practice over the widest possible
      range of bed capacities, between actual feed rates and those calculated
      from equation (3A). In FIG. 6 the mean annulus diameter given in terms of
      the radius R.sub.m in feet is plotted against a correlation factor F. Now
      the feed rate equation (3A) is of the form y = 2 .pi.x where x represents
      the mean radius and y represents M.sub.r /e h .delta..sub.B, i.e. a linear
      equation of slope 2.pi..
PAR  The numbered points on FIG. 6 were each obtained from operational data in
      various annular kilns of the type illustrated in FIG. 1 working on cement
      materials of approximately the same bulk density. For each case the slope
      of the linear relationship between the feed rate in tons of material per
      hour and the kiln speed in revolutions per hour was used to find the rate
      in tons per revolution, T.sub.r. The relationship between T.sub.r and e
      also being linear and e being known, the value of T.sub.r /e was taken and
      divided by the known choke height (h) (measuring e and h in feet) to
      obtain correlation factor F in tons per square foot per revolution, which
      was then plotted against the known bowl radius. It was found that when the
      primary relationship was being observed, the points plotted agreed closely
      with a line of slope 2.pi.. It should be noted that for complete
      conversion to y = 2.pi.x (y being the correlation factor) the
      substantially constant bulk density and the ratio of tons to pounds, must
      be taken into account.
PAR  The two points numbered 3, and the two points numbered 4, were in each case
      a pair of results for one particular kiln. The points numbered 9 and 10
      record operation outside the critical mode with a tight choke (h&lt;a tan
      .phi.) in the kiln for which the point numbered 8 represents critical mode
      operation. The point numbered 7 represents operation in a kiln the
      dimensions of which would not allow critical mode operation; after
      correction of the dome, operation represented by the point numbered 6 was
      obtained.
PAR  FIG. 7, again depicting the region of the choke in annular bed apparatus of
      the type illustrated in FIG. 1, indicates the rise of charge material
      crossing the floor to accommodate its decreasing circumferential
      dimension. The extent of the rise depends inter alia on the floor width,
      (R.sub.b - R.sub.a) and on the initial height on the bed bottom BC and
      therefore on the radial position of a given element of charge material
      during its descent through the bed, as indicated diagrammatically by the
      broken lines separating the segments of charge material numbered from 1 to
      11.
PAR  The actual movements of granules down the bed from initial positions on a
      radius of the bed, and thence over the floor, were determined by labelling
      the granules, by colouring them. The charge material could consequently be
      considered in incremental segments of equal height at the choke interface,
      as indicated in the Figure.
PAR  For an annular kiln operating with the dimensions given below, the numerals
      marked against respective segments down the slope of the crater C'Y
      indicate the mean path lengths found for charge elements from the bed
      bottom BC to the slide-off slope C'Y, for those segments, in feet.
TBL  ______________________________________                                    
     Kiln dimensions:                                                          
     Floor width, R.sub.b - R.sub.a                                            
                    =      3.5 feet                                            
     Bed outer radius, R.sub.b                                                 
                    =      4.5 feet                                            
     Bed inner radius, R.sub.d                                                 
                    =      3.4 feet;  a = 1.1 feet                             
     Choke height, h                                                           
                    =      1.0 feet                                            
     (poor grading, P&lt;0.09, .phi. above 40.degree.)                            
     Offset, e         3.8 inches                                              
     (high for kiln of this size : accentuates                                 
     rise effect).                                                             
     Bed height, H  =      2.85 feet                                           
     Annular area of bed, A                                                    
                    =      78 cubic feet (A .times. H)                         
     Residence time in bed                                                     
                    =      66 minutes at 4.2 tons                              
     per hour feed rate.                                                       
     ______________________________________                                    
PAR  The following Table 4 shows details of the calculation of variation in
      charge retention time.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Path     Compressed                                                       
                        Radial   Residence Time (mins)                         
                  Volume    Feed                                               
     No   Length  Cu. Ft.   Rate   No. of                                      
                                         Time  Total                           
          in                Cu. ft.                                            
                                   revs. across                                
                                               in kiln                         
          feet              per          floor (mins)                          
                            rev.         (mins)                                
     ______________________________________                                    
     1    1.1     1.15      0.575  2.00  12.4  78                              
     2    1.2     1.25      0.593  2.10  13.0  79                              
     3    1.5     1.57      0.612  2.57  15.9  82                              
     4    1.7     1.77      0.630  2.80  17.3  83                              
     5    1.9     1.98      0.647  3.06  18.8  85                              
     6    2.2     2.30      0.667  3.46  21.4  87                              
     7    2.4     2.50      0.685  3.65  22.6  89                              
     8    2.7     2.80      0.703  4.00  24.8  91                              
     9    2.9     3.00      0.721  4.17  25.8  92                              
     10   3.0     3.13      0.740  4.22  26.2  92                              
     11   3.4     3.55      0.758  4.70  29.1  95                              
     ______________________________________                                    
PAR  The slope of the floor at .theta. to the horizontal has little or nor
      influence on the feed rate as such, in the critical mode, but it plays an
      important part in achieving the critical choke transfer mechanism with
      improved bed stability and minimised friction factor (and hence minimised
      power consumption by the offset action) in accordance with a relationship
      f.sub..theta. = F.sub.O - b tan .theta. where f.sub..theta. = friction
      factor at a slope angle .theta. and b is a constant which may be of the
      order of 1.37 for the material in question.
PAR  Moreover the slope .theta. assits granules or nodules in the charge to
      achieve the realignment necessary to accommodate the decreasing
      circumferences of their paths as they spiral towards the centre of the
      floor, and thus helps to sustain critical mode operation instead of the
      pushing action referred to earlier.
PAR  The ease and smoothness of the traverse across the floor is further
      assisted by the provision of a sharp choke point at C. Any tendency to
      flatness at C will introduce the horizontal component of choke action
      already referred to, with consequent compression of the charge tending to
      lift the roof at the choke to more than the 10 minutes or so of tilt
      expected in the critical mode, whereupon the floor width becomes a factor
      to be noted in the maintenance of the critical mode, i.e. R.sub.a should
      be as near as practical to the maximum permitted by the stability
      criterion (2). If R.sub.b - R.sub.a is excessive, the charge material in a
      vulnerable hot condition is too firmly and for too long in contact with
      the roof before it can find relief and rise, the critical mode is lost and
      the charge material breaks down at an increasing rate because excessive
      angular compression increases .phi..
PAR  In the critical mode, the incremental feed rates of charge material with
      respect to radius of floor traversed, are linearly related, i.e. they are
      consistent with the feed rate equations.
PAR  FIG. 8 shows the residence time of charge material against radial position
      in the bed, in the kiln and under conditions somewhat similar to those
      referred to in connection with FIG. 7. The residence time in the critical
      mode is indicated by the line C, through points obtained for numbered
      segments similar to those of FIG. 7. The area bounded between the line C,
      and the horizontal line at 87 minutes (representing the constant residence
      time during descent as far as the bottom BC, see FIG. 7) is accounted for
      by the movement of the charge over the floor after crossing BC. It will be
      seen that the residence time is not only quite uniform in the bed proper,
      but the general variation from the mean residence time at 107 minutes
      during the rest of its stay in the apparatus is not great in relation to
      the total residence time when compared to that in any other apparatus.
PAR  The curve C.sub.2 represents the behaviour of an annular bed in a
      running-off condition (since the curve falls below the proper value for
      time spent in the actual bed) resulting in an increase in nominal feed
      rate of some 15 percent, more than half of the feed being non-uniformly
      treated and the rest under-treated.
PAR  The curve C.sub.3 represents the behaviour of an annular bed in a tight
      condition (h &lt; a tan .phi.) in which the feed treatment is entirely
      non-uniform, more characteristic of a prior shaft furnace, abnormally low
      and subject to blockage adjacent to the inner wall.
PAR  FIG. 9 shows the observed relationship between the logarithm of tan .phi.
      and that of the bulk density .gamma..sub.B of treated cement
      clinker-forming charge material of specific gravity 2.7, in pounds per
      cubic foot, from which .phi. can be ascertained for the purpose of
      maintaining critical mode operation. The bulk density is obtainable by
      comparing the measured volumetric and mass feed rates of the apparatus at
      any given time. On the other hand the bulk density can be ascertained from
      .phi. if known, or from the observed grading factor (and hence also from
      the gas flow and pressure drop in the bed).
PAR  FIG. 10 shows the curve corresponding to the line in FIG. 9, for
      .gamma..sub.B against tan .phi., obtained from mass and volumetric feed
      data on a range of pilot and full scale production plants. Scale
      adjustments of the bulk density by appropriate factors will enable the
      curve to be applied to materials of other specific gravities.
PAR  FIG. 11 shows the particle size analysis or grading curves for 5
      continuously graded granular or nodular materials discharged from an
      annular kiln. Reading from left to right these curves may be referred to
      by number respectively from 1 to 5 to correspond with those in FIGS. 15
      and 17, representing grading factors P (+ 1 inch/-3/8th inch) respectively
      of 0.06, 0.37, 4.6, 12.5 and 60. The grading factors increase in FIG. 11
      from "aggregate" grading to the left, to a single-size grading to the
      right.
PAR  In FIG. 11 the vertical scale indicates the percentage of sample material
      which will fall through a sieve of the size indicated by the horizontal
      scale.
PAR  FIG. 12 shows the observed relationship between tan .phi. and the grading
      factor P obtained from data in the manner already described and by grading
      analysis of the material discharged from annular kilns. The curve can also
      be used to relate bulk density to grading factor by comparison with FIG. 9
      or FIG. 10; the corresponding bulk densities in lbs/cu.ft on the vertical
      scale for a specific gravity of 2.7 are given approximately by .gamma.
      .sub.B = 100 tan .phi.. For another material, for example coke, the bulk
      density would be given approximately by .gamma..sub.B = 50 tan .phi.. It
      is found that the relationship between .phi. and P(+1/- 3/8th inch)
      follows the equation tan .phi. = 0.830/(P).sup.1/14.
PAR  FIG. 13 shows the relationship between grading factor P (+1/ - 3/8th inch)
      and mean particle diameter d.sub.m (feet .times. 10.sup.-.sup.3), more
      aptly termed means granule or lump diameter based on the materials graded
      as shown in FIG. 11. The figures given on the vertical scale in FIG. 13
      should be multiplied by a factor 5. The values of d.sub.m were obtained
      from thorough grading analyses of the sample materials by calculating the
      ratio
      ##EQU7##
      where m is the proportion of particles present of diameter d, at a
      sufficient number of sampling points along each grading curve (FIG. 11).
PAR  FIG. 14 shows the relationship between tan .phi. and d.sub.m corresponding
      to FIGS. 12 and 13.
PAR  FIG. 15 shows the grading curves of FIG. 11 represented between logarithmic
      probability co-ordinates, numbered 1 to 5 according to grading factor P.
PAR  FIG. 16 shows the relationship between d.sub.m and P of FIG. 13, between
      logarithmic co-ordinates, as well as the corresponding relationship with
      tan .phi. of FIG. 12. FIG. 16 also shows a similar relationship between
      d.sub.m and a grading factor P.sub.1, (+40/- 10 mm) relating to coke.
PAR  FIG. 17 shows the correlation between R/H, the gas flow restriction per
      unit height of bed (inches water gauge per inch), and G, the mass gas flow
      rate (pounds per minute per square foot of annular horizontal
      cross-sectional area). Each line represents the relationship for one of
      the values of grading factor P from the grading curves of FIG. 11, in the
      correlation
EQU  R/HG.sup.2 =  6.17 .times. 10.sup.-.sup.3 /P.sup.1/5.93
PAR  actual and calculated values of the slope R/HG.sup.2 .times. 10.sup.-.sup.3
      are shown in foregoing Table 1, obtained with annulus areas from 5 to 350
      square feet.
PAR  It is found that the relationship between d.sub.m and P follows the
      relation.
PA1  d.sub.m (metres)= 2.44 .sqroot.p .times. 10.sup.-.sup.3
PA1  d.sub.m (feet)= 8.0 .sqroot.P
PA1  tan .phi.=1.12 d.sub.m.sup.- .sup.0.143 .times.  10.sup.-.sup.3 ; (d.sub.m
      in feet).
PAR  FIG. 18 is a diagram showing the proportions of an annular bed apparatus of
      the general type illustrated in FIG. 1, suitable for use in the method of
      the present invention for charge material exhibiting an effective angle of
      repose .phi. = angle TAN in the framework TABDN.
PAL  In FIG. 18,
PA1  R.sub.a = radius of discharge aperture
PA1  R.sub.b = outer radius of annular bed
PA1  R.sub.d = inner radius of annular bed
PA1  R.sub.m = mean radius (R.sub.b + R.sub.d)/2.
PAR  Accordingly if OY represents outer bed radius of from 0.5 to over 6 metres
      R.sub.b, the parts of the apparatus will be further represented thus:
PA1  Yc = choke interface, where C is the intersection of AT with the vertical
      line from the intersection of TB with OY;
PA1  Mz = aperture radius, where Z is the intersection of TD with the line YZ
      sloping down from Y at the given floor slope angle OYZ = .theta., i.e. MZ
      = R.sub.a ;
PA1  Cq = vertical line through C representing the inner bed wall of radius
      R.sub.d, and CQ = designated bed height = PY;
PA1  Cz = crater slope of the pile of charge material on the floor.
PAR  The area PQCY represents the bed, whereas CYZ represents the pile on the
      floor.
PAC  Operational Design
PAR  The various geometrical and operational relationships reported in the
      foregoing description enable the designer or operator to build or adjust
      annular bed apparatus to operate in the critical mode.
PAR  For instance, if one specifies a desired throughput rate Q, then the gas
      flow rate G required will be an ascertainable function of Q, usually of
      the form: G = k.sub.1 Q, where k.sub.1 is a constant, found from
      thermodynamic and chemical considerations. If G is in lb/min and Q in
      tons/hour, k.sub.1 will be about 70 for cement clinkering, 75 for coking,
      and 60 to 90 for various treatments of ore.
PAR  The gas restriction correlations (5A) annd (5B) for R/H, give the maximum
      gas flow consistent with maximum pressure drop in the critical mode,
      depending on available fan suction capacity, so that G/A where A is the
      annular area, is found in terms of P directly or via d.sub.m ; P is
      determined by the charge material, directly or via .gamma..sub.B or .phi..
      One therefore knows the maximum value for G/A and hence the minimum value
      for A.
PAR  Data from a wide range of apparatus gives a relationship of the form
EQU  Q = D.sub.b .sup.n /k.sub.2,
PAL  in which D.sub.b is outer wall diameter, k.sub.2 is a constant and n can be
      found. By substitution one finds D.sub.b =  k.sub.3 A.sup.n where k.sub.3
      is a constant.
PAR  Since A has been found, (minimum) D.sub.b is known; since A = .pi.(D.sub.b
      a-a.sup.2) by geometry, one finds a (annular width).
PAR  .phi., .gamma. .sub.B and P are determined by or from the charge material,
      so that h (choke height) is known from the primary relationship h = a tan
      .phi..
PAR  The stability criterion (2) now gives R.sub.a, the aperture diameter, and
      .phi., the floor slope angle, if required.
PAR  Alternative means of relating D.sub.b to A are given by the relation A =
      .pi.(D.sub.b - h cot .phi.)h cot .phi., since a=h cot .phi.. If one adopts
      a bed height H = 2h, subject to correlation (5A) or (5B), the retained
      volume of charge in the apparatus will be 2 .pi.. h.sup.2 cot .phi.
      (D.sub.b - h cot .phi.) from which considerations of heat exchange can be
      worked out, bearing in mind that .phi. determines R/H and .delta..sub.B.
PAR  The retained volume also = Qt/.delta..sub.BT .times. 60, where t is the
      residence time, and .delta..sub.BT is the bulk density in tons per cubic
      foot.
PAR  The volume of charge material on the floor under the choke interface is
      .pi.(D.sub.b - 2a) h.sup.2 . cot .phi. .times. S.F. where S.F. is a factor
      depending on the stability criterion.
PAR  With dimensions D.sub.b and R.sub.a known, the details of FIG. 18 are fixed
      and the annular bed can be built and set up for operation. The bed height
      H, subject to limitations set by the foregoing, is chosen to provide the
      required residence time.
PAR  From FIG. 18 the feed rate can also be checked via R.sub.m to give the
      offset e.
PAR  In operation, the choke height is adjusted to (h); the offset (e) is
      adjusted to give a coarse control of throughput, determining the "layer
      thickness" of the charge material fed through, which can be as small as
      d.sub.m ; and N, the revolution rate of the floor is adjusted to give a
      fine control of the throughput in dependence on detected bed top level.
PAR  If the values of h, e and N are made continuously adjustable, the apparatus
      can be rendered fully automatic, thereby facilitating the maintenance of
      the critical mode in a compressive manner, because the necessary and
      sufficient number of variables to be controlled in the operation of an
      established bed are reduced to these three.
PAC  Advantages
PAR  Many advantages to be gained by using annular bed apparatus of the type
      described, in the manner according to the invention, will already be
      apparent from the foregoing description.
PAR  In the light of the introduction to this description it will be seen that
      although previous inventions have been based on the fundamental change
      from the circular shaft to an annular cross-section, the fact that none of
      these approaches has met with much practical success can be directly
      traced to the one missing factor, namely that in no case has there been a
      positive attempt, even in our Davis preheater, to achieve really effective
      interplay between the geometry and physical dimensions of the annular bed,
      the discharge mechanism and the properties and flow characteristics of the
      material being treated. Without such a close interrelation, it was
      virtually impossible to avoid those features, which were fundamentally
      redundant to the basic purpose of the apparatus, but which were
      responsible for hold-ups and lack of uniform feeding, for instance through
      drying, preheating and calcining stages in such apparatus.
PAR  Furthermore, because the downward feed action of the solids determines the
      up-draught gas flow pattern, the lack of a uniformly distributed and
      smooth downward feed action of the solids ensured an uneven degree of heat
      or other treatment at any given layer; these same redundant features were
      therefore responsible hitherto for an irregular soild-gas contact and for
      a drastic limitation in the total efficiency of the heat treatment or
      other process.
PAR  The advantages of operating an annular bed apparatus in the manner of the
      present invention may be summarized as follows.
PAR  The type of apparatus employed itself has the merits of simplicity of
      design, robustness, and compactness, and because it is a rotary device
      without a grate, of being easy in principle to supply uniformly with
      solids to be treated. These merits may be exploited more fully by means of
      the invention, with minimal capital outlay, for instance in relation to
      plant and associated engineering facilities. In operation, positive
      control systems can be easily applied and little attention is needed.
PAR  Economy is a major advantage of operation according to the invention. Where
      heat treatment is involved, heat losses are minimised; in the critical
      mode there is negligible heat loss through the walls even in the absence
      of massive insulation. Over the floor or hearth a hot zone is continuously
      re-established across the full area of the charge, with no grate bars to
      hinder it, so that maximum efficency can be attained. The work capacity of
      the apparatus is high in relation to its size and it can be scaled-up in
      size by simple geometry, taking full advantage of any desired increase in
      height in relation to diameter. Since the primary cause of the feed action
      is the force of gravity, the applied motive power required to turn the bed
      is very low, for instance of the order of 15 H.P for a bed of 6 metres in
      diameter and 1 metre in height of cement-making raw materials, to turn a
      load of over 300 tons. The facility for true soild-gas contraflow contact
      permits efficient drying or other heat transfer.
PAR  Annular bed apparatus in the critical mode is capable of precise and easy
      individual control of all parameters, to maintain the required balance
      between geometrical features, the discharge mechanism, and flow properties
      of the treated solid. The feed control is volumetric, applied at the
      discharge end where, in a heat process, the material fed is dry. The
      operation lends itself readily to complete, accurate and fully automatic
      control.
PAR  The apparatus operated according to the invention is flexible in its
      application and in its operation. It can be applied to a great variety of
      processes, some hitheto impractical or even impossible. It may be readily
      associated in a production sequence with other plant, such as pelletiser,
      or a kiln or other furance or it may perform a self-contained process on
      its own. The solid charge can be subjected to a wide range of residence
      times tailored to suit requirements and the plant can be conveniently
      stopped and started without damage to the charge or loss of material. The
      bed can cope with sub-standard feed material and even with a dust-laden
      gas supply.
PAR  by virtue By optimum uniformity in respect of residence time, feeding rate,
      distribution and treatment of solid and gas, a high standard of quality
      and consistency can be maintained in the product, which suffers minimal
      degradation in the process. The technique of the invention takes advantage
      of nodule quality instead of debasing it.
PAR  In the apparatus operating in the critical mode there is a notable absence
      of high stress and of high temperature moving parts. The low system
      resistance permits it to be used with friable or even dusty loads, without
      losing the smooth, gentle feed action.
PAR  Although the invention has been described and illustrated primarily in
      terms of heat treatment of materials, for instance raw materials used in
      the manufacture of cement, it can also be applied to heat treatment of
      ores and other materials. The invention can also be applied to great
      advantage in other processes which involve the cooling, as opposed to the
      heating, of materials.
PAR  The invention may also be applied to chemical processes, and in the
      cleaning or other treatment of gases with solid material in granular,
      nodular or pebble form, or indeed in any circumstances in which contact is
      desired to be effected between solids and gases. Particular examples are
      the heat hardening of pellets formed from iron ore concentrates and also
      the heat hardening and partial reduction of pellets containing a mixture
      of iron ore concentrates and finely ground coke or coal, the latter giving
      a carbon bearing nodule for final reduction in a smelting furance. Other
      applications include lime burning, including the calcination of
      lime-bearing pellets; the production of light-weight aggregates, e.g., the
      heat hardening and bloating of nodules formed from clay or shale or other
      suitable mineral or waste products; and the drying and carbonising of
      coal, including pelletised material.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of treating loose solid material in a generally upright
      annular bed formed between substantially coaxial inner and outer
      cylindrical walls spaced from each other by a radial bed width a, said bed
      being further supported on an annular floor having a central aperture and
      a substantially flat, peripheral region with a region sloping from the
      peripheral region downward toward the central aperture, the outer wall
      being in gas-tight sliding relationship with the flat peripheral region of
      the floor and the inner wall being positioned with its bottom edge at a
      height h above the bottom edge of the outer wall and rotationally free
      with respect to the outer wall, comprising the steps of
PA1  a. establishing and maintaining a bed of loose solid material by supplying
      loose solids to said annular chamber,
PA1  b. rotating said floor on an axis radially offset from the axis of the
      annular chamber,
PA1  c. passing a gas in counterflow with the material in said annular bed,
PA1  d. discharging treated solids from said annular bed through the central
      aperture in said floor, and
PA1  e. establishing and maintaining a stable critical mode by modulating at
      least one of said height h and the angle of repose .phi. of the treated
      material at the bottom of the bed to maintain the relationship in which
      tan .phi. is in the range between h/a and 1.1 .times. h/a.
NUM  2.
PAR  2. The method of claim 1 in which the one of the height h and the angle of
      repose .phi. is modulated continuously and automatically.
NUM  3.
PAR  3. The method of claim 1 in which the height h is maintained substantially
      constant and the size grading of the loose solid material is modulated.
NUM  4.
PAR  4. The method of claim 1 in which the height h is modulated in response to
      a sensed parameter of the treated material which varies in a predetermined
      manner with the angle of repose .phi. thereof.
NUM  5.
PAR  5. The method of claim 4 in which the sensed parameter is the bulk density
      of the treated material.
NUM  6.
PAR  6. The method of claim 4 in which the sensed parameter is the ratio between
      a first fraction of the treated material which exceeds a first
      predetermined size and a second fraction of the treated material which is
      smaller than a second predetermined size which would fit in the
      interstitial voids of the first fraction.
NUM  7.
PAR  7. The method of claim 1 including modulating the height h to maintain the
      relationship in which tan .phi. is substantially equal to h/ a in response
      to a sensed operational condition of the process.
NUM  8.
PAR  8. The method of claim 7 in which the height h is modulated automatically
      in response to the sensed operational condition.
NUM  9.
PAR  9. The method of claim 7 in which the sensed operational condition is the
      line of maximum lateral thrust on the annular chamber and the line of
      thrust is maintained perpedicular to the radial line between the offset
      centers of rotation of the floor and of the inner and outer walls.
NUM  10.
PAR  10. The method of claim 7 in which the sensed operational condition is a
      rotational lag of the outer wall behind that of the floor, and the lag is
      maintained at a circumferential distance equal to the stroke length of
      twice the radial offset distance between the axis of the floor and the
      axis of the inner and outer walls.
NUM  11.
PAR  11. The method of claim 7 in which the sensed operational condition is the
      power consumption, and the power consumption is maintained at a minimum.
NUM  12.
PAR  12. The method of claim 7 in which the sensed operational condition is the
      point of maximum discharge of treated material through the center aperture
      of the floor, and the point of maximum discharge is maintained along a
      line substantially perpendicular to the radial line of offset of the floor
      and of the inner and outer walls.
NUM  13.
PAR  13. The method of claim 7 in which the sensed operational condition is the
      pressure drop across the annular bed, and the pressure drop is maintained
      at a minimum attainable value for a given bed height in normal operation.
NUM  14.
PAR  14. The method of claim 7 in which the sensed operational condition is the
      change by treatment in the discharged material and the change by treatment
      is maintained uniform.
NUM  15.
PAR  15. The method of claim 7 in which the sensed operational condition is the
      lateral thrust of the annular bed and the lateral thrust is maintained at
      a minimum.
NUM  16.
PAR  16. The method of claim 7 in which the sensed operational condition is the
      rate of discharge of treated material and the rate of discharge is
      maintained linearly proprotional to the radial offset distance between the
      axis of the floor and that of the inner and outer walls.
NUM  17.
PAR  17. The method of claim 16 in which the offset distance is established
      substantially equal to the mean particle diameter of the treated solids
      and the rotational speed of the floor is modulated to maintain a
      substantially uniform depth of material in the annular bed.
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ABST
PAL  A heat transfer liquid having a boiling point at atmospheric pressure at
      least equal to the temperature at which a soldering, fusing or brazing
      operation is to be performed, is floated on a pool of a liquifiable metal
      having a density greater than, a melting point below, and a heat of
      vaporization above, that of the liquid. The metal is heated to a
      temperature between its melting and boiling points, and at least to the
      boiling point of the liquid, to continuously boil the liquid to establish
      a body of hot, saturated vapor having a density greater than that of air
      at atmospheric pressure. An article on which the soldering, fusing or
      brazing operation is to be performed is extended into the body of vapor to
      condense the vapor thereon. The latent heat of vaporization of the
      condensing vapor heats the article to the temperature for the operation,
      and the article is then withdrawn from the vapor for cooling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to methods of and apparatus for generating a
      vapor for heating articles, and in particular to a method of and an
      apparatus for generating a vapor for heating an article by boiling a
      liquid which is floating on a pool of molten metal.
PAR  2. Description of the Prior Art
PAR  In soldering, fusing or brazing an article, it is necessary to heat the
      article to elevate its temperature in order to perform the operation.
      Although the present invention for heating articles is not to be construed
      as limited to soldering, its background is most readily understood in the
      context of soldering.
PAR  Soldering operations require that the elements to be soldered be heated to
      a temperature sufficiently high to melt solder thereon, which elements are
      preferably protected from oxidation during the soldering operation.
      Conventionally, a soldering iron is used, and the elements are coated with
      a flux on those areas to be soldered to prevent oxidation thereof during
      soldering. While the soldering iron is useful in many instances, it is not
      well suited to rapid mass soldering operations in which, for example, a
      printed circuit board or terminal array may have many closely spaced
      connections to be soldered.
PAR  One prior art improvement over the soldering iron technique for use in mass
      soldering operations is disclosed in U.S. Pat. No. 3,359,132, which issued
      on Dec. 19, 1967, to A. E. Wittmann. In this patent a circuit board, which
      has a coating of flux, is suspended in close proximity to the surface of a
      hot layer of peanut oil, which is floated on a pool of molten solder, for
      being preheated by a combination of radiation and air convection. The
      circuit board is then lowered through the layer of peanut oil and into the
      molten solder wherein the soldering operation takes place. This technique
      has the disadvantage of requiring the cleansing of the circuit board to
      remove the peanut oil therefrom after the circuit board is again passed
      through the layer of peanut oil upon its removal from the molten solder.
PAR  Recently, a new soldering technique was developed and placed in commercial
      use. With this technique, which is the subject of U.S. Pat. No. 3,866,307
      issued Feb. 18, 1975, and assigned to the assignee of the present
      invention, the article to be soldered (or fused or brazed) is placed in
      hot saturated vapors generated by continuously boiling within a vessel a
      heat transfer liquid having selected properties including a boiling point
      at least equal to, and preferably above, the temperature required for the
      soldering operation. Vapors condense on the article and give up their
      latent heating of vaporization to heat the article to the temperature
      required for soldering. In one specific application, the process is
      employed to effect mass reflow soldering.
PAR  The soldering technique described in the preceding paragraph represents, in
      the opinion of those familiar with soldering, fusing or brazing
      operations, a state of the art advance. In the practice of such technique,
      however, some of the saturated vapors of the heat transfer liquid escape
      from the vessel and are lost to the atmosphere where the process is open
      to the atmosphere. The heat transfer liquid presently employed in the
      practice of the preferred embodiment of the technique is a florinated
      polyoxypropylene, such as that sold by E. I. DuPont de Nemours and Company
      under the name "Freon E5," and under presently prevailing price schedules
      is quite expensive. Consequently, losses of the vapors to the atmosphere
      represent an economic charge against the technique as presently practiced,
      and it is desirable that these losses be reduced or eliminated.
PAR  To overcome the loss of "Freon E5" to the atmosphere, an improvement in the
      above technique was developed, and is the subject matter of pending U.S.
      patent application Ser. No. 476,343, filed June 5, 1974, now U.S. Pat. No.
      3,904,102, and also assigned to the assignee of the present invention. In
      this improved technique, heated vapors of a relatively inexpensive
      secondary liquid are interposed between the heated vapors of the "Freon
      E5," hereinafter referred to as the primary liquid, and the atmosphere.
      This is accomplished by boiling a mixture of the primary and the secondary
      liquids in the lower portion of a vessel to generate hot saturated primary
      and secondary vapors thereof in the upper portion of the vessel. The
      secondary liquid is chosen such that the boiling point thereof is lower
      than the boiling point of the primary liquid, and such that the secondary
      vapors generated upon the boiling thereof have a density less than the
      density of the primary vapors generated upon the boiling of the primary
      liquid, and greater than the density of air at atmospheric pressure. In
      this manner, as both of the liquids are boiled, the secondary vapors form
      in the vessel a barrier between the primary vapors and the atmosphere to
      prevent, or minimize, the loss of primary vapors to the atmosphere. An
      article to be soldered in accordance with this technique is extended
      through the secondary vapors and into the primary vapors for being heated
      to the soldering temperature as the vapors condense thereon, and is then
      removed through the layer of the secondary vapors for cooling in the
      atmosphere.
PAR  In the practice of either of the above two soldering techniques, with or
      without the secondary vapor intermediate the primary vapor and the
      atmosphere, the liquid is customarily heated in the bottom of the vessel
      by an immersion heater to generate the vapor thereabove. When this is the
      case, the immersion heater must be completely surrounded by the liquid at
      all times to prevent its destruction as a result of superheating. Where
      the secondary vapor is not generated, the liquid surrounding the immersion
      heater is purely primary liquid, and where the secondary vapor is
      generated, the relative quantities of primary and secondary liquids is
      such that the liquid surrounding the immersion heater is essentially
      primary liquid.
PAR  The minimum volume of primary liquid required in a vessel, where an
      immersion heater is used, is mainly determined by the weight of the
      article to be heated. That is, the weight of the article determines the
      power required to heat the primary liquid, which in turn determines the
      size of the immersion heating element, or the number of immersion heating
      elements, required in the bottom of the vessel, which then in turn
      determines the minimum volume of primary liquid required in the vessel to
      ensure that the heating element is completely covered. In other words, a
      sufficient volume of primary liquid must be maintained in the vessel to
      ensure that the heating element remains covered at all times, which volume
      is much greater than that required for only generating vapors to be
      condensed upon an article. For example, with one current facility for
      vapor condensation heating of articles, which employs a 20 watt/cm.sup.2
      immersion heating element, approximately 65 gallons of primary liquid are
      required in a vessel for soldering 75 pound articles. Of the 65 gallons of
      primary liquid, approximately 55 gallons thereof are employed solely to
      cover the heating element to prevent the destruction thereof. At the
      present price of "Freon E5," which is a preferred primary liquid, this
      represents a considerable additional expense. Furthermore, when the
      primary liquid surrounds the heating element, it is possible for film
      boiling thereof to occur, resulting in destruction of the heating element.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a body of condensible vapor of a
      heat transfer liquid, at an elevated temperature, to be condensed on an
      article to heat the article by the transfer of the latent heat of
      vaporization thereof to the article is established by heating a
      liquifiable metal, having a density greater than the density of the heat
      transfer liquid and a melting point below the elevated temperature, to at
      least the elevated temperature to form a pool of molten metal, and by
      floating a layer of the heat transfer liquid, which boils at the elevated
      temperature, on the pool of molten metal to form a stratified layer of the
      heat transfer liquid on the pool of molten metal, and to heat and boil the
      heat transfer liquid to form the body of condensible vapor of the heat
      transfer liquid, at the elevated temperature, above the heat transfer
      liquid.
PAR  Preferably, the condensible vapor is generated substantially at atmospheric
      pressure in a vessel which is open to the atmosphere, for being condensed
      on an article extended into the vessel, the vapor being denser than air at
      atmospheric pressure. In this case, the heat transfer liquid and the
      liquifiable metal are combined in the lower portion of the vessel, and
      sufficient heat is applied to the heat transfer liquid and the liquifiable
      metal in the lower portion of the vessel to melt the metal to form a
      molten pool of metal with the less dense heat transfer liquid stratified
      on top of the pool of metal in the lower portion of the vessel, and to
      continuously boil substantially at atmospheric pressure the heat transfer
      liquid to form the body of condensible vapor of the heat transfer liquid,
      at the elevated temperature, in the upper portion of the vessel.
PAR  Other advantages and features of the invention will be apparent upon
      consideration of the following detailed description when taken in
      conjunction with the appended drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates diagramatically a partially sectional elevation view of
      an apparatus for practicing the present invention.
DETD
PAC  Detailed Description
PAR  An apparatus for generating condensible vapors for soldering, fusing or
      brazing articles, as shown in FIG. 1, includes a vessel 12, open to the
      atmosphere, with a heating element, or coil 16, at the lower end thereof,
      which heating coil may be, for example, electrically operated. A primary
      set of cooling coils 20 is positioned intermediate the top and the bottom
      of the vessel 12, and have circulated therethrough a coolant (i.e., water)
      from a source not shown. A secondary set of cooling coils 24 is positioned
      adjacent the upper portion of the vessel 12, and also have circulated
      therethrough a coolant (i.e., water) from a source not shown. In the
      practice of the invention, the temperature of the coolant circulated
      through the secondary cooling coils 24 is lower than that of the coolant
      circulated through the primary coils 20, and the secondary coils 24 are
      therefore operated at a lower temperature than the primary coils 20.
PAR  A primary trough 28 is mounted around the inner periphery of the vessel 12
      immediately below the primary cooling coils 20, and is adapted to receive
      condensate draining off of the coils 20 and to discharge the condensate
      into a valved line 32 communicating with the lower portion of the vessel
      12. A secondary trough 36 is mounted around the inner periphery of the
      vessel 12 immediately below the secondary set of cooling coils 24, and is
      adapted to receive condensate draining off of the coils 24 and to
      discharge the condensate into a valved line 40 which communicates with the
      primary trough 28.
PAR  A liquifiable metal, preferably eutectic tin-lead solder, is introduced
      into the bottom of the vessel 12 and is heated by the heating coil 16 to
      form a molten pool of metal, or solder 44, in the bottom of the vessel 12.
      The amount of solder introduced into the vessel 12 is at least sufficient
      to completely cover the heating coil 16, and operates to continuously
      surround the heating coil to prevent superheating and destruction thereof
      which would result in the absence of a heat absorbing medium therearound.
PAR  A mixture of two liquids 48, which together and individually have a density
      less than the density of the molten solder 44, and which are selected as
      hereinafter described, is introduced into the vessel 12 and onto the pool
      of molten solder 44 to a level generally indicated by the numeral 52. As
      the liquids 48 have a density less than that of the molten solder 44, they
      float, or form a stratified layer on top of the solder, and are brought to
      and maintained at a continuous boil by the heat of the molten solder which
      acts as a heat transfer medium between the heating coil 16 and the liquids
      48.
PAR  One of the two liquids of the mixture 48 is a primary heat transfer liquid
      characterized by the following general properties:
PAR  a. the primary liquid must have a boiling point at atmospheric pressure at
      least equal to, and preferably above, the temperature required for the
      soldering (or fusing or brazing) operation; i.e., in a soldering
      operation, this boiling point is at least equal to, and preferably above,
      the melting point of the solder used in the operation;
PAR  b. the primary liquid must produce a saturated vapor which, for the
      embodiments disclosed herein, is denser than air at atmospheric pressure;
PAR  c. the primary liquid desirably has a sharply defined and substantially
      constant boiling point for better control over the process, and
PAR  d. the primary liquid desirably produces a saturated vapor which is
      non-oxidizing, chemically stable and inert, non-toxic and non-inflammable.
PAR  In addition, when the method of the invention is practiced on an article
      such as a printed circuit board having electrical components mounted
      thereon to be soldered, the primary liquid should not be electrically
      conducting.
PAR  The other of the two liquids of the mixture 48 is a secondary liquid
      characterized by the following general properties;
PAR  a. the secondary liquid must have a lower boiling point at atmospheric
      pressure than the primary liquid;
PAR  b. the secondary liquid must produce a vapor which, for the embodiments
      disclosed herein, is less dense at atmospheric pressure than the saturated
      vapor from the primary liquid at this pressure, and which is also denser
      than air at atmospheric pressure;
PAR  c. the secondary liquid desirably does not form an azeotrope with the
      primary liquid;
PAR  d. the secondary liquid desirably produces a saturated vapor which does not
      support a high equilibrium moisture content, and
PAR  e. the secondary liquid desirably produced a saturated vapor which is
      non-oxidizing, chemically stable, non-toxic and non-inflammable.
PAR  In addition, similar to the primary liquid, when the method of the
      invention is employed upon an article such as a printed circuit board
      having electrical components mounted thereon to be soldered, the secondary
      liquid should not be electrically conducting.
PAR  When the mixture of the primary and the secondary liquids 48 has been
      brought to a boil, as a result of the transfer of heat from heating coil
      16 to the liquids 48 through the molten pool of solder 44, the lower
      boiling point secondary liquid boils off first and the saturated,
      condensible vapors thereof, hereinafter termed secondary vapors, fill the
      vessel 12 up to some level as determined by the quantity of secondary
      liquid in the liquid mixture 48. After the secondary liquid has been
      boiled off, the remaining primary liquid is further heated until its
      boiling point is reached, whereupon it boils and produces hot, saturated,
      condensible vapors thereof, hereinafter termed primary vapors. Since the
      primary vapors are denser than the secondary vapors, the lighter secondary
      vapors are pushed upwardly in the vessel 12 by the primary vapors and are
      stratified over, and float on, the primary vapors to form a vapor blanket,
      or barrier, between the primary vapors and the atmosphere.
PAR  The relative proportions of the primary and the secondary liquids in the
      mixture 48 are determined by the geometry of the vessel 12, the locations
      of the primary and the secondary sets of cooling coils 20 and 24,
      respectively, within the vessel 12, and the desired thickness of the layer
      of secondary vapor over the primary vapor. Specifically, the proportions
      of the primary and the secondary liquids are chosen so that, at
      equilibrium after startup as hereinabove described, there exists in the
      vessel 12 a body of hot saturated essentially primary vapor, the top of
      which is approximately at the level indicated diagramatically by the
      phantom line 56 extending through the primary set of cooling coils 20,
      there exists a body of a mixture of primary and secondary vapors extending
      from the level indicated diagramatically by the phantom line 56 up to a
      level indicated diagramatically by a phantom line 60, and there exists a
      body of saturated essentially secondary vapor extending from the level
      indicated diagramatically by the phantom line 60 up to a level indicated
      diagramatically by a phantom line 64 extending through the secondary set
      of cooling coils 24.
PAR  The primary set of cooling coils 20 is maintained at a temperature below
      the condensation temperature of the primary vapor, and the secondary set
      of cooling coils 24 is maintained at a temperature below the condensation
      temperature of the secondary vapor. Condensate draining off of the primary
      set of coils 20, which is essentially primary liquid, is collected in the
      primary trough 28 and returned to the lower portion of the vessel 12
      through the line 32. Condensate draining off of the secondary set of
      cooling coils 24, which is essentially secondary liquid, is collected in
      the secondary trough 26 and returned through the line 40 to the primary
      trough 28 wherein it is reboiled and revaporized and returned as secondary
      vapor to the upper portion of the vessel. The reboiling occurs because the
      primary liquid condensate within the trough 28 is at a temperature above
      the boiling point of the secondary liquid.
PAR  As the hot saturated primary vapor is denser than both air and the hot
      secondary vapor, it occupies the lower portion of the vessel 12 above the
      mixture 48. As the saturated secondary vapor is denser than air and
      lighter than the primary vapor, it occupies the upper portion of the
      vessel above the body of primary vapor. Therefore, the body of saturated
      secondary vapor acts as a barrier, or lid, over the body of hot saturated
      primary vapor, and at no time is there an interface between the body of
      primary vapor and the atmosphere. This reduces, or substantially
      eliminates, any loss of the hot saturated primary vapors to the
      atmosphere.
PAR  To compensate for secondary vapor losses to the atmosphere, a tank 68
      containing a supply 72 of secondary liquid is connected through a line 76
      to the primary trough 28. Secondary liquid 72 from the tank 68 is fed to
      the primary trough 28 and is boiled off therefrom by the heat of the
      primary liquid condensate therein. A valve 80 in the line 76 regulates the
      flow of secondary liquid to the trough 28, and may be a control valve
      operated in a manner known to those familiar with the art by sensors
      detecting a drop in the elevation of the top of the body of secondary
      vapor, or by sensors detecting changes in secondary vapor concentration in
      the upper portion of the vessel 12.
PAR  In use, an article 84, such as a printed circuit board with electrical
      components mounted thereon to be soldered, is lowered into the vessel 12
      through the body of secondary vapor and into the body of hot saturated
      primary vapor below the primary set of cooling coils 20. The article 84 is
      held suspended in this position, and hot saturated primary vapors condense
      on the article and give up their latent heat of vaporization to heat the
      article until the temperature thereof approaches or reaches the
      temperature of the saturated primary vapor, which is the boiling point of
      the primary heat transfer liquid and which, as hereinabove mentioned, is
      at least equal to, and preferably above, the melting point of the solder.
      The article 84 approaches or reaches the temperature of the hot saturated
      vapors quite rapidly, because heat transfer coefficients for condensation
      processes are among the highest known for any mode of heat transfer. This
      minimizes the time required for the article to be positioned within and
      subjected to the heat of the primary vapors, and therefore minimizes the
      time available for thermal degradation of components thereon. After the
      solder on the article has melted or reflowed, the article is removed from
      the vessel 12, through the body of secondary vapor blanketing the body of
      primary vapor, and cooled to ambient temperature.
PAR  In a specific example for generating vapors to heat an article 84 wherein
      the article is a printed circuit board, and electrical components are to
      be soldered thereto with solder melting at 369.degree.F (182.2.degree.C),
      the primary heat transfer liquid advantageously is selected from the group
      of liquids known generically as fluorocarbons, such as florinated
      polyoxypropylene. Such a liquid is sold by E. I. DuPont de Nemours and
      Company under the name "Freon E5," and has the following significant
      properties:
PAR  Boiling point at atmospheric pressure -- 435.6.degree.F (224.2.degree.C);
PAR  Electrical resistivity -- greater than 4 .times. 10.sup.14 ohm-cm;
PAR  Dielectric constant -- 2.45;
PAR  Latent heat of vaporization -- 19.9 btu/lb;
PAR  Density of saturated vapor at boiling point and atmospheric pressure --
      1.45 lb/ft.sup.3.
PAR  A suitable secondary liquid adapted for use with "Freon E5" as the primary
      heat transfer liquid advantageously is selected from the group of liquids
      generically known as halogenated hydrocarbons, such as
      trichloro-trifluoro-ethane. Such a liquid is sold by E. I. DuPont de
      Nemours under the name "Freon TF" and has the following significant
      properties:
PAR  Boiling point at atmospheric pressure -- 117.6.degree.F (47.6.degree.C);
PAR  Electrical resistivity -- greater than 2 .times. 10.sup.15 ohm-cm;
PAR  Dielectric constant -- 2.41;
PAR  Latent heat of vaporization -- 63.12 btu/lb;
PAR  Density of saturated vapor at boiling point and atmospheric pressure --
      1.45 lb/ft.sup.3.
PAR  At this point, the advantages of employing molten solder to cover the
      heating element 16 should be noted. Not only is solder a relatively
      inexpensive substitute for liquid "Freon E5," but it is compatible with
      "Freon E5" at the operating temperature, is thermally stable, has
      excellent heat transfer characteristics, and is denser than the primary
      liquid to insure stratification of the primary liquid thereabove.
      Furthermore, the operating temperature of the heating coil 16 is below the
      boiling point of the pool of solder 44, and accordingly there is no
      possibility of film boiling of the solder which could result in
      superheating and failure of the heating coil 16.
PAR  One suitable proportion for the primary and the secondary liquids in the
      practice of the invention, assuming sufficient solder in the bottom of the
      vessel 12 to completely cover the heating coil 16, wherein "Freon E5" is
      employed as the primary liquid and "Freon TF" as the secondary liquid, is
      5 percent "Freon TF" by volume of the mixture of the two liquids. In this
      case, the primary set of cooling coils 20 are preferably operated at
      80.degree.F (26.7.degree.C) and the secondary set of cooling coils 24 at
      approximately 40.degree.F (4.4.degree.C). It is understood, of course,
      that the heating coils 16 must heat the pool of molten solder 40 to at
      least, and preferably above, the boiling point of the primary liquid in
      order to boil the primary liquid.
PAR  While one particular embodiment of the invention has been described in
      detail, it is understood that various other embodiments and modifications
      thereof could be devised by one skilled in the art without departing from
      the spirit and scope of the invention. For example, while the use of a
      secondary liquid for generating a secondary vapor over the primary vapor
      is advantageous for minimizing the loss of primary vapor to the
      atmosphere, the invention could just as readily be practiced without a
      secondary liquid. In this case, only the primary liquid would be
      stratified and boiled on the molten solder, the solder still operating to
      greatly reduce the total amount of primary liquid which would otherwise be
      required in the vessel to ensure that the heating coil remains covered at
      all times. Also, while the primary liquid has been described as
      advantageously being a fluorocarbon, any other type of primary liquid
      could be used which has suitable properties (i.e., vapor density and
      latent heat of vaporization) for accomplishing a particular heating
      operation. Similarly, while the metal upon which the primary liquid is
      stratified has been described as solder, any other metal having a suitable
      melting and boiling point and compatibility with the primary fluid could
      readily be employed. Furthermore, while the description of the invention
      has been directed toward generating a vapor for melting solder on an
      article, a vapor for performing a fusing or a brazing operation on an
      article could just as readily be established. In this case, a primary
      liquid having suitable properties, including a boiling point at least
      equal to the temperature required for performing the fusing or brazing
      operation, would be employed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of establishing a body of condensible vapor of a heat
      transfer liquid at an elevated temperature, to be condensed on an article
      to heat the article by the transfer of the latent heat of vaporization
      thereof to the article:
PA1  heating a liquifiable metal, having a density greater than the density of
      the heat transfer liquid and a melting point below the elevated
      temperature, to at least the elevated temperature to form a pool of molten
      metal, and
PA1  floating a layer of the heat transfer liquid, which boils at the elevated
      temperature, on the pool of molten metal to form a stratified layer of the
      heat transfer liquid on the pool of molten metal, to heat and to boil the
      heat transfer liquid to form the body of condensible vapor of the heat
      transfer liquid, at the elevated temperature, above the heat transfer
      liquid.
NUM  2.
PAR  2. In a method of generating substantially at atmospheric pressure a body
      of condensible vapor of a heat transfer liquid at an elevated temperature,
      which is at least equal to the melting point of solder, to be condensed on
      an article having solder thereon to heat the article and to reflow the
      solder by the transfer of the latent heat of vaporization thereof to the
      article:
PA1  heating a liquifiable metal, having a melting point below, and a boiling
      point above, the elevated temperature, to at least the elevated
      temperature and to less than its boiling point, to form a pool of molten
      metal, and
PA1  stratifying the heat transfer liquid, which has a density less than the
      density of the molten metal and boils at the elevated temperature, on the
      pool of molten metal, to heat the heat transfer liquid to the elevated
      temperature and to boil the heat transfer liquid substantially at
      atmospheric pressure to generate the body of condensible vapor of the heat
      transfer liquid at the elevated temperature above the heat transfer
      liquid.
NUM  3.
PAR  3. In a method of establishing a body of condensible vapor of a heat
      transfer liquid, at an elevated temperature, to be condensed on an article
      extended therein to heat the article:
PA1  combining the heat transfer liquid, which boils at the elevated
      temperature, with a liquifiable metal, the heat transfer liquid having a
      density less than the density of the metal, and the metal having a melting
      point below, and a boiling point above, the boiling point of the heat
      transfer liquid, and
PA1  applying sufficient heat to the liquifiable metal and the heat transfer
      liquid to melt the metal to form a pool of metal with the less dense heat
      transfer liquid stratified on top of the pool of metal, and to elevate the
      temperature of the heat transfer liquid to continuously boil the heat
      transfer liquid to form the body of condensible vapor of the heat transfer
      liquid, at the elevated temperature, above the heat transfer liquid.
NUM  4.
PAR  4. In a method of generating substantially at atmospheric pressure a body
      of a condensible vapor of a heat transfer fluid at an elevated
      temperature, in a vessel which is open to the atmosphere, to be condensed
      on an article extended into the vessel to heat the article by the transfer
      of the latent heat of vaporization of the vapor thereto, the vapor being
      denser than air at atmospheric pressure:
PA1  combining in the lower portion of the vessel the heat transfer liquid,
      which boils at the elevated temperature, and a liquifiable metal, the heat
      transfer liquid having a density less than the liquifiable metal, and the
      liquifiable metal having a melting point below the elevated temperature,
PA1  applying sufficient heat to the heat transfer liquid and the liquifiable
      metal in the lower portion of the vessel to melt the liquifiable metal to
      form a molten pool of metal with the less dense heat transfer liquid
      stratified on top of the pool of metal in the lower portion of the vessel,
      and to continuously boil substantially at atmospheric pressure the heat
      transfer liquid to form the body of condensible vapor of the heat transfer
      liquid, at the elevated temperature, in the upper portion of the vessel.
NUM  5.
PAR  5. In an apparatus for generating a body of a condensible vapor of a heat
      transfer liquid for heating an article extended therein by the transfer of
      the latent heat of vaporization of the vapor to the article:
PA1  a vessel, open to the atmosphere;
PA1  a supply of the heat transfer liquid and a liquifiable metal in the lower
      end of the vessel, the heat transfer liquid having a density less than the
      density of the metal and the vapors of the heat transfer liquid having a
      density greater than air at atmospheric pressure, and the liquifiable
      metal having a melting point below, and a boiling point above, the boiling
      point of the heat transfer liquid, and
PA1  means for heating the heat transfer liquid and the liquifiable metal in the
      lower end of the vessel to melt the liquifiable metal to form a pool of
      molten metal with the less dense heat transfer liquid stratified on top of
      the pool of molten metal, and to boil the heat transfer liquid to generate
      thereabove in the upper portion of the vessel the condensible vapors of
      the heat transfer liquid.
NUM  6.
PAR  6. In an apparatus for generating a body of a condensible vapor of a heat
      transfer liquid for heating an article extended therein by the transfer of
      the latent heat of vaporization of the vapor to the article:
PA1  a vessel, open to the atmosphere;
PA1  a supply of the heat transfer liquid and a liquifiable metal in the lower
      end of the vessel, the heat transfer liquid having a density less than the
      density of the metal and the vapors of the heat transfer liquid having a
      density greater than air at atmospheric pressure, and the liquifiable
      metal having a melting point below, and a boiling point above, the boiling
      point of the heat transfer liquid, and
PA1  a heating element, in the bottom of the vessel, for heating the heat
      transfer liquid and the liquifiable metal to melt the liquifiable metal to
      form a pool of molten metal with the less dense heat transfer liquid
      stratified on top of the pool of molten metal, and to boil the heat
      transfer liquid to generate thereabove in the upper portion of the vessel
      the condensible vapors of the heat transfer liquid, the supply of metal
      being sufficient to completely surround the heating element to
      continuously absorb heat therefrom.
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ABST
PAL  An oven for treatment of solid foods includes an elongated, double-walled
      housing divided into a cooking chamber and a heating chamber containing
      heating means. Fan means in the heating chamber create a draft into which
      water vapor is introduced and the draft is circulated through both
      chambers. The product is carried on a vapor pervious conveyor through the
      cooking chamber.
PAL  The cooking process comprises the steps of providing a food treatment
      chamber equipped with a vapor pervious conveyor; preparing a moving stream
      of a process vapor at a temperature above 212.degree.F.; circulating the
      stream along the conveyor; injecting water vapor into the moving stream of
      process vapor and supplying heat to the moving stream; placing the food
      product in discrete pieces upon the conveyor; and moving the product
      continuously in its original position on the conveyor through the
      treatment chamber.
PARN
PAR  This is a continuation of application Ser. No. 328,925 filed Feb. 2, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns method and apparatus improvements for the treatment
      of food including treatment of solid food products in a superheated water
      vapor or steam-laden atmosphere.
PAR  In food treatment, and particularly in the case of meat products, it is
      desirable that the end product should be attractive in appearance
      including the color, texture and shape. The moisture content of a solid
      food product should be controllable during heat treatment. It is desirable
      that a food product be subjected to handling or movement as little as
      possible in processing so as to preserve the shape of the product and to
      avoid crumbling.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  In summary the invention relates to an oven providing an elongated
      processing path and comprising within a housing a cooking chamber having a
      continuous conveyor extending therethrough, said conveyor being of
      perforate construction so as to permit passage therethrough of the process
      atmosphere. A heating chamber is provided in the oven housing arranged in
      communication with the cooking chamber, the heating chamber having a
      heating unit therein for raising the temperature of the process
      atmosphere. Means are provided for injecting water vapor into the process
      atmosphere and means are provided for recirculating the process atmosphere
      from said heating chamber through said cooking chamber and again through
      said heating chamber.
PAR  The process of the invention comprises providing a food treatment chamber
      equipped with a vapor previous conveyor; preparing a moving stream of
      process vapor at a temperature above 212.degree.F. and circulating said
      process vapor along and through the conveyor; injecting water vapor into
      the moving stream of process vapor and supplying heat to the process
      vapor; placing the food product in discrete pieces upon the conveyor and
      moving the product continuously in its original position on the conveyor
      through the food treatment chamber.
PAR  An object of the invention is to provide an improved process for applying
      heat to a solid food product through circulation thereabout of a process
      vapor containing a large component of water vapor.
PAR  Another object of the invention is to provide an improved oven for cooking,
      baking and broiling a wide variety of food products, which oven achieves
      the functions of fryers, infrared and open flame broilers, ovens and
      blanchers.
PAR  Another object of the invention is to provide an improved oven of the type
      described above which is readily cleaned, which minimizes undesirable
      burn-on, and which provides for the collection of all product drippings
      for further use as gravies or saleable renderings.
PAR  Other objects of the present invention will be apparent from the following
      detailed description of the preferred embodiment considered in connection
      with the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B are each longitudinal, vertical sectional views taken in
      the direction of the arrows 1A and 1B of FIG. 7;
PAR  FIG. 2 is a transverse, sectional view taken in the direction of the arrows
      2--2 of FIG. 1A;
PAR  FIG. 3 is a view like FIG. 2 taken in the direction of arrows 3--3 of FIG.
      1B;
PAR  FIG. 4 is an enlarged, fragmentary view taken in the direction of the
      arrows 4--4 of FIG. 1A;
PAR  FIG. 5 is a view taken in the direction of the arrows 5--5 of FIG. 4;
PAR  FIG. 6 is a view taken in the direction of the arrow 6--6 of FIG. 4;
PAR  FIG. 7 is a longitudinal, horizontal, sectional view taken in the direction
      of the arrows 7--7 of FIG. 4;
PAR  FIG. 8 is a side elevational view of the oven of the present invention
      showing the upper portion thereof in the raised condition such as for
      inspection, maintenance or cleaning;
PAR  FIG. 9 is a longitudinal, horizontal, sectional view taken in the direction
      of the arrows 9--9 of FIG. 8;
PAR  FIG. 10 is an enlarged, fragmentary, sectional view through one of the
      hoists taken in the direction of the arrows 10--10 in FIG. 9; and
PAR  FIG. 11 is a schematic representation of a moisture control system useful
      with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The food treatment unit or oven 10 of the present invention, as illustrated
      in the drawings (FIGS. 1A, 1B, 7 and 8) comprises in general a shell 11
      divisible in a horizontal plane into an upper shell portion 12 and a lower
      shell portion 13, a framework 14, an endless conveyor 16, a circulating
      fan 17, a natural gas burner 18 and steam discharge nozzles 19. In viewing
      the drawings it will be understood that the product feed end of the oven
      10 is shown on the left of FIG. 1A and FIGS. 7 and 8, and the product
      discharge end is shown on the right in FIG. 1B and FIGS. 7 and 8. Thus the
      direction of movement of the top run of the endless conveyor 16 is from
      the left to the right as indicated by the arrows 25, and the process vapor
      within the oven is circulated by the fan 17 in the direction of the arrows
      21 of FIGS. 1A and 1B concurrent with the direction of conveyor movement.
PAR  Considering now the oven apparatus in more detail, and referring
      particularly to the framework, reference will be made to FIGS. 1A, 1B, 2,
      3, 7 and 8. In general, the framework comprises interconnected horizontal
      and vertical members including the seven pairs of legs 22 arranged
      respectively at the center, at each end of the oven, and two pairs at each
      of the two lifting sections defined by the four hoists 23, also arranged
      in pairs. As shown best in FIG. 8, the function of the four hoists 23 is
      to elevate the upper shell portion 12 and this will be described in more
      detail below. Each of the legs 22 is equipped with height adjusting means
      for leveling the oven and which comprises an adjustment screw 24 which is
      threadably mounted in the base of the leg and held securely in a selected
      position by a lock nut 26. Horizontally arranged cross members 27 extend
      transversely of the oven and interconnect the legs 22 in pairs.
      Longitudinally extending horizontal members 28 maintain the legs in a
      fixed supporting attitude providing a rigid, light framework for the oven
      structure. The frame members 22, 27 and 28 may be made up from tubing
      which is desirable in shape because of its ease of external cleaning, good
      strength to weight ratio and favorable appearance.
PAR  As mentioned above, the shell or housing 11 is divisible along a horizontal
      plane and comprises the upper shell portion 12 which is shown in FIG. 8 in
      the raised condition being supported therein by the two pairs of hoists
      23. The upper shell 12 is raised both for purposes of cleaning, inspection
      and maintenance of the oven interior. The upper 12 and lower 13 shell
      portions are shown in the closed conditions for operating in FIGS. 1-3
      wherein a water seal 31 is provided for retaining the process atmosphere
      within the oven, confining the cooking gases against escape to the
      surrounding plant, and also to prevent entrainment of air into the oven
      which degrades the process atmosphere. The water seal 31 also acts as an
      explosion release should there suddenly occur a great rise in pressure
      within the oven.
PAR  The lower shell or housing portion 13 is supported on the framework 14
      being connected to the uprights or legs 22. The lower shell portion is of
      double wall construction, as shown in FIGS. 2 and 3, and the bottom slopes
      from each end towards a low point midway along its length (FIGS. 1A and
      1B) where a pair of drain nozzles 32 are positioned for carrying off into
      a manifold 33 juices, fats or other liquids falling from the product into
      the lower shell portion. As viewed in transverse cross-section, FIGS. 2
      and 3, the lower shell portion has a configuration resembling the letter
      W. The spaced double walls provide a passageway for circulation of a
      liquid coolant such as water so that the bottom portion inside wall 34 may
      be maintained at a relatively low temperature (e.g. 180.degree.F.) which
      would preserve fats and juices from the product relatively intact and will
      prevent them from becoming overheated or burned on to the inside surfaces.
      Thus it will be understood that the inside wall 34 and the outside wall 36
      are spaced apart throughout the length of the oven 10 to provide space for
      circulation of coolant along the bottom of the lower shell portion 13.
      Side walls 37 extend upwardly from the inside bottom wall 34 and terminate
      in an inwardly inclined flange 38 which serves as the support for
      horizontally disposed pans or covers 39 which, with the walls 34 and 37,
      serve to define a cooking chamber 41 within the food treatment unit 10.
PAR  Spaced laterally outwardly of the side wall 37 there is provided the wall
      member 42 which joins with the wall member 37, the wall member 42 having a
      bottom horizontally disposed wall 43 (FIG. 2) integral therewith which
      unites the inside wall 37 forming a longitudinally extending channel
      which, when filled with water, defines the water seal 31 for receipt of
      the vertical skirts 44 from the upper shell portion. The water contained
      in the water seal 31 is circulated independently of the system for
      circulating water along the bottom of the lower shell portion.
PAR  The arrangement of the walls at the ends of the lower shell are
      substantially the same at each end and a typical section is shown in FIG.
      5. There it will be seen that inside 35 and outside 40 end walls are
      arranged spaced apart to provide coolant circulation therebetween and a
      horizontal baffle 45 is interposed midway along the end walls so as to
      divide the end portions into upper and lower circulation compartments. The
      upper compartment 46 is arranged so that the coolant may communicate with
      the coolant passageways in the tubular supports for the conveyor, as will
      be explained more fully below.
PAR  The upper shell or upper housing 12 is of substantially larger volume than
      the lower shell which encloses the cooking chamber 41, as may be seen from
      FIGS. 1A, 1B, 2 and 3. The upper shell 12 is of double wall construction
      and provides an insulating air space 54 between the outer radiation shield
      56 and the inner chamber wall 57. Inside, the upper shell portion provides
      a process vapor heating chamber 51 which is equipped with the burner 18
      operating within the chamber 51 and the fan 17 which serves to circulate
      the process vapor from the heating chamber into and from the cooking
      chamber. The process vapor returns from the cooking chamber through the
      gap 52 (FIG. 1B) between the cooking and heating chambers and in so doing,
      the process vapor passes across the two steam discharge nozzles 19 which
      serve to charge the process vapor with saturated steam. It will be
      appreciated that the covers 39 or pans supported by the side walls 37
      define the lower boundary of the heating chamber 51, as may be seen in
      FIGS. 1A, 1B, 2 and 3.
PAR  To minimize cooking odors in the surrounding plant and to positively vent
      the oven to the out-of-plant atmosphere or to a fume disposal apparatus,
      each end of the upper housing portion 12 is equipped with a double-walled
      stack 58 (FIGS. 1A and 1B). Each stack is equipped with an exhaust fan
      (not shown) which operates to effect circulation from the oven interior,
      as indicated by the arrows 64 in FIGS. 1A and 1B. Air drawn into the oven
      through the oven inlet 15 or outlet 20 passes largely up the stack, being
      drawn across the gap established by the reception baffle 59 and into the
      flue section 61 defined by the end baffle 62 spaced from the inside end
      walls 63 of the housing 12. Thus a draft of air is swept in through both
      the oven inlet 15 and outlet 20 and up the flue 61, and this draft
      entrains a minor portion of the process atmosphere taking it up the stack
      58 which is replaced, it is believed, by the process steam supplied from
      the nozzles 19. The stacks 58 are telescopically related to the associated
      plenums 60 (indicated in FIG. 8 by broken lines) so as to accommodate the
      vertical movements of the upper shell portion 12.
PAR  Referring now to FIGS. 1B, 3 and 8, the burner assembly 18 is arranged with
      respect to the heating chamber 51 so as to discharge therein a jet 66 of
      flame and combustion gases generally concurrently to the direction of flow
      of the process atmosphere and in the embodiment the burner projects at an
      angle of approximately 45.degree. and oriented forwardly in the direction
      of flow, as indicated by the arrows 21. The burner assembly 18 is supplied
      with natural gas or other suitable gaseous fuel from the gas conduit 67
      which is in communication with a gas source. The burner assembly includes
      an electric motor 68 operatively coupled to a blower 69 for supplying the
      necessary volume of air to the burner. The entire burner unit is mounted
      on a framework 71 on the top of the oven housing. A suitable burner
      assembly is one manufactured by the Maxon Premix Burner Co., Inc. of
      Muncie, Ind., model No. 435 which can provide an output of 3.5 million
      B.T.U.'s per hour. A spray shield 72 is mounted for pivoting movement so
      as to cover the discharge of the burner during oven cleaning operations.
      As shown in FIG. 1B, the spray shield is disposed in the out-of-the-way
      position for over operations.
PAR  Referring to FIGS. 1A and 2, it will be seen that the vapor circulating fan
      assembly 17 is mounted in the upper shell portion in a protective nacelle
      77 so that the electric motor 76 is shielded from the oven atmosphere by
      the double wall of the nacelle. On each side of the oven the nacelle 77 is
      open affording air coolant to the motor 76. A drive shaft 78 extends from
      the fan motor 76 through an opening 79 into the heating chamber 51 and a
      fan impeller 81 is secured on the shaft 78 to rotate within a shroud 82.
      An array of stator vanes 83 (FIGS. 1A and 2) are arranged between the side
      walls 57 downstream of the fan for regulating the flow of the process
      atmosphere to the inlet opening 53 between chambers 41 and 51.
PAR  An eight-bladed, 27-inch fan wheel driven by a 71/2 horse power motor was
      found suitable for the circulating fan assembly 17 and to provide a mass
      flow of 1200-1300 cubic ft. per mi.
PAR  Referring to FIGS. 1A and 1B, 4, 5 and 6, the endless conveyor 16 for
      carrying the product 85 through the oven includes the endless conveyor
      belt 86 which, for example, may be formed from flat, flexible wire belt
      material employing wire 0.072 inches diameter arranged on a 1/2 inch
      pitch. The belt 86 extends the entire length of the oven and thus extends
      through both the oven inlet 15 and outlet 20, shown in FIGS. 1A, 1B. The
      belt itself is of open construction and is therefore previous to the
      process vapor so that the product 85 will be contacted by the process
      vapor through the belt. This is important in cooking the undersides of
      chicken parts and the like products and eliminates the requirement of
      turning the product over to cook the underside.
PAR  The belt is supported along its length inside the oven so as to readily
      permit circulation of the process vapor through the belt. More
      particularly, the belt support includes a plurality of longitudinally
      extending, water-cooled, pipe supports 87 which are supported vertically
      from the side walls 37 of the lower shell portion by the tubes 88
      arranged, as appears in FIG. 7, in a square loop configuration. The tubes
      88 are supported at the side walls 37 by brackets (not shown). Coolant is
      circulated through both the longitudinally extending belt supports 87 and
      through the tube supports 88 to maintain those members at a sufficiently
      low temperature so that cooking products are not burned on and therefore
      these members remain in a relatively clean condition throughout over
      operation. The conveyor supports 87, 88 are in communication with a
      coolant header provided by the upper compartment 46 of the oven end wall
      (FIG. 5). A pump 89 is provided for circulating liquid both in the
      conveyor supports and in the coolant spaces or passageways 47 along the
      bottom wall. At the product discharge end of the oven a similar manifold
      or header compartment 46 is provided in the end wall and is arranged in
      communication with the longitudinal pipe supports 87.
PAR  A conveyor drive unit 91 is arranged at the feed end of the oven (FIGS. 4,
      5 and 6) and includes, for example, an electric motor 92 coupled to an
      adjustable, variable speed reduction unit 93 which is mounted upon a
      support bracket 94 which is suitably secured to the oven framework 14. The
      output shaft 97 of the speed reduction unit 93 is coupled to the conveyor
      drive roller 98 through the sprockets 99 and 101 and chain 102, as shown
      in FIGS. 4 and 5. The drive roller 98 is rotatably supported at each of
      its ends by bearing structure 103 mounted upon a structural angle member
      96 arranged vertically between the frame cross-members 27, as shown in
      FIG. 4. The drive roller is provided with suitable teeth 106 for
      engagement with the wire mesh belt 86 so that the wire mesh belt may be
      positively driven by the roller 98. To regulate the tension within  the
      wire mesh belt 86, apparatus is provided including two rollers 107, 108
      which are adjustably mounted with respect to the framework and so arranged
      to provide the necessary wrap of the belt around the drive roller, as
      shown best in FIG. 5. The bearings 109 serve to support the larger of the
      two tension rollers 107 with respect to the member 96, as shown in FIG. 4.
      By moving the smaller of the two rollers 108 in the vertical plane, as
      viewed in FIG. 5, the degree of tension within the wire mesh belt may be
      regulated.
PAR  At each end of the oven there is mounted an idler roller 111 about which
      the belt is reeved to establish the plane of the belt through the oven
      proper. Each idler roller 111 is rotatably supported at its ends by
      bearing structure 112 (FIG. 4) mounted upon a bracket 113 made integral
      with the side plate 114 rigidly connected to the lower portion of the
      housing.
PAR  At each the oven inlet 15 and outlet 20 there is arranged beneath the
      conveyor belt 86 a belt support plate structure 117 rigid with the side
      plates 114 and serving to establish, respectively, a product loading and a
      product discharge station for the oven. A flexible flap member 118 is
      arranged, as shown in FIG. 5, over each inlet 15 and outlet 20 so as to
      retain the process atmosphere within the oven and to minimize air
      entrainment therein, while affording easy passage of the product 85
      carried by the belt with respect to the processing chamber.
PAR  As shown in FIGS. 1A and 1B, a drip pan 116 is provided on the framework
      and is disposed below the lower run of the belt 86. The drip pan is sloped
      towards its center and is equipped with a drain (not shown) to facilitate
      cleaning.
PAR  A clean-in-place liquid spray system is incorporated into the oven 10 so
      that following an operational run the oven interior may be throughly
      cleaned to meet governmental and industry standards of cleanliness. The
      spray system includes an array of spray nozzles 121 disposed in both the
      heating chamber 51 (FIGS. 1A and 1B) and in the cooking or processing
      chamber 41 (FIG. 2). During the cleaning operation the nozzles are
      supplied with cleaning and rinsing solutions through suitable conduits
      (not shown) and the solutions are recirculated through the cleaning system
      at desired rates and temperatures from a supply of such solutions located
      outside of the oven. The drain 33 in the bottom of the lower housing unit
      serves, during the cleaning operation, to carry off the cleaning fluids
      and entrained cleanings.
PAR  Mentioned above was the function of raising or elevating the upper housing
      portion 12 from the lower housing portion (FIGS. 1A, 1B, 8-10). As may be
      seen best from FIGS. 9 and 10, the system for raising the upper housing
      portion 12 comprises four hoists 23 arranged in pairs, the upper ends of
      which are connected to a transversely extending lifting tube 124 (FIGS. 2
      and 3) which extends through the upper housing portion. Each of the hoists
      or jacks 23 is mounted upon a platform 125 rigidly secured to and disposed
      between two adjacent legs 22. Each hoist or jack assembly 23 includes a
      base 128 secured by fasteners 129 to the platform 125 and a vertically
      extending internal jack screw 131 operatively mounted at its lower end in
      a bearing (not shown) and a cooperative lifting nut 132 fixedly secured to
      a tubular strut 133 which is joined by a pin 136 to the laterally
      extending lifting tube 124, as shown in FIG. 10. An outer housing 137
      encloses the tubular strut 133 and is rigidly mounted upon the base 128 of
      the hoist, the housing being equipped with an annular guide cap 138
      through which the strut 133 may slide freely. Within the strut the upper
      end of the jack screw 131 is equipped with an alignment spool 141 which
      slides freely with respect to the inside surfaces of the strut 133 so as
      to maintain the jack screw 131 centered within the strut 133. Rotation of
      the jack screw 131 serves to raise or lower through the lifting nut 132
      the tubular strut 133 and in turn the upper housing portion through the
      lifting tube 124, it being understood that there are four jack screws
      which operate in unison through a drive system to be described immediately
      below.
PAR  More particularly, it will be seen from FIG. 9 that there is provided a
      right angle drive motor 127 which is coupled through a shaft 126 to two
      right angle gear drive units 129 which in turn are each coupled by
      laterally extending shafts 123 to the hoist units 23. Pillow blocks 142
      are provided at intervals to support the shafting, as shown. As indicated
      by the arrows 144, FIG. 9, rotation of the shafting through operation of
      the drive motor 127 in the directions indicated serves to raise the upper
      housing assembly to a raised position as shown in FIG. 8. Conversely,
      rotation of the shafting in the direction opposite to that indicated by
      the arrows 144 will serve to lower the upper housing unit again into the
      position as shown in FIGS. 1A and 1B. Suitable limit switches (not shown)
      are provided for stopping the drive motor 127 when the limits of travel of
      the jack screws have been reached.
PAR  Means are provided for detecting and regulating the moisture content of the
      process atmosphere within the oven 10. Referring particularly to FIGS. 1B,
      3 and 11, the moisture control unit 146 may be arranged in the moving
      process atmosphere within the heating chamber and includes a fine spray
      nozzle 147 which projects a spray of water against a spaced apart
      iron-constantan, J thermocouple 148, both arranged within an open-ended
      duct 149, FIG. 1B. The nozzle 147 projects a spray concurrent to the flow
      of the process atmosphere within the heating compartment and thus the "wet
      bulb" thermocouple 148 is disposed downstream of the spray nozzle 147. A
      second or "dry bulb" thermocouple 151 is disposed within the oven
      preferably within the heating chamber 51 and also extends into the path of
      the circulating atmosphere. The thermocouple 148 is electrically coupled
      to a controller recorder 152 which serves to sense the electrical output
      of the thermocouple and to respond to established control limits through a
      pneumatic output to a prearranged setting. The controller output is
      coupled to a pneumatically operated steam valve 153 in the steam supply
      line 161 so as to operate the valve 153 for regulating the steam supply to
      the steam nozzles 19 so as to achieve and maintain a pre-set moisture
      content of the process atmosphere. Shutoff valves 154 are provided in the
      steam line 161.
PAR  The thermocouple 151 is electrically coupled to a controller recorder 172
      which serves to sense the electrical output of the thermocouple 151 and to
      respond through a pneumatic output to a prearranged setting. The output of
      controller 172 is coupled to a pneumatically operated gas valve 173 in the
      gas supply line 67 as to operate the valve 173 for regulating the gas
      supply to the heating unit 18 so as to achieve and maintain the pre-set
      oven temperature.
PAR  Steam in this embodiment is supplied to the line 161 at a pressure from
      25-35 psig and at a saturated quality of and at a temperature of between
      260.degree.-281.degree.F. A spray of hot water may be substituted for the
      saturated steam. A satisfactory spacing for the nozzle 157 from the "wet
      bulb" thermocouple 148 has been found to be on the order of 16 inches and
      a satisfactory flow through the nozzle 147 is on the order of 0.06 gallons
      per minute. Water is supplied to the line 156 at a pressure of about 15-20
      psig and at a temperature which may vary between 50.degree.-200.degree.F.,
      but preferably at about 60.degree.F. In the water supply line 156 there is
      provided a strainer 157, a pressure regulating valve 158 and shutff valve
      159.
PAR  The moisture control unit 146 works on the principle that a water droplet
      sprayed into a hot atmosphere will change in temperature until it reaches
      a point where the partial pressure of the water vapor from the droplet
      equals the partial pressure of water vapor in the process atmosphere or
      the dew point temperature. If the droplet temperature is initially higher
      than the equilibrium or dew point temperature, then water evaporates from
      the droplet surface, dissipating heat energy from the droplet until its
      temperature falls to dew point temperature. On the other hand, if the
      initial droplet temperature is lower than the equilibrium temperature,
      moisture from the atmosphere condenses on the surface of the droplet
      supplying energy until the droplet rises to the dew point temperature. The
      droplet temperature adjustment is cirtually independent of the normally
      measured dry bulb oven temperature and is a function of moisture content
      of the process atmosphere. Thus, the measurement of the droplet
      temperature after it has reached equilibrium is then a measure of the
      partial pressure of water vapor in the atmosphere and which may be
      converted to give the composition of moisture by volume in the process
      atmosphere. This measurement is made through the use of the controller 152
      or through psychometric tables the temperature reached by the dry bulb
      thermocouple 151 and that reached by the "wet bulb" thermocouple 148.
PAR  Fresh filtered water is continuously introduced through the water supply
      line 156 and once the water has been sprayed against the web bulb
      thermocouple it is dumped through the duct 149 into the space 41 below the
      conveyor belt. This procedure keeps the thermocouple 148 in a clean
      condition from being constantly washed by the water spray.
PAC  Operation
PAR  The present invention is predicated on the fact that water vapor or steam
      has an enlivening effect upon the appearance and flavor of certain food
      products such as meat patties, salisbury steak, chicken parts etc. This
      effect is vastly enhanced when the cooking takes place largely in the
      absence of air so as to reduce or minimize the degenerative effect of
      oxidation and drying out of the product.
PAR  The present invention also makes possible a very rapid processing cycle
      which is contributable to a high heat transfer rate from the
      moisture-laden process vapor to the relatively cooler product such that
      moisture from the process atmosphere may leave the vapor state and
      condense upon the product releasing the heat of the vaporization. This
      phenomenon is particularly present as the product first enters the cooking
      chamber which is the moment when the temperature differential between the
      process atmosphere and the product is the greatest. The condensing of
      moisture upon the product tends, it is believed, to seal in moisture
      contained within the product and minimizes the tendency for a product to
      dehydrate such as when processed in a substantially dry, rapidly moving,
      e.g. 1200-2400 feet per minute, gaseous stream. The process may be readily
      controlled by means including the moisture control system 146 so as to
      maintain one preferred high percentage of water vapor or steam in the
      process atmosphere, e.g. 45-65%, and permitting food treatment to occur at
      a relatively high processing temperature, e.g. 400.degree.-600.degree.F.,
      without deterioration or burning of the product, in this one preferred
      range.
PAR  The apparatus has been in successful operation in a range of moisture
      content as low as 8-11% in the 450.degree.-600.degree.F. range for meat
      patties to achieve particular finished color characteristics. Temperatures
      as low as about 250.degree.F. and as high as about 1100.degree.F. have
      been employed for such products as unbreaded chicken and turkey breasts on
      the one hand, and meat patties on the other, to achieve particular
      treatment times and finished appearance characteristics.
PAR  The process also provides for recovery of the juices and fats drippings for
      re-use in gravies and the like.
PAR  To ready the oven for processing a solid food product such as chicken
      parts, meat patties, frozen products etc., the conveyor is set into
      operation and the exhaust fans (not shown) connected to the stacks 58 are
      set into the condition for withdrawing air through the oven inlet 15 and
      outlet 20 and a portion of the process vapor from the oven to the stacks
      to minimize cooking odors escaping into the plant. Then the oven is
      brought up to the desired temperature by firing the burner unit 18 and
      setting the fan 17 into operation so as to circulate the atmosphere within
      the oven. As operational temperature is approached, steam is injected into
      the processing chamber through the nozzles 19 to reach the established or
      selected moisture content for the operational temperature.
PAR  Solid food products 85 in discrete pieces are placed upon the belt at the
      loading station established at the left end of the oven, as viewed in FIG.
      1A. As products 85 are moved by the belt they are carried through the
      fabric curtain 118 into the processing chamber and through the entire
      length of the oven in their original positions, leaving the oven through
      the outlet 20 to the discharge station on the right, as shown in FIG. 1B.
      The process vapor is circulated above, below and through the conveyor belt
      86 being that the belt is of open construction and is arranged for easy
      passage of the process vapors therethrough. The product 85 is cooked or
      treated by the process atmosphere on all sides without the necessity of
      turning the product over to treat the bottom side. The fan 11 propels the
      process vapor through the processing chamber or cooking chamber 41 through
      the opening 52 back into the heating chamber 51. As the stream or draft
      passes through the opening, steam or a hot water spray from the nozzles 19
      is injected into the moving stream. As shown in FIGS. 2 and 3, the volumes
      of the cooking compartment above and below the conveyor belt 86 are
      substantially the same. Thus the rate of vapor flow above and below the
      conveyor belt will be substantially the same providing even heat
      transference from the process atmosphere to the product on all sides.
      Drippings from the product fall through the conveyor belt 86 to the cooled
      walls 34 and are carried to the drains 32 and out of the unit. Further,
      the juices may be used to baste products during processing.
PAC  EXAMPLES
PAR  The utility of the process disclosed herein may be appreciated best by
      reference to results achieved in tests with a prototype unit. For example,
      in a series of tests the prototype unit was adjusted so that the process
      atmosphere moved at an average velocity of about 1200 feet per minute with
      the temperature of the cooking chamber at about 500.degree.F., and with a
      moisture content of the process atmosphere at about 46%. Two different
      meat products were process with the resulting product having a highly
      desirable, commercially acceptable appearance and good moisture content.
      These two products were meat patties containing beef and meat patties
      containing principally pork.
PAR  Considering first the batch of beef meat patties, these were five-ounce
      individual patties of approximately 1/2 inch thickness and having an
      aggregate batch weight of 1 lb., 41/2  ozs. The temperature of the patties
      was 35.degree.F. prior to entry into the process. Immediately after
      leaving the cooking chamber the patties had an aggregate batch weight of 1
      lb., 1.9 ozs. and had achieved a center temperature of 144.degree.F. The
      loss of eight amounted to 12.7% and the time in process was 3 mins. 45
      secs.
PAR  The batch of pork patties was processed for a similar 3 mins. 45 secs. time
      period and was also nominally 5 oz. patties of 1/2 inch thickness, the
      batch weighing 1 lb., 3.6 ozs. The temperature of the patties was
      42.degree.F. before entering the cooking chamber. The weight of the batch
      upon exit from the cooking chamber was 15.9 ozs., or a loss of 18.9%, and
      the center temperature of the patties was 152.degree.F. The meat patties
      in each instance were cooked to a satisfactory degree, as evidenced by the
      internal temperature and the appearance in color. The moisture content and
      appearance was vastly superior in a commercial sense for bulk food
      processing.
PAR  Another example of employing the process on a meat product was a test in
      the prototype unit of cooking salisbury steak in pieces of about 3 ozs.
      each with the batch total weight of 3 lbs., 5 ozs. The moisture content of
      the process atmosphere was maintained at about 46%, temperature at about
      450.degree.F. and the process atmosphere velocity at about 1200 feet per
      minute. Temperature of the product prior to entry into the cooking chamber
      was 28.degree.F. The temperature of the product upon exit from the cooking
      chamber was 140.degree.F. and the weight of the batch upon exit was 3 lbs.
      1.8 ozs., or a loss of 6%. The processing time was 2 mins. 30 secs. The
      product was found satisfactory in appearance and the degree of cooking
      even with the rapidity of the cooking operation.
PAR  A fourth example concerns the use of the process in a test for cooking
      chicken parts comprising two chickens having a batch weight of 1330 grams
      with an average weight per part of 83 grams. This batch of chicken parts
      was placed in a batter before cooking which raised the batch weight to
      1715 grams before entry into the prototype cooking unit. On entry into the
      cooking unit the temperature of the chicken parts was about 80.degree.F.
      and upon exit from the cooking unit the temperature at the bone was
      between 185.degree.-195.degree.F. The oven temperature was 375.degree.F.
      with the moisture content between 45-46%. Cooking time was 14 mins. 30
      secs. The weight of the batch upon exit from the cooking unit was 1505
      grams and the loss was 250 grams or 11.4%.
PAR  A fifth example concerns a test for cooking meat patties each weighing
      about 2 ozs. with a batch weight of 2 lbs., 0 ozs. The temperature of the
      product before entering the cooking chamber was about 40.degree.F. and the
      temperature of the patties' center upon exit from the chamber was about
      145.degree.F. The weight of the batch following processing was 1 lb., 12.8
      ozs., or a loss of 10%. The process atmosphere was maintained at a
      velocity of about 1200 feet per minute and a temperature of 600.degree.F.
      with 10% moisture content, no steam being introduced into the process
      atmosphere. The moisture was derived from products of combustion and
      evaporation from the product itself. The cooking time was 1 min. 10 secs.
      The product had a good appearance and a thorough cooking in a relatively
      short period.
PAR  The initial temperature differential between the product entering the unit
      and the process vapor, as demonstrated in the above examples, falls in the
      range of 295.degree. to about 560.degree.F. It was observed that this
      effected a rapid surface treatment of the product with some moisture from
      the process atmosphere condensing on the product and releasing the latent
      heat of vaporization. The temperature differential decreases as a product
      continues through the unit reaching a minimum at the product exit. The
      heat input and atmosphere circulation rate is selected to permit a
      temperature drop throughout the unit.
PAR  The five examples above demonstrate to the skilled art worker that the
      process disclosed herein achieves a cooked product having an excellent
      appearance, good moisture content with a short processing time.
PAR  From the above it will be apparent to the skilled art worker that changes
      and modifications can be made to the unit 10 as well as to the food
      treatment process disclosed herein. Irrespective of those modifications,
      the invention shall be limited only by the terms of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An oven operative at substantially atmospheric pressure for food
      treatment comprising an elongate oven housing having top, bottom, side and
      end walls, means serving to supply a process vapor into said housing, a
      partition dividing said housing into a proces vapor heating chamber and a
      food processing chamber, said housing end walls having openings therein
      defining product inlets and outlets to said processing chamber, at least
      one exhaust opening on said housing, baffle members arranged in said oven
      and coacting with the wall portions thereof to furnish a flow passageway
      from said product inlet to the exhaust opening and from said product
      outlet to the exhaust opening, said exhaust opening and baffle member
      permitting a draft to sweep air entering said oven through said product
      inlet and said product outlet up through said exhaust opening and out of
      the oven serving to control air from entry into the process vapor, said
      conveyor means including a conveyor belt arranged to carry solid food
      products thereon through processing chamber and being of previous
      construction to permit circulation therethrough of the process vapor,
      first power means serving to drive said conveyor means, heating means
      arranged in said heating chamber serving to raise and maintain the vapor
      therein at a selected processing temperature, means for positively
      circulating the process vapor, second power means serving to drive said
      vapor circulating means, baffle means coacting with said partition serving
      to permit said circulating means to generate a draft of the process vapor
      from said heating compartment through said process compartment and along
      said conveyor and thence serving to effect recirculated return of the
      process vapor to said heating chamber.
NUM  2.
PAR  2. The oven of claim 1 wherein said process vapor supply means includes
      injection means serving to direct a supply of water vapor into said oven
      to impinge on the draft of the process vapor to be carried along therewith
      as the process vapor is recirculated, and means coupled to said supply
      means serving to regulate the moisture content of the process vapor to a
      pre-set value.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said regulator means includes first and
      second thermocouple means arranged in said housing, means for projecting a
      spray of liquid from a supply thereof upon said first thermocouple means,
      first comparator means coupled to said first thermocouple means and
      programmed to compare the temperatures indicated by said first
      thermocouple to a pre-set value, said first comparator means being
      operatively coupled to said water vapor supply means so as to regulate the
      rate of flow of the water vapor into the oven process vapor, second
      comparator means coupled to said second thermocouple means and programmed
      to compare the temperatures indicated by said second thermocouple to a
      pre-set value, said second comparator means being operatively coupled to
      said heating means.
NUM  4.
PAR  4. The oven of claim 1 wherein said elongate housing is separable along a
      generally horizontal plane into a lower housing portion and an upper
      housing portion, means providing for sealing said upper housing portion
      with respect to said lower housing portion so that the process vapor may
      be contained substantially entirely within said oven housing, and means
      for lifting said upper housing portion upwardly from said lower housing
      portion.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said sealing means between said upper
      and lower housing portions includes along each side of said lower housing
      portion a longitudinally extending, liquid-retaining channel, said upper
      housing portion including along each side thereof a downwardly projecting,
      longitudinally extending, impervious member receivable into said channel
      to extend below the liquid level therein when said upper and lower housing
      portions are disposed together in a closed condition for oven operation.
NUM  6.
PAR  6. The oven of claim 4 wherein said conveyor means is disposed in said
      lower housing portion, said housing being configurated and arranged such
      that once said upper housing is in said raised condition said conveyor
      means is exposed for visual inspection and maintenance.
NUM  7.
PAR  7. The oven of claim 4 wherein said upper housing portion contains said
      heating chamber, said circulating means and said heating means.
NUM  8.
PAR  8. The oven as defined in claim 1 wherein said conveyor belt including the
      conveyor run for carrying solid food products extends through said
      processing chamber, said product carrying conveyor run being spaced below
      said partition means and above the bottom wall of said oven to define in
      said processing chamber process vapor circulation spaces above said
      conveyor run and below said conveyor run, the return run of said conveyor
      belt being disposed on the outside of said processing chamber.
NUM  9.
PAR  9. The oven of claim 8 wherein drip pan means are arranged on said oven
      below said return run of said conveyor belt serving to receive therein
      drippings from the return run of said conveyor belt.
NUM  10.
PAR  10. The oven of claim 8 wherein means are provided in said processing
      chamber for supporting said product carrying conveyor run in a generally
      horizontal attitutde, said supporting means being formed as to provide
      coolant passageways therein and means for circulating coolant through said
      passageways of said conveyor support means.
NUM  11.
PAR  11. The oven of claim 1 wherein the bottom portions of said processing
      chamber disposed below the product carrying run of said conveyor belt
      include wall structure formed to provide passageways for receiving a
      coolant fluid, and means for circulating coolant fluid through said
      passageways serving to maintain the inside surfaces of said bottom
      portions at a temperature where the product drippings from said conveyor
      belt are held in a flowable liquid state and the burned-on of drippings
      upon the inner surfaces is minimized.
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ABST
PAL  A roller hearth furnace having a plurality of horizontally elongated
      furnace modules aligned with each other in an end-to-end relationship so a
      roller conveyor may carry glass sheets horizontally through the furnace
      and thereby heat the glass prior to tempering. Each furnace module has a
      hollow construction with a circular cross-section defined by a
      semicircular lower housing portion and a semicircular upper housing
      portion. A separate counterbalance mechanism associated with each upper
      housing portion supports it independently of the others for movement
      between a lower closed position immediately over its associated lower
      housing portion and an upper open position where the interior of its
      associated lower housing portion is accessible. The counterbalance
      mechanisms each include four chains attached to counterweights in a manner
      that permits counter-balancing of the associated upper housing portion
      even if one chain should break. One chain of each counterbalance mechanism
      is driven by an associated reversible electric motor to raise and lower
      its upper housing portion, and a separate elongated operator handle
      extending along the length of each upper housing portion is coupled to the
      motor thereof so an operator can control the motor operation from any
      position along the length of the particular furnace module. Each upper
      housing portion includes end walls that mitigate heat loss when one of
      them is open while adjacent ones are closed. Upper and lower end walls at
      each end of the furnace are reinforced to maintain horizontal openings of
      uniform size where glass enters and leaves the furnace.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to roller hearth furnaces, and more
      specifically to such furnaces which are used to heat sheets of glass prior
      to a quench that tempers the glass.
PAR  2. Description of the Prior Art
PAR  Glass sheets can be tempered by first heating the sheets and then suddenly
      cooling them to thereby change the mechanical properties of the glass. The
      tempering operation increases the strength of the glass and also causes
      the glass to break into small pieces that are dull and relatively harmless
      instead of into large, sharp pieces.
PAR  To perform the tempering of glass sheets, roller hearth furnaces have been
      developed in the past to heat the glass sheets prior to their cooling
      which is usually performed by pressurized air that is sprayed onto the
      glass. Prior art roller hearth furnaces utilize roller conveyors for
      conveying the glass sheets through the furnace with their planes oriented
      horizontally and then to a quenching unit where the sudden cooling is
      performed. Prior art roller hearth furnaces are disclosed by the U.S. Pat.
      of McMaster et al, No. 3,806,312, issued Apr. 23, 1974, and by the
      references cited therein. Subsequent to the quenching, cooling units are
      used to further cool the glass to a temperature where it can be handled.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a roller hearth furnace
      including a horizontally elongated housing of a hollow construction having
      a circular cross-section defined by a fixedly mounted upwardly opening
      lower housing portion of a semicircular cross-section and a movable upper
      housing portion having a downwardly opening semicircular cross-section
      that covers the lower housing portion in a closed position to permit a
      conveyor to carry sheets of glass horizontally through the housing with
      their planes located at the juncture between the housing portions so that
      heaters on each housing portion can uniformly heat both sides of the glass
      sheets.
PAR  Another object of the present invention is to provide a roller hearth
      furnace including a plurality of horizontally elongated furnace modules
      aligned in an end-to-end relationship and each having a lower housing
      portion fixedly mounted in an upwardly opening manner as well as an upper
      housing portion mounted for vertical movement between a lower closed
      position immediately over its associated lower housing and an upper open
      position where the associated lower housing portion is accessible from
      each elongated side thereof, and each upper housing portion includes end
      walls that prevent the escape of heat from the furnace when one of the
      upper housing portions is moved upwardly to its open position while the
      others remain in their lower closed positions.
PAR  A further object of the present invention is to provide a roller hearth
      furnace for heating sheets of glass which includes a housing having an
      upper portion movable in a vertical direction between a lower closed
      position and an upper open position and a counterbalance mechanism for the
      upper housing portion which has generally elongated flexible members (such
      as chains) that are attached in pairs to common counterweights in a manner
      that permits each upper housing portion to be counter-balanced even if one
      of its flexible members should break.
PAR  In carrying out the foregoing objects, as well as other objects, a roller
      hearth furnace according to the present invention includes a plurality of
      horizontally elongated furnace modules aligned with each other in an
      end-to-end relationship. A horizontal roller conveyor of the furnace
      carries glass sheets through the furnace with their planes oriented
      horizontally. The housing of each furnace module is of a hollow
      construction and has a generally circular cross-section defined by upper
      and lower housing portions having complementary semicircular
      configurations. The lower housing portions are fixedly mounted in upwardly
      opening orientations and the upper housing portions open downwardly and
      are located immediately over their associated lower housing portions in
      closed positions during use. Heating elements on both the lower and upper
      housing portions heat the glass sheets on both their upper and lower sides
      in a uniform manner when the furnace is operating. The upper housing
      portions are mounted independently of each other for vertical movement
      between the lower closed positions and upper open positions where their
      associated lower housing portions are accessible from each elongated side
      thereof.
PAR  The upper housing portions of the furnace modules each have end walls of
      semicircular configurations that prevent heat from escaping from the
      furnace when one of the upper housing portions is in its open position
      while ones adjacent to it are closed. Both the upper and lower housing
      portions of the end furnace modules where glass enters and leaves the
      furnace include reinforced end walls of refractory material that define
      horizontal openings through which the glass passes, and the reinforcement
      of these end walls maintains the horizontal openings with a uniform size
      even if the refractory material cracks.
PAR  A counterbalance mechanism for each furnace module counterbalances the
      upper housing portion thereof during movement between its open and closed
      positions. The counterbalance mechanisms each include four separate
      generally elongated flexible members taking the form of chains that
      support the corners of the associated upper housing portion. The chains of
      each counterbalance mechanism extend between their associated upper
      housing portion and an upper support structure above the furnace in block
      and tackle arrangements to provide a mechanical advantage in the
      counterbalancing. The two chains that support each end of their associated
      upper housing portion are connected to a common counterweight so that
      either of these chains can carry the counterbalancing force of the other
      if one should break. The pairs of chains are connected to their common
      counterweight by pivotal connections of each chain to a coupling member
      which itself has a single pivotal connection to the common counterweight.
      Pivotal movement of the coupling member when one chain breaks ensures that
      the other chain is only loaded axially and is not torqued sideways in a
      manner that could cause it to also break. The chains supporting opposite
      ends of each upper housing portion are trained over sprockets on the
      opposite ends of an elongated control shaft so as to synchronize the
      vertical movement of both ends of each upper housing portion.
PAR  Each counterbalance mechanism includes a reversible electric motor driving
      one of its chains so as to aid in the movement of its associated upper
      housing portion between the open and closed positions. The electric motor
      is controlled by an elongated operator handle that extends along the
      length of the associated upper housing portion. The operator handle thus
      permits the vertical position of the upper housing portion to be
      controlled from any longitudinal position along the length of the furnace
      module.
PAR  Each furnace module has vertical guides mounted on its ends and received
      between rollers on the upper support structure above the furnace so as to
      guide the upper housing portions between their open and closed positions.
      The counterbalance mechanism for each upper housing portion and the
      vertical guides thereof thus cooperate in controlling the movement of the
      upper housing portions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings, which includes FIG. 1A and FIG. 1B, shows a side
      elevation view of a glass tempering system which includes a roller hearth
      furnace embodying the present invention;
PAR  FIG. 2 is a cross-sectional view of the furnace taken along line 2--2 of
      FIG. 1A;
PAR  FIG. 3 is a partially sectioned end view of the furnace taken along line
      3--3 of FIG. 1A;
PAR  FIG. 4 is a sectional view of an end wall of the furnace taken along line
      4--4 of FIG. 3; and
PAR  FIG. 5 is a partially sectioned view taken along line 5--5 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1A and 1B, a glass tempering system is collectively
      indicated by reference numeral 20 and includes a roller hearth furnace 22
      shown in FIG. 1A, a quenching unit shown only partially and indicated by
      reference numeral 24 in FIG. 1B, and a cooling unit 25 also shown by FIG.
      1B. The glass tempering system 20 heats sheets of glass as they are
      conveyed through the furnace 22 and then quenches the glass sheets as they
      are conveyed through the quenching unit 24 by spraying pressurized air
      onto both sides of the glass. The glass is then further cooled by
      pressurized air in cooling unit 25 until it is cool enough to handle. The
      heating and cooling sequence tempers the glass to improve its mechanical
      properties.
PAR  The roller hearth furnace 22 includes a plurality of horizontally elongated
      furnace modules indicated by reference numerals 26. A supporting framework
      for the furnace 22 and the rest of the tempering system includes a
      plurality of vertical support beams 28 that extend upwardly from the floor
      30 as well as a plurality of cross beams 32, see FIG. 2, that provide an
      upper support structure above the furnace modules 26. A conveyor 33 for
      the furnace 22, see FIGS. 1A and 1B, includes large diameter belt sheaves
      34 mounted on the furnace framework by pintles 35 at each end of the
      furnace. One pair of end belt sheaves 34 is located adjacent each lateral
      side of the furnace and drives an associated continuous drive belt 36
      along the length of the furnace. The right-hand end belt sheaves 34, FIG.
      1B, at each side of the furnace are mounted on respective vertical support
      members 37, only one shown, each of which has a lower end pivoted to the
      floor 30 by a pin 38. A hydraulic unit 39 mounted on an upper beam of the
      furnace framework is connected to the upper end of each support member 37.
      Extension and retraction of hydraulic unit 39 causes clockwise and
      counterclockwise movement of support member 37 about its lower pin 38 to
      control the tension of its associated drive belt 36. The drive belts 36
      have lower runs 40 whose upper sides support the opposite ends of drive
      rollers 42 on which sheets of glass G, see FIG. 2, are conveyed through
      the furnace from the left to the right as viewed in FIGS. 1A and 1B. The
      lower belt runs 40 are slidably supported by tubular members 43, see FIG.
      3, which extend along the length of the furnace and may receive a coolant
      liquid to prevent excessive heating of the drive belts. The drive belts 36
      also have upper runs 44, seen in FIG. 2, where they are received within
      tubular members 46 supported by the upper support structure provided by
      the cross beams 32. The tubular members 46 extend between the end belt
      sheaves 34 to thereby enclose and protect their associated upper drive
      belt runs 44.
PAR  The end belt sheaves 34 at the left-hand end of the furnace, FIG. 1A, are
      driven in a clockwise direction by drive chains 48, only one shown, of a
      drive unit indicated by reference numeral 50. The clockwise rotation of
      the left-hand belt sheaves 34 causes the lower runs 40 of drive belts 36
      to move from the right-hand end of furnace 22 where heated glass sheets
      leave the furnace toward the left-hand end of the furnace where the
      unheated glass enters the furnace. The ends of rollers 42 are received
      between upstanding positioners 52 that prevent the rollers 42 from moving
      along the length of the furnace as the lower belt runs 40 move toward the
      left. Consequently, the friction between the rollers 42 and the drive belt
      lower runs 40 rotates the rollers in a clockwise direction, as viewed in
      FIGS. 1A and 1B, and thereby causes the sheets of glass placed on top of
      the roller between their ends to be conveyed through the furnace 22 moving
      from the left to the right.
PAR  After leaving the furnace 22, heated sheets of glass are conveyed through
      the quenching unit 24 between a bank of upper nozzles 54 and a bank of
      lower nozzles 55. Pressurized air is supplied to these nozzles at a lower
      temperature relative to the heated glass to thereby quench the glass. A
      conveyor 56 receives the glass as it leaves the right-hand end of furnace
      22 and moves it through the quenching unit 24 and the cooling unit 25
      which also has upper and lower banks of nozzles 54 and 55 that are fed
      pressurized air to further cool the glass to a temperature where it can be
      handled. Conveyor 56 includes elongated rollers 58 that extend
      transversely with respect to the elongated direction of the glass
      tempering system and are rotatably supported at their opposite ends so
      their upper sides between their ends carry the glass sheets through the
      quenching and cooling units. The rollers 58 are located longitudinally
      with respect to the tempering system by suitable positioners that are
      unshown but which function in the same manner as the roller positioners 52
      of the furnace conveyor. The ends of the rollers 58 are driven by a pair
      of drive chains 60, only one shown, on opposite sides of the furnace. An
      upper run 62 of each drive chain 60 supports the adjacent ends of the
      rollers 58 and is itself slidable along a planar surface within an
      elongated rail 63. The right-hand end of each drive chain 60 extends over
      an end pulley 64 at the end of the glass tempering system. The left-hand
      end of each drive chain 60 extends over an unshown end pulley at the
      right-hand end of the furnace 22. A lower reach 65 of each drive chain 60
      extends between the left and right-hand end pulleys of conveyor 56 and has
      its intermediate portion trained over a pair of upper and lower pulleys 66
      in a serpentine configuration. The upper pulley 66 pivots about a shaft
      66' rotatably supported by the vertical support member 37 of the adjacent
      end belt sheave 34, and is driven by a suitable driving connection to this
      belt sheave. The lower pulley 66 is rotatably supported on the lower end
      of a plate 67 by a shaft 66". The upper end of plate 67 is pivotally
      supported on the shaft 66'. A hydraulic unit 68 carried by the lower end
      of support member 37 controls the rotational position of plate 67 about
      shaft 66' to thereby control the tension of its associated drive chain 60.
      The drive chains 60 are spaced laterally inward from the drive belts 36 of
      the furnace conveyor so there is no interference of these drive components
      between the right-hand end of the furnace and the adjacent belt sheaves 34
      where they overlap.
PAR  With reference to FIG. 2, each furnace module 26 of the furnace includes a
      housing having lower and upper portions respectively indicated by
      reference numerals 70 and 72. The lower housing portion 70 has a
      semicircular configuration and is fixedly mounted on the floor 30 by legs
      74. The upper housing portion 72 is mounted for vertical movement, in a
      manner that will be hereinafter described, so as to be movable between the
      lower solid line closed position and the upper phantom line open position.
      In the lower closed position, each upper housing portion is located
      immediately over its associated lower housing portion and thereby closes
      the interior of the furnace to prevent the escape of heat. In its upper
      position, each upper housing portion permits access to the interior of the
      furnace from either elongated side of the furnace housing for removal of
      broken glass therefrom or replacement of rollers 42. A number of unshown
      pins on either the upper or lower housing portion are received within the
      unshown V-shaped slots in the other housing portion in its proper location
      upon movement to the lower closed position.
PAR  Each of the lower and upper housing portions 70 and 72 has a semicircular
      cross-section of a hollow construction as seen in FIG. 2. The lower and
      upper housing portions 70 and 72 respectively include metallic
      semicircular outer shells 76 and 78, semicircular insulating layers 80 and
      82, and semicircular refractory layers 84 and 86. The refractory layers 86
      of the housing portions include T-shaped projections 88 that extend
      radially inward and receive heater elements 90. The lower housing portion
      70 has a semicircular stainless steel shield 92 located over its heater
      elements 90 so that broken glass falling downward will not fall onto the
      heater elements and thereby damage them. The circular configuration of the
      furnace module housing with the upper housing portion 72 in its closed
      position permits the heater elements 90 to uniformly heat the sheets of
      glass G on both of their sides as they are conveyed through the furnace
      module by the conveyor rollers 42. The conveyor rollers 42 are preferably
      made of fused silica so as to have desirable thermal properties for this
      use. Heat seals 91 on the lower and upper housing portions engage each
      other and the rollers 42 to mitigate heat loss of the furnace during use.
PAR  The upper housing portion 72 of each furnace module is supported for
      movement between its lower closed position and its upper open position by
      an associated counterbalance mechanism 94, FIG. 2. The counterbalance
      mechanism includes a pair of chains 96 associated with each end of the
      elongated upper housing portion 72, thus making a total of four chains for
      each. Brackets 98 are mounted on the cross beam 32 of the upper support
      structure for the furnace and associated brackets 100 are mounted on the
      upper housing portion 72 below the brackets 98. The chains 96 have first
      ends that are secured to the brackets 98 by bolts 102 and extend back and
      forth over sprocket sheaves 104 on the brackets 98 and 100 in block and
      tackle arrangements indicated by 106. The chains 96 extend from the block
      and tackle arrangements 106 to the right and slightly upwardly as viewed
      in FIG. 2. As seen by the enlarged portion of FIG. 2 and by FIG. 5, each
      chain 96 includes spaced pairs of links 108 that are interconnected by
      pins 110 in a conventional manner. Both chains 96 at each end of the upper
      housing portion 72 extend over respective sprockets 112 at the ends of an
      elongated control shaft 114, FIG. 1, that extends parallel to its
      associated furnace module. The shaft 114 of each furnace module is
      rotatably supported on the upper support structure of the furnace by
      journals 115 so as to be freely rotatable in either direction. From the
      sprockets 112, the chains 96 at each end of the upper housing portion 72
      extend downwardly for connection to a common counterweight 116. Each
      counterweight 116 is of a sufficient weight to support one half of the
      weight of the upper housing portion 72 through the mechanical advantage
      provided by the block and tackle arrangements 106. The chains 96 are
      sufficiently strong so that one of them can hold its associated end in the
      open position if its adjacent chain 96 should break. Thus, should one
      chain break, the three remaining chains will maintain the upper housing
      portion 72 in its open position.
PAR  As seen in FIG. 5, each chain 96 has its end pivotally connected by an
      associated pin 117 to a coupling member 118 which is itself pivoted to the
      counterweight 116 by a pin 119. Should either chain 96 break, the coupling
      member 118 pivots about pin 119 so that the total weight of counterweight
      116 is carried axially along the other unbroken chain. The unbroken chain
      is thus not torqued sideways in a manner that could cause it to also
      break.
PAR  As seen in FIG. 2, the chain 96 that extends from the block and tackle
      arrangement 106 closest to counterweight 116 passes over a drive sprocket
      120 that is supported by a bracket 121 on the cross beam 32. A reversible
      DC electric motor 122 also mounted on bracket 121 drives sprocket 120 so
      as to thereby drive the chain 96 which passes over it. The movement of the
      driven chain 96 moves its attached counterweight 116 as well as the other
      chain 96 at the adjacent end of the upper housing portion and, through the
      elongated control shaft 114, also drives the two chains 96 and
      counterweight 116 associated with the other end of the housing. The
      vertical movement of both ends of the upper housing portion 72 is thus
      coordinated by the elongated control shaft 114 to maintain the housing
      portion level.
PAR  An elongated operator handle 124 is associated with each furnace module 26
      and is mounted on the upper housing portion 72 thereof extending
      longitudinally between each of its ends. As seen in FIG. 2, each end of
      control handle 124 is supported by a link 126 pivoted to the outer shell
      78 of the upper housing portion. The control handle 124 is pivotally
      connected to the lower end of a control rod 128 whose upper end is pivoted
      to a link 130 which is itself pivoted to the bracket 100 that supports the
      lower sheaves 104 of the left-hand block and tackle arrangement 106. The
      bracket 100 also attaches one end of an elongated helical spring 132 whose
      other end is secured to control rod 128 intermediate its ends. The spring
      132 normally positions the control rod 128 in an intermediate vertical
      position so that the handle 124 can be moved both upwardly and downwardly.
      The movement of handle 124 pivots the upper link 130 to actuate switching
      circuitry, not shown, that energizes the motor 122 to drive the upper
      housing portion upward or downward depending on the direction link 130 is
      pivoted. Upward movement of handle 124 causes motor 122 to drive the upper
      housing portion 72 toward its open position. Downward movement of handle
      124 energizes motor 122 to drive the upper housing portion toward its
      closed position. Limit switches may be utilized to terminate the motor
      operation in any one direction when the position being driven to is
      reached. Since the operator handle 124 extends along the length of the
      furnace module 26, the upper housing portion 72 may be controlled by an
      operator from any position along the length of the module.
PAR  The counterbalance mechanism 94 associated with each furnace module 26
      supports its associated upper housing portion 72 for movement between its
      open and closed positions independently of the others. If one of the
      furnace modules must be opened to remove broken glass, it is not necessary
      to open the others but merely to energize the electric motor of the
      particular furnace module to drive its upper housing portion to the open
      position in the manner previously described. Each upper housing portion
      includes semicircular end walls 134 that prevent heat escape from the
      furnace when one of the furnace modules has its upper housing portion
      moved to its upper open position while the others remain in the lower
      closed positions. These end walls 134 prevent heat from moving axially
      from the open upper housing portion through the area occupied by the end
      walls, and also prevent heat from moving out of an adjacent closed upper
      housing portion into the open one and then escaping therefrom to the
      environment through the area occupied by the end walls of the open one.
PAR  The adjacent ends of the lower housing portions 70 do not include end walls
      and thus communicate with each other. However, where glass enters and
      leaves the furnace 22, the two end lower housing portions include
      semicircular end walls 136 that cooperate with the adjacent end walls 134
      of the upper housing portions to define horizontal openings 138 through
      which the sheets of glass pass. The end walls 134 and 136 defining
      openings 138 each have a construction like the one upper end wall 134
      shown in FIGS. 4 and 5. This wall construction includes a wall portion 140
      that has a semicircular shape when viewed along the elongated direction of
      the furnace and is composed of refractory material which mitigates heat
      loss. The end wall portion 140 is insulated by a plurality of spaced
      insulating layers 142 that also have semicircular shapes congruent with
      the end wall portion. The insulating layers 142 are spaced from each other
      by insulating spacers 144 located between them at their peripheries, and
      are secured to each other by a plurality of bolts 146, only one shown,
      extending through to a threaded member 148 that engages a flange 150 of
      the furnace insulating layer 82. A sheet metal cover 151 encloses the
      insulating layers 142 of the wall and has slits 152 in its lower edge,
      FIG. 3, that permit thermal expansion without stressing the cover.
PAR  The lower edge 154 of wall portion 140 has a greater thickness than the
      rest of the wall portion and receives a metal rod 156 that reinforces the
      wall construction. At each of its ends, rod 156 is threaded to receive a
      nut 158 as seen in FIG. 3. A helical spring 160 encircles each end of rod
      156 and has one of its ends engaged with the adjacent nut 158 and its
      other end engaged with a plate 162 that is itself engaged with the
      adjacent end of wall edge 154. The rod 156 is positioned by the spring 160
      and maintains the horizontal opening 138 between the upper and lower end
      walls 134 and 136 with a uniform size even if the refractory material of
      wall edge 154 should crack due to thermal stresses. Maintaining the
      opening 138 with a uniform size is necessary at the exit end of the
      furnace 22 where the glass enters the quenching unit 24 in order to
      maintain a uniform temperature of the glass along its width just prior to
      quenching. By maintaining the glass temperature uniform just prior to the
      quench, the glass is tempered uniformly.
PAR  Vertical guides 164 mounted on opposite ends of the upper housing portions
      72, FIG. 2, are slidably received between rollers 166 mounted on the cross
      beams 32 to cooperate with the counterbalance mechanisms 94 in controlling
      the movement of the upper housing portions between their open and closed
      positions. The rollers mitigate friction during the vertical movement.
PAR  While a preferred embodiment of the invention has been described in detail,
      those skilled in the art will recognize alternative ways of carrying out
      the invention which is described in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roller hearth glass furnace for heating sheets of glass, the furnace
      comprising: a horizontally elongated housing of a hollow construction
      having a circular cross-section; the housing including upper and lower
      portions of semicircular cross-sections; the lower housing portion being
      fixedly mounted in an upwardly opening orientation; the upper housing
      portion being of a semicircular cross-section complementary to the lower
      housing portion; means mounting the upper housing portion for movement
      between open and closed positions with respect to the lower housing
      portion; the upper housing portion being positioned over the lower housing
      portion while in the closed position to cooperate therewith in defining
      the circular cross-section of the housing; the upper housing portion
      permitting access to the interior of the housing while in the open
      position; said mounting means including counterbalance means and
      reversible drive means for moving the upper housing portion between its
      open and closed positions along a predetermined path; roller conveyor
      means for carrying sheets of glass horizontally through the housing with
      the planes thereof oriented horizontally and located at the juncture
      between the upper and lower housing portions; and heating means on both
      the upper and lower housing portions so as to uniformly heat the sheets of
      glass on both sides thereof upon being conveyed through the furnace.
NUM  2.
PAR  2. A furnace according to claim 1 wherein the upper housing portion is
      supported for vertical movement between the open and closed positions so
      that the interior of the furnace is accessible in the open position from
      either elongated side of the housing.
NUM  3.
PAR  3. A furnace according to claim 2 wherein the upper housing portion
      includes vertical guides controlling its upward and downward movement.
NUM  4.
PAR  4. A furnace according to claim 1 wherein each housing portion includes an
      inner layer of refractory material, an insulating layer, and an outer
      shell.
NUM  5.
PAR  5. A furnace according to claim 1 wherein there is a plurality of elongated
      housings aligned in an end-to-end relationship with respect to each other
      to provide furnace modules through which the sheets of glass are conveyed.
NUM  6.
PAR  6. A furnace according to claim 1 wherein the housing portions include end
      walls at one end of the furnace that cooperatively define a horizontally
      extending opening through which the sheets of glass move upon being
      conveyed through the furnace.
NUM  7.
PAR  7. A furnace according to claim 1 wherein the upper housing portion is
      moved vertically between the open and closed positions and is supported at
      each of its four corners by chains connected to counterweights to provide
      the counterbalancing thereof.
NUM  8.
PAR  8. A furnace according to claim 1 wherein the lower housing portion
      includes, a shield which prevents broken glass from falling onto the
      heating means on the lower housing portion.
NUM  9.
PAR  9. A roller hearth glass furnace for heating sheets of glass, the furnace
      comprising: a plurality of horizontally elongated furnace modules aligned
      with each other in an end-to-end relationship; each furnace module being
      of a hollow construction and including upper and lower housing portions;
      the lower housing portions being fixedly mounted and having upwardly
      opening constructions; the upper housing portions having hollow
      constructions that open downwardly; support means independently mounted
      each upper housing portion for vertical movement between a lower closed
      position closing the upper side of its associated lower housing portion
      and an upper open position where its associated lower housing portion is
      accessible from each elongated side thereof; each upper housing portion
      including end walls at each end thereof for mitigating heat loss when one
      of the upper housing portions is located in its upper open position while
      the others are in closed position; said support means for each upper
      housing portion including counterbalance means and reversible drive means
      for moving the associated upper housing portion between its open and
      closed positions along a predetermined path; roller conveyor means for
      carrying sheets of glass horizontally through the furnace with their
      planes located at the juncture between the upper and lower housing
      portions of each furnace module; and heating means on at least one of the
      housing portions of each furnace module so as to heat the sheets of glass
      upon being conveyed through the furnace.
NUM  10.
PAR  10. A furnace according to claim 9 wherein the furnace modules have
      circular cross-sections defined by semicircular cross-sections of the
      lower housing portions and complementary semicircular cross-sections of
      the upper housing portions.
NUM  11.
PAR  11. A furnace according to claim 9 having an upper housing portion end wall
      where glass leaves the furnace constructed of a reinforced refractory
      material, the reinforcement of the refractory material being provided by a
      rod that extends through said refractory material.
NUM  12.
PAR  12. A furnace according to claim 11 wherein a pair of springs extend
      between the refractory material and the ends of the rod to position the
      rod with respect to the refractory material.
NUM  13.
PAR  13. A furnace according to claim 11 wherein the lower housing portion
      associated with the upper housing portion having the reinforced end wall
      of refractory material likewise has an end wall of reinforced refractory
      material that cooperates with the upper reinforced end wall to define a
      horizontal opening through which glass leaves the furnace.
NUM  14.
PAR  14. A furnace according to claim 13 wherein the upper and lower housing
      portions where glass enters the furnace also include end walls of a
      reinforced refractory material that define a horizontal opening through
      which the glass sheets pass as they enter the furnace.
NUM  15.
PAR  15. A roller hearth glass furnace for heating sheets of glass, the furnace
      comprising: a horizontally elongated housing of a hollow construction; the
      housing including upper and lower portions having rectangular
      configurations when viewed in a vertical direction; the lower housing
      portion being fixedly mounted and having a hollow construction that opens
      upwardly; the upper housing portion having a hollow construction that
      opens downwardly so as to close the upwardly opening lower housing
      portion; a counterbalance mechanism mounting the upper housing portion for
      vertical movement between a lower closed position closing the upper side
      of the lower housing portion and an upper open position where the lower
      housing portion is accessible from both elongated sides of the housing;
      the counterbalance mechanism supporting each corner of the upper housing
      portion by a separate generally elongated flexible member; the flexible
      members including means for attaching these flexible members to at least
      one common counterweight in a manner that permits the others to
      counterbalance the upper housing portion if one should break; roller
      conveyor means for carrying sheets of glass horizontally through the
      housing with the planes thereof oriented horizontally and located at the
      juncture between the upper and lower housing portions; and heating means
      on at least one of the housing portions so as to heat the sheets of glass
      upon being conveyed through the furnace.
NUM  16.
PAR  16. A furnace according to claim 15 wherein the elongated flexible members
      take the form of chains.
NUM  17.
PAR  17. A furnace according to claim 15 wherein the furnace includes an
      electric motor that drives the upper housing portion between the open and
      closed positions.
NUM  18.
PAR  18. A furnace according to claim 17 wherein the furnace includes an
      operator handle mounted on the upper housing portion so as to control the
      electric motor.
NUM  19.
PAR  19. A furnace according to claim 18 wherein the operator handle is
      elongated and extends along the elongated length of the housing so that an
      operator may control the electric motor operation from any position along
      the length of the housing.
NUM  20.
PAR  20. A furnace according to claim 17 where the electric motor drives one of
      the elongated flexible members to move the upper housing portion between
      the open and closed position.
NUM  21.
PAR  21. A furnace according to claim 17 wherein the counterbalance mechanism
      supports the upper housing portion on a support structure located above
      the furnace housing.
NUM  22.
PAR  22. A furnace according to claim 21 wherein the elongated flexible members
      extend between sheaves on the support structure and on the upper housing
      portion to provide block and tackle arrangements for supporting the upper
      housing portion.
NUM  23.
PAR  23. A furnace according to claim 22 wherein a pair of counterweights are
      associated with the opposite ends of the housing, and wherein the
      elongated flexible members at each end of the housing are each connected
      to the counterweight associated therewith so that each counterweight can
      support its associated end of the upper housing portion by only one of the
      elongated flexible members associated therewith.
NUM  24.
PAR  24. A furnace according to claim 23 wherein an elongated control shaft
      associated with the upper housing portion has each flexible member thereof
      drivingly engaged with the control shaft to coordinate the movement of the
      flexible members and thereby the movement of each end of the associated
      upper housing portion.
NUM  25.
PAR  25. A furnace according to claim 24 wherein an electric motor mounted on
      the support structure drives one of the elongated flexible members to move
      the upper housing portion between the open and closed positions.
NUM  26.
PAR  26. A furnace according to claim 21 wherein each end of the upper housing
      portion mounts a separate vertical guide slidably received by the support
      structure to guide the upper housing portion during movement between the
      open and closed positions.
NUM  27.
PAR  27. A furnace according to claim 26 wherein each vertical guide is received
      between an associated pair of rollers on the support structure to mitigate
      friction generated as the upper housing portion is guided between the open
      and closed positions.
NUM  28.
PAR  28. A roller hearth glass furnace for heating sheets of glass prior to
      tempering thereof, the furnace comprising: a plurality of elongated
      furnace modules aligned with each other in an end-to-end relationship;
      each furnace module being of a hollow construction and including upper and
      lower housing portions; the lower housing portions being fixedly mounted
      and having upwardly opening constructions of semicircular cross-sections;
      the upper housing portions having downwardly opening constructions of
      semicircular cross-sections that are complementary to the lower housing
      portions to give the furnace modules circular cross-sections; a
      counterbalance mechanism independently mounting each upper housing portion
      for vertical movement between a lower closed position closing the upper
      side of its associated lower housing portion and an upper open position
      where its associated lower housing portion is accessible from each
      elongated side thereof; the upper housing portions having end walls at
      each end thereof for mitigating heat loss when one of the upper housing
      portions is located in its upper open positions; the two furnace modules
      at each end of the furnace also having end walls on the lower housing
      portions thereof that cooperate with adjacent upper housing portion end
      walls to define horizontal openings through which glass enters and leaves
      the furnace; roller conveyor means for carrying sheets of glass
      horizontally through the furnace with the planes thereof oriented
      horizontally and located at the juncture between the upper and lower
      housing portions; and heating means on the upper and lower housing
      portions of each furnace module so as to heat the sheets of glass on both
      sides thereof upon being conveyed through the furnace.
NUM  29.
PAR  29. A roller hearth glass furnace for heating sheets of glass prior to
      tempering thereof, the furnace comprising: a plurality of elongated
      furnace modules aligned with each other in an end-to-end relationship;
      each furnace module being of a hollow construction and including upper and
      lower housing portions; the lower housing portions being fixedly mounted
      and having upwardly opening constructions of semicircular cross-sections;
      the upper housing portions having downwardly opening constructions of
      semicircular cross-sections that are complementary to the lower housing
      portions to give the furnace modules circular cross-sections; a
      counterbalance mechanism independently mounting each upper housing portion
      for vertical movement between a lower closed position closing the upper
      side of its associated lower housing portion and an upper open position
      where its associated lower housing portion is accessible from each
      elongated side thereof, each counterbalance mechanism including four
      chains supporting the corners of its associated upper housing portion in
      block and tackle arrangements, an elongated control shaft having a pair of
      sprockets at each end thereof, the two chains supporting each end of the
      associated upper housing portion being engaged with the two sprockets on
      one of the ends of the control shaft so said shaft coordinates the
      movement of each end of the associated upper housing portion, and a pair
      of counterweights each of which includes means connecting it to the two
      chains which support one end of the associated upper housing portion so
      the counterweight can function even if one chain breaks; a plurality of
      reversible electric motors respectively associated with the furnace
      modules, each motor driving one of the chains of the associated
      counterbalance mechanism to move the upper housing portion thereof between
      its open and closed positions, and a plurality of elongated control
      handles respectively associated with the furnace modules extending along
      the length thereof and movable to control the operation of the motor of
      its particular furnace module by an operator positioned at any location
      along the length thereof; the upper housing portions having end walls at
      each end thereof for mitigating heat loss when one of the upper housing
      portions is located in its upper open position while the others are
      closed; the lower housing portions of the furnace modules at each end of
      the furnace having end walls that cooperate with the adjacent end walls of
      their associated upper housing portions to define horizontal openings
      through which the sheets of glass enter and leave the furnace, the end
      walls defining said horizontal openings being constructed of refractory
      material and each being reinforced by a rod so as to maintain a uniform
      size to the openings defined thereby even if the refractory material
      should crack; roller conveyor means for carrying sheets of glass
      horizontally through the furnace with the planes thereof oriented
      horizontally in alignment with the horizontal openings between the end
      walls of the housing portions; and heating means on both the upper and
      lower housing portions of each furnace module so as to heat the sheets of
      glass on both sides thereof upon being conveyed through the furnace.
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ABST
PAL  An oven for heating tubular parisons has a conveyor passing therethrough
      with parison holders rotatably mounted thereon for vertically supporting
      the parisons. To assure uniform heating of the parisons around their
      circumferences, the parison holders are rotated about their axes. For this
      purpose teeth projecting out from the parison holders engage a group of
      stiff brush-like bristles, arranged either as tufts or as a continuous
      stand thereof, fixedly arranged alongside the conveyor path at a distance
      therefrom to be engaged by the said teeth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ovens for preheating of tubular parisons or the
      like in preparation for a blow molding operation, and in particular it
      relates to means for improving the uniform application of the heat to the
      parisons.
PAR  In recent years, there has developed techniques whereby blow molded
      articles can be produced having biaxial orientation, which articles have
      exceptional strength and highly desirable physical properties such as
      clarity. This technique involves forming a tubular parison, cooling it to
      well below its melting point and thereafter heating it to its orientation
      temperature. The orientation temperature is just below the crystalline
      melt point in the case of crystalline materials and 40.degree. to
      225.degree. F below the homogenous melt point for amorphous materials.
      Since the parison is cooled between its formation and its use, this
      technique provides the significant advantage that these two functions,
      i.e., forming the parison and forming the finished article from the
      parison may be separated in time and/or place so that the formed parison
      can for example be sold to others who may have facilities for forming
      finished articles from the parisons but who may not have the facilities
      for function forming the parisons. Since the functin of forming the
      finished articles then commences with a cold parison, this technique has
      become known as the cold parison technique. An apparatus for heating cold
      parisons to an appropriate forming temperature, and transferring the
      heated parisons to a blow mold and then stretching the parison and blow
      molding it into the form of a finished article is shown and described in
      considerable detail in commonly owned U.S. Pat. No. 3,765,813.
PAR  The oven is of critical importance in this overall apparatus. It represents
      a major portion of the overall cost of the apparatus so that ideally the
      parisons should be brought to the forming temperature, i.e., the
      orientation temperature therein as rapidly as possible. On the other hand,
      however, the qualitative demands of the oven are considerable in that the
      parisons must not only be heated to a fairly precise temperature but also
      they must be heated uniformly along their lengths, about their
      circumferences and through their wall thicknesses; and if these demands
      are not met, resulting in an improperly heated parison, the result will be
      a rejected defective article which of course represents an economic waste
      of machine time, not to mention the costs involved in regrinding the
      plastic material for further use.
PAR  The problem of heating the parisons uniformly within the oven has been
      attacked heretofore. Commonly owned U.S. Pat. No. 3,801,263 shows and
      describes a new and improved parison heating oven wherein the heated air
      enters at one side of the oven and flows thereacross to an exhaust plenum
      on the opposite side thereof. This patent also describes the concept of
      providing means for specifically varying the heat as applied to different
      axial portions of the parisons for the purpose of "programming"  an
      intentional non-uniform temperature along the length of the parison so
      that in the subsequent stretching and blow molding steps certain portions
      of the finished article will intentionally be of a greater thickness than
      other portions so as to provide for example an article having a greater
      wall thickness at the bottom. However, even in this case the problem still
      exists of assuring that the heat is applied uniformly about the
      circumference of the parison.
PAR  One solution to the problem of heating a parison uniformly about its
      circumference has been to rotate the parison about its axis as it moves
      through the oven. This known technique normally involves mounting the
      parison on a rotatable member which includes a toothed wheel and providing
      some type of fixed means alongside the conveyor path which cooperates with
      this toothed wheel. One such arrangement is shown in commonly owned U.S.
      Pat. No. 3,740,868 wherein the toothed "starwheel" engages pins placed
      alongside the conveyor path. Another arrangement is shown in the
      Marzillier U.S. Pat. No. 3,149,373 wherein a chain is provided alongside
      the conveyor path and the toothed wheel is actually a sprocket which
      engages the openings in the chain. However, these previous arrangements
      for rotating the parisons about their axes have had considerable
      disadvantages. In either case the tooth engaging means have been stiff
      essentially unyielding members thereby requiring a high degree of
      precision both in the construction and the mounting within the oven of the
      tooth engaging means. Moreover, even with the highest degree or precision
      there would be times such as during initial engagement of the toothed
      wheels with their respective tooth engaging means wherein the teeth would
      not necessarily be perfectly aligned with the engaging means so that
      initially a tooth might abruptly bump rather than move neatly between the
      fixed vertical pieces of the engaging means. At the least this might
      result in a continued improper engagement between the toothed wheel and
      the engaging means resulting in the parison not being heated uniformly
      about its circumference and hence ultimately becoming a reject. At worst,
      however, this abrupt abutment could result in breakage to the relatively
      expensive toothed wheel rotating member. While this problem exists with
      respect to both types of tooth engaging means, it is perhaps more severe
      in the case of the chain type engaging means since in that case the
      openings for the teeth are defined not only by vertically extending
      elements but also by upper and lower horizontally extending elements so
      that precision alignment is required both horizontally and vertically.
PAR  Thus, there exists a need for a new and improved tooth engaging means for
      cooperating with a toothed wheel which overcomes the problems present in
      the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is a purpose of the present invention to provide a new and
      improved oven for uniformly heating parisons in a manner which will
      overcome the disadvantages of previously known arrangements.
PAR  This purpose of the present invention is achieved by providing, in a
      parison heating oven of the type having a conveyor carrying therethrough a
      plurality of rotatable parison holders, a new and improved means
      positioned alongside at least certain portions of the conveyor for
      engaging the toothed wheels of the parison holders for turning these
      wheels about their axes as the parison holders move through the oven. In
      accordance with a main feature of the present invention, this tooth
      engaging means combines the characteristic of sufficient stiffness to
      accomplish turning of the parison holders with the capability of yielding
      to forces exerted thereon by misalignment between the teeth of the toothed
      wheel and the tooth engaging means so that misalignment can rapidly and
      easily work itself out without damage to either the tooth engaging means
      or the teeth of the toothed wheel. This is accomplished by constructing
      the tooth engaging means in the form of groups of stiff bristles. In a
      preferred arrangment the bristles are in the form of individual tufts
      which preferably extend vertically and are spaced apart by a distance
      related to the pitch of the teeth on the toothed wheel so that the
      individual teeth would essentially move between the individual tufts. If a
      misaligned tooth then directly abuts one of these tufts so as to push
      directly thereinto, the individual bristles, being flexible, would yield
      or separate, thus allowing the tooth to penetrate into that tuft. Even in
      this case there is a reaction against the tooth in the direction of travel
      of the conveyor so that the parison holder will still continue to rotate
      without interruption. Usually within less than one full turn the toothed
      wheel will position itself in proper relation with its teeth entering
      directly between the tufts. From then on the toothed wheel will rotate in
      perfect mesh with the tufts, and therefore it is often satisfactory to
      utilize the bristle tooth engaging means of the present invention as the
      initial portion of a tooth engaging stage, followed by the prior art type
      of tooth engaging means such as the chain type immediately downstream
      therefrom.
PAR  The advantages of the present invention are also achieved with bristle
      arrangements which are modified as compared with the above described
      vertically oriented tufts. For example, the tufts can also be arranged to
      extend horizontally toward the conveyor path with the teeth entering the
      spaces between the free ends of the tufts. Alternatively, in place of
      tufts, the tooth engaging means may comprise a continuous run of bristles
      such as a continuous stand of closely spaced bristles, arranged either
      vertically or horizontally, or a row of bristles held by a twisted wire
      such as on a bottle cleaning brush, whereupon the teeth would simply push
      into the mass of bristles and roll therealong.
PAR  Thus, it is a purpose of the present invention to provide a new and
      improved parison heating oven having a new and improved means for causing
      uniform application of the oven heat to the parisons.
PAR  It is another object of the present invention to provide, in a parison
      heating oven of the type having a conveyor movable through an oven and
      having mounted thereon rotatable toothed parison holders (hereinafter
      referred to as an oven of the type described), a new and improved means
      for engaging and rotating the teeth of the rotatable member which
      minimizes both the requirements for precision and the occurrences of
      misalignment between the elements.
PAR  It is another object of the present invention to provide, in an oven of the
      type described, a new and improved tooth engaging means combining the
      characteristics of sufficient stiffness to rotate the teeth with the
      capability of yielding so as to avoid damage and correct misalignment.
PAR  It is still another object of the invention to provide, in an oven of the
      type described, a new and improved tooth engaging means comprising stiff
      bristles either in the form of spaced apart tufts of bristles or as a
      continuous run of such bristles.
DRWD
PAR  These and other objects of the present invention will become apparent from
      the detailed description to follow taken together with the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There follows a detailed description of preferred embodiments of the
      present invention to be read together with the accompanying drawings, the
      description of the drawings being provided solely for purposes of
      illustration.
PAR  FIG. 1 is a schematic view of a parison heating oven of the type with which
      the present invention is concerned.
PAR  FIG. 2 is an enlarged elevational view, taken along line 2--2 of FIG. 1,
      with the parisons shown in cross-section so as to reveal the parison
      holders therein.
PAR  FIG. 3 is a vertical cross-sectional view taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a partial horizontal sectional view taken along line 4--4 of FIG.
      2.
PAR  FIG. 5 is a partial elevational view taken along line 5--5 of FIG. 4 but
      showing a modification of the present invention.
PAR  FIG. 6 is a vertical sectional view taken along line 6--6 of FIG. 5 and
      showing in addition a single tooth element cooperating therewith.
PAR  FIG. 7 is a partial elevational view similar to FIG. 5 and showing another
      modification of the present invention.
PAR  FIG. 8 is a vertical sectional view taken along line 8--8 of FIG. 7 and
      showing a tooth element.
PAR  FIG. 9 is a partial elevational view similar to FIGS. 5 and 7 and showing
      still another modification of the present invention.
PAR  FIG. 10 is a vertical sectional view taken along line 10--10 of FIG. 9 and
      including a tooth element.
PAR  FIG. 11 is a side elevational view showing a modified bristle structure.
PAR  FIG. 12 is an end view of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, like elements are represented by like
      numerals throughout the several views.
PAR  FIG. 1 illustrates schematically a parison heating oven comprising a
      housing 10 and a transport means in the form of an endless conveyor 11
      which may be of a chain construction and which is mounted for rotation
      about sprocket wheels 12 and 13, the wheels 12 being located in the oven
      and the sprocket wheels 13 being located on a platform 14 outside of the
      oven housing 10. Any one of these sprocket wheels may conveniently be
      operatively connected to a drive means, not shown, for effecting movement
      of the conveyor 11. The oven includes a parison loading station indicated
      diagrammatically at 15 whereat parisons would be loaded onto the conveyor
      and a parison discharge station indicated diagrammatically at 16 whereat
      heated parisons would be removed off of the conveyor, for example by a
      transfer means, and transferred to a blow mold which may for example be
      located on the platform 14. There are numerous forms of parison loading
      means and transfer means for removing the heated parisons which are known
      heretofore so that these elements are not shown in detail herein. Examples
      of suitable means are shown in the said commonly owned U.S. Pat. No.
      3,765,813.
PAR  The oven includes a hot air inlet plenum 20 through which air at a
      sufficiently high temperature enters the oven to flow thereacross to an
      exhaust air plenum 21. As mentioned earlier, the U.S. Pat. No. 3,801,263
      illustrates and describes in detail the cross flow arrangement indicated
      diagrammatically herein. That patent also suggests the concept of heating
      the parisons nonuniformally along their axial lengths, i.e., in the
      vertical direction, and for this purpose the oven may include a bank of
      electric strip heaters 22 which may for example comprise a plurality of
      horizontally extending and vertically spaced apart heaters, each of the
      heaters being separately controllable. It is always important to heat the
      parisons uniformly about their circumferences and this is perhaps of even
      greater importance when utilizing a strip heater such as 22 for varying
      the heat applied along the length of the parison so as to program
      intentional axial non-uniformity. Also shown in FIG. 1 are a few parison
      holders 25. It will be understood, however, that these parison holders are
      actually located continuously along the entire length of the conveyor 11.
      These will be described in greater detail with respect to subsequent
      figures.
PAR  An important feature of the present invention is of course the tooth
      engaging means positioned alongside the conveyor for causing rotation of
      the parison holders 25. Support strips 35 for the tooth engaging means are
      illustrated in FIG. 1 extending along only each run of conveyor 11 within
      the oven housing 10. It will be understood, however, that this tooth
      engaging means may be necessary only for selected portions instead of
      along every run. In fact, it is one advantage of the present invention
      that the tooth engaging means may be limited to the straight part of the
      runs. Heretofore, the problem of reengaging the sprocket wheels with the
      chain or other tooth engaging means was so great that the tooth engaging
      means had to extend right around the sprocket 12 so as to prevent
      disengagement. Since, with the present invention, reengagement with the
      tooth engaging means is so positive and simple, there is no longer a need
      to extend the tooth engaging means around the sprockets 12.
PAR  Referring now to FIGS. 2 through 4, the parison holders 25 include a pin
      portion 25a extending up into the parison P and a shoulder 26 for
      receiving the lower end of the parison. The holder 25 further includes a
      toothed wheel 27 having teeth 28 extending outwardly therefrom.
      Preferably, the carrier 25 includes a hollow recess and a set of spring
      biased balls 29 so that it may be snapped onto a rod 30 which extends
      upwardly from the conveyor 11 to which it is fixed at its lower end.
PAR  The means for engaging the teeth 28 for turning the parison holders 25
      about their axes comprises a group of bristles 40 firmly secured at their
      lower ends to a horizontally extending strip 35 which is attached to
      horizontally spaced apart vertical post 36 by suitable means such as bolts
      37. In the embodiment of FIGS. 2 through 4 the brush-like stiff bristles
      are arranged as separate tufts and are spaced apart along the support
      strip 35 by a distance related to the pitch of the teeth 28 so that
      ideally the individual teeth will mesh between the individual tufts. If
      the tooth wheel 27 becomes misaligned with respect to the tufts 40, as
      opposed to the ideal meshing arrangement shown in the figures, the
      individual bristles of the tuft being pushed by the misaligned tooth will
      simply yield, allowing the tooth to move between the bristles so that
      damage will be caused to neither the bristles of the tuft 40 nor the tooth
      28. Eventually and most likely in less than one revolution of the element
      25, the teeth 28 will once again resume proper meshing engagement with the
      tufts 40. Although the problem of misalignment could occur for a number of
      reasons at any location throughout the length of the conveyor, it will be
      seen that the problem is particularly critical where the conveyor first
      engages or re-engages a strip 35. At these locations it might be desirable
      to utilize bristles having a stiffness slightly less than for portions
      farther along a continuous length of the strip 35. Or alternatively, one
      might even use a prior art chain type tooth engaging means downstream from
      the bristles along a given run.
PAR  FIGS. 5 and 6 illustrate another embodiment of the invention wherein the
      individual tufts 40 are replaced by a continuous stand of bristles 140
      mounted on a suitable strip 135. Actually, these bristles 140 may or may
      not be in the form of tufts, but if they are formed as tufts, the tufts
      are so close together that they function as a continuous stand of
      bristles, i.e., there is not the spacing between the tufts related to the
      pitch of the teeth as in the embodiment of FIGS. 2 through 4. In this case
      the teeth will simply push into the mass of bristles 140 and roll
      therealong, the bristles of course being sufficiently yielding to permit
      entry of the teeth 28 thereinto but yet sufficiently stiff to react
      against the teeth to cause the necessary rotation thereof.
PAR  The embodiment of FIGS. 7 and 8 is similar to the embodiment of FIGS. 2
      through 4 except that the strip 35 is replaced by a strip 235 supporting
      tufts 240 which extend horizontally toward the conveyor rather than
      vertically. In this case the tufts would also be spaced apart in relation
      to the pitch of the teeth 28. In this case because the teeth engage
      parallel to the direction of the bristles rather than across the bristles
      as in FIGS. 2 through 4, the tufts 240 must of course be somewhat stiffer
      than the tufts 40.
PAR  The embodiment of FIGS. 9 and 10 combines the features of the embodiments
      of FIGS. 5 and 7 in that it essentially provides a horizontally extending
      continuous stand of wire bristles wherein the teeth 28 engage into the
      ends of the bristles. FIGS. 11 and 12 illustrate still another type of
      brush which could be mounted on strip 35 to act as a tooth engaging means.
      These figures show a twisted wire type brush similar to the type used to
      clean bottles wherein the bristles are held by a twisted wire support
      comprising a pair of wires twisted together so as to hold between them a
      large number of bristles extending in all directions as shown best in FIG.
      12.
PAR  In all respects other than those specifically described, the embodiments of
      FIGS. 5 through 12 are identical to the embodiment of FIGS. 2 through 4
      and relate in the same manner to the oven shown and described with respect
      to FIG. 1.
PAR  Although the operation of the invention will be apparent from the preceding
      discussion, a brief summary of the operation will follow for purposes of
      continuity.
PAR  Parisons are loaded onto the conveyor 11 at the loading station 15. The
      parisons then enter the housing 10 at opening 10a and are carried along
      the conveyor path back and forth through the oven, all the while being
      heated by air flowing from inlet plenum 20 to exhaust plenum 21, the
      parison holders 25 turning about their axes for uniform heating thereof
      about their circumferences wherever the parisons 25 engage a tooth
      engaging means mounted on a strip support 35. If programmed non-uniform
      heat application along the vertical, i.e., axial length of the parison is
      desired, this is normally accomplished at the latter end of the conveyor
      path through the oven such as by the strip heater bank 22 located
      alongside the last two runs of the conveyor. After the parisons have been
      properly heated they reach the parison discharge station 16 whereat they
      are removed from the oven for transfer to the blow mold (not shown). The
      conveyor 11 then passes out through the opening 10b and around a sprocket
      13 and back to the loading station to receive a new parison.
PAR  For maximum stiffness, the bristles would preferably be stainless steel
      wires. However any other bristles would be operable such as plastic
      bristles, provided that they were of a material which would not become
      soft at the temperatures which prevail in the oven.
PAR  Although the invention has been described in considerable detail with
      respect to preferred embodiments thereof, it will be apparent that the
      invention is capable of numerous modifications and variations apparent to
      those skilled in the art without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An oven for heating tubular parisons comprising:
PA1  an oven housing,
PA1  means for heating the interior of the oven housing,
PA1  a transport means for transporting the parisons along a path through the
      oven housing,
PA1  turning means for turning the tubular parisons about their axes as they
      travel through the oven housing, said turning means comprising a toothed
      rotatable member operatively associated with each parison such that its
      respective parison rotates therewith,
PA1  and a group of stiff bristles positioned alongside at least a portion of
      the said path through the oven housing close enough to the path to be
      engaged by the teeth of said toothed rotatable member for causing rotation
      of the toothed rotatable member and hence rotation of the parisons about
      their axes.
NUM  2.
PAR  2. An oven according to claim 1, said group of stiff bristles arranged in
      tufts, the individual tufts spaced apart alongside the path by a distance
      related to the pitch of the teeth on the toothed rotatable member.
NUM  3.
PAR  3. An oven according to claim 2, said tufts extending vertically and
      positioned at a distance from the path such that the teeth of the tooth
      rotatable member can enter the spaces between the tufts.
NUM  4.
PAR  4. An oven according to claim 2, said tufts extending horizontally toward
      the path and positioned a distance from the path such that the teeth of
      the toothed rotatable member pass between the bristles of the tufts.
NUM  5.
PAR  5. An oven according to claim 1, said group of stiff bristles comprising an
      essentailly continuous stand of bristles positioned such that the teeth of
      the tooth rotatable member can enter the stand between the bristles
      thereof and react thereagainst to turn the tooth rotatable member.
NUM  6.
PAR  6. An oven according to claim 5, the stiff bristles extending vertically.
NUM  7.
PAR  7. An oven according to claim 5, the stiff bristles extending horizontally
      toward the path.
NUM  8.
PAR  8. An oven according to claim 1, said transport means comprising a
      conveyor, parison holders mounted on the conveyor to support parisons in
      an upright position to rotate about their respective vertical axes, each
      parison holder having a said rotatable member affixed thereto for rotation
      therewith.
NUM  9.
PAR  9. An oven according to claim 8, said group of stiff bristles arranged in
      tufts, the individual tufts spaced apart alongside the path by a distance
      related to the path of the teeth on the toothed rotatable member.
NUM  10.
PAR  10. An oven according to claim 9, said tufts extending vertically and
      positioned at a distance from the path such that the teeth of the toothed
      rotatable member can enter the spaces between the tufts.
NUM  11.
PAR  11. An oven according to claim 8, said group of stiff bristles comprising
      an essentially continuous stand of wires positioned such that the teeth of
      the tooth rotatable member can enter the stand between the bristles
      thereof and react thereagainst to turn the toothed rotatable member.
NUM  12.
PAR  12. An oven according to claim 8, including means in the oven alongside at
      least a portion of said path for varying the temperature of the heat as
      applied to different heights of the parison.
NUM  13.
PAR  13. An oven according to claim 1, said group of bristles comprising a
      continuous row of bristles held in a twisted wire support.
NUM  14.
PAR  14. An oven according to claim 1, said means for heating the interior of
      the housing comprising means for directing a current of heated air across
      the oven, said transport means comprising a conveyor movable through the
      oven across said current of heated air, and including parison holders
      mounted on the conveyor for rotation about a vertical axis and for
      supporting the parisons for rotation about vertical axes as they pass
      through the oven, a said toothed rotatable member fixed to each parison
      holder for rotation therewith.
NUM  15.
PAR  15. An oven according to claim 14, said group of stiff bristles arranged in
      tufts, the individual tufts spaced apart alongside the path by a distance
      related to the pitch of the teeth on the toothed rotatable member.
NUM  16.
PAR  16. An oven according to claim 15, said tufts extending vertically and
      positioned at a distance from the path such that the teeth of the toothed
      rotatable member can enter the spaces between the tufts.
NUM  17.
PAR  17. An oven according to claim 14, said group of stiff bristles comprising
      an essentially continuous stand of bristles positioned such that the teeth
      of the toothed rotatable member can enter the stand between the bristles
      thereof and react thereagainst to turn the toothed rotatable member.
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ABST
PAL  A vacuum furnace heats articles by radiation from a condenser portion of a
      heat pipe. The heat pipe further includes an adiabatic portion passing
      through the enclosing wall of the furnace and an evaporator portion
      outside the enclosure. The evaporator portion is preferably heated by a
      gas-fired burner which may surround it, and the heat pipe acts as a flux
      converter accepting heat outside the enclosure and delivering heat inside
      the enclosure to the articles to be heated. The condenser portion of the
      heat pipe may be panel-shaped and is disposed adjacent the articles to be
      heat-treated. In the more elaborate forms of the invention involving
      condenser panels, the condenser panel, or each condenser panel where
      several heat pipes are used, is a cylindrical section which partially, or
      substantially completely, surrounds the articles. The evaporator portion
      and the condenser portion of the heat pipe are connected by the adiabatic
      portion which is so arranged that heat loss is minimized at the point
      where the heat pipe passes through the furnace enclosure.
PARN
PAR  This is a continuation of application Ser. No. 186,605, filed Oct. 5, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vacuum furnaces are used to heat material under conditions requiring an
      inert atmosphere or a vacuum, frequently to avoid oxidation or other
      deleterious effects. The heat-treating and brazing of metals and the
      removal from material of gases absorbed or adsorbed thereinto are examples
      of procedures in which a vacuum furnace is often required.
PAR  Generally, an enclosure is evacuated by means of a diffusion pump or other
      system for reducing pressure, and provision is made to heat the articles
      contained in the enclosure. Most commonly, such vacuum furnaces are heated
      with electric resistance heaters so arranged that heat is radiated to the
      workpiece. Alternatively, the workpiece may be heated directly or
      indirectly with an RF induction coil. Direct heating is possible where the
      workpiece is of a material in which eddy currents can be set up, and
      indirect heating is achieved by interposing an RF interceptor which is
      heated by the induced eddy currents and which then radiates heat to the
      workpiece.
PAR  There are certain disadvantages attendant upon the use of conventional
      electric heating of the types described in vacuum furnaces. For one thing,
      the cost of electricity is relatively high as compared to the cost of
      other sources of heat energy such as gas or fossil fuel. Furthermore, it
      is difficult to obtain favorable heating and temperature distribution in
      or on the articles within the furnaces using known electrical heating
      systems. The principal objects of the present invention are to increase
      the efficiency of vacuum furnaces and to lower the cost of their
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  At the heart of the present invention is a heat pipe which is so configured
      that energy, preferably derived from the combustion of gas, is delivered
      efficiently in the form of heat to a workpiece or articles to be heated.
      The heat pipe in accordance with well-known principles of heat pipe
      technology, has an evaporator portion which is preferably located within a
      burner in which the combustion of gas takes place. It also has an
      adiabatic portion which passes through the wall of a furnace, that wall
      being of heat-shielding material. The adiabatic portion of the heat pipe
      leads to a condenser portion within the furnace. In certain forms of the
      invention, the condenser portion is in the form of a panel and a plurality
      of heat pipes is used. The condenser portion panel may be of cylindrical
      section. Also, when a plurality of heat pipes are used, the panels are
      desirably arranged to form an enclosure. With the enclosure, a grid or
      other suitable fixture is provided to support articles to be heat-treated.
PAR  The enclosure preferably includes a cover which is also made of
      heatshielding material, and which may be used to complete a vacuum-tight
      enclosure. Provision is made to evacuate the enclosure by means of a
      vacuum line which connects the interior of the enclosure to a diffusion
      pump or other suitable gas-evacuation system.
PAR  The principles involved in heat pipe construction are essentially those
      described in the article by T. P. Cotter entitled "Theory of Heat Pipes,"
      Los Alamos Scientific Laboratory, LA-3246-MS, 1965; the article by P. K.
      Shefsick and D. M. Ernst entitled "Heat Pipe Development for Thermionic
      Applications,"  4th IECEC Conference, Washington, D.C., 1969; the article
      by H. Cheung entitled "A Critical Review of Heat Pipe Theory and
      Applications,"  University of California, Livermore, California,
      UCRL-50454, July 1968; the article by Feldman, Jr. and Whiting in
      Mechanical Engineering of February 1967, and the article by Eastman in the
      May 1968 issue of Scientific American.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the present invention, together with other
      objects, features, and advantages, reference should be made to the
      appended drawings in which:
PAR  FIG. 1 is a prespective view of a vacuum furnace constructed in accordance
      with this invention;
PAR  FIG. 2 is a view in perspective of one form of heat pipe built in
      accordance with the invention;
PAR  FIG. 3 is another form of heat pipe useful in a vacuum furnace;
PAR  FIG. 4 is a prespective view of vacuum furnace utilizing heat pipes of the
      type shown in FIG. 2; and
PAR  FIG. 5 is a perspective view of a commercial vacuum furnace utilizing heat
      pipes of the type illustrated in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The vacuum furnace of FIG. 1 incorporates an enclosure 1 having heat
      shielding 2 and a hinged cover 3. A diffusion pump 4 produces the desired
      vacuum within the enclosure 1 and heat is applied by the heat pipe means
      5. The heat pipe means 5 is associated with a furnace 6 and includes an
      evaporator portion 7 extending into the furnace 6 an adiabatic portion 8
      passing through the wall of the enclosure 1, and a condenser portion 9
      within the enclosure. The adiabatic portion is equipped with sleeve and
      flange means 10 where it passes through the wall of the enclosure 1. If
      desired, the condenser portion 9 may be appropriately treated to enhance
      its radiant emissivity.
PAR  In operation, the furnace 6 evaporates working fluid in the evaporator
      section 7 of the heat pipe. The vaporized working fluid passes through a
      substantially adiabatic section 8 of the heat pipe and condenses in the
      condenser section 9 where an amount of heat functionally related to the
      latent heat of vaporization of the working fluid is transferred to the
      interior of the enclosure 1. As is well known in connection with heat pipe
      technology and understood from the foregoing publications, the heat pipe
      operates substantially isothermally, the condenser section thereby
      providing an isothermal radiating surface. Condensed working fluid is then
      returned to the evaporator section 7 by appropriate pumping means, such as
      a capillary structure, within the heat pipe.
PAR  Constructional details of certain elements of the heat pipe means 5 and
      other embodiments of the invention will be discussed in connection with
      FIGS. 2 through 5.
PAR  In the lower portion of FIG. 2, there is shown in outline a burner 12 which
      may be a high-heat-flux density burner which is gas-fired, the fuel-mix
      being introduced through a line 14. The burner is preferably ring-shaped
      with its products of combustion being directed inwardly to surround and
      impinge upon the evaporator portion 16 of a heat pipe. Within the
      evaporator portion 16 of the heat pipe is a working fluid, such as sodium,
      potassium, various organic oils or silicon based oils and the like, in
      liquid from which may be evaporated by the application of heat. As is well
      known in heat pipe technology, evaporated working fluid is driven from the
      evaporator portion through a substantially adiabatic portion 18 to a
      condenser portion 20. The adiabatic portion 18 is provided with an
      insulating sleeve 22 and a flange 24 at the point where it is designed to
      pass through the wall of a furnace, as will be explained in greater detail
      hereinbelow. Though not essential in all circumstances, it may sometimes
      be desirable to supply cooling means 23 adjacent the flange 24. The
      condenser portion 20 is in the shape of a panel and preferably a panel
      formed as a cylindrical section, the axis of the cylinder being in a
      vertical plane.
PAR  In the condenser portion 20 of the heat pipe, the fluid within the heat
      pipe condenses before returning to the evaporation portion. In condensing
      it gives off great quantities of heat which is radiated by the condenser
      portion to raise the temperature of bodies upon which the radiation
      impinges. For purposes of the present invention, the concave surface of
      the condenser portion, which is to be directed toward the material to be
      heated, is preferably treated to enhance radiant emissivity. Such
      treatment may consist of applying thereto one of the emissivity enhancing
      coatings, one example of which is cromium oxide (Cr.sub.2 O.sub.3). On the
      other hand, the convex surface of the condenser portion is preferably
      covered with an insulating material to decrease radiation from that
      surface. The insulating material may be of any type ordinarily appropriate
      for use in vacuum furnaces. Examples of insulation are carbon blankets and
      insulation marketed under the name MULTI-FOIL by Thermo Electron
      Corporation of Waltham, Massachusetts.
PAR  In FIG. 3, a heat pipe similar to that of FIG. 2 is illustrated. However,
      in this instance, the axis of the cylindrical condenser portion 26 is
      horizontal rather than vertical as in the case of the cylinder condenser
      portion 20 of the heat pipe of FIG. 2. In other details and operating
      principles, the embodiment of the heat pipe disclosed in FIG. 3 is
      essentially similar to that shown in FIG. 2. It includes an adiabatic
      portion 48 surrounded by an insulating sleeve 50 and a mounting flange 52
      located at points where the heat pipe is designated to pass through a
      furnace wall. The evaporator portion of the heat pipe is not visible in
      FIG. 3, but it is surrounded by a burner 54, preferably one of the
      recuperative type to which a fuel-mix is fed through a line 56 in which a
      valve 58 may be provided.
PAR  In FIG. 4, a vacuum furnace suitable for laboratory and experimental vacuum
      heat-treating operations is illustrated. It includes a generally
      cylindrical enclosure 62 which may be basically of steel and may include
      heat-shielding refinement. The heat-shielding or insulating qualities of
      the enclosure should principally be those designed to prevent heat loss by
      radiation. In some cases, however, it may be desired to provide a
      composite or layered insulation to inhibit heat loss by both conduction
      and radiation. The enclosure is completed by a removable top 64, which may
      be composed of the same materials as the body of the enclosure. Two heat
      pipes 66 and 68, each of which corresponds generally to that shown in FIG.
      3 and described hereinabove, pass through the bottom of the enclosure 62
      and include semicylindrical condenser portions 20a and 20b arranged so
      that their concave surfaces form a substantially complete cylindrical
      radiating enclosure. In the manner described in connection with the heat
      pipe of FIG. 2, an adiabatic portion is provided at the points of passage
      of the heat pipes through the wall of the enclosure 62. Also, of course,
      heat is applied to the evaporator portions of the two heat pipes by
      burners 70 and 72 which preferably surround those evaporator sections.
PAR  Beneath the bottom surface of the enclosure 62, a diffusion pump 74 is
      mounted. The pump 74 may be further connected by a line 76 to a forepump
      (not shown). A line 78 connects the interior of the enclosure 62 to the
      diffusion pump 74. A grid or other suitable fixture 75 supports articles
      to be heat-treated centrally in the enclosure 62. Shown in outline is a
      cylindrical volume 80 in any part of which articles may be placed in order
      that they may be uniformly heated to high temperatures by radiation from
      the concave surfaces of the condenser sections 20a and 20b. Within that
      volume, the radiation view factor due to the substantially complete
      containment of the articles disposed therein is such that temperature
      distribution is uniform. Also, higher temperatures and more efficient
      heating rates may be attained than in coventional vacuum furnaces.
PAR  In FIG. 5, a more sophisticated version of a heat pipe vacuum furnace is
      illustrated. In this instance, six or more heat pipes having condenser
      portions of the horizontal-axis type illustrated in FIG. 3 may be
      employed. A heat-shielding enclosure 82 having one end closed and a hinged
      cover 84 at the opposite end is utilized. A diffusion pump 86
      communicating with the interior of the enclosure 82 through the
      cylindrical wall thereof produces the desired vacuum within the enclosure.
      Each of the condenser portions disposed within the enclosure 82 is
      connected by means of an adiabatic portion passing through the wall of the
      enclosure 82 to an evaporator portion which is surrounded by a suitable
      burner, all in the manner of the heat pipe of FIG. 3. The panels 26a and
      26b are typical of the condenser portions employed in the furnace of FIG.
      5, and they are preferably provided with ribs such as the typical rib 88.
      Otherwise, the major surface or surfaces of the panel may be deformed as
      by corrugations or dimples. A relatively long cylindrical zone of uniform
      high temperature distribution and high heating efficiency is created
      within the enclosure 82 adhacent its axis.
PAR  By placing the workpiece or articles to be heated in a central area in the
      enclosure and surrounding those articles by a plurality of heat pipe
      condenser portions in the form of cylindrical panels, the radiation view
      factor resulting from the substantially complete containment of the
      workpiece provides excellent heating rates and temperature distribution on
      the workpiece. Again, to further increase the efficiency of operation of
      the furnace. The radiating surfaces of the panels, those adjacent the
      articles to be heated, may be treated to enhance radiation toward the
      articles while the opposite surfaces, those adjacent the wall of the
      furnace enclosure, are preferably provided with insulation to minimize
      heat radiation and conduction outwardly toward the furnace wall.
PAR  The use of panel evaporators, whether singly and flat, or singly and curved
      in cylindrical or other shapes leads to efficient heat-flux conversion and
      an improved vacuum furnace. When the panels are used in multiple arrays,
      even greater efficiency and more uniform performance is had. Even when
      conventional materials are used for the heat pipe, operating temperatures
      as high as 2200.degree.F can be sustained for commercially acceptable
      periods. However, even higher temperatures and longer life are feasible
      with such materials as silicon carbide.
PAR  Gas burners are the preferred sources of applied heat, but other sources of
      heat may be used with some sacrifice of efficiency.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gaseous fossil fuel fired vacuum furnace for heating articles
      comprising:
PA1  a. a heat shielded enclosure adapted to hold articles to be heated;
PA1  b. means for facilitating the evacuation of gasses from said enclosure;
PA1  c. heat transfer means comprising at least one heat pipe having:
PAR  1. working fluid therein;
PA2  2. an evaporator portion external of said enclosure;
PA2  3. a substantially adiabatic portion extending through the wall of said
      enclosure;
PA2  4. a condenser portion internal of said enclosure forming a substantially
      isothermal surface for radiating heat energy to articles within said
      enclosure; and
PA2  5. means containing working fluid in the liquid phase and permitting
      movement thereof from said condenser portion to said evaporator portion;
      and
PA1  d. gaseous fossil fuel fired burner means external of said enclosure for
      directing products of combustion onto said evaporator portion and
      vaporizing working fluid therein, whereby working fluid vapor from said
      evaporator portion condenses in said condenser portion to transfer heat
      energy from combustion of gaseous fossil fuel to said condenser portion
      for radiation therefrom to articles interior of said heat shielded
      enclosure.
NUM  2.
PAR  2. A vacuum furnace as defined in claim 1 wherein said evaporator portion
      is disposed within said burner, said burner comprising means substantially
      surrounding said evaporator portion for impinging products of combustion
      onto substantially the entire surface of said evaporator portion therein.
NUM  3.
PAR  3. A vacuum furnace as defined in claim 1 wherein said condenser portion is
      panel shaped.
NUM  4.
PAR  4. A vacuum furnace as defined in claim 3 wherein said condenser portion
      surrounds a major portion of the zone of said enclosure in which said
      articles are held.
NUM  5.
PAR  5. A vacuum furnace as defined in claim 3 wherein said panel is configured
      as a cylindrical section.
NUM  6.
PAR  6. A vacuum furnace as defined in claim 3 wherein said panel has a major
      surface adjacent said articles and a major surface remote from said
      articles, radiation-shielding insulation being formed on said major
      surface of said panel remote from said articles.
NUM  7.
PAR  7. A vacuum furnace as defined in claim 6, wherein said major surface
      adjacent said articles is treated to enhance radiant emissivity.
NUM  8.
PAR  8. A fossil fuel fired vacuum furnace according to claim 6 wherein said
      adiabatic portion further comprises an insulating sleeve around said heat
      pipe inside said enclosure, adjacent the junction of said heat pipe and
      the enclosure wall.
NUM  9.
PAR  9. A vacuum furnace as defined in claim 3 wherein said panel includes
      surfaces having their effective area and rigidity increased by
      predetermined deformations formed in said panel.
NUM  10.
PAR  10. A vacuum furnace as defined in claim 3 wherein said heat transfer means
      comprises a plurality of said heat pipes, each of said heat pipes having a
      condenser portion in the configuration of a panel disposed within said
      furnace and adjacent such articles.
NUM  11.
PAR  11. A vacuum furnace as defined in claim 10, wherein each of said panels is
      configured as a cylindrical section, said panels being disposed relative
      to each other and to such articles so that said panels form a cylinder
      substantially surrounding such articles.
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ABST
PAL  In a hot blast stove, a shell structure comprises a checker brick chamber
      and a common upper portion of the shell embraces a combustion chamber
      having a length substantially less than the shell structure that is
      mounted contiguously alongside of and externally to the shell. A
      refractory lined dome or envelope covers both the checker brick chamber
      and combustion chamber. Means is provided that supports the combustion
      chamber and that acts responsively to thermal movement of the combustion
      chamber; such means existing independently of said shell. In another
      instance the shell and combustion chamber are self-supporting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is generally agreed that conventional type hot blast stoves having
      external combustion chambers are costly to build and they require design
      compromises in order to solve problems of cyclical differential expansions
      of the lining, shells and hot blast mains.
PAR  Conventional hot blast stoves having internal combustion chambers have been
      developed to the extent that they are satisfactory for use at the
      temperatures commonly experienced in hot blast stoves. However, such
      stoves are not satisfactory for use at the very high blast temperatures,
      which are over 2200.degree.F., toward which blast furnace installations
      are moving as fast as the use of tuyere injectants and improved burdens
      permit. Such stoves though are inherently less costly initially for a
      given active heating surface than external combustion-chamber type stoves.
PAR  One factor which exerts the greatest limiting effect on the design of
      internal combustion chamber hot blast stoves for the desired very high hot
      blast temperatures, which are above 2200.degree.F., is the sensitive area
      at the burner level where great temperature differences exist in the
      refractories over the cross-sectional area. This is true even when ceramic
      burners are installed that fire in the upward direction along the vertical
      axis of the combustion chamber to avoid high intensity flame impingement
      on the vertical combustion chamber wall.
PAR  Heretofore, in order to minimize the serious consequences of the
      temperature differences at the burner cross-sectional level of internal
      combustion chamber stoves, slip joints, expansion joints, insulation
      layers, and heat resistant steel barriers have been proposed in the prior
      art. Also, silica brick has been used because of its refractory and
      thermal limits, even though it is sensitive to cooling below a temperature
      of 1100.degree.F.
PAR  An object of the present invention is to develop a hot blast stove that
      does not experience large temperature differences at horizontal cross
      sections like stoves of the prior art that does not necessitate the use of
      expansion joints, slip joints and barriers.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A hot blast stove of the invention comprises a shell structure forming a
      refractory-lined checker chamber; a refractory-lined external combustion
      chamber of relatively short length located on the shell at the top
      thereof; and a refractory-lined dome covering both the checker and the
      combustion chamber. Means acting independently of the shell structure
      supports the combustion chamber and acts responsively to thermal expansion
      of the shell structure.
PAR  In another embodiment of the invention, the shell and combustion chamber
      covered by the dome are self-supporting.
PAR  For a further understanding of the invention and for features and
      advantages thereof, reference may be made to the following description and
      the drawing which illustrates a preferred embodiment of equipment in
      accordance with the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic perspective view of a hot blast stove in accordance
      with one embodiment of the invention;
PAR  FIG. 2 is a vertical sectional view of the top portion of the apparatus of
      FIG. 1;
PAR  FIG. 3 is a half-sectional view along line III-III of FIG. 2;
PAR  FIG. 4 is a view along line IV-IV of FIG. 1; and
PAR  FIG. 5 is a view of a portion of another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates schematically a hot blast stove 11 that includes a
      cylindrical outer shell 13 and a domed top or envelope 15.
PAR  The shell 13 connects to a dished head 17 at the bottom and would, of
      course be supported on a suitable foundation structure, not shown.
      Coacting with the dished head bottom 17 and disposed internally of the
      shell 13 are conventional checker brick supports 19 and a draft baffle 21.
PAR  It is to be noted that the shell 13 is entirely cylindrical up to a
      vertical level at about line A--A shown in FIG. 2. Above this level there
      is on the shell 13 a refractory-lined external combustion chamber 23 and a
      common portion of the shell 13 embraces the combustion chamber 23.
PAR  FIG. 3 illustrates a one-half section through the domed top or envelope 15
      which comprises a shell portion 24 that is lined with layers of various
      materials. Immediately contiguous with the shell 24 is a layer of flake
      insulation 25; next adjacent the flake insulation layer 25 is a block
      insulating layer 27; and next adjacent the block insulating layer 27 is a
      dome refractory layer 29.
PAR  As viewed in FIGS. 2 and 3, there is a layer of flake insulation 31 between
      the dome refractory layer 29 and a block insulating layer 33 which is the
      first lining layer of the outer shell 13. Within the insulating layer 33
      there is a ceramic ring wall 35 that forms the checker chamber 37 in the
      stove 11. The checker chamber 37 is, of course, filled in the usual manner
      with a multitude of layers of refractory checker bricks 39; a few such
      checker bricks 37 of only the top layer being suggested in FIGS. 1 and 3.
PAR  The external combustion chamber 23 is located on the shell 13 at the top
      thereof, as shown in FIG. 1. It has a refractory lined interior 41 with a
      nozzle port 43 in the bottom that receives an upwardly directed ceramic
      burner nozzle 45. A hot blast outlet conduit 47 is located in the side of
      the combustion chamber 23 about where shown in FIG. 2. The hot blast air
      emerges from the stove through the outlet conduit 47 and flows thence into
      a conventional hot blast main (not shown).
PAR  The ceramic burner nozzle 45 includes a conduit 49 for fuel gas that is
      surrounded by a conduit 51, thereby forming an annular passage for
      carrying air into the burner nozzle.
PAR  The bottom surface of the combustion chamber 23 shown in FIG. 1 rests upon
      and coacts with structure 53, shown in FIG. 4. The structure of FIG. 4
      includes a rectangular truss frame 55 having top and bottom chord members,
      sides, and diagonal cross braces of suitable structural size and shape.
      The top chord member of frame 55 coacts with the bottom surface of the
      combustion chamber 23 in a supporting manner. The side members of the
      frame 55 engage rollers 57 that are journaled in a pair of vertical
      columnar support members 59. A cross member 61 is fixed to both vertical
      columnar support members 59, about as and where shown in FIG. 4.
PAR  Pivotally mounted to the cross member 61, as at 63, 65, are arms 67, 69 of
      a pantograph structure 71. The arms 67, 69 carry at their upper
      extremities a roller 73 that coacts with the bottom chord member of the
      frame 55. The lower extremities of the arms 67, 69 are connected by chains
      75, or other suitable connecting means, to a counterweight 77. The
      counterweight 77 coacts with rollers 79 mounted to the vertical columnar
      members 59, about as shown.
PAR  In some instances it may be possible to support the combustion chamber 23
      by means of columns and screw jacks or hydraulic cylinders.
PAR  In another embodiment of the invention, an external combustion chamber 23a
      and the cylindrical shell 13a may be self-supporting without the benefit
      of other separate supporting means, as shown in FIG. 5. However, the
      embodiment of the invention in FIG. 5 has a domed top or envelope 15a that
      covers a checker chamber 37a and external combustion chamber 23a, as the
      domed top or envelope 15 does in FIG. 1.
PAR  Referring to FIG. 3, the cylindrical combustion chamber 23 is spaced apart
      from the cylindrical checker chamber 37 and the refractory bricks 35, 41
      are surrounded by the insulating material 33. It will be noted that two
      void spaces 81 (since only a half-section of the apparatus is shown in
      FIG. 3, there is shown only one such void space 81) are provided in the
      block insulating material 33 between the checker chamber 37 and the
      combustion chamber 23. It is desirable to fill these void spaces 81 with
      any suitable insulating material that is available, or with mineral wood
      insulation.
PAR  In order to be able to avoid having to use silica bricks in the combustion
      chamber, in the dome, in the ring wall, and in the checker brick work of
      the checker chamber, because the use of silica bricks necessitates the
      avoidance of cooling them below a temperature of 1100.degree.F., it may be
      possible to use magnesite brick, or other bricks known as forsterite
      bricks.
PAR  Those skilled in the art will recognize that, since there are no
      water-cooled burner valves in the burner nozzle 45 that might leak and
      cause water to impinge on the hot ceramic bricks, and since there is no
      chemically reactive silica dust in the fuel gas burned in the burner,
      there is no reason why magnesite or forsterite bricks may not be used in
      the hotter portions of the stove of the present invention.
PAR  The top high temperature heating zone of checker bricks, comprising several
      courses, which, as mentioned previously herein, can be magnesite bricks;
      the next lower zone of checker bricks can be composed of mullite; and the
      bottom zone of checker bricks can be of high duty fireclay. Thus, in a
      stove of the present invention, it should be unnecessary to use silica
      brick, special expansion joints and steel barriers, as are required in the
      stoves as known from the prior art.
PAR  Further, in the stove of the present invention, the shape and construction
      of the dome or envelope affords good uniform distribution of the hot gases
      from the external combustion chamber over the checker brick chamber area.
      To assist in such distribution, chimney valve outlets could be arranged in
      a suitable manner below the checker brick supports since they would not
      have to be located, as in prior art stoves, only on the side opposite the
      combustion chamber. Some baffling to equalize draft conditions would be
      required.
PAR  Those skilled in the art will recognize that in the hot blast stove of the
      present invention an area of active fuel combustion is located at the same
      horizontal section of the checker chamber wherein the checker bricks are
      first heated and are always at the highest temperature within the checker
      chamber.
PAR  Further, it should be recognized that in the hot blast stove of the present
      invention, the refractory walls of the checker chamber and the refractory
      walls of the dome or envelope overlap, and thermal expansion and
      contraction of each such wall can occur independently of the other wall.
PAR  Although the invention has been described herein with a certain degree of
      particularity it is understood that the present disclosure has been made
      only as an example and that the scope of the invention is defined by what
      is hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hot blast stove wherein the improvement comprises:
PA1  a a vertical shell structure embracing a first chamber containing a
      plurality of checker bricks;
PA1  b a second chamber wherein heat is generated that is located alongside of
      and contiguous with the top portion of said second chamber and with a
      common upper portion of said shell embracing said second chamber, said
      second chamber being shorter than said first chamber; and
PA1  c a domed top covering said first and second chambers and comprising a
      conduit for said heat to flow into said first chamber.
NUM  2.
PAR  2. The invention of claim 1 including:
PA1  a means coacting with and applying a force for supporting said combustion
      chamber as it expands and contracts responsively to thermal movement of
      said shell.
NUM  3.
PAR  3. A hot blast stove in which cyclical heating and cooling of checker
      bricks occurs, wherein the improvement comprises:
PA1  a a vertical shell structure comprising an envelope surrounding a first
      chamber containing checker bricks with the common top portion of said
      envelope also surrounding a heat generating second chamber that has a
      materially shorter vertical height than said first chamber;
PA1  b means for generating heat in said second chamber; and
PA1  c top means mounted to said envelope and covering both said first and
      second chambers and forming a conduit for heat flowing from said second
      chamber into said first chamber.
NUM  4.
PAR  4. A hot blast stove wherein the improvement comprises:
PA1  a a vertical envelope surrounding checker bricks in a first chamber and
      also a common portion of said envelope surrounding heat generating means
      in a second chamber with
PA1  b said second chamber being materially shorter in vertical height than said
      first chamber, and with
PA1  c said common top portion of said vertical envelope being free to expand
      and contract in response to the amount of heat generated in said second
      chamber; and
PA1  d means covering said first and second chambers for conducting heat into
      said first chamber.
NUM  5.
PAR  5. The invention of claim 4 including:
PA1  a means coacting with and applying a force for continually supporting said
      second chamber as it expands and contracts responsively to the amount of
      heat generated therein.
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ABST
PAL  A process for producing a spotted effect on synthetic fibre materials using
      dyestuff pastes which contain insoluble or scarcely soluble particles of
      one or a plurality of dyestuff preparations, said particles having a size
      of 10.mu. to 200.mu., preferable 40.mu. to 100.mu. and said dyestuff
      preparations consisting of a dyestuff, a resin or wax which is insoluble
      or scarcely soluble in water and optionally of a softener and/or tenside.
BSUM
PAR  The present invention relates to a process for dyeing synthetic fibre
      materials so as to produce a spotted effect, characterized in that
      dyestuff pastes are used which contain insoluble or scarcely soluble
      particles of one or a plurality of dyestuff preparations, said particles
      having a size of 10.mu. to 200 .mu., preferably 40.mu. to 100.mu. and said
      dyestuff preparations consisting of a dyestuff, a resin or wax which is
      insoluble or scarcely soluble in water and optionally of softeners and/or
      tensides.
PAR  The dyestuff pastes are preferably print pastes, in particular aqueous
      print pastes, and contain in addition the customary auxiliary agents, e.g.
      as print paste thickeners all commercially available products suitable for
      printing synthetic fibres: emulsion thickeners with and without binding
      agents are likewise suitable. Possible resin or wax components for the
      manufacture of dyestuff preparations are all natural or synthetic resins
      or waxes which are at room temperature, i.e. about 25.degree. C,
      practically insoluble in water; for example polyethylene and polypropylene
      waxes, styrene-acrylontrile resins, maleinate resins, polyamide resins,
      ketone resins, (colophony) rosins or resins with a substantial proportion
      of rosin, PVC resins, vinyl chloride or vinylene chloride copolymers,
      cellulose ether, cellulose ester, copolymers from PVC or polyvinylacetate
      or mixtures of these resins. A large number of these resins and waxes is
      given in the table of lacquer raw materials compiled by Erich Karsten
      (Publisher: R. Vincentz, Hannover) and in Ullmann's Enzyklopadie der
      technischen Chemie, volume 8, pages 393 to 448; volume 18, pages 262 to
      305. The resins or waxes are used in amounts of 10 % to 300 %, preferably
      20 % to 1500 %, based on the dyestuff. Resins or waxes are preferred with
      softening points above 50.degree. C.
PAR  Possible softeners are, for example, phosphoric acid ester and phthalic
      acid ester, such as trioctyl phosphate, dibutyl phthalate, dioctyl
      phthalate.
PAR  As tensides there may be used nonionic, anionic or cationic tensides, in
      particular ethylene oxide adducts or propylene oxide adducts to alkyl
      phenols, alkyl alcohols or long chain carboxylic acids as well as
      condensation products from naphthaline, formaldehyde and H.sub.2 SO.sub.4,
      amines and ammonium salts, in particular long-chain or cyclic amines or
      their salts.
PAR  The dyestuff preparations may contain 0.1 to 50 %, based on the dyestuff,
      of softeners and/or tensides.
PAR  As dyestuffs there may be mentioned in particular dispersion dyestuffs,
      especially azo and anthraquinone dyestuffs such as those described for
      example in the Colour-Index, 3rd Edition (1971), volume 2, pages 2479 to
      2742 or in Ullmann's Enzyklopadie der technischen Chemie, volume 4, pages
      128 et seq., and volume 3, pages 726 et seq.. Those dyestuffs are
      preferred which sublimate below 200.degree. C.
PAR  The manufacture of dyestuff preparations is advantageously carried out by
      kneading the dyestuffs with natural or synthetic resins or waxes with the
      addition, if desired, of softeners and/or tensides at kneading
      temperatures which should be so high that a viscous, kneadable composition
      is obtained. In general, the temperature lies between 80.degree. and
      150.degree. C. After kneading the mixture is cooled, ground to the
      required particle size and optionally screened. In this process all resins
      or waxes can be used which form a viscous, kneadable composition when
      mixed with the dyestuffs and optionally softeners and/or tensides at
      50.degree. to 180.degree. C, preferable 70.degree. to 140.degree. C, and
      which do not stick to one another on cooling to room temperature. The
      dyestuffs can also be dissolved or dispersed by stirring into the resins
      or waxes rendered liquid by heating. The manufacture of particles 10.mu.
      to 200.mu. in size, preferably 40.mu. to 100.mu., can proceed according to
      methods known per se, e.g. by grinding and screening the dyestuff
      preparations, by granulating or spraying the dyestuff preparations
      liquefied by heating or by spray-drying the dispersions or solutions of
      the dyestuff preparations.
PAR  The manufacture of the novel dyestuff preparations can also be carried out,
      however, by introducing a solution or dispersion of the resin or wax into
      a preferably aqueous solution or dispersion of the dyestuff, optionally in
      the presence of softeners and/or tensides, and subsequently by
      precipitating or flocking the resin or wax so that primarily the surface
      of the dyestuff is covered with the resin or wax. Possible resin solutions
      are, for example, alkaline solutions of resins with COOH groups, such as,
      for example, saponifiable maleic resins which precipitate gain upon
      acidification or addition of alkaline earth metal salts. Possible
      synthetic resin dispersions are, for example, dispersions of PVC,
      polyethylene, polyvinyl acetate, polyacrylic acid ester, polyvinylidene
      chloride, polystyrene-butadiene compounds or copolymers from PVC and
      polyvinyl acetate, which are adsorbed at the dyestuff surface and/or
      precipitate simultaneously with the dyestuff or which can be flocked
      according to known methods e.g. acidification. The dyestuff dispersion or
      solution, however, can be concentrated by evaporation together with the
      synthetic resin dispersion or, for example, spray dried. The dyestuff
      preparations can also be obtained by manufacturing the resins or waxes in
      the presence of the dyestuffs or the dyestuffs in the presence of the
      resins or waxes.
PAR  The pulverulent dyestuff preparation is stirred into a print paste
      thickener, e.g. into a 10 % solution of a locust bean flour ether.
      Thereafter, the required white or pre-dyed substrates are printed,
      impregnated or coated (with a doctor blade) with this preparation, then
      dried and fixed by means of hot air or an inert gas at a temperature
      between 170.degree. and 200.degree. C for a period of 1 to 3 minutes. In
      addition, the fixing can also be carried out with water vapour at
      atmospheric pressure, but preferably at excess pressure. In this instance
      the fixing time lies between 15 and 60 minutes. After the thickener has
      been removed by washing a dyed spotted effect is obtained on undyed or
      dyed substrate. It is also possible to print a plurality of dyestuff
      preparations with different coloured dyestuffs under the same conditions
      so that spots of different shades are obtained.
PAR  Suitable substrates are fabrics, knitted fabrics, foils, fleeces and the
      like from aromatic polyesters, synthetic superpolyamides, cellulose esters
      etc.
PAR  Further details of the process according to the invention will be given in
      the following with reference to the Examples.
DETD
PAC  Examples
PAR  A. Manufacture of the dyestuff preparations:
PA1  1. A mixture consisting of 45.0 parts of dyestuff of the following
      constitution
      ##SPC1##
PA1   5.0 parts of an ethylene oxide adduct, prepared from 10 mol of ethylene
      oxide and 1 mol of nonyl phenol,
PA1   4.0 parts of an ethylene oxide adduct, prepared from 5 mol of ethylene
      oxide and 1 mol of nonylphenol,
PA1   10.0 parts of ethyl cellulose,
PA1   35.8 parts of a maleinate resin with an acid number of 190 to 220 and
PA1   0.2 parts of 2,2'-methylene-bis-(4-methyl-6-tert.-butylphenol)
PA1   is kneaded in a heatable dispersion kneader of the Werner and Pfleiderer
      system for 2 to 3 hours at 80.degree. C to 100.degree. C.
PAR  The kneading process is carried out by heating up the kneader at the start
      so that a viscous, kneadable composition is obtained which is then kneaded
      for 2 to 3 hours at a temperature of 80.degree. to 100.degree. C. In order
      to be able to keep working at this temperature the kneader may possibly be
      have to cooled down again due to heat generated within the apparatus. A
      dyestuff preparation is obtained which is ground after cooling to room
      temperature to a partical size of 40 to 100.mu.. Any smaller or larger
      particles which may be produced during grinding are screened off.
PA1  2. As in Example 1 a dyestuff preparation is produced from
PA1   45 parts of the dyestuff described in Example 1,
PA1   4 parts of an ethylene oxide adduct, prepared from 6 mol of ethylene oxide
      and 1 mol of nonylphenol,
PA1   5 parts of an ethylene oxide adduct, prepared from 10 mol of ethylene
      oxide and 1 mol of nonylphenol and
PA1   46 parts of a styrene-acrylonitrile copolymer with an acrylonitrile
      content of approx. 30 %.
PA1   The mixture is kneaded for a period of 2 to 3 hours at 90.degree. to
      120.degree. C.
PA1  3. as in Example 1 a dyestuff preparation is produced from
PA1   50 parts of the dyestuff described in Example 1,
PA1   15 parts of trioctyl phosphate and
PA1   35 parts of a polyethylene wax with a molecular weight of approx. 2.000
      and a dropping point of about 103.degree. to 107.degree. C.
PA1  4. a dyestuff preparation is produced as in Example 2 except that cellulose
      acetobutyrate is used instead of the styrene-acrylonitrile copolymer.
PA1  5. As in Example 1 a dyestuff preparation is produced from 50 % of the
      dyestuff described in Example 1 and from 50 % of a maleinate resin with an
      acid number of 190 to 220.
PA1  6. As in Example 1 a dyestuff preparation is produced from 50 % of the
      dyestuff described in Example 1 and 50 % of the polyethylene wax described
      in Example 3.
PA1  7. 24 g of a sponifiable maleinate resin (acid number 210, melting point
      110.degree. to 120.degree. C) are dissolved in 60 ml of water and 24 ml of
      a 40 % by volume sodium hydroxide solution at 60.degree. to 90.degree. C.
      This solution is added to an aqueous dispersion of 125 g of the dyestuff
      described in Example 1. After stirring for one hour the mixture is slowly
      acidified with dilute acetic acid whilst stirring, then filtered off by
      suction and washed until neutral. After drying the pigment preparation is
      ground as in Example 1 to a particle size of 40 to 100.mu.
PA1  8. A dyestuff preparation is produced as in Example 7 except that the
      dyestuff dispersion is ground to a particle size of less than 1.mu. prior
      to acidification in a usual wet crushing aggregate, e.g. in a rapidly
      operating pebble mill equipped with a stirrer which contains glass pearls
      0.3 to 0.5 mm in diameter as the grinding elements.
PA1  9. A dyestuff preparation is produced as in Example 8 except that 6 g of
      N-cyclohexyl propylene diamine-1,3 are also added to the resin solution.
PA1  10. Dyestuff preparations are produced as in Examples 1 to 9 but instead of
      the dyestuffs described there, dyestuffs of the following formula are
      used:
      ##SPC2##
PAR  B. Production of spotted effects on fibre material:
PA1  1. 30 g of the dyestuff preparation described in Example A 3 are introduced
      into 500 g of a locust bean flour ether, stirred and mixed with 470 ml of
      water. The resulting print paste is then printed onto a polyester fabric.
      The print is then dried, fixed by means of hot air for 3 minutes at
      170.degree. C or for 1 minute at 200.degree. C and washed. A print is
      obtained with a red spotted effect.
PA1   Similar effects are achieved when a polyamide fabric or a triacetate
      fabric is used instead of the polyester fabric, 100 g/kg of print passte
      of a synthetic thickener of the polymaleinate type or polyacrylic acid
      amide type in the form of a benzine-free aqueous amulsion instead of the
      locust bean flour ether and/or fixing by means of overheated water vapour
      at 170.degree. or 190.degree. C for 3 or 1 minute or steam vapour of 1 to
      1.5 atms for 30 to 20 minutes.
PA1  2. The prints are produced with a spotted effect as in Example 1. The
      dyestuff preparations 1, 2, 4, 5, 6, 7, 8, 9, 10 described under A) are
      each used as dyestuff preparations.
PA1  3. Prints are produced as in Example 1. For the dyestuff preparation there
      are used
PA1   10 g of the red dyestuff preparation, produced according to Example A 3,
PA1   10 g of the yellow dyestuff preparation, produced according to Example A
      10 (b) and
PA1   10 g of the blue dyestuff preparation produced according to Example A 10
      (a). In this way prints are obtained with different coloured spots.
PA1  4. As in Example 1 A a dyestuff preparation is produced from 50 parts of a
      dyestuff of the formula
      ##SPC3##
PA1   and 50 parts of a polyamide resin with a softening point of 95.degree. to
      100.degree. C (e.g. VERSAMID.sup.(R) 950) and as in Example 1 B printed on
      cellulose acetate or cellulose triacetate. The fixing is carried out by
      means of steam pressure at 1 atm. for 20 minutes.
PA1  5. A dyestuff preparation is produced as in Example 1 A from 50 parts of a
      1,2-chromium complex dyestuff of
      ##SPC4##
PA1   and 50 parts of a ketone resin with a softening point of 75.degree. to
      90.degree. C and printed as in the aforegoing Example 4.
CLMS
STM  We claim:
NUM  1.
PAR  1.  A process for dyeing synthetic fibre materials so as to produce a
      spotted effect, characterized in that the synthetic fibre materials are
      printed, impregnated, sprayed or coated with dyestuff pastes, then dried,
      subjected to a thermofixation process and washed, said dyestuff pastes
      containing insoluble or scarcely soluble particles of one or a plurality
      of dyestuff preparations, said particles having a size of 10.mu. to
      200.mu., and said dyestuff preparations consisting of a dyestuff, a resin
      or wax which is insoluble or scarcely soluble in water and optionally of a
      softener and/or tenside.
NUM  2.
PAR  2. The process according to claim 1, characterized in that dyestuff
      preparations are used which are obtained by kneading dyestuffs with resins
      or waxes which are practically insoluble in water at room temperature and
      subsequently by grinding and optionally by screening.
NUM  3.
PAR  3. The process according to claim 1, characterized in that dyestuff
      preparations are used which are produced by precipitating, flocking or
      evaporating of a resin solution or resin or wax dispersion in the presence
      of a dyestuff.
NUM  4.
PAR  4. The process according to claim 1, characterized in that dispersion
      dyestuffs are used as dyestuffs.
NUM  5.
PAR  5. The process according to claim 1, characterized in that styrene
      acrylonitrile copolymers or maleinate resins are used as resins.
NUM  6.
PAR  6. The process according to claim 1, characterized in that polyethylene or
      polypropylene is used as wax.
NUM  7.
PAR  7. Synthetic fibre materials which are dyed according to the process of
      claim 1.
NUM  8.
PAR  8. Printing pastes for producing a spotted effect on synthetic fibre
      materials as they are characterized in claim 1.
NUM  9.
PAR  9. The process of claim 1 characterized in that said dyestuffs have a
      particle size of 40.mu. to 100.mu..
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ABST
PAL  A stabilizer compound for dyestuffs is prepared by reacting a quaternary
      heterocyclic nitrogeneous compound and an azo derivative. The reaction is
      carried out in a non-acid medium. The stabilizers produced from the
      condensation reaction hereof can be subsequently reacted with suitable dye
      forming or coupling compounds to form a dyestuff. Dyestuffs produced
      hereby are useful in dyeing both natural or cellulosic fibers as well as
      synthetic fibers. The products hereof are useful as printing compositions
      and evidence excellent shelf life.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to stabilizers for dyestuffs. More
      particularly, the present invention relates to stabilizers or precursors
      for dyestuffs which are useful in the dyeing of both natural and synthetic
      fibers. Even more particularly, the present invention relates to dyestuff
      precursors or stabilizers, prepared by a condensation reaction in a
      non-acid medium, which are useful in the preparation of azoic dyes. The
      invention also relates to the dyes prepared therefrom, the dyes being
      efficacious in the dyeing of both natural and synthetic fibers.
PAR  2. Prior Art
PAR  The prior art is replete with azoic compositions useful in the dyeing of
      fibrous material. Generally speaking, these compositions comprise
      azoitized amino compounds which are prepared in the presence of an acid
      medium. The predominant bulk of these compositions or dyestuffs are
      usually derived from aniline and related compounds. See, inter alia, U.S.
      Pat. No. 1,858,623; 1,979,327; and the like.
PAR  With the advent of new synthetic textiles and fibers the art has given way
      to the development of dyestuffs which must be more compatible with these
      new fibers. Thus, the basic azo dyestuffs must be stabilized or otherwise
      complexed with other compounds to render them more receptive by the fiber.
      Concomitantly, the art has developed more sophisticated dyestuffs designed
      to achieve these same purposes.
PAR  However, the new dyestuffs being produced are generally quite exotic and,
      therefore, expensive and difficult to manufacture in industrial
      quantities. Moreover, the dyestuffs being produced are incapable of being
      used with a plurality of fibrous materials. In other words, a dyestuff
      useful for dyeing a polyester fabric will, generally, be incapable of
      dyeing a natural fiber, such as, cotton or wool, and vice versa.
PAR  Thus, a major advance in the art would be provided by new dyestuffs useful
      in the dyeing of both natural and synthetic fibers. There would also be a
      major advance in the art if such dyestuffs could be manufactured
      inexpensively from readily available chemicals. It is these ends to which
      the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided dyestuff
      precursors or stabilizers which are obtained by the condensation reaction
      in a non-acid medium of an azoitized aromatic amine and a quaternary
      aromatic heterocyclic nitrogeneous compound.
PAR  The resulting precursors may then be admixed with any suitable coupling
      agent to obtain the final dye or dyestuff.
PAR  The dyestuffs produced in accordance herewith are useful in dyeing both
      natural and synthetic fibers. Moreover, these dyestuffs can be used in
      printing compositions.
PAR  For a more complete understanding of the present invention reference is
      made to the following detailed description and examples thereof.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As hereinbefore noted, and in accordance with the present invention
      dyestuff precursors or stabilizers are prepared by the condensation
      reaction of an azoitized aromatic amine and a quaternary heterocylic
      nitrogeneous compound. The reaction is carried out in the presence of a
      non-acid reaction medium i. e. in an aqueous medium having a pH of at
      least about 7.
PAR  The reaction medium is preferably an aqueous system or a slightly basic
      aqueous system. By the term "slightly basic aqueous system" is meant an
      aqueous solution having dissolved therein acid binding agents, such as,
      the salt of a weak acid. Examples of such salts include sodium carbonate,
      sodium bicarbonate, potassium carbonate, potassium bicarbonate, lithium
      carbonate and the like. Although not preferred it is possible to use
      dilute solutions of alkali metal hydroxides, such as, sodium hydroxide,
      potassium hydroxide, lithium hydroxide and the like. Also, it is possible,
      but not preferred to use aqueous solutions of alkali metal phosphates,
      such as sodium phosphate and the like.
PAR  In carrying out the present invention it is preferred than an aqueous sytem
      be employed having a pH of from about 7 to about 9 and wherein the acidity
      of the aqueous system, where present, is provided by the salt of a weak
      acid, as above defined.
PAR  The azoitized aromatic amine employed in the practice of the present
      invention generally corresponds to the formula:
EQU  [--N=N].sub.n A
PAL  wherein A is the residue of any primary aromatic amine which is capable of
      being azoitized and coupled and which is free from any solubilizing groups
      detrimental to azoic dyeing, and wherein n is 1 or 2. Thus, it is seen
      that the present invention contemplates the use of either diazo - or
      tetrazoamino compounds.
PAR  The azoitizable aromatic amine, as noted, is a primary amine which may be
      either heterocyclic or homocyclic. Furthermore, these compounds may be
      either substituted or unsubstituted about their respective rings.
PAR  Representative of the unsubstituted heterocyclic and homocyclic aromatic
      amines useful in the practice hereof are, for example, aniline, pyridine,
      quinoline, isoquinoline, and the like.
PAR  Other useful compounds include, for example, toludine, benzidine,
      naphthylamines, nitrotolidine, acetanilides, nitroaniline,
      hydroquinolines, hydroisoquinolines, aminocontaining anthracenes and
      phenanthracenes, and the like.
PAR  In the practice of the present invention, as above-noted, any primary
      aromatic amines can be used herein. Also, and as above-noted, these
      compounds may be substituted or unsubstituted. Suitable substituents
      include alkyl, carboxyl, halo, hydroxyl, aralkyl, cycloalky, alkylaryl,
      carbonyl, alkoxy, and the like.
PAR  In the practice of the present invention the preferred aromatic amines are
      aniline and substituted anilines. Suitable substituents include, for
      example, halo, alkoxy, nitro, hydroxy, alkyl, and the like, as well as
      combinations thereof. Particularly, preferred primary aromatic amino
      compounds include, for example, aniline, toluidine, chloroanilines,
      methoxyanilines, chloromethoxyanilines, aminophenols, chloroaminophenols,
      nitroanilines, and the like, and mixtures thereof.
PAR  The primary aromatic amines are azoitized prior to reaction with the
      quaternary compound by conventional azoitizing processes. Generally
      speaking, the amines are azoitized by acidifying the amine with a mineral
      acid followed thereafter by the reaction of the acidified amine with a
      strong basic compound which promotes coupling to form a diazonium (or
      tetrazonium) salt. Typically, the amine is reacted at ambient conditions
      as an aqueous solution thereof with hydrochloric acid. Other acids can be
      used, such as, sulfuric acid and the like, but hydrochloric acid is
      preferred.
PAR  The reaction with the basic compound is carried out at reduced temperatures
      ranging from about 0.degree.C to about 10.degree.C. This is usually
      achieved by cooling the acidified amine and adding thereto the basic
      compound. Although other strongly basic compounds can be employed, it is
      preferred to employ sodium nitrite. The resulting diazonium (or
      tetrazonium) salt can then be used either as an aqueous solution thereof
      or as a recovered concentrate.
PAR  The resulting azoitized amine, as above noted, is reacted or condensed with
      a quaternized heterocyclic nitrogeneous compound to obtain the stabilizers
      hereof. Also, as noted above, the reaction is carried out in a non-acid
      medium.
PAR  The quaternized heterocyclic nitrogeneous compounds contemplated for use
      herein is generally prepared by quaternizing any heterocyclic nitrogeneous
      compound which is amenable to quaternization. Useful heterocyclic
      nitrogeneous compounds include, for example, pyridine, quinoline,
      isoquinoline, azaphenanthrene, and the like. Furthermore, the heterocyclic
      compounds may be substituted or unsubstituted. Suitable substituents
      include, for example, hydrogen, aralkyl, cycloalkyl, alkyl, carboxyl,
      glycine, amino, nitro, halo, alkoxy, sulfonic acid, and the like.
PAR  In the practice of the present invention it is preferred to employ
      pyridine, and in particular an aminopyridine, as the heterocyclic
      nitrogeneous compounds. The preferred compounds hereof generally
      correspond to the formula:
      ##SPC1##
PAL  wherein R.sub.1, is either hydrogen, lower alkyl having from about 1 to 4
      carbon atoms, cycloalkyl, aralkyl, glycine, alkenyl, alkynyl, aryl and the
      like, R.sub.2 and R.sub.3 are each, individually either hydrogen, alkyl,
      aralkyl, cycloalkyl, aryl, alkenyl, alkynyl, halo, nitro, hydroxy,
      carboxy, alkoxy, or a sulfonic acid group, and the like.
PAR  The aminopyridines preferably employed herein have the amino group,
      preferentially, at either the 2, 4 or 6 positions, although the placement
      of the amino group at the other positions about the ring is not
      detrimental.
PAR  The aminopyridines are quaternized with suitable alkylating agents under
      conventional alkylation conditions. Typical alkylating agents include, for
      example, the esters of strong mineral acids and organic sulfonic acids,
      alkyl halides, such as alkyl chlorides, alkyl bromides, and alkyl iodides,
      aralkyl halides, dialkyl sulfates and substituted or unsubstituted
      benzenesulfonic esters.
PAR  After quaternization, the resulting product is recovered by conventional
      techniques, such as, filtration, solvent evaporation, or precipitation
      from a solvent.
PAR  Although other anions can be employed such as halo, sulfonate, alkyl
      sulfate, and the like, it is preferred to recover the quaternary compound
      as the hydroxide. This promotes and enhances the shelf life of the
      product.
PAR  The preferred quaternary aminopyridines contemplated hereby can be
      represented by the formula:
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2, and R.sub.3 are as defined above, R.sub.4 is
      either substituted or unsubstituted alkyl, aralkyl, or cycloalkyl, and X
      is the anion used in the alkylation and is preferably, hydroxy.
PAR  The condensation reaction generally proceeds at a temperature ranging from
      about - 10.degree.C to about 25.degree.C, and preferably at a temperature
      ranging from about - 5.degree.C to about 10.degree.C. In carrying out the
      reaction, the quaternary compound and the azoitized amine are generally
      employed in stoichiometric equivalents of about 1:1, although it is
      preferred to have an excess of quaternary compounds based on the
      stoichiometry of the reaction. The reaction, depending on the amounts of
      ingredients, is generally completed in a minimum of about five minutes
      with no outer time limit, and is usually completed in about 1 to 3 hours.
PAR  The stabilizers produced by the condensation reaction correspond to the
      formula:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, X, A and n have the
      above-provided definitions.
PAR  The resulting stabilizers are coupled with any suitable coupling agent,
      such as naphthol, in stoichiometric equivalents to obtain the final
      dyestuff.
PAR  In dyeing a fabric with the dyestuff, the dyeing process is steam
      initiated, either acid or neutral. Since neutral steaming can be employed
      the difficulties encountered with acid steaming can be avoided. This is
      achieved by balancing the basicity of the quaternary compound with the
      reaction of the azoitized amine. Dyestuffs produced in accordance herewith
      can be used to dye either cellulosic or synthetic fibers, both, with equal
      efficacy.
PAR  It should be noted in this regard that some substituents on he stabilizer
      render it more amenable for dyeing cellulosic fabrics and others render it
      more amenable for dyeing synthetics.
PAR  Thus, in the dyeing of cellulosic fabrics it is preferred that the
      stabilizers correspond to the formula:
      ##SPC4##
PAL  wherein R.sub.4, A and n are as defined above, R.sub.1, is either hydrogen,
      glycine, alkyl, substituted alkyl, cycloalkyl, alkenyl, alknynyl, aryl,
      aralkyl, and the like, R.sub.2 and R.sub.3 are each, individually,
      sulfones, sulfonamides, hydroxy, alkoxy, as well as the substituents
      enumerated for R.sub.1.
PAR  With the dyeing of synthetic fabrics, such as hexamethylene adipamide,
      other polyesters and the like, R.sub.1 is either hydrogen, alkyl, or
      substituted alkyl; R.sub.2 and R.sub.3 are each, individually, hydroxy,
      nitro, halo, slkoxy, alkyl, hydrogen, and the like. However, carboxy and
      sulfonic substituents should be avoided for R.sub.2 and R.sub.3 when
      preparing dyestuffs for synthetic fabrics.
PAR  It should be also noted that the stabilizers hereof, in addition to their
      use as dyestuffs can be used for producing metallized azoic dyes by the
      condensation reaction hereof using an appropriately substituted diazonium
      compound having ligand donor sites e.g., aminophenols.
PAR  Furthermore, and as noted hereinbefore, the stabilizers hereof can be used
      as printing compositions. In this regard it has been found that by
      admixing ammonium chloride in the printing composition or pastes hereof,
      neutral steaming development can be used.
PAR  Also, it should be noted that in deploying dyestuffs prepared in accordance
      herewith, color development may be facilitated through anion exchange of
      the stabilizer by conventional techniques.
PAR  For a more complete understanding of the present invention, reference is
      made to the following illustrative examples. In the examples, which are
      not to be construed as limitative of the invention, all parts are by
      weight, absent indications to the contrary.
DETD
PAC  EXAMPLE 1
PAR  Into a suitable reaction vessel equipped with stirring means, and cooling
      means, 10.7 parts of p-toluidine was dissolved in 140 parts of water and
      28.5 parts of 20 Be hydrochloric acid. With stirring the amine
      hydrochloride solution was cooled to 0.degree.-5.degree.C and was
      diazotized, by the dropwise addition of 28 ml of a 25% (weight/volume)
      sodium nitrite solution. The diazonium salt solution so obtained was then
      added in a drop-wise fashion over a one hour period to a mixture of 26.5
      parts of 1-methyl-2-aminopyridinium methosulfate, 250 parts of water, and
      45 parts of sodium carbonate. The diazo salt solution was added below the
      surface of the solution, and the stirred mixture was maintained at
      0.degree. to -3.degree.C during the addition. The reaction mixture was
      stirred for an additional 2 hours after the addition of the diazonium salt
      at 0.degree. to -3.degree.C after which most of the diazonium salt
      solution was consumed. The resulting stabilizer corresponding to the
      formula:
      ##SPC5##
      separated out as a yellow precipitate. The reaction mixture was further
      stirred for six hours and the product was isolated by suction filtration,
      washed with a minimum amount of water, and dried at
      20.degree.-30.degree.C. Thirty parts of the stabilizer were obtained as a
      yellow powder.
PAC  EXAMPLE II
PAR  Following the procedure of Example I, 12.8 parts of m-chloroaniline was
      diazotized at 0.degree.-5.degree.C with 29.0 ml of 20 Be hydrochloric acid
      and 28 ml of a 25% (weight/volume) sodium nitrite solution. The filtered
      diazonium salt solution was then reacted with 27 parts of
      1-methyl-2-aminopyridinium methosulfate dissolved in 300 parts of water
      and 53 parts of sodium carbonate. After stirring the reaction mixture for
      two additional hours at 0.degree. to -3.degree.C, the mixture was rendered
      distinctly alkaline by the addition of a minimum amount of caustic soda
      solution (pH=12) and was stirred overnight. The product is filtered,
      washed and dried at 20.degree.-30.degree.C. Twenty-three parts of
      diazoamino compound were obtained.
PAC  EXAMPLE III
PAR  Using a suitable vessle equipped with heating means, cooling means and
      stirring means, 13.0 parts of 2,5-dichloroaniline was dissolved by heating
      in 40 ml of 20 Be hydrochloric acid and 140 parts of water. The solution
      was cooled to 0.degree.-5.degree.C with an ice bath and by addition of
      pieces of ice. Twelve ml of 50% (weight/volume) sodium nitrite solution
      was then added, with stirring, for sixty minutes while maintaining the
      temperature at 0.degree.-5.degree.C. Then, following the procedure of
      Example I, the diazo solution was clarified and allowed to react with 26.0
      parts of 1-methyl-2-amino-3, 5-dichloropyridinium methosulfate and 74.0
      parts of sodium carbonate monohydrate dissolved in 400 parts of water.
      After two hours of stirring at 0.degree. to -3.degree.C the reaction
      mixture was neutralized with a minimum amount of caustic soda solution and
      stirred overnight. The yellow precipitated stabilizer was filtered, washed
      and dried at 20.degree.-30.degree.C. Thirty-two parts of the stabilizer,
      as a dry product, was obtained.
PAC  EXAMPLE IV
PAR  Following the procedure of Example III, 10.2 parts of m-chloroaniline was
      diazotized. The clarified diazo solution was added to 26.0 parts of
      1-methyl-2-amino-3,5-dichloropyridinium methosulfate and 50 parts of
      sodium carbonate monohydrate dissolved in 300 parts of water the the
      reaction was carried out. After the addition was completed, the resulting
      mixture was stirred for two additional hours at the same temperature, and
      was then neutralized with the minimum amount of caustic soda solution and
      left to stir overnight. The resulting stabilizer was filtered, washed with
      a minimum amount of water, and dried at 20.degree.-30.degree.C.
PAC  EXAMPLE V
PAR  Following the procedure of Example I, 10.7 parts of p-toluidine was
      diazotized and then condensed with 28.5 parts of
      1-methyl-2-aminopyridinium iodide.
PAC  EXAMPLE VI
PAR  Using equipment similar to that of Example III, with heating, 12.6 parts of
      5-chloro-2-methoxyaniline was dissolved in 23 ml of 20.degree. Be
      hydrochloric acid, 140 parts of water, and was diazotized with 5.6 parts
      of sodium nitrite at 0.degree.-5.degree.C. Using the procedure of Example
      I, the clarified diazo solution was added over a three hour period to 20
      parts of 1-methyl-2-aminopyridinium methosulfate and 50 parts of sodium
      carbonate dissolved in 250 parts of water. After stirring for an
      additional 2 hours, the reaction mixture was neutralized with a minimum
      amount of caustic soda solution (pH=12) and stirred overnight. The
      precipitated stabilizer was filtered, washed, and dried at
      25.degree.-30.degree.C. Twenty-three and four-tenths parts of the product
      was obtained.
PAC  EXAMPLE VII
PAR  Example VI was repeated using 14.2 parts of 4-chloro-2-methylaniline as the
      aromatic amine.
PAC  EXAMPLE VIII
PAR  Example VI was repeated using 13.5 parts of 2-methoxy-5-nitroaniline as the
      aromatic amine.
PAC  EXAMPLE IX
PAR  Example VI was repeated using 11.4 parts of 5-chloro-2-methylaniline as the
      aromatic amine.
PAC  EXAMPLE X
PAR  Example VI was repeated using 12.2 parts of 2-methyl-4-nitroaniline as the
      aromatic amine.
PAC  EXAMPLE XI
PAR  This example illustrates the use of a tetrazonium salt.
PAR  In a suitable reaction vessel 9.8 parts of dianisidine was triturated at
      0.degree.-5.degree.C in 50 parts of water and 20.5 ml of 20.degree. Be
      hydrochloric acid. The mixture was tetrazotized by adding 22.4 ml of 25%
      (weight/volume) sodium nitrite solution thereto. After stirring for 1
      hour, the tetrazo solution was filtered. One-half of the filtrate solution
      was added to 20.0 parts of 1-methyl-2-amino-pyridinium methosulfate, 25.0
      parts of sodium carbonate monohydrate and 4.0 parts of sodium hydroxide
      dissolved in 200 parts of water. The addition was carried out at a
      temperature between -2.degree. and -3.degree.C, using the procedure of
      Example I. An additional amount of the solution containing 150 parts of
      water, 25 parts of sodium carbonate monohydrate, and 4.0 parts of sodium
      hydroxide was then added. The remaining tetrazo solution was then added to
      the solution, using the same procedure, while maintaining the temperature
      between 0.degree. and -3.degree.C. The total reaction mixture was then
      stirred for an additional two hours with the temperature maintained below
      0.degree.C. At this point most of the diazo solution was consumed, and the
      mixture was stirred overnight. The precipitated stabilizer was filtered,
      washed and dried at 20.degree.-30.degree.C.
PAC  EXAMPLE XII
PAR  Example VI was repeated using 12.6 parts of 4-chloro-2-methoxyaniline as
      the aromatic amine and 21.5 parts of 1-methyl-2-amino-6-methylpyridinium
      methosulfate as the quaternized heterocyclic nitrogeneous compound.
PAC  EXAMPLE XIII
PAR  Example VI was repeated using 11.0 parts of 2-methoxy-5-methylaniline as
      the aromatic amine and 23.0 parts of 1-methyl-2-amino-6-methylpyridinim
      iodide as the quaternized heterocyclic nitrogeneous compound.
PAC  EXAMPLE XIV
PAR  In a suitable vessel equipped with stirring means and cooling means 14.4
      parts of 4-chloro-2-aminophenol was dissolved in a solution of 4.5 parts
      of sodium hydroxide in 200 parts of water. The solution was cooled in an
      ice bath and 40 ml of 20.degree. Be hydrochloric acid was added with
      stirring. The solution was then cooled to 0.degree.-5.degree.C and
      diazotized with 7.0 parts of sodium nitrite. The diazo solution was
      filtered and was next added to 27.0 parts of 1-methyl-2-aminopyridinium
      methosulfate and 30.0 parts of sodium carbonate monohydrate dissolved in
      100 parts of water using the procedure of Example I. During the
      condensation, the temperature was maintained at 0.degree. to 3.degree.C
      and the alkalinity was regulated by the regular addition of 10% sodium
      carbonate solution. The reaction mixture was stirred for an additional
      four hours after completion of the addition. The precipitated stabilizer
      was filtered, washed with a minimum amount of water and dried at
      20.degree.-30.degree.C under vacuum.
PAC  EXAMPLE XV
PAR  Example XIV was repeated using 15.4 parts of 5-nitro-2-aminphenol as the
      amine and 29.0 parts of 1-methyl-2-aminopyridinium iodide as the
      quaternized heterocyclic nitrogeneous compound.
PAC  EXAMPLE XVI
PAR  Example XIV was repeated using 15.4 parts of 4-nitro-2-aminophenol as the
      amine and 30.0 parts of 1-methyl-2-amino-6-methylpyridinium iodide as the
      quaternary compound.
PAC  EXAMPLE XVII
PAR  Example XIV was repated using 14.4 parts of 4-chloro-2-aminophenol as the
      amine and 30.0 parts of 1-methyl-2-amino-6-methylpyridinium iodide as the
      quaternary compound.
CLMS
STM  Having thus described the invention what is claimed is:
NUM  1.
PAR  1. A stabilizer composition composition consisting essentially of the
      condensation reaction product, in the presence of a non-acid medium, of a
      quaternary aromatic heterocyclic nitrogeneous compound and an azoitized
      aromatic amine.
NUM  2.
PAR  2. The stabilizer of claim 1 wherein the quaternary aromatic heterocyclic
      nitrogeneous compound is selected from the group consisting of quaternized
      pyridines, quinolines, isoquinolines and azaphenanthrenes.
NUM  3.
PAR  3. The stabilizer of claim 2 wherein the quaternary aromatic heterocyclic
      nitrogeneous compound is a quaternized pyridine.
NUM  4.
PAR  4. The stabilizer of claim 1 wherein the azoitized aromatic amine is either
      a diazotized or tetrazoitized aromatic amine.
NUM  5.
PAR  5. The stabilizer of claim 4 wherein the azoitized aromatic amine is an
      azoitized aniline.
NUM  6.
PAR  6. A process for the preparation of a stabilizer composition comprising:
      condensing at a temperature of from about -10.degree.C to about
      25.degree.C a quaternary aromatic heterocyclic nitrogeneous compound and
      an azoitized aromatic amine, the reaction being carried out in a non-acid
      medium.
NUM  7.
PAR  7. The process of claim 6 wherein the quaternary aromatic heterocyclic
      nitrogeneous compound and the azoitized aromatic amine are employed in
      stoichiometric amounts.
NUM  8.
PAR  8. The process of claim 6 wherein the non-acid medium is an aqueous
      solution of sodium carbonate or sodium carbonate monohydrate.
NUM  9.
PAR  9. A dyestuff consisting essentially of a naphthol coupled with the
      stabilizer of claim 1.
NUM  10.
PAR  10. In a process for dyeing a fabric, the improvement which comprises:
PA1  dyeing the fabric with the dyestuff of claim 9.
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ABST
PAL  Polyester textile yarns and fabrics are normally dyed with organic pigments
      dispersed in water. The waste streams from this process contain residual
      amounts of color bodies which are removed by the instant process which
      comprises adding a sufficient amount of a water-soluble cationic polymer
      (e.g. polyethylenimine) to flocculate the color bodies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polyester textile fabrics and yarns are normally dyed in a multistep
      procedure using organic pigments dispersed in water with an anionic
      surfactant. In step 1, the fabric or yarn is immersed in a hot (e.g.
      135.degree.C) dye bath comprising from about 0.1 to 12 weight percent of
      the organic pigment dispersed in water made acidic (pH 4.5 or less) with a
      water-soluble organic acid, such as acetic or oxalic acid. In step 2 , the
      dye bath is drained and the dyed fabric scrubbed with hot aqueous caustic
      and sodium hydrosulfite or preferably with hot (e.g. 80.degree.C) water
      having from 2-5 weight percent of a chlorinated solvent dispersed therein
      (e.g. perchloroethylene). In step 3, the aqueous waste stream from step 2
      is discharged and the fabric is rinsed with hot (e.g. 80.degree.C) water.
      In step 4, the rinse water is discharged and the fabric partially dried by
      vacuum or by centrifical force. The dyed fabric is then usually dried in a
      forced-air oven and stored for further processing.
PAR  In each of steps 1- 4 above, an aqueous waste stream is generated that
      contains residual amounts of the dispersed organic dye. Ecological
      considerations obviously prohibit direct discharge of these waste streams.
      However, no satisfactory economical method has been heretofore available
      to purify (decolorize) waste streams containing dispersed organic dyes.
PAC  SUMMARY OF THE INVENTION
PAR  An excellent process has now been discovered for removing dispersed organic
      dyes from aqueous waste streams.
PAR  The novel process comprises (1) adding a sufficient amount of a
      water-soluble cationic resin(s) to the waste stream to flocculate the
      dispersed organic dyes, and (2) thereafter separating the floc from the
      effluent. The effluent is normally clear and essentially colorless and has
      a pH of 5 or less and it may be either discharged or recycled for further
      use. A novel "closed loop" dyeing process is possible by recycling the
      decolorized water and using it as the aqueous media for the dye bath, the
      scouring water and/or the rinse water in the aforementioned dyeing
      process.
PAR  The term "water-soluble cationic resins" defines a known class of compounds
      having many members, each of which is suitable for use herein. Such resins
      normally contain a plurality of nitrogen, sulfur or phosphorus atoms. The
      polyalkylenepolyamines and the amine-modified polyepihalohydrins (U.S.
      Pat. No. 3,746,678 and U.S. Pat. No. 3,753,931) are the preferred species.
      The polyethylenepolyamines, polyethylenimines and polyepichlorohydrins
      modified by reaction with ethylenediamine are the most preferred cationic
      resins. The average molecular weight of the resins can be varied from
      about 1,000 to about 1,000,000 or more. Those at the lower end of the
      molecular weight range are generally less effective than those having
      higher molecular weights. However, the resins having extremely high
      molecular weights tend to be extremely viscous and are difficult to
      handle. Accordingly, those resins having an average apparent molecular
      weight (as determined by light scattering techniques) of from about 40,000
      to about 120,000 are preferred.
PAR  Examples of suitable such resins include polyethylenepolyamine; poly
      (1,3-propylene) Polyamine; polyethylenimine; polypropylenimine;
      polyepichlorohydrin reacted with at least 3 moles of ethylenediamine,
      diethylenetriamine or 1,3-propanediamine per pendant chloromethyl group on
      the polyepichlorohydrin backbone; homopolymers or interpolymers of
      ar-vinylbenzyl chloride reacted with trimethylamine, triethylamine,
      dimethylsulfide, diethylsulfide, pyridine, tetrahydrothiophene, and the
      like or similar polymers prepared by reacting chloromethylated
      homopolymers or interpolymers of styrene having an average of from about
      0.4 to 1 chloromethyl groups per aromatic nucleus with such nitrogen- or
      sulfur-containing compounds; and other like cationic polymers. The above
      listing of resinous compounds is merely a list of representative compounds
      and other species within the class will be readily obvious to those
      skilled in the art.
PAR  The amount of cationic polymer used in the instant decolorizing process
      will vary depending upon the amount and type of color bodies in the
      aqueous waste streams. However, the amount of cationic polymer required
      for best flocculation results is easily determined by monitoring the
      system with a streaming current detector. It is important, for the purpose
      of this invention, to add only the minimum amount of water-soluble
      cationic resin necessary to neutralize substantially all the charges on
      the dispersed dye particles for two reasons: First, the optimum rate of
      flocculation (aggregation) occurs at this point. Second, the effluent can
      then be recycled to the dye vats leading to a "closed-loop" dye process.
      The effluent cannot be recycled if it contains more than about 10 parts
      per million (ppm) of the water-soluble cationic resin and good
      flocculation is not achieved when excess cationic resin is used. The
      minimum amount of cationic resin to use is easily determined by use of the
      streaming current detector for a rapid change in the amperage passing
      through the test liquid is observed at the titration end-point. Ideally,
      the cationic resin is added in an amount just short of, or precisely at,
      this titration end-point.
PAR  The streaming current detector, accessories therefor, and a technique for
      determining the minimum amount of flocculant (e.g. polyethylenimine)
      necessary to remove suspended particles from municipal waste streams are
      described, for example, in U.S. Pat. Nos. 3,368,144, 3,368,145, 3,369,984,
      3,502,965, 3,526,827 and in an article by W. F. Gerdes (J. Inst. Soc. Am.
      13 (12), 38 (1966)).
PAR  The floc formed by the instant process can be separated from the aqueous
      effluent by any one of several conventional techniques. For example, by
      sedimentation, filtration, floatation, centrifugation, or one or more of
      the foregoing physical separatory processes in combination. The
      flocculation process is promoted by the use of clays, such as Fuller's
      earth, bentonite and the like. A particularly good rate of flocculation
      has been observed by sequentially adding the cationic resins (as per the
      above), clay (up to about 1000 ppm), and minor amounts of an anionic
      polyelectrolyte (e.g. from about 1- 5 ppm of a water-soluble, partially
      hydrolyzed polyacrylamide). The floc thus formed is very easily separated
      from the aqueous effluent by the aforementioned techniques.
PAR  The following examples further illustrate the invention:
DETD
PAC  General Procedure
PAR  An aqueous solution of a water-soluble cationic polymer selected from the
      group consisting of polyethylenimine (avg. apparent mol. wts. of 1800,
      40,000 to 60,000 or 100,000 to 120,000), or the reaction product of
      polyepichlorohydrin with at least 3 moles of ethylenediamine (avg.
      apparent mol. wt. of about 40,000 to 60,000) was added dropwise with
      stirring to spent aqueous dye bath containing up to about 0.2 weight
      percent of a dispersed dye until the titration end-point was noted on a
      streaming current detector. The aqueous waste had a pH of 4.5 or less and
      was at a temperature of from ambient up to about 50.degree.C during the
      addition of the cationic resin. After the cationic polymer was added, the
      mixture was pumped to a second vessel wherein about 500 ppm of Fuller's
      earth was added with stirring. This mixture was pumped to a third vessel
      wherein from 2-4 ppm of a partially hydrolyzed polyacrylamide (Purifloc
      A23) was added with stirring. The mixture was then pumped into a clarifier
      where the floc separated by sedimentation. A clear, essentially colorless
      effluent was drawn off the top. At this point, the effluent contained less
      than 10 ppm residual cationic resin and was discharged or recycled. When
      it was recycled, it was polished by passing it through a filter bed of
      activated carbon and then returned for use in preparing the dye bath, the
      scouring water and/or the rinse water. The pH of the recycled effluent was
      less than about 4.5- 5. If the pH was greater than 5, the effluent was
      first passed through an ion exchange column to convert the organic acid
      salts (e.g. sodium acetate) formed as by-products in the dyeing process
      back into the free acids and the pH of the effluent dropped below 4.5.
      Alternatively, the pH was adjusted by adding more organic acid.
PAR  Aqueous dispersions of the following dyes were decolorized using the above
      general procedure:
TBL  Dispersed Dyestuffs by Color                                              
     Index Number or Trade Name                                                
     ______________________________________                                    
     Red:  R-54     Orange:  0-5    Yellow:                                    
                                           Y-42                                
           R-55              0-29          Y-53                                
           R-68              0-41          Y-54                                
           R-91              0-45          Y-64                                
           R-92              0-56          Y-114                               
           R-159             0-61          Y-126                               
           R-167             0-66          Y-131                               
                    Navy                                                       
     Blue: B-60     Blue:    NB-94  Black: Foron SK                            
           B-83              NB-122        Terasil SRB                         
           B-95              NB-125        Terasil BM                          
           B-118             NB-174        Resolin HT                          
                                           Amacron KS                          
     ______________________________________                                    
PAL  In most instances, the dispersed dyestuffs were removed essentially
      completely during the above treatment. In the few remaining instances, the
      trace amounts of dyestuff remaining were removed by passing the effluent
      through a filter bed of activated charcoal.
PAR  Other water-soluble cationic polymers as defined above can be similarly
      used in the instant decolorizing process.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for decolorizing acidic, aqueous waste dye streams having
      minor amounts of organic dye or dyes dispersed with an anionic surfactant
      in an aqueous media at a pH of up to about 4.5 at a temperature of from
      ambient up to about 50.degree.C, said process comprising the steps of (1)
      adding a water-soluble cationic polymer to the waste stream in an amount
      sufficient to neutralize substantially all negative charges associated
      with the dispersed dye or dyes thereby causing a solid floc to form, and
      (2) separating the solid floc formed in step (1) from the effluent.
NUM  2.
PAR  2. The process defined by claim 1 wherein said cationic polymer is a
      water-soluble polyalkylenepolyamine or an amine-modified
      polyepihalohydrin.
NUM  3.
PAR  3. The process defined by claim 2 wherein said cationic polymer is a
      polyethylenepolyamine, a polyethylenimine or a polyepichlorohydrin
      modified with ethylenediamine.
NUM  4.
PAR  4. The process defined by claim 2 wherein said cationic polymer has an
      average molecular weight of at least about 1,000.
NUM  5.
PAR  5. The process defined by claim 4 wherein said molecular weight is from
      about 40,000 to about 120,000.
NUM  6.
PAR  6. The process defined by claim 3 wherein the average molecular weight of
      said cationic polymer is from about 40,000 to about 120,000.
NUM  7.
PAR  7. The process defined by claim 1 comprising the additional step of passing
      the effluent from step (2) through a filter bed of activated carbon.
NUM  8.
PAR  8. A closed loop textile dyeing process comprising the steps of:
PA1  1. immersing the undyed textile in an acidic, aqueous dye bath having a
      minor amount of organic dye or dyes dispersed with an anionic surfactant
      in an aqueous media at a pH of up to about 4.5 for a time sufficient to
      dye the textile, 4.5
PA1  2. removing the dyed textile from the dye bath in step (1),
PA1  3. scouring the dyed textile from step (2) by contacting the dyed textile
      with water having minor amount of a chlorinated solvent dispersed therein
      with an anionic surfactant,
PA1  4. removing the dyed textile from the scouring water in step (3),
PA1  5. rinsing the dyed textile from step (4) with water,
PA1  6. removing the dyed textile from the rinse water of step (5),
PA1  7. drying the dyed textile from step (6),
PA1  8. combining the acidic aqueous wastes from steps (1), (3) and (5) and
      decolorizing same by the process of claim 7,
PA1  9. adjusting the pH of the effluent from step (8) to a pH of 4.5 or less,
PA1  10. recycling the effluent from step (9) for use in preparing the dye bath
      in step (1), the scouring water in step (3) and/or the rinse water in step
      (5).
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ABST
PAL  A sterilizing device for web shaped packaging material in which the length
      of travel of the web after sterilant has been applied is increased, prior
      to the drying operation, and the sterilant on the film is heated during
      this increased path in order to increase the activity of the sterilant and
      allow complete sterilization even at high speeds. This is accomplished by
      a heated metal cylinder and a chamber which surrounds the web between the
      cylinder and the drying operation, into which chamber is blown heated
      sterile air.
BSUM
PAR  A major problem in food packaging industry is the efficient sterilization
      of the food containers, which must occur before the food is introduced
      into them.
PAR  In the type of packaging machines which form the containers from a web of
      packaging material, the latter is generally sterilized by being fed into a
      sterilizing apparatus located upstream of the packaging machine, while the
      latter must be built in such a manner that the web is prevented from any
      contact with the unsterile ambient air during the various stages of its
      processing, until it is converted into a filled and completely sealed
      package.
PAR  One of the requirements for an efficient sterilization of the web is a
      sufficiently protracted exposure of its surfaces to the sterilant while it
      passes through the sterilizing device, since no suitable sterilant is
      capable of instantly destroying microorganisms. This requirement directly
      contrasts with the necessarily high speeds at which the packaging material
      webs are forced to pass through the sterilizing device owing to the great
      production rate of today's packaging machines.
PAR  In order to shorten this exposure, it has already been suggested to heat
      the sterilant in the tank containing it, since its activity increases with
      the temperature. However, this temperature cannot be raised beyond the
      limit determined by the heat resistance of the plastic material coating or
      entirely constituting the web on one hand, and by the collateral effect
      that heat accelerates the decomposition of the sterilant used, generally
      hydrogen peroxide, on the other hand.
PAR  It is the object of the present invention to supply a sterilizing device,
      which permits the very efficient sterilization at webs passing at great
      velocities through it without accelerating the decomposition of said
      sterilant.
PAR  According to the present invention, this goal is attained by a sterilizing
      device of the type having sterilant applying means and a drying chamber,
      which device comprises means to lengthen the path of said web between said
      sterilant applying means and said drying chamber, and means to heat said
      sterilant film and keep it hot during part of this path.
PAR  In this device, a protracted contact between the web surface and a hot
      sterilant film is obtained even at high web speeds, and, additionally, the
      heat to increase the action of the sterilant is not applied to the tank,
      where it would lead to an accelerated decomposition of all the sterilant
      contained in it, but merely to the sterilant film adhering to the web
      surface after its application, in other words to the sterilant which must
      at any rate be evaporated from the web before the latter enters the
      packaging machine, in order to prevent the sterilant from contaminating
      the food with which the finished containers will be filled.
PAR  For a purely illustrative and in no way limitative purpose, three
      embodiments of the present invention will now be described with reference
      to the attached drawings, wherein the components, which in all three
      embodiments are similar or have similar functions, carry identical
      reference signs.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic elevational view of the first embodiment;
PAR  FIG. 2 is a similar view of the second embodiment; and
PAR  FIG. 3 a similar view of the third embodiment.
DETD
PAR  In the embodiment of FIG. 1, the web of packaging material 1 is conveyed
      from a reel 2 over a first guide roll 3, thence under a deflecting roll 4
      dipping in a cold sterilant 7 contained in a tank 6. The sterilant used is
      preferably a hydrogen peroxide solution.
PAR  From said tank 6 the web issues with a film of cold sterilant adhering to
      its surfaces, and is deflected by a roll 5 upon the surface of a heated
      metal cylinder 8, which is freely rotatable around its shaft 9. The
      cylinder 8 may be heated by means of a fluid circulating under its
      surface, as shown schematically by the heated fluid supply 80 in FIG. 1.
      The web 1 is kept wound around the greater circumferential part of the
      cylinder surface by a second deflecting roll 10. The arc of contact
      between the cylinder surface and the web extends between the generatrix A,
      where the web reaches the cylinder surface to B, where it leaves said
      surface, to pass under said second deflecting roll 10 and thence between
      two squeeze rolls 13 and 13', one of which is preferably a drive roll
      imparting the motion to the web 1, to pass finally into a drying chamber
      14 prior to entering the packaging machine. A chamber 12, into which hot
      sterile air is blown under pressure by hot air supply means 120 encloses
      the web between the location where it leaves the cylinder 8 up to its
      entrance into the drying chamber 14. This chamber is delimited by a casing
      12', which surrounds the deflecting roll 10, the two squeeze rolls 13 and
      13' and the web portion running from point B to said squeeze rolls. Its
      lower rim hugs as near as possible the cylinder surface above and below
      said point B, while above the squeeze rolls 13 and 13' it is provided with
      a narrow slit forming the passageway for the web 1 into the drying
      chamber. The hot sterile air blown into said chamber 12 has a double task.
      One is that of preventing the inflow of unsterile outer air into the
      chamber 12 through the slit defined between the lower rim of casing 12 and
      through the upper slot forming said passage way; the other purpose is that
      of maintaining the high temperature and thus the increased activity of the
      sterilant film up to its introduction into the drying chamber. In the
      latter, the sterilant film is completely evaporated by a flow of dry
      sterile air entering the drying chamber through a pipe 15 and issuing
      therefrom through a pipe 16.
PAR  Obviously, the length of the path in which the web travels in contact with
      the sterilant applied to it may be varied by varying the diameter of
      cylinder 8 or the extension of the chamber 12 or by changing the number
      and mutual distance between guide rolls, or by varying all these factors.
      It is also obvious that higher web speeds require longer sterilization
      paths.
PAR  As stated, the feed motion is imparted to the web of packaging material 1
      by at least one of the rolls 13, 13', and the cylinder 8, which is freely
      rotatable around its shaft 9, is entrained in rotation by the web, so that
      there exists practically no relative movement between cylinder surface and
      web.
PAR  The embodiment shown in FIG. 2 differs from that of FIG. 1 merely in that
      the hot air chamber 12 defined by the casing 12' is much shorter and the
      deflecting roll 10' also acts, together with the counter roll 13, as a
      combination squeeze roll and drive roll for the web 1.
PAR  The third embodiment, illustrated in FIG. 3, is an overhead sterilizing
      device, which is intended for packaging machines where the web infeed
      movement is not continuous, but intermittent.
PAR  In this embodiment, the web is driven in a continuous movement by the first
      guide roll 3', against which it is pressed by a pressure roller 23
      rotatably mounted on the free end of an oscillating lever 24 pivotable
      around a stationary pivot 25.
PAR  After emerging from the sterilant tank 7, the web passes through a narrow
      slot into the hot air chamber 17 delimited by a casing 18. Hot sterile air
      at an overpressure is blown into said chamber through a pipe 19, to
      prevent the inflow of unsterile ambient air into the chamber 17 through
      the interstices and the slot existing in it.
PAR  The chamber 17 encloses the metal cylinder 8 and the two deflecting rolls 5
      and 20, which keep the web wound around the major part of the heated
      circumferential surface of cylinder 8. Also in this figure this part is
      indicated by the letters A and B, the first showing the generatrix at
      which the web contacts the cylinder surface and B the generatrix along
      which the web leaves this surface. In order to take up the slack forming
      in the web during the intermittences of its infeed motion into the
      packaging machine, the second deflecting roll consists of a dancer or
      dandy roll 20, whose shaft is mounted on one end of a lever 22, which is
      pivotable around the shaft 9 of cylinder 8. As a further measure to
      prevent the web from being lifted away from the cylinder surface during
      said intermittences, an additional pressure roll 26, attached to a lever
      27, which is pivotable around a pivot 28, presses said web 1 against the
      cylinder 8 approximately at the point B, at which said web leaves the
      cylinder surface.
PAR  From roll 20, the web 1 passes over a third deflecting roll 21 and thence,
      through a slot in casing 18, into the drying chamber 14', where the
      residual sterilant is evaporated from said web surface by a flow of dry
      sterile air entering through pipe 15' and issuing through pipe 16'.
PAR  It is obvious that many changes and variations may be applied to the above
      described embodiments. Thus, the length of the path covered by the web
      between its emersion from the sterilant tank and its entrance into the
      drying chamber, or between its contact with the heated metal surface of
      the cylinder or cylinders and said entrance into the drying chamber may be
      varied by changing the cylinder diameter, the number of the heating
      cylinders or the number and mutual distance of the guide and deflecting
      rolls between said two points. Obviously, care must be taken that the
      amount of sterilant applied to the web is sufficiently large, so that it
      has not completely evaporated and therefore may still exert its action on
      the web surface before said web enters the drying chamber.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sterilizing device for web shaped packaging material comprising
      applying means for applying a sterilant film to a web and a drying chamber
      means for evaporating sterilant from the web, the improvement wherein said
      device further comprises:
PA1  path lengthening means interposed between the applying means and the drying
      chamber means for increasing the length of the path of travel of the web
      therebetween; and
PA1  heating means for heating said sterilant film along at least a part of said
      path of travel between the applying means and the drying chamber means,
      without substantially evaporating the sterilant film,
PA1  wherein said path lengthening means include
PA2  a cylinder interposed in said path and contacting the web, and
PA2  deflecting means for directing the web into contact with said cylinder
      along a part of the circumference thereof
PA1   and wherein said heating means include
PA2  means for heating said cylinder to a temperature sufficient to increase the
      sterilization activity of the sterilant film on the web without causing
      substantial evaporation thereof,
PA2  an enclosure means for enclosing the web for at least a portion of the path
      of travel between the applying means and the drying chamber means, said
      enclosure means at least partially surrounding the circumference of said
      cylinder and extending substantially to the entrance of the web into the
      drying chamber means, said enclosure means substantially completely
      enclosing the web therein and having a narrow slit at the end thereof at
      which the web exits to the drying chamber means, thereby substantially
      thermally isolating the drying chamber means from said enclosure means;
      and
PA1  enclosure heating means for heating the sterilant film of the web within
      said enclosure means without causing substantial evaporation thereof.
NUM  2.
PAR  2. A device in accordance with claim 1, wherein said deflecting means is
      further for causing the web to come into contact with a major portion of
      the circumference of said cylinder.
NUM  3.
PAR  3. A device in accordance with claim 1, wherein said means for heating said
      cylinder comprises means for circulating heated fluid beneath the surface
      of said cylinder.
NUM  4.
PAR  4. A device in accordance with claim 1, wherein said heating means further
      comprises means to blow hot sterile air into said enclosure means.
NUM  5.
PAR  5. A device in accordance with claim 1, wherein said enclosure means
      encloses only the portion of the circumference of said cylinder at which
      the web leaves said cylinder.
NUM  6.
PAR  6. A device in accordance with claim 1, wherein said enclosure means
      encloses the entirety of said cylinder and extends from a position on the
      path of travel of the web between said applying means and said cylinder
      substantially to the entrance of the web into the drying chamber means.
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PAL  A method of immunodiffusion for determination of proteins of low
      concentration in biological fluids employing a gel medium containing
      2.5-5% block copolymer of ethylene oxide and polyoxypropylene polymer.
BSUM
PAR  This invention relates to a method for the quantitation of proteins which
      are of extremely low concentration in blood serum and other biological
      fluids. More particularly, this invention relates to a method of enhancing
      the visibility of precipitin zones in immunodiffusion reactions.
PAR  Within recent years various new immunological techniques have been
      developed for the determination of serum proteins. One of the most
      important of these contributions to the quantitation of serum protein
      components has been the development of the single diffusion type of
      precipitin reaction. In particular, the term radial immunodiffusion has
      been applied to a system in which one of two immune reactants, usually
      antibody, is incorporated in a semi-solid gel such as agar in which the
      gel is spread out on a surface and the other immune reactant, generally
      antigen, is allowed to diffuse radially from a circular reservoir. In this
      procedure, the antigen diffuses radially out of the reservoir or well
      punched in the gel into the surrounding gel-antibody mixture, and a
      visible disc or ring of precipitate (precipitin ring) forms where the
      antigen and antibody have reacted. The diameter of the precipitin zone
      formed is directly proportional to the amount of antigen present in the
      test serum and inversely proportional to the concentration of antibody
      incorporated in the gel.
PAR  Further description of the radial immunodiffusion technique is provided by
      Mancini, Immunochemistry, Vol. 2, pp. 235-254 (1965) and Lou and Shanbrom,
      JAMA, Vol. 200, No. 4, p. 323 (1967).
PAR  The techniques of radial immunodiffusion have been applied to the
      determination of serum proteins such as prealbumin, albumin, .alpha..sub.1
      -antitrypsin, .alpha..sub.2 -macroglobulin, ceruloplasmin, transferrin,
      C3(.beta.1A/C), and the immunoglobulins (IgA, IgM, IgG, and IgD). Peetoom,
      Amer. J. of Med. Tech., Vol. 37, No. 12, December 1971.
PAR  IgE is the most recently discovered class of immunoglobulins which possess
      antibody activity. It has a molecular weight of 184,500 (7.9S) and
      constitutes the smallest portion of serum immunoglobulins with a normal
      adult range of 15 to 800 IU/ml (means about 200 IU/ml). Bazaral et al. J.
      Immunol., Vol. 107, pp. 794-801 (1971); Jacobs et al. Lancet, Vol 2, pp.
      1059-61 (1972). IU/ml is defined by Rowe et al. Bull. Wld. Hlth. Org.,
      Vol. 43, pp. 609-11 (1970). See also Anderson et al. Clin. Chim. Acta,
      Vol. 36(1), pp. 276-81 (1972).
PAR  Due to the extremely low concentration of IgE in blood serum, the
      precipitin rings produced by the IgE antigen-antibody reaction in
      conventional radial immunodiffusion are only difficulty visible. In
      accordance with the present invention the visibility of these diffusion
      rings is markedly enhanced when testing for IgE and similar such proteins
      of low concentration.
PAR  Briefly stated, the present invention comprises incorporating in the
      immunodiffusion gel medium a small but effective amount of from about 0.5
      to about 5% by weight of the medium of block copolymer of ethylene oxide
      and polyoxypropylene polymer.
PAR  The block copolymers employed in this invention can be represented by the
      formula HO(C.sub.2 H.sub.4 O).sub.b (C.sub.3 H.sub.6 O).sub.a (C.sub.2
      H.sub.4 O).sub.b H wherein a is an integer such that the hydrophobe base
      represented by (C.sub.3 H.sub.6 O) has a molecular weight of at least 950
      and b is an integer such that the hydrophile portion represented by
      (C.sub.2 H.sub.4 O) constitutes from about 50 to about 90% by weight of
      the compound. These compounds can be prepared by condensing ethylene oxide
      with polyoxypropylene polymer. A further description of the preparation of
      these block copolymers is found in U.S. Pat. No. 2,674,619.
PAR  Illustrative examples of suitable block copolymers for practice of the
      present invention are the F-38 and F-68 "PLURONIC" polymers commercially
      available from the Wyandotte Chemicals Corporation. F-38 contains 80% of
      polyoxyethylene hydrophilic units in the molecule and the polyoxypropylene
      hydrophobic base has a molecular weight of 950. F-68 also contains 80% of
      polyoxyethylene hydrophilic units in the molecule but the hydrophobic base
      has a molecular weight of 1750. The total molecular weights of these two
      "PLURONIC" polyols is 4750 and 8750, respectively. A further description
      of these polyols is found in the bulletin of Wyandotte Chemicals
      Corporation, "The Pluronic Grid", Sixth Edition, which is incorporated
      herein by reference.
PAR  The block copolymers employed in this invention are distinguished from the
      polyethylene glycol polymers used in immunodiffusion reactions in
      accordance with Harrington et al., Immunochemistry, Vol. 8, pp. 413-21
      (1971); Darcy, Clin. Chim. Acta, Vol. 38, pp. 329-37 (1972); and Lundkvist
      and Ceska, Immunology, Vol. 23, pp. 413-22 (1972). While polyethylene
      glycol tends to enhance the visibility of precipitin zones in
      immunodiffusion reactions, it also at the same time undesirably increases
      the non-specific precipitation whereby the clarity of the precipitin zone
      is reduced. In accordance with the present invention it has been found
      that the block copolymer as defined herein produces precipitin rings which
      are significantly and substantially clearer and more distinct than those
      obtained with polyethylene glycol.
PAR  In the preparation of the gel medium used in accordance with this
      invention, conventional gelling agents are used such as, for example,
      gelatin, pectin, silica gel, starch, polysaccharides from seaweeds such as
      agar, agarose, algin and carrageenin, synthetic polymeric gelling agents
      such as the cross-linked polyacrylamide disclosed in U.S. Pat. No.
      3,046,201, the modified celluloses disclosed in U.S. Pat. No. 3,360,440,
      the modified agars and agaroses described in British Pat. No. 1,350,024,
      and the like materials. The gelling agent preferably has the physical
      properties characterizing agar-agar insofar as it is readily dispersible
      in hot water and capable of forming an essentially clear hydrogel of
      sufficient rigidity so that the receptacle or plate containing the gel can
      be inverted without danger of the gel falling out.
PAR  Agarose is the preferred gelling agent employed in the gel medium of the
      present invention. Agarose is the neutral galactose polymer which has been
      separated from the agaropectin fraction of agar by any conventional
      method, for example, a method such as described in U.S. Pat. Nos.
      3,281,409; 3,335,127; and 3,362,884. Agar such as that commercially
      available from Difco Laboratories under the tradename "Noble" agar and
      mixtures of agarose and agar also are suitable for use in the present
      invention.
PAR  The gelling agent generally is employed in concentrations of from about 0.1
      to about 5% by weight of the gel medium. Preferably, about 0.5 to about
      1.5% by weight of agarose is employed.
PAR  The gel medium of this invention also generally employs a buffer system to
      maintain an essentially constant hydrogen ion concentration. Any
      conventional buffer system can be employed, for example, phosphate,
      acetate, borate, citrate, tris-(hydroxymethyl)aminomethane-glycine,
      tris-EDTA, barbital and the like buffer systems. Preferably, a
      glycinesaline buffer, pH 8.0-8.5, such as described in U.S. Pat. No.
      3,088,875, is employed.
PAR  Various diluents such as bovine serum albumin, fetal calf serum and various
      preservatives such as sodium azide, merthiolate and the like can also be
      employed in the gel medium in conventional amounts.
DETD
PAR  The following examples will further illustrate the invention although it
      will be understood that the invention is not limited to these specific
      examples.
PAC  EXAMPLE 1
PAR  An immunodiffusion plate for the determination of IgE is prepared as
      follows:
PAC  Preparation of Reagents
PAL  A. glycine-saline buffer
TBL  Glycine        0.1M        7.5g/liter                                     
     NaCl           0.15M       9.0g/liter                                     
PAL  Adjust pH to 8.2 with N NaOH
PAL  B. agarose solution
PAR  To 100 ml. glycine-saline buffer prepared above add one gram agarose and
      two grams "PLURONIC" F-38 polymer and heat to form a clear solution of 1%
      agar and 2% polymer.
PAL  C. antibody
PAR  IgE antibody is obtained by immunization of horses with IgE antigen
      followed by periodic bleedings to a predetermined suitable IgE antibody
      titer.
PAC  Procedure
PAR  The foregoing reagents are admixed in suitable proportions with heating to
      provide a solution having a final concentration as follows:
TBL  Reagent     Concentration                                                 
     ______________________________________                                    
     IgE antibody                                                              
                 About 1:200 (antibody:buffer) dilution                        
                 in the buffer                                                 
     Agarose     0.90%                                                         
     "PLURONIC" F-38                                                           
                 1.8%                                                          
     Glycine     0.09M                                                         
     NaCl        0.135M                                                        
     ______________________________________                                    
PAR  The above solution is poured into the recess of an immunodiffusion plate
      such as described in U.S. Pat. No. 3,725,004 and illustrated in FIGS. 1 to
      5 therein. The solution is allowed to gel and six wells of 5 mm diameter
      each are then punched in the gel, one well being centrally located in each
      of six scalloped diffusion zones.
PAR  The radial immunodiffusion test for IgE is performed by filling one of the
      wells with a reference serum containing a suitable dilution of IgE
      antibody. The remaining five wells are filled with test serum specimens. A
      plastic cover is placed over the immunodiffusion plate and the plate
      incubated for 48 hours at 37.degree. C in a moist chamber. At the end of
      the incubation period the plate is observed for the formation of
      precipitin rings. The plate is then overlaid with an aqueous solution of
      7.5% acetic acid as a staining technique and the precipitin rings are
      again observed. The precipitin ring diameters are determined and the
      square of the mean precipitin ring diameter is calculated by conventional
      means. The concentration of IgE is then determined by reference to a
      standard curve which plots the mean precipitin diameter on the ordinate
      axis and the IgE in IU/ml on the abscissa axis.
PAR  The foregoing example was repeated except that 3% polyethylene glycol 4000
      was employed in the agar solution instead of the 2% "PLURONIC" F-38. It
      was found that the visiblity of the precipitin rings of the foregoing
      example with the "PLURONIC" F-38 were markedly enhanced in that they were
      significantly and substantially clearer and more distinct than those
      obtained with the polyethylene glycol.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that a mixture of 0.80% agarose and 0.40% agar
      is used in place of the 0.90% agarose with substantially similar results.
PAC  EXAMPLE 3
PAR  Example 1 is repeated except that "PLURONIC" F-68 is employed in the agar
      solution instead of "PLURONIC" F-38 with substantially similar results.
PAC  EXAMPLE 4
PAR  Example 1 is repeated four times except that equivalent amounts of IgA,
      IgM, IgG and IgD, respectively, are each substituted for the IgE antibody
      with substantially similar results.
PAR  In the foregoing, the dilution of the IgE antibody in buffer can vary
      widely, depending upon the IgE titer in the horse antiserum which, of
      course, is dependent upon the horse. Other species can also be used as
      suitable sources of IgE antibody. In general, dilution of about one part
      of antibody in about 100 to 300 parts of buffer is suitable for purposes
      of the present invention although it will be understood that the invention
      is not limited to this range of antibody in the gel.
PAR  Various other examples and modifications of the foregoing examples will be
      apparent to the person skilled in the art after reading the foregoing
      specification without departing from the spirit and scope of the invention
      and it is intended to include all such further modifications and examples
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of immunodiffusion employing an aqueous gel medium
      containing from about 0.1 to about 5% by weight of a gelling agent for the
      determination of low levels of protein diffusion of said protein in said
      gel medium, the improvement comprising incorporating in the gel medium in
      order to enhance visibility of diffusion rings when testing for proteins
      of low concentration from about 0.5 to about 5% by weight of the medium of
      a block copolymer having the formula HO(C.sub.2 H.sub.4 O).sub.6 (C.sub. 3
      H.sub.6 O).sub.a (C.sub.3 H.sub.4 O).sub.b H wherein a is an integer such
      that the hydrophobe base represented by (C.sub.3 H.sub.6 O) has a
      molecular weight of at least 950 and b in an integer such that the
      hydrophile portion represented by (C.sub.2 H.sub.4 O) constitutes from
      about 50 to about 90% by weight of the compound.
NUM  2.
PAR  2. The method of claim 1 in which the protein is IgE antibody.
NUM  3.
PAR  3. The method of claim 1 in which the block copolymer contains about 80%
      polyoxyethylene hydrophilic units in the molecule and the polyoxypropylene
      hydrophobe has a molecular weight of about 950.
NUM  4.
PAR  4. The method of claim 1 wherein the gel medium is incubated during
      diffusion of said protein in said gel medium, and after incubation the gel
      medium is stained with aqueous acetic acid solution.
NUM  5.
PAR  5. A composition of matter for use with an immunodiffusion plate for the
      determination of low levels of protein concentration in blood serum
      comprising a gel medium containing a predetermined amount of antigen or
      antibody, from about 0.1 to about 5% by weight of a gelling agent selected
      from the group consisting of agar, agarose, and mixtures thereof, and from
      about 0.5 to about 5% by weight of a block copolymer having the formula
      HO(C.sub.2 H.sub.4 O).sub.b (C.sub.3 H.sub.6 O).sub.a (C.sub.2 H.sub.4
      O).sub.b H wherein a is an integer such that the hydrophobe base
      represented by (C.sub.3 H.sub.6 O) has a molecular weight of at least 950
      and b is an integer such that the hydrophile portion represented by
      (C.sub.2 H.sub.4 O) constitutes from about 50 to about 90% by weight of
      the compound.
NUM  6.
PAR  6. The composition of matter of claim 5 which contains a predetermined
      amount of IgE antibody.
NUM  7.
PAR  7. The composition of matter of claim 5 in which the block copolymer
      contains about 80% polyoxyethylene hydrophilic units in the molecule and
      the polyoxypropylene hydrophobe has a molecular weight of about 950.
NUM  8.
PAR  8. The composition of matter of claim 5 in which the gelling agent is
      agarose.
NUM  9.
PAR  9. The composition of matter of claim 8 in which the concentration of
      agarose is from about 0.5 to about 1.5% by weight.
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PAL  A laboratory container having an open top closed by a funnel in the
      container to direct liquid into the same with the funnel carrying a
      structure to prevent liquid from spilling out through the funnel when the
      container and funnel are inverted. A valve communicates with the interior
      of the container to discharge liquid therefrom when the container is
      inverted.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional of copending application Ser. No. 294,849
      filed Oct. 4, 1972, now U.S. Pat. No. 3,843,323 and entitled, "Method and
      Apparatus for Sample Evaluation".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to containers for sample evaluation.
PAR  In particular, the present invention relates to containers for evaluating
      urine samples to determine whether or not any given urine sample contains
      a drug such as narcotic analgesics, amphetamines, and addictive sedatives.
PAR  Although the basic chemistry required for such sampling operations is
      known, the manipulations involved are very time consuming so that a
      considerable amount of labor, time, and costs are required to carry out
      the sampling procedures in connection with a large number of urine
      samples. As a result it is not uncommon to encounter large backlogs of
      samples which require testing at any given facility where such sampling is
      carried out. In addition, the costs involved are very high, so that
      considerable difficulty is encountered in obtaining funding to carry out
      the above procedures to the extent required by the widespread drug problem
      so common in large metropolises.
PAR  An additional drawback encountered with conventional procedures of the
      above type is that they must be carried out by relatively skilled
      personnel so that the labor costs are extremely high.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      container which will avoid the above drawbacks.
PAR  In particular, it is an object of the present invention to provide
      containers for liquids such as urine samples to enable large numbers of
      samples to be handled in an extremely short time with a relatively simple
      apparatus of relatively small dimensions which can be operated by
      relatively unskilled personnel.
PAR  According to the invention the container has an open top closed by a funnel
      means which directs liquid into the interior of the container. The funnel
      means carries a means for preventing the contents of the container from
      spilling out through the funnel means when the container and funnel means
      therewith are inverted. A valve means is carried by the container and
      communicates with the interior thereof for discharging liquid from the
      interior of the container when the latter is inverted.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a sectional elevation, taken along lines 1--1 of FIG. 2 in the
      direction of the arrows, showing the details of a container of the
      invention;
PAR  FIG. 2 is a top plan view of the container of FIG. 1;
PAR  FIG. 3 is an elevation of the container of FIG. 1 as seen from the right of
      FIG. 1;
PAR  FIG. 4 is a fragmentary sectional elevation on an enlarged scale as
      compared to the remaining FIGS. and showing how a valve-actuating means
      operates a valve of the container; and
PAR  FIG. 5 is a fragmentary sectional elevation taken along line 5--5 of FIG. 4
      in the direction of the arrows.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The details of a container means 46 of the invention are illustrated in
      FIGS. 1-5.
PAR  Thus, container means 46 includes an outer container 112 which is adapted
      to receive a portion of a urine sample. This container 112 may have a
      cylindrical configuration except that it has a hollow projecting portion
      114 at one side for accommodating a valve means 116, and the openings of a
      conveyer have a configuration which is circular except for a projection to
      receive the part 114 of container 112. Thus, the configuration of a
      conveyer opening matches the cross section of the container means 46 at a
      location just beneath the top flange 118 of the container 112.
PAR  Each container 112 carries a funnel means 120 made of any suitable plastic,
      and having a top flange 122 which extends around the flange 118 with part
      of the flange 122 having a lower portion 124 which snaps beneath the
      flange 118 so that the funnel means 120 is fluid-tightly carried by the
      flange 118 and projects into the interior of the container 112. Part of
      the flange 122 is formed with a slot 126 which receives the top end of a
      slidable valve member 128.
PAR  The valve means 116 includes in addition to the valve plate 128 an
      elongated pin 130 which has at one end a head 132 adapted to be pressed
      upon by an actuating roller, as described in greater detail below. The pin
      130 extends through a suitable opening formed in the lower wall of the
      projecting portion 114, and next to this lower wall, as viewed in FIG. 1,
      the pin 130 carries a flange 134. A coil spring 136 surrounds the pin 130
      above the flange 134, as viewed in FIG. 1 and presses downwardly against
      the flange 134, with the top of the spring 136 pressing against an
      interior horizontal projection 138 of the container 112 at the hollow
      extension 114 thereof. The top of the pin 130 is fixed to the slidable
      valve plate 128 which is formed with an elongated notch 140 for a purpose
      referred to below.
PAR  The funnel 120 of container means 46 carries at its bottom end a hollow
      spiral tube 142 which may be made of any suitable plastic. Thus, when a
      urine sample is poured into a container portion 112, the sample will flow
      through the spiral tube 142 into the interior of the container 112 so that
      when the latter is inverted the urine will not spill out of the container
      means 46 but will be retained in the container portion 112 by the inner
      surface of the funnel means 120. In addition, container means 46 includes
      an air tube 144 which extends along the funnel means 120 in the manner
      shown in FIG. 1, fluid-tightly through the latter into the interior of the
      container 112. Tube 144 has an outer open end 146 communicating freely
      with the outer atmosphere. As a result, when the container 46 is inverted
      air can flow freely into the interior of the container while the liquid
      therein flows down to assume the condition shown in FIG. 4.
PAR  Projection 114 of the container 46 fixedly carries an elongated discharge
      tube 148 having an inner end, in the hollow interior of projection 114
      which is slidably engaged by the valve plate 128 so that the inner end of
      the discharge tube 148 is normally closed. Plate 128 is formed with a
      notch 140 (FIG. 4). The outer end 150 is situated at the exterior of the
      container and if desired may carry a plug of cotton or other filtering
      material.
PAR  As each container means 46 is advanced by an unillustrated conveyer to a
      receiving station, the several container means are inverted, since they
      are initially carried by an upper run of an endless conveyer and are
      inverted at the lower run thereof when reaching roller 152. Arm 162
      rotatably supports the valve-actuating roller 152. The location of the
      roller 152 is such that when each container 46 reaches the roller, the
      head 132 will move beneath the roller 152 which is maintained at the
      elevation shown in FIG. 4, and thus the stem 130 will be depressed in
      opposition to the spring 136, thus locating the notch 140 in alignment
      with the inner open end of the discharge tube 148. As a result the liquid
      will discharge through the discharge tube 148.
PAR  Thus, in utilizing the apparatus of the invention as described above, a
      series of clean, dry containers 46 are placed in openings of an elongated
      plate of a conveyer. Then several urine samples are respectively poured
      into the several containers 46 through the funnel means 120 thereof, and
      of course suitable identifying indicia are maintained with the samples and
      with the containers as the samples are treated, so that, for example,
      spots on the chromatographic plates will be identified with specific
      samples initially placed in each row or series of containers 46 carried by
      a conveyer plate. Each container 46 may have in its interior two liquid
      phases one of which is heavier and situated beneath the other. As a result
      when the several containers 46 are inverted to assume the positions shown
      in FIGS. 4 and 5, it is the heavier phase which is located at the bottom
      directly next to the valve means 116, and thus when the several valve
      means are opened by the roller 152, it is only the heavier phase which is
      discharged, the container moving beyond roller 152 before the lighter
      liquid phase can be discharged.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in the testing of liquid samples, a container having an open
      top, funnel means closing said open top of said container for directing
      liquid into the interior of the latter, means carried by said funnel means
      for preventing the contents of the container from spilling out through
      said funnel means when said container and funnel means therewith are
      inverted, valve means carried by said container and communicating with the
      interior thereof for discharging liquid from the interior of the container
      when the letter is inverted and means for admitting air into the interior
      of the container beneath the funnel means.
NUM  2.
PAR  2. The combination of claim 1 and wherein said valve means is located
      adjacent the top of the container so that when the latter is inverted said
      valve means will discharge liquid from the lowermost portion of the
      inverted container.
NUM  3.
PAR  3. The combination of claim 2 where said means for admitting air comprises
      a tubular means communicating with the exterior of the container and with
      the interior of the container beneath said funnel means.
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ABST
PAL  An apparatus for decontaminating exhaust gases, such as in motor vehicles,
      a rigid metallic housing, a catalyzer body of the monolithic type placed
      in the housing which serves simultaneously as the outer wall of an exhaust
      gas conduit, a pair of annular pockets or chambers formed at the end
      portions of the housing, a resilient and corrugated or accordion-like
      compensating device placed in the pockets and a shell or sleeve
      surrounding the catalyzer body and having conical flange end portions
      cooperating with the resilient and corrugated compensating device for
      supporting the catalyzer body and the shell within the housing.
BSUM
PAC  CROSS-REFERENCE TO OTHER APPLICATIONS
PAR  Ser. No. 347,559 filed Apr. 3, 1973 by Musall et al.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an elastic support for a ceramic
      monolithic body which can be used as the catalyzer carrier preferably in
      devices used in the decontamination of exhaust gases.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of ceramic catalyzer carriers having a honeycomb structure for the
      cleaning of exhaust gases, especially for the cleaning of the exhaust
      gases of automobiles, has been already known. Such honeycomb structures
      combine two advantages. On one hand they possess a large surface with
      respect to a unit volume, on the other the flow resistance through them is
      very small. The difficulty of their use in devices for the decontamination
      of exhaust gas of automobiles resides in their required elastic
      suspension. The pushing forces and vibrations which occur during the
      travelling of the car, place a heavy mechanical requirement on the
      honeycomb structure so that finally this will lead to a destruction of the
      catalyzer carrier.
PAR  Elastic suspension for such honeycomb structures have been already
      proposed, such as by U.S. Pat. No. 3,441,382, which describes a catalyzer
      patron which exists from a ceramic monolithic catalyzer element placed in
      a metallic housing and in which between the catalyzer and the housing wall
      a heat insulating mass, such as fire resistant brick, or molten aluminum
      oxide, etc., is placed. By means of a metallic spring, which can be
      adjusted, a pressure is applied to the insulating mass so that the
      catalyzer body is retained fixedly in its position. Such suspension turned
      out to be, however, not sufficiently elastic. The pressure applied to the
      body of the catalyzer is too large and is not uniformly distributed in
      order to be able to prevent an eventual mechanical destruction of the
      honeycomb structure.
PAR  Another device for the catalytic decontamination of the exhaust gases of
      automobiles has been described in German DAS 1,476,507. In such device the
      monolithic catalyzer is placed in a cylindrical housing between a pair of
      annular flanges which are in gas-tight connection with the housing. Into
      the annular gap between the housing and the catalyzer a resilient wavy
      member is placed which can be in form of a corrugated or wavy wire mesh
      which surrounds the catalyzer body very tightly.
PAR  The experience of the automobile industry, especially in the case of high
      revolution four-cycle engines, proves that the wavy-shaped wire mesh
      inserts cannot withstand the high thermal and mechanical loading even when
      the wire mesh is made from a high heat resistant steel. The ceramic body
      which is embedded in the wire mesh begins to wander around within it when
      the spanning effect of the wire mesh has lost its original tight
      application. Then due to the subsequent large shaking and oscillating
      forces the ceramic body will become quickly destroyed.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      elastic suspension for a ceramic catalyzer carrier for use in exhaust gas
      cleaning arrangements in automobiles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will become more readily apparent from the following
      description of preferred embodiments thereof shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is longitudinal section through a cleaning arrangement containing
      the catalyzer body with its elastic suspension according to the present
      invention;
PAR  FIG. 2 is a cross-section according to line 2--2 in FIG. 1; and
PAR  FIG. 3 is a longitudinal section similar to FIG. 1 but of another
      embodiment according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As it can be seen and understood with reference to FIGS. 1-3, the elastic
      suspension of the ceramic monolithic catalyzer body according to the
      present invention will not possess the disadvantages associated with the
      prior art devices described above. The apparatus proposed by the present
      invention comprises a rigid metal housing 1 which at the same time is the
      outer wall of an exhaust gas conduit like a motor vehicle, and at both
      ends of which there are provided annular pockets 5 in which resilient
      cylindric devices of corrugated material or accordion-type compensators 2
      are mounted which are made from a heat-resistant material. Such
      accordion-type compensators 2 lie at their one side against the end walls
      of the pockets 5 while on the other side they are fixedly connected with a
      conical flange 3 or they abut against such conical flange 3. Such conical
      flanges 3 at each side surround the layer inside two or more circularly
      arranged sleeve means 4 which in shape correspond to the shape of the
      catalyzer body 7 placed within them. The sleeves 4 have conical end
      portions 4a, which are shaped to mate with their conical shape of the
      conically-shaped flanges 3. In the assembled position, flange 3 holds
      together the several sleeve-like housings 4. The outer sleeves 4 can be
      made from a single cylindrical body having conical end portions with
      longitudinal slots 4b separating them. The outer sleeves 4 can abut
      directly onto the body of the catalyzer 7 or onto an intermediate sleeve
      member 6 which may be made from a heat-resistant sealing material such as
      a ceramic wool. The compensators 2 in addition to their general function
      as the elastic suspension for the catalyzer body 7 serve also as a
      gas-tight seal so that the hot exhaust gases cannot pass through the
      pockets 5 into the gap between the housing 1 and the body 7. However,
      through the slot or slots 4b between the sleeves 4 which slots 4b have the
      width corresponding to the thickness of the sleeves 4, some gas may flow
      through. In order to avoid that such a gas quantity could seep into the
      annular gap between the bodies 1 and 4, the slots 4b are provided with
      overlapping strips 4c. By applying a biasing force on the compensators 2,
      the sleeves 4 when in place are pressed, by the radial pressure component
      that results from the interengagement of the conical flange 3 and the
      conical end portions 4a, onto the circumference of the body 7 and retain
      their support of it during the operation of the vehicle in its original
      position. In addition, the compensators 2 reduce the high accelerating
      forces which are applied to the monolithic body 7 caused by the shaking of
      the entire vehicle.
PAR  FIG. 3 illustrates another embodiment of the present invention in which the
      gas-tight seal is provided by the soft or relatively non-resilient
      wavy-shaped compensator 2a, which, as shown in FIG. 3 with reference to
      FIG. 1 and FIG. 2, comprises a cylindric device of corrugated material
      which is fixed in the pockets 5 by means of spiral springs 8 lying
      substantially in the pocket 5. Thus spiral springs 8 act to supply the
      additional resiliency necessary to form an essentially gas-tight seal and
      to suspend the ceramic body 7 against the vibration similarly as described
      above. The spiral spring 8 and the corrugated wall device 2a lie at their
      one end against the bottom of the respective pocket 5 and at their other
      end they abut against a conically shaped annular collar 3a formed by
      flange 3. Such conical collar 3a surrounds the sleeve or sleeves 4 at its
      conical end portions similarly as described in connection with FIG. 1.
      Thus, for the embodiment in FIG. 3 the compensation and support is
      essentially provided by spring 8 while for the embodiment in FIG. 1, the
      accordion-type compensator 2, alone, provides the resiliency necessary to
      form a gas-tight seal.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what we claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. An apparatus for decontaminating exhaust gases comprising a monolithic
      catalyst body suitable for removing toxic gases from an exhaust gas
      passage, including
PA1  an elastic holder, resiliently suspending said monolithic catalyst body,
      comprising:
PA1  a rigid metallic housing having an inlet opening and an outlet opening and
      forming the outer wall of said exhaust gas passage;
PA1  resilient means operable to provide resilient pressure to a support means
      and being disposed within said housing near said openings;
PA1  a sleeve circumferentially disposed about the monolithic catalyst body and
      disposed in said housing therewith and including means operable to
      restrain substantial axial movement of the body relative to the sleeve,
      and
PA1  said support means operable to support said sleeve, being disposed near an
      end of said sleeve and being operably engaged with said resilient means,
      said support means and said sleeve having matching annular chamfers at
      adjacent ends thereof interengaging under the pressure of said resilient
      means whereby said support means supports and centers said sleeve.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, further comprising a heat resistant
      sealing material between said sleeve and the monolithic catalyst body.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, wherein said heat resistant sealing
      material comprises ceramic wool.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, further comprising at least one slot
      defined in said sleeve and extending between the ends thereof whereby a
      radial pressure component that results from the interengagement of said
      matching annular chamfers, presses said sleeve onto the circumference of
      the monolithic catalyst body.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, further comprising strip means for
      covering each said slot to restrain the escape of gases from said sleeve.
NUM  6.
PAR  6. An apparatus as claimed in claim 4, wherein said resilient means
      comprises a resilient corrugated device operable to form a substantially
      gas-tight seal between said support means and said housing.
NUM  7.
PAR  7. An apparatus as claimed in claim 1, wherein said resilient means
      comprises a resilient corrugated device operable to form a substantially
      gas-tight seal between said support means and said housing.
NUM  8.
PAR  8. An apparatus as claimed in claim 7, wherein said resilient means
      comprises a resilient corrugated wall.
NUM  9.
PAR  9. An apparatus as claimed in claim 7, wherein said resilient means
      comprises a flexible corrugated wall and a compression spring disposed
      around said corrugated wall.
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ABST
PAL  A catalytic exhaust gas purification device for internal combustion engines
      which includes a housing receiving a catalyst and at least one inlet
      channel and one outlet channel; a baffle element adjustable as a function
      of the temperature of the catalyst is thereby arranged in the inlet
      channel upstream of the catalyst. The baffle element is movably mounted
      within the inlet channel so as to permit the exhaust gas to flow
      essentially unimpeded toward the center of the catalyst when the catalyst
      temperature is below a predetermined value and to deflect the exhaust gas
      away from the center of the catalyst to cause uniform flow thereof to the
      catalyst when the catalyst temperature is above said predetermined value.
BSUM
PAR  The present invention relates to a catalytic exhaust gas purification
      installation for internal combustion engines, consisting of a housing
      receiving a catalyst with at least one inlet and one outlet channel.
PAR  Catalytic exhaust gas purification apparatus of the aforementioned type are
      known (German Auslegeschrift No. 2,045,565), in which a concavely
      constructed, small protective plate or shield pointing toward the
      inflowing exhaust gases is arranged in the inlet channel for the
      protection of the catalyst mass with respect to the very hot exhaust gases
      flowing against the same, which is fixedly arranged within the area of the
      axis of symmetry of the catalyst. Even though a uniform attack of the
      catalyst at high rates of exhaust gas flow is achieved thereby, it has
      proved as particularly disadvantageous with an installation of this type
      that as a result of the uniform attack directly after the start of the
      internal combustion engine, the heat-up phase of the catalyst extends over
      an undesirably long period of time.
PAR  It is the aim of the present invention to provide an installation at the
      catalyst, by means of which this disadvantage is avoided.
PAR  The underlying problems are solved according to the present invention in
      that a baffle element adjustable in dependence on the temperature of the
      catalyst is arranged in the inlet channel upstream of the catalyst. It is
      thereby particularly advantageous that within the low temperature range of
      the catalyst the baffle element permits the exhaust gases to flow
      essentially toward the center of the catalyst and at an increased catalyst
      temperature, the baffle element causes a substantially uniform attack of
      the catalyst by the exhaust gases. It is thereby possible that the baffle
      element is arranged at a bimetallic member secured at the housing of the
      catalyst in such a manner that within the low temperature range of the
      catalyst, the baffle element is disposed approximately outside of the
      exhaust gas flow and at increased catalyst temperatures approximately in
      the center of the exhaust gas flow. A further embodiment according to the
      present invention resides in that the baffle element is pivotally arranged
      on a shaft approximately in the center of the exhaust gas flow, whereby
      the shaft is rotated in such a manner in dependence on the temperature of
      the catalyst that within the low temperature range of the catalyst the
      baffle element lies in the flow direction of the exhaust gas stream and at
      increased catalyst temperature transversely to the exhaust gas flow. The
      shaft may thereby cooperate, for example, with an adjusting motor which is
      influenced by a temperature sensor arranged within the area of the
      catalyst, preferably downstream of the catalyst. The temperature sensor,
      however, may also be arranged within a space between two catalysts
      disposed one behind the other within the same catalyst housing with a
      spacing therebetween. A further embodiment of the present invention
      resides in that a lever is fixedly arranged on the shaft which cooperates
      with a bimetallic member arranged within the temperature area of the
      catalyst.
PAR  The advantages achieved by the present invention reside especially in that
      after the start of the internal combustion engine the exhaust gases are
      conducted only toward the center of the catalyst by the control according
      to the present invention of the baffle element whereby a very rapid
      heat-up of this area of the catalyst takes place and after reaching a
      predetermined temperature, a uniform attack of the catalyst by the exhaust
      gases is effected by the baffle element. It is achieved thereby that the
      catalyst is heated up very rapidly to a temperature, at which it is fully
      effective so that the exhaust gases which contain a particularly large
      amount of components harmful to health precisely with a still relatively
      cool internal combustion engine, are purified relatively early and the
      length of life of the catalyst is considerably increased by the uniform
      attack of the catalyst after reaching this temperature.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, two embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a longitudinal axial cross-sectional view through a catalytic
      reactor with a baffle element pivotally arranged in the inlet channel
      according to the present invention; and
PAR  FIG. 2 is a longitudinal axial cross-sectional view through a modified
      embodiment of a catalytic reactor with a baffle element rotatably arranged
      in the inlet channel according to the present invention.
DETD
PAR  Referring now to the drawing and more particularly to FIG. 1, the catalyst
      pot is generally designated in this figure by reference numeral 1 while
      the housing of the catalyst is designated by reference numeral 2 and the
      catalyst (monolith or bulk material) is designated by reference numeral 3.
      The housing 2 includes an inlet channel 4 and a discharge channel 5 for
      the exhaust gases. A bimetallic member 6 is secured at the housing 2
      within the area of the inlet channel 4, at which is arranged at one end
      thereof a baffle element 7 of any desired shape, preferably of flat, oval
      shape which is appropriately perforated.
PAR  If an internal combustion engine (not shown) is started, then the
      bimetallic member 6 together with the baffle element 7 assumes the
      position illustrated in full line. As a result thereof, the exhaust gases
      are conducted toward the center of the catalyst 3 whereby the latter is
      heated up rapidly to a temperature, at which the catalyst 3 becomes fully
      effective. The heat resulting thereby within the area upstream of the
      catalyst 3 effects a pivoting or deflection of the bimetallic member 6 and
      of the baffle element 7 secured thereon into the position shown in dash
      and dot lines so that the exhaust gases at first impinge against the
      baffle element 7 and a uniform attack of the catalyst 3 by the exhaust
      gases is achieved thereby, i.e., the catalyst 3 is acted upon
      substantially uniformly throughout its cross section by the exhaust gases.
PAR  In FIG. 2, the catalyst pot is generally designated by reference numeral 8,
      while the housing is designated by reference numeral 9 and the catalysts
      arranged in series one behind the other within the housing 9 are
      designated by reference numerals 10 and 11. The housing 9 includes an
      inlet channel 12 and a discharge channel 13 for the exhaust gases. The
      baffle element 15 is rotatably arranged in the exhaust gas flow on a shaft
      14 within the area of the inlet channel 12 upstream of the catalyst 10.
      This shaft 14 either cooperates with an adjusting motor 16 which is
      controlled by a temperature sensor arranged in the space 17 between the
      catalysts 10 and 11 and/or is controlled by a temperature sensor 19
      arranged in the discharge flow downstream of the catalyst, or is provided
      with a lever 20 which cooperates with a bimetallic member 21 arranged
      within the temperature range of the catalytic reactor 8, i.e., within the
      area affected by the temperature of the catalytic reactor 8.
PAR  If the internal combustion engine (not shown) is started, then the baffle
      element 15 assumes the position indicated in dash and dot lines. The
      exhaust gases are thereby conducted toward the centers of the catalysts 10
      and 11 whereby the latter are heated up rapidly to a temperature, at which
      the catalysts 10 and 11 become effective. If the baffle element 15
      cooperates with the adjusting motor 16, then the baffle element 15 is
      pivoted or rotated at a predetermined temperature within the catalytic
      reactor 8, controlled by the temperature sensor 18 and/or 19, by the
      adjusting motor 16 into the position shown in full line. It is thereby
      also feasible within the scope of the present invention to utilize a
      unitary catalyst and to arrange a temperature sensor downstream of such
      unitary, one-piece catalyst. If the shaft 14 is provided with the lever
      20, then the baffle element 15 is rotated or pivoted into the position
      shown in full lines by way of the lever 20 by the bimetallic member 21
      arranged at any suitable place within the direct influence area of the
      temperature of the catalytic reactor so that the exhaust gases then
      impinge at first against the baffle element 15 and a uniform attack of the
      catalysts 10 and 11 by the exhaust gases is achieved thereby, i.e., the
      catalysts 10 and are acted upon substantially uniformly over their cross
      section by the exhaust gases.
PAR  In accordance with the present invention, as shown in the drawings, the
      baffle means may have an essentially flat configuration. Also, if desired
      the baffle means may have a cross-sectional area at least approximately
      corresponding to the cross-sectional area of the catalyst means in a plane
      transversely to the flow axis of the gases. In addition, the baffle means
      may have an essentially oval cross-section as viewed in a plane
      substantially parallel to the flow axis of the exhaust gases.
PAR  While I have shown and described two embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A catalytic exhaust gas purification device for internal combustion
      engines which includes a housing means having at least one inlet channel
      means and one discharge channel means and accommodating a first catalyst
      means, further comprising a baffle means including a baffle element and
      means for moving said baffle element, in dependence on an increase in the
      temperature of the catalyst means, between a first position wherein said
      baffle element lies substantially in a plane which is substantially
      parallel to the flow direction of said exhaust gases thereby permitting
      the exhaust gas to flow essentially unimpeded toward the center of the
      catalyst means and a second position wherein said baffle element lies
      substantially in a plane substantially perpendicular to the flow direction
      of said exhaust gas whereby said baffle element deflects the exhaust gas
      away from the center of the catalyst means causing substantially uniform
      attack of the catalyst means by the exhaust gas.
NUM  2.
PAR  2. A catalytic exhaust gas purification device according to claim 1,
      characterized in that the baffle element has an essentially oval
      cross-section as viewed in a plane substantially parallel to the flow axis
      of the exhaust gases.
NUM  3.
PAR  3. A catalytic exhaust gas purification device according to claim 1,
      characterized in that the baffle element has a cross-sectional area at
      least approximately corresponding to the cross-sectional area of the
      catalyst means in a plane transversely to the flow axis of the gases.
NUM  4.
PAR  4. A catalytic exhaust gas purification device according to claim 1,
      characterized in that the baffle element further includes a bimetallic
      means within said housing means and secured at one end thereof to said
      housing means and at the other end thereof to said baffle element, said
      bimetallic means positioning said baffle element in said first position
      when said catalyst temperature is below a predetermined value and in said
      second position when said catalyst temperature exceeds said predetermined
      value.
NUM  5.
PAR  5. A catalytic exhaust gas purification device according to claim 1 further
      comprising sensing means for controlling the action of said means for
      moving said baffle element in response to the temperature of said catalyst
      means.
NUM  6.
PAR  6. A catalyst exhaust gas purification device according to claim 1, wherein
      said catalyst means is constructed and arranged in said housing such that
      exhaust gas passes through said catalyst bed in the axial direction only.
NUM  7.
PAR  7. A catalyst exhaust gas purification device according to claim 6, wherein
      the catalyst means is so constructed and arranged in said housing that the
      surface of said catalyst means impinged by said exhaust gas is
      substantially perpendicular to the flow direction of said exhaust gas.
NUM  8.
PAR  8. A catalytic exhaust gas purification device according to claim 7,
      wherein the cross-sectional area of the surface of said catalyst means
      impinged by said exhaust gas is larger than the cross-sectional area of
      the opening in said inlet channel means.
NUM  9.
PAR  9. A catalytic exhaust gas purification device according to claim 1,
      characterized in that the baffle element is rotatably arranged on a shaft
      approximately in the center of the exhaust gas stream, said baffle means
      including means for rotating said shaft in dependence on the temperature
      of the catalyst means in such a manner that said baffle element is
      disposed essentially in the flow direction of the exhaust gas stream
      within a low temperature range of the catalyst means and is disposed
      substantially transversely to the exhaust gas stream at increased catalyst
      temperatures.
NUM  10.
PAR  10. A catalytic exhaust gas purification device according to claim 9,
      wherein said baffle means includes a lever means fixedly arranged on the
      shaft which cooperates with a bimetal temperature sensing means arranged
      within the temperature area affected by the catalyst means.
NUM  11.
PAR  11. A catalytic exhaust gas purification device according to claim 9,
      wherein said means for rotating said shaft includes motor means
      operatively connected to a temperature sensor means arranged within the
      area of the catalyst means.
NUM  12.
PAR  12. A catalytic exhaust gas purification device according to claim 11,
      wherein said temperature sensor means is arranged downstream of the
      catalyst means.
NUM  13.
PAR  13. A catalytic exhaust gas purification device according to claim 11,
      further including a second catalyst means disposed within the housing
      means, said second catalyst means being located downstream of said first
      catalyst means and spaced therefrom, said temperature sensor means being
      located in the space between said first and second catalyst means.
NUM  14.
PAR  14. A catalytic exhaust gas purification device according to claim 1,
      characterized in that the baffle element has an essentially flat
      configuration.
NUM  15.
PAR  15. A catalytic exhaust gas purification device according to claim 14,
      characterized in that the baffle element has a cross-sectional area at
      least approximately corresponding to the cross-sectional area of the
      catalyst means in a plane transversely to the flow axis of the gases.
NUM  16.
PAR  16. A catalytic exhaust gas purification device according to claim 15,
      characterized in that the baffle element has an essentially oval
      cross-section as viewed in a plane substantially parallel to the flow axis
      of the exhaust gases.
NUM  17.
PAR  17. A catalytic exhaust gas purification device according to claim 14,
      wherein said baffle means is arranged inside said housing means.
NUM  18.
PAR  18. A catalytic exhaust gas purification device according to claim 17,
      wherein said baffle element is mounted on one end of a bimetallic element,
      the other end of said bimetallic element being mounted on said housing.
NUM  19.
PAR  19. A catalytic exhaust gas purification device according to claim 17,
      wherein said baffle element is mounted on a shaft capable of rotating said
      baffle element between said first position and said second position.
NUM  20.
PAR  20. A catalytic exhaust gas purification device according to claim 19,
      wherein said shaft is arranged approximately in the center of the exhaust
      gas stream, wherein said baffle element is an elongated baffle element,
      and wherein said elongated baffle element is disposed by said shaft
      essentially in the flow direction of the exhaust gas stream within a low
      temperature range of the catalyst means and is disposed by said shaft
      substantially transversely to the exhaust gas stream at increased catalyst
      temperatures.
NUM  21.
PAR  21. A catalytic exhaust gas purification device according to claim 19
      further comprising sensing means for controlling the action of said means
      for moving said baffle element in response to the temperature of said
      catalyst means.
NUM  22.
PAR  22. A catalytic exhaust gas purification device for internal combustion
      engines comprising a housing means having at least one inlet opening and
      at least one discharge opening, a catalyst means arranged in said housing
      so that exhaust gas passes through said catalyst means in the axial
      direction, and baffle means including a baffle element and means for
      moving said baffle element, in dependence on the temperature of the
      catalyst means, between a first position wherein said baffle element lies
      substantially in a plane substantially parallel to the flow direction of
      said exhaust gas thereby permitting the exhaust gas to flow essentially
      unimpeded toward the center of the catalyst means and a second position
      wherein said baffle element lies substantially in a plane substantially
      perpendicular to the flow direction of said exhaust gas whereby said
      baffle element deflects the exhaust gas away from the center of the
      catalyst means causing substantially uniform attack of the catalyst means
      by the exhaust gas.
NUM  23.
PAR  23. A catalytic exhaust gas purification device according to claim 22,
      wherein said catalyst means is constructed and arranged in said housing so
      that the surface of the catalyst means impinged by said exhaust gas is
      arranged perpendicular to the flow direction of said exhaust gas.
NUM  24.
PAR  24. A catalytic exhaust gas purification device according to claim 23,
      wherein the cross-sectional area of the surface of said catalyst means
      impinged by said exhaust gas is larger than the cross-sectional area of
      said at least one inlet opening.
PATN
WKU  039472540
SRC  5
APN  5042062
APT  1
ART  111
APD  19740909
TTL  High-temperature abrasion-resistant coating on a ferrous metal substrate
ISD  19760330
NCL  3
ECL  1
EXA  Weise; E. L.
EXP  Rutledge; L. Dewayne
NDR  3
NFG  9
INVT
NAM  Kachik; Robert H.
CTY  Washington Township, Westmoreland County
STA  PA
INVT
NAM  Pignocco; Arthur J.
CTY  Franklin Township, Westmoreland County
STA  PA
ASSG
NAM  United States Steel Corporation
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  74
APN  332987
APD  19730215
PSC  04
CLAS
OCL   29195
XCL   291961
XCL  214 23
XCL  214 29
EDF  2
ICL  B32B 1518
FSC   29
FSS  195 A;196.1
FSC  214
FSS  23;29
UREF
PNO  3023490
ISD  19620300
NAM  Dawson
OCL   29194
UREF
PNO  3743533
ISD  19730700
NAM  Yurasko
OCL  117105.2
UREF
PNO  3787229
ISD  19740100
NAM  Rudness
OCL  117132BE
ABST
PAL  A method of forming a high-temperature abrasion-resistant hard facing or
      coating on a ferrous metal substrate by employing an aluminothermic
      reduction reaction. The resultant article has a hard facing layer
      containing from 2 to 8 percent boron. Hard faced composite articles made
      by the invented method, such as sintering machine crash decks, coke pusher
      ram shoes and grizzly bars are also disclosed.
PARN
PAR  This is a division of application Ser. No. 332,987, filed Feb. 15, 1973.
BSUM
PAR  This invention relates to ferrous metal articles, each having a thick layer
      of a high-temperature, abrasion-resistant alloy material tightly bonded to
      its surface. More particularly this invention relates to articles, such as
      sintering machine crash decks, coke pusher ram shoes, chutes and grizzly
      bars, which require a wearing surface which is resistant to abrasion at
      high temperatures, that is, temperatures between about 900.degree. and
      1600.degree.F.
PAR  Many steel alloys possess the necessary strength to withstand considerable
      stress. However, these alloys are often deficient in resistance to erosion
      or wear when encountered in their intended service. To provide the proper
      wear resistance, these steels are often coated or "hard faced" with
      wear-resistant materials. High temperature service introduces such
      mechanical and metallurgical variables into the hard facing materials that
      they no longer perform satisfactorily. As a result, only a few of the more
      conventional hard facing alloys are satisfactory for such high temperature
      service, notably cobalt-based, nickel-based or austenitic-nickel-iron
      alloys. Unfortunately, these hard facing alloys are extremely expensive
      and time consuming to apply.
PAR  Steels boronized by various techniques including pack cementation and
      chemical vapor deposition possess extremely high resistance to erosion.
      coatings applied by these techniques generally are quite thin, ranging in
      thickness from 0.001 to 0.0001 inch thick. To increase the thickness of
      such coatings requires considerable effort. Boronizing methods are
      described in U.S. Pat. Nos. 3,029,162 and 3,622,402. These methods are
      extremely slow and require the use of chambered furnaces or retorts and
      generally do not lend themselves to the boronizing of large objects, such
      as sintering machine crash decks. Further such coatings are unsuited for
      high impact applications because they are too thin and are extremely
      brittle.
PAR  We are aware of the following prior art concerning aluminothermic welding
      processes:
TBL  Carpenter et al U. S. Patent                                              
                             2,515,191                                         
     Funk U. S. Patent       3,264,696                                         
     Funk U. S. Patent       3,396,776                                         
     Guntermann U. S. Patent 3,421,570                                         
PAR  We have discovered a method of facing crash decks and other objects subject
      to extreme wear from high temperature, high abrasion uses, by
      metallurgically bonding a unique ferroboron hard facing to a ferrous metal
      substrate by a rapid and relatively inexpensive aluminothermic reduction
      (ATR) deposition method. We have found that when from about 2 to about 8
      weight percent of boron is present in the final outer surface of the
      composite that surface is hard and wear resistant. Unexpectedly, the wear
      resistance remained good at elevated temperatures, i.e., 1,000.degree. to
      1,600.degree.F.
PAR  It is the primary object of the subject invention to provide a ferrous
      metal article having a wear resistant surface for use at elevated
      temperatures at which it is subject to high abrasion from impact or
      sliding friction.
PAR  It is another object of our invention to provide a method for making such
      an article.
PAR  It is also an object to provide an ATR bonding method which requires no
      cleaning of the substrate prior to emplacement of the ATR charge, and no
      special igniter material in the charge.
PAR  It is also an object to provide an improved sintering machine crash deck.
PAR  It is also an object to provide an improved coke pusher ram shoe.
PAR  It is also an object to provide a coke chute.
PAR  It is also an object to provide an improved grizzly bar.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a sectioned elevational view of a refractory-lined perimeter and
      the necessary materials properly disposed for carrying out the method of
      the invention.
PAR  FIG. 2 is a cross-sectioned elevational view similar to FIG. 1 taken after
      the aluminothermic reduction reaction of the subject method has taken
      place.
PAR  FIG. 3 is a cross-sectioned elevational view of the composite product of
      our invention.
PAR  FIG. 4 is a cross-sectioned elevational view similar to FIG. 1 showing an
      alternative configuration for a refractory-lined perimeter.
PAR  FIG. 5 is a graph comparing the wear resistance of the ferroboron alloy of
      our hard facing as a function of the percentage of boron in the hard
      facing.
PAR  FIG. 6 is a partially cross-sectioned side view of a coke pusher ram and
      shoe.
PAR  FIG. 7 is a cross-sectioned side view of an alternative coke pusher ram
      shoe.
PAR  FIG. 8 is a cross-section of a hard faced chute for hot granular material.
PAR  FIG. 9 is an isometric view of a grizzly bar for a hot sinter breaking
      application.
DETD
PAR  As shown in FIG. 1, a steel substrate 10 is placed on a bed of sand 12, and
      the level of the sand is brought up to the level of the upper surface of
      the substrate. A refractory-lined perimeter 14 comprising a steel exterior
      with flanges 16 for crane hooks and a refractory lining 20, which is in
      this case graphite, has an interior dimension identical to the exterior
      dimensions of the steel substrate. The perimeter is positioned on the sand
      base 12 surrounding the substrate. An aluminothermic reduction charge or
      mixture 24 is placed within the perimeter on the substrate to a generally
      uniform depth of at least about one-half inch and up to a depth of about
      12 inches. The resulting hard facing layer 25 will have a thickness about
      one-sixth the average depth of the original powdered charge. The charge
      consists of about three parts powdered iron oxide, which is preferably
      Fe.sub.2 O.sub.3 but can be Fe.sub.3 O.sub.4, preferably having a size at
      least as fine as -35 mesh, one part aluminum powder preferably having a
      size between about -20 mesh and +325 mesh, and sufficient ferroboron to
      provide from 2 to 8% boron in the final hard facing composition. The
      ferroboron is added in the form of crushed pellets, preferably having a
      size of -20 mesh. The composition range of the basic ATR charge is 65 to
      85 parts iron oxide and 15 to 35 parts aluminum. Stoichiometric amounts
      are ordinarily used, but we have employed up to 5% excess of either
      component with good results.
PAR  Optionally, refractory plates, such as graphite plates 26 shown in FIG. 1,
      are placed atop the refractory perimeter. One of the plates is provided
      with a hole 30 through which the charge is ignited. These refractory
      plates prevent splashing, contain the heat of reaction of the charge and
      force such heat into the substrate to enhance the adherence of the hard
      facing 25. The charge 24 is ignited by a convenient means, such as a
      welding torch inserted in the hole which ignites the fuel powder, in this
      case aluminum. Other fuels that might be used instead of aluminum are
      magnesium, calcium, silicon and calcium silicon alloy. These fuels may
      replace only a portion of the aluminum powder, if desired. The reaction is
      very exothermic which produces products having a high degree of superheat
      from which the dense metal phase separates and metallurgically bonds to
      the substrate 10. The less dense slag layer 32 collects on top of the
      metal phase. After the reaction is complete, the graphite plates 26 are
      removed from atop the refractory perimeter and the product is insulated.
      Insulation (not shown) is provided by placing a blanket of Kaowool or
      pouring sand on top of the slag crust. This causes the metal to solidify
      from the bottom and promote a sound, pore-free hard facing 25. The product
      is allowed to cool until the hard facing has solidified at which time the
      insulation and the perimeter can be removed. The slag 32 is removed merely
      by breaking it to leave a ferrous metal substrate 10 having a
      boron-containing abrasion-resistant surface 25. Heretofore, the surface of
      any substrate clad by an aluminothermic reaction has been required to be
      cleaned as shown in Funk U.S. Pat. No. 3,264,696; however, we have found
      surface preparation of the substrate to be totally unnecessary.
PAR  As can be seen by the graph of FIG. 5, when less than about 11/2% boron is
      present in the hard facing, it has no better wear resistance than regular
      1045 grade steel. Additional boron in the hard facing increases the wear
      resistance until the maximum wear resistance is obtained from a boron
      content of approximately 5.5%. The curve levels out thereafter and there
      is no advantage in adding boron in any amount above 7 or 8%. Additional
      boron merely increases the cost without an attendant increase in wear
      resistance, and also makes the hard facing more brittle. Thus, while 11/2
      to 8% boron is within the purview of our invention, we prefer 4 to 7%
      boron with the optimum boron level being 5.5 to 7%.
PAR  Heretofore is has been known that diffusion of boron into ferrous surfaces
      enhances wear resistance by hardening the outer layer. It is also known
      that a ferroboron coating can be applied to ferrous surfaces by flame or
      plasma spraying. Prior to our invention, however, the maximum thickness of
      such ferroboron coastings has been limited to about 1 mil.
PAR  We form a ferroboron hard facing which consists of an iron-base matrix
      containing from about 20 to 90 volume percent of Fe.sub.2 B, preferably 45
      to 80 volume percent of Fe.sub.2 B, with the optimum range of 60 to 80
      volume percent of Fe.sub.2 B. This hard facing has a minimum thickness of
      about 0.1 inch and preferably is not less than 0.25 inch. We can form hard
      facings two inches thick or more by our method.
PAR  While in our preferred embodiment an iron-base matrix containing Fe.sub.2 B
      is formed on a ferrous metal substrate, we can form hard facing layers of
      any matrix-forming metal or alloy on most metallic substrates. Copper,
      tin, nickel, chromium, cobalt and molybdenum as well as brass, bronze,
      ferrous and non-ferrous alloys and stainless steels are all suitable
      substrates.
PAR  The substrate should be preheated prior to placing it on the sand base.
      While the substrate can be preheated to any temperature below its fusion
      point, we prefer to preheat to within the range of 1400.degree. to
      2000.degree.F, with an optimum temperature of 1800.degree.F.
PAR  An alternative perimeter configuration is shown in FIG. 4. The sides 34
      extend above the height of the graphite lining 20. This provides a better
      seat for plates 26.
PAR  A sintering plant crash deck is formed of a composite as shown in FIG. 3
      which is suspended, usually at an angle, for hot sinter to fall on and
      slide down toward a breaker. Sintering plant operation requires such crash
      decks to withstand abrasion at temperatures generally about 1200.degree.F.
      A crash deck or other composite having a hard facing comprising a
      stainless steel matrix containing an effective amount of Fe.sub.2 B will
      be both corrosion resistant and abrasion resistant.
PAR  A coke pusher ram 38 is shown in FIG. 6, which has a ram shoe 40 comprising
      three composite plates 41, 42 and 43, hard faced in accordance with the
      invented method. Since the coke pusher ram moves along the bottom of a hot
      coke oven to push out the coke, the hard facing is on the bottom of the
      shoe where the wear resistance is most urgently required.
PAR  An alternative coke pusher ram shoe 44, as shown in FIG. 7, has a ferrous
      metal substrate 46, beveled at each end. The bottom 47 is first hard
      faced, then beveled edges 48 and 49 are hard faced either in turn or
      simultaneously using a special perimeter.
PAR  A chute 50 for hot granulated material, such as coke or sinter, is shown in
      FIG. 8. Three elongated plates 52, 53 and 54 are hard-faced and welded
      longitudinally to form a chute with the hard facing 56 on the inside or
      wearing surface.
PAR  FIG. 9 shows a grizzly bar 60 for a sintering plant rotary breaker 62. We
      form a hard facing 63 at the point of greatest wear, beneath the breaker
      arm 64, and at 66, so the grizzly bar can be turned around to double its
      useful life. Alternatively, the entire upper surface of the bar can be
      hard faced.
PAR  It is possible to form our hard facing on a substrate having an inclined or
      curved surface by using special perimeter (or mold) configuration.
PAR  Our invention comprehends the hard facing composition comprising exothermic
      reaction mixture of an exothermic fuel powder, such as aluminum or other
      fuels named hereinbefore, a particulate matrix-forming material comprising
      a reducible oxide of at least one matrix-base metal, such as Fe.sub.2
      O.sub.3 or Fe.sub.2 O.sub.3 and Cr.sub.2 O.sub.4 (which will form a
      stainless steel matrix), and an effective amount of boron (boric oxide or
      ferroboron, preferably as FeB) sufficient to impart the desired abrasion
      resistance to the resulting hard facing layer.
PAR  It can readily be seen from the foregoing that we have invented a method
      for cladding a metal article with a high-temperature, abrasion-resistant
      hard face. We have also invented a high-temperature, abrasion-resistant
      sintering machine crash deck, a high-temperature, abrasion-resistant coke
      pusher ram shoe, a high-temperature, abrasion-resistant grizzly bar, and a
      high-temperature, abrasion-resistant chute for hot granular material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coke pusher ram shoe comprising a multiplicity of abrasion-resistant
      metal composites, each composite comprising a metal substrate and a
      metallurgically bonded hard facing layer consisting essentially of an iron
      matrix containing from about 45 to about 80 volume percent Fe.sub.2 B,
      said composites fixed together in such manner that the hard facing layer
      of each forms the wearing surface of said shoe.
NUM  2.
PAR  2. An abrasion-resistant composite coke pusher ram shoe comprising a metal
      substrate having beveled edges and a hard facing layer consisting
      essentially of an iron matrix containing from about 45 to about 80 volume
      percent Fe.sub.2 B metallurgically bonded to each beveled edge and to the
      short face of said substrate between said beveled edges.
NUM  3.
PAR  3. A chute for transferring granular material comprising at least two
      elongated metal components fastened together in an elongated relationship,
      each metal component having a hard facing ferrous metal layer thereover
      having a thickness greater than 0.1 inch metallurgically bonded thereto by
      an aluminothermic reduction reaction, said hard facing layer consisting
      essentially of iron and from 4 to 7 percent boron, to yield a ferrous
      metal matrix containing from 45 to 80 volume percent Fe.sub.2 B.
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ABST
PAL  A method of extruding bark and of forming a solid article, solid synthetic
      fuel or fireplace log comprising from about 60 to 95 percent by weight
      bark, which comprises physically blending pieces of combustible
      thermoplastic of an extrudable size with pieces of bark also of an
      extrudable size and having less than 7 percent preferably less than 2
      percent moisture, to form a bark thermoplastic mixture of from about 60 to
      95 percent by weight bark and about 2.5 to 40 percent by weight
      thermoplastic, feeding the mixture to an extruder, heating the bark
      thermoplastic mixture in the extruder, controlling the heat of the
      extruder so that its temperature is insufficient to char the bark pieces
      yet sufficient to melt the thermoplastic and disperse it between the bark
      pieces so that it acts as a binder therefor and adheres sufficiently to
      the interior barrel wall surface of the extruder to allow the mixture to
      be moved therethrough by the extruder screw, extruding the mixture in the
      form of a composite extrudate, and cooling the composite extrudate to
      solidify it into the solid synthetic fuel. Preferably, the extruder screw
      tip is cooled and the heat of the extruder is controlled to range from
      about 200.degree. to 400.degree. F. with certain temperatures maintained
      in the respective extruder barrel zones.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bark articles, and has particular reference to a
      method of extruding articles, such as solid synthetic fuels and fireplace
      logs comprising mostly bark.
PAR  Heretofore, extrusion techniques have not been successful as methods of
      forming bark articles. Bark has heretofore been extremely difficult to
      extrude for several reasons. It has a high moisture content, usually about
      50% and must be dried to prevent extruder heat, and compressional and
      frictional heat from changing the moisture to steam and causing explosions
      within the extruder. Also, dried bark does not readily flow through an
      extruder. Dried bark is hard and does not sufficiently adhere to the
      interior surface of extruder barrel wall to allow the extruder screw to
      pass the bark on through the extruder. Rather, bark tends to turn with and
      remain with the screw in the extruder. Further, bark often chars or burns
      due to heat during the extrusion process. Still further, bark is not
      easily extrudable through a die into the form of a solid article since
      natural resins in bark are not adequate to bind pieces of bark together at
      an economical rate of speed.
PAR  It would therefore be desirable to provide a method of extruding bark into
      the form of formed articles comprising mostly bark, which overcomes the
      aforementioned extrusion and forming problems.
PAR  Methods of extruding bark according to this invention virtually eliminate
      the likelihood of explosions since they involve drying the bark to less
      than 7% moisture. Also, a thermoplastic binder is added to the bark so
      that the bark-thermoplastic mixture sufficiently adheres to the interior
      surface of the extruder barrel wall to allow the screw to pass the bark
      through the extruder. Further, temperature of the bark and the extruder
      are controlled so that the bark does not char or burn during the extrusion
      process. The thermoplastic binder for bark cooperates with natural resins
      therein and adequately binds the bark pieces together so that solid
      articles such as synthetic fuels which can be in the form of fireplace
      logs can readily be formed.
PAR  Although synthetic fuels are known and have been made in various forms
      including those for home use such as briquettes and fireplace logs, such
      articles, when made by conventional methods, have had most any combination
      of shortcomings. For example, such synthetic fireplace logs often are
      loosely packed, improperly bonded, flaky and dirty to the touch. They
      often are unnatural-looking since many have decorated paper wrappings and
      they can be too heavy for certain consumers. The logs also often are very
      sensitive to moisture, difficult to light, unpleasant odor-producing, and
      of low fuel value. Further, the materials used to make conventional
      synthetic fuels often have other useful purposes. For example, sawdust and
      wood chips often can be used for making paperboard or other wood-derived
      products such as particleboards.
PAR  It would therefore be desirable to provide a method of making articles such
      as synthetic fuels which overcome the aforementioned shortcomings.
PAR  The solid article, synthetic fuel or fireplace log made according to the
      method of this invention is well-bonded and solid, does not flake or come
      apart, has a smooth, hard finish and is clean to the touch. It has a
      natural wood-like appearance without the use of decorated wrappings, it
      weighs less than some presently commercial synthetic logs, and is only
      slightly moisture sensitive. The logs light easily, burn quietly and
      cleanly and have a higher fuel value than wood itself.
PAR  The bark, combustible thermoplastic and waxed paper waste materials used to
      make the solid synthetic fuel, or fireplace log of this invention often
      have no other apparent useful purpose, and are often considered of
      negative value. Most of the multi-million tons of such waste materials
      produced each year must be deposited at and/or burned at dump areas. The
      method of making the solid article, synthetic fuel or fireplace log of
      this invention is therefore economically and ecologically advantageous
      because it provides an important, valuable fuel use for the aforementioned
      waste materials.
PAR  Numerous other objects and advantages of the invention will be apparent as
      it is better understood from the following description, which, taken in
      connection with the accompanying drawing, discloses a preferred embodiment
      thereof.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is in a method of extruding bark into the form of a solid
      article which can be a solid synthetic fuel in the form of a fireplace
      log. The method comprises: physically blending pieces of combustible
      thermoplastic of an extrudable size with pieces of bark also of an
      extrudable size and having less than 7%, preferably less than 2% moisture
      to form a bark-thermoplastic mixture of from about 60 to 95% percent by
      weight bark and about 2.5 to 40% percent by weight thermoplastic, feeding
      the mixture to an extruder, heating the bark thermoplastic mixture in the
      extruder, controlling the heat of the mixture in the extruder so that its
      temperature is insufficient to char the bark pieces yet sufficient to melt
      the thermoplastic and disperse it between the bark pieces so that it acts
      as a binder therefore and adheres sufficiently to the interior barrel wall
      surface of the extruder to allow the bark binder mixture to be moved
      therethrough by the extruder screw, extruding the mixture in the form of a
      composite extrudate, and cooling the composite extrudate to solidify it
      into the solid article, synthetic fuel or fireplace log. Preferably, the
      extruder heat controlling step includes cooling the extruder screw tip to
      prevent charring of compressed bark pieces adjacent to the screw tip,
      controlling the heat of the extruder to range from about 200.degree. to
      400.degree.F., controlling the respective extruder barrel zone
      temperatures by maintaining barrel zone 1 at from about 250.degree. to
      300.degree.F. preferably about 275.degree.F., barrel zones 2 and 3 from
      about 275.degree. to 325.degree.F., preferably about 300.degree.F., the
      metering zone from about 250.degree. to 300.degree.F., preferably about
      275.degree.F., and the extruder gate from about 250.degree. to
      300.degree.F., preferably liquid cooling it to about 255.degree.F.
      Preferably the extruding step includes extruding the composite extrudate
      through a die and preferably the cooling step includes cooling the die
      preferably with liquid to from about 80.degree.  to 150.degree.F. The die
      can be profiled to form the fireplace log. The pieces of thermoplastic can
      be pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size and the thermoplastic dispersed during the heating step in
      such case is separated from the pieces of combustible
      thermoplastic-treated fibrous material. Preferably the blending step
      includes blending with the bark and thermoplastic pieces, pieces of
      extrudable size of from 0 to 20% by weight combustible wax-treated fibrous
      material, and in such case the heating step is at a temperature sufficient
      to also melt the wax of the wax-treated fibrous material and substantially
      separate the wax therefrom so that the separated wax is dispersed with the
      thermoplastic and acts as a bonder for the bark pieces, the separated wax
      comprising from 0 to about 7%, and the fibrous material from 0 to about
      13% of the total weight of the article, fuel or log. Preferably, the bark
      is about 80% by weight and the percent combustible thermoplastic and
      percent wax-treated fibrous material are in a ratio of 1:1.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective of a portion of the solid synthetic fuel or
      fireplace log of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a solid article which can be a solid synthetic fuel in the
      preferred embodiment of a solid synthetic fireplace log, generally
      designated 10, comprising a composite 12 of from about 60 to 95% bark and
      a binder of from about 2.5 to 40% combustible thermoplastic dispersed in
      log 10, the percents being based on the total weight of the log. Composite
      12, as shown, preferably also comprises pieces of one or more types of
      combustible cellulosic or fibrous materials 14, randomly dispersed in the
      log.
PAR  The bark employed in composite 12 can be of any single or combination of
      types of bark obtained from trees or like matter. Bark herein means the
      tough exterior coverings of wood trees, stems, roots or like matter as
      distinguished from underlying wood or wood residue materials such as wood
      chips, sawdust, etc. Examples of trees from which bark can be obtained are
      soft and hardwood trees including Aspen, Pine, Douglas Fir, Hemlock, etc.
      For reasons explained later, the bark must have a moisture content less
      than about 7%, preferably less than about 2%.
PAR  The binder component of composite 12 can be any suitable combustible
      thermoplastic or combination of thermoplastics which can be dispersed in
      log 10 or composite 12 to bind the bark into a composite solid. The
      thermoplastic preferably, for fireplace logs, is non-noxious
      odor-producing, i.e. it must not produce fumes which would generally be
      considered harmful for home use of the log. Examples of suitable
      thermoplastic binders are polyethylenes of any density, polypropylenes,
      vinyl chlorides, and ionic copolymers of ethylene and ethylenically
      unsaturated carboxylic acids sold under the trademark "Surlyn" by I. E.
      DuPont de Nemours & Company. The preferred binder is polyethylene.
PAR  The thermoplastic can be employed per se in virgin or waste form, or it can
      be in the form of or part of combustible thermoplastic-treated fibrous
      materials or substantially separated from the fibrous portion thereof.
PAR  As will be explained, the thermoplastic component, no matter how employed,
      must be reduced to or employed in pieces of workable size. Suitable waste
      thermoplastics are films and laminates shredded or ground into what is
      commonly known as "fluff". Especially suitable is fluff from 0.001 inch
      polyethylene film. Suitable waste thermoplastic-treated fibrous materials
      are trim and other scrap of thermoplastic especially polyethylene-coated
      paper, paperboard and cardboard packages. Other suitable waste materials
      are what are known as poly-fiber rejects which contain high moisture and
      must be dried to the extent of the bark, but which are otherwise desirable
      because, being reclaim from polyethylene coated paperboard, they contain
      some fibers and greater than 70% polyethylene.
PAR  The bark-thermoplastic mixture and resulting composite 12 of article, fuel
      or log 10 preferably also comprise from about 0 to 20% combustible
      wax-treated fibrous material preferably waxed paper randomly dispersed
      therein. Preferably, as will be explained, the wax from the wax-treated
      fibrous material is substantially separated from the fibrous material by
      heat during the extrusion process and the wax is dispersed in the log and
      acts as a binder with the thermoplastic. When the wax is separated from
      the fibrous material, the wax can be from about 0 to 7% and the fibrous
      material from about 0 to 13% of the total weight of log 10. Usually, some
      of the fibrous material does not have all of its wax separated and removed
      therefrom.
PAR  The wax need not be employed as or obtained from wax-treated fibrous
      materials but like the thermoplastic can be employed per se in virgin or
      waste form.
PAR  As with the thermoplastic, the wax material no matter how employed must be
      employed in pieces of workable size. Suitable virgin or waste waxes are
      microcrystalline and paraffin waxes which melt below the temperatures at
      which fuel or log 10 is made. Suitable waste wax-treated fibrous materials
      are trim and scrap from wax-treated or coated paper, paperboard and
      cardboard packaging materials, for example waxed paper and wax-coated
      frozen food packages. The preferred wax material is waxed paper "broke"
      ground into small pieces.
PAR  Fibrous material 14, as can be seen from the above, can be any suitable
      cellulosic or fibrous material such as paper, paperboard, cardboard or
      like materials which are wholly or partly, or which once were treated with
      the previously mentioned thermoplastic and/or wax materials. "Treated"
      herein is meant to include "coated" and it is meant to include such
      materials when part of laminates.
PAR  The thermoplastic and/or wax materials present in log 10, whether employed
      per se, as separated from their respectively so treated fibrous materials
      or as part of the treated fibrous materials themselves, act as binders for
      the bark component. The binders are dispersed throughout composite 12,
      that is, in, around and adjacent the pieces of bark, to the extent that
      the materials are present in the composite. Desirably, they are as
      substantially continuously dispersed throughout log 10 as possible.
PAR  The amount of combustible thermoplastic employed in composite 12 can be
      from 2.5 to 40%, but preferably, it is about 10%, based on the total
      weight of log 10. Since the thermoplastic adheres to the extruder wall and
      facilitates movement of the bark-binder mixture through the extruder, it
      is desirable that at least 5% thermoplastic be employed in the mixture,
      although lower amounts thereof are suitable when wax is also present in
      the bark-binder mixture. Although the extrusion process becomes easier the
      greater the amount of thermoplastic employed, amounts over 40%
      increasingly render the burning characteristics of log 10 less like that
      of bark or wood and render the cost of the thermoplastic, even in the form
      of polyethylene scrap, increasingly prohibitively expensive.
PAR  The amount of wax employable in composite 12 is from 0 to about 10% when
      employed per se, and from 0 to about 20% based on the total weight of log
      10 when employed as a combustible wax-treated fibrous material. When the
      wax is substantially separated from the fibrous material, the separated
      wax comprises from 0 to about 7% and the separated fibrous material
      comprises from 0 to about 13% of the total weight of log 10. The upper
      amounts of wax which can be employed are not rigid, for greater amounts of
      wax per se could be employed if log 10 were made by a compression molding
      technique, though increasing the above mentioned amounts increases the
      slickness of the bark-binder mixture, thereby reduces back pressure in an
      extruder and thereby makes it increasingly difficult to extrude the
      mixture into a log of suitable density.
PAR  Preferably, log 10 comprises about 80% bark and the combustible
      thermoplastic and wax-treated fibrous materials are in a 1:1 ratio,
      preferably about 10% combustible thermoplastic and about 10% combustible
      wax-treated fibrous material, the wax separated therefrom comprising about
      3.5% and the fibrous material about 6.5% of the total weight of log 10.
PAR  Logs 10 can include additional materials such as copper chloride and
      lithium chloride salts to add color to flames produced by the logs during
      burning.
PAR  The density of log 10 can be from as low as 35 lbs/ft..sup.3, but more
      commonly is from about 60 to 85 lbs/ft..sup.3, preferably from about 71.8
      to 78.2 lbs/ft..sup.3. The density of log 10 will vary depending on
      several factors including the composition of the log and the method
      employed in making it. Density increases for example with increased bark
      content. In extrusion processes, it increases with increased extruder
      screw and die compression ratios, and decreases with increased screw
      speeds.
PAR  Log 10 can be of any suitable shape and dimensions. Preferably, log 10 is
      about 16 inches long and is substantially triangular or pie-shaped, so
      that the arcuate base thereof cuts about a 60.degree. sector of circle,
      the radius of the sides of the log being 31/2 inches. Six such logs
      suitably stacked form a cylindrical log having about a 7 inch diameter.
PAR  The method of extruding bark according to this invention, into the form of
      a solid article comprising mostly bark, preferably into a solid synthetic
      fuel in the form of fireplace log 10, involves first preparing the
      respective component materials and combinations thereof which make up the
      bark-binder mixture which is extruded as composite 12. Bark is worked into
      usable, compressable, extrudable pieces by any suitable means, for example
      by hammermilling it through a screen of desirable size depending, for
      example on the size of the extruder. For a 41/2 inch extruder, it has been
      found advantageous to use a 1 to 11/2 inch screen, although smaller screen
      sizes can be employed. The combustible thermoplastic and thermoplastic
      and/or wax-treated fibrous materials can be shredded and ground to similar
      extrudable sizes, preferably to less than 1 inch shreds or pieces to
      induce their melting and dispersion in the bark.
PAR  The hammermilled bark pieces are dried from their usual high moisture
      content, e.g. about 50%, to less than about 7%, preferably less than 2%
      moisture. Such drying, especially to less than 2% moisture, is necessary
      to prevent steam from forming and causing explosions due to due to high
      temperatures employed during the extrusion process. Drying can be effected
      by any suitable conventional means such as an industrial rotary drum gas
      or oil fired drier. The bark can be dried at any suitable time though it
      is advantageous to dry it after it is worked to size.
PAR  When the bark is dried, appropriate respective combinations and amounts of
      the bark and other components are selected according to the particular
      combination and density of fireplace log desired.
PAR  The selected amounts and combination of components are then physically
      blended or mixed by any suitable means such as a continuous zig zag
      blender to form a bark-binder or bark-thermoplastic mixture having from
      about 60 to 95% by weight bark and about 2.5 to 40% by weight
      thermoplastic and/or any amounts or combinations of other materials
      previously disclosed herein. The resulting bark-binder mixture is fed to
      an extruder such as a standard plastic extruder and the mixture is heated
      therein. The heat of the extruder is controlled so that its temperature is
      insufficient to char the bark pieces yet sufficient to melt or plasticize
      the thermoplastic and/or wax binder components, substantially separate
      them from their respective fibrous materials, if any, and disperse the
      binders between the bark pieces of the mixture. The heat of the extruder
      is controlled to range from about 200.degree. to 400.degree.F. as will be
      explained in more detail later. Having a thermoplastic such as
      polyethylene in the mixture is essential for the extrusion process since
      it provides a plastic-like property to the bark and adheres sufficiently
      to interior surface of the extruder barrel wall to allow the extruder
      screw to move the bark-binder mixture through the extruder. Bark alone in
      the extruder would not so adhere but would tend to remain stuck in the
      screw and would not move forward in the extruder. Having a wax component
      is also important to the extrusion process since, upon the application of
      heat, the wax migrates to the surface of the mixture and reduces friction
      and back pressure in the extruder sufficiently to allow the log to slip
      through the die. Bark alone often causes much friction in the extruder and
      the die and sometimes does not adequately slip therethrough.
PAR  As previously stated, the heat of the extruder is controlled to operate at
      a temperature range of from about 200.degree. to 400.degree.F. The
      temperature of the respective extruder zones must be controlled, for
      example for a 41/2 inch extruder Zone 1 is from about 200.degree. to
      300.degree.F., preferably about 275.degree.F., Zones 2 and 3 are from
      about 275.degree. to about 325.degree.F., preferably about 300.degree.F.,
      and Zone 4, the metering zone is cooled, preferably with liquid to from
      about 250.degree. to 300.degree.F. The metering zone must be so cooled
      because of the considerable amount of compressional and frictional heat
      built up by the bark-binder mixture being there compressed prior to its
      exit from the extruder. The extruder gate temperature for the
      aforementioned extruder is controlled to be from about 250.degree. to
      about 300.degree.F., preferably about 255.degree.F. It is to be noted here
      that when the extruder is operated, especially at the higher end of the
      previously mentioned temperature ranges, the bark component preferably has
      less than 2% moisture to prevent explosions. It is also to be noted that
      although the temperature of the entire extruder screw employed in the
      extruder is not controlled i.e. cooled since cooling promotes adhesion
      rather than slippage of the bark-binder mixture to the screw, the extruder
      screw tip must be sufficiently cooled, most desirably with water, since
      compression of bark pieces adjacent to the tip creates such frictional
      heat that such cooling is necessary to prevent charring and burning of the
      bark component of the bark-binder mixture.
PAR  The bark-binder mixture is extruded in the form of a composite extrudate
      which is cooled to solidify it into the solid article, solid synthetic
      fuel, or fireplace log 10. Preferably, the composite extrudate is extruded
      through a die, preferably cooled to from about 80.degree. to 150.degree.F.
      Also preferably, the die is profiled to form, and the solid article or
      solid synthetic fuel is formed as a solid synthetic fireplace log
      desirably having the triangular shape of log 10. Once the solid article,
      fuel or log is cooled, preferably with a suitable liquid, and solidified
      to for example about 150.degree.F., the formed log is removed from the
      cooling die.
PAR  Extruders which can be employed for forming fireplace log 10 according to
      this invention can be of any suitable size although commonly they probably
      would not be smaller than a 31/2 inch extruder nor larger than about an
      8-inch extruder. For forming logs having the preferred densities and
      dimensions of this invention, a 41/2 inch extruder is preferred. The type
      of extruder can be of any standard type such as a Prodex extruder. The
      extruder must have drive means of sufficient power to handle potentially
      large amounts of back pressure e.g. up to about 7-8000 psi. The extruder
      should be of the non-vented types since bark tends to plug up and extrude
      out of any vents appearing therein. Although conventional extruder screws
      can be employed, improved feeding and extruding are obtained when the
      general pitch of the screw is shortened, for example to about 31/4 inch
      for a 41/2 inch diameter screw. Such a screw preferably is of a single
      stage, has a length to diameter ratio of about 24:1 and a compression
      ratio of 2:1 with a 1/2 inch channel depth in the metering section.
PAR  Dies which can be employed for forming log 10 preferably are of special
      design to reduce friction and facilitate cooling. The inside surface of
      the dies should for example be polished and chrome plated to obtain a
      smooth surface with minimum frictional potential. The entirety of the die
      must be cooled to from about 80.degree. to 150.degree.F. preferably to
      about 100.degree.F. If the die is liquid cooled with for example water or
      glycol, it must be sealed throughout to prevent leakage through the die to
      the logs, since steam forming in the log might result in violent
      explosions. It has been found advantageous in forming the log of this
      invention to employ a die having a 41/2 inch diameter adjacent the
      extruder gate, and which gradually changes shape through a transition zone
      into a straight-length triangular shape for forming logs having the
      preferred dimensions.
PAR  Although extruder operating conditions can vary somewhat, for example
      according to the extruder used, the size log manufactured, and the
      composition of composite 12, etc., the extrusion screw speed can be any
      suitable speed ranging from about 1 to 200 rpm. For example, for a 41/2
      inch extruder screw speed can be from about 14 to 16 rpm. The speed at
      which log 10 is produced is according to machine and cooling system
      capabilities for cooling and solidifying composite 12 into logs of a given
      diameter. Back pressure should be sufficient to obtain the desired
      densities which can range from about 35 to 85 lbs/ft..sup.3.
PAR  The method of forming a solid article, solid synthetic fuel or fireplace
      log 10 according to this invention was used to manufacture 65 logs, each
      comprising about 80% by weight bark, 10% by weight polyethylene and about
      10% by weight waxed paper. The bark was Aspen, hammermilled through a 1 to
      11/2 inch screen, the polyethylene was scrap from 0.001 inch polyethylene
      film ground into "fluff" through a 1/4 to 1/2 inch screen, and the waxed
      paper was ground to shreds comparable to being hammermilled through a 1 to
      11/2 inch screen. The bark was dried to less than 2% moisture and the
      three components were physically blended and fed to a 41/2 inch Prodex
      extruder powered by a 150 horsepower motor, having a specialized single
      stage, 41/2 inch screw having a 31/4 inch pitch, a 24:1 length to diameter
      ratio, a compression ratio of 2 to 1 and a 1/2 inch depth channel in the
      extruder metering or compression zone. The extruder was run at a screw
      speed of about 14 to 16 rpm., and the barrel Zones of the extruder were
      maintained at the previously mentioned preferred temperatures for a 41/2
      inch extruder. Back pressure during the run was from 750 to 2000 psi and
      the average rate of extrusion was 7.3 inches per minute. The extruded
      ribbon was passed through the extruder gate to a 41/2 inch diameter
      profile die cooled to about 100.degree.F. and having a transition zone
      which profiled the extruder composite from its cylindrical extruder barrel
      shape to a straight-length triangular fireplace log shape having
      previously mentioned preferred dimensions.
PAR  The average weight of the resulting fireplace logs was 4.7 pounds and their
      average density was 73.6 lbs/ft.sup.3. Three of the 65 logs produced were
      burned and produced a clean flame for 2 hours and 20 minutes, from
      ignition to flame die out. The ash remaining from the fire was 6% of the
      total original log weight.
PAR  A plurality of logs of smaller size were made by basically the
      aforementioned extrusion method except that when the selected materials
      were blended they were fed and passed through the extruder while the bark
      component was in its wet, i.e. undried, state to drive off the excess
      moisture. The extruder did not have a die attached thereto. The scrap
      extrudate ribbon was then reduced to an extrudable size, as it was in the
      process for the 41/2 inch extruder, and the resulting mixture was passed
      through the 1 inch extruder and a die to form logs having an average
      diameter of from about 0.425 to 1 inch. The 1 inch extruder had a 1 inch
      screw with a 3/4 inch pitch, a length to diameter ratio of 21:1, a
      compression ratio of 1.89:1, and a metering zone channel depth of 0.100
      inch. Screw speeds for the run ranged from about 24 to 102 rpm though the
      average speed was about 70 rpm. The extrusion rate was as slow as 1/2 to
      1 inch/minute, but the average rate was about 6-7 inches/minute. Amounts
      of respective components of the logs and extrusion conditions of the run
      are given in TABLE I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                            No. Temperature (.degree.F)  Back                  
     Run No.                                                                   
          % Aspen                                                              
               % P.E.                                                          
                   % W.P.                                                      
                       % P.F.R.                                                
                            BZNo. 1                                            
                                 BZNo. 2                                       
                                      Transition Zone                          
                                                 Cooling Die                   
                                                         Pressure              
                                                              Density          
                            (T)  (T)  (Die Adapter)(T)                         
                                                 (T)     (psi)                 
                                                              (lbs/ft.sup.3)   
     __________________________________________________________________________
     1    95    5  --  --   250  265  300        ambient 3,500-                
                                                              83.5             
                                                         4,000                 
     2    80   --  10  10   "    "    "          150     NR   83.7             
     3    80   --  20  --   200  225  250        120     NR   NR               
     4    80   --  --  20   250  300  300        125     NR   74.7             
     5    80   10  --  10   350  350  350        175     NR   35.0             
     6    60   20  20  --   250  265  300        125      400-                 
                                                              77.0             
                                                          800                  
     7     60* 40  --  --   290  280  300        none    NR   63.2             
     __________________________________________________________________________
      P.E. - Polyethylene "fluff                                               
      * - Pine Bark                                                            
      W.P. - Waxed Paper "broke                                                
      P.F.R. - Poly-Fiber Reject                                               
      B.Z. - Barrel Zone of Extruder                                           
      NR - Not Recorded                                                        
      T - Temperature (.degree.F.)                                             
PAR  Although it has been stated herein that the thermoplastic and/or wax
      components either when provided per se or as separated from their fibrous
      materials, are the bonding agents which bind the bark pieces together to
      form composite 12, it is understood that natural resins in the bark
      cooperate with the termoplastic and wax components in binding the bark
      pieces together.
PAR  Also, although this invention has been described as a fuel or fireplace log
      it is understood that this covers any product or article comprising the
      combination of components of this invention. The solid fuels, fireplace
      logs or other so comprised articles can be decorated in their heated,
      cooled or natural states. For example dies can be adapted to give wood,
      bark, or other textures and designs to the logs formed therein.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the steps of the methods described and
      their order of accomplishment without departing from the spirit and scope
      of the invention or sacrificing all of its material advantages, the
      methods hereinbefore described being merely preferred embodiments thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a solid synthetic fuel comprised of from about 60 to
      95% by weight bark, the method which comprises:
PA1  drying pieces of bark of an extrudable size to a moisture content of less
      than 7%,
PA1  physically blending pieces of combustible non-noxious non-odor-producing
      thermoplastic of an extrudable size with said dried pieces of bark to form
      a bark-thermoplastic mixture of from about 60 to 95% by weight bark and
      about 5 to 40% by weight thermoplastic,
PA1  feeding the mixture to an extruder,
PA1  heating the bark thermoplastic mixture in the extruder,
PA1  controlling the heat of the extruder to range from about
      250.degree.-400.degree.F so that its temperature is insufficient to char
      the bark pieces yet sufficient to melt the thermoplastic and disperse it
      between the bark pieces so that it acts as a binder therefor and adheres
      sufficiently to the interior barrel wall surface of the extruder to allow
      the mixture to be moved therethrough by the extruder screw,
PA1  extruding the mixture in the form of a composite extrudate, and
PA1  cooling the composite extrudate to solidify it into the solid synthetic
      fuel.
NUM  2.
PAR  2. The method of claim 1 wherein the extruder heat controlling step
      includes cooling the extruder screw tip to prevent charring of compressed
      bark pieces adjacent to the screw tip.
NUM  3.
PAR  3. The method of claim 2 wherein the extruder heat controlling step
      includes controlling respective extruder barrel zone temperatures by
      maintaining barrel zone (1) at from about 250.degree. to 300.degree. F,
      barrel zones (2 and 3) from about 275.degree. to 325.degree. F, the
      metering zone from about 250.degree. to 300.degree. F, and the extruder
      gate from about 250.degree. to 300.degree. F.
NUM  4.
PAR  4. The method of claim 3 wherein the bark pieces are dried to less than 2%
      moisture, the combustible thermoplastic is polyethylene, and barrel zone
      (1) is maintained at about 275.degree. F, barrel zones (2 and 3) at about
      300.degree. F, the metering zone at about 275.degree. F, and the extruder
      gate is liquid cooled to about 255.degree. F.
NUM  5.
PAR  5. The method of claim 1 wherein the extruding step includes extruding the
      composite extrudate through a die.
NUM  6.
PAR  6. The method of claim 5 wherein the heat controlling step includes
      controlling the respective extruder barrel zone temperatures by
      maintaining barrel zone (1) at from about 250.degree. to 300.degree. F,
      barrel zones (2 and 3) from about 275.degree. to 325.degree. F, the
      metering zone from about 250.degree. to 300.degree. F, and the extruder
      gate from about 250.degree. to 300.degree. F, and wherein the cooling step
      includes cooling the die to from about 80.degree. to 150.degree. F.
NUM  7.
PAR  7. The method of claim 6 wherein the die is profiled to form, and the solid
      synthetic fuel is formed as, a solid synthetic fireplace log.
NUM  8.
PAR  8. The method of claim 4 wherein the cooling step includes cooling the die
      to from about 80.degree. to 150.degree. F.
NUM  9.
PAR  9. The method of claim 1 wherein the extruding step includes extruding the
      composite extrudate through a die profiled to form, and the solid
      synthetic fuel is formed as, a solid synthetic fireplace log.
NUM  10.
PAR  10. The method of claim 2 wherein the extruding step includes extruding the
      composite extrudate through a die profiled to form, and the solid
      synthetic fuel is formed as, a solid synthetic fireplace log.
NUM  11.
PAR  11. The method of claim 3 wherein the extruding step includes extruding the
      composite extrudate through a die profiled to form, and the solid
      synthetic fuel is formed as, a solid synthetic fireplace log.
NUM  12.
PAR  12. The method of claim 4 wherein the die is profiled to form, and the
      solid synthetic fuel is formed as, a solid synthetic fireplace log.
NUM  13.
PAR  13. The method of claim 1 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  14.
PAR  14. The method of claim 3 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  15.
PAR  15. The method of claim 8 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  16.
PAR  16. The method of claim 1 wherein the blending step includes blending with
      the bark pieces and thermoplastic pieces, pieces of extrudable size of
      from 0 to 20% by weight combustible wax-treated fibrous material, and the
      heating step is at a temperature sufficient to also melt the wax of the
      wax-treated fibrous material and substantially separate the wax therefrom
      so that the separated wax is dispersed with the thermoplastic and acts as
      a binder for the bark pieces, the separated wax comprising from 0 to about
      7%, and the fibrous material from 0 to about 13%, of the total weight of
      the fuel.
NUM  17.
PAR  17. The method of claim 16 wherein the bark pieces contain less than 2%
      moisture, the bark is about 80% by weight, and the percent combustible
      thermoplastic and percent wax-treated fibrous material are in a ratio of
      1:1, the percents being based on the total weight of the fuel.
NUM  18.
PAR  18. The method of claim 17 wherein the extruder heat controlling step
      includes cooling the extruder screw tip to prevent charring of compressed
      bark pieces in the extruder metering zone adjacent the screw tip, and
      includes controlling the respective barrel zone temperatures by
      maintaining barrel zone (1) at from about 250.degree. to 300.degree. F,
      barrel zones (2 and 3) from about 275.degree. to 325.degree. F, the
      metering zone from about 250.degree. to 300.degree. F, and the extruder
      gate from about 250.degree. to 300.degree. F.
NUM  19.
PAR  19. The method of claim 18 wherein the extruding step includes extruding
      the composite extrudate through a die, and the cooling step includes
      cooling the die to from about 80.degree. to 150.degree. F.
NUM  20.
PAR  20. The method of claim 19 wherein the die is profiled to form, and the
      solid synthetic fuel is formed as, a solid synthetic fireplace log.
NUM  21.
PAR  21. The method of claim 16 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  22.
PAR  22. The method of claim 17 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  23.
PAR  23. The method of claim 18 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  24.
PAR  24. The method of claim 19 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic treated fibrous
      material.
NUM  25.
PAR  25. The method of claim 20 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  26.
PAR  26. A method of extruding bark into the form of a solid article, which
      comprises:
PA1  drying pieces of bark of an extrudable size to a moisture content of less
      than 7%,
PA1  physically blending pieces of combustible non-noxious non-odor-producing
      thermoplastic of an extrudable size with said dried pieces of bark to form
      a bark-thermoplastic mixture of from about 60 to 95% by weight bark and
      about 10 to 40% by weight thermoplastic,
PA1  feeding the mixture to an extruder,
PA1  heating the bark-thermoplastic mixture in the extruder,
PA1  controlling the heat of the extruder to range from about 250.degree. to
      325.degree.F so that the temperature does not char the bark pieces yet
      melts the thermoplastic and disperses it between the bark pieces so that
      it binds the bark and adheres it to the interior barrel wall surface of
      the extruder to allow the mixture to be extruded therethrough,
PA1  extruding the mixture in the form of a composite extrudate,
PA1  and cooling the composite extrudate to solidify it into the solid article.
NUM  27.
PAR  27. The method of claim 26 wherein the extruder heating step includes
      cooling the extruder screw tip to prevent charring of compressed bark
      pieces adjacent to the screw tip.
NUM  28.
PAR  28. The method of claim 27 wherein the extruder heating step includes
      controlling the respective extruder barrel zone temperatures by
      maintaining barrel zone (1) at from about 250.degree. to 300.degree.F.,
      barrel zones (2 and 3) from about 275.degree. to 325.degree.F., the
      metering zone from about 250.degree. to 300.degree.F., and the extruder
      gate from about 250.degree. to 300.degree.F.
NUM  29.
PAR  29. The method of claim 28 wherein the bark pieces have less than 2%
      moisture, the combustible thermoplastic is polyethylene, and barrel zone
      (1) is maintained at about 275.degree.F., barrel zones (2 and 3) at about
      300.degree.F., the metering zone at about 275.degree.F., and the extruder
      gate is liquid cooled to about 255.degree.F.
NUM  30.
PAR  30. The method of claim 29 wherein the extruding step includes extruding
      the composite extrudate through a die to form the article and wherein the
      cooling step includes cooling the die to from about 80.degree. to
      150.degree.F.
NUM  31.
PAR  31. The method of claim 26 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  32.
PAR  32. The method of claim 28 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  33.
PAR  33. The method of claim 29 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  34.
PAR  34. The method of claim 26 wherein the blending step includes blending with
      the bark pieces and thermoplastic pieces, pieces of extrudable size of
      from 0 to 20% by weight combustible wax-treated fibrous material, and the
      heating step is at a temperature sufficient to also melt the wax of the
      wax-treated fibrous material, and substantially separate the wax therefrom
      so that the separated wax is dispersed with the thermoplastic and acts as
      a binder for the bark pieces, the separated wax comprising from 0 to about
      7%, and the fibrous material from 0 to about 13% of the total weight of
      the article.
NUM  35.
PAR  35. The method of claim 34 wherein the bark pieces contain less than 2%
      moisture, the bark is about 80% by weight, and the percent combustible
      thermoplastic and percent wax-treated fibrous material are in a ratio of
      1:1, the percents being based on the total weight of the article.
NUM  36.
PAR  36. The method of claim 15 wherein the extruder heat controlling step
      includes cooling the extruder screw tip to prevent charring of compressed
      bark pieces in the extruder metering zone adjacent the screw tip, and
      includes controlling the respective extruder barrel zone temperatures by
      maintaining barrel zone (1) at from about 250.degree. to 300.degree.F.
      barrel zones (2 and 3) from about 275.degree. to 325.degree.F., the
      metering zone from about 250.degree. to 300.degree.F., and the extruder
      gate from about 250.degree. to 300.degree.F.
NUM  37.
PAR  37. The method of claim 36 wherein the extruding step includes extruding
      the composite extrudate through a die, and the cooling step includes
      cooling the die to from about 80.degree. to 150.degree.F.
NUM  38.
PAR  38. The method of claim 34 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
NUM  39.
PAR  39. The method of claim 36 wherein the bark pieces contain less than 2%
      moisture, the bark is about 80% by weight, the percent combustible
      thermoplastic and percent wax-treated fibrous material are in a ratio of
      1:1, the percents being based on the total weight of the article, and
      wherein the extruder heat controlling step includes cooling the extruder
      screw tip to prevent charring of compressed bark pieces adjacent to the
      screw tip, and includes controlling the respective extruder barrel zone
      temperatures by maintaining barrel zone one at from about 250.degree. to
      300.degree.F., barrel zones (2 and 3) from about 275.degree. to
      325.degree.F., the metering zone from about 250.degree. to 300.degree.F.,
      and the extruder gate from about 250.degree. to 300.degree.F.
NUM  40.
PAR  40. The method of claim 39 wherein the pieces of combustible thermoplastic
      are pieces of combustible thermoplastic-treated fibrous material of an
      extrudable size, and the thermoplastic dispersed during the heating step
      is separated from the pieces of combustible thermoplastic-treated fibrous
      material.
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ABST
PAL  A method for treating high polymer wastes in such a way that pollution of
      the atmosphere will be avoided. Solid high polymer bodies are subjected to
      simultaneous compression and shearing action until they reach a state of
      fusion and decompose at least in part into a fluid state. The fluid is
      then directed to a location where it is available as a fuel. A rotary feed
      screw is situated in a cylinder to coact therewith for providing
      compression and shearing of high polymer bodies until they reach a state
      of fusion. Then the fused material is subjected to a decomposing action in
      order to decompose into a fluid condition, and the resulting fluid is
      conveyed to a location where the fluid is available for further use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods for treating petrochemical high
      polymer wastes in such a way that pollution of the atmosphere will be
      avoided.
PAR  With the high degree of industrial development which has taken place in
      many parts of the world, there is a high concentration of industrial
      operations in many locations. The result is that complete freedom to carry
      out various industrial operations has a damaging effect on the ecology.
      Thus, it is not unusual to encounter situations where entire cities as
      well as the areas surrounding the cities suffer from smoke, impure water,
      offensive odors, fine particles of dust, gases, wastes, and the like, all
      of which have an undesirable effect not only on human beings and animals
      but also upon crops, aqueous products, and the like. Among these problems,
      some of the most serious difficulties are encountered in connection with
      air pollution by smoke or the like, water pollution by industrial wastes,
      and the accumulation of wastes and particulate matter which cannot be
      readily disposed of by combustion.
PAR  It is in particular in connection with disposal of high polymer wastes that
      special problems are encountered.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is a particular object of the present invention to provide a
      method capable of treating high polymer wastes in such a way that valuable
      energy and useful products can be derived therefrom without any
      deleterious effect on the ecology.
PAR  Thus, it is a particular object of the present invention to treat waste
      products, inferior products, or insufficiently polymerized products made
      of high polymers, especially petrochemical high polymers, in such a way
      that they can be decomposed into gaseous or liquid fuels which can be
      stored until use thereof is desired or which can be immediately burned as
      soon as such products are collected.
PAR  With respect to the treatment of high polymer waste bodies, such as scraps,
      particularly petrochemical high polymer scraps, it has been proposed to
      burn such scraps or to fuse them into reclaimed products. However, in
      accordance with a further object of the present invention it is proposed
      instead to dissociate such polymers back into their original petroleum
      components, wherever possible.
PAR  In order to accomplish this object the scraps could be subjected to a dry
      distillation process in a vacuum or inactive gas environment for gasifying
      the scraps and then the generated gases could be collected. However,
      carrying out a method of this nature will involve great difficulties
      because of technical and economic factors.
PAR  It is therefore yet another object of the present invention to provide a
      method capable of converting high polymer scraps, particularly
      petrochemical high polymer scraps, into fuels with an exceedingly high
      efficiency, with the possibility of burning the resulting fuels, if
      desired.
PAR  While it is known that waste plastic materials may be treated by being
      burned in solid condition, such a method involves extremely high
      temperatures which can at times result in destruction of the combustion
      apparatus and which also may result in the generation of smoke or other
      poisonous gases such as carbon monoxide.
PAR  It is therefore a further object of the present invention to provide a
      method for heating, fusing and decomposing high polymer scraps so as to
      generate gaseous and/or liquid fuels therefrom, and then the burning of
      such fuel may be used as a source of heat or power.
PAR  Thus, it is a general object of the present invention to provide an
      extremely efficient, low-cost method for treating high polymer wastes in
      such a way that their value is not lost while at the same time there is an
      absolute prevention of any pollution of the atmosphere.
PAR  According to the method of the invention solid high polymer bodies are fed
      along a predetermined path while being simultaneously compressed and
      sheared until they reach a state of fusion and decompose at least in part
      into a fluid state. The thus-achieved fluid is then directed to a location
      where it is available as a fuel.
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is partly schematic sectional elevation of one possible embodiment
      of an apparatus for practicing the method of the invention in order to
      convert high polymers into fuels;
PAR  FIG. 2 is a schematic longitudinal sectional elevation of another
      embodiment of a method according to the invention;
PAR  FIG. 3 is a schematic illustration of a further embodiment of a method of
      the invention;
PAR  FIG. 4 is a partly sectional schematic elevation of a fourth embodiment of
      a method according to the invention;
PAR  FIG. 5 is a partly schematic sectional elevation, taken on an enlarged
      scale as compared to FIG. 4, and illustrating in greater detail part of
      the structure of FIG. 4;
PAR  FIG. 6 is a schematic illustration of an embodiment of a method of the
      invention for converting the high polymers into a gaseous fuel which is
      burned; and
PAR  FIG. 7 is a schematic illustration of an embodiment of a method of the
      invention for converting high polymer wastes into a liquid fuel which is
      burned.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is shown therein a combined compression
      and shearing means 11 made up primarily of a feed screw and cylinder which
      has a construction similar to that of an extruder. Thus, the combined
      compression and shearing means 11 includes an elongated hollow cylinder 12
      in which is situated a rotary feed screw 13. A heating means is provided
      for heating the materials acted upon by the combined compression and
      shearing means 11. This heating means 14 takes the form of suitable
      jackets surrounding the cylinder 12 and having hollow interior spaces
      which may receive a heating medium such as steam, for example.
PAR  The left inlet end of the cylinder 12, as viewed in FIG. 1, is provided
      with a supply hopper 15 adapted to receive the solid high polymer waste
      bodies in the form of scraps, inferior products, or insufficiently
      polymerized products composed of high polymers.
PAR  A fluid-conveying means is provided for conveying fluids away from the
      cylinder 12. This fluid-conveying means includes the conduit portions 19
      and 20 shown at the upper right of FIG. 1 communicating with the openings
      16 and 17, respectively, in the cylinder 12. Through these openings 16 and
      17 gases generated in the cylinder will be vented into the conduits 19 and
      20. The conduits 19 and 20 communicate with a common conduit 18 to which
      all of the collected gas is delivered. Thus, different components of the
      high polymer scrap bodies may have different decomposition temperatures.
      By providing the pair of openings 16 and 17 at axially spaced parts of the
      cylinder 12, gases which are generated at lower temperatures will vent
      through one of the openings while gases which are generated at higher
      temperatures will vent through the other opening. Through this expedient
      it is possible to increase the yield of gases and prevent possible
      explosion due to extremely high temperatures. In addition, gases which
      vent through the first conduit portion 19 and which have a lower boiling
      point mix with the gases of higher boiling point issuing into the conduit
      portion 20 so that it is a mixture of these gases in the common collecting
      pipe 18 which form a substantially homogeneous mixture of gases, thus
      enabling the gases to be treated conveniently during subsequent stages.
PAR  A cooling means 21 surrounds a portion of the gas-collecting conduit means
      18 which form part of the fluid-conveying means. This cooling means 21
      includes a coil 22 wound around the conduit 18 and providing a passage for
      a cooling fluid such as water or air. Thus, particularly at the region of
      the cooling means 21 the gases issuing from the cylinder 12 will be cooled
      and will separate into gaseous and liquid phases. The fluid-conveying
      means 18 delivers the fluid to a fuel-collecting tank 23 in which the
      gases and/or liquids from the cooling means 21 are stored.
PAR  As will be apparent from the description which follows, the feed screw 13
      coacts with the cylinder 12 to form therewith a combined compression and
      shearing means in which the high polymer bodies are compressed and sheared
      until they assume a fused condition, with the right end portion of the
      cylinder 12 and screw 13 forming a decomposing means in which the fused
      material decomposes into the fluid condition. At the outlet end of the
      cylinder 12, situated at its right, as viewed in FIG. 1, the cylinder 12
      has an end wall which closes the cylinder 12 and which is formed with a
      discharge port 24 through which residual liquids flow into a pipe 25. The
      liquids which thus collect in the pipe 25 are directed thereby to a means
      26 such as a suitable container in which the residual liquids solidify to
      form reclaimed products such as wax, paraffin, etc.
PAR  The heating means 14 which surrounds the cylinder 12 includes the jacket 27
      which extends coaxially along the exterior of the cylinder 12 and which
      has a series of heating stages in which heating may be carried out by
      suitable electric heaters or steam heaters. The first-stage heating means
      14a is designed so as to provide a heating temperature of
      160.degree.-400.degree.C. The first stage 14a is followed by a second
      stage 14b where the heating means provides a temperature of
      400.degree.-600.degree.C. Finally, the third stage 14c of the heating
      means will provide a temperature range of 600.degree.-800.degree.C. These
      several heating stages are in the form of separate units which are
      separately adjustable to provide the required heating temperatures. As a
      result of arranging the heating means 14 in the form of heating stages in
      this manner, there are three physical-chemical zones x, y, and z
      established axially along the cylinder 12. The zone x forms a heating,
      compressing, and shearing zone, the zone y forms a heating, fusing and
      decomposing zone, and the zone z forms a superheating or overheating and
      decomposing zone.
PAR  The feed screw 13 is formed by an elongated screw body 28 which is tapered
      in such a way that its diameter gradually increases in the direction of
      flow of the compressed and sheared material, which is to say to the right,
      as viewed in FIG. 1, this diameter gradually increasing from zone x to
      zone y. As a result, while the scraps are fed along this part of the
      combined compression and shearing means 11, they will be compressed and
      sheared between the rotary screw shaft 13 and the inner surface of the
      cylinder 12 while progressing toward the zone y. This action will generate
      heat as a result of the internal friction, so that in this way the amount
      of heat which must be supplied externally can be reduced.
PAR  While the diameter of the shaft 13 gradually increases in the direction of
      movement of the compressed and sheared material in the zones x and y, at
      the zone z, which forms the decomposing zone constructed simply as a
      continuation of the cylinder 12 and the screw 13, the diameter of the
      screw tapers in such a way that this diameter becomes progressively
      smaller toward the port 24. As a result of this gradually smaller diameter
      of the rotary screw shaft in the direction of flow of the material toward
      the discharge end of the cylinder 12, there is a decompression of the
      material due to the decreased pressure from the screw shaft 13, and this
      will accelerate decomposition of undecomposed materials in the zone z
      which forms the decomposing means of the embodiment of FIG. 1.
PAR  Thus, with the embodiment of FIG. 1 the operations are started by
      initiating the rotation of the screw shaft 13 in the required direction
      from a suitable driving source which is not illustrated. The solid bodies
      of high polymer scrap which are to be treated are fed into the cylinder 12
      through the supply hopper 15. These solid bodies will be compressed,
      sheared and partially fused in the heating, compressing, shearing and
      fusing zone x as a result of the action of the rotating screw 28. Then the
      material is transferred into the heating, fusing and decomposing zone y
      where complete fusion takes place and where the material assumes a fluid
      state and partially decomposed. From this zone y the fluid is fed into the
      overheating and decomposing zone z. Those gases which have a relatively
      low boiling point will be generated from decomposition of the high
      polymers at an early stage near the starting end of the zone z and will
      flow into the fluid-conveying means 18 through the opening 16 and the
      first branch 19. On the other hand, those gases which have a higher
      boiling point will be generated as a result of decomposition at the end of
      the zone z, and the resulting gases will flow through the opening 17 and
      then the branch 20 into the fluid-conveying means 18 so that the higher
      and lower boiling point gases will mix together in the fluid-conveying
      means 18. The gases which are collected in this way flow through that
      portion of the conduit 18 which is surrounded by the cooling means 21, so
      that the gases are cooled to room temperature in order to form gaseous
      fuel or condensed liquid fuel which is stored in the fuel-collecting tank
      23 which thus forms a location where the fluids are available as a fuel.
PAR  Those residual liquids which remain undecomposed in the cylinder 12 will
      discharge through the port 24 into the collecting pipe 25 to be received
      in the means 26 where the residual liquids will solidify. This
      solidification of the residual liquids may take place with the aid of
      suitable means which forms reclaimed products such as wax, paraffin, etc.
PAR  With the above-described embodiment of the invention scrap bodies of
      petrochemical high polymers, such as polyethylene, polypropylene,
      polystyrene, etc. are continuously transformed from a solid state into a
      liquid state (and from the latter into a gaseous state, if desired) in the
      combined compression and shearing means 11 as well as in the discharge end
      portion thereof which forms the decomposing means, these actions taking
      place in such a way that a maximum effect is achieved with minimum thermal
      energy. In other words the means 11 operates in such a way that there is a
      minimum heat loss because it is sealed in a gas-tight manner and in
      addition the interior of the cylinder 12 is tightly filled with the high
      polymer bodies which are treated so that there is absolutely no space
      within the cylinder 12 through which gas can possibly escape back to the
      hopper 15. In addition since during solid-to-liquid transformation the
      bodies are compressed and sheared mechanically resulting in the generation
      of internal heat, the amount of heat which must be supplied externally is
      reduced. Since it is possible to control the rate at which the high
      polymer bodies are supplied to the means 11, it is possible to adjust the
      generation of gases to maintain the latter generation at a constant value
      by controlling the rate of supply of high polymer scrap bodies to the
      means 11. As a result it is possible to collect the generated gases in a
      simple and continuous manner in a simple way and with simple structure
      which is easy to maintain.
PAR  Referring now to FIG. 2, the embodiment of the invention which is
      illustrated therein differs with respect to the decomposing means at the
      zone z. Thus, with the embodiment of FIG. 2 the cylinder 12 does not have
      a continuation in which a continuation of the screw 13 is located to form
      the decomposing means. Instead the cylinder 12 is closed at its right end
      by a wall formed with a discharge port 29 to which there is attached a
      nozzle 30 forming what amounts to an extruder die having a selected
      configuration suitable for the configuration of the outlet port 29. The
      decomposing means of this embodiment includes an elongated decomposition
      furnace 31 made of a heat-resistant material and communicating with the
      discharge nozzle 30. With the embodiment of FIG. 2, the combined
      compression and shearing means 11 acts on the scrap bodies of plastic or
      the like to convert them from the solid state into the fused condition.
      The function of decomposing the fused material is carried out in the
      decomposing means 31 at a higher efficiency than with the embodiment of
      FIG. 1.
PAR  Within the decomposing furnace 31 there is a longitudinally arranged
      heat-resistant endless slit-type of conveyor 32 surrounding and meshing
      with gears 33 and 34 used to drive the conveyor, so that this construction
      forms the equivalent of a moving grate. The conveyor 32 is positioned in
      such a way that its upper run is at the same elevation and in the same
      horizontal plane as the discharge port 29. This embodiment includes a
      heating means 35 which is located at the nozzle 30 and extends along the
      furnace 31 to form the third heating stage 14c. In order to promote
      decomposition of the fused material, the nozzle or die 30 is sealed in a
      gas-tight manner so as to maintain a vacuum or inert gas atmosphere within
      the overheating and decomposing zone z. The temperature which prevails at
      the third stage 14c of the heating means is easily adjusted so as to be
      within a range of 600.degree.-1000.degree.C. The fluid-conveying means 18
      is in the form of a conduit which communicates with the interior of the
      decomposing means 31 to collect gases which flow therefrom, and any
      residual liquids discharge out of the furnace through the pipe 25 shown at
      the lower right end of the furnace 31 in FIG. 2. The feed screw 13 is
      tapered so that its diameter gradually increases in the direction of
      movement of the material from the heating, compressing and shearing zone x
      to the heating and fusing zone y.
PAR  With this embodiment of the invention after the rotation of the feed screw
      13 has started, the solid bodies are fed into the means 11 from the hopper
      15 to progress along the interior of the cylinder 12. This material is
      heated, compressed and sheared while traveling through the zone x toward
      the heating and fusing zone y, and then the material in a fused state is
      forced out through the discharge port 29 and the die 30 into the
      overheating and decomposing zone z formed by the decomposing means 31. The
      partially treated and fused material introduced in this way into the
      furnace 31 is conveyed by the heat-resistant conveyor 32 through and along
      the decomposing furnace 31 so as to decompose into gaseous form. The gases
      generated in this way flow out through the pipe 18 which is acted upon the
      cooling means 21 in a manner described above, so that the gases are cooled
      to room temperature in order to form a gaseous fuel and/or condensed
      liquid fuel which is stored in the fuel-collecting tank 23. On the other
      hand, those residual liquids which do not become decomposed flow out
      through the pipe 25 and are solidified into reclaimed products such as
      wax, paraffin, etc. by way of the residual liquid solidifying means 26.
PAR  Thus, with the embodiment of FIG. 2, the combined compression and shearing
      means 11 and the decomposing means 31 are constructed as separate units
      coupled together by way of the nozzle or die 30 which has a predetermined
      configuration. It is therefore possible not only to decompose high
      polymers having relatively high boiling points which are difficult to
      decompose only by way of the means 11, but in addition it is possible to
      avoid the danger that components of the means 11 such as the cylinder 12
      and screw 13 suffer from corrosion due to the action of the gases which
      are generated. This feature is of particular advantage in the case where
      the high polymer scraps or bodies and the gases which are to be treated
      have strongly corrosive or errosive properties. Inasmuch as the interior
      of the decomposing furnace 31 is isolated from the outer atmosphere, it is
      possible to generate the gases very efficiently and also to liquify these
      gases in a vacuum or inert gas atmosphere such as nitrogen, algon, etc. In
      addition, the scraps can be continuously supplied so that it is possible
      to generate a constant volume of gas which is subsequently collected in a
      simple and continuous manner.
PAR  Referring now to FIG. 3, the combined compression and shearing means 11 of
      this embodiment is substantially identical with that of FIG. 2, the main
      difference being that the discharge end of the cylinder 12 has a tapered
      end 39 communicating with an elongated tubular element 30 which operates
      in a manner similar to the nozzle or die 30 of FIG. 2. The elongated
      hollow nozzle 30 of FIG. 3 communicates with the interior of an evacuated
      enclosure 36 in the form of a heat-retaining tank having a reduced
      interior pressure. In the interior of the evacuated enclosure 36 is
      located a heating means formed by a pipe 37 which forms an internal heat
      exchanger within the enclosure 36. The internal pressure of the tank or
      enclosure 36 is conveniently maintained at a low pressure by way of a pump
      means 38 in the form of a rotary pump which by maintaining the low
      pressure in the enclosure 36 serves to promote decomposition. The
      decomposed fluids are sucked out of the evacuated enclosure 36 through the
      fluid-conveying means 18 which is cooled by the cooling means 21 as
      described above, and these fluids are then delivered by the pump means 38
      to the portion of the fluid-conveying means 18 which extends from the
      outlet of the pump 38 to the collecting means 40. This means 40 takes the
      form of a constant pressure sink and float tank in which the gaseous and
      liquid states of the fluids are separated from each other so that the
      generated gaseous fuel and liquid fuel are adapted to be stored at the
      collecting means 40. This collecting means 40 communicates with a T-shaped
      pipe 41 which directs part of the gaseous fuel through a pipe 42 and a
      control valve 43 into a suitable combustion device 44 to be burned
      therein. The other portion of the stored gaseous fuel flows through the
      branch 45 and a control valve 46 into a gas burner 47 which is coupled
      with a gas or steam turbine 48 which in turn drives a power generator 49.
      A blower 50 is operatively connected with the gas burner 47 while part of
      the heat generated thereby is directed in the form of a hot gas into the
      pipe 51 which delivers the hot gas to the heat-exchanger coil 37 within
      the evacuated enclosure 36. Thus, part of the hot gases at the burner 47
      are fed back to the interior of the enclosure 36 for heating the interior
      of the evacuated chamber 36 which forms part of the decomposing means of
      the embodiment of FIG. 3.
PAR  Therefore, with the embodiment of FIG. 3 the high polymer scrap bodies
      introduced through the supply hopper 15 are fed to the left, as viewed in
      FIG. 3, along the interior of the combined compression and shearing means
      11 by way of rotation of the feed screw 13, and while moving in the
      interior of the means 11 the high polymer bodies are subjected to shearing
      and compression action as a result of the rotation of the screw 13 the
      diameter of which gradually increases from the inlet toward the outlet end
      of the cylinder 12, so that some frictional heat is generated in this way.
      Additional heat is derived from the external heating means 14, provided
      into the three stages 14a, 14b and 14c, as described above. In this way
      the high polymer bodies which are subjected initially to compression and
      shearing are transformed into a fused state and then assume the form of a
      highly viscous liquid which flows out through the tapered outlet 39 of the
      cylinder 12. This highly viscous liquid is converted into a Newton fluid
      of low viscosity while traveling along the interior of the discharge
      nozzle 30 whose interior space is evacuated in the same way as the
      interior of the enclosure 36. This liquid pours into the heat-retaining
      reduced-pressure enclosure 36 which is maintained at an elevated
      temperature higher than the temperature in the discharge nozzle 30 which
      is heated by the heating means 35. This heating means 35 is formed by the
      jacket portions 14c as described above. Thus, the high polymers in fused
      condition flow into the heat-retaining reduced-pressure enclosure 36 to be
      decomposed at a reduced temperature. More specifically, the high molecular
      hydrocarbons are depolymerized into some lower molecular hydrocarbons.
      During the initial stage of the operation, the interior of the evacuated
      enclosure 36 is maintained at a vacuum as a result of the action of the
      pump means 38 so that the possibility of explosion and burning of the
      gases which are at a high temperature is prevented. The gases which are
      generated in this way flow through the fluid-conveying pipe 18, along the
      portion thereof surrounded by the cooling means 21, so as to be cooled to
      room temperature and separated into the gaseous and liquid phases for
      storage in the constant-pressure sink and float tank 40 after traveling
      through the rotary pump means 38. Inasmuch as the liquids which are
      received in the collecting means 40 will float on water, they are easily
      collected by use of a siphon means (not shown) or the like, so that the
      liquid collected in this way can be subsequently used as a liquid fuel.
PAR  On the other hand, the gaseous phase which is stored in the tank 40 is
      partially discharged through the outlet pipe 41 and the branch 42 in order
      to reach the control valve 43. From the latter the combustible gas is
      introduced into the combustion apparatus 44 which is located conveniently
      to have the gases burned therein, with any desired use being made of the
      heat which is extracted from the gas in this way. The remainder of the
      gases from the tank 40 are directed through the valve 46 to the gas burner
      47 which is directly coupled to the gas or steam turbine which drives the
      power generator 49, so that in this way the energy of the gas will be used
      to generate electrical power which can be used for operating various
      devices as well as for illumination purposes, or this energy may be used
      to operate any desired instruments or apparatus situated outside of the
      illustrated system. Thus, with the system according to the embodiment of
      FIG. 3 any petrochemical high polymers can be treated. In particular,
      waste plastics forming part of community wastes, industrial wastes, etc.
      can be treated in a convenient way to form useful reclaimed products for
      subsequent use.
PAR  In accordance with the invention the petrochemical high polymers are burned
      after they have been decomposed into gases by heating them at a reduced
      pressure. More specifically, during burning of the gases they are
      uniformly mixed with a sufficient volume of air. As a result there is no
      danger that poisonous gases such as carbon monoxide etc. can be generated
      as a result of imperfect combustion, as is the case when solid matter is
      directly burned. In addition, since the materials to be burned is in a
      gaseous form immediately before combustion, it is possible to provide a
      highly effective convenient control for combustion. According to the
      embodiment of FIG. 3, the high polymers are decomposed into gases not only
      by being subjected to heating and fusing, but also by reducing the
      operating pressure. In this way the decomposition of the high polymers is
      promoted to a great extent and there is an increase in the efficiency of
      the decomposition with a minimum amount of undecomposed residues
      remaining.
PAR  Referring now to the embodiment of the invention which is illustrated in
      FIGS. 4 and 5, it will be seen that the evacuated enclosure formed by the
      elongated nozzle 30 is provided at its left end region, as viewed in FIGS.
      4 and 5, with a slidable closure rod 52 resiliently urged to the right, as
      viewed in FIGS. 4 and 5, by a spring 54 housed within an extension 53 of
      the elongated enclosure or nozzle 30. In this case the evacuated enclosure
      formed by the nozzle 30 has a perpendicular extension 55 communicating
      with and projecting therefrom and forming an elongated conduit or
      extension of the evacuated space in which a needle valve 56 is
      accommodated. The evacuated interior of the tubular enclosure assembly 30,
      55 is placed at a reduced pressure by way of a pump means which in this
      embodiment is formed by a cylinder 57 and a piston 58 which reciprocates
      therein. Thus it will be seen that the conduit 55 communicates directly
      with the interior of the cylinder 57 of the illustrated pump means. The
      cylinder 57 has a piston rod extending fluid-tightly through the right
      wall of the cylinder 57, as viewed in FIG. 5, and the outer end of this
      piston rod is pivotally connected with a link or connecting rod which in
      turn is pivotally connected with a cam 59 which is roated from any
      suitable source of power so that this cam 59 also serves as a crank for
      reciprocating the piston 58. The cam 59 controls through the linkage shown
      in detail in FIG. 5 an elongated rod 60 which is connected to the needle
      valve 56. This needle valve is arranged so that it is closed when the
      piston 58 moves to the left, as viewed in FIG. 5, along its compression
      stroke while the valve 56 automatically opens when the piston 58 moves to
      the right, as viewed in FIG. 5, along its suction stroke. A second valve
      means, in addition to the valve means 56, takes the form of a non-return
      valve 61 situated at the outlet 62 of the cylinder 57. The parts are shown
      in FIG. 5 during a compression stroke of the piston 58. At this time the
      fluid in the cylinder 57 to the left of the piston 58 is pushed out of the
      latter through the outlet 62 with the non-return valve 61 automatically
      opening at this time in opposition to the force of the spring 67a which
      urges the non-return valve 61 to its closed position, so that during the
      pressure stroke of the piston 58 the decomposed gas or liquid is delivered
      to the fluid-conveying means 18. The peripheral camming portion of the cam
      59 is engaged by a follower roller 64 rotatably mounted at the bottom end
      of a rod 63 which is urged toward the cam 59 by a spring 67b, so that the
      upper part of the cam, as viewed in FIG. 5, which has the larger radius,
      serves at this time to raise the rod 63, compressing the spring 67b, and
      acting through the lever 67, which is pivotally supported by the fulcrum
      65, to urge the rod 60 downwardly and thus hold the needle valve 66 in its
      closed position. In this way the port 66 is closed automatically during
      the pressure stroke of the piston 58. The automatically opened valve 61
      will at this time permit the gases generated from the decomposition
      process to flow into the fluid-conveying means 18 which delivers the fluid
      to the constant pressure sink and float tank 40 in the manner illustrated
      in FIG. 4.
PAR  After the pressure stroke of the piston 58 has been completed, the piston
      58 returns along its suction stroke, and now the part of the cam 59 which
      has the smaller radius will be engaged by the roller 64 so that the spring
      67b expands to raise the valve 56 from its seat as a result of the
      clockwise turning of the lever 67, as viewed in FIG. 5. When the needle
      valve 56 opens, the non-return valve 61 is automatically returned to its
      closed position by the spring 67a, and now the negative pressure in the
      cylinder 57 serves to maintain the outlet 66 closed. Thus, the piston 58
      of the pump means will serve to draw the fused plastics from the means 11
      in order to introduce the fused plastics into the evacuated atmosphere of
      the enclosure formed by the tubular components 30 and 55, so that in the
      evacuated atmosphere of this enclosure decomposition takes place and the
      fused material assumes a gaseous form. The rod 60 is split into a pair of
      components separated by a spring 67c  which is compressed between the
      portions of the rod 60 so as to maintain a constant closing force acting
      on the valve 56. By utilizing a high pressure burner to serve as the gas
      burner 47, it is possible to eliminate the requirement of a blower.
PAR  During operation with the embodiment of FIGS. 4 and 5, the high polymer
      bodies which are to be treated are introduced into the supply hopper 15
      shown at the upper right of FIG. 4. The high polymer scraps are fed to the
      left, as viewed in FIG. 4, by the rotary screw 13 along the interior of
      the cylinder 12 of the combined compression and shearing means 11.
      Therefore, while traveling within the means 11 the high polymers are
      subjected to shearing and compression action by the cooperation between
      the rotary screw 13 and the cylinder 12, the diameter of the rotary screw
      13 increasing toward the left, as viewed in FIG. 4, in the direction of
      travel of the material which is worked on. The high polymers are
      additionally heated by the heating means formed by the stages 14a and 14b
      of the heating means 14, and in this way the high polymers are brought
      into the fused state. It will be noted that the heating means 14 has in
      FIG. 4 the third stage 14c extending along and heating the elongated
      portions 30 and 55 of the enclosure which is evacuated by the pump means
      shown at the lower part of FIGS. 4 and 5. When the high polymers reach the
      tapered discharge portion 39 of the cylinder 12, they are in the form of a
      viscous liquid and flow along the interior of the evacuated enclosure 30,
      55. While flowing along the portion 55 of the evacuated enclosure the
      fused high polymers are heated in a stepwise manner first up to
      300.degree.C, then to 400.degree.C, and then to 500.degree.C, the high
      polymers reaching the discharge port 66 at this time, where the needle
      valve 56 is arranged. Thus, the vertically extending section 14c shown in
      FIG. 4 surrounding the conduit portion 55 and forming the heating means 35
      at this location is divided into three separate sections, in the form of
      separate jackets or the like, to provide the stepwise heating referred to
      above. These operations take place while the needle valve 56 is cyclically
      displaced between its open and closed position in synchronism with the
      rotary movement of the cam 59 in the manner described above. Thus, the
      fused high polymers will be received in the cylinder 57 when the port 66
      is opened but remain in the evacuated enclosure portion 55 when the port
      66 is closed. The evacuated space in the interior of the enclosure 30, 55,
      which become evacuated during the suction strokes of the piston 58 when
      the valve 56 is opened, becomes completely filled with the high polymers
      when the valve 56 is in its closed position shutting the port 66, and at
      this time any excess fluid which is received in the evacuated enclosure
      30, 55 as a result of the action of the rotary feed screw 13 presses
      against the rod 52 so as to displace the latter to the left, as viewed in
      FIGS. 4 and 5, in opposition to the spring 54, so that in this way the
      volume of the evacuated enclosure 30, 55 can adapt itself to the
      particular amount of fluid which is received in this enclosure during the
      pressure strokes of the piston 58. Of course, the suction strokes of the
      piston 58 the valve 56 is raised to its open position, and simultaneously
      with the suction of the material from the enclosure 30, 55 into the
      cylinder 57 the spring 54 expands to return the rod 52 to its starting
      position shown in FIGS. 4 and 5.
PAR  During the suction strokes of the piston 58, the fused high polymers
      introduced into the reduced pressure interior of the cylinder 57 decompose
      rapidly into gaseous form. During this transformation from the liquid to
      the gaseous state, the molecular chains included in the high molecular
      hydrocarbons will be broken down to form a mixture of some lower molecular
      hydrocarbons. During the subsequent pressure stroke of the piston 58, the
      valve 56 closes so that the enclosure 30, 55 remains in its evacuated
      condition, and simultaneously the nonreturn valve 61 opens. The closing of
      the valve 56 is of course brought about automatically in a manner
      described above by the action of the cam 59. Therefore, at this time the
      mixture of gases resulting from decomposition in the cylinder 57 flows
      into the fluid-conveying means 18 which, as shown in FIG. 4, delivers the
      gases to the collecting means 40, in the form of a constant pressure sink
      and float tank, to be stored therein as described above in connection with
      FIG. 3. Since the condensed liquids and undecomposed residual liquids
      float on the water within the tank of the means 40, these products may be
      extracted from the tank by a separate means such as a suitable siphon
      unit, and the thus-extracted material may be used as a liquid fuel.
PAR  The gases which are stored in the collecting means 40 have a controlled
      pressure and temperature and discharge through the conduit 41. Part of
      these gases flow along the branch pipe 42, under control of the valve 43,
      into the combustion unit 44 which is situated at a convenient location.
      The remaining portion of gases flow through the branch 45, as controlled
      by the valve 46, to the gas burner 47 where perfect combustion of the
      gases is achieved by mixture of the gases with air from the blower 50. The
      heat extracted from the gases in this way at the burner 47 is directly
      used to drive the turbine 48 and the latter is used for generating power
      with the generator 49, as described above in connection with FIG. 3.
PAR  Thus, with the embodiment of FIGS. 4 and 5 the petrochemical high polymers
      are burned after they have been decomposed into gaseous form, by the
      application of heat at a reduced pressure. More specifically, prior to
      burning the gases they have been mixed uniformly with a sufficient volume
      of air. As a result there is no danger of that smoke and poisonous gases
      such as carbon monoxide, etc. will be generated due to imperfect
      combustion, which is often the case when solid bodies are burned. In
      addition it is an easy matter to control the combustion, because the
      materials which are burned are in a gaseous state immediately prior to
      combustion. Thus with the embodiment of FIGS. 4 and 5 the high polymers
      are decomposed into gases not only by heating and fusing them but also by
      reducing the operating pressure. This type of operation promotes to a
      large extent the decomposition of the high polymers and increases the
      efficiency of the decomposition while leaving a minimum amount of
      undecomposed residues.
PAR  Referring now to the fifth embodiment of the invention which is illustrated
      in FIG. 6, in this embodiment the combined compression and shearing means
      11 is substantially identical with the means 11 of FIGS. 2-4. However,
      with this embodiment the decomposing means which receives the fused high
      polymers from the means 11 takes the form of an elongated heat-retaining
      pipe 69 provided with a heating means 70 in the form of a coil wound
      around the pipe 69 and provided in is interior with any suitable heating
      fluid which is circulated through the coil 70. The decomposing means
      includes in addition to the pipe 69 which receives the fused material
      directly from the means 11 an elongated extension 72 of the pipe 69, this
      extension 72 of the decomposed means of FIG. 6 being in the form of an
      elongated heating pipe situated within a combustion furnace 71. The fused
      material received in the heat-retaining pipe 69 traveling therethrough are
      heated within the pipe 72 in the furnace 71 and decomposed into the
      gaseous state. This pipe 72 is schematically illustrated in FIG. 6. It has
      a relatively long length and meanders back and forth in the upper region
      of the furnace 71 so as to have a length sufficiently great to bring about
      decomposition of the high polymers into the gaseous state. The decomposing
      means formed by the conduit 69 which has the portion 72 in the furnace 71
      includes the outlet portion of the pipe 69 shown in FIG. 6 connected to
      the lower left end of the portion 72, this outlet portion extending to the
      exterior of the furnace and also being surrounded by a heating coil 70
      which may form part of the coil 70 which surrounds the upper portion of
      the pipe 69 which is shown in FIG. 6 communicating with the means 11. This
      discharge portion of the decomposing means 69, 72 communicates through a
      valve 73 with a feed pipe 74 which communicates with the interior of the
      furnace 71 at the burner opening 75. A preheating pipe 76 communicates
      through the valve 77 with the feed pipe 74. Thus, from the pipe 76 it is
      possible to deliver a preheating gas to the pipe 74 to provide preliminary
      heating of the furnace. A primary air blower 78 is connected through a
      pipe 80 with the burner housing 79 which surrounds the discharge end of
      the feed pipe 74 and which has an opening directed toward the interior of
      the furnace. The furnace 71 is provided with a port 81 through which hot
      air discharges out of the furnace 71 to be used in any convenient manner.
PAR  With the embodiment of FIG. 6, when the operation of the furnace 71 is
      started, the valve 73 is closed and the valve 77 is opened so that the
      preheating gas is supplied from the fuel pipe 76 to the burner for
      preheating the combustion furnace 71. As a result the fused high polymers
      which flow into the portion 72 of the decomposing means will be heated and
      decomposed into gases. After this operation has taken place the valve 73
      is opened simultaneously with the closing of the valve 77 so as to
      introduce to the feed pipe 74 the gases generated by decomposition of the
      high polymers, and it is these gases which are now delivered by the feed
      pipe 74 to the burner in order to be burned in the furnace 71. These gases
      are combined with air from the blower 78 and issue from the burner 79 into
      the combustion furnace 71 in which the burning takes place. The hot air
      which results from combustion in the furnace 71 is drawn out by a blower,
      for example, through the port 81 so as to serve as a heat source. Once
      combustion has been started the fused high polymers flowing through the
      decomposing pipe 72 will be continuously decomposed into gaseous form
      while utilizing for this purpose the heat resulting from combustion in the
      furnace 71 so that at this time there is no longer any requirement of
      preheating fuel, and the valve 77 remains closed with the supply of
      preheating fuel terminated.
PAR  The embodiment of the invention which is illustrated in FIG. 7 differs from
      that of FIG. 6 only in that the portion 72 of the decomposing means 69, 72
      is shorter than the portion 72 in FIG. 6. Thus the meandering tubular
      assembly within the furnace 71 of FIG. 7 has a shorter length than the
      meandering tubular assembly 72 of FIG. 6. As a result with this embodiment
      the fused high polymers will assume only a liquid state and will not be
      decomposed into the gaseous state. Therefore the decomposing means 69, 72
      of FIG. 7 serves only to decompose the fused high polymers into a liquid
      state. It will be noted that with the embodiment of FIG. 7 there is a
      further distinction over FIG. 6 in that this embodiment includes a pump 82
      for pumping the liquid high polymers from the decomposing means 69, 72 to
      the burner assembly. A preheating liquid fuel such as a heavy oil or the
      like is supplied for preheating purposes through the supply pipe 76 and
      the valve 77 to the pump 82 before combustion is started with the liquid
      fuel delivered from the decomposing means 69, 72.
PAR  By opening the valve 77 simultaneously with the closing of the valve 73,
      this preheating liquid fuel is pumped from the supply pipe 76 to the
      burner 79 by the pump 82. This preheating liquid fuel sprays from the
      burner 79 together with air from the primary blower 78, and combustion
      takes place within the furnace 71 of FIG. 7. In this embodiment since the
      heating pipe 72 is relatively short, the high polymers flowing into the
      heating pipe 72 will decompose only into the liquid state, and this liquid
      will flow toward the valve 73 in the form of a liqud fuel. After the
      preheating operations have been completed the valve 77 is closed and
      simultaneously the valve 73 is opened so that the pump 82 now pumps the
      high polymer liquid fuel to the burner to combine with the air from the
      blower 78 so as to maintain combustion in the furnace.
PAR  Assuming, for example, that the high polymer material flowing through the
      pupe 72 is polyethylene, then it will be dissociated into hydrogen,
      methane, ethane, ethylene, and other hydrocarbons at a temperature of
      about 500.degree.C or more and liquefied. Therefore when initiating
      combustion, the high polymers flowing through the pipe 72 are required to
      be heated above the decomposition temperature by the combustion of the
      preheating fuel in the combustion furnace 71.
PAR  With the embodiments of FIGS. 6 and 7, the petrochemical high polymers are
      burned after they have been decomposed as a result of the heating into the
      gaseous form with the embodiment of FIG. 6 and the liquid form in the
      embodiment of FIG. 7. Specifically, when burning such gases or liquids,
      they are mixed uniformly with a sufficient volume of air so that there is
      no danger that smoke or other poisonous gases such as carbon monoxide,
      etc. are produced due to imperfect combustion, as is so often the case
      when solid bodies are directly burned. In addition it is an easy matter to
      control the combustion because the materials which are burned are in a
      gaseous or liquid form immediately prior to combustion. Furthermore once
      the system has been started, the high polymers are decomposed by way of
      the heat generated from the combustion of the high polymers themselves, so
      that there is no need to provide a separate heat source as long as the
      system continues to operate. In this way an exceeding efficiency is
      achieved with the embodiments of FIGS. 6 and 7.
PAR  Although the invention has been described by way of example with reference
      to specific embodiments shown in the accompanying drawings and described
      above, other modifications and variations may be apparent to those skilled
      in the art, without departing beyond the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of treating high polymer wastes without polluting the
      atmosphere, the steps of feeding solid petrochemical high polymer bodies
      which are decomposable by fusion along a predetermined path while
      simultaneously compressing and shearing the bodies until they reach a
      state of fusion and decompose at least in part into a fluid state and
      while tightly filling part of said path with said bodies in a manner
      preventing escape of gas rearwardly along said path past said part
      thereof, decompressing the thus-treated bodies immediately subsequent to
      the compression and shearing thereof while being fed along said path, for
      further enhancing decomposition, and directing the thus-achieved fluid to
      a location where it is available for further use.
NUM  2.
PAR  2. In a method as recited in claim 1 and including the step of heating the
      high polymer wastes simultaneously with the compression and shearing
      thereof.
NUM  3.
PAR  3. In a method as recited in claim 1 and wherein the fluid achieved from
      decomposition is directed to a location where it is stored so as to be
      available as a fuel.
NUM  4.
PAR  4. In a method as recited in claim 1 and including for the decompressing
      step the step of directing the bodies immediately subsequent to
      compression and shearing thereof through an evacuated space having a low
      pressure which enhances decomposition.
NUM  5.
PAR  5. In a method as recited in claim 4 and wherein the treated bodies are
      directed at intervals through said evacuated space by first opening the
      latter and drawing the treated bodies into said space and then closing the
      latter space and pushing the treated bodies out of said space.
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ABST
PAL  Low boiling aryl fluoroalkane additives, such as benzotrifluoride, are
      utilized as a fuel additive for internal combustion engines. The additive
      volatilizes in the combustion chamber thereby giving a smoother running
      engine, prolonged spark plug life and a reduced octance requirement for
      high compression engines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gasoline additives and more particularly to
      gasoline compositions containing small amounts of arylfluoroalkanes.
PAR  In recent years, because of the detrimental effect caused to both the
      environment and to the automobile engine itself by the use of highly
      leaded, high octane gasolines, a concerted effort has been made to reduce
      the octane requirements of the automobile engine. Because the addition of
      lead has, to date, been the most economical way of increasing the octane
      rating of a gasoline, its use has remained widespread throughout the
      industry where high octane gasolines are required. However, gasoline
      companies are marketing higher percentages of low leaded gasolines than
      ever before, such gasolines generally having a lower octane rating and
      being unsuitable for use in high compression engines.
PAR  On account of air pollution considerations, automobile manufacturers have
      turned almost exclusively to lower compression engines. With the rate at
      which high compression engines are presently decreasing, which is
      estimated at 7,000,000 cars a year, high performance, high compression
      automobiles may be substantially phased out by the end of the decade. This
      should result in a corresponding decrease in the sale of high octane
      gasolines, making it uneconomical for the major gasoline companies to even
      market such high octane products. Nevertheless, there are presently about
      35 million high compression engine cars in the United States and its
      foreseeable that a substantial number of high compression, high
      performance automobiles will remain on the road as long as the proper fuel
      is available to run them. From the foregoing, it should become apparent
      that a fuel additive which will reduce the octane requirements of engines
      thereby allowing them to operate efficiently on low octane fuels may
      become highly desirable if high octane fuels are no longer available for
      purchase.
PAR  Although there are many additives in gasoline for many reasons, such as
      combustion moderators, lubricants, detergents, solvents, dehydrants, etc.,
      such additives are usually not intended to substantially reduce the octane
      requirement of the engine and thereby permit the use of a much lower
      octane rated fuel than that recommended for the particular engine.
      Included in such additives are fluorinecontaining compounds. For example,
      in U.S. Pat. No. 2,186,916 to Gaylor, disclosed is an engine lubricant
      containing fluorinated mineral or vegetable oils which are stable below
      and boil above 200.degree.C. These fluorinated compositions are employed
      in relatively large amounts, from about 5 to about 60% by weight of the
      lubricant composition. In U.S. Pat. No. 2,291,166 to Maag, fluorinated
      hydrocarbons, sufficiently stable as not to become detrimentally
      chemically active or decompose under operating conditions are utilized for
      the lubrication of internal combustion engines.
PAR  Some prior art patents have also proposed the use of fluorinated aromatic
      compounds as a fuel additive. However, fluorinated aromatic compounds,
      when recommended for use as a fuel additive, have generally been selected
      on account of their solvent or lubricating properties. In U.S. Pat. No.
      2,214,768 to Lincoln, halogenated ring compounds are recommended for use
      in a fuel system for their lubricating properties, which includes carbon
      solvent action. In order to operate effectively as a lubricant, it is
      pointed out that the halogenated compounds selected should have a
      sufficiently low vapor pressure to remain as a liquid and not undergo
      combustion upon volatilization of the fuel in the combustion chamber.
      Likewise, in U.S. Pat. No. 2,281,598 to Prutton, which discloses
      fluorinated benzenes for use as a fuel additive to dissolve carbon
      deposits from the walls of an internal combustion engine, combustion of
      the solvent cannot be tolerated. For this reason it is recommended that in
      the selection of halogenated aromatic compounds, the halogen he attached
      to the benzene ring to insure stability. Finally, U.S. Pat. No. 2,838,387
      to Rudel, broadly discloses aryl alkanes which are at least partially
      fluorinated for use as a fuel additive. However, since the object of
      adding such compounds to the fuel is again to dissolve carbon deposits, it
      is recommended that the compounds selected be substantially non-volatile,
      non flammable and thermally stable. To obtain these properties, the
      compounds of Rudel must have a boiling point of at least 100.degree.C and
      preferably greater than 150.degree.C, with at least 14 and preferably
      greater than 22 carbon atoms. The preferred compounds are high molecular
      weight polymers which will neither volatilize nor thermally decompose
      during the engine cycle.
PAR  In contrast, it is an object of this invention to provide a fuel additive
      which will readily volatize and pyrolize in the combustion chamber of a
      high compression engine.
PAR  It is another object of this invention to provide a fuel additive which
      will permit the use of lower octane gasolines for higher compression
      engines as well as prolong spark plug life and contribute to a cleaner
      engine.
PAR  It is yet another object of this invention to provide a fuel additive which
      may be added directly to the fuel tank by the consumer and which will
      chemically decompose during the engine cycle.
PAC  SUMMARY OF THE INVENTION
PAR  Low boiling aryl fluoroalkane additives for use as a fuel additive in
      internal combustion engines, wherein the additive volatilizes in the
      combustion chamber thereby leading to a cleaner operating engine and
      substantially decreasing the octane requirement of higher compression
      engines.
PAR  More particularly, benzotrifluoride and its derivatives, boiling below
      195.degree.C, is added to a fuel for use in an internal combustion engine
      which has the effect of prolonging spark plug life, smoothing out the
      operation and reducing the octane requirement for especially high
      compression engines.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The additive compositions of this invention are benzotrifluoride compounds
      to be used with gasoline in minor proportions and which are volatilized
      with the fuel mixture in the combustion chambers of the engine. The
      compounds are pyrolyzed under engine operating conditions to yield what is
      believed to be fluoroalkyl radicals.
PAR  To avoid interference with fuel feed to the engine, care must be taken to
      ensure that the additives employed are compatible with the gasoline at the
      concentrations used. Preferably, from about 0.005% by weight to about 2%
      by weight benzotrifluoride base compounds, based upon the weight of
      gasoline, or mixtures of benzotrifluoride base compounds are employed.
      Other than the solubility and compatibility of the fluorocarbon additive
      with the gasoline, generally only economic considerations (i.e., the cost
      of the additive compounds) limits the amount of additive employed.
PAR  The benzotrifluoride compounds used should be volatizable with the fuel
      mixture fed to the combustion chamber and should be pyrolizable during
      combustion. However, highly volatile additive compounds should be avoided,
      inasmuch as such compounds are subject to volatile escape from stored
      fuel. Thus, the benzotrifluoride base compound employed in accordance with
      this invention should have a boiling point at atmospheric pressures from
      about 30.degree.C to about 195.degree.C and preferably from about between
      95.degree.C and 155.degree.C.
PAR  The invention in its preferred embodiment, is further described and
      illustrated in the following examples:
DETD
PAC  EXAMPLE I
PAR  10 grams of benzotrifluoride is added to an automobile's 20 gallon tank
      filled with regular leaded gasoline (octane rating of about 94). The
      automobile has a high compression engine, i.e. greater than 9.0:1
      compression ratio. This automobile, driven with this gasoline blend,
      exhibits satisfactory performance with no discernable "knock" as might be
      expected from the use of a low octane gasoline in a high compression
      engine.
PAC  EXAMPLE II
PAR  The same low lead gasoline, employed in Example I, but without the
      benzotrifluoride additive, is tested in the same high compression engine.
      Substantially poorer performance, with noticeable "knock" was evidenced
      upon the driving of the automobile.
PAC  EXAMPLE III
PAR  A 1967 Pontiac having a two barrel carburetor 400 cu. in. engine and a
      compression ratio of 10.5:1 was tested with benzotrifluoride additive at
      the level of 12 grams per 20 gallons. The mileage at the start of the test
      was 40,760.
PAR  The maximum road octane requirement was tested for both full throttle and
      part throttle through various speed ranges. The evaluations were conducted
      using a standard primary reference fuel. Table I shows that at the start
      of the test, prior to using the benzotrifluoride additive (0 accumulated
      mileage) the automobile required a fuel of 98.9 for proper performance. By
      using benzotrifluoride in the fuel for approximately 300 miles, the octane
      requirement of the engine dropped to 95.5, a significant decrease of
      greater than 3 full octane ratings.
TBL                Table 1                                                     
     ______________________________________                                    
     Accumulated  Corrected Road Octane Requirement                            
     Mileage      Primary Reference Fuel                                       
     ______________________________________                                    
      0           98.9                                                         
     1,552        99.2                                                         
     2,477        96.3                                                         
     2,511        94.7                                                         
     2,995        95.5                                                         
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  A 1965 Corvair, 8:1 compression ratio, with new spark plugs and with
      approximately 58,000 miles at the start of the test was operated for an 18
      month period using about 10g. of benzotrifluoride per 12 gallons tank of
      gasoline. During this period the car was driven approximately 21,000 miles
      under widely varying driving conditions. Only "regular" fuel was used
      during the test perid. Prior to the test, the engine required a higher
      test gasoline than "regular" for proper performance. Use of straight
      "regular" fuel caused the engine to "ping" noticeably. When the
      benzotrifluoride was added to the "regular" gasoline during the test
      period, engine performance was improved and no "pinging" was observed.
      Occasionally the benzotrifluoride additive was left out of the fuel
      through oversight. When this happened, pinging would recommence after an
      "induction period" of about 200-300  miles. This "pinging" disappeared
      shortly after use of the additive was resumed. The engine operated
      smoothly and well during this test. The spark plugs were still good at the
      end of the test period.
PAC  EXAMPLE V
PAR  A "high-test" leaded gasoline, with an octane rating of about 98 is tested
      in the same high compression engine employed in Examples I and II. No
      discernable difference between engine performance is found between the
      "high-test" gasoline and the gasoline mixture of Example I.
PAR  From the tests conducted, it appears that the benzotrifluoride additive is
      suitable for increasing engine performance while decreasing the octane
      requirements of the gasoline. Also, the additive appears to aid the
      combustion process, clean up the cylinders and prolongs spark plug life.
      However, the chemical reaction of the benzotrifluoride additive is in
      marked contrast with fuel additives which improve engine performance via
      their solvent action, i.e. dissolution of carbon deposits and which are
      selected so as not to undergo any pyrolysis or decomposition reaction.
      When using solvent additives, they generally have little effect on the
      octane requirements of the engine. We have generally found that a gasoline
      having an octane rating of about four less than normally required by a
      particular engine may be utilized when benzotrifluoride is added to the
      gasoline.
PAR  It will be understood that other low boiling substituted benzotrifluoride
      base compounds may also be used in accordance with this invention. For
      example, p-chloro benzotrifluoride (B.P. 139.2.degree.C), m-chloro
      benzotrifluoride (B.P. 138.1.degree.C) o-chloro benzotrifluoride (B.P.
      152.1.degree.C), and m-xylene hexafluoride (B.P. 115.8.degree.C) may be
      employed. Other structural isomers of xylene hexafluoride would also be
      expected to give satisfactory results. Actually, commercial grades of
      chloro benzotrifluoride or xylene hexafluoride usually contain mixtures of
      the various structrual isomers.
PAR  While this invention has been particularly shown and described with
      reference to the preferred embodiments and specific examples set forth
      therein, it will be understood by those skilled in the art that various
      changes in detail may be made without departing from the spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel composition for use in an internal combustion engine which
      comprises in major proportions gasoline and in sufficient concentration to
      improve engine performance an aryl fluoroalkane wherein the aryl
      fluoroalkane is a substituted or unsubstituted benzotrifluoride.
NUM  2.
PAR  2. The fuel composition of claim 1 wherein the benzotrifluoride base
      compound is in the range of about 0.005 to about 2 percent based on the
      weight of gasoline.
NUM  3.
PAR  3. The fuel composition of claim 1 wherein the benzotrifluoride base
      compound is selected from the group consisting of benzotrifluoride, ortho,
      meta, para chlorobenzotrifluoride and ortho, meta, para xylene
      hexafluoride.
NUM  4.
PAR  4. A fuel composition comprising gasoline and from about 0.005 to 2 percent
      of benzotrifluoride.
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ABST
PAL  An air-vapor mixture, derived from a vaporous, volatile liquid, has vapors
      stripped and recovered therefrom, in accordance with the method and
      apparatus, by first stripping a multi-component vaporous, volatile liquid
      of at least some of its more volatile constituents and then contacting the
      air-vapor mixture with a stream of the stripped liquid. Leaning or
      stripping of the contacting liquid provides an unburdening of cooling
      means which, selectively, are subsequently deployed to effect vapor
      absorption condensation. Thus the method and apparatus offer economies in
      cooling equipment and overall greater efficiency in the liquid absorption.
      In one embodiment, a jet inductor is used to spray volatitle liquid into
      the mixture to partially strip the liquid of its more volatile fractions.
      An embodiment of a sub-combination apparatus comprises means for stripping
      a vaporous, volatile liquid of vapor, and either storing the
      vapor-stripped liquid for subsequent use, or continuously using liquid
      thus vapor-stripped, in vapor stripping and recovery apparatus. The
      sub-combination apparatus obviates the use of a jet inductor or like
      devices toward vapor-stripping the volatile liquid as an optional practice
      of the invention.
BSUM
PAR  This invention pertains to methods and apparatus for removing vapors from
      an air-vapor mixture derived from a vaporous, volatile liquid which is
      exposed to air, and in particular to such methods and apparatus which
      cause the vapors to be absorbed and collected by a liquid medium, and to
      such methods and apparatus which, selectively, further employ cooling of
      the mixture to effect absorption and condensation of the vapors thereof.
PAR  Further, the invention also pertains to methods and apparatus for
      vapor-stripping a vaporous, volatile liquid.
PAR  In the prior art, it is already known to cool the air-vapor mixture to
      cause the vapors to condense or to be absorbed, and to collect the
      resulting liquid. It is known also, in this art, to conduct such an
      air-vapor mixture through absorbers so that the vapors might collect
      therein and be separted out for reclamation. Further, one known prior
      teaching, U.S. patent application Ser. No. 22,880, filed 26 Mar. 1970, for
      a "Gasoline Vapor Recovery" system and method, by Applicants Roger L.
      Schonewald and Victor Kevorkian, sets forth apparatus and method in which
      vapors are recovered through a combination of condensation and absorption.
      The referenced co-pending case also employs cooling to effect absorption
      and condensation of the vapors and subsequently collects the condensate.
PAR  In the referenced case, Ser. No. 22,880, and in all known prior art, the
      cooling means --comprising a refrigeration subsystem of some type-- has to
      have considerable cooling range or, alternatively, the pressure of the
      air-vapor mixture must be elevated to promote absorption and/or
      condensation. However, and whatever, refrigerant is applied to condense
      the vapors, the same needs to be at a relatively low temperature if it
      will be effective, and efficiently produce condensate. Cooling or
      refrigerating means which must generate low temperatures are expensive.
      Very simply, it is advantageous, from the standpoints of economy and
      efficiency, to be able to use cooling or refrigerating means for
      condensing vapors of an air-vapor mixture which need not generate such
      relatively low temperatures.
PAR  Additionally, in the prior art, stripping of vapors from an air-vapor
      mixture is effected by a counterflow contacting of the mixture with a flow
      --preferably a shower-- of a vaporous, volatile liquid. In this, the
      showering is to absorb vapor. However, such liquids put to this use, taken
      from standing supply, are given to dispersion of their own vaporous light
      ends, in the showering process. Depending upon the concentration of light
      ends therein, then, such supplied liquids are relatively inefficient in
      absorbing and reclaiming the object vapors of the air-vapor mixture with
      which they come in contact. Again, to enhance the absorbing/reclamation
      efficiency of the liquid, it has been necessary to use very heavy capacity
      refrigerating units to greatly chill the liquid and inhibit its
      vaporization. A less expensive and more efficient approach to the problem
      would be to "pre-condition" the liquid, in a novel way, to render it more
      absorbent.
PAR  It is an object of this ivention to set forth an improved method and
      apparatus for stripping and recovering vapors. It is another object of the
      invention to set forth a method and apparatus which provide the economies
      and efficiencies referenced in the foregoing. Further, it is an object of
      this invention to teach a method of stripping and recovering vapors from
      an air-vapor mixture generated by a vaporous, volatile liquid which is
      exposed to air, comprising the steps of stripping a vaporous, volatile
      liquid of at least some of its more volatile constituents and contacting
      the air-vapor mixture with a stream of the stripped, volatile liquid, to
      cause the mixture to give up vapors to the stripped, now less volatile
      liquid. It is another object of this invention to set forth apparatus for
      stripping and recovering vapors from an air-vapor mixture generated by a
      vaporous, volatile liquid which is exposed to air, comprising means for
      producing a flow of the vaporous, volatile liquid; means for stripping
      vapors from the flowing liquid; and means for contacting the mixture with
      the vapor-stripped liquid to cause vapors to be stripped from the mixture
      and become absorbed by the liquid, including means for conducting the
      liquid from said flow-producing means to said liquid-vapors stripping
      means; and means for conducting the vapor-stripped liquid from said
      liquid-vapors stripping means to said contacting means.
PAR  Another object of this invention is to set forth a method of
      vapor-stripping a vaporous, volatile liquid, comprising the steps of
      vaporizing at least a portion of said liquid, and extracting said
      vaporized portion.
PAR  Still another object of the invention is to disclose an apparatus for
      vapor-stripping a vaporous, volatile liquid comprising means for
      vaporizing at least a portion of said liquid, means for admitting said
      liquid to said vaporizing means, and means for extracting said vaporized
      portion from said vaporizing means.
PAR  A feature of this invention, in one preferred embodiment thereof, comprises
      the use of a jet inductor to generate a spray of volatile liquid, and the
      admixture of the spray with the to-be-processed air-vapor mixture to strip
      the liquid of at least some of its vapors before deploying same in the
      absorption of vapors of the vapor-air mixture.
DRWD
PAR  Further objects and features of this invention will become more apparent by
      reference to the following description taken in conjunction with the
      accompanying figures, in which:
PAR  FIG. 1 is a combined pictorial and schematic illustration of an embodiment
      of a vapor stripping and recovery apparatus, according to the invention;
PAR  FIG. 2 is a combined pictorial and schematic of a portion of an alternate
      embodiment of a vapor stripping and recovery apparatus;
PAR  FIG. 3 is a combined pictorial and schematic of a portion of yet another
      alternate embodiment of the novel vapor stripping and recovery apparatus;
      and
PAR  FIG. 4 is a combined pictorial and schematic of an embodiment of a
      sub-combination apparatus for stripping a vaporous, volatile liquid of
      vapor for either subsequent or continuous use of the vapor-stripped liquid
      in vapor stripping and recovery apparatus.
DETD
PAR  In the figures, same or similar index numbers denote same or similar
      components of the apparatus in each of the embodiments.
PAR  As shown in FIG. 1, apparatus 10 embodies the invention and comprises a
      tower 12 into which an air-vapor mixture, derived from a vaporous,
      volatile liquid, is admitted and in which the vapors are stripped and
      recovered, the flow of the vapor air mixture being countercurrent to the
      flow of the liquid. For purposes of illustration, the apparatus 10 will be
      described and explained in connection with stripping and recovery of
      gasoline vapors from an air gasoline vapor mixture. It is to be
      understood, however, that the invention and its teachings are applicable
      for the stripping and recovery of vapors from any air-vapor mixture
      derived from a volatile and vaporous liquid which is exposed to air.
PAR  A gasoline tanker 14 has a filler pipe 16 coupled thereto through which
      gasoline is pumped (by means not shown) to fill the tanker. On filling the
      tanker 14 with gasoline 18, the tanker air space 20 becomes diminished and
      expels an air-vapor mixture out through a vent pipe 22.
PAR  In tower 12 the air-vapor mixture will be chilled, by passing
      countercurrently through a shower of chilled absorbent -- which, in this
      embodiment, is a refrigerated hydrocarbon liquid derived from gasoline --
      to cause the vapor to condense and be absorbed.
PAR  If ordinary gasoline were used as absorbent, efficient absorption would
      require a relatively low temperature of the absorbent to provide adequate
      driving force. On the other hand, a hydrocarbon liquid which contains
      fewer volatile constituents than the ordinary gasoline would not require
      such low absorbent liquid temperature to provide adequate absorption
      driving force.
PAR  Thus, my invention teaches the practice of first stripping the absorbent,
      the raw gasoline, of at least some of the vapors, prior to admittance
      thereof. While other methods may suggest themselves to those skilled in
      this art from my teaching, in the embodiment depicted in FIG. 1, I set
      forth use of a jet inductor.
PAR  A pump 24 supplied with gasoline from a reservoir thereof by line 16 pumps
      gasoline, via line 28, to the aforementioned jet inductor 30. The inductor
      30 discharges a spray of gasoline into a receiver 32 which has a baffle 34
      at the inlet opening thereof. Vent pipe 22 conducts the air-vapor mixture
      into the inductor, via an admittance conduit 36 carried by the inductor
      30.
PAR  The inductor 30 creates a slight vacuum in conduit 36, and the vacuum pulls
      the air-vapor mixture into the inductor for admixture with the gasoline
      spray; this insures a vapor-stripping of the sprayed gasoline and,
      coincidentally, more saturation of the mixture.
PAR  The more-saturated mixture is vented from the receiver 32 via a conduit 38
      and is conducted to a conduit terminal opening 40 which is confined within
      the lower end of tower 12. The remainder of the saturating and now
      stripped spray is collected in a repository 42 in receiver 32.
PAR  Tower 12 holds two liquid reservoirs or sumps in the base thereof: "lean"
      gasoline sump 44 and "rich" gasoline sump 46; a wall 48 separates one from
      the other, and a depending drain plate 50 insures that any gasoline liquid
      reclaimed within or recycled through tower 12 will fall only into sump 46.
PAR  Sump 44 supplies the showering, refrigerated, stripped gasoline to the
      tower 12. A line 52 taps liquid gasoline from the sump 44 and, by way of a
      pump 54, conducts it to a line 56. The latter conducts the stripped
      gasoline to an electric defrost-type heater 58 wherefrom it is passed
      through a line 60 into and through a chiller 62. From chiller 62, the
      now-chilled absorbent i.e. the stripped gasoline, is conducted to the
      upper end of tower 12, by way of line 64, to a feeder-showering device 66.
PAR  The feeder-showering device 66 uniformly distributes a downwardly-directed
      shower of the absorbent, this stripped gasoline, in counter-flow movement
      through the more-saturated air-vapor mixture which rises within tower 12
      toward a topmost flame arresting outlet cap 68. As the mixture and
      showering gasoline pass through each other, the mixture-borne vapor is
      condensed and the condensate descends to the rich sump 46 together with
      the absorbent gasoline. A pump 70 withdraws the gasoline from sump 46 --
      such gasoline comprising both the showered and the reclaimed condensate
      constituents -- via a line 72, and pumps the same, via a line 74, into and
      through the coils 76 of a recuperator device 78. Thereafter, a line 80
      conducts the liquid off to storage.
PAR  A line 82 taps the now lean or stripped gasoline from the receiver 32 and
      conducts it, in heat-exchange relationship with coils 76, into recuperator
      device 78. This stripped gasoline conducted into device 78 supplies the
      makeup for sump 44. A line 84 taps this gasoline from the device and
      conducts it into sump 44. In that the sump 44 must have its output
      refrigerated before the output is showered through tower 12, its
      heat-exchange with the priorly-refrigerated gasoline from sump 46 in the
      recuperator device 78 contributes toward the feasible practicality of
      employing smaller refrigerating components in the apparatus. Accordingly,
      this heat-exchange, in cooperation with the stripping of the admitted
      absorbent liquid by means of the jet inductor 30, allows the use of a much
      higher temperature refrigeration assembly than is possible in prior art
      vapor stripping and recovery apparatus.
PAR  My disclosed apparatus 10, in using showering, chilled and stripped
      gasoline as the refrigerant, strips and reclaims the gasoline vapors by
      condensation and absorption. The condensate merges with the liquid
      particulate or droplets of the showered gasoline and is carried therewith
      to sump 46. Yet, if desired, packing elements can be interposed in the
      shower and air-vapor mixture paths to assist in the vapor reclamation.
      Such packing elements 86 are shown in FIG. 1.
PAR  An auxiliary feeder-showering device 66' also can be used, in addition to
      device 66, intermediate the ends of tower 12, as shown in FIG. 1. For such
      an auxiliary device, a tap-off supply line 88 is provided. So also,
      further cooling of the throughgoing air-vapor mixture and the showering,
      stripped gasoline, intermediate of the tower, can be accomplished with
      cooling coils appropriately positioned in the tower 12. Such an
      arrangement is illustrated in FIG. 1 where cooling coils 90 are shown, the
      same being supplied via line 92 from device 66'. Optionally, the tower can
      be arranged with a single feeder-showering device such as that of device
      66, and the auxiliary device 66' can be supplanted by second cooling
      coils. A line 94 returns the chilled gasoline to sump 44.
PAR  Variable orifices 96 are provisioned to control the "refrigerant" gasoline
      flow; ambient-temperature-controlled valves 98 automatically adjust the
      arbitrarily-controlled flow in response to the ambient temperature; and a
      pressure controlled valve 100 controls the conduct of gasoline to line 66
      in response to the pressure of the gasoline in the line by holding a
      preset pressure at the inlet to orifices 96. This preset pressure may be
      varied by suitable controls to conform with the air-vapor mixture flow.
PAR  Devices 102 are standard, liquid-level controls, which insure an optimum
      supply of gasoline in repository 42 and in sumps 44 and 46. Lines 104 and
      106 supply and remove refrigerant medium to and from chiller 62. A
      de-mister 108 is secured below outlet cap 68.
PAR  Vapor stripping and recovery apparatus known in the prior art, besides
      having to comprise relatively low temperature cooling or refrigerating
      assemblies, are burdened in having to handle that which may be a rich
      air-vapor mixture; i.e., a mixture having high concentrations of vapors of
      butanes, pentanes, (and the like). Such vapors, the so-called "light
      ends", are the more difficult to strip and recover from a air-vapor
      mixture. Thus, all things being equal, the FIG. 1 embodiment of the
      invention teaches apparatus and a method for more efficiently stripping
      and recovering vapors from an air-vapor mixture. Yet, as between rich and
      lean gasoline, the first, FIG. 1, embodiment will less efficiently strip
      and recover the high concentrations of "light ends" in rich gasoline. For
      this reason I teach an embodiment of the invention, as illustrated in FIG.
      2, which accommodates for the handling of rich air-vapor mixtures. This
      embodiment, to put it briefly, leans the air-vapor mixture prior to its
      processing in the inductor 30, pre-conditioning the mixture so that it can
      more readily accept light ends from, and more efficiently contribute to
      the stripping of, the gasoline with which it is admixed in inductor 30.
PAR  The FIG. 2 embodiment recycles priorly vapor-stripped air through the
      apparatus 10'. In this apparatus, the stripped air is admixed with the
      incoming air-vapor mixture. As the stripped air is exceedingly lean
      (substantially clean), its admixture with the air-vapor mixture serves to
      lean the latter.
PAR  A conduit 110 subdivides the stripped air, which otherwise would all vent
      out outlet cap 68, and conducts a selected portion thereof to conduit 36'.
      There it meets and mixes with the air-vapor mixture being admitted via
      vent pipe 22.
PAR  In this embodiment, pump 24 supplies gasoline to receiver 32 (rather than
      directly to inductor 30, as in the FIG. 1 embodiment) and further pump
      112, via a line 114, supplies gasoline from receiver 32 to an inductor
      input line 116 and to the inlet line 82 of the recuperator device 78.
PAR  Orifices 118, in conduit 110, are adjustably variable (by means not shown)
      to control and regulate the degree of admixture of the air-vapor mixture
      with the stripped air.
PAR  Alternatively, orifices 118 may be replaced by pressure control valves
      functioning to maintain recycle ratio and/or system suction pressure
      within boundaries required for particular installations and operations.
PAR  To lessen the burden of the refrigerating assembly, the further embodiment
      shown in FIG. 3 teaches an apparatus and method by means of which inherent
      cooling can be used to lower the temperature of the refrigerating medium
      which is supplied via line 104.
PAR  As shown in FIG. 3, sub-cooler 120 is operatively interposed in the output
      line 80, the sub-cooler having coils 122 therewithin through which the
      gasoline is passed before it goes off to storage. The refrigerant medium
      supply line 104 is fed into and out of the sub-cooler so that the
      refrigerant medium will heat-exchange with the storage-directed gasoline.
      This novel arrangement causes the refrigerant medium to have a lower
      temperature prior to its admittance to the chiller 62.
PAR  The inductor 30, in spraying gasoline, vaporized some of the gasoline into
      the air-vapor mixture; this inherently causes cooling. Line 82 and 84
      heat-exchange this cooler product with the gasoline in line 80, in the
      recuperator device 78. Thus, the cooling of the refrigerant medium is
      effected, via line 80, in the sub-cooler 120.
PAR  Because many vapor recovery systems must operate with highly varying flow
      rates of air-vapor mixture, the embodiment of a sub-combination apparatus
      shown in FIG. 4 comprises means for producing a vapor-stripped, volatile
      liquid, such as a hydrocarbon liquid, for example, suitable for use as a
      "leaned" absorbent. The vapor-stripped liquid is generated continuously
      for use as required by any particular vapor-recovery installation. The
      supply of lean absorbent is produced by the FIG. 4 apparatus, the latter
      comprising a single stage compression-distillation system.
PAR  As shown in FIG. 4, the raw gasoline is conducted via inlet conduit 123 to
      and then through a heat-exchange 124, thence through startup heater 126
      and to the shell side of a reboiler 128. In reboiler 128 the gasoline is
      heated under controlled pressure and temperature conditions. This heating
      produces a boiling and partial vaporization of the gasoline. In this
      process, the light ends are preferentially vaporized. The generated vapors
      pass up through a demister element 130 and thence to a compressor 132. The
      function of the compressor is threefold:
PAR  1. To extract the vapors from reboiler 128;
PAR  2. To elevate the pressure of the vapors to a point where they will
      condense at a temperature somewhat higher than that of the boiling
      gasoline in the reboiler; and
PAR  3. To add a small amount of additional energy (heat) so the process will be
      stable.
PAR  After compression, the vapors are conducted to the tube 134 of the reboiler
      128 where they are condensed by giving up their latent heat and some of
      their sensible heat to the boiling raw gasoline. The condensed vapors plus
      any residual non-condensible material is then conducted to a condensate
      separator 136 where the non-condensibles are separated from the
      condensate. The non-condensibles are passed through a pressure control
      valve 138, via a line 140, and thence to the tower 12 of the basic vapor
      recovery unit via conduit 38. The condensation (now at higher than ambient
      temperature) is conducted through heat-exchanger 124, via line 142, and
      thence to gasoline storage.
PAR  The leaned or vapor-stripped liquid leaving the reboiler 128, via pump 144,
      is conducted through line 146 and through the heat-exchanger 124.
      Thereafter, the stripped liquid is either sent to reservoir 148 for
      storage, where it is kept until called for by the basic vapor recovery
      apparatus 10 (or 10' or 10"), or is continuously supplied to said
      apparatus. That is, if valve 150 in line 146 is disposed as shown in FIG.
      4, the stripped liquid is conducted to inlet pipe 152 of reservoir 148.
      When and as required, the supply can be taken via outlet line 154.
      Optionally, however, the stripped liquid can be continuously supplied, via
      line 146, simply by moving valve 150 to cut off liquid admittance to
      reservoir 148.
PAR  In the apparatus embodiments of FIGS. 1 and 2, the invention comprises the
      use of a jet inductor 30 toward the stripping of the vaporous, volatile
      liquid. The subcombination apparatus, of which FIG. 4 depicts one
      embodiment for generating a stripped liquid, renders the use of an
      inductor unnecessary. Accordingly, the invention comprises and
      contemplates the supplanting of the inductor 30 for a vapor-stripped
      liquid supply system like that of FIG. 4 as an optional practice of the
      teaching.
PAR  While I have described my invention in connection with specific apparatus
      capable of practicing the methods, it is to be clearly understood that
      this is done only by way of example, and not as a limitation to the scope
      of the invention as set forth in the objects thereof and in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of stripping and recovering vapors from an air-vapor mixture
      generated by a vaporous, volatile liquid which is exposed to the air,
      comprising the steps of:
PA1  stripping a vaporous, volatile liquid of at least some of its vapors; and
PA1  contacting the mixture with a stream of the stripped, volatile liquid, to
      cause the mixture to give up vapors to the stripped, volatile liquid;
      wherein
PA1  said liquid stripping step comprises vaporizing at least a portion of said
      liquid and extracting said vaporized portion;
PA1  said vaporizing step comprises boiling said liquid to cause vaporization of
      said portion; further including the step of condensing the vaporized
      portion; and wherein said condensing step comprises pressurizing said
      vaporized portion to cause said portion to condense.
NUM  2.
PAR  2. A method, according to claim 1, further including the steps of:
PA1  cooling the mixture to cause vapors thereof to condense; and
PA1  collecting the condensate.
NUM  3.
PAR  3. A method, according to claim 2, wherein the cooling step comprises:
PA1  contacting the mixture with refrigerating means.
NUM  4.
PAR  4. A method, according to claim 3, wherein the cooling and collecting steps
      comprise:
PA1  contacting the mixture with a refrigerated absorbent to cause the vapors to
      be condensed and absorbed by the absorbent.
NUM  5.
PAR  5. A method, according to claim 4, wherein said absorbent contacting step
      comprises:
PA1  passing the mixture and the absorbent through each other and includes
      moving the mixture in a predetermined direction and moving the absorbent
      in a direction other than said predetermined direction.
NUM  6.
PAR  6. A method, according to claim 4, wherein said absorbent contacting step
      comprises:
PA1  passing the mixture and the absorbent through each other in counter-flow
      directions.
NUM  7.
PAR  7. A method, according to claim 4, wherein said absorbent contacting step
      comprises:
PA1  moving the mixture through a shower of the absorbent.
NUM  8.
PAR  8. A method, according to claim 2, wherein:
PA1  said cooling step comprises cooling the stripped, volatile liquid prior to
      contacting the mixture therewith, and heat-exchanging the mixture with the
      cooled, stripped liquid.
NUM  9.
PAR  9. A method, according to claim 2, wherein:
PA1  said cooling and collecting steps comprise cooling the stripped, volatile
      liquid prior to contacting the mixture therewith, and then contacting the
      liquid to cause vapors of the mixture to condense and to be absorbed into
      and collected by the contacting, stripped liquid.
NUM  10.
PAR  10. A method, according to claim 2, wherein the cooling step comprises
      refrigerating the vaporous, volatile liquid after stripping same of at
      least some of its vapor, and contacting the mixture with the refrigerated,
      stripped, volatile liquid.
NUM  11.
PAR  11. A method, according to claim 10, wherein the refrigerating step
      comprises refrigerating the stripped, volatile liquid in a chiller into
      which a refrigerant is admitted to effect refrigeration; and further
      includes
PA1  cooling the refrigerant prior to admittance thereof into the chiller.
NUM  12.
PAR  12. A method, according to claim 2, wherein the cooling step comprises
      refrigerating a supply of the stripped, volatile liquid, and contacting
      the mixture with the refrigerated supply; said refrigerating step
      comprising refrigerating the supply of stripped, volatile liquid in a
      chiller into which a refrigerant is admitted to effect the refrigeration;
      and further includes
PA1  heat exchanging a supply of fluid with the stripped, volatile liquid to
      cool the fluid; and
PA1  cooling the refrigerant, prior to admittance thereof into the chiller, by
      heat exchanging the refrigerant with the heat-exchanged, cooled fluid.
NUM  13.
PAR  13. A method, according to claim 12, wherein:
PA1  the fluid comprises a vaporous, volatile liquid.
NUM  14.
PAR  14. A method, according to claim 1, further including the step of:
PA1  admixing air, from which vapor has been stripped and recovered, with the
      air-vapor mixture which is subsequently to have the vapors stripped and
      recovered therefrom.
NUM  15.
PAR  15. A method, according to claim 14, wherein said air-vapor mixture and
      vapor-stripped air admixing step is performed prior to the contacting of
      the air-vapor mixture with the stream of stripped, volatile liquid.
NUM  16.
PAR  16. Apparatus for stripping and recovering vapors from an air-vapor
      mixture, generated by a vaporous, volatile liquid which is exposed to air,
      comprising:
PA1  means for producing a flow of the vaporous, volatile liquid;
PA1  means for stripping vapors from the flowing liquid; and
PA1  means for contacting the mixture with the vapor-stripped liquid to cause
      vapors to be stripped from the mixture and become absorbed by the liquid,
      including means for conducting the liquid from said flow-producing means
      to said liquid-vapors stripping means; and
PA1  means for conducting the vapor-stripped liquid from said liquid-vapors
      stripping means to said contacting means; and
PA1  further including means for cooling said mixture to effect condensation of
      the vapors thereof; wherein
PA1  said liquid-vapors stripping means comprises means for generating a vapor
      spray of said volatile liquid, and means for admixing said air-vapor
      mixture with said spray of said volatile liquid, to strip said liquid
      spray of vapor and give up stripped vapor to said mixture to render the
      mixture more saturated.
NUM  17.
PAR  17. Apparatus, according to claim 16, wherein:
PA1  said cooling means comprises means for cooling the flowing liquid, prior to
      contact thereof with the mixture, including means for conducting the
      vapor-stripped liquid from said liquid-vapors stripping means to said
      liquid cooling means, and from said liquid cooling means to said
      contacting means.
NUM  18.
PAR  18. Apparatus, according to claim 16, wherein:
PA1  said contacting means includes means for collecting vapor condensate.
NUM  19.
PAR  19. Apparatus, according to claim 16, wherein:
PA1  said cooling means comprises refrigerating means, and means for effecting a
      contact of said air-vapor mixture with said refrigerating means.
NUM  20.
PAR  20. Apparatus, according to claim 16, wherein:
PA1  said admixing means further includes means for separating the
      vapor-receiving, more-saturated mixture from the stripped spray.
NUM  21.
PAR  21. Apparatus, according to claim 20, wherein:
PA1  said separating means includes means for separating said more-saturated
      mixture from said stripped spray before said more-saturated mixture is
      conducted to said cooling means.
NUM  22.
PAR  22. Apparatus, according to claim 16, wherein:
PA1  said cooling means comprises a supply of said volatile liquid, and means
      for refrigerating said supply; and
PA1  said contacting means includes means for contacting said mixture with said
      refrigerated supply.
NUM  23.
PAR  23. Apparatus, according to claim 22, wherein:
PA1  said refrigerating means comprises a chiller having means for admitting a
      refrigerant medium thereinto to effect refrigeration; and further includes
PA1  means for cooling said medium prior to admittance thereof into said
      chiller.
NUM  24.
PAR  24. Apparatus for stripping and recovering vapors from an air-vapor
      mixture, generated by a vaporous, volatile liquid which is exposed to air,
      comprising:
PA1  means for producing a flow of the vaporous, volatile liquid;
PA1  means for stripping vapors from the flowing liquid; and
PA1  means for contacting the mixture with the vapor-stripped liquid to cause
      vapors to be stripped from the mixture and become absorbed by the liquid,
      including means for conducting the liquid from said flow-producing means
      to said liquid-vapors stripping means; and
PA1  means for conducting the vapor-stripped liquid from said liquid-vapors
      stripping means to said contacting means; and
PA1  further including means for cooling said mixture to effect condensation of
      the vapors thereof; wherein
PA1  said cooling means comprises refrigerating means, and means for effecting a
      contact of said air-vapor mixture with said refrigerating means; and
      wherein
PA1  said means for effecting a contact of said air-vapor mixture with said
      refrigerating means comprises means for passing said mixture and a
      refrigerated absorbent through each other, and includes means for moving
      said mixture in a predetermined direction, and means for moving said
      absorbent in a direction other than said predetermined direction.
NUM  25.
PAR  25. Apparatus for stripping and recovering vapors from an air-vapor
      mixture, generated by a vaporous, volatile liquid which is exposed to air,
      comprising:
PA1  means for producing a flow of the vaporous, volatile liquid;
PA1  means for stripping vapors from the flowing liquid; and
PA1  means for contacting the mixture with the vapor-stripped liquid to cause
      vapors to be stripped from the mixture and become absorbed by the liquid,
      including means for conducting the liquid from said flow-producing means
      to said liquid-vapors stripping means; and
PA1  means for conducting the vapor-stripped liquid from said liquid-vapors
      stripping means to said contacting means; and
PA1  further including means for cooling said mixture to effect condensation of
      the vapors thereof; wherein
PA1  said cooling means comprises refrigerating means, and means for effecting a
      contact of said air-vapor mixture with said refrigerating means; and
      wherein
PA1  said means for effecting a contact of said air-vapor mixture with said
      refrigerating means comprises means for passing said mixture and a
      refrigerated absorbent through each other in counter-flow directions.
NUM  26.
PAR  26. Apparatus for stripping and recovering vapors from air-vapor mixture,
      generated by a vaporous, volatile liquid which is exposed to air,
      comprising:
PA1  means for producing a flow of the vaporous, volatile liquid;
PA1  means for stripping vapors from the flowing liquid; and
PA1  means for contacting the mixture with the vapor-stripped liquid to cause
      vapors to be stripped from the mixture and become absorbed by the liquid,
      including means for conducting the liquid from said flow-producing means
      to said liquid-vapors stripping means; and
PA1  means for conducting the vapor-stripped liquid from said liquid-vapors
      stripping means to said contacting means; and further including
PA1  admittance means cooperative with said contacting means for admixing at
      least a portion of air, from which vapor has been stripped, with air-vapor
      mixture which is subsequently to have the vapors stripped therefrom.
NUM  27.
PAR  27. Apparatus, according to claim 26, wherein:
PA1  said flow-producing means comprises a jet inductor;
PA1  said conducting means comprises a first conduit through-connected with said
      inductor for admitting said mixture to said inductor; and
PA1  said admixing, admittance means comprises a second conduit
      through-connected with said inductor for admitting said vapor-stripped air
      to said jet inductor.
NUM  28.
PAR  28. A method of stripping and recovering vapors from an air-vapor mixture
      generated by a vaporous, volatile liquid which is exposed to the air,
      comprising the steps of:
PA1  stripping a vaporous, volatile liquid of at least some of its vapors; and
PA1  contacting the mixture with a stream of the stripped, volatile liquid, to
      cause the mixture to give up vapors to the stripped, volatile liquid;
      wherein
PA1  said liquid stripping step comprises vaporizing at least a portion of said
      liquid and extracting said vaporized portion;
PA1  further including the step of condensing the vaporized portion of said
      liquid; and wherein
PA1  said condensing step comprises pressurizing said vaporized portion to cause
      said portion to condense.
NUM  29.
PAR  29. Apparatus for stripping and recovering vapors from an air-vapor
      mixture, generated by a vaporous, volatile liquid which is exposed to air,
      comprising:
PA1  means for producing a flow of the vaporous, volatile liquid;
PA1  means for stripping vapors from the flowing liquid; and
PA1  means for contacting the mixture with the vapor-stripped liquid to cause
      vapors to be stripped from the mixture and become absorbed by the liquid,
      including means for conducting the liquid from said flow-producing means
      to said liquid-vapors stripping means; and
PA1  means for conducting the vapor-stripped liquid from said liquid-vapors
      stripping means to said contacting means; wherein
PA1  said means for vapor-stripping said liquid comprises means for vaporizing
      at least a portion of said liquid and extracting said vaporized portion;
      further including
PA1  means throughconnected with said vaporizing means for condensing said
      vaporized portion of said liquid; and wherein
PA1  said condensing means comprises means for pressurizing said vaporized
      portion to cause said portion to condense.
NUM  30.
PAR  30. Apparatus for stripping and recovering vapors from an air-vapor
      mixture, generated by a vaporous, volatile liquid which is exposed to air,
      comprising:
PA1  means for producing a flow of the vaporous, volatile liquid;
PA1  means for stripping vapors from the flowing liquid; and
PA1  means for contacting the mixture with the vapor-stripped liquid to cause
      vapors to be stripped from the mixture and become absorbed by the liquid,
      including means for conducting the liquid from said flow-producing means
      to said liquid-vapors stripping means; and
PA1  means for conducting the vapor-stripped liquid from said liquid-vapors
      stripping means to said contacting means; wherein
PA1  said means for vapor-stripping said liquid comprises means for vaporizing
      at least a portion of said liquid and extracting said vaporized portion;
      and
PA1  said vaporizing means comprises means for boiling said liquid to cause
      vaporization of said portion; further including
PA1  means for condensing said vaporized portion of said liquid; and wherein
PA1  said condensing means comprises means for pressurizing said vaporized
      portion to cause said portion to condense.
NUM  31.
PAR  31. A method of vapor-stripping a vaporous, volatile liquid, comprising the
      steps of:
PA1  vaporizing at least a portion of said liquid; and extracting said vaporized
      portion from a residual non-vaporized portion; wherein said vaporizing
      step comprises boiling said liquid to cause vaporization of said portion;
      futher including the step of
PA1  condensing the vaporized portion; and wherein
PA1  said condensing step comprises pressurizing said vaporized portion to cause
      said portion to condense; and further including the step of
PA1  heat exchanging both said vaporized and said non-vaporized portions of said
      liquid with vaporous, volatile liquid which is to be stripped of vapors.
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ABST
PAL  A process for producing gaseous oxygen and gaseous nitrogen by the
      low-temperature rectification of air in a double rectification column
      having a low-pressure section and a high-pressure section, comprising
      warming a process stream in a cold section of a reversible heat exchange
      zone against entering air and thereupon engine-expanding resultant warmed
      process stream, the improvement wherein a portion is branched off from the
      warmed process stream prior to its expansion, which portion is liquefield
      in a condenser-evaporator of the double rectifying column, is subcooled,
      and is then expanded into the low-pressure section (7) of the double
      rectifying column (8).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to a cryogenic separation system, and in
      particular to a process and apparatus for obtaining gaseous oxygen and
      gaseous nitrogen by the low-temperature rectification of air in a double
      rectification column, wherein a process stream is warmed in the cold
      section of a reversible heat exchange unit against entering air and is
      thereafter engine-expanded.
PAR  Processes for the separation of air by means of low-temperature
      rectification are known wherein the raw air is cooled, in reversible heat
      exchangers, such as, for example, regenerators or "Revex", against gaseous
      separation products, freed of water vapor and carbon dioxide, and fed,
      after partial liquefaction, into the high-pressure column of a double
      rectification column. An air fraction withdrawn from the high-pressure
      column is warmed in the cold section of the heat exchangers and, after
      engine expansion, introduced into the low-pressure column of the double
      column.
PAR  Thus, according to the conventional practice, the removal of the water
      vapor and carbon dioxide from the raw air requires the recycling and/or
      warming of a process stream (e.g., an air fraction from the high-pressure
      column) in the cold section of the heat exchangers. To obtain a complete
      purification of the air, this process stream (also called the compensating
      stream) must amount to about 11-13% of the amount of the total air
      throughput. Deviations from this range result in unstable reversing ratios
      and finally in carbon dioxide accumulations in the liquid oxygen pool in
      the condenser-evaporator of the low-pressure column. Carbon dioxide
      obstructions diminish the heat exchange efficiency and promote the
      formation of sites of explosion in the condenser-evaporators due to local
      enrichment of hydrocarbons on account of the dry evaporation of the oxygen
      in the evaporator passages obstructed by carbon dioxide.
PAR  During normal operation of the evaporator-condensor with passages not
      obstructed by carbon dioxide an internal liquid oxygen circulation is
      formed, the oxygen stream traversing the passages in upward direction. The
      rate of evaporation from the circulating liquid oxgyen usually amounts to
      no more than about 20 to 40%. Hydrocarbons contained in the liquid oxygen
      remain in the liquid phase. Carbon dioxide obstructions diminish the flow
      cross section of the passages, thereby increasing the resistance of flow
      and reducing the liquid oxygen circulation to an amount where all liquid
      introduced is evaporated (dry evaporation), the hydrocarbons contained in
      the liquid oxygen being deposited during evaporation on the inner walls of
      the passages.
PAR  The compensating stream is customarily engine-expanded in a turbine after
      giving off its cold to the entering raw air. The thus-obtained
      refrigeration serves for covering all refrigeration losses of the process.
      In air separation plants of certain sizes where all separation products
      are produced in the gaseous phase at ambient temperature, the expansion of
      the compensating stream generates a significantly larger quantity of cold
      than actually required by the process. This excess becomes greater with
      increased plant size, as the larger the plant, the smaller the specific
      insulating losses. For example, whereas about 20-25% of the employed air
      must be expanded in the turbine to cover the refrigeration requirement in
      smaller plants, the expansion of no more than 7% in most cases is
      sufficient in modern large-scale plants.
PAR  Since on the one hand, the compensating stream must not drop below 11-13%
      of the air throughout but, on the other hand, an expansion of 7% of the
      employed air is entirely sufficient, excess cold is produced by the engine
      expansion of the compensating stream. Thus, additional energy must be
      expended to convert the liquid oxygen, externally of the process, from the
      liquid phase into a gaseous phase at ambient temperature. In other words,
      energy is required to remove the excess cold. In order to save this
      additional vaporizing energy, the compensating stream is, under practical
      conditions, engine-expanded in the turbine, but only after the inlet
      pressure is first lowered to such an extent that the remaining pressure
      expansion in the turbine yields precisely the required amount of cold.
      However, such a mode of operation is still extremely unsatisfactory due to
      the high thermodynamic energy losses incurred thereby.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is based on the problem of developing a process of the
      aforedescribed type which does not exhibit the above-discussed
      disadvantages and wherein especially the existing discrepancy between the
      compensating stream and the turbine stream to be expanded is eliminated in
      air separation plants with reversible heat exchange devices, while
      simultaneously increasing the oxygen yield.
PAR  This problem is solved by providing that a portion is branched off from the
      warmed process stream before its expansion, is liquefied in a
      condenser-evaporator of the double rectifying column, and, after
      subcooling, is expanded into the low-pressure section of the double
      rectifying column.
PAR  Despite the throttling of the compensating stream before the engine
      expansion thereof, as heretofore effected in practice, an amount of excess
      cold remains resulting in a constant increase of the liquid in the
      condenser of the double rectifying column and requiring the withdrawal of
      liquid. However, by the heat introduced according to this invention into
      the zone of the column by means of the branched-off portion of the process
      stream, not subjected to engine expansion, the balance can be compensated
      for, since this gas stream has a higher heat content than the
      engine-expanded portion. This additional heating value provided to the
      condenser-evaporator of the double rectifying column effects an increase
      in the reflux ratio in the low-pressure column, so that, with the same
      number of plates, a higher oxygen yield is attained.
PAR  The oxygen yield of the process can be increased very considerably by the
      particular use of gaseous nitrogen from the high-pressure section of the
      double rectifying column as the process stream, since the branched-off and
      liquefied nitrogen has the effect of a scrubbing liquid in the
      low-pressure column.
PAR  In order to further reduce the excess of cold in the column exchange area,
      it is very advantageous, in case nitrogen is used as the compensating or
      process stream, to cool the engine-expanded portion of the process stream
      and the portion thereof which is to be liquefied against nitrogen from the
      low-pressure section of the double rectifying column, and to warm the
      engine-expanded and cooled partial stream against entering raw air. On the
      one hand, refrigeration is withdrawn thereby from the very cold nitrogen
      coming from the column exchange area, thus cooling the portion to be
      liquefied in the condenser-evaporator advantageously to the dew point
      temperature, and, on the other hand, the engine-expanded partial stream is
      removed from the plant as pure nitrogen at ambient temperature.
PAR  In addition to using nitrogen as the process or compensating stream, there
      is the possibility of employing an air stream, whereby it is possible to
      omit the heat exchanger cooling the engine-expanded partial stream against
      nitrogen coming from the low-pressure column. With the use of air, two
      modifications are available. The process stream utilized can be an
      oxygen-enriched air fraction from the high-pressure section of the double
      rectifying column, or it can be a portion of the air cooled to the dew
      point temperature. In both cases, the procedure is advantageous insofar as
      the engine-expanded protion of the process stream is directly introduced
      into the low-pressure section of the double rectifying column, thereby
      eliminating a heat exchanger. The compensating stream (process stream)
      amounts to about 11 to 13% of the amount of the total air throughput. The
      percentage of the compensating gas which is expanded amounts to about 6 to
      7% in big plants and to about 8 to 9% in small ones, the percentage of the
      compensating gas being branched off and condensed amounts to about 5 to 6%
      and 3 to 4% respectively (in proportion to the total air throughput).
      These values are independent of the particular kind of gas (nitrogen or
      air) employed as the compensating stream.
PAR  An apparatus for conducting the process comprises a double rectifying
      column, subdivided by an assembly of multiple condenser-evaporator units
      into a high-pressure section and a low-pressure section, wherein one
      condenser-evaporator unit is separated from the remaining units and
      provided with conduits extending through the wall of the double rectifying
      column. The separation of the condenser-evaporator units is necessary,
      since the portion of the process stream to be liquefied has a lower
      pressure, due to flowing through several heat exchangers, than the gaseous
      mixture in the high pressure column.
PAR  Due to this lower pressure, this condenser-evaporator unit operates at a
      smaller average temperature difference as compared to the other
      condenser-evaporator units; for this reason, the present invention has the
      further feature that the condenser-evaporator unit provided with the
      conduits has a relatively larger heat-exchange area than the remaining
      units.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional details of the invention will be explained in greater detail
      with reference to the preferred embodiments schematically illustrated in
      the figures, to wit:
PAR  FIG. 1 shows the process of this invention when using nitrogen as the
      process stream; and
PAR  FIG. 2 shows the process of this invention when using an air fraction as
      the process stream.
PAR  For the sake of clarity, corresponding components bear the same reference
      numerals in the two figures.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  According to FIG. 1, air compressed to about 6 atmospheres absolute enters,
      via a conduit 1, a reversible heat exchanger 2, for example a regenerator,
      where the air is cooled against separation products, thus freed of carbon
      dioxide and water vapor, and thereafter divided into two partial streams 3
      and 4. The partial stream 3, amounting to about 0.6 to 1.2%, preferably
      0.7 to 0.9% of the total, is cooled to the dew point temperature in a heat
      exchanger 5 against gaseous oxygen fed via a conduit 6 from the
      low-pressure column 7 of a double rectifying column 8 which gaseous oxygen
      is eventually withdrawn from the plant, after being warmed to ambient
      temperature in the heat exchanger 2. The partial stream is then introduced
      into the lower portion of the high-pressure column 9 of the double
      rectifying column 8, while the partial stream 4 enters the high-pressure
      column 9 at the temperature at which it has left the heat exchanger 2. In
      the high-pressure column 9, operating at about 70 to 100 psia, an
      oxygen-enriched liquid fraction is withdrawn via conduit 10 and a liquid
      nitrogen fraction is removed via conduit 11. These fractions are cooled in
      heat exchangers 12 and 13, respectively, against nitrogen withdrawn from
      the heat of the low-pressure column 7, operating at about 18 to 24 pisa,
      and are thereafter expanded into the low-pressure column 7 as scrubbing
      liquid.
PAR  Via a conduit 14, gaseous nitrogen is withdrawn in the upper zone of the
      high-pressure column 9 as the process or compensating stream, is warmed in
      the cold section of the reversible heat exchanger 2 against entering air
      and, according to the invention, is separated into two partial streams 15
      and 16. The partial stream 15, amounting to about 6 to 9%, (see above) of
      the total is engine-expanded in a turbine 17, thus producing the
      refrigeration required for the process, initially cooled in a heat
      exchanger 18 against nitrogen withdrawn via a conduit 19 from the heat of
      the low-pressure column, and, after warming in the heat exchanger 2 to
      ambient temperature, is withdrawn as product nitrogen from the plant.
PAR  The partial stream 16 branched off upstream of the turbine 17 in accordance
      with this invention passes, after cooling to the dew point temperature in
      a heat exchanger 20 against nitrogen from the low-pressure column, into a
      condenser-evaporator unit 22 separate from a condenserevaporator unit 21,
      is liquefied therein and, after subcooling in heat exchanger 13 against
      nitrogen from the low-pressure column 7, is expanded into the latter via a
      conduit 23. The subdivision of the condenser-evaporator units is
      necessary, since the nitrogen utilized as the process stream has, due to
      its passage through the heat exchangers 2 and 20, an absolute pressure
      which is lower by about 0.5 atmosphere gauge than that of the gaseous
      mixture in the high-pressure column 9. due to this lower absolute
      pressure, the condenser-evaporator 22 operates, as compared to the other
      condenser-evaporators 21, at a smaller average temperature difference, and
      for this reason it requires a relatively larger exchange area.
PAR  The process of FIG. 2 differs from that shown in FIG. 1 in that an air
      fraction is utilized as the process or compensating stream instead of
      nitrogen.
PAR  An air fraction enriched with gaseous oxygen is withdrawn via a conduit 14'
      from the lower zone of the high-pressure column 9, warmed in the cold
      section of the heat exchanger 2 against entering air, and likewise
      separated into two partial streams 15 and 16. The partial stream 15
      amounting to about 6 to 9%, (see above) of the total is engine-expanded in
      the turbine 17 to produce refrigeration and then fed, via conduit 15',
      directly into the middle zone of the low-pressure column 7. The partial
      stream 16 branched off upstream of the turbine 17 is cooled to the dew
      point temperature in heat exchange 20 against nitrogen from the
      low-pressure column 7, liquefied in the condenser-evaporator 22, and
      subcooled in heat exchanger 12 before it is expanded into the low-pressure
      column 7.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing gaseous oxygen and gaseous nitrogen by the
      low-temperature rectification of air in a double rectification column
      having a low-pressure section and a high-pressure section, comprising
      warming a cold gaseous process stream having a temperature in the range of
      liquid air in a reversible heat exchanger zone with entering gaseous air
      to compensate for cold values required for the condensation and removal of
      CO.sub.2 and H.sub.2 O from the air, and thereupon engine-expanding
      resultant warmed process stream,
PA1  the improvement comprising branching a portion from the resultant warmed
      process stream prior to engine expansion of said resultant warmed process
      stream, liquefying said portion substantially completely in a
      condenser-evaporator unit of the double rectifying column, subcooling
      resultant liquefied portion to below its liquefaction temperature, and
      expanding resultant subcooled liquefied portion into the low-pressure
      section of the double rectification column.
NUM  2.
PAR  2. A process according to claim 1, wherein gaseous nitrogen from the
      high-pressure section of the double rectifying column is utilized as the
      process stream.
NUM  3.
PAR  3. A process according to claim 2, wherein the engine-expanded portion of
      the process stream and the portion of the process stream to be liquefied
      are cooled with nitrogen from the low-pressure section of the double
      rectifying column and resultant cooled engine-expanded portion of the
      process stream is warmed against entering raw air.
NUM  4.
PAR  4. A process according to claim 1, wherein said cold process steam is an
      air fraction from the high-pressure section of the double rectifying
      column.
NUM  5.
PAR  5. A process according to claim 1, wherein said cold process stream is a
      portion of the air cooled to the dew point temperature.
NUM  6.
PAR  6. A process according to claim 4, wherein the engine-expanded portion of
      the process stream is introduced directly into the low-pressure section of
      the double rectifying column.
NUM  7.
PAR  7. A process according to claim 5, wherein the engine-expanded portion of
      the process stream is introduced directly into the low-pressure section of
      the double rectifying column.
NUM  8.
PAR  8. A process according to claim 1 wherein the branched-off portion is not
      recombined with the remainder of the resultant warmed process stream and
      engine-expanded together with the remainder of the resultant warmed
      process stream.
NUM  9.
PAR  9. A process according to claim 1 wherein the liquefied branched-off
      portion has the same composition as the branched-off portion prior to
      liquefaction.
NUM  10.
PAR  10. A process according to claim 8 wherein the liquefied branche-off
      portion has the same composition as the branched-off portion prior to
      liquefaction.
NUM  11.
PAR  11. A process according to claim 1 wherein said branched-off portion is
      passed into said condenser-evaporator at substantially the same pressure
      as the pressure of the warmed process stream prior to its expansion.
NUM  12.
PAR  12. A process according to claim 10 wherein the liquefied branched-off
      portion has the same composition as the branched-off portion prior to
      liquefaction.
NUM  13.
PAR  13. A process according to claim 11 wherein the liquefied branched-off
      protion has the same composition as the branched-off portion prior to
      liquefaction.
NUM  14.
PAR  14. A process according to claim 13 wherein said cold process stream which
      is warmed in the reversible heat exchange zone amounts to about 11-13% of
      the total air throughput, and the branched-off portion amounts to 3-6% of
      the total air throughput.
NUM  15.
PAR  15. A process according to claim 14 wherein said branched-off portion
      amounts to about 5-6% of the total air throughput.
NUM  16.
PAR  16. A process according to claim 1 wherein said cold process stream which
      is warmed in the reversible heat exchange zone amounts to about 11-13% of
      the total air throughput, and the branched-off portion amounts to 3-6% of
      the total air throughput.
NUM  17.
PAR  17. A process according to claim 1 wherein said branched-off portion
      amounts to about 5-6% of the total air throughput.
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ABST
PAL  A low melting, transparent glass spacer rod system is disclosed which will
      soften and seal the two glass substrates in the center of a gaseous
      discharge panel at or below the temperature used to seal the periphery but
      above the gas processing temperature thus relieving the stresses developed
      at the edge seal when the gas within the panel expands at high altitudes.
      High melting rods near the seal periphery provide the proper gap spacing
      between substrates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of gas discharge devices,
      especially A.C. (alternating current) multiple gas discharge
      display/memory devices which have an electrical memory and which are
      capable of producing a visual display or representation of data such as
      numerals, letters, radar displays, aircraft displays, binary words,
      educational displays, etc.
PAR  Multiple gas discharge display and/or memory panels of one particular type
      with which the present invention is concerned are characterized by an
      ionizable gaseous medium, usually a mixture of at least two gases at an
      appropriate gas pressure, in a thin gas chamber or space between a pair of
      opposed dielectric charge storage members which are backed by conductor
      (electrode) members, the conductor members backing each dielectric member
      typically being appropriately oriented so as to define a plurality of
      discrete gas discharge units or cells.
PAR  In some prior art panels the discharge cells are additionally defined by
      surrounding or confining physical structure such as apertures in
      perforated glass plates and the like so as to be physically isolated
      relative to other cells. In either case, with or without the confining
      physical structure, charges (electrons, ions) produced upon ionization of
      the elemental gas volume of a selected discharge cell, when proper
      alternating operating potentials are applied to selected conductors
      thereof, are collected upon the surfaces of the dielectric at specifically
      defined locations and constitute an electrical field opposing the
      electrical field which created them so as to terminate the discharge for
      the remainder of the half cycle and aid in the initiation of a discharge
      on a succeeding opposite half cycle of applied voltage, such charges as
      are stored constituting an electrical memory.
PAR  Thus, the dielectric layers prevent the passage of substantial conductive
      current from the conductor members to the gaseous medium and also serve as
      collecting surfaces for ionized gaseous medium charges (electrons, ions)
      during the alternate half cycles of the A.C. operating potentials, such
      charges collecting first on one elemental or discrete dielectric surface
      area and then on an opposing elemental or discrete dielectric surface area
      on alternate half cycles to constitute an electrical memory.
PAR  An example of a panel structure containing non-physically isolated or open
      discharge cells is disclosed in U.S. Pat. No. 3,499,167 (incorporated
      herein by reference) issued to Theodore C. Baker, et al.
PAR  An example of a panel containing physically isolated cells is disclosed in
      the article by D. L. Bitzer and H. G. Slottow entitled "The Plasma Display
      Panel - A Digitally Addressable Display With Inherent Memory", Proceeding
      of the Fall Joint Computer Conference, IEEE, San Francisco, Cal., November
      1966, pages 541-547 and also in U.S. Pat. No. 3,559,190 (incorporated
      herein by reference).
PAR  In the construction of the panel, a continuous volume of ionizable gas is
      confined between a pair of dielectric surfaces backed by conductor arrays
      typically forming matrix elements. The two conductor arrays may be
      orthogonally related sets of parallel lines (but any other configuration
      of conductor arrays may be used). The two arrays define at their
      intersections a plurality of opposed pairs of charge storage areas on the
      surfaces of the dielectric bounding or confining the gas. Thus, for a
      conductor matrix having H rows and C columns the number of elemental or
      discrete areas will be twice the number of elemental discharge cells.
PAR  In addition, the panel may comprise a so-called monolithic structure in
      which the conductor arrays are created on a signle substrate and wherein
      two or more arrays are separated from each other and from the gaseous
      medium by at least one insulating member. In such a device the gas
      discharge takes place not between two opposing elemental areas on two
      different substrates, but between two contiguous or adjacent elemental
      areas on the same substrate; the gas being confined between the substrate
      and an outer retaining wall.
PAR  It is also feasible to have a gas discharge device wherein some of the
      conductive or electrode members are in direct contact with the gaseous
      medium and the remaining electrode members are appropriately insulated
      from such gas, i.e., at least one insulated electrode.
PAR  In the prior art there exists D.C. (direct current) devices where the
      electrodes consist of an anode and a cathode which are typically in direct
      contact with the ionizable gaseous medium. It is also possible to
      construct such D.C. devices utilizing a dielectric overcoat, i.e., the
      same structure and configuration as an A.C. gas discharge display/memory
      panel described hereinbefore.
PAR  A wide variety of such devices exist in the prior art. Examples of such
      devices are disclosed in U.S. Pat. Nos. 2,142,106; 3,260,880; 3,720,452;
      3,725,713; 3,237,040, and 3,497,751, all of which are incorporated herein
      by reference.
PAR  The present invention is intended to relate to the manufacture of all types
      of A.C. and D.C. display panels.
PAR  In addition to the matrix configuration, the conductor arrays of the
      display device (D.C. or A.C.) may be shaped otherwise. Accordingly, while
      the preferred conductor arrangement is of the crossed grid type as
      discussed herein, it is likewise apparent that where a maximal variety of
      two dimensional display patterns is not necessary, as where specific
      standardized visual shapes (e.g., numerals, letters, words, etc.) are to
      be formed and image resolution is not critical, the conductors may be
      shaped accordingly (e.g., a segmented digit display).
PAR  The gas is selected to produce visible light and invisible radiation which
      may be used to stimulate a phosphor (if visual display is an objective)
      and a copious supply of charges (ions and electrons) during discharge.
PAR  In the prior art, a wide variety of gases and gas mixtures have been
      utilized as the gaseous medium in a number of different gas discharge
      devices. Typical of such gases include pure gases and mixture of CO;
      CO.sub.2 ; halogens; nitrogen; NH.sub.3 ; oxygen; water vapor; hydrogen;
      hydrocarbons; P.sub.2 O.sub.5 ; boron fluoride; acid fumes; TiCl.sub.4 ;
      air; H.sub.2 O.sub.2 ; vapors of sodium, mercury, thallium, cadmium,
      rubidium, and cesium; carbon disulfide; H.sub.2 S; deoxygenated air;
      phosphorus vapors; C.sub.2 H.sub.2 ; CH.sub.4 ; naphthalene vapor;
      anthracene; freon; ethyl alcohol; methylene bromide; heavy hydrogen;
      electron attaching gases; sulfur hexafluoride; tritium; radioactive gases;
      and the so-called rare or inert Group VIII gases.
PAR  To obtain uniform resolution over the entire display surface of a gas
      discharge panel, it is imperative that the space between opposing walls of
      the gas envelope be uniform and that the walls of the chamber be sealed to
      provide a gas filled container.
PAR  Several methods of sealing such panels with various spacers therebetween
      appear in the prior art. For example, epoxy has been used as a sealant but
      produces impurities in the gas mixture which decreases the life of the
      panel. In situ fabrication of gas panels with granular solder glass as a
      sealant and spacers has also been utilized but uniform deposition of the
      solder glass is difficult and considerable numbers of cells are
      obliterated. In order to resolve these problems a soft glass rod or
      granular sealant and a hard glass rod spacer as has been used, as
      described in U.S. Pat. No. 3,778,127 (incorporated herein by reference)
      wherein the upper plate of the gas panel settles upon the spacing rods
      during a bakeout operation thus establishing a predetermined and uniform
      spacing within the envelope. However, such glass spacers are rigid, tend
      to crack and are detrimentally conspicuous to the observer.
PAR  Another glass sealing composition especially suitable for sealing together
      the two glass substrates of a multiple gas discharge display panel so as
      to provide a hermetically sealed ionizable gas chamber is disclosed in
      U.S. Pat. No. 3,734,702 (incorporated herein by reference) comprising a
      lead borosilicate solder glass containing 18% by weight of aluminum
      titanate which inhibits crystalization thus developing a seal with even
      stress concentration.
PAR  Several methods have been used in the past to seal the periphery of the two
      glass substrates of a gaseous discharge panel as well as maintain uniform
      gap spacing therebetween for the gas chamber. In one such method a
      composition in the form of a paste comprising a vitreous or devitrifiable
      solder glass with nitrocellulose and amyl acetate as the solvent-binder
      system is used as described in U.S. Pat. Nos. 3,088,834 and 3,127,278. In
      another method of sealing such substrates a solder glass is mixed with a
      vehicle consisting of equal parts of liquid poly (alpha methyl) styrene
      and terpineol in a ratio of6 parts by weight of glass to one part of
      vehicle resulting in a paste having a viscosity of about 50,000 to 90,000
      centipoises which is admirably suited for screen printing the sealing
      glass on the outer edges of the substrates since complete burn-out and
      curing of the composition results at about 572.degree.F. as set forth in
      U.S. Pat. No. 3,625,733. A method of maintaining uniform gap spacing with
      low melting solder glass rods is described in U.S. Pat. No. 3,499,167 but
      such spacers tend to crush when the pressure and temperature fluctuates.
      Still another method of resolving the gap problem is claimed in U.S. Pat.
      No. 3,778,127 in which a soft glass rod sealant and a hard glass rod
      spacer is utilized wherein the upper plate of the gas panel settles upon
      the spacing rods during the bakeout operation thus establishing a
      predetermined and uniform spacing within the envelope. Unfortunately, such
      glass spacers provide no center support and are quite rigid thus tending
      to crack when stresses develope especially at high altitudes.
PAR  With the ever increasing use of gaseous discharge display panels in
      military aircraft and space ships which operate at altitudes above 35,000
      feet, it has become imperative to develope a spacer system in such panels
      which will rectify the problems of spacer cracking and panel deformation
      at such altitudes.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is predicated upon the discovery that the gap spacing of a
      gaseous discharge display panel can be made uniform and simultaneously
      provide improved support and minimal visibility in the active or firing
      area of said panel by inserting in the center of the viewing area between
      electrode lines on one of the glass substrates glass rods of from 3 to 40
      mils in diameter and from 1 to 2 inches in length which soften at or below
      the periphery solder glass, then adhering the rods to the substrate by
      firing or use of a vehicle such as poly (alpha methyl) styrene and
      terpineol, applying solder glass with a softening point not less than that
      of the center glass rods to the periphery of the panel, inserting outside
      the viewing area but adjacent the periphery solder glass of said substrate
      stop gap glass rods of from 3 to 10 mils in diameter and about 1/2 inch
      long which soften at a temperature higher than the center glass rods or
      the periphery solder glass and finally completing the process by placing
      another glass substrate thereover and subjecting the entire assembly to a
      sealing cycle.
PAR  The rods employed can be made of either vitreous or devitrifiable glass.
      Illustrative compositions are disclosed hereinafter but typically the
      center or bridging rods soften at about 800.degree.-850.degree.F.
      considerably above the gas processing temperature of 750.degree.F. whereas
      the stop gap glass rods soften at a temperature much higher in the range
      of 1300.degree.F. while the sealing temperature of the periphery solder
      glass is about 800.degree. to 950.degree.F. The center glass rods are
      preferably somewhat larger than the desired gap so that during the sealing
      cycle both substrates are secured in the center area by the rods.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  The solder glass compositions used in this invention can be any of those
      which are commercially available whether of the vitreous or devitrifiable
      type but the vitreous type is preferred. Exemplary solder glasses for use
      herein are described in U.S. Pat. Nos. 2,866,298; 2,931,142; 2,936,923;
      3,061,664; 3,063,198; 3,080,328; 3,088,833; 3,088,834; 3,088,835;
      3,127,278; 3,250,631; 3,291,586; 3,368,024 and 3,778,127. Typical specific
      solder glass compositions which have been used successfully in the
      practice of this invention are shown in the following table along with
      their softening points.
TBL  ______________________________________                                    
     Wt. %         A        B       C       D                                  
     ______________________________________                                    
     PbO           73.3     72.0    72.0    --                                 
      B.sub.2 O.sub.3                                                          
                   13.4     15.0    15.0    1.5                                
     SiO.sub.2     13.3     4.0     2.0     67.6                               
      Al.sub.2 O.sub.3                                                         
                   --       5.0     5.0     2.8                                
     ZnO           --       4.0     6.0     --                                 
      Na.sub.2 O   --       --      --      15.5                               
     CaO           --       --      --      5.6                                
      MgO          --       --      --      4.0                                
     BaO           --       --      --      2.0                                
     K.sub.2 O     --       --      --      0.6                                
      Fe.sub.2 O.sub.3                                                         
                   --       --      --      0.4                                
     Softening Point .degree.F.                                                
                   845      811     800     1292                               
     ______________________________________                                    
PAR  To prepare rods containing compositions A,B or C a melt containing the
      weight percent of each oxide hereinbefore designated is cast into glassy
      state rods 1/2 inch in diameter and redrawn into rods 3 to 40 mils in
      diameter and 2 inches long which are then used as the bridging or center
      rods in the viewing area of a gaseous discharge display panel.
      Alternatively, these same compositions can be cast into chips, ground to
      200 U.S. Screen Series mesh or less (preferably 400 mesh), and mixed in a
      ratio of about 6 parts by weight of glass to one part by weight of vehicle
      containing equal parts by weight of poly (alpha methyl) styrene and
      terpineol for screen printing the periphery seal of the panel before
      subjecting said panel to the sealing cycle.
PAR  A melt of composition D is likewise prepared and cast into 1/2 inch
      diameter rods which are redrawn into rods of 3 to 6 mils in diameter and
      1/2 inch in length and used as spacer stop gap rods to control the spacing
      between the 1/4 inch thick glass substrates of each display panel.
PAR  The sealing cycle most frequently used involves heating the entire assembly
      -- i.e., the center rods, stop gap rods, periphery seal material and
      substrates having a thick or thin film dielectric deposited thereon at
      about 3.degree. to 7.degree.F. per minute up about 800.degree.F. to
      960.degree.F., holding the assembly at that temperature for about one hour
      and then cooling at the same rate to room temperature thus sealing the
      rods in the center of the panel as well as sealing the outer edges to
      provide the extra support which prevents ballooning of the panel at high
      altitudes.
PAR  The following examples are presented to illustrate rather than limit the
      invention.
PAC  EXAMPLE 1
PAR  A gaseous discharge display panel was assembled by placing glass rods of
      composition A in the viewing area between electrode lines on a glass
      substrate having a thin film dielectric deposited thereon. These rods were
      7 to 12 mils in diameter and 2 inches in length. The substrate was heated
      to 850.degree.F. to make these center or bridging rods soften and adhere
      thereto. Next, glass of composition A dispersed in a vehicle comprising
      equal parts by weight of poly (alpha methyl) styrene and terpineol in a
      ratio of 6 parts by weight of glass to one part by weight of vehicle was
      screen printed on the outside edges of the substrate. Adjacent the screen
      printed solder glass but outside the viewing area were placed stop gap
      rods of composition D about 5 mils in diameter and 1/2 inch in length.
      Another glass substrate 1/4 inch thick was placed over the first substrate
      and the entire assembly was heated at 3.degree.F. per minute up to
      960.degree.F., held at that temperature for one hour and then cooled at
      the same rate to room temperature thus causing the glass of composition A
      in the center and periphery of the panel to flow and seal the two
      substrates whereas the glass rods of composition D with a higher melting
      point of 1300.degree.F. remained intact and provided a uniform gap between
      the substrates. In this manner, the panel was mechanically and thermally
      strengthened for high altitude use.
PAC  EXAMPLE 2
PAR  The same procedure as in Example 1 was followed except that the center or
      bridging rods in the viewing area were of composition B. The panel formed
      was admirably suited for use at altitudes above 35,000 feet since all of
      the glass rod spacers remained intact.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that glass of composition C was used for the
      center rods of the panel. The extra strength thus provided prevented the
      panel from expanding when subjected to high altitude conditions.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was followed except that both the periphery and
      the center glass were composed of composition B. The resulting panel had
      uniform gap spacing and the spacers were invisible. No cracking of the
      center seal or rod spacers occurred under the simulated conditions
      encountered at altitudes of 50,000 feet or more.
PAC  EXAMPLE 5
PAR  In this example, glass of composition B was screen printed on the periphery
      and glass of composition C was used in the center rods with glass of
      composition D for the spacer rods adjacent the periphery seal. A sealing
      cycle of 5.degree.F. per minute to 930.degree.F. held at that temperature
      for one hour followed by cooling at the same rate to room temperature was
      employed. No contamination of any of the seals was observed and the sealed
      panel was very satisfactory under fluctuating conditions of temperature
      and pressure.
PAC  EXAMPLE 6
PAR  A gaseous discharge display panel was assembled as in Example 1 except that
      the periphery seal was made of composition C glass and screen printed
      followed by heating at 750.degree.F. to burn out the vehicle. Then center
      rods of composition C were adhered to the substrate with the poly (alpha
      methyl) styrene-terpineol vehicle previously described. Thereafter, the
      composition D gap spacer rods were placed adjacent the periphery seal and
      the whole assembly heated at a rate of 4.degree.F. per minute to
      860.degree.F., held at that temperature for one hour and then cooled at
      the same constant rate to room temperature. All the seals were devoid of
      bubbles or foreign matter and the panel was vastly stronger due to the
      center rods which prevented deformation during the sealing cycle.
PAR  These examples illustrate the basic concept of the invention - i.e., the
      center or bridging rods must have the same or lower softening points than
      the solder glass used to seal the periphery of such panels whereas the
      stop gap rods adjacent the periphery must have a softening point much
      higher than either of the center glass rods or the periphery solder glass.
      Although the invention has been illustrated with vitreous glass
      compositions which reduce viewing objections to the panel, devitrifiable
      glass compositions may be substituted therefor if desired provided they
      are compatible with the substrate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of sealing the two glass substrates of a gaseous discharge
      display panel while simultaneously maintaining a uniform gas chamber gap
      therebetween and strengthening the panel for use at high altitudes which
      comprise the steps of:
PA1  a. inserting in the center of the viewing area between electrode lines on
      one of the glass substrates glass rods which soften at or below the
      softening temperature of the periphery solder glass
PA1  b. adhering said center glass rods to the substrate by heating
PA1  c. applying solder glass with a softening temperature not less than that of
      said center glass rods to the periphery of the panel
PA1  d. inserting outside the viewing area but adjacent the periphery solder
      glass of said substrate stop gap glass rods with a softening temperature
      higher than either the center glass rods or the periphery solder glass
PA1  e. placing another glass substrate over the first substrate and
PA1  f. subjecting the entire assembly to a heat sealing cycle.
NUM  2.
PAR  2. A method as in claim 1 in which a vitreous solder glass is employed for
      the center rods, the periphery seal and the stop gap rods.
NUM  3.
PAR  3. A method as in claim 2 in which the solder glass employed contains on a
      weight basis 73.3% PbO, 13.4% B.sub.2 O.sub.3 and 13.3% SiO.sub.2.
NUM  4.
PAR  4. A method as in claim 2 in which the solder glass employed contains on a
      weight basis 72% PbO, 15% B.sub.2 O.sub.3, 4% SiO.sub.2, 5% Al.sub.2
      O.sub.3 and 4% ZnO.
NUM  5.
PAR  5. A method as in claim 2 in which the solder glass employed contains on a
      weight basis 72% PbO, 15% B.sub.2 O.sub.3, 2: SIO.sub.2, 5% Al.sub.2
      O.sub.3 and 6% ZnO.
NUM  6.
PAR  6. A method as in claim 2 in which the solder glass employed for the stop
      gap rods contains on a weight basis 1.5% B.sub.2 O.sub.3, 67.6% SiO.sub.2,
      2.8% Al.sub.2 O.sub.3, 15.5% Na.sub.2 O, 5.6% CaO, 4.0% MgO, 2.0% BaO,
      0.6% K.sub.2 O and 0.4% Fe.sub.2 O.sub.3.
NUM  7.
PAR  7. A method as in claim 1 in which a devitrifiable solder glass employed.
NUM  8.
PAR  8. A method as in claim 1 in which the sealing cycle comprises heating the
      assembly at a constant rate of from 3.degree. to 5.degree.F. per minute to
      a maximum of 960.degree.F., holding at that temperature for about one hour
      and then cooling at the same constant rate to room temperature.
NUM  9.
PAR  9. A method as in claim 1 in which the center glass rods are about 7 to 12
      mils in diameter and the stop gap rods are about 3 to 6 mils in diameter.
NUM  10.
PAR  10. A method as in claim 1 in which the periphery solder glass is dispersed
      in a vehicle comprising equal parts by weight of poly (alpha methyl)
      styrene and terpineol in a ratio of 6 parts by weight of said glass to
      vehicle and applied by screen printing.
NUM  11.
PAR  11. A method as in claim 10 in which the periphery solder glass is first
      applied and heated to burn out the vehicle and then the center glass rods
      are adhered to the substrate with the same vehicle before placing the stop
      gap rods adjacent the periphery.
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ABST
PAL  Ammonium polyphosphate is produced in a pipe reactor by injecting a stream
      of ammonia countercurrent to superphosphoric acid passed axially through
      the reaction zone to cause vigorous backmixing of the two reactants and
      yield a melt of ammonium polyphosphate, and cooling the sidewalls of the
      pipe reactor sufficiently to form a layer of ammonium polyphosphate melt
      thereon to prevent formation of insoluble scale on the interior of the
      reactor. The resulting ammonium polyphosphate melt is then dissolved in
      recycled aqueous ammonium polyphosphate product solution and thereafter
      further diluted with water to form the product solution. In specific
      embodiments, minor but effective amounts of urea are added to the acid
      feed to diminish the tendency of insoluble scale from forming on the
      interior of the reaction zone, and to improve the stability and conversion
      of the product solution.
BSUM
PAR  This invention relates to liquid fertilizers. In another aspect, this
      invention relates to a process for producing stable aqueous ammonium
      polyphosphate base solutions. In still another aspect, this invention
      relates to improved method and apparatus for producing a high conversion
      ammonium polyphosphate melt and aqueous solutions thereof.
PAR  Liquid mixed fertilizers having compositions similar to those of standard
      dry mixed fertilizers are well known in the art. These fertilizers
      solutions possess advantages over dry mixed fertilizers, particularly
      since the cost of evaporating water from the solutions and bagging of the
      products is eliminated. Furthermore, the application of the fertilizer is
      generally simplified. In addition, the use of liquid fertilizers
      eliminates difficulties due to segregation and caking often encountered in
      the storing of dry fertilizers.
PAR  Wet process phosphoric acid is conventionally utilized in the production of
      both solid and liquid ammonium phosphate fertilizers. Wet process
      phosphoric acid is generally produced by the wet process method for
      producing phosphoric acid which includes the acidulation of phosphate rock
      with an inorganic acid, such as sulfuric acid. Generally, phosphate rock
      is ground and mixed with weak phosphoric acid to form a slurry and the
      slurry is introduced into a reactor wherein it is contacted with sulfuric
      acid. The slurry is filtered to yield a phosphoric acid solution
      containing 25-33% P.sub.2 O.sub.5 along with soluble impurities which were
      originally in the rock, which include iron and aluminum. The phosphoric
      acid is then evaporated and concentrated to 50-54% P.sub.2 O.sub.5, for
      example.
PAR  It is known to utilize this wet process phosphoric acid to manufacture both
      liquid and solid plant foods by contact of the phosphoric acid and free
      ammonia in a pipe reactor. Such processes are exemplified by U.S. Pat. No.
      2,902,342; U.S. Pat. No. 3,503,706; and U.S. Pat. No. 3,482,945.
PAR  It has been found however, that impurities such as dissolved iron and
      aluminum will form unwanted precipitates within resulting aqueous
      solutions containing inorganic water soluble fertilizers prepared by
      neutralizing the wet process phosphoric acid with an alkaline reactant,
      such as ammonia or ammonium hydroxide or potassium hydroxide, or the like.
      More specifically, the impurities such as iron and aluminum salts are
      insoluble in near neutral solutions and precipitate as finely divided
      gelatinous masses, and because of the physical nature of the precipitate,
      filtering thereof is almost impossible.
PAR  Because of the precipitate-forming problems caused by impurities within wet
      process phosphoric acid, attempts have been made to produce liquid
      ammonium phosphate fertilizer solutions containing a high portion of
      polyphosphate. Polyphosphates basically are phosphates in a non-ortho form
      and they are more soluble than orthophosphate to thereby allow production
      of more concentrated liquid. Moreover, the polyphosphates have the ability
      to sequester or solubilize some of the common impurities which are
      retained in the liquid fertilizers produced from wet process phosphoric
      acid feed and thereby obviate some of the precipitation problems.
PAR  Thus, in an attempt to increase the percentage of polyphosphates in liquid
      fertilizers, and to diminish the precipitation problems described above,
      superphosphoric acid having a high percentage of phosphate in the
      non-ortho form has been utilized as feed to pipe reactors. Superphosphoric
      acid is made by further evaporation of a merchant grade wet process
      phosphoric acid to obtain a P.sub.2 O.sub.5 content of from about 56 up to
      about 80% P.sub.2 O.sub.5. U.S. Pat. No. 3,464,808 discloses that ammonium
      phosphate aqueous solutions can be made from a melt produced with
      superphosphoric acid and ammonia in a pipe reactor.
PAR  Notwithstanding the fact that ammonium phosphate melt obtained from pipe
      reactors has been utilized to produce liquid fertilizer base solutions
      containing about 10-11% N and 34-37% P.sub.2 O.sub.5, serious problems
      have been encountered thereby. It is found that the reaction between
      ammonia and superphosphoric acid in a pipe reactor is quite exothermic,
      and the elevated temperatures in the pipe reaction zone tend to cause the
      ammonium polyphosphate to revert into orthophosphate and other phosphates.
      Furthermore, it has been found that such pipe reactors plug when
      continuous operation is attempted. In essence, material will solidify
      within the pipe and prevent fluid flow therethrough. For example, it has
      been found that an insoluble compound FeNH.sub.4 P.sub.2 O.sub.7 is formed
      on the interior of the pipe reactors. This material cannot be dissolved,
      or effectively removed mechanically from the pipe reactor. Furthermore, a
      uniform quality high conversion product (a high weight percent of
      polyphosphate), has been difficult to obtain by reaction of
      superphosphoric acid and ammonia in a pipe reactor.
PAR  According to one embodiment of this invention, high conversion (high weight
      percent polyphosphate) ammonium polyphosphate is produced in a tubular
      reaction zone by a process which includes passing superphosphoric acid
      axially through a tubular reaction zone and contacting the superphosphoric
      acid with ammonia directed countercurrent thereto to cause turbulent
      backmixing thereof to form a melt of ammonium polyphosphate which is
      passed to the outlet of the tubular reactor, while maintaining the walls
      of the tubular reaction zone at a temperature sufficient to solidify a
      layer of ammonium polyphosphate thereon to thereby inhibit formation of
      insoluble scale thereon.
PAR  According to a preferred embodiment of this invention, the process set
      forth in said one embodiment is carried out such that the tubular reaction
      zone is maintained substantially filled with ammonium phosphate melt which
      is passed from the inlet to the outlet thereof continuously in the
      process.
PAR  According to another embodiment of this invention, a minor but effective
      amount of urea is introduced with the superphosphoric acid feed which will
      not only increase the conversion of the product but improve stability of
      the aqueous solution made from the product melt.
PAR  According to another embodiment of this invention, an aqueous solution of
      ammonium phosphate is produced wherein the ammonium phosphate melt from
      the tubular reaction zone produced in accordance with said one embodiment
      is initially dissolved in recycled product aqueous ammonium phosphate
      solution, which contains for example, about 10 to 11% by weight N and
      about 34-37 weight percent P.sub.2 O.sub.5. Thereafter, the resulting
      solution is passed to a solution tank wherein further amounts of water are
      added thereto to produce the final product solution. The final product
      solution is cooled to a temperature below about 140.degree.F.
PAR  According to a further embodiment of this invention, a novel apparatus is
      provided for carrying out the above-described embodiments.
PAR  According to still a further embodiment of this invention, insoluble scale
      formation is inhibited in a non-cooled tubular reaction zone wherein
      superphosphoric acid is reacted with ammonia by the introduction of from
      about 3 to about 6 weight percent urea based upon the superphosphoric acid
     .
DRWD
PAR  This invention can be more easily understood from a study of the drawings
      in which:
PAR  FIG. 1 is a schematic flow diagram illustrating one embodiment of the novel
      process of the subject invention;
PAR  FIG. 2 is a partial sectional view of a detail of FIG. 1, showing the inlet
      end of the tubular reactor; and
PAR  FIG. 3 is a partial sectional view of another detail of FIG. 1, showing the
      tubular reactor and the melt scrubber.
DETD
PAR  Now referring to the drawings, and in particular to FIG. 1, a process is
      illustrated which can be utilized in accordance with a preferred
      embodiment of the subject invention. As illustrated, this process can be
      utilized to make base fertilizer aqueous solution having an N, P.sub.2
      O.sub.5, and K.sub.2 O content (wt. %) of for example, 10-34- 0, or
      11-37-0. Each of these solutions will have a polyphosphate conversion in
      excess of 50 weight percent of the total phosphate therein, and preferably
      in excess of 80 weight percent thereof.
PAR  As shown, tubular reactor 10 receives superphosphoric acid via conduit 12
      and ammonia via conduit 14. Conduit 12 has flow control valve 16
      operatively positioned therein which is in turn operated by flow rate
      controller 18. Fluid is passed through valve 16 via pump 20. Conduit 12
      receives superphosphoric acid either directly from mixing tank 22 or
      conduit 24. Both mixing tank 22 and conduit 24 are operatively connected
      with conduit 26. Conduit 26 is connected to a phosphoric acid source 28
      and has heat exchanger 31 operatively positioned therein. Valve 30 in
      conduit 26 and valve 32 in conduit 24 as well as valve 34 in conduit 12
      control the flow of phosphoric acid from source 28 to conduit 12. Mix tank
      22 contains a suitable stirrer or agitating mechanism 36 and is supplied
      with urea via conduit 38, feeder 40 and conduit 42.
PAR  Conduit 14 communicates between an inlet of tubular reactor 10 and ammonia
      source 44. Heat exchanger 46, constant pressure valve 48, and flow control
      valve 50 are operatively positioned within conduit 14. Flow control valve
      50 is operated by flow rate controller 52.
PAR  As shown, tubular reactor 10 is positioned inclined to the horizontal, such
      that the inlet is positioned below the outlet end thereof, and is equipped
      with a water cooling jacket. The outlet end of tubular reactor 10 is
      operatively connected to the midportion of the scrubber 54. Details of
      tubular reactor 10 and scrubber 54 will be explained below in relation to
      FIGS. 2 and 3. Conduit 56 communicates between the upper region of
      solution tank 58 and the bottom of scrubber 54. Solution tank 58 is
      equipped with stirrer 60, which can be any suitable stirring mechanism
      known in the art. Conduit 62 having flow control valve 64 operatively
      positioned therein communicates from a water source to the upper region of
      solution tank 58. Outlet conduit 66 has solution pump 68, cooler 69, and
      valve 70 operatively positioned therein and communicates between the
      outlet of solution tank 58 and a suitable storage area. Recycle manifold
      conduit 72 communicates between outlet conduit 66 and conduits 74 and 76
      which have flow control valves 78 and 80, respectively, positioned
      therein. Conduit 74 communicates from manifold recycle conduit 72 to the
      upper region of scrubber 54, and conduit 76 communicates from recycle
      manifold 72 to the upper region of solution tank 58.
PAR  Now referring to FIGS. 1-3, the preferred process of the subject invention
      will be described in detail. Superphosphoric acid generally having a
      P.sub.2 O.sub.5 content of from about 56% to about 80 wt. % thereof and
      generally about 68-70 wt. %, and optionally a small amount of urea, is
      supplied to acid inlet port 82 of tubular reactor 10 such that the acid
      will flow axially through tubular reactor 10. It is noted that acid inlet
      port 82 can be positioned either axially with reactor 10 or can be
      positioned as a side port or ports on tubular reactor 10 as desired;
      however, it is generally preferred that acid inlet port 82 be positioned
      to introduce the superphosphoric acid axially into tubular reactor 10. The
      superphosphoric acid is initially passed from superphosphoric acid source
      28 through conduit 26 and heat exchanger 31. Generally, heat exchanger 31
      will heat the superphosphoric acid to a temperature within the range of
      from about 100.degree.F to about 180.degree.F. Next, with valves 30 and 34
      closed and valve 32 open, the superphosphoric acid will be passed through
      conduit 24, and into conduit 12, pump 20, flow control valve 16 to acid
      inlet port 82 of tubular reactor 10.
PAR  In similar manner, ammonia is passed from liquid ammonia storage tank 44
      through heat exchanger 46 and then passed through valves 48 and 50 via
      conduit 14 into ammonia inlet port 84 of tubular reactor 10. As shown,
      ammonia inlet port 84 is angled transversely of the tubular reactor 10
      toward acid inlet port 82. This results in ammonia passing through the
      port countercurrently into the oncoming stream of superphosphoric acid and
      causes turbulent backmixing of the reactants within the inlet end of
      tubular reactor 10. This turbulent backmixing (mixing upstream of ammonia
      inlet port 84) assures a very thorough and intimate contact of the ammonia
      with the superphosphoric acid.
PAR  The superphosphoric acid generally enters the reactor from acid inlet port
      82 at a temperature in the range of 100.degree.F to 180.degree.F and the
      ammonia enters ammonia inlet port 84 at a temperature in the range of from
      about 100.degree.F to 250.degree.F.
PAR  Generally, in carrying out the reaction, the vaporous ammonia is supplied
      in a mole ratio of ammonia to phosphoric acid of about 0.8 to about 1.6.
PAR  It is noted that ports 82 and 84 for delivering the acid and the ammonia,
      respectively, to the interior tubular reactor 10, do not include any
      sparger arrangement, baffle, or any other such protrusion within the
      interior of the tubular reactor 10. The significance of this arrangement
      will be pointed out in greater detail hereinbelow. Furthermore, as shown
      in FIGS. 1 and 3 tubular reactor 10 is enclosed by a cooling jacket 86.
      Cooling jacket 86 can be supplied with any suitable coolant, such as air,
      stream or water. The only requirement is that the coolant maintain the
      walls of tubular reactor 10 at a temperature sufficiently low to effect
      crystallization of a layer of ammonium polyphosphate melt around the
      interior of the reactor, e.g., below about 300.degree.F.
PAR  As noted in FIGS. 1 and 3, tubular reactor 10 is positioned transverse to
      the horizontal, such that the inlet thereof carrying ports 82 and 84 is
      lower than the outlet 88, which communicates to the interior of scrubber
      54. The purpose of maintaining the tubular reactor zone 10 at an angle to
      the horizontal, is to assure that the molten ammonium polyphosphate melt
      substantially fills the interior of tubular reactor 10 as it passes
      therethrough. Thus, when tubular reactor 10 is positioned at an angle, the
      action of the force of gravity coupled with the proper inlet velocity of
      the reactants will assure that the ammonium polyphosphate melt will
      substantially fill the entire reactant zone and in essence, will move
      upwardly therethrough as a molten plug. This phenomena is hereinafter
      referred to as "plug flow". Thus, depending upon the length of the tubular
      reactor zone, it can be positioned at an angle from about 10.degree. to
      substantially 90.degree. to the horizontal, and preferably it is
      positioned at an angle of about 45.degree. to the horizontal. Generally,
      the tubular reactor 10 has an L/D ratio in the range of from about 30:1 to
      120:1 and preferably, is about 80:1. As used herein, the term "L/D ratio"
      means the ratio of the length to the mean cross sectional dimension of the
      reaction zone within tubular reactor 10. Preferably, tubular reactor 10
      and therefore, the reaction zone is of a generally circular cross section
      and the L/D ratio is then the ratio of the length to the diameter of the
      reaction vessel.
PAR  The turbulent mixing of the ammonia and the superphosphoric acid results in
      an exothermic reaction between the ammonia and the superphosphoric acid to
      form ammonium polyphosphate melt. The reaction generally occurs at
      temperatures of between about 450.degree.F and about 650.degree.F. The
      cooling of the walls of tubular reactor 10 to below the freezing point of
      the ammonium polyphosphate melt results in a thin layer of the melt
      solidifying around the interior of the tubular reaction zone. The
      remaining mass of the molten ammonium polyphosphate moves through the
      tubular reaction zone as a plug, as described above. The thin layer of
      solidified ammonium polyphosphate melt is easily removed from the interior
      of the tubular reactor by dissolving and/or chipping. It is noted however,
      that it is not necessary to remove this scale in operation because the
      temperature in the interior of the reactor prevents it from building up
      beyond a certain constant thickness which can be controlled by the amount
      of cooling applied to the outside wall. This melt protects the interior of
      the reaction from the formation of an insoluble scale buildup of
      FeNH.sub.4 P.sub.2 O.sub.7, which scale is insoluble and will very tightly
      adhere to the surface and is not removable by conventional means.
      Furthermore, the fact that the outlets of acid inlet port 82 and ammonia
      inlet port 84 are substantially flush with the sidewalls of tubular
      reaction zone 10, means that no metal surfaces are contained within the
      interior of tubular reaction zone 10 that are not cooled by the action of
      cooling jacket 86. It has been found that if any metal protrusion, such as
      a bubble cap or a sparger is contained within the interior of tubular
      reaction zone 10, then a solid deposit will form thereon and ultimately
      plug the reactor and yield it inoperable.
PAR  Now again referring to FIGS. 1 and 3, the ammonium polyphosphate melt is
      passed from outlet 88 of tubular reaction zone 10 into the interior of
      scrubber 54. The melt will pass from outlet 88 downwardly and be retained
      on perforated retaining plate 90. Furthermore, a spray of recycled aqueous
      ammonium polyphosphate solution is delivered from nozzle 92 and applied to
      the melt to dissolve the same. The recycled aqueous ammonium polyphosphate
      solution, is generally a product solution, for example, an 11-37-0 or a
      10-34-0 fertilizer base solution which is obtained from solution tank 58,
      as will be hereinafter described in greater detail.
PAR  The concentrated aqueous ammonium polyphosphate solution which can contain
      small chunks of solid is then passed from outlet 94 of scrubber 54 through
      conduit 56 into solution tank 58. Simultaneously, water is passed to the
      interior of solution tank 58 via conduit 62 in sufficient quantities to
      dilute the concentrated solution of ammonium polyphosphate which is
      received from scrubber 54 and form a final base fertilizer solution of the
      desired concentration. Stirrer 60 is operated to uniformly admix the water
      with the concentrated solution. In addition, recycled product is passed
      into the upper region of solution tank 58 via conduit 76. Generally, the
      concentrated solution flows from the bottom of scrubber 54 at a
      temperature of about 140.degree.-180.degree.F into solution tank 58. The
      concentrated solution is admixed with water and recycled product and is
      maintained at a pH of about 5.9 to 6.2 and a specific gravity in the range
      of from about 1.0 to about 1.42 to make an 11-37-0 base solution, for
      example. The temperature in the tank is kept as low as possible to avoid
      polyphosphate reversion to orthophosphate. Generally, the solution is
      maintained at a temperature below 140.degree.F.
PAR  The final product solution is removed from the bottom of solution tank 58
      via conduit 66, pump 68, and cooler 69. Cooler 69 will cool the solution
      to a temperature in the range of from about 90.degree. to about
      100.degree.F. It is noted also that the stream passing through conduit 66
      is split such that one portion passes through manifold conduit 72 and then
      into conduits 74 and 76 for recycle to scrubber 54 and solution tank 58,
      respectively and the other portion passes into a storage unit. The action
      of valve 70 within conduit 66, valve 78 within conduit 74, and valve 80
      within conduit 76 assures that the proper flow will pass through each of
      the conduits. Generally, it is preferred that about 10% to 20% of the
      stream, e.g., about 15.5 percent of the stream pass to the storage from
      conduit 66 and that 80% to 90% of the stream passes to manifold conduit
      72, e.g., about 84.5 percent, wherein equal portions will thereafter pass
      through conduits 74 and 76 and be recycled, as described above.
PAR  Now again referring to FIG. 1, another embodiment of the subject invention
      will be described in detail. More specifically, as a modification of the
      process described above, the superphosphoric acid passing through conduit
      26 is routed into mix tank 22 by closing valve 32 and opening valves 30
      and 34. The phosphoric acid within mix tank 22 is contacted with urea
      supplied from conduit 42. Urea can be supplied to urea feeder 40 from
      conduit 38 and thereafter delivered to mix tank 22 via conduit 42 at a
      controlled rate from urea feeder 40. The urea is admixed with the
      superphosphoric acid within mix tank 22 by the action of stirrer 36.
      Generally, from about 2 to about 6 weight percent urea, based upon the
      superphosphoric acid is added thereto. Thereafter, the superphosphoric
      acid containing the minor but effective amount of urea is passed into
      tubular reactor 10 and reacted in the same manner as described above.
PAR  It has been specifically found that the addition of small amounts of urea,
      e.g., from 2 to about 3 wt. % urea to the superphosphoric acid results in
      a greater conversion to polyphosphate and a more stable product. It is not
      completely understood why the presence of a small amount of urea in the
      superphosphoric acid passing through the cooled reactor increases the
      conversion, but it is believed that the increased conversion is
      accomplished in part by an evolution of CO.sub.2 which foams the melt and
      causes a reduced residence time in the reactor and therefore, the cooling
      applied to the reactor will have less effect on the temperature of the
      melt and thereby increase conversion.
PAR  Furthermore, it has been found that the addition of 3 and 4 wt. % urea will
      inhibit insoluble scale formation when the cooling jacket 86 is not
      utilized. More specifically, when the cooling jacket is not utilized and
      from 3 to 4 wt. % urea, e.g., about 3.5 wt. % is contained within the
      phosphoric acid, it has been found that the running time is increased to
      substantially threefold before plugging of the reactor takes place.
PAR  The following examples are given to better facilitate the understanding of
      this invention but are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAR  An ammonium polyphosphate solution having a 11-37-0 content (wt. % N,
      P.sub.2 O.sub.5, and K.sub.2 O, respectively) was produced utilizing a
      system as illustrated in FIGS. 1-3. More specifically, the reactor pipe
      was 86 inches long and was positioned at 45.degree. to the horizontal. The
      inlet end of the reactor pipe had a 5 inch extension which had acid and
      ammonia inlet ports 82 and 84, respectively, positioned as set forth in
      FIG. 2 of the drawing. The acid inlet port 82 was axial to the reactor
      pipe and the ammonia inlet port 84 was positioned at a 45.degree. angle to
      the pipe so that it was directed toward the acid inlet port 82. The
      reactor pipe itself was 11/4 inch OD, 3/16 inch thick stainless steel
      pipe, and the middle 80 inches of the reactor pipe was enclosed by a 4
      inch diameter water jacket. The inlet to the water jacket was positioned
      adjacent the inlet end of the reactor pipe with outlet water ports
      positioned at 28  inch, 38, and 72 inch centers therefrom toward the
      outlet end of the pipe. The outlet end of the reactor pipe operatively
      communicated to scrubber 54, as illustrated in FIGS. 1 and 3 of the
      drawing. The superphosphoric acid feed was passed through inlet conduit 26
      and heated to a temperature of 180.degree.F by heat exchanger 31. Valves
      in conduits 26 and 24 were adjusted so that acid was not passed through
      the mix tank 22, but passed directly to pump 20 and to acid inlet port 82.
      The analysis of the superphosphoric acid utilized is set forth in Table I
      below:
TBL                TABLE I                                                     
     ______________________________________                                    
     ANALYSIS OF SUPERPHOSPHORIC ACID                                          
     Component     Weight Percent                                              
     ______________________________________                                    
     P.sub.2 O.sub.5                                                           
                   69.11                                                       
     Conversion    24.2                                                        
     Fe.sub.2 O.sub.3                                                          
                   1.01                                                        
     Al.sub.2 O.sub.3                                                          
                   --                                                          
     MgO           0.32                                                        
     CaO           &lt;0.001                                                      
     ______________________________________                                    
PAL  The acid was passed through acid inlet port 82 at rates of 500 pounds per
      hour and 1000 pounds per hour while the ammonia was passed through inlet
      84 at corresponding rates of 130 pounds per hour and 260 pounds per hour,
      respectively. The acid was preheated to 180.degree.F and the ammonia to
      about 130.degree.F. The reaction was operated under "plug flow"
      conditions. The runs were carried out with full cooling of the reactor
      with steam, full cooling with water exiting the jacket at 140.degree.F and
      cooling of the first 30 inches of the reactor with 140.degree.F exit
      water. Each separate run was made for a 6 hour duration. The run produced
      no plugging or insoluble scale formation. The results are set forth in
      Table II below:
TBL                                    TABLE II                                
     __________________________________________________________________________
                    Reactor Cooling                                            
                                Reactor                                        
     Acid Feed      Length                                                     
                         Exit Water                                            
                                Temp.                                          
                                     Melt Analysis                             
     Run No.                                                                   
           lbs/hr.                                                             
                .degree.F                                                      
                    (Inches)                                                   
                         .degree.F (1)                                         
                                .degree.F                                      
                                     pH % N % P.sub.2 O.sub.5                  
                                                 % Conv.                       
     __________________________________________________________________________
     1      500 180 80   140    499  2.2  12.0                                 
                                            62.3 70.1                          
     2      500 180 30   140    515  2.4  11.5                                 
                                            62.6 75.2                          
     3     1000 180 80   140    538  2.7  11.8                                 
                                            62.0 76.2                          
     4     1000 180 30   140    557  2.8  11.4                                 
                                            63.4 80.0                          
     5     1000 180 80   Steam-230                                             
                                562  2.7  11.4                                 
                                            63.8 81.6                          
     __________________________________________________________________________
      (1) Temperature at Exit From Jacket                                      
PAR  As a comparison, several test runs were carried out with superphosphoric
      acid having a P.sub.2 O.sub.5 content of 69.89 and a polyphosphate
      conversion of 26.32 in a non-cooled U-shaped pipe reactor which utilized a
      bubble cap to inject ammonia into a mixing tee wherein it mixed and
      reacted with phosphoric acid and was then passed through the U-shaped
      reactor. Acid was supplied at about 500 pounds per hour and ammonia
      supplied at about 130 pounds per hour. It was found that a continuous run
      was impossible and a shutdown of all the runs was forced by solids
      deposited in the mixing tee and around the ammonia exit area of the bubble
      cap. There was also scaling downstream from the tee. Solids in the tee
      were in the form of nodules. Scale in the pipe section formed a coating of
      varying thickness covering the entire interior surface of the pipe. This
      coating was deposited in a pronounced taper, being thickest close to the
      tee and thinnest in the downleg section. Both the nodular and scale
      formations were steam insoluble. Several methods for cleaning the pipe of
      scale were tried without success. These methods including pounding with a
      hammer, boiling in HCl, boiling with NaOH solution, boiling in diluted
      superphosphoric acid, water dissolution, severe heating with direct fire,
      heating followed by quenching with water and various combinations of these
      methods. None of these treatments were particularly effective.
PAR  The above run was repeated except incorporating about 3 wt. % urea in the
      acid feed. Bubble cap plugging again resulted in shutdown, but about a
      threefold increase in running time was obtained. Plug formation in the
      rest of the tee was generally reduced. All the scale which was formed was
      the insoluble type. In this instance, even though the urea tended to
      inhibit the formation of insoluble scale and allow a longer running time,
      its presence did not increase the percent conversion to polyphosphate.
PAR  In contrast with these runs, the above example clearly indicates that
      backmixing in a smooth cooled pipe reaction which contains no internal
      protrusions provides conditions wherein sufficiently high conversion can
      occur, but yet insoluble scale will not form on the interior of the
      reactor. As shown in the above example, the cooling of the reactor surface
      to a temperature sufficient to solidify a layer of the melt effectively,
      coats the interior surface of the reactor with a thin layer of solidified
      melt and protects the pipe from formation of insoluble scale. The heat of
      the reaction in the interior of the reactor keeps the coating from
      becoming so thick that the reactor plugs. The melt coating is easily
      removable from the interior of the tube by conventional means, such as
      dissolution.
PAC  EXAMPLE 2
PAR  An apparatus such as shown in FIGS. 1-3 was utilized in the same manner as
      set forth in Example 1 above, with the exception that the mixing chamber
      as set forth in FIG. 2 was approximately 80% larger in diameter. Full
      cooling of the reactor 10 was maintained with cooling water. Feed rates of
      450, 650, and 970 pounds per hour of superphosphoric acid having the
      analysis set forth in Table I, and maintained at 125.degree.F were
      utilized. Corresponding ammonia feed rates for the above superphosphoric
      acid feed rates were 120, 170 and 260, pounds per hours, respectively. The
      reactor was operated under "plug flow" conditions. Controls, temperatures
      and analytical data are set forth in Table III below.
TBL                                    TABLE III                               
     __________________________________________________________________________
                   Reactor Cooling                                             
                               Reactor                                         
     Acid Feed     Length                                                      
                        Exit Water                                             
                               Temp.                                           
                                    Melt Analysis                              
     Run No.                                                                   
           lbs/hr                                                              
               .degree.F                                                       
                   (Inches)                                                    
                        .degree.F (1)                                          
                               .degree.F                                       
                                    pH  % N % P.sub.2 O.sub.5                  
                                                 % Conv.                       
     __________________________________________________________________________
     1     450 125 80   160    448  3.3 12.4                                   
                                            61.5 62.2                          
     2     650 127 80   160    481  2.9 12.1                                   
                                            61.9 64.7                          
     3     970 122 80   160    541  3.1 11.9                                   
                                            62.1 67.2                          
     __________________________________________________________________________
      (1) Temperatures at Exit From Jacket                                     
PAR  Next, the test runs set forth above were repeated except the acid was
      passed through mixing tank 22 and 2 wt. % urea was added to the
      superphosphoric acid feed. The controls, temperatures, and analytical
      results are set forth in Table IV below:
TBL                                    TABLE IV                                
     __________________________________________________________________________
                        Reactor Cooling                                        
                                    Reactor                                    
     Acid Feed          Length                                                 
                             Exit Water                                        
                                    Temp.                                      
                                         Melt Analysis                         
     Run No.                                                                   
           lbs/hr.                                                             
                .degree.F                                                      
                    %Urea                                                      
                        (Inches)                                               
                             .degree.F (1)                                     
                                    .degree.F                                  
                                         pH  % N % P.sub.2 O.sub.5             
                                                      % Conv.                  
     __________________________________________________________________________
     1     450  127 2   80   161    477  2.8 11.9                              
                                                 62.1 72.9                     
     2     650  125 2   80   175    498  2.5 12.2                              
                                                 63.2 73.6                     
     3     970  124 2   80   183    526  2.8 11.9                              
                                                 63.6 75.3                     
     __________________________________________________________________________
      (1) Temperature at Exit From Jacket                                      
PAR  As can be seen, the use of urea resulted in an increase of conversion of
      from 8 to 10 percent above the same control runs without urea. Subsequent
      tests showed that 3% urea in the acid feed further increased conversion.
      Furthermore, some 33 samples of product base solution were retained and
      observed during storage. Out of the 27 samples made without urea, 22
      contained solids after approximately 2 months of storage, whereas, of 7
      samples made with 2-3 percent urea, only 3 contained solids after the same
      storage time. Thereafter, it is clear that the addition of 2 to 3 percent
      urea to the acid inhibits the formation of solids in the 11-37-0 base
      solution.
PAC  EXAMPLE 3
PAR  Test runs were made to show the effect of utilizing a straight reactor,
      such as illustrated in FIGS. 1--3, but positioned in the horizontal plane.
      In essence, the same equipment was utilized as was utilized in the first 2
      runs of Example 1, but the pipe reactor 10 was placed in the horizontal
      position. Superphosphoric acid was fed at 180.degree.F and at 500 pounds
      per hour and ammonia was fed at about 130.degree.F and at 130 pounds per
      hour. The conversions in these test runs were from about 5 to 10% lower
      than the conversions in Example 1.
PAR  As seen from a comparison of the conversion obtained in a horizontal
      reactor as compared to the higher conversions obtained in Example 1,
      wherein the reactor was positioned at a 45.degree. angle and a "plug flow"
      resulted, the maintenance of "plug flow" is essential to maintain a higher
      degree of conversion.
PAR  While this invention has been described in relation to its preferred
      embodiments, it will be understood that various modifications thereof will
      now be apparent to one skilled in the art upon reading this specification,
      and it is intended to cover such modifications as fall within the scope of
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making ammonium polyphosphate comprising:
PA1  a. introducing a stream of superphosphoric acid into a tubular reaction
      zone and passing said stream axially through said tubular reaction zone;
PA1  b. passing a stream of ammonia countercurrent into said superphosphoric
      acid stream passing through said tubular reaction zone to cause turbulent
      mixing thereof and form a molten reaction product therebetween; and
PA1  c. maintaining the walls of said tubular reaction zone cool enough to
      solidify a layer of molten reaction product in contact therewith
NUM  2.
PAR  2. The method of claim 1 wherein said superphosphoric acid is introduced
      axially through said tubular reaction zone, and said ammonia is passed
      transversely into said tubular reaction zone countercurrent to the flow of
      said superphosphoric acid from a port extending through the sidewall of
      said zone.
NUM  3.
PAR  3. The method of claim 1 wherein the walls of said tubular reaction zone
      are cooled to a temperature below about300.degree.F.
NUM  4.
PAR  4. In a process of producing ammonium polyphosphate which includes passing
      superphosphoric acid axially through a tubular reactor zone while
      introducing ammonia into said superphosphoric acid which results in an
      exothermic reaction whereby an ammonium polyphosphate melt is formed, the
      improvement comprising:
PA1  cooling the walls of said tubular reaction zone sufficiently to solidify a
      layer of molten ammonium polyphosphate melt thereon.
NUM  5.
PAR  5. The improved process of claim 4 wherein said walls are cooled to a
      temperature below about 300.degree.F.
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ABST
PAL  A method of producing phosphorus-containing fertilizers, wherein the
      phosphate raw stock is treated with a mineral acid selected from the
      group, consisting of phosphoric acid, sulphuric acid and a mixture of
      both. The thus-obtained suspension of the phosphorus-containing
      fertilizers is acted upon by acoustic vibrations at a frequency of from
      500 to 20,000 Hz and a second energy density of from 0.5 to 5 W/cm.sup.2,
      whereupon the end product is isolated.
BSUM
PAR  The present invention relates to a method of producing
      phosphorus-containing fertilizers.
PAR  Known in the art are some methods of producing phosphorus-containing
      fertilizers, viz., continuous and batch-type methods of producing double
      superphosphate or common superphosphate, producing extraction phosphoric
      acid by way of treating the phosphate raw stock with phosphoric and/or
      sulphuric acid in stirrer-fitted reaction vessels to obtain a suspension
      of phosphorus-containing fertilizers and isolate the end products (cf.
      "Superphosphate"; "Chemical Age of India," 1970, No. 1, v. 21, pp.
      957-961).
PAR  A disadvantage inherent in the afore-discussed methods resides in the
      low-intensity turbulent agitation which substantially affects the rate of
      decomposition of the phosphate raw stock, prevents the use of the
      rough-ground phosphate raw stock and involves the use of cumbersome and
      expensive grinding equipment to disintegrate the phosphate raw stock.
PAR  It is therefore an essential object of the present invention to improve a
      method of producing phosphorus-containing fertilizers, wherein an
      additional decomposition of the phosphate raw stock at the stage of
      preparing the suspension is ensured.
PAR  It is another object of the present invention to enable the use of a
      coarser-ground phosphate raw stock.
PAR  Said object is accomplished by the fact that, according to the invention
      the thus-obtained suspension is acted upon by acoustic vibrations at a
      frequency of from 500 to 20,000 Hz and a sound energy density of from 0.5
      to 5 W/cm.sup.2, whereafter the end product is isolated.
PAR  When applied to the production of double superphosphate the proposed
      method, due to treatment of the suspension by acoustic vibrations at a
      frequency of from 500 to 20,000 Hz and a sound energy density of from 0.5
      to 5 W/cm.sup.2, contributes to the removal of the dicalciumphosphate
      films from the granules of the phosphate raw stock and increases the
      interphase surface of the latter, whereby the diffusion of the ions
      H.sup.+ and Ca.sup.+.sup.+ is substantially improved. Besides, acoustic
      treatment of said suspension enables the use of a coarser-ground phosphate
      raw stock (with a plus-material percentage of from 0.15 to 20) without its
      having been preliminarily disintegrated. The result is a 15-percent
      increase in the degree of decomposition of the phosphate raw stock at the
      suspension preparing stage and a 10-percent increase of same in the end
      product.
PAR  The use of acoustic vibrations at the suspension preparing stage in the
      production of extraction phosphoric acid ensures a uniform growth of the
      calcium-phosphate crystals which are readily filtered and washed.
PAR  The proposed method of producing phosphorus-containing fertilisers is
      carried into effect preferably as follows.
PAR  The preliminarily disintegrated phosphate raw stock is fed, by means of an
      automatic batchmeter, into a pass-through acoustic hydrodynamic mixer,
      into which through an orifice-plate proportioner is also fed a mineral
      acid. Said components are subjected in the pass-through acoustic mixer to
      a highly effective treatment with acoustic vibrations. Further treatment
      of the resultant suspensions accurs in one or two reaction vessels
      provided with submerged-type acoustic hydrodynamic mixers featuring a
      vibration frequency range from 500 to 20,000 Hz and a sound energy density
      from 0.5 to 5 W/cm.sup.2.
PAR  The rotary-type acoustic hydrodynamic mixer consists of an electric drive,
      a bearing unit, a sealing unit, and a rotary-type acoustical radiator.
      When in the acoustic mixer, the materials under treatment pass through the
      slits and slots of the revolving rotor and stationary stator of the
      radiator, wherein they are subjected to a vigorous acoustic treatment
      under the conditions of a developed hydrodynamic flow and active
      cavitation. The result is that high tangential forces arise in the liquid
      which are liable to break the flow of liquid and thus grind included
      solids.
PAR  The process of decomposing the phosphate raw stock in the reactor vessel
      with the submerged-type acoustic mixer takes one hour.
PAR  Further on, the suspension is treated by conventional methods to obtain the
      end product.
DETD
PAR  To promote understanding, given below are a number examples to illustrate
      the methods of producing phosphorus-containing fertilizers according to
      the present invention.
PAC  EXAMPLE I
PAR  In the production of double superphosphate, decomposition of phosphorites
      with the percentage of particles sizing over 180 mcm equal to about 10.6
      and that of particles sizing 63 mcm, to about 38.4 is carried out by
      extraction phosphoric acid in a reaction vessel accommodating a source of
      acoustic vibrations with frequency range of from 500 to 20,000 Hz and
      sound energy density of from 0.5 to 5 W/cm.sup.2. The extraction
      phosphoric acid with a P.sub.2 O.sub.5 concentration of 30 percent and
      phosphorites are proportioned into the reaction vessel through a
      pass-through acoustic apparatus, the total volume of the contents being
      about 1 cu.m and the specified amount of phosphoric acid 808 parts by
      weight (as P.sub.2 O.sub.5).
PAR  Duration of the treatment in the reaction vessel is one hour.
PAR  The decomposition percentage of phosphorites is calculated by analyzing the
      end product.
PAR  The end product obtained has a phosphorite decomposition percentage from 85
      to 95.
PAC  EXAMPLE II
PAR  In the production of standard superphosphate, decomposition of the
      phosphate raw stock with sulphuric acid occurs in a reaction vessel
      accommodating a source of acoustic vibrations with a frequency range of
      from 500 to 20,000 Hz and sound energy density of from 0.5 to 5
      W/cm.sup.2. The concentrated sulphuric acid (60 to 70 percent H.sub.2
      SO.sub.4) and the phosphorites are proportionated into a reaction vessel
      provided with a submerged-type acoustic mixer. The specified amount of
      sulphuric acid is 680 parts by weight, the period of treatment in the
      reaction vessel is about 1 min. The phosphorite decomposition percentage
      is calculated through analyzing the end product.
PAR  The phosphorite decomposition percentage in the end product is about 90 to
      95.
PAC  EXAMPLE III
PAR  In the production of extraction phosphoric acid, decomposition of apatite
      by a mixture of sulphuric and returned phosphoric acid with a
      concentration of 76 percent H.sub.2 SO.sub.4 and 32 percent P.sub.2
      O.sub.5, is carried out in a reaction vessel accommodating a
      submerged-type source of acoustic vibrations having a frequency range of
      from 500 to 20,000 Hz and sound energy density of from 0.5 to 5
      W/cm.sup.2.
PAR  The total volumetric capacity of the reaction vessel is 330 cu.m the
      suspension treatment time therein being 4 to 5 hours.
PAR  The apatite decomposition percentage is calculated on the basis of the
      analysis of the end product, this being equal to about 98.
PAR  Application of acoustic vibrations in the production of extraction
      phosphoric acid enables a uniform growth of the crystals of gypsum which
      are readily filterable and washable so that the yield of P.sub.2 O.sub.5
      in the end product is eventually increased.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing phosphorus-containing fertilizers, consisting in
      that the phosphate raw stock is treated with a mineral acid selected from
      the group, consisting of phosphoric acid, sulphuric acid and a mixture of
      both to obtain a suspension of the phosphorus-containing raw stock, said
      suspension being exposed to the effect of acoustic vibrations at a
      frequency of from 500 to 20,000 Hz and a sound energy density of from 0.5
      to 5 W/cm.sup.2, whereafter the end product is isolated.
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PAL  Plant growth regulant effects, such as dwarfing, cessation of terminal
      growth, increased flower set, increased fruit and pod set, fruiting body
      abortion, twisting and epinastic responses, etc., may be accomplished on
      crops such as soybeans, cotton, etc., by application of certain
      2-(1,3,4-oxadiazol-2-yl) or 2-(2-oxazolyl) or
      2-(1,3,4-thiadiazol-2-yl)benzoic acids, salts and esters, having the
      formula
      ##SPC1##
PAL  Where X is nitrogen or C--R" (R" being hydrogen or methyl), Z is oxygen or
      sulfur when X is nitrogen, Z is oxygen when X is C--R", R is phenyl or
      various substituents, and R' is hydrogen or various substituents. An
      example is 2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoic acid. The compounds
      where X is nitrogen and Z is sulfur are new compounds, e.g.,
      2-(5-phenyl-1,3,4-thiadiazol-2-yl)benzoic acid.
BSUM
PAR  This invention relates to a method of regulating plant growth and to plant
      growth regulant compositions as well as to new
      2-(1,3,4-thiadiazol-2-yl)benzoic acids, salts and esters.
PAR  Copending application Ser. No. 170,263, of Brouwer, MacPherson, Ames and
      Neidermyer, filed Aug. 9, 1971, now U.S. Pat. No. 3,882,138 discloses
      herbicidal action of certain 2-(1,3,4-oxadiazol-2-yl) and
      2-(2-oxazolyl)benzoic acids, salts and esters. The present invention is
      directed to the use of said compounds, as well as certain new
      2-(1,3,4-thiadiazol-2-yl)benzoic acids, salts and esters, as plant growth
      regulants.
PAR  The compounds employed in the present invention as plant growth regulants
      are benzoic acids (or salts or esters thereof) of the formula
      ##SPC2##
PAL  Wherein:
PA1  X is nitrogen or C--R" (R" being hydrogen or methyl);
PA1  Z is oxygen or sulfur when X is nitrogen, Z is oxygen when X is C--R";
PA1  R is a heterocyclic group or the group
      ##SPC3##
PA1  And the Y's are the same or different and are selected from the group
      consisting of hydrogen, halogen, nitro, lower alkyl, and lower alkoxy.
PAR  The compounds in which Z is sulfur, that is, the
      2-(1,3,4-thiadiazol-2-yl)benzoic acids, salts and esters, are new
      chemicals.
PAR  One preferred sub-class of chemicals employed as plant growth regulants in
      the invention is that represented by the benzoic acids (or salts or esters
      thereof) of formula
      ##SPC4##
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PAL  Where X and Z have the values previously stated and R is phenyl, lower
      alkylphenyl (e.g., o-methylphenyl), lower alkoxyphenyl (e.g.,
      2-methoxyphenyl), halophenyl, nitrophenyl, heterocyclic (e.g., pyridyl,
      furyl) or substituted heterocyclic (e.g., trimethylfuryl).
PAR  In more detail, plant growth regulant compounds employed in the invention
      may be represented by the formula
      ##SPC5##
PAL  Where X, Z and R are as previously defined and R' is hydrogen or a
      salt-forming or ester-forming moiety. When R' is hydrogen this formula of
      course represents the benzoic acids themselves. In the salts R' is
      typically an alkali metal (preferably sodium or potassium although lithium
      or other metal may also be used as the salt-forming moiety including
      polyvalent metals such as copper, zinc, calcium, barium, magnesium, iron
      [ferric or ferrous] aluminum, and the like), ammonium, alkylammonium
      having up to 12 carbon atoms (e.g., methylammonium, ethylammonium,
      diethylammonium, hexylammonium, dodecylammonium), alkanolammonium having
      up to 12 carbon atoms (e.g., ethanolammonium, diethanolammonium,
      hexanolammonium, dodecanolammonium), choline, and the like. In the esters,
      R' is commonly represented by aliphatic or cycloaliphatic hydrocarbyl
      moieties having up to 12 carbon atoms, notably alkyl (e.g., methyl, ethyl,
      n-propyl, isopropyl, n-butyl, iso-butyl, sec.-butyl, tert.-butyl, etc.),
      alkenyl (e.g., allyl, methallyl, etc.), alkynyl (e.g., 2-propynyl,
      2-butynyl, etc.), and the like, or by epoxyalkyl (e.g., 2,3-epoxypropyl,
      2,3-epoxybutyl), 3,4-epoxybutyl, etc.). In addition to the acids
      themselves (R' is hydrogen) preferred bodies are the alkali metal salts
      (R' is alkali metal) and the alkyl esters (R' is alkyl).
PAR  Also particularly advantageous in certain respects are chemicals in which
      the 5-substituent (R) on the oxazole, oxadiazole or thiadiazole ring is
      phenyl, that is, Y.sub.1, Y.sub.2, Y.sub.3, Y.sub.4 and Y.sub.5 are all
      hydrogen, or a mono-substituted phenyl, that is, all but one of Y.sub.1,
      Y.sub.2, Y.sub.3, Y.sub.4 and Y.sub.5 are hydrogen (although di-, tri-,
      tetra- and penta- substituted phenyl as defined herein may also be used).
PAR  Examples of oxadiazoles, oxazoles and thiadiazoles useful in plant growth
      regulation in accordance with the invention are
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoic acid, the methyl ester of same,
      the ethyl ester of same, the butyl ester of same, (or similar alkyl esters
      in which the alkyl group is normal or iso, primary, secondary or tertiary,
      straight chain or branched), 2-[5-(2-tolyl)-1,3,4-oxadiazol-2-yl]benzoic
      acid (also the m-methylphenyl and p-methylphenyl analogs of same), ethyl
      2-[5-(2,3-dimethylphenyl)-1,3,4-oxadiazol-2-yl]benzoate, amyl
      2-[5-(2,3,4-trimethylphenyl)-1,3,4-oxadiazol-2-yl]benzoate,
      2-[5-(4-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid, methyl
      2-[5-(2,3,4-tribromophenyl)-1,3,4-oxadiazol-2-yl]benzoate,
      2-[5-(3-nitrophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid, isopropyl
      2-[5-(2-chloro-3-nitro-4-methoxyphenyl)-1,3,4-oxadiazol-2-yl]benzoate,
      methyl 2 -[5-(2,3,4-trimethoxyphenyl)-1,3,4-oxadiazol-2-yl]benzoate, butyl
      2-(5-phenyl-2-oxazolyl)benzoate, 2 -[5-(2-nitrophenyl)-2-oxazolyl]benzoic
      acid, 2-[5-(2,3,4-trichlorophenyl)-2-oxazolyl]benzoic acid, sodium
      2-[5-(2,3,4-trichlorophenyl)-2-oxazolyl]benzoate, ethyl
      2-[5-(2,3,4,5-tetrachlorophenyl)-1,3,4-oxadiazol-2-yl]benzoate, ethyl
      2-[5-(2,3,4,5,6-pentachlorophenyl)-1,3,4-oxadiazol-2-yl]benzoate,
      potassium 2-(5-phenyl-2-oxazolyl) benzoate, ammonium
      2-[5-phenyl-1,3,4-oxadiazol-2-yl] benzoate,
      2-[5-(5-chloro-3-pyridyl)-1,3,4-oxadiazol-2-yl]benzoic acid, n-butyl
      2-(5-phenyl-2-oxazolyl) benzoate, allyl
      2-[5-(4-nitrophenyl)-1,3,4-oxadiazol-2-yl]benzoate, methallyl
      2-(4-methyl-5-phenyl-2-oxazolyl) benzoate, propyl
      2-[5-(2-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoate, butyl
      2-(4-methyl-5-phenyl-2-oxazolyl)benzoate, 2,3-epoxypropyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate, ferric
      tri[2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate], manganese
      di[2-(5-phenyl-2-oxazolyl)benzoate],
      2-[5-(3,4,5-trimethoxyphenyl)-1,3,4-oxadiazol-2-yl]benzoic acid, n-butyl
      2-(1,3,4-oxadiazol-2-yl)benzoate,
      2-[5-(2,4,5-trimethyl-3-furyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(2-furyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(2,5-dimethyl-3-furyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(2-methyl-3-furyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(3-furyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(3-pyridyl)-1,3,4-oxadiazol-2-yl]benzoic acid, and the like.
PAR  Preferred plant growth regulating chemicals employed in the invention are
      those selected from the group consisting of
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoic acid,
      2-[5-(2-tolyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(4-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(2-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(3-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(3-pyridyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-(5-phenyl-2-oxazolyl)benzoic acid,
      2-[5-(2-methoxyphenyl)-1,3,4-oxadiazol-2-yl]benzoic acid, propargyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate,
      2-(4-methyl-5-phenyl-2-oxazolyl)benzoic acid, butyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate,
      2-[5-(3-nitrophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(2,4,5-trimethyl-2-furyl)-1,3,4-oxadiazol-2-yl]benzoic acid, methyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate, methyl
      2-(5-phenyl-2-oxazolyl)benzoate, and
      2-(5-phenyl-1,3,4-thiadiazol-2-yl)benzoic acid.
PAR  The 2-(1,3,4-oxadiazol-2-yl)benzoic acid plant growth regulant chemicals
      employed in the invention may be prepared as disclosed in application Ser.
      No. 170,263 referred to above, the disclosure of which is hereby
      incorporated herein by reference.
PAR  The new 2-(1,3,4-thiadiazol-2-yl)benzoic acid plant growth regulant
      chemicals of the invention may be prepared by the aqueous permanganate
      oxidation of 2-methylphenyl-5-phenyl-1,3,4-thiadiazoles.
PAR  In accordance with the invention, a 2-(1,3,4-oxadiazol-2-yl) or
      2-(2-oxazolyl) or 2-(1,3,4-thiadiazol-2-yl)benzoic acid chemical of the
      kind described is applied to plants in an amount effective to regulate the
      growth of the plants. Regulation of the growth of plants is frequently
      desirable for a number of reasons. Thus, useful plant growth regulant
      effects contemplated by the invention include:
PA1  a. Dwarfing;
PA1  b. Cessation of terminal growth;
PA1  c. Increased flower set;
PA1  d. Fruit and pod set;
PA1  e. Fruiting body abortion; and
PA1  f. Twisting and epinastic responses.
PAL  Other useful effects include forced axillary growth when the chemical is
      applied to retard vegetative growth. Also, the flowering characteristics
      of certain species can be altered such as in monocots to facilitate
      sterility. In sugar-producing species (e.g., sugar cane, sugar beets), a
      positive increase in percent sugar can be obtained.
PAR  Control of lodging is an important plant growth regulant effect of the
      present chemicals. For example when soybeans are harvested, many bushels
      of plants per acre are frequently lost due to lodged plants. A common
      soybean combine is not capable of harvesting lodged plants. By application
      of the present chemicals, dwarfing may be accomplished and lodging
      prevented.
PAR  In all cotton producing areas there are times when climatic conditions
      increase the vegetative growth of the cotton; the result is called "rank
      cotton." The chemicals described herein stop this rank growth by
      preventing terminal vegetative growth, thus forcing the plant to continue
      its reproductive activity.
PAR  In areas where a second crop of cotton is planted and harvested the same
      year, many times the cotton matures too late. This slows down the planting
      of subsequent crops and in some cases may completely eliminate the
      planting of that crop. The chemicals herein described, when applied to
      cotton that is in the 80% boll set stage, will abort any subsequent
      flowers. This hastens the maturity of the existing cotton bolls and hence
      allows early harvesting. This phenomenon may also be called a "cut off
      spray."
PAR  Further plants on which the present growth regulant chemicals are useful
      include peanuts and small grains, such as rye and the various cereal grain
      type plants, e.g., wheat, barley, oats, and the like.
PAR  While it is not desired to limit the invention to any particular theory of
      operation, it can be postulated from the results obtained with the present
      plant growth regulating chemicals that the chemicals effect a basic
      metabolic change in the plant that increases the sugar level directly or
      prevents the breakdown of sugars.
PAR  In one aspect, the invention is directed to plant growth retardation.
      Various plant growth regulant effects noted above are directly or
      indirectly related to retardation in many cases, that is, certain
      desirable effects including control of lodging, prevention of terminal
      vegetative growth, and other effects, may be regarded as manifestations
      of, or side effects of retardation in one form or another. Thus, when the
      chemical is applied to retard vegetative growth, forced axial growth may
      occur; application of the chemical to accomplish dwarfing may prevent
      lodging; etc. The effects with which the invention is concerned are of
      course non-herbicidal effects, that is, the present chemicals are employed
      in amount insufficient to injure the plants to which they are applied.
PAR  To use the present chemicals as plant growth regulants, the chemical is
      applied to a locus where such control is to be effected in an amount
      sufficient to regulate the growth of the plant in the manner desired. The
      amount employed follows conventional practice for plant growth regulants,
      and is frequently in the range of from 0.02 to 10 pounds per acre,
      depending on the plant species being treated. The chemical is suitably
      applied as a formulation in accordance with conventional agricultural
      chemical practice.
PAR  Thus, the chemical may be impregnated on finely divided or granular
      inorganic or organic carriers such as attapulgite clay, sand, vermiculite,
      corn cobs, activated carbon or other granular carriers known to the art.
      The impregnated granules may then be spread on the soil. Furthermore, the
      chemical may be formulated, for example, as a wettable powder by
      impregnating an inactive powdered carrier to which a surface active
      dispersing agent has been added. Typical powdered solid carriers are the
      various mineral silicates, e.g., mica, talc, pyrophyllite and clays. The
      wettable power may then be dispersed in water and sprayed on plants, or
      the soil surface, or plants to be prepared for harvesting. Similarly, an
      emulsifiable concentrate may be prepared by dissolving the chemical in a
      suitable solvent to which a surface active dispersing agent has been
      added. The emulsifiable concentrate may then be dispersed in water and
      applied by spraying. A soluble concentrate may be prepared by reacting the
      chemical with a stoichiometric quantity of base to which a surface active
      wetting agent has been added. This formulation may also be applied to
      foliage by spraying. Suitable surface active agents are well known to
      those skilled in the art and reference may be had to McCutcheon's
      Detergents and Emulsifiers, 1970, Allured Publishing Corp., Ridgewood,
      N.J., or Hoffman et al., U.S. Pats. No. 2,614,916, cols. 2 to 4 and
      2,547,724, cols. 3 and 4, for examples of appropriate surface active
      agents.
PAR  The concentration of active chemical in the formulation may vary widely,
      e.g., from 10 to 95%. The concentration of active chemical in a dilution
      applied to the soil or foliage is almost invariably from 0.001% to 75%.
      Some of these chemicals are active at very low dosages and therefore the
      plant growth regulation properties should not be confused with the
      herbicidal properties which were found when the chemical was applied at
      higher rates.
DETD
PAR  The following Examples will serve to illustrate the practice of the
      invention in more detail.
PAC  EXAMPLE 1
PAR  2-(5-Phenyl-1,3,4-thiadiazol-2-yl)benzoic acid was prepared by the
      following method.
PAR  2-o-Methylphenyl-5-phenyl-1,3,4-thiadiazole (25 g.) was suspended in a
      solution of potassium permanganate (40 g.) in water (475 ml.). The
      reaction mixture was stirred and refluxed until the color of permanganate
      had discharged, then filtered and cooled. Unreacted
      2-o-methylphenyl-5-phenyl-1,3,4-thiadiazole which separated was removed by
      filtration. When this filtrate was acidified,
      2-(5-phenyl-1,3,4-thiadiazol-2-yl)benzoic acid was obtained and
      recrystallized from ethanol to give white crystals, M.P.
      178.degree.-180.degree.. Analysis gave C, 63.37; H, 3.74; N, 9.74.
      C.sub.15 H.sub.10 N.sub.2 O.sub.2 S requires C, 63.83; H, 3.51; N, 9.93.
PAC  EXAMPLE 2
PAR  This Example illustrates the growth regulating properties of the chemicals
      on four crops; Pinto Beans -- Phaseolus vulgaris; Cotton -- Gossypium
      hirsutum; Peanuts -- Arachis hypogaea and Oats -- Avena sativa. Six
      hundred mg of chemical are dissolved in 10 ml acetone and 30 mg of Triton
      X100 (trademark; isooctyl phenyl poly ethoxy ethanol). This mixture was
      diluted to a 100 ml volume with distilled water.
PAR  Respective concentrations of 2000 and 1000 ppm are made from the 6000 ppm
      stock. The appropriate mixture was sprayed to runoff on the four species
      aforementioned. The plants were sprayed with a DeVilbiss atomizing sprayer
      at the following stages of growth -
     Pinto Beans                                                               
                -- very early 1st trifoliate                                   
     Cotton     -- Fully expanded primary leaf stage                           
     Peanuts    -- 2-4 leaf stage                                              
     Oats       -- 2-4 leaf stage                                              
PAR  Subjective plant growth regulant observations were made from five days
      after spraying through three weeks. These observations included
      retardation, formative effects and phytotoxicity. These data are presented
      in TABLE I, wherein the chemicals employed are identified by the letters A
      through P as follows:
PAR  A. 2 -(5-Phenyl-1,3,4-oxadiazol-2-yl)benzoic acid.
PAR  B. 2-[5-(2-Tolyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  C. 2-[5-(4-Chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  D. 2-[5-(2-Chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  E. 2-[5-(3-Chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  F. 2-[5-(3-Pyridyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  G. 2-(5-Phenyl-2-oxazolyl)benzoic acid.
PAR  H. 2-[5-(2-Methoxyphenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  I. Propargyl 2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate.
PAR  J. 2-(4-Methyl-5-phenyl-2-oxazolyl)benzoic acid.
PAR  K. Butyl 2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate.
PAR  L. 2-[5-(3-Nitrophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  M. 2-[5-(2,4,5-Trimethyl-2-furyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
PAR  N. Methyl 2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate.
PAR  O. Methyl 2-(5-phenyl-2-oxazolyl)benzoate.
PAR  P. 2-(5-Phenyl-1,3,4-thiadiazol-2-yl)benzoic acid.
TBL                TABLE I                                                     
     ______________________________________                                    
     Plant Growth Regulation                                                   
            Rate               Plant Growth Regulating                         
     Chemical                                                                  
            PPM      Crop         Response                                     
     ______________________________________                                    
     A      2000    Pinto Bean Severe epinasty and re-                         
                               tarding and twisting                            
     B      2000    Pinto Bean Severe retardation and                          
                               trifoliates inhibited                           
     B      6000    Peanuts    80% retarded and severe                         
                               epinasty                                        
     C      2000    Pinto Bean Trifoliates inhibited +                         
                               severe epinasty                                 
     C      6000    Cotton     80% retarded                                    
                    Peanuts    80% retarded                                    
     D      2000    Pinto Bean 80-100% retardation;                            
                               moderate epinasty                               
     D      6000    Peanuts    Moderate epinasty                               
     E      1000    Pinto Bean Moderate epinasty, 80-                          
                               100% retardation                                
                    Cotton     Severe epinasty                                 
                    Peanut     50-60% retardation;                             
                               moderate epinasty                               
     F      2000    Pinto Bean 80-100% retardation;                            
                               terminals killed                                
     F      6000    Cotton     Moderate epinasty                               
                    Peanut     Moderate epinasty                               
     G      1000    Pinto Bean 80% retardation; ter-                           
                               minals inhibited                                
     G      6000    Cotton     20% retardation                                 
     G      6000    Peanut     60% retardation                                 
     G      6000    Oat        20% retardation                                 
     H      1000    Pinto Bean 80% retardation                                 
     H      6000    Peanut     20% retardation                                 
     H      6000    Oat        20% retardation                                 
     I      1000    Pinto Bean Severe epinasty 100%                            
                               retardation                                     
                    Cotton     20% retardation                                 
                    Peanuts    20% retardation                                 
                    Oats       20% retardation                                 
     J      6000    Cotton     New Growth twisted +                            
                               30% retarded                                    
                    Peanut     50% retarded                                    
                    Oat        80% retarded                                    
     K      6000    Cotton     Trifoliates 80% retarded                        
                               & deformed                                      
                    Peanut     Slight twisting; 30% re-                        
                               tarded                                          
                    Oat        80% retarded                                    
     L      6000    Cotton     Leaves stunted                                  
                    Peanut     Moderately retarded                             
     M      1000    Pinto Bean Trifoliates retarded,                           
                               forced axillary growth                          
            6000    Peanuts    Twisted                                         
     N      1000    Tomato     Severely epinasty                               
                    Pinto Bean 100% retarded                                   
            6000    Cotton     30% retarded                                    
     O      1000    Pinto Bean 80% retarded                                    
     O      6000    Peanut     Moderate epinasty                               
     P      2000    Pinto Bean 100% retarded, terminals                        
                               killed                                          
     P      6000    Peanut     50% retardation                                 
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  This Example illustrates the growth retarding effects of the present
      chemicals on soybeans, Glycine max. Twelve mg of chemical are dissolved in
      10 ml acetone and 30 mg Triton X100 (isooctyl phenyl poly ethoxyethanol).
      This mixture was diluted to a 100 ml volume with distilled water, making
      it a 120 ppm solution. Respective concentrations of 60 and 30 ppm are made
      from the 120 ppm stock solution. Three pots containing two soybean plants
      at the fully expanded first trifoliate leaf stage are sprayed to run-off
      with a DeVilbiss atomizing sprayer. The plants are placed in the
      greenhouse. The plants are measured at spraying time and when the control
      plants begin to pod or approximately four weeks after spraying. The actual
      measurement used for evaluation is the difference in growth from first
      measurement to the last measurement. A percent growth figure is obtained
      by using the following formula:
      ##EQU1##
PAR  The results are shown in TABLE II, wherein the letters represent various
      chemicals identified in Example 2.
TBL                TABLE II                                                    
     ______________________________________                                    
               Rate         Retardation of Soybeans                            
     Chemical  PPM          % Retardation                                      
     ______________________________________                                    
     A         30           78                                                 
     A         60           83                                                 
     B         30           42                                                 
     B         60           69                                                 
     B         120          75                                                 
     C         30           89                                                 
     C         60           88                                                 
     C         120          94                                                 
     D         30           80                                                 
     D         60           86                                                 
     D         120          91                                                 
     F         30           57                                                 
     F         60           73                                                 
     F         120          80                                                 
     H         30           43                                                 
     H         60           68                                                 
     H         120          78                                                 
     G         30           83                                                 
     G         60           89                                                 
     I         30           66                                                 
     I         60           74                                                 
     I         120          82                                                 
     J         30           45                                                 
     J         60           57                                                 
     J         120          70                                                 
     K         30           50                                                 
     K         60           58                                                 
     K         120          75                                                 
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  This Example further illustrates practice of the invention on cotton.
PAR  One hundred mg of chemical formulated in a three pound active gallon (see
      Example 6-i for composition) were dissolved in 400 ml of water. This
      solution has a concentration of 1000 ppm. Respective concentrations of 500
      and 250 ppm were made by diluting the stock solution of 1000 ppm. Four
      cotton seeds, Gossypium hirsutum, variety Stoneville 213, were planted in
      6-inch pots. The pots were eventually thinned to one plant per pot. The
      spray application was made when the plants had developed two boils 1 inch
      in diameter. Three plants were used for each chemical treatment which was
      applied to run-off with a DeVilbiss atomizing sprayer. The last terminal
      boll that was one-half inch in diameter was marked with a "twistem." The
      cotton was allowed to mature 7 weeks beyond spray application before data
      were taken. The data consisted of measuring the growth in cm from the
      marked boll to the terminal growing point and also the number of bolls
      that developed beyond the marked boll were counted. The percent decrease
      in height and number of bolls was calculated by using the following
      formula.
      ##EQU2##
      The data are given in Table II, illustrating the dramatic reduction in
      height and boll number due to the chemical application.
TBL                TABLE II                                                    
     ______________________________________                                    
     Growth Regulation on Cotton                                               
             Rate                    % Decrease in                             
     Chemical                                                                  
             PPM        % Retardation                                          
                                     Boll Number                               
     ______________________________________                                    
     A       250        49           51                                        
     A       500        40           57                                        
     A       1000       42           64                                        
     G       250        19           51                                        
     G       500        23           51                                        
     G       1000       37           51                                        
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  To illustrate further the growth regulating properties of the chemicals on
      the metabolic activity of plants, 10.5 ml of formulation (formulated as a
      3 pound active gallon -- see Example 6-ii for composition) were diluted to
      a 1892 ml volume with water. This solution was equivalent to 0.5 lbs.
      active chemical in 30 gal. water per acre when applied to sugarbeets, Beta
      vulgaris, 6 weeks before harvest.
PAR  The yield data were determined by hand harvesting each of the three
      treatment replicates which consisted of one row 15 feet long. The sugar
      content was determined by measuring the sucrose content of beets that were
      randomly selected from each plot.
PAR  The data are given in TABLE IV, illustrating the increase in sugar content
      due to the chemical application.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Increase in Sugar                                                         
                 Rate Lbs./                                                    
     Chemical    Acre          % Sugar                                         
     ______________________________________                                    
     A           1/4           15.48                                           
     A           1/2           15.76                                           
     A           1             15.18                                           
     Control                   14.85                                           
     ______________________________________                                    
PAR  Based on an average yield of 40,000 pounds of beets per acre, the 0.91%
      increase over the control would bring the farmer 364 extra pounds of sugar
      per acre.
PAC  EXAMPLE 6
PAR  Listed below are non-limiting examples of formulations which can be
      prepared with chemicals of this invention.
TBL  ______________________________________                                    
                              g                                                
     i.   36% active by volume (3 lb/                                          
          gallon soluble liquid)                                               
     a.      2-(5-Phenyl-1,3,4-oxadiazol-                                      
             2-yl)benzoic acid      36.0                                       
     b.      NH.sub.4 OH (58.6%)    17.0                                       
     c.      Water                  57.0                                       
                                    100.0                                      
     ii.  30% active by volume (3 lb/                                          
          gallon soluble liquid)                                               
     a.      2-(5-Phenyl-1,3,4-oxadiazol-                                      
             2-yl)benzoic acid      36.0                                       
     b.      NH.sub.4 OH (58.6%)    22.0                                       
     c.      Dowfac (trademark) 2A1 (solution)                                 
             sodium dodecyldiphenyl ether di-                                  
             sulfonate              2.25                                       
     d.      Water                  59.75                                      
     iii. 22% active by volume (2 lb/                                          
          gallon soluble liquid)                                               
     a.      2-(5-Phenyl-1,3,4-oxadiazol-                                      
             2-yl)benzoic acid      24.0                                       
     b.      KOH (95.5%)            6.0                                        
     c.      Water                  78.8                                       
     iv.  10% active granule                                                   
     a.      2-(5-Phenyl-1,3,4-oxadiazol-                                      
             2-yl)benzoic acid      30.0                                       
     b.      NH.sub.4 OH (58.6%)    13.2                                       
     c.      Water                  31.8                                       
     d.      25/50 mesh RVM Attaclay (trade-                                   
             mark) attapulgite clay 270.0                                      
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of retarding the growth of plants comprising applying to
      plants, in a non-herbicidal amount effective to retard the growth of the
      plants, a chemical which is a 2-(1,3,4-oxadiazol-2-yl) [, a 2-(2-oxazolyl)
      or a 2-(1,3,4-thiadiazol-2-yl)] benzoic acid, salt, or ester of the
      formula
      ##SPC6##
PAL  where X is nitrogen [or C-R"], Z is oxygen [or sulfur when X is nitrogen, Z
      is oxygen when X is C-R"], R is the group
      ##SPC7##
PAL  where the Y's are the same or different and are selected from the group
      consisting of hydrogen, halogen, nitro, lower alkyl and lower alkoxy, R'
      is selected from the group consisting of hydrogen, a moiety which forms an
      alkali metal, a polyvalent metal, an ammonium, alkyl- or
      hydroxyalkylammonium salt with said acid, and a moiety which forms an
      aliphatic or cycloaliphatic hydrocarbyl or epoxy lower alkyl ester with
      said acid wherein the alkyl, hydroxyalkyl, aliphatic or cycloaliphatic
      moieties may contain up to 12 carbon atoms.
NUM  2.
PAR  2. A method of retarding the growth of plants comprising applying to the
      plants, in a non-herbicidal amount effective to retard the growth of the
      plants, a chemical selected from the group consisting of
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoic acid,
      2-[5-(2-tolyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(2-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(3-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid,
      2-[5-(2-methoxyphenyl)-1,3,4-oxadiazol-2-yl]benzoic acid, propargyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate, butyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate,
      2-[5-(3-nitrophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid, and methyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate.
NUM  3.
PAR  3. A method as in claim 2 in which the said chemical is
      2-(5-phenyl-1,3,4-oxadiazol-2-yl]benzoic acid.
NUM  4.
PAR  4. A method as in claim 2 in which the said chemical is
      2-[5-(2-tolyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
NUM  5.
PAR  5. A method as in claim 2 in which the said chemical is
      2-[5-(4-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
NUM  6.
PAR  6. A method as in claim 2 in which the said chemical is
      2-[5-(2-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
NUM  7.
PAR  7. A method as in claim 2 in which the said chemical is
      2-[5-(3-chlorophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
NUM  8.
PAR  8. A method as in claim 2 in which the said chemical is
      2-[5-(2-methoxyphenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
NUM  9.
PAR  9. A method as in claim 2 in which the said chemical is propargyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)benzoate.
NUM  10.
PAR  10. A method as in claim 2 in which the said chemical is butyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl) benzoate.
NUM  11.
PAR  11. A method as in claim 2 in which the said chemical is
      2-[5-(3-nitrophenyl)-1,3,4-oxadiazol-2-yl]benzoic acid.
NUM  12.
PAR  12. A method as in claim 2 in which the said chemical is methyl
      2-(5-phenyl-1,3,4-oxadiazol-2-yl)-benzoate.
NUM  13.
PAR  13. A method as in claim 2 in which the plants are cotton plants.
NUM  14.
PAR  14. A method as in claim 2 in which the plants are soybean plants.
NUM  15.
PAR  15. A method as in claim 2 in which the plants are sugar-producing plants.
NUM  16.
PAR  16. A method as in claim 2 in which the plants are peanut plants.
NUM  17.
PAR  17. A method as in claim 2 in which the plants are small grain plants.
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PAL  Substituted 2,3-dihydro-1,4-oxathiins of the formula
      ##SPC1##
PAL  Display useful plant growth regulant effects including herbicidal effects.
      Examples are 2,3-dihydro-5,6-diphenyl-1,4-oxathiin, and
      2,3-dihydro-5-(4-methyl-phenyl)-6-phenyl-1,4-oxathiin 4-oxide. The
      compounds are useful for the selective control of grasses and as dwarfing
      agents, as well as for inhibition of vegetative and reproductive axillary
      growth, and for increasing the sugar content of sugar producing species. A
      number of these are new compounds.
PAR  This invention relates to a method of regulating the growth of plants and
      to plant growth regulant compositions useful in such method, as well as to
      chemical compounds useful in such compositions.
PAR  Regulation of the growth of plants is frequently desirable for a number of
      reasons. For example, the control of weeds is of great economic
      importance. Weed competition inhibits the production of foliage, fruit or
      seed of agricultural crops. The presence of weeds may also reduce the
      quality of the harvested crop and reduce harvesting efficiency. Weed
      control is essential for maximum production of many agronomic and
      horticultural crops, including corn (Zea mays L.), rice (Oryza sativa L.)
      and soybeans (Glycine max (L.) Merr.). Weeds on non-cropped areas may
      cause a fire hazard, undesirable drifting of sand or snow, impaired beauty
      of the landscape and irritation to persons with allergies. The invention,
      in one aspect, is based on the discovery that certain substituted
      2,3-dihydro-1,4-oxathiins are remarkably effective preemergence
      herbicides, especially for the selective control of grasses.
PAR  Another form of regulation of plant growth that is of great economic
      importance involves non-herbicidal growth regulant effects. These include,
      by way of nonlimiting example, such effects as dwarfing,
      antitranspiration, inhibition of vegetative and reproductive axillary
      growth and increasing the sugar content of sugar producing species. In one
      important aspect the invention provides a highly effective method for
      producing such effects, employing certain substituted
      2,3-dihydro-1,4-oxathiins.
PAR  The substituted 2,3-dihydro-1,4-oxathiins employed to produce herbicidal
      and other plant growth regulating effects in accordance with the invention
      are those of the formula
      ##SPC2##
PAL  Wherein the R's are the same or different and are selected from the group
      consisting of hydrogen, lower alkyl (especially methyl and ethyl), halogen
      (e.g., chlorine, bromine, fluorine), lower alkoxy (e.g., methoxy), amino,
      lower alkylthio (e.g., methylthio), and lower acyloxy (e.g., acetyloxy),
      and n is zero, 1 or 2. The compound wherein all of the R's are hydrogen,
      and n is zero, namely, 2,3-dihydro-5,6-diphenyl-1,4-oxathiin, is known
      [Marshall and Stevenson, J. Chem. Soc. 2360 (1959)]; the other compounds
      are believed to be new.
PAR  In a preferred class of compounds useful in the invention the R's have the
      following values:
PAR  R.sub.1 = H
PAR  R.sub.2 = H, CH.sub.3, C.sub.2 H.sub.5
PAR  R.sub.3 = H, Cl, CH.sub.3
PAR  R.sub.4 = H, Cl, CH.sub.3
      ##EQU1##
PAR  R.sub.6 = H, Cl, CH.sub.3
PAR  R.sub.7 = H, Cl, CH.sub.3, OCH.sub.3
PAR  R.sub.8 = H, Cl, Br, F, CH.sub.3, C.sub.2 H.sub.5, OCH.sub.3, NH.sub.2
PAR  R.sub.9 = H, CH.sub.3
PAR  R.sub.10 = H.
PAR  Again, the members of this preferred class of compounds are new, except
      where all of the R's are hydrogen and n is zero (i.e., except for
      2,3-dihydro-5,6-diphenyl-1,4-oxathiin).
PAR  Of special interest are the compounds of the class described having
      substituents on one or both phenyls, or a substitutent on the dihydro
      portion of the 1,4-oxathiin ring, or a combination of both. Also of
      special note are such compounds with a para substituent on the 5-phenyl
      group.
PAR  In one respect, the invention is concerned with chemicals of the kind
      described wherein n is 1 or 2, and use thereof in plant growth regulation.
PAR  In another respect the invention is directed to chemicals of the
      above-stated formula in which at least one of the R's is other than
      hydrogen or lower alkyl, as well as plant growth regulant uses of such
      chemicals.
PAR  The substituted 2,3-dihydro-1,4-oxathiins employed in the invention may be
      prepared by reacting a 2-mercaptoalkanol with an appropriately substituted
      2-halo-2-phenylacetophenone in the presence of a base and cyclizing the
      resulting intermediate with water removal in the presence of
      p-toluenesulfonic acid as a catalyst. The preparation of the
      2-halo-2-phenylacetophenones may be achieved using one of the following
      general procedures:
PAR  a. Reaction of a substituted benzoin with thionyl chloride.
PAR  b. Reaction of a substituted 2-phenylacetophenone with sulfuryl chloride.
PAR  c. Reaction of a substituted 2-phenylacetophenone with bromine. The
      2-phenylacetophenones may be prepared by the standard methods known in the
      literature, such as Friedel-Crafts acylation or Grignard condensation with
      the appropriate chemicals.
PAR  The 2,3-dihydro-1,4-oxathiin in which n is zero may be oxidized to the
      corresponding 4-oxide or 4,4-dioxide (n = 1 or 2) by controlled addition
      of one or two equivalants respectively of a 30% hydrogen peroxide solution
      to one equivalent of the oxathiin in glacial acetic acid.
PAR  In one aspect, the invention contemplates application of any of the
      substituted 2,3-dihydro-1,4-oxathiin compounds described, in amount
      effective to regulate growth, to a locus at which such growth regulant
      effects as preemergence herbicidal effects, dwarfing, fruiting body
      inhibition, increasing sugar content, etc., are desired. In another
      aspect, the invention is directed to a plant growth regulant composition
      comprising a chemical compound as described herein, in amount effective to
      regulate the growth of plants, in admixture with a carrier therefor. It
      will be understood that the term plants as used herein includes plant
      parts such as foliage, roots, flowers and seeds.
PAR  The amount of substituted 1,4-oxathiin employed follows conventional
      practice for herbicidal use or other plant growth regulant uses and the
      chemical is suitably applied as a formulation in accordance with
      conventional agricultural chemical practice.
PAR  Thus, the chemical may be impregnated on finely-divided or granular
      inorganic or organic carriers such as attapulgite clay, sand, vermiculite,
      corn cobs, activated carbon or other granular carriers known to the art.
      The impregnated granules may then be spread on the soil. Furthermore, the
      chemical may be formulated, for example, as a wettable powder by grinding
      it into a fine powder and mixing it with an inactive powdered carrier to
      which a surface active dispersing agent has been added. Typical powdered
      solid carriers are the various mineral silicates, e.g., mica, talc,
      pyrophyllite, and clays. The wettable powder may then be dispersed in
      water and sprayed on the soil surface, or on crop plants. Similarly, an
      emulsifiable concentrate may be prepared by dissolving the chemical in a
      solvent such as benzene, toluene, or other aliphatic or aromatic
      hydrocarbon to which a surface active dispersing agent has been added. The
      emulsifiable concentrate may then be dispersed in water and applied by
      spraying. Suitable surface active agents are well known to those skilled
      in the art, and reference may be had to McCutcheon's Detergents and
      Emulsifiers, 1970, Allured Publishing Corp., Ridgewood, N.J., or Hoffman
      et al. U.S. Pat. Nos. 2,614,916, cols. 2 to 4 and 2,547,724, cols. 3 and
      4, for examples of appropriate surface active agents. The concentration of
      active chemical in the formulation may vary widely, e.g., from 1 to 95%.
      The concentration of active chemical in dispersions applied to the soil or
      foliage is almost invariably from 0.002% to 75%. The chemical is
      frequently applied at rates of 0.10 to 25 pounds per acre. For use as a
      preemergence herbicide, the chemical is applied to soil which contains
      weed and crop seed (either to the surface of the soil or incorporated into
      the upper one to three inches of soil). The chemicals may be employed
      individually, or as a mixture of two or more chemicals.
PAR  The most suitable rate of application in any given case will depend on such
      factors as the particular response desired, soil type, soil pH, soil
      organic matter content, wind velocity, the quantity and intensity of
      rainfall before and after treatment, the air and soil temperature, light
      intensity and light duration per day. All of these factors can have an
      influence on the efficacy of the chemicals for a given plant growth
      control use.
PAR  The herbicidal use may include selective weed control in crops such as
      soybeans, sugar beets, etc.
PAR  Depending on crop, variety, dosage, time of application and certain
      cultural practices, growth regulating effects which are obtained include
      the following:
PAR  a. dwarfing
PAR  b. cessation of terminal growth
PAR  c. inhibition of axillary and intercalary growth
PAR  d. flowering inhibition
PAR  e. fruiting body inhibition
PAR  f. twisting and epinastic responses
PAR  g. modification of root growth
PAR  h. increasing sugar in sugar producing species
PAR  i. antitranspiration to control water loss.
PAR  The foregoing responses are general plant responses any one of which could
      contribute directly to yield increases. For example, a spray application
      may be made to tobacco after the flowers are removed to obtain excellent
      axillary growth control. It may be applied to cotton to facilitate a cut
      off spray or it may be applied on cotton early to retard the development
      of rank cotton. Chemicals described herein also may be used on ornamental
      plants. For example, a spray application may be made to chrysanthemums to
      obtain disbudding which, if done by hand, is very costly. It has been
      shown to increase the percent sugar in sugarcane. It can be postulated
      from the results on sugarcane that the chemicals may be preventing
      breakdown of sugars. The chemicals have also shown remarkable properties
      in inhibiting flower bud development on peaches. This is useful for
      preventing frost damage in marginal growth areas where late frosts are
      inevitable. Flower thinning may be accomplished also.
PAR  Another plant growth regulant effect that the chemicals of the invention
      exhibit is that of antitranspiration. The chemicals control stomatal
      opening and hence prevent excessive water loss. Due to this response
      greater yields can be obtained with plants growing under stress.
PAR  The following examples, in which all quantities are expressed by weight
      unless otherwise indicated, will serve to illustrate the practice of the
      invention in more detail. Examples 1-51 involve preparation of typical
      plant growth regulant chemicals of the invention, employing four different
      methods of preparation, identified by the letters A to D in TABLE I, as
      follows:
PAR  A. Halogenation of the appropriate 2-phenylacetophenone followed by
      reaction with a 2-mercaptoalkanol and cyclization.
PAR  B. Reaction of a purified 2-halo-2-phenylacetophenone with a
      2-mercaptoalkanol followed by cyclization.
PAR  C. Oxidation of the appropriate 1,4-oxathiin with one equivalent of
      oxidizing agent.
PAR  D. Oxidation of the appropriate 1,4-oxathiin with two equivalents of
      oxidizing agent.
PAR  The identity of each of the compounds in the working examples was
      established partly by nuclear magnetic resonance spectrum and partly by
      analytical data. The n.m.r. spectra of the compounds revealed the
      characteristic couplings due to the protons of the dihydro portion of the
      dihydro-1,4-oxathiin ring, thereby confirming the structure.
PAR  In Examples 52-60 and TABLES II-IX the various substituted 1,4-oxathiins
      are identified by the Example numbers given in TABLE I.
PAR  Preferred new chemicals of the invention are those selected from the group
      consisting of the chemicals of Examples 3, 4, 2, 20, 21, 22, 9, 10, 6, 12
      and 16; especially preferred are the chemicals of Examples 3, 20 and 21.
PAR  Plant growth regulant compositions of particular interest containing the
      present chemicals are those based on chemicals selected from the group
      consisting of 1, 3, 9, 12, 20, 21, 16, 17, 18, 29, 30 and 38, more
      preferably those based on chemicals 1, 3, 20, 21 and 12.
PAR  For use in preemergence control of weeds the preferred chemicals are those
      of Examples 3, 20, 21, 30, 38, 10, 16, 18, 13, 24 and 43, more especially
      the chemicals of Examples 3, 21, 18, 10 and 13.
PAR  Preferred plant growth retardant chemicals are those of Examples 1, 20, 29,
      30, 38 and 9, more preferably Examples 1 and 20.
PAR  For inhibition of axillary vegetative and reproductive growth, preferred
      chemicals are those of Examples 1, 3, 9, 12, 20, 21, 16, 17 and 18, more
      preferably 1, 3, 20, 21 and 12.
DETD
PAC  EXAMPLE I
PAC  Preparation of 2,3-Dihydro-5,6-diphenyl-1,4-oxathiin from
      2-Phenylacetophenone and 2-Mercaptoethanol. (Method A)
PAR  Powdered 2-phenylacetophenone (1021 g., mp. 55.degree.-57.degree.) was
      charged into a three-necked flask equipped with a strong mechanical
      stirrer, a reflux condenser and a dropping funnel. Sulfuryl chloride (430
      ml.) was added in a continuous stream, over 10 minutes, with vigorous
      stirring. The reaction mixture was kept molten by heating on a steam bath
      for 1/2 hour. Benzene (2.5 l.) was added to the reaction mixture and a
      portion (300 ml.) of the solvent was removed under reduced pressure to
      remove excess sulfuryl chloride. The reactor was cooled to 20.degree. in
      an ice bath and a stream of ammonia was bubbled into the solution. After
      15 minutes, 2-mercaptoethanol (385 ml.) was added during 1/2 hour (the
      reaction mixture temperature remained below 50.degree.). The ammonia
      sparge was continued for four additional hours and the reaction mixture
      was left at room temperature overnight. A cold solution of hydrochloric
      acid (1500 ml.). prepared by pouring 37% acid (600 ml.) over crushed ice
      (900 ml.), was poured into the reactor with stirring. After 15 minutes,
      stirring was stopped and the reaction mixture separated into two layers.
      The benzene layer was separated, p-toluenesulfonic acid (20 g.) was added
      and the reaction mixture was heated under reflux for 4 hours with
      azeotropic water removal. After cooling, the benzene solution was
      successively washed with 1.0 N sodium hydroxide solution (1000 ml.), water
      (500 ml.), filtered, and evaporated under reduced pressure. The warm syrup
      was then poured slowly into isopropyl alcohol (2.5 l.) with vigorous
      stirring, left overnight, the solid filtered off, and dried. The light tan
      coloured product (1062 g., 80% yield) melted at 61.degree.-63.degree..
PAR  Anal. Calc. for C.sub.16 H.sub.14 OS: C, 75.57; H, 5.55. Found: C, 75.58;
      H, 5.74.
PAC  EXAMPLE 2
PAC  Preparation of 2,3-Dihydro-2-methyl-5,6-diphenyl-1,4-oxathiin from
      2-Chloro-2-phenylacetophenone and 1-Mercapto-2-propanol. (Method B)
PAR  A mixture of 1-mercapto-2-propanol (19.2 g.) and triethylamine (10.1 g.) in
      benzene (25 ml.) was added dropwise to a stirred, cooled (20.degree.),
      solution of 2-chloro-2-phenylacetophenone (23.0 g.) in benzene (200 ml.).
      The reaction mixture was left at room temperature overnight, washed with
      water (200 ml.), then with aqueous 5% hydrochloric acid (100 ml.).
      p-Toluenesulfonic acid (1.0 g.) was added to the benzene solution and the
      reaction was refluxed for 3 hours with azeotropic water removal. After
      cooling, the benzene solution was successively washed with 1.0 N sodium
      hydroxide solution (100 ml.), water (100 ml.) and the benzene removed
      under reduced pressure. The residue was crystallized from absolute ethanol
      to give light tan-colored crystals (16 g., 60% yield) melting at
      68.degree.-69.degree..
PAR  Anal. Calc. for C.sub.17 H.sub.16 OS: C, 76.10; H, 6.01. Found: C, 76.14,
      H, 6.05.
PAC  EXAMPLE 3
PAC  Preparation of 2,3-Dihydro-5,6-diphenyl-1,4-oxathiin 4-oxide from
      2,3-Dihydro-5,6-diphenyl-1,4-oxathiin and 30% Hydrogen Peroxide. (Method
      C)
PAR  To a stirred suspension of 2,3-dihydro-5,6-diphenyl-1,4-oxathiin (63.5 g.,
      0.25 mole) in glacial acetic acid (200 ml.) was added dropwise 30%
      hydrogen peroxide (30 ml., 0.26 mole). During the addition the temperature
      of the reaction mixture was maintained below 25.degree. by cooling in an
      ice bath. After standing for 12 hours at room temperature, the reaction
      mixture was filtered and the filtrate was poured, with stirring, into
      water (1,400 ml.). The crystalline precipitate was filtered, washed with
      water, and recrystallized from methanol to give colorless crystals (59.6
      g., 88% yield) melting at 157.degree.-159.degree. with decomposition.
PAR  Anal. Calc. for C.sub.16 H.sub.14 O.sub.2 S: C, 71.10; H, 5.22. Found: C,
      71.22; H, 5.11.
PAC  EXAMPLE 4
PAC  Preparation of 2,3-Dihydro-5,6-diphenyl-1,4-oxathiin 4,4-dioxide from
      2,3-Dihydro-5,6-diphenyl-1,4-oxathiin and 30% Hydrogen Peroxide. (Method
      D)
PAR  To a stirred mixture of 2,3-dihydro-5,6-diphenyl-1,4-oxathiin (12.7 g.,
      0.05 mole), toluene (25 ml.) and formic acid (4 ml.) was added dropwise
      30% hydrogen peroxide (12.5 ml., 0.1 mole). The mixture was refluxed on a
      steam bath for two hours, cooled, and the solid product was filtered off.
      The product was recrystallized from absolute ethanol to give colorless
      crystals (12.5 g., 87%) melting at 178.degree.-179.degree..
PAR  Anal. Calc. for C.sub.16 H.sub.14 O.sub.3 S: C, 67.12; H, 4.93. Found: C,
      66.91; H, 4.93.
PAC  EXAMPLES 5-51
PAR  Using the procedures of the previous examples and appropriate starting
      materials, the substituted 1,4-oxathiins shown in TABLE I are prepared.
      TABLE I gives the systematic name for each product and identifies the
      method used, and also gives melting point data. In subsequent examples the
      compounds are identified by the example numbers given in TABLE I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     SUBSTITUTED 1,4-OXATHIINS                                                 
     Ex.                               M.P.                                    
     No.                                                                       
        Chemical Name         Method   (.degree.C)                             
     __________________________________________________________________________
     1  2,3-dihydro-5,6-diphenyl-                                              
                              A        61-                                     
         1,4-oxathiin                  63                                      
     2  2,3-dihydro-2-methyl-5,6-                                              
                              B        68-                                     
         diphenyl-1,4-oxathiin         69                                      
     3  2,3-dihydro-5,6-diphenyl-                                              
                              C        157-                                    
         1,4-oxathiin 4-oxide          159                                     
     4  2,3-dihydro-5,6-diphenyl-                                              
                              D        178-                                    
         1,4-oxathiin 4,4-dioxide      179                                     
     5  2,3-dihydro-6-(4-methylphenyl)-                                        
                              B        86-                                     
         5-phenyl-1,4-oxathiin         87                                      
     6  2,3-dihydro-6-(4-methylphenyl)-                                        
                              C        155                                     
         5-phenyl-1,4-oxathiin 4-oxide                                         
     7  2-(4-chlorophenyl)-5,6-dihydro-                                        
                              A        92-                                     
         3-phenyl-1,4-oxathiin         94                                      
     8  2-(4-chlorophenyl)-5,6-dihydro-                                        
                              C        174-                                    
         3-phenyl-1,4-oxathiin 4-oxide 175                                     
     9  3-(4-chlorophenyl)-5,6-dihydro-                                        
                              A        68-                                     
         2-phenyl-1,4-oxathiin         70                                      
     10 3-(4-chlorophenyl)-5,6-dihydro-                                        
                              C        108.5-                                  
         2-phenyl-1,4-oxathiin 4-oxide 110                                     
                                       .about.140 dec.                         
     11 3-(4-chlorophenyl)-5,6-dihydro-                                        
                              D        152-                                    
         2-phenyl-1,4-oxathiin 4,4-dioxide                                     
                                       157                                     
     12 2-(4-fluorophenyl)-5,6-dihydro-                                        
                              A        80-                                     
         3-phenyl-1,4-oxathiin         82                                      
     13 2-(4-fluorophenyl)-5,6-dihydro-                                        
                              C        153-                                    
         3-phenyl-1,4-oxathiin 4-oxide 154                                     
     14 2-(4-fluorophenyl)-5,6-dihydro-                                        
                              D        150-                                    
         3-phenyl-1,4-oxathiin 4,4-dioxide                                     
                                       152                                     
     15 3-(3-chlorophenyl)-5,6-dihydro-                                        
                              A        65.5-                                   
         2-phenyl-1,4-oxathiin         67.5                                    
     16 3-(3-chlorophenyl)-5,6-dihydro-                                        
                              C        130-                                    
         2-phenyl-1,4-oxathiin 4-oxide 131                                     
     17 3-(4-bromophenyl)-5,6-dihydro-                                         
                              A        oil                                     
         2-phenyl-1,4-oxathiin                                                 
     18 3-(4-bromophenyl)5,6-dihydro-                                          
                              C        135-                                    
         2-phenyl-1,4-oxathiin 4-oxide 136                                     
     19 2,3-dihydro-2-methyl-5,6-diphenyl-                                     
                              C        145-                                    
         1,4-oxathiin 4-oxide          147                                     
     20 2,3-dihydro-5-(4-methylphenyl)-                                        
                              A        75-                                     
         6-phenyl-1,4-oxathiin         77                                      
     21 2,3-dihydro-5-(4-methylphenyl)-                                        
                              C        145-                                    
         6-phenyl-1,4-oxathiin 4-oxide 147                                     
     22 2,3-dihydro-5-(4-methylphenyl)-                                        
                              D        172-                                    
         6-phenyl-1,4-oxathiin 4,4-dioxide                                     
                                       173                                     
     23 3-(4-fluorophenyl)-5,6-dihydro-                                        
                              A        83-                                     
         2-phenyl-1,4-oxathiin         85                                      
     24 3-(4-fluorophenyl)-5,6-dihydro-                                        
                              C        168                                     
         2-phenyl-1,4-oxathiin 4-oxide                                         
     25 3-(4-fluorophenyl)-5,6-dihydro-                                        
                              D        152-                                    
         2-phenyl-1,4-oxathiin 4,4-dioxide                                     
                                       153                                     
     26 5-(4-aminophenyl)-2-ethyl-2,3-                                         
                              hydrogenation of                                 
                                       122-                                    
         dihydro-6-phenyl-1,4-oxathiin                                         
                              corresponding                                    
                                       124                                     
                              nitro compound                                   
     27 2,3-dihydro-5-(2-methylphenyl)-                                        
                              A        oil                                     
         6-phenyl-1,4-oxathiin                                                 
     28 2,3-dihydro-5-(2-methylphenyl)-                                        
                              C        128-                                    
         6-phenyl-1,4-oxathiin 4-oxide 130                                     
     29 2,3-dihydro-5-(3-methylphenyl)-                                        
                              A        58-                                     
         6-phenyl-1,4-oxathiin         60                                      
     30 2,3-dihydro-5-(3-methylphenyl)-                                        
                              C        113.5-                                  
         6-phenyl-1,4-oxathiin 4-oxide 115                                     
     31 2,3-dihydro-6-[4-(methylthio)phenyl]-                                  
                              A        130-                                    
         5-phenyl-1,4-oxathiin         131                                     
                                       135 dec                                 
     32 3-(2-chlorophenyl)-5,6-dihydro-                                        
                              A        59-                                     
         2-phenyl-1,4-oxathiin         61                                      
     33 3-(2-chlorophenyl)-5,6-dihydro-                                        
                              C        141-                                    
         2-phenyl-1,4-oxathiin 4-oxide 142                                     
     34 3-(4-aminophenyl)-5,6-dihydro-                                         
                              hydrogenation of                                 
                                       96-                                     
         2-phenyl-1,4-oxathiin                                                 
                              corresponding                                    
                                       97                                      
                              nitro compound                                   
     35 3-(4-ethylphenyl)-5,6-dihydro-                                         
                              A        oil                                     
         2-phenyl-1,4-oxathiin                                                 
     36 3-(4-ethylphenyl)-5,6-dihydro-                                         
                              C        oil                                     
         2-phenyl-1,4-oxathiin 4-oxide                                         
     37 2,3-dihydro-5-(4-methoxyphenyl)-                                       
                              A        oil                                     
         2-phenyl-1,4-oxathiin                                                 
     38 2,3-dihydro-5-(4-methoxyphenyl)-                                       
                              C        134-                                    
         6-phenyl-1,4-oxathiin 4-oxide 136                                     
     39 2-[4-(acetyloxy)phenyl]-5,6-dihydro-                                   
                              A        108-                                    
         3-phenyl-1,4-oxathiin         109                                     
     40 2-(4-fluorophenyl)-5,6-dihydro-                                        
                              A        70-                                     
         3-(4-methylphenyl)-1,4-oxathiin                                       
                                       72                                      
     41 3-(3,4-dimethylphenyl)-5,6-dihydro-                                    
                              A        72-                                     
         2-phenyl-1,4-oxathiin         73                                      
     42 3-(3,5-dimethylphenyl)-5,6-dihydro-                                    
                              A        76-                                     
         2-phenyl-1,4-oxathiin         77                                      
     43 3-(3,5-dimethylphenyl)-5,6-dihydro-                                    
                              C        143-                                    
         2-phenyl-1,4-oxathiin 4-oxide 145                                     
     44 2,3-dihydro-5-(3-methoxyphenyl)-                                       
                              A        73-                                     
         6-phenyl-1,4-oxathiin         76                                      
     45 2-(2-chlorophenyl)-5,6-dihydro-                                        
                              A        71-                                     
         3-phenyl-1,4-oxathiin         73                                      
     46 2-(3-chlorophenyl)-5,6-dihydro-                                        
                              A        49-                                     
         3-phenyl-1,4-oxathiin         50                                      
     47 5,6-dihydro-2-(3-methylphenyl)-                                        
                              A        oil                                     
         3-phenyl-1,4-oxathiin                                                 
     48 5,6-dihydro-2-(2-methylphenyl)-                                        
                              A        57-                                     
         3-phenyl-1,4-oxathiin         58                                      
     49 2,3-dihydro-2-methyl-5-(4-methylphenyl)-                               
                              A        oil                                     
         6-phenyl-1,4-oxathiin                                                 
     50 2,3-dihydro-2-methyl-5-(4-methylphenyl)-                               
                              C        150-                                    
         6-phenyl-1,4-oxathiin 4-oxide 151                                     
     51 3-(4-chloro-3-methylphenyl)-5,6-dihydro-                               
                              A        oil                                     
         2-phenyl-1,4-oxathiin                                                 
     __________________________________________________________________________
PAC  EXAMPLE 52
PAR  To illustrate effectiveness of the described oxathiins as preemergent
      herbicides, 600 mg chemical is dissolved in 10 ml organic solvent (e.g.,
      acetone) to which 30 mg conventional emulsifying agent (e.g.,
      isooctylpolyethoxyethanol, "Triton X 100" trademark) is added. The
      solution is diluted to 100 ml with distilled water. Twenty ml of this 6000
      ppm solution is diluted to 250 ppm with distilled water. The chemical is
      applied at the rate of 10 lbs/A (pounds per acre) by drenching 46 ml of
      the 250 ppm solution on the surface of soil in 41/2 inch plastic pots
      which had been planted with the following weeds: rough pigweed (Amaranthus
      retroflexus L.), purslane (Portulaca oleracea L.), tall morningglory
      (Ipomea purpurea L. Roth), crabgrass (Digitaria ischaemum (Schreb.)
      Muhl.), Barnyardgrass (Echinochloa crusgalli (L) Beauv.) and giant foxtail
      (Setaria faberi Herrm.). The percent control of the weeds compared to
      untreated checks is determined 2 weeks after treatment. TABLE II shows the
      results with the preemergence herbicides of the invention prepared in
      accordance with the above examples.
TBL                TABLE II                                                    
     ______________________________________                                    
     Preemergence Herbicides                                                   
     Percent Control of Weeds Including -                                      
           Pig-    Purs-   Tall M. Bnyd- Crab- Giant                           
     Ex.   weed    lane    glory   grass grass Foxtail                         
     ______________________________________                                    
     1     100     100     0       100   0     0                               
     3     0       0       0       100   100   100                             
     20    0       0       75      90    100   95                              
     21    88      100     100     100   100   100                             
     22    0       0       0       15    90    75                              
     28    0       --      0       50    95    0                               
     29    0       0       0       50    95    95                              
     30    --      --      0       95    100   100                             
     38    0       0       0       95    98    100                             
     9     0       0       0       0     50    50                              
     10    75      50      40      95    100   100                             
     15    0       0       0       50    90    10                              
     16    10      0       0       95    100   95                              
     17    0       0       0       50    90    10                              
     18    90      90      0       90    100   98                              
     12    0       0       0       50    95    25                              
     13    98      100     0       100   100   100                             
     23    0       0       0       0     98    100                             
     24    0       90      0       100   100   100                             
     25    0       0       0       25    95    100                             
     40    0       0       0       75    90    100                             
     43    0       80      0       98    100   100                             
     2     0       100     0       75    95    90                              
     19    100     100     0       95    98    95                              
     ______________________________________                                    
PAC  EXAMPLE 53
PAR  Selectivity of a herbicide is desirable since it allows control of weeds
      growing among desirable crop plants. To illustrate the usefulness of the
      oxathiins of the invention as selective preemergence herbicides, 15 mg
      chemical is dissolved in 5 ml organic solvent containing 25 mg
      conventional emulsifying agent (e.g., isooctylpolyethoxyethanol) and this
      solution diluted to 300 ml with distilled water. The chemical is applied
      at the rate of 2 lbs/A by drenching the surface of soil containing weed
      and crop seeds in 6-inch plastic pots with 80 ml of the 50 ppm solution.
      The percent weed control and crop injury are evaluated two weeks after
      emergence of the crops. TABLE III illustrates the usefulness of these
      chemicals as selective preemergence herbicides.
TBL                TABLE III                                                   
     ______________________________________                                    
     Selective Preemergence Herbicide Test                                     
     Percent Weed Control                                                      
     Wild Texas            % Crop Injury                                       
          Wild   Mus-   Pani-                                                  
                             Quack Bynd  Sugar-     Soy-                       
     Ex.  Oats   tard   cum  grass grass beets Corn beans                      
     ______________________________________                                    
     3    80     70     100  100    100  0     10    0                         
     21   80     85     100  100   100   0      0   20                         
     ______________________________________                                    
PAC  EXAMPLE 54
PAR  Listed below are non-limiting examples of formulations which can be
      prepared with chemicals of this invention.
TBL  __________________________________________________________________________
       10.2% active one lb/gallon emulsifiable concentrate                     
       a. 2,3-Dihydro-5,6-diphenyl-1,4-oxathiin                                
       4-oxide                     61.2 g.                                     
       b. Chloroform               305.4 g.                                    
       c. *Triton X-114 (trademark; octyl phenoxy                              
       poly ethoxy ethanol)        112.2 g.                                    
       d. Toluene                  121.2 g.                                    
        *other surfactants such as Rohm & Haas's                               
        AH861 (trademark), anionic/nonionic blended                            
        surfactant, can be substituted                                         
       50% active wettable powder                                              
       a. 2,3-Dihydro-6-phenyl-5-(4-methylphenyl)-                             
       1,4-oxathiin 4-oxide        40.0 g.                                     
       b. Emcol L-72-34 (trademark) sodium dodecyl                             
       benzene sulfonate           0.8 g.                                      
       c. Polyfon F (trademark) sodium lignin                                  
       sulfonate                   0.96 g.                                     
       d. Dixie Clay (trademark) Kaolinite clay                                
                                   9.6 g.                                      
       e. Hi Sil (trademark) hydrated amorphous                                
       silicates                   28.64 g.                                    
       47.3% active 4 lb/gallon emulsifiable concentrate                       
       a. 5,6-Dihydro-2,3-diphenyl-1,4-oxathiin                                
                                   24.00 g.                                    
       b. **Triton X-114           5.00 g.                                     
       c. Naphtha                  21.79 g.                                    
        **other surfactants such as Rohm & Haas's                              
        AH861 (trademark) anionic/nonionic blended                             
        surfactant can be substituted.                                         
     __________________________________________________________________________
PAC  EXAMPLE 55
PAR  Four crop species are planted in regular potting medium contained in 12 oz
      styrofoam cups. The four crops are Pinto Beans -- Phaseolus vulgaris;
      Cotton -- Gossypium hirsutum; Soybeans -- Glycine max and Wheat --
      Triticum aestivum L. Six hundred mg chemical is dissolved in 10 ml
      acetone, 1-3 ml toluene and 30 mg of isooctylphenylpolyethoxyethanol
      (Triton X100; trademark). This mixture is diluted to a volume of 100 ml
      with distilled water. This mixture contains 6000 ppm active ingredient by
      weight. The mixture is sprayed to runoff on the four species
      aforementioned. The plants are sprayed with a DeVilbiss atomizing sprayer
      at the following stages of growth.
TBL  ______________________________________                                    
     Pinto Beans  very early first trifoliate                                  
     Cotton       fully expanded primary leaf stage                            
     Soybeans     first trifoliate nearly expanded                             
     Wheat        2-4 leaf stage                                               
     ______________________________________                                    
PAR  Plant growth regulant observations were made from 5 days after spraying
      throughout the next 3 weeks. These observations included retardation,
      formative effects and phytotoxicity. These data are presented in TABLE IV,
      wherein "retd" stands for retardation, "phyto" stands for phytotoxicity,
      "N.G." stands for new growth, "trif" stands for trifoliate, and "n.e."
      stands for no effect.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Plant Growth Regulation                                                   
     Ex.                                                                       
        Bean     Cotton   Soybean  Wheat                                       
     __________________________________________________________________________
     1  90% retd 30% retd 20% retd 20% phyto                                   
     3  n.e.     10% phyto                                                     
                          35% phyto                                            
     5  n.e.     10% phyto                                                     
                          10% phyto                                            
                                   50% phyto                                   
     6  n.e.     N.G. sl. slight   10% phyto                                   
                 deformed                                                      
                 and      puckering                                            
                 chlorotic                                                     
     20 20% retd 80%      80% N.G. 20% retd                                    
                 terminal retd                                                 
                 growth                                                        
                 retarded                                                      
     21 n.e.     Trifoliates                                                   
                          N.G.     30% retd                                    
                 severely retd                                                 
                          severely darker                                      
                          epinastic                                            
                                   green                                       
     22 n.e.     n.e.     30% retd 5% phyto                                    
     27 Trifoliate                                                             
                 25% phyto                                                     
                          75% phyto                                            
                                   50% phtyo                                   
        retd                                                                   
     28 n.e.     20% phyto                                                     
                          30% retd n.e.                                        
     29 Trifoliate                                                             
                 N.G. 60% 60% retd 10% phyto                                   
        50% retd retd                                                          
     30 20% retd N.G. 60% 60% retd n.e.                                        
                 retd                                                          
     35 N.G. 50% retd                                                          
                 N.G. 60% retd                                                 
                          50% retd n.e.                                        
                          dark green                                           
     36 Trif 75% retd                                                          
                 N.G. 60% retd                                                 
                          85% phyto                                            
                                   --                                          
     37 N.G. 50% retd                                                          
                 N.G. 80% retd                                                 
                          20% retd --                                          
     38 60% retd N.G. 20% retd                                                 
                          30% retd 60% retd                                    
        dark green                 dark green                                  
     7  75%      N.G. 30% retd                                                 
                          sl       20% phyto                                   
        retd     forced terminal                                               
                          epinasty                                             
                 growth                                                        
     8  n.e.     sl epinasty                                                   
                          N.G.     10% phyto                                   
                          epinasty                                             
     9  Trif 100%                                                              
                 100% retd                                                     
                          80% retd n.e.                                        
        retd                                                                   
     10 n.e.     Trif retd                                                     
                          80% retd 80% retd                                    
     32 Trif 80% sl epinasty                                                   
                          30% retd 5% phyto                                    
        retd              dark green                                           
     33 n.e.     5% phyto N.G. 60% n.e.                                        
                          retd                                                 
                          dark green                                           
     15 10% phyto                                                              
                 terminal 30% retd 10% phyto                                   
                 80% retd 100% phyto                                           
     16 20% retd Terminal 80%                                                  
                          N.G. 100% retd                                       
                                   20% retd                                    
                 retd                                                          
     17 n.e.     80% retd term                                                 
                          100% retd                                            
                                   20% retd                                    
                 stopped                                                       
     18 30% retd Terminal 80%                                                  
                          80% retd 30% retd                                    
                 retd                                                          
     12 10% phyto                                                              
                 N.G. 60% retd                                                 
                          N.G. 100% retd                                       
                                   15% phyto                                   
     13 n.e.     N.G. 30% retd                                                 
                          60% retd 30% retd                                    
                          dark green                                           
                                   dark green                                  
     23 n.e.     20% phyto                                                     
                          Terminals                                            
                                   20% retd                                    
                          60% retd                                             
     24 n.e.     Terminal 30%                                                  
                          60% retd 20% retd                                    
                 retd                                                          
     25 n.e.     n.e.     30% retd &                                           
                                   n.e.                                        
                          dark green                                           
     40 n.e.     N.G. 50% retd                                                 
                          N.G. 80% retd                                        
                                   30% retd                                    
                                   dark green                                  
     41 n.e.     50% retd 20% phyto                                            
                                   15% phyto                                   
     43 n.e.     N.G. 30% retd                                                 
                          n.e.     n.e.                                        
     2  n.e.     n.e.     80% retd 10% retd                                    
     19 60% retd N.G. 30% retd                                                 
                          60% retd 60% retd                                    
     45 75% retd N.G. mod 60% retd n.e.                                        
                 puckered                                                      
     46 N.G. 35% N.G. 95% 80% retd n.e.                                        
        retd     killed                                                        
     47 N.G. dark                                                              
                 N.G. 95% 40% retd n.e.                                        
        green    killed                                                        
     48 N.G. dark                                                              
                 N.G. 90% 40% retd n.e.                                        
        green    killed                                                        
     51 N.G. 80% 30% retd 50% retd n.e.                                        
        retd                                                                   
     __________________________________________________________________________
PAC  EXAMPLE 56
PAR  To further illustrate the utility of these chemicals, data are presented in
      this Example on the growth retarding properties of soybeans (Corsoy
      variety). Seventy-five mg chemical is dissolved in 10 ml acetone, 2 ml
      toluene and 30 mg of Triton X100 (isooctyl phenyl poly ethoxyethanol).
      This mixture is diluted to a 50 ml volume with distilled water. This
      mixture is equivalent to 1500 ppm. In some cases a lower rate of 750-800
      ppm is used, thus only 38-40 mg are used respectively for the mixture.
      This mixture is sprayed to runoff on three pots each containing two
      soybean plants in the early first trifoliate leaf stage. The spray is
      applied with a DeVilbiss atomizing sprayer. The first height measurement
      is taken at spraying time and the second when the control plants began to
      pod or approximately 4 weeks after spraying. A percent growth figure is
      obtained by using the following formula
      ##EQU2##
      where G.C. stands for growth of control plants in cm, and G.T. stands for
      growth of treated plants. TABLE V shows the unique growth retarding
      properties of the chemicals on soybeans.
TBL                TABLE V                                                     
     ______________________________________                                    
     Soybean Retardation                                                       
     Ex.         Rate PPM     % Retardation                                    
     ______________________________________                                    
      1           750         76                                               
     20           750         90                                               
     21           750         67                                               
      6           750         57                                               
      9          1500         36                                               
     10          1500         37                                               
     17          1500         30                                               
     18          1500         39                                               
     28           800         52                                               
     29           800         58                                               
     30           800         82                                               
     37          1500         13                                               
     38          1500         76                                               
     ______________________________________                                    
PAC  EXAMPLE 57
PAR  The unique property of these chemicals to inhibit axillary growth is
      exhibited in this Example. Four hundred mg chemical is dissolved in 10 ml
      solvent (e.g. toluene, acetone, or mixture thereof) containing 3%
      surfactant (e.g., isooctylphenylpolyethoxyethanol [Triton X100;
      trademark], polyoxyethylene sorbitan monolaurate [Tween 20; trademark] or
      AH831 [trademark] blend of anionic and nonionic surfactants). This
      mixture, diluted to 100 ml with distilled water, is equivalent to 4000 ppm
      chemical. Lower dosages may be made by diluting the 4000 ppm formulation
      or by dissolving less chemical in the solvent mixture. Twenty ml of one of
      the mixtures described above is sprayed on tobacco plants (Nicotiana
      tabacum Xanthii variety) at the early flowering stage, but with flowers
      removed to force axillary growth. The spray is directed to the terminal
      growing areas in order to facilitate wetting each node as the mixture runs
      down the central stalk. Percent sucker control data are calculated on the
      green weight of the suckers which are plucked approximately 4 weeks after
      spray application. The following formula is used to calculate percent
      sucker control:
      ##EQU3##
      where S.W.C. stands for sucker weight in grams for the control and S.W.T.
      stands for sucker weight in grams for the treated plant. TABLE VI shows
      the unique ability of the chemicals to inhibit sucker or axillary bud
      growth.
TBL                TABLE VI                                                    
     ______________________________________                                    
     SUCKER CONTROL                                                            
     Ex.           Rate PPM    % Axillary Bud                                  
                               Control                                         
     ______________________________________                                    
      1            4000        99                                              
      3            1000        88                                              
      9            4000        91                                              
     10            4000        68                                              
     12            4000        100                                             
     13            4000        80                                              
     20            3000        99                                              
     21            3000        99                                              
      6            3000        63                                              
     30            4000        77                                              
     15            3000        76                                              
     16            3000        99                                              
     17            3000        95                                              
     18            3000        91                                              
     ______________________________________                                    
PAC  EXAMPLE 58
PAR  To explain more clearly the activity of this invention on flowering, the
      following test on chrysanthemum is described. A sprayable formulation is
      made by emulsifying 1.06 g of a 4 lb active gallon (see Example 54
      formulation 3 for composition) containing
      2,3-dihydro-5,6-diphenyl-1,4-oxathiin and diluting this mixture to 100 ml
      volume with water. This mixture is equivalent to 5000 ppm. A respective
      dosage of 2500 is made by diluting the 5000 ml emulsion. This sprayable
      formulation is applied to Fred Shoesmith mums that had been exposed to 16
      and 23 Short Days (10 hours) to induce flowering. The spray is applied to
      runoff with a DeVilbiss atomizing sprayer. The plants are placed back in
      the growth chamber until the total short day period of 6 weeks is
      completed. They are then removed and placed in a greenhouse until
      flowering. Data are taken by counting the number of axillary flower buds
      1/2 inch or longer below the terminal flower. These data are presented in
      TABLE VII. The date in TABLE VII illustrate the unique properties of this
      invention in reducing the number of flower buds that would ordinarily
      require hand removal.
TBL                TABLE VII                                                   
     ______________________________________                                    
     Chrysanthemum Flowering                                                   
                                      Average                                  
                                      Axillary                                 
                  Rate     Spray      Flower Buds                              
     Treatment    PPM      Timing     Per Plant                                
     ______________________________________                                    
     Ex. I Chem.  5000     16 days    4.5                                      
                           after                                               
                  2500     first 10-  5.3                                      
                           hour day                                            
                  5000     23 days    4.0                                      
                           after                                               
                  2500     first 10-  5.9                                      
                           hour day                                            
     Checks                           12.0                                     
     ______________________________________                                    
PAC  EXAMPLE 59
PAR  To illustrate further the growth regulating properties of the chemicals on
      the metabolic activity of plants, 45.6 cc of chemical (formulated as a
      four pound active gallon -- see Example 54 formulation 3 for composition)
      were brought up to an 1,892 ml volume with water. This solution was
      applied at a 3 lb per acre rate in 30 gallons of water to sugarbeets, Beta
      vulgaris, three weeks before harvest.
PAR  The yield data were determined by hand harvesting each of three treatment
      replicates which consisted of one row 15 feet long. The sugar content was
      determined by measuring the sucrose content of beets that were randomly
      selected from each plot.
PAR  The data are given in TABLE VIII illustrating the increase in sugar content
      due to the chemical application. Based on an average yield of 40,000
      pounds of beets per acre, the one percent increase would add 400 pounds of
      extra sugar per acre.
TBL                TABLE VIII                                                  
     ______________________________________                                    
     SUGAR INCREASE                                                            
                   Rate          Sugar                                         
     Treatment     (lbs/A)       (%)                                           
     ______________________________________                                    
     Ex 1 Chem.    3             16.08                                         
     "             11/2          15.62                                         
     Check                       15.05                                         
     ______________________________________                                    
PAC  EXAMPLE 60
PAR  To illustrate further the unique growth regulating properties of the
      chemicals on flowering, 8.5 g. of the chemical of EXAMPLE 1 (formulated as
      a four pound active gallon -- see EXAMPLE 54 for composition) was brought
      up to a 400 ml volume with water. This emulsion was applied to four
      replicate branches of Red Haven peaches that were in the second year of
      bearing. The flower buds at this time were in the tight bud stage. The
      chemical emulsion was applied to the branches to the point of run off,
      with a 1/2 inch brush. The buds were counted and recorded for each branch.
      Each branch had an average of 35 flower buds. The number of flower buds
      open were counted 28 and 33 days after application and compared to the
      original bud count. The percent flowers open figure was established from
      these two counts, with the results shown in TABLE IX.
PAR  A peach farmer is often faced with yield losses due to late frost. The
      chemicals herein described inhibit flower opening and hence flower kill.
TBL                TABLE IX                                                    
     ______________________________________                                    
     INHIBITION OF FLOWER OPENING                                              
     ______________________________________                                    
                      Percent Flowers Open                                     
                            28 days    33 days                                 
                            after      after                                   
     Chemical  Rate PPM     Application                                        
                                       Application                             
     ______________________________________                                    
     Ex. 1     10,000       10.2       17.6                                    
                5,000       64.3       91.6                                    
                2,500       62.5       100.0                                   
     Check                  80.0       100.0                                   
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of retarding the growth of plants comprising applying to a
      locus at which it is desired to retard the growth of plants, in an amount
      effective to retard the growth of plants, a substituted
      2,3-dihydro-1,4-oxathiin chemical of the formula
      ##SPC3##
PAL  wherein the R's are the same or different and are selected from the group
      consisting of hydrogen, lower alkyl, lower alkoxy, chlorine, bromine,
      fluorine, amino, lower alkylthio and lower acyloxy and n is zero, 1 or 2.
NUM  2.
PAR  2. A method as in claim 1, wherein the R's have the following values:
PA1  R.sub.1 = h
PA1  r.sub.2 = h, ch.sub.3 or C.sub.2 H.sub.5
PA1  R.sub.3 = h, cl or CH.sub.3
PA1  R.sub.4 = h, cl or CH.sub.3
PA1  R.sub.5 = h, cl, F, CH.sub.3,
      ##EQU4##
      or SCH.sub.3 R.sub.6 = H, Cl or CH.sub.3
PA1  R.sub.7 = h, cl, CH.sub.3 or OCH.sub.3
PA1  R.sub.8 = h, cl, Br, F, CH.sub.3, C.sub.2 H.sub.5, OCH.sub.3 or NH.sub.2
PA1  R.sub.9 = h or CH.sub.3
PA1  R.sub.10 = h.
NUM  3.
PAR  3. a method as in claim 2 in which the said chemical is applied in
      admixture with a surface active agent.
NUM  4.
PAR  4. A method as in claim 1 in which the said chemical is
      2,3-dihydro-5,6-diphenyl-1,4-oxathiin,
      2,3-dihydro-5-(4-methylphenyl)-6-phenyl-1,4-oxathiin,
      2,3-dihydro-5-(3-methylphenyl)-6-phenyl-1,4-oxathiin,
      2,3-dihydro-5-(3-methylphenyl)-6-phenyl-1,4-oxathiin 4-oxide,
      2,3-dihydro-5-(4-methoxyphenyl)-6-phenyl-1,4-oxathiin 4-oxide,
      3-(4-chlorophenyl)-5,6-dihydro-2-phenyl-1,4-oxathiin.
NUM  5.
PAR  5. A method as in claim 4 in which the said chemical is
      2,3-dihydro-5,6-diphenyl-1,4-oxathiin.
NUM  6.
PAR  6. A method as in claim 4 in which the said chemical is
      2,3-dihydro-5-(4-methylphenyl)-6-phenyl-1,4-oxathiin.
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ABST
PAL  A process and an apparatus for making alloying additions to molten metals.
      The process consists of providing the material to be added in the form of
      strip, wire or rod: placing this material in close proximity to the molten
      metal to which the addition is to be made; and flowing a high current
      through the material to be added and the molten metal forming an arc
      between the molten metal and the material to be added. The heat of the arc
      melts the addition material which is then driven through the arc into the
      molten metal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The addition of alloying elements to a pure metal is commonly done in order
      that improved properties may be obtained. In almost all situations the
      material to which the addition is to be made is molten and the material to
      be added is added in the form of solid metal. This addition technique has
      limitations, as difficulties are encountered where the solubility of the
      addition material in the base material is limited, and where the melting
      point of the addition material is significantly higher than the melting
      point of the base metal. If either of these situations exists, it is
      difficult to consistently make homogeneous alloys of the desired
      composition. Further difficulties sometimes are encountered including the
      situation where the melting point of the material to be added is
      significantly lower than the melting point of the base metal, in which
      case volatilization of the material being added can result, and the
      situation where the material being added has a deleterious reaction with
      the furnace or crucible which contains the base metal, in which case,
      contamination of subsequent melts may occur. For the preceding reasons it
      would be extremely desirable to have a method available for the addition
      of alloying elements to molten materials which would be largely unaffected
      by the relative melting points, solubilities and chemical activities of
      the materials involved.
PAC  SUMMARY OF THE INVENTION
PAR  The process of the present invention consists of using a high current arc,
      formed between the molten base metal and the alloying addition, to melt
      and superheat the alloying addition, thereby placing it in condition to
      rapidly dissolve in the base metal. A desirable embodiment of the
      invention consists of using the process of the invention to make alloying
      additions during continuous casting. In this fashion, changes in
      composition may be made as the casting process proceeds.
PAR  Accordingly, it is an object of the present invention to provide a process
      for making alloying additions to molten metals.
PAR  It is another object of this invention to provide a process wherein the
      alloying material is melted and superheated prior to being added to the
      molten metal.
PAR  It is a further object of this invention to provide a process in which the
      rate of alloying must be controlled during a continuous casting process.
      Other objects and advantages will become apparent from the following
      description and drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the basic embodiment of the invention, the use of an
      electrical arc to vaporize the alloying addition prior to its addition to
      molten metal.
PAR  FIGS. 2, 3 and 4 show information concerning the effect of current density
      on the transfer of molten metal through an electrical arc. FIGS. 2, 3 and
      4 show this information for aluminum, iron and magnesium respectfully.
PAR  FIG. 5 shows the use of a protective gas to shield the material in the arc
      from contamination by the atmosphere.
PAR  FIG. 6 shows the use of a flux to protect the arc from contact with the
      atmosphere.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Great difficulty has heretofore been encountered when alloying additions
      are made to molten metals. These difficulties are particularly severe when
      the melting point of the alloying addition is significantly higher than
      the melting point of the base metal.
PAR  If the melting point of the alloying addition exceeds the melting point of
      the base metal, the temperature of the base metal must usually be
      increased if the alloying addition is to be placed in solution. This is
      particularly true if the solubility of the alloying addition in the base
      metal is limited. In many situations it is impossible to increase the
      temperature of the base metal above the melting temperature of the
      alloying addition since the base metal will boil or vaporize before the
      desired temperature is reached. For example, the solubility of zirconium
      in aluminum is extremely limited and this fact combined with the
      difference in melting points makes the addition of zirconium to aluminum
      alloys a difficult task. Even if the zirconium were to be added in molten
      form, difficulties would be encountered since the molten aluminum would
      serve to cool the molten zirconium to below solidification temperature.
      Apart from situations where it is difficult under any circumstances to
      make alloying additions, there are several situations where it would be
      highly desirable to have a method of making extremely rapid additions of
      alloying elements. For example, in certain alloys it is desirable to add a
      highly reactive element such as titanium, aluminum, zirconium, boron or
      phosphorous as a deoxidizing element immediately prior to casting the
      material. It is desirable from both economic and technical view points
      that the deoxidizing additions be kept to a minimum and that the
      subsequent exposure of the melt to air be kept to a minimum. However, if
      these additions are made in the furnace prior to casting, an excess must
      be added in order to compensate for oxygen which may be picked up prior to
      solidification. This problem might largely be solved if the alloying
      addition could be made to the metal as the molten metal flowed from the
      furnace to the casting mold. A similar set of considerations governs the
      addition of grain refining elements to certain types of alloys. These
      grain refining additions have a tendency to settle to the bottom of the
      molten metal and consequently an excess addition must be made. This
      necessity could be eliminated and a more homogeneous casting would result
      if the alloying addition could be made to the molten metal as it flowed to
      the casting mold. A similar problem that occurs when two alloying elements
      tend to form a co-precipitate in the melt may also be obviated. Other
      situations where it would be desirable to make alloying additions
      immediately before the metal entered the mold, include situations where
      the material being added might react with or contaminate the furnace
      lining material or where the material being added might be so volatile or
      reactive that excessive losses would occur if it were added to the
      furnace.
PAR  The invention disclosed in this application largely overcomes the problems
      noted in the preceding paragraph. In accordance with the invention of the
      present application alloying elements are added to the molten base metal
      in a molten superheated state. In the preferred embodiments of the
      invention the alloying elements are added in a finely divided condition
      having a particle size of less than 100 microns. This fine particle size
      leads to greatly increased surface area and thereby increases the rate at
      which the alloying element goes into solution.
PAR  The invention will be better understood through reference to the following
      drawings. FIG. 1 shows a preferred embodiment of the invention. The
      material 1 to be added to the base metal, 2, is provided in elongated
      form, wire, rod, tube or strip. A free end 3 of the alloying element 1 is
      placed in close proximity to the surface of the molten metal 2. The exact
      distance between the free end 3 and the surface of the molten metal will
      be determined by the electrical parameters and the metals involved. A
      voltage V is applied between the surface of the molten metal and the
      alloying element. The high intensity, high temperature electric arc 4
      which results between the end 3 of the alloying element 1 and the surface
      5 of the molten metal 2 serves to melt the alloying element 1 and transfer
      the alloying element 1 into the molten metal 2. This arc 4 may be
      initiated by briefly touching the end 3, of the alloying element 1 to the
      molten metal 2 and then withdrawing it. The return electrical connection
      between V and the molten metal 2 may be provided by immersing a conductor,
      inert to the molten metal, in the molten metal.
PAR  Metal transfer across an electric arc may occur in at least two different
      ways. At lower current densities, the material being transferred across
      the arc melts, forms large drops, and these drops are transferred across
      the arc. As the current density is increased the transfer mechanism
      changes and the metal being transferred moves through the arc in the form
      of a spray of finely divided molten particles. Typically, the size of the
      particles is less than 100 microns. The current density at which the
      transition from drop transfer to spray transfer occurs varies with the
      materials and the size of the wire from which the metals is being
      transferred. FIGS. 2, 3 and 4 show information of this type for aluminum,
      iron and magnesium alloys for a variety of wire sizes. In general, the
      transition from drop to spray occurs at a current density of between
      100,000 and 150,000 amperes/sq.in. It is highly desirable that the current
      density be in excess of 100,000 amperes/sq.in. of alloying addition.
PAR  FIG. 5 shows a more complete embodiment of the present invention showing
      the addition of an inert shielding gas G through nozzles 6, 6 to protect
      the finely divided element in the arc 4 from oxidation by contacting the
      air.
PAR  Of course, other methods may be used to shield the material from the arc
      from deleterious gases. One such shielding method consists of providing an
      alloying addition wire having a layer of decomposable material on its
      outer surface. As this material enters the arc it decomposes, yielding a
      suitable shielding atmosphere. Another alternative, which is shown in FIG.
      6, would be to provide a suitable flux 7 material on the surface 5 of the
      molten metal 2. This material 7 could be confined to a small area by
      placing it within a restraining ring 8 made up of an inert material which
      would float upon the surface 5 of the molten material 2. In practice, the
      arc 4 would occur wholly within this flux material 7 and would therefore
      not be affected by gases in the atmosphere. This embodiment would be
      useful if toxic elements such as arsenic were to be added since losses to
      the atmosphere would be eliminated.
PAR  As was mentioned above, it is preferred that the current density in the arc
      exceed 100,000 amperes/sq.in. cross-sectional area of the alloying
      addition. The voltage across the arc will necessarily vary with the
      cross-sectional area of the alloying addition and the materials involved.
      However, it will generally fall within the range of 15 to 30 volts. It is
      preferred that the polarity of the applied voltage be such that the
      alloying element is positive relative to the molten material. If this
      polarity is observed, an increased melting rate of the alloying addition
      will be obtained. However, this polarity is not critical and the process
      may readily be carried out using a D.C. arc of opposite polarity or an
      A.C. arc.
PAR  It is preferred that the source of the current generating the arc be of a
      so called constant voltage type, that is one in which the set voltage
      remains relatively constant regardless of current fluctuations. If this
      type of source is used the arc will have a self-stabilizing characteristic
      and will be relatively insensitive to changes in arc length caused by
      fluctuations in the molten metal level.
PAR  It may be desirable to add a high frequency, high voltage component to the
      arc. This component is particularly useful if an A.C. current is used, in
      that it reduces the tendency of the arc to extinguish everytime the
      voltage passes through zero, but serves in all situations to increase the
      stability of the arc and to make initiation of the arc less difficult. The
      frequency of the high frequency component will preferably be from 5 to 50
      KHz and the voltage will be from 10 to 200 volts.
PAR  The process of the present invention is particularly useful in the addition
      of alloying elements to molten metal as the molten metal flows from the
      melting furnace into a casting mold. A particular application of this type
      in which the process of the present invention has high utility is in a
      continuous casting of metal bars or slabs. In this application it is a
      straightforward matter to calculate the desired feed rate, since the
      casting process proceeds at a uniform rate. However, the process may be
      rendered even more versatile by the addition of some type of sensing
      device to sense the flow rate of the molten base metal and to make
      adjustments in the alloying material feed rate. In this fashion the
      alloying process could continue unattended even though the cross-sectional
      area or drop rate of the continuous casting were to be changed.
PAR  In a practical application the alloying addition must be made far enough
      upstream from the casting mold so that the material added has sufficient
      time to become thoroughly mixed with the base metal. It may be desirable
      for a variety of reasons to have more than one alloying addition made to
      the flowing molten metal. For example, if the width of the flowing metal
      is great relative to its depth a more homogeneous product will result if
      two laterally spaced additions are made to the flowing stream of metal.
      Another obvious situation would be where two different alloying materials
      are to be added to the base metal. Because of the high currents required
      and because the alloying addition must be a specially processed form, the
      process of the present invention is most highly suited for the production
      of alloys in which the final concentration of the alloying element, added
      by the process of the present invention, is less than 10%. An inherent
      advantage of the present invention is that it eliminates the necessity for
      most master alloys thereby making possible considerable economic savings.
PAR  Another outstanding advantage of the present invention is that it makes
      possible a rapid change in casting composition. For example, many distinct
      grades of aluminum alloys vary only slightly from one another in one or
      two elements. Through the use of the present invention it would be
      possible to provide a casting furnace containing an alloy having a low
      alloying element content and it would be possible to cast a variety of
      different alloys from the same furnace by varying the alloying element
      concentration of the base metal between the furnace and the casting mold.
PAR  Although it is desirable to make alloying additions used in the present
      invention in a solid configuration, it is possible to add powdered
      materials or brittle materials by encasing them in a hollow tube composed
      of a suitable metal and then swaging or otherwise working this composite
      to reduce its diameter and to compact the material in the tube.
PAR  The present invention will be made more understandable through
      consideration of the following illustrative example.
PAC  EXAMPLE 1
PAR  The process of the present invention was used to add copper to an aluminum
      alloy. It was desired to add 0.15% copper to the furnace composition. The
      metal from the furnace, a dilute aluminum alloy flowed from the furnace
      through a trough of about 50 lb. capacity. The trough emptied into a
      tundish which held about 100 lbs. of aluminum. The tundish emptied into
      the mold and a solid bar of 1.53 in. diameter emerged from the mold at a
      rate of 60 in./min. The copper addition was fed into the trough in the
      form of wire having a diameter of 0.032 inch. Melting of the wire was
      achieved through the use of an arc at a voltage of 16 to 17 volts and a
      current of 180 amperes, corresponding to a current density of about
      224,000 amperes per square inch. The return wire to the current source was
      attached to a graphite rod which was immersed in the trough. Argon was
      used as a shield gas at a flow rate of 25 cu.ft./hr.
PAR  The addition of copper which was melted into the trough successfully raised
      the copper content of the alloy from a level of 0.10% copper in the
      furnace to 0.23 .+-.0.01% copper throughout 500 ft. of cast bar.
      Metallographic examination indicated that the copper had been completely
      dissolved and was uniformly distributed through the cross-section of the
      bar.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims and changes which come within the meaning
      and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for adding alloying material to molten metal comprising the
      steps of:
PA1  A. providing the molten metal having an upper surface within a container;
PA1  B. providing the alloying material in the form of an elongated element
      having a free end;
PA1  C. placing the said alloying element end in close proximity to, but spaced
      from, the surface of the molten metal;
PA1  D. establishing an electrical potential of about 15 to 30 volts between the
      molten metal surface and the alloying element, to form an electric arc
      between the alloying element and the molten metal at a current density in
      excess of 100,000 amperes per square inch of cross-sectional area of the
      alloying element; and
PA1  E. advancing the said alloying element toward the said surface to maintain
      the said arc, whereby, the alloying element is converted to a spray of
      molten particles having a size less than about 100 microns which are
      driven through the arc into the molten metal and uniformly distributed
      therein.
NUM  2.
PAR  2. A process as in claim 1 wherein said molten metal is maintained in
      motion relative to said arc.
NUM  3.
PAR  3. A process as in claim 1 wherein the alloying element is supplied in the
      form of wire.
NUM  4.
PAR  4. A process as in claim 1 wherein the molten metal comprises aluminum.
NUM  5.
PAR  5. A process as in claim 1 wherein said arc is shielded from the atmosphere
      by a non-reactive gas.
NUM  6.
PAR  6. A process as in claim 1 wherein said arc is shielded from the atmosphere
      by a non-gaseous flux, said flux floating on the surface of the molten
      metal.
NUM  7.
PAR  7. A process as in claim 1 wherein said arc is formed by a direct
      electrical current source.
NUM  8.
PAR  8. A process as in claim 1 wherein the alloying element is electrically
      positive with respect to the molten metal.
NUM  9.
PAR  9. A process as in claim 1 wherein the alloying element comprises copper.
NUM  10.
PAR  10. A process as in claim 1 wherein said arc is formed by an alternating
      current.
NUM  11.
PAR  11. A process as in claim 1 wherein said arc is stabilized by an
      alternating current component having a frequency of from 5 to 40 KHz.
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ABST
PAL  An air-meltable, castable, workable alloy resistant to corrosion in
      sulfuric acid over a wide range of acid strengths. The alloy consists
      essentially of between about 28.59 and about 36.72% by weight nickel,
      between about 26.33 and about 30.15% by weight chromium, between about 3
      and about 4.1% by weight molybdenum, between about 3 and about 4.5% by
      weight copper, between about 3 and about 4% by weight manganese, up to
      about 0.5% by weight cobalt, up to about 0.60% by weight silicon, up to
      about 0.07% by weight carbon, up to about 1% by weight tantalum, up to
      about 1% by weight titanium, up to about 2.38% by weight niobium, up to
      about 0.010% by weight boron, up to about 0.6% by weight of a rare earth
      component selected from the group consisting of cerium, lanthanum and
      misch metal, up to about 0.15% by weight nitrogen, and the balance
      essentially iron. The sum of the chromium content and 0.56 times the
      niobium content is between about 27 and about 31% by weight. The nickel
      content exceeds the chromium content by at least about 1.5% and also
      exceeds the sum of the chromium content and 0.56 times the niobium content
      by at least about 1.4%. Where the carbon content exceeds 0.04% by weight,
      it must be less than the sum of five times the titanium content and 10
      times the niobium plus tantalum content.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of corrosion-resistant alloys and more
      particularly to low strategic metal content workable alloys resistant to
      both oxidizing and reducing sulfuric acid solutions over a wide range of
      acid concentrations.
PAR  For purposes of analyzing and predicting their corrosive effect on various
      metals, acids and other corrosive agents are commonly classified as either
      "oxidizing" or "reducing". A reducing medium is one in which the strongest
      oxidizing agent is the hydrogen ion or hydronium ion while an oxidizing
      medium includes components which are more highly oxidizing than either the
      hydrogen ion or hydronium ion. Sulfuric acid is normally a reducing acid
      but high strength sulfuric acid is often oxidizing, especially at elevated
      temperatures. Moreover, various industrial sulfuric acid streams contain
      various oxidizing acids and salts as contaminants. It is, therefore,
      desirable that an alloy designed for general utility in industrial
      sulfuric acid streams be resistant to both reducing and oxidizing
      environments.
PAR  Corrosion resistance of any given metal or alloy in a reducing medium is
      often sharply different from its resistance in an oxidizing medium with
      some metals and alloys being more resistant to reducing media and others
      to oxidizing media. These differences in behavior are thought to be
      attributable to differences between the corrosion mechanism in a reducing
      medium and the corrosion mechanism in an oxidizing medium. Thus, corrosive
      attack by a reducing acid is generally considered to involve attack on the
      metal by hydrogen ions resulting in the oxidation of metal to soluble ions
      and release of hydrogen gas. Metals of relatively high nobility,
      therefore, as indicated by their positions in the galvanic series, are
      generally resistant to corrosion by reducing acids. Attack by oxidizing
      media on the other hand does not involve release of hydrogen but commonly
      results in the formation of metal oxides or other metallic compounds at
      the metal surface. Unlike the situation with reducing acids, a favorable
      position relative to hydrogen in the electromotive series provides no
      insurance that a metal will not be rapidly attacked by an oxidizing
      medium. However, certain elements such as chromium, aluminum and silicon
      form tough insoluble oxide films on initial contact with an oxidizing
      medium and such films serve as barriers against further reaction between
      the medium and the metal, thus preventing further corrosion from taking
      place.
PAR  Sulfuric acid solutions are not only very corrosive generally but the
      nature of their corrosion properties varies markedly with both acid
      concentration and temperature. This variability relates at least in part
      to sulfuric acid's ambivalent assumption of both reducing and oxidizing
      properties as its concentration, temperature, and the nature and
      proportions of various contaminants are altered. As a consequence of this
      variability in its corrosive properties, few materials are available which
      are reasonably resistant to sulfuric acid solutions over a wide range of
      concentrations and temperatures. A relatively large number of available
      materials exhibit reasonable resistance to either dilute sulfuric acid
      solutions having an acid strength of less than about 20% by weight or to
      concentrated solutions having an acid strength greater than 80% by weight.
      A lesser number of materials are effective for the intermediate and
      generally more corrosive concentration range of 20-80%, and even fewer
      metals are commercially useful in contact with sulfuric acid solutions
      ranging from strengths below 20 to greater than 80%, particularly when
      exposed to elevated temperatures.
PAR  Of the known alloys which are demonstrably effective over wide ranges of
      sulfuric acid concentrations, many contain relatively high portions of
      nickel and chromium and are thus rather expensive. In my copending and
      coassigned U.S. patent application Ser. No. 463,886, filed Apr. 25, 1974,
      filed as a continuation-in-part of U.S. patent application Ser. No.
      346,693, filed Mar. 30, 1973, which was in turn filed as a
      continuation-in-part of U.S. patent application Ser. No. 137,641, filed
      Apr. 26, 1971, sulfuric acid corrosion-resistant alloys are described in
      which the nickel content ranges between 22.1 and 52.1% by weight and the
      chromium content is quite low, ranging between 4 and 14.18% by weight.
      These are very desirable alloys, but have a fairly appreciable molybdenum
      content in the range of 4.77-17.9%. Another highly desirable alloy I have
      discovered is that described in my copending and coassigned U.S. patent
      application Ser. No. 399,687, filed Sept. 24, 1973. This alloy also has an
      appreciable molybdenum content, however, in the range of 6.7-14.5%.
      Molybdenum is a fairly scarce and expensive metal whose presence in
      significant quantities materially contributes to the overall cost of the
      alloy.
PAR  Johnson U.S. Pat. No. 3,758,296 discloses a relatively low molybdenum
      content alloy comprising 26-48% nickel, 30-34% chromium, 4-5025%
      molybdenum, 4-7.5% cobalt, 3-25% iron, 2.5-8% copper, 0.05-0.25% carbon,
      up to 4% silicon and up to 0.10% boron. Silicon in the range of 2-3.5% is
      said to be preferred. The alloys disclosed by Johnson, however, exhibit
      rather high hardness, not only because of the preferred 2-3.5% silicon
      content, but also because of the required presence of 4-7.5% cobalt. The
      alloys of the Johnson patent are designed to be susceptible to
      precipitation hardening, a two-step process in which the alloy is first
      subjected to solution heat treatment followed by rapid quenching, and then
      to a precipitation or aging treatment which causes separation of a second
      phase from the solid solution, attended by hardening of the alloy. Because
      of the relatively high hardness and high yield strength which they
      exhibit, the alloys of the Johnson patent are primarily adpated for use in
      castings and are not readily susceptible to working into wrought forms.
PAR  A continuing need has, therefore, existed for corrosion-resistant workable
      alloys having a relatively low strategic metal content. In particular, a
      need has existed for such alloys in which the nickel and chromium contant
      is relatively low, since nickel and chromium are both expensive metals
      supplied almost exclusively from sources outside the United States. At the
      same time, there has been a need for such alloys which are not only low in
      nickel and chromium but also have the lowest feasible proportions of other
      expensive components such as molybdenum, tantalum, tungsten, vanadium and
      niobium.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention, therefore, may be noted
      the provision of improved alloys resistant to both oxidizing and reducing
      sulfuric acid solutions; the provision of such alloys which are resistant
      to sulfuric acid over a wide range of concentrations and temperatures; the
      provision of such alloys which are resistant to sulfuric acid containing
      oxidizing contaminants such as nitric acid; the provision of such alloys
      which can be cast or wrought; the provision of such alloys which have a
      low hardness and high ductility so that they may be readily rolled,
      forged, welded and machined; and the provision of such alloys which may be
      economically formulated with relatively low proportions of strategic
      metals such as nickel and chromium. Other objects and features will be in
      part apparent and in part pointed out hereinafter.
PAR  Briefly, therefore, the present invention is directed to an air-meltable,
      castable, workable alloy resistant to corrosion in sulfuric acid over a
      wide range of acid strengths. The alloys of the invention consists
      essentially of between about 28.59 and 36.72% by weight nickel, between
      about 26.33 and about 30.15% by weight chromium, between about 3 and about
      4.1% by weight molybdenum, between about 3 and about 4.5% by weight
      copper, between about 3 and about 4% by weight manganese, up to about 0.5%
      by weight cobalt, up to about 0.60% by weight silicon, up to about 0.07%
      by weight carbon, up to about 1% by weight tantalum, up to about 1% by
      weight titanium, up to about 2.38% by weight niobium, up to about 0.010%
      by weight boron, up to about 0.60% by weight of a rare earth component
      selected from the group consisting of cerium, lanthanum and misch metal,
      up to about 0.15% by weight nitrogen, and the balance essentially iron.
      The sum of the chromium content and 0.56 times the niobium content is
      between about 27 and about 31% by weight. The nickel content exceeds the
      chromium content by at least about 1.5% by weight and also exceeds the sum
      of the chromium content and 0.56 times the niobium content by at least
      about 1.4% by weight. Where the carbon content exceeds 0.04% by weight, it
      must be less than the sum of five times the titanium content and 10 times
      the niobium plus tantalum content.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The alloys of the invention include relatively low proportions of strategic
      metals, yet are highly resistant to corrosion by sulfuric acid over a wide
      range of concentrations, both in the reducing and in the oxidizing ranges.
      The alloys retain their corrosion resistance even at elevated temperatures
      and show effective corrosion resistance in the presence of sulfuric acid
      concentrations of 20-80%, an environment in which rapid failure is
      frequently experienced in alloys specifically designed for use in either
      dilute or concentrated acid. This strong resistance to corrosion is
      retained, moreover, even when the sulfuric acid solution contains
      oxidizing agents, such as nitric acid.
PAR  The excellent corrosion resistance of the alloys of the invention is in
      part attributable to the fact that they are single-phase solid solutions
      having an austenitic (face-centered cubic) structure. Attainment of this
      structure does not require heat treatment but is realized in the as-cast
      condition of the alloy. These alloys not only possess low hardness
      characteristics as-cast but also remain unaffected by precipitation
      hardening techniques. Even if the alloy is heat treated under conventional
      age hardening conditions, no precipitation, phase changes or significant
      changes in hardness are observed.
PAR  The alloys of the invention may be either cast or wrought. Because of their
      very low hardness on the order of 108-131 BHN, relatively low yield
      strength, and correspondingly high ductility, they may be readily rolled,
      forged, welded or machined. As a consequence, these alloys are highly
      adapted for use in fabrication of pipe and process equipment for
      utilization in the chemical or other process industries.
PAR  The essential components of the alloys of the invention are:
TBL  Nickel          28.59-36.72%                                              
     Chromium        26.33-30.15%                                              
     Molybdenum      3-4.1%                                                    
     Copper          3-4.5%                                                    
     Manganese       3-4%                                                      
     Iron            to make 100%                                              
PAR  It is well recognized that the presence of chromium in iron-based alloys
      affords resistance to oxidizing media, due to rapid initial oxidation of
      chromium to form a thin film which passivates the alloy against further
      attack. In accordance with the present invention, it has been discovered
      that a minimum chromium content on the order of 27% by weight provides an
      especially strong passivating effect in an iron/nickel/chromium type
      alloy. Niobium acts similarly to chromium in passivating such alloys and
      thus may be substituted in part for chromium. In the presence of niobium,
      therefore, the chromium content can be as low as about 26.33% provided
      that the sum of the chromium content and 0.56 times the niobium content is
      between about 27 and about 31% by weight. Because of its higher atomic
      weight, 1% by weight niobium is equivalent only to about 0.56% by weight
      chromium in its contribution to oxidation resistance of the alloy.
      Although niobium may thus be advantageously included in the alloy and
      serves to substitute in part for chromium, it is nonetheless preferred
      that the chromium content be 27% or more, even when niobium is present.
      Exceptionally good corrosion resistance is realized when the chromium
      content is equal to or greater than 27%.
PAR  It has further been found essential that the nickel content of the alloy
      exceed the chromium content by at least about 1.5% and also exceed the sum
      of the chromium content and 0.56 times the niobium content by at least
      1.4% by weight. Preferably, the nickel content exceeds the sum of chromium
      and 0.56 times niobium by about 4% and, in an especially preferred
      embodiment of the alloy, the sum of chromium and 0.56 times niobium is
      between about 27 and 28% by weight and the nickel content is between about
      31 and about 32% by weight nickel.
PAR  Manganese is an important component of the alloys of the invention since
      its presence in the range of 3-4% by weight allows an austenitic structure
      to be maintained even with the relatively low nickel to chromium ratio of
      these alloys. For an alloy having the nickel and chromium contents
      specified herein, the influence of manganese in promoting austenitic
      structure passes through an optimum in the 3-4% range. Significantly
      higher proportions may be detrimental, therefore, or at least may
      necessitate higher proportions of nickel to maintain a face centered cubic
      structure.
PAR  Manganese in the defined range is not only useful as an austenitizer but
      also promotes rapid initial oxidation of chromium to provide the
      passivating layer which affords a high level of resistance to oxidizing
      media. It has been discovered, for example, that 3-4% manganese provides
      markedly improved corrosion resistance in 80-93% H.sub.2 SO.sub.4 at
      80.degree. C. Additionally, manganese is a deoxidizing element whose
      presence helps insure the provision of gas-free sound metal ingots.
PAR  Copper is an essential component whose presence to the extent of at least
      about 3% by weight contributes materially to the corrosion resistance of
      the alloys of the invention. It is essential, however, that the copper
      content not exceed approximately 4.5% and, preferably, the copper content
      should not be higher than about 4% by weight. If the proportion of copper
      is significantly higher than 4.5% by weight, it may exceed its solubility
      limits in the alloy resulting in the solid state formation of copper rich
      precipitates that have a detrimental effect on the alloy's corrosion
      resistance. Presence of a copper rich secondary phase is also detrimental
      to fabricability since it may cause splitting or cracking during hot
      rolling, cold rolling or forging.
PAR  The proportions which have been specified for nickel, chromium, manganese,
      and copper allow the molybdenum content of the alloy to be maintained at
      the relatively low level of 3-4.1% by weight. Maintaining a low proportion
      of molybdenum is not only economically advantageous but avoids problems
      which can be experienced with higher proportions of melybdenum. Thus, a
      molybdenum content significantly higher than 4.1% may be detrimental to
      the corrosion resistance of a nickel/chromium/iron alloy under highly
      oxidizing conditions and molybdenum is also known to be a solid solution
      hardener which can adversely affect mechanical properties of the alloy,
      making it less readily susceptible to machining, rolling, and forging.
PAR  As noted, niobium may be partially substituted for chromium in the alloys
      of the invention. The range of proportions for niobium and other optional
      components of these alloys are set forth in the table below:
TBL  Cobalt          up to 0.5% by weight                                      
     Silicon         up to 0.60% by weight                                     
     Carbon          up to 0.07%                                               
     Tantalum        up to 1%                                                  
     Titanium        up to 1%                                                  
     Niobium         up to 2.38%                                               
     Boron           up to 0.010%                                              
     Nitrogen        up to 0.15%                                               
     Rare earth compon-                                                        
     ent (cerium, lan-                                                         
     thanum or misch                                                           
     metal)          up to 0.6%                                                
PAR  To provide the high ductility and resistance to age hardening
      characteristic of the alloys of the invention, it is essential that cobalt
      be excluded or at least maintained at very low concentrations. Cobalt is a
      common impurity in nickel sources and some minor amounts of cobalt are
      commonly present in nickel alloys. It is essential, however, that the
      cobalt content of the alloys of the invention be no greater than
      approximately 0.5% by weight.
PAR  Niobium is effective not only as a partial substitute for chromium in
      passivating the alloy against attack by oxidizing media but is also well
      recognized as a carbide stabilizer. Where the alloy contains carbon,
      niobium is thus useful in tying the carbon up to prevent the intergranular
      cracking which carbon may otherwise tend to cause. Susceptibility to
      intergranular cracking is conventionally limited by solution annealing of
      carbon-containing alloys but the presence of a stabilizer such as niobium
      may avoid the necessity of solution heat treatment to prevent cracking in
      service. Additionally, niobium contributes to the hot strength of the
      alloy. In view of its cost, however, large proportions of niobium are
      preferably avoided.
PAR  Titanium and tantalum are also effective carbide stabilizers. Tantalum like
      niobium also contributes to the passivating effect of the chromium.
PAR  Although detrimental if present in excessive amounts, carbon is commonly
      present as an impurity which can be tolerated to the extent of about 0.4%
      by weight. A small amount of carbon may also be beneficial in enhancing
      the fabricability of the alloy. Where tantalum, niobium or titanium is
      present, the allowable carbon content may be as high as 0.07%. If the
      carbon content exceeds about 0.4%, however, it must be less than the sum
      of five times the titanium content and 10 times the tantalum plus niobium
      content.
PAR  Nitrogen may also be present as an impurity in the alloy, especially if it
      is prepared in the presence of air. A very small amount of nitrogen may
      actually be beneficial to the ductility and the fabricability of the alloy
      but amounts of nitrogen significantly higher than about 0.15% are
      detrimental and should be avoided.
PAR  Minor proportions of rare earth components such as cerium, lanthanum or
      misch metal are optionally included in the alloys of the invention. Such
      proportions may contribute to the fabricability of the alloys. The rare
      earth component should not constitute more than about 0.6% by weight of
      the alloy, however.
PAR  Small additions of boron contribute to the elongation of the alloy and thus
      its ability to be wrought. Proportions of boron significantly in excess of
      about 0.010% should be avoided, however, since such higher proportions of
      boron have a distinctly adverse effect on corrosion resistance.
PAR  Silicon can be tolerated in the alloys of the invention up to about 0.60%
      by weight without adverse effect on the corrosion resistance. Higher
      proportions of silicon are undesirable since silicon is a hard, brittle,
      nonmetallic ferrite-forming element which has a very adverse effect on the
      hardness, ductility, and fabricability of the alloy. Preferably, the
      silicon content is maintained at no more than about 0.45% by weight.
PAR  The alloys of the invention are prepared by conventional methods of melting
      and no special conditions such as controlled atmospheres, special furnace
      linings or special molding materials are required. Because of the
      relatively low strategic or critical metal content and correspondingly
      high iron content in these alloys, they may be formulated from relatively
      low cost raw materials such as scraps, ferro alloys or other commercial
      melting alloys. Despite their relatively high iron content, the alloys of
      the invention have low magnetic premeabilities consistently below 1.02.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  One hundred-pound heats of five different alloys were prepared in
      accordance with the invention. Each of these heats was air melted in a
      100-pound high frequency induction furnace. The compositions of these
      alloys is set forth in Table I, with the balance in each instance being
      essentially iron.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PERCENT BY WEIGHT OF ALLOYING ELEMENTS                                    
     __________________________________________________________________________
     Alloy                                      Cr +                           
     No. Ni   Cr   Mo  Cu  Mn  Si  C   Nb   B   .56 Nb                         
     __________________________________________________________________________
     1217                                                                      
         28.59                                                                 
              27.02                                                            
                   3.04                                                        
                       3.64                                                    
                           3.01                                                
                               .29 .04 .49  --  27.29                          
     1218                                                                      
         30.64                                                                 
              28.85                                                            
                   3.13                                                        
                       3.68                                                    
                           3.05                                                
                               .25 .03 .54  --  29.16                          
     1220                                                                      
         35.25                                                                 
              30.15                                                            
                   3.30                                                        
                       3.66                                                    
                           3.78                                                
                               .35 .03 .72  --  30.55                          
     1221                                                                      
         36.72                                                                 
              28.24                                                            
                   4.10                                                        
                       3.86                                                    
                           3.55                                                
                               .33 .04 .06  .005                               
                                                28.27                          
     1225                                                                      
         31.19                                                                 
              26.33                                                            
                   3.02                                                        
                       3.55                                                    
                           3.30                                                
                               .43 .06 2.38 --  27.66                          
     __________________________________________________________________________
PAL  Standard physical test blocks and corrosion test bars were prepared from
      each heat. Using the as-cast non-heat-treated physical test blocks, the
      mechanical properties of each of these alloys were then measured. The
      results of these measurements are set forth in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     PHYSICAL PROPERTIES OF ALLOYS, AS CAST                                    
            TENSILE    YIELD      TENSILE BRINELL                              
     ALLOY  STRENGTH,  STRENGTH,  ELONG-  HARDNESS                             
     NO.    P.S.I.     P.S.I.     ATION % NO.                                  
     ______________________________________                                    
     1217   55,000     28,000     26.0    131                                  
     1218   58,000     29,000     22.0    126                                  
     1220   63,380     34,100     30.0    131                                  
     1221   71,170     37,780     42.5    131                                  
     1225   53,280     32,560     20.0    108                                  
     ______________________________________                                    
PAR  Without heat treatment, the corrosion test bars were machined into 11/2
      in. diameter by 1/4 in. discs, each having a 1/8 in. diameter hole in the
      center. Care was exercised during machining to obtain extremely smooth
      surfaces on the discs. Twelve to 14 discs were obtained for each alloy.
PAR  These discs were used in the comparative corrosion tests, described
      hereinafter, comparing the performance of the alloys of the invention with
      a number of alloys which either conform to certain prior art references or
      which are similar to the alloys of the invention but do not satisfy
      certain of the critical compositional limitations of the alloys of the
      invention. The compositions of the alloys used in these tests are set
      forth in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     PERCENT BY WEIGHT ALLOYING ELEMENTS - COMPARATIVE ALLOYS                  
     __________________________________________________________________________
     Alloy                                          Cr +                       
     No.   Ni   Cr   Mo  Cu  Mn  Si   C   Nb  B     .56 Nb                     
     __________________________________________________________________________
      973  34.8 27.6 3.66                                                      
                         4.24                                                  
                             1.14                                              
                                 .55  .05 --  .005  27.6                       
     1215  25.43                                                               
                24.87                                                          
                     4.30                                                      
                         3.50                                                  
                             3.74                                              
                                 .25  .04 .43 --    25.11                      
     1216  26.34                                                               
                26.92                                                          
                     3.63                                                      
                         3.50                                                  
                             2.95                                              
                                 .28  .05 .40 --    27.14                      
     1219  30.97                                                               
                30.10                                                          
                     3.04                                                      
                         3.53                                                  
                             3.10                                              
                                 .28  .03 .40 --    30.37                      
     1223  17.50                                                               
                28.70                                                          
                     2.07                                                      
                         3.83                                                  
                             2.61                                              
                                 .71  .05 .05 --    28.72                      
     1224  25.38                                                               
                25.02                                                          
                     3.53                                                      
                         6.39                                                  
                             3.26                                              
                                 .57  .05 .61 --    25.36                      
      982  32.35                                                               
                17.59                                                          
                     1.83                                                      
                         3.35                                                  
                              .41                                              
                                 2.14 .04 --  --    17.59                      
      986  33.64                                                               
                19.02                                                          
                     2.17                                                      
                         3.44                                                  
                             1.47                                              
                                 3.23 .04 --  --    19.02                      
     Carpenter                                                                 
     20CB3 35.20                                                               
                20.05                                                          
                     2.45                                                      
                         3.55                                                  
                              .50                                              
                                 .72  .04 .51 (.35 Ti)                         
                                                    20.33                      
     __________________________________________________________________________
PAL  In the above table, Alloy Nos. 1215, 1216, 1223, 982 and 986 fall within
      the ranges described in Post U.S. Pat. No. 2,553,330. Alloy No. 1224
      corresponds to that disclosed in Malcolm's U.S. Pat. No. 2,523,838.
      Carpenter 20Cb 3 is a well-known commercial alloy which corresponds to
      Scharfstein U.S. Pat. No. 3,168,397. Alloy Nos. 973 and 1219 are similar
      to the alloys of the invention, but No. 973 has a lower manganese content
      and No. 1219 has a nickel content which fails to exceed the chromium
      content by at least 1.5%.
PAC  EXAMPLE 2
PAR  Using the disc samples prepared in Example 1, corrosion tests were run in
      10%, 25%, 40%, 50% and 60% by weight sulfuric acid solutions at 80.degree.
      C. (176.degree. F.).
PAR  In carrying out these tests, each of the discs was cleaned with a small
      amount of carbon tetrachloride to remove residual machining oil and dirt
      and the discs were then rinsed in water and dried. Each clean, dry disc
      was weighed to the nearest 10,000th of a gram and then suspended in a
      beaker by a piece of thin platinum wire hooked through the center hole of
      the disc and attached to a glass rod which rested on top of the beaker.
      Sufficient sulfuric acid solution was then added to the beaker so that the
      entire sample was immersed. The temperature of the acid was
      thermostatically controlled at 80.degree. C. by means of a water bath and
      each beaker was covered with a watch glass to minimize evaporation.
PAR  After precisely 6 hours, the sample discs were removed from the sulfuric
      acid solution and cleaned of corrosion products. Most samples were cleaned
      sufficiently with a small nylon bristle brush and tap water. Those samples
      on which the corrosion products were too heavy for removal with a nylon
      brush were cleaned with a 1:1 solution of hydrochloric acid and water.
      After the corrosion products had been removed, each disc was again weighed
      to the nearest 10,000th of a gram. The corrosion rate of each disc, in
      inches per year, was calculated by the following formula in accordance
      with ASTM specification G1-67.
      ##EQU1##
      where R.sub.ipy = corrosion rate in inches per year
PA1  W.sub.o = original weight of sample
PA1  W.sub.f = final weight of sample
PA1  A = area of sample in square centimeters
PA1  T = duration of test in years
PA1  D = density of alloy in g./cc.
PAL  Results of these corrosion tests are set forth in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR                                        
     (I.P.Y.) PENETRATION AT 80.degree.C. FOR                                  
     VARIOUS DILUTE SULFURIC ACID-WATER SOLUTIONS                              
     ______________________________________                                    
     Alloy                                                                     
     No.     10%      25%      40%    50%    60%                               
     ______________________________________                                    
     1217    0.0000   0.0000   0.0003 0.0000 0.0014                            
     1218    0.0000   0.0000   0.0000 0.0005 0.0143                            
     1220    0.0005   0.0000   0.0008 0.0000 0.0092                            
     1221    0.0000   0.0000   0.0103 0.0032 0.0081                            
     1225    0.0011   0.0000   0.0132 0.0108 0.0073                            
     Carpenter                                                                 
     20Cb3   0.0041   0.0102   0.0091 0.0083 0.0102                            
     1224    --       --       0.0340                                          
     1219    0.0132   --       0.0165 0.0292 0.00842                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Comparative corrosion tests were conducted in 85%, 93% and 96% to 97%
      sulfuric acid solutions at 80.degree. C. Sample discs were prepared and
      tested in the manner described in Example 2, except that 85%, 93% and 96%
      to 97% sulfuric acid solutions were utilized. The results of these tests
      are set forth in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR                                        
     (I.P.Y.) PENETRATION AT 80.degree.C. IN                                   
     CONCENTRATED SULFURIC ACID-WATER SOLUTIONS                                
     ______________________________________                                    
     Alloy No.   85%      93%      96% to 97%                                  
     ______________________________________                                    
     1217        0.0110   0.0116   0.0070                                      
     1218        0.0103   0.0092   0.0054                                      
     1220        0.0124   0.0000   0.0024                                      
     1221        0.0051   0.0049   0.0035                                      
     1225        --       0.0105   0.0054                                      
     Carpenter                                                                 
     20Cb3       0.0232   0.0202   0.0173                                      
     1219        --       0.0181   --                                          
     1224        0.0559   --       --                                          
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Comparative corrosion tests were conducted in 80% and 85% sulfuric acid
      solutions at 80.degree. C. Sample discs were prepared and tested in the
      manner described in Example 2, except that 80% and 85% sulfuric acid test
      solutions were utilized. The results of these tests are set forth in Table
      VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR                                        
     (I.P.Y.) PENETRATION AT 80.degree.C. FOR                                  
     80% AND 85% SULFURIC ACID-WATER SOLUTIONS                                 
     ______________________________________                                    
     Alloy No.    80%           85%                                            
     ______________________________________                                    
     1217         0.0111        0.0114                                         
     1218         0.0097        0.0103                                         
      973         0.0270        0.0270                                         
     Carpenter                                                                 
     20Cb3        0.0191        0.0212                                         
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Comparative corrosion tests were conducted in 10%, 40% and 93% sulfuric
      acid solutions at 80.degree. C. Sample discs were prepared and tested in
      the manner described in Example 2 using 10%, 40% and 93% sulfuric acid
      solutions. The results of thest tests are set forth in Table VII.
TBL                TABLE VII                                                   
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR (I.P.Y.)                               
     PENETRATION AT 80.degree.C. IN DILUTE AND                                 
     CONCENTRATED SULFURIC ACID-WATER SOLUTIONS                                
     ______________________________________                                    
     Alloy No.   10%        40%        93%                                     
     ______________________________________                                    
     1215        0.0262     0.0275     0.0246                                  
      982        0.0284     0.0392     0.0332                                  
      986        0.0421     --         0.0251                                  
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Comparative corrosion tests were conducted in 70% and 75% by weight
      sulfuric acid solutions at 80.degree. C. Sample discs were prepared and
      tested in the manner described in Example 2, except that 70% and 75% by
      weight sulfuric acid solutions were utilized. The results of these tests
      are set forth in Table VIII.
TBL                TABLE VIII                                                  
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR (I.P.Y.)                               
     PENETRATION AT 80.degree.C. IN DILUTE AND                                 
     CONCENTRATED SULFURIC ACID-WATER SOLUTIONS                                
     ______________________________________                                    
     Alloy No.    70%           75%                                            
     ______________________________________                                    
     1215         0.0639        0.1077                                         
      982         0.0448        0.1732                                         
      986         --            0.0694                                         
     1217         0.0243        0.3075                                         
     1218         0.0211        0.1937                                         
     1220         0.0094        0.0235                                         
     1221         0.0116        0.0181                                         
     1225         0.0068        0.0073                                         
     Carpenter                                                                 
     20Cb3        0.051         0.018                                          
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Using the method described in Example 2, comparative corrosion tests were
      conducted in 25%, 40%, 50% and 60% sulfuric acid solutions at 80.degree.
      C. The results of these tests are set forth in Table IX.
TBL                TABLE IX                                                    
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR                                        
     (I.P.Y.) PENETRATION AT 80.degree.C. IN                                   
     VARIOUS SULFURIC ACID-WATER SOLUTIONS                                     
     ______________________________________                                    
     Alloy                                                                     
     No.      25%       40%       50%     60%                                  
     ______________________________________                                    
     1216     0.0011    0.0235    0.0165  0.0193                               
     1223     0.0340    0.0340    0.7476  1.0004                               
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Using the method described in Example 2, comparative corrosion tests were
      conducted in 10%, 25%, 40% 50%, 60% and 70% sulfuric acid solutions, each
      containing 5% nitric acid, at 80.degree. C. The results of these tests are
      set forth in Table X.
TBL                TABLE X                                                     
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR (I.P.Y.)                               
     PENETRATION AT 80.degree.C. FOR VARIOUS SULFURIC                          
     ACID-WATER SOLUTIONS PLUS 5% NITRIC ACID                                  
     ______________________________________                                    
     Alloy                                                                     
     No.   10%      25%      40%    50%   60%   70%                            
     ______________________________________                                    
     1217  0.0005   0.0019   0.0019 0.0011                                     
                                          0.0038                               
                                                0.0062                         
     1218  0.0000   0.0014   0.0008 0.0005                                     
                                          0.0000                               
                                                0.0076                         
     1220  0.0032   0.0016   0.0016 0.0019                                     
                                          0.0032                               
                                                0.0062                         
     1221  0.0011   0.0000   0.0019 0.0008                                     
                                          0.0019                               
                                                0.0032                         
     1225  0.0046   0.0038   0.0038 0.0030                                     
                                          0.0046                               
                                                0.0122                         
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Using the method described in Example 2, comparative corrosion tests were
      conducted in boiling 10%, 25% and 40% sulfuric acid solutions containing
      5% nitric acid. Results of these tests are set forth in Table XI.
TBL                TABLE XI                                                    
     ______________________________________                                    
     CORROSION RATES IN INCHES PER YEAR (I.P.Y.)                               
     PENETRATION FOR VARIOUS BOILING SOLUTIONS OF                              
     SULFURIC ACID AND WATER PLUS 5% NITRIC ACID                               
     ______________________________________                                    
     Alloy                                                                     
     No.         10%        25%        40%                                     
     ______________________________________                                    
     1217        0.0030     0.0035     0.0073                                  
     1218        0.0035     0.0035     0.0078                                  
     1220        0.0065     0.0105     0.0259                                  
     1221        0.0024     0.0059     0.0119                                  
     1225        0.0054     0.0056     0.0081                                  
     ______________________________________                                    
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above products without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air-meltable, castable, workable alloy resistant to corrosion in
      sulfuric acid over a wide range of acid strengths consisting essentially
      of between about 28.59 and about 36.72% by weight nickel, between about
      26.33 and about 30.15% by weight chromium, between about 3 and about 4.1%
      by weight molybdenum, between about 3 and about 4.5% by weight copper,
      between about 3 and about 4% by weight manganese, up to about 0.5% by
      weight cobalt, up to about 0.60% by weight silicon, up to about 0.07% by
      weight carbon, up to about 1% by weight tantalum, up to about 1% by weight
      titanium, up to about 2.38% by weight niobium, up to about 0.010% by
      weight boron, up to about 0.6% by weight of a rare earth component
      selected from the group consisting of cerium, lanthanum and misch metal,
      up to about 0.15% by weight nitrogen, and the balance essentially iron,
      provided that:
PA1  a. the sum of the chromium content and 0.56 times the niobium content is
      between about 27 and about 31% by weight;
PA1  b. the nickel content exceeds the chromium content by at least about 1.5%;
PA1  c. the nickel content exceeds the sum of the chromium content and 0.56
      times the niobium content by at least about 1.4%; and
PA1  d. where the carbon content exceeds 0.04% by weight, it is less than the
      sum of five times the titanium content and 10 times the niobium plus
      tantalum content.
NUM  2.
PAR  2. An alloy as set forth in claim 1 wherein the chromium content is at
      least about 27% by weight and the copper content is no greater than about
      4% by weight.
NUM  3.
PAR  3. An alloy as set forth in claim 2 wherein the nickel content is on the
      order of 4% by weight greater than the sum of the chromium content and
      0.56 times the niobium content.
NUM  4.
PAR  4. An alloy as set forth in claim 3 wherein the nickel content is between
      about 31 and about 32% by weight and the sum of chromium content and 0.56
      times the niobium content is between about 27 and about 28% by weight.
NUM  5.
PAR  5. An alloy as set forth in claim 1 wherein the silicon content is not
      substantially greater than 0.45%.
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ABST
PAL  An economical process for making a molten ferrous alloy containing from
      about 5.0% to about 30.0% by weight chromium and from 0% up to about 25.0%
      by weight nickel. The process comprises four basic operations:
PAL  1. partially reducing chrome ore and iron ore and (depending upon the type
      or reducing process used) converting the ores before, during or after the
      reducing step into an appropriate physical form for charging into a
      submerged-arc furnace;
PAL  2. preparing a charge consisting primarily of the reduced chrome and iron
      ores (preferably still hot from the reducing step) and smelting and
      reducing this charge by the submerged-arc process in a first vessel to
      yield an unrefined chrome alloy high in carbon and silicon;
PAL  3. transferring the molten alloy from the first vessel to a second vessel
      and directing gaseous oxygen thereagainst to reduce the carbon and silicon
      content thereof; and
PAL  4. thereafter introducing a mixture of gaseous oxygen and an inert gas or
      nitrogen into the molten alloy in the second vessel below the surface of
      the alloy to complete the refining and to minimize the loss of chromium.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of the copending
      application Ser. No. 381,687, filed July 23, 1973, and now abandoned, in
      the name of the same inventors and entitled PROCESS FOR MAKING STAINLESS
      STEEL.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an economical process for making molten ferrous
      alloy of the stainless steel type, and more particularly to such a process
      utilizing a charge consisting primarily of chrome and iron ores which have
      been partially reduced and converted to a suitable physical form for
      charging into a submerged-arc furnace.
PAR  2. Brief Description of the Prior Art
PAR  Heretofore, prior art workers have produced stainless steel through the use
      of an electric arc melting furnace, an oxygen converter or a combination
      of the two. These procedures have been further modified by the use of a
      vacuum in a degasser, ladle or other steel making vessel to assist in the
      removal of undesirable gases and to aid in the refining process.
PAR  The charge into the furnace or converter generally consisted of stainless
      steel scrap which had to have been segregated or classified prior to its
      use, carbon steel scrap, a small quantity of iron ore, fluxing agents and
      ferro-alloys. One of the primary ferro-alloys used was a ferro-chromium
      which could be of either the low or the high carbon variety.
      Ferro-chromium, particularly the low carbon variety, is an expensive
      source of chromium.
PAR  Through the years, improvements have been made in techniques, apparatus and
      atmosphere control. However, such improvements frequently resulted in new
      problems which had to be overcome. For the most part, the high cost of the
      charging ingredients and the labor costs for classifying scrap added
      considerably to the high refining and production costs of stainless steel.
      As a consequence, the use of stainless steel has been limited, despite the
      many advantages it has over carbon steel or low cost materials.
PAR  U.S. Pat. No. 3,728,101 made a significant contribution to the art because
      it teaches a process for the production of stainless steel utilizing an
      initial charge consisting primarily of iron ore and chrome ore. This
      charge is introduced into a first vessel and an unrefined liquid ferrous
      alloy is produced by means of a submerged-arc. The hot, liquid ferrous
      alloy is transferred to a second vessel and subjected to two gaseous
      treatments, the first comprising blowing pure gaseous oxygen against the
      liquid alloy and the second comprising the introduction of pure gaseous
      oxygen and an inert gas or nitrogen into the liquid alloy below the
      surface thereof. Finishing additions and temperature adjustments are made
      in the second vessel to achieve the desired final chemistry and tap
      temperature. When the steel is to have a nickel content, nickel is added
      during one or both of the gas purifying steps. When a high nickel content
      is desired, nickel may also be added to the submerged-arc furnace (first
      vessel).
PAR  A primary drawback of the process of U.S. Pat. 3,728,101 lies in the fact
      that a single first vessel in the form of a submerged-arc furnace cannot
      provide a sufficient output to economically charge the second vessel,
      generally in the form of a A/O vessel. Since chrome ores are considerably
      more difficult to reduce than iron ores, the normal size submerged-arc
      furnace, as known today, can be relied upon to produce only about five
      tons or less per hour of the unrefined alloy. The typical A/O vessel
      requires a charge in the neighborhood of about 20 tons per hour.
      Therefore, to practice the process of U.S. Pat. 3,728,101 properly, the
      output of some four or five submerged-arc furnaces are required to charge
      the typical A/O vessel (i.e. the second vessel).
PAR  The present invention constitutes an improvement in the process of the
      above mentioned U.S. Pat. 3,728,101 in that it renders the process of that
      patent economically more feasible. In accordance with the present
      invention, the iron and chrome ores making up the primary portion of the
      charge to the first vessel (submerged-arc furnace) are pre-reduced and
      rendered in an appropriate physical form for charging into the
      submerged-arc furnace. As will be discussed hereinafter, this
      pre-reduction step can be accomplished in a number of well known ways.
PAR  Together with the pre-reduction step, the present invention contemplates
      rendering the chrome and iron ores in a physical form appropriate for
      charging into a submerged-arc furnace. By "appropriate form" is meant that
      the ores should be intimately mixed and should not contain significant
      amounts of powder or fines. To this end, briquetting, nodulizing,
      pelletizing and sintering (all of which are well known in the art) may be
      employed. For purposes of the present specification and the claims
      hereafter, the generic term "agglomeration" will be used and is intended
      to include all of the methods listed above. In some instances, sized ores
      may be employed in the submerged-arc furnace. While, as will be
      appreciated by one skilled in the art, sizing is not truly an
      agglomeration procedure, for purposes of the present specification and
      claims the term "agglomeration" is to be construed broadly enough to
      include sizing.
PAR  As will be developed further hereinafter, the agglomeration of the ores may
      be accomplished before, during or after the pre-reduction step. Some
      pre-reduction methods require the use of previously agglomerated ores.
      Other pre-reduction methods utilize a fluidized bed, and agglomeration is
      accomplished after the pre-reduction step. Yet other pre-reduction methods
      result simultaneously in the agglomeration of the ores as a part of the
      pre-reduction procedure.
PAR  The pre-reduction of the chrome and iron ores should be as complete as
      possible, consistent with optimal time and economic considerations. As
      indicated above, it is known that iron ores will reduce before chrome ores
      thermodynamically. The present invention contemplates a pre-reduction of
      iron ores of up to about 95% or more and a pre-reduction of the chrome
      ores of from about 20% to about 60% or more.
PAR  The practice of the present invention provides advantages in addition to
      rendering the process of U.S. Pat. 3,728,101 more economic. First of all,
      the present process enables the use of low grade chrome ores (having a
      chrome to iron ratio of 3.5 or less) such as Transvaal type ores, hitherto
      deemed undesirable. The practice of the present invention places such
      typically friable low grade chrome ores in an improved form for the
      submerged-arc furnace. Such low grade chrome ores are easier to mine,
      available in greater quantities than high grade chrome ores and are far
      less expensive. The present invention enables the use of these low grade
      ores for up to 100% of the chrome requirements. As a consequence, the
      present process enables more economical use of more raw materials and less
      scrap.
PAR  The operation of a submerged-arc electric furnace is expensive. Through the
      practice of the present invention, depending upon the type of
      pre-reduction step used, the ores may be charged into the submerged-arc
      furnace already hot, thus reducing the operating cost of the furnace. As a
      result of the present invention, the productivity of the submerged-arc
      furnace (which operates on a continuous basis) is markedly increased. The
      process of U.S. Pat. 3,728,101 may be practiced utilizing only one or two
      submerged-arc furnaces for each A/O vessel.
PAC  SUMMARY OF THE INVENTION
PAR  The economical process of the present invention for making a molten, chrome
      bearing ferrous alloy comprises four basic operations. In the first
      operation, chrome and iron ores are pre-reduced as completely as possible,
      consistent with optimal time and economic considerations. These ores are
      also intimately mixed and rendered in a physical form appropriate for
      charging into a submerged-arc furnace.
PAR  In the second basic operation, the pre-reduced ores (preferably while still
      hot) are charged into a first vessel comprising a submerged-arc electric
      furnace. The partially reduced ores constitute the primary portion of the
      charge for the submerged-arc furnace, the balance being made up of
      carbonaceous fuels, fluxes and up to about 10% ferrous and/or alloy scrap.
      In the submerged-arc electric furnace, the reduction of the iron and the
      chrome ores is completed to form an unrefined liquid ferrous alloy still
      characterized by an excess of carbon and silicon.
PAR  The unrefined liquid ferrous alloy is transferred, while still liquid, from
      the submerged-arc electric furnace to a second vessel (generally an A/O
      vessel) and is subjected therein to two gaseous treatments constituting
      the third and fourth basic operations mentioned above. In the third
      operation, oxygen is top blown against the liquid alloy to partially
      reduce the silicon and carbon contents therein. This operation is
      continued until the carbon has been reduced to less than about .20% by
      weight. Immediately thereafter top blowing is discontinued and the fourth
      operation is begun. This operation comprises finishing and refining by the
      introduction of gaseous oxygen and an inert gas or nitrogen into the
      liquid alloy below the surface thereof to bring the carbon content to the
      desired final level. Finishing additions and temperature adjustments are
      made to meet the desired final chemistry and tap temperature. The desired
      nickel content is added in any one or a combination of the third or fourth
      steps. To achieve a high nickel content nickel may be added to the
      submerged-arc furnace also.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the preferred practice of this invention, there is taught a process for
      producing a molten ferrous alloy containing from about 5.0% to about 30.0%
      by weight (and preferably from about 10.0% to about 18.0% by weight)
      chromium and up to about 25.0% by weight (and preferably up to about 12.0%
      by weight) nickel, in an economical manner. As will be evident
      hereinafter, other elements such as carbon and silicon are present and
      play an important role in the process. Various impurities may be present,
      as will be discussed hereinafter. Finally, some elements constitute useful
      alloy additions to the stainless steel, but they are generally not present
      in the initial chemistry. Many of these elements, such as manganese, for
      example, will suffer some losses during the processing and may be more
      efficiently added as a ferro-alloy at the end of the refining process.
PAR  The process of the present invention is made up of four basic operations.
      The first operation entails pre-reduction and the rendering of the chrome
      and iron ores into an appropriate form for charging into a submerged-arc
      furnace. As indicated above, the agglomeration of the ores may be
      accomplished by briquetting, nodulizing, pelletizing, sintering and, in
      some instances, by a simple sizing procedure. All of these processes are
      well known in the art and the selection of an appropriate process is well
      within the skill of the worker in the art and will depend upon a number of
      factors including the type of pre-reduction process practiced. Many of the
      above noted agglomeration procedures utilize an appropriate binder to hold
      the material together in the desired shape and size. The most common
      binders employed include bentonite, cement and lime.
PAR  The pre-reduction step may be performed by any appropriate method capable
      of producing a continuous supply of reduced material for feed to the
      submerged-arc furnace. For example, the reduction may be accomplished by
      the direct reduction process taught in copending application Ser. No.
      333,673, filed Feb. 20, 1973, in the names of Clyde L. Cruse, Jr. and
      Arthur P. Kerschbaum and entitled METHOD AND APPARATUS FOR THE DIRECT
      REDUCTION OF IRON ORES. In accordance with this application previously
      agglomerated or sized ores are subjected to gaseous reduction whereby a
      steam-hydrocarbon fluid mixture, having a steam : carbon molar ratio
      ranging from 0.9:1 to 1.8:1, is catalytically reformed to produce a
      reducing gas mixture containing about 85% to 98% by volume carbon monoxide
      plus hydrogen, with a hydrogen : carbon monoxide volume ratio of at least
      2:1. The reducing gas is transferred directly at elevated temperatures to
      a shaft furnace for reduction of ores therein and the spent reducing gas
      is cleaned, cooled and dried, for use as a fuel and coolent.
PAR  Pat. No. 3,375,099 is exemplary of processes utilizing a shaft furnace and
      not employing catalytic reformation. In this patent, pre-agglomerated ores
      are introduced to a shaft furnace and travel counter-current to a reducing
      gaseous atmosphere introduced at about the longitudinal center of the
      furnace and generated by the incomplete combustion of a mobile fuel with
      oxygen. As these gases travel upwardly of the furnace they are withdrawn,
      cooled and much of their water content is condensed. These gases may have
      a methane-containing gas mixed with them and are reintroduced into the
      shaft furnace below its mid-section to cool the reduced ore pellets. U.S.
      Pat. No. 3,148,059 teaches the use of a shaft reducing furnace and a
      reducing gas obtained by cracking hydrocarbons with steam or oxygen in
      cracking furnaces. The cracking is carried out in the presence of waste
      gas collected from the shaft furnace. Again, the process of this patent
      requires pre-agglomerated ores.
PAR  U.S. Pat. No. 3,020,149 teaches the reduction of ores in a continuous flow,
      multiple stage, fluidized bed system wherein the ore travels
      counter-current to the flow of hot reducing gases. U.S. Pat. No. 3,126,276
      also teaches a method of reducing ores in a fluidizing-solids reactor by
      means of a reducing gaseous mixture at elevated temperature. Since both of
      the last mentioned patents utilize a fluidized bed, it will be understood
      that for purposes of the present invention, agglomeration would have to be
      performed after the reducing step.
PAR  U.S. Pat. No. 3,458,307 teaches the process for reducing ores in the upper
      portion of a blast furnace by a gaseous mixture consisting essentially of
      carbon monoxide and hydrogen at high temperature. Top gases from the blast
      furnace are collected, cooled and cleaned. A portion of the top gases are
      enriched with a hydrocarbonaceous fluid fuel and heated to produce carbon
      monoxide and hydrogen. The carbon monoxide and hydrogen are introduced
      into the reduction zone of the blast furnace at elevated temperature. To
      utilize a system such as this, it would be necessary to remove the reduced
      ores from the blast furnace prior to melting. This process contemplates
      the use of pelletized, sintered or sized ores.
PAR  U.S. Pat. No. 3,167,420 teaches a method of producing alloys from ore in an
      electric arc furnace. Agglomerated ores are pre-reduced in the upper
      portion of the electric arc furnace or in an adjacent chamber by mixing
      air with the furnace gases and burning the furnace gases.
PAR  All of the pre-reducing methods described above are exemplary of methods
      which may be utilized in the first step of the present invention.
      Adaptation of these methods is well within the skill of the worker in the
      art. As indicated above, the reduction of both the chrome and iron ores
      should be as complete as possible, consistent with optimal time and
      economic considerations. Some of the processes set forth above require
      agglomeration of the ore prior to reduction. Others require agglomeration
      of the ore after reduction. In most instances it is preferable to use a
      pre-reduction method which will provide a constant feed for the
      submerged-arc furnace, the feed still being hot from the pre-reduction
      step.
PAR  For purposes of an exemplary showing, the present invention will be
      described in terms of the use of a continuously operated rotary kiln for
      the accomplishment of the pre-reduction step. While the rotary kiln may be
      charged with agglomerated ores, it may also be charged with
      non-agglomerated chrome ore and iron ore together with a suitable source
      of carbon to serve as a fuel and reductant. As indicated above, the chrome
      ore may be of the low grade variety. The fuel is preferably reactive and
      non-caking, as for example, sub-bituminous coals. The ores and the fuel
      are intimately mixed. The two types of ores and the carbon source material
      are so proportioned as to achieve as complete a reduction of both types of
      ores as possible, consistent with optimal economics, time and like
      considerations. Reduction in the kiln is achieved at a temperature of from
      about 1800.degree. F to about 2400.degree. F.
PAR  As a result of their treatment in the kiln, the iron and chrome ores will
      agglomerate so as to be in an improved form for subsequent charging into
      the submerged-arc furnace. In the product from the kiln, it is desirable
      that the iron ores will be pre-reduced up to 95% or more and the chrome
      ores will be pre-reduced from 20% to 60% or more. The carbon content of
      the kiln product will depend upon the amount of reduction of the two types
      of ores accomplished. The remainder of the kiln product will comprise
      unreduced residual oxides contained in the gangue of the ores and the ash
      of the carbon source. Optionally, up to 20% by weight silica may be added
      to the material in the kiln to promote agglomeration, to flux metallic
      oxides and to provide protection against re-oxidation of reduced metallics
      in the rotary kiln operation. An appropriate binder material may also be
      added.
PAR  The remaining three basic operations of the present invention are
      substantially identical to those taught in U.S. Pat. 3,728,101. To this
      end, the partially reduced product of the kiln (or other reducing process)
      is charged into a first vessel comprising a submerged-arc electric
      furnace. Typically, the product of the kiln will comprise at least 65% of
      the charge to the submerged-arc electric furnace, the balance being made
      up of carbonaceous fuels such as coke or the like and fluxes. Up to about
      10% ferrous and/or alloy scrap may be used in this charge, so long as the
      alloy scrap has a chemistry approximating the chemistry of the desired
      final product.
PAR  The unrefined liquid ferrous alloy produced in the submerged-arc furnace,
      depending upon the desired chemistry of the final product within the
      ranges given above, will consist essentially of about 5.0% to about 30.0%
      by weight chromium, at least 3.0% by weight carbon and up to about 2.0% by
      weight silicon, the balance being essentially iron. As indicated above,
      the chromium content will be determined by properly proportioning the
      chrome ores and iron ores in the charge in the kiln (or other reducing
      apparatus). When required some additional adjustments in the chemistry of
      the liquid alloy may be made via the charge to the submerged-arc furnace.
PAR  Silicon will normally be present in the unrefined liquid ferrous alloy
      formed in the submerged-arc furnace in amounts between about 0.5% to about
      2.0% by weight. Sufficient silicon may be present in the initial ores,
      added to the pre-reduction step or it may be added to the charge of the
      submerged-arc furncace in the form of quartzite or ferro-silicon. The
      silicon is reduced in the submerged-arc furnace and serves as a
      supplemental source of fuel. Generally, the final stainless alloy product
      will contain less than about 1.0% by weight silicon so that most of the
      silicon ends up as calcium silicates in the slag formed as a result of the
      flux or limestone additions in the second vessel.
PAR  As is typical with most steelmaking processes, there are various impurities
      which will be picked up or are present from the materials charged into the
      submerged-arc furnace. However, the ability to control these impurities to
      rather low levels in the smelting process of the submerged-arc furnace
      contributes significantly to its value. For example, sulfur may be reduced
      to a much lower value than is normally attained by prior art practices.
PAR  A slag will be formed in the submerged-arc furnace. This slag will consist
      essentially of magnesia, alumina and lime and is ultimately discarded.
PAR  The unrefined liquid ferrous alloy of the submerged-arc electric furnace is
      tapped at a temperature of between about 1520.degree. C to about
      1630.degree. C. The alloy is transferred directly to a second vessel where
      gaseous oxygen, by means of a lance, is directed to a position just above
      the surface of the alloy to decarburize it to about 0.10% to about 0.20%
      by weight carbon. Concurrently, the silicon content is reduced to about
      0.02% to about 0.04% by weight. This blowing of the alloy with gaseous
      oxygen comprises the third basic operation of the present invention. The
      precise low level of carbon reached during this operation, without
      substantial loss of chromium, depends upon the final chromium level
      desired and the temperature.
PAR  During this third operation a slag will be formed in the second vessel.
      This slag will consist essentially of iron oxide, silica, lime and limited
      amounts of chrome oxide.
PAR  As the fourth basic operation of the present invention, and to finish the
      refining of the alloy, the oxygen lance is lowered below the surface of
      the alloy and the gaseous oxygen is supplemented with an inert gas; the
      ratio of the oxygen-inert gas mixture ranging between about 3/1 and 1/5.
      While argon is the preferred inert gas for this operation, it should be
      understood that other inert gases such as neon, crypton, xenon and helium
      may be used. Nitrogen may also be used particularly when a high nitrogen
      content stainless steel is desired. This fourth basic operation is
      continued until the carbon is further reduced to the desired final level.
PAR  It is not critical to the invention to inject the oxygen-inert gas (or
      nitrogen) mixture into the liquid alloy by means of a lance lowered
      through the slag and into the molten bath. The gaseous mixture may come
      from fixed annular submerged tuyeres disposed near the base of the second
      vessel.
PAR  In the practice of the third and fourth operations the oxygen used may be
      pure oxygen or the somewhat less pure, commercially available oxygen used
      for such purposes as is well known in the art. The term "oxygen" is not,
      however, intended to include air.
PAR  As the desired level of carbon is reached, alloying additions may be made
      and the temperature adjusted for tapping into a suitably prepared ladle.
      In those situations where it may be necessary to recover alloying elements
      such as chromium from the slag blanket, reducing agents such as
      ferro-silicon, and fluxes such as lime and spar may be added. This,
      however, is a practice well known in the steel making art and does not
      require further description.
PAR  When making a nickel-bearing stainless steel, while some of the desired
      final nickel content may be achieved in the submerged-arc furnace through
      the use of nickel-bearing scrap, the final nickel content is achieved by
      nickel additions made during the third or fourth operations or both. In
      either instance the nickel additions serve as a coolant. Nickel may be
      added in the form of nickel oxide, electrolytic nickel, nickel pigs or
      high-nickel scrap. As the desired nickel content of the final product
      increases, a larger proportion of the required nickel should be added to
      the submerged-arc furnace.
PAR  It can be seen from the above that the process of the present invention
      combines the teachings of the above noted U.S. Pat. 3,728,101 with an
      initial operation wherein chromite and iron ores are partially reduced and
      rendered into a form suitable for charging into the submerged-arc furnace.
      Through appropriate charging of the kiln (or other reducing apparatus) and
      the submerged-arc electric furnace, the unrefined liquid ferrous alloy of
      the submerged-arc electric furnace will have a composition very close in
      chromium content to the desired final product. The final product is
      produced without unnecessary loss of heat units, the hot pre-reduced ores
      (where possible) being employed in the first vessel comprising the
      submerged-arc electric furnace and unrefined liquid ferrous alloy
      therefrom being transferred directly and without cooling to the second
      vessel for the gas refining operations.
PAR  Modifications may be made in the invention without departing from the
      spirit of it.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a process for making molten ferrous alloys containing from about 5.0%
      to about 30.0% by weight chromium, and up to about 25.0% by weight nickel
      and comprising the steps of introducing into a first vessel a charge
      consisting essentially of chrome ore, iron ore and a source of carbon,
      smelting said charge in said vessel by means of a submerged arc to provide
      an unrefined liquid ferrous alloy consisting essentially of about 5.0% to
      30.0% by weight chromium, at least 2.0% by weight carbon, up to about 2.0%
      by weight silicon, the balance being essentially iron, transferring said
      liquid ferrous alloy from said first vessel to a second vessel, top
      blowing pure gaseous oxygen against said liquid alloy in said second
      vessel to partially reduce said silicon and carbon, continuing said oxygen
      blow until said carbon has been reduced to less than about 0.20% by
      weight, immediately thereafter finishing said refining by introducing
      gaseous oxygen and an inert gas or nitrogen into said liquid alloy below
      the surface thereof to bring the carbon content to the desired final level
      and making finishing additions and temperature adjustments to meet the
      desired final chemistry and tap temperature, the improvement comprising in
      combination therewith the steps of pre-reducing said chrome and iron ores
      prior to charging them into said first vessel and agglomerating said
      chrome and iron ores prior to charging them into said first vessel, said
      chrome ores being low grade chrome ores having a chrome to iron ratio of
      3.5 and less and being usable for up to 100% of the chrome requirements,
      whereby said process may be practiced using one or two typical first
      submerged arc vessels for each typical second vessel.
NUM  2.
PAR  2. The process claimed in claim 1 wherein said agglomerating step is
      practiced prior to said pre-reducing step.
NUM  3.
PAR  3. The process claimed in claim 1 wherein said agglomerating step is
      practiced after said pre-reducing step.
NUM  4.
PAR  4. The process claimed in claim 1 wherein said agglomerating and
      pre-reducing steps are practiced concurrently.
NUM  5.
PAR  5. The process claimed in claim 1 wherein said iron ore is added to said
      chrome ore in such an amount as to achieve said desired final chrome
      content.
NUM  6.
PAR  6. The process claimed in claim 1 wherein said iron ore is pre-reduced up
      to about 95% or more and said chrome ore is pre-reduced from about 20% to
      about 60% or more.
NUM  7.
PAR  7. The process claimed in claim 1 including the steps of intimately mixing
      said chrome and iron ores with said source of carbon, heating and
      agglomerating said mixture and pre-reducing said ores thereof in a rotary
      kiln and introducing into said first vessel a charge consisting primarily
      of said heated and pre-reduced ores from said kiln.
NUM  8.
PAR  8. The process claimed in claim 1 including the steps of intimately mixing
      and agglomerating said chrome and iron ores together with said source of
      carbon, charging said agglomerated material into a rotary kiln and heating
      and pre-reducing said ores therein, and introducing into said first vessel
      a charge consisting primarily of said heated and pre-reduced ores from
      said kiln.
NUM  9.
PAR  9. The process claimed in claim 1 including the step of adding to said
      chrome and iron ores up to 20% by weight silica.
NUM  10.
PAR  10. The process claimed in claim 1 including the step of adding nickel to
      said liquid alloy during at least one of said oxygen top blow and said
      introduction of oxygen and an inert gas or nitrogen below the surface of
      said liquid alloy to achieve said desired final nickel content.
NUM  11.
PAR  11. The process claimed in claim 2 wherein said iron ore is pre-reduced up
      to about 95% or more and said chrome ore is pre-reduced from about 20% to
      about 60% or more.
NUM  12.
PAR  12. The process claimed in claim 2 wherein said iron ore is added to said
      chrome ore in such an amount as to achieve said desired final chrome
      content.
NUM  13.
PAR  13. The process claimed in claim 3 wherein said iron ore is pre-reduced up
      to about 95% or more and said chrome ore is pre-reduced from about 20% to
      about 60% or more.
NUM  14.
PAR  14. The process claimed in claim 3 wherein said iron ore is added to said
      chrome ore in such an amount as to achieve said desired final chrome
      content.
NUM  15.
PAR  15. The process claimed in claim 4 wherein said iron ore is pre-reduced up
      to about 95% or more and said chrome ore is pre-reduced from about 20% to
      about 60% or more.
NUM  16.
PAR  16. The process claimed in claim 4 wherein said iron ore is added to said
      chrome ore in such an amount as to achieve said desired final chrome
      content.
NUM  17.
PAR  17. The process claimed in claim 7 wherein said iron ore is pre-reduced up
      to about 95% or more and said chrome ore is pre-reduced from about 20% to
      about 60% or more.
NUM  18.
PAR  18. The process claimed in claim 7 wherein said iron ore is added to said
      chrome ore in such an amount as to achieve said desired final chrome
      content.
NUM  19.
PAR  19. The process claimed in claim 7 wherein said chrome and iron ores and
      said source of carbon are pre-reduced in said kiln at a temperature of
      from about 1800.degree. F to about 2400.degree. F.
NUM  20.
PAR  20. The process claimed in claim 7 including the step of adding to said
      chrome and iron ores up to 20% by weight silica.
NUM  21.
PAR  21. The process claimed in claim 8 wherein said iron ore is pre-reduced up
      to about 95% or more and said chrome ore is pre-reduced from about 20% to
      about 60% or more.
NUM  22.
PAR  22. The process claimed in claim 8 wherein said iron ore is added to said
      chrome ore in such an amount as to achieve said desired final chrome
      content.
NUM  23.
PAR  23. The process claimed in claim 8 wherein said chrome and iron ores and
      said source of carbon are pre-reduced in said kiln at a temperature of
      from about 1800.degree. F to about 2400.degree. F.
NUM  24.
PAR  24. The process claimed in claim 8 including the step of adding to said
      chrome and iron ores up to 20% by weight silica.
NUM  25.
PAR  25. The process claimed in claim 10 including the step of adding nickel to
      said charge of said first vessel.
PATN
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APN  3912744
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ABST
PAL  An alloy containing: aluminum, zinc, manganese, titanium, zirconium and
      doping agents, with the weight percentage of the components being as
      follows: aluminum 2-12; zinc, 0.01-2.5; manganese, 0.01-2.5; titanium,
      0.0001-0.5; zirconium, 0.002-2.0; beryllium, up to 0.1; iron, up to 0.01;
      nickel, up to 0.001; silicon up to 0.08; copper, up to 0.04; and
      magnesium, the balance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to magnesium-base alloys and is most
      advantageous in industry for the production of articles featuring high
      corrosion resistance when operation in air, marine and tropical
      atmospheric conditions and for short-term operation in sea water.
PAR  Magnesium-base corrosion-resistant alloys of a Al-Zn-Mn system and an alloy
      comprising additionally titanium (see, for example, US Pat. No. 2,340,795)
      are known in the art, and whose compositions are given in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Chemical composition,%                                                    
     Mg Al   Zn    Mn    Ti   Doping agents,% not more than                    
                              Ni   Cu   Fe   Si  Be   Zr                       
     __________________________________________________________________________
     Base                                                                      
        7.5-9                                                                  
             0.2-0.8                                                           
                   0.15-0.5                                                    
                         --   0.001                                            
                                   0.040                                       
                                        0.007                                  
                                             0.08                              
                                                 0.002                         
                                                      0.002                    
     Base                                                                      
        7.5-9                                                                  
             0.3-1.0                                                           
                   0.15-0.7                                                    
                         --   0.001                                            
                                   0.005                                       
                                        0.003                                  
                                             0.01                              
                                                 --   --                       
     Base                                                                      
        4- 6 1-2   0.1-1 0.05-1                                                
                              --   --   --   --  --   --                       
     __________________________________________________________________________
PAR  A disadvantage of the above-specified alloys lies in their comparatively
      low corrosion resistance.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the invention is the provision of a magnesium-base alloy
      featuring high corrosion resistance.
PAR  Said object is achieved by the provision of a magnesium-base alloy
      containing aluminum, zinc, manganese, titanium and doping agents, with the
      alloy comprising additionally, according to the invention, zirconium and
      with the weight percentage of the components being as follows: aluminum,
      2-12; zinc, 0.01-2.5; manganese 0.01-2.5; titanium 0.0001-0.5; zirconium,
      0.002-2; with the following content for the doping agents: beryllium up to
      0.1; iron, up to 0.01; nickel, up to 0.001; silicon, up to 0.08; copper,
      up to 0.04 and magnesium, the balance.
PAR  The above chemical composition of the proposed alloy ensures the
      enhancement of its corrosion resistance as compared to the known alloys.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Illustrative examples of the embodiment of the present invention are given
      hereinbelow.
PAC  Example 1.
PAR  The composition of an alloy is as follows, in weight per cent: aluminum,
      7.7; zinc, 2.0; manganese, 0.5; titanium, 0.005; zirconium, 0.3; iron,
      0.007; nickel, 0.0007; silicon, 0.03; copper, 0.02; and magnesium, the
      balance.
PAR  The corrosion velocity of the as-cast and heat-treated alloy completely
      immersed in a 3% solution of NaCl for 48 hrs amounts to 0.0180 mg/cm.sup.2
      hr. Its corrosion resistance in a damp and tropical atmosphere and upon
      being rinsed periodically with sea water, is similar to aluminum cast
      alloys of the Al-Si-Mg system.
PAR  The mechanical properties of the alloy in the as-heat treated state at room
      temperature are as follows: tensile strength
      .vertline..sigma..rho..vertline.=23-26 kg/mm.sup.2, and relative
      elongation .vertline..delta..vertline.= 3-10%.
PAC  Example 2.
PAR  The composition of an alloy in weight percent is as follows: aluminum, 2;
      zinc, 2.5; manganese, 2.5; titanium, 0.5; zirconium, 0.002; iron, 0.01;
      nickel, 0.001; silicon, 0.08; copper, 0.04; and magnesium, the balance.
PAR  In an as-cast state the corrosion velocity of the alloy when immersed
      completely in a 3 % solution of NaCl for 48 hrs amounts to 0.0100
      mg/cm.sup.2 hr.
PAR  The mechanical properties of the alloy in the as heat-treated condition at
      room temperature amounted to: tensile strength
      .vertline..sigma..rho..vertline.=18-20 kgf/mm.sup.2, and relative
      elongation .vertline..delta..vertline.= 8-10%.
PAC  Example 3.
PAR  The composition of an alloy is as follows, weight per cent: aluminum, 12;
      zinc, 0.01; manganese, 0.01; titanium, 0.0001; zirconium, 2; beryllium,
      0.1; iron, 0.003; nickel, 0.001; silicon, 0.01; copper, 0.02; and
      magnesium, the balance.
PAR  The corrosion velocity of the alloy in the as-heat treated condition when
      immersed completely in a 3 % solution of NaCl for 48 hrs was equal to
      0.0250 mg/cm.sup.2 hr.
PAR  The mechanical properties of the alloy in an as heat-treated condition at
      room temperature amounted to: tensile strength
      .vertline..sigma..rho..vertline.=21-23 kgf/cm.sup.2, and relative
      elongation .vertline..delta..vertline.= 2-3%.
PAR  The alloy of the proposed composition ensures a high corrosion resistance
      for articles operating in the air, under marine and tropical conditions
      and during a short-term operation in sea water along with sufficiently
      high mechanical properties levels.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A magnesium-base alloy consisting essentially of, by weight: 7.7 %
      aluminum, 2.0 % zinc, 0.5 % manganese, 0.005 % titanium 0.3 % zirconium,
      0.007 % iron, 0.0007 % nickel, 0.03 % silicon, 0.02 % copper and the
      balance being magnesium.
NUM  2.
PAR  2. A magnesium-base alloy consisting essentially of, by weight: 2 %
      aluminum, 2.5 % zinc, 2.5 % manganese, 0.5 % titanium, 0.002 % zirconium,
      0.01 % iron, 0.001 % nickel, 0.08 % silicon, 0.04 % copper and the balance
      being magnesium.
NUM  3.
PAR  3. A magnesium-base alloy consisting essentially of, by weight: 12 %
      aluminum, 0.01 %, zinc, 0.01 % manganese, 0.0001 % titanium, 2 %
      zirconium, 0.1 % beryllium, 0.003 % iron, 0.001 % nickel, 0.01 % silicon,
      0.02 % copper and the balance being magnesium.
PATN
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ABST
PAL  This invention relates to an alloy useful as a hard facing material. The
      alloy comprises a matrix such as a nickel-chromium matrix containing a
      separate interstitially boron-hardened tungsten phase. The alloy is used
      as a facing or coating for a number of base materials, and in particular
      as a piston ring facing. The invention is also concerned with a method of
      making said alloy by utilizing a plasma jet spray technique.
PARN
PAR  This is a division of application Ser. No. 1,187 filed Jan. 7, 1970, now
      U.S. Pat. No. 3,725,017.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with a hard facing tungsten alloy useful as a
      facing or coating for a wide variety of substrate materials, including
      iron and steel based materials. The alloy is particularly useful as a
      facing for piston rings, including compression and oil control rings for
      internal combustion engine pistons.
PAR  2. Description of the Prior Art
PAR  Piston rings, including compression rings and oil control rings are
      normally coated with a hard facing metal. A typical example is a flame
      spray applied molybdenum hard facing material which affords excellent
      performance for piston rings in high-compression, high temperature
      operating internal combustion engines. Another coating or facing for
      piston rings is one composed of a refractory metal carbide such as
      tungsten carbide. In the situation where tungsten forms the bulk of the
      alloy coating, to date it has been thought that the tungsten must be in
      the form of a compound such as tungsten carbide. Efforts to make a piston
      facing containing tungsten itself as a separate phase have been
      unsuccessful, since the tungsten has been found to be too soft, and does
      not protect the piston ring under typical operating conditions to the
      sought-after degree of performance.
PAR  It would therefore be a substantial advance in the art if an alloy were
      discovered which contained a substantial amount of tungsten per se as a
      separate phase and yet was sufficiently hard to be used as a coating for
      piston rings in high-compression internal combustion engines.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention now provides a metal alloy useful as a hard facing
      which broadly comprises an alloy matrix containing a separate
      interstitially boron-hardened tungsten phase. The alloy matrix preferably
      is a nickel-chromium or nickel-aluminum matrix.
PAR  The above alloy which is particularly useful as a coating for piston rings
      is preferably made by a plasma jet spraying technique. Broadly speaking,
      the hard tungsten alloy is prepared by converting tungsten-carbide to
      tungsten in an oxidizing flame of a plasma arc torch and then combining
      the tungsten with boron to harden the tungsten phase.
PAR  A conventional plasma jet spraying operation includes the steps of
      providing a plasma flame spray gun containing a spray chamber to which is
      conveyed the plasma gas. An electric arc is applied in the chamber to
      ionize the gas. To the chamber there is attached a jet nozzle to which is
      added a spray metal powder preferably suspended in a carrier gas. The
      metal powder is then melted and thrust upon a base material operating as a
      workpiece whereby said base material is coated. The coating on the base
      material is built up by moving the gun relative to the workpiece or by
      moving the workpiece relative to the gun or both to successively deposit a
      plurality of thin layers of metal.
PAR  The improvement in the above method which comprises the gist of the process
      of the invention here includes the steps of providing a powder of tungsten
      carbide, boron and at least one additional alloying element. Hydrogen is
      utilized in combination with nitrogen or argon as a plasma gas. The
      hydrogen should be flowed at a rate of 20-30 standard cubic feet per hour.
      Another important variable which must be controlled is the distance of the
      gun from the workpiece. This may be varied from 3.5 inches to 6.5 inches.
      Under such conditions the base material is coated with a hard facing
      comprising the just-described alloy containing a hardened tungsten phase.
PAR  It is therefore an object of the invention to provide a new alloy
      composition.
PAR  A specific object of the invention is to provide a metal alloy containing a
      separate hard tungsten phase.
PAR  A still further object of the invention is to provide a piston ring with a
      hard-faced bearing surface composed of a plasma jet applied refractory
      alloy.
PAR  A still further object of the invention is to provide a piston ring with a
      hard-facing tungsten alloy which is formed in situ on the ring by a plasma
      jet from a powder containing the tungsten.
PAR  Still another object of this invention is to provide a method of making the
      above described tungsten alloy useful as a hard facing by resort to a
      plasma jet coating technique, wherein certain variables of this process
      are specifically adjusted to achieve the desired hard tungsten-faced metal
      alloy.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a photomicrograph of a specimen typifying a tungsten alloy of the
      invention.
PAR  FIGS. 2-8 are X-ray fluorescence photomicrographs of various components
      contained in a typical alloy here.
PAR  FIG. 9 is a side elevational view, with parts in cross section, of an
      engine piston ring cylinder assembly, wherein the piston has ring grooves
      equipped with compression and oil control rings, each having a bearing
      face engaging the cylinder which is composed of in situ formed plasma jet
      applied tungsten alloys, according to this invention.
PAR  FIG. 10 is an enlarged fragmentary cross-sectional view of the top
      compression ring in the piston of FIG. 9.
PAR  FIG. 11 is a view similar to FIG. 10, but illustrating the second
      compression ring in the piston of FIG. 9.
PAR  FIG. 12 is a view similar to FIG. 10, but illustrating the oil control ring
      in the third ring groove of the piston of FIG. 9.
PAR  FIG. 13 is a view similar to FIG. 10, but illustrating the oil control ring
      in the fourth ring groove of the piston of FIG. 9.
PAR  FIG. 14 is a diagrammatic cross-sectional view of a plasma flame spray gun
      typically used to coat a base material according to the method of the
      invention.
PAR  FIG. 15 shows alloy in a ring groove.
PAR  FIG. 16 is a further diagrammatic cross-sectional view of a plasma flame
      spray gun showing its operation in more detail.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As noted above, a novel tungsten metal alloy has been discovered here. This
      alloy which is particularly useful as a hard facing for piston rings
      comprises an alloy matrix containing a separate interstitially
      boron-hardened tungsten phase. This alloy is believed to be the first
      alloy known which contained a tungsten phase which had sufficient hardness
      wherein a hard facing could be prepared therefrom. For example, the alloy
      here has a Vickers hardness 40 DPN (diamond penetration number with a 40
      gram load) of greater than about 2000. The hardness of the tungsten phase
      will generally range between 2500 and 3500 Vickers, and more often will
      fall within the range of 2700-3200 Vickers.
PAR  The alloys of the invention contain a relatively high amount of tungsten as
      a separate phase. Generally, the amount of tungsten is at least 35% by
      volume of the alloy specimen, and more often ranges from about 35% to
      about 60% by volume.
PAR  In greatly preferred embodiment the matrix containing the tungsten phase is
      a nickel-chromium matrix. In such situation there is usually present free
      nickel. When free nickel is present it is usually available in an amount
      less than about 6.0%.
PAR  The hardness of the nickel-chromium matrix phase is usually at least 800
      Vickers (40DPN), more often 850-1600 Vickers, and most typically 900-1200.
      The free nickel phase normally thought to be relatively soft has a
      hardness of at least 400 Vickers (40DPN). The free nickel hardness will
      normally range from about 400 Vickers to about 900 Vickers. In a typical
      situation the free nickel hardness is 500 Vickers.
PAR  Boron, of course, is an integral part of the metal alloys of the invention,
      and is usually present in an amount ranging from about 1% to about 7% by
      weight of the facing or coating alloy, more often 1.5-5% by weight. In
      addition to hardening the tungsten phase the boron also hardens the free
      nickel phase. The interstitial hardening by boron takes place by a
      distending of the lattice structure of tungsten and nickel. That is, boron
      is substituted in the lattice parameter of tungsten whereby the tungsten
      phase is sufficiently hardened to be useful as a hard facing or coating.
PAR  As will be described in more detail hereinafter, it is greatly preferred
      that the alloy invention be derived by plasma jet spraying a powder
      mixture or alloy comprising at least tungsten carbide and boron and at
      least one additional alloying element. One typical tungsten carbide powder
      which can be sprayed has the following components, percentages being by
      weight:
     25 to         55%    tungsten carbide                                     
     4 to          8%     cobalt                                               
     25 to         45%    nickel                                               
     3 to          7%     chromium                                             
     0.5 to        7%     aluminum                                             
     1 to          7%     boron                                                
     Balance -- substantially iron                                             
PAR  A specific alloy contains ingredients having the following percentages by
      weight:
TBL           40%    tungsten carbide                                          
              6%     cobalt                                                    
              38.8%  nickel                                                    
              6%     chromium                                                  
              1%     boron                                                     
              0.7%   aluminum                                                  
     Balance -- iron with small amounts of silicon and carbon                  
PAR  In addition to tungsten, nickel, chromium, aluminum, boron, cobalt and
      silicon, mentioned above, the alloys of the invention may also include a
      number of additional metals and metalloids such as titanium, tantalum,
      columbium, vanadium, zirconium, hafnium, etc.
PAR  The above-described alloys may be used to form coatings on a wide variety
      of conventional surfaces, as for example, on iron and steel alloys for any
      purpose which requires a wear and/or load-resistant surface. Thus, for
      example, the coatings derived from the alloys described here are extremely
      useful as bearing surfaces as for example, crankshafts subject to high
      loading forces. The coatings in accordance with the invention may also be
      used for forming polished rod liners, pump plungers, medium-to-high
      temperature-resistant steel roller bearings, furnace rolls, engine valve
      trim, glass molds, engine piston tops and annealing rolls or the like.
PAR  As mentioned above, the alloys are particularly useful in coating the
      bearing faces of piston rings. It is greatly preferred that the piston
      rings be coated in situ with the alloys described here by means of a
      plasma jet spray technique as described below.
PAR  Generally, when used to coat or face piston rings, the coating ranges in
      depth from about 0.002 to about 0.008 inch, and in some cases the coating
      depth is as high as 0.012 inch. A greatly preferred method coating base
      articles involves resort to a spraying technique preferably effected with
      a plasma flame spray gun, as for example of a type which produces a plasma
      flame by constricting an electric arc in a nozzle with a plasma-forming
      gas, for example nitrogen or argon along as a primary gas, or in mixture
      with hydrogen as a secondary gas. Guns which produce a plasma flame in
      this manner are, for example, described in U.S. Pat. No. 2,960,594. In
      this technique a powder is sprayed which ultimately forms the coating
      alloy. The term "powder" as used herein is generically intended to
      designate not only powder in a loose form but powder in a bonded form. Of
      course, in the latter situation the spray gun must utilize a flame of
      sufficient temperature to melt the metal. A plasma flame is extremely
      useful in this situation.
PAR  In more detail, the method of coating articles utilizing a plasma jet
      spraying technique includes the steps of conveying to a spray chamber of a
      plasma flame spray gun a source of a plasma gas. An electric arc is
      applied in said chamber to ionize said gas and a spray metal powder
      preferably suspended in a carrier gas is added to a jet nozzle which is
      connected to the chamber. The metal powder is then melted and thrust upon
      a base material operating as a workpiece whereby said base material is
      coated. The coating is specifically built up by moving the gun relative to
      the workpiece and workpiece relative to the gun to deposit a plurality of
      thin layers of metal.
PAR  It has been discovered that the above method broadly described should be
      carried out in a specific manner in order to deposit a tungsten phase in
      the coating by means of utilizing a tungsten carbide powder or alloy as a
      spray metal source.
PAR  The plasma flame must be an oxidizing flame at approximately 2 inches from
      the nozzle of the plasma gun and, preferably, contains approximately 80%
      by air by aspiration. The high air content and high temperature of the
      plasma flame is required to oxidize the tungsten-carbide particles and
      reduce them to tungsten according to the following reaction:
EQU  WC + O.sub.2 .fwdarw. CO.sub.2 + W + W.sub.2 C
PAL  the W.sub.2 C may be present in very small amounts. The particle velocity
      at the specified gas flows and gun-to-work-distance is also very high,
      being in the order of 400 feet/second. The high velocity of the molten
      alloy gives very high quench rates when the molten alloy strikes the
      cooler surface to be coated. Quench rates in the order of 10.sup.5
      .degree. F per second have been estimated. The high quench rates (splat
      cooling) harden the normally softer nickel-aluminum or nickel-chromium
      alloy matrix in the final coating.
PAR  If the following directions are not carried out as indicated, there is a
      greater probability that a tungsten carbide phase will be formed rather
      than a pure tungsten metal phase.
PAR  The improvement over a conventional plasma jet spraying technique involves
      first providing as a powder (as powder has been broadly-defined) tungsten
      carbide and boron and at least one additional alloying element, such as
      any one or more of cobalt, nickel, chromium, aluminum, etc. Hydrogen, as a
      secondary gas, is utilized in combination with nitrogen or argon as a
      primary gas to comprise a plasma gas. It is important that the hydrogen
      gas flow be carried out at a rather specific rate, namely, at a flow rate
      of 20-30 standard cubic feet per hour, and more often 23-27 standard cubic
      feet per hour. In addition, it has been found that the distance of the gun
      from the workpiece is important in order to achieve the desired tungsten
      phase. Specifically, the distance may vary from about 3.5 inches to about
      6.5 inches. In an average run the distance of the gun from the workpiece
      will be about 4 or 6 inches. Under such conditions the base material is
      coated with a hard facing of tungsten, and more specifically an
      interstitially boron-hardened tungsten phase.
PAR  A number of other process variables have been found to be important to best
      achieve the desired alloy coating, and particularly to deposit the desired
      tungsten phase in the alloy. For example, the rate of vertical traverse,
      governing the speed of the gas that moves across the workpiece is
      important. It is most desirable to match the temperature of the spray
      material and that of the substrate, and this is best done by properly
      moving the gun relative to the workpiece. This rate for best results
      generally ranges from about 28 inches to about 32 inches per minute.
PAR  The angle of the gun relative to the workpiece is a still further important
      process variation. Here, this angle should normally range from about
      35.degree. to about 55.degree. if compression rings are being sprayed. In
      case of oil rings the gun angle is 0.degree., that is, the coating is
      sprayed straight on.
PAR  Other preferred expedients in carrying out the plasma spray technique
      include utilizing a D. C. amperage in applying said arc which ranges from
      about 475 amps to about 550 amps. A typical powder feed rate changes from
      about 10 to about 12 pounds per hour. Lastly, the flow of nitrogen or
      argon primary gas should range from about 80 standard cubic feet per hour
      to about 95 standard cubic feet per hour, and more often is 85-90 standard
      cubic feet per hour. Generally, the powder is conveyed to the jet by means
      of a carrier gas such as nitrogen. Carrier gas flow may be 45-60 standard
      cubic feet per hour and more often is 50-55 standard cubic feet per hour.
PAR  The thickness of the layer deposited is a matter of choice and will be
      dependent, of course, upon the number of passes of the gun over the base
      material being coated. In a typical situation involving coating of a
      piston ring there will be four passes involved. Generally, each pass will
      build up a layer having a coating thickness of 0.002 inch.
PAR  It is interesting to note here that when the spray plasma jet spray process
      is varied outside limits discussed above, in many instances a tungsten
      carbide alloy will be produced which does not contain a free tungsten
      phase. The directions noted above must be closely followed to provide the
      desired alloy containing tungsten itself as a separate phase.
PAR  In order to illustrate more fully the alloys of the invention and their
      mode of preparation the reader's attention is now drawn to the figures
      which will be described in more detail below.
PAR  FIG. 1 is a photomicrograph showing the various phase identifications made
      using an electron microprobe employing the specimen current images.
      Specifically shown is a coating containing a free tungsten metal phase 1,
      a nickel-chromium matrix phase 2, free nickel metal 3, and aluminum oxide
      4 as major constituents. The sample was prepared by coating a piston ring
      according to the plasma jet spray technique outlined above. A transverse
      section of the coated piston ring was then used in the electron microprobe
      work. The samples prepared for the microprobe were rough and were
      therefore finish polished, using only a diamond abrasive to avoid
      introduction of either aluminum or chormium into the coating. The
      magnification in this work was 1100X.
PAR  It was noted that the tungsten phase of FIG. 1 was found to be essentially
      carbon free as indicated by the X-ray fluorescence photomicrograph of the
      carbon distribution. While it has not been completely confirmed, it is
      believed that the tungsten carbide in the spray powder is oxidized during
      the spraying to provide a free tungsten metal phase. The occurrence of
      oxidation was further supported by the appearance of regions of free
      nickel metal associated with particulate aluminum oxide, which was
      produced by oxidation of the nickel aluminide fraction in the original
      spray powder. The distribution of boron, carbon and oxygen was uniform,
      excluding the aluminum oxide phases.
PAR  The presence of free tungsten metal was reconfirmed by X-ray diffraction
      experiments which found no evidence of a WC or W.sub.2 C phase in the
      structure, although small amounts of these constituents would not be
      considered detrimental in the final coating.
PAR  FIGS. 2-8 are photomicrographs of X-ray fluorescence displays of the
      characteristic radiation of various elements. Here, a coated piston ring
      was prepared by a plasma spray technique and longitudinal sections taken
      for use for X-ray diffraction studies. FIGS. 2-8 show X-ray fluorescence
      scans for the following elements respectively: chromium, nickel, tungsten,
      aluminum, carbon, oxygen and boron. Again the magnification was 1100X.
PAR  The piston ring sample analyzed above was designated as sample A. Three
      other runs were made wherein piston rings were coated utilizing a plasma
      gas spray procedure, following parameters carefully outlined above in
      order to confirm the results obtained with sample A. These samples were
      designated B, C and D. In each, no tungsten carbide was found either by
      microprobe examination or X-ray diffraction and free nickel and aluminum
      oxide were found in all samples.
PAR  Samples A-D were also analyzed to determine the volume fraction of the
      various phases present. These are given below in Table I. As is evident
      the free tungsten phase formed a substantial part of the alloy, and in
      most instances the majority of the alloy in terms of volume fraction.
TBL                TABLE 1                                                     
     ______________________________________                                    
     VOLUME FRACTION OF                                                        
     VARIOUS PHASES PRESENT                                                    
     Phase        A        B        C      D                                   
     ______________________________________                                    
     Tungsten     57.0%    44.0%    50.0%  54.6%                               
     Nickel, Chromium                                                          
                  39.8     49.7     48.9   43.6                                
      (Ni-Cr)     (32)     (38)     (44)   (34)                                
      (Ni)        ( 7)     (10)     ( 5)   (10)                                
     Aluminum Oxide                                                            
                  1.6      6.2      1.1    1.8                                 
     ______________________________________                                    
PAR  Micro-hardness data was also carried out on samples A-D. A Knoop Indentor
      was used with a 25 gram load and the resulting impressions were measured
      at a magnification of 500 diameter. As is apparent from the data below in
      Table II, the tungsten phase was unexpectedly hard, positively evidencing
      interstitial hardening, since it is known that normally a tungsten phase
      per se is a comparatively soft material.
TBL                TABLE II                                                    
     ______________________________________                                    
     MICROHARDNESS DATA                                                        
     Knoop Hardness Numbers (KHN)                                              
     Specimen   Nickel-Base    Tungsten-Base                                   
     ______________________________________                                    
     A          950 to 1820    2700 to 3900                                    
     B          300 to 1400    2300 to 2500                                    
     C          500 to 1000    1600                                            
     D          850 to 950     2600 to 2800                                    
     ______________________________________                                    
PAR  While there is no direct conversion of Knoop readings to Vickers readings
      above about 1000, a Knoop reading of about 1800 corresponds to a Vickers
      reading of about 3000, showing the tungsten phase in each instance above
      is at least 2500 Vickers hardness.
PAR  FIGS. 9-14 depict a base material coated with the hard facing tungsten
      metal alloy described above.
PAR  More specifically, the piston and cylinder assembly 10 of FIG. 9
      illustrates generally a conventional 4-ring groove internal combustion
      engine piston, operating in an engine cylinder. The assembly 10 includes a
      piston 11 and an engine cylinder 12 with a bore 13, receiving the piston
      11. The piston 11 has a head 14 with a ring band 15 having four peripheral
      ring grooves 16, 17, 18 and 19 therearound. The top ring groove 16 has a
      split solid cast iron compression or fire piston ring 20 therein. The
      second ring groove 17 has a split solid second compression ring 21
      somewhat wider than the ring 20. The third ring groove 18 carries a
      twopiece oil control ring assembly 22. The fourth or bottom ring groove 19
      carries a three-piece oil control ring assembly 23.
PAR  As shown in FIG. 10, the top compression or fire ring 20 has a main body 24
      composed of cast iron, preferably nodular gray iron, with a carbon content
      of about 31/2% by weight. The outer periphery 25 of this ring is covered
      with a plasma jet applied alloy coating 26 of the invention.
PAR  As shown in FIG. 11, the second compression ring 21 has a main body 27
      composed of the same type of cast iron as the body 24 of the ring 20. The
      outer periphery 28 of the body 27 is inclined upwardly and inwardly from
      the bottom edge of the ring and a peripheral groove 29 is formed around
      this inclined periphery. The groove 29 is filled with the alloy 26.
PAR  As shown in FIG. 12, the oil control ring assembly 22 in the third ring
      groove 18 is composed of a one-piece flexible channel ring 30 and a
      sheet-metal expander ring 31, having legs extending into the channel for
      expanding the ring 30. The ring 30 and the expander are more fully
      described in Mayhew et al U.S. Pat. No. 3,281,156.
PAR  The one-piece oil control ring 30 has a pair of axially spaced, radially
      projecting beads 32. The peripheries of these beads 32 are coated with the
      coating 26.
PAR  In FIG. 13, the oil control ring assembly 23 includes a resilient
      spacer-expander ring 33 supporting and expanding split thin rail ring 34.
      The assembly 33 is of the type disclosed in the Marien U.S. Pat. No.
      3,133,739. The outer peripheries of the rail rings 34 are coated with the
      coating 26, according to this invention.
PAR  From the above description, it will be understood that the bearing faces of
      each of the compression and oil control rings 20, 21, 22 and 23 are coated
      with the alloy containing a free tungsten phase according to this
      invention. These bearing faces 26 ride on and sealingly engage the bore 13
      of the engine cylinder 12, and the rings are compressed in the bore 13, so
      as to expand tightly against the bore wall, and maintain a good sealing
      sliding engagement therewith.
PAR  As shown in FIG. 14, the coatings 26 are applied on the rings as for
      example on the grooved rings 21 by stacking a plurality of the rings on an
      arbor 35, with the rings compressed so that their split ends will be
      nearly in abutment. The arbor clamping the stack of rings in their closed,
      contracted position, may be mounted in a lathe and the peripheries of the
      rings machined to form the grooves 29 therearound. The outer peripheries
      of the rings 21 on the arbor are then coated with the coatings 26 from a
      plasma jet spray gun 36. The gun 36 includes an insulated casing such as
      Nylon 37, from which projects a rear electrode 38, the projection of which
      is adjustably controlled by a screw knob 39. The front face of the casing
      receives a front electrode 40. The casing 37 and electrode 40 are hollow
      and water-jacketed so that coolant may circulate therethrough from an
      inlet 41 to an outer 42. Plasma jet gas is fed through an inlet 43 into
      the chamber provided by the casing 37 and the electrode 40 to flow around
      the electrode 38.
PAR  The front end of the electrode 40 provides a nozzle outlet 44 for the
      plasma flame and the ingredients to form the alloy of the coating 26 are
      fed to this nozzle through a powder inlet 45, just in advance of the
      discharge outlet of the nozzle.
PAR  A plasma composed of ionized gas is produced by passing the plasma gas from
      the inlet 42 through an electric arc established between the electrodes 38
      and 40. This plasma gas is non-oxidizing and is composed of nitrogen or
      argon in combination with hydrogen. The plasma flame exuding from the
      nozzle 44 draws the alloy-forming powder therewith by aspiration and
      subjects the powder ingredients to such high temperatures as to cause them
      to alloy. The spray powder is usually suspended in a carrier gas. The jet
      stream carries the alloy into the bottom of the groove 29 of each piston
      ring and fills the groove.
PAR  The preferred powder fed to the powder inlet 45 of the gun 36 is composed
      of tungsten carbide, cobalt, nickel, chromium, boron and aluminum, in the
      proportions indicated hereinabove.
PAR  The preferred deposited coating 26 is a tungsten alloy wherein the free
      tungsten-boron phase is bound in a fused and alloyed matrix of the nickel
      and chromium. Free nickel may be present and boron acts to interstitially
      harden the free tungsten. The alloy 26 as illustrated in FIG. 15 is
      actually formed in situ in the groove 29, and is bonded to the base body
      27 of the ring along a diffused interface or welded zone 46. This
      interface, or zone 46, is composed of the materials of the alloy 26 and
      the material of the ring body 27.
PAR  During the jet spray application, it is desired to maintain a temperature
      in the groove 29 such that will prevent excessive melting and burning away
      of the body metal 27 and also to act as a rapid quench to harden the
      nickel aluminum alloy matrix. For this end result, the arbor or rings is
      preferably cooled with an external blast of inert gas impinging on both
      sides of the jet flame. It is desired to keep temperatures of the rings 21
      in the arbor around 400.degree. F. or less. It is not necessary to provide
      any subsequent heat treatment for the plasma jet coated rings other than
      allowing the rings to air cool.
PAR  The powder fed to the inlet 45 is metered preferably with the aid of an
      aspiring gas, vibration, mechanical gearing, etc. All of the powder is
      completely melted and penetrates into the center cone of the plasma jet
      flame.
PAR  The provision of the alloy coatings 26 in a groove to form a band around
      the periphery of the piston ring 21, for example, utilizes the body metal
      of the ring as a land alongside of the groove to form an initial quick
      break-in surface for the ring, as described in the aforesaid Marien U.S.
      Pat. No. 3,133,739. The inclined periphery of the ring 21 may be formed by
      grinding or by torsional twisting of the ring in use in the ring groove,
      as described in the Marien patent.
PAR  The operation of plasma gas jet spraying is perhaps better illustrated by
      reference to FIG. 16 showing a spray gun of this type and its mode of
      operation. Shown is spray gun 47 which may be fixed for mounting at 48.
      Also shown is electrode holder 49 and electrode 50. The gun is cooled by
      circulated cooling coming from coolant source 51. The arc 52 is created by
      power source 53. Plasma gas is fed in at location 54, the gas being a
      combination of nitrogen or argon with hydrogen to prevent excessive
      oxidation. The spray powder is shown suspended in carrier gas, enters at
      opening 55 and is fed into the area of plasma flame 56 in the nozzle 57.
      The plasma flame, of course, is created by ionization and combustion of
      the plasma gas. Also shown in a prepared base material for workpiece 58
      upon which is coated a sprayed facing material 59 by means of spray stream
      60. As previously noted, the gun is moved at a transverse angle back and
      forth over the base material to build up a plurality of layers
      constituting the entire final coating.
PAR  The following Examples illustrate typical modes of carrying out the process
      of the invention in order to achieve the hard faced tungsten alloy
      containing tungsten itself as a separate alloy phase. It is understood, of
      course, that these Examples are merely illustrative and that the invention
      is not to be limited thereto.
PAC  EXAMPLE I
PAR  A powder mixture was sprayed onto an arbor of both oil rings and
      compression rings by the plasma jet spraying techniques described above.
      The powder mixture contained ingredients having the following percentages
      by weight:
TBL          40%    tungsten carbide                                           
             6%     cobalt                                                     
             38.8%  nickel                                                     
             6%     chromium                                                   
             1%     boron                                                      
             0.7%   aluminum                                                   
     Balance -- iron with small amounts of silicon and carbon.                 
PAR  The rings were coated with the hard faced tungsten coating by resort to the
      following specific process parameters:
TBL  Gun-to-work distance 6.0 to 6.5 inches                                    
     Gun angle -- oil rings                                                    
                          0.degree. -- (straight on)                           
           Compression Rings                                                   
                          45.degree.                                           
     Primary gas flow (N.sub.2)                                                
                          85-90 at 50 psi ref.                                 
     Carrier gas flow (N.sub.2)                                                
                          50-55 at 50 psi                                      
     Secondary gas flow (H.sub.2)                                              
                          23-27 at 50 psi ref.                                 
     D.C. current         500-525 amps.                                        
     D.C. voltage         80-86 volts ref.                                     
     Powder feed rate     10.5 lbs./hr.                                        
     Vertical feed rate   28-32 in./min.                                       
     Arbor rotation speed 60-90 rpm (4" dia.)                                  
PAR  The hard tungsten facing was then tested for hardness and had a Vickers
      Hardness number with respect to the tungsten phase of an average of 2,836
      and a corresponding Knoop hardness of 1,781.
PAR  This particular coating was also analyzed by means of the photomicrograph
      techniques described with respect to FIGS. 1-8. This analysis shows that
      the tungsten phase was essentially carbon-free and existed as a free phase
      contained in a hard nickel-chromium matrix phase. Free nickel metal and
      aluminum oxide were the other minor constituents.
PAC  EXAMPLE II
PAR  The powder of Example I was again plasma jet sprayed but via slightly
      different process conditions as set out below:
TBL  PROCESS PARAMETERS                                                        
     ______________________________________                                    
     Gun-to-work distance                                                      
                        33/4" to 41/4"                                         
     Gun angle - Oil rings                                                     
                        0.degree.                                              
     Compression rings  45.degree.                                             
     Primary gas flow (N.sub.2)                                                
                        86-88 at 50 psi                                        
     Carrier gas flow (N.sub.2)                                                
                        52-55 at 50 psi                                        
     Secondary gas flow (H.sub.2)                                              
                        23-27 at 50 psi                                        
     D.C. current       475-500 amps.                                          
     D.C. voltage       90 ref.                                                
     Powder feed rate   10.5 lbs./hr.                                          
     Arbor rotation rpm 90-120 (4" dia.)                                       
     ______________________________________                                    
PAR  Again, the hard tungsten facing had a Vickers Hardness number above 2500
      with respect to the tungsten phase, and photomicrographs demonstrated the
      presence of a free tungsten metal phase. A hard nickel-chromium matrix
      phase was also present along with free nickel metal and aluminum oxide as
      other minor components of the alloy coating.
PAR  In addition to nickel-chromium and nickel-aluminum, other alloys may be
      used as a matrix material such as nickel-iron, nickel-copper-molybdenum
      and monel alloys.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A plasma jet sprayed metal alloy derived from a powder mixture
      containing nickel, chromium, boron and tungsten carbide, said alloy as a
      result of the plasma spraying evidencing a tungsten phase having a Vickers
      hardness in excess of 2,000 and a nickel chromium matrix having a Vickers
      hardness of at least 800, the volume fraction of said tungsten phase being
      at least 35%, said tungsten phase being interstitially hardened by the
      presence of said boron, and said alloy being substantially free from
      tungsten carbide.
NUM  2.
PAR  2. The alloy of claim 1 in which said tungsten phase has a Vickers hardness
      of between 2,500 and 3,500.
NUM  3.
PAR  3. The alloy of claim 1 in which said tungsten phase has a Vickers hardness
      of between 2,700 and 3,200.
NUM  4.
PAR  4. The alloy of claim 1 in which said nickel-chromium matrix has a Vickers
      hardness of from 850 to 1,600.
NUM  5.
PAR  5. The alloy of claim 1 in which said nickel-chromium matrix has a Vickers
      hardness of from 900 to 1,200.
NUM  6.
PAR  6. The alloy of claim 1 in which the volume fraction of the tungsten phase
      is from 35 to 60%.
NUM  7.
PAR  7. The alloy of claim 1 in which said powder mixture contains from 1 to 7%
      by weight boron.
NUM  8.
PAR  8. The alloy of claim 1 in which said powder mixture consists essentially
      of:
TBL          25-55% tungsten carbide                                           
             4-8%   cobalt                                                     
             25-45% nickel                                                     
             3-7%   chromium                                                   
             0.5-7% aluminum                                                   
             1-7%   boron                                                      
     Balance -- substantially iron.                                            
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ABST
PAL  A reproduction apparatus for forming an image on a first and an opposing
      side of a copy sheet in a single pass including a moving photosensitive
      surface, a means for forming a first image on a first portion of the
      photosensitive surface and a second image on a second portion of the
      photosensitive surface, and means for transferring the first image and the
      second image to the first and the opposing side respectively of a copy
      sheet in a single pass of the copy sheet to the imaging surface.
      Preferably, the transferring means includes means for securing the
      trailing edge of the sheet to the imaging surface and means for pivoting
      the sheet about the surface. A process of duplex imaging in a single pass
      is also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a reproducing machine for imaging a first and an
      opposing side of a copy sheet in a single pass to an imaging surface.
PAR  A wide variety of reproducing machines using an electrostatographic process
      have been developed which are capable of forming images on both sides of a
      copy sheet. This process is commonly referred to in the art as duplexing.
      Illustrative of these machines are those set forth in U.S. Pat. Nos.
      3,227,444; 3,318,212; 3,506,347; 3,580,670; 3,615,129; 3,645,615, and
      3,672,765.
PAR  In prior art, duplexing type reproducing machines, it has generally been
      necessary to feed the copy sheet twice to the imaging means in order to
      transfer an image to the first and the opposing side of the copy sheet.
      This type of a duplexing process reduces the speed of the reproducing
      machine because of the necessity of storing the copy sheet after the first
      image has been transferred and then re-feeding the copy sheet to transfer
      the second image. It is also generally necessary to re-register the sheet
      prior to transfer of the second image. Other difficulties which arise with
      the prior art machines include the necessity of specially organizing
      originals for copying.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention a reproducing apparatus is provided which
      is adapted to image both sides of a sheet of final support material in a
      single pass of the sheet to an imaging surface. Namely, in accordance with
      this invention the sheet is fed in timed relationship to a moving imaging
      surface a single time in order to transfer images to both sides of the
      sheet. Therefore, only a single sheet feeding and registration cycle is
      required and originals may be copied in the order in which they were
      originally presented.
PAR  The apparatus includes a moving imaging surface which is preferably in the
      form of a drum. Means are provided for forming a first image on a first
      portion of the imaging surface and a second image on a second portion of
      the imaging surface, preferably in sequence around the drum surface. Means
      are also provided for transferring the first image and the second image to
      the first and the opposing sides of the final support sheet in a single
      pass of the sheet to the imaging surface. The transferring means
      preferably includes a means for securing the trailing edge of the sheet to
      the drum preferably in a pivotable fashion, and means for pivoting the
      sheet about the imaging surface.
PAR  Preferably the moving imaging surface comprises a photosensitive surface
      and more preferably a photoconductive surface. Preferably, the apparatus
      includes means for fusing the first and second images to the first and
      opposing side of the final support sheet. Preferably, the image forming
      means comprises means for charging the photoconductive surface, means for
      simultaneously exposing the photoconductive surface to said first and said
      second images to form corresponding latent electrostatic images, the
      exposure taking place at spaced points about the surface and means for
      developing the first and second latent electrostatic images.
PAR  In accordance with this invention a process of single pass duplexing is
      also provided including the steps of providing a moving imaging surface,
      forming a first image on a first portion of its surface and a second image
      on a second portion of the surface, and transferring the first image and
      the second image to a first and an opposing side respectively of a final
      support sheet in a single pass of the sheet to the imaging surface.
PAR  Therefore, it is an object of this invention to provide a reproducing
      apparatus for imaging a first and an opposing side of a final support
      sheet in a single pass of the sheet to an imaging surface.
PAR  It is a further object of this invention to provide an apparatus as above
      wherein the sheet is secured to and pivoted about an imaging surface.
PAR  It is a further object of this invention to provide a process for including
      transferring a first and second image to the first and opposing side of a
      copy sheet in a single pass of the sheet to an imaging surface.
PAR  It is a further object of this invention to provide a process as above
      wherein the sheet is secured to and pivoted about an imaging surface to
      transfer the first and second images thereto.
DRWD
PAR  These and other objects will become more apparent from the following
      description and drawings in which:
PAR  FIG. 1 is a schematic view of an automatic reproducing apparatus in
      accordance with this invention.
PAR  FIG. 2 is a partial schematic view of an alternate sheet feed mechanism for
      the apparatus of FIG. 1.
PAR  FIG. 3 is a partial schematic view of the apparatus of FIG. 1 during sheet
      feeding for transferring the first image thereto.
PAR  FIG. 4 is a partial schematic view of the apparatus of FIG. 1 during
      stripping of the sheet after first image transfer.
PAR  FIG. 5 is a partial schematic view of the apparatus of FIG. 1 during fusing
      of the first image.
PAR  FIG. 6 is a partial schematic view of the apparatus of FIG. 1 showing
      transfer of the second image of the copy sheet.
PAR  FIG. 7 is a partial schematic view of the apparatus of FIG. 1 showing sheet
      stripping after transfer of the second image, and
PAR  FIG. 8 is a partial schematic view of the apparatus of FIG. 1 showing
      fusing of the second image.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown by way of example, an
      electrostatographic reproducing apparatus 1 which is adapted to perform
      duplex copying in a single pass in accordance with the present invention.
      The reproducing apparatus 1 depicted in FIG. 1 illustrates the various
      components utilized therein for xerographically reproducing copies from an
      original. Although the duplexing apparatus of the present invention is
      particularly well adapted for use with a xerographic reproducing process,
      it should become evident from the following description that it is equally
      well suited for use with a wide variety of processing systems including
      other electrostatographic systems and it is not necessarily limited in its
      application to the particular embodiment or embodiments shown herein.
PAR  The reproducing apparatus illustrated in FIG. 1 employs an image recording
      drum-like member 10, the outer periphery of which is coated with a
      suitable photosensitive material 11. One type of suitable photosensitive
      material comprises the photoconductor disclosed in U.S. Pat. No.
      2,970,906, issued to Bixby in 1961. The drum 10 is suitably journaled for
      rotation within a machine frame (not shown) by means of a shaft 12 and
      rotates in the direction indicated by arrow 13 to bring the image
      retaining surface thereon past a plurality of xerographic processing
      stations. Suitable drive means (not shown) are provided to power and
      coordinate the motion of the various cooperating machine components
      whereby a faithful reproduction of the original input scene information is
      recorded upon a sheet 14 of final support material such as paper or the
      like.
PAR  The practice of xerography is well known in the art and is the subject of
      numerous patents and texts including Electrophotography by Schaffert,
      published in 1965, and Xerography and Related Processes by Dessauer and
      Clark, published in 1965. The various processing stations for producing a
      copy of an original are herein represented in FIG. 1 as stations A to E.
      Initially, the drum 10 moves photoconductive surface 11 through charging
      station A. In charging station A an electrostatic charge is placed
      uniformly over the photoconductor surface 11 of the drum 10 preparatory to
      imaging. The charging may be provided by a corona generating device of the
      type described in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the drum 10 is rotated to exposure station B. The exposure
      means 15 at the exposure station is adapted to form a first latent
      electrostatic image I on a first portion of the photoconductor surface 11
      and a second latent electrostatic image II on a second portion of the
      photoconductor surface. The images I and II are spaced sequentially about
      the photoconductor surface and comprise the images which, after
      development, are to be transferred to the first and the opposing side of
      the copy sheet.
PAR  Any desired exposure means 15 could be employed for this purpose. Since the
      formation of a two-sided copy is usually derived from a two-sided
      original, the exposure means 15 described in U.S. Pat. No. 3,318,212 is
      particularly well suited for use in accordance with this invention. The
      exposure means shown therein particularly at FIG. 4, comprises the
      preferred exposure means 15 for use in accordance with the present
      invention. As shown in FIG. 1, the exposure means 15 includes a means 16
      for scanning simultaneously both sides of the original 17 and for
      projecting the respective images to the drum simultaneously at points
      spaced along the drum surface 11. The exposure means 15 exposes the
      photoconductive surface 11 to light images of the original input scenes
      whereby the charge is selectively dissipated in the light exposed regions
      to record the original input scenes in the form of latent electrostatic
      images I and II.
PAR  After exposure, drum 10 rotates the electrostatic latent images I and II
      recorded on the photoconductive surface 11 to a development station C
      wherein a conventional developer mix is applied to the photoconductor
      surface 11 of the drum 10 rendering the latent images I and II visible. A
      suitable development station is disclosed in U.S. Pat. No. 3,707,947,
      issued to Reichart, in 1973. The patent describes a magnetic brush
      development system utilizing a magnetizable developer mix having carrier
      granules and a toner colorant. The developer mix is continuously brought
      through a directional flux field to form a brush thereof. The
      electrostatic latent images I and II recorded on the photoconductive
      surface 11 are developed by bringing the brush of developer mix into
      contact with them.
PAR  The developed images I and II on the photoconductive surface 11 are then
      brought into contact with the sheet 14 of final support material within
      transfer stations D and D' respectively, and the toner images I and II are
      transferred from the photoconductive surface 11 to the contacting side of
      the final support sheet 14. The final support material may be paper,
      plastic, etc., as desired. After the toner images I and II have been
      transferred to the sheet of final support material 14, they are fixed by
      being advanced through a suitable fusers 42 and 47 which coalesce the
      transferred images thereto. One type of suitable fuser is described in
      U.S. Pat. No. 2,701,765, issued to Codichini et al in 1955. After the
      fusing process, the sheet 14 is advanced to catch tray 16 for subsequent
      removal therefrom by the machine operator.
PAR  Although a preponderance of the toner powder is transferred to the final
      support sheet 14, invariably some residual toner remains on the
      photoconductive surface 11 after the transfer of the toner powder images I
      and II to the final support material. The residual toner particles
      remaining on the photoconductive surface 11 after the transfer operation
      are removed from the drum 10 as it moves through cleaning station E. The
      toner particles may be removed from the photoconductive surface by any
      conventional means as, for example, the use of a brush as set forth in
      U.S. Pat. No. 3,572,923, issued to Fisher in 1971. It is believed that the
      foregoing description is sufficient for purposes of the present
      application to illustrate the general operation of an automatic
      xerographic copier 1.
PAR  A duplex copying apparatus in accordance with this invention will now be
      described in greater detail by reference to FIGS. 1 through 8. The
      reproducing apparatus in accordance with this invention is adapted to
      image on both sides of a sheet of final support material in a single pass
      of the sheet to the imaging surface 11. The term "single pass" as employed
      in this application, means that the sheet has been fed in timed
      relationship to a moving imaging surface only one time in order to
      accomplish image transfer to the first and the opposing side of the sheet.
      A single sheet feeding and registration sequence from a sheet feeder is
      required in order to obtain imaging on both sides of the sheet. The term
      "single pass" as defined herein is meant to be distinguished from an
      arrangement as in U.S. Pat. No. 3,672,765, wherein the sheet is first fed
      to the imaging surface for transfer of the first image to the first side
      of the sheet and then withdrawn from the imaging surface and re-fed to the
      surface for transfer of another image to the opposing side of the sheet.
      While the duplexing apparatus of that patent accomplishes copying on the
      first and opposing sides of the sheet in one pass of the sheet through the
      machine, it does not accomplish that result with a single pass of the
      sheet to the imaging surface.
PAR  The apparatus 1 in accordance with this invention includes a moving imaging
      surface 11 which is preferably in the form of a drum 10. Means B are
      provided for forming a first image I on a first portion of the imaging
      surface 11 and a second image II on a second portion of the imaging
      surface, preferably in sequence around the drum surface. Most preferably
      the images I and II are formed simultaneously as suggested in U.S. Pat.
      No. 3,318,212, described above. Means are also provided for transferring
      the first image I and the second image II to the first 20 and the opposing
      sides 21 of the final support sheet 14 in a single pass of the sheet to
      the imaging surface 11. The transferring means preferably includes a means
      for securing the trailing edge of the sheet 14 to the drum 10 most
      preferably in a pivotable fashion and means for pivoting the sheet about
      the imaging surface.
PAR  Referring to FIG. 1, the means 25 for feeding the sheets 14 to the
      photoconductive surface 11 of drum 10 may comprise any desired
      conventional sheet feed and registration mechanism such as that described
      in U.S. Pat. No. 3,645,615. In the apparatus 1 of FIG. 1, the sheet feed
      mechanism 25 comprises a mechanism for feeding individual sheets 14 from a
      stack. Alternatively, if desired, as shown in FIG. 2, the sheets 14 may be
      fed from a roll feed mechanism 26 such as that described in U.S. Pat. No.
      3,639,053 which includes a roll of sheet material 27 and a mechanism for
      cutting the sheet material to size, such as shears 28, and an appropriate
      registration mechanism.
PAR  Since the sheets are to be secured to the moving photoconductive surface 11
      by an appropriate mechanism, as will be described hereinafter, it is
      apparent that a trail edge deletion could result thereby. Therefore, in
      accordance with the preferred embodiment of this invention, the size of
      the sheet 14 is selected to be larger than the size of the image which is
      to be transferred to it in order to avoid deletion. The excess sheet
      length is removed at a later stage in processing by conventional means 19
      as will be described hereinafter.
PAR  As shown in FIG. 3, the sheet 14 is fed to the drum 10 in an appropriately
      timed sequence for transfer of the first image I to the first side 20 of
      the sheet. In the embodiment shown, transfer is accomplished by means of a
      transfer corona generating device 29 which charges the sheet 14 to attract
      the toner particles from the photoconducting surface 11 of the drum 10.
PAR  As the trailing edge 30 of the sheet 14 contacts the drum surface 11, it is
      pviotably secured thereto by means of tumbling grippers 31 as shown in
      FIG. 4.
PAR  The tumbling grippers 31 shown schematically in FIG. 4 are of the type
      described in greater detail in U.S. Pat. No. 3,537,391. The use of a
      tumbling type gripper arrangement in accordance with that patent, is
      preferred in order to prevent creasing of the trailing portion of the
      sheet 14. As shown in FIG. 4, the trailing edge 30 is gripped by pivotable
      gripper fingers 32 and pivotable anvils 33 which comprise a first set. As
      the drum 10 rotates, as shown in FIG. 5, the first set of grippers 32 and
      33 pivot to a central point wherein a second set of grippers 34 and 35 now
      grip the sheet as well. Referring to FIG. 6, as the drum 10 continues to
      rotate, the first set of grippers 32 and 33 release the sheet and, the
      second set of grippers 34 and 35 pivot around and hold the sheet 14 in a
      turned over orientation at the surface 11 until the sheet is ready to be
      stripped off the drum as shown in FIG. 7.
PAR  Referring again to FIG. 4, the sheet 14 having the first image I
      transferred thereto is stripped from the drum 10 by any conventional means
      such as the use of a puffer 40, as shown. A chute 41 extending out
      radially of the drum axis is provided for guiding the sheet 14 during this
      first sheet stripping operation. Preferably, in accordance with this
      invention, a means 42 is provided for fusing the first image I to the
      sheet 14 such as the radiant fuser shown. To aid in the sheet 14
      stripping, a detacking corona generating device 43 is provided for
      substantially neutralizing the charge on the sheet. After the sheet 14 has
      been stripped from the surface 11 of the drum 10 containing the first
      image I, as shown in FIG. 5, it is still maintained pivotably secured to
      the drum by means of the tumbling grippers 31 previously described. As
      shown in FIG. 6, continued rotation of the drum 10 causes the opposing
      side 21 of the sheet 14 to contact the surface 11 of the drum 10
      containing the second image II and a corona generating device 44 is
      provided for charging the sheet for tranferring the second image to the
      opposing side of the sheet.
PAR  Referring to FIG. 7, following transfer of the second image II to the sheet
      14, the pivoting grippers 31 release the trailing edge of the sheet, which
      has now become the leading edge thereof, and the sheet is stripped
      completely from the drum surface 11 by means of a puffer 45 and detacking
      corona generating device 46 as in accordance with the previous stripping
      operation.
PAR  As shown in FIG. 8, the sheet 14 is then fed off of the drum surface 11 and
      the second image II is fused thereto by a conventional radiant fuser 47.
      Following fusing of the second image II, the sheet is fed to suitable
      output device 48 such as the tray shown. If desired, the output device
      could comprise a sorter or other known device.
PAR  Means 19 are provided between the output of the fuser 47 and the catch tray
      48 to trim any excess sheet length which may have been employed to avoid
      trail edge deletion. The means 19 shown comprises a simple shearing device
      similar to that described previously with reference to the roll feed
      mechanism 26.
PAR  It will be apparent that it would be desirable to provide seals about the
      gripping mechanism 31 in order to prevent toner contamination of the
      interior of the drum 10. Another approach that could be employed would be
      to use an apparatus to control the magnetic brush in which the magnetic
      brush is brought out of operative contact with the surface 11 of the drum
      10 as the grippers 31 pass by. One such apparatus for moving the brush in
      and out of operative contact with the surface 11 is described in U.S. Pat.
      No. 3,572,288. Similarly, if desired, the cleaning mechanism at station E
      could be retracted from contact with the surface 11 during that period
      when the gripper mechanism 31 passes by it.
PAR  The process in accordance with this invention has already been illustrated
      in some detail by reference to the apparatus. The process in its broadest
      sense comprises forming a first image on the first portion of the surface
      11 and a second image on a second portion of the surface 11, followed by
      transferring the first image I and the second image II to the first and
      the opposing sides of the final support sheet 14 in a single pass of the
      sheet to the imaging surface 11. Preferably, the transferring step
      includes the step of securing the sheet 14 to the surface 11 followed by
      pivoting of the sheet about the surface to accomplish transfer of the
      images I and II to both sides of the sheet. Preferably, as aforenoted, the
      images are formed on the surface 11 substantially simultaneously.
PAR  While it is preferred in accordance with this invention to form the images
      I and II simultaneously it is recognized that this approach is not as
      beneficial for thin originals because the images on the respective reverse
      sides of the sheet show through. This problem with thin originals may be
      overcome by biasing the development system so as not to develop the
      undesired images or by sequentially exposing the first and opposing sides
      of the original.
PAR  The patents and texts referred to specifically in the description of this
      application are intended to be incorporated by reference into the
      description.
PAR  It is apparent that there has been provided in accordance with this
      invention a reproducing apparatus and process for duplex imaging in a
      single pass which fully satisfies the objects, means and advantages set
      forth hereinbefore. While the invention has been described in conjunction
      with specific embodiments therefore, it is evident that many alternatives,
      modifications and variations will be apparent to those skilled in the art
      in light of the foregoing description. Accordingly, it is intended to
      embrace all such alternatives, modifications and variations as fall within
      the spirit and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reproduction apparatus for forming an image on a first and an opposing
      side of a copy sheet comprising:
PA1  a moving photosensitive surface;
PA1  means for forming a first image on a first portion of said photosensitive
      surface, and a second image on a second portion of said photosensitive
      surface; and
PA1  means for transferring sequentially said first image and said second image
      to a first and opposing side respectively of said copy sheet, said
      transferring means including means for pivotably securing said sheet at
      said surface, and means for pivoting said sheet about said surface.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said transferring means includes
      means for feeding said sheet to said surface in a timed relationship a
      single time in order to accomplish image transfer to said first and
      opposing sides of said sheet.
NUM  3.
PAR  3. A reproduction apparatus for forming an image on a first and an opposing
      side of a copy sheet in a single pass comprising:
PA1  a moving photosensitive surface;
PA1  means for forming a first image on a first portion of said photosensitive
      surface, and a second image on a second portion of said photosensitive
      surface; and
PA1  means for transferring said first image and said second image to a first
      and opposing side respectively of said copy sheet in a single pass of said
      sheet to said surface, said transferring means including means for
      securing the trailing edge of said sheet to said surface and means for
      pivoting said sheet about said surface.
NUM  4.
PAR  4. An apparatus as in claim 3 wherein said securing means is adapted to
      pivotably secure said trailing edge of said sheet.
NUM  5.
PAR  5. An apparatus as in claim 4 wherein said image forming means is operative
      to form said first image and said second image substantially
      simultaneously.
NUM  6.
PAR  6. An apparatus as in claim 4 wherein said photosensitive surface comprises
      a drum.
NUM  7.
PAR  7. An apparatus as in claim 6 wherein said surface comprises a
      photoconductive surface.
NUM  8.
PAR  8. An apparatus as in claim 6 further including means for fixing the
      transferred images to said sheet.
NUM  9.
PAR  9. An apparatus as in claim 8 wherein said image forming means includes:
PA1  means for forming flowing light images of original input scenes
      corresponding to said first and said second images,
PA1  means for projecting said flowing light images on said photoconductive
      surface to form corresponding latent electrostatic images; and
PA1  means for developing said latent electrostatic images to form said first
      and second images.
NUM  10.
PAR  10. An apparatus as in claim 8 wherein said fixing means comprises:
PA1  means for fusing said first image to said sheet following transfer of said
      first image; and
PA1  means for fusing said second image to said sheet following transfer of said
      second image.
NUM  11.
PAR  11. A process for forming an image on a first and an opposing side of a
      copy sheet comprising:
PA1  providing a moving photosensitive surface;
PA1  forming a first image on a first portion of said photosensitive surface,
      and a second image on a second portion of said photosensitive surface; and
PA1  transferring sequentially said first image and said second image to a first
      and an opposing side respectively of said copy sheet, said transferring
      step including the steps of pivotably securing said copy sheet at said
      photosensitive surface and pivoting said sheet about said surface
      following transfer of said first image to said first side of said sheet.
NUM  12.
PAR  12. A process for forming an image on a first and an opposing side of a
      copy sheet in a single pass comprising:
PA1  providing a moving photosensitive surface;
PA1  forming a first image on a first portion of said photosensitive surface and
      forming a second image on a second portion of said photosensitive surface;
      and
PA1  transferring said first image and said second image to a first and an
      opposing side respectively of said copy sheet in a single pass of said
      sheet to said surface, said transferring step including the steps of
      securing the trailing edge of said sheet to said surface and pivoting said
      sheet about said surface following transfer of said first image to said
      first side of said sheet.
NUM  13.
PAR  13. A process as in claim 12 wherein said first and second images are
      formed substantially simultaneously.
NUM  14.
PAR  14. A process as in claim 12 further including the step of fixing the
      transferred images to said sheet.
NUM  15.
PAR  15. A process as in claim 14 wherein said fixing step comprises fusing said
      first image to said sheet following transfer of said first image thereto
      and fusing said second image to said sheet following transfer of said
      second image thereto.
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PAC  CROSS REFERENCED RELATED COPENDING APPLICATIONS
PAR  This is a continuation of application Ser. No. 226,015, filed Feb. 14,
      1972, now abandoned.
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PAR  U.S. patent application Ser. No. 110,756, entitled Coated Carrier
      Particles, Method of Making Same, and Improved Electrophotographic
      Process, by C. A. Queener et al. and filed Jan. 28, 1971 now U.S. Pat. No.
      3,778,262, issued Dec. 11, 1973.
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      of Making Same, and Improved Electrophotographic Process, by W. J. Kukla
      et al filed Jan. 28, 1971 now U.S. Pat. No. 3,798,167, issued Mar. 19,
      1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  In electrophotography, a photoconductor is charged and then exposed
      imagewise to light. In the area of the photoconductor exposed to light,
      the charge dissipates or decays while the dark areas retain the
      electrostatic charge.
PAR  The difference in the charge levels between the areas exposed to light and
      the dark areas produces electrical fields therebetween. Accordingly, the
      resultant latent electrostatic image on the photoconductor is developed by
      depositing small colored particles, which are known as toner particles,
      over the surface of the photoconductor with the toner particles having a
      charge so as to be directed by the electrical fields to the image areas of
      the photoconductor to develop the electrostatic image.
PAR  A number of means are known for developing the latent electrostatic image
      by the application of the toner particles. One of these is known as
      cascade development and is described in U.S. Pat. No. 2,618,552 to Wise.
PAR  Another means is known as the magnetic brush process. This method is
      described in U.S. Pat. No. 2,874,063 to Greig.
PAR  In each of the cascade and magnetic brush development processes, a two
      component developer material is utilized. The developer material comprises
      a mixture of small toner particles and relatively large carrier particles.
      The toner particles are held on the surfaces of the relatively large
      carrier particles by electrostatic forces which develop from the contact
      between the toner and carrier particles producing triboelectric charging
      of the toner and the carrier to opposite polarities. When the developer
      material is moved into contact with the latent electrostatic image of the
      photoconductor, the toner particles are attracted to the latent image.
PAR  The toner and carrier particles of the developer material are specially
      made and processed so that the toner obtains the correct charge polarity
      and magnitude of charge to insure that the toner particles are
      preferentially attracted to the desired image areas of the photoconductor.
      For a given developer-hardware system, the magnitude of the triboelectric
      charge is important in that if such charge is too low, the copy will be
      characterized by high print density but heavy background and poor
      resolution; if the charge is too high, the background and resolution if
      good but the print density will tend to be low. Thus, there is an optimum
      range of toner charge for best overall results.
PAR  Prior art dry developer materials, which are employed in automatic copy
      machines, have carrier filming problems due to the recycling of the
      carrier particles through many cycles which produces many collisions
      between the carrier particles and between the carrier particles and parts
      of the machine. The attendant mechanical friction causes some toner
      material to form a physically adherent film on the surfaces of the
      coatings of the carrier particles.
PAR  When this occurs, there is a gradual accumulation of a permanently attached
      film of toner material on the surfaces of the carrier particles. In such a
      film, the toner appears to lose its original particulate shape and form
      plaques that are tenaciously adherent to the carrier bead surface. This
      film of toner impairs the normal triboelectric charging of the toner
      particles in the developer mix because the normal toner-carrier
      triboelectric charging is partly replaced by a toner-toner relationship.
      As a result, the toner which is available for developing the latent
      electrostatic image is less highly charged on the average. If this occurs
      to a sufficient degree, the improperly charged toner particles can be
      deposited on the non-image areas whereby the quality of the copies is
      impaired since the non-image areas possess an unacceptable level of
      background toner.
PAR  When toner filming occurs to a sufficient degree, the entire developer
      material must be replaced thereby increasing the cost of operation of the
      copy machine. Furthermore, it is time consuming. This problem is
      especially significant in high speed copy machines in which thousands of
      copy cycles occur in a relatively short period of time or in copy machines
      in which the developer is continuously agitated.
PAR  The toner filming mode of failure has been observed as the dominant mode of
      failure of carrier beads in the past, as it manifested itself relatively
      early in the life of the developer mix and for otherwise good carrier
      coatings the other modes did not occur at this early point in the carrier
      life. Spalling and abrasive wear out did not generally cause the carrier
      to fail as these mechanisms were slower. Only after the toner filming
      failure was at least partially overcome did the other failure modes become
      significant problems to be addressed. Only at this point did material
      properties possibly affecting these failures become of prime interest and
      efforts were made to identify properties which contribute to the solution
      of these failure problems.
PAR  Furthermore, because of the contact between the carrier particles and
      between the carrier particles and parts of the machine, there is abrasion
      of the coating of the carrier particles. This abrasion of the coating also
      may reduce the effectiveness of the triboelectric charging between the
      carrier and the toner by effectively exposing the toner to the core
      material of the carrier, if the abrasive wear proceeds far enough.
PAR  Thus, if the coating is not sufficiently resistant to abrasion, early
      replacement of the entire developer material is required. Again, this
      replacement of the entire developer material is costly and time consuming,
      especially in high speed copy machines.
PAR  Furthermore, even if the coating of the carrier particle resists abrasion,
      the coating also must have good adhesion to the core of the carrier
      particle in order to prevent loss of the coating by fracture at the
      core-coating interface. Otherwise, the coating can chip, flake or spall
      due to the rubbing or contact between the various carrier particles and
      between the carrier particles and parts of the machine. This also requires
      early replacement of the developer material.
PAR  In addition to having the foregoing desired properties, the carrier
      particles must have the characteristic of having a triboelectric charge of
      a desired magnitude and polarity when used with a particular electroscopic
      toner. This is because the magnitude of the triboelectric charge of the
      toner is controlled by the magnitude and polarity of the carrier charge
      when the toner and the carrier are mixed.
PAR  The magnitude of the charge of the toner is important for the
      electrophotographic system to produce copies of an excellent quality. If
      the magnitude of the charge of the toner is too low, the images have poor
      edge definition and lack contrast since the non-image or background areas
      possess an unacceptable level of toner as previously mentioned. If the
      magnitude of the charge of the toner is too high, then there is poor image
      fill since the toner would tend to stay with the carrier. Accordingly, the
      magnitude of the charge of the toner must be within a range above that in
      which poor edge definition is produced and below that in which poor image
      fill occurs.
PAR  Thus, if the coating of the carrier particle has the characteristic of
      imparting a triboelectric charge to the toner when mixed therewith so that
      the toner charge does not fall within the range in which copies of high
      quality can be obtained, the coating cannot be employed for a carrier for
      the toner even though it meets the abrasion, anit-stick, and adhesion
      requirements. Accordingly, for a carrier coating to be satisfactory, it
      not only must meet the abrasion, anti-stick, and adhesion requirements but
      also must be capable of triboelectrically charging the toner to a level
      within a desired range that enables copies of high quality to be produced.
PAR  Carrier failure modes have heretofore been rather incompletely understood.
      As an example of the lack of understanding of carrier failure modes, the
      term "tired iron" has been used to describe failure of a steel or iron
      filing carrier to triboelectrically charge toner after it has been used as
      a carrier for some time. The primary modes of failure which occur in a
      developer mix are filmed-on toner, spalling, and abrasive wear.
      Heretofore, filmed-on toner has been the dominant mode of early carrier
      failure. The carrier beads acquire a thin film of fused toner material and
      thus triboelectrically fail long before the coatings on the beads have
      spalled from the cores. When a carrier coating is discovered which
      inhibits the film-on toner failure, the failure mode shifts to spalling.
      If the coating also resists the spalling failure then the next progressive
      mode of failure is abrasive or adhesive wear of the triboelectric carrier
      coating.
PAR  The presently known requirements of a carrier coating material other than a
      triboelectric relationship are thus dictated by these failure modes. Low
      surface energy is a very substantial consideration when attempting to
      overcome the dominant failure mode of carrier materials -- filmed-on
      toner.
PAR  The adhesion qualities of a particular resin are pertinent when filmed-on
      toner is not a problem and the failure mode becomes that of spalling of
      the carrier coating from the carrier bead. When a material is found which
      provides adequate resistance to the failure modes of filmed-on toner and
      spalling, the abrasive or adhesive wear characteristics of that material
      then become a primary consideration in attempting to lengthen the life of
      the carrier material. As can be seen from the foregoing, the understanding
      of carrier failures has developed only as carrier materials have been
      selected and as they have been forced to a failure point. Therefore, the
      criteria for materials which can be used for carrier coatings to impart
      triboelectric charge to toner particles, have been developed through
      failure in a trial and error type process.
PAR  Otherwise useful and high quality carriers suffer greatly degraded useful
      lives when used in hostile developer environments. Examples of such
      hostile environments are development electrode cascade developer apparatus
      and magnetic brush developer apparatus.
PAR  One example of the degree of degradation of carrier life in a development
      electrode developer assembly is an automatic electrostatic copier which is
      commercially available with or without a development electrode. When that
      copier is constructed with a cascade developer without a development
      electrode the published life of the charge of carrier is 300,000 copies
      between carrier replacement. When a development electrode is installed in
      the same model machine the same carrier charge must be replaced after only
      100,000 copies. This decrease of about 66% in the useful life of the
      carrier is ample evidence of the hostility of development electrodes in
      cascade developers. These machines use 25 pound charges of carrier, thus
      producing only 4,000 copies per pound of carrier when using a development
      electrode.
PAR  Development of latent electrostatic images by magnetic brush development
      has proved to be a substantial problem ever since the original technique
      was disclosed in U.S. Pat. No. 2,847,063 to Greig, as referenced above. It
      has long been recognized that the magnetic brush technique of developing
      will produce very superior copy quality and also to some extent that it
      removes restrictions on speed of the copy process placed thereby the
      cascade or powder cloud development techniques. There have also been
      substantial technological and economic barriers which heretofore have
      prevented substantial penetration in the market of a commercially
      acceptable magnetic brush developer unit for a plain paper copier. The
      primary reason for the technological and economic barriers has heretofore
      been that the violent agitation of the developer mixture of carrier beads
      and toner particles has created localized heating and the filming of toner
      onto the carrier particles much more rapidly and much more detrimentally
      to the process, than was experienced in cascade development. An additional
      reason for the apparent failure of the carrier may possibly be explained
      by the great weight and density of the magnetic core material such as iron
      grit and steel shot. The substantially greater weight and density of these
      materials results in increased impact of the carrier beads into one
      another, the photoconductor, the developer assembly and mechanisms, and
      the equipment necessary to carry the steel carrier beads to the
      development zone. This impacting appears to cause some localized heating
      which then promotes the filming of the toner particles carried by the
      carrier beads and further results in faster failure of the carrier beads.
PAR  In a magnetic brush developer the magnetic carrier beads are formed into a
      magnetic brush of tendrals of carrier beads and toner particles extending
      outwardly through the magnetic field of force. This brush vigorously
      scrubs, at relatively high speed, these tendrals against the
      photoconductive member bearing the latent electrostatic image. There is,
      of necessity, some violent scrubbing, agitation and impacting of the
      carrier beads and the toner particles. Additionally, the developer mix
      must be agitated, mixed or blended in order to assure a uniform developer
      mix throughout the operation of the machine. Solutions to this blending
      problem have been usually solved with continuous mechanical blenders such
      as augers or paddle blades which continually stir the developer mix to
      assure uniformity. All of this action contributes to the potential failure
      of the carrier by filmed on toner. Due to the violent agitation, the
      coating material on the steel shot (or magnetic core) must additionally
      adhere to the core with great tenacity to prevent the coating material
      from chipping, flaking, or spalling off of the core material.
PAR  Until very recently, there has been no commercially available plain paper
      copier using electrostatic copying in the domestic United States market
      which embodied a magnetic brush developing unit. Recently one new copier
      product has been marketed which embodies a magnetic brush apparatus. One
      charge of carrier beads for this developer mix must be replaced after
      approximately every 10,000 copies, yielding a life on the order of 1,000
      to 3,000 copies per pound of carrier. Relatively short carrier life has
      heretofore made such a developer mix and mechanism lack economic
      feasibility in the commercial marketplace.
PAR  As a basis for comparison, the life of the carrier beads utilized in one
      commercially available electrostatic plain paper copier utilizing a
      cascade development system, has been rated as high as 750,000 copies per a
      7 pound charge of carrier. When gauged against the life of the carrier in
      a cascade developer apparatus, carrier beads for magnetic brush developers
      have a short life and thus increase the operating cost of such a machine
      by a large factor. This increases the ulitmate cost per copy to the
      customer, and thus the process has heretofore had economic disadvantages.
PAC  PRIOR ART
PAR  The development of materials for use as triboelectric coatings on carrier
      cores, has been highly emperical. As a background of knowledge develops as
      to the functional characteristics of carriers and the properties required
      of carrier coatings, it has been somewhat possible to screen materials to
      determine their potential as carrier coatings. It has been possible to say
      that materials must have certain physical and mechanical properties and
      that they must maintain acceptable properties at the machine operating
      temperatures and relative humidities. However, this yields a relatively
      large class of possible candidate materials. After this large class of
      candidate materials has been screened for triboelectric characteristics,
      then the emperical nature of the carrier art dictates that the candidate
      material must be functionally evaluated.
PAR  The only way then to determine whether the materials will actually function
      and to what extent that are viable carrier coatings is to actually make
      carrier beads with these materials as coatings and to test them. Even if a
      material is a highly probable candidate triboelectrically and has the
      appropriate physical/mechanical characteristics required for a good
      carrier, it may well be that a material is not capable of being coated
      onto a carrier bead or that some other manufacturing requirements cannot
      be met and thereby render the material unsatisfactory as a carrier
      coating. One of skill in the art would take a class of selected materials
      believing them all to possess generally the same order to magnitude of
      performance capability and would have no reliable way to predict which of
      those materials might perform unexpectedly as regards either quality or
      carrier life.
PAR  The prior art has to some extent classified candidate materials into the
      broad class of generally desirable materials discussed above, but has not
      been able to reliably predict the viability or advantages of any
      particular material over and above the larger body of materials in the
      class. The analysis of potential carrier materials may at first appear to
      be logical and straight forward. However, there are great difficulties
      associated with deducing failure mechanisms of particular carrier coatings
      from an analysis of symptoms manifested in the output copy. Additionally
      there is a great lack of a more complete knowledge of how given failure
      mechanisms are affected by particular properties of selected materials,
      all of which leads one skilled in the art generally to a case by case,
      trial and error, emperical selection of coating materials.
PAR  Additionally, some of the materials which may result as likely candidates
      during the initial screening process may well turn out to be totally
      unacceptable carrier material candidates because of some failure mechanism
      with which we are not at present fully conversant and do not understand,
      or they may not be adaptable to known manufacturing techniques.
PAR  German Offenlegungschrift No. 2,124,409 filed in Germany, May 17, 1971 and
      published Dec. 2, 1971 and open to public inspection, and corresponding to
      U.S. Pat. No. 3,720,617 further indicates the relatively short life of
      magnetic brush carrier beads wherein examples of severe degradation in
      copy quality, due to carrier bead failure, was observed after only 900
      copies in one example and extremely poor copy quality was encountered
      after 2,400 copies in another example. No statements of the quantity of
      carrier beads are made, thus definitive comparisons are not possible.
      However, it is evident that carrier life is very short in these examples.
PAR  From the foregoing it is apparent that a major if not the primary limiting
      factor in the ultimate use of a magnetic brush developer apparatus in an
      automatic electrostatic plain paper copier, is the life of the carrier in
      the development mix, and that the development of a good carrier coating is
      to a large extent a trial and error process.
PAR  It is also apparent from the foregoing and from the large quantity of other
      work done as evidenced by the prior art, that there has been a long felt
      need for a carrier which can withstand the abuse and violent agitation,
      impacting, grinding, rubbing, and brushing encountered in hostile
      development environments, and particularly in a magnetic brush developing
      unit and that such an acceptable carrier material having a long and
      economically useful life has not heretofore been known. The many patents
      suggesting and alluding to the use of varied coating materials and carrier
      beads in a magnetic brush developer apparatus is evidence of a long and
      extensive research effort to find a solution to a problem which until
      recently was not understood. There has been a long felt need in the
      industry and there have been no highly feasible solutions to these
      failures as evidenced by the almost total lack of commercially available
      magnetic brush development in plain paper copiers.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this Invention to increase the useful life of
      electrophotographic carriers in electrophotographic processes having
      hostile development environments.
PAR  It is another object of this invention to reduce the propensity for carrier
      failure in a development mixture of an electrophotographic apparatus.
PAR  It is a further object of this invention to improve heretofore known
      electrophotographic processes by the use of an improved carrier material
      in the development mixture to enhance the longer life of the development
      mixture.
PAR  It is still another object of this invention to reduce the carrier failure
      attributable to toner filming of carrier materials.
PAR  It is still an additional object of this invention to reduce failure of
      electrophotographic carrier beads through the spalling mode of failure.
PAR  It is the primary object of this invention to provide an improved carrier
      bead for use in an electrophotographic apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are accomplished and the above described
      disadvantages of the prior art are overcome by the use in an
      electrophotographic process, as earlier described, of a plurality of
      carrier beads having as exterior layers or coatings, a fluorocarbon which
      is substantially fully fluorine saturated. Carrier beads are coated with a
      thin coating of a fluorocarbon such as polytetrafluorethylene or a
      fluorinated ethylene propylene, in a manner which will yield a relatively
      thin, substantially uniform coating of the fluorocarbon polymer adhered
      with tenacity to the core material, when the sintering and coalescing of
      the particles of the coating is completed by a curing step. Further
      improvement of the carrier material may be had by coating a primer
      material between the core material and the outer coating of a
      fluorocarbon. This thin substantially uniform layer of primer material
      enhances the adhesion between the outer coating of the fluorocarbon and
      the core material.
PAR  This carrier coating material, when coated upon a magnetic core, yields a
      highly electronegative magnetic carrier bead. The improved carrier bead
      has very low surface energy, a low coefficient of friction, and good
      adhesion between coating and core. The low surface energy characteristic
      helps overcome the problem which has heretofore resulted in failure of the
      carrier material in a mode generally known as filmed on toner.
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PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a graph representing the comparitive rates of failure of
      carrier beads having varying outer coatings due to toner filming onto the
      carrier bead.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The foregoing objects and advantages can be accomplished by the use of a
      plurality of carrier beads intermixed with toner particles in the
      developer housing of an electrophotographic apparatus, where the carrier
      bead has an exterior coating of a low surface energy fluoropolymer and
      more specially a low surface energy fluorocarbon which is substantially
      fully saturated with fluorine. In the foregoing description,
      specifications, and claims, a fully saturated fluorocarbon is intended to
      means that the saturation is a saturation of fluorine atoms in the
      polymeric chain, and by fully saturated or substantially full saturation,
      it is intended that substantially all of the available hydrogen atoms on
      the polymeric chain have been replaced by fluorine atoms so that the
      available sites for fluorine have been fully saturated by the fluorine
      atoms and hydrogen atoms generally do not exist within the polymer. The
      known fluoropolymers that meet this definition are polytetrafluoroethylene
      and fluorinated ethylene propylene.
PAR  In the practice of this invention, particulate core material is coated with
      either polytetrafluoroethylene or fluorinated ehtylene propylene to
      provide a highly electro negative electrophotographic carrier material.
      Specific examples of coatings of polytetrafluoroethylene and comparative
      examples of other carrier coatings are more fully enumerated below where
      the life of the carrier is dramatically demonstrated to be substantially
      longer when using low surface energy fluorocarbon materials.
PAR  A discussion of problems involved with one of the hostile environments is
      made above with specific reference to the violent agitation inherent in a
      magnetic brush developing apparatus. Another hostile environment is that
      of a cascade development unit which embodies a development electrode where
      voltage biases are applied to the electrode to promote the transfer of the
      toner particles from the carrier beads to the electrostatic latent image
      being developed.
PAR  The five examples that follow will clearly demonstrate that although the
      prior art in many cases indicates that a good carrier coating material for
      one type of development is generally good for other types of development,
      hostile development environments drastically reduce the expected life
      and/or utility of a partiular carrier coating.
PAR  In brief summary, against which a clearer understanding of the value of
      this invention can be had, Example 1 is an example of a carrier coating
      which provides excellent copy quality and excellent carrier life in a
      conventional cascade development apparatus where 7 pounds of carrier
      provides a life of approximately 750,000 copies, thus yielding something
      in the order of 107,000 copies per pound. Example 2 provides a comparison
      of substantially the same carrier coating when coated upon a magnetic core
      material for use in a magnetic brush developer where significant
      degradation of copy quality was experienced at approximately 15,000 copies
      and failure occurred at approximately 27,000 copies utilizing 14 pounds of
      developer mixture, 99% of which was the coated carrier beads. This results
      in significant degradation in slightly more than 1,000 copies per pound
      and carrier failure at slightly less than 2,000 copies per pound of
      carrier.
PAR  Example 3 is an example of polytetrafluoroethylene coated upon steel beads
      and used in the same environment as that of Example 2 and where 35,000
      copies were made before determinable degradation of copy quality occurred
      and where 100,000 copies were run with still acceptable copy quality
      although the carrier beads suffered damage to their physical integrity. On
      a like basis, this test results in a 7,000 plus copies per pound of
      developer mix using polytetrafluoroethylene coated steel beads. Example 4
      describes a carrier made by priming steel beads with a Teflon primer for
      steel and then overcoating the beads with polytetrafluoroethylene and
      repeating the tests of Examples 2 and 3. Again a 14 pound charge of this
      carrier was run through 100,000 copy cycles with no substantial copy
      quality degradation and only a relatively small amount of physical damage
      to the beads. The tests were terminated at this point thus resulting in
      over 7,000 copies per pound of carrier beads, and no carrier failure.
PAR  Example 5 uses substantially the same carrier material as Example 4 in a
      substantially similar magnetic brush developer unit utilized in Examples
      2, 3, and 4 wherein a developer batch weighing approximately 22 pounds is
      employed. The test was run to 250,000 copies with copies at the 250,000
      point having good half tones, good extended area coverage, low background,
      good resolution, and little spalling, chipping, or flaking of the coating
      of the carrier bead. The carrier had not failed and the test was
      continued. At this point without having reached failure, the carrier
      charge had produced in excess of 11,000 copies per pound with the ultimate
      expected life of the charge far exceeding 250,000 copies.
PAR  With the above summary analysis of the examples to follow, a better
      understanding of the relative useful lifes of carrier coatings may be had
      while understanding the method of making and utilizing electrophotographic
      carriers.
PAR  To provide the above results the following coating procedures and tests
      were conducted.
PAC  EXAMPLE 1
PAR  A coating formulation containing about 11% by weight Exon 497 resin, a
      polyvinyl chloride/polyvinyl acetate copolymer, which is sold by Firestone
      Plastics Company, Pottstown, Pa., and about 1% by weight Orosol red "B"
      dye, sold by Ciba Chemical and Dye Company, Fairlawn, N.J. is prepared by
      dissolving said materials in methyl ethyl ketone (MEK) by stirring at room
      temperature. This coating formulation is then coated on Ottawa sand of
      about 650 microns median particle size in the amount of about 40
      milliliters of solution per pound of sand. The coating is carried out in a
      conically shaped coating chamber which has means for mechanical agitation
      to provide tumbling and which has air entry ports to provide air to assist
      solvent evaporation. The coating solution is added stepwise to minimize
      agglomeration and assure good coating integrity. After 40 mls. of solution
      per pound has been added, the material is removed and placed in an oven
      where it is cured for about 18 hours at about 190.degree. F. After curing,
      the material is cooled and screened through a U.S. Standard 18 mesh screen
      to remove agglomerates. A developer mix is then prepared from 7 pounds of
      this carrier by physically mixing it with about 1.7% by weight IBM Part
      No. 1162013 toner. This toner is comprised of styrene/n-butyl methacrylate
      copolymer, modified maleic rosin, polyvinyl stearate, and carbon black.
      This developer mix is then installed in an IBM Copier, which has a
      conventional cascade type developer. The developer mix is used to make
      750,000 copies. The copies are of good quality throughout the test. After
      750,000 copies, the carrier is microscopically examined. There is very
      little missing coating and filmed on or impacted toner is discernable but
      very minimal.
PAC  EXAMPLE 2
PAR  A coating formulation prepared as in Example 1 is sprayed onto steel beads
      having an average diameter of about 300 microns and a surface suitably
      clean for adhesion. This material is sprayed onto the beads in a fluidized
      bed coating apparatus at a temperature of about 80.degree. F. and about 50
      milliliters per pound is applied at a rate of about 30 milliliters per
      minute. The coated beads are then dried for about 5 minutes in the
      fluidized bed coating tower at a temperature of about 70.degree. F.
PAR  The coated beads are then placed in an oven, and the temperature of the
      beads is brought to about 190.degree. F. for about 6 hours. The
      temperature is then raised to about 210.degree. F. for about 1 hour; then
      the beads are removed from the oven and cooled to room temperature via
      ambient air cooling. The material is next screened through a U.S. Standard
      30 mesh screen to remove agglomerates.
PAR  A 14 pound developer mixture, comprising the above coated beads and a
      conventional styrene/methacrylate/carbon black toner is prepared at a
      toner concentration of about one percent by weight. The developer mixture
      is then placed in a bucket brigade magnetic brush developer unit and
      placed in an electrophotographic robot employing the normal
      electrophotographic process steps of charging, imaging, developing,
      transferring, and cleaning.
PAR  At a process speed of about 5 inches per second, approximately 27,000
      copies were produced. After approximately 15,000 copies, the copy showed
      significant degradation through loss of resolution and increasing
      background due to filmed on toner, but had not as yet reached unacceptable
      levels. At 27,000 copies the copy was totally unacceptable and the copy
      run was terminated.
PAR  At 27,000 copies, microscopic examination of the carrier revealed
      significant filmed on toner. Curve 1 of the drawing displays the
      approximate rate of filmed on toner accumulation.
PAC  EXAMPLE 3
PAR  A coating formulation containing essentially polytetrafluoroethylene and
      water, which is sold by E. I. Dupont de Nemours and Company as 852-201
      Clear Teflonn Enamel, is diluted about one volume to one volume with
      distilled water by stirring at room temperature and sprayed onto steel
      beads having an average diameter of about 300 microns and a surface
      suitably clean for adhesion. About 30 milliliters of the diluted material
      is applied per pound of steel beads at a temperature of about
      120.degree.-130.degree. F. in a fluidized bed coating apparatus. The
      composite material so prepared is now cured in an oven at about
      700.degree. F. for about 15-20 minutes to sinter and coalesce the
      deposited resin particles. The material is then cooled to room temperature
      and screened through a U.S. Standard 35 mesh screen to remove
      agglomerates. A developer mix is then prepared from about 14 pounds of
      this carrier by physically mixing it with about 1% by weight of a
      conventional sytrene-methacrylate-carbon black toner.
PAR  This developer mix is then installed in the same electrophotographic copy
      robot as discussed in Example 2  and 100,000 copies are made. After about
      35,000 copies are made, it was noted that some specks are present on the
      background areas of the copy which did not resemble toner background. Upon
      microscopic examination, it was found that the specks are flecks (or
      pieces) of Teflon from the carrier coating. Upon examining the carrier, it
      is found that substantially no toner had filmed to the carrier coating,
      however, considerable spalling of the coating had occurred. Other than the
      occasional specks, the copy is good at 35,000 copies, therefore, the test
      is resumed and run to 100,000 copies. At 100,000 copies, the copy is still
      good except for the background specks which have increased slightly in
      number. The carrier at 100,000 copies is badly spalled, that is
      substantial amounts of the coating are missing leaving mush exposed steel.
      There is substantially no filmed on toner on the remaining coating,
      however, there is toner filmed to the exposed steel. The approximate rate
      of filmed on toner accumulation on the core is illustrated by curve II in
      the drawing.
PAC  EXAMPLE 4
PAR  A coating formulation consisting of 850-201 Teflon Primer for steel, which
      is sold by Dupont, is diluted about two volumes to one volume with
      distilled water by stirring at room temperature and sprayed onto steel
      beads having an average diameter of about 300 microns and a surface
      suitable clean for adhesion. The coating formulation of 850-201 Teflon
      Primer for steel is a solution comprising, by weight, approximately 35%
      polytetrafluoroethylene, approximately 12% chromic and phosphoric acids,
      and about 53% water. The material is applied to the beads in a fluidized
      bed coating apparatus at a temperature of about 170.degree. F. About 35
      milliliters of the diluted material is applied per pound of beads. The
      acids react with the core material in such a manner as to promote
      adhesion. The primed beads are now removed from the apparatus, placed in
      an oven, and the temperature of the beads is brought to about 530.degree.
      F. and left there for about 11 minutes. The beads are now removed from the
      oven, cooled to room temperature via ambient air cooling, and then placed
      back into the fluidized bed apparatus.
PAR  A coating formulation of Dupont 852-201 Clear Teflon Enamel diluted about
      two volumes to one volume with water by stirring at room temperature is
      now sprayed onto the beads in the fluidized bed apparatus at a coating
      temperature of about 170.degree. F. The coating formulation of 852-201
      Clear Teflon Enamel contains, by weight, approximately 48%
      polytetrafluoroethylene, approximately 3% of a surface active agent (blend
      of alkyl aryl polyether alcohol with organic sulfonate), and approximately
      49% water and toluene in the ratio of 95 to 5. About 45 milliliters of the
      diluted material are applied per pound of beads.
PAR  The beads are then removed from the tower, placed in an oven, and the
      temperature of the beads is brought to about 780.degree. F. and left there
      for about 11 minutes, to sinter and coalesce the deposited fluorocarbon
      particles. The material is then cooled to room temperature via ambient air
      cooling and screened through a U.S. Standard 35 mesh screen to remove
      agglomerates.
PAR  A developer mix is now prepared from about 14 pounds of this carrier by
      physically mixing it with about 1% by weight of the same conventional
      styrene/methacrylate toner used in Example 3. This developer mix is then
      installed in the same developer and robot as was used in Examples 2 and 3
      and 100,000 copies are made. The copy is very good throughout the 100,000
      copies. The carrier has essentially no filmed on toner as is seen from the
      data points designated by squares of FIG. 1. There are no discernable
      Teflon specks on the copy. Microscopic examination of the carrier reveals
      a finite amount of spalling but far less than in Example 3. The carrier
      life in this test was something considerably in excess of 100,000 copies.
PAC  EXAMPLE 5
PAR  Approximately 22 pounds of carrier essentially the same as that described
      in Example 4 above and prepared in an essentially same manner is installed
      in a later level modification of the magnetic brush developer described in
      Examples 2, 3, and 4 above-- the carrier being included as a developer
      mixture including a commerical toner designated as IBM Part No. 1162051,
      described in U.S. application Ser. No. 110,756, referenced above. The
      magnetic brush developer containing the developer mixture is placed in a
      copier apparatus.
PAR  At a process speed of approximately 9 inches per second, 250,000 copies are
      made with good resolution, and low background, good half-tones and
      extended area coverage. Microscopic examination at 250,000 copies reveals
      relatively little spalling, chipping, or flaking; essentially no filmed on
      toner; and only about 10 percent coating loss. Thus, the carrier is quite
      functional after 250,000 copies and has an as yet undetermined actual life
      that far exceeds 250,000 copies.
PAR  From the foregoing examples it is clearly evident that
      polytetrafluoroethylene is a highly preferred carrier coating.
PAR  It additionally has been experimentally found that carriers prepared
      substantially as in Examples 3 and 4 show particularly beneficial effects
      when used in other hostile developer environments such as with a
      development electrode, where the core need not be magnetic but must be
      electrically conductive.
PAR  Further, preliminary tests indicate that fluorinated ethylene propylene,
      being fully saturated with fluorine atoms on the ethylene and propylene
      chains, provides the necessary and desirable low surface energy
      characteristics of polytetrafluoroethylene and is a highly desirable
      electro negative carrier coating for use in electrostatic developers and
      particularly in hostile environment electrostatic or electrophotographic
      developer apparatuses.
PAR  The preferred thickness of the coating of the fluorocarbons as described in
      the above examples range from about 1 micron to 3 microns in thickness for
      the primer layer and from about 2 microns to 5 microns in thickness for
      the exterior polytetrafluoroethylene outer layer. The primer layer may be
      as thin as about 0.1 microns and still have sufficient priming effect to
      promote good adhesion and may be as thick as about 5 microns.
PAR  The thickness of the exterior coating layer whether coated over the primed
      or unprimed carrier particulate material, may be as thin as about 0.1
      micron and still have a sufficient thickness to adequately impart the
      desired triboelectric charge and magnitude and polarity to the toner, and
      have a significant life, while the layer may be as thick as up to about 10
      microns, and still maintain physical integrity and withstand physical
      degradation in the hostile environment.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming an electrostatic image, comprising the steps of:
PA1  forming a latent electrostatic image by imagewise exposing a charged
      electrostatic imaging member and,
PA1  contacting said latent image with a developer mixture comprising a toner
      and a plurality of carrier beads each said bead consisting essentially of:
PA1  a ferromagnetic, electrically conductive core having a size of from 50 to
      600 microns;
PA1  a first coating of primer material in a uniform thickness of from about 0.1
      to 5 microns, said first coating comprising polytetrafluoroethylene and a
      mixture of chromic and phosphoric acids for reacting with said core to
      improve adhesion;
PA1  a second coating in a uniform thickness of from about 0.1 to about 10
      microns of a continuous phase of sintered, coalesced patricles of
      polytetrafluoroethylene; and,
PA1  the combined thickness of both said first and second coatings being from
      about 0.2 to aobut 10 microns.
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ABST
PAL  Novel magenta forming colour couplers for use in silver halide colour
      photography are described which correspond to the formula:
      ##EQU1##
      wherein R.sub.1 represents hydrogen, alkyl or aryl; R.sub.2 represents
      fluoroalkyl, cyanoalkyl or phenyl; X is hydrogen or a displaceable group;
      Ar represents phenylene and Y represents alkyl, aryl, alkylamino,
      arylamino or alkylarylamino.
BSUM
PAR  The present invention relates to 2-pyrazolon-5-one colour couplers, to the
      preparation thereof, to photographic silver halide elements and developing
      compositions containing such colour couplers as well as to colour
      development processes wherein said colour couplers take part in the
      formation of a magenta dye image.
PAR  It is known that for the formation of a photographic colour image in a
      light-sensitive silver halide emulsion layer the exposed silver halide is
      developed by means of an aromatic primary amino colour developer in the
      presence of a colour coupler which by reaction with the oxidized developer
      forms a dye on the areas corresponding to the silver image.
PAR  In subtractive three-colour photography it is common practice to use a
      photographic element comprising at least one red-sensitized,
      green-sensitized and blue-sensitive silver halide emulsion layer, wherein
      upon development in the presence of suitable colour couplers, cyan,
      magenta and yellow dye images are formed respectively.
PAR  It is desirable that colour couplers employed in colour photography have
      good coupling activity, and produce dye images that have the desired
      spectral absorption characteristics and favourable stability against
      light, heat and moisture.
PAR  Colour couplers may be of the diffusible type or of the non-diffusible
      type. By diffusible couplers is meant colour couplers the dispersability
      or solubility of which is sufficient to enable them to be usefully
      incorporated in aqueous colour developing solutions whereas by
      non-diffusible colour couplers is meant colour couplers intended for use
      in the photographic element where they should remain during colour
      development. Non-diffusible colour couplers are usually obtained by
      providing in the colour coupler molecule one or more ballasting groups
      which are sufficiently large to prevent diffusion of the colour coupler
      e.g. aliphatic groups of 5 to 20 C-atoms.
PAR  It is known that for homogeneously distributing non-diffusible colour
      couplers in a hydrophilic colloid layer, more particularly a silver halide
      emulsion layer, special techniques are to be used. Colour couplers
      containing a water-solubilizing group e.g. a sulpho group can be
      incorporated in the hydrophilic colloid compositions from alkaline
      solutions if necessary in the presence of a water-miscible solvent e.g.
      ethanol. Water-insoluble or sparingly water-soluble colour couplers can be
      incorporated in hydrophillic colloid compositions by dispersing techniques
      using high-boiling water-immiscible solvents e.g. tricresyl phosphate and
      dibutylphthalate and/or low boiling water-immiscible solvents e.g.
      methylene chloride, ethyl acetate, diethyl carbonate, etc. No matter what
      technique is used, the colour couplers should be homogeneously distributed
      in the hydrophilic colloid layer and have high stability against
      crystallization so that colour image formation is not impaired.
PAR  For the formation of the magenta separation image it is known to use
      2-pyrazolin-5-one colour couplers. In U.S. Pat. Nos. 3,462,270, 3,563,745
      and 3,567,449 2-pyrazolin-5-one colour couplers carrying in the 1-position
      a fluoroalkyl, a .beta.-cyanoalkyl or a benzyl group respectively have
      been described. Though these 1-substituted 2-pyrazolin-5-one colour
      couplers are generally satisfactory it is desirable to improve the
      spectral absorption characteristics of the dyes formed upon colour
      development. It is also desirable to improve the ability of the
      non-diffusible types for being incorporated in hydrophilic colloid media
      by means of dispersion techniques.
PAR  In accordance with the present invention novel 2-pyrazolin-5-one colour
      couplers carrying in the 1-position a fluoroalkyl, .beta.-cyanoalkyl or
      benzyl group are provided which yield upon colour development azomethine
      dyes having favourable sensitometric and spectral properties with high
      transmission for blue and red light and favourable stability against
      light, heat and moisture. Moreover, the non-diffusible types of the colour
      couplers of the present invention lend themselves very well for being
      incorporated in hydrophilic colloid compositions, more particularly a
      silver halide emulsion, by means of dispersion techniques and stable,
      finely divided dispersions of the colour couplers in the emulsion layers
      can be obtained in this way.
PAR  The novel colour couplers of the present invention can be represented by
      the formula :
      ##EQU2##
      wherein :
PAR  R.sub.1 represents hydrogen, alkyl e.g. lower alkyl such as methyl or aryl
      e.g. phenyl,
PAR  R.sub.2 represents a fluoroalkyl group X(CF.sub.2).sub.n=  with X = H or F
      and n =  1 to 10, an .alpha.-cyanoalkyl group e.g. cyanomethyl,
      .alpha.-cyanoethyl and .alpha., .gamma.-dicyanopropyl or a phenyl group
      preferably a phenyl group with one or more electron-withdrawing
      substituents e.g. a halogen atom e.g. chlorine, a cyano group, a
      trifluoromethyl group, an alkylsulphonyl group e.g. methylsulphonyl, a
      sulphamoyl group, etc.,
PAR  X represents hydrogen or a substituent that exhibits two-equivalent
      character on colour development e.g. a halogen atom e.g. chlorine atom, an
      alkylthio, arylthio, or heterocyclic thio group, an alkoxy, aryloxy or
      acyloxy group, a sulpho group or an arylazo group,
PAR  Ar represents phenylene including substituted phenylene e.g. phenylene
      substituted with halogen e.g. chlorine or alkoxy e.g. methoxy, and
PAR  Y represents alkyl, aryl, monoalkylamino, monoarylamino, dialkylamino or
      alkylarylamino.
PAR  The term "two-equivalent character" as applied to colour coupling systems
      is well known and is described for example in "The theory of the
      photographic process" C.E.K. Mees, the Mac-Millan Company, N.Y., 1966, p.
      390. It means that by the presence of the splittable substituent on the
      active methylene group only two equivalents of silver are needed for the
      formation of the dye contrary to four equivalents when the methylene group
      is not substituted.
PAR  The colour couplers of the present invention may be of the diffusible or
      non-diffusible type as described above.
PAR  The invention is particularly concerned with non-diffusible colour couplers
      for use in the photographic colour element itself. For this purpose it is
      preferred that the group Y in the above general formula is or comprises a
      ballasting aliphatic straight-chain or branched-chain hydrocarbon group of
      at least 5 C-atoms. The non-diffusible colour couplers of the invention
      lend themselves very well for being incorporated in the silver halide
      emulsion by dispersion techniques.
PAR  The present invention provides besides novel 2-pyrazolin-5-one compounds, a
      method of producing a magenta coloured photographic image in a
      photographic light-sensitive silver halide material which comprises
      exposing the material and developing it with an aromatic primary amino
      colour developing agent in the presence of a 2-pyrazolin-5-one colour
      coupler as defined above.
PAR  The present invention further provides a photographic element containing at
      least one silver halide emulsion layer and a 2-pyrazolin-5-one colour
      coupler as defined above wherein the group Y is or comprises an aliphatic
      hydrocarbon group of at least 5 C-atoms.
PAR  The colour couplers of the present invention can be prepared according to
      methods well known in the art. For example, they can be prepared by
      reaction of the fluoroalkyl, .beta.-cyanoalkyl and benzyl hydrazines known
      from the above U.S. Patents with an appropriately substituted aniline and
      ethyl .beta., .beta., .beta.-trimethoxypropionate according to the method
      described in the published German patent application No. 2,042,920.
PAR  The anilines carrying N-substituted sulphamoyl groups can be prepared by
      means of one of the following procedures :
PAR  1. reaction of a nitrobenzene sulphochloride with a primary or secondary
      amine in methylene chloride using sodium hydroxide as hydrogen chloride
      acceptor, followed by catalytic hydrogenation of the nitro compound
      formed, and
PAR  2. reaction of an acetylamino benzene sulphochloride with a primary or
      secondary amine in methylene chloride using sodium hydroxide as hydrogen
      chloride acceptor, followed by deacetylation.
PAR  The anilines carrying alkyl- or arylsulphonyl groups can e.g. be prepared
      by the following procedure :
PAR  3. alkylation or arylation of an appropriate thioacetanilide followed by
      oxidation and deacetylation.
PAR  Representative anilines prepared according to one of the above procedures
      and useful for the preparation of the colour couplers of the present
      invention are listed in the following table I.
TBL                                    Table 1                                 
     __________________________________________________________________________
              Amine                            Proce-                          
                                                   Melting                     
                                               dure                            
                                                   point                       
                                                   .degree.C                   
     __________________________________________________________________________
                                               1   67                          
                                               1   oily                        
                                                   liquid                      
                                               1   39                          
                                               1   69                          
                                               1   73                          
                                               1   85                          
                                               3   119                         
                                               1   62                          
                                               1   72                          
                                               1   70                          
                                               2   80                          
     __________________________________________________________________________
PAR  The following preparations illustrate how the colour couplers of the
      present invention can be prepared. Representative examples of colour
      couplers are listed in table II hereinafter.
PAC  PREPARATION 1 : COLOUR COUPLER 2 OF TABLE II
PAR  123 g (0.3 mole) of amine 1 of table I in 300 ml of acetic acid and 86.4 g
      (0.36 mole) of ethyl .beta.,.beta.,.beta.-trimethoxy propionate (for 80 %
      pure) were stirred for 90 min.
PAR  The excess of acetic acid and propionate was removed by evaporation under
      reduced pressure (1 mm Hg) at 100.degree.-110.degree.C.
PAR  57 g (0.3 mole) of .alpha.-trifluoromethyl benzylhydrazine and 2 ml of
      acetic acid were added to the residue. The reaction mixture was stirred
      for 90 min. at 100.degree.-110.degree.C whereupon it was concentrated by
      evaporation until dry. The residue was recrystallized from 525 ml of
      methanol.
PAR  Yield : 93.5 g (48 %). Melting point : 101.degree.-102.degree.C.
PAC  PREPARATION 2 : COLOUR COUPLER 11 OF TABLE II
PAR  47.2 g (0.1 mole) of amine 4 of table I and 0.12 mole of ethyl
      .beta.,.beta.,.beta.-trimethoxypropionate were allowed to react in 100 ml
      of acetic acid as described in preparation 1.
PAR  After evaporation, 11.4 g (0.1 mole) of 2,2,2-trifluoroethylhydrazine and 1
      ml of acetic acid were added. The reaction mixture was heated for 90 min.
      at 100- 110.degree.C. It became solid and was recrystallized from 150 ml
      of acetic acid.
PAR  Yield : 41.5 g (65 %). Melting point : 138.degree.C.
PAC  PREPARATION 3 : COLOUR COUPLER 12 OF TABLE II
PAR  This coupler was prepared from 41 g (0.1 mole) of amine 5 of table I, 100
      ml of acetic acid, 0.12 mole of ethyl
      .beta.,.beta.,.beta.-trimethoxypropionate and 19.1 g (0.1 mole) of
      3,4-dichlorobenzyl hydrazine, according to the procedure of preparation 1.
       The residue was recrystallized first from ethanol and then from methyl
      acetate.
PAR  Yield : 42.5 g (65.3 %). Melting point : 110.degree.C.
PAC  PREPARATION 4 : COLOUR COUPLER 16 OF TABLE II
PAR  89.9 g (0.2 mole) of amine 8 of table I and 0.24 mole of ethyl
      .beta.,.beta.,.beta.-trimethoxypropionate were allowed to react in 200 ml
      of acetic acid as described in preparation 1.
PAR  After evaporation, 200 ml of acetic acid and 38 g (0.2 mole) of
      .alpha.-trifluoromethyl benzylhydrazine were added. The temperature was
      kept at 20.degree.C for 5 hours.
PAR  After standing overnight, the precipitate formed was filtered by suction
      and recrystallized from 275 ml of acetonitrile.
PAR  Yield : 80 g (58.6 %). Melting point : 93.degree.C.
TBL                                    Table II                                
     __________________________________________________________________________
     Colour                                                                    
          Substituent in       Mel- Yield                                      
     coup-                     ting %                                          
     ler   1-position   3-position                                             
                               point                                           
                        derived from                                           
                               .degree.C                                       
     __________________________________________________________________________
     1    --CH.sub.2 CF.sub.3                                                  
                         amine 5                                               
                               135  27.8                                       
     2                   amine 1                                               
                               102  48                                         
     3    --CH.sub.2 CF.sub.3                                                  
                         amine 7                                               
                               138  52.5                                       
     4                   amine 5                                               
                                101-                                           
                                    37                                         
                               103                                             
     5    idem           amine 3                                               
                               106  20                                         
     6    idem           amine 2                                               
                                90  40                                         
     7    idem           amine 7                                               
                               149  27.5                                       
     8                   amine 1                                               
                                117-                                           
                                    37.5                                       
                               118                                             
     9    --CH.sub.2 CF.sub.3                                                  
                         amine 1                                               
                               106  37.5                                       
     10                  amine 1                                               
                                98  50                                         
     11   --CH.sub.2 CF.sub.3                                                  
                         amine 4                                               
                               138  65                                         
     12                  amine 5                                               
                               110  65.5                                       
     13   --CH.sub.2 CF.sub.3                                                  
                         amine 6                                               
                               153  66                                         
     14                  amine 8                                               
                               109  47                                         
     15   --CH.sub.2 CF.sub.3                                                  
                         amine 8                                               
                                75  56                                         
     16                  amine 8                                               
                                93  58.6                                       
     17   --CH.sub.2 CF.sub.3                                                  
                         amine 9                                               
                               124  60.5                                       
     18                  amine 9                                               
                                128-                                           
                                    20                                         
                               129                                             
     19   --CH.sub.2 CF.sub.3                                                  
                         amine 10                                              
                               160  50                                         
     20                  amine 10                                              
                               142  30                                         
     21   --CH.sub.2 CF.sub.3                                                  
                         amine 11                                              
                               160  50                                         
     22                  amine 11                                              
                               174  35                                         
     __________________________________________________________________________
PAR  The non-diffusible colour couplers according to the present invention can
      be incorporated into the photographic silver halide element according to
      any suitable technique known in the art. The colour couplers of the
      invention are preferably incorporated into photographic hydrophilic
      colloid media from solutions in high boiling sparingly water-miscible
      solvents such as di-n-butyl phthalate and tricresyl phosphate or in
      low-boiling sparingly water-miscible solvents such as ethyl acetate,
      methylene chloride, diethyl carbonate, chloroform, etc. or mixtures
      thereof in that they have a high solubility therein and very fine
      dispersions can be obtained by means of these solvents.
PAR  For this purpose these solutions can be dispersed in extremely fine
      droplets, preferably in the presence of one or more wetting or dispersing
      agents into a hydrophilic colloid medium e.g. aqueous gelatin or into
      water, the low-boiling sparingly water-miscible solvent then being removed
      by evaporation. The stable dispersions of the colour couplers can be
      stored as such and then admixed whenever desired with coating composition
      itself of the hydrophilic colloid layer such as a silver halide emulsion
      layer into which the compounds are intended to be present.
PAR  Of course the compounds of the invention can also be incorporated into the
      hydrophilic colloid media in other ways.
PAR  More details about particularly suitable techniques that may be employed
      for incorporating the colour couplers of the invention into a hydrophilic
      colloid layer of a photographic material there can be referred to e.g.
      U.S. patent specification Nos. 2,269,158, 2,284,887, 2,304,939, 2,304,940
      and 2,322,027; U.K. patent specification Nos. 791,219, 1,098,594,
      1,099,414, 1,099,415, 1,099,416, 1,099,417, 1,218,190, 1,272,561 and
      1,297,347; French patent specification No. 1,555,663; Belgian patent
      specification No. 722,026; German patent specification No. 1,127,714 and
      to U.K. patent specification No. 1,297,947.
PAR  The couplers according to the invention may be used in conjunction with
      various kinds of photographic emulsions. Various silver salts may be used
      as the sensitive salt such as silver bromide, silver iodide, silver
      chloride or mixed silver halides such as silver chlorobromide, silver
      bromoiodide and silver chlorobromoiodide. The couplers can be used in
      emulsions of the mixed packet type as described in U.S. patent
      specification No. 2,698,794 or emulsions of the mixed grain type as
      described in U.S. patent specification No. 2,592,243. The colour couplers
      can be used with emulsions wherein latent images are formed predominantly
      on the surface of the silver halide crystal, or with emulsions wherein
      latent images are formed predominantly inside the silver halide crystal.
PAR  The hydrophilic colloid used as the vehicle for the silver halide may be,
      for example, gelatin, colloidal albumin, zein, casein, a cellulose
      derivative, a synthetic hydrophilic colloid such as polyvinyl alcohol,
      poly-N-vinyl pyrrolidone, etc. If desired, compatible mixtures of two or
      more of these colloids may be employed for dispersing the silver halide.
PAR  The light-sensitive silver halide emulsions of use in the preparation of a
      photographic material according to the present invention may be chemically
      as well as optically sensitized. They may be chemically sensitized by
      effecting the ripening in the presence of small amounts of sulphur
      containing compounds such as allyl thiocyanate, allyl thiourea, sodium
      thiosulphate, etc. The emulsions may also be sensitized by means of
      reductors for instance tin compounds as described in French patent
      specification No. 1,146,955 and in Belgian patent specification No.
      568,687, imino-amino methane sulphinic acid compounds as described in U.K.
      patent specification No. 789,823 and small amounts of noble metal
      compounds such as gold, platinum, palladium, iridium, ruthenium and
      rhodium compounds. They may be optically sensitized by means of cyanine
      and merocyanine dyes.
PAR  The said emulsions may also comprise compounds which sensitize the
      emulsions by development acceleration for example compounds of the
      polyoxyalkylene type such as alkylene oxide condensation products as
      described among others in U.S. patent specification Nos. 2,531,832,
      2,533,990, 3,210,191 and 3,158,484; in U.K. patent specification Nos.
      920,637 and 991,608 and in Belgian patent specification No. 648,710 and
      onium derivatives of amino-N-oxides as described in U.K. patent
      specification No. 1,121,696.
PAR  Further, the emulsions may comprise stabilizers e.g. heterocyclic
      nitrogen-containing thioxo compounds such as benzothiazoline-2-thione and
      1-phenyl-2-tetrazoline-5-thione and compounds of the
      hydroxytriazolopyrimidine type. They can also be stabilized with mercury
      compounds such as the mercury compounds described in Belgian patent
      specification Nos. 524,121, 677,337 and 707,386 and in U.S. patent
      specification No. 3,179,520.
PAR  The light-sensitive emulsions may also comprise all other kinds of
      ingredients such as plasticizers, hardening agents, wetting agents, etc.
PAR  The non-diffusing magenta colour formers described in the present invention
      are usually incorporated into the green-sensitized silver halide emulsion
      for forming one of the differently sensitized silver halide emulsion
      layers of a photographic multilayer colour material. Such photographic
      multilayer colour material usually comprises a support, a red-sensitized
      silver halide emulsion layer with a cyan colour former, a green-sensitized
      silver halide emulsion layer with a magenta colour former and a
      blue-sensitive silver halide emulsion layer with a yellow colour former.
PAR  The emulsions can be coated on a wide variety of photographic emulsion
      supports. Typical supports include cellulose ester film, polyvinylacetal
      film, polystyrene film, polyethylene terephthalate film and related films
      or resinous materials, as well as paper and glass. It is also possible to
      employ paper coated with .alpha.-olefin polymers e.g. paper coated with
      polyethylene, polypropylene, ethylene-butylene copolymers, etc.
PAR  For the production of photographic colour images according to the present
      invention an exposed silver halide emulsion layer is developed with an
      aromatic primary amino developing substance in the presence of a colour
      coupler according to the present invention. All colour developing agents
      capable of forming azomethine dyes can be utilised as developers. Suitable
      developing agents are aromatic compounds such as p-phenylene diamine and
      derivatives for example N,N-diethyl-p-phenylene diamine,
      N-butyl-N-sulphobutyl-p-phenylene diamine,
      N,N-diethyl-N'-sulphomethyl-p-phenylene diamine,
      N,N-diethyl-N'-carboxymethyl-p-phenylene diamine,
      2-amino-5-diethylaminotoluene,
      4-amino-N-ethyl-N(.beta.-methanesulphonamido-ethyl)-m-toluidine,
      N-hydroxyethyl-N-ethyl-p-phenyle diamine, etc.
DETD
PAR  The following examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  A dispersion in aqueous gelatin of colour coupler 2 having the following
      structural formula :
      ##SPC1##
PAL  was prepared by dispersing a solution of 12 g of colour coupler in 30 ml of
      ethyl acetate, in 100 ml of 10 % aqueous gelatin comprising 1 g of the
      sodium salt of laurylbenzene sulphonate and then removing the ethyl
      acetate by evaporation under reduced pressure.
PAR  The dispersion was admixed with a green-sensitized silver bromide emulsion
      comprising per kg 19.25 g of silver bromide and 77 g of gelatin.
PAR  The emulsion was coated on a transparent film support and exposed, after
      drying, through a grey wedge for 1/20 sec. The exposed material was
      developed for 8 min. at 20.degree.C in the following composition :
TBL  N-butyl-N-.omega.-sulphobutyl-p-                                          
      phenylenediamine    6        g                                           
     hydroxylamine hydrochloride                                               
                          4        g                                           
     anhydrous sodium sulphite                                                 
                          4        g                                           
     potassium carbonate  100      g                                           
     potassium bromide    1        g                                           
     water to make        1        liter.                                      
PAR  The material was then bleached and fixed in the usual way to leave a
      magenta wedge image having absorption maximum at 530 nm.
PAC  EXAMPLE 2
PAR  Example 1 was repeated with the only difference that development now took
      place in the following composition :
TBL  2-amino-5-[N-ethyl-N(.beta.-methylsul-                                    
      phenylamino)ethyl]      2 g                                              
     anhydrous sodium sulphite                                                 
                              0.5 g                                            
     anhydrous sodium carbonate                                                
                             30 g                                              
     water to make            1 liter                                          
PAR  A magenta wedge image was obtained having absorption maximum at 534 nm.
PAC  EXAMPLE 3
PAR  To 50 ml of a green-sensitized silver halide emulsion as described in
      example 1, 5 g of colour coupler 3 having the following structural formula
      :
      ##SPC2##
PAL  was added from a gelatin dispersion prepared by dispersing a solution of
      the colour coupler in 15 ml of ethyl acetate and 15 g of tri-o-cresyl
      phosphate in 50 ml of 10 % aqueous gelatin comprising 0,5 g of the sodium
      salt of laurylbenzene sulphonate and then removing the ethyl acetate by
      evaporation under reduced pressure.
PAR  After coating the emulsion on a support and drying the layer, the emulsion
      was exposed and developed as described in examples 1 and 2 to yield
      magenta wedge images having absorption maxima at 528 nm and 536 nm
      respectively.
PAR  After development in the following composition :
TBL  2-amino-5-diethylaminotoluene                                             
      hydrochloride           2.5 g                                            
     anhydrous sodium sulphite                                                 
                              5 g                                              
     anhydrous sodium carbonate                                                
                             20 g                                              
     potassium bromide        2 g                                              
     water to make            1 liter                                          
PAR  a magenta wedge image having absorption maximum at 534 nm was obtained.
PAC  EXAMPLE 4
PAR  17 g of colour coupler 1 having the following structural formula :
      ##SPC3##
PAL  were dissolved in 50 g of tri-o-cresylphosphate and 50 ml of ethyl acetate.
      The solution was dispersed in 170 ml of 10 % aqueous gelatin comprising
      1.7 g of the sodium salt of laurylbenzene sulphonate, whereupon the ethyl
      acetate was removed by evaporation under reduced pressure.
PAR  The gelatin dispersion of colour coupler 1 was admixed with a
      green-sensitized silver halide emulsion comprising per kg 30 g of silver
      bromide and 105 g of gelatin.
PAR  After coating, exposure and development as described in examples 1 and 2
      magenta wedge images were obtained having absorption maxima at 530 nm and
      536 nm respectively.
PAC  EXAMPLE 5
PAR  13 g of colour coupler 4 having the following structural formula :
      ##SPC4##
PAL  were dissolved in 36 g of tri-o-cresyl phosphate and 36 ml of ethyl
      acetate. The solution was dispersed in 130 ml of 10 % aqueous gelatin
      comprising 1.3 g of the sodium salt of laurylbenzene sulphonate. The ethyl
      acetate was then removed by evaporation under reduced pressure.
PAR  The gelatin dispersion of colour coupler 4 was then admixed with 500 g of a
      green-sensitized silver bromoiodide (3 mole % of iodide) emulsion
      comprising 0.115 mole of silver halide.
PAR  The emulsion was coated and exposed as described in example 1.
PAR  After development in the compositions of examples 1, 2 and 3 respectively
      magenta wedge images were obtained having absorption maxima at 532 nm, 538
      nm and 528 nm respectively.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of producing a magenta coloured photographic image in a
      photographic light-sensitive silver halide material which comprises
      exposing the material and developing it with an aromatic primary amino
      colour developing agent in the presence of a 2-pyrazolin-5-one colour
      coupler corresponding to the formula :
      ##EQU3##
      wherein : R.sub.1 represents hydrogen, alkyl or aryl,
PA1  R.sub.2 represents a fluoroalkyl group X(CF.sub.2).sub.n -- wherein X is
      hydrogen or fluorine and n is 1 to 10, an .alpha.-cyanoalkyl group, or a
      phenyl group,
PA1  X represents hydrogen or a substituent that exhibits 2-equivalent
      character,
PA1  Ar represents a phenylene group, and
PA1  Y represents an alkyl group, an aryl group, a monoalkylamino group, a
      monoarylamino group, a dialkylamino group or an alkylarylamino group.
NUM  2.
PAR  2. Method according to claim 1, wherein the colour coupler is present in
      the light-sensitive material and is one wherein Y is or comprises an
      aliphatic hydrocarbon group of at least 5 C-atoms.
NUM  3.
PAR  3. A photographic element containing at least one silver halide emulsion
      layer and a 2-pyrazolin-5-one colour coupler corresponding to the formula
      :
      ##EQU4##
      wherein : R.sub.1 represents hydrogen, alkyl or aryl,
PA1  R.sub.2 represents a fluoroalkyl group X(CF.sub.2).sub.n-- wherein X is
      hydrogen or fluorine and n is 1 to 10, an .alpha.-cyanoalkyl group, or a
      phenyl group,
PAR  X represents hydrogen or a substituent that exhibits 2-equivalent
      character,
PAR  Ar represents a phenylene group, and
PAR  Y represents an alkyl group, an aryl group, a monoalkylamino group, a
      monoarylamino group, a dialkylamino group or an alkylarylamino group.
NUM  4.
PAR  4. The method according to claim 1 wherein Y is a monoalkylamino group.
NUM  5.
PAR  5. The method according to claim 1 wherein Y is a monoarylamino group.
NUM  6.
PAR  6. The method according to claim 1 wherein Y is a dialkylamino group.
NUM  7.
PAR  7. The method according to claim 1 wherein Y is an alkylarylamino group.
NUM  8.
PAR  8. The method according to claim 1 wherein X is a member of the group
      consisting of hydrogen, a halogen atom, alkylthio, arylthio, heterocyclic
      thio, alkoxy, aryloxy, acyloxy, sulpho, and arylazo.
NUM  9.
PAR  9. The photographic element according to claim 3 wherein Y is a
      monoalkylamino group.
NUM  10.
PAR  10. The photographic element according to claim 3 wherein Y is a
      monoarylamino group.
NUM  11.
PAR  11. The photographic element according to claim 3 wherein Y is a
      dialkylamino group.
NUM  12.
PAR  12. The photographic element according to claim 3 wherein Y is an
      alkylarylamino group.
NUM  13.
PAR  13. The photographic element according to claim 3 wherein X is a member of
      the group consisting of hydrogen, a halogen atom, alkylthio, arylthio,
      heterocyclic thio, alkoxy, aryloxy, acyloxy, sulpho, and arylazo.
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ABST
PAL  A process is described of improving the development characteristics of
      photographic silver halide elements by the use of compounds corresponding
      to the formula:
PAC  RO(CH.sub.2 CH.sub.2 O).sub.n (CO).sub.m A
PAL  wherein:
PA1  R represents hydrogen, C.sub.1 -C.sub.5 alkyl or (--CO).sub.m --A,
PA1  n is an integer of at least 4,
PA1  m is 0 or 1, and
PA1  A represents, when m is O, sulphoalkyl, carboxyalkyl, or
      sulphoalkoxycarbonylalkyl, and when m is 1, carboxyalkyl,
      sulphoalkoxycarbonylalkyl, carboxyalkenyl, sulphoalkoxycarbonylalkenyl,
      carboxyphenyl, sulphoalkoxycarbonylphenyl or sulphophenyl,
PAL  The aliphatic hydrocarbon groups having at most 4C-atoms and the carboxyl
      and sulpho groups being in acid or salt form. The polyethylene glycol
      derivatives increase developability and sensitivity of black-and-white as
      well as colour emulsions. They also improve lith-development of
      photographic "lith"-emulsions.
BSUM
PAR  The present invention relates to a process for producing photographic
      silver images by development of exposed light-sensitive silver halide in
      the presence of compounds improving the development characteristics. It
      further relates to photographic silver halide elements and developing
      solutions containing such compounds.
PAR  It is known that development of exposed silver halide elements to form
      continuous tone images by means of common developers e.g. a
      hydroquinone/p-methylaminophenol developer can be accelerated by the use
      in the photographic element or the developing bath of polyoxyalkylene
      compounds.
PAR  It is also known that polyoxyalkylene compounds when used with so-called
      lith-developers (infectious development which are generally developers
      comprising hydroquinone as the sole developing substance and a low
      sulphite content usually in the form of a bisulphite-addition product of
      an aliphatic aldehyde or ketone e.g. formaldehyde bisulphite, restrain the
      development rate while increasing the gradation. These polyoxyalkylene
      compounds are therefore very suitable in the lith-development of silver
      halide emulsions of the graphic arts type i.e. of the type used for
      photomechanical reproduction of line or half-tone images which are
      generally silver chloride and silver bromochloride emulsions comprising at
      most 50 mole %; preferably at most 30 mole % of bromide.
PAR  A wide variety of polyoxyalkylene compounds have been proposed for
      improving the development characteristics of common photographic
      black-and-white as well as colour elements and of lith-type materials,
      e.g. polyethylene glycols, preferably having a molecular weight of at
      least 1500 as well as derivatives thereof e.g. ethers and esters thereof
      obtained by reaction with fatty alcohols, alkylphenols, and fatty acids,
      polyesters obtained by polycondensation of dibasic acids with polyethylene
      glycols, etc.
PAR  Many of these polyoxyalkylene compounds, however, when used in silver
      halide emulsion layers, impair the keeping qualities of these layers,
      particularly at high temperatures and elevated degrees of relative
      humidities in that they induce a substantial increase of fog. It also
      often occurs that they impair the image-tone of the developed silver by
      forming brown or reddish-brown images. Moreover, when used in infectious
      development they often increase the formation of "peppers", do not lead to
      favourable dot-quality or do not allow sufficient development latitude.
PAR  Peppers are black spots of a very high density which are irregularly
      produced during the development in the areas of the light-sensitive
      emulsion which are slightly exposed. These peppers when they are present
      in high extent markedly degrade quality of the halftone image reproduction
      by deforming the screen dots and/or soiling the areas which are
      practically not exposed. The phenomenon of peppers particularly arises
      when partly oxidized or somewhat exhausted developers are used.
PAR  It has now been found that derivatives of polyethylene glycols or
      mono-C.sub.1 -C.sub.5 alkyl ethers thereof which can be represented by the
      following general formula:
EQU  RO(CH.sub.2 CH.sub.2 O).sub.n (CO).sub.m A
PAL  wherein:
PA1  R represents hydrogen, C.sub.1 -C.sub.5 alkyl e.g. methyl or (--CO).sub.m
      --A,
PA1  n is an integer of at least 4, preferably at least 10,
PA1  m is 0 or 1, and
PA1  A represents, when m is 0, sulphoalkyl, e.g. 3-sulphopropyl and
      2-hydroxy-3-sulphopropyl, carboxyalkyl, e.g. carboxymethyl, or
      sulphoalkoxycarbonylalkyl, and when m is 1 carboxyalkyl e.g. carboxyethyl
      and 1-sulpho-2-carboxyethyl, sulphoalkoxycarbonylalkyl, carboxyalkenyl,
      e.g. 2-carboxyvinyl, sulphoalkoxycarbonylalkenyl, carboxyphenyl,
      sulphoalkoxycarbonylphenyl or sulphophenyl, the aliphatic hydrocarbon
      groups having at most 4C-atoms and the carboxyl and sulpho groups being in
      acid or salt form e.g. potassium salt, ammonium salt, diethanol ammonium
      salt, triethanolammonium salt and morpholinium salt,
PAL  have favourable effects on the development of common photographic silver
      halide elements as well as lith-elements.
PAR  The developability and sensitivity of common photographic black-and-white
      or colour emulsions can be substantially increased, without impairing the
      keeping qualities of the emulsions to a noteworthy extent, by carrying out
      development in the presence of the above polyoxyethylene derivatives,
      especially derivatives wherein n is an integer of at least 10.
PAR  Moreover, the development of line and/or halftone images in lith-emulsions
      by means of lith-developers as described above, in the presence of the
      above polyethylene oxide compounds produces very contrasty silver images,
      yields very sharply defined screen dots, occurs with the formation of very
      few peppers and/or can take place within a broad interval of time without
      harm to the image quality.
PAR  The present invention therefore provides a process of developing
      photographic materials comprising exposed silver halide wherein
      development is carried out in the presence of polyethylene oxide compounds
      corresponding to the above formula.
PAR  The invention further provides photographic light-sensitive silver halide
      elements and photographic developing compositions comprising a
      polyethylene oxide compound corresponding to the above formula.
PAR  The polyethylene oxide compounds corresponding to the above formula can be
      prepared as is illustrated in the preparations hereinafter, by partial or
      complete conversion of terminal hydroxyl groups of a polyethylene glycol
      or mono-C.sub.1 -C.sub.5 alkyl ether thereof. Many of these polyglycols
      and monoethers thereof are commercially available generally in the form of
      mixtures of varying molecular weight. The polyoxyethylene compounds used
      to prepare the derivatives of the invention have an average molecular
      weight of at least 200.
PAR  The terminal hydroxyl group(s) can be converted by reaction with an
      anhydride of a dibasic saturated or unsaturated acid e.g. succinic
      anhydride, maleic anhydride, phthalic anhydride and sulphobenzoic
      anhydride, with a sultone e.g. propane sultone, with an .alpha.-halo- or
      .beta.-halo-carboxylic acid e.g. .alpha.-chloro-acetic acid or with an
      epoxyalkane sulphonic acid e.g. 1,2-epoxy propane sulphonic acid. Terminal
      carboxyl groups of the compounds thus formed can be further esterified
      with a sultone e.g. propane sultone to form a terminal sulphoalkyl ester
      group. The reaction products obtained by reaction with an anhydride of an
      unsaturated dibasic acid e.g. maleic anhydride can further be allowed to
      react with a bisulphite thus forming a bisulphite addition product.
PAR  Representative examples of polyoxyethylene compounds according to the
      present invention, which can be prepared according to the above procedures
      and as illustrated hereinafter are:
      ##EQU1##
      wherein n is about 4, about 22 or about 34 derived from polyethylene
      glycol of average molecular weight 200, 1000 or 1500 respectively; these
      compounds can be prepared as follows:
PAR  A solution of 150 g of polyethylene glycol (average molecular weight 1500),
      44 g of o-sulphobenzoic anhydride and 16.3 g of anhydrous pyridine in 400
      ml of anhydrous benzene was refluxed with stirring for 8 hours. The
      solution was treated with a solution of 11.6 g of sodium carbonate in 150
      ml of water. The mixture was concentrated by evaporation and the residue
      was dissolved in ethanol. The solution was filtered and again concentrated
      until dry by evaporation. Yield : 164 g.
      ##EQU2##
      wherein n is about 16 derived from polyethylene glycol monomethyl ether of
      average molecular weight 750; this compound was prepared in the same way
      as the above compounds from equimolar amounts of o-sulphobenzoic anhydride
      and polyethylene glycol monomethyl ether.
EQU  HOOC--CH=CH--COO(CH.sub.2 CH.sub.2 O).sub.n CO--CH=CH--COOH (3)
PAL  wherein n is about 4, about 22, about 34, about 45 or about 90 derived from
      polyethylene glycol of average molecular weight 200, 1000, 1500, 2000, or
      4000 respectively; these compounds can be prepared as follows:
PAR  A solution of 100 g of polyethylene glycol (molecular weight 1000) and 19.6
      g of maleic anhydride in 1000 ml of anhydrous toluene was refluxed for 7
      hours. The solution obtained was concentrated until dry by evaporation.
PAR  Yield : 116 g.
EQU  HOOC--CH.sub.2 --CH.sub.2 --COO(CH.sub.2 CH.sub.2 O).sub.n CO--CH.sub.2
      --CH.sub.2 --COOH                                         (4)
PAL  wherein n is about 34 derived from polyethylene glycol of average molecular
      weight 1500 and succinic anhydride; the compound was prepared according to
      the procedure used for the preparation of compound 3.
      ##EQU3##
      wherein n is about 4 or about 22 derived from polyethylene glycol of
      average molecular weight 200 or 1000, respectively; these compounds can be
      prepared as follows :
PAR  A solution of 79.2 g of the above polyethylene glycol maleic acid diester
      with n being about 4 in 200 ml of water and 38 g of sodium metabisulphite
      in 100 ml of water, was refluxed with stirring for 3 hours. The solution
      was filtered over charcoal while hot and then concentrated till dry by
      evaporation.
PAR  Yield : 105 g.
EQU  NaO.sub.3 S--(CH.sub.2).sub.3 O--(CH.sub.2 CH.sub.2 O).sub.n
      (CH.sub.2).sub.3 SO.sub.3 Na                              (6)
PAL  wherein n is about 4, about 22 or about 34 derived from polyethylene glycol
      of average molecular weight 200, 1000 or 1500 respectively; these
      compounds can be prepared as follows:
PAR  A mixture of 100 g of anhydrous polyethylene glycol (average molecular
      weight 200), 122 g of propane sultone and 53 g of sodium carbonate was
      heated to 130.degree. C for 8 hours. The solid product obtained was taken
      up in 2.5 liters of anhydrous methanol, filtered and concentrated by
      evaporation until dry. The residue was washed with ethyl acetate, taken up
      again in 2.5 liters of anhydrousmethanol and precipitated by means of 2.5
      liters of isopropanol. The solid was filtered off and dried.
PAR  Yield : 70 g.
PAR  In the preparation of the polyethylene glycol derivatives wherein n is
      about 22 or about 34 the anhydrous methanol was replaced by a mixture of
      ethanol and isopropanol.
EQU  HO(CH.sub.2 CH.sub.2 O).sub.n (CH.sub.2).sub.3 SO.sub.3 Na (7)
PAL  wherein n is about 4 derived from polyethylene glycol of average molecular
      weight 200 was obtained by concentrating the methanol/isopropanol filtrate
      of the foregoing preparation until dry.
PAR  Yield : 40 g.
      ##EQU4##
      wherein n is about 4 derived from polyethylene glycol of average molecular
      weight 200; this compound can be prepared as follows.
PAR  A solution of 39.6 g of the compound 3 wherein n is about 4, 4.6 g of
      sodium and 24.4 g of propane sultone in 350 ml of anhydrous methanol was
      refluxed for 1 hour, filtered while hot and cooled. The precipitate formed
      by addition of 2 liters of ether was filtered off by suction and dried.
PAR  Yield : 43 g.
PAR  The compounds used according to the present invention can be added to the
      coating composition of a silver halide emulsion layer and/or incorporated
      into a water-permeable layer which when coated under or on top of the
      emulsion layer forms a water-permeable system with the silver halide
      emulsion layer and is then in effective contact with the silver halide. It
      is also possible to incorporate the compounds in the developer; when
      intended for use in the developer it is preferred to use compounds of the
      above formula wherein m =O.
PAR  The compounds of use according to the invention can be incorporated into
      the coated emulsion layer either by treating the emulsion layer with an
      aqueous solution of these compounds or by coating this layer with a
      water-permeable layer containing the said compounds, or also by bringing
      the said compounds from a water-permeable layer lying under the emulsion
      layer and comprising said compounds by diffusion into effective contact
      with the silver halide.
PAR  The water-soluble compounds of the invention can be added to the
      light-sensitive silver halide emulsion during different preparation steps
      of the light-sensitive material: for instance they can be incorporated
      therein as a separate addition either mixed with one or more ingredients,
      which are used in the preparation of the silver halide grains during the
      physical or chemical ripening process, or another moment preceding coating
      of the emulsion.
PAR  The compounds of the invention are preferably added to the silver halide
      emulsion composition after the chemical ripening process and just before
      coating the emulsion.
PAR  The compounds are preferably added from a solution in water or in an
      aqueous mixture of water and water-miscible organic solvents such as
      ethanol that do not impair the photographic properties of the
      light-sensitive silver halide emulsion.
PAR  The step of influencing the sensitometric characteristics of silver halide
      emulsions by means of the compounds of the invention can be combined with
      a method known as chemical sensitization, in which together with the
      above-mentioned compounds chemical sensitizers are used, e.g.,
      sulphur-containing compounds such as allyl isothiocyanate, allylthiourea
      or sodium thiosulphate, reducing compounds such as the tin compounds
      described in the Belgian Patent No. 493,464 filed Jan. 24, 1950 and No.
      568,687 filed June 18, 1958 both by Gevaert Photo-Producten N.V., the
      iminoaminomethane sulphinic acid compounds described in the British Patent
      No. 789,823 filed Apr. 29, 1955 by Gevaert Photo-Producten N.V., or noble
      metal compounds such as gold, platinum, palladium, iridium, ruthenium, and
      rhodium compounds as described by R. Koslowsky, Z. Wiss. Phot. 46, 65-72
      (1951).
PAR  The compounds employed in the present invention can also be used in
      combination with stabilizers and fog-inhibiting compounds for the silver
      halide emulsion, for instance with mercury compounds such as those
      described in Belgian Patent No. 524,121 filed Nov. 7, 1953 by Kodak Ltd.
      and No. 677,337 filed Mar. 4, 1966 by Gevaert Photo-Producten N.V. and in
      published Dutch Patent Application No. 6715932 filed Nov. 23, 1967 by
      Gevaert-Afga N.V., with organic sulphur-containing compounds that form an
      insoluble silver salt with silver ions, with heterocyclic
      nitrogen-containing thioxo compounds such as benzothiazoline-2-thione and
      1-phenyl-2-tetrazoline-5-thione, the compounds described in the Belgian
      Patents Nos. 571,916 and 571,917 both filed Oct. 10, 1958 by Gevaert
      Photo-Producten N.V., and tetra- or pentaazaindenes especially those
      substituted by hydroxyl or amino groups. Examples of the latter compounds
      have been described by Birr, Z.Wiss.Phot. 47, 2-58 (1952). The combination
      with sensitizing and stabilizing cadmium salts such as cadmium chloride in
      the light-sensitive material as well as in the developing bath can also be
      applied.
PAR  In addition to the above stabilizing and chemical sensitizing agents other
      compounds, e.g. organic onium compounds and polyonium compounds,
      preferably of the ammonium or sulphonium type e.g. quaternary
      tetra-alkylammonium salts, alkylpyridinium salts, bis-alkylene-pyridinium
      salts, alkyl-quinolinine salts, trialkyl-sulphonium salts, onium
      derivatives of amino-N-oxides as described in British Patent No. 1,121,696
      filed Oct. 7, 1965 by Gevaert-Agfa N.V. and iodonium compounds for
      instance diphenyl iodonium chloride as described in British Patent No.
      1,119,075 filed Oct. 7, 1965 by Gevaert-Afga N.V. can be used together
      with the compounds according to the invention in the developing solution
      as well as in the light-sensitive material. Other ingredients, such as
      spectral sensitizers, colour couplers, developing substances, hardening
      agents, plasticizers, and wetting agents, can also be added to the
      emulsion in the ordinary way.
PAR  The development of low-sensitive as well as of high-sensitive, of
      fine-grain as well as of coarse-grain silver halide emulsions is
      accelerated by the action of the above-mentioned compounds. The compounds
      can be applied for accelerating the development of X-ray emulsions as well
      as of a wide range of spectrally or non-spectrally sensitized emulsions.
      They can be incorporated into the photographic emulsion either with or
      without spectral sensitizers and can be used for increasing the
      sensitivity of negative emulsions as well as of positive emulsions.
PAR  The optimum amount of polyoxyethylene compound to be used for accelerating
      development of exposed silver halide emulsions depends on the nature of
      the colloid binding agent, on the amount and kind of silver halide in the
      emulsion, on the developing composition used and on the specific compound
      itself. This amount can vary between very wide limits and can easily be
      determined by some simple tests known to those skilled in the art.
      Generally, the compounds are used in the light-sensitive material in
      amounts ranging from about 10 mg to about 5 g per mole of silver halide.
      In the developing bath, they are normally used in amounts ranging from
      about 10 mg to about 5 g per liter.
PAR  The silver halide emulsions may comprise different types of silver halide
      e.g. silver bromide, silver chloride, silver chlorobromide, silver
      bromoiodide and silver chlorobromoiodide.
PAR  The silver halides are dispersed in hydrophilic colloid materials which
      include besides gelatin, which is preferred, collodion, gum arabic,
      casein, zein, cellulose ester derivatives such as alkyl esters of
      carboxylated cellulose, hydroxyethyl cellulose, carboxymethyl hydroxyethyl
      cellulose, alginic acid, polyvinyl alcohol and other synthetic resins well
      known in the art.
PAR  The silver halide emulsions may be coated on a wide variety of supports.
      Typical supports are cellulose nitrate film, cellulose ester film,
      polyvinyl acetal film, polystyrene film, poly(ethylene terephthalate)
      film, and related films of resinous materials, as well as glass, paper,
      metal and the like.
PAR  Supports such as paper, which are coated with .alpha.-olefin polymers,
      particularly polymers of .alpha.-olefins containing two or more carbon
      atoms, as exemplified by polyethylene, polypropylene, ethylene-butylene
      copolymers and the like can also be employed.
PAR  As noted above, the polyoxyethylene compounds are also particularly
      suitable for use in the development of lith-type photographic elements for
      reproducing line and half-tone images, the compounds being present in the
      photographic element or in the developer. In lith development, the
      polyoxyethylene compounds of the invention are generally used in amounts
      ranging from about 1 mg to about 2000 mg, preferably from about 10 mg to
      about 1000 mg per mole of silver halide or per liter of developer.
PAR  The lith-type elements comprise a silver halide emulsion layer containing
      at least about 50 mole %, preferably at least about 70 mole % of silver
      chloride, at least about 5 mole % of silver bromide and from 0 to about 5
      mole % of silver iodide.
PAR  The average grain diameter is preferably comprised between about 0.1 and
      about 0.4 .mu.m.
PAR  Development of these lith-materials generally occurs in developers
      comprising hydroquinone as the sole developing substance and formaldehyde
      bisulphite keeping the sulphite content low. However, these lith-materials
      can also be developed in special lith developers as described in the
      published German Patent Application No. 2,206,299 filed Feb. 10, 1972 by
      Agfa-Gevaert A.G. which comprise hydroquinone as the sole developing
      agent, at least 5 g/liter of sulphite and a nitroindazole or
      nitrobenzimidazole as development restrainer. Another suitable development
      restrainer for use in the development of lith emulsions is
      1H-6-methyl-benzotriazole. Of course, lith-emulsions can also be developed
      in other contrasty developers e.g. N-methyl-p-aminophenol/hydroquinone
      developers.
PAR  The polyoxyethylene compounds of the present invention can also be used in
      the lith-system of the published German Patent Application No. 2,324,161
      filed May 12, 1973 by Agfa-Gevaert A.G. according to which high contrast
      images are produced by exposure and development of a photographic
      lith-type silver halide element comprising a support and a lith-type
      emulsion as described above wherein the element incorporates hydroquinone
      as developing agent, and development is effected by treatment of the
      exposed element with an alkaline development activator in the presence of
      hydroxylamine or a salt thereof or of a N-mono-substituted hydroxylamine
      or a salt thereof.
PAR  The binding agents of lith-emulsions may contain dispersed polymerized
      vinyl compounds e.g. as described in the U.S. Pat. No. 3,142,568 of Robert
      William Nottorf issued July 28, 1964, U.S. Pat. No. 3,193,386 of Clayton
      F.A. White issued July 6, 1965, U.S. Pat. No. 3,062,674 of Robert C.
      Houck, Donald A. Smith and Joseph S. Yudelson issued Nov. 6, 1962, U.S.
      Pat. No. 3,220,844 of Kenneth J. Huber Jack F. Johnston, Eduard K. Nissen
      and De Witt R. Pourie issued Nov. 30, 1965 and U.S. Pat. No. 3,518,085 of
      Kirby M. Milton and Charles A. Goffe issued June 30, 1970. They include
      the water-insoluble polymers of alkyl acrylates and methacrylates, acrylic
      acid, sulfoalkyl acrylates or methacrylates, interpolymers of alkyl
      acrylates with acrylic acids, acryloyloxyalkylsulphonic acids,
      acetoacetoxyalkyl acrylates such as 2-acetoacetoxyethyl methacrylate and
      the like. These compounds may be incorporated likewise into a separate
      layer of the photographic element. The vinyl polymers may be employed in
      concentrations of about 20 to about 80 %, most often concentrations of at
      least 50 % by weight, based on the weight of the binding agent.
PAR  Silver halide emulsions wherein the binding agent contains a dispersed
      polymerised vinyl compound provide particularly good results in
      eliminating drag streaks and dot distortions.
PAR  The lith-type emulsion layer and/or other hydrophilic colloid layers of the
      photographic lith element may also contain conventional addenda as
      referred to above, stabilizers and antifoggants, e.g. cadmium compounds
      5-methyl-7-hydroxy-s-triazolo[1,5-a]pyrimidine and 2,2'-tetramethylene
      bis-tetrazole, hardening agents, plasticizers, coating aids, etc.
PAR  The lith-type emulsions may be chemically sensitized by means described
      hereinbefore.
PAR  The lith-type emulsions may be used without being spectrally sensitized,
      however, it is advantageous to spectrally sensitize them according to
      methods well known in the art to make them ortho-sensitized or
      panchromatically sensitized. Spectral sensitizers that can be used are
      e.g. the cyanines, merocyanines, complex (trinuclear) cyanines, complex
      (trinuclear) merocyanines, styryl dyes, oxonol dyes and the like. Suchlike
      spectrally sensitizing dyes have been described by F. M. Hamer in "The
      cyanine dyes and related compounds" (1964). Especially suitable are the
      cyanines and merocyanines described in French Patent No. 1,073,968 filed
      Oct. 22, 1952 by Farbenfabriken Bayer, No. 2,075,675 filed Jan. 15, 1971,
      No. 2,080,479 filed Jan. 28, 1971 and No. 2,080,480 filed Jan. 28, 1971
      all by Gevaert-Agfa N.V., British Patent No. 654,683 filed Feb. 24, 1948
      by Kodak Ltd. and No. 1,090,626 filed Oct. 11, 1965 by Agfa A.G. and
      Belgian Patent No. 654,816 filed Oct. 26, 1964 by Agfa A.G., No. 701,921
      filed July 27, 1967 and No. 716,831 filed June 19, 1968 both by
      Konishiroku Photo Industrie and No. 723,720 filed Dec. 12, 1968 by Kodak
      Ltd.
PAR  Typical examples of suitable spectrally sensitizing dyes are:
      ##SPC1##
PAR  In the lith-type system of the present invention, it is also possible to
      use in addition to the polyoxyethylene compound a N-vinyl-2-pyrrolidone
      polymer or copolymer including addition complexes thereof with iodine as
      described in British Patent No. 1,197,306 filed July 19, 1966 by Gevaert
      Photo-Producten N.V. These N-vinyl-2-pyrrolidone polymers or copolymers
      may be used in the silver halide emulsion layer or in another hydrophilic
      colloid layer in water-permeable relationship with the emulsion layer as
      well as in the developing solution.
DETD
PAR  The following examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  A conventional ammoniacal high-sensitive gelatino silver bromoiodide (4.2
      mole % of iodide) emulsion ready for coating, which comprised per kg an
      amount of silver halide corresponding to 50 g of silver nitrate, 625 mg of
      5-methyl-7-hydroxy-s-triazolo[1,5-a]pyrimidine as a stabilizer as well as
      other emulsion addenda such as hardener and coating aid, was divided into
      several aliquot portions. To each of these portions one of the compounds
      listed in the table below was added as development accelerator in the
      amount given. The emulsion portions were then coated on a paper support
      and dried.
PAR  The materials obtained were then exposed under identical circumstances
      through a grey wedge with constant 0.20 and developed for 8 min. at
      20.degree. C in a developer of the following composition.
TBL  ______________________________________                                    
     water (52.degree.C)    750     ml                                         
     p-monomethylaminophenol sulphate                                          
                            2       g                                          
     sodium sulphite (anhydrous)                                               
                            100     g                                          
     hydroquinone           5       g                                          
     borax, granular        2       g                                          
     water to make          1000    ml.                                        
     ______________________________________                                    
PAR  The values of speed and fog for materials developed immediately after
      coating (fresh materials) and materials that before development were
      conditioned for 36 hours at 57.degree. C and 34 % relative humidity
      (stored materials) are listed in the table below. The values given for the
      speed are relative values measured at densities 0.1 (speed I) ad 1 (speed
      II) above fog; a value of 100 was given to the speed of the freshly
      prepared material comprising no development accelerating compound.
TBL                                    Table                                   
     __________________________________________________________________________
     Compound added                                                            
                Fresh materials Stored materials                               
     per kg                                                                    
                Fog Speed I                                                    
                          Speed II                                             
                                Fog Speed I                                    
                                          Speed II                             
     __________________________________________________________________________
     --         0.08                                                           
                    100   100   0.11                                           
                                    105    87                                  
     100 mg of poly-                                                           
     ethylene glycol                                                           
     of average mo-                                                            
     lecular weight                                                            
     6000       0.16                                                           
                    151   240   0.60                                           
                                     60   --                                   
     300 mg of com-                                                            
     pound 3                                                                   
     (n = about 34)                                                            
                0.09                                                           
                    126   145   0.15                                           
                                    145   110                                  
     1000 mg of com-                                                           
     pound 3                                                                   
     (n = about 34)                                                            
                0.11                                                           
                    158   200   0.19                                           
                                    158   115                                  
     300 mg of com-                                                            
     pound 3                                                                   
     (n = about 22)                                                            
                0.11                                                           
                    151   302   0.15                                           
                                    132   182                                  
     1000 mg of com-                                                           
     pound 3                                                                   
     (n = about 22)                                                            
                0.10                                                           
                    151   200   0.18                                           
                                    144   115                                  
     300 mg of com-                                                            
     pound 2                                                                   
     (n = about 18)                                                            
                0.13                                                           
                    120   229   0.17                                           
                                    120   158                                  
     1000 mg of com-                                                           
     pound 2                                                                   
     (n = about 18)                                                            
                0.13                                                           
                    138   263   0.18                                           
                                    132   191                                  
     300 mg of com-                                                            
     pound 6                                                                   
     (n = about 34)                                                            
                0.11                                                           
                    120   302   0.16                                           
                                    132   288                                  
     1000 mg of com-                                                           
     pound 6                                                                   
     (n = about 34)                                                            
                0.13                                                           
                    126   525   0.20                                           
                                    144   501                                  
     300 mg of com-                                                            
     pound 6                                                                   
     (n = about 22)                                                            
                0.10                                                           
                    100   380   0.12                                           
                                    115   363                                  
     1000 mg of com-                                                           
     pound 6                                                                   
     (n = about 22)                                                            
                0.11                                                           
                    126   479   0.16                                           
                                    126   251                                  
     3000 mg of com-                                                           
     pound 1                                                                   
     (n = about 34)                                                            
                0.11                                                           
                    126   479   0.15                                           
                                     83   316                                  
     1000 mg of com-                                                           
     pound 1                                                                   
     (n = about 34)                                                            
                0.13                                                           
                    126   417   0.21                                           
                                    126   263                                  
     __________________________________________________________________________
PAR  The above results show the favourable speed increasing effect of the
      compounds of the invention. They do not increase the fog to the same
      extent as the polyethylene glycol.
PAC  EXAMPLE 2
PAR  Two identical chemically ripened silver chlorobromoiodide emulsions (0.4
      mole % of iodide and 16 mole % of bromide) suitable for the reproduction
      of line and half-tone images, which contain
      5-methyl-7-hydroxy-s-triazolo[1,5-a]pyrimidine, cadmium chloride and
      diphenyl iodonium chloride, were spectrally sensitized whereupon one of
      the polyoxyethylene compounds listed in the table below were added in an
      amount of 25 mg per amount of silver halide corresponding to 100 g of
      silver nitrate.
PAR  After addition of coating aid and hardening agent the emulsions were coated
      on a support and dried.
PAR  The materials were exposed through a continuous wedge and developed in a
      hydroquinone-formaldehyde bisulphite lith-developer.
PAR  The results attained are listed in the table below. A value of 0 to 4 is
      given to the number of peppers observed, which values should be
      interpreted as follows:
PA1  0 stands for no peppers
PA1  1 stands for very few peppers
PA1  2 stands for a few peppers
PAR  3 stands for a number of peppers still acceptable but less desirable
PA1  4 stands for many peppers (poor quality material)
PA1  &gt;4 stands for too many peppers (useless material).
TBL  __________________________________________________________________________
     polyoxyethylene compound                                                  
                    peppers                                                    
                         fog .GAMMA.                                           
                                  relative speed                               
     __________________________________________________________________________
     polyethylene glycol of                                                    
     average molecular weight                                                  
     4000           &gt;4   0.01                                                  
                             11.19                                             
                                  100                                          
     compound 3 (n = about 34)                                                 
                    2    0.01                                                  
                             12.28                                             
                                  110                                          
     __________________________________________________________________________
PAR  The above results shown that the compound of the present invention is
      superior over polyethylene glycol itself in that less peppers are formed
      and the gamma is higher. The same favourable results were obtained when
      repeating the example using compound 6 (n = about 4) instead of compound 3
      (n = about 34).
PAC  EXAMPLE 3
PAR  A spectrally sensitized lith-material comprising a gelatino silver
      chorobromide (16 mole % of bromide) emulsion layer containing 25 % by
      weight of latex-plasticizer calculated on the weight of gelatin and
      cadmium chloride as stabilizer was divided into four strips.
PAR  The strips were exposed through a step wedge and a grey negative contact
      screen and then developed in a hydroquinone/formaldehyde bisulphite
      lith-developer to which a polyoxyethylene compound as listed in the table
      below was added in the amount given.
PAR  The developed strips showed a dot screen wedge image. The dot definition in
      the strips was evaluated by comparison with standard materials, which in
      decreasing order of dot definition quality had the numbers 1, 2, 3, 4, 5,
      and 6 (1 being excellent and 6 bad).
PAR  The dot quality was examined in the areas of each strip that contain 10 %
      black and 90 % white, and 50 % black and 50 % white, and 90 % black and 10
      % white respectively as mentioned in the following table.
TBL                Table                                                       
     ______________________________________                                    
     Compound added per liter                                                  
                    Dot quality at                                             
                  10 % black                                                   
                          50 % black                                           
                                    90 % black                                 
     ______________________________________                                    
     100 mg of polyethylene                                                    
     glycol of average mol.                                                    
     weight 2000    3         3         3                                      
     400 mg of polyethylene                                                    
     glycol of average mol.                                                    
     weight 2000    2-3       1-2       1-2                                    
     100 mg of compound 3                                                      
     (n = about 34) 2-3       2         2                                      
     400 mg of compound 3                                                      
     (n = about 34) 1         0-1       0-1                                    
     ______________________________________                                    
PAR  The above results show that with the compound of the invention better dot
      quality is obtainable than with polyethylene glycol.
PAR  Favourable results were likewise obtained when using instead of compound 3,
      compound 6 (n= about 22) or compound 6 (n= about 34) which excell by their
      high stability in the alkaline developer.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for developing a photographic element containing a support and
      at least one image-wise exposed silver halide emulsion layer in a silver
      halide developer wherein a polyoxyethylene compound corresponding to the
      formula:
EQU  RO(CH.sub.2 CH.sub.2 O).sub.n (CO).sub.m A
PAL  wherein:
PA1  R represents hydrogen, C.sub.1 -C.sub.5 alkyl or (--CO).sub.m --A,
PA1  n is an integer of at least 4,
PA1  m is 0 or 1, and
PA1  A represents, when m is 0, sulphoalkyl, carboxyalkyl, or
      sulphoalkoxycarbonylalkyl, carbonylalkyl, and when m is 1, carboxyalkyl,
      sulphoalkoxycarbonylalkyl, carboxyalkenyl, sulphoalkoxycarbonylalkenyl,
      carboxyphenyl, sulphoalkoxycarbonylphenyl or sulphophenyl,
PAL  the aliphatic hydrocarbon groups having at most 4C-atoms and the carboxyl
      and sulpho groups being in acid or salt form is present at the time of
      development in said element or in said developer.
NUM  2.
PAR  2. A process according to claim 1, wherein n is an integer of at least 10.
NUM  3.
PAR  3. A process according to claim 1, wherein m is 1 and A is carboxyvinyl.
NUM  4.
PAR  4. A process according to claim 1, wherein m is 1 and A is 2-carboxyethyl
      or 1-sulpho-2-carboxyethyl.
NUM  5.
PAR  5. A process according to claim 1, wherein m is 1 and A is carboxyphenyl or
      sulphophenyl.
NUM  6.
PAR  6. A process according to claim 1, wherein m is 0 and A is 3-sulphopropyl
      or 2-hydroxy-3-sulphopropyl.
NUM  7.
PAR  7. A process according to claim 1, wherein the said silver halide emulsion
      layer contains at least about 50 mole % of silver chloride, at least about
      50 mole % of silver bromide and from 0 to about 5 mole % of silver iodide.
NUM  8.
PAR  8. A process according to claim 7, wherein said developer includes a
      hydroquinone-formaldehyde bisulphite developer.
NUM  9.
PAR  9. A process according to claim 1, wherein the said polyoxyethylene
      compound is present in the said silver halide emulsion layer.
NUM  10.
PAR  10. A process according to claim 1, wherein the said polyoxyethylene
      compound is present in the developer.
NUM  11.
PAR  11. A photographic light-sensitive silver halide element comprising a
      support and at least one light-sensitive silver halide emulsion layer
      wherein the said emulsion layer or a water-permeable layer adjacent
      thereto contains a polyoxyethylene compound of the formula:
EQU  RO(CH.sub.2 CH.sub.2 O).sub.n (CO).sub.m A
PAL  wherein:
PA1  R represents hydrogen, C.sub.1 -C.sub.5 alkyl or (-CO).sub.m -A,
PA1  n is an integer of at least 4,
PA1  m is 0 or 1, and
PA1  A represents, when m is 0, sulphoalkyl, carboxyalkyl, or
      sulphoalkoxycarbonylalkyl, and when m is 1, carboxyalkyl,
      sulphoalkoxycarbonylalkyl, carboxyalkenyl, sulphoalkoxycarbonylalkenyl,
      carboxyphenyl, sulphoalkoxycarbonylphenyl or sulphophenyl,
PAL  the aliphatic hydrocarbon groups having at most 4C-atoms and the carboxyl
      and sulpho groups being in acid or salt form.
NUM  12.
PAR  12. A photographic element according to claim 11, wherein n is an integer
      of at least 10.
NUM  13.
PAR  13. A photographic element according to claim 11, wherein m is 1 and A is
      carboxyvinyl.
NUM  14.
PAR  14. A photographic element according to claim 11, wherein m is 1 and A is
      2-carboxyethyl or 1-sulpho-2-carboxyethyl.
NUM  15.
PAR  15. A photographic element according to claim 11, wherein m is 1 and A is
      carboxyphenyl or sulphophenyl.
NUM  16.
PAR  16. A photographic element according to claim 11, wherein m is 0 and A is
      3-sulphopropyl or 2-hydroxy-3-sulphopropyl.
NUM  17.
PAR  17. A photographic element according to claim 11, wherein the said silver
      halide emulsion layer contains at least about 50 mole % of silver
      chloride, at least about 5 mole % of silver bromide and from 0 to about 5
      mole % of silver iodide.
NUM  18.
PAR  18. A photographic developing composition comprising a silver halide
      developing agent and a polyoxyethylene compound corresponding to the
      formula:
EQU  RO(CH.sub.2 CH.sub.2 O).sub.n (CO).sub.m A
PAL  wherein:
PA1  R represents hydrogen, C.sub.1 -C.sub.5 alkyl or (--CO).sub.m --A,
PA1  n is an integer of at least 4,
PA1  m is 0 or 1, and
PA1  A represents, when m is 0, sulphoalkyl, carboxyalkyl, or
      sulphoalkoxycarbonylalkyl, and when m is 1, carboxyalkyl,
      sulphoalkoxycarbonylalkyl, carboxyalkenyl, sulphoalkoxycarbonylalkenyl,
      carboxyphenyl, sulphoalkoxycarbonylphenyl or sulphophenyl,
PAL  the aliphatic hydrocarbon groups having at most 4C-atoms and the carboxyl
      and sulpho groups being in acid or salt form.
NUM  19.
PAR  19. A photographic developing composition according to claim 18, wherein n
      is an integer of at least 10.
NUM  20.
PAR  20. A photographic developing composition according to claim 18, wherein m
      is 1 and A is carboxyvinyl.
NUM  21.
PAR  21. A photographic developing composition according to claim 18, wherein m
      is 1 and A is 2-carboxyethyl or 1-sulpho-2-carboxyethyl.
NUM  22.
PAR  22. A photographic developing composition according to claim 18, wherein m
      is 1 and A is carboxyphenyl or sulphophenyl.
NUM  23.
PAR  23. A photographic developing composition according to claim 18, wherein m
      is 0 and A is 3-sulphopropyl or 2-hydroxy-3-sulphopropyl.
NUM  24.
PAR  24. A photographic developing composition according to claim 18, comprising
      hydroquinone as the sole silver halide developing agent, and formaldehyde
      bisulphite.
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ABST
PAL  A photographic light-sensitive material comprising a support having thereon
      at least one silver halide photographic emulsion layer with at least one
      of the layers of the photographic light-sensitive material containing a
      compound represented by the following general formula (I) or (II)
      ##EQU1##
      wherein R.sub.1, R.sub.2, and R.sub.3 each represents a hydrogen atom, an
      alkyl group, an aryl group or a heterocyclic ring residue, and R.sub.2 and
      R.sub.3 can combine to form an alkylene group; R.sub.4 represents those
      groups other than a hydrogen atom as described for R.sub.1, R.sub.2 and
      R.sub.3 ; and R.sub.5 represents an alkylene group of a polyoxyalkylene
      group having at least 4 carbon atoms, or the organic acid salt or mineral
      acid salt thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a silver halide light-sensitive material
      and, more particularly, it relates to a light-sensitive material in which
      fog occurs to a lesser extent.
PAR  2. Description of the Prior Art
PAR  As a method for rapidly processing light-sensitive materials, it is known
      to develop at an elevated temperature. In recent years, this method has
      been applied to the processing of various light-sensitive materials with
      some success. However, in general, development of light-sensitive
      materials at an elevated temperature tends to cause fog, which
      deteriorates the photographic quality. (The term "elevated temperature" as
      used herein means a temperature of at least about 30.degree.C up to about
      45.degree.C.) In particular, when a developer containing a hardening
      substance (e.g., glutaraldehyde, etc.), such as a commercially available
      developer for rapidly processing X-ray films, is used, films sometimes are
      seriously fogged by the developer, especially when the developer is
      exhausted or fatigued (i.e., when the amount of films processed approaches
      almost the limit of the processing capability of the developer).
PAR  In general, the photographic sensitivity of a silver halide photographic
      emulsion is enhanced by a sulfur compound, a reducing agent, a noble metal
      or a polyalkylene oxide compound. However, these sensitizing methods
      increase the fogging tendency as well as the photographic sensitivity.
      Therefore, various anti-fogging agents are added to photographic
      emulsions.
PAR  Typical examples of anti-fogging agents are
      4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene and
      1-phenyl-5-mercaptotetrazole. The former compound markedly suppresses the
      increase of fogging of light-sensitive materials or photographic emulsions
      during storage. However, this compound exhibits only a small anti-fogging
      effect in controlling fog immediately after the production of the
      light-sensitive material. On the other hand, the latter compound controls
      fog immediately after production. Therefore, favorable results are
      obtained by using these two compounds in combination.
PAR  However, when light-sensitive materials are processed at an elevated
      temperature, 4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene does not exhibit a
      marked fog controlling effect, while 1-phenyl-5-mercaptotetrazole, when
      used in a sufficient amount to control fog, deteriorates the sensitivity
      so seriously that the use of this compound is not practical.
PAR  Thus, in elevated temperature development, it has been difficult to control
      fogging sufficiently using the aforesaid anti-fogging agents to the same
      extent as in ordinary development (e.g., conducted at about 20.degree.C).
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a
      light-sensitive material which can be developed at an elevated temperature
      with less fog and less reduction in sensitivity.
PAR  As a result of various investigations, it has been found that a
      light-sensitive material which contains in a photographic layer and/or
      other hydrophilic colloid layer or layers (e.g., an interlayer, a
      protective layer, etc.) at least one compound represented by the following
      formulae
      ##EQU2##
      wherein R.sub.1, R.sub.2, and R.sub.3 each represents a hydrogen atom, an
      alkyl group, an aryl group or a heterocyclic ring residue, and R.sub.2 and
      R.sub.3 may combine to form an alkylene group forming a ring; R.sub.4
      represents those groups other than a hydrogen atom as described for
      R.sub.1, R.sub.2 and R.sub.3 ; and R.sub.5 represents an alkylene group or
      a polyoxyalkylene group having at least 4 carbon atoms; or an organic acid
      salt or a mineral acid salt thereof (including inner salts) exhibits
      outstanding fog-controlling effects when processed at an elevated
      temperature with less reduction, if any, in sensitivity even if scarcely
      any anti-fogging effects are exhibited when processed at temperatures used
      in ordinary development (at about 20.degree.C). This phenomenon due to the
      addition of these compounds is not expected at all from conventional
      knowledge and is really a surprising discovery.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the above-illustrated formulae, R.sub.1, R.sub.2, and R.sub.3 each
      represents a hydrogen atom, an alkyl group [preferably an alkyl group
      whose alkyl moiety contains 12 or less, more preferably 1 to 6, carbon
      atoms; for example, methyl, ethyl, propyl, butyl, etc.; a cycloalkyl group
      (e.g., a cyclohexyl group, etc.); a substituted alkyl group {such as an
      aralkyl group (e.g., a benzyl group, etc.), an alkoxyalkyl group (e.g., an
      ethoxyethyl group, etc.), an N,N-dialkylaminoalkyl group (e.g., an
      N,N-dimethylaminoethyl group, etc.), a hydroxysulfonyloxyalkyl group
      (e.g., a hydroxysulfonyloxypropyl group, etc.), a vinylmethyl group, an
      aryloxyalkyl group (e.g., a phenoxyethyl group, etc.), a furnyl-
      ##SPC1##
PAL  alkyl group (e.g., a furanylmethyl group, etc.), a sulfoalkyl group (e.g.,
      a sulfopropyl group, etc.), etc.} and the like]; an aryl group {such as a
      phenyl group, a tolyl group, an anisyl group, an N,N-dialkylaryl group
      (e.g., an N,N-dimethylanil group, etc.), and the like}; a heterocyclic
      group {such as a nitrogen-containing 6-membered ring group (e.g., a
      pyridyl group, a 2,2,6,6-tetramethyl-4-piperidyl group, etc.), etc.};
      R.sub.2 and R.sub.3 may combine as an alkylene group to form a ring (such
      as a 5-membered ring); R.sub.4 represents those groups other than a
      hydrogen atom set forth for R.sub.1, R.sub.2 and R.sub.3 ; and R.sub.5
      represents an alkylene group or a polyoxyalkylene group having at least 4
      up to about 8 carbon atoms.
PAR  As salts of organic acids, either the salts of carboxylic acids or aromatic
      sulfonic acids can be satisfactorily used. Specific examples thereof
      include the salts of p-toluenesulfonic acid, oxalic acid, and the like.
PAC  COMPOUND 1
PA0  N,n'-dicyclohexyl-O-methylisourea
PAC  COMPOUND 2
PA0  N,n'-dicyclohexyl-O-methylisouronium oxalate
PAC  COMPOUND 3
PA0  N,n'-dicyclohexyl-O-methylisouronium p-toluenesulfonate
PAC  COMPOUND 4
PA0  N,n'-dicyclohexyl-O-ethylisourea
PAC  COMPOUND 5
PA0  N,n'-dicyclohexyl-O-ethylisouronium oxalate
PAC  COMPOUND 6
PA0  N,n'-dicyclohexyl-O-ethylisouronium p-toluenesulfonate
PAC  COMPOUND 7
PA0  N,n'-dicyclohexyl-O-n-butylisourea
PAC  COMPOUND 8
PA0  N,n'-dicyclohexyl-O-n-butylisouronium oxalate
PAC  COMPOUND 9
PA0  N,n'-diethyl-O-cyclohexylisourea
PAC  COMPOUND 10
PA0  N,n'-diethyl-O-cyclohexylisouronium oxalate
PAC  COMPOUND 11
PA0  N,n'-dicyclohexyl-O-phenylisouronium oxalate
PAC  COMPOUND 12
PA0  N,n'-diphenyl-O-ethylisourea
PAC  COMPOUND 13
PA0  N,n'-diisopropyl-O-methylisourea
PAC  COMPOUND 14
PA0  N,n'-diisopropyl-O-methylisouronium oxalate
PAC  COMPOUND 15
PA0  N,n'-diisopropyl-O-ethylisourea
PAC  COMPOUND 16
PA0  N,n'-diisopropyl-O-(2-ethoxyethyl)isourea
PAC  COMPOUND 17
PA0  N,n'-diisopropyl-O-(2-N,N-diethylaminoethyl)isourea
PAC  COMPOUND 18
PA0  N,n'-diisopropyl-O-isopropylisourea
PAC  COMPOUND 19
PA0  N,n'-diisopropyl-O-isopropylisouronium oxalate
PAC  COMPOUND 20
PA0  N,n'-diisopropyl-O-t-butylisourea
PAC  COMPOUND 21
PA0  N,n-diisopropyl-O-(2-phenoxyethyl)isourea
PAC  COMPOUND 22
PA0  N,n'-diisopropyl-O-n-octylisourea
PAC  COMPOUND 23
PA0  N,n'-di-n-butyl-O-cyclohexylisourea
PAC  COMPOUND 24
PA0  N-methyl-N'-t-butyl-O-methylisourea
PAC  COMPOUND 25
PA0  N-methyl-N'-t-butyl-O-ethylisourea
PAC  COMPOUND 26
PA0  N,n'-diisopropyl-O-benzylisourea
PAC  COMPOUND 27
PA0  N,n'-diisopropyl-O-furfurylisourea
PAC  COMPOUND 28
PA0  N,n'-di-n-butyl-O-n-butylisourea
PAC  COMPOUND 29
PA0  N-n-Butyl-N'-cyclohexyl-O-methylisourea
PAC  COMPOUND 30
PA0  O,o'-tetramethylene-bis(N,N'-diisopropylisourea)
PAC  COMPOUND 31
PA0  O,o'-hexamethylene-bis(N,N'-diisopropylisourea)
PAC  COMPOUND 32
PA0  N,n'-diethyl-O-(3-hydroxysulfonyloxypropyl)isourea
PAC  COMPOUND 33
PA0  O-(3-hydroxysulfonyloxypropyl)isourea
PAC  COMPOUND 34
PA0  N,n'-dimethyl-O-(3-hydroxysulfonyloxypropyl)isourea
PAC  COMPOUND 35
PA0  O,o'-tetramethylene-bis(N,N'-dicyclohexylisourea)
PAC  COMPOUND 36
PA0  N,n'-diisopropyl-O-allylisourea
PAC  COMPOUND 37
PA0  N,n-tetramethylene-O-dodecylisourea
PAC  COMPOUND 38
PA0  N,n'-di(4-pyridyl)-O-ethylisourea
PAR  The compounds of the above-illustrated formulae can be synthesized by
      reacting a carbodiimide with an alcohol in the presence of cuprous
      chloride as disclosed in E. Schmidt and F. Mosmuller, Ann., 597, 235
      (1955) or in the presence of zinc chloride. The salts thereof can be
      readily obtained by mixing the compounds with an acid using a suitable
      solvent. Also, by reacting an appropriate urea with a sultone as disclosed
      in K. Furukawa, I. Tamai and R. Oda; Journal of Industrial Chemistry, 59,
      1028 (1956), inner salts can be formed. Examples of the synthesis of
      compounds included in the above-illustrated general formulae, which are
      suitable for use in the present invention, are given below. Unless
      otherwise indicated herein, all parts, percents, ratios and the like are
      by weight.
PAC  SYNTHESIS EXAMPLE 1 (COMPOUND 1)
PAR  25 grams of N,N'-dicyclohexylcarbodiimide, 3.7 g of methanol and a
      catalytic amount of zinc chloride were mixed and heated for 2 hours over a
      water bath. Then, the resulting oily product was distilled under reduced
      pressure. b.p.130.degree.-132.degree.C/2 mmHg; yield: 27.6 g (95%).
      Alternatively, a catalytic amount of cuprous chloride or cupric chloride
      can be substituted for the zinc chloride employed in this example.
PAC  SYNTHESIS EXAMPLE 2 (COMPOUND 2)
PAR  10 grams of N,N'-dicyclohexylisourea, obtained in Synthesis Example 1, was
      dissolved in 50 ml of dry acetone. Upon adding dropwise thereto, under
      stirring, 4.5 g of oxalic acid dissolved in 50 ml of acetone, crystals
      precipitated. After recrystallization of the crude product from ethanol,
      13.5 g of needle-like crystals, m.p.201.degree.-203.degree.C, were
      obtained.
PAC  SYNTHESIS EXAMPLE 3 (COMPOUND 3)
PAR  10 grams of N,N'-dicyclohexylisourea, obtained in Synthesis Example 1, was
      dissolved in 50 ml of dry acetone. Upon adding dropwise thereto, under
      cooling and stirring, 8.5 g of p-toluene-sulfonic acid dissolved in 50 ml
      of acetone, crystals precipitated. The crude product was recrystallized
      from acetone to obtain 16.5 g of colorless, needle-like crystals,
      m.p.144.degree.-145.degree.C.
PAC  SYNTHESIS EXAMPLE 4 (COMPOUND 22)
PAR  11.6 grams of diethylurea and 12.2 g of propanesultone were mixed and
      gradually heated with stirring. When the internal temperature reached
      50.degree.-60.degree.C, the contents became uniform and the reaction took
      place rapidly. Upon recrystallization of the crude product from acetone,
      20 g of crystals having a melting point of 156.degree.-157.degree.C were
      obtained.
PAR  The compounds which can be used in the present invention can be added to
      silver halide emulsions, during chemical ripening or, preferably, after
      chemical ripening, by dissolving them in water, methanol or a similar
      water-miscible solvent. The compounds are added in a sufficient quantity
      to effectively prevent fog. This amount can suitably be determined by
      those skilled in the art depending upon the degree of ripening, kind of
      emulsion and the like. Generally, a suitable amount ranges from about 0.01
      g to 50 g, preferably 0.5 to 5 g, per 1 mol of silver halide.
PAR  Silver halide emulsions are usually prepared by mixing a solution of a
      water-soluble silver salt (e.g., silver nitrate, etc.) with a solution of
      a water-soluble halide (e.g., potassium bromide, etc.) in the presence of
      a solution of a water-soluble high polymer such as gelatin. Particularly
      favorable results are obtained using silver bromoiodide and silver
      chlorobromoiodide as the silver halide A more preferable silver halide is
      silver bromoiodide or silver chlorobromoiodide containing about 1 mol% to
      about 8 mol% silver iodide.
PAR  The grains of the silver halide can be in a cubic form, octahedral form, a
      mixed form thereof, etc.
PAR  These silver halide grains can be prepared according to conventional
      methods. For example, a single or double jet method, a controlled double
      jet, or the like, can be employed.
PAR  Also, two or more silver halide emulsions which have been prepared
      separately can be mixed with each other. Furthermore, with respect to the
      crystal structure of the silver halide grains, those grains in which the
      crystal structure is uniform, those grains in which the inner portion and
      the outer portion form a different stratum structure, or those grains of
      the so-called converted type as described in British patent No. 635,841
      and U.S. Pat. No. 3,622,318 can all be suitably employed. Those emulsions
      in which latent images are mainly formed on the surface of the grains or
      those in which latent images are formed inside the grains (internal latent
      image type) are usable. These photographic emulsions are well-known in the
      art, for example, as described in Mees and James, The Theory of the
      Photographic Process, MacMillan Co. and Grafikides; Photographic
      Chemistry, Fauntain Press, and can be prepared according to various
      processes including using an ammoniacal process, a neutral process, an
      acidic process, etc.
PAR  These silver halide grains can be washed after formation so as to remove
      water-soluble salts produced as a by-product (e.g., potassium nitrate in
      the case of producing silver bromide using silver nitrate and potassium
      bromide) from the system and heat-processing them in the presence of a
      chemical sensitizer to enhance the sensitivity without making the grains
      coarse.
PAR  Suitable hydrophilic collids which can be used (as a vehicle), are proteins
      such as gelatin, colloidal albumin, casein, etc.; cellulose derivativs
      such as carboxymethyl cellulose, hydroxyethyl cellulose, etc.;
      polysaccharides such as agar-agar, sodium alginate, starch derivatives,
      etc.; synthetic hydrophilic colloids such as polyvinyl alcohol,
      poly-N-vinylpyrrolidone, polyacrylic acid copolymers, polyacrylamide and
      derivatives thereof, etc. If desired, a compatible mixture of two or more
      of these colloids can be used. Of these, gelatin is the most commonly
      used. Part or all of the gelatin can be replaced by a synthetic high
      polymer substance, by a gelatin derivative prepared by processing gelatin
      with a reagent having a group capable of reacting with the functional
      groups in the gelatin molecules (i.e., amino groups, imino groups, hydroxy
      groups and carboxy groups), or by a graft polymer prepared by connecting
      or grafting the molecular chain of other high polymer substances with
      gelatin.
PAR  Appropriate reagents which can be used to prepare the above-described
      gelatin derivatives are the isocyanates as described in U.S. Pat. No.
      2,614,928, the acid chlorides, acid anhydrides, acid anhydrides described
      in U.S. Pat. No. 3,118,766, the bromoacetic acids as described in Japanese
      Pat. publication No. 5514/64, the phenyl glycidyl ethers as described in
      Japanese Pat. publication No. 21845/67, the vinylsulfone compounds
      described in U.S. Pat. No. 3,132,945, N-allylvinylsulfonamides described
      in British patent No. 861,414, the maleinimides as described in U.S. Pat.
      No. 3,186,846, the acrylonitriles as described in U.S. Pat. No. 2,594,293,
      the polyalkyleneoxides described in U.S. Pat. No. 3,312,553, the epoxy
      compounds described in Japanese Pat. publication No. 26845/67, the acid
      esters as described in U.S. Pat. No. 2,763,639, and the alkanesultones as
      described in British patent No. 1,033,189.
PAR  Many descriptions of high polymers which can be grafted to gelatin, are set
      forth in U.S. Pat. Nos. 2,763,625, 2,831,767, 2,956,884, Polymer Letters,
      5, 595 (1967), Photo. Sci. Eng., 9, 148 (1965), J. Polymer Sci. A-1, 9,
      3199 (1971), etc. In general, polymers or copolymers of monomers, the
      so-called vinyl monomers, such as acrylic acid, methacrylic acid, or the
      ester, amide or nitrile derivatives thereof, styrene, and the like are
      widely used. Of these, however, hydrophilic vinyl polymers having some
      compatibility with gelatin, such as the polymers or copolymers of acrylic
      acid, acrylamide, methacrylamide, hydroxyalkyl acrylate, hydroxyalkyl
      methacrylate, etc. are particularly desirable.
PAR  The compounds of the present invention are not affected by the copresence
      of photographic additives conventionally used such as stabilizing agents
      such as 1-phenyl-5 -mercaptotetrazole, 5-methylbenzotriazole,
      .alpha.-lipoic acid, etc., hardening agents, coating aids such as saponin,
      nonylphenyl ether of polyethylene oxide, etc., spectrally sensitizing
      agents such as a the cyanine dyes and merocyanine dyes as are described in
      C. E. K. Mees and T. H. James, The Theory of Photographic Process, pages
      202-221 (1966), etc.
PAR  The hardening of emulsions can be effected using conventional techniques.
      Examples of hardeners include, e.g., formaldehyde, aldehyde compounds as
      described in U.S. Pat. No. 3,232,764, ketone compounds such as diacetyl,
      cyclopentanedione, etc.; compounds having a reactive halogen such as
      bis(2-chloroethylurea), 2-hydroxy-4,6-dichloro-1,3,5-triazine, and those
      described in U.S. Pat. Nos. 3,288,775, 2,732,303, British patent Nos.
      974,723, 1,167,207, etc.; compounds having a reactive olefin group such as
      divinylsulfone, 5-acetyl-1,3-diacryloylhexahydro-1,3,5-triazine, and those
      described in U.S. Pat. Nos. 3,635,718, 3,232,763, British Pat. No.
      994,869, etc.; N-methylol compounds such as N-hydroxymethylphthalimide and
      those described in U.S. Pat. Nos. 2,732,316, 2,586,168, etc.; isocyanates
      as described in U.S. Pat. No. 3,103,437; aziridine compounds as described
      in U.S. Pat. Nos. 3,017,280 and 2,983,611; acid derivatives as described
      in U.S. Pat. Nos. 2,725,294 and 2,725,295; carbodiimide compounds as
      described in U.S. Pat. No. 3,100,704; epoxy compounds as described in U.S.
      Pat. No. 3,091,537; isoxazole compounds as described in U.S. Pat. Nos.
      3,321,313, and 3,543,292; halocarboxyaldehydes such as mucochloric acid,
      etc.; dioxane derivatives such as dihydroxydioxane, dichlorodioxane, etc.;
      inorganic hardening agents such as chromium alum, zirconium sulfate, etc.
PAR  Also, precursors of the above-described compounds such as an alkali metal
      bisulfite-aldehyde adduct, hydantoin methylol derivatives, primary
      aliphatic nitro alcohols, etc. can be used in place of the above-described
      compounds.
PAR  To the silver halide emulsion used in the present invention can be applied
      conventionally employed chemical sensitization methods such as gold
      sensitization (e.g., as described in U.S. Pat. Nos. 2,540,085, 2,597,856,
      2,597,915, 2,399,083, etc.), sensitization with Group VIII metal ions,
      sulfur sensitization (e.g., as disclosed in U.S. Pat. Nos. 1,574,944,
      2,278,947, 2,440,206, 2,410,689, 3,189,458, 3,415,649, etc.), reduction
      sensitization (e.g., as disclosed in U.S. Pat. Nos. 2,518,698, 2,419,974,
      2,983,610, etc.), or a combination of these methods.
PAR  Specific examples of chemical sensitizing agents are sulfur sensitizing
      agents such as allylthiocarbamide, thiourea, sodium thiosulfate, cystine,
      etc.; noble metal sensitizing agents such as potassium chloroaurate,
      aurous thiosulfate, potassium chloropalladate, etc.; reduction sensitizers
      such as tin chloride, phenylhydrazine, reductone, etc. Also, the emulsion
      can contain sensitizers such as polyoxyethylene derivatives,
      polyoxypropylene derivatives, derivatives having a quaternary ammonium
      group, etc., plasticizers for dimensional stability, latex polymers, and
      matting agents.
PAR  Furthermore, an antifogging agent such as nitrobenzimidazole, ammonium
      chloroplatinate, etc., a stabilizer such as
      4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene, etc. can be incorporated in the
      emulsion. A coating aid such as saponin or sodium alkylbenzenesulfonate
      can also be present in the emulsion.
PAR  The photographic emulsion can be applied to a support. A suitable coating
      amount can range from about 10 to 200 mg, preferably 50 to 200 mg, as
      silver halide/100 cm.sup.2 of the support. Although this coating amount
      can vary depending on the end-use purpose, the kind of silver halide, the
      presence of photographic additives. Typical flexible supports are those
      which are commonly used for photographic light-sensitive materials, such
      as cellulose nitrate films, cellulose acetate films, cellulose acetate
      butyrate films, cellulose acetate propionate films, polystyrene films,
      polyethylene terephthalate films, polycarbonate films, laminates thereof,
      thin glass films, and the like.
PAR  As the support, a transparent or opaque support can be selected depending
      upon the end-use purpose of the light-sensitive material. Also, in
      selecting a transparent support, colored transparent supports containing a
      dye or a pigment can be used as well as a colorless, transparent supports.
      This has so far been conducted in X-ray films, etc. and is described in
      the literature such as J. SMPTE, 67, 296 (1958), etc. Opaque supports
      include those which do not completely intercept light such as ordinary
      papers, plastic films containing titanium dioxide or a like white filler
      or films surface-processed according to a method as described in Japanese
      Pat. publication No. 19068/72, and supports which completely intercept
      light such as papers and plastics containing carbon black, a dye, etc.
PAR  Where the adhesivity between the support and the photographic emulsion
      layer is insufficient, a subbing layer can be provided on either of them.
      Also, in order to further improve the adhesiveness, the surface of the
      support can be subjected to a preliminary processing such as corona
      discharge, ultraviolet light-irradiation, flame treatment, etc. The
      present invention is preferably applied to an emulsion for X-ray films.
PAR  The developer used for the rapid processing at an elevated temperature
      preferably contains a hardener, e.g., glutaraldehyde, succinic aldehyde,
      etc. Rapid processing at an elevated temperature is well-known in the art
      and is described in, e.g., U.S. Pat. No. 3,677,761.
PAR  The present invention will now be illustrated in greater detail by
      reference to the following non-limiting examples of preferred embodiments
      of the present invention.
PAC  EXAMPLE 1
PAR  10 cc of a 1% solution of 4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene was
      added to 1 kg of a gelatino-silver bromoiodide emulsion containing 1.5
      mol% silver iodide and having been subjected to sulfur sensitization and
      gold sensitization. Then, 30 cc of 10% saponin and 20 cc of 1% mucochloric
      acid were added thereto. The resulting emulsion was separated into 6 equal
      portions. One portion was used as a control. To the remaining portions
      were added, respectively, a compound as set forth in Table 1. Each of the
      resulting emulsion portions was coated on a polyester base in a silver
      amount of 50 mg/100 cm.sup.2 and dried to prepare samples. The thus
      prepared samples were exposed using a NSG II-type sensitometer and
      developed using the following developers. The results given in Table 1
      were obtained.
TBL  ______________________________________                                    
     Developer (I)                                                             
     1-Phenyl-3-pyrazolidone                                                   
                            0.5    g                                           
     Sodium Sulfite (anhydrous)                                                
                            70     g                                           
     Hydroquinone           9      g                                           
     Sodium Carbonate (monohydrate)                                            
                            35     g                                           
     Sodium Bromide         5      g                                           
     Water to make          1      liter                                       
     Developer (II)                                                            
     Sodium Sulfite         40     g                                           
     Hydroquinone           25     g                                           
     Boric Acid             10     g                                           
     1-Phenyl-3-pyrazolidone                                                   
                            1.5    g                                           
     Potassium Hydroxide    30     g                                           
     5-Methylbenzotriazole  0.15   g                                           
     Glutaraldehyde Bisulfite                                                  
                            15     g                                           
     Acetic Acid            12     g                                           
     Potassium Bromide      10     g                                           
     Water to make          1      liter                                       
     ______________________________________                                    
TBL                Table 1                                                     
     ______________________________________                                    
                  Developer (I)                                                
                             Developer (II)                                    
                  20.degree.C, 4 min.                                          
                             35.degree.C, 30 sec.                              
             Amount                                                            
             Added         Specific       Specific                             
             g/mol Ag                                                          
                    Fog    Sensitivity                                         
                                     Fog  Sensitivity                          
     ______________________________________                                    
     Control   --       0.04   100     0.16 80                                 
                               (standard)                                      
     Compound (1)                                                              
               2.0      0.04   100     0.04 64                                 
     Compound (2)                                                              
               2.0      0.04   95      0.05 72                                 
     Compound (4)                                                              
               2.0      0.04   100     0.04 68                                 
     Compound (6)                                                              
               2.0      0.04   95      0.05 74                                 
     1-Phenyl-5-                                                               
     mercapto-                                                                 
     tetrazole 0.027    0.02   58      0.12 42                                 
     (comparative                                                              
     compound)                                                                 
     ______________________________________                                    
PAR  The above results clearly demonstrate that a silver halide emulsion
      containing the additive of the present invention is fogged less in the
      development at an elevated temperature using Developer (II) and undergoes
      an extremely small reduction in sensitivity in development using Developer
      (I).
PAC  EXAMPLE 2
PAR  10 cc of a 1% solution of 4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene was
      added to 1 kg of a silver bromoiodide emulsion containing 5 mol% silver
      iodide and having been subjected to sulfur sensitization and gold
      sensitization. Then, 30 cc of 10% saponin and 20 cc of 1% mucochloric acid
      were added thereto. The resulting emulsion was separated into 5 equal
      portions. One portion was used as a control. To each of the remaining
      portions was added a compound as set forth in Table II. Each of the
      resulting emulsion portions was coated on a polyester base in a silver
      amount of 60 mg/100 cm.sup.2 and dried to prepare samples. The thus
      prepared samples were exposed using an NSG II type sensitometer and
      developed in the same two developers as described in Example 1. Thus, the
      results given in Table II were obtained.
TBL                Table II                                                    
     ______________________________________                                    
                    Developer (I)                                              
                              Developer (III)                                  
                    20.degree.C, 4 min.                                        
                              40.degree.C, 30 sec.                             
              Amount                                                           
              Added          Sensi-        Sensi-                              
              g/mol AgX                                                        
                      Fog    tivity   Fog  tivity                              
     ______________________________________                                    
     Control    --        0.04   100    0.32 115                               
                                 (stan-                                        
                                 dard)                                         
     Compound (9)                                                              
                2.0       0.04   100    0.08 104                               
     Compound (11)                                                             
                2.0       0.04   95     0.04 88                                
     Compound (14)                                                             
                2.0       0.04   95     0.07 98                                
     Compound (11)                                                             
                1.0                                                            
       plus               0.04   95     0.05 93                                
     Compound (14)                                                             
                1.0                                                            
     ______________________________________                                    
PAR  The above results clearly show that the silver halide emulsion containing
      the additive of the present invention fogs less in the development at an
      elevated temperature using Developer (II) and undergoes a much smaller
      reduction in sensitivity in development using Developer (I).
PAC  EXAMPLE 3
PAR  A silver chlorobromoiodide emulsion comprising 1.5 mol% silver iodide, 0.5
      mol% silver chloride and 98 mol% silver bromide was subjected to gold
      sensitization and sulfur sensitization, and, after adding thereto the same
      photographic additives as described in Example 1, the emulsion was
      separated into 10 equal portions. One portion was used as a control. To
      each of the remaining portions was added a compound shown in Table III and
      the portions were coated on a polyethylene terephthalate base and then
      dried. These thus prepared samples were exposed and developed at
      40.degree.C for 30 seconds in the same Developer II as described in
      Example 1 to obtain the results given in Table III.
TBL                Table III                                                   
     ______________________________________                                    
              Amount added       Specific                                      
              g/mol AgX          Sensitivity                                   
     ______________________________________                                    
     Control    --           0.36    100  (standard)                           
     Compound (26)                                                             
                0.5          0.19    121                                       
                2            0.05    100                                       
                8            0.05    98                                        
     Compound (32)                                                             
                0.05         0.24    110                                       
                2            0.08    102                                       
                8            0.05    98                                        
     Compound (35)                                                             
                0.05         0.11    105                                       
                2            0.06    98                                        
                8            0.05    98                                        
     ______________________________________                                    
PAR  From the above results, it can be seen that the silver halide emulsion
      containing the compound of the present invention shows a remarkable
      anti-fogging action when developed in Developer (II) at an elevated
      temperature.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photographic light-sensitive material comprising a support having
      thereon at least one silver halide photographic emulsion layer, with at
      least one of the layers of said photographic light-sensitive material
      containing a compound represented by the following general formula (I) or
      (II)
      ##EQU3##
      wherein R.sub.1, R.sub.2, and R.sub.3 each represents a hydrogen atom, an
      alkyl group, an aryl group or a 6-membered heterocyclic ring group
      containing 1 nitrogen atom, and R.sub.2 and R.sub.3 can combine to form an
      alkylene group so that a 5-membered ring may be formed; R.sub.4 represents
      those groups other than a hydrogen atom as described for R.sub.1, R.sub.2
      and R.sub.3 ; and R.sub.5 represents an alkylene group or a
      polyoxyalkylene group having at least 4 carbon atoms or the organic acid
      salt or mineral acid salt thereof; said compound being employed in an
      amount from about 0.01g to 50g per 1 mol of silver halide.
NUM  2.
PAR  2. The photographic light-sensitive material of claim 1, wherein said alkyl
      group is an unsubstituted alkyl group, a cycloalkyl group, or a
      substituted alkyl group substituted with a substituent selected from the
      group consisting of an aryl group, an alkoxy group, an N,N-dialkylamino
      group, a hydroxysulfonyloxy group, a vinyl group, an aryloxy group, a
      furyl group, and a sulfo group.
NUM  3.
PAR  3. The photographic light-sensitive material of claim 1, wherein said
      silver halide is silver bromoiodide or silver chlorobromoiodide.
NUM  4.
PAR  4. The photograhic light-sensitive material of claim 3, wherein said silver
      bromoiodide and silver chlorobromoiodide contains from about 1 to about 8
      mol% silver iodide.
NUM  5.
PAR  5. The photographic light-sensitive material of claim 1, wherein said
      photographic light-sensitive material contains at least one of a
      stabilizing agent, a hardening agent, a spectral sensitizing agent and a
      coating aid.
NUM  6.
PAR  6. The photographic light-sensitive material of claim 1, wherein said
      silver halide emulsion is chemically sensitized.
NUM  7.
PAR  7. The photographic light-sensitive material of claim 1, wherein said
      compound represented by the general formulae (I) is
      N,N'-dicyclohexyl-O-methylisouronium oxalate.
NUM  8.
PAR  8. The photographic light-sensitive material of claim 1, wherein said
      compound represented by the general formulae (I) is
      N,N'-dicyclohexyl-O-methylisouronium p-toluenesulfonate.
NUM  9.
PAR  9. The photographic light-sensitive material of claim 1, wherein said
      compound represented by the general formulae (I) is
      N,N'-dicyclohexyl-O-ethylisouronium oxalate.
NUM  10.
PAR  10. The photographic light-sensitive material of claim 1, wherein said
      compound represented by the general formulae (I) is
      N,N'-dicyclohexyl-O-ethylisouronium p-toluenesulfonate.
NUM  11.
PAR  11. The photographic light-sensitive material of claim 1, wherein said
      compound represented by the general formulae (I) is
      N,N'-dicyclohexyl-O-n-butylisouronium oxalate.
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ABST
PAL  A sensitized gelatino-silver halide emulsion comprising a supersensitizing
      combination of at least one sensitizing dye represented by general formula
      I:
      ##SPC1##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are each a member selected from the
      group consisting of an alkyl having up to 6 carbon atoms and a substituted
      alkyl group having up to 6 carbon atoms, at least one of R.sub.1, R.sub.2
      and R.sub.3 being a substituted alkyl group having a sulfo group therein;
      R.sub.4 is a hydrogen atom or forms an alkylene linkage together with
      R.sub.2 ; Z.sub.1 is an atomic group necessary for completing a
      benzimidazole nucleus; A.sub.1 and A.sub.2 are each a member selected from
      the group consisting of a hydrogen atom, a phenyl group, a halogen atom, a
      carboxyl group, an alkoxy carbonyl group, an alkyl group, an alkoxyl
      group, a hydroxyl group, a trifluoromethyl group, and a cyano group,
      A.sub.2 being capable of condensing with A.sub.1 or A.sub.3 to form a
      benzene nucleus; and A.sub.3 is a member selected from the group
      consisting of a hydrogen atom and an alkyl group; at least one substituent
      for A.sub.1, A.sub.2 or A.sub.3 entering the benzoxazole nucleus when
      R.sub.2 and R.sub.4 are bridged by an alkylene group and Z.sub.1 is
      substituted with identical halogen atoms; and at least one of sensitizing
      dyes represented by general formula II:
      ##SPC2##
PAL  in which R.sub.5, R.sub.6, R.sub.7 and R.sub.8 have the same meaning as
      those of R.sub.1, R.sub.2 and R.sub.3 above and additionally are a
      carbamoylalkyl group, at least one of R.sub.5, R.sub.6, R.sub.7 and
      R.sub.8 being a substituted alkyl group having a member selected from the
      group consisting of a sulfo group and a carboxyl group; Z.sub.2 and
      Z.sub.3 are atomic groups necessary for forming a benzimidazole nucleus;
      X.sup.-  is an acid anion and n is an integer of from 1 to 2, n being 1
      when an intramolecular salt is formed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of co-pending
      application Ser. No. 139,331, filed May 3, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a spectrally sensitized photographic
      gelatino-silver halide emulsion and more particularly, it is concerned
      with a photographic silver halide emulsion suitable for use as a color
      sensitive material, in which the green sensitivity is raised by the
      combined use of at least two sensitizing dyes.
PAR  2. Description of the Prior Art
PAR  In the production of light-sensitive materials, as is well known, the
      spectral sensitizing technique is very important and essential for the
      production of color light-sensitive materials. Of the blue-sensitive,
      green-sensitive and red-sensitive silver halide photographic emulsions
      which compose a color light-sensitive material, the property of the
      green-sensitive silver halide emulsion affects markedly the quality of a
      color photograph. That is to say, a slight difference of the green
      sensitivities or the distribution of spectral sensitivity in the green
      region affects markedly the color reproduction of a color light-sensitive
      material and the quality of a color image. Therefore, the spectral
      sensitization of green region is a problem in which those working in
      light-sensitive materials make detailed studies with care.
PAR  It is known that the spectral sensitization of a light-sensitive material
      is affected by various properties of a silver halide emulsion used; for
      example, the crystal habit of the silver halide, the grain size, the
      halogen composition, its chemical sensitization, its pH and the
      concentration of silver ion, by the kinds of binders and additives such as
      antifoggants, stabilizers and coating agents and, in the case of the color
      material, of the incorporated type, by a coupler, a coupler dispersing
      agent, a plasticizer, a hardener and dyestuffs for photography. These are
      inclined to act so as dyes weaken the spectral sensitization. The spectral
      sensitivity of a light-sensitive material depends largely on not only the
      chemical structure of the sensitizing dye used but the addition method to
      an emulsion used. Sensitizing dyes are used alone in some cases, buut, in
      many cases, two or more sensitizing dyes are used in combination in order
      to obtain a suitable distribution of spectral sensitivity. The spectral
      sensitivity obtained when dyess are used in combination is ordinarily not
      higher than the maximum spectral sensitivity obtained when the dyes are
      used alone. However, in a particular case of using certain sensitizing
      dyes in combination, a higher spectral sensitivity can be superadditively
      obtained. This is called supersensitization. It is also known that
      combinations of two or more sensitizing dyes to give this
      supersensitization are so selective with each other that it is very
      difficult to estimate their actions from the difference of the apparent
      chemical structures.
PAR  The supersensitizing technique for color light-sensitive materials in the
      green region has been studied by many researchers. However, the prior art
      has many disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention is to provide a photographic silver
      halide emulsion in which the spectral sensitivity over the range of 500 nm
      to  530 nm is increased while holding the maximum sensitizing wavelength
      over the range of 540 nm to 570 nm being within a range of wavelengths of
      from 490 nm to 590 nm, this being the green region, and of which the
      sensitivity-lowering due to coexistence of a coupler is small.
PAR  The second object is to lessen the staining due to residual dyes remaining
      after development processing as much as possible.
PAR  In Japanese Pat. No. 4936/1968 it is disclosed that a super-sensitizing
      combination of benzimidazolecarbocyanine and oxacarbocyanine can be
      employed. This method, however, had a disadvantage in that there is much
      color staining due to the sensitizing dyes and the spectral sensitivity
      over the short wavelength side of the green region which is relatively
      insufficient, for example, from 500 nm to 530 nm. The method disclosed in
      Japanese Pat. No. 22884/1968 has also a disadvantage in that the relative
      spectral sensitivity over the short wavelength side is insufficient. In
      the method disclosed in British Pat. No. 852,915, there is much color
      staining and the sensitivity is low; in particular, the spectral
      sensitivity over the range of 500 nm to 530 nm is insufficient. The
      sensitivity of such a light-sensitive material is due to the coexistence
      of a coupler. This is mainly due to the defect on the chemical structure
      of the sensitizing dye represented by general formula II as disclosed in
      said British patent. The method disclosed in U.S. Pat. No. 3,173,791 makes
      it possible to shift the maximum spectral sensitization wavelength to a
      position intermediate between those obtained by two dyes but, by this
      method, it is difficult to increase the sensitivity of the short
      wavelength side while holding the maximum sensitization wavelength within
      the range of 540 to 570 nm. This is unsatisfactory for the object of this
      invention.
PAR  We, the inventors, have found that these disadvantages can be overcome by
      the following method. That is to say, the object of the invention can be
      accomplished by incorporation in a photographic silver halide emulsion, a
      sensitizing amount of at least one benzimidazoloxacarbocyanine dye
      represented by general formula I:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are each an alkyl group (i.e.,
      unsubstituted alkyl groups and substituted alkyl groups) said alkyl moiety
      having preferably up to 6 carbon atoms, such as methyl, ethyl and propyl
      groups, hydroxyalkyl groups, e.g. hydroxyethyl, acetoxy alkyl groups, e.g.
      acetoxypropyl, acetoxyethyl, aralkyl e.g. benzyl, carboxyalkyl groups,
      e.g. carboxyethyl and methylsulfonylaminoethyl groups, substituted alkyl
      groups having a sulfo group thereon, e.g. .gamma.-sulfopropyl,
      .delta.-sulfobutyl and .gamma.-sulfobutyl groups, 2-(3-sulfopropoxy)ethyl,
      2-[2-(3-sulfopropoxy)ethoxy]-ethyl and 2-hydroxy-3-sulfopropyl, and an
      allyl group, at least one of R.sub.1, R.sub.2 and R.sub.3 being an alkyl
      group containing a sulfo group to form a betaine type structure; R.sub.4
      is a hydrogen atom or forms an alkylene linkage together with R.sub.2 ;
      Z.sub.1 is an atomic group necessary for completing a benzimidazole
      nucleus and may be substituted with alkyl-sulfonyl, alkylsulfamoyl,
      N-disubstituted aminosulfonyl, alkylcarbamoyl, N-disubstituted carbamoyl,
      cyano, trifluoromethyl, alkoxycarbonyl group or halogen atom; A.sub.1 and
      A.sub.2 are a hydrogen atom, phenyl group, halogen atom, carboxyl,
      alkoxycarbonyl, alkyl, alkoxy and, hydroxyl and a trifluoromethyl group;
      A.sub.2 being capable of condensing with A.sub.1 or A.sub.3 to form a
      benzene nucleus; and A.sub.3 is hydrogen atom or an alkyl group, but when
      R.sub.4 and R.sub.2 are bridged and Z.sub.1 is substituted with identical
      halogen atoms, at least one of the above-mentioned substituents enters a
      benzoxazole nucleus; and at least one of imidazolocarbocyanine dyes
      represented by general formula II:
      ##SPC4##
PAL  wherein R.sub.5,R.sub.6, R.sub.7 and R.sub.8 are each identically defined
      as those of R.sub.1, R.sub.2 and R.sub.3 in general formula I and
      additionally can be a carbamoylalkyl group (e.g., an unsubstituted
      carbamoylalkyl group, an alkyl-substituted carbamoyl group such as a
      methylcarbamoyl group, etc., and at least one of R.sub.5, R.sub.6, R.sub.7
      and R.sub.8 is a substituted alkyl group having a sulfo or carboxy group;
      Z.sub.2 and Z.sub.3 are atomic groups necessary for completing a
      benzimidazole nucleus as described for Z.sub.1 ; X.sup.-  is an acid anion
      employed usually in cyanine chemistry, such as halide, perchlorate,
      p-toluenesulfonate, benzenesulfonate, thiocyanate, ethylsulfate and
      methylsulfate ion, n is an integer of 1 or 2, but when n = 1, an
      intramolecular salt is formed.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIGS. 1-3 are spectrograms of samples produced in the Examples hereinafter.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The feature of this invention resides in the dye represented by general
      formula I in that at least one of Z.sub.1 and the benzoxazole nucleus is
      substituted by a substituent to weaken formation of a J-aggregate, and,
      when Z.sub.1 is substituted by the same halogen atoms, A.sub.1 and/or
      A.sub.2 are substituted by halogen atoms, phenyl, carboxyl,
      alkoxycarboxyl, trifluoromethyl, alkoxy, hydroxy, and cyano groups.
      Functions finely partitioning suitably the J-aggregate of the sensitizing
      dye of general formula II and raising the spectral sensitivity on the
      short wavelength side of the range from 500 to 530 nm, is accomplished by
      a suitable combination of the substituents of the benzimidazole nucleus
      with A.sub.1, A.sub.2 and A.sub.3 in the sensitizing dye of general
      formula I. The color staining due to sensitizing dyes is reduced and a
      high sensitivity is given by at least one of the sulfo groups in any of
      R.sub.1, R.sub.2 and R.sub.3, even though bulky substituents enter the
      benzoxazole nucleus. In particular, this tendency is remarkable in a case
      where a coupler is coexistent.
PAR  The sensitizing dye represented by general formula II is known and includes
      the benzimidazolocarbocyanine dyes mentioned in Japanese Pat. Nos.
      4936/1968, 228/1968, 2530/1969 and 1658/1969.
PAR  Examples of the sensitizing dyes applicable to this invention are shown
      below:
      ##SPC5##
PAR  The synthesis of the sensitizing dyes used in this invention will now be
      illustrated.
PAR  Benzimidazoloxacarbocyanine represented by general formula I can be readily
      synthesized by the method mentioned in, for example, Japanese Pat. No.
      14030/1969 and the symmetric or asymmetric benzimidazolocarbocyanines
      represented by general formula II can be readily synthesized by the method
      mentioned in Japanese Pat. Nos. 27166/1967, 4931/1968, 14497/1968,
      16589/1969 or 13823/1968.
PAR  Typical synthesis examples of the benzimidazoloxacarbocyanines represented
      by general formula I are as follows:
      ##SPC6##
PAL  Two g of 2-(2-anilinovinyl)-3-ethyl-5-methoxybenzoxazolium iodide is heated
      and refluxed for 5 minutes in 2 ml of acetic anhydride and 20 ml of
      nitrobenzene. To this solution are added 2 g of anhydro-5,
      6-dichloro-1-ethyl-2-methyl-3-(.gamma.-sulfopropyl)benzimidazolium
      hydroxide and 2 ml of triethylamine and heated with refluxing for 10
      minutes and thus reacted. After cooling, ether is added to precipitate a
      dye. The dye is filtered, washed with water and recrystallized from a
      mixed solvent of methanol-chloroform.
PAR  Yield: 0.8 g; M.P. 291.degree. C; .lambda..sub.max.sup. methanol 495 m.mu.
      ##SPC7##
PAL  Two g of
      anhydro-2-(2-anilinovinyl)-5-methoxycarbonyl-3-(3-sulfopropyl)benzoxazoliu
     m hydroxide is heated and refluxed for 5 minutes in 2 ml of acetic
      anhydride and 20 ml of nitrobenzene. To this solution are added 1.8 g of
      anhydro-5,6-dichloro-1-ethyl-2-methyl-3-(3-sulfopropyl)benzimidazolium and
      2 ml of triethylamine. The mixture is heated with refluxing for 10 minutes
      and thus reacted. After cooling, ether is added to precipitate a dye,
      followed by crystallizing from isopropanol and recrystallizing from a
      mixed solvent of methanol-isopropanol.
PAR  Yield: 0.7 g; M.P. 210.degree. C; .lambda..sub.max.sup. methanol 484 m.mu.
PAR  The sensitizing dyes used in this invention are dissolved in water or a
      water-soluble organic solvent, such as methanol, ethanol, pyridine,
      acetone or methyl cellosolve and then added to a silver halide emulsion.
      The sensitizing dyes represented by general formulas I and II may be added
      to a silver halide emulsion in the form of a solution individually or in
      admixture. Dissolving of the sensitizing dyes may be carried out with
      agitation by ultrasonic wave. The amount used varies with the emulsion
      employed. Ordinarily an amount of 1 .times. 10.sup.-.sup.6 to 1 .times.
      10.sup.-.sup.3 moles per one mole of silver halide is preferred. The molar
      ratio of the amounts of the sensitizing dye represented by general formula
      I and that represented by general formula II is 1:10 to 10:1 and
      preferably 1:1 to 8:1. The silver halide emulsion used in this invention
      includes, for example, silver iodobromide, silver chlorobromide, silver
      bromide and silver iodobromochloride emulsions. Although gelatino-silver
      halide emulsions are suitable, other emulsions may be used containing
      polyvinyl alcohol, alginate polymer, polyvinylimidazole,
      polyvinylpyrrolidone and their copolymers.
PAR  The present invention is applicable also to emulsions containing
      sensitizing dyes and additives, such as dyestuffs for photography,
      antifoggants, stabilizers, chemical sensitizers, couplers, plasticizers
      and coating agents. The silver halide emulsion obtained according to this
      invention is coated onto a suitable support, depending on its use, such as
      baryta paper, glass, cellulose triacetate film, polyethylene terephthalate
      film, other plastic films, resin laminated paper and synthetic paper.
PAR  The following examples are given in order to illustrate the invention in
      detail. They are merely intended to be illustrative and not limitative of
      the same.
PAC  EXAMPLE 1
PAR  One kg of a silver iodobromide emulsion (iodide-content 4 mole %) prepared
      in conventional manner was weighed into a suitable vessel and melted.
      Predetermined amounts of given sensitizing dyes were added with agitation
      thereto and allowed to stand at 40.degree. C for 15 minutes. Then a
      hardener and coating agent were added and coated onto a film uniformly to
      give a thickness of 7.0 microns. The sensitizing dyes were changed as
      shown in Table I to obtain green-sensitive light-sensitive materials.
PAR  The resulting sample was cut to strips and subjected to wedge exposure of
      yellow light using a light source of a color temperature of 5400.degree. K
      through No. K-12 Filter (made by Fuji Photo Film Co., Ltd.). Then it was
      developed at 80.degree. C .+-. 0.2.degree. C for 10 minutes with a
      developer having the following composition:
     Developer                                                                 
     ______________________________________                                    
     water                500       ml                                         
     metol                0.3       g                                          
     potassium metabisulfite                                                   
                          1.4       g                                          
     anhydrous sodium sulfite                                                  
                          38        g                                          
     hydroquinone         6         g                                          
     sodium carbonate monohydrate                                              
                          22.5      g                                          
     citric acid          0.7       g                                          
     potassium bromide    0.9       g                                          
     water to 1000 ml                                                          
     ______________________________________                                    
PAR  The so obtained strip was then subjected to densitometry by means of an
      S-type densitometer made by Fuji Photo Film Co., Ltd., to obtain a
      relative spectral sensitivity (green sensitivity) as shown in Table I.
PAR  Then the strip was exposed by the use of a spectrograph having inside a
      reflection type diffraction grating (GR-2 type, made by Narumi Co.) and
      developed to obtain a spectrogram as shown in FIG. 1. Curve A shows a
      spectrogram obtained from a sample using the sensitizing dye II-B, Curve B
      shows that obtained from a sample using the sensitizing dye I-E and Curve
      C shows that obtained from a sample using the sensitizing dyes II-B and
      I-E in combination.
TBL                Table I                                                     
     ______________________________________                                    
                                       Rela-                                   
                                       tive                                    
                                       green                                   
          Dye    Amount   Dye   Amount sensi-                                  
     No.  used   ml (mol) used  ml (mol)                                       
                                       tivity                                  
                                             Fog  Note                         
     ______________________________________                                    
     1    I-A    40             --      16   0.16                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --      16   0.21                              
                 160            --      12   0.22                              
                 --       II-B  40     100   0.14 Curve                        
                                (5.times.10.sup.-.sup.4)                       
                                                  A of                         
                                                  Fig. 1                       
                 --             80      95   0.16                              
          I-A    40             40     120   0.20                              
                 80             40     120   0.20                              
                 120            40     126   0.23                              
     2    I-B    40             --     112   0.16                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --     125   0.16                              
                 160            --     140   0.16                              
          I-B    40       II-B  40     180   0.15                              
                 80             40     200   0.15                              
                 160            40     195   0.18                              
     3    I-C    40             --      25   0.14                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --      28   0.17                              
                 --       II-D  --     100   0.19                              
                 --             80      79   0.24                              
                 40             40     125   0.19                              
                 80             40     142   0.25                              
     4    I-D    40             --      32   0.13                              
                 (1.times.10.sup.-.sup.3)                                      
                 80                                                            
                 (1.times.10.sup.-.sup.3)                                      
                                --      32   0.14                              
                 40       II-D  40     125   0.14                              
                 80             40     105   0.20                              
     5    I-E    40             --     100   0.14                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --     112   0.15                              
                 160            --     112   0.14 Curve                        
                                                  B of                         
                                                  Fig. 1                       
     6    I-E    40       II-B  40     167   0.15                              
                 (1.times.10.sup.-.sup.3)                                      
                                (5.times.10.sup.-.sup.4)                       
                 80             40     178   0.15                              
                 160            40     225   0.12 Curve                        
                                                  C of                         
                                                  Fig. 1                       
     7    I-F    40             --      40   0.22                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --      56   0.14                              
          I-F    40             40     159   0.25                              
                                (5.times.10.sup.-.sup.4)                       
                 80             40     112   0.23                              
     8    I-G    40                                                            
                 (1.times.10.sup.-.sup.3)                                      
                                --     100   0.14                              
                 80             --     126   0.16                              
                 160            --     126   0.14                              
          I-G    40       II-B  40     200   0.16                              
                                (5.times.10.sup.-.sup.4)                       
                 80             40     292   0.20                              
                 160            40     264   0.13                              
     9    I-H    40             --      56   0.13                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --      71   0.15                              
          I-H    40       II-C  40      85   0.15                              
                                (5.times.10.sup.-.sup.4)                       
                 80             40     120   0.18                              
                 160            40     100   0.18                              
                 --             40      40   0.13                              
                 --             80      79   0.17                              
     10   I-I    40             --      80   0.15                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --     100   0.15                              
                 40       II-C  40      85   0.13                              
                 80             40     115   0.20                              
                 160            40      90   0.25                              
     11   I-J    40             --      16   0.18                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --      28   0.18                              
                 40       II-B  40     105   0.16                              
                 80             40     110   0.17                              
     12   I-K    20             --      16   0.30                              
                 (1.times.10.sup.-.sup.3)                                      
                 40             --      20   0.40                              
                 20       II-B  40     222   0.56                              
     13   I-I    20       II-B  40     158   0.14                              
                 (1.times.10.sup.-.sup.3)                                      
                                (5.times.10.sup.-.sup.4)                       
                 40             40     174   0.14                              
                 80             40     220   0.13                              
                 120            40     195   0.13                              
     14   I-L    40             --      60   0.13                              
                 (6.times.10.sup.-.sup.4)                                      
                 80             --      75   0.15                              
                 40       II-A  20     105   0.32                              
                                (5.times.10.sup.-.sup. 4)                      
                 80             20     120   0.35                              
                 --       II-A  20      75   0.30                              
                 --             40      71   0.45                              
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  One hundred g of
      1-(2,4,6-trichlorophenyl)-3-[3-(2-]2,4-di-t-amylphenoxy]acetamido)benzamid
     e]-5-pyrazolone was dissolved in 100 ml of tricresyl phosphate with
      heating, added to 1000 g of 10% gelatin solution, to which sodium
      alkylbenzenesulfonate was added, and dispersed by means of a high speed
      rotating mixer to obtain a coupler dispersion.
PAR  One kg of a silver iodobromide emulsion prepared in conventional manner
      (iodide content 6 mole %) was weighed into a suitable vessel and molten,
      to which a predetermined amount of a given sensitizing dye was added with
      agitation. The emulsion was allowed to stand at 35.degree. C for 30
      minutes. Three hundred and fifty g of the coupler dispersion was weighed,
      added to the emulsion in the molten state, mixed with a hardener and
      coated onto a film uniformly to give a thickness of 4.0 microns. The
      coated film was dried to obtain a green-sensitive color light-sensitive
      material.
PAR  The resulting light-sensitive material was cut into strips and exposed in a
      similar manner to that of Example 1 and developed at 24.degree. C .+-.
      0.2.degree. C for 8 minutes using a color developer having the following
      composition:
     Color developer                                                           
     ______________________________________                                    
     N,N'-diethyl-p-aminoaniline sulfate                                       
                              2.0 g                                            
     sodium sulfite           2.0 g                                            
     sodium carbonate monohydrate                                              
                              50.0 g                                           
     hydroxylamine hydrochloride                                               
                              1.5 g                                            
     potassium bromide        1.0 g                                            
     water to 1000 ml                                                          
     (pH 10.8 .+-. 0.1)                                                        
     ______________________________________                                    
PAR  Then it was bleached and fixed with the following bleaching solution and
      fixing solution, and washed with running water.
TBL  ______________________________________                                    
     Bleaching solution                                                        
     red prussiate                100 g                                        
     potassium bromide            20 g                                         
     water to 1000 ml                                                          
                     (pH 6.9 .+-. 0.3)                                         
     Fixing solution                                                           
     hypo                         200 g                                        
     sodium sulfite               20 g                                         
     acetic acid (28%)             45 ml                                       
     boric acid                   7.5 g                                        
     potassium alum               20 g                                         
     water to 1000 ml                                                          
                     (pH 4.5 .+-. 0.12)                                        
     ______________________________________                                    
PAR  The so obtained strip was then subjected to measurement of green filter
      density by means of an S-type densitometer to obtain a relative spectral
      sensitivity (green sensitivity) as shown in Table 2.
TBL                Table II                                                    
     ______________________________________                                    
                                       Rela-                                   
                                       tive                                    
                                       green                                   
          Dye    Amount   Dye   Amount sensi-                                  
     No.  used   ml (mol) used  ml (mol)                                       
                                       tivity                                  
                                             Fog  Note                         
     ______________________________________                                    
     15   I-I    40             --      56   0.10                              
                 (1.times.10.sup.-.sup.3)                                      
                 80             --      80   0.12                              
                 160            --     100   0.14 Curve                        
                                                  D of                         
                                                  FIG. 2                       
                 --       ii-B  40     100   0.08 Curve                        
                                                  E of                         
                                (5.times.10.sup.-.sup.4)                       
                                                  FIG. 2                       
                 --             60     105   0.12                              
          I-I    40       II-B  50     160   0.10                              
                 80             50     208   0.13                              
                 160            40     250   0.14 Curve                        
                                                  F of                         
                                                  FIG. 2                       
     ______________________________________                                    
PAR  FIG. 2 shows spectrograms in which Curve D shows a spectrogram obtained
      from a sample using dye I-I, Curve E shows that obtained from a sample
      using dye II-B and Curve F shows a spectrogram obtained from a sample
      using dye I-I and dye II-B in combination.
PAC  EXAMPLE 3
PAR  In order to show the unexpected advantage of the supersensitizing
      combination of this invention in comparison with Comparison dyes of a
      similar but different structure, the procedures described in Example 1
      were repeated except for the use of silver iodobromide emulsions (0.52 mol
      of silver/1 Kg emulsion) having an iodide content of 7 mol % (prepared in
      a conventional manner) and each emulsion contained the carbocyanine dyes
      set forth in the following Tables III-IV, the comparison dyes had the
      following structural formulas:
      ##SPC8##
TBL                Table III                                                   
     ______________________________________                                    
                                         Relative                              
                   Addition-      Addition-                                    
                                         green*                                
            Dye    Amount   Dye   Amount sensi-                                
     Nos.   used   ml (mol) used  ml (mol)                                     
                                         tivity Fog                            
     ______________________________________                                    
     16  (i)    A      40           --     100    0.08                         
                       (1.times.10.sup.-.sup.3)                                
         (ii)          80           --     142    0.08                         
         (iii)         160          --     151    0.09                         
     17  (i)           --     II-B  40      85    0.04                         
                                    (5.times.10.sup.-.sup.4)                   
         (ii)          --           80     100    0.04                         
     18  (i)    A      80     II-B  40     205    0.10                         
                       (1.times.10.sup.-.sup.3)                                
                                    (5.times.10.sup.-.sup.4)                   
         (ii)          do.          80     200    0.10                         
     19  (i)    C      40                                                      
                       (1.times.10.sup.-.sup.3)                                
                                    --      79    0.07                         
         (ii)          80           --      87    0.08                         
         (iii)         160          --     100    0.10                         
     20  (i)           --     B     40     112    0.07                         
                                    (5.times.10.sup.-.sup.4)                   
         (ii)          --           80     125    0.07                         
     21  (i)    C      80     B     40     128    0.10                         
                       (1.times.10.sup.-.sup.3)                                
                                    (5.times.10.sup.-.sup.4)                   
         (ii)          do.          80     132    0.11                         
     ______________________________________                                    
      *The relative green sensitivity was determined assuming that the green   
      sensitivity of emulsion in Test No. 16 (i) is 100.                       
PAC  Comparison Dye (D)
PAR  Dye II-C disclosed in U.S. Pat. No. 2,973,264.
PAC  Comparison Dye (E)
PAR  Dye II-A disclosed in U.S. Pat. No. 2,973,244.
PAC  Comparison Dye (F)
PAR  Dye I-B disclosed in U.S. Pat. No. 2,973,244.
PAC  Comparison Dye (G)
PAR  Dye I-A disclosed in U.S. Pat. No. 2,973,244.
TBL                Table IV                                                    
     ______________________________________                                    
                                           Rela-                               
                                           tive                                
                                           green*                              
              Dye    Amount   Dye   Amount sensi-                              
     Nos.     used   ml (mol) used  ml (mol)                                   
                                           tivity                              
                                                 Fog                           
     ______________________________________                                    
     22  (i)      I-I    40     --           35    0.07                        
                         (1.times.10.sup.-.sup.3)                              
         (ii)            80     --           45    0.07                        
         (iii)           160    --           50    0.08                        
         (iv)            --     II-B  40     83    0.07                        
                                      (5.times.10.sup.-.sup.4)                 
         (v)             --           80     100   0.07                        
         (vi)     I-I    40           40     126   0.06                        
         (vii)**         80     do.   do.    142   0.07                        
     23  (i)      D      40     --           66    0.07                        
                         (1.times.10.sup.-.sup.3)                              
         (ii)            80     --           60    0.08                        
         (iii)           160    --           56    0.08                        
         (iv)            --     F     40     66    0.08                        
                                      (5.times.10.sup.-.sup.4)                 
         (v)             --           80     60    0.08                        
         (vi)     D      40     do.   40     91    0.08                        
         (vii)***        80     do.   do.    91    0.08                        
     24  (i)      E      40     --           50    0.07                        
         (ii)            80     --           60    0.08                        
         (iii)           160    --           66    0.08                        
         (iv)            --     G     40     79    0.12                        
                                      (5.times.10.sup.-.sup.4)                 
         (v)             --           80     80    0.23                        
         (vi)**** E      40     do.   40     100   0.14                        
         (vii)           80     do.   do.    110   0.23                        
     ______________________________________                                    
         *The relative green sensitivity was determined assuming that the green
      sensitivity of emulsion in Test No. 22 (iii) was 100.                    
       **Spectrogram FIG. 3 Curve G                                            
       ***Spectrogram FIG. 3 Curve H                                           
      ****Spectrogram FIG. 3 Curve I                                           
PAR  From the results set forth in Tables III and IV above, it can be seen that
      only with the supersensitizing dye combination of this invention is there
      an unexpected increase in green-sensitivity.
PAC  EXAMPLE 4
PAR  The procedures described in Example 1 were repeated using Dyes I-C, II-B
      and II-E in accordance with this invention and comparison Dyes (H) and
      (J), corresponding to Dyes II and XI disclosed in U.S. Pat. No. 3,173,791
      respectively. The results obtained in these comparison are set out in the
      Table V recited below.
TBL                Table V                                                     
     ______________________________________                                    
                  Amount ml       Amount ml                                    
                                          Relative                             
                  (molar          (molar  green-                               
          Dye     concent-  Dye   concent-                                     
                                          sensi-                               
     No.  Used    ration)   used  ration) tivity Fog                           
     ______________________________________                                    
     1    Dye(4)  20(1.times.10.sup.-.sup.3)                                   
                            Dye(J)                                             
                                  --      100    0.08                          
                  40 (do.)        80(1.times.10.sup.-.sup.3)                   
                                          118    0.10                          
     2    Dye     (do.)     Dye   80 (do.)                                     
                                          155    0.10                          
          II-E              I-C                                                
     3    Dye     (do.)     do.   do.     160    0.10                          
          II-B                                                                 
     ______________________________________                                    
PAR  As can be seen, the dye combination of the present application offered far
      superior and "unexpected" green-sensitivity over the dye combination of
      known dyes in the prior art.
PAR  Although the present invention has been adequately described in the
      foregoing specification and examples included therein, it is readily
      apparent that various changes and modifications may be made without
      departing from the scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sensitized gelatino-silver halide emulsion containing a
      supersensitizing combination of at least one sensitizing dye of the
      general formula I(a):
      ##SPC9##
PAL  wherein A.sub.2 is a member selected from the group consisting of a phenyl
      group, an alkoxycarbonyl group in which the alkyl moiety thereof has up to
      3 carbon atoms, an alkyl group having up to 3 carbon atoms, an alkoxy
      group, a hydroxy group, a trifluoromethyl group, and a halogen atom;
      R.sub.1 and R.sub.2 are each a member selected from the group consisting
      of an alkyl group having up to 6 carbon atoms and a substituted alkyl
      group having a sulfogroup thereon in which the alkyl moiety thereof has up
      to 6 carbon atoms, at least one of R.sub.1 and R.sub.2 being a substituted
      alkyl group having a sulfo group thereon; and at least one sensitizing dye
      of the general formula II(a):
      ##SPC10##
PAL  wherein W.sub.1 and W.sub.2, which may be the same or different, are each a
      member selected from the group consisting of a halogen atom, an
      alkoxycarbonyl group, a trifluoromethyl group and a cyano group; p and q
      are 1,2 or 3; R.sub.5 and R.sub.7 are each a member selected form the
      group consisting of an alkyl group having up to 6 carbon atoms and having
      a member selected from the group consisting of a sulfo group and a carboxy
      group thereon; X is an acid anion and n is an integer of from 1 to 2, n
      being 1 when an intramolecular salt is formed.
NUM  2.
PAR  2. A sensitized gelatino-silver halide emulsion containing a
      supersensitizing combination of at least one sensitizing dye of the
      general formula I(b):
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 are each a member selected from the group
      consisting of an alkyl group having up to 6 carbon atoms, and a
      substituted alkyl group having a sulfo group thereon, in which the alkyl
      moiety thereof has up to 6 carbon atoms, at least one of R.sub.1 and
      R.sub.2 being a substituted alkyl group having a sulfo group thereon; and
      at least one sensitizing dye of the general formula II(b):
      ##SPC12##
PAL  wherein R.sub.5 and R.sub.7 are each a member selected from the group
      consisting of an alkyl group having up to 6 carbon atoms and having a
      member selected from the group consisting of a sulfo group and a carboxy
      group thereon; X is an acid anion and n is an integer of from 1 to 2, n
      being 1 when an intramolecular salt is formed.
NUM  3.
PAR  3. A sensitized gelatino-silver halide emulsion comprising a
      supersensitizing combination of at least one sensitizing dye of the
      general formula I(c):
      ##SPC13##
PAL  wherein R is an alkyl group, R.sub.1 and R.sub.2 are each a member selected
      from the group consisting of an alkyl group, having up to 6 carbon atoms
      and a substituted alkyl group having a sulfo group thereon in which the
      alkyl moiety thereof has up to 6 carbon atoms, at least one of R.sub.1 and
      R.sub.2 being a substituted alkyl group having a sulfo group thereon, and
      at least one sensitizing dye of the general formula II(c):
      ##SPC14##
PAL  wherein R.sub.5 and R.sub.7 are each a member selected from the group
      consisting of an alkyl group having up to 6 carbon atoms and having a
      member selected from the group consisting of a sulfo group and a carboxy
      group thereon; X is an acid anion and n is an integer of from 1 to 2,
      being 1 when an intramolecular salt is formed.
NUM  4.
PAR  4. A light-sensitive photographic element comprising at least one layer
      containing the sensitized gelatino-silver halide emulsion of claim 1.
NUM  5.
PAR  5. The sensitized gelatino-silver halide emulsion of claim 1, wherein the
      amount of the sensitizing dye represented by general formulas I(a) and
      II(a) ranges from 1 .times. 10.sup.-.sup.6 to 1 .times. 10.sup.-.sup.3
      moles per one mole of silver halide.
NUM  6.
PAR  6. The sensitized gelatino-silver halide emulsion of claim 2, wherein the
      sensitizing dye represented by general formulas I(b) and II(b) is present
      in an amount ranging from 1 .times. 10.sup.-.sup.6 to 1 .times.
      10.sup.-.sup.3 moles per one mole of silver halide.
NUM  7.
PAR  7. The sensitized gelatino-silver halide emulsion of claim 3, wherein the
      sensitizing dye represented by general formulas I(c) and II(c) is present
      in an amount ranging from 1 .times.10.sup.-.sup.6 to 1 .times.
      .sup.-.sup.3 moles per one mole of silver halide.
NUM  8.
PAR  8. The sensitized gelatino-silver halide emulsion of claim 1, wherein the
      molar ratio of the sensitizing dye represented by general formulas I(a)
      and II(a) is 1:10 to 10:1.
NUM  9.
PAR  9. The sensitized gelatino-silver halide emulsion of claim 2, wherein the
      molar ratio of the sensitizing dye represented by general formulas I(b)
      and II(b) is 1:10 to 10:1.
NUM  10.
PAR  10. The sensitized gelatino-silver halide emulsion of claim 3, wherein the
      molar ratio of the sensitized dye represented by general formulas T(c) and
      II(c) is 1:10 to 10:1.
NUM  11.
PAR  11. The sensitized gelatino-silver halide emulsion of claim 1, wherein the
      molar ratio of the sensitizing dye represented by general formulas I(a)
      and II(a) is 1:1 to 8:1.
NUM  12.
PAR  12. The sensitized gelatino-silver halide emulsion of claim 2, wherein the
      molar ratio of the sensitizing dye represented by general formulas I(b)
      and II(b) is 1:1 to 8:1.
NUM  13.
PAR  13. The sensitized gelatino-silver halide emulsion of claim 3, wherein the
      molar ratio of the sensitizing dye represented by general formulas I(c)
      and II(c) is 1:1 to 8:1.
NUM  14.
PAR  14. A light-sensitive photographic element comprising at least one layer
      containing the sensitized gelatino-silver halide emulsion of claim 2.
NUM  15.
PAR  15. A light-sensitive photographic element comprising at least one layer
      containing the sensitized gelatino-silver halide emulsion of claim 3.
NUM  16.
PAR  16. A sensitized gelatino-silver halide emulsion containing a
      super-sensitizing combination of at least one sensitizing dye from the
      group consisting of the dyes under the heading General Formula I below and
      at least one sensitizing dye from the group under the heading General
      Formula II below:
      ##SPC15##
      ##SPC16##
NUM  17.
PAR  17. A sensitized gelatino-silver halide emulsion containing a
      super-sensitizing combination of at least one sensitizing dye of the
      General Formula:
      ##SPC17##
PAL  wherein A.sub.2 is a member selected from the group consisting of a phenyl
      group, an alkoxycarbonyl group in which the alkyl moiety thereof has up to
      3 carbon atoms, an alkyl group having up to 3 carbon atoms, an alkoxy
      group, a hydroxy group, a trifluoromethyl group, and a halogen atom;
      R.sub.1 and R.sub.2 are each a member selected from the group consisting
      of an alkyl group having up to 6 carbon atoms and a substituted alkyl
      group having a sulfo group thereon in which the alkyl moiety thereof has
      up to 6 carbon atoms, at least one of R.sub.1 and R.sub.2 being a
      substituted alkyl group having a sulfo group thereon; and wherein A.sub.4
      is a member selected from the group consisting of alkylsulfonyl,
      alkylsulfamoyl, N-di-substituted amino sulfonyl, alkylcarbamoyl,
      N-di-substituted carbamoyl, cyano, alkoxycarbonyl or halogen; and at least
      one sensitizing dye of the General Formula:
      ##SPC18##
PAL  wherein W.sub.1 and W.sub.2, which may be the same or different, are each a
      member selected from the group consisting of a halogen atom, an
      alkoxycarbonyl group, a trifluoromethyl group and a cyano group; p and q
      are 1, 2 or 3; R.sub.5 and R.sub.7 are each a member selected from the
      group consisting of an alkyl group having up to 6 carbon atoms and having
      a member selected from the group consisting of a sulfo group and a carboxy
      group thereon; X is an acid anion and n is an integer of from 1 to 2, n
      being 1 when an intramolecular salt is formed.
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ABST
PAL  A method is disclosed for producing cellulosic and/or polynosic fibres
       hag flame-resisting properties, the improvement consisting in the fact
      that a composite viscose is spun in an acidic bath, said composite viscose
      being obtained by the association in an aqueous solvent, of cellulose
      xanthate with a phosphorus and nitrogen compound, dissolved in the same
      aqueous solvent and capable of being converted, while cellulose is being
      regenerated in said acidic bath, into a state of substantial insolubility.
      The phosphorus and nitrogen compound is a compound obtained by reacting a
      phosphonium derivative with aminoacids and amines and/or ammonia. A
      preferred compound is tetrakis-hydroxymethylphosphonium chloride. By so
      doing, an efficient flame-retarding protection is obtained for the fibre
      without sacrificing the physical properties thereof. Critical quantities,
      reaction conditions and test results are reported.
BSUM
PAR  This invention relates to a method for the obtention of fibres and textile
      articles having a predominantly cellulosic nature, more particularly
      fibres and yarns or regenerated cellulose (Viscose rayon) obtained by wet
      spinning, in acidic baths, of cellulose as treated with carbon disulphide,
      and having a high resistance to combustion and to the retention of an
      incandescent condition. This invention also relates to the articles
      obtained by carrying said method into practice, that is to say, fibres,
      yarns and artifacts of a textile nature which, at least partially, are
      formed by cellulose fibres having a high resistance to combustion while
      concurrently exhibiting homogeneousness, brightness, hand and other
      features which are practically equal or at least much similar to those
      possessed by the fibres, yarns and artifacts which are entirely composed
      by cellulose and thus, as is well known, easy to be inflamed and highly
      combustible.
PAR  The problem of reducing the combustibility of textile cellulosic or
      polynosic products as made artificially, especially with a view to
      preventing fire hazards and their feed and propagation has been considered
      long since in the appertaining art. Numerous approaches have been
      suggested and adopted in order to minimize to a greater or lesser degree,
      the high flammability and combustibility of the textile products formed
      by, or predominantly containing, regenerated cellulose fibres. The
      approaches which have led to the obtention of practical and efficient
      results essentially comprise the addition to the fibres, the artifacts and
      also the spinnable alkaline viscose solution, of products which either
      retard or inhibit the combustion, the so-called "anti-flammability
      additives".
PAR  According to the conventional art, the anti-flammability additives which
      are regarded as the most efficient are the compounds or the combinations
      of compounds containing phosphorus and nitrogen. Compounds which are
      widely used are tetrakis-hydroxymethylphosphonium chloride and hydride
      (see for example the U.S. patent specification No. 2,772,188). These and
      other compounds, in the solid state and made nonsoluble (a condition which
      is imperative to ensure their persistance to washing of the articles and
      subsequent different conditions of treatment and use) can be applied, in
      the state of powders having the finest possible grit size, both as a
      consequence of surface treatments of the spun product, and by adding them
      to the spinnable viscose solution.
PAR  In the former case, even applying considerable amounts of additives to the
      surface of the product, to the prejudice of softness, brightness and hand
      of the artifact being obvious, the flame resistance properties are
      attenuated and may even disappear with the lapse of time under the action
      of rubbing and external agents. In the latter case, even providing to the
      cumbersome operation of very fine grinding of the solid additive, the
      particles which form the latter are in any case heterogeneous elements in
      the fibres, which can be clearly seen by the easiest microscopical
      investigations and mat the fibres and the filaments and suppress the
      brightness.
PAR  The introduction of these additives to the mass of spinnable viscose, in
      addition, is conducive to the occurrence of other serious problems and
      shortcomings. In the first place, it is extremely difficult to obtain an
      even distribution in actual terms of the particles of the additive in the
      viscose mass. These particles cause clogging of the filters and the
      spinning nozzles, especially in the production of fine-denier fibres,
      which are the ones most frequently required by the manufacturers.
PAR  Moreover, the physical presence of the foreign matters as materialized by
      the additive particles, locally prejudices and to a much variable degree
      the mechanical resistance of the yarns especially when it is a fine-denier
      yarn, since it occupies a portion of the cross-sectional area thereof,
      and/or causes its local bulkiness. In addition, these particles are prone
      to migration towards the surface, the result being the possibility of
      removal.
PAR  In order to suppress at least partly these serious drawbacks and others,
      the addition has also been suggested of compounds which are insoluble in
      the liquid state or the oily state (see for example the U.S. patent
      specification No. 3,455,713). These additives, whose particles or droplets
      are obviously susceptible of being deformed or stretched during progress
      of spinning and drawing, are always foreign matters and may lead to the
      occurrence of the attendant disadvantages.
PAR  Considering now the improvement of the flame-resistance properties, such an
      improvement can be regarded, with a rough estimate, as being proportional
      to the quantity of the additive which is introduced, in terms of its
      phosphorus contents and nitrogen contents, as compared with the cellulose
      contents of the fibre. The long experience in the art has permitted to
      confirm that a fair resistance to flaming requires, as a rule, the
      presence of about 3% of phosphorus and about 2% nitrogen on a weight basis
      with respect to the cellulose.
PAR  A few experimental tests have been suggested and standardized for
      evaluating the degree of non-flammability. One of these tests is the
      so-called "vertical flammability tests" (according to the AATCC 34/1966
      specification) and during this test a fabric sample is exposed to the
      flame of a Bunsen burner during 12 seconds and the duration of the
      possible continuation of the combustion of the sample is measured, after
      having removed the flame. A severe test is the "45.degree. test" in which
      the sample is exposed to the flame and maintained to such an inclination.
      These tests are regarded as having been "passed" when the flame is
      extinguished during a period of 3 to 5 seconds. Account is also taken of
      the persistence of the incandescent state upon extinction of the flame. As
      a matter of fact, a "post-incandescence" may prove to be a great hazard,
      for example in fires which burn in the presence of wind and airstreams
      capable of conveying incandescent particles into contact with other
      combustible materials, even located far away.
PAR  Obviously, the degree of resistance to the flame, which most advantageously
      should be conferred to the cellulose-based products, especially for
      textile applications, can be well different according to the use and the
      service conditions of the articles of manufacture. For example, in fabrics
      for table-cloth articles and the like, passing of less severe tests or
      even the absence of the post incandescence can be regarded as sufficient.
      For articles of apparel and bed linen it is advantageous and desirable to
      achieve a greater resistance to combustion, whereas for curtains and
      similar articles the resistance in question should desirably be very high.
      Thus the resistance to flame is a desirable property whose degree can,
      however, be different, so as to obtain the most favourable trading off
      between the desirable property in point and the tensile, elongation and
      other physical properties, which are unavoidably prejudiced, to a
      correspondingly variable degree, by the presence of additives and/or the
      performance of treatments tending towards imparting to the fibres and thus
      to the articles the expected resistance to combustion.
PAR  The present invention has for its object the solution of the technical
      problems enumerated above, with modes of operation and means which are
      mainly directed towards the practical suppression of the heterogeneousness
      condition in the cross-sections and/or the surfaces of the fibres, which
      is considered by the present art an unavoidable result of the addition, no
      matter how performed and irrespective of the state of aggregation, of the
      antiflame additives, towards the obtention of fibres, yarns and articles
      in which the cross-sections of the mainly cellulosic structure do not
      exhibit any perceptible physical solutions of continuity, even including
      phosphorus and nitrogen compounds in the amounts which are required for
      obtaining, to the desired degree, said desirable properties of spontaneous
      stoppage of a combustion as possibly primed by a flame and/or the absence
      of post-incandescence.
PAR  Essentially, according to the invention, the method comprises the steps of
      associating to the spinnable solutions of alkali cellulose or to spinnable
      cellulosic viscoses, compounds of phosphorus and nitrogen which fulfil the
      following requirements:
PAR  a. That as a result of such association they be virtually soluble in the
      solvent of the alkali cellulose as treated with carbon disulphide, that is
      in said spinnable viscose, and
PAR  b. that they be susceptible of taking up, during progress of regeneration
      of cellulose in the acidic spinning and coagulation bath, a state of
      substantial insolubility.
PAR  The result is that the first of these conditions, (a), is conducive, in
      practice, to a rapid and even dispersion to a molecular level of both the
      phosphorus and the nitrogen, or of the phosphorus- and nitrogen-
      containing groups, in the spinnable viscose, the state of solid solution
      in the yarn thus obtained being accordingly retained, whereas the second
      condition, (b) ensures the persistence of the combustion-inhibiting or
      retarding agents in the same yarns and in the articles of manufacture
      obtained by using the same.
PAR  Another object of the invention is thus to identify, to prepare and to use
      the compounds fulfilling the above enumerated conditions, more
      particularly those which can be easily obtained by adopting preparation
      runs which are comparatively quick and economically acceptable.
PAR  A further object of the invention is to provide a compound fulfilling the
      above indicated requirements and which can easily be associated to the
      cellulose-based viscose in the form of an alkaline solution, that is, a
      co-spinnable and co-coagulable which can be co-precipitated and
      co-solidified with said viscose. The spun and coagulated product thus
      obtained is, therefore, not entirely a cellulosic product, but it is not
      even a physically heterogeneous product such as it would be obtained by
      applying the known technology of the addition of the flame-inhibiting
      additives in the insoluble form already as they are added to the
      cellulosic viscose. The Applicants have no notice that there exists, in
      the terminology of the art, a definition which could properly be applied
      to the products as obtained according to this invention. These products
      could be defined and identified by an expression such as "combustion
      resistant modacellulosic fibre", the Applicants being in no wise bound to
      the appropriateness of such an expression.
PAR  According to the invention, said compound is obtained by preferably
      treating a derivative of tetrakis-hydroxymethylphosphonium, more
      particularly its chloride or hydroxide, so as to obtain an alkaline
      solution of the salt of a phosphorus containing product as obtained from
      the reaction of the phosphorus compound with aminoacids and with amines
      and/or ammonia, the reaction being preferably carried out with an alkali
      metal salt, preferably a sodium salt, of said aminoacids.
PAR  As aminoacids there can be used, for example, glycocoll (aminoacetic acid),
      sulphanylic acid, p-aminobenzoic acid, and the n-amino-1-oic acids, such
      as 12-aminododecanoic and 6-aminoesanoic acids, valine
      (alpha-aminoisovaleric acid), alanine (alpha-amino-propionic acid). As
      amines there can be used for example monoethanolamine, diethanolamine,
      cyclohexylamine, and ethylenediamine.
PAR  These reaction products, soluble in the aqueous solutions of alkali metal
      compounds, and thus in the spinnable solution of cellulose xanthate,
      undergo, in the cellulose regeneration bath, an acidifying and
      insolubilizing process which could be compared with that which cellulose
      itself undergoes, thus completing the process of homogeneous association
      in the spun cellulosic product, which can be used in the textile field.
PAR  The quantitative ratios between the cellulosic and the phosphorus
      containing components, respectively, in the form of their respective
      co-spinnable, co-coagulable and insolubilizable viscoses, are obviously
      varied according to the desired degree of the combustion resistance
      properties, (a degree which can also be expressed in terms of percentage
      of phosphorus and nitrogen, with respect to cellulose, as found by
      analysis in the end product). This association is preferably effected by
      injecting the alkaline solution of the phosphorus-containing compound in
      the flow of the cellulose xanthate solution, immediately upstream of the
      spinning nozzles, the ratios between the quantities of the two
      co-spinnable solutions being warranted by the use, as is conventional in
      the art, of appropriate metering pumps.
PAR  The physical performance of the association as effected virtually
      immediately before spinning is an asset since the ratios relative to
      carbon disulphide, which can readily be absorbed by the solution of said
      compound, remain unaltered. If desired, the two solutions of the
      phosphorus-containing compound and the cellulose based compound can be
      associated and admixed beforehand, it being however advisable, in such a
      case, that the soluble compound which is a characteristic feature of the
      invention, be previously subjected to a saturation treatment with carbon
      disulphide.
PAR  Obviously, the selection of ratio between the two viscoses to be
      associated, is effected by taking into account both the proper ratios
      between the solvent and the solute in the two solutions, and the
      phosphorus and nitrogen yield at the end of the treatment, that is, of the
      ratio, as determined by experiment, between phosphorus and nitrogen as
      present in the compound to be associated and found, respectively, by
      analysis, in the final spun and coagulated product.
PAR  In order to prevent an exceedingly high dilution of the composite viscose
      as fed to the spinning nozzles, it is an advantage that the
      phosphorus-containing compound is prepared in the form of a fairly
      concentrated solution, preferably in the form of a 20% - 30% aqueous
      solution. For determining said ratio between the feeding rates of flow,
      and anyhow of association between the co-spinnable viscoses or solutions,
      it can be taken into account that, as a rule, the phosphorus and nitrogen
      yield (which, inter alia, is a function of the type of aminoacid and/or
      the amine which possibly has taken part to the reaction) is generally
      never below 50% and can be in the order of 70% - 90%, the selection of
      these aminoacids and amines being obviously a function not only of the
      advisability of achieving the most favourable yields, but also of other
      factors of a practical and economical nature, such as availability on the
      market, ease of handling and cost of the different starting compounds.
PAR  As a rule, the preparation of the phosphorus-containing compound is
      effected by reacting during a first stage the phosphonium
      (tetrakis-hydroxymethylphosphonium hydroxide or, preferably, chloride)
      with an aminoacid, by operating at a pH which can range between 3 and 8.5
      approximately, and at a temperature which can be varied from 10.degree. C
      to 60.degree. C, preferably between 20.degree. C and 40.degree. C. It is
      advisable, through not critical, to work under an inert gas blanket, such
      as nitrogen. During a second stage, this first condensation product is
      caused to react with ammonia, in a direct fashion, that is, by adding
      ammonia to the condensate, or indirectly, by adding the condensate to
      ammonia, at a temperature which, in both cases, can range between
      20.degree. C and 50.degree. C. In this connection, it is fitting to recall
      that, if one would operate at higher temperatures (such as 60.degree. C
      and over) gelling phenomena might occur which would render the product
      unusable or at any rate would render it difficult to be employed.
PAR  It is preferred that, prior to passing to subsequent concentration and/or
      possible addition for example of carbon disulphide, a
      product-stabilization stage be carried out, with H.sub.2 O.sub.2 or other
      suitable product. By employing hydrogen peroxide, one operates at a
      temperature from 10.degree. C to 50.degree. C and preferably from
      20.degree. C to 40.degree. C, with amounts which may vary between 0.7 and
      1.5 mols of the oxidizing agent to each atom-gram of phosphorus.
PAR  Upon addition of the oxidizing agent, the product is stable and can be
      heated even to 100.degree. C or over without alteration thereof, and can
      be stored for a long time. The concentration of the product is then
      carried out, preferably under vacuum, and possibly the akaline solution of
      the phosphorus compound can be enriched with NaOH so that its free alkali
      content (which can be titrated, for example, with HCl and phenolphthalein)
      is equal or near (as a percentage concentration) to that of the cellulose
      xanthate solutions, to which it shall be associated.
PAR  These and other more specific features of the invention, along with the
      showing of its practicability and applicability to the end of achieving
      the indicated advancement in the appertaining art, will become apparent in
      the course of the ensuing detailed description of a few exemplary
      embodiments of this invention.
DETD
PAR  These examples are concerned with a possible preparation and production, on
      a near-industrial scale, of the compound and textile yarns according to
      the invention to show said applicability along with a set of tests and
      trials, especially on a laboratory scale, showing the width of the ranges
      of starting materials such as they can be used and a few variables in the
      relevant results.
PAC  EXAMPLE 1
PAC  Preparation of the alkaline viscose of the phosphorus-containing compound.
PAR  A 180-liter stainless steel autoclave adapted to polymerization reactions,
      equipped with a jacket for hot water circulation and cold water cooling,
      distillation column, vacuum pumps and thermometer probes, has been
      charged, under nitrogen atmosphere, with 37.4 kilograms of 80% tetrakis
      hydroxymethylphosphonium chloride and then with a solution of 6.150
      kilograms of aminoacetic acid in 14.4 kilograms of 20% NaOH, and lastly
      30.4 additional kilograms of 20% NaOH and 20 kilograms water. The
      temperature is maintained at 25.degree.-26.degree. C.
PAR  Immediately after, at a temperature of 20.degree.-25.degree. C and during
      10 minutes, there are added 16.7 kilograms of 32% NH.sub.3, while
      maintaining a maximum temperature of 41.degree.-42.degree. C. Upon
      completion of this addition, the mass is heated to 45.degree.-46.degree. C
      and this temperature is maintained during 2 hours.
PAR  The whole is then treated with 15.1 kilograms of 130-volume H.sub.2 O.sub.2
      and there are added 3 kilograms of 20% NaOH. Distillation under vacuum is
      then proceeded with until obtaining a 27% (approx.) viscose solution,
      formed by 82.450 kilograms of alkaline viscose.
PAR  The analysis has given the following results, expressed in percentages by
      weight on the viscose solution is obtained in the way described
      hereinabove.
TBL  ______________________________________                                    
     P                  =     5.86 %                                           
     N.sub.2 (total)    =     5.47 %                                           
     N.sub.2 (prim.amines)                                                     
                        =     1.23 %                                           
     pH                 =     12.24                                            
     ______________________________________                                    
PAC  EXAMPLES 2, 3, 4 AND 5 AND COMPARISON
PAR  The viscose as obtained according to example 1 has been associated to a
      spinnable viscose of cellulose xanthate (8.4% of cellulose) as currently
      produced and used for the production of polynosic fibres. The mixture of
      viscose of the phosphorus-containing compound and the cellulose xanthate
      viscose has been fed to a wet spinning line, in acidic bath, working under
      conventional conditions, which are not modified with respect to those
      adopted for the production of polynosic commercial fibers having 100%
      cellulose.
PAR  The physical association of the two viscoses was effected immediately
      upstream of the spinneret, by feeding it independently with metering
      pumps, adjusted so as to obtain different feed ratios so as to obtain
      fibres having different phosphorus and nitrogen contents, in order to
      ascertain the combustion resistance properties, along with the principal
      physical specifications. The results of the most significant examples are
      set forth and comparatively tabulated in the following Table I, which
      includes also the mechanical specifications of the fibres, as similarly
      obtained at 100% of regenerated cellulose, and exhibiting the well known
      high combustibility and post-incandescence.
PAR  The examples tabulated in Table I are referred to fibres as produced in the
      fine denier rating of 6.5 deniers. These fibres and the yarns obtained
      thereby exhibited a brightness and general properties not dissimilar from
      those having 100% cellulose and their cross-sections did not show uneven
      elements when examined under the usual microscopic investigations. The
      homogeneousness of the fibre has been confirmed, moreover, by the fact
      that its mechanical specifications, and its cross-section, were uniform in
      each point of the yarn length (these conditions, as is known, are not
      exhibited by fibres having an improved resistance to combustion when
      produced according to the conventional technology of introducing the
      insoluble anti-flammable additives in the spinnable viscose and which
      introduce hetereogeneous elements in the fibres).
PAR  In Table I the first column shows, in grams of the solution of the
      phosphorus-containing compound, as fed to the spinneret, for 100 grams of
      8.6% cellulose xanthate viscose.
PAR  In the second column there is indicated, as a percentage by weight, the
      cellulose contents of the dried fibre. In the other columns there are
      indicated:
PAR  The tensile and elongation data, as measured on the fibre conditioned
      according to the methods known in the art.
PAR  The quantity by weight of phosphorus and nitrogen as a total, identified in
      the analysis of the fibre.
PAR  The result, either positive or negative, of the conventional "vertical
      test" (AATCC 34/1966) and "45-degree tests" (AATCC 33/1962) and also the
      absence or presence of post-incandescence after the extinction of the
      flame.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Fed-In     Cellulose                                                      
     P. comp.   contents                                                       
                      Physical specif.                                         
                                Analysis Test results                          
                      Tensile                                                  
                           Elong-                                              
                                Phos-                                          
                                     Nitro-                                    
                                         Vertical                              
                                               45-degr.                        
                                                     post-incan-               
     Example                                                                   
          g.times.100 g                                                        
                %     g/den                                                    
                           ation %                                             
                                phorus %                                       
                                     gen %                                     
                                         in 4 sec.                             
                                               in 4 sec.                       
                                                     descence                  
     __________________________________________________________________________
     2    3.1   93.5  1.55 18   1.5  1.01                                      
                                         negative                              
                                               negative                        
                                                     absent                    
     3    4.9   90    1.50 17   2.25 1.52                                      
                                         negative                              
                                               positive                        
                                                     absent                    
     4    6.9   86.6  1.20 16   3    2.02                                      
                                         positive                              
                                               positive                        
                                                     absent                    
     5    9.7   82    1.04 17   4    2.70                                      
                                         positive                              
                                               positive                        
                                                     absent                    
     Compari-                                                                  
     son  --    100   1.60 25   --   --  negative                              
                                               negative                        
                                                     present                   
     __________________________________________________________________________
PAR  A scrutiny of Table I makes it conspicuous that, as it is otherwise
      apparently predictable on the basis of the current technical knowledge in
      the art, the flame resistance properties are increased somewhat
      proportionally to the increase of the phosphorus and the nitrogen in the
      fibres. Example 2, in practice, points out the minimum useful limit of the
      contents of anti-flaming agents which is necessary in order that an
      appreciable effect may be arrived at (disappearance of
      post-incandescence). Examples 3 and 4 indicate how it is possible actually
      to obtain articles of manufacture which, within the limits of the
      different service requirements, afford safety guarantees against the
      propagation of the flames in the case of fires and otherwise. The
      comparison between Examples 4 and 5 shows how to exceed the values of the
      contents of anti-flaming agents beyond a certain boundary could lead very
      often to an unnecessary sacrifice of the mechanical specifications of the
      fibres.
PAR  It is desired to recall, at any rate, that the essential advance brought by
      the invention to the current technology should be principally seen, rather
      than in the degree of the combustion resistance properties as achieved,
      considered as themselves, and which is a function of the conditions of use
      of the article concerned, in the fact that such a resistance, to the
      expected degree, is achieved in a homogeneous fibre which does not exhibit
      the well known and serious drawbacks of the cellulosic fibres which have
      been either treated with or supplemented with the known additives, and
      whose properties are retained unaltered in spite of external actions such
      as repeated washings and others, on account of the even dispersion at a
      molecular level of the anti-flaming agents in the product as obtained
      according to the invention. On the other hand, the solubility of the
      product associated with the regenerated cellulose in the solvent for the
      xanthate and the consequent evenness of the fibres thus obtained, permits
      to consider as practicable, in the case of exceptional requirements, to
      obtain fibres having a high contents of flame-inhibiting agents, when the
      interest in the resistance to combustion and also to ignition predominates
      over that in the mechanical specifications.
PAC  EXAMPLE 6
PAC  Production and use of a phosphorus-containing compound which contains
      carbon disulphide.
PAR  Examples 2 to 5 have indicated that the viscose which contains
      flame-inhibiting agents has been physically associated to the cellulose
      xanthate viscose, immediately upstream of the spinnerets. Such mode of
      operation does not involve any technical or production shortcomings and
      the even dispersion and dissolution of the phosphorus compound in the
      solvent for the spinnable solution did not give rise to defects. On the
      other hand, it has been ascertained that the phosphorus and nitrogen
      compound is particularly prone to become associated to carbon disulphide.
      Thus, the preparation is also provided for a compound which has already
      been associated to the sulphide in question and can thus be associated in
      turn to the xanthate viscose a certain period of time after spinning.
PAR  To give an example of this modification of a possible way of carrying the
      invention into practice, 100 kilograms of the phosphorus-containing
      viscose as obtained according to Example 1 have been supplemented by 4
      kilograms of NaOH in 6 liters of water. There have then been added 15.2
      kilograms of carbon disulphide, with a vigorous stirring and at room
      temperature, stirring being continued until the disulphide absorption was
      completed. After 4 hours the colour of the solution was orange-red.
PAR  The solution was combined, in a conventional storage tank and in the ratio
      indicated in Example 4, to a 8.4% solution of cellulose xanthate.
PAR  After 6 additional hours, the mixed viscose thus obtained was fed to a
      conventional wet spinning line and 6.5 denier yarns were produced (as in
      Examples 2-5 and relevant comparison), the results upon conditioning being
      the following:
TBL  Physical specifications:                                                  
                      Tensile strength                                         
                                     1.15                                      
                                     grs/den.                                  
                      Elongation     17.5%                                     
     Analysis         Phosphorus     3.2%                                      
                      Nitrogen       2.18%                                     
PAR  The yarn has given a positive result both in the 45.degree. and the
      vertical test, no post-incandescence having been detected.
PAC  EXAMPLES 7-11
PAC  Experimental check of preparation and yields.
PAR  By adopting laboratory methods, several procedures have been experienced
      for the preparation of the phosphorus- and nitrogen-soluble compound which
      can be associated with the cellulose xanthate viscoses according to the
      invention and the phosphorus yields have been checked after such as
      association and coagulation in an acidic bath.
PAR  0.5 mol (119 grams) of tetrakis-hydroxymethylphosphonium chloride
      (hereinafter connoted for short by the symbol THPC as used in the current
      language of the art), dissolved to give a 80% solution in water, have been
      charged in a 1000-ml flask equipped with a stirrer, a thermometer, a
      dropping funnel and reflux condenser. Through the funnel and maintaining
      by cooling the temperature within the range from 18.degree. C to
      20.degree. C, a 20% aqueous solution of NaOH is added until obtaining that
      the pH of the mixture attains a value of 8.5 - 9. The solution is brought
      to the temperature of 38.degree. C and there maintained at such a value by
      cooling during progress of the addition, during a 20-minute period, of
      74.9 grams of a mixture formed by 19.5 grams of aminoacetic acid, 10.4
      grams NaOH and 45 grams of water.
PAR  By thin layer chromatography (a layer of silica gel G, ethanol as the
      eluant with water and formic acid) the analysis has been effected of the
      sample of the thusly obtained product. This analysis has shown the
      presence of traces only of free aminoacids and the possible reaction
      product thereof with formaldehyde from THPC thus confirming that the
      aminoacid has reacted with THPC as such.
PAR  The thusly prepared reaction mixture is firstly treated with 34.9 grams
      water and then with 53.2 grams of a 32% aqueous solution of ammonia, the
      temperature being limited by cooling to 41.degree.-42.degree. C. Such a
      temperature was maintained by heating from outside during one hour. On
      completion of this period of time, the reaction mixture is cooled to
      25.degree. C and, through the droping funnel there were added 51 grams of
      33.4% hydrogen peroxide the temperature being checked so as never to
      exceed 35.degree.-40.degree. C.
PAR  Upon completion of this treatment, the reaction product was concentrated
      under vacuum until reducing it to the total amount of 258 grams, an
      aqueous solution of about 27% concentration being obtained, which was
      viscous, clear and with a faint straw-yellow hue.
PAR  The analysis of this viscous solution has given the following results,
      expressed as percentages by weight on the total of the 27% solution
      (approx.):
TBL  Phosphorus            =     6%                                            
     Total Nitrogen        =     5.62%                                         
     Primary Amine N       =     1.2%                                          
     Ammoniacal N          =     0.028%                                        
PAR  In order to avoid the intricate and cumbersome wet spinning operations,
      with consequent installation lock up and their preparation to the
      different cases, the checking of the behaviour of the result of this
      product was carried out in the following way, as used in the experimental
      practice of the compounds intended for the production of man-made fibres.
PAR  Samples of the product were mixed, in variable quantities, so as to obtain
      different initial contents and ratios, as expressed in terms of weight of
      phosphorus charge with respect to the cellulose, with a spinnable alkaline
      solution of cellulose xanthate having a 8.55% solid content. With the
      mixtures thus obtained there were formed films by compression between
      glass plates, films which were then coagulated in a 45.degree. C bath
      having a conventional composition (in grams per liter : Na.sub.2 SO.sub.4
      : 320 ; H.sub.2 SO.sub.4 : 130 ; ZnSO.sub.4 : 5.8) as the acidic spinning
      bath for cellulosic fibres. Upon washing of the thusly coagulated films
      during 6 hours in running water and drying in an oven under vacuum, the
      tests were performed and the results as set forth in Table II below were
      obtained.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                 Grs. of N                                     
          Grams of                                                             
                  Weight  Grs. of P                                            
                                 (tot.)                                        
          charged P                                                            
                  increase                                                     
                          found per                                            
                                 found per                                     
          per 100 gr.                                                          
                  per 100 gr.                                                  
                          100 gr.                                              
                                 100 gr.                                       
                                        P yield                                
     Example                                                                   
          cellulose                                                            
                  cellulose                                                    
                          cellulose                                            
                                 cellulose                                     
                                        %                                      
     __________________________________________________________________________
     7    4.75    19.5    3.44   2.33   72.5                                   
     8    3.26    14.05   2.41   1.63   74.0                                   
     9    2.44    10.3    1.755  1.185  72.0                                   
     10   1.64    7.31    1.205  0.817  73.7                                   
     11    0.825  3.81    0.640  0.431  77.5                                   
     __________________________________________________________________________
PAR  It can be observed in this Table that the phosphorus yield is constantly
      high, irrespective of the ratio at which the xanthate viscose and the
      phosphorus-containing viscose have been associated. The percentage
      variations of the yield, as listed in the appropriate column, are
      apparently independent of this ratio and are probably due to the
      unavoidable variables in the preparation and analysis.
PAC  EXAMPLES 12-16
PAC  Quantitative and qualitative tests with different aminoacids and amines, or
      without amines.
PAR  By operating the methods as indicated in Examples 7 to 11, a number of
      compounds have been prepared, by utilizing different aminoacids and
      different amines and also, in a few cases, without using amines at all.
      The reactants and the results of the measures and analyses as carried out
      are tabulated in the following Table III in which the quantities of the
      reactants in question are expressed in moles.
PAR  In this Table, due to space shortage, the aminoacids and the amines have
      been identified by literal symbols and numerals on the sides of the
      respective molar quantities, the meanings being as follows:
PAC  AMINOACIDS
PA1  (g) Glycocoll (aminoacetic acid)
PA1  (a) 12-aminoundecanoic acid
PA1  (c) 6-aminohexanoic acid
PA1  (s) Sulphanylic acid
PA1  (b) p-aminobenzoic acid
PA1  (l) Alanine (alpha aminopropionic acid)
PA1  (v) Valine (alpha aminoisovaleric acid)
PAC  AMINES
PA1  1. monoethanolamine
PA1  2. Diethanolamine
PA1  3. Cyclohexylamine
PA1  4. Ethylenediamine
PAR  In order to ensure a maximum comparability between the results,
      tetrakis-hydroxymethylphosphonium chloride (THPC) has been constantly
      used. The phosphorus compound, obtained as an aqueous solution, has been
      weighed and analyzed upon oxidizing evaporation of the excess ammonia.
TBL                                    TABLE III                               
     __________________________________________________________________________
                                 Solution                                      
                                      Phos-                                    
                                          Total                                
                                               Aminic                          
          THPC                                                                 
              Aminoacid                                                        
                     Amine  Ammonia                                            
                                 obtained                                      
                                      phorus                                   
                                          Nitrogen                             
                                               Nitrogen                        
     Example                                                                   
          moles                                                                
              moles  moles  moles                                              
                                 (g.) (%) moles                                
                                               moles                           
     __________________________________________________________________________
     12   1   0.50 (g)                                                         
                     --     2.08 428  7.25                                     
                                          1.97 0.45                            
     13   1   0.52 (g)                                                         
                     --     1.75 468  6.62                                     
                                          1.95  0.486                          
     14   1   0.52 (g)                                                         
                     --     1.50 518  5.98                                     
                                          1.83  0.262                          
     15   1   0.52 (g)                                                         
                     --     1.25 440  7.05                                     
                                          1.57  0.145                          
     16   1   0.55 (a)                                                         
                     --     2.28 1138 2.72                                     
                                          2.04  0.398                          
     17   1   0.55 (c)                                                         
                     --     2.34  494.8                                        
                                      6.25                                     
                                          2.11 0.42                            
     18   1   0.55 (s)                                                         
                     --     2.16 686  4.51                                     
                                          2.03 0.43                            
     19   1   0.55 (b)                                                         
                     --     2.16 710  4.36                                     
                                          2.01 0.44                            
     20   1   0.55 (g)                                                         
                     0.55 (1)                                                  
                            1.33 430  7.20                                     
                                          2.22 0.37                            
     21   1   0.55 (g)                                                         
                     0.55 (2)                                                  
                            1.60 460  6.75                                     
                                          2.46 0.43                            
     22   1    0.275 (g)                                                       
                      0.825 (1)                                                
                            1.33 500  6.20                                     
                                          2.09  0.395                          
     23   1   0.52 (g)                                                         
                     0.11 (3)                                                  
                            2.34 546  5.68                                     
                                          2.01 0.42                            
     24   1   0.52 (g)                                                         
                      0.266 (4)                                                
                            2.34 485  6.40                                     
                                          2.14 --                              
     25   1   0.48 (l)                                                         
                     --     2.00  503.6                                        
                                      6.15                                     
                                          2.04  0.492                          
     26   1   0.52 (v)                                                         
                     --     2.00 512  6.06                                     
                                          2.03  0.536                          
     __________________________________________________________________________
PAR  Coagulation tests have been carried out under the conditions set forth in
      the description of the Examples 7 to 11, of all the products listed in
      Table III. The results of these tests, in turn, are set forth in the Table
      IV below.
TBL                TABLE IV                                                    
     ______________________________________                                    
            Charged                                                            
            Phos-    Weight                                                    
            phorus   increase Found P Found N Phos-                            
            grs. per grs. per grs. per                                         
                                      grs. per                                 
                                              phorus                           
            100 grs. 100 grs. 100 grs.                                         
                                      100 grs.                                 
                                              yield                            
     Example                                                                   
            cellulose                                                          
                     cellulose                                                 
                              cellulose                                        
                                      cellulose                                
                                              %                                
     ______________________________________                                    
     12     4.4      19.2     3.4     2.3     77.2                             
     13     5.9      20.0     4.0     2.7     67.8                             
     14     5.9      17.3     3.5     2.4     59.4                             
     15     5.9      18.3     3.0     2.1     50.8                             
     16     3.3      22.2     2.8     1.9     85.0                             
     17     3.8      19.7     3.1     2.1     81.6                             
     18     5.8      33.0     4.3     2.9     74.0                             
     19     5.8      35.5     4.8     3.3     82.8                             
     20     5.8      14.3     3.1     2.1     53.5                             
     21     5.8      15.9     3.1     2.1     53.5                             
     22     5.8      12.0     2.5     1.6     43.1                             
     23     5.8      19.0     3.9     2.6     67.2                             
     24     5.8      23.6     3.9     2.7     67.2                             
     25     5.8      22.4     4.5     3.1     77.6                             
     26     5.8      22.5     4.4     3.0     75.8                             
     ______________________________________                                    
CLMS
STM  The bodies of the invention in which on exclusive property or privelege is
      claimed are defined as follows:
NUM  1.
PAR  1. A method for the production of fibres and yarns consisting prevailingly
      of cellulosic compounds having high resistance to the propagation and
      maintenance of combustion comprising
PA1  adding to a spinnable cellulosic solution of xanthate of cellulose,
PA1  the product of reaction with a compound selected from the group consisting
      of ammonia and amines of tetrakis-hydroxymethylphosphonium with a
      monomeric aminoacid selected from the group consisting of aminoacetic,
      sulphanylic, p-amino-benzoic, 12-amino-dodecanoic, 6-aminohexanoic,
      alpha-aminoisovaleric, and alpha-aminopropionic acid, in solution in an
      alkaline aqueous solvent,
PA1  the compound of phosphorus in the last-named solution being enriched with
      NaOH until its free alkali content is near that of the solution of
      xanthate of cellulose to which it is added, and being soluble in said
      solution of xanthate of cellulose, and
PA1  spinning the mixed solutions through nozzles in a regenerating and
      coagulating bath,
PA1  said product in solution being added to said spinnable cellulose solution
      by feeding it in metered amounts upstream of the spinning nozzles.
NUM  2.
PAR  2. A method according to claim 1 wherein said phosphonium compound is
      tetrakis-hydroxymethylphosphonium chloride.
NUM  3.
PAR  3. A method according to claim 1, wherein said compound is added to the
      spinnable cellulosic viscose in such an amount that in regenerated
      cellulose phosphorus and the nitrogen are present, on analysis, in amounts
      by weight of from 1.5 to 4% and of from 1% to 3% approximately,
      respectively.
NUM  4.
PAR  4. A method according to claim 1, wherein said compound is added to the
      spinnable cellulosic viscose in the form of an aqueous solution including
      carbon disulphide.
NUM  5.
PAR  5. A method according to claim 1, wherein said compound is obtained by the
      reaction of the phosphonium compound with an amine selected from the group
      consisting of monoethanolamine, diethanolamine, cyclohexylamine and
      ethylenediamine.
NUM  6.
PAR  6. A method according to claim 1, wherein the spinnable cellulosic viscose
      is mixed with a 20% to 30% aqueous solution of said compound.
NUM  7.
PAR  7. A method for the production of fibres and yarns consisting prevailingly
      of cellulosic compounds having high resistance to the propagation and
      maintenance of combustion, comprising
PA1  in a first stage reacting a phosphonium compound with a monomeric amino
      acid selected from the group consisting of amino acetic, sulphanylic,
      p-aminobenzoic, 12-amino-dodecanoic, 6-aminohexanoic,
      alpha-aminoisovaleric, and alpha-aminopropionic acids, in a second stage
      reacting the product obtained from the first stage directly or indirectly
      with ammonia,
PA1  stabilizing the product from the second stage with an oxidizing agent,
PA1  adding the stabilized product to a spinnable cellulosic solution of
      xanthate of cellulose in which said stabilized product is soluble,
PA1  before adding the stabilized product to the cellulosic solution enriching
      the product with NaOH until its free alkali content is near that of the
      spinnable cellulosic solution to which it is to be added, and
PA1  spinning the mixture through nozzles in a regenerating and coagulating
      bath,
PA1  said stabilized product being introduced in solution into said spinnable
      cellulose solution by feeding it in metered amounts upstream of the
      spinning nozzles.
NUM  8.
PAR  8. A method according to claim 7, wherein the first stage is carried out by
      working at a pH between 3 and 8.5.
NUM  9.
PAR  9. A method according to claims 7, wherein the first stage is carried out
      at a temperature between 10.degree. C and 60.degree. C, and the second
      stage is performed at a temperature not exceeding 50.degree. C.
NUM  10.
PAR  10. A method according to claim 7, wherein the oxidizing agent is H.sub.2
      O.sub.2, and the second stage reaction is carried out at a temperature
      between 10.degree. C and 50.degree. C with quantities of the oxidizing
      agent ranging from 0.7 to 1.5 mols per atom-gram of phosphorus.
NUM  11.
PAR  11. A predominantly cellulosic fibre for the production of yarns, fabrics
      and textile articles in general, obtained by spinning in an acidic bath a
      viscose containing a cellulose xanthate solution, and the product of
      reaction with a compound selected from the group consisting of ammonia and
      amines of tetrakis-hydroxymethylphosphonium with a monomeric aminoacid
      selected from the group consisting of aminoacetic, sulphanylic,
      p-amino-benzoic, 12-amino-dodecanoic, 6-aminohexanoic,
      alphaaminoisovaleric, and alpha-aminopropionic acids, in solution in an
      alkaline aqueous solvent, the compound of phosphorus in the last-named
      solution being enriched with NaOH until its free alkali content is near
      that of the solution of xanthate of cellulose to which it is added, and
      being soluble in said solution of xanthate of cellulose, to impart to said
      fibre, yarn, fabric or article of manufacture, improved combustion
      resistance properties, and wherein its content of regenerated cellulose is
      less than 95%.
NUM  12.
PAR  12. A textile fibre according to claim 11, which
PA1  irrespective of the possible presence of additives, contains regenerated
      cellulose in an amount not exceeding 93.5% of its total weight,
PA1  and at least 1.5% and 1%, approximately, of phosphorus and nitrogen,
      respectively, and which
PA1  exhibits a substantial homogeneousness in its cross-sections as seen in a
      simple optical microscopical examination in natural light.
NUM  13.
PAR  13. A textile fibre according to claim 11, wherein its cellulose content is
      between 93.5% and 82%, by weight, its phosphorus content is between 1.5
      and 4% by weight, and its nitrogen content is between 1 and 2.7% by
      weight.
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ABST
PAL  Electrical resistor inks comprising a mixture of a semi-conducting
      pyropolymeric inorganic material and a transition metal oxide along with a
      vehicle consisting of a binder such as a synthetic resin or a varnish and
      a suitable solvent or oil, etc. are useful in forming resistors in
      electrical circuits, the resistor ink possessing a temperature coefficient
      of resistance of less than about 500 ppm/.degree. C.
BSUM
PAR  This invention relates to electrical resistor inks and more particularly to
      electrical resistor inks which contain a mixture of a semiconducting
      pyropolymeric inorganic refractory oxide material and certain transition
      metal oxides. In addition, the invention also relates to resistors which
      are formed from these electrical resistor inks.
PAR  Heretofore it has been known in the prior art that resistor inks may be
      prepared by utilizing a carbon or graphite pigment in a resin binder.
      However, the use of carbon black or graphite has a number of
      disadvantages, among them: (a) the rheological properties of the inks are
      highly variable because of the variety of formulations required to produce
      a series of resistance values, (b) the electronic performance
      characteristics vary for the various formulations for the same reason and
      (c) batch to batch reproducibility of a given formulation is poor because
      of the variability of carbon black and graphite properties. In addition to
      the aforementioned disadvantages, another particular disadvantage which is
      present is that the temperature coefficient of resistance varies over a
      relatively wide range. This is of particular importance inasmuch as when
      an electrical component system is operated over a wide range of
      temperature environments such as being operated at temperatures below
      0.degree. F. or over 100.degree. F., it is an advantage to have a
      stability of the specifications for the circuit system. In order to effect
      this stability, it is necessary that the temperature coefficient of
      resistance be within a relatively narrow range. For example, resistors
      which are utilized in electrical circuits may be divided into classes, one
      class comprising a composition resistor in which the temperature
      coefficient of resistance is greater than 1000 ppm/.degree. C. In contrast
      to this, certain resistors which are known as precision resistors may have
      the temperature coefficient of resistance only vary from -150 to +150
      ppm/.degree. C., these resistors being known as Class I Precision
      Resistors or other precision resistors known as Class II Precision
      Resistors in which the temperature coefficient of resistance varies from
      -500 to +500 ppm/.degree.  C. Therefore, it is an advantage to produce
      precision resistors which may be utilized as components of electrical
      circuits.
PAR  The disadvantages which have been hereinbefore enumerated may be eliminated
      by utilizing a mixture of a semi-conducting pyropolymeric inorganic
      refractory oxide material and certain transition metal oxides as the
      pigment of an electrical resistor ink. By utilizing a pigment which
      comprises a mixture of these two components and which will possess
      controllable resistivities as well as temperature coefficient of
      resistance of less than 500 ppm/.degree. C., it is possible to obtain a
      broad range of reproducible resistor characteristics. The resistance value
      of the resistor made from a given ink is controlled by selecting the
      resistivity of the oxide material and not by controlling the volume
      concentration of resistive pigment in the vehicle, as in the case of the
      carbon or graphite inks. By having a constant and optimum volume
      concentration of the oxide material in the primary vehicle for all
      resistance values, it is possible to insure uniform rheological properties
      for screening purposes. Another advantage of utilizing the electrical
      resistor inks of the present invention is that there will be inherently
      lower current noise in the resulting resistors as contrasted with the
      noise level found when utilizing carbon or graphite inks. In addition,
      there is no requirement for electrical lead attachments, and the inks,
      when dried, are easily trimmed by conventional laser and/or abrasive
      trimming techniques. Yet another advantage of utilizing the electrical
      resistor inks of the present invention is that the curing of the ink
      formulations can be effected at room temperature or can be air or oven
      dried if desired.
PAR  Electrical resistor inks which constitute the present invention may find a
      wide variety of uses in the electrical field. For example, one application
      of resistor inks is to produce direct substitutes for discrete resistors
      in all types of electrical circuits, a particularly advantageous use being
      in connection with laminated printed circuit boards. The electrical
      resistor ink can be applied to either side of the circuit board, that is,
      the component side or the foil side, prior to the final soldering step in
      which discrete components are electrically attached. In addition, either
      single- or multi-layered circuit boards are suitable. For example, in the
      latter case, where multiple layers of circuits are involved, direct
      incorporation of the printed resistors in the layers provides an obvious
      benefit in lowering component densities where discrete components must be
      attached, thus resulting in a significant saving of space. In addition to
      the use hereinbefore described in laminated printed circuit boards the
      electrical resistor ink can be used to produce radiant heating panels for
      use in building construction in which the ink is applied to an inner sheet
      of panel prior to final lamination; coating an insulating fiber; as an
      anti-static spray to protect surfaces from static charge accumulation or
      as window defrosters in which the electrical resistor ink is applied in
      the form of a fine line to a window surface and after drying will act as a
      heating element. It is therefore readily apparent that the uses of an
      electrical resistor ink of the type hereinafter set forth in greater
      detail are widely varied and therefore an electrical resistor ink which
      possesses certain advantageous properties will be very desirable.
PAR  It is therefore an object of this invention to provide an electrical
      resistor ink which possesses certain advantageous properties.
PAR  Another object of this invention is to provide an electrical resistor ink
      containing, as one component thereof, a mixture of a semiconducting
      pyropolymeric inorganic refractory oxide material and a transition metal
      oxide, said electrical resistor ink possessing a temperature coefficient
      of resistance of less than 500 ppm/.degree. C.
PAR  In one aspect an embodiment of this invention resides in an electrical
      resistor ink comprising a resistive component and a vehicle therefor, the
      improvement which comprises utilizing as the resistive component thereof
      from about 10% to about 97% of a mixture of a transition metal oxide and a
      semi-conducting pyropolymeric material comprising a refractory inorganic
      oxide with a mono-layer of a carbonaceous pyropolymer formed on the
      surface thereof.
PAR  A specific embodiment of this invention is found in an electrical resistor
      ink comprising a resistive component consisting of a mixture of a
      semi-conducting pyropolymeric inorganic refractory oxide material and
      rhenium oxide, said mixture being present in an amount of from about 10%
      to about 97% and a vehicle comprising varnish and isopropyl alcohol.
PAR  Another specific embodiment of this invention is found in a resistor which
      is formed by applying an electrical resistor ink upon a solid surface and
      drying said ink.
PAR  Other objects and embodiments referring to various transition metal oxides,
      vehicles and semi-conducting pyropolymeric inorganic refractory oxide
      materials will be found in the following further detailed description of
      the present invention.
PAR  As hereinbefore set forth the present invention is concerned with
      electrical resistor inks which may be utilized in the preparation of
      resistors which possess certain desirable temperature coefficients of
      resistance. The term "ink" as used in the present specification and
      appended claims will refer to a liquid composition which may be used in
      the form of an ink such as a paste, as a paint, etc. The ink will comprise
      a mixture of a semi-conducting pyropolymeric inorganic refractory oxide
      material and a transition metal oxide in a vehicle. The vehicle may be a
      mixture of a synthetic or naturally occurring resin, a binder and a
      solvent in which the oxide materials are suspended, or may be an oil or a
      mixture of an oil and a separate binder. In addition, it is also
      contemplated within the scope of this invention that the ink may also
      contain added accessories such as anti-skinning agents, drying agents,
      colored pigments, dryers, waxes, talcs, extending or viscous varnishes,
      thinners, body gums, shorteners and lengtheners, perfumes, plasticizers,
      anti-foam compounds, etc.
PAR  As previously discussed prior art inks or paints which contain carbon or
      graphite as a resistive component of the mixture are subject to certain
      disadvantages. For example, the temperature coefficient of resistance of
      carbon and graphite is relatively large in magnitude and therefore a
      resistor resulting from the use of inks containing these materials will
      not possess high stability when subjected to temperature changes. In
      addition, resistors made from these materials may possess other
      disadvantages such as relatively high current noise characteristics. A
      further disadvantage is in batch to batch non-reproducibility of carbon
      and graphite ink formulation of .+-.25% to .+-.45% of the effective
      resistance values. By utilizing a mixture of a semi-conducting
      pyropolymeric inorganic refractory oxide material of the type hereinafter
      set forth in greater detail plus a transition metal oxide of the type
      hereinafter set forth in greater detail as the resistive component of the
      finished composition of matter, it is possible to overcome these
      disadvantages and provide a resistor which is tough, flexible and
      flake-resistant; will compete cost-wise effectively with discrete carbon
      resistors while yielding equivalent or superior performance
      characteristics; will have a relatively low current noise as contrasted
      with carbon inks; will require lower curing temperatures to provide a
      stable resistance; and will also possess a temperature coefficient of
      resistance which is less than 500 ppm/.degree. C. and will be stable over
      a wide range of temperatures. The semi-conducting pyropolymeric inorganic
      refractory oxide material may comprise a mono-layer of a carbonaceous
      pyropolymer formed on the surface of a refractory oxide material. The
      semi-conducting pyropolymeric inorganic refractory oxide material may be
      prepared by heating an organic compound in the absence of oxygen and
      passing the pyrolyzable substance over the refractory oxide material in
      the vapor phase to deposit a carbonaceuos pyropolymer thereon. The
      refractory oxide material which may be used as the base may be in any form
      such as loose or compacted dry powders, cast or calcined sols, heated
      sols, substrates in the form of flats, cylinders, and spheres, rods,
      pellets, etc. In the preferred embodiment of the present invention the
      refractory oxide base will be characterized as having a surfacce area of
      from 1 to about 500 square meters per gram. Illustrative examples of the
      refractory oxides which may be used will include alumina in various forms
      such as gamma-alumina and silica-alumina. In addition, it is also
      contemplated that the refractory oxide may be preimpregnated with a
      catalytic metallic substance such as platinum, platinum and rhenium,
      platinum and germanium, platinum and tin, platinum and lead, nickel and
      rhenium, tin, lead, germanium, etc.
PAR  Examples of organic substances which may be pyrolyzed to form the
      pyropolymer on the surface of the aforementioned refractory oxides will
      include aliphatic hydrocarbons, cycloaliphatic hydrocarbons, aromatic
      hydrocarbons, aliphatic halogen derivatives, aliphatic oxygen derivatives,
      aliphatic sulfur derivatives, aliphatic nitrogen derivatives, heterocyclic
      compounds, organometallic compounds, etc. Some specific examples of these
      organic compounds which may be pyrolyzed will include ethane, propane,
      butane, pentane, ethylene, propylene, 1-butene, 2-butene, 1-pentene,
      2-pentene, 1,3-butadiene, isoprene, cyclopentane, cyclohexane,
      methylcyclopentane, benzene, toluene, the isomeric xylenes, naphthalene,
      anthracene, chloromethane, bromomethane, chloroethane, bromoethane,
      chloropropane, bromopropane, iodopropane, chlorobutane, bromobutane,
      iodobutane, carbon tetrachloride, chloroform, 1,2-dichloroethane,
      1,2-dichloropropane, 1,2-dichlorobutane, ethyl alcohol, n-propyl alcohol,
      isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl alcohol,
      glycol, glycerol, ethyl ether, isopropyl ether, butyl ether, ethyl
      mercaptan, n-propyl mercaptan, butyl mercaptan, methyl sulfide, ethyl
      sulfide, ethyl methyl sulfide, methyl propyl sulfide, dimethyl amine,
      diethyl amine, ethyl methyl amine, acetamide, propionamide, nitroethane,
      1-nitropropane, 1-nitrobutane, acetonitrile, propionitrile, formic acid,
      acetic acid, oxalic acid, acrylic acid, formaldehyde, acid aldehyde,
      propionaldehyde, acetone, methyl ethyl ketone, methyl propyl ketone, ethyl
      propyl ketone, methyl formate, ethyl formate, ethyl acetate, benzyl
      chloride, phenol, o-cresol, benzyl alcohol, hydroquinone, resorcinol,
      catechol, anisole, phenetole, benzladehyde, acetophenone, benzophenone,
      benzoquinone, benzoic acid, phenyl acetate acid, hydrocinnamic acid,
      furan, furfural, pyran, coumarin, indole, carbohydrate derivatives such as
      sugars including dextrose, fructose, sucrose, starches, etc. It is to be
      understood that the aforementioned compounds are only representative of
      the class of compounds which may undergo pyropolymerization and that the
      present invention is not necessarily limited thereto.
PAR  As hereinbefore set forth the aforementioned organic compounds are admixed
      with a carrier gas such as nitrogen or hydrogen, heated and passed over
      the refractory oxide base. The deposition of the pyropolymer on the
      surface of the base is effected at relatively high temperatures ranging
      from about 400.degree. to about 800.degree. C. and preferably in a range
      of from about 600.degree. to about 750.degree. C. It is possible to govern
      the electrical properties of the semi-conducting pyropolymeric inorganic
      refractory oxide material by regulating the temperature and the residence
      time during which the refractory oxide base is subjected to the treatment
      with the organic pyrolyzable substance. The thus prepared semi-conducting
      pyropolymeric inorganic refractory oxide material when recovered will
      possess a resistivity in the range of from about 10.sup..sup.-2 to about
      10.sup.8 ohm-centimeters. While the above material describes one specific
      method of preparing a semi-conducting pyropolymeric inorganic refractory
      oxide material, it is to be understood that we do not wish to be limited
      to this method of preparing the material, and that any suitable method in
      which a mono-layer of a carbonaceous material is formed on the surface of
      a refractory oxide material may also be used to prepare one of the
      elements of the resistive component of the ink.
PAR  The aforementioned semi-conducting pyropolymeric inorganic refractory oxide
      material is admixed with certain transition metal oxides which possess
      specific electrical properties to form the pigment for a resistor ink.
      Inasmuch as the semi-conducting pyropolymeric inorganic refractory oxide
      material will possess a negative temperature coefficient of resistance,
      the conducting transition metal oxides which are used will have a
      compensating positive temperature coefficient of resistance. Examples of
      these transition metal oxides which may be employed as one component of
      the pigment of a resistor ink will include titanium oxide, zirconium
      oxide, vanadium oxide, chromium oxide, tungsten oxide, niobium oxide,
      tantalum oxide, osmium oxide, rhodium oxide, molybdenum oxide, iridium
      oxide, calcium vanadate, lanthanum titanate, calcium molybdate, strontium
      molybdate, barium molybdate, strontium ruthenate, calcium ruthenate,
      cadmium rhenate, etc.
PAR  The aforementioned transition metal oxides and the semi-conducting
      pyropolymeric inorganic refractory oxide material will be admixed in any
      suitable manner such as physical admixture, milling, etc., the ratio of
      semi-conducting pyropolymeric inorganic refractory oxide material to the
      transition metal oxide being dependent upon the temperature coefficient of
      resistance of the various oxides as well as the semi-conducting
      pyropolymeric inorganic refractory oxide material. For example, the
      temperature coefficient of resistance of the semi-conducting pyropolymeric
      inorganic refractory oxide material may be in a range of from about -800
      to about -2500 ppm/.degree. C. while the positive temperature coefficient
      of resistance of the various oxides may range from about +800 ppm/.degree.
      C. in the case of titanium oxide, +2600 ppm/.degree. C. in the case of
      rhenium oxide or +5800 ppm/.degree. C. in the case of rhenium oxide.
      Generally speaking, the weight percent of semi-conducting pyropolymeric
      inorganic refractory oxide material in the mixture with a transition metal
      oxide will be in a range of from about 25% up to about 90%.
PAR  The mixture of the semi-conducting pyropolymeric inorganic refractory oxide
      material and the transition metal oxide may be admixed with other
      components which make up the final electrical resistor ink. These other
      components will act as a medium in which the semi-conducting pyropolymeric
      inorganic refractory oxide material is carried, and will comprise
      ingredients which will impart suitable rheological and drying properties
      to the ink during the application of said ink and desirable physical and
      electrical properties to the resistor after the ink has set. The suitable
      rheological properties are dictated by the particular procedure during the
      application. For example, if the ink is to be applied by silk screening,
      the ink must have the pseudoplastic properties of low viscosity at high
      shear rates and high viscosity at low shear rates. This allowed the ink to
      be easily passed through the screen and at the same time will prevent an
      excessive flow after the application. In addition drying times must be
      compatible with the application procedure, i.e., must be long enough to
      prevent equipment fouling but short enough to allow handling and resistor
      trimming at the earliest possible time. Another important aspect of the
      formulation of resistive inks is that an electrical continuity must be
      established between the conductive particles after the ink has dried.
      Therefore setting of the ink must involve a certain amount of shrinkage so
      that the excess vehicle or medium by the inter-particle contact points is
      eliminated. Vehicles which do not have this shrinking property merely
      encapsulate the conductive particles and do not produce a suitable
      resistive material. Furthermore, the vehicle properties which are imparted
      to the finished product constitute another important aspect of resistive
      ink formulations. The finished resistor, in addition to adhering firmly to
      the surface on which it is applied, must also make good electrical contact
      to conductors on which it is applied as well as being reasonably resistant
      to abrasion and reasonably mechanically flexible.
PAR  Therefore, the medium in which the mixture of the semi-conducting
      pyropolymeric inorganic refractory oxide material and transition metal
      oxide is carried must meet the aforementioned qualifications. This medium
      in which the mixture of the semi-conducting pyropolymeric inorganic
      refractory oxide material and transition metal oxide is carried will
      comprise a binder and a solvent or oil. Examples of binders which may
      comprise synthetic or naturally occurring compounds will include naturally
      occurring compounds such as casein, soya bean oil derivatives, shellac,
      natural rubber, natural resins such as copals, congos, kauris, gum batu,
      gilsonite, asphaltic pitches, rosin, shellac, gum elemi, mastic, etc. or
      synthetic compounds including thermoplastic resins such as polystyrene,
      polyamide, alkyd resins, acrylic esters, cellulose esters and ethers,
      polyvinyl alcohol derivatives, etc. or thermosetting resins such as
      phenolic resins, epoxy resin, melamine resins, unsaturated polyesters,
      vinyl copolymer resins, urea resins, or varnish, etc., the varnish
      comprising an oil varnish, a spar varnish, a bituminous varnish, etc.;
      nitrocellulose, ethyl cellulose.
PAR  The oils and solvents which comprise the other component of the vehicle are
      differentiated on the basis of their viscosity. For example, liquids with
      a viscosity of less than 0.1 poise at 77.degree. F. are classified as
      solvents while liquids of a viscosity greater than 1.0 poise at 77.degree.
      F. are classified as oils, liquids with viscosities between the above two
      values being classified as either solvents or oils by convention. In
      addition, the oils may be classified into three groups depending upon
      their drying characteristics, these classes being (1) a drying oil, (2) a
      semi-drying oil, and (3) a non-drying oil. In the preferred embodiment of
      the present invention the preferred oil which may be used as the vehicle
      for the ink will comprise a drying oil, although other oils may be used as
      special ingredients for special purposes such as providing plasticity to
      the ink. Examples of drying oils which may be used will include linseed
      oil, tung oil, oiticica oil, perilla oil, dehydrated castor oil, safflower
      oil, soya bean oil, rosin oil, tall oil, hempseed oil, poppyseed oil, etc.
      Semi-drying oils which may be used will include cottonseed oil, rapeseed
      oil, corn oil, etc. Examples of non-drying oils will include castor oil,
      peanut oil, olive oil, neatsfoot oil, lard oil, sperm oil, etc. The drying
      oils may be used as bodying agents, the viscosity of which may be
      controlled by metal-catalyzed oxidation or thermally-induced
      polymerization. The solvents which may be used with resin binders and the
      conductive material may be classified on the basis of their composition,
      said solvents including hydrocarbon solvents, alcohols, aldehydes, acids,
      ethers, ketones, glycols, and esters. Some specific examples of solvents
      which may be employed include n-pentane, n-hexane, benzene, toluene, the
      isomeric xylenes, ethylbenzene, ethyl alcohol, n-propyl alcohol, isopropyl
      alcohol, n-butyl alcohol, acetaldehyde, propionaldehyde, butyraldehyde,
      acetic acid, propionic acid, phthalic acid, acetone, methyl ethyl ketone,
      methyl propyl ketone, methyl isopropyl ketone, methyl isobutyl ketone,
      ethyl propyl ketone, etc., ethylene glycol, diethylene glycol, triethylene
      glycol, mineral spirits, butyl acetate, amyl acetate, ethylene glycol
      monoethyl ether acetate, ethylene glycol monobutyl ether, ethylene glycol
      monoethyl ether, etc.
PAR  In addition to the three components hereinbefore set forth, it is also
      contemplated within the scope of this invention that the electrical
      resistor ink may also contain other components which will go to make up
      the finished composition of matter. The other components which are added
      to the ink will impart certain properties, said components including
      dryers, plasticizers, anti-skinning agents, waxes such as petroleum waxes,
      carnauba wax, talcs, perfumes to mask unpleasant odors or to hide the
      presence of vital ingredients, or a color pigment which may be used for
      coding purposes. Examples of dryers which may be added include other metal
      powders such as cobalt powder, manganese powder, lead powder, or zirconium
      powder, plasticizers which may be added include soft resins, tributyl
      phosphate, castor oil; while anti-skinning agents which may be added will
      include, for example, hydroquinone, cathechol, resorcinol, guaiacol,
      pyrogallol, eugenol, 2,5-di-t-butylhydroquinone, 2-butanone oxime,
      2-pentanone oxime, etc. It is to be understood that the aforementioned
      examples of binders, oils, solvents and additives are only representative
      of the class of compounds which may be used as component of electrical
      resistor inks, and that the present invention is not necessarily limited
      thereto.
PAR  The electrical resistor ink may be prepared in any suitable manner. For
      example, the semi-conducting pyropolymeric inorganic refractory oxide
      material which had been prepared according to the method hereinbefore set
      forth, or by any other method known in the art, may be prepared by
      grinding the material to an appropriate particle size, said particle size
      being determined by the desired rheological property of the vehicle, and
      by the requirements for screening, i.e. lines/inch, etc. In the preferred
      embodiment of the invention the most desired particle size is that which
      produces a colloidal suspension of the semi-conducting pyropolymeric
      inorganic refractory oxide material in the vehicle. Generally speaking,
      the material should possess a particle size of less than 20 microns and
      preferably particles less than 10 microns are desirable, the optimum size
      being less than 1 micron. The thus prepared semi-conducting pyropolymeric
      inorganic refractory oxide material is admixed with the desired transition
      metal oxide in a predetermined ratio of components in order to provide the
      desired temperature coefficient of resistance, said temperature
      coefficient of resistance being less than 500 ppm/.degree. C. The thus
      prepared mixture is then admixed with the medium by blending with the
      binder and with the oil or solvent. Alternatively, the mixture of the
      semi-conducting pyropolymeric inorganic refractory oxide material and
      transition metal oxide will be admixed with the vehicle component such as
      the solvent and thereafter ground by means of a roll mill, colloidal mill,
      or ball mill until the particle size previously determined, that is, less
      than 10 microns and, if so desired, less than 1 micron, is obtained.
      Following this, the components may be thereafter blended with the binder
      by means of an inverted blender, mill, etc. The mixture of the
      semi-conducting pyropolymeric inorganic refractory oxide material and the
      transition metal oxide may be present in the finished resistor ink in an
      amount determined by the rheological properties of the ink and the
      electrical and physical properties of the resistors which result
      therefrom. Generally speaking, the mixture of the semi-conducting
      pyropolymeric inorganic refractory oxide material and the transition metal
      oxide will be present in the finished electrical resistor ink in an amount
      in the range of from about 10% to about 95% by weight of the finished
      composition of matter and preferably in a range of from about 50 to about
      90% by weight. As hereinbefore set forth, the electrical resistor ink may
      also contain other components of the type hereinbefore set forth in
      greater detail such as preserving agents, color pigments, plasticizers,
      dryers, etc. these components also being added to the three component
      mixture of the ink in necessary amounts.
PAR  The electrical resistor inks which have been prepared according to the
      process hereinbefore set forth and which may contain a wide variety of
      components are formulated for application by any of a variety of methods.
      Some examples of the way in which the electrical resistor ink may be
      applied include slik screening, printing, painting, spraying, etc. each
      application method presenting a different set of rheological conditions
      which must be met by the particular formulation of the vehicle in which
      the conductive material is carried. The electrical resistor ink is applied
      to an appropriate surface such as a printed circuit board in any
      convenient manner and upon completion of the drying step will form the
      desired resistor. The wet inks may be either air dried or taken through a
      predetermined temperature cycle to produce the finished resistor. The
      particular temperature which is to be employed in the drying cycle will,
      of course, be dependent upon the particular formulation of the ink
      vehicle, i.e., whether the vehicle contains a drying oil, a non-drying
      oil, a semi-drying oil, a solvent or mixtures thereof and may be adjusted
      to satisfy the individual requirements. The resistors of the finished
      product will be a function of the resistivity of the conductive material
      which is present and also of the geometry of the printed resistor. The
      adjustment of the final value of the resistor can be effected by trimming
      the particular resistor using standard techniques such as physically
      removing some of the resistive material by means of grit blasting or by
      removal of the material utilizing a laser beam.
PAR  The resistor after removal of the solvent or oil will form a material, the
      surface of which possesses a considerable toughness and strength and will
      be able to withstand abrasion. Therefore, it is contemplated within the
      scope of this invention to employ the thus formed resistor as a variable
      resistor in which the electrical contact may be moved over the surface of
      said resistor utilizing a sufficient amount of pressure to insure complete
      contact at all times without changes in the resistance due to wear on the
      surface of the resistor caused by the aforesaid abrasion. In addition, the
      thus formed resistor will possess a temperature coefficient of resistance
      in a range of from about +500 ppm/.degree. C. to about -500 ppm/.degree.
      C., maintaining a relatively constant temperature coefficient when
      utilized over a wide range of temperatures.
DETD
PAR  The following examples are given to illustrate the electrical resistor inks
      and resistors of the present invention. However, these examples are not
      intended to limit the generally broad scope of the present invention in
      strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example 75 grams of a semi-conducting pyropolymeric inorganic
      refractory oxide material which is prepared by treating gamma-alumina with
      benzene at 700.degree. C. for a period of 4 hours and which will possess a
      resistivity of 10.sup.0 ohm-centimeters is milled with 20 cc. of a solvent
      comprising isopropyl alcohol in a ball mill until the size of the
      semi-conducting pyropolymeric inorganic refractory oxide material is less
      than 10 microns. Thereafter the material is admixed with 37 grams of
      rhenium oxide (ReO.sub.3) and the resulting mixture is again milled to
      reduce the size of the rhenium oxide particles. After thorough admixing
      and when the mixture has been ground to the desired size, 50 grams of a
      binder comprising varnish is added to the suspension and thoroughly
      admixed for an additional period of 0.5 hours. The resulting electrical
      resistor ink is painted on a laminated board in a strip which is 1/8 inch
      wide by 1/2 inch long and 0.005 inch thick. The resulting resistor will
      have a resistance of 750 ohms and a temperature coefficient of resistance
      of -400 ppm/.degree. C.
PAC  EXAMPLE II
PAR  An electrical resistor ink is prepared by suspending 80 grams of a
      semi-conducting pyropolymeric inorganic refractory oxide material which is
      prepared by treating gamma-alumina with benzene at a temperature of
      700.degree. C. for a period of 3 hours in 100 cc. of methyl isobutyl
      ketone. In addition, 15 grams of ruthenium oxide (RuO.sub.2) is also added
      to the suspension and thereafter the suspension is milled for a period of
      time sufficient to reduce the particle size of the semi-conducting
      pyropolymeric inorganic refractory oxide material and ruthenium oxide to
      less than 10 microns. After reaching this size, 20 grams of a copolymeric
      mixture of vinyl chloride, vinyl acetate and vinyl alcohol resin is added
      and the mixture is mixed in an inverted blender to insure complete
      integration of the components of the ink. The resulting electrical
      resistor ink is again painted on a laminated board in a manner similar to
      that set forth in Example I above. After dyring, the resulting resistor
      will possess a resistance of 6100 ohms and a temperature coefficient of
      -300 ppm/.degree. C.
PAC  EXAMPLE III
PAR  To prepare an electrical resistor ink a refractory oxide substrate
      comprising spray-dried gamma-alumina is ground to a powder and calcined at
      a temperature of about 600.degree. C. for a period of 2 hours to drive off
      the moisture content. Following this an aqueous solution of dextrose
      containing 0.60 grams of extrose per cc. is prepared and utilized to
      impregnate the powdered gamma-alumina in an evaporating dish at room
      temperature for a period of 15 minutes on a basis of 100 grams of
      gamma-alumina per 124.5 cc. of dextrose solution. A homogeneous slurry is
      produced following which the dextrose-impregnated alumina is placed in an
      evaporating dish in an air flow oven and dried at a temperature of
      130.degree. C. for a period of 8 hours. The dried, impregnated product is
      thereafter pyrolyzed at atmospheric pressure in a nitrogen atmosphere at a
      temperature of 900.degree. C. for a period of 1.5 hours. The
      semi-conducting pyropolymeric inorganic refractory oxide material is
      recovered following which 75 grams of this material along with 34 grams of
      titanium oxide (TiO) are suspended in 100 cc. of mineral spirits. The
      mixture is milled in a ball mill to reduce the particle size of the
      semi-conducting pyropolymeric inorganic refractory oxide material-titanium
      oxide mixture to less than 10 microns. Following this 50 grams of an alkyd
      resin is added and the components are mixed in an inverted blender for a
      period of 0.5 hours. The electrical resistor ink is painted on a laminated
      board in a manner similar to that set forth in Example I above, the
      resistor which is formed thereby possessing a resistance of 1200 ohms and
      a temperature coefficient of resistance of -300 ppm/.degree. C.
PAC  EXAMPLE IV
PAR  In this example 75 grams of a semi-conducting pyropolymeric inorganic
      refractory oxide material which is prepared by treating gamma-alumina with
      cyclohexane in a nitrogen carrier at a temperature of 700.degree. C. for a
      period of 4 hours along with 30 grams of niobium oxide (NbO) are suspended
      in 100 cc. of methyl alcohol. The mixture is placed in a ball mill and
      treated to reduce the particle size of the semi-conducting pyropolymeric
      inorganic refractory oxide material-niobium oxide mixture to less than 10
      microns. When the particle size of the mixture has reached the desired
      level, 50 grams of ethyl cellulose is added and the components are mixed
      in an inverted blender for a period of 0.5 hours to insure complete
      integration of the components of the mixture. Again the resulting
      electrical resistor ink is painted on a laminated board in a strip which
      is 1/8 inch wide by 1/2 inch long and 0.005 inch thick. After drying, the
      resulting resistor will have a resistance of 15,400 ohms and a temperature
      coefficient of resistance of - 500 ppm/.degree. C.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An electrical resistor ink possessing a temperature coefficient of
      resistance of from about +500 ppm/.degree. C to about -500 ppm/.degree. C
      comprising a resistive component and a vehicle containing a binder of
      synthetic or natural resin and a solvent, oil or mixture thereof, said
      resistive component comprising from about 10% to about 97% of a mixture of
      an alumina or silica-alumina base having a mono-layer of a carbonaceous
      pyropolymer on the surface thereof and an oxide of a transition metal
      selected from the group consisting of titanium, zirconium, vanadium,
      chromium, tungsten, niobium, tantalum, rhenium, osmium, ruthenium,
      rhodium, molybdenum, iridium, calcium, lanthanum, strontium, barium, and
      cadmium, the weight percent of semiconducting pyropolymeric inorganic
      refractory oxide material in said resistive component being in the range
      of from about 25% to about 90%, and said vehicle of said resistor ink upon
      drying providing electrical continuity between the resistive components.
NUM  2.
PAR  2. The electrical conductor ink as set forth in claim 1 in which said
      mono-layer is formed on the surface of said base by passing a decomposable
      organic compound over the base at a temperature of from about 400.degree.
      to about 800.degree.C.
NUM  3.
PAR  3. The electrical conductor ink as set forth in claim 1 in which said base
      has a surface area of from 1 to 500 square meters per gram.
NUM  4.
PAR  4. The electrical resistor ink as set forth in claim 1 in which said
      transition metal oxide is rhenium oxide.
NUM  5.
PAR  5. The electrical resistor ink as set forth in claim 1 in which said
      transition metal oxide is ruthenium oxide.
NUM  6.
PAR  6. The electrical resistor ink as set forth in claim 1 in which said
      transition metal oxide is titanium oxide.
NUM  7.
PAR  7. The electrical resistor ink as set forth in claim 1 in which said
      transition metal oxide is zirconium oxide.
NUM  8.
PAR  8. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is varnish and isopropyl alcohol.
NUM  9.
PAR  9. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is a copolymer of vinyl chloride, vinyl acetate and vinyl alcohol,
      and methyl isobutyl ketone.
NUM  10.
PAR  10. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is an alkyl resin and mineral spirits.
NUM  11.
PAR  11. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is shellac and isopropyl alcohol.
NUM  12.
PAR  12. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is ethyl cellulose and methyl alcohol.
NUM  13.
PAR  13. A resistor formed by applying the electrical resistor ink of claim 1
      upon a solid surface and drying said ink.
NUM  14.
PAR  14. The resistor as set forth in claim 13 in which said mixture of said ink
      is present in an amount of from about 50% to about 90% by weight of said
      resistor.
NUM  15.
PAR  15. The electrical conductor ink as set forth in claim 1 in which said base
      is gamma-alumina.
PATN
WKU  039472787
SRC  5
APN  4262794
APT  1
ART  142
APD  19731219
TTL  Duplex resistor inks
ISD  19760330
NCL  11
ECL  1
EXP  Welcome; Joan E.
INVT
NAM  Youtsey; Karl J.
CTY  Chicago
STA  IL
ASSG
NAM  Universal Oil Products Company
CTY  Des Plaines
STA  IL
COD  02
CLAS
OCL  106 26
XCL  106 28
XCL  106 30
XCL  106 32
XCL  252506
XCL  252507
XCL  252508
XCL  252511
XCL  260 37R
XCL  260 4213
EDF  2
ICL  C09D 1114
ICL  H01B  102
ICL  H01B  106
ICL  H01C  700
FSC  106
FSS  19-32
FSC  117
FSS  221;226;227;106 C
FSC  252
FSS  502;506;507;508;510;514
FSC   96
FSS  1.5
FSC  260
FSS  37 R;37 M;41 A;41 B
UREF
PNO  1127578
ISD  19150200
NAM  Baldwin
OCL  252507
UREF
PNO  1947692
ISD  19340200
NAM  Beyer
XCL  252508
UREF
PNO  2610126
ISD  19520900
NAM  Kerridge et al.
OCL  106 26
UREF
PNO  2671735
ISD  19540300
NAM  Grisdale et al.
OCL  117 46
UREF
PNO  2823146
ISD  19580200
NAM  Roberts et al.
XCL  106 20
UREF
PNO  3162551
ISD  19641200
NAM  Short
XCL  252514
UREF
PNO  3262005
ISD  19660700
NAM  Riek
XCL  252506
UREF
PNO  3414417
ISD  19681200
NAM  Miller et al.
OCL  106 26
UREF
PNO  3442787
ISD  19690500
NAM  Landrum et al.
OCL  252506
UREF
PNO  3538021
ISD  19701100
NAM  Achey
OCL  252506
UREF
PNO  3598761
ISD  19710800
NAM  Woulbroun et al.
XCL  117227
UREF
PNO  3651386
ISD  19720300
NAM  Youtsey
OCL  136 89
UREF
PNO  3655440
ISD  19720400
NAM  Brady
OCL  117227
UREF
PNO  3740217
ISD  19730600
NAM  Gramza et al.
OCL   96  1.5
UREF
PNO  3776772
ISD  19731200
NAM  Asada et al.
OCL  117227
UREF
PNO  3782989
ISD  19740100
NAM  Mansur
OCL  117212
UREF
PNO  3846140
ISD  19741100
NAM  Youtsey et al.
OCL  106 20
LREP
FR2  Hoatson, Jr.; James R.
FR2  Nelson; Raymond H.
FR2  Page, II; William H.
ABST
PAL  Electrical resistor inks comprising a mixture of carbon black and a
      semi-conducting pyropolymeric inorganic material along with a vehicle
      consisting of a binder such as a synthetic resin or a varnish and a
      suitable solvent or oil, etc. are useful in forming resistors in
      electrical circuits, the resistor ink possessing a temperature coefficient
      of resistance of less than 500 ppm/.degree. C.
BSUM
PAR  This invention relates to electrical resistor inks and more particularly to
      electrical resistor inks which contain a mixture of carbon black and a
      semi-conducting pyropolymeric inorganic refractory oxide material. In
      addition, the invention also relates to resistors which are formed from
      these electrical resistor inks.
PAR  Heretofore, it has been known in the prior art that resistor inks may be
      prepared by utilizing a carbon or graphite pigment in a resin binder.
      However, the use of carbon black or graphite per se has a number of
      disadvantages, among them being: (a) the rheological properties of the
      inks are highly variable because of the variety of formulations required
      to produce a series of resistance values, (b) the electronic performance
      characteristics vary for the various formulations for the same reason, and
      (c) batch to batch reproducibility of a given formulation is poor because
      of the variability of carbon black and graphite properties. In addition to
      the aforementioned disadvantages, another particular disadvantage which is
      present is that the temperature coefficient of resistance varies over a
      relatively wide range. The temperature coefficient of resistance is
      defined as the change in resistance per unit resistance per .degree.C. and
      is expressed as ppm/.degree. C. This is of particular importance inasmuch
      as when an electrical component system is operated over a wide range of
      temperature environments such as being operated at temperatures below
      0.degree. F. or over 100.degree. F., it is an advantage to have a
      stability of the specifications for the circuit system. In order to effect
      this stability, it is necessary that the temperature coefficient of
      resistance be within a relatively narrow range. For example, resistors
      which are utilized in electrical circuits may be divided into classes, one
      class comprising a composition resistor in which the temperature
      coefficient of resistance is greater than 1000 ppm/.degree. C. In contrast
      to this, certain resistors which are known as precision resistors may have
      the temperature coefficient of resistance only vary from -150 to +150
      ppm/.degree. C., these resistors being known as Class I Precision
      Resistors or other precision resistors known as Class II Precision
      Resistors in which the temperature coefficient of resistance varies from
      -500 to +500 ppm/.degree. C. Therefore, it is an advantage to produce
      precision resistors which may be utilized as components of electrical
      circuits.
PAR  The disadvantages which have been hereinbefore enumerated may be eliminated
      by utilizing a mixture of a semi-conducting pyropolymeric inorganic
      refractory oxide material and carbon black as the pigment of an electrical
      resistor ink. By utilizing a pigment which comprises a mixture of these
      two components and which will possess controllable resistivities as well
      as temperature coefficients of resistance of less than 500 ppm/.degree.
      C., it is possible to obtain a broad range of reproducible resistor
      characteristics. The resistance value of the resistor made from a given
      ink is controlled by selecting the resistivity of the oxide material and
      not by controlling the volume concentration of the resistive pigment in
      the vehicle as in the case of the carbon or graphite inks. By having a
      constant and optimum volume concentration of the oxide material in the
      primary vehicle for all resistance values, it is possible to insure
      uniform rheological properties for screening purposes. Another advantage
      of utilizing the electrical resistor inks of the present invention is that
      there will be inherently lower current noise in the resulting resistors as
      contrasted with the noise level found when utilizing resistors based
      solely on carbon or graphite. In addition, there is no requirement for
      electrical lead attachments, and the inks, when dried, are easily trimmed
      by conventional laser and/or abrasive trimming techniques. Yet another
      advantage of utilizing the electrical resistor inks of the present
      invention is that the curing of the ink formulations can be effected at
      room temperature or can be air or oven dried if desired.
PAR  Electrical resistor inks which constitute the present invention may find a
      wide variety of uses in the electrical field. For example, one application
      of resistor inks is to produce direct substitutes for discrete resistors
      in all types of electrical circuits, a particularly advantageous use being
      in connection with laminated printed circuit boards. The electrical
      resistor ink can be applied to either side of the circuit board, that is,
      the component side or the foil side, prior to the final soldering step in
      which discrete components are electrically attached. In addition, either
      single- or multi-layered circuit boards are suitable. For example, in the
      latter case where multiple layers of circuits are involved, direct
      incorporation of the printed resistors in the layers provides an obvious
      benefit in lowering component densities where discrete components must be
      attached, thus resulting in a significant saving of space. In addition to
      the use hereinbefore described in laminated printed circuit boards, the
      electrical resistor ink can be used to produce radiant heating panels for
      use in building construction in which the ink is applied to an inner sheet
      of panel prior to final lamination; coating an insulating fiber; as an
      anti-static spray to protect surfaces from static charge accumulation or
      as window defrosters in which the electrical resistor ink is applied in
      the form of a fine line to a window surface and after drying will act as a
      heating element. It is therefore readily apparent that the uses of an
      electrical resistor ink of the type hereinafter set forth in greater
      detail are widely varied and therefore an electrical resistor ink which
      possesses certain advantageous properties will be very desirable.
PAR  It is therefore an object of this invention to provide an electrical
      resistor ink which possesses certain advantageous properties.
PAR  Another object of this invention is to provide an electrical resistor ink
      containing, as one component thereof, a mixture of a semi-conducting
      pyropolymeric inorganic refractory oxide material and carbon black, said
      electrical resistor ink possessing a temperature coefficient of resistance
      of less than 500 ppm/.degree. C.
PAR  In one aspect an embodiment of this invention resides in an electrical
      resistor ink comprising a resistive component and a vehicle therefor, the
      improvement which comprises utilizing as the resistive component thereof
      from about 10% to about 97% of a mixture of carbon black and a
      semi-conducting pyropolymeric material comprising a refractory oxide with
      a mono-layer of a carbonaceous pyropolymer formed on the surface thereof.
PAR  A specific embodiment of this invention is found in an electrical resistor
      ink comprising a resistive component consisting of a mixture of a
      semi-conducting pyropolymeric material and carbon black, said mixture
      being present in an amount of from about 10% to about 97%, and a vehicle
      comprising varnish and isopropyl alcohol.
PAR  Another specific embodiment of this invention is found in a resistor which
      is formed by applying an electrical resistor ink comprising a mixture of a
      semi-conducting pyropolymeric inorganic refractory oxide material and
      carbon black and a vehicle comprising an alkyd resin and mineral spirits
      upon a solid surface and drying said ink.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention is concerned with
      electrical resistor inks which may be utilized in the preparation of
      resistors which possess certain desirable temperature coefficients of
      resistance. The term "ink" as used in the present specification and
      appended claims will refer to a liquid composition which may be used in
      the form of an ink such as a paste, as a paint, etc. The ink will comprise
      a mixture of a semi-conducting pyropolymeric inorganic refractory oxide
      material and carbon black in a vehicle. The vehicle may be a mixture of a
      synthetic or naturally occurring resin, a binder and a solvent in which
      the oxide materials are suspended, or may be an oil or a mixture of an oil
      and a separate binder. In addition, it is also contemplated within the
      scope of this invention that the ink may also contain added accessories
      such as anti-skinning agents, drying agents, colored pigments, dryers,
      waxes, talcs, extending or viscous varnishes, thinners, body gums,
      shorteners and lengtheners, perfumes, plasticizers, anti-foam compounds,
      etc.
PAR  As previously discussed, prior art inks or paints which contain carbon or
      graphite as the sole resistive component of the mixture are subject to
      certain disadvantages. For example, the temperature coefficient of
      resistance of carbon and graphite is relatively large in magnitude and
      therefore a resistor resulting from the use of inks containing only these
      materials will not possess high stability when subjected to temperature
      changes. Graphites, both naturally occurring and synthetic, are also
      subject to these same disadvantages and in addition may possess other
      disadvantages such as relatively high current noise characteristics when
      used as the sole resistive component. A further disadvantage is in batch
      to batch non-reproducibility of carbon and graphite ink formulation of
      .+-.25% to .+-.45% of the effective resistance values. By utilizing a
      mixture of a semi-conducting pyropolymeric inorganic refractory oxide
      material of the type hereinafter set forth in greater detail plus carbon
      black of the type hereinafter set forth in greater detail as the resistive
      component of the finished composition of matter, it is possible to
      overcome these disadvantages and provide a resistor which is tough,
      flexible and flake-resistant; will compete cost-wise effectively with
      discrete carbon resistors while yielding equivalent or superior
      performance characteristics; will have a relatively low current noise as
      contrasted with carbon inks; will require lower curing temperatures to
      provide a stable resistance; and will also possess a temperature
      coefficient of resistance which is less than 500 ppm/.degree. C. and will
      be stable over a wide range of temperatures. The semi-conducting
      pyropolymeric inorganic refractory oxide material may comprise a
      mono-layer of a carbonaceous pyropolymer formed on the surface of a
      refractory oxide material. The semi-conducting pyropolymeric inorganic
      refractory oxide material may be prepared by heating an organic compound
      in the absence of oxygen and passing the pyrolyzable substance over the
      refractory oxide material in the vapor phase to deposit a carbonaceous
      pyropolymer thereon. The refractory oxide material which may be used as
      the base may be in any form such as loose or compacted dry powders, cast
      or calcined sols. heated sols, substrates in the form of flats, cylinders,
      and spheres, rods, pellets, etc. In the preferred embodiment of the
      present invention the refractory oxide base will be characterized as
      having a surface area of from 1 to about 500 square meters per gram.
      Illustrative examples of the refractory oxides which may be used will
      include alumina in various forms such as gamma-alumina and silica-alumina.
      In addition, it is also contemplated that the refractory oxide may be
      preimpregnated with a catalytic metallic substance such as platinum,
      platinum and rhenium, platinum and germanium, platinum and tin, platinum
      and lead, nickel and rhenium, tin, lead, germanium, etc.
PAR  Examples of organic substances which may be pyrolyzed to form the
      pyropolymer on the surface of the aforementioned refractory oxides will
      include aliphatic hydrocarbons, cycloaliphatic hydrocarbons, aromatic
      hydrocarbons, aliphatic halogen derivatives, aliphatic oxygen derivatives,
      aliphatic sulfur derivatives, aliphatic nitrogen derivatives, heterocyclic
      compounds, organometallic compounds, etc. Some specific examples of these
      organic compounds which may be pyrolyzed will include ethane, propane,
      butane, pentane, ethylene, propylene, 1-butene, 2-butene, 1-pentene,
      2-pentene, 1,3-butadiene, isoprene, cyclopentane, cyclohexane,
      methylcyclopentane, benzene, toluene, the isomeric xylenes, naphthalene,
      anthracene, chloromethane, bromomethane, chloroethane, bromoethane,
      chloropropane, bromopropane, iodopropane, chlorobutane, bromobutane,
      iodobutane, carbon tetrachloride, chloroform, 1,2-dichloroethane,
      1,2-dichloropropane, 1,2-dichlorobutane, ethyl alcohol, n-propyl alcohol,
      isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl alcohol,
      glycol, glycerol, ethyl ether, isopropyl ether, butyl ether, ethyl
      mercaptan, n-propyl mercaptan, butyl mercaptan, methyl sulfide, ethyl
      sulfide, ethyl methyl sulfide, methyl propyl sulfide, dimethyl amine,
      diethyl amine, ethyl methyl amine, acetamide, propionamide, nitroethane,
      1-nitropropane, 1-nitrobutane, acetonitrile, propionitrile, formic acid,
      acetic acid, oxalic acid, acrylic acid, formaldehyde, acid aldehyde,
      propionaldehyde, acetone, methyl ethyl ketone, methyl propyl ketone, ethyl
      propyl ketone, methyl formate, ethyl formate, ethyl acetate, benzyl
      chloride, phenol, o-cresol, benzyl alcohol, hydroquinone, resorcinol,
      catechol, anisole, phenetole, benzaldehyde, acetophenone, benzophenone,
      benzoquinone, benzoic acid, phenyl acetate acid, hydrocinnamic acid,
      furan, furfural, pyran, coumarin, indole, carbohydrate derivatives such as
      sugars including dextrose, fructose, sucrose, starches, etc. It is to be
      understood that the aforementioned compounds are only representative of
      the class of compounds which may undergo pyropolymerization and that the
      present invention is not necessarily limited thereto.
PAR  As hereinbefore set forth the aforementioned organic compounds are admixed
      with a carrier gas such as nitrogen or hydrogen, heated and passed over
      the refractory oxide base. The deposition of the pyropolymer on the
      surface of the base is effected at relatively high temperatures ranging
      from about 400.degree. to about 800.degree. C. and preferably in a range
      of from about 600.degree. to about 750.degree. C. It is possible to govern
      the electrical properties of the semi-conducting pyropolymeric inorganic
      refractory oxide material by regulating the temperature and the residence
      time during which the refractory oxide base is subjected to the treatment
      with the organic pyrolyzable substance. The thus prepared semi-conducting
      pyropolymeric inorganic refractory oxide material when recovered will
      possess a resistivity in the range of from about 10.sup.-.sup.2 to about
      10.sup.8 ohm-centimeters. While the above material describes one specific
      method of preparing a semi-conducting pyropolymeric inorganic refractory
      oxide material, it is to be understood that we do not wish to be limited
      to this method of preparing the material, and that any suitable method in
      which a mono-layer of a carbonaceous material is formed on the surface of
      a refractory oxide material may also be used to prepare one of the
      elements of the resistive component of the ink.
PAR  The aforementioned semi-conducting pyropolymeric inorganic refractory oxide
      material is admixed with carbon black to form the pigment for a resistor
      ink. Inasmuch as the semi-conducting pyropolymeric inorganic refractory
      oxide material will possess a negative temperature coefficient of
      resistance, the carbon black having a compensating positive temperature
      coefficient of resistance, will enable the final pigment which these
      components make up the resistive element to have a stable coefficient of
      resistance. The semi-conducting pyropolymeric inorganic refractory oxide
      material and carbon black will be admixed in any suitable manner such as
      physical admixture, milling, etc., the ratio of semi-conducting
      pyropolymeric inorganic refractory oxide material to carbon black being
      dependent upon the particular temperature coefficient of resistance which
      is desired. Generally speaking the weight percent of semi-conducting
      pyropolymeric inorganic refractory oxide material in the mixture with
      carbon black will be in a range of from about 25% up to about 75%.
PAR  The mixture of the semi-conducting pyropolymeric inorganic refractory oxide
      material and the carbon black may be admixed with other components which
      make up the final electrical resistor ink. These other components will act
      as a medium in which the semi-conducting pyropolymeric inorganic
      refractory oxide material is carried, and will comprise ingredients which
      will impart suitable rheological and drying properties to the ink during
      the application of said ink and desirable physical and electrical
      properties to the resistor after the ink has set. The suitable rheological
      properties are dictated by the particular procedure during the
      application. For example, if the ink is to be applied by silk screening
      the ink must have the pseudoplastic properties of low viscosity at high
      shear rates and high viscosity at low shear rates. This allowed the ink to
      be easily passed through the screen and at the same time will prevent an
      excessive flow after the application. In addition, drying times must be
      compatible with the application procedure, i.e., must be long enough to
      prevent equipment fouling but short enough to allow handling and resistor
      trimming at the earliest possible time. Another important aspect of the
      formulation of resistive inks is that an electrical continuity must be
      established between the conductive particles after the ink has dried.
      Therefore setting of the ink must involve a certain amount of shrinkage so
      that the excess vehicle or medium by the inter-particle contact points is
      eliminated. Vehicles which do not have this shrinking property merely
      encapsulate the conductive particles and do not produce a suitable
      resistive material. Furthermore, the vehicle properties which are imparted
      to the finished product constitute another important aspect of resistive
      ink formulations. The finished resistor, in addition to adhering firmly to
      the surface on which it is applied, must also make good electrical contact
      to conductors on which it is applied as well as being reasonably resistant
      to abrasion and reasonably mechanically flexible.
PAR  Therefore, the medium in which the mixture of the semi-conducting
      pyropolymeric inorganic refractory oxide material and carbon black is
      carried must meet the aforementioned qualifications. This medium in which
      the mixture of the semi-conduction pyropolymeric inorganic refractory
      oxide material and carbon black is carried will comprise a binder and a
      solvent or oil. Examples of binders which may comprise synthetic or
      naturally occurring compounds will include naturally occurring compounds
      such as casein, soya bean oil derivatives, shellac, natural rubber,
      natural resins such as copals, congos, kauris, gum batu, gilsonite,
      asphaltic pitches, rosin, shellac, gum elemi, mastic, etc. or synthetic
      compounds including thermoplastic resins such as polystyrene, polyamide,
      alkyd resins, acrylic esters, cellulose esters and ethers, polyvinyl
      alcohol derivatives, etc. or thermosetting resins such as phenolic resins,
      epoxy resin, melamine resins, unsaturated polyesters, vinyl copolymer
      resins, urea resins, or varnish, etc., the varnish comprising an oil
      varnish, a spar varnish, a bituminous varnish, etc.; nitrocellulose, ethyl
      cellulose.
PAR  The oils and solvents which comprise the other components of the vehicle
      are differentiated on the basis of their viscosity. For example, liquids
      with a viscosity of less than 0.1 poise at 77.degree. F. are classified as
      solvents while liquids of a viscosity greater than 1.0 poise at 77.degree.
      F. are classified as oils, liquids with viscosities between the above two
      values being classified as either solvents or oils by convention. In
      addition, the oils may be classified into three groups depending upon
      their drying characteristics, these classes being (1) a drying oil, (2) a
      semi-drying oil, and (3) a non-drying oil. In the preferred embodiment of
      the present invention the preferred oil which may be used as the vehicle
      for the ink will comprise a drying oil, although other oils may be used as
      special ingredients for special purposes such as providing plasticity to
      the ink. Examples of drying oils which may be used will include linseed
      oil, tung oil, oiticica oil, perilla oil, dehydrated castor oil, safflower
      oil, soya bean oil, rosin oil, tall oil, hempseed oil, poppyseed oil, etc.
      Semi-drying oils which may be used will include cottonseed oil, repeseed
      oil, corn oil, etc. Examples of non-drying oils will include castor oil,
      peanut oil, olive oil, neatsfoot oil, lard oil, sperm oil, etc. The drying
      oils may be used as bodying agents, the viscosity of which may be
      controlled by metal-catalyzed oxidation or thermally-induced
      polymerization. The solvents which may be used with resin binders and the
      conductive material may be classified on the basis of their composition,
      said solvents including hydrocarbon solvents, alcohols, aldehydes, acids,
      ethers, ketones, glycols and esters. Some specific examples of solvents
      which may be employed include n-pentane, n-hexane, benzene, toluene, the
      isomeric xylenes, ethylbenzene, ethyl alcohol, n-propyl alcohol, isopropyl
      alcohol, n-butyl alcohol, acetaldehyde, propionaldehyde, butyraldehyde,
      acetic acid, propionic acid, phthalic acid, acetone, methyl ethyl ketone,
      methyl propyl ketone, methyl isopropyl ketone, methyl isobutyl ketone,
      ethyl propyl ketone, etc., ethylene glycol, diethylene glycol, triethylene
      glycol mineral spirits, butyl acetate, amyl acetate, ethylene glycol
      monoethyl ether acetate, ethylene glycol monobutyl ether, ethylene glycol
      monoethyl ether, etc.
PAR  In addition to the three components hereinbefore set forth, it is also
      contemplated within the scope of this invention that the electrical
      resistor ink may also contain other components which will go to make up
      the finished composition of matter. The other components which are added
      to the ink will impart certain properties, said components including
      dryers, plasticizers, anti-skinning agents, waxes such as petroleum waxes,
      carnauba wax, talcs, perfumes to mask unpleasant odors or to hide the
      presence of vital ingredients, or a color pigment which may be used for
      coding purposes. Examples of dryers which may be added include metal
      powders such as cobalt powder, manganese powder, lead powder, or zirconium
      powder, plasticizers which may be added include soft resins, tributyl
      phosphate, castor oil; while anti-skinning agents which may be added
      include, for example, hydroquinone, catechol, resorcinol, guaiacol,
      pyrogallol, eugenol, 2,5-di-t-butyl hydroquinone, 2-butanone oxime,
      2-pentanone oxime, etc. It is to be understood that the aforementioned
      examples of binders, oils, solvents and additives are only representative
      of the class of compounds which may be used as components of electrical
      resistor inks, and that the present invention is not necessarily limited
      thereto.
PAR  The electrical resistor ink may be prepared in any suitable manner. For
      example, the semi-conducting pyropolymeric inorganic refractory oxide
      material which had been prepared according to the method hereinbefore set
      forth, or by any other method known in the art, may be prepared by
      grinding the material to an appropriate particle size, said particle size
      being determined by the desired rheological property of the vehicle, and
      by the requirements for screening, i.e., lines/inch, etc. In the preferred
      embodiment of the invention the most desired particle size is that which
      produces a colloidal suspension of the semi-conducting pyropolymeric
      inorganic refractory oxide material in a vehicle. Generally speaking, the
      material should possess a particle size of less than 20 microns and
      preferably particles less than 10 microns are desirable, the optimum size
      being less than 1 micron. The thus prepared semi-conducting pyropolymeric
      inorganic refractory oxide material is admixed with the desired carbon
      black in a predetermined ratio of components in order to provide the
      desired temperature coefficient of resistance, said temperature
      coefficient of resistance being less than 500 ppm/.degree. C. The thus
      prepared mixture is then admixed with the medium by blending with the
      binder and with the oil or solvent. Alternatively, the mixture of the
      semi-conducting pyropolymeric inorganic refractory oxide material and
      carbon black will be admixed with the vehicle components such as the
      solvent and thereafter ground by means of a roll mill, colloidal mill, or
      ball mill until the particle size previously determined, that is, less
      than 10 microns and, if so desired, less than 1 micron, is obtained.
      Following this the components may be thereafter blended with the binder by
      means of an inverted blender, mill, etc. The mixture of the
      semi-conducting pyropolymeric inorganic refractory oxide material and the
      carbon black may be present in the finished resistor ink in an amount
      determined by the rheological properties of the ink and the electrical and
      physical properties of the resistors which result therefrom. Generally
      speaking, the mixture of the semi-conducting pyropolymeric inorganic
      refractory oxide material and the carbon black will be present in the
      finished electrical resistor ink in an amount in the range of from about
      10% to about 95% by weight of the finished composition of matter and
      preferably in a range of from about 50 to about 90% by weight. As
      hereinbefore set forth, the electrical resistor ink may also contain other
      components of the type hereinbefore set forth in greater detail such as
      preserving agents, color pigments, plasticizers, dryers, etc. these
      components also being added to the three component mixture of the ink in
      necessary amounts.
PAR  The electrical resistor inks which have been prepared according to the
      process hereinbefore set forth and which may contain a wide variety of
      components are formulated for application by any of a variety of methods.
      Some examples of the way in which the electrical resistor ink may be
      applied include silk screening, printing, painting, spraying, etc. each
      application method presenting a different set of rheological conditions
      which must be met by the particular formulation of the vehicle in which
      the conductive material is carried. The electrical resistor ink is applied
      to an appropriate surface such as a printed circuit board in any
      convenient manner and upon completion of the drying step will form the
      desired resistor. The wet inks may be either air dried or taken through a
      predetermined temperature cycle to produce the finished resistor. The
      particular temperature which is to be employed in the drying cycle will,
      of course, be dependent upon the particular formulation of the ink
      vehicle, i.e., whether the vehicle contains a drying oil, a non-drying
      oil, a semi-drying oil, a solvent or mixtures thereof and may be adjusted
      to satisfy the individual requirements. The resistors of the finished
      product will be a function of the resistivity of the conductive material
      which is present and also of the geometry of the printed resistor. The
      adjustment of the final value of the resistor can be effected by trimming
      the particular resistor using standard techniques such as physically
      removing some of the resistive material by means of grit blasting or by
      removal of the material utilizing a laser beam.
PAR  The resistor after removal of the solvent or oil will form a material, the
      surface of which possesses a considerable toughness and strength and will
      be able to withstand abrasion. Therefore, it is contemplated within the
      scope of this invention to employ the thus formed resistor as a variable
      resistor in which the electrical contact may be moved over the surface of
      said resistor utilizing a sufficient amount of pressure to insure complete
      contact at all times without changes in the resistance due to wear on the
      surface of the resistor caused by the aforesaid abrasion. In addition, the
      thus formed resistor will possess a temperature coefficient of resistance
      in a range of from about +500 ppm/.degree. C. to about -500 ppm/.degree.
      C., maintaining a relatively constant temperature coefficient when
      utilized over a wide range of temperatures.
DETD
PAR  The following examples are given to illustrate the electrical resistor inks
      and resistors of the present invention. However, these examples are not
      intended to limit the generally broad scope of the present invention in
      strict accordance therewith.
PAC  EXAMPLE I
PAR  A semi-conducting pyropolymeric inorganic refractory oxide material is
      prepared by treating 75 grams of gamma-alumina with benzene at a
      temperature of 700.degree. C. in a nitrogen atmosphere for a period of 4
      hours. The resulting semi-conducting pyropolymeric inorganic refractory
      oxide material which will possess a resistivity of 10.degree.
      ohm-centimeters is milled with 20 cc. of isopropyl alcohol in a ball mill
      until the size of the semi-conducting pyropolymeric inorganic refractory
      oxide material is less than 10 microns. Thereafter the material is admixed
      with 88 grams of carbon black and the resulting mixture is again milled to
      reduce the size of the particles further. After thorough admixing and when
      the mixture has been ground to the desired size, 50 grams of a binder
      comprising varnish is added to the suspension and the suspension is
      thoroughly admixed for an additional period of 0.5 hours. The resulting
      electrical resistor ink is painted on a laminated board in a strip which
      is 1/8 inch wide by 1/2 inch long and 0.005 inch thick. The resulting
      resistor will have a resistance of 290 ohms and a temperature coefficient
      of resistance of -250 ppm/.degree. C.
PAC  EXAMPLE II
PAR  In a similar manner an electrical resistor ink is prepared by suspending 80
      grams of a semi-conducting pyropolymeric inorganic refractory oxide
      material which has been prepared according to the method set forth in
      Example I above for a period of 3 hours in 100 cc. of methyl isobutyl
      ketone. In addition 74 grams of carbon black is also added to the
      suspension and thereafter the suspension is milled for a period of time
      sufficient to reduce the particle size of the solids to less than 10
      microns. Thereafter 20 grams of a copolymeric mixture of vinyl chloride,
      vinyl acetate and vinyl alcohol resin is added and the mixture is mixed in
      an inverted blender to insure complete integration of the components of
      the ink. In a manner similar to that set forth in Example I above, the
      electrical resistor ink is painted on a laminated board, the strip having
      similar dimensions. After drying, the resulting resistor will possess a
      resistance of 305 ohms and a temperature coefficient of resistance of -400
      ppm/.degree. C.
PAC  EXAMPLE III
PAR  In this example a refractory oxide substrate comprising a spray-dried
      gamma-alumina is ground to a powder and calcined at a temperature of about
      600.degree. C. for a period of 2 hours to reduce the moisture content of
      the alumina. Following this, an aqueous solution of dextrose containing
      0.60 grams of dextrose per cc is prepared and utilized to impregnate the
      powdered gamma-alumina in an evaporating dish at room temperature for a
      period of 15 minutes, the alumina and dextrose being admixed on a basis of
      100 grams of gamma-alumina per 124.5 cc of dextrose solution. The mixture
      results in a homogeneous slurry following which the dextrose-impregnated
      alumina is placed in an evaporating dish in an air flow oven and dried at
      a temperature of 130.degree. C. for a period of 8 hours. The dried,
      impregnated product is thereafter pyrolyzed at atmospheric pressure in a
      nitrogen atmosphere at a temperature of 900.degree. C. for a period of 1.5
      hours. The resulting semi-conducting pyropolymeric inorganic refractory
      oxide material is recovered and thereafter 75 grams of this material and
      65 grams of carbon black are suspended in 100 cc. of mineral spirits. The
      mixture is milled in a ball mill to reduce the particle size of the solids
      to less than 10 microns. Following this 50 grams of an alkyd resin is
      added and the components are mixed in an inverted blender for a period of
      0.5 hours. The resulting electrical resistor ink is painted on a laminated
      board in a manner similar to that set forth in the above examples, the
      resistor which is formed after drying possessing a resistance of 320 ohms
      and a temperature coefficient of resistance of -500 ppm/.degree. C.
PAC  EXAMPLE IV
PAR  A semi-conducting pyropolymeric inorganic refractory oxide material which
      is prepared by treating gamma-alumina with cyclohexane in a nitrogen
      carrier at a temperature of 700.degree. C. for a period of 4 hours is
      admixed with carbon black in a ratio of 50 grams of semi-conducting
      pyropolymeric inorganic refractory oxide material per 46 grams of carbon
      black and the resulting mixture is suspended in 100 cc. of methyl alcohol.
      As in the above examples the mixture is placed in a ball mill and ground
      to reduce the particle size of the solids to less than 10 microns. Upon
      reaching this size, 50 grams of ethyl cellulose is added and the
      components of the ink are mixed in an inverted blender for a period of 0.5
      hours to insure complete integration of the components of the mixture.
      Again the resulting electrical resistor ink is painted on a laminated
      board using the same dimensions as that which was set forth in Example I
      above. After drying, the resulting resistor will have a resistance of 330
      ohms and a temperature coefficient of resistance of -400 ppm/.degree. C.
PAC  EXAMPLE V
PAR  In this example 75 grams of a semi-conducting pyropolymeric inorganic
      refractory oxide material which is prepared in a manner similar to that
      set forth in Example III above and 81 grams of carbon black are suspended
      in 50 cc. of isopropyl alcohol. The resulting suspension is thereafter
      milled in a ball mill to reduce the particle size of the solids to less
      than 10 microns. Following this 25 grams of a binder comprising shellac is
      added and the components of the mixture are thoroughly admixed in an
      inverted blender for a period of 0.5 hours to insure complete integration
      and admixture of the components. The electrical resistor ink which results
      from this mixture is painted on a laminated board and upon drying the
      resulting mixture will be found to possess a resistance of 290 ohms and a
      temperature coefficient of resistance of -300 ppm/.degree. C.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An electrical resistor ink possessing a temperature coefficient of
      resistance of from about +500 ppm/.degree.C to about -500 ppm/.degree.C
      comprising a resistive component and a vehicle containing a binder of
      synthetic or natural resin and a solvent, oil or mixtures thereof, said
      resistive component comprising from about 10% to about 97% of a mixture of
      carbon black and an alumina or silica-alumina base having a mono-layer of
      a carbonaceous pyropolymer on the surface thereof, the weight percent of
      semiconducting pyropolymeric inorganic refractory oxide material in said
      resistive component being in the range of from about 25% to about 75%, and
      said vehicle of said resistor ink upon drying providing electrical
      continuity between the resistive components.
NUM  2.
PAR  2. The electrical conductor ink as set forth in claim 1 in which said
      mono-layer is formed on the surface of said base by passing a decomposable
      organic compound over the base at a temperature of from about 400.degree.
      to about 800.degree.C,
NUM  3.
PAR  3. The electrical conductor ink as set forth in claim 1 in which said base
      has a surface area of from 1 to 500 square meters per gram.
NUM  4.
PAR  4. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is varnish and isopropyl alcohol.
NUM  5.
PAR  5. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is a copolymer of vinyl chloride, vinyl acetate and vinyl alcohol,
      and methyl isobutyl ketone.
NUM  6.
PAR  6. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is an alkyd resin and mineral spirits.
NUM  7.
PAR  7. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is shellac and isopropyl alcohol.
NUM  8.
PAR  8. The electrical resistor ink as set forth in claim 1 in which said
      vehicle is ethyl cellulose and methyl alcohol.
NUM  9.
PAR  9. A resistor formed by applying the electrical resistor ink of claim 1
      upon a solid surface and drying said ink.
NUM  10.
PAR  10. The resistor as set forth in claim 9 in which said mixture of said ink
      is present in an amount of from about 50% to about 90% by weight of said
      resistor.
NUM  11.
PAR  11. The electrical conductor ink as set forth in claim 1 in which said base
      is gamma-alumina.
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PAL  A thermally crystallizable glass of predominantly lead-zinc borate
      composition is disclosed which is composed of a homogeneous admixture of
      finely comminuted particles of thermally crystallizable glass and
      essentially fully crystallized glass particles in a ratio of about 1-10,
      or more preferably 2-7, parts by weight of crystallized glass particles to
      one million parts by weight of uncrystallized glass particles and which,
      in its finely comminuted state, possesses an overall particle size
      distribution such that it is uniformly composed of particles which are
      essentially entirely of -100 U.S. Series Sieve screen size and such that
      between about 65-78 weight percent of such particles are of -325 U.S.
      Series Sieve screen size. The thermally crystallizable glass composition
      is produced by a process involving the steps of providing a quantity of
      uncrystallized chips of crystallizable glass having a thickness of about
      20-25 mils, and a quantity of essentially fully crystallized glass having
      a particle size ranging between about -20 and +80 U.S. Series Sieve screen
      size; reducing the particle size of the uncrystallized glass and fully
      crystallized to a particle size range wherein essentially all of the
      uncrystallized glass and fully crystallized glass particles are less than
      100 U.S. Series Sieve screen size and wherein between about 65-78 percent
      by weight of the uncrystallized glass and fully crystallized glass
      particles are less than 325 U.S. Series Sieve screen size; blending the
      fully crystallized glass particles together with the uncrystallized glass
      particles in aa ratio of between about 100-225 parts by weight of
      crystallized glass particles to one million parts by weight of
      uncrystallized glass particles to produce a uniform "master blend" of
      finely comminuted, crystallized and uncrystallized glass particles. The
      master blend is then used for blending with uncrystallized particles of
      thermally crystallizable glass having a composition similar to that of the
      master blend and having a particle size such that essentially all of the
      uncrystallized particles are of -100 U.S. Series Sieve screen size and
      such that between about 65-78 percent by weight are of -325 U.S. Series
      Sieve screen size; the ratio of master blend to uncrystallized glass
      particles being selected to produce a homogeneous resulting blend or
      "product blend" composed of from about 1-10, or more preferably 2-7, parts
      of fully crystallized glass particles to each one million parts of
      uncrystallized glass particles.
PARN
PAR  This is a Continuation of application Ser. No. 211,656, filed Dec. 23,
      1971, now abandoned, which in turn is a continuation of Ser. No. 814,156
      filed Apr. 7, 1969, now abandoned, which are relied upon and the entire
      disclosure and specifications of which are hereby incorporated by
      reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Thermally crystallizable, or as otherwise stated, thermally devitrifiable
      glass compositions have heretofore attained a stature of substantial
      useful significance in numerous and varied areas of technology and
      commercial application. For example, such glasses are commonly utilized as
      a sealant or bonding medium for application to and with a wide variety of
      materials such as, among others, glasses, metals, ceramics, and the like,
      and in he fabrication of cathode-ray tubes, microcircuits, insulated
      wires, etc. In consequence of the estensive employment of these thermally
      devitrifiable, or thermally crystallizable, glasses for sealing and
      bonding purposes they are also referred to frequently as being sealing
      glasses, or solder glasses; and when employed for such purposes are
      ordinarily utilized in a finely comminuted form either with or without
      additional temporary binders or adhesives.
PAR  In a more definitive sense, however, these crystallizable glasses are of a
      character such that, as initially prepared they are in a non-crystalline
      state and possess many of the attributes and characteristics of vitreous
      glasses. However, unlike common or ordinary vitreous glasses, thermally
      crystallizable glasses, as they will hereinafter be referred to and such
      as are contemplated within the intendment of the present invention, also
      possess the unusual capability of being thermally converted into a
      generally monolithic, essentially crystalline body composed of about 90%
      or more of well-integrated crystallized glass. In the latter crystallized
      condition such glasses exhibit many advantageous characteristics which are
      not exhibited in the vitreous condition. For example, to name a few, such
      advantageous characteristics include greatly increased physical stength
      and durability, as well as, very importantly, greatly increased resistance
      to strength diminution during progressive elevation of temperature. Thus,
      briefly stated, glasses of the character herein contemplated are those
      which, by analogy, are unlike ordinary vitreous glasses in that they are
      capable of being thermally converted from a vitreous condition to a
      predominantly crystalline condition when exposed for a time interval of
      approximately 60 minutes duration to temperatures in the range of
      approximately 60.degree.C. above the fiber softening-point temperature of
      the vitreous glass.
PAR  Due to the wide variety of specific commercial applications utilizing
      thermally crystallizable glasses, the specific requisite properties of
      such glasses are often tailored, or modified, to meet specific needs of a
      given situation of use and to enhance the attainment of a specific desired
      result. For example, thermally crystallizable glasses are avilable having
      compositions individually tailored to provide fiber softening-point
      temperatures commensurate with the specific needs of the user. Also, the
      inclusion of various compositional constituents for the purposes, among
      others, of tailoring the thermal expansion and contraction properties,
      thermal conductivity and dielectric properties, and chemical durability of
      the resultant crystallized glass are extensively known in the art. For
      example, as indicated in U.S. Pat. No. 3,250,631, issued to Kenneth G.
      Lusher and assigned to the assignee of the present invention, inert
      refractory metal oxides may be included in a thermally crystallizable
      glass composition for the specific purpose of individually tailoring or
      modifying the thermal expansion characteristics thereof without
      appreciably affecting such other characteristics as the sealing
      temperature and flow characteristics of the glass. Similar practices of
      modifying or tailoring thermally crystallizable glass compositions are
      further evident in U.S. Pat. No. 3,291,586 wherein mixtures of finely
      divided thermally non-crystallizable glass and finely divided thermally
      crystallizable glass are employed together to restrict the extent of
      overall crystallization occurring during the thermal crystallization
      process. According to other known concepts copper oxide may be included to
      provide electrical conductivity or, as disclosed in U.S. Pat. No.
      3,389,458, constituents such as TiO.sub.2 may be utilized to enhance the
      dielectric properties of the resultant thermally crystallized glass. Thus,
      while the broad concept of modifying or tailoring various individual
      characteristics of thermally crystallizable glasses is known, and while
      warp and means are known for modifying or tailoring certain properties and
      characteristics thereof; the problems of providing a thermally
      crystallizable glass possessing precisely modifiable and controllable
      rates of crystallization and flow has, so far as is known, remained as a
      problem which is generally common to most all thermally crystallizable
      glasses including such thermally crystallizable glasses as those mentioned
      above having other individually tailored or modified characteristics.
PAR  In keeping with the foregoing, it is important to bear in mind that,
      irrespective of the particular composition of the thermally crystallizable
      glass or the particular processing technique or procedure employed in
      thermally crystallizing the same, proper and efficient process control is
      ordinarily dependent upon the crystallization and flow rates or
      characteristics of the glass in order to ensure that the processing
      techniques for thermally crystallizing the glass, once having been
      properly developed and effectively established, may be regularly employed
      in the course of standardized production procedures to effect a
      continually reproducible, high quality product unaffected by variations in
      the crystallization and flow characteristics of the thermally crystallized
      glass.
PAR  Of no less importance is the time-temperature control factor which is
      commonly a governing factor in processing steps and operations employing
      thermally crystallizable glass compositions. For example, many processes
      wherein thermally crystallizable glass compositions are utilized are
      restricted to the employment of critically precise time-temperature
      limitations which if not maintained are productive of a non-acceptable
      product. To be suitable for use in such processes, the thermally glass
      composition must be capable of exhibiting precisely predictable thermal
      crystallization and flow rates compatible with the precise
      time-temperature limitations of such processes. Otherwise stated, many
      processes otherwise especially well-suited for and having need for the
      utilization of thermally crystallizable glass compositions have heretofore
      avoided the use of thermally crystallizable glass compositions because of
      processing limitations which are not subject to the extent of variation
      necessary to accommodate and off-set variations in the rates of
      crystallization and flow commonly occurring in thermally crystallizable
      glass compositions of even the most exacting uniformity heretofore
      otainable.
PAR  Accordingly, it is a principal objective of the present invention to
      provide a thermally crystallizable glass in a finely comminuted form in
      which it may be conveniently utilized in a wide variety of commercial
      applications and yet possess precisely predictable properties of
      crystallization and flow during the thermal crystallization thereof.
PAR  Another objective of the present invention is the provision of a thermally
      crystallizable glass which, in addition to satisfying the foregoing
      objectives is capable of use as a "master blend" to precisely alter the
      rates of crystallization and flow of other thermally crystallizable
      glasses of similar composition during thermal crystallization thereof.
PAR  According to another aspect of the present invention, it is an objective to
      provide a method of producing a thermally crystallizable glass composition
      capable of attaining the foregoing objectives.
PAR  Another objective, in keeping with this latter aspect of the present
      invention, is the provision of a method whereby large quantities of
      essentially uncrystallized particles of thermally crystallizable glass may
      be produced in uniform finely comminuted form and by the uniform
      dispersion therein of from 1 - 10 parts per million of crystallized glass
      be tailored to possess precise predeterminable rates of thermal
      crystallization and flow.
PAR  A further and more specific objective of the present invention is the
      provision of a method for providing a "master blend" of finely comminuted
      particles of thermally crystallizable and thermally crystallized glass for
      use in controlling the crystallization and flow characteristics of other
      thermally crystallizable glasses of similar composition and which is
      characterized by the steps of providing a quantity of uncrystallized chips
      of thermally crystallizable glass; providing a quantity of finely
      comminuted particles of thermally crystallized glass, admixing the
      crystallized glass particles with the uncrystallized glass chips in a
      ratio of between about 100 and 225 parts of crystallized glass particles
      to one million parts of uncrystallized glass chips; reducing the particle
      size of the admixed chips of uncrystallized glass and the particles of
      crystallized glass to a particle size wherein essentially all of the
      admixed particles are of -100 mesh screen size and such that  65-78 % by
      weight are of -325 mesh screen size; uniformly blending the admixed
      particles of crystallized and uncrystallized glass to thereby form a
      "master blend"; thereafter blending the master blend with a further
      quantity of finely comminuted, uncrystallized particles of thermally
      crystallizable glass in a ratio providing a uniform blend of between about
      1 and 10, parts of fully crystallized glass particles per million parts of
      uncrystallized glass particles.
PAR  In accordance with one aspect of the invention, the foregoing objectives
      are attained by providing an exceedingly uniform blend composed of finely
      comminuted, uncrystallized particles of thermally crystallizable glass and
      finely comminuted particles of fully crystallized glass in a ratio such
      that the crystallized particles represent only between about 1 and 10
      parts per million parts of the uncrystallized particles present in the
      resultant blend. The method of attaining a uniform blending of such a
      minute quantity of crystallized glass particles is exceedingly important
      and constitutes another aspect of the invention.
PAR  In carrying out the method aspect of the invention, it has been found that
      a very high degree of uniformity can be effectively accomplished by
      precisely controlling the particle size of both the crystallizable and the
      crystallized components of the glass and by combining such particle size
      control with a step-wise controlled blending.
PAR  In this latter respect, a quantity of thermally crystallizable glass is
      prepared in the form of thin uncrystallized chips having a thickness of
      about 20-25 mils. The chips are then admixed, comminuted and uniformly
      blended together with crystallized particles of thermally crystallizable
      glass. The comminution and blending is preferably accomplished by
      combining the chips of frangible uncrystallized glass with crystallized
      glass particles having a particle size ranging between about -20 and +80
      U.S. Series Sieve screen size and in a ratio of between about 100 to 225
      parts by weight of crystallized glass particles to one million parts by
      weight of uncrystallized glass chips. Thereafter the comminution and
      blending may be preferably carried out concurrently in a suitable mill,
      such as a pebble mill. The milling and blending of the crystallized glass
      particles and uncrystallized chips is continued sufficiently to form a
      uniform blend and particle size distribution in which essentially all of
      the particles will pass through a -100 U.S. Series Sieve screen and such
      that between about 65 and 78 percent by weight thereof will pass through a
      -325 U.S. Series Sieve screen. The milled blend which constitutes a master
      blend or control blend is then in suitable condition to be further blended
      with other large quantities of finely comminuted, uncrystallized particles
      of thermally crystallizable glass similar in character to the constituent
      oxide composition of the uncrystallized particle portion of the master
      blend and in a ratio to provide from about 1-10 parts by weight of
      crystallized glass particles to one million parts by weight of
      uncrystallized glass particles in the final blend or so-called "product
      blend."
PAR  Other objects, advantages and aspects of the present invention, together
      with the specific nature thereof, will become readily apparent to those
      ordinarily skilled in the art from the following detailed description,
      wherein by way of example only, several preferred embodiments of the
      invention are described in specific detail.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the concepts of the present invention will be clearly recognizable as
      being adaptable to the making of thermally crystallizable glasses of
      generally all types, it has been found that particularly advantageous
      significance is achieved with respect to thermally crystallizable glasses
      commonly referred to as thermally crystallizable, solder glasses and
      especially those having a composition predominantly composed of the oxides
      of lead, boron and zinc. Exemplary of preferred lead-zinc borate solder
      glasses of this character are those glasses which are prepared initially
      in a vitreous state and which have constituent oxide compositions falling
      within the following ranges:
TBL                TABLE I                                                     
     ______________________________________                                    
     CONSTITUENTS         PERCENT BY WEIGHT                                    
     ______________________________________                                    
     PbO                  70 - 82                                              
     B.sub.2 O.sub.3      5 - 15                                               
     ZnO                  7 - 20                                               
     SiO.sub.2            1 - 10                                               
     Al.sub.2 O.sub.3     0 - 5                                                
     Other compatible glass forming                                            
     constituents (with no single                                              
     constituent exceeding 10 percent                                          
     by weight)           0 - 17                                               
     ______________________________________                                    
PAR  The other compatible glass forming constituents which ordinarily may be
      present, dependng upon the particular ultimate characteristics desired,
      are such glass forming constituents, among others, as SiO.sub.2,
      SnO.sub.2, BaO, CuO, fluorides, NaO, CaO, K.sub.2 O, Al.sub.2 O.sub.3,
      Bi.sub.2 O.sub.3, Li.sub.2 O, CdO and Fe.sub.2 O.sub.3. The term
      glass-forming constituents as used herein, is, of course, intended to
      embrace the broader concept of such term in that it is intended to include
      not only those oxides which have the properties of forming glasses of and
      by themselves when cooled from a molten condition, but also those oxides
      which are of the type which are found in the interstices of the glass
      network or which modify the final properties of the glass.
PAR  Typically representative compositions of thermally crystallizable glasses
      falling within the compositional range set forth above are, among others,
      depicted in Table II following:
TBL                                    TABLE II                                
     __________________________________________________________________________
     COMPOSITIONS (PERCENT BY WEIGHT                                           
     Constituents                                                              
            1   2   3   4   5   6   7   8   9   10  11  12  13                 
     __________________________________________________________________________
     PbO    74.99                                                              
                79.50                                                          
                    75.92                                                      
                        71.25                                                  
                            71.22                                              
                                71.22                                          
                                    76.00                                      
                                        71.25                                  
                                            71.25                              
                                                71.25                          
                                                    71.25                      
                                                        76.32                  
                                                            74.20              
     B.sub.2 O.sub.3                                                           
            8.26                                                               
                7.70                                                           
                    9.25                                                       
                        9.98                                                   
                            9.95                                               
                                9.95                                           
                                    9.06                                       
                                        9.98                                   
                                            9.98                               
                                                9.98                           
                                                    9.98                       
                                                        8.84                   
                                                            8.39               
     ZnO    12.62                                                              
                10.00                                                          
                    12.83                                                      
                        15.86                                                  
                            15.83                                              
                                15.83                                          
                                    12.84                                      
                                        15.86                                  
                                            15.86                              
                                                15.86                          
                                                    15.86                      
                                                        12.84                  
                                                            8.71               
     SiO.sub.2                                                                 
            2.10                                                               
                2.30                                                           
                    2.00                                                       
                        1.91                                                   
                            2.00                                               
                                2.00                                           
                                    1.00                                       
                                        1.91                                   
                                            1.91                               
                                                1.91                           
                                                    1.91                       
                                                        2.00                   
                                                            2.68               
     BaO    2.03                                            6.00               
     SnO.sub.2          1.00                                                   
     CuO                            1.00                                       
     Al.sub.2 O.sub.3       1.00                                               
     Na.sub.2 O                         1.00                                   
     Li.sub.2 O                             1.00                               
     CdO                                        1.00                           
     Fe.sub.2 O.sub.3                               1.00                       
     K.sub.2 O  0.50                                                           
     CaO                        1.00                                           
     __________________________________________________________________________
PAR  The manner of preparation of the foregoing lead-zinc-borate solder glass
      compositions is typified by the following procedures which were employed
      for the preparation of an uncrystallized, thermally crystalliable glass,
      herein indicated as Example 1, having the compositional characteristics of
      Composition No. 1 in TABLE II. According to such procedures, a glass
      corresponding to Composition No. 1 was prepared by formulating a glass
      batch of the following composition:
TBL  Raw Material Purity         Parts by Weight                               
     ______________________________________                                    
     Ceramic Read Lead                                                         
                  (98.7% PbO)    62.50                                         
     Zinc Oxide   (98.8% ZnO)    10.47                                         
     Barium Carbonite                                                          
                  (76.4% BaO)    2.17                                          
     Boric Anhydride                                                           
                  (98.5% B.sub.2 O.sub.3)                                      
                                 7.04                                          
     Silica Sand  (99.9% SiO.sub.2)                                            
                                 1.71                                          
                                 83.87                                         
     ______________________________________                                    
PAR  The thus formulated batch composition was then melted in a platinum-lined,
      melting chamber operating at a temperature of about 2,250.degree.F.
      Following melting, the molten glass was discharged from the melting
      chamber as a stream of molten glass and passed between a pair of closely
      spaced, water-cooled, stainless-steel rollers having a spacing
      therebetween set to flatten and fracture the glass into roll-crushed chips
      of approximately 20-25 mils in thickness.
PAR  To the roll-crushed chips of uncrystallized, thermally crystallizable glass
      were added fully crystallized particles in a ratioed amount corresponding
      to 157.5 parts by weight of crystallized particles to each one million
      parts by weight of uncrystallized, roll-crushed chips. The crystallized
      glass particles possessed a lead-zinc borate composition approximately
      like that of Composition No. 1 and exhibited a particle size distribution
      of random percentage ranging between approximately -20 and +80 mesh screen
      size, as determined by U.S. Series Sieve screen standards. The resulting
      composite admixture of crystallized glass particles and uncrystallized
      chips was then simultaneously milled and blended in a pebble mill of
      conventional type, such as a pebble mill of the type designated as a No.
      3C Pebble Mill by Paul O. Abbe, Inc. of Little Falls, N.J., and using as
      the pebble mill grinding media, 13/16 inch by 13/16 inch high density
      alumina cylinders. The milling and blending was continued in this manner
      about 40 minutes and produced a resultant, highly uniform blend of
      crystallized and uncrystallized glass particles having an overall particle
      size distribution such that essentially 100 percent by weight of the
      blended particles were of -100 U.S. Series Sieve screen size and such that
      between 65-78 percent by weight of the blended particles were of -400 U.S.
      Series Sieve screen size. This blend then constituted a master blend, and
      will herein be designated as Master Blend No. 1, with which to impart
      precise crystallization and flow characteristics to other quantities of
      uncrystallized glass of similar constituent oxide composition.
PAR  From Master Blend No. 1 representative samples were withdrawn and
      separately added to several batches of finely comminuted, uncrystallized
      particles of thermally crystallizable glass having constituent, oxide
      composition corresponding to that of the uncrystallized portion of the
      master blend from which the sample was taken e.g. Composition No. 1.
      Additionally, each of the various batches of finely comminuted,
      uncrystallized glass possessed, as a result of being previously milled in
      a pebble mixer, a particle size distribution like that of the master
      blend, namely a particle size distribution such that essentially all of
      the uncrystallized particles were of -100 U.S. Series Sieve screen size
      and such that between about 65 and 78 percent by weight of the
      uncrystallized particles were of -400 U.S. Series Sieve screen size. Still
      further the crystallization rate and flow rate, as determined respectively
      by differential thermal analysis (D.T.A.) and button flow (B.F.)
      procedures to be subsequently described, were determined for the batch of
      uncrystallized glass particles and are set forth subsequently in TABLE III
      under the designation Unmodified Standard No. 1.
PAR  The amount of master blend sample added to the various batches of
      uncrystallized glass was purposely varied for comparative purposes and the
      nature of such variations are exemplified in Examples 1, 2 and 3,
      hereinafter.
PAR  The resultant blended admixture of master blend and "unmodified standard"
      will for definitive purposes be referred to in each instance as a product
      blend.
PAC  EXAMPLE 1
PAR  For purposes of Example 1, a representative sample of Master Blend No. 1,
      was, as indicated above, thoroughly blended for between about 30 and 60
      minutes with uncrystallized particles of thermally crystallizable glass
      having a composition corresponding to Composition 1 shown in TABLE II, and
      having a particle size distribution such that essentially all of the
      particles were less than 100 mesh screen size and such that between about
      65 and 78 weight percent were less than 325 mesh screen size, as
      determined by U.S. Series Sieve screens. The amount of master blend and
      the amount of unmodified standard were selected so as to provide a
      resultant blend, or "Product Blend No. 1, " containing 0.736 parts of
      thermally crystallized glass particles for each one million parts of
      uncrystallized particles of thermally crystallizable glass.
PAR  The Button flow (B.F.) characteristics and the differential thermal
      analysis (D.T.A.) characteristics were then determined and these
      characteristics are set forth in TABLE III and show a significant
      reduction in flow characteristics together with a significant increase in
      crystallization rate.
PAC  EXAMPLE 2
PAR  Following the same procedures given with respect to Example 1, except for
      the relative proportionate amounts of master blend and unmodified
      standard, sufficient amounts of Master Blend No. 1 and Unmodified Standard
      No. 1 were uniformly blended together to produce Product Blend No. 2
      containing 3.679 parts of thermally crystallized glass for each one
      million parts of uncrystallized particles of thermally crystallizable
      glass. The D.T.A. and B.F. characteristics corresponding to Example 2 were
      then determined and are designated in TABLE III as the characteristics for
      Product Blend No. 2.
PAC  EXAMPLE 3
PAR  Example 3 also followed the blending procedures of Example 1 with the
      exception that the proportionate blending of Master Blend No. 1 and
      unmodified Standard No. 1 was productive of a product blend containing
      6.621 parts of thermally crystallized particles for each one million parts
      of uncrystallized particles of thermally crystallizable glass. The D.T.A.
      and B.F. characteristics were similarly determined and are also reported
      in TABLE III as the characteristics for Product Blend No. 3.
TBL                TABLE III                                                   
     ______________________________________                                    
                 B.F.          D.T.A.                                          
                 (.+-. 0.001 inches)                                           
                               (.+-. 2 minutes                                 
     ______________________________________                                    
     Unmodified Standard                                                       
     No. 1         1.200           42                                          
     Product Blend No. 1                                                       
                   1.191           41                                          
     Product Blend No. 2                                                       
                   1.147           35                                          
     Product Blend No. 3                                                       
                   1.098           28                                          
     ______________________________________                                    
PAR  Upon the basis of the results obtained from the foregoing examples, as well
      as numerous other similar examples, it was determined that a precise
      predictability of the effect of the addition of known proportionate
      amounts of thermally crystallized glass particles is obtained when the
      proper procedures such as those disclosed above, are followed to produce a
      highly uniform finely comminuted blend of the crystallized particles with
      uncrystallized particles of thermally crystallizable glass. Examplary of
      such predictability, Product Blend Nos. 4, 5, and 6 constitute,
      respectively, examples of other various glass compositions randomly
      selected from the glass compositions set forth in TABLE II which were
      processed in accordance with the foregoing procedures and had varying
      proportionate amounts of thermally crystallized glass particles added. The
      relationship between the D.T.A. and B.F. characteristics and the amounts
      of the added crystallized glass particles in parts per million parts of
      uncrystallized particles of thermally crystallizable glass in the
      resultant "product blend" for each is indicated in TABLE IV. Additionally,
      as with preceding Examples 1, 2 and 3, the D.T.A. and B.F. characteristics
      of the uncrystallized particles of thermally crystallizable glass for each
      of the glass compositions of Examples 4, 5 and 6 are indicated
      respectively in TABLE IV, as Unmodified Standard No. 1, 2, 3 and 4.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                Crystallized                                                   
                Particles      B.F.  D.T.A.                                    
                (Parts per million parts of                                    
                               .+-. 0.001                                      
                uncrystallized particles)                                      
                               Inches                                          
                                     .+-. 2 minutes                            
     __________________________________________________________________________
     Unmodified                                                                
     Standard No. 2                                                            
                --             1.160 34                                        
     Product Blend No. 4                                                       
                1.362          1.130 31                                        
     Unmodified                                                                
     Standard No. 3                                                            
                --             1.190 40                                        
     Product Blend No. 5                                                       
                4.414          1.123 30                                        
     Unmodified                                                                
     Standard No. 4                                                            
                --             1.210 42                                        
     Product Blend No. 6                                                       
                4.525          1.140 32                                        
     __________________________________________________________________________
PAR  In the preparation of the fully crystallized particles, for use according
      to the present invention, finely comminuted particles of thermally
      crystallizable glass having a composition approximately like Composition
      No. 1 were spread, as a layer of about 1/16 inches in thickness, onto a
      stainless steel surface and fired to a fully crystalline condition in an
      air atmosphere for two hours at a temperature of 852.degree.F. The
      crystalline material was then broken loose from the stainless steel
      surface and crushed in a conventional Carver Laboratory Press. The
      resultant crushed particles of essentially fully crystallized material was
      then screened to provide a screened product having a particle size between
      -20 and +80 U.S. Series Sieve screen size.
PAR  In determining the crystallization rates of the unmodified standards as
      well as the product blends, the differential thermal analysis was
      conducted in accordance with procedures well-established in the art, using
      a DuPont 900 Differential Thermal Analyzer (manufactured by E. I. duPont &
      Company, Inc., Wilmington, Del.) to chart on a time vs. temperature basis
      the time duration, in minutes, for the material to crystallize while
      isothermally subjected to a temperature of 445.degree.C.; the time at
      which thermal crystallization occurs being readily discernible on the
      graph in the form of a sharp exothermic peak representing the release of
      the heat of crystallization of the material being tested.
PAR  The flow characteristics which have been represented herein as "button
      flow" or B.F. characteristics are also the results obtained by testing
      procedures well-established in the art. Such testing procedures involve
      pressing a 10 gram sample of the material to be tested into a 3/4  inch
      diameter button by placing the material in 3/4  inch diameter cylindrical
      cavity mold and pressing the material therein under a pressure of 1000
      p.s.i.
PAR  The press molded button is then fired by subjecting it to a temperature
      elevation of 7-1/2.degree.C. per minute up to a temperature of
      450.degree.C., after which the molded button is maintained under exposure
      to a temperature of 450.degree.C. for a period of 60 minutes, followed by
      cooling of the button at a rate of 1.degree.C. per minute. The button is
      then measured to determine the average diameter which constitutes the
      button flow or B.F. in inches for the thermally crystallizable material so
      tested. Hence, the B.F. results shown in the foregoing tables are the
      average resultant diameters of buttons tested in accordance with the
      above-described procedures.
PAR  Upon the basis of the foregoing it has been found that variations in
      crystallization rates and flow rates which regularly occur during the
      manufacture of thermally crystallizable glasses can be off-set by
      preparing such thermally crystallizable glasses in finely comminuted form
      and by uniformly blending therewith minute amounts of finely comminuted,
      crystallized particles of thermally crystallizable glass. As indicated,
      the amount of crystallized particles are blended into the final product
      blend by step-wise blending and in amounts such as to constitute only
      between 1 and 10, or more preferably 2 and 7 parts by weight of
      crystallized particles for each one million parts by weight of
      uncrystallized particles of thermally crystallizable glass. Moreover, the
      effect of the amount of the crystallized particles employed appears to be
      readily and precisely predictable irrespective of the constitute oxide
      composition of either the thermally crystallizable glass or the
      crystallized particles, especially when the compositions are lead-zinc
      borate glass compositions within the compositional ranges set forth in
      TABLE I.
PAR  Consequently, through the practice of the present invention precise
      uniformity and control of the crystallization rates and flow rates of
      thermally crystallizable glasses is obtainable and such glasses are more
      suitable for applications wherein precise operating techniques and
      procedures are desirable or necessary.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermally crystallizable glass composition consisting essentially of a
      uniform blend of finely comminuted, crystallized and uncrystallized
      particles of thermally crystallizable glass, said crystallized particles
      and said uncrystallized particles being present in said glass in a
      relative ratio of between 100 and 225 parts by weight of crystallized
      glass particles for each million parts by weight of uncrystallized glass
      particles, said glass composition being for use in blending with
      additional uncrystallized glass in particulate form in the ratio of 1 to
      10 parts for each million parts by weight of additional uncrystallized
      glass in order to reduce the crystallization and flow rate of the
      uncrystallized glass in a controlled manner within predictable and
      predetermined limits whereby the resulting glass has precisely predictable
      thermal crystallization and flow rates, and wherein said crystallized
      glass particles and said uncrystallized glass particles are of a particle
      size such that all of the particles are less than 100 mesh screen size,
      and further wherein between about 65 and 78 percent by weight of the
      uncrystallized glass and crystallized glass particles are less than 325
      U.S. Series Sieve screen size.
NUM  2.
PAR  2. A thermally crystallizable glass composition as defined in claim 1
      consisting essentially of a uniform blend of finely comminuted particles
      of crystallized glass and uncrystallized particles of thermally
      crystallizable glass, said crystallizable glass and said crystallized
      glass each consisting essentially of the following constituents within the
      following indicated ranges of percents by weight:
     Constituent Oxides                                                        
                       Percent by Weight                                       
     ______________________________________                                    
     PbO               70 - 82                                                 
     B.sub.2 O.sub.3   5 - 15                                                  
     ZnO               7 - 20                                                  
     SiO.sub.2         1 - 10                                                  
     Al.sub.2 O.sub.3  0 - 5                                                   
     Other compatible glass                                                    
     forming constituents:                                                     
     with no single constituent                                                
     exceeding ten (10) percent                                                
     by weight         0 - 17.                                                 
     ______________________________________                                    
NUM  3.
PAR  3. A thermally crystallizable glass composition consisting essentially of a
      uniform blend of finely comminuted, crystallized and uncrystallized
      particles of thermally crystallizable glass said crystallized glass
      particles and said uncrystallized glass particles being present in said
      composition in a ratio of 1 to 10 parts by weight of particles of
      crystallized glass to each one million parts by weight of uncrystallized
      particles of thermally crystallizable glass, said composition having a
      particle size distribution such that essentially all of said particles are
      of -100 U.S. Series Sieve screen size, and further wherein between about
      65-78 percent by weight of the uncrystallized glass and crystallized glass
      particles are less than 325 U.S. Series Sieve screen size, said
      crystallized glass particles being present in an amount to reduce the
      crystallization and flow rates of the uncrystallized glass within
      predictable and predetermined limits whereby the resulting glass
      composition has precisely predictable thermal crystallization and flow
      rates.
NUM  4.
PAR  4. A method of tailoring the crystallization rate and flow rate
      characteristics of a thermally crystallizable glass comprising the steps
      of:
PA1  providing a quantity of uncrystallized, thermally crystallizable glass;
PA1  comminuting said uncrystallized, thermally crystallizable glass into
      particles having a particle size distribution such that essentially all of
      the particles possess a particle size of -100 mesh screen size and such
      that between about 65 and 78 weight percent of the particles possess a
      particle size of -325 mesh screen size;
PA1  providing a quantity of thermally crystallized glass;
PA1  comminuting said thermally crystallized glass into particles having a
      particle size distribution such that essentially all of the particles
      possess a particle size of -100 mesh screen size and such that between
      about 65 and 78 weight percent of the particles possess a particle size of
      -325 mesh screen size;
PA1  uniformly blending said particles of crystallized glass and said particles
      of uncrystallized, thermally crystallizable glass together into a master
      blend in a ratio of between 100 and 225 parts by weight of particles of
      crystallized glass to each one million parts by weight of particles of
      uncrystallized glass.
NUM  5.
PAR  5. The method, as defined in claim 4, wherein said step of providing a
      quantity of uncrystallized, thermally crystallizable glass includes
      providing same as a lead-zinc borate glass.
NUM  6.
PAR  6. The method, as defined in claim 4, including the further steps of:
PA1  providing a second quantity of particles of uncrystallized, thermally
      crystallizable glass having a particle size distribution such that
      essentially all of the particles possess a particle size of -100 mesh
      screen size and such that between about 65 and 78 weight percent of the
      particles possess a particle size of -325 mesh screen size;
PA1  uniformly blending said master blend with said second quantity of particles
      of uncrystallized, thermally crystallizable glass in an amount productive
      of a product blend having a ratio of 1-10 parts by weight of particles of
      crystallized glass to each one million parts by weight of particles of
      uncrystallized glass.
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ABST
PAL  An improved ceramic article useful after firing as an electrical suppressor
      element especially suitable for use in spark plugs is disclosed. The
      suppressor element is an aluminum-manganese oxide composition modified
      with a strontium compound which optionally may contain a nickel compound.
      The numerical value of the atom ratio of the article
      ##EQU1##
      IS CONTROLLED FROM 0.1 TO 1.5. The strontium/aluminum atom ratio has a
      value of from 0.5:1 to 0.95:1. The manganese constitutes from 50 percent
      to 100 percent based upon the total atoms of manganese and nickel present.
      The temperature coefficient of resistance of the suppressor, defined by
      ##EQU2##
      is between about -2.8%/.degree.C and -1.3%/.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved green ceramic article which
      can be fired to produce an improved suppressor for use at elevated
      temperatures.
PAR  Suppressor elements suitable for use in spark plugs must have good
      mechanical and electrical stability at high temperatures, a wide operating
      temperature range, uniform resistance value and good suppression of high
      frequency oscillations associated with spark discharge in ignition
      systems.
PAR  The problem of eliminating radio frequency radiation from the high voltage
      ignition system of internal combustion engines has been of increasing
      concern in recent years because such radiation produces interference with
      the use of radio channels for communication and navigation. This problem
      has been accentuated by the increasing number of automobiles, boats and
      aircraft and the simultaneous increase in the use of radio frequency
      equipment in both communications and navigational equipment.
PAR  The typical ignition system for an internal combustion engine includes a
      set of breaker points, a capacitor, an ignition coil, a spark plug, and
      connection wires. When the breaker points are closed, a battery causes a
      current to flow in a primary winding of the ignition coil, thereby
      establishing a magnetic field about, and storing energy in, a ferrous core
      in the ignition coil. When the breaker points are opened, the magnetic
      field collapses and produces a high voltage across a secondary winding of
      the ignition coil. The high voltage is applied to, and arcs across, a
      spark gap in the spark plug, greatly decreasing the impedance of the gap.
      The secondary coil winding and the low impedance spark gap form a resonant
      circuit which oscillates as the energy stored in the core is dissipated.
      The oscillations are in the radio frequency spectrum and may cause severe
      noise and interference in both communications equipment and navigational
      equipment.
PAR  In the past, it has been found that random radio frequency radiation from
      the ignition system of internal combustion engines may be greatly reduced
      or eliminated by placing a resistance element in the high voltage ignition
      circuit for each spark plug. The resistance element may be positioned in
      the bore of a spark plug insulator, in series with the spark plug center
      electrode, or may be placed at some other convenient location in the
      ignition system, such as in a distributor rotor or distributed in the high
      voltage ignition cables.
PAR  Prior art suppressors, other than distributed resistances found in ignition
      cables, are generally either of a carbon rod type, of a wire wound type,
      of a sintered resistive rod type or of a resistive mass fired between the
      glass seals in the center electrode bore through a spark plug insulator.
      Each of the different types of suppressors has advantages and
      disadvantages. The carbon capsule suppressor is, for example, relatively
      inexpensive compared to a wire wound suppressor. The carbon capsule
      usually consists of carbon or graphite dispersed in a resinous binder.
      However, when the carbon capsule suppressor is placed in a spark plug and
      is heated to perhaps 450.degree.F. or more during operation of the
      internal combustion engine, the carbon tends to oxidize, resulting in an
      open circuit due to rapidly increasing resistance levels as the carbon
      oxidizes, until a value of infinity is reached. Vitreous type carbon
      suppressor elements, formed from clay, talc and a refractory material
      having carbon distributed therein, have been used extensively. However, it
      is difficult to prepare such suppressors having uniform resistance values.
PAR  Wire wound suppressors do not possess as high a resistance level as carbon
      resistors because they suppress by inductive impedance rather than by
      resistance impedance. However, the wire wound suppressor is expensive
      compared to the carbon resistor and presents problems both in arcing and
      in connecting terminals to the wire ends. Wire wound suppressors are also
      bulky and, therefore, difficult to use in smaller size spark plugs.
PAR  Suppressor elements suitable for use in an internal combustion engine must
      withstand severe operating conditions involving pulsating high power
      loadings. The suppressor element must operate well at temperatures ranging
      from 200.degree. to greater than 400.degree.F. at 15,000 volts pulsating
      direct current.
PAR  In an attempt to overcome difficulties encountered with the use of carbon,
      other suppressor composition systems have been suggested. For example,
      U.S. Pat. Nos. 2,864,773 and 2,969,582 disclose the use of titanate and
      stano-titanate type materials modified to obtain desired electrical
      characteristics.
PAR  The Radio Manufacturers Association (RMA) and the Society of Automotive
      Engineers (SAE) have directed efforts toward determining limits for
      interference from internal combustion engines in communication and
      navigation equipment. As a result, the SAE has adopted limits for
      impulsive type interference and has included these limits in a uniform
      test standard SAE J551b, "Measurement of the Vehicle Radio Interference".
PAR  It is known that significant improvements can result in operation of
      communication and navigation equipment when engine-driven apparatus comply
      with the limits set forth in SAE J551b. Communications apparatus that
      operate in the frequency range 20-1000 megahertz which might be
      susceptible to radio frequency interference are very high frequency (VHF)
      television, ultra high frequency (UHF) television, frequency modulated
      (FM) radio, aircraft navigation and communication, amateur radio,
      telemetry, high frequency (HF) communications, UHF radar, and others.
PAR  The testing equipment required for SAE J551b is complex and expensive.
      However, satisfactory testing results can be obtained by comparing test
      samples with a wire wound suppressor and a carbon suppressor having known
      resistance and suppressing properties, and measuring the field intensity
      per unit band width within a given frequency range.
PAR  Manganese oxide and manganese-nickel oxide resistor elements are known in
      the art. However, such compositions have a relatively high temperature
      coefficient of resistance, which is undersirable in controlling radio
      frequency radiation.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention is based upon the discovery that a manganese oxide
      and manganese oxide-nickel matrix can be controlled and modified by means
      of incorporating strontium and aluminum atoms into the matrix in such a
      manner as to produce, after firing, a suppressor element having a
      relatively low negative temperature coefficient of resistance and good
      suppression characteristics. The manganese oxide and manganese
      oxide-nickel composition is modified in such a manner that the numerical
      value of the atom ratio
      ##EQU3##
      is maintained in the range 0.1 to 1.5. The atom ratio of strontium to
      aluminum is from 0.5:1 to 0.95:1. The manganese constitutes from 50
      percent to 100 percent of the total number of atoms of manganese and
      nickel. The temperature coefficient of resistance of the suppressor ranges
      from -2.8%/.degree.C to -1.3%/.degree.C.
PAR  It is therefore an object of the present invention to provide a composition
      that has, after firing, a low temperature coefficient of resistance.
PAR  It is a further object of the present invention to provide a suppressor
      composition that has a high temperature stability.
PAR  It is a still further object of the present invention to provide a
      suppressor composition that is capable of suppressing unwanted radio
      frequency radiation in internal combustion engine ignition systems.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a representation of the curve obtained from the measurement of
      the temperature coefficient of resistance of a series of manganese and
      manganese oxide-nickel suppressor elements showing the effect of varying
      the amounts of strontium, aluminum and nickel in the manganese oxide
      matrix, such that the
      ##EQU4##
      ratio is maintained from 0.1 to 1.5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Example I
PAR  A series of manganese oxide suppressor compositions, modified with
      additions of strontium and alumina, was prepared by mixing together the
      materials listed below and firing to the temperature indicated. Test
      results obtained are listed in Table I. The compositions can be described
      as:
TBL  (Al.sub.1.sub.-x.sup..sup.+3 Sr.sub.x.sup..sup.+2) (Mn.sub.1.sub.-x.sup..s
     up.+3 Mn.sub.x.sup..sup.+4) 0.sub.3                                       
PAL  where an exchange of electrons between the +3 and +4 ions produces
      conductivity.
PAR  The ratio of Mn atoms to total Sr + Al modifying atoms was maintained at a
      1:1 ratio, while the Sr/Al ratio was varied. As illustrated in Table I,
      experimental results obtained indicated that in order to induce
      semiconductivity at least 50 percent of the total Sr and Al modifying ions
      must be Sr.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                  Atom Ratio                                                   
     Material     Sample                                                       
                       Sample                                                  
                            Sample                                             
                                 Sample                                        
                                      Sample                                   
                                           Sample                              
     Added     Atom                                                            
                  A    B    C    D    E    F                                   
     __________________________________________________________________________
     MnO.sub.2 Mn 63   63   63   63   63   63                                  
     SrCO.sub.3                                                                
               Sr 20   36   40   32   40   50                                  
     Al.sub.2 O.sub.3                                                          
               Al 43   27   23   34   25   14                                  
     Sr + Al                                                                   
                  1.0  1.0  1.0  1.1  1.1  1.1                                 
     Mn + Ni                                                                   
     Sintering                   2300.degree.                                  
                                      2300.degree.                             
                                           2300.degree.                        
     Temperature                 to   to   to                                  
     (2 Hours)    2400.degree.F                                                
                       2400.degree.F                                           
                            2400.degree.F                                      
                                 2400.degree.F                                 
                                      2400.degree.F                            
                                           2400.degree.F                       
     R.sub.25.sub..degree.C (4V)                                               
                  .infin.                                                      
                       6.5K.OMEGA.                                             
                            15K.OMEGA.                                         
     n (%/.degree.C)(.+-. 0.1)                                                 
                  --   -1.3 -1.3 -1.6 -1.6 -1.6                                
     __________________________________________________________________________
PAR  Sample B was compared for suppression of radio frequency interference
      against a carbon suppressor standard and a wire wound suppressor. Test
      results are shown in Table II below. Sample B compared favorably with both
      the carbon and wire wound suppressor; the measured amplitude was below the
      recommended limit of radiation suggested by SAE standards.
TBL                TABLE II                                                    
     ______________________________________                                    
     Sample            Amplitude, dB                                           
     ______________________________________                                    
     Sample B          -6                                                      
     Standard Carbon    0                                                      
     Wire Wound        -5                                                      
     ______________________________________                                    
PAR  The resistance at any temperature (from 25.degree. to 250.degree.C) can be
      expressed by the equation:
EQU  R.sub.T = R.sub.25.sub..degree.C exp[n(T-25.degree.C)].
PAL  where R.sub.T is the resistance at some temperature T,
      R.sub.25.sub..degree.C is room temperature resistance and n is the
      temperature coefficient of resistance. For manganese oxide and manganese
      oxide-nickel suppressors, n (in %/.degree.C) is negative and defined by
      ##EQU5##
PAC  Example II
PAR  A series of manganese oxide suppressor compositions, additionally
      containing nickel oxide, modified with varying amounts of strontium and
      aluminum atoms, was prepared as described in Example I. Test results are
      listed in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                Atom Ratio                                                     
     Material                                                                  
            Metal                                                              
                Sample                                                         
                     Sample                                                    
                          Sample                                               
                               Sample                                          
                                    Sample                                     
                                         Sample                                
     Added  Atom                                                               
                G    H    I    J    K    L                                     
     __________________________________________________________________________
     MnO.sub.2                                                                 
            Mn  65   63   63   --   --   63                                    
     Mn.sub.3 O.sub.4                                                          
            Mn  --   --   --   63   63   --                                    
     NiO    Ni  20   20   20   20   20   20                                    
     SrCO.sub.3                                                                
            Sr  9    32   40   32   40   63                                    
     Al.sub.2 O.sub.3                                                          
            Al  3    34   25   34   25   60                                    
     Sr + Al                                                                   
                 0.1  0.8  0.8  0.8  0.8  1.5                                  
     Mn + Ni                                                                   
     Sintering                                                                 
     Temperature                                                               
     (2 Hours)  2450.degree.F                                                  
                     2400.degree.F                                             
                          2400.degree.F                                        
                               2400.degree.F                                   
                                    2400.degree.F                              
                                         2450.degree.F                         
     R.sub.25.sub..degree.C (4V)                                               
                --   170K.OMEGA.                                               
                          30K.OMEGA.                                           
                               150K.OMEGA.                                     
                                    30K.OMEGA.                                 
                                         --                                    
     n(%/.degree.C)                                                            
                -2.8 -2.3 -1.9 -2.3 -2.0 -1.5                                  
     __________________________________________________________________________
TBL                TABLE IV                                                    
     ______________________________________                                    
     Sample            Amplitude, dB                                           
     ______________________________________                                    
     H                 -2                                                      
     I                 -1                                                      
     J                 -1                                                      
     K                 -2                                                      
     Standard Carbon    0                                                      
     Wire Wound        -5                                                      
     ______________________________________                                    
PAR  As indicated in Table III and Table IV, the samples had a low temperature
      coefficient of resistance, and compared favorably with both the standard
      carbon and wire wound suppressors.
PAC  Example III
PAR  A further series of manganese-oxide suppressor compositions, additionally
      containing nickel oxide, modified with varying amounts of strontium and
      aluminum atoms, was prepared as described in Example I. Test results, to
      determine the effect of nickel addition upon the temperature coefficient
      of resistance (n), are listed in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Material      Metal   Sample   Sample Sample                              
     Added         Atom    M        N      O                                   
     ______________________________________                                    
     MnO.sub.2     Mn      63       63     63                                  
     NiO           Ni      20       --     20                                  
     SrCO.sub.3    Sr      32       32     42                                  
     Al.sub.2 O.sub.3                                                          
                   Al      31       31     41                                  
     Sn + Al                                                                   
                           0.76     1.00   1.00                                
     Mn + Ni                                                                   
     Sintering Tem-                                                            
     perature (2 Hours)    2400.degree.F                                       
                                    2400.degree.F                              
                                           2400.degree.F                       
     n (%/.degree.C)       -2.4     -1.3   -1.8                                
     ______________________________________                                    
PAR  As shown in the data in Table V when the ratio of
      ##EQU6##
      and no nickel is present, a minimum value of n is obtained. (Sample N)
      Addition of nickel atoms increases the value of n, even though the
      ##EQU7##
      ratio is maintained at 1. (Sample O)
PAR  It is apparent from the discussion of the modifying effect which the
      strontium atom exerts upon the manganese oxide or manganese oxide-nickel
      matrix that the strontium can be added in the form other than the
      carbonate, for example, as strontium oxide. For economic reasons,
      strontium carbonate is preferred. Firing of the green article converts the
      nickel present to nickel oxide, thus similar considerations apply to the
      choice of a nickel-containing compound.
PAC  COMPARATIVE PROCEDURE A
PAR  For purposes of comparison, but not in accordance with the invention, a
      series of suppressor compositions of manganese-nickel oxide and
      manganese-nickel-cobalt oxide not modified by the addition of strontium or
      aluminum atoms, was prepared and tested. The samples were prepared by
      sintering the oxides at 2200.degree.F. for a period of 2 hours.
      Cylindrical samples 0.13 inch in diameter and 0.26 inch in length were
      tested.
PAR  The composition, n and R.sub.25.sub..degree.C values for the samples are
      given in Table VI:
TBL                TABLE VI                                                    
     ______________________________________                                    
     Composition of Mn-Ni-Co Oxide semi-                                       
     conductors by Atomic Ratio                                                
     Material   Metal   Sample   Sample Sample                                 
                                              Sample                           
     Added      Atom    P        Q      R     S                                
     ______________________________________                                    
     Mn.sub.2 O.sub.3                                                          
                Mn      63       63     63    63                               
     MnO.sub.2  Mn      --       --     --    --                               
     NiO        Ni      10       10     10    10                               
     CoO        Co      --       1      5     10                               
     R.sub.25.sub..degree.C (0.26")                                            
                        1.7M.OMEGA.                                            
                                 2.4M.OMEGA.                                   
                                        2.2M.OMEGA.                            
                                              0.8M.OMEGA.                      
     n (%/.degree.C)    -3.14    -3.15  -3.15 -3.04                            
     ______________________________________                                    
PAR  As indicated in Table VI, the R.sub.25.sub..degree.C values were all in the
      megohm range. The resistance decreased sharply as the samples experienced
      self-heating as indicated by the high temperature coefficient of
      resistance given in Table VI.
PAR  Other samples were prepared using MnO.sub.2 as the source of manganese
      instead of Mn.sub.2 O.sub.3. The MnO.sub.2 compositions suffered from
      excessive cracking during firing at 2200.degree.F. This was attributed to
      the volume changes that MnO.sub.2 experiences during firing as shown
      below.
TBL  1200.degree.F.    .about.1850.degree.F.                                   
     MnO.sub.2 .fwdarw.Mn.sub.2 O.sub.3                                        
                       .fwdarw.Mn.sub.3 O.sub.4                                
     11.5 percent volume increase                                              
                       7.4 volume decrease                                     
PAR  Since the elements in a given chemical group have similar properties, the
      other members of the Group II chemical group were tested, as substitutes
      for strontium specifically, a series of manganese oxide-aluminum
      compositions modified with the oxides of magnesium, calcium and barium, as
      a substitute for strontium was prepared and tested. The magnesium, calcium
      and barium-containing compositions did not produce conducting oxides with
      controllable temperature coefficients of resistance, but produced instead,
      insulators.
PAC  COMPARATIVE PROCEDURE B
PAR  It is known in the art as disclosed in U.S. Pat. No. 2,864,773, that
      titanate and stanno-titanate materials can be modified with Ta.sup..sup.+5
      to obtain semiconductor materials having low thermal coefficient of
      conductivity. Accordingly, manganese oxide and manganese-nickel oxide
      compositions were modified with Ta.sup..sup.+5, Ti.sup..sup.+4 and
      Si.sup..sup.+2 metal ions. Each composition was sintered at 2200.degree.F.
      for 2 hours. Samples which displayed semiconductivity properties possessed
      temperature-resistance values similar to those obtained from manganese
      oxide bodies as described hereinbefore in Comparative Procedure A. As
      indicated in Table VII, the room temperature resistance
      (R.sub.25.sub..degree.C) values were all in the megohm range, and high
      values were obtained for the temperature coefficient of resistance (n).
TBL                TABLE VII                                                   
     ______________________________________                                    
     Material          Sample   Sample                                         
                                      Sample Sample                            
     Added      Atom   T        U     V      W                                 
     ______________________________________                                    
     MnO.sub.2  Mn     63       63    63     63                                
     NiO        Ni     20       20    20     --                                
     SrO        Sr     --       --    --     10                                
     CeO.sub.2  Ce     --       --    --     3                                 
     SiO.sub.2  Si     --       10*   10*    10*                               
     TiO.sub.2  Ti     10*      10*   --     --                                
     Ta.sub.2 O.sub.5                                                          
                Ta     --       --    0.5*   --                                
     R.sub.25.sub..degree.C (4V)                                               
                       10.9M.OMEGA.                                            
                                .infin.                                        
                                      40.9M.OMEGA.                             
                                             72.5M.OMEGA.                      
     n (%/.degree.C)   -3.3     --    -3.3   -2.7                              
     ______________________________________                                    
      *Given in percent by weight.                                             
PAR  A comparison of the test results described in Examples I, II and III with
      the test results described in Comparative Procedure A and B demonstrates a
      drastic improvement in the coefficient of resistance of a manganese oxide
      or manganese oxide-nickel composition when the composition is altered by
      the addition of aluminum and strontium atoms.
PAR  From the testing results given in Tables I, II and III, the following
      relationship can be demonstrated as to the effect that the stoichiometry
      of the
      ##EQU8##
      ratio has upon the value of n:
TBL             Atom Ratio,                                                    
                           n(%/.degree.C)                                      
                Sr + Al                                                        
                Mn + Ni                                                        
     ______________________________________                                    
     Table VI     0.0          -3.2 .+-. 0.1                                   
     Table III    0.1          -2.8 .+-. 0.1                                   
     Table III    0.8          -2.1 .+-. 0.2                                   
     Table I      1.0          -1.3 .+-. 0.1                                   
     Table I      1.1          -1.6 .+-. 0.1                                   
     Table III    1.5          -1.5 .+-. 0.1                                   
     ______________________________________                                    
PAR  The above relationship is illustrated graphically in FIG. 1, which shows
      that the temperature coefficient of resistance of manganese oxide and
      manganese-nickel oxide semiconductor compositions, modified with Sr and Al
      atoms, can be controlled between about -2.8 and -1.3%/.degree.C. by
      maintaining the
      ##EQU9##
      ratio from 0.1 to 1.5.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical semi-conductor suppressor element, said element consisting
      essentially of alumina, manganese oxide and strontium oxide as a modifying
      strontium compound and which also may contain nickel oxide, wherein the
      strontium/aluminum atom ratio has a value of about 0.5:1 to 0.95:1,
      wherein manganese constitutes from 50 percent to 100 percent based upon
      the total number of atoms of manganese and nickel, and wherein the
      proportions of alumina, manganese, nickel and strontium are such that the
      numerical value of the atom ratio
      ##EQU10##
      is from about 0.1 to 1.5, and wherein the temperature coefficient of
      resistance of the suppressor which is defined by the expression
      ##EQU11##
      is between about -2.8%/.degree.C and -1.3% depending upon the value of the
      ##EQU12##
      atom ratio.
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PAL  Glass compositions having a Young's modulus of at least 16 million psi and
      a specific modulus of at least 110 million inches consisting essentially
      of approximately, by weight, 20-43% SiO.sub.2, 8-21% Al.sub.2 O.sub.3,
      4-10% BeO, 27-58% of at least one oxide selected from a first group
      consisting of Y.sub.2 O.sub.3, La.sub.2 O.sub.3, Nd.sub.2 O.sub.3,
      Ce.sub.2 O.sub.3 and the mixed rare earth oxides and 3-12% of at least one
      oxide selected from a second group consisting of MgO, ZrO.sub.2, ZnO and
      CaO, the molar ratio of BeO to the total content of said first group
      oxides being from 1.0-3.0.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of application Ser. No. 874,675 filed Nov.
      6, 1969, now abandoned by the same inventor.
BSUM
PAR  The invention described herein was made in the performance of work under
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 USC 2457).
PAR  This invention in general relates to high modulus glass and glass
      compositions and more particularly relates to beryllia containing glasses
      having a Young's modulus of at least 16 million psi and a specific modulus
      of at least 110 million inches, some having a liquidus-viscosity
      relationship suitable for fiberization.
PAR  In the present age, there has been a continuing search for glasses of high
      modulus and low density, capable for use as reinforcements, preferably in
      fiber form in composite structures such as those ranging from high
      strength missile cases and helicopter blades to propeller spinners and gas
      turbine engine parts. Glass offers promise as the reinforcement in such
      applications since it may be quickly and cheaply produced by relatively
      conventional techniques and, generally, presents no compatability problems
      with the matrix materials with which it is normally used. There is a need
      however to provide glass formulations which possess a high modulus of
      elasticity, and particularly a high modulus-density ratio. It is even more
      preferable if the glass possesses the aforementioned two characteristics
      in combination with an appropriate liquidus-viscosity relationship to
      permit fiberization.
PAR  There is dislosed in my copending application Ser. No. 683,465 filed on
      Nov. 16, 1967, now U.S. Pat. No. 3,573,078, glass compositions comprising
      silica, alumina and magnesia with substantial quantities of an uncommon
      oxide such as lanthana, ceria or yttria which provide a formulation
      capable of fiberization to produce filaments having a high modulus of
      elasticity. It has now been found that the fiberizing properties of this
      type of glass composition, which shal be referred to as rare earth or
      zirconia-cordierite base glasses, may be most markedly enhanced by
      including beryllia in a similar type glass and maintaining its content in
      a particular molar ratio to the total content of yttria, lanthana,
      neodymia, ceria and mixed rare earth oxides present.
PAC  SUMMARY OF THE INVENTION
PAR  The glass compositions of the present invention are a high modulus, low
      density glass which, in their preferred form consist essentially of a
      combination of silica, beryllia, alumina, one or more oxides selected from
      a first group consisting of yttria, lanthana, neodymia, ceria and the
      mixed rare earth oxides and one or more oxides selected from a second
      group consisting of magnesia, zirconia, zinc oxide and calcia, with the
      molar ratio of beryllia to the total content of the first group oxides
      being 1.0-3.0. In particular, the inventive glasses contemplated are those
      having a Young's modulus of at least 16 million psi and a specific modulus
      of at least 110 million inches which consist essentially of, by weight,
      approximately 20-43% SiO.sub.2, 4-10% BeO, 8-21% Al.sub.2 O.sub.3, 27-58%
      of at least one oxide selected from a first group consisting of Y.sub.2
      O.sub.3, La.sub.2 O.sub.3, Nd.sub.2 O.sub.3, Ce.sub.2 O.sub.3 and the
      mixed rate earth oxides and 3-12% of at least one oxide selected from a
      second group consisting of MgO, ZrO.sub.2, ZnO and CaO, the molar ratio of
      BeO to the total content of the first group oxides being from 1.0 to 3.0.
      In general, there are not more than two first group oxides nor more than
      three second group oxides in a given glass composition.
PAR  In several preferred embodiments, formulations having a Young's modulus
      ranging from at least 16 to at least 21 million psi and a specific modulus
      ranging from at least 120 to at least 160 million inches that are readily
      formed into fibers having a relatively high fiber modulus ranging from
      above 15 to above 19 million psi are described. These include glasses
      consisting essentially of, by weight, approximately:
PA1  37% SiO.sub.2, 8% BeO, 10% Al.sub.2 O.sub.3, 33% La.sub.2 O.sub.3 and 12%
      ZrO.sub.2 ;
PA1  30% siO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 34% Y.sub.2 O.sub.3 and 12%
      ZnO;
PA1  36% siO.sub.2, 5% BeO, 21% Al.sub.2 O.sub.3, 30% Y.sub.2 O.sub.3 and 8%
      MgO;
PA1  38% siO.sub.2, 8% BeO, 11% Al.sub.2 O.sub.3, 34% La.sub.2 O.sub.3 and 9%
      ZnO;
PA1  37% siO.sub.2, 8% BeO, 10% Al.sub.2 O.sub.3, 33% La.sub.2 O.sub.3 and 12%
      ZrO.sub.2 ;
PA1  31% siO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 30% Y.sub.2 O.sub.3, 9%
      Ce.sub.2 O.sub.3 and 6% MgO;
PA1  30% siO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 29% Y.sub.2 O.sub.3, 8%
      Ce.sub.2 O.sub.3, 3% MgO and 6% ZnO;
PA1  30% siO.sub.2, 8% BeO, 15% Al.sub.2 O.sub.3, 29% Y.sub.2 O.sub.3, 8%
      Ce.sub.2 O.sub.3, 6% ZnO and 4% CaO;
PA1  30% siO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 29% Y.sub.2 O.sub.3, 8%
      Ce.sub.2 O.sub.3, 2% MgO, 4% ZnO and 3% CaO;
PA1  32% siO.sub.2, 4% BeO, 18% Al.sub.2 O.sub.3, 39% mixed rare earth oxides
      and 7% MgO;
PA1  32% siO.sub.2, 4% BeO, 18% Al.sub.2 O.sub.3, 39% La.sub.2 O.sub.3 and 7%
      MgO; and
PA1  33% SiO.sub.2, 8% BeO, 11% Al.sub.2 O.sub.3, 36% La.sub.2 O.sub.3, 4%
      Nd.sub.2 O.sub.3 and 8% MgO.
PAR  The features of the invention will be discussed in greater detail in the
      description which follows or will be evident therefrom to those skilled in
      the art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a generic sense, the glasses of the present invention may be
      characterized as of the cordierite variety (Mg.sub.2 Al.sub.4 Si.sub.5
      O.sub.18 -a three-dimensional ring-former), but with the inclusion of
      beryllia and with the addition of substantial amounts of oxides selected
      from the group consisting of yttria, lanthana, ceria, neodymia and mixed
      rare earth oxides, this addition in some instances being so large as to
      equal or exceed the contributed weight of the cordierite components.
PAR  In the preliminary work only pure materials, particularly those of
      lanthana, ceria, zirconia and beryllia were utilized so that the
      characterization and property data could be unequivocally interpreted. In
      later experiments much less costly and impure formulations were
      substituted, such as would be used in actual glass-making operations. The
      normal impurities found in the less pure starting materials, including
      some of the less common rare earths, have been found to exert no
      significant detrimental effect on the properties of the desired end
      product when present in the normal amounts.
PAR  With repsect to the form of the materials added, it has been the practice
      to add the ceria, lanthana, yttria, neodymia and mixed rare earths as
      oxalates, the zirconia, beryllia, zinc and calcium as carbonates, and the
      other materials as oxides. Any form of the addition is satisfactory,
      however, as long as it is reducible in the melt to the oxide. And the
      addition of the ingredients in a form which provides some gas evolution
      during the melting operation furnishes an advantageous stirring or
      "fining" effect in the melt.
PAR  Many of the inventive glasses are capable of fiberization which is the
      ability of the glass to be readily drawn into filamentary form. In
      general, therefore, the glasses over a reasonable temperature range,
      depending on the particular composition, will display a viscosity of
      approximately 20,000 poises, the optimum viscosity being about 300-1,000
      poises.
PAR  Typically, the glasses were prepared in 500 gram batches in high purity
      (99.9%) alumina crucibles in a Super-Kanthal hairpin kiln. The starting
      materials were 5 micron particle size high purity silica, 325 mesh high
      purity alumina, high purity precipitated magnesia, high purity lump-free
      beryllium carbonate, high purity precipitated zinc carbonate, zirconium
      carbonate, lithium carbonate and calcium carbonate, lanthanum, yttrium
      and/or cerium oxalates of 99% purity and a mixed rare earth oxalate of
      which a typical sample analyzed as:
TBL  Re.sub.2 (C.sub.2 O.sub.4).sub.3.sub.' x H.sub.2 O                        
     % Oxides in Oxalate (by weight)                                           
     ______________________________________                                    
     La.sub.2 O.sub.3 11.2                                                     
     *CeO.sub.2       22.6                                                     
     Pr.sub.6 O.sub.11                                                         
                      2.4                                                      
     Nd.sub.2 O.sub.3 8.0                                                      
     Sm.sub.2 O.sub.3 1.4                                                      
     Gd.sub.2 O.sub.3 0.9                                                      
     Y.sub.2 O.sub.3  0.1                                                      
     Others           0.4                                                      
     ______________________________________                                    
      *Valence of cerium in the oxalate = 3                                    
PAR  The ingredients were completely mixed dry by tumbling, and briquetted for
      ease of handling. The yield, in general, is a water-white optical grade
      glass free of seed and bubbles due to the fining action of the oxalates
      when held at a temperature of at least 1500.degree.C or higher for a
      period of time of at least two hours or longer. With the above-mentioned
      preparation technique alumina crucibles of even slightly lower purity
      (99.3-99.7%) cannot be used, nor can the temperature of about
      1540.degree.-1460.degree.C be exceeded even with the alumina crucibles of
      highest purity. The more refractory glasses were melted in either platinum
      alloy crucibles, or in tungsten crucibles under argon cover.
PAR  The compositions of some of the representative glasses formulated in the
      course of the experimental program are set forth in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Compositions of Representative Glasses (Weight Percent)                   
     __________________________________________________________________________
                                                            Molar Ratio        
                                         R.E.               BeO/1st            
     Example                                                                   
          SiO.sub.2                                                            
              BeO Al.sub.2 O.sub.3                                             
                       Y.sub.2 O.sub.3                                         
                           La.sub.2 O.sub.3                                    
                               Nd.sub.2 O.sub.3                                
                                    Ce.sub.2 O.sub.3                           
                                         Oxides                                
                                             MgO ZrO.sub.2                     
                                                     ZnO CaO                   
                                                            Group              
     __________________________________________________________________________
                                                            Oxides             
     1    36.6                                                                 
              7.5 10.4     33.1                  12.5       3.0                
     2    25.8                                                                 
              6.9 13.5     43.1                      10.8   2.1                
     3    29.8                                                                 
              7.9 15.5 34.4                          12.4   2.1                
     4    24.9                                                                 
              8.9 18.1     38.5                      9.6    3.0                
     5    28.1                                                                 
              10.1                                                             
                  20.5 30.3                          10.9   3.0                
     6    19.7                                                                 
              8.2 16.7     44.5                      11.1   2.4                
     7    36.2                                                                 
              5.0 20.5 30.2                  8.1            1.5                
     8    38.2                                                                 
              7.9 10.8     34.4                      8.6    3.0                
     9    36.6                                                                 
              7.6 10.4     33.1                  12.5       3.0                
     10   38.1                                                                 
              7.4 10.9              34.5             8.6    3.0                
     11   31.0                                                                 
              8.2 16.2 29.9         8.6      6.4            2.1                
     12   29.9                                                                 
              8.0 15.6 28.8         8.4      3.1     6.2    2.1                
     13   30.2                                                                 
              8.1 15.8 29.1         8.4                  8.7                   
                                                            2.1                
     14   29.5                                                                 
              7.9 15.4 28.5         8.3              6.2 4.2                   
                                                            2.1                
     15   30.0                                                                 
              8.0 15.7 28.9         8.4      2.1     4.2 2.9                   
                                                            2.1                
     16   25.7                                                                 
              6.9 13.4      7.2          36.1        10.7   2.1                
     17   38.2                                                                 
              7.9 10.8                   34.6        8.6    3.0                
     18   31.0                                                                 
              7.3 12.0     38.2                      9.6    2.5                
     19   25.8                                                                 
              6.9 13.5     43.1                      10.7   2.1                
     20   31.9                                                                 
              4.4 18.0                   38.7                                  
                                             7.1            1.5                
     21   32.0                                                                 
              4.4 18.1     38.4              7.1            1.5                
     22   24.6                                                                 
              3.8 15.6     49.9              6.2            1.0                
     23   42.8                                                                 
              8.9 12.1 26.8                          9.6    3.0                
     24   29.2                                                                 
              9.1 12.4     39.6                      9.9    3.0                
     25   24.6                                                                 
              6.2  8.4     26.7                                                
                               26.7                  6.7    1.5                
     26   25.4                                                                 
              6.4  8.6     27.6                                                
                               28.5          3.4            1.5                
     27   31.9                                                                 
              8.0 10.8     34.6                                                
                               7.1           7.7            2.5                
     28   33.3                                                                 
              8.1 10.9     36.1                                                
                               3.6           7.8            2.7                
     __________________________________________________________________________
PAR  In order to characterize the various glasses, measurements of the density
      and Young's modulus of bulk samples as well as Young's modulus of
      mechanically drawn fibers were made. As a standard density measuring
      technique, the heavy-liquid-of-known density comparison procedure was used
      for samples with densities less than 3.00 gms/cm.sup.3 while the
      Archimedean method was employed for samples with densities greater than
      3.00 gms/cm.sup.3.
PAR  Bulk samples for modulus measurement were prepared using the technique
      whereby the samples were drawn directly from the crucibles of molten glass
      into fused silica tubes previously dusted lightly with powdered magnesia.
      Controlled suction for pulling the sample into the tube was supplied by a
      hypodermic syringe. Since all of the experimental glasses had coefficients
      of thermal expansion at least higher than that of fused silica, the
      aspirated bars shrank away from the tube upon cooling and thus were
      readily removable.
PAR  Table II lists the values for a number of glasses made and tested in
      accordance with the teachings herein.
TBL                Table II                                                    
     ______________________________________                                    
     Glass Density, Young's Modulus and Specific Modulus                       
     ______________________________________                                    
            Density  Young's Modulus                                           
                                   Specific Modulus                            
     Example                                                                   
            lb./in. .sup.3                                                     
                     psi .times. 10.sup.6                                      
                                   10.sup.6 in.                                
     ______________________________________                                    
     1      0.1318   16.7          127                                         
     2      0.1462   18.6          129                                         
     3      0.1322   20.9          158                                         
     4      0.1392   19.0          136                                         
     5      0.1265   21.0          166                                         
     6      0.1500   19.4          130                                         
     7      0.1193   20.3          170                                         
     8      0.1312   21.6          164                                         
     9      0.1317   17.7          134                                         
     10     0.1273   16.8          132                                         
     11     0.1277   19.0          149                                         
     12     0.1320   19.1          144                                         
     13     0.1277   17.8          139                                         
     14     0.1320   18.6          142                                         
     15     0.1289   18.5          144                                         
     16     0.1473   17.3          118                                         
     17     0.1312   18.1          138                                         
     18     0.1393   18.3          131                                         
     19     0.1457   19.2          132                                         
     20     0.1311   18.2          139                                         
     21     0.1340   18.0          134                                         
     22     0.1477   17.9          121                                         
     23     0.1239   19.1          154                                         
     24     0.1402   18.7          134                                         
     25     0.1570   19.3          123                                         
     26     0.1540   19.6          128                                         
     27     0.1345   19.3          144                                         
     28     0.1308   19.1          146                                         
     ______________________________________                                    
PAR  As is evident from the Tables, several of the formulations have proved to
      display extremely high modulus as well as modulus/density ratios superior
      to the best of glass compositions heretofore known. The particular
      formulation selected in a given application, however, will be dependent
      usually not only upon the properties of the end product but also upon the
      cost of the ingredients included. This is particularly true in commercial
      production.
PAR  Several of the glasses proved to be fiberizable. In order to evaluate these
      glasses, a "poor man's bushing" was used to prepare mechanically drawn
      fibers. The bushing comprises a 20 cm.sup.3 platinum crucible with a
      reinforced bottom and central orifice. The orifice is formed by welding
      several thicknesses of platinum foil to the bottom of a normal platinum
      crucible until a bottom thickness of 3/16 in. is obtained. A central
      orifice .088 in. at top, .063 in. at bottom and 3/16 in. long in the
      crucible is made by taper reaming. Once the orifice is made, the crucible
      is filled with glass and introduced into a platform furnace having high
      temperature Super-Kanthal hairpin heating elements together with a first
      ring orifice to provide water cooling immediately below the crucible and a
      second ring orifice to cool the fiber with helium jets as it forms. The
      fibers were drawn at speeds of 4000-8000 feet/minute and yielded circular
      glass fibers having a diameter of approximately one mil. The fibers were
      then evaluated on an Instron CRE tester operated with a machine speed of
      0.2 in./minute, a chart speed of 20 in./minute, a gage length of 5 in. and
      a full scale capacity of 1.0 lb. The specimens were held in air actuated
      clamps with flat rubber coated faces.
PAR  Table III lists the values for several glasses which were mechanically
      drawn into fibers.
TBL                Table III                                                   
     ______________________________________                                    
     Fiber Modulus                                                             
     ______________________________________                                    
                    Young's Modulus                                            
     Example        psi .times. 10.sup.6                                       
     ______________________________________                                    
     1              15.9                                                       
     3              19.8                                                       
     7              18.6                                                       
     8              17.4                                                       
     9              17.5                                                       
     11             17.5                                                       
     12             18.8                                                       
     14             17.7                                                       
     15             18.4                                                       
     20             17.8                                                       
     21             15.6                                                       
     28             17.4                                                       
     ______________________________________                                    
PAR  The particular formulation selected in a given application will be
      dependent, usually, not only upon the properties of the end product but
      also upon the cost of the ingredients included. This is particularly true
      in high volume commercial production.
PAR  While the invention has been described in connection with a number of
      particular preferred embodiments, they are considered illustrative only,
      and no limitation is intended thereby. Numerous substitutions, alterations
      and modifications will be evident to those skilled in the art within the
      true spirit and scope of the invention as set forth in the appended claims
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A glass composition having a Young's modulus of at least 16 million psi
      and a specific modulus of at least 110 million inches consisting
      essentially of, by weight, approximately:
PA1  20-43% SiO.sub.2, 4-10% BeO, 8-21% Al.sub.2 O.sub.3, 27-58% of at least one
      oxide selected from a first group consisting of Y.sub.2 O.sub.3, La.sub.2
      O.sub.3, Nd.sub.2 O.sub.3, Ce.sub.2 O.sub.3 and mixtures thereof and 3-12%
      of at least one oxide selected from a second group consisting of MgO,
      ZrO.sub.2 and ZnO, the molar ratio of BeO to the total conte nt of said
      first group oxides being from 1.0 to 3.0.
NUM  2.
PAR  2. A glass composition having a Young's modulus of at least 16 million psi
      and a specific modulus of at least 110 million inches consisting
      essentially of approximately, by weight:
PA1  20-43% SiO.sub.2, 4-10% BeO, 8-21% Al.sub.2 O.sub.3, 27-58% of at least one
      but not more than two oxides selected from a first group consisting of
      Y.sub.2 O.sub.3, La.sub.2 O.sub.3, Nd.sub.2 O.sub.3 and Ce.sub.2 O.sub.3
      and 3-12% of not more than three oxides selected from a second group
      consisting of MgO, ZrO.sub.2, and ZnO, the molar ratio of BeO to the total
      content of said first group oxides being from 1.0 to 3.0.
NUM  3.
PAR  3. A glass composition having a Young's modulus of at least 16 million psi
      and a specific modulus of at least 110 million inches consisting
      essentially of, by weight, approximately:
PA1  20-43% SiO.sub.2, 4-10% BeO, 8-21% Al.sub.2 O.sub.3, 27-58% of at least one
      oxide selected from a first group consisting of Y.sub.2 O.sub.3, Nd.sub.2
      O.sub.3, Ce.sub.2 O.sub.3 and mixtures thereof and 3-12% of at least one
      oxide selected from a second group consisting of MgO, ZrO.sub.2, ZnO and
      CaO, the molar ratio ratio of BeO to the total content of said first group
      oxides being from 1.0 to 3.0.
NUM  4.
PAR  4. A glass composition having a Young's modulus of at least 16 million psi
      and a specific modulus of at least 110 million inches consisting
      essentially of approximately, by weight:
PA1  2- 43% SiO.sub.2, 4-10% BeO, 8-21% Al.sub.2 O.sub.3, 27-58% of at least one
      but not more than two oxides selected from a first group consisting of
      Y.sub.2 O.sub.3, Nd.sub.2 O.sub.3 and Ce.sub.2 O.sub.3 and 3-12% of not
      more than three oxides selected from a second group consisting of MgO,
      ZrO.sub.2, ZnO, and CaO, the molar ratio of BeO to the total content of
      said first group oxides being from 1.0 to 3.0.
NUM  5.
PAR  5. A fiberizable glass composition having a Young's modulus of at least 20
      million psi and a specific modulus of at least 150 million inches
      consisting essentially of about, by weight:
PA1  30% SiO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 34% Y.sub.2 O.sub.3 and 12%
      ZnO.
NUM  6.
PAR  6. A fiberizable glass composition having a Young's modulus of at least 20
      million psi and a specific modulus of at least 160 million inches
      consisting essentially of about, by weight:
PA1  36% SiO.sub.2, 5% BeO, 21% Al.sub.2 O.sub.3, 30% Y.sub.2 O.sub.3 and 8%
      MgO.
NUM  7.
PAR  7. A fiberizable glass composition having a Young's modulus of at least 20
      million psi and a specific modulus of at least 160 million inches
      consisting essentially of about, by weight:
PA1  38% SiO.sub.2, 8% BeO, 11% Al.sub.2 O.sub.3, 34% La.sub.2 O.sub.3 and 9%
      ZnO.
NUM  8.
PAR  8. A fiberizable glass composition having a Young's modulus of at least 19
      million psi and a specific modulus of at least 140 million inches
      consisting essentially of about, by weight:
PA1  31% SiO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 30% Y.sub.2 O.sub.3, 9%
      Ce.sub.2 O.sub.3 and 6% MgO.
NUM  9.
PAR  9. A fiberizable glass composition having a Young's modulus of at least 19
      million psi and a specific modulus of at least 140 million inches
      consisting essentially of about, by weight:
PA1  30% SiO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 29% Y.sub.2 O.sub.3, 8%
      Ce.sub.2 O.sub.3, 3% MgO and 6% ZnO.
NUM  10.
PAR  10. A fiberizable glass composition having a Young's modulus of at least 18
      million psi and a specific modulus of at least 140 million inches
      consisting essentially of about, by weight:
PA1  30% SiO.sub.2, 8% BeO, 15% Al.sub.2 O.sub.3, 29% Y.sub.2 O.sub.3, 8%
      Ce.sub.2 O.sub.3, 6% ZnO and 4% CaO.
NUM  11.
PAR  11. A fiberizable glass composition having a Young's modulus of at least 16
      million psi and a specific modulus of at least 120 million inches
      consisting essentially of, by weight:
PA1  37% SiO.sub.2, 8% BeO, 10% Al.sub.2 O.sub.3, 33% La.sub.2 O.sub.3 and 12%
      ZrO.sub.2.
NUM  12.
PAR  12. A fiberizable glass composition having a Young's modulus of at least 18
      million psi and a specific modulus of at least 140 million inches
      consisting essentially of, by weight:
PA1  30% SiO.sub.2, 8% BeO, 16% Al.sub.2 O.sub.3, 29% Y.sub.2 O.sub.3, 8%
      Ce.sub.2 O.sub.3, 2% MgO, 4% ZnO and 3% CaO.
PATN
WKU  039472825
SRC  5
APN  4246187
APT  1
ART  117
APD  19731213
TTL  Inorganic vitreous detector material
ISD  19760330
NCL  4
ECL  1
EXA  Waltz; Thomas A.
EXP  Curtis; Allen B.
NDR  4
NFG  5
INVT
NAM  Kaes; Hans-Herbert
CTY  Wetzlar-Dorlar
CNT  DT
ASSG
NAM  Ernst Leitz GmbH
CTY  Wetzlar
CNT  DT
COD  03
CLAS
OCL  106 54
XCL  106 47R
XCL  250273
EDF  2
ICL  C03C  316
FSC  106
FSS  47 R;54
UREF
PNO  2077481
ISD  19370400
NAM  Huppert et al.
XCL  106 54
UREF
PNO  2100391
ISD  19371100
NAM  Grimm et al.
XCL  106 47R
UREF
PNO  2194784
ISD  19400300
NAM  Berger
XCL  106 54
UREF
PNO  2226418
ISD  19401200
NAM  Tillyer et al.
OCL  106 47R
UREF
PNO  2227082
ISD  19401200
NAM  Grimm et al.
OCL  106 47R
UREF
PNO  2381925
ISD  19450800
NAM  Pincus
OCL  106 47R
UREF
PNO  2477649
ISD  19490800
NAM  Pincus
OCL  106 47R
UREF
PNO  2486811
ISD  19491100
NAM  Weyl
XCL  106 47R
UREF
PNO  2577627
ISD  19511200
NAM  Pincus
OCL  106 47R
UREF
PNO  3516939
ISD  19700600
NAM  Yokota et al.
XCL  106 47R
LREP
FR2  Radde; Erich M. H.
ABST
PAL  An inorganic vitreous detector material which in principle is composed of
      the three-component system consisting of metaphosphoric acid, aluminum
      metaphosphate, and zinc oxide, is used for the determination of the energy
      of particles of high energy. Such a material may additionally contain
      silicon dioxide and boron trioxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to vitreous detector material and more
      particularly to inorganic vitreous detector material of high energy
      resolution, to a process of making such detector material, and to its use
      especially for determining the energy of particles of high energy.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Energy-rich particles and more particularly heavy ions and fission
      products, when impinging upon or penetrating into insulator materials,
      produce tracks or marks which can be made visible under a microscope, for
      instance after treatment with suitable solvents or etching means. In
      addition to the number of impinging particles, the energy of the particles
      recorded is of particular importance.
PAR  Thus it is known, for instance, that the track characteristics in solids
      permit to draw conclusions as to the energy of vertically impinging
      particles. See, for instance H. Ait-Salem et al. in "Nuclear Instruments
      and Methods" vol. 60 (1968), page 45; E. V. Benton et al. in "Nuclear
      Instruments and Methods" vol. 67 (1969), page 87; and G. Somogyi et al. in
      "Nuclear Instruments and Methods" vol. 63 (1968), page 189. In this
      connection the diameter of the etched hole proves a suitable value for the
      measurement. While with short etching times only a slight change of the
      diameter as a function of the energy of the fission products is obtained,
      a definite increase in the diameter of the etched hole in relation to the
      energy is observed on prolonged etching. For such a use, glasses have
      proved to be superior to plastics which show too slight a dependence on
      energy, or to crystals which, due to their properties of anisotropy, yield
      asymmetrical holes (see in this respect U. Hoppner et al. in "Nuclear
      Instruments and Methods" vol. 74 (1969), page 285.
PAR  In general, the etching times of glass materials bombarded with particles
      are, however, somewhat restricted. This is due, on the one hand, to the
      fact that by the "fringing out" of the holes, i.e. to the fact that the
      initially etched points of impact become irregular, an exact determination
      of the diameter of the hole is no longer possible and, on the other hand,
      to the fact that they can no longer be measured unequivocally due to too
      low a contrast in the microscope or even no contrast at all.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide a vitreous detector
      material which assures a high energy resolution by causing the particles
      to impinge upon said material, to produce places of damage in the glass
      structure which differ distinctly from the impinged vicinity. Furthermore,
      the etching procedure should proceed in such a manner that more deeply
      penetrating particles, i.e. particles which are richer in energy, will
      produce wider holes and, in addition thereto, the places of damage should
      have approximately circular shapes at the surface even after prolonged
      etching.
PAR  Another object of the present invention is to provide a simple and
      effective process of producing such a vitreous detector material.
PAR  A further object of the present invention is to use such a vitreous
      detector material for determining the energy of particles of high energy,
      such as heavy ions, fission products, and others.
PAR  Other objects of the present invention and advantageous features thereof
      will become apparent as the description proceeds.
PAR  These objects are achieved in accordance with the present invention by
      providing a detector material which is basically composed of a
      three-component system consisting of metaphosphoric acid, aluminum
      metaphosphate, and zinc oxide in the following limits of concentration in
      weight percent:
PAR  20 to 60% of metaphosphoric acid HPO.sub.3,
PAR  30 to 80% of aluminum metaphosphate Al(PO.sub.3).sub.3, and
PAR  2 to 30% of zinc oxide ZnO.
PAR  In accordance with a particular embodiment of the present invention, such a
      vitreous material may also contain in addition up to 10%, by weight, of
      silicon dioxide SiO.sub.2 and/or boron trioxide B.sub.2 O.sub.3.
PAR  According to another embodiment of the present invention, it is also
      possible for reasons of glass technology to admix up to 5%, by weight, of
      conventional glass components, for instance, oxides and/or metaphosphates,
      to the three-component basic system.
PAR  It has been found that the tracks or marks of the impinging particles,
      after initial etching with different etching agents such as acids or
      bases, leave only nonusable traces not only in fluorine-containing glasses
      and in glasses of high silicate content, but also in glasses of a high
      lanthanum content, On the other hand, clearer and better visible tracks or
      marks could be obtained when using certain suitable etching agents in
      borate glasses. The best results, however, were obtained by the materials
      based on phosphoric acid according to the present invention. Such
      materials showed by far the greatest dependency on energy.
PAR  The glasses according to the present invention are produced, for instance,
      in an electric furnace by melting in a platinum crucible a homogeneous
      starting batch at 1200.degree.C. to 1400.degree.C. within 30 minutes to 60
      minutes, whereafter the melt is poured onto a metal plate preheated to
      about 200.degree.C. The resulting glass is then tempered so as to be free
      of stresses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The attached drawings further illustrate the present invention. In said
      drawings
PAR  FIG. 1 is a diagrammatic view of the three-component basic system ZnO -
      Al(PO.sub.3).sub.3 - HPO.sub.3 with the vitreous range indicated.
PAR  FIG. 2 shows the diameters of the holes after different etching times as a
      function of the energy;
PAR  FIG. 3 shows the diameters of the holes as a function of the energy for
      different materials;
PAR  FIG. 4 shows the energy distribution curve of fission fragments for the
      spontaneous nuclear fission of .sup.252 Cf;
PAR  FIG. 5 shows the energy distribution curve of fission fragments for the
      electron-induced nuclear fission of .sup.232 Th after etching.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following example serves to demonstrate the detector properties of a
      glass which is composed of the three-component basic system as well as of
      two additional components.
TBL  ______________________________________                                    
                   Weight-%   Mol %                                            
     ______________________________________                                    
     ZnO             9.0          13.6                                         
     Al(PO.sub.3).sub.3                                                        
                     34.2         32.9                                         
     HPO.sub.3       51.3         44.5                                         
     B.sub.2 O.sub.3 4.5          7.9                                          
     SiO.sub.2       1.0          2.1                                          
     ______________________________________                                    
PAR  When considering merely the three basic components which constitute 91.0
      mol% in the above example and calculating them to make up 100mol%, the
      following values are obtained:
TBL  Mol-%          Mol-%          Weight-%                                    
     ______________________________________                                    
     13.6 ZnO     14.9 ZnO        6.8 ZnO                                      
     32.9 Al(PO.sub.3).sub.3                                                   
                  36.1 Al(PO.sub.3).sub.3 .fwdarw.                             
                                 53.9 Al(PO.sub.3).sub.3                       
     44.5 HPO.sub. 3                                                           
                  49.0 HPO.sub.3 39.3 HPO.sub.3                                
     ______________________________________                                    
     (.SIGMA. = 91%)                                                           
                  (.SIGMA. = 100%)                                             
                                 (.SIGMA. = 100%)                              
     ______________________________________                                    
PAR  In FIG. 1 the three-component basic system ZnO -- Al(PO.sub.3).sub.3 --
      HPO.sub.3 is shown in the form of a ternary diagram.
PAR  The solid line a represents the boundary of the vitreous range of a 20 g.
      melt. The solid dots indicate glasses which lie outside said vitreous
      range and which, therefore, have more or less pronounced tendencies to
      crystallize, while the empty dots indicate glasses which do not show any
      tendency to crystallize.
PAR  In the hatched region there are located the optimum glasses which thus are
      particularly well suited for use as detector material. Point c within the
      region b indicates the above-mentioned specific example which was entered
      in this graph after the three main components had been calculated and made
      up to yield 100%. As seen from FIG. 1, the hatched region encompasses
      compositions wherein the Al(PO.sub.3).sub.3 content ranges from about 40
      to 60% by weight, HPO.sub.3 content ranges from about 30 to 45% by weight
      and the ZnO content ranges from about 2 to 22% by weight.
PAR  This glass was irradiated with fission products of exactly known mass and
      definite energy and was then etched with a 10 N sodium hydroxide solution
      at a temperature of 55.degree.C. for 5000 minutes. At lower temperatures
      the etching time had to be increased very considerably while at higher
      temperatures the holes were no longer circular.
PAR  The accuracy with which differences in diameter of the holes can still be
      resolved by means of photomicroscopic methods is dependent essentially on
      the parameters specific to the microscope employed and is about .+-. 0.6
      .mu.m. In order to determine the average diameter of the holes for a given
      particle energy, up to 100 holes were measured in each case.
PAR  In FIG. 2 there are set forth the results obtained for heavy fission
      products of the mass of 135 GMU - GMU standing for "General Mass Unit" and
      indicating the mass of the protons - and for lighter fission products of
      the masses of 96 GMU and 102 GMU. The diameter of the hole is indicated
      after different etching times as a function of the energy. The solid
      circles represent the fission products of heavy mass (135 GMU); the hollow
      circles represent fission products with the lighter masses (96 GMU and 102
      GMU). The corresponding etching times (by means of 10 N sodium hydroxide
      solution at 55.degree.C.) increase from Example 8 to Example 1 according
      to the following table:
TBL  Example         Etching time in minutes                                   
     ______________________________________                                    
     8               20                                                        
     7               60                                                        
     6               150                                                       
     5               270                                                       
     4               510                                                       
     3               1020                                                      
     2               2500                                                      
     1               5000                                                      
     ______________________________________                                    
PAR  It is evident that hole diameters of up to 150 .mu.m. can still be
      evaluated without difficulty, while when using the heretofore known
      detector materials, the maximum limit was at about 50 .mu.m.
PAR  A very good energy resolution from 1.5 to 2 MeV could be obtained. Such a
      resolution corresponds to that of solid barrier-layer counters for fission
      products. Furthermore, it can be noted from FIG. 2 that lighter masses
      give somewhat larger diameters at the same etching time. This undesired
      mass "effect" is, however, very small as compared with that encountered in
      the case of known detector materials.
PAR  FIG. 3 clearly shows the superiority of the energy resolution of a glass
      according to the present invention as compared with that of known
      materials. The following Table sets forth the individual materials as well
      as the corresponding etching conditions:
TBL  Reference No.                                                             
               Material Etching conditions                                     
     __________________________________________________________________________
     9        Collodion 50.degree.C.                                           
                             30 min.                                           
                                    6 N NaOH                                   
     10       Slide glass                                                      
                        22.degree.C.                                           
                             100 min.                                          
                                    48% HF                                     
     11       Optical glass                                                    
                        20.degree.C.                                           
                             70 min.                                           
                                    1/10 N HNO.sub.3                           
              "PSK 53"                                                         
     12       Glass according to                                               
                        55.degree.C.                                           
                             2100 min.                                         
                                    10 N NaOH                                  
              the present                                                      
              invention                                                        
     __________________________________________________________________________
PAR  It is evident that the size of the hole diameter in the case of the known
      detector materials collodion, slide glass, and optical glass "PSK 53"
      increases only insignificantly, if at all, when the energy varies within a
      range of 10 MeV to 90 MeV.
PAR  In contrast thereto, the detector material of the present invention shows a
      clearly steeper curve and thus a far greater dependence of the specific
      hole diameter on the particle energy.
PAR  Surprisingly it was found that the detector material according to the
      present invention is particularly superior to other known detector
      materials -- such as, for instance, the known solid-state barrier-layer
      counters -- when, in addition to heavy ions, there is also present an
      additional high background, for instance, of electrons or .gamma.-quanta,
      provided that the heavy ions are substantially insensitive to the
      electrons or .gamma.-rays. This property found in the material of the
      present invention renders particularly advantageous its use as an energy
      resolving detector for particles of high energy. Thus the new material was
      placed at a distance of about 3 cm. away in the near range of an electron
      beam of an intensity of 1 .mu.A and an energy of 10 MeV for about 20
      hours. While other types of glass were completely destroyed after etching
      under this long-time exposure, the glass according to the invention showed
      merely a slight pink coloration. Traces of fission products could still be
      measured in a satisfactory manner after such an irradiation.
PAR  As an example of one possibility of use of the new material as
      energy-resolving detector material there are shown in FIGS. 4 and 5 the
      energy distribution curves of fission fragments for the spontaneous
      nuclear fission of .sup.252 Cf and for the electron induced nuclear
      fission of .sup.232 Th.
PAR  In FIG. 4 there is drawn a dashed line curve d which is based on
      measurements made by Schmitt et al. (see "Physical Review" vol. 137 B
      (1965), page 837) with silicon solid-state barrier-layer counters. Rather
      good agreement can be noted with the measured-value curve consisting of
      individual "measurement bars" e which was obtained after evaluation of the
      etched detector material according to the present invention. About the
      same half-widths values result with respect to the two comparable peaks A
      and B in each case.
PAR  The curve in FIG. 5 also shows a very good energy resolution with
      half-widths values of the two peaks of 15MeV and 16 MeV.
PAR  It was also found that it is possible, for instance, with the detector
      material of the present invention to determine differences in the depth of
      the valley between the two peaks for different electron energies and to
      conclude therefrom whether the mass distribution on nuclear fission are
      symmetrical or asymmetrical.
CLMS
STM  I claim:
NUM  1.
PAR  1. An inorganic vitreous detector material having the properties of
      excellent energy resolution for impinging heavy ions and fission products,
      a high dependence of specific hole diameter with respect to impinging
      particle energy and as being substantially insensitive to background
      electrons and gamma-rays, said material consisting essentially of:
PA1  a. silicon dioxide SiO.sub.2 and boron trioxide B.sub.2 O.sub.3 in an
      amount not exceeding about 10% by weight; and
PA1  b. the balance, a three-component basic system consisting essentially of
      metaphosphoric acid, aluminum metaphosphate and zinc oxide within the
      following concentration limits:
PA2  about 20 to 60% by weight of metaphosphoric acid HPO.sub.3,
PA2  about 30 to 80% by weight of aluminum metaphosphate Al(PO.sub.3).sub.3, and
PA2  about 2 to 30% by weight of zinc oxide ZnO.
NUM  2.
PAR  2. The inorganic vitreous detector material as defined by claim 1, wherein
      the concentration limits of said metaphosphoric acid, aluminum
      metaphosphate and zinc oxide are determined by the boundaries of the
      hatched area of the ternary diagram in FIG. 1.
NUM  3.
PAR  3. The inorganic vitreous detector material as defined by claim 1, wherein
      said silicon dioxide SiO.sub.2 is present in an amount of about 1% by
      weight and said boron trioxide is present in an amount of about 4.5% by
      weight.
NUM  4.
PAR  4. The inorganic vitreous detector material as defined by claim 1,
      consisting essentially of:
PA1  9.0%, by weight, of zinc oxide ZnO,
PA1  34.2%, by weight, of aluminum metaphosphate Al(PO.sub.3).sub.3,
PAR  51. 3%, by weight, of metaphosphoric acid HPO.sub.3,
PA1  4.5%, by weight, of boron trioxide B.sub.2 O.sub.3, and
PA1  1.0%, by weight, of silicon dioxide SiO.sub.2.
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ABST
PAL  A sludge having a water/solid high ratio and containing a substance having
      a harmful influence upon the setting of portland cement is solidified by
      mixing the sludge with rapid hardening cement containing calcium
      haloaluminate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method for a solidifying sludge.
PAR  Throughout this invention, the "sludge" means a sludge which had a
      water/solid high ratio and contained a substance having a harmful
      influence upon the setting of portland cement or cement composed of
      portland cement ground, for example, 1) a sand, a silt, a clay or
      colloidal particles which settled on the bottom of a river, a marsh, a
      lake, a harbor or a bay and contained an organic compound such as a sugar;
      a cracked petroleum substance; a fat; a humic substance; an oxide, a
      sulfide, a chloride or a hydroxide of copper, lead, zinc and the like;
      phosphonic acid; an inorganic phosphate or an organic phosphorus compound
      such as parathion; 2) a mud which contained various kind of substances
      which were discharged from a metal mine.
PAR  It has been hitherto widely applied to solidify the sludge in the presence
      of water by mixing portland cement or cement composed of portland cement
      ground such as normal portland cement, high early strength portland cement
      and super high early strength portland cement and mixed portland cement
      such as silica cement and blast furnace slug cement (hereinafter abridged
      to portland cement) to the sludge. However, the organic compounds such as
      a sugar; a cracked petroleum substance; a fat; a humic substance; an
      oxide, a sulfide, a chloride, a hydroxide of copper, lead, zinc and the
      like (hereinafter an inorganic compound of copper, lead, zinc and the
      like); phosphoric acid, an inorganic phosphate, an organic phosphorus
      compound such as parathion (hereinafter abridged to a phosphorus compound)
      have harmful influences upon the setting of the above portland cement.
      Accordingly, the sludge containing such a substance can not be solidified
      by mixing the above portland cement. Even if the sludge may be solidified
      by mixing the portland cement, the hardened body will become flimsy with
      lapse of time and be broken down finally.
PAR  One object of this invention is to solidify the sludge in a short time.
PAR  Another object of this invention is to provide a solidified body which is
      stable for long times.
PAR  These objects can be attained by adding rapid hardening cement containing
      calcium haloaluminate, (11CaO.sup.. 7Al.sub.2 O.sub.3.sup.. CaX.sub.2, X
      shows halogen atom).
PAR  The accurate action of the rapid hardening cement on solidifying the sludge
      is not clear, but it is supposed that the calcium haloaluminate contained
      in rapid hardening cement neutralizes the poisoning action of the above
      organic substance; the inorganic compound of copper, lead, zinc and the
      like or the phosphorus compound on the setting of portland cement.
PAR  The rapid hardening cement clinker containing calcium haloaluminate can be
      usually manufactured by pulverizing the mixed raw materials containing an
      aluminous material, a calcareous material, a silicious material and a
      halogen compound and then calcining the mixture at 1265.degree. -
      1400.degree.C and contains 11CaO.sup.. 7Al.sub.2 O.sub.3.sup.. CaX.sub.2,
      3CaO.sup.. SiO.sub.2 solid solution, 2CaO.sup.. SiO.sub.2 solid solution
      and 2CaO.sup.. Fe.sub.2 O.sub.3 -- 6CaO.sup.. 2Al.sub.2 O.sub.3.sup..
      Fe.sub.2 O.sub.3 solid solution. The rapid hardening cement can be
      manufactured by adding anhydrite (CaSO.sub.4) or anhydrite and gypsum
      semihydrate to the clinker thus obtained in order to retard the setting
      time and increase the early and long age strength, wherein the anhydrite
      is present in an amount such that the weight ratio of Al.sub.2 O.sub.3 in
      the clinker to SO.sub.3 in the anhydrite or the anhydrite and gypsum are
      present in an amount such that the Al.sub.2 O.sub.3 /SO.sub.3 weight ratio
      in the cement thus produced is 0.4 - 1.8, or besides the rapid hardening
      cement thus produced is added an organic carboxylic acid, a boric acid or
      a borate, a bicarbonate, a silicate and a silicofluoride in order to
      retard furthermore the setting time. It is preferable to use rapid
      hardening cement containing 5 - 60% by weight, preferably 15 - 30% by
      weight of 11CaO.sup.. 7Al.sub.2 O.sub.3.sup.. CaX.sub.2 in this invention.
PAR  Since the amount of the rapid hardening cement containing calcium
      haloaluminate which is necessary to solidify the sludge differs with a
      kind of the substances contained in the sludge, an amount of water in the
      sludge or the strength of a solidified sludge, it is difficult to
      prescribe the adding amount of the rapid hardening cement; the rapid
      hardening cement are, however, usually added to the sludge with such an
      amount that the water/cement weight ratio is 0.8 - 2.5. For example, 1
      m.sup.3 of the sludges having water/solid ratio 150 - 700% can be
      solidified by adding 50 - 350 kg of the above cement and the cohesive
      strength of the solidified sludges reaches about 2 - 8 t/m.sup.2 by Vane
      test (about half value of one dimensional compressive strength).
PAR  It is preferable to minimize previously a quantity of water in the sludge
      to minimize the added amount of the rapid hardening cement from the
      economical point of view. It is unnecessary to analyze the sludge to
      identify the presence of an organic substance, an inorganic compounds of
      copper, lead, zinc and the like or a phosphorus compound, because the
      sludge containing the above substance can be solidified according to this
      invention.
PAR  For a more complete understanding of this invention, reference will now be
      made to several specific examples for carrying it out.
PAR  The physical and chemical properties of a rapid hardening cement and a
      normal portland cement used in the examples are shown in the following
      table.
TBL  __________________________________________________________________________
                Fineness                                                       
                     Mineral Composition (%)                                   
                (Blaine)                    Al.sub.2 O.sub.3/SO3               
                cm.sup.2 /.sub.g                                               
                     C.sub.11 A.sub.7 CaF.sub.2                                
                            C.sub.3 S                                          
                                C.sub.2 S                                      
                                    C.sub.3 A                                  
                                        C.sub.4 AF                             
     __________________________________________________________________________
     Rapid Hardening                                                           
     Cement Containing                                                         
                5300 20.6   50.7                                               
                                 1.7                                           
                                    --  4.7 1.1                                
     Calcium Halo-                                                             
     aluminate                                                                 
     Normal     3200  0.0   52.7                                               
                                23.9                                           
                                    8.2 9.7 3.2                                
     Portland Cement                                                           
     __________________________________________________________________________
      Note:                                                                    
      C.sub.11 A.sub.7.CaF.sub.2 is 11CaO.7Al.sub. 2 O.sub.3.CaF.sub.2         
      C.sub.3 S is 3CaO.SiO.sub.2                                              
      C.sub.2 S is 2CaO.SiO.sub.2                                              
      C.sub.3 A is 3CaO.Al.sub.2 O.sub.3                                       
      C.sub.4 AF is 4CaO.Al.sub.2 O.sub.3.Fe.sub.2 O.sub.3                     
DETD
PAC  EXAMPLE 1
PAR  A sludge obtained from the bottom of the Tsusen river at Niigata (Japan)
      contained 25% of isohexane, 5% of alkylbenzensulphonate, a small amount of
      humic substances and had water/solid ratio 230% and cohesive strength by
      Vane test 0.01 t/m.sup.2 and contained 55% of clay part, 15% of silt part
      and 30% of the other in the solid part.
PAR  100 kg of the sludge were put into a drum and mixed with an agitator for 2
      minutes and then allowed to stand. The sludge was solidified at 10 minutes
      after putting into.
PAR  The cohesive strength of the solidified sludge showed 5 t/m.sup.2 by Vane
      test at that time and then 11 t/m.sup.2 after 1 month.
PAR  For the sake of comparison with the above result, the normal portland
      cement instead of the above rapid hardening cement was mixed with the
      sludge at the same rate as the above example and the mixture was allowed
      to stand. The sludge was not solidified at all for 50 hours.
PAC  EXAMPLE 2
PAR  105 kg of the rapid hardening cement containing calcium haloaluminate and
      100 g of citric acid for 1 m.sup.3 of a following sludge were continuously
      mixed with 1000 m.sup.3 of the sludge (water/solid ratio 250%, cohesive
      strength by Vane test 0.02 t/m.sup.2) which contained 3% of dissolved
      sugars and 73% of silt clay, 0.5% of lead oxide, 1% of copper oxide and
      25.5% of the other in solid part, and the mixture was filled in a
      reclaimed land. The reclaimed land having durability of 4 t/m.sup.2 was
      made at 2 hours after filling.
PAR  For the sake of comparison with the above result, the normal portland
      cement instead of the above rapid hardening cement was mixed with the
      sludge at the same rate as the above example and the mixture was filled in
      the reclaimed land. The reclaimed land was not solidified at all at 52
      hours after filling.
PAC  EXAMPLE 3
PAR  200 kg of the rapid hardening cement containing calcium haloaluminate per 1
      m.sup.3 of a following drainage sludge were mixed with the drainage sludge
      (water/solid ratio 400%, cohesive strength by Vane test 0.02 t/m.sup.2),
      which contained dissolved polymerized phosphates such as Na.sub.5 P.sub.3
      O.sub.70 at the rate of 4.5 mg/l based on P in the phosphates and 45% of
      silt clay and 46% of excrements of human and animal, and the mixture was
      poured into a wooden mould (1m.times.1m.times.0.5m). After allowing to
      stand for 20 minutes, a solidified body having the cohesive strength by
      Vane test of 5 t/m.sup.2 was obtained.
PAR  For the sake of comparison with the above result, the normal portland
      cement instead of the above rapid hardening cement was mixed with the
      sludge at the same rate as the above example and the mixture was poured
      into the same mould. The sludge was not solidified at all at 70 hours
      after pouring.
PAC  EXAMPLE 4
PAR  200 kg of the rapid hardening cement and 350 g of boric acid per 1 m.sup.3
      of a following drainage sludge were mixed with the same drainage sludge as
      that in example 3. After the mixture was mixed for 10 minutes, the mixture
      was poured into the same frame as that in example 3.  A solidified sludge
      having cohesive strength by Vane test of 5.3 t/m.sup.2 was obtained at 1.5
      hours after mixing.
PAR  For the sake of comparison with the above result, the normal portland
      cement instead of the above rapid hardening cement was mixed with the
      sludge at the same rate as the above example and the mixture was poured
      into the same mould. The sludge was not solidified at all at 70 hours
      after mixing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for solidifying a sludge having a high water/solid ratio and
      containing a substance having a harmful influence upon the setting of
      portland cement, where said sludge is:
PA1  1. a sand, a silt, a clay or colloidal particles which contain a sugar, a
      chloride or a hydroxide of copper, lead or zinc; a phosphoric acid; an
      inorganic phosphate or an organic phosphorous compound or
PA1  2. a mud which contains substances discharged from a metal mine,
PAL  said method comprising mixing the sludge and rapid hardening cement
      containing clinker consisting of 5 - 60% by weight of 11CaO.sup..
      7Al.sub.2 O.sub.3.sup.. CaX.sub.2 ; and 3CaO.sup.. SiO.sub.2 solid
      solution, 2CaO.sup.. SiO.sub.2 solid solution and 2CaO.sup.. Fe.sub.2
      O.sub.3 -- 6CaO.sup.. 2Al.sub.2 O.sub.3.sup.. Fe.sub.2 O.sub.3 ; and
      anhydrite or anhydrite and gypsum semihydrate in an amount such that the
      weight ratio of Al.sub.2 O.sub.3 /SO.sub.3 in the cement is 0.4 - 1.8 and
      the weight ratio of water in the sludge to the cement is 0.8 - 2.5.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein the rapid hardening cement
      contains 15 - 30% by weight of 11CaO.sup.. 7Al.sub.2 O.sub.3.sup..
      CaX.sub.2.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein an organic carboxylic acid, a
      boric acid or a borate, a bicarbonate, a silicate and a silicofluoride is
      mixed with the rapid hardening cement in order to retard furthermore the
      setting time of cement thus produced.
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ABST
PAL  A sludge having a water/solid high ratio and containing a substance having
      a harmful influence upon the setting of portland cement is solidified by
      mixing the sludge with hydraulic portland cement and at least one
      substance selected from the group consisting of alkali sulphate, gypsum
      dihydrate and insoluble gypsum anhydride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method for solidifying a sludge
      containing substances, which give harmful effect on the setting of normal
      portland cement or cement composed of portland cement ground (hereinafter
      abridged to hydraulic portland cement), for example an organic substance
      such as a sugar, a cracked petroleum substance, a fat and a humic
      substance; an oxide, a sulfide, a chloride and a hydroxide of copper,
      lead, zinc and the like (hereinafter abridged to an inorganic compound of
      copper, lead, zinc or the like); phosphoric acid, an inorganic phosphate
      and an organic phosphorus compound such as parathion (hereinafter abridged
      to a phosphorus compound).
PAR  Throughout this invention, the "sludge" means a sludge which had a
      water/solid high ratio and contained a substance having a harmful
      influence upon the setting of portland cement or cement composed of
      portland cement ground, for example, 1) a sand, a silt, a clay or
      colloidal particles which settled on the bottom of a river, a marsh, a
      lake, a harbor or a bay and contained an organic compound such as a sugar;
      a cracked petroleum substance; a fat; a humic substance; an oxide, a
      sulfide, a chloride or a hydroxide of copper, lead, zinc and the like;
      phosphoric acid; an inorganic phosphate or an organic phosphorus compound
      such as parathion; 2) a mud which contained various kind of substances
      which were discharged from a metal mine.
PAR  It has been widely applied to solidify a sludge containing water by mixing
      hydraulic portland cement such as normal portland cement, high early
      strength portland cement and superhigh early strength portland cement and
      mixed portland cement such as silica cement and blast furnace slag cement
      to the sludge. The sludge containing the above substances which give
      harmful effect on the setting of hydraulic portland cement can not be
      solidified by the addition of the hydraulic portland cement. Even if the
      sludge may be able to be solidified by the addition of the hydraulic
      portland cement, unconfined compressive strength of the solidified body
      will become flimsy with lapse of time and will be broken down finally.
PAR  One object of the present invention is to solidify a sludge containing the
      above described organic substances, inorganic compounds of copper, lead
      and zinc, or phosphorus compounds in a short time.
PAR  Another object of the present invention is to provide a solidified body
      which is stable for long time.
PAR  These objects can be attained by adding hydraulic portland cement and at
      least one compound selected from the group of compounds consisting of
      sodium or potassium sulphate, gypsum dihydrate gypsum hemihydrate, soluble
      gypsum anhydride and gypsum anhydride (anhydrite) to a sludge.
PAR  Hereunder, only typical representatives selected from many experiments
      carried out will be reviewed.
PAR  Table 1 shows the results obtained when the various rates of normal
      portland cement and anhydrous Glauber's salt were mixed to a sludge which
      contained 84% of water therein and contained polymerized phosphates such
      as Na.sub.5 P.sub.3 O.sub.10 at the rate of 4.5 mg/l based on P in the
      phosphates.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Weight percent                                                            
              Days                                                             
                  Unconfined compressive strength (qu) of                      
     portland cement                                                           
              After                                                            
                  Solidified Body (kg/cm.sup.2)                                
     and Glauber's                                                             
              Mixing                                                           
                  Na.sub.2 SO.sub.4 % in the Mixture of Normal Portland        
     salt in sludge                                                            
              (Days)                                                           
                  Cement and Glauber's salt (%)                                
     mixture      0 5  10 15  20  25 30 40 50 60                               
     __________________________________________________________________________
               1  0 0.1                                                        
                       0.2                                                     
                          0.7 0.8 0.6                                          
                                     0.4                                       
                                        0.3                                    
                                           0.1                                 
                                              0                                
     10        3  0 0.1                                                        
                       0.5                                                     
                          1.2 1.2 0.8                                          
                                     0.7                                       
                                        0.5                                    
                                           0.2                                 
                                              0                                
               7  0 0.4                                                        
                       0.7                                                     
                          1.5 1.2 0.8                                          
                                     0.7                                       
                                        0.6                                    
                                           0.2                                 
                                              0                                
               1  0 0.3                                                        
                       1.4                                                     
                          2.8 3.4 2.6                                          
                                     2.5                                       
                                        1.8                                    
                                           1.2                                 
                                              0.1                              
     15        3  0 0.4                                                        
                       2.5                                                     
                          4.8 5.3 3.6                                          
                                     3.2                                       
                                        2.2                                    
                                           1.5                                 
                                              0.1                              
               7  0 1.0                                                        
                       3.0                                                     
                          5.3 5.7 3.8                                          
                                     3.5                                       
                                        2.4                                    
                                           1.5                                 
                                              0.1                              
               1  0 0.6                                                        
                       4.3                                                     
                          7.3 8.3 6.9                                          
                                     6.3                                       
                                        3.0                                    
                                           1.3                                 
                                              0.1                              
     20        3  0 1.1                                                        
                       5.0                                                     
                          9.8 9.8 8.5                                          
                                     8.0                                       
                                        4.1                                    
                                           1.8                                 
                                              0.2                              
               7  0 1.7                                                        
                       5.8                                                     
                          10.6                                                 
                              10.3                                             
                                  9.2                                          
                                     8.5                                       
                                        4.3                                    
                                           1.8                                 
                                              0.2                              
     __________________________________________________________________________
PAR  Table 2 shows the results when the various rates of normal portland cement
      and various kinds of gypsum were mixed to the same sludge as the above.
TBL                Table 2                                                     
     ______________________________________                                    
            Mixing ratio (%)                                                   
     Normal            Amount    qu (kg/cm.sup.2)                              
             Portland          added to                                        
                                       1    3    7                             
     Gypsum  Cement   Gypsum   Sludge (%)                                      
                                       Day  Days Days                          
     ______________________________________                                    
             100       0       15      0    0    0                             
             90       10       "       0.8  1.0  1.0                           
     Insoluble                                                                 
             80       20       "       2.0  2.3  2.3                           
     Gypsum  70       30       "       1.8  3.0  3.4                           
     Anhydride                                                                 
             60       40       "       0.6  2.5  2.6                           
             40       60       "       0.4  0.8  0.8                           
             20       80       "       0    0    0                             
             100       0       "       0    0    0                             
             90       10       "       0.4  0.6  0.6                           
     Soluble 80       20       "       1.0  1.3  1.3                           
     Gypsum  70       30       "       0.4  0.9  1.0                           
     Anhydride                                                                 
             60       40       "       0.3  0.8  1.0                           
             40       60       "       0    0    0                             
             20       80       "       0    0    0                             
             100       0       "       0    0    0                             
             90       10       "       0.3  0.4  0.5                           
     Gypsum  80       20       "       0.6  0.7  0.8                           
     Hemi-   70       30       "       0.8  0.9  1.0                           
     Hydrate 60       40       "       0.5  0.6  0.6                           
             40       60       "       0.2  0.3  0.3                           
             20       80       "       0    0    0                             
             100       0       "       0    0    0                             
             90       10       "       0.5  0.6  0.7                           
     Gypsum  80       20       "       1.6  1.8  2.0                           
     di-     70       30       "       2.8  3.5  3.3                           
     Hydrate 60       40       "       0.8  2.1  2.4                           
             40       60       "       0.2  0.4  0.5                           
             20       80       "       0    0    0                             
     ______________________________________                                    
PAR  It becomes clear from the results shown in Table 1 that the sludge mixed
      with normal portland cement alone is not solidified for a long time after
      their mixing, but the sludge mixed with the cement and Glauber's salt is
      solidified and its unconfined compressive strength increases with the
      addition of the salt, and reaches the maximum value, and then decreases
      the strength with the addition of the salt. It becomes also clear that the
      strength of solidified body increases with the addition of portland cement
      and Glauber's salt.
PAR  It is recognized from the result shown in Table 2 that the unconfined
      compressive strength of the solidified body increases with the addition of
      various kinds of gypsum particularly with the addition of dihydrate or
      insoluble anhydride and reaches the maximum value.
PAR  The same results as the above were also obtained when potassium sulphate
      was used instead of Glauber's salt or when the sludge which contained
      other harmful substances other than phosphorous compounds was used.
PAR  The accurate action of these salts on solidifying a sludge in this
      invention is not clear, but it is supposed that calcium aluminosulphate is
      formed by the reaction of calcium aluminate with sodium or potassium
      sulphates, gypsum dihydrate gypsum hemihydrate, soluble gypsum anhydride,
      or insoluble gypsum anhydride when the sludge is mixed with hydraulic
      portland cement and one compound such as sodium and potassium sulphates,
      gypsum dihydrate gypsum hemihydrate, soluble gypsum anhydride, and
      insoluble gypsum anhydride, the substances which give harmful effect on
      the setting of the hydraulic portland cement are adsorbed and fixed on the
      surface of thus formed calcium aluminosulphate and the setting of cement
      is not disturbed. On the contrary, it is supposed that the calcium
      aluminosulphate can not be formed by mixing the sludge and the cement with
      aluminium sulphate, iron sulphate and, ammonium sulphate.
PAR  In the embodiment of the present invention, normal portland cement, high
      early strength portland cement, superhigh early strength portland cement,
      moderate heat portland cement or mixed portland cement such as silica
      cement and blast furnace slug cement will be used as hydraulic portland
      cement. Sodium sulphate or potassium sulphate gypsum dihydrate gypsum
      hemihydrate (calculated as anhydride) soluble gypsum anhydride or
      insoluble gypsum anhydride may be used 5 - 50% by weight, preferably 10 -
      30% by weight to the hydraulic portland cement. The present invention can
      be applied to a sludge in which water is contained over 70% by weight. The
      added total amount of the hydraulic portland cement and sodium or
      potassium sulphate, gypsum dihydrate gypsum hemihydrate, soluble gypsum
      anhydride and/or insoluble gypsum anhydride is preferably 10 - 30% by
      weight to the weight of the sludge.
PAR  It becomes unnecessary to analyse a sludge to identify the presence of
      substances having harmful effect on the setting of the hydraulic portland
      cement, because the sludge having such harmful substances can be also
      solidified according to the present invention.
DETD
PAC  EXAMPLE 1
PAR  160 g of normal portland cement and 40 g of anhydrous sodium sulphate were
      added to 1 kg of a sludge obtained from the bottom of Dokai Bay which
      contained 80% of water and 3% of zinc and 10% of humic substances, mixed
      thoroughly and poured into the mould having inner diameter of 50 mm and
      height of 100 mm. The mould was allowed to stand for 24 hrs. in a humid
      box having 90% of relative humidity to solidify the sludge. Unconfined
      compressive strength of the solidified specimen was 4.3 kg/cm.sup.2. When
      the same specimen was cured in water at 20 .+-. 1.degree.C and the
      strength of the specimen attained to 6.8 kg/cm.sup.2 at the age of 3 days
      and 9.2 kg/cm.sup.2 at the age of 7 days.
PAR  40 g of gypsum dihydrate was added instead of anhydrous sodium sulphate to
      the same sludge as the above and the solidified specimens were prepared by
      the same condition as the above. Unconfined compressive strength of the
      solidified specimens were 2.3 kg/cm.sup.2 at the age of 24 hrs. When the
      same specimens as the above were cured in water at 20 .+-. 1.degree.C, the
      strength of the specimen attained to 3.8 kg/cm.sup.2 at the age of 3 days
      and 4.0 kg/cm.sup.2 at the age of 7 days.
PAR  To compare with the above results, when the sludge was solidified with only
      normal portland cement, the hardened specimens having the strength of 0.2
      kg/cm.sup.2 at the age of 3 days and 0.3 kg/cm.sup.2 at the age of 7 days
      were obtained.
PAC  EXAMPLE 2
PAR  255 kg of normal portland cement and 45 kg of anhydrous sodium sulphate
      were mixed thoroughly with 2 tons of the same sludge as that used in the
      experiments shown in Table 1 and 2 and the mixture was letted to flow in
      30 cm thick on a concrete floor. The mixture began to solidify after 3
      hrs. and 150 t/m.sup.2 of the strength of the solidified body was measured
      by cone penetrometer. The solidified body was not broken down by rain nor
      washed away with rain and did not show the decrease of the strength.
PAC  EXAMPLE 3
PAR  170 g of normal portland cement and 30 g of anhydrous sodium sulphate were
      mixed with the sludge obtained from bottom of Tagonoura Harbor which
      containes 89% of water and over 80% of organic substances, the mixture was
      poured into the mould having inner diameter of 50 mm and height of 100 mm
      and the mould was allowed to stand for 24 hrs. in a humid box. Unconfined
      compressive strength of the specimen was 0.3 kg/cm.sup.2. When the same
      specimens as the above were cured in water at 20 .+-. 1.degree.C, the
      specimens showed the strength of 0.9 kg/cm.sup.2 at the age of 3 days and
      1.8 kg/cm.sup.2 at the age of 7 days.
PAR  30 g of insoluble gypsum anhydride was added instead of above anhydrous
      sodium sulphate and the solidified specimens were prepared as above.
      Unconfined compressive strengthes of the solidified specimen was 0.2
      kg/cm.sup.2 after standing for 24 hrs. and 0.5 kg/cm.sup.2 at the age of 3
      days and 1.3 kg/cm.sup.2 at the age of 7 days when the specimens were
      cured in water at 20 .+-. 1.degree.C.
PAR  To compare with the above results, the sludge was solidified without adding
      anhydrous sodium sulphate and its unconfined compressive strength was only
      0.1 kg/cm.sup.2 at the age of 7 days.
PAC  EXAMPLE 4
PAR  170 g of normal portland cement and 30 g of anhydrous sodium sulphate were
      mixed with 1 kg of the sludge obtained from the bottom of Tsusen River
      which contained 83% of water and 30% of cracked petroleum substances and
      showed remarkable anaerobic fermentation. The mixture was poured into the
      mould as in Example 1 and the mould was cured as in Example 1. The
      strength of the specimen was 0.9 kg/cm.sup.2 at the age of 24 hrs., 1.9
      kg/cm.sup.2 at the age of 3 days and 3.5 kg/cm.sup.2 at the age of 7 days.
PAR  To compare with the above results, the sludge was tried to be solidified
      without adding anhydrous sodium sulphate, but any solidified body was not
      obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for solidifying a sludge having a high water/solid ratio and
      containing a substance having a harmful influence upon the setting of
      portland cement, where said sludge is:
PA1  1. a sand, a silt, a clay or colloidal particles which contains a sugar; a
      cracked petroleum substance; a fat; a humic substance; an oxide, a
      sulfide, a chloride or a hydroxide of copper, lead or zinc; a phosphoric
      acid; an inorganic phosphate or an organic phosphorous compound, or
PA1  2. a mud which contains substances discharged from a metal mine,
PA1  said method comprising mixing 90 - 70% by weight of the sludge and 10 - 30%
      by weight of a mixture which consists of 95 - 50% by weight of a hydraulic
      portland cement and 5 - 50% by weight of sodium sulphate, potassium
      sulphate, gypsum dihydrate, gypsum hemihydrate, soluble gypsum anhydride
      or insoluble gypsum anhydride.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein said hydraulic portland cement
      is at least one portland cement selected from the group consisting of
      normal portland cement, high early strength portland cement, superhigh
      early strength portland cement, moderate heat portland cement and mixed
      portland cement.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein 10 - 30% by weight of sodium
      sulphate, potassium sulphate, gypsum dihydrate, gypsum hemihydrate,
      soluble gypsum anhydride or insoluble gypsum anhydride is added to the
      hydraulic cement.
NUM  4.
PAR  4. The method as claimed in claim 1, wherein 10 - 30% by weight of gypsum
      dihydrate or insoluble gypsum anhydride is added to the hydraulic cement.
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ABST
PAL  The invention relates to an improved accelerator for gypsum board
      manufacture, the accelerator containing a ground mixture of gypsum and a
      long chain fatty carboxylic acid, e.g. stearic acid, or a salt thereof, to
      the manufacture of the accelerator, and to its use in gypsum board
      production. The accelerator is less liable to deterioration on storage
      than conventional gypsum accelerators, and its use yields gypsum board of
      improved properties.
BSUM
PAR  This invention relates to an accelerator for use in the manufacture of
      gypsum board.
PAR  In the conventional manufacture of gypsum board, an aqueous slurry of
      calcium sulphate hemihydrate, usually incorporating a foam component, is
      sandwiched between upper and lower paper sheets which are advanced so that
      the slurry on setting forms a paper surfaced strip or sheet which is
      subsequently cut to suitable lengths as boards. It is customary to
      incorporate in the slurry additives such as accelerators, bonding
      auxiliaries and wetting agents.
PAR  A commonly used accelerator is finely ground gypsum. Such an accelerator
      progressively loses its effectiveness on ageing in normal conditions; this
      renders inadvisable the long term storage of the prepared gypsum
      accelerator or its transportation over long distances, making it necessary
      to use this accelerator freshly prepared at the time of board manufacture.
PAR  We have now found that by grinding gypsum with long chain fatty carboxylic
      acids or with their salts, e.g. alkali metal, alkaline earth metal,
      ammonium, zinc and aluminium salts, an accelerator can be produced which
      at least over an initial period is less liable to deterioration on
      storage. The use of such an accelerator can also result in finished boards
      of improved quality, e.g. as regards the paper/core bond strength, and
      core hardness and compressive strength.
PAR  Accordingly, the present invention provides an accelerator for use in the
      manufacture of gypsum board comprising finely particulate intimate
      admixture of gypsum and a long chain fatty carboxylic acid or a salt
      thereof.
PAR  The invention also provides a method of manufacturing the accelerator by
      grinding gypsum and a long chain fatty carboxylic acid or salt thereof
      together to a fine powder.
PAR  The invention also provides a gypsum board in which the gypsum core
      contains a long chain fatty carboxylic acid or salt thereof.
PAR  The acid or salt may for example be present in the accelerator in an amount
      up to 10% by weight of the gypsum; in the production of gypsum board, the
      accelerator according to the invention can be used in approximately
      similar quantities as are generally necessary when using ground gypsum
      alone in the manufacture of gypsum board.
PAR  A preferred accelerator according to the present invention comprises an
      intimate admixture of gypsum (calcium sulphate dihydrate) and a long chain
      fatty carboxylic acid or an alkali or alkaline earth metal salt of a long
      chain fatty carboxylic acid ground together to provide a powder exhibiting
      a specific surface area of at least 800 m.sup.2 /kg, e.g. 800 to 1200
      m.sup.2 /kg, when measured on a Rigden specific surface area apparatus.
PAR  Amongst the preferred acids and their salts for use in the present
      invention are stearic, palmitic, oleic and linoleic acids and their salts,
      e.g. of alkali metal or alkaline earth metals such as sodium, potassium,
      magnesium and calcium, or of ammonium, zinc or aluminium. Lower or higher
      saturated and unsaturated fatty acids or salts of these can be employed,
      but those of 12 carbon atoms or above, and most preferably those of at
      least 14 carbon atoms, are in general the most suitable.
PAR  An accelerator according to the invention obtained by milling gypsum with
      2% of its weight of magnesium stearate to a specific surface area of 1000
      m.sup.2 /kg (when measured by the Rigden method), gave satisfactory
      acceleration in the production of gypsum wallboard irrespective of age
      from 2 to 10 days from the date of preparation, and the resulting gypsum
      wallboard exhibited improved board quality. Sodium, potassium, ammonium,
      calcium, zinc and aluminium stearates have each been employed in the same
      manner instead of the magnesium stearate, with similarly improved results
      in each case.
DETD
PAR  The following examples of the present invention and the manner in which it
      may be performed are given solely by way of illustration, it being clearly
      understood that the invention is not limited to the examples herein
      described.
PAC  EXAMPLE 1
PAR  Freshly ground gypsum mineral accelerator and an accelerator according to
      the invention prepared by grinding gypsum with 2% by weight of magnesium
      stearate (both accelerators having a Rigden specific surface of 900 to
      1000 m.sup.2 /kg) were exposed to normal atmospheric conditions for
      several days. At intervals during this period 0.3% by weight of each
      accelerator was added to plaster slurries of known setting time and the
      accelerated setting times measured. The following figures of accelerated
      slurry setting time were obtained, showing that the treated gypsum shows
      less change in its accelerating effect than does the untreated gypsum over
      a period of about 1 week.
TBL  ______________________________________                                    
     Accelerator   0       1       6     days                                  
     Untreated gypsum                                                          
                   4       51/2    51/2  minutes                               
     Treated gypsum                                                            
                    41/2   41/2    43/4  minutes                               
     ______________________________________                                    
PAL  In a typical plasterboard (gypsum board) plant the time elapsing between
      the slurry emerging from the mixer and that at which it is sufficiently
      hard to be cut by the automatic cutter is usually of the order of only a
      few minutes, so that a drift of (say) 1 minute in the setting time can be
      of serious consequence.
PAC  EXAMPLES 2 TO 4
PAR  Freshly ground gypsum mineral accelerator and accelerators according to the
      invention prepared by grinding gypsum with 2% by weight of ammonium
      stearate, zinc stearate and aluminium stearate respectively (all
      accelerators having a Rigden specific surface area of 800 to 1000 m.sup.2
      /kg) were exposed to normal atmospheric conditions for several days. At
      intervals during this period additions of accelerator were added to
      plasters of known setting time so as to maintain a reasonably constant
      accelerated setting time. The following data were obtained showing that
      the treated gypsum shows more stability in its accelerating effect than
      does ground gypsum over a period of about two weeks.
TBL  ______________________________________                                    
      Accelerator   0        6        14     days                              
     ______________________________________                                    
     Untreated gypsum:                                                         
     Addition (%)   0.3      0.5      0.8                                      
     Setting time (minutes)                                                    
                    5         41/4    41/2                                     
     Example 2                                                                 
     Gypsum treated with                                                       
     ammonium stearate:                                                        
     Addition (%)   0.4      0.5      0.6                                      
     Setting time (minutes)                                                    
                     41/4     41/4    33/4                                     
     Example 3                                                                 
     Gypsum treated with                                                       
     zinc stearate:                                                            
     Addition (%)   0.4      0.6      0.65                                     
     Setting time (minutes)                                                    
                     41/4     33/4    31/2                                     
     Example 4                                                                 
     Gypsum treated with                                                       
     aluminum stearate:                                                        
     Addition (%)   0.4       0.55    0.65                                     
     Setting time (minutes)                                                    
                     41/4     41/4    4                                        
     ______________________________________                                    
PAR  The following examples have been obtained from production plant data:
PAC  EXAMPLE 5
PAR  Gypsum and magnesium stearate (98:2 weight ratio) were ground together in a
      rod mill. The specific surface area of the product was in the range 850 to
      1150 m.sup.2 /kg (Rigden). The accelerator was added at 0.5 to 0.6% (based
      on plaster feed weight) during plasterboard manufacture. This gave
      evidence of improved cleanliness of mixer, improved paper/core bond at
      similar core density and improved gypsum core compressive strength, in
      comparison with the results obtained by using a recrystallised gypsum
      accelerator in similar proportions.
PAC  EXAMPLE 6
PAR  Gypsum and magnesium stearate (98:2 weight ratio) were ground together in a
      ball mill to give a specific surface area of 900 m.sup.2 /kg. The
      accelerator was stored in bags for three weeks prior to use in gypsum
      plasterboard manufacture. The accelerator was added at a rate of 0.7%,
      based on plaster weight. Even after three weeks ageing the accelerator was
      still satisfactory. Paper/core bond was improved significantly, and core
      hardness and core compressive strength were also improved, in comparison
      with the results obtained using a recrystallised gypsum accelerator in
      similar proportions.
PAC  EXAMPLE 7
PAR  Gypsum and magnesium stearate (98:2 weight ratio) were ground together in a
      ball mill to give a specific surface area of 850 to 960 m.sup.2 /kg. The
      accelerator was added at an average rate of 0.21% (based on plaster feed
      weight) during plasterboard manufacture. Evidence is shown of improved
      core compressive strength, core hardness and grade of paper/core bond, in
      comparison with the results obtained using a recrystallised gypsum
      accelerator in similar proportions.
PAR  Details of the improved results obtained in Examples 5, 6 and 7 are
      summarised in the following Table. The grade of the paper/core bond
      specified in the Table was assessed by a test in which, after conditioning
      of the board, cross cuts are made with a sharp knife just deep enough to
      penetrate through the paper to the core. The cuts should be long enough to
      give a test length of 75 mm in the longitudinal dimension of the board.
      The point of the knife is inserted at the apex of each triangle and a
      small part of the paper is lifted. The point of paper is held between the
      blade of the knife and the thumb and one attempts to lift the paper
      vertically from the core. The distance in the longitudinal direction from
      the apex of the triangle to a point level with the limit of the bond or
      core failure is measured to the nearest mm and the result graded as
      follows:
TBL  Grade 1            0 -  9 mm                                              
     Grade 2           10 - 19 mm                                              
     Grade 3           20 - 29 mm                                              
     Grade 4           30 - 39 mm                                              
     Grade 5           greater than 39 mm                                      
TBL                 Mean Value with                                            
     Property of Slurry/                                                       
                    a recrystallised                                           
                                    Example 5                                  
     Gypsum Board   gypsum accelerator                                         
                                    Mean Value                                 
     ______________________________________                                    
     Core density (kg/m.sup.3)                                                 
                    910             899                                        
     Core compressive                                                          
     strength (N/mm.sup.2)                                                     
                     4.70            5.10                                      
     Core hardness (N)                                                         
                    102             104                                        
     Grade of paper/core                                                       
     bond (the lower the                                                       
     number the better                                                         
     the bond)      4.5             3.0                                        
     ______________________________________                                    
TBL                  Mean Value with                                           
     Property of Slurry/                                                       
                     a recrystallised                                          
                                    Example 6                                  
     Gypsum Board    gypsum accelerator                                        
                                    Mean Value                                 
     ______________________________________                                    
     Core density (kg/m.sup.3)                                                 
                     868            873                                        
     Core compressive                                                          
     strength (N/mm.sup.2)                                                     
                     4.04           4.59                                       
     Core hardness (N)                                                         
                     88             92                                         
     Grade of paper/core                                                       
     bond            5.0            4.0                                        
     ______________________________________                                    
TBL                  Mean Value with                                           
     Property of Slurry/                                                       
                     a recrystallised                                          
                                    Example 7                                  
     Gypsum Board    gypsum accelerator                                        
                                    Mean Value                                 
     ______________________________________                                    
     Core density (kg/m.sup.3)                                                 
                     1002           946                                        
     Core compressive                                                          
     strength (N/mm.sup.2)                                                     
                     8.67           9.02                                       
     Core hardness (N)                                                         
                     75             81                                         
     Grade of paper/core                                                       
     bond            3.0            2.5                                        
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Gypsum and magnesium stearate (98:2 weight ratio) were ground together in a
      tube mill to give a specific surface area averaging around 850 m.sup.2
      /kg. This accelerator was added at an average rate of 0.12% (based on
      plaster feed weight) during plasterboard manufacture, compared with 0.24%
      of potassium sulphate accelerator to give a similar plasterboard slurry
      setting time. The board according to the invention has a better paper/core
      bond and a better strength/density relationship at a significantly lower
      core density.
TBL  ______________________________________                                    
                     Mean Value with                                           
     Property of Slurry/                                                       
                     potassium sulphate                                        
                                    Example 8                                  
     Gypsum Board    accelerator    Mean Value                                 
     ______________________________________                                    
     Core density (kg/m.sup.3)                                                 
                     1035           978                                        
     Core compressive                                                          
     strength (N/mm.sup.2)                                                     
                     8.12           7.40                                       
     Core hardness (N)                                                         
                      108           106                                        
     Grade of paper/core                                                       
     bond             4.2           3.4                                        
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A set accelerating agent for use in gypsum plaster comprising finely
      particulate intimate admixture of gypsum and up to 10% by weight, based on
      the weight of the gypsum, of a long chain fatty carboxylic acid or salt
      thereof containing from 12 to 22 carbon atoms.
NUM  2.
PAR  2. An accelerator according to claim 1 wherein the acid or salt is selected
      from the group consisting of stearic, palmitic, oleic and linoleic acids
      and their salts.
NUM  3.
PAR  3. An accelerator according to claim 1 wherein the accelerator has a
      specific surface area of at least 800 m.sup.2 /kg.
NUM  4.
PAR  4. An accelerator according to claim 1 wherein the acid or salt comprises
      about 2% by weight of the admixture.
NUM  5.
PAR  5. An accelerator according to claim 1 wherein the salt is selected from
      the group consisting of alkali metal, alkaline earth metal, ammonium, zinc
      and aluminum salts of the carboxylic acid.
NUM  6.
PAR  6. An accelerator according to claim 1 wherein the carboxylic acid salt is
      a stearate.
NUM  7.
PAR  7. A method of manufacturing an accelerator, for use in the manufacture of
      gypsum board from gypsum plaster, which comprises grinding gypsum and up
      to 10% by weight, based on the weight of the gypsum, of a long chain fatty
      carboxylic acid or a salt thereof containing from 12 to 22 carbon atoms
      together to a fine powder.
NUM  8.
PAR  8. In a process for manufacturing a gypsum board from a plaster slurry, the
      improvement which comprises incorporating in the plaster slurry an
      accelerator comprising a finely particulate intimate admixture of gypsum
      and up to 10% by weight, based on the weight of the gypsum, of a long
      chain fatty carboxylic acid or a salt thereof containing from 12 to 22
      carbon atoms.
NUM  9.
PAR  9. A gypsum board core made by the process of forming a finely particulate
      intimate admixture of gypsum and up to 10% by weight, based on the weight
      of the gypsum, of a long chain fatty carboxylic acid or a salt thereof
      containing from 12 to 22 carbon atoms; incorporating the admixture in a
      plaster slurry; and setting the plaster slurry to the gypsum core.
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ABST
PAL  Premium latex paints are disclosed exhibiting superior opacity and
      brightness characteristics, including dispersed and liberated short
      chrysotile asbestos fibers having anionic pigment particles
      electrostatically attached at discrete points along the length of the
      fibers.
PARN
PAR  This application is a division of application Ser. No. 300,193, filed Oct.
      24, 1972, which in turn is a continuation-in-part of application Ser. No.
      34,796, filed May 5, 1970, now abandoned.
BSUM
PAR  The present invention relates to pigment dispersions and coating
      compositions and, more particularly, to latex paints including a
      dispersion of pigmented asbestos fibers.
PAR  High quality finish and the include hiding pigments such as rutile titanium
      dioxide (TiO.sub.2) which have a high refractive index (2.7) compared to
      the other ingredients in the system. Opacity, or hide, is a function of
      the difference in refractive index between the TiO.sub.2 and pigment
      binder, (1.5). The different refractive indices cause the incident light
      to be bent through a succeeding series of angles within the coating by
      alternately striking pigment binder, then titanium dioxide. The ultimate
      result is to reflect the incident light ray.
PAR  To optimize this mechanism within a coating system, the titanium dioxide
      must be thoroughly dispersed. Presently, high speed dissolvers are
      employed to impart extremely high rates of shear to disperse the titanium
      dioxide. Surface active agents aid the process by lowering the surface
      tension of the liquid medium in which the pigments are dispersed, and help
      keep the pigments separated once the shear is stopped. However, it has not
      been possible in practice to completely disperse the pigment particles
      which tend to agglomerate and reduce the optical efficiency of the paint
      film.
PAR  In accordance with the present invention, improved pigment dispersions and
      paint compositions are prepared by dispersing and firmly holding the
      pigment particles along the length of liberated, i.e. discrete, highly
      cationic, colloidal, short fiber, high purity asbestos fibers. When
      aqueous pigment dispersions containing such pigmented asbestos are
      incorporated into paints, the resulting film exhibits an increased opacity
      and has several other unexpected effects.
PAR  Even though the asbestos itself is a gray dull material and has a fairly
      low brightness, unexpectedly the paints incorporating the aqueous pigment
      dispersions according to the invention have very high brightness levels.
      It has further been surprisingly discovered that although asbestos usually
      occurs as lumps which would prevent the dispersability and a fine grind, a
      very fine finished aqueous latex paint having dispersed solids of a grind
      or fineness below 2 mils, can readily be manufactured from the aqueous
      pigment dispersions containing the pigmented asbestos fibrils in
      accordance with the invention.
PAR  The pigmented asbestos of the invention in addition provides improved
      structural strength to the film and also can decrease or eliminate the
      necessity for the use of biodegradable thickeneers such as cellulose
      ethers. Furthermore, since the pigmented asbestos is a less costly product
      than pure pigment, the cost of manufacture of the paint can be
      significantly reduced.
PAR  U.S. Pat. No. 3,328,238 to Knowles et al discloses stable suspensions of
      organic or inorganic fibers, including asbestos fibers, in a hydrocarbon
      vehicle, for use as propellant suspensions, agricultural compositions, oil
      base drilling fluids, and oil base paints. In the latter application the
      microfibers act as a suspending matrix for the pigments in the paint,
      forming a fibre thickened vehicle or gel in which the pigment solids are
      dispersed. However, this patent bears no relation to and does not suggest
      the aqueous latex emulsion paint composition of the present invention in
      which the high purity chrysotile asbestos fibers having certain physical
      characteristics are predispersed in water to develop a cationic charge so
      as to electrostatically bond anionic pigments to the asbestos fibers, to
      form the pigmented asbestos of the invention, as described in detail below
     .
DRWD
PAR  The above and many other attendant advantages of the invention will become
      apparent as the invention becomes better understood by reference to the
      following detailed description when considered in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is an illustration of the appearance of dry processed Calidria
      fibers, one form of high purity crysotile asbestos fibers, at 20,000
      magnification;
PAR  FIG. 2 is an illustration of the appearance of wet processed Calidria
      fibers;
PAR  FIG. 3 is a flow chart illustrating alternative processes for forming
      pigment dispersion;
PAR  FIG. 4 is an illustration of pigmented liberated fibers of FIG. 2; and
PAR  FIG. 5 is a graph illustrating the relationship between the solids content
      of refined asbestos filter cake and degree of pigment dispersion in terms
      of National Standard (N.S.) Grind Numbers.
DETD
PAR  It has been discovered in accordance with the invention that the above
      advantages are obtainable with particular forms of asbestos having certain
      surface area, lengths, fiber availability, and very high cationic charge
      density. The high charge density and liberated form of the fibers allow
      the fibers to electrostatically bond firmly to anionic pigment which
      satisfies the charge to form a highly pigmented fibrous product. By the
      term "liberated" fibers or fibrils is meant that such fibers are in the
      form of discrete fibers or fibrils, rather than in the form of fibril
      bundles. Without the electrostatic bonding of the pigments to the fibers
      to satisfy the cationic charge on the fibers, the available cationic
      charge on the fibrils reacts with and agglomerates anionic latex
      particles. Without the cationic fibers, the anionic pigments will tend to
      agglomerate, reducing optical efficiency. When these materials are
      combined according to the invention, the pigment is uniformly distributed
      along the length of the fibers so that the final product resembles and
      performs like a fibrous pigment. The uniform distribution of the pigmented
      fibers results in a very high optical efficiency and therefore less hiding
      pigment is needed to obtain a given opacity.
PAR  Pigment dispersions in accordance with the invention incorporate a
      particular type of high purity chrysotile asbestos. Generally, chrysotile
      asbestos has a low index of refraction of about 1.51 to 1.55, is the
      softest and most flexible of the several types of asbestos. When dispersed
      in water it exhibits a positive or cationic surface charge and a very high
      tensile strength. Chrysotile asbestos occurs only in serpentine, a fine
      grained rock composed entirely of hydrous magnesium silicate minerals
      similar to chrysotile in composition. Most deposits of serpentine contain
      chrysotile in cross-fiber veins, and the ore typically contains only 6 to
      10 percent fiber of random lengths which are tightly bonded together in a
      parallel configuration.
PAR  The unique materials according to the invention bear little resemblance to
      other serpentine bodies since most of the mass of fibers are highly
      sheared and pulverized and consist of soft, friable sheets and clumps of
      asbestos fiber. In contrast to the cross-fiber arrangement of conventional
      Canadian ores, the high purity chrysotile asbestos material, one form of
      which is marketed as Calidria asbestos fibers, and is preferred for use in
      the present invention, is obtained from a deposit near Coalinga, Calif.,
      occurs as a swirling mesh of disoriented fibers.
PAR  Conventional asbestos processing methods include blasting, crushing and
      grinding, and air classifying. Even with the use of the very best dry
      method of processing high purity chrysotile asbestos ore, fiber bundles
      are still very much in evidence as shown in FIG. 1. The high purity
      chrysotile asbestos utilized in the present invention is preferably
      refined in accordance with a hydraulic beneficiation process to provide
      substantially separated fibrils 10 as shown in FIG. 2. In the hydraulic
      beneficiation process, the ore is treated by wet grinding and screening to
      separate rock from asbestos fiber, flakes and clumps. The asbestos is then
      subjected to wet mechanical and/or chemical treatment to liberate the
      fiber, that is, to separate the fibers into discrete fibers, and separate
      out occluded non-asbestos minerals to form standard grads product. High
      purity product is obtained by further wet grinding and centrifugal
      processing of the standard grade product. This process results in
      separated, individual or discrete fibers of high purity, high liberation
      and uniform particle size. Thus, this asbestos is different from any other
      asbestos product available. The physical properties of average Canadian,
      standard grade Calidria and high purity Calidria asbestos are provided in
      the following table.
TBL                PHYSICAL PROPERTIES OF CHRYSOTILE ASBESTOS                  
     ______________________________________                                    
                        CALIDRIA PRODUCTS                                      
                  AVERAGE     STD.      HIGH                                   
     PROPERTY     CANADIAN    GRADE     PURITY                                 
     ______________________________________                                    
     Surface Area M.sup.2 /G.                                                  
                  10-30       50-60     60-80                                  
     Reflectance %                                                             
                  54-70       62-72     72-76                                  
     Magnetite %  3-6         2.0       &lt;0.80                                  
     ______________________________________                                    
PAL  Specific surface area is calculated from adsorption data using the BET
      (Brunauer, Emmet, Teller) method as described in Brunauer, "The Adsorption
      of Gases and Vapors", Princeton University Press (1945).
PAR  Magnetite content is measured by a permeametric device patterned after ASTM
      standard method D-1118-57, which has been improved with respect to
      sensitivity to measure a limit of detection of 0.005% magnetite.
PAR  Reflectance is measured on a sample prepared according to TAPPI (Technical
      Association of the Pulp and Paper Industry) standard T-452-m-58 and is
      reported as percent of ultimate reflectance based on magnesium oxide as
      the standard of 100% reflectance.
PAR  The significantly greater purity of the high purity chrysotile asbestos
      essential in this invention is demonstrated by its improved reflectance of
      at least 72% and its low magnetite content of less than 0.8% magnetite.
      The wet processing procedure gives rise to high purity asbestos fibers
      that are essentially grit-free and of high brightness. The reduced
      magnetite content of the pure flake product is also a measure of absence
      of gray appearance that has been characteristic of prior asbestos
      products. The reduced grayness and absence of black specks is essential in
      the preparation of premium quality finished paints.
PAR  The individual asbestos fibers are in the form of slightly-curved, short
      tubes having an external diameter of about 260A and an internal diameter
      of about 110A. The length of the fiber varies from about 100 to 1,000
      times the diameter and the average L/D ratio is about 200. Thus, the
      average fiber length is about 5 micron and it is estimated that there are
      about 10.sup.14 fibrils in one gram of the high purity chrysotile
      asbestos.
PAR  By virtue of their small diameters and high aspect ratio, the high purity
      chrysotile asbestos fibrils form colloidal suspensions when suspended in
      water and behave according to the classical electrokinetic rules of
      hydrophobic colloids. That is, the fibrils develop a surface charge when
      suspended in aqueous solution as the result of adsorption of potential
      determining ions from the suspending medium. The potential determining
      ions are mainly hydrogen, and therefore, the fibers display a positive
      charge in the basic ph range. Thus, the term "cationic" asbestos as
      employed herein is intended to denote asbestos or asbestos fibers which
      exhibit a cationic charge when dispersed in water under the ph conditions,
      usually about 4 to about 9.5, generally used in the paint industry.
      Electrostatic attraction, however, is just one of the factors that
      influence the effectiveness of the fibers in cofloccing pigment particles.
      Collision and coagulation rate in suspension are determined by the
      collision radius which varies as the longest dimension of the particle
      while diffusion constant varies as the main particle dimension. The net
      result for the rod-like, high purity chrysotile asbestos particles is a
      very large effective collision radius and a large diffusion constant.
      Furthermore, the high surface area of the high purity asbestos fibers,
      ranging from about 60 to 80 meters.sup.2 /gram, in combination with the
      cationic charge provides a very high cationic charge density for
      attracting and firmly holding the pigment particles.
PAR  The high purity chrysotile asbestos can be provided in several forms,
      particularly useful in forming the pigment dispersion in accordance with
      the invention. The final form of the fiber in the pigment dispersion is
      preferably a totally liberated, colloidal form. This is usually achieved
      with the particular high purity, short fiber chrysotile asbestos of
      interest which has an ultimate fiber yield of at least 85%, e.g. 85-95%.
      Canadian chrysotile asbestos fibers, as represented by Canadian 6-D-20
      (see Example IX) is only liberated to an extent of about 25-40% ultimate
      fiber yield under the same conditions.
PAR  Ultimate fiber yield is determined by pulping 3 grams asbestos in 250 ml of
      tap water at high speed in a Waring Blender for 3 minutes. The pulp is
      washed into a beaker to a final volume of 300 ml. The pulp is dispersed,
      decanted, flocculated, dried and weighed. Percent ultimate fiber yield is
      the supernate chrysotile asbestos filter cake weight times 3 divided by
      the total weight of the two cakes times 100.
PAR  The filter cake of liberated asbestos fibers in accordance with this
      invention is a lightly compacted, essentially non-agglomerated product
      which is readily redispersible in water with conventional mixers to form
      an aqueous dispersion containing liberated fibers.
PAR  In the first step of making a high quality paint formulation in accordance
      with the invention, a dispersion of pigments is prepared. The pigment
      dispersion can contain varying amounts of the pigmented asbestos usually
      ranging from 1 to 25%, preferably 5 to 10%, of the total solids of the
      dispersion, depending on the water demand of the various components of the
      system, the properties desired for the final paint composition and
      properties desired for the final paint film. The unpigmented high purity
      chrysotile asbestos fibers have a water demand of about 480% while the
      pigmented fibers have a lower water demand depending on the quantity and
      type of pigment.
PAR  The demand for pigment in terms of cationic charge is preferably completely
      or totally satisfied by anionic pigments. The high purity chrysotile
      asbestos fibers develop a total positive charge which must be completely
      balanced by combining with a total negative charge which is furnished by
      the anionic pigment, resulting in electrostatic bonding of anionic pigment
      along the length of ite fibers. It has been found that in order to
      completely satisfy the cationic charge on the asbestos fibrils, it is
      necessary to employ a ratio of at least nine times anionic pigment to
      asbestos, by weight. Thus, in totally liberated or discrete form, the
      asbestos fibers or fibrils can cofloc or satisfy about 9 to 10 times the
      weight thereof with anionic pigment.
PAR  The fibers may be totally pigmented with a primary hiding pigment having
      high efficiency and providing opacity such as rutile titanium dioxide.
      Anatase titanium dioxide may be used where chalking is desired. Other
      anionic hiding pigments comprise zinc sulfide, zinc oxide, basic silicate
      of white lead, lithopane, iron oxide or antimony oxide. Any combination of
      these hiding pigments may be utilized. In another procedure in accordance
      with the invention to be discussed below, the fibers may be pigmented with
      a mixture of anionic hiding pigments or a mixture of anionic hiding and
      extender pigments. Typical extender pigments and the amounts in percent by
      weight in which they may be present are provided below. These extender
      pigments may be combined as desired for a particular end result.
PA1  1. Calcium carbonate (whiting) 0 to 25%
PA1  2. Hydrated aluminum silicate (clay) 0 to 25%
PA1  3. Magnesium silicate (talc) 0 to 8.5%
PA1  4. Silicon dioxide and calcium silicate (silicas) 0 to 4.5%
PA1  5. Potassium aluminum silicate (micas) 0 to 6.5%
PA1  6. Other pigments including barium sulfide, bentonite, magnesium aluminum
      silicate and various organic and inorganic and crystalline pigments.
PAR  The hiding pigment such as titanium dioxide, and the extender pigments such
      as clay and calcium carbonate, exhibit an anionic or negative charge when
      dispersed in water as result of attachment of hydroxyl groups to the
      pigment, and hence are termed "anionic" pigments herein.
PAR  Total pigment present in the paint composition of the invention can range
      from about 4 to about 65% by weight. Anionic hiding pigments are present
      in an amount generally of about 4 to 25% by weight, or higher. The
      preferred hiding pigment due to its efficiency in providing opacity is
      rutile titanium dioxide. Other hiding pigments noted above may be present
      to replace a part or all of the rutile titanium dioxide.
PAR  Referring now to FIG. 3, several processes for forming pigment dispersion
      containing coflocced pigmented asbestos are illustrated. In the pellet or
      open fiber process (I), a dilute liberated asbestos slurry such as a
      slurry containing 2.5% asbestos is blended with an anionic hiding pigment
      such as rutile titanium dioxide. Oppositely charged asbestos fibers and
      titania particles are attracted and bond to each other to form a coflocced
      product as illustrated in FIG. 4 which shows the fibrils 10 having
      particles of titania 12 electrostatically attached along the length of the
      fibers to form a predispersed product. In the pellet, and open fiber
      process, the ratios of materials are adjusted to form a product containing
      from 1 to 90% titania, suitably about 35% titania, though the asbestos is
      capable of holding up to 9 times or more, e.g. 9 to 10 times, its own
      weight of pigment. The coflocced slurry is dewatered, extruded into
      pellets and dried in a rotary dryer. The dried pellets can be milled to
      form an open fiber form of the product.
PAR  The paint formulator may predisperse the pellets or open fiber in water
      with a high shear mixer to form a liberated slurry of the partially
      titanated asbestos. The remaining pigments are then added, continuing the
      high shear mixing to form the final pigment dispersion. The separate
      dispersion in water with high shear mixing better assures complete
      liberation of the fibers, to form a paint having a fine grind.
      Alternately, the remaining pigments in water can be added directly to the
      pellet or open fiber, and mixed with high shear to form the pigment
      dispersion. The dispersion of the high purity chrysotile asbestos is
      materially aided by reducing the ph of the slurry to the acid range,
      preferably from about 4-5. An electrostatic condition in the slurry under
      these conditions prevents the fibers from reagglomerating.
PAR  In the filter cake process, (II), the dilute liberated asbestos slurry is
      dewatered in a vacuum frame press to form a filter cake containing 40-60%
      asbestos fiber which may be optionally dried with tumbling in a rotary
      drier to a homogeneous product having a solids content of 80-90% asbestos.
      Again, the pigment dispersion can be formed by adding the total pigments
      at one time to the dispersion of fibers, with blending or separately
      predispersing the hiding pigment such as rutile titania before adding the
      remaining pigments and blending to form the pigment dispersion.
PAR  A series of experiments were run to determine the critical percent fiber
      that could be provided in a reduced water content chrysotile asbestos
      filter cake that is readily dispersible with conventional mixers available
      to most paint processors, rather than the high shear and high horsepower
      mixers necessary to completely disperse the pre-titanated pellets.
      Standard interior latex paints were prepared according to the formulation
      of Example 4 with each of these filter cakes. The results are tabulated in
      the following table and FIG. 5.
TBL                TABLE II                                                    
     ______________________________________                                    
     LATEX PAINT CONTAINING FILTER CAKE                                        
     Filter Cake     Latex Paint of                                            
                     Example 4                                                 
     Asbestos        National Standard                                         
     Weight %        Grind No.                                                 
     ______________________________________                                    
     41              6                                                         
     55              5.6                                                       
     75              4.5                                                       
     91              4.5                                                       
     96              4                                                         
     ______________________________________                                    
PAR  Wrinkling was evident at about 91% solids level in the filter cake, and
      above, indicating incomplete fiber liberation and therefore the presence
      of available cationic charge which causes coagulation of the anionic
      latex.
PAR  Unexpectedly, the filter cake can be dewatered to a level as high as about
      91% by weight of asbestos and still maintain an adequate grind of 4.5,
      corresponding to less than 2 mils, in the resulting latex paint,
      indicating fairly good liberation and noncompaction of the fibers into
      bundles. It is however, preferable to maintain the asbestos content of the
      filter cake from about 80 to 90% to provide finer finish paint films. The
      80 to 90% asbestos filter cake product affords substantial absence of
      wrinkling as well as adequate grind of less than 2 mils for the latex
      paint in which such filter cake is incorporated, and is otherwise a very
      desirable commercial form of asbestos since the water content thereof is
      sufficiently low to minimize shipping costs and it is a form readily
      available for dispersion.
PAR  The dispersion containing the dispersed pigmented asbestos is incorporated
      into a latex paint which is defined as a paint in which water is the
      principal diluent. The nonvolatile portion of the paint is between 30 and
      80% while the pigment volume concentration (PVC):
      ##EQU1##
      is between about 15 and 80%. The paint may optionally also contain
      binders, solvents, thickeners, surfactants and various other additives.
      Exemplary materials for each component with a suggested percentage basis
      based on the total weight of the paint are provided below. These
      ingredients are understood to be exemplary and are not intended to any way
      limit the invention, it being understood that alternate materials can
      readily be substituted for those suggested.
PAR  A general procedure for formulating paint compositions according to the
      invention is to first charge all liquid ingredients including optional
      thickeners, and optionally including a portion of the vehicle, especially
      in the case of modifier vehicles. The charge is thoroughly mixed and the
      solids namely, the anionic pigment and cationic asbestos fibers, are then
      added under high shear dispersion. In the case of anionically charged
      vehicles, such as anionic resins, the presence of the cationically charged
      asbestos renders it necessary for prepigmentization of the asbestos to
      completely satisfy this cationic charge, before addition of the anionic
      vehicle; otherwise, coagulation of the anionic resin will occur as result
      of the combination of anionic resin with unsatisfied cationic charge on
      the asbestos. Nonionic vehicles, e.g. nonionic resins, can be added at any
      stage of the manufacture.
PAR  The diluent concentration is preferably maintained between about 20 to 70%.
      While water is the primary and predominant diluent in a latex paint
      system, solvents for modifying resin vehicle may also be present. The
      percentage range also includes the water present in such vehicle portion.
PAR  Substantial thickening of the paint is provided by the fairly high water
      demand of the asbestos. In some cases, secondary thickeners need not be
      present. However, in most cases, the viscosity of the paint can be
      adjusted to the desired range of 60 to 125 KU, preferably 80 to 105 KU, by
      including 0 to about 4% of conventional thickeners such as water soluble
      cellulose derivatives, e.g. cellulose ethers or esters, for example,
      hydroxyethyl cellulose, methyl cellulose, and carboxymethyl cellulose.
      Other types of materials can also function as thickeners such as
      carboxylated polyacrylic acids, sodium alginate, bentonite clays, a
      polymethylvinyl ether reaction product with maleic anhydride, and
      polysaccharides. The expression "K.U." refers to Krebs units, a measure of
      viscosity which is conventionally used in the paint industry, and is
      determined with the Krebs-Stormer viscometer, as described in the brochure
      of the Arthur Thomas, Co., Philadelphia, Pa., "Directions for Use of
      Stormer Viscosimeter," published 1948.
PAR  Surface active agents which function as surfactants and dispersants can be
      present in the range of about 0.1 to 4% by weight of this composition.
      These ingredients wet the surfaces of the particles and stabilize the
      emulsion or colloidal system. Usually only anionic and nonionic compounds
      are utilized in latex paints and preferably a mixture of these types of
      surfactants is utilized. Many diverse types of surfactants which are
      commonly used in the formulation of latex paints are suitable for use in
      forming the pigmented asbestos latex paints in accordance with the
      invention.
PAR  Exemplary anionic surfactants are saponified fats, sulfonated materials
      such as fatty acid esters, monovalent alcohol esters of fatty acids, fatty
      acid amides, fatty acid nitriles, fatty aldehydes, secondary alcohols, or
      aromatic hydrocarbons. Other suitable anionic surfactants are alkali
      sulfonates of alcohols having 6 or more carbon atoms, aminopolycarboxylic
      acids and the condensation products of fatty acid chlorides and amines.
PAR  There are fewer non-ionic compounds commercially available. Exemplary
      non-ionic surfactants are saponines and their derivatives, the
      condensation products of ethylene oxide with fatty acids and their
      derivatives or with phenolic compounds having a side chain.
PAR  Coalescing agents can be provided in an amount of 0 to 4.5% as needed.
      Coalescing agents aid in film formation during the drying cycle. They are
      solvents for the vehicle and eventually evaporate from the paint film.
      Typical coalescing agents include plasticizers such as dibutyl phthalate,
      glycols like hexylene glycol, glycol-ethers, and certain alcohols.
PAR  Freeze-thaw stability is an important property for paints stored in cold
      climates. Glycols such as ethylene glycol, diethylene glycol and propylene
      glycol are added in an amount of 0 to 4.5% to insure freeze-thaw
      stability.
PAR  Latex emulsions, e.g. an anionic, nonionic or cationic latex, and various
      modifiers therefore, can be provided in an amount providing about 5 to
      50%, preferably about 5 to 25%, by weight of resin solids in the paint
      composition. Latex emulsions can be comprised of many polymer types, and
      commercially available emulsions contain 30 to 70% by weight resin solids
      in the form of nonvolatile polymer. The polymer generally employed
      according to the invention contains an ethylenically unsaturated
      polymerizable vinyl group. The polymer functions to bind the pigment
      particles together and to bind the paint film to the substrate. Generic
      types of suitable latex emulsions and polymers are listed below:
PA1  1. Polyvinyl acetate homopolymer latexes.
PA1  2. Vinyl Acetate -- acrylic copolymer latexes. The acrylic portion includes
      but is not limited to ethyl acrylate, isobutyl acrylate, methyl
      methacrylate, N-butyl acrylate, methacrylic acid, N-methylol acrylamide,
      acrylonitrile, 2-ethylhexyl acrylate, and acrylic acid. Furthermore, these
      copolymers may contain itaconic acid, styrene, butadiene, ethylene, vinyl
      chloride, maleates, and fumarates. Specific examples of such polymers are
      the copolymer of vinyl acetate and butyl acrylate, vinyl acetate and
      2-ethylhexyl acrylate, vinyl acetate and dibutyl maleate.
PA1  3. Acrylate Latexes -- The acrylate latexes may contain any combination of
      acrylate and acrylic monomers noted above in vinyl acetate-acrylic
      latexes, except for vinyl acetate. Specific examples of such polymers are
      the copolymer of ethyl acrylate, methyl methacrylate and methacrylic acid,
      and the copolymer of butyl acrylate, methyl methacrylate and acrylic acid.
PA1  4. Other latexes include polymers of styrene-butadiene, styrene-acrylic,
      acrylonitrile-butadiene rubber, butadiene rubber, and ethylene-vinyl
      acetate, vinylidene-chloride, and acrylate-vinyl chloride polymers.
PAR  It will be understood that the proportions of comonomers in the above
      described copolymers can be varied as desired and as well understood in
      the art, to obtain the desired properties. Thus, for example in the
      copolymer of vinyl acetate and butyl acrylate the monomer proportions can
      range from 90 to 75% vinyl acetate monomer and 10 to 25% butyl acrylate
      monomer; and in the copolymer of ethyl acrylate, methyl methacrylate and
      methacrylic acid, the proportions of monomers can range from 40 to 70%
      ethyl acrylate, 20 to 35% methyl methacrylate and 0.5 to 3% methacrylic
      acid.
PAR  Latexes containing combinations of the above resins can also be employed,
      such as a combination of vinyl acetate homopolymer and copolymer of vinyl
      acetate and butyl acrylate.
PAR  The resins in the above latexes in the presence of anionic surfactants
      generally achieve an anionic charge. This is due to the polymerzation of
      the monomers to form the resins, in the presence of such surfactants
      carrying an anionic charge. Polymerzation can also be achieved in the
      presence of nonionic and cationic surfactants, in which case the resulting
      resins are either nonionic or cationic in nature. However, because of the
      cationic charge of the chrysotile asbestos fibers, the anionic latexes
      generally employed to the major extent in latex paints, must be added to
      the dispersion of the chrysotile asbestos fibers after addition thereto of
      the anionic pigment in order to completely satisfy the cationic charge of
      the fibers with the anionic charge of the pigment, prior to addition of
      the anionic latex, to avoid coagulation, as noted above.
PAR  Any of the above latexes may be modified with organic solvent based binders
      or oils which may be of the drying or non-drying type. These modifiers in
      turn may be emulsified. Modifiers may comprise from 0 to 70% of the
      vehicle solids in a given paint in which water is the principle diluent.
      Suitable modifiers are the oils such as linseed oil, tung oil, safflower
      oil, tall oil rosins or tall oil esters. Resin modifiers comprise alkyd
      resins, epoxy resins, vinyl resins, acrylic resins, silicone resins,
      phenolic resins, ester gums and cellulose resins.
PAR  Various miscellaneous ingredients may be present in an amount of 0 to 4% by
      weight. Included in this category are defoamers which may or may not
      contain silicones and fungicides, of the mercuric and non-mercuric types.
      Driers for the solvent based modifier such as cobalt, zinc or magnesium
      naphthenates or phthalates may also be provided when needed. Other various
      materials may be incorporated for special purposes as are well known in
      the art.
PAR  Generally the paint composition of the invention includes, in addition to
      the dispersion of the pigmented asbestos and latex, additional optional
      components, particularly thickener, surfactant, e.g. anionic surfactant,
      and coalescing agent.
PAR  A series of paint formulations were prepared by first charging in order,
      water, thickener, surfactant, fungicide, freeze-thaw additive, coalescing
      agent, and about one-half of the defoamer, and mixing for 5 minutes at low
      speed. Thereafter, the TiO.sub.2 was added and dispersed until a desired
      dispersion was achieved. Mixing speed was increased. The remaining
      pigments, including calcium carbonate, clay and the high purity chrysotile
      asbestos fibers, were then added and mixed at high speed to form a
      pigment-asbestos fiber dispersion. The latex and remainder of the defoamer
      were then added to the pigment-asbestos fiber dispersion at low speed.
      Agitation should be continuous and each ingredient dispersed before the
      next is added.
PAR  The chemical identification of each ingredient by type, formula and
      function is provided wherever possible. The asbestos utilized in each
      case, except for Example 9, was high purity, short fiber chrysotile
      asbestos in the form of Calidria asbestos as either dispersed unpigmented
      filter cake or in pretitanated pellet form, as indicated. The ingredients
      utilized in the formulations are provided in the following table, and the
      examples follow thereafter.
TBL                                    TABLE III                               
     __________________________________________________________________________
     FUNCTION     MATERIAL    GENERIC TYPE                                     
     __________________________________________________________________________
     Solvent      Water       H.sub.2 O                                        
     Thickener    Bentone LT  Organically modified                             
                              bentonite                                        
     Anionic Surfactant                                                        
                  TAMOL 731   Sodium salt of diisobutylene                     
                              maleic anhydride                                 
     Do.          VICTAWET 35B                                                 
                              Sodium octyl phosphate                           
     Nonionic Surfactant                                                       
                  ADVAWET 33  Polyglycol ester                                 
     Freeze-Thaw  Ethylene Glycol                                              
     Coalescent   Butyl Carbitol                                               
                              Monoether of diethylene                          
                  Acetate     glycol                                           
     Defoamer     NOPCO NXZ   0.1% Si                                          
     Fungicide    CMP Acetate Chloromethoxy-Acetoxy                            
                              mercuripropane                                   
     Hiding Pigment                                                            
                  Ti Pure R-960                                                
                              TiO.sub.2                                        
     Extender Pigment                                                          
                  ASP 170 Clay                                                 
                              Kaolin Clay                                      
     Do.          VICRON 25-11                                                 
                              Calcium Carbonate                                
     Do-Asbestos  CG 100      High Purity Chrysotile                           
     Do-Titanated CG 135      Do + 35% TiO.sub.2                               
     Asbestos                                                                  
     Do-Filter Cake                                                            
                  CG 100      40 to 50% solids                                 
     Do-Titanated CG 135      40 to 55% solids                                 
     Filter Cake                                                               
     Solvent      Water       H.sub.2 O                                        
     Defoamers    NOPCO NXZ                                                    
     Latex Emulsion                                                            
                  NAT-1 (55%) Copolymer of Vinyl Acetate                       
                              and Butyl Acrylate (anionic)                     
     Do.          UCAR-130 (58%)                                               
                              Vinyl Acetate homopolymer                        
                              (nonionic)                                       
     Do.          UCAR 370 (46%)                                               
                              Acrylic Emulsion containing                      
                              copolymer of ethyl acrylate                      
                              methyl methacrylate, and                         
                              methactylic acid (anionic)                       
     0.1 Modifier PVO-44 (65%)                                                 
                              Bodied Safflower emulsion                        
     Epoxy Modified                                                            
                  Polytex 611 Q                                                
                              Epoxy ester emulsion                             
     Thickener    Cellosize QP-4400                                            
                              A hydroxy ethyl cellulose                        
     __________________________________________________________________________
TBL                EXAMPLE 1                                                   
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               225                                                   
     Bentone LT          5.5                                                   
     TAMOL 731 -- 25% Active                                                   
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170 Clay        100                                                   
     VICRON 25-11        144.7                                                 
     Water               151                                                   
     NOPCO NXZ           2                                                     
     NAT-1 (55%)         287                                                   
     ______________________________________                                    
     TOTAL -             1202.9                                                
     ______________________________________                                    
TBL                EXAMPLE II                                                  
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               306                                                   
     Bentone LT          4.3                                                   
     TAMOL 731 -- 25% Active                                                   
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       225                                                   
     ASP 170 Clay        100                                                   
     VICRON 25-11        112                                                   
     CG 135              50                                                    
     Water               131.5                                                 
     NOPCO NXZ           2                                                     
     NAT-1 (55%)         287                                                   
     ______________________________________                                    
     TOTAL -             1263                                                  
     ______________________________________                                    
TBL                EXAMPLE III                                                 
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               306                                                   
     Bentone LT          4.3                                                   
     TAMOL 731 -- 25% Active                                                   
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       225                                                   
     ASP 170 Clay        100                                                   
     VICRON 25-11        112                                                   
     CG 135              98. (51%)                                             
     Water               83.5                                                  
     NOPCO NXZ           2                                                     
     NAT-1 (55%)         287                                                   
     ______________________________________                                    
     TOTAL -             1263                                                  
     ______________________________________                                    
TBL                EXAMPLE IV                                                  
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               315                                                   
     Bentone LT          4.3                                                   
     TAMOL 731 -- 25% Active                                                   
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170 Clay        100                                                   
     VICRON 25-11        112                                                   
     CG 100              70. (46.5%)                                           
     Water               85                                                    
     NOPCO NXZ           2                                                     
     NAT-1 (55%)         287                                                   
     ______________________________________                                    
     TOTAL -             1263                                                  
     ______________________________________                                    
TBL                EXAMPLE IVA                                                 
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               243                                                   
     TAMOL 731-25% Active                                                      
                         3                                                     
     VICTAWET 35B        6.9                                                   
     ADVAWET 33          4.8                                                   
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170 Clay        100                                                   
     VICRON 25-11        93.7                                                  
     CG 100              107.4 (46.5%)                                         
     Water               40                                                    
     NOPCO NXZ           2                                                     
     NAT-1 (55%)         285                                                   
     ______________________________________                                    
     TOTAL -             1160.8                                                
     ______________________________________                                    
TBL                EXAMPLE V                                                   
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               315                                                   
     Bentone LT          4.3                                                   
     TAMOL 731-25% Active                                                      
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170 Clay        100                                                   
     VICRON 25-11        112                                                   
     CG 100              70. (46.5%)                                           
     Water               95                                                    
     NOPCO NXZ           2                                                     
     NAT-1 (55%)         216. (55%)                                            
     PVO-44 (65%)        61. (65%)                                             
     ______________________________________                                    
     TOTAL -             1263                                                  
     ______________________________________                                    
TBL                EXAMPLE VI                                                  
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               315                                                   
     Bentone LT          4.3                                                   
     TAMOL 731-25% Active                                                      
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170 Clay        100                                                   
     VICRON 25-11        112                                                   
     CG 100              70. (46.5%)                                           
     Water               90                                                    
     NOPCO NXZ           2                                                     
     NAT-1 (55%)         216. (55%)                                            
     Polytex 611 Q       66. (60%)                                             
     ______________________________________                                    
     TOTAL -             1263                                                  
     ______________________________________                                    
TBL                EXAMPLE VII                                                 
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               315                                                   
     Bentone LT          4.3                                                   
     TAMOL 731-25% Active                                                      
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170 Clay        100                                                   
     VICRON 25-11        112                                                   
     CG 100              70. (46.5%)                                           
     Water               100                                                   
     NOPCO NXZ           2                                                     
     UCAR-130 (58%)      272. (58%)                                            
     ______________________________________                                    
     TOTAL -             1263                                                  
     ______________________________________                                    
TBL                EXAMPLE VIII                                                
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               315                                                   
     Bentone LT          4.3                                                   
     TAMOL 731-25% Active                                                      
                         3                                                     
     VICTAWET 35B        5.7                                                   
     ADVAWET 33          4                                                     
     Ethylene Glycol     15                                                    
     Butyl Carbitol Acetate                                                    
                         15                                                    
     NOPCO NXZ           2                                                     
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170 Clay        100                                                   
     VICRON 25-11        112                                                   
     CG 100              70. (46.5%)                                           
     Water               29                                                    
     NOPCO NXZ           2                                                     
     Ammonium Hydroxide  2                                                     
     UCAR 370 (46%)      343. (46%)                                            
     ______________________________________                                    
     TOTAL -             1265                                                  
     ______________________________________                                    
TBL                EXAMPLE IX                                                  
     ______________________________________                                    
     MATERIAL            POUNDS                                                
     ______________________________________                                    
     Water               225.0                                                 
     Bentone LT          4.3                                                   
     TAMOL 731-25% Active                                                      
                         3.0                                                   
     VICTAWET 35B        12.7                                                  
     ADVAWET 33          9.0                                                   
     Ethylene Glycol     15.0                                                  
     Butyl Carbitol Acetate                                                    
                         15.0                                                  
     NOPCO NXZ           2.0                                                   
     CMP Acetate         0.5                                                   
     Ti Pure R-960       242.5                                                 
     ASP 170             100.0                                                 
     VICRON 25-11        112.2                                                 
     Canadian Asbestos 6-D-20                                                  
                         32.5                                                  
     (Canadian No. 6 shorts)                                                   
     Water               326.0                                                 
     NOPCO NXZ           9.0                                                   
     NAT-1               285.0                                                 
     ______________________________________                                    
     TOTAL -             1393.7                                                
     ______________________________________                                    
PAR  The properties and characteristics of the latex paints and dried films are
      listed in the following table.
TBL                TABLE                                                       
     ______________________________________                                    
     EXAMPLE     I       II      III   IV    IVA                               
     ______________________________________                                    
     Viscosity (KU)                                                            
                 110     102-3   96-7  97-8  66                                
     Reflectance 91      91      91    91    88                                
     PVC (%)     53.04   53.04   53.04 53.04 52.45                             
     Contrast Ratio                                                            
                 0.967   .973    0.978 0.978 0.983                             
     Solids (%)  54.87   52.45   52.45 52.45 56.5                              
     Yield (Gallons)                                                           
                 100     108     108   108   96                                
     N.S. Grind No.                                                            
                 7       4-5     6     5-6   5-6                               
     EXAMPLE     V       VI      VII   VIII  IX                                
     ______________________________________                                    
     Viscosity (KU)                                                            
                 103     107     112   82    150                               
     Reflectance 90      90      91    90    88                                
     PVC (%)     53.04   53.04   53.04 53.04 53.04                             
     Contrast Ratio                                                            
                 0.967   0.967   0.989 0.978 0.994                             
     Solids (%)  52.45   52.45   52.45 52.45 48.23                             
     Yield (Gallons)                                                           
                 108     108     108   108   123.6                             
     N.S. Grind No.                                                            
                 5-6     5-6     5-6   5-6   0                                 
     ______________________________________                                    
PAC  DISCUSSION
PAR  Example 1 is a typical interior latex paint formulation (53.0% PVC, 54.9%
      Solids) which provides a standard measure of reflectance (91) and opacity
      (contrast ratio 0.967) for a 242.5 pound level of rutile titanium dioxide.
      The pigments in this system require 150 pounds of water to be properly
      dispersed leaving 226 pounds of free water. Since the asbestos has a water
      sorption of about 480%, the quantity that can be added is a function of
      the difference in water demand between the asbestos and the pigment it is
      replacing as well as the free water available. The lowered amount of free
      water lowers the amount of thickener required and this improves the flow
      and leveling rheology of the paint. Usually around 1-25%, preferably
      7-20%, of total pigments can be replaced with the high purity type
      chrysotile asbestos (HPTCA).
PAR  The water demand of the asbestos and therefore the level at which it could
      be incorporated into latex paints could be modified by treating the
      product with agents, which induces hydrophobicity, such as fatty acids and
      their derivatives, silicones, silanes and various other materials.
PAR  A dry titanated asbestos (35% TiO.sub.2) in pellet form was predispersed
      and then incorporated into the formulation of Example 2 at a 50 pound
      level, replacing 32.5 pounds of calcium carbonate and 17.5 pounds of the
      original charge of TiO.sub.2 which is now contained on the titanated
      fibers. The reflectance remains at 91 and the contrast ratio was 0.973.
PAR  The asbestos has in effect predispersed the TiO.sub.2 electrostatically
      along the fibers, thereby increasing its opacity when incorporated into a
      coating. The high brightness is quite unexpected. Asbestos has a 72% G.E.
      brightness and with replacement of a portion of a high brightness pigment
      this lower brightness material would be expected to substantially lower
      the reflectance of the resulting paints. The maintenance of high
      brightness is further indication that the asbestos fibers are
      electrostatically coated with the high brightness anionic pigments which
      hide the grayness of the fibers.
PAR  There were several indications that the fibers were not completely
      liberated. The grind reading decreased from 7 to 4-5 indicating the
      presence of some fiber bundles. The film was slightly grayer indicating
      some of the fibers are not completely pigmented and the surface wrinkled
      slightly indicating that cationic charge was available to coagulate the
      latex. Both of these latter effects could be due to compaction which
      prevents pigment deposition to satisfy the cationic surface charge of the
      fibers.
PAR  Example 3 is identical to Example 2, except titanated filter cake (51%
      solids) was substituted for the predispersed pellet and the water adjusted
      for the filter cake water component. The film had a reflectance of 91 and
      a contrast ratio of 0.978. The grind reading improved to 6 and no
      wrinkling was evident. Thus, the filter cake product is in a more
      available form, can be dispersed with conventional equipment and provides
      a finer grind surface.
PAR  In Example 4, the filter cake (untitanated 46.5% solids), and the titanium
      dioxide are added separately to the pigment dispersion. The reflectance is
      again 91 and the contrast ratio is 0.978. This demonstrates that the
      asbestos fibers are in fact coflocculating with the anionic pigments
      during paint manufacture.
PAR  The fibers are coflocculating with more than the titanium dioxide and the
      extender pigments are filling in the available spaces on the fibers. The
      pigment demand of the totally liberated fibers is about 900 to 1000% by
      weight. In Example 4A, the amount of filter cake was increased to 50
      pounds. The resultant paint gave a grayish appearance when compared to the
      paint of Example 4. Only 342 pounds of the preferred anionic pigments are
      available (680%). Consequently, a portion of the asbestos fiber remained
      uncoated giving a discolored film.
PAR  The reflectance decreased to 88 as compared to 91 for Example 4. The
      contrast ratio was 0.983. Contrast ratio is defined as reflectance over a
      black substrate divided by the reflectance over a white substrate. The
      reflectance readings stated in this application are tested over a white
      substrate. Therefore, paints with a lower reflectance will be grayer and
      have a higher contrast ratio although the opacity may actually decrease as
      is the case in Example 4A.
PAR  The pigmented asbestos is compatible with diverse types of latex systems as
      well as oil and epoxy modified emulsions as shown in Examples 5 to 8. In
      each case, stable paints were prepared having acceptable application and
      working properties.
PAR  Example 9 is an attempt to prepare a similar latex paint utilizing Canadian
      Grade No. 6-D-20 shorts asbestos. It failed in every possible desired
      criteria. The Canadian asbestos could not be dispersed and gave a grind
      reading of 0 which is equivalent to a grind of no less than 4 mils,
      whereas the paints of the invention have grinds between 0.5 and 2.0 mils,
      equivalent to a grind Number of 4 to 7, and preferably less than 2 mils.
PAR  The Canadian asbestos could not be liberated or pigmented since the film
      was very gray and the surface wrinkled indicating remaining available
      cationic charge. The high viscosity is also indicative of available
      cationic charge. The water content was substantially increased and the
      solids dropped to 48.3%, yet the viscosity was still 150 K.U. A premium
      quality finish paint must have a viscosity between about 70 to 125
      preferably 80 to 115 K.U. The random length Canadian No. 6-D-20 asbestos
      fibers are incapable of complete liberation and do not cofloc with anionic
      pigments to form totally pigmented products in which the cationic charge
      of the fibers is satisfied.
PAR  The following are additional examples illustrating the invention.
TBL               EXAMPLE X   EXAMPLE XI  EXAMPLE XII                          
                  9 Parts TiO.sub.2                                            
                              8.5 Parts TiO.sub.2                              
                                          10 Parts TiO.sub.2                   
     Ingredients  1 Part Asbestos                                              
                              1 Part Asbestos                                  
                                          1 Part Asbestos                      
     __________________________________________________________________________
     Water        630         630         630                                  
     CELLOSIZE QP-4400                                                         
                  0.5         0.5         0.5                                  
     Tamol 731    6.0         6.0         6.0                                  
     Victawet 35-B                                                             
                  11.4        11.4        11.4                                 
     Advawet 33   8.0         8.0         8.0                                  
     Nopco NXZ    4.0         4.0         4.0                                  
     Ti Pure R-960                                                             
                  576.0       576.0       576.0                                
     Asbestos CG 100                                                           
     Filter Cake                                                               
     (44% solids) 145.5       154.0       131.0                                
     Ethylene Glycol                                                           
                  30.0        30.0        30.0                                 
     Butyl Carbitol                                                            
     Acetate      30.0        30.0        30.0                                 
     UCAR-130     463.3       465.8       460.7                                
     __________________________________________________________________________
     Physical Properties                                                       
     Viscosity (KU)                                                            
                  65          78          74                                   
     Reflectance  93          92.5        93                                   
     P.V.C. (%)   43.04       43.16       42.74                                
     Contrast Ratio                                                            
                  0.9785      0.9730      0.9785                               
     Total Solids (%)                                                          
                  49.06       48.94       49.20                                
     Yield (Gallons)                                                           
                  161         162         160                                  
     N.S. Grind No.                                                            
                  6           6           6                                    
     __________________________________________________________________________
PAR  Referring to Examples X, XI and XII the viscosity of 65-78 for all of these
      compositions is within the usable range. As to reflectance, however, it is
      noted that Examples X and XII with ratios of pigment to asbestos of 9 to 1
      and 10 to 1 respectively have the same high reflectance values of 93,
      whereas Example XI, with a ratio of 8.5 pigment to 1 part asbestos, and
      below the 9 to 1 lower limit of the invention paint composition, has a
      lower reflectance of 92.5, and hence a lower brightness as compared to the
      paints of Examples X and XII.
PAR  Also, it is noted that Examples X and XII have a contrast ratio of 0.9785
      whereas Example XI, having a pigment to asbestos ratio of 8.5 to 1, has a
      reduced contrast ratio of 0.9730, indicating that opacity and hiding power
      at a pigment to asbestos ratio of 9 to 1 or greater, are at a maximum for
      a given quantity of hiding pigment to asbestos, and such contrast ratio
      remains at such maximum with increase in the ratio of pigment to asbestos
      above 9 to 1, whereas such opacity and hiding power undesirably decreases
      at a ratio of pigment to asbestos below 9 to 1.
PAR  In summary, the particular high purity chrysotile asbestos in accordance
      with the invention can be completely liberated and can in this form
      completely cofloc with at least 9 times its weight of anionic pigment,
      usually 900 to 1000% by weight of anionic pigments. The pigments are
      dispersed along the length of the asbestos fibers and hide the relative
      grayness of the fibers, increasing opacity. The opacity difference is
      quite dramatically displayed when 1.5 mil films are observed on a hide
      chart.
PAR  The physical nature of the colloidal fibers with an average L/D ratio of
      200 provides reinforcement by the whisker effect and improves the
      structural integrity of the paint film. The film has a high tensile
      strength and can experience large changes in substrate dimensions before
      the film cracks or fails. The durability, scrubbability and service life
      of the film are considerably enhanced.
PAR  Another desirable result is the degree of pigment dispersion attainable
      when the asbestos in filter cake form is incorporated into latex paints.
      The prior available dry Canadian fibers were limited to a maximum
      dispersion or grind of 3.5 mils while the filter cake yields a dispersion
      or grind of 1.2 mils. This is the first material which allows the use of
      asbestos in premium interior and exterior paints.
PAR  It is to be understood that only preferred illustrative embodiments of the
      invention have been disclosed and that numerous substitutions, alterations
      and modifications can readily be practiced by those skilled in the art
      without departing from the spirit and scope of the invention as defined in
      the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pigment dispersion for a coating composition in which the pigment
      solids consist essentially of anionic pigmented, liberated, colloidal,
      high purity chrysotile asbestos fibers having a surface area of about
      60-80 meters.sup.2 /gram, a reflectance of at least 72% and a magnetite
      content of below 0.8%, an amount of anionic pigment being present
      sufficient to completely satisfy the cationic charge on said asbestos
      fibers.
NUM  2.
PAR  2. A pigment dispersion according to claim 1 in which the pigment solids
      are dispersed in water, the pigments being anionic pigments and the
      chrysotile asbestos fibers being cationic liberated asbestos fibers, the
      ratio of pigments to asbestos is at least 9:1 and in which the grind of
      the dispersion is no more than 2.0 mils.
NUM  3.
PAR  3. A pigment dispersion according to claim 2 in which said anionic pigments
      comprise a mixture of hiding and extender pigments.
NUM  4.
PAR  4. A pigment dispersion according to claim 3 in which the hiding pigment
      comprises rutile titanium dioxide.
NUM  5.
PAR  5. A pigment dispersion according to claim 4 in which the extender pigments
      are selected from the group consisting of calcium carbonate, silica, clay,
      talc, mica and mixtures thereof.
NUM  6.
PAR  6. A method of preparing a pigment dispersion comprising the steps of:
PA1  dispersing in water a predetermined quantity of short fiber, high purity,
      chrysotile asbestos having a surface area of about 60-80 meters.sup.2
      /gram, a reflectance of at least 72%, and a magnetite content of below
      0.8%, by weight to form a colloidal slurry of cationically charged,
      liberated fibers;
PA1  adding anionic pigments to said slurry to electrostatically cofloc said
      pigments along the length of said fibers, the ratio of pigment to asbestos
      being at least 9:1 by weight; and
PA1  blending said pigmented asbestos fibers to form a uniform dispersion
      thereof.
NUM  7.
PAR  7. A method according to claim 6 in which said pigments comprise a mixture
      of hiding and extender pigments.
NUM  8.
PAR  8. A method according to claim 7 in which at least a portion of said hiding
      pigment is first combined with said fiber slurry.
NUM  9.
PAR  9. A high efficiency hiding pigment for coating compositions comprising:
PA1  high purity, uniform, short length chrysotile asbestos fibers having a
      surface area of from about 60-80 meters.sup.2 /gram, a reflectance of at
      least 72%, a magnetite content below 0.8% by weight and an average L/D
      ratio of about 200; and
PA1  said fibers being electrostatically combined with rutile titanium dioxide
      pigment particles to form a titanated asbestos product redispersible in
      water to form liberated, separated, pigmented asbestos fibers, containing
      a ratio of at least 9 times said pigment to asbestos.
NUM  10.
PAR  10. A pigment according to claim 9 in which said titanated fibers are in
      the form of a pellet having a water content below about 2% by weight.
NUM  11.
PAR  11. A pigment according to claim 9 in which said fibers are in the form of
      milled, dry, titanated fibers having a water content below 2% by weight.
NUM  12.
PAR  12. A pigment dispersion accroding to claim 2, said high purity asbestos
      fibers having a surface area ranging from about 60-80 meters.sup.2 /gram.
NUM  13.
PAR  13. A method according to claim 6, in which said dispersion has a grind of
      less than 2 mils and wherein the asbestos added to the slurry is in the
      form of a lightly compacted redispersible product containing less than 60%
      by weight of water.
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ABST
PAL  An aqueous pigment dispersion which contains (a) pigment, (b) a
      water-soluble surfactant and water and a water-retaining agent in which
      (b) is a reaction product of a polyhydroxyl compound with from 3 to 50
      moles of propylene oxide and from 2 to 70 moles of ethylene oxide per
      equivalent of hydroxyl. The dispersions give bright and deep-shade
      emulsion paints or distempers containing cellulose ethers.
PARN
PAR  This application is a continuation-in-part of our application Ser. No.
      303,624 filed Nov. 3, 1972, now U.S. Pat. No. 3,841,888.
BSUM
PAR  The invention relates to aqueous pigment dispersion which are outstandingly
      suitable for coloring aqueous emulsion paints or distempers containing
      cellulose ethers.
PAR  Aqueous pigment paints containing binders such as emulsion paints,
      wallpaper colors or distempers as a rule contain white pigments such as
      titanium dioxide, lithopone and chalk, extenders such as China clay, very
      finely ground dolomite, calcite, barite and/or talc, surfactants such as
      ethylene oxide adducts of phenols or alcohols or anionic surfactants and
      binders such as starch, dextrin, vegetable glue, bone glue and/or other
      animal glues and/or aqueous dispersions of film-forming homopolymers or
      copolymers such as those of acrylic esters, methacrylic esters, acrylic
      acid, styrene, butadiene, acrylonitrile, vinyl acetate, vinyl propionate
      and mixtures of the same. Water-soluble cellulose ethers such as
      methylcellulose and/or carboxymethylcellulose are added to the emulsion
      paints to improve their application properties. The viscosity and
      consequently the flow of white and colored emulsion paints prepared
      therefrom are improved by the addition of water-soluble cellulose ethers.
      White paints are colored with aqueous pigment dispersions, as a rule
      immediately prior to use. Pigment dispersions used for this purpose are
      prepared by homogenization or dispersion of pigments with anionic or
      non-ionic dispersing agents such as oxyethylated phenols or alkylphenols
      or oxyethylated fatty alcohols.
PAR  These dispersions are more or less extensively flocculated when stirred
      into the emulsion paint containing a cellulose ether so that the
      tinctorial strength of the pigment contained in the paint is decreased
      and, what is particularly disadvantageous, the shade of color is dulled.
PAR  It is an object of the present invention to provide aqueous pigment
      dispersions which are stable to flocculation in aqueous emulsion paints
      containing a cellulose ether and which will color such paints in pure
      shades.
PAR  We have found that fully satisfactory aqueous emulsion paints containing
      cellulose ethers which have pure shades of color and in which the pigment
      is not flocculated are obtained by using, for coloring, an aqueous pigment
      dispersion which contains on the bases of (a) + (b) + (c);
PA1  A. from 20 to 55% by weight of a finely divided pigment;
PA1  B. from 5 to 25% by weight of water-soluble surfactant or mixture of
      surfactants which has been obtained by reaction of a hydroxyl compound of
      the formula
EQU  A(OH).sub.m
PAL  in which
PA1  A is an m-valent aliphatic or cycloaliphatic radical of two to 10 carbon
      atoms;
PA1  Oh is primary or secondary hydroxyl; and
PA1  m is one of the integers from 2 to 6
PAL  with from 3 to 50 moles of propylene oxide per equivalent of primary and
      secondary hydroxyl followed by reaction with from 2 to 70 moles of
      ethylene oxide per equivalent of primary and secondary hydroxyl and
PA1  c. from 40 to 75% by weight of water or a mixture of water and a
      water-retaining agent.
PAR  The aqueous pigment dispersions of the invention give colorations of deep
      and pure shade after they have been mixed with the white emulsion paint
      and applied, e.g. printed, and dried.
PAR  Colored inorganic and organic pigments are suitable as the pigments.
PAR  Carbon black and iron oxide are examples of inorganic colored pigments.
PAR  Examples of organic pigments are azo pigments, quinacridone pigments,
      anthraquinoid pigments, pigments based on
      perylene-3,4,9,10-tetracarboxylic acid and the corresponding diimides,
      phthalocyanines, halogenated phthalocyanines and oxazine pigments.
PAR  The water-soluble surfactants are obtained by the addition of propylene
      oxide followed by the addition of ethylene oxide to a hydroxyl compound of
      formula
EQU  A(OH)m .
PAR  Examples of such hydroxyl compounds are ethylene glycol, propylene
      glycol-1,3, propylene glycol-1,2, butanediol-1,3, butanediol-1,4,
      butenediol-1,4, butynediol, butanetriol, pentanediol-1,5, hexanediol-1,6,
      decandiol-1,10, glycerol, pentaerythritol, trimethylolpropane, sorbitol,
      triethanolamine, aminoethylethanolamine, triisopropanolamine,
      hexahydroterephthalyl alcohol, cyclohexanediol-1,4, cyclohexanediol-1,3
      and mixtures of the same.
PAR  Because of their particularly great stabilizing effect the reaction
      products of trimethylolpropane, butanediol-1,4, triethanolamine, glycerol,
      pentaerythritol, aminoethylethanolamine or mixtures of the same are
      preferred and of these the reaction products of 8 to 20 moles of propylene
      oxide and 12 to 30 moles of ethylene oxide per equivalent of primary and
      secondary hydroxyl groups are particularly preferred.
PAR  The water-soluble surfactants are obtained by stagewise reaction of the
      hydroxyl compound with from 3 to 50, preferably from 8 to 20, moles of
      propylene oxide per equivalent of primary and secondary hydroxyl groups
      followed by oxyethylation of the polypropoxylated compound with from 2 to
      70, preferably 12 to 30, moles of ethylene oxide per equivalent of primary
      and secondary hydroxyl groups. The polypropoxylated-polyethoxylated
      compounds to be used according to the invention are obtainable for example
      by the method of U.S. Pat. No. 2,979,528. The water-soluble surfactants
      have a molecular weight of from 1000 to 42,000, preferably from 7000 to
      17,500. The proportion of terminal polyethylene oxide blocks is from 30 to
      80%, preferably from 40 to 70%, by weight. Products having more than 80%
      by weight or less than 40% by weight of the ethylene oxide blocks do not
      have an adequate stabilizing effect, i.e., the colored pigments contained
      in the emulsion paints is flocculated.
PAR  Production of the aqueous pigment dispersion of the invention is carried
      out in conventional manner by dispersion or homogenization of the pigment
      in dry form or in the form of a press cake together with the water-soluble
      surfactant in a kneader, dispersion mixer, sand or Perl mill or attritor
      mill. Other auxiliaries such as water-retaining agents or disinfectants
      may be added to the mixture during the dispersion or thereafter.
PAR  The formulations of the invention not only have the said advantage of
      stabilizing the fine state of subdivision of the colored pigment in the
      aqueous emulsion paint containing cellulose ether but also the following
      further advantage; unlike systems which contain anionic dispersing agents
      or ethylene oxide adducts of fatty alcohols or phenols, the formulations
      of the invention are stable to drying up, i.e. there is no formation in
      the storage vessels of crusts or skins which fall into the pigment
      dispersion upon removal and which may give trouble in the colored emulsion
      paint in the form of specks or lumps.
DETD
PAR  The following Examples will further illustrate the invention. Parts and
      percentages are by weight.
PAC  EXAMPLE 1
PAR  a. 86 parts of a copper phthalocyanine blue of the .alpha.-modification is
      kneaded with 20 parts of a product which has been obtained by reaction of
      1 mole of trimethylolpropane with 45 moles of propylene oxide and then
      with 49 moles of ethylene oxide in a kneader with an addition of 30 parts
      of a mixture (1 : 1) of water and glycol. A temperature of about
      75.degree.C is thus set up. The kneaded material is then diluted with a
      mixture (1 : 1) of water and ethylene glycol until the liquid formulation
      contains 40% of pigment 20% of glycol. To test the stability of
      flocculation, the paint described in Examle 1 is used. 1 part of the above
      aqueous dispersion is stirred into 99 parts of the paint and homogeneously
      dispersed. The colored emulsion system obtained is brushed or printed onto
      wallpaper. After drying a deep and pure blue coloration is obtained which
      does not exhibit any flocculation at all.
PAR  b. Comparative experiment:
PAR  Conventionally used dispersants such as the sodium salt of the condensation
      product of naphthalenesulfonic acid with formaldehyde, sodium salt of the
      acid sulfuric acid ester of ethylene oxide adducts or ethylene oxide
      adducts such as alkylphenol with 10 to 50 moles of ethylene oxide, fatty
      alcohol with 12 to 80 moles of ethylene oxide, oleylamine with 12 moles of
      ethylene oxide or p-benzyl-o-phenylphenol with 10 to 20 moles of ethylene
      oxide, polyethylene oxide or sodium lignin sulfonate are used for the
      production of the pigment dispersion instead of the reaction product of
      trimethylolpropane with propylene oxide and ethylene oxide specified as
      dispersant under (a). Dispersions are obtained whose pigment after having
      been stirred into the abovementioned paint binder flocculates out.
PAR  After having been brushed onto wallpaper and dried, cloudy and markedly
      paler colorations are obtained than with the pigment formulations under
      (a) at the same pigment concentration.
PAC  EXAMPLE 2
PAR  80 parts of C.I. Pigment Green 7, C.I. No. 74,260 and 24 parts of the
      reaction product of 1 mole of pentaerylthritol with 64 moles of propylene
      oxide and 74 moles of ethylene oxide are kneaded with an addition of 9
      parts of dispropylene glycol for one hour, the temperature rising to about
      100.degree.C. The kneaded material is diluted as described in Example 11
      to give a formulation containing 45% of pigment.
PAR  When a mixture of 1 part of the formulation and 99 parts of the paint
      described in Example 1(a) is brushed onto wallpaper, a deep and pure blue
      coloration is obtained in which no flocculation can be detected.
PAC  EXAMPLE 3
PAR  60 parts of C.I. Pigment Yellow 1, C.I. No. 11,680 and 14 parts of the
      reaction product of 1 mole of glycerol with 68 moles of propylene oxide
      and 74 moles of ethylene oxide are processed as described in Example 1
      into a liquid formulation containing 45% of pigment.
PAR  1 part of the formulation is stirred into 99 parts of the paint described
      in Example 1(a). Deep colorations are obtained in which no flocculation
      can be detected.
PAC  EXAMPLE 4
PAR  86 parts of a copper phthalocyanine of the .alpha.-modification and 20
      parts of the reaction product of 1 mole of trimethylolpropane with 45
      moles of propylene oxide and 69 moles of ethylene oxide is kneaded with
      the addition of a mixture (1 : 1) of water and glycol, the temperature
      rising to about 75.degree.C. The kneaded material is then diluted with
      water and glycol so that a formulation is obtained which contains 40% of
      pigment and 20% of glycol.
PAR  This formulation does not exhibit any flocculation in the paint of Example
      1(a).
PAC  EXAMPLE 5
PAR  60 parts of a copper phthalocyanine of the .beta.-modification and 14 parts
      of the reaction product of 1 mole of butanediol-1,4 with 56 moles of
      propylene oxide and 50 moles of ethylene oxide are kneaded as described in
      Example 1 and diluted to a formulation containing 40% of pigment.
PAR  The formulation does not show any flocculation in the paint of Example
      1(a).
PAC  EXAMPLE 6
PAR  80 parts of carbon black having a surface area (BET method) of 83 m.sup.2
      /g, 20 parts of the reaction product of 1 mole of hexanediol-1,6 with 70
      moles of propylene oxide and 74 moles of ethylene oxide, and 41 parts of a
      mixture (1 : 1) of water and dipropylene glycol are kneaded as described
      in Example 7, the temperature rising to about 70.degree.C. The kneaded
      material is then diluted to a pigment formulation which contains 35% of
      carbon black.
PAR  By adding this to the paint of Example 1(a) a formulation is obtained which
      is of pure shade and gives strong colorations on paper.
PAC  EXAMPLE 7
PAR  80 parts of C.I. Pigment Violet 23, C.I. No. 51,319 is kneaded with 20
      parts of the reaction product of 1 mole of decanediol-1,10 with 70 moles
      of propylene oxide and 74 moles of ethylene oxide for thirty minutes with
      the addition of about 30 parts of water in a kneader, the temperature
      rising to about 65.degree.C. The kneaded material is diluted to a paste
      containing 35% of pigment.
PAR  Mixtures of this paste with the paint of Example 1(a) give deep colorations
      on wallpaper and no flocculation can be detected.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aqueous pigment dispersion which does not flocculate in a
      cellulose-ether-containing emulsion paint or distemper which contains,
      with reference to the total weight of (a) + (b) + (c),
PA1  a. from 20 to 55% by weight of a finely divided pigment;
PA1  b. from 5 to 25% by weight of a water-soluble surfactant or mixture of
      surfactants obtained by reaction of a hydroxyl compound of the formula:
      A(OH).sub.m in which
PA2  A is an m-valent aliphatic or cycloaliphatic radical of two to 10 carbon
      atoms,
PA2  Oh is primary or secondary hydroxyl; and
PA2  m is one of the integers from 2 to 6;
PA1  with from 3 to 50 moles of propylene oxide per equivalent of primary and
      secondary hydroxyl and then with from 2 to 70 moles of ethylene oxide per
      equivalent of primary and secondary hydroxyl and
PA1  c. from 40 to 75% by weight of a mixture of water and a waterretaining
      agent.
NUM  2.
PAR  2. An aqueous pigment dispersion stable to flocculation according to claim
      1 characterized by a content of surfactant (b) which has been obtained by
      reaction of a hydroxyl compound with from 8 to 20 moles of propylene oxide
      per equivalent of primary and secondary hydroxyl followed by reaction with
      12 to 30 moles of ethylene oxide per equivalent of primary and secondary
      hydroxyl.
NUM  3.
PAR  3. An aqueous pigment dispersion stable to flocculation according to claim
      1 characterized by a content of surfactant (b) which has been obtained by
      reaction of trimethylolpropane, butanediol-1,4, glycerol, triethanolamine,
      pentaerythritol, N-(aminoethyl)-ethanolamine or a mixture thereof with
      from 8 to 20 moles of propylene oxide and 12 to 30 moles of ethylene oxide
      per equivalent of hydroxyl.
NUM  4.
PAR  4. An aqueous pigment dispersion stable to flocculation according to claim
      1, characterized by a content of surfactant (b) which has been obtained by
      reaction of 1 mole pentaerythritol with 64 moles propylene oxide and 74
      moles ethylene oxide.
NUM  5.
PAR  5. A pigment dispersion stable to flocculation according to claim 1 wherein
      (a) is an inorganic pigment.
NUM  6.
PAR  6. A pigment dispersion stable to flocculation according to claim 1 wherein
      (a) is an azo pigment, quinacridone pigment, anthraquinoid pigment, a
      pigment based on perylene-3,4,9,10-tetracarboxylic acid, a phthalocyanine,
      polychlorophthalocyanine, polybromochlorophthalocyanine or oxazine
      pigment.
NUM  7.
PAR  7. A pigment dispersion stable to flocculation according to claim 1 wherein
      said hydroxyl compound is selected from the group consisting of ethylene
      glycol, propylene glycol-1,3, propylene glycol-1,2, butanediol-1,3,
      butanediol-1,4, butenediol-1,4, butynediol, butanetriol, pentanediol-1,5,
      hexanediol-1,6, decandiol-1,10, glycerol, pentaerythritol,
      trimethylolpropane, sorbitol, triethanolamine, aminoethylethanolamine,
      triisopropanolamine, hexahydroterephthalyl alcohol, cyclohexanediol-1,4,
      cyclohexanediol-1,3 and mixtures thereof.
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ABST
PAL  An improved finely pulverized expansive cement additive which causes the
      cement mortar or concrete mixed therewith to bear increased chemical
      prestressing property, the clinker of said additive substantially
      consisting of alite crystals containing fine crystals of calcium oxide
      therein and a phase substantially consisting of optic-microscopically
      amorphous calcium sulfate in which said alite crystals are dispersed.
BSUM
PAR  This invention relates to that described in the specification of U.S. Pat.
      No. 3,785,844 under the title "Expansive cement additives and process for
      producing the same", and assigned to the same assignee as in the present
      application. These expansive cement additives of both inventions enable
      cement mortar or concrete to retain a markedly excellent chemical
      prestressing property over a long period.
PAR  The above-mentioned U.S. Pat. No. 3,785,844, hereinafter referred to as
      "the U.S. Patent", sets forth an expansive cement additive of pulverized
      clinker, whose original clinker substantially consists of alite
      (3CaO.SiO.sub.2) crystals and calcium oxide crystals each dispersed in a
      vitreous interstitial substance essentially consisting of three phases of
      4CaO.Al.sub.2 O.sub.3.Fe.sub.2 O.sub.3, 3CaO.Al.sub.2 O.sub.3 and
      CaSO.sub.4 ; the crystal sizes of said alite and calcium oxide ranging
      from 100 to 200 microns and from 15 to 60 microns respectively, the
      content of calcium oxide crystals in the vitreous interstitial substance
      being in a range from 30 to 80 percent by weight based on the clinker, and
      the amount of said vitreous interstitial substance being in a range from
      10 to 38 percent by weight based on the clinker. The mixing ratio of
      gypsum as converted to CaSO.sub.4 in the raw materials ranges from 10 to
      20 percent by weight based on the total weight of CaO component contained
      in said raw materials.
PAR  The above-mentioned pulverized expansive cement additive has such fineness
      that 1 to 40 percent by weight of said clinker is retained on a sieve of
      88-micron mesh.
PAR  The above-mentioned expansive cement additive of the U.S. Patent containing
      calcium sulfate has greater weather-resistance than that of the U.S.
      Patent for the case containing no calcium sulfate. This originates from
      the fact that, in the former additive, the addition of calcium sulfate
      enables the mean sizes of alite and calcium oxide crystals to be larger
      than those of the latter additive containing no calcium sulfate.
PAR  In the additive of the U.S. Patent, the expansion caused by the hydration
      of calcium oxide crystals is to be so restricted as to take a suitable
      timing corresponding to the initial duration of cement curing by means of
      covering the surface of calcium oxide crystals with the vitreous
      interstitial substance. However, the vitreous interstitial substance
      contains occasionally very fine apertures which cause the substance to
      crumble to a certain degree. Therefore, it happens that the covered
      interstitial substance is torn off from the surface of calcium oxide
      crystals when the original clinker is violently pulverized. Furthermore,
      the uncovered calcium oxide crystals are liable to be finely crushed when
      the pulverization goes on. These phenomena may reduce the effect of timely
      restricting the expansion of cement mortar or concrete mixed with the
      additive, and weather-resistance of the additive, resulting in
      difficulties in stable production and storage of the additive.
PAR  An object of this invention is to improve the aforementioned expansive
      cement additive of the U.S. Patent in order to increase smoothly the
      expansion of cement mortar or concrete during the initial curing period of
      5 to 7 days.
PAR  Another object of this invention is to improve said additive of the U.S.
      Patent in order to increase the weather-resistance of the additive.
PAR  Another object of this invention is to provide an improved excellent cement
      additive which enables the cement mortar or concrete mixed therewith to
      bear increased chemical prestressing property with a smaller amount than
      in the U.S. Patent.
PAR  Further object of this invention is to provide an expansive cement additive
      whose quality is constantly stable.
PAR  These objects can be attained in accordance with the present invention by
      preparing a finely pulverized expansive cement additive, the original
      clinker of which essentially consists of alite (3CaO.SiO.sub.2) crystals
      of comparatively large mean size, said alite crystals containing fine
      crystals of calcium oxide therein and a phase substantially consisting of
      optic-microscopically amorphous calcium sulfate in which said alite
      crystals are dispersed.
DRWD
PAR  Other important objects and advantageous features of this invention will be
      apparent from the following description and the drawing attached, wherein
      specific embodiments of this invention are set forth in detail. In the
      drawing:
PAR  FIG. 1 presents fourteen curves showing the relationship between the period
      of water curing and the linear expansion coefficient of various types of
      mortar consisting of 95 parts by weight of normal Portland cement and 5
      parts by weight of expansive cement additives of this invention and others
      whose chemical compositions are shown in Table 1 of this specification;
PAR  FIG. 2 is a sketch of optic-microscopical observation carried out with a
      sliced sample of a clinker obtained in Example 1 of this specification;
PAR  FIG. 3 is a sketch of optic-microscopical observation carried out with a
      pulverized clinker of FIG. 2;
PAR  FIG. 4 is a sketch of optic-microscopical observation carried out with a
      sliced sample of a clinker obtained in Example 3 of the U.S. Patent; and
PAR  FIG. 5 is a sketch of optic-microscopical observation carried out with a
      pulverized clinker of FIG. 4.
DETD
PAR  A clinker for the expansive cement additive of this invention can be
      obtained by mixing raw materials of a calcareous substance, siliceous
      substance and gypsum in a manner allowing a mol ratio of CaO/SiO.sub.2 to
      range from 4.2 to 9.2 and a mol ratio of CaSO.sub.4 /SiO.sub.2 from 0.12
      to 1.40; pulverizing said mixture to such fineness that a residue on a
      sieve of 88-micron mesh accounts for about 1 to 40 percent by weight based
      on the mixture; and burning the pulverized mixture of raw materials in an
      oxidizing atmosphere at a temperature of 1350.degree. to 1550.degree.C,
      said burning being stopped before decomposition of the gypsum mixed
      reaches 15 to 40 percent by weight.
PAR  The clinker thus obtained substantially consists of alite crystals
      containing fine crystals of calcium oxide, therein and a phase of
      optic-microscopically amorphous calcium sulfate in which said alite
      crystals are dispersed. The ranges of crystal sizes of said alite and
      calcium oxide are 50 to 800 microns, and 5 to 30 microns respectively, and
      the content of calcium oxide crystals distributed in the alite crystals is
      at least 20 percent by weight based on the clinker and at least 50 percent
      by weight based on the total weight of calcium oxide crystal contained in
      the clinker. The content of calcium sulfate phase is in the range of from
      5 to 30 percent by weight based on the clinker. Such a micro-structure of
      the clinker may be well understood by referring, for example, to a
      microscopic sketch shown in FIG. 2. Detailed explanation of FIG. 2 will be
      set forth hereinafter.
PAR  In the burning step, the phase of calcium sulfate plays two roles of
      acceleration of alite crystal growth as a so-called mineralizer and
      immanent distribution of calcium oxide crystals in the alite crystals. In
      this step, the above-mentioned effects of calcium sulfate phase would not
      be expected if the decomposition of calcium sulfate occurs in a short
      time. Therefore, it is necessary to control the rate of temperature
      increase in the burning step, and preferable to raise the burning
      temperature in a similar manner to the case of cement clinker burning.
PAR  When mixing the raw materials, less than 4.2 of CaO/SiO.sub.2 mol ratio
      under the condition of CaSO.sub.4 /SiO.sub.2 mol ratio being in the range
      from 0.12 to 1.40 results in that the amount of calcium oxide crystals
      distributed in the alite crystals becomes less than 20 percent by weight
      based on the clinker. The use of an expansive cement additive prepared by
      pulverizing this clinker causes the consumption thereof to be very low.
      Further, more than 9.2 of CaO/SiO.sub.2 mol ratio under the same condition
      as the above results in that the amount of calcium oxide crystals
      immanently distributed in the alite crystals becomes less than 50 percent
      by weight based on the total weight of calcium oxide crystals contained in
      the clinker. The expansive property of the cement additive prepared by
      pulverizing this clinker closely resembles that of the U.S. Patent.
PAR  More than 1.40 of CaSO.sub.4 /SiO.sub.2 mol ratio under the condition of
      CaO/SiO.sub.2 mol ratio being in the range from 4.2 to 9.2 results in a
      melting point of the clinker of lower than 1,350.degree.C to obstruct the
      growth of alite crystals. Less than 0.12 of CaSO.sub.4 /SiO.sub.2 mol
      ratio under the same condition as the above gives rise to decreased
      effects of alite crystal growth and immanent distribution of calcium oxide
      crystals in the alite crystals.
PAR  Regarding the burning temperature of clinker, the growth of alite crystals
      becomes insufficient if the burning is effected at temperatures lower than
      1350.degree.C, resulting in that the immanent distribution of calcium
      oxide crystals in the alite crystals is not carried out. On the other
      hand, burning temperatures higher than 1550.degree.C cause decomposition
      of the calcium sulfate phase owing to which a tolerable amount of SO.sub.3
      fumes escapes from of the clinker structure, giving rise to occurrence of
      apertures therein. The heating should be carried out in an oxidizing
      atmosphere. When carried out in a reducing atmosphere, the alite crystals
      which have grown in the clinker decompose immediately, so that the calcium
      oxide crystals can not immanently be distributed into the alite crystals.
PAR  The raw materials generally contain some amounts of such impurities as iron
      oxide, alumina or magnesia. These impurities may be distributed in the
      phase of calcium sulfate together with an excess amount of calcium oxide
      crystals. Iron oxide mixed in an amount less than about 3 percent by
      weight based on the clinker, for example, preferably accelerates the
      growth of calcium oxide crystals contained in the clinker. When, however,
      the content of iron oxide exceeds 3 percent, the melting point of a
      clinker was lowered to obstruct the growth of alite crystals or increase
      the consumption of CaO because of the reaction between CaO and Fe.sub.2
      O.sub.3, thereby decreasing the amount of alite crystals or calcium oxide
      crystals immanently distributed therein.
PAR  Though the effect of Al.sub.2 O.sub.3 or MgO contained in the clinker is
      not large, it is better to keep the content thereof as small as possible
      in order to obtain a far larger expansive effect of the additive.
PAR  As the raw material of a calcareous substance, lime, limestone or calcium
      hydroxide may be used. As the raw material of a siliceous substance,
      silica sand or silica stone may be used. Further, as the raw material of
      gypsum, dihydrate, hemihydrate or anhydrite may be used.
PAR  The present invention will be more fully described hereunder on the basis
      of experimental data.
PAR  Pure calcium carbonate, silicon dioxide and calcium sulfate dihydrate of
      reagent grade were mixed in different mol ratios of CaO/SiO.sub.2 and
      CaSO.sub.4 /SiO.sub.2 as shown in Table 1. The fourteen different mixture
      samples are designated as A, B, C, . . . and N.
PAR  These mixed raw materials were pelletized with water incorporated, and
      charged in an electric furnace whose temperature had been maintained at
      about 1,000.degree.C in advance. The temperature of the materials inside
      the furnace was raised in increments of 5.degree.C per minute up to
      between 1,450.degree.C and 1,500.degree.C. After being heated at said
      temperature for about 30 minutes, the furnace content was cooled rapidly
      to obtain various kinds of clinker.
PAR  The compositions of these clinkers and the immanent distribution ratios of
      calcium oxide crystals in the alite crystals to the clinkers are shown in
      Table 1. Said ratios were determined by means of a 280 fold direct-vision
      microscopic measurement with respect to each sliced clinker of about 17
      microns thickness.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Composition of the clinker                                                
        Mol ratio of com-                                                      
                  Composition of CaO crystals                                  
     Sam-                                                                      
        positions in raw                                                       
                  clinker (wt.%  dispersed in                                  
     ple                                                                       
        materials mixed                                                        
                  based on clinker)                                            
                                 alite crys-                                   
                  Alite                                                        
                       Total                                                   
                            CaSO.sub.4                                         
                                 tals (wt.%                                    
     CaO     CaSO.sub.4                  (B)                                   
                  crys-                                                        
                       CaO  phase                                              
                                 based on   .times. 100                        
     SiO.sub.2                                                                 
             SiO.sub.2                   (A)                                   
                  tals crys-     clinker) (B)                                  
                       tals                                                    
                       (A)                                                     
     __________________________________________________________________________
     A  4.1  0.06 77   20   3    0       0                                     
     B  7.4  0.10 47   50   3    0       0                                     
     C  4.2  0.12 74   20   6    20      100                                   
     D  7.9  0.21 44   50   6    33      66                                    
     E  4.4  0.23 70   20   10   20      100                                   
     F  8.5  0.40 40   50   10   30      60                                    
     G  4.9  0.57 60   20   20   20      100                                   
     H  11.0 1.15 30   50   20   23      46                                    
     I  5.2  0.76 55   20   25   20      100                                   
     J  9.2  1.40 30   45   25   23      51                                    
     K  12.8 1.68 25   50   25   19      38                                    
     L  5.6  1.00 50   20   30   20      100                                   
     M  15.7 2.52 20   50   30   15      30                                    
     N  4.0  0.21 75   15   10   15      100                                   
     __________________________________________________________________________
PAR  The underlined values in Table 1 are out of the scope of the present claims
      appended hereto.
PAR  The clinkers shown in Table 1 were pulverized respectively to such extent
      that 1 to 40 weight percent of the powders were retained on a sieve of 88
      micron mesh.
PAR  Fourteen types, corresponding to A to N, of cement mortar were prepared by
      mixing 95 weight parts of normal Portland cement, 5 weight parts of
      respective additives obtained, 20 weight parts of Toyoura standard sand
      and 60 weight parts of water. These mortar samples were molded into a
      cubical shape of 4 .times. 4 .times. 16 cm. The molded specimens were
      cured for one day in a curing box whose temperature was kept at
      20.degree.C and relative humidity at 90 percent. Thereafter the specimens
      were immersed in water at 20.degree.C to measure the linear expansion
      coefficients of demolded specimens corresponding to the periods of water
      curing, the results being presented in FIG. 1. The symbols A to N in FIG.
      1 correspond to those in Table 1.
PAR  As seen from FIG. 1, the linear expansion coefficients of the mortar
      specimens A, B and N were very small during all periods of water curing,
      indicating that the additives A, B and N can not be used practically at
      all. In the clinkers of A, B and N, the crystal size of alite was less
      than 10 microns and they contained almost no calcium oxide crystals
      immanently dispersed therein.
PAR  The curves H, K and M in FIG. 1 indicate that the corresponding cured
      mortars have sufficient maximum coefficients respectively. However, the
      maximum expansion coefficients of the mortar specimens H, K and M are
      reached in 2 to 3 days of the initial curing period. In order to obtain a
      good chemical prestressing property of cement additive, the cement mortar
      or concrete containing the additive should expand slowly and smoothly so
      that the maximum expansion is reached in 5 to 7 days of the initial curing
      period. Therefore, the additives obtained from the clinker H, K and M are
      not satisfactory in terms of the chemical prestressing property. These
      clinkers contained a comparatively large amount of calcium oxide crystals
      which were not dispersed immanently in the alite crystals.
PAR  Since the expansive cement additive of this invention has a good chemical
      prestressing property, the necessary mixing ratio of this additive to
      cement is lower than that of any other additive. Furthermore, the
      mechanical strength of cement mortar or concrete mixed with the additive
      of this invention is almost the same as that of plain cement mortar or
      concrete, because the additive of this invention contains a large amount
      of alite which is also a main cement mineral having a development of high
      early strength.
PAR  In general cases, the pulverized mixture of raw materials is burnt in a
      form of pellet, flake or powder per se. The duration of burning should be
      profitably changed in accordance with the condition of operation.
PAR  The process and the product of this invention will be more fully understood
      by referring to the following examples.
PAC  EXAMPLE 1
PAR  Raw materials consisting of 79 weight parts of lime, 10 weight parts of
      silica stone and 11 weight parts of calcium sulfate anhydrite, whose
      fineness and chemical composition are shown in Table 2, were mixed
      together in a manner allowing the CaO/SiO.sub.2 mol ratio to be 8.1 and
      the CaSO.sub.4 /SiO.sub.2 mol ratio to be 0.46. After flaking the mixture
      under about 900 kg/cm.sup.2 pressure, the mass of flake was charged in an
      electric furnace whose temperature had been maintained at about
      1,000.degree.C in advance. The charged mass was heated up in increments of
      5.degree.C per minute to 1,400.degree.C. After being heated at
      1,400.degree.C for 30 minutes, the charged mass was cooled rapidly to
      obtain a clinker whose chemical composition is shown in Table 3. The data
      in Tables 2 and 3 are within the scope of the present claims appended
      hereto.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Fineness and chemical analysis of Raw Materials                           
     Raw Fineness                                                              
               Chemical analysis (wt.%)                                        
     mate-                                                                     
         Over 88                                                               
     rial                                                                      
         micron                                                                
               Igni-                                                           
                   CaO  SiO.sub.2                                              
                             SO.sub.3                                          
                                  Fe.sub.2 O.sub.3                             
                                       Al.sub.2 O.sub.3                        
                                            MgO Total                          
         mesh  tion                                                            
         (wt.%)                                                                
               loss                                                            
     __________________________________________________________________________
     Lime                                                                      
         4.8   5.9 90.9 1.4  0.3  0.3  0.5  0.5 99.8                           
     Silica                                                                    
         1.0   1.8 0.4  89.8 tr.  4.3  1.8  0.9 99.0                           
     stone                                                                     
     Anhyd-                                                                    
     rite                                                                      
         5.6   1.5 37.8 1.9  54.4 1.4  2.7  tr. 99.7                           
     __________________________________________________________________________
TBL                                    Table 3 -                               
     Chemical analysis and composition of clinker                              
     Chemical analysis (wt.%)                                                  
     __________________________________________________________________________
     Ignition loss                                                             
              CaO SiO.sub.2                                                    
                      SO.sub.3                                                 
                          Fe.sub.2 O.sub.3                                     
                               Al.sub.2 O.sub.3                                
                                    MgO Total                                  
     __________________________________________________________________________
     0.4      81.3                                                             
                  10.8                                                         
                      4.9 0.8  0.9  0.5 99.6                                   
     __________________________________________________________________________
     Composition (wt.%)                                                        
                   CaO crystals                                                
                   dispersed in                                                
     Alite                                                                     
         Total                                                                 
              CaSO.sub.4                                                       
                   alite crystal                                               
                           (B)                                                 
         CaO  phase                                                            
                   (wt.% based)                                                
                              .times. 100                                      
                           (A)                                                 
         crystals  on clinker                                                  
         (A)       (B)                                                         
     41  34.8 8.3  31      89                                                  
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Two kinds of cement additive were prepared by pulverizing the clinker
      prepared in Example 1 of this specification and a comparative clinker
      prepared in accordance with the method used in Example 3 of the U.S.
      Patent. The pulverization of each of said clinkers was effected to such an
      extent that 20 weight percent of said clinkers was retained on a sieve of
      88 micron mesh sieve, and the specific surface area of each powder
      measured by Blaine permeability method was about 2,000 cm.sup.2 per gram.
PAR  Then two types of cement mortar were prepared by mixing 94 weight parts of
      normal Portland cement, 6 weight parts of the respective additives
      obtained, 200 weight parts of Toyoura standard sand and 60 weight parts of
      water. The molded specimens made of these cement mortars were cured in the
      same manner as mentioned before. Thereafter, the cured specimens were
      immersed in water at 20.degree.C to measure the linear expansion
      coefficients of demolded specimens corresponding to the periods of water
      curing, the results being presented in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Composition of original clinker and linear ex-                            
     pansion coefficient of cured Mortar                                       
     __________________________________________________________________________
             Composition of original clinker                                   
     Sample  Total CaO CaO crystals                                            
             crystals (wt.%                                                    
                       dispersed in                                            
             based on clinker)                                                 
                       alite crystals                                          
                               (B)                                             
             (A)       (wt.% based on                                          
                                  .times. 100                                  
                               (A)                                             
                       clinker) (B)                                            
     __________________________________________________________________________
     Example 2                                                                 
     of this -specifi-                                                         
             34.8      31      89                                              
     cation                                                                    
     Example 3                                                                 
     of the  35.2      0       0                                               
     U.S. Patent                                                               
     __________________________________________________________________________
     Linear expansion coefficient of cured                                     
     mortar in water (.times. 10.sup..sup.-4)                                  
     __________________________________________________________________________
     After                                                                     
     1 day                                                                     
         2 days                                                                
             3 days                                                            
                   5 days                                                      
                         7 days                                                
                               14 days                                         
                                     28 days                                   
     25  82  121   130   131   131   131                                       
     29  42  45    47    47    47    47                                        
     __________________________________________________________________________
PAR  A sketch of optical microscopic observation carried out with the sliced
      sample of clinker obtained in Example 1, above is shown in FIG. 2, and a
      similar sketch to the above carried out with the sample of pulverized
      clinker of Example 1 is shown in FIG. 3. These figures indicate calcium
      oxide crystal 1, alite crystal 2 and a phase of optic-microscopically
      amorphous calcium sulfate 3. Similar sketches of the samples obtained in
      Example 3 of the U.S. Patent are presented in FIGS. 4 and 5. In these
      figures, numerals 11, 12 and 13 indicate calcium oxide crystal, alite
      crystal not containing immanently calcium oxide crystals, and vitreous
      interstitial substance, respectively.
PAR  As is obvious from Table 4, the cement additive of this invention causes
      the cement mortar or concrete to provide smoother and higher chemical
      prestressing effectiveness than that of the U.S. Patent. These excellent
      effects originate from the fact that the greater part of the calcium oxide
      crystals are distributed immanently in the alite crystals.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An improved expansive cement additive of pulverized clinker, whose
      clinker consists essentially of alite crystals containing calcium oxide
      crystals therein, and a phase consisting essentially of
      optic-microscopically amorphous calcium sulfate in which said alite
      crystals are dispersed; the ranges of crystal size of said alite and
      calcium oxide being from 50 to 800 microns and from 5 to 30 microns,
      respectively, and the content of calcium oxide crystals dispersed in the
      alite crystals being at least 20 percent by weight based on the clinker
      and at least 50 percent by weight based on the total calcium oxide
      crystals contained in the clinker.
NUM  2.
PAR  2. An improved expansive cement additive of claim 1, wherein the content of
      said calcium sulfate phase is in the range of from 5 to 30 percent by
      weight based on the weight of said clinker.
NUM  3.
PAR  3. An improved expansive cement additive of claim 1, wherein the pulverized
      clinker has such fineness that from 1 to 40 percent by weight of said
      clinker is retained on a sieve of 88 micron mesh.
NUM  4.
PAR  4. A process for producing an improved expansive cement additive which
      comprises:
PA1  mixing raw materials of a calcareous substance, a siliceous substance and a
      gypsum, said mixing being so effected as to obtain a mol ratio of
      CaO/SiO.sub.2 ranging from 4.2 to 9.2 and a mol ratio of CaSO.sub.4
      /SiO.sub.2 ranging from 0.12 to 1.40, and a Fe.sub.2 O.sub.3 content of
      less than 3 percent by weight based on said clinker;
PA1  pulverizing the mixture of said raw materials;
PA1  burning said pulverized mixture in an oxidizing atmosphere at a temperature
      of from 1,350.degree. to 1,550.degree.C, said burning being stopped before
      decomposition of the gypsum reaches an extent of 15 to 40 weight percent
      to obtain a clinker; and
PA1  pulverizing said clinker to such fineness than 1 to 40 percent by weight of
      said clinker is retained on a sieve of 88 micron mesh.
NUM  5.
PAR  5. A process according to claim 4, wherein the calcareous substance is
      selected from the group consisting of lime, lime stone and calcium
      hydroxide.
NUM  6.
PAR  6. A process according to claim 4, wherein the siliceous substance is
      selected from the group consisting of silica stone and silica sand.
NUM  7.
PAR  7. A process according to claim 4, wherein the gypsum is selected from the
      group consisting of dihydrate, hemihydrate and anhydrite.
NUM  8.
PAR  8. A process according to claim 4, wherein the pulverization of mixed raw
      materials is carried out to such fineness that a residue on a sieve of 88
      micron mesh accounts for about 1 to 10 percent by weight based on the
      weight of mixture.
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PAL  An organic electrolyte system suitable for use at low and ambient
      temperatures with active metals is described comprising binary or ternary
      solvent mixtures having tetrahydrofuran or N-nitrosodimethylamine or
      mixtures thereof as one component and propylene carbonate;
      gamma-butryolactone; 1,3-dioxolane; dimethyoxy ethane; bis-2-ethoxyethyl
      ether; bis-(2-methoxy) ethoxyethyl ether as the other components with
      active metal salts as the solute. Electrochemical cells with this
      electrolyte are also described.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to non-aqueous electrolyte systems for
      electrochemical cells based upon organic solvents and more particularly
      relates to such electrolyte systems having good conductivity at low
      temperatures and low vapor pressures at high temperatures.
PAC  BACKGROUND OF THE INVENTION
PAR  With the advent of organic electrolytes it is possible to use lithium and
      similar active metals as anodes in electrochemical systems. The use of
      such active metal electrodes i.e. those metals are considered active which
      will liberate hydrogen from water. It is possible to achieve high initial
      voltages from the anode part of the couple. The lithium/metal oxide
      systems were found to perform well in the organic electrolytes,
      particularly those consisting of solutions of lithium perchlorate
      (LiClO.sub.4) in tetrahydrofuran (THF). However, the systems exhibited
      several defects. The electrolyte solvent systems presented the problem of
      excessive pressure build-up at temperatures above room temperature due to
      the high vapor pressure of the commonly used solvents and particularly of
      tetrahydrofuran. A further problem was the low conductivity of such
      solvent systems at low temperatures due to the decreased solubility of the
      lithium perchlorate (LiClO.sub.4) in tetrahydrofuran (THF) and in the
      other commonly used non-aqueous, organic electrolyte solvent systems.
PAC  THE INVENTION
PAR  An object of the present invention is to provide organic electrolyte
      systems with adequate electrical conductivity at temperatures below room
      temperature.
PAR  It is a further object of this invention to provide the organic
      electrolytes with vapor pressures lower than the vapor pressure of 1M
      LiClO.sub.4 in tetrahydrofuran (THF) at temperatures above room
      temperature.
PAR  It is another object of this invention to provide organic electrolytes in
      which the Li/metal oxide electrochemical systems perform adequately both
      at high and low temperatures.
PAR  It is still another object of this invention to provide a high
      energy/density organic electrolyte electrochemical cell system.
PAR  The above and further objects are achieved by the present invention which
      is based on an electrolyte for use in active metal, high-potential,
      electrochemical cells and which comprises an active metal salt dissolved
      in a non-aqueous solvent system comprising (a) at least 10 volume percent
      of tetrahydrofuran (THF) or N-Nitrosodimethylamine (NDA) or mixtures
      thereof; and (b) propylene carbonate (PC); gamma-butyrolactone (BL); 1,3
      dioxolane (DL); dimethoxyethane (DME); Bis-2 ethoxyethyl ether (EEE) or
      Bis (2-methoxy) ethoxyethyl ether (MEEE) and mixtures thereof.
PAR  The above solvent systems in suitable binary or ternary mixtures result in
      electrolyte solutions, particularly with lithium perchlorate in amounts
      ranging from 0.25 molar to 2 molar, with good conductivities at low
      temperatures and provided lower vapor pressures at high temperatures.
PAC  DETAILED DESCRIPTION
PAR  While lithium perchlorate is listed as the preferred electrolyte for use
      according to this invention, it has generally been found that suitable
      inorganic salts of lithium or other of the active metals as the cations
      and with various anions such as the halides, the chlorates, the
      perchlorates, the tetrachloro-aluminates, the tetrafluroborates, the
      hexoflorophosphates and the hexofluoroarsenates.
PAR  Such salts should be dissolved in the organic solvent systems of this
      invention in an amount ranging between 0.25 molar and 2 molar. Lower
      concentrations of these salts in the solvent system do not provide
      adequate conductivity. Higher concentrations of the salts in the solvent
      system are difficult to achieve and provide no additional conductivity.
      Further it has been found that such salts tend to precipitate out at lower
      temperatures.
PAR  Generally, the concentration of the electrolyte salt in the solvent system
      is adjusted so that it will remain entirely soluble at the lowest
      temperature of intended use.
PAR  Occasionally it has been found that for certain uses it is advantageous
      with certain depolarizers to saturate the electrolyte with sulfur dioxide.
      This is described in co-pending patent application Ser. No. 299,557 filed
      Oct. 20, 1972. By saturating the electrolyte according to this invention
      with sulfur dioxide advantages in long term storage and discharge
      characteristics are achieved.
PAR  In general we have found that when the solvent mixtures form a binary
      system i.e. having two components, one component should be either
      tetrahydrofuran (THF) or N-Nitrosodimethylamine (NDA) in a minimum
      concentration of 10 volume percent and a preferred concentration of 50
      volume percent. As the second component can be chosen any of the following
      solvents: propylene carbonate (PC), gamma-butyrolactone (BL), dioxolane
      (DL), dimethoxyethane (DME), Bis (2-ethoxy) ethyl ether (EEE), or Bis
      (2-methoxy) ethoxy ethyl ether (MEEE).
PAR  In the case of ternary mixtures one component should be tetrahydrofuran
      (THF) or N-Nitrosodimethylamine (NDA) with a minimum concentration of 10
      percent and a preferred concentration of 50 percent. The other two
      components of the ternary system can be selected from the other of the
      above components and any of the solvents from the second components of the
      binary mixture. Generally, the other two components can be selected from
      such binary solvent mixtures as propylene carbonate (PC) and dioxolane
      (DL), propylene carbonate (PC) and gamma-butyrolactone (BL),
      N-Nitrosodimethylamine (NDA) and propylene carbonate (PC), dioxolane (DL)
      and Bis (2-methoxy) ethoxy ethyl ether (MEEE). Generally, in such ternary
      mixtures the binary solvent system should have its components present in
      equal proportions.
PAR  The preferred binary compositions are propylene carbonate (PC) and
      tetrahydrofuran (THF), gamma-butyrolactone (BL) and tetrahydrofuran (THF),
      tetrahydrofuran (THF) and dioxolane (DL), tetrahydrofuran (THF) and
      dimethoxyethane (DME).
PAR  The preferred ternary compositions are tetrahydrofuran (THF) and dioxolane
      (DL) and Bis (2-methoxy) ethoxy ethyl ether (MEEE), tetrahydrofuran (THF)
      and dioxolane (DL) and propylene carbonate (PC), tetrahydrofuran (THF) and
      gamma-butyrolactone (BL) and propylene carbonate (PC), tetrahydrofuran
      (THF) and gammabutyrolactone (BL) and Bis (2-methoxy) ethoxy ethyl ether
      (MEEE), tetrahydrofuran (THF) and N-Nitrosodimethylamine (NDA) and
      propylene carbonate (PC).
PAR  Certain of the solvents mentioned above have a tendency to polymerize. Such
      polymerization particularly with tetrahydrofuran (THF) may cause an
      increased cell impedance. Therefore the addition of polymerization
      inhibitors such as butylated hydroxy toluene (BHT), pyridine, LiBr and
      LiCNS in small concentrations (less than 5 weight percent) are beneficial
      to the storage characteristics of the cells. Generally, they should be
      used in amounts of less than 5 weight percent, and preferably between 0.1
      weight percent to 0.25 weight percent of the binary or ternary solvent
      mixture.
PAR  The organic electrolyte systems according to this invention provide
      excellent electrolytes with electrochemical couples based upon lithium,
      potassium, sodium, calcium, magnesium, rubidium, beryllium, and aluminum
      as the anodes and upon various oxidizing depolarizing systems. In addition
      to the metal oxide depolarizing systems the various halogens can also be
      used. In general the halogens being gaseous are preferably used in the
      form of semifuel cells wherein the depolarizer elements in the form of the
      gaseous halogens or other gaseous depolarizers are introduced into the
      cells through a Teflonized membrane in a manner well known to this art.
      Generally, the suitable gaseous depolarizers for such semi-fuel cells are
      soluble in the electrolyte of this invention. Included among such
      depolarizers are chlorine, fluorine, sulfur dioxide, sulfur trioxide and
      the nitrogen oxides.
PAR  Basically, the invention is based upon a combination of chemically
      compatible solvents which fall into the three following classes: solvents
      having low vapor pressures, solvents in which the solubility of the
      electrolyte salts i.e. lithium perchlorate is substantial at low
      temperatures. Among such solvents are PC and DL and solvents which
      contribute toward the efficient discharge of the depolarizers used in the
      electrochemical cells eg. THF, DMS, NDA, BL.
PAR  The mixed solvents in the electrolytes according to this invention provide
      for considerable improvement in room temperature performance of the active
      metal electrochemical cells and batteries.
DETD
PAR  The invention will be described more throughly in the following examples
      which set forth preferred solvent systems in preferred proportions.
      However it is to be understood that these are merely for purposes of
      example and that the invention is not to be limited to such components or
      proportions.
PAC  EXAMPLE 1
PAR  The electrical conductivities of the various organic electrolytes
      consisting of 1M LiClO.sub.4 solution in the various solvents and the
      solvent mixtures were measured using an AC bridge (at 1000 cycles/sec).
      The results are given in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Electrical Conductivities of 1M LiClO.sub.4 Solutions                     
     In Various Solvents and Mixed Solvents                                    
     Solvents and Mixed                                                        
                       Specific Conductivities in ohm.sup..sup.-1 cm.sup..sup.-
                       1                                                       
     Solvents (vol percent)                                                    
                       at Room Temp.                                           
                                -15.degree.C                                   
                                       -30.degree.C                            
     __________________________________________________________________________
     Tetrahydrofuran (THF)                                                     
                       3.2 .times. 10.sup..sup.-3                              
                                10.sup..sup.-6                                 
                                       --                                      
     Propylene Carbonate (PC)                                                  
                       4.6 .times. 10.sup..sup.-3                              
                                1.5 .times. 10.sup..sup.-3                     
                                       4.4 .times. 10.sup..sup.-4              
     gamma-Butyrolactone (BL)                                                  
                       9.7 .times. 10.sup..sup.-3                              
                                4.6 .times. 10.sup..sup.-3                     
                                       3.0 .times. 10.sup..sup.-3              
     N-Nitrosodimethylamine (NDA)                                              
                       --       --     6.4 .times. 10.sup..sup.-3              
     Bis-2 Ethoxyethyl ether (EEE)                                             
                       1.7 .times. 10.sup..sup.-3                              
                                6.8 .times. 10.sup..sup.-4                     
                                       --                                      
     Dimethyl Sulfoxide (DMSO)                                                 
                       1.1 .times. 10.sup..sup.-2                              
                                --     solidified                              
     75% THF + 25% PC  8.7 .times. 10.sup..sup.-3                              
                                5.6 .times. 10.sup..sup.-3                     
                                       --                                      
     50% THF + 50% PC  9.6 .times. 10.sup..sup.-3                              
                                4.6 .times. 10.sup..sup.-3                     
                                       --                                      
     25% THF +  75% PC 7.7 .times. 10.sup..sup.-3                              
                                2.9 .times. 10.sup..sup.-3                     
                                       --                                      
     75% THF + 25% BL  9.0 .times. 10.sup..sup.-3                              
                                6.0 .times. 10.sup..sup.-3                     
                                       --                                      
     50% THF + 50% BL  1.1 .times. 10.sup..sup.-2                              
                                6.6 .times. 10.sup..sup.-3                     
                                       --                                      
     25% THF + 75% BL  1.1 .times. 10.sup..sup.-2                              
                                5.9 .times. 10.sup..sup.-3                     
                                       --                                      
     75% THF + 25% EEE 2.7 .times. 10.sup..sup.-3                              
                                1.7 .times. 10.sup..sup.-3                     
                                       --                                      
     50% THF + 50% EEE 2.3 .times. 10.sup..sup.-3                              
                                1.7 .times. 10.sup..sup.-3                     
                                       --                                      
     25% THF + 75% EEE 1.8 .times. 10.sup..sup.-3                              
                                9.5 .times. 10.sup..sup.-4                     
                                       --                                      
     50% THF + 50% DMSO                                                        
                       1.3 .times. 10.sup..sup.-2                              
                                --     4.5 .times. 10.sup..sup.-3              
     75% NDA + 25% PC  --       --     4.0 .times. 10.sup..sup.-3              
     50% NDA + 50% PC  --       --     1.8 .times. 10.sup..sup.-3              
     25% NDA + 75% PC  --       --     1.1 .times.  10.sup..sup.-3             
     75% NDA + 25% THF --       --     6.4 .times. 10.sup..sup.-3              
     50% THF + 25% 1,3 Dioxolane (DL)                                          
      +25% BIS (2-methoxy) ethoxy                                              
      ethyl ether (MEEE)                                                       
                       5.9 .times. 10.sup..sup.-3                              
                                4.1 .times. 10.sup..sup.-3                     
                                       3.2 .times. 10.sup..sup.-3              
     50% THF + 25% DL + 25% PC                                                 
                       1.0 .times. 10.sup..sup.-2                              
                                6.6 .times. 10.sup..sup.-3                     
                                       4.8 .times. 10.sup..sup.-3              
     50% THF + 25% BL + 25% MEEE                                               
                       9.2 .times. 10.sup..sup.-3                              
                                4.6 .times. 10.sup..sup.-3                     
                                       3.2 .times. 10.sup..sup.-3              
     50% THF + 25% BL + 25% PC                                                 
                       1.1 .times. 10.sup..sup.-2                              
                                6.3 .times. 10.sup..sup.-3                     
                                       4.2 .times. 10.sup..sup.-3              
     50% PC + 25% NDA + 25% THF                                                
                       --       --     2.9 .times. 10.sup..sup.-3              
     50% NDA + 25% PC + 25% THF                                                
                       --       --     4.9 .times. 10.sup..sup.-3              
     __________________________________________________________________________
PAR  The data in Table 1 indicated a substantial improvement in the electrical
      conductivity of the organic electrolytes at low temperature using mixed
      solvents.
PAC  EXAMPLE 2
PAR  The vapor pressures of the various organic electrolytes were measured using
      an apparatus shown in FIG. 1. The organic electrolyte was introduced in
      the conical flask A. The flask was then subjected to the liquid nitrogen
      temperature in order to solidify the electrolyte so that it had negligible
      vapor pressure. The flask was then evacuated and the mercury column height
      in the capillary tube B was then noted. The stop cock C was then closed
      and the flask was kept in a bath (not shown) fitted with a thermostat set
      at the desired temperature (50.degree.C) at which the vapor pressure
      measurement was to be made. The mercury height in the capillary tube B was
      noted after the equilibration. The difference in the heights of the
      mercury columns provides a measure of the vapor pressures of the
      electrolytes at 50.degree.C. The results are given in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     The Vapor Pressures of 1M LiClO.sub.4 Solutions in the Various Solvents   
     And The Solvent Mixtures at 50.degree.C                                   
     Solvents and Solvent                                                      
                         Vapor Pressure at 50.degree.C                         
                                      % Vapor Pressure                         
     Mixtures (vol. percent)                                                   
                         in mm of Hg  Reduction From                           
                                      that of                                  
                                      1M LiClO.sub.4 -THF                      
                                      at 50.degree.C                           
     __________________________________________________________________________
     THF                 431                                                   
     50% THF + 50% MEEE  330          23%                                      
     50% THF + 50% EEE   223          48%                                      
     50% THF + 50% DL    324          25%                                      
     50% THF + 50% PC    245          43%                                      
     50% THF + 50% BL    267          38%                                      
     50% THF + 50% Dioxane (DO)                                                
                         245          43%                                      
     50% THF + 50% Dimethoxy ethane (DME)                                      
                         330          23%                                      
     50% THF + 25% DL + 25% MEEE                                               
                         329          24%                                      
     50% THF + 25% DL + 25% PC                                                 
                         294          32%                                      
     50% THF + 25% BL + 25% MEEE                                               
                         286          34%                                      
     50% THF + 25% BL + 25% PC                                                 
                         251          42%                                      
     50% THF + 10% DL + 40% MEEE                                               
                         319          26%                                      
     50% THF + 15% DL + 35% MEEE                                               
                         340          21%                                      
     30% THF + 20% DL + 50% MEEE                                               
                         309          28%                                      
     10% THF + 40% DL + 50% MEEE                                               
                         258          40%                                      
     __________________________________________________________________________
PAR  The results in Table 2 indicated a substantial reduction of the vapor
      pressures of the electrolytes using mixed solvents.
PAC  EXAMPLE 3
PAR  Li/V.sub.2 O.sub.5 cells were constructed in parallel plate configuration
      as shown in FIG. 2. The lithium anode was prepared by pressing the lithium
      ribbon on the stainless steel exmet. The V.sub.2 O.sub.5 cathode was
      constructed by pressure molding a rubberized mixture of 70% V.sub.2
      O.sub.5 + 30% graphite with 5% colloidal Teflon (binder) on the nickel
      exmet. The cathode was then cured at 300.degree.C for one-half hour. The
      cathode dimensions were: 0.91 .times. 0.38 .times. 0.05 inch. The filter
      paper separator was used. The cells were placed in the polyethylene capped
      glass bottles and were discharged in the electrolytes consisting of 1M
      LiClO.sub.4 solutions in the various solvents and the mixed solvents. The
      results are given in Table 3.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Discharge Characteristics of Li/V.sub.2 O.sub.5 Cells in the              
     Electrolytes                                                              
     Consisting of 1M LiClO.sub.4 Solutions in the Various Solvents            
     And The Mixed Solvents                                                    
     Solvents and Mixed Solvents                                               
                     Discharge Efficiency up to 1.5 Volt                       
      (vol.%)        of V.sub.2 O.sub.5 Cathodes (based on 4 equiv-            
                     alent/mole) at (C.D=1 ma/cm.sup.2)                        
                     Room Temp.                                                
                             -15.degree.C                                      
                                   -30.degree.C                                
     __________________________________________________________________________
     THF             55%     0     0                                           
     PC              13%     --    --                                          
     BL              36%     --    --                                          
     DL              21%     --    --                                          
     50% THF + 50% PC                                                          
                     54%     13%   7.5%                                        
     50% THF + 50% DL                                                          
                     48%     27%    26%                                        
     50% THF + 50% DME                                                         
                     59%      2%   0.1%                                        
     50% THF + 50% DO                                                          
                     59%     0     0                                           
     50% THF + 50% MEEE                                                        
                     55%     --    --                                          
     50% THF + 50% EEE                                                         
                     45%     0     0                                           
     50% THF + 25% DL + 25% MEEE                                               
                     62%     --    --                                          
     50% THF + 25% DL + 25% PC                                                 
                     53%     --    --                                          
     50% THF + 25% BL + 25% MEEE                                               
                     45%     --    --                                          
     50% THF + 25% BL + 25% PC                                                 
                     56%     --    --                                          
     50% THF + 10% DL + 40% MEEE                                               
                     53%     --    --                                          
     50% THF + 15% DL + 35% MEEE                                               
                     54%     --    --                                          
     40% THF + 10% DL + 50% MEEE                                               
                     50%     --    --                                          
     40% THF + 25% DL + 35% MEEE                                               
                     50%     --    --                                          
     30% THF + 20% DL + 50% MEEE                                               
                     55%     --    --                                          
     25% THF + 25% DL + 50% MEEE                                               
                     49%     --    --                                          
     10% THF + 25% DL + 65% MEEE                                               
                     36%     --    --                                          
     10% THF + 40% DL + 50% MEEE                                               
                     53%     --    --                                          
     __________________________________________________________________________
PAR  The results in Table 3 indicated that the performance of the Li/V.sub.2
      O.sub.5 cell at room temperature was considerably improved in the mixed
      solvents compared to that in the single solvents except in the case of
      THF. The low temperature performance of the cell in certain mixed solvents
      is found to be substantially superior to that in pure THF.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrolyte for use in active metal high potential electrochemical
      cells comprising an active metal salt dissolved in a non-aqueous solvent
      system comprising (a) at least 10 volume percent of tetrahydrofuran or
      N-nitrosodimethylamine or mixtures thereof; and (b) propylene carbonate,
      gamma-butyrolactone, 1,3-dioxolane, dimethoxyethane, bis (2-ethoxy) ethyl
      ether, bis (2-methoxy) ethoxy-ethyl ether and mixtures thereof.
NUM  2.
PAR  2. The electrolyte according to claim 1, wherein said solvent system
      includes up to 5 weight percent of a polymerization inhibitor.
NUM  3.
PAR  3. The electrolyte according to claim 1, wherein said salt is selected from
      among salts of active metals, selected from the group consisting of
      lithium, sodium, potassium, beryllium, calcium, magnesium and aluminum
      with the haloacids, chlorates, perchlorates, tetrachloroaluminates,
      tetrafluoroborates, hexaflorophosphates, hexafluoroarsenates.
NUM  4.
PAR  4. The electrolyte according to claim 1, wherein said solution of said
      active metal salts in said solvent is additionally saturated with sulfur
      dioxide.
NUM  5.
PAR  5. The electrolyte according to claim 3, wherein said salt is present in a
      concentration in excess of 0.2 molar.
NUM  6.
PAR  6. The electrolyte according to claim 1, wherein said solvent system is a
      binary solvent system essentially consisting of about 50 volume percent of
      a solvent selected from the group consisting of tetrahydrofuran and
      N-nitrosodimethylamine and the balance selected from the group of the
      individual solvents of (b).
NUM  7.
PAR  7. The electrolyte according to claim 1, wherein said solvent system is a
      ternary solvent system consisting essentially of about 10 to about 50
      volume percent of either tetrahydrofuran or N-nitrosodimethylamine, the
      remainder of the ternary system consisting of two components selected from
      the group of propylene carbonate, gamma-butyrolactone, 1,3-dioxolane,
      dimethoxyethane, bis (2-ethoxy) ethyl ether, and bis (2-methoxy)
      ethoxy-ethyl ether.
NUM  8.
PAR  8. The electrolyte according to claim 1, wherein said solvent system is a
      ternary solvent system consisting essentially of about 10 to about 50
      volume percent of tetrahydrofuran and N-nitrosodimethylamine, the
      remainder of the ternary system consisting of a component selected from
      the group of propylene carbonate, gamma-butyrolactone, 1,3-dioxolane,
      dimethoxyethane, bis (2-ethoxy) ethyl ether, and bis (2-methoxy)
      ethoxy-ethyl ether.
NUM  9.
PAR  9. An electrochemical cell system for utilizing the electrolyte according
      to claim 1, wherein said electrode system is selected from the group
      consisting of Li/V.sub.2 O.sub.5 ; Li/MoO.sub.3 ; Li/Ag.sub.2 CrO.sub.4 ;
      Li/HgCrO.sub.4 ; Li/CuCrO.sub.4 ; Li/MnO.sub.2 ; Li/HgO; Li/PbO.sub.2 ;
      Li/Ag.sub.2 O.sub.2 ; Li/CuO; and semi-fuel cells having lithium anodes
      and fuels selected from electrolyte soluble gaseous depolarizers from the
      group consisting of halogen, sulfur oxides, nitrogen oxides and hydrogen
      sulfide.
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PAL  Improved extrusion-fusion-type intercell connectors and process involving:
      casting the plate strap lugs to be welded from a hypoeutectic
      lead-antimony alloy containing at least about 2 percent by weight
      antimony; initially extruding the lugs into contact through an aperture in
      a battery intercell partition, the contact area being between 15 and 75
      percent of the area of the aperture; and gradually heating the lug
      extrusions through a softening stage, an antimony-rich-phase melting
      stage, and an antimony-lean-phase melting stage. Force applied by
      rapid-response, declining-force welding electrodes causes (1) the softened
      extrusions to reshape somewhat prior to melting, and (2) the
      antimony-rich-phase of the alloy to exude out of the welding zone filling
      voids in the aperture before any substantial melting of the
      antimony-lean-phase occurs. The resulting weld is dense (void-free), has
      an antimony-rich ring adjacent the aperture wall, and after rupturing,
      displays an indicator core useful for evaluating the welds made and
      monitoring the stability of the manufacturing process/equipment for making
      them.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the electrical resistance welding of lead-acid
      storage battery intercell connectors by the Extrusion-Fusion process
      described in United States Patent application Ser. No. 134,442 entitled
      "Through the Partition Connection Formed by an Extrusion-Fusion Technique"
      filed Apr. 15, 1971, in the names of Robert C. Matter and Donald K.
      Aldred, and assigned to the assignee of the present invention. More
      specifically, this invention improves that process by the use of
      particular welding conditions and lead alloys which combine to provide a
      reliable readily controllable manufacturing-scale process, and strong,
      substantially void-free intercell connectors. Moreover, this invention
      provides apparatus for carrying out the improved process.
PAR  Basically the Extrusion-Fusion process (Ser. No. 134,442) makes
      liquid-tight, low resistance, electrical connections between adjacent
      cells of a multi-cell lead-acid storage battery by: clamping two thick
      plate strap lugs tightly against an intercell partition having an aperture
      in it; squeezing two welding electrodes together through holes in the
      clamp to extrude lug metal out of the thick lugs into the aperture until
      contact is made therein; and passing welding current through the extruded
      metal to melt it and, under the continuing force of the electrodes, cause
      it to flow into any voids in the aperture while, at the same time,
      extruding more metal out of the lugs into the aperture until the aperture
      is packed full of lug metal. With the clamping and electrode forces still
      applied, the weld nugget is allowed to cool and solidify.
PAR  Among the problems with production-scale implementations of the
      Extrusion-Fusion process is assuring consistency from one weld to the next
      over an extended production run and to provide simple quality control
      techniques for monitoring the welding conditions and the product produced.
      Conventional non-destructive tests (e.g., air leak and IR drop) have not
      demonstrated sufficient sensitivity to detect poor quality welds and alter
      the operator that welding conditions should be corrected. The expression
      "welding conditions" is intended to include principally clamping force,
      electrode force and response (i.e., follow-through), welding current and
      welding time. One aspect of this invention relates to a reliable quality
      control tool for monitoring the welding conditions.
PAR  Another problem with production-scale implementations of the process is
      minimizing the variable affecting the process and insuring that the
      remaining variables (i.e., the welding conditions) are controllable and
      have sufficiently broad operating ranges that the process may be operated
      continuously for extended periods of time without requiring frequent
      corrections and adjustments. Another aspect of this invention solves this
      problem while at the same time it substantially eliminates the formation
      of voids in the weld and produces welds having exceptionally high torque
      test values.
PAR  An object of this invention is to provide a manufacturing-scale version of
      the Extrusion-Fusion process and apparatus for reliably carrying it out
      which: consistently produces strong, splatter-free, substantially
      void-free intercell connections over a sufficiently broad range of welding
      conditions to permit continuous operation with only occassional process
      monitoring by sample destruction; and produces a reliable,
      readily-observable indicator of the welding history of the connection and
      hence a manifestation as to whether welding condition adjustments are
      needed.
DRWD
PAR  This and other objects and advantages of this invention will become more
      readily apparent from the detailed description thereof which follows and
      in which:
PAR  FIG. 1 is a partially sectioned front elevational view of a battery made in
      accordance witih this invention.
PAR  FIG. 2 is a sectioned, front elevational view of a tool used in the process
      and the positioning of the parts at the initial stage of the process;
PAR  FIG. 3 is a partial sectioned view in the direction 3--3 of FIG. 2 showing
      a face of one electrode;
PAR  FIG. 4 is an enlarged sectional front elevational view of a portion of the
      tool of FIG. 2 and showing the position of the parts before actuating the
      tool;
PAR  FIG. 5 is an enlarged, sectional front elevational view of a portion of the
      tool of FIG. 2 and illustrates the condition of the parts after the
      initial cold extrusion step of the process;
PAR  FIG. 6 is an enlarged, sectional front elevation view of a portion of the
      tool and illustrates the condition of the parts after the initial passing
      of current and extrusion, but before fusion commences;
PAR  FIG. 7 is an enlarged sectional front elevational view of a portion of the
      tool and illustrates the condition of the parts at the end of welding
      (i.e., current passage);
PAR  FIG. 8 illustrates the parts ruptured for observation in conjunction with
      the quality control aspect of the invention;
PAR  FIG. 9 illustrates an indicator core characteristic of a cold weld;
PAR  FIG. 10 illustrates an optimum indicator core size;
PAR  FIG. 11 is an enlarged partially sectioned, plan view in the direction
      11--11 of FIG. 2 showing the drive linkage; and
PAR  FIG. 12 is an enlarged partially sectioned plan view in the direction
      12--12 of FIG. 2.
DETD
PAR  This invention comprehends cold extrusion to produce contact areas between
      15 and 75 percent of the area of the aperture and the use of
      rapid-response electrodes coupled with a particular welding schedule
      involving gradually increasing the welding current to effect three
      distinct physical changes in the lug extrusions, (1) softening and
      reshaping, (2) antimony-rich-phase melting and (3) antimony-lean-phase
      melting. The expression "rapid-response" electrodes relates to the ability
      of the electrodes to instantaneously and forcefully follow-up any yielding
      of the lugs as their physical properties change. A preferred embodiment
      provides the rapid-response with declining-force electrodes and
      increasing-force clamping. The term "declining-force" electrodes relates
      to gradually lessening the force applied by the electrodes as the lead
      alloy softens and melts. The term "increasing-force" clamping relates to
      the gradual increase of clamping force as the lead softens and melts.
PAR   At the welding station, the lugs are clamped tightly against the partition
      wall and a portion of them cold extruded to contact within the aperture in
      the partition (see FIG. 5) to produce an initial contact area between 15
      and 75 percent of the area of the aperture. The size of the contact area
      affects the initial contact resistance which in turn affects the amount of
      heat energy initially dissipated in the weld. Following contact in the
      aperture, the welding current is turned on and gradually built up to its
      maximum level. This technique of gradually increasing welding currently is
      known in the resistance welding art as "upsloping", and with this
      technique both the initial and final current levels can be varied to
      provide an almost infinite current rise pattern. We prefer to upslope
      constantly throughout the welding cycle. Combinations of "upslope and
      hold" or "upslope and downslope" may also be used, but seem to offer no
      particular advantages yet require more controls. For constant upslope
      modes, we prefer a welding time of at least three cycles and no more than
      about 11 cycles. Below three cycles, the effects of upsloping are lost and
      above 11 cycles, heat distortion of the plastic partition is evident.
      Welding times of five to seven cycles are most preferred.
PAR  As a result of the upsloping of the welding current, the lug extrusions
      slowly heat, soften and, under the applied electrode force extruding more
      lug into the aperture, enlarge somewhat to more completely fill the
      aperture just before melting commences (see FIG. 6). At the same time, the
      junction between the lug extrusions grows area-wise thereby reducing the
      contact resistance of the junction. Some void volume still remains in
      aperture, principally in the form of a ring surrounding the junction and
      adjacent the aperture wall. The current continues to build putting more
      heat into the extrusions and the temperature at the junction continues to
      build until it eventually exceeds the melting point of the
      antimony-rich-phase of the alloy. The fine grains of the
      antimony-rich-phase quickly melt and under the unrelenting applied force
      of the rapid-response welding electrodes, the now liquid
      antimony-rich-phase exudes out of the weld zone into the remaining void
      space (see FIG. 7). The rapid-response electrodes ensure filling of the
      void space with the lower melting phase before any substantial melting of
      the high melting antimony-lead-phase occurs. Finally, the temperature near
      the center of the weld zone eventually reaches the melting point of the
      antimony-lean-phase remaining thereat and it too begins to melt and
      complete the bonding of the lug extrusions. The composition of the lug
      alloy is important to the extent that it must be such as to provide a
      sufficient amount of the lower melting phase to fill the voids left in the
      aperture under the forces applied and before there is any substantial
      melting of the lead-rich phase. The alloyants required to effect this,
      however, must be such as to keep the hardness of the lead alloy in a range
      which permits the cold formation of the aforesaid contact areas. The
      stepwise melting resulting from unsloping does not produce as high a
      liquid pressure in the aperture as would be the case where there was
      substantially simultaneous melting of the lug extrusions. As a result,
      there is less tendency for the metal to squirt out of the aperture at the
      forces required for void-free connections which do not leak through. The
      use of electrodes having a declining force application during welding
      further reduces the likelihood of splattering, as will be pointed out in
      more detail hereinafter.
PAR  The size of the bond formed between the high melting, antimony-lean-phase
      or center portion of the connection is used as an indication of the
      quality of the weld produced and the stability of the welding conditions.
      The size of this bond is observable after twisting the connector to
      failure by first anchoring one of the lugs and then rotating the other lug
      in the plane of the partition until the intercell connector ruptures (see
      FIG. 8). Since the antimony-lean bond is weaker than the antimony-rich
      bond, rupture substantially invariably occurs through the weak bond
      thereby exposing it in the rupture plane. The exposed, ruptured, weak bond
      appears as a distinct island on the faces of the ruptured connector. These
      islands of ruptured weakly-bonded alloy are hereinafter designated as the
      "indicator cores". The number of inch-pounds required to twist the
      connector to failure indicates the strength of the weld. A cold weld
      (i.e., insufficient heat energy) yields a large indicator core. Such
      connections normally have strengths of less than 50 inch-pounds and cores
      greater than 0.3 inch in diameter, based on a 0.4 inch diameter
      aperture/connection. Welds having indicator cores less than 0.3 inch in
      diameter are acceptable. The absence of cores indicates that the welds are
      either too hot and are therefore on the threshold of splattering, or have
      inadequate electrode follow-through tending to produce porous welds. By
      porous welds we mean a weld which when subjected to vacuum impregnation (2
      mm Hg for 3 min.) with a fluorescent oil (e.g., Zyglo ZL-15 water-wash
      penetrant sold by Magnaflux Corp.) and black light observation of the
      fractured sample will show no substantial penetration of the oil into the
      weld zone. Porous welds tend to create a joint which corrodes with time
      upon constant exposure to battery electrolyte. From a process control
      standpoint, a 0.1 inch diameter indicator core is selected as a reference
      point from which deviations can be measured to determine process
      stability. In other words, the process is set to produce 0.1 inch cores
      and deviations therefrom are used to determine which direction the process
      is drifting during the course of a run and where corrections should be
      made. The 0.1 inch core welds have strengths of about 75 inch-pounds
      torque shortly after welding. This, of course, will vary depending on the
      precise composition of the alloy used to make the connection and the
      amount of age-hardening experienced by the alloy after welding. If the
      core size is outside the control range of 0.1 - 0.3 inch, one or more of
      the welding conditions must be adjusted to bring the process back into
      line. Obviously, one could get cores smaller than 0.1 inch and still have
      excellent welds, but it means that the process is either approaching a
      hot-welding condition or a slowing of electrode response time that should
      be corrected before a number of batteries are subsequently assembled with
      sub-standard quality. Since welding and clamping forces are for the most
      part built into the machine and cumbersome to adjust, the core sizes can
      be controlled by varying only the electrical current variables. For
      example, the cores can be significantly decreased in size (e.g., from 0.3
      inch diameter by merely increasing the maximum current or slightly
      decreased in size by increasing the initial current. Similarly, the core
      sizes can be significantly increased in size by decreasing the maximum
      current and slightly increased in size by decreasing the minimum current.
PAR  As indicated earlier, the coupling of upsole welding with hypoentectic
      lead-antimony alloys containing at least about 2% Sb and rapid electrode
      response results in the production of welds which are substantially
      void-free and have high strengths (i.e., above about 50 inch-pounds). This
      apparently results from the redistribution of the antimony in the aperture
      that occurs during welding. As indicated, the lower-melting, antimony-rich
      lead migrates to the outside of the weld zone immediately on melting where
      it forms a ring of metal which is stronger than the antimony-lean center.
      Not only is this ring comprised of a stronger material but it occupies a
      substantial portion of the cross-sectional area of the weld and, more
      importantly, the portion which is subjected to the most stress in usage.
      Moreover, the antimony-lean center has a higher melting point than the
      antimony-rich outer ring thus resulting in a directional solidification
      from the center of the weld radially outward -- the exact opposite of what
      occurs when there is no redistribtution of antimony. This directional
      solidification contributes significantly to the void-free structure of the
      intercell connector produced by this process as no shrinkage cracks or
      voids are trapped in the center of the weld to weaken it or become a site
      for future failure due to corrosion. A still further advantage here is
      that only the lower melting antimony-rich contacts the aperture wall
      resulting in less heat distortion thereof during welding. This is a
      particular advantage in those situations where there is severe
      misalignment of the electrodes with the aperture as there is less tendency
      for the plastic to squirt into the aperture. Lastly, the lower melting
      antimony-rich ring has less tendency to dissolve metal from the lug at the
      edges of the aperture resulting in a much less tendency for lead splatter
      or expulsion to occur along the partition-lug interface.
PAR  The way in which the force is applied to the electrodes and hence the lugs
      is a significant variable in this process. In this regard, the force
      should be instantaneously and constantly applied to follow up the lead
      mobility as the lug advances through its several physical changes, i.e.,
      softening, first stage melting and second stage melting. Without it the
      antimony-rich alloy is not quickly moved to the partition wall before the
      antimony-lean material fuses. This requisite instantaneous availability of
      force is not provided by a conventional pneumatic or hyraulic cylinder
      alone as there is a momentary lag between electrode movement in response
      to the yielding of the lug and the reestablishment of the pressure in the
      cylinder. In the few cycles (60  cycles/sec.) when these physical changes
      are occuring, even momentary loss of significant electrode force results
      in poor quality welds. We have found that incorporation of springs (e.g.,
      Belleville springs, urethane pads, etc.) intermediate the hydraulic
      cylinder and the welding electrodes provide the requisite rapid-response
      electrode follow-through. These springs shall hereinafter be referred to
      as the force-follow-through springs. We prefer to use Belleville springs
      since they have a flatter spring rate curve over the distances involved
      here. The precise amount of force required for each application will vary
      with the composition and age of the lead, the size of the aperture, the
      size of the extruding electrode, and the amount of current and upslope
      being used. In general, though, too little force can cause porosity or
      voids through which electrolyte can travel from one cell to the next and
      too much force can damage the parts and the tools. To make connectors
      using this system, the system is "locked-up" at the time the initial cold
      extrusion is made and all subsequent force applied to the clamps and
      electrodes comes from the force-follow-through springs which are
      compressed during the locking up. In the preferred embodiment shown in the
      drawings, the clamping members are urethane pads circumscribing the
      electrodes which compress during lock-up and subsequent follow-through of
      the electrodes and exert a counter force against the force-follow-through
      springs which increases as the force-follow-through springs expand. The
      net effect is that the clamping force increases and the electrode force
      decreases as the electrodes move together rapidly following the physical
      changes in the extrusions. This permits higher clamping force on the lugs
      and reduced hydraulic force on the molten metal which in turn reduces the
      likelihood of splatter or blow-out.
PAR  During welding, force on the parts comes from two sources, the
      force-follow-through springs and the force applied by the clamping means.
      In the preferred form of tooling for carrying out this invention, the
      clamping means are affixed to the electrode holders and are themselves
      spring-biased members circumscribing the welding electrode. In the most
      preferred form of tooling, the clamping means is a block or pad of
      compressible, high density polyurethane. The clamping forces need only be
      sufficient to prevent lead splattering or expulsion at a given current. In
      general the force required increases as the welding current increases. In
      the preferred system having force-follow-through springs and compressible
      clamping springs circumscribing the electrode, the strength of the
      force-follow-through springs must exceed that of the clamping springs
      sufficiently to overcome the counter force exerted by the clamping
      springs. In this regard, experience indicates that the
      force-follow-through springs should be capable of exerting at least about
      four times the force as the clamping springs and preferably at least about
      six times the force as measured with the welding gun in a closed or
      locked-up condition. It has been observed that high follow-through forces
      promote porosity (i.e., leakable voids) and require more electrical energy
      for comparable welds and that low follow-through forces require less
      clamping force and less energy for comparable welds.
PAR  In the most preferred system having a urethane pad as the clamping means,
      it has been observed that the relationship between the size of the
      electrode and the size of the aperture is important, primarily in terms of
      minimizing case warpage or distortion. This relationship also effects the
      quality of the weld. We have observed that when the ratio of the electrode
      diameter to the hole diameter is less than about 0.62 or more than 0.78,
      there is unacceptable partition distortion or poor welds.
PAR  With respect to the drawings, the several Figures show the preferred
      tooling and illustrate the several stages involved in carrying out the
      process. FIG. 1 illustrates a battery having cell groups 2 in separate
      cells of the battery and a through-the-partition intercell connection 4
      electrically joining the positive plates of one cell group to the negative
      plates of the next adjacent cell group. FIGS. 2, 3, 11 and 12 show the
      preferred tooling for carrying out the process, description of which
      assits in better understanding this invention. The tooling Figures show a
      toggle gun welder for making one intercell connection. In actual practice,
      however, additional tools would be so arranged as to simultaneously weld
      several or all (five in the case of a 12V battery) of the intercell
      connectors. As best shown in FIG. 2, opposing electrodes 6 are fixed to
      copper electrode holders 8 which in turn are affixed to slides 10 which
      slide horizontally in guides 12. Electrical energy is supplied to the
      electrodes 6 via connection 7 to an appropriate source, e.g., transformer
      (not shown). Electrical insulation 14 (e.g., cloth reinforced phenolic
      resin) is provided as required to insulate the holders 8 from the slides
      10 and hence the remainder of the tooling. The electrode holders 8 are
      moved toward and away from each other as the slides 10 move in response to
      the action of lever arms 16 which pivot about pins 18 affixed to a portion
      19 of the frame 21 of the apparatus and cam the slides 10 to-and-fro. The
      lever arms 16 are themselves driven by two-part actuator arms 20 joined
      thereto by pivot pins 22 and joined to each other in a toggle joint 23 at
      the output shaft 24 of a hydraulic cylinder (not shown). An inverted
      U-shaped coupling 25 connects the output shaft 24 to the toggle joint 23.
      The outboard ends 27 of the pin in the toggle joint 23 are carried in
      bronze bearings 29 which slide up and down in guides 31.
      Force-follow-through springs 26 (e.g., Bellevilles) are positioned between
      each of the two parts of the actuator arms 20, as shown. The Bellevilles
      26 are centered by guide pins 28 and their compression adjusted by means
      of washer-like shims 30.
PAR  High density polyurethane pads 32 are provided around each of the
      electrodes 6 and serve to clamp the lugs 33 tightly against the walls of
      the intercell partition during the extrusion, fusion and cooling steps.
      The ends of the electrodes 6 protrude slightly (e.g., about 0.01 inch) out
      from the face of the pad so that piercing of the lugs 33 occurs slightly
      in advance of the clamping action of the pads 32. This reduces some of the
      force otherwise required to effect the additional amount of compression of
      harder pads 32 during welding. For softer pads 32, the electrode 6 may be
      flush with the face of the pads 32 or even depressed beneath the face
      depending on the overall force balance in the system. A groove 34 is
      provided in the face of each of pads 32 and conforms, shapewise,
      substantially to the shape of the lugs 33 as best shown in FIG. 3. The
      width and depth of the groove 34 as well as its closeness to the periphery
      of the lug 33, permits adjustment of the compressibility of and hence
      force applied by the urethane pads 32. The groove also lessens localized
      stress build-up in the pad and greatly increases the life thereof. The
      clamping face of the urethane pads 32 may have the same angle as the draft
      angle of the lugs 33 so as to apply uniform clamping force, but in the
      preferred form, the angle on the clamping face exceeds the draft angle of
      the lugs by 2.degree. to 6.degree. (4.degree. preferred) in order to apply
      more force to the top of the lug than at the base thereof.
PAR  Electrode coolant enters the electrodes 6 via fitting 35 and flows through
      appropriate channels (not shown) in the electrodes 6. A particular
      advantage of the use of urethane pads 32 lies in the ability to harden or
      soften the pads slightly without changing them by merely changing the
      temperature and/or flow rate of the electrode coolant thereby providing
      another means of "fine tuning" the force system apparatus, if necessary.
PAR  In operation, the battery is positioned with the plate strap lugs 33
      between the electrodes 6 as best illustrated in FIG. 4. When so positioned
      the hydrualic cylinder is actuated driving the output shaft 24 thereof
      completely downward until it bottoms out against stop 36. At this time,
      the follow-through-springs 26 (i.e., Bellevilles) compress and "bottom
      out" the enclosing pads completely, and the system is thus locked up with
      the initial cold extrusion taking place as best illustrated in FIG. 5.
      FIG. 5 shows lug extrusions 38 pushed out from the lugs 33 and meeting in
      the aperture 40 in the intercell partition. The flattened interface area
      39 formed between the extrusions 38 comprises about 15 to 75 percent of
      the area of the aperture 40. The now-compressed follow-through-springs 26
      are ready to provide the source for the quick follow-through force
      required by the system. Next the welding current is turned on and
      gradually increased to its maximum level. The lug extrusions 38 heat up,
      soften, and under the force applied by the springs 26, flow somewhat to
      more completely fill the aperture 40 with the soft but still solid metal
      as best illustrated in FIG. 6. At this point, some void volume in the form
      of an annulus or ring 42 remains in the aperture around the lug extrusions
      38 and adjacent the wall of the aperture. Almost immediately after
      softening, the ever increasing current raises the temperature of the lug
      extrusions 38 at their interface 39 to the melting point of the
      antimony-rich-phase of the alloy and this phase melts. Upon melting and
      under the instantly available applied force of the follow-through-springs
      26, the Sb-rich phase exudes out of the center of the weld zone and into
      the annular voidspace 42 before any substantial melting of the
      antimony-lean-phase occurs. This results in the formation of an
      antimony-rich annulus (b) [FIG. 7] in the previously void space 42 and an
      antimony-lean center portion (a) [FIG. 7]. During the remainder of the
      welding cycle, the Sb-lean center portion (a) heats to its melting point
      and fusion bonding of the center portions finally occurs. The
      antimony-lean region (a) of FIG. 7 is weaker than the antimony-rich region
      (b), and since it is the last to melt, its size and/or degree of fusion is
      an indicator of what energy adjustments should be made to the system.
PAR  To monitor the process, an occasional battery is removed from the line and
      its connectors immediately twisted to rupture as illustrated in FIG. 8.
      Rupture 46 will always occur through the region (a) where the bond is
      weakest and which was the last to melt. The size (i.e., diameter) of this
      last-to-melt portion (a), as seen on the rupture faces 46 (FIGS. 9 and
      10), indicates whether the welding conditions require adjustment to bring
      the process back into line. In this regard, a large indicator core (a)
      (FIG. 9) dictates increasing the energy to reduce the ore size to that
      shown in FIG. 10. If there is no core showing, energy should be reduced to
      produce a core like that shown in FIG. 10 which serves as a "bench mark"
      indicator from which to make corrective judgments. A variation of the
      indicator-core test allows the connection to age for about 4 hours until
      the center/core hardens to a degree stronger than the unfused lug metal.
      Well fused connections will then fracture along the interface between the
      unfused metal and the recrystallized metal, but low power, poorly fused
      metal will still fail through the core. When aged, fractures display cores
      in excess of about 0.2 inch diameter, increased power is called for.
PAR  In one specific example of the invention plate strap lugs were cast to a
      thickness of 0.215 inch with a 2.degree. draft angle on the back side of
      the lugs and from an alloy comprising, by weight, 3% Sb, 0.2% Sn, 0.0005%
      S, 0.2% As and the balance principally lead. The lugs were positioned on
      both sides of an intercell partition comprising an ethylene-propylene
      copolymer, having a thickness of 0.070 inch and an aperture 0.4 inch in
      diameter. The welding electrode had a diamter of 0.312 inch and was
      surrounded by a urethane clamping pad having a 0.402 inch diameter hole
      through it for the electrode. The clamping pad comprised vacuum degassed
      polyurethane having a Shore "D" hardness of 42 - 47 and a clamping face
      angle of 40.degree. (a 2.degree. mismatch with the part). Follow-through
      Belleville springs were selected so as to provide about 1060 lbs. force on
      the electrodes and 200 lbs. clamping force in the urethane pads at the
      start of welding and about 560 lbs. force on the electrodes and 360 lbs.
      force on the pads at the end of welding for a net followthrough force
      exerted by the Bellevilles on the electrodes of about 340 lbs. during
      welding. After the initial extrusion, the current was gradually fed to the
      parts over a total welding period of six cycles starting with about 25%
      initial current and finishing with about 78% maximum current for the
      equipment used. The welder was a 25 KVA unit set so as to have an open
      circuit voltage of 8.2 volts and closed circuit voltage of about 1.5 - 2.5
      volts which, of course, increased throughout the upsloped weld cycle. The
      current varied from about 4,200 amps initial to about 14,000 amps maximum.
      Under these conditions, rapid electrode movement was experienced between
      the third and sixth welding cycles followed by a flattening of the
      electrode movement trace after the current stopped and during the
      remainder of the welding hold cycle. The weld produced had an indicator
      core size of about 0.15 inch and torque tested at about 65 inch-pounds.
PAR  While we have disclosed our invention primarily in terms of specific
      embodiments thereof, we do not intend to be limited thereto but rather
      only to the extent hereinafter set forth in the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making substantially liquid-tight intercell connections for
      lead-acid storage batteries of the type having (a) nonconductive
      partitions dividing the case of the battery into compartments, (b)
      apertures in the partitions connecting adjacent compartments, (c) cell
      groups in the compartments, (d) a plate connector strap on each cell
      group, and (e) upstanding lugs on the connector straps with the lugs
      facing each other on each side of the apertures, the lugs being thicker
      than a said partition and having face portions on their face sides adapted
      to fully engage the immediate surface areas of the partitions around the
      apertures and joint-forming portions circumscribed by said face portions
      and adapted by fusion to link one lug to the other through the apertures,
      said method comprising the steps of:
PA1  positioning the cell groups with their associated straps in the
      compartments so that the lugs of the straps overlay the apertures of the
      partitions with the face portions adjacent the immediate surface area
      around the apertures, said lugs being cast from a hypoeutectic
      lead-antimony alloy containing at least about 2 percent by weight antimony
      and comprising a major portion of antimony-lean-phase and a minor portion
      of antimony-rich-phase;
PA1  positioning tool means on the back sides of the lugs, the tool means for
      each lug including a clamp portion, a bore in the clamp portion, a
      conductive plunger in the bore and means for applying force to said
      plunger said means including an energy storage device for storing
      rapidly-expendable potential energy behind said plunger, the bores and
      plungers for opposing lugs being aligned with a substantial area of their
      associated aperture;
PA1  actuating said tool means to cause the clamp portions to engage the lugs
      with a sufficient clamping force to seal off the apertures with the face
      portions of the lugs, the joint-forming portions being spaced from each
      other midway through the apertures and with the partitions defining
      apertures which are substantially free of lug material;
PA1  while still clamped and with said force applying means, causing the
      plungers to sink into the back sides of the lugs to a depth less than
      their thickness and short of the mouths of the apertures to extrude said
      lead alloy from the joint-forming portions of the lugs into the apertures
      to bridge the space therein and make a contact area between the lug
      extrusions approximately midway through the apertures, said contact area
      comprising about 15 to 75 percent of the area of the aperture as viewed in
      a direction normal to the partition, and storing sufficient
      rapidly-expendable potential energy in said energy storage device behind
      said plungers to cause quick and forceful flow of said lug extrusions in
      immediate response to a lessening of the lug extrusions' resistance to
      flow;
PA1  while still clamped and with said energy stored behind said plungers,
      passing and, gradually increasing the flow of, electrical current through
      the plungers and lug extrusions to effect staged physical transformations
      in the lug extrusions including first softening the lug extrusions prior
      to fusion, then melting the antimony-rich-phase of the alloy at said
      contact area and finally melting the antimony-lean-phase of the alloy at
      the contact area, and releasing said stored energy from said energy
      storage device when sufficient electrical current has flowed through said
      extrusions to effect said softening so as to effect a flow of said
      extrusions in immediate forceful response to said transformations and such
      that said energy rapidly expends itself as a continuous application of
      sufficient plunger pressure on the extrusions to cause flow of the melted
      antimony-rich-phase from near the center of the weld outwardly against the
      walls of the apertures before any substantial melting of the
      antimony-lean-phase occurs thereby forming an antimony-rich annulus around
      an antimony-leaner weld center;
PA1  deenergizing the electrical current and allowing the fused lead alloy in
      the apertures to progressively solidify from the center of the weld zone
      radially outward toward the aperture walls while continuing to maintain
      the clamping force and plunger pressure to keep the apertures filled
      during the solidification; whereby the cell groups are electrically joined
      by the lugs by liquid-tight, substantially void-free,
      through-the-partition connections having metallurgically strong
      antimony-rich annuli and metallurgically weaker antimony-lean centers.
NUM  2.
PAR  2. The process according to claim 1 wherein said clamp portions and
      plungers are carried and actuated by the same driving member and the
      clamping force on said lugs increases and the plunger pressure on said lug
      extrusions decreases as the electrical current passes through said lug
      extrusions and said lug extrusions pass through the softening,
      antimony-rich lead melting and antimony-lean lead melting stages.
NUM  3.
PAR  3. A method of monitoring the welding conditions in the process of claim 1
      by monitoring the intercell connectors made thereby comprising twisting
      the intercell connector in the plane of the partition until rupture occurs
      and the antimony-lean rupture zone is displayed in the rupture plane,
      comparing the size of the antimony-lean rupture zone against predetermined
      size standards of acceptability and, if necessary, adjusting the welding
      conditions to bring the process back to within the acceptable range
      defined by those standards.
NUM  4.
PAR  4. A method of making substantially liquid-tight intercell connections for
      lead-acid storage batteries of the type having (a) nonconductive
      partitions dividing the case of the battery into compartments, (b)
      apertures in the partitions connecting adjacent compartments, (c) cell
      groups in the compartments, (d) a plate connector strap on each cell
      group, and (e) upstanding lugs on the connector straps with the lugs
      facing each other on each side of the apertures, the lugs being thicker
      than a said partition and having face portions on their face sides adapted
      to fully engage the immediate surface areas of the partitions around the
      apertures and joint-forming portions circumscribed by said face portions
      and adapted by fusion to link one lug to the other through the apertures,
      said method comprising the steps of:
PA1  positioning the cell groups with their associated straps in the
      compartments so that the lugs of the straps overlay the apertures of the
      partitions with the face portions adjacent the immediate surface area
      around the apertures, said lugs being cast from a hypoeutectic
      lead-antimony alloy containing at least about 2 percent by weight antimony
      and comprising a major portion of antimony-lean-phase and a minor portion
      of antimony-rich phase;
PA1  positioning tool means on the back sides of the lugs, the tool means for
      each lug including a compressible clamp portion, a bore in the clamp
      portion, a conductive plunger in the bore, a common means for holding said
      clamp portion and plunger and a compressible device for storing rapidly
      expendable potential energy behind said carrying means, and the bores and
      plungers for opposing lugs being aligned with a substantial area of their
      associated aperture;
PA1  actuating said tool means with sufficient force (1) to initially cause the
      clamp portions to engage the lugs with a sufficient clamping force to seal
      off the apertures with the face portions of the lugs, the joint-forming
      portions being spaced from each other midway through the apertures and
      with the partitions defining apertures which are substantially free of lug
      material, (2) squeeze the plungers with sufficient plunger pressure to
      cause the plungers to sink into the back sides of the lugs to a depth less
      than their thickness and short of the mouths of the apertures to extrude
      said lead alloy from the joint-forming portions of the lugs into the
      apertures to bridge the space therein and make a contact area between the
      lug extrusions approximately midway through the apertures, said contact
      area comprising about 15 to 75 percent of the area of the aperture as
      viewed in a direction normal to the partition, and (3) to compress said
      device to thereby store sufficient rapidly-expendable potential energy in
      said device behind said plungers to cause quick and forceful flow of said
      lug extrusions in immediate response to a lessening of the lug extrusions'
      resistance to flow;
PA1  with the lugs still clamped and the device compressed, passing, and
      gradually increasing the flow of, electrical current through the plungers
      and lug extrusions to effect staged physical transformations in the lug
      extrusions including first softening the lug extrusions prior to fusion,
      then melting the antimony-rich-phase of the alloy at said contact area and
      finally melting the antimony-lean-phase of the alloy at the contact area,
      and concurrently therewith releasing said stored energy to effect a flow
      of said extrusions in immediate forceful response to said transformations
      and such that said energy rapidly expends itself as a continuous
      application of increasing clamping force and decreasing, but nonetheless
      sufficient, plunger pressure on the extrusions to cause flow of the melted
      antimony-rich-phase from near the center of the weld outwardly against the
      walls of the apertures before any substantial melting of the
      antimony-lean-phase occurs thereby forming an antimony-rich annulus around
      an antimony-leaner weld center;
PA1  deenergizing the electrical current and allowing the fused lead alloy in
      the apertures to progressively solidify from the center of the weld zone
      radially outward toward the aperture walls while continuing to maintain
      the clamping force and plunger pressure to keep the apertures filled
      during the solidification; whereby the cell groups are electrically joined
      by the lugs by liquid-tight, substantially void-free,
      through-the-partition connections having metallurgically strong
      antimony-rich annuli and metallurgically weaker antimony-lean centers.
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ABST
PAL  A secondary, electrochemical cell is assembled in a completely discharged
      state within a sealed containment. As assembled, the cell includes a
      positive electrode separated from a negative electrode by a molten salt
      electrolyte. The positive electrode is contained within a porous
      structure, permitting passage of molten electrolyte, and includes one or
      more layers of a metallic mesh, e.g. iron, impregnated with an intimate
      mixture of lithium sulfide and the electrolyte. The negative electrode is
      a porous plaque of aluminum metal. Prior to using the cell, an electrical
      charge forms lithium-aluminum alloy within the negative electrode and
      metal sulfide within the positive electrode.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the U.S. ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to high-temperature, secondary electrochemical cells
      and batteries of such cells that can be employed as power sources for
      electrical automobiles, hybrid electric vehicles or for the storage of
      energy generated during intervals of off-peak power consumption. It is
      particularly applicable to electrochemical cells that employ metal
      sulfides as positive electrode reactants and lithium-aluminum alloy as he
      negative electrode reactant.
PAR  A substantial amount of work has been done in the development of these
      types of electrochemical cells and their electrodes. Various type cells
      showing promise have employed lithium, lithium-aluminum alloy or sodium as
      the reactant within the negative electrode. In the positive electrode, the
      chalcogens, particularly sulfur and sulfur compounds, have been used.
      Electrolytes of molten salt generally containing the ions of negative
      electrode reactant are used to provide ionic conduction between the
      electrodes. Examples of such secondary cells and their various components
      are disclosed in U.S. Pat. No. 3,716,409 to Cairns et al., entitled
      "Cathodes for Secondary Electrochemical Power-Producing Cells," Feb. 13,
      1973; U.S. Pat. No. 3,666,560 to Cairns et al., entitled "Electrochemical
      Power-Producing Cell,"May 30, 1972; and U.S. Pat. No. 3,488,221 to Hiroshi
      Shimotake et al., Jan. 6, 1970. Other cells and electrodes of these types
      are illustrated in U.S. Pat. No. 3,833,421 to Rubischko et al., entitled
      "Secondary Electrochemical Cells with a Chalcogen Cathode," Sept. 3, 1974,
      and U.S. Pat. No. 3,827,910 to Cairns et al., entitled "Homogeneous
      Cathode Mixture for Secondary Electrochemical Power-Producing Cells,"Aug.
      6, 1974. Other pending patent applications showing electrochemical cells
      more closely related to the type described in the present application
      include patent application Ser. No. 416,311,  entitled "Modular
      Electrochemical Cell," filed Nov. 15, 1973, to Walsh et al., now U.S. Pat.
      No. 3,887,396 and Ser. No. 434,459, entitled "Cathode for a Secondary
      Electrochemical Cell," to Gay et al., filed Jan. 18, 1974. Each of these
      patents and patent applications are assigned to the assignee of the
      present application.
PAR  As is discussed in the pending patent application to Gay, cited above,
      reductions in sulfur activity and loss can be made through use of metal
      sulfides as the cathode material. For instance, electrochemical cells have
      been proposed which employ lithium or lithium-aluminum alloy as the anode
      reactant along with metal sulfide such as FeS.sub.2, FeS, CoS.sub.2,
      Co.sub.3 S.sub.4, NiS.sub.2, MoS.sub.3 or Cu.sub.2 S as the positive
      electrode reactant. (Etude Thermodynamique des Generateurs a Electrode de
      Lithium, Entropie, No. 4, pp. 24-34, Juillet-Aout 1971, Caiola et al.)
      Other cathode reactants that have been considered include Sb.sub.2
      S.sub.3, As.sub.2 S.sub.2, As.sub.2 S.sub.3 and P.sub.4 S.sub.10. Typical
      reactions with the above materials within a cell having a lithium or a
      lithium alloy anode are as follows:
EQU  4e.sup.- + FeS.sub.2 + 4Li.sup.+ .fwdarw. 2Li.sub.2 S + Fe
EQU  2e.sup.- + FeS + 2Li.sup.+ .fwdarw. Li.sub.2 S + Fe
EQU  4e.sup.- + CoS.sub.2 + 4Li.sup.+ .fwdarw. 2Li.sub.2 S + Co
EQU  8e.sup.- + Co.sub.3 S.sub.4 + 8Li.sup.+ .fwdarw. 4Li.sub.2 S + 3Co
EQU  2e.sup.- + NiS + 2Li.sup.+ .fwdarw. Li.sub.2 S + Ni
EQU  6e.sup.- +MoS.sub.3 + 6Li.sup.+ .fwdarw. 3Li.sub.2 S + Mo
EQU  2e.sup.- + Cu.sub.2 S + 2Li.sup.+ .fwdarw. Li.sub.2 S + 2Cu.
PAL  Correspondingly, the reaction at the negative electrode is:
EQU  Li .fwdarw. Li.sup.+ +e.sup.- or
EQU  LiAl.fwdarw. Li.sup.+ + Al + e.sup.-.
PAR  In preparing electrochemical cells of this type, various problems have been
      encountered. Lithium metal is most reactive and is easily contaminated by
      combination with moisture, oxygen or nitrogen within air. Li-Al alloys
      employed as negative electrodes are often in the form of a porous compact
      or plaque with high surface area, thus increasing their reactivity.
      Consequently, lithium and lithium alloys are ordinarily handled in a dry
      and inert gas such as in a helium environment in the preparation of
      electrodes and in the assembly of electrochemical cells. Quite frequently,
      glove box type facilities are employed to provide this inert atmosphere
      and to insure the safety of employees.
PAR  Other difficulties have arisen as a result of swelling and distortion,
      particularly within the positive electrode. These distortions have caused
      current leakage and electrical shorts within the cell. Where iron sulfides
      are employed as the positive electrode reactant, it combines with lithium
      ions to form Li.sub.2 S and iron metal with a volume increase of about 2.6
      to 1 in the positive electrode. Sufficient void space will ordinarily be
      provided within the positive electrode to accommodate an expansion of this
      magnitude. However, experience in testing high-temperature cells of these
      types has shown nonuniform expansion of the positive electrode, possibly
      due to nonuniform current flow. The resulting distortion will produce
      electrical shorting even in cells having adequate space for the predicted
      expansion. In other instances, electrically conductive grids or mesh
      employed as current collectors have been distorted and interrupted,
      resulting in reduced effectiveness.
PAR  Therefore, in view of these problems associated with prior electrochemical
      cells, it is an object of the present invention to provide an
      electrochemical cell that can be easily assembled with a reduced
      likelihood of contamination.
PAR  It is also an object to provide an electrochemical cell with a positive
      electrode having a reduced risk of swelling or distortion.
PAR  It is a further object to provide an electrochemical cell with an improved
      uniformity in the distribution of reaction products within the positive
      electrode.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a completely discharged, secondary
      electrochemical cell assembly is provided with a positive and a negative
      electrode along with an electrolyte including a lithium salt. The positive
      electrode includes one or more layers of metallic mesh or screen having an
      intimate mixture of an alkali metal sulfide such as lithium sulfide and
      the electrolyte embedded into the mesh. The mesh as thus impregnated, is
      held within a porous containment structure that is permeable to molten
      electrolyte. An electrode terminal penetrates the containment to make
      electrical contact with the mixture and the metallic mesh. In the negative
      electrode is a porous mass of aluminum metal impregnable by the
      electrolyte in molten state and an electrode terminal in electrical
      contact with the mass of aluminum. The terminals to both the positive and
      negative electrodes are electrically accessible from outside the cell
      housing for connection to an external electrical load or circuit. By
      passing an electrical current through the cell, a metal sulfide is
      produced in the positive electrode from reaction of the lithium sulfide
      and the metallic mesh while lithium-aluminum alloy is formed within the
      negative electrode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is an elevation view in cross section of a secondary electrochemical
      cell;
PAR  FIG. 2 is an enlarged view of an alternative positive electrode that can be
      employed within the electrochemical cell of FIG. 1;
PAR  FIG. 3 is an elevation view of an electrochemical cell employed to test the
      present invention;
PAR  FIG. 4 is a graph showing electrochemical cell efficiency as a function of
      discharge current density of the electrochemical cell presented in Example
      I.
PAR  FIGS. 5a, 5b, 5c, 5d and 5e are a series of related graphs showing a cell
      discharge voltage response under various conditions of high current load
      in the electrochemical cell of Example I.
PAR  FIGS. 6a, 6b, 6c, 6d and 6e are a series of related graphs showing various
      performance characteristics of the electrochemical cell of Example II.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a sealed cell housing 11 contains two negative electrodes 13 and
      15 in a stack with an intermediately disposed positive electrode 17. The
      upper negative electrode 13 and the lower negative electrode 15 are
      positioned in electrical contact with housing 11 at their edges and at the
      bottom surface of electrode 15. Electrode terminal 19 shown attached at
      the lower surface of housing 11 thereby permits external electrical
      connection to the negative electrodes. The upper negative electrode 13 is
      provided with a central opening for access of a second electrode terminal
      21 into electrical contact with the centrally located positive electrode
      17. Terminal 21 is surrounded with an electrically insulative collar 23
      coextensive with electrode 13 thickness and somewhat into positive
      electrode 17. Electrode terminals 19 and 21 are shown as having
      complementary plug and socket connections to permit stacking of a
      plurality of electrochemical cells.
PAR  In addition, the positive and negative electrodes are electronically
      insulated by a ceramic fabric 25 which encloses electrode 7 and serves as
      an interelectrode separator. Fabric 25 is of an electrically insulating,
      porous material that is permeated and wetted by the cell electrolyte in
      molten state. As an example, separator fabric 25 may be a cloth orr
      perforated paper of boron nitride, zirconia or yttria. An outer porous
      layer or basket 26 of a corrosion-resistant material such as molybdenum or
      stainless steel screen can be included to further separate the electrodes
      and impart structural integrity. The electrolyte that fills porous regions
      of fabric 25 and the electrodes can be a lithium salt eutectic such as one
      of LiCl-KCl or LiCl-LiF-KBr. Various other suitable electrolytic salts can
      be selected from those listed in U.S. Pat. No. 3,488,221 cited above.
PAR  Negative electrodes 13 and 15 as assembled within the electrochemical cell
      and before electrical cycling are of porous metallic plaques of either a
      metal which will alloy with the negative electrode reactant, for example,
      aluminum or merely a nonreactive metal such as stainless steel. The
      metallic plaques can be a compact of fibers or wires, a metallic foam or
      an integral mass of sintered particles. Where porous aluminum plaques are
      employed, lithium-aluminum alloy is produced by electrochemically charging
      the cell.
PAR  Although not tried, it is reasonable to assume that a porous plaque of
      stainless steel or other nonreactive metal could be employed as the
      electrode structure illustrated at 13 and 15. On electrochemically
      charging the cell, elemental lithium metal could be expected to deposit
      within the stainless steel plaque, particularly if the cell is operated at
      600.degree.C. or over to enhance wetting. Alternatively, the interstitial
      surfaces within the porous plaque can be treated with an agent to reduce
      the surface tension of the molten lithium for operation at a lower
      temperature. As an example, a film of copper or copper alloy deposited
      onto the substrate surfaces may reduce the surface tension of liquid
      lithium sufficiently to cause wetting and impregnation of the porous
      plaque during electrocharging of the cell.
PAR  Positive electrode 17 disposed at the center of the cell comprises a single
      layer or a stack of several layers of a metallic mesh 27 as shown. Each of
      the mesh 27 are metallurgically bonded, forming electrical connection to
      terminal 21 and adjacent mesh with, for instance, a silver-copper alloy
      braze. The portion of terminal 21 penetrating into electrode 17 can
      comprise a stack of electrically conductive washers 18 of annular shape
      layered onto a central terminal pin between alternate layers of mesh.
      Suitable metallurgical bonds can be made between the washers and mesh.
PAR  The preferred metal for use in metallic mesh 27 is iron to permit formation
      of iron sulfides as the positive electrode reactant. Each layer of iron
      mesh is preferably of a low alloy concentration in order to minimize
      impurities within the electrochemical cell. For example, iron of about
      99.9% purity can be used. However, additives that are less reactive than
      iron, such as molybdenum, tungsten or carbon and are electrically
      conductive materials, can be included if desired and may serve to enhance
      current collection after disintegration of the iron mesh.
PAR  Each layer of iron mesh will also have a sufficient proportion of open
      surface to permit press filling in powdered form of the remaining
      electrode materials. Iron mesh of 60 to 80% openings and 0.5 mm thickness
      have been found to be suitable in this application. For purposes of this
      application the term mesh shall include seives, screens, nets or any
      perforated layer of metal.
PAR  As assembled, electrode 17 also includes an intimate mixture of the cell
      electrolyte and the electrochemical cells' reaction product (lithium
      sulfide) embedded under pressure within the openings and interstices
      within the iron mesh stack. In one embodiment of the invention as
      illustrated in FIG. 1, the amount of lithium sulfide included within
      positive electrode 17 will be substantially less than the stoichiometric
      amount necessary to react with all of the iron to form FeS in accordance
      with the reaction
      ##EQU1##
      By including a substantial stoichiometric excess of iron within this
      electrode, sufficient iron mesh is expected to remain after the complete
      electrocharging of the cell to serve as a current collector within the
      positive electrode 17. At least a stoichiometric quantity of iron is
      provided in the mesh to enhance reactivity with the embedded Li.sub.2 S
      while the excess iron is included either as additional mesh or as a
      structural member within the positive electrode containment.
PAR  Mesh of transition metals other than iron, such as cobalt, nickel or even
      molybdenum, can be employed in the positive electrode to form the
      corresponding sulfides as the electrode reactant. Typical reactions such
      as the reverse of those presented in the Background of the Invention are
      carried out during the electrochemical charging of the cell. The charging
      voltage of the cell is controlled at that required to form the desired
      metallic sulfides. As an example, charge voltages in respect to an Li-Al
      negative electrode are about 1.49 volts to form NiS, 1.74 to form
      CoS.sub.2, 1.39 to form Cu.sub.2 S and in excess of 2.7 to form MoS.sub.2
      as opposed to about 1.33 volts for FeS and 1.77 for FeS.sub.2.
PAR  Of these materials molybdenum requires a much higher voltage for its
      oxidation than the other metals. For this reason, molybdenum can be
      included in the positive electrode either as a reactive materal or as an
      inert current collector material. The voltage set and controlled during
      the charging of the cell determines the role of a metal such as
      molybdenum.
PAR  In providing a mixture of lithium sulfide and an electrolyte for including
      within positive electrode 17, the materials are blended and ground
      together into a uniform and finely divided powder, for example of 5 to 30
      microns diameter. The mixture can include as much as 60 to 90% Li.sub.2 S
      by weight. The blended powders are heated to a temperature in excess of
      the melting point of the electrolyte (352.degree.C. for LiCl-KCl
      eutectic). Repetitive grinding and heating to elevated temperatures
      produce a powdered mass of finely divided lithium sulfide particles coated
      and wetted with a layer of electrolyte. Electrode materials prepared in
      this manner can then be forced under pressure into the openings within a
      layer or a stack of iron mesh in order to form the compact of positive
      electrode 17. Typical pressing techniques will involve 200 to 700
      kg/cm.sup.2 for 10 to 30 minutes.
PAR  As an alternative, sufficient electrolyte can be blended with the lithium
      sulfide to form a paste-like mixture at temperatures above the melting
      point of the electrolyte. Such mixtures will include a low proportion of
      lithium sulfide, e.g. only about one third to one half the total by
      weight. The paste mixture can be pressed into the stack of iron mesh or,
      alternatively, merely applied as a paste layer intermediate and into mesh
      members.
PAR  After the positive electrode compact is completed, it is enclosed within a
      ceramic fabric and assembled along with the porous aluminum, negative
      electrodes within a cell housing such as that shown in FIG. 1. The cell is
      hermetically sealed by conventional metallurical techniques and connected
      to a source of direct current at the appropriate polarity to
      electrochemically form the cell reactants. Electrocharging with the
      above-mentioned cell materials will produce FeS.sub.2 or FeS in the
      positive electrode and Li-Al alloy in the negative electrode.
PAR  Referring now to FIG. 2 where a more detailed view of a positive electrode
      is shown. The electrode includes a stack of several layers of mesh, some
      of which are of a reactive metal such as iron, nickel or cobalt while the
      others are of a more inert metal, having a higher oxidation potential,
      such as the refractory metals molybdenum, niobium, tungsten and their
      alloys. As illustrated, two sets of four layers each of reactive metal
      mesh 31 and 31' are interposed among three spaced layers of inert,
      refractory metal mesh 33. The layers of inert metal mesh 33 are of
      somewhat greater thickness than those of reactive metal mesh 31. The
      increased thickness provides adequate cross section for current collection
      even if some chemical or electrochemical corrosion occurs. The reactive
      metal mesh is of lesser thickness to provide greater contact area per unit
      mass with the Li.sub.2 S-electrolyte mixture 32.
PAR  Each of the inert metal layers is shown having a centrally disposed washer
      35 that is metallurgically bonded to the central electrode terminal 37.
      Washers similar to those illustrated at 35 can also be supplied on each of
      the reactive metal layers 31 to add to structural integrity. However,
      since most of the iron mesh will enter the cell reaction, this is of
      lesser importance.
PAR  The stack of inert metal and iron mesh are impregnated with an intimate
      mixture of lithium sulfide and electrolyte as was discussed in conjunction
      with FIG. 1. The positive electrode compact thus formed is enclosed within
      a ceramic fabric 39 of such as zirconium oxide, boron nitride or yetrium
      oxide and a basket 41 of a material such as molybdenum or stainless steel.
PAR  The use of an inert metal as a current collector material has particular
      application in the design of positive electrodes in which FeS.sub.2 is the
      intended reactant. Excess iron within the positive electrode reacts
      spontaneously with FeS.sub.2 to form FeS. Therefore, if the amount of iron
      included within the positive electrode, that is within the confines of
      ceramic insulator fabric 39 in electrical contact or capable of migrating
      into electrical contact with the positive electrode terminal 37, is less
      than the stoichiometric amount required to combine with all of the
      Li.sub.2 S present to form FeS, and if the charge voltage is above 1.77
      volts, then FeS.sub.2 can be formed in accordance with the equation:
TBL               charge                                                       
     Fe + 2 Li.sub.2 S                                                         
                  .revreaction.                                                
                              4 Li + FeS.sub.2                                 
                  discharge                                                    
PAL  In order to avoid the formation of elemental sulfur (2.1 volts vs. Li-Al)
      within the cell, at least enough iron is included to stoichiometrically
      balance the Li.sub.2 S in the electrode with formation of FeS.sub.2.
      Therefore, in positive electrodes in which the reactant is to be FeS.sub.2
      or a combination of FeS.sub.2 and FeS, the amount of elemental iron
      included within the layers of mesh 31 or in other forms within the
      positive electrode will be in a 1:1 to 1:2 mole ratio to the amount of
      Li.sub.2 S present. In cells in which the electrode reactant is to be only
      FeS, substantial excess of iron can be included to ensure complete
      reaction and to serve as current collector material. This is of
      considerable benefit due to the relative lower cost of iron in respect to
      the various inert metals that are suitable for current collection.
PAR  In employing nickel and cobalt sulfides as the positive electrode reactant,
      the same principles governing the ratio of the metal to Li.sub.2 S hold.
      For example, large stoichiometric excess of cobalt metal is only possible
      if the electrode reactant is to be CoS. Where Co.sub.3 S.sub.4, Co.sub.2
      S.sub.3 or CoS.sub.2 are to be electrochemically produced within the
      positive electrode, more precise stoichiometric amounts of cobalt are
      included along with an inert metal or current collection.
PAR  The term inert metal as used in this application shall be interpreted to
      mean a metal which is characterized by a substantially higher oxidation
      potential (vs. a common negative electrode reactant) than that of the
      reactive metal selected for use. Consequently, the inert metal will not
      electrochemically react with Li.sub.2 S during the charging of the cell if
      the charging voltage is controlled close to that required to produce the
      desired positive electrode reactant.
PAR  Table I below lists oxidation potentials for several potential reactive and
      current collector materials in the absence of Li.sub.2 S. The reaction of
      Li.sub.2 S and the metal occurs generally at a voltage of 0.2 to 0.5 volts
      less than that of the listed oxidation potentials.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Oxidation Potentials of Metals vs. Li.sup.a in LiCl-KCl at                
     400-450.degree.C.                                                         
     __________________________________________________________________________
                 Observed                                                      
                      Theoretical                                              
                 V    V      Probable Reaction                                 
     __________________________________________________________________________
     Stainless Steels, Fe                                                      
                 2.15 2.13   Fe(0) - Fe(II)                                    
     Solid Co    2.25 2.31   Co(0) - Co(II)                                    
     Cu Felt     2.28 2.35   Cu(0) - Cu(I)                                     
     Nb Mesh     2.50 --     Nb(0) - Nb(IV)                                    
     Mo Foam     2.70 2.70   Mo(0) - Mo(III)                                   
     Mo-W Alloy  2.73 2.70   Mo(0) - Mo(III)                                   
     Cl.sub.2    3.0  3.66   Cl.sup.-                                          
     Cl.sub.2    3.70 3.66   Cl.sup.-                                          
     __________________________________________________________________________
      .sup.a Oxidation potentials vs. Li-Al alloy are approximately 0.3 volts  
      less than those shown.                                                   
PAR  It can be seen from Table I that the refractory metals niobium, molybdenum,
      and tungsten are particularly well suited for use as inert current
      collector materials in cells employing a limited stoichiometric proportion
      of iron for the production of FeS.sub.2. Other suitable inert and reactive
      metal combinations can likewise be selected from Table I as well as from
      other published data on oxidation potentials.
PAR  In FIG. 3 another electrochemical cell configuration is illustrated that
      has been used in experimentally evaluating various electrodes. The cell
      includes a metallic housing 51 containing a positive electrode 47
      supported above and spaced from a negative electrode 49 within a pool of
      molten electrolyte 55. An electrically insulative cylinder 59 of, for
      instance, beryllium oxide is interposed between the positive electrode 47
      and the housing walls to prevent current leakage carried by electrolyte
      impurities. The negative electrode is disposed in electrical contact with
      the cell housing which is employed as the negative terminal.
PAR  The positive electrode 47 illustrated is essentially that employed in the
      electrochemical cell of Example II. It is contained within a stainless
      steel ring 46 with top and bottom screens 50. A ceramic fabric 52 covers
      the upper and lower surfaces of a compact 54 having the Li.sub.2
      S-electrolyte mixture embedded into metallic mesh 57. Electrical contact
      to the positive electrode is made through terminal 53 by means of an
      attached perforated plate 56 between the top layer of fabric 52 and the
      upper surface of compact 54. Plate 56 is suitably bonded to ring 46 to
      support and to provide electrical contact to the positive electrode
      compact at its upper surface and at its peripheral edges.
PAR  The following examples are presented based on the operation of cells having
      a general configuration similar to that illustrated in FIG. 3. Various
      specific characteristics of these cells described in these examples are
      set forth in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Example        I      II    III                                           
     Cell           Y-2    Y-3   Y-4                                           
     __________________________________________________________________________
     Positive Electrode                                                        
     Li.sub.2 S, gm 7.5    2.6   10.8                                          
     gm-moles       0.16   0.057 0.235                                         
     Fe, gm         8.2          18.7                                          
     gm-moles       0.15   *     0.335                                         
     Mesh Layers, Fe                                                           
                    8      1     4 (loaded)                                    
     Mo             3      0     0                                             
     Electrolyte (LiCl-KCl), gm                                                
                    15     1.3   7.2                                           
     Area, cm.sup.2 20     20    20                                            
     Active Volume, cm.sup.3                                                   
                    20     2.9   12.6                                          
     Electrode reactant                                                        
                    FeS + Fe.sub.2 S                                           
                           FeS   FeS                                           
     Theoretical capacity                                                      
     Amp hrs.       7.87   2.98  12.6                                          
     Negative Electrode                                                        
     Al, gm         25.4   25    25                                            
     Area, cm.sup.2 35     42    42                                            
     Volume, cm.sup.3                                                          
                    22     17    17                                            
     Electrode separation, cm                                                  
                    1.0    0.5   0.5                                           
     Operating temperature, .degree.C.                                         
                    400-430                                                    
                           400-450                                             
                                 420                                           
     __________________________________________________________________________
      *Positive electrode current collection and terminal was in the form of a 
      stainless steel ring at the electrode periphery which provided substantia
      excess of iron to that required for FeS formation.                       
PAC  EXAMPLE I
PAR  An experimental electrochemical cell was assembled in a completely
      discharged condition. The negative electrode disposed at the bottom of the
      cell was a disk of compacted aluminum fibers covered with a stainless
      steel screen. The positive electrode was substantially the same as that
      illustrated in FIG. 2 containing three layers of molybdenum mesh and eight
      layers of iron mesh. A mixture of powdered Li.sub.2 S and molten LiCl-KCl
      in a weight ratio of two parts electrolyte to one part Li.sub.2 S was
      prepared and applied as a paste in between and into the openings of each
      layer of iron mesh. Substantially uniform amounts of paste were applied to
      and throughout the area of each mesh layer. As each layer was assembled
      onto the central electrical terminal, it was brazed thereto with a
      copper-silver alloy brazing material. The amount of iron included within
      the mesh was sufficent to combine with all the lithium sulfide to form
      FeS.sub.2 but insufficient to combine with all of the sulfur as FeS with
      excess iron.
PAR  The cell was operated over 166 discharge/charge cycles and 1433 hours. The
      positive electrode capacity remained stable even at as much as 6.5
      amp-hours capacity and one amp current. One aspect of the cell performance
      is presented in FIG. 4 where the average amp-hour and watt-hour
      efficiencies are shown for cycles 147 to 165 at various current densities.
PAR  A plot of cell discharge and charge voltage versus capacity at one amp in
      an early formation cycle is shown in FIG. 5a. The discharge voltage
      typifies an FeS electrode in respect to a lithium-aluminum electrode, with
      a small additional capacity contributed by FeS.sub.2. FIGS. 5b through 5e
      show the voltage of various currents taken over a 15 second interval and
      at various states of discharge. The small rectangles shown in FIG. 5a
      corresponds to these various states of discharge. Currents of 6, 10, 16
      and 27 amps were superimposed for these short durations on the 1-amp
      continuous discharge shown in FIG. 5a.
PAR  The physical shape and size of the positive electrode was examined several
      times during the cell operation and at its termination. No noticeable
      geometric distortion or volume change was detected by the visual
      examination.
PAC  EXAMPLE II
PAR  An electrochemical cell substantially as shown in FIG. 3 was assembled and
      tested. In preparing the active materials within the positive electrode,
      two parts of Li.sub.2 S were mixed with one part LiCl-KCl eutectic salt by
      weight. The dry mix was ground to pass a 70-mesh U. S. standard screen and
      heated to 425.degree.C. in a vitreous carbon crucible to melt the
      electrolytic salt. After cooling, this procedure was repeated and the
      final material also ground to pass a 70-mesh screen.
PAR  The resulting mixture of substantially uniform Li.sub.2 S-electrolyte
      composition was weighed to stoichiometrically match a 5-cm diameter,
      14-mesh iron mesh based on conversion of Li.sub.2 S to FeS. Excess iron
      for current collection was provided by the electrode structure and
      electrode terminal which were of stainless steel. The powdered mixture was
      hot-pressed into the iron mesh at 300.degree.C., 15 ton (680 kg/cm.sup.2)
      pressure and 30 minutes total pressing time. Inspection revealed a compact
      of uniform thickness and distribution of the electrode materials. The
      resulting electrode compact was 7.2 grams, 1.45 mm thick, and 94% of
      theoretical density. The theoretical capacity loading was 1.02 amp-hours
      per cm.sup.3.
PAR  The charging characteristics of the cell were similar to those of cell Y-2
      in that the charge voltage rose to a plateau of about 1.6 to 1.7 volts (IR
      free). This is consistent with the theory that the reaction at the
      positive electrode is Fe yields Fe.sup.2.sup.+ + 2e.sup..sup.-. The iron
      ion (probably as FeCl.sub.4.sup.2.sup.- ) then migrates to the Li.sub.2 S
      and reacts Fe.sup.2.sup.+ + Li.sub.2 S yields FeS + 2 Li.sup..sup.+.
PAR  The cell was operated for 43 cycles and 300 hours until it was voluntarily
      terminated. A temporary electrical short at about 200 hours was caused by
      a direct physical contact between the two electrodes and was cleared up by
      physical separation. During the operation the cell consistently performed
      at capacity densities of 0.7 amp-hour per cm.sup.3 at 50 milliamps per
      cm.sup.2 current density based on the active compact volume. Inspection of
      the positive electrode after cycling showed minimal distortion. Other
      results of the cell operation are presented in FIGS. 6a through 6e. The
      amp-hour and watt-hour efficiencies of FIG. 6a are based on discharge to
      charge proportions.
PAC  EXAMPLE III
PAR  An electrochemical cell similar to that of Example II was tested with a
      positive electrode having a stack of four compacts of electrode materials
      embedded into iron mesh. Each compact included approximately equal
      stoichiometric amounts of iron and Li.sub.2 S to form FeS. Excess iron was
      provided with two additional layers of iron mesh at the top and bottom of
      the stack. A clamp-type electrical contact was metallurgically bonded to
      each layer of mesh.
PAR  This cell was operated for over 1000 hours and 60 cycles until it was
      voluntarily terminated. Typical sulfur utilization of 70% at 98% amp-hour
      efficiency and 75% watt-hour efficiency (based on the amount of watt-hour
      discharged and charged) were attained at 50 mA/cm.sup.2 current density. A
      discharge capacity of 6 to 8 amp-hours was maintained throughout most of
      the test. Other operating characteristics were basically similar to those
      given with Example II, demonstrating that a plurality of positive
      electrode compacts can be combined in a stack to provide additional
      amp-hour capacity.
PAR  It will be seen from the above examples and discussions, that a
      high-temperature and high-specific-energy electrochemical cell can be
      assembled in a completely discharged state. This eliminates the need for
      handling highly reactive electrode materials in cell assembly. Therefore,
      reduced contamination of the electrode reactants and improved safety are
      achieved. Although the invention is described in detail in respect to the
      examples and the individual drawings, it will be clear that modifications
      in materials and structure can be made by those skilled in the art within
      the scope of the invention as defined in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A completely discharged, secondary electrochemical cell assembly having
      a cell housing, a positive and a negative electrode disposed within said
      housing, a molten electrolyte including a lithium salt intermediate said
      positive and negative electrodes, said cell as assembled comprising:
PA1  in said positive electrode, a porous containment structure penetrable by
      said electrolyte in molten state, a metallic mesh comprising a metal
      selected from the group consisting of Fe, Co, Ni, Cu and Mo disposed in
      said containment structure, an intimate mixture consisting essentially of
      solid, particulate Li.sub.2 S and said molten electrolyte embedded into
      said metallic mesh in uniform quantities throughout said mesh, and a
      positive electrode terminal in electrical contact with said mixture and
      said metallic mesh; and
PA1  in said negative electrode, a porous solid mass consisting essentially of
      aluminum metal, impregnable by said electrolyte in molten state, and a
      negative electrode terminal in electrical contact with said porous mass of
      aluminum, said negative and said positive electrode terminals being
      electrically accessible from outside said cell housing for connection of a
      source of electrical potential to electrochemically form a metallic
      sulfide of a metal selected from the group consisting of Fe, Co, Ni, Cu
      and Mo within said positive electrode and lithium-aluminum alloy within
      said negative electrode.
NUM  2.
PAR  2. The electrochemical cell of claim 1 wherein a plurality of said metallic
      mesh embedded with said mixture are disposed in layers within said
      positive electrode.
NUM  3.
PAR  3. The electrochemical cell of claim 1 wherein said metallic mesh comprises
      a transition metal selected from the group consisting of iron, cobalt and
      nickel.
NUM  4.
PAR  4. The electrochemical cell of claim 3 wherein said transition metal is
      iron included in stoichiometric ratio in respect to said Li.sub.2 S
      sufficient to form FeS.sub.2 without excess Li.sub.2 S but insufficient to
      form FeS with excess iron and wherein there is included within said
      containment structure of said positive electrode a mesh of an inert metal
      having an oxidation potential versus lithium substantially higher than
      that of iron.
NUM  5.
PAR  5. The electrochemical cell of claim 4 wherein said inert metal is selected
      from the group consisting of molybdenum, tungsten and alloys of molybdenum
      and tungsten.
NUM  6.
PAR  6. The electrochemical cell of claim 3 wherein said transition metal is
      iron included in substantial stoichimetric excess in respect to Li.sub.2 S
      of that required to form FeS, said excess iron being retained in said
      positive electrode as current collector material.
NUM  7.
PAR  7. The electrochemical cell of claim 1 wherein said intimate mixture of
      Li.sub.2 S and said electrolyte comprises particles of Li.sub.2 S coated
      with fused electrolyte in a composition by weight of about 60 to 90%
      Li.sub.2 S.
NUM  8.
PAR  8. The electrochemical cell of claim 7 wherein said coated particles are of
      about 5 microns to 30 microns in size and are in compacted engagement with
      adjacent particles and with said metallic mesh.
NUM  9.
PAR  9. A method of preparing an electrochemical cell having a positive
      electrode with iron sulfide as a reactant, a negative electrode with
      lithium, in the form of lithium-aluminum alloy, as a reactant, and an
      electrolyte including a lithium salt intermediate said positive and
      negative electrodes, the improved method comprising admixing particulate
      lithium sulfide and said electrolyte to form a uniform and intimate
      mixture; pressing said intimate mixture into interstices within a metallic
      mesh of a metal comprising Fe to form a positive electrode compact that is
      substantially free of iron sulfides; enclosing said compact within a
      containment structure including an electrical terminal in electrical
      contact with said compact; sealing said positive electrode compact within
      said cell housing along with said electrolyte and a negative electrode
      structure consisting essentially of a porous aluminum mass; and
      electrochemically charging said sealed cell to form iron sulfide within
      said positive electrode and lithium-aluminum alloy within said negative
      electrode.
NUM  10.
PAR  10. The method according to claim 9 wherein said intimate mixture of
      lithium sulfide and electrolyte is formed by contacting said particulate
      Li.sub.2 S with molten electrolyte to produce Li.sub.2 S particles having
      a coating of fused electrolyte.
NUM  11.
PAR  11. The method of claim 10 wherein said intimate mixture of lithium sulfide
      and electrolyte is repetitively ground and heated to a temperature in
      excess of the melting point of said electrolyte to form lithium sulfide
      particles coated with electrolyte of sizes between 5 microns and 30
      microns.
NUM  12.
PAR  12. The method of claim 9 wherein said intimate mixture of lithium sulfide
      and electrolyte is pressed into a plurality of stacked metallic mesh at a
      pressure of about 200 to 700 kg/cm.sup.2 for an interval of about 10 to 30
      minutes.
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ABST
PAL  A negative electrode plate, for a battery containing at least one positive
      and one negative electrode plate, with alkaline electrolyte contacting the
      plates, is made by reacting iron oxides contained within the plate volume
      with at least one sulfur substituted organic acid of the thiolic,
      dithiolic, dithionic or mercaptocarboxylic type.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part application of copending
      U.S. Pat. application Ser. No. 116,378, filed on Feb. 18, 1971 now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the process of super activating the negative iron
      electrode of an iron-nickel or iron-air battery. More particularly, this
      invention relates to the reaction of sulfur substituted organic acids of
      the thiolic, dithiolic, dithionic or mercaptocarboxylic types with iron
      active battery materials to provide activated battery plates.
PAR  Certain parameters are fixed in battery cell design, such as grams of iron
      oxide that can be loaded per cubic centimeter of electrode volume.
      Therefore, any means of increasing the actual utilization of iron oxide
      would be highly desirable. Another serious problem in sealed battery cells
      employing alkaline iron electrodes, has been the vigorous evolution of
      hydrogen gas during most of the charging process.
PAR  The iron battery electrode plate is composed of a finely divided iron
      powder, deposited or impregnated in a supporting plaque and compacted to a
      desired density. When pure iron oxide powder is used as an electrode
      active material in an alkali electrolyte, a battery has limited
      utilization due to the rapid formation of a passivating film on the iron
      surface.
PAR  To facilitate the discharging of the electrode plate, a reaction promoting
      additive for the electrode active material is needed. Such an additive
      should have the ability to activate the entire substance, though present
      in relatively small amounts.
PAR  The addition of ferrous sulfides or elemental sulfur as additives to iron
      oxide powder in a negative iron electrode is known in the art, as shown in
      U.S. Pat. No. 2,871,281 to Moulton and U.S. Pat. No. 3,507,696 to
      Jackovitz. These methods have involved sulfide absorption by the iron
      electrode from a solution of hydrogen sulfide gas in the electrolyte or
      mechanical mixing of ferrous sulfide with iron oxide and fusion of
      elemental sulfur with iron oxide at elevated temperatures.
PAR  Our invention relates to a total process which is a less expensive and
      simpler means for activation of the iron oxide powder. Electrodes
      activated by our method show an increase in the rate of charge acceptance
      without appreciable gassing, and their performance can be favorably
      compared with electrodes activated by the molten sulfur technique, which
      usually yields outputs in the range of 0.50 to 0.55 amp.-hr/gram of active
      material.
PAR  The reaction of iron oxides with mercaptocarboxylic acids in our method,
      generally produces a mixture that contains a chelate that is stable
      against hydrolysis and extremely useful as battery active material. Metal
      salts of succinic and succinamic acids have been disclosed as detergents
      and rust inhibitors in U.S. Pat. No. 3,271,310 to Le Suer and U.S. Pat.
      No. 3,365,477 to Gee, but neither disclose mercapto-succinic acid salts of
      metals, which are corrosion producers.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that reaction of iron powders with thioacids and especially
      with certain sulfur containing organic acids of the thiolic, dithiolic or
      mercaptocarboxylic types, provides a superactivated iron battery material,
      and electrodes prepared using this material have improved charge
      acceptance characteristics when compared to electrodes doped with
      elemental sulfur or iron sulfide. The battery material of this invention
      is a mixture of unreacted iron oxides and the reaction product of iron
      oxides and thioacid and must have a sulfur concentration of at least about
      0.01 weight percent total combined and uncombined sulfur.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      accompanying drawings in which:
PAR  FIG. 1, shows a battery electrode plaque loaded with the active battery
      material of this invention;
PAR  FIG. 2 is a graph showing the relative performance of several sulfur
      containing activators in iron electrodes;
PAR  FIG. 3, is a graph showing the charge acceptance characteristics of iron
      electrodes activated with thioacetic acid; and
PAR  FIG. 4, is a graph showing the charge acceptance characteristics of iron
      electrodes activated with mercaptosuccinic acid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One embodiment of a battery, utilizing the active material of our
      invention, would generally comprise a plurality of alternate negative
      (iron), and positive (nickel) plates with plate separators therebetween
      all contacted by alkaline electrolyte and housed in a case having a cover,
      a vent, and positive and negative terminals. Another embodiment would be
      the use of this active material in the negative plates of an iron-air
      battery.
PAR  Preferred electrode plaques, shown in FIG. 1 of the drawings, are made from
      fibers, preferably nickel, or metal coated fibers, such as nickel coated
      steel or iron. The plaque 10, is a flexible, expansible, compacted sheet
      of relatively smooth, generally contacting, intermingled, metal fibers as
      shown at point 11 in the body of the plaque. The plaque has, in the
      embodiment shown, top edge 12 coined to a high density. The coined area
      provides a base to which lead tab 13, which is attached to the battery
      terminals, is spot welded. The plaque is preferably between 75 and 95
      percent porous i.e., having a plaque density between 5 and 25 percent of
      theoretical density. Activated iron electrode material is loaded into the
      interstices of the body of this fibrous plaque to provide an electrode
      plate.
PAR  The metal fibers are preferably metallurgically diffusion bonded in a
      protective atmosphere at temperatures up to the melting point of the
      fibers used. In metallurgical diffusion bonding, the fibers are not
      melted. If the fibers are melted, protuberances will be formed reducing
      the active material loading (volume) within the plaque. In the preferred
      plaque, there should only be a interdiffusion of metal atoms across the
      metal interface at contact points 14 along the fiber lengths.
      Metallurgical diffusion bonding provides an electrode structure having a
      large pore volume into which active material can be pasted or otherwise
      loaded. Metallurgical diffusion bonding also lowers the electrode plate
      resistance appreciably and thus the internal cell resistance in a finished
      cell. This invention can, however, be used with other plaque structures.
PAR  The body of active material is a mixture of (1) iron oxides and (2) the
      reaction product of iron oxides with sulfur substituted organic acids. It
      can be prepared by chemically reacting iron oxide particles with
      sulfursubstituted organic acids to form a simple mixture of reacted and
      unreacted iron oxides. The iron particles are substantially pure finely
      divided oxide powders generally having an average particle size range of
      from about 0.2 to 74 microns. The iron particles include at least one
      oxide of iron or iron oxide hydrate. The iron particle component can
      include, for example, ferrous oxide (FeO), ferric oxide (Fe.sub.2
      O.sub.3), ferrosoferric oxide (FeO.Fe.sub.2 O.sub.3 or Fe.sub.3 O.sub.4),
      hydrated ferric oxide (Fe.sub.2 O.sub.3.H.sub.2 O), and mixtures thereof.
PAR  Suitable commercial iron oxide compounds include substantially pure iron
      oxide or iron oxide hydrates such as Mapico Black (from Columbian Carbon
      Company) containing approximately 99% Fe.sub.3 O.sub.4 (22% FeO + 77%
      Fe.sub.2 O.sub.3) and Meramec 25 (from St. Joseph Lead Company) containing
      approximately 94% Fe.sub.3 O.sub.4 and 5% Fe.sub.2 O.sub.3, with only
      about 1% total impurities. The iron particle component i.e. iron oxides or
      hydrated iron oxides cannot contain substantial amounts, over about 10
      wt.%, of impurities, such as, for example, MgO, BaO, CaO, SiO.sub.2 or
      Al.sub.2 O.sub.3 or the active battery electrode material will be poisoned
      and not useful in battery electrode plates, because of poor electrode
      capacity values, i.e. in the range of about 0.05 to 0.1 amp hr/gr. after
      about 15 cycles.
PAR  The iron particle component can be activated by reacting with sulfur
      substituted organic acids of the thiolic types, such as for example,
      thioacetic acid (thiolacetic acid), thio-isopropionic acid, thio-formic
      acid and thiobenzoic acid, and dithiolic types, such as for example,
      dithiodiglycolic acid and dithiodibenzoic acid. Examples of contact with a
      thiolic type acid includes the reactions:
      ##EQU1##
      ferrous oxide thioacetic acid iron thio salt and
      ##EQU2##
      ferric oxide thioacetic acid iron thio salt
      ##EQU3##
PAR  In the reactions above, a major portion, up to about 99% of the iron oxides
      remain unreacted. When ferrous oxide is completely reacted with thioacetic
      acid, the reaction product is dark green iron (II) thioacetate, a compound
      that is stable at room temperature. Heating the solid or boiling with
      water causes rapid decomposition yielding a variety of products including
      iron sulfide and hydrogen sulfide. The corresponding reaction with ferric
      oxide is quite complex as shown above, yielding iron (III) thioacetate.
      Iron (III) thioacetate is not stable at room temperature and hydrolyzes
      slowly, eventually yielding iron acetate, iron sulfide and sulfur. For the
      sulfur containing thiolic acids, the electrode activator it is believed
      comprises a mixture of the iron thio-salt and iron sulfide.
PAR  The sulfur substituted organic acids of the thiolic type useful in this
      invention are water soluble and have the structural formula:
      ##EQU4##
      wherein R is selected from the group consisting of a hydrogen radical,
      linear alkyl radicals having from 1 to 5 carbon atoms, the monovalent
      branched carbon chain radical:
      ##EQU5##
      wherein X is selected from the group consisting of alkyl radicals having
      from 1 to 4 carbon atoms, monovalent organic homocyclic or carbocyclic
      radicals selected from the group consisting of --C.sub.6 H.sub.5 phenyl
      and --C.sub.5 H.sub.4 cyclopentyl radicals, monovalent organic
      heterocyclic radicals selected from the group consisting of --C.sub.5
      H.sub.4 N pyridyl and --C.sub.4 H.sub.3 O furyl, and monovalent organic
      alicyclic radicals such as --C.sub.6 H.sub.11 cyclohexyl radicals.
PAR  The sulfur substituted water soluble organic acids of the dithiolic type
      useful in this invention have the structural formula:
      ##EQU6##
      wherein Y is selected from the group consisting of divalent radicals
      selected from the group consisting of --CH.sub.2 OCH.sub.2 --, and
      --C.sub.2 H.sub.4 OC.sub.2 H.sub.4 --, and divalent organic homocyclic
      radicals such as --C.sub.6 H.sub.4 --.
PAR  The iron particle component can also be activated by contact with sulfur
      substituted organic acids of the mercapto-carboxylic types, such as
      mercapto-succinic acid (thiomalic acid, HOOCCH(SH)CH.sub.2 COOH),
      thioglycolic acid (mercapto-acetic acid), mercapto-propionic acids and
      mercapto-butyric acids. An example of contact with a mercapto-carboxylic
      acid includes the reaction:
      ##EQU7##
PAR  In the reaction above, a major portion, up to about 99%, of the iron oxide
      remains unreacted. The reaction product of iron (III) oxide and
      mercaptosuccinic acid is a chelate of 1:1 stoichiometry. This chelate is
      stable against hydrolysis and the electrode can be said to initially
      contain no iron sulfide or elemental sulfur. The organic sulfur-iron
      chelate it is believed acts initially as the electrode activator in this
      case.
PAR  The sulfur substituted water soluble organic acids of the
      mercapto-carboxylic type useful in this invention can have a structural
      formula selected from the group consisting of:
      ##EQU8##
      wherein R' can be selected from the group consisting of divalent aliphatic
      hydrocarbon radicals having from 1 to 5 carbon atoms, divalent organic
      homocyclic radicals such as --C.sub.6 H.sub.4 --, and divalent organic
      alicyclic radicals such as --C.sub.6 H.sub.10 --, wherein the (SH) group
      can attach to any R' carbon atom, and
      ##EQU9##
      wherein R" can be selected from the group consisting of trivalent
      aliphatic hydrocarbon radicals having from 1 to 4 carbon atoms wherein the
      (SH) group can attach to any R" carbon atom. Mixtures of these acids may
      also be used.
PAR  Other sulfur substituted organic acids which are useful when alcohol is
      used as a solvent instead of water are dithionic acids having the
      structural formula:
      ##EQU10##
      wherein Z is selected from the group consisting of alkyl radicals having
      from 1 to 4 carbon atoms, a hydrogen radical, and monovalent organic
      homocyclic or carbocyclic radicals selected from the group consisting of
      --C.sub.6 H.sub.5 and --C.sub.5 H.sub.4 radicals. The dithionic acids are
      not as useful as the other acids heretofore described because they are
      insoluble in water and relatively unstable at room temperature.
PAR  Superactivated iron electrode materials which consist of (1) the reaction
      product of iron oxides and sulfur substituted organic acids to form
      iron-sulfur compounds plus (2) unreacted iron particle components,
      prepared as described above, must have a total combined and uncombined
      sulfur concentration in the range of from about 0.01 to 2.0 weight percent
      sulfur, based on the weight of iron-sulfur compounds plus unreacted iron
      oxides, for acceptable electrochemical performance in batteries. The
      preferred total sulfur range is from about 0.01 to 1.0 weight percent
      sulfur. Above about 2.0 weight percent and electrode performance
      significantly deteriorates. It is preferred to first load the plate with
      iron oxides and then react the iron oxides by dipping the plate in a
      sulfur acid. This provides complete and intimate mixing and distribution
      of the reacted and unreacted iron oxide components. However, it is also
      possible to react iron oxides with sulfur acids to form iron-sulfur
      compounds, and then mix the iron-sulfur compounds as a powder with iron
      oxides in amounts effective to provide a total sulfur content of from
      about 0.01 to 2 wt.% and then load the powder into the plate.
PAC  EXAMPLE I
PAR  Six, 1 in.sup.2 metallurgically bonded, expansible nickel fiber electrode
      plaques, about 85% porous, were loaded with an aqueous slurry of iron
      powder having an upper limit particle size of about 44 microns (325) mesh
      and a composition of about 94.0% Fe.sub.3 O.sub.4, 5.0% Fe.sub.2 O.sub.3
      and 1% total impurities (Sold under the trade name Meramec 25 by St.
      Joseph Lead Company). The iron oxide loaded plaques were then dried,
      weighted, and soaked at room temperature for about one-half hour in 200
      ml. aqueous solutions of 0.1 molar:
PA1  a. thioacetic acid,
PA1  b. mercapto-succinic acid,
PA1  c. thioglycolic acid,
PA1  d. thiobenzoic acid,
PA1  e. dithiodiglycolic acid, and
PA1  f. 2-mercaptoethanol (HSCH.sub.2 CH.sub.2 OH).
PAR  The activated plates (a-e) and plate (f) were then dried and weighed, and
      electrochemical test data for each was obtained using a single nickel-iron
      battery plate system in 25 weight percent KOH electrolyte, using a drain
      rate of 110 mA/in.sup.2 for 30 cycles (charge and discharge). The
      electrochemical performances of each of the plates is shown in FIG. 2 of
      the drawings.
PAR  Electrodes activated with thioacetic, thioglycolic and mercapto-succinic
      acids gave excellent outputs, as these materials are highly acidic and
      react quickly with the iron oxide surface. Electrodes activated with
      thiobenzoic acid and dithiodiglycolic acid showed moderate capacity. The
      thiobenzoic acid activator has very limited solubility in water and was
      too weakly acidic to react quickly with the iron oxide. Electrodes
      superactivated with thioacetic and mercapto-succinic acids attained an
      output of about 0.58 to 0.62 amp-hrs/gram of electrode active material
      after 25 cycles.
PAR  The electrode dipped with 2-mercaptoethanol gave poor electrochemical
      capacity relative to the others, leveling off very quickly, since
      2-mercaptoethanol does not contain an acid group and affords no
      significant reaction with the iron oxide.
PAR  Charge acceptance curves of iron electrodes activated with thioacetic and
      mercapto-succinic acids, measured by the volume of hydrogen liberated from
      the electrode during the charging process, at a charge density of
      333mA/in.sup.2, are shown in FIGS. 3 and 4 of the drawings. A reproducible
      plateau between 1.15 and 1.22 volts versus a Hg/HgO reference electrode
      was observed for the superactivated electrode, during which the electrode
      accepts charge at a high rate with negligible evolution of hydrogen gas.
      As can be seen from FIGS. 3 and 4, gassing becomes a factor only after
      about 55% of the theoretical charge has been accepted by the electrode.
      Such performance allows shorter charging time and is particularly
      advantageous for sealed battery cells or cells in which vigorous evolution
      of hydrogen gas is detrimental.
PAR  The ratio of total sulfur content for the active material, mixture
      containing iron-sulfur compounds and unreacted iron oxides, within
      electrode plates a-e and plate f is shown in Table 1:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Plate     (a) (b) (c) (d) (e) (f)                                         
     Loading   1.45                                                            
                   1.52                                                        
                       1.46                                                    
                           1.77                                                
                               1.77                                            
                                   1.92                                        
     (gr. oxide/in.sup.2)                                                      
     Total Sulfur                                                              
               0.42                                                            
                   0.31                                                        
                       0.19                                                    
                           0.05                                                
                               0.05                                            
                                   0.05                                        
     (wt. %)                                                                   
     __________________________________________________________________________
PAR  Total sulfur content of the battery material mixture, which contains
      unreacted iron oxide particles, and the reaction product of iron oxide
      particles and sulfur substituted organic acids to form iron-sulfur
      compounds, was determined using a National Bureau of Standards combustion
      technique. A weighed amount of active material was ignited and the evolved
      sulfur dioxide was collected in an acid solution of potassium iodide
      containing starch. Standardized potassium iodate solution was used to
      titrate to the starch-iodide endpoint.
PAC  EXAMPLE II
PAR  Activated electrode plates (g) and (h) were prepared as in Example 1,
      except that they were soaked for 12 hours in 200 ml. of 0.1 molar aqueous
      solutions of:
PA1  g. thioacetic acid and
PA1  h. mercapto-succinic acid.
PAR  Electrochemical test data for each was obtained as in Example 1. Electrodes
      (g) and (h), superactivated for a longer period with thioacetic and
      mercapto-succinic acids, attained an output of about 0.70 amp-hrs./gram of
      electrode active material after 25 cycles. The longer exposure of the iron
      oxide to the acid resulted in electrodes with higher efficiency having
      battery material containing about 1 wt.% total sulfur.
CLMS
STM  We claim:
NUM  1.
PAR  1. An activated iron electrode material suitable for use in a battery
      electrode plate consisting essentially of (1) iron particles consisting
      essentially of substantially pure iron oxides selected from the group
      consisting of FeO, Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4, Fe.sub.2
      O.sub.3.H.sub.2 O and mixtures thereof and (2) the chemical reaction
      product of an iron particle component consisting essentially of
      substantially pure iron oxides selected from the group consisting of FeO,
      Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4, Fe.sub.2 O.sub.3.H.sub.2 O and
      mixtures thereof and at least one sulfur substituted organic acid selected
      from the group consisting of thiolic, dithiolic, and mercapto-carboxylic
      acids, said mixture containing about 0.01 to 2 weight percent total
      sulfur.
NUM  2.
PAR  2. The electrode material of claim 1 wherein the sulfur substituted organic
      acid has the structural formula:
      ##EQU11##
      wherein R is selected from the group consisting of a hydrogen radical,
      linear alkyl radicals having from 1 to 5 carbon atoms, the monovalent
      branched carbon chain radical:
      ##EQU12##
      wherein X is selected from the group consisting of alkyl radicals having
      from 1 to 4 carbon atoms, monovalent homocyclic radicals selected from the
      group consisting of --C.sub.6 H.sub.5 and --C.sub.5 H.sub.4 radicals,
      monovalent heterocyclic radicals selected from the group consisting of
      --C.sub.5 H.sub.4 N, and --C.sub.4 H.sub.3 O radicals, and the monovalent
      alicyclic radical --C.sub.6 H.sub.11.
NUM  3.
PAR  3. The electrode material of claim 1 wherein the sulfur substituted organic
      acid is selected from the group consisting of thioacetic acid and
      thiobenzoic acid and wherein the mixture contains from about 0.01 to 1
      weight percent sulfur.
NUM  4.
PAR  4. The electrode material of claim 1 wherein the sulfur substituted organic
      acid has a structural formula selected from the group consisting of:
      ##EQU13##
      wherein R' is selected from the group consisting of divalent aliphatic
      hydrocarbon radicals having from 1 to 5 carbon atoms, the divalent
      homocyclic radical --C.sub.6 H.sub.4 --, and the divalent alicyclic
      radical --C.sub.6 H.sub.10 --, and wherein R" is selected from the group
      consisting of trivalent aliphatic hydrocarbon radicals having from 1 to 4
      carbon atoms.
NUM  5.
PAR  5. The electrode material of claim 1 wherein the sulfur substituted organic
      acid is selected from the group consisting of mercapto-succinic acid and
      thioglycolic acid and wherein the mixture contains from about 0.01 to 1
      weight percent sulfur.
NUM  6.
PAR  6. The electrode material of claim 1 wherein the sulfur substituted organic
      acid has the structural formula:
      ##EQU14##
      wherein Y is selected from the group consisting of divalent radicals
      selected from the group consisting of --CH.sub.2 OCH.sub.2 -- and
      --C.sub.2 H.sub.4 OC.sub.2 H.sub.4 --, and the divalent homocyclic radical
      --C.sub.6 H.sub.4 --.
NUM  7.
PAR  7. The electrode material of claim 1 wherein the sulfur substituted organic
      acid is dithiodiglycolic acid and wherein the mixture contains from about
      0.01 to 1 weight percent sulfur.
NUM  8.
PAR  8. A battery electrode plate comprising a supporting plaque loaded with
      iron electrode material consisting essentially of
PA1  1. iron particles consisting essentially of substantially pure iron oxides
      selected from the group consisting of FeO, Fe.sub.2 O.sub.3, Fe.sub.3
      O.sub.4, Fe.sub.2 O.sub.3.H.sub.2 O and mixtures thereof and
PA1  2. the chemical reaction product of an iron particle component consisting
      essentially of substantially pure iron oxides selected from the group
      consisting of FeO, Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4, Fe.sub.2
      O.sub.3.H.sub.2 O and mixtures thereof and at least one sulfur substituted
      organic acid selected from the group consisting of thiolic, dithiolic, and
      mercaptocarboxylic acids, said mixture containing about 0.01 to 2 weight
      percent total sulfur.
NUM  9.
PAR  9. The electrode plate of claim 8 wherein the plaque is between 75 and 95
      percent porous and comprises metallurgically bonded metallic fibers.
NUM  10.
PAR  10. The electrode plate of claim 9 wherein the mixture contains about 0.01
      to 1 weight percent sulfur, and the iron particles have an average
      particle size range of from about 0.2 to 74 microns.
NUM  11.
PAR  11. The electrode plate of claim 9 wherein the sulfur substituted organic
      acid has the structural formula:
      ##EQU15##
      wherein R is selected from the group consisting of a hydrogen radical,
      linear alkyl radicals having from 1 to 5 carbon atoms, the monovalent
      branched carbon chain radical:
      ##EQU16##
      wherein X is selected from the group consisting of alkyl radicals having
      from 1 to 4 carbon atoms, monovalent homocyclic radicals selected from the
      group consisting of --C.sub.6 H.sub.5 and --C.sub.5 H.sub.4 radicals,
      monovalent heterocyclic radicals selected from the group consisting of
      --C.sub.5 H.sub.5 N, and --C.sub.4 H.sub.3 O radicals, and the monovalent
      alicyclic radical --C.sub.6 H.sub.11.
NUM  12.
PAR  12. The electrode plate of claim 9 wherein the sulfur substituted organic
      acid is selected from the group consisting of thioacetic acid and
      thiobenzoic acid.
NUM  13.
PAR  13. The electrode plate of claim 9 wherein the sulfur substituted organic
      acid has a structural formula selected from the group consisting of:
      ##EQU17##
      wherein R' is selected from the group consisting of divalent aliphatic
      hydrocarbon radicals having from 1 to 5 carbon atoms, the divalent
      homocyclic radical --C.sub.6 H.sub.4 --, and the divalent alicyclic
      radical --C.sub.6 H.sub.10 --, and wherein R" is selected from the group
      consisting of trivalent aliphatic hydrocarbon radicals having from 1 to 4
      carbon atoms.
NUM  14.
PAR  14. The electrode plate of claim 9 wherein the sulfur substituted organic
      acid is selected from the group consisting of mercapto-succinic acid and
      thioglycolic acid.
NUM  15.
PAR  15. The electrode plate of claim 9 wherein the sulfur substituted organic
      acid has the structural formula:
      ##EQU18##
      wherein Y is selected from the group consisting of divalent radicals
      selected from the group consisting of --CH.sub.2 OCH.sub.2 -- and
      --C.sub.2 H.sub.4 OC.sub.2 H.sub.4 --, and the divalent homocyclic radical
      --C.sub.6 H.sub.4 --.
NUM  16.
PAR  16. The electrode plate of claim 9 wherein the sulfur substituted organic
      acid is dithiodiglycolic acid and wherein the mixture contains from about
      0.01 to 1 weight percent sulfur.
NUM  17.
PAR  17. A battery electrode plate comprising a supporting 75 to 95 percent
      porous plaque of metallurgically diffusion bonded metal fibers selected
      from the group consisting of nickel, nickel coated iron and nickel coated
      steel fibers loaded with an activated iron electrode material consisting
      essentially of (1) iron particles consisting essentially of substantially
      pure iron oxides, having an average particle size range of from about 0.2
      to 74 microns, selected from the group consisting of FeO, Fe.sub.2
      O.sub.3, Fe.sub.3 O.sub.4, Fe.sub.2 O.sub.3.H.sub.2 O and mixtures thereof
      and (2) the chemical reaction product of an iron particle component
      consisting essentially of substantially pure iron oxides, having an
      average particle size range of from about 0.2 to 74 microns, selected from
      the group consisting of FeO, Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4, Fe.sub.2
      O.sub.3.H.sub.2 O and mixtures thereof and at least one sulfur substituted
      organic acid selected from the group consisting of thioacetic acid,
      thio-isopropionic acid, thio-formic acid, thiobenzoic acid,
      dithiodiglycolic acid, dithiodibenzoic acid, mercapto-succinic acid,
      thioglycolic acid, mercapto-propionic acid, and mercapto-butyric acid,
      wherein the mixture contains from about 0.01 to 2 weight percent sulfur,
      providing a superactivated iron electrode material.
NUM  18.
PAR  18. The electrode plate of claim 17 wherein the sulfur substituted organic
      acid is selected from the group consisting of thioacetic acid and
      mercapto-succinic acid the fibers are selected from the group consisting
      of nickel coated iron and nickel coated steel and wherein the electrode
      material is loaded into the interstices of the body of the fibrous plaque.
NUM  19.
PAR  19. A method of making a porous battery plate comprising the steps of:
PA1  a. loading an iron particle component consisting essentially of
      substantially pure iron oxides having an average particle size range of
      from about 0.2 to 74 microns selected from the group consisting of iron
      oxide, iron oxide hydrate and mixtures thereof into a porous plaque, and
PA1  b. contacting the iron particle component in the plaque with at least one
      sulfur substituted organic acid selected from the group consisting of
      thiolic, dithiolic, and mercapto-carboxylic acids, by soaking the loaded
      plaque in a solution of the acid, to chemically react iron particles, to
      provide the iron particle component with about 0.01 to 2 weight percent
      total sulfur.
NUM  20.
PAR  20. The method of claim 19 wherein the plaque is between 75 and 95 percent
      porous and the iron particle component is selected from the group
      consisting of FeO, Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4, Fe.sub.2
      O.sub.3.H.sub.2 O and mixtures thereof.
NUM  21.
PAR  21. The method of claim 20 wherein the sulfur substituted organic acid has
      the structural formula:
      ##EQU19##
      wherein R is selected from the group consisting of a hydrogen radical,
      linear alkyl radicals having from 1 to 5 carbon atoms, the monovalent
      branched carbon chain radical:
      ##EQU20##
      wherein X is selected from the group consisting of alkyl radicals having
      from 1 to 4 carbon atoms, monovalent homocyclic radicals selected from the
      group consisting of --C.sub.6 H.sub.5 and --C.sub.5 H.sub.4 radicals,
      monovalent heterocyclic radicals selected from the group consisting of
      --C.sub.5 H.sub.5 N, and --C.sub.4 H.sub.3 O radicals, and the monovalent
      alicyclic radical --C.sub.6 H.sub.11.
NUM  22.
PAR  22. The method of claim 21 wherein the sulfur substituted organic acid is
      selected from the group consisting of thioacetic acid and thiobenzoic
      acid.
NUM  23.
PAR  23. The method of claim 20 wherein the sulfur substituted organic acid has
      a structural formula selected from the group consisting of:
      ##EQU21##
      and mixtures thereof; wherein R' is selected from the group consisting of
      divalent aliphatic hydrocarbon radicals having from 1 to 5 carbon atoms,
      the divalent homocyclic radical --C.sub.6 H.sub.4 --, and the divalent
      alicyclic radical --C.sub.6 H.sub.10 --, and wherein R" is selected from
      the group consisting of trivalent aliphatic hydrocarbon radicals having
      from 1 to 4 carbon atoms.
NUM  24.
PAR  24. The method of claim 23 wherein the sulfur substituted organic acid is
      selected from the group consisting of mercapto-succinic acid and
      thioglycolic acid.
NUM  25.
PAR  25. The method of claim 20 wherein the sulfur substituted organic acid has
      the structural formula:
      ##EQU22##
      wherein Y is selected from the group consisting of divalent radicals
      selected from the group consisting of --CH.sub.2 OCH.sub.2 -- and
      --C.sub.2 H.sub.4 OC.sub.2 H.sub.4 -- and the divalent homocyclic radical
      --C.sub.6 H.sub.4 --.
NUM  26.
PAR  26. The method of claim 25 wherein the sulfur substituted organic acid is
      dithidiglycolic acid and wherein the reaction product contains from about
      0.01 to 1 weight percent sulfur.
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ABST
PAL  A method for producing a high-strength cold rolled steel sheet or strip is
      disclosed. Steel comprising
PA1  0.05 to 0.15% of C;
PA1  0.02 to 0.30% of Si;
PA1  0.10 to 1.5% of Mn;
PA1  0.02 to 0.07% of Al; and
PA1  A total of 0.02 to 0.15% of at least one of
PA1  Nb, V, Ti and Zr;
PA1  With the remainder being iron and unavoidable  impurities,
PAL  Is hot rolled whereafter the hot rolled steel sheet or strip is coiled at a
      temperature of not more than 750.degree.C. The coiled sheet or strip is
      then cold rolled whereafter the cold rolled steel sheet or strip is
      subjected to annealing at a temperature between 670.degree.C and
      900.degree.C for 20 seconds to 10 minutes.
PARN
PAC  CROSS-REFERENCE TO PRIOR APPLICATIONS
PAR  This is a continuation-in-part of U.S. Pat. application Ser. No. 432,205
      filed Jan. 10, 1974, and now abandoned, which in turn is a
      continuation-in-part of U.S. Pat. application Ser. No. 326,490, filed on
      Jan. 24, 1973, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for producing high-strength cold
      rolled steel sheet, in which low-carbon steel containing a total of 0.02
      to 0.15% of one or more of Nb, V, Ti and Zr is hot rolled in such a manner
      that the coiling temperature of the hot rolled steel sheet (strip) is not
      more than 750.degree.C, preferably not more than 550.degree.C, and the hot
      rolled steel sheet is then cold rolled and subjected to a continuous
      annealing treatment.
PAR  In the development of industrial techniques and arts, press-formed steel
      sheet articles or thin-gauge structural steel sheets have been required to
      be structurally safe and reliable and to have high strength and good
      workability from the point of weight reduction.
PAR  The present invention relates to a method for producing materials which
      satisfy the above requirements.
PAR  It has previously been proposed to produce high-strength hot rolled steel
      sheets containing niobium by cold rolling and annealing. For example, in
      the Japanese Journal "Tetsu to Hagane" (Iron and Steel), No. 8, 1968,
      pages 102 to 114, entitled "Effects of Nb on Cold Working-Annealing
      Process of Low-Carbon Steel" it is disclosed that, when Al-Si-killed hot
      rolled steel sheet containing 0.03 to 0.06 wt. % of Nb is cold rolled and
      subjected to an ordinary box annealing, a high-strength cold rolled steel
      sheet having tensile strength of 60 kg/mm.sup.2 as annealed can be
      obtained.
PAR  However, when a high-strength cold rolled steel sheet as above is produced
      by application of box annealing, the following defects and difficulties
      are encountered.
PAR  Due to the characteristics of box annealing, it is unavoidable that
      substantial temperature differences are caused by the position of the
      coil.
PAR  On the other hand, the strength of the above steel grade as cold rolled and
      annealed is largely influenced by the annealing temperature, and it is
      difficult to obtain steel sheets having a uniform strength along the
      length of the coil.
PAR  This is due to the fact that the strength of the material when box annealed
      is maintained by the hardening effect of Nb precipitates which occurred
      during the hot rolling, and generally such Nb precipitates grow coarse
      during box annealing above the A.sub.1 transformation point, and the
      strength becomes lower than that of the hot rolled steel sheet. On the
      other hand, when the box annealing is done below about 670.degree.C,
      recrystallization takes place with difficulty even by a longtime annealing
      and it is unavoidable that the ductility is remarkably lowered. For the
      above reason the proper range of the annealing temperature for obtaining
      the same level of strength as that of hot rolled steel sheets is very
      narrow and it is difficult to obtain a steel strip having uniform strength
      along the whole length of the coil.
PAR  Therefore, it is one of the objects of the present invention to overcome
      the above defects and difficulties encountered in box annealing and to
      produce by economical continuous annealing a high-strength cold rolled
      steel sheet having higher strength than that of the hot rolled steel sheet
      and better balanced yield point-total elongation than that of box annealed
      materials.
PAR  The steel composition necessary for attaining the object of the present
      invention comprises 0.05 to 0.15% of carbon, 0.002 to 0.30% of Si, 0.10 to
      1.5% of Mn, 0.02 to 0.08% of Al, at least one of Nb, V, Ti and Zr in a
      total amount of 0.02 to 0.15%, the remainder being iron and unavoidable
      impurities. If the total addition of one or more of Nb, V, Ti and Zr is
      less than 0.02%, the desired results of the present invention cannot be
      obtained. On the other hand, if the total amount exceeds 0.15%, the
      production cost increases and the precipitates become coarse and the
      desired strength cannot be obtained.
PAR  Al is necessary for preventing segregation of elements such as Nb, V, Ti
      and Zr and for making the steel non-ageing, and less than 0.02 of Al is
      not enough for the above effects.
PAR  For applications where more than 70 kg/mm.sup.2 of tensile strength and
      more than 40 kg/mm.sup.2 of yield point are not required, it is not
      necessary to add Si. It is sufficient if Mn is present in such an amount
      as to prevent hot embrittlement. The lower limit for Mn is thus 0.1%.
PAR  In the course of continuously hot rolling the above steel composition, the
      present inventors discovered that the coiling temperature of the hot
      rolled steel strip affects the strength of the steel after continuous
      annealing. Thus, lower coiling temperature gives higher strength after the
      continuous annealing, and a coiling temperature below 750.degree.C,
      preferably 550.degree.C, is particularly effective.
PAR  In the present invention, the steel is hot rolled as above and cold rolled
      in an ordinary way and then subjected to continuous annealing.
PAR  The present invention shall be described in more detail by referring to the
      attached drawing.
PAR  FIG. 1 shows examples of yield point and tensile strength when steel strips
      coiled at different coiling temperatures are subjected to continuous
      annealing with various holding temperatures for annealing. The strength of
      these continuously annealed materials becomes largest when the holding
      temperature is 750.degree.C, and when the coiling temperature is
      490.degree.C, the difference of tensile strength due to the holding
      temperature being about 10 kg/mm.sup.2. Thus, the effect of the continuous
      annealing holding temperature on the strength is large, and a maximum
      strength is obtained around 750.degree.C and this tendency is remarkable
      when the coiling temperature is low. This point is the first feature of
      the present invention.
PAR  It has also been discovered that an appropriate combination of the coiling
      temperature and the continuous annealing temperature produces tensile
      strength as annealed higher than that of the hot rolled material.
      Regarding the tendency that the strength after continuous annealing varies
      depending on the combination of the coiling temperature and the continuous
      annealing holding temperature, it is generally recognized that the
      strength level varies depending on the type and amount of strengthening
      elements such as Nb, V, Ti and Zr when these elements are present.
PAR  The increase of strength by the continuous annealing is considered to be
      due to the fact that the solid dissolved elements, such as Nb, V, Ti and
      Zr, which have not completely precipitated during the hot rolling, remain
      as partial precipitates during the continuous annealing. If the holding
      time of the continuous annealing is excessively long, the precipitates of
      the above elements become coarse above the A.sub.1 transformation
      temperature, thus lowering the strength as in case of box annealing and
      causing economical disadvantage. Thus the holding time is preferably not
      more than 10 minutes. On the other hand, if the holding time is too short,
      recrystallization cannot take place and ductility is remarkably lowered.
      Thus the holding time should be not less than 20 seconds. A preferable
      range is 20 seconds to 3 minutes. The lower limit of the holding
      temperature is 670.degree.C for completion of recrystallization, and its
      upper limit is 900.degree.C in view of the transformation into the
      austenite as well as economy of the furnace. A preferable range is
      725.degree. to 800.degree.C. Then the cold rolled steel sheet or strip
      which has been subjected to the short-time continuous annealing as above
      is rapidly cooled so that much carbon in solid solution remains in the
      steel, particularly when the coiling temperature is relatively low, to
      wit, not higher than about 550.degree.C. Material deterioration, commonly
      called quench ageing, and lowering ductility is thus caused. In order to
      avoid this problem, it is desirable that an an overageing treatment for
      one to ten minutes, preferably 2 to 5 minutes at a between 300.degree.C
      and 400.degree.C, preferably 300.degree. and 350.degree.C, is conducted
      during the cooling step after the continuous annealing to accelerate the
      carbide precipitation, thereby avoiding the hardening effects peculiar to
      continuously annealed materials.
PAR  In this context it should be observed that the carbides and nitrides of Nb,
      V, Ti, etc. do not precipitate completely with a low temperature coiling
      at 550.degree.C or lower temperature so that it is necessary to
      precipitate them completely by the overageing in the continuous annealing
      step, and thus the overageing treatment is then important.
PAR  By contrast, in case of a high temperature coiling between 550.degree. and
      750.degree.C, the carbides and nitrides of Nb, V, Ti, etc. are
      precipitated completely so that the overageing treatment is not necessary
      in the continuous annealing step.
PAR  The material properties, particularly the balance between yield point and
      total elongation of the high-strength cold rolled steel sheet produced in
      the above manner are found to be better than those obtained by box
      annealing. This is the second feature of the present invention. The
      relation between the yield point and the total elongation in case when the
      steels having various chemical compositions within the scope of the
      present invention are produced by the method of the present invention is
      shown in FIG. 2 in comparison with that of the same materials but produced
      by box annealing.
PAR  It is understood from FIG. 2 that the total elongation of the steel sheet
      produced by the inventive method is larger than that of the box annealed
      material having the same level of yield point. It is clear that this
      produces very remarkable advantages in the forming works of a
      high-strength cold rolled steel sheet.
PAR  Also according to the present invention, it is possible to control very
      strictly the annealing temperature along the whole length of the coil so
      that non-uniformity of strength and ductility due to the temperature
      difference encountered in box annealing can be avoided.
PAR  The present invention will be more clearly understood from the following
      examples:
DETD
PAC  EXAMPLE I
TBL                Table 1                                                     
     ______________________________________                                    
     C    Si     Mn     P     S     Nb   V    Al    N                          
     0.12 0.25   1.33   0.013 0.007 0.05 0.03 0.026 0.0042                     
     ______________________________________                                    
PAR  A steel heat having the composition shown in Table 1 was tapped and
      continuously hot rolled. In the hot rolling step, the steel was hot rolled
      to a thickness of 3.2 mm and coiled at a coiling temperature of
      490.degree.C. The thus obtained hot rolled steel strip was cold rolled to
      a thickness of 0.8 mm by an ordinary method, and thereafter subjected to a
      continuous annealing at 700.degree.C for one minute and at 750.degree.C
      for one minute and successively subjected to an overageing treatment at
      350.degree.C for five minutes. The results are shown in Table 2 in
      comparison with those of the box annealing.
TBL                Table 2                                                     
     ______________________________________                                    
                        Y.P.     T.S.     Total                                
                        (kg/mm.sup.2)                                          
                                 (kg/mm.sup.2)                                 
                                          Elonga-                              
                                          tion                                 
     Heat Treatment                       (%)                                  
     ______________________________________                                    
     A 750.degree.C .times. 1 min. Cont. Annealing                             
                        65.0     74       16.5                                 
      + 350.degree.C .times. 5 min. Overageing                                 
     B 700.degree.C .times. 1 min. Cont. Annealing                             
                        52.0     64.5     22.0                                 
      + 350.degree.C .times. 5 min. Overageing                                 
     C 750.degree.C .times. 8 hr. Box Annealing                                
                        40.8     48.2     25.3                                 
     (All were 1% temper rolled; thickness: 0.8 mm)                            
     D Hot Rolled Sheet 58.0     65.5     --                                   
                      (Thickness: 3.2 mm).                                     
     ______________________________________                                    
PAC  EXAMPLE II
TBL                Table 3                                                     
     ______________________________________                                    
     C    Si     Mn     P     S     Ti   Zr   Al    N                          
     0.08 0.05   0.50   0.015 0.010 0.08 0.03 0.032 0.0048                     
     ______________________________________                                    
PAR  A steel heat having the composition shown in Table 3 was hot rolled to a
      thickness of 2.8 mm and coiled at 530.degree.C. This hot rolled steel
      sheet was cold rolled to a thickness of 0.8 mm by an ordinary method and
      subjected to a continuous annealing at 700.degree.C for one minute and at
      750.degree.C for one minute and then subjected to an overageing treatment
      at 350.degree.C for five minutes. The results are shown in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
                        Y.P.     T.S.     Total                                
                        (kg/mm.sup.2)                                          
                                 (kg/mm.sup.2)                                 
                                          Elonga-                              
                                          tion                                 
     Heat Treatment                       (%)                                  
     ______________________________________                                    
     A 750.degree.C .times. 1 min. Cont. Annealing                             
                        53.8     66.3     21.8                                 
      + 350.degree.C .times. 5 min. Overageing                                 
     B 700.degree.C .times. 1 min. Cont. Annealing                             
                        50.2     61.5     25.0                                 
      + 350.degree.C .times. 5 min. Overageing                                 
     (All were 1% temper rolled; thickness: 0.8 mm)                            
     ______________________________________                                    
PAC  EXAMPLE III
TBL                                    Table 5                                 
     __________________________________________________________________________
     C   Si  Mn  P    S    Ti  Zr  Al   N    F                                 
     0.09                                                                      
         0.27                                                                  
             1.05                                                              
                 0.012                                                         
                      0.008                                                    
                           0.12                                                
                               0.02                                            
                                   0.016                                       
                                        0.0056                                 
                                             balance                           
     __________________________________________________________________________
PAR  A steel heat having the composition shown in Table 5 was tapped, hot rolled
      into a plate thickness of 3.2 mm and coiled at 620.degree.C. The thus
      obtained hot rolled plate was cold rolled into a thickness of 0.8 mm and
      subjected to continuous annealing at 750.degree.C for one minute. The
      results are shown in Table 6 in comparison with those obtained by box
      annealing.
TBL                Table 6                                                     
     ______________________________________                                    
             Heat        Y.P.   T.S.    Total                                  
             Treatment                  Elongation                             
                                        (%)                                    
     ______________________________________                                    
     Inventive                                                                 
             750.degree.C for 1 min.                                           
                             61.5   67.5  18.5                                 
     A       Continuous Annealing                                              
     Comparison                                                                
             750.degree.C for 8 hours                                          
                             40.7   53.0  26.2                                 
     B       Box Annealing                                                     
     (1% temper rolling, 0.8 mm thickness).                                    
     ______________________________________                                    
PAR  As understood from the above descriptions, the strength of the cold rolled
      steel sheet produced according to the present invention can exceed the
      strength of the starting hot rolled steel sheet if the heat treating
      conditions are appropriate combined with the continuous annealing
      conditions. This has never been attained or predicted by the conventional
      arts. Further, the yield point - total elongation balance of the cold
      rolled steel sheet produced by the present inventive method is better than
      that of the steel sheet produced by box annealing. This means that the
      field of forming work, to which the high-strength cold rolled steel sheet
      can be applied, is wider.
PAR  Further, it is possible to obtain a steel sheet having very uniform
      strength and ductility along the whole length of the coil by the present
      inventive method, and the annealing time in the present invention is much
      shorter than that of the box annealing and remarkable economical
      advantages are obtained.
CLMS
NUM  1.
PAR  1.  A method of producing a high-strength cold rolled steel sheet or strip
      which comprises:
PA1  hot rolling steel comprising
PA1  0.05 to 0.05% of C;
PA1  0.02 to 0.30% of Si;
PA1  0.10 to 1.5% of Mn;
PA1  0.02 to 0.07% of Al; and
PA1  a total of 0.02 to 0.15% of at least one metal  selected from the group
      consisting of Nb, V, Ti, and Zr;
PA1  with the remainder being iron and unavoidable impurities;
PA1  coiling the hot rolled steel sheet or strip at a temperature not exceeding
      750.degree.C.
PA1  cold rolling the hot rolled steel sheet or strip;
PA1  subjecting the cold rolled steel sheet or strip to annealing at a
      temperature between about 670.degree.C and 900.degree.C for 20 seconds to
      10 minutes.
NUM  2.
PAR  2. A method according to claim 1, wherein the coiling is effected at a
      temperature between 550.degree.C to 750.degree.C.
NUM  3.
PAR  3. A method according to claim 1 in which the annealing is conducted at a
      temperature between 725.degree. and 800.degree.C for 20 seconds to 3
      minutes.
NUM  4.
PAR  4. A method of producing a high-strength cold rolled steel sheet or strip
      which comprises:
PA1  hot rolling steel comprising
PA1  0.05 to 0.15% of C;
PA1  0.02 to 0.30% of Si;
PA1  0.10 to 1.5% of Mn;
PA1  0.02 to 0.07% of Al; and
PA1  a total of 0.02 to 0.15% of at least one metal selected from the group
      consisting of Nb, V, Ti, and Zr;
PA1  with the remainder being iron and unavoidable impurities;
PA1  coiling the hot rolled steel sheet or strip at a temperature not exceeding
      750.degree.C;
PA1  cold rolling the hot rolled steel sheet or strip;
PA1  subjecting the cold rolled steel sheet or strip to annealing at a
      temperature between about 670.degree.C and 900.degree.C for 20 seconds to
      10 minutes; and
PA1  then subjecting the sheet to a carbide precipitation treatment at a
      temperature between 300.degree. and 400.degree.C.
NUM  5.
PAR  5. A method according to claim 4, in which the coiling temperature is not
      more than 550.degree.C.
NUM  6.
PAR  6. A method according to claim 4, in which the carbide precipitation
      treatment is effected at a temperature of between 300.degree. and
      350.degree.C for 2 to 5 minutes.
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ABST
PAL  A method for temper rolling of a thin-gauge steel strip comprising applying
      mechanical working to the steel strip under dry condition and then rolling
      the steel strip with lubricant between the rolling roll and the steel
      sheet.
BSUM
PAR  The present invention relates to temper rolling of a thin steel strip.
PAR  Steel strip such as thin cold rolled steel strip and substrates for
      tin-plate are ordinarily produced by acid-pickling and cold rolling a hot
      rolled steel strip obtained by hot rolling steel ingots or cast steel
      slabs. However, under the as cold-rolled condition, the grains are in the
      form of elongated fibrous structure, which is hard and has less
      workability. Therefore, so-called annealing is done by heating the steel
      to a temperature not lower than the recrystallization temperature so as to
      normallize the metal structure and releave the strain.
PAR  On the other hand, the annealed steel strip has yield point elongation
      phenomenon and is susceptible to stretcher strains and fluting during
      workings, and has poor surface luster and flatness. In order to avoid
      these defects and to improve workability, light cold working, namely
      temper rolling is done.
PAR  As for the temper rolling, particularly temper rolling of thin-gauge steel
      strip such as substrates for tin-plates (including substrates for tin-free
      steels and the substrate for tin-plate used hereinafter will have this
      meaning) which are to have a high degree of hardness in spite of their
      thin thickness, the rolling is conventionally done by a rolling mill of
      four-high, two-stand tandem type, and the rolling in this case conducted
      in completely dry state without using coolant for cooling the rolls, and
      lubricant for lubrication between the work rolls and the steel strip.
PAR  Therefore, metallic contact is caused between the work roll and the steel
      strip, and friction coefficient therebetween increases abnormally and
      reduction ratio in the temper rolling (inlet thickness - outlet thickness
      / outlet thickness) is limited to about 1.4% at highest, for example, when
      a thin-gauge strip heat treated by a continuous annealing furnace is
      rolled using a rolling mill having work rolls of about 584 mm diameter.
      Thus, it is very difficult to control mechanical properties of a
      thin-gauge steel strip in the temper rolling step, and particularly
      hardness in case of tin-plate substrates.
PAR  For obtaining desired mechanical properties of thin-gauge steel strip, it
      has been commonly practised to make adjustment of steel composition during
      the steel making step and adjustment of relation between temperature and
      time in the annealing treatment, and so that a certain limited working
      degree is maintained in the temper rolling step. Particularly in case of a
      hard material, as the adjustment of temperature - time relation in the
      annealing treatment has limitation in obtaining desired mechanical
      properties. The steel composition is controlled in order to increase
      hardness of the product. However, when the steel composition is
      controlled, deformation resistance of the steel strip during the cold
      rolling increases and load of the rolling mill is increased so that
      troubles will be caused against a high speed and stabilized operation.
PAR  Further, fine control of the steel composition in the steel-making step
      according to small orders by users requires close and precise scheduling,
      and increased addition of certain component elements will cause surface
      defects of the steel strip.
PAR  As above explained, if the limits in changing the mechanical properties of
      a thin-gauge steel strip by the temper rolling in dry state without using
      lubricant between the strip and the work roll are to be compensated by
      increased addition of certain steel component elements, control of
      relative amounts of steel component elements, and control of time -
      temperature relation in the annealing treatment after cold rolling, much
      loss of materials and great efforts will be required.
PAR  Further, as a problems which is caused inherently when the temper rolling
      is done in dry state, fine surface defects, so-called coil slips, are
      often caused due to vibration of a coiler and the steel strip when the
      strip is coiled on the coiler after temper rolling, and thus highspeed
      rolling operation is hindered. In order to avoid this problem, a coiler
      shaft of very high precision is required.
PAR  In order to eliminate the difficulties confronted with during the temper
      rolling in dry state without lubricant between the work rolls and the
      steel strip as above mentioned, it has been proposed to use rolling oil in
      the temper rolling as disclosed in "Tekko Binran" (Handbook of Steel),
      page 920, 2nd edition, published Oct. 5, 1962, Japan.
PAR  However, in case of so-called wet temper rolling using rolling oil between
      the work roll and the steel strip, there are following problems.
PAR  First, a problem of yield point elongation is seen in the mechanical
      properties of the steel strip as cold rolled and annealed (strip before
      temper rolling). The yield point lowers, as generally known, as the
      elongation increases to a certain point within a small elongation range
      during the temper rolling of the steel strip, and beyond the certain point
      the yield point rises as the elongation increases.
PAR  The above plastic behavior inherent to the thin-gauge steel sheet is
      particularly remarkable in case of a thin-gauge steel strip which has been
      subjected to continuous annealing treatment, and the yield point
      elongation, in particular, can be eliminated in dry temper rolling using
      dull rolls as work rolls, by giving about 0.4% elongation to a steel strip
      which has been treated by box annealing (strip is treated in its statistic
      coil state) and can be eliminated by giving about 1% elongation to a steel
      strip which has been treated by continuous annealing treatment. But in
      case of the wet temper rolling, more than 1% of yield point elongation
      remains even when more than 5% of elongation is given to the steel strip
      in the temper rolling in case the steel strip has been box-annealed and
      bright rolls are used as work rolls as seen in FIG. 1. This causes fluting
      during the can-making process.
PAR  On the other hand, when the dull roll is used as the work roll in the wet
      temper rolling, the yield point elongation can be improved to less than 1%
      by giving 1.3% elongation as shown in FIG. 2, but the yield point
      elongation phenomenon does not disappear giving only slight elongation as
      in the dry rolling.
PAR  Further, in case of a steel strip which has been subjected to continuous
      annealing, the yield point which lowers with the elongation rises back
      again to the point before the working when about 1% elongation is given
      and thereafter increases simply with the elongation in case of the dry
      rolling. But in case of the wet rolling, unless more than 5% of elongation
      is given, the yield point does not return to the original point.
PAR  For the above reasons when tin plate substrates, for example, are subjected
      to the wet temper rolling, yield point elongation remains while
      appropriate product hardness is obtained, so that problems such as
      stretcher strain and fluting are caused during forming by users.
PAR  Therefore, when the rolling is conducted by a four-high two-stand tandem
      type rolling mill applying rolling oil between the work rolls and the
      steel strip in both of the two stands, the elongation of the steel strip
      will change uncontinuously up to about 5% (herein called jumping
      phenomenon) with slight variation in the rolling pressure and the strip
      tension as shown in FIG. 3 and FIG. 4, due to the above mentioned two
      plastic behaviours of the steel strip, and thus necessitating gauge-change
      of the steel sheet. When the jumping phenomenon once takes place,
      adjustment of the elongation lower than the 5% is impossible and thus it
      is impossible to obtain continuously a desirable reduction rate.
PAR  The present invention has its object to eliminate the above mentioned
      defects in both the dry and wet rolling of a thin-gauge steel strip.
PAR  The feature of the present invention lies in a method of temper rolling a
      thin-gauze steel strip comprising subjecting a steel strip obtained by hot
      rolling cold rolling and annealing to mechanical working under dry
      condition first, and then rolling the steel strip using lubricant between
      the rolling roll and the steel strip.
DRWD
PAR  The present invention will be described referring to the attached drawings.
PAR  FIG. 1 shows results of tensile tests on the rolled materials in case when
      the wet rolling is done using bright rolls.
PAR  FIG. 2 shows similar results in case when the wet temper rolling is done
      using dull rolls.
PAR  FIG. 3 shows results obtained the wet temper rolling using a four-high
      two-stand tandem rolling mill, in which the wet rolling was done in both
      No. 1 stand and No. 2 stand with bright rolls.
PAR  FIG. 4 shows results obtained by wet temper rolling using a four-high
      two-stand tandem rolling mill, in which the wet rolling was done in both
      No. 1 stand with dull rolls and No. 2 stand with bright rolls.
PAR  FIG. 5 shows results obtained by temper rolling the steel material under
      dry condition first, and then temper rolling the steel material under wet
      condition.
PAR  FIG. 6 shows results obtained by the temper rolling according to the
      present invention using a four-high two-stand tandem rolling mill.
PAR  FIG. 7 shows results of tensile tests of the rolled materials which were
      temper rolled by the method and the apparatus shown in FIG. 6.
PAR  FIG. 8 shows effects of the rolling according to the present invention.
      According to the present invention, even when the reduction in No. 2 stand
      is varied stepwise, there appears no jumping phenomenon and deviation in
      the strip thickness on the outlet side varies in correspondence to the
      reduction, so that a desired elongation ranging from 0 to 10% is obtained
      continuously.
DETD
PAR  The temper rolling method according to the present invention will be
      described in more detail hereinafter.
PAR  As mentioned before, by giving about 0.4 to 1.0% elongation to the steel
      strip in the temper rolling, or by passing the steel strip through a
      roller leveller under dry condition, or by passing the steel strip through
      a deflector roll with a tension within a certain range, so as to give
      mechanical working to the steel strip, the yield point elongation
      phenomenon disappears and the original yield point before the working is
      restored so that the jumping phenomemon can be avoided in the subsequent
      rolling operation.
PAR  Based on the above discoveries, it is necessary that the wet rolling is
      conducted only after mechanical working is given by dry pre-rolling or
      levelling.
PAR  For example, the dry rolling may be conducted by rolling with a four-high
      two-stand tandem rolling mill to eliminate completely the yield point
      elongation and restoring the yield point to the level before the working
      or to a higher level, and then the wet rolling may be done in the same
      rolling mill with lubricant between the work roll and the steel strip. In
      case also no jumping phenomenon takes place, thus overcoming the jumping
      problem in the wet rolling. The relation between the rolling pressure and
      the elongation of the steel strip in this case is shown in FIG. 5.
PAR  Further, the jumping problem can be overcome also by passing the steel
      strip through a roller leveller under dry condition in other strip
      treating lines, or by giving some tension to the steel strip and giving
      deflection to the strip thus tensioned with such deflector rolls.
PAR  As above described, when mechanical working is given to the steel strip
      under dry condition and then temper rolling the steel strip under wet
      condition, namely using lubricant between the steel strip and the work
      roll, it is possible to give a large elongation to the steel strip, and
      hence it is possible to give the steel strip variation of mechanical
      properties in a wide range, so that the close and precise control such as
      increased addition of certain steel component elements and control of
      relative amounts of steel component elements during the steel-making
      process can be omitted, and in the annealing treatment after the cold
      rolling many heat-treatment patterns (temperature - time relation) which
      must confirm with final desired mechanical properties of the steel strip
      can be unified so that production efficiency is remarkably improved.
      However, in case when the dry pre-rolling is done in the temper rolling
      mill and the wet rolling in the same rolling mill, there is a defect that
      the production capacity of the temper rolling mill will be lowered to the
      half.
PAR  Also in case when levelling is effected to the steel strip in other
      production lines or when deflection is given to the steel strip under
      certain tension, it is often necessary that the treatment process is
      increased for giving the pre-mechanical working to the steel strip under
      dry condition.
PAR  Then, the present inventors have made further studies and have succeeded in
      effecting the above two-step treatments by only one rolling process
      without necessity of passing the steel strip twice through the temper
      rolling mill, or subjecting the strip to other processes for giving it the
      mechanical pre-working under dry condition. This success is based on the
      feature that the steel strip is first subjected to the dry rolling to
      eliminate the yield point elongation, and then the wet rolling is effected
      to give the steel strip wide variation of mechanical properties at this
      stage. For example, in case of a four-high two-stand tandem rolling mill,
      dry rolling is effected in No. 1 stand without lubricant between the work
      roll and the steel strip so as to eliminate the yield point elongation and
      restore the yield point to the level before the working or a higher level,
      and then wet rolling is done in No. 2 stand with lubricant between the
      work roll and the steel strip to give appropriate elongation to the strip
      in order to control the mechanical property variation in a wide range.
      Thus, dry rolling is done in the first stand of a temper rolling mill
      comprising a plurality of rolling stands, and wet rolling is done in the
      subsequent rolling stands.
PAR  Results of the rolling in an actual rolling mill (four-high two-stand
      tandem type) according to the present invention are shown in FIG. 6, FIG.
      7 and FIG. 8.
PAR  As clearly understood from the drawings, no jumping phenomenon was observed
      during the rolling and the rolling was possible with a desired elongation
      by adjustment of the reduction pressure in a wide range in No. 2 stand.
PAR  According to FIG. 8, in particular, even when the reduction in No. 2 stand
      is varied stepwise, there appears no jumping phenomenon and deviation in
      the strip thickness on the outlet side varies in correspondence to the
      reduction, so that a desired elongation ranging from 0 to 10% is obtained
      continuously.
PAR  In this case, even when the yield point elongation can not be eliminated
      completely and remains slightly, a desired elongation can be obtained and
      no problem such as stretch strain and fluting takes place so far as the
      remaining yield point elongation is such as can be eliminated within the
      elongation range applied to the steel strip in No. 2 stand.
PAR  As described above, according to the present invention, it is possible to
      control the mechanical properties of a steel strip, particularly tin-plate
      substrates in a wide range in the temper rolling step so that it is not
      necessary to increase addition of certain steel component elements during
      the steel-making step, thus resulting in the following advantages:
PAR  1. addition of hardening elements such as N is not necessary, thus lowering
      production cost;
PAR  2. close and precise schedule is not required in the steel-making step,
      thus rendering the production schedule much simpler;
PAR  3. interchangeability among ordered steel grades is increased, and steel
      grade pattern is simplified, thus lowering the production cost; and
PAR  4. deformation resistance of the steel material in the cold rolling can be
      lowered, thus reducing the rolling load and eliminating difficulties in a
      high-speed stabilized operation.
PAR  Further, the pattern of temperature - time relation in the annealing
      treatment can be unified, and particularly a batch annealing schedule is
      simplified, thus contributing largely to increase of the annealing
      capacity.
PAR  Thirdly, it is possible to produce all steel grades ranging from T-1 to T-6
      hardness for tin-plate substrates from one steel material by the temper
      rolling, thus the steel materials and production process can be put in
      good order and productivity is improved largely.
PAR  Fourthly, as it is possible to prevent the coil strip damage inherent to
      the dry rolling in the temper rolling mill, it is not necessary to reduce
      the rolling speed in order to prevent the damage, and retreatment of the
      damaged steel strip is eliminated, so that the temper rolling can be done
      at high efficiency with stability.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of temper rolling a thin-gauge steel strip which is comprised
      in subjecting a steel strip obtained by hot rolling, cold rolling and
      annealing to mechanical working under dry condition and then rolling the
      steel strip using lubricant between the rolling roll and the steel strip.
NUM  2.
PAR  2. A method according to claim 1, in which the mechanical working under dry
      condition is conducted in the first rolling stand of a two-stand tandem
      rolling mill without lubricant between the work roll and the steel strip
      to substantially eliminate yield point elongation of the steel strip and
      to raise yield point of the steel strip to a level before the working or a
      higher level, and then the rolling is done in the second rolling stand
      under wet condition using lubricant between the work roll and the steel
      strip to give the steel strip appropriate elongation so as to control
      changes in mechanical properties of the steel strip in a wide range.
NUM  3.
PAR  3. A method according to claim 1, in which the mechanical working under dry
      condition is done by passing the steel strip through one or more roller
      levellers.
NUM  4.
PAR  4. A method according to claim 1, in which the mechanical working under dry
      condition is done by giving the steel strip deflection under tension by
      means such as one or more deflector rolls.
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PAL  Bulk hardened magnetic materials with compositions expressed by a general
      formula Sm.sub.u Ce.sub.1.sub.-u (Co.sub.1.sub.-x.sub.-y Fe.sub.x
      Cu.sub.y).sub.z are provided. Compositions in the limited range of
      0.3.ltoreq.u.ltoreq.1.0, 0.ltoreq.x.ltoreq.0.1, 0.09.ltoreq.y.ltoreq.0.18,
      6.0.ltoreq.z.ltoreq.7.5 lead to magnetic materials with unexpectedly large
      maximum energy product and with a newly found two phase structure.
      Magnetic materials with maximum energy product of over 13 MG.sup.. Oe
      (megagauss) oersted), residual induction over 7000 G and intrinsic
      coercive force over 3000 Oe are obtained by subjecting the compositions to
      a sintering process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hard magnetic material, and more particularly
      to a rare earth cobalt magnet.
PAR  Some copper containing rare-earth cobalt materials are known to exhibit
      high coercive force independent of their grain size. This phenomenon is
      believed to originate from domain wall stabilization due to fine
      copper-rich nonmagnetic precipitates. The term "bulk hardening" will be
      used throughout the specification to denote such an effect. Thus "bulk
      hardening" means "to invest rare earth cobalt alloys with high coercive
      force by adding copper". No additives other than copper have been found to
      cause the effect to the same extent as copper.
PAR  One of advantages of the bulk hardening method in producing rare earth
      cobalt magnets is that one need not pay any special attention to grain
      size control problem which is often essential in the other methods. Thus,
      bulk hardening affords easy production.
PAR  Shortcomings of the bulk hardening method include severe reduction of
      saturation induction, which is inevitably caused by a rather heavy
      incorporation of the nonmagnetic element. The fact that the degree of bulk
      hardening depends on the amount of copper has been noted for years.
PAR  However, the other factors influencing bulk hardening have been noted to a
      lesser degree. It is worth mentioning here that the degree of bulk
      hardening greatly depends on kind of rare-earth or rare-earth combinations
      employed and on rare-earth to cobalt (plus copper) ratio.
PAR  Cerium cobalt and samarium cobalt (iron may be added) with 1:5
      stoichiometry are good examples in which the bulk hardening has been
      successfully employed to obtain excellent magnets with maximum energy
      product of 12 MG.Oe and residual induction of 7000 G. In contrast,
      PrCo.sub.5 exhibits no significant bulk hardening.
PAR  U.S. Pat. No. 3,560,200 claims that bulk hardening effectively works in
      nonstoichiometric compositions in which rare-earth to cobalt (plus copper)
      ratio falls between 1:5 to 1:8.5 "to a comparative degree" with respect to
      the 1:5 stoichiometry cases. It is generally expected that increasing the
      relative amount of cobalt to rare earth increases intrinsic saturation
      induction, and thus improves maximum energy product. However, it has been
      generally believed that the increase in the relative amount of cobalt to
      rare earth weakens the bulk hardening effect, thus requiring more copper
      addition which in turn diminishes intrinsic saturation induction. Thus,
      the extension of the composition to the Co-rich side has been considered
      to bring a similar characteristics, at most to 1:5 stoichiometric cases.
PAR  Strnat, in a review article in IEEE Trans. on magnetics vol. MAG-8, No. 3,
      pp514 (1972), states that the attained maximum energy product of 12 MGOe
      (for 1:5 Ce-Co and Sm-Co cases) probably represents maximum obtainable
      with the bulk hardening method. However, since bulk hardening is greatly
      affected by the kind of rare earth employed, there is no reason to deny
      that special combinations of rare earth elements would possibly enhance
      bulk hardening even for the nonstoichiometric compositions.
PAR  An object of the present invention is to provide a novel and improved
      magnetic materials having high saturation induction, high coercive force
      and high maximum energy product.
PAR  Another object of the invention is to provide an improved magnetic
      materials having the CaCu.sub.5 type hexagonal crystal structure and being
      characterized by the improved characteristics.
PAR  Further object of the invention is to provide a novel rare earth cobalt
      magnet made by sintering.
PAR  These objects are realized by providing the magnetic materials according to
      the invention having the compositions of Sm.sub.u Ce.sub.1.sub.-u
      (Co.sub.1.sub.-x.sub.-y Fe.sub.x Cu.sub.y).sub.z in which
      0.3.ltoreq.u.ltoreq.1.0, 0.ltoreq.x.ltoreq.0.1, 0.09.ltoreq.y.ltoreq.0.18
      and 6.0.ltoreq.z.ltoreq.7.5.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and objects and features and advantages of the present invention will
      be understood in consideration of the following detailed description, with
      reference to the attached drawings wherein:
PAR  FIG. 1 shows residual magnetic induction B.sub.r, intrinsic coercive force
      .sub.I H.sub.C and maximum energy product (BH).sub.max for specimens
      having the compositions Sm .sub.0.3 Ce .sub.0.7 (Co.sub.0.86 Fe.sub.0.05
      Cu.sub.0.09 ).sub.z, as functions of Z.
PAR  FIG. 2 shows intrinsic coercive force .sub.I H.sub.C for specimens having
      the compositions Sm.sub.0.8 Ce.sub.0.2 (Co.sub.0.79 Fe.sub.0.05
      Cu.sub.0.16).sub.z, as functions of z.
PAR  FIG. 3 shows the lattice parameters of Sm.sub.0.8 Ce.sub.0.2 (Co.sub.0.79
      Fe.sub.0.05 Cu.sub.0.16).sub.z.
PAR  FIG. 4 shows coervice force of various samples plotted against heating
      temperature.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is most suitably described in terms of a general composition
      formula
EQU  Sm.sub.u Ce.sub.1.sub.-u (Co.sub.1.sub.-x.sub.-y Fe.sub.x Cu.sub.y).sub.z.
PAL  According to the invention, bulk hardening is unexpectedly marked when the
      parameters u,x,y,z are in a limited range of 0.3.ltoreq.u.ltoreq.1.0,
      0.ltoreq.x.ltoreq.0.1, 0.09.ltoreq.y.ltoreq.0.18, and
      6.0.ltoreq.z.ltoreq.7.5. Magnetic materials with maximum energy product of
      13 to 20 MGOe can be obtained when suitable manufacturing methods are
      applied to a composition in the limited range. Such maximum energy product
      values are much higher than those previously attained with any other bulk
      hardened rare-earth cobalt magnets.
PAR  Although as cast bulk hardened materials exhibit substantial magnet
      properties, it is important to follow a sintering method in order to
      obtain a better alignment of the easy axis, and accordingly, higher
      residual induction and maximum energy product, and to obtain a product
      homogeneous both in metallurgical structures and magnetic properties.
PAR  According to the manufacturing method of the invention, mixed ingredient
      metals are melted in an inert atmosphere and cast into an iron mold.
      Ingots are crushed to a course grain and coarse grains are milled into
      fine grains. Powder thus obtained is pressed into a green tablet with or
      without an organic liquid under a magnetic field sufficient to cause the
      easy axis alignment. Green tablets are sometimes further compacted with an
      isostatic pressure. Green tablets are sintered in vacuum or an inert
      atmosphere to obtain a dense sintered body. Sintered bodies are
      furnace-cooled or rapidly cooled and heated at a lower temperature than
      the sintering temperature. If the heating temperature is proper, the
      rapidly cooled and heated specimens exhibit better magnetic
      characteristics than those of furnace-cooled specimens.
PAR  The most important features of the invention will be best understood by
      inspecting FIG. 1, FIG. 2 and FIG. 3. FIG. 1 shows the z-dependence of
      residual induction B.sub.r, intrinsic coercive force .sub.I H.sub.C, and
      maximum energy product (BH).sub.max in a special series of the
      compositions represented by Sm.sub.0.3 Ce.sub.0.7 (Co.sub.0.86 Fe.sub.0.05
      Cu.sub.0.09).sub.z. At the both ends of z, i.e.z=5 and z=8.5, intrinsic
      coercive force .sub.I H.sub.C are not significantly large. It is
      consistent with the previous observations that significant bulk hardening
      does not occur for such a low y value as 0.09 in Ce(Co,Cu).sub. 5,
      Sm(Co,Cu).sub.5 and Sm(CO,Cu).sub.8.5 ; However, for the z values between
      6.0 and 7.5, intrinsic coercive force .sub.I H.sub.C takes a significantly
      larger value than that for the other z values. Note that maximum energy
      product takes a maximum for a z value of about 6.5. For the extreme case
      of u= 0, no appreciable maximum occurs in .sub.I H.sub.C vs. z curves.
      When 0.3.ltoreq.u.ltoreq.1.0 such a maximum in .sub.I H.sub.C v.s. z
      curves as well as (BH).sub.max v.s.z curves occur at a z value between 6.0
      and 7.5.
PAR  FIG. 2 shows the z dependence of intrinsic coercive force in Sm.sub.0.8
      Ce.sub.0.2 (Co.sub.0.79 Fe.sub.0.05 Cu.sub.0.16).sub.z. It is seen from
      this figure that coercive force is a maximum when 6.ltoreq.z.ltoreq.7.5.
      Table 1 summerizes the results of x-ray powder diffraction analysis of
      specimens with composition Sm.sub.0.8 Ce.sub.0.2 (Co.sub.0.79 Fe.sub.0.05
      Cu.sub.0.16).sub.z. It has been known that RCo.sub.5 has the hexagonal
      CaCu.sub.5 crystal structure and R.sub.2 Co.sub.17 has either hexagonal
      Th.sub.2 Ni.sub.17 or rhombohedral Th.sub.2 Zn.sub.17 structure.
      Therefore, one expects the present specimens to exist in either CaCu.sub.5
      type or 2-17 type (either Th.sub.2 Ni.sub.17 or Th.sub.2 Zn.sub.17)
      crystal structure or in two or more phases of these structures.
PAR  The alloys with z values of 5.0, 5.5 and 5.8 were identified as of
      CaCu.sub.5 type. The alloys with z values of 6.2, 6.6, 6.8 and 7.2 were
      recognized as having as two phases both with CaCu.sub.5 type structure
      with different lattice parameters. In these cases no superlattice lines of
      the Th.sub.2 Ni.sub.17 type structure were observed. The diffaction
      pattern of the alloys with z value of 7.6 and 8.5 were also conveniently
      indexed by assuming a CaCu.sub.5 unit cell, although a few of very weak
      superlattice lines of the Th.sub.2 Ni.sub.17 type structure were also
      observed.
PAR  The lattice parameters are plotted against z in FIG. 3. Inspecting FIG. 3
      together with FIG. 2, it is noted that coercive force is a maximum for the
      z values where the alloy exists in the two phases. It is also noted that
      the two phases recognized are both of CuCu.sub.5 type and not a mixture of
      CuCu.sub.5 and either Th.sub.2 Ni.sub.17 or Th.sub.2 Zn.sub.17 type. It is
      reasonable to consider that the said anomalous bulk hardening is
      correlated to this newly found two phase structure.
PAR  Following are the examples of the present invention.
PAR  Alloys of Sm.sub.0.8 Ce.sub.0.2 (Co.sub.0.79 Fe.sub.0.05
      Cu.sub.0.16).sub.7.2 were prepared by melting about 500 grams of
      ingredient mixed metals in an alumina crucible in argon by means of
      induction heating. The molten alloys were cast in an iron mold. The ingots
      thus obtained were crushed in an iron mortar into course grains and these
      were pulverized by nitrogen jet milling into fine powder of an average
      particle size of about 5.mu.m. The powder was mixed with toluene and
      pressed into a green tablet under a magnetic field of about 15000 Oe
      perpendicular to the pressing direction. The green tablets were further
      compacted with a hydrostatic pressure of about 4 tons/cm.sup.2 to a
      packing density of about 65 %. The tablets were then sintered in vacuum
      (10.sup.-.sup.4 to 10.sup.-.sup.5 Torr) in an electric furnace with a
      graphite heater at about 1080.degree.C for 30 minutes. The sintered bodies
      were quenched on a cool iron plate in argon gas. The quenched samples were
      first heated at 460.degree.C for 1 hour at approximately
      5.times.10.sup.-.sup.5 Torr and then furnace-cooled to room temperature.
      The samples were heated repeatedly at successively higher temperatures and
      furnace-cooled. The coercive force of the samples was measured after each
      heat treatment.
PAR  The coercive force is shown as a function of the heating temperatures by
      curve (a) in FIG. 4. With increasing heating temperature, coercive force
      increases until a maximum value is reached and then decreases to a minimum
      value. Similar curves (b) and (c) taken on samples having z values of 5.8
      and 5.0 are also plotted in the same figure for the purpose to make
      comparison with the present example. The optimum heating temperature at
      which the maximum coercive force occurs is higher when z is larger.
PAR  Table 2. lists magnetic properties of the samples with various
      compositions, prepared by the above stated method. It is seen from Table 2
      that maximum energy product higher than 13 MGOe is obtained in the claimed
      range of u, x, y, z of the invention.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Compositional Parameter, Z (u=0.8, x=0.05, y=0.16)                        
     5.0            5.5      5.8      6.2      6.6                             
     h k 1 d(A) I   d(A) I   d(A) I   d(A) I   d(A) I                          
     __________________________________________________________________________
     1 0 0 4.308                                                               
                w   4.287                                                      
                         vw  4.287                                             
                                  vw                                           
     0 0 1 3.987                                                               
                m   4.017                                                      
                         wm  4.022                                             
                                  wm  4.037                                    
                                           wm  4.055                           
                                                    vw                         
     1/3 1/3 1                                                                 
     1 0 1 2.930                                                               
                vs  2.930                                                      
                         vs  2.937                                             
                                  vs  2.943                                    
                                           vs  2.943                           
                                                    vs                         
     2/3 2/3 1                                                                 
     1 1 0 2.494                                                               
                vs  2.476                                                      
                         s   2.475                                             
                                  s   2.473                                    
                                           m   2.469                           
                                                    m                          
                                      2.440                                    
                                           wm  2.440                           
                                                    m                          
     2 0 0 2.160                                                               
                vs  2.145                                                      
                         s   2.144                                             
                                  s   2.140                                    
                                           ms  2.137                           
                                                    m                          
                                               2.111                           
                                                    vs                         
     1 1 1 2.116                                                               
                vs  2.111                                                      
                         vs  2.111                                             
                                  vs  2.112                                    
                                           vs  2.096                           
                                                    vs                         
                                               2.039                           
                                                    m                          
     0 0 2 2.000                                                               
                s   2.011                                                      
                         ms  2.013                                             
                                  s   2.021                                    
                                           m   2.028                           
                                                    m                          
                                               1.890                           
                                                    w                          
     2 0 1 1.901                                                               
                wm  1.894                                                      
                         wm  1.932                                             
                                  wm  1.890                                    
                                           w   1.875                           
                                                    wm                         
     1 0 2                                                                     
     2/3 2/3 2                                                                 
     --                                                                        
     1 1 2 1.562                                                               
                m   1.564                                                      
                         m   1.564                                             
                                  m   1.564                                    
                                           wm  1.567                           
                                                    wm                         
                                               1.500                           
                                                    vw                         
     2 1 1 1.513                                                               
                m   1.507                                                      
                         wm  1.507                                             
                                  wm  1.504                                    
                                           wm  1.485                           
                                                    w                          
                                      1.489                                    
                                           w                                   
     2 0 2 1.470                                                               
                m   1.470                                                      
                         ms  1.470                                             
                                  m   1.472                                    
                                           m   1.470                           
                                                    wm                         
     3 0 0 1.443                                                               
                w   1.434                                                      
                         vvw 1.434                                             
                                  vvw 1.430                                    
                                           vvw                                 
     --                                                                        
                                               1.344                           
                                                    vw                         
     301,003                                                                   
           1.357                                                               
                m   1.350                                                      
                         wm  1.350                                             
                                  m   1.348                                    
                                           w   1.332                           
                                                    vw                         
     1 0 3 1.276                                                               
                vvw 1.280                                                      
                         vvw 1.283                                             
                                  vvw          1.292                           
                                                    vvw                        
     2 2 0 1.248                                                               
                wm  1.243                                                      
                         wm  1.240                                             
                                  wm  1.237                                    
                                           vw  1.219                           
                                                    vvw                        
     221,113                                                                   
           1.178                                                               
                wm  1.181                                                      
                         wm  1.181                                             
                                  wm  1.184                                    
                                           w   1.186                           
                                                    w                          
     3 0 2 1.171                                                               
                w   1.168                                                      
                         vvw 1.167                                             
                                  vw                                           
     3 1 1 1.150                                                               
                vw  1.143                                                      
                         vvw 1.142                                             
                                  vvw                                          
     4 0 0 1.033                                                               
                vvw 1.074                                                      
                         vvw                   1.056                           
                                                    vw                         
     2 2 2 1.060                                                               
                wm  1.057                                                      
                         w   1.057                                             
                                  wm  1.057                                    
                                           vw                                  
     2 1 3 1.035                                                               
                vvw 1.036                                                      
                         vvw                                                   
     __________________________________________________________________________
             6.8        7.2        7.6        8.5                              
     h k 1   d(A)  I    d(A)  I    d(A)  I    d(A)  I                          
     __________________________________________________________________________
     1 0 0                                    4.207 vw                         
     0 0 1   4.053 vw   4.070 vw   4.092 vvw  4.075 vvw                        
     1/3 1/3 1                                3.497 vvw                        
     1 0 1   2.939 vs   2.938 s    2.938 s    2.932 s                          
     2/3 2/3 1                     2.704 vvw  2.696 vvw                        
             2.466 m    2.471 m                                                
     1 1 0   2.437 ms   2.440 ms   2.439 s    2.435 s                          
             2.135 s    2.139 m                                                
     2 0 0   2.111 vs   2.111 vs   2.110 vs   2.110 vs                         
     1 1 1   2.097 vs   2.097 vs   2.092 vs   2.093 vs                         
             2.043 m                                                           
     0 0 2   2.026 m    2.043 m    2.043 m    2.042 s                          
             1.889 wm                                                          
     2 0 1   1.875 wm   1.876 m    1.943 vvw  1.874 m                          
     1 0 2                         1.874 m    1.838 vvw                        
     2/3 2/3 2                                1.779 vvw                        
     --                                       1.657 vvw                        
     1 1 2   1.566 wm   1.567 wm   1.567 vw   1.565 w                          
             1.502 w                                                           
     2 1 1   1.487 wm   1.487 wm   1.487 wm   1.485 m                          
     2 0 2   1.467 m    1.468 m    1.468 wm   1.467 wm                         
     3 0 0                         1.407 vvw  1.407 vvw                        
     --                            1.363 vvw                                   
             1.346 vw                                                          
     301,003 1.330 w    1.331 wm   1.330 w    1.330 wm                         
     1 0 3                         1.295 vvw  1.296 vvw                        
     2 2 0   1.219 w    1.219 w    1.218 wm   1.218 m                          
     221,113 1.186 wm   1.188 wm   1.189 wm   1.189 wm                         
     3 0 2                                                                     
     3 1 1                         1.125 vvw  1.124 vvw                        
     4 0 0   1.055 w    1.056 w    1.055 w    1.055 wm                         
     2 2 2              1.046 w    1.046 w    1.046 w                          
     2 1 3                                                                     
     __________________________________________________________________________
TBL                Table 2                                                     
     ______________________________________                                    
     Composition  Sint.   Heat.   Magnetic Properties                          
     ______________________________________                                    
     u    x      y      z   Temp. Temp. Br   Hc   (BH) max                     
     ______________________________________                                    
     0.80 0.05   0.16   5.0 1150  400   8000 1950  9.1                         
     0.80 0.05   0.16   5.5 1160  540   8250 2850 13.8                         
     0.70 0.05   0.16   5.8 1150  540   8050 6400 15.1                         
     0.80 0.05   0.16   5.8 1200  540   8000 5150 15.6                         
     0.80 0.05   0.16   6.2 1180  540   8100 6850 16.0                         
     0.80 0.05   0.16   6.6 1180  540   8950 7200 17.4                         
     0.70 0.05   0.15   6.8 1160  790   7650 6100 13.1                         
     0.65 0.05   0.15   7.0 1160  790   8500 6050 16.5                         
     0.70 0.05   0.13   7.0 1180  790   9050 3050 17.0                         
     0.70 0.05   0.15   7.0 1170  790   8850 6400 18.2                         
     0.70 0.10   0.18   7.0 1150  790   9000 5500 15.8                         
     0.80 0.05   0.15   7.0 1170  790   9050 6800 19.7                         
     0.80 0.10   0.15   7.0 1160  790   9900 5000 16.7                         
     0.65 0.05   0.16   7.2 1160  790   8400 6000 16.0                         
     0.70 0.05   0.14   7.2 1170  790   9050 6900 18.6                         
     0.70 0.05   0.16   7.2 1160  790   9150 6450 18.3                         
     0.70 0.06   0.15   7.2 1170  790   9350 5000 18.3                         
     0.75 0.03   0.15   7.2 1170  790   8950 5000 17.9                         
     0.75 0.04   0.15   7.2 1170  790   9200 5200 20.2                         
     0.75 0.05   0.16   7.2 1170  790   9250 6500 18.7                         
     0.80 0.05   0.13   7.2 1180  790   8900 3000 13.8                         
     0.80 0.05   0.14   7.2 1180  790   9700 4850 20.0                         
     0.80 0.05   0.15   7.2 1170  790   9350 4150 18.7                         
     0.80 0.05   0.16   7.2 1180  790   9150 6750 19.7                         
     0.90 0.05   0.16   7.2 1180  790   8350 6500 16.6                         
     0.90 0.05   0.17   7.2 1180  790   8050 6300 15.1                         
     0.90 0.05   0.18   7.2 1180  790   7650 6100 13.3                         
     0.70 0.05   0.15   7.3 1170  790   9100 5950 18.6                         
     0.70 0.05   0.15   7.6 1170  810   9450 4000 17.0                         
     0.80 0.05   0.16   8.5 1180  810   8950 2550  9.7                         
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic material consisting essentially of a composition expressed by
      the formula Sm.sub.u Ce.sub.1.sub.-u (Co.sub.1.sub.-x.sub.-y Fe.sub.x
      Cu.sub.y).sub.z where 0.3.ltoreq.u.ltoreq.1.0, 0.ltoreq.x.ltoreq.0.1,
      0.09.ltoreq.y.ltoreq.0.18 and 6.0.ltoreq.z.ltoreq. 7.5, and having a
      residual induction of more than 7000G, an intrinsic coercive force of more
      than 3000 Oe and a maximum energy product of more than 13 Mg.Oe.
NUM  2.
PAR  2. A magnetic material as claimed in claim 1, wherein said material
      consists of two phases, both of which are of the CaCu.sub.5 type hexagonal
      crystal structure.
NUM  3.
PAR  3. A method of manufacturing the magnetic material consisting essentially
      of a composition expressed by the formula Sm.sub.u Ce.sub.1.sub.-u
      (Co.sub.1.sub.-x.sub.-y Fe.sub.x Cu.sub.y).sub.z where
      0.3.ltoreq.u.ltoreq.1.0, 0.ltoreq.x.ltoreq.0.1, 0.09.ltoreq.y.ltoreq.0.18
      and 6.0.ltoreq.z.ltoreq.7.5, and having a residual induction of more than
      7000G, an intrinsic coercive force of more than 3000 Oe and a maximum
      energy product of more than 13 MG.Oe, comprising, in the following recited
      order, preparing a raw material consisting essentially of said
      composition, pressing said raw material into a green body under a magnetic
      field sufficient to cause easy axis alignment thereof, sintering said
      green body into a sintered body, cooling rapidly said sintered body, and
      heating the thus cooled sintered body at a temperature lower than a
      temperature used in said sintering.
NUM  4.
PAR  4. A method of manufacturing the magnetic material of claim 3, wherein said
      material consists of two phases, both of which are of the CaCu.sub.5 type
      hexagonal crystal structure.
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ABST
PAL  A process for producing an electrical steel sheet composed of cubic-on-face
      texture which comprises subjecting hot rolled steel sheet to primary cold
      rolling with a grooved roll then to a secondary cold rolling with smooth
      rolls, further to decarburization annealing and final finishing annealing.
BSUM
PAR  The present invention relates to a process for producing electrical steel
      sheets or strips having (100) grain structure parallel to the rolling
      plane. More particularly, the present invention relates to a process for
      producing a so-called double-oriented electrical steel sheet or strip
      which shows anisotropy due to the arrangement of the easily magnetizable
      axes in the specific directions, and further relates to a process for
      producing an electrical steel sheet of cube-on-face texture in which the
      easily magnetizable axes are arranged isotropically.
PAR  Conventionally, a grain-oriented electrical steel sheet having the
      so-called Goss structure in which the (110) grain structure exists on the
      rolling plane and the [001] easily magnetizable axis accords with the
      rolling direction has been used as magnetic materials for iron cores of
      transformers, generators, motors, etc., and such grainoriented electrical
      steel sheet has contributed substantially for the improvement of
      characteristics of electrical appliances. Until the present time, no other
      materials which have better properties and can replace the above
      grainoriented electrical steel sheet have been found.
PAR  The grain-oriented electrical steel sheet which shows excellent
      characteristics in the rolling direction is hardly magnetized in the [111]
      orientation which is at 55.degree. to the rolling direction and in the
      [110] orientation, which is at 90.degree. to the rolling direction, so
      that it shows a high iron loss value and a low magnetic flux density value
      in their orientations. Therefore, loss of the magnetic flux in the corner
      portion of a laminated iron core of a transformer increases, or the iron
      loss in case of a motor, which requires a high magnetic flux in all
      directions on the rolling plane increases so that low electric efficiency
      and increased energy consumption are caused. In order to reduce such watt
      loss, it is necessary to develop a doubleoriented electrical steel sheet
      having a (100)[001] structure in the rolling plane, or an electrical steel
      sheet having a cube-on-face structure in which the easily magnetizable
      axis is isotropic in the rolling direction. These materials contain many
      easily magnetizable axises in the rolling plane so that their induction
      value is remarkably high, and when a texture which shows anisopropy is
      formed they show remarkably high magnetization in the direction. These
      materials can enhance the performance of electrical appliances and
      minimanize their size and strong demand have been made for their
      commercial production.
PAR  One of the object of the present invention is to provide a process for
      producing an electrical steel sheet of cube-on-face texture which shows
      excellent magnetic characteristics, which comprises applying a special
      rolling method to the conventional production process of electrical steel
      sheets from steel materials including typical steel compositions for
      grain-oriented electrical steel sheets as well as pure iron, low-carbon
      steel, silicon steel, Mn-containing or Al-containing steels and special
      steels containing Cr, Ni, Co and Mo.
PAR  The production process of the present invention is based on the following
      two principles. One is that deformation to which the steel material is
      subjected is remarkably high because a high reduction rolling is done
      using a special roll in the cold rolling. Therefore, the dislocation
      density increases and the accumulated internal energy is maintained at
      high degree. This is the most suitable condition for formation of (100)
      grain nuclei during annealing and energy required for the grain formation
      is provided. In addition, by the rolling with a special roll, the flow of
      the material not only in the rolling direction but also in the direction
      at the right angle to the rolling direction is promoted to give a
      condition favourable to the (100) cubic texture. There is no necessity to
      limit the use of the special roll to the room temperature application. The
      special roll used herein means a roll having a plurality of grooves
      extending in the rolling direction or in a direction perpendicular thereto
      or in both directions as contrast to the conventional rolling roll having
      a smooth surface.
DRWD
PAR  The present invention will be described referring to the attached drawings.
PAR  FIG. 1 shows an example of the grooved roll used in the present invention.
PAR  FIG. 2 (a) and (b) show respectively the pole figures in the examples of
      the present invention.
PAR  FIG. 3 is a graph showing torque curves in the example.
PAR  FIG. 4 is a graph showing intensity units in the example.
DETD
PAR  One example of the special roll used in the present invention is shown in
      FIG. 1. When the rolling is done with such a roll, the following unique
      results are obtained. Namely, the residual strain on the surfacial layer
      of the steel sheet rolled by the grooved roll is extraordinarily high as
      compared with that of a steel sheet rolled by a conventional smooth roll,
      so that the formation of the (110) texture from the surfacial layer as
      seen during recrystallization of a grain-oriented electrical steel sheet
      is suspended and the formation of the (100) texture from the face or
      central layer is promoted. Also the rolling with a grooved roll not only
      restricts the flow of the material in the rolling direction but also
      promotes the flow of the material in a direction perpendicular to the
      rolling direction. In this case, MnS or MnS + AlN, precipitation
      dispersions are arranged in correspondence to the distribution of the
      residual strain or the flow of the mateial, and act as so-called inhibitor
      during recrystallization which restricts the grain arrangement and
      direction and provide a condition favourable to development of
      double-orientation as in a cross rolling.
PAR  One example of the arrangement and shape of the groove on the special roll
      used in the present invention is shown in FIG. 1. The groove arrangement,
      groove width, depth and spacing, etc. have close relation with the
      development of the (100) texture. When the above factors are selected
      appropriately in the cross-grooved roll as shown, the roll acts as a
      concaved and convexed roll or a rough-surfaced roll, and it has been
      confirmed that the roll is effective for development for the (100)
      texture. The rough-surfaced roll used herein means a surface roughness not
      less than several microns which are considered to be a roughness limit for
      the ordinary smooth rolls. In any of the above cases, the surface
      condition of the steel sheet after the rolling has severe convex and
      concave and the steel sheet in this condition can not be used. Therefore,
      it is rolled to a predetermined plate thickness using a smooth roll.
PAR  The materials to which the present invention is directed may be any
      material which contains iron as main component, and have limitation in
      other addition elements. However, silicon steel is the most common
      material from the points of utility and production because it has (1) a
      high magnetic flux density, (2) a high resistivity, and (3) no
      transformation, (4) is low cost and (5) has a cubic grain structure and so
      on. Therefore, the following descriptions will be made mainly for the
      silicon steel.
PAR  The silicon steel containing silicon as the main alloying element has some
      limitation in the contents of carbon, nitrogen, manganese, sulfur,
      aluminium, etc. It is necessary to increase the content of silicon in
      order to increase electrical resistance and to reduce eddy current of the
      steel sheet, but it is limited to 5% or less in order to avoid crackings
      during the rolling. A certain amount of carbon is required for uniformity
      and refinement of the rolled structure, but it is limited in view of the
      subsequent decarburization annealing, and it is desirable to limit the
      carbon content to 0.2% or less. Manganese is important for controlling the
      grains and as MnS dispersion, for the inhibiting effects, but it is
      limited to 1% or less. Sulfur is necessary for formation of the MnS
      dispersion and a certain amount of sulfur is required for restricting the
      orientation of the texture, but it causes deterioration of the
      characteristics of the final products and it must be removed finally.
      Therefore, the sulfur content should be limited to 0.1% or less. Aluminium
      in solid solution state restricts the rolled structure of the steel sheet,
      combines with nitrogen to form AlN dispersion to produce the inhibiting
      effects which restricts the crystalline plane or orientation just as MnS.
      However, the aluminium content is limited to 5% or less because an
      electrical steel sheet in which the amount of aluminium is dissolved in
      solid solution in stead of silicon is superior for the development of the
      cube-on-face structure. In connection with the formation of the AlN
      dispersion, the nitrogen content is naturally restricted. However, it is
      desirable to remove nitrogen for the final product, and the nitrogen
      content is limited to 0.01% or less. The above limitations of the alloying
      elements are applied to continuously cast steel materials too.
PAR  The production process of the present invention starts from steel ingots or
      slabs of the above composition and comprises hot rolling and cold rolling
      with the special grooved roll. Descriptions will be made on the cold
      rolling step and subsequent steps.
PAR  A hot coiled steel strip of 2.0 - 5 mm thickness which is conventionally
      produced by hot rolling is used as the starting material and, if
      necessary, subjected to hot coil annealing at a temperature not higher
      than 1200.degree.C to obtain a uniform structure, and then the both sides
      of the steel strip are cold rolled at high reduction of at least 50% using
      grooved rolls, subsequently rolled to a final thickness using smooth
      rolls, subjected to decarburization annealing in a wet atmosphere at a
      temperature not higher than A.sub.3 transformation point, and finally
      subjected to recrystallization annealing at a temperature not higher than
      about 1300.degree.C to obtain the (100) cube-on-face texture. The texture
      can be obtained also by a two-step cold rolling with an intermediate
      annealing after the rolling with the grooved roll.
PAR  The hot coil annealing which is conducted according to necessity requires 2
      to 120 minutes at a temperature between 800.degree. and 1200.degree.C.
      When the temperature is at a higher side the time can be shortened.
      However, when the heating temperature is above 1200.degree.C, the grains
      grow and the structure changes to cause undesirable results, and when the
      heating temperature is below 800.degree.C, a long time of heating is
      required and thus a batch type annealing is desirable. Generally, a
      short-time continuous annealing at 1100.degree.C is desired. As the
      heating rate and cooling rate have close relation with the development of
      the (100) cubic texture and it is necessary to select optinum conditions.
PAR  Even if the conditions for development of the cubic texture are satisfied
      as above, a part of ferrite transforms into austenite when the annealing
      temperature is above the A.sub.3 transformation point, and the orientation
      in this part becomes unstable and the cubic texture is weakened. In some
      cases all of grains transform into austenite and a predetermined grain
      orientation can not be obtained. Therefore, when decarburization annealing
      is effected at a temperature below the A.sub.3 transformation point prior
      to the final finishing annealing, it is possible to shift the
      transformation point to the temperature side and to effect the annealing
      while the ferrite structure being retained. Such decarburization annealing
      can be continuously proceeded in wet hydrogen at a temperature about
      80.degree.C. And when the steel sheet contains 2% or more of silicon, the
      A.sub.3 transformation point shifts further to the higher temperature
      side, the above limitation is relaxed. Regarding the decarburization, a
      lower carbon content is more desirable, and when the carbon content is
      lowered to 0.005% or lower, favourable conditions for the development of
      the (100) texture and characteristics thereby can be obtained. The final
      finishing annealing is generally effected at a high temperature for a long
      time, thereby the characteristics of the sheet are remarkably improved
      through development of secondary recrystallization, desulfurization,
      denitrization, etc.
PAR  The present invention will be more clearly understood from the following
      example.
PAC  EXAMPLE
PAR  Hot coiled 3% silicon steel strips A and B of 2.3 mm thickness as shown in
      Table 1 were subjected to a hot coil annealing at 1100.degree.C for 5
      minutes to make the structure and adjust the precipitation dispersions and
      cooled in air. Then the strips were cold rolled using the rolls as shown
      in FIG. 1. The groove depth was 0.25 mm, the groove width was 0.5 mm, the
      groove spacing was 2.0 mm, the roll diameter was 123 mm. The strips were
      further rolled to final thickness using smooth rolls, subjected to
      decarburization annealing (C : 0.005%) in wet hydrogen atmosphere at
      850.degree.C for 5 minutes, and final finishing annealing at 1100.degree.C
      for 5 hours.
PAR  FIG. 2(a) is a pole figure showing the cubic texture obtained when the
      rolling with the grooved rolls and the rolling with the smooth rolls were
      60 and 65% reductions respectively, and FIG. 2(b) is a pole figure showing
      the cubic texture obtained when the rolling with the grooved rolls and the
      rolling with the smooth rolls were 70 and 55% reductions, respectively. It
      is clear from the figures that when the rolling reduction with the grooved
      rolls is increased, the cubic texture has anisotropy. The corresponding
      torque curves are shown in FIG. 3. The magnetic characteristics of the
      anisotropic orientation are shown in Table 2. It is understood from the
      table that magnetic characteristics (W 15/50; 1.1 - 1.2 W/kg, B.sub.8 ;
      about 18 KG) equivalent to those of a grain-oriented electrical steel
      sheet in respect of watt loss and magnetic flux density.
PAR  FIG. 4 shows the effect of the grooved roll reduction and the smooth roll
      reduction in the intensity unit (100), and it is clear that the (100)
      degree is increased when the both reductions are higher.
TBL                Table 1                                                     
     ______________________________________                                    
     Composition                                                               
              C       Si      Mn    S     Sol.Al                               
                                                T.N                            
     ______________________________________                                    
     Sample A 0.030   3.02    0.120 0.025 0.002 0.0056                         
     Sample B 0.035   2.97    0.115 0.020 0.0015                               
                                                0.0059                         
     ______________________________________                                    
TBL                                    Table 2                                 
     __________________________________________________________________________
     B.sub.3                                                                   
            B.sub.5                                                            
                 B.sub.8                                                       
                      B.sub.25                                                 
                           W 10/50                                             
                                 W 15/50                                       
                                       W 17/50                                 
     __________________________________________________________________________
     A 17.470                                                                  
            18.021                                                             
                 18.274                                                        
                      18.851                                                   
                           0.51  1.12  1.351                                   
     B 16.370                                                                  
            17.210                                                             
                 17.873                                                        
                      18.239                                                   
                           0.53  1.24  1.371                                   
     __________________________________________________________________________
      (Average in two directions)                                              
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing electrical sheet steel having cubic-on-face
      texture comprising the steps of:
PA1  initially subjecting hot rolled steel sheet to primary cold rolling with a
      reduction of not less than 20% utilizing a roller having a grooved surface
      thereon, subsequently subjecting said steel sheet to secondary cold
      rolling utilizing a roller having a smooth surface thereon, subjecting
      said sheet to decarburization annealing and thereafter subjecting said
      sheet to final, finishing, recrystallization annealing.
NUM  2.
PAR  2. A process according to claim 1 wherein said hot rolled steel sheet is
      annealed prior to said primary cold rolling.
PATN
WKU  039472973
SRC  5
APN  3523896
APT  1
ART  111
APD  19730418
TTL  Treatment of aluminum alloys
ISD  19760330
NCL  2
ECL  1
EXP  Satterfield; Walter R.
INVT
NAM  Reimann; Walter H.
CTY  Xenia
STA  OH
INVT
NAM  Brisbane; Alton W.
CTY  Yellow Springs
STA  OH
ASSG
NAM  The United States of America as represented by the Secretary of the Air
      Force
CTY  Washington
STA  DC
COD  06
CLAS
OCL  148159
XCL  148 127
XCL  148 206
XCL   75138
EDF  2
ICL  C21D  100
FSC  148
FSS  12.7;11.5 A;20.6;159;32.5
FSC   75
FSS  142;141;139;138
UREF
PNO  2083576
ISD  19370600
NAM  Nock
OCL  148 11.5
UREF
PNO  2506788
ISD  19500500
NAM  Hobbs
OCL  148 12.7
UREF
PNO  2865796
ISD  19581200
NAM  Rosenkranz
OCL  148 12.7
UREF
PNO  3133839
ISD  19640500
NAM  Thomas
OCL  148 12.7
UREF
PNO  3791880
ISD  19740200
NAM  Hunsicker et al.
OCL  148 11.5
UREF
PNO  3836405
ISD  19740900
NAM  Staley et al.
OCL  148 12.7
OREF
PAL  Lyman, T. et al.; Metals Handbook (I), Cleveland, 1961 (ASM) p. 948.
LREP
FR2  Rusz; Joseph E.
FR2  Kuhn; Cedric H.
ABST
PAL  A process is provided for treating 7000 series aluminum alloys whereby
      their stress-corrosion resistance is greatly increased. In accordance with
      the process, the alloy is pre-aged, deformed at room temperature, and then
      subjected to two aging steps. The alloy so treated has a high resistance
      to stress corrosion while retaining satisfactory strength properties.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a thermomechanical process for treating aluminum
      alloys, particularly high strength alloys.
PAC  BACKGROUND OF THE INVENTION
PAR  Aluminum alloys are used in a variety of applications where they will not
      be exposed to severe temperature environments. For example, certain of the
      alloys are extensively employed in light weight structures, such as are
      present in subsonic aircraft systems, because of their high strength to
      weight ratio, low cost and good formability. These high strength alloys,
      designated in the art as 7000 series alloys, contain as their principal
      components a major amount of aluminum and minor amounts of magnesium and
      zinc.
PAR  The high strength alloys are, however, restricted in their use because of
      their susceptibility to stress corrosion cracking. Improvement in stress
      corrosion resistance has been accomplished by conventional tempering
      procedures, but any increase has been gained at the expense of strength.
      Ostermann in Metallurgical Transactions, 2, 2897-2902 (Oct. 1971)
      describes a thermomechanical process for treating a series 7000 aluminum
      alloy whereby the strength properties of the alloy are substantially
      improved. However, the process disclosed by Ostermann does not result in
      any substantial increase in the resistance of the alloy to stress
      corrosion.
PAR  The principal object of this invention, therefore, is to provide a process
      for treating 7000 series aluminum alloys so as to increase materially
      their stress corrosion resistance without decreasing their strength
      properties to any substantial degree. Other objects and advantages of the
      invention will become apparent to those skilled in the art upon
      consideration of the accompanying disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a process for thermomechanically treating
      a 7000 series aluminum alloy that is characterized by subjecting the
      alloy, after pre-aging and cold working, to a series of two final aging
      steps. It has been found that as a result of the second final aging step
      an alloy is produced that unexpectedly has a greatly increased resistance
      to corrosion resistance as compared to conventional heat treated alloys.
      Furthermore, the alloy possesses strength properties that are comparable
      to those of commercial alloys of the 7000 series. If the second final
      aging step is omitted, the alloy obtained has excellent strength
      properties, but its use is still limited by its susceptibility to stress
      corrosion cracking.
PAR  In a specific embodiment, the process of this invention comprises the steps
      of (1) heating the alloy in a salt bath (aqueous solution of sodium
      chloride) for about 1 hour at a temperature of about 870.degree.F; (2)
      removing the alloy from the salt bath and immediately quenching same by
      immersing in a room temperature water bath; (3) soaking or pre-aging the
      quenched alloy in an oil bath for about 1 to 2 hours at a temperature
      ranging from about 212.degree. to 250.degree.F; (4) removing the alloy
      from the oil bath and cold working the alloy so as to deform same by about
      5 to 15 percent; (5) soaking or aging the worked alloy in an air furnace
      for about 10 to 25 hours at a temperature ranging from about 240.degree.
      to 260.degree.F; (6) air cooling the alloy to room temperature; (7)
      soaking or aging the cooled alloy in an air furnace for about 5 to 6 hours
      at a temperature ranging from about 330.degree. to 350.degree.F; and (8)
      air cooling the alloy to room temperature. In a preferred embodiment, the
      alloy is subjected to a 10 percent cold work (step 4); the worked alloy is
      aged for 16 hours at 250.degree.F (step 5); and the second of the final
      aging steps (step 7) is conducted at 330.degree.F for 6 hours.
PAR  The salt bath and the oil bath are the same as those that are
      conventionally used in the treatment of metals and alloys. The cold
      working of the alloy can be accomplished by any suitable means, such as by
      unidirectional tension and compression, swaging, and rolling a
      conventional mill. Excellent results have been obtained by utilization of
      each of these working means.
PAR  Aluminum alloys of the 7000 series can be broadly referred to as Al-Mg-Zn
      alloys. More specifically, these alloys generally have the following
      composition:
     Element            Weight Percent                                         
     ______________________________________                                    
     Aluminum           Remainder                                              
     Magnesium          0.1-3.7                                                
     Zinc               0.8-8.2                                                
     Copper             0-2.8                                                  
     Zirconium          0-0.15                                                 
     Silicon            0.50      max.                                         
     Manganese          0-0.4                                                  
     Chromium           0-0.4                                                  
     Iron               0.70      max.                                         
     Titanium           0.20      max.                                         
     Others:     Each       0.05      max.                                     
                 Total      0.15      max.                                     
     ______________________________________                                    
PAR  A more complete understanding of the invention can be obtained by referring
      to the following illustrative example which is not intended, however, to
      be unduly limitative of the invention.
DETD
PAC  EXAMPLE
PAR  Runs were conducted in which specimens of commerical grade 7075 aluminum
      (7000 series) were treated in accordance with the process of this
      invention. The shape of the specimens used was dictated by the mechanical
      property tests to which they were to be subsequently subjected. Thus,
      specimens of a 1 inch diameter rods were treated for use in obtaining
      tensile data while 4 .times. 4 .times. 4 inch blocks were treated for use
      in stress corrosion and fracture toughness tests. The general composition
      for 7075 aluminum as well as the specific compositions for the specimens
      used are shown below in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
               Specification                                                   
               Limits      4".times.4".times.4".sup.(1)                        
                                      1"Diameter.sup.(1)                       
     Element   for 7075    Block      Rod                                      
     ______________________________________                                    
     Aluminum  Remainder   Remainder  Remainder                                
     Magnesium 2.10-2.90   2.50       2.60                                     
     Zinc      5.10-6.10   5.80       6.0                                      
     Copper    1.20-2.00   1.60       1.70                                     
     Silicon   0.50 max.   0.09       0.14                                     
     Manganese 0.30 max.   0.021      0.047                                    
     Chromium  0.18-0.40   0.21       0.20                                     
     Iron      0.70 max.   0.12       0.20                                     
     Titanium  0.20 max.   0.045      0.038                                    
     Other:                                                                    
           Each    0.05 max.                                                   
           Total   0.15 max.                                                   
     ______________________________________                                    
      .sup.(1) Determined by spectrographic analysis.                          
PAR  Initially the specimens were solution heat treated in a salt bath for 1
      hour at 870.degree.F. They were then withdrawn from the bath and
      immediately quenched by immersion in cold water. Thereafter, the specimens
      were pre-aged by soaking for 1 hour in an oil bath at 212.degree.F. After
      removal from the oil bath, the specimens were 10 percent cold worked. In
      the case of the 4 .times. 4 .times. 4 inch block specimens, cold working
      was accomplished by compression, using a 3 .times. 10.sup.6 pound Baldwin
      machine. The 1 inch diameter rod specimens were cold worked by swaging.
      After the cold working, the specimens were aged by heating in an air
      furnace for 16 hours at 250.degree.F. The specimens were then air cooled
      to room temperature after which they were further aged by heating in an
      air furnace for 6 hours at 330.degree.F. At the end of the 6-hour period,
      the specimens were air cooled to room temperature.
PAR  Control runs were conducted in which specimens, as described above, were
      treated in accordance with the foregoing procedure except for their final
      aging. In these runs the specimens were not subjected to the second of the
      final aging steps, i.e., they were not heated for 6 hours at 330.degree.F.
PAR  The specimens were thereafter tested for certain mechanical properties. The
      results of these tests are shown below in Table II. Also, included in the
      table are typical mechanical properties of 7075 aluminum alloys obtained
      by conventional heat treatments (T-6 and T-73).
TBL                                    TABLE II                                
     __________________________________________________________________________
                              Control                                          
                                    Invention                                  
     Property         T-6 T-73                                                 
                              Specimens                                        
                                    Specimens                                  
     __________________________________________________________________________
     0.2% yield strength, ksi.sup.(1)                                          
                      72  63  82.6  70                                         
     Ultimate tensile                                                          
      strengths, ksi.sup.(1)                                                   
                      83  73  87.1  79.3                                       
     Elongation, % in 1".sup.(1)                                               
                      11  13  14.6  19.0                                       
     Reduction in area, %                                                      
                      32  43  31.9  41.9                                       
     Stress Corrosion, ksi.sup.(2)                                             
                      10  45  15    &gt;35                                        
     Fracture toughness,.sup.(3)                                               
      ksi, .sqroot.in.                                                         
                      28  32  37    35                                         
     __________________________________________________________________________
      .sup.(1) Determined by method of ASTM E206-66.                           
      .sup.(2) Determined by ASTM recommended practice - G01.06.02, T. G. 1.   
      .sup.(3) Determined by method of ASTM E399.                              
PAR  From the data in the foregoing table, it is seen that the specimens treated
      in accordance with the process of this invention are much more resistant
      to corrosion resistance than T-6 or the control specimens. Furthermore,
      the tensile properties of the invention specimens are comparable to those
      of T-6. While T-73 has a high resistance to corrosion resistance, its
      tensile properties are low as compared to T-6 or the invention specimens.
      The control specimens have very high tensile properties, but like T-6 the
      resistance to stress corrosion is low. Thus, these data demonstrate the
      criticality of the two step final aging procedure followed in the practice
      of the present process in obtaining a high strength 7000 series aluminum
      alloy that is resistant to stress corrosion cracking.
PAR  As will be evident to those skilled in the art, various modifications of
      this invention can be made or followed in view of the foregoing disclosure
      without departing from the spirit or scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for treating an aluminum alloy of the 7000 series which
      comprises the steps of:
PA1  a. heating the alloy in a salt bath for about 1 hour at a temperature of
      about 870.degree.F;
PA1  b. removing the heated alloy from the salt bath and immediately quenching
      same by immersing in a room temperature water bath;
PA1  c. soaking the quenched alloy in an oil bath for about 1 to 2 hours at a
      temperature ranging from about 212.degree. to 250.degree.F;
PA1  d. removing the alloy from the oil bath and cold working the alloy so as to
      deform same by about 5 to 15 percent;
PA1  e. aging the worked alloy by heating same in an air furnace for about 10 to
      25 hours at a temperature ranging from about 240.degree. to 260.degree.F;
PA1  f. air cooling the alloy to room temperature;
PA1  g. further aging the alloy by heating same in an air furnace for about 5 to
      6 hours at a temperature ranging from about 330.degree. to 350.degree.F;
      and
PA1  h. air cooling the alloy to room temperature.
NUM  2.
PAR  2. The process according to claim 1 in which the alloy removed from the oil
      bath is cold worked so as to deform same by about 10 percent; the worked
      alloy is aged by heating in an air furnace for 16 hours at 250.degree.F,
      and after air cooling the alloy is further aged by heating in an air
      furnace for 6 hours at 330.degree.F.
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ABST
PAL  A semiconductor integrated circuit in which accurate location of emitter
      contacts on diffused emitter regions is achieved by using an apertured
      multilayered mask on the surface of a semiconductor body through which the
      impurity forming the emitter region is diffused into the body from an
      oxidizing atmosphere such that the emitter region diffuses laterally to
      form junctions beyond the edges of said apertures and beneath the mask for
      a distance which is a function of the depth of the junctions and the
      coating formed during the diffusion process is removed by R.F. sputtering
      which removes the emitter oxide without substantially undercutting the
      oxide layer beneath the nitride barrier layer of the emitter mask so that
      the junction on the surface of the semiconductor body produced by the
      lateral diffusion of the emitter region remains covered by the surface
      passivating oxide layer. Structures having microminiature emitter areas
      and depths with and without preferentially etched isolation regions are
      disclosed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 436,407 filed Jan. 25, 1974,
      now abandoned, which is a division of application Ser. No. 242,512 filed
      Apr. 10, 1972 (now abandoned).
PAR  Application Ser. No. 290,593, entitled "Semiconductor Devices Manufacture",
      filed Sept. 20, 1972 (now U.S. Pat. No. 3,836,446) by Karl H. Tiefert,
      which is a division of application Ser. No. 141,857 filed May 10, 1971
      (now abandoned), and assigned to the same assignee as this application, is
      hereby incorporated herein by reference and made a part of this disclosure
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The production of semiconductor devices such as integrated circuits or
      microwave transistors, in general, requires that diffused semiconductor
      regions of one conductivity type be formed in a body of another
      conductivity type, thereby producing a junction line on the surface of the
      body. Since contacts must subsequently be made to the diffused region,
      reduction in size of such devices is limited by the fact that the contact
      cannot touch both sides of the junction or it will short out the junction.
PAR  It has been well known to mask a semiconductor body with a layer of
      dielectric material and to diffuse the regions through apertures of the
      mask. Due to lateral diffusion, the junction line is formed underneath the
      mask and the distance from the mask opening is a function of the time
      allowed for the diffusion process which also controls the distance into
      the body which the junction moves. It has heretofore been necessary to
      diffuse such junctions sufficiently deeply into the body, for example
      greater than one micron deep, to produce a junction on the surface of the
      body over one micron from the edge of the mask. Otherwise, the layer of
      oxide and/or other material which is formed on the surface of the
      semiconductor in the wash apertures during such emitter diffusion and
      which was removed by a chemical etch which proceeds in all directions
      through the oxide would undercut the oxide mask enough to uncover and thus
      spoil the junction. This additional lateral diffusion requirement in turn
      results in a production requirement that additional space on the
      semiconductor chip must be reserved to prevent the junction from
      interfering with the next adjacent semiconductor element or isolation
      region and, hence, restricts the number of junctions which can, as a
      practical matter, be formed on a given area of semiconductor surface. In
      addition, the additional depth of the junction reduces control of the
      thickness of the base region and, hence, for production purposes, limits
      the upper frequency response of a circuit on a chip containing a
      substantial number of interconnected semiconductor elements.
PAR  Alternatively, multiple masking steps to produce an emitter junction area
      of one size and a smaller mask aperture for subsequent formation of
      emitter contacts requires very precise mask locationing of the subsequent
      masks.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides for a semiconductor system in which shallow
      semiconductor regions may be diffused into a body of semiconductor
      material through apertures in a dielectric mask so that the junction
      regions are very close to the edge of the mask apertures and the oxide
      layer formed on the diffusion region during the diffusion process may be
      removed by sputtering which produces no substantial undercutting of the
      mask region. Hence, there is no substantial probability of exposure of the
      junction region.
PAR  More specifically, a body of silicon may be formed in accordance with
      conventional practice from a slice of a silicon ingot and have regions of
      high conductivity material diffused therein to provide collector contact
      regions underlying the individual semiconductor elements and an epitaxial
      layer forming collector regions grown over the entire face of the slice.
      Individual base regions may be diffused through a mask in the desired
      areas as shown. Alternatively, base regions of a predetermined thickness
      may be formed by diffusion across the entire face of the slice, and
      individual base regions may be separated by diffusion isolation or etched
      region isolation. Such base regions in the case of N type collector
      epitaxial layers are, for example, of P type material. Layers of thermally
      grown or sputter deposited oxide and/or thermally grown or sputter
      deposited silicon nitride protect the surface of the semiconductor, and a
      third layer of heavy oxide is formed on top of the nitride layer.
      Apertures for emitter diffusion and/or collector, base and passive
      component connections are formed through the masking layer of oxide by
      conventional photoresist masking techniques through which the heavy oxide
      layer is etched. Those apertures above regions such as base contact
      regions, or resistor contact regions, which are not to be subjected to
      diffusior, are additionally masked by conventional photoresist while the
      remaining layers of nitride and oxide are removed in those apertures, such
      as emitter and/or collector regions where diffusion is desired for emitter
      junctions and/or ohmic contacts to collectors or passive elements. Because
      of the extremely shallow emitter junction regions, the thickness of the
      base regions may be made small so that the depth from the surface to the
      high conductivity regions is equally reduced. Thus, the collector
      diffusion which further reduces the resistance of the epitaxial layer in
      the collector region between the collector contact and the high
      conductivity subcollector in many cases allows such contacts to be made to
      the semiconductor surface without an additional masking step for diffusion
      down to the subcollector region. Diffusion of the emitter regions and
      collector contact regions is performed at elevated temperature in an
      oxidizing atmosphere containing the diffusion impurity resulting in
      emitter regions whose junctions on the surface of the semiconductor body
      are slightly beneath the dielectric material mask.
PAR  In accordance with the invention, the semiconductor body is now processed
      to remove the nitride layer in the base and resistor regions by a chemical
      etch, which does not substantially affect the oxide, to expose the
      thermally grown oxide layer in the base contact, or the oxide in the
      emitter regions may be protected by a photoresist mask during removal of
      the base region nitride layer, and the photoresist is then stripped off.
PAR  The device is now subjected to sputter etching in an R.F. field utilizing a
      suitable target. Such sputtering is continued until the emitter oxide has
      been completely removed. Since such sputtering in a sputtering atmosphere
      of noble gas such as argon proceeds by impingement of ions which travel in
      substantially straight lines, the sputtered region exposed will be
      substantially the optical projection of the sputtering target through the
      apertures in the mask, and thus no substantial undercutting of the silicon
      nitride barrier layer will occur.
PAR  The sputtering process redeposits some of the material removed by
      sputtering on other regions of the body in a thin layer as well as
      material from the target electrode. Therefore, following the sputtering
      process, this material is removed by dipping the device in a wash which
      dissolves the titanium. In addition, this wash removes a few Angstroms of
      the thermally grown oxide immediately adjacent the semiconductor body
      which defines the periphery of the mask aperture through which the emitter
      diffusion occurred and thus removes a portion of the contaminated oxide.
PAR  The metal contacts to the emitter base and collector regions are formed in
      accordance with any desired practice such as sputter deposition in which
      any monomolecular layers of contaminants, such as oxides or other
      compounds which form on the exposed contact regions during the titanium
      removal wash process, are first removed by sputtering in an R.F. field in
      inert gas at reduced pressure to clean the surface and then depositing a
      layer of a material, such as platinum, on the device. Heating the device
      forms a compound with the silicon. For example, platinum forms platinum
      silicide, and the excess platinum is then removed with aqua regia which
      does not substantially etch the platinum silicide. It is contemplated that
      other metals besides platinum, such as molybdenum, chromium, tungsten,
      nickel, aluminum or alloys thereof and/or other metals, may be used to
      make the semiconductor metal contact, some of which need not form silicon
      compounds and in these cases the heating step to convert the metal to a
      silicon compound can be eliminated.
PAR  Metallization for interconnection of junction areas on active or passive
      semiconductor elements on the surface of the device may be made with a
      titanium-platinum-gold metallization system in accordance with the
      teaching of the above-referenced copending patent application. The present
      invention discloses that a second layer of such metallization may be made
      to strongly adhere to the oxide insulating layer between the metallization
      layers by first coating the silicon dioxide insulating layer with a
      sputtered layer of the oxides of titanium. A layer of metal such as gold
      is deposited on the sputtered layer of the oxides of titanium. It has been
      discovered that the gold layer firmly adheres to the sputtered layer.
      Subsequent layers of metal can now be deposited on the gold layer in
      accordance with the aforementioned copending patent application.
PAR  This invention further discloses that while the sputter etched emitter
      contacts may be used with any desired devices or systems, such as the
      formation of transistors, resistors, diodes, field effect devices,
      semiconductor photodiode arrays, camera tube targets or induced
      conductivity devices, it is particularly useful in those systems in which
      close spacing of components or emitter regions is desirable, such as high
      speed computer circuits or interdigital emitter structures for microwave
      transistors. This invention is particularly useful in those devices where
      adjacent active and/or passive semiconductor elements are isolated by
      removal of the semiconductor material by preferential etching.
      Furthermore, the system is extremely useful in the class of semiconductor
      devices where interconnecting conductive systems are supported on the
      surface of the semiconductor devices on insulating layers with contacts
      extending through the insulating layers to contact the desired regions of
      the semiconductor body and/or other conductive leads. More specifically,
      silicon bodies having surfaces lying in the [100] crystallographic plane
      may have adjacent regions isolated by etching the surfaces through mask
      openings with a preferential etch which proceeds in a direction along the
      &lt;100&gt; crystallographic axis at a rate substantially greater than in any
      other direction. By using rectilinear openings in the mask with the side
      of the mask openings preferably extending along the &lt;110&gt; crystallographic
      axes, smooth sloped walls may be formed extending along the [111]
      crystallographic planes. The smooth walls so formed have an angle with
      respect to the surface of 53.degree. to 56.degree. and, hence, conductive
      layers laid down, for example by sputtering, will uniformly deposit on the
      sloped walls.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other and further objects and advantages of this invention will be apparent
      as the description thereof progresses, reference being had to the
      accompanying drawings wherein:
PAR  FIG. 1 illustrates a plan position view of a particular integrated circuit
      embodying the invention;
PAR  FIG. 2 illustrates a transverse sectional view of the structure illustrated
      in FIG. 1 taken along line 2--2 of FIG. 1;
PAR  FIG. 3 illustrates an expanded view of a detail of FIG. 2; and
PAR  FIG. 4 illustrates a schematic diagram of the circuit of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 2 and 3, there is shown a semiconductor body 10
      which is a portion of a wafer of a semiconductor material sliced from an
      ingot grown along the &lt;100&gt; crystallographic axis. Preferably, body 10 is
      of P type material, such as silicon, doped with boron to a concentration
      greater than 10.sup.16 carriers per cubic centimeter, resulting in a bulk
      resistance on the order of 1 ohm centimeter. This resistance is made
      sufficiently low to minimize the inversion of the regions in the body 10
      under the influence of electric fields which might destroy the isolation
      between elements formed in a layer deposited on the body 10 which acts as
      a substrate to hold the subsequently deposited layers and elements. Any
      desired material, such as an insulator, could be used for substrate 10. An
      N type epitaxial layer 12, between 1 and 5 microns and preferably
      approximately 21/2  microns thick, is formed on the surface of body 10. If
      desired, regions on the chip which are to be used for other purposes may
      have high conductivity regions diffused into body 10 for use as
      subcollector regions.
PAR  The resistance of layer 12 preferably is substantially lower than the
      resistance of region 10. For example, the impurity concentration of layer
      12 is preferably greater than 10.sup.16 carriers per cubic centimeter, and
      layer 12 preferably has a bulk resistance of about one-quarter of an ohm
      centimeter.
PAR  Diffused into epitaxially grown region 12 are a plurality of base regions
      14 which preferably are diffused through an oxide mask, in accordance with
      well-known practice, to a depth of approximately 1 micron and preferably
      have a surface resistance on the order of 650 ohms per square centimeter.
      While, as illustrated herein, the regions 14 form the bases of a pair of
      elongated transistors whose elongated regions are parallel to each other,
      any desired configuration of transistor or other semiconductor element can
      be formed in accordance with this invention.
PAR  A plurality of longitudinal grooves 16 having walls lying substantially in
      the [111] crystallographic surface planes are preferentially etched
      through layer 12 and into substrate 10. As indicated herein, a plurality
      of preferentially etched grooves 18 form an S-shaped pattern connecting
      adjacent parallel grooves 16 and separating the semiconductor cell into
      two sections, each section having a transistor and associated resistors
      connected thereto. Grooves 16 and 18 expose portions 22 of the junction
      between the N type layer 12 and the P type base regions 14, as well as
      portions of the junction 24 between the substrate 10 of P type material
      and the N type epitaxial layer 12. Because the anisotropic etch forming of
      grooves produces flat walls having a predetermined angle of, for example,
      54.degree. to 56.degree. with respect to the surface of the semiconductor
      body, the dimensions across the regions 14, parallel to the [100] surface,
      are accurately controlled by the positioning and size of the apertures in
      the mask used for the preferential etching. As illustrated herein, the
      width of the openings in the mask used to form the grooves is sufficient
      to cause the grooves to penetrate between one-half micron and one micron
      into the substrate 10, thereby producing sufficient spacing between the
      portions of the layer 12 on opposite sides of the groove to prevent
      conduction between such portions through inversion in the substrate 10
      around the apex of the groove. The amount of penetration required depends
      on the application of the circuit and the value of resistance of the
      substrate 10 since higher resistance values would normally require a
      deeper penetration into the substrate 10 to prevent such conduction under
      all conditions of operation of the circuit.
PAR  Positioned on the surface of the structure is an insulating layer 25 which
      is made up of three layers. As shown in FIG. 3, layer 25 is made up of a
      first layer 26 of thermally grown oxide, preferably 500 Angstroms or so
      thick, a second layer 28 of silicon nitride, preferably formed by chemical
      vapor deposition and having a depth of approximately 1500 Angstroms, and a
      thrid layer 30 of silicon dioxide deposited by chemical vapor deposition,
      in accordance with well-known practice, and preferably having a depth on
      the order of 8000 Angstroms. Layer 28 can be of any desired material which
      acts as a barrier to contaminants, such as sodium. For example, aluminum
      oxide can be used.
PAR  Diffused into each of the base regions 14 are a plurality of N+ emitter
      junction regions 32 and 34, and diffused into layer 12 are ohmic collector
      contact regions 36 and resistor contact regions 38. A base contact 40 is
      also formed on the surfaces of the base regions 14.
PAR  Regions 32, 34, 36, 38 and 40 are formed by exposing the surface regions of
      layer 30 through which contacts are to be made through a photoresist mask
      and etching the exposed regions of layer 30 with a buffered hydrogen
      fluoride solution to expose the silicon nitride layer 28.
PAR  The regions where the N+ diffusion for emitters 32 and 34 and collector and
      resistor contacts 36 and 38 is to be made are then etched with a solution
      of hot phosphoric acid to remove the exposed silicon nitride layer 28,
      while the base regions 40 where an N+ layer is not to be made are covered
      with an additional layer of photoresist to prevent etching of the nitride
      layer in this region. The exposed regions of the oxide layer 26 beneath
      the nitride layer are then removed by a hydrogen fluoride solution, and
      all the photoresist layers are stripped off.
PAR  Regions 32, 34, 36 and 38 of N+ impurity are then diffused into the
      semiconductor body by any desired well-known process. For example,
      phosphorus type impurity may be diffused into these regions to form N+
      regions having a surface resistance preferably on the order of 12 ohms per
      square centimeter.
PAR  The emitter regions are formed by diffusion by a low temperature process of
      under 1000.degree. which produces an emitter depth of approximately
      one-half micron, or less if desired, which extends laterally for a
      distance of slightly greater than one-half micron beneath the edges of the
      openings of oxide layer 26. Since the emitter diffusion occurs in an
      oxidizing atmosphere, a layer of 300 to 1000 Angstroms of silicon dioxide
      is also formed over these regions but substantially no oxide is formed
      over the base region 40 covered by the silicon nitride layer.
PAR  To expose the base regions, the emitter and collector contact regions 32,
      34, 36 and 38 are covered with a photoresist, and the regions 40 are
      exposed through apertures in the photoresist. Precision positioning of the
      photoresist mask is not necessary since the only requirement is that the
      areas 32, 34, 36 and 38 be covered with photoresist. The oxide which did
      not form to any substantial extent over the silicon nitride layer 28 is
      removed along with the silicon nitride layer by a hot phosphoric acid etch
      to expose the oxide layer 26. The photoresist is then stripped off and the
      remaining oxide layers 26 in all contact regions, including the oxide
      which was grown during the diffusion process, are removed by sputter
      washing. A high frequency signal is connected to a metal electrode which
      may, if desired, act as a substrate holder. The signal ground is the
      chamber, at least parts of which are metal, and the holder is insulated
      with respect to the chamber for direct current. Sputtering is continued by
      this process until the silicon regions are exposed. The wafer is then
      dipped in a solution of hydrogen fluoride to remove any metal such as
      titanium from the holder, which has redeposited on regions of the wafer.
      The wafer is then placed in a reduced pressure inert atmosphere and again
      sputtered in a high frequency field against an inert target to clean any
      contaminants deposited during the dip removal of the titanium, and a layer
      of platinum is then sputter deposited on all contact areas. The wafer is
      then heated to convert the platinum to platinum silicide and the excess
      platinum is removed by etching with aqua regia. All of the sputtering
      processes for making these contacts occur at temperatures substantially
      below 500.degree.C and, hence, no substantial change in junction position
      occurs. Since the silicon nitride was used as a mask to protect the base
      regions during removal of the emitter and collector regions for
      deposition, the second accurate masking step heretofore required for
      shallow junctions has been eliminated, thereby further increasing the
      yield potential of the process for high production reproducibility of
      wafers.
PAR  In addition, all of the oxide layer 26 covering the emitter junction and
      out to the edge of the contact apertures in the oxide layer 26 is covered
      by layer 28. Layer 26 acts as a surface passivation layer and must remain
      uncontaminated with stray contaminants, such as sodium ions, particularly
      in the region where layer 26 covers the junction. Layer 28 acts as a
      barrier layer to prevent migration of contaminants, such as sodium ions,
      which can migrate through oxide layers, to the semiconductor surface at
      the emitter junctions. Thus, the previous practice of using a second
      precision masking step to open a smaller hole in the oxide layer grown
      during emitter diffusion leaves areas over the junction not covered by the
      barrier layer 28. While subsequent metallization can be made to overlie
      the whole emitter and oxide area, a tortuous path through the oxide layers
      30 and 26 to the junction surface from the outside source of contaminants
      still exists. In accordance with this invention, however, the subsequent
      metallization substantially seals against the barrier layer 28 which
      covers all of layer 26 and prevents such contamination.
PAR  Metallization layers are applied in accordance with the aforementioned
      copending application. A first layer comprises a metal strap 42 connected
      between the collector contact 36 of one transistor 44 and the base contact
      40 of the other transistor 45 of a bipolar memory cell. Emitters 34 of
      each transistor are connected together by strap 46. Emitters 32 of the
      transistor are connected to conductive straps 48 which connect with other
      cells and data input and/or output buses (not shown). The collectors of
      the transistors are connected through the bulk resistances 50 of the
      epitaxial layer 12 to contacts 38 and thence to straps 52.
PAR  A horizontal power bus 54 is in the second layer of conductors separated
      from the first layer of conductors by insulating layer 56 which may be,
      for example, thermally grown oxide several thousand Angstroms thick. The
      second layer of conductors comprises the horizontal bus 54 connected to
      straps 52 through apertures in layer 56 at points 58 and a horizontal bus
      60 connected to strap 46 through apertures in layer 56 at points 62.
PAR  The second layer of metal buses 54 and 60 preferably is bonded to the
      insulating layer 56 by a layer formed from an active metal oxide, such as
      an oxide of titanium, which may be applied to the layer 56 by any desired
      means in accordance with well-known practice, such as sputter or vacuum
      deposition. The titanium oxide adheres strongly to the insulating layer,
      and subsequent layers of gold, platinum or other metals are then deposited
      thereon and adhere strongly thereto.
PAR  The metallization forms conductors having portions which may, if desired,
      be supported on the sloped walls of the regions 16 and 18 where they cross
      such regions. Since the walls of the grooves 16 and 18 lie at a
      predetermined angle of 54.degree. to 56.degree. from the horizontal,
      layers of insulation and/or metallization may be formed readily by
      well-known sputtering or evaporation techniques substantially uniformly on
      such sloped walls, thereby providing continuous contact where desired in,
      over and/or across the grooves 16 and 18.
PAR  As shown in FIG. 4, resistors 60, formed by the collector regions extending
      between emitter regions 32 and 36, are effectively connected between the
      collector regions 61 and 63 of each transistor, forming two transistor
      portions with different collector resistance values. Resistors 60
      preferably have a value on the order of 14,000 ohms, resistors 50 which
      are connected from a power source to collectors 61 are adjusted by
      adjusting the path through the bulk resistance of the portion of region 12
      lying between the collectors 61 and the resistor terminals contacted by
      strap 52 and preferably have a value on the order of 6,000 ohms. The
      emitter contacts 34 are connected by straps 46 to a word enable supply bus
      60. The bus 60 may be driven up and down by a driver (not shown) which may
      also drive bus 54 up and down to maintain a substantially fixed voltage
      difference between these buses and to shift their potential level by about
      one volt with respect to emitters 32 during operation of the circuit. The
      emitters 32 are coupled to a pair of readwrite circuits (not shown) for
      coupling data into and out of the circuit.
PAR  The circuit thus illustrated is a latching flip-flop transistor circuit
      which may be operated to store information and to read out stored
      information.
PAR  It should be clearly understood that the circuit illustrated herein can be
      operated in any desired fashion, and its layout as an integrated circuit
      structure is by way of example only since it is contemplated that any
      desired circuit or circuit configuration can be used in accordance with
      this invention.
PAR  This completes the description of the particular embodiment of the
      invention illustrated herein. However, many modifications thereof will be
      apparent to persons skilled in the art without departing from the spirit
      and scope of the invention. For example, electrical elements, such as
      microwave transistors, may be formed in accordance with the teaching of
      this invention, and any desired semiconductor circuit can be laid out
      using these principles. In addition, MOS structures for field effect
      devices may be made with this invention and any desired materials can be
      used for the passivation and barrier layers. Accordingly, it is
      contemplated the scope of this invention be not limited to the particular
      details of the embodiment illustrated herein except as defined by the
      apppended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of forming one or more junction regions in a semiconductor
      body comprising:
PA1  diffusing an impurity from an oxidizing atmosphere thru an apertured
      multilayered mask on said semiconductor body, said mask comprising at
      least one insulating layer adjacent said body;
PA1  subjecting said body to R.F. sputtering to remove material formed in the
      aperture of said mask during said diffusion with said insulating layer
      covering the surface junctions of said junction regions with the remainder
      of said semiconductor body while central surface portions of said junction
      regions are exposed through said insulating layer; and
PA1  forming ohmic contacts to said central portions of said junction regions
      without removing said insulating layer.
NUM  2.
PAR  2. The method in accordance with claim 1 wherein said semiconductor body is
      formed by the process comprising:
PA1  forming a substrate of a first conductivity type; and
PA1  growing an epitaxial layer of a second conductivity type on said substrate.
NUM  3.
PAR  3. The method in accordance with claim 2 wherein the surface of said layer
      lies in the [100] crystallographic plane.
NUM  4.
PAR  4. The method in accordance with claim 3 wherein a plurality of junction
      elements are formed in said layer and isolation regions are formed between
      said elements by preferentially etching said regions from said
      crystallographic surface through said epitaxial layer.
NUM  5.
PAR  5. The method in accordance with claim 4 wherein the walls of said
      isolation regions are formed substantially in the [111] crystallographic
      surface planes.
NUM  6.
PAR  6. The method in accordance with claim 1 wherein said body is formed by the
      steps comprising:
PA1  forming a substrate of a first conductivity type;
PA1  diffusing a zone of a second conductivity type into said substrate; and
PA1  growing a layer of said second conductivity type epitaxially on said
      substrate.
NUM  7.
PAR  7. The method in accordance with claim 6 and further comprising:
PA1  diffusing a region of said first conductivity type into said layer in
      selected regions thereof.
NUM  8.
PAR  8. The method in accordance with claim 1 and further comprising:
PA1  forming said insulating layer of a passivation layer and a barrier layer.
NUM  9.
PAR  9. The method in accordance with claim 8 wherein said body comprises
      silicon, said passivation layer comprises silicon dioxide, and said
      barrier layer comprises silicon nitride.
NUM  10.
PAR  10. The method in accordance with claim 1 wherein said step of forming said
      ohmic contact comprises:
PA1  chemically removing material deposited on said body during said sputtering
      process; and
PA1  depositing metal in said apertures.
NUM  11.
PAR  11. The method of forming a semiconductor structure comprising:
PA1  forming a semiconductor body with a plurality of regions separated by
      intervening isolation regions where semiconductor material has been
      removed to expose the [111] crystallographic planes;
PA1  diffusing an impurity from an oxidizing atmosphere thru an apertured
      multilayered mask on said semiconductor body, said mask comprising at
      least one insulating layer adjacent said body;
PA1  subjecting said body to R.F. sputtering to remove material formed in the
      apertures of said mask during said diffusion with said insulating layer
      covering the surface junctions of said junction regions with the remainder
      of said semiconductor body while central surface portions of said junction
      regions are exposed through said insulating layer; and
PA1  forming ohmic contacts to said central portions of said junction regions
      without removing said insulating layer.
NUM  12.
PAR  12. The method in accordance with claim 11 wherein said step of forming
      said semiconductor body comprises:
PA1  forming a substrate of a first conductivity type; and
PA1  growing an epitaxial layer of a second conductivity type on said substrate.
NUM  13.
PAR  13. The method in accordance with claim 12 wherein said step of growing
      said epitaxial layer comprises:
PA1  growing the surface of said layer in the [100] crystallographic plane.
NUM  14.
PAR  14. The method in accordance with claim 13 wherein said step of diffusing
      junction regions comprises:
PA1  forming a plurality of junction elements in said layer with said isolation
      regions positioned between said elements.
NUM  15.
PAR  15. The method in accordance with claim 14 wherein said step of forming
      said semiconductor body with said isolation regions comprises:
PA1  preferentially etching said regions from the surface of said epitaxial
      layer through said epitaxial layer to form the walls of said isolation
      regions substantially in said [111] crystallographic surface planes.
NUM  16.
PAR  16. The method in accordance with claim 11 wherein said step of forming
      said body comprises:
PA1  forming a substrate of a first conductivity type;
PA1  diffusing a zone of a second conductivity type into said substrate; and
PA1  growing a layer of said second conductivity type epitaxially on said
      substrate.
NUM  17.
PAR  17. The method in accordance with claim 16 wherein said step of forming
      said body further comprises:
PA1  diffusing a region of said first conductivity type into said layer in
      selected regions thereof.
NUM  18.
PAR  18. The method in accordance with claim 11 wherein said step of diffusing
      junction regions through apertures in an insulating layer comprises:
PA1  forming said insulating layer of a passivation layer and a barrier layer.
NUM  19.
PAR  19. The method in accordance with claim 18 wherein said step of forming
      said body comprises:
PA1  forming said body of semiconductor material comprising silicon;
PA1  forming said passivation layer of insulating material comprising silicon
      dioxide; and
PA1  forming said barrier layer of insulating material comprising silicon
      nitride.
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ABST
PAL  A method of making a semiconductor device for application in a monolithic
      integrated circuit is described wherein a local buried insulating layer is
      provided at the interface of a substrate and a semiconductive layer, and
      then the semiconductive layer is locally converted into a insulator which
      extends down to the buried insulator. The method is useful, among other
      things, for providing isolated semiconductor islands.
PARN
PAR  This is a continuation of application Ser. No. 465,535, filed Apr. 30,
      1974, now abandoned, which was a division of application Ser. No. 254,604,
      filed May 18, 1972.
BSUM
PAR  The invention relates to a semiconductor device, in particular a monolithic
      integrated circuit, comprising a monocrystalline semiconductor substrate
      body having at least one semiconductor layer provided thereon on one side,
      at least one isolation zone being locally provided in said layer.
      According to a known embodiment, such a semiconductor layer is provided
      epitaxially on a monocrystalline semiconductor substrate body, in which
      said epitaxial layer may have a conductivity type opposite to that of the
      substrate body. By means of isolation zones, the epitaxial layer may be
      divided into juxtaposed mutually isolated islands. According to a known
      method, said isolation zones consist of a semiconductor material of a
      conductivity type opposite to that of the epitaxially provided
      semiconductor material. Such isolation zones can be formed in a
      conventional manner by locally indiffusing a suitable impurity from the
      surface of the epitaxial layer. At the same time, an impurity of the same
      type, which was locally diffused previously in the substrate surface, may
      diffuse into the epitaxial layer from the substrate. One or more zones may
      be provided in such an island, for example by diffusion, to form a
      semiconductor circuit element, for example a transistor, a diode, a
      resistor or a capacitor. The material itself of the epitaxial layer
      remaining after said formation may form a component of the circuit element
      but in principle it may also serve as an isolation of a circuit element
      incorporated in the island. As against the advantage that such isolation
      zones can be formed according to conventional planar methods and that they
      can be covered in a usual manner with an oxide layer across which metal
      conductors can be conducted, for example for interconnections of circuit
      elements in various islands, there is the drawback that such an isolation
      zone has a high doping concentration in particular at the surface as a
      result of which the p-n junction formed with an adjacent island zone has a
      comparatively low breakdown voltage and a high capacity. Zones of a
      conductivity type opposite to that of the epitaxially provided material
      provided in the island should also be separated from the isolation zone by
      an intermediate zone of the type of the epitaxially provided material, for
      example, of the epitaxial material itself. Such a separation requires more
      space at the surface. When said intermediate zone has a low doping
      concentration, for example, as is often used for doping in the original
      epitaxially provided material, there exists the possibility that inversion
      channels are formed at the surface which produce a short-circuiting
      connection between the isolation zone and a zone present in the island. In
      order to prevent such an inversion, the surface concentration of the
      doping may be increased by diffusion but in this case either sharper p-n
      junctions are formed with accordingly lower breakdown voltage and higher
      capacity, or more space is required so as to obtain some distance between
      said highly doped region and the isolation zone.
PAR  In such semiconductor devices consisting of silicon it has already been
      proposed to manufacture such isolation zones from silicon oxide. This
      oxide which should be inset in the silicon to a comparatively large depth
      is obtained by local oxidation of the silicon during which adjacent
      silicon is protected in a suitable manner, for example, by using a silicon
      nitride layer.
PAR  In this method, silicon dioxide is formed which occupies a larger volume
      than the original silicon which was converted. As a result of this an
      uneven surface may be formed since the silicon dioxide projects above the
      adjacent silicon. Said oxide parts projecting above the silicon may be
      etched away, if desired, by means of a controlled etching method. It has
      been proposed, however, to locally etch the silicon prior to the local
      oxidation so that grooves are formed. When the deep oxidation process is
      carried out at the area of said grooves, said grooves can just be filled
      as a result of the increase in volume associated with the conversion of
      silicon into silicon oxide. Not only can an approximately plane surface be
      obtained but the resulting oxide is also inset over a larger depth.
PAR  Although the use of isolation zones consisting of insulation material which
      is formed by conversion of semiconductor material has particular
      advantages with respect to isolation zones which consist of diffusion
      zones of the opposite conductivity type, for example, avoiding the
      above-described drawbacks of the known semiconductor isolation zones, a
      lower capacitive coupling and the possibility of larger space saving,
      since in this case lateral p-n junctions may be extended to the isolation
      zones, it has been found that side effects or phenomena may occur which
      are associated with the formation of the isolation zone, which side
      phenomena can adversely influence the electric properties of the
      semiconductor device. In the semiconductor material which is partly
      converted, impurities may be present, for example, serving as a doping for
      the material present beside the isolation zone, or in addition impurities
      which cannot be controlled or are hard to eliminate. In general, the
      solubility for such an impurity in the converted material will be
      different from that in the semiconductor material itself. Furthermore,
      during the conversion, temperatures may be used at which diffusion of such
      impurities can occur. It may occur that certain impurities present during
      the conversion are expelled fully or partly and migrate to the adjacent
      non-converted semiconductor material. Due to an ever increasing
      accumulation during the progress of the boundary between the formed
      insulation material and the semiconductor material, such an increased
      concentration of such impurities may occur in the semiconductor material
      near that boundary as a result of which, for example, the conductivity
      type may invert. The danger exists that as a result of this a short
      circuiting connection is obtained between two regions on either side of
      the isolation zone. It is alternatively possible that a certain impurity
      present in the semiconductor material has a preference for the converted
      material. When a temperature is used, either during the formation of the
      isolation zone or afterwards, at which said impurity can diffuse, such an
      impurity will want to diffuse to said isolation zone from the adjacent
      semiconductor material, By extraction of such an impurity, for example, if
      it determined the conductivity type of the adjacent semiconductor
      material, the conductivity type can again invert, for example, in that
      remaining impurities of the opposite conductivity type predominate. When
      two impurities are present which behave differently in this respect and in
      addition have opposite conductivity types, an acccumulating effect may
      occur. Furthermore, near the boundary of the isolation zone the extrinsic
      conductivity may be so reduced that, for example as a result of charge
      centres in the form of ions in the insulation material, inversion can
      again occur.
PAR  One of the objects of the present invention is to reduce or eliminate the
      disturbing effect of the above-mentioned phenomena.
PAR  According to the invention, a semiconductor device, in particular a
      monolithic integrated circuit, comprising a monocrystalline semiconductor
      substrate body having at least one semiconductor layer provided thereon
      and in which at least one isolation zone is locally provided which
      consists at least partly of a layer of insulating material inset from the
      surface of the semiconductor layer, is characterized in that said inset
      insulation layer adjoins at least locally a buried insulation layer of an
      insulating material present locally at the substrate surface.
PAR  Such a construction is of particular advantage if the inset insulation
      layer consists of an insulating material which is formed by conversion of
      the semiconductor material of the provided semiconductor layer or layers.
PAR  As regards depths of inset, depths of more than 0.5 .mu., preferably at
      least 1 .mu., are preferably used. Since the inset insulation layer on its
      lower side adjoins a buried insulation layer, a continuous zone, if any,
      of one conductivity type, formed along the edge of the insulation layer by
      accumulation and/or extraction of impurities, is divided into two zones
      present on either side of the inset insulation layer and separated from
      each other by insulating material.
PAR  It is to be noted that it is possible in principle that accumulated
      impurities could be absorbed by the buried layer. In itself this need not
      be a drawback. Upon prolonged after-heating, for example in further steps
      in the manufacture of the semiconductor device after providing the inset
      insulation layer, however, such an impurity absorbed by the buried layer
      might diffuse into the underlying semiconductor material. It is therefore
      desirable to use for the buried layer a material which has only little
      tendency for absorbing said impurity. For that purpose is to be considered
      in particular a buried insulation layer which consists, at least partly,
      of the same raw material as the inset insulation layer. If the inset
      insulation layer has an extracting effect on a certain impurity present,
      for example, silicon oxide on boron present as a doping in silicon, the
      inset insulation layer can in principle be doped sufficiently with said
      impurity for compensation purposes. If the inset insulation layer has been
      obtained by conversion of the semiconductor material, the semiconductor
      material to be converted may previously be doped to a sufficient extent
      with said impurity at that area. However, it depends upon the
      configuration of the semiconductor device to be manufactured whether such
      a way of doping is permissible.
PAR  It is possible, in particular during further temperature treatments, that
      the extracting effect expands to the material below the buried insulation
      layer by extraction via said buried insulation layer. This may be the case
      in particular if the buried insulation layer consists of the same raw
      material as the inset insulation layer. According to a preferred
      embodiment, a buried insulation layer may be used in such a case which
      contains said extractable impurity.
PAR  In the previously proposed method, in which an inset insulation layer of an
      insulating material formed by conversion of the semiconductor material was
      used as isolation zones, a disadvantage was that the thickness of the
      insulation layer was restricted in that the conversion reaction for
      manufacturing the isolation zone was increasingly slowed as the insulation
      layer grew thicker and hence the distance from the adjacent semiconductor
      material to the surface of the insulation layer from which the reagents
      for the conversion of the semiconductor material are available, became
      larger. As a result of this limits were also imposed upon the thickness of
      the zones to be provided for the semiconductor circuit element or the
      semiconductor circuit elements to be provided. In operating such circuit
      elements, comparatively low breakdown voltages of p-n junctions and
      punch-through effects had to be taken into account. The present invention
      affords the possibility of using isolation zones which consist of
      insulating material of a larger thickness. For example, the buried
      insulation layer may be inset in the substrate and may also consist of
      insulating material formed by conversion of the semiconductor substrate
      material. Also in the case in which one may be sure that no annoying
      diffusion phenomena or accumulation phenomena will occur during the
      formation of the inset layer of insulating material, the last-mentioned
      measure thus has an important advantage over the previously proposed
      method of the single inset layer of insulating material. When the
      substrate itself consists of a semiconductor body and a semiconductor
      layer deposited thereon, it is possible to cause the underlying inset
      insulation layer to again reach a buried insulation layer. This layer in
      turn may consist of an inset insulation layer or be provided on such a
      layer. It will be obvious that in this manner isolation zones can be used
      which contain a number of inset layers of insulating material present one
      above the other. As a result of this it becomes possible to use
      deeper-extending structures for semiconductor circuit elements and a
      larger number of zones of different conductivities or different
      conductivity types.
PAR  It is to be noted that in certain circumstances during the deposition of
      semiconductor material on the substrate in which said deposition on the
      monocrystalline semiconductor material of the substrate occurs
      epitaxially, said deposition on the buried insulation layer will in
      general be polycrystalline. In principle, this polycrystalline material
      may be converted entirely. In general one will do this when the presence
      of said polycrystalline material is unfavourable. In many cases, however,
      the local presence of polycrystalline material is permissible. In the
      configuration described, such a region of remaining polycrystalline
      semiconductor material is in general bounded by insulation material on its
      lower side and, laterally, at least on one side. It is also possible to
      make an advantageous use of differences in properties between
      polycrystalline and monocrystalline semiconductor material. It has been
      found, for example, that in many cases a certain impurity diffuses more
      rapidly in polycrystalline than in monocrystalline semiconductor material.
PAR  When the semiconductor layer which is provided on the monocrystalline
      semiconductor substrate body consists of silicon, the insulation layer
      inset in said layer preferably consists of silicon oxide. In that case the
      buried layer preferably consists also of silicon oxide. When the
      monocrystalline semiconductor material of the substrate body also consists
      of silicon, the buried silicon oxide layer may be obtained in known manner
      by thermal oxidation but it may also consist of silicon oxide deposited on
      the semiconductor body. The silicon oxide of the buried layer may be
      present in the silicon substrate and be inset. Another excellently
      suitable material for the buried layer is silicon nitride. Silicon nitride
      is resistant against oxidation and masks the substratum against
      indiffusion or extraction of impurities even better than silicon oxide.
      Moreover it does substantially not react with the silicon which is
      deposited on the buried layer. In principle, however, a variety of
      materials are possible for the buried insulating layer, for example, mixed
      oxides which may be present in one or more phases, for example consisting
      of silicon oxide and other oxides. Aluminium oxide is another possibility.
PAR  Furthermore it is possible in principle to provide on or in the buried
      insulation layer a conductive material which can withstand the high
      temperatures used for providing the semiconductor layer and providing the
      inset insulation layer. In principle might be considered such materials as
      tungsten, molybdenum, tantalum or platinum. In this manner conductive
      tracks can be enclosed which are bounded by insulation material both on
      the upper and lower sides and laterally.
PAR  According to a further preferred embodiment, inset or buried conductors or
      resistors of the semiconductor material itself may be used which bear on
      their lower side on buried insulation material and are bounded on either
      side by inset insulation material which adjoins the buried insulation
      material. The semiconductor material of such conductors will in general be
      polycrystalline. They can be made sufficiently conductive by doping. By
      also providing insulating material on the upper sides of such an inset or
      even buried conductor of semiconductor material, crossing conductors may
      be used in principle which, with the exception of the connection places,
      are separated by insulating material both from each other and from the
      remainder of the semiconductor material. By using substantially no or a
      low doping concentration in inset buried tracks of polycrystalline
      semiconductor material, resistors may also be obtained.
PAR  It is furthermore to be noted that in addition to inset layers of
      insulating material adjoining buried layers of insulating material,
      locally inset layer of insulating material may also be used which do not
      adjoin buried insulating material. This is of advantage in particular when
      a conductive connection should be produced between regions on either side
      of the inset insulation layer underneath said insulation layer. If
      desirable, doping as a result of the accumulation effect for said
      conductive connection may advantageously be used at that area, while at
      other locations this is counteracted due to the presence of a buried
      insulation layer. In this manner, a collector contacting zone may be
      conductively connected to a deep collector region on the other side of an
      inset layer of insulating material in which case a flat base-collector
      junction may be used which adjoins inset insulating material laterally or
      throughout its circumference.
PAR  When a number of insulation layers one above the other are used, for
      example, in an isolation zone between two islands of an integrated
      circuit, such an insulation layer, which, for example, may be in the form
      of a strip, be inset or even buried, may be locally interrupted so as to
      produce in this manner a conductive connection of a semiconductor material
      between two regions on either side of the insulation zone. Since a buried
      insulation layer is present below said conductive connection, the material
      of said conductive connection will in general be polycrystalline. For a
      good conductive connection the material of such a conducting connection
      will in generally be highly doped and preferably have the same
      conductivity type as the regions which it connects together.
PAR  The invention also relates to a method of manufacturing a semiconductor
      device according to the invention. This method is characterized in that
      the semiconductor substrate body is locally provided with an insulation
      layer of insulating material present at its surface, after which at least
      one semiconductor layer is provided on the substrate surface, both on and
      beside the said insulation layer, so that the insulation layer is buried
      in the semiconductor, and zones of the provided layer or layers of
      semiconductor material which are provided on the buried insulation layer
      are then converted into insulating material while using a masking pattern
      protecting against the conversion, said conversion being carried through
      to such a depth that the formed insulation layer in the provided layer or
      layers of semiconductor material are inset down to the buried insulation
      layer. According to a preferred embodiment, the layer or the set of layers
      of semiconductor material, prior to the conversion of the zones, is
      locally removed over part of its thickness in such manner that thereby an
      accidental surface is formed which after the local conversion is smoothed
      at least partly by the variation in volume associated with the conversion.
      A layer of silicon is preferably provided and, in order to form the
      insulation zones therein, said silicon is locally oxidized. According to a
      preferred embodiment, the buried insulation layer is formed by the local
      conversion of the semiconductor material of the substrate. By using a
      masking pattern masking against the conversion, said buried insulation
      layer may be inset in the substrate body. In this case also, for example,
      when the conversion involves an increase in volume, so much semiconductor
      material of the substrate may be locally removed by a local etching
      treatment that after the conversion process the level of the buried oxide
      layer corresponds approximately to the level of the semiconductor material
      of the substrate body present at the surface. In this manner an isolation
      zone can be obtained which consists of converted semiconductor material
      which may have approximately double the thickness of a single inset layer
      of insulating material. According to a preferred embodiment, the substrate
      body may be formed previously by depositing a semiconductor layer on a
      semiconductor body. Prior to the provision of the last-mentioned
      semiconductor layer, the semiconductor body is preferably provided with a
      layer of insulating material present locally at the surface of said body
      and, after providing the semiconductor layer to form the substrate, the
      buried insulation layer is preferably provided so as to at least locally
      adjoin the insulating material present at the surface of the body.
PAR  It is to be noted that the invention is not restricted to integrated
      circuits. Inset insulation layers on buried insulation layers may also be
      used advantageously in discrete semiconductor devices. In particular in
      semiconductor devices which are destined for use at high frequencies, the
      lateral boundary of insulating material may advantageously be used, for
      example, to decrease stray capacitances and to obtain junctions, for
      example, p-n junctions, which are substantially flat throughout their
      surface.
PAR  In order that the invention may be readily carried into effect, it will now
      be described in greater detail, by way of example, with reference to the
      accompanying drawings which are diagrammatic cross-sectional views of
      parts of possible embodiments of semiconductor devices according to the
      invention or stages in the manufacture thereof.
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PAR  FIGS. 1-8 are successive stages in the manufacture of a semiconductor
      device comprising at least one diode and n-p-n transistors.
PAR  FIG. 8 shows the semiconductor device thus manufactured.
PAR  FIGS. 9-19 show successive stages in the manufacture of a semiconductor
      device comprising at least one transistor, at least one resistor of
      semiconductor material and good conductive connection strips of a
      semiconductor material present below the level of the semiconductor
      surface,
PAR  FIG. 19 shows the semiconductor device thus manufactured.
PAR  FIG. 20 shows a semiconductor device having so-called "inverted"
      transistors having a common emitter.
PAR  FIG. 21 shows a semiconductor device comprising an n-p-n transistor and a
      p-n-p transistor the collectors of which are connected together below the
      level of the semiconductor surface so as to be readily conducting.
DETD
PAR  The manufacture of an embodiment of a semiconductor device according to the
      invention will now be described with reference to FIGS. 1 to 8 which are
      cross-sectional views of a detail of such a device in various stages of
      its manufacture. Starting material is a semiconductor body consisting of
      monocrystalline p-type silicon having a resistivity of 1 ohm cm (see FIG.
      1). Such a disc-shaped silicon body 1 can be obtained in normal manner by
      dividing a rod-shaped monocrystal in known manner into slices and reducing
      said slices, if desired, to the desired thickness, for example 150.mu., by
      known material-removing treatments. On one side the surface of the silicon
      body is provided with an insulation layer 2 the lower part of which may
      consist of boron-doped silicon oxide and the upper part of which may
      consist of undoped silicon oxide, which layer may have an overall
      thickness of 0.5.mu. and be provided by deposition at low temperature, for
      example, by reaction of SiH.sub.4 with oxygen. The boron may be added in
      the form of boron hydride.
PAR  Windows 3 are etched in the insulation layer 2 by means of a conventional
      photoetching method. The remaining insulation layer thereby obtains the
      form of a network the windows 3 of which form the meshes. The resulting
      stage is shown diagrammatically in FIG. 1. The silicon body is then
      subjected to a conventional diffusion treatment with arsenic, the
      insulation layer 2 serving as a mask. The resulting stage is shown
      diagrammaticallly in FIG. 2. A comparatively shallow arsenic diffusion has
      taken place in the windows, the n-conductive layers 5, 6, 7 and 8 being
      formed. Simultaneously with the arsenic diffusion, boron is diffused into
      the underlying silicon from the insulation layer 2 so that at that area a
      highly doped p-conductive zone 4 is formed which adjoins the p-conductive
      material of the body and which forms a lateral separation of the
      n-conductive regions 5, 6, 7 and 8. The semiconductor body thus treated
      now serves as a substrate for providing a semiconductor layer of silicon.
      The silicon may be deposited, for example, from a gas mixture, of SiH.sub.
      4 and hydrogen to which a little PH.sub.3 has been added. The thickness of
      the provided layer 10 is approximately 2.5 .mu. (see FIG. 3). From the
      semiconductor surface in the windows 3 the silicon grows epitaxially and
      forms monocrystalline n-conductive regions 12, 13, 14 and 15. Silicon
      likewise deposits on the insulation layer 2 but in a polycrystalline form.
      As a result of this the layer 10 consists of a network of polycrystalline
      material 11 which laterally separates the monocrystalline regions 12, 13,
      14 and 15 from each other. The layer 2 now forms a buried insulation layer
      in the resulting semiconductor body. The layer 10 is provided at its
      surface with a silicon nitride layer 16, thickness for example 0.15 .mu.
      obtained by deposition from a silicon hydride and ammonia-containing gas
      mixture. If desirable a thin oxide layer may be provided previously below
      the silicon nitride. Windows are etched in the silicon nitride layer by
      means of known photo etching methods, of which the windows 20, 22 and 24
      are provided above the polycrystalline material 11. Together they again
      constitute a network. Windows 21 and 23, respectively, are furthermore
      provided locally on the monocrystalline regions 13 and 14, each window
      having the form of a strip which adjoins on either side the network of
      windows which is provided on the polycrystalline material 11. The
      resulting stage is shown in FIG. 3.
PAR  The silicon is then subjected to an etching treatment, the silicon nitride
      layer 16 serving as a mask. The grooves 25, 26, 27, 28 and 29,
      respectively, are etched at the area of the windows 20, 21, 22, 23 and 24,
      respectively. The etching process is continued until a depth of 1.mu. has
      been obtained in the deposited silicon layer 10. The resulting stage is
      shown in FIG. 4.
PAR  Inset insulation layers are then made by using a deep oxidation at the area
      of the grooves, the silicon nitride layer 16 being now used as a local
      masking of the underlying silicon against the oxidizing treatment. Since
      the silicon is converted into oxide, an increase in volume takes place so
      that when as a result of the oxidation process the depth increases, the
      groove itself will gradually be filled by formed silicon oxide. As a
      result of this the oxide layers 30, 31, 32, 33 and 34, respectively,
      having depths of well over 2.mu. (see FIG. 5) are formed at the area of
      the grooves 25, 26, 27, 28 and 29, respectively. Such a deep oxidation is
      obtained, for example, by heating the silicon body for 32 hours at
      900.degree.C in steam of atmospheric pressure. The oxide layers 30, 32 and
      34 adjoin the buried oxide layer  2 with their lower sides. The inset
      oxide layers 31 and 33 extend down to the buried n-type silicon layers 6
      and 7, respectively, which in the meantime may have expanded in the
      silicon layer 10 from the substrate by further diffusion of arsenic.
      Beside the inset oxide layers 32 and 34, parts 42 and 44 of the
      polycrystalline silicon zone 11 have been maintained. The low-ohmic n-type
      epitaxial regions 13 and 14 have been divided into the regions 36, 37 and
      38, 39, respectively, by the formation of the inset insulation layers 31
      and 33, respectively. The resulting stage is shown in FIG. 5.
PAR  During the operations carried out to obtain the stage shown in FIG. 5, the
      following side phenomena may occur. During provision of the semiconductor
      layer 10, the polycrystalline silicon 11 may be doped with boron from the
      buried insulation layer 2 (compare FIG. 3). As is known, impurities can
      generally diffuse into polycrystalline silicon much more rapidly than in
      monocrystalline silicon. The boron might possibly be diffused to a
      considerable height, perhaps even up to the upper side of the layer 11. As
      a result of this the layer 11 can contain both the donor arsenic and the
      acceptor boron. In the formation of the inset oxide layers 30, 32 and 34
      by conversion of the polycrystalline silicon, the following phenomena may
      occur. The oxide which is being formed has the tendency of rejecting the
      donor to the adjacent silicon and extracting the boron from the adjacent
      silicon. As a result of this, for example, the boron concentration in the
      remaining polycrystalline parts 42 and 44 can decrease again while the
      donor concentration therein will be increased again. The inset oxide
      layers 31 and 33 which are formed in n-conductive silicon may cause,
      during their formation, a slightly increased donor concentration at the
      edge. The comparatively high-ohmic silicon which is reformed does not
      contain so much donor material, however, that said increased donor
      concentration will be considerable. Only when the oxide formation
      penetrates to such a depth that material of the more highly doped buried
      n-type layers 6 and 7 is converted, can a donor concentration increase in
      the adjoining semiconductor material be caused at the lower side due to
      the described accumulation effect. As a result of this an n-conductive
      connection remains below the layers 31 and 33 between the regions 36, 37
      and 38, 39, respectively, via the buried layers 6 and 7, respectively.
      This may advantageously be used in the further construction of the
      semiconductor device to be manufactured.
PAR  Since the inset oxide layers 30, 32 and 34 adjoin the buried insulation
      layer 2, a shortcircuiting n-conductive connection between the
      n-conductive regions on either side of the latter inset insulation layers
      by means of an n-conductive zone formed against the lower side of the said
      inset insulation layers cannot occur. When using a buried insulation layer
      of pure silicon oxide, a shortcircuiting connection might occur between
      the buried n-type layers 5, 6, 7 or 8 possibly by extraction of boron from
      the substrate material, in particular in the period during which the
      forming inset oxide layers 30, 32 or 34 are already in contact with the
      buried layer 2 or by inversion by oxide charge present in the buried layer
      2. The presence of boron in the buried layer 2 now prevents such a channel
      formation in that a highly doped p-type zone 4 is formed below the buried
      oxide. In addition, the boron-extracting effect of the forming inset oxide
      layers 30, 32 and 34 will have no noticeable effect in the semiconductor
      material of the substrate since the buried oxide layer 2 is present as a
      source for said extraction.
PAR  The resulting structure shown in FIG. 5 consists of a p-type semiconductor
      substrate 1 having provided thereon islands of n-type material which are
      separated from each other by a network of insulation zones which from the
      surface to the substrate material 1 consist of an inset insulation layer
      30, 32, 34 obtained by conversion of the semiconductor material, in this
      case by oxidation of the silicon, and thereon a buried insulation layer 2
      adjoining the lower side and in this case consisting of boron-containing
      silicon oxide, and the adjoining highly doped p-type zone 4.
PAR  It is to be noted that instead of boron-doped silicon oxide, also called
      borate glass, for the buried insulation layer, silicon nitride may also be
      used advantageously. This layer may also serve as a mask for the arsenic
      diffusion to form the buried n-type zones 5, 6, 7 and 8. Such a buried
      silicon nitride layer does not pass boron. The forming buried insulation
      zone 30, 32 and 34 can consequently not perform an extracting effect on
      the substrate material present below the silicon nitride. The highly dope
      p-type zone 4 may be omitted also since such a silicon nitride layer
      generally involves many surface conditions as a result of which the
      formation of conductive inversion channels is counteracted. As a result of
      the omission of the highly doped p-type zone 4, the p-n junctions between
      the p-type material below the buried insulation layer 2 and the adjacent
      buried n-type layers 5, 6, 7 and 8 become less steep so that a higher
      breakdown voltage is obtained.
PAR  It is furthermore to be noted that after providing the semiconductor layer
      10 the location of the buried insulation layer 2 is very clearly visible
      so that the photomask used to form windows 20, 21, 22, 23 and 24 in the
      silicon nitride layer 16 can easily be aligned on the pattern of the
      buried insulation layer 2 (compare FIG. 3).
PAR  Semiconductor devices can now be formed in the resulting islands which are
      isolated from each other, for example, n-p-n transistors in the regions 13
      and 15 and a diode in the region 14. For this purpose the silicon nitride
      layer 16 is removed by means of an etching method known per se from the
      regions 12, 36, 38 and 15 but is maintained on the regions 37 and 39 (see
      FIG. 6). Boron is in-diffused from the surface of said regions,
      p-conductive regions 56, 57, 58 and 59 being formed which are laterally
      bounded by insulation material and on their lower side adjoin with a
      substantially flat p-n junction the underlying n-type material as this was
      originally provided epitaxially during the formation of the layer 10. The
      zones 57 and 59 serve to form the base zones of the transistors. P-type
      zone 58 and n-type zone 38 form the electrodes of the diode. A possibly
      formed oxide skin on the p-type zones 56, 57, 58 and 59 is removed by
      etching and a fresh oxide skin 57, 52, 53 and 54 is provided at that area,
      for example, by means of a known oxidation reaction during which a thin
      oxide layer of, for example, 0.5.mu. is formed. The remaining nitride
      layer 16 serves as a mask for protecting the regions 37, 42 and 39, 44.
      The resulting stage is shown in FIG. 6. It is to be noted that a silicon
      nitride mask, to be removed afterwards, for diffusion processes is
      preferably used if the temperatures used during the diffusion process are
      not too high, for example, remain below 1100.degree.C, since silicon
      nitride which is heated at at least 1100.degree.C can be dissolved less
      easily. However, it is possible to remove the silicon nitride entirely for
      the diffusion treatment to form the zones 56, 57, 58 and 59 and to use
      locally a diffusion mask of, for example, silicon oxide.
PAR  The mask of the parts 37, 42 and 39,44 is removed in known manner and
      windows 60 and 61, respectively, are formed in known manner in the oxide
      layers 52 and 54. Phosphorus is then diffused to form the n-type emitters
      62 and 65 in the base zones 57 and 59, respectively, and to form highly
      doped n-type regions 63 and 64 in the regions 37 and 39. The
      polycrystalline regions 42 and 44 are also doped heavily with phosphorus
      throughout their thickness as a result of the higher diffusion rate of
      phosphorus in polycrystalline material. During the diffusion treatment
      thin layers of phosphate glass may be formed on the unmasked parts. The
      resulting stage is shown in FIG. 7. The possibly formed thin phosphate
      glass on the silicon surface can be removed in known manner with a
      suitable etching liquid while maintaining oxide coatings 51, 52, 53 and
      54. Windows for contacting the base regions 57 and 59 and the electrode 58
      are then etched by means of known photographic methods. Metal contact
      layers are then provided in known manner, namely an emitter contact layer
      66, a base contact layer 67, a collector contact layer 68 and an anode
      contact layer 69, and a cathode contact layer 70, a base contact layer 71
      and an emitter contact layer 72. The resulting semiconductor device is
      shown in FIG. 8.
PAR  The semiconductor device shown in FIG. 8 now comprises an n-p-n transistor
      having a base zone 57 in which an emitter zone 62 is provided, the base
      zone adjoining a collector zone 36. This collector zone 36 which consists
      of comparatively high-ohmic epitaxial material adjoins a readily
      conducting buried n-type layer 6 which on the one hand reduces the lateral
      resistance in the collector and furthermore contacts underneath the inset
      oxide layer 31 the n-type region 37 in which the low-ohmic n-type
      connection zone 63 is provided on the upper side. In this manner the
      collector region 36 is electrically connected to the collector contact 68.
      The comparatively high-ohmic material of the region 37 which may give a
      collector-series resistance is present between the low-ohmic contact zone
      63 and the buried layer 6. Since, however, a deep phosphorus diffusion has
      taken place in the polycrystalline region 42, as a result of which this
      whole region has become low-ohmic n-type, a connection of low resistance
      has formed between the contact 68 and the buried layer 6. The
      base-collector junction between the region 36 and the base zone 57 is
      substantially flat and has no sharp corners which would mean a decrease of
      the base-collector breakdown voltage. It is to be noted that only a part
      of the transistor consisting of emitter 65, base 59 and collector region
      15 is shown in FIG. 8 but it will be obvious that this transistor may have
      an equal construction as the transistor described above having an emitter
      62, a base 57 and collector region 36.
PAR  In a manner similar to the connection of the collector region 36 to the
      collector contact 68, the electric connection between the cathode 38 and
      the anode contact 70 is formed, namely via the buried layer 7, the
      polycrystalline phosphorus-doped n-type region 44 and the highly doped
      zone 64.
PAR  The inset oxide layers may advantageously be used as a substratum of
      conductive metal strips connected to the contacts. As a result of the
      thickness of said inset insulation layers the distance between said
      conductive strips of the conductor pattern and the underlying
      semiconductor zone is large and hence the mutual capacitive couplings are
      low. If, for example, the inset insulation layers form a network of strips
      of said layers, the metallic connection strips may advantageously be laid
      in the longitudinal direction on said strips.
PAR  The manufacture of another embodiment of the semiconductor device according
      to the invention will now be described with reference to the FIGS. 9 to
      19. Starting material is a p-type monocrystalline plate-shaped
      semiconductor body 101 on which a silicon nitride mask 102 is provided on
      one side (FIG. 9). The silicon nitride masking layer 102 may have the form
      of a network with windows in which the semiconductor surface is exposed.
      By induffusing arsenic, n-type zones are locally formed, for example, the
      zone 103. The resulting stage is shown in FIG. 9.
PAR  A layer 105 consisting of high resistance n-type silicon is then deposited
      in known manner. The thickness of the layer is 2 .mu.. Epitaxial growths
      are obtained at the area where the semiconductor surface of the body 101
      is exposed, polycrystalline zones 106 and 108 being formed on the silicon
      nitride masking 102. The n-type zones 103 formed in the body 101
      constitute a readily conducting n-type buried layer on the lower side of
      the high-ohmic n-type monocrystalline epitaxial regions 107. The n-type
      silicon layer 105 is then covered with a silicon nitride layer 110.
      Windows are provided in said silicon nitride layer at the area of the
      polycrystalline parts. These windows extend in the longitudinal direction
      of the polycrystalline strips and may themselves form a network.
PAR  Part of the nitride masking 110, however, may be maintained on the
      polycrystalline material. A window 113 is provided over the
      polycrystalline strip 108 in which, however, a peripheral part of the
      polycrystalline zone 108 beside the monocrystalline region 107 remains
      covered with the silicon nitride layer over a width of 5.mu. . Above the
      polycrystalline region 106 windows 111 and 112 are provided between which
      a strip of the silicon nitride 110 is maintained. The resultng stage is
      shown in FIG. 10.
PAR  In the windows 111, 112 and 113 the silicon is subjected to an etching
      treatment, the silicon nitride layer 110 serving as a mask. Grooves 115,
      116 and 117 are etched through the windows 111, 112 and 113, respectively,
      in this manner. The etching process is continued until the grooves have
      reached a depth of approximately half of the thickness of the provided
      silicon layer 105. The resulting stage is shown in FIG. 11.
PAR  The body is then subjected to an oxidation treatment to form inset
      insulation layers, the silicon nitride 110 serving as an oxidation mask
      for this treatment. For that purpose the body is subjected to an oxidation
      treatment with steam similar to that described above with reference to
      FIGS. 1 to 8. The temperature used is, for example, 1000.degree.C and the
      duration of the treatment is approximately 16 hours. At the area of the
      grooves 115, 116 and 117 the adjoining silicon is converted to such a
      depth that the formed oxide adjoins the buried nitride layer 102. As a
      result of the increase in volume associated with the conversion, the
      grooves 115, 116 and 117 are entirely filled with silicon oxide. In this
      manner, at the area of the windows 111, 112 and 113 in the silicon nitride
      layer 110, inset insulation layers of silicon oxide 120, 121 and 122,
      respectively, are formed which on their lower side adjoin the buried
      insulation layer 102. Of the original polycrystalline strip 106 a part 123
      remains which is laterally bounded by the inset insulation layers 120 and
      121 and is bounded on is upper and lower side by the silicon nitride
      layers 110 and 102, respectively. A region 124 of the polycrystalline part
      108 is maintained between the inset insulation layer 122 and the
      epitaxially provided part 107 of the layer 105. On its lower side this
      region is bounded by the buried insulation layer 102 of silicon nitride.
PAR  The part of the silicon nitride layer 110 which is present on the
      polycrystalline region 124 and on an adjoining strip of the
      monocrystalline n-type region 107 is removed and phosphorus is then
      indiffused in known manner to form a highly doped n-type layer 125 in the
      epitaxial region 107, namely according to a strip at the edge along the
      polycrystalline region 124. Phosphorus will also diffuse in the
      polycrystalline region 124 but to a greater depth than in the layer 125,
      since phosphorus diffuses more rapidly in polycrystalline silicon than in
      monocrystalline silicon. Further parts of the silicon nitride layer 110
      are then removed, the strip on the polycrystalline region 123 and a strip
      on the monocrystalline region 107 present beside the location where the
      zone 125 was formed by the indiffusion of phosphorus, being maintained.
      The resulting stage is shown in FIG. 13. It serves as a substrate for the
      provision of a second semiconductor layer as will be described below.
PAR  P-type silicon is deposited on the substrate in known manner such that an
      epitaxial deposition is obtained on the exposed surface of the
      monocrystalline parts of the layer 105. In this manner a p-type
      semiconductor layer is obtained having monocrystalline parts, for example
      132 and 134, and polycrystalline parts, for example 131, 133 and 135. The
      polycrystalline part 131 is formed on the insulation layer 120 from inset
      silicon oxide, the part of the silicon nitride layer 110 which is present
      on the polycrystalline region 123 and on the insulation layer 121
      consisting of inset silicon oxide. A monocrystalline region 132 having a
      resistivity of 0.5 ohm cm is formed on the part of the uncovered surface
      of the n-type monocrystalline layer 107 where this material is high-ohmic.
      This surface part is present between the inset insulation layer 121 and
      the remaining part of the silicon nitride layer 110 remaining on the
      surface of the region 107. On the last-mentioned part of the silicon
      nitride layer 110 is formed a region 133 of polycrystalline silicon. A
      part of epitaxial silicon 134 is deposited on the highly doped
      monocrystalline n-type zone 125. By possible diffusion of phosphorus in
      the epitaxially deposited material, the highly doped n-type zone may have
      expanded in the p-type epitaxially deposited part 134. A polycrystalline
      region 135 is formed on the polycrystalline region 124 of the substrate
      and on the oxide layer 122 inset in the substrate.
PAR  A silicon nitride layer 136 is next deposited on the silicon layer 130 and
      is used again as a mask for the formation of inset insulation layers. For
      this purpose windows are etched in the silicon nitride layer 136, which
      windows mutually may form a network. Thus strip-shaped windows 140 and 142
      are provided along the edge of the polycrystalline region 131 and above a
      peripheral zone of the adjacent monocrystalline parts of the layer 130.
      The window 142 is present above a peripheral zone of the region 132. A
      strip-shaped window 141 is provided approximately straight above the
      polycrystalline buried region 123. A strip-shaped window 143 is provided
      above the polycrystalline region 133, an edge of the window forming
      approximately the elongation of the junction of the polycrystalline region
      133 with the monocrystalline region 132. Furthermore a window 144 is
      provided above the polycrystalline region 135 at some distance from the
      boundary between the polycrystalline region 135 and the monocrystalline
      region 134. The resulting stage is shown in FIG. 14.
PAR  Grooves are then etched in the silicon of the layer 130 via the window
      provided in the silicon nitride layer 136. The etching treatment is
      continued until well over half of the thickness of the layer 130 is
      removed. In this manner the grooves 150, 151, 152, 153 and 154 are formed
      in the windows 140, 141, 142, 143 and 144, respectively. The resulting
      stage is shown in FIG. 15.
PAR  A deeper oxidation treatment is then used again, the silicon nitride 136
      serving as a mask and the provided grooves being filled again by the
      formed silicon oxide. In this manner the inset insulation layers 155, 156,
      157, 158 and 159, respectively, of silicon oxide are formed at the area of
      the windows 140, 141, 142, 143 and 144, respectively. The resulting stage
      is shown in FIG. 16. The inset insulation layer 155 adjoins the buried
      insulation layer  120 which is inset in the substrate. The inset
      insulation layer 156 adjoins the buried silicon nitride layer 110 which is
      present on the substrate. The inset insulation layer 157 adjoins the
      buried insulation layer 121 which is inset in the substrate. The
      polycrystalline part 131 of the silicon layer 130 is divided as a result
      into two polycrystalline strips 161 and 162 which are surrounded by
      insulation material laterally and on its bottom side. The oxidation
      process is continued until the formed inset insulation layers 155 and 157
      beside the buried insulation layer 120 and 121 have slightly penetrated
      into the first provided silicon layer 105. The formed insulation layer 158
      adjoins with its lower side the buried nitride layer 110. Of the
      polycrystalline region 133 is maintained a region 163 which is separated
      from the monocrystalline region 132 by the inset insulation layer 158. The
      inset insulation layer 159 adjoins with its lower side the buried
      insulation layer 122 which originally was inset in the substrate. Of the
      polycrystalline region 135 remains a region 165 which laterally adjoins
      the inset insulation layer 159 and the monocrystalline p-type region 134
      and which adjoins on its lower side the polycrystalline region 124 of the
      silicon layer 105.
PAR  From the stage reached now which is shown in FIG. 16, the semiconductor
      device to be manufactured can be obtained by further local diffusion
      processes and providing contacts. The regions 132 and 107 are further
      processed to the structure of an n-p-n transistor. The n-type region 107
      is used for the formation of the collector and the p-type region 132 is
      used for the formation of the base.
PAR  A low-ohmic p-type zone which surrounds the emitter to be manufactured
      afterwards is first provided. The silicon nitride layer 136 is removed
      entirely and a fresh masking layer 137, for example of silicon oxide, is
      provided at the area where the silicon emerges at the surface. A
      peripheral part of the part of the masking layer 137 which covers the
      region 132 is removed so that a peripheral zone of the surface of the
      region 132 is exposed which is present beside the inset insulation layers
      157 and 158. This peripheral zone is given a local widening, for example,
      adjoining the inset insulation layer 157 so as to be able to provide a
      base contact at the area. Furthermore the masking layer 137 is removed
      from the polycrystalline zones 161 and 162. Boron is then indiffused in
      known manner except where the mask 137 is present. As a result of this a
      narrow zone 166 present at the surface is formed along the edge of the
      region 132 which zone consists of low-ohmic p-type silicon. It has a
      widened part 167 for providing a contact afterwards. Boron diffuses
      simultaneously in the polycrystalline zones 161 and 162 which as a result
      of the high diffusion rate of boron in polycrystalline silicon become
      low-ohmic p-type throughout their thickness. The resulting stage is shown
      in FIG. 17.
PAR  The masking layer 137 is now removed entirely after which a silicon oxide
      layer 170 is formed on the exposed silicon parts, for example, by means of
      a conventional oxidation process by means of a gas mixture from water
      vapour and nitrogen. This oxide layer has a thickness, for example, of
      0.3.mu.. By means of a conventional photoetching method the oxide layer
      170 is entirely removed from the silicon regions present between the inset
      insulation layers 158 and 159. At the same time, a window 171 is provided
      in the part of the oxide layer present on the region 132 which window has
      laterally remained at a small distance from the highly doped p-type
      peripheral zone 166. Phosphorus is then indiffused in the usual manner,
      the remaining silicon oxide layer 170 serving as a mask. A p-type emitter
      173 is formed in the region 132. At the same time a low-ohmic n-type
      region 174 present at the surface is formed in the region 134. The
      phosphorus simultaneously diffuses in the exposed polycrystalline regions
      163 and 165. As a result of the larger diffusion rate of phosphorus in
      polycrystalline silicon, said regions are doped with phosphorus throughout
      their depth in a comparatively high concentration. Should in the
      monocrystalline region 134 the diffusion of the phosphorus from the
      surface and the diffusion of the phosphorus from the buried layer 125 be
      insufficient to make the region 134 entirely n-type, as a result of which
      a thin p-type zone would remain, a sufficiently conductive connection
      would all the same be obtained between the regions 174 and 125 via the
      re-doped polycrystalline regions 163 and 165. The resulting stage is shown
      in FIG. 18. During the phosphorus diffusion a thin phosphate glass layer
      174 may be formed on the free surface parts.
PAR  In the silicon oxide layer 170 a window is etched which provides access to
      the widening 167 of the highly doped peripheral zone 166 of the base
      region 132. Furthermore, by means of a short etching treatment using an
      agent which can dissolve in particular the phosphate glass layer 175, the
      emitter window 171 can be opened and the surface of the n-type zones 163,
      174 and 165 be exposed.
PAR  By vapour depositing suitable metal, for example aluminium, contacts may
      then be provided, namely an emitter contact 180 on the emitter 173, a base
      contact 181 on the highly doped base contact 167, and a collector contact
      182 on the free surface of the polycrystalline n-type regions 163 and 165
      and on the highly doped monocrystalline n-type region 174. This collector
      contact is connected, via said regions 174, 163 and 165, with the
      uppermost highly doped n-type buried layer 125 which in turn is in
      contact, possibly via a remaining thin epitaxial n-type zone but, in the
      case of sufficient diffusion, possibly also directly, with the lowermost
      n-type buried layer 103 which ensures a decreased collector-series
      resistance with the part of the collector region 107 which adjoins the
      base region 132. Metal strips for interconnections, if any, to other parts
      of the semiconductor device or to connections situated elsewhere are also
      provided. For example, the collector contact 182 may be connected via a
      connection strip 184 which is conducted, for example, over the inset
      insulation layer 159. The base contact 181, for example, may be provided
      with a connection strip 183.
PAR  The remaining semiconductor device is shown in FIG. 19. This Figure shows
      an n-p-n transistor which is laterally bounded by insulation zones
      adjoining the p-type material 101 which in known manner isolates the
      transistor on its lower side by means of the p-n junction between the
      p-type material 101 and the n-type material of the buried layer 103. The
      insulation zones which laterally insulate the n-p-n transistor are
      composed of the insulation layers 157 and 159 consisting of silicon oxide
      obtained by conversion of silicon and inset in the upper silicon layer
      130, the buried insulation layers 121 and 122, respectively, consisting of
      silicon oxide obtained by conversion of silicon and inset in the lower
      silicon layer 105, and the adjoining silicon nitride layer 102. Between
      the p-type region 132 and the n-type region 107 a flat collector-base
      junction is present which is bounded at one side by the inset insulation
      layer 157 and on the other side by the buried silicon nitride layer 110.
      The inset insulation layer 158 and the adjoining buried silicon nitride
      layer 110 constitute a lateral insulation which consists entirely of
      insulation material, between the upwardly conducted collector contacting
      zone and the base region. Since the base region 132 is surrounded by
      insulation material also laterally, namely by the inset insulation layers
      157 and 158, it is permissible to provide the low-ohmic zone 166 and 167
      which surrounds the emitter 173 along the edge of the base region. If
      desired, the base contact 181 may extend to other parts of the low-ohmic
      peripheral zone 166, if possible along said entire zone, it being
      permissible for said contact to expand partly over the adjacent inset
      insulation layer. As a result of the thickness of said insulation layer,
      such an expansion produces no noteworthly increase of stray capacitance
      while the advantage of a decrease of the base-series resistance is
      obtained.
PAR  The buried polycrystalline strip 123 is entirely surrounded by insulation
      material both on its upper side and its lower side and laterally. As a
      result of the low doping of said polycrystalline material, said strip 123
      may be used as a resistor. It may be connected locally, for example, by
      local, lateral interruption of one of the buried insulation layers 120 or
      121 or via a connection upwards, if desirable via a conducting strip to
      the surface, in a manner corresponding to that of the connection of the
      inset polycrystalline layer 124 via the polycrystalline layer 165 to the
      metal contact 182. The inset polycrystalline regions 161 and 162 are also
      fully surrounded by insulation material laterally and on their upper and
      lower sides. They are comparatively highly p-type doped and may be used as
      conductive connections. Since they are further inset in the semiconductor
      body, crossing wirings may be obtained without providing an extra level
      above the wafer. For example, the conductive strip 183 may cross he
      conductors 161 and 162 and nevertheless remain at approximately the same
      level as the further metal conducting strips.
PAR  FIG. 20 shows diagrammatically and by way of example a part of a
      semiconductor device according to the invention comprising a number of
      n-p-n transistors having a common emitter. When such transistors are
      incorporated in known manner transversely in a semiconductor body, the
      collectors are usually formed in the deeper parts, the emitters are formed
      at the surface and the bases inbetween them. Beside the actual transistor
      part with the emitter, base and collector zones present one above the
      other, contact regions for base and collector ae used which emerge at the
      surface for providing contacts, said regions constituting an electric
      connection between the contacts and the actual base and collector region,
      respectively. The emitter regions present at the surface are surrounded
      laterally by the associated bases. For circuit arrangements comprising a
      number of similar transistors having a common emitter, said separate
      emitter regions should be coupled together by metal wiring by means of
      conventional metal strips provided on insulation. As a result of this the
      integrated circuit becomes complicated as regards the conducting pattern
      used and crossing wires are even necessary sometimes. In order to simplify
      the wiring an inverted structure can rather be used in which the emitter
      is provided deeper in the semiconductor body and the collector is provided
      at the surface. The common emitter may then have the form of a buried
      readily conducting layer above which the separated bases and collectors
      are provided. Since in such planar structures the base regions were
      entirely surrounded by the common emitter, while the collectors were
      provided in the base regions, the base-collector junction of eac
      transistor was small as compared with the base-emitter junction which was
      less favourable for a good amplification factor. By means of inset
      insulation layers, in particular when same adjoin buried insulation
      layers, it is possible to obtain an improved structure of a number of
      similar transistors having a common and buried emitter. This will be
      explained with reference to FIG. 20.
PAR  Reference numeral 200 in FIG. 20 denotes a substrate body which consists of
      monocrystalline p-type silicon having a resistivity of 2-5 ohm cm. On this
      body a silicon nitride masking 201 is provided in known manner, in a
      window of which a highly doped n-type zone 202 is provided by indiffusion
      of arsenic. On this an oxide pattern of boron-containing silicon oxide is
      provided in known manner as a result of which an oxide pattern in the form
      of a grating or mesh of strips 203, 204, 205 and 206 is formed on the
      highly doped n-type layer 202. A high-ohmic p-type silicon layer having a
      thickness off 0.5.mu. is then provided in known manner. On the exposed
      silicon of the monocrystalline substrate body the deposited silicon of the
      layer 207 is epitaxial and on the now buried insulation layers of silicon
      nitride and boron-containing silicon oxide, the deposit is
      polycrystalline. The resistivity of the monocrystalline p-type silicon is
      0.5 ohm cm. In this manner monocrystalline regions 213, 214, 215, 216 and
      217 which are separated from each other are formed. The regions 214 and
      216 are destined for the bases of the transistors to be manufactured, the
      buried n-type layer 202 of which forms the common emitter. Phosphorus is
      indiffused in the regions 213, 215 and 217. A layer 220 of high-ohmic
      n-type silicon is then deposited, the deposit on the monocrystalline parts
      of the previously provided layer 207 being epitazial, and the deposit on
      the polycrystalline parts of the layer 207 being polycrystalline. The
      thickness of the layer 220 is 1.5.mu.. An inset oxide pattern is then
      provided in the two layers 220 and 207 in the above described manner by
      means of a silicon nitride masking, etching grooves, and a deep oxidation.
      The inset insulation layers 240, 241, 242, 243, 244 and 245 are obtained
      which adjoin on their lower sides the buried insulation layers 201, 203,
      204, 205, 206 and 201, respectively.
PAR  The n-type regions formed by diffusion of phosphorus after the deposition
      of the layer 207 have formed highly doped buried layers 221, 222 and 223
      in the epitaxially deposited silicon. The phosphorus has also diffused in
      the adjacent polycrystalline regions. The said inset insulation layers
      have divided the provided silicon layers 207 and 220 into silicon islands.
      A first island consists of the zones 208 and 213 which are parts of the
      provided layer 207 and the zones 225 and 231 which are parts of the
      provided layer 220. A second island consists of the zones 214 and 209
      which are parts of the layer 207, and the zones 232 and 226 which are
      parts of the layer 220. A third island consists of the zones 215 and 210
      which are parts of the layer 207, and the parts 233 and 227 which are
      parts of the layer 220. A fourth island consists of the zones 216 and 211
      which are parts of the layer 207, and the zones 234 and 228 which are
      parts of the layer 220. A fifth island consists of the zones 217 and 212
      which are parts of the layer 207 and the zones 236 and 229 which are parts
      of the layer 220.
PAR  The silicon nitride mask is then removed and by means of conventional oxide
      masks, boron is now first locally diffused in the zone 226 and an
      adjoining part 250 of the zone 232 and in the zone 228 and an adjoining
      part 251 of the zone 234. Phosphorus is finally diffused in the zones 225,
      231, 233, 227, 257 and 229 and furthermore in a part 258 of the zones 232
      and in a part of the zone 234.
PAR  The semiconductor body has now obtained the configuration shown in FIG. 20.
      In two islands transistor configurations have been obtained in which the
      buried n-type layer 202 forms a common emitter. The epitaxially provided
      p-type regions 214 and 216 form the bases. Since the arsenic doping in the
      buried layer 202 has small diffusion coefficient, the comparatively
      high-ohmic p-type regions 214 and 216 which form parts of the provided
      layer 207 are only partly re-doped by diffusion from the layer 202 during
      the thermal treatments for the formation of the semiconductor device. The
      expansion of the n-type buried layer 202 in the epitaxially provided parts
      214 and 216 is approximately 0.2/.mu.. The remaining p-type zones which
      have the thicknesses of approximately 0.3/.mu. constitute the bases of the
      two transistors. The epitaxially provided n-type parts 232 and 234
      constitute the collectors of the transistors.
PAR  The two islands in which the transistor structures are provided comprise
      two polycrystalline zones 209 and 211, respectively, of the thin layer 207
      and 226, respectively, 228 of the layer 220. These zones are provided on
      the buried insulation layer 204 and 206, respectively, of boron-containing
      silicon oxide. The region 209 and 211, respectively, consists of p-type
      polycrystalline silicon, also since boron has diffused from the buried
      insulation layer 204 and 206, respectively, in the polycrystalline zone
      209 and 211, respectively. The polycrystalline zones 226 and 228 are
      highly doped p-type as a result of the last diffusion treatment with boron
      from the surface of the layer 220. The boron may also contribute to
      increase the acceptor concentration in the zones 209 and 211. The boron
      may furthermore have diffused from the polycrystalline zones 226 and 228
      in the adjacent n-type regions 232 and 234, respectively, the zones 252
      and 253, respectively, being formed from p-type silicon.
PAR  During the phosphorus diffusion in the layer 220 and the highly doped
      n-type zones 258 and 259 have formed in the n-type epitaxial parts 232 and
      234, respectively. These zones are separated by high-ohmic n-type material
      from the epitaxially provided zones 232 and 234, respectively, of the
      highly doped p-type surface zones 250 and 251, respectively. The regions
      258 and 259 serve as collector contact zones.
PAR  The low-ohmic n-type buried layers 221, 222 and 223 which are doped with
      the comparatively rapidly diffusing phosphorus have expanded to the buried
      emitter 202 so that the regions 213, 215 and 217 consist entirely of
      comparatively highly doped n-type material. In a corresponding manner the
      polycrystalline regions 208, 210 and 212 are highly doped with phosphorus.
      As a result of the diffusion of phosphorus in the layer 220, the highly
      doped zones 255, 256 and 257 are formed in the monocrystalline regions
      231, 233 and 235. As a result of the higher diffusion rates in
      polycrystalline material, the polycrystalline zones 225, 227 and 229 are
      highly doped with phosphorus throughout their thickness.
PAR  Ohmic contacts are provided, namely ohmic contacts 260, 261 and 262 to the
      highly doped zones 255 and 225, 256 and 227 and 257 and 229, respectively.
      These constitutes three emitter contacts which are connected in a readily
      conducting manner to the common emitter 202 via highly doped n-type zones,
      namely via the zones 255, 225, 208 and 226, via the zones 256, 227, 210
      and 222, and via the zones 257, 229, 212 and 223, respectively.
PAR  The contacts 263 and 264 constitute the base contacts of the two
      transistors. The contacts 263 and 264 are connected in a readily
      conducting manner to the p-type base zones 214 and 216, respectively, via
      the highly doped p-type zones 250, 226, 252 and 209 and via the highly
      doped p-type zones 251, 228, 253 and 211, respectively.
PAR  The metal layers 265 and 266 are laterally separated by the silicon oxide
      layers 270 and 271 from the base contacts 263 and 264, respectively. These
      collector contact 265 and 266 constitute good ohmic contacts to the highly
      doped n-type contact regions 258 and 259, respectively, of the collector
      regions 232 and 234.
PAR  The emitter 202 forms flat junctions with the bases 214 and 216, which
      junctions 280 and 281, respectively, are present, substantially throughout
      their surface, at a short distance opposite to the base-collector
      junctions 282 and 283, respectively. The emitter contacts have
      through-connections to the buried emitter layer 202 which are separated
      laterally from the transistor configurations by zones of insulating
      material.
PAR  The base-collector capacitances in this construction may be even further
      reduced by using further inset oxide layers, if desirable also provided on
      a thin buried insulation layer, which inset insulation layers are inset
      throughout the thickness of the layer 220 or if desirable over a part of
      said thickness and laterally separate the base contact zones from the
      collector regions. As a result of this it is even possible to obtain a
      substantially flat collector-base junction with a minimum capacity bounded
      by insulating material along its entire circumference.
PAR  It is to be noted that the use of two or more inset insulation layers one
      on the other enables the use of a thicker collector region which may be
      desirable for obtaining high reverse voltages across the base-collector
      junction,
PAR  In the resulting construction the emitter-base junctions are only slightly
      larger than the oppositely located part of the base-collector junction, as
      a result of which reasonable current amplification factors of the
      transistors can be obtained.
PAR  FIG. 21 shows a semiconductor device having an n-p-n and a p-n-p transistor
      the collectors of which are conductively connected together. Since the two
      collector regions in such a case consist of semiconductor material of
      different conductivity types, a direct contact between said collectors
      would form a rectifying junction. When proceeding according to
      conventional integration methods, collector contacting zones present at
      the surface could be interconnected by means of a metallic connection
      conductor conducted over an insulation layer. When using inset and buried
      insulation layers according to the present invention it is also possible
      to bury metal conductors. These may interconnect deeper located zones, in
      particular zones of different conductivity types.
PAR  The semiconductor device partly shown in FIG. 21 is constructed on a
      monocrystalline semiconductor body 500 of high-ohmic n-type silicon. By
      oxidation and masked etching in the usual manner, conventional,
      comparatively thin, oxide layers 502 and 504 and provided thereon. An
      insulation layer 503, consisting of silicon nitride is furthermore
      provided in the form of a strip. A metal conductor 505, for example of
      tungsten or molybdenum, is provided in known manner on said layer of
      silicon nitride. Between the silicon nitride and the metal, a thin silicon
      oxide layer may be provided, if desirable. Since at least a peripheral
      zone of the upper surface of the insulation layer 503 remains free from
      the provided metal, thereis no direct shortcircuit between the metal layer
      and the n-type material 500 of the silicon body. The metal layer 505 is
      again covered with an insulating strip 506, for example likewise
      consisting of silicon nitride, having below it, if desirable, a thin layer
      of silicon oxide. On the upper side of the metal layer 505 two surface
      parts which are separated from each other have remained free from the
      insulation material of the layer 506. Furthermore, a p+-type zone 501 is
      provided in a part of the surface of the body 500 between the insulation
      layers 502 and 503 by diffusion of boron.
PAR  On this a silicon layer 510 of the p-type, for example, having a thickness
      of 2/.mu. is provided such that polycrystalline silicon is deposited on
      the surfaces with insulation material or metal and epitaxial silicon is
      deposited on the free monocrystalline silicon surface. A polycrystalline
      part 513 has formed on the oxide layer 504. On the part of the silicon
      surface present between the oxide layer 504 and the silicon nitride 503 a
      monocrystalline p-type region 511 has formed epitaxially during the
      deposition. It consists of p-type material having a resistivity of 0.5 ohm
      cm. A polycrystalline region 516 has formed on the oxide layer 502. An
      epitaxial silicon part 512 of high-ohmic p-type silicon has formed on the
      surface part of the silicon body present between the silicon nitride layer
      503 and the oxide layer 502. The buried low-ohmic p-type layer 501 has
      expanded by diffusion in the part 512. A part of polycrystalline silicon
      has deposited on the free surfaces of the silicon nitride layer 503, the
      metal layer 505, and the silicon nitride layer 506.
PAR  A network consisting of inset insulation layers is again provided in the
      layer 510, which network has been obtained by local etching of grooves and
      deep oxidation of the silicon. For example, an inset insulation layer 517
      is inset in the layer 510, said layer 517 adjoining on its lower side the
      silicon nitride layer 506 provided on the metal. The polycrystalline
      silicon region in which the insulation layer 517 in inset, is divided into
      two parts, the polycrystalline part 514 of which adjoins the epitaxial
      part 511 of the layer 510, and the polycrystalline part 515 of which
      adjoins the epitaxial part 512 of the layer 510.
PAR  By means of conventional planar diffusion methods, the polycrystalline
      zones 513, 515 and 516 are highly doped with boron, while phosphorus is
      indiffused in the polycrystalline part 514 and in the adjoining
      monocrystalline epitaxial part 511, with the exception of a surface part
      adjoining the polycrystalline region 513. As a result of the difference in
      diffusion rate of the phosphorus, the polycrystalline region 514 has
      entirely become low-ohmic n-type while at the surface of the
      monocrystalline p-type region 511 a highly doped n-type zone 518 has
      formed.
PAR  The polycrystalline highly doped n-type zone 514 is now connected in a
      readily conductive manner to the highly doped polycrystalline p-type zone
      515 via the buried metal layer 505.
PAR  A silicon nitride layer 519 is provided on the polycrystalline regions 514
      and 515 and the intermediately located inset insulation layer 517. A layer
      525 of high-ohmic n-type silicon is then provided on the assembly. The
      parts of said layer which are provided on insulation material and on
      polycrystalline material become polycrystalline, while the parts which are
      provided on monocrystalline silicon have deposited epitaxially on said
      monocrystalline silicon. For example, on the monocrystalline part 511 of
      the layer 510 the epitaxial monocrystalline high-ohmic n-type region 526
      has formed and on the monocrystalline part 512 of the layer 510 the
      monocrystalline region 527 of high-ohmic n-type silicon has formed. The
      zone 518 has expanded by diffusion both in the region 511 and in the
      region 526 and constitutes a highly doped n-type buried layer.
PAR  In the above-mentioned manner, by providing grooves and deep oxidation,
      inset insulation layers of silicon oxide have formed in the silicon layer
      525, namely in a pattern of a network. The inset insulation layer 529
      adjoins with its lower side the highly doped p-type polycrystalline
      silicon zone 510 and a buried insulation layer inset in the silicon layer
      510 (not shown) which adjoins with its lower side the buried insulation
      layer 504. The buried polycrystalline zone 513 forms a conductive
      connection passing through an interruption of said buried insulation layer
      inset in the silicon layer 510. In a corresponding manner, the
      polycrystalline highly doped p-type zone 516 may have the form of a
      passage through a buried insulation layer (not shown) inset in the silicon
      oxide layer 510 and adjoining the thin buried oxide layer 502 with its
      lower side. The insulation layer 532 inset in the silicon layer 523
      adjoins with its lower side said buried layer inset in the layer 510 and
      the polycrystalline zone 516. In the polycrystalline part formed on the
      silicon nitride layer 519, two inset insulation layers 530 and 531 are
      formed of which the layer 530 laterally adjoins the epitaxially provided
      part 526 and the inset insulation layer 531 laterally adjoins the
      monocrystalline part 527 of the layer 525. Between the inset insulation
      layers 530 and 531 a comparatively high-ohmic n-type polycrystalline zone
      528 has been retained which expands between said two buried layers 530 and
      531 as an elongated part which may be used as a resistor.
PAR  Highly doped zones have formed locally from the surface of the layer 525,
      namely the highly doped n-type zones 533 and 534 in a surface part of the
      epitaxially provided n-type region 526, which surface part adjoins the
      inset insulation layer 530, respectively in a surface part of the
      epitaxial n-type region 527, which surface part adjoins the inset
      insulation layer 532. Furthermore, a highly doped p-type zone 535 which
      with some intermediate space is separated from the highly doped n-type
      zone 534 has formed by indiffusion ofnboron in a surface part of the
      epitaxially provided region 527. A silicon nitride layer 536 is provided
      on the zone 528 of polycrystalline silicon and on the inset insulation
      layers 530 and 531.
PAR  A layer 540 of p-type silicon has been deposited on the layer 525. Where
      this silicon is deposited on insulation material, the deposit is
      polycrystalline. Where the deposition took place on monocrystalline
      silicon, monocrystalline parts were formed epitaxially on the substrate.
      The highly doped p-type zone 535 and the highly doped n-type zones 533 and
      534 may have expanded by diffusion of boron and phosphorus, respectively,
      in the silicon of the layer 540.
PAR  By providing grooves in the above described manner and by deep oxidation at
      the area of said grooves while using a suitable masking, for example
      silicon nitride, a network of insulation layers of silicon oxide inset in
      the silicon layer 540 was formed. The inset insulation layer 541 adjoins
      with its lower side the insulation layer 529 inset in the silicon layer
      525. The insulation layer 542 inset in the layer 540 extends to just below
      the boundary between the layer 525 and the layer 540. It is provided in
      the monocrystalline part of the layer 540 grown epitaxially on the region
      526 and on its lower side reaches near the edge of the now buried zone 533
      which is highly doped with phosphorus. The inset insulation layer 542
      divides the monocrystalline region provided epitaxially on the
      monocrystalline part 526 of the layer 525 into two parts of which a part
      550 of high-ohmic p-type material having a flat junction adjoins the high
      ohmic n-type material of the region 526 and the part 551 of high ohmic
      p-type mateial adjoins with its lower side the buried layer 533 of highly
      doped n-type material. The monocrystalline part 551 of the silicon layer
      540, which part 551 adjoins on its one side the inset insulation layer
      542, adjoins with its other side the inset insulation layer 543 which
      adjoins with its lower side an edge of the silicon nitride layer 536. The
      inset insulation layer 544 adjoins with its lower side a central part of
      the buried silicon nitride layer 536. As a result of this the silicon
      deposited polycrystalline on the silicon nitride layer is divided into a
      region 554 which is bounded on either side by inset insulation layers 543
      and 544, and a region 555 which adjoins the monocrystalline material
      deposited on the monocrystalline region 527 of the silicon layer 525. The
      inset insulation layer 545 is provided in said monocrystalline part of the
      layer 540 deposited epitaxially on the monocrystalline part 527. It is
      inset to just below the boundary between the silicon layers 525 and 540
      and adjoins with its lower side the edge of the now buried highly doped
      p-type layer 535 and the edge of the now buried highly doped n-type layer
      534. It furthermore adjoins with its lower side the high-ohmic p-type
      material of the region 527 present between said buried layers. The inset
      insulation layer 545 divides the monocrystalline part of the layer 540
      grown epitaxially on the monocrystalline region 527 into two parts, the
      part 552 of which laterally adjoins the polycrystalline zone 555 and
      adjoins with its lower side the buried low-ohmic p-type layer 535, and the
      part 553 of which adjoins with its lower side the buried low-ohmic n-type
      layer 534. The insulation layer 546 is inset in the polycrystalline part
      of the silicon layer 540 which is deposited on the now buried insulation
      layer 532 inset in the silicon layer 525. The inset insulation layer 546
      adjoins with its lower side said buried insulation layer 532. A zone 556
      of polycrystalline silicon present above a peripheral part of the buried
      insulation layer 532 is present between the inset insulation layer 546 and
      the monocrystalline part 553 of the silicon layer 540.
PAR  By local indiffusion of phosphorus and boron according to known planar
      methods, highly doped n-type zones and p-type zones, respectively, are
      locally formed in the silicon layer 540. By indiffusing phosphorus, the
      polycrystalline zone 556 is doped highly with phosphorus throughout its
      thickness. By diffusion throughout the surface of the region 533, a highly
      doped n-type zone 564 is formed which laterally adjoins on one side the
      inset insulation layer 545 and on the other side adjoins the
      polycrystalline silicon of the zone 556 which is likewise highly doped
      with phosphorus. It is possible to continue the diffusion until the
      high-ohmic p-type silicon of the region 553 has been fully re-doped by the
      upwards diffusion of phosphorus from the buried layer 534 and the
      downwards diffusion of phosphorus from the layer 564. It is possible,
      however, that a p-type zone of the original material of the region 553
      remains and that the polycrystalline part 556 ensures a readily conducting
      connection between the zone 564 and the buried part 534.
PAR  Such a highly phosphorus-doped zone 563 is formed by indiffusion of
      phosphorus throughout the surface of the monocrystalline part 551 of the
      layer 540. In this case also the p-type material of the region 551 can be
      fully re-doped by downwards diffusion of phosphorus from the layer 563 and
      upwards diffusion of phosphorus from the layer 533. However, should a thin
      zone of p-type material remain, as is shown diagrammatically in FIG. 23,
      it can be better ensured that between the monocrystalline part 551 of the
      layer 540 and the inset insulation layer 543 a zone of polycrystalline
      silicon remains on a peripheral part of the silicon nitride layer 536.
      During the phosphorus diffusion to form the layer 536 this may be doped
      with phosphorus throughout its thickness. In this manner it can be ensured
      that a good ohmic contact is obtained between the n-type zone 563 and the
      buried n-type layer 533. This layer 533 may have expanded downwards down
      to the buried n-type layer 518 present underneath so that the
      last-mentioned layer 518 has a readily conducting connection to the
      surface of the layer 540 for providing a contact.
PAR  By indiffusing phosphorus in a surface part of the region 550 adjoining the
      inset insulation layer 542, the highly doped n-type zone 562 is formed
      which forms a p-n junction with the high-ohmic p-type material of the
      region 550.
PAR  By indiffusing boron throughout the surface of the monocrystalline part
      552, a highly doped p-type surface zone 561 is formed which may possibly
      be separated from the buried p-type layer 535 by a thin layer of
      high-ohmic p-type material. By the simultaneous diffusion of boron in the
      polycrystalline zone 555 which becomes doped highly with boron throughout
      its thickness, a readily conducting connection is ensured between the
      buried layer 535 and the surface zone 561.
PAR  The boron may also be diffused in the polycrystalline zone 554 to form a
      conductive strip which is entirely bounded by insulation material
      laterally and from below and which may serve as a conductor inset in the
      semiconductor body. The zone 554 may furthermore be covered on its upper
      side with an insulation layer 558, for example of silicon oxide. The zone
      554 may also be masked against the boron diffusion as a result of which
      the material maintains its comparatively high resistivity and the zone 554
      may, if desired, be used as a resistor.
PAR  In a peripheral zone of the surface of the monocrystalline part 550 of the
      silicon layer 540, which peripheral zone adjoins the inset insulation
      layer 541, boron is also diffused to form a highly doped p-type zone 560
      which remains at a small distance from the highly dope n-type zone 562.
PAR  The resulting configuration comprises a p-n-p transistor comprising the
      buried layer 535 as an emitter, the high-ohmic n-type material of the
      region 527 as a base and the p-type region 512 present underneath as a
      collector. An ohmic emitter contact 573 is provided on the surface of the
      polycrystalline zone 555 and the highly doped p-type zone 561. Via these
      zones the emitter contact 573 is connected to the buried emitter layer 535
      in a readily conducting manner. The base contact 574 is provided on the
      highly doped n-type zone 564 and the polycrystalline zone 556. The base
      contact 574 is connected to the base region 527 in a readily conducting
      manner via the zone 564, the polycrystalline zone 556 and the highly doped
      n-type buried layer 534. The base region 527 is separated from the
      high-ohmic collector region 512 by an entirely flat p-n junction. The
      low-ohmic p-type buried layer 501 serves to reduce the collector-series
      resistance.
PAR  Via the buried conductor 516 of polycrystalline low-ohmic p-type silicon,
      the collector may be connected to other circuit elements. For the rest the
      p-n-p transistor is present in an island which adjoins the n-type body 500
      on its lower side with a p-n junction. On one de the island is bounded by
      an isolation zone which is interrupted only locally by the conductive
      collector connection 516 but otherwise consists entirely of insulation
      material formed by the thin oxide layer 502, the insulation layer (not
      shown) inset in the layer 510 down to the insulation layer 502 as a result
      of which the conductor 516 is formed, the buried insulation 532 inset in
      the layer 525, and the insulation layer 546 inset in the layer 540.
PAR  The configuration furthermore comprises an n-p-n transistor. The emitter
      thereof is formed by the highly doped n-type zone 562, the base is formed
      by the high-ohmic n-type region of the part 550 below the emitter, and the
      collector is formed by the high-ohmic n-type part 526 of the layer 525
      present underneath. An emitter contact 571 is provided on the highly doped
      n-type emitter zone 562. A base contact 570 is provided on the highly
      doped n-type peripheral zone 560 via which zone said contact is connected
      to the base 550 in a readily conducting manner. An insulation layer of
      silicon oxide 557 is provided between the contacts 570 and 571. This oxide
      layer 557 covers the places where the junction between the low-ohmic
      p-type zone 560 and the high-ohmic p-type material of the region 550 and
      the p-n junction between the low -ohmic n-type zone 562 and the high-ohmic
      p-type material of the region 550 emerge at the surface. The collector
      contact 572 is provided on the highly doped n-type zone 563. Via said
      highly doped zone 563, a possibly adjacent polycrystalline highly doped
      n-type region, and the highly doped buried layer 533, the collector
      contact 572 is connected in a readily conducting manner to the highly
      doped n-type buried layer 518 which serves to reduce the collector-series
      resistance. The inset insulation layer 542 furthermore ensures a good
      insulation between the highly doped p-type zones 563 and 533 on the one
      hand and the base 550 and the emitter 562 on the other.
PAR  The n-p-n tranaistor is insulated from the n-type body 500 by means of the
      high-ohmic p-type zone 511 via an n-p and a p-n junction. If desirable the
      zone 511 may be given a bias voltage in the reverse direction via a
      connection channel 513 of polycrystalline silicon by means of which the
      zone 511 may be connected to circuit elements in other islands or, for
      example, via an upwards conducting path and a contact present at the
      surface to an external voltage source. On one side the island with the
      n-p-n transistor is bounded by an isolation zone as a result of which only
      the connection 513 to the zone 511 can be passed through but which
      otherwise consists entirely of insulating material namely in that it
      consists of the inset insulation layer 541, the buried insulation layer
      529 inset in the layer 525, a buried insulation layer inset in the silicon
      layer 510 through which the polycrystalline conductor 513 is conducted,
      and the thin buried insulation layer 504. Actually, the n-p-n transistor
      is insulated sufficiently laterally by the insulation layers 541 and 529
      since the insulation layer 529 already adjoins the insulating p-type zone
      511 present below the n-p-n transistor.
PAR  The n-type collector 526 of the n-p-n transistor is now conductively
      connected to the p-type collector 512 of the p-n-p transistor via an
      entirely buried connection. This extends via the buried readily conducting
      n-type layer 518, the buried polycrystalline n-type zone 514, the buried
      metal conductor 505, the buried polycrystalline p-type zone 515 and the
      readily conducting buried p-type layer 501, Otherwise the islands with the
      n-p-n transistor and the p-n-p transistor, respectively, are isolated from
      each other namely via a composite isolation zone in which the strips 554
      and 528 of polycrystalline silicon surrounded by insulation material are
      embedded which may be used either in a low-doped form as resistors, or in
      a highly doped form as inset or buried connection conductors The relevant
      isolation zone is composed as follows: the insulation layers 543 inset in
      the layer 540 and adjoining the island with the n-p-n transistor, and 544
      which adjoins the island with the p-n-p transistor, the silicon nitride
      layer 536, the insulation layers 530 inset in the silicon layer 525 and
      adjoining the island with the n-p-n transistor, and 531 which adjoins the
      island with the p-n-p transistor, the silicon nitride layer 519, the
      buried insulation layer 517 inset in the silicon layer 510, the nitride
      layer 506 and the nitride layer 503 between which latter insulation layers
      the buried metal layer 505 is passed. The strip-shaped buried zone 528 of
      polycrystalline silicon serving, for example, as a resistor is laterally
      insulated from the above-mentioned islands by the buried insulation layers
      530 and 531 inset in the silicon layer 525 and is bounded on its upper
      side and lower side by the buried silicon nitride layers 536 and 519,
      respectively. The strip-shaped inset zone 554 of polycrystalline silicon
      serving as a connection conductor is separated laterally from the
      above-mentioned islands by the insulation layers 543 and 544, while said
      zone 554 is also separated entirely by insulating material from the buried
      resistor 528.
PAR  Metal conductors to connect the various contacts may be passed over the
      buried insulation layers as a result of which only a small capacitive
      coupling to the nearest zones of semiconductor material exists. Th buried
      metal conductor 505 is bounded by insulation material partly on its upper
      side and entirely on its lower side. The insulation layers 503 and 506 may
      also consist of a different material, for example, aluminium oxide.
PAR  The preceding description of the Figures is of course not restrictive of
      the invention. The embodiments described may be varied in various manners
      without departing from the scope of this invention. They also serve to
      illustrate that with the principle of the invention may new possibilities
      are given. They furthermore illustrate that the new method described is
      particularly suitable for adaptation in the existing planar methods for
      semiconductor devices, in particular for integrated circuits.
PAR  In this embodiment it is also possible to apply the buried metal conductor
      505 against the lower side of the silicon nitride layer 519. The buried
      p-type zone 501 may also be further extended, for example to the layer
      525, by further diffusion of boron. Such a buried p-type layer may also be
      formed from a provided, boron-doped zone at the surface of the body 500 by
      an upwards boron diffusion in the region 511 to the buried n-type layer
      518. This buried p-type layer insulates the n-p-n transistor situated
      above from the substrate. The buried insulation layers 502, 503 and 504
      may be used as a diffusion mask for said buried p-type layer and the
      buried p-type layer 501.
PAR  In this embodiment it is also possible to apply the buried metal conductor
      505 against the lower side of the silicon nitride layer 519. The buried
      p-type zone 501 may also be further extended, for example to the layer
      525, by further diffusion of boron. Such a buried p-type layer may also be
      formed from a provided, boron-doped zone at the surface of the body 500 by
      an upwards boron diffusion in the region 511 to the buried n-type layer
      518. This buried p-type layer insulates the n-p-n- transistor situated
      above from the substrate. The buries insulation layers 502, 503 and 504
      may be used as a diffusion mask for said buried p-type layer and the
      buried p-type layer 501.
PAR  Reference is made to Canadian patent no. 826,343; U.S. Pat. No. 3,544,858;
      and Philips Research Reports 25, 118-132, April 1970 for further details
      on various methods for locally sinking an insulating oxide, and to
      copending U.S. patent application Ser. No. 32,579, filed Apr. 28, 1970
      which contains claims directed to the use of a sunken oxide for island
      isolation in an integrated circuit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a semiconductor device comprising, providing a
      monocrystalline semiconductor silicon substrate, thermally oxidizing a
      limited first portion of a surface of the substrate to provide a first
      layer of insulating material leaving adjacent thereto exposed second
      portions of the semiconductor substrate, depositing on the substrate
      surface so as to cover both the first and second portions at least one
      layer of semiconductive material so as to bury the first layer, providing
      a material converting mask over surface portions of the semiconductive
      layer leaving exposed surface portions lying over the buried first layer,
      and subjecting the exposed surface portions of the semiconductive layer to
      a treatment for converting same into an insulating material until so much
      of the said semiconductive layer is converted that the insulating material
      becomes inset into the layer and extends down to the buried first layer.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein prior to the conversion treatment
      the semiconductive layer is locally removed over a part of its thickness
      in such manner that an accidented surface is formed, and the conversion
      treatment is carried out until the said accidented surface is smoothed at
      least partly by the variation in volume associated with the conversion.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the semiconductive layer consists
      of silicon and the conversion occurs by deep oxidation.
NUM  4.
PAR  4. A method as claimed in claim 2 wherein the material converting mask is
      also used as an etchant-resistant mask for providing the accidented
      surface.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the mask comprises silicon
      nitride.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the thermal oxidation is carried
      out so deep while masking the second portions of the substrate against
      oxidation that the resulting insulating layer to be buried is inset in the
      semiconductor substrate.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the semiconductor is of silicon,
      and during the conversion of the zones of semiconductor material boron is
      absorbed in the converted zone.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein the zones of the provided
      semiconductor layer to be converted are previously doped with boron.
NUM  9.
PAR  9. A method as claimed in claim 7 wherein the conversion occurs at least
      temporarily in an atmosphere which contains a boron compound.
NUM  10.
PAR  10. A method as claimed in claim 7 wherein a layer of boron oxide or borate
      glass is locally provided and serves as the boron source.
NUM  11.
PAR  11. A method as claimed in claim 1 wherein during the deposition of the
      semiconductor layer the semiconductor material which forms over the first
      layer is in polycrystalline form and that which forms over the exposed
      second portions in monocrystalline epitaxial semiconductor material, and
      during the conversion of the zones of the provided semiconductor layer a
      part of the polycrystalline material is masked against the conversion.
NUM  12.
PAR  12. A method as claimed in claim 11 wherein a diffused zone is formed in
      the provided layer over only part of its thickness, and simultaneously
      with the formation of the diffused zone at least a part of the
      polycrystalline material is doped throughout the layer thickness.
NUM  13.
PAR  13. A method as claimed in claim 1 wherein a diffusion mask is provided on
      the surface of the semiconductor substrate and zones of a highly doped
      semiconductor material are formed by diffusion of suitable impurities
      through openings in said diffusion mask, after which at least a part of
      said diffusion mask is retained as at least part of the buried insulating
      layer.
NUM  14.
PAR  14. A method as claimed in claim 13 wherein the diffusion mask consists at
      least partly of silicon oxide and impurities are diffused in the
      underlying semiconductor material to form a channel-interrupting zone.
NUM  15.
PAR  15. A method as claimed in claim 13 wherein the diffusion mask consists at
      least partly of silicon nitride.
NUM  16.
PAR  16. A method of making a semiconductor device comprising, providing a
      monocrystalline semiconductor silicon substrate, forming directly on a
      limited first portion of a surface of the silicon substrate a layer
      comprising nitride leaving adjacent thereto exposed second portions of the
      silicon substrate, depositing on the substrate surface so as to cover both
      the first and second portions at least one layer of semiconductive
      material so as to bury the nitride layer, providing a material converting
      mask over surface portions of the semiconductive layer leaving exposed
      surface portions lying over the buried nitride layer, and subjecting the
      non-masked surface portions of the semiconductive layer to a treatment for
      converting same into an insulating material until so much of the said
      semiconductive layer is converted that the insulating material becomes
      inset into the semiconductive layer and extends down to the buried nitride
      layer.
NUM  17.
PAR  17. A method as claimed in claim 16 wherein during the deposition of the
      semiconductive layer, the semiconductor material which forms over the
      buried nitride layer is in polycrystalline form and that which forms over
      the exposed second portions is monocrystalline.
NUM  18.
PAR  18. A method as claimed in claim 17 wherein during the material conversion
      step, a part only of the polycrystalline material is masked.
NUM  19.
PAR  19. A method of making a semiconductor device comprising, providing a
      monocrystalline semiconductor silicon substrate, forming on a limited
      first portion of a surface of the substrate a first layer comprising
      impurity-doped insulating material leaving adjacent thereto exposed second
      portions of the semiconductor substrate, depositing on the substrate
      surface so as to cover both the first and second portions at least one
      layer of semiconductive material so as to bury the first layer, providing
      a material converting mask over surface portions of the semiconductive
      layer leaving exposed surface portions lying over the buried first layer,
      and subjecting the exposed surface portions of the semiconductive layer to
      a treatment for converting same into an insulating material until so much
      of the said semiconductive layer is converted that the insulating material
      becomes inset into the layer and extends down to the buried first layer,
      during the preceding steps sufficient impurity out-diffusing from the
      doped buried layer to form underneath in the substrate an impurity-doped
      silicon zone having a higher concentration of impurities than that of
      underlying substrate portions.
NUM  20.
PAR  20. A method as claimed in claim 19 wherein during the deposition of the
      semiconductive layer, the semiconductor material which forms over the
      buried insulating layer is in polycrystalline form and that which forms
      over the exposed second portions is monocrystalline.
NUM  21.
PAR  21. A method as claimed in claim 20 wherein during the material conversion
      step, a part only of the polycrystalline material is masked.
NUM  22.
PAR  22. A method as claimed in claim 19 wherein the substrate portion
      underlying the doped first layer is of one-type conductivity, and the
      out-diffused impurity forms a one-type doped zone.
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ABST
PAL  A propellant composition for the generation of nontoxic propellant gases
      suitable for the inflation of air cushion protective devices for
      passengers in motor vehicles comprises mixtures of (a) at least one stable
      metal azide, (b) at least one oxidant metal compound, and (c) silicon
      dioxide.
BSUM
PAC  THE PRIOR ART
PAR  The problem of providing nontoxic propellant gases for inflatable
      protective cushions and the like has received a good deal of attention
      very recently in the field of protective devices for passengers in motor
      vehicles. Heretofore, the development of suitable propellant compositions
      to generate these nontoxic gases has encountered great difficulties. The
      propellant gases should contain components of a toxic nature only in
      legally permissible amounts, which means that they should be virtually
      nontoxic. Propellant compositions containing carbon will generate as toxic
      gases, primarily carbon monoxide and nitrous gases as well as hydrocyanic
      acid, dicyanogen, ammonia or phosgene. The propellant gases generated by
      inorganic propellant compositions contain primarily toxic particles in
      suspension. Generally the primary ingredient for generating propellant
      gases in inorganic fuel compositions is metal azides.
PAR  U.S. Pat. No. 2,981,616 describes a propellant system for generating
      propellant gas from metal azides and oxidants such as nitrates or
      perchlorates with the objective of using the resultant propellant gas to
      move liquid fuels in rockets. Even though this fuel system is described as
      being "inert", this description relates to its lack of reactivity with
      respect to the liquid fuels such as N.sub.2 O.sub.4 and its neglible
      corrosive effect upon the equipment. Physiologically, the gases generated
      according to this patent are highly toxic, since they contain a
      substantial amount of NO. It is for this reason that this fuel composition
      cannot be utilized for the purposes of the present invention.
PAR  The German Offenlegungschrift No. 2,153,601 describes a sodium
      azide-potassium perchlorate system for generating nitrogen as an air
      cushion inflator. Highly toxic sodium oxide is present in the propellant
      gas in a very finely divided form and in great quantity. The removal of
      this sodium oxide takes place in a succeeding, or "secondary chamber",
      filled with silica, for example. The removal of sodium oxide by this
      method is very inefficient because the sodium oxide cannot be removed
      adequately from the propellant gas in this manner. Moreover, the method
      requires complicated equipment.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a novel propellant
      composition free of carbon, containing metal azides and generating an
      absolutely nontoxic propellant gas consisting mainly of nitrogen in a
      simple manner such as by direct conversion, and which is sufficiently low
      in temperature.
PAR  It is another object of the present invention to provide a propellant
      composition for the generation of nontoxic propellant gases suitable for
      the inflation of air cushion protective devices for passengers in motor
      vehicles comprising mixtures of (a) at least one stable metal azide
      selected from the group consisting of alkali metal azides and alkaline
      earth metal azides, (b) at least one oxidant metal compound capable of
      absorbing electrons during reaction with said at least one metal azide,
      for example nitrates, perchlorates, chromates or peroxides, and (c)
      silicon dioxide, the total metal ion ratio relative to the metal oxides
      developed during the combustion assuring the formation of glasslike
      silicates having as low as possible a melting point or softening point.
PAR  These and other and further objects of the present invention will become
      apparent as the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a propellant composition for the
      generation of nontoxic propellant gases suited for the inflation of air
      cushions for passenger protection devices in motor vehicles. This
      propellant is free of carbon, contains metal azides, and generates an
      absolutely nontoxic propellant gas consisting mainly of nitrogen in a
      simple manner such as by direct conversion, with said propellant gas being
      sufficiently low in temperature.
PAR  The present invention is directed to a propellant composition for the
      generation of nontoxic propellant gases suitable for the inflation of air
      cushion protective devices for passengers in motor vehicles comprising
      mixtures of (a) at least one stable metal azide selected from the group
      consisting of alkali metal azides and alkaline earth metal azides, (b) at
      least one oxidant metal compound capable of absorbing electrons during
      reaction with said at least one metal azide preferably nitrates,
      perchlorates, chromates or peroxides, and (c) silicon dioxide, the total
      metal ion ratio relative to the metal oxides developed during the
      combustion assures the formation of glasslike silicates having a melting
      point or softening point as low as possible.
PAR  The present invention is further directed to a development in the process
      for generating a propellant gas for inflation of air cushions for
      protective devices for passengers in motor vehicles which comprises
      providing a mixture of components that liberate the propellant gas within
      said protective device and reacting said mixture to liberate said
      propellant gas for inflating said air cushion, wherein the improvement
      comprises utilizing a propellant composition to generate nontoxic
      propellant gases comprising mixtures of (a) at least one stable metal
      azide selected from the group consisting of alkali metal azides and
      alkaline earth metal azides, (b) at least one oxidant metal compound
      capable of absorbing electrons during reaction with said at least one
      metal azide and preferably nitrates, perchlorates, chromates or peroxides,
      and (c) silicon dioxide, the total metal ion ratio relative to the metal
      oxides developed during the combustion assures the formation of glasslike
      silicates having a melting point or softening point as low as possible.
PAR  The propellant consists of preferably compressed mixtures of stable metal
      azides, primarily of the alkali metal and the alkaline earth metal groups
      of the Periodic Chart, oxidants such as practically all stable anhydrous
      nitrates, perchlorates, chromates, peroxides, or generally speaking all
      metal containing compounds which absorb electrons during their reaction
      with metal azides, and silicon dioxide, whose total metal ion ratio
      relative to the metal oxides produced during combustion assures the
      formation of glasslike silicates with as low a melting or softening point
      as possible. For example, the conversion of sodium azide, potassium
      nitrate, and very finely divided silicon dioxide into an alkali metal
      silicate, with N.sub.2 gas given off, takes place in accordance with the
      following equation:
EQU  10 NaN.sub.3 + 2 KNO.sub.3 + 5 SiO.sub.2 .fwdarw. 5 Na.sub.2 O.K.sub.2 O.5
      SiO.sub.2 + 16 N.sub.2 .uparw..
PAR  the formation of the glasslike melts during the combustion of the
      propellant is necessary in order to prevent the suspended particles from
      atomizing.
PAR  In another embodiment of the invention, the propellant composition
      additionally contains glass flux promoting metal oxides, such as lead
      oxide, ferric oxide and/or fluxes generally used in the glass industry.
      Various combinations of metal oxide-SiO.sub.2 can be obtained by the
      appropriate composition of metal azide, oxidant and glass flux promoting
      metal oxide.
PAR  In another advantageous embodiment of the invention, the silicon dioxide,
      as an acid oxygen binding component is entirely or partially replaced by
      other acid reacting metal oxide compounds such as boric oxide or alkali
      metal metaphosphates which form glasslike melts. Oxides of the transition
      metals may be present as such or by way of the following compounds:
      nitrates, perchlorates, phosphates, chromates.
PAR  The propellant composition is conventionally detonated, for example, by
      utilizing a conventional pyrotechnic ignitor such as an ignition pellet
      which is electrically ignited, and then propogated through an ignition
      train comprised by an ignition mixture of boron and potassium nitrate or
      by flash powder in the form of a compressed granulate or in the form of a
      fine-grained single base or double base or composite propellant. The
      manner of detonation is not limitative of the invention.
DETD
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
TBL  __________________________________________________________________________
     Examples of Compositions in Mols                                          
     __________________________________________________________________________
     Reaction                                                                  
     Component                                                                 
     I         II  III IV V  VI VII VIII                                       
                                        IX X XI  XII                           
     __________________________________________________________________________
     NaN.sub.3                                                                 
           10  5   5   10 10 -- --  --  8  --                                  
                                             4   4                             
     KN.sub.3                                                                  
           --  5   5   -- -- 10 10  10  -- 8 4   4                             
     Ca(N.sub.3).sub.2                                                         
           --  --  --  -- -- -- --  --  1  1 --  --                            
     NaNO.sub.3                                                                
           --  --  2   -- -- 2  --  --  -- 2 --  --                            
     KNO.sub.3                                                                 
           2   2   --  -- -- -- --  --  2  --                                  
                                             --  --                            
     Mg(NO.sub.3).sub.2                                                        
           --  --  --  -- 1  -- 1   --  -- --                                  
                                             --  --                            
     Ca(NO.sub.3).sub.2                                                        
           --  --  --  1  -- -- --  1   -- --                                  
                                             --  --                            
     NaClO.sub.4                                                               
           --  --  --  -- -- -- --  --  -- --                                  
                                             1   --                            
     KClO.sub.4                                                                
           --  --  --  -- -- -- --  --  -- --                                  
                                             --  1                             
     SiO.sub.2                                                                 
           4-6 4-6 4-6 5  5  5  5   5   5  5 3-6 3-6                           
     __________________________________________________________________________
PAR  Glass flux promoting oxides such as lead oxide or ferric oxide may be added
      to the ingredients in these examples; however, their quantity must not be
      large enough to considerably reduce the gas yield per gram of propellant.
PAR  At the same time, or independent thereof, the metal oxide binding
      ingredient, i.e. silicon dioxide, may be entirely or partially replaced by
      other compounds, such as boric oxide or metaphosphates, acid reacting with
      metal oxides.
PAR  Substances such as sulfides may be employed also, for example molybdenum
      sulfide, MoS.sub.2. In the reaction with sodium azide, for example, sodium
      sulfide or sodium polysulfide is formed which dissolves in the metal oxide
      or acid reacting ingredients additionally contained in the glass melt or
      created during the combustion.
PAR  While the mol ratio of azides to oxidants in the above examples is
      essentially the stoichiometrically required amount, in actual practice,
      this stoichiometry need not be adhered to any may be deviated therefrom.
      Excess alkali metal resulting from excess of the azides and developed
      during the decomposition reacts with silicon dioxide, for instance; on the
      other hand, oxygen will be liberated from the oxidants if there is less
      than the stoichiometric amount of azide.
PAR  The above described components which are ground and pulverized as finely as
      possible and highly dispersed are then compressed to form the propellant.
      The compressed solid propellants thus obtained are very strong
      mechanically.
PAC  EXAMPLE XIII
PAR  In the process for utilizing the fuel compositions of Examples I to XII for
      generating a propellant gas for inflation of air cushions for protective
      devices for passengers in motor vehicles, a mixture of the components of
      each of the examples was tested by reacting mixture No. 1 from the
      foregoing table to liberate the nontoxic propellant gas.
PAR  The following analysis, obtained by gas chromatography, was typical of the
      composition of nontoxic propellant gases developed during the combustion
      of the propellant according to each of Examples I to XII:
PA1  N.sub.2 :99.2 percent by volume; O.sub.2 :0.7 percent by volume; NO.sub.x :
      a maximum of 20 ppm; CO.sub.2 :0 percent by volume; H.sub.2 O:0 percent by
      volume.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A propellant composition for the generation of non-toxic propellant
      gases suitable for the inflation of air cushion protective devices for
      passengers in motor vehicles comprising mixtures of (a) at least one
      stable metal azide selected from the group consisting of alkali metal
      azides and alkaline earth metal azides, (b) at least one oxidant metal
      compound capable of absorbing electrons during reaction with said at least
      one metal azide, and (c) silicon dioxide, the total metal ion ratio
      relative to the metal oxides developed during the combustion assuring the
      formation of glasslike silicates having as low as possible a melting point
      or softening point, the ratio of a:b:c being from 5:1:2 to 10:1:5.
NUM  2.
PAR  2. The composition of claim 1, in which the mol ratio of said azide of (a)
      to said oxidant of (b) to said silicon dioxide of (c) is essentially
      stoichiometric.
NUM  3.
PAR  3. The composition of claim 1, in which the metal of said oxidant compound
      is selected from the group consisting of alkali metals and alkaline earth
      metals.
NUM  4.
PAR  4. The composition of claim 1, which further comprises glass flux promoting
      metal oxides.
NUM  5.
PAR  5. The composition of claim 1, in which the silicon dioxide of (c) is at
      least partially replaced by at least one other acid reacting metal oxide
      compound which forms glasslike melts selected from the group consisting of
      boric oxide and alkali metal metaphosphates.
NUM  6.
PAR  6. The composition of claim 1 wherein the oxidant is selected from the
      group consisting of chlorates, nitrates, chromates and peroxides.
PATN
WKU  039473015
SRC  3
APN  7848811
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ABST
PAL  1. An explosive slurry composition comprising a substantially saturated
      solution of ammonium nitrate, and suspended solids in said solution to
      form said slurry, said solids being comprised of at least 50 parts by
      weight of ammonium nitrate, and not more than 50 parts by weight of finely
      divided metallic aluminum of character such as to increase the sensitivity
      of said composition to detonation, the total nitrate comprising at least
      50% of the total composition, said composition including water comprising
      at least 3 percent by weight of the total composition. 2. An ammonium
      nitrate explosive composition consisting essentially of particulate
      ammonium nitrate in admixture with an aqueous solution saturated with
      respect to ammonium nitrate, and with up to 35 per cent by weight of an
      inorganic sensitizer which taken alone is a stable solid at a temperature
      of at least 100.degree.C., the amount of water being from 3 to 25 per cent
      by weight of the total composition. 3. The aqueous ammonium nitrate
      explosive composition as in Claim 2 in which the inorganic sensitizer is a
      particulated light metal selected from the group consisting of magnesium,
      magnesium-base alloys, aluminum, aluminum-base alloys and mixtures
      thereof.
BSUM
PAR  This invention relates to an improved ammonium nitrate explosive
      composition and more particularly concerns an aqueous ammonium nitrate
      explosive composition.
PAR  It has been a desideratum in the explosives art to formulate and compound
      explosive compositions which are easily and safely loaded into a borehole
      or fissure in an earth formation which are of relatively low cost and
      which do not produce toxic substances on detonation.
PAR  Accordingly it is an object of this invention to provide an ammonium
      nitrate explosive mixture in the form of an aqueous composition which may
      be readily loaded as by pumping the composition into a borehole or by
      first placing the composition, if pasty, in rigid or flexible containers
      and positioning the containers in a borehole, the aqueous composition
      having substantially no voids therein and especially when in the form of a
      slurry the composition further filling any confining space in the manner
      of a liquid so as to generally eliminate voids below the surface of the
      slurry.
PAR  It is another object of the invention to provide an ammonium nitrate
      explosive composition which can be prepared from low cost materials.
PAR  It is another object of the invention to provide an ammonium nitrate
      explosive composition compounded from substances which do not produce
      toxic products when the composition is detonated.
PAR  It is a still further object of the invention to provide an ammonium
      nitrate explosive composition which is readily compounded at or near the
      site where it is used.
PAR  These and other objects are attained upon admixing ammonium nitrate and
      water in suitable proportions, hereinafter described, whereby there is
      obtained a paste or slurry of particulated ammonium nitrate in its
      saturated aqueous solution.
PAR  The compositions of the invention may be compounded by first preparing an
      aqueous solution of ammonium nitrate from water and any grade of ammonium
      nitrate such as fertilizer grade ammonium nitrate or explosives grade
      ammonium nitrate, and slurrying therein or mixing therewith a particulated
      ammonium nitrate. However, a most economical procedure is that of admixing
      a particulated ammonium nitrate with one of the aqueous ammonium nitrate
      solutions of commerce such as an aqueous solution containing about 84
      percent of ammonium nitrate as obtained in the manufacture of ammonium
      nitrate.
PAR  While a fine particulate grade of ammonium nitrate may be used to obtain a
      composition with somewhat greater work potential, it is generally more
      economical to use an inexpensive grade such as fertilizer grade ammonium
      nitrate in either prilled or granular form and, if necessary, to increase
      the size of the load slightly. However, though a relatively coarse grade
      of ammonium nitrate may be employed a grade of ammonium nitrate having
      more than about 5 percent of particles of a size greater than that passing
      about a 10 mesh sieve (U.S. Sieve Series) is to be avoided as decreasing
      the sensitivity of the composition to initiation to an undesirably low
      level.
PAR  The components of the invention may be combined in proportions varying from
      about 50 to 97 percent of ammonium nitrate and from about 3 to 25 percent
      of water to produce a pasty to pumpable two phase composition, one of the
      phases being solid ammonium nitrate, the other an aqueous solution
      saturated with respect to ammonium nitrate. It is to be understood that
      while compositions in this range will under room temperature conditions
      contain both dissolved ammonium nitrate and solid phase particulate
      ammonium nitrate, the relative amount of ammonium nitrate in each phase is
      determined by the temperature of the mixture under equilibrium conditions.
      At higher temperatures more solid particulate ammonium nitrate will be
      taken into solution than at lower temperatures.
PAR  While such an aqueous composition of ammonium nitrate explosive is
      detonable upon initiation by a suitable heavy initiator, it is generally
      to be preferred that the slurry be admixed with up to about 35 percent of
      a sensitizer to increase sensitivity as well as work potential. Suitable
      sensitizers include light metals such as magnesium and magnesium-base
      alloys comprising at least 80 percent of magnesium, and aluminum and
      aluminum-base alloys comprising at least 80 percent of aluminum, the light
      metal being in particulated form. Atomized pellets of light metal as well
      as the ground flake form of metal may be used in compounding the explosive
      composition of the invention. Examples of suitable magnesium-base alloys
      include those having the ASTM designations ZK10, ZK60, AZ41, as well as
      AZ11 containing 1 percent of manganese, ZK60 containing 2 percent of
      thorium, and an alloy containing 2.8 percent of aluminum, 8.4 percent of
      zinc, the balance magnesium. While the particulated metals may be used in
      the form of ground or flaked particles a desirable form is that of
      atomized pellets, for example, atomized metal pellets obtained as
      described in U.S. Pat. Nos. 2,699,576 and 2,728,107.
PAR  Ground metals as produced are generally quite varied in particle size and
      usually contain a substantial amount of fines passing a 325 mesh sieve.
      Not only are these fines rather easily ignited in air but they contribute
      to low level initiation of particulate ammonium nitrate in admixture
      therewith. Such fines are thus unsuitable in the preparation of relatively
      insensitive ammonium nitrate explosive mixtures. Ground metals may be used
      upon separating the fines as by screening and selecting particles about 85
      percent of which are retained on a 140 mesh sieve and not more than 1
      percent of which pass a 200 mesh sieve. It is also desirable to reject
      coarse metal particles not passing a 20 mesh sieve as these are too large
      to react effectively during the brief interval of the detonation reaction
      of ammonium nitrate, though the presence of a small percent of larger
      particles does not particularly adversely affect detonability of an
      ammonium nitrate explosive mixture.
PAR  On the other hand atomized metal pellets produced according to the U.S.
      patents referred to above are readily formed in a narrow range of particle
      sizes with little fines. While the same limits of metal particle sizes
      generally apply whether the metal is ground or pelletized the following is
      a sieve analysis of a suitable pelletized magnesium-base alloy having the
      ASTM designation ZK60.
TBL                Table 1                                                     
     ______________________________________                                    
     Number of   Number of Sieve Percent                                       
     Sieve Passed                                                              
                 Retained on     Retained                                      
     ______________________________________                                    
     20          35              22                                            
     35          48              38                                            
     48          65              27                                            
     65          100             10                                            
     100         pan             3                                             
     ______________________________________                                    
PAR  Other suitable sensitizers for the present explosive composition include
      finely divided carbon, preferably passing a 325 mesh sieve, and mixtures
      of carbon and the above-mentioned particulate light metals. It is to be
      preferred that the carbon-particulate metal mixtures contain at least 50
      to 75 percent by weight of the particulate metal.
PAR  Additional sensitizers which may be used include such inorganic salts as
      potassium nitrate, sodium nitroprusside, potassium ferrocyanide, ammonium
      chromate, potassium nitrite, strontium nitrate, sodium cyanide, calcium
      nitrate and ammonium hypophosphite all of which contain nitrogen and
      exhibit a melting point or decomposition point above a temperature of
      100.degree. C. These inorganic sensitizers are best employed in the
      explosive composition of the invention in the range of about 15 to 35
      percent by weight of the total composition.
PAR  If desired the explosive composition of the invention may be thickened upon
      admixing therewith from about 0.1 to 5 percent based on the weight of the
      liquid phase, of a thickening agent such as methyl cellulose or gum
      karaya. Other suitable thickening agents are carboxymethyl cellulose, kava
      kava gum, guar gum, accroides gum, locust bean gum, balsam tolu natural,
      Irish moss, and Iceland moss.
PAR  Compositions of the invention containing from about 3 to 12 percent of
      water are generally possessed of a paste-like consistency and are more
      conveniently loaded into accessible boreholes.
PAR  Compositions of the invention containing from about 12 to 25 percent of
      water are generally pumpable as a slurry and are useful in loading
      inaccessible or horizontal or upwardly sloping boreholes.
PAR  In preparing and detonating the composition of the invention, the
      ingredients of the composition are mixed together in small quantities as
      by kneading in a plastic bag or in larger quantities as with a mechanical
      agitator or paddle mixer. A load or charge of the so-prepared mixture is
      placed in the desired location, usually in the confinement of a borehole.
      A shaped charge such as a jet perforator containing a charge of RDX, is
      placed next to the load armed with a suitable initiator for the shaped
      charge, such as a No. 8 Electric Blasting Cap. The shaped charge is
      oriented with respect to the explosive load so that the firing axis is
      directed toward the load, preferably its mid-point. The electrical lead
      from the blasting cap is rigged to a time controlled firing mechanism or
      run to a remote control device and, if desired, a sand or gravel tamp is
      placed over the load and initiator. The load is then fired upon setting
      off the blasting cap and shaped charge.
PAR  The composition of the invention prepared and detonated as described is
      especially advantageously used in mining operations in which the use of
      low cost compositions combining the properties of good heave or work
      potential with lower range brisance and low toxicity is to be desired.
DETD
PAR  To demonstrate the properties of the ammonium explosive mixture of the
      invention, various embodiments of the invention were prepared and tested.
      In each test a 10 or a 25 pound quantity of explosive mixture was
      formulated of a particulated fertilizer grade ammonium nitrate and water,
      with or without particulated aluminum metal, in the proportions and
      amounts shown in the table. The individual proportions were in each case
      mixed in a separate polyethylene plastic bag of sufficient size to readily
      hold the quantity prepared. The various components of the mixture were
      weighed into the bag, the bag closed and the contents mixed together by
      kneading the bag with the hands. The fertilizer grade ammonium nitrate
      contained about 0.7 percent of wax, 1 percent of diatomaceous earth and
      0.3 percent of chalk. The particle size of the ammonium nitrate was such
      that 94 percent by weight of the particles passed a 20 mesh sieve and 85
      percent by weight were retained on a 100 mesh sieve. The aluminum metal
      was in the form of atomized pellets. The particle size of the particulated
      aluminum was such that about 0.4 percent passed a 40 mesh sieve, about 85
      percent was retained on 200 mesh sieve and about 0.9 percent passed a 325
      mesh sieve.
PAR  The prepared mixtures were loaded into individual shallow bore holes
      drilled in clay soil and having a diameter of 4 inches and a depth of
      about 4 feet. Successive boreholes were spaced about 20 feet apart. The
      loading of each hole was accomplished by first placing an initiator in the
      form of a shaped charge armed with a blasting cap in the bottom of the
      hole and running the lead wires of the blasting cap to a firing control
      switch. Each shaped charge was used and positioned with the jet end or
      firing axis facing upwardly. The explosive mixtures contained in the
      plastic bags in which they were mixed were placed in respective test
      holes, the bag in each case deforming so as to cover the initiator. Sand
      was used as a tamp, the hole being filled from the bag to ground level
      with sand. Detonation of the mixture was attampted by closing the firing
      switch thus setting off the initiator at the bottom of the hole. In a
      comparison test in the form of a blank, one hole was loaded solely with a
      10 pound quantity of fertilizer grade of ammonium nitrate and an
      initiator.
PAR  The magnitudes of the detonations obtained were determined by measuring the
      size of the crater produced. While the crater size alone is not indication
      of the amount of earth formation that is broken up or loosened, it does
      give an indication of the work potential of the mixture detonated. The
      crater size herein reported shows how much material was thrown
      sufficiently so as not to fall back over the test hole. Test conditions
      and results are summarized in the Table 2.
PAR  In order to compare the composition of the invention with conventional
      explosives varied amounts of 60 percent dynamite each with a No. 8
      Electric Blasting Cap therefor were placed in shallow testholes 4 feet
      deep, tamped with sand and detonated. 5 Pounds of dynamite so loaded and
      detonated produced a crater 5 feet in diameter and 1.5 feet deep; 10
      pounds of dynamite produced a crater 8 feet in diameter and 1 foot deep;
      while 25 pounds of dynamite produced a crater 11 feet in diameter and 5
      feet deep. The results of the blank, Test No. 15, show that ammonium
      nitrate alone is not detonable under these conditions.
TBL                                    Table 21                                
     __________________________________________________________________________
     Composition      Indicator              Crater Dimenions, Ft.             
     Test                                                                      
        FGAN                                                                   
            H.sub.2 O                                                          
                 Al   Weight of                                                
                             Blasting                                          
                                  Wt. of RDX in                                
     No.                                                                       
        %   %    %    Load, Lbs.                                               
                             Cap No.                                           
                                  Shaped Charge, Oz.                           
                                             Diameter                          
                                                     Depth                     
     __________________________________________________________________________
      1 97  3    --   10     8    3.25       10      6                         
      2 92  8    --   10     8    3.25       heaved and                        
                                                     tamp                      
                                  3.25       cracked 3 ft.                     
                                                     only                      
      3 85  7.5  7.5  10     8    3.25       6       4.5                       
      4 70  15   15   10     8    3.25       6       3                         
      5 80  10   10   10     8    3.25       5       1.5                       
      6 55  15   30   10     8    3.25       8       3                         
      7 60  25   15   10     8    3.25       8       4                         
      8 87  3    10   25     8    1          12      3                         
      9 85  5    10   25     8    1          12      3                         
     10 80  10   10   25     8    1          12      3                         
     11 90  5    5    10     8    3.25       10      4                         
     12 75  5    20   10     8    3.25       10      6                         
     13 70  3    27   10     8    3.25       10      5                         
     14 60  5    35   10     8    3.25       10      6                         
     15 100 --   --   10     8    1.75       --      --                        
     __________________________________________________________________________
      FGAN = fertilizer grade of ammonium nitrate                              
      RDX  = trimethylene trinitramine                                         
PAR  In an additional test an explosive load weighing about 4 pounds and having
      the composition 50 percent of ammonium nitrate, 20 percent of water, and
      30 percent of particulated aluminum was used to fill a 3 by 12 inch steel
      pipe nipple which was capped on both ends and laid on the ground. The load
      was initiated by a shaped charge, containing 3.25 ounces of RDX, which was
      positioned at one end of the pipe nipple so as to fire longitudinally into
      the pipe nipple. The resulting detonation destroyed the pipe nipple.
PAR  The compositions of the invention possess the additional advantage that
      they are little affected by a moist environment and can even tolerate a
      moderate amount of connate water.
CLMS
STM  We claim:
NUM  1.
PAR  1. An explosive slurry composition comprising a substantially saturated
      solution of ammonium nitrate, and suspended solids in said solution to
      form said slurry, said solids being comprised of at least 50 parts by
      weight of ammonium nitrate, and not more than 50 parts by weight of finely
      divided metallic alluminum of character such as to increase the
      sensitivity of said composition to detonation, the total nitrate
      comprising at least 50% of the total composition, said composition
      including water comprising at least 3 percent by weight of the total
      composition.
NUM  2.
PAR  2. An ammonium nitrate explosive composition consisting essentially of
      particulate ammonium nitrate in admixture with an aqueous solution
      saturated with respect to ammonium nitrate, and with up to 35 per cent by
      weight of an inorganic sensitizer which taken alone is a stable solid at a
      temperature of at least 100.degree.C. the amount of water being from 3 to
      25 per cent by weight of the total composition.
NUM  3.
PAR  3. The aqueous ammonium nitrate explosive composition as in claim 2 in
      which the inorganic sensitizer is a particulated light metal selected from
      the group consisting of magnesium, magnesium-base alloys, aluminum,
      aluminum-base alloys and mixtures thereof.
NUM  4.
PAR  4. The aqueous ammonium nitrate explosive composition as in claim 3 in
      which the particulated light metal is selected from the group consisting
      of magnesium and magnesium-base alloys comprising at least 80 per cent of
      magnesium.
NUM  5.
PAR  5. The aqueous ammonium nitrate explosive composition as in claim 3 in
      which the particulated light metal is selected from the group consisting
      of aluminum and aluminum-base alloys comprising at least 80 per cent of
      aluminum.
NUM  6.
PAR  6. An aqueous ammonium nitrate explosive composition consisting essentially
      of an admixture of from about 50 to 97 per cent by weight of ammonium
      nitrate, from 12 to 25 per cent by weight of water, and up to 35 per cent
      by weight of an inorganic sensitizer which taken alone is a stable solid
      at a temperature of at least 100.degree.C., the composition being further
      characterized by the pressure of solid particulate ammonium nitrate in
      equilibrium with a saturated aqueous solution thereof.
NUM  7.
PAR  7. An aqueous ammonium nitrate explosive composition consisting essentially
      of an admixture of from about 53 to 97 per cent by weight of ammonium
      nitrate, from 3 to 12 per cent by weight of water, and up to 35 per cent
      by weight of an inorganic sensitizer which taken alone is a stable solid
      at a temperature of at least 100.degree.C., the composition being further
      characterized by the presence of solid particulate ammonium nitrate in
      equilibrium with a saturated aqueous solution thereof.
NUM  8.
PAR  8. An aqueous ammonium nitrate explosive composition as in claim 2 in which
      the inorganic sensitizer is a mixture of finely divided carbon and a solid
      particulated light metal selected from the group consisting of magnesium,
      magnesium-base alloys, aluminum, aluminum-base alloys, and mixtures
      thereof.
NUM  9.
PAR  9. An explosive composition consisting essentially of particulate ammonium
      nitrate in admixture with 1 to 4 per cent by weight particulate aluminum
      and 3 to 6 per cent by weight water based on the total composition.
NUM  10.
PAR  10. An explosive composition consisting essentially of particulate ammonium
      nitrate in admixture with a small amount of particulate aluminum of the
      order of 5 weight per cent and 3 to 6 per cent by weight water based on
      the total composition.
NUM  11.
PAR  11. An explosive composition consisting essentially of particulate ammonium
      nitrate in admixture with a minor amount of particulate aluminum and 3 to
      6 per cent by weight water based on the total composition.
NUM  12.
PAR  12. An explosive composition consisting essentially of particulate ammonium
      nitrate in admixture with a minor amount of particulate aluminum and 1 to
      6 per cent by weight water based on the total composition.
NUM  13.
PAR  13. An explosive slurry composition comprising a substantially saturated
      aqueous solution of ammonium nitrate in sufficient quantity to form a
      slurry, a substantial quantity of solid inorganic nitrate above that
      normally soluble in said saturated solution, and finely divided metallic
      aluminum suspended in said slurry as the primary sensitizing agent in
      sufficient quantity to substantially increase sensitivity of the
      composition to detonation, the total nitrate comprising at least 50 per
      cent of the total composition.
NUM  14.
PAR  14. An explosive composition in slurry form, comprising a suspension of
      solids in an aqueous solution in which the water is substantially
      saturated with inorganic nitrate, said suspended solids comprising
      undissolved particulate inorganic nitrate and particulate aluminum, the
      inorganic nitrate being ammonium nitrate, the said particulate inorganic
      nitrate comprising at least 50 per cent by weight of the total suspended
      solid inorganic nitrate and metal, the ratio of total inorganic nitrate to
      metal in the overall composition being within the range 9/0.5 to 1/1, and
      the metal being sufficient in quantity at least to sensitize said slurry
      to detonation by a small high detonation pressure booster.
NUM  15.
PAR  15. An explosive composition comprising water in porportions of not less
      than 3 per cent by weight and sufficient to form a slurry as distinguished
      from a solid mass, said water being substantially fully saturated with
      inorganic nitrate salt, a further quantity of inorganic nitrate salt being
      suspended in particulate solid form in said saturated water, said nitrate
      being ammonium nitrate, and a sufficient quantity of particulate metallic
      aluminum also suspended in said saturated water to sensitize said
      composition to detonation by a small high detonation pressure booster, the
      quantity of aluminum being not greater than the solid nitrate.
NUM  16.
PAR  16. An explosive composition in slurry form which comprises, as principal
      ingredients, an ammonium nitrate saturated aqueous solution, and solid
      matter comprising 30 to 85 parts by weight of particulate ammonium nitrate
      and 5 to 35 parts of particulate metallic aluminum, the saturated aqueous
      solution being sufficient in quantity to hold said solid matter in
      suspension, wherein the aluminum is the primary sensitizing agent for the
      slurry, the total nitrate comprising at least 50% of the total
      composition.
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ABST
PAL  A filter spectrograph unit for use in a micro-Raman spectrometer system or
      a remote sensing system is formed by combining an infinitely variable
      spectral line rejection filter (having appropriate entrance optics)
      functionally and operatively with a dispersing spectrograph. The line
      rejection filter is a modified form of a zero-dispersion double
      monochromator having an input light signal including laser light scattered
      from, for example, minute Raman-active particles. The modified double
      monochromator includes an acylindrical mirror positioned so that the laser
      line will exit through an aperture in the mirror and all other spectral
      lines will be reflected and reformed by the modified double monochromator
      into an output light signal containing all of the original spectral
      information, less the rejected laser line. The dispersing spectrograph is
      integrally coupled to the modified double monochromator and produces from
      the output light signal a display of the entire Raman spectrum suitable
      for parallel readout and rapid data analysis.
PARN
PAR  This is a division of application Ser. No. 392,644 filed Aug. 29, 1973 now
      U.S. Pat. No. 3,865,490.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My present invention pertains generally to the field of Raman spectroscopy.
      More particularly, the invention relates to a novel filter spectrograph
      having a high order of laser light rejection and providing a Raman
      spectrum display suitable of rapid analysis.
PAR  Basically, the Raman effect is an inelastic scattering process. If
      monochromatic light (such as from a well filtered laser beam) impinges on
      any material, the resultant signal can consist of elastically scattered
      incident light (Raleigh or Mie scattering), fluorescence (from inelastic
      absorption), and Raman lines whose frequency shift from the incident light
      is characteristic of the material. These frequency shifts correspond to
      the vibrational and rotational frequencies of the molecules and ions
      constituting the material. Since no two molecules have exactly the same
      vibrational frequencies, the Raman effect can be used as a "fingerprint"
      technique to identify molecular species.
PAR  It is well known that the chemical composition of gases, liquids and
      solids, the latter including relatively minute, Raman-active, single
      crystal particles, can be accurately determined from the spectra provided
      by a conventional Raman spectrometer system. In fact, measurements of
      Raman spectra of single crystal particles greater than 100 microns
      equivalent spherical diameter are presently being done routinely. One form
      of Raman spectrometer is, for example, shown, described and claimed in the
      U.S. Pat. No. 3,414,354 of Edouard H. Siegler, Jr. for Raman Spectrometers
      patented Dec. 3, 1968. There exists a need, however, to extend routine
      Raman analysis capabilities to turbid liquids and gases, and to particles
      from 5 microns to as small as 0.1 micron in size. Particles of interest
      include, for example, metal oxides, metal halides, heavy metal salts and
      hydrocarbon compounds from environmental sources.
PAR  A feasible micro-Raman spectrometer system, for example, for analyzing the
      very small single particles can consist of five subsystem elements
      including a focused laser source with controlled power density, a particle
      manipulator stage, a spectrographic light dispersing means for providing a
      Raman spectrum display, means for providing a parallel readout of the
      spectrum, and data reduction means for particle identification. In order
      to obtain a practical and useful micro-Raman spectrometer system, however,
      it was found that the spectral dispersing means must provide a laser line
      (Mie scattered light) rejection greater than 10.sup.11. This is ten times
      the smallest value of the Mie scattered laser signal to the strongest
      Raman signals and is necessary under certain predetermined system
      operating conditions to observe a Raman spectrum. Further, the total
      analysis time per particle must not exceed one hour in a suitable system.
      These requirements, among others, cannot be met with the conventional and
      commercially available rejection filters such as the Fabry-Perot
      interferometer and classical double monochromator.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, and in general terms, my invention is preferably accomplished by
      providing a filter spectrograph comprising an infinitely variable laser
      line rejection filter functionally and operatively combined with a
      dispersing spectrograph into a unit having a Mie scattered light (laser
      line) rejection of at least 10.sup.12 and providing a display of the
      entire Raman spectrum suitable for a parallel readout. The filter
      spectrograph unit includes a modified form of a zero-dispersion double
      monochromator and a dispersing spectrograph intergrally coupled therewith.
PAR  The modified double monochromator has a novel acylindrical mirror placed so
      that an aperture (slit) in the mirror is at the focal point of an upper
      monochromator (of the Czerny-Turner type, for example) and the laser line
      is set on this aperture by rotating the dispersing grating to the proper
      angle. The laser line will exit through the aperture of the cylindrical
      mirror and all other spectral lines will be reflected back through a lower
      monochromator (also of the Czerny-Turner type, for example) normally
      identical to the upper one, reforming into a point (circular) or line
      (rectangular) light source containing all of the original spectral
      information, less the rejected laser light. A point or line light source
      is, of course, produced according to whether the entrance aperture of the
      upper monochromator is circular or rectangular.
PAR  The light bundles entering through the upper monochromator are reflected by
      the acylindrical mirror into the similar lower monochromator and reformed
      at its exit aperture. By symmetry, the spatial relationship between the
      exiting light bundle and the incident light bundle is independent of
      grating orientation. Therefore, this system provides an infinitely
      variable laser line rejection capability of rotating the grating. It is
      also possible to eliminate more than one line at a time with multiple
      apertures suitably provided in the acylindrical mirror.
PAR  The dispersing spectrograph is integrally coupled to the lower
      monochromator such that the exit aperture of the latter serves as the
      entrance aperture of the former. Thus, the dispersing spectrograph
      produces from the point or line light source formed at the exit aperture
      of the lower monochromator, a Raman spectrum display suitable for parallel
      readout and rapid analysis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  My invention will be more fully understood, and other advantages and
      features thereof will become apparent, from the following description of
      certain exemplary embodiments of the invention. The description is to be
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, shown somewhat diagrammatically and in
      simplified form, of the spectral line rejection filter of a filter
      spectrograph unit according to my invention;
PAR  FIG. 2 is an elevational view, shown sectionally and in simplified form, of
      an illustrative filter spectrograph unit constructed in accordance with
      the invention;
PAR  FIG. 3 is a plan view, shown in section and in simplified form, of the
      filter spectrograph unit as taken along the line 3--3 indicated in FIG. 2;
PAR  FIG. 4 is another plan view, shown in section and in simplified form, of
      the filter spectrograph unit as taken along the line 4--4 indicated in
      FIG. 2;
PAR  FIG. 5 is a plan view showing a construction step of the acylindrical
      mirror used in the line rejection filter of the filter spectrograph unit
      shown in FIGS. 2 and 3;
PAR  FIG. 6 is a plan view showing another construction step of the acylindrical
      mirror following the step shown in FIG. 5;
PAR  FIG. 7 is a front elevational view (rotated counterclockwise 90.degree.) of
      a stack of optical elements from which the acylindrical mirror can be
      fabricated;
PAR  FIG. 8 is a top plan view of the stack of optical elements, with an
      aspheric cylinder surface indicated thereon, as taken along the line 8--8
      shown in FIG. 7;
PAR  FIG. 9 is a side elevational view of the stack of optical elements, with
      the aspheric cylinder surface indicated thereon, as taken along the line
      9--9 shown in FIG. 8;
PAR  FIG. 10 is a top plan view, similar to that of FIG. 8, of the acylindrical
      mirror produced after adjustment of the optical elements to form an
      aspheric echelle cylinder surface therefrom;
PAR  FIG. 11 is a fragmentary enlarged view of the aspheric echelle cylinder
      surface as taken along the line 11--11 shown in FIG. 10; and
PAR  FIG. 12 is a fragmentary sectional view of a replica mirror produced from a
      negative of the aspheric echelle cylinder surface of the acylindrical
      mirror shown in FIG. 10 and having predetermined apertures provided
      therein to remove selected spectral lines of a spectrum displayed thereon.
DETD
PAC  DESCRIPTION OF THE PRESENT EMBODIMENTS
PAR  In the following description and accompanying drawings of certain
      illustrative embodiments of my invention, some specific values and types
      of materials are disclosed. It is to be understood, of course, that such
      values and types of materials are given as examples only and are not
      intended to limit the scope of this invention in any manner.
PAR  FIG. 1 is a perspective view, shown somewhat diagrammatically and in
      simplified form, of an illustrative laser (spectral) line rejection filter
      20 constructed in accordance with the principles of this invention. A
      conventional laser source with controlled power density for properly
      activating a Raman-active particle and a conventional particle manipulator
      stage for approximately mounting and positioning the particle, together
      with their associated and conventional optical elements, filters, and
      polarization analyzers and the like, can be represented by block 22 which
      provides a suitable input signal to the line rejection filter 20. The line
      rejection filter 20 in this instance has a plane of symmetry 24 so that
      the normally upper and lower filter sections 26 and 28 are physically
      mirror images.
PAR  The input signal to the line rejection filter 20 from the representative
      block 22 is focused on entrance aperture 30, and the light beam diverging
      from the entrance aperture is reflected by plane mirror 32 to collimating
      mirror 34 in the upper filter section 26. The mirror 32 can, of course, be
      omitted by locating the entrance aperture 30 at its virtual aperture 30a
      position and aligning the block 22 therewith. The concave collimating
      mirror 34 directs parallel light onto diffraction grating 36 which
      disperses the polychromatic beam into a spectrum with a set of spectral
      lines having angles relative to the parallel light depending on
      wavelength. Concave mirror 38 converges the dispersed light onto an
      acylindrical mirror 40 having an aperture 42 suitably positioned therein.
      The laser line, for example, can be brought to focus on (aligned with) the
      aperture 42 by rotating the grating 36 on its (central vertical) axis. In
      this condition, the laser line leaves the system through the aperture 42
      as indicated by arrow 44 and can be measured by a suitable detector (not
      shown in FIG. 1). With such a detector, it is apparent that the spectrum
      can be scanned by rotating the grating 36 and this system thus acts like a
      spectrometer or monochromator. The entrance aperture 30 is 200 microns
      wide and 0.5 cm long, and the mirror aperture 42 (front opening) is 500
      microns wide and 0.75 cm long, for example.
PAR  The acylindrical mirror 40 has a radius of curvature such that the
      remaining spectral lines are reflected back into the lower filter section
      28. The reflected rays are directed toward concave mirror 46 which
      collimates them onto diffraction grating 48. The grating 48 reflects the
      rays to concave mirror 50 which focuses them against plane mirror 52 to
      image at exit aperture 54 following reflection from the plane mirror. The
      exit aperture 54 is, for example, 200 microns wide and 0.5 cm long. Where
      the lower grating 48 has twice as many (vertical) lines per millimeter as
      the upper grating 36, the collimated polychromatic beam from the concave
      mirror 46 is reflected by the lower grating and after being focused by the
      concave mirror 50 and reflected by the plane mirror 52 is imaged at the
      exit aperture 54 as a spectrum with the similar dispersion as produced by
      the upper grating at the acylindrical mirror 40. The exit aperture 54
      would, in this instance, be substantially widened to span the entire
      spectrum which can be recorded on a suitable detector subsystem 56.
PAR  The detector subsystem 56 can be represented by a photographic plate, a
      photodiode array, or a versatile image intensifier, image storage and
      dissector combination. This subsystem combination 56 can incorporate a
      signal intensification tube, and a storage element for signal integration
      with a scanning electron beam for spectral signal readout. Subsystem
      combination 56 can include, for example, the RCA type C33085AP2 or
      C33085DP2 three stage image intensifier tube, and type C21095C image
      Isocon camera tube. While a parallel readout is provided by the
      photographic plate or photodiode array, the subsystem combination 56 also
      provides an effectively parallel readout because of its high electronic
      scanning speed. In addition, the unique low noise characteristics of the
      RCA tubes make them ideally suited for measuring the very small signals of
      the kind involved.
PAR  Where, however, the lower grating 48 has the same number of (vertical)
      lines per millimeter as the upper grating 36, the collimated polychromatic
      beam from the concave mirror 46 is reformed into a beam of parallel rays
      from the lower grating to image in the form of the entrance aperture 30 at
      exit aperture 54 after being focused by the concave mirror 50 and
      reflected by the plane mirror 52. The line rejection filter 20 shown in
      FIG. 1 has a high rejection for stray light; however, the light in the
      wings (the spread out lower sloping sides) of the laser line at the
      acylindrical (filter) mirror 40 will still contribute a residual intensity
      of laser light at the exit aperture 54.
PAR  FIG. 2 is an elevational view, shown sectionally through the various
      elements and in somewhat simplified form, of an illustrative (remote
      sensing) filter spectrograph unit 58. The unit 58 includes a line
      rejection filter 60 and a dispersing spectrograph 62 functionally and
      operatively combined therewith. The filter 60 can be similar to the line
      rejection filter 20 (FIG. 1) wherein the upper and lower gratings 36 and
      48 are identical except that the entrance and exit (slit) apertures 30 and
      54 are preferably (but not necessarily) reduced in height to provide point
      (approximately equal height and width or circular) apertures to match the
      field of view of a suitable telescope and reduce extraneous or superfluous
      light. The block 22, in this instance, can represent a suitably stopped
      Cassegrainian telescope imaging its field of view including a laser
      energized area on the entrance aperture of the filter 60. All Raman
      spectral lines reflected by the acylindrical mirror in the filter 60
      would, of course, be subsequently focused on its exit aperture. Using a
      point exit aperture, the laser line wing light distributed across the
      spectrum would be focused at points away from the central image. This
      leads to spectral purity since a high rejection for the laser line wing
      light is thus obtained and a chromatically pure Raman signal (which is
      laser light noise free) exits through the point exit aperture.
PAR  The unit 58 comprises, for example, a housing 64 including upper and lower
      compartments 66 and 68 separated by a common panel 70. The upper
      compartment 66 houses components of the rejection filter 60 and the lower
      compartment 68 houses components of the dispersing spectrograph 62.
      Conventional mounting means and light traps for the components (including
      a baffle separating the upper and lower halves of the filter 60 in
      compartment 66) have been omitted for clarity of illustration. Laser light
      is focused on entrance aperture 72 and reflected by plane mirror 74 to
      collimating mirror 76 which directs parallel light to diffraction grating
      78. The diffraction grating 78 disperses the polychromatic beam into a
      spectrum with a set of spectral lines having angles relative to the
      parallel light depending on wavelength. The dispersed beam is focused by
      concave mirror 80 onto an acylindrical mirror 82 having an aperture 84
      suitably positioned therein. The entrance aperture 72 can be, for example,
      200 microns in diameter.
PAR  FIG. 3 is a plan view, shown in section and in simplified form, of the
      rejection filter 60 in the filter spectrograph unit 58 as taken along the
      line 3--3 indicated in FIG. 2. The concave mirror 80 and the aperture 84
      in the acylindrical mirror 82 are more clearly shown in the FIG. 3. The
      laser line, for example, can be aligned with the aperture 84 by rotating
      the grating 78 on the axis of its central mounting base 86 rotatably
      supported in the panel 70. In this condition, the laser line leaves the
      system through the aperture 84 and wall opening 88 to detector 90 for
      measurement. With the detector 90, it is apparent that the spectrum can be
      scanned by rotating the grating 78 and this system thus acts like a
      spectrometer or monochromator.
PAR  The acylindrical mirror 82 has a radius of curvature such that the
      remaining spectral lines are reflected back to collimating concave mirror
      92, diffraction grating 94, focusing concave mirror 96, lower plane mirror
      98 and focusing at a point exit aperture 100. It can be seen that the
      reflected rays retrace their paths through the rejection filter 60 and out
      into the dispersing spectrograph 62. The exit aperture 100 is positioned
      in the panel 70 as shown in FIG. 2 and the diverging rays impinge on a
      plane mirror 102 in the compartment 68. The mirrors 76 and 96 can be a
      single mirror, the gratings 78 and 94 can be the same grating, and the
      mirrors 80 and 92 can be a single mirror as illustrated in FIGS. 2 and 3.
      The gratings 78 and 94 can, for example, be a 600 lines per millimeter
      grating blazed for the second order. The exit aperture 100 can be, for
      example, 200 microns in diameter.
PAR  FIG. 4 is another plan view, shown in section and in simplified form, of
      the dispersing spectrograph 62 in the filter spectrograph unit 58 as taken
      along the line 3--3 indicated in FIG. 2. The plane mirror 102 in the
      compartment 68 reflects the rays diverging from the exit aperture 100 to a
      concave collimating mirror 104. The collimating mirror 104 directs
      parallel light onto diffraction grating 106 which disperses the
      polychromatic beam into a spectrum towards concave focusing mirror 108.
      The focusing mirror 108 focuses the spectrum at output slot 110 and
      through it onto detector subsystem 112. The slot 110 can be, for example,
      approximately 0.5 cm in height and 9.0 cm in width. The detector subsystem
      112 can be identical to the detector subsystem 56 (FIG. 1) of the nature
      previously described. The grating 106 can be supported by the central
      mounting base 86 (FIG. 2) and can be a 600 lines per millimeter grating
      blazed for the second order, for example. Of course, the grating 106 can
      have a larger or smaller number of lines per millimeter according to the
      amount of dispersion desired or required.
PAR  In operation, with appropriate stray light shielding, the Mie to Raman
      scattering rejection ratio of the filter spectrograph unit 58 is
      10.sup.12. The first grating 78 provides diffraction limited laser line
      rejection at any Raman frequency equal to 10.sup.5. The laser line itself
      is essentially removed completely through the aperture 84. The second pass
      focuses all Raman lines on the exit aperture 100. The diffraction of
      remanent (wing) laser light from any Raman line position (an element of
      about one entrance slit-width wide) will be imaged away from the exit
      aperture 100 and the diffraction limited contribution of this element at
      the exit aperture will be equivalent to another rejection factor of
      10.sup.5. There are, however, approximately 1,000 of these elements in the
      spectral plane at the acylindrical mirror 82 and, therefore, the net
      rejection is reduced 10.sup.-.sup.3 times 10.sup.5 to only 10.sup.2. The
      third grating 106 then provides an additional rejection of 10.sup.5 and
      the total rejection at the spectral plane at slot 110 is 10.sup.12 .
PAR  FIGS. 5 and 6 are plan views showing two construction steps of the
      acylindrical mirror 82 used in the rejection filter 60 of the filter
      spectrograph unit 58. All curves, dimensions and displacements shown in
      FIGS. 5 and 6 are grossly exaggerated for clarity of illustration. A first
      order system correction must be made because the spectral image plane of
      the rejection filter 60 (FIG. 3) does not coincide with a reflecting
      cylindrical circle. One way to correct for this was by grinding an
      acylindrical surface 114 in a stack 116 of parallel glass plates 118 as
      indicated in FIG. 5, and then sliding the glass plates into coincidence
      with the spectral image plane 120 as indicated in FIG. 6. This offset
      acylindrical mirror 82 thus has a properly oriented reflecting surface 122
      and will reflect all light back into the lower half of the rejection
      filter 60. It may be noted that since every rejection filter has a unique
      image plane to reflecting surface relationship, each requires a unique
      offset acylindrical mirror design. Also, the success of aberration
      minimization for any particular design depends only on the ratio of the
      step height to width, which should be kept as small as possible.
PAR  FIGS. 7, 8 and 9 are front elevational (rotated counterclockwise
      90.degree.), top plan and side elevational views of the stack 116 of
      optical elements (glass plates) 118 from which the acylindrical mirror 82
      can be fabricated. The stack 116 can, for example, be composed of 75
      microscope slides which are each 3 inches long, 1 inch wide and 1
      millimeter thick cemented together with a suitable thermoplastic cement
      such as shellac. An aspheric cylinder surface 114 is then generated
      according to the equation z = ax.sup.2 + bx.sup.4 + cx.sup.6 + dx.sup.8
      where the aspheric constants a = 0.0196645, b = -0.000229621, c =
      0.000000655404 and d = 0.00000000208780, and 5.5&lt;x&lt;8.5 are illustrative
      values suitable for a specifically used and tested upper half (3/4 meter
      spectrometer) construction of the rejection filter 60. Because of the
      rotation of the views, z is in the horizontal direction and x is in the
      vertical direction for the surface 114 indicated in FIG. 8.
PAR  FIGS. 10 and 11 are top plan and fragmentary enlarged views respectively of
      the acylindrical mirror 82 produced after adjustment of the optical
      elements 118 and a portion of the aspheric echelle cylinder surface 122
      resulting from such adjustment. After polishing of the generated cylinder
      surface 114 (FIG. 8), the cement is warmed to permit moving of the
      elements 118 to the right angle condition indicated in FIG. 10 and forming
      of the echelle cylinder surface 122. The calculated spectral image plane
      in this particular instance happened to be a substantially flat surface
      and not the ordinarily curved one. The elements 118 are moved to produce
      very small offsets of the order of 50 microns, for example, as illustrated
      in FIG. 11. After formation of the echelle cylinder surface 122, the
      surface can be coated with evaporated aluminum and overcoated with silicon
      oxide or silica.
PAR  Before coating and overcoating of the echelle cylinder surface 122, the
      aperture (or apertures) 84 in the acylindrical mirror 82 can be produced
      by temporarily removing one (or more) contiguous pair of the optical
      elements 118 from a selected position (or positions) and grinding and
      polishing the originally contiguous surfaces so that the elements taper
      widthwise (laterally outward) from front to rear. Sufficient material is
      laterally ground away at the front of the pair of elements 118 to equal
      the desired aperture width. Corresponding (widthwise) wedge-shaped and
      (heightwise) tapering upper and lower spacers of a thickness (width) at
      front equal to the desired aperture width are suitably positioned between
      the pair of elements 118 to form the aperture 84 of desired height and
      width. The spacers are outwardly tapered heightwise from front to rear and
      the pair of elements 118 are similarly tapered widthwise to provide an
      aperture 84 which flares both heightwise and widthwise from front to rear
      at an angle according to the f-number of the focusing mirror 80.
PAR  Another method of producing the aperture 84 is to use an aperture-forming
      structure including wedge-shaped upper and lower spacer sections
      sandwiching a pyramid shaped (aperture-forming) section. From the front
      (apex) end, the pyramid section flares heightwise and widthwise to the
      rear at the appropriate angle according to the f-number of the focusing
      mirror 80. The (plan view) apex angle of the pyramid section is, for
      example, 9.degree. (4.5.degree. half angle). Optical elements 118 are
      stacked on both sides of the apex angle of the aperture-forming structure
      in a straight column, and the front and rear stepped ends (plan view) of
      the elements are ground straight. The result is a stack similar to the
      stack 116 (FIG. 8) except that the cross section of the elements 118 are
      now parallelograms (and not rectangles) stacked on both sides of the
      aperture-forming structure. The acylindrical surface 114 is ground in the
      stack 116 (including the aperture-forming structure) and the elements 118
      are moved so that their front ends are placed in coincidence with the
      spectral image plane 120 as before. The pyramid section is removed to
      provide the aperture 84. Dimensions of the aperture 84 can, of course, be
      varied by adjusting the position of the apex of the pyramid section with
      respect to the acylindrical surface 114 to be ground. Because of the very
      small distances that the elements 118 are moved, and the small half angle
      (of 4.5.degree.) is less than 45 degrees, the resultant echelle cylinder
      surface 122 is functionally and effectively accurate.
PAR  FIG. 12 is a fragmentary sectional (plan) view of a replica mirror 124
      derived from the aspheric echelle cylinder surface 122 of the acylindrical
      mirror 82 shown in FIG. 10. This replica mirror 124 can have one or more
      apertures 126 provided therein to remove selected spectral lines of a
      spectrum focused thereon. The replica mirror 124 can be used in place of
      the acylindrical mirror 82 in the rejection filter 60 (FIG. 3), or a
      similar nonreflecting (suitably anodized or painted black) sheet structure
      with one or more apertures selectively provided therein can be used as a
      mask 110a if desired or required at the output slot 110 (FIG. 4) in the
      dispersing spectrograph 62 to pass selected spectral lines to the detector
      subsystem 112. The replica mirror 124 can have a copper core layer 128
      (0.010 inch thick) and front and rear nickel cover layers 130 and 132
      (each 0.0001 inch thick). This sandwich construction is preferably used
      because any buckling of the replica mirror 124 due to temperature changes
      or variations is prevented or minimized. To illustrate the apertures 126
      and passageways 134 more clearly, the thicknesses of the layers 128, 130
      and 132 have been relatively enlarged and the offsets therein omitted in
      FIG. 12.
PAR  To produce the replica mirror 124, for example, the following principal
      steps can be performed:
PA1  a. The acylindrical mirror 82 (FIG. 3) is removed from the rejection filter
      60 and a photographic plate installed with suitable fiducial locating
      marks provided thereon.
PA1  b. The spectrum of some material such as pure silicon, for example, can be
      taken on the photographic plate and a conventional contrasting developing
      process is used to show all of the silicon spectral lines clearly after
      removal of the plate from the rejection filter 60.
PA1  c. Steps (a) and (b) are repeated with another photographic plate to obtain
      enlarged spectral lines thereon by opening up the entrance aperture 72
      prior to exposure of this plate.
PA1  d. A negative (optically smooth plastic mold or the like) of the aspheric
      echelle cylinder surface 122 of the acylindrical mirror 82 is made and the
      nickel-copper-nickel layers 130, 128 and 132 of the replica mirror 124 are
      formed by deposition or plating in the mold followed by removal therefrom.
PA1  e. Photoresist is applied to the nickel layers 130 and 132 and the two
      photographic plates are used to expose the photoresist on these nickel
      layers and processed. The photographic plate with the enlarged spectral
      lines is used to expose the photoresist on the rear nickel layer 132 so
      that larger slit apertures or openings can be provided therein.
PA1  f. The front and rear nickel layers 130 and 132 are etched with a nickel
      etchant to produce the different size slit apertures or openings therein.
      The slit openings in the rear nickel layer 132 can be substantially larger
      than their corresponding ones in the front nickel layer 130.
PA1  g. Finally, the copper core layer 128 is etched with a copper etchant such
      as ferric chloride to produce tapering passageways 134 (FIG. 12)
      connecting the slit openings in the rear nickel layer 132 with those in
      the front nickel layer 130. Etching conventionally produces the heightwise
      and widthwise tapering passageways 134 as shown in FIG. 12.
PAR  While certain exemplary embodiments of this invention have been described
      above and shown in the accompanying drawings, it is to be understood that
      such embodiments are merely illustrative of, and not restrictive on, the
      broad invention and that I do not desire to be limited in my invention to
      the specific constructions or arrangements shown and described, for
      various obvious modifications may occur to persons having ordinary skill
      in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a spectral line rejection filter, a method of producing an aspheric
      echelle surface mirror, which comprises the steps of:
PA1  cementing a plurality of parallel optical plate elements together to form a
      normally lateral stack, said optical elements being positioned with their
      planes extending in a normally vertical direction;
PA1  grinding a predetermined aspheric cylinder surface on a face of said stack,
      said aspheric cylinder surface extending longitudinally in a normally
      vertical direction and generally intersecting laterally across said planes
      of said optical elements; and
PA1  warming said cemented optical elements to permit moving thereof and sliding
      said optical elements to position their surface-ground ends essentially
      into an aspheric echelle surface coinciding with a predetermined spectral
      image surface of said rejection filter.
NUM  2.
PAR  2. The invention as defined in claim 1 further comprising the steps of
      removing at least one contiguous pair of said optical elements temporarily
      from at least one selected position in said aspheric echelle surface,
      grinding and polishing the originally contiguous surfaces of said at least
      one pair of optical elements laterally to remove sufficient material equal
      to a predetermined aperture width, installing normally lower and upper
      spacers of width equal to said aperture width between said at least one
      pair of optical elements to form at least one aperture of predetermined
      height and width, and replacing said at least one originally contiguous
      pair of said optical elements at said at least one selected position in
      said aspheric echelle surface.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein said originally contiguous
      surfaces of said at least one pair of optical elements are laterally
      ground away so that said at least one pair of optical elements taper
      widthwise outwardly from front to rear, and said lower and upper spacers
      taper heightwise outwardly from front to rear whereby said at least one
      formed aperture flares both heightwise and widthwise from front to rear
      through said aspheric echelle surface mirror.
NUM  4.
PAR  4. The invention as defined in claim 1 further comprising the steps of
      forming a sheet replica of said aspheric echelle surface mirror, applying
      photoresist material to normally front and rear faces of said sheet
      replica, exposing and processing said photoresist material on said front
      and rear faces to produce at least one aperture image in at least one
      selected position on each of said faces, and etching said processed sheet
      replica to produce at least one aperture in said sheet replica as
      established by said aperture images on said front and rear faces thereof.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein said sheet replica is formed
      of a core layer of material sandwiched between normally front and rear
      layers of another material, said at least one aperture image formed in
      said photoresist material on said rear face is larger than that formed in
      said photoresist material on said front face, and etching of said
      processed sheet replica produces said at least one aperture with a
      tapering passageway which flares outwardly from said front face of said
      sheet replica towards said rear face thereof.
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PAL  An improved method for producing a layer of a protective lacquer, which
       ioves the blocking properties and stabilizes the surface of a
      semiconductor device, on the edge surface of a semiconductor body in the
      region where the pn-junction or junctions of the device formed in the body
      exit to the surface, wherein the semiconductor wafers are applied, at
      mutual spacings appropriate for their further processing, to a plastic
      support layer which is heated until it softens, after cooling of the
      support a protective lacquer is introduced in the spaces between the
      semiconductor wafers to enclose the pn-junction(s) coming to the surface,
      and after hardening of the protective lacquer the lacquer foil formed
      thereby together with the semiconductor wafers embedded therein is removed
      from the support. According to the invention, the plastic layer is
      initially placed onto the surface of a metallic base plate which is
      provided with planar raised portions; the semiconductor wafers have
      surfaces conforming to the surface of these raised portions and are placed
      thereon; the plastic support produces an adhesive connection between the
      semiconductor wafers and the base plate but does not enter a firm bond
      with the protective lacquer; and the protective lacquer foil is removed
      from the support after the support layer has been heated to a temperature
      which causes same to soften.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved method for producing a layer
      of a protective lacquer, which improves the blocking properties and
      stabilizes the surface of a semiconductor device on the edge surface of a
      semiconductor device in the region where the pn-junction or junctions of
      the device exit. More particularly the present invention relates to an
      improved method for providing such a protective lacquer layer wherein a
      plurality of semiconductor wafers is placed, in a mutual spacing which is
      appropriate for their further processing, so that one of the contact or
      major surfaces of each wafer is on a planar support made of plastic
      material, the plastic material is then heated until it becomes soft and
      then permitted to cool so as to hold the wafers in place, thereafter a
      protective lacquer is introduced between the semiconductor wafers which
      lacquer encloses the pn-junction(s) coming to the surface, and finally the
      lacquer foil which forms after hardening of the protective lacquer
      together with the semiconductor wafers embedded therein is removed from
      the support.
PAR  In the production of semiconductor devices, particularly semiconductor
      rectifier devices with a high blocking voltage carrying capability, it is
      particularly important to cover the semiconductor surface in the region
      where the pn-junction(s) exit with a substance which protects the surface
      against environmental influences and which improves and stabilizes the
      electrical properties of the device, particularly the blocking properties.
PAR  A method for producing a protective coating on semiconductor surfaces is
      known according to which semiconductor wafers are arranged in large
      numbers and at mutual spacings with one of their surfaces on a planar
      support of plastic material which has been heated beyond its softening
      point and, after cooling of the support, a protective lacquer which
      improves the blocking properties and stabilizes the semiconductor surface
      is introduced in liquid form between the semiconductor wafers. After
      hardening, this protective lacquer forms a continuous foil which encloses
      the semiconductor wafers in the region where the pn-junction exits and is
      then removed from the support together with the semiconductor wafers. The
      semiconductor wafers intended for this treatment each preferably comprises
      a disc-shaped semiconductor body having a metallic contact plate fastened
      to each of its two major surfaces.
PAR  In this known process, the semiconductor wafers may sink into the softened
      plastic support beyond the pn-junction to be protected. This has the
      result that after removal from the support the respective surface region
      of the semiconductor wafers is unprotected and may be subjected to
      damaging influences from the environment. Moreover, large-area
      semiconductor wafers cannot be fixed in the desired manner in the support
      due to the greatly varying coefficients of thermal expansion of the wafer
      contact material and the material of the support so that after cooling of
      the support the wafers often lie only loosely on top of the support and
      the protective lacquer, when it is being applied, may creep under the edge
      zones of the contact areas where electrical contact is to be made. This
      leads to undesirable wetting of the contact surface and requires
      additional work. Finally, when the semiconductor wafers are removed from
      the support according to the known process, there exists the danger that
      due to insufficient adhesion to the wafer periphery the protective lacquer
      foil will tear away from the surface it is to protect so that expensive
      additional treatment of the semiconductor wafers becomes necessary.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to improve the known process so
      that semiconductor wafers of any size, and with or without metallic
      contact plates, can be provided with a permanent protective coating in
      certain surface regions at the point of exit of the pn-junction(s).
PAR  This is accomplished according to the present invention in that in a method
      as described above the plastic support layer is initially placed as a
      coating on the surface of a metallic base plate which is provided with
      planar raised portions whose shape or area conforms to that of the surface
      of the semiconductor wafers; the wafers are placed on these raised
      portions; the plastic support forms an adhesive connection between the
      semiconductor wafers and the base plate but does not enter into a firm
      bond with the protective lacquer; and the protective lacquer foil with the
      embedded wafers is removed from the support after heating the support to a
      temperature at which it softens.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view showing semiconductor wafers on a support and
      the protective lacquer layer enclosing the semiconductor wafers according
      to the method of the present invention;
PAR  FIG. 2 is a perspective view of an embodiment of a base plate with raised
      portions for the placement of semiconductor wafers thereon according to
      the method of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown a metallic base plate 1 having a
      plurality of planar raised portions 1a on at least one surface thereof. On
      each of these raised portions 1a, a semiconductor wafer 3 is placed with
      one of its contact surfaces. In order to fix or hold the semiconductor
      wafers 3 on the respective raised portions 1a, a coating or layer 2 of a
      plastic which acts as an adhesive is applied to the surface of the base
      plate 1. A surface stabilizing protective layer is introduced into the
      interstices between the semiconductor wafers 3 to enclose the
      semiconductor wafers along their superficies or edge surfaces 5 and forms
      a continuous layer 4 of lacquer which is determined in its areal expanse
      by that of the base plate 1. This layer 4 will hereinafter be identified
      as a lacquer foil.
PAR  The expanse of the base plate 1 is determined only by technical
      considerations for the further processing of the semiconductor wafers 3
      which are fixed in the illustrated manner.
PAR  Since before application of the protective lacquer the surfaces 5 to be
      protected of the semiconductor wafers which have been fixed on the base
      plate 1 must be cleaned with the aid of etching processes, it is necessary
      to make the base plate 1 of a metal which is resistant to the specific
      etching solution required to treat the semiconductor material. For
      example, stainless steel, as may be used as the material for the base
      plate and an etching solvent, which is known in the semiconductor art as
      chemical polish No. 4 for the etching treatment of silicon may be used.
      This etching solvent consists of 25 volume parts nitric acid, 15 volume
      parts hydrofluoric acid, 15 volume parts acetic acid each volume part
      concentrated and 0.3 volume parts bromine.
PAR  The raised portions 1a of the base plate 1 each have an areal expanse and
      shape which conforms to that of the contact surface of the respective
      wafer placed thereon. Additionally, the raised portions 1a of a base plate
      1 may have different areal expanses and shapes in order to permit the
      arrangement of semiconductor wafers of different sizes and shapes and may
      be arranged in various patterns, for example, in rows and columns or in
      concentric circles. Although all raised portions 1a have the same height,
      the height itself, however, is not critical. It must only be assured that
      all shapes of semiconductor wafers, particularly those with oblique or
      chamfered edges to optimize the blocking voltage carrying capability which
      are arranged on the base plate so that the oblique portion is directed
      toward the base plate, can be covered with the desired protective lacquer
      at every point on their surface areas which are desired to be covered.
      This applies in particular to semiconductor wafers having four layers of
      alternatingly opposite conductivity types as they are used, for example,
      for thyristors, and in which the tapered edge zones are known to be
      particularly flat in the region in question. If such semiconductor wafers
      were placed with the larger of their two contact surfaces onto a base
      plate without raised portions, there would exist the danger that the free
      contact surfaces of the semiconductor wafers would undesirably be covered
      with the lacquer when the protective lacquer is applied.
PAR  The mutual spacing of the raised portions 1a and their arrangement are
      determined by the minimum mutual spacing of the semiconductor wafers
      permissible for the intended treatment.
PAR  The coating 2 applied to the base plate 1 to hold the semiconductor wafers
      by sticking comprises a material which has a softening point substantially
      below the melting point of soft solders employed for contacting the
      semiconductor bodies with contacting plates, and lies preferably in a
      region between 80.degree. and 150.degree. C. The material for the coating
      2 must also be resistant against the specific etching solutions required
      to treat the semiconductor material and must neither adhere to the surface
      protection lacquer nor react with its solvent. These requirements are met
      by the known hot-melt adhesives, e.g. polyethylene waxes.
PAR  The protective lacquer may consist, in a known manner, of an electrically
      insulating substance which adheres well to the semiconductor material, for
      example, a caothchouc which serves as the carrier substance if an additive
      of suitable type is added to produce the desired stablizing properties.
      The solvent for the protective lacquer, due to its very low surface
      tension, produces a very good wetting of the semiconductor surface. For
      example, a silicone rubber, as sold by Dow Corning under the designation
      RTV or by Wacker Chemie, Burghausen, BRD under the designation SK 43, may
      be applied as carrier substance further, the organic dyestuff fluorescein
      may be used as an additive to this carrier substance and toluene, may be
      used as the solvent for a protective lacquer, which is formed by these
      substances.
PAR  According to the method of the invention, the coating 2 is applied by means
      of spreading, spraying or rolling or by powder coating onto the intended
      surface of the base plate 1 which hass has provided with the raised
      portions 1a. If a hot-melt adhesive is present in powdered form it is
      molten onto the surface of the base plate 1 at the appropriate
      temperature. The thickness of the coating or layer 2 is not critical. It
      may be so thin that it is just possible to assure uniform fastening of the
      semiconductor wafers 3 and may, for example, be 0.5 mm thick. With the aid
      of known suction devices all of the semiconductor wafers 3 are applied to
      the raised portions 1a of the wax-coated surface of the base plate. The
      resulting structure is subsequently heated to a temperature higher than
      the softening point of coating 2. After cooling, a sufficiently firm
      connection is achieved for the semiconductor wafers to the coating 2 and
      the contact surfaces of the semiconductor wafers 3 are tightly covered.
      The subsequently applied protective lacquer is thus prevented from
      creeping underneath the semiconductor wafers.
PAR  Subsequent to fastening of the semiconductor wafers onto the portions 1a of
      the base plate 1, the arrangement is subjected to an etching and rinsing
      process to cleanse the semiconductor surfaces in preparation for the
      application of the protective lacquer. The protective lacquer is applied
      in a known manner, e.g., by spraying or casting, into the areas between
      the raised portions 1a so that it uniformly encloses all of the
      semiconductor wafers at their superficies and completely wets them. After
      the protective lacquer has hardened, the structure is again heated to the
      softening temperature of coating 2 and the polymerized protective lacquer
      which now forms a contiguous foil 4 containing the semiconductor wafers 3
      is removed from the support.
PAR  Since the plastic coating 2 is repeatedly melted or softened during the
      course of the process of the present invention, it must thus consist of a
      reversibly polymerizable material, e.g., a thermoplastic.
PAR  In semiconductor wafers which have been treated in the manner described
      above and which have one or a plurality of metallized contact surfaces,
      for example, of nickel or gold, or contact plates which are coated with a
      solderable coating, the residual coating 2 remaining on the contact
      surfaces after removal from the base plate has surprisingly not been found
      to be disadvantageous during subsequent solder contacting.
PAR  It is to be understood that the raised portions 1a need not be solid bodies
      or protrusions but may also be formed as hollow bodies, for example, as
      annular discs. The areal dimensions determined by the periphery of these
      hollow bodies then coincide with the surface areas of the associated major
      surface of the semiconductor wafers whose edge surface is to be covered.
      The wafers rest merely on the annular surface and can be removed from the
      base plate 1 with even greater ease.
PAR  FIG. 2 shows an embodiment of a base plate 1 with an annular-disc-shaped
      raised portion 1b, as described above, and with raised portions, which are
      arranged in rows and columns for example.
PAR  An arrangement of semiconductor wafers produced according to the process of
      the present invention can be utilized in many ways. If the arrangement is
      mounted in appropriate devices, or jigs, prepared semiconductor wafers can
      be etched, rinsed and provided with metallic contact coatings
      simultaneously in large numbers during passage through the respective
      production machinery. When a substance is used for the protective lacquer
      which substance is resistant to the respective subsequent treatment
      substances, it is also possible to subsequently contact and encapsulate
      the semiconductor wafers which have been fixed according to the present
      invention.
PAR  Passivation of the contact surfaces occurring during storage of the
      semiconductor wafers can be avoided, for example, by simultaneously
      appling a metallic coating of a low-melting solder to all contact surfaces
      of an arrangement of a plurality of wafers produced according to the
      present invention by immersion or according to one of the other known
      soldering processes for soldering conductor plates. In the mass production
      of semiconductor devices with low current carrying capability, the
      simultaneous application of current leads to a larger number of pretreated
      semiconductor wafers can be advantageously effected, if required with the
      interposition of contacting rings, in that only one or two rows of
      semiconductor wafers of an arrangement produced according to the present
      invention are inserted into the appropriate apparatus and subsequently
      each of the semiconductor wafers is clamped between two conducting leads
      and then contacted in an immersion soldering process.
PAR  With the aid of an arrangement produced according to the present invention
      including one or two rows of semiconductor wafers, semiconductor
      arrangements with two or more semiconductor wafers in a certain mutual
      arrangment can be produced by simultaneously placing a plurality of
      semiconductor wafers on a desired number of appropriately lined-up housing
      supports of metal or metallized ceramic, connecting the wafers to the
      supports and mutually interconnecting the wafers by means of further
      conductive leads connected thereto.
PAR  The advantage of the process according to the invention is that a coating
      of a protective lacquer can be applied simultaneously and surprisingly
      easily and economically to a plurality of individual semiconductor wafers
      with the desired edge contour on their surfaces in the region where the
      pn-junction(s) exit, so that the complete wetting of the critical surface
      areas of the semiconductor wafers with the protective lacquer is assured.
PAR  The arrangement produced according to the present invention can be used
      with particular advantage for the simultaneous and economical processing
      of a large number of semiconductor wafers during the manufacture of
      semiconductor arrangements and also permits a favorable and very
      economical storage of prefabricated semiconductor wafers within a
      manufacturing schedule.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for producing a layer of protective lacquer on the edge
      surface of a semiconductor wafer in the region where the pn-junction or
      junctions formed in the wafer exit including the steps of: placing a
      plurality of semiconductor wafers, at mutual spacings appropriate for
      their further processing, on a plane support layer of plastic material
      which softens when heated so that one major surface of each wafer contacts
      the support layer; heating the support layer until it softens; after
      cooling same introducing a protective lacquer into the spaces between the
      semiconductor wafers to enclose the edge surfaces of the wafers in the
      regions where the pn-junctions exit; after hardening the protective
      lacquer to form a contiguous lacquer foil removing the lacquer foil
      together with the semiconductor wafers embedded therein from the support
      layer; the improvement wherein: said method further comprises the steps of
      providing a metallic base plate having a plurality of raised planar
      portions on one surface thereof with the raised portions having said
      mutual spacings and a surface area which conforms to the said major
      surface of the semiconductor wafers, and applying said support layer to
      said one surface of said metallic base plate prior to said step of
      placing; said step of placing includes placing each of said wafers on one
      of said raised portions; said plastic material produces an adhesive
      connection between the semiconductor wafers and the base plate but does
      not enter into a firm bond with the protective lacquer; and said step of
      removing includes heating the plastic material of the support layer to a
      temperature sufficient to cause same to again soften.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said plastic material is a
      hot-melt adhesive.
NUM  3.
PAR  3. A method as defined in claim 1 further comprising: just prior to said
      step of introducing, cleaning the edge surfaces of said wafers by
      subjecting same to an etching solution; and wherein the material used for
      the base plate is resistant to said etching solution.
NUM  4.
PAR  4. A method as defined in claim 1 wherein the raised portions on the base
      plate are arranged in rows and columns.
NUM  5.
PAR  5. A method as defined in claim 4 wherein the raised portions are annular
      discs.
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ABST
PAL  Group III-V compound semiconductor devices with attached gold conductor
      areas are etched using a basic ferricyanide etchant. The etchant is an
      aqueous solution containing ferricyanide ions in a concentration from 0.8
      molar to 1.2 molar and sodium or potassium hydroxide in a concentration
      from 0.3 molar to 1.5 molar. This etchant rapidly removes the
      semiconductor material leaving smooth surfaces, while leaving the gold
      conductors and areas protected by oxide layers essentially intact. The use
      of titanium layers as etching masks, deposited for example by evaporating
      or sputtering through a removable mask, is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns the processing of Group III-V compound semiconductor
      devices by etching.
PAR  2. Description of the Prior Art
PAR  Techniques for the processing of Group III-V semiconductor materials are
      currently under intensive development. One area of development is the
      provision of etchants which will not destroy the gold contact areas, which
      are present on the semiconductor wafer during the later processing steps
      in device fabrication, while rapidly and smoothly etching the
      semiconductor material. Etchants in general use in Group III-V compound
      semiconductor processing technology are less than optimum for this use in
      one or another respect. For instance, aqua regia or bromine-in-methanol,
      which etch Group III-V materials relatively rapidly, also attack the gold
      contacts or areas of the wafer protected by oxide layers. Other etchants
      compatible with the gold contacts, such as H.sub.2 SO.sub.4 :H.sub.2
      O.sub.2, etch the semiconductor material at a rate which is too slow for
      many purposes especially in the widely used but difficultly etched
      metal-(111) direction (i.e. the (111) face containing the Group III
      constituent).
PAR  An etchant, which has been used in the investigation of dislocations in
      bare wafers of the Group III-V compound semiconductors by producing etch
      pits on (111) faces, is a solution containing approximately 0.25 molar
      K.sub.3 Fe(CN).sub.6 and approximately 2 molar KOH (Soviet Physical: Solid
      State, Vol. 8 [1967] page 1976). Such etch pits generally become deeper as
      etching proceeds. A similar composition has been used simultaneously with
      mechanical polishing to produce smooth surfaces on wafers of the subject
      materials (German Patent No. 1,227,307 issued Oct. 20, 1966, to Siemens
      and Halske A.-G.). However, such simultaneously processing cannot be used
      when contacts or passivation layers are present on the wafer surfaces to
      be etched.
PAC  SUMMARY OF THE INVENTION
PAR  An etchant has been developed which relatively rapidly removes material
      from Group III-V compound semiconductor bodies, leaving smooth surfaces on
      the technologically important crystal faces (e.g. (111), (110) and (100)).
      This etchant does not significantly degrade gold contact areas or areas
      passivated or masked by oxide and titanium layers. The etchant is a basic
      ferricyanide solution containing the ferricyanide ion in a concentration
      from 0.8 molar to 1.2 molar (i.e. 0.8 to 1.2 times Avogadro's number of
      ferricyanide ions per liter of solution) and KOH or NaOH in a
      concentration from 0.3 molar to 1.5 molar. This is a higher ferricyanide
      concentration and a lower hydroxide concentration than the metallographic
      etchants referred to above. This etchant is especially useful during later
      processing stages of device fabrication. During these later stages many
      classes of devices, such as those using beam lead technology, contain gold
      conductor and contact areas and other areas masked or passivated by oxide
      layers. It has also been found that layers of titanium can be used to
      protect areas, otherwise exposed, from attack by this etchant. Titanium is
      a particularly convenient etch mask, since it can be deposited by such
      methods as evaporation or sputtering through a removable mask (shadow
      mask). Sputtering can be accomplished with the semiconductor wafer at a
      relatively low temperature, which can be important in suppressing any
      unwanted diffusion of some of the relatively mobile dopants in the Group
      III-V materials.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1A is a perspective view of an exemplary semiconductor device at a
      stage prior to final processing;
PAR  FIG. 1B is an elevational view in section of the device of FIG. 1A immersed
      in an etchant;
PAR  FIG. 1C is an elevational view in section of the device of FIG. 1B after
      etching with the disclosed etchant;
PAR  FIG. 2A is a plan view of an exemplary semiconductor device at a stage
      prior to final processing;
PAR  FIG. 2B is an elevational view in section of the device of FIG. 1A; and
PAR  FIG. 2C is a plan view of portions of two devices produced from the device
      of FIG. 2A by the disclosed etching procedure.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PA0  The Etchant
PAR  The disclosed etchant is an aqueous solution containing a ferricyanide
      compound such as Na.sub.3 Fe(CN).sub.6 or K.sub.3 Fe(CN).sub.6 with the
      ferricyanide ions in a concentration range from 0.8 molar to 1.2 molar.
      Solutions less than 0.8 molar tend to produce etch pits which become
      deeper as etching progresses and are thus generally unsuitable for the
      contemplated uses. Solutions greater than 1.2 molar are difficult to
      obtain because of the solubility limits of the ferricyanide compounds. A
      preferred concentration range for the processing of gallium phosphide and
      gallium arsenide and their alloys (gallium arsenide phosphide) is from 0.9
      molar to 1.2 molar.
PAR  The surfaces produced by the subject etchants on the technologically
      important crystal faces of, for example, GaP and GaAs are smooth. The
      surface quality varies from a high polish on the (100) and (110) faces to
      slightly irregular on the usual difficultly etched gallium-(111) face. The
      irregularities observed are not such as to materially degrade device
      performance. Other known Group III-V semiconductors, such as InSb, InP,
      InAs, GaSb, AlP, AlAs, AlSb and their ternary alloys, behave similarly,
      with the metal-(111) face being the most difficult to etch of the major
      faces. Here the metal-(111) face connotes the crystal face containing
      atoms of the Group III constituent. The addition of minor amounts of known
      dopants, incorporated to impart electrical conductivity of the desired
      type, does not significantly affect the character of the surface produced
      by the etchant. Dopants frequently encountered are the n-type dopants, S,
      Se, and Te, the p-type dopants, Zn, Cd and Hg, and the amphoteric dopants,
      C, Si, Ge, Sn and Pb. Others are also known. When used, such dopants are
      normally incorporated in an amount less than one percent by weight of the
      semiconductor material.
PAR  The etchant also contains sodium hydroxide or potassium hydroxide in a
      concentration range from 0.3 molar to 1.5 molar. Solutions less than 0.3
      molar, in the hydroxide constituent, tend to be too slow for the
      contemplated uses; whereas, solutions greater than 1.5 molar tend to yield
      poorer surfaces and attack oxide and titanium layers more rapidly. For
      GaP, GaAs and their alloys, solutions from approximately 0.4 to 0.7 molar
      in the hydroxide constituent are preferred.
PAR  The temperature range which has been found to be preferable for the
      operation of the disclosed etchant is from 60.degree.C to 95.degree.C. At
      temperatures less than 60.degree.C, the removal of material from the
      semiconductor surface tends to be too slow for the contemplated uses;
      whereas, at temperatures above 95.degree.C, the removal of material tends
      to be too rapid to maintain adequate control over the etching process. A
      temperature range which has been found to be preferred for the etching of
      gallium phosphide and gallium arsenide materials is from 75.degree.C to
      85.degree.C. Under these conditions, gallium phosphide is removed from the
      gallium - (III) face at a rate between 100 and 250 micrometers per hour;
      while gallium arsenide is removed at a rate approximately a factor of two
      more slowly by an etchant which is 1 molar in K.sub.3 Fe(CN).sub.6 and 0.5
      molar in KOH. The (100) and (110) faces are more rapidly etched.
PA0  Exemplary Uses
PAR  FIG. 1 shows an exemplary semiconductor device 10, at an intermediate
      processing stage, consisting of a wafer 11 of a Group III-V semiconductor
      material. The upper surface of the wafer 11 is covered, except for a
      window area 12, by a layer 13 of an oxide material--such as SiO.sub.2.
      Superposed upon the layer 13 and contacting the wafer 11 through the
      window area 12 is a gold-containing contact area 14. A portion of the
      lower surface of the wafer 11 is masked by a layer 15 of titanium. The
      titanium area has been deposited by evaporation or sputtering through a
      shadow mask. Titanium layer areas so used for masking are preferably from
      500 Angstroms to 5000 Angstroms thick. Layers thinner than 500 Angstroms
      generally give insufficient protection while layers thicker than 5000
      Angstroms are unnecessarily thick, the extra thickness affording no
      further protection while requiring additional deposition time. Layers from
      1000  Angstroms to 3000 Angstroms thick are optimum for most purposes. The
      deposition of these layer areas through a shadow mask eliminates the
      photoresist and etching steps which would be required if the whole surface
      were first coated and then the protected areas defined by
      photolithographic processing.
PAR  FIG. 1B shows this exemplary device immersed in an etchant 16 of the
      disclosed composition.
PAR  FIG. 1C shows this device after the etching has proceeded sufficiently long
      to reduce the sides of the wafer 11 to the desired shape 17 (e.g., to
      optimize the light output of electroluminescent diodes) and to expose the
      end 18 of the gold contact 14 for beam lead bonding.
PAR  The use of the disclosed etchants in the separation etching of beam lead
      devices is illustrated in FIG. 2. FIG. 2A shows a portion 21 of a large
      wafer containing an array of prospective beam lead devices with affixed
      gold contact areas 24. A saw cut 29 has been made partially through the
      wafer 21 from the uncontacted reverse side.
PAR  FIG. 2C shows the separated devices 30 after etching in which the etchant
      has removed the remaining semiconductor material above the saw cut 29
      without significant degradation of the gold contacts or oxide protected
      areas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for the production of a semiconductor device comprising etching a
      body consisting of at least a semiconductor body and a first metallic body
      affixed thereto, in which at least 99 percent by weight of the
      semiconductor body consists of a Group III-V compound semiconductor and in
      which the first metallic body includes gold, by contacting at least a
      portion of the semiconductor body and at least a portion of the gold with
      an etchant characterized in that the etchant consists essentially of an
      aqueous solution containing ferricyanide ions in a concentration from 0.8
      molar to 1.2 molar and at least one hydroxide of the group consisting of
      sodium hydroxide and potassium hydroxide in a total concentration from 0.3
      molar to 1.5 molar.
NUM  2.
PAR  2. Method of claim 1 in which the ferricyanide ions are derived from a
      ferricyanide compound which compound is at least one member selected from
      the group consisting of K.sub.3 Fe(CN).sub.6 and Na.sub.3 Fe(CN).sub.6.
NUM  3.
PAR  3. Method of claim 2 in which the ferricyanide compound is K.sub.3
      Fe(CN).sub.6.
NUM  4.
PAR  4. Method of claim 2 in which the Group III-V compound semiconductor is at
      least one member of the group consisting of GaP and GaAs.
NUM  5.
PAR  5. Method of claim 4 in which the etching takes place at a temperature from
      60.degree.C to 95.degree.C.
NUM  6.
PAR  6. Method of claim 5 in which the etching takes place at a temperature from
      75.degree.C to 85.degree.C.
NUM  7.
PAR  7. Method of claim 4 in which the ferricyanide ions are present in a
      concentration from 0.9 molar to 1.2 molar and the hydroxide is present in
      a concentration from 0.4 molar to 0.7 molar.
NUM  8.
PAR  8. Method of claim 1 in which a second metallic body is affixed to the
      semiconductor body, which second metallic body includes a layer of
      titanium metal between 500 Angstroms and 5000 Angstroms thick.
NUM  9.
PAR  9. Method of claim 8 in which the second metallic body is from 1000
      Angstroms to 3000 Angstroms thick.
NUM  10.
PAR  10. Method of claim 8 in which the second metallic body is deposited onto
      the semiconductor portion through a removable mask.
NUM  11.
PAR  11. Method of claim 8 in which the second metallic body is deposited by
      sputtering.
NUM  12.
PAR  12. Method for the production of a semiconductor device comprising etching
      a body consisting of at least a semiconductor body in which at least 99
      percent by weight of the semiconductor body consists of a Group III-V
      compound semiconductor, by contacting at least a portion of the
      semiconductor body with an etchant characterized in that the etchant
      consists essentially of an aqueous solution containing ferricyanide ions
      in a concentration from 0.8 molar to 1.2 molar and at least one hydroxide
      of the group consisting of sodium hydroxide and potassium hydroxide in a
      total concentration from 0.3 molar to 1.5 molar.
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ABST
PAL  The invention is a process for building a lamination of a fiberglass
      reinforced polyester resin on a rotating continuous belt forming a
      spirally rotating mandrel consisting of pouring resin on the top of the
      mandrel from a substantially horizontal surface, depositing chopped
      strands of fiberglass onto the surface of the resin and impressing the
      chopped fiberglass into the resin with parallel strands of a suitable
      material. The specific method of pouring the resin onto the mandrel
      surface and the application of chopped fiberglass and parallel strands are
      also part of the invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The application of polyester resin and fiberglass onto a spirally rotating
      mandrel is a new method of making pipes and tanks having a diameter of up
      to 9 feet or more. Since the fiberglass reinforced polyester tanks and
      pipes are new arrivals on the market, the technology for making such
      articles is not highly developed.
PAR  Resin is normally deposited on a spirally rotating mandrel by transfer with
      a roller from a resin box or by spraying the resin through nozzles onto
      the surface of the rotating mandrel. Use of resin boxes precludes the use
      of chopped fiberglass for the chopped fiberglass would stick to the roller
      and fall into the box. As a consequence, rolls of more expensive
      fiberglass mats are used. Spraying resin through nozzles cannot be used
      with resins filled with particulate materials, such as inorganic fillers
      because the filler can become lodged in the nozzle and the flow of resin
      is restricted.
PAR  Fiberglass rovings that contain many individual strands of fiberglass are
      available commercially at a much lower price than fiberglass mats.
      Choppers for these rovings are also known that can chop the rovings to
      pieces of various lengths.
PAR  It is an object of the present invention to provide a convenient and
      inexpensive method of building a fiberglass reinforced polyester
      lamination on a spirally rotating mandrel.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered according to the present invention that a
      fiberglass reinforced polyester lamination is conveniently and
      inexpensively built on a spirally rotating mandrel in a continuous process
      by pouring the resin on the top of the rotating mandrel from a
      substantially horizontal surface, depositing chopped fiberglass on the
      surface of the resin along the top of the rotating mandrel and impressing
      the chopped fiberglass into the resin by the pressure of a plurality of
      strands that run substantially parallel to the path of a point on the
      surface of the rotating mandrel. The present invention is also directed
      toward the particular method of applying the resin in a flow from a
      horizontal surface and the application of chopped fiberglass and the
      method of maintaining the chopped fiberglass on the rotating mandrel by
      means of parallel strands.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a side view of the rotating mandrel surface and the resin,
      fiberglass and parallel strand feed.
PAR  FIG. 2 shows the top view of the rotating mandrel and the resin, fiberglass
      and parallel strand feed.
DETD
PAR  Referring to FIG. 1, the rotating mandrel surface, 1, is rotating in the
      direction shown about an axis, not shown. Resin feed box, 2, is mounted
      above the rotating mandrel surface, 1, so that the bottom surface of the
      resin feed box, 2, is substantially horizontal and in close proximity to
      the top of the mandrel surface, 1. Resin flows from the resin box onto the
      rotating mandrel surface, 1.
PAR  Rovings, 3, which consist of a plurality of fiberglass strands are fed into
      a chopper, 4, which is mounted above the rotating mandrel surface, 1. The
      fiberglass strands in the rovings are chopped by chopper, 4, into pieces
      of given lengths to form chopped fiberglass. The chopped fiberglass falls
      through chute, 5, onto the surface of the resin which has been deposited
      on the rotating mandrel surface, 1.
PAR  Parallel strands, 6, are continuously fed onto the rotating mandrel
      surface, 1, which contains the resin and chopped fiberglass. The pressure
      of the parallel strands, 6, against the chopped fiberglass and resin on
      the rotating mandrel surface, 1, impress the chopped strands into the
      resin. At the same time, the parallel strands, 6, are normally
      incorporated into the fiberglass reinforced polyester.
PAR  Referring to FIG. 2, a top view of the resin, chopped strands and strand
      application. The mandrel is rotated about axis, 7. The resin is fed into
      the rear of the resin box, 1, by means of one or several tubes. The width
      of the box is so calculated that the resin falls in an essentially uniform
      sheet having a width determined by the width of the sides of the mouth of
      the resin box, 1.
PAR  Rovings, 3, are fed into the chopper, 4, and the chopped fiberglass falls
      down chute, 5, onto the resin.
PAR  Parallel strands, 6, are continuously fed onto the chopped fiberglass and
      resin to impress the chopped fiberglass into the resin. Due to the spiral
      movement of the belt forming the mandrel, a point on the mandrel surface
      rotates under the resin, fiberglass and strand applications several times
      before it leaves this zone.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One very important aspect of the present invention is the feed of the resin
      from an essentially horizontal surface. This applies a substantially
      uniform sheet of resin to the rotating mandrel surface without disruption
      of the chopped strands on the surface of the mandrel or excessive amounts
      of the resin vapor being transmitted to the working area.
PAR  The width of the flow of resin is controlled primarily by the width at the
      mouth of the box where the resin is deposited upon the mandrel surface.
      The thickness of the resin coating is controlled primarily by the amount
      and viscosity of the resin fed into the resin box.
PAR  The chopped fiberglass is obtained by chopping strands of fiberglass with a
      chopping machine to obtain pieces of fiberglass having substantially
      uniform length. These chopping machines are known. The chopping machine
      cuts the strands into lengths of about 1 to about 25 cm. Normally, chopped
      fiberglass having a length of about 3 to about 12 cm. are preferred.
      Chopping rovings containing a number of fiberglass strands is the
      preferred method of obtaining the chopped fiberglass.
PAR  In the preferred practice of the invention, the chopped fiberglass falls on
      the resin by force of gravity in a random distribution and orientation.
      This random placement is conveniently obtained by allowing the choppings
      to fall down a chute. The open bottom end of the chute is close to the
      surface of the rotating mandrel. The preferred width of the chute at the
      exit point of the chopped strands is substantially the same as the width
      of the resin applied to the mandrel. The height of the chute and length of
      the bottom of the chute is not very important so long as a random
      distribution and orientation of the chopped fiberglass is obtained.
PAR  The strands applied to the chopped fiberglass perform three essential
      functions. First, they impress the chopped fiberglass into the resin so
      that the fiberglass is impregnated with the resin. Second, the strands
      hold the chopped fiberglass onto the surface of the mandrel as it rotates.
      Third, the strands permit the use of rollers to press out the entrapped
      air from the laminate without allowing chopped fibers to stick to the
      rollers and fall away.
PAR  The strands may be made of any material, such as glass filaments, yarn,
      fiber, metal, wire or thread. The strand must only be flexible enough to
      be placed on the mandrel surface and have sufficient tensile strength to
      withstand the pressure applied.
PAR  When the strand is incorporated into the finished product, the strand
      material should not deleteriously affect the properties of the final
      product. For example, large diameter strands such as fiberglass rovings
      for example could cause imperfections in the final product because of the
      lack of uniform resin distribution, poor impregnation and stress
      concentration--often with a resulting decrease of the tensile and flexural
      properties of the final laminate.
PAR  As is easily seen from the drawing, the preferred embodiment of the
      invention continuously applies the strands to the chopped fiberglass and
      resin in a path substantially parallel to the path of the rotation of a
      point on the mandrel surface. This parallel application of strands is
      conveniently obtained by use of pig tail holders and the rotation force of
      the mandrel.
PAR  The spacing between the parallel strands is important. This spacing is
      directly dependent upon the length of the chopped fiberglass--as the
      length of the pieces of the chopped fiberglass increases, the spacing
      between the parallel strands may increase. Normally, desirable results are
      obtained when the spacing between the parallel strands is about 0.2 to
      about 0.6 times the length of the pieces of chopped fiberglass, with
      spacings of about 1 to about 3 cm. being preferred.
PAR  The pressure applied to the strands to impress the chopped fiberglass into
      the resin is not substantial. The pressure required to unwind a spool
      through a pig tail guide usually is enough to produce a desirable product.
PAR  The proper tension of the strands is important in the production of a
      quality product. Too little pressure gives poor impregnation of the
      fiberglass with the resin. Too much pressure tends to give a rough
      laminate.
PAR  Although the present invention is especially applicable to making pipes or
      tanks having a flat outer surface, the present invention can also be
      applied to produce ribbed or corrugated outer surfaces. In such
      preparations, it may be necessary to modify the horizontal box to deposit
      resin only on the tops of the ridges rather than as a uniform sheet. This
      manner of resin deposition gives a very desirable uniform application of
      resin when used in conjunction with the appropriate rollers after the
      parallel strand application.
PAR  The other aspects of the invention are known from the art. Machines having
      spirally rotating mandrels are known, see U.S. Pat. No. 3,004,585 and
      Belgium Patent 2328/68. Basically, these machines have a rotational motion
      as well as a longitudinal movement along the axis of rotation. The
      longitudinal movement is rather slow allowing a point on the mandrel
      surface to pass under the resin, fiberglass and strand applications of the
      present invention several times.
PAR  The resin formulations are well known unsaturated polyester resins with or
      without additional fillers. The type of resin may vary with the particular
      pipe or tank made.
PAR  In the normal process of making a fiberglass reinforced polyester
      lamination, there are many steps. The mandrel is coated with a film or
      other release agent, the resin and fiberglass are deposited, other
      variations such as ribbing or other sandwich construction can be added and
      the product is heat cured. The process of the present invention is only
      one of these steps and can be utilized in conjunction with any one or a
      combination of other methods of building a fiberglass reinforced pipe or
      tank to produce a high quality product.
PAC  SPECIFIC EMBODIMENTS
PAC  Example - Comparison of product made according to the invention with
      product made with mats and rollers.
PAR  A fiberglass reinforced pipe representing the art was prepared using
      fiberglass mats, continuous fiberglass rovings containing 24 strands to
      hold the mats in place and resin rolled onto the mat and rovings with a
      roller in a resin box. Using substantially the same amount of fiberglass
      and resin as that of the comparative experiment, a pipe of the invention
      was prepared in an identical fashion using chopped fiberglass of about 8
      cm. in length, a resin poured onto the top of the mandrel and parallel
      strands of nylon thread 2 cm. apart to hold the chopped fiberglass on the
      mandrel.
PAR  The properties of the two products were compared and the difference between
      the properties are shown in the Table. The tests were conducted by ASTM
      D638 and ASTM D790.
TBL                Table                                                       
     ______________________________________                                    
     Comparison of the Product of the Invention                                
     with the Product of the Art                                               
                                   Product of                                  
       Property (Kg/mm.sup.2)                                                  
                      Art Product  Invention                                   
     ______________________________________                                    
     Tensile strength (hoop)                                                   
                      15.6         17.3                                        
     Tensile strength (axial)                                                  
                      6.1          12.1                                        
     Flexural strength (hoop)                                                  
                      24.2         26.4                                        
     Flexural strength (axial)                                                 
                      14.2         23.7                                        
     Tensile modulus (hoop)                                                    
                      1179         1109                                        
     Tensile modulus (axial)                                                   
                      715          1119                                        
     Flexural modulus (hoop)                                                   
                      837          961                                         
     Flexural modulus (axial)                                                  
                      555          1014                                        
     ______________________________________                                    
PAR  The data given in the Table above demonstrate a remarkable increase in all
      of the axial properties of the product of the invention. In addition all
      hoop properties are improved or not significantly lower.
PAR  In the same way as shown above, poured resin can be employed alone to give
      a convenient and desirable method of applying resin to a rotating mandrel.
      Also, in the same manner as shown for the invention above, resin is
      applied by spraying the resin on the mandrel, chopped fiberglass is
      deposited on the resin and parallel strands are used to impress the
      chopped fiberglass into the resin. In both cases, a very desirable
      fiberglass reinforced polyester laminate is obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for building a fiberglass reinforced polyester lamination on a
      spirally rotating mandrel comprising:
PA1  depositing an unsaturated polyester resin on the surface of the rotating
      mandrel,
PA1  depositing pieces of chopped fiberglass onto the surface of the polyester
      resin
PA1  impressing the chopped fiberglass into the resin by the pressure of a
      plurality of strands that run substantially parallel to the path of a
      point on the surface of the rotating mandrel and
PA1  said rotating mandrel having longitudinal movement along the axis of
      rotation in such a manner that a point on the mandrel surface passes under
      the resin, fiberglass and strand applications several times.
NUM  2.
PAR  2. In a process for building a lamination of unsaturated polyester resin
      and fiberglass on a spirally rotating mandrel, the improvement comprising
      the steps of
PA1  pouring a continuous stream of said resin from a substantially horizontal
      surface onto the top of said rotating mandrel,
PA1  depositing pieces of chopped fiberglass on the resin,
PA1  impressing the chopped fiberglass into the resin by force of a plurality of
      strands that run substantially parallel to the path of a point on the
      surface of the rotating mandrel and
PA1  said rotating mandrel having longitudinal movement along the axis of
      rotation in such a manner that a point on the mandrel surface passes under
      the resin, fiberglass and strand applications several times.
NUM  3.
PAR  3. The process of claim 2 wherein said resin is poured from a box mounted
      above the mandrel, said box having a bottom which is said horizontal
      surface, three closed sides and an open side, through which open side the
      resin passes onto the top of the rotating mandrel.
NUM  4.
PAR  4. The process of claim 2 wherein the pieces of chopped fiberglass have a
      length of about 1 to about 25 cm.
NUM  5.
PAR  5. The process of claim 2 wherein spacing between the parallel strands is
      about 0.2 to about 0.6 times the length of the piece of chopped
      fiberglass.
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ABST
PAL  A method for producing carpeting of type having pile yarns adhesively
      bonded to a backing which comprises providing a thin flexible core member
      having longitudinal and transverse axes, winding a continuous yarn around
      the core member in a direction perpendicular to the longitudinal axis so
      as to form a plurality of elongated loops conforming to the
      cross-sectional configuration of the core member, positioning the core
      member having the yarn wound thereon on a backing sheet so that the
      longitudinal axis is parallel to the sheet and the transverse axis is
      perpendicular to the sheet and so that one end of each of the loops
      contacts the backing sheet, adhering the end of the loops contacting the
      backing sheet to the backing sheet, cutting the other ends of the loops,
      and removing the core member.
BSUM
PAR  This invention relates to the method for producing pile carpeting, and more
      particularly, the invention relates to a method for producing bonded
      carpeting.
PAR  The most common type of carpeting presently available is the so-called
      "tufted" carpeting. Such carpeting consists of typically a woven backing
      sheet having piles or tufts of yarn secured thereto. One end of the tufts
      is generally secured to the backing sheet, while the other end extends
      through the backing sheet and a desired distance above the backing sheet
      to serve as the visible portion of the carpet. Such carpeting is popular
      particularly from the standpoint of ease of manufacture. The manufacture
      of such carpeting is carried out on a machine which uses needles to push
      the yarns through the backing sheet, similarly to weaving, leaving a loop
      or tuft projecting up through the sheet.
PAR  Tufted carpeting may be given different decorative appearances by a number
      of techniques. Typically, the yarn used for the production of such
      carpeting is dyed and may be dyed before the carpeting is made or after
      the carpeting is made by padding or other dyeing techniques.
PAR  Loops are easily formed with a continuous yarn being needled to the backing
      sheet, and thus loop-pile carpeting is formed. If these loops are then
      cut, "cut-pile" carpeting is produced.
PAR  This type carpeting may be further enhanced from a decorative standpoint by
      treating certain of the yarns in a predetermined pattern with a material
      which causes shrinking of the yarns contacted therewith, thereby producing
      a sculptured or textured appearance on the surface of the carpeting. The
      treating material may be applied simultaneously with dyes for producing a
      sculptured appearance in register with different color patterns.
PAR  Bonded carpeting does not use a backing sheet which is needled with the
      yarn, but instead, carries an adhesive substance which bonds the yarns to
      the backing sheet. Bonded carpeting may be characterized by two major
      categories:
PA1  1. Single end implantation, and
PA1  2. Multiple fold implantation
PAL  Single end implantation refers to a single strand of yarn which is
      implanted on an adhesive backing, while multiple fold implantation is
      characterized by a folding or pleating of the yarns to a wavy
      configuration with subsequent implantation of the bottoms of the waves in
      the adhesive backing.
PAR  Many variations of each of these two types of bonding techniques are found
      in the prior art, and they suffer from many disadvantages. For example,
      the loop pile which may be formed by a multiple fold implantation process
      results in a single, continuous yarn being used for many loops. Thus, if
      one loop is snagged, the yarn may pull out from the entire carpeting.
      Single end implantation generally requires more complex machinery, and
      thus the commerical feasibility of such systems is reduced.
PAR  The present invention provides a versatile method for producing bonding
      carpeting which is not, strictly speaking, of either the single end
      implantation type, nor the multiple fold type, but may be broadly
      considered as a hybrid of these two prior art methods of bonded carpet
      production.
PAR  Accordingly, it is a primary object of this invention to provide an
      improved method for the production of bonded carpeting.
PAR  Another object of this invention is to provide a method for producing
      bonded carpeting with greatly improved versatility.
PAR  A further object of this invention is to provide a method for producing
      bonded carpeting of either the loop-pile or cut-pile types.
PAR  Still another object of this invention is to provide a method for producing
      bonded carpeting which may have a sculptured appearance.
PAR  Still a further object of this invention is to provide a method for
      producing bonded carpeting which may utilize different colored yarns in a
      given row of piles.
PAR  Yet another object of this invention is to provide a method for producing
      bonded carpeting which may be dyed with a number of different dyeing
      techniques to permit great versatility in producing carpeting having
      greater appeal.
PAR  Still another object of this invention is to provide a method for producing
      bonded carpeting which does not require complex machinery for carrying out
      the method.
PAR  Yet a further object of this invention is to provide a method for producing
      carpeting wherein the yarn may be printed with dyes to produce any desired
      pattern.
PAR  Still a further object of this invention is to provide an improved method
      for producing a sculptured carpeting having a dyed pattern in register
      with the sculpturing.
DRWD
PAR  These and other objects and advantages of this invention will become
      apparent when considered in light of the following description and claims
      when taken together with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of one of the core elements used in the
      present invention;
PAR  FIG. 2 is an end of the element of FIG. 1;
PAR  FIG. 3 is a perspective view showing the assembly of the core elements of
      FIG. 1 to a backing sheet;
PAR  FIG. 4 is a schematic view illustrating the removal of the core element;
PAR  FIG. 5 is a schematic illustration showing an alternate method for removing
      the core element;
PAR  FIG. 6 is a perspective view of a section of carpeting produced from FIG.
      4;
PAR  FIG. 7 is a view similar to FIG. 6, however showing carpeting produced
      according to FIG. 5;
PAR  FIG. 8 is a perspective view of an alternate core member used in this
      invention;
PAR  FIG. 9 is an end view of the element of FIG. 8;
PAR  FIG. 10 is a perspective view of a plurality of core members similar to
      FIG. 8 in assembled relationship;
PAR  FIG. 11 is a perspective view of one type of carpeting made according to
      FIG. 10; and
PAR  FIG. 12 is a perspective view of a second type of carpeting made from the
      assembly of FIG. 10.
DETD
PAC  DESCRIPTION OF FIGS. 1-3
PAR  With reference now to FIGS. 1-3, a core element 10 is shown. Element 10 is
      a thin, flexible strip of metal or other suitable strong material.
      Typically, the strip would be approximately one half to 1 inch high and
      sufficiently thin to provide good flexibility with the thickness being
      dependent upon the particular material of the core element. The element 10
      may be of any desired length such as for example, 100 feet or more, and
      may be wound on a spool for storage prior to use.
PAR  A continuous yarn 12 is wound around the core member 10 in a continuous
      fashion as shown, covering substantially the entire length thereof. The
      yarn need not be wound extremely tight, but should be uniformally wound so
      that it will retain its position and shape on the element 10.
PAR  The strip 10 with the yarn 12 wound thereon may also be coiled on a spool
      for storage purposes prior to being made into a carpet.
PAR  A plurality of strips 10 having yarn 12 wound thereon are prepared and the
      number of strips required will depend on the width of the carpeting and
      the spacing between the tufts across this width. The spacing between
      adjacent wraps of yarn on the element 10 controls the spacing of the tufts
      in the longitudinal direction of carpeting.
PAR  After the strips have been wound with the yarn, the yarn may be printed
      with dyes to produce any desired pattern. The pattern may be in register
      on adajcent strips or may be random, or may be merely a solid color. It is
      also possible to print different colors at different heights of the pile
      producing an effect similar to space dying of yarn, but with the design
      being reproducible rather than random.
PAR  The elements 10 having the yarn 12 wound thereon are then placed with their
      transverse axis vertical and their longitudinal axes horizontal so that
      one of the edges of the element 10 contacts an adhesive material 14 on a
      backing sheet 16 so that the bottom of the loops of the yarn 12 around the
      core 10 is embedded in the adhesive 14. A plurality of the core elements
      10 are positioned in a parallel manner on the adhesive coated backing in a
      manner shown in FIG. 3. Although only three core elements are shown in
      FIG. 3, it is understood that a sufficient number of such elements is used
      to cover the width of the backing 16 at the desired spacing.
PAR  The adhesive used is not critical to this invention, however, it may
      preferably be a hot extruded plastic sheet, a plastisol which is
      subsequently gelled and fused, a hot melt coating, a foam which is
      subsequently gelled and cured, etc., depending upon the type of backing
      desired. The adhesive and the backing need not be separate elements since
      if a thermoplastic material is used as the backing, it may likewise serve
      as the adhesive.
PAC  DESCRIPTION OF FIGS. 4-7
PAR  In order to remove the core elements 10, it is necessary that the yarn 12
      which is wrapped therearound be severed. In order to accomplish this, the
      carpeting may be passed beneath a suitable knife 18 as seen in FIG. 4
      which cuts the tops of the loops of the yarn 12, after which the core
      elements 10 may be easily removed. In this manner, a cut-pile carpeting as
      seen in FIG. 6 is produced.
PAR  Alternatively, if a loop pile carpeting is desired, the bottoms of the
      loops of the yarn 10 are severed by a knife 20 which passes through the
      backing sheet 16 and the adhesive layer 14 to sever the yarn.
      Subsequently, the core element 10 is withdrawn through the backing sheet.
      For this embodiment, a thermoplastic backing sheet is used, the cuts are
      resealed by reheating the backing to fuse it together. Alternatively, the
      cuts may be resealed by applying an additional layer of backing material
      and adhesively securing it or fusing it to the original backing sheet.
PAR  In this embodiment, a loop pile type carpeting as seen in FIG. 7 is
      produced. Whereas in prior art types of loop pile carpeting, the loops are
      formed from a continuous yarn, the loops formed according to the present
      invention are individual, and thus snagging of one loop, will only pull
      out that loop, and no others. This is a distinct advantage over prior art
      loop pile carpeting, either of the bonded or tufted type.
PAC  DESCRIPTION OF THE ALTERNATE EMBODIMENT OF FIGS. 8-12
PAR  Since it is apparent that the height of the pile of the carpeting in all
      embodiments is essentially equal to the width of the core elements 10, and
      thus the pile height may vary according to the desired type of carpeting
      being produced, a sculptured pile carpet may be produced by this
      invention.
PAR  FIG. 8 discloses an alternate embodiment of this invention wherein a core
      element 20 is provided and has a section 22 of reduced height. The top
      edge 24 may be patterned to any extent desired, but the bottom edge 26
      should be substantially straight. Yarn 28 is wound continuously around the
      core element 20 in a manner similar to that of FIG. 1 and extends from one
      end of the strip to the other.
PAR  A plurality of yarn-wound strips are then assembled in a manner similar to
      that of FIG. 3. As seen in FIG. 10, a backing sheet 30 is provided with an
      adhesive coating 32, but clearly, the backing sheet and adhesive may be an
      integral single layer component as discussed previously. A plurality of
      different core elements 34, 36 and 38 are brought into an assembled
      relationshio as shown in FIG. 10, and pressed into the adhesive material
      so that the bottoms of the loops of yarn 28 are pressed into the adhesive
      by the straight edges of the core elements and embedded therein.
PAR  Next, after the adhesive has set, the loops of the yarn around the core
      elements 34, 36 and 38 are severed either at the top of the loops in a
      manner similar to that of FIG. 4, or at the bottoms of the loops in a
      manner similar to that of FIG. 5. The resultant products are shown in
      FIGS. 11 and 12 respectively, which disclose a cut pile or loop pile
      textured or sculptured carpeting.
PAR  It is also possible to use pre-dyed yarns for winding on the core elements.
      Also, several different yarns can be used on the same core element
      retaining the colors which do not show at a particular spot near the base
      of the core element and interchanging the winding yarn colors as desired.
      Thus two or more different colored yarns could be carried on the core
      elements at a given time and all or less than all of the yarns would be
      wound about the element at a particular point.
PAR  With the possible variations in the heights of the core elements along
      their length, and the ease of dyeing the yarns in different manners, great
      variety may be achieved in the carpeting produced according to the present
      invention.
PAR  A further advantage of the present invention arises when dyeing the yarns
      after they have been wound upon the core element strips. Since only the
      thickness of the yarn as opposed to the length of the pile, has to be
      penetrated by the dye, there is no limitation on pile height as there is
      in present printing methods. Further, this method also allows printing a
      given tuft of pile with different colors and different heights of the pile
      in a reproducible pattern, thereby permitting production of effects not
      available by present techniques.
PAR  Another significant advantage of this embodiment is that the carpeting may
      be produced with a printed dyed pattern in good register with the
      sculpturing. This is particularly easy to do if sharp shouldered contours
      are used for the sculptured effect since the shoulders can act as
      registration points for the printing of the dye.
PAR  Further, soft bulky yarns which could not be tufted can be used in the
      present process, since the tension required in winding on the forms is
      much less than that required to tuft a heavy yarn.
PAR  While this invention has been described, it will be understood that it is
      capable of further modification, and this application is intended to cover
      any variations, uses and/or adaptations of the invention following in
      general, the principle of the invention and including such departures from
      the present disclosure as come within known or customary practice in the
      art to which the invention pertains, and as may be applied to the
      essential features hereinbefore set forth, as fall within the scope of the
      invention or the limits of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing carpeting of the type having pile yarns
      adhesively secured to a backing comprising:
PA1  a. providing a thin flexible core member having longitudinal and transverse
      axes,
PA1  b. winding a continuous yarn around said core member substantially
      perpendicularly to said longitudinal axis so as to form a plurality of
      elongated loops conforming to the cross-sectional configuration of said
      core member,
PA1  c. positioning said core member having said yarn wound thereon on a backing
      sheet so that said longitudinal axis is parallel to said sheet and said
      transverse axis is perpendicular to said sheet and one end of each of said
      loops contacts said backing sheet,
PA1  d. adhering said one end of said loops to said backing sheet,
PA1  e. cutting the other ends of said loops, and
PA1  f. removing said core member.
NUM  2.
PAR  2. A method as in claim 1 and including:
PA1  adhering said ends of said loops with a thermosensitive adhesive.
NUM  3.
PAR  3. A method as in claim 1 and wherein:
PA1  said backing sheet is formed from a thermosensitive resinous material to
      which said yarn adheres.
NUM  4.
PAR  4. A method as in claim 1 and including:
PA1  a. providing a plurality of said core member, and
PA1  b. positioning said strips on said backing sheet so that said core members
      are substantially parallel.
NUM  5.
PAR  5. A method as in claim 4 and wherein:
PA1  a. each of said core member has one substantially straight edge, and
PA1  b. at least some of said core members have their other edge contoured,
PA1  c. thereby producing carpeting having a sculptured appearance.
NUM  6.
PAR  6. A method for producing loop pile carpeting having individual pile loops
      adhesively secured to a backing comprising:
PA1  a. providing a thin flexible core member having longitudinal and transverse
      axes,
PA1  b. winding a continuous yarn around said core member substantially
      perpendicularly to said longitudinal axis so as to form a plurality of
      elongated loops conforming to the cross-sectional configuration of said
      core member,
PA1  c. positioning said core member having said yarn wound thereon on a
      thermoplastic backing sheet so that said longitudinal axis is parallel to
      said sheet and said transverse axis is perpendicular to said sheet and one
      end of each of said loops contacts said backing sheet,
PA1  d. adhering said one end of said loops to said backing sheet,
PA1  e. cutting said one end of said loops by means of a cutter passing through
      said backing sheet,
PA1  f. removing said core member through said backing sheet, and
PA1  g. heating said backing sheet at least in the area of the cut for fusing
      said cut backing sheet together.
NUM  7.
PAR  7. A method as in claim 6 and wherein:
PA1  said loops are adhered to said thermoplastic backing sheet during said
      heating step.
NUM  8.
PAR  8. A method as in claim 6 and including:
PA1  adhering said loops to said backing sheet by means of a thermosensitive
      adhesive.
NUM  9.
PAR  9. A method as in claim 6 and including:
PA1  a. providing a plurality of said core members, and
PA1  b. positioning said core members on said backing sheet so that said core
      members are substantially parallel.
NUM  10.
PAR  10. A method as in claim 9 and wherein:
PA1  a. each of said core members have one substantially straight edge, and
PA1  b. at least some of said core members have a contour on their other edge,
PA1  c. thereby producing carpeting having a sculptured appearance.
NUM  11.
PAR  11. A method for producing carpeting of the type having pile yarns
      adhesively secured to a backing comprising:
PA1  a. providing a thin flexible core member having longitudinal and transverse
      axes,
PA1  b. winding a continuous yarn around said core member substantially
      perpendicularly to said longitudinal axis so as to form a plurality of
      elongated loops conforming to the cross-sectional configuration of said
      core member,
PA1  c. positioning said core member having said yarn wound thereon on a backing
      sheet so that said longitudinal axis is parallel to said sheet and said
      transverse axis is perpendicular to said sheet and one end of each of said
      loops contacts said backing sheet,
PA1  d. adhering said one end of said loops to said backing sheet,
PA1  e. cutting one end of each of said loops, and
PA1  f. removing said core member.
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ABST
PAL  The invention relates to an ultrasonic welding, apparatus for a flexible
      fluid container fabricated of synthetic thermoplastic material having a
      welding surface, thin walls and a rim, and closed but for a single opening
      for fluid-tight welding of the connecting piece into the container, which
      is also fabricated of synthetic thermoplastic material. A welding ring
      focusses the ultrasonic energy to the welding surfaces. A ring-shaped base
      terminates the connecting piece.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an apparatus for fluid-tight welding of a closable
      connecting piece into an opening of a thin-walled, flexible fluid
      container, closed except for this opening and fabricated of synthetic
      thermoplastic material.
PAC  BACKGROUND OF THE INVENTION
PAR  Containers of the aforementioned type serve as inner containers of
      so-called dual-material fluid receptacles having an outer cover and can be
      made of a soft thermoplastic material, such as polyethylene; it is then
      required that a molded and threaded fluid-tight connecting piece,
      fabricated of a relatively thick-walled and stable material, can be
      inserted into the opening of the flexible container and coupled with the
      latter's thin wall firmly and in a fluid-tight fashion so that
      transportation or other manipulation of that assembly do not destroy that
      connection or cause it to leak.
PAR  It is known to form a flexible container out of a plasticized foil made of
      synthetic resin by a blowing or vacuum process and to subsequently attach
      a relatively thick-walled and stable pre-fabricated connecting piece into
      that opening by means of clamps. The connecting piece is then provided on
      its base with an attachment flange which, upon insertion into the opening
      of that container, grips the rim of that opening from the interiors, a
      clamping ring exerting counter-pressure from the exterior and snapping
      over a bulge of the connecting piece pushing the rim of the container into
      a circular recess of the attachment flange--see German Patent 1,249,718.
      In order to obtain an adequate degree of sealing at the point of
      attachment such purely mechanically functioning attachment pieces were
      required to fit into each other very firmly, which in turn led to frequent
      breakage and damage of these pieces during the attachment process.
      Furthermore, such packaging required considerable preparation and manual
      labor and did not guarantee sealing effectiveness or durability.
PAR  To obviate such disadvantages many experiments have been undertaken to weld
      the thin container wall to the attachment flange of the connecting piece
      either by heat treatment or ultrasonically. Numerous difficulties were
      encountered, partly due to the unfavorable properties of the soft plastic,
      and partly due to the impossibility of obtaining a sufficiently isolating
      counterpressure from the inside of the container. The closed bottom of the
      container did not permit any access from its underside, so that the
      connecting piece made contact with the bottom during the welding process
      and was welded thereto by a so-called remote welding effect. The resultant
      considerable thickening of the attachment flange turned out to be
      disadvantageous because the material of the thin-walled container was
      considerably changed in structure in the bottom region of the container as
      well as in the supporting region of the connecting piece during welding.
      This lack of homogeneity of the container material within the attachment
      region and the container bottom led to stress and failure during
      transportation or due to falls, or as a result of corrosive liquids used
      for filling the containers. Thus methods used to date for welding
      synthetic resin appeared inapplicable. It also was not possible to make
      use only of the general teachings of manufacturers of ultrasonic welding
      devices, which provide the parts to be welded with an energy-focusing
      device projecting from one of the connecting surfaces since the problem of
      welding thin-walled or foil-like closed containers to thick-walled
      containers or closure parts had not been dealt with in any of these
      proposals.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of my invention to obviate the aforesaid
      disadvantages causing a large number of rejects during mass production of
      these packages.
PAC  SUMMARY OF THE INVENTION
PAR  My invention deals with an ultrasonic welding apparatus for a flexible
      fluid-container fabricated of synthetic thermoplastic material having a
      welding surface, thin walls and a rim, and closed except for a single
      opening for fluid-tight welding of the connecting piece into the
      container. The connecting piece is also fabricated of synthetic
      thermoplastic material, fits into the opening and is provided with another
      welding surface. At least one welding ring forming a closed annulus around
      part of the connecting piece projects from the latter's welding surface
      for directing ultrasonic energy upon the welding surfaces, the ring having
      a volume not exceeding that of the wall segment within its region during
      the welding process. A ring-shaped attachment flange projects from the
      welding surface of the connecting piece, whose height is at least equal to
      ten times the width of the wall of the container and projects into the
      interior of the latter. Upon insertion of the connecting piece into the
      opening, the welding surface of the former being located below the rim of
      the container, both welding surfaces are brought into contact with each
      other, and ultrasonic energy is caused to impinge on the latter, fusing
      the welding ring into the rim of the container, the ultrasonic energy
      diminishing gradually beyond the region of the contact of the welding
      surfaces. An ultrasonic wave-generating head formed with a recess on the
      side facing the welding surfaces and having a freely vibratable top side
      formed with a closed, ring-shaped and flat welding surface and an
      outwardly inclined rim is used as a source of ultrasonic energy. The
      container and its inserted connecting piece rest on an anvil carrying a
      central ring-shaped insert having a substantially concave surface. The
      anvil is divided into an upper and a lower portion separated from each
      other by a gap, a sphere being embedded in the lower portion and a recess
      provided in the upper portion for accomodating the top portion of the
      sphere, the former being able to tilt about the latter to a limited
      extent. In a preferred version of the invention a second welding ring is
      provided which is substantially similar to the first welding ring except
      for a different diameter, each welding ring having a substantially
      triangular cross-section and a height and width substantially equal to the
      wall thickness of the container.
PAR  As a result of the ring-shaped contact of the ultrasonic head with
      thin-walled container and the focusing of the ultrasonic energy upon the
      welding surfaces by means of the welding rings, welding is accomplished in
      an extremely short time yielding a very homogenous welding connection. The
      connecting piece itself can be fabricated using larger tolerances than
      those of previous mechanical attachment methods, which need therefore no
      longer be employed. The extremely short welding time and the homogeneous
      welding connection are obviously due to the use of materials of identical
      molecular structure, as well as a correct proportioning of the mass of the
      connecting piece in relation to the thin walls of the container, the
      properly focused ultrasonic energy achieving a weld between the contacting
      surfaces, leaving the upper surface region of the container substantially
      undisturbed.
PAR  The intensity of the ultrasonic oscillations diminishes below the welding
      surfaces and is largely absorbed by the thick-walled connecting piece, so
      that no remote welding effect occurs between the attachment flange of the
      connected piece and the bottom of the container. The dimensioning of the
      inclined rim of the ultrasonic head further assures a reduction of
      intensity of the ultrasonic energy beyond the region of the welding
      surfaces, thus avoiding a step-wise and consequently easily breakable
      transition from the welding region to the thin wall of the container.
PAR  The insert projecting from the anvil permits at most a contact of the
      thin-walled bottom of the container along substantially a line, or even
      along only some points, since the bottom is free to vibrate; this
      structure avoids the disadvantage of a surface contact of the container's
      bottom with the anvil, which could easily damage or even puncture the
      thin-walled bottom of the container. An insert of variable size permits
      the use of connecting pieces of differing sizes, the dimensions of the
      insert being tailored to those of the connecting piece.
PAR  Differences in pressure, due to possible variations in thickness of the
      parts to be welded are equalized by the upper portion of the anvil being
      able to tilt about a sphere embedded in the anvil's lower portion; this
      arrangement ensures an equal distribution of pressure exerted by the
      ultrasonic head on every portion of the welding surfaces.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These, and other features of my invention will be better understood from
      the accompanying drawing, in which:
PAR  FIG. 1 shows a fragmentary elevational cross-section of the ultrasonic
      welding arrangement, including the ultrasonic head and the thin-walled
      container with the inserted connecting piece;
PAR  FIG. 2 shows an enlargement of part of FIG. 1 without the ultrasonic head
      prior to ultrasonic welding;
PAR  FIG. 3 shows an arrangement corresponding to FIG. 2 on completion of the
      ultrasonic welding; and
PAR  FIG. 4 shows a section of FIG. 1 along line IV -- IV.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIG. 1 shows an ultrasonic welding arrangement known per se with an anvil
      10 for the acceptance of parts to be welded, and a fragmentary
      cross-section of an ultrasonic head 11, also termed a sonotrode, movable
      along a vertical axis 19 and formed as a pot-shaped hollow cylinder. The
      latter's lower counter-pressure surface 11a facing anvil 10 is formed as a
      closed ring and serves as a welding surface. This surface is inclined
      upwards towards the periphery of ultrasonic head 11. Anvil 10 is formed
      with a recess 10a along vertical axis 19 for accepting a disk-shaped
      insert 12 formed with a projection and having a substantially concave
      inner surface. Insert 12 is exchangeable and rests in an upper portion 10b
      of the anvil, which is supported by a sphere 10d embedded in a lower
      portion 10c of anvil 10, there being a small gap between upper
      anvil-portion 10b and lower anvil-portion 10c, so that the former can tilt
      to a limited extent about sphere 10d.
PAR  A flexible container 13, shown only in fragmentary fashion, rests on anvil
      10 and is made of a high-pressure polyethylene foil of about 0.4 mm
      thickness in the form of a bag. An approximately tubular connecting piece
      14 fabricated by injection molding of high pressure polyethylene and
      having a wall thickness of about 2 to 4 mm is threaded on its upper
      portion to receive a cap not shown in FIG. 1 having a corresponding inner
      thread and rests in a circularly-shaped opening of container 13. As shown
      more clearly in the enlargements of FIGS. 2 and 3, this connecting piece
      terminates in a closed ring-formed flange 15 projecting radially outwards
      and a supporting a base 16 projecting in a direction parallel to vertical
      axis 19.
PAR  A container rim 13a enveloping the opening of container 13 abuts an
      attachment flange 15 of connecting piece 14, base 16 of the latter having
      been inserted into the opening of container 13. This flange is formed on
      the side facing container 13 with a substantially flat contact surface 17.
      Two closed ring-shaped welding rings 18 spaced from each other and
      encompassing the core of connecting piece 14 project therefrom and serve
      to channel energy in a given direction; they are completely plastified
      under the influence of ultrasonic sound and serve to form a welding joint.
PAR  The cross-section of welding rings 18 is triangular, the apex of the
      triangle pointing outward, i.e. towards rim 13a of container 13. The
      height and width of the base of welding rings 18 are each approximately
      equal to the foil thickness of rim 13a of container 13, i.e. are each
      dimensioned to be about 0.4 mm. Flange 15 and its base 16 have a height
      measured along vertical axis 19 equal to about 4 mm, which is greater by
      an order of about 10 than the foil thickness of the wall of container 13.
PAR  Only two additional operations are necessary for a description of the
      packaging of containers 13, the latter being fabricated in a large volume
      from synthetic-plastic foil in a closed form with the exception of a
      circular opening: insertion of the connecting piece into the opening of
      container 13 and the start of the welding process. As has been illustrated
      in FIG. 2, rim 13a of container 13 merely rests on welding rings 18 of
      connecting piece 14 prior to this welding process; subsequently ultrasonic
      head 11 comes down, until its welding surface 11a abuts rim 13a, thereby
      compressing welding rings 18 of flange 15. A high-frequency generator, not
      shown in the drawing, also feeds energy to ultrasonic head 11 to generate
      ultrasonic oscillations focused into an annular shape. The former impinge
      even at low intensity in less than one second upon the respective contact
      surfaces formed of rim 13a, flange 15 and welding rings 18, the resulting
      vibration and generation of heat causing a plastification of welding rings
      18 and surfaces bordering the latter, a homogeneous weld resulting
      therefrom. The energy of ultrasonic oscillations impinging on the outer
      border of the ring-shaped welding region is gradually reduced by the
      inclined shape of rim 11b of ultrasonic head 11. The resultant diminished
      energy prevents the thin foil of container 13 from having easily breakable
      brittle transitions near the welding region.
PAR  As illustrated in FIG. 3, the molecular masses of the contact regions,
      including that of plastified welding rings 18 flow homogenously into one
      another, the molecular structure of the outer foil of the container and
      the remainder of the connecting piece remaining unchanged. The intensity
      of the ultrasonic energy decreases significantly as a result of its
      absorption below its region of maximum intensity, i.e. below the welding
      region. The energy is primarily absorbed by the soft plastic material of
      relatively thick base 16, i.e. by the connecting piece itself, so that the
      latter, which abuts bottom 13b of container 13, does not become attached
      thereto.
PAR  A segment 13c of container 13 disposed within the hollow region of base 16
      of connecting piece 14, which is also exposed to ultrasonic energy, is
      free to vibrate and kept substantially away from the supporting surfaces
      of anvil 10 by the ring-shaped projection of insert 12. The diameter of
      that ring-formed projection is dependent on the diameter of the connecting
      piece and the shape of ultrasonic head 11. Any undesired ultrasonic energy
      is therefore absorbed in any case by vibratingly yieldably segment 13c of
      the floor of container 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for fabricating a container having a closable fitting, the
      improvement which comprises in combination:
PA1  a. forming a container body with a relatively thin wall from a
      thermoplastic synthetic-resin material and an opening in the wall;
PA1  b. introducing into said opening the neck of a tubular connecting piece
      having an annular flange substantially thicker than said wall and composed
      of thermoplastic synthetic-resin material, said flange being formed with
      an annular ridge engaging the interior of said wall around said opening;
PA1  c. pressing an annular ultrasonic welding tube against said wall directly
      opposite said ridge and supporting said container through an opposite wall
      thereof directly against said piece with an ultrasonic welding anvil;
PA1  d. applying ultrasonic welding energy to said tool thereby fusing the
      first-mentioned wall to said ridge and said flange; and
PA1  e. applying pressure between said tool and said anvil during the
      application of ultrasonic energy to cause said first-mentioned wall to
      bond to said flange and flatten said ridge.
NUM  2.
PAR  2. An apparatus for welding a tubular thermoplastic synthetic-resin
      connecting piece having an annuular flange to a wall of a flexible
      thermoplastic synthetic-resin container having an opening receiving said
      connecting piece, the wall of said container being substantially thinner
      than said flange, said apparatus comprising:
PA1  a. an annular ultrasonic welding tool engageable with said wall around said
      connecting piece from the exterior of said container, said tool having an
      edge portion of limited area adapted to bear against said wall;
PA1  b. an anvil adapted to support said connecting piece by engagement with an
      opposite wall of said container, said anvil being aligned with said tool;
PA1  c. means for displacing one of said tool and said anvil relative to the
      other to press the first-mentioned wall against said flange and said
      flange against said opposite wall and said anvil, ultrasonic energy to be
      applicable to said tool to weld the first-mentioned wall to said flange;
      and
PA1  d. an insert received in said anvil in axial alignment with said tool but
      inwardly of said edge portion thereof for lifting said other wall from
      said anvil inwardly of said flange.
NUM  3.
PAR  3. The apparatus defined in claim 2, further comprising a support for said
      anvil, and a sphere interposed between said support and said anvil
      enabling tilting of said anvil.
NUM  4.
PAR  4. The apparatus defined in claim 2 wherein said insert is concave in the
      direction of said tool.
NUM  5.
PAR  5. An apparatus for welding a tubular thermoplastic synthetic-resin
      connecting piece having an annular flange to a wall of a flexible
      thermoplastic synthetic-resin container having an opening receiving said
      connecting piece, the wall of said container being substantially thinner
      than said flange, said apparatus comprising:
PA1  a. an annular ultrasonic welding tool engageable with said wall around said
      connecting piece from the exterior of said container, said tool having an
      edge portion of limited area adapted to bear against said wall;
PA1  b. an anvil adapted to support said connecting piece by engagement with an
      opposite wall of said container, said anvil being aligned with said tool;
PA1  c. means for displacing one of said tool and said anvil relative to the
      other to press the first-mentioned wall against said flange and said
      flange against said opposite wall and said anvil, ultrasonic energy to be
      applicable to said tool to weld the first-mentioned wall to said flange;
PA1  d. a support for said anvil axially aligned with said tool; and
PA1  e. a sphere interposed between said support and said anvil and axially
      aligned with said tool for enabling tilting of said anvil relative to said
      support.
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ABST
PAL  Method and apparatus for building a giant tire and particularly for
      building one or more endless bands of suitable ply stock and for
      transferring such bands from the band building means to a carcass building
      drum after which transfer the remaining construction of the tire can be
      accomplished conventionally. The apparatus includes a wide, flat, endless
      belt, the surface of which functions as a splicing table whereon
      successive panels of ply stock are joined edge-to-edge to form a ply and
      also as means for transferring the so-formed ply directly into wrapping
      relation with a band building surface whereon such ply is made endless to
      form a tire ply band. A bridge spanning the width of the belt, at
      successive selected angles transverse to the direction of movement of the
      belt, supports at least one ply stock pay-off means from which successive
      discrete panels of suitable ply stock are disposed on the surface of the
      belt. The band building means is provided by a generally cylindrical drum
      the circumference of which is adjustable. Alternative systems of
      cooperation between the carcass building drum and the band building drum
      are also set forth.
PARN
PAR  This is a division of application Ser. No. 323,030 filed Jan. 12, 1973, now
      U.S. Pat. No. 3,867,228.
BSUM
PAR  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompanying drawing and the following detailed description.
PAC  BACKGROUND OF THE INVENTION
PAR  The building of giant tires is entirely different from building the
      ordinary and relatively more familiar tires used on vehicles which travel
      over paved highways or streets. The term "giant tire" as used in the
      present specification means not only tires of great size but also of
      constructions adapted for use on off-the-road equipment such as
      earthmovers, and the like. By way of illustration, the apparatus about to
      be described is adapted to construct tires having bead diameters from 39
      inches to 69 inches and in which the band width measured from edge to edge
      of the ply from which the band is formed may be as much as 220 inches and
      the circumference of the band before the same is expanded into its final
      tire shape, may range from 164 inches to 290 inches. While earthmover
      tires approaching such size have previously been built, the successive
      plies have been built conventionally either directly upon a
      carcass-forming drum or on the rotatable surface of a band builder. In
      both cases, each successive portion of ply stock was required to be
      positioned by hand and spliced by hand. These operations required not only
      great physical effort by the tire builder, but made the accurate
      repetition of successive operations extremely difficult.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the invention is to provide for building giant tires
      more efficiently than heretofore, with less human effort and time expended
      and with repeatable precision in the placement of components of the tire,
      particularly of the ply or plies forming the carcass.
PAR  The foregoing and other objects, which will be made apparent subsequently
      herein, are accomplished in accordance with the invention by a method
      comprising cutting a plurality of successive discrete panels of
      predetermined length from a running length of ply stock having a
      multiplicity of reinforcement cord elements extending therein parallel to
      each said length and spacing said panels apart end to end. A core beam
      having a supply of such panels wound thereon is translated in a direction
      parallel to the cord elements repeatedly forward and back across the
      horizontal top reach of an endless belt while transferring from said
      supply to said reach of belt one of said panels in successive passes of
      the beam forwardly across the belt, moving the reach of the belt forward
      toward band building means a distance proportional to the width of said
      panels as each such pass is completed and joining a longitudinal edge of
      each successive panel to the adjacent longitudinal edge of the next
      preceding panel when the same have been successively transferred to the
      reach of belt, so as to form an integral predetermined length tire ply,
      then juxtaposing said belt and tire band building means and rotating both
      said belt and said means at like surface speeds to transfer said ply from
      the reach of belt to said means and to wind about the latter to be formed
      as an endless tire band thereon, and thereafter transferring the so-built
      band from said band building means to a tire building drum and effecting
      completion of the tire.
PAR  In order to carry out the aforesaid method, a new combination of apparatus
      includes band building means such as a rotatable band building drum having
      a surface adjustable in its circumferential length, an endless belt with a
      horizontal top surface for receiving thereon precut panels of ply stock
      and having means for moving the same toward said drum, a bridge spanning
      said belt, and at least one stock let-off truck mounted on said bridge for
      movement back and forth therealong in selected directions transversely of
      the direction of movement of said belt.
DRWD
PAR  To acquaint those skilled in the arts most nearly related to the invention
      claimed herein, a preferred embodiment and mode for putting the same into
      practice, are described below making reference to the attached drawings in
      which:
PAR  FIG. 1 is a schematic plan view of apparatus in accordance with the
      invention;
PAR  FIG. 2 is an elevation view of the apparatus as seen from line 2--2 of FIG.
      1;
PAR  FIG. 3 is a partial elevation view of a portion of the apparatus as seen
      from the line 3--3 of FIG. 1;
PAR  FIG. 4 is a plan view of apparatus according to the invention differing
      somewhat in arrangement from that shown in FIG. 1; and
PAR  FIG. 5 is a schematic plan view of a bias-cutting and rewinding apparatus
      for preparing tire ply stock for use in the apparatus of FIG. 1 or that of
      FIG. 4.
DETD
PAC  A PREFERRED EMBODIMENT
PAR  In accordance with the present invention, ply stock having a prescribed
      multiplicity of reinforcement cord elements covered with non-cured gum or
      rubber compound, is received in large rolls. Such rolls contain, for
      example, several hundred yards of ply stock of suitable width. The
      reinforcement elements therein can be of any known material suitable for
      reinforcement of such giant tires. The term, cord elements, herein will be
      understood to mean any filamentary material assembled in yarn, strand,
      cord or cable. Commonly, the reinforcing cord elements are metallic cable
      with all such cables extending parallel to the running length of the ply
      stock.
PAR  In the method according to the invention, such ply stock is cut
      transversely of its running length to form a plurality of successive
      panels each of predetermined length. The ply stock is received interwound
      on the roll together with a separating liner of cloth or the equivalent.
      This first liner is separated from the ply stock immediately prior to its
      entry into the region of a cut-off means and such ply stock immediately is
      taken onto the surface of a second separating liner which extends in
      directional alignment with the first liner so that the cord elements of
      the ply stock are in no way changed in their direction of parallel
      alignment. After each successive panel has been cut from the running
      length of ply stock, it is wound, together with the second liner, about a
      core beam to form a precisely wound roll. A sufficient number of panels
      are interwound with the second liner on the roll so that the roll will
      weigh in excess of 1000 pounds. The individual panels so cut preferably
      are spaced apart end to end on the second liner for purposes which will be
      made more plain presently.
PAR  In order to join successive panels one to another to form a ply of length
      sufficient to encompass the band building means, the roll on the beam is
      translated in a direction, normal to its own axis, across a splicing table
      provided by the flat and preferably horizontal reach of an endless belt.
      The direction of travel of the roll is at a predetermined angle with
      respect to the direction of travel of the endless belt. During a pass of
      the roll across the belt, the second liner is unwound sufficiently for one
      of the precut panels to be transferred from the liner to the splicing
      table. After the roll has made a complete pass across the table, the
      endless belt is advanced a distance commensurate with the width (in the
      direction of belt movement) of the ply stock panel while the roll is being
      returned to its starting position. The roll is again traversed across the
      belt while a second panel is transferred from the liner onto the splicing
      table as before. The advance of the endless belt is sufficient to permit a
      predetermined amount of overlap of the second panel with respect to the
      first so that the two panels can be suitably spliced. In like manner,
      succeeding panels are laid down on the splicing table until there are
      accumulated on the splicing table a sufficient number of panels to
      completely encompass the band building means.
PAR  It is also contemplated within the scope of the invention that the
      successive panels can be cut from an uncut running length of ply stock
      carried in a supply roll wound about such core beam. The supply roll and
      beam, in this modification, can be translated forward and back across the
      belt of the splicing table. As the ply stock is unwound during one pass
      across the belt, a predetermined length is measured and cut off from the
      running length on the supply roll to form a next discrete panel, while a
      former panel precut in like manner is being disposed on the surface of the
      belt.
PAR  It is a feature of the present invention that the same belt which serves as
      a splicing table also serves to transfer the ply from the endless splicing
      table directly to the band building means. To accomplish this, the
      splicing table endless belt is moved into juxtaposition with the surface
      of band building means such as a rigid surface drum. The circumferential
      surface of the band building drum and of the belt are then moved at like
      surface speeds. The ply is then transferred from the endless belt onto the
      band building means, being wrapped thereabout. The leading and trailing
      edges of the ply are then joined to form an endless tire band on the band
      building means.
PAR  Both the method and apparatus in accordance with the present invention
      contemplate building a tire having radial plies, in which th cord elements
      extend at least approximately parallel to the axis of the tire and, with
      equal facility, a bias-ply tire in which successive plies have cord
      elements oriented obliquely and oppositely with respect to a plane normal
      to the axis of the tire.
PAR  In the construction of a bias-ply tire, the sequence just described is
      repeated, changing only the angle of the travel of the roll relative to
      the belt and the orientation of the roll axis so that the winding liner is
      unwound from the roll in the rotational sense opposite to that employed in
      previously unwinding the roll. In a manner identical to that described
      above, the second ply having its cord elements disposed at equal but
      opposite angles with respect to the direction of movement of the belt is
      again wound about and spliced on the band building means.
PAR  It will be apparent that the tire ply band made as thus described will have
      been constructed with a minimum of physical effort and that accurate
      repeatability can be attained more readily than possible in heretofore
      practiced methods.
PAR  Referring to the drawings and particularly to FIGS. 1 and 2, the apparatus
      10 in accordance with the invention, which apparatus is particularly
      adapted for the practice of the method hereinbefore described, includes a
      tire building drum 12 mounted conventionally upon a cantilevered shaft 14
      having suitable drive means 16 connected to provide rotation of the drum.
      In association with the drum are conventional beadsetting mechanisms 18,
      19, shown schematically, as well as a stitcher mechanism 20 of
      conventional design and function. The mechanism 20 can be moved away from
      the drum 12 to the remote position 20' to make space for the movement of
      the band transfer ring 22 presently to be described in greater detail.
PAR  Associated with the tire building drum 12 is a band building means here in
      the form of a generally cylindrical drum 24 having a metal surface, the
      circumference of which is adjustable in length both to provide increments
      of increase in circumference as successive bands are built and to
      facilitate removal of an already constructed band off the band building
      drum 24 to be incorporated in the tire. A band building drum particularly
      suitable for use in accordance with the present invention has been
      described in U.S. Pat. No. 3,654,026, issued Apr. 4, 1972, to Max D.
      Brinkley and Robert I. Griffiths.
PAR  The band building drum 24 is supported for rotation on a shaft 26 rotatably
      mounted in bearing housings 27 at one end and, like the tire building drum
      12, is connected to its own drive means 28 for rotating the drum 24.
PAR  In order to facilitate the transfer of a completed band from the band
      building drum 24 onto the tire building drum 12, the bearing housings 27
      are mounted on a track provided by the two rails 31, 32 on which the band
      building drum 24 can be moved coaxially toward and away from the tire
      building drum 12. The bead-setting and ply turnup mechanism 19 is also
      mounted to travel along the rails 31, 32 from its operating position as
      shown (FIG. 1) onto the turntable 34. After the turntable has been turned
      from its position as shown, the mechanism 19 is then moved off the
      turntable at right angles to the common axis 36 of the drum 12 and drum 24
      so that the band building drum 24 can be brought into coaxial
      juxtaposition with the tire building drum 12 at which time the band
      pull-on ring 22 can be attached to the band by the circumferential array
      of clamps 38 and actuated to move the band coaxially and directly from the
      band building drum 24 to the tire building drum 12. Apparatus particularly
      adapted for transferring a band in the manner just described is disclosed
      in U.S. Pat. No. 2,936,813, issued May 17, 1960, to J. I. Haase.
PAR  To provide an uncured gum liner in the tire, a ply of uncured rubber
      compound is applied directly to the surface of the band building drum 24
      to become an integral part of the first ply or plies which constitute the
      initial or first band of the tire. For this purpose, a gum stock leftoff
      40 is mounted on the platform 41 for movement toward and away from the
      band building drum in a direction normal to the axis 36. The platform 41
      is mounted for movement parallel to the axis 36 on a track 42 disposed in
      the floor adjacent the band building drum. Successive strips of liner gum
      stock more narrow than the face width of the drum 24 can be wound
      circumferentially onto the drum 24 from the letoff 40. The letoff 40 is
      placed in successive spaced locations along the drum so that the
      successive strips of liner gum stock are wrapped circumferentially about
      the drum. The plurality of narrow strips so wrapped are joined to form an
      integral liner ply of the full width required in the band and ultimate
      tire.
PAR  To construct a single integral ply length to be wrapped once about the band
      building drum 24 to form thereon an endless band or an endless element of
      a composite band of two or more superposed band layers, a plurality of
      panels P, of ply stock are assembled and joined edge to edge on a splicing
      table. The surface 50 of the table 52 is provided by an endless flat belt
      54 trained about a forward 56 and a rear carrying roll 58 which are
      mounted rotatably about axes parallel to the axis 36 of the band building
      drum 24. The rolls 56, 58 are supported in suitable bearings mounted on a
      frame 60 extending generally normal to the drum axis 36 and supported on
      tracks 62 by a plurality of wheels 64 fixed on the frame. Drive means 66
      are connected to drive the rear roll 58 to rotate the belt about rolls 56,
      58, the intermediate supporting rolls (not shown), and the frame. Further
      drive means 68 are connected to the frame 60 to move the table 52 in a
      direction perpendicular to the axis 36 of the drum, from its position as
      shown in FIG. 2 to a forward position (shown in phantom outline) in which
      the forward end portion 70 of the frame 60 carrying the roll 56 and belt
      are disposed beneath the band building drum 24. The forward portion 70 of
      the frame is articulated as at 72 and is provided with elevating means 74
      by which the forward portion 70 and the forward roll 56 with a portion of
      the belt 54 can be raised sufficiently to bring a ply disposed on the belt
      54 into contact with the drum 24 or with a band already in place on the
      drum to initiate the transfer of the ply to the drum.
PAR  A first ply can be caused to wrap about the drum 24 by the tack, or
      well-known tendency of ply stock to adhere to the previously mentioned
      uncured gum of the carcass liner already on the drum. In initiating the
      wrapping of a subsequent ply or of a ply in the absence of such gum liner,
      the wrapping transfer of the ply from the belt 54 to the surface of the
      drum 24 is assisted by magnetic force. One or more magnetic devices 76 are
      removably attached to the surface of the drum 24 with the leading edge of
      the ply held between the devices and the drum surface by the magnetic
      force acting through the ply thickness.
PAR  To provide convenient access to the band on the drum 24, particularly to
      inspect or to perfect a splice of the respective ends of the ply to form
      the band, an operator's platform 73 spans the table 52 parallel the drum
      axis 36. The platform is mounted on wheels 75 enabling the platform to be
      moved close to the drum surface and away from the drum. Means, not shown,
      are provided to locate and to retain the platform fixedly in position
      relative to the drum 24 during building of a band thereon. Conventional
      stitching mechanism 77 operable to consolidate a band is mounted on the
      platform. Supply reels for dispensing additional tire band components,
      e.g. sidewall veneer, wedge strips, or the like, can also be mounted on
      the platform for the convenience of the builder.
PAR  To dispose each successive panel P of ply stock on the surface 50 of the
      belt 54 which forms the splicing table 52, a supply roll 80 (80R, 80L)
      comprising a separating liner 81 of cloth or equivalent is wound on a core
      beam 83. The beam is supported in suitable bearings 85 on a truck 87
      having support wheels 88 by which the truck and roll are traversed
      longitudinally of bridge means spanning the belt. The truck 87 also
      provides a beam 89 carrying a shell 91 on which the liner 81 is rewound
      from the roll 80. Also mounted on the truck is a roll 93 which can
      function to form a splice joining successive panels one to another. The
      roll 93 is mounted on a parallel pair of swing arms 95 by which the roll
      is raised or lowered relative to the surface 50 of the splicing table 52.
PAR  The bridge means in the apparatus 10 comprises a horizontal bridge member
      100 of open truss construction which carries tracks 102 on which the
      wheels of the truck 87 are supported. The truck 87 moves longitudinally of
      the bridge member 100 forward and back across the belt 54. The bridge
      member is supported above the table 52 by vertical legs 104, 106 spaced
      outwardly from the table 52. Each of the legs has a wheel or dolly 108
      rollable on one of the arcuate tracks 110, 112 set on or in the floor 114.
      Each, in the apparatus 10, of the dollies 108 has drive means 116 mounted
      thereon which means cooperate to swing the bridge member to an appropriate
      angle with respect to the direction of movement of the belt 54 about a
      vertical axis 120 established by the pivot bearing fixture 122 attached to
      the legs 106 and the pivot stud 124 set in the floor. As will be apparent
      from the drawings, the bridge member 100 in the apparatus 10 provides two
      parallel side-by-side trackways 130, 131 to accommodate two trucks 87. A
      single track structure can suffice for building radial ply bands (wherein
      the cord elements extend parallel to the band and ultimate tire axis) but
      requires that the panels dispensed for building successive plies of
      opposite bias angles be disposed from a single roll one side up for one
      bias angle ply and the other side up for the opposite bias angle ply. The
      dual bridge structure of the apparatus 10 accommodates two trucks 87 and
      supply rolls 80R and 80L, which can be identical except for the
      orientation of the bias-cut ends of the respective panels dispensed from
      the rolls. It will be apparent, however, that either bias ply bands
      (wherein the cord elements of the respective plies make opposite, and
      usually equal, acute angles with a plane normal to the axis of the band
      and of the ultimate tire) or radial ply bands can be build by the
      apparatus 10.
PAR  In FIG. 4, there is illustrated an alternative arrangement of the tire
      building drum 12'. As before, the building drum is mounted upon a spindle
      14' which is supported in bearing housings 140. Ply turning and
      beadsetting mechanisms 142, 143 are mounted coaxially of the drum 12' and
      the spindle. In the position illustrated, FIG. 4, where one or more bands
      are converted to form a tire carcass, the axis 146 of the tire building
      drum 12' is disposed normal to the axis 148 of the band building drum 24.
      The bearing housings 140 are mounted on a turret 150 having a pivotal axis
      15' extending vertically at the intersection of the spindle axis 146 and
      the band building drum axis 148. To receive a band from the band building
      drum 24 on which it has been built, the tire building drum 12' is turned
      into coaxial alignment with the band building drum 24 in which position
      the transfer of the band is accomplished in the same manner as has been
      described on the apparatus of FIG. 1.
PAR  To prepare the roll 80 or rolls 80R, 80L containing the successive panels P
      of ply stock to be disposed on the belt 54, the successive panels are cut
      from a continuous running length of ply stock which has been prepared in
      the customary manner by calendering and wound in the roll 160 (FIG. 5)
      together with a first separating liner (not shown) of cloth or the
      equivalent on a core 162. This core is mounted in an unwind or letoff
      stand 165 in which the core is supported rotatably on a core bar 167 so
      that the stock can be unwound in a direction parallel to the running
      length of the cord elements in the ply. As the unwinding progresses, the
      first liner is rewound separately from the ply stock, which ply stock is
      then passed through the conventional bias-cutting mechanism 170 in which
      the running length of ply stock is cut transversely into a sequence of
      individual discrete ply panels P each of predetermined length between cut
      edges which edges will ultimately lie in planes perpendicular to the axis
      of the tire. The ply stock is transferred immediately before entering the
      cutting mechanism 170 to the second separating liner 81 by which the cut
      panels are moved away to separate the cut edge of the panel from the cut
      edge of the running length of ply stock extending from the roll 160 with
      the result that the cut panels are spaced end to end and not contiguous on
      the liner 81. The second liner 81 is moved continuously, winding the
      panels P therein on the roll 80 (or one of 80R, 80L). It may also be moved
      faster. The supply roll 160 and the uncut ply stock moves intermittently,
      being stopped as each cut is made. The panels P are thus spaced apart
      end-to-end a satisfactory distance. The second liner 81 and the panels P
      are wound onto a second roll 80 (80R, 80L) which will be transferred to
      the truck 87. Mention has been made earlier herein of the advantage
      obtained by this spacing of the panels P on the liner 81. It will be
      recalled that as the liner 81 is unwound from the roll 80 (80R, 80L) as
      the truck 87 is moved across the belt 54, one precut ply panel P is
      dispensed from the truck and positioned on the belt. The end-to-end
      spacing of the ply panels P enables the cut leading end of the panel to be
      disposed with manual assistance in precise alignment with the desired
      plane 180 which is the ply and band edge and with the cut ends of previous
      and succeeding panels on the belt as the truck 87 begins its forward
      movement. The spacing between the ends of successive panels P on the liner
      81 permits an individual panel P to be laid down with its cut trailing end
      in alignment with the plane 181 defining the opposite edge of the band,
      and with the corresponding ends of the panels already disposed on the
      belt. The space intervening between the trailing cut edge of one ply panel
      and the leading cut edge of the next ply panel avoids prematurely trapping
      a next panel so that the truck 87 can be moved back to its starting
      position without damage to the leading edge of the next ply panel. To
      facilitate axial displacement or step-off of a second ply relative to a
      first ply wound about the drum 24 to form a band thereon, the housings 27
      can be moved along the rails 31,32 a distance relative to the table 52
      corresponding to the desired step-off after the application of such first
      ply and before the application of the second ply onto the drum 24.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of building a giant tire comprising the steps of:
PA1  cutting a plurality of successive panels of predetermined length from a
      running length of ply stock having a multiplicity of reinforcement cord
      elements extending therein parallel to said length;
PA1  spacing said panels apart end to end on one surface of a running length of
      separating liner and winding said liner and said panels about a core beam
      while maintaining said elements parallel to said running length;
PA1  passing said beam in a direction parallel to said cord elements repeatedly
      forward and back across the horizontal top reach of an endless belt while
      transferring from said liner to said reach one of said panels during
      successive passes in one direction across said belt;
PA1  moving said reach foward toward band building means a distance which is a
      function of the width of said panel in the direction of such movement as
      such pass is completed and joining the longitudinal edge of each
      successive panel to the adjacent edge of the next preceding panel to form
      an integral single length of tire ply stock;
PA1  juxtaposing said belt and tire band building means and then rotating said
      belt and said means at like surface speeds to transfer said ply from said
      reach of belt to said means and wind said ply about said means; and
PA1  transferring the band from said band building means to a tire carcass
      building drum and thereafter effecting completion of the tire.
NUM  2.
PAR  2. Method as claimed in claim 1, said joining being effected by
      superimposing a predetermined portion of a later so transferred one of
      said panels upon a corresponding portion of a next previously so
      transferred one of said panels.
NUM  3.
PAR  3. Method as claimed in claim 1, said moving being effected in a first
      direction at an angle oblique to the direction of movement of said belt to
      form a first bias ply thereon and then, after wrapping said first ply
      about said band building means, repeating said moving in a second
      direction at an oblique angle opposite the first said angle to form a
      second bias ply on said belt and then wrapping said second ply about said
      first ply to form on the band building means a composite bias ply band.
NUM  4.
PAR  4. Method as claimed in claim 2, and after wrapping one said ply band about
      said means and before wrapping a subsequent ply thereabout, moving said
      band building means longitudinally of its own rotational axis to provide
      an axial displacement or step-off of said subsequent ply band relative to
      said one band.
NUM  5.
PAR  5. Method as claimed in claim 1, wherein said transferring of said ply from
      said belt to said band building means is assisted by a magnetic force.
NUM  6.
PAR  6. Method as claimed in claim 5, and assisting said transferring by
      attaching manually at least one removable magnetic device to said band
      building means with a leading edge of said ply therebetween.
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ABST
PAL  A pitched wooden truss comprises lower and upper chords interconnected by a
      plurality of web members. The upper chord includes two wooden sections
      arranged end to end at a predetermined angle to form a central ridge. The
      adjacent ends of the chord sections are formed with laterally offset,
      overlapped, convexly arcuate tongues and cooperating concavely arcuate
      recesses. Securing means secure the tongues to each other in overlapped
      position. Preferably, the adjacent ends of the chord sections comprise
      pieces of densified laminar wood.
PARN
PAR  This is a division of application Ser. No. 352,102, filed Apr. 18, 1973,
      and now abandoned.
BSUM
PAR  This invention relates to pitched wooden trusses having integral ridge
      connectors. It also pertains to a method of making such trusses and
      related structural items.
PAR  One well known type of pitched structural wooden truss comprises a lower
      chord, a pitched upper chord including two sections arranged end to end at
      a predetermined angle to each other, and a plurality of web members
      interconnecting the upper and lower chords. The adjacent ends of the upper
      chord sections are coupled together at the desired angle by means of a
      ridge connector.
PAR  Conventionally the ridge connector comprises two metal parts bolted or
      otherwise secured to the ends of the chord sections and connected to each
      other. Illustrative of the application of metal ridge connectors of this
      class are those described and illustrated in my U.S. Pat. Nos. 3,457,689
      and 3,535,845.
PAR  While useful for many purposes, pitched trusses having metal ridge
      connectors tend to be deficient in resistance to lateral forces and also
      to forces applied in tension. In addition, since the metal connectors
      usually are fastened to the wooden chord sections by means of bolts or
      spur-type fasteners, the wood is weakened correspondingly and tends to
      split under the heavy loads applied in building construction. Still
      further, the use of metal ridge connectors increases the cost of the
      trusses and the complexity of their manufacture.
PAR  Accordingly it is the general object of the present invention to provide a
      pitched wooden truss assembly having an integral ridge connector which
      will resist the various stresses, particularly lateral forces and tension
      stresses, which are applied to the truss during its manufacture, erection
      and use.
PAR  Other objects of the invention are the provision of a pitched wooden truss
      which is easily erected, which maintains the selected pitch, which lends
      itself to the incorporation of lateral bracing in the truss system, which
      is easily and inexpensively manufactured and assembled, and in which the
      connector adapts itself to pitches of various angles.
PAR  Still a further object of the invention is to provide a method for making
      components useful in the fabrication of pitched wooden trusses and kindred
      structural components.
PAR  Broadly considered, the presently described pitched truss assembly
      comprises a lower chord, a pitched upper chord including two wooden chord
      sections arranged end to end at a predetermined angle to each other to
      form a central ridge, and a plurality of web members interconnecting the
      chords. The adjacent ends of the upper chord sections are formed with
      laterally offset, overlapped, convexly arcuate tongues and mating
      concavely arcuate recesses. Securing means secure the tongues to each
      other in overlapped position with the tongues seated in the adjacent
      recesses.
PAR  Preferably, and necessarily in the case of most woods, the adjacent ends of
      the chord sections comprise densified laminar wood pieces, drilled, routed
      and trimmed to provide the tongues and recesses.
PAR  In compositing each laminar wood piece a metal foil or like sheet is
      included in the assembly and serves as a glue barrier. This permits easy
      separation at the metal sheet when the laminar product is routed or cut
      transversely to the plane of the metal sheet in the production of the
      offset tongue and adjacent recess.
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PAR  In the drawings:
PAR  FIG. 1 is a fragmentary view in side elevation of the ridge portion of the
      hereindescribed pitched wooden truss with integral ridge connector, parts
      being broken away to show interior construction.
PAR  FIG. 2 is a fragmentary plan view of the truss.
PAR  FIG. 3 is a sectional view of the truss taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is an exploded perspective view illustrating the manner of
      assembling the truss.
PAR  FIG. 5 is a fragmentary view in side elevation of a stacked laminar
      assembly used in the manufacture of the chord sections of the truss before
      consolidation.
PAR  FIG. 6 is a fragmentary view in side elevation of the stacked laminar
      assembly of FIG. 5 after consolidation, looking in the direction of the
      arrows of line 6--6 of FIG. 7.
PAR  FIG. 7 is a view in side elevation, looking in the direction of the arrows
      of line 7--7 of FIG. 6, illustrating the manner of working the end of the
      consolidated laminated assembly to produce an integral tongue and recess
      therein.
PAR  FIGS. 8, 9 and 10 are views in side elevation, plan, and end elevation
      respectively of the end of one of the chord sections of the presently
      described pitched wooden truss, made by the method illustrated in FIG. 7.
PAR  FIG. 11 is a fragmentary, schematic view in elevation of the truss.
DETD
PAR  As shown in FIG. 11, the hereindescribed pitched truss comprises a wooden
      lower chord 20, and a wooden upper chord 22 interconnected by a plurality
      of web members or links 24. Upper chord 22 is formed in two chord sections
      22a arranged end to end with their adjacent ends interconnected by a ridge
      connector indicated schematically at 26.
PAR  In order to provide upper chord terminal sections of adequate strength and
      hardness, advantage may be taken of the method described and illustrated
      in the co-pending patent application of Arthur L. Troutner, Ser. No.
      247,897, filed Apr. 26, 1972 and issued June 4, 1974 as Pat. No.
      3,831,842.
PAR  In accordance with the method therein described, each upper chord section
      22a comprises a piece of dimension lumber such as a 2.times.4 or a
      2.times.6 having an end segment 22b of increased density. The end segment
      is attached end to end by finger jointing or other joining technique and
      provides a working section of increased hardness and strength.
PAR  End segments 22b of the upper chord sections basically comprise an assembly
      of wood laminae glued face to face and pressed to the desired density.
PAR  The material employed in the practice of this method comprises a plurality
      of thin strips 28 of wood veneer, cut to size. A preferred stock for this
      purpose comprises conventional plywood veneer having a uniform thickness
      of, for example, 0.10, 0.125, 1.187, or 0.230 inches. It thus is possible
      to utilize veneers resulting from the plywood manufacturing operation.
PAR  The strips are precoated with a suitable adhesive which may comprise a
      conventional hot press glue applied in approximately the same spread as is
      employed in manufacturing plywood.
PAR  The wooden strips, precut to size and precoated with adhesive then are
      stacked continuously. In compositing the stack, strips 28 are arranged
      longitudinally, aligned with each other and lapped in number and pattern
      as required to produce a spliced structural chord of the desired length
      and density.
PAR  The desired degree of densification is achieved by the use of densifying
      laminae in the form of small wood pieces 30 and slightly longer pieces 32.
      These are inserted between strips 28 at spaced vertical intervals in a
      regular pattern achieving a desired transition from a highly densified
      part to a part of normal wood density.
PAR  To achieve optimum strength, the grain pattern is varied by arranging
      strips 28 and 30 with parallel grain and strips 32 with cross grain.
PAR  Thus it is possible to tailor the density and strength of the product to
      the desired levels. The greater the number of pieces in a given cross
      section, the greater the density. Arranging the laminae with parallel
      grain orients them properly to the direction of the force applied to the
      finished assembly. However, arranging the grain of the densifying laminae
      crosswise increases the bearing and tensile values of the densified
      region.
PAR  Also included in the assembly is a sheet 34 which provides a glue barrier,
      preventing the glue from migrating from one wood veneer to the adjacent
      one and providing a cleavage plane along which the final product may be
      separated, as will be described in detail hereinafter.
PAR  A variety of sheet materials may be used for this purpose. The foil of
      aluminum is a preferred material, although thin sheets of copper, steel or
      other metals may be employed if desired. Also, thin sheets of plastic may
      be used provided the plastic is not of such a character as to itself
      become adhesive under the conditions to which the assembly is subjected.
PAR  The assembly either is laid up in a press or is transferred thereto.
      Pressure is applied in a direction substantially perpendicular to the
      plane of the stack. The pressure thus applied is predetermined in
      magnitude to consolidate the interleaved portion to the thickness of the
      remaining portion and to apply to both portions clamping pressure
      sufficient adherently to unite the strips by setting of the glue
      interfaces therebetween.
PAR  Stated otherwise, pressure is applied sufficient to contact the strips
      outside the interleaved area and to bond them to each other. This
      contemporaneously compresses the strips in the interleaved areas to a
      fraction of their original thickness, for example to one-half their
      original thickness.
PAR  The consolidated piece then is divided into lengths and finger jointed to
      the ends of normal pieces of dimension lumber. This provides chord
      sections 22a with densified end segments 22b.
PAR  The upper chord sections may be used singly or, where a truss of particular
      strength is required, in tandem. The tandem application is illustrated in
      FIGS. 1, 2 and 3. This is adapted from the truss construction described
      and illustrated in Troutner U.S. Pat. No. 3,330,087.
PAR  As illustrated, there are employed in the hereindescribed pitched wooden
      truss two pairs of upper chord sections 22a. The components of each pair
      are arranged side by side in laterally spaced apart parallelism. The two
      pairs are arranged end to end and connected to lower joists not
      illustrated by means of connecting web members or links 24.
PAR  The adjacent densified ends of the opposed upper chord sections are
      interconnected by means of integral ridge connectors formed from the
      structure of the wood itself.
PAR  At the outer end of each densified section 22b there is formed a laterally
      offset, convexly arcuate tongue 40 on one side and a mating, concavely
      arcuate recess 42 on the other. When the two chord sections are arranged
      end to end, the tongue section of one seats in the recess of the other,
      and vice versa.
PAR  Relieved areas 44 are present at the points of juncture of convexly arcuate
      tongue 40 and the side margins of densified end piece 22b. A transverse
      perforation 46 is drilled through the center of each of the tongues. When
      the two tongues are overlapped, the two perforations register with each
      other.
PAR  A unique and effective method of shaping the end of the upper chord
      sections with integral tongues and companion recesses is illustrated in
      FIGS. 6 and 7. It takes advantage of the cleavage plane resulting from the
      presence of glue barrier 34 in the densified end of each piece.
PAR  In the practice of the method, perforation 46 is used as a mounting and
      pivot point for a router indicated schematically at 50, FIGS. 6 and 7. The
      router is set to the depth of barrier sheet 34. It then is swung through
      180.degree., cutting an arc indicated at 52 of FIG. 7. This accomplishes
      two things.
PAR  First, it routs out a recess 42 on one side of the piece. Secondly, it
      severs the wood on this side so that the cut out portion falls away and is
      removed. This is possible because glue barrier 34 has prevented gluing
      together of the wood laminae which it separates.
PAR  Next, the end of the piece is trimmed in a 180.degree. convexly arcuate
      contour. This provides tongue 40 on the side of the piece which is
      laterally offset from recess 42. As noted, this tongue is dimensioned for
      reception in recess 42 of a companion piece.
PAR  The manner of assembling two of the upper chord sections fabricated in the
      foregoing manner is illustrated in FIG. 4.
PAR  The two upper chord sections are arranged end to end and placed with
      tongues 40 face to face, with openings 46 registering. In this position
      the tongues enter and seat in corresponding recesses 42. Securing means
      next are applied to hold the two pieces connected to each other.
PAR  In the illustrated form of the invention, the securing means comprise pin
      means, specifically a bolt 54 with washers 56, 58 and nut 60. The bolt is
      inserted through both of the openings, the two chord sections adjusted to
      the appropriate angle, as by attaching their outer ends to lower chord 20,
      and the bolt tightened down.
PAR  It is to be noted that the construction of the connector is such as to
      accommodate a wide range of ridge angles. Normally, such angles fall in
      the range of 140 to 180.degree.. Reliefs 44 make it possible to achieve
      the extreme angles by providing recesses for the leading edges of the two
      chord sections.
PAR  The hereindescribed integral ridge connector also makes possible the
      inclusion of means for stabilizing the structure in which the trusses are
      incorporated by bracing the trusses laterally.
PAR  To this end there are provided angular brackets or clips indicated
      generally at 62. These support cross braces 64 and 66 which extend
      substantially normal to the trusses and span the distance between trusses,
      stabilizing them in the lateral direction. Like the chord components,
      stabilizing pieces 64, 66 also may comprise pieces of commercial dimension
      lumber, pieces 64 comprising a 2.times.4 and piece 66 a 2.times.6 in the
      illustrated arrangement.
PAR  Bracket 62 basically comprises an angular member such as a piece of angle
      iron having one side 68 which contains a slot 70 and another side 72 at
      substantially right angles to the first side and characterized by having a
      plurality of nail holes 74.
PAR  In the use of the bracket, slot 70 is slipped over bolt 54 before the
      latter is tightened down. The bolt then clamps the bracket in place.
      Braces 64, 66 then are secured to side 72 of the bracket by means of
      nails.
PAR  Where the double truss construction of FIGS. 1, 2 and 3 is employed in
      heavy duty installations, it is assembled in a similar manner, using
      instead of the single chord sections illustrated in FIG. 4 two chord
      sections lying side by side and employing a bolt 54 of sufficient length
      to accommodate the double thickness.
PAR  It thus will be apparent that by the present invention I have provided a
      pitched wooden truss with an integral ridge connector which achieves the
      purposes of the invention in that the truss is stable, resistant to
      applied stresses in tension and compression, and to forces of lateral
      displacement. It is versatile in that it may be applied to trusses of
      various designs having ridges of varied angle.
PAR  It is simple and easily put together using a single bolt. The integral
      connector parts may be fabricated by a simple machining operation. Even
      though made of wood, the truss resists cracking and splintering under load
      first, because of the high density and great strength of the wood parts of
      the connector and second, because of the freedom from the plurality of
      nail screw or bolt holes which characterize the application of the prior
      art metal ridge connectors.
CLMS
STM  Having thus described my invention in preferred embodiments, I claim:
NUM  1.
PAR  1. The method of making a structural wood product which comprises:
PA1  a. providing a plurality of wood laminae,
PA1  b. applying glue to the faces of the laminae,
PA1  c. laying the laminae face to face to form a stacked assembly,
PA1  d. including between confronting end portions only of selected laminae of
      the assembly a glue-impervious barrier sheet,
PA1  e. pressing the assembly and permitting the glue to set, and
PA1  f. cutting across a side face of said end portion of the resulting glued
      laminate to the plane of the barrier sheet, thereby cleanly separating the
      cut-away portion only of the laminate from the body thereof.
NUM  2.
PAR  2. The method of claim 1 including the step of contemporaneously
      consolidating the assembly while pressing it.
NUM  3.
PAR  3. The method of claim 1 wherein the step of cutting across a side face of
      the resulting glue laminate comprises routing out the side face to form a
      concavely arcuate recess on one side of the chord section while leaving an
      outwardly projecting tongue on the other side thereof.
NUM  4.
PAR  4. The method of claim 3 including the step of cutting off the outer end of
      the tongue in convexly arcuate outline to provide a tongue dimensioned to
      seat in the concavely arcuate recess in a companion laminate.
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ABST
PAL  Extra-wide, heat-sealed nonwoven sheets of thermoplastic synthetic polymer
      monofilaments are prepared by folding said sheets in layers with
      heat-insulating fabric between said layers before contact with heating and
      pressing means to effect heat sealing, followed by removal of the
      insulating fabric and heat sealing of the fold areas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This ivention pertains to the preparation of extra-wide nonwoven sheets.
      More particularly, the invention pertains to a process for preparing
      extra-wide, heat-sealed nonwoven sheets of thermoplastic synthetic polymer
      monofilaments.
PAR  2. Description of the Prior Art
PAR  Nonwoven sheets are prepared in general by spinning continuous
      monofilaments of spinnable thermoplastic synthetic polymers, drawing the
      freshly spun filaments to improve the tensile strength of the filaments,
      and depositing them on a collecting surface. The mats or batts of the
      intermingled monofilaments on the collecting surface are bound, for
      example, by heat sealing in an arrangement of heating and pressing
      rollers, belts, etc. See, for instance U.S. Pat. No. 3,630,816, the
      disclosure of which is hereby incorporated by reference.
PAR  The heat-sealed nonwoven sheets of thermoplastic synthetic polymer
      monofilaments are highly suitable as carpet backing. See, for instance,
      U.S. Pat. No. 3,360,421. However, heat-sealing machines are limited in
      width because of practical limitations on the size of heating and pressing
      rollers, belts, etc. Also, the close tolerances required in such heating
      and pressing operations make it difficult to work with large-size
      surfaces. Attempts to piece smaller sheets together to form extra-wide
      sheets are unsatisfactory, because of the problem of seams.
PAR  For these reasons the production of continuous extrawide nonwoven sheets
      has been a problem in the art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a process for
      preparing extra-wide, heat-sealed nonwoven sheets of thermoplastic
      synthetic polymer monofilaments which comprises folding said nonwoven
      sheets in layers, inserting heat-insulating fabric between said layers,
      wrapping additional heat-insulating fabric around fold areas connecting
      said layers, contacting the folded and insulated nonwoven sheet with
      heating and pressing means to effect heat sealing of said nonwoven sheet,
      unfolding the heat-sealed nonwoven sheet, removing the insulating fabric
      and contacting the fold areas with heating and pressing means to effect
      heat sealing of said nonwoven sheet in said fold areas.
PAR  The heat-sealed nonwoven sheets prepared in accordance with the invention
      are much wider than those obtained heretofore using the conventional
      heating and pressing means of the art. Objectionable creases and ridges
      due to seams joining smaller sheets together are effectively eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing is composed of three figures.
PAR  FIG. 1 shows apparatus for preparing heat-sealed nonwoven sheets of
      thermoplastic synthetic polymer monofilaments.
PAR  FIGS. 2 and 3 show the nature of the folded and insulated mat or batt of
      intermingled thermoplastic synthetic polymer monofilaments which are
      heated and pressed to effect heat sealing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the production of extra-wide, heat-sealed nonwoven
      sheets of thermoplastic synthetic polymer monofilaments is shown by
      schematic arrangement using four different operating levels. Thermoplastic
      synthetic polymer material is placed in heater and extruder 1 through a
      hopper. The heated and extruded polymer is then passed through mixing
      chamber 2 out heated pipe 3. All of the foregoing takes place on the top
      level 4.
PAR  The mixed and heated thermoplastic polymer is conveyed through heated pipe
      3 to metering pumps 5. From metering pumps 5, the heated theremoplastic
      polymer is passed through an arrangement of screens and dies 6. Bundles of
      monofilaments are drawn through the screens and dies as bundles 8. After
      the thermoplastic synthetic polymer is passed through the screens and
      dies, air cooling is effected by circulation through appertures 7 passing
      around fiber bundles 8. The bundles are drawn down through appertures in
      the next-lower level of operation 9, where blower 11 to provide air for
      cooling the fiber bundles is located.
PAR  The fiber bundles of thermoplastic synthetic polymer monofilament are drawn
      through the next-lower level 12 by heated air 13 under pressure of about
      20 atmospheres through orifice 14. After the bundles of synthetic polymer
      monofilament leave the orifice, they are impinged on collecting screen 15,
      which is moved as a continuous conveyor belt over rollers 16. A vacuum 17
      is applied to aid in collecting the fiber bundles of randomly intermingled
      synthetic polymer monofilaments, which are formed into mats or batts with
      the use of additional rollers 18.
PAR  The mat or batt of collected randomly intermingled thermoplastic synthetic
      polymer monofilaments is continuously folded and heat-insulating fabric is
      inserted between and around the folds of the mat or batt by means of
      rollers 19 and conveying apparatus 21. The folded and insulated mat or
      batt is then passed into heating and sealing means 22 over heated rollers
      23 and presser conveyor belts 24 and 25. Additional heating and pressing
      are accomplished at roller 26 and roller 27, and the heat-sealed web 28 is
      withdrawn and passed into zone 29, where it is unfolded and the insulating
      fabric removed therefrom. Following zone 29, the unfolded fiber web is
      passed into a second heat-sealing machine 31 where the fold areas of the
      nonwoven sheet are heated and pressed to effect heat sealing. The
      heat-sealed nonwoven sheet is then withdrawn and wound on take-up reel 32.
PAR  Turning now to FIG. 2, the arrangement of folded mat or batt of synthetic
      polymer monofilament and insulating fabric can be seen in a schematic
      section view. In FIG. 2 the mat or batt 34 has been folded with a single
      fold and insulating fabric 35 has been inserted between layers. Additional
      heat-insulating fabric 36 has been wrapped around the fold area.
PAR  Turning now to FIG. 3, a schematic section view of a different arrangement
      of synthetic polymer monofilament mat or batt and insulating fabric is
      shown. In this view the mat or batt 37 is folded twice and two insulating
      fabric layers 38 and 39 are employed.
PAR  The schematic section drawings of FIG. 2 and FIG. 3 illustrate the manner
      in which nonwoven sheets may be obtained which are several folds wider
      than the heated roller and presser means.
PAR  The heating and pressing means used in the present process, as indicated in
      the preceding description of the drawing, may be employed in tandem to
      heat-seal first one half of the folded and insulated nonwoven sheet and
      then the other half. Also, the heated rollers and/or presser belts may be
      embossed, if desired, to provide a particular type of calendered surface
      including a variety of texture-like effects. The size of the heat-sealing
      apparatus may vary considerably, depending on the width of the heated
      rollers and pressing belts. Such heat-sealing machines having widths as
      great as 7-8 feet are practical, and with the folding and insulating
      process of the present invention are suitable for the production of widths
      of nonwoven sheet as great as 15 feet, which are needed for use as carpet
      backing and the like.
PAR  The heat-insulating fabric employed in the process of the invention may be
      applied by hand. However, it is more practical in the usual operation to
      include machinery in the production line for automatically applying the
      insulating fabric prior to heating and pressing and thereafter removing
      the insulating fabric, for further use, if desired. Any suitable
      arrangement of supply reels, folding rollers and takeup reels may be used
      for the inserting and folding applications of the insulating fabric.
PAR  The oriented monofilaments of synthetic polymer which are used in the
      method of this invention have cross-sections dependent upon the particular
      shape of the orifices or dies from which they are spun. Also, the extent
      of drawing and orientation has an effect on the cross-section shape.
      Usually the filament emerging from the die will range in cross-sectional
      area size from about 0.004 to 4.0 mm.sup.2 down to a cross-sectional area
      as small as about 0.00005 to 0.008 mm.sup.2. The drawing is done after the
      filaments are partially cooled and the polymer in a partially crystalline
      state to produce a desired amount of orientation.
PAR  Although various means for drawing the synthetic polymer monofilaments may
      be employed, it is common to feed the freshly spun monofilaments, usually
      in a bundle of about 5-500, into the main chamber of a pneumatic jet. Air
      or other inert gases may be used as a gaseous drawing medium, usually at a
      velocity of about 200-800 m/second. The air or other inert gas picks up
      the monofilament bundle and draws it at speeds in excess of 1500 m/minute
      up to the speed which would result in breakage of the filament. The drawn
      monofilaments are laid down onto a collecting surface as they emerge from
      the pneumatic jet. The collecting surface may be a screen conveyor belt
      having a vacuum area under the screen to collect the monofilament. As the
      conveyor belt screen moves away from the collecting zone, the filaments
      are ordinarily laid down in a random pattern as a web in the shape of a
      mat or batt, which is then subjected to heating and pressing to effect
      heat sealing in accordance with the present invention.
PAR  The thermoplastic synthetic polymers which may be used in the present
      invention may be any polymers which are suitable for spinning and forming
      into continuous monofilaments. Such polymers include crystalline
      polypropylene, crystalline polyethylene, poly-4-methyl-1-pentene,
      poly-2-pyrrolidone, polycaprolactam, polyvinyl chloride, polyesters such
      as polyethyleneterephthalate, polyamides such as
      polyhexamethyleneadipamide, and the like.
PAR  The heat-insulating fabric may be any fabric material capable of providing
      sufficient insulation to prevent undesired bonding between the layers of
      nonwoven sheet which are being heat sealed. Woven cotton cloth, woven wool
      cloth, or woven cloth of synthetic materials such as rayon or nylon may be
      used. Nonwoven cloth such as wool felts and the like may also be used.
PAR  The following example illustrates the preparation of extra-wide,
      heat-sealed nonwoven sheets of thermoplastic synthetic polymer
      monofilaments in accordance with the present invention.
PAC  EXAMPLE
PAR  A sample of 4-ounce/yd.sup.2 spin-drawn polypropylene fiber batt which was
      2 feet wide was folded in half. A piece of about 6-oz/yd.sup.2 was placed
      between the layers for insulation.
PAR  Two pieces of rayon 4 inches wide were wrapped around the fold to insulate
      it. The batt was next passed through the heat-sealing machine at a speed
      of 2 yards/minute. The hot roll was at 170.degree.C., and the hydraulic
      pressure on the roll was 150 atmospheres. First one side and then the
      other of the batt was passed through to contact the hot roll and become
      heat sealed. A layer of cloth could be placed between the hot roll and the
      batt to give it texture, if desired. Finally the batt was opened up, and
      the fold did not have a crease. The opened sample was then passed through
      the heat-sealing machine to seal the fold area which had been insulated in
      the first crease. Therefore, a heat-sealed nonwoven sheet, twice as wide
      as the heat-sealing machine, was made by this folding and insulation
      technique.
PAR  The heat-sealing machine used in the above experiment consisted of a heated
      metal roll about 12 inches in diameter. It had a traveling rubber-covered
      belt which pressed the fiber batt to be sealed against the hot roll and
      then transported the batt around the roll.
PAR  Using the above technique, a separate smaller heat-sealing machine may be
      used to seal the fold area after the insulating fabric is removed.
PAR  While the character of this invention has been described in detail, this
      has been done by way of illustration only and without limitation of the
      invention. It will be apparent to those skilled in the art that
      modifications and variations of the illustrative examples may be made in
      the practice of the invention within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for preparing extra-wide, heat-sealed nonwoven sheet of
      thermoplastic synthetic polymer monofilaments which comprises folding said
      nonwoven sheet in layers, inserting heat-insulating fabric between said
      layers, wrapping additional heat-insulating fabric around fold areas
      connecting said layers, contacting the folded and insulated nonwoven sheet
      with heating and pressing means to effect heat sealing of said
      monofilaments in each layer of said nonwoven sheet, unfolding the
      heat-sealed nonwoven sheet, removing the insulating fabric and contacting
      the fold areas with heating and pressing means to effect heat-sealing of
      said monofilaments in said nonwoven sheet in said fold areas.
NUM  2.
PAR  2. The process in accordance with claim 1 wherein the heating and pressing
      means comprise a heated roller.
NUM  3.
PAR  3. The process in accordance with claim 2 wherein the nonwoven sheet is
      several folds wider than the heated roller.
NUM  4.
PAR  4. The process in accordance with claim 3 wherein the thermoplastic
      synthetic polymer is isotactic solid polypropylene.
NUM  5.
PAR  5. The process in accordance with claim 4 wherein the heat-insulating
      fabric is rayon cloth.
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ABST
PAL  Manufacture of double or plural pane insulating packages by placing panes
      together with a spacer, thereby leaving an interspace at the periphery
      into which cement is injected. Two nozzles are used to inject cement into
      the interspace, starting from a common starting region and working in
      opposite directions around the periphery to a common terminal point.
      Conveyors and control systems are provided to mechanize the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates in the first place to a method for cementing in the
      manufacture of double-pane insulating glass units in which one pane is
      separated by a framelike spacer from a second pane, and the pane package
      thus formed is cemented by injecting a cement into an interspace limited
      by the outside of the spacer and the pane edges projecting beyond the
      spacer, employing at least two injecting nozzles for the cement.
PAR  Double-pane insulating glass is thermally and acoustically insulating. This
      is due to the air enclosed between the two glass panes and the spacer
      frame. In the finished double-pane insulating glass, the sides of the
      panes that face each other are not accessible. In order to avoid a dimming
      of the panes from the inside, the dew point of the enclosed air is lowered
      to such an extent that at the usually occurring degrees of coldness the
      temperature cannot drop below this dew point.
PAR  In such double-pane insulating glasses, the initially mentioned air
      interspace is essentially sealed with relation to the outside. The air is
      dried by means of a hygroscopic material. This material may be contained
      in a hollow spacing frame and may act upon the enclosed air through
      recesses in the spacing frame. Minor leaks of the pane cement can likewise
      be compensated by this material.
PAR  It is known to connect first the spacer with the panes by a cement applied
      to the sides of the spacer that face the panes, the final pane connection
      being brought about by a second cement injected into the interspace
      described which is limited by the outside of the spacer and the pane edges
      projecting beyond the spacer. These manufacturing processes must
      predominantly be carried out by hand, permitting therefore only a small
      degree of mechanization and requiring furnaces for hardening the cement
      injected into the interspace. Besides, waste may readily be produced in
      such processes if the panes shift and the cement applied to the frame
      stains the panes.
PAR  Of course, cements have recently been employed which do not require a
      separate cementing of the spacer with the panes, and which therefore
      permit a higher degree of mechanization. In particular, prior art does not
      include thermoplastic cements which connect the panes with the spacer so
      quickly that special furnaces for hardening the cement are not needed.
PAR  Of course, these novel cements, which permit a particularly high degree of
      mechanization, require the use of extruders, from the nozzles of which the
      cement is discharged in a hot state, in which process temperatures of
      about 170.degree.C occur. The cement cools off rapidly. In this instance,
      it should be noted that the hot cement does not combine with the same
      cement which has already cooled off. Since the entire interspace cannot be
      filled with cement all at once, special measures, possibly the application
      of high pressures, were hitherto required, so as to establish an intimate
      connection at the boundaries of the first injected cement portions with
      those injected later. These measures, and especially the application of
      high pressures, could, of course, hitherto not be carried out in a largely
      mechanized manufacturing process.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, particular cements are employed which combine
      with each other only at high temperatures and/or pressures. The invention
      is not restricted to doublepane insulating glasses. It also includes units
      wherein more than two panes and, if necessary, more than one spacer are
      required.
PAR  The invention has as an object injecting the cement in such a manner that
      the cement portions first injected combine with those injected later
      without employment of additional devices such as a subsequent heating of
      the panes at the joints of the cement portions and/or high pressures in
      order to achieve a sufficient connection of all cement portions.
PAR  According to the invention, this problem is solved in the method initially
      indicated by using at least two injection nozzles for the cement and by
      starting and finishing the injecting process in both injecting nozzles,
      departing from a starting point, and guiding the injecting nozzles in
      opposite directions along the periphery of the pane package to a terminal
      point.
PAR  Particularly the procedure is such that the starting point is located
      between two corners of the pane package, and the terminal point likewise
      between two corners at a front side.
PAR  By these procedures, an intimate connection of these cement portions is
      produced at the joints of the cement portions extruded by the two
      injecting nozzles, so that as a result a complete sealing of the air space
      between the two glass panes and the spacer is accomplished.
PAR  According to a further characteristic of the invention, the method
      indicated is developed further by the device of starting the injection
      processes of the two injecting nozzles simultaneously. In this case, the
      cement is accordingly discharged simultaneously from the injecting
      nozzles, so that the injection of the cement begins and ends at about the
      same time at the two injecting nozzles.
PAR  A simplification of the method of the invention can be achieved by
      imparting to the injecting nozzles a common starting and terminal point.
PAR  On the other hand, starting and terminal points of the injecting nozzles
      may be located at a short distance from each other if the injecting
      processes of the injecting nozzles start or stop in brief succession, in
      which case the injecting nozzle which starts and finishes last sprays the
      area between the starting or terminal points with cement in an at least
      partially overlapping manner. Since in this method the injection process
      of the two injecting nozzles begins and ends at about the same time, an
      intimate connection of the cement portions extruded by the two injecting
      nozzles is in this case also achieved and the complete sealing of the air
      interspace is assured.
PAR  The method of the invention can be simplified further by combining the
      motion of the injecting nozzles with a motion of the pane package. To this
      end, the invention provides a procedure according to which the motion of
      the two injection nozzles is interrupted after the start and after the
      injecting nozzles have reached the pane corners, and the pane package is
      advanced along the injecting nozzles until each of the two injecting
      nozzles has reached a further corner, whereafter the pane package is
      stopped and the injecting nozzles are again set in motion until they reach
      the terminal point. Especially in this modification of the method of the
      invention, the nozzle guides can be simplified.
PAR  The method of the invention presents the advantage that all portions of the
      cement are satisfactorily connected without the necessity of further
      measures. This results in substantial simplifications in the plants in
      which the double-pane insulating glass units described are manufactured.
PAR  With this method it is also possible to process panes with surfaces of
      different sizes, different pane thicknesses and distances, and with
      angular as well as rounded-off shapes.
PAR  In the cementing of panes with rounded-off corners, the transversal and
      longitudinal motions of the nozzles and/or the pane package can be
      combined.
PAR  A cement is now available which presents particularly favorable physical
      properties as a connector of glass panes and which can be injected in a
      viscous state at about 180.degree.C by an extruder of an injection molding
      machine. It cools off relatively fast and assumes in this process the
      final necessary physical properties, without presenting the tendency to
      drip when being processed. Before the application of the first layer
      ("primer") the gaps must be heated. The subsequent spraying of a
      protective layer (latexing) on the cement is recommended. With this
      cement, however, it should also be noted that hot cement does not combine
      with one that has already cooled off.
PAR  In a further embodiment of the method of the invention, the procedure is
      such that the pane packages form on conveyers arranged in series,
      especially on conveyer belts, while resting on their sides, an angle of
      45.degree. relative to the direction of conveyance, and that the nozzles,
      arranged in each case between two conveyers, move along straight lines
      perpendicular to the direction of conveyance of the pane packages in such
      a way that they start injecting simultaneously at one corner of the pane
      package and stop injecting simultaneously at the diagonally opposite
      corner.
PAR  However, there are so far no devices yet which permit such automatic
      manufacturing processes.
PAR  The invention therefore also has as an object producing devices for
      manufacturing multi-pane insulating glass, preferably with rectangular or
      square panes, which permit the use of the method of the invention.
      Especially, the object is to pretreat automatically the gaps of the pane
      packages with hot-air nozzles and liquid spraying nozzles and to inject,
      with cement-spraying nozzles, the cement into the gaps, then to retreat
      the cement connection with liquid spraying nozzles.
PAR  According to the invention, pressure rollers, preferably actuated
      hydraulically or pneumatically, press the pane packages against the
      conveyers when the nozzles are in operation.
PAR  The further development of the invention presents the following
      characteristics:
PAR  The conveyor belts slide over sliding boards. They are
      temperature-resistant in a known manner and present a high coefficient of
      friction on the outside and a relatively low one on the inside.
PAR  The cement-injecting nozzles are movable with relation to their machines.
      That is, in the present case they are rotatable about an axis
      perpendicular to the pane surface and passing through the nozzle opening,
      as well as being adjustable perpendicularly to the direction of conveyance
      of the pane packages, and furthermore being displaceable in height.
PAR  The cement-injecting nozzles inject the cement preferably in a direction
      perpendicular to the gaps of the pane packages.
PAR  The machines for the cement are preferably displaceable on rolls.
PAR  Elastic hoses for guiding the cement connect the cement-injecting nozzles
      with their machines.
PAR  Alternately, flexibly connected pipes for guiding the cement may connect
      the cement-injecting nozzles with their machines.
PAR  The hoses or pipes for guiding the cement, and the cement-injecting nozzles
      are heated.
PAR  The cement-injecting nozzles are provided with replaceable nozzle orifices
      which are provided with guiding surfaces for the pane edges.
PAR  The nozzle orifices of the cement-injecting nozzles have guide surfaces
      which are ball-shaped in width.
PAR  The machines to be used for the cement are preferably injection-molding
      machines.
PAR  The hot-air nozzles and liquid-spraying nozzles are movable relative to
      their accessories. That is to say, they are movable perpendicularly to the
      direction of conveyance of the pane packages, and are adjustable in
      height.
PAR  The accessories for the hot-air nozzles and liquid-spraying nozzles are in
      each case arranged on a frame which preferably runs on rolls.
PAR  Elastic hoses or flexibly connected pipes for guiding the hot air or the
      spraying liquid connect hot-air nozzles and liquid-spraying nozzles with
      their respective accessories.
PAR  Alternately, hot-air nozzles and liquid-spraying nozzles form a unit with
      their respective accessories and are in each case perpendicular to the
      direction of conveyance of the pane packages and are displaceable in
      height relative to their respective frame which runs preferably on rolls.
PAR  Preferably rolls with roll bodies lead the hot-air and liquid-spraying
      nozzles along the pane edges.
PAR  A combined hot-air and liquid-spraying nozzle consisting of four individual
      nozzles injects, in the sequence of the motions, first hot air, and then,
      immediately afterwards, spraying liquid vertically into the gaps of the
      pane packages. In this process two individual nozzles are alternately in
      operation and the changeover takes place on the pane corners.
PAR  Alternately, heating radiators may be employed instead of hot-air nozzles.
PAR  Soft springs press the guiding surfaces of the orifices of the
      cement-injecting nozzles and also press the guide rollers of the hot-air
      and liquid-spraying nozzles against the pane edges. In this process, the
      deflections of the springs serve as input signals in a known manner for an
      automatic sequential control of the machines or frames.
PAR  The delivery apparatus for the pane packages is provided with a board
      pivotable about two axes perpendicular to each other, with eccentric rolls
      movable in all directions, and with limiting rolls mounted on ball
      bearings at two sides, in such an arrangement that the rolls can be guided
      between conveyer belts arranged parallel to each other in a frame.
      Furthermore the rolls can bring the pane package, by means of gravity,
      into a prespecified position, and finally can lower the pane package onto
      the parallel conveyer belts which then carry out the delivery of the pane
      package to the conveyer. In this process, the sides of the pane package
      form an angle of 45.degree. with respect to the direction of conveyance.
PAR  The delivery apparatus can be turned by means of a pivoting driver
      preferably by an angle of 45.degree..
PAR  The cement unit is connected with a line which consists of two opposite
      vertical washing machines as well as several opposite roller trains for
      vertical guidance, for testing or removing or buffing the panes. The line
      also consists of vertically operating devices for assembling and pressing
      the pane package, and furthermore consists of a connection turning
      apparatus for delivering the pane package to the cementing unit by means
      of a delivery apparatus.
PAR  The present invention offers essentially the following advantages:
PAR  Cemented multi-pane insulating glass can now be manufactured in an
      automatic manufacturing process.
PAR  The difficult problem, on the one hand, of always conveniently approaching
      the gaps of the pane package with the nozzles in the cases of surfaces of
      different sizes and, on the other hand, of avoiding the collision of hot
      and cold cement is solved in a surprisingly simple manner according to the
      invention.
PAR  The boards of the conveyer belts advantageously take care of planar support
      for the pane packages which, due to the high friction coefficients, do not
      slide. When the cement is being injected and forces are thereby produced,
      the pressure rollers support the adherence advantageously.
PAR  The separation of the nozzles from the movable machines or frames leads to
      minor acceleration and inertia forces at the pane edges which are thus
      spared. The turning of the cement-injecting nozzles permits here, for the
      first time, injection of the cement perpendicularly to the gaps. The
      height adjustment permits the processing panes of different thicknesses
      and pane packages which are differently spaced.
PAR  The rollers on which the machines or frames run require smaller pushing
      forces.
PAR  Flexibly connected pipes in comparison to elastic hoses for guiding the
      cement are likely to yield smaller restoring forces.
PAR  The heating for the hoses or pipes and the cement-injecting nozzles keeps
      the cement up to the nozzle orifice at its necessary temperature.
PAR  In the case of wear, replaceable nozzle orifices reduce the maintenance
      costs.
PAR  Nozzle orifices which are ball-shaped in width avoid advantageously an edge
      support with inadmissibly high surface pressure if during the entry the
      sides of the pane package do not form an exact angle of 45.degree.
      relative to the direction of conveyance of the conveyer belts.
PAR  The injection-molding machines which are preferably employed can press the
      cement in a viscous state with advantageously relatively high injection
      pressure through the nozzle openings.
PAR  The use of hot air and spray liquid nozzles in the manner described lead to
      relatively inexpensive devices.
PAR  Especially, combined hot-air and liquid-spraying nozzles are mentioned to
      shorten advantageously the time from the heating to the injection of the
      cement and, furthermore, to eliminate need for a conveyer belt.
PAR  The soft springs which press the nozzles keep the contact pressures
      relatively low. By means of their deflections, they produce the input
      signals of the sequence control for the movable machines or frames.
PAR  The delivery apparatus can be manufactured at relatively small cost and
      advantageously utilizes gravity in the positioning of the pane packages.
PAR  The assembly line described, with which the cement unit with delivery
      apparatus is connected, offers the necessary conditions for a fully
      automatic sequence of the multi-pane insulating glass manufacture.
PAR  The turning of the delivery station by 45.degree. results in parallel
      manufacturing flow and may therefore offer advantages with respect to
      space.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following, embodiments of the invention are explained in greater
      detail.
DRWD
PAR  As embodiments there are shown in
PAR  FIG. 1, a section;
PAR  FIG. 2, a view;
PAR  FIG. 3, a spacing frame of cemented multi-plane insulating glass;
PAR  FIGS. 4 and 5 illustrate injection molding machine;
PAR  FIG. 6 illustrates a chain-drive for the machines of FIGS. 4 and 5;
PAR  FIGS. 7 through 11 illustrate sequential positions of nozzles when the
      invention is practiced;
PAR  FIG. 12 illustrates an initial position for use with panes of other
      dimensions;
PAR  FIGS. 13 and 14 illustrate a cement-injecting nozzle in sections;
PAR  FIGS. 15, 16 and 17 provide respectively a side view, a top view, and a
      section of a machine with built-in injecting nozzles;
PAR  FIGS. 18 and 19 illustrate flexibly connected pipes for use with the
      nozzles;
PAR  FIG. 20 is a sectional view of a joint in a pipe according to FIGS. 18 and
      19;
PAR  FIGS. 21 and 22 illustrate, in side view and section, an injection molding
      machine;
PAR  FIG. 23 is a circuit diagram of a system for automatic sequence control of
      the injection molding machines;
PAR  FIG. 24 illustrates the effect of ball-shaped guide surfaces for nozzle
      orifices;
PAR  FIGS. 25 through 27 illustrate hot-air nozzles and liquid-spraying nozzles;
PAR  FIG. 28 illustrates a combined hot air and liquid spraying nozzle;
PAR  FIGS. 29 and 30 illustrate a conveyor system;
PAR  FIGS. 31 and 32 illustrate an assembly or processing line using such
      conveyors;
PAR  FIG. 33 illustrates a reversing device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Between panes 1 and 2, a spacing frame 3 is provided. It consists of metal
      hollow-section rods 4 which constitute, together with angular elements 5,
      the frame 3. The air-drying means 6, which is present in the interior of
      rods 4, provides dry air between the panes. For this purpose small
      openings 7 are provided. Angular elements 5 and rods 4 are welded
      together. The surfaces of the frame facing the panes are coated with a
      suitable cement 8. This cement has the following functions:
PAR  Panes 1 and 2 and frame 3 may be joined together in an orderly manner in a
      suitable assembling apparatus. In the assembling apparatus, the pane
      package stands in a vertical position. After the removal of the pane
      package, the further operations take place with the pane package in a
      horizontal position. Cement 8 by then already seals against air discharge,
      due to the overlapping of the upper pane. In a vertical position, the
      bulging which has occurred can therefore recede. After the passing through
      a press with horizontal rollers, cement 8 extends over the whole frame
      width and thus protects even more efficiently against air or water vapor
      entry. Cement 8 joins the pane package together in a preliminary manner.
PAR  The definite connection is brought about by means of cement 9 which must
      present a sufficient cementing and sealing effect and must furthermore be
      resistant to external influences. As a rule, the gaps must be sprayed
      previously with a suitable liquid (primer), in order to establish the
      bonding between cement and glass.
PAR  Hitherto, a cement has generally been employed which, in the cold viscous
      state, is manually injected by means of spray guns into the gaps. Even
      when a drying furnace is employed, such a cement disadvantageously
      requires a relatively long hardening period.
PAR  According to the diagrammatical illustrations in FIGS. 4 and 5, injection
      molding machines 12 and 13 run between conveyer belts 10 and 11. The
      arrows indicate the directions of motion The sides of pane package 14
      intersect the line of direction of conveyance of the conveyer belts at an
      angle of 45.degree.. In the illustrated position, the injecting process
      begins. Pressure rollers 15 provide for sufficient adherence of the pane
      packages to the conveyer belts which slide over boards 16 and 17.
PAR  According to FIG. 6, a chain drive with a chain 18 brings about the
      synchronous running of conveyers 10 and 11.
PAR  FIGS. 7 to 11 show, in the manner of a movie film, various positions of
      cement-injecting nozzles 19 and 20, from the cementing start to the
      cementing end of rectangular pane package 14. According to FIG. 11,
      cement-injecting nozzles 19 and 20 are no longer in the initial position.
      An automatic control takes care that the injection molding machines with
      cement-injecting nozzles 19 and 20 travel to the initial position, and
      that the cement-injecting nozzles, in addition, be precisely fitted in
      this initial position. FIG. 2 shows this initial position for the
      cementing of a new pane package 21 of other dimensions.
PAR  FIGS. 13 and 14 show the cement-injecting nozzle 20 in sections. The
      viscous hot cement passes through an opening 22 into the replaceable
      nozzle orifice element 23, whose opening is closed by a piston 25 loaded
      by a spring 24. Hot oil which flows into opening 26, then is further
      conveyed through a transversal slot 27 and discharged via an opening 28 to
      heat the nozzle and thereby the cement to the required temperature.
      Pressure oil, fed through an opening 29, pushes piston 25 back against
      spring 24, whereby the hole in nozzle orifice element 23 opens and the
      injecting starts. Openings 30 and 31 serve to discharge waste oil. The
      pivot with pins 32 and 33 is positioned in the guide plane of nozzle
      orifice element 23. A toothed segment 34 serves for the transmission of
      the rotary motion.
PAR  FIGS. 15 and 16 show the built-in cement-injecting nozzles 19 and 20.
      Section XVII, indicated in FIG. 15, is illustrated in FIG. 17. The pins of
      the cement-injecting nozzles are mounted in forks 35. Hydraulic pivot
      drives 36 screwed to forks 35 can turn the cement-injecting nozzles by
      means of the toothed segments 37. Fork 35 can be displaced, by way of roll
      bodies between their guide sleeves 38 and bolts 39 which are mounted in
      yokes 40, relative to the injection molding molding machines 12 and 13 in
      the direction of motion of the injection molding machines. Yokes 40 are in
      turn adjustable in height. This takes place by means of servomotors 40,
      bevel gears 42 and 43, and spindles 44. Bolts 45 take over the guidance in
      the direction of height. Servomotors 41 and bolts 45 form a unit with the
      respective frames 46 and 47 of injection molding machines 12 and 13.
      Cement-injecting nozzles 19 and 20 or forks 35 are supported by means of
      hydraulic cylinders 48, a store in the hydraulic circuit bringing about a
      soft elasticity. Cylinders 48 are rotatably supported on frames 46 and 47
      and can thus follow a vertical adjustment of injecting nozzles 19 and 20.
      Elastic high-pressure hoses 49 provide for the feeding of the hot cement
      from injection molding machines 12 and 13 to cementinjecting nozzles 19
      and 20. Oil of suitably high temperature heats nozzles 19 and 20 and
      high-pressure hoses 49. The heating oil passes from injection molding
      machines 12 and 13 through hoses 50 into nozzles 19 and 20, and therefrom
      through chambers 48 which belongs to frames 46 and 47, and through
      adjustable heating devices back to injection molding machines 12 and 13.
      In consideration of the necessary relative motions of hoses 49 and 50,
      chambers 48 are provided on top with corresponding openings. Pipe
      connections 51 guide the heating oil from the nozzle outlets to the
      chamber entries. Pipe connections 51 encase high-pressure hoses 49.
PAR  According to the diagrammatical illustrations in FIGS. 18 and 19, flexibly
      connected pipes can also be employed in place of elastic high-pressure
      hoses 49. FIG. 20 shows, by way of an example thereof, the embodiment of a
      suitable joint in a sectional view. It is sealed off against oil entry and
      cement discharge.
PAR  FIG. 21 shows injection molding machines 12 and 13 in connection with
      cement-injecting nozzles 19 and 20, conveyer belt 11 and pressure rollers
      15. The already cemented pane package 14 is positioned on conveyer belt
      11. Hydraulic cylinders 52 mounted in frames 46 and 47 adjust injection
      molding machines 12 and 13 which roll on a frame 53.
PAR  The section according to FIG. 22, with frame 46, cylinder 52, frame 53, as
      well as rollers 54 and 55 with the reverse guides, illustrates the
      structure.
PAR  FIG. 23 contains, by way of example, the circuit diagram for the automatic
      sequence control of the injection molding machines. The sequence control
      for the hot air and spraying devices takes place in an analogous manner.
PAR  When pane package 14 reaches the cement-injecting nozzles 19 and 20,
      switches 56 are in position I. The motions of cement-injecting nozzles 19
      and 20, that is, a piston 57 of cylinders 48 detunes potentiometers 58
      with their amplifiers 59, whereby hydro-magnetic valves 60 and 61 are
      actuated, and thus pistons 62, connected with frames 46 and 47 of
      injection molding machines 12 and 13 of cylinders 52 are advanced.
PAR  When cement-injecting nozzles 19 and 20 move toward the outside, valves 60
      and 61 are in position I. A pump 63 driven by an electric motor 62 then
      advances pistons 62 in such a manner that they likewise run outward with
      injection molding machines 12 and 13. When, however, cement-injecting
      nozzles 19 and 20 pass inward, due to the action of a hydrostore 64,
      pistons 62 are advanced in reverse or a reverse motion of injection
      molding machines 12 and 13 takes place while valves 60 are in position III
      and valve 61 in position I.
PAR  The necessary turning of cement-injecting nozzles 19 and 20 at the corners
      of the pane package can be carried out, for example, by nozzle-proof
      inductive devices in connection with the metal spacing frame of the pane
      package. Terminal switches may switch the pressure rollers. Adjustable
      timing circuits are suitable for the adjustments.
PAR  At the end of the injection process, a suitable terminal switch mounted on
      the nozzles causes a shifting of switches 56 from position I to position
      II, and thus a switching of potentiometers 58 to potentiometers 65 with
      the corresponding amplifiers 66, which potentiometers are balanced when
      injection molding machines 12 and 13 have reached their initial position.
PAR  The balancing of potentiometers 65, when it has taken place, can be
      utilized as a signal for switching on potentiometers 67 with amplifiers
      68. Detuned potentiometers 67 effect, in connection with
      hydraulic-magnetic valves 61, 69, 70, 71, and 72, a resetting of nozzles
      19 and 20 into the initial position. For a relative displacement in
      direction with respect to injection molding machine 12, valves 69, 70, 71,
      and 72 are in position I, and for a relative displacement in direction
      with respect to injection molding machine 13, they are in position II, in
      which instance valve 61 is in both cases in switching position I.
PAR  After the balancing of potentiometers 65 and 67, hydraulic valves 60, 61,
      69 and 70 are in position II, and valves 71 and 72 are in position I.
PAR  A magnetic valve 73 permits a discharge, and a magnetic valve 74, in
      connection with valves 61 and 73, permits a filling of store 64.
PAR  Excess-pressure valves 75 to 81 are employed as safety devices.
PAR  Before pane package 14 enters the cement-injecting nozzles 19 and 20, a
      device, such as an optical barrier 82, may put switches 56 into position
      III and thereby actuate inductive devices 83 and 84 with corresponding
      amplifiers 85, tuned by the pane package 14 to the upper end of metal
      frame 3, instead of actuating potentiometers 67. Thus, in the case of
      detuning, a readjustment of injection molding machines 12 and 13 can be
      carried out. The balancing, after it has taken place, can be utilized as a
      signal for the actuation of switches 56, so as to put them into position
      I. The automatic spraying process for a new pane package can then begin.
PAR  FIG. 24 demonstrates the effect of the guide surfaces, ball-shaped in
      width, of nozzle orifices 87. The sides of the pane package deviate in a
      drawn position by an angle .phi. of 45.degree. relative to the direction
      of conveyance.
PAR  FIGS. 25, 26, and 27 show in diagram hot-air nozzles and liquid-spraying
      nozzles. Conveyer belts 88 and 89 convey pane package 14 at 45.degree..
      Containers 90 and 91 form a unit with respective nozzles 92 and 93, which
      are shaped as pipes, and they hold, for example, a blower and heating or
      compressed spraying liquid. They can be displaced perpendicularly to the
      direction of conveyance of the conveyer belts 88 and 89, with relation to
      their frames (not shown) movable on rollers, such displacement taking
      place likewise on rollers. For example, each nozzle is provided with two
      openings 94 and 95, staggered by 90.degree., for the passage of the hot
      air flow. One opening leads in the beginning, the other after passing the
      following corner, the hot air flowing vertically into the gap of the pane
      package 14. Rollers 96 and 97 serve as guides.
PAR  FIG. 28 shows a combined hot-air and liquid spraying nozzle consisting of
      four individual nozzles. Nozzles 98 and 99 carry hot air, and nozzles 98
      and 100 carry spraying liquid. At the beginning, nozzles 98 and 100 are in
      operation, and after pane corner 102 has been passed, nozzles 99 and 101
      are in operation.
PAR  FIGS. 29 and 30 show in diagram the delivery apparatus. Conveyer belts 104
      are mounted in a frame 103. An adjustable motor 105 drives them by way of
      a common shaft 106. Conveyer belts 104 and conveyer belt 88 move in the
      same direction of conveyance, indicated by arrows. A board 108 adjustable
      in height by means of a hydraulically or pneumatically operated cylinder
      107 is guided by bolts 109 in openings of frame 103. A further board 110
      on board 108 is supported by ball bearings in its center and is pivotable
      about shafts, by means of hydraulically or pneumatically operated
      cylinders 111, 112, which shafts run parallel to the sides of board 110
      and pass through the ball center. The sides of square frame 103 and square
      board 108 cross one another at 45.degree.. Board 108 supports pipes 113 in
      which universally movable eccentric rollers 114 are supported. When board
      108 and thus board 110 are lifted, eccentric rollers 114 pass between
      conveyer belts 104 upward and form above conveyer belts 108 a roller
      surface which can be inclined by means of cylinders 111, 112. In this
      manner pane package 14 enters, due to its gravity, the defined drawn
      position, in which process rollers supported by ball bearings in rods,
      which rollers are likewise arranged between conveyer belts 104, constitute
      the boundary on two sides. By lowering the horizontal roller surface, pane
      package 14 is placed upon the resting conveyer belts 104, and after the
      conveyer belts start to be driven by a correspondingly regulated motor 105
      at synchronous speed, is placed into the required position, upon conveyer
      belt 88. Frame 103 can be turned by 45.degree. by means of a pivot drive
      117.
PAR  The delivery apparatus is attached to a line which consists, according to
      FIGS. 31 and 32, of vertically arranged washing machines 118 and 119,
      roller trains 120 and 121 for testing, roller trains 122 and 123 for
      removing soiled panes, roller trains 124, 125, 126, 127, 128, and 129 for
      buffing, as well as of the assembling apparatus with a press 130 and
      reversing device 131. From reversing device 131, shown in FIG. 33 in side
      view, the pane package rolls automatically onto the rolling surface of the
      delivery apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the manufacture of double-pane glass insulating units comprising
      first and second panes separated by a frame-shaped spacer and formed into
      a pane package by the injection of a cement into an interspace along the
      periphery of the pane package, which interspace is limited by the outside
      of the spacer and edges of the two panes projecting beyond the spacer, the
      improved apparatus for injecting the cement comprising:
PA1  A. a conveyor means for carrying the pane package,
PA1  B. pressure roller means for holding the pane package on the conveyor,
PA1  C. two nozzle means for injecting cement into the interspace,
PA1  D. control means responsive to the presence of the two nozzle means at a
      common starting region for causing the two nozzles to begin injecting
      cement into the interspace at said common starting region on the
      periphery, responsive to the continued proximity of the two nozzles to the
      interspace to cause the nozzles to continue to inject the cement into the
      interspace while causing the two nozzles to move in opposite directions
      along the periphery, and responsive to the presence of the two nozzle
      means at a common terminal region for causing the nozzles to cease to
      inject cement into the interspace as the two nozzles reach a common
      terminal region, and
PA1  E. means for rotating the nozzles to cause them, while injecting cement, to
      continue to maintain a constant angular relationship with the periphery of
      the pane package.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the conveyor comprises
PA1  A. a conveyor belt arranged to slide over
PA1  B. slide boards,
PA2  the belt being temperature resistant and presenting a high coefficient of
      friction on the outside and a relatively low coefficient of friction on
      the inside.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the cementinjecting nozzles are
      mounted to be movable relative to a mounting base, whereby they are
      rotatable about an axis perpendicular to the surface of the panes and
      passing through the nozzle orifice, and they are displacable
      perpendicularly to the direction of conveyance of the conveyor and are
      adjustable in height.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein the nozzles inject the cement in
      a direction perpendicular to the interspaces.
NUM  5.
PAR  5. Apparatus as in claims 3, wherein the nozzles for the cement are mounted
      on carriers movable on rollers.
NUM  6.
PAR  6. Apparatus as in claim 5, wherein the cement-injecting nozzles are
      supplied with the cement by elastic hoses.
NUM  7.
PAR  7. Apparatus as in claim 5, wherein the cement-injecting nozzles are
      supplied with the cement by way of flexibly connected pipes.
NUM  8.
PAR  8. Apparatus as in claim 7, further comprising means for heating the pipes
      for guiding the cement and the cement-injecting nozzles.
NUM  9.
PAR  9. Apparatus as in claim 1, wherein the cement-injecting nozzles are
      provided with replaceable nozzle orifices which have guiding surfaces for
      the pane edges.
NUM  10.
PAR  10. Apparatus as in claim 9, wherein the guiding surfaces are ball-shaped
      in width.
NUM  11.
PAR  11. Apparatus as in claim 1, wherein injection molding machines are
      employed to provide the cement.
NUM  12.
PAR  12. Apparatus as in claim 1, further comprising both hot-air nozzles and
      liquid-spraying nozzles movable perpendicularly to the direction of
      conveyance of the pane packages and adjustable in height.
NUM  13.
PAR  13. Apparatus as in claim 12, wherein a combined hot-air and
      liquid-spraying nozzle consisting of four individual nozzles is arranged
      to inject, in the course of the motion, first hot air and then,
      immediately following, spraying liquid vertically into the gaps of the
      pane packages, in which process two individual nozzles are in alternate
      operation and alternation in said alternate operation takes place at the
      pane corners.
NUM  14.
PAR  14. Apparatus as in claim 12, further comprising accessories for the hot
      air nozzles and liquid-spraying nozzles, which are, in each case, arranged
      on a frame which runs on rollers.
NUM  15.
PAR  15. Apparatus as in claim 14, further comprising flexibly connected pipes
      for the purpose of guiding respectively the hot air and the spray liquid
      to the hot air nozzles and liquid spraying nozzles with their respective
      accessories.
NUM  16.
PAR  16. Apparatus as in claim 15, wherein the hot air nozzles and
      liquid-spraying nozzles form a unit with their respective accessories and
      are displaceable in each case perpendicularly to the direction of
      conveyance of the pane packages, as well as being adjustable in height
      relative to their respective frame, which runs on rollers.
NUM  17.
PAR  17. Apparatus as in claim 16, wherein rollers with roll bodies guide the
      hot air and liquid-spraying nozzles to the pane edges.
NUM  18.
PAR  18. Apparatus as in claim 1, further comprising heat radiators employed in
      connection with the liquid-spraying nozzles.
NUM  19.
PAR  19. Apparatus as in claim 18, characterized in that soft springs press
      guide surfaces of the nozzle orifices of cement-injecting nozzles and also
      the guide rollers of the hot air and liquid-spraying nozzles against the
      pane edges, and further comprising means responsive to the deflections of
      the springs to provide input signals for an independent sequence control
      of the machines and frames.
NUM  20.
PAR  20. Apparatus as in claim 1, with a delivery apparatus for the pane
      packages, further comprising a board, pivotable about two axes
      perpendicular to each other and also adjustable in height, provided with
      universally movable eccentric rollers and boundary rollers supported on
      two sides by ball bearings, in such an arrangement that the rollers can be
      passed between conveyer belts, mounted in a frame and parallel to each
      other, and wherein the rollers can place the pane package, by gravity,
      into a prespecified position and finally can lower the pane package upon
      the parallel conveyer belts, which then carry out the delivery of the pane
      package to the conveyer, in which process the side of the pane package
      form an angle of 45.degree. relative to the direction of conveyance.
NUM  21.
PAR  21. Apparatus as in claim 20, wherein the delivery apparatus can be
      pivoted, preferably by an angle of 45.degree., by means of a pivot drive.
NUM  22.
PAR  22. Apparatus as in claim 21, wherein the cement unit is attached to a line
      which consists of two opposite vertical washing machines, as well as of
      several opposite roller trains for vertical guidance, for testing, and for
      removing and buffing the panes, and of vertically operating devices for
      joining and pressing the pane package, and finally of an attached turning
      apparatus for delivering the pane to the cement unit by means of a
      delivery apparatus.
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ABST
PAL  A pneumatic tire building machine with a rotatable building drum adapted
      for forming thereon a tire carcass of rubberized plies and for expanding
      the formed carcass to a toric shape. A transfer mechanism positions a
      separately formed tread and belt assembly substantially concentrically
      around and spaced from the tire carcass disposed on the building drum.
      Annular guide means with rolling surfaces are also positioned
      substantially concentrically around and spaced from the tire carcass
      disposed on the building drum. When the tire carcass is expanded to a
      toric shape, the carcass contacts the guide means in rolling engagement
      and is guided to mate in precision alignment with the tread and belt
      assembly.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending U.S. patent
      application Ser. No. 398,051 filed Sept. 17, l973 entitled "Apparatus And
      Method For Making Pneumatic Tires Torically With An Annular Guide
      Assembly" now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for building pneumatic tires and
      particularly radial cord type tires. Pneumatic tires and particularly bias
      type pneumatic tires have been generally built in a flat annular band and
      subsequently expanded to the toric shape while being cured in a mold.
      Illustrative of the art generally are the equipment and methods described
      in U.S. Pat. Nos. 2,614,951, 2,614,052, 3,171,769, 3,156,601 and
      3,645,826, which are owned by the assignee of the present application.
      Pneumatic tires of the radial type, on the other hand, have been
      commercially built by the "toric match" method where the tire carcass is
      assembled in a flat annular band and then expanded to a toric shape in
      order to apply a separately formed tread and belt assembly. Such equipment
      for making radial type tires is described and claimed in U.S. Pat. No.
      3,475,254, which is also owned by the assignee of the present application.
PAR  In a typical radial tire, cords in the carcass plies extend from bead
      portio to bead portion in a direction substantially perpendicular to the
      circumferential centerline of the tire. The cords in the belt strips
      typically extend across the same circumferential centerline at a small
      angle (i.e., 20.degree. or less). As a result, belt assemblies used in
      radial tire construction are radially substantially inextensible. For this
      reason, the carcass of the tire on the one hand and the tread and belt
      assembly on the other are typically assembled in separate flat annular
      bands of different diameter. Thereafter, it is necessary that the tire
      carcass be expanded to a toric shape approximating its final diameter
      before applying the separately built tread and belt assembly.
PAR  Non-uniform or asymmetric toric expansion of the tire carcass can cause
      structural imperfections in the resulting tire. For example, the tire
      carcass or the carcass building drum shaping bladder, or both, may have
      surface eccentricities or imperfections. These imperfections are
      accentuated during the toric expansion of the carcass and can cause the
      tire carcass and the tread and belt assembly to mate irregularly and in
      misalignment. The resulting pneumatic tire thus possesses irregularities
      which can adversely effect the tire's overall performance.
PAR  Attempts have been made to provide annular guides for use in shaping the
      carcass during its radial expansion into toric shape. For example, tire
      building drums with such carcass shaping guides are disclosed in U.S. Pat.
      Nos. 3,047,450, 3,184,361, 3,434,987 and 3,740,292. A principal
      disadvantage of these types of annular guides, however, is that they
      produce frictional engagement between the guides and the tire carcass.
      This sliding friction can result in uneven and irregular expansion.
PAR  The present invention substantially reduces or eliminates such difficulties
      and disadvantages in the toric mating of a radial type tire carcass with a
      tread and belt assembly. It provides a means by which the tire carcass is
      mated with the tread and belt assembly substantially regularly, uniformly
      and, when desired, symmetrically.
PAR  The equipment in association with which the present invention is used is
      adapted to make radial type pneumatic tires by a technique that includes
      building a tire carcass on a carcass building and shaping drum rotatably
      mounted on a shaft. A rubberized cord ply or plies are disposed around the
      building drum to form an annular carcass band with edge portions
      over-hanging the ends of the drum. Bead portions are then formed in the
      carcass band preferably by forming bead ring receiving shoulders at the
      ends of the drum, and setting or abutting separately assembled annular
      bead rings at the formed bead ring receiving shoulders. The bead portions
      are completed by utilizing turnover means which wrap edge portions of the
      ply or plies around the bead rings where the edge portions are stitched to
      the outer surface of the carcass band. Other components such as sidewall
      assemblies, chafer strips, etc., can then be applied to complete the tire
      carcass.
PAR  Thereafter, transfer means grip a tread and belt assembly and position said
      assembly circumferentially around and precision spaced from the tire
      carcass, in precision alignment relative to the tire carcass,
      symmetrically or asymmetrically of the circumferential centerline of the
      tire carcass as desired. Typically, for radial type tires, the tread and
      belt assembly includes inextensible belts of spaced, substantially
      rubberized parallel cords overlayed with a suitable tread rubber annulus.
      The tread and belt assembly is usually separately assembled on a second
      building drum and transported by transfer means into concentric position
      in a manner similar to that described in the above-mentioned U.S. Pat. No.
      3,475,254.
PAC  SUMMARY OF THE INVENTION
PAR  It is among the objects of the invention to guide the tire carcass during
      its expansion to a toric shape to provide improved accuracy in the mating
      of the carcass with the tread and belt assembly.
PAR  Another object is to guide the expanding tire carcass into precision
      alignment with the tread and belt assembly as described above with a
      minimum of surface friction between the carcass and the guide means.
PAR  These and other objects and advantages are accomplished with the apparatus
      of the present invention which is used in association with the radial cord
      tire building equipment of the type described above. In accordance with
      the invention a pair of annular guide members are positioned
      circumferentially around and spaced from the building drum in precision
      preset positions relative to the tire carcass. The guide members contact
      the tire carcass as the carcass is expanded to a toric shape, preferably
      by an inflatable shaping bladder, and guide carcass to mate with the tread
      and belt assembly in precision alignment, symmetrically or asymmetrically
      of the circumferential centerline of the tire carcass as desired.
      Preferably, axial adjustment means in the carcass building and shaping
      drum simultaneously move the bead portions of the carcass relative to each
      other as the carcass is expanded to properly shape the carcass to
      substantially its finished contour. The tread and belt assembly is then
      released from the transfer means and stitched to the tire carcass to
      complete the building of the pneumatic tire.
PAR  Each of the guide members comprises a core ring of circular cross section,
      supported at a plurality of spaced circumferential locations, and a
      plurality of flexible helical segments slidably received on the core ring
      and adapted for free rotary movement thereon about the circular axis
      defined by the center of the core ring cross section.
PAR  The core ring is preferably supported by other existing parts of the tire
      building machine such as the bead ring setting means of the carcass
      building and shaping apparatus, or the transfer means for transferring the
      tread and belt assembly concentrically over the carcass building drum.
      During the expansion of the tire carcass it contacts the helical segments
      in rolling engagement therewith so that the guide members guide the tire
      carcass to accurately mate symmetrically or asymmetrically with the tread
      and belt assembly as desired.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of the presently preferred embodiments
      thereof and presently preferred methods of practicing the same proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the accompanying drawings, the presently preferred embodiments
      of the invention and presently preferred methods of practicing the same
      are shown in which:
PAR  FIG. 1 is an elevational view of a tire carcass building and expanding
      apparatus of a tire building machine;
PAR  FIGS. 2 through 5 are partial cross-sectional views in elevation of a
      pneumatic tire building machine in various stages of operation in accord
      with and embodying the present invention;
PAR  FIGS. 6 through 8 are partial cross-sectional views in elevation of a
      pneumatic tire building machine in various stages of an alternative
      operation in accord with and embodying the present invention.
PAR  FIG. 9 is a sectional view on an enlarged scale taken on the line 9--9 of
      FIG. 1 and illustrating one of the annular guide members embodying the
      invention;
PAR  FIG. 10 is a fragmentary sectional view on a still larger scale taken on
      the curved section line 10--10 of FIG. 9; and
PAR  FIG. 11 is a fragmentary front elevation of the annular guide member and
      associated equipment of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is particularly described in reference to the
      pneumatic tire building machine used in making radial type pneumatic tires
      as described and claimed in U.S. Pat. No. 3,475,254, which is owned by the
      assignee of the present application. The present invention is an
      improvement on the tire building machine described in U.S. Pat. No.
      3,475,254. This description by reference is, however, only for purposes of
      illustration and convenience. The invention may be otherwise variously
      embodied in making pneumatic tires and may, indeed, provide utility in
      making other types of tires by the "toric match" method if so desired.
PAR  Referring to FIG. 1, a carcass building and shaping apparatus which is
      suitable for use in a pneumatic tire building machine in accord with the
      present invention is illustrated. Operation of the carcass building and
      shaping apparatus in the total tire building machine as well as the
      detailed operation of the carcass building and shaping apparatus itself is
      described by reference in U.S. Pat. No. 3,475,254. The operation will be
      reiterated here only to the extent that the operation pertains to the
      functional description of the present invention to the extent which seems
      necessary.
PAR  Specifically, FIG. 1 shows a carcass building and shaping apparatus with
      building drum 10 having a substantially cylindrical outer surface 11 and
      inboard and outboard annular extensions 12 and 13 having substantially
      cylindrical outer surfaces 14 and 15, respectively. Building drum 10 and
      annular extensions 12 and 13 are mounted in cantilever on rotatable shaft
      16, which is connected through rotary seal hub 17 and housing 18 to a
      suitable power means (not shown). The surface 11 of drum 10 is composed of
      a tubular inflatable shaping bladder 19 (see FIG. 2, et seq.) and the
      surfaces 14 and 15 of annular extensions 12 and 13 are composed of tubular
      inflatable turnover bladders (not shown; see U.S. Pat. No. 3,475,254.
PAR  The tire carcass is built on drum 10 by disposing rubberized plies
      typically symmetrically around drum 10, said plies being wider than drum
      10 and overlapping onto surfaces of extension 12 and 13 by substantially
      equal distances. The plies are removed in a series from suitable service
      equipment (not shown) located near the building drum 10 (which equipment
      does not constitute a part of the invention) and wrapping the plies one at
      a time around the drum with the edge portions overlapping in substantially
      parallel textile or metal cords coated with a suitable elastomer. And, in
      the production of a radial type tire, the cords lie in a direction which
      is substantially parallel to the area of drum 10. Shoulder forming
      bladders 20 (see FIG. 2, et seq.) underlying the shoulder portions of drum
      10 are inflated so that the drum assumes a uniform diameter which is
      greater than the diameters of the extensions 12 and 13 and in turn
      provides suitable receiving shoulders at the ends of the drum against
      which annular inextensible bead rings are subsequently abutted.
PAR  Previously, bead rings have been placed upon inboard bead ring carrier 21
      which is vertically aligned with the axis of the drum 10, and bead rings
      have been placed upon outboard bead ring carrier 22 which pivots from a
      horizontal to a vertical position. Inboard bead ring carrier 21 is mounted
      on carriage 23, and outboard bead ring carrier 22 is mounted on carriage
      24. Carriages 23 and 24 are adapted to move along parallel guide rods 25
      supported by bracket 26 adjacent housing 18, intermediate bracket 27 and
      outer bracket (not shown), which are in turn supported on base 28.
PAR  First pneumatic cylinder 29 is provided within housing 18 with piston 30
      attached to carriage 23 at bracket 31 to move carrier 21 axially toward
      and away from building drum 10. A plurality of springloaded rods 32 are
      also circumferentially disposed about inboard carrier 21 and are adapted
      to abut housing 18 when carrier 21 is retracted. Rods 32 facilitate the
      manual placement of a bead ring within inboard carrier 21.
PAR  The outboard ring carrier is moved axially toward and away from drum 10 by
      second pneumatic cylinder 33 with piston 34 (seen in outline behind guide
      rod 25). In addition, a pair of rigid cam plates 35 are rigidly mounted on
      opposite sides of carriage 24 and are both attached to a carrier (not
      shown) which is adapted to slidably move in a horizontal direction on a
      pair of guide rods 36 located below and parallel to rods 25. Rods 36 are
      suitably mounted on brackets 27 and 45. Piston 37 of third pneumatic
      cylinder 38 is connected to bracket 39, which in turn is attached to the
      carrier (not shown) for shifting the cam plates 35 axially toward and away
      from drum 10.
PAR  Each cam plate 35 is provided with a horizontally extending slot 40
      terminating outboard of drum 10 in a downwardly curved portion 41. A
      roller 42 attached to each side of carriage 24 of outboard bead ring
      carrier 22 rides in slot 40 of plate 35 adjacent to the side. Movement of
      cam plates 35 toward drum 10 when carrier 22 is in remote position
      relative to drum 10 causes rollers 42 to move in respective slots 41 in a
      downwardly directed path thereby causing the carrier to pivot about shaft
      43 from a vertical to a horizontal position.
PAR  On the other hand, when cam plates 35 are remote from drum 10, rollers 42
      are disposed in the horizontal portions 44 of slot 40 and carrier 22 is
      held in the vertical position free to move toward or away from drum 10 in
      axial alignment therewith.
PAR  Thereafter, bead ring carriers 21 and 22 are moved axially inwardly over
      annular extensions 12 and 13, respectively, to accurately abut the bead
      rings against receiving shoulders of caracass plies overlying the
      shoulders of drum 10. This axial movement is done by actuating pneumatic
      cylinders 29, 33 and 38 to simultaenously extend and retract the various
      pistons 30, 34 and 37. The carriers 21 and 22 are then moved axially
      outwardly from the shoulders of drum 10, by again actuating pneumatic
      cylinders 29 and 33, to a position when they are clear of the annular
      extensions 12 and 13, leaving behind accurately positioned bead rings at
      receiving shoulders of carcass plies. The turnover bladders at the
      cylindrical surfaces 14 and 15 are then pneumatically inflated to turn up
      the edges of the carcass plies overlying the extensions 12 and 13 and fold
      them around the positioned bead rings. When the turnover bladders are
      fully inflated, the cylinders 29 and 33 are again activated so that bead
      ring carriers 21 and 22 are again moved axially inwardly and the outer
      annular sleeves 50 and 51 of carriers 21 and 22, respectively, push the
      turnover bladders over the bead rings. Said movement, accompanied by
      deflation of the turnover bladders, cause the bladders to collapse in
      tight engagement with the plies on the surface 11 of drum 10, thereby
      folding the edges of the carcass plies into contact with the portions of
      the carcass plies overlying the drum 10 immediately adjacent and inwardly
      of said bead rings. The bead ring carriers 21 and 22 are then moved
      axially away from drum 10 by actuation of cylinders 29 and 33, carrier 22
      horizontally positioned by actuation of cylinder 37, and the turnover
      bladders deflated. The folded edges of the plies are then mechanically
      stitched against the underlying portions of the plies to complete the bead
      portions of the carcass. The carcass is then completed by applying other
      components such as sidewall assemblies and chafer strips to the assembled
      plies and bead portions of the carcass.
PAR  Referring to FIG. 2, tread and belt assembly 52 that is formed, for
      example, as described in U.S. Pat. No. 3,475,254, is then gripped in
      transfer mechanism 53 by inflating bladders 54 against segments 55 which
      are mechanically biased by annular rows of springs 56. The details of the
      assembly and operation of transfer mechanism 53 are as described in U.S.
      Pat. No. 3,475,254. Transfer mechanism 53 with the tread and belt assembly
      52 contained therein is then moved to a concentric position circumscribing
      and spaced from the finished carcass 57 on drum 10 symmetrically (as
      shown) or asymmetrically of the circumferential centerline of the carcass
      as desired.
PAR  The bead ring carrier 22 is vertically positioned and carriers 21 and 22
      are again axially moved inwardly over annular extensions 12 and 13 to
      precision preset positions by actuation of cylinders 29, 33 and 38. In
      these preset positions, annular carcass guide assemblies 58 and 59 overlie
      and are precision aligned relative to shoulders 60 and 61, respectively,
      of drum 10 symmetrically or asymmetrically about the circumferential
      centerline of the carcass as desired. The annular carcass guide assemblies
      58 and 59 are rigidly fastened to the outer annular sleeves 50 and 51,
      respectively.
PAR  Each carcass guide assembly 58, 59, includes a carcass engaging guide
      member 62 consisting of a core ring having a generally circular cross
      section and formed of a plurality of curved core ring segments 64 arranged
      end to end to form a complete circle (FIGS. 9, 10 and 11). The segments 64
      are supported by short axially extending posts 80 welded to an annular
      mounting bracket 65 forming part of the respective carcass guide assembly.
PAR  In the embodiment shown, six segments 64, each curved to form 60.degree. of
      arc are used to complete the core ring. Each segment 64 is supported by
      two posts 80. Located between each adjacent pair of posts is an elongated
      helical element 63 slidably received over the respective corresponding
      curved segment 64 or portions of segments 64. The helical segments 63 are
      of spring-like construction and are adapted to flex to conform with the
      curvature of the segments 64 and to roll or revolve about the circular
      axis defined by the center of the core ring cross section. Accordingly,
      when the tire carcass 57 is expanded into toric shape, opposite side
      portions thereof contact the segments 64 in rolling engagement (FIGS. 4
      and 7). This arrangement minimizes surface friction between the guide
      members 62 and expanding carcass 57.
PAC  OPERATION
PAR  Referring to FIGS. 2 through 4, carcass 57 is expanded to the toric shape
      to mate with the tread assembly 52 in accord with the present invention.
      Expansion is commenced by introducing air through passageway 67 within
      spoke 68 of drum 10 and steam 69 of bladder 19 into shaping bladder 19 and
      concurrently deflating shoulder bladders 20. Bladder 19 is thus inflated
      moving the tire carcass 57 radially outwardly away from gap shields 70 and
      rows of segments 71 at each shoulder of drum 10. The expansion during the
      first stage of inflation of bladder 19 is, as shown in FIG. 2, in a band,
      compensating for the deflation of shoulder bladders 20. As a result, the
      bead portions 72 and 73 of carcass 57 free float away from the building
      drum and annular extensions.
PAR  As shown in FIG. 3, carcass 57 begins to expand into the toric shape by
      continued inflation of shaping bladder 19. This toric expansion causes the
      bead portions 72 and 73 to move inwardly toward each other, while shoulder
      portions of drum 10 are axially moved apart to permit the bead portions to
      clear outwardly extending shoulder portions 77, as hereinafter described.
PAR  As shown in FIG. 4, shoulder bladders 20 are then simultaneously inflated
      by introducing air through passages 74 in shoulder spokes 75 and stems 76
      into bladders 20. The bead portions 72 and 73 are thus provided with
      lateral support by outwardly extending shoulder portions 77 of segments 71
      as the expansion of the tire carcass continues. Sidewall portions 78 of
      carcass 57 then contact the respective guide members 62 of the annular
      carcass guide assemblies 58 and 59. The helical segments 63 engage and
      roll against the surface of the carcass 57 as the expansion proceeds. The
      carcass guide assemblies 58 and 59, with their positions precision preset
      by axially presetting carriers 21 and 22, thus guide the carcass into
      precision alignment, mating relation with the tread and belt assembly 52
      about the circumferential centerline of carcass 57. Concurrently with the
      last stage of the toric expansion, a screw shaft (not shown) is rotated to
      move the shoulders 60 and 61 of drum 10 and in turn shoulder portions 77
      of segments 71, with the bead portions 72 and 73 thereagainst, to move
      inwardly toward each other, and move the bead portions 72 and 73 together.
      Movement of the bead portions toward one another during the expansion of
      the carcass to the toric shape permits the expansion to be accomplished
      without causing severe stresses in the cords of the tire carcass 57.
PAR  After carcass 57 has been expanded sufficiently to mate in precision
      alignment with the underside of tread assembly 52, with the assistance of
      the carcass guide assemblies 58 and 59, bladders 54 of the transfer means
      53 are deflated so that segments 55 of the transfer means releases their
      grip on the tread and breaker assembly. Transfer means 53 is thus moved
      axially away leaving the tread assembly 52 behind precision positioned on
      the carcass 57. The bead ring carriers 21 and 22 with the carcass guide
      assemblies 58 and 59 attached are also moved axially away from drum 10 and
      outboard carrier 22 is swung down to its horizontal position to provide
      for unloading of the finished tire. The tread assembly 52 is then stitched
      to the carcass 57 by suitable means as described by reference in U.S. Pat.
      No. 3,475,254 to finish the assembly of the tire as shown in FIG. 5.
      Bladders 19 and 20 are then concurrently deflated, with garter springs 79
      urging segments 71 radially inwardly, to collapse drum 10 to its minimum
      diameter, and the finished tire is unloaded from building drum 10 over the
      outboard annular extension 15, after which the tire is cured in a suitable
      mold. Inasmuch as the minimum diameter of drum 10 and extension 13
      smalthan the diameter of the inner diameter of bead portions 72 and 73,
      the tire can be easily removed from drum 10 over extension 13 without
      ovalizing the tire or disassembling the drum.
PAR  Referring to FIGS. 6 through 8, the sequential steps of an alternative
      method of expanding carcass 57 is shown. There the bead portions 72 and 73
      are free floating at all times, rather than the bead portions 72 and 73
      being pushed toward each other as shown in FIG. 4. Specifically, instead
      of initially deflating shoulder bladders 20 as shown in FIG. 2, inflation
      of the shaping bladder is commenced immediately. The steps of precision
      toric mating of the carcass 57 with the tread assembly 52 are basically
      the same as above described in reference to FIGS. 2 through 5.
PAR  The foregoing description of the tire building apparatus of this invention,
      including the carcass building and shaping drum, the tread and belt
      assembly drum, and the transfer mechanism as described in U.S. Pat. No.
      3,475,254, has provided a suitable basis for illustrating the details of
      this invention. However, it should be understood that the invention is not
      limited to this description, but rather is limited by the scope of the
      appended claims. There are many variations, both in the equipment and in
      the method of producing a tire, which are likewise intended as falling
      within the scope of the invention. For example, the various parts of this
      tire building machine, as well as the entire machine, may be used with
      other or additional apparatus, if this is found to be necessary or helpful
      in the building of a pneumatic tire. For instance, the tread and belt
      assembly drum can be provided with a stitcher, either of the type shown in
      connection with a carcass building drum or otherwise, for stitching the
      tread and belt strips together prior to transferring to the carcass drum.
      Likewise, the stitcher previously described in connection with the carcass
      drum can be omitted entirely and the stitching operation done by hand.
      Furthermore, it is contemplated that various modifications can be made in
      the design, size, or number of various components used in either of the
      drums, such as the rigid segments, the gap shields, the number of
      bladders, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for making pneumatic tires and including a rotatable
      building drum adapted for use in building a tire carcass and expanding the
      carcass to a toric chape, and a transfer means for positioning a tread and
      belt assembly substantially concentrically over and radially spaced from
      said drum, the improvement which comprises:
PA1  two annular guide members coaxial with said drum and movable axially toward
      and away from one another between a widely spaced retracted position and
      an inward operating position surrounding said drum for contacting said
      tire carcass on expansion thereof said guide members each comprising a
      core ring of circular cross section, supported at spaced circumferential
      locations, and rolling means received on said core ring and adapted for
      free rotary movement thereon about the circular axis defined by the center
      of the core ring cross section, whereby said tire carcass on expansion
      thereof contacts said guide members in rolling engagement with said
      rolling means so that said guide members guide said carcass to accurately
      mate with said tread and belt assembly.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said rolling means comprises a
      plurality of flexible helical segments slidably received on said core ring
      and adopted to roll thereabout.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said core ring comprises a
      plurality of curved arcuate segments arranged in end-to-end relation to
      form a closed circle.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said segments are supported by
      axially extending posts.
NUM  5.
PAR  5. Apparatus as defined in claim 1 wherein said annular guide members are
      supported by bead carrier means for seating bead rings in forming the bead
      portions of the tire carcass.
NUM  6.
PAR  6. In apparatus for making radial type pneumatic tires and including a
      rotatable building drum for use in forming thereon a tire carcass of
      rubberized plys and for expanding the carcass to a toric shape with the
      cords of said plys in radial planes, a pair of bead ring setting members
      on opposite sides of and coaxial with said drum and movable axially toward
      and away from one another for seating bead rings at bead receiving
      shoulders at each side of the building drum in forming the bead portions
      of the tire carcass, and a transfer means for positioning a tread and belt
      assembly substantially concentrically over and radially spaced from said
      drum, the improvement which comprises:
PA1  two annular guide members coaxial with said drum and supported, one by each
      of said bead ring setting members for movement therewith axially toward
      and away from one another between a widely spaced retracted position and
      an inward operating position surrounding said drum for contacting said
      tire carcass on expansion thereof, said guide members each comprising a
      core ring of circular cross section connected to its respective bead
      setting member at spaced circumferential locations, and rolling means on
      said ring and adapted for free rotary movement thereon about the circular
      axis defined by the center of the core ring cross section, whereby said
      tire carcass on expansion thereof, contacts said guide members in rolling
      engagement with said rolling means so that said guide members guide said
      carcass to accurately mate with said tread and belt assembly.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein said core ring is supported by a
      plurality of axially extending posts connected at circumferentially spaced
      locations between said core ring and its respective bead ring setting
      member.
NUM  8.
PAR  8. Apparatus as defined in claim 6 wherein said core ring comprises a
      plurality of curved arcuate segments arranged in end-to-end relation to
      form a closed circle.
NUM  9.
PAR  9. Apparatus as defined in claim 8 wherein said rolling means comprises a
      plurality of flexible helical segments slidably received on corresponding
      portions of said core ring segments.
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ABST
PAL  A folded paperboard dispenser for supporting a roll of pressure sensitive
      adhesive backed labels removably adhered to a release coated carrier web.
      The new structure includes a unique arrangement of elements which combine
      to protect the label roll and to dispense individual "butt-cut" or
      "laid-on" labels from the roll when the carrier web is drawn over and
      rearwardly of a special stripper tongue to delaminate and project
      individual pressure sensitive coated adhesive labels outwardly of the
      dispenser for use.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The tape and label dispenser art is replete with disclosures of
      sophisticated designs of reusable or "permanent" metal and plastic
      dispensing mechanisms as well as disposable paperboard dispenser carriers
      for adhesive tape rolls, labels, and the like. It is to a new and improved
      design of the latter type of dispenser that the present invention is
      directed.
PAR  Specifically, the structure of the present invention generally includes a
      one-piece paperboard blank cut, scored, folded and assembled to define an
      open-ended, four-walled tube having parallel front and rear walls
      interconnected by an arbor wall, about which the label roll is supported
      for rotation, and interconnected at the top portions by a dispensing label
      stripper mechanism including a sharply, rearwardly folded tongue member
      over which the carrier web may be drawn and reversed to separate and
      dispense individual pressure sensitive labels. In addition, the upper wall
      structure advantageously includes a slot through which the carrier tape
      may be threaded to insure proper operation of the dispenser.
PAR  In a preferred embodiment of the invention, one of the major walls of the
      container is substantially larger than the other to provide support and
      protection for large label rolls. Moreover, in certain other alternate
      preferred embodiments of the invention, an auxiliary, forwardly projecting
      catch flap may be included for rolls of labels in which laid-on labels are
      used rather than butt-cut labels.
PAR  For a more complete understanding of the present invention and a further
      appreciation of its many attendant advantages, reference should be made to
      the following detailed description thereof, taken in conjunction with the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan elevational view of a blank from which the new paperboard
      dispenser may be erected;
PAR  FIG. 2 is a perspective view of the new paperboard dispenser having a roll
      of pressure sensitive adhesive backed labels supported thereon; and
PAR  FIG. 3 is a cross-sectional view of the new dispenser assembly showing
      details of construction and the divergent paths of the labels and the
      carrier during dispensing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, a paperboard blank 10, from which the new improved
      dispenser of the invention may be erected, includes a front wall panel 11
      articulated to a top wall panel 12 along score line 13 and a rear wall
      panel 14 articulated to the other side of said top wall panel 12 along a
      score line 15 parallel to said first-mentioned score line 13. The free
      edge of the panel 14 includes stabilizing tabs 23.
PAR  In accordance with the invention, an arbor panel 16 is articulated to the
      front wall panel 11 along a score line 17 parallel with the aforementioned
      score lines 13, 15. The lower edge of the arbor panel 16 has an assembly
      tab 18 articulated thereto along score line 18, which score line is
      interrupted by two shallow, inverted U-shaped cuts 20 which define slots
      21 when the assembly flap 18 is folded, as will be understood. The free
      end of the assembly flap 18 includes a conventional wedge-shaped locking
      tab 21.
PAR  As an important aspect of the invention, an elongated stripper panel 25 is
      articulated to the forward edge of the top wall panel 12 along a score
      line 26, perpendicular to score lines 13, 15. In addition, the top panel
      includes a foldable, slot-forming tab 27 defined by cuts 27' and a score
      line 28.
PAR  As will be readily apparent from the drawings, the locking tab 21 is
      adapted to be inserted into a mating, locking slit 22 formed on the rear
      flap 14, when the blank 10 is squared into a carton tube about a roll R of
      labels supported on a cylindrical core C by folding along lines 13, 15,
      and 17. The insertion of the locking tab 21 into the slot 22 will be
      automatically accompanied by the insertion of stabilizing tabs 23 into the
      slots 21. Thereafter, the reverse folding of stripper panel 25 will
      complete the erection of the open-ended dispenser 30, illustrated in FIG.
      2, in which wall panels 11, 14 are parallel as are top and arbor panels
      12, 16. More specifically, the aforementioned dispenser assembly is formed
      directly over a roll R of pressure sensitive labels 31 (butt-cut or
      laid-on) carried on a release coated web 32 for subsequent delamination
      and use. The arbor panel 16 generally locates the roll R with respect to
      the entire dispenser assembly and accommodates rotation of the entire roll
      thereabout, as to be described hereinbelow.
PAR  In accordance with the principles of the invention, effective
      label-by-label dispensing of the labels 31 from the roll R may be effected
      by threading the carrier web 32 past the reverse folded stripper panel 25
      and over a stripping crown 33, formed by the sharp junction of the
      stripping panel 25 with the upper wall panel 15, and down through the slot
      29 formed in the upper wall by the infolding or removal of flap 27. With
      the carrier web 32 appropriately threaded, the front wall 11 of the
      dispenser unit may be secured in a horizontal position to a table or other
      fixed base, or the dispenser 30 may be suspended vertically or otherwise
      hung from the corner 35 through a hang hole 36 for operation. For example,
      with the dispenser held in the corner 35 by a user's left hand, the
      withdrawal of the carrier tape 32 rearwardly by the user's right hand, as
      indicated in FIGS. 2 and 3, the roll R will be rotated counterclockwise
      (as viewed in FIG. 3) and labels 31 will be separated from carrier 32 and
      projected outwardly and forwardly of the unit. If desired, an appropriate
      "catch tab" may be included in the path of separated labels to retain them
      temporarily prior to their final use. Moreover, access to the carrier may
      be enhanced by the formation of a relieved access opening 37 shortly
      spaced from the slot 29.
PAR  It will be appreciated that the dispenser 30 of the present invention is
      inexpensive to manufacture, uses a minimum of inexpensive materials of
      construction, and, therefore, may be disposed of along with empty cores C,
      when the supply of tape labels is exhausted. Thus, the new dispenser
      construction lends itself to use in applications where a large number of
      dispensers are used, or would be desirable for use, such as in the daily
      coding of parcels, with different colored labels, for example, to indicate
      in a department store that a bulky package or bulky item has been paid
      for. In these applications, the color of the "paid for" label is changed,
      at least on a daily basis, requiring either the changing of the roll of
      colored labels in a dispenser every day, or the maintenance of a
      multiplicity of mechanical label dispensers. Since department stores have
      a large number of check-out areas, there are many, many rolls of tapes
      which must be changed and/or stored to provide adequate security. Use of
      the new and improved dispensers of the invention would greatly facilitate
      this sort of arrangement.
PAR  While the above-described dispenser represents a preferred embodiment of
      the invention, it will be appreciated that other variations of the
      structure may be made without departing from the spirit and scope of the
      invention. For example, the blank shown in FIG. 1 has a front panel 11,
      which is substantially larger than the rear panel 14 to provide support
      and protection for the roll R, whereas, if desired, both panels 11, 14 may
      be made substantially the same size. That is to say, both may be made the
      size of the panel 14 or both may be made the size of the panel 11.
      Additionally, if desired, a carrier biasing panel, similar in shape to
      that of the stripping panel 25, may be articulated to the rear end of the
      upper wall 12, and that panel may be infolded to urge the carrier towards
      the roll of labels, thereby tending to control the direction of the
      reverse pull of the carrier by the user. Other changes, of course, may be
      desirable or necessary and may be incorporated without departing from the
      principles of the invention. Accordingly, in ascertaining the full scope
      of the present invention, reference should be made to the following
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved dispenser assembly for a roll of delaminable tape including
      pressure sensitive labels removably adhered to a release coated carrier
      web, said tape being wound about a cylindrical support core, said assembly
      comprising
PA1  a. a paperboard blank cut and scored to define rear wall, top wall, front
      wall, arbor wall, and connecting wall panels consecutively articulated
      along parallel lines of weakness;
PA1  b. said top wall having an elongated stripper panel articulated to the
      front edge thereof along a line of weakness extending thereacross and a
      transverse slot formed therein;
PA1  c. said top wall, arbor wall and stripper panels being of equal width and
      being of substantially equal width to that of said roll of labels;
PA1  d. said blank being folded about said roll with said arbor wall panel
      extending through said core, said rear wall and connecting wall panels
      being joined to define an open-ended carton tube;
PA1  e. said stripper panel being sharply infolded to define a stripping crown
      along its line of junction with the top wall panel;
PA1  f. the free end of said carrier web being threaded along said stripper
      panel and rearwardly over said top wall panel and then downwardly through
      said slot and then rearwardly of said top wall;
PA1  g. whereby the application of rearwardly directed tensile forces to said
      carrier web will rotate said roll about said arbor panel and will
      progressively delaminate said labels from said carrier web while
      projecting said delaminated labels forwardly of the top wall as said
      carrier is drawn rearwardly of the top wall over said crown.
NUM  2.
PAR  2. The assembly of claim 1, in which
PA1  a. said connecting wall panel and said rear wall panel are joined by
      mechanical interlocking means.
NUM  3.
PAR  3. The assembly of claim 2, in which
PA1  a. said interlocking means includes a tab means and a slit means.
NUM  4.
PAR  4. The assembly of claim 1, in which
PA1  a. said rear wall and front wall panels are of substantially different
      sizes.
NUM  5.
PAR  5. The assembly of claim 4, in which
PA1  a. one of said front and rear wall panels includes a hang hole in the upper
      front corner thereof.
NUM  6.
PAR  6. The assembly of claim 1, in which
PA1  a. said front and rear panels are relieved along upper edges thereof to
      provide increased access to said threaded carrier web.
NUM  7.
PAR  7. The assembly of claim 1, in which
PA1  a. said pressure sensitive labels are of the "butt-cut" type.
NUM  8.
PAR  8. The assembly of claim 1, in which
PA1  a. said pressure sensitive labels are of the "laid-on" type.
NUM  9.
PAR  9. A blank for a pressure sensitive label dispenser comprising:
PA1  a. a paperboard sheet cut and scored to define rear wall, top wall, front
      wall, arbor wall, and connecting wall panels consecutively articulated
      along parallel lines of weakness;
PA1  b. said top wall having an elongated, inwardly foldable stripper panel
      articulated to the front edge thereof along a line of weakness extending
      thereacross and a transverse slot formed therein;
PA1  c. said top wall, arbor wall and stripper panels being of equal width and
      being of substantially equal width to that of said roll of labels;
PA1  d. said blank being adapted to be folded about a roll of pressure sensitive
      labels with said arbor wall panel extending through said roll, said rear
      wall and connecting wall panels being joined to define an open-ended
      carton tube.
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ABST
PAL  A paper fiber treatment system utilizes a screw revolving in a perforated
      cylinder as a tailings screen in place of conventional vibratory or other
      screens to separate undefibered fibrous materials or other undesirable
      solids from the free fibers. The tailings screen may be used, for example,
      in an otherwise conventional fiber treatment system to screen paper stock,
      downstream from a pulper for pulping waste paper or refuse containing a
      high percentage of paper fibers, or downstream of a digester for
      separating knots or other undefibered wood particles from the cooked
      fibers ejected from the digester.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In various paper fiber treatment systems it is desirable to separate from
      the papermaking fibers, contaminants which lower the quality of the fiber.
      In a conventional fiber treatment system in a paper making operation, for
      example, the rejects from the primary screening operation are often
      directed to a so called tailing screen, which separates acceptable fiber
      ejected from the primary screen with the rejects and directs the fibers
      reclaimed back into the fiber treatment system while the rejects from the
      tailing screen are rejected from the system.
PAR  Another, less conventional example of a paper fiber treatment system is
      shown in U.S. Pat. No. 3,736,223, in which solid waste materials, such as
      typical municipal refuse which contains a high percentage of fibrous
      materials, are deposited in a pulper tub with a liquid, such as water, and
      subjected to hydraulic and mechanical shear forces to reduce the frangible
      solids to a predetermined size before they are extracted in slurry form
      from the pulper tub together with a portion of the liquid.
PAR  The slurry of liquid and frangible solids is thereafter processed through
      what may be broadly termed screening apparatus to improve the quality of
      the paper fibers contained in the slurry and separate out undesirable,
      non-fibrous contaminants. The accepts from the screening apparatus are
      further processed and the rejects are directed to a tailing screen. There
      the majority of the solids other than fibers is rejected from the system
      and the remaining accepts are processed further.
PAR  Still another example of a paper fiber treatment system is the digesting
      operation in a paper making operation, wherein wood chips and cooking
      liquor are deposited in a digester and the chips cooked with the liquor at
      elevated temperatures and pressures for some predetermined period of time
      to break down the wood chips and enable free fibers to be obtained from
      the chips for further processing. After the digesting operation there will
      still remain some undefibered solids, such as knots, which must be removed
      or separated from the acceptable fibers. Therefore, in conventional pulp
      preparation systems the digesters will be followed by a screening
      operation to remove undesirable contaminants such as knots.
PAR  It will be seen, therefore, that generally tailing screens are used to
      separate and discharge from the system rejectable material while
      acceptable material is recirculated and processed further, and, of course,
      it is important that the rejects be free or almost free of acceptable
      material. The most common type of screening apparatus used for this
      purpose is a vibratory screen.
PAR  Such screens, however, have many, art recognized undesirable
      characteristics. For example, the vibrating screens, by their very nature,
      are noisy and dirty in that they throw off liquids and, to some extent
      solids, during the screening operation and are generally unpleasant to
      work around. Additionally, the vibrating screens require special mounting
      and are susceptible to mechanical failure due to the inertial forces
      imposed on the apparatus as it vibrates during normal operation.
PAR  Screw type thickeners have been used for dewatering in various types of
      operations. For example, U.S. Pat. No. 3,188,942 shows a screw type
      thickener for dewatering fibrous material, such as waste material, after
      it has been disintegrated. Also of interest is U.S. Pat. No. 3,616,932
      which discloses a thickener for separating pulp stock and water. An
      additional patent of interest is U.S. Pat. No. 3,080,065, which again
      utilizes a screw type thickener for separating a caustic neutralizing
      solution utilized to remove bottle labels from the labels themselves. A
      further example in U.S. Pat. No. 2,471,517 which discloses a machine for
      separating spent hops from wort.
PAR  In conventional screw thickeners, the goal generally is to separate as much
      liquid as possible from the solids carried in suspension in the liquid. In
      accordance with this goal the perforations in the casing in which the
      screw revolves are kept as small as possible to minimize the passage of
      solids through the perforations in the casing. In paper fiber thickening
      operations this reduces as much as possible the loss of fibers rejected
      from the thickener with the liquid. In operations where the liquid is
      valuable, it reduces as much as possible the entrainment of undesirable
      solids with the liquid.
PAR  As a practical matter the minimum size of the perforations in the casing is
      limited by manufacturing considerations, plate thickness and the required
      throughput rate for the thickener.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention apparatus is provided which
      includes a screw revolving in a perforated casing, but which operates in
      an entirely different manner than screw thickeners and is utilized in
      paper fiber treatment systems and processes for an entirely different
      purpose.
PAR  Thus, rather than acceptable solids, such as paper fibers, being carried
      out of suspension by the screw flights while the liquid of suspension
      drains through the perforated screw casing, the acceptable solids, paper
      fibers, are collected with the liquid of suspension and the larger, coarse
      materials are carried upwardly by the screw flights and rejected.
PAR  As noted above, except insofar as limited by manufacturing considerations
      and the desired capacity of the unit, the perforations in the casing of a
      screw thickener are kept as small as possible to reduce as much as
      possible the passage of solids, such as fibers, through the casing
      perforations.
PAR  In contrast, in accordance with the present invention the openings through
      the screw casing are kept as large as possible to allow as much paper
      fiber as possible to pass through the openings with the liquid, and only
      coarse rejects are retained in the casing for ejection from the apparatus
      by the screw flights.
PAR  As a result, apparatus in accordance with the present invention is utilized
      as a screen in place of vibratory and other type screens to provide a
      slurry of liquid and high quality paper fibers substantially free of
      contaminants. In use as a tailing screen, it can be utilized for screening
      rejects from a primary screening system and returning good fibers screened
      from the rejects back to the system. Where throughput rates are not too
      high, it can be used as a primary screen. In a digesting operation the
      screen of the present invention can be utilized as a deknotter for
      screening knots and other undefibered material from acceptable fibers.
PAR  In any case the input will be a mixture of liquid, fibers and coarse,
      rejectable materials, rather than a slurry of liquid and fibers, as in a
      screw thickener, and the apparatus will separate desirable fibers and
      liquid from undesirable coarse solids, with the accepts passing through
      the casing perforations and the rejects ejected from the system by the
      screw flights.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, partially in section and with parts removed
      for clarity, illustrating screw type apparatus of the present invention;
PAR  FIG. 2 is an enlarged perspective view of a portion of a screw shaft of
      FIG. 4;
PAR  FIG. 3 is a flow diagram illustrating diagrammatically a basic system in
      accordance with the present invention;
PAR  FIG. 4 is a flow diagram showing the present invention applied to a typical
      system for treating waste materials;
PAR  FIG. 5 is another flow diagram showing the present invention applied to the
      digesting operation of a paper making system; and
PAR  FIG. 6 shows a portion of a slotted casing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of the drawings shows a preferred embodiment of apparatus 10. Screen
      10 consists of an inner perforated casing 12, preferably of cylindrical
      configuration, extending generally upwardly, preferably in slightly
      inclined relation to the vertical. The casing 12 has an inlet 14 adjacent
      its lower end, and adjacent its upper end a rejects outlet 16 feeding a
      trough 18.
PAR  An outer main chamber 20 extends about the casing 12 in spaced relationship
      thereto and in communication therewith through the perforations 22, which
      constitute accepts outlet means from the casing 12 into the main chamber.
      The perforations in the casing may be of a variety of geometric shapes
      although round holes have been found to perform satisfactorily. The
      important consideration is that the perforations be large enough to allow
      the fibers to pass through with the liquid.
PAR  In most instances this requires that the perforations have a maximum
      dimension of no less than 2 millimeters and usually a maximum dimension of
      no more than 6 millimeters. Of course, where all or most of the
      contaminants are very large, the size of the openings can be increased
      accordingly.
PAR  Where round holes are used they will have a diameter no less than
      approximately 2 millimeters, and perforations of square, triangular or
      other shape will be sized similarly. Slots may also be used and their
      maximum dimension, their length, will be greater than 2 millimeters. The
      width of the slots is preferably no greater than approximately 1
      millimeter.
PAR  A screw 24 consisting of a hollow shaft 26 and the screw flights 28, is
      rotatably mounted adjacent its upper and lower ends, as indicated at 30
      and 32, and driven by a motor 34 through suitable gearing 36. The shaft 26
      is provided with perforations 38 at a point thereon above the normal
      liquid level in the casing 12, indicated by the line 40.
PAR  Each of the openings 38 is provided with a deflector 42, as best seen in
      FIG. 2 of the drawings, although for purposes of clarity some of the
      deflectors have been omitted from FIG. 4. Additionally, the outer edge of
      the screw flights 28, or a portion thereof, may be provided with a brush,
      as indicated at 44, to wipe continuously the inner surface of the casing
      12. Again, only a portion of the brush is shown in FIG. 1, although it
      will be apparent that the brush may extend the length of flights 28, or a
      portion thereof.
PAR  In operation, the mixture of liquid, free fibers and other solids is
      received by the screen 10 through its inlet 14. As the screw rotates
      within the casing 12, the free fibers and liquid flow outwardly through
      the perforations 22 into the outer main chamber, while the other coarse
      solids are carried upwardly by the screw 24 to the rejects outlet 16 and
      chute 18.
PAR  The liquid and free fibers collected in the main chamber are removed
      therefrom through the accepts outlet 46 positioned adjacent the lower end
      of the main chamber. To wash any free fibers that may have collected on
      the other solids as they are conveyed upwardly out of the system by the
      screw 24, shower water may be supplied to the hollow shaft 26 through the
      pipe 48, the shower water passing through perforations 38 and being
      deflected downwardly by deflectors 42 toward the lower end of the
      perforated casing 12. As a result, the useful fiber recovery rate of the
      apparatus is increased by reducing the amount of valuable paper fibers
      carried out with the rejected solids through the outlet 16.
PAR  It will be seen therefore, that in operating the screen 10, the feed into
      inlet 14 consists of a mixture of liquid and fibers having a substantial
      amount of solid rejects. The consistency of the accepts from the inner
      casing will usually be less than 3% by weight of fibers, and for many
      operations, about 1/2% by weight of fibers. This can be attained by
      controlling the consistency of the feed into the casing 12, by the amount
      of shower liquid ejected through the perforations 38, or both.
PAR  The material passing through the perforations 22 constitutes the accepts of
      the process and the material carried upwardly by the flights 28
      constitutes the rejects. This is in contrast to the usual screw thickening
      operation wherein the objective is to carry all suspended solids upwardly
      by means of the screw flights while only liquid drains out through
      perforations in the casing surrounding the screw.
PAR  It will also be noted that with the present invention the accepts passing
      through the perforations 22 consist of liquid and the bulk of the paper
      fiber fed into the apparatus and from which the rejects have been
      separated. In conventional screw thickening operations the bulk of the
      paper fiber is removed by the screw flights and ejected at the top.
PAR  Understandably, in a conventional thickener the amount of fibers passing
      through the perforations with the liquid is kept as low as possible. To do
      this the perforations in the casing in which the screw revolves are kept
      as small as possible. As noted above, the minimum size of these openings
      is limited by manufacturing considerations and the desired throughput for
      the apparatus. Except insofar as limited in this regard, however, the
      openings are kept as small as possible.
PAR  In contrast in the screen 10, the perforations 22 are kept as large as
      possible so that as much fiber as possible will pass through the
      perforations 22. Thus, if the perforations are round holes, the diameter
      of the perforations 22 will be generally in excess of 2 millimeters. As a
      practical matter in order to avoid an excess of rejects from escaping with
      the accepts, the perforations will generally not be in excess of 6
      millimeters, although it will be appreciated that when working with fibers
      containing relatively large contaminants the openings may even be
      increased above 6 millimeters. Conversely, smaller holes may be required
      for the rejection of very fine contaminants.
PAR  In any case, it will be seen that the basic principles of operation of
      apparatus in accordance with the present invention are exactly the
      opposite of those governing the design and operation of conventional screw
      thickening apparatus.
PAR  FIG. 3 of the drawings shows schematically a basic system in accordance
      with the present invention. Thus, a supply 50 of pulp slurry containing
      contaminants of some type is conveyed to a screen 10 with rejected
      material being ejected from the top of the screen while accepted
      materials, paper fibers and liquid, are directed to further treatment or
      storage apparatus 52.
PAR  In a specific application of the invention as seen in FIG. 4, the supply of
      liquid, paper fibers and contaminants may come from pulping apparatus,
      such as a pulping tub 60 having a rotor 62 rotatably mounted in the bottom
      thereof and fed with materials high in paper fiber content, such as waste
      paper or refuse containing a high proportion of fibrous materials. The
      tub, which may be of the type shown in U.S. Pat. No. 3,595,488, may be fed
      by a conveyor 64 while liquid, such as water, is fed into the tub from any
      convenient source, as indicated at 66.
PAR  From the tub 60, a pump 68 conveys the pulped material, which will consist
      of liquid, free fibrous material, undefibered fibrous material and other
      solids, to a cleaner such as a cyclone cleaner 70 where, typically, heavy
      inorganic solids are removed from the system. Thereafter, the resulting
      slurry is conveyed to a screening apparatus 72 which delivers liquid and
      accepted fiber to a stock holding chest 74 while rejecting the remaining
      material to a deflaker 76 for further comminution thereof.
PAR  From the deflaker 76, the material is conveyed to a screen 10 in accordance
      with the present invention, where liquid and free fibers are separated
      from undefibered materials and other solid contaminants as described
      above. The latter are rejected by the screen, while the accepted material
      is returned to the system, either upstream or downstream of the cyclone 70
      as desired.
PAR  In the system described above, paper making fibers are extracted from waste
      paper or other wastes containing a high proportion of fibrous material,
      such as refuse. It will be apparent, however, that the present system may
      be utilized for screening paper making fibers to remove many other types
      of contaminants. An example of another system is the screening of fibers
      following a digesting operation, where the contaminants are essentially
      fibers but in undefibered form, such as knots.
PAR  With reference to FIG. 5 of the drawings, a system of this type is shown,
      including a digester 80 provided with wood chips from a conveyor 82 and
      with cooking liquor through the conduit 84. After cooking at elevated
      temperatures and pressures for a predetermined amount of time, the
      contents of the digester 80 are expelled from the digester to the blow
      tank 86. The resulting mixture of spent cooking liquors, free fibers and
      undefibered fibrous materials, such as knots, is diluted and then directed
      to the inlet 14 of the screen 10.
PAR  As in the system described above in connection with FIG. 4 of the drawings,
      the material passes through the inlet 14 into the casing 12, from which
      the spent cooking liquor and free fibers are expressed through the
      perforations in the casing into the outer main chamber 20. The
      contaminants, such as knots, are conveyed upwardly by the screw flights 28
      to be ejected throgh the rejects outlet 16 for disposal or further
      treatment.
PAR  Weak liquor or other diluting liquid may be pumped into the hollow shaft 26
      to spray the knots being rejected from the system and remove free fibers
      clinging to the knots to improve the yield of the system. The accepted
      material, that is, the spent liquor and free fibers, are then directed to
      further processing. In applications of this type, the consistency of the
      accepts will be in the range of 3/4% to 2% by weight of fiber.
      Additionally since the size of the rejects will be fairly large, the
      maximum dimension of the openings in the casing can be increased up to
      approximately twenty millimeters.
PAR  While specific systems in accordance with the present invention are
      described above, it will be apparent that screen 10 is capable of general
      application to paper fiber treatment systems for screening paper pulp,
      regardless of how the pulp is prepared originally. Systems in accordance
      with the present invention therefore may be characterized broadly as using
      a screw type apparatus for screening a supply of contaminant containing
      paper stock to separate the contaminants from the paper fibers and liquid
      of suspension.
PAR  While the methods and forms of apparatus herein described constitute
      preferred embodiments of the invention, it is to be understood that the
      invention is not limited to these precise methods and forms of apparatus,
      and that changes may be made therein without departing from the scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of treating paper fibers in a screen which includes a
      stationary perforated inner casing, a stationary outer chamber surrounding
      said casing, a screw mounted for rotation within and extending
      longitudinally of said casing, means for rotating said screw in a
      direction such that material deposited in one end of said casing is
      carried to the opposite end of said casing by rotation of said screw,
      means defining an inlet into said casing adjacent said one end thereof,
      means defining an accepts outlet from said chamber, and means defining a
      rejects outlet from said casing adjacent said opposite end thereof, said
      method comprising the steps of:
PA1  a. feeding a mixture of liquid and fibers containing a substantial amount
      of solid rejects into said stationary, perforated, inner casing through
      said inlet thereinto,
PA1  b. draining substantially all of said liquid and accepted fibers through
      perforations in said stationary, perforated, inner casing into said
      chamber while retaining substantially all of said solid rejects within
      said casing,
PA1  c. rotating said screw within and with respect to said stationary inner
      casing and conveying said solid rejects retained in said stationary casing
      from said one end to said opposite end thereof,
PA1  d. discharging said solid rejects through said rejects outlet at said
      opposite end of said stationary casing,
PA1  e. collecting said liquid and fibers draining through said stationary
      perforated casing in said chamber surrounding said casing, and
PA1  f. removing liquid and accepted fibers from said chamber through said
      accepts outlet.
NUM  2.
PAR  2. The method of claim 1 wherein said step of collecting said liquid and
      fibers comprises:
PA1  a. collecting said liquid and fibers in slurry form at a consistency less
      than 3% fibers by weight.
NUM  3.
PAR  3. The method of claim 2 wherein said step of collecting said liquid and
      fibers comprises:
PA1  a. collecting said liquid and fibers in slurry form at a consistency of
      approximately 1/2% of fibers by weight.
NUM  4.
PAR  4. The method of claim 1 wherein said step of collecting said liquid and
      fibers comprises:
PA1  a. collecting said liquid and fibers in slurry form at a consistency of
      approximately 3/4% to 2% of fibers by weight.
NUM  5.
PAR  5. The method of claim 1 further comprising:
PA1  a. pulping liquid, fibrous materials and nonfibrous solids to defiber said
      fibrous materials mechanically, and
PA1  b. conveying liquid, defibered fibrous materials and nonfibrous solids from
      said pulper tub to said perforated casing for feeding into said casing.
NUM  6.
PAR  6. The method of claim 1 further comprising:
PA1  a. depositing a mixture of cooking liquor and wood chips in a digester and
      cooking said wood chips, and
PA1  b. conveying said mixture to said perforated casing for feeding into said
      casing.
NUM  7.
PAR  7. The method of claim 1 further comprising:
PA1  a. delivering additional liquid to the interior of said perforated casing.
NUM  8.
PAR  8. The method of claim 7 wherein said step of delivering additional liquid
      comprises:
PA1  a. conveying the solid rejects upwardly by said screw means towards the
      rejects outlet and
PA1  b. spraying the solid rejects being conveyed upwardly to wash free fibers
      therefrom.
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PAL  The invention relates to an improved method of making bulky non-woven
      fibrous material including cellulosic fibres and potentially crimped
      synthetic fibres, the improvement consisting of draining a layer of a
      foamed aqueous suspension of the fibres, drying the drained layer, and
      releasing the potential crimp in the synthetic fibres while supporting the
      layer substantially free from restraint against shrinkage.
BSUM
PAR  This invention relates to a method of producing bulky non-woven fibrous
      material, for example a paper.
PAR  When making bulky non-woven fibrous material from mixtures of cellulosic
      fibres and synthetic fibres it is essential to obtain some bonding between
      the different types of fibres.
PAR  It would be desirable to use crimped synthetic fibres in the mixture, as
      such fibres would impart enhanced interlocking and binding properties in
      the manufacture of the material, and would increase the wet strength of
      the material.
PAR  In practice, however, it is found that if crimped synthetic fibres are used
      in the manufacture of bulky non-woven fibrous material using conventional
      wet-laying paper-making methods, it is very difficult to obtain an even
      dispersion of the crimped synthetic fibres, unless expensive solvents or
      dispersing agents are used.
PAR  In order to overcome these problems it is known to produce bulky non-woven
      fibrous material by forming a web containing cellulosic fibres and
      potentially crimped synthetic fibres, and then heating the web to bring
      out the potential crimp in the synthetic fibres.
PAR  Potentially crimped synthetic fibres are normally two part fibres, the two
      parts being arranged in either a sheath-and-core or a side-by-side
      arrangement and being of chemically similar polymers, for example
      polyolefin, polyamide, or polyester, which differ in physical properties
      such as softening point, and shrinkage under the influence of heat at
      temperatures below the lower softening point of the two polymers.
PAR  However, the use of potentially crimped synthetic fibres as described above
      does not always give completely satisfactory results when the web is layed
      from an aqueous suspension of cellulosic fibres and potentially crimped
      synthetic fibres, on a conventional paper-making machine. One reason for
      this is that the fibres of the mixture are in intimate contact during
      drying of the web and release of the potential crimp in the synthetic
      fibres, and this contact offers resistance to shrinkage of the web, thus
      limiting bulking of the web.
PAR  According to this invention a method of producing bulky non-woven fibrous
      material, includes the steps of forming and draining a layer of a foamed
      suspension of cellulosic fibres and potentially crimped synthetic fibres,
      drying the layer when drained, and releasing the potential crimp in the
      synthetic fibres while the layer is supported substantially free from
      restraint against shrinkage.
PAR  The foamed suspension is preferably produced by the method described in
      British Patent Specification No. 1,129,757.
PAR  The use of a foamed suspension of fibres gives the advantage that the layer
      formed is a loosely bonded structure, and thus the restraint against
      bulking of the layer on release of the potential crimp in the synthetic
      fibres is lower than when a conventional aqueous suspension is used. This
      is a particular advantage when the cellulosic fibres are of a strongly
      bonding wood pulp.
PAR  Any wood pulp fibres can be used as the cellulosic fibres, but if strongly
      bonding wood pulp fibres, such as kraft pulp fibres, are used, a high
      percentage by fibre weight of synthetic fibres, for example above 50%,
      should be used. This ensures that the forces developed on release of the
      potential crimp in the synthetic fibres are sufficiently high to overcome
      the restraining effect of the cellulosic fibres and thus allow bulking to
      take place.
PAR  It follows that if a low percentage by fibre weight of synthetic fibres is
      to be used, for example below 30%, then the wood pulp fibres should be
      ones which do not bond strongly, such as high alpha wood pulp fibres.
PAR  The necessary support for the layer, substantially free from restraint
      against shrinkage, while the potential crimp in the synthetic fibres is
      released, can be provided by a smooth metal or polymeric, for example
      polytetrafluoroethylene, surface, or by an air support arrangement.
      Otherwise the necessary support can be provided by tenters which grip the
      edges of the layer and are arranged, for example in a convergent manner,
      to allow for shrinkage of the layer.
PAR  Potentially crimped fibres as described above can be bonded together by
      heating them when in contact with each other, to a temperature above the
      lower softening point of the fibre. Provided that the fibres are not
      heated to a temperature above the higher softening point of the fibre, the
      higher-softening-point part of each fibre will retain its shape and act as
      a reinforcement so that continuity and the individual strengths of the
      fibres bonded together will not be lost.
PAR  Drying of the layer, release of the potential crimp in the synthetic
      fibres, and bonding of the synthetic fibres can be effected either
      consecutively or simultaneously. For example, the layer can be dried at a
      temperature below that required to release the potential crimp in the
      synthetic fibres, then further heated to release the potential crimp in
      the synthetic fibres, and finally further heated to the temperature
      required for bonding of the fibres of the layer. Otherwise the layer can
      be dried at the temperature required for release of the potential crimp in
      the synthetic fibres, and then further heated to the bonding temperature
      of the synthetic fibres or the drying of the layer, release of the
      potential crimp in the synthetic fibres and bonding of the fibres of the
      layer can be effected in one operation by initial heating of the layer to
      the temperature required for bonding of the fibres of the layer.
PAR  The preferred percentages, by fibre weight, of fibres in the foamed aqueous
      suspension used in the method of this invention are between 80 and 20% of
      cellulosic fibres, and 20 and 80% of potentially crimped synthetic fibres.
      Such suspensions can readily be formed into a layer on the screen of a
      conventional Fourdrinier papermaking machine.
PAR  Material produced by the method of this invention can be pattern bonded by
      the application of localised heat and pressure, for example by pressing
      the material between heated plates, one or both of which is or are
      provided with a raised pattern as required. Otherwise the material can be
      passed between heated, patterned rollers, in for example an embossing
      press, or the material can be pressed between continuous patterned belts,
      for example wire mesh belts, by heated rollers. When pattern bonded the
      material has good strength and drape properties, and a pleasant surface
      texture.
PAR  If desired material produced by the method of this invention can contain
      polymeric or other bonding agents introduced by any of the usual methods
      such as beater addition, or dry layer saturation before, or preferably
      after, release of the potential crimp in the synthetic fibres.
PAR  Material produced by the method of this invention can be used for
      disposable clothing, disposable bed linen or blankets, clothing
      interlinings, or as a base material for synthetic leather and automotive
      fabrics.
DETD
PAR  Examples of the method of this invention are as follows.
PAC  EXAMPLE 1
PAR  Three mixtures of 6 mm long three denier all polyolefin potentially crimped
      synthetic fibres and weakly bonding cellulosic fibres were prepared
      containing respectively 25%, 50% and 75% by weight of synthetic fibres.
PAR  The three mixtures were then separately dispersed in an aqueous foam
      containing 65% air made from a 0.2% solution of a suitable surfactant by
      means of a Denver foaming unit, as described in British Patent
      Specification No. 1,129,757. Amounts of each aqueous suspension each
      containing sufficient fibres to make a 20 cm diameter, 60 g.s.m. sheet
      were then collapsed and drained on the wire of a Frank handsheet machine
      by the application of vacuum. Each sheet was then dried on a Johnsons
      Model 75 rotary drum drier at a temperature of 80.degree.C. Some of the
      sheets were then heated on a smooth metal surface in an oven at a
      temperature of 110.degree.C for two minutes, and other sheets were
      similarly treated at a temperature of 125.degree.C.
PAR  The heated sheets were then compared against unheated control sheets by the
      following measurements:
PA1  Sheet diameter
PA1  Sheet thickness
PA1  Drape length (the length of a 2.5 cm wide strip sufficient to bend the
      strip through an angle of 45.degree. under its own weight)
PA1  Tensile strength of a 3 cm. wide strip
PA1  Extension at failure of a 3 cm. wide strip.
PAL  The results obtained were as given in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Sheet property                                                            
                   Diameter                                                    
                        Thickness                                              
                              Drape Tensile                                    
                                         Extension                             
     measured                 length                                           
                                    strength                                   
                                         at                                    
                              (2.5 cm.                                         
                                    (3 cm.                                     
                                         failure                               
     Sheet com-               strip)                                           
                                    strip)                                     
                                         (3 cm.                                
     position and                        strip)                                
     treatment     (cms)                                                       
                        (.mu.m)                                                
                              (cms) kg                                         
     __________________________________________________________________________
     25% potentially crimped                                                   
       fibres                                                                  
     75% weakly bonding                                                        
       cellulosic fibres                                                       
     unheated      20   305   3.3   0.01 1.2%                                  
     heated to 110.degree.C                                                    
                   19.6 356   5.6   0.14 5.6%                                  
     heated to 125.degree.C                                                    
                   19.2 381   7.4   0.23 10.4%                                 
     50% potentially crimped                                                   
       fibres                                                                  
     50% weakly bonding                                                        
       cellulosic fibres                                                       
     unheated      20   305   2.0   too low                                    
                                         too low                               
                                    to   to                                    
                                    measure                                    
                                         measure                               
     heated to 110.degree.C                                                    
                   18.5 381   7.6   0.19 14.5%                                 
     heated to 125.degree.C                                                    
                   16.1 533   10.4  0.43 23.2%                                 
     75% potentially crimped                                                   
       fibres                                                                  
     25% weakly bonding                                                        
       cellulosic fibres                                                       
     unheated      20   --    2.5   too low                                    
                                         too low                               
                                    to   to                                    
                                    measure                                    
                                         measure                               
     heated to 110.degree.C                                                    
                   14.5 533   7.1   0.14 18.4%                                 
     heated to 125.degree.C                                                    
                   13.2 889   7.9   0.70 32.7%                                 
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Three mixtures of 19 mm long three denier potentially crimped composite
      polyolefin/polyester synthetic fibres and weakly bonding cellulosic fibres
      were made containing respectively 30%, 45% and 60% by weight of synthetic
      fibres. The mixtures were separately dispersed in an aqueous foam,
      containing 65% air made from an 0.2% solution of a suitable surfactant by
      means of a Denver foaming unit, as described in British Patent
      Specification No. 1,129,757. Portions of each dispersion each containing
      sufficient fibres to make a 20 cm diameter, 60 g.s.m. sheet were then
      collapsed and drained on the wire of a Frank handsheet machine by the
      application of vacuum. Each sheet was dried on a Johnsons Model 75 rotary
      drum drier at a temperature of 80.degree.C. Some of the sheets were heated
      on a smooth metal plate in an oven at a temperature of 90.degree.C for two
      minutes and other sheets were similarly treated at a temperature of
      125.degree.C.
PAR  The heated sheets were then compared against unheated control sheets by the
      following measurements:
PA1  Sheet diameter
PA1  Sheet thickness
PA1  Drape length (the length of a 2.5 cm wide strip of material sufficient to
      bend the material through an angle of 45.degree. under its own weight)
PA1  Tensile strength of a 3 cm wide strip
PA1  Extension at failure of a 3 cm wide strip.
PAL  The results obtained were as given in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Sheet property                                                            
                   Diameter                                                    
                        Thickness                                              
                              Drape Tensile                                    
                                           Stretch                             
     measured                 length                                           
                                    strength                                   
                              (2.5 cm.                                         
                                    (3 cm.                                     
     Sheet com-               strip)                                           
                                    strip)                                     
     positon and   (cms)                                                       
                        (.mu.m)                                                
                              (cms) kg/30 min.                                 
                                           %                                   
     treatment                                                                 
     __________________________________________________________________________
     30% potentially crimped                                                   
       fibres                                                                  
     70% weakly bonding                                                        
       cellulosic fibres                                                       
     unheated      20.0 306   3.6   too low                                    
                                           too low                             
                                    to     to                                  
                                    measure                                    
                                           measure                             
     heated to 90.degree.C                                                     
                   16.6 410   3.9   0.04   8.7                                 
     heated to 125.degree.C                                                    
                   16.1  49   7.1   0.20   2.2                                 
     45% potentially crimped                                                   
       fibres                                                                  
     55% weakly bonding                                                        
       cellulosic fibres                                                       
     unheated      20.0 325   2.9   too low                                    
                                           too low                             
                                    to     to                                  
                                    measure                                    
                                           measure                             
     heated to 90.degree.C                                                     
                   13.6 610   5.1   0.05   12.8                                
     heated to 125.degree.C                                                    
                   13.5 710   8.7   0.35    6.5                                
     60% potentially crimped                                                   
       fibres                                                                  
     40% weakly bonding                                                        
       cellulosic fibres                                                       
     unheated      20.0 335   3.3   too low                                    
                                           too low                             
                                    to     to                                  
                                    measure                                    
                                           measure                             
     heated to 90.degree.C                                                     
                   11.3 840   5.9   0.08   14.9                                
     heated to 125.degree.C                                                    
                   11.4 970   &gt;11.0 0.37    9.5                                
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of making bulky non-woven fibrous material which entails
      forming a web from an aqueous suspension containing cellulosic fibers and
      potentially crimped synthetic fibers having two parts of different
      softening point temperatures and heating such web to bring out the
      potential crimp in the synthetic fibers, the improvement which comprises:
PA1  a. controlling the proportions of cellulosic fibers and potentially crimped
      two part synthetic fibers in said aqueous suspension to assure at most
      weak bonding among the fibers prior to the heating which effects
      attainment of crimping;
PA1  b. foaming said aqueous suspension and depositing it as a layer in such
      foamed condition;
PA1  c. forming said web with weak bonding by draining and then drying the layer
      of step (b); and then
PA1  d. releasing the potential crimp of said synthetic fibers by heating said
      web while supported substantially free from restraint against shrinkage to
      a temperature below the lower of said softening point temperatures whereby
      to produce a bulky non-woven fibrous material.
NUM  2.
PAR  2. A method as claimed in claim 1, in which the cellulosic fibres are wood
      pulp fibres.
NUM  3.
PAR  3. A method as claimed in claim 2, in which the wood pulp fibres are
      strongly bonding, and in which above 50%, by fibre weight, of synthetic
      fibres are used.
NUM  4.
PAR  4. A method as claimed in claim 2, in which the wood pulp fibres are high
      alpha fibres, and in which less than 30%, by fibre weight, of synthetic
      fibres are used.
NUM  5.
PAR  5. A method as claimed in claim 1, including the further step of heating
      the non-woven material to a temperature above said lower softening point
      temperature of the synthetic fibres but below the higher softening point
      temperature of the synthetic fibres, thereby to bond the fibres in the
      layer together.
NUM  6.
PAR  6. A method as claimed in claim 5, in which the layer is dried at a
      temperature below that required to release the potential crimp in the
      synthetic fibres, then further heated to release the potential crimp in
      the synthetic fibres, and finally further heated to the temperature
      required for bonding of the fibres of the layer.
NUM  7.
PAR  7. A method as claimed in claim 5, in which the layer is dried at the
      temperature required for release of the potential crimp in the syhthetic
      fibres, and then further heated to the bonding temperature of the
      synthetic fibres.
NUM  8.
PAR  8. A method as claimed in claim 5, in which drying of the layer, release of
      the potential crimp in the synthetic fibres, and bonding of the fibres of
      the layer are effected in one operation by initial heating of the layer to
      the temperature required for bonding of the fibres of the layer.
NUM  9.
PAR  9. A method as claimed in claim 1, in which a bonding agent is introduced
      into the material after release of the potential crimp in the synthetic
      fibres.
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ABST
PAL  A method of preparing a backer for use in the production of man-made
      leather containing from 20 to 50% by weight of tanned collagen fibrous
      material.
PARN
PAC  BACKGROUND OF INVENTION
PAR  The present invention is a continuation-in-part of copending U.S. Ser. No.
      845,893, filed July 29, 1969 now abandoned and Ser. No. 850,236, filed
      Aug. 14, 1969 now U.S. Pat. No. 3,652,381.
BSUM
PAR  The present invention relates to a method of preparing the backer for the
      manufacture of man-made upper or fancy leather containing collagen fibers.
PAR  At the present time hygienic man-made leather is being introduced all over
      the world as a substitute for natural leather. In some cases man-made
      leather has such qualities that it actually has begun to compete with
      natural leather.
PAR  Owing to a considerable development and increasing production and use of
      synthetic fibers in the developed countries, the manufacture of man-made
      leather has concentrated only on the synthetic fibers as a basic material.
PAR  The first phase of the manufacture is textile processing. A one or
      multi-component fibrous mixture is first opened and then a web is produced
      on orthodox or unorthodox machines. The web is then reinforced in needle
      punching machines. As the majority of production methods has been
      developed with the use of contractable or uncontractable fibers, it is
      necessary after punching to shrink the fibrous backer in special machines.
      This backer is then impregnated by various methods and finally an
      artificial grain is applied.
PAR  However, leather made from pure synthetic materials has many drawbacks. The
      main drawback of synthetic leather is a very bad sorption and desorption,
      and a low shape adaptability to a foot. These factors deter the consumers
      from buying footwear made of such materials even if the footwear is sold
      at moderate prices.
PAR  More recently, development has led to the use of the synthetic fibers which
      are mixed in certain proportion with tanned leather fibers, and then, they
      are processed in an analogous textile method. The combination of synthetic
      and leather fibers substantially improves the hygienic properties of
      man-made leathers, but their price increases disproportionally. This is
      due mainly to the fact that the price of leather fibers is higher than
      that of synthetic fibers. Moreover, the preparation of leather fibers is
      considerably laborious. In the production of leather fibers and of the
      backer, it is impossible to elminate the so-called knops, conglomerates
      and knots which in the finishing process cause unevenness of the grain
      side.
PAR  Many methods of preparing a leather backer directly from collagen solutions
      as well as using synthetic webs have been described in the literature.
      However, generally no improved practical application has been made of such
      methods and these developments have remained essentially theoretical only.
PAR  In so far as practical utilization is concerned, the greatest success has
      been achieved with the production of a backer in which a web made of
      polypropylene, viscose or other synthetic fibers is covered with a
      formaldehyde pre-tanned suspension of fine collagen fibers of microscopic
      size, the suspension then being pressed or vacuum sucked into the
      interfibrous spaces of the web. However, in order to obtain a sufficient
      content of collagen fibers in the web, the coating process must be
      repeated several times. Thus, this method of production is time-consuming,
      and therefore, uneconomical.
PAR  Accordingly, the object of the present invention is to overcome the prior
      difficulties and disadvantages by providing an improved method of making a
      backer for man-made leather, which method is simple and economical.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the foregoing object is generally
      accomplished by utilizing a method of preparing a backer for the
      production of man-made upper or fancy leather containing collagen fibers,
      which method is characterized in that swollen collagen fibrous material is
      applied on one or both sides of a textile screen and the fibrous material
      is covered with another textile screen; the assembly thus formed is wetted
      by saturated salt solution, preferably a sodium chloride solution or a
      finely ground salt is sprinkled thereon; the assembly is gradually pressed
      to complete compression of the fibrous material; the assembly is subjected
      to needle punching in wet condition with the total solids of the
      compressed fibrous material ranging from 20 to 50%; and the assembly is
      tanned and subsequently dried.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the invention, a textile screen is covered from one or from
      both sides with swollen collagen fibrous material which, contiguously, is
      covered with another textile screen, and the resulting assembly then is
      wetted with the saturated salt solution, mainly with the solution of
      sodium chloride, or it is sprinkled with said salt being in finely ground
      condition to bring down the material, and then it is gradually pressed to
      complete compression of the collagen fibrous material. The assembly is
      subjected to punching in wet condition with the total solids of the
      collagen fibrous material ranging from 20 to 50% weight, and finally, it
      is tanned by chrome, aluminum or zircon salts, or by tanning agents or
      aldehydes followed by a drying process.
PAR  A collagen backer used for the production of man-made upper and fancy
      leather can be prepared in such a way that a textile screen made of
      synthetic or natural material is unwound on an endless band. The swollen
      collagen fibrous material is applied on said screen and another textile
      screen from synthetic or natural material is then unwound on the collagen
      fibrous material to serve as a covering layer in the resulting assembly.
PAR  In the present invention, the textile "screen" which serves as a
      reinforcing layer is to be understood to include traditional thin fabrics,
      i.e., woven fabrics, knitted fabrics or tulles, and non-traditional
      fabrics, i.e., non-woven fabrics which can be stitched through,
      impregnated or reinforced in advance.
PAR  The thus prepared assembly of swollen collagen fibrous material both sides
      of which are covered with textile screens is salted by wetting it with
      saturated solution of salts, e.g., sodium chloride salt, or sprinkling on
      it finely ground salts, and then is gradually pressed to complete
      compression and partial de-watering of the swollen collagen fibrous
      material, preferably to the total solids thereof ranging from 20 to 50% by
      weight.
PAR  To the thus prepared assembly of the collagen fibrous material with the
      textile screen, a web or layer is applied on one or both sides, which web
      is prepared either from polyamide, polypropylene, polyester, viscose or
      other staple fibers, or from cotton and wool or from a mixture thereof.
      Also, the square weight of the added web depends on the final thickness of
      the finished leather.
PAR  After the web has been applied, the assembly of collagen fibrous material
      with textile screens is fed through the system of needle punching machines
      where the fibrous web is interwoven through the collagen fibrous material
      provided with textile screens.
PAR  The punching is carried out in a condition when the compressed collagen
      fibrous material contains 50 to 80% by weight of moisture. In this
      condition, very prefect interweaving and compacting of the collagenous
      backer is accomplished devoid of the knops, conglomerates or other uneven
      spots on the surface of the backer, whereby a backer having an absolutely
      smooth surface is obtained.
PAR  The non-tanned, compressed collagen fibrous material contains 50 to 80% of
      moisture and is very elastic. After the needle punching with the fibers is
      finished, collagen fibrous material immediately closes and shrinks to
      tighten the bundle of fibers drawn into the hole by punching with the
      needle. Thus, a certain strain of fibers occurs after passing through the
      leather substance. The needle interweaving of textile fibers with the
      collagen material can be attained under certain conditions of punching,
      e.g., the type of felting needle, depth and number of punches per
      cm.sup.2. Since the processing of very wet salty material causes the
      corrosion of grids and felting needles, chromium or nickel-plated needles
      are employed.
PAR  After punching, through-out, tanning follows by concentrated chrome liquor
      in the amount which corresponds to 2% by weight of Cr.sub.2 O.sub.3
      calculated on the pelt weight. Having passed through the chrome liquor,
      the assembly of interwoven collagen backer is wound on a roller and is
      conditioned for 24 hours. During this period the liquor penetrates through
      the whole thickness of the backer and tans the latter uniformly. Having
      been tanned, the backer is unwound from the roller, passes under sprays of
      water or through a water bath where the remainder of salts are washed out,
      and further it passes through the through-feed press and then through the
      drier. After drying, the material is impregnated by polyurethanes or
      latices. However, for certain types of leather the backer can be used
      without impregnation. Thereafter, an artificial grain is applied on the
      impregnated collagen backer by directly adhering thereon a ready made
      grain side sheet or a conventional leather finish is applied to the
      backer.
PAR  The swollen collagen fibrous material can be prepared from leather splits
      as well as from machine glue stock. However, the machine glue stock must
      be degreased before the proper processing.
PAR  The leather splits or the degreased machine glue stock are washed, delimed,
      bated and pickled. After pickling, the disintegration is carried out in
      disintegrators with an excess of water. Before the disintegration the
      leather splits are cut into smaller pieces. The method of proper
      preparation of the fibrous material in which the collagen fibers have high
      strength and are free from the brittleness characteristic of the best
      collagen fibers available heretofore can be obtained from tannery waste,
      such as split hide and glue stock, when the raw material, while
      substantially free from line, is pickled in a liquor of 130 - 170% water,
      3 - 6% sodium chloride, and 0.8 to 3.0% of a strong inorganic or organic
      acid whose anion is inert to the collagenous substrate. The percentage
      figures in this application, unless explicitly stated otherwise, are based
      on the weight of the tannery waste material, employed as the source of
      collagen, when containing up to about 70% water. The method of the
      invention results in collagen fibers of high quality, and fibers thus
      produced may be used, for instance, in the manufacture of high grades of
      artificial leather and textile products.
PAR  When pickling is carried out until equilibrium between the pickled material
      and the liquor is reached, as indicated by the absence of further pH
      changes in the pickling liquor, the waste material loses water to the
      liquor and absorps acid in such a ratio that its weight is reduced to 95
      to 75% of the pelt weight. Equilibrium is reached when the pH of the
      pickling liquor is approximately between 2.6 and 3.6.
PAR  The pickled material is then mechanically disintegrated in the presence of
      a large excess of water, whereby it is swelled to at least 200% of its
      original weight, and usually to as much as 400%. When the swollen mass is
      contacted with an inorganic salt solution, such as that of a soluble
      chloride or sulfate of an inert cation, it loses enough water to permit
      further processing in a conventional manner, for example, the further
      removal of water by contact with air at ambient or elevated temperature,
      and division into fibers from which hat felt or upholstery stuffing may be
      prepared, or which may be bonded to make a material suitable for shoe
      uppers or converted to fabric.
PAR  The chemical nature of the acid employed in the important pickling step is
      not critical. It should be a strong acid which ionizes completely or
      practically completely at the necessary concentration indicated above. The
      preferred inorganic acid is sulfuric acid, and the preferred organic acid
      is formic acid, but other acids of similar strength whose anions are inert
      to the collagenous material may be substituted at higher cost.
PAR  The acid present in the pickled waste material enhances the subsequent
      swelling of the collagenous material when in contact with water while
      being disintegrated. The salt content of the pickling liquor must be held
      at not more than 6% because it would otherwise interfere with the swelling
      of the fibers during disintegration in the presence of water. A minimum of
      3% sodium chloride in the pickling liquor is essential for proper acid
      absorption and for the desired shrinkage of the raw material.
PAR  Because a shrinking step precedes the swelling and disintegration, only the
      surface strata of the fibers are fully swollen, thereby permitting easy
      separation of the fibers without breaking them, while the original,
      unswollen condition still prevails in the core and protects the fibers
      against breaking into shorter sections or a shortening of average fiber
      length.
PAR  The disintegrated mass may be homogenized and portions of its water content
      removed by contact with a solution of a soluble sulfate, chloride, or like
      inorganic salt which precipitates the collagen molecules of high molecular
      weight while albumin and other proteinaceous material of smaller molecular
      weight, if not removed by preceding steps, remain in solution.
PAR  Further processing of the collagenous material of the invention follows
      conventional procedures. The water resistance of the fibers may be
      improved by tanning, using chromium salts or synthetic tanning agents. As
      other collagen fibers, the materials of the invention are capable of being
      treated with cationic or non-ionic fat-liquoring agents. Pre-tanning with
      synthetic tanning agents in amounts of about 5% prevents curling of the
      fibers in subsequent chrome tanning.
PAR  The following examples further illustrate the formation of the collagen
      material.
PAC  EXAMPLE A
PAR  Cowhide splits, mainly taken from the shoulder and belly parts of the hide
      and still containing some lime, were received from the tannery. They were
      washed in running water in a rotating drum for 20 minutes, and the water
      was then drain from the drum. It was replaced by 200% fresh water
      containing 2% ammonium sulfate, and rotation of the drum was resumed for
      about 3 to 4 hours. All percentage figures relate to the pelt weight of
      the starting material.
PAR  Lime was completely removed from the material by treatment with ammonium
      sulfate solution which was thereafter drained and washed out with running
      water for 20 to 30 minutes. As much of the washing water as possible was
      removed from the drum, and a solution of 4% sodium chloride in 150% water
      was rotated with the delimed material for 15 minutes, whereupon 2.5%
      formic acid diluted with five weights of water were added in two batches
      without stopping rotation of the drum.
PAR  The pH of the pickling liquor reached a stable value of 3.2 to 3.4 in about
      3 to 4 hours, indicating completion of the pickling process. The pickled
      hide material was then removed from the drum, permitted to drain for about
      1 hour, cut into pieces approximately 4 inches square, and separated into
      fibers on a disintegrator while suspended in approximately four weights of
      water which was continuously renewed.
PAR  The collagen fibers so obtained were homogenized with water and again
      precipitated from the homogenized suspension by adding 15% sodium
      chloride. The precipitated material was separated from the supernatant
      aqueous phase and tanned with a reduced chromium liquor to a Cr.sub.2
      O.sub.3 content of 2%.
PAR  With respect to the purpose of use, preliminary modifications can be made
      before application of swollen collagen fibrous material on the textile
      screens and before forming the collagen backer when using fibrous webs.
      Thus, it is possible to add salts to swollen collagen fibrous material,
      namely, up to such amount so as not to cause the salting out of collagen
      fibrous material, e.g., 4% by weight at the maximum. This addition of salt
      speeds the complete salting out and the bringing down of the swollen
      fibrous material after it is applied on the screen. It is possible to mix
      into the swollen collagen fibrous material short textile fibers which
      improve the three-dimensional interweaving of fibers in the collagen
      backer after punching. Also, it is possible to mix finely ground chrome
      shavings into the material which considerably speeds the salting out and
      prevents adherence and stiffening of the collagen fibers in the drying
      process. In some cases, it is possible to add into the swollen collagen
      fibrous material binders such as latex, acrylate, isocyanate and the like
      in the form of their monomers or polymers, and fat-liquoring can be formed
      by the addition of non-ionic or cation active fat-liquoring agents
      directly to the plumped or swollen collagen fibrous material.
PAR  The composition of individual layers of collagen backers is selected with
      respect to the use of man-made leathers produced from these backers.
      Therefore, the leather for fancy goods will have backer layers of a
      different composition than the leathers for shoemaking, upholstery and
      other purposes.
PAR  The composition of textile screen and web is optionally chosen from various
      fibrous materials, again with respect to the ultimate use of the finished
      man-made leather. All known fibers can be used, such as polyamide,
      polypropylene, polyester, polyacrylonitrile and viscose fibers in the
      staple form. Cotton, wool, hackled flax or mixtures of these fibers also
      can be used.
PAR  The examples which follow are illustrative of the present invention.
PAC  EXAMPLE 1
PAR  A textile screen, which is a thin fabric made of 300 denier polyamide silk
      with a warp set of 50 threads and a weft set of 40 threads per 10 cm, is
      unwound onto an endless belt. The swollen collagen fibrous material of the
      total solids of 8% by weight prepared from split leather is applied on the
      screen. The applied layer of the swollen collagen fibrous material is 6 mm
      thick. This layer is covered with an identical textile screen and is
      wetted by a saturated solution of sodium chloride which causes the
      bringing down of the collagen fibrous material, and the surplus liquid is
      removed by a set of pressing rollers where a partial de-watering occurs to
      the total solids of 35% by weight and compression of the layer of collagen
      fibrous material.
PAR  To the thus partially de-watered assembly of the brought down collagen
      fibrous material there is applied on both sides a fibrous web having a
      square weight of 150 g/m.sup.2 prepared from a mixture comprising 50% by
      weight of 4 denier, 65 mm polypropylene staple and 50% by weight of 3.5
      denier, 60 mm viscose staple. Gradual punching follows on an aggregate of
      needle punching machines from above and from below until 450 punches per
      cm.sup.2 are obtained. Chrome-plated felting needles are used. The speed
      of feeding the collagen backer is 3 m/min. The punched assembly of the
      collagen fibrous material and synthetic fibers is fed through the solution
      of concentrated reduced chrome liquor. In passing through, an amount of
      chrome liquor adheres to the surface of the backer which corresponds to 2%
      by weight of Cr.sub.2 O.sub.3 counted on pelt weight. Having passed
      through the chrome bath, the collagen backer is wound on a roller and is
      conditoned for 24 hours. During this period the chrome liquor penetrates
      through the whole thickness of the backer and tans the latter uniformly.
      After having been tanned, the collagen backer is unwound from the roller,
      passes through the washing bath in order to wash out the surplus salts. It
      then passes through a through-feed press and through a fat-liquoring bath
      which contains the emulsion of non-ionic fat-liquoring agent in a
      concentration which is sufficient that after another pressing 4% by weight
      of fat-liquoring agent should remain in the collagen backer.
PAR  Then drying follows after which thermal shrinkage of the synthetic fiber by
      hot air is carried out at the temperature of 110.degree. C. for 20 sec.
      The resulting backer is then impregnated by latices and is dried again.
      After drying it is buffed and finished by leather finishing methods.
PAC  EXAMPLE 2
PAR  A textile screen which is a fibrous web made of the mixture of 60% by
      weight of polyamide and 40% by weight of viscous staple is unwound onto an
      endless belt, the web being mechanically reinforced and having the square
      weight of 100 g/m.sup.2. On the screen is applied the swollen collagen
      fibrous material of the total solids of 8% by weight prepared from machine
      glue stock. The applied layer of the swollen collagen fibrous material is
      9 mm thick. The applied layer is covered with an identical textile screen
      and is wetted by a saturated solution of sodium chloride which causes the
      bringing down of the collagen fibrous material and the surplus liquid is
      removed by a set of pressing rollers where a partial de-watering occurs to
      provide an assembly having total solids of 40% by weight.
PAR  To the thus partially de-watered assembly of the brought down collagen
      fibrous material there is applied on both sides a fibrous web having a
      square weight of 120 g/m.sup.2 prepared from the mixture comprising 40% by
      weight of polymide staple (4 den., 65 mm) and 60% by weight of viscose
      staple (3.5 den., 60 mm). The assembly is reinforced by punching on an
      aggregate of needle punching machines alternatively from above and from
      below until the total number of 300 punches per cm.sup.2 have been
      attained. For punching, chrome-plated felting needles are used each of
      them having 3 prickles on only two edges spaced 60.degree. and 180.degree.
      apart from the locking foot.
PAR  The remaining operations are identical as in the Example 1 except that the
      fat-liquoring step is not performed with machine glue stock.
PAC  EXAMPLE 3
PAR  A textile screen which is a mechanically reinforced non-woven web made of
      the mixture of 70% by weight of polypropylene staple and 30% by weight of
      viscose staple of the square weight of 100 g/m.sup.2 is unwound onto an
      endless band. On the screen is applied a layer of plumped or swollen
      collagen fibrous material prepared from machine glue stock into which 50%
      by weight of finely disintegrated chrome shavings has been mixed in
      advance. This mixture has total solids of 10% by weight. The applied layer
      is 5 mm thick. The applied layer is covered with textile screen made of a
      web reinforced on one side by a binder such as polyvinyl chloride latex.
      The web has a square weight of 100 g/m.sup.2 and is made from 100% of
      viscose staple (3.5 den., 60 mm). This assembly is then wetted by
      saturated solution of sodium chloride which causes the bringing down of
      collagen fibrous material and the surplus liquid is removed by a set of
      pressing rollers where a partial de-watering occurs to the total solids of
      40% by weight.
PAR  The de-watered assembly is then punched from one side only, i.e., from the
      side of collagenous material where the binder is placed with the binding
      film on the collagenous material. The total number of punches is
      200/cm.sup.2. Nickel-plated needles were used provided on two edges
      60.degree. and 180.degree. apart from the locking foot with prickles which
      interweave the fibers when the needle plate moves from above downwards. On
      one edge distanced 300.degree. from the locking foot, the needles are
      provided with prickles which interweave the fibers during the reverse
      movement of the needle plate, i.e., from the bottom upwards.
PAR  The remaining operations are identical as in Example 1 except that
      fat-liquoring step is not performed with machine glue stock.
PAC  EXAMPLE 4
PAR  A textile screen which is a tulle made of propylene silk is unwound onto an
      endless band. On the screen is applied a layer the plumped or swollen
      collagen fibrous material prepared from leather splits having the total
      solids of 8% by weight. The applied layer of swollen collagen fibrous
      material is 6 mm thick. The screen with the layer of the swollen collagen
      fibrous material is wetted by saturated solution of sodium chloride which
      causes the bringing down of the collagen fibrous material. The surplus
      liquid is removed by a set of pressing rollers where a partial de-watering
      occurs to the total solids of 35% by weight.
PAR  To the thus partially de-watered band of the brought-down collagen fibrous
      material provided with one textile screen only is added a web prepared
      from 100% of polyester staple (1.5 den., 40 mm), having a square weight
      150 g/m.sup.2. The web is applied from that side on which is the textile
      screen. To the other side of the collagen fibrous material a web is
      applied prepared from 100% of viscose staple (2.75 den., 40 mm) having a
      square weight 150 g/m.sup.2. This assembly is then punched on an aggregate
      of needle punching machines until a total number of 300 punches per
      cm.sup.2 are obtained.
PAR  The remaining operations are identical as those in Example 1.
PAC  SUMMATION
PAR  The method according to the present invention eliminates to a great extent
      the textile processing of the collagen fibrous material, such as opening,
      carding and shrinking. Thus, the whole production cycle of the preparation
      of collagen backers is considerably simplified and less expensive. Also,
      the preparation of the collagen backers is simplified, which enables all
      the steps of the whole process to be arranged in a flow line. The collagen
      backer made in accordance with the method of the present invention does
      not show the non-disintegrated shivers of collagen fibers on its surface,
      such as knops, conglomerates and knots. The collagen backers also show
      higher parameters in some physical and mechanical properties than the
      backers according to textile methods, and its hygienic properties are
      nearly equal to the hygienic properties of natural leather.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a backer for the production of man-made upper or
      fancy leather containing collagen fibers, comprising the steps of
      preparing a porous textile screen, swelling substantially untanned
      collagen fibrous material in an aqueous solution, said swollen collagen
      fibrous material being of a size capable of being retained on the surface
      of said screen, depositing said swollen collagen fibrous material on at
      least one side, salting the assembly thus formed, gradually pressing said
      collagen and said screen to the complete compression of the collagen
      fibrous material, covering said collagen fibrous material after
      compression thereof with a web comprising material selected from the group
      consisting of synthetic fibers, natural fibers and their mixtures,
      subjecting said covered assembly to needle punching in wet condition to
      drive the fibers of said collagen fibrous material into the pores of said
      screen so that the content of the collagen fibrous material ranges from 20
      to 50% by weight of the total solids and thereafter tanning and drying the
      covered assembly.
NUM  2.
PAR  2. A method according to claim 1, including the step of admixing with the
      swollen collagen fibrous material short fibers selected from the group
      consisting of synthetic fibers and natural fibers in the form of staple or
      waste fibers.
NUM  3.
PAR  3. A method according to claim 1 including the step of admixing finely
      ground chrome shavings with said swollen collagen fibrous material.
NUM  4.
PAR  4. A method according to claim 1, including the step of admixing a binder
      material selected from the group consisting of latex, acrylates,
      isocyanates and their monomers and polymers to the swollen collagen
      fibrous material.
NUM  5.
PAR  5. A method according to claim 1, including the step of admixing with said
      collagen fibrous material a fat-liquoring agent selected from the group
      consisting of non-ionic and cation active fat-liquoring agents, in the
      amount of 4% calculated by weight on the total solids of the collagen
      fibrous material.
NUM  6.
PAR  6. The method according to claim 1 wherein said tanning comprises the steps
      of soaking the assembly of the collagen fibrous material and screen in a
      solution of chrome liquor having a concentration of chrome of about 2% by
      weight of the assembly, winding said assembly on a roll and maintaining
      the assembly soaking for about 24 hours, thereafter washing the salts and
      soaking solution from the assembly and drying the assembly.
NUM  7.
PAR  7. The method according to claim 1 wherein the density of said punching is
      at least 200 punches per square centimeter.
PATN
WKU  039473171
SRC  5
APN  463277&
APT  1
ART  173
APD  19740423
TTL  Apparatus for adjusting and indicating position of a breast box lip
ISD  19760330
NCL  8
ECL  1
EXA  Caroff; Marc L.
EXP  Bashore; S. Leon
NDR  4
NFG  4
INVT
NAM  Stotz; Wolf Gunter
CTY  Ravensburg
CNT  DT
INVT
NAM  Hildebrand; Otto
CTY  Taldorf
CNT  DT
ASSG
NAM  Sulzer Brothers Limited
CTY  Winterthur
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730424
APN  5806/73
CLAS
OCL  162263
XCL  162347
EDF  2
ICL  D21F  706
FSC  162
FSS  263;347;344;198;199;272
UREF
PNO  2384912
ISD  19450900
NAM  Helin
XCL  162347
UREF
PNO  2418600
ISD  19470400
NAM  Ostertag et al.
XCL  162344
UREF
PNO  2779253
ISD  19570100
NAM  Owens
OCL  162344
UREF
PNO  3575799
ISD  19710400
NAM  Gedemer et al.
XCL  162347
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  The adjusting rod of a lip adjusting mechanism is provided with an
      indicator which overlies a scale means on which a curved line
      representative of the lip motion is disposed. Movement of the lip from one
      position to another is indicated by movement of the indicator along the
      curved line. A scale is also used with the curved line to measure the
      displacement of the lip and, thus, the size of the gap defined in part by
      the lip.
BSUM
PAR  This invention relates to an adjusting mechanism for a lip of a breast box
      of a paper making machine.
PAR  Paper making machines have been known to have a movable lip which defines a
      gap or nozzle duct with a vacuum breast roller. In such cases, adjusting
      mechanisms have been provided to move the lip relative to the breast
      roller in order to vary the size of the gap. One such adjusting mechanism
      has used an adjusting rod, which can be moved axially, and connecting
      rods, which are pivotally connected at the ends to the adjusting rod and
      lip. This mechanism can be very accurate if the gap bounded by the lip is
      narrow since the mechanism can be substantially simpler than previously
      known adjusting mechanisms.
PAR  It is an object of this invention to enable the particular adjustment of a
      movable lip of a paper making machine to be determined at any particular
      time from outside the paper making machine.
PAR  It is another object of the invention to provide a simple means for
      determining the position of a movable lip of a paper making machine.
PAR  It is another object of the invention to enable a starting position of a
      movable lip of a paper making machine to be established without a
      complicated adjustment of a lip adjusting mechanism.
PAR  Briefly, the invention provides a movable lip of a breast box of a paper
      making machine with an adjusting mechanism which measures the displacement
      of the lip toward and away from a breast roll of the machine over a range
      of positions from outside the machine. The lip serves to define, in part,
      a nozzle duct as is known. The adjusting mechanism includes an adjusting
      rod which is adjustable along a longitudinal axis, at least one connecting
      rod which is pivotally connected to the rod and lip at opposite ends, a
      means having an indicating line representative of the motion of the lip
      over the range of positions, and an indicator. The indicator extends
      transversely from the longitudinal axis of the adjusting rod for movement
      with the rod and is disposed over the indicating line to indicate the
      position of the lip.
PAR  The adjusting mechanism also includes a scale means which is adjustably
      mounted in the direction of the indicator and which includes a plurality
      of parallel lines parallel to the axis of the adjusting rod. The lines of
      the scale means cooperate with the indicating line to indicate the
      position of the lip and to measure the displacement of the lip from
      position to position.
PAR  In one embodiment, the indicating line is a curved line which corresponds
      to the relationship between the axial movement of the adjusting rod and
      the adjusting movement of the lip. With the use of the scale means, the
      adjustment of the lip can be very accurately read off.
PAR  The indicating line may be disposed on an element, such as a disc, while
      the scale lines are disposed on another element, such as a disc. In such
      case, the discs can be mounted in overlying manner with the front disc
      being transparent and the other disc disposed in back. This feature not
      only enables the lip adjustment to be accurately read off, but also
      enables the scale lines to be adjusted to different starting positions,
      i.e., selected minimum widths of the gap or nozzle duct defined in part by
      the lip.
PAR  The adjusting rod may also have an adjustable stop which limits the
      movement of the rod in the direction of reducing the width of the nozzle
      duct. The use of a stop of this kind enables a starting position for the
      width of the nozzle duct to be determined in accordance with operational
      requirements without complicated adjustment of the adjusting mechanism. As
      will be explained hereinafter, the zero position need not be altered.
      Nevertheless, the position of the lip at any particular moment in
      comparison with the starting position can always be read off, if the curve
      line and the scale lines are adjusted to a fresh starting position in the
      manner described below. The stop is screwthreaded onto the adjusting rod
      so as to be adjusted axially of the adjusting rod and cooperates with a
      shoulder rigidly attached to the machine. The result is a very simple and
      robust construction of the stop mechanism.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 illustrates a cross-sectional view of a paper making machine
      utilizing an adjusting mechanism according to the invention;
PAR  FIG. 2 illustrates a partial plan view of the adjusting mechanism taken in
      the direction of the arrow P in FIG. 1;
PAR  FIG. 3 illustrates a detail of the adjusting mechanism including an
      indicator in accordance with the invention; and
PAR  FIG. 4 illustrates the adjusting mechanism with the indicator in a
      different starting position.
DETD
PAR  Referring to FIG. 1, a paper making machine includes a vacuum breast roll
      or roller 1 having a breast box 2 containing a nozzle duct 6 for the feed
      of pulp, i.e. a fiber containing suspension in water. The roller 1
      includes a permeable element 7 which can, for instance, be a round or
      elongate screen on which the pulp is placed from the nozzle duct 6. As
      shown, the nozzle duct 6 is defined, in part, by the roller 1 and, in
      part, by a lip 10.
PAR  The lip 10 is movably mounted relative to the roller 1. For example, the
      lip 10 is pivoted by a hinge 11 secured to another part of the machine.
PAR  Referring to FIGS. 1 and 2, an adjusting mechanism is mounted on the
      machine to move the lip 10. This mechanism includes an adjusting rod 20
      which extends parallel to the axis of the hinge 11 and is adjustable along
      a longitudinal axis within bearings 21. These bearings 21 are attached to
      a support 15 which extends transversely of the paper making machine. The
      ends of the support 15 are in turn attached to lateral plates 17 at both
      ends of the paper making machine.
PAR  As shown in FIGS. 3 and 4, the left-hand end of the adjusting rod 20, as
      viewed, has a screwthreading 22 which is threaded into a screwthreaded
      socket 23 which is rotatably mounted by thrust bearings A and radial
      bearings R in a fixed bearing casing 24. The socket 23 has an adjusting
      pin 25 which is formed with an outer hexagonal surface for adjustment by a
      suitable tool. As also shown in FIGS. 2 and 3, that part of the adjusting
      rod 20 which is disposed between the bearing casing 24 and the adjoining
      bearing 21 is enclosed in a protective tube 22' to protect the
      screwthreading 22.
PAR  As shown in FIG. 2, connectors 26 are attached to the adjusting rod 20
      which extends over the whole width of the paper-making machine and can
      therefore be very long. Each connector 26 contains a cylindrical hub 27
      which is clamped by screws 28 on the adjusting rod 20. Each connector 26
      also contains projecting lugs 29 through which a pin 30 extends. The pin
      30 is mounted in a part 31 into which is screwthreaded pin 32 of a
      screwthreaded rod 33 is screwed. The outer end of the screwthreaded rod 31
      also has screwthreaded pin 34 which is screwed into a part 35 having a lug
      36 at the end. The screwthreaded pins 32,34 of the screwthreaded rod 33
      have either screwthreadings with a different direction of rotation or
      screwthreadings which have the same direction of rotation, but different
      pitches. The lug 36 encloses a spherical pin 37 attached to a bearing part
      38. The screwthreaded pins 32, 34 also have locking nuts 39. The parts 31,
      33, 35 cooperate to form a connecting rod 40. Although only two connecting
      rods are shown in the drawings, a larger number can of course be provided.
PAR  The basic position of the adjusting mechanism, the so-called zero position,
      is the position in which the axes of the connecting rods 40 lie in planes
      O extending perpendicularly to the adjusting rod 20. If then the adjusting
      rod 20 is moved axially i.e. linearly in the direction indicated by the
      arrow V, the lip 10 is removed from the breast roller 1 by the connecting
      rods 40. When the adjusting rod 20 makes a movement in uniform steps, the
      lip 10 is first lifted slowly and then more and more quickly.
PAR  As shown in FIGS. 3 and 4, an indicator rod 50 extends outwardly from the
      screwthreaded socket 23 and is attached coaxially to the end of the
      adjusting rod 20. In addition, an indicator 51 is attached to the end of
      the indicator rod 50. The indicator 51 is in the form of a straight
      pointer 51 and extends perpendicularly to the axis of the adjusting rod 20
      and indicator rod 50. The indicator rod 50 which acts as an extension of
      the adjusting rod 20 has a screw-threading onto which a stop 52 is
      threaded. In addition, a lock nut 53 is threaded onto the rod 50 to lock
      the stop 52 in position.
PAR  A disc is associated with the indicator 51 and has a curved line 55 formed
      thereon which is representative of the relationship between the axial
      movement V of the adjusting rod 20 and the adjusting movement of the lip
      10. For example, the line 55 is a portion of a sine curve. The disc 54 is
      mounted in a holder 56 which is secured on a stationary machine part 57.
      In addition, the disc 54 is transparent.
PAR  A second disc 58 is also mounted behind the transparent disc 54. The second
      disc constitutes a scale means which has a plurality of scale lines 60
      parallel with the axis of the adjusting rod 20. The respective lines 60
      have corresponding indicia 62 such as printed numbers or pins. This scale
      disc 58 is adjustably mounted in the holder 56 by a screw 61 so as to be
      moved in the direction of the indicator 51, i.e., upwards and downwards as
      viewed.
PAR  Rotation of the screwthreaded socket 23 produces adjusting movements of the
      adjusting rod 20 and therefore changes in the width of the gap S (FIG. 1),
      representing the outlet end of the nozzle duct 6. When the adjusting rod
      20 makes a movement to the left (FIG. 2), the gap S is reduced and is
      increased in the case of a movement in the opposite direction.
PAR  When the connecting rods 40 are in the zero position in which their axes
      lie in the planes O, the adjusting mechanism and the indicator 51 are
      disposed in the position illustrated in FIG. 3. The stop 52 touches a
      shoulder 23' of the screwthreaded socket 23 so that the rod 20 cannot make
      a movement to the left. In this sense, the shoulder 23' acts as a fixed
      shoulder of the paper making machine. A movement of the rod 20 to the
      right increases the gap S. The indicator 51 is moved along the curved line
      55 while the indicia 62 associated with the scale lines 60 directly
      indicate the size of the gap S. Even fractions of integers can be
      estimated. Due to the initially shallow course followed by the curved line
      55, the adjustment of the gap S can be relatively accurate, although with
      increasing size of the gap S, the accuracy decreases. This precisely
      corresponds to operational requirements.
PAR  If a different minimum width of the nozzle duct (gap S) is required, the
      lengths of the connecting rods 40 can be altered to adjust a fresh zero
      position. However, the adjusting mechanism can be adjusted in a much
      simpler manner by the displacement of the adjusting rod 20, so that the
      lip 10 moves into a fresh starting position with the required gap width S.
      The stop part 52 can then be screwed so far to the left (FIG. 3) as to
      abut the shoulder 23'. This position is shown in FIG. 4. Lastly, the scale
      disc 58 can be so adjusted by the screw 61 that the scale line O is
      situated at the point X of intersection of the measuring edge of the
      indicator 51 with the curved line 55.
PAR  With a starting position adjusted in this way, the adjusting rod 20 as
      shown in FIG. 4 is prevented by the stop part 52 from moving further to
      the left. All that can happen is an increase in the size of the gap S due
      to the movement of the adjusting rod 20 to the right (FIG. 4). The
      increase over the starting position can be read off by means of the curved
      line 55 and the scale line 60. Preferably, therefore, the zero position,
      at which the connecting rods 40 are perpendicular to the adjusting rod 20,
      can be so selected as to produce the minimum width of the nozzle duct and
      gap S ever occurring during operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a breast roll and a movable lip of a breast box of a
      paper making machine, said lip being movable over a range of positions
      toward and away from said breast roll; an adjusting mechanism comprising
      an adjusting rod, said rod being adjustable along a longitudinal axis of
      said rod parallel to the transverse width of said lip; at least one
      connecting rod disposed on an axis transverse to said longitudinal axis
      and being pivotally connected to said adjusting rod at one end of said
      connecting rod and to said lip at an opposite end of said connecting rod;
      means having an indicating line representative of the motion of said lip
      in said range; an indicator extending transversely from said longitudinal
      axis of said adjusting rod for movement with said adjusting rod, said
      indicator being disposed over said indicating line to indicate the
      position of said lip in said range.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said line is a curved
      line corresponding to a relationship between the axial movement of said
      adjusting rod and an adjusting movement of said lip, and wherein said
      means includes a scale means for measuring the displacement of said lip.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein said scale means is
      adjustably mounted relative to said indicator and includes a plurality of
      parallel lines parallel to said axis of said adjusting rod for measuring
      the displacement of said lip.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said line is disposed on
      a first disc and said scale means is a second disc, and wherein one of
      said disc is transparent and the other of said discs is disposed behind
      said transparent disc.
NUM  5.
PAR  5. The combination as set forth in claim 1 which further comprises an
      adjustable stop on said adjusting rod for limiting movement of said
      adjusting rod along said axis in a direction to narrow a gap defined in
      part by said lip.
NUM  6.
PAR  6. The combination as set forth in claim 5 which further comprises a fixed
      shoulder on the paper making machine and wherein said adjustable stop is
      threaded onto said adjusting rod to abut said shoulder to limit movement
      of said adjusting rod in said direction.
NUM  7.
PAR  7. In combination with a breast roll and a movable lip of a breast box of a
      paper making machine, said lip being movable over a range of positions
      toward and away from said breast roll; an adjusting mechanism comprising
PA1  a rotatably mounted socket;
PA1  an adjusting rod adjustably mounted in said socket along a longitudinal
      axis of said rod parallel to the transverse width of said lip;
PA1  a plurality of connecting rods disposed on axes transverse to said
      longitudinal axis, each said connecting rod being pivotally connected to
      said adjusting rod at one end of said connecting rod and to said lip at an
      opposite end of said connecting rod;
PA1  means having an indicating line representative of the motion of said lip in
      said range;
PA1  an indicator rod attached to said adjusting rod for movement with said
      adjusting rod and extending from said socket; and
PA1  an indicator attached to said indicator rod and extending perpendicularly
      to said axis for movement with said indicator rod, said indicator being
      disposed over said indicating line to indicate the position of said lip in
      said range.
NUM  8.
PAR  8. In combination with a breast roll and a movable lip of a breast box of a
      paper making machine, said lip being movable over a range of positions
      toward and away from said breast roll; an adjusting mechanism comprising
PA1  a fixed bearing casing;
PA1  a screwthreaded socket rotatably mounted in said casing;
PA1  an adjusting rod threadably mounted in said socket for linear movement
      axially of a longitudinal axis of said rod parallel to the transverse
      width of said lip;
PA1  at least one connecting rod disposed on an axis transverse to said
      longitudinal axis and being pivotally connected at one end thereof to said
      adjusting rod and at an opposite end thereof to said lip;
PA1  means having an indicating line representative of the motion of said lip in
      said range;
PA1  an indicator rod attached to said adjusting rod for movement with said
      adjusting rod and extending from said socket; and
PA1  an indicator attached to said indicator rod and extending perpendicularly
      to said axis for movement with said indicator rod, said indicator being
      disposed over said indicating line to indicate the position of said lip in
      said range.
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PAL  A liquid-metal-cooled reactor comprising two rotatable plugs, one of them,
      having at least one hole, being arranged internally of the other, a
      recharging mechanism with a guide tube adapted to be moved through the
      hole of the first plug by means of a drive, and a device for detecting
      stacks with leaky fuel elements, the recharging mechanism tube serving as
      a sampler.
BSUM
PAR  The present invention relates to nuclear engineering, and more particularly
      to a liquid-metal-cooled reactor.
PAR  Known in the art are liquid-metal-cooled reactors comprising two rotatable
      plugs, the first plug having at least one hole and being arranged
      internally of the second, a recharging mechanism with a guide tube adapted
      to move through the hole of the first plug with the aid of a drive and
      accommodating a rod provided with means for gripping a fuel element stack
      and removing it from the reactor core into the guide tube. These reactors
      are also provided with a device for detecting stacks with leaky fuel
      elements, comprising a sampler to withdraw coolant samples from each
      individual fuel element stack, with an inert carrier gas being fed under
      pressure to the sampler, and having an inner space wherein a coolant
      sample is degassed and which communicates with a device for measuring the
      radioactivity of the inert carrier gas and of the gases evolved from the
      coolant sample, evacuated from the sampler.
PAR  A disadvantage inherent in such a liquid-metal-cooled reactor, comprising a
      device for detecting stacks with leaky fuel elements resides in the
      complexity of the design of the sampler of the device for detecting stacks
      with leaky fuel elements, which sampler is made in the form of a collector
      with intricate piping arranged inside the reactor. This complicates the
      recharging of the fuel element stacks, which involves dismantling of the
      whole installation. The reactor is thus rendered difficult to operate,
      with additional time required to check faulty fuel element stacks, and the
      risk of exposure to radioactive matter contaminating the equipment inside
      the reactor involved.
PAR  It is an object of the invention to provide a liquid-metal-cooled reactor
      allowing consecutive checks of all fuel element stacks without removing
      them from the reactor core, upon stopping the reactor, and, at the same
      time, to remove faulty stacks from the core.
PAR  With this and other objects in view, the present invention relates to a
      liquid-metal-cooled reactor comprising two rotatable plugs, one plug
      having at least one hole and being arranged internally of the other, a
      recharging mechanism with a guide tube for moving through the hole of the
      first plug and accommodating a rod with means for gripping a fuel element
      stack and removing it from the core into the guide tube, and a device for
      detecting stacks with leaky fuel elements, provided with a sampler to
      withdraw coolant samples from individual fuel elements, which sampler is
      adapted to receive inert carrier gas fed thereto under pressure and to
      degas a coolant sample, the inner space of the sampler communicating with
      means for measuring the radioactivity of the inert carrier gas and of the
      gases evolved from the coolant sample, both evacuated from the sampler.
PAR  According to the invention, the guide tube of the recharging mechanism is
      used as the sampler, together with means for introducing the inert carrier
      gas, and means for evacuating the inert carrier gas together with the
      gases evolved from the coolant sample.
PAR  It is recommended that the wall of the guide tube of the recharging
      mechanism be provided with a duct for removing the inert carrier gas
      together with the gases evolved from the coolant sample, which duct
      communicates with the inner space of the guide tube through a hole made in
      the guide tube wall, above the coolant level, and a duct for feeding the
      inert carrier gas into the tube, which duct also communicates with the
      inner space of the guide tube through a hole made in the that wall, level
      with the bottom end of the fuel element stack, transferred from the core
      to the tube.
PAR  It is alternatively also suggested that a duct be provided in the wall of
      the rod with the gripper for feeding the inert carrier gas into the tube,
      which duct communicates with the inner space of the rod through a hole in
      the proximity to the end face of the rod, fitted on the bottom end whereof
      is a sealing member intended to shut off the coolant flow from the fuel
      element stack, as well as at least one hole made in the rod above the
      coolant level in the guide tube to evacuate the inert carrier gas together
      with the gases evolved from the coolant sample.
DRWD
PAR  Other objects, advantages and features of the invention will become evident
      from the following description of preferred embodiments thereof taken in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is an elevational view of a liquid-metal-cooled reactor, according
      to the invention; and
PAR  FIG. 2 is an elevational view of another embodiment of the
      liquid-metal-cooled reactor, according to the invention.
DETD
PAR  Referring now to FIG. 1, the inventive liquid-metal-cooled reactor 1
      comprises two rotatable plugs 2 and 3, one of them /plug 2/ being arranged
      in the other /plug 3/ and having a hole 4.  The plug 2 may be provided
      with additional holes. The reactor 1 also comprises a housing 5, a cover
      /not shown/, a core with fuel element stacks 6 washed by a coolant 7, and
      a recharging mechanism 8 with a guide tube 10 adapted to move through the
      hole 4 of the rotating plug 2 with the aid of a plug 9. The guide tube 10
      accommodates a rod 11 with a gripper 12 for gripping the stack 6 and
      removing it from the core into the guide tube 10.
PAR  The reactor 1 further comprises a device for detecting stacks 6 with leaky
      fuel elements. The guide tube 10 serves as a sampler in the detecting
      device, which makes for consecutive sampling of the coolant from each
      stack 6. Provided in the wall of the guide tube 10 is a duct 13 for
      feeding an inert carrier gas into the sampler which duct communicates with
      the inner space of the guide tube 10 through a hole 14 made in the wall of
      the tube 10 level with the bottom end 15 of the stack 6 transferred from
      the core of the reactor 1 into the tube 10.
PAR  The duct 13 for feeding the inert carrier gas also communicates with a
      doser 16 of a known design through a pipe 17. A duct 18 for evacuating the
      inert carrier gas together with the gases evolved from a coolant sample
      from the sampler is provided in the wall of the guide tube 10 and
      communicates with the inner space thereof through a hole 19 made in the
      wall of the tube 10 above level B of the coolant 7 in the tube 10 /C is
      the coolant level in the vessel of the reactor 1/. The other outlet of the
      duct communicates through a pipe 20 with means 21 for measuring the
      radioactivity of the outgoing gases, preferably in the form of a
      conventional instrument for measuring the concentration of a radioactive
      gas.
PAR  Turning now to FIG. 2, the modified inventive reactor 22, as compared to
      the reactor 1 of FIG. 1, comprises a duct 23 for feeding the inert carrier
      gas provided in the wall of the rod 11 and communicating with the inner
      space thereof through a hole 24 made in proximity to the end face of the
      rod 11. Fitted on the bottom end of the latter is a sealing member 25
      shutting off the coolant flow from the stack 6. Made above the coolant
      level B in the tube 10, in the wall of the rod 11, are a plurality of
      holes 26 through which the inner space of the rod 11 communicates with the
      hole 19 in the guide tube 10 to direct the inert carrier gas together with
      the accumulated gas through the duct 18 and the pipe 20 to the means 21
      for measuring the radioactivity of the gas.
PAR  The liquid-metal-cooled reactor provided with a device for detecting stacks
      with leaky fuel elements operates as follows.  The detection of stacks
      with leaky fuel elements during the recharging of fuel element stacks is
      ensured by the structure of the liquid-metal-cooled reactor 1 shown in
      FIG. 1. The tube 10 of the recharging mechanism 8 is positioned, by means
      of the rotatable plugs 2 and 3, above the fuel element stack 6, then
      lowered by means of the drive 9 towards the cap of the stack 6. The
      gripper 12 grips the cap and, as the rod 11 is moved up, the stack 6 is
      introduced into the tube 10. The inert carrier gas is fed under a pressure
      exceeding that of the coolant 7 from the doser 16 through the pipe 17 and
      duct 13 into the inner space of the tube 10 containing the coolant 7. The
      inert carrier gas makes the coolant 7 bubble in the space, thus degassing
      it and entraining the radioactive gases from leaky fuel elements of the
      stack 6. Then, the gas mixture passes through the hole 19, duct 18 and
      pipe 20 to the measuring means 21.
PAR  To avoid introducing the stack 6 into the tube 10, use should preferably be
      made of a reactor embodied as shown in FIG. 2. The tube 10 is positioned,
      by means of the plugs 2 and 3, above the stack 6 being controlled, and the
      rod 11 is lowered, by means of the drive /not shown/ until the rod is
      tightly fitted on the stack 6 by means of the sealing member 25. The inert
      carrier gas is fed under a pressure exceeding that of the coolant 7 from
      the doser 16 through the pipe 17 and duct 23 into the inner space of the
      guide tube 10, the pressure of the inert carrier gas being sufficient to
      maintain the level B of the coolant 7 in the tube 10.
PAR  After the accumulation of gases in the inner space of the tube, the
      pressure of the inert carrier gas is brought down, the coolant is bubbled
      and the accumulated radioactive gas is evacuated. Then, the inert carrier
      gas together with the radioactive gases evolved from the sample of the
      coolant 7 are also delivered to the measuring means 21 through the inner
      space of the rod 11, holes 26 and 19, duct 18 and pipe 20.
PAR  If the measuring means 21 indicates that the concentration of radioactivity
      has reached a critical level, the stack 6 is removed from the core of the
      reactor 22. To do this, the rod 11 is lifted by means of its drive, the
      tip 25 is detached from the stack 6, the gripper 12 is made to grip the
      cap of the stack 6, and the rod 11 together with the griper 12 and the
      stack 6 are directed into the guide tube 10 to be extracted from the
      reactor 22.
PAR  The inventive reactor with a device for detecting stacks with leaky fuel
      elements permits of consecutive checks, upon stopping the reactor, of all
      stacks with the ultimate aim of locating stacks with leaky fuel elements
      without removing them from the reactor core, as well as easy extraction
      (with the aid of conventional means and devices) of the faulty stacks from
      the reactor.
PAR  If necessary, the stacks may be checked at the same time with their
      recharging, both when the coolant is stationary and when circulated by
      force.
PAR  Thus, the time required to shut down the reactor to locate stacks with
      leaky fuel elements is minimized, thereby allowing considerable savings to
      be made.
PAR  By applying the present invention to a reactor known as the type BR-5, it
      has become possible to reduce the shut-down time required to check a fuel
      element stack to one hour /from six hours with the old construction/, and
      in the case of another reactor, known under the designation BOR-60, to
      half an hour. Moreover, this method of detecting faulty stacks has proved
      highly reliable /in the case of the latter reactor type, not a single
      faulty stack was missed even though a single measurement was taken/.
PAR  The present invention assures total reactor and personnel safety.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid-metal-cooled reactor comprising: a housing; a core in said
      housing; fuel elements in said core; stacks of said fuel elements in said
      core; a first rotatable plug having at least one hole; a second rotatable
      plug disposed in said housing and accommodating said first plug; a
      recharging mechanism; a drive in said recharging mechanism; a guide tube
      in said recharging mechanism for moving through said hole along the
      longitudinal axis of the reactor with the aid of said drive; a rod inside
      said guide tube, having an inner space, for gripping the fuel-element
      stacks and remove them from said core into said guide tube; a gripper in
      said inner space of the latter; a device for detecting stacks with leaky
      fuel elements; said guide tube also serving as a sampler in said detecting
      device; said sampler having an inner space for receiving inert carrier gas
      fed under pressure thereto and to degas a coolant sample; means inside
      said guide tube for introducing the carrier gas into said sampler; means
      inside said guide tube for evacuating the gas together with gases evolved
      from the coolant sample; and means for measuring the radioactivity of the
      carrier gas together with that of the evolved gases, both removed from
      said sampler, and communicating with said inner space of the latter.
NUM  2.
PAR  2. The reactor as defined in claim 1, wherein said introducing means is in
      the form of a first duct in a wall of said guide tube, communicating with
      said inner space of the guide tube through a first hole made in said wall
      below the level of the bottom end of the stack, transferred from said core
      into said guide tube; and wherein said evacuating means is in the form of
      a second duct in said wall, communicating with said inner space of the
      guide tube through a second hole made in said wall above the level of the
      coolant sample in said guide tube.
NUM  3.
PAR  3. The reactor as defined in claim 1, wherein said introducing means is in
      the form of a first duct in a wall of said rod, communicating with said
      inner space of the rod through a hole made in the proximity to an end face
      of said rod; a sealing member for shutting off the flow of the coolant
      sample from the stack on said end face of the rod; said evacuating means
      is in the form of a second duct in a wall of said guide tube,
      communicating with said inner space of the latter; and wherein said wall
      of the rod has therein another hole above the level of the coolant sample
      in said guide tube.
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ABST
PAL  A nuclear reactor plant comprising at least two hydraulically separated but
      thermally interconnected heat conveying circuits, of which one is the
      reactor circuit filled with a non-water medium and the other one is the
      water-steam-circuit equipped with a steam generator, a feed water conduit
      controlled by a valve and a steam turbine, and a control system mainly
      influenced by the pressure drop caused in said feed water conduit and its
      control valve and having a value of at least 10 bars at full load.
BSUM
PAR  The invention relates to a nuclear reactor plant intended for supplying
      heat to a steam generator, which plant comprises at least two circuits for
      conveying this heat, these circuits being hydraulically separated but
      thermally coupled to each other by means of heat exchangers, specifically
      one water-steam-circuit equipped with a steam generator, a feed water pump
      which is included in a feed water conduit with a feed controlling valve as
      well as with a steam turbine, and one reactor-circuit equipped with a
      primary circulation pump and charged with a non-water, heat-transferring
      medium, in such a way that the heat exchangers in the operative state
      exhibit a relatively small pressure drop.
PAR  The control systems hitherto known for such a reactor system have been
      marked by a high degree of complexity. Applicant has arrived at the
      insight that it is also possible to attain very good results with a
      control system of very simple design.
PAR  According to the invention, this aim is reached by dimensioning the feed
      water conduit with the feed water control valve contained therein in such
      a way that the pressure drop along this feed water conduit at full load is
      greater than 10 bars. In proportion as the pump characteristic is steeper,
      this pressure drop can become somewhat smaller without any objection. If a
      pump is selected having a steep curve indicating the correlation between
      lift and output, this will furthermore provide the advantage of such a
      pump being lower in price. In a given design, use may be made, for
      example, of a feed pump marked by an almost linear correlation between
      lift and output.
PAR  This curve may be actually curved or may be a virtually straight line
      which, at a constant pump speed, indicates the correlation between lift
      (=pump pressure) and output, and is in this connection called steeper in
      proportion as, with a given drop in output, the lift of the pump rises.
      This curve is in the following sometimes designated as "pump
      characteristic."
PAR  Since it is sometimes not a simple matter to realize a fairly appreciable
      pressure drop in a control valve, use may be made, if required, of a
      hydraulic turbine. In this liquid turbine, at least part of the pressure
      drop can be realized which is necessary for the stability of the system.
      An additional advantage of this is that energy is recovered in the liquid
      turbine. The liquid turbine, which often needs to comprise only one step,
      can advantageously be accommodated in the housing of the feed water pump,
      the blade wheel of this turbine being fastened on the rotor of the pump. A
      bypass valve, arranged in a bypass of the turbine, in such case regulates
      the amount of feed water flowing through the turbine.
PAR  In many cases, the aforementioned hydraulically separated but thermally
      coupled circuits are separated from each other not only by heat exchangers
      but also by an additional heat-transferring circuit. This measure will be
      taken specifically in the case of a nuclear reactor plant provided with a
      sodium-cooled reactor. In such a case, the precaution is taken of
      providing an additional heat-transferring circuit for hydraulically
      separating the primary circuit and the steam-water-circuit; said
      additional or so-called secondary circuit being equipped with a secondary
      circulating pump and containing a non-water heat-transferring medium. The
      three hydraulically separated circuits then are thermally coupled by means
      of an intermediate heat exchanger for conveying heat from the primary or
      reactor-circuit to the secondary circuit and the steam generator. For a
      correct understanding of the following, it is pointed out that a
      sodium-cooled reactor, on account of the secondary cooling circuits with
      prolonged dead times (time lags) for heat transportation, gives rise to
      processes which are difficult to control.
PAR  In this respect, it has been considered that the use of a
      steam-water-separator in the sodium-heated steam generator presents
      advantages with respect to the control of temperature in the steam
      generator. A consequence of using such a water-steam-separator, however,
      is that this steam generator gives rise to the formation of a positive
      feedback between live steam pressure and feed water flow. An important
      element of the present invention is the insight that this undesired
      feedback can be simply eliminated by taking the required measures for the
      pressure drop through the feed water conduit and the control valve, to
      have a value of at least 10 bars.
PAR  The aforementioned steam separator is necessary, because the evaporator of
      the steam generator produces somewhat wet steam. The excess water is
      separated from the mixture in the steam-water-separator, so as to return
      it to the feed water preheaters.
PAR  It has been found in practice that several factors are decisive for the
      stability of the control system of the steam generator. This steam
      generator system, consisting of a feed water pump, a control valve, an
      evaporator, a steam-water-separator, a superheater and a
      turbine-inlet-valve exhibits -- without the control circuits -- a negative
      feedback effect on account of the thermal behaviour thereof. In certain
      circumstances, however, the same system exhibits a positive feedback
      effect on account of the hydraulic behaviour.
PAR  The presence of a negative thermal feedback (back coupling) can be observed
      by an increase in the flow of feed water through the evaporator. Since, in
      this case, more water must be heated to boiling temperature, less steam
      will be produced, resulting in a drop of the flow of steam through the
      superheater. Since the conditions of steam admission to the superheater
      through the steam water separator must be kept constant, the power
      transmitted from the sodium to the steam is proportional to the quantity
      of steam flowing per unit of time through the superheater. A reduced steam
      production gives a higher sodium outlet temperature at the superheater,
      causing more power to become available for producing steam in the
      evaporator. As a result, the entire system will rapidly find its new state
      of equilibrium.
PAR  The fact, however, that a positive hydraulic feedback can also arise can be
      understood by realizing that a change occurs in the position of the
      turbine inlet valve. An increase in the valve passage of the turbine
      causes an increase in the amount of steam flowing through the steam
      conduit, as well as a pressure drop in this steam conduit, in the
      superheater and in the steam-water-separator. Now the mass flow through
      the evaporator is directly proportional to the square root of the pressure
      difference that prevails between the steam-water-separator and the feed
      water pump. This pressure difference increases as a result of the decrease
      of pressure in the steam-water-separator. The eventual increase of the
      feed water flow causes a decrease in the steam flow through the
      superheater, which in turn causes a decrease of the live steam pressure.
      In this manner, variations can occur in the steam pressure without leading
      to a new stable state.
PAR  It is a fortunate circumstance that the increase in the amount of feed
      water likewise produces a decrease of the feed water pump pressure as a
      result of the pressure output characteristic of this pump. If this
      decrease is of the same order of magnitude as the decrease in pressure of
      the steam-water-separator, a new, stable adjustment can indeed be reached
      in operation.
PAR  The output characteristic of the great majority of feed water pumps
      exhibits a slight inclination at low outputs. Accordingly, the opposing
      effect is too small for our purpose. Measures must therefore be taken for
      the increase in feed water flow, resulting from the pressure drop in the
      steam-water-separator, to be reduced at low loads. This can be done in a
      simple manner by introducing an extra pressure drop or resistance in the
      feed water conduit. According to calculations, a pressure drop of 20 bars
      at a load of 30 percent is sufficient for ensuring a stable behaviour of
      the steam generator. This pressure drop should be about 10 bars at full
      load for attaining the same stabilizing effect.
PAR  According to the invention, the control system is furthermore so designed
      that a control impulse coming from the measured amount of water separated
      in the external water separator gives an impulse to the feed water control
      valve.
PAR  A steam generator system equipped with such a control circuit exhibits the
      following behaviour: A drop of the live steam pressure owing for instance
      to a greater turbine steam flow, causes an increase in the feed water
      flow. This causes an increase in the draining of condensate collected in
      the steam-water-separator. The control circuit over this condensate
      drainage will slightly close the feed water valve, resulting in a decrease
      of the feed water flow as well as in a decrease of the steam condensate
      drainage and an increase in pressure, because of an increase both in the
      flow of steam to the superheater and the supply of heat. This pressure
      increase brings about a further decrease of the feed water flow, and thus
      a still further decrease in the drainage from the water separator. This
      decrease will again induce the control circuit to open the feed water
      valve still further, until a correct and stable state has fairly rapidly
      been established.
PAR  Now if the coupling factor between the live steam pressure changes and the
      change in the drainage of condensate from the steam water separator is too
      high, this control circuit can become unstable. This can be remedied by
      reducing the coupling factor by increasing the pressure drop in the feed
      water conduit. It has already been explained in the above that other
      considerations have also led to the finding that a pressure drop of 20
      bars will ensure at all loads a stabilizing dynamic behaviour of this
      control circuit.
PAR  According to a preferred embodiment of the invention, the set-point
      controls of the regulators for the tertiary and for the primary circuit
      are disconnected, whereby the process has become well regulable.
PAR  This is preferably accomplished by taking such measures that a control
      impulse coming from the measured steam pressure, or the measured amount of
      steam per unit of time, or a combination of these measured values,
      corrects the mass flow of the secondary circuit, by influencing the speed
      of the secondary circulating pump.
PAR  This measure can be effectively supplemented by causing a control impulse
      from the mass flow measured in the secondary circuit to correct the mass
      flow of the reactor circuit by influencing the speed of the primary
      circulating pump. Finally, it has been found effective to cause a control
      impulse from the mass flow measured in the secondary circuit to adjust the
      set point of the reactor temperature regulator.
PAR  With the use of the control method described, according to which the
      reactor outlet temperature changes as a function of load, the temperature
      of the live steam does not have to be separately regulated. Calculations
      have shown that this temperature during very fast load changes, such as,
      for example, 10 percent of load in 5 seconds, changes by only about
      6.degree.C, during a very short time, approximately 30 seconds.
PAR  The control system according to the invention can be load-following as well
      as load-forcing. According to the latter method, the secondary sodium pump
      is controlled with a desired power signal, and the live steam pressure is
      constantly controlled with the turbine valve, so-called prepressure
      (initial pressure) control.
PAR  With the aid of the following figures, two embodiments of the invention
      will be explained in further detail.
DRWD
PAR  In these figures,
PAR  FIG. 1 is a diagrammatical view of a nuclear reactor installation; equipped
      with three circuits, use being made of the control system according to the
      invention;
PAR  FIG. 2 is a variant of FIG. 1 for an installation equipped with two
      circuits and the feed water pump being provided with a turbine step. (This
      figure only indicates the change in the right-hand part of the diagram).
DETD
PAR  In FIG. 1, the numeral 1 represents a nuclear reactor, provided with a core
      2, inside which control rods 3 are accommodated. The control rods are
      moved with the aid of a control rod driving mechanism 4, which in turn is
      influenced by a control apparatus 5. The contents 6 of the reactor vessel
      are included in the primary circuit 7. This furthermore comprises a
      primary circulating pump 8 which is driven by an electric motor 9 with
      speed regulator. The medium, having been heated in the reactor vessel 1 by
      passing along the core 2, is pumped by the pump 8 to the heat exchanger
      10. This heat exchanger transfers the heat to the secondary circuit 11
      which is likewise provided with a pump 12 driven by an electric motor 13
      with speed regulator. The secondary circuit comprises successively a
      superheater 14 and an evaporator 15. Before the superheater, a measuring
      flange 16 is included which allows the amount of flow of secondary medium
      to be measured. The heat exchangers 14 and 15 finally transfer the heat to
      the steam-water-circuit 17 which includes a steam turbine 18 which drives
      an electric generator 19. The exhaust steam of the steam turbine 18 is
      condensed in the condenser 20 and finally pumped through a condensate pump
      21. A feed water pump 22 pressurizes this condensate so as to force it
      back to the steam generator. A number of feed water preheaters, not shown
      in the drawing, can be arranged between the condensate pump and the feed
      water pump. Such a feed water preheater is 23, which receives steam from
      the draining point 24 situated in the high pressure part of the steam
      turbine 18. After the feed water preheater 23, the feed water conduit
      contains the feed water control valve 25. This is followed by another
      preheater 26, which collects the condensate that has been separated in the
      external water separator 27. During normal operation, the valve 28 is
      closed, and the valves 29 and 30 are open. The steam water circuit
      likewise comprises a measuring flange, i.e. the flange 31 which measures
      the amount of steam which is conveyed through the main steam conduit to
      the turbine 18. The number 32 indicates a measuring point for measuring
      the steam pressure. The main shutoff valve of the turbine is indicated by
      33, it being symbolically shown that this valve is influenced by a speed
      regulator 34.
PAR  Control of the installation shown is performed as follows: A control
      impulse line 35, emitting a signal from a value which is a measure for the
      load, is supplied to the control circuit 5 of the reactor. The measured
      steam production in point 31 is supplied by the flow meter 37 to the
      control element 36. The same control element also receives an impulse
      through line 38 which comes from the pressure measurement 39. The control
      impulse emitted by the element 36 is conveyed to the electric motor 13 so
      as to adjust the pump 12 to the correct speed. This is accomplished with
      the aid of the control impulse line 40. The measuring flange 16, included
      in the secondary circuit 11, conveys an impulse to the flow meter 41.
      Besides giving an impulse through line 42 to the control circuit 5 of the
      reactor, it sends an impulse to the speed control of the pump motor 9 of
      the primary circulating pump 8 so as to regulate the speed of this pump.
      This is done with the aid of the impulse line 43. The control circuit 5,
      indicated symbolically in the figure, operates in such a way that it
      controls an outlet temperature at a point 44 near the outlet 45 of the
      reactor at a constant value with the aid of the control rods 3. The value
      to which this outlet temperature is adjusted can be influenced both by the
      impulse line 35 and by the impulse line 42.
PAR  The line 52, besides comprising a measuring flange 46, also contains a
      control valve 47. This valve, operating by way of the control circuit 48
      and the water level control 49, keeps the liquid level in 27 at a constant
      value. The measuring flange 46 conveys control impulses to the valve 25 by
      way of 50. There is a pressure drop across this valve 25, the magnitude of
      which is measured by the measuring element 51, which causes the result of
      measurement to act by way of line 53 upon the speed of the motor 54 which
      drives the pump 22.
PAR  Shown in FIG. 2 is a portion of the diagram according to FIG. 1, but
      designated as a variant. The reactor circuit 7 with the nuclear reactor 1
      is not entirely shown, because this has undergone no change with respect
      to FIG. 1. The parts of the diagram already discussed with regard to FIG.
      1 are indicated in FIG. 2 by the same reference numerals.
PAR  Shown here is an assembly with two circuits, i.e. the reactor circuit 7 and
      the steam-water-circuit 17, 21, 22, 26, 15, 14. The turbine 18 has three
      draining points for the feed water preheaters 23, 55 and 56. The feed
      water pump 22 is combined with a hydraulic turbine 60, through which part
      of the amount of feed water can flow. The magnitude of this partial amount
      is set with the bypass valve 57 contained in a bypass 61 of the turbine
      step. With the valve 57 entirely opened, only some of the feed water flow
      passes through the turbine 60, cooling this. With the valve 57 closed, the
      entire flow passes through turbine 60. The pressure drop which is required
      for control reasons can now be brought about economically and simply in
      the turbine 60, so that the valves 57 and 25 only need to dissipate a
      small amount of energy by throttling.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A nuclear reactor plant intended for supplying heat to a steam generator
      comprising a primary circuit filled with a heat-transferring medium which
      is different from water and equipped with at least a nuclear reactor, a
      pump and the primary section of a heat exchanger; a secondary circuit
      filled with a heat-transferring medium which is different from water and
      equipped with at least the secondary section of said heat exchanger, the
      primary section of said steam generator and a second pump; a tertiary
      circuit filled with water and steam and equipped at least with the
      secondary section of said steam generator, a steam turbine with
      controllable shut-off valve, a condenser with a condensate pump, a feed
      water pump and a feed water conduit provided with a controllable feed
      water valve and extending from the pressure side of the feed water pump to
      said steam generator; and a first regulating means to control the
      mass-flows in said primary circuit and said secondary circuit in a manner
      dependent on the steam power supplied to the turbine and wherein said feed
      water conduit and the devices forming part thereof are so constructed and
      dimensioned as to cause at full load between the ends of the feed water
      conduit a pressure difference of at least 10 bars.
NUM  2.
PAR  2. A nuclear reactor plant according to claim 1, in which the feed water
      conduit and the devices forming part thereof are so constructed and
      dimensioned as to cause at a load of 30 percent between the ends of the
      feed water conduit a pressure difference of at least 20 bars.
NUM  3.
PAR  3. A nuclear reactor plant according to claim 1 wherein said feed water
      conduit includes a liquid turbine for bringing about the realization of at
      least part of said pressure difference.
NUM  4.
PAR  4. A nuclear reactor according to claim 1 in which said steam generator
      includes an evaporator and a superheater and wherein there is provided,
      between said evaporator and said superheater, a water separator, the water
      discharge conduit of which contains a controllable valve and is connected
      with the feed water conduit, and in which there are provided a second
      regulating means to control said valve contained in the water discharge
      conduit of said water separator in a manner dependent on the position of
      the water level in said separator and a third regulating means to control
      the feed water valve in a manner dependent on the mass flow in said water
      discharge conduit.
NUM  5.
PAR  5. A nuclear reactor plant according to claim 4, in which there is provided
      a fourth regulating means to control the feed water pump in a manner
      dependent on the pressure difference across the feed water valve.
NUM  6.
PAR  6. A nuclear reactor plant according to claim 1, in which said first
      regulating means is so constructed and connected as to control the mass
      flow in the secondary circuit in a manner dependent on the quantity of
      steam supplied per unit of time to the turbine and as to control the mass
      flow in the primary circuit in a manner dependent on the mass flow in the
      secondary circuit.
NUM  7.
PAR  7. A nuclear reactor plant according to claim 6, in which said first
      regulating means is also so constructed and connected as to control the
      mass flow in the secondary circuit in a manner dependent on the pressure
      of said steam.
NUM  8.
PAR  8. A nuclear reactor plant according to claim 6, in which there are
      provided a regulating means to maintain the temperature of the medium
      flowing and the temperature of the reactor constant at a certain value,
      and a regulating means to adjust said certain value in a manner dependent
      on the mass flow in the secondary circuit.
NUM  9.
PAR  9. A three-circuit nuclear reactor plant intended for supplying heat to a
      steam generator, said plant comprising:
PA1  a primary circuit containing a non-water, heat-transferring medium and
      including a nuclear reactor, a primary pump and a primary section of a
      heat exchanger;
PA1  a secondary circuit connected between said primary circuit and said steam
      generator, and containing a non-water, heat-transferring medium, and
      including the secondary section of said heat exchanger and a secondary
      pump;
PA1  a tertiary circuit filled with water and steam, connected to said steam
      generator, and including a steam turbine with controllable shut-off valve,
      a condenser with condensate pump, a feed water pump having a pressure side
      and a steam generator side, and a feed water conduit extending between
      said pressure side and said steam generator; and
PA1  control means connected to said primary, secondary and tertiary circuits
      for controlling the mass flow in said primary circuit and said secondary
      circuit in a manner dependent on the quantity of steam supplied to said
      turbine in said tertiary circuit; and
PA1  wherein said tertiary circuit additionally includes means in said feed
      water conduit for introducing a large flow resistance therein so as to
      cause a pressure difference not less than ten bars at full load to be
      imposed along the length of said feed water conduit.
NUM  10.
PAR  10. A nuclear reactor plant as recited in claim 9 wherein said flow
      resistance introduced in said feed water conduit by the means last
      mentioned causes said pressure difference to be not less than 20 bars at
      30 percent load.
NUM  11.
PAR  11. A nuclear reactor plant as recited in claim 9 wherein said last
      mentioned means is a hydraulic turbine.
NUM  12.
PAR  12. A nuclear reactor plant for the supply of heat to a steam generator,
      said plant comprising three hydraulically separated circuits which are
      adapted to convey said heat and are thermally coupled to each other, one
      of said circuits being a water-steam-circuit which is equipped with a
      steam generator, a feed water conduit provided with a feed water control
      valve and a steam turbine, another one of said circuits being a primary
      circuit which includes a reactor and which is equipped with a primary
      circulation pump and is filled with a heat-transferring medium which is
      different from water, the remaining circuit constituting a secondary
      circuit which hydraulically separates the primary circuit and the
      water-steam-circuit and contains a heat-transferring medium which is
      different from water, a secondary circulation pump being provided in said
      secondary circuit, a first heat exchanger which thermally couples the
      primary reactor circuit to the secondary circuit, a second heat exchanger
      thermally coupling said secondary circuit to said water-steam-circuit and
      providing an evaporator for said water-steam-circuit, and a third heat
      exchanger thermally coupling said secondary circuit to said
      water-steam-circuit and providing a superheater for said
      water-steam-circuit, said superheater and said evaporator constituting
      together the said steam generator, said water-steam-circuit including a
      water separator connected between said evaporator and said superheater and
      being adapted to separate water from the water-steam-mixture produced in
      said evaporator and to return said water to the feed water conduit, and in
      which the plant is so controlled as to have the feed water control valve
      being controlled itself by an impulse coming from the measured amount of
      water separated in said external water separator said second and third
      heat exchangers causing during operation a relatively small pressure drop
      and both said feed water conduit and said feed water control valve being
      so dimensioned as to ensure that at full load the pressure drop caused by
      them is greater than 10 bars.
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ABST
PAL  A fuel element comprises highly a enriched uranium bodies coated with a
      nonfissionable, corrosion resistant material. A plurality of these bodies
      are disposed in layers, with sodium filling the interstices therebetween.
      The entire assembly is enclosed in a fluid-tight container of nickel.
BSUM
PAR  This invention relates to fuel elements for a neutronic reactor. In
      particular it pertains to the structural make-up of material containing
      fissionable isotope for a nuclear reactor.
PAR  Reference is made to my copending application, Ser. No. 721,108, filed Jan.
      9, 1947 now U.S. Pat. No. 2,975,117 issued Dec. 19, 1960 and to the
      copending application of Leo Szilard, Ser. No. 698,334, filed Sept. 20,
      1946, now U.S. Pat. 3,103,475 issued Sept. 10, 1963, for a showing of the
      type of reactors involved.
PAR  This invention involves a partial departure from conventional fuel elements
      having a single cylindrical body of material containing a fissionable
      isotope, such as uranium. Such a body is difficult and costly to
      manufacture because of the necessity to machine to precise dimensions.
      Also the body develops undesirable elongated crystals in the direction of
      rolling operation preceding the step of machining. Further, uranium is a
      relatively poor heat conductor.
PAR  An object of this invention is to provide a structure for material
      containing fissionable isotope for a reactor, which structure can be
      manufactured cheaply and easily by such simple operations as stamping or
      upsetting without a need for machining to accurate size.
PAR  Another object is the provision of a structural make-up for material
      containing fissionable isotope which does not exhibit a pronounced
      tendency to grow in a single direction.
PAR  A further object is to provide a structure of a fuel element for a reactor
      which structure has improved heat conductivity. This permits the heat of
      fission generated in the fissionable isotope to be dissipated more
      repeatedly and consequently the reactor to be operated at a higher
      specific power.
PAR  Other objects and advantages of this invention will, in part, be obvious
      and appear hereinafter.
DRWD
PAR  For a more complete understanding of the nature and scope of this
      invention, reference can be had to the following detailed description
      taken together with the accompanying drawings in which:
PAR  FIG. 1 is a vertical sectional view of a first embodiment of the present
      invention;
PAR  FIG. 2 is a horizontal sectional view, taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical sectional view of a second embodiment of the present
      invention;
PA1  Fig. 4 is a horizontal sectional view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a vertical sectional view of a third embodiment of the present
      invention;
PAR  FIG. 6 is a horizontal sectional view taken on the line 6--6 of FIG. 5;
PAR  FIG. 7 is a chart in which the ordinate is the ratio of space occupied
      (volume of spheres/volume of jacket) and the abscissa is the total number
      of spheres;
PAR  FIG. 8 is a vertical sectional view of a fourth embodiment of the present
      invention; and
PAR  FIG. 9 is a horizontal sectional view taken on the line 9--9 of FIG. 8.
DETD
PAR  In the drawings a fuel element is generally indicated at 10. It is
      preferably encased in a closed cylindrical jacket 12 having one end
      covered with a cap 14 in a fluid-tight manner by means of a weld 16 at the
      upper peripheral interface of the jacket and the cap. The preferred
      composition of the jacket and cap is nickel, titanium or stainless steel.
PAR  Within the jacket 12 is a plurality of solid spheres 18 of fissionable
      material, i.e., a material containing a fissionable isotope, such as
      U.sup.235. U.sup.235 -enriched uranium is used in the fast neutron reactor
      of my copending application, supra, and the U.sup.235 content is about
      93.5% of total uranium content in a uranium sphere. The spheres may be
      made by forging short lengths of uranium wire in a two-piece die. Each
      sphere is provided with a coat 20 of corrosion-resistant material, such as
      nickel or silver. The purpose of the coat is twofold, namely, to retain
      the fission gases as much as possible within the particular sphere in
      which they are generated, and to prevent corrosion of the fissionable
      material. Inasmuch as the spheres do not occupy the entire volume of the
      jacket 12, it is proposed that the unoccupied portion be filled with a
      heat-conducting metal, which is liquid at room temperature or which is
      easily liquefiable. Sodium is an example of an easily liquefiable
      heat-conducting metal. Also, a space 22 provided between the top layer of
      the spheres and the cap 14 is filled with the liquid metal. This space is
      provided to allow for expansion of the spheres at elevated temperatures.
PAR  The majority of the fuel elements for a neutronic reactor preceding this
      invention have contained solid bodies of fissionable material covered with
      corrosion-resistant metals, such as aluminum and stainless steel. Most of
      the fuel elements have used uranium as the fissionable material. Since
      uranium is not a good thermal conductor compared with other metals, it is
      evident that a heat gradient would develop between the center and the
      exterior of the uranium body. This gradient has been a limiting factor in
      the power output of a reactor using the uranium fuel elements in large
      masses. Consequently, it is proposed that the uranium be manufactured in
      bodies having smaller cross-sections in order to reduce the heat gradient
      within each body. A sphere is the preferred shape due to the ease of
      manufacture and the largest ratio of surface to volume. By immersing the
      bodies in a liquid coolant having a comparatively higher coefficient of
      thermal conductivity than uranium, the heat produced within each sphere is
      conducted by the coolant to the jacket 12 which is cooled externally.
PAR  If we consider that the spheres are die-shaped from short pieces of a
      length of wire, the growth that will occur in the direction of such length
      because of the working required to produce the wire will not occur in a
      single direction on the individual spheres in a given casing, because the
      balls will not orient themselves in the casing according to the original
      length.
PAR  Having sacrificed volume of fissionable material in each element 10 for the
      advantage of a lower heat gradient, it is necessary to pack spheres 18 in
      the jacket 12 as efficiently as possible. It is convenient to make all the
      spheres of the same size in a given jacket, and this enables the spheres
      to be packed in layers that extend generally transversely of the jacket
      12. Two types of packing are proposed. As shown in FIGS. 1 and 2, the
      layers are disposed one above the other in such a manner that a sphere of
      each layer contacts only one sphere in an adjacent layer; that is, the
      centers of the spheres lie in vertical lines. In FIGS. 3 through 6,
      however, each sphere contacts two spheres of an adjacent layer; that is,
      the center of one sphere lies between those of the two spheres upon which
      is rests. Manifestly, packing the spheres interstitially, as shown at 23
      in FIGS. 3 and 5, is a more compact method, because the uppermost point of
      a sphere on a lower layer is higher than the lowermost point of contiguous
      spheres in an upper layer.
PAR  In FIG. 7 is a graph of two curves showing the variation of cylinder space
      occupied with the number of spheres. One curve shows the layer packing as
      set forth with respect to FIGS. 1 and 2, and the other shows the
      interstitial packing as described with respect to FIGS. 3 through 6. Both
      curves show that the ratio of space occupied within a jacket is greater
      where a number of spheres in a given layer is an odd whole number. More
      precisely, the diameter of the container is an odd multiple of the
      diameter of the spheres. Hence, the greatest ratio of space occupied is
      that layer having only one sphere. The next greatest ratios are for seven
      and nineteen spheres. Although a layer having one sphere is not shown in
      the drawings, it is evident that the body would have a diameter equal to
      the inside diameter of the jacket 12 which would be a relatively large
      mass of uranium having the objectionable high heat gradient alluded to for
      cylindrical bodies. For this reason a layer having only one sphere has
      been ignored. The layers having seven and nineteen spheres are shown in
      the drawings. As shown in FIG. 2 a layer having seven spheres is arranged
      with a central sphere and six orbital spheres disposed around it. For a
      layer having nineteen spheres for the same size jacket, spheres having
      smaller diameters are used. They are disposed, as shown in FIG. 6, so that
      the central sphere has six spheres around it in an inner orbit and an
      additional twelve spheres in an outer orbit adjacent the jacket. From the
      arrangements shown in FIGS. 2, 4, and 6, it is evident that a central
      sphere is disposed with its center on the jacket axis. In addition, it is
      pointed out that the inside diameter of the jacket is an odd multiple of
      the diameter of each sphere.
PAR  Due to the fact that the central spheres of each layer are necessarily
      disposed on the axis of the jacket, these spheres can only be disposed
      above each other without interstitial packing as set forth in FIGS. 3 and
      5. Consequently, the column of central spheres in each figure extends
      above the surrounding spheres which are interstitially packed.
PAR  In order to increase the ratio of space occupied within each jacket the
      spheres, after being placed in their layers as set forth in FIGS. 1, 3,
      and 5, may be subjected to a force great enough to permanently distort the
      sphere so as to occupy part of the space between the undistorted spheres.
      In this manner, more spheres may be placed into each jacket. This
      modification of the invention is shown in FIGS. 8 and 9. The element 10
      comprises the jacket 12 and a compact agglomeration 24 of fissionable
      material which entirely fills the jacket. The agglomeration is the
      distinguishing feature of this embodiment over the previous ones. In
      general the agglomeration is formed by pressing a plurality of
      individually coated spheres into a compact cylinder. Specifically the
      preferred embodiment is composed of uranium spheres having 0.097 inch
      diameter and having an exterior coat of nickel or silver. The spheres are
      placed in a double acting die in vacuo and subjected to sufficient
      pressure at 450.degree.C. to achieve the proper compactness; that is, 15
      tons per square inch. The compact is then ground to 0.400 inch diameter
      and 0.5246 inch length and inserted into the thin walled jacket 12 in
      which it is sealed in the manner set forth above for the previous
      embodiments. If machining removes the coat of nickel or silver, a new coat
      is applied to the cylinder.
PAR  As shown in FIGS. 8 and 9, the spheres flow into all voids assuming various
      configurations. Each mass of the deformed spheres is contained within its
      original coat 20, for which reason the coats of adjacent bodies are
      pressed together so as to appear fused. Hence, the agglomeration 24 is a
      compact cylinder segregated into a number of parts equal to the original
      number of spheres by the coats of each sphere.
PAR  This form of the invention has the advantage of random orientation of the
      deformed spheres with respect to the direction of the original length of
      wire or rod from which the spheres were made. Thus growth due to working
      of the wire or rod will not be concentrated in a single direction.
PAR  Other variations from the preferred methods described will be apparent and
      may be made without departing from the spirit of and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel element for a neutronic reactor comprising a cylindrical
      fluid-tight container of nickel, a plurality of solid substantially
      spherical bodies of uranium containing about 93.5% U.sup.235 within the
      container a coating of nonfissionable, corrosion-resistant material
      covering each body, the bodies having substantially equal diameters, the
      diameter of the container being an odd multiple of the diameter of the
      bodies, the bodies being disposed in layers between the ends of the
      container each layer having a central body with two orbits about it, the
      inner orbit having six bodies and the outer orbit having twelve bodies,
      and sodium within the container, the sodium and the uranium bodies
      entirely filling the container.
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ABST
PAL  This invention relates to a control and shim rod arrangement for a nuclear
      reactor. A second shield of concrete completely encloses a biological
      shield. Moveable plugs are mounted in said shield.
BSUM
PAR  This invention relates to neutronic reactors, and particularly to a control
      and shim rod shield room for a reactor.
PAR  As is more fully described in the copending application of Robert M. Evans
      Ser. No. 649,407 filed Feb. 21, 1946, in which is disclosed a neutronic
      reactor with which the present invention finds particular adaptation, it
      is necessary for control of the operation of the reactor to provide
      control and shim rods of neutron absorbing material which can be inserted
      into the reactor preferably from one lateral face, and withdrawn therefrom
      partially or fully as dictated by the activity of the reactor. For this
      purpose, suitable passages are provided in the reactor and control and
      shim rods are mounted for movement into and out of the passages. For
      further more detailed discussion of the nuclear physics and physical
      characteristics of neutronic reactors, particularly control and shim rods,
      reference is made to the copending application of Fermi and Szilard, Ser.
      No. 568,904, filed Dec. 19, 1944, now U.S. Pat. No. 2,708,656.
PAR  However, the rods are highly radioactive when they are withdrawn from the
      passages due to the high degree of neutron bombardment to which they have
      been subjected while in the active portion of the reactor and a problem is
      presented of safeguarding personnel from the radiations from the withdrawn
      rods and from the open ends of the passages leading into the reactor.
PAR  One of the principal objects of the present invention is to provide novel
      simple and effective means of shielding control and shim rods when they
      are in their withdrawn position.
PAR  Another object is to shield personnel from radiations from the control and
      shim rod passages into a reactor when the rods are fully removed for
      servicing or repairs.
DRWD
PAR  Other objects of the present invention will be apparent from the following
      description wherein reference is made to the drawings, in which:
PAR  FIG. 1 is a diagrammatic vertical sectional view, partly in elevation,
      showing a portion of a neutronic reactor, the control rods therefor, and
      the shielding means of the present invention;
PAR  FIG. 2 is a fragmentary enlarged cross sectional view taken on line 2--2 of
      FIG. 1, partly in elevation;
PAR  FIGS. 3 and 4 are an enlarged top plan view and an enlarged side
      elevational view, respectively, of a main shield gate of the present
      invention;
PAR  FIGS. 5 and 6 are enlarged sectional views taken on line 5--5 of FIG. 4 and
      line 6--6 of FIG. 3 respectively;
PAR  FIG. 7 is a cross sectional view taken on line 7--7 of FIG. 1 partly in
      elevation, showing the intermediate shield gates of the present invention
      and the operating means thereof;
PAR  FIG. 8 is an enlarged vertical sectional view taken on line 8--8 of FIG. 7;
      and
PAR  FIG. 9 is an enlarged transverse cross sectional view through one of the
      control rods.
DETD
PAR  Referring to the drawings, the reactor comprises a mass 1 of graphite
      moderator in which is disposed suitable fissionable material (not shown),
      all of which is enclosed in a suitable biological shield 2, or a shield of
      a material of sufficient radiation absorption characteristics and
      thickness to protect living organisms outside of it from radiation.
      Passages 3 extend through one shield 2 and into the mass 1 for
      accommodating control rods 4 and are lined with aluminum tubes of the same
      general cross section as the rods 4 and only slightly larger, the tubes
      being sealed in place to prevent escape of helium from the reactor.
PAR  The rods in the example shown are arranged in vertically spaced tiers,
      three rods in each tier, the tiers and the rods of each tier being spaced
      about five feet apart. Each rod proper contains neutron absorbing material
      and is water cooled. A driven means, which preferably is in the form of a
      rack 5, is connected fixedly to each rod in end to end relationship and is
      rigid with the rod and forms a linear extension thereof, the rod proper
      and driven means in the illustrative example forming in effect opposite
      end portions, respectively, of a unitary rod structure.
PAR  The driven means or rack 5 cooperates with a driving means, which includes
      a reversible motor driven pinion 6, for driving the rods selectively
      endwise in opposite directions. The rods are supported on rollers 7 which
      are carried on a suitable framework 8. The rods are water cooled by
      circulating water therethrough from suitable inlet and outlet hoses 9
      carried on reels 10.
PAR  The driving means for the rods, including the pinions and motors (the
      motors not shown) and the water circulating fittings are shielded from the
      reactor by means of a shield wall 11.
PAR  The wall 11 has rod passages 12 therein and is the end wall of a room 13,
      the opposite wall of which is the shield 2 of the lateral face of the
      reactor. The room 13 is kept completely closed, except for the passages 12
      in the wall 11 and the passages 3 into the reactor, access being had to
      the room only by a suitable shield door (not shown) which normally is kept
      closed and locked. The room 13 is known as the "hot room" and is of
      greater length, endwise of the rods, than the length of those portions of
      the rods which are capable of insertion into the reactor. For example, the
      rods illustrated can be inserted into the reactor to a depth of about 28
      feet and the length of the room 13 is about 31 feet.
PAR  Consequently, upon fully withdrawing a rod which is active due to neutronic
      bombardment in the reactor passages 3, the active portion lies wholly
      within the room 13 and no active part of the rod is exposed outwardly of
      the wall 11. The desirability of such shielding is apparent from the fact
      that the rods emit about 10,000 roentgens per hour upon withdrawal from a
      pile of 250,000 kilowatts capacity and may not be approached safely for
      about a week after withdrawal.
PAR  In cross section, the passages 3 and 12 fit the cross sections of the rods
      4 with very slight clearance so that, while a rod extends into the
      passages, the stream of neutrons issuing around the rod through the
      passages is substantially blocked or greatly reduced compared to the
      stream of neutrons which would issue from a fully open end of a passage 3
      or 12. However, when a rod is fully removed from a passage 3 a stream of
      very high neutron and other radiations, such as gamma radiations, emanates
      from the passage. To prevent such direct radiations, suitable shield gates
      are provided.
PAR  The main shielding of the passages 3 is effected by main shield gates 14,
      arranged one for each passage 3. As better illustrated in FIGS. 2 through
      6, each gate 14 comprises a frame 15 which is rigidly mounted directly in
      front of the open end of one of the passages 3. Mounted in each frame 15
      is a plug 16 which is movable laterally of the axis of the associated
      passage 3 in a suitable guideway in the frame 15. The plug 16 has a lead
      portion positioned to overlie the open end of the passage 3 when the plug
      16 is in closed position. The plug 16 is operated by a suitable double
      acting pneumatic piston 18 which is fixedly secured to the frame 15 and
      which moves plug 16 back and forth by means of piston rod 17, as shown in
      FIGS. 3, 4, and 6. Each piston 18 is individually controlled by suitable
      remote control valves (not shown) to move the plug 16 in front of and
      clear from the passages 3 selectively. Limit switches 18a are provided
      which are engaged by adjustable stop members 18b riding on the plug 16,
      the stop member 18b to the right breaking an electric circuit when the
      piston rod 17 is retracted causing the member to strike the limiting
      switch 18a to the right, thereby actuating a relay (not shown) so as to
      cause the retracting motion to stop, and conversely the stop member 18b to
      the left breaking an electrical circuit when the piston rod pushes plug 16
      forward to the closed position, thereby actuating a relay (not shown) so
      as to cause the forward motion of piston rod 17 to stop.
PAR  In cases wherein it becomes necessary to remove a rod for service or
      repair, it is necessary also to prevent radiation from the "hot room" 13
      out through the passages 12 where it would be dangerous to personnel
      directly exposed and would contaminate the operating equipment.
PAR  For this purpose, each passage 12 is provided at its inner end with an
      intermediate gate 19, as better illustrated in FIGS. 7 and 8.
PAR  The passages 12 are provided with suitable sleeve liners 20 and headers 21
      and the gates 19 are fixed in position in front of the passages on the
      inner face of the wall 11.
PAR  Each gate 19 comprises a frame 22 in which a plug 23 is movable in opposite
      directions by a jack-screw 24. The screw 24 is operated by an internally
      threaded bevel gear 25 rotatably mounted in the frame 22. Each gear 25
      cooperates with a driving gear 26 which is rotatable by a rotatable shaft
      27, operated in turn by a detachable crank 28 from locations outside of
      and shielded from the room 13.
PAR  Each plug 23 is thus operable to be moved into alignment with its
      associated passage 12 and clear thereof, and each has a lead portion 29
      for preventing the passage of radiations through its associated passage 12
      when the lead portion is brought into alignment therewith.
PAR  Thus, personnel and the operating equipment are protected both from direct
      radiation from the rods 14 and passages 3 and from radiations from the
      room 13.
PAR  The wall 11 preferably is of hydrogeneous concrete and may be 5 feet or
      more in thickness. The other walls of the room 13 are of comparable
      thickness. The lead portions of the gates may be 6 inches thick in a
      direction lengthwise of the passages. The aforesaid dimensions will, of
      course, depend upon the power of the particular reactor.
PAR  As mentioned, the rods 4 are fluid cooled, and the water is circulated
      therethrough from hoses 9 in the apparatus or control room. To reduce
      radiation from the water to a minimum while affording adequate cooling of
      the rods 4, each rod, as illustrated in FIG. 9, preferably is formed from
      aluminum blocks 29 in which are enclosed a water inlet tube 30 and outlet
      tubes 31 which connect to inlet and outlet hoses 9, respectively. The
      tubes 30 and 31 are spray coated exteriorly with a layer of boron which
      absorbs neutrons effectively and reduces the possibility of rendering
      active any foreign matter which may be present in the cooling water.
PAR  Water is circulated through the tubes at a rate of about 10 gallons per
      minute. The activity of the rods decays very rapidly so that after about a
      week the rods can be approached to within a foot or so safely without
      exceeding a tolerance dose in 8 hours.
PAR  Having thus described the invention, what is claimed is:
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a neutronic reactor having a mass of moderator in
      which is disposed fissionable material enclosed in a biological shield of
      sufficient radiation absorption characteristics and thickness to protect
      living organisms outside it by absorbing neutrons, gamma rays and other
      radiation emanating from the mass, a lateral face on said biological
      shield having a plurality of apertures to pass only a plurality of control
      rods, said control rods being of equal length and comprising neutron
      absorbing material, said mass having passages aligned with said apertures,
      linear extensions on said control rods at the ends opposite to the ends
      disposed toward the mass, and driving means associated with said
      extensions adapted to impart movement to said control rods into and out of
      said passages in the mass, the improvement comprising a second shield of
      hydrogenous concrete forming a complete enclosure over said lateral face
      of the biological shield and having a wall parallel with said lateral face
      distant therefrom the length of the neutron absorbing portions of the
      control rods and a small part of their extensions, said parallel wall
      having apertures aligned with said passages in the mass to permit said
      extensions to pass between said complete enclosure and said driving means,
      shield gates comprising movable plugs mounted in front of each of the
      plurality of apertures in the biological shield and shield gates
      comprising movable plugs mounted in front of each of the apertures in the
      second shield, and means for moving said plugs laterally to open and close
      said apertures.
NUM  2.
PAR  2. The improved structure of claim 1 wherein the second shield is at least
      5 feet thick.
NUM  3.
PAR  3. The improved structure of claim 1 wherein the passages in the mass are
      horizontal and the movement imparted to said extensions is horizontal.
NUM  4.
PAR  4. The improved structure of claim 1 wherein the biological shield gates
      are enclosed in frames and the means for moving the plugs to open and
      close the apertures in the biological shield comprises double acting
      pneumatic pistons fixed to the frames of the gates with piston rods
      movably fixed to the plugs.
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ABST
PAL  A reactor pressure vessel is supported at its bottom end by an inverted
      frusto-conical surface concentric with the axis of the vessel and fixed to
      its bottom, this surface slidably resting on an upright frusto-conical
      surface which is also concentric with the vessel's axis. Radial thermal
      movements of the reactor's bottom results in diameter changes in the
      conical surface fixed to its bottom so that this surface by cam action
      moves up and down on the other surface, and with a properly defined
      angularity, compensates for the vertical thermal expansion of the vessel
      which occurs simultaneously with its radial expansion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A pressurized-water reactor pressure vessel has coolant pipes radiating
      from its upper portion and connecting with steam generators. With
      temperature changes, the vessel thermally expands and contracts.
PAR  To prevent such thermally induced motion from unduly stressing the coolant
      pipes, the vessel may be supported adjacent to the pipes which radiate
      from its upper portion. For greater support it is desirable to also
      support the vessel via its bottom, but this introduced the problem that if
      the vessel is supported mainly via its bottom its vertical thermal
      expansion and contraction motions displace the coolant pipes and place
      undesirable stresses on them and their connections with the vessels and
      the steam generators.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to support the vessel entirely or it
      least mainly by way of its bottom without introducing such stressing due
      to the thermal vertical expansion and contraction of the vessel.
PAR  According to the invention, the bottom of the vessel has a short cylinder
      fixed to it and providing an inverted frusto-conical surface pointing
      downwardly, this cylinder and its surface being concentric with the axis
      of the vessel and expanding and contracting radially with radial expansion
      and contraction of the vessel. This surface slidably rests on an upright
      frusto-conical surface provided by a short cylinder of the same diameter
      as the ring fixed to the vessel, and which rests on a suitable foundation
      which can be provided in the bottom of the usual concrete pit in which the
      vessel is positioned. The two surfaces are concentric and their
      angularities are the same.
PAR  The result of the above is that when the vessel thermally expands
      vertically and, therefore, also radially, the diameter of the cylinder
      fixed to the vessel's bottom changes, and by cam action the two surfaces
      provide vertical motion. The angularity of the two surfaces can be made so
      that as the vessel thermally expands its bottom moves downwardly and when
      it contracts vertically, its bottom moves upwardly, so that there is no
      motion at the vessel's top or upper portion from which the coolant pipes
      extend. This permits the coolant pipes to remain immovable vertically and
      reduces or eliminates their stressing previously described.
PAR  When the coolant pipes extend horizontally and substantially straight
      between the vessel and the steam generators, the stressing of the pipes
      due to the radial expansion and contraction of the upper portion of the
      vessel, can be greatly reduced by mounting the steam generators so that
      they can slide horizontally in the direction the pipes horizontally expand
      and contract.
PAR  Other features will be understood from the following.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred mode for carrying out the invention is illustrated by the
      accompanying drawings in which:
PAR  FIG. 1 is a vertical section showing a pressurized-Water reactor pressure
      vessel with its coolant pipes and steam generators contained within
      concrete containments; and
PAR  FIG. 2 is a vertical section on an enlarged scale of a segment taken from
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The reactor pressure vessel 1 is substantially cylindrical with its axis
      vertical and within its core barrel 2, the reactor core (not shown) is
      positioned. The vessel has a top closure 3 normally bolted closed. An
      intercept ring 4 engages the periphery of the cover 3 and is held down by
      hooks 5 which pivot on hinges 6 secured to the upper portion of the
      cylindrical concrete containment 8 forming the pit in which the pressure
      vessel is positioned. The intercept ring and hook arrangement is disclosed
      and claimed by the Dorner et al U.S. application Ser. No. 315,932, filed
      Dec. 18, 1972.
PAR  The bottom of the vessel 1 has a shoulder 9 at the periphery of its
      spherical bottom 10, and which is supported by the support arrangement 12
      of the invention.
PAR  Two identical steam generators 14 and 14' are connected with the upper
      portion of the vessel 1 by dual coolant pipes 15 and 15'. These pipes are
      in each instance divided by a horizontal partition so that the pipes
      provide coolant loops, respectively comprising hot legs 16 and 16' and
      cold legs 17 and 17'. The steam generators are of the type integrated or
      structurally combined with the main coolant pumps for the loops, the pumps
      being respectively shown at 20 and 20' driven by electric motors 21 and
      21', the pumps being contained by concrete cylinders 22 and 22'. The
      substantially cylindrical steam generators extend upwardly from these
      motors and pumps within concrete containments 23 and 23' vertically held
      in compression by tie rods 24 and 24'.
PAR  The arrangement 12 is shown on an enlarged scale by FIG. 2. Here, the short
      cylinder and cylindrical ring 26 is shown as being integral with the
      shoulder 9 of the vessel 1, although this ring 26 could be fixed to the
      periphery of the spherical bottom 10 of the vessel, by welding. This
      cylindrical ring 26 has substantially the same diameter as the vessel's
      bottom and is concentric with the axis of the vessel and its bottom. The
      bottom end of this ring 26 provides the inverted frusto-conical surface 27
      which faces downwardly and is slidably supported by the upwardly facing
      upright frusto-conical surface 28 provided by a short cylinder or
      cylindrical ring 29 which is fixed as by welding to a flat steel base ring
      30 resting on a shoulder 30a formed in the bottom of the concrete reactor
      pit and, therefore, capable of supporting the weight of the reactor
      vessel.
PAR  In operation, if the diameter of the reactor vessel thermally increases,
      the surface 27 slides downwardly on the surface 28, and since at the same
      time the reactor vessel is elongated vertically, compensation for the
      vertical elongation is provided. The top portion of the vessel remains
      substantially unchanged as to its vertical position, vertical displacement
      of the pipes 15 and 15' being, therefore, avoided and eliminating vertical
      stressing.
PAR  Furthermore, the pressure vessel, intercept ring 4 and hooks 5 may be
      designed so that when the vessel is at its normal operating temperature,
      the hooks 5 normally engage the intercept rings 4, thus placing the
      pressure vessel in compression between the hooks and its lower support
      points 9. The degree of this compression can be accurately calculated
      because via the present invention the vessel bottom is supported at
      differing heights which are dependent on the thermal expansion radially of
      the pressure vessel and which is, in turn, related to the vessel's
      vertical thermal expansion and contraction.
PAR  As shown by FIG. 2, the supporting ring 29 may be made as a plurality of
      circumferentially interspaced segments 29b, this permitting air cooling of
      the lower cylindrical ring 29 and, in addition, reducing the risk that it
      might possibly change in diameter due to thermal expansion and
      contraction. The segments 29b should be strong and rigid and free from any
      spring action. The two surfaces 27 and 28 should retain their designed
      angularities at all times.
PAR  Although the coolant pipes are relieved from vertical motion, they are
      still moved horizontally by the radial expansion and contraction of the
      vessel 1. Therefore, the steam generators 14 and 14' are supported on
      horizontally displaceable bearings 31 and 31' positioned as close as
      possible to the coolant pipes. This allows the steam generators to move in
      the axial or longitudinal directions of the coolant pipes and reduces
      stressing such as would occur if the steam generators were immovable
      horizontally. The pipe lines are provided with externally projecting
      shoulders 32 and 32' which are retained in annular recesses formed in the
      concrete construction 8 which has, of course, holes through which the
      coolant pipes extend to the steam generator. These recesses are formed
      around these holes. These recesses should provide enough space in the
      axial direction of the coolant pipes to permit their motion due to radial
      expansion and contraction of the vessel. However, the recesses should be
      proportioned so that in the event of a break in either coolant pipe or its
      connections between the shoulders and the vessel, the jet reaction will
      not result in excessive horizontal displacement of the steam generator
      having the pipe involved by the accident. Under normal conditions, the
      shoulders and their recesses serve to generally center the components of
      the installation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear reactor pressure vessel support arrangement comprising a
      vertical substantially cylindrical pressure vessel having top and bottom
      portions, a substantially circular downwardly facing surface connected to
      said bottom portion, and a substantially circular upwardly facing surface
      on which said downwardly facing surface rests and which is fixed against
      displacement; wherein the improvement comprises said surfaces being
      substantially frusto-conical shapes with said upwardly facing surface
      upright and said downwardly facing surface inverted and slidable on said
      upwardly facing surface.
NUM  2.
PAR  2. The arrangement of claim 1 in which said surfaces are concentric with
      the axis of said vessel and a foundation is below said vessel and a
      cylindrical base has a bottom portion supported by said foundation and a
      top portion on which said upwardly facing surface is formed.
NUM  3.
PAR  3. The arrangement of claim 2 in which said base is formed by
      circumferentially interspaced cylindrical segments.
NUM  4.
PAR  4. The arrangement of claim 1 in which said vessel's said top portion has
      means for holding it against upward displacement.
NUM  5.
PAR  5. The arrangement of claim 1 in which said vessel has an upper portion and
      a horizontal coolant pipe has one end which is connected with said upper
      portion, and a steam generator, said pipe having another end and which is
      connected with said steam generator, and means for vertically supporting
      said steam generator for horizontal movement of the generator in the
      direction of said pipe.
NUM  6.
PAR  6. The arrangement of claim 5 in which a concrete biological shield is
      positioned between said pressure vessel and said steam generator and has a
      horizontal hole through which said coolant pipe passes.
NUM  7.
PAR  7. The arrangement of claim 6 in which said pipe has means for restraining
      it from excessive longitudinal displacement in the event it breaks and
      which normally permits said displacement to a degree preventing stressing
      of the pipe longitudinally by motion resulting from radial thermally
      induced motion of said vessel.
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ABST
PAL  Fermentation parameters are improved by the addition of certain polymers to
      the fermentation broth. Small quantities of carboxypolymethylene in
      Aspergillus niger cultures are particularly effective.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the improvement of microbial fermentation
      processes by the incorporation of certain additives.
PAC  BACKGROUND TO THE INVENTION
PAR  The addition of various components to microbial fermentation systems to
      improve the yield of products has previously been proposed. Generally,
      those prior art procedures have involved the use of various surfactants or
      nutrients and are concerned with the recovery of specific products.
PAC  SUMMARY OF INVENTION
PAR  In accordance with the present invention, the fermentation parameters of a
      culture are enhanced by the addition of small quantities of at least one
      non-consumable, water-soluble, non-toxic, non-growth inhibiting polymeric
      nonionic or anionic material consisting wholly of repeating units.
PAC  GENERAL DESCRIPTION OF INVENTION
PAR  While the present invention is directed more particularly to systems
      involving filamentous microorganisms the invention also may be used with
      bacterial and yeast systems and with microorganisms in pellet form.
      Filamentous microorganisms are those which produce a growth characterized
      by long, interwoven threads. The actinomycetes and fungi which exemplify
      these materials include:
PAR  I. The Aspergilli, which generally are useful in the production of enzymes
      such as amylase and protease, and of metabolic products, such as citric
      acid, and include Aspergillus niger,
PAR  II. The Penicillia, which are important as producers of enzymes, such as
      dextranase, and as producers of antibiotics notably penicillin by such
      species as Penicillium notatum and Penicillium chrysogenum,
PAR  III. The Streptomyces, which are important as producers of enzymes useful
      in the transformation of steroids, and of antibiotics such as streptomycin
      novobiocin, and tetracycline,
PAR  IV. MUcorales including the species of Rhizopus, Cunnighamella and Mucor
      which are also useful in producing enzyme systems and metabolic products,
      such as organic acids.
PAR  These microorganisms tend to form discrete pellet structures in aerobic
      submerged fermentations. The present invention causes modification of the
      biomass structure and enhancement of product formation, as described
      below.
PAR  To the culture in an aqueous nutrient medium of any convenient form,
      depending on the particular microorganism is added the water soluble
      polymer in accordance with this invention. Small quantities typically from
      a trace to 1% of the polymer are used, resulting in enhanced parameters.
PAR  The parameters which are of particular interest and which are enhanced by
      the polymer addition of the present invention are the microbial growth
      rate and the rate of product formation.
PAR  Fermentation processes basically result in the production of one of three
      types of desired product: the cells themselves, the primary metabolite and
      the secondary metabolites. The present invention is effective in enhancing
      the yield of all three types of product, the particular product, of
      course, depending on the system utilized.
PAR  In some instances, therefore, the microbial growth rate and the rate of
      product formation are the same, while, in many systems, they are
      different. Improvement in one or both parameters is achieved by the
      polymer addition of the invention. The presence of the polymer in some way
      results in modification of the microbial biomass resulting in increased
      mass transfer of nutrients and/or metabolites between the growing
      microorganism and the fermentation medium.
PAR  The polymers used in the present invention must consist wholly of a
      repeating unit, resulting in a very low detergency effect and be non-toxic
      to the microorganism. Further, the polymer must remain unconsumed by the
      culture, be water-soluble and be non-growth-inhibiting.
PAR  Among those materials particularly preferred are high molecular weight
      carboxypolymethylenes or other carboxyvinyl polymers and polyacrylates,
      and polyethylene glycol of various molecular weights.
DETD
PAC  EXAMPLES
PAR  The invention is illustrated by the following Examples:
PAC  EXAMPLE  I
PAR  Various polymers were added in a quantity of 3g/l to a culture consisting
      of Aspergillus niger, NRRL 337, in a nutrition medium having a pH of 5 and
      containing
     Glucose               7.0         g                                       
     Lactic acid           3.5         g                                       
     (neutralized to pH 7 with NH.sub.4 OH)                                    
     KH.sub.2 PO.sub.4     13.7        g                                       
     KNO.sub.3             2.0         g                                       
     MgSO.sub.4            1.2         g                                       
     ZnSO.sub.4 7H.sub.2 O 0.002       g                                       
     MnSO.sub.4 H.sub.2 O  0.010       g                                       
     FeSO.sub.4 7H.sub.2 O 0.010       g                                       
     Distilled H.sub.2 O   1000        ml                                      
PAR  The system was inoculated by standard procedure and incubated for a period
      of about 5 days at 30.degree.C.
PAR  The growth rate of the microorganisms as compared to that in a control
      medium to which no polymer has been added, the amylase production rate as
      compared to that of the control medium, the change in viscosity of the
      medium on addition of the polymer, the change in surface tension of the
      medium upon addition of the polymer and the change in viscosity of the
      medium from start to finish of the incubation period were measured. During
      the incubation period, the mycelia in the cultures formed dispersed pulpy
      growth as compared to the formation of packed hard discrete pellets of 4
      to 8 mm diameter in the control medium.
PAR  The results are reproduced in the following Table I:
TBL                                    TABLE I                                 
     __________________________________________________________________________
                         Relative                                              
                              Relative   Viscosity                             
                                                  Surface                      
     Polymer  Chemical Type                                                    
                         Growth                                                
                              Amylase Production                               
                                         change on                             
                                                  tension change               
                                                             Viscosity         
                         Rate Rate       Polymer addition                      
                                                  on Polymer                   
                                                             change over       
                                                             incubation        
                                                             period            
     __________________________________________________________________________
     Carbopol 934                                                              
              carboxypolymethylene                                             
                         2.65 17.5       1.1      0.9        1.2               
     Carbowax 400                                                              
              polyethylene glycol                                              
                         2.04 12.5       1.1      0.9        1.2               
     Reten A-1                                                                 
              polyacrylate                                                     
                         1.69 2.5        7.9      0.9        1.2               
     Goodrite K-714                                                            
              polyacrylate                                                     
                         2.10 4.0        1.2      1.0        1.0               
     Separon  polyacrylamide                                                   
                         2.78 12.5       14.4     0.9        0.6               
     Elvanol  polyvinyl alcohol                                                
                         1.85 1.0        1.3      0.9        1.3               
     Polyox-205                                                                
              polyethylene oxide                                               
                         0.37 0          1.8      1.0        1.0               
     Jaguar   polyglycoside                                                    
                         0.85 1.7        3.5      1.0        0.3               
     __________________________________________________________________________
PAR  The results of the above Table I show that only the carboxypolymethylene,
      the polyethylene glycol and the polyacrylates tested gave the desired
      results. While the polyacrylamides and the polyglycoside increased growth
      rate, the viscosity of the solutions had decreased, indicating degradation
      of the polymers. The polyethylene oxide was toxic to the microorganisms
      and the polyvinyl alcohol did not improve the amylase production rate. All
      the tested polymers had a low detergency, as evidenced by the
      insignificant change in surface tension on addition of the polymer.
PAC  EXAMPLE II
PAR  Comparative tests were carried out using various surfactants as the
      additive to the culture medium. The results are reproduced in the
      following Table II:
TBL                TABLE II                                                    
     ______________________________________                                    
                               Relative Surface                                
     Surfactant    Concentration                                               
                               Growth   Tension                                
                   ppm         Rate     Change                                 
     ______________________________________                                    
     Sodium lauryl sulfate                                                     
                   200         0.52     0.7                                    
     Span--20      200         0.85     0.5                                    
     Tergitol      50          0.59     0.6                                    
     Antifoam--10  20          0.40     0.7                                    
                   100         0.54     0.6                                    
     ______________________________________                                    
PAR  The results of the above Table II show generally adverse effects on growth
      rate and a significant decrease in surface tension with the addition of
      surfactants. Additionally discrete pellet formation was observed.
PAC  EXAMPLE III
PAR  The procedure of Example I is repeated utilizing differing quantities of
      Carbopol 934 as the additive to the culture medium. The results are
      reproduced in the following Table III:
TBL                TABLE III                                                   
     ______________________________________                                    
            Relative Relative                                                  
     Quantity                                                                  
            Growth   Amylase   Viscosity                                       
                                       Viscosity change                        
     %      Rate     Production                                                
                               change on                                       
                                       over Incubation                         
                     Rate      Polymer Period                                  
                               Addition                                        
     ______________________________________                                    
     0.1    1.09     3.3       1.0     1.2                                     
     0.2    1.33     3.5       1.1     1.0                                     
     0.3    2.05     17.5      1.1     1.2                                     
     0.4    2.07     3.6       1.1     1.1                                     
     0.5    2.27     6.7       1.1     1.4                                     
     0.6    2.40     12.5      1.1     1.4                                     
     ______________________________________                                    
PAR  The results of this Table III show particularly marked improvement in
      amylase production rate at 0.3 and 0.6% by weight.
PAC  EXAMPLE IV
PAR  Comparative tests were carried out using cultures with preformed discrete
      pellets of Aspergillus niger to which 0.3% Carbopol was added. The results
      for two different pellet sizes are reproduced in the following Table IV:
TBL                TABLE IV                                                    
     ______________________________________                                    
     Initial Pellet                                                            
                  Relative    Relative Amylase                                 
     Diameter     Growth Rate Production Rate                                  
     mm                                                                        
     ______________________________________                                    
     6            1.47        2.82                                             
     8            1.23        1.82                                             
     ______________________________________                                    
PAR  The results of this Table IV indicate that the enhancement effects of the
      polymer additive are also obtained in cultures with discrete pellet
      growths.
PAC  SUMMARY
PAR  The present invention, therefore, provides a procedure for enhancing
      fermentation parameters by the addition of certain polymers.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fermentation process which comprises forming amylase in an aqueous
      culture containing an Aspergillus species, a nutrient therefor and a small
      quantity of a polymeric material selected from a carboxypolymethylene, a
      polyacrylate and a polyethylene glycol.
NUM  2.
PAR  2. The process of claim 1 wherein the polymeric material is a high
      molecular weight carboxypolymethylene.
NUM  3.
PAR  3. The process of claim 1 wherein the polymeric material is a high
      molecular weight polyacrylate.
NUM  4.
PAR  4. The process of claim 1 wherein the polymeric material is a polyethylene
      glycol.
NUM  5.
PAR  5. The process of claim 1 wherein the polymeric material is added in a
      quantity from trace to about 1% by weight.
NUM  6.
PAR  6. The process of claim 1 wherein the polymeric material is a high
      molecular weight carboxypolymethylene present in a quantity of about 0.3%
      by weight.
NUM  7.
PAR  7. The process of claim 1 wherein the microbial growth is in dispersed
      pulpy form.
NUM  8.
PAR  8. The process of claim 1 wherein the microbial growth is in discrete
      pellet form.
NUM  9.
PAR  9. The process of claim 1 wherein the Aspergillus species is Aspergillus
      niger.
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PAL  The present invention encompasses a method for isolating peroxidase enzyme
      from plant tissue containing peroxidase. The invention has as its critical
      step treating an aqueous extract of said plant tissue having the pH
      adjusted to 6 - 9 with at least 2.7 .times. 10.sup.-.sup.3 moles per liter
      of zinc ion. Unexpectedly at this pH the zinc ion selectively precipitates
      contaminating impurities from the extract and thereby provides a
      substantially purified peroxidase solution from which peroxidase is
      isolated by a variety of conventional techniques. Thus the critical step
      of the present invention is used in conjunction with salt fractionation,
      solvent fractionation, dialysis, reverse osmosis, electrophoresis, column
      chromatography and other techniques for purifying protein. The peroxidase
      isolated by methods of the present invention is useful in analytical
      diagnostic kits and other applications in enzyme and substrate assays in
      conjunction with a chromogenic donor in assaying systems producing
      hydrogen peroxide.
BSUM
PAR  The present invention encompasses a method for isolating peroxidase enzyme
      from plant tissue containing peroxidase. This invention has as its
      critical step treating an aqueous extract of said plant tissue having the
      pH adjusted to 6 - 9 with at least 2.7 .times. 10.sup.-.sup.3 moles per
      liter of zinc ion.
PAR  Peroxidase is an enzyme present in most plant tissue. It is present in figs
      and has an especially high concentration in horseradish (Armoracia
      rusticana) roots which is the preferred source of peroxidase. Aqueous
      extracts of diced or ground-up whole horseradish roots, horseradish skin
      extracts or washing, or washings of whole horseradish are suitable sources
      of peroxidase enzyme. The pH is adjusted to the 6 - 9 range with strong
      base such as sodium hydroxide. The preferred pH range is 7.5 to 8.5 and it
      is desirable to buffer the solution with a buffering agent such as
      disodium hydrogen phosphate. The aqueous extract is made at least 2.7
      .times. 10.sup.-.sup.3 molar in zinc ion by the addition of water soluble
      zinc salts such as zinc sulfate, zinc chloride, zinc acetate. The zinc ion
      concentration is preferably 2.7 .times. 10.sup.-.sup.3 to 1 .times.
      10.sup.-.sup.1 moles per liter and 2.7 .times. 10.sup.-.sup.2 to 1.4
      .times. 10.sup.-.sup.2 moles per liter is the most preferred zinc ion
      concentration. The aqueous phase may be saturated with zinc ion without
      adverse affects upon the critical feature of the present invention. The
      upper limits of zinc ion concentration are set primarly for economical use
      of inorganic zinc salts. The zinc ion forms a zinc ion-protein contaminant
      precipitate and this precipitate is removed from the extracts by
      filtration, centrifugation, or other techniques known to the art. The
      aqueous extracts are substantially purified by zinc treatment alone and
      the peroxidase enzyme is thereafter isolated and purified by conventional
      techniques known to those skilled in the art of protein separation. Thus
      the present invention is used in conjunction with other recognized
      isolation techniques such as salt fractionation, dialysis, solvent
      fractionation, electrophoresis, reverse osmosis, and column
      chromatography, to provide a more efficient method of producing peroxidase
      of high purity. The critical step representing the present invention may
      be used in conjunction with known methods for peroxidase isolation set out
      in Proc. Roy Soc. (London) B122, 119 (1937), Biochem. J. 49, 88 (1951),
      Enzymologia 1, 133 (1936), Enzymologia 10, 250 (1942), Biological
      Chemistry 241, 2166 (1966), and Methods in Enzymology II [143] pp 801,
      Academic Press, N.Y., N.Y. These methods generally include salt
      fractionation by ammonium sulfate, solvent fractionation by organic
      solvents such as methanol, ethanol, isopropanol, or acetone, dialysis,
      electrophoresis, and chromatography on media such as carboxymethyl
      cellulose. Once contaminants are precipitated by zinc ion at the
      concentration and pH set out above, those skilled in the protein
      separation arts will recognize a variety of methods for removing the
      precipitate and separating the peroxidase from the supernate. For example,
      the zinc ion-contaminant precipitate is removed by filtration or
      centrifugation and the peroxidase enzyme is isolated from the supernate by
      reverse osmosis followed by carboxymethyl cellulose column chromatography
      and solvent fractionation with isopropanol or ammonium sulfate salt
      fractionation followed by dialysis and isopropanol solvent fractionation.
      Thus the present invention is an improvement in a method for isolating
      peroxidase enzyme of the type including extraction, salt fractionation,
      dialysis, reverse osmosis, and solvent fractionation, the improvement
      which comprises treating aqueous extracts of said plant tissue having a pH
      adjusted to 6-9 with at least 2.7 .times. 10.sup.-.sup.3 moles per liter
      of zinc ion to form a zinc ion-protein contaminant precipitate and
      supernate and removing the precipitate and separating the peroxidase from
      the supernate.
PAR  Preferably the pH is buffered at 7.5 - 8.5 and the zinc ion concentration
      is 2.7 .times. 10.sup.-.sup.2 to 1.4 .times. 10.sup.-.sup.2 moles per
      liter.
PAR  A preferred embodiment of the present invention is represented by a method
      for isolating peroxidase comprising:
PAR  a. extracting horseradish root with water;
PAR  b. adjusting the pH to 7.5 - 8.5;
PAR  c. adding 2.7 .times. 10.sup.-.sup.3 to 1 .times. 10.sup.-.sup.1 moles per
      liter of zinc ion to form a zinc ion -- contaminant precipitate;
PAR  d. removing the precipitate by filtration or centrifugation;
PAR  e. removing zinc ion and low molecular weight organic material from the
      supernate by reverse osmosis to provide a concentrated supernate having a
      conductivity of 1-3 mMho;
PAR  f. absorbing the concentrated supernate on carboxymethyl cellulose at a pH
      of 4-7;
PAR  g. eluting peroxidase from the carboxymethyl cellulose with aqueous buffer
      having a pH of 7-9;
PAR  h. precipitating the peroxidase form the aqueous buffer with methanol,
      ethanol, dioxane, n-propanol, isopropanol, acetone or mixtures thereof,
      and
PAR  i. filtering and drying the precipitate.
PAR  A further preferred embodiment of the present invention is a process for
      the recovery of the enzyme peroxidase as a by-product of horseradish sauce
      manufacture from wash water. The process steps are equally applicable to
      horseradish roots. The root washings from horseradish operations are
      buffered with 2% Na.sub.2 HPO.sub.4 to pH 8.0 and treated with 0.1 to
      0.25%; w/v ZnSO.sub.4.sup.. H.sub.2 O; foreign proteins are precipitated
      as insoluble Zn-complexes and the enzymic activity stabilized [stable at
      5.degree.C for 2 to 3 weeks]. The buffered Zn-complex of the enzyme is
      concentrated by reverse osmosis [R.O.]. [PM-10 Romicon membranes with
      10,000 molecular weight cut off]. This step removes the water and all
      low-molecular weight impurities. The concentrated extract is again treated
      with zinc to deproteinize the supernate. The clear enzyme solution is
      concentrated by R.O. again. The enzymic activity is adsorbed on hydrated
      carboxymethyl cellulose [Sephedex C50] which absorbs about 70% of the
      total peroxidase activity available and the balance is recycled to the
      next batch; the carboxymethyl cellulose cake is washed and eluted with 2%
      NaAc at pH 8.7. Concentration, adsorption and elution steps are repeated
      to further purify the enzyme activity. The final eluate is precipitated
      with 2 volumes of isopropyl alcohol, filtered and dried in acetone to
      yield a product with RZ value &gt;1; and peroxidase activity in the range
      1000 to 3000 units per milligram.
PAR  The purity of peroxidase preparations is conventionally expressed in terms
      of RZ (Reinheitszhal) value. This number represents the ratio of optical
      density at 403 nm (due to the hemin group) to that at 275 nm (due to the
      protein). This ratio has been found to be 3.04 for pure crystalline
      horseradish peroxidase, Theorell and Maehly, Acta Chem. Scand. 4, 422
      (1950).
PAR  A unit of peroxidase activity causes an increase of absorbance of 0.001 per
      minute at 460 nm using H.sub.2 O.sub.2 as substrate and orthodianisidine
      as the hydrogen donor Worthington Enzyme Manuel, Worthington Biochem
      Corp., Freehold, N.Y. (1972) at pages 43-44.
PAR  The peroxidase product of the present invention is characterized as having
      an RZ value &gt;1, an activity in the range of 1000 - 3000 units of
      peroxidase activity per milligram.
PAR  The present invention also encompasses a method for purifying substantially
      pure peroxidase having an RZ value of 0.1 to 1.5 comprising treating an
      aqueous solution of substantially pure peroxidase having a pH adjusted to
      6 - 9 with at least 2.7 .times. 10.sup.-.sup.3 moles per liter of zinc ion
      thereby forming a zinc ion-protein contaminant precipitate, and isolating
      the purified peroxidase, said peroxidase having an RZ value of 1.0 - 3.0.
      Typically substantially pure peroxidase having an RZ value 0.7 - 1.3 is
      purified to peroxidase having an RZ value of 2.3 - 3.0 without substantial
      loss of activity. It is evident that the zinc ion is selectively
      precipitating non-hemin containing proteins.
PAR  The selectivity of protein precipitation at the prescribed pH without loss
      of peroxidase activity represents the unexpected feature of the present
      invention. The prior art of fractionation and purification of proteins
      with heavy metal ions and zinc ion in particular is summarized in
      Analytical Methods of Protein Chemistry by Alexander and Block, Pergamon
      Press, 1960 at pages 20-22 and U.S. Pat. No. 3,284,316, Nov. 8, 1966. The
      former describes several proteins which are water soluble or insoluble in
      the presence of zinc ion and the latter describes a water soluble zinc
      papain complex.
PAR  The method of the present invention is particularly distinct in that zinc
      ion at a specified pH has been found to selectively precipitate
      contaminating proteins in aqueous peroxidase preparations.
PAR  Unlike the papain complex described in U.S. Pat. No. 3,284,316 which has
      0.15 to 0.25% zinc complexed to the papain, the peroxidase enzyme prepared
      by the methods of the present invention contains only trace amounts of
      zinc ranging from about 200 - 400 parts per million. The peroxidase
      prepared by the methods of the present invention is stable for at least 3
      weeks in aqueous solution without substantial loss of activity and the dry
      powder is stable for at least 3 months without any loss in activity.
PAR  The utility of peroxidase prepared by methods of the present invention is
      illustrated by its use as a reagent in the glucose oxidase method for
      determining glucose [Clinical Laboratory Methods, Bauer et al Mosby Co.,
      St. Louis, 1974, Fales et ol Methods Clin. Chem. 4, 101, (1963), Kingsley,
      Clin. Chem. 6, 466 (1966)]. Glucose is oxidized by the enzyme glucose
      oxidase in the presence of air to gluconic acid with the formation of
      hydrogen peroxide. In the presence of the added enzyme, peroxidase, the
      hydrogen peroxide will oxidize the chromogen o-dianisidine to a compound
      that gives a red color in strongly acid solution. The reaction is very
      specific for glucose and thus gives true glucose values. High
      concentrations of reducing substances, particulary ascorbic acid, will
      interfere by competing with the chromogen for the liberated oxygen and
      thus cause low results. Hemoglobin will also interfer by causing premature
      decomposition of the hydrogen peroxide and also give low results. If
      hemoglobin is absent, the reaction can be run directly on serum or plasma.
PAC  REAGENTS
PAR  1. Phosphate buffer, 0.1M, pH 7.0. Dissolve 8.7 gm Na.sub.2 HPO.sub.4 and
      5.3 gm KH.sub.2 PO.sub.4 in about 950 ml water. Check the pH and adjust to
      7.0 if necessary with small amounts of 1N acid or base; then dilute to 1
      L.
PAR  2. Buffered peroxidase solution. Mix 125 ml phosphate buffer, 175 ml water,
      and 200 ml glycerin. Dissolve 10 mg peroxidase in this solution, then add
      100 mg o-dianisidine dissolved in 10 ml methanol, and mix well. Because of
      the added glycerin, this solution may be stored in the freezer compartment
      for added stability.
PAR  3. Glucose oxidase solution. Dissolve 500 mg glucose oxidase in 50 ml 40%
      glycerin. This may also be stored in the freezer.
PAR  4. Sulfuric acid, 30%. Carefully add 300 ml concentrated sulfuric acid to
      700 ml water. Mix well and cool to room temperature.
PAC  PROCEDURE
PAR  Pipet 4.5 ml buffered peroxidase to a test tube. Warm to 37.degree.C and
      add 0.02 ml serum or plasma. Add 0.5 ml glucose oxidase solution and
      incubate at 37.degree.C for 30 min. After incubation, add 3 ml 30%
      sulfuric acid and mix. Run standards and blank similarly. Read standards
      and samples against blank at 530 nm.
PAC  CALCULATION
PAR  Since the standards and samples are treated similarly:
      ##EQU1##
PAR  The following examples are set out to illustrate the present invention and
      are not intended to limit the invention in spirit or scope.
DETD
PAC  EXAMPLE 1
PAR  Step I: Wash water from several batches of horseradish root washes from a
      rotary drum washer is collected at room temperature. The individual drum
      contents (with dirt) are treated with 1.0% (w/v) Na.sub.2 HPO.sub.4
      2H.sub.2 O and the pH is adjusted to 8.0 with 25.0% NaOH. To this solution
      is added 0.1% ZnSO.sub.4 H.sub.2 O as a 50% solution with mixing (5.4
      .times. 10.sup.-.sup.3 molar is zinc ion). The mixture is allowed to
      settle for 15 hours at room temperature. The supernate is decanted and
      mixed with diatomaceous earth (celatom FW40) 2.0% w/v and filtered and
      recycled on 12" plate and frame filter, with the same filteraid. The clear
      filtrate is collected in stainless steel tanks, total volume is 8491.5
      liters. This filtrate has 25.5 .mu./ml = 216.5 .times. 10.sup.6 units of
      total peroxidase activity in the washes.
PAR  Step II: The clear filtrate is concentrated on hollow fiber membranes in a
      reverse osmosis unit (using PM10 membranes, made by Romicon) at
      approximately 18.degree.C in batches and then the batches are pooled
      together. The combined concentrates are 91.4 liters having peroxidase
      activity of 2151 .mu./ml for a total peroxidase activity of 196.6 .times.
      10.sup.6 units.
PAR  Step III: The concentrate is treated with 0.5% w/v of ZnSO.sub.4 H.sub.2 O
      as a 50% solution (2.7 .times. 10.sup.-.sup.2 molar in zinc ion) and the
      pH is adjusted to 8.0. The concentrate is mixed for 30 minutes and
      centrifuged on a Sharples centrifuge. This procedure gives a total
      centrifugate including washes of 100 liters having peroxidase activity of
      1854 .mu./ml. The heavy precipitate of zinc-protein complex is discarded.
PAR  Step IV: The supernatant from step III at pH 8.9 and conductivity of 10.5
      mMho is reconcentrated with simutaneous dilution with deionized water on a
      reverse osmosis unit; the flow rates are adjusted to be approximately
      equal; the permeate with a negligable activity is discarded. This step
      gives a final volume of 35 liters having peroxidase activity of 4204
      .mu./ml which is a total peroxidase activity of 147.1 .times. 10.sup.6
      units. The pH is 6.7 and conductivity is 1.3 mMho.
PAR  Step V: The concenrate from step IV is diluted to 160 liters with deionized
      water and the pH is adjusted to 5.0. The conductivity is 0.9 mMho. The
      diluted concentrate is treated with 34.5 kilos of wet Sephadex C50
      (carboxymethyl cellulose, Pharmacia Fine Chemicals) mixed for 30 to 60
      minutes and then filtered on Buchner on filter paper. The supernate has an
      activity of (170 liters .times. 300 .mu./ml) or 51.0 .times. 10.sup.6
      units. 34.7% of the total activity is not adsorbed. This latter portion is
      retained for salvage in a subsequent batch. Percentage adsorption on the
      carboxymethyl cellulose cake is 65.3% or 96.1 .times. 10.sup.6 units in
      the cake. The cake is washed with deionized water until washings are clear
      and then eluted in aliquots with 2.0% Sodium Acetate (NaAc 3H.sub.2 O w/v,
      pH 8.7) solution. The washings are combined to give 70 liters of eluated
      having peroxidase activity of 1548 .mu./ml or 108.4 .times.  10.sup.6
      total units of peroxidase activity.
PAR  Step VI: The combined eluates from step V are concentrated on a reverse
      osmosis unit to give a final volume of 17.8 liters having peroxidase
      activity of 5423 .mu./ml or 96.5 .times. 10.sup.6 units of peroxidase
      activity total.
PAR  Step VII: The concentrate from step VI is treated with 0.25% ZnSO.sub.4
      H.sub.2 O w/v (1.35 .times. 10.sup.-.sup.2 molar in zinc ion), the pH is
      adjusted to 8.0,  centrifuged and the resulting sediment is discarded. The
      centrifugate is 17.5 liters having peroxidase activity of 4811 .mu./ml or
      84.2 .times. 10.sup.6 units total peroxidase activity.
PAR  Step VIII: Isopropanol (technical, purity 99%) is chilled to -10.degree.C
      (in dry ice acetone bath) and 35 liters of the chilled solvent is added to
      17.5 liters of the peroxidase concentrate from step VII (pH 7.5). This
      combination is mixed for 30 minutes, centrifuged and the solvent is
      discarded. The precipitate from the centrifuge bowl is treated with the
      chilled acetone 99% at -10.degree.C, blended, filtered on a Buchner,
      washed with acetone, and dried at room temperature to give a final product
      of 26.8 grams having peroxidase activity of 1436 .mu./ml with an RZ value
      of 1.1. Total peroxidase activity is 38.5 .times. 10.sup.6 units.
PAC  EXAMPLE 2
PAR  Step I: Horseradish root washings from the rotary drum washer are collected
      in several 55 gallon drums and treated with 1.0% w/v Na.sub.2 HPO.sub.2
      2H.sub.2 O. The pH is adjusted to 8.0, ZnSO.sub.4 H.sub.2 O is added as a
      50% solution to give a concentration of 0.1% w/v (5.4 .times.
      10.sup.-.sup.3 molar in zinc ion) and this mixture is allowed to settle at
      room temperature, the supernatant is mixed with 2.0% FW40 diatomaceous
      earth and filtered. The combined filtrate is 540 liters having peroxidase
      activity of 49 .mu./ml. The total peroxidase activity is 26.5 .times.
      10.sup.6 units.
PAR  Step II: The filtrate from step I is concentrated on a reverse osmosis unit
      using PM10 membranes at 18.degree.C. The permeate having negligible
      activity is discarded. The concentrate is 12.7 liters having peroxidase
      activity of 2076 .mu./ml for a total peroxidase activity of 26.4 .times.
      10.sup.6 units.
PAR  Step III: The concentrate from step II is treated with 0.5% w/v ZnSO.sub.4
      H.sub.2 O (2.7 .times. 10.sup.-.sup.2 molar in zinc ion). The pH is
      adjusted to 8.0 and mixture is centrifuged. The sediment is discarded and
      the centrifigate including the washes have a volume of 18.8 liters and an
      activity of 1215 .mu./ml for a total peroxidase activity of 22.8 .times.
      10.sup.6 units.
PAR  Step IV: The centrifigate from step III has a conductivity of 8.8 mMho and
      pH 8.0. This centrifugate is desalted, diluted with deionized water and
      concentrated simultaneousy on a reverse osmosis unit. The permeate is
      discarded and the concentrate has a conductivity of 1.8 mMho (pH 7.5),
      volume 9.8 liters having peroxidase activity of 2565 .mu./ml for a total
      peroxidase activity of 25.1 .times. 10.sup.6 units.
PAR  Step V: The concentrate from step IV is diluted to 29.4 liters with
      deionized water and the pH is adjusted to 5.0. This solution has a
      conductivity of 0.55 mMho and assays at 787 .mu./ml. 5.88 kilos of wet
      Sephadex C50 is added and mixed for 30 minutes and then filtered on a
      Buchner. The filtrate and washings are combined to give 32.7 liters
      activity 395 .mu./ml for a total activity of 12.9 .times. 10.sup.6 units.
      This material is retained for salvage with subsequent batches. The
      sephadex cake has 10.2 .times. 10.sup.6 units of the peroxidase activity;
      the cake is eluted with aliquots of 2.0% NaAc (w/v) pH 8.7 solution to
      give a combined eluate of 11 liters having peroxidase activity of 1085
      .mu./ml for a total peroxidase activity of 11.9 .times. 10.sup.6 units.
PAR  Step IV: The combined eluate from step V is concentrated as previously
      described by reverse osmosis to give 2.65 liters of concentrate having
      peroxidase activity of 3820 .mu./ml for a total peroxidase activity of
      10.1 .times. 10.sup.6 units.
PAR  Step VII: The concentrate from step VI is treated with 0.25% ZnSO.sub.4
      H.sub.2 O (1.35 .times. 10.sup.-.sup.2 molar in zinc ions) at pH 8.0 and
      centrifuged. The precipitate of zinc protein complex is discarded. The
      centrifugate is 2.65 liters having peroxidase activity of 3508 .mu./ml for
      a total peroxidase activity of 9.3 .times. 10.sup.6 units.
PAR  Step VIII: The concentrated peroxidase from step VII (2.65 liters) is
      treated with 5.3 liters of Isopropanol (technical 99% pure) at
      -10.degree.C for 30 minutes and centrifuged. The precipitate is washed in
      acetone and dried to give 3.110 grams of peroxidase having an activity of
      1626 .mu./ml for a total peroxidase activity of 5.1 .times. 10.sup.6 units
      having an RZ value of 2.1.
PAC  EXAMPLE 3
PAR  A sample of horseradish peroxidase was collected from the rotary drum
      washer and aliquots of the sample treated with ZnSO.sub.4 H.sub.2 O; NaCl;
      Na.sub.2 HPO.sub.4 2H.sub.2 O, mixed for 15 minutes, centrifuged and the
      centrifugate assayed for peroxidase activity. Results are presented in
      Table I.
TBL                Table 1                                                     
     ______________________________________                                    
     Treatment              Peroxidase in .mu./ml                              
     ______________________________________                                    
     1.  As is untreated        47                                             
     2.  Centrifuged            35                                             
     3.  0.1% ZnSO.sub.4 H.sub.2 O added and                                   
         centrifuged            31                                             
     4.  0.1% ZnSO.sub.4 H.sub.2 O plus 2.0%                                   
         Na.sub.2 HPO.sub.4 2H.sub.2 O added, centrifuged                      
                                50                                             
     5.  0.1% ZnSO.sub.4 H.sub.2 O plus 5.0%                                   
         Na.sub.2 HPO.sub.4 2H.sub.2 O added, centrifuged                      
         and assayed            55                                             
     6.  0.1% ZnSO.sub.4 H.sub.2 O plus 2.0%                                   
         Na.sub.2 HPO.sub.4 2H.sub.2 O plus 3.0% NaCl                          
                                54                                             
     7.  0.1% ZnSO.sub.4 plus 2.0% Na.sub.2 HPO.sub.4 2H.sub.2 O               
         plus 5.0% NaCl         58                                             
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A commercial preparation of peroxidase (of RZ value 1.0) is dissolved in
      deionized water to give a solution assaying 2262 .mu./ml.
PAR  To 200 ml of this solution is added 40 grams of wet Sephadex C50 (washed
      and equalibrated to pH 5.0). The pH is adjusted to 5.0, mixed for 30
      minutes, and filtered. The filtrate is assayed -- 69 .mu./ml showing a %
      adsorption of 97%.
PAR  The cake is washed in deionized water and eluted with 3 aliquots of 2.0%
      sodium acetate solution, having a pH 8.7. The combined eluate (115 ml) has
      peroxidase activity of 2707 .mu./ml and has an RZ value of 1.3.
PAR  A 50 ml aliquot of this eluate is treated with 125 mgs of ZnSO.sub.4
      H.sub.2 O (1.35 .times. 10.sup.-.sup.2 molar per liter in zinc ion) and
      centrifuged. The centrifugate has peroxidase activity of 2493 .mu./ml
      having an RZ value of 2.4.
PAR  Another 50 ml aliquot of the original eluate is treated with 0.25 grams of
      ZnSO.sub.4 H.sub.2 O (2.7 .times. 10.sup.-.sup.2 molar per liter in zinc
      ion). The pH is adjusted to 8.0 and centrifuged. The centrifugate has
      peroxidase activity of 2412 .mu./ml and has an RZ value of 2.5 as compared
      with an RZ value of 1.3 on the eluate and 1.0 on the original enzyme.
PAC  EXAMPLE 5
PAR  A commercial sample of peroxidase in dissolved in 2.0% NaAc3H.sub.2 O
      solution having a pH 8.0 to give a solution assaying at 2277 .mu./ml of
      peroxidase activity with an RZ value of 1.1.
PAR  50 ml of this solution is treated with 125 mg of ZnSO.sub.4 H.sub.2 O (zinc
      ion ioncentration of 1.35 .times. 10.sup.-.sup.2 moles per liter) at pH
      8.0 mix for 15 minutes and centrifuged. The centrifugate has 1935 .mu./ml
      of peroxidase activity having an RZ value of 1.6.
PAR  Another 50 ml aliquot of the same solution is treated with 250 mg of
      ZnSO.sub.4 H.sub.2 O (0.5% w/v) at pH 8.0 mix for 15 minutes and
      centrifuged. The centrifugate has 1704 .mu./ml of peroxidase activity
      having an RZ value of 2.1.
PAC  EXAMPLE 6
PAR  A combined NaAc eluate of Sephadex cake containing peroxidase is adsorbed
      and eluted as per examples 1 and 2. The assay is 724 .mu./ml of peroxidase
      activity with an RZ value of 1.1. 50 ml of this solution is treated with
      250 mg of ZnSO.sub.4 H.sub.2 O and the pH is adjusted to 8.0. The solution
      is mixed for 15 minutes and centrifuged; the centrifugate has peroxidase
      activity of 717 .mu./ml and an RZ value of 2.6.
PAC  EXAMPLE 7
PAR  200 mg of a commercial peroxidase preparation assaying at 1300 .mu./mg of
      peroxidase activity is dissolved in 14 ml of 0.05 M phosphate buffer pH
      7.0. To this buffered solution is added 28 ml of ice cold isopropanol
      (-10.degree.C). The solution is mixed for 10 minutes and centrifuged. The
      sediment is washed with an aliquot of isopropanol again, suspended in
      acetone, filtered on a Buchner, and dried. This procedure provides 166.1
      mg of peroxidase enzyme having 1533 .mu./mg of peroxidase activity for a
      recovery of 98% in the precipitate.
PAC  EXAMPLE 8
PAR  200 mg of a commercial peroxidase preparation assaying at 1300 .mu./mg is
      dissolved in 14 ml of 2.0% NaAc 3H.sub.2 O solution (pH 8.0) and 28 ml of
      ice cold isopropanol at -10.degree.C is added. The solution is mixed for
      15 minutes and centrifuged. The sediment is washed with isopropanol,
      filtered on Buchner, and dried in acetone to provide 139 mg a peroxidase
      enzyme assaying at 1785 .mu./mg giving a recovery of 95%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for isolating peroxidase enzyme from plant tissue containing
      peroxidase enzyme comprising treating aqueous extracts of said plant
      tissue having a pH adjusted to 6 - 9 with at least 2.7 .times.
      10.sup.-.sup.3 moles per liter of zinc ion to form a zinc ion-protein
      contaminant precipitate and supernate, removing the precipitate, and
      separating the peroxidase enzyme from the supernate.
NUM  2.
PAR  2. The method according to claim 1 for isolating peroxidase enzyme from
      horseradish root comprising treating aqueous extracts of horseradish roots
      having a pH adjusted 6 - 9 with at least 2.7 .times. 10.sup..sup.-3 moles
      per liter of zinc to form a zinc ion-protein contaminant precipitate and
      supernate, removing the precipitate, and separating the peroxidase enzyme
      from the supernate.
NUM  3.
PAR  3. The method according to claim 1 wherein the pH is 7.5 - 8.5 and the zinc
      ion concentration is 2.7 .times. 10.sup..sup.-2 to 1.4 .times.
      10.sup..sup.-2 moles per liter.
NUM  4.
PAR  4. In a method for isolating peroxidase enzyme from plant tissue containing
      peroxidase enzyme of type including extraction, salt fractionation,
      dialysis, and solvent fractionation, the improvement which comprises
      treating aqueous extracts of said plant tissue having a pH adjusted to 6 -
      9 with at least 2.7 .times. 10.sup..sup.-3 moles per liter of zinc ion to
      form a zinc ion protein contaminant precipitate, removing the precipitate
      and separating the peroxidase enzyme from the supernate.
NUM  5.
PAR  5. A method for further purifying substantially pure peroxidase having
      protein contaminant and having an RZ value of 0.1 to 1.3 comprising
      treating an aqueous solution of substantially pure peroxidase having a pH
      adjusted to 6 - 9 with at least 2.7 .times. 10.sup..sup.-3 moles per liter
      of zinc ion thereby forming a zinc ion protein contaminant precipitate,
      separating the precipitate, and isolating the purified peroxidase having
      an RZ value from 1.0 - 3.0.
NUM  6.
PAR  6. A method as in claim 1 wherein the source of peroxidase is horseradish
      root washings.
NUM  7.
PAR  7. A method as in claim 1 wherein the zinc ion concentration is 2.7 .times.
      10.sup..sup.-3 to 1 .times. 10.sup..sup.-1 moles per liter.
NUM  8.
PAR  8. A method as in claim 1 wherein the peroxidase is separated from the
      supernate by reverse osmosis.
NUM  9.
PAR  9. A method as in claim 8 wherein the peroxidase is further separated from
      the supernate by absorption on carboxymethyl cellulose.
NUM  10.
PAR  10. A method according to claim 1 for isolating peroxidase comprising:
PA1  a. extracting horseradish root with water,
PA1  b. adjusting the pH to 7.5 - 8.5,
PA1  c. adding 2.7 .times. 10.sup..sup.-3 to 1 .times. 10.sup..sup.-1 moles per
      liter of zinc ion to form a zinc ion -- contaminant precipitate,
PA1  d. removing the precipitate by filtration or centrifugation,
PA1  e. removing zinc ion and low molecular weight organic material from the
      supernate by reverse osmosis to provide a concentrated supernate having a
      conductivity of 1 - 3 mMho,
PA1  f. absorbing the concentrated supernate on carboxymethyl cellulose at a pH
      of 4 - 7,
PA1  g. eluting peroxidase from the carboxymethyl cellulose with aqueous buffer
      having a pH of 7 - 9,
PA1  h. precipitating the peroxidase form the aqueous buffer with methanol,
      ethanol, dioxane, propanol, isopropanol, acetone or mixtures thereof, and
PA1  i. filtering and drying the precipitate.
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ABST
PAL  High permeability cellulose fibers containing enzymes are formed by
      preparing a solution of nitrocellulose in a solvent that is insoluble in
      water, preparing an aqueous enzyme solution, mixing together the
      nitrocellulose and enzyme solutions and emulsifying the mixture, spinning
      the emulsion into a coagulating bath to produce fibers englobing enzymes
      and treating the fibers with a reducing agent under conditions which do
      not damage the enzymes so that nitro groups are removed from the
      nitrocellulose.
BSUM
PAR  The present invention relates to the preparation of high permeability
      cellulose fibers having enzymes englobed therein.
PAR  It is known that many reactions, which otherwise might not be performed or
      would need more drastic operating conditions, can be readily carried out
      when catalyzed by enzymes.
PAR  It is also known that use may be made of fibers englobing enzymes which
      carry out their catalytic activity without spreading into the reaction
      mass. The inclusion of the enzyme is carried out by employing a fiber
      constituted by an artificial or synthetic polymeric material.
PAR  The fibers englobing enzymes can be prepared by starting with polymer
      solutions adapted to give fibers wherein enzymatic compounds are dispersed
      in the form of very small drops of the order of magnitude of emulsions.
PAR  The so obtained emulsion may be wet or dry spun to produce a fiber
      presenting, in its interior, very small cavities which contain the enzymes
      so that they are separated from the environment by a very thin membrane.
PAR  The fibers englobing enzymes, employed to date employed and constituting
      the subject of Italian patent no. 836,462 (and the corresponding U.S. Pat.
      No. 3,715,277) in the name of the assignee of this application are
      obtained by starting with polymers adapted to give fibers such as, for
      instance, cellulose derivatives, but nothing is known about the fact that
      they can be prepared by starting with just the unregenerated cellulose
      because of the difficulties this latter presents when subjected to the
      ensuing spinning processes.
PAR  The use of cellulose fibers englobing the enzymes has the advantage, with
      respect to the other kinds of fibers, of a higher activity with respect to
      enzymatic reactions, because of the increased permeability of the fiber
      itself. In fact the catalytic action of the enzymes contained in fibers is
      affected by its availability, therefore the enzymatic activity depends on
      the permeability of the fibers.
PAR  It is not always possible to obtain high premeability fibers englobing
      enzyme by simply affecting the fiber preparation conditions, owing to the
      fact that, at high enzyme concentrations, the permeability is still a
      limiting factor.
PAR  We have found, and this is an aspect of the present invention, that it is
      possible to prepare cellulose fibers englobing enzymes by starting with a
      substituent-containing cellulose polymer which is suitably emulsified with
      an enzymatic solution, then spun and, finally, the so obtained fibers are
      subjected to reactions through which the substituents are removed: an
      unsubstituted cellulose base fiber englobing the enzyme is so obtained,
      which has a permeability very much higher than that of  pg,3 the
      substituted cellulose base fiber. The process according to the present
      invention is fundamentally based on a chemical modification of the
      starting fibrous material through the action of reducing agents under
      operating conditions that do not damage the enzyme.
PAR  The inventive process makes it possible to overcome the above cited
      drawbacks and the fibers englobing enzymes, obtained after the reduction
      process and constituting a second aspect of the invention, have a high
      degree of permeability.
PAR  The employed starting material fundamentally consists of high molecular
      weight nitrocellulose with such a nitrogen content (preferably higher than
      5%) that it renders the material substantially soluble in organic
      solvents.
PAR  It is dissolved in a solvent, immiscible with water, selected from
      n-butyl-acetate, bis-butylphtalate, methylamylketone, ethylamylketone and
      others which can be employed as such or suitably diluted by aliphatic
      hydrocarbons such as pentane, hexane, heptane, octane, aromatic
      hydrocarbons such as toluene and xylene, or hydrocarbon mixtures such as
      ligroin.
PAR  To the cellulose solution is added the aqueous solution containing the
      enzymes which may be selected from a wide class. For instance use may be
      made urease, invertase, lactase, acylase, transaminase, glucose-oxidase,
      catalase, papain, penicillin acylase and others. The emulsion is then spun
      according to known techniques by using known coagulants such as, for
      instance, the ones cited in the abovementioned Italian and U.S. Pats.
      Besides the process of emulsion dispersion of the enzyme into the polymer
      solution, other processes can be performed in order to prepare fibers
      englobing the enzyme. For instance said enzyme can be dispersed, as a
      powder, into the polymer which will then be spun according to known
      methods. The so obtained fiber is reacted with a reducing agent which
      removes nitro groups and forms the cellulose fiber englobing the enzyme,
      which is the subject of the present invention.
PAR  A solution of ammonium sulfhydrate with or without excesses of ammonia or
      hydrogen sulphide may be used as reducing agent.
PAR  Further operating details will be clear from examining the examples
      hereinafter reported.
DETD
PAC  EXAMPLE 1
PAR  1,000 g. of nitrocellulose (of Snia Viscosa S.p.A) were dissolved into a
      solution constituted by 6,900 g. of n-butylacetate and 4,600 g. of
      toluene. Then there were added 1,600 g. of an aqueous solution containing
      the enzyme invertase.
PAR  Under stirring, an emulsion was obtained which was spun through orifices
      having a 125 .mu. diameter by using a coagulating agent constituted by a
      mixture of saturated hydrocarbons having boiling points ranging from
      40.degree. to 70.degree.C. About 2,600 g. of fiber englobing the enzyme
      were obtained.
PAR  1,000 g. of this fiber, immersed in a 20% saccharose solution at a pH of
      4.5 inverted 40 g. of sugar per minute. 1,000 g. of fiber were treated
      with a 2% ammonia solution, which had been saturated with hydrogen
      sulphide up to a pH of 8.5.
PAR  After 6 reaction hours, this second fiber was washed and, when immersed in
      a 20% saccharose solution at a pH of 4.5, it inverted 490 g of sugar per
      minute.
PAC  EXAMPLE 2
PAR  1,000 g. of nitrocellulose (of Snia Viscosa S.p.A.) were dissolved, at room
      temperature, in a mixture constituted by 7,000 g. of n-butylacetate and
      3,750 g. of toluene. 2,000 g. of an aqueous solution of the enzyme
      invertase were added to the obtained solution.
PAR  An emulsion was obtained under stirring: at 1.degree.C it was spun through
      orifices having a 125 .mu. diameter and coagulated, at 20.degree.C, in a
      mixture of saturated hydrocarbons having boiling points ranging from
      60.degree. to 80.degree.C. About 3,000 g. of fiber were obtained.
PAR  1,000 g. of this fiber, immersed in a 20% saccharose solution at a pH of
      4.5 inverted 505 g. of sugar per minute.
PAR  Another 1,000 g. of fiber were treated, over 6 hours, with an ammonia
      solution saturated with hydrogen sulphide according to example 1. After
      the treatment, the resulting fiber, immersed in a saccharose solution like
      the one of the preceding example, inverted 1890 g. of sugar per minute.
PAC  EXAMPLE 3
PAR  1,000 g. of nitrocellulose (of Snia Viscosa S.p.A.) were dissolved into a
      mixture constituted by 7,000 g. of n-butylacetate and 3,750 g. of toluene.
PAR  Then 2,000 g. of an aqueous solution of the enzyme penicillin acylase were
      added and the whole was stirred up to an emulsion.
PAR  The emulsion was spun according to example 1 and 3,000 g. of fiber were
      obtained. 1,500 g. of fiber were immersed in 37.5 liters of a
      10.sup.-.sup.1 M potassium phosphate solution at pH of 8.0 containing
      1,500 g. of potassium penicillin G, at 37.degree.C. The enzyme contained
      in the fiber catalyzed the hydrolysis of penicillin to
      6-amminopenicillanic acid and phenyl-acetic acid.
PAR  During the reaction the pH was kept constant by adding sodium hydroxide. In
      such a way a 90% conversion of penicillin was obtained after 227 minutes.
PAR  2,000 g. of an aqueous solution of the enzyme penicillin-acylase were
      englobed in 1,000 g. of nitrocellulose according to the procedure
      described above and then treated with the ammonia solution saturated with
      hydrogen sulphide as described in example 1.
PAR  A like solution of penicillin-acylase was dispersed in a solution formed by
      dissolving 1,000 g. of cellulose triacetate in 13,300 g. of methylene
      chloride. This emulsion was spun as described in example 1, the coagulant
      being toluene. 1,000 g. of the first fiber, at 37.degree.C immersed in 25
      liters of a 10.sup.-.sup.1 M potassium phosphate solution at pH of 8.0
      containing potassium penicillin G at 10%., hydrolized 90% of penicillin
      over 219 minutes.
PAR  The second fiber, under the same conditions, hydrolized 90% of penicillin
      over 298 minutes.
PAR  Another 1,500 g. of fiber were treated with the ammonia solution saturated
      with hydrogen sulphide as described in example 1.  Then, under the same
      conditions as the untreated fiber, they promoted the conversion of 90% of
      penicillin over 56 minutes.
PAR  It is obvious that what has been said with respect to fibers might be
      extended to films, microcapsules or similar products containing enzymes.
PAR  The special interest of the assignee of this application in the fiber field
      has prompted us to describe only enzyme englobing fibers in the specific
      examples; but it will be appreciated that our invention may be practiced
      through the use of other enzyme containing products without departing from
      the spirit thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. The process of preparing cellulose fibers of high permeability
      containing englobed enzymatic material adapted to exert catalytic activity
      in enzymatic reactions, which consists of the steps of dissolving
      nitrocellulose in a solvent which is insoluble in water, preparing an
      aqueous solution of said enzymatic material, emulsifying said solutions,
      spinning said emulsion into a coagulating bath to produce nitrocellulose
      fibers containing englobed enzymatic material, and then treating said
      fibers with a reducing agent under operating conditions which do not
      damage the enzymatic material so that nitro groups are removed from said
      nitrocellulose.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the reducing agent is an
      ammonium sulfhydrate solution or a mixture thereof with a slight excess of
      ammonia or hydrogen sulphide.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein said solvent insoluble in water
      is a member of the group consisting of n-butylacetate, bis-butylphtalate,
      methyl-amylketone and ethylamylketone.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein said solvent insoluble in water
      contains a diluent selected from the group consisting of aliphatic
      hydrocarbons, aromatic hydrocarbons and mixtures of hydrocarbons.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the englobed enzymatic material
      is a member of the group consisting of urease, invertase, lactase,
      acylase, transaminase, glucose-oxidase, catalase, papain, tryptophan
      synthetase and penicillin acylase.
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ABST
PAL  Vertical tube type cracking furnace in which a convection-heating section
      for preheating the process fluid is provided above the combustion chamber,
      and gas passages connecting the convection-heating section and the
      combustion chamber are symmetrically provided.
BSUM
PAR  This invention relates to a cracking furnace for ethylene and the like.
PAR  The object of this invention is to provide a vertical tube type cracking
      furnace in which heating of vertical tubes may be uniformly performed in
      the furnace.
DRWD
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings, in which;
PAR  FIG. 1 is a sectional view of the conventional vertical type cracking
      furnace;
PAR  FIG. 2 is a sectional view of the vertical type cracking furnace of the
      present invention;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2; and
PAR  FIG. 4 shows an arrangement of a large number of cracking furnaces.
DETD
PAR  Referring to the drawings, FIG. 1 shows a conventional cracking furnace, in
      which each reaction tube 6 is suspended by a lifting rag 15 the other end
      of which suspends a weight 16, and said reaction tube 6 is heated by a
      plurality of burners 14 provided within the side wall of the combustion
      chamber 1. Combustion exhaust gas is introduced into a convection-heating
      section 2, which is arranged in staggered relation to the combustion
      chamber, where heat of the exhaust gas is recovered.
PAR  There are disadvantages in the conventional cracking furnace as follows.
PAR  (1) The flow of combustion gas from the combustion chamber 1 to the
      convection-heating section 2 is not uniform flow, and turbulent flow is
      generated between the combustion chamber and the convection-heating
      section 2, because of the unsymmetrical arrangement of the section 2. Thus
      it is difficult to obtain a uniform distribution of temperature and of gas
      flow of the combustion gas at the inlet of the section 2. Consequently,
      the temperature of fluid in each heating tube of the heating section 2 is
      different from the temperature of other heating tubes at the outlet
      thereof. The fluid of different temperature at every heating tubes is
      introduced in the corresponding reaction tube 6. Thus, it is difficult to
      control the temperature of the fluid in each reaction tube. Further, since
      the combustion gas flow is turbulent at the upper portion of the
      combustion chamber, it is difficult to regulate the gas temperature to a
      predetermined value.
PAR  (2) Since the combustion gas passes across the lifting rag 15, return bend
      19 and upper portion of the reaction tube 6, these parts must be made of
      high quality heat-resisting metal.
PAR  (3) In the case that a number of ethylene cracking furnaces are installed,
      there is necessary a large site.
PAR  This invention is to remove the above described difficulties of the
      conventional cracking furnace.
PAR  Referring to FIGS. 2 and 3, the convection-heating section 2 is provided
      above the combustion chamber 1. The combustion chamber 1 has a rectangular
      shape in horizontal section and comprises side walls 9, ceiling 25, floor
      28 and end walls 30, which are made of fire resisting material, and is
      constructed in a symmetrical structure by these components. A plurality of
      burners 14 are provided in the side walls 9 to heat reaction tubes 6 which
      are provided in one or two rows in the center of the cracking furnace.
      Each reaction tube 6 is suspended by the lifting rag 15 engaged with the
      return bend 19 and the weight 16, and the weight 16 and the connecting
      wire rope are provided in the space enclosed by heat resisting walls
      comprising ceiling 25, floor 26 of the convection-heating section 2 and
      walls 27. Outside the space, a pair of exhaust gas passages 3 are
      symmetrically formed by walls 30, 29, 31, 25, 27 and 26 in symmetry with
      respect to the plane including the row of tubes 6.
PAR  In the convection-heating section 2, a plurality of horizontal tubes 7 are
      divided in four groups and connected to each other at their ends by return
      bends in each group. In order to increase the heat efficiency of the
      cracking furnace, an economizer and steam superheater 8 is provided above
      the horizontal tube groups 7. Exhaust gas passed through the superheater 8
      passes through the damper 5 and duct 4 and is exhausted to the atmosphere.
      The cracking furnace constructed in the above composition is supported by
      frame 17.
PAR  Process fluid is introduced in the convection-heating section 2 by pipings
      20 at every group of the horizontal tubes 7 for preheating of the fluid.
      The preheated fluid is introduced in reaction tubes 6 by passing through
      crossover pipings 18. The fluid is cracked in the reaction tubes 6 and
      reaction products are fed to the quencher 23 by passing through the outlet
      pipings 21 and collecting pipings 22.
PAR  In the case that a number of cracking furnaces are installed, quenchers 23
      are provided between furnaces as shown in FIG. 4 and all furnaces are
      supported by the framework comprising supports 17, beams 32 and bracing
      24.
PAR  Since the combustion gas uniformly and symmetrically flows in the
      combustion chamber 1 and passes through convection-heating section 2
      without the turbulent flow, it is easy to control the outlet temperature
      of the process fluid in the convection-heating section to maintain it at a
      predetermined value. As a result, temperature of the process fluid in
      reaction tubes may be maintained constant.
PAR  The combustion gas does not flow across the reaction tubes, return bends
      and lifting rags. In addition these parts are positioned at a lower
      temperature point in the furnace. Accordingly, the furnace is constructed
      in a suitable structure to ensure the heat resistance.
PAR  Since the furnace is symmetrically constructed, the frame 7 is uniformly
      expanded by heat of combustion. Therefore, it is not necessary to consider
      the thermal stress on the supports, beams and the like upon the design of
      the frame. Further, in the case of a larger number of furnaces, the
      furnaces and quenchers may be assembled in the simple structure and small
      size, because of the symmetrical construction.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vertical tube type cracking furnace for cracking a process fluid,
      comprising:
PA1  a combustion chamber;
PA1  a plurality of vertical reaction tubes suspended in a straight row along a
      central portion of said combustion chamber;
PA1  burner means on opposite side walls of said combustion chamber for heating
      said reaction tubes in said combustion chamber;
PA1  heat-resistant walls defining a suspension chamber above said combustion
      chamber isolated from the combustion gases;
PA1  suspension means in said suspension chamber for suspending said reaction
      tubes;
PA1  a convection-heating chamber means positioned above said suspension chamber
      for pre-heating said process fluid;
PA1  fluid connection means extending from said convection-heating chamber means
      to said reaction tubes; and
PA1  exhaust gas passage ways surrounding said suspension chamber on at least
      two sides thereof and connecting said combustion chamber to said
      convection-heating chamber means, said gas passage ways being
      substantially symmetrical, a vertical plane extending through said row of
      tubes and with respect to said combustion chamber and said convection
      chamber means, whereby exhaust gas flows serially therethrough without
      passing laterally across said tubes and suspension means.
NUM  2.
PAR  2. The furnace of claim 1, in which said combustion chamber, said
      suspension chamber and said convection-heating chamber means are disposed
      one directly above the other in the last-stated order and symmetrically
      about said plane.
NUM  3.
PAR  3. The furnace of claim 1, in which said heat-resistant walls of said
      suspension chamber provide at least one wall of said gas passages.
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ABST
PAL  Process and apparatus for recovering clean water from aqueous wastes by
      evaporation while avoiding scaling and fouling as well as corrosion of the
      evaporator tubes. Addition of an oil, preferably a volatile oil, to the
      aqueous waste feed results in the formation of a coating of said oil on
      the surfaces of the tubes, thereby preventing corrosion and fouling and
      build-up of scale deposits. Volatile oil that distills over is separated
      from the aqueous distillate by conventional means and may be recirculated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The economic disposal of waste solids and the recovery of clean water from
      aqueous wastes is a recognized problem. Ideally, apparatuses and processes
      for the recovery of water from solutions of waste solids should provide
      ease of disposition, avoidance of pollution, economic operation, and
      hygienic handling and should, in addition, yield clean water. Furthermore,
      in the course of recovering clean water it is desirable to obtain other
      products or materials which are either valuable in themselves or may be
      utilized to further the economics of the process.
PAR  In one of the customary processes known to the prior art, water solutions
      of waste solids such as aqueous industrial wastes and brackish or salt
      waters are subjected to evaporation with subsequent condensation of the
      water vapor to thereby recover water free of the waste solids.
PAR  In many cases of direct evaporation, particularly direct multiple-effect
      evaporation, scaling or fouling of the evaporator tubes results. One
      measure taken to prevent evaporator scaling is the use of antiscaling
      compounds such as zeolites to remove dissolved minerals. However,
      industrial wastes, sewage and brackish and salt waters have such high
      levels of dissolved solids that the quantities of antiscaling compounds
      required make this procedure prohibitively expensive, and further result
      in disposal problems of the added chemicals.
PAR  As an alternative method to prevent evaporator scaling, evaporator
      manufacturers have resorted to separate tube nests which can be brought
      into operation as required so that the scaled or fouled evaporator units
      may be removed from the line and cleaned to remove the material that has
      caused the fouling or scaling. This changeover, which results in the loss
      of time and also results in disturbing the equilibrium of the evaporation
      system, requires operator attention and a considerable number of switching
      valves which may be operated either automatically or manually. Thus there
      is added capital cost due to the control system as well as the additional
      tube bundles required.
PAR  The materials which cause fouling and scaling of evaporator tubes are often
      corrosive in nature. Thus special alloys such as stainless steel and other
      high performance metals are often required for tube materials. This is yet
      another factor resulting in increased capital cost.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus and process of this invention comprise a systematic
      arrangement of equipment and a series of steps for recovering clean water
      from aqueous wastes by evaporation while avoiding fouling and scaling as
      well as corrosion of evaporator tubes. The apparatus and process of the
      present invention obviate antiscaling compounds and separate, switchable
      nests of evaporator tubes. In addition, the necessity for special alloys
      in the evaporation equipment is avoided.
PAR  It is therefore an object of this invention to provide a process and
      apparatus for recovering clean water economically from aqueous wastes by
      evaporation.
PAR  It is another object of this invention to provide a process and apparatus
      for recovering clean water from aqueous wastes by evaporation while
      avoiding scaling and fouling of the evaporator tubes.
PAR  It is still another object of this invention to provide a process and
      apparatus for recovering clean water from aqueous wastes by evaporation
      while avoiding corrosion of the evaporator tubes.
PAR  It is yet another object of this invention to provide a process and
      apparatus for recovering valuable by-products from aqueous wastes.
PAR  These and other objects of the present invention as well as its nature and
      substance will become apparent to those skilled in the art from the
      following description and claims considered in connection with the
      accompanying drawings.
PAR  Broadly, viewed in one of its principal aspects, this invention comprises a
      process for recovering clean water from aqueous wastes by evaporation
      while avoiding corrosion and scaling and fouling in the evaporator
      according to the following steps:
PAR  1. Adding an oil to said aqueous wastes and forming a mixture of said oil
      and wastes:
PAR  2. Concentrating said mixture of oil and aqueous wastes by heat evaporation
      in the course of which said mixture comes in contact with the evaporating
      surface of the evaporator to yield vapor and concentrated aqueous wastes
      containing said oil, and
PAR  3. Condensing said water vapor.
PAR  The foregoing process is carried out in an apparatus for recovering clean
      water from aqueous wastes, said apparatus comprising a systematic
      arrangement of items of equipment as follows:
PAR  1. A tank adapted to receive a stream of said aqueous wastes,
PAR  2. An evaporator,
PAR  3. A conduit extending from said tank to said evaporator wherethrough may
      flow a stream of aqueous wastes from said tank into the evaporating region
      of said evaporator,
PAR  4. A source of oil,
PAR  5. Means for transmitting oil from said source of oil to said conduit
      extending from said tank to said evaporator whereby a mixed stream of
      aqueous wastes and oil may be conducted into the evaporating region of
      said evaporator,
PAR  6. A combustion apparatus associated with said evaporator for supplying
      evaporative heat thereto,
PAR  7. A condenser,
PAR  8. A conduit extending from said evaporator to said condenser through which
      may flow water vapor formed as a result of evaporation of said mixture of
      aqueous wastes and oil, and
PAR  9. A conduit extending from said condenser wherethrough may flow liquid
      water resulting from the condensation of water vapor.
PAR  By operating according to the present invention it is accordingly possible
      to recover clean water economically from aqueous wastes by evaporation
      while avoiding corrosion as well as scaling and fouling of evaporator
      tubes. In addition, valuable by-products may be recovered from the aqueous
      wastes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the apparatus of the present invention in
      the nature of a flow sheet for the process thereof, and
PAR  FIG. 2 is a portion of the flow diagram of the embodiment of the inventive
      apparatus wherein and whereby dissolved solids are recovered by
      crystallization.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The water recovery process of this invention as applied to aqueous wastes
      thus comprises adding an oil to and mixing it with such waste followed by
      evaporative concentration or dehydration wherein the oil and waste mixture
      comes into contact with the evaporating surface of the evaporator to yield
      evaporated water, i.e., water vapor, and a concentrated aqueous waste
      containing at least a portion of the oil. The presence of the oil during
      evaporative concentration results in the formation of a coating of the oil
      on the surfaces of the evaporator, thereby preventing fouling and the
      build-up of scale deposits at the boiling surfaces of the evaporator such
      as the interior surfaces of the evaporator tubes. In addition, since the
      materials which cause fouling and scaling are often corrosive in nature,
      the presence of the protective oil film prevents corrosion of the
      evaporator heat transfer surfaces.
PAR  While either a non-volatile oil or a volatile oil may be used in the
      evaporative concentration, use of a volatile oil is preferred. Evaporative
      concentration of mixtures of volatile oils and aqueous wastes yields water
      vapor containing at least a portion of the volatile oil and concentrated
      aqueous wastes containing substantially the remainder of that oil. Again,
      the volatile oil forms a protective film on the outside of the evaporator
      tubes or the condensing surface which prevents corrosion and fouling and
      the build-up of scale deposits in the evaporator. The volatile oil in the
      evaporated water or water vapor may be separated by conventional means.
PAR  In one embodiment of this invention, the concentrated aqueous waste
      containing volatile oil is mixed with a heavy, non-volatile oil to obtain
      a mixture which will remain fluid and pumpable even after the removal of
      essentially its entire water content. The resulting mixture is subjected
      to a dehydration step by heat evaporation to yield evaporated water plus
      part of the volatile oil and a substantially anhydrous slurry of waste
      solids and oil. As before, the volatile oil is separated from the
      evaporated water by conventional means.
PAR  The essentially anhydrous slurry of waste solids and oil may, if desired,
      be separated to yield the oil and the waste solids in a largely dry and
      oil-free condition. This may be accomplished by mechanical pressure of
      either a static or a dynamic variety, or both, on the anhydrous slurry
      whereby the greater part of the oil is expressed from the solids. In some
      cases, as in the processing of sewage or slaughter house wastes, the waste
      itself contains a small amount of oil independently of oil which may be
      added to it. This oil will be carried through the dehydration step along
      with the waste solids and the added oil, and be subjected to being pressed
      out of the dehydrated slurry along with the added oil. If the dry or
      essentially water-free slurry be pressed sufficiently vigorously it may
      thus be made to yield oil in a quantity or at a rate equal to or in excess
      of that in or at which oil was previously added to the aqueous waste.
      Generally it is desirable that the pressing step yield enough oil that the
      process will be self-sufficient with respect to oil requirements. Even
      more desirably, in some cases the pressing step will provide somewhat more
      oil than is needed so that the process will develop a net oil yield.
PAR  The dry waste solids left after the pressing operation may often be
      utilized for purposes outside the process itself and thus constitute a
      process product. The process and apparatus of this invention may be used
      to recover clean water from aqueous wastes derived from numerous sources.
      Thus, for example, this invention finds utility in the recovery of water
      in a variety of situations where materials are found in aqueous solution
      or water dispersion, e.g., inorganic and organic wastes including but not
      limited to brackish and saline waters, coal slimes and other inorganic
      slimes, cement in its manufacture, spent lime, sewage and sewage sludge,
      slaughter house effluents, rubbish and garbage, chemical wastes,
      pharmaceutical wastes, petrochemical and petroleum wastes, black liquor
      and other paper liquors, paper industry wastes, canning and packaging
      factory effluents, and food wastes such as those produced in the coffee,
      tea, starch, potato, sugar and dairy (whey) industries, and other
      industrial wastes. Accordingly, depending on the source, the dry waste
      solids recovered from the pressing operation may be used, for example, as
      fertilizer, animal feed, or even food products for human consumption.
      Further, since they are often burnable, they may be used as fuel for the
      generation of steam needed to run the evaporator components of the
      apparatus for the concentration step and the dehydration step and also the
      steam needed to run auxiliary equipment such as pumps, either directly if
      they be steam-driven pumps or indirectly if they be motor-driven pumps and
      the steam is used to run a turbogenerator directly. The process can thus
      be at least partly self-sufficient in respect of fuel requirements.
PAR  Another embodiment of this invention is concerned with the recovery of
      dissolved solids by crystallization. A specific application is the
      recovery of salt from brackish or saline waters. An oil, preferably one of
      low viscosity and having a minimal solubility in water such as is obtained
      from a selected mineral oil, may be added to the brackish or saline water
      which is concentrated by evaporation, as described above, to the point
      where a saturated salt solution is obtained. In the case of sodium
      chloride, this is approximately a 35-40% concentration of the salt. The
      slurry of salt at some point beyond this concentration may then be
      centrifuged or allowed to settle so that the supernatant oil-water mixture
      can be further separated by gravity or centrifuging operations. In this
      manner a high degree of sodium chloride concentration can be obtained with
      the oil being essentially completely free from the salt for reuse in the
      system. In addition, the crystallized salt may be centrifuged from the
      aqueous phase and the water returned for additional concentration. It is
      well known that salts can be centrifuged to a low water content. Thus this
      is an effective means of recovering clean water and dry salt from brackish
      or saline waters while at the same time avoiding corrosion as well as
      scaling and fouling of evaporator tubes. This process therefore has great
      utility in the field of desalination where it is desirable to produce
      large quantities of clean water and dry salt where hitherto a salt
      concentration of only about 10% could be achieved since scaling and
      fouling of the evaporator tubes resulted in uneconomical operation for
      further concentration.
PAR  The above-described embodiment and utilization of this invention for the
      production of dry salts may be applied to many other inorganic materials
      that act in a similar fashion. For example, a mixture of caustic soda and
      sodium fluoride can be effectively separated and dried by the process of
      this invention. A concentration not normally obtainable in the absence of
      oil during the concentration step can be reached, and the concentrated
      caustic soda is separated from the precipitated sodium fluoride by
      centrifugation. In this manner, clean water, caustic soda and sodium
      fluoride are recovered and the oil itself is recovered for reuse. Numerous
      other materials may be processed by this method.
PAR  The process and apparatus of this invention thus provide means for the
      recovery of clean water from aqueous wastes and, in addition, allow for
      the recovery of valuable by-products therefrom. The material to be treated
      by the process of this invention should contain solids particles having a
      maximum size of about 1/4 inch. Larger particles can be ground to size or
      comminuted by existing techniques.
PAR  Any oil, volatile or non-volatile, may be utilized for admixture with the
      aqueous wastes prior to evaporative concentration, but oils which are low
      in viscosity and which contain appreciable levels of relatively volatile
      components are preferred. Typical examples of non-volatile oils are
      tallow, other animal fats and vegetable oils and their derivatives,
      petroleum oils and their fractions including edible mineral oils and
      derivatives including fuel oils, glycerine, glycols, and long chain fatty
      alcohols, non-volatile organic liquids and silicones. Typical of volatile
      oils are light lubricating oils, varsols, kerosene fractions of inedible
      and edible grades and feed grade derived from petroleum sources that have
      little or no water solubility, short chain fatty alcohols, and distillates
      from No. 2 up to No. 6 or higher viscosity heavy fuel oils, steam
      distillable organic liquids, and combinations or blends of light and heavy
      oils. In the evaporative concentration step, the mixture of oil and an
      aqueous waste is brought into contact with the evaporating surfaces of the
      evaporator where the oil forms a film. In the case where a volatile oil is
      used, the volatile components are codistilled with the water and are thus
      available to wash down and form a film on the outside of the evaporator
      tubes. The tube surfaces are therefore kept clean and fouling and scaling,
      as well as corrosion, are prevented.
PAR  The quantity of oil which is to be added to the aqueous waste feed is
      empiric since in cases where severe corrosion or scaling is to be avoided,
      e.g., in the case of concentrating or drying sulfuric acid wastes, the
      waste feed material itself may be just a small fraction by weight of the
      oil which is added to it. In general, however, the oil represents from 1/2
      % to 50% by weight of the aqueous waste feed, and preferably it represents
      from about 3% to about 15% by weight of the waste feed material with which
      it is mixed. In the utilization and embodiment of this invention where
      complete drying is carried out involving the addition of a heavy,
      non-volatile oil to the concentrated aqueous wastes, any residual oil
      present in the concentrated aqueous wastes will blend with the heavy oil
      added to the system prior to evaporative dehydration.
PAR  When complete drying is carried out the oils which are utilized for
      admixture with the concentrated aqueous wastes are inert, relatively
      non-volatile oils or fats, or other oil-like materials. However, any
      volatile components may be recovered for use in the concentration step.
      Examples of these heavy oils are tallow, other animal fats and vegetable
      oils, petroleum oils and their fractions, glycerines, glycols, and
      miscellaneous liquid wastes from industrial plants, being generally
      organic in nature. The quantity of heavy oil that is used is such that its
      ratio in the system is in the range of about two to about twenty parts by
      weight based on each part of non-fat solids in the aqueous wastes. This
      refers to total oil, i.e., added non-volatile oil, residual oil present in
      the concentrated wastes, and oil derived from the process itself, i.e.,
      present in the aqueous wastes. This amount of oil gives a fluid, pumpable
      mixture even in the absence of water. The term "fluid" as used here is
      intended to be synonymous with "liquid", i.e., taking the shape of the
      container to the extent that the mixture fills the container. This
      includes heavy, viscous fluids which are pumpable but still suitable for
      heat transfer purposes.
PAR  While the concentration step and the dehydration step of this invention may
      each be carried out in the single-stage or single-effect evapoators known
      in the art, it is usually preferred that each of these steps be
      accomplished in a plurality of sequential heat evaporation steps wherein
      each of the successive evaporation steps is at a successively higher
      temperature and the resulting aqueous wastes streams are of successively
      higher concentrations because of increasing dehydration, the evolved
      vapors of each succeeding evaporation step supplying a substantial portion
      of the heat requirements of the preceding heat evaporation step. Thus the
      plurality of sequential heat evaporation steps connotes at least two. The
      equipments that can be employed are multiple-effect evaporators known in
      the art, e.g., Mojonnier, Bufflovak, Rodney-Hunt, etc. Functionally, the
      evaporator equipment may be of the forced circulation, flash, falling film
      recirculation, single pass, rotary wiped film, or indeed any suitable
      type. The evaporator system overall may be single-stage or multi-stage,
      single effect or multi-effect, forward flow or backward or reverse flow,
      thermal and mechanical recompression, or indeed any suitable system.
PAR  The temperatures, pressures and concentrations in each of the successive
      series of evaporation steps are largely empiric in nature, depending upon
      the systems and oils being employed. Typical processing temperatures for
      the initial concentration of mixtures of oils and aqueous wastes may be in
      the range of about 80.degree. to about 130.degree.F in the first stage,
      about 130.degree. to about 170.degree.F in the second stage, about
      150.degree. to about 200.degree.F in the third stage, and about
      190.degree. to about 230.degree.F in the final stage of a quadruple-effect
      evaporating system. The preferred processing temperatures are in the range
      of from about 90.degree.F to about 125.degree.F in the first stage, from
      about 135.degree. to about 145.degree.F in the second stage, from about
      155.degree. to about 170.degree. in the third stage, and about
      200.degree.F in the fourth or final stage.
PAR  The normal processing temperatures for the dehydration of mixtures of oil
      and concentrated aqueous wastes may be in the range of about 130.degree.
      to about 300+ in the first stage and about 150.degree.F to about
      400.degree. in the second, third or final stages of a multi-effect drying
      system. The preferred processing temperatures are in the range of from
      about 180.degree. to about 250.degree.F in the first stage and from about
      200.degree. to about 350.degree.F in the second, third or last stages. The
      foregoing ranges and progressions of temperatures are reasonable in the
      case where the flows through the evapoator of the mixture being
      concentrated or dehydrated and the heating or drying steam are
      substantially countercurrent, the evaporator in this mode of operation
      being called a backward flow evaporator. The temperatures also depend on
      the desired quality of the end product as well as economics of fuel
      utilization, cooling water availability, capital investment, etc.
PAR  In the foregoing paragraph the expression "first stage" refers to that part
      of the evaporator equipment in which mixtures of oil and aqueous wastes or
      mixtures of oil and concentrated aqueous wastes are subjected to the first
      step of a sequential plurality of evaporation steps, two or three or more
      corresponding to "second stage," "third stage," etc. The expression
      "effect" on the other hand, as in "multiple-effect" or "multi-effect," is
      related to the flow and action of the heating medium, customarily steam,
      in the evaporator equipment. Where the flow of a mixture of an aqueous
      waste and oil or a mixture of a concentrated aqueous waste and oil being
      heated and evaporated is countercurrent to that of the heating steam
      (backward flow), the first stage of the evaporator is the same as its last
      effect.
PAR  The pressures are not critical and are controlled with temperatures to
      achieve desired evaporation rates in a given design. Thus the first stage
      pressure will conveniently be from about 1/2 in. Hg absolute to
      atmospheric or higher pressure depending upon the number of stages and the
      temperature spread and pressure requirements resulting from the
      temperature spread. The pressures then increase in successive stages
      responsive to the temperatures in the aforedescribed countercurrent or
      backward flow case. It is advantageous to operate the first stage at
      subatmospheric pressures, and the final stages at pressures close to
      atmospheric or higher.
PAR  The advantage of employing sequential evaporation steps may be seen from
      the following. For example, in a double-effect evaporator with feed
      entering at 80.degree.F the material can leave the evaporator at
      225.degree.-250.degree.F with ratios of approximately one pound of steam
      utilized for approximately 1-1/2 to 1-3/4 pounds of water evaporated;
      whereas in a simple single-effect operation about 1-1/2 pounds of steam
      would be required to achieve the same result so far as temperatures are
      concerned with only one pound of water evaporated. If triple or more
      effect evaporation be utilized even further economies in fuel consumption
      are made possible. It should be noted that the evolved vapors from each
      succeeding one of the heat evaporation steps supply a substantial portion
      of the heat requirement of the preceding heat evaporation step in the case
      of a backward flow evaporator. The only net heat input is that required to
      raise the temperature of the components to evaporation temperatures and
      make up for heat losses.
PAR  Thus by adding an oil to aqueous wastes, clean water may be recovered by
      evaporation while corrosion as well as scaling and fouling of the
      evaporator tubes is prevented or avoided. If desired, dissolved solids may
      be recovered by crystallization from the thus concentrated mixtures of oil
      and aqueous wastes. Alernatively, if a non-volatile oil be used in the
      concentration step or if a non-volatile oil be added to a mixture of a
      concentrated aqueous waste and a volatile oil essentially all the
      remaining water may be removed by evaporation. The final product from the
      dehydration step is generally a substantially anhydrous oil-waste solids
      slurry containing no more than about 1- 10 weight percent water on a
      non-fat basis. The water content is such as to permit fuel efficiency when
      the waste solids which have been separated from the oil are burned or
      representation of those solids as being in an essentially dry state when
      they are disposed of as a marketable product. Thus, by operating according
      to this invention, essentially all the water is efficiently recovered from
      aqueous wastes in a clean state by evaporative techniques with avoidance
      of corrosion as well as scaling and fouling of evaporator tubes. In
      addition, valuable solids may be recovered.
PAR  The present invention and its advantages will be better understood by
      referring to certain particular embodiments discussed in detail in
      connection with the flow diagrams shown in the drawings. Referring now to
      the flow diagram of FIG. 1, a stream of aqueous waste material flows into
      mixing or homogenizing tank 2 through line 1. The system is stirred or
      churned in tank 2 by means of an agitating device 3 and steadily withdrawn
      from the tank by a bottom pump and discharged through line 4. Oil, assumed
      to be volatile oil, from oil-water separator 5 passes through line 6 to
      metering pump 7 which delivers the oil through line 8 which meets line 4
      at a T. There the volatile oil becomes mixed with the homogenized aqueous
      waste material flowing from tank 2 and the resulting combined stream of
      aqueous wastes and volatile oil flows through leg 9 of the T to the sump
      of first stage or third effect recycle evaporator 10. Level sensing
      element 11 in that sump controls the opening or adjustment of throttle
      valve 12 in feed line 9 to maintain a desired liquid level in the sump.
PAR  Pump 13 withdraws the mixture of aqueous wastes and volatile oil from the
      first stage sump and discharges it through line 14 to the evaporating
      region of first stage or third effect recycle evaporator 10. In that
      region water and part of the volatile oil are boiled off at a
      subatmospheric pressure which may typically be about 2 in. Hg absolute.
      First stage evaporator 10 is operated at a temperature in the range of
      about 80.degree.-130.degree.F and preferably about
      90.degree.-125.degree.F, depending upon the pressure in the evaporator.
      The system is heated by vapors of water and volatile oil from line 15
      which are at a temperature about 20.degree.F higher than the temperature
      maintained within evaporator 10. Condensates of the heating vapors are
      withdrawn through line 16 and delivered by pump 17 to product
      water/volatile oil outlet line 18. Water vapor and volatile oil vapor
      formed as a result of the concentration of the mixture of aqueous wastes
      and oil in the first stage evaporator are removed from vapor chamber 19
      through line 20 to surface condenser 21. Cooling water from a suitable
      source enters that condenser through line 22 and leaves through line 23.
      The condensate of water and volatile oil is withdrawn from condenser 21 by
      pump 24 and discharged by that pump through product water and volatile oil
      outlet line 18. Non-condensables are withdrawn and a reduced pressure
      maintained in the condenser by a vacuum source as shown.
PAR  A portion of the recirculating, partially concentrated mixture of oil and
      aqueous waste material is taken off from line 14 through line 25.
      Additional volatile oil from oil-water separator 5 passes through line 6
      to metering pump 26 which delivers that oil through line 27 connecting
      with line 25 at a T. There the additional volatile oil blends with the
      mixture of partially concentrated aqueous wastes and oil from recycle
      evaporator 10 and the resulting mixture is conducted through line 25 to
      the sump of second stage recycle evaporator 28. Level sensing element 29
      in that sump controls the opening or adjustment of throttle valve 30 in
      feed line 25 ahead of the junction with line 27 to maintain a desired
      liquid level in the sump.
PAR  Pump 31 withdraws the mixture of partially concentrated aqueous wastes and
      volatile oil from the second stage sump and discharges it through line 32
      to the evaporating region of second stage recycle evaporator 28. In the
      second stage evaporator a procedure is followed similar to that in the
      first stage except that the pressure is generally higher. Second stage
      evaporator 28 is operated at a temperature in the range of about
      130.degree.-170.degree.F and preferably about 135.degree.-145.degree.F,
      depending upon the pressure in the evaporator. The system is heated by
      vapors of water and volatile oil from line 33 which are at a temperature
      about 20.degree.F higher than the temperature maintained within evaporator
      28. Condensates of the heating vapors are withdrawn by pump 34 and
      delivered through line 35 to a T connection with product water/volatile
      oil outlet line 18. Leg 36 of the T conducts all heretofore mentioned
      streams or accumulations of condensed product water and volatile oil to
      oil-water separator 5. Mixed water vapor and volatile oil vapor formed as
      a result of the further concentration of the mixture of partially
      concentrated aqueous wastes and volatile oil are removed from second stage
      vapor chamber 37 through line 15 and go on to serve to heat the
      evaporating region of first stage evaporator 10. First stage evaporator 10
      and second stage evaporator 28 are therefore concentrating evaporators and
      together are a multiple effect concentrating evaporator.
PAR  A portion of the recirculating concentrated mixture of oil and aqueous
      waste material is taken off from line 32 through line 38. Metering pump 39
      in line 38, controlled by level sensing device 40 in the sump of the third
      stage evaporator, discharges the concentrated withdrawn mixture portion
      through line 38 which connects with line 41 from the third stage sump at a
      cross. Heavy, non-volatile oil from tank 42 is delivered by metering pump
      43 through line 44 which also connects with line 41 at the aforementioned
      cross. There the heavy oil becomes mixed with the mixture of concentrated
      aqueous wastes and volatile oil, and the resulting or combined mixture is
      conducted through line 41 to the evaporating region of third stage recycle
      evaporator 45. In the third stage evaporator, which is the drying stage or
      drying evaporator, a procedure is followed similar to that in the second
      stage except that the pressure is generally higher.
PAR  Third stage evaporator 45 is operated at a temperature in the range of
      about 130.degree.-300.degree.F and preferably about
      180.degree.-250.degree.F, depending upon the pressure in the evaporator.
      The mixture of heavy oil, volatile oil, and concentrated aqueous wastes
      withdrawn or flowing from the sump of evaporator 45 is delivered by pump
      46 through line 41 and recycled to the evaporating region of that
      evaporator until essentially all the water vapor and volatile oil vapor
      formed as a result of the dehydration step are removed from third stage
      vapor chamber 47 through line 33 and go on to serve to heat the
      evaporating region of second stage evaporator 28. Third stage evaporator
      45 is heated by steam generated in boiler-furnace 48 and conducted to that
      evaporator stage through line 49. Condensate of the heating steam is
      withdrawn through line 50 and delivered by feed pump 51 back to the boiler
      furnace.
PAR  Valve 52, a manually adjusted valve opened to a predetermined setting, is
      disposed as a discharge control valve on the outlet side of pump 53
      located in line 54, one end of which is connected into line 41 just beyond
      the discharge side of pump 46. At its other and outlet end line 54 is
      connected to centrifuged 55, and a regulated flow of an essentially
      anhydrous slurry of waste solids in heavy oil is delivered through line 54
      to the centrifuge. Centrifuge 55 separates the dehydrated waste solids in
      heavy oil slurry, a fraction of the material flowing in line 41, into two
      streams. One of those streams, a stream of relatively clear heavy oil, is
      discharged and delivered through line 56 to oil tank 42. Should the system
      generate heavy oil in excess of that needed for fluidizing purposes, that
      excess or net product oil may be withdrawn from tank 42. If there be a net
      loss of heavy oil in the process through more oil remaining with the dry
      waste solids than is brought in as part of the aqueous waste feed stream,
      make-up heavy oil may be added to the system at tank 42 through line 57.
      The other stream from centrifuge 55, a stream containing substantially all
      of the waste solids, is discharged and delivered through line 58 into
      receiver 59.
PAR  The waste solids flowing from the centrifuge into the receiver may contain
      from about 3% to about 50% by weight of oil. If desired, those solids may
      be subjected to further removal of oil for return to circulation by means
      of a pressing apparatus in the nature of a reciprocating press or
      liquid-solid separator, for example, a piston-type, perforated barrel or
      curb or cage press such as that disclosed in U.S. Pat. No. 1,135,309
      issued to E. T. Meakin on Apr. 13, 1915. It may be a press of that nature,
      but it may also be a press of any other suitable kind. In the general
      sense, of course, centrifuge 55 itself may be regarded as a liquid-solid
      separating press, one in which pressures or separating forces are
      generated dynamically rather than statically. It is within the
      contemplation of the present invention that certain aqueous wastes
      amenable to processing in accordance with it will yield dry slurries at
      the sump discharge of third or final stage evaporator 45 which can be
      separated economically and adequately into their non-fat solids and heavy
      oil components by means of a single piece of mechanical equipment only,
      that is, for example, by either a centrifuge alone or a perforated barrel
      press alone.
PAR  Assuming that the aqueous waste feed material is originally oil-containing,
      the vigor of the operation performed in and by centrifuge 55 and any other
      pressing equipment present will determine whether or not the system
      generates a net oil product which can be withdrawn. Centrifuging or
      pressing down to just a "break even" level of residual heavy oil in the
      waste solids will allow the system to function without the addition of any
      heavy oil except the quantity needed for start-up purposes, but also
      without the possibility of generating any net oil product. Centrifuging to
      a higher level than the "break even" level, that is a level at which there
      is more residual heavy oil in the centrifuged or further pressed waste
      solids than there was oil originally associated with those solids in the
      aqueous wastes flowing into the system through line 1, will not only
      eliminate the possibility of a net oil product but also require that the
      system be supplied continuously with heavy oil for make-up purposes.
PAR  The dry waste solids discharged from centrifuge 55 into receiver 59 contain
      some residual heavy oil in all practical cases, but desirably no more than
      about  20-40% by weight. If the waste solids be organic they may be
      comminuted and used as fuel in boiler-furnace 48. The solids, in cake or
      chunk form, are delivered from receiver 59 via conduit 76 to grinder 77
      where they are reduced to granular if not powder form, and from the
      grinder they flow through line 78 to the suction side of blower 79. The
      blower discharges the comminuted waste solids as fuel through line 80 to
      boiler-furnace 48. Alternatively, waste solids that are either organic or
      inorganic may be withdrawn from receiver 59 via conduit 76 and, after
      being discharged by blower 79, discharged through line 81 for employment
      outside the illustrated system if such employment, for example employment
      as fertilizer, represent a use that is higher or more valuable than use as
      fuel.
PAR  As pointed out hereinbefore, the mixture of product water and volatile oil
      from the concentration and dehydration steps is conducted through line 36
      to oil-water separator 5. The water phase, containing some volatile oil,
      is delivered by pump 60 through line 61 to coalescer 62. In that coalescer
      essentially complete separation of the remainder of the volatile oil from
      the product water occurs. Volatile oil from coalescer 62 is returned
      through line 63 to oil-water separator 5 from which it may be withdrawn
      through line 6 and added to the aqueous wastes prior to the concentration
      steps. Clean water, essentially completely free from volatile oil, is
      withdrawn from coalescer 62 through line 64. While in the given
      description of the employment of the apparatus embodiment of the present
      invention shown in FIG. 1 utilization of a volatile oil has been included,
      especially for the first and second or concentrating evaporator stage, it
      will be understood that a heavy oil with little if any volatile material
      could be used in its stead, although that would not be a preferred use.
PAR  In the employment of another apparatus embodiment of the present invention
      dissolved solids are recovered from aqueous wastes by crystallization.
      FIG. 2 illustrates that portion of the flow diagram of the apparatus of
      this invention which includes such embodiment particularly. A portion of
      the mixture of concentrated aqueous waste material and volatile oil being
      circulated through line 32 by pump 31 to second stage recycle evaporator
      28 is withdrawn through line 65 which leads out of line 32 from a T. The
      aqueous phase of the mixture is a saturated solution of dissolved solids.
      Pump 66 delivers the mixture of saturated aqueous solution and oil through
      line 65 to settling tank 67. In tank 67 the mixture is allowed to separate
      into a volatile oil phase, a water phase and a crystallized solids phase.
      The volatile oil and the water phases are withdrawn from settling tank 67
      by pump 68 through line 69 connecting back into line 32 beyond the
      connection thereto of line 65, and are recycled to evaporator 28 where the
      aqueous phase undergoes further concentration.
PAR  The crystallized solids are withdrawn from settling tank 67 and delivered
      by pump 70 through conduit 71 to centrifuge 72. In that centrifuge the
      crystallized solids are separated essentially completely from any residual
      or adhering water and volatile oil, and the essentially dry, oil-free
      solids are discharged from centrifuge 72 through line 73. The residual
      water or aqueous phase containing some volatile oil is discharged from
      centrifuge 72 and delivered by pump 74 through line 75 which connects back
      into line 69 on the discharge side of pump 68. The aqueous and volatile
      oil phases from centrifuge 72 are thus recycled back to second stage
      evaporator 28. It will be apparent that dissolved solids may also be
      recovered by crystallization essentially as described above when a heavy
      oil having little if any volatile material is used in the concentration
      step instead of a volatile oil. For example, selected mineral oils may be
      used as the non-volatile oil in the concentration step and crystallized
      solids recovered from the mixture as described above.
PAR  It has been found surprisingly that a volatile oil of low viscosity such as
      a kerosene fraction derived from petroleum sources, or an oil derived from
      the distillation of heavy fuel oils such as may be employed in the
      dehydration system, does not apparently affect to any degree the
      evapoation rate of the materials being concentrated. In fact, heat
      exchange is so good that U values (BTU/hr./ft..sup.2 .degree.F) of 300 to
      400 are obtained readily in a falling film evaporator operating in a
      thermal range where product temperatures are from about 120.degree. to
      about 170.degree.F. These U or heat transfer coefficient values are indeed
      high when one compares them with the values obtained for materials which
      tend to scale, where they rapidly drop to about 150 or less. Thus it
      appears that the volatile oil washing down the evaporator tubes prevents
      build-up of scale and fouling, thereby ensuring good heat transfer. In
      addition, the volatile oil washing down and wetting the evaporator tubes
      provides an oil film on the surface which prevents corrosion.
PAR  While specific apparatus embodiments of the present invention have been
      shown and themselves and their process operations described in detail to
      illustrate the employment of the inventive principles, it will be
      understood that the invention may be embodied otherwise in particulars
      without departing from such principles. Protection by Letters Patent of
      this invention in all its aspects as the same are set forth in the
      appended claims is sought to the broadest extent that the prior art
      allows.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for recovering clean water from aqueous wastes by evaporation
      while avoiding corrosion and scaling and fouling in the evaporating
      apparatus, said process comprising the steps of (1) adding an oil to said
      aqueous wastes; (2) concentrating the oil and aqueous wastes mixture by
      heat in an evaporator wherein said mixture comes in contact with the
      evaporating surface thereof to yield (i) water vapor and any distillable
      components of said oil and (ii) concentrated aqueous wastes containing
      said oil; (3) condensing said water vapor and distilled oil components,
      and (4) separating liquid water resulting from said condensing step from
      the distilled and recondensed oil components in the liquid mixture
      thereof.
NUM  2.
PAR  2. A process for recovering clean water from aqueous wastes by evaporation
      while avoiding corrosion and scaling and fouling in the evaporating
      apparatus, said process comprising the steps of (1) adding a volatile oil
      to said aqueous wastes; (2) concentrating the volatile oil and aqueous
      wastes mixture by heat in an evaporator wherein said mixture comes in
      contact with the evaporating surface thereof to yield water vapor
      containing a portion of the volatile oil as a vapor and concentrated
      aqueous wastes containing substantially the remainder of the volatile oil;
      (3) condensing said water vapor containing said volatile oil vapor to
      obtain a liquid mixture of water and volatile oil, and (4) separating said
      water from said volatile oil in said liquid mixture thereof.
NUM  3.
PAR  3. An apparatus for recovering clean water from aqueous wastes, said
      apparatus comprising (1) a tank adapted to receive a stream of said
      aqueous wastes, (2) an evaporator, (3) a conduit extending from said tank
      to the evaporating region of said evaporator wherethrough may flow a
      stream of aqueous wastes from said tank, (4) a source of oil, (5) means
      for transmitting oil from said source of oil to said conduit extending
      from said tank to said evaporator whereby a mixed stream of aqueous wastes
      and oil may be conducted into the evaporating region of said evaporator,
      (6) a combustion apparatus associated with said evaporator for supplying
      evaporative heat thereto, (7) a condenser, (8) a conduit extending from
      said evaporator to the condensing region of said condenser through which
      may flow water vapor formed as a result of evaporation of said mixture of
      aqueous wastes and oil, (9) a conduit extending from said condenser
      wherethrough may flow liquid water formed as a result of condensation of
      said water vapor, (10) a settling tank, (11) a conduit extending from said
      evaporator to said settling tank wherethrough may flow a mixture of
      concentrated aqueous wastes and oil from said evaporator to said settling
      tank wherein dissolved solids crystallize from said concentrated aqueous
      wastes solution to form a separate oil phase, an aqueous phase and a
      crystallized solid phase, (12) a conduit connected to said settling tank
      at a relatively low level and extending therefrom wherethrough
      crystallized solids may be withdrawn from said tank, and (13) a conduit
      connected to said settling tank at a relatively high level and extending
      therefrom to said evaporator wherethrough a mixture of oil and residual
      aqueous wastes may flow from said settling tank to said evaporator to be
      subjected to further evaporative concentration therein.
NUM  4.
PAR  4. A process for recovering clean water from aqueous wastes by evaporation
      while avoiding corrosion and scaling and fouling in the evaporating
      apparatus, said process comprising the steps of (1) adding an oil to said
      aqueous wastes; (2) concentrating the oil and aqueous wastes mixture by
      heat in an evaporator wherein said mixture comes in contact with the
      evaporating surface thereof to yield (i) water vapor and any distillable
      components of said oil and (ii) concentrated aqueous wastes containing
      said oil; (3) condensing said water vapor and distilled oil components;
      (4) separating liquid water resulting from said condensing step from the
      distilled and recondensed oil components in the liquid mixture thereof;
      (5) allowing at least a portion of the dissolved solids in the mixture of
      concentrated aqueous wastes and oil to crystallize, and (6) thereafter
      separating said mixture of concentrated aqueous wastes and oil into its
      oil phase, crystallized solid, and aqueous phase component parts.
NUM  5.
PAR  5. The process of claim 4 which further includes the step of recycling the
      separated aqueous phase and oil phase for further concentration of said
      aqueous phase.
NUM  6.
PAR  6. A process for recovering clean water from aqueous wastes by evaporation
      while avoiding corrosion and scaling and fouling in the evaporating
      apparatus; said process comprising the steps of (1) adding a volatile oil
      to said aqueous wastes; (2) concentrating the volatile oil and aqueous
      wastes mixture by heat in an evaporator wherein said mixture comes in
      contact with the evaporating surface thereof to yield water vapor
      containing a portion of the volatile oil as a vapor and concentrated
      aqueous wastes containing substantially the remainder of the volatile oil;
      (3) condensing said water vapor containing said volatile oil vapor to
      obtain a first liquid mixture of water and volatile oil; (4) separating
      said water from said volatile oil in said first liquid mixture thereof;
      (5) admixing said concentrated aqueous wastes and remaining volatile oil
      with a heavy non-volatile oil to obtain a mixture which will remain fluid
      and pumpable after the removal of the water content therefrom; (6)
      subjecting the resultant oil-containing mixture to dehydration by heat
      evapoation to yield additional water vapor containing volatile oil vapor
      and a substantially anhydrous waste solids and heavy oil slurry; (7)
      condensing said last mentioned water vapor containing said volatile oil
      vapor to obtain a second liquid mixture of water and volatile oil, and (8)
      separating said water from said volatile oil in said second liquid mixture
      thereof.
NUM  7.
PAR  7. The process of claim 6 wherein the concentration step is carried out at
      a temperature in the range of from about 80.degree.F to 230.degree.F and
      the dehydration step is carried out at a temperature in the range of from
      about 130.degree. to 400.degree.F.
NUM  8.
PAR  8. The process of claim 6 wherein the condensed water vapor from the
      concentration step is combined with that from the dehydration step.
NUM  9.
PAR  9. The process of claim 6 which further includes the step of recycling
      separated volatile oil and using the same in the initial step of adding a
      volatile oil to said aqueous wastes.
NUM  10.
PAR  10. The process of claim 6 which further includes the step of separating
      oil from the anhydrous waste solids and oil slurry to give a substantially
      oil-free and dry waste solids product.
NUM  11.
PAR  11. The process of claim 10 which further includes the step of utilizing
      recovered waste solids product as fuel for supplying heat for said
      concentration and dehydration steps.
NUM  12.
PAR  12. An apparatus for recovering clean water from aqueous wastes, said
      apparatus comprising (1) a tank adapted to receive a stream of said
      aqueous wastes, (2) a first evaporator, (3) a conduit extending from from
      tank to the evaporating region of said first evaporator wherethrough may
      flow a stream of aqueous wastes from said tank, (4) an oil-water
      separator, (5) means for transmitting volatile oil from said oil-water
      separator to said conduit extending from said tank to said first
      evaporator whereby a mixed stream of aqueous wastes and volatile oil may
      be conducted into the evaporating region of said first evaporator, (6) a
      condenser, (7) a conduit extending from said first evaporator to the
      condensing region of said condenser through which may flow a vapor of
      water and volatile oil formed as a result of evaporation of said mixture
      of aqueous wastes and volatile oil, (8) a conduit extending from said
      condenser to said oil-water separator wherethrough may flow a liquid
      mixture of water and volatile oil formed as a result of condensation of
      said vapor of water and volatile oil, (9) a second evaporator, (10) a
      combustion apparatus associated with said second evaporator for supplying
      evaporative heat thereto, (11) a conduit extending from said first
      evaporator to the evaporating region of said second evaporator
      wherethrough may flow a mixed stream of concentrated aqueous wastes and
      volatile oil from said first evaporator; (12) a reservoir containing
      non-volatile oil, (13) means for transmitting non-volatile oil from said
      reservoir to said conduit extending from said first evaporator to said
      second evaporator whereby a mixed stream of concentrated aqueous wastes,
      volatile oil and non-volatile oil may be conducted into the evaporating
      region of said second evaporator, and (14) a conduit extending from said
      second evaporator to the heating region of said first evaporator through
      which may flow a vapor of water and volatile oil formed as a result of
      dehydration of said concentrated aqueous wastes, volatile oil and
      non-volatile oil mixture, said vapor of water and volatile oil supplying
      evaporative heat to said first evaporator.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said first evaporator and said second
      evaporator are arrayed overall as a multi-effect, backward flow
      evaporator.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said combustion apparatus associated
      with said second evaporator comprises a boiler-furnace for the generation
      of steam and a conduit extending from said boiler-furnace to the heating
      region of said second evaporator wherethrough steam may flow from said
      boiler-furnace to said second evaporator.
NUM  15.
PAR  15. The apparatus of claim 12 which further includes a pressing apparatus
      for effecting the separation of mixtures of concentrated wastes solids and
      non-volatile oil into their components of substantially oil-free waste
      solids and said non-volatile oil and a conduit extending from said second
      evaporator to said pressing apparatus wherethrough may flow said mixture
      of concentrated waste solids and non-volatile oil.
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ABST
PAL  Method, apparatus and test compositions are provided for rapid, accurate
      test of concentration levels of various components of body fluids,
      particularly the glucose level in saliva, by oxidizing the test sample
      under controlled conditions with an excess of oxidizing agent and
      measuring the level of the component such as glucose in the body fluid as
      redox potential in millivolts of a primary cell in which the residual
      oxidizing solution is the electrolyte.
BSUM
PAR  This invention relates to the method and apparatus for quantitative
      measurement of concentration levels of various components of body fluids
      such as glucose levels in any of the body fluids; and, more particularly,
      to measuring the human body fluid components such as glucose levels by
      measurement quantitatively of the residual oxidation-reduction potential
      of the reaction medium including the body fluid following chemical
      reaction with a small measured quantity of at least one reagent such as
      reducing or oxidizing agents; to an electrochemical redox potential
      measuring cell and apparatus with which the cell is used to provide an
      accurate read-out of the developed potential of such cell by the reacted
      body fluid sampling, simplified for rapid and easy use by individuals and
      professionals; and to appurtenant compositions and elements useful in
      operation of the apparatus and performing of the test.
PAR  There is a substantial prior art of continuing efforts to measure
      components of body fluids, such as the glucose level of small quantities
      of body fluid, but these are generally complicated, difficult and time
      consuming to perform, and are often inaccurate. Testing upon urine by
      prior methods has been largely colorometric and inaccurate; and with blood
      as well as urine, common chemical procedures for testing of the glucose
      level have been long, complex, time consuming, expensive and generally
      beyond the skill of non-professionals.
PAR  The present method is much superior in that it is accurate and much
      simplified for rapid and easy use by both laymen and professionals. It may
      be applied to any small measured quantity of any body fluid such as
      saliva, spinal fluid, perspiration, tears, whole blood, plasma or urine.
      This method is operative easily even upon the unusual body fluids in this
      list and the testing of the glucose level of fluids, even available only
      in small quantity, for example, in saliva, is quite rapid and accurate.
PAR  In broadest aspect, this invention is directed to a method of testing
      concentration levels of certain components of body fluids, particularly of
      glucose levels in body fluids, first by adequate sampling of the body
      fluid, in quantitatively oxidizing the glucose content thereof under fixed
      conditions, such as at a selected fixed temperature, such as the boiling
      point of water, for a short fixed time period, with a measured excess
      quantity of oxidizing solution; and then measuring electrochemically the
      residual quantity of oxidizing agent, whereby to measure the oxidized
      quantity of glucose present in the test sample by difference.
PAR  The present method for oxidizing agent typically uses a solution comprising
      a measured quantity of a divalent copper salt, such as a Benedict
      solution, with which the glucose content of the sampling is first
      completely oxidized at the expense of the measured quantity of oxidizing
      agent. The residual millivoltage developed by a primary cell using
      oxidized test sample and the partially reduced copper solution as
      electrolyte is then measured and the direct read-out can be used to
      indicate numerically, either the millivoltage or the exact glucose content
      of the test sample.
PAR  Thus, the glucose content of the primary cell output will be readable as a
      measurement in millivolts produced by the residual reduced copper salt
      content of the test solution as electrolyte.
PAR  In this manner, the glucose content of the body sampling is read negatively
      as the millivoltage developed in a primary cell using the residual
      quantity of the body fluid in which the glucose was oxidized together with
      the excess of unreduced oxidizing agent as the electrolyte. The quantity
      of glucose originally present in the sample reduces its corresponding
      quantity of oxidizing agent, for example, the divalent copper salt, thus
      modifying the electrical output of the cell in millivolts according to the
      original quantitative glucose presence, to give a cell output readable as
      proportional to the residual copper salt potential, indicative of the
      original glucose level that was oxidized. It may also be considered that
      the redox potential of the cell may be converted to be a direct reading of
      the original glucose content of the test sample. That relationship between
      millivolt output of the cell and the original glucose content of the test
      sample is set forth by the curve of FIG. 6.
PAR  In a second aspect of the invention, a test apparatus is provided, which
      may include a sample holding and treating means, a timed heating and
      temperature control means, means for supplying a measured test sample and
      reagent to the sample treating means, an electrode and cell components and
      circuitry for accurately measuring and indicating the residual potential
      of a reaction solution in which the glucose content of the sample was
      oxidized, electrical indicator means showing the results of the tests
      whereby they are directly readable for performing a very rapid glucose
      level test quantitatively, accurately, and even readable in numerical
      terms directly indicative of the glucose level of the sample.
PAR  Other elements of this invention comprise accurate quantitatively fixed
      reagent pills or tablets for supply of reagent to the reaction solution as
      a single pellet of premeasured quantity of reagent for the test, whereby
      individual measurement of chemical reagent in accurate quantity is not
      needed by the operator for the test; or alternately a premixed standard
      solution sealed in a throw-away reaction container having a wide mouth
      through which may be suspended the electrode assembly during the test; as
      well as pipette means for accurately measuring the sample of the body
      fluid for use in the test. This allows the total test to be easily
      performed rapidly and accurately by anyone, typically a laboratory
      technician, a physician performing a test in his own office upon a
      patient, or a patient himself applying the test in his own home
      periodically to know the glucose levels of his own body.
PAR  Accordingly, it is the object of this invention to provide the steps and
      apparatus elements as listed above to perform the invention described
      herein. Other objects are inherent.
PAR  The fundamental procedure as referred to above lies in the oxidation of an
      accurate sampling with a measured quantity of oxidizing agent such as a
      copper salt, typically a Benedict solution, but other oxidizing solutions
      including reducible copper solutions from which the residual copper salt
      may be measured electrimetrically may be used.
PAR  The quantitative Benedict solution is preferably the solution with which
      the glucose in the body fluid, such as saliva, reacts and uses the cupric
      ion (Cu.sup.+.sup.+) as the specific ion that undergoes a change in
      concentration. The actual measurement is made on the concentration of
      Cu.sup.+.sup.+ ions left in the solution after the glucose has reduced a
      portion of the Cu.sup.+.sup.+. There is a definite quantitative
      relationship between the amount of glucose present and the amount of
      Cu.sup.+.sup.+ that has been reduced. Thus by measuring the amount of
      Cu.sup.+.sup.+ ions left in solution, a quantitative reading of the amount
      of glucose that was present in the saliva is obtained. The theoretical
      relations governing a cell of this nature are approximately fixed by the
      Nernst Equation:
      ##EQU1##
      for the reaction aA + bB = cC + dD. The only variable to be considered in
      this reaction is the Cupric ion (Cu.sup.+.sup.+ ). All the other variables
      are held constant and the electron exchange (N) is 2. Thus the equation
      simplifies to:
EQU  E = E.sub.0 - 0.029 log 1/Cu.sup.+.sup.+ (Cu.sup.+.sup.+ 1).
PAL  Hence, as the concentration of cupric ions decreases (more glucose
      reacting), the output voltage of the cell decreases logarithmically. This
      voltage change could be measured easily with a metallic electrode system
      and a voltmeter.
PAR  In brief preliminary description of the test method, a sampling, preferably
      saliva from the mouth of the test person, deposited in a cup in exact
      sampling quantity by being taken up quantitatively in a filter type
      pipette, as described below, and that measured quantity is transferred to
      a test container of any suitable shape such as a small test tube, bottle,
      chemical flask, beaker, or the like, together with a pipette quantity, 2
      or 3 cc., of test solution, i.e., Benedict solution of standard strength,
      or an exact quantity of dry components in a pill, comprising a measured
      quantity of dry Benedict salt or other reducible copper salt is added to a
      measured quantity of 1 to 10 cc., usually 2 to 3 cc., of water. The
      container has the standard electrodes inserted therein to contact the
      solution. The electrodes are made part of a standardized circuit adjusted
      to a null voltage before start of the test. The test sample is inserted in
      the apparatus and is then heated for a time to an accurately controlled
      temperature. At the end of the timed period upon reaching the temperature
      and being heated for 10 to 20 seconds, the reading of the cell containing
      the residual of the liquids then appears on the dial, indicating the
      output voltage difference of the cell. That output voltage can be plotted
      graphically against the glucose contents of a range of samplings, whereby
      the glucose content can be graphically determined, or the indicator itself
      may be read numerically in terms of glucose content, millivolts or other
      numerical system intelligible to the reader, significant of the glucose
      level of the sample.
DRWD
PAR  Reference is made to the drawings wherein:
PAR  FIG. 1 shows an assembled measuring device with a slot for receiving a test
      container and cell supporting means for a readout indicator for test
      results;
PAR  FIG. 2 is an enlarged detail of FIG. 1 showing the sample holding means,
      cell and electrodes therein;
PAR  FIG. 3 shows shows a disposable container;
PAR  FIG. 4 shows an electrical operating circuit for the test device;
PAR  FIG. 5 shows a sampling pipette; and
PAR  FIG. 6 is a plot showing the relationship of millivolts, vs. D-glucose.
DETD
PAR  Referring first to FIG. 1, the test device comprises a housing 10 of
      attractive shape having a readout section 12 in which the results of tests
      are indicated numerically at 14 or by other indicia significant of glucose
      test quantity, representative of the tests, such as millivolts, or words
      such as "high", "low", or "medium" , etc. Thus, other useful visible
      indicia significant of the results of the test may be substituted.
PAR  The housing 10 may have a test chamber 20 closed by a cover 16 hinged at
      one end to the upper housing surface 18, covering an annular, such as a
      cylindrical, test space. As shown in FIG. 2, the hinged cover 16 supports
      a pair of electrodes 22 and 24, encased as an assembly 26 in a colorless,
      transparent plastic such as crystal polystyrene. The electrode 22 is of a
      stable conductive metal, preferably as negative electrode of solid copper,
      and has its lower end 27 protruding a short distance below the plastic
      bottom as shown to expose a fixed electrode surface area. The electrode 22
      terminates at its upper end in a jack-type plug 28 insertable in a
      jack-type spring metal clasp as receiver 30 to which it completes its
      electrical circuit to a conductor wire 32. The electrode 24 comprises a
      conductor wire 34 similarly sealed at its upper end into a jack-type metal
      plug 36 and at its lower end as positive electrode into a platinum plate
      38, having a fixed surface area exposed through the bottom surface of the
      electrode assembly. Thus, both electrode ends 27 and 38 are separated by
      plastic and have a fixed exposed surface area. The electrode 34 is encased
      along its length in a rubber sheath 40 for resilient support of the
      fragile wire 34 which may be platinum. The upper end of the plug 36
      similarly is a metal plug insertable in a flexible jack-type connector 42,
      which in turn is connected to a conductor wire 44.
PAR  An electrical sensor, a temperature sensitive coiled wire 46 extends from
      the bottom of the electrode casing 26 and passes through the plastic
      casing in which it is supported to conductor wire 48. The wire 46 acts as
      a temperature sensor of conventional construction and each of the three
      conductor wires 32 44 and 48 lead to contacts 52, 54 and 56, respectively,
      for transfer of their electrical currents of the circuit of FIG. 4 in the
      relationship as will appear below.
PAR  The annular wall 21 enclosing a test chamber 20 has electrical heating
      elements 58 mounted therein which are connected in circuit through lead
      wires 60 and 62 with a source of current for controlled heating of a test
      receptacle 64. A timer 66 of known construction is disposed in the circuit
      as shown to activate and deactivate the heating circuit to heating coils
      at the temperature controlled by the sensor 46 as will appear. That timer
      for present test purposes will time the heating current passed through
      heating elements 58 for a short fixed heating period, set for about 5
      seconds up to about a minute, usually about 10 to 20 seconds.
PAR  The electrode assembly 26 connected in the circuit through the contacts 30
      and 42 and supported in the cover 16 is inserted into the test container
      64 with the exposed surface area of its electrodes in contact with the
      test solution 68 so that the electrical output of the cell will be read as
      the large visible indicia 14 in the test device.
PAR  The basic circuit, as shown in FIG. 4, comprises an outside source, i.e., a
      wall plug 63 which connects with a household current supply by way of
      lines 65 and 67, as controlled by an off-on switch 69, and usually an
      indicator light 71 to show that the circuit is activated. The current
      passes first through a combination rectifier and transformer 70 which
      reduces the current to a selected low voltage such as less than about 10
      volts usually of direct current which passes to a potentiometer 75 by way
      of lines 72 and 74 in which the current can be adjusted to null voltage
      for the circuit. The oxidizing Benedict solution has a minor voltage, less
      than a volt, and the internal circuitry also modifies the voltage reading.
      Consequently, the potentiometer is used to adjust the voltage condition of
      the circuit, including the cell 26 to a null voltage before test. With
      such initial adjustment, the digital volt meter 76 will then be read as
      the actual output voltage decreased of the cell 26, its electrode output
      developed from electrodes 32 and 34 using the reaction solution as
      electrolyte.
PAR  The generally closed test switch 49 activates the cell circuit by the
      lighted active circuit at 71. A knob 53 controls the potentiometer, thus,
      adjustable in the range of 0 to 1.5 volts, as is shown on dial 51, the
      operating circuit with the cell 26 to approximately a null voltage whereby
      the measurement of the reduced test solution in cell 26 is ready for
      reading. This is a true reading of the actual redox potential developed
      difference in the cell.
PAR  While current filling the transformer and rectifier is within the range of
      0 to 1.5 volts, the potentiometer is used each time before test to set up
      the test and its reading will become the 0 point of measurement of the
      developed voltage by the cell 26. For this purpose the potentiometer may
      be about 10 kiloohms for use in conjunction with the 1.5  volt DC power
      supply whereby the potentiometer allows that DC voltage to be adjusted
      from any value ranging from 0 to 1.5 voltage and can be adjusted even over
      a very small voltage range of less than approximately 0.5 volts.
PAR  The temperature sensor 46 is capable of triggering the timing circuit when
      the test solution has reached the selected temperature, such as about the
      boiling point of water; for instance, 98.degree.C plus or minus 2. Other
      standard temperature sensors may be substituted, such as a thermister.
      This temperature sensor contacts the test solution and triggers the timing
      circuit each time when the exact selected sensed temperature is reached.
PAR  The timing circuit functions to measure an exact time interval herein
      selected within the range stated above, for example, at about 15 seconds,
      and the temperature sensor starts the timer circuit when the selected
      temperature is reached, holding the same for the selected 15 seconds plus
      or minus 0.5 seconds as close as practical to the selected time at the end
      of which period the timing circuit stops the heating element breaking the
      ciruit thereto. At this point the timing circuit activates the digital
      readout circuit which then shows a reading of the actual current in
      millivolts flowing through the test cell.
PAR  As stated, other numerical indicia could be used to indicate the condition
      of the test cell. For instance, the cell could be activated to read the
      digits as 1, 2, 3 or 4; 1 indicating satisfactory;2 slightly raised
      glucose; 3 approaching the high side; and 4 dangerously high, whatever
      reading is of optimum significance to the user. Moreover, the digital
      reading modified to the curve of FIG. 6 can be modified to read in actual
      glucose content of any actual test sample. Again, since each body fluid
      may have its own typical glucose content significant of low, high or
      normal body conditions and each fluid has its own set of values, the
      readout indicia may be set to read accurately for the selected test fluid,
      for example saliva. Finally, since the glucose content of each body fluid
      of ten has its own range of glucose values, they nevertheless are related.
      For instance, if saliva glucose is high, the blood glucose would also be
      high and the readout indicia can be adjusted to read the glucose content
      of one fluid such as blood, when in fact another body fluid such as saliva
      is tested.
PAR  The digital millivolt meter is set on the 300 millivolt scale and operates
      under a condition of positive polarity. The maximum useful scale for the
      digital readout will be from minus 20 to plus 200 millivolts. The negative
      readability of the instrument allows calibration of the instrument for
      solution of 0 glucose content. It tends to show in which direction the
      instrument may be inaccurate, if it needs adjustment. For this purpose the
      instrument may have a negative polarity switch built in (not shown).
PAR  The electrode assembly encased in plastic as shown is quite durable and
      will readily withstand the selected temperature so that for this purpose
      other plastic bodies may be selected. Electrode assembly is easily
      accessible. It may be removed from its jack plug connectors 30 and 42 so
      that it is easily removed and cleaned after each test. The surface area of
      the exposed electrodes are selected to produce a millivolt potential for a
      typical test solution in a desired range; for instance, the copper
      electrode hereof may have an exposure of about 0.1 to 0.025 square inches
      and the platinum component may be a surface area ranging from 0.015 to
      0.0025. Again, as shown in FIG. 2, the assembly may have a cylindrical
      outline and be sized to fit in a wide mouthed container 64 and supported
      therein for the tests.
PAR  The test solution, as indicated, is preferably a Benedict solution; and in
      one method of use, the Benedict solution, usually in small exactly
      measured quantities, will be selected and placed in a container 64. Thus,
      the container will be supplied with a standard quantity of test solution,
      usually about 2 to 4 ml. but variable in a useful practical range, as
      stated. While generally a 3 ml. standard solution will be used, it can
      vary in amount from 1 to 10 ml. The container will be sealed until ready
      for use.
PAR  The following table shows a Benedict solution in variable quantities in
      milligrams that would be filled into 1 to 10 ml. volume solutions for
      distribution as a standard solution in a container, 64.
TBL  __________________________________________________________________________
     QUANTITATIVE BENEDICT SOLUTION (TABLET FORM)                              
     Tablet size (milliliters)                                                 
     __________________________________________________________________________
     Chemical Components                                                       
     (weights given                                                            
                  1    2    3    4    5    6    7    8    9    10              
     in milligrams)                                                            
     Crystallized Copper                                                       
     Sulfate                                                                   
     CuSo.sub.4.5H.sub.2 O (mg.)                                               
                  18   36   54   72   90   108  126  144  162  180             
     Anhydrous Sodium                                                          
     Carbonate                                                                 
     Na.sub.2 CO.sub.3 (mg.)                                                   
                  100  200  300  400  500  600  700  800  900  1,000           
     Potassium Citrate                                                         
     K.sub.3 C.sub.6 H.sub.5 O.sub.7.H.sub.2 O (mg.)                           
                  200  400  600  800  1,000                                    
                                           1,200                               
                                                1,400                          
                                                     1,600                     
                                                          1,800                
                                                               2,000           
     Potassium Thiocyanate                                                     
     KCNS (mg.)   125  250  375  500  625  750  875  1,000                     
                                                          1,125                
                                                               1,250           
     Potassium Ferrocyanide                                                    
     K.sub.4 Fe(CN).sub.6.3H.sub.2 O (mg.)                                     
                  0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50            
     TOTAL WEIGHT 443.25                                                       
                       886.50                                                  
                            1,329.75                                           
                                 1,773.00                                      
                                      2,216.25                                 
                                           2,659.50                            
                                                3,102.75                       
                                                     3,546.00                  
                                                          3,989.25             
                                                               4,432.50        
     (milligrams)                                                              
     __________________________________________________________________________
PAR  The user would merely break open the sealed cap of the standard container,
      taking the cap off and use it by inserting the electrode as shown in FIG.
      2, heating for 15 seconds at 98.degree.C and adjusting the voltage of the
      test apparatus to zero reading. Then there is added a measured quantity of
      test body fluid from a pipette, and then reinserting the electrode and
      activating the apparatus to heat the test solution at about 98.degree.C
      for a timed period of about 15 seconds, the test results can be read
      automatically by the indicia 14 appearing on the millivolt meter. The test
      container 64, as stated, will preferably be sized to receive the selected
      quantity of Benedict solution, i.e., 1 to 10 ml., which quantity will
      generally about half fill the container. Moreover, the container will be
      sized with a large enough mouth to receive the electrode, usually in easy
      sliding fit therein with the lower end of the electrode immersed in the
      test solution to an intermediate depth.
PAR  Each container after test use will be disposed of entirely, whereby for
      each test a container is supplied with a fixed exact quantity of standard
      Benedict solution to which the readout signal or potential will be
      adjusted to zero ready for measurement of significant glucose contents of
      an added sampling of body fluid in quantity practical for this type of
      test. As stated, that solution may be varied over the range of 1 to 10
      ml., but it usually will be about 2 to 4 ml. and the container
      correspondingly sized.
PAR  In an alternate procedure, the container is a standard test bottle or cup,
      either throw-away or one which may be reused after washing, and into which
      is pipetted a selected quantity of 2, 3 or 4 ml. of distilled water, and a
      preformed pill or tablet of the size needed to supply that quantity of
      liquid is dropped into the liquid to form a standard Benedict solution.
      While that amount of liquid may be accurately added by means of a pipette,
      the container itself may be marked to a quantitatively measured liquid
      level, and the liquid such as distilled water may be added thereto up to
      the graduation or mark on the container by the user.
PAR  Great accuracy is not needed for supplying the water since the exact
      quantity of oxidizing agent will be contained in the pill added thereto
      and an exact quantity of this oxidizing agent will be reduced by the body
      fluid. The reagent may thereby be disposed as solids, i.e., pills or
      tablets of a selected size. These sizes will contain quantities of
      Benedict components as stated in the above table, variable with the
      quantity of liquid to be added to the test container; a requisite number
      of tablets will be added to the quantity of water used, i.e., 1, 2 or 3
      tablets for 1, 2 or 3 ml. of water supplied to the test container.
PAR  The test body fluid is measured in a pipette; for instance, a sample of
      saliva first expectorated into a separate container is taken up by a
      pipette, exactly calibrated, preferably as shown in FIG. 5 which is a
      filtering type. This pipette has a fine capillary tip slanted to a point
      which not only takes up a measured amount of test fluid, as a sampling for
      purposes of transfer of an exact quantity, but more important, the tip of
      the pipette having a diameter of from 0.1 to 0.005 microns is fine enough
      to filter out body solids or any thick phlegms from the test liquid, which
      may be associated therewith.
PAR  Referring to FIG. 5, a pipette has an aspirating bulb 80 leading into a
      thumb stopping valve 82 at the top and a long throat 84 at the bottom.
      There are three vents 86, 88 and 90, the latter disposed in a side bulb
      92. Each vent is operable by closure with a thumb of the operator. The
      assembly is formed of natural rubber having sufficient rigidity to
      maintain its shape, but flexibly deformable readily by hand pressure. The
      throat portion 84 extends into a capillary tube 94 elastically sealed
      thereto by appropriate selections of dimensions of the tube 94 and throat
      84 reinforced by a rubber ledge or rim 96. The lower glass or plastic tube
      94 is graduated to fractions of a milliter, usually tenths of a
      millimeter, and the inner capillary is sized in the range stated above and
      terminates in a sharp angular tip 98 whereby to deflect any phlegm or
      solids from the test fluid into which the tip is inserted and prevents
      entry into the capillary. This effects filtration of solids and phlegm
      from the test fluid.
PAR  In operation, using the thumb and forefinger, the upper section 82 is
      grasped with the thumb closing the valve 86 and the remaining fingers
      squeezing the bulb 80 to expell air therefrom. The thumb and forefinger
      are then placed about the valves 88 and 90 to close this with the tip
      inserted in the test fluid and a filtered quantity of test fluid thereby
      is drawn up into the capillary tube 94 by release of compression of the
      bulb 80, thus aspirating an excess quantity of test fluid into the
      capillary tube 94. For expulsion of liquid with the thumb still closing
      the valve 88, the hand holding the valve 90 and pressing about the body of
      the bulb 92 compresses the same and expels air both from the bulb 92 and
      throat 84 to force liquid out of the capillary 94. That liquid is expelled
      first down to a selected marking from which to measure the amount actually
      being sampled, whereby the pipette carries the exact quantity of measured
      sampling of test fluid. The measured quantity of test liquid in the
      pipette is then transferred to the test flask 64, and the expulsion of
      test liquid contained in the pipette is continued to expel the exactly
      measured contents thereof into the test solution 68.
PAR  In normal use the device in FIG. 1 is switched to the on position by switch
      69 illuminating the lamp 71 to indicate that the device is operative. A
      flask as shown in FIG. 3 having 3 ml. of Benedict solution, according to
      the composition of the above table, to which an additional 1 ml. of water
      is added, is placed in the test chamber of the device. The activated
      circuit heats the solution which is brought to a boil and allowed to boil
      for the measured time, such as 15 seconds as set by the timer. The
      electrode is inserted and the potentiometer adjusted whereby the millivolt
      meter will read zero for the total output of the circuit. Another test
      solution of 3 ml. of Benedict solution is prepared and to which 1 ml. of
      saliva as test sample is added by pipette as described above. The solution
      is again placed in the test camber, brought to a boil, heated for a time
      period of 15 seconds, and the electrode implaced will give a millivolt
      reading which now will be a measure of the glucose content of the saliva.
PAR  After that reading, the device is opened, raising the cover 16. The
      electrode is withdrawn from the jack plug contacts 30 and 42 and removed
      from the container 64. The container and its contents may then be disposed
      of, usually by throwing away. The electrode assembly 21 is washed and
      dried, ready for the next use.
PAR  While, as described, it is useful to make up the Benedict components in
      tablet or pill form, each of measured quantity, whereby one pill can be
      added to a 1 ml. test solution for converting the same to a standard
      Benedict solution of that volume. The pill size can be varied so that one
      or two pills could be used in simple units, easily handled. Any variation
      of the standard concentration can be accommodated by modifying the
      corresponding millivolt output of the modified Benedict solution residue,
      so that it will be adjusted to be readable still in terms of the original
      glucose content of the sample tested, while measuring it with the
      millivolt output of the cell determined upon the residual reaction product
      solution. Again, a 2 ml. test solution would have twice as much Benedict
      reagent as a 1 ml.; and a 3 ml. three times as much, etc.; modified
      possibly as stated above. It may be useful, as indicated, rather than
      making up a single large pill, varied in size to the unit test quantity,
      to make the Benedict tablet as a unit size, one for each milliliter
      standard solution; for example, one would add three of the pills or
      tablets to form a standard test solution thereof to the 3 ml. of distilled
      water.
PAR  The present test method is also applicable to measure the quantity or
      concentration level of other components of the body fluid. For instance,
      the glucose component of the body fluid may be bound, pre-oxidized
      selectively, sequestered, or converted to an inert form, inert to further
      reaction with test reagents. For instance, a test sampling may first be
      treated with a corresponding amount of formaldehyde which would bind the
      glucose to a fixed stable form inert to typical oxidizing and reducing
      agents, such as cupric sulfate, i.e., Benedict solution, phosopho-molybdic
      acid, iodine and methanol, sulfuric acid and ethanol, or pyrogallol. These
      are active to oxidize or reduce other components of the body test fluid,
      for instance, uric acid or the body hormone level, so that upon
      inactivating the glucose, the concentration level of these other body
      components can be similarly measured, following the same method as
      described above for glucose. That is, the body fluid will first have the
      glucose bound or inactivated so that the glucose contained in the body
      fluid will not respond to oxidizing or reducing agents as listed, and the
      addition of such reagents to the glucose bound body fluid will oxidize or
      reduce the other body fluid components therein. The redox potential then
      will be measured for the body fluid sampling in which the glucose was
      bound, removed or inactivated so that the reading of the millivolt meter
      will be in terms of the other oxidizable or reducible components of the
      body fluid. That reading can be for the total content of the blood or
      other body fluid of oxidizable or reducible components, or it can be for
      one or more of them; and again, where a lower level component, such as a
      hormone, is to be measured in content, then the other body fluid
      components which might interfere are each removed or inactivated. For
      instance, both glucose and uric acid can be inactivated or removed before
      testing other body fluid components such as the hormone in the test
      sample. For this purpose, it may also be useful to calibrate the millivolt
      meter or to use a more sensitive millivolt meter readable in microvolts;
      that is, one more sensitive to a smaller electrode potential change.
PAR  Thus, the present method is useful for testing of the various other body
      fluids listed, and with a suitable modified procedure can test one or more
      body fluid components in a sequence or as a single component which is
      oxidizable or reducible, and from which the glucose or other interfering
      component has been removed or inactivated.
PAR  Moreover, the present method can be applied to test minute components
      present in other liquids, such as the impurities in water. For instance,
      it can be used to measure oxidizable components, i.e., organic components
      or inorganic salts contained as impurities in the water; or it can be used
      to measure reducible components such as dissolved oxygen contained in
      water. For this purpose, again the apparatus is set to a null voltage
      using a standard solution of oxidizing or reducing agent and a small
      exactly measured quantity of sampling, that is, impure water, typically 1
      cc., is exactly pipetted into the test solution and then reacted with the
      standard solution of oxidizing or reducing agent and the redox potential
      is then read for the cell in which the reaction solution may be directly
      indicative of the impurity content of the water.
PAR  The following example illustrates the practice of this invention:
PAC  EXAMPLE I
PAR  A stock solution of glucose was made in concentration of one gram of
      anhydrous glucose dissolved in 100 milliliters of distilled water. The
      stock solution was diluted to about 30 milligrams per hundred to a series
      of known glucose concentration and the emf was measured by the test
      procedure outlined above, whereby graphically the output of the cell was
      readable in terms of milligrams of glucose for a fixed quantity of test
      solution, i.e., 3 milliliters. The read out of the millivolt meter was
      then adjusted numerically to read the milligrams of glucose variable
      accurately with the actual millivolt output of the cell. Thereafter in a
      typical test, using 3 ml. of Benedict solution as the test solution, and
      adding thereto one milliliter of saliva, heating the solution to a boil
      for a period of exactly 15 seconds, the readout of the millivoltage
      available in terms of milligrams of glucose can be directly readable from
      the instrument. Obviously this is a negative reading because all of the
      glucose has been oxidized and the actual reaction solution itself having
      the reduced copper content is the electrolyte resulting from oxidation of
      the fixed amount of glucose in the specific sample of saliva tested.
PAR  In an alternate procedure, the 3 ml. of test solution are modified to use 3
      ml. of distilled water to which a pill corresponding to the 3 ml. standard
      Benedict solution, as described in the above table, was supplied, having
      the components of that table intermixed as the composited test solution
      containing 54 milligrams of copper sulfate pentrahydrate; 300 milligrams
      of anhydrous sodium carbonate; 600 milligrams of potassium citrate; 375
      milligrams of potassium thiocyanate; 0.75 milligrams of potassium
      ferrocyanide. The total weight of the pill was 1329.75 milligrams. The
      pill is preferably dissolved in the distilled water by dropping into the
      water supplied first to the container and before insertion about the
      standard electrode assembly.
PAR  The heating device actually heats to about 550.degree.C and takes about
      three minutes to bring the test sample to a boil and is available
      commercially as a THERMOLYNE HOT PLATE sold by the Thermolyne Corporation,
      a subsidiary of Sybron Corporation.
PAR  The rectifier and filter circuit is 110 volt AC to 11/2  volt DC sold by
      the Hewlitt-Packard power supply, set to 10 volts DC adjusted to read 1.5
      volts on the output meter. The digital millivolt meter is standard
      laboratory supply with a variable range of 1 to 3000 millivolts with an
      accuracy of plus or minus 1% of full scale on any range, readily available
      commercially from numerous sources.
PAR  Other modifications will occur to those skilled in the art and,
      accordingly, it is intended that the description given herein is by way of
      illustration and not limiting except by the claims.
PAR  It will be understood that the test method apparatus and appurtenances
      described may be used chemically for testing body fluid of healthy, as
      well as diseased individuals, whereby normal health as well as diseases
      are indicated by normal and abnormal levels of such body fluid components
      as glucose, uric acid, hormones, etc., contained in the body fluid.
      Specifically, a high or low glucose level may be indicative of high or
      higher glycemia.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for measuring the concentration of reactable components in the
      body fluid such as glucose in terms of the residual redox potential of a
      primary cell, comprising reacting a measured sampling of human body fluid
      to be tested with at least one standard solution containing a measured
      excess quantity of reducible copper salt reagent under fixed reaction
      temperature conditions to react with a reactive component such as glucose
      of the body fluid contained in the test sample, and then measuring the
      redox potential developed by the reagent left in the reacted solution
      acting as the electrolyte of a primary cell as an indication of the
      quantity of the reacted components that was present in the test sample.
NUM  2.
PAR  2. Process for measuring the glucose level of body fluids in terms of the
      residual redox potential of a primary cell, comprising oxidizing a
      measured sampling of human body fluid to be tested with a standard
      solution containing an excess quantity of a reducible copper salt as
      oxidizing agent at a selected high temperature for a short fixed period of
      time to oxidize glucose contained in the test sample, and then measuring
      the quantity of glucose in the test sample in terms of the residual redox
      potential developed by the reagent left in the reacted solution acting as
      the electrolyte of a primary cell as an indication of the quantity of the
      reacted components that was present in the test sample.
NUM  3.
PAR  3. The method as defined in claim 2 wherein the body fluid tested is a
      member of the group consisting of saliva, spinal fluid, perspiration,
      tears, blood, plasma and urine.
NUM  4.
PAR  4. The method as defined in claim 3 wherein the redox potential output of
      said cell is connected to a millivolt meter to be visibly readable as
      output voltage of said cell, said output voltage being modified to read in
      terms of the glucose level of said body fluids other than the fluid
      actually tested.
NUM  5.
PAR  5. The method as defined in claim 4 wherein the body fluid tested is saliva
      and the output voltage of said cell is modified to read in terms of the
      corresponding glucose levels in blood.
NUM  6.
PAR  6. The method as defined in claim 2 wherein the body test fluid is first
      purified before testing.
NUM  7.
PAR  7. The method as defined in claim 2 wherein the test fluid is a measured
      quantity of saliva.
NUM  8.
PAR  8. The method as defined in claim 2 wherein the standard solution is a
      standard Benedict solution.
NUM  9.
PAR  9. The method as defined in claim 2 wherein the test solution is a standard
      Benedict solution made up and sealed in containers of test quantity size
      as an excess of said reagent ranging from 1 to 10 ml., the said containers
      having a wide mouth and sized to receive a test electrode assembly, a body
      fluid samplings, and said standard solution for effecting the reaction.
NUM  10.
PAR  10. The method as defined in claim 2 wherein the standard solution is a
      measured quantity of distilled water in the range of 1 to 10 ml. to which
      is added sufficient solid Benedict reagent in dry tablet form to form a
      standard Benedict solution in the selected quantity of water.
NUM  11.
PAR  11. The method as defined in claim 1 wherein the temperature of the
      reacting solution is fixed at a raised point above ambient.
NUM  12.
PAR  12. The method as defined in claim 11 wherein the fixed raised temperature
      is the boiling point of the reaction solution.
NUM  13.
PAR  13. The process for measuring the concentration of reactable components in
      a body fluid other than glucose in terms of the residual redox potential
      of a primary cell comprising first reacting said body fluid with a reagent
      selective to bind the glucose content to inactive form, and then reacting
      under fixed reaction temperature conditions a measured sample of said
      human body fluid to be tested with at least one standard solution
      containing a measured excess quantity of reagent reactable with at least
      one of the remaining body fluid components of said sample, and measuring
      the level of said remaining components in the sample in terms of the
      residual redox potential developed by the reagent left in the reacted
      solution acting as the electrolyte of a primary cell as an indication of
      the quantity of the reacted components that was present in the sample.
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ABST
PAL  An improvement in the measurement of accelerated corrosion rate when
      measured on two duplicated electrodes in accordance with U.S. Pat. No.
      3,694,324. Difference in free electrode potential between said electrodes
      is first determined. A means is introduced for varying the ohmic
      resistance ratio of the isolation resistors through which the cathodic
      polarizing current is passed to said electrodes. The cathodic current is
      then applied at a selected rate of increase from zero while said ratio is
      adjusted to maintain said difference in potential. The cathodic current is
      then removed and said electrodes are allowed to return to said difference
      in potential. Measurement is then continuously made of the relationship
      between corrosion current measured on said electrodes and said cathodic
      current increased in said manner.
BSUM
PAR  This invention relates to device and method for measuring the accelerated
      corrosion of electronic conductors by non-gaseous ionic conductors, and
      more specifically is directed to a device and method for cathodically
      polarizing duplicated electrodes in such measurement.
PAR  This application is related to my U.S. Pat. No. 3,850,736 issued Nov. 26,
      1974, filed Sept. 25, 1972, which is a division of my U.S. Pat. No.
      3,694,324, issued Sept. 26, 1972 and filed January 16, 1969.
PAC  BACKGROUND OF THE INVENTION
PAR  In the measurement of accelerated corrosion rate as disclosed in my U.S.
      Pat. No. 3,694,324, the corrosion current i.sub.A occurring at the free
      electrode potential is measured first.
PAR  This measurement of current i.sub.A, when made according to my U.S. Pat.
      No. 3,250,689, employs a corrosion cell containing the ionically
      conducting corrosive into which are immersed a measured electrode, a
      reference electrode for measuring its potential, and an opposed electrode
      for passing DC current to or from the measured electrode. A DC voltage is
      applied to the measured and opposed electrodes to polarize the measured
      electrode within the substantially linear relationship range between
      polarizing DC current and resulting polarization voltage that extends from
      slightly above zero to about 0.03 volt of polarization in either anodic or
      cathodic direction, and measurement is made of the polarizing current
      i.sub.p and of the resulting polarization voltage e.sub.p after the
      current-potential relationship first approaches a selected slow rate of
      change. Then, according to my U.S. Pat. No. 3,156,631, the measured
      current i.sub.p is converted to the corrosion current i.sub.A through
      linear proportionality with the Direct Voltage E.sub.d = 0.028 to 0,030
      volt, as i.sub.A = i.sub.p (1/2E.sub.d /e.sub.p). The polarization voltage
      e.sub.p may be produced in cathodic direction in the form of e.sub.pc, or
      in the anodic direction in the form of e.sub.pa, and the corrosion current
      i.sub.A can be measured from the average of these two measurements.
PAR  When current i.sub.A is measured according to my U.S. Pat. No. 3,069,332,
      only two measured electrodes are required, usually in the form of
      duplicated electrodes. The polarizing DC voltage is applied to these
      electrodes to produce the polarizing current i.sub.p which polarizes the
      one electrode cathodically by the voltage e.sub.pc and the other electrode
      anodically by the voltage e.sub.pa. When the ionic conductor resistance is
      negligible, the DC voltage applied to the electrodes measures the sum of
      e.sub.pc and e.sub.pa, and i.sub.A = (i.sub.p)(E.sub.d)/(e.sub.pa
      +e.sub.pc) = (i.sub.p)(E.sub.d)/(applied DC Voltage). A second measurement
      of i.sub.A can be made with reversed polarity of the applied DC voltage,
      to average the two measurements.
PAR  Following this measurement of current i.sub.A, the presence or absence of
      accelerated corrosion is detected by applying an increment of cathodic
      polarizing current i.sub.x to the measured electrode, or to each of
      duplicated measured electrodes, through a means not interfering with
      corrosion current measurement, while measuring polarizing current i.sub.p.
      If current increment i.sub.x produces an increase in current i.sub.p,
      there is no evidence of accelerated corrosion mechanism operation, and the
      rate-determining corrosion current i.sub.R is determined as, i.sub.R =
      i.sub.A, where i.sub.R can be applied directly through Faraday's Law of
      Electrolysis to convert current into rate of metal weight loss.
PAR  If current increment i.sub.x produces a decrease in current i.sub.p, the
      presence of accelerated corrosion mechanism is indicated. Measurement is
      then made of change in value of current i.sub.p produced by increase in
      value of current i.sub.x, to determine the minimum value of current
      i.sub.p, termed i.sub.pb, produced by the application of current i.sub.x.
      Current i.sub.pb is converted to bounding corrosion current i.sub.B
      through the Direct Voltage E.sub.d, as described above. The accelerated
      corrosion mechanism then measures corrosion rate as, i.sub.R =
      2.4(i.sub.A) - i.sub.B. Alternatively, but generally with less accuracy,
      the current i.sub.xb at which i.sub.pb occurs, can be measured and taken
      as i.sub.R = i.sub.xb.
PAR  One alternative means for cathodically polarizing the measured electrode by
      current i.sub.x while not interfering with the corrosion current
      measurement, is through what is termed a circuit isolation device,
      operated as follows. When current i.sub.A is measured with two electrodes,
      they are taken in the form of duplicated measured electrodes. When current
      i.sub.A is measured with one measured electrode, a reference electrode and
      an opposed electrode, the reference electrode is taken in the form of a
      duplication of the measured electrode. The positive pole of a source of
      variable DC voltage is connected to an additional electrode operated as an
      anode. The negative pole is connected to two isolation resistors of equal
      ohmic value. Each of the two duplicated electrodes is connected to the
      negative pole through one of the isolation resistors. The ohmic value of
      the isolation resistors is selected to be large enough to cause an
      acceptable small current to flow through them from DC voltage subsequently
      applied or produced between the duplicated electrodes during i.sub.p
      measurement. This current through the isolation resistors may be taken as
      a maximum value of about 10 % of measured corrosion current i.sub.A. A
      meter in series with said source of variable DC voltage measures the total
      cathodic polarizing current 2i.sub.x.
PAR  Said U.S. Pat. No. 3,694,324 describes two alternative methods for
      operating the circuit isolation device. In one alternative, the
      relationship between cathodic polarizing current i.sub.x and polarizing
      current i.sub.p of corrosion current measurement is measured from a series
      of points of relationship measurement made at selected increments of
      i.sub.x. In the other alternative, the relationship is continuously
      measured as current i.sub.x is applied at a selected rate of increase. The
      measurement of the current i.sub.x and i.sub.p relationship from pointwise
      measurement has one advantage. The increment of current i.sub.x is applied
      first, and if a difference in potential is produced between the duplicated
      electrodes, it can be equalized before application of the DC voltage to
      produce the current i.sub.p measurement. Its disadvantages include the
      requirement for a plurality of repeated method operation steps which
      consume time and are not readily automated.
PAR  In theory, measurement of the current i.sub.x and i.sub.p relationship
      through continuous application of current i.sub.x at a selected rate of
      increase minimizes the time required for measurement of current i.sub.pb
      or i.sub.xb, and is more easily automated. In practice, such continuous
      measurement if found to be unreliable even under the most favorable
      conditions of laboratory precision in using duplicated electrodes of equal
      area and isolation resistors of equal ohmic value. Its reliability is
      further decreased when the anode electrode of the circuit isolation device
      is brought to close equidistant spacing from the duplicated electrodes, as
      is required for a corrosion probe of reasonably small diameter. To
      illustrate this, in some instances initial increase of i.sub.x causes
      initial increase of i.sub.p, indicating no acceleration, but further
      increase of i.sub.x causes a decrease in i.sub.p, and the minimum value,
      i.sub.pb, then has a large positive error. In other instances, initial
      increase of i.sub.x causes initial decrease of i.sub.p, indicating
      acceleration, but further increase of i.sub.x causes i.sub.p to decrease
      through zero so that i.sub.pb cannot be measured.
PAC  FACTORS INTERFERING WITH i.sub.pb MEASUREMENT
PAR  The unreliable performance of the circuit isolation device having isolation
      resistors of equal ohmic value and delivering current i.sub.x at constant
      rate of increase to each of two duplicated electrodes of equal area, was
      readily traced to the finding that the difference between the electrode
      potentials of the electrodes was significantly altered by increase in
      value of i.sub.x.
PAR  The amount of change of this difference in electrode potential, and the
      polarity of the change, is now recognized to result from a number of
      factors, including the following inherent to a specific corrosion probe.
      Difference in area between the duplicated electrodes will cause the
      electrode with the slightly larger area to be slightly less polarized by a
      value of current i.sub.x. When the ionic conductor has significant ohmic
      resistance, as with relatively dilute solutions, small difference in
      separation distance between the device anode and the two duplicated
      electrodes can introduce a significant difference of ionic conductor
      resistance in series with isolation resistors of equal ohmic value, and
      will cause that duplicated electrode with the greater separation distance
      to be less polarized.
PAR  In the presence of accelerated corrosion, additional factors related to the
      duration of the corrosion can erratically alter the difference in
      electrode potential between the duplicated electrodes as the current
      i.sub.x is increased. In accelerated corrosion, visible areas of localized
      anodic and cathodic action develop. The rate at which they develop, and
      the ratio of anodic/cathodic area developed, can vary between the
      duplicated electrodes according to an apparently random order. Since
      anodic area is more conductive than cathodic area, the development of the
      localized corrosion tends to produce unavoidable and erratic differences
      in cathodic polarizability between the duplicated electrodes with lapse of
      time, thereby causing change in difference between their electrode
      potentials as current i.sub.x is increased to each. Additionally,
      corrosion products tend to generally adhere to the anodic area, at least
      in part. The adherent corrosion products can operate to introduce
      additional ionic conductor resistance, and through variation is
      permeability, can alter the migration rate of cations as well as tending
      to increase the concentration of hydroxyl ions produced at the surface
      that is being polarized cathodically by current i.sub.x.
PAR  Additional factors may be regarded to pertain to the environment in which
      the corrosion probe is operated. In the presence of ionic conductor flow
      rate, the two duplicated electrodes are usually positioned upstream from
      the anode electrode to avoid the turbulence which would result of the
      anode was positioned upstream. There are instances where the reverse
      positioning is favored, with the anode upstream. With either of these two
      alternative positionings, it is difficult to produce exactly the same flow
      rate on each of the two duplicated electrodes, and such difference, though
      slight, can cause difference in electrode polarizability particularly
      through its influence on the usual downstream distribution of the anodic
      area formed by the localized corrosion. Other differences can occur, as
      from slight temperature and concentration distribution differences.
PAR  In view of the operation of these many factors, the possibility of holding
      difference in electrode potential between the duplicated electrodes within
      the small limit required for precision measurement of the corrosion
      current i.sub.pb, might be regarded as highly improbable. For example, the
      criteria might be proposed that the current i.sub.pb be measured within
      .+-. 10% precision. Then, when the corrosion current is measured with
      duplicated measured electrodes, the value of e.sub.pa +e.sub.pc is
      generally taken as 0.020 volt. Change in difference of electrode potential
      between the two electrodes throughout the range of i.sub.x application
      would then have to be limited to .+-.(10%)(0.020) = .+-.0.002 volt. When
      the corrosion current is measured with a single measured electrode and a
      reference electrode duplicating the measured electrode, the value of
      e.sub.p is generally taken as 0.010 volt, and the change in difference of
      the electrode potential between the two electrodes would have to be
      limited to .+-.(10%)(0.010) = 0.001 volt. When the degree of accelerated
      corrosion is large, the maximum value of i.sub.x required to measure
      i.sub.pb as a true minimum value, in the sense that further increase of
      i.sub.x causes i.sub.p to then increase, is about five times larger than
      i.sub.A, or maximum i.sub.x = 5i.sub.A. The possibility of maintaining
      such a small difference in electrode potential between the duplicated
      electrodes through such a comparatively large range of i.sub.x could
      easily be regarded as highly improbable.
PAC  DEVICE & METHOD
PAR  Experimental results made with corrosion cells which include variation in
      elemental electrode composition and in ionic conductor composition confirm
      the discovery that difference in the electrode potentials of duplicated
      electrodes can be held substantially constant during cathodic polarization
      by the circuit isolation device through circuitry to produce variation in
      the ohmic ratio of the two isolation resistors, and through method steps
      that include adjusting this ratio to maintain said difference in free
      electrode potential as the cathodic polarizing current is increased to
      near its full value, then removing said cathodic polarizing current, then
      allowing the free electrode potentials to return to their initial
      potential difference, and then performing the measuring steps of
      determining whether acceleration is present, and when present, measuring
      currents i.sub.pb and i.sub.x. Device and method operate to produce
      substantially no data point scattering of the i.sub.pb --time relationship
      to the extent illustrated in said U.S. Pat. No. 3,694,324 with pointwise
      measurement.
PAC  OBJECTS
PAR  The main object of this invention is an improved form of circuit isolation
      device and method of its operation, whereby the relationship between
      current i.sub.p from which corrosion current is measured, and cathodic
      current i.sub.x through which accelerated corrosion is detected aand
      measured, can be continuously measured with reliability and precision
      through the application of current i.sub.x at a selected rate of increase.
PAR  A further object is a form of circuit isolation device and method of
      operation that permit the manufacture and use of corrosion probes,
      including two duplicated electrodes and the anode electrode for passing
      current i.sub.x, within easily attainable dimensional tolerances.
PAR  Additional objects following from the main object include measurement of
      i.sub.p, i.sub.x relationship with minimum time lapse, the continuous
      recording of said relationship, simplification of automation requirements
      for measuring said relationship, and the ability to detect when a foreign
      material adheres to one of the duplicated electrodes to an extent
      interfering with the significance of the measurements.
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PAC  THE FIGURES
PAR  FIG. 1 is a circuit diagram of one form of the circuit isolation device of
      this invention;
PAR  FIG. 2 is a circuit diagram of an alternative form of said circuit
      isolation device;
PAR  FIG. 3 is a basic circuit diagram of a device for measuring corrosion
      current with an electrode system including a measured, a reference, and an
      opposed electrode, and includes switching to measure corrosion current
      with an electrode system including two duplicated measured electrodes;
PAR  FIG. 4 is a basic circuit diagram of a device for measuring corrosion
      current with an electrode system including two duplicated measured
      electrodes, and a circuit making correction for voltage loss through the
      ionic conductor;
PAR  FIG. 5 illustrates recordings made in the adjustment of isolation resistor
      ratio;
PAR  FIG. 6 illustrates recordings made in determining the absence of
      accelerated corrosion;
PAR  FIG. 7 illustrates recordings made in measuring the currents of accelerated
      corrosion against a time axis;
PAR  FIG. 8 illustrates recordings made in measuring the currents of accelerated
      corrosion against an axis calibrated in units of cathodic polarizing
      current.
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PAC  OPERATION OF DEVICE & METHOD
PAR  Duplicated electrodes 41 and 42 are shown in FIGS. 3 and 4.
PAR  FIG. 3 shows the basic circuit diagram of a device measuring the corrosion
      current of a single measured electrode 42, with electrode 41 operated as a
      reference electrode and with the addition of electrode 59 operated as the
      opposed electrode to pass measuring current to or from measured electrode
      42. This device is also switchable to measuring the corrosion current of
      two duplicated measured electrodes, 41 and 42.
PAR  FIG. 4 shows the basic circuit diagram of an alternative form of device
      measuring the corrosion current of duplicated measured electrodes 41 and
      42, and includes an alternative form of circuit for determining difference
      in free electrode potential between said electrodes, and additionally
      includes circuitry for correcting for the voltage loss caused by the ohmic
      resistance of the ionic conductor.
PAR  FIGS. 1 and 2 show alternative forms of the circuit isolation device of
      this invention, which can operate alternatively with the corrosion current
      measurement devices of FIGS. 3 and 4.
PAR  Method of operation of the device of FIG. 1 is first described through
      corrosion current measurements made with the device of FIG. 3. Electrodes
      41, 42 and 49 are connected respectively to terminals T.sub.1, T.sub.2 and
      T.sub.3 of FIG. 1. Measurement of the corrosion currents can be made at
      any time selected during progress of the corrosion. When the approximate
      value of corrosion current i.sub.A occurring at the free electrode
      potential of the measured electrode is not known from earlier measurement,
      it should be measured first for the purpose of selecting the proper ohmic
      range value for isolation resistor R.sub.s.
PAR  In measuring corrosion current i.sub.A, any difference between the free
      electrode potentials of duplicated electrodes 41 and 42 is first measured.
      The parallel connection of potentiometer 61 with the series connection of
      resistors 62 and 63, which are usually of equal ohmic value, is energized
      by battery 64 through the closing of switch 65. The arm of potentiometer
      61 is then adjusted to that position where momentary closing of switch 66
      shows no current through galvanometer G. The difference in free electrode
      potential, .DELTA.E.sub.f, between electrodes 41 and 42 is then read on
      voltmeter V, regarded to have a zero-center scale from which voltage
      polarity is determined.
PAR  When current i.sub.A is measured by operating electrodes 41 and 42 as
      duplicated measured electrodes, the arm of switch 67 is turned to connect
      microammeter A to electrode 41. Meter A is also regarded to have a
      zero-center scale to read current flow in either direction. A value and
      polarity of applied DC voltage e.sub.p, is selected within the range from
      slightly above zero to about 0.060 volt, and the arm of potentiometer 61
      is adjusted to algebraically add this voltage to the difference in free
      electrode potential, .DELTA.E.sub.f, as shown on voltmeter V. Since
      difference in free electrode potential can occur with either + or -
      polarity, and since voltage e.sub.p can be applied with either + or -
      polarity, possible combinations that may be encountered include
      +.DELTA.E.sub.f with +e.sub.p, or +.DELTA.E.sub.f with -e.sub.p, or
      -.DELTA.E.sub.f with +e.sub.p, or -.DELTA.E.sub.f with -e.sub.p. The
      inclusion of .DELTA.E.sub.f in measuring the DC voltage applied to the
      duplicated electrodes generally produces good precision with either
      +e.sub.p or -e.sub.p to the extent that a second measurement made with
      polarity reversal or e.sub.p is not justified, and instead the polarity of
      e.sub.p is reversed when another measurement is made after further time
      lapse in the progress of the corrosion.
PAR  The parallel connection of potentiometer 68 with the series connection of
      resistors 69 and 70, which are usually of equal ohmic value, is energized
      by battery 71 through the closing of switch 72. The arm of potentiometer
      68 is adjusted to the position producing zero current through galvanometer
      G upon the momentary closing of switch 66, and this adjustment of the arm
      of potentiometer 68 is continued until the current measured at
      microammeter A initially undergoes a selected small rate of change, at
      which time measurement is made of corrosion current i.sub.p. Then, i.sub.A
      = i.sub.p (E.sub.d /e.sub.p). Switch 67 is then returned to its
      open-circuit position.
PAR  When the presence and extent of accelerated corrosion is not known for
      earlier measurement, the value of isolation resistors R.sub.s and R.sub.s
      ' of FIG. 1 which are of equal ohmic value, is generally selected within a
      range capable of passing cathodic current 2i.sub.x = 10i.sub.A. To
      minimize error in corrosion current measurement introduced by current flow
      through the isolation resistors from the voltage difference applied to the
      duplicated electrodes, the value of R.sub.s is generally selected from the
      largest ohmic range capable of delivering 2i.sub.x with the driving force
      of the DC voltage represented by battery 51. In practice, this voltage can
      be as large as 60 volts, and R.sub.s can be as large as two megohms,
      depending on the qualities of lead wire and electrode insulations. The
      isolation resistors R.sub.s and R.sub.s ' are connected by closing switch
      73.
PAR  The circuit isolation device of FIG. 1 differs from that shown in my U.S.
      Pat. No. 3,694,324 by the addition of a ratio resistor here shown as
      potentiometer 74, with its resistor connecting between the isolation
      resistors R.sub.s and R.sub.s ' and with its arm connecting to the
      negative lead from the source of variable DC voltage delivered from
      potentiometer 52. In effect, the position of the arm of potentiometer 74
      varies the ohmic ratio between R.sub.s and R.sub.s ', for the purpose of
      maintaining the value of .DELTA.E.sub.f during the increase of total
      cathodic polarizing current 2i.sub.x from zero to its maximum required
      value. The ohmic value of potentiometer 74 must be large enough in
      proportion to the ohmic value of isolation resistor R.sub.s, to maintain
      said potential difference .DELTA.E.sub.f within the wide range of
      corrosion interface composition and operation encountered with corrosion
      cells, and in practice the resistance of potentiometer 74 can be about 50%
      of that of isolation resistor R.sub.s. This in effect produces an
      adjustable isolation resistor ratio ranging from (100)/(100 + 50) = 0.67,
      to (100 + 50)/(100) = 1.50.
PAR  FIG. 1 also introduces motor M to drive the arm of potentiometer 52 at a
      constant speed. The arm of potentiometer 52 can be driven across its
      resistor within a speed range from about 2 to more than 10 minutes, but in
      general practice the speed is generally selected within the range from
      about 5 to 10 minutes.
PAR  Measurement to determine the presence or absence of accelerated corrosion
      starts with the determination of .DELTA.E.sub.f, which in the case of FIG.
      3 is shown on voltmeter V. If corrosion current i.sub.A has just been
      measured, at time lapse of several minutes may be required for
      .DELTA.E.sub.f to return to its value existing before said corrosion
      current measurement.
PAR  The arm of potentiometer 74 is then positioned to hold the potential
      difference .DELTA.E.sub.f while current 2i.sub.x is increased to generally
      at least 50% of its full value. The arm of potentiometer 52 is started at
      the position of zero voltage delivery. The arm of potentiometer 61 has
      already been positioned to produce no current through galvanometer G upon
      the momentary closing of switch 66. Switch 50 is closed to appply DC
      voltage 51 across potentiometer 52. Power is applied to motor M, and the
      arm of potentiometer 74 is adjusted toward that position where momentary
      closing of switch 66 continues to show no current through galvanometer G.
      This adjustment can generally be quickly arrived at while 2i.sub. x is
      increased to about 30% of its full value, and verified while current
      2i.sub.x is increased further to about 50% of its full value.
PAR  Switch 50 is then opened, the arm of potentiometer 52 is returned to its
      position of zero voltage delivery, and power to motor M is disconnected.
PAR  A number of corrosion cells including variation in elemental electrode
      composition and wide variation in ionic conductor composition,
      concentration, and pH, have shown that it is usually possible to adjust
      the position of the arm of potentiometer 74 within the precision of
      holding the value of .DELTA.E.sub.f within about .+-.0.0006 volt, and this
      is regarded as a fortunate discovery.
PAR  To date, only one factor has been encountered that interferes with the
      adjustment of potentiometer 74. With electrodes in the form of rods
      mounted in glass tubing and sealed with beeswax, a crack in the wax seal
      at the glass-metal boundary and extending to the metal surface can prevent
      the adjustment of the arm of potentiometer 74 to a position where
      .DELTA.E.sub.f is maintained while 2i.sub.x is increased. This finding has
      been accepted as a useful check on sealing quality.
PAR  Following this adjustment of the arm of potentiometer 74, electrodes 41 and
      42 are allowed to return to substantially their initial voltage difference
      of .DELTA.E.sub.f, as indicated from the deflection of galvanometer G
      decreasing to approach zero upon the momentary closing of switch 66 at
      small time intervals such as about 60 seconds. Upon removal of current
      2i.sub.x, the extent that potential difference initially deviates from
      .DELTA.E.sub.f, as well as the polarity of the deviation, is apparently
      related to retention properties of corrosion products adhering to the
      anodic area, and may also be affected by an adherent layer formed in some
      instances on the cathodic surface such as a carbonate scale when pH is
      above about 6. A total time lapse generally from 5 to 10 minutes is
      required for the potential difference to substantially return to
      .DELTA.E.sub.f.
PAR  Measurement is next made of corrosion current i.sub.A ', measured with the
      isolation resistors connected, which will have a value slightly greater
      than i.sub.A, caused by the current, i.sub.s = e.sub.p /(R.sub.s +
      R.sub.74 + R.sub.s ').
PAR  Determination is them made of whether or not accelerated corrosion is
      present. While current i.sub.A ' is undergoing only small rate of change,
      switch 50 is closed and power is applied to motor M. The arm of
      potentiometer 68 is adjusted with switch 66 closed, to maintain the
      current through galvanometer G at substantially zero. It is not uncommon
      for no adjustment of potentiometer 68 to be required for about the first
      minute of current 2i.sub.x application, but thereafter potentiometer 68
      will require adjustment in either the direction of increasing current or
      decreasing current through meter A.
PAR  When current 2i.sub.x causes an increase in the value of i.sub.p, to the
      extent of about 10%, the absence of accelerated corrosion is regarded to
      be confirmed, and all switches of the device are opened to allow the
      corrosion to continue undisturbed until the next measurement is made. The
      rate-determining corrosion current i.sub.R, can be taken as i.sub.R =
      i.sub.A ', or if greater precision is required, as i.sub.R = i.sub.A.
PAR  When current 2i.sub.x causes a decrease in the value of i.sub.p, the
      measurement is continued to determine the minimum value, i.sub.pb, and may
      also include determination of the value, i.sub.xb = 2i.sub.x /2, at which
      said minimum occurs. In general, i.sub.p decreases rapidly to a hold
      point, and through a small further increase in 2i.sub.x the value of
      i.sub.p may remain substantially unchanged. Further increase in 2i.sub.x
      then initiates increase in value of i.sub.p. and the extension of
      measurement to include this increase is regarded to constitute insurance
      that the minimum value of i.sub.p has been measured. The value of i.sub.pb
      is taken as the minimum value, at the start of the hold region, and the
      value, i.sub.xb = 2i.sub.x /2 is similarly taken from a reading of
      microammeter 53. Current i.sub.pb is converted to bounding current
      i.sub.B, as i.sub.B = i.sub.pb (E.sub.d /e.sub.p), and with ionic
      conductors of low ohmic resistance, the rate determining corrosion current
      can be taken as, i.sub.R = 2.4(i.sub.A ') -i.sub.B.
PAR  In general, taking i.sub.R = i.sub.xb, introduces a positive error related
      to the speed at which motor M drives the arm of potentiometer 52, due to
      the lag between application of current 2i.sub.x and the time required for
      the complete cathodic polarization producible by it to develop. However,
      such a positive error tends to oppose the negative error introduced by the
      presence of significant ionic conductor resistance.
PAR  Operation of the device of FIG. 3 with electrode 42 as the measured
      electrode, electrode 41 as the reference electrode, and electrode 59 as
      the opposed electrode, by connecting microammeter A to electrode 59
      through switch 67, introduces additional manipulation complications.
      Difference between the free electrode potentials of electrodes 41 and 42,
      .DELTA.E.sub.f, is measured as before. The adjustment of potentiometer 74
      is also made in the same manner. However, the determination of current
      i.sub.pb must be measured from i.sub.p value as measured from polarization
      voltage of single polarity, either cathodic or anodic. The choice of which
      polarity to use becomes optional. Cathodic polarization produces a
      measured value of i.sub.A ' in closer agreement with value of i.sub.A when
      it is measured from the average of cathodic and anodic measurements.
      Anodic polarization produces a slightly larger value of i.sub.A ', which
      may contribute to correction for ionic conductor resistance. A serious
      difficulty is encountered in the adjustment of potentiometer 68 during
      application of the current 2i.sub.x. The adjustment of potentiometer 68 to
      hold the voltage between electrodes 41 and 42 constant is not in response
      to change in corrosion current alone. The cathodic polarization of
      electrode 42 by current i.sub.x introduces rapid and substantial change in
      potential difference between electrodes 42 and 59, which must be included
      in achieving continuous adjustment of potentiometer 68. Consequently, the
      need for a servo null drive from the voltage across galvanometer G to the
      arm of potentiometer 68 approaches the importance of practical necessity.
PAR  Ionic conductor resistance, when significant and not corrected for, not
      only introduces substantial negative error in corrosion current
      measurement but also diminishes the sensitivity with which difference in
      free electrode potential .DELTA.E.sub.f, between duplicated electrodes 41
      and 42, can be measured. The circuit of FIG. 3, when operated with
      duplicated measured electrodes 41 and 42, produces satisfactory accuracy
      in ratedetermining current i.sub.R measurement when ionic conductor
      resistance is negligible. The circuit of FIG. 3, when operated with
      electrode 42 as the measured electrode and electrode 41 as the reference
      electrode, produces satisfactory accuracy when ionic conductor resistance
      does not exceed a relatively small value, but the reference electrode
      cannot be positioned to eliminate error with high ionic conductor
      resistance which may range up to about 75,000 ohms between duplicated
      electrodes 41 and 42. The circuit of FIG. 4 includes means for correcting
      for ionic conductor resistance through the addition of compensating
      voltage, and this compensating voltage maintains the precision of
      .DELTA.E.sub.f determination in the presence of high ionic conductor
      resistance. FIG. 4 also illustrates the use of a circuit for the specific
      purpose of equalizing the difference in free electrode potential between
      duplicated electrodes.
PAR  Operation of the basic circuit of FIG. 4 starts with the adjustment of
      rheostat 80. The ohmic value of this resistor is adjusted to equal the
      measured ohmic value of ionic conductor resistance occurring between
      electrodes 41 and 42 at the time of measurement. It may further include
      the ohmic value of lead wires from the measurement device to the corrosion
      cell when they are separated by a significant distance. It may
      additionally include the ohmic resistance of the potential equalizing
      circuit when adjusted to oppose difference in free electrode potential
      between electrodes 41 and 42. Resistance 81 is made equal to the ohmic
      resistance of microammeter A, taking into account the current range at
      which the meter is operated in measuring current i.sub.A '. The sum of the
      ohmic value of resistors 80 and 81 is then equal to the total ohmic
      resistance that should be corrected for when a measured DC voltage is
      applied to the duplicated electrodes in corrosion current measurement.
PAR  The source of voltage for correcting for IR loss is delivered from
      potentiometer 82 after it is energized by the closing of switch 83 in
      series with battery 84. The voltage delivered from potentiometer 82 is
      applied across duplicated resistors 85 and 86, according to my U.S. Pat.
      No. 3,607,673. Galvanometer G is connected across the series connection of
      resistors 80, 81 and 85 through momentary-close switch 87. The arm of
      potentiometer 82 is adjusted to maintain zero current through the
      galvanometer during all measurements. While this can be accomplished by
      manual adjustment, it is more efficiently and easily handled by a null
      servo drive system between galvanometer G and the arm of potentiometer 82
      with switch 87 closed. Then, for any current through microammeter A,
      either in corrosion current measurement or in the determination of
      .DELTA.E.sub.f, the voltage added through resistor 85 equals the voltage
      loss through resistors 80 and 81. The voltage across duplicated resistor
      86 then adds voltage correction for the circuit resistances represented by
      resistors 80 and 81.
PAR  The circuit for opposing any difference in free electrode potential
      .DELTA.E.sub.f between the duplicated electrodes 41 and 42 at the time of
      measuring corrosion currents i.sub.A and i.sub.A ' includes potentiometer
      88 in parallel with the series connection of resistors 89 and 90, which
      are usually of equal ohmic value, activated by battery 91 upon the closing
      of switch 92. The difference in the free electrode potentials,
      .DELTA.E.sub.f, is determined, in that it is opposed with precision by the
      adjustment of the arm of potentiometer 88, but its measurement in voltage
      units is not required. Switch 93, determining the polarity of the DC
      voltage applied in the corrosion current measurement, is turned in a
      direction to connect electrodes 41 and 42. Usual practice includes the
      reversal of this polarity after each measurement made during progress of
      the corrosion. Microammeter A is thereby connected in series with the
      duplicated electrodes through potentiometer 94, which is of relatively low
      ohmic resistance. Potentiometer 88 is adjusted for zero current through
      microammeter A. This adjustment can be made within .+-.0.2 microampere on
      a 100 microampere meter of 3,000 ohms internal resistance, from which it
      is calculated that .DELTA.E.sub.f is determined within a precision of e =
      iR = .+-.(2.times.10.sup.-.sup.7)(3.times.10.sup.3) = .+-.0.0006 volt.
PAR  Corrosion current is then measured by activating potentiometer 94 by the
      closing of switch 95 to connect battery 96. Potentiometer 94 is adjusted
      to deliver DC voltage to the duplicated measured electrodes within the
      range described above as measured on voltmeter V, and measurement is made
      when the current shown by microammeter A initially approaches selected
      slow rate of change.
PAR  Referring to the circuit isolation device of FIG. 2, the ohmic value of
      isolation resistor R.sub.s is selected after measurement of corrosion
      current i.sub.A occurring at the free electrode potential, as described
      above in connection with FIGS. 1 and 3. The circuit isolation device of
      FIG. 2 differs from that of FIG. 1 through the replacement of ratio
      resistor or potentiometer 74 and resistor R.sub.s ' of FIG. 1 with
      resistor 97 and ratio resistor or rheostat 98. The isolation resistor
      ratio range of FIG. 1 can be applied to FIG. 2. The value of resistor 97
      is (100/150)R.sub.s = 0.67R.sub.s. The value of rheostat 98 is expressed
      through the equation, 0.67(R.sub.s) +R.sub.98 = 1.50R.sub.s, from which
      R.sub.98 = 0.83R.sub.s.
PAR  In detecting the presence or absence of accelerated corrosion, and the
      measurement of currents i.sub.pb and i.sub.xb when acceleration is
      present, terminals T.sub.4, T.sub.5 and T.sub.6 of FIG. 2 are connected to
      electrodes 41, 42 and 49 of FIG. 4. Rheostat 98 is adjusted in the manner
      described for potentiometer 74 of FIG. 1. Corrosion current i.sub.A ' is
      measured with FIG. 4. The measurement of currents i.sub.pb and i.sub.xb
      follow the equivalent steps described for FIGS. 1 and 3.
PAR  For the purpose of maintaining potential difference .DELTA.E.sub.f
      initially existing between duplicated electrodes during subsequent
      cathodic polarization of the electrodes by currents i.sub.x +i.sub.x ' =
      2i.sub.x, the circuits of FIGS. 1 and 2 can be considered as entirely
      equivalent. However, potentiometer 74 of FIG. 1 is smaller than rheostat
      98 of FIG. 2 for the same ratio range in each figure by the percentage,
      (100)(50/83) = 60% of that of rheostat 98. When the ohmic values required
      for potentiometer 74 and rheostat 98 are determined by large ohmic value
      selected for isolation resistor R.sub.s ', the electro-mechanical
      ruggedness of potentiometer 74 can be more easily met.
PAR  In general, the corrosion mechanism and rate of an electronic conductor
      corroded by an ionic conductor under attending conditions of environment
      is measured with best precision and accuracy through corrosion current
      measurement made with FIG. 4, which includes correction for ionic
      conductor resistance, and with FIG. 1 using potentiometer adjustment of
      isolation resistor ratio. The voltage .DELTA.E.sub.d, which can
      alternatively be noted from the position of the arm of potentiometer 88,
      or be measured, indicates difference in the accelerated corrosion
      occurring to the duplicated electrodes, and after the corrosion has
      approached a steady rate, this voltage tends to become small. Corrosion
      current can be converted in the measurement device to, i.sub.corr. =
      i.sub.p (E.sub.d /e.sub.p), and can be recorded from the voltage drop
      across microammeter A or alternatively from the voltage drop across
      resistance 81, using a potentiometric recorder with high input resistance
      and zero offset voltage, and having a time drive abscissa axis. When
      i.sub.xb is to be included in the recording, an X-Y recorder is used. In
      the measurement of corrosion current i.sub.A ', the abscissa input is
      taken from a source of voltage increasing at a constant rate, and its
      response is calibrated to a selected time scale. Then, in measuring
      i.sub.pb and i.sub.xb, the abscissa input is taken from microammeter A of
      FIGS. 1 or 2, and its response is calibrated to a microampere scale for
      2i.sub.x /2. With proper care in making up the corrosion cell, the
      corrosion performances of the duplicated electrodes generally differs by
      only a small amount, which, if of interest, can be measured from initial
      and final weighings of the electrodes.
PAR  The recording of data obtained through the operation of the circuit
      isolation device of this invention is found to follow characteristic forms
      in the measurement of unaccelerated and accelerated corrosion, and these
      forms are found to be independent of electronic-ionic conductor interface
      composition and environment factors such as temperature and flow rate. The
      purpose of the examples which follow is therefore to illustrate these
      general forms of recorded measurements.
PAC  EXAMPLE 1
PAL  Adjustment of Isolation Resistor Ratio
PAR  Characteristic forms of measurements recorded in the adjustment of
      isolation resistor ratio are shown in FIG. 5. Abscissa is shown in units
      of 10 minutes per inch chart speed, which can be varied according to
      specific requirements. In general a speed of 20 minutes per inch is
      satisfactory. Ordinate is shown as corrosion current, with zero as the
      current at which .DELTA.E.sub.f is determined. Specific units of current
      are not shown because the recordings appear independent of unit size
      ranging from 2 to 200 microamperes per inch.
PAR  In starting measurements, at a time selected during progress of the
      corrosion, the value .DELTA.E.sub.f is first determined, and the recording
      pen is set at zero current. To insure that the potential of the measured
      electrode, whether in the form of a single electrode 42 or of duplicated
      electrodes 41 and 42, is free from previous polarization, a recording can
      be made during a short period such as two minutes, as is shown by line A
      of FIG. 5, which shows the holding of zero current.
PAR  Recording can be made during adjustment of the isolation resistor ratio to
      hold .DELTA.E.sub.f at the zero current position during application of
      cathodic polarizing current 2i.sub.x. This is shown in line B of FIG. 5,
      and it is to be understood that the amount of waviness of this line
      relates to the degree of refinement used in making this adjustment.
PAR  After measuring corrosion currents i.sub.A ', i.sub.pb, and sometimes
      i.sub.xb, the electrodes require several minutes to return to their
      original free electrode potentials. Line C of FIG. 5 shows such recovery,
      which may occur either in the form of current decreasing to zero, or
      negative current increasing to zero, as shown by the dotted portion of the
      line.
PAR  When desired, the setting of the isolation resistor ratio can be checked by
      first allowing the electrodes to return to their free electrode potentials
      as shown in line C, and by then recording the effect of again applying
      current 2i.sub.x. As shown in line D of FIG. 5, a substantially horizontal
      straight line can be obtained.
PAR  When the corrosion cell is operated with fixed factors of environment such
      as temperature and flow rate, the position at which the arm of
      potentiometer 74 is set does not vary much between alternate measurements
      when the polarity of the DC voltage applied in measuring the corrosion
      current is reversed after each measurement. A sudden large variation in
      the required position of the arm of potentiometer 74 is found to be caused
      by the adhesion of foreign material to one electrode, such as algae or
      "glop", and can be taken as a warning that the corrosion rate measurements
      are being interfered with.
PAC  EXAMPLE 2
PAL  Determination of Unaccelerated Corrosion
PAR  The measurement of corrosion current i.sub.A ' and the determination of
      unaccelerated corrosion mechanism are illustrated in FIG. 6. An initial
      recording of short duration, E, is generally made to prove the zero
      current setting with the recorder. To avoid a large initial polarizing
      current upon applying the polarizing voltage e.sub.p, this voltage can be
      delivered from a motor driven potentiometer to apply the voltage from zero
      to e.sub.p within a selected time such as about one minute, and this is
      shown in line F of the recording. Immediately thereafter, the current
      generally decreases to a selected slow rate of change shown by curve G,
      from which current i.sub.A ' is measured. Current 2i.sub.x is then applied
      at a selected rate of increase. A small time interval during which the
      recording pen is lifted, can be used to indicate when said current is
      applied. The recorded curve generally has a small duration H, of no
      current change, after which the current increases rapidly along line J.
      Recording is generally continued until this current increase amounts to
      about 10% of current i.sub.A ', but in automation, the detection of this
      increase can be reduced to a smaller percentage. The current increase
      determines that the corrosion is occurring through unaccelerated
      mechanism.
PAC  EXAMPLE 3
PAL  Measurement of i.sub.A ' and i.sub.B
PAR  Measurement of the corrosion current i.sub.A ' remains the same in form
      when the corrosion is undergoing acceleration, and includes recorded
      portions E, F and G as shown in FIG. 7. Measurement of bounding current
      i.sub.B can be made by continued recording along a time abscissa, as shown
      in this figure. In general there is an initial portion K of substantially
      no change in current. In the presence of acceleration, this is followed by
      a region of rapid current decrease, L, that is terminated by a second line
      of substantially no change in current, M. Bounding current i.sub.B =
      (i.sub.pb)(E.sub.d /e.sub.p), is measured at the intersection point of
      portions L and M, and it is to be understood that the measured value of
      i.sub.B in proportion to the value of i.sub.A ' is determined by the
      intensity of the acceleration through which the corrosion is occurring.
      The recording can include a line of increasing current N, following hold
      line M, to confirm that i.sub.B is measured as the minimum value of
      corrosion current.
PAC   EXAMPLE 4
PAL  Additional Measurement of i.sub.xb
PAR  When i.sub.xb is to be measured, an X-Y recorder is used. During the
      measurement of corrosion current i.sub.A ', the abscissa is operated as a
      time drive through the application of an input voltage increasing at a
      selected rate. During the measurement of currents i.sub.B and i.sub.xb, as
      shown in FIG. 8, the abscissa is calibrated and operated to measure
      current 2i.sub.x, or alternatively 2i.sub.x /2, from which current
      i.sub.xb can be read directly. The form of the recording contains the same
      regions, K, L, M and N. The value of i.sub.xb is taken at the intersection
      of the L and M lines.
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     SINGLE MEASURED ELECTRODE:                                                
     E.sub.f                                                                   
         Free electrode potential,                                             
                          Measured                                             
         the undisturbed electrode                                             
         potential at naturally                                                
         occuring corrosion rate.                                              
     .DELTA.E.sub.f                                                            
         Difference between free                                               
                          Measured                                             
         electrode potentials of                                               
         two electrodes                                                        
     i.sub.p                                                                   
         Polarizing current, passed                                            
                          Measured                                             
         through interface of                                                  
         measured electrode during                                             
         polarization voltage                                                  
         measurement                                                           
     e.sub.pc                                                                  
         Polarization voltage when                                             
                          Measured                                             
         i.sub.p is cathodic                                                   
     e.sub.pa                                                                  
         Polarization voltage when                                             
                          Measured                                             
         i.sub.p is anodic                                                     
     e.sub.p                                                                   
         Polarization voltage                                                  
                          See calculation of i.sub.A                           
         selected in calculating                                               
         corrosion current                                                     
     E.sub.d                                                                   
         Direct Voltage of the                                                 
                          Measured in U.S. Pat. No.                            
         Interface Electrode System                                            
                          3,156,631                                            
         when e.sub.p = e.sub.pc +e.sub.pa                                     
                          With unaccelerated corrosion,                        
                          where i.sub.A = i.sub.R,                             
                          The Interface Electrode System                       
                          shows that                                           
                          when i.sub.p is taken as i.sub.p = i.sub.A,          
                          then e.sub.pa +e.sub.pc = 0.028 volt,                
                          the Direct Voltage E.sub.d.                          
                          In applying E.sub.d to i.sub.A measure-              
                          ment in general,                                     
                          when e.sub.pa +e.sub.pc is selected                  
                          within the range 0.03 to                             
                          0.06 v.,                                             
                          E.sub.d is taken as 0.028 volt;                      
                          when e.sub.pa +e.sub.pc is selected                  
                          within the range 0.001 to                            
                          0.03 v.,                                             
                          E.sub.d is taken as 0.030 volt.                      
     i.sub.A                                                                   
         Corrosion current at potential                                        
                          When e.sub.p = e.sub.pc +e.sub.pa,                   
         E.sub.f          i.sub.A + i.sub.p (E.sub.d /e.sub.p);                
                          When                                                 
                          e.sub.p = e.sub.pc, or                               
                          e.sub.p = e.sub.pa, or                               
                          e.sub.p = (e.sub.pc +e.sub.pa)/2,                    
                          i.sub.A = i.sub.p (1/2 E.sub.d /e.sub.p)             
     TWO DUPLICATED ELECTRODES:                                                
     e.sub.p                                                                   
         DC voltage applied to                                                 
                          Measured                                             
         duplicated electrodes                                                 
                          When ionic conductor                                 
         to measure corrosion                                                  
                          resistance is negligible,                            
         current          or is corrected for by                               
                          added applied DC voltage,                            
                          e.sub.p = e.sub.pc +e.sub.pa                         
     i.sub.A                                                                   
         Corrosion current at                                                  
                          i.sub.A = i.sub.p (E.sub.d /e.sub.p)                 
         potential E.sub.f                                                     
     ACCELERATED CORROSION:                                                    
     i.sub.A "                                                                 
         Corrosion current i.sub.A                                             
                          Measured                                             
         when measured with                                                    
                          in terms of its i.sub.p and                          
         isolated resistors                                                    
                          e.sub.p values,                                      
         connected        Calculated, as with i.sub.A                          
     i.sub.s                                                                   
         Isolation resistor                                                    
                          i.sub.s = i.sub.A ' -i.sub.A                         
         current passed through the                                            
         isolation resistors by the                                            
         DC voltage across the                                                 
         duplicated electrodes during                                          
         corrosion current measure-                                            
         ment                                                                  
     2i.sub.x                                                                  
         Total cathodic polarizing                                             
                          Measured                                             
         current passed to duplicated                                          
         electrodes by circuit isolation                                       
         device                                                                
     i.sub.xs                                                                  
         Current passed to electrode                                           
                          Could be measured                                    
         connected to R.sub.s                                                  
     i.sub.xs '                                                                
         Current passed to electrode                                           
                          Could be measured                                    
         connected to R.sub.s '                                                
     i.sub.x                                                                   
         Cathodic polarizing current                                           
                          For practical purposes,                              
         passed to measured                                                    
                          i.sub.xs = 2i.sub.x /2                               
         corrosion interface                                                   
     i.sub.pb                                                                  
         Minimum value of i.sub.p                                              
                          Measured                                             
         produced by i.sub.x when                                              
         acceleration is present                                               
     i.sub.B                                                                   
         Bounding current of                                                   
                          Calculated, as with i.sub.A,                         
         unaccelerated corrosion                                               
                          using i.sub.pb value                                 
     i.sub.xb                                                                  
         Value of i.sub.x at which i.sub.pb                                    
                          Measured as                                          
         is first produced                                                     
                          i.sub.xb = 2i.sub.xb /2                              
     i.sub.R                                                                   
         Rate-determining corrosion                                            
                          In absence of acceleration:                          
         current          i.sub.R = i.sub.A = i.sub.B                          
                          In presence of acceleration:                         
                          i.sub.R = 2.4(i.sub.A)-i.sub.B                       
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit isolation device having variable isolation resistor ratio, for
      cathodically polarizing two duplicated electrodes positioned in the
      non-gaseous ionic conductor of a corrosion cell without interfering with
      corrosion current measurement made on one or both of said electrodes,
      including two isolation resistors, two cathodic terminals each connected
      to a first end of said isolation resistors and for connection to said two
      electrodes, a source of DC voltage, means for variable voltage delivery
      connected across said source of DC voltage, a DC current indicating device
      connected in series with a lead from said means for variable voltage
      delivery, an anode terminal connected to the positive lead from said means
      for variable voltage delivery and for connection to an anode electrode, a
      ratio resistor connected in series with a second end of said two isolation
      resistors, and a connection from the negative lead of said means for
      variable voltage delivery to a contact arm traversable along the resistor
      element of said ratio resistor.
NUM  2.
PAR  2. The device of claim 1, in which said two isolation resistors are of
      substantially equal ohmic value and in which said ratio resistor comprises
      a potentiometer.
NUM  3.
PAR  3. The device of claim 1, in which one of said isolation resistors is of
      smaller ohmic value, and in which said ratio resistor comprises a rheostat
      with its resistive terminal connected to said second end of said smaller
      ohmic value isolation resistor.
NUM  4.
PAR  4. The device of claim 3, wherein said connection from the negative lead of
      said means for variable voltage delivery is to said contact arm of said
      rheostat.
NUM  5.
PAR  5. The device of claim 1, in which said ratio resistor is of ohmic value
      proportioned with respect to the ohmic values of said isolation resistors
      to in effect produce isolation resistor ratio adjustable within the range
      from about 0.67 to 1.5.
NUM  6.
PAR  6. The device of claim 1, including means to increase the voltage delivered
      from said means for variable voltage delivery at a substantially constant
      rate of voltage increase from zero to maximum within a time lapse range
      selectable from about 3 to 10 minutes by a source of motive power.
NUM  7.
PAR  7. The device of claim 1, in which said two isolation resistors and said
      ratio resistor are selectable through switching as a series of graduated
      ohmic ranges.
NUM  8.
PAR  8. The method of operating a circuit isolation device having variable
      isolation resistor ratio for continuous measurement of the effect of
      cathodic polarization on measured corrosion current, including the steps
      of connecting duplicated electrodes to a corrosion current measuring
      device having circuitry for determining difference in voltage difference
      .DELTA.E.sub.f between the free electrode potentials of said duplicated
      electrodes, measuring on at least one of said duplicated electrodes the
      corrosion current i.sub.A occurring at free electrode potential,
      connecting said electrodes to the cathode terminals of a circuit isolation
      device having variable isolation resistor ratio, connecting the anode
      terminal of said device to an anode electrode spaced substantially
      equidistant from said duplicated electrodes, selecting an ohmic range
      value of isolation resistors and ratio resistor to pass total cathodic
      polarizing current 2i.sub.x to said electrodes of value equal to about ten
      times said measured current i.sub.A, and to limit the current passed
      through said isolation resistors by the DC voltage difference between the
      duplicated electrodes during subsequent corrosion current measurement to
      about fifteen percent of the value of said current i.sub.A, selecting a
      rate of voltage increase at which the source of variable voltage of said
      circuit isolation device is to be operated, allowing the electrode
      potentials of said duplicated electrodes to return to said voltage
      difference of .DELTA.E.sub.f after said current i.sub.A measurement,
      delivering said selected rate of voltage increase starting at zero voltage
      while adjusting the ratio resistor of said circuit isolation device to
      maintain said voltage difference .DELTA.E.sub.f through increase of said
      current 2i.sub.x to a value of about 5 times that of said current i.sub.A,
      reducing said delivered voltage to zero and disconnecting the voltage
      drive of said device, allowing the voltage difference between said
      duplicated electrodes to return to said voltage difference .DELTA.E.sub.f,
      measuring the corrosion current i.sub.A ' occurring at free electrode
      potential when the isolation resistors are connected to said duplicated
      electrodes, then, while continuing corrosion current measurement,
      delivering said selected rate of voltage increase while measuring the
      relationship between corrosion current and the cathodic polarizing current
      2i.sub.x, and when the measured corrosion current increases above i.sub.A
      ' or increases above a minimum value, i.sub.B, disconnecting said
      duplicated electrodes from the corrosion current measurement device and
      from the circuit isolation device, whereby the relationship between
      corrosion current and cathodic polarizing current 2i.sub.x can be
      continuously recorded to detect the presence of accelerated corrosion
      mechanism and to measure accelerated corrosion rate.
NUM  9.
PAR  9. The method of claim 8, in which corrosion current is measured on said
      duplicated electrodes.
NUM  10.
PAR  10. The method of claim 8, in which corrosion current is measured on one of
      said duplicated electrodes, the other duplicated electrode being operated
      as a reference electrode, and an additional electrode is introduced and
      operated as the opposed electrode for passing current in the corrosion
      current measurements.
NUM  11.
PAR  11. The method of claim 8, in which the measurement of corrosion current
      i.sub.A for selecting ohmic range of isolation resistors and ratio
      resistor, is avoided by using the value of current estimated from the
      trend of preceding measurements of current i.sub.A '.
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ABST
PAL  A capsule containing albumin, preferably egg albumin, is disclosed. The
      contents of the capsule may be dissolved in water to form a parting
      solution useful in rotogravure printing. The solution is used to prevent
      bonding of an electro-deposited copper ballard shell onto the base
      cylinder and to facilitate easy removal of the shell once the printing run
      is completed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the art of rotogravure printing and in
      particular to the preparation of a parting solution.
PAR  One procedure used in the rotogravure industry for preparing printing
      cylinders comprises providing a base cylinder which is undersized by
      approximately 0.006 inches. The base cylinder is cleaned and degreased and
      is then immersed into a copper plating bath. The negative terminal of a
      power supply is connected to the base cylinder and positive leads from the
      power supply are connected to suitable electrodes in the copper plating
      bath. A voltage is then applied to cause a thin copper coating to be
      formed on the base cylinder, which coating is then engraved for the
      printing operation. The details of the plating and printing processes are
      not provided because such processes are well known to the art.
PAR  Because the base cylinders are quite expensive, it is necessary to remove
      the electro-deposited copper before preparing new printing cylinders. In
      the past this has usually been accomplished by placing the used cylinder
      in a lathe and turning the cylinder down to its original size. Such an
      operation is both time consuming and expensive, and great care is required
      to control cylinder dimensions with desired limits.
PAR  Recently, it has been discovered that the base cylinder can be treated
      prior to the electro-deposition step to yield a final cylinder which has
      improved properties. For example, various solutions of mercuric and silver
      salts can be applied to a cleaned and degreased base copper cylinder by
      pouring the solution over the cylinder or swabbing the solution on the
      cylinder with an applicator pad. This solution is known to the art as a
      "parting solution". The parting solution is rinsed from the cylinder with
      water and the cylinder is then plated in a conventional manner. The
      improvement results from the easy removability of the electro-deposited
      copper shell, which, instead of being turned down with a lathe, can be
      merely stripped off.
PAR  While such parting solutions have become quite popular in the industry from
      the both a cost and quality control standpoint, they do suffer from
      several disadvantages including toxicity and pollutant problems. Such
      prior art parting solutions are, in fact, so highly toxic that their
      continued use may be prohibited by regulartory agencies of both federal
      and state governments. It would be highly desirable, therefore, to have a
      parting solution of equal effectiveness which does not suffer from these
      drawbacks.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of the present invention to provide a quantity of a
      suitable solid which may be dissolved in water to form a parting solution
      which is non-toxic and practically non-polluting.
PAR  It is a further object of the present invention to provide a quick and easy
      method of preparing an albumin-base parting solution for the rotogravure
      industry.
PAR  It is another object of the present invention to provide materials useful
      for preparing a parting solution which materials are highly stable and
      which have an extended shelf-life.
PAR  How these and other objects of the invention are accomplished will be
      described in the following specification. Generally however, the invention
      comprises providing a quantity of albumin, preferably egg albumin, in
      capsule or tablet form, dissolving the albumin in water to form a parting
      solution, treating a base copper or copper alloy cylinder with the parting
      solution, plating copper onto the treated base cylinder, printing with the
      cylinder and removing the electro-deposited copper shell from the base
      cylinder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In a preferred form the present invention comprises a quantity of egg
      albumin in a capsule or tablet form. For purposes of describing the
      present invention, the quantity will be taken as 400 mg. since such amount
      dissolved in one gallon of water will provide a parting solution of the
      desired concentration. However, other size capsules or tablets can be
      employed, depending on the desired size and concentration of the final
      batch of parting solution.
PAR  Egg albumin is only one of several suitable albumins which are considered
      to be within the scope of the present invention. Albumins are generally
      defined as those simple proteins which when cleaved by acids or enzymes
      produce only amino acids. Many such albumins occur naturally such as, for
      example, grain albumin, ovalbumin, soy bean albumin, serum albumin and
      lactalbumin. Egg albumin itself is a yellowish powder which is isolated
      from fresh egg white, and it takes approximately 7--8 parts of egg white
      to produce 1 part of albumin. The powder itself is susceptible to attack
      by moist air, producing ammonia.
PAR  It has been found by the present inventor that liquid solutions of albumin
      parting solutions are impractical from a commercial standpoint since
      deterioration results in a "rottenegg" smell after relatively short
      storage periods. Attempts to retard the deterioration by the use of
      preservatives adds to the cost of the solutions and is not entirely
      effective.
PAR  Accordingly, preparation of small batches of the parting solution is
      preferred and the preparation of small batches is expedited by the initial
      preparation of tablets or capsules of the albumin powder. Capsules are
      most convenient because the capsule itself protects the contents from air
      and a loose powder is easier to dissolve in water then is a tablet.
      However, tablets, with or without fillers such as sodium carbonate, are
      equally effective.
PAR  The procedure for preparing cylinders employing the present invention will
      now be described. A base copper cylinder which has been polished and
      degreased is treated with a 5% sulfuric acid solution to deoxidize the
      copper surface. The cylinder is then rinsed in water to remove the acid. A
      small batch of parting solution is prepared by breaking a capsule
      containing 400 mg. of egg albumin into a container holding one gallon of
      water. After the solid has dissolved, the parting solution is applied to
      the cleaned and degreased base cylinder by pouring the solution over the
      cylinder or wiping the cylinder with an applicator soaked in the parting
      solution. The treated cylinder is again washed in water and plated in a
      conventional manner.
PAR  While the invention has been described in connection with rotogravure
      printing, it has equal applicability to all uses wherein copper or other
      metals are electro-deposited onto a base and where the coating is stripped
      from the base prior to reuse. Those skilled in the art will appreciate
      that the concentration, quantities and procedures just described can be
      varied depending on the particular technology involved. The capsules or
      tablets described above can be made in any desired size and may include
      the various preservatives and plating addition agents known to the art.
PAR  So while the invention has been illustrated by reference to a particular
      embodiment, the invention is not to be limited thereby but it to be
      limited solely by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a rotogravure printing cylinder comprising:
PA1  a. providing a metallic base cylinder,
PA1  b. cleaning, degreasing and deoxidizing said base cylinder,
PA1  c. preparing a parting solution consisting of egg albumin and water in a
      concentration of approximately 400 mg. of egg albumin per gallon of water,
      said step of preparing comprising dissolving egg albumin in capsule form
      in water,
PA1  d. applying a film of said parting solution onto said base cylinder, and
PA1  e. electro-depositing a shell of metal onto the treated cylinder.
NUM  2.
PAR  2. The process of claim 1 wherein said step of preparing consists of
      dissolving a tablet comprising compressed egg albumin in water.
NUM  3.
PAR  3. A process as set forth in claim 1 wherein said electrodeposited metal is
      copper and said base cylinder comprises a metal selected from the group
      consisting of copper and copper alloys.
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ABST
PAL  The molybdenum is deposited with at least one transition metal. The support
      is placed at the cathode and the bath in which this cathode is immersed
      contains at least one compound of molybdenum and at least one compound of
      the transition metal. The bath contains a mixture of an alkaline molybdate
      of a transition metal salt and of an alkaline salt of an organic acid with
      a mixed acid-alcohol function, this salt being able to give complexes with
      the molybdenum and transition metal ions of the other constituents. The pH
      and the temperature of the bath are kept compatible with the stability of
      these complexes. A cathodic current density greater than a "fissuration
      threshold" is used and the electro-deposition treatment is carried out for
      a duration which must be less than a "scaling duration". Each layer of
      alloy deposited electrolytically on the sub-adjacent support is subjected
      to heat treatment in a non oxidizing medium at a temperature between
      700.degree.C and 1200.degree.C and compatible with the preservation of the
      properties of the support, this heat treatment being effected for between
      2 and 24 hours.
PARN
PAR  The present application is a continuation in part of application Ser. No.
      202,011 filed Nov. 24, 1971, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to electrodeposition of molybdenum and at least one
      other metal on a material adapted to resist the mechanical fatigue to
      which this support will be exposed under conditions of use, but incapable,
      on the other hand, of resisting physico-chemical attack (especially
      corrosion in an acid environment). The material of the support should
      either be electrically conductive material, or be rendered superficially
      conductive. Examples of such materials are pure and alloyed iron, ordinary
      steels, slightly alloyed steels, special steels (stainless steels,
      "Maraging" steels, etc.), nickel and its alloys ("Inconel", "Monel",
      "Hastelloy", etc.), copper and cobalt, as well as the respective alloys of
      these two metals, titanium and metals of the same group, as well as their
      alloys, and ceramics rendered conductive by a suitable coating (graphite
      for example).
PAR  The good mechanical properties and resistance to hot corrosion which are
      offered by certain nonferrous nickel base (maximum 65%) and molybdenum
      base (maximum 30%) alloys, possibly containing chromium, are well known.
      However, these alloys have not been developed industrially as warranted by
      their properties and this may be due to their high price and to the
      difficulties presented in their use.
PAR  As a consequence, there is much interest in constituting a part of a
      material different from such alloys of molybdenum and depositing on this
      part, forming a support, a coating containing molybdenum which confers
      superficially on the part the properties of corrosion resistance of the
      molybdenum alloys.
PAR  Attempts were made in the past taking into account, of course, the
      impossibility of electrodepositing molybdenum alone, in an aqueous medium,
      on a support of metal or alloy; deposition of molybdenum by such a route
      is only realizable in association with at least one other metal, called
      "transition metal", adaptable to electrolytic deposition; such a
      transition metal can be, especially, iron, cobalt, or, even better, nickel
      whose association with molybdenum then enables reconstitution, in the
      electrodeposited layer, of the advantageous characteristics of the
      non-ferrous molybdenium-base alloys whose high price and difficulties of
      application have impeded development.
PAR  However, it should be noted, and this is of cardinal importance, that the
      attempts mentioned in the preceding paragraph had a more theoretical
      objective (verification of the role of the transition metal) than
      practical, the quality of the alloy layers thus deposited (alloy of
      molybdenum and transition metal) not having formed the subject of
      industrial research and development.
PAR  The codeposits of molybdenum and nickel, effected in the past by
      conventional electrolytic methods, have given rise to crude coating layers
      of little mechanical strength, porous and fissured, these defects being
      incompatible with any practical industrial application of such a method
      considering that the essential role of a coating of molybdenum and nickel
      is to protect, against physico-chemical attack and for as long a duration
      as possible, the support on which this coating is deposited, which
      obviously cannot be formed as a fragile, porous and fissured deposit.
PAC  SUMMARY OF THE INVENTION
PAR  It is a particular object of the invention to provide a method for
      electrodepositing, on a suitable support, a coating of molybdenum and at
      least one transition metal having a high mechanical strength and which is
      free of porosity and fissuration, that is to say in the form of a coating
      which actually protects underlying support.
PAR  An electrolytic method according to the invention for producing, on an
      electrically conductive support, a deposit of molybdenum and at least one
      transition metal comprises making the support cathodic in a bath which
      consists of an aqueous solution of an alkali metal molybdate, a transition
      metal salt and an alkali salt of an organic acid with mixed acid-alcohol
      functional groups. The pH of the bath is from 9 to 11 and the temperatue
      is above 20.degree.C and low enough not to destroy the complexes of the
      organic acid salt and the Mo and transition metal ions. A temperature of
      about 40.degree.C appears preferable although the full range from
      30.degree.C to 60.degree.C is generally quite satisfactory. The cathodic
      current density is selected as a function of the composition of the bath
      and, for a given bath, should exceed a "fissuration threshold" i.sub.s
      which will be defined later and is a decreasing function of the molybdenum
      content of the layer. The cathodic current density is selected for the
      field to be as high as possible.
PAR  The alkali metal is preferably sodium, although lithium and potassium may
      sometimes be used. The salt of an organic acid is preferably sodium
      citrate, but tartrates and acetates may sometimes be used as well. The
      transition metal salt may include one or more of the transition metal
      salts from the group chloride, sulfate and sulfamate. The total molar
      concentration of the nickel salts may be within the range 0.06-0.25 mole/l
      (corresponding to the range 15-60 g/l if nickel chloride is used). The
      alkali metal molybdate may be in the range 0.008-0.05 mole/l
      (corresponding to 2-12 g/l if sodium molybdate is used).
PAR  Several possibilities are open: first, a single non-fissured layer can be
      electrodeposited on the support. However, it is then hardly possible to
      exceed an overall thickness of 80 .mu.m for the coatings rich in Mo. Also,
      a fissured layer (i.e. a layer having microcracks) may be deposited on the
      support, and then a non-fissured layer on the first. Last, more than two
      layers may be successively deposited under different operating conditions
      for providing a coating which will be "referred" to in the following as a
      "multilayer coating". In that case, the current density and/or the
      thickness of each layer may be so selected that a layer deposited under
      conditions so that it is not fissured (i.e. under the conditions set out
      above), is in contact with or sandwiched between other layers deposited
      under different conditions. The average Mo content of a multilayer coating
      of a predetermined thickness may be in excess to that which is attainable
      with a single non-fissured layer of same thickness and this constitutes a
      substantial advantage as regards resistance to corrosion. Some of the
      alternate layers may be closer to the fissuration threshold than the other
      layers or may even be fissured.
PAR  Usng the latter approach makes it possible to increase the overall
      thickness of the coating from a maximum value in the 80 microns range for
      a single layer in a typical case to a value which may be as high as 250
      microns, whereby the protection of the underlying support is substantially
      increased. As a result, it may often be possible to dispense with final
      heat treatment for use in a moderately aggressive environment. In general,
      elementary successive layers each having a thickness from 1 to 5 microns
      provide satisfactory "multilayer" coatings, while in certain cases a
      thickness up to 10 microns is perfectly acceptable.
PAR  As indicated hereinbefore, nickel, cobalt, chromium and tungsten constitute
      transition metals to be considered for codeposition. However, certain of
      them are of particular interest.
PAR  Some conditions of operation are not critical; for instance the temperature
      may vary without broad limits, and it may be simpler to operate at ambient
      temperature. As a general rule, a temperature between 30.degree.C and
      60.degree.C can be considered as providing satisfactory results. The
      transition metal will generally be present partially or wholly in the form
      of chloride; said transition metal may also be present partly or in whole
      in the form of other salts, particuarly sulfate or sulfamate. The use of
      chloride increases the electrical conductivity of the bath and renders it
      possible to use a lower interelectrode voltage. When the transition metal
      is nickel, it is advantageous to include in the bath nickel chloride
      (NiCl.sub.2, 6H.sub.2 O), nickel sulfate (NiSO.sub.4, 7H.sub.2 O) or
      nickel sulfamate, sodium molybdate, (Na.sub.2 MoO.sub.4, 2H.sub.2 O) and
      trisodic sodium citrate (Na.sub.3 C.sub.6 H.sub.5 O.sub.7, 7H.sub.2 O).
      For Co-Mo layers, it may be preferable to use baths in which cobalt is
      partly present in the form of cobalt sulfamate.
DRWD
PAC   BRIEF DESCRIPTION OF THE DRAWING
PAR  The only FIGURE of the drawing is a curve which represents the fissuration
      threshold for a Ni-Mo bath of predetermined composition, the molybdenum
      content of a layer obtained from the bath being plotted in abcissae while
      the thickness e of the layer is plotted in ordinates
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Before a full description of particular embodiments is given, it may be
      useful to provide some general indications.
PAR  Referring to the single FIGURE of the drawing, the curve separates two
      areas. The area F right of the curve corresponds to fissured layers. The
      area NF left of the curve corrresponds to non-fissured layers. Different
      curves correspond to different compositions of the bath, but the general
      shape remains unaltered. The indications given on the curve are by way of
      examples only and correspond to a Ni-Mo bath having the composition of
      example 10 referred to later, or to composition AC with the greater part
      of nickel chloride NiCl.sub.2, 6H.sub.2 O replaced with nickel sulfamate
      Ni(NH.sub.2 SO.sub.3).sub.2, 4H.sub.2 O. The lower limit of the cathodic
      current density which can be used is about 5 A/dm.sup.2 if the coating
      consists of a single layer, since for lower current densities the
      non-fissured layers which can be deposited are too thin. As to the optimum
      current density which can be used, it is practically within a range
      limited by two phenomena: the current yield rapidly decreases with a
      density beyond 10 A/dm.sup.2 for the bath which is referred to. On the
      other hand, microscopic pin holes, which may constitute porosities, occur
      when the current density exceeds about 9 A/dm.sup.2.
PAR  Now, if a single non-fissured layer is to be deposited, the conditions will
      be selected for the corresponding point to be located in area NF of the
      single FIGURE. In most cases, the concentrations of the constituents of
      the bath and the operating conditions will be selected for the coating to
      contain from 10 to 50% by weight, preferably from 15 to 30% by weight, of
      molybdenum.
PAR  Ni-Mo baths having compositions within the following range, operated at
      40.degree.C .+-. 2.degree.C and having a pH of about 9.5 .+-. 0.2 have
      been found satisfactory:
TBL  nickel chloride (NiCl.sub.2, 6H.sub.2 O)                                  
                     :     between 15 and 60 gr/l,                             
     nickel sulfate (NiSO.sub.4, 7H.sub.2 O)                                   
                     :     between 18 and 72 gr/l                              
                           the sulfate being then                              
                           substituted for the                                 
                           chloride (in the case of                            
                           a mixed bath) by equimol-                           
                           ecular quantities,                                  
     sodium molybdate                                                          
     (Na.sub.2 MoO.sub.4, 2H.sub.2 O)                                          
                     :     between 2 and 12 gr/l,                              
     sodium citrate                                                            
     (Na.sub.3 C.sub.6 H.sub.5 O.sub.7, 7H.sub.2 O)                            
                     :     molar concentration                                 
     comprised between one and two times that of the                           
     total concentration of nickel and of molybdenum                           
     and, preferably of the order of 1.25 time this                            
     total concentration.                                                      
PAR  If the temperature and/or the pH of the bath are modified, within the
      limits provided above (30.degree.C to 60.degree.C and 9 to 11), the
      concentrations of nickel and sodium salts, indicated above, will be able
      to depart by about 20% more or less from the limits indicated.
PAR  Different types of anodes may be used,
PAR  an insoluble anode, for example of platinum; the concentrations of
      molybdenum and of transition metal in the bath should then periodically be
      adjusted by suitable additions of the salts of these metals used as
      constituents of the bath,
PAR  a soluble anode constituted by an alloy of molybdenum and of the transition
      metal (for example a molybdenum-nickel alloy having a content of
      molybdenum corresponding to that desired for the deposit), in which case
      it is no longer necessary to add salts to the bath periodically.
PAR  The pH of the bath is preferably selected between 9 and 11, a value in the
      neighborhood of 9.5 generally being optimum. The pH of the bath may be
      adjusted by the addition of ammonia or of soda; the value may be retained
      by periodical adjustments. Such periodic adjustments result in a constant
      coating composition and a constant cathodic yield.
PAR  The temperature of the bath is preferably held at the selected value for
      the whole electrodeposition for the coating to have a constant composition
      throughout its thickness. A value around 40.degree.C provides satisfactory
      results.
PAR  The cathodic current density must be greater than the fissuration
      threshold; a value approximately equal to 1.25 time the fissuration
      threshold is generally satisfactory.
PAR  On this subject, it is interesting to note that, for molybdenum-nickel
      baths formed with the previously indicated constituents (nickel chloride
      and sulfate, sodium molybdate and citrate) provided within the ranges of
      proportions also indicated, the bath having a temperature of 40.degree.C
      and a pH of 9.5, the range of cathodic current density being between 5 and
      10 A/dm.sup.2 and the fissuration threshold being then 5 A/dm.sup.2, an
      appropriate current density is about 6-7 A/dm.sup.2.
PAR  Such a cathodic current density provides a layer free of fissures which
      resists corrosion and is firmly anchored to the support; that layer may
      have a thickness up to and beyond 50 microns, according to the duration of
      the electro-deposition treatment; the optimal thickness of the layer
      appears to be from 30 to 40 microns.
PAR  Lastly, the duration of the electro-deposition is preferably selected at a
      value approximately equal to three-fourths of the scaling duration for the
      formation of each layer of deposit, which scaling duration depends on the
      cathodic current density.
PAR  To establish ideas on the subject of the relation existing between the
      cathodic current density and the duration of treatment, it is interesting
      to note that, for molybdenum-nickel baths having the constituents and the
      ranges of proportions indicated, the duration of treatment, with a current
      density in the neighborhood of the fissuration threshold, must be less
      than about 150 minutes (scaling duration), the above-said treatment
      duration being then advantageously of the order of 60 to 90 minutes.
PAR  The coating may then be subjected to a final thermal treatment which
      increases the corrosion resistance and the adherence to the support; the
      part coated with the layer of electrolytically deposited alloy is
      subjected to a thermal treatment conducted in a non-oxidizing medium at a
      temperature comprised between 700.degree.C and 1200.degree.C and not
      detrimental to said support, the duration of this thermal treatment being
      comprised between 2 and 24 hours.
PAR  The beneficial effects of such a thermal treatment comprise elimination of
      gases and internal stresses in the deposited layer, improvement in the
      crystallization of the layer, and partial diffusion of the elements of the
      layer into the support.
PAR  The non-oxidizing atmosphere for this thermal treatment may be inert gas
      free of oxygen (argon for example), or a vacuum of at least 10.sup..sup.-5
      torr.
PAR  The temperature rises preferably at a moderate speed (10.degree.C to
      30.degree.C per minute), the cooling being possibly done much more rapidly
      (5.degree.C to 300.degree.C per second).
PAR  If the mechanical propertis of the support are found to be altered by the
      thermal treatment which has just been considered, these mechanical
      properties will be restorable, if this is indispensible, by one or several
      other later heat treatments.
PAR  Now having given the specifications on the subject of the final heat
      treatment enabling the improvement of the qualities of the
      molybdenum-transition metal (especially molybdenum-nickel) electrolytic
      deposits, effected on the support to be protected, there will now be
      discussed a certain number of features enabling the abovesaid supports to
      withstand this final heat treatment better.
PAR  According to one of these features, the deposit of the layer of
      non-fissured alloy is preceded by the deposit of a layer of fissured
      alloy, obtained by using the same bath composition but with a cathodic
      current intensity less than the fissuration threshold (which density is
      comprised between 2.5  and 4.5 A/dm.sup.2, and preferably of the order of
      4 A/dm.sup.2 when it relates to a bath of the types envisaged for which
      the fissuration threshold is situated towards 5 A/dm.sup.2), the
      beneficial effect of this fissured sub-layer being due to the fact that
      the inner stresses are considerably relaxed in such a sub-layer whose
      thickness is then preferably of the order of 10 to 40 microns.
PAR  According to another of said features, the risks of diffusion of
      undesirable elements (from the support towards the molybdenum-transition
      metal alloy coating) is avoided during the heat treatment effected after
      the electro-deposition treatment, by forming initially on the support a
      deposit of a sub-layer of at least one metal (copper, cobalt, nickel,
      etc.), capable of playing the role of diffusion barrier with respect to
      the abovesaid undesirable elements.
PAR  The deposit of this sub-layer may be effected by a physical method
      (spraying for example), chemical or better still electrolytic, the
      abovesaid sub-layer having advantageously a thickness of 5 to 30 microns.
PAR  It should be noted that it is quite possible to combine the two features
      which have just been considered and to result thus in the following
      operational procedure:
PAR  deposition of a sub-layer of a metal (especially nickel) forming a
      diffusion barrier, this sub-layer, of which the thickness is preferably
      comprised between 5 and 30 microns, being advantageously formed by an
      electrolytic method;
PAR  deposit of a fissured layer of molybdenum-transition metal alloy
      (molybdenum-nickel especially), this layer being able to have a thickness
      of the order of 10 to 40 microns;
PAR  deposition of a non-fissured layer of the same alloy with a thickness
      preferably of the order of 30 to 40 mirons;
PAR  improvement of the multiple coating thus formed, by a final heat treatment
      such as previously described.
PAR  It should be noted that, whatever the number of layers already formed,
      there may, if desired, be formed supplementary layers by proceding, on the
      layers thus formed, with an annealing effected at a temperature comprised
      between 150.degree.C and 350.degree.C for a period comprised between 30
      minutes and 3 hours, this annealing treatment to be, preferably, effected
      under high vacuum (10.sup..sup.-5 torr for example) or in an inert gas
      (argon for example).
PAR  There will now be given, to conclude, a certain number of examples intended
      to illustrate in precise manner the previously explained features, which
      are not of course intended to be limiting.
PAR  For all these examples, there was used a soluble anode, constituted of a
      molybdenum-nickel alloy, the coating to be effected by electrolytic
      deposition being a binary molybdenum-nickel alloy.
PAR  For all these examples also, the temperature of the bath was 40.degree.C (+
      or - about 2.degree.C) and its pH 9.5 (+ or - about 0.2).
PAR  The baths used are denoted in the following Table by the abbreviated
      designations A.C.; A.C.S.; A.S.; B.C.; B.C.S. and B.S., the concentrations
      of each constitutent being indicated in grams per liter.
TBL  __________________________________________________________________________
     Bath  Nickel   Nickel   Sodium Trisodic                                   
           chloride sulfate  molybdate                                         
                                    citrate                                    
           (NiCl.sub.2, 6H.sub.2 O)                                            
                    (NiSO.sub.4, 7H.sub.2 O)                                   
                             (Na.sub.2 MoO.sub.4,                              
                                    (Na.sub.3 C.sub.6 H.sub.5 -                
                             2H.sub.2 O)                                       
                                    O.sub.7, 5H.sub.2 O                        
     __________________________________________________________________________
     Chloride                                                                  
           47.5     O        7.3    89                                         
     (A.C.)                                                                    
           0.2M/l            0.03 M/l                                          
                                    0.25 M/l                                   
     Mixed                                                                     
     chloride                                                                  
     sulfate                                                                   
           23.7     28       7.3    89                                         
     (A.C.S.                                                                   
      50%)                                                                     
     Sulfate                                                                   
     (A.S.)                                                                    
           0        56       7.3    89                                         
     Chloride                                                                  
     (B.C.)                                                                    
           38       0        4.8    71                                         
     Mixed                                                                     
     chloride                                                                  
     sulfate                                                                   
           19       22.5     4.8    71                                         
     (B.C.S.)                                                                  
     Sulfate                                                                   
     (B.S.)                                                                    
           0        45       4.8    71                                         
     __________________________________________________________________________
PAR  In the examples which will follow, certain experimental parameters have
      been varied, namely: the composition of the bath, the nature of the
      support, the number of possible sub-layers, the temperature and the
      duration final heat improving treatment.
PAR  In all cases, the electrolytic coating obtained of molybdenum and nickel
      gives very good results with respect to corrosion in hydrochloric acid.
      The speed of corrosion relative to these coatings, evaluated by the
      density of the corrosion current i.sub.cor is very close to that of the
      industrial alloy "Hastelloy B".
PAR  In the following examples, the corrosion speed of the coatings has been
      determined in hydrochloric acid of concentration equal to 20%, the
      "Hastelloy B" alloy having, in such an acid, a value of i.sub.cor of the
      order of 2 to 4 .mu. A/cm.sup.2.
PAC  Example 1
PAR  Deposit of nickel and of molybdenum on a iron support.
PAR  The support is first cleaned successively with 30% nitric acid and with
      concentrated hydrochloric acid.
PAR  This is followed by the electro-deposition in a bath of the AC type at
      40.degree.C with a pH of 9.5. There is first formed a fissured sub-layer
      by using a current density of 4 A/dm.sup.2, for 60 minutes.
PAR  There is then formed a non-fissured layer by using a current density of 6
      A/dm.sup.2, for 60 minutes.
PAR  A heat treatment is carried out for 6 hours at 950.degree.C under a vacuum
      of 10.sup..sup.-5 torr.
PAR  The deposit obtained is of bright appearance and average thickness of 35
      microns. Its content of molybdenum is 25% + or - about 5%. Its corrosion
      resistance is excellent (i.sub.cor in deaerated medium 0.5 to 2 .mu.
      A/cm.sup.2.
PAC  Example 2
PAR  Deposit of nickel and of molybdenum on an iron support covered with a prior
      deposit of nickel of 10 microns.
PAR  The operational conditions are the same as in Example 1, with this
      difference that there is used a bath of the BC type or of the ACS type.
PAR  The results obtained are analogous to those of Example 1.
PAC  Example 3
PAR  Deposit of nickel and of molybdenum on an iron support.
PAR  Operational conditions are the same as in Example 1, with the differences
      that there is used a bath of the AS or BS type and that the deposit of the
      non-fissured layer is followed by annealing at 300.degree.C for 45
      minutes, after which there is deposited a second non-fissured layer of
      nickel and of molybdenum before carrying out the final heat treatment at
      950.degree.C.
PAR  The deposit obtained has a semi-mat appearance. Its average thickness is 40
      microns and its molybdenum content 24% (+ or - about 5%).
PAR  The corrosion resistance of this deposit is very good (i.sub.cor in a
      deaerated medium 2 to 5 .mu. A/cm.sup.2.
PAC  Example 4
PAR  Deposit of nickel and of molybdenum on a nickel support.
PAR  A bath of the ACS type is used and the operational conditions are the same
      as in Example 1.
PAR  The deposit, of bright appearance, has an average thickness of 35 microns
      and its content of molybdenum is 24% (+ or - about 5%).
PAR  The corrosion resistance is very good (i.sub.cor in a deaerated medium of 1
      to 3 .mu. A/cm.sup.2).
PAC  Example 5
PAR  Deposit of nickel and of molybdenum on a support of copper or copper alloy.
PAR  The support is cleaned with 30% nitric acid and coated with a sub-layer of
      nickel of about 20 microns thickness.
PAR  A bath of the AS or BS type is used and procedure is under the same
      conditions as in Example 1.
PAR  The corrosion resistance of the deposit is excellent (i.sub.cor 2 to 6 .mu.
      A/cm.sup.2 in a deaerated medium) and this result is due, in part, in the
      case of such a support of copper or based on copper, to the presence of
      the initial nickel sub-layer.
PAC  Example 6
PAR  Deposit of nickel and of molybdenum on a titanium support.
PAR  An initial cleaning of the support is carried out with hydrofluoric acid at
      60.degree.C for 5 minutes
PAR  The electro-deposition is effected with the same bath and under the same
      operational conditions as in Example 1.
PAR  The final thermal treatment is conducted at 800.degree.C for 10 hours under
      10.sup..sup.-5 torr vacuum.
PAR  The deposit obtained is of bright appearance and its corrosion resistance,
      satisfactory, is from 10 to 30 .mu. A/cm.sup.2.
PAC  Example 7
PAR  Deposit of nickel and of molybdenum on a "Maraging" steel support.
PAR  The support is cleaned by anodic attack in a 25% sulfuric acid solution,
      for 30 seconds, with a current of 21.5 A/dm.sup.2.
PAR  The electro-deposition is effected under the same conditions as in Example
      1.
PAR  The final heat treatment is conducted at 860.degree.C for 6 hours under a
      vacuum of 10.sup..sup.-5 torr.
PAR  The corrosion resistance of the deposit is satisfactory (i.sub.cor in a
      deaerated medium 5 to 20 .mu. A/cm.sup.2).
PAC  Example 8
PAR  Deposit of nickel and of molybdenum on a stainless steel support.
PAR  The support is cleaned successively at 25.degree.C, in a solution of 25%
      acid and 3% hydrofluoric acid, then, at 70.degree.C, in a concentrated
      hydrochloric acid solution.
PAR  A bath of the AS type at 40.degree.C and pH 9.5 is used and the
      electro-deposition conditions are the same as in Example 1.
PAR  The final heat treatment is contacted at 100.degree.C for 6 hours under of
      vacuum of 10.sup..sup.-5 torr.
PAR  The corrosion resistance of the deposit is excellent (i.sub.cor in a
      deaerated medium 1 to 3 .mu. A/cm.sup.2).
PAC  Example 9
PAR  Deposit of nickel and of molybdenum on a support of construction steel of
      the "35 NCD 16" type.
PAR  The electro-deposition conditions are the same as in Example 1 and the
      final heat treatment is conducted at 870.degree.C, for 6 hours under a
      vacuum of 10.sup..sup.-5 torr.
PAR  The corrosion resistance of the deposit is good (i.sub.cor in a deareated
      medium 5 to 15 .mu. A/cm.sup.2).
PAR  The final heat treatment may be dispensed with, since it is advantageous
      but not necessary; then the chemical resistance of the coating (untreated
      or after a simple annealing) is less than that of coatings which have
      undergone the final heat treatment, but however sufficient to offer
      satisfactory behavior in moderately aggressive environments, such as
      certain cold organic acids (acetic, chloracetic, formic acids, etc.) and
      bases such as soda, potash, etc.
PAR  Referring now to the electro-deposition of multilayer coatings consisting
      of alternate layers deposited under different conditions for non-fissured
      layers (except the top layer) to be sandwiched between layers which are
      either fissured or closer to the fissuration threshold.
PAR  Since the coating operation is much more easily carried out if all layers
      are deposited in the same bath, it appears preferable to use either of the
      following approaches:
PAR  a first approach consists in using two different values of the cathodic
      current density for depositing successive layers, whose thickness may be
      the same or not. If, for instance, it is preferred to have layers of equal
      thicknesses, a possibility consists in using current densities i.sub.1 and
      i.sub.2, which are the current densities for depositing the fissured and
      non-fissured layers of the coating, respectively, as shown in the single
      FIGURE, with: i.sub.1 &lt; i.sub.F &lt; i.sub.2 ; a satisfactory range appears
      to be:
EQU  1.2/1 &lt; i.sub.2 /i.sub.F &lt; 2/1
EQU  0.4 i.sub.F &lt; i.sub.1 &lt; 0.9 i.sub.F
PAL  with i.sub.F being the fissuration threshold for the selected thickness
      e.sub.s.
PAR  In most cases, the following ranges appear preferable for depositing Ni-Mo
      layers:
EQU  2 A/dm.sup.2 &lt; i.sub.1 &lt; 6 A/dm.sup.2
PAL  (the exact value of i.sub.1 in that range being selected primarily
      according to the desired molybdenum content);
EQU  1.2 i.sub.s &lt; i.sub.2 &lt; 2.5 i.sub.s.
PAR  In that case, the value of i.sub.s will be the most important parameter in
      determining, for a predetermined bath, the molybdenum content, as well as
      the differences i.sub.1 - i.sub.s and i.sub.2 - i.sub.s, since the layers
      have the same thicknesses.
PAR  a second approach consists in passing current densities which are close to
      each other (but slightly different for providing a separation between
      adjacent layers) when depositing successive layers which are given
      thicknesses altenatively lower than and higher than the fissuration
      thickness for the selected current densities.
PAR  In other words, alternate non-fissured thin layers having a thickness
      e.sub.s1 lower than the threshold thickness i.sub.F and fissured layers
      having a thickness e.sub.s2 higher than e.sub.s are deposited. That
      approach is of interest since it provides layers whose molybdenum
      percentage is substantially constant throughout the coating. As a
      counterpart, the cumulated thickness of the fissured layers is greater
      than that of the non-fissured layers.
PAR  last, an approach consists in selecting different current densities and
      different thicknesses for adjacent layers. For instance, two adjacent
      layers may respectively correspond to points A and B in the single FIGURE
      of the drawing.
PAR  In each case, optimum values should be determined by test. However, using
      the above-mentioned ranges and thicknesses between 1 and 10 microns for
      the elementary layers provide generally satisfactory results and make it
      possible to obtain cumulative thicknesses which may exceed 200 microns, up
      to 250 microns under optimum conditions. If however layers having a high
      molybdenum content are desirable, shallow elementary layers and a low
      current density will be used.
PAR  It appears probable, although not certain, that the "fissured" layers
      prevent propagation of the stresses from a non-fissured layer to the next
      to a very noticeable extend and, consequently, render traversing cracks
      less prone to occur and preserve the integrity of the "multi-layer"
      coatings.
PAR  Particular examples of Ni-Mo and Co-Mo multi-layer coatings will now be
      given.
PAC  Example 10
PAR  The molar composition of the bath is similar to that of bath AC referred to
      above, the greater portion of nickel chloride being however replaced with
      nickel sulfamate. The composition is as follows:
TBL  Nickel sulfamate                                                          
                  73,6 mg/l, i.e., 0.18 mole/l                                 
     nickel chloride                                                           
                  4,76 g/l, i.e. 0.02 mole/l                                   
     sodium molybdate                                                          
                  7,3  g/l, i.e. 0.03 mole/l                                   
     trisodic citrate                                                          
                  90  g/l, i.e. 0.25 mole/l                                    
                                        .                                      
PAR  Nickel sulfamate is brought to the bath as an aqueous solution containing
      55% of nickel sulfamate by weight. The part to be coated consists of an
      iron part which is first cleaned up as in example 1. The pH of the bath is
      9.5 and the temperature is 40.degree.C. The following sequence is repeated
      several times: a fissured layer is electrodeposited for 270 seconds with a
      current density of 4 A/dm.sup.2 and a non-fissured layer for 135 seconds
      with a current density of 8 A/dm.sup.2. As a result, the coating consists
      of elemental layers all having substantially the same thickness, about 2
      microns, with different molybdenum contents. Multilayer coatings of 200
      microns have been obtained which are adherent, tight, resistant to
      hydrochloric acid environment, without any tendency to break down.
PAC  Example 11
PAR  The bath and support are the same as in example 10. The temperature is
      40.degree.C and the multilayer coating is deposited by repeating the
      following sequence: 4 A/dm.sup.2 for 400 seconds and 8 A/dm.sup.2 for 200
      seconds. The elementary layers have a thickness of about 3 microns and it
      is again possible to obtain satisfactory coatings of 200 microns.
PAC  Example 12
PAR  Under the same conditions as in example 10, but repeating a sequence of 4
      A/dm.sup.2 for 800 seconds and 8 A/dm.sup.2 for 400 seconds, a
      satisfactory multilayer coating of up to 200 microns consisting of layers
      each 5-6 microns thick is obtained.
PAC  Example 13
PAR  Again under the same conditions, but with 3 A/dm.sup.2 for 1200 seconds and
      6 A/dm.sup.2 for 600 seconds, a satisfactory multilayer coating of up to
      200 microns is obtained which each elementary layer having a thickness in
      the 7-8 microns range.
PAC  Example 14
PAR  A bath having the same molar compositon as bath BC, the greater part of the
      chloride being however replaced with sulfamate, is used. The composition
      is as follows:
TBL  nickel sulfamate                                                          
                    67.1 ml/l, i.e. 0.164 M/l                                  
     NiCl.sub.2, 6H.sub.2 O                                                    
                    4.5 g/l,   i.e. 0.060 M/l                                  
     sodium molybdate                                                          
                    4.8 g/l,   i.e. 0.02  M/l                                  
     trisodium citrate                                                         
                    71  g/l,   i.e. 0.2  M/l.                                  
PAR  The nickel sulfamate is introduced in the form of an aqueous solution
      containing 55 wt % of sulfamate.
PAR  Multilayer coatings are deposited at 40.degree.C, at pH 9.5. Coatings up to
      200 microns thick, without cracks, are obtained by repeating the following
      sequence: 2.5 A/dm.sup.2 for 900 seconds and 5 A/dm.sup.2 for 450 seconds.
      The average thickness of the elementary layers is about 4 microns.
PAC  Example 15
PAR  A coating is deposited with the bath of example 10, by repeating the
      following sequence 2.5 A/dm.sup.2 for 180 seconds and 4 A/dm.sup.2 for 100
      seconds. The thickness of the elementary layers is about 0.9 microns.
PAC  Example 16
PAR  Cobalt-molybdenum coatings have been electrodeposited on a iron support in
      a bath having the following composition:
TBL  Co Cl.sub.2, 6 H.sub.2 O                                                  
                          95 g/l                                               
     Na.sub.2 Mo O.sub.4, 2 H.sub.2 O                                          
                          7.3 g/l                                              
     sodium citrate       160 g/l   .                                          
PAR  The pH was adjusted at 10 by adding NH.sub.4 OH and electrodeposition was
      carried out at 40.degree.C, alternately passing current densities of 8
      A/dm.sup.2 for 300 sec. and 12 A/dm.sup.2 for 200 sec. Satisfactory
      coatings having a thickness up to 80 .mu.m and consisting of layers about
      1 .mu.m thick have been obtained.
PAR  As indicated above coatings with a high molybdenum content obtained with a
      low current density correspond to a small fissuration threshold e.sub.s.
      It is on the contrary possible to deposit satisfactory multilayer coatings
      by sandwiching non-fissured molybdenum-rich layers (having a thickness
      lower than e.sub.s, for instance 0.3 to 0.8 e.sub.s) and layers having a
      lower molybdenum percentage, which are however also not fissured. It
      should be noted that the last type layers have relatively moderate
      internal stresses and to a certain extent have a damping effect. Such
      multilayer coatings are of advantage in that they have a relatively high
      average molybdenum content, higher than that of the elementary layers of
      the second type.
PAR  The coatings of nickel and of molybdenum according to the invention have
      good corrosion resistance in oxidizing atmospheres up to about
      750.degree.C and in reducing atmospheres up to higher temperatures. They
      also exhibit good corrosion resistance in a number of organic and mineral
      corrosive liquid environment, such as hydrochloric acid, sulfuric acid
      (except if the acid concentration is higher than 60% or in boiling acid),
      phosphoric, hydrofluoric, chromic, acetic, formic, lactic, citric and
      tartaric acids, the fatty acids (oleic, stearic), acid chlorides such as
      ammonium chloride, zinc chloride, sodium chloride, bases such as NaOH or
      liquid ammoniac or in non-oxidizing aqueous solution.
PAR  It will be understood that, under these conditions, such coatings can find
      applications in the chemical industries, food industries, those of
      petroleum (petrochemicals, extraction, refining), domestic equipment
      industries, etc.
PAR  Thus, especially, the invention can be applied to the elements of
      installations for the manufacture and the handling of corrosive chemical
      products such as hydrochloric acid, phosphoric acid, organic acids, sodium
      chloride solutions.
PAR  By way of examples of such elements, there may be mentioned turbines,
      blades of wheels, members of tap work, condenser tubes for boilers, marine
      equipment.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrolytic method for producing, on an electrically conductive
      support, a codeposit layer of molybdenum and at least one transition metal
      selected from the group consisting of Ni, and Co, in which the support to
      be protected is at the cathode and the bath in which this cathode is
      immersed contains at least one compound of molybdenum and at least one
      compound of said transition metal, said method comprising,
PA1  providing in the bath an aqueous soluton of: an alkali metal molybdate at a
      concentration from 0.008 M/l to 0.05 M/l, a salt of said transition metal
      and an alkali-metal salt of an organic acid with mixed acid-alcohol
      functional groups, said salt being capable of giving complexes with the
      molybdenum and transition metal ions of the other constituents,
PA1  adjusting the pH of the bath between 9 and 11 and maintaining the
      temperature of the bath at a temperature above 20.degree.C compatible with
      the stability requirements of said complexes,
PA1  using a cathodic current density greater than 5 A/dm.sup.2,
PA1  pursuing the electro-deposition treatment for a duration which is less than
      a threshold, called "scaling duration", above which there is produced a
      scaling of the deposit formed, said threshold being a decreasing function
      of the thickness of said layer, and
PA1  subjecting said layer of alloy and the sub-adjacent support to a thermal
      treatment conducted in a non-oxidizing medium, at a temperature between
      700.degree.C and 1200.degree.C and compatible with the preservation of the
      properties of said support, the duration of this thermal treatment being
      between 2 and 24 hours.
NUM  2.
PAR  2. Electrolytic method according to claim 1, wherein the salt of the
      transition metal contained in the bath is at least one salt selected from
      the group consisting of chloride, sulfamate and sulfate of said transition
      metal.
NUM  3.
PAR  3. Electrolytic method according to claim 2, utilizing a molybdenum-nickel
      bath at about 40.degree.C and having a pH of about 9.5, wherein the
      cathodic current density is of from about 6 A/dm.sup.2 to about 7
      A/dm.sup.2.
NUM  4.
PAR  4. Electrolytic method according to claim 1, wherein a single layer coating
      is electrodeposited for a time approximately equal to three quarters of
      the duration after which scaling occurs.
NUM  5.
PAR  5. Electrolytic method according to claim 4, wherein the duration of the
      electro-deposition treatment is between 60 and 90 minutes.
NUM  6.
PAR  6. Electrolytic method according to claim 1, wherein prior to
      electrodeposition of the layer coating, a sub-layer of at least one metal
      acting as a diffusion barrier with respect to undesirable elements of
      support is deposited on said support.
NUM  7.
PAR  7. Electrolytic method according to claim 6, wherein said sublayer contains
      at least one of the metals copper, cobalt and nickel.
NUM  8.
PAR  8. Electrolytic method according to claim 1, wherein the temperature of the
      bath is from 20.degree.C to 60.degree.C.
NUM  9.
PAR  9. Electrolytic method according to claim 1, wherein the alkali metal salt
      of an organic acid with mixed acid-alcohol functional groups contained in
      the bath is trisodic sodium citrate.
NUM  10.
PAR  10. Electrolytic method according to claim 1, wherein the concentrations of
      the constituents of the bath and operational conditions are so selected
      that a molybdenum alloy containing from 15 to 50% by weight of molybdenum
      is electrodeposited.
NUM  11.
PAR  11. Electrolytic method according to claim 1, wherein the anode of the bath
      is an insoluble anode or an anode consisting of an alloy of molybdenum and
      said transition metal.
NUM  12.
PAR  12. Electrolytic method according to claim 1, wherein prior to deposition
      of said alloy layer, a fissured alloy layer is deposited in the same
      composition bath but with a cathodic current intensity less than 5
      A/dm.sup.2.
NUM  13.
PAR  13. Electrolytic method according to claim 1, wherein several layers of
      molybdenum-transition metal alloy are successively electrodeposited,
      wherein each layer is subjected to annealing carried out in a
      non-oxidizing atmosphere at a temperature between 150.degree.C and
      350.degree.C for a duration of between 30 minutes and 3 hours prior to
      electrodeposition of the next layer.
NUM  14.
PAR  14. Electrolytic method according to claim 1, comprising forming the alkali
      metal molybdate in situ.
NUM  15.
PAR  15. Electrolytic method according to claim 1, wherein said alkali metal
      molybdate is sodium molybdate.
NUM  16.
PAR  16. Electrolytic method for producing on an electrically conductive
      support, a non-fissured codeposited coating of molybdenum and nickel
      comprising the steps of:
PA1  forming an aqueous solution of alkali metal molybdate at a concentration
      from 0.008 M/l to 0.05 M/l, nickel salt and an alkali metal citrate with
      proportions adjusted so that the resultant coating contains between 15 and
      50% by weight of molybdenum,
PA1  adjusting the pH between 9 and 11,
PA1  locating said support at the cathode in an electrolytic bath of said
      aqueous solution,
PA1  passing current in said bath with a cathodic current density greater than 5
      A/dm.sup.2 and at a temperature of at least 20.degree.C for a duration of
      from 60 to 90 minutes.
NUM  17.
PAR  17. Electrolytic method according to claim 16, wherein the nickel salt is
      one at least of the salts selected from the group consisting of nickel
      chloride, nickel sulfamate and nickel sulfate.
NUM  18.
PAR  18. Method for electrodepositing on an electrically conductive support a
      coating of molybdenum and at least one transition metal selecting from the
      group consisting of nickel and cobalt, comprising the step of making the
      support cathodic in an aqueous solution of an alkali metal molybate at a
      concentration from 0.008 M/l to 0.05 M/l, an alkali metal salt of an
      organic acid with mixed acid-alcohol functional groups, said salt being
      capable for complexing with the molybdenum and transition metal ions of
      the other constituents of the solution, and at least one salt of said
      transition metal selected from the group consisting of transition metallic
      chlorides, sulfates and sulfamates, the pH of the solution being between 9
      and 11 and the temperature of the solution being from 30.degree.C to
      60.degree.C, wherein two predetermined cathodic current densities, one at
      least of which is greater than 5 A/dm.sup.2, are alternately used for
      depositing alternate layers of different properties, the duration of the
      electrodeposition with each predetermined current density being selected
      from the layer to have a thickness between 1 and 10 microns.
NUM  19.
PAR  19. Process according to claim 18, wherein one of the cathodic current
      densities is lower than 5 A/dm.sup.2 and said density and the thickness of
      the corresponding layer are so selected that the layer is fissured.
NUM  20.
PAR  20. Method according to claim 19, wherein all said layers have
      substantially the same thickness.
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ABST
PAL  Heteropoly acids of tungsten and molybdenum, such as tungstosilicic acid
      and molybdosilicic acid, are produced by first preparing an aqueous
      solution of an alkali metal tungstate or molybdate and an alkali metal
      salt of the hetero atom, and then removing the alkali metal cations from
      the solution by means of a cation exchange membrane under the influence of
      an applied electrical potential, whereby the reactive tungstate or
      molybdate and hetero species anions react to form the desired heteropoly
      acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of heteropoly acids of tungsten
      and molybdenum, and more specifically relates to a method for producing
      such heterpoly acids from alkali metal salt solutions using cation
      exchange membranes.
PAR  The classical method of making what is generally known as "alkali free"
      12-tungstophosphoric acid is by ether extraction of an acidified mixture
      of sodium tungstate and sodium hydrogen phosphate. The tungstophosphoric
      acid ether complex may be decomposed by evaporation to crystals. This
      method is described in, Inorganic Synthesis, 1, pages 132-133 (1939), H.
      S. Booth, Ed., McGraw Hill Book Company, New York, New York. Alternatively
      the ether complex may be decomposed by heating with water or dilute
      hydrochloric acid solution, as described in ibid, 1, Page 133; J. Chem.
      Soc., pages 3189-3193 (August 1962); and J. Applied Chem. (London), 2,
      pages 262-264 (1952). The principle disadvantages of this method are the
      use of ether for extraction, which makes a large manufacturing process
      based upon it hazardous, and also the fact that yields are relatively low
      and the products relatively unstable. Such instability is primarily due to
      the presence of residual alkali metal. Various attempts have been made to
      remove such residual impurity, as exemplified by the use of various cation
      exchange resins in contact with dilute solutions of the product. See U.S.
      Pat. No. 2,503,991.
PAR  Another method for the preparation of heterpoly acids is described in U.S.
      Pat. No. 3,446,557, assigned to the assignee of the present application,
      in which a hydrolyzable alkali-free source of tungsten, for example a
      tungsten hexahalide, is hydrolyzed in an aqueous medium including an acid
      of the hetero atom. This technique generally requires the removal of
      residual mineral acid anions which lead to instability of the heteropoly
      acid product. A technique for the removal of mineral acid anions from the
      heteropoly acid product using anion exchange resins is disclosed in U.S.
      Pat. No. 3,361,518, assigned to the present assignee. However such removal
      is time consuming and expensive and the anion resin tends to hold the
      heteropoly acid as well as the mineral acid ions causing very low yields.
PAR  A further method for the preparation of heteropoly acids is described in
      U.S. Pat. No. 2,503,991, wherein an aqueous solution containing a mixture
      of an alkali metal salt of the desired hetero atom with an alkali metal
      molybdate or tungstate is contacted with a cation exchange resin thereby
      to remove the alkali and convert the reactive anions to the desired
      heteropoly acid. This technique becomes impractical in the preparation of
      heteropoly acids in which the hetero ion is insoluble. In the preparation
      of silicotungstic acid or silicomolybdic acid for instance, sodium
      silicate converts to silica gel when the sodium is removed and physically
      plugs the resin bed or column.
PAR  Another method is disclosed in U.S. Pat. No. 3,288,562 assigned to the
      present assignee which involves forming an aqueous solution of an alkali
      metal tungstate or molybdate, adjusting the pH with phosphoric acid, and
      contacting this solution with a cation exchange resin. Because this
      technique relies upon the use of cation exchange resins it is applicable
      only to the preparation of acids having a soluble hetero ion.
PAR  The search continues for a preparation technique for heteropoly acids of
      tungsten and molybdenum which has a relatively high efficiency, is broadly
      applicable regardless of the solubility of the hetero ion, and results in
      a product substantially uncontaminated with either alkali metal cations or
      mineral acid anions which would tend to degrade the hetero acid product.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention it has been found that heteropoly acids of
      tungsten and molybdenum may be prepared simply and in good yield by the
      use of a cation exchange membrane. Aqueous solutions of alkali metal
      tungstate or molybdate are mixed with a soluble salt of the desired hetero
      atom, and the metal cations are removed from the solution by the cation
      exchange membrane under the driving force of an applied electrical
      potential. With these cations removed, the remaining tungstate or
      molybdate ions and the hetero ions are in a reactive state in which they
      rearrange to form the desired heteropoly acid.
PAR  For purposes of the invention, the term heteropoly acids includes any acid
      in which the anion thereof contains tungsten or molybdenum and at least
      one other element having a positive valence of from +2 to +7. Over 30
      elements have been reported as capable of acting as the hetero atom.
      Heteropoly anions may be classified according to the ratio of the number
      of hetero atoms to the tungsten or molybdenum atom. For example, in
      heteropoly tungsten anions the known ratios of hetero atoms to tungsten
      atoms may range from 1:12 to 2:17, and the hetero atoms may include (for
      the 1:12 ratio) P.sup..sup.+5, As.sup..sup.+5, Si.sup..sup.+4,
      Ge.sup..sup.+4, Ti.sup..sup.+4, Co.sup..sup.+3, Fe.sup..sup.+3,
      Al.sup..sup.+3, Cr.sup..sup.+3, Ga.sup..sup.+3, Te.sup..sup.+4, and
      B.sup..sup.+3 ; (for a 1:10 ratio) Si.sup..sup.+4, Pt.sup..sup.+4 ; (for a
      1:9 ratio) Be.sup..sup.+2 ; (for a 1:6 ratio) Te.sup..sup.+6,
      I.sup..sup.+7, Ni.sup..sup.+2, Ga.sup..sup.+3 ; (for the 2:18 ratio)
      P.sup..sup.+5, As.sup..sup.+5 ; (for the 2:17 ratio) P.sup..sup.+5,
      As.sup..sup.+5.
PAR  The heteropoly acids of the invention have a variety of uses including for
      example, chemical reagents, precipitants, ion exchangers photographic
      fixing agents, oxidizing agents, electroplating additives, hydrophobic
      agents, plastic curing and drying agents, and in other diverse
      applications, such as printing inks, paper cloring, nontoxic paints, and
      wax pigmentation. Further information on such heteropoly acids may be
      found in the KirkOthmer: Encyclopedia of Chemical Technology, Volume 22,
      second edition, John Wiley and Sons, Incorporated, (1970).
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The cation exchange membrane may be any membrane which is substantially
      impermeable to the alkali metal salt solutions of the invention, but which
      under the influence of an applied electrical potential will selectively
      remove the alkali metal cations from the solution. Such membranes are well
      known in the art and are described for example in U.S. Pat. Nos. 3,784,457
      and 3,795,595. These membranes may have ion exchange groups or material
      impregnated or distributed throughout a polymeric matrix or binder, or
      such groups may be associated only with the outer surface of a membrane
      backing or re-enforcing sheet. In addition the entire membrane structure
      having ion exchange characteristics may be formed by molding or casting a
      partially polymerized ion exchange resin into a sheet. Various known anion
      exchange groups such as sulfonic acid group may be attached to a polymeric
      compound such as polystyrene resin, phenol formaldehyde resin,
      styrene-divinyl benzene copolymer, urea-formaldehyde resin,
      melamine-formaldehyde resin polyalkylene-polyamine-formaldehyde resin,
      etc.
PAR  In addition to these organic membranes, inorganic ion exchange membranes
      may also be used, and a description thereof may be found in U.S. Pat. Nos.
      3,479,267 and 3,463,713.
PAR  Typically these ion exchange membranes are re-enforced by a backing sheet
      of a relatively inert material such as for example a porous structure of
      glass or ceramic or fabrics of asbestos, polyesters, polyamides, acrylics,
      rayons, polypropylene, and the like.
PAR  The thickness of the cation exchange membrane is not particularly critical,
      and will depend upon the particular operating conditions. While thicker
      membranes have a longer useful life, their electrical resistance increase
      proportionately to their thickness. In general, suitable membrane
      thicknesses may range from 0.5 mm. to 1.5 mm.
PAR  Typical commercially available cation exchange membranes include those
      available from Ionics Inc., Watertown, Massachusetts; Ionic Chemical
      Company, Burmingham, New Jersey and AMF Inc., New York, New York.
PAR  In the practice of the invention, the cation exchange membrane divides an
      electrolytic cell container into two compartments. One compartment
      contains an electrode of positive polarity and the other contains an
      electrode of negative polarity. Both electrodes should be of a relatively
      nonreactive or inert material with regard to the electrolytes. Suitable
      electrode materials include graphite, the noble metals such as gold, and
      platinum.
PAR  The aqueous solution of metal tungstate or molybdate and metal salt of the
      hetero atom is added to the positive side of the electrolytic cell. The
      concentration of salts in solution may vary over a considerable range up
      to saturation. Typical concentrations are from 10g/l to 900 g/l. The ratio
      of tungstate or molybdate salt to hetero atom salt is not critical to the
      practice of the invention. However, it may be preferred to avoid a large
      excess of the hetero ion over the amount required for formation of the
      heteropoly anion, particularly where such salt has a limited solubility in
      the electrolyte.
PAR  While any metal cations capable of being selectively passed by the membrane
      are suitable, cations of the alkali metals Li, Na, K, Rb, and Cs are
      preferred because their salts are soluble and commercially available. The
      electrical potential required to remove alkali metal cations from the
      aqueous salt solution will depend upon the concentration of the
      electrolyte, the thickenss of the cation membrane, and the geometry of the
      cell. However, suitable operating potentials for the membrane generally
      range from 5 to 80 volts. The negative side of the electrolytic cell is
      filled with a liquid, preferably water, having sufficient conductivity to
      act as an electrolyte.
PAC  EXAMPLE
PAR  An electrolytic cell is separated into positive and negative sides by
      placing a cation exchange membrane (number 61-AZ1066 from Ionics Inc.,
      Watertown, Mass.) between 2 platinum electrodes each having a surface area
      of about 6 in..sup.2 and suspended by means of a platinum wire in the
      cell. The platinum wire also serves as conductive leads. An aqueous
      solution consisting of 78 grams of sodium tungstate dihydrate (Na.sub.2
      WO.sub.4 2H.sub.2 O), 14 grams of sodium metasilicate and 400 cc of water
      is placed in the positive side of the cell. 400 cc of water is placed on
      the negative side of the cell. An initial electrical potential of 12 volts
      is applied across the cell. After about 21/2 hours the current has
      increased from near 0 to about 3.5 amperes, and SiO.sub.2 has begun to
      precipitate from the solution. After about 41/2 hours about 1/2 of the
      solution from the negative side of the cell is replaced with water and the
      potential increased to obtain a current of about 5 amperes. After about
      71/2 hours the solution from the negative side is again replaced with
      water. After a total of about 11 hours, the pH of the solution in the
      positive cell has decreased from strongly basic to a value of about 0.6.
      The solution, which is now a silicotungstaic acid solution, is removed
      from the positive side and filtered to remove excess silica. The filtered
      solution is evaporated on a steam bath at approximately 70.degree.C until
      a few crystals begin to form. The solution is then allowed to continue to
      crystallize by cooling. The crystals recovered were identified by x-ray
      and infrared analysis to be pure silicotungstic acid. Chemical analysis
      reveals about 85% of WO.sub.3 and 1.8% of SiO.sub.2, compared to
      theoretical values for silicotungstic acid (SiO.sub.2 . 12WO.sub.3 .
      2H.sub.2 O) of 84.04% of WO.sub.3 and 1.81% of SiO.sub.2. Spectrographic
      analysis reveals trace impurities of the following: aluminum, calcium,
      iron, magnesium, molybdenum, titanium and sodium in the total amount of
      less than 0.5% by weight of the crystals recovered.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electrolytic method for producing heteropoly acids of tungsten and
      molybdenum containing at least one hetero atom, comprising applying an
      electrical potential of from about 5 to 80 volts across a cation exchange
      membrane, the anodic side of which is in contact with an aqueous solution
      of a first metal salt selected from the group consisting of alkali metal
      tungstates and molybdates, and a second metal salt of a hetero atom
      selected from the group consisting of alkali metal salts of P, As, Si, Ge,
      Ti, Co, Fe, Al, Cr, Ga, Te, B, Pt, Be, I and Ni, the concentration of the
      first and second metal salts in solution being from about 10 to 900 grams
      per liter, and the polarity of the applied potential being such as to
      cause removal of the metal cations from the solution and the formation of
      a soluble heteropoly acid in the cation-depleted solution.
NUM  2.
PAR  2. The method of claim 1 wherein the cation exchange membrane is contacted
      on the opposing side with water, whereby the alkali metal cations are
      introduced into the water to form alkali metal hydroxide.
NUM  3.
PAR  3. The method of claim 2 wherein the alkali metal hydroxide formed is
      recovered and used to form additional alkali metal salt solutions.
NUM  4.
PAR  4. The method of claim 1 wherein the heteropoly acid containing solution is
      filtered to remove excess solids.
NUM  5.
PAR  5. The method of claim 4 wherein the filtered solution is evaporated to
      obtain crystalline heteropoly acid.
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ABST
PAL  A cathode for electrolysis reactions comprising an electrically conductive
      electrode base having an outer coating on at least a portion of its
      exterior of an alloy of palladium and either silver or lead, process for
      the preparation of said cathodes and a method of electrolysis using said
      cathode.
BSUM
PAC  STATE OF THE ART
PAR  Various cathodes have been studied for use in electrolysis reactions and
      palladium has been used for hydrogen evolution at the cathode in sea water
      electrolysis but these cathodes have not been satisfactory because the
      palladium coating did not have sufficient mechanical stability under the
      conditions of hydrogen evolution.
PAR  The mechanical stability of a palladium coating on a valve metal base such
      as titanium depends upon the amount of diffusion of hydrogen back through
      the palladium coating into the valve metal base. The diffusion of adsorbed
      hydrogen through the coating and the base metal should take place
      presumably according to the following mechanism:
PA1  1. Hydrogen discharge H.sub.+ .sup.+ + e.sup.- .fwdarw. H adsorbed on Pd
      coating.
PA1  2. Diffusion of adsorbed hydrogen through interphase between Pd coating and
      titanium base.
PA1  3. Diffusion of hydrogen through titanium base.
PA1  4. Precipitation of (TiH.sub.2 ) phase.
PAL  The diffusion of hydrogen causes blistering and embrittlement of the active
      coating at the interface between the coating and the valve metal base
      which causes loss of coating by spawling. The hydrogen also enters the
      base to form the undesirable valve metal hydride.
PAR  The electrocatalytic activity for hydrogen evolution depends upon the
      concentration of the electronic holes in the palladium and the hydrogen
      evolution takes place according to the following equations.
EQU  H.sup.+ + e.sup.-.fwdarw. H adsorped    adsorption
EQU  H adsorped + H.sup.+ + e.sup.-.fwdarw.H.sub.2   Desorption
EQU  2H.sup.+ + 2e.sup.- .fwdarw. H.sub.2   overall reaction
PAL  Therefore, in order to expedite hydrogen evolution and reduce hydrogen
      diffusion through the coating, it is desirable to increase the
      electrocatalytic activity and to have the adsorption desorption ratio
      slightly less than 1.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide a novel cathode comprising an
      electrically conductive electrode base having on at least a portion
      thereof an outer coating of an alloy of palladium and silver or lead.
PAR  It is a further object of the invention to provide a novel bipolar
      electrode comprising an electrically conductive electrode base, a cathodic
      coating on one side of the base consisting of an alloy of palladium and
      silver or lead and on the opposite side of the base an anodic coating.
PAR  It is an additional object of the invention to provide a novel method for
      the electrolysis of an electrolyte using an cathode having an alloy of
      palladium and silver or lead as the cathode coating.
PAR  It is another object of the invention to provide a novel method of
      producing the cathodes and bipolar electrodes.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel cathodes of the invention are comprised of an electrically
      conductive electrode base having an outer coating on at least a portion of
      its exterior of an alloy of palladium and either silver or lead. The
      percent of silver or lead in the palladium coating may vary up to 50% by
      weight but 20 to 43% by weight of silver and 10 to 35% by weight of lead
      are preferred ratios.
PAR  The electrode base may be made of any electrically conductive material such
      as metals and alloys thereof, such as iron, nickel, lead, copper, etc.,
      but is preferably a valve metal such as tungsten, titanium, tantalum,
      niobium, aluminum, hafnium, vanadium and zirconium or alloys of two or
      more said metals. The valve metal electrode base may also have an
      intermediate layer, such as an oxide layer of the valve metal or a coating
      of another metal such as one of the platinum group metals. The
      electrocatalytic coating may cover as little as 5% of the electrode base,
      but preferably covers 50% to 100% of the base.
PAR  The cathode of the invention can be used as it is or can be used to make a
      bipolar electrode for use in bipolar electrolytic cells. For example, a
      valve metal base such as titanium may be coated on one side with the
      cathode lead-palladium or palladium-silver coating and on the other side
      coated with an anodic coating such as platinum group metal or platinum
      group metal oxide or a mixed crystal oxide of a valve metal and a platinum
      group metal. Anodic coatings of this type are described in British Pat.
      Nos. 1,147,442 and 1,195,871.
PAR  The cathodes of the invention are valuable in electrolytic reaction
      particularly in an aqueous media. They are useful, for example, for
      hydrogen evolution in sea water electrolysis as they have a low cathodic
      potential even over prolonged periods of operation and have excellent
      mechanical stability, probably due to reduced hydrogen through the coating
      back diffusion which causes blistering and embrittlement of the coating
      and valve metal base.
PAR  The novel process of the invention for the preparation of the cathodes of
      the invention comprises applying to an electrically conductive electrode
      base a solution of a mixture of thermally reducible salts of palladium and
      a member selected from the group consisting of silver and lead and drying
      and heating the coated electrode base to form a cathode having on at least
      a portion of its exterior a coating of an alloy of palladium and silver or
      lead.
PAR  The solution of the thermally reducible salts is preferably an aqueous
      media such as water or water and a watermiscible organic solvent such as
      ethanol or isopropanol. The thermally reducible salts may be any suitable
      salts such as halides, nitrites, sulfates or sulfonates, etc., but the
      chlorides are preferred for economical reasons and because of their
      solubility in water. The preferred solutions are slightly alkaline.
PAR  The coated cathode may be heated in a preliminary step to evaporate the
      aqueous solvent and then be heated at sufficiently high temperature to
      form an alloy of the two metals. The thermal decomposition may be effected
      in air at temperatures low enough not to form the oxides or in an inert
      atmosphere such as nitrogen or argon. The preferred heating ranges are
      250.degree. to 600.degree.C, most preferably 400.degree. to 550.degree.C.
PAR  The coating may be applied in a single coat but it has been found that
      optimum results are obtained when the coating is applied in multiple
      coats, i.e., 15 to 20 coats with intermediate heating between each coating
      and a more prolonged final heat treatment after the last coating. After
      each heating, the electrodes are naturally cooled in air or an inert
      atmosphere.
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it is to be understood that the
      invention is not intended to be limited to the specific embodiments.
DETD
PAC  EXAMPLE I
PAR  Eight titanium sheet coupons (10 .times. 10mm) were etched in refluxing
      azeotropic hydrochloric acid for 40 minutes and were then washed throughly
      with distilled water. The etched coupons were then coated on one side with
      20 layers of the compositions of Table I with heating between each layer
      at 300.degree.C for 10 minutes in a forced air over followed by natural
      cooling. After the final layer, the coupons were heated in the oven at
      450.degree.C for 15 minutes followed by natural cooling. The aqueous
      ammonia solution used in Table I contained 26.3% by weight of ammonia. The
      amounts of metal are calculated as if free metal
TBL                TABLE I                                                     
     ______________________________________                                    
     Specimen                    % Ag. in Pd-Ag                                
     No.       Liquid coatings   coating                                       
     ______________________________________                                    
     1       PdCl.sub.2                                                        
                      2.00    mg   as  Pd  0                                   
             NH.sub.3 0.75    cm.sup.3                                         
     2       PdCl.sub.2                                                        
                      1.80    mgr  as  Pd  11.1                                
             AgNO.sub.2                                                        
                      0.20    "    "   Ag                                      
             NH.sub.3 0.75    cm.sup.3                                         
     3       PdCl.sub.2                                                        
                      1.70    mg   as  Pd  17.6                                
             AgNO.sub.2                                                        
                      0.30    "    "   Ag                                      
             NH.sub.3 0.75    cm.sup.3                                         
     4       PdCl.sub.2                                                        
                      1.60    mg   as  Pd  25                                  
             AgNO.sub.2                                                        
                      0.40    "    "   Ag                                      
             NH.sub.3 0.75    cm.sup.3                                         
     5       PdCl.sub.2                                                        
                      1.50    mg   as  Pd  33.3                                
             AgNO.sub.2                                                        
                      0.50    "    "   Ag                                      
             NH.sub.3 0.75    cm.sup.3                                         
     6       PdCl.sub.2                                                        
                      1.40    mg   as  Pd  42.8                                
             AgNO.sub.2                                                        
                      0.60    "    "   Ag                                      
             NH.sub.3 0.75    cm.sup.3                                         
     7       PdCl.sub.2                                                        
                      1.00    mg   as  Pd  50                                  
             AgNO.sub.2                                                        
                      1.00    "    "   Ag                                      
             NH.sub.3 0.75    cm.sup.3                                         
     8       PdCl.sub.2                                                        
                      1.20    mg   as  Pd  66.6                                
             AgNO.sub.2                                                        
                      0.80    "    "   Ag                                      
             NH.sub.3 0.75    cm.sup. 3                                        
     ______________________________________                                    
PAR  The said coated coupons were used in electrolysis of sea water at a current
      density of 2000 A/m.sup.2 and the cathode potentials and the amount of
      coating weight loss was determined after 3,000, 4,000, 5,000, 6,000 and/or
      10,000 hours of operation. The results are reported in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
                    CATHODE POTENTIAL V(NHE)                                   
                                                           FINAL COATING       
                                                           WEIGHT LOSS         
     SPECIMEN NO.                                                              
              %Again                                       mg/cm.sup.2         
              Pd-Ag Initial                                                    
                         After 3000 hr.                                        
                                  4000 hr.                                     
                                        5000 hr.                               
                                              6000 hr.                         
                                                    10000 hr.                  
              Coating                                                          
                    value                                                      
     __________________________________________________________________________
     1        0     1.20 1.50     --    --    --    --     2.1                 
     2        11.1  1.20 1.38     1.45  1.50  --    --     1.9                 
     3        17.6  1.18 1.20     1.22  1.22  1.26  1.35   1.2                 
     4        25    1.16 1.18     1.20  1.20  1.25  1.25   1.3                 
     5        33.3  1.15 1.18     1.20  1.20  1.21  1.23   0.9                 
     6        42.8  1.15 1.19     1.21  1.22  1.25  1.26   1.1                 
     7        50    1.26 1.30     1.35  1.50  --    --     1.85                
     8        66.6  1.18 1.20     1.22  1.24  1.28  1.30   1.3                 
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  Eight titanium sheet coupons (10 .times. 10mm) were etched in azeotropic
      20% HCl at reflux temperatures for 40 minutes. After etching, the titanium
      samples were coated with a liquid coating consisting of 1.5 mg (as Pd) of
      PdCl.sub.2, 0.5 mg (as Ag) of AgNO.sub.2 and 0.75 ml of NH.sub.3 as an
      aqueous solution containing 26.5% by weight of NH.sub.3 applied in 20
      subsequent layers. After each of the first 19 coats, the samples were
      heated in forced air at 300.degree.C for 10 minutes followed by natural
      cooling. After the application of the last coat, the samples were
      submitted to final heat treatment in a forced air oven at different
      temperatures for 15.div.60 minutes as indicated in Table III followed by
      natural cooling.
TBL                TABLE III                                                   
     ______________________________________                                    
                FINAL HEAT TREATMENT                                           
     SPECIMEN                                                                  
     NO.          Time minutes Temperature .degree.C                           
     ______________________________________                                    
     1            15           400                                             
     2            60           400                                             
     3            15           450                                             
     4            60           450                                             
     5            15           500                                             
     6            60           500                                             
     7            15           550                                             
     8            60           550                                             
     ______________________________________                                    
PAL  The eight samples were then tested in sea water electrolysis at 2000
      A/m.sup.2. The cathode potentials and the coating weight losses after 3000
      to 10,000 hours of operation were obtained and the results are in Table
      IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     CATHODE POTENTIAL V(NHE)   FINAL                                          
                                COATING                                        
     SPECIMEN                                                                  
             Initial  After    After  After LOSS                               
     NO.     value    3000 hr. 5000 hr.                                        
                                      10,000                                   
                                            mg/cm.sup.2                        
                                      hr.                                      
     ______________________________________                                    
     1       1.14     1.16     1.18   --    0.4                                
     2       1.14     1.16     1.18   --    0.4                                
     3       1.15     1.18     1.20   1.23  0.9                                
     4       1.20     1.23     --     --     0.10                              
     5       1.20     1.23     1.23   1.29  1.3                                
     6       1.21     1.23     1.25   1.33  1.3                                
     7       1.22     1.31     1.33   1.38  1.6                                
     8       1.22     1.36     1.40   1.50  2.2                                
     ______________________________________                                    
PAC  EXAMPLE III
PAR  Sixteen titanium sheet coupons (10 .times. 10mm) were etched in azeotropic
      20% HCl at reflux temperatures for 40 minutes. After etching, the titanium
      samples were coated with the different liquid coatings of Table V. The
      aqueous ammonia solution was as in the previous Examples.
TBL                TABLE V                                                     
     ______________________________________                                    
     SPECIMEN   LIQUID COATING    % Pb in Pd-Pb                                
     No.                          COATING                                      
     ______________________________________                                    
     1&2      PdCl.sub.2                                                       
                       1.9     mg   as  Pd  5.3                                
              PbCl.sub.2                                                       
                       0.1     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
     3&4      PdCl.sub.2                                                       
                       1.80    mg   as  Pd  11.1                               
              PbCl.sub.2                                                       
                       0.2     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
     5&6      PdCl.sub.2                                                       
                       1.7     mg   as  Pd  17.6                               
              PbCl.sub.2                                                       
                       0.3     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
     7&8      PdCl.sub.2                                                       
                       1.6     mg   as  Pd  25                                 
              PbCl.sub.2                                                       
                       0.4     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
      9&10    PdCl.sub.2                                                       
                       1.5     mg   as  Pd  33.3                               
              PbCl.sub.2                                                       
                       0.5     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
     11&12    PdCl.sub.2                                                       
                       1.4     mg   as  Pd  42.8                               
              PbCl.sub.2                                                       
                       0.6     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
     13&14    PdCl.sub.2                                                       
                       1.3     mg   as  Pd  54                                 
              PbCl.sub.2                                                       
                       0.7     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
     15&16    PdCl.sub.2                                                       
                       1.2     mg   as  Pd  66.6                               
              PbCl.sub.2                                                       
                       0.8     "    "   Pb                                     
              NH.sub.3 0.75    cm.sup.3                                        
     ______________________________________                                    
PAL  The liquid coatings were applied in 20 subsequent layers and after each
      application of the first 19 coats, the samples were submitted to thermal
      decomposition in an oven with the atmosphere of Table VI at 300.degree.C
      for 10 minutes followed by cooling in the same atmosphere.
TBL                TABLE VI                                                    
     ______________________________________                                    
                   CONTROLLED ATMOSPHERE UNDER                                 
     SPECIMEN NO   THERMAL SALTS                                               
                   DECOMPOSITION                                               
     ______________________________________                                    
     1,3,5,7,9,11,13,15                                                        
                   N.sub.2 (99.9%)   +   H.sub.2 (0.1%)                        
     2,4,6,8,10,12,14,16                                                       
                   Argon    (100%)                                             
     ______________________________________                                    
PAL  After the application of the last coat, the samples were submitted to final
      heat treatment at 400.degree.C for 1 hour in the said controlled
      atmospheres followed by cooling under controlled atmosphere. The 16 coated
      samples were then tested in sea water electrolysis at 2000 A/m.sup.2. The
      cathode potentials and the coating weight losses after 3,000 to 6,000
      hours were determined and the results are shown in Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
                     CATHODE POTENTIAL V(NHE)                                  
           % Pb in                     FINAL COATING                           
     SPECIMEN                                                                  
           Pd-Pb                                                               
                Initial                                                        
                     After After After WEIGHT LOSS                             
     NO.   coating                                                             
                value                                                          
                     3000 hr.                                                  
                           5000 hr.                                            
                                 6000 hr.                                      
                                       mg/cm.sup.2                             
     __________________________________________________________________________
     1     5.3  1.05 1.06  --    1.41  1.6                                     
     2     5.3  1.00 1.06  --    1.43  1.0                                     
     3     11.1 1.04 1.04  --    1.15  0.5                                     
     4     11.1 1.01 1.01  --    1.16  0.5                                     
     5     17.6 1.03 1.03  --    1.15  0.6                                     
     6     17.6 1.00 1.07  --    1.15  0.6                                     
     7     25   1.00 1.06  --    1.22  0.7                                     
     8     25   1.02 1.05  --    1.26  0.5                                     
     9     33.3 1.06 1.09  --    1.30  0.7                                     
     10    33.3 1.06 1.08  --    1.29  0.9                                     
     11    42.8 1.10 1.19  --    1.50  1.8                                     
     12    42.8 1.10 1.22  --    1.56  2.1                                     
     13    54   1.12 1.20  --    1.50  1.7                                     
     14    54   1.12 1.20  --    1.51  2.0                                     
     15    66.6 1.12 1.20  --    1.50  1.9                                     
     16    66.6 1.10 1.20  --    1.50  2.2                                     
     __________________________________________________________________________
PAR  The results of Table VII show that the cathodes containing 11 to 33.3% by
      weight of lead in the lead-palladium alloy give the optimum low cathode
      overpotential and that the mechanical properties of the coatings are best
      in this range as seen from the low coating loss.
PAR  Various modifications of the cathodes and process of the invention may be
      made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of electrolysis of a sea water electrolyte comprising passing
      an electrolysis current from an outside source through an electrolysis
      cell having a cathode of an electrically conductive electrode base having
      an outer coating on at least a portion of its exterior of an alloy of
      palladium and 10 to 50% by weight of either silver or lead and containing
      the sea water electrolyte.
NUM  2.
PAR  2. A cathode for electrolytic reactions comprising a valve metal electrode
      base having an outer coating on at least a portion of its exterior of an
      alloy of 80 to 57% by weight of palladium and 20 to 43% by weight of
      silver.
NUM  3.
PAR  3. The cathode of claim 2 wherein the valve metal is titanium.
NUM  4.
PAR  4. A cathode for electrolytic reactions comprising a valve metal electrode
      base having an outer coating on at least a portion of its exterior of an
      alloy of 90 to 65% by weight of palladium and 10 to 35% by weight of lead.
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PAL  An apparatus for purifying sodium by electrically removing oxygen combined
      with liquid sodium from the liquid sodium, which comprises a liquid sodium
      to be purified and a reducing agent, the liquid sodium and the reducing
      agent being partitioned by a wall of solid electrolyte, a negative
      electric potential and a positive electric potential being applied to the
      liquid sodium side to be purified and the reducing agent side,
      respectively, whereby the combined oxygen is passed through the wall of
      solid electrolyte in a form of oxygen ion, O.sup.-.sup.-, and the liquid
      sodium is purified.
BSUM
PAR  This invention relates to an apparatus for purifying liquid sodium by
      continuously removing oxygen from the liquid sodium.
PAR  Apparatuses using a liquid sodium such as sodium-cooled fast reactors or
      sodium circuits have been considerably developed in recent years, but the
      liquid sodium used in these apparatuses is very liable to undergo
      oxidation and is converted to sodium oxide, Na.sub.2 O, through a
      combination with oxygen. The resultant sodium oxide dissolves in the
      liquid sodium. When a liquid sodium containing the sodium oxide is used in
      a circuit, the sodium oxide will deposit at a low temperature section,
      adhere to the surrounding walls and clog the circuit passage. Furthermore,
      the oxygen in the sodium promotes corrosion and decarbonization of
      stainless steel constituting the circuit. These are problems encountered
      when the liquid sodium containing sodium oxide is used.
PAR  Therefore, it is necessary to add an apparatus for purifying the liquid
      sodium by removing sodium oxide impurities from the liquid sodium to an
      apparatus using the liquid sodium. Usually, an apparatus called "cold
      trap" is used for this purpose. An object of the cold trap is to remove
      the impurities by lowering the temperature of liquid sodium thereby to
      deposit and precipitate the impurities dissolved in excess of a saturated
      solubility. Another apparatus, which is called "hot trap," is also used.
      An object of the hot trap is to remove the oxygen from the liquid sodium
      by contacting the liquid sodium with a metal higher activity than sodium,
      for example, metallic zirconium, etc. at a high temperature thereby to
      take the oxygen away from the sodium oxide and form another metal oxide,
      for example, ZrO.sub.2. However, according to any of these apparatuses,
      the oxygen in the liquid sodium cannot be completely removed, and a heat
      loss at heating or cooling of the trap is very large.
PAR  The present invention has been accomplished to eliminate these
      disadvantages of the prior art.
PAR  An object of the present invention is to provide an apparatus for
      electrically purifying sodium having a high efficiency in removing oxygen
      from the sodium.
PAR  Another object of the present invention is to provide a reducing agent for
      the apparatus for purifying the sodium suitable for a prolonged service.
PAR  Further object of the present invention is to provide an apparatus for
      purifying sodium capable of continuously carrying out the removal of
      oxygen.
DRWD
PAR  Now, the present invention will be explained, referring to the accompanying
      drawings.
PAR  FIG. 1 is a schematic view of one embodiment of the present apparatus for
      purifying sodium.
PAR  FIG. 2 is a schematic view of another embodiment of the present apparatus
      for purifying sodium.
PAR  FIG. 3 is a diagram showing relations between temperatures of liquid sodium
      and current or resistance when the sodium purification is carried out
      using a solid electrolyte (zirconia.calcia).
DETD
PAR  According to the present invention, a liquid sodium to be purified and a
      reducing agent are placed in a container through a partition wall of a
      solid electrolyte, and a negative electric potential and a positive
      electric potential are applied to the sodium side to be purified and the
      reducing agent side, respectively, whereby the oxygen in the liquid sodium
      to be purified is ionized and led to the reducing agent side through the
      partition wall. In this manner, the liquid sodium is purified.
PAR  The present invention will be now explained, referring to FIG. 1.
PAR  It is known that metal oxides generally have a property as a semi-conductor
      or electrolyte at a high temperature. When a sodium 2 to be purified and a
      reducing agent 3 are placed in a container through a partition wall of
      solid electrolyte 1, and a negative electric potential and a positive
      electric potential are applied to the sodium to be purified and the
      reducing agent, respectively, the oxygen in the sodium is migrated to a
      surface of the solid electrolyte and passed through the solid electrolyte
      in a form of oxygen ion and then oxidizes the reducing agent. When sodium
      is used as the reducing agent, the sodium oxide in the sodium in excess of
      a saturated solubility will deposit as precipitates 4. The oxygen in the
      liquid sodium to be purified is transferred and removed towards the
      reducing agent by this phenomenon.
PAR  Necessary electric potential E for oxygen transfer is given by the
      following formula:
      ##EQU1##
      where R is the gas constant, F the Farady constant, T a temperature, and
      C.sub.1 and C.sub.2 oxygen concentrations of the reducing agent and the
      sodium to be purified, respectively.
PAR  When sodium is used as the reducing agent at a sodium temperature of
      800.degree.K, and C.sub.1 (saturated concentration at 800.degree.K)
      .apprxeq. 800 ppm and C.sub.2 = 10 ppm. E will be 0.15 volts, since other
      constants are given as follows:
EQU  R = 8.31 (V.C. g-mole.sup.-.sup.1 .degree.K.sup.-.sup.1)
EQU  f = 96500 (c.g. equivalents.sup.-.sup.1)
PAR  It is seen from the foregoing that the oxygen transfer is possible when an
      electric potential of 0.15 volts or higher is applied to the apparatus.
      Actually, it is however necessary to apply a little higher electric
      potential than 0.15 volts to the apparatus, in view of the resistance of
      the solid electrolyte.
PAR  Now, the present invention will be explained in detail.
PAR  A cylindrical solid electrolyte, zirconia.calcia (ZrO.sub.2).sub.0.87
      (CaO).sub.0.13 having a height of 200 mm below a liquid sodium level, an
      outer diameter of 30 mm and a wall thickness of 2.5 mm was placed in a
      sodium to be purified, and sodium as a reducing agent was placed in the
      solid electrolyte. When the liquid sodium was kept at a temperature of
      500.degree.C, the electric resistance of the solid electrolyte was
      23.OMEGA., as seen from FIG. 3. It was found that a current of 1 A was
      passed through it at 2.5 volts and 0.3 g/hr of oxygen could be treated.
      Therefore, when 1 kg of a liquid sodium had an oxygen concentration of
      1000 ppm, that is, when 1 g of oxygen was contained in the liquid sodium,
      purification was carried out for about 3 hours with a power consumption of
      7.5 Watt.hour.
PAR  Now, the present invention will be explained, referring to FIG. 2.
PAR  In a container 5, cylinders 6 consisting of a solid electrolyte such as
      zirconia.calcia, zirconia.yttria or thoria.yttria are placed. A liquid
      sodium 7 to be purified is led to the container from an inlet nozzle 8 and
      passes around the cylinders 6 and flows out of an outlet nozzle 9. The
      cylinders 6 are fixed by an upper holder 10 and a lower holder 11. The
      holders 10 and 11 consist of ceramics, and both container 5 and cylinders
      6 are electrically isolated. A reducing agent 12, for example, a liquid
      sodium, is placed in the cylinders and electrodes 13 are each inserted
      into the cylinders at a center. Baffles 14 are provided at the upper parts
      of electrodes 13 to shield a heat and prevent rising of sodium vapors. The
      electrodes are connected to electrode terminals at the outside of the
      container through a cover of the container and electrical insulator parts
      16. A space 17 for inert gas is provided at the upper part of the
      container, and the sodium 7 to be purified and the sodium 12 to be reduced
      are electrically connected with each other through the cylinders 6 of
      solid electrolyte. When a positive electric potential and a negative
      electric potential are applied to the electrodes 13 and the container 5,
      oxygen in the sodium 7 is migrated to the cylinders 6 of solid electrolyte
      and transferred through the solid electrolyte in a form of oxygen ion, and
      oxidizes the sodium 12 in the cylinders 6. Sodium oxide formed in the
      sodium 12 in the cylinders then reaches a saturated solubility, deposits
      only in excess of the saturated solubility and is accumulated at the
      bottom of the cylinders to form a layer 18.
PAR  Any solid electrolyte can be used, so long as the electrolyte can well
      coexist with the sodium and has a higher electroconductivity and an ionic
      conductivity ration almost equal to unity, irrespectively of the foregoing
      example. The present invention is applicable to any liquid zone of sodium,
      but it is preferable in view of such facts that the resistance of a solid
      electrolyte considerably varies with temperature and a heat loss as seen
      in the cold trap or hot trap is to be prevented, to use a relatively
      constant temperature in a range of 200.degree. to 550.degree.C with a
      temperature difference of .+-.50.degree.C.
PAR  The following effects can be obtained according to the present invention.
PAR  1. A flow loss is small in the apparatus for purification and there is no
      change in pressure loss by clogging as seen in the cold trap, while the
      present apparatus is used.
PAR  2. Purification characteristics are almost constant while the present
      apparatus is used.
PAR  3. A dimension of the apparatus is reduced to one-half of the dimension of
      cold trap or hot trap, and the present apparatus can be thus made compact.
PAR  4. Heat loss is small in the apparatus, and purification can be carried out
      with relatively small power.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for purifying liquid sodium comprising an air tight
      container for encasing an oxygen containing liquid sodium to be purified,
      a solid electrolyte member for encasing a liquid reducing agent and
      disposed in said container so that at least a portion of said electrolyte
      member will be immersed in the oxygen containing liquid sodium to be
      purified and encased by said container, and anode arranged for contacting
      the liquid reducing agent, an external electrical means for applying a
      positive potential to said anodes and a negative potential to the sodium
      to be purified, whereby the oxygen in the sodium to be purified is
      transferred through said electrolyte and removed by the liquid reducing
      agent.
NUM  2.
PAR  2. An apparatus for purifying liquid sodium which comprises a container for
      encasing an oxygen containing liquid sodium to be purified, said container
      having inlet means at a lower part thereof and outlet means at an upper
      part thereof for liquid sodium, a plurality of cylinders of a solid
      electrolyte for encasing a liquid reducing agent and disposed in said
      container so that at least a portion of said electrolyte cylinders will be
      immersed in the oxygen containing liquid sodium to be purified and encased
      by said container, each cylinder containing an electrode arranged therein
      for contacting the liquid reducing agent, a cover for the container for
      tightly sealing an inert gas in the container, and an external electrical
      means for applying a positive potential to each of said anodes and a
      negative potential to the sodium to be purified, whereby the oxygen in the
      sodium to be purified is transferred through said electrolyte and removed
      by the liquid reducing agent.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said oxygen after being
      transferred through said cylinders reacts with said liquid reducing agent
      to produce a solid precipitate and said cylinders include means for
      collecting precipitate.
NUM  4.
PAR  4. An apparatus according to claim 2, wherein means are provided to keep
      said liquid sodium to be purified and said liquid reducing agent at a
      constant temperature in a range of from about 200.degree. to about
      550.degree.C. equally or with a temperature difference of .+-.50.degree.C.
NUM  5.
PAR  5. An apparatus according to claim 2, wherein the electrode encased in the
      cylinder is provided with baffles for preventing rising of vapors of the
      reducing agent and for reducing heat loss.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein means are provided to keep
      said liquid sodium to be purified and the liquid reducing agent at a
      constant temperature in a range of from about 200.degree. to about
      550.degree.C. equally or with a temperature difference of plus or minus
      50.degree.C.
NUM  7.
PAR  7. An apparatus according to claim 1, wherein said electrolyte member is a
      cylindrical member containing the reducing agent, and wherein said
      reducing agent is liquid sodium.
NUM  8.
PAR  8. An apparatus according to claim 1, wherein said oxygen after being
      transferred through said electrolyte reacts with said liquid reducing
      agent to produce a solid precipitate and said electrolyte member includes
      means for collecting precipitate.
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PAL  Dissociation products, mainly formaldehyde and carbon monoxide, enriched in
      a desired isotope of carbon, oxygen, or hydrogen are obtained by the
      selective photodissociation of glyoxal wherein glyoxal is subjected to
      electromagnetic radiation of a predetermined wavelength such that photon
      absorption excites and induces dissociation of only those molecules of
      glyoxal containing the desired isotope.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, ERDA
      Contract No. W-7405-ENG-48 with the University of California.
PAR  This invention relates to a method of separating isotopes of carbon,
      oxygen, or hydrogen, particularly to such processes which make use of the
      so-called "isotope shift", i.e., a slight shift in the absorption spectra
      of isotopes of the same element caused by the small difference in nuclear
      mass. More particularly, this invention relates to a method of isotope
      separation wherein selective excitation is followed by chemical
      dissociation to produce compounds enriched in the desired isotope. The
      term "dissociation" as used herein refers to the breakup of a molecule
      with the resultant formation of molecular and/or radical products.
PAR  Isotope enrichment by photochemical dissociation is accomplished by tuning
      the emission of a monochromatic spectral source, such as a laser, to a
      wavelength such that photon absorption selectively excites and induces
      dissociation of only those molecules containing the desired isotope. In
      general, the dissociation products are smaller molecules of greatly
      enriched isotopic content which are easily separated from the reaction
      mixture by standard chemical methods.
PAR  The ideal molecule for isotopic enrichment by photochemical dissociation
      should have the following properties: (1) Unit quantum efficiency. One
      hundred percent of those molecules absorbing light will dissociate: M +
      h.nu. .fwdarw. A + B, where M, A, B are discrete molecules. (2) Discrete
      absorption lines. This permits a highly selective single photon
      dissociation process. (3) Well resolved isotope shift. The molecular
      absorption coefficient must differ significantly between the various
      isotopic species. (4) Stable dissociation products. Photo-products A and B
      (see above) should be stable molecules and not radicals; radicals may
      attack other molecules M in an isotopically nonselective manner, thereby
      reducing the isotopic separation factor of the process. (5) Convenient
      absorption wavelength. The best absorption band would be in the visible
      range where highly efficient dye lasers are available. (6) Easily achieved
      high vapor pressure as well as stability in the vapor phase. (7) Ready
      availability.
PAR  An isotope enrichment process by selective photodissociation of
      formaldehyde is reported by C. Bradley Moore, Accounts of Chemical
      Research, 6 323, 1973. However, the major absorption bands of formaldehyde
      are in the ultraviolet (3000-3500A) rather than the visible range, thus
      requiring irradiation by frequency-doubled dye lasers which is less
      efficient than using tunable light sources emitting directly in the
      visible range.
PAR  It is, therefore, an object of this invention to provide a method of
      separating isotopes which makes use of "isotope shift".
PAR  More particularly, it is an object of this invention to provide a method of
      separating isotopes of carbon, oxygen, or hydrogen by selective
      photodissociation, specifically, by selective photodissociation of a
      molecule whose major absorption bands are in the visible range.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a method of
      separating isotopes by the selective photodissociation of glyoxal.
PAR  More particularly, it has been found that a dissociation product enriched
      in a desired isotope of carbon, oxygen, or hydrogen is obtained by
      subjecting glyoxal in the vapor phase to electromagnetic radiation,
      preferably laser radiation, having a wavelength such that photon
      absorption excites and induces dissociation of only those molecules of
      glyoxal containing the desired isotope. The required wavelength is
      predeterminable from experimental studies of the absorption profiles of
      the various isotopic species of glyoxal. Preferably, glyoxal is subjected
      to electromagnetic radiation having a predetermined wavelength in the
      range of from about 3500 to about 4600A, specifically from about 4300 to
      about 4600A, to obtain a dissociation product enriched in a desired
      isotope of carbon, oxygen, or hydrogen. The isotopically enriched
      dissociation product can be separated from the reaction mixture by
      standard chemical methods.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has been found that glyoxal fulfills all of the above-cited requirements
      for an ideal photodissociation molecule.
PAR  The photodissociation of glyoxal is represented by the following reactions:
EQU  OCH--CHO + h.nu. (4550A) .fwdarw. HCHO + CO                (1)
EQU  och--cho + h.nu. (4550A) .fwdarw. H.sub.2 + 2CO            (2)
PAL  reaction (1), which occurs about 60% of the time, has a quantum efficiency
      of 0.6; the quantum efficiency of reaction (2) is much lower, of the order
      of about 1%. Thus, the major dissociation mode fulfills the requirement of
      high quantum efficiency.
PAR  Both formaldehyde and carbon monoxide are stable molecules. No radicals are
      produced in the glyoxal dissociation; hence, there is no problem of
      isotope mixing by radical reaction.
PAR  A significant advantage in using glyoxal as the photodissociation molecule
      is that a major absorption band is centered in the visible blue (4500A), a
      spectral region which matches existing highly efficient coumarin dye
      lasers. Therefore, frequency doubling is not required, and the energy
      efficiency of the overall enrichment process is correspondingly increased,
      generally by a factor of about ten.
PAR  In addition, glyoxal has a high vapor pressure (284 torr at 26.degree.C)
      and is stable in the vapor phase. Finally, glyoxal is easily prepared by
      passing ethylene over selenium dioxide at 150.degree. - 200.degree.C,
      thereby fulfilling requirement of ready availability.
PAR  The selective photodissociation of glyoxal can be used to obtain isotopic
      enrichment of deuterium, tritium, carbon-13, carbon-14, oxygen-17, and
      oxygen-18. Any given sample of glyoxal molecules consists mainly of the
      isotopic species .sup.16 O.sup.1 H.sup.12 C.sup.12 C.sup.1 H.sup.16 O
      since .sup.1 H, .sup.12 C, and .sup.16 O are the most abundant isotopes of
      their respective elements. A much fewer number of glyoxal molecules has a
      deuterium atom substituted for one of the hydrogen atoms, the isotopic
      composition being .sup.16 O.sup.1 H.sup.12 C.sup.12 CD.sup.16 O, where D
      represents deuterium (.sup.2 H). Extending this idea, the glyoxal sample
      contains numerous isotopic species representing all possible ways that the
      isotopes of H, C, and O can combine to form OHC--CHO. The fraction of each
      isotopic species present depends on the natural abundance of the
      particular isotopes comprising that species. Thus, for example the
      isotopic species OHC--CTO where T represents tritium (.sup.3 H) would be
      present only in trace amounts because tritium is only a trace component of
      naturally occurring hydrogen. Each of the isotopic species comprising the
      glyoxal sample is a distinct entity having its own unique absorption
      spectrum. By choosing a single strong absorption line which does not
      overlap absorption lines of other species and tuning the emission of a
      monochromatic spectral source, such as a laser, to precisely that
      wavelength, one can induce a highly selective photodissociation of the
      chosen isotopic species.
PAC  EXAMPLE
PAR  As a specific example of isotopic enrichment according to the present
      invention, consider monodeuterated glyoxal (OHC--CDO), a compound whose
      absorption spectrum has been extensively studied. One particular line in
      the spectrum of OHC--CDO, at 4545A, matches the emission wavelength of an
      argon laser. Glyoxal, containing a mixture of naturally occurring isotopic
      species, is allowed to vaporize at room temperature to a total pressure of
      about 10 Torr in a meter-long, quartz absorption cell. Argon laser light
      at a wavelength of 4545A is passed through the vapor in the cell. Only the
      OHC--CDO molecules absorb radiation of that wavelength. The selectively
      excited OHC--CDO molecules dissociate to produce deuterated formaldehyde.
      The reaction is represented as follows:
EQU  OHC--CDO + h.nu. (4545A) .fwdarw. HDCO + CO
PAL  the resulting vaporous mixture is passed through a cold trap at a
      temperature of about -70.degree.C to about -80.degree.C to freeze out
      undissociated glyoxal, thereby separating it from the gaseous deuterated
      formaldehyde. Because of the highly selective nature of the
      photodissociation, the resulting deuterium enrichment is correspondingly
      high.
PAR  Any source of monochromatic radiation which is capable of being tuned to
      the narrow bandwidth and exact wavelength requirements can be used in the
      present process. Lasers are by far the most desirable radiation sources by
      virtue of their high monochromaticity.
PAR  Although the invention has been described with reference to preferred
      embodiments, various modifications and changes will be apparent to those
      skilled in the art, all of which may be achieved without departing from
      the spirit and scope of the invention as defined by the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of separating isotopes which comprises subjecting glyoxal vapor
      to electromagnetic radiation having a predetermined wavelength such that
      photon absorption selectively excites molecules of glyoxal containing a
      desired isotope of carbon, oxygen, or hydrogen and induces dissociation of
      the selectively excited molecules into a product enriched in the desired
      isotope, and separating the isotopically enriched dissociation product
      from the reaction mixture.
NUM  2.
PAR  2. A method according to claim 1 wherein the electromagnetic radiation is
      laser radiation.
NUM  3.
PAR  3. A method according to claim 1 wherein the predetermined wavelength is in
      the range of from about 3500A to about 4600A.
NUM  4.
PAR  4. A method according to claim 3 wherein the predetermined wavelength is in
      the range of from about 4300A to about 4600A.
NUM  5.
PAR  5. A method according to claim 1 wherein the dissociation product comprise
      formaldehyde and carbon monoxide.
NUM  6.
PAR  6. A method according to claim 1 wherein the desired isotope is deuterium
      and the dissociation product comprises formaldehyde enriched in deuterium.
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ABST
PAL  A process is described for making thiophens and furans substituted by bromo
      aliphatic or alaromatic groups by brominating the corresponding aliphatic
      or alaromatic substituted thiophen or furan by a process comprising
      gradually adding bromine to an organic liquid phase containing the
      thiophen or furan in the presence of a radical initiator and illumination.
BSUM
PAR  This invention relates to the production of furans and thiophens of Formula
      1
      ##EQU1##
      where n is 1 or 2, Z is CBrR.sub.2 where the radicals R may be the same or
      different and are bromine, hydrogen or an aliphatic (for example alkyl) or
      aromatic (for example phenyl) group, and X is oxygen or sulphur. When n is
      2 the groups Z can be the same or different. In these heterocycles the
      ring may contain additional substituents provided that at least one CH
      group in the ring is unsubstituted. Adjacent positions on the ring may be
      substituted by a fused ring. Polycyclic compounds of formula 1 include
      benzofurans and, especially, benzothiophens.
PAR  There is increasing demand for 5-membered heterocycles for various
      purposes, particularly as intermediates in the synthesis of
      pharmaceutically useful and other organic compounds. (See e.g. N. R.
      Clark, Manufacturing Chemist and Aerosol News, pp. 3-7, July 1972). To
      permit this further reaction it is generally desirable to have a methyl or
      other alkyl or alkaryl group substituted into the ring to provide an alpha
      carbon atom on which further reaction can be conducted. For example it is
      often necessary to form a heterocycle having a group such as a carboxylic
      or aldehyde group substituted into the ring. The provision of compounds of
      Formula 1 is therefore very desirable since, by virtue of the halogen atom
      or atoms in the group Z there is a reactive position in the carbon atom
      adjacent the ring. In particular such compounds where Z contains 2 halogen
      atoms would be very desirable as they would greatly simplify the
      subsequent synthesis of, for example, the aldehyde derivatives.
PAR  Most work relating to the formation of compounds of Formula 1 appears to
      have been conducted on the thiophens. It is known that thiophen can be
      halomethylated using, for example, formaldehyde and hydrochloric acid onto
      the 2 position. This reaction is acceptable if 2-chloromethyl thiophen is
      desired but it will not give the 3-substituted compound unless both the 2
      and the 5 positions are blocked by some other group. Also the reaction is
      incapable of producing the dihalo compound.
PAR  Most of the work relating to the production of compounds of Formula 1 has
      therefore concentrated on the halogenation of, for instance, alkyl
      thiophens and furans, including substituted derivatives thereof, for
      instance alkyl benzothiophen. In particular, most of the work has been on
      monomethyl thiophens.
PAR  Vapour phase bromination of 2-methyl thiophen to convert the CH.sub.3 group
      into the group CH.sub.2 Br has been reported at JACS 1953, 75, pages
      3517-3520. However the use of vapour phase conditions, for example a
      temperature of 400.degree.C, may be inconvenient, the process has only
      been reported as being conducted on 2-methyl thiophen, and only gives the
      monobromo derivative.
PAR  It would of course be much more convenient to conduct the halogenation in
      the liquid phase and it might be thought that conditions similar to those
      for the halogenation of toluene, for example reaction with bromine under
      conventional moderate free radical generating conditions, for example
      direct sunlight, would be satisfactory. However it has long been known
      that these conditions do not give chain substitution but instead almost
      exclusively give nuclear substitution by the halogen atoms. For example
      reference can be made to Opolski: Bull. Internat. de L'Academie des
      Sciences de Cracovie, 1904, 727-732 and Steinkopf: Ann. 1934, 513,
      281-294. Because of this known complete failure of liquid phase direct
      halogenation to give chain substitution, as opposed to nuclear
      substitution, it appears that all research in this field has been
      concentrated on methods of indirect halogenation, for example using
      N-bromosuccinimide. These of course suffer from the inherent disadvantage
      that they require the initial costly step of forming the brominating agent
      from bromine. The process is generally conducted either in the presence of
      a radical initiator or light. A suitable process for the production of
      3-bromomethyl thiophen is described in Campaigne and Tyllar: Org. Syn. 33,
      96-98 while a process for the halogenation of 3-methyl benzothiophen is
      described in Brabander: J. Heterocyclic Chem. 1973, 10, 127-129.
PAR  Even with indirect halogenation there is still a tendency for nuclear
      substitution to occur although the tendency does depend upon what other
      substituents there are in the ring. Probably because of this except when
      the ring has been fully substituted or greatly deactivated (for example by
      the provision of a nitro substituent) it has been impossible to form the
      dihalo derivatives (Z in Formula 1 containing two halogens). Thus it has
      not been possible to make the dihalo derivative of, for example, 2- or
      3-methyl thiophen except accompanied by excessive nuclear halogenation.
      This is a great disadvantage because the dihalo derivatives would be
      expected to be greatly preferred to the monohalo derivatives for use in
      subsequent syntheses, for example to the aldehyde. Indirect halogenation
      in the known manner has the disadvantage that it tends to give very
      variable and unreliable results (see JCS 1952 5044-5046).
PAR  Thus we believe the state of the art at present is that except for a few
      particular substituted compounds there is no satisfactory known way of
      making the dihalo compounds of Formula 1 (Z contains two halogens) from
      compounds such as alkyl thiophens, despite the obvious desirability of
      these compounds, halomethylation has been described only as providing the
      2-monohalomethyl thiophen, it is known to be impossible to halogenate
      directly in the liquid phase compounds such as alkyl thiophens without
      nuclear halogenation occurring almost exclusively and that it is known
      that the monohalo compounds of Formula 1 can be made by indirect
      halogenation which itself is inconvenient and rather unreliable. Also
      there appears to be no known way of making tribromo compounds (Z contains
      three bromines).
PAR  Our object has been to devise a process of making compounds of Formula 1
      from readily available compounds (such as alkyl thiophens) by direct
      halogenation in the liquid phase, and in particular to devise a process
      that can also be operated to give the dihalo compounds of Formula 1, with
      little substitution of halogen into the ring, and that preferably can also
      be operated to yield trihalo compounds of Formula 1.
PAR  According to the invention we make a compound of Formula 1
      ##EQU2##
      from a compound of Formula 2
      ##EQU3##
      in which n is 1 or 2, X is oxygen or sulphur, the radicals R and R' may be
      the same or different and are Br, hydrogen or an aliphatic or aromatic
      groups, and in which each ring may contain additional substituents
      provided that at least one CH group is unsubstituted, by a process
      comprising gradually adding bromine to an organic liquid phase containing
      the compound of Formula 2 and reacting the bromine with the compound in
      the organic liquid phase in the presence of a radical initiator and
      illumination by visible or ultra violet light, the rate of addition of
      bromine being such that the liquid phase substantially never acquires a
      red brown colour.
PAR  It is particularly surprising that such a simple process is successful in
      view of the considerable amount of prior art that exists (and which is
      discussed above) and in view of the fact that when we carry out the
      process using chlorine instead of bromine we obtain, almost exclusively,
      ring halogenation.
PAR  The compound of Formula 2 used in the process is preferably a thiophen.
      Preferably n is 1. The or each group CHR.sub.2 ' preferably represents an
      alkyl or aralkyl group in which the carbon atom adjacent the ring carries
      at least one and preferably two hydrogen atoms. Thus typical values are
      methyl, ethyl and isopropyl or any other alkyl group having an alpha
      carbon atom carrying a hydrogen atom, the total number of carbon atoms in
      the alkyl group usually being less than 8, preferably not more than 4. A
      typical aralkyl group is benzyl. The alkyl or aralkyl group may
      additionally be substituted by groups that assist or at least do not
      hinder the reaction.
PAR  A compound in which either or both radicals R' are bromine can be
      brominated further by the process of the invention to produce a compound
      in which either or both radicals R are bromine. In fact this process
      probably occurs automatically during any process of the invention that
      yields a compound of Formula 1 where either or both radicals R are
      bromine. Generally it is preferred that no more than one radical R is
      bromine.
PAR  The thiophen or furan of Formulae 1 and 2 may contain additional
      substituents provided that at least one position in the ring is
      unsubstituted. There may be, for instance, one or two substituents.
      Preferred substituents are nitro, carboxylic, bromo, chloro,
      trifluoromethyl and alkyl. Additionally adjacent carbon atoms in the
      heterocyclic ring may be linked together through a carbocyclic or
      heterocyclic chain to form a fused ring system. Normally this fused ring
      is a benzene ring and preferably is on the 2,3-position. For example the
      thiophen may be a benzothiophen.
PAR  It is possible to use excess compound of Formula 2 to form the organic
      liquid phase but generally it is more satisfactory to use a different,
      inert, solvent. Any organic solvent can be used in the reaction provided
      that it can be put under reflux at a temperature at which the compounds of
      Formula 1 and 2 are sufficiently stable and provided it does not interfere
      with the reaction. Thus it must be inert in the sense that it is not
      halogenated during the reaction. Preferred solvents are carbon
      tetrachloride, chloroform, and benzene but other suitable inert solvents
      may be used.
PAR  The reaction should be conducted under reflux since the refluxing appears
      to assist the formation of products of Formula 1, remove the hydrogen
      bromide that is formed in the reaction, and reduce the tendency for
      nuclear bromination to occur. The reflux is preferably conducted under
      atmospheric pressure but if the combination of optimum reaction
      temperature and solvent requires it the reflux can be under reduced or
      elevated pressure. For example reduced pressure may be convenient when the
      reaction is conducted in the presence of excess of the compound of Formula
      2. The reaction temperature is normally between 50.degree. and
      200.degree.C, preferably between 70.degree. and 110.degree.C. Temperatures
      below 70.degree.C tend to result in very low rates of reaction while
      instability of the compounds of Formulae 1 and/or 2 tends to become a
      problem with increasing temperature above 100.degree.C or 110.degree.C.
      The organic phase is preferably under reflux throughout the entire
      process, i.e. both during the addition of bromine and during any further
      period during which reaction occurs.
PAR  Any conventional radical initiator can be used. Peroxides, for instance
      benzoyl peroxide, and AZDN (azodiisobutyronitrile) are suitable, AZDN
      being preferred.
PAR  It is necessary that during the process the reaction mixture substantially
      never, and preferably never acquires the red brown colour characteristic
      of the presence of excess bromine. Instead the mixture should
      substantially never acquire a colour darker than orange and preferably it
      never acquires a colour darker than that of a ripe lemon. Accordingly the
      bromine must be added, usually with stirring, at a rate that is
      sufficiently slow so that there is no excess bromine in the liquid phase.
PAR  The rate of addition that can be used will depend upon the intensity of
      illumination, since increasing illumination will cause increasing rate of
      reaction and will thus permit increasing rate of addition of bromine. It
      is thus preferred to use strong illumination by visible or ultra violet
      light. Although it is possible that a part only of the visible spectrum is
      necessary for the illumination it is generally convenient to illuminate
      with white light. However light of a narrower wavelength band,
      particularly at the shorter end of the visible spectrum, may be used. By
      saying that the illumination is strong we mean that it is greater, and
      generally very much greater, than the illumination obtainable when
      exposing the reaction system to direct sunlight. The strong illumination
      can be achieved by focusing sunlight but more usually it is provided by a
      lamp, for example a tungsten lamp. On the small scale at least the lamp
      can be used to provide the reflux temperature but if necessary or desired
      separate heating means can be used to provide the temperature.
PAR  Conveniently the bromine is added dissolved in at least some of the
      solvent. The initiator can be added with the bromine or may be
      incorporated in the vessel separately.
PAR  The reaction results in the liberation of hydrogen bromide and it is
      necessary to remove this to prevent decomposition and nuclear halogenation
      occurring. In many instances the distillation under reflux achieves this
      removal, hydrobromic acid vapour being distilled off from the top of the
      reflux condenser. However, if in any particular process this is not
      sufficient or if the reaction is not under reflux then a hydrogen bromide
      acceptor may be included in the reaction mixture.
PAR  The total amount of bromine added controls the amount of bromination of the
      chain. When the amount is up to 1 mole per mole of compound of Formula 2
      the product usually consists predominantly of the monobromo compound but
      to achieve optimum yield of this slightly in excess of 1 mole, for example
      1 to 1.5 or 2 moles, bromine is preferably used and this gives increasing
      amounts of the dibromo compound. To obtain the optimum yield of dibromo
      compound preferably from 2 to 3 moles, for example 2.5 moles, bromine are
      added.
PAR  The monobromo compounds of Formula 1 are preferably separated from the
      reaction mixture by vacuum distillation, any dibromo compound being left
      in the distillation residue. Generally the most convenient way of
      utilising the dibromo compound is to react it in situ to a more stable
      compound, for example by hydrolysing it with water or aqueous sodium
      carbonate to the aldehyde, and then to separate the aldehyde from the
      reaction mixture. The dibromo compound can, alternatively, be distilled
      under reduced pressure.
PAR  The following are Examples of the invention. In all these the colour of the
      reaction mixture substantially never exceeded orange. In particular the
      mixture substantially never exceeded orange. In particular the mixture
      substantially never acquired the red brown colour characteristic of excess
      bromine. If it had, addition would have been stopped until the colour
      disappeared and, provided the colour went quickly, the reaction would then
      have been continued. The fact that the colour is present for a short while
      is not necessarily fatal to success but results do deteriorate sharply
      with increase in total time that the colour is present.
DETD
PAC  EXAMPLE 1
PAR  A 500 ml. 3-necked flask was fitted with a condenser, stirrer and dropping
      funnel, the outlet of which was below the surface of the carbon
      tetrachloride solvent (150 ml) and heated and lit by a 150 w. spotlight
      bulb.
PAR  AZDN (0.5g) dissolved in 3-methyl thiophen (20 g) was added down the reflux
      condenser. Immediately bromine was added (as a 25% solution by volume in
      CCl.sub.4) drop by drop. The refluxing reaction mixture was kept a light
      yellow as 1.10 molar equivalents of bromine were added. The addition took
      2 hours.
PAR  After all bromine had been added, stirring and illumination were continued
      for a further one-half hour. Analysis of the resulting reaction products
      by nuclear magnetic resonance spectroscopy gave the following molar
      percentages of thiophen compounds:
     3-Methyl thiophen    11%                                                  
     3-Thenyl bromide     60%                                                  
     3-Thenylidine dibromide                                                   
                          18.5%                                                
     2-Bromo-3-methyl thiophen                                                 
                          7.5%                                                 
     2-Bromo-3-Thenyl bromide                                                  
                          3%                                                   
PAR  This corresponds to a yield of 3-thenyl bromide of 67% based on the
      3-methyl thiophen consumed.
PAC  EXAMPLE 2
PAR  The same procedure was used as in Example 1 except that 1.35 molar
      equivalents of bromine were added and the addition took 11/2 hours.
PAR  After all bromine had been added, stirring and illumination were continued
      for a further one-half hour. Analysis of the resulting reaction products
      by nuclear magnetic resonance spectroscopy gave the following molar
      percentages of thiophen compounds:
TBL  3-Methyl thiophen    31%                                                  
     3-Thenyl bromide     40%                                                  
     2-Bromo-3-methyl thiophen                                                 
                           6%                                                  
     2-Bromo-3-thenyl bromide                                                  
                          18%                                                  
PAR  This corresponds to a yield of 3-thenyl bromide of 58% based on the
      3-methyl thiophen consumed.
PAR  The solvent was removed under vacuum and vacuum distillation of the
      remaining oil gave 14.4 g. 3-thenyl bromide and 9.9g 2-bromo-3-thenyl
      bromide, weights which are in close agreement with the NMR analysis of the
      reaction products.
PAC  EXAMPLE 3
PAR  In apparatus as above 2.5 molar equivalents of bromine were added to
      3-methyl thiophen (20 g) in CCl.sub.4. The addition took about 3 hours and
      after completion, heating and illumination was continued for one-half
      hour. Analysis of the resulting reaction products by nuclear magnetic
      resonance spectroscopy gave the following molar percentages of thiophen
      compounds:
TBL  3-Methyl thiophen       3%                                                
     3-Thenyl bromide       28%                                                
     3-Thenylidine dibromide                                                   
                            29%                                                
     2-Bromo-3-methyl thiophen                                                 
                             2%                                                
     2-Bromo-3-thenyl bromide                                                  
                            18%                                                
     2-Bromo-3-thenylidine dibromide                                           
                            17%                                                
PAR  The solvent was removed under vacuum and the reaction mixture was
      hydrolysed with aqueous sodium carbonate solution. After steam
      distillation, separation, and distillation, 7.1 g of thiophen-3-aldehyde
      were obtained. This was in good agreement with the N.M.R. analysis.
PAC  EXAMPLE 4
PAR  In apparatus as in Example 1 but with some additional illumination from a
      100 watt tungsten filament lamp at the side of the flask, 2.5 molar
      equivalents of bromine were added to 2-chloro-3-methyl thiophen (16g.) in
      CCl.sub.4. The addition took about 3 hours and after completion, heating
      and illumination were continued for one-half hour. Analysis of the
      resulting products by nuclear magnetic resonance spectroscopy gave the
      following molar percentages of thiophen compounds:
TBL  2-chloro-3-methyl thiophen                                                
                            3%                                                 
     2-chloro-3-thenyl bromide                                                 
                            2.5%                                               
     2-chloro-3-thenylidine dibromide                                          
                            85%                                                
PAR  The solvent was removed under vacuum and the reaction mixture was
      hydrolysed with aqueous sodium carbonate solution. After steam
      distillation 11.9g. crude 2-chlorothiophen-3-aldehyde was obtained. This
      was 95% pure by nuclear magnetic resonance spectroscopy corresponding to
      67% molar yield. Distillation gave 7.8g. of pure
      2-chlorothiophen-3-aldehyde of melting point 25.degree.C.
PAR  In similar manner satisfactory results are obtained when instead of
      starting with, and thus making, the described chloro-compounds, one uses
      the corresponding nitro, carboxylic, and trifluoromethyl compounds.
PAC  EXAMPLE 5
PAR  2,5-Dimethyl furan (10.4g.) and AZDN (0.5g.) were refluxed in carbon
      tetrachloride (150 ml.) and illuminated by means of a tungsten lamp.
      Bromine (10 ml. in 20 ml. carbon tetrachloride) was then slowly added.
      When 1.7 molar equivalents of bromine had been added the product isolated
      consisted of approximately equal parts of 2-bromomethyl-5-methyl furan and
      2,5-di(bromomethyl) furan with no nuclear bromination detected.
PAC  EXAMPLE 6
PAR  3-Ethyl thiophen (20g.) and AZDn (0.5g.) in carbon tetrachloride (150 ml.)
      was heated to reflux and illuminated by means of a 150 watt tungsten
      spot-lamp. Bromine was slowly added as a 30% v/v solution in carbon
      tetrachloride. After one molar equivalent of bromine had been added the
      thiophens present were found to consist of 23% of 3-ethyl thiophen and 75%
      of 1-(3-thienyl)-1-bromo ethane.
PAC  EXAMPLE 7
PAR  2-Methyl benzo-[b]-thiophen (9g.) and AZDN (0.5g.) in 150 ml. carbon
      tetrachloride were heated under reflux in the presence of light from a
      tungsten lamp. One molar equivalent of bromine was added as a 30% solution
      in carbon tetrachloride to give a product containing benzothiophens in the
      proportions of 40% unchanged 2-methyl benzo-[b]-thiophen and 58%
      2-bromomethyl benzo-[b]-thiophen.
PAC  EXAMPLE 8
PAR  In the experiment of Example 7 an additional 0.5g. AZDN was added and a
      further 2 molar equivalents of bromine. The aldehydes obtained on
      hydrolysis of the products consisted of approximately equal amounts of
      2-formyl benzo-[b]-thiophen and 3-bromo-2-formyl benzo-[b]-thiophen.
PAC  EXAMPLE 9
PAR  2-Methyl thiophen-5-carboxylic acid was dissolved in carbon tetrachloride
      (150 ml.) and chloroform (10 ml.) and AZDN (0.5g.) was added. The mixture
      was refluxed over a 150 watt tungsten spotlight. Two molar equivalents of
      bromine as a 30% v/v solution in carbon tetrachloride were slowly added. A
      precipitate was formed but the mixture continued to take up bromine. After
      the addition of the two molar equivalents, solvent was boiled off until
      the volume was 100 ml. and the product treated with sodium carbonate
      solution with gentle heating for two hours to obtain 2-formyl
      thiophen-5-carboxylic acid in the form of a yellow solid after
      acidification, extraction and removal of the solvent.
PAC  EXAMPLE 10
PAR  3-Methyl thiophen (20g.) and AZDN (0.5g.) were refluxed in carbon
      tetrachloride (150 ml.) in a flask illuminated with a 100 watt
      ultra-violet lamp. Bromine as a 30% solution in the same solvent was
      slowly added. The addition of one molar equivalent gave a mixture of
      thiophens analysed by nuclear magnetic resonance spectroscopy as follows:
TBL  3-methyl thiophen    30%                                                  
     2-bromo-3-methyl thiophen                                                 
                          26%                                                  
     3-thenyl bromide     22%                                                  
     3-thenylidine dibromide                                                   
                          14%                                                  
PAC  EXAMPLE 11
PAR  Following the procedure of Example 10 but adding a total of 2 molar
      equivalents of bromine, gave thiophens of the following analysis:
TBL  2-bromo-3-methyl thiophen                                                 
                            35%                                                
     2-bromo-3-thenyl bromide                                                  
                             8%                                                
     3-thenyl bromide       27%                                                
     3-thenylidine dibromide and                                               
     2-bromo-3-thenylidine dibromide                                           
                            30%                                                
PAC  EXAMPLE 12
PAR  3-Methyl thiophen (135 ml.) and AZDN (0.5g.) were refluxed in a flask
      heated and illuminated by a 150 watt tungsten spotlight. No additional
      solvent was used and the temperature was maintained at 80.degree.C by
      reducing the pressure in the system. Bromine (15 ml.) was added slowly.
      Analysis of the products by nuclear magnetic resonance spectroscopy showed
      that they contained
TBL  3-methyl thiophen   77%                                                   
     3-thenyl bromide    10%                                                   
     nuclear brominated methyl                                                 
     thiophens           13%                                                   
PAC  EXAMPLE 13
PAR  2,5-Dibromo-3-methyl thiophen (43 g.) in 150 ml. carbon tetrachloride with
      0.5 g. AZDN were refluxed over a tungsten lamp and 2 molar equivalents of
      bromine as a 25% solution in carbon tetrachloride were added slowly. On
      the completion of the addition, the reaction mixture was stirred overnight
      with sodium carbonate solution, separated, dried and evaporated down to
      give 71.2 g. of a red liquid. This was shown to be 80%
      2,5-dibromo-3-(dibromomethyl thiophen) by nuclear magnetic resonance
      spectroscopy. This material was stable both thermally and to hydrolysis
      and could be distilled at high vacuum as a colourless liquid.
PAC  EXAMPLE 14
PAR  2-Methyl thiophen (20 g.) and AZDN (0.5 g.) in 150 ml. carbon tetrachloride
      were heated under reflux and illuminated by means of a 150 watt tungsten
      lamp. Bromine (3 mole equivalents) was added as a 25% solution in carbon
      tetrachloride. On alkaline hydrolysis and subsequent acidification the
      aqueous phase yielded 4 g. of 2-bromothiophen-5-carboxylic acid indicating
      a 9% yield of 2-bromo-5-tribromomethyl thiophen in the reaction mixture.
PAR  The fact that the use of bromine is essential if solely ring substitution
      is to be avoided is demonstrated by the following comparative Example.
PAC  EXAMPLE 15
PAR  3-Methyl thiophen (20 g.) and AZDN (0.5 g.) in carbon tetrachloride (150
      ml.) were held at reflux over a 150 watt tungsten spot-lamp. Chlorine was
      passed into the solution and the reaction products were analysed at
      intervals. It was found that chlorination occurred solely in the ring
      giving 2,5-dichloro-3-methyl thiophen together with addition compounds.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process of making a compound of Formula 1
      ##EQU4##
      from a compound of Formula 2
      ##EQU5##
      in which n is 1 or 2, X is oxygen or sulphur, the radicals R and R' may be
      the same or different and are Br, hydrogen or an aliphatic or aromatic
      group, and in which each ring may contain additional substituents provided
      that at least one CH group is unsubstituted, the process comprising
      gradually adding bromine to an organic liquid phase containing the
      compound of Formula 2 and reacting the bromine with the compound in the
      organic liquid phase in the presence of a radical initiator and
      illumination by visible or ultra violet light, the rate of addition of
      bromine being such that the liquid phase substantially never acquires a
      red brown colour.
NUM  2.
PAR  2. A process according to claim 1 in which the reaction is conducted under
      reflux.
NUM  3.
PAR  3. A process according to claim 1 in which the reaction is conducted under
      reflux under atmospheric pressure.
NUM  4.
PAR  4. A process according to claim 1 in which the reaction is conducted at a
      temperature of 70.degree. to 110.degree.C.
NUM  5.
PAR  5. A process according to claim 1 in which the organic liquid phase
      comprises an inert solvent.
NUM  6.
PAR  6. A process according to claim 1 in which the organic liquid phase
      comprises an inert solvent selected from carbon tetrachloride, chloroform
      and benzene.
NUM  7.
PAR  7. A process according to claim 1 in which the ring contains at least one
      substituent selected from nitro, carboxylic, bromo, chloro,
      trifluoro-methyl and alkyl.
NUM  8.
PAR  8. A process according to claim 1 in which adjacent positions on the ring
      in the compounds of Formulae 1 and 2 are substituted by a fused ring.
NUM  9.
PAR  9. A process according to claim 1 in which the compounds are benzo
      thiophens.
NUM  10.
PAR  10. A process according to claim 1 in which any aliphatic group R or R' is
      alkyl and any aromatic group R or R' is a phenyl group.
NUM  11.
PAR  11. A process according to claim 1 in which CHR.sub.2' represents alkyl.
NUM  12.
PAR  12. A process according to claim 1 in which CHR.sub.2' is methyl or ethyl.
NUM  13.
PAR  13. A process according to claim 1 in which n is 1.
NUM  14.
PAR  14. A process according to claim 1 in which X is sulphur.
NUM  15.
PAR  15. A process according to claim 1 in which not more than one radical R is
      bromine.
NUM  16.
PAR  16. A process according to claim 1 in which sufficient bromine is added
      that only one radical R is Br.
NUM  17.
PAR  17. A compound of Formula 1 made by a process according to claim 1.
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ABST
PAL  A novel class of compounds is disclosed of the formula
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 are lower-alkoxy or di(lower-alkyl)amino and
      R.sub.1 can be hydrogen and R.sub.3 and R.sub.4 are hydrogen, lower-alkoxy
      or di(lower-alkyl)amino and n is an integer from 1 to 5. The compounds are
      sensitizers for photosensitive compounds particularly polymers containing
      sulfonazido groups as the light-sensitive moiety.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 359,132
      filed May 10, 1973, and now U.S. Pat. No. 3,879,463.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel polymers and is more particularly concerned
      with .alpha.,.omega.-diaryl polyenes and with methods for their
      preparation and methods for their use as photosensitizers.
PAR  2. Description of the Prior Art
PAR  To the best of our knowledge the compounds of the invention are novel.
      Nuclear unsubstituted .alpha.,.omega.-diaryl polyenes e.g. 1,4-diphenyl
      butadiene, are well-known in the art but show no ability to act as
      photosensitizers when used in the context described hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises compounds of the formula:
      ##SPC2##
PAL  Wherein R.sub.1 is selected from the group consisting of hydrogen,
      lower-alkoxy and di(lower-alkyl)amino, R.sub.2 is selected from the group
      consisting of lower-alkoxy and di(lower-alkyl)amino, and R.sub.3 and
      R.sub.4 are independently selected from the group consisting of hydrogen,
      loweralkoxy and di(lower alkyl)amino, and n is an integer from 1 to 5.
PAR  The term "lower-alkyl" means alkyl from 1 to 6 carbon atoms, inclusive,
      such as methyl, ethyl, propyl, butyl, pentyl, hexyl, and isomeric forms
      thereof. The term "lower-alkoxy" means alkoxy from 1 to 6 carbon atoms,
      inclusive, such as methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyloxy
      and isomeric forms thereof.
PAR  The compounds of the invention are useful as photosensitizers and are more
      particularly useful in sensitizing light-sensitive polymers containing
      sulfonylazide groups to radiation of wavelengths to which said polymers
      are not normally sensitive. These uses will be discussed in more detail
      hereinafter.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel compounds of the formula (I) are conveniently prepared by the
      method which is illustrated schematically as follows:
      ##SPC3##
PAL  Wherein n, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are as hereinbefore
      defined, and R.sub.5 and R.sub.6 represent lower-alkyl.
PAR  The reaction of the unsaturated aldehyde (II) and the benzylphosphonate
      (III) is carried out advantageously by bringing the reactants together in
      the presence of a strong base and an inert organic solvent. Examples of
      strong bases are sodium hydride, potassium hydride, lithium hydride,
      sodamide, sodium ethoxide, potassium tert-butoxide and the like. The term
      inert organic solvent means an organic solvent which is inert under the
      conditions of the reaction i.e. does not enter into or interfere with the
      desired course of the reaction. Examples of inert organic solvents are
      dimethoxyethane, benzene, toluene, xylene, hexane, heptane,
      tetrahydrofuran, dimethylformamide, and the like.
PAR  The reactants (II) and (III) are employed in approximately stoichiometric
      proportions. The reaction is preferably carried out at elevated
      temperature within the range of about 60.degree. C to about 85.degree. C.
      The course of the reaction is followed by routine procedures e.g. by
      spectroscopic analysis of aliquots, and when the reaction is judged to be
      complete the desired polyene (I) is isolated therefrom by procedures
      well-known in the art. For example, the solvent can be removed by
      distillation and the residue purified by recrystallization,
      chromatography, fractional precipitation and like techniques.
PAR  The unsaturated aldehydes (II) and the benzylphosphonates (III) which are
      employed as starting materials in the preparation of the compounds of the
      invention are for the most part known in the art and are prepared by known
      techniques. For example the unsaturated aldehydes (II) can be prepared by
      condensation of the corresponding substituted benzaldehydes
      ##SPC4##
PAL  where R.sub.1 and R.sub.2 have the significance hereinbefore defined, with
      acetaldehyde in the presence of sulfuric acid in accordance with the
      conditions described by Konig et al., Berichte, 61, 2074, 1928 or Jutz,
      Berichte, 91, 850, 1958. An alternative, and elegant, method of preparing
      the compounds (II) from the corresponding substituted benzaldehyde is
      described by Marshall et al. J. Chem. Soc. 1956, 4082.
PAR  The benzylphosphonates (III) are readily prepared by refluxing a mixture of
      the appropriate tri(loweralkyl)phosphite and the appropriate benzyl
      chloride
      ##SPC5##
PAL  wherein R.sub.3 and R.sub.4 are as hereinbefore
PAL  defined, with elimination of lower-alkyl chloride, in accordance with
      procedures well-known in the art for the preparation of phosphonates.
PAR  The compounds of the invention of the formula (I) find particular use as
      sensitizers for light-sensitive material. In particular, it has been found
      that the compounds of formula (I) can be used to sensitize light-sensitive
      polymers containing sulfonylazide groups to radiation of wavelengths which
      do not normally activate such polymers. For example, the
      sulfonylazido-containing light sensitive polymers which are described in
      copending application Ser. No. 93,446, filed Nov. 27, 1970, now U.S. Pat.
      No. 3,784,527 in the names of Adnan A. R. Sayigh, Fred A. Stuber and Henri
      Ulrich, are derived by reacting copolymers of maleic anhydride and
      styrene, or copolymers of maleic anhydride and methyl vinyl ether, with a
      hydroxyalkyl azidosulfonyl carbanilate. This results in opening of the
      anhydride moieties of the starting copolymer to give recurring units
      having a free carboxy group and an esterified carboxy group containing a
      sulfonylazide group in the ester moiety. These light sensitive polymers
      are useful, amongst other things, in the preparation of continuous tone
      images, in rendering hydrophilic the surface of substrates to which said
      polymers can be bonded by exposure to suitable radiation, and in the
      preparation of photoresists.
PAR  However, said light sensitive polymers, when used without sensitizers, are
      activated by light of wavelength about 260 to 330 nm, i.e. in the
      ultraviolet spectrum. This means that special, and relatively expensive,
      sources of radiation need to be used in conjunction with these polymers.
      In has accordingly become desirable to sensitize said polymers in such a
      manner that they can be activated by radiation in the wavelengths of the
      order of 400-500 nm so that much cheaper and more readily accessible
      sources of radiation e.g. tungsten lamps, could be used.
PAR  The use of the compounds of formula (I) has made it possible to sensitize
      said light-sensitive polymers in the desired manner so as to render them
      activatable by radiation in the range of 400-500 nm. In using the
      compounds of the formula (I) as sensitizers it is merely necessary to
      incorporate them into the composition in which the light-sensitive polymer
      is applied to the substrate. In general the light-sensitive polymer is
      applied to the substrate in the form of a film by use of a solution of the
      light-sensitive polymer in a suitable solvent such as acetone,
      acetonitrile, methyl ethyl ketone and the like. In this case the
      sensitizer of formula (I) is incorporated into a solution of the
      light-sensitive polymer before said solution is applied to the substrate.
      Advantageously the sensitizer of formula (I) is employed in a proportion
      of about 10 parts to about 20 parts by weight per 100 parts of
      light-sensitive polymer.
PAR  The above findings are all the more surprising in view of the fact that the
      closely related compound, 1,4-diphenyl-1,3-butadiene shows no sensitizing
      properties when employed under identical conditions to those described
      above.
PAR  The following preparation and examples describe the manner and process of
      making and using the invention and set forth the best mode contemplated by
      the inventors of carrying out the invention but are not to be construed as
      limiting.
PAL  Preparation 1. 0,0-diethyl 2,5-dimethoxybenzylphosphate
PAR  A mixture of 3.5 g (18.8 mmole) of 2,5-dimethoxybenzyl chloride (Kost et
      al., Zh. Obshch. Khim, 33, 2011, 1963; Chemical Abstracts 62, 16089h,
      1965) and 25 g. (150 mmole) of triethylphosphite (previously dried over
      metallic sodium) was heated under reflux for 24 hours. The resulting
      mixture was subjected to fractional distillation under reduced pressure.
      After removal of excess triethylphosphite the fraction which distilled at
      145.degree. to 147.degree. C at a pressure of less than 1 mm. of mercury
      was collected. There was thus obtained 0,0-diethyl
      2,5-dimethoxybenzylphosphonate in the form of a colorless liquid which
      exhibited a bluish fluorescence when exposed to ultraviolet light. The nmr
      spectrum was in agreement with the assigned structure.
PAR  Similarly, using the above procedure, but replacing 2,5-dimethoxybenzyl
      choride by 4-dimethylaminobenzyl chloride, 3-methoxy-4-dimethylaminobenzyl
      chloride, or 3-methoxybenzyl chloride, there were obtained 0,0-diethyl
      4-dimethylaminobenzylphosphonate, 0,0-diethyl
      3-methoxy-4-dimethylaminobenzylphosphonate and 0,0-diethyl
      3-methoxybenzylphosphonate, respectively.
PAL  Preparation 2.
PAR  Using the procedure described by Konig et al., supra, for the preparation
      of 4-dimethylaminocinnamaldehyde but replacing the
      4-dimethylaminobenzaldehyde employed as starting material by
      2,5-dimethoxybenzaldehyde, there was obtained 2,5-dimethoxycinnamaldehyde.
DETD
PAC  EXAMPLE 1.
PAR  1-(2,5-dimethoxyphenyl)-4-(4-dimethylaminophenyl)-butadiene.
PAR  To a mixture of 5 g. (28.5 mmoles) of 4-dimethylaminocinnamaldehyde (Konig
      et al, supra) and 8.2 g. (28.5 mmole) of 0,0-diethyl
      2,5-dimethoxybenzylphosphonate (Preparation 1) in approximately 30 ml. of
      1,2-dimethoxyethane was added 0.7 g. (29 mmoles) of sodium hydride. The
      resulting mixture was heated under reflux for 90 minutes. The mixture was
      cooled to room temperature, the supernatant liquor was decanted from the
      orange gummy material which had settled out and the latter was washed with
      circa 50 ml. of 1,2-dimethoxyethane. The washings and the supernatant were
      combined and concentrated to about 60 ml. by evaporation before being
      poured into circa 300 ml. of water. The solid material which separated was
      isolated by filtration and recrystallized from ethanol. There was thus
      obtained 2.7 g. of
      1-(2,5-dimethoxyphenyl)-4-(4-dimethylaminophenyl)-butadiene in the form of
      a crystalline solid having a melting point of 118.degree. to 120.degree.
      C. The UV spectrum of this material (2 .times. 10.sup..sup.-5 molar
      solution in acetonitrile) exhibited a maximum at 380 nm (.epsilon. =
      49,500). The nuclear magnetic resonance spectrum was also in accordance
      with the assigned structure.
PAR  In order to assess the efficiency of the above compound in extending the
      sensitivity of a sulfonylazide photosensitive polymer to radiation of
      wavelength of the order of 400 nm. the following experiments were carried
      out.
PAR  A solution of 2.2 parts by weight of Photozid (a light-sensitive
      sulfonylazide polymer obtained by reacting a maleic anhydride - vinyl
      methyl ether copolymer with 2-hydroxyethyl 4-azidosulfonylcarbanilate; The
      Upjohn Company) and 0.22 parts by weight of the above butadiene in 100
      parts of methyl ethyl ketone was used to whirler cast films of
      light-sensitive polymer on strips of Mylar. Individual coated Mylar strips
      were then exposed, via a negative image comprising a pattern of dots, to
      radiation of wavelengths 400 nm., 404 nm. and 435 nm. (produced by use of
      appropriate filters which excluded all other frequencies from the
      radiation produced by an Osram XBO 150 watt high pressure Xenon lamp.) The
      exposure times were 30 seconds for 400 nm. wavelength, 3 minutes for the
      404 nm. and 10 minutes for the 435 nm. radiation. After exposure the
      irradiated Mylar strips were developed by immersion for 60 seconds in a
      bath containing a mixture of 5 parts of methyl ethyl ketone and 1 part of
      4-methyl-2-pentanone. The developed strips were the dyed by immersion for
      60 seconds in a 1 percent w/w aqueous solution of Basic Blue 9. A clear
      blue image was achieved on all test strips. In contrast, strips which were
      prepared and irradiated in exactly the same manner but either omitting the
      butadiene from the initial polymer solution or replacing said butadiene by
      an equal weight of 1,4-diphenyl butadiene, showed no image thus indicating
      that, in the absence of the above butadiene sensitizer or when said
      butadiene was replaced by 1,4-diphenylbutadiene, the Photozid had not been
      activated by the radiation of the above wavelengths.
PAC  EXAMPLE 2.
PAR  Using the procedure described in Example 1, but replacing
      4-dimethylaminocinnamaldehyde by
      1-(4-dimethylaminophenyl)-1,3-pentadien-5-al (Jutz, supra) there was
      obtained
      1-(2,5-dimethoxyphenyl)-6-(4-dimethylaminophenyl)-1,3,5-hexatriene.
PAR  Similarly, using the procedure described in Example 1, but replacing
      4-dimethylaminocinnamaldehyde by
      1-(4-dimethylaminophenyl)-1,3,5-heptatrien-7-al, there was obtained
      1-(2,5-dimethoxyphenyl)-8-(4-dimethylaminophenyl)-1,3,5,7-octatetraene.
PAC  EXAMPLE 3.
PAR  Using the procedure described in Example 1, but replacing 0,0-diethyl
      2,5-dimethoxybenzylphosphonate by 0,0-diethyl
      3-methoxy-4-dimethylaminobenzylphosphonate or 0,0-diethyl
      3-methoxybenzylphosphonate, there were obtained:
PAR  1-(3-methoxy-4-dimethylaminophenyl)-4-(4-dimethylaminophenyl)butadiene, and
      1-(3-methoxyphenyl)-4-(4-dimethylaminophenyl) butadiene, respectively.
PAC  EXAMPLE 4.
PAR  Using the procedure described in Example 1, but replacing the
      4-dimethylaminocinnamaldehyde there used by 2,5-dimethoxycinnamaldehyde,
      there was obtained 1,4-di(2,5-dimethoxyphenyl)butadiene.
PAR  Similarly, using the procedure described in Example 1, but replacing
      4-dimethylaminocinnamaldehyde by
PA1  4-ethoxy-3-methoxycinnamaldehyde (J. Amer. Chem. Soc. 72, 2501, 1950)
PA1  4-methoxycinnamaldehyde (J. Chem. Soc. 1956, 4082)
PA1  1-(4-methoxyphenyl)-1,3-pentadien-5-al (ibid)
PA1  1-(4-methoxyphenyl)-1,3,5-heptatrien-7-al (ibid) or
PA1  1-(4-methoxyphenyl)-1,3,5,7-nonatetraen-9-al, there were obtained:
PA1  1-(2,5-dimethoxyphenyl)-4-(4-ethoxy-3-methoxyphenyl) butadiene,
PA1  1-(2,5-dimethoxyphenyl)-4-(4-methoxyphenyl)butadiene,
PA1  1-(2,5-dimethoxyphenyl)-6-(4-methoxyphenyl)-1,3,5-hexatriene,
PA1  1-(2,5-dimethoxyphenyl)-8-(4-methoxyphenyl)-1,3,5,7-octatetraene, and
PA1  1-(2,5-dimethoxyphenyl)-10-(4-methoxyphenyl)-1,3,5,7,9 -decapentaene,
      respectively.
PAC  EXAMPLE 5.
PAR  1,4-di(4-dimethylaminophenyl)-1,3-butadiene
PAR  To a mixture of 5 g. (18.4 mmoles) of 0,0-diethyl
      4-dimethylaminobenzylphosphonate (Preparation 1) and 3.2 g. (18.4 mmoles)
      of 4-dimethylaminocinnamaldehyde in 40 ml. of 1,2-dimethoxyethane was
      added 0.6 g. (25 mmole) of sodium hydride. The resulting mixture was
      heated under reflux for 2.25 hours. At the end of this period the mixture
      was cooled and poured into 300 ml. of cold water. The orange-tan solid
      which separated was extracted with chloroform and the chloroform extract
      was dried over anhydrous sodium sulfate. The dried extract was evaporated
      to dryness and the residue was recrystallized from ethanol. There was thus
      obtained 1,4-di(4-dimethylaminophenyl)-1,3-butadiene in the form of an
      orange yellow solid having a melting point of 234.degree. to 240.degree.
      C. The ultraviolet spectrum of this material (acetonitrile) exhibited a
      maximum at 385 nm (.epsilon..sub.385 =  72,200). The nuclear magnetic
      resonance spectrum was also in accordance with the assigned structure.
PAR  The above compound was then used to sensitize Photozid according to the
      procedure described at the end of Example 1, supra. It was found that a
      clear blue image was obtained using radiation of wavelength 435 nm.
PAC  EXAMPLE 6.
PAR  1-(2,5-dimethoxyphenyl)-4-phenyl-1,3-butadiene
PAR  To a mixture of 10 g. (76 mmole) of cinnamaldehyde and 22 g. (76 mmole) of
      0,0-diethyl 2,5-dimethoxybenzylphosphonate (Preparation 1) in 60 ml. of
      freshly distilled 1,2-dimethoxyethane was added 2 g. (76 mmole) of sodium
      hydride. The resulting mixture was heated under reflux for 3 hours. At the
      end of this time the reaction mixture was cooled and filtered to remove a
      yellow solid. The filtrate was diluted with water and extracted with
      chloroform. The chloroform extract was dried over anhydrous magnesium
      sulfate and the dried extract was evaporated to dryness. There was thus
      obtained 16 g. of 1-(2,5-dimethoxyphenyl)-4-phenyl-1,3-butadiene in the
      form of an orange yellow viscous liquid. A sample (4.1 g.) of this
      material was purified by dissolving in benzene and subjecting to
      chromatography on a column of silica gel using benzene as the eluent. The
      ultraviolet absorption spectrum (acetonitrile solution) of the purified
      material exhibited maxima at 315 nm. (.epsilon. = 27,586) and 355 nm.
      (.epsilon. = 26,875). The nuclear magnetic resonance spectrum of the
      purified material was in accord with the assigned structure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for sensitizing a light-sensitive polymer containing
      sulfonazide groups to radiation of a wavelength greater than 400 nm said
      polymer being the product of reaction of a hydroxyalkyl azidosulfonyl
      carbanilate with a polymer selected from the class consisting of
      copolymers of maleic anhydride and styrene and copolymers of maleic
      anhydride and methyl vinyl ether which process comprises exposing said
      light-sensitive polymer to said radiation in the presence of a sensitizing
      amount of a compound having the formula:
      ##SPC6##
PAL  wherein R.sub.1 is selected from the group consisting of hydrogen,
      lower-alkoxy and di(lower-alkyl)amino, R.sub.2 is selected from the group
      consisting of lower-alkoxy and di(lower-alkyl)amino, and R.sub.3 and
      R.sub.4 are independently selected from the group consisting of hydrogen,
      lower-alkoxy and di(lower-alkyl)amino and n is an integer from 1 to 5.
NUM  2.
PAR  2. A process according to claim 1 wherein the sensitizing compound is
      1,4-di(4-dimethylaminophenyl)-1,3-butadiene.
NUM  3.
PAR  3. A process according to claim 1 wherein the sensitizing compound has the
      formula:
      ##SPC7##
PAL  wherein n is an integer from 2 to 4.
NUM  4.
PAR  4. A process according to claim 1 wherein the sensitizing compound is
      1-(2,5-dimethoxyphenyl)-4-(4-dimethylaminophenyl)-1,3-butadiene.
NUM  5.
PAR  5. A process according to claim 1 wherein the sensitizing compound is
      1-(2,5-dimethoxyphenyl)-6-(4-dimethylaminophenyl)-1,3,5-hexatriene.
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ABST
PAL  It has been found that aqueous coating compositions comprising the reaction
      product of a partially-blocked organic polyisocyanate, an amine adduct of
      an epoxy group-containing resin and optionally a catalyst for urethane
      formation can be electrodeposited. These compositions deposit on the
      cathode to provide coatings having excellent properties.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 193,591 filed Oct. 28, 1971, now abandoned.
BSUM
PAC  BACKGROUNND OF THE INVENTION
PAR  Electrodeposition as a coating application method involves the depostion of
      a film-forming material under the influence of an applied electrical
      potential, and has become of increasing commercial importance. Along with
      the increased use of such methods has been the development of various
      compositions which provide more or less satifactory coatings when applied
      in this manner. However, most conventional coating techniques do not
      produce commercially usable coatings, and electrodeposition of many
      coating materials, even when otherwise successful, is often attended by
      various disadvantages such as non-uniform coatings and by poor throw
      power, i.e., the ability to coat areas of the electrode which are remote
      or shielded from the other electrode. In addition, the coatings obtained
      are in many instances deficient in certain properties essential for their
      utilization in certain applications for which electrodeposition is
      otherwise suited. In particular, properties such as corrosion resistance
      and alkali resistance are difficult to achieve with the resins
      conventionally employed in electrodeposition processes, and many
      electrodeposited coatings are subject to discoloration or staining because
      of chemical changes associated with electrolytic phenomena at the
      electrodes and with the types of resinous materials ordinarily utilized.
      This is especially true with the conventional resin vehicles used in
      electrodeposition processes which contain polycarboxylic acid resins
      neutralized with a base; these deposit on the anode and because of their
      acidic nature tend to be sensitive to common types of corrosive attack,
      e.g., by salt, alkali, etc. Further, anodic deposition tends to place the
      uncured coating in proximity to metal ions evolved at the anode, thereby
      causing staining with many coating systems.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that aqueous coating compositions comprising the
      reaction product of an epoxy group containing resin, a primary or
      secondary amine, and optionally a partially-capped or blocked organic
      polyisocyanate and containing a catalyst for urethane formation may be
      electrocoated on a cathode to produce coatings with highly desirable
      properties, including alkali resistance and corrosion resistance.
PAR  The epoxy material utilized to form the electrodepositable resins of the
      invention can be any monomeric or polymeric compound or mixture of
      compounds having an average of one or more epoxy groups per molecule. The
      monoepoxides can be utilized but it is preferred that the epoxy compound
      be resinous and preferably a polyepoxide containing two or more epoxy
      groups per molecule. The epoxy can be essentially any of the well-known
      epoxides. A particularly useful class of polyepoxides are the polyglycidyl
      ethers of polyphenols, such as Bisphenol A. These can be produced, for
      example, by etherification of a polyphenol with epichlorohydrin in the
      presence of an alkali. The phenolic compound may be, for example,
      bis(4-hydroxyphenyl)2,2-propane, 4,4'-dihydroxybenzophenone,
      bis(4-hydroxyphenyl)1,1-ethane, bis(4-hydroxyphenyl)1,1-isobutane,
      bis(4-hydroxytertiarybutylphenyl)2,2-propane,
      bis(2-hydroxynaphthyl)methane, 1,5-dihydroxynaphthylene, or the like. In
      many instances, it is desirably to employ such polyepoxides having
      simewhat higher molecular weight and containing aromatic groups. These can
      be provided by reacting the diglycidyl ether above with a polyphenol such
      as Bisphenol A, and then further reacting this product with
      epichlorohydrin to produce a polyglycidyl ether. Preferably the
      polyglycidyl ether of a polyphenol contains free hydroxyl groups in
      addition to epoxide groups.
PAR  While the polyglycidyl ethers of polyphenols may be employed per se, it is
      frequently desirable to react a portion of the reactive sites (hydroxyl
      or, in some instances, epoxy) with a modifying material to vary the film
      characteristics of the resin. The esterification of epoxy resins with
      carboxylic acids, especially fatty acids, is well-known in the art and
      need not be discussed in detail. Especially preferred are saturated fatty
      acids and especially pelargonic acid. Likewise, the epoxy resin may be
      modified with isocyanate group containing organic materials or other
      reactive organic materials.
PAR  Another quite useful class of polyepoxides are produced similarly from
      novolak resins or similar polyphenol resins.
PAR  Also suitable are the similar polyglycidyl ethers of polyhydric alcohols
      which may be derived from such polyhydric alcohols as ethylene glycol,
      diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-propylene
      glycol, 1,5-pentanediol, 1,2,6-hexanetriol, glycerol,
      bis(4-hydroxycyclohexyl)2,2-propane and the like. There can also be used
      polyglycidyl esters of polycarboxylic acids, which are produced by the
      reaction of epichlorohydrin or similar epoxy compounds with an aliphatic
      or aromatic polycarboxylic acid such as oxalic acid, succinic acid,
      glutaric acid, terephthalic acid, 2,6-naphthylane dicarboxylic acid,
      dimerized linolenic acid and the like. Examples are glycidyl adipate and
      glycidyl phthalate. Also useful are polyepoxides derived from the
      epoxidation of an olefinically unsaturated alicyclic compound. Included
      are diepoxides comprising in part one or more monoepoxides. These
      polyepoxides are nonphenolic and are obtained by the epoxidation of
      alicyclic olefins, for example, by oxygen and selected methods catalysts,
      by perbenzoic acids, by acetaldehyde monoperacetate, or by peracetic acid.
      Among such polyepoxides are the epoxy alicyclic ethers and esters which
      are well-known in the art.
PAR  Other epoxy-containing compounds and resins include nitrogeneous diepoxides
      such as disclosed in U.S. Pat. No. 3,365,471, epoxy resins from
      1,1-methylene bis(5-substituted hydantoil); U.S. Pat. No. 3,391,097,
      bis-imide containing diepoxides; U.S. Pat. No. 3,450,711, epoxylated
      ammomethyldiphenyl oxides; U.S. Pat. No. 3,312,664, heterocyclic
      N,N'-diglycidyl compounds; U.S. Pat. No. 3,503,979, amino epoxy
      phosphonates; British Pat. No. 1,172,916, 1,3,5-triglycidyl isocyanurates,
      as well as other epoxy-containing materials known in the art.
PAR  The partially- or simi-capped or blocked isocyanate which may be employed
      in preparing the compositions of the invention may be any polyisocyanate
      where a portion of the isocyanato groups have been reacted with a compound
      so that the resultant capped isocyanate portion is stable to hydroxyl or
      amine groups at room temperature but reactive with hydroxyl or amine
      groups at elevated temperatures, usually between about 200.degree. F. and
      about 600.degree. F. The semi-capped polyisocyanate employed should
      contain an average of about one free reactive isocyanate group.
PAR  In the preparation of the partially-blocked organic polyisocyanate, any
      suitable organic polyisocyanate may be used. Representative examples are
      the aliphataic compounds such as trimethylene, tetramethylene,
      pentamethylene, hexamethylene, 1,2-propylene, 1,2-butylene, 2,3-butylene,
      1,3-butylene, ethylidine and butylidene diisocyanates; the cycloalkylene
      compounds such as 1,3-cyclopentane, 1,4-cyclohexane and 1,2-cyclohexane
      diisocyanates; the aromatic compounds, such as m-phenylene, p-phenylene,
      4,4'-diphenyl, 1,5-naphthalene and 1,4-naphthalene dissocyanates; the
      aliphatic-aromatic compounds such as 4,4'-diphenylene methane, 2,4- or
      2,6-tolylene, or mixtures thereof, 4,4'-toluidine, and 1,4-xylylene
      diisocyanates; the nuclear-substituted aromatic compounds, such as
      dianisidine diisocyanate, 4,4'-diphenylether diisocyanate and
      chlorodiphenylene diisocyanate; the triisocyanates such as triphenyl
      methane-4,4',4"-triisocyanate, 1,3,5-triisocyanate benzene and
      2,4,6-triisocyanate toluene; and the tetraisocyanates such as
      4,4'-diphenyldimethyl methane-2,2', 5,5'-tetraisocyanate; the polymerized
      polyisocyanates such as tolylene diisocyanate dimers and trimers, and the
      like.
PAR  Preferably, the polyisocyanate employed should have isocyanate groups with
      varied reactivity to facilitate the partially-blocking reaction.
PAR  In addition, the organic polyisocyanate may be a prepolymer derived from a
      polyol including polyether polyol or polyester polyol, including
      polyethers which are reacted with excess polyisocyanates to form
      isocyanate-terminated prepolymers may be simple polyols such as glycols,
      e.g., ethylene glycol and propylene glycol, as well as other polyols such
      as glycerol, trimethylolpropane, hexanetriol, pentaerythritol, and the
      like, as well as mono-ethers such as diethylene glycol, tripropylene
      glycol and the like and polyethers, i.e., alkylene oxide condensates of
      the above. Among the alkylene oxides that may be condensed with these
      polyols to form polyethers are ethylene oxide, propylene oxide, butylene
      oxide, styrene oxide and the like. These are generally called
      hydroxy-terminated polyethers and can be linear or branched. Examples of
      polyethers include polyoxyethylene glycol having a molecular weight of
      1540, polyoxypropylene glycol having a molecular weight of 1025,
      polyoxytetramethylene glycol, polyoxyhexamethylene glycol,
      polyoxynonamethylene glycol, polyoxydecamethylene glycol,
      polyoxydodecamethylene glycol and mixtures thereof. Other types of
      polyoxyalkylene glycol ethers can be used. Especially useful polyether
      polyols are those derived from reacting polyols such as ethylene glycol,
      diethylene glycol, triethylene glycol, 1,4-butylene glycol, 1,3-butylene
      glycol, 1,6-hexanediol, and their mixtures; glycerol, trimethylolethane,
      trimethylolpropane, 1,2,6-hexanetriol, pentaerythritol, dipentaerythritol,
      tripentaerythritol, polypentaerythritol, sorbitol, methyl glucosides,
      sucrose, and the like, with alkylene oxides such as ethylene oxide,
      propylene oxide, their mixtures, and the like.
PAR  Any suitable aliphatic, cycloaliphatic aromatic alkyl monoalcohol and
      phenolic compound may be used as a blocking agent in accordance with the
      present invention, such as, for example, lower aliphatic alcohols, such as
      methyl, ethyl, chloroethyl, propyl, butyl, amyl, hexyl, heptyl, octyl,
      nonyl, 3,3,5-trimethylhexanol, decyl, and lauryl alcohols, and the like;
      the cycloaliphatic alcohols such as, for example, cyclopentanol,
      cyclohexanol, and the like; the aromatic alkyl alcohols, such as
      phenylcarbinol, methylphenylcarbinol, ethylene glycol monoethyl ether,
      ethylene glycol monobutyl ether, and the like; the phenolic compounds such
      as phenol itself, substituted phenols in which the substituents do not
      adversely affect the coating operations. Examples include cresol, xylenol,
      nitrophenol, chlorophenol, ethylphenol, t-butyl phenol and
      2,5-di-t-butyl-4-hydroxy toluene. Minor amounts of higher molecular
      weight, relatively non-volatile monoalcohols may be used, if desired, to
      serve as plasticizers in the coatings provided by this invention.
PAR  Additional blocking agents include tertiary hydroxylamines such as
      diethylethanolamine and oximes such as methyl ethyl ketone oxime, acetone
      oxime and cyclohexanone oxime. Use of oximes and phenols is particularly
      desirable because polyisocyanates blocked with these agents unblock at
      relatively low temperatures without the need for externally added urethane
      forming catalyst such as tin catalyst.
PAR  The semi-capped organic polyisocyanate is formed by reacting a sufficient
      quantity of blocking agent with the organic polyisocyanate to provide a
      product having one free isocyanate group remaining.
PAR  As previously set forth, the epoxy-containing materials are reacted with an
      amine to form an adduct. The amine employed may be any primary or
      secondary amine, preferably a secondary amine. Preferably the amine is a
      water-soluble amino compound. Exmples of such amines include mono- and
      dialkylamines such as methylamine, ethylamine, propylamine, butylamine,
      dimethylamine, diethylamine, dipropylamine, dibutylamine,
      methylbutylamine, and the like.
PAR  While in most instances reasonably low molecular weight amines may be
      employed, it is possible to employ higher molecular weight monoamines,
      especially where it is preferred that the molecule be flexibilized or
      further modified by the structure contributed by the amines. Likewise, a
      mixture of low molecular weight and high molecular weight amines may be
      employed to modify the resin properties.
PAR  Further, it is possible for the amines to contain other constituents so
      long as they do not interfere with the reaction of the amine and the epoxy
      group and are of the nature or employed under the conditions so that they
      do not gel the reaction mixture.
PAR  The epoxy containing material, the semi-capped isocyanate and the amine may
      be reacted in alternative order.
PAR  Where the epoxy group-containing material also contains hydroxyl groups,
      for example, the higher polyglycidyl ethers of polyphenols, the epoxy may
      be first reacted with the semi-capped polyisocyanate. The portion reacted
      is not unduly critical. Preferably sufficient semi-capped isocyanate is
      employed to provide an adequate number of crosslinking sites to provide a
      cured film. Usually about one-half of the available hydroxyl groups are
      reacted. The maximum amount reacted can be the equivalence of the total
      hydroxyl functionality together with half the epoxy functionality.
PAR  Preferably this reaction is conducted at low or moderate temperatures,
      generally less than about 120.degree. C. to preserve the capped isocyanate
      groups in order to avoid gelation and to retain latent crosslinking sites.
      Usually the reaction is conducted in the presence of a catalyst for
      urethane formation at a temperature between about 60.degree. C. and about
      120.degree. C. Temperatures of about 100.degree. C. are commonly employed.
PAR  After the completion of the above reaction, the resulting product is then
      reacted with the amine. The reaction of the amine with the epoxy
      group-containing material takes place upon admixing the amine and the
      epoxy group-containing material. In fact, the reaction is frequently
      exothermic. If desired, the reaction mixture, if necessary, may be heated
      to moderate temperature, that is, 50.degree. C. to about 130.degree. C.,
      care being taken to preserve the capped isocyanate groups previously
      added. It is frequently desirable in any event to elevate the temperature
      at least slightly for a sufficient time to insure complete reaction.
PAR  The amount of amine reacted with the epoxy group-containing material is at
      least that amount sufficient to render the resin cationic in character,
      that is, transportable to the cathode when acid solubilized. In some
      instances substantially all of the epoxy groups in the resin are reacted
      with an amine. However, excess epoxy groups may remain which hydrolyze
      upon contact with water to form hydroxyl groups.
PAR  Alternatively, the epoxy group-containing material may first be reacted
      with the amine to form an amine-epoxy adduct.
PAR  In either case, the ratio of capped isocyanate groups to hydroxyl groups in
      the final aqueous dispersion is from about 0.5 to 2.0 isocyanate groups
      for each hydroxyl group.
PAR  It is usually necessary, in order to insure rapid and complete curing of
      the polymers of the invention, to have present in the coating mixture a
      catalyst for urethane formation. However, if curing temperatures after
      deposition are high enough catalyst may not be needed. Also if proper
      blocking agent for the isocyanate is employed, e.g., oximes catalyst may
      not be needed. Examples of externally added catalyst are the tin compounds
      such as dibutyl tin dilaurate and tin acetate are preferred but other
      catalysts for urethane formation known in the art may be employed. The
      amount of catalyst employed is that amount which effectively promotes
      reaction of the deposited film, for example, amounts varying from about
      0.5 percent to about 4 percent by weight of the polymer may be employed.
      Typically about 2 percent by weight is employed.
PAR  The polymer of the invention and catalyst mixture is electrodeposited on a
      suitable substrate and cured at elevated temperatures, such as from about
      250.degree. F. to about 600.degree. F., the film curing at least in part
      through urethane crosslinks. The alcohol released may either volatilize or
      remain in the mixture as a plasticizer, depending essentially on its
      boiling point.
PAR  Aqueous components containing the above components are highly useful as
      coating compositions, particularly suited to application by
      electrodeposition, although they may also be applied by conventional
      coating techniques. It is necessary to add a neutralizing agent to obtain
      a suitable aqueous composition. It is desirable to electrodeposit these
      coatings from a solution having a pH between about 3 and about 9.
PAR  Neutralization of these products is accomplished by the reaction of all or
      part of the amino groups by water-soluble acid, for example, formic acid,
      acetic acid, or phosphoric acid, or the like. The extent of neutralization
      depends upon the particular resin and it is only necessary that sufficient
      acid be added to solubilize or disperse the resin.
PAR  Electrodepositable compositions, while referred to as "solubilized", in
      fact, are considered a complex solution, dispersion or suspension or
      combination of one or more of these classes in water, which acts as an
      electrolyte under the influence of an electric current. While, no doubt,
      in some instances the resin is in solution, it is clear that in some
      instances, and perhaps in most, the resin is a dispersion which may be
      called a molecular dispersion of molecular size between a colloidal
      suspension and a true solution.
PAR  The concentration of the product in water depends upon the process
      parameters to be used and is in general not critical, but ordinarily the
      major proportion of the aqueous composition is water, e.g., the
      composition may contain one to 25 percent by weight of resin. In most
      instances, a pigment composition and, if desired, various additives such
      as anti-oxidants, surface-active agents, coupling solvents, and the like
      known in the electrodeposition art are included. The pigment composition
      may be of any conventional type, comprising, for example, one or more
      pigments such as iron oxides, lead oxides, strontium chromate, carbon
      black, titanium dioxide, talc, barium sulfate, cadmium yellow, cadmium
      red, chromic yellow, and the like.
PAR  In electrodeposition processes employing the aqueous coating compositions
      described above, the aqueous composition is placed in contact with an
      electrically-conductive anode and an electrically-conductive cathode, with
      the surface to be coated being the cathode. Upon passage of electric
      current between the anode and the cathode, while in contact with the bath
      containing the coating composition, an adherent film of the coating
      composition is deposited on the cathode. This is in contrast to processes
      utilizing polycarboxylic acid resins which deposit on the anode, and many
      of the advantages described above are in large part attributed to this
      cathodic deposition.
PAR  The conditions under which the electrodeposition is carried out are in
      general similar to those used in electrodeposition of other types of
      coatings. The applied voltage may be varied greatly and can be, for
      example, as low as one volt or as high as several thousand volts, although
      typically between 50 volts and 500 volts. The current density is usually
      between about 1.0 ampere and 15 amperes per square foot, and tends to
      decrease during electrodeposition.
PAR  The method of the invention is applicable to the coating of any
      electrically-conductive substrate, and especially metals such as steel,
      aluminum, copper, and the like.
PAR  After deposition, the coating is cured at elevated temperatures by any
      convenient method, such as in baking ovens or with banks of infrared heat
      lamps. Curing temperatures are preferably from about 350.degree. F. to
      about 425.degree. F., although curing temperatures from about 250.degree.
      F. to about 500.degree. F., or even 600.degree. F. may be employed, if
      desired.
DETD
PAR  Illustrating the invention are the following examples, which, however, are
      not to be construed as limiting the invention to their details. All parts
      and percentages in the examples, as well as throughout this specification,
      are by weight unless otherwise specified.
PAC  EXAMPLE A
PAR  A cationic pigment dispersant was prepared by heating 746.2 parts of
      stearyl glycidyl ether (Proctor and Gamble's Epoxide 45) and 224 parts of
      ethylene glycol monobutyl ether to about 50.degree. C. and adding 150.2
      parts of n-methyl ethanolamine over a 30-minute period with external
      cooling to keep the bath temperature below 100.degree. C. When all the
      amine was added, the batch was held an additional hour at 100.degree. C.
      before cooling and storage.
PAR  To prepare a grinding vehicle from this cationic pigment dispersant, 200
      parts were blended with 38.5 parts of 88 percent lactic acid and 515 parts
      of deionized water.
PAR  To prepare a pigment paste, 90 parts of this grinding vehicle were blended
      with 4 parts of acetylenic alcohol defoamer (Surfynol 104-A), 60 parts of
      phthalocyanine blue, 140 parts of iron oxide brown and 306 parts of
      deionized water, and the resultant slurry ground in a suitable mill to a
      Hegman No. 7.
PAC  EXAMPLE I
PAR  A partially-blocked 2,4-toluene diisocyanate was prepared by adding 260.5
      parts by weight of 2-ethylhexanol slowly to 348.0 parts of 2,4-toluene
      diisocyanate over a period of approximately 13/4  hours, while mixing
      under a blanket of dry nitrogen gas and externally cooling the batch to
      maintain the reaction temperature below 18.degree. C. The batch was then
      mixed an additional 4 hours.
PAR  A self-crosslinking, cationic polyurethane resin was prepared by first
      dissolving 100 parts of polyglycidyl ether of bisphenol A (Epon 1004)
      possessing an equivalent weight per epoxide group of 910, in 367.2 parts
      of N-methyl pyrrolidone and 244.8 parts of 4-methoxy-4-methyl pentanone-2
      (Pent-Oxone) with agitation and hetaing. When in solution and cooled to
      approximately 60.degree. C. under a dry nitrogen blanket, 517 parts of the
      above partially-blocked diisocyanate were introduced and 5 drops of
      dibutyl tin dilaurate catalyst added. The batch was then heated to
      approximately 100.degree. C. and held until no free isocyanate groups were
      evident, as determined by infrared scanning. This required about 30
      minutes heating at 100.degree. C. The batch was then cooled to 60.degree.
      C. and 79.2 parts of diethylamine were added slowly. After reheating to
      100.degree. C. and holding for an additional 2 hours, the resultant
      self-crosslinking cationic urethane resin was cooled.
PAR  Twenty-eight (28) parts of the above resin at 73.5 percent content was
      blended with 0.4 part of dibutyl tin dilaurate, followed by 1.5 parts of
      glacial acetic acid, and then finally by approximately 370 parts of
      deionized water. The resultant resin dispersion of approximately 5 percent
      nonvolatile content and a pH of 4.5 was electrodeposited on a
      zinc-phosphate steel cathode for 90 seconds at 300 volts, yielding an
      acetone-resistant film of 0.5 mil film thickness and a 4H pencil hardness
      after curing 10 minutes at 350.degree. F.
PAC  EXAMPLE II
PAR  A partially-blocked 2,4-toluene diisocyanate sample was prepared by adding
      180.2 parts of ethylene glycol monoethyl ether to 348 parts of 2,4-toluene
      diisocyanate over about a 90-minute period while mixing under a blanket of
      dry nitrogen gas and externally cooling the batch to maintain the reaction
      temperature below 20.degree. C.
PAR  A self-crosslinking cationic polyurethane resin was prepared by dissolving
      100 parts of polyglycidyl ether of bisphenol A (Epon 1001) possessing an
      epoxide equivalent weight of 500, in 400 parts of methyl isobutyl ketone
      with agitation and heat. The batch was cooled to 75.degree. C. and 411.3
      parts of the above ethylene glycol monoethyl ether monourethane of 2,4 TDI
      added slowly over an hour while slowly heating the batch to
      95.degree.-100.degree. C. The batch was then held for about one hour at
      this temperature until all isocyanate groups were reacted as indicated by
      an infrared scan. After cooling to 80.degree. C., 146.2 parts of
      diethylamine (essentially stoichiometrically equivalent to the epoxide
      groups present) were added and the batch reheated to 100.degree. C. and
      held for one hour before cooling.
PAR  292 parts of the above resin were blended with 23.6 parts of 88 percent
      lactic acid followed by 4.4 parts of dibutyl tin dilaurate, and then
      thinned slowly with 3043 parts of deionized water. The resultant
      electrodeposition bath showed a pH of 5.9 and conductivity of 1300
      mmhos./cm. A cold rolled steel panel was cathodically coated at 150 volts
      for 2 minutes and cured 45 minutes at 350.degree. F. to yield a smooth,
      hard film of 0.5 mil film thickness.
PAC  EXAMPLE III
PAR  A partially-blocked 2,4-toluene diisocyanate sample was prepared by adding
      696 parts of 2,4-toluene diisocyanate slowly to 296.5 parts of butanol
      over a period of approximately one hour while mixing under a blanket of
      dry nitrogen gas and externally cooling to maintain the reaction
      temperature below 16.degree. C. The batch was then mixed an additional
      hour.
PAR  A self-crosslinking cationic polyurethane resin was prepared by first
      dissolving 100 parts of polyglycidyl ether of bisphenol A (Epon 1001)
      possessing an equivalent weight of 500 grams per epoxide group in 424
      parts of cyclohexanone with agitation and heating. When in solution and
      cooled to 55.degree. C., 146.2 parts of diethylamine (essentially
      stoichiometrically equivalent to the epoxide groups present) were added
      and the batch heated to 100.degree. C. and held approximately 11/2  hours.
      At this point 645.1 parts of the above partially-blocked diisocyanate was
      introduced and the batch heated to 125.degree. C. and held 21/2  hours
      until no free isocyanate groups were evident as determined by infrared
      scanning. The batch was cooled to 100.degree. C., neutralized with 270.4
      grams of 88 percent aqueous lactic acid, and reduced to 76 percent
      nonvolatiles with about 500 parts of water.
PAR  A black, self-crosslinking cationic polyurethane finish was then prepared
      by grinding 40.5 parts of phthalocyanine blue and 94.5 parts of iron oxide
      brown in 9.63 parts of cationic surfactant (American Cyanamid Aerosol
      C-61) and 395.37 parts of deionized water and then blending this paste
      (540 parts) with 711 parts of the above-neutralized resin, 67.5 parts of
      polycaprolactone diol plasticizer (average molecular weight 1250-Union
      Carbide's PCP-2030), 9 parts of dibutyl tin dilaurate and 3547.5 parts of
      deionized water.
PAR  The resultant electrodeposition bath of approximately 12 percent
      nonvolatile content displayed a pH of 4.6, a rupture voltage of 240 volts
      and throw power of 53/4  inches at 200 volts.
PAR  A zinc phosphated steel cathode was coated in the bath for 2 minutes at 200
      volts and then baked 45 minutes at 350 volts to yield a smooth black film
      of 7H pencil hardness and 0.3 mil film thickness.
PAC  EXAMPLE IV
PAR  A 2-ethylhexanol monourethane of 2,4-toluene diisocyanate was prepared by
      adding 585.9 parts of 2-ethylhexanol to an agitated mixture of 783 parts
      of 2,4-toluene diisocyanate and 60 parts of methyl butyl ketone over
      approximately a 5-hour period with external cooling to maintain the
      reaction temperature below 30.degree. C. After the addition was complete,
      an additional 30 parts of methylbutyl ketone was added; and the batch
      stored under dry nitrogen for subsequent use.
PAR  A self-crosslinking cationic polyurethane resin was then prepared by first
      dissolving 632.4 parts of polyglycidyl ether of bisphenol A (Epon 1001)
      possessing an equivalent weight of 526 per epoxide group, in 177.4 parts
      of methylbutyl ketone, and refluxing for about 15 minutes to remove any
      water present by use of a decanting trap in the distillate return line.
      After cooling to 70.degree. C, 87.7 parts of diethylamine were introduced
      and the batch heated to about 140.degree. C. with removal of about 100
      parts of solvent. The batch was then cooled to 100.degree. C, the solvent
      replaced, and 522.4 parts of the above 2-ethylhexanenol monourethane of
      2,4-toluene diisocyanate added. Upon heating the batch to 120.degree. C.
      over a one-hour period, all NCO was found to have reacted, as indicated by
      an infrared scan. The batch was then thinned to 78 percent solids with 196
      parts of propylene glycol monomethyl ether.
PAR  A reactive plasticizer for use with this self-crosslinking cationic
      urethane resin was then prepared by adding 248 parts of the 2-ethylhexanol
      monourethane of 2,4-toluene diisocyanate to 1250 parts of
      polytetramethylene glycol (Quaker Oats POLYMEG 3000) possessing an average
      molecular weight of 2940 and heating the mixture to
      100.degree.-110.degree. C. and holding for about 5 hours until all NCO
      groups were reacted, as determined by infrared scanning.
PAR  To 487 parts of the above cationic urethane was blended 43 parts of the
      above reactive plasticizer, and 38 parts ethylene glycol monohexyl ether.
      This mixture was neutralized with 39 parts 88 percent lactic acid, then
      blended with 8 parts dibutyl tin dilaurate, 215 parts of the pigment paste
      of Example A and, finally, thinned with 3465 parts of deionized water.
      This pigmented self-crosslinking polyurethane cationic electrodepositable
      composition of approximately 12 percent solids showed a pH of 4.5,
      conductivity of 875 mmhos./cm. and 2-minute Ford throw power of 73/8
      inches at 350 volts.
PAR  When cathodically deposited upon an untreated cold-rolled steel panel for
      two minutes at 350 volts, and cured 45 minutes at 350.degree. F. this
      composition yielded a smooth film of 0.3 mil thickness and 3H pencil
      hardness, which when scribed and placed in a salt fog cabinet at
      100.degree. F. for 14 days displayed little or no rust creepage at the
      scribe.
PAC  EXAMPLE V
PAR  Into a suitable reactor were charged 314 parts by weight of methyl isobutyl
      ketone and 1030 parts by weight of a polyglycidyl ether derived from the
      condensation of Bisphenol A and epichlorohydrin, possessing an epoxy
      equivalent of 485 (EPON 1001). The mixture was dissolved with agitation
      and heated to reflux at approximately 128.degree. C. and held for 30
      minutes when any water present was azeotroped off and separated in a trap.
PAR  The mixture was cooled to 100.degree. C. and 575 parts by weight of the
      methylethyl ketoxime capped monourethane of isophorone diisocyanate at 90
      percent solids in methyl-isobutyl ketone was added to the raction mixture.
PAR  The procedure for making this monourethane is to charge isophorone
      diisocyanate to a reaction vessel and slowly add the methylethyl ketoxime
      dropwise keeping the temperature below 30.degree. C. After all the
      methylethyl ketoxime has been added, the cooling is removed and the
      reaction mixture held for 1 hour without cooling.
PAR  After the monourethane was added to the reaction mixture, the mixture was
      held at 115.degree. C. for 11/2  hours. The reaction mixture was then
      cooled to 80.degree. C., after which time 34.2 parts by weight of a
      diketimine derived from one mole of diethylene triamine and two moles of
      methyl isobutyl ketone (as described in U.S. Pat. No. 3,523,925) and
      141.15 parts by weight of methyl ethanolamine were added to the reaction
      mixture. The mixture was then permitted to exotherm with partial cooling,
      top temperature reaching 97.degree. C. in about 15 minutes. After
      exotherming, the batch was thinned with 143 parts of ethylene glycol
      monobutyl ether (CELLOSOLVE).
PAR  To prepare an electrodeposition bath, 41.8 parts by weight of the
      above-described resin was blended with 6 parts by weight of butyl benzyl
      phthalate and acidified with 1.2 parts by weight of glacial acetic acid.
      The mixture was then thinned with 351 parts by weight of water to form an
      electrodeposition bath of approximately 9.25 percent solids solution
      having a pH of 6.0.
PAR  Using conventional electrodeposition procedures, a zinc phosphate
      pretreated steel panel was electrocoated as a cathode at 50 volts for two
      minutes, the bath being at room temperature. The panel, after rinsing, was
      cured in an oven for 10 minutes at 325.degree. F. The baked film was a
      glossy, acetone-resistant coating of 0.7 mil film thickness and 5H pencil
      hardness.
PAR  In the manner of the above examples, various other epoxy-containing
      materials, semi-capped polyisocyanates, catalysts, adjuvants and
      conditions within the scope of the above descriptions may be substituted
      to achieve similar results.
PAR  According to the provisions of the Patent Statutes, there are described
      above the invention and what are now considered its best embodiments;
      however, within the scope of the appended claims, it is to be understood
      that the invention can be practiced otherwise than as specifically
      described.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of electrocoating an electrically-conductive surface serving
      as a cathode which comprises passing electric current between said cathode
      and an anode in contact with an aqueous electrodepositable composition,
PA1  the improvement wherein said electrodepositable composition comprises:
PA1  A. an acid-solubilized, self-curing synthetic organic resin containing
      amino groups, hydroxyl groups, and blocked isocyanate groups, wherein said
      blocked isocyanate groups are stable at room temperature in the presence
      of hydroxyl or amino groups and are reactive with hydroxyl groups or amino
      groups at elevated temperatures, and wherein said organic resin is derived
      from the reaction product of,
PA2  1. an epoxy group-containing organic compound,
PA2  2. a primary or secondary amine, and
PA2  3. a partially-blocked organic polyisocyanate.
NUM  2.
PAR  2. A method according to claim 1, wherein said blocked isocyanate groups
      are blocked with a member selected from the group consisting of an
      aliphatic alkyl monoalcohol, an alkoxyalkyl monoalcohol, a cycloaliphatic
      alkyl monoalcohol, a tertiary hydroxyl amine, a phenol, and an oxime.
NUM  3.
PAR  3. A method according to claim 1, wherein the isocyanate groups and the
      hydroxyl groups are present in a ratio of about 0.5 to about 2.0 blocked
      isocyanate groups per hydroxyl group.
NUM  4.
PAR  4. A method according to claim 1, wherein said epoxy group-containing
      organic compound is a polyglycidyl ether of a polyphenol, and wherein said
      partially blocked organic polyisocyanate has an average of about one free
      isocyanate group.
NUM  5.
PAR  5. A method according to claim 4, wherein said blocked isocyanate groups
      are blocked with a member selected from the group consisting of an
      aliphatic alkyl monoalcohol, an alkoxyalkyl monoalcohol, a cycloaliphatic
      alkyl monoalcohol, a tertiary hydroxylamine, a phenol, and an oxime.
NUM  6.
PAR  6. A method according to claim 1, in which the electrodepositable
      composition additionally comprises a catalyst for urethane formation.
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ABST
PAL  The pH, dispersibility and throw power of amine group-solubilized, epoxy
      resin-derived, cationic electrodepositable resins can be enhanced by the
      incorporation of primary amine groups into the resin molecule. The primary
      amine groups are incorporated by reacting certain polyamine compounds in
      which the primary amine groups are blocked by ketimine groups into the
      acid solubilizable, amine group-containing electrodepositable resins
      derived from epoxy group-containing resins.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 203,875, filed Dec. 1, 1971, now abandoned.
BSUM
PAC  STATE OF THE ART
PAR  Electrodeposition of aqueous organic coatings has risen to industrial
      prominence in recent years. The process has many advantages, including
      uniformity and completeness of coating even on intricate shapes, labor
      savings and pollution abatement. Virtually any electrically conductive
      substrate may be coated; however, the process has been primarily employed
      to prime or one-coat ferrous metal substrates.
PAR  Particular interest has recently arisen in cationic electrodeposition
      coatings, that is, coatings which deposit on the cathode, since when the
      article is the cathode, there is greatly reduced metal ion dissolution,
      which phenomena causes staining in certain anionic systems.
PAR  One route to cationic electrodepositable resin is the use of synthetic
      organic resins containing amine groups derived from epoxy group-containing
      resins which are solubilized through the use of an acid counter-ion.
      Typically, these amine groups are secondary or tertiary amine groups.
      However, due to the relatively weak nature of these amine groups,
      frequently problems have arisen in these systems. These problems include
      low pH, poor dispersibility, especially at low levels of theoretical
      neutralization.
PAR  Where the resins utilized in the preparation of amine-solubilized
      electrodepositable resin contain epoxy groups, it has heretofore been
      extremely difficult to incorporate primary amine groups into the resin
      molecule since these groups readily react with epoxy groups leading to
      markedly increased molecular weight, with loss of primary amine
      functionality, or gelation.
PAR  Also, when isocyanate groups are added, they likewise react rapidly with a
      primary amine functionality, thus removing the desired effect of free
      primary amine groups.
PAR  A number of amine group-solubilized, epoxy group-containing, resin-derived,
      electrodepositable resins are known in the art. These include
      two-component cures as well as self-curing resins.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that primary amine groups may be incorporated in
      virtually any amine group-solubilized, epoxy group-containing,
      resin-derived electrodepositable resin. This can be accomplished by
      reacting a portion of the epoxy groups with virtually any polyamine
      containing a secondary amine group and containing primary amine groups in
      which the primary amine groups are blocked by ketimine groups. The
      ketimine groups when contacted with water decompose to provide primary
      amine functionality.
PAR  The presence of primary amine groups in an acid neutralized amine
      group-solubilized electrodepositable resin provide numerous benefits
      including increased system pH, greater dispersibility, especially at low
      levels of theoretical neutralization, higher throw power, and in cases
      where cure of the resin system occurs through amine groups, more rapid and
      complete cure.
PAR  Virtually any acid-neutralized, amine group-solubilized resin can be
      modified by the technique of this invention at a stage where the base
      epoxy resin retains epoxy functionality.
PAR  A number of acid-neutralized, amine group-solubilized, epoxy
      group-containing, resin-derived, cationically electrodepositable resins
      are known in the art.
PAR  One such system is described in copending application Ser. No. 193,590,
      filed Oct. 28, 1971, by Robert D. Jerabek, entitled "CATIONIC
      ELECTRODEPOSITABLE COMPOSITIONS", now abandoned, where the
      electrodepositable system comprises a capped or blocked organic
      polyisocyanate, an amine adduct of an epoxy group-containing resin and
      optionally a catalyst for urethane formation.
PAR  The capped or blocked isocyanate which may be employed in these
      compositions may be any isocyanate where the isocyanate groups have been
      reacted with a compound so that the resultant capped isocyanate is stable
      to hydroxyl or amine groups at room temperature but reactive with hydroxyl
      or amine groups at elevated temperatures, usually between about
      200.degree. F. and about 600.degree. F.
PAR  In the preparation of the blocked organic polyisocyanates, any suitable
      organic polyisocyanate may be used. Representative examples are the
      aliphatic compounds such as trimethylene, tetramethylene, pentamethylene,
      hexamethylene, 1,2-propylene, 1,2-butylene, 2,3-butylene, 1,3-butylene,
      ethylidine and butylidene diisocyanates; the cycloalkylene compounds such
      as 1,3-cyclopentane, 1,4-cyclohexane, and 1,2-cyclohexane diisocyanates;
      the aromatic compounds such as m-phenylene, p-phenylene, 4,4'-diphenyl,
      1,5-naphthalene and 1,4-naphthalene diisocyanates; the aliphatic-aromatic
      compounds such as 4,4'-diphenylene methane, 2,4- or 2,6-tolylene, or
      mixtures thereof, 4,4'-toluidine, and 1,4-xylylene diisocyanates; the
      nuclear-substituted aromatic compounds such as dianisidine diisocyanate,
      4,4'-diphenylether diisocyanate and chlorodiphenylene diisocyanate; the
      triisocyanates such as triphenyl methane-4,4', 4"-triisocyanate,
      1,3,5-triisocyanate benzene and 2,4,6-triisocyanate toluene; and the
      tetraisocyanates such as 4,4'-diphenyl-dimethylmethane-2,2',
      5,5'-tetraisocyanate; the polymerized polyisocyanates such as tolylene
      diisocyanate dimers and trimers, and the like.
PAR  In addition, the organic polyisocyanate may be a prepolymer derived from a
      polyol including polyether polyol or polyester polyol, including
      polyethers which are reacted with excess polyisocyanates to form
      isocyanate-terminated prepolymers may be simple polyols such as glycols,
      e.g., ethylene glycol and propylene glycol, as well as other polyols such
      as glycerol, trimethylolpropane, hexanetriol, pentaerythritol, and the
      like, as well as mono-ethers such as diethylene glycol, tripropylene
      glycol and the like, and polyethers, i.e., alkylene oxide condensates of
      the above. Among the alkylene oxides that may be condensed with these
      polyols to form polyethers are ethylene oxide, propylene oxide, butylene
      oxide, styrene oxide and the like. These are generally called
      hydroxy-terminated polyethers and can be linear or branched. Examples of
      polyethers include polyoxyethylene glycol having a molecular weight of
      1540, polyoxypropylene glycol having a molecular weight of 1025,
      polyoxytetramethylene glycol, polyoxyhexamethylene glycol,
      polyoxynonamethylene glycol, polyoxydecamethylene glycol,
      polyoxydodecamethylene glycol and mixtures thereof. Other types of
      polyoxyalkylene glycol ethers can be used. Especially useful polyether
      polyols are those derived from reacting polyols such as ethylene glycol,
      diethylene glycol, triethylene glycol, 1,4-butylene glycol, 1,3-butylene
      glycol, 1,6-hexanediol, and their mixtures; glycerol, trimethylolethane,
      trimethylolpropane, 1,2,6-hexanetriol, pentaerythritol, dipentaerythritol,
      tripentaerythritol, polypentaerythritol, sorbitol, methyl glucosides,
      sucrose and the like, with alkylene oxides such as ethylene oxide,
      propylene oxide, their mixtures, and the like.
PAR  Any suitable aliphatic, cycloaliphatic aromatic alkyl monoalcohol and
      phenolic compound may be used as a blocking agent in accordance with the
      present invention, such as, for example, lower aliphatic alcohols, such as
      methyl, ethyl, chloroethyl propyl, butyl, amyl, hexyl, heptyl, octyl,
      nonyl, 3,3,5-trimethylhexanol, decyl and lauryl alcohols, and the like;
      the aromatic, alkyl alcohols, such as phenylcarbinol,
      methylphenylcarbinol, ethylene glycol monoethyl ether, ethylene glycol
      monobutyl ether and the like; the phenolic compounds such as phenol
      itself, substituted phenols in which the substituents do not adversely
      affect the coating operations. Examples include cresol, xylenol,
      nitrophenol, chlorophenol, ethylphenol, t-butyl-phenol and
      2,5-di-t-butyl-4-hydroxy toluene. Minor amounts of even higher molecular
      weight, relatively non-volatile monoalcohols may be used, if desired, to
      serve as plasticizers in the coatings provided by this invention.
PAR  Additional blocking agents include tertiary hydroxyl amines such as
      diethylethanolamine and oximes such as methyl ethyl ketone oxime, acetone
      oxime and cyclohexanone oxime. Use of oximes and phenols is particularly
      desirable because specific polyisocyanates blocked with these agents
      unblock at relatively low temperatures without the need for externally
      added urethane forming catalyst such as tin catalyst.
PAR  The organic polyisocyanate-blocking agent adduct is formed by reacting a
      sufficient quantity of blocking agent with the organic polyisocyanate to
      insure that no free isocyanate groups are present.
PAR  As previously stated, the resin employed is a coating composition
      containing an aqueous dispersion prepared from a capped organic
      polyisocyanate and a resin which is an adduct of a primary and/or
      secondary amine wiith an epoxy group-containing resin to form a room
      temperature stable coating composition.
PAR  The epoxy material utilized to form the adduct can be any monometric or
      polymeric compound or mixture of compounds having an average of one or
      more epoxy groups per molecule. The monoepoxides can be utilized, but it
      is preferred that the epoxy compound be resinous and that the polyepoxide
      contain one or more epoxy groups per molecule. A particularly useful class
      of polyepoxides are the polyglycidyl ethers of polyphenols such as
      Bisphenol A. These can be produced, for example, by etherification of a
      polyphenol with epichlorohydrin or dichlorohydrin in the presence of an
      alkali. The phenolic compound may be, for example,
      bis(4-hydroxyphenyl)-2,2-propane, 4,4'-dihydroxybenzophenone,
      bis(4-hydroxyphenyl)1,1-ethane, bis(4-hydroxyphenyl)1,1-isobutane,
      bis(4-hydroxytertiarybutyl-phenyl)2,2-propane
      bis(2-hydroxynaphthyl)methane, 1,5-dihydroxynaphthylene, or the like. In
      many instances, it is desirable to employ such polyepoxides having
      somewhat higher molecular weight and containing aromatic groups. These can
      be provided by reacting the diglycidyl ether above with a polyphenol such
      as Bisphenol A and then further reacting this product with epichlorohydrin
      to produce a polyglycidyl ether. Preferably the polyglycidyl ether of a
      polyphenol contains free hydroxyl groups in addition to epoxide groups.
PAR  While the polyglycidyl ethers of polyphenols may be employed per se, it is
      frequently desirable to react a portion of the reactive sites (hydroxyl or
      in some instances epoxy) with a modifying material to vary the film
      characteristics of the resin. The esterification of epoxy resins with
      carboxylic acid, especially fatty acids is well known in the art and need
      not be discussed in detail. Especially preferred are saturated fatty acids
      and especially pelargonic acid. Likewise the epoxy resin may be modified
      with isocyanate group-containing organic materials or other reactive
      organic materials.
PAR  Another quite useful class of polyepoxides are produced similarly from
      novolak resins or similar polyphenol resins.
PAR  Also suitable are the similar polyglycidyl ethers of polyhydric alcohols
      which may be derived from such polyhydric alcohols as ethylene glycol,
      diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-propylene
      glycol, 1,5-pentanediol, 1,2,6-hexanetriol, glycerol,
      bis(4-hydroxycyclohexyl)2,2-propane and the like. There can also be used
      polyglycidyl esters of polycarboxylic acids, which are produced by the
      reaction of epichlorohydrin or similar epoxy compounds with an aliphatic
      or aromatic polycarboxylic acid such as oxalic acid, succinic acid,
      glutaric acid, terephthalic acid, 2,6-naphthylene dicarboxylic acid,
      dimerized linolenic acid and the like. Examples are glycidyl adipate and
      glycidyl phthalate. Also useful are polyepoxides derived from the
      epoxidation of an olefinically unsaturated alicyclic compound. Included
      are diepoxides comprising in part one or more monoepoxides. These
      polyepoxides are non-phenolic and are obtained by the epoxidation of
      alicyclic olefins. For example, by oxygen and selected method catalysts,
      by perbenzoic acids, by acetaldehyde monoperacetate, or by peracetic acid.
      Among such polyepoxides are the epoxy alicyclic ethers and esters which
      are well known in the art.
PAR  Other epoxy-containing compounds are resins including nitrogeneous
      diepoxides such as disclosed in U.S. Pat. No. 3,365,471; epoxy resins from
      1,1-methylene bis(5-substituted hydantoin), U.S. Pat. No. 3,391,097;
      bis-imide containing diepoxides, U.S. Pat. No. 3,450,711, epoxylated
      ammomethyldiphenyl oxides, U.S. Pat. No. 3,312,664; heterocyclic
      N,N'-diglycidyl compounds, U.S. Pat. No. 3,503,979; amino epoxy
      phosphonates, British Pat. No. 1,172,916; 1,3,5-triglycidyl isocyanurates,
      as well as other epoxy-containing materials known in the art.
PAR  As previously set forth, the epoxy-containing materials are reacted with an
      amine to form an adduct. The amine employed may be any primary or
      secondary amine, preferably a secondary amine. Preferably the amine is a
      water-soluble amino compound. Examples of such amines include mono- and
      dialkylamines such as methylamine, ethylamine, propylamine, butylamine,
      dimethylamine, diethylamine, dipropylamine, dibutylamine,
      methylbutylamine, and the like.
PAR  While in most instances reasonably low molecular weight amines may be
      employed, it is possible to employ higher molecular weight monoamines,
      especially where it is preferred that the molecule be flexibilized or
      further modified by the structure contributed by the amines. Likewise, a
      mixture of low molecular weight and high molecular weight amines may be
      employed to modify the resin properties.
PAR  Further, it is possible for the amines to contain other constituents so
      long as they do not interfere with the reaction of the amine and the epoxy
      group and are of the nature or employed under the conditions so that they
      do not gel the reaction mixture.
PAR  The reaction of the amine with the epoxy group-containing material takes
      place upon admixing the amine and the epoxy group-containing material. In
      fact, it may be exothermic. If desired, the reaction mixture, if
      necessary, may be heated to moderate temperature, that is, 50.degree. C.
      to 150.degree.  C., although higher or lower temperatures may be used,
      depending on the desired reaction. It is frequently desirable, in any
      event, at the completion of the reaction to elevate the temperature at
      least slightly for a sufficient time to insure complete reaction.
PAR  The amount of amine reacted with the epoxy group-containing material is at
      least that amount sufficient to render the resin cationic in character,
      that is, transportable to the cathode when acid solubilized. In some
      instances, substantially all of the epoxy groups in the resin are reacted
      with an amine. However, excess epoxy groups may remain which hydrolyze
      upon contact with water to form hydroxyl groups.
PAR  The polyisocyanate-blocking agent adduct is preferably admixed with the
      amine epoxy adduct in ratios of from about 0.5 to about 2.0 urethane
      groups for each hydroxyl group.
PAR  Another cationic system which can be modified by the semi-ketimines is
      described in copending application Ser. No. 193,591, filed Oct. 28, 1971,
      by Robert D. Jerabek and Joseph R. Marchetti entitled SELF-CROSSLINKING
      CATIONIC ELECTRODEPOSITABLE COMPOSITIONS, comprising the reaction product
      of an epoxy group-containing resin, a primary or secondary amine, and a
      partially-capped or blocked organic polyisocyanate and containing a
      catalyst for urethane formation.
PAR  The epoxy material may be any of those described above.
PAR  The partially- or semi-capped or blocked isocyanate which may be employed
      in preparing the composition of the invention may be any polyisocyanate
      where a portion of the isocyanato groups have been reacted with a compound
      so that the resultant capped isocyanate portion is stable to hydroxyl or
      amine groups at room temperature but reactive with hydroxyl or amine
      groups at elevated temperatures, usually between about 200.degree. F. and
      about 600.degree. F. The semi-capped polyisocyanate employed should
      contain an average of about one free reactive isocyanate group.
PAR  In the preparation of the partially-blocked organic polyisocyanate, any
      suitable organic polyisocyanate may be used, such as the representative
      examples set forth above.
PAR  Preferably, the polyisocyanate employed should have isocyanate groups with
      varied reactivity to facilitate the partially-blocking reaction.
PAR  In addition, the organic polyisocyanate may be a prepolymer derived from a
      polyol including polyether polyol or polyester polyol such as those
      described above.
PAR  Any suitable aliphatic, cycloaliphatic aromatic alkyl monoalcohol and
      phenolic compound may be used as a blocking agent in accordance with the
      present invention, such as, for example, lower aliphatic alcohols, such as
      methyl, ethyl, chloroethyl, propyl, butyl, amyl, hexyl, heptyl, octyl,
      nonyl, 3,3,5-trimethylhexanol, decyl, and lauryl alcohols, and the like;
      the cycloaliphatic alcohols such as, for example, cyclopentanol,
      cyclohexanol, and the like; the aromatic alkyl alcohols, such as
      phenylcarbinol, methylphenylcarbinol, ethylene glycol monoethyl ether,
      ethylene glycol monobutyl ether, and the like; the phenolic compounds such
      as phenol itself, substituted phenols in which the substituents do not
      adversely affect the coating operations. Examples include cresol, xylenol,
      nitrophenol, chlorophenol, ethylphenol, t-butyl-phenol and
      2,5-di-t-butyl-4-hydroxy toluene. Minor amounts of higher molecular
      weight, relatively non-volatile monoalcohols may be used, if desired, to
      serve as plasticizers in the coatings provided by this invention.
PAR  Additional blocking agents include tertiary hydroxylamines such as
      diethylethanolamine and oximes such as methyl ethyl ketone oximes, acetone
      oxime and cyclohexanone oxime. Use of oximes and phenols is particularly
      desirable because specific polyisocyanates blocked with these agents uncap
      at relatively low temperatures without the need for externally added
      urethane forming catalyst such as tin catalyst.
PAR  The semi-capped organic polyisocyanate is formed by reacting a sufficient
      quantity of blocking agent with the organic polyisocyanate to provide a
      product having one free isocyanate group remaining.
PAR  As previously set forth, the epoxy-containing materials are reacted with an
      amine to form an adduct. The amine employed may be any primary or
      secondary amine, preferably a secondary amine. Preferably the amine is a
      water-soluble amino compound. Examples of such amines include mono- and
      dialkylamines such methylamine, ethylamine, propylamine, butylamine,
      dimethylamine, diethylamine, dipropylamine, dibutylamine,
      methylbutylamine, and the like.
PAR  While in most instances reasonably low molecular weight amines may be
      employed, it is possible to employ higher molecular weight monoamines,
      especially where it is preferred that the molecule be flexibilized or
      further modified by the structure contributed by the amines. Likewise, a
      mixture of low molecular weight and high molecular weight amines may be
      employed to modify the resin properties.
PAR  Further, it is possible for the amines to contain other constituents so
      long as they do not interfere with the reaction of the amine and the epoxy
      group and are of the nature or employed under the conditions so that they
      do not gel the reaction mixture.
PAR  The epoxy containing material, the semi-capped isocyanate and the amine may
      be reacted in alternative order.
PAR  Where the epoxy group-containing materials also contain hydroxyl groups,
      for example, the higher polyglycidyl ethers of polyphenols, the epoxy may
      be first reacted with the semi-capped polyisocyanate. The portion reacted
      is not unduly critical. Preferably sufficient semi-capped isocyanate is
      employed to provide an adequate number of crosslinking sites to provide a
      cured film. Usually about one-half of the available hydroxyl groups are
      reacted. The maximum amount reacted can be the equivalence of the total
      hydroxyl functionality together with half the epoxy functionality.
PAR  Preferably this reaction is conducted at low or moderate temperatures,
      generally less than about 120.degree. C. to preserve the capped isocyanate
      groups in order to avoid gelation and to retain latent crosslinking sites.
      Usually the reaction is conducted in the presence of a catalyst for
      urethane formation at a temperature between about 60.degree. C. and about
      120.degree. C. Temperatures of about 100.degree. C. are commonly employed.
PAR  After the completion of the above reaction, the resulting product is then
      reacted with the amine. The reaction of the amine with the epoxy
      group-containing material takes place upon admixing the amine and the
      epoxy-containing material. In fact, the reaction is frequently exothermic.
      If desired, the reaction mixture, if necessary, may be heated to moderate
      temperature, that is, 50.degree. C. to about 130.degree. C., care being
      taken to preserve the capped isocyanate groups previously added. It is
      frequently desirable in any event to elevate the temperature at least
      slightly for a sufficient time to insure complete reaction.
PAR  The amount of amine reacted with the epoxy group-containing material is at
      least that amount sufficient to render the resin cationic in character,
      that is, transportable to the cathode when acid solubilized. In some
      instances substantially all of the epoxy groups in the resin are reacted
      with an amine. However, excess epoxy groups may remain which hydrolyze
      upon contact with water to form hydroxyl groups.
PAR  Alternatively, the epoxy group-containing material may first be reacted
      with the amine to form an amine-epoxy adduct.
PAR  Polyamine ketimine derivatives utilized in the formation of products of
      this invention are derived in turn from virtually any polyamine capable of
      reacting with an epoxy group and having at least one secondary amine group
      and containing primary amine groups such as diethylene triamine,
      triethylene tetramine, etc. Preferred polyamines are the alkylene
      polyamines and the substituted alkylene polyamines. Especially preferred
      polyamines are selected from those having the following formula:
EQU  H.sub.2 NRNHRNH.sub.2
PAL  where R is a difunctional aliphatic group containing from 2 to about 28
      carbon atoms. R may represent the same or different radicals in any one
      polyamine compound. Inert or non-interferring groups may be present on the
      group R.
PAR  Particularly preferred polyamines are those having the formula set forth
      above wherein R is an aliphatic hydrocarbon group. It is still more
      preferred that R is an alkylene group of 2-6 carbon atoms.
PAR  Typical of the amines which may be used are diethylene triamine, etc., and
      the corresponding propylene, butylene, etc., amine. Other amines which may
      be employed include primary-secondary amines such as N-aminoethyl
      piperazine or amines corresponding to the formula:
EQU  RNH--R--NH.sub.2
PAR  the primary amine groups in the polyamine compounds are converted to
      ketimines by reaction with ketones. Such ketones may have the following
      structural formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are organic radicals and are each
      substantially inert to the ketimine formation reaction. Preferably R.sub.1
      and R.sub.2 are short chain alkyl groups (1 to 4 carbon atoms). It is
      often preferred to use a ketone which boils below or near the boiling
      point of water or which readily distills with water. The reaction of the
      ketone with the primary amine groups can be illustrated as follows:
      ##EQU2##
PAR  Preferred examples of ketones include acetone, methyl ethyl ketone, diethyl
      ketone, methyl propyl ketone, methyl isopropyl ketone, methyl n-butyl
      ketone, methyl isobutyl ketone, ethyl isopropyl ketone, cyclohexanone,
      cyclopentanone, acetophenone, and the like. Especially preferred ketones
      are acetone, methyl ethyl ketone and methyl isobutyl ketone.
PAR  As previously stated, the secondary amine groups containing ketimine may be
      reacted with the base electrodepositable resin at any stage where free
      epoxy groups remain in the molecule.
PAR  The reaction of the amine with the epoxy group-containing material takes
      place upon admixing the amine and the epoxy group-containing material. In
      fact, the reaction is frequently exothermic. If desired, the reaction
      mixture, if necessary may be heated to moderate temperature, that is,
      about 50.degree. C. to about 130.degree. C., care being taken to preserve
      the ketimine groups and blocked isocyanate groups present. It is
      frequently desirable, in any event, to elevate the temperature at least
      slightly for a sufficient time to insure complete reaction.
PAR  Subsequent to the reaction, the resultant resin should not be exposed to
      conditions which will decompose the ketimine groups to generate free
      primary amine groups until the possibility of gelation or crosslinking
      with the primary amine groups does not exist. The ketimine will decompose
      upon aqueous dispersion.
PAR  Generally, the ratio of capped isocyanate groups to hydroxyl groups in the
      final aqueous dispersion is from about 0.5 to about 2.0 isocyanate groups
      for each hydroxyl group.
PAR  It is usually necessary, in order to insure rapid and complete curing of
      the polymers of the invention, to have present in the coating mixture a
      catalyst for urethane formation. However, if curing temperatures after
      deposition are high enough, catalyst may not be needed. Also, if proper
      blocking agent for the isocyanate is employed, e.g. oximes, catalyst may
      not be needed. Examples of externally added catalyst are tin compounds
      such as dibutyl tin dilaurate and dibutyl tin diacetate, which are
      preferred, but other catalysts for urethane formation known in the art may
      be employed. The amount of catalyst employed is that amount which
      effectively promotes reaction of the deposited film, for example, amounts
      varying from about 0.5 percent to about 4 percent by weight of the polymer
      may be employed. Typically about 2 percent by weight is employed.
PAR  The polymer of the invention and catalyst mixture is electrodeposited on a
      suitable substrate and cured at elevated temperatures, such as from about
      250.degree. F. to about 600.degree. F., the film curing at least in part
      through urethane crosslinks. The alcohol released may either volatilize or
      remain in the mixture as a plasticizer, depending essentially on its
      boiling point.
PAR  Aqueous components containing the above components are highly useful as
      coating compositions, particularly suited to application by
      electrodeposition, although they may also be applied by conventional
      coating techniques. It is necessary to add a neutralizing agent to obtain
      a suitable aqueous composition. It is desirable to electrodeposit these
      coatings from a solution having a pH between about 3 and about 9.
PAR  Neutralization of these products is accomplished by the reaction of all or
      part of the amino groups by water-soluble acid, for example, formic acid,
      acetic acid, or phosphoric acid, or the like. The extent of neutralization
      depends upon the particular resin and it is only necessary that sufficient
      acid be added to solubilize or disperse the resin.
PAR  Electrodepositable compositions while referred to as "solubilized" in fact
      are considered a complex solution, dispersion or suspension or combination
      of one or more of these classes in water, which acts as an electrolyte
      under the influence of an electric current. While no doubt in some
      instances the resin is in solution, it is clear that in some instances and
      perhaps in most the resin is a dispersion which may be called a molecular
      dispersion of molecular size between a collodial suspension and a true
      solution.
PAR  The concentration of the product in water depends upon the process
      parameters to be used and is in general not critical, but ordinarily the
      major proportion of the aqueous composition is water, e.g., the
      composition may contain one to 25 percent by weight of resin. In most
      instances, a pigment composition and, if desired, various additives such
      as anti-oxidants, surface-active agents, coupling solvents, and the like
      known in the electrodeposition art are included. The pigment composition
      may be of any conventional type, comprising, for example, one or more
      pigments such as iron oxides, lead oxides, strontium chromate, carbon
      black, titanium dioxide, talc, barium sulfate, cadmium yellow, cadmium
      red, chromic yellow, and the like.
PAR  In electrodeposition processes employing the aqueous coating compositions
      described above, the aqueous composition is placed in contact with an
      electrically conductive anode and an electrically conductive cathode, with
      the surface to be coated being the cathode. Upon passage of electric
      current between the anode and the cathode, while in contact with the bath
      containing the coating composition, an adherent film of the coating
      composition is deposited on the cathode. This is in contrast to processes
      utilizing polycarboxylic acid resins which deposit on the anode, and many
      of the advantages described above are in large part attributed to this
      cathodic deposition.
PAR  The conditions under which the electrodeposition is carried out are in
      general similar to those used in electrodeposition of other types of
      coatings. The applied voltage may be varied greatly and can be, for
      example, as low as one volt or as high as several thousand volts, although
      typically between 50 volts and 500 volts. The current density is usually
      between about 1.0 ampere and 15 amperes per square foot, and tends to
      decrease during electrodeposition.
PAR  The method of the invention is applicable to the coating of any
      electrically conductive substrate, and especially metals such as steel,
      aluminum, copper, or the like.
PAR  After deposition, the coating is cured at elevated temperatures by any
      convenient method, such as in baking ovens or with banks of infrared heat
      lamps. Curing tempeatures are preferably from about 350.degree. F. to
      about 425.degree. F., although curing temperatures from about 250.degree.
      F. to about 500.degree. F., or even 600.degree. F. may be employed, if
      desired.
DETD
PAR  Illustrating the invention are the following examples, which, however, are
      not construed as limiting the invention to their details. All parts and
      percentages in the examples, as well as throughout this specification, are
      by weight unless otherwise specified.
PAC  EXAMPLE A
PAR  A cationic pigment dispersant was prepared by heating 746.2 parts of
      stearyl glycidyl ether (Proctor & Gamble's Epoxide 45) and 224 parts of
      ethylene glycol monobutyl ether to about 50.degree. C. and adding 150.2
      parts of n-methyl ethanolamine over a 30-minute period with external
      cooling to keep the batch temperature below 100.degree. C. When all the
      amine was added, the batch was held an additional hour at 100.degree. C.
      before cooling and storage.
PAR  To prepare a grinding vehicle from this cationic pigment dispersant, 200
      parts were blended with 38.5 parts of 88 percent lactic acid and 515 parts
      of deionized water.
PAR  To prepare a pigment paste, 90 parts of this grinding vehicle was blended
      with four parts of acetylenic alcohol defoamer (Surfynol 104-A), 60 parts
      of phthalocyanine blue, 140 parts of ion oxide brown and 306 parts of
      deionized water, and the resultant slurry ground in a suitable mill to a
      Hegman No. 7.
PAC  EXAMPLE I
PAR  An amine-epoxy adduct was prepared as follows:
PAR  One thousand eight hundred thirty (1,830) parts of polyglycidyl ether of
      Bisphenol A (Epon 1004) possessing an epoxy equivalent weight of 915 were
      dissolved in 353.2 parts of methyl butyl ketone by heating to reflux at
      130.degree. C. with agitation in order to remove any water present by use
      of a decanting trap in the distillate return line. Upon cooking to
      80.degree. C. under a dry nitrogen blanket, 52 parts of the diketimine
      derived from one mole of diethylene triamine and 2 moles of methyl
      isobutyl ketone (as described in U.S. Pat. No. 3,523,925) and 138.8 parts
      diethylamine were added and the batch heated to 120.degree. C. where it
      was held approximately 2  hours and then thinned with 326 parts of
      propylene glycol monomethyl ether. The resultant amine cationic
      resin-containing potential primary amine groups (to be generated from the
      ketimine moiety upon water addition) was stored for subsequent use. This
      product was identified as Adduct C.
PAR  In order to prepare a reactive cationic plasticizer, the 2-ethylhexanol
      monourethane of 2,4-toluene diisocyanate was first prepared by adding 1953
      parts of 2-ethylhexanol to 2610 parts of 2,4-toluene diisocyanate and 200
      parts methyl butyl ketone over a 5-hour period with agitation and external
      cooling to maintain the batch reaction temperature below 20.degree. C. The
      batch was then thinned with 100 parts of methyl butyl ketone and stored
      under dry nitrogen.
PAR  In another reactor, 456 parts of the above 2-ethylhexanol monourethane of
      2,4-TDI (1.5 equivalents of free isocyanate) was added to 769.5 parts (1.5
      equivalents) of polyoxypropylene diamine (Jefferson Jeffamine D-1000)
      possessing an amine equivalent weight of 512 over a 20-minute period at
      40.degree. C., and then thinned with 189 parts of methyl butyl ketone to
      yield a reactive cationic plasticizer of 85.2 percent non-volatile
      content.
PAR  In another reactor, the 2-ethylhexanol diurethane of 80/20 2,4-2,6-toluene
      diisocyanate was prepared by slowly adding 87.1 parts of 80/20 2,4-2,6-TDI
      to 143 parts of 2-ethylhexanol containing one drop of dibutyl tin
      dilaurate with external cooling to maintain the reaction mixture below
      100.degree. C.
PAR  To prepare an electrodepositable thermosetting cationic urethane
      composition, 741 parts of the above polytertiary amine cationic resin
      (Adduct C), 57 parts of ethylene glycol monohexyl ether, 134 parts of the
      above reactive cationic plasticizer, 231 parts of the above 2-ethylhexanol
      diurethane and 18 parts dibutyl tin dilaurate catalyst were blended and
      then solubilized with 46 parts 88 percent lactic acid and 1773 parts
      deionized water.
PAR  To pigment this composition, 1216 parts of it were blended with 247 parts
      of the pigment paste described in Example A, and the batch thinned to
      about 12 percent non-volatile content with 2337 parts of deionized water.
PAR  This electrodeposition batch showed a pH of 6.0 and 2 minute throwpower of
      10 inches at 280 volts. Films deposited cathodically for two minutes at
      280 volts on zinc phosphated steel and baked 45 minutes at 350.degree. F.
      yielded smooth, hard, flexible films of 0.5 mil thickness.
PAC  EXAMPLE II
PAR  A 2-ethylhexanol monourethane of 2,4-toluene diisocyanate sample was
      prepared by adding 651 parts of 2-ethylhexanol to an agitated mixture of
      870 parts of 2,4-TDI and 100 parts methyl butyl ketone over approximately
      3 hours, with external cooling to maintain the reaction temperature below
      18.degree. C. After addition was complete, the batch was agitated an
      additional 2 hours and stored under dry nitrogen for subsequent use.
PAR  A self-crosslinking, cationic polyurethane containing free primary amine
      groups was then prepared by first dissolving 700 parts of polyglycidyl
      ether of Bisphenol A (Epon 1001) possessing an equivalent weight of 492
      per epoxide group, in 153.7 parts of methyl butyl ketone and refluxing
      about 20 minutes to remove any water present, by use of a decanting trap
      in the distillate return line. After cooling to 80.degree. C., 598.3 parts
      of the above 2-ethylhexanol monourethane of 2,4-toluene diisocyanate was
      added and the batch reheated to 90-95.degree. C. and held for about one
      hour, then heated to 120.degree.-125.degree. C. and held about 11/2 hours,
      until all NCO was found to have reacted, as indicated by an infrared scan.
PAR  The batch was cooled to 100.degree. C. and 73.8 parts of the diketimine
      derived from one mole of diethylene triamine and 2 moles of methyl
      isobutyl ketone (Shell Chemical Co. curing agent H-1) was added, followed
      by 93.6 parts of diethylamine. The batch was then heated to 120.degree. C.
      and held for one hour at which time 193 parts monohexyl ether of ethylene
      glycol was introduced.
PAR  Into a separate agitated container was blended 1445 parts of water and 76
      parts of 88 percent aqueous lactic acid, after which 1432 parts of the
      above hot resin was slowly blended in. When cooled to approximately
      110.degree. C., 29 parts of dibutyl tin dilaurate were added and the
      resultant 44.4 percent solids aqueous dispersion stored for subsequent
      use.
PAR  A cationic resin for pigment dispersion was prepared by dissolving 500
      parts of polyglycidyl ether of Bisphenol A (Epon 1001) possessing an
      epoxide equivalent weight of 500, in a blend of 96 parts butanol and 96
      parts of the monobutyl ether of ethylene glycol by heating to 55.degree.
      C. with agitation and then introducing 73.1 parts of diethylamine. The
      batch was heated to 100.degree. to 110.degree. C. and held 23/4 hours and
      then stored for subsequent solubilization. For pigment grinding, 200 parts
      of this resin were solubilized by blending with 36 parts of 88 percent
      lactic acid and 273 parts of deionized water. To 73.2 parts of this
      solubilized pigment grinding resin was added 4.8 parts of acetylenic
      alcohol defoamer (Surfynol 104-A), 72 parts phthalocyanine blue, 162 parts
      iron oxide brown and 383 grams of deionized water, and the resultant
      pigment slurry ground in a steel ball mill.
PAR  A pigmented primary amine-containing self-crosslinking, cationic
      electrodepositable composition was prepared by blending 221 parts of the
      above pigment paste with 839 parts of the above 44.4 percent solids
      cationic urethane resin dispersion and 2740 parts of deionized water. This
      composition displayed a solids content of about 12 percent, a pH of 5.7
      and a conductivity of 1165 mmhos./cm.
PAR  When cathodically deposited upon zinc phosphatized steel a (Ford) throw of
      95/8 inches in 2 minutes at 320 volts was displayed. Panels similarly
      coated and baked 20 minutes at 400.degree. F. showed a film thickness of
      0.45 mils, a pencil hardness of 6H and no scribe creepage after an
      exposure of 14 days to salt fog.
PAC  EXAMPLE III
PAR  A 2-ethylhexanol monourethane of 2,4-toluene diisocyanate was prepared by
      adding 1953 parts of 2-ethylhexanol to an agitated mixture of 2610 parts
      of 2,4-TDI and 200 parts of methyl butyl ketone over approximately a
      3-hour period with external cooling to maintain the reaction temperature
      below 18.degree. C. After the addition was completed, the product was
      stored under dry nitrogen for subsequent use.
PAR  A self-crosslinking cationic polyurethane-containing free primary amine
      groups was prepared by first dissolving 700 parts of polyglycidyl ether of
      Bisphenol A (Epon 1001) possessing an equivalent weight of 492 per epoxide
      group, in 150 parts of methyl butyl ketone, and refluxing about 30 minutes
      at 130.degree. C. to remove any water present by use of a decanting trap
      in the distillate return line. After cooling to 100.degree. C., 598.3
      parts of the above 2-ethylhexanol monourethane of 2,4-toluene diisocyanate
      was added along with ten drops of dibutyl tin dilaurate.
PAR  The batch was heated to 120.degree. C. and held about 35 minutes, at which
      time 143.2 parts of ethylene glycol monohexyl ether were added, followed
      by 96.1 parts of n-methyl ethanolamine and 73.8 parts of the diketimine
      derived from one mole of diethylene triamine and 2 moles of methyl
      isobutyl ketone (Shell Chemical Co. curing agent H-1). The batch was held
      at 100.degree. C. for about 2 hours, at which time 1400 parts of it were
      poured into an agitated vessel containing 831 parts of deionized water and
      72 parts of 88 percent lactic acid. After cooling to 110.degree. F., 23
      parts of dibutyl tin dilaurate were added to the mixture and it was
      thinned for subsequent use to 40 percent non-volatile content with 582
      parts of deionized water.
PAR  A cationic pigment dispersant was prepared by heating 746.2 parts of
      stearyl glycidyl ether (Proctor & Gamble's Epoxide 45) and 224 parts of
      ethylene glycol monobutyl ether to about 50.degree. C. and adding 150.2
      parts of n-methyl ethanolamine over a 30-minute period with external
      cooling to keep the batch temperature below 100.degree. C. When all the
      amine was added, the batch was held an additional hour at 100.degree. C.
      before cooling and storage. To prepare a grinding vehicle from this
      cationic pigment dispersant, 200 parts were blended with 38.5 parts of 88
      percent lactic acid and 515 parts of deionized water. To prepare a pigment
      paste 90 parts of this grinding vehicle were blended with 4 parts of
      acetylenic alcohol defoamer (Surfynol 104-A), 60 parts of phthalocyanine
      blue, 140 parts of iron oxide brown, and 306 parts of deionized water, and
      the resultant slurry ground in a steel ball mill.
PAR  A pigmented, self-crosslinking cationic, primary amine-containing
      electrodepositable composition was prepared by blending 228 parts of the
      above paste with 930 parts of the above 40 percent non-volatile cationic
      resin dispersion and reducing with 2642 parts of deionized water. This
      coating bath showed a pH of 6.4, a conductivity of 1510 mmhos./cm., and a
      2-minute throwpower (Ford) of 81/2 inches at 250 volts.
PAR  Films deposited cathodically for two minutes at 250 volts on zinc
      phosphated steel panels showed 0.4 mil film thickness after curing 20
      minutes at 400.degree. F. and showed no scribe creepage when exposed to
      salt fog at 100.degree. F. for two weeks.
PAC  EXAMPLE IV
PAR  A cationic pigment dispersant was prepared by mixing 138 parts by weight of
      an alkyl imidazoline sold commercially by Geigy Industrial Chemicals under
      the trade name Geigy Amine C, 31 parts by weight of glacial acetic acid
      and 138 parts by weight of ethylene glycol monobutyl ether. The mixture
      was thinned with 383 parts by weight of deionized water to form a 40
      percent solids solution.
PAR  To prepare a pigment paste, 100 parts of the above cationic pigment
      dispersant was blended with 40 parts of an acetylenic alcohol defoamer
      (Surfynol 104 A, commercially available from Air Products and Chemicals
      Inc.), 260 parts by weight of deionized water, 140 parts by weight of coal
      dust, 40 parts by weight of lead silicate and 20 parts by weight of
      strontium chromate. The resultant blend was ground in a suitable mill to a
      Hegman No. 7.
PAR  An amine-epoxy adduct was prepared as follows: 970 parts by weight of a
      polyglycidyl ether of Bisphenol A (Epon 1001) possessing an epoxy
      equivalent weight of 485 was first dried by dissolving with 372 parts by
      weight of methyl butyl ketone and heating to reflux at 135.degree. C. to
      remove any water present.
PAR  A diketimine was prepared by charging 585 parts by weight of triethylene
      tetramine, 1129.88 parts by weight of methyl isobutyl ketone to a suitable
      reactor and heating to reflux to remove 129.5 grams of water over 111/2
      hour period. The temperature increased from 100.degree. C. to 148.degree.
      C. over this period, during which time 93 grams of methyl isobutyl ketone
      were removed from the reaction mixture along with the water.
PAR  56.2 parts by weight of the diketimine and 90.5 parts by weight of
      diethylamine were added to the dried Epon 1001 solution and the batch
      heated to 120.degree. C., where it was held for approximately one hour.
      Four hundred and twenty (420) parts by weight of polyoxypropylene diamine
      commercially available from Jefferson Chemical Company under the trademark
      Jeffamine D-2000 were added and the batch held and additional 3 hours at
      120.degree. C. The resultant polytertiary amine cationic resin-containing
      potential primary amine groups (to be generated from the ketimine moiety
      upon water addition) was stored for subsequent use.
PAR  A crosslinking agent, a triurethane was made by charging 290.8 parts by
      weight of 80/20 2,4/2,6-toluene diisocyanate to a reactor under a nitrogen
      blanket. To this was added slowly 217.6 parts by weight of 2-ethylhexanol
      with external cooling to maintain the reaction temperature below
      100.degree. F. After the 2-ethylhexanol has been completely added, the
      reaction mixture was held for 30 minutes under 100.degree. F. The mixture
      was then allowed to exotherm and heat applied to raise the reaction
      temperature to 140.degree. F., at which time 75 parts by weight of
      trimethylol propane were added over the period of 10 minutes with
      agitation. After the trimethylol propane was added, 0.08 parts by weight
      of dibutyl tin dilaurate was added to the reaction mixture. The mixture
      was allowed to exotherm to 250.degree. F. and held for 11/2 hours until
      essentially all of the isocyanate moiety was gone, as indicated by an
      infrared scan. The reaction mixture was then thinned with 249 parts by
      weight of ethylene glycol monoethyl ether.
PAR  To prepare an electrodepositable thermosetting cationic urethane
      composition, 318 parts by weight of the above described polytertiary amine
      cationic resin, 178 parts by weight of the crosslinking agent and 7.6
      grams of dibutyl tin dilaurate were blended together and then solubilized
      with 16.1 parts by weight of glacial acetic acid and 240.3 parts by weight
      of deionized water.
PAR  To pigment this composition, 171 parts of the pigment paste described in
      the beginning of Example IV was added, and the batch thinned with 2869
      parts by weight of deionized water to form an electrodeposition bath of
      11.5 percent solids content.
PAR  Using this bath, films were deposited cathodically for two minutes at 150
      volts on zinc phosphated steel and baked 20 minutes at 400.degree. F.,
      yielding a smooth, hard, acetone-resistant surface of 0.8 mil thickness.
PAR  In the manner of the above examples, various other epoxy-containing
      materials, ketimines, adjuvants and conditions within the scope of the
      above descriptions may be substituted to achieve similar results.
PAR  According to the provisions of the Patent Statutes, there are described
      above the invention and what are now considered to be its best
      embodiments. However, within the scope of the appended claims, it is to be
      understood that the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of electrocoating an electrically conductive surface serving
      as a cathode, which method comprises passing electrical current between
      said cathode and an anode in contact with an aqueous electrodepositable
      composition,
PA1  the improvement wherein said electrodepositable composition comprises an
      acid-neutralized, amine group-solubilized synthetic organic resin, wherein
      said organic resin contains hydroxyl groups curable through urethane group
      crosslinking, wherein at least a portion of said amine groups are primary
      amine groups and wherein said organic resin is formed from a compound
      containing epoxy functionality, at least a portion of said epoxy
      functionality having been reacted with a polyamine, said polyamine having
      latent primary amine groups blocked by ketimine groups and having at least
      one secondary amine group.
NUM  2.
PAR  2. A method according to claim 1, wherein said electrodepositable
      composition comprises:
PA1  A. an acid-solubilized synthetic adduct of:
PA2  1. a primary or secondary amine,
PA2  2. a polyamine derivative having at least one latent primary amine group
      which is blocked by a ketimine group having a free secondary amine group,
      and
PA2  3. an epoxy-containing compound;
PA1  B. a blocked polyisocyanate stable at ordinary room temperature in the
      presence of said synthetic adduct, and reactive with said synthetic adduct
      at elevated temperatures.
NUM  3.
PAR  3. A method according to claim 2, wherein said polyamine derivative is a
      diketimine derived from one mole of diethylene triamine and 2 moles of
      methyl isobutyl ketone.
NUM  4.
PAR  4. A method according to claim 2, wherein (A) and (B) are present in a
      ratio of about 0.5 to about 2.0 blocked isocyanate groups per hydroxyl
      group.
NUM  5.
PAR  5. A method according to claim 2 in which the electrodepositable
      composition additionally comprises a catalyst for urethane formation.
NUM  6.
PAR  6. A method, as in claim 1, wherein said electrodepositable resin comprises
      an acid neutralized, amine group solubilized synthetic organic resin
      wherein said resin contains hydroxyl groups, curable through urethane
      group crosslinking, wherein at least a portion of said amine groups are
      primary amine groups, wherein the resin contains blocked isocyanate groups
      stable at room temperature in the presence of hydroxyl and amine groups
      and reactive with hydroxyl groups at elevated temperatures; and wherein
      said organic resin is formed from a compound containing epoxy functionally
      by reacting the epoxy compound with an amine, at least a portion of which
      is a polyamine, said polyamine having latent primary amine groups blocked
      by ketimine groups and having one secondary amine group, and a
      semi-blocked isocyanate containing an average of about one free reactive
      isocyanate group.
NUM  7.
PAR  7. A method according to claim 6 wherein there are present a ratio of about
      0.5 to about 2.0 blocked isocyanate groups per hydroxyl group.
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ABST
PAL  A refractory article is coated with a metal film by electroless plating.
      Particles of .gamma.-alumina are deposited on the surface of the coated
      article by electrodeposition to prepare a catalyst carrier.
BSUM
PAR  The present invention relates generally to a method for preparing a
      catalyst carrier for use in a catalytic converter in the exhaust pipe of
      an internal combustion engine and more particularly to a method of forming
      .gamma.-alumina coating on the surface of a refractory article to form the
      catalyst carrier.
PAR  It is well known in the art that a catalyst, in which a catalytic metal is
      carried on the surface of a refractory carrier thereof, is usually used
      for conversion of noxious and harmful components of internal combustion
      engine exhaust gases or the like into harmless ones. An improvement in the
      efficiency of the conversion has now been accomplished by increasing the
      surface area of the catalyst carrier so as to carry a larger amount of
      catalytic metal thereon. For increasing the surface area of the catalyst
      carrier, the carrier made of a refractory material is usually coated with
      a film of .gamma.-alumina which provides a rugged and porous surface
      thereon. Such catalyst carrier is usually prepared, for instance, by
      dipping a refractory article into an aqueous suspension, dispersion or
      slurry of the .gamma.-alumina itself, drying and calcining.
PAR  However, in this prior art method, difficulties have been encountered in
      that a uniform film of .gamma.-alumina cannot been formed on the surface
      of the article, and the resultant .gamma.-alumina film is not reproducible
      on repeated runs. Accordingly, it has been impossible to form a uniform
      required amount or thickness of .gamma.-alumina on the surface of the
      refractory article.
PAR  It is therefore an object of the present invention to provide a method for
      preparing an improved catalyst carrier which method overcomes the
      difficulties in the prior art method.
PAR  It is another object of the present invention to provide an improved method
      for forming .gamma.-alumina coating on the surface of a refractory article
      to form the catalyst carrier.
PAR  It is still another object of the present invention to provide a method for
      forming a required amount or thickness of .gamma.-alumina coating on the
      surface of the refractory article with reproducibility thereof.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent from the following description when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates the state in that a .gamma.-alumina particle is covered
      with colloidal alumina particles; and
PAR  FIG. 2 is a cross-sectional view illustrating a catalyst carrier structure
      prepared by a method according to the present invention.
DETD
PAR  In accordance with the method of the present invention, a refractory
      article is firstly coated with a metal film by means of electroless
      plating for providing electrical conductivity on the surface thereof.
      Particles of .gamma.-alumina are thereafter deposited on the surface of
      the article coated with the metal film by means of electrodeposition.
PAR  The method of the present invention is fully described hereinafter. The
      refractory article used in the method is made of a chemically
      substantially inert, rigid, solid material capable of maintaining its
      shape and strength at high temperature, for instance up to 1100.degree.C.
      The material includes a variety of metal oxides and ceramic materials, for
      instance cordierite. The refractory article may be of unitary or
      monolithic type, or in granule, pellet, or tablet forms. The article is
      now commercially available in the open market.
PAR  Onto the external surface of the refractory article, a film of such metal
      as nickel, chromium, cobalt, or copper is firstly coated by means of
      electroless plating techniques. The electroless plating techniques are
      well known in the art. The coated carrier is thereafter immersed in an
      aqueous suspension containing colloidal alumina particles and
      .gamma.-alumina particles for electrodeposition in that the refractory
      article coated with the metal film serves as the cathode.
PAR  As is shown in FIG. 1, in the aqueous suspension, a .gamma.-alumina
      particle 10 is covered with colloidal alumina particles 12 carrying
      positive charges to form a particle aggregate 14 carrying a positive
      charge as a whole. Accordingly, during the electrodeposition, the particle
      aggregates are deposited on the surface of the coated article as the
      cathode to form a mixed film of the .gamma.-alumina particles and the
      colloidal alumina particles.
PAR  In FIG. 2, the catalyst carrier structure 16 prepared by the method
      according to the present invention is shown with the refractory article 18
      made of a metal oxide such as cordierite, the metal film 20 coated by the
      electroless plating, and the mixed film 22 of the alumina colloidal
      particles and the .gamma.-alumina particles, respectively designated.
PAR  The following example is given for the purpose of further describing the
      method of the present invention and to indicate the benefits afforded
      through the utilization thereof.
PAC  EXAMPLE
PAR  A refractory article made of ceramic material was immersed in an aqueous
      solution containing 0.2g/l of palladium chloride for 30 seconds. The thus
      treated article was thereafter immersed in an aqueous solution containing
      30g/l of nickel chloride, 10g/l of sodium hypophosphite, and 100g/l of
      sodium citrate at 90.degree.C for 5 minutes for electroless nickel plating
      on the surface thereof. The thus nickel coated article was immersed in an
      aqueous suspension containing 63 parts by weight of water, 27 parts by
      weight of colloidal alumina particles, and 30 parts by weight of
      .gamma.-alumina particles for electrodeposition. In this
      electrodeposition, the time of treatment, and the applied voltage and
      amperes were varied to determine the weight variation of deposit
      containing colloidal alumina particles and .gamma.-alumina particles on
      the surface of the nickel coated carrier as the cathode.
PAR  The deposit weight under the varying conditions are shown in the Table
      below.
TBL  ______________________________________                                    
                      Deposit weight, grams                                    
     Voltage and                                                               
     ampere                                                                    
     Time of            100 V    150 V                                         
     treatment, sec.     1 A     1.5 A                                         
     ______________________________________                                    
     15                 2.3      3.1                                           
     30                 4.1      5.8                                           
     60                 8.4      12.5                                          
     120                15.7     23.7                                          
     ______________________________________                                    
      * Surface area of refractory article before electrodeposition: 5 dm.sup.2
PAR  It is noted that the deposit weight obtained by ten repeated
      electrodepositions under the same conditions were reproduced within
      .+-.0.2g. This fact shows that the method according to the present
      invention is considerably reproducible.
PAR  It is understood that a required thickness of .gamma.-alumina coating can
      be easily formed on the surface of the refractory article. In addition the
      resultant .gamma.-alumina coating is uniform and has larger bonding
      strength than one according to the prior art method.
PAR  For the purpose of practical use as a catalyst to convert noxious and
      harmful components in the automotive exhaust gases into harmless ones, the
      .gamma.-alumina coated refractory article will be impregnated with a
      catalytic metal capable of oxidizing carbon monoxide and hydrocarbons and
      reducing nitrogen oxides, for instance platinum, ruthenium, rhodium, and
      palladium. By this impregnation, a considerably uniform coating of the
      catalytic metal will be obtained due to the uniform basis of the
      .gamma.-alumina coating over the catalyst carrier surface.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a .gamma.-alumina coating on the surface of a
      refractory article, said method comprising the steps of:
PA1  coating a metal film onto the surface of the refractory article by means of
      electroless plating for providing conductivity on the surface of said
      refractory article;
PA1  immersing the coated refractory article in a suspension containing
      .gamma.-alumina particles and colloidal alumina particles, said
      .gamma.-alumina particles being covered with said colloidal alumina
      particles to form particle aggregates carrying positive charge;
PA1  making said so-coated article the cathode in an electrodeposition cell and
PA1  depositing a layer of .gamma.-alumina particles and colloidal alumina
      particles on the surface of said metal film on said refractory article, by
      the application of an electrodeposition potential.
NUM  2.
PAR  2. A method according to claim 1, in which said electroless plating is
      carried out by immersing said refractory article in an aqueous solution
      containing a compound of the metal at a predetermined temperature for a
      predetermined time after immersing said refractory article in an aqueous
      solution of palladium chloride.
NUM  3.
PAR  3. A method according to claim 1, in which said electrodeposition is
      carried out by using said refractory article, coated with said metal film,
      as the cathode in an aqueous suspension containing .gamma.-alumina
      particles and colloidal alumina particles.
NUM  4.
PAR  4. A method according to claim 1, in which said refractory article includes
      a metal oxide.
NUM  5.
PAR  5. A method according to claim 4, in which said metal oxide includes a
      ceramic material.
NUM  6.
PAR  6. A method according to claim 5, in which said ceramic material includes
      cordierite.
NUM  7.
PAR  7. A method according to claim 1, in which said metal of said film is a
      metal selected from the group consisting of nickel, chromium, cobalt, and
      copper.
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ABST
PAL  Scale formation on heat exchanger surfaces in contact with solutions
      containing scale-forming salts is inhibited by electrodeposition of
      polymerized phenol or phenylenediamine on the surfaces. The deposition is
      accomplished by holding the heat exchange surfaces at a controlled
      electrical potential in the presence of a solution containing a low
      concentration of the monomer.
BSUM
PAR  Scale formation on heated surfaces is a continuous problem in evaporation
      of waters containing scale-forming salts, e.g., in distillation of sea
      water, steam boilers, etc. Specifically, heat exchanger surfaces of
      evaporative desalination plants are subject to formation of large
      quantities of scale, particularly calcium sulfate, resulting from the
      presence of high concentrations of scale-forming divalent cations and
      anions. This scale impedes heat transfer through the walls of the heat
      exchanger and seriously interferes with the efficiency of the process.
PAR  Various organic compounds such as polyacrylic acid, polyphosphates, etc.,
      have previously been used for scale inhibition. However, they have
      generally suffered from a variety of deficiencies such as high cost, poor
      stability, ineffectiveness at high temperatures, etc.
PAR  It has now been found that a significant reduction in scale deposition may
      be achieved by means of an initial electrodeposition of a thin layer of a
      polymer of phenol or ortho or metaphenylenediamine on the interior heat
      exchanger surface, i.e., the surface that contacts the feed solution
      during the evaporation process. This deposition is accomplished by holding
      the heat exchange surfaces at a controlled electrical potential in the
      presence of a solution containing a low concentration of monomeric phenol
      or phenylenediamine. The controlled potential causes polymerization of the
      monomer and deposition of the resulting polymer onto the heat exchanger
      surfaces. The technique permits exact control of the thickness of the
      deposited layer, and the layers so deposited are extremely stable even to
      a range of organic solvents, strong acids and strong alkalis.
PAR  The heat exchanger, the surface of which is treated according to the
      process of the invention, may be of any material conventionally employed
      for the above-discussed purposes. E.g., it may consist of stainless steel,
      nickel, copper, copper-nickel alloy, etc. It may also be of any
      conventional size and shape, e.g., it may be flat, or curved as in the
      case of tubular condenser units.
PAR  Deposition of the polymer may be carried out from any conductive solution,
      including sea water. Accordingly, the scale-inhibiting pretreatment of the
      invention may be carried out while the heat exchanger surfaces are in
      contact with the feed solution to be evaporated. Once formed, the
      scale-inhibiting layer of the invention does not require the imposition of
      an electrical potential and any excess organic monomer may, therefore, be
      removed from the solution.
PAR  The conductive solution will generally consist of an aqueous solution of a
      salt, or salts, in a concentration sufficient to provide adequate
      conductivity for the polymerization process. The polymerization may be
      affected even in the presence of chloride ions, as in the case where
      sodium chloride is used to provide adequate conductivity. The pH of the
      solution may range from about 2 to 11.2. However, optimum pH will vary
      with the nature of the heat exchanger surfaces, e.g., where the heat
      exchanger consists of stainless steel or nickel, a pH of about 5.5 is
      usually preferred while a pH of about 10 to 10.5 generally gives best
      results with copper or copper-nickel heat exchangers. Ambient conditions
      of temperature and pressure are generally satisfactory, although the
      deposition can generally be carried out over a considerable range of
      temperature, e.g., about 10.degree. to 100.degree.C.
PAR  Optimum concentration of the monomer in the conductive solution during the
      deposition process will depend on the specific conductive solution and
      monomer employed, the nature of the heat exchanger surfaces, value of the
      applied voltage, etc., and is best determined experimentally. However, a
      concentration of about 10.sup.-.sup.6 to 10.sup.-.sup.2 M is usually
      satisfactory.
PAR  Polymerization of the monomer, and deposition of the resulting polymer on
      the heat exchanger surfaces, is accomplished by application of an
      electrical potential to the exchanger surfaces. This procedure is
      conventional and is disclosed in numerous prior art patents, e.g., U.S.
      Pat. Nos. 3,645,871 and 3,645,872. Typically, the monomer-containing
      conductive solution is placed in contact with an electrically conductive
      cathode, which may consist of any conventional electrode material, and the
      exchanger surfaces, which serve as the anode. Where the heat exchanger
      surfaces comprise distillation apparatus or boilers, the electrodeposition
      process may be carried out by simply adding the appropriate amount of
      monomer to the feed water in the distillation apparatus or boiler.
      Application of a suitable electric potential to the distillation apparatus
      or boiler, connected as the anode, results in polymerization and
      deposition of the scale-inhibiting polymer, and the feed water may then be
      distilled or evaporated with substantial reduction of scale deposition.
PAR  Optimum values of applied voltage in the deposition process will vary with
      the size, shape and composition of the heat exchanger surface, the nature
      of the feed solution, specific monomer employed, desired thickness of the
      resulting layer of scale-inhibiting polymer, etc., and is best determined
      experimentally. A range of about 0.35 to 0.7 volts versus a calomel
      electrode usually gives good results. Resulting deposition currents are
      typically in the range of about 0.5 to 10 microamps per square centimeter
      of heat exchanger surface.
PAR  Optimum time for completion of the deposition process will also depend on
      the above-discussed variables, but it may vary over a range of about 1 to
      50 hours. Generally, the thickness of the deposit increases with increased
      concentration of monomer in solution and increased deposition time. A
      deposit of sufficient thickness to be visible usually provides good scale
      inhibition. However, the deposit does not necessarily have to be visible
      to provide adequate scale inhibition.
DETD
PAR  The invention will be more specifically illustrated by the following
      examples.
PAC  EXAMPLES 1-5
PAR  Scale-inhibiting layers of polymer were deposited on flat metal plates,
      which were then tested for scale inhibition. Reactants, reaction
      conditions and results are given in Table 1. The monomer was polymerized
      and deposited on the metal plate from an aqueous solution having the pH
      and monomer concentrations given in Table 1. Applied voltages and time of
      treatment are also given in table 1. Example 2 additionally contained 0.2
      M KCl + 0.2 M HCl buffer.
PAR  Scale inhibition by the polymeric layers was tested by subjecting one
      surface of the treated plates to an aqueous solution 0.05 M in calcium
      sulfate and 1.3 M in sodium chloride at a temperature of 85.degree.C (bulk
      temperature of the saline solution), under a pressure of 10 psi of
      nitrogen and with stirring, for a period of 2 hours. The reverse surface
      of each test plate was concurrently heated by contact with ethylene glycol
      at 130.degree.C to establish conditions for calcium sulfate hemihydrate
      scale formation at the test surface/bulk solution interface. Nitrogen
      pressure was applied to prevent boiling at this interface where the
      estimated temperature was 115.degree.C. The plates were then removed and
      the amount of scale formed on the plates was measured by titration of the
      scale with EDTA. Controls, without scale-inhibition treatment, were also
      subjected to the same treatment, with the amount of scale also determined
      by titration with EDTA. Results, showing a high degree of scale
      inhibition, are given in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Example                                                                   
          Monomer   Metal Conditions of                                        
                                      Scale Control                            
                                                mg Scale With                  
                                                          %                    
                          Polymerization                                       
                                      Value (mg Ca.sup.-.sup.-)                
                                                Inhibiting Layer               
                                                          Inhibition           
     __________________________________________________________________________
     1    Phenol    Platinum                                                   
                          pH 10.5, 10.sup..sup.-3 M                            
                                      78.7      3.2       95.9                 
                          2 hr. 0.7 V           (14 hr)                        
     2    o-phenylenediamine                                                   
                    Platinum                                                   
                          pH 2, (Cl.sup.-)                                     
                                      78.7      3.6       95.4                 
                          10.sup.-.sup.2 M, 16 hr, 0.7 V                       
     3    m-phenylenediamine                                                   
                    Platinum                                                   
                          pH 5.5, 10.sup..sup.-3 M                             
                                      78.7      0.5       99.4                 
                          56 hr, 0.7 V                                         
     4    m-phenylenediamine                                                   
                    Platinum                                                   
                          pH 5.5, 10.sup..sup.-3 M                             
                                      78.7      1.3       98.3                 
                          2 hr, 0.5 V                                          
     5    m-phenylenediamine                                                   
                    Stainless                                                  
                          pH 5.5, 10.sup..sup.-2 M                             
                                      63.0      0.3       99.5                 
                    Steel 18 hr, 0.5 V                                         
     __________________________________________________________________________
PAC  EXAMPLES 6-14
PAR  These examples show longer term scale inhibiting data for polymer deposited
      on various metal surfaces. Scale-inhibiting layers of polymer were again
      deposited on flat metal plates, which were then tested for scale
      inhibition by the same procedure as that employed in examples 1-5.
PAR  The monomer employed was in each case m-phenylenediamine, and the
      polymerizations were carried out at a monomer concentration of
      10.sup.-.sup.2 M and an applied voltage of 0.5 V. Polymerization pH was
      5.5 where the metal was stainless steel or nickel, and 10.5 where the
      metal was copper or copper-nickel alloy. Polymer layer formation times are
      given in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                    Polymer layer                                              
                            Test Layer                                         
     Example                                                                   
          Metal     Formation                                                  
                            Period,                                            
                                 Appearance                                    
                                          Scale Control                        
                                                    mg Scale                   
                                                              %ith             
                    Time,hrs.                                                  
                            hrs.          Value (mg Ca.sup.-.sup.-)            
                                                    Inhibiting                 
                                                              Inhibition       
     __________________________________________________________________________
     6    Stainless Steel                                                      
                    18      22   Dark Brown                                    
                                          44.1      0.3       99.3             
     7    Stainless Steel                                                      
                    5       22   Light Yellow-                                 
                                          44.1      0         100              
                                 /Brown                                        
     8    Stainless Steel                                                      
                    1       22   Not visible                                   
                                          44.1      0         100              
     9    Stainless Steel                                                      
                    0.5     22   Not visible                                   
                                          44.1      1.0       97.7             
     10   Copper    18      57   Copper colored                                
                                          75.8      0         100              
     11   Nickel    18      50   Black    10.8      0.4       96.3             
     12   Copper/Nickel                                                        
                    18      22   Green/Yellow                                  
                                          76.0      0         100              
          (70/30)                                                              
     13   Copper/Nickel                                                        
                    4       22   Yellow   76.0      0         100              
     14   Copper/Nickel                                                        
                    1       22   Not visible                                   
                                          76.0      0         100              
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for electrodeposition of a scale-inhibiting layer of
      polyphenylenediamine on a metallic heat exchange surface comprising
      contacting the heat exchange surface with a conductive aqueous solution of
      a monomeric phenylenediamine while holding the heat exchange surface at a
      controlled electrical potential for a time sufficient to effect
      polymerization of the monomer and deposition of the resulting polymer on
      the heat exchange surface.
NUM  2.
PAR  2. The process of claim 1 in which the phenylenediamine is
      o-phenylenediamine.
NUM  3.
PAR  3. The process of claim 1 in which the phenylenediamine is
      m-phenylenediamine.
NUM  4.
PAR  4. The process of claim 1 in which the conductive aqueous solution consists
      of a solution of the monomeric phenylenediamine in sea water.
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TTL  Method of forming a composite electrode
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ABST
PAL  Composite electrodes for a crossed-field switch device is formed by
      positioning a refractory metal structure substantially at the location of
      its first electrode, sputtering metal from the refractory metal structure
      onto the second electrode so that the second electrode is coated with
      refractory material, then removing the refractory metal structure and
      replacing the first electrode, followed by back sputtering onto the first
      electrode.
PARN
PAC  CROSS REFERENCE
PAR  This application is a division of patent application Ser. No. 386,115 filed
      Aug. 6, 1973, now U.S. Pat. No. 3,876,905 directed to "Composite
      Electrodes for Cross-Field Switch Device and Method".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a method for making a composite electrode
      structure for use in crossed-field switch devices.
PAR  Crossed-field electrical discharge devices were primarily laboratory
      curiosities, until recent developments having shown that they are capable
      of carrying high direct currents and interrupting against high voltages.
      This capability has resulted in their design into a number of circuit
      breakers. In such circuit breakers, the crossed-field devices become
      crossed-field interrupting devices which perform the function of
      interrupting direct current to result in increasing circuit breaker
      impedance. Prior patents which can use suitable crossed-field switch
      devices as their switching elements in circuit breaker environments
      include K. T. Lian U.S. Pat. No. RE 27,257; K. T. Lian and W. F. Long U.S.
      Pat. No. 3,641,358; M. A. Lutz and W. F. Long U.S. Pat. No. 3,660,723.
      These illustrate the manner in which a crossed-field switch device can be
      used.
PAR  Two patents which illustrate particular structure of a crossed-field switch
      device are G. A. G. Hofmann and R. C. Knechtli U.S. Pat. No. 3,558,960 and
      M. A. Lutz and R. C. Knechtli U.S. Pat. No. 3,638,061. These patents
      discuss the maintenance of pressure in the interelectrode gap during
      conduction. Furthermore, G. A. G. Hofmann U.S. Pat. No. 3,604,977 and M.
      A. Lutz and G. A. G. Hofmann U.S. Pat. No. 3,678,289 discuss the
      management and control of the off-switching of crossed-field switch
      devices by control of the magnetic field. Continuing improvements are
      being made to enhance the voltage and current capabilities, as well as
      life and reliability of the crossed-field switch devices.
PAR  The electrode surfaces, particularly the cathode surface which is exposed
      to high intensity discharge in the crossed-field switch device, should be
      of a material which is resistant to sputtering to maximize tube life, and
      resistant to the glow-to-arc transition to attain high reliability. These
      requirements are met by refractory materials. However, the cathode as a
      whole should have enough mechanical strength to serve as a tube envelope.
      Furthermore, it should resist eddy currents which are set up by the
      magnetic field switching, and it should be as economic as possible. These
      requirements are best met by other than refractory materials.
PAC  SUMMARY OF THE INVENTION
PAR  In order to aid in the understanding of this invention, it can be stated in
      essentially summary form that it is directed to the method for making a
      composite electrode for a crossed-field switch device. The method
      comprises placing a refractory metal insert in the position of the first
      electrode and sputtering from the refractory metal insert to form a layer
      on the surface of the second electrode and subsequently removing the
      refractory metal insert, installing the first electrode, and back
      sputtering onto the first electrode so that the device can be operated as
      a crossed-field switch device with composite electrodes.
PAR  It is thus an object of this invention to provide a method by which
      composite electrodes can be made. It is another object to provide a method
      for making composite electrodes for crossed-field switch devices which
      readily and economically produces the composite electrodes. It is a
      further object to provide a method which, when carried to completion,
      results in producing composite electrodes of both the first and second
      electrodes in the crossed-field switch device. It is a further object to
      provide electrodes for a crossed-field switch device, which electrodes are
      formed to two different materials, so that each of the materials is
      positioned to take best advantages of its properties. It is yet another
      object to provide a crossed-field switch device which has electrodes
      principally formed of a material suitable for its structural properties
      and coated with a refractory material especially suited to resist
      performance degradation of the switch device. It is a further object to
      provide a method by which composite electrodes are formed.
PAR  Other objects and advantages of this invention will become apparent from a
      study of the following portion of this specification, the claims and the
      attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational-view, with parts broken away and parts taken
      in section, of a crossed-field switch device having composite electrodes,
      in accordance with this invention.
PAR  FIG. 2 is an enlarged sectional view, with parts broken away, of one of the
      composite electrodes.
PAR  FIG. 3 is a sequence diagram of the preferred practice of the method of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The crossed-field switch 10 constructed in accordance with this invention
      is shown in FIG. 1. It comprises an outwardly-facing cylindrical anode 12
      around which is positioned an inwardly-facing cathode 14 to define an
      interelectrode space 16 therebetween. The anode 12 is perforated, as by
      holes 18 so that the interior space 20 within the anode is permitted to
      supply gas to the interelectrode space 16 to aid in maintaining
      conduction, as taught by G. A. G. Hofmann and R. C. Knechtli U.S. Pat. No.
      3,558,960. In order to prevent a long, straight line path between the
      interelectrode space 16 and the anode interior space 20, baffles 22 are
      provided. These baffles are a first row of axially-spaced cylindrical
      rings positioned within the interior of the anode and a second set of
      axially-spaced cylindrical rings spaced interiorly of the first set. These
      baffle rings are axially offset so that the one set covers the spaces
      between the rings of the other set. Thus, straight line paths are
      eliminated. This prevents electrons from directly passing from the
      interelectrode space 16 into the interior space 20.
PAR  Cathode 14 is part of the pressure vessel 24 which provides a structural
      strength and vacuum integrity to the crossed-field switch 10 and
      particularly the interelectrode space. Lower shell 26 closes the lower end
      of the vacuum space and is attached to the cylindrical wall which forms
      cathode 14. Any convenient supporting means, such as leg 28 can be used to
      support the entire structure.
PAR  Support plate 30 is in the form of a disc which closes the upper end of the
      cylinder formed by cathode 14 and seals against it. It is raiseable for
      disassembly of the device. When raised, the insulator 42 and anode
      structure come up out of the cathode tank. Stand-off bushing 32 is of
      insulator material. Anode connection 34 is vacuum-sealed with respect to
      the bushing and extends out of the end thereof for connection into a
      circuit. The anode connection 34 is in the form of a rod which extends
      down the interior of standoff bushing 32 into the interior of the anode.
      Anode connection 34 terminates in support plate 36. A plurality of legs 38
      extend from support plate 36 and are attached to anode 12 to support the
      anode. The anode baffles are supported by rods which are positioned
      axially between the sets of anode baffles and are secured at their lower
      ends to legs 38. The upper end of anode 12 is provided with a re-entrant
      curved section 40 which engages against the outer surface of insulator
      tube 42 which descends from support plate 30 and which carries support
      plate 36. Spacer 44 is at cathode potential and electrically floating
      electrode 46 fills the gap to prevent Paschen breakdown.
PAR  A magnetic field is necessary to interengage with the electrical field in
      the interelectrode space to provide the crossed-field low pressure plasma
      discharge in the interelectrode space. The main magnetic field is provided
      by field coil 48 which extends circumferentially around the interelectrode
      space 16. In the particular example, a 100-turn field coil is provided. By
      passing 20 amperes through the main field coil 48, an interelectrode space
      magnetic field of 80 GAUSS is provided so that conduction condtions exist
      when the helium gas pressure in the interelectrode space is about 0.05
      TORR and an electric field of about 250 volts per centimeter is present.
      In this situation, the magnetic field is said to be above the critical
      value so that conduction can take place.
PAR  In order to quickly turn off the magnetic field to stop conduction of the
      crossed-field switch, a switch coil is necessary. Switch coil 50 is a
      one-turn coil. When it is energized to buck the field coil 48, it drives
      the net magnetic field below the critical value so that the device becomes
      nonconducting. See M. A. Lutz and G. A. G. Hofmann, U.S. Pat. No.
      3,678,289. Thus, the crossed-field switch device 10 is an off-switch.
      Problems arise, if the switch tube dimensions are large and the vacuum
      envelope is a metallic tank, as in the present case. The attenuation of
      the magnetic field diffusing through the tank wall is considerable and
      requires a relatively high outside field to achieve the necessary field
      strength in the interelectrode space.
PAR  As is seen in the drawing, the primary or main field coil 48 is separated
      from off-switching coil 50 to reduce capacitive coupling. Short circuit
      winding 52 between the coils reduces inductive coupling. The injection of
      transients into the power supply for field coil 48 is therefore reduced,
      eliminating the need for a blocking choke in the circuit of coil 48. As
      stated, switch coil 50 consists of only one or a few turns. With such few
      turns, only low driving voltages are necessary with the result that only
      moderate insulation requirements are present. In the preferred embodiment,
      the off-switching field coil 50 is a single turn of aluminum with an
      anodized surface for insulation. A driving voltage of 4,000 volts and a
      pulse current of 20,000 amps is sufficient to drive the net magnetic field
      below the critical value. A fast rise time of the switching pulse can be
      achieved with relatively low driving voltages.
PAR  Insulating end rings 56 and 58 support the cylindrical parts of the coil
      structures. Off-switching coil 50 is supported closely adjacent the outer
      surface of the cylindrical tank wall which forms cathode 14. Next, the
      short circuit winding 52 is positioned around the switch coil 50. Next,
      insulating mandrel 54 is positioned around the short circuit winding.
      Finally, the primary field winding 48 is wound around the mandrel 54. An
      electrostatic shield 60 surrounds the field coils to minimize
      electromagnetic interference from the coils onto the adjacent exterior
      spaces.
PAR  FIG. 2 shows one of the electrodes of the crossed-field switch device 10.
      While the electrode illustrated in FIG. 2 could be either of the anode or
      cathode electrodes cathode 14 is illustrated. The electrode comprises a
      body material 62 and a coating material 64. The electrode as a whole must
      meet particular requirements. For example, the cathode 14 should have
      enough mechanical strength to serve as the tube envelope. Furthermore, it
      should resist the eddy currents which are set up by the magnetic field
      switching. Also, the body material should be as economical as possible.
      These three requirements are best met by non-refractory materials. The
      body material thus can be broadly defined as a non-refractory solid
      electrical conductor. In order to be further definitive and not
      limitative, the following body materials form a preferred group: graphite,
      stainless steel, or aluminum.
PAR  It should be emphasized that the body material 62 is desirably of higher
      electrical resistivity than the deposited material, because eddy currents
      set up in the relatively thick body material severely impede the diffusion
      of the magnetic field into the tube, field inhomogenieties can cause the
      plasma to concentrate in localized areas and lead to a glow-to-arc
      transition. Arc discharge is undesirable, because it cannot be
      off-switched by decreased magnetic field. A reasonable magnetic diffusion
      time is less than 20 microseconds. Thus, in a substrate which has a
      thinkness sufficient to serve as a vacuum envelope, for example a 3
      millimeter thickness, a moderately high electrical resistivity is desired.
      The resistivity found in type 303 stainless steel, about 72
      micro-ohm-centimeter is suitable.
PAR  The coating material 64 is exposed to the high intensity discharge in the
      crossed-field switch device. It should be of a material which is resistant
      to sputtering, in order to obtain maximum tube life. Furthermore, it
      should be resistant to glow-to-arc discharge transistions, in order to
      have high off-switching reliability. These requirements are best met by
      refractory materials, such as hafnium, tantalum, tungsten, zirconium and
      rhenium. Several methods are available to deposit the coating material 64
      onto the substrate 62. A few only should be cited: plasma spraying,
      chemical or normal vapor deposition, and explosively bonding.
PAR  One preferable process by which the deposition is accomplished is sputter
      deposition. The first step of this process is to place a layer of
      refractory metal in the position of one of the electrodes and sputter it
      onto the other electrode. Thus, the above-described anode structure could
      be removed by lifting it out of the top of the device 10, and a temporary
      anode of refractory material could be placed therein as a source for
      material to be sputtered onto the cathode. It is much preferred, however,
      to simply apply a refractory metal foil around the exterior of anode 12 so
      that the refractory metal foil acts as an anode surface facing the
      interelectrode space. Thus, the first step of the preferred embodiment of
      the process is to apply foil around the exterior cylindrical surface of
      anode 12 and to reinstall the anode structure within the cathode. The next
      step is to bake and evacuate. Baking at 200.degree. C. for 8 hours
      followed by evacuation to 10.sup.-.sup.6 Torr is satisfactory. After the
      evacuation, the device is filed with argon to a pressure of 0.1 Torr.
PAR  Sputtering of the refractory metal from the foil onto the interior of the
      cathode surface is now accomplished by applying a voltage of 500 V, with
      the refractory foil negative and the axial magnetic field applied. Under
      these conditions, there is a glow discharge in the interelectrode space.
      The ions attracted toward the refractory foil cause dislodgement of
      refractory metal molecules (sputtering). These diffuse to the cathode and
      are deposited thereon. Sputtering is carried on until a layer of about 40
      microns of sputtered refractory material is deposited onto the interior
      cathode surface. When the magnetic field is applied, the plasma and
      resultant sputtering and sputter deposition area are limited to the direct
      interelectrode space. No appreciable sputtered refractory metal ions are
      deposited on the interior insulator surfaces or other areas away from the
      interelectrode plasma discharge.
PAR  Next, the device is dissembled and the foil is removed. Then, it is again
      baked and evacuated, followed by an argon fill. The baking, evacuation and
      fill are under the same conditions as the steps described above. Now,
      back-sputtering is accomplished by applying an interelectrode voltage at
      about the same value as before, but with the cathode negative and with the
      axial magnetic field. Sputtering of the refractory material from the
      coating on the cathode to the anode is accomplished. Back-sputtering is
      carried on until about half the material is sputtered onto the anode. Now,
      the refractory layer is about 20 microns on the cathode interior surface
      and the anode exterior surface. A charge of about 10 coulombs per square
      cm is necessary to sputter each 20 microns of thickness of refractory
      material.
PAR  In view of the fact that the refractory material is transferred by
      sputtering in glow discharge it is clear that all of the surfaces which
      are subject to the plasma in ordinary conduction are sputter-coated with
      the refractory material. Thus, all surfaces which are adjacent the plasma
      during normal operation of the device 10 are coated with refractory metal.
PAR  Each of the patents and other sources of information referred to above are
      incorporated herein in their entirety by this reference. This invention
      having been described in its preferred embodiment, it is clear that it is
      susceptible to numerous modifications and embodiments within the ability
      of those skilled in the art and without the exercise of the inventive
      faculty. Accordingly the scope of this invention is defined by the scope
      of the following claims.
CLMS
STM   What is claimed is:
NUM  1.
PAR  1. The method of forming a refractory coated electrode for a crossed-field
      switch device having a first and a second electrode spaced from each
      other, comprising the steps of:
PA1  positioning a refractory metal structure substantially at the location of
      the surface of the first electrode;
PA1  applying an interelectrode field and a crossed magnetic field to sputter
      material from said refractory metal structure across the interelectrode
      space onto the second electrode facing the refractory metal structure;
PA1  removing the refractory metal structure and replacing the first electrode;
      and
PA1  back-sputtering refractory metal coating material from the second electrode
      to the first electrode by application of crossed electric and magnetic
      fields so that both of the electrodes carry refractory metal coating
      thereon facing the interelectrode space so that the crossed-field switch
      device can be operated with refractory metal-coated surfaces facing the
      plasma in the interelectrode space.
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ABST
PAL  Apparatus for degreasing and electroplating wire with a high current
      density electrolyte at high speeds includes a supply reel, guide pulleys,
      driving drums, degreasing and washing tanks, plating tanks and a take-up
      reel. The speeds of the driving drums for plating and degreasing are
      related and controlled in accordance with wire tension by means of a
      pulley, spring-based pivotable dancer arm, and a variable resistor. Fluid
      drag by wires running in one direction is eliminated by placement of a
      plurality of closely spaced anodes across the top of the plating bath and
      a flow stabilizer plate over the degreasing tank. A control circuit
      provides a desired constant ratio between drive speed and plating current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to methods and apparatus for continuously
      electroplating wire, and particularly to an improved method and apparatus
      for electrotinning copper wire at high speeds and with high current
      densities.
PAR  2. Description of the Prior Art
PAR  One known method of continuously electrotinning a copper wire employs
      stannous sulphate for the electrolyte. This method basically comprises
      passing a longitudinally moving copper wire a plurality of times through
      an electrolyte tank, each time passing the wire around an
      electrically-conducting driven grooved drum, which is connected to the
      negative pole of a d.c. current source, and a separate one of a plurality
      of insulated pulleys, the anodic current being supplied via anodes of tin
      immersed in the electrolyte. Typically the apparatus is such that the wire
      is horizontal when being planted, and it passes alternately through two
      plating tanks which are arranged one above the other between the pulleys
      and the drum. Using such an arrangement with stannous sulphate,
      electrolyte current densities of the order of 100 amps per square ft.
      (1076 amps per square meter) are employed, and the wire moves at a rate of
      500 ft. (152 meters) per minute, the plating thickness being built up
      gradually during passage through the electrolyte.
PAR  Electrolytes capable of higher current densities of the order of, for
      example, 400 amps per square ft. (4,304 amps per square meter) are now
      available, for example stannous fluoroborate (also known as stannous
      fluoborate) and other fluoroborate-based plating solutions, with the
      result that with the same basic method and apparatus, plating rates four
      times greater than obtainable with stannous sulphate, for example, can be
      achieved.
PAR  The use of stannous fluoroborate or other fluoroborate based printing
      solutions, however, result in a number of practical problems. The highly
      corrosive nature of the electrolyte means that plastics materials or
      special steels need to be used for the tanks, pipework and pumps. In the
      above-mentioned practical arrangement for tin plating a copper wire using
      stannous sulphate, the tin anodes are positioned in the electrolyte tanks
      below the moving wire, but this produces problems, when using stannous
      fluoroborate, for example, in the method of connecting the anodes to their
      associated bus bars to that the latter are not corroded. In order to cope
      with the high current density (400 amps per square ft. or 4,304 amps per
      square meter) the wire must be arranged to pass in sufficient loops
      through the electrolyte tanks so as to pass the current without causing
      overheating.
PAR  In addition, the very much higher running speeds which can be achieved with
      fluoroborate-based solutions, for example up to four or more times the
      previous speeds, that is speeds of 2000 ft. (610 meters) per minute can
      cause hydrodynamic drag effects on the electrolyte in the tanks. With a
      large number of portions of wire passing through one tank in the same
      direction and at high speed, quite a considerable wave of electrolyte can
      be caused to move in this direction and spill over the end of the tank.
      This problem also occurs in connection with other processes, and the usual
      methods used to counteract it involve complex systems of weirs or other
      baffles.
PAR  It has already been proposed in our co-pending U.S. Pat. application Ser.
      No. 381,954, filed July 23, 1973, now U.S. Pat. No. 3,869,371, and
      assigned to the same assignee as the instant application, to overcome the
      above-mentioned hydrodynamic drag problem by use of apparatus which
      includes a single horizontal tank of electrolyte (for example stannous
      fluoroborate) and by passing the wire a plurality of times through the
      single tank, each time passing it in a loop around two rotatable drums
      between which the tank is positioned, spacing and deflector means being
      positioned between the bath and the drums so as to cause the portions of
      the wire loop sections passing through the bath to be in a substantially
      common horizontal plane with alternate wire loop sections moving in
      opposite directions. The effects of hydrodynamic drag in one direction
      are, therefore, substantially compensated for by the effects of drag in
      the other direction. In that case it was also proposed to dip the anode
      electrodes from above, in order to facilitate electrical connection
      thereto.
PAR  It has now been found that it is possible to use high current density
      electrolytes at high wire throughout speeds and at high plating currents
      without involving overheating and fluid drag problems, and without
      necessarily having to resort to the above-described design of plating
      equipment proposed by our co-pending application.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide alternative
      simplified methods and apparatus for continuously electroplating a wire
      using a high current density electrolyte, and/or another high speed
      plating process, in which problems associated with hydrodynamic drag and
      wire overheating are substantially eliminated.
PAR  According to one aspect of the present invention, this is achieved by
      providing apparatus for continuously depositing a metal coating on a
      longitudinally moving wire, including means for passing the wire a
      plurality of times through one or more degreasing tanks containing a
      degreasing solution, each time passing the wire in a loop around two
      rotatable drums, at least one of which is drivable. Means are also
      included for passing the degreased wire a plurality of times through one
      or more plating tanks containing an electrolyte consisting of a salt of
      the metal to be deposited, each time passing the wire in a loop around two
      rotatable plating drums, at least one of which is drivable, at least one
      of the plating drums being connectible to the negative pole of a source of
      direct current, anode current being supplied through one or more anodes
      made of the metal to be deposited which extend into the electrolyte. The
      drive means for the drivable plating drum and the drivable degreasing drum
      are inter-related but such that, in dependence on the wire tension, there
      may be up to a predetermined amount of variation in the speed of the wire
      through the degreasing tank or tanks with respect to the speed of the wire
      through the plating tank or tanks.
PAR  According to another aspect of the present invention there is provided a
      method of continuously depositing a metal coating on a longitudinally
      moving wire, including the steps of passing the wire a plurality of times
      through one or more degreasing tanks containing a degreasing solution,
      each time passing the wire in a loop around two rotatable drums, at least
      one of which is drivable, and subsequently passing the degreased wire a
      plurality of times through one or more plating tanks containing an
      electrolyte consisting of a salt of the metal to be deposited. Each time
      the wire is passed in a loop around two rotatable electrically-conducting
      plating drums, at least one of which is drivable, at least one of the
      plating drums being connectible to a source of direct current, anodic
      current being supplied through one or more anodes made of the metal to be
      deposited. In addition, drive means for the drivable plating and
      degreasing drums are interrelated, and the drive speed of the driven
      degreasing drum is controlled such that, in dependence on the tension of
      the wire, the speed may be varied by an amount with respect to the drive
      speed of the driven plating drum which lies between predetermined limits.
PAR  An embodiment of the invention will now be described with reference to the
      accompanying drawings.
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PAC  BRIEF DESCRPITION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic layout of apparatus for use in continuously
      electroplating a wire according to an embodiment of the present invention;
PAR  FIG. 2 shows a view of end portions of two tanks (degreasing or plating), a
      rotatable drum and a grooved spacing or comb guide device;
PAR  FIG. 3 shows a view of an end portion of a degreasing tank with a flow
      stabilizer plate therein;
PAR  FIG. 4 shows a view of a tension-controlling dancer arm arrangement which
      is positioned between the degreasing tanks and a washing tank;
PAR  FIG. 5 shows a view of one plating tank together with a grooved spacing
      device and one type and arrangement of anodes;
PAR  FIG. 6 illustrates, in an electrical block circuit diagram, one control
      circuit arrangement for the apparatus, and
PAR  FIG. 7 shows a "slide rule" device useful for quickly determining necessary
      plating currents for particular plating thicknesses on particular wire
      diameters, etc.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus shown in FIG. 1 includes a stand 1 for a wire supply reel 2,
      the reel being rotatable on pintles (not shown) of the stand 1, a guide
      pulley arrangement 3, a guide pulley 4, a drivable wire take-up reel stand
      5 and a take-up reel 6. The items within the housing 7 constitute the
      actual plating plant and associated equipment, and basically include an
      electrolytic degreasing arrangement 8, a tension-cooling dancer arm
      arrangement 9, which will be more fully described hereinafter, a wash tank
      10, a plating arrangement 11, and various transfer pulleys 12, 13 and 14.
      The degreasing, washing and plating arrangements may be positioned one
      above the other, as shown, or arranged vertically but slightly staggered
      so that, for example, the wash tank 10 is slightly behind the degreasing
      and plating arrangements. It is also possible to arrange the degreasing,
      washing and plating arrangements in a line. If desired the wire supply and
      take-up facilities may also be positioned within the housing 7 to form a
      complete and self-contained electroplating plant.
PAR  Wire passes from supply reel 2, through the guide pulley arrangement 3,
      through a first degreasing tank 15 containing a degreasing solution, over
      a guide device 16, partly around drivable drum 17, through a second
      degreasing tank 18, over a guide device 19, partly around a rotatable drum
      20, back through tank 15, and around parallel paths between drums 17 and
      20 so that there are a predetermined number of loops of wire passing
      through the degreasing arrangement 8. Electrical contact for the supply of
      the necessary current required for electrolytic degreasing may be made to
      the wire in a conventional manner, such as via the drums 17 and 18
      themselves or appropriately positioned brush arrangements, and via anodes
      positioned in the degreasing solution. The degreased wire passes over the
      pulley of the dancer arm arrangement 9, over the transfer pulley 12 and
      into the wash tank through which fresh water is continuously being pumped.
      After passing through wash tank 10, the wire passes over pulley 13 and
      thence to the plating arrangement 11, which is somewhat similar to the
      degreasing arrangement 8 and includes two rotatable drums 21 and 22, one
      of which, for example 21, is drivable, two tanks 23 and 24 of electrolyte
      (plating solution) and two guide devices 25 and 26. The wire passes in a
      number of loops through the plating tanks 23 and 24 during plating, and
      the plated wire finally emerges from tank 23, passes over transfer pulley
      14, back through the wash tank 10, over guide pulley 4, and is then wound
      onto take-up reel 6. Anodes 27 of, for example tin for tin plating a
      copper wire, dip into the plating solution, for example stannous
      fluoroborate, in the tanks 23 and 24, and are electrically connected to
      the positive terminal of a d.c. source of supply (not shown), while
      cathode connection to the wire is made via the drums 21 and 22 which are
      electrically connected to the negative terminal of the d.c. source of
      supply.
PAR  Certain aspects of the elements contained within the housing 7 of FIG. 1
      will now be described in greater detail. In a particular plating plant
      using stannous fluoroborate to electrotin copper wire, the total current
      input may be over 2000 amps and the wire throughout speed may be 750 ft.
      (224 meters) per minute or more. In order to keep the current taken by
      each individual wire loop down to a minimum, thereby minimizing the
      likelihood of overheating the wire, current supply to the wire is made
      from both of drums 21 and 22, so that current is fed into the wire at both
      ends of the two tanks 23 and 24, and resulting in four current feed paths
      for each loop of wire.
PAR  In some of the known electroplating plates, each drum is grooved and
      electrically-conducting at least on its grooved surface. If smooth-faced
      bronze drums with associated guide devices are used in place of grooved
      drums, as has been described above, the cost of these units is
      considerably reduced, and the fact that the surface of the drum then
      presents a more uniform value for the diameter of the drum to the wire,
      tends to reduce tension variations between different wire loops that may
      occur with grooved drums. In order to direct the wire to its correct paths
      guide devices 25 and 26 are positioned adjacent to the tank outlets (see
      FIG. 2). These guide devices may be manufactured from various materials,
      notably plastics, and may comprise round cross-sectional rods in which
      circumferential grooves have been machined, the wire being passed around
      the rod and each loop being positioned in a different groove. The guide
      devices may be mounted within provision for rotation so that in the case
      of round grooved rods, the useful life can be increased by periodically
      rotating and locking the rod in another position so that it presents a new
      and unworn face to the wire. The guide devices may alternatively be
      manufactured from sheet material and be partially slotted, i.e. "hair
      comb" shaped, although these would not have such a long useful life as a
      grooved rod.
PAR  As has been previously mentioned, and as is generally indicated in FIG. 1,
      the anodes 27 are positioned above the wire in the plating tanks 23 and 24
      and are connected via a bus bar to the positive terminal of a d.c. source
      of supply. As shown in FIG. 5, a bus bar 28, of, example, bronze, may be
      used to connect the anodes of one tank to the positive terminal. The
      anodes 27 shown in FIG. 5 comprise generally step-shaped elements, and may
      be of die cast construction. The lower long face of the anodes 27 is shown
      to have a corrugated cross-section, but it can alternatively be smooth,
      and it generally is smooth when used in connection with the plating of
      wires of up to 3mm, diameter. The corrugations provide an increased anode
      surface area which is necessary for use with wire diameters greater than
      3mm, when the correct ratio of cathode to anode surface areas is important
      for efficient plating.
PAR  The anodes 27 are supported at one end of the bus bar 28, and rest with
      their other ends on a shelf or ledge 29 provided in the tank. This
      arrangement ensures very quick and easy changing of anodes. During plating
      the long arms of the anodes are covered by plating solution. As can be
      seen, the anodes are each at right angles to the direction of wire
      passage, and in practice there is only a very small space between adjacent
      anodes, for example 1/4 inch (6.35 mm). Plating solution is continually
      pumped into the tanks 23 and 24, in a conventional manner, during plating
      in order to maintain the level of the plating solution, since the latter
      continuously escapes from the tanks via slots 30 at their ends which are
      provided for wire passage.
PAR  At each end of the tanks 23 and 24 is a weir arrangement 31 (FIGS. 2 and 5)
      which is a compound construction and includes an outer rigid part in which
      the slots 30 are formed. The rigid part is, for example, made of rigid
      polyvinyl chloride. Behind the rigid part of the weir arrangement, that is
      within the tank, is a flexible strip of, for example polyvinyl chloride,
      which is slotted vertically at the wire positions. This flexible strip
      assists in maintaining fluid within the tanks. Similar weir arrangements
      are used for all of the plating and degreasing tanks.
PAR  The plating tanks 23 and 24 may be made of rigid polyvinyl chloride, and
      the plating solution may, for example, enter them at two positions in
      their bases, the height of solution in the tanks being controlled by
      adjusting the solution inflow rate. Conventional plating plants employing
      stannous sulphate use stainless steel tanks, but this leads to
      contamination of the tin plating, when using stannous fluoroborate, which
      is caused by the plating out of iron from the stainless steel.
PAR  The fact that all of the wire loop sections passing through any one of the
      plating tanks are moving in one direction and at high speed normally leads
      to a fluid gradient along the tank with the fluid effectively being
      dragged by the wires to one end of the tank and causing it to spill over
      the end wall. However, by arranging the anodes 27 above the wire in the
      tanks in the manner described above, the fluid gradient is controlled and
      the chances of spill over are eliminated or at least reduced. There are
      two reasons why this positioning of the anodes effectively controls the
      fluid gradient. Firstly, it provides a hydrodynamically "rough" surface
      above the wire paths which, in addition to the effect of the tank base,
      which is made of a solid material and is, therefore, hydrodynamically
      referred to as "rough", greatly reduces the kinetic energy of the fluid in
      the tank by reducing the fluid velocity at the top surface of the fluid in
      the tank. Secondly, it results in a considerable reduction in the top
      surface area of the fluid at which the surface pressure needs to be at
      atmospheric pressure, thereby reducing possible vertical flow of fluid
      caused by the increased fluid pressure at the wire path which results from
      the hydrodynamic drag.
PAR  Similar hydrodynamic drag effects are normally also associated with the
      degreasing tanks when the wire sections are all moving in one direction
      and at high speed. These effects are overcome in the apparatus of the
      present invention by use of a perforated metal plate 32, called a flow
      stabilizer plate, as shown in FIG. 3. The plate 32 is positioned over the
      wire paths in a tank and degreasing fluid pumped into the tank, from one
      or more positions at its base, at such a rate that the plate is fully
      covered with fluid. The area occupied by the holes in the plate is far
      less than the solid area of the plate. The flow stabilizer plate controls
      the fluid gradient in the degreasing tank in exactly the same manner as
      results from the positioning of the anodes above the wire paths. The
      degreasing tanks are made of stainless steel to act as anodes, and their
      weir arrangements, made of both rigid and flexible polyvinyl chloride, are
      as described above.
PAR  In order to degrease the wire passing through the degreasing tanks
      effectively, the wire must be immersed for at least a predetermined
      minimum amount of time, at a predetermined cathode current density, in a
      degreasing solution such as a caustic solution. With the higher plating
      rates that are obtainable with stannous fluoroborate solutions, for
      example, the wire speed through the degreasing tanks is higher than
      previously, and so the number of loops of wire passed over the drums 17
      and 18 and through the tanks 15 and 16 must be increased, in comparison
      with the use of slower plating rates, in order to ensure that the wire is
      properly degreased. With the very high speeds generally involved with the
      inventive type of plating plant, at least 750 ft. (229 meters) per minute
      and possibly 2000 ft. (610 meters) per minute or greater, the number of
      wire loops has to be increased to such an extent that the wire is no
      longer able, because of its limited breaking strength, to be pulled
      through the degreasing apparatus purely by the take-up reel 5 and by
      driving of one of the plating drums. This is particularly true when
      considering the additional loading placed on the wire through the high
      rates of acceleration of deceleration that can be expected when using high
      wire throughout speeds, if stopping and starting times, respectively, are
      not to be unduly prolonged. These times may be nominally set at, for
      example, one minute. To compensate for this limitation, in the apparatus
      of the present invention, one of the plating drums and one of the
      degreasing drums are driven, the drive of the degreasing drum, for example
      drum 17, being directly related to the drive speed of the driven plating
      drum, for example drum 21. The tension-controlling dancer arm arrangement,
      9 is provided for this purpose, and is positioned in the wire transfer
      path between the degreasing tank 18 and the transfer pulley 12 and is such
      as to permit a variation of .+-.5% in the speed of the driven degreasing
      drum with respect to the speed of the driven plating drum, so that the
      wire does not have to work to pull itself through the degreasing tanks,
      with a subsequent improvement in wire quality.
PAR  As shown in FIG. 4, the dancer arrangement includes a pulley 33a, over
      which wire from the degreasing arrangement passes, mounted on the end of a
      pivotable arm 33 which is prestressed by a spring 33b. The arm 33 is
      arranged such that pivoting movement thereof produces a corresponding
      variation in the value of an electrical resistance. The dancer arrangement
      therefore provides an accumulation of wire between the drum 20 and the
      pulley 12, or permits a decrease in the length of wire therebetween, in
      dependence on the wire tension which is therefore balanced against the
      tension of the spring, thus correspondingly altering the value of the
      electrical resistance and the speed of the drum 17, by means of an
      electrical control circuit, which will be described hereinafter.
PAR  In order to reduce errors in plating thickness when increasing or
      decreasing the wire speed, such as when stopping and starting the plant in
      order to change take-up and supply reels, a drive speed/plating current
      proportioner control system is used. This ensures that the ratio of drive
      speed to plating current remains constant over the full plating current
      range, and by knowing the wire diameter, etc., this ratio can be
      accurately preset for any given plating thickness by means of a variable
      control element in the control systems circuit. One control system is
      shown schematically in FIG. 6. This system operates on the principle of
      adjusting the wire speed as a direct porportion to the plating current,
      although it is alternatively possible to use systems based on the
      principle of adjusting the plating current as a direct proportion to the
      wire speed. The cost of the latter is considerable however, and the former
      is thus preferred.
PAR  The plating drum 21 is driven and controlled by a variable speed control
      unit 34 which has an associated unit controller 35. The unit 34 may for
      example include a 5 horsepower motor. The degreasing drum 17 is driven and
      controlled by a further variable speed control unit 36, which may for
      example include a 3 horsepower motor, and has an associated unit
      controller 37. The controllers 35 and 37 control the units 34 and 36, that
      is control the rotational speeds of the drums 21 and 17, in dependence on
      a reference signal which, in the control system shown in FIG. 6, is
      related to the plating current. This reference signal is obtained by
      taking the voltage drop across a current shunt 38 situated in the plating
      current supply path and operating on it by means of amplifier 39 and
      potentiometer 40. The potentiometer 40 is calibrated so that it may be
      preset to correspond to particular drive speed to plating current ratios,
      and therefore comprises a ratio control or proportioner element. A
      variable resistance 41 adjusts the reference signal as applied to the
      controller 37 in dependence on the movement of the dancer arm 33, and is
      the variable electrical resistance previously mentioned. While the drive
      of the degreasing drum is, therefore, directly related to the drive and
      drive speed of the plating drum, a .+-.5% variation in the rotational
      speed of the degreasing drum is possible in order to compensate for wire
      tension variations. This variation in the rotational speed of the
      degreasing drum is performed automatically. The supply of a reference
      signal to the controller units 35 and 37 may also be controlled manually
      by switching the system to the "Manual" position and adjusting the
      potentiometer 42 in order to provide the desired plating and degreasing
      drum drive speeds, the degreasing drum drive speed still being subject to
      a .+-.5% variation with regard to the plating drum drive speed in
      dependence on the wire tension.
PAR  Since there are many variable quantities involved with the plating plant,
      the slide rule device shown in FIG. 7 was developed in order to permit
      required current settings, etc., to be rapidly ascertained. The device
      shown in FIG. 7 includes a slider 43 graduated in terms of plating
      thickness (0 to 0.025 millimeters), which is movable relative to a fixed
      scale graduated in terms of wire diameter (0 to 4 millimeters), a slider
      44 graduated in terms of plating current (0 to 4500 amps), which is
      movable relative to a fixed scale which is graduated in terms of plating
      efficiency (90 to 100%) and a fixed scale 45 which is calibrated in terms
      of wire throughput speed (0 to 900 meters per minute). The cursor of the
      slide rule device comprises an arm 46 which is pivotable with respect to
      slider 47 and can be set at any angle corresponding to a desired
      proportioner (speed to plating current) ratio (0 to 10), the ratio control
      element 40 of FIG. 6 also being calibrated between 0 and 10. The slider 47
      is movable along the length of the device in a slot 48. The slide rule
      device may be used, for example, in the following manner. The sliders 43
      and 44 are moved so that their zeros are set to the wire diameter being
      used and the appropriate plating efficiency. The proportioner arm 46 is
      then pivoted about its pivot axis and the slider 47 moved in slot 48, so
      that, for a particular required plating thickness, sets of appropriate
      values of plating current, wire speed and associated proportioner setting
      can be read off. The device may be such that the proportioner ratio, etc.,
      are read off by the position of the left-hand side of arm 46, or
      alternatively the arm 46 could be transparent, and a reference line marked
      at a central position along its length. The device is produced with the
      aid of sets of known operating variables and conditions for a particular
      plant and is thus precalibrated.
PAR  In a typical plating plant of the above-described construction, the
      degreasing tanks are approximately 2 meters (6 feet) long, the plating
      tanks are approximately 2 meters (6 feet) long, and for a copper wire
      which is 3 millimeters in diameter, the wire is looped 13 times around the
      degreasing drums and 32 times around the plating drums. In order to obtain
      a tin plating thickness of 4 .times. 10.sup.-.sup.3 millimeters at a
      plating current of 2,000 amps, a cathode current density of approximately
      4,304 amps per square meter (400 amps per square ft.), a wire throughput
      speed (plating drum drive speed) of 274 meters per minute (900 ft. per
      minute), at a running temperature (plating tank temperature) of
      approximately 15.degree. C (60.degree. F), and with the plating solution
      comprising 25 liters Concentrate to 100 liters Solution, (the Concentrate
      containing 50% Sn (BF.sub.4).sub.2) 5.99 grams per litre (0.06 lbs. per
      gallon) of glue or gelatin, and 1.00 grams per liter (0.01 lbs. per
      gallon) of .beta. -naphthol. Typically the degreasing solution includes
      124.79 grams per liter (1.25 per gallon) of sodium hydroxide and 99.83
      grams per liter (1lb. per gallon) of sodium metasilicate, and degreasing
      takes place at a cathode current density of 2,145 amps per square metre
      (200 amps per square ft.). Copper wire electrotinned in the
      above-described manner is subsequently drawn down to a required diameter
      by conventional wire drawing apparatus.
PAR  While the invention has been basically described with respect to stannous
      fluoroborate for electrotinning a copper wire, the same apparatus can be
      used in connection with electroplating using other fluoroborate based
      plating solutions, or other high current density plating solutions. For
      example it can also be used for electroplating lead, nickel, zinc or a
      tin/lead solder alloy (in any predetermined ratio) onto copper or steel
      wire. It is also possible to use the same apparatus to obtain a corrosion
      resistant colored wire by, for example, electroplating zinc onto a copper
      or steel wire from a plating solution to which a coloring dye has been
      added. After plating, this wire can be drawn down to the required size on
      a conventional wire drawing machine. This process for coloring wire is far
      simpler and cheaper than the conventional coating of wire with a colored
      plastics material after a final drawing operation. Such corrosion
      resistant colored wire may be used for making paper clips etc. It is also
      alternatively possible to have only one tank in both the degreasing and
      plating arrangements, or to have more than two tanks, although for
      practical purposes two tanks, one above the other, is preferable from the
      point of view of efficiency and economy of space.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for continuously depositing a metal coating on a
      longitudinally moving wire comprising a degreasing tank adapted to contain
      a degreasing solution, a plating tank adapted to contain an electrolyte
      comprising a salt of the metal to be deposited, a source of direct
      current, first means for passing the wire a plurality of times through
      said degreasing tank, said first means including two rotatable drums about
      which the wire is passed each time in a loop, at least one of said drums
      being drivable, second means for passing the degreased wire a plurality of
      times through said plating tank, said second means being positioned in the
      wire path between said degreasing tank and plating tank and including two
      rotatable plating drums about which the wire is passed each time in a
      loop, at least one of said plating drums being drivable and at least one
      of said plating drums being connectible to the negative pole of said
      source of direct current, and a plurality of anodes connectible to the
      positive pole of said source and extending into said plating tank and
      adapted to extend into said electrolyte, means for sensing plating
      current, and drive means for said drivable plating drum and said drivable
      degreasing drum, means for inter-relating said drivable drums such that in
      dependence on the wire tension a predetermined amount of variation in the
      speed of the wire through the degreasing tank with respect to the speed
      through the plating tank is permitted, said inter-relating means being
      positioned between said degreasing and plating tanks and between said
      drivable drums of said first and second means, and including a dancer arm
      and a pulley mounted on said dancer arm adapted to direct degreased wire
      from said degreasing tank towards said plating tank, said dancer arm being
      spring biased and pivotable against the spring force in dependence on the
      wire tension, and a variable resistor and control circuit for adjusting
      the relation of wire speed to plating circuit, said pivotable dancer arm
      varying said resistor to adjust said relation.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein there are two plating tanks and
      two degreasing tanks, the two plating tanks being arranged one above the
      other, and the two degreasing tanks being arranged one above the other.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein the degreasing and plating
      drums have smooth faces around which the wire loops pass, and including
      guide means for each said degreasing and plating tank for guiding the wire
      onto the associated drum and keeping different loops separate.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein the guide means comprise
      grooved cylindrical rods whose longitudinal axes extend parallel to the
      axes of rotation of the drums.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein the guide means comprise
      partially slotted comb-shaped structures.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein said anodes are blocks of metal
      arranged in the plating tank above the sections of wire loops passing
      through the tank and substantially normally to the direction of movement
      of the wire loop sections.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein said plating tank includes a
      ledge along one side and a bus bar conductor along the other side, said
      anodes being step-shaped and having one portion adapted to be covered by
      said electrolyte and supported on said ledge and another portion supported
      on said bus bar and being connectible to said positive pole at a distance
      from said electrolyte.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein a plurality of anodes are
      supported across said plating tank and arranged at a minimum separation
      distance between adjacent anodes along the length of the tank as to
      provide a hydrodynamically rough surface above the wire loop sections.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein the surface of the anodes
      adjacent the wire loop sections is corrugated.
NUM  10.
PAR  10. Apparatus as claimed in claim 8 including an apertured flow stabilizer
      plate in said degreasing tank above the sections of wire loops passing
      therethrough, said plate being adapted to be covered by degreasing
      solution and providing a hydrodynamically rough surface above the wire
      loop sections.
NUM  11.
PAR  11. Apparatus as claimed in claim 8 including weirs at the ends of each of
      said degreasing and plating tanks, said weirs including a slotted end
      plate.
NUM  12.
PAR  12. Apparatus as claimed in claim 11, wherein each plate and degreasing
      tank is rigid polyvinyl chloride, and said weir plate is of rigid
      polyvinyl chloride.
NUM  13.
PAR  13. Apparatus as claimed in claim 8 including a wash tank positioned in the
      wire path between the degreasing and plating tanks.
NUM  14.
PAR  14. Apparatus as claimed in claim 8 including control means for
      automatically adjusting wire speed in proportion to plating current.
PATN
WKU  039473449
SRC  5
APN  4559584
APT  1
ART  114
APD  19740328
TTL  Inert anode
ISD  19760330
NCL  3
ECL  1
EXP  Edmundson; F. C.
NDR  1
NFG  2
INVT
NAM  Golikov; Nikolai Sergeevich
STR  ULITSA Sovetskoi Armii, 33, kv. 59
CTY  Magnitogorsk Chelyabinskoi oblatsi
CNT  SU
INVT
NAM  Berlin; Boris Iosifovich
STR  PROSPEKT Lenina 52/1, kv. 73
CTY  Magnitogorsk Chelyabinskoi oblatsi
CNT  SU
INVT
NAM  Popov; Boris Evgenievich
STR  ULITSA Sovetskaya 137, kv. 30
CTY  Magnitogorsk Chelyabinskoi oblatsi
CNT  SU
INVT
NAM  Filatov; Andrei Dmitrievich
STR  ULITSA Kuibysheva 21, kv. 29
CTY  Magnitogorsk Chelyabinskoi oblatsi
CNT  SU
INVT
NAM  Galkin; Dmitry Prokhorovich
STR  PROSPEKT Lenina 69, kv. 8
CTY  Magnitogorsk Chelyabinskoi oblatsi
CNT  SU
RLAP
COD  71
APN  355295
APD  19730427
PSC  03
CLAS
OCL  204286
XCL  204280
XCL  204288
EDF  2
ICL  C25D 1712
ICL  C25D 1710
FSC  204
FSS  290 F;293;280;286;288
UREF
PNO  1311096
ISD  19190700
NAM  Smith
XCL  204293
UREF
PNO  1441567
ISD  19230100
NAM  Fink
XCL  204293
UREF
PNO  1448208
ISD  19230500
NAM  Gerstle
XCL  204288
UREF
PNO  1807585
ISD  19310600
NAM  Becker
OCL  204293
UREF
PNO  2851413
ISD  19580900
NAM  Hosford
OCL  204196
FREF
PNO  157,871
ISD  19210800
CNT  UK
OCL  204293
LREP
FRM  Holman & Stern
ABST
PAL  An anode made essentially as a plate of a ferrosilicon alloy having a
      wire-made structural base, the wire being fastened on a metallic bar which
      also carries also a current lead-in. Such a composite construction for an
      anode enables an electrotinning process to occur without periodical
      reclaiming of the tin-enriched electrolyte.
PARN
PAR  This is a continuation of application Ser. No. 355,295, filed Apr. 27,
      1973, now abandoned.
BSUM
PAR  The present invention relates generally to electroplating practice.
PAR  More specifically, the invention is concerned with equipment used in
      electrolytic deposition of metals upon the surface of specified objects,
      and has particular reference to inert anodes used in tin plating processes
      of sheet metal.
PAR  At present inert anodes are applicable for use in stationary baths with an
      acid tin-plating electrolyte.
PAR  The known inert anodes consist of a base plate with a current lead-in fixed
      thereon. The base plate is made of a homogeneous material such as steel,
      titanium, platinum, ferrosilicon alloy, and other materials.
PAR  However, the known inert anodes suffer from the disadvantage that they are
      too expensive (in case of a platinum or the titanium inert anode), or
      partially soluble (for a steel inert anode) which results in the pollution
      of the electrolyte with alien impurities, such as iron salts, which
      adversely affects the quality of the coating being deposited.
PAR  An inert anode made of an iron-silicon alloy alone, is structurally brittle
      and friable, and therefore fails to find application in industrial
      practice for tin plating sheet metal, despite the fact that said material
      is less soluble in the electrolyte than any other.
PAR  Besides, when the tin plating process for sheet metal takes place in an
      acid electrolytes, say, in a bisulphate tinning bath or an acid
      phenol-sulphonic tinning bath, the yield of tin vs the anode current (the
      anode efficiency) is from 4-5 percent higher than that of the cathode
      current.
PAR  Such a prevalence of the anode efficiency over the cathode tin content in
      the electrolyte tends to be an evergrowing one which adversely affects the
      quality of the deposited coating, i.e. the latter becomes uneven.
PAR  In order to keep the predetermined tin concentration in the tinning bath,
      part of the electrolyte is let out of the bath and directed toward tin
      reclaiming.
PAR  All of the afore-discussed results in a process for electrolytic tin
      deposition which is more sophisticated and which involves extra equipment
      for its realization.
PAR  As is known from world-wide practice that the excess tin from a tinning
      bath can be extracted either as a metallic tin with the use of inert
      anodes in stationary baths, or by virtue of chemical deposition followed
      by the reclaiming of tin from the slime. The former method is more
      economical, however, it is hardly practicable under production conditions
      due to two kinds of origin, viz, either the anodes (lead, steel, stainless
      steel etc.) are perceptibly dissolved and thus pollute the electrolyte
      with harmful impurities, or a vigorous acid oxidation process occurs on
      the anodes (platinum, of carbon-containing materials, etc.).
PAR  In both cases the electrolyte is rendered unfit for further use and is
      therefore wasted.
PAR  Moreover, in both of the aforesaid cases part of the electrolyte has to be
      withdrawn from the tinning process, as tin deposition occurs at low
      parameters and involves high losses of such a scarce material as the tin,
      as well as the use of complicated equipment.
PAR  It is an object of the present invention to provide such an anode the use
      of which would enable a good-quality coating to be obtained in
      electrotinning processes.
PAR  It is another object of the present invention to provide such an anode the
      use of which would substantially simplify the electrotinning process
      techniques.
PAR  Said objects are accomplished by the fact that an inert anode is used in
      the electrotinning process incorporating a base plate carrying a current
      lead-in, said base plate, according to the invention, having a metal bar
      bearing a metal wire which serves as a structural base for said plate said
      plate being made of a ferrosilicon alloy which is fixed on said metal bar.
PAR  Due to the use of the herein-proposed anode for such processes as the
      electrotinning process wherein part of the tin-enriched electrolyte of the
      tinning bath can be withdrawn and part of the complicated auxiliary
      equipment can be done away with; besides, in the electrotinning process
      using the proposed inert anode, the possibility of minimizing tin losses,
      as well as the losses of all the other components of a tinning
      electrolyte, viz., acids and surface-active additives, this being attained
      due to the electrotinning process proceeding concurrently with the
      electrolyte reclaiming process; thus, the electrotinning process gets
      stabilized, as the tin concentration is constantly being maintained within
      the technologically specified limits.
DRWD
PAR  Further objects and advantages of the present invention will become more
      apparent from the following detailed disclosure of its exemplary
      embodiments given by way of illustration with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal-section view of an inert anode, according to the
      invention; and
PAR  FIG. 2 is a side elevation of the anode of FIG. 1.
DETD
PAR  Now referring to the drawings, the inert anode of the invention consists of
      a metallic bar 1 which may be made of copper, stainless steel, cobalt, or
      nickel; however, as a preferred and specific material, we propose
      stainless steel for manufacturing the metallic bar 1 therefrom, since it
      possesses a relatively higher mechanical strength and is inexpensive.
PAR  A metal wire 2 is secured to the surface of the bar 1 by means of, for
      instance, electric-arc welding, with said wire being made of the same
      material as the bar 1.
PAR  The metal wire 2 serves as the structural base for a plate 3 which is
      preferably made of a ferrosilicon alloy, as has been suggested we have
      pointed out hereinabove, with said material being less soluble in the
      electrolyte used and thus does not pollute the latter.
PAR  When making the anode plate 3 according to the present invention, a
      ferrosilicon alloy of the following composition was used:
PA1  Si -- 10-20 wt.%;
PA1  Fe -- 88-78 wt.%;
PAR  other impurities (Mn, C, Al, P, S, etc.) -- 2 wt.% maximum.
PAR  The brittleness and friability of the ferrosilicon alloy necessitates the
      use of the reinforcing wire 2 which thus imparts more strength and
      rigidity to the plate 3.
PAR  The current-conducting part of the inert anode, viz., a current lead-in 4
      is made fast on the bar 1 at the end opposite to that carrying the plate 3
      which has the reinforcing metal wire 2. The current lead-in may be made of
      any metal or alloy that precludes current losses. The current lead-in
      should be expediently made of tin since it is considered to be the best
      contact for the inert anode of the invention with the anode busbar (not
      shown).
PAR  Given below is a description of the electrotinning process involving the
      use of the inert anode proposed by the present invention.
PAR  Electrotinning occurs in an acid electrolyte having the following
      composition:
PA1  tin -- 25-40 g/1;
PA1  phenolsulphonic acid -- 50-60 g/l;
PA1  dihydroxydiphenyl-sulphone -- 6-12 g/l;
PA1  ariscap -- 0.4-1.0 g/l;
PAL  and at an electrolyte temperature of 35.degree.C. The electrolyte
      circulates between the heat exchanger and the bath. A metal strip, viz., a
      cathode serves as an object to be treated.
PAR  Tin plates are used as the anode. Current is fed to the anodes through the
      anode bars from which they are suspended. The anode bars rise above the
      electrolyte level by some 150-200 mm a.
PAR  The electrotinning process occurs at a cathode current density of 15-20
      A/dm.sup.2.
PAR  Once the tin concentration in the electrolyte has exceeded the permissible
      level, tin anodes are eliminated from one of the tinning baths (as viewed
      in the direction of the strip movement), while in the rest of the baths
      the tin anodes are left; and instead of being removed, the tin anodes are
      suspended from the anode bars according to the proposed in the present
      invention, in such a way that the plate 3 of the ferrosilicon alloy, i.e.,
      the insoluble part of the anode, is immersed in the electrolyte, whereas
      the current-conducting part, i.e., the current lead-in 4 and the metallic
      bar 1 are arranged over the electrolyte level.
PAR  The inert anodes having been suspended, the current starts to be fed
      thereto, and the tin reclaiming process occurs according to the following
      reaction:
EQU  Sn.sup..sup.+2 + 2e.sup.-.fwdarw.Sn.sup.o
EQU  (from electrolyte)
PAL  As a result, tin is deposited directly upon the strip, i.e., the process of
      tin reclaiming occurs concurrently with the tinning process. At the same
      time the process of oxygen liberation occurs on the insoluble part of the
      anode, i.e., the plate 3. It is due to both of the said processes that the
      electrolyte gets depleted of tin.
PAR  Upon reaching the tin content specified by the process techniques, the
      inert anodes are removed from the bath and replaced by tin anodes. This
      procedure is repeated periodically which enables the tin concentration to
      be maintained within the preset limits and for a good-quality deposition
      coating to be obtained.
PAR  It should be noted that the proposed inert anode can also find widespread
      application in the electrodeposition of zinc, chromium, copper and other
      metals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrometallurgical inert anode assembly for electrometallurgical
      plating baths, comprising a ferrosilicon alloy plate comprising from 10 to
      20% by wt. of silicon, and from 78 to 88% by wt. of iron; a metallic bar
      fashioned from a metal selected from the group consisting of copper,
      stainless steel, cobalt, and nickel, said bar being rigidly secured in the
      body of said plate at one end thereof and having a current means input
      connected thereon; metallic wires having the same composition as said bar
      fastened at one end thereof to said bar, and arranged along the length of
      said bar, and along the length of the ferro-silicon plate to the end of
      said plate, said wires being rigidly connected so as to serve as the
      structural base therefor.
NUM  2.
PAR  2. The anode as claimed in claim 1, wherein the electrometallurgical
      plating baths are selected from the group consisting essentially of
      electrotinning baths, electrozinc baths, electrochromium baths, and
      electrocopper baths.
NUM  3.
PAR  3. The anode as claimed in claim 2, wherein the electrometallurgical
      plating bath is an electrotinning bath.
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ABST
PAL  Apparatus for producing electrophoretic migration in an agarose gel slide
      which includes a slide mounting block containing a salt which maintains
      slide temperature during electrophoresis processing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates in general to electrophoresis and more particularly
      to apparatus for producing electrophoretic migration in an agarose gel
      slide while maintaining a substantially constant and relatively low
      temperature in the slide.
PAC  BACKGROUND OF THE INVENTION
PAR  Electrophoresis is a method for the analysis of proteins in body fluids and
      has proven to be very valuable in laboratory and clinical work. There have
      been a number of commercial instruments produced for relatively low
      resolution applications, in which the electrophoretic medium is a
      microporous plastic membrane or a polyacrylamide gel which permits
      resolution of perhaps five components in the material being analyzed. Much
      higher resolution and accordingly analysis of as many as 15 components may
      be obtained utilizing a relatively large area of agarose gel slide which
      is subjected to electrophoresis under specific controlled conditions. Such
      a slide is formed of an agarose gel with a barbital buffer added. While
      measurements performed with these slides have shown excellent results in
      laboratory environments, in order to attain wide spread clinical use, an
      apparatus for providing easy, economical and particularly accurate and
      reproducible results is required.
PAR  In electrophoresis, the initial step is to apply the sample material to the
      electrophoretic medium and allow the separation to take place by migration
      under the influence of an applied electric field. Thereafter the slide is
      fixed chemically, dried and subsequently read either directly or with
      appropriate densitometer devices. To obtain a practical migration
      apparatus, the device must be capable of obtaining accurate and highly
      reproducible results even when operated by relatively unskilled
      technicians. In order to provide such accuracy and reproducibility, there
      are a number of variables which must be precisely controlled. These
      include the value of the applied voltage, the time duration for migration,
      the voltages applied, the geometry of mounting and holding the slide
      during the period of migration and the temperature maintained during the
      period of migration.
PAR  For a large area of slide, for example, a rectangular slide approximately 9
      inches by 6 inches, with an applied voltage of approximately 200 volts,
      the slide would undergo an increase in temperature to values above
      55.degree.C. At these elevated temperatures, drying of the slide occurs
      with an increase in ionic concentration, in turn causing further power
      dissipation and further increase in temperature. Additionally, denaturing
      of proteins takes place at these high temperatures. Finally, it is
      desirable to maintain the slide in a constant temperature environment
      during electrophoresis. Variations in slide temperature during separation,
      while not affecting information content, do cause variations in mobility
      of individual protein components during electrophoresis. By performing
      electrophoretic separation at a constant temperature comparison of
      patterns between slides is facilitated. In the past, various conventional
      cooling techniques have been employed. These include both water cooling a
      member in thermal contact with the slide and various air cooling
      approaches. For a slide which must necessarily have each of its ends
      inserted in a chemically active buffer material and have a voltage of
      approximately 200 volts applied across it, such cooling arrangements
      complicate the design of the migration apparatus and render it somewhat
      difficult to manipulate in routine laboratory procedures.
PAR  It is, therefore, the primary object of the present invention to provide an
      electrophoresis migration apparatus allowing for use of handling, economy
      of operation, and precise results, while maintaining the electrophoretic
      slide at a substantially constant temperature between 5.degree.C and
      40.degree.C.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly speaking, in the present invention, a rectangular electrophoresis
      slide is mounted with the substrate protion of the slide in intimate
      contact with an external concave cylindrical surface of the mounting
      block. The interior of the block contains salts, which melt at a
      temperature a few degrees above room temperature as for example about
      29.degree.C. The heat required to liquefy the salt is removed from the
      surface which is in contact with the slide. This concave surface is formed
      of a material which is electrically insulating, hydrophobic, and does not
      interact chemically with the buffer material. The mounting block is
      configured to be positioned in a sealed relationship with a buffer
      reservoir divided into two isolated buffer cells, each containing the
      appropriate barbituate buffer solution, and each having an opposite
      polarity electrode in contact with the solution. A power supply for
      providing appropriate voltage at sufficient power levels is connected
      between the two electrodes. The slide mounting block is arranged to
      provide for positive retention of the slide compressed sufficiently to
      ensure continuous intimate contact between the substrate of the slide and
      the concave surface of the mounting block. With the slide so positioned,
      when the mounting block is placed over the reservoir, the ends of the
      slide are located within the buffer solution and, when the voltage is
      applied, the electrophoretic migration takes place.
DRWD
PAC  THE DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 is an illustration generally in perspective view of a mounting block
      and buffer reservoir assembly constructed in accordance with the
      principles of this invention; and
PAR  FIG. 2 is an illustration in cross sectional view taken along the lines
      2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference now to FIG. 1, the mounting and cooling block generally
      indicated at 11 is formed of an aluminum casting and includes a concave
      cylindrical external surface 13. In the hollow portions 15 of the mounting
      block 11 a material 17, such as lithium salt, is located. The mounting
      block may be formed with internal cooling fins 19, and includes a cover 21
      which may be sealably attached to the mounting block 11 itself, by means
      of screws or the like (not shown). The concave surface 13 is preferably
      coated with an electrically insulating material, which is chemically
      nonreactive with the buffer solution and which should also be hydrophobic
      in order to avoid wetting of the cooling block which would result in an
      uneven temperature distribution across the surface of the electrophoretic
      slide. A suitable material is a coating of polyphenylene sulfide resin,
      such as that manufactured under the trademark Ryton by Phillips Petroleum
      Company of Bartelsville, Oklahoma, U.S.A. An electrophoretic slide 16 is
      shown mounted in continuous intimate contact with the concave surface 13.
      The slide is formed of an agarose gel layered on a substrate of
      polyethylene terephthalate. Typical dimensions for the slide are 6 inches
      wide by 9.24 inches in length, with the polyethylene terephthalate
      substrate having a thickness of 0.007 inches. In order to provide for ease
      in handling the agarose gel covers the entire surface of the slide, with
      the exception of a 3/4 inch strip along each of the long sides of the
      polyethylene terephthalate substrate. In handling, the slides can then be
      handled along these 3/4 inch strips, without contamination of the agarose
      gel material.
PAR  The material 17 is any suitable material which has a phase change in the
      desired range and the property of absorption of sufficient heat associated
      with the phase change to maintain the slide at a constant temperature. We
      have found that certain salts are particularly useful for this purpose,
      the phase change being from a solid to a liquid phase. One salt which we
      have used is hydrated lithium nitrate. The cooling block 11 includes about
      800 milliliters of this material, which has a heat fusion of about 70
      calories per gram. This material is also desirable because of its
      relatively high density, so that a significant amount of the material will
      occupy a relatively small volume.
PAR  To position the slide on the mounting block 11, the slide is moved, with
      the substrate side uppermost, into position so that one end presses
      against a compressible lip element 20, which typically could be formed of
      silicon, or rubber or other soft resilient material, which is inert to the
      buffer solution. The lip 20 is held in position by a retainer 22, formed
      of glass filled board or other equivalent material. The opposite end of
      the slide 16 is then allowed to slip under the retaining element 24 and
      the resilient lip 20 retains the slide generally in compression against
      the concave surface 13 to provide for continuous intimate contact. The
      retaining element 24 may also be formed of glass filled board. Alternative
      arrangements for retaining the slide include the use of spring retaining
      elements.
PAR  The buffer reservoir 30 which may be formed, for example, of cast epoxy,
      includes two isolated buffer cells 32 and 34 with a relatively high
      separator 36 between them. One electrode 31 lies within the buffer cell
      32, while an identical electrode 33 lies within the buffer solution cell
      34. The upper edge of the reservoir member 30 contains a sealing gasket 37
      to avoid spillage of the buffer solution when the mounting block 11 is
      placed in position on the reservoir 30. In operation a power supply,
      capable of providing a voltage of approximately 200 volts at a peak
      amperage of approximately 300 amps. is connected between electrodes 31 and
      33. A typical migration time is in the order of 45 minutes to 1 hour.
PAR  The buffer solution may be any suitable electrophoresis buffer solution
      such as a mixture of 0.331 gms of diethyl barbituric acid +1.848 gms of
      sodium diethyl barbiturate to 120 mils. of distilled water (pH 8.6, ionic
      strength 0.075).
PAR  It has been found that with the material 17 described above, the mounting
      block may be utilized to process as many as four slides, before it needs
      to be recycled. The recycling of the mounting block consists in allowing
      it to stand overnight at room temperature so that the salt may solidify
      or, if a shorter recycling time is desired, the block may be recycled by
      placing it for about one hour in an ice bath.
PAR  While a specific geometric configuration of the apparatus has been
      described, and specific materials have been given as examples, it will be
      understood that other materials may be employed with other configurations
      and that the invention should be construed as being defined by the
      associated claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for effecting electrophoretic migration on an
      electrophoresis slide comprising:
PA1  a mounting block having an electrically insulating thermally conducting
      contact surface;
PA1  means for mounting said electrophoresis slide in substantially continuous
      intimate contact with said contact surface;
PA1  a material, solid at room temperature, which absorbs heat while undergoing
      a phase change enclosed within said mounting block in thermal contact with
      said block to absorb heat from said electrophoresis slide by absorbing
      heat during the process of electrophoresis to maintain said slide at a
      substantially constant temperature;
PA1  reservoir means for containing two isolated portions of buffer solution;
      and
PA1  first and second electrodes, said first electrode being in electrical
      contact with said first portion of buffer solution and said second
      electrode being in electrical contact with said second portion of buffer
      solution, said reservoir and said cooling block being configured such that
      said cooling block may be placed in position with respect to said
      reservoir such that an electrophoresis slide mounted on said block has one
      end protruding into said first portion of buffer solution and the opposite
      end protruding into the other portion of said buffer solution.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said heat absorbing
      material is lithium salt.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 in which said phase change is from
      a solid to a liquid.
NUM  4.
PAR  4. An apparatus for effecting electrophoretic migration on an
      electrophoresis slide comprising:
PA1  a mounting block having an electrically insulating thermally conducting
      contact surface and formed as a generally rectangular hollow block having
      one external surface formed as a concave cylinder to serve as said contact
      surface;
PA1  means for mounting said electrophoresis slide in substantially continuous
      intimate contact with said contact surface;
PA1  a material which absorbs heat while undergoing a phase change enclosed
      within said mounting block in thermal contact with said block to absorb
      heat from said electrophoresis slide by absorbing heat during the process
      of electrophoresis to maintain said slide at a substantially constant
      temperature;
PA1  reservoir means for containing two isolated portions of buffer solution;
      and
PA1  first and second electrodes, said first electrode being in electrical
      contact with said first portion of buffer solution and said second
      electrode being in electrical contact with said second portion of buffer
      solution, said reservoir and said cooling block being configured such that
      said cooling block may be placed in position with respect to said
      reservoir such that an electrophoresis slide mounted in said block has one
      end protruding into said first portion of buffer solution and the opposite
      end protruding into the other portion of said buffer solution.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said hollow block includes
      radiating fins in contact with said heat absorbing material contained
      therein.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein said mounting block is
      formed of aluminum.
NUM  7.
PAR  7. Apparatus in accordance with claim 5 wherein said concave surface is
      coated with a hydrophobic insulating material.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said material is
      polyphenylene sulfide resin.
NUM  9.
PAR  9. In an apparatus for effecting the electrophoretic migration of an
      electrophoresis slide, the improvement comprising;
PA1  a mounting block having an electrically insulating thermally conducting
      contact surface;
PA1  means for mounting said electrophoresis slide in substantially continuous
      intimate contact with said contact surface; and
PA1  a material, solid at room temperature, which absorbs heat while undergoing
      a phase change enclosed within said mounting block in thermal contact with
      said block to absorb heat from said electrophoresis slide by changing
      phase during the process of electrophoresis to maintain said slide at a
      substantially constant temperature.
NUM  10.
PAR  10. In an apparatus for effecting the electrophoretic migration of an
      electrophoresis slide, the improvement comprising;
PA1  a mounting block having an electrically insulating thermally conducting
      contact surface and formed as a generally rectangular hollow block having
      one external surface formed as a concave cylinder to serve as said contact
      surface;
PA1  means for mounting said electrophoresis slide in substantially continuous
      intimate contact with said contact surface; and
PA1  a material which absorbs heat while undergoing a phase change enclosed
      within said mounting block in thermal contact with said block to absorb
      heat from said electrophoresis slide by changing phase during the process
      of electrophoresis to maintain said slide at a substantially constant
      temperature.
NUM  11.
PAR  11. Apparatus in accordance with claim 9 in which said phase change is from
      a solid to a liquid.
NUM  12.
PAR  12. Apparatus in accordance with claim 9 wherein said material is a lithium
      salt.
NUM  13.
PAR  13. Apparatus in accordance with claim 10 wherein said hollow block
      includes radiating fins in contact with said heat absorbing material.
NUM  14.
PAR  14. Apparatus in accordance with claim 13 wherein said mounting block is
      formed of cast aluminum.
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ABST
PAL  A coal liquefaction product is separated into an essentially solid free
      stream and a solid containing stream including the coal ash. The solid
      containing stream is hydrotreated, in the absence of added catalyst, and
      valuable clean fuel components stripped from the hydrotreated stream. The
      combustibles content of the stripped solid containing stream is reduced by
      hydrotreatment, prior to stripping.
BSUM
PAR  This invention relates to coal liquefaction, and more particularly, to
      improved recovery of valuable components from a coal liquefaction product.
PAR  Coal can be converted to valuable products by subjecting coal to solvent
      extraction, with or without hydrogen, to produce a mixture of coal extract
      and undissolved coal residue, including undissolved extractable
      carbonaceous matter, fusain and mineral matter or ash.
PAR  In separating the solid material from the coal extract, in many cases, the
      separated stream, containing the solids, includes combustibles which
      represent a potential product loss. Accordingly, there is a need for
      reducing the amount of valuable products present in the separated solid
      containing stream.
PAR  An object of the present invention is to provide for improved coal
      liquefaction.
PAR  Another object of the present invention is to provide for improved recovery
      from coal of combustible products, as clean fuel.
PAR  These and other objects of the invention should be more readily apparent
      from reading the following description thereof.
PAR  In accordance with the present invention, a coal liquefaction product is
      separated into an essentially solids free coal extract, and a solids
      containing liquid stream, including the coal ash. The solids containing
      liquid stream is hydrotreated, in the absence of added extraneous
      catalyst, and valuable components are stripped from the hydrotreated
      solids containing stream to produce a flowable stripped solids containing
      stream having a reduced content of combustibles. It has been found that by
      hydrotreating the solids containing stream, there can be obtained a
      flowable stripped solids containing stream having a lower amount of
      combustibles than would be obtained by omitting the hydrotreating step. In
      this manner, there is improved recovery of combustible products as clean
      fuel; i.e., combustible products free of solid containing material.
PAR  More particularly, in accordance with the overall invention, a coal
      liquefaction product is introduced into a liquid-solids separation zone in
      order to recover a coal extract essentially free of solids and a flowable
      solid containing stream including the coal ash. The liquid-solids
      separation may be effected in any of a wide variety of ways, but as
      hereinafter described, the overall process of the present invention is
      particularly directed to effecting such separation by gravity settling in
      the presence of a liquid promoter.
PAR  A solid containing liquid stream, recovered from the liquid-solid
      separation zone is introduced into a hydrotreating zone wherein the solid
      containing liquid stream is contacted with hydrogen in the absence of
      added extraneous catalyst. The hydrotreating is described as being
      effected in the absence of added extraneous catalyst, instead of as being
      "non-catalytic" in that the ash and/or solid coal particles may exert a
      catalytic effect on the hydrotreating operation.
PAR  The hydrotreated solid containing stream is then introduced into a
      stripping zone to strip valuable clean fuel components therefrom. In
      general, such stripping is effected to recover those components boiling up
      to about 900.degree. F; however, it is to be understood that the stripping
      could be effected to recover components having an upper cut point below
      900.degree. F although, in most cases, the failure to recover such
      components represents potential loss of valuable components. Similarly,
      the stripping could be effected to recover some components boiling above
      900.degree. F, provided the stripped solid containing stream contains
      sufficient liquid components to maintain a flowable stream.
PAR  In general, in order to maintain a flowable stripped solid containing
      stream, the stripped solid containing stream, contains at least about 35%
      Benzene solubles. (Benzene solubles is defined as 100 minus Benzene
      insolubles, with Benzene insolubles as known in the art, being
      conveniently determined by ASTM O-367-67). As should be apparent, the
      amount of Benzene solubles present in the stripped solid containing stream
      is directly proportional to the amount of combustible liquid and,
      accordingly, the upper limit of Benzene solubles is set by the desired
      minimization of liquid combustibles in the stripped solid containing
      stream. In general, the Benzene solubles of the stripped solid containing
      stream is less than about 70 wt.%, and most generally in the order of 40
      to 60 weight percent. It should also be apparent that it would be
      desirable to reduce the Benzene solubles content to less than 35 weight
      percent in order to minimize the amount of liquid combustibles in the
      stripped solid containing stream, but the necessity to maintain flowable
      streams generally precludes a further reduction in Benzene solubles.
PAR  The invention will be further described with respect to the preferred
      embodiment thereof wherein solids are separated from a coal liquefaction
      product by gravity settling in conjunction with a promoter liquid to
      promote and enhance the separation of insoluble material from the coal.
PAR  The liquid which is employed to enhance and promote the separation of
      insoluble material from the coal liquefaction product is generally a
      hydrocarbon liquid having a characterization factor (K) of at least about
      9.75 and preferably at least about 11.0 wherein:
      ##EQU1##
PAR  wherein T.sub.B is the molal average boiling point of the liquid
      (.degree.R); and G is specific gravity of the liquid (60 F/60.degree. F).
PAR  The characterization factor is an index of the aromaticity/parafinicity of
      hydrocarbons and petroleum fractions as disclosed by Watson & Nelson, Ind.
      Eng. Chem. 25,880 (1933), with more parafinic materials having higher
      values for the characterization factor (K). The promoter liquid which is
      employed is one which has a characterization factor (K) in excess of 9.75
      and which is also less aromatic than the liquefaction solvent; i.e., the
      characterization factor K of the promoter liquid has a value which is
      generally at least 0.25, higher than the characterization factor of the
      liquefaction solvent.
PAR  The following Table provides representative characterization factors (K)
      for various materials:
TBL                TABLE                                                       
     ______________________________________                                    
     Anthracene                 8.3                                            
     Naphthalene                8.4                                            
     425-500.degree.F Coal Tar Distillate                                      
                                8.8                                            
     550-900.degree.F Coal Tar Distillate                                      
                                9.1                                            
     600-900.degree.F Coal Tar Distillate                                      
                                9.0                                            
     400-450.degree.F Coal Tar Distillate                                      
                                9.4                                            
     Benzene                    9.8                                            
     Tetrahydronaphthalene      9.8                                            
     o-xylene                   10.3                                           
     Decahydronaphthalene       10.6                                           
     Cyclohexane                11.6                                           
     425-500.degree.F Boiling Range Kerosene                                   
                                11.9                                           
     n-Dodecylbenzene           12.0                                           
     Propylene Oligomers (pentamer)                                            
                                12.2                                           
     Cetene                     12.8                                           
     Tridecane                  12.8                                           
     n-Hexane                   12.9                                           
     Hexadecane or cetane       13.0                                           
     ______________________________________                                    
PAR  The liquid which is used to enhance and promote the separation of insoluble
      material is further characterized by a 5 volume percent distillation
      temperature of at least about 250.degree. F and a 95 volume percent
      distillation temperature of at least about 350.degree. F and no greater
      than about 750.degree. F. The promoter liquid preferably has a 5 volume
      percent distillation temperature of at least about 310.degree. F and most
      preferably of at least about 400.degree. F. The 95 volume percent
      distillation temperature is preferably no greater than about 600.degree.
      F. The most preferred promoter liquid has a 5 volume percent distillation
      temperature of no greater than about 500.degree. F. It is to be understood
      that the promoter liquid may be a hydrocarbon; e.g.,
      tetrahydronaphthalene, in which case the 5 volume percent and 95 volume
      percent distillation temperatures are the same; i.e., the hydrocarbon has
      a single boiling point. In such a case, the boiling point of the
      hydrocarbon must be at least about 350.degree. F in order to meet the
      requirements of a 5 volume percent distillation temperature of at least
      about 250.degree. F and a 95 volume percent distillation temperature of at
      least about 350.degree. F. The promoter liquid is preferably a blend
      mixture of hydrocarbons in which case the 5 volume percent and 95 volume
      percent distillation temperatures are not the same.
PAR  The 5 volume and 95 volume percent distillation temperature may be
      conveniently determined by ASTM No. D 86-67 or No. D 1160 with the former
      being preferred for those liquids having a 95 percent volume distillation
      temperature below 600.degree. F and the latter for those above 600.degree.
      F. The methods for determining such temperatures are well known in the art
      and further details in this respect are not required for a full
      understanding of the invention. It is also to be understood that the
      reported temperatures are corrected to atmospheric pressure.
PAR  As representative examples of such liquids, there may be mentioned:
      kerosene or kerosene fractions from paraffinic or mixed base crude oils;
      middle distillates, light gas oils and gas oil fractions from paraffinic
      or mixed base crude oils; alkyl benzenes with side chains containing 10 or
      more carbon atoms; paraffinic hydrocarbons containing more than 12 carbon
      atoms; white oils or white oil fractions derived from crude oils;
      alphaolefins containing more than 12 carbon atoms; fully hydrogenated
      naphthalenes and substituted naphthalenes; propylene oligomers (pentamer
      and higher); tetrahydronaphthalene, heavy naphtha fractions, etc. The most
      preferred liquids are kerosene fractions; white oils; fully hydrogenated
      naphthalenes and substituted naphthalenes; and tetrahydronaphthalene.
PAR  The amount of liquid promoter used for enhancing and promoting the
      separation of insoluble matter from the coal liquefaction product will
      vary with the particular liquid employed, the coal liquefaction solvent,
      the coal used as starting material and the manner in which the
      liquefaction is effected. As should be apparent to those skilled in the
      art, the amount of liquid promoter used should be minimized in order to
      reduce the overall costs of the process. It has been found that by using
      the liquid of controlled aromaticity, in accordance with the teachings of
      the present invention, the desired separation of insoluble material may be
      effected with modest amounts of liquid promoter. In general, the weight
      ratio of liquid promoter to coal solution may range from about 0.2:1 to
      about 3.0:1, preferably from about 0.3:1 to about 2.0:1 and, most
      preferably from about 0.3:1 to about 1.5:1. In using the preferred
      promoter liquid which is kerosene fraction having 5 percent and 95 percent
      volume distillation temperatures of 425.degree. F, and 500.degree. F,
      respectively, promoter liquid to coal solution weight ratios in the order
      of 0.4:1 to 0.6:1 have been particularly successful. It is to be
      understood, however, that greater amounts of liquid promoter may be
      employed but the use of such greater amounts is uneconomical. In addition,
      the use of an excess of liquid promoter may result in the precipitation or
      separation of an excessive amount of desired coal derived products from
      the coal extract. More particularly, as the amount of liquid promoter
      employed is increased, a greater amount of ash is separated from the coal
      solution, but such increased ash separation is accompanied by an increased
      separation of desired coal derived products from the coal solution. By
      using the liquid promoters as herein described, not only may modest
      amounts of solvent be employed, but, in addition, ash may be effectively
      separated from the coal solution; e.g., in amounts greater than 90
      percent, without an excessive loss of desired coal derived products.
PAR  The gravity settling is generally effected at a temperature from about
      300.degree. F to about 600.degree. F, preferably from about 350.degree. F
      to 500.degree. F and at a pressure from about 0 psig to about 500 psig,
      preferably from about 0 psig to about 300 psig. In general, the residence
      time for the settling is in the order of 0.1 to 8 hours and preferably
      from 0.2 to 4 hours. The gravity settling may be effected in one, two or
      more gravity settlers. The gravity settling may be effected as described
      in copending application Ser. No. 452,409 filed on Mar. 18, 1974 which is
      hereby incorporated by reference in order to provide a net underflow
      having an ash content of at least 6 weight percent and preferably 8 to 16
      weight percent.
PAR  The net underflow from the gravity settling, prior to hydrotreating, is
      preferably introduced into a stripping zone to separate any promoter
      liquid present in the liquid underflow. In this manner, the recovery of
      promoter liquid from the net underflow is facilitated; however, it is to
      be understood that the promoter liquid stripping step could be omitted,
      and net underflow fed directly to the hydrotreating step.
PAR  The net underflow is then introduced with hydrogen into a non-catalytic
      hydrotreating zone, preferably a tubular type reactor free of added
      catalyst. The hydrotreating is generally effected at temperatures from
      about 600.degree. F to about 900.degree. F, preferably from about
      730.degree. F to about 830.degree. F, and pressures from about 500 to
      about 3000 psig, preferably from about 1000 to about 2000 psig. The liquid
      hourly spaced velocity is generally in the order of from 0.5 to 6.0
      hr.sup..sup.-1, and preferably from 1.0 to 3.0 hr.sup..sup.-1. It is to be
      understood that the scope of the invention is not limited to such
      processing conditions in that the determination of such processing
      conditions is within the scope of those skilled in the art from the
      teachings herein.
PAR  The liquid portion of the hydrotreated solid containing effluent is then
      introduced into a stripping zone to strip valuable products therefrom
      wherein preferably components boiling up to 900.degree. F are stripped
      from the hydrotreated underflow, while recovering a flowable stripped
      solid containing stream. In general, the stripping zone is operated at a
      temperature from about 500.degree. F to about 900.degree. F, and a
      pressure from about 10mm Hg to 760mm Hg. It is to be understood, however,
      that such conditions are merely illustrative, and the selection of other
      suitable conditions is deemed to be within the scope of those skilled in
      the art from the teachings herein.
PAR  In a coal liquefaction process, potential clean fuel values loss is
      measured approximately by the amount of combustibles which are present in
      stripped underflow, with the combustible matter being comprised of coal
      derived heavy oil and unreacted coal and/or associated petrographic
      constituents. In accordance with the present invention, the amount of
      combustibles present in the stripped solid containing stream (conveniently
      measured as a combustible to ash ratio) will vary depending upon the solid
      combustible content (unreacted coal and/or associated petrographic
      constituents) of the coal used as the original feed. Thus, for example,
      for a coal with a low ash content and high content of unreactive carbon,
      the combustible to ash ratio in the stripped underflow may be in the order
      of 4.0 or 5.0, whereas for a coal with high ash and low unreactive carbon,
      the combustible to ash weight ratio may be in the order of 2.5 or less.
      However, by proceeding in accordance with the present invention, for a
      given coal source, the combustible to ash ratio of the stripped underflow
      can be minimized while maintaining flowable conditions.
PAR  In addition, the net coal product (the extracted carbonaceous matter,
      excluding promoter liquid, liquefaction solvent and gas make), hereinafter
      sometimes referred to as "coal product", contains less than about 0.5
      percent insoluble material, all by weight. The specific amount of
      insoluble material which is permitted to be present in the coal product is
      dependent upon the product standards, and the deashing is controlled in
      order to provide the required specifications. Based on an Illinois type
      coal, the production of a coal product having less than 0.05 percent, by
      weight, insoluble material, corresponds to 99+ percent ash removal, but as
      should be apparent to those skilled in the art, the percent ash removal
      required to provide a coal product having the required minimum amount of
      insoluble material is dependent upon the initial ash content of the coal.
      Thus, in accordance with the present invention, the liquid promoter is
      added to the coal solution in an amount, as hereinabove described, to
      provide a coal product in which insoluble material is present in an amount
      of less than about 0.05 percent, by weight, and to provide a flowable
      stripped underflow having a reduced amount of combustibles.
PAR  The liquid promoter may also be prepared by blending a material having a
      characterization factor below 9.75 with a material having a
      characterization factor above 9.75 and the boiling properties as
      hereinabove described. The use of blended materials is a convenient manner
      of regulating the characterization factor.
DRWD
PAR  The invention will be further described with respect to an embodiment
      thereof illustrated in the accompanying drawing. It is to be understood,
      however, that the scope of the invention is not to be limited thereby.
PAR  The drawing is a simplified schematic flow diagram of an embodiment of the
      invention.
DETD
PAR  Referring to the drawing, ground or pulverized coal, generally bituminous,
      sub-bituminous or lignite, preferably bituminous coal, in line 10 is
      introduced into a coal solvation and slurrying zone 11 along with a coal
      liquefaction solvent in line 12. The coal liquefaction solvent may be any
      one of the wide variety of coal liquefaction solvents used in the art,
      including both hydrogen donor solvents, non-hydrogen donor solvents and
      mixtures thereof. These solvents are well known in the art and,
      accordingly, no detailed description thereof is deemed necessary for a
      full understanding of the invention. As particularly described, the coal
      liquefaction solvent is a 600.degree.-900.degree. F solvent which is
      recovered from the coal liquefaction product and which has not been
      subjected to hydrogenation subsequent to the recovery thereof. The solvent
      is added to the coal in an amount sufficient to effect the desired
      liquefaction, and in general, is added in an amount to provide a solvent
      to coal weight ratio from about 1:1 to about 20:1, and preferably from
      about 1.5:1 to about 5:1.
PAR  A coal paste is withdrawn from zone 11 through line 13 and introduced into
      a coal liquefaction zone 14 wherein, as known in the art, the coal is
      converted to liquid products. The liquefaction zone 14 is operated as
      known in the art and may be catalytic or non-catalytic and may be effected
      in the presence or absence of added hydrogen. The hydrogenation may be
      effected in a fixed catalyst bed, fluidized catalyst bed or in an expanded
      or ebullating bed. The details of the coal liquefaction step form no part
      of the present invention, and accordingly, no details thereof are required
      for a full understanding of the invention. As particularly described, the
      coal liquefaction is effected in the presence of added hydrogen. The
      hydrogenation as known in the art, increases the recovery of coal products
      and also reduces the sulfur and nitrogen content of the recovered liquid
      coal product. Typical process conditions are temperatures from 650.degree.
      to 900.degree. F and pressures from 500 to 4000 psig. The liquefaction is
      preferably effected in an upflow ebullating bed, as known in the art;
      e.g., as described in U.S. Pat. No. 2,987,465 to Johanson. The coal
      liquefaction zone, as known in the art, includes means for recovering the
      various gaseous products.
PAR  A coal liquefaction product, comprised of a liquid coal extract of
      dissolved carbonaceous matter in the coal liquefaction solvent and
      insoluble material (ash and undissolved coal) is withdrawn from the
      liquefaction zone 14 through line 15 and introduced into a separation zone
      16 to separate from the coal liquefaction product at least those materials
      boiling up to about 95 volume percent distillation temperature of the
      liquid to be used for promoting and enhancing the separation of the
      insoluble material. The separation zone 16 may include an atmospheric or
      vacuum flashing chamber or tower, and as particularly described separation
      zone 16 is designed and operated to separate components boiling up to
      about 600.degree. F.
PAR  A coal liquefaction product, free of components boiling up to about
      600.degree. F withdrawn from separation zone 16 through line 17, is mixed
      with promoter liquid in line 21 of controlled aromaticity; i.e., the
      characterization factor of the promoter liquid has a value which is
      generally at least 0.25 units greater than the characterization factor of
      the coal liquefaction solvent. As particularly described, the promoter
      liquid is a kerosene fraction which has a 5 volume percent and 95 volume
      percent distillation temperatures which fall within the range from about
      425.degree.-500.degree. F and is derived from a naphthenic or paraffinic
      distillate.
PAR  The combined stream of coal liquefaction product and promoter liquid in
      line 22 is introduced into a gravity settling zone, generally designated
      as 23.
PAR  Essentially solid free overflow is recovered from gravity settling zone 23,
      and in line 28 and introduced into a recovery zone 29 for recovering
      promoter liquid and various fractions of the coal extract.
PAR  The recovery zone 29 may be comprised of one or more fractionators to
      distill various fractions from the product. As particularly described, the
      recovery zone is operated to recover a first fraction having 5 percent and
      95 percent volume distillation temperature of from 425.degree. to
      500.degree. F, which is to be used as the promoter liquid for enhancing
      and promoting separation of solid material from the coal liquefaction
      product; a second fraction (600.degree.-900.degree. F) a portion of which
      may be used as the coal liquefaction solvent in line 12 and a further
      portion thereof recovered as product, and a residual product (+900.degree.
      F) of low ash and reduced sulfur content. The promoter liquid recovered in
      the recovery zone is admixed with the liquefaction product in line 17 and
      makeup may be provided through line 41.
PAR  The net underflow containing dispersed insoluble material, including the
      ash, is introduced into a stripping zone 51 designed and operated to
      recover, as overhead, any promoter liquid present in the net underflow.
      The promoter liquid recovered in zone 51, through line 52 is admixed with
      the liquefaction product in line 17. As hereinabove described stripping
      zone 51 can be omitted.
PAR  The net underflow, essentially free of promoter liquid, recovered from zone
      51 through line 53 is introduced along with hydrogen, in line 54, into a
      hydrotreating zone 55 to effect hydrogenation of the solids containing
      underflow. As hereinabove described, the hydrotreating zone 54 is free of
      extraneous added catalyst.
PAR  The hydrotreated solid containing underflow withdrawn from hydrotreating
      zone 55, through line 56, is introduced into a gas-liquid separation zone,
      schematically illustrated as 57, to separate gaseous components therefrom.
PAR  The solid containing liquid recovered from separation zone 57, in line 58,
      is introduced into stripping zone 59 wherein material boiling, below about
      900.degree. F is stripped therefrom and introduced into the recovery zone
      29 through line 61. As hereinabove described, the stripper bottoms in line
      62 is flowable solid containing stream having a reduced content of
      combustibles. The bottoms in line 62 may then be subjected to calcination
      or coking. Alternatively, part of the stripper bottoms may be used as
      feedstock to a partial oxidation process for producing hydrogen. As a
      further alternative, a portion of the stripper bottoms may be used for
      plant fuel. These uses and others should be apparent to those skilled in
      the art from the teachings herein. In accordance with the present
      invention, the coal product (the product recovered from zones 16 and 29,
      excluding liquefaction solvent and promoter liquid) contains less than
      0.05 percent, by weight of insoluble material.
PAR  Although the invention has been particularly described with respect to the
      preferred embodiment wherein solid material is separated by gravity
      settling in the presence of a promoter liquid, the overall teachings of
      the invention are also applicable to other separation techniques such as
      centrifugation and separation by use of a hydrocyclone.
PAR  The invention will be further described with respect to the following
      example, but the scope of the invention is not to be limited thereby.
PAC  EXAMPLE 1
PAR  A coal paste consisting of 40 weight percent Pennsylvania coal and 60
      weight percent nominal 600.degree.-900.degree. F boiling range coal tar
      distillate paste oil was admixed with hydrogen and admixture continuously
      fed through a preheater into the bottom of a 1 inch diameter upflow
      expanded bed reaction cascade (2 reactor in series) operating at the
      conditions summarized below in Table 1. The temperature of the
      hydrogen/coal paste admixture was increased to about 675.degree. F in the
      preheater.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Operating Parameter Summary for Example 1                                 
     Catalyst               Cobalt Molybdate on Alumina                        
                            Spheres (8-12 mesh)                                
     Mode of Contact        Upflow Expanded Bed                                
     Coal Paste Feed Rate, gals/hr at 150.degree.F                             
                            3.0                                                
     Total Gas Feed Rate, SCF/hr                                               
                            320                                                
     Liquid Hourly Space Velocity at 150.degree.F,hr.sup.-.sup.1               
                            1.6                                                
     Operating Pressure (total), psig                                          
                             1400                                              
     Hydrogen Partial Pressure at Reactor                                      
                             1150                                              
     Outlet, psia                                                              
     Operating Temperature, .degree.F                                          
                            790 .+-. 30                                        
     __________________________________________________________________________
PAR  Ash containing reactor effluent was cooled to about 300.degree. F and
      collected in one of two 30-gallon interchangeable high pressure gas liquid
      separators piped in parallel. When separator number 1 was about 75-85%
      full with liquid product, separator 2 was placed on line and the contents
      of separator 1 were transferred to a low pressure liquid product receiver.
      The liquid contents of the low pressure receiver were then transferred to
      a blend tank outfitted with a steam coil.
PAC  EXAMPLE 2
PAR  After blending, the ash containing coal derived liquid product solution
      prepared in Example 1 was pumped through an electrically heated coil and
      into a continuous equilibrium flash unit. The flash chamber was operated
      at 600.+-.10.degree. F and atmospheric pressure. A feed rate of about 5
      gals. per hour and a supplemental nitrogen sparge rate of 50 SCF/hr were
      used in this operation. Overhead vapors from the flash chamber were
      condensed and collected in 55 gallon drums, and residual product was
      collected in a receiver from which it was pumped periodically to a 500
      gallon blend tank outfitted with a steam coil. After blending, the
      composite residual product contained 2.9 weight percent ash, and had an
      atmospheric pressure initial boiling point of about 575.degree. F.
PAC  EXAMPLE 3
PAR  Three (3) gals. per hour at 200.degree. F (28.8 lbs/hr) of the composite
      ash containing residual product prepared in Example 2 were continuously
      pumped from a 500 gallon blend tank to an inline mixing zone operating at
      530.+-. 10.degree. F. A nominal 425.degree.-500.degree. F kerosene
      distillate with a characterization factor of 11.8.+-. 0.1 was
      simultaneously fed at a rate of 1.7 gal/hr at r.t. to the above inline
      mixer. The thoroughly mixed admixture from the mixing zone was
      continuously routed to a 16 gallon heated gravity settler operating at
      530.+-. 10.degree. F and a pressure of 130 psig.
PAR  A substantially ash free overflow product and ash enriched underflow
      product stream was continuously withdrawn from the heated gravity settler.
      Each settler effluent stream was cooled to about 300.degree. F and
      collected in separate scale tanks. On the average about 23 lbs of
      underflow product was withdrawn per 100 lbs of total settler feed. The
      above deashing run was terminated after about 400 lbs of ash enriched
      composite underflow was collected in the underflow scale tank.
      Representative composite 2-gallon samples of the overflow and underflow
      product solutions were withdrawn from the respective scale tanks and
      analyzed for ash content. The ash content of the composite overflow and
      underflow products collected during the deashing run were found to be 0.02
      and 8.7 weight percent respectively. Table 2 contains a vacuum
      distillation analysis of the composite underflow sample prepared in this
      example. For descriptive purposes this underflow sample is referred to as
      untreated underflow in Table 2.
PAC  EXAMPLE 4
PAR  About 6 liters of composite underflow prepared in Example 3 were charged to
      a steam traced, agitated 8 liter feed tank. This
TBL                                    Table 2                                 
     __________________________________________________________________________
     Vacuum Distillation Data                                                  
     Sample Description   Untreated                                            
                                  Hydrotreated                                 
                          Underflow                                            
                                   Underflow                                   
     __________________________________________________________________________
     Ash Content of Sample, wt. %                                              
                           7.02                                                
     Distillation Data                                                         
               (all temperatures corrected                                     
                to 760mmHg abs. pressure)                                      
     Initial Boiling Point, .degree.F                                          
                           334     244                                         
     1 wt% Distilled, .degree.F                                                
                           434     283                                         
     2.5 wt% Distilled, .degree.F                                              
                           453     364                                         
     5.0 wt% Distilled, .degree.F                                              
                           466     434                                         
     7.5 wt% Distilled, .degree.F                                              
                           476     455                                         
     10.0 wt% Distilled, .degree.F                                             
                           485     469                                         
     15.0 wt% Distilled, .degree.F                                             
                           503     486                                         
     20.0 wt% Distilled, .degree.F                                             
                           522     505                                         
     25.0 wt% Distilled, .degree.F                                             
                           540     524                                         
     30.0 wt% Distilled, .degree.F                                             
                           562     543                                         
     35.0 wt% Distilled, .degree.F                                             
                           624     580                                         
     40.0 wt% Distilled, .degree.F                                             
                           677     641                                         
     45.0 wt% Distilled, .degree.F                                             
                           701     677                                         
     50.0 wt% Distilled, .degree.F                                             
                           726     702                                         
     55.0 wt% Distilled, .degree.F                                             
                           751     727                                         
     60.0 wt% Distilled, .degree.F                                             
                           776     751                                         
     65.0 wt% Distilled, .degree.F                                             
                           801.sup.(4)                                         
                                   777                                         
     70.0 wt% Distilled, .degree.F                                             
                           --      803.sup.(4)                                 
     Distillation Residue Characterization                                     
                           IV      V                                           
                          See Table 5                                          
     __________________________________________________________________________
      .sup.(4) Point of incipient cracking and/or coking.                      
PAL  feedstock was continuously pumped at a rate of about 800 ml/hr at
      200.degree. F to the inlet of an electrically heated heater where it was
      mixed with hydrogen (12 SCFH). This gas/liquid mixture was heated to about
      670.degree. F and fed to a 1/2 inch I. D. electrically heated empty
      tubular reactor. Table 3 below summarizes the tubular reactor operating
      conditions employed in this experiment.
TBL                Table 3                                                     
     ______________________________________                                    
     Tubular Reactor Operating Parameter Summary                               
     ______________________________________                                    
     Liquid Hourly Space Velocity at 200.degree.F, hr.sup.-.sup.1              
                                2.0                                            
     Average Reactor Operating Temperature, .degree.F                          
                                780                                            
     Total Operating Pressure, psig                                            
                                1400                                           
     ______________________________________                                    
PAR  Tubular reactor effluent liquid product is routed to a combination high
      pressure gas/liquid separator-receiver tandem operating at about
      150.degree. F. At the conclusion of the experiment a composite liquid
      product was packaged in a multiplicity of 1 qt. wide mouth cans outfitted
      with friction type lids.
PAR  Tables 2 and 5 contain the distillation analysis and distillation residue
      characterization analytical data respectively for the hydrotreated
      product. Companion data on the untreated feedstock are also enclosed for
      reference purposes.
TBL                Table 5                                                     
     ______________________________________                                    
     Laboratory Prepared Stripped Underflow -Characterization                  
     ______________________________________                                    
     Laboratory Prepared IV        V                                           
     Stripped Underflow                                                        
     Sample Designation                                                        
                         Untreated Hydrotreated                                
     Benzene Solubles, wt%                                                     
                         41.73     45.81                                       
     Ash Content         19.55     22.89                                       
     Ash Free Benzene Insolubles, wt%                                          
                         38.72     31.30                                       
     Insolubles Content                                                        
     Combustibles/Ash wt ratio                                                 
                          4.12      3.37                                       
     Approximate Softening Point, .degree.F.                                   
                         425       350                                         
     Viscosity at 550.degree.F, Poise                                          
     Shear Rate, sec.sup.-.sup.1                                               
     0.1                 1530      820                                         
     0.5                 600       275                                         
     1.0                 410       172                                         
     5.0                 161       59.0                                        
     10.0                108       37.0                                        
     50.0                44.0      13.0                                        
     100.0               29.0       8.5                                        
     ______________________________________                                    
PAR  The above example indicates that the hydrotreated stripped underflow has a
      lower amount of combustibles whereby there is a greater recovery of clean
      fuel components. Furthermore, the hydrotreated stripped underflow is
      flowable, and less viscous than the untreated underflow.
PAR  The present invention is particularly advantageous in that clean fuel
      recovery from coal is improved by reducing the amount of combustibles in
      the stripped solid containing stream recovered in the process. In
      accordance with the preferred aspect of the present invention by
      subjecting a coal liquefaction product, containing solid material, to
      gravity settling in the presence of a promoter liquid, hydrotreating of
      the solid containing underflow from the gravity settling and stripping of
      the hydrotreated underflow, it is possible to maximize recovery of
      vaulable clean fuel components by minimizing the combustible content of
      the residual solid containing stream from the process, while maintaining
      flowable solids containing streams.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims the invention must be practiced otherwise than as
      particularly described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for separating insoluble material from a coal liquefaction
      product, produced from a coal feed, comprised of carbonaceous matter
      dissolved in a coal liquefaction solvent and insoluble material,
      comprising:
PA1  separating from the coal liquefaction product an essentially solid free
      stream and a solid containing liquid stream, including coal ash;
PA1  hydrotreating the solid containing liquid stream at hydrogenation
      conditions in the absence of extraneous catalyst; and
PA1  stripping the hydrotreated solid containing liquid stream to strip clean
      fuel components therefrom and produce a stripped flowable solid containing
      liquid stream having a reduced quantity of combustible products.
NUM  2.
PAR  2. The process of claim 1 wherein the stripping is effected to provide a
      stripped flowable solid containing liquid stream, having at least 35%
      Benzene solubles and less than 70%, Benzene solubles.
NUM  3.
PAR  3. The process of claim 2 wherein the stripping is effected to strip
      components boiling at no greater than 900.degree. F
NUM  4.
PAR  4. The process of claim 3 wherein the hydrotreating is effected at a
      temperature from 600.degree. F to 900.degree. F and at pressures from 500
      to 3000 psig.
NUM  5.
PAR  5. The process of claim 4 wherein the coal liquefaction product is
      subjected to gravity settling to separate said essentially solid free and
      said solid containing stream.
NUM  6.
PAR  6. The process of claim 5 wherein said gravity settling is effected in the
      presence of a promoter liquid, said promoter liquid having a
      characterization factor of at least 9.75, a 5 volume percent distillation
      temperature of at least about 250.degree. F and a 95 volume percent
      distillation temperature of at least about 350.degree. F and no greater
      than about 750.degree. F.
NUM  7.
PAR  7. A process for producing clean fuel from coal, comprising:
PA1  hydrotreating coal dissolved and dispersed in a liquefaction solvent to
      produce a coal liquefaction product comprised of carbonaceous matter
      dissolved in the coal liquefaction solvent and insoluble material;
PA1  separating from the coal liquefaction product, by gravity settling, an
      essentially solids free stream, as overflow and, as underflow, a solid
      containing liquid stream, said gravity settling being effected in the
      presence of a promoter liquid having a characterization factor of at least
      about 9.75, a 5 volume percent distillation temperature of at least about
      250.degree. F, and a 95 volume percent distillation temperature of at
      least about 350.degree. F and no greater than about 750.degree. F,
PA1  hydrotreating said solid containing liquid stream at hydrogenation
      conditions in the absence of extraneous catalyst;
PA1  stripping the hydrotreated solid containing liquid stream to strip clean
      fuel components from the hydrotreated stream and provide a flowable
      stripped solid containing liquid stream; and
PA1  recovering clean fuel product from the overflow from the gravity settling
      zone and the clean fuel components recovered in the stripping.
NUM  8.
PAR  8. The process of claim 7 wherein the stripping is effected to provide a
      stripped flowable solid containing liquid stream, having at least 35%
      Benzene solubles and less than 70%, Benzene solubles.
NUM  9.
PAR  9. The process of claim 8 wherein the stripping is effected to strip
      components boiling at no greater than 900.degree. F.
NUM  10.
PAR  10. The process of claim 9 wherein the hydrotreating is effected at a
      temperature from 600.degree. F to 900.degree. F and at pressures from 500
      to 3000 psig.
NUM  11.
PAR  11. The process of claim 10 wherein the liquid promoter is at least one
      member selected from the group consisting of kerosene, kerosene fractions,
      middle distillates, light gas oils, gas oil fractions, heavy naphthas,
      white oils and white oil fractions, all from crude oils.
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ABST
PAL  A process for removing metalliferous contaminants from a hydrocarbon
      feedstock is disclosed, comprising contacting the feedstock in the
      presence of hydrogen with a solid, said solid consisting essentially of an
      inert particulate solid having an average pore size in the range of from
      1,000 to 10,000 A, preferably 5,000 to 7,000, and a surface area in the
      range of from 1 to 20 m.sup.2 /gram, preferably 2 to 10 m.sup.2 /gram.
PARN
PAR  This is a continuation of application Ser. No. 295,027, filed Oct. 4, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  It is well known that various metallic elements are found in petroleum
      crude oils. A list of those that may be present are set forth in U.S. Pat.
      No. 2,910,434. The most common are iron, nickel and vanadium. These
      metals, particularly iron, nickel and vanadium, are harmful when included
      in feedstocks used for further refining operations. For example, in
      hydrocracking operations the plating out of iron metals on the catalyst's
      exterior surfaces can over a time cause interstitial plugging of the
      catalyst bed. This limits the catalyst life in a hydrocracker since
      unacceptable pressure drops develop. Additionally, the metalliferous
      deposits serve to deactivate (poison) the catalyst requiring premature
      shutdown of the reactor and replacement of the catalyst. Conventional
      catalysts having surfaces areas typically ranging from 100 m.sup.2 /gram
      to as much as 400 m.sup.2 /gram and having relatively small pore diameters
      are quite active for removing metals from hydrocarbons. However, they are
      particularly susceptible to interstitial plugging as well as being
      economically unattractive for removal of metal contaminants. The process
      of the subject invention uses a catalyst which surprisingly combines low
      surface area and large pore size with effective removal of metal
      contaminants with reduced interstitial plugging of the catalyst bed.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. NO. 2,910,434 teaches the removal of trace metals from a cat
      cracking feed by contacting the feed with hydrogen and an inert packing
      material.
PAR  U.S. Pat. No. 2,985,582 teaches the use of "large surface" materials which
      may be porous to pretreat feedstocks for removal of ash.
PAR  U.S. Pat. No. 3,073,777 teaches the removal of inorganics from crude oils
      by use of large surface materials.
PAR  U.S. Pat. No. 3,340,180 teaches the use of catlyst with pores ranging up to
      300 A for hydrodesulfurization of a feed containing asphaltic and
      metalliferous compounds.
PAR  U.S. Pat. No. 3,530,066 teaches preliminarily treating the feedstock to the
      hydrotreating zone with a particulate solid having pores in the range of
      from 1,000 to 50,000 A containing a metal component and an alumina
      hydrogel to remove metals and asphaltenes.
PAR  U.S. Pat. No. 3,365,389 teaches the use of a guard bed of silica, alumina,
      etc., without a hydrogenation component.
PAR  U.S. Pat. No. 3,362,901 teaches removal of asphaltenes over an inert
      particulate support containing a Group VIII iron transition series metal
      or the use of the inert material alone.
PAR  U.S. Pat. No. 3,640,817 teaches the use of a catalyst wherein 50 percent of
      the pores have an average pore diameter of 1,000 A or greater effective
      for the removal of asphaltenes.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention is directed to a method for reducing interstitial
      plugging of catalyst beds by metal deposition. The process comprises
      contacting a metalliferous contaminated feedstock in the presence of
      hydrogen with an inert mterial having no cracking component, having an
      average pore diameter in the range of from 1,000 to 10,000 A and a surface
      area of from 1 to 20 m.sup.2 /gram. The inert support may also contain a
      hydrogenation component selected from the group consisting of Group VIB
      and Group VIII metals and compounds thereof.
PAR  A particularly preferred support is a diatomaceous earth having an average
      pore diameter of about 6,000 A and a surface area of about 4 m.sup.2 /gram
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of the subject invention comprises contacting a metals
      contaminated hydrocarbon feedstock in the presence of hydrogen with an
      inert material having an average pore diameter in the range of from 1,000
      to 10,000 A, preferably 5,000 to 7,000 A, and a surface area in the range
      of from 1 to 20 m.sup.2 /gram, preferably 2 to 5 m.sup.2 /gram. By the
      process of the subject invention, metal contaminants, particularly iron,
      are removed from the feedstock alleviating interstitial plugging of
      catalyst beds by metal deposition. It has been discovered that by the use
      of an inert support having no active cracking component and which may
      optionally contain a hydrogenating component selected from the class
      consisting of Group VIB and Group VIII metals and compounds thereof, the
      metal contaminants in the feedstock are deposited primarily inside the
      pores of the catalyst and not on the exterior surface of the catalyst as
      has been the case with many prior art catalysts. As a result, interstitial
      plugging of the catalyst bed (the closing off of the interstices between
      adjacent catalyst particles, is greatly alleviated resulting in longer
      onstream time (pressure buildup occurs less rapidly), less catalyst
      poisoning, and resulting improved economics. Using the process of the
      subject invention at least 50 percent by weight of the metal removed is
      deposited in the pores of the catalyst, and preferably at least 60
      percent. By deposited in the pores is meant that the metal is deposited or
      laid down on the portion of the internal part of the catalyst such that no
      contribution to the interstitial plugging of the catalyst bed can be
      attributed to the metal so deposited.
PAC  Support Materials
PAR  The inert support materials which may be used in the process of the subject
      invention are characterized by having an average pore diameter of 1,000 to
      10,000 A, preferably 5,000 to 7,000 A, surface areas of from 1 to 20
      m.sup.2 /gram, preferably 2 to 10 m.sup.2 /gram, and no active cracking
      component. Suitable materials include alundum, a fused alumina refractory
      product of the Norton Company, diatomaceous earths which have been treated
      by firing at high temperatures and the like. Particularly desirable are
      Celite 408 and Celite 410, products of Johns-Manville. Celite 408 is a
      diatomaceous silica in the form of extruded pellets, 0.175 inch in
      diameter and 0.156 inch long, having a surface area in the range of from 2
      to 10 m.sup.2 /gram, an average pore diameter of approximately 6,000 A,
      and a compressive strength of 5,200 psi. Celite 410 is similar to Celite
      408 but has a length of 0.275 inch, a diameter of 0.25 inch and a
      compressive strength of 2,200 psi. Both materials are slightly acid to
      neutral.
PAC  Hydrogenating Components
PAR  The inert material used to treat metals contaminated hydrocarbon feedstock
      may be composited with a hydrogenating component if desired. The
      hydrogenating component increases the ability of the inert material to
      remove metal contaminant from the feedstock. However, operating efficiency
      and economics may weigh in favor of using the inert material without any
      hydrogenating component and the subject invention encompasses the use of
      both types of materials. If a hydrogenating component is present, it will
      be selected from the class consisting of Group VIB and Group VIII metals.
      When the term "metal" is used herein to describe the catalyst prepared by
      the method of the present invention, it is understood that the metal or
      metal component may exist in the final catalyst as the metal, as an
      inorganic compound thereof, or as a mixture of the metal and an inorganic
      compound or compounds thereof. Thus, the metal may exist as the oxide,
      chloride, sulfide, or the like.
PAR  The hydrogenating component when present in the support materials will
      constitute from about 1 to 30% by weight, preferably about 4 to 10% based
      on the total weight of the composite.
PAR  Particularly preferred is the use of an inert support together with a
      cobalt-molybdenum hydrogenating component.
PAR  Conventional techniques for introducing hydrogenating components onto a
      support such as impregnation, cogelation, etc., may be used in preparing
      the catalyst of this invention.
PAC  Reaction Condition
PAR  The contacting of the hydrocarbon feedstock containing metal contaminants
      with (1) the inert support with or without a hydrogenating component(s)
      and (2) hydrogen can be carried out at a temperature in the range of
      500.degree. to 850.degree.F and a pressure of from 300 to 3,000 psig. A
      liquid hourly space velocity in the range from 0.2 to 10, preferably 4 to
      6, will be used. The hydrogen supply rate makeup and recycle hydrogen to
      the metals removal zone will be in the range from about 500 to about
      10,000 standard cubic feet per barrel, preferably about 2,000 to 5,000
      standard cubic feet per barrel.
PAC  Feedstocks
PAR  Metal contaminated feedstocks which may be treated by the process of the
      subject invention include petroleum crude oils, topped or reduced crude
      oils, solvent deasphalted oils, distillates, heavy cycle stocks,
      visbreaker liquid effluent, atmospheric and vacuum crude tower bottoms,
      shale oils, coal tars, tar sand oils, etc.
PAC  Examples
PAR  In order that the invention may be better understood, the following
      examples will serve to further illustrate the invention.
PAR  Various catalysts (composition and properties of which are shown in Table
      I) were placed in wire mesh canisters and placed in the front end of a
      hydrocracking unit. The canisters each contained 210 ml of catalyst and
      were made of wire mesh so that the hydrocarbon feedstock and hydrogen
      flowed freely through them. In Examples 2 and 4 the Co and Mo were
      introduced onto the supports by impregnation with a water soluble salt of
      the metals.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Comparison of Catalyst Properties                                         
     Example    1      2    3        4                                         
                Prior Art Catalysts                                            
                            Catalysts of this Invention                        
     __________________________________________________________________________
     Support    Alumina                                                        
                       Alumina                                                 
                            Celite 410                                         
                                     Celite 410                                
     Co, wt. %  0      0.9  0        0.8                                       
     Mo, wt. %  0      3.3  0        3.3                                       
     Surface Area, m.sup.2 /g                                                  
                .about.200                                                     
                       193  .about.4 .about.4                                  
     Pore Volume, ml/g                                                         
                0.3    0.31 0.62     0.57                                      
     Pore Diameter, A                                                          
                60     64   6200     5700                                      
     Crush Strength, lb                                                        
                --     61   79       63                                        
     Attrition, wt. %                                                          
                --     4.1  3.7      3.2                                       
     __________________________________________________________________________
PAR  The canisters remained in the hydrocracking reactor for a period of about
      4-1/2 months. At the end of this period samples were removed and analyzed
      for metals content, particularly iron (the feedstock utilized during the
      run had the average composition shown in Table II).
TBL                TABLE II                                                    
     ______________________________________                                    
     Feedstock Iron Content (ppm)                                              
                                 8.8                                           
     Temperature (.degree.F)     750-800                                       
     Pressure (psig)             2,700                                         
     Reactor LHSV (Vol. Feed/Vol. Cat. Hr.)                                    
                                 0.8                                           
     Hydrogen Flow Rate (SCF/Bbl.)                                             
                                 4,000                                         
     ______________________________________                                    
PAR  Table III shows the results obtained using the prior art catalysts and the
      catalysts of the subject invention described in Table I above.
TBL                TABLE III                                                   
     ______________________________________                                    
     Iron Removed by Catalysts in 210 cc.                                      
     Canister Charges (1/4" Catalyst)                                          
     Example        1       2       3       4                                  
                  Prior     New High Pore                                      
                  Art Catalyst                                                 
                            Diameter Catalyst                                  
     ______________________________________                                    
     Total Iron                                                                
      Removed, G.   6.3     8.3     6.9     9.1                                
     % Iron Inside Catalyst                                                    
      Total Iron Removed                                                       
                    36.5    56.5    80      59                                 
     ______________________________________                                    
PAR  While the process of the subject invention may be carried out in a separate
      reaction zone, it is preferred that the inert particulate support solid,
      with or without a hydrogenating component, be used in the first part of a
      hydrocracking reactor. In this manner the inert particulate solid acts as
      a guard bed and alleviates catalyst poisoning as well as preventing
      premature reactor shutdown due to interstitial plugging and unacceptable
      pressure levels.
PAR  It is apparent that many widely different embodiments of the subject
      invention may be made without departing from the scope and spirit thereof;
      and, therefore, it is not intended to be limited except as indicated in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for removing metalliferous contaminants from a hydrocarbon
      feedstock comprising contacting said feedstock in the presence of hydrogen
      with a solid, said solid consisting essentially of inert particulate
      support material containing pores, and having a surface area in the range
      of from 1 to 20 m.sup.2 /gram, said pores having an average pore diameter
      in the range of from 1,000 to 10,000 A, and said solid being disposed as a
      bed of contact material and being without any hydrogenating component,
      said contacting being (1) at a temperature in the range of 500.degree. to
      850.degree.F., (2) at a pressure of from 300 to 3,000 psig and (3) a
      liquid hourly space velocity in the range from 0.2 to 10, and said
      feedstock being selected from the group consisting of metal contaminated
      petroleum crude oils, topped or reduced crude oils, solvent deasphalted
      oils, distillates, heavy cycle stocks, visbreaker liquid effluent,
      atmospheric and vacuum crude tower bottoms, shale oils, coal tars, and tar
      sand oils.
NUM  2.
PAR  2. The process of claim 1 wherein the pore diameter is in the range of from
      5,000 to 7,000 A.
NUM  3.
PAR  3. The process of claim 1 wherein the surface area is in the range of from
      2 to 10 m.sup.2 /gram.
NUM  4.
PAR  4. The process of claim 1 wherein said solid is selected from the group
      consisting of diatomaceous earth and fused alumina.
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ABST
PAL  A method of making a wave guide by electrolytically depositing copper on a
      mandrel is improved by using, e.g., a nickel steel mandrel having a
      thermal coefficient of expansion about one-tenth or less of that of
      copper. After plating, the assembly is heated so that the copper tube
      separates from the mandrel without sticking, and can be taken off without
      exercise of undue force, which could damage mandrel or tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to wave guides such as wave guides with
      circular cross-section to be used for the transmission of electrical high
      frequency signals in the H.sub.01 mode and over long distances.
PAR  Wave guides of this type are made for example by electrolytically
      depositing an electrically conductive metal onto a very accurately
      machined mandrel having the desired contour. Another tube is provided
      around the tube as resulting from the electrolytic process, and the space
      between these tubes is filled with an electrically insulating material. A
      wave guide made in such a manner has a smooth inner surface, accurately
      dimensioned circular cross-section, and when used in straight path of
      conduction, this wave guide is indeed suitable for transmission of wide
      band H.sub.01 type waves.
PAR  It is also known to use a corrugated jacket as the outer tube, and plastic
      is injected into the space and cured for hardening. The wave guide proper
      results from galvanically depositing, e.g., copper on a cylindrically,
      ground steel mandrel with fine surface finish as the mandrel or die
      surface condition will determine the smoothness of the wave guide. The
      peak to valley weight of any residual surface roughness must be quite
      small. A wave guide made in that manner may be several meters long. The
      resulting wave guide, particularly when provided with a corrugated outer
      jacket is a satisfactory product. However, it is quite difficult to
      separate the tube made by the electrolytic process from the mandrel (see
      German printed patent application No. 1,640,739).
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to improve the method of making a
      wave guide by means of electrolytically depositing conductive material on
      a mandrel and to facilitate particularly the separation of the resulting
      tube from the mandrel.
PAR  In accordance with the present invention it is suggested to use a mandrel
      made of a material having a coefficient of thermal expansion which is
      significantly smaller than such a coefficient for the metal to be
      electrodeposited on the mandrel. Upon completion of the electrolytic tube
      making, the tube is heated so that it separates from the mandrel, and the
      mandrel is then removed from the interior of the expanded tube.
PAR  By way of example the mandrel may be made of steel having 33 to 38% nickel.
      This type of steel is traded under the designation "invar" and has a
      coefficient of thermal expansion ranging from 0.8 to 2 . 10.sup.-.sup.6
      while copper that has been electrolytically precipitated has a coefficient
      of 16 . 10.sup.-.sup.6, i.e., approximately one order of magnitude higher
      than the coefficient for "invar" steel. Preferably, the mandrel has been
      prepared in that a thin surface layer of nickel or chromium has been
      electrolytically deposited and passivated prior to use as a die in an
      electrolytic bath for the stated purpose. Such a mandrel surface permits
      particularly easy separation of the copper tube after having been made by
      electrolytically depositing copper on the mandrel.
PAR  After such a tube has been made the assembly is removed from the
      electrolytic bath and heated, e.g., to 100.degree.C or above, preferably
      about 140.degree. to 160.degree.C. Actually, heating may be limited to the
      copper tube, but thermal conduction into the mandrel cannot be avoided,
      copper is quite a good heat conductor. In any event, the copper tube
      expands more than the steel mandrel without damage to either surface, and
      the tube can readily be taken off the mandrel subsequently.
PAR  Particularly, for large copper tubes it is of advantage to orient the
      mandrel in a vertical disposition so that the mandrel will not bend under
      its own weight. Also, removal of the tube in a vertical disposition will
      avoid bending of the tube.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, objects and features of the invention
      and further objects, features and advantages thereof will be better
      understood from the following description taken in connection with the
      accompanying drawings in which:
PAR  The FIGURE shows equipment in cross-section for practicing the inventive
      method.
DETD
PAR  Proceeding now to the detailed description of the drawings, the FIGURE
      shows a tank or vessel 1 containing an electrolytic liquid, as commonly
      used for electrically depositing copper on a substrate. A mandrel 2 is
      vertically suspended in the vessel in that particularly bearings 3 and 4
      are provided for journalling axles 6 and 6' of the mandrel 2 so that the
      mandrel can undergo rotation during electroplating.
PAR  The mandrel is of cylindrical configuration and made of steel having 33 to
      38% Ni. The mandrel has been ground to have accurately circular periphery
      in cross-section transverse to the plane of the drawing. The nickel-steel
      mandrel body has been provided with a thin surface layer 5 of nickel,
      deposited on the mandrel previously and also by electrolytic process.
PAR  Prior to insertion into tank 1 the mandrel has been greased and rinsed in
      water. After installation and during the copper plating process mandrel 2
      rotates and is connected to a source of voltage potential to serve as
      cathode. The upper journal shaft 6 may serve for connection to a mandrel
      drive (not shown) as well as for making the required electrical
      connection.
PAR  The bath in tank 1 is filled with an electrolytic liquid as is commonly
      used for copper plating, and anodes are placed around the mandrel. The
      front ends of mandrel 2 as well as axles 6 and 6' are covered with an
      electric insulator so that copper will not be deposited thereon, but will
      precipitate only onto the cylindrical periphery of the mandrel. As the
      electrolytic process proceeds, copper is deposited on the mandrel, forming
      a tube 7.
PAR  After the electroplating process has been run for a specified period of
      time to obtain a tube 7 of desired thickness, mandrel 2 with tube 7 are
      removed from the tank and dipped, e.g., in a bath of heating fluid or
      placed into a furnace. The copper tube will be the immediate recipient of
      thermal energy, but will conduct heat into the mandrel. Nevertheless, the
      tube will expand more than the mandrel and soon begins to separate
      therefrom. As a consequence a gap forms as between copper tube and steel
      mandrel, impeding the heat transfer so that the copper tube will be heated
      more and expand more etc. If the heating process causes the tube to assume
      a temperature of about 140.degree. to 150.degree. C. only, heating is not
      excessive and the separation will occur rather gently. Hence, the tube's
      inner surface as well as the mandrel surface will not be damaged.
PAR  Heating should persist generally until the radially effective differences
      in thermal expansion of mandrel and tube have resulted in a gap of about
      0.1 mm.
PAR  The mandrel can now readily be taken out of the tube 7 and can be reused
      many times. The tube 7 may, for example, have a wall thickness of about
      1mm and a length of 5 meters. That tube will then be jacketed with a
      corrugated tube, and the space between tube 7 and corrugated jacket or
      envelope is filled with an isolating material, such as a curable synthetic
      resin.
PAR  Prior to heating, the mandrel with copper tube still attached may be dipped
      into a different bath cooperating with a different set of anodes for
      electroplating the tube 7, e.g., with nickel or cobalt or Ni/Co-alloy,
      which is mechanically stronger than copper, so that the resulting two
      layer tube has greater mechanical strength. The resulting outer layer will
      expand to a slightly different degree as the copper which was deposited
      first. However, the resulting overall of expansion of the copper - nickel
      / cobalt tube will not be sufficiently significant to produce any stress
      problem. Moreover, the process covers quite a small range so that the
      dimensions are completely reproducible on account of complete
      reversability of the thermal expansion upon subsequent cooling.
PAR  The invention is not limited to the embodiment described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included. Such
      modifications involve particularly other, non-circular cross-sections for
      the wave guide to be made.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for making a wave guide of cylindrical inner surface of
      accurate cross-section by means of electrolytically depositing material on
      a mandrel for forming a tube thereon to be removed from the mandrel, the
      improvement comprising:
PA1  using a mandrel made of steel having 33 to 38% nickel for having a
      coefficient of thermal expansion sufficiently smaller than the coefficient
      of thermal expansion of the material as deposited on the mandrel;
PA1  disposing the mandrel in a vertical disposition during the depositing; and
PA1  heating the tube as made subsequently to the electrolytic depositing until
      the mandrel separates completely from the tube permitting removal of the
      mandrel from the interior of the tube.
NUM  2.
PAR  2. In a method as in claim 1, wherein the coefficients of thermal expansion
      are apart by at least about one-half order of magnitude.
NUM  3.
PAR  3. In a method as in claim 1, wherein the tube is heated to a temperature
      in excess of about 100.degree.C.
NUM  4.
PAR  4. In a method as in claim 1, wherein a thin chromium or nickel layer has
      been provided on the mandrel.
NUM  5.
PAR  5. In a method as in claim 1, wherein copper is electrolytically deposited
      on the mandrel.
NUM  6.
PAR  6. In a method as in claim 5, wherein a material of higher mechanical
      strength than copper is subsequently deposited on the copper as previously
      deposited, but prior to said heating.
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PAL  A magnetic separator in which the substance to be treated is passed in a
      first direction through a body of foraminous, magnetically susceptible
      material of significant extent, while traversing in a second direction a
      magnetic field extending in a third direction, the directions being
      substantially orthogonal. Vibration is applied to the body, preferably
      axial and preferably linear. The field opposes the passage of magnetic
      particles through the body while the vibrator promotes the passage of
      non-magnetic particles, so that they emerge from the body at different
      locations for separate collection. The body is conveniently a hollow
      cylinder built up of sections of magnetic stainless steel screening folded
      and shaped, and the movement of the body is preferably rotation, the
      substance being applied to an outer cylindrical surface of the body and
      emerging from an inner, concentric cylindrical surface. A structure
      comprising a plurality of such hollow cylinders spaced axially along a
      hollow drum is shown, with means for feeding the substance individually to
      the several cylinders: the cylinders pass between fixed magnets during a
      portion of their rotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of assorting apparatus, and
      particularly to apparatus for separating weakly magnetic particles from
      the non-magnetic particles of a mixture of the two. Here the word
      "magnetic" refers to particles which are magnetically susceptible, and is
      not meant to imply particles which are themselves permanently magnetized.
      The procedure is very important in modern iron mining operations, where
      the ore is of relatively low grade and contains much gangue. An example is
      the operation of taconite mining where the ores are of relatively low
      grade, contain primarily weakly magnetic iron minerals, and are commonly
      referred to as "oxidized taconite". Such ores are generally no better than
      the discarded "tailings" of earlier iron mining operations, and indeed
      those tailings may become a valuable source of iron by the use of my new
      separator.
PAR  Assorting of solids according to their magnetic properties is not new, and
      devices are known to perform this function, both with particles in the dry
      state and with particles in the form of a slurry. Such devices have
      heretofore had the defect that for successful operation on weakly magnetic
      materials, it has been necessary to use electromagnetics of tremendous
      size which required complicated auxiliary cooling facilities and consumed
      many kilowatt hours of electricity per ton of treated material.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that much more satisfactory volumetric separation of
      weakly magnetic particles from non-magnetic particles takes place when the
      path traversed by the particles while in the separating field is made
      longer, and have devised apparatus by which the lengthening of the path is
      practically accomplished. This I do by providing a foraminous body of
      magnetically susceptible material, which moves through a magnetic field in
      a first direction, the magnetic field extending in a second direction, and
      feeding the particles to pass through the body and the field
      simultaneously in a third direction, the three directions being preferably
      orthogonal. The dimensions of the body in the third direction is much
      greater than any heretofore used, so that the particles remain in the
      magnetic field for a longer interval, and there is more opportunity for
      magnetic particles to come into contact with the material of the body and
      hence to be delayed in passing through the body until it moves out of the
      field. Vibration is supplied, which not only promotes the passage of
      non-magnetic particles through the body while in the area of the field,
      but also promotes the release of magnetic particles after the body moves
      out of the field.
PAR  By making the motion of my foraminous body that of rotation about a
      horizontal axis, and performing the primary separation near the top of the
      rotation, I further avoid plugging of the body, as frequently occurs in
      other separators, because the vibration is continuously supplied and at
      the bottom of the rotation the body is in essence inverted so that any
      plugs are more readily released, together with the unseparated material
      held thereby, for subsequent recycling through the device.
PAR  Experiments have shown that apparatus embodying this invention is
      successful in producing a useful output of high grade concentrate when fed
      with tailings rejected in previous mining operations.
PAR  Various advantages and features of novelty which characterize my invention
      are pointed out with particularity in the claims annexed hereto and
      forming a part thereof. However, for a better understanding of the
      invention, its advantages, and objects attained by its use, reference
      should be had to the drawing which forms a further part hereof, and to the
      accompanying descriptive matter, in which there is illustrated and
      described a preferred embodiment of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, FIG. 1 is a schematic showing of the principle underlying
      the invention;
PAR  FIG. 2 is a side view of a separator according to my invention;
PAR  FIG. 3 is a transverse sectional view along the line 3--3 of FIG. 2 on a
      somewhat larger scale;
PAR  FIG. 4 is a fragmentary sectional view of the separator, along the line
      4--4 of FIG. 3, to a larger scale;
PAR  FIG. 5 is a fragmentary sectional showing of a mounting ring;
PAR  FIGS. 6 and 7 schematically show the construction of a separator body
      section;
PAR  FIG. 8 is a fragmentary sectional view along the line 8--8 of FIG. 3, to a
      larger scale;
PAR  FIG. 9 shows schematically a magnetic structure used in the invention; and
PAR  FIG. 10 is a flowsheet explaining the use of my new separator.
DETD
PAC  OPERATING PRINCIPLE OF THE INVENTION
PAR  While my invention is applicable to either wet separation or dry
      separation, I have chosen to illustrate the invention embodied in a dry
      separator.
PAR  Referring now to FIG. 1, there is shown a body 20 of foraminous,
      magnetically susceptible material having a Width and a Depth. By
      foraminous material is meant material of a porous or reticulate nature, in
      which the foramina are in communication to provide continuous, if
      tortuous, paths extending from surface to surface of the material in at
      least one direction, indicated by the arrow 21. Means are provided for
      causing movement of body 20 in the direction shown by the arrow 22, which
      is preferably orthogonal to the first direction.
PAR  The direction of motion of body 20 is generally horizontal. Means 23 are
      provided for feeding to the upper surface of body 20 at a location 24 a
      mixture of magnetic and non-magnetic particles of size suitable to follow
      the tortuous paths through the body and thus emerge at the lower surface.
      To promote the passage of particles through body 20, the latter is
      continuously subjected to vibration, by suitable means not shown in the
      figure, the directions of vibration being that shown by arrow 25. In the
      absence of any other factor, particles deposited on the upper surface of
      body 20 at location 23 emerge from the lower surface of the body after an
      interval during which the body has moved forward. The lengths of the paths
      followed by the various particles are not identical, and the rates of
      downward motion of the particles are not all the same, so that particles
      emerge from body 20 at locations falling between the lines 26 and 27.
PAR  Stationary with respect to body 20 is an arrangement 30 for establishing a
      unidirectional magnetic field extending in the direction of arrow 31,
      which is preferably orthogonal to the two directions previously defined.
      This arrangement is preferably in two parts 30a and 30b, positioned close
      to and on opposite sides of body 20, and may comprise either an array of
      permanent magnets or an electromagnetic surface, the former being
      preferable. The field is relatively intense and relatively concentrated,
      so that it can be said that each point of body 20 enters the field at a
      first location and leaves it at a second, these boundaries of the field
      being readily determinable.
PAR  It will be appreciated, since body 20 is of magnetically susceptible
      material, that when a portion of the body enters the magnetic field, a
      multitude of induced poles appear in the body along the tortuous paths
      therethrough, and that these poles attract and hold the magnetic particles
      which come sufficiently close to them, thus preventing their passing
      through the body for discharge within the normal discharge interval. It
      follows that, the depth (dimension D) of the body being sufficiently
      great, almost every magnetic particle comes close enough to an induced
      pole, to be held thereby, so that the passage of magnetic particles
      through the body is magnetically opposed. The extent of the field in the
      direction of movement of the body is greater than the range 26, 27 so that
      within that range emergent particles are almost entirely non-magnetic
      tailings.
PAR  As body 20 moves out of the magnetic field, the induced poles disappear,
      and the magnetic particles are no longer held to the body, but are free to
      find their way out through its bottom surface. They appear during a range
      of displacements falling between the lines 32 and 33, and their release is
      promoted by the continued vibration of the body.
PAR  In practice, the operation of the device departs somewhat from the pure
      theory just described. When a magnetic particle is held in body 20, it may
      also prevent the passage of other, non-magnetic particles. The flow of
      non-magnetic particles may also be sufficient to carry away a magnetic
      particle from an attracted position to be again attracted further down in
      body 20, so that the density of magnetic particles may be greater near the
      lower surface of the body. It has been found most practical to dimension
      the body, and adjust its speed and the rate of feed so that the tailings
      discharged between lines 26 and 27 are substantially free from magnetic
      particles, accepting a lower purity of "concentrate" deposited between
      locations 32 and 33 and recyling this material if necessary to improve its
      purity.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A practical embodiment of the invention is in FIGS. 2 and 3, details of
      construction being shown in FIGS. 4-9. A frame structure 50 is shown to
      comprise a pair of end members 51 and 52 interconnected by lower
      structures 53 and upper structures 54. A drum 55 is mounted for rotation
      about a horizontal axis in frame structure 50, being gravitationally
      carried on a plurality of rollers 56 pivoted in end members 51 and 52. As
      shown in FIG. 4, one of the rollers 56, carried in a bearing 57 in end
      member 52, is arranged to be driven by a sprocket and chain connection 60
      from a motor 61 also carried by end member 52, this in turn causing
      rotation of drum 55 about its axis. The drum is reinforced at its ends by
      internal flanged discs having central apertures such as disc 62.
PAR  A vibrator 63 is carried on a bracket 64 extending inwardly from end member
      51, and continuously bears against disc 62 as it rotates, to maintain the
      drum in vibration: contact between the disc and the drum is by a suitable
      number of anti-friction contact members 65. The vibration preferably has
      at least a principal component in the direction of the axis of the drum.
PAR  A number of separation elements 66 are mounted on the outside of drum 55 by
      specially formed mounting rings 67, shown in detail in FIG. 5 and made of
      aluminum or some other non-magnetic material. Each ring comprises a
      cylindrical band 70 secured to the drum as by screws 71, and a pair of
      outwardly extending flat flanges 72 and 73, the former joining the band
      along one edge and the other extending from the band part way across its
      width. The space 74 between flanges 72 and 73 is provided for the passage
      of a magnet structure as will be described below. The separator elements
      66 are contained in the spaces 75 between each flange 73 and the flange 72
      of the mounting ring adjacent -- to the left as seen in FIG. 5. Band 70 is
      pierced throughout its circumference by an array of apertures 76 which may
      conveniently be axially directed slots, and the surface of drum 55
      underlying the intended locations of ring 67 is also perforated, to allow
      free passage of particulate material in space 75 through the ring and the
      drum.
PAR  Each of separator elements 66 is constructed from a plurality of arcuate
      sections to comprise a hollow cylindrical body 77 the width of spaces 75,
      the radial thickness of the body being substantially the radial dimension
      of flanges 73. Each arcuate section 78 is made from standard carbon steel
      screening which is first folded upon itself as shown in FIG. 6 in a number
      of plys which when well compacted is of thickness to fit into space 75.
      The block of foraminous or reticulated material so formed is subjected to
      a series of transverse saw cuts 80 as shown in FIG. 7, permitting it to be
      bent into the desired form of a segment of a hollow cylinder, as shown in
      dotted lines in FIG. 7. Each separator body is made of a desired plurality
      of these sections in circumferential end-to-end relation: where the drum
      diameter is 4 feet, for example, 15 was found to be a satisfactory number
      of sections. The sections may be held securely in place by a peripheral
      strapping 81 of the same screen material, clamped in any suitable fashion
      at its end as suggested at 82 in FIG. 8.
PAR  The use of bodies 66 constructed as described result in a space traversed
      by a plurality of tortuous and branched passages through which particles
      may fall by gravity. Magnetic poles are induced in the screen material by
      reason of the strong magnetic fields of the permanent magnets. The sizes
      of the particles are known, and the mesh dimensions and number of layers
      of the screen material are chosen with the particle size in mind, to give
      a great number of opportunities for each magnetic particle to reach a
      point where it contacts a south induced pole at one end and a north
      induced pole at the other, the optimum condition for retention of the
      particle if it is magnetic. Of course, smaller magnetic particles may be
      less securely held by contact at one point with an induced pole in the
      body.
PAR  A pair of troughs 83 and 84 are mounted in end members 51 and 52 to pass
      through the center of drum 55, and slope downwardly towards the ends of
      the drum. The troughs are provided with a laterally adjustable partition,
      as shown at 85 in FIG. 3. The portion 86 of trough 84 to the right of
      partition 85 in FIG. 3 receives and discharges the tailings output of the
      separator, and will be referred to as the tailings trough, while the
      portion 87 of the trough to the left of the partition receives and
      discharges the concentrate output of the separator and will be referred to
      as the concentrate chute.
PAR  A top 90 of transformer iron extends over the top and ends of frame 50. It
      is pivoted to end members 51, 52, as suggested at 91 in FIG. 3, and a pair
      of arms 92 extend rearwardly therefrom carrying pivot pins 93 near their
      extremities. A second set of pivot pins 94 are carried by lugs 95
      projecting rearwardly from the end members. Connected pivotally between
      the sets of pivot pins 94, 95, are a pair of hydraulic cylinders 96. When
      cylinders 96 are hydraulically energized, their lengths between pivot
      points is reduced, thus pivoting top 90 at 91 to give access to the upper
      surface of drum 55, and to components carried on top 90.
PAR  A portion 96 of top 90 is a cylinder coaxial with drum 55. Secured to the
      concave side of portion 96 by screws 97 are a plurality of non-magnetic
      ribs 100 which are generally Z-shaped in cross section and are curved to
      fit member 96. Secured to ribs 100 along the edge remote from member 90 is
      a magnetic structure preferably comprising an array of permanent magnets
      101, each having an internally threaded aperture 102 for securing the
      magnets to a member 100 by a screw 103. The magnets are arranged in flat
      sheets having two edges radial and two edges concentrically arcuate, and
      the magnetic axes are perpendicular to the sheet with the polarities the
      same throughout the array, as suggested in FIG. 9. Single magnetic slabs
      having the desired size and configuration would perhaps be ideal, but the
      field intensity desired is so high as to dictate barium ferrite for the
      magnetic material, and it is not economically available in such relatively
      large sizes.
PAR  Ribs 100 are so positioned along top portion 96 that the sheets of
      magnetics enter the spaces between flanges 72 and 73 in ring 67, so that
      each body 66 is positioned between two magnetic sheets. This brings up the
      point that the widths of the bodies, dimension W of FIG. 1, are limited by
      the field strengths of magnets 101, since even the strongest available
      magnets are capable of maintaining the desired high magnetic fields over
      only limited air gaps. Thus, while additional body thickness can be
      obtained if desired by forming a second, outer body around a first, inner
      one, the widths of the bodies can only be increased to a certain maximum
      value.
PAR  As shown in FIG. 3, the magnetic structure interdigitates with the
      separator bodies on the drum for only a limited angular extent near the
      top of its rotation, say between 60.degree. and 76.degree.. It is within
      this angle that the principle separation between magnetic and non-magnetic
      particles takes place. The mixture is supplied to the separator through
      hopper 104 pivoted to frame structure 50 at 105, see FIG. 3, so that it
      can be tilted back to permit the opening of top 90 when desired. Hopper
      104 terminates at its lower, slanted portion in a row of individual feeder
      nozzles 106 generally like elements 25 of FIG. 1, which supply mixture to
      the upper surfaces of the various separator bodies 77 between the flanges
      72 and 73, without allowing the mixture to enter the spaces passed through
      by the magnetic sheets. This factor is a first limitation on the rate of
      feed of material to the separator. A second limitation is that the feed
      can not be greater than the amount of material which, if entirely
      non-magnetic, could flow through its tortuous passages in body 77 and
      emerge while within the field of a magnetic structure: this maximum must
      in practice be reduced as the proportion of magnetic material increases,
      since trapped magnetic material reduces the effective percent void ratio
      and, hence, the space for passage of non-magnetic material.
PAR  The direction of rotation of the drum is shown by the arrow 107, and the
      feed point must be displaced forwardly from the initial magnets to be sure
      that a minimum number of particles run backward along the separator bodies
      and fall untreated to the floor.
PAR  Theoretically, only non-magnetic particles fall into the tailings chute,
      see FIG. 3, and only magnetic particles fall into the concentrate chute:
      partition 85 is adjustable to improve this separation with variations in
      the richness of the material being fed to the separator. As a matter of
      fact, however, there is some tendency for the separator body paths to
      become plugged, so that material is carried past the point at which it can
      fall into the concentrate chutes 87. Such material is discharged
      180.degree. later in the rotation of the drum, out of the joint effect of
      gravity and of vibrator 63, and falls to the floor with perhaps a small
      amount of unsorted material falling directly from the input. While some
      valueless particulate matter may be found here, it is in general material
      which has never passed through the machine, and, hence, is appropriate to
      be returned to hopper 104. This material is given the name "middlings" for
      the purposes of this application.
PAR  Reference should now be made to FIG. 10, which is a flowsheet showing how
      the embodiment of my invention just described is to be used. It envisages
      the use of three such separators, or a triple pass of material through a
      single separator, the number of the machine or pass being indicated as by
      "Phase I", "Phase II", and so forth. At each phase of the operation there
      results tailings, concentrate, and middlings. In each case, the
      concentrate is suitable to be advanced to the next phase, and the
      middlings are suitable to be returned to the input of the same phase,
      either concurrently or serially. The tailings from Phase I are essentially
      worthless and may be discarded. The tailings of each phase subsequent to
      Phase I, while of less richness than the other two outputs, are
      nevertheless still worth recycling, and are returned to the input of the
      next previous phase, so that eventually all gangue appears as tailings 1
      and all valuable particles appear as concentrate 3, the output of this
      flowsheet. The number of stages may be increased to four or decreased to
      two, for example, at the judgment of the operator.
PAR  If the invention is to be used with a slurry rather than with dry material,
      bodies 62 are preferably made of magnetic stainless steel screen, and
      water sprays may be added outside the drum over the separating area and
      inside the drum over the plug releasing area.
PAR  The operation of the embodiment of the invention, through a single phase
      thereof, is as follows. It is assumed that the apparatus has been
      inspected and is known to be in good condition. Motor 61 is set in
      operation, causing rotation of drum 55, and vibrator 63 is set in
      operation, causing the drum to vibrate as well as to be rotated. The
      mixture of particles to be separated, having been reduced to a size
      appropriate to pass through the separators bodies, is supplied to hopper
      104 and thereby through nozzles 106 to the outer surfaces of bodies 66.
      Under the influence of gravity and of vibrator 63 the particles begin to
      pass through the tortuous paths in the separator body, while being carried
      forward with the body in its rotation. Passage of magnetic particles is
      opposed magnetically by the poles in the body induced by the magnets 101,
      while non-magnetic particles not trapped behind such magnetic particles
      pass through the body and drop into tailings chute 86. As the body passes
      beyond the magnet structure, the magnetic particles are released, complete
      the path through the body, and drop, with any non-magnetic particles that
      have been trapped, and any other unduly delayed particles, into
      concentrate chute 87. The discharged particles pass by gravity down the
      chute to suitable recepticles where they represent tailings 1 and
      concentrate 1.
PAR  As the drum continues to rotate, it reaches an attitude in which the
      tortuous passages are inverted, with respect to gravity, from their
      initial positions, any plugs which may have incipiently formed in the
      tortuous paths are now readily removed by vibration and gravity, releasing
      the trapped particles to fall on the floor under the separator as
      "middlings 1".
PAR  "Tailings 1" is discarded. "Middlings 1" is returned to hopper 104.
      "Concentrate 1" is advanced to hopper 104 of the next separator and the
      flowsheet is continued.
PAR  At any appropriate maintenance interval, or if special need arises, the
      feed of mixed particles to hopper 104 may be interrupted, the hopper may
      be allowed to run empty and pivoted clockwise, in FIG. 3, out of the way,
      and hydraulic cylinders 96 may be energized to pivot top 90
      counterclockwise about points 91 so that both the magnet structure and the
      drum may be inspected, the latter in operation if necessary.
PAR  There are a number of variables in addition to adjustment of partition 85
      which one using my invention may wish to consider in adapting the
      apparatus for handling particulate materials of widely different
      characters. The magnetic structure may be varied both in configuration and
      in field strength. The speed of rotation of the drum and the size and
      spacing of the wires in the screen from which the separator bodies are
      made are also subject to variation. The rate, amplitude and direction of
      the applied vibration are also factors which can be varied. Finally, the
      depth of the separator bodies and the rate at which particulate material
      is fed to them may also be varied to affect the operation of the
      separator.
PAR  By way of illustration, certain specific parameters, which I have found
      preferable in at least one embodiment of my invention are as follows. A
      drum diameter of 36 inches and length of 4 inches, having one axially
      spaced separator body, each 1.25 inches wide and 4 inches deep. The bodies
      are formed of 30 layers of steel screen, the wire diameter being 0.015
      inches and the wire spacing being 1/16 inch. The magnets, of barium
      ferrite having a pole strength of 3000 Gauss, are separated by a center
      distance of 4-1/4 inches along the axis of the drum: they are 1 inch thick
      and extend along 62 degrees of rotation of the drum, with no spacing
      between them angularly. Drum rotation is 4.3 rpm, material feed may be 26
      lbs. per minute, and applied vibration, parallel to the axis, is at 60 Hz
      frequency with 1/64 inch of double amplitude. The material fed is hematite
      and silica tailings, particle size about -28 +325 mesh.
PAR  Numerous characteristics and advantages of my invention have been set forth
      in the foregoing description, together with details of the structure and
      function of the invention, and the novel features thereof are pointed out
      in the appended claims. The disclosure, however, is illustrative only, and
      changes may be made in detail especially in matters of shape, size, and
      arrangement of parts, within the principle of the invention, to the full
      extent indicated by the broad general meaning of the terms in which the
      appended claims are expressed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Separating apparatus comprising, in combination:
PA1  a hollow cylindrical body of formainous, magnetically susceptible material
      having spaced, substantially plane faces and more widely spaced inner and
      outer curved surfaces concentric about an axis;
PA1  means mounting said body for rotation about said axis;
PA1  stationary means establishing a magnetic field in a direction parallel to
      said axis, for lateral traversal by by said body during a portion of the
      rotation thereof;
PA1  means imparting axial vibration to said body;
PA1  means delivering particulate material to one curved surface of said body
      near the point where said body enters said field, so that non-magnetic
      particles pass radially through said body while magnetic particles are
      retained therein for release when said body leaves said field;
PA1  first discharge means positioned to receive particles passing through said
      body in the area of said field;
PA1  and second discharge means positioned to receive particles released by said
      body as it moves out of said field.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said stationary means comprises:
PA1  an array of fixed permanent magnets laterally apposed to jointly define at
      least one generally flat structure to which the axis of rotation of the
      body is orthogonal, the polar axes of said magnets lying substantially
      parallel to said axis of rotation;
PA1  and means mounting said array adjacent to at least one plane face of said
      body.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said array of magnets defines
      two of said flat structures, and the last named means mounts said
      structures adjacent both faces of said body.
NUM  4.
PAR  4. Apparatus according to claim 1 in which said foraminous material
      comprises a plurality of laminae of reticulate fabric, the planes of the
      laminae extending generally normal to said axis.
NUM  5.
PAR  5. Apparatus according to claim 4 in which said fabric is woven from
      magnetic stainless steel wire.
NUM  6.
PAR  6. Apparatus according to claim 1 in which said axis is horizontal and the
      particulate matter is drawn through said body by gravity.
NUM  7.
PAR  7. Separating apparatus comprising, in combination:
PA1  a plurality of hollow bodies of foraminous, magnetically susceptible
      material each having spaced, substantially plane faces and more widely
      spaced inner and outer curved surfaces concentric about an axis;
PA1  means mounting said bodies coaxially for spaced, horizontal rotation about
      a common longitudinal axis;
PA1  stationary means establishing a magnetic field in a direction parallel to
      said axis, for traversal by said bodies during a portion of the rotation
      thereof, said stationary means comprising an array of fixed magnets
      laterally apposed to jointly define at lease one generally flat structure
      to which the axis of rotation of the bodies is perpendicular, the polar
      axes of said magnets lying substantially parallel to said axis of
      rotation, and means mounting said array adjacent to at least one face of
      one of said bodies:
PA1  means delivering particulate matter to one curved surface of said bodies
      near the point where said bodies enter said field, so that non-magnetic
      particles pass through said bodies and magnetic particles are retained
      therein for release when said bodies leave said field;
PA1  first discharge means positioned to receive particles passing through said
      bodies in the area of said field;
PA1  and second discharge means positioned to receive particles released from
      said bodies after they have moved out of said field.
NUM  8.
PAR  8. Apparatus according to claim 7 in which said stationary means is located
      between the bodies of said plurality.
NUM  9.
PAR  9. Apparatus according to claim 8 in which array of magnets defines a
      plurality of said flat structures, and the mounting means mounts said
      structures so that there is one adjacent each face of each of said bodies.
NUM  10.
PAR  10. Apparatus according to claim 7 in which said bodies are separated by
      outwardly opening channel members through which said flat structures pass
      upon rotation of said bodies.
NUM  11.
PAR  11. The method of separating particles of magnetic and non-magnetic
      material in a mixture thereof which comprises the steps of:
PA1  1. supplying the material to one surface of a moving body of foraminous
      material;
PA1  2. vibrationally promoting the passage of non-magnetic material through
      said body;
PA1  3. magnetically opposing the passage of magnetic particles through said
      body until passage of said non-magnetic material is substantially
      complete, and then;
PA1  4. vibrationally promoting the passage of said magnetic material through
      said body.
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ABST
PAL  Process for preparing sludge for dewatering in a tertiary line
      precipitation treating system in which raw sewage has been dosed with
      calcium hydroxide to remove phosphates. A source of carbon dioxide is
      introduced into the treating system to convert calcium hydroxide salts and
      other salts to the more readily dewatered carbonate form, and to convert
      magnesium hydroxide salts to the bicarbonate form to facilitate removal of
      magnesium from the system. Carbon dioxide may be introduced in gaseous
      form, an available source of which is the exhaust gases from sludge
      incineration following dewatering thereof. Alternatively, sulfuric acid or
      hydrochloric acid or other suitable chemical reactant may be introduced
      into the system to neutralize the higher pH of the sludge. Conversion of
      the sludge to the carbonate form is effected in conjunction with the
      production of carbon dioxide during the neutralization reaction effected
      by the chemical reactants introduced into the system. Desirably, the
      carbon dioxide is utilized in the system in a molar ratio of approximately
      1 to 1 with the calcium hydroxide dosed into the system.
PARN
PAR  This is a continuation of application Ser. No. 302,007, filed Oct. 30,
      1972; which is a continuation-in-part of application Ser. No. 4,624, filed
      Jan. 21, 1970; both now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of raw sewage treatment. More
      particularly this invention relates to the field of effective dewatering
      of sewage sludge by altering its chemical make up following phosphorous
      removal by lime precipitation in a tertiary sewage treating process. Still
      more particularly, this invention relates to the field of treating lime
      dosed sewage sludge with a source of carbon dioxide to facilitate
      subsequent dewatering thereof by converting the various calcium hydroxide
      salts and other salts to the carbonate form, and by converting magnesium
      hydroxide salts which may be present in the sewage to the bicarbonate
      form.
PAR  2. Description of the Prior Art
PAR  Tertiary sewage treating procedures and systems are well known and widely
      used, as is the procedure of dosing of raw sewage with calcium hydroxide
      to effect removal of phosphorous therefrom. Such dosing is effected in the
      primary clarifier of a tertiary system. Further phosphorous removal is
      commonly effected by dosing the activated sludge effluent from a secondary
      clarifier of such a system, also in known fashion. However, it has become
      apparent that sludge produced from dosing with lime in the manner
      described is extremely difficult to dewater, as a result of which
      subsequent incineration and disposal of the sludge is complicated and
      rendered difficult as well as expensive.
PAR  So far as is known, the procedure disclosed herein for effectively
      counteracting the difficulties encountered in dewatering sludge produced
      by dosing sewage at the primary or secondary stages has been unknown
      heretofore. That is, the improved procedure of introducing a source of
      carbon dioxide into a tertiary treating sewage system to recarbonate the
      lime and sewage sludge by transforming the calcium hydroxide and magnesium
      salts and other salts produced during dosing of the sewage to the
      carbonate or bicarbonate form has been unknown heretofore. When the salts
      are thus transformed, subsequent dewatering of the sludge is greatly
      simplified.
PAR  Introduction of carbon dioxide into a sewage treating procedure has been
      suggested generally in Cardinal and Sherwood U.S. Pat. No. 3,623,975,
      "Plural Purpose Sludge Incinerating and Treating Apparatus and Method",
      dated Nov. 30, 1971, assigned to Envirotech Systems, Inc. Also, Davis,
      U.S. Pat. 3,442,498 dated May 6, 1969 discloses generally the utilization
      of carbon dioxide in a sewage treatment system prior to formation of any
      calcium hydroxide in the system and without attendant phosphorous removal
      or conversion of magnesium hydroxide to the bicarbonate form. However,
      introduction of carbon dioxide into a lime precipitation tertiary treating
      procedure for the specific purpose of recarbonating hydroxide salts and
      other salts in the system to facilitate, simplify and insure effective
      dewatering of the sludge has not been suggested heretofore so far as is
      known.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to an improved procedure for treating
      sludge obtained from a raw sewage lime precipitation treating system. More
      particularly, this invention relates to the recarbonation of calcium
      hydroxide and magnesium hydroxide salts and other salts to the carbonate
      or bicarbonate form following dosing of sewage sludge with calcium
      hydroxide in a tertiary treating system. Still more particularly, this
      invention relates to preparing sewage and lime sludge for dewatering by
      introducing a source of carbon dioxide into a raw sewage treating system
      subsequent to lime dosing to effect transformation of the hydroxide salts
      in the sludge to a carbonate form in which form subsequent dewatering and
      ultimate disposal of the sludge is greatly facilitated.
PAR  Still more particularly, this invention relates to the introduction of
      carbon dioxide from a suitable source, prior to or subsequent to primary
      clarification of raw sewage being dosed. If gaseous carbon dioxide is
      introduced into the system, one suitable source thereof is the gaseous
      products of combustion obtained when dewatered sludge is burned in a
      suitable furnace, such as an incinerator or a lime recalcining kiln,
      thereby utilizing a readily available and inexpensive source of carbon
      dioxide. In another embodiment, a chemical reactant which produces or
      liberates carbon dioxide may be introduced into the system, such as a
      suitable acid or the like.
PAR  From the foregoing, it will be understood that objects of this invention
      include the provision of an improved process of removing phosphorous and
      treating sewage sludge obtained from a lime precipitation raw sewage
      tertiary treating system; the provision of an improved process of
      preparing sewage sludge to facilitate subsequent dewatering thereof; the
      provision in a sewage sludge treating process which utilizes carbon
      dioxide to effect recarbonation of the calcium hydroxide salts, magnesium
      hydroxide salts, and other salts, produced in the system following dosing
      of raw sewage with calcium hydroxide; and the provision of an improved
      process for selectively introducing carbon dioxide into a lime dosed
      sewage treating process following such dosing to transform salts therein
      to the carbonate or bicarbonate form to facilitate dewatering of the
      sludge and subsequent incineration or recalcination and disposal thereof.
PAR  These and other objects of this invention will become apparent from a study
      of the following disclosure in which reference is directed to the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow sheet diagram illustrating the sludge treating
      process of the present invention in conjunction with a tertiary treating
      sewage system.
PAR  FIGS. 2, 3 and 4 are schematic views corresponding generally to FIG. 1
      illustrating modifications to the treating procedure of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Removing phosphorous in the phosphate or other form from raw sewage is a
      major consideration in sewage treating plants and systems of the lime
      dosed tertiary treatment type. Commonly, sewage influent to a treating
      system is dosed with calcium hydroxide in conjunction with primary
      clarification thereof to effect phosphorous removal. Additionally, under
      certain circumstances, further phosphorous removal is achieved by dosing
      effluent discharged from the primary clarifier with further quantities of
      calcium hydroxide, or other products such as polymer and alum. However,
      with such known dosing procedures, it has been found that the sludge
      removed from a clarifier which has been dosed with calcium hydroxide
      generally is extremely difficult to dewater, thereby making disposal by
      incineration, recalcination and other means extremely difficult and
      expensive. Such dewatering difficulties are encountered because of the
      chemical characteristics of the dosed sludge, the high moisture content
      thereof, and additionally because mechanical handling problems are
      encountered in dewatering devices, such as centrifuges and the like. Such
      dewatering problems of the sludge in the generally encountered pH range of
      8.0 to approximately 11.0 have become pronounced to the point that it is
      difficult to operate a tertiary treatment plant in which calcium hydroxide
      dosing is employed in the simplified manner originally planned therefore.
PAR  An important feature of this invention resides in the effective treatment
      of lime sludge and sewage sludge produced in a lime dosed raw sewage
      tertiary treating system to facilitate phosphorous removal and dewatering
      thereof following clarification. Such treatment involves selectively
      introducing carbon dioxide into the treating system to effect
      recarbonation of the calcium and magnesium hydroxide salts and other salts
      resulting from dosing of the sewage influent. Transformation of the salts
      to the carbonate or bicarbonate form produces a sludge which is easier to
      dewater than one in the hydroxide form because of the different specific
      gravities and chemical characteristics of the sludge products. Carbonate
      materials have a higher specific gravity than hydroxide materials and,
      therefore, settle more easily in thickening and dewatering operations.
PAR  Furthermore, the characteristics of salts in the carbonate or bicarbonate
      form are such that they do not retain water on their surfaces to the
      extent which is characteristic of hydroxide salts nor is water bound
      within the molecular structure of the carbonate or bicarbonate form as is
      true of the hydroxide form. Thus, with the present invention the selective
      reintroduction of carbon dioxide into the treating system at preselected
      locations following lime dosing produces a recarbonated sludge which may
      be more readily thickened and dewatered prior to incineration,
      recalcination or subsequent disposal thereof.
PAR  Referring to FIG. 1, a system utilizing the improved treating process of
      this invention is shown. Such process is illustrated in conjunction with a
      standard raw sewage lime precipitation tertiary treating procedure with
      the improved concepts of this invention incorporated thereinto. In such a
      procedure, raw sewage influent is introduced through conduit 1 into a
      primary clarifier 2 for clarification therein in known fashion. A
      predetermined quantity of calcium hydroxide is introduced through conduit
      3 into the primary clarifier for phosphorous removal from the sewage in
      the primary clarifier in known fashion.
PAR  After primary clarification, the clarified mixture is subjected to a
      secondary treatment in an activated sludge system, summarized by reference
      numeral 4, in which aeration or like treatment of the sludge is effected.
      Sludge from primary clarifier 2 is introduced through conduit 6 in the
      activated sludge system 4.
PAR  The sewage effluent from the activated sludge system passes through conduit
      7 into a secondary clarifier 8. Following secondary clarification, in
      known fashion, the effluent passes through conduit 9 into a flash mixer 11
      from which the effluent passes through conduit 12 into a chemical
      clarifier 13. From the chemical clarifier a suitable conduit 14 carries
      the clarified sewage to subsequent treatment, in separation beds and the
      like. Procedures effected within the activated sludge system 4, secondary
      clarifier 8, flash mixer 11, and chemical clarifier 13 are conventional
      and well known in the tertiary treating art.
PAR  Waste activated sludge from the sludge system 4 is transferred through
      conduit 16 into a sludge thickener 17 of known construction. In known
      fashion, a predetermined portion of the activated sludge is returned
      through conduit 18 into the tertiary system in advance of the activated
      sludge system 4 for retreatment therein for most effective results.
PAR  Sludge from primary clarifier 2 in the embodiment illustrated is
      transferred through conduit 19 into a treating tank 21 in which the
      primary sludge is subjected to the recarbonation effects of carbon dioxide
      which transforms the hydroxide salts and other salts in the sludge to the
      carbonate or bicarbonate form, in which form they may more readily be
      dewatered as will be described.
PAR  Following carbon dioxide treatment in tank 21, the recarbonated sludge is
      introduced through conduit 22 into the aforementioned sludge thickener 17
      in which settling is allowed to take place. The fluid overflow from
      thickener 17 passes from the thickener in known fashion and the solids are
      transferred through conduit 23 into a dewatering apparatus 24. Such
      dewaterer may be of any type well known and used in tertiary systems, such
      as a centrifuge, vacuum filter or the like. The dewatered sludge
      thereafter preferably is transferred through conduit 26 into a furnace
      apparatus 27, which may be of any known type, such as a multiple hearth
      incinerator, a lime recalcining kiln, or a combination incinerator-kiln,
      as described in said aforementioned Cardinal and Sherwood U.S. Pat. No.
      3,623,975. The dried solid products of combustion are removed from the
      furnace through suitable conduit means 28 for subsequent treatment and
      handling in known fashion.
PAR  In one embodiment of this invention the gaseous products of combustion of
      furnace 27 are utilized as a readily available and relatively inexpensive
      source of carbon dioxide which can be employed to recarbonate the sludge
      in the treating tank 21. Such exhaust gases resulting from incineration or
      recalcination of the sludge in furnace 27 are discharged from the furnace
      and preferably are passed through a gas scrubber (now shown) of known
      construction to cleanse and concentrate the carbon dioxide therein for
      subsequent reuse. As thus concentrated, the carbon dioxide may be
      selectively reintroduced through suitable conduit means 29 into the
      aforementioned treating tank 21. Such carbon dioxide gas thus bubbles
      through the mixture in tank 21 to produce the recarbonating results
      desired.
PAR  As an alternative to utilization of gaseous carbon dioxide from the stack
      gases of furnace 27, suitable chemical reactants or compositions which
      provide a source of carbon dioxide may be introduced into the treating
      tank 21 to effect transformation of the hydroxide salts therein to the
      carbonate or bicarbonate form. That is, by introducing a suitable chemical
      reactant or reactants into the system, the pH of the lime dosed sludge is
      reduced from its normal range of approximately 8.0 to 11.0 to
      approximately 7.0 pH, thereby converting the calcium compounds in the
      sludge to calcium carbonate and the magnesium compounds in the sludge to
      magnesium bicarbonate. Various known chemical reactants may be employed
      for that purpose, the criterion for their use being their ability to
      produce carbon dioxide when mixed with the salts contained in the sludge
      introduced into treating tank 21. In that connection, various acids known
      to be reactive with the sludge to produce or liberate carbon dioxide
      therefrom during the chemical reaction therebetween may be employed.
      Sulfuric acid and hydrochloric acid are typical and exemplary of the type
      of chemicals which may be employed to reduce the solubility of the
      hydroxide salts to convert the same to the carbonate or bicarbonate form.
PAR  With the arrangement shown in FIG. 1, carbon dioxide is introduced into
      contact with the lime dosed primary sludge following primary clarification
      thereof and prior to thickening of the sludge thus recarbonated. With the
      arrangement shown in FIG. 2 (in which similar reference numerals are
      employed to identify similar components of the system previously described
      with respect to FIG. 1), the source of carbon dioxide also is introduced
      into the system following primary clarification of the lime dosed sludge.
      However, a separate treating tank of the type employed at 21 in FIG. 1 is
      not employed in the FIG. 2 embodiment. Rather, the source of carbon
      dioxide is introduced through a suitable conduit 31 directly into the
      sludge thickener 17.
PAR  With the embodiments shown in FIG. 1 and FIG. 2, the carbon dioxide,
      whether introduced in gaseous form from the stack gases of furnace 27 or
      from some other suitable source of gaseous CO.sub.2, or added as a
      chemical reactant which liberates gaseous carbon dioxide during reaction,
      the CO.sub.2 bubbles through the sludge in tank 21 or thickener 17 to
      effect conversion of the salts to the carbonate or bicarbonate form as
      noted previously.
PAR  In that connection, it has been found that activated sludge from sludge
      system 4 normally need not be subjected to carbon dioxide bubbling.
      However, activated sludge also may be subjected to recarbonation if found
      desirable for convenience in a particular plant layout. In that regard, if
      carbon dioxide is bubbled into the thickener 17 or the sludge holding tank
      21, activated sludge may be introduced into such thickener or tank on a
      batch basis by filling the same with primary sludge, recarbonating, adding
      activated sludge, and then dewatering the resulting mass. Following
      dewatering, the cycle may be restarted and completed again. Such a batch
      treating system is illustrated in the showing of FIG. 2.
PAR  With the system shown in FIG. 3, the treating tank 21 described previously
      also is eliminated and carbon dioxide is introduced in the manner
      described previously directly into the primary clarifier 2. In such an
      arrangement, recarbonation is effected directly in the clarifier prior to
      discharge of a recarbonated lime dosed primary sludge through conduit 19
      into the sludge thickener 17 and subsequently into the dewaterer 24 in the
      manner described previously.
PAR  FIG. 4 shows a further alternate arrangement in which sewage influent
      passes through conduit 1 into a premixer tank 36 into which dosing calcium
      hydroxide is introduced through conduit 37 in advance of introduction of
      the treated effluent therefrom through conduit 38 into the primary
      clarifier 2. With this arrangement, the calcium hydroxide dosed sewage is
      treated with carbon dioxide as the same passes through the conduit 38
      prior to its introduction into the clarifier. Carbon dioxide is introduced
      through conduit 39 into conduit 38 from a suitable source as described
      previously into operational contact with the calcium hydroxide treated
      sewage as it passes into the primary clarifier. Thus, sludge in the
      clarifier is converted to a carbonate form which permits settling in the
      clarifier of a sludge of the desired make up.
PAR  Following treatment in the primary clarifier, the recarbonated lime dosed
      primary sludge is discharged through conduit 19 to the thickener 17 and
      dewaterer 24 for subsequent treatment in the manner described previously.
PAR  The amount of carbon dioxide introduced into the various system embodiments
      described herein to react with the calcium hydroxide of the system will be
      selected in accordance with the requirements of particular treating
      installations. Generally, effective recarbonation requires approximately
      one mole of carbon dioxide for each mole of calcium hydroxide introduced
      into the system. That is, a molar ratio of approximately 1:1 CO.sub.2
      :CA(OH).sub.2 has been found to produce effective results. However, in
      those systems in which magnesium hydroxide is formed in appreciable
      amounts, the molar ratio noted should be modified to increase the amount
      of carbon dioxide, for example to 1.5 or 2:1, to insure desired conversion
      of the magnesium hydroxide to magnesium bicarbonate.
PAR  By way of example, a tertiary sewage treating plant having 1 million
      gallons per day capacity, using 1 ton (240 ppm) of calcium hydroxide per
      day requires about 0.8 tons of carbon dioxide for complete and effective
      conversion of the calcium hydroxide salts to the calcium carbonate form.
      In such an arrangement the sludge constituency is altered so that the
      calcium hydroxide therein is converted to the carbonate form. The other
      materials in the sludge, such as primary solids and waste secondary sludge
      solids, remain essentially the same as in a conventional tertiary treating
      procedure. The introduction of carbon dioxide into the system subsequent
      to lime dosing produces the carbonic acid employed to produce
      recarbonation in the manner described.
PAR  It should be understood that the calcium hydroxide quantities dosed into
      the system to attain a minimum acceptable phosphorous removal level of
      approximately 70% is a direct function of the alkalinity of the sewage and
      its phosphorous content. Thus, alkalinity and phosphorous content should
      be carefully monitored in the system.
PAR  Therefore, it should also be understood that, for effective results, the
      raw sewage should be dosed with calcium hydroxide in amounts sufficient to
      insure that the pH of the sewage is increased to or maintained at 7.0 or
      above. In preferred operating systems, such pH is increased to within the
      range of approximately 8.5 to 12.0, to effect minimum acceptable
      phosphorous removal of approximately 70%.
PAR  However, if the pH level is controlled to fall within the range of 9.5 and
      above, magnesium hydroxide precipitation results. Such precipitation,
      unless counteracted, produces two undesirable results: (1) dewatering with
      mechanical devices is rendered more difficult, and (2) particulate buildup
      of magnesium hydroxide within the system increases. Thus to counteract
      such precipitation, carbon dioxide is utilized in the system to convert
      the magnesium hydroxide the magnesium bicarbonate, as noted, which is
      discharged from the system with other soluble effluents.
PAR  Having thus made a full disclosure of this invention in which an improved
      and simplified system for dewatering sludge from a lime dosed tertiary
      treating raw sewage process is described, reference is directed to the
      appended claims for the scope of protection to be afforded thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved process for treating sewage wastewater influent to a
      tertiary-type wastewater treatment system of the type that utilizes lime
      precipitation to remove phosphates from the wastewater comprising the
      steps of:
PA1  a. dosing the sewage wastewater influent with sufficient calcium hydroxide
      to increase the pH of the sewage wastewater to at least 7.0 to precipitate
      at least 70% of the phosphates therefrom;
PA1  b. clarifying said dosed sewage wastewater to produce a settled sludge
      containing the phosphate precipitates and calcium hydroxide solids and a
      clarified aqueous phase;
PA1  c. carbonating the settled sludge by contacting the same with carbon
      dioxide to convert the calcium hydroxide solids to calcium carbonate in a
      molar ratio of approximately 1:1; and
PA1  d. thereafter, without subsequent lime treatment, dewatering the carbonated
      sludge.
NUM  2.
PAR  2. The process of claim 1 wherein the sludge is contacted with carbon
      dioxide by bubbling carbon-dioxide gas therethrough.
NUM  3.
PAR  3. The process of claim 2 including the subsequent steps of incinerating
      the dewatered carbonated sludge in a separate zone, recovering gaseous
      carbon dioxide from the incineration products, and utilizing the recovered
      carbon dioxide to carbonate the settled sludge prior to dewatering.
NUM  4.
PAR  4. The process of claim 3 in which the dewatering of the carbonated sludge
      is accomplished by a first thickening step comprising gravity settling to
      produce a thickened sludge and a second step comprising mechanically
      filtering liquids from solids in the thickened sludge.
NUM  5.
PAR  5. The process of claim 1 wherein the dosing of the sewage wastewater with
      the calcium hydroxide is accomplished in a first settling zone and the
      carbon dioxide is introduced into the settled sludge in a separate second
      zone.
NUM  6.
PAR  6. The process of claim 1 where the calcium hydroxide dosage is sufficient
      to increase the pH of the sewage wastewater to the range of 8.5 to 12.0.
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ABST
PAL  An acid diffusion-dialysis membrane, which can be used for separating an
      acid from a mixture of an acid and a salt, or a mixture of an acid and a
      water-soluble organic compound, e.g., glucose, by non-electrolytic
      dialysis, is prepared by forming a film from the combination of (I) a
      vinyl group containing benzene monomer or a vinyl group containing
      pyridine monomer, (II) a non-conjugated divinyl-containing monomer, and
      (III) a thermoplastic polymer which is swellable or soluble in the monomer
      mixture, polymerizing said monomer mixture in the film, and then
      introducing anion exchange groups into the resulting polymerized product.
      The acid diffusion-dialysis membrane is characterized by a high acid
      diffusion-dialysis coefficient and a high acid-salt selectivity ratio, and
      further by a relatively high mechanical strength.
PARN
PAC  RELATIONSHIP TO PENDING APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 211,940 filed Dec.
      22, 1971, now abandoned entitled "Process for Preparing Acid
      Diffusion-Dialysis Membrane".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to an acid diffusion-dialysis membrane which may be
      used for effectively separating and recovering an acid from a mixture of
      an acid and a salt, or a mixture of an acid and a water-soluble organic
      compound, e.g., glucose, by dialysis non-electrolytically, and to methods
      of producing such membranes. More particularly, this invention relates to
      an acid diffusion-dialysis membrane having a high acid diffusion-dialysis
      coefficient and a high acid-salt selectivity ratio which is high in
      chemical stability and high in mechanical strength.
PAR  2. Description Of The Prior Art
PAR  Diffusion-dialysis techniques have been used for separating acids, such as
      sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid,
      hydrofluoric acid, or the organic acids, e.g., acetic acid, from mixtures
      of acids and salts, such as mixtures resulting from smelting and refining
      processes for nickel metal, solvent extraction, etching processes,
      pickling processes or plating processes. It is also known that
      diffusion-dialysis can be used for separating acids from mixtures of acids
      and organic compounds such as from a cellulose saccharification solution,
      a lactam solution from a Beckmann rearrangement process, mixtures of acids
      and glucose, and mixtures of acids and amino acids.
PAR  As disclosed in Japanese Pat. No. 299,433, anion-exchange membranes have
      often been used as dialysis membranes for such separation and recovery.
      However, in the usual acid dialysis process, using an anion exchange
      membrane, an electric current is used to cause a transfer of anions. If
      dialysis is to be effected by means other than electrodialysis, i.e.,
      depending only on the concentration differences between the solution to be
      separated and the recovery solution, the membrane used should have a high
      acid diffusion-dialysis coefficient and a high acid-to-salt or
      acid-to-organic compound selectivity ratio, to be suitable for industrial
      application.
PAR  Usually, in order to increase the acid diffusion-dialysis coefficient, the
      thickness of the membrane must be decreased. The thickness of the
      conventional acid diffusion-dialysis membrane, however, must be maintained
      at between several tens of microns to about one hundred microns, since
      thinner membranes suffer from severe pin-hole formation, cracking, and low
      mechanical strength.
PAR  Moreover, although the thinner the membrane, the higher will be the
      diffusion-dialysis coefficient, it has also been found that the thinner th
      membrane, the lower will be the degree of selectivity for separating
      acid-salt or acid-organic compound mixtures. For example, one conventional
      diffusion-dialysis membrane prepared by coating a specific epoxy resin
      onto a reinforced fabric (U.S. Pat. No. 3,152,061), the relationship
      between acid diffusion-dialysis coefficient and thickness of membrane, and
      the relation between selectivity ratio for separating acid from salt and
      thickness of membrane are, respectively, shown in FIG. 1. In other words,
      in most conventional acid diffusion-dialysis membranes, as the thickness
      of the membrane decreases, the acid diffusion-dialysis coefficient
      increases, but the selectivity ratio significantly decreases.
PAR  It has been proposed to cross-link the membrane to a high degree in order
      to maintain a high selectivity ratio in thin membranes. However, as the
      density of cross-linkages increases, the acid diffusion-dialysis
      coefficient adversely decreases. It has been quite difficult, therefore,
      to increase both the acid diffusion-dialysis coefficient and the acid-salt
      or acid-organic compound selectivity ratio.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to provide a process for
      preparing a novel acid diffusion-dialysis membrane characterized by a high
      acid diffusion-dialysis coefficient and a high selectivity ratio for the
      separation and recovery of an acid from a mixture of an acid and a salt or
      an acid and an organic compound.
PAR  It is another object of this invention to provide a process for preparing a
      novel acid diffusion-dialysis membrane wherein the acid diffusion-dialysis
      coefficient of the membrane can be increased by decreasing the thickness
      of the membrane, whereby the decrease in acid selectivity is minimized.
PAR  It is another object of this invention to provide a relatively thin acid
      diffusion-dialysis membrane, having a high acid diffusion-dialysis
      coefficient and a high selectivity for the separation and recovery of an
      acid from a mixture of an acid and a salt or a mixture of an acid and an
      organic compound.
PAR  These and other objects and features of this invention can be attained by
      forming a film from (I) a vinyl group containing benzene monomer or a
      vinyl group containing pyridine monomer; (II) a non-conjugated divinyl
      monomer; and (III) a thermoplastic polymer which is swellable or soluble
      in the mixture of monomers (I) and (II), polymerizing said monomer mixture
      in the film, and then introducing anion exchange groups into the resulting
      polymerized product.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The top portion of FIG. 1 is a graph of the variation of diffusion-dialysis
      coefficient U.sub.H.sbsb.2SO.sbsb.4 as a function of acid
      diffusion-dialysis membrane thickness wherein the membrane used is
      prepared by conventional prior art techniques. The bottom portion of FIG.
      1 is a graph of the variation of selectivity ratio for a mixture of
      H.sub.2 SO.sub.4 and ZnSO.sub.4, as a function of acid diffusion-dialysis
      membrane thickness wherein the membrane used is prepared by conventional
      prior art techniques.
PAR  The top portion of FIG. 2 is a graph of the variation of diffusion dialysis
      coefficient U.sub.H.sbsb.2SO.sbsb.4 as a function of acid
      diffusion-dialysis membrane thickness wherein the membrane used is
      prepared by methods of the present invention. The bottom portion of FIG. 2
      is a graph of the variation of selectivity ratio for a mixture of H.sub.2
      SO.sub.4 and ZnSO.sub.4, as a function of acid diffusion dialysis membrane
      thickness wherein the membrane used is prepared by methods of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The top portion of FIG. 2 shows the relationship between the acid
      diffusion-dialysis coefficient and the membrane thickness of the membrane
      of this invention, and the bottom portion of that Figure shows the
      relationship between the acid-salt selectivity ratio (acid
      diffusion-dialysis coefficient/salt diffusion-dialysis coefficient) and
      the membrane thickness of the acid diffusion-dialysis membrane of this
      invention. It can be seen that the acid diffusion-dialysis coefficient
      increases as the thickness of the membrane decreases.
PAR  However, contrary to the prior art membranes, the acid-salt selectivity
      ratio of the membrane of this invention increases, as the thickness of the
      membrane decreases. Moreover, the membrane of this invention is
      characterized by a high mechanical strength and a dense structure, as can
      be homogeneously formed without the formation of pinholes and cracking
      difficulties experienced in the prior art. It is believed that these
      advantages are a result of the dense structure of the membranes of this
      invention and the high affinity between the thermoplastic material and the
      polymerization product of the monomers (I) and (II). Clearly, the matrix
      of the membranes of this invention is different than the fabric type
      matrix of conventional acid diffusion-dialysis membranes. The acid
      diffusion-dialysis membrane of this invention has an acid
      diffusion-dialysis coefficient of 2 - 10 times greater, and an acid-salt
      selectivity ratio of 2 - 10 times greater than the conventional membranes
      used for this purpose. Of course, this is a significant industrial
      advantage. For example, it is now possible to effectively separate and
      recover an acid from a mixture having a low concentration solution of the
      acid which previously would have been quite difficult to separate by the
      conventional diffusion-dialysis processes, which could thus solve many
      industrial pollution problems.
PAR  The vinyl group containing benzene monomer, or the vinyl group containing
      pyridine monomer (I) used for the preparation of the membrane should be a
      compound which can accept an ion exchange group introduced therein, such
      as a monomer of styrene, vinyltoluene, ethylvinylbenzene,
      ar-chloromethylstyrene, ar-bromomethylstyrene, vinyl-pyridine, or
      2-methyl-5-vinyl-pyridine.
PAR  The non-conjugated divinyl compounds (II) should be capable of
      cross-linking the polymer formed by the polymerization of monomers (I),
      such as divinylbenzene, ethyleneglycol diacrylate or ethyleneglycol
      dimethacrylate. It is especially preferable to use a non-conjugated
      aromatic compound such as divinylbenzene, because of the chemical
      stability of the resulting membrane.
PAR  The characteristics of the resulting acid diffusion-dialysis membrane are
      dependent upon the composition of monomers (I) and (II). It is preferable
      to use 1 - 25 parts by weight, especially 3 - 20 parts by weight of the
      monomer (II) per 100 parts by weight of the monomer (I). The monomer
      mixtures (I) and (II) can be admixed, if desired, with a polymerization
      initiator, a photosensitizer, a plasticizer or other monomers. When
      thermal methods of polymerization are used, it is desirable to use a
      polymerization initiator. Suitable polymerization initiators which may be
      used for this purpose include benzoyl peroxide,
      .alpha.,.alpha.'-azobisisobutyro-nitrile,t-butylperbenzoate,t-butylperacet
     ate,etc.
PAR  If photopolymerization is used, it is desirable to use a photosensitizer,
      such as benzoin, benzoin methylether, or
      .alpha.,.alpha.'-azobisisobutyronitrile. If radiation polymerization
      methods are used, polymerization can be conducted without an initiator.
      The quantity of polymerization initiator or photosensitizer when used may
      range in amounts of from 0.2 to 8 parts by weight per 100 parts by weight
      of the monomer (I). A plasticizer can be added to increase the affinity of
      the polymer produced from the monomer mixture, for the thermoplastic
      polymer, and is preferable a diester of phthalic acid, such as dibutyl
      phthalate, dioctylphthalate, etc. When a plasticizer is used, suitable
      effects are obtainable with amounts of 0- 30 parts by weight per 100 parts
      by weight of the monomer (I). Other monomers may be included in the
      monomer mixture, which are copolymerizable with the monomers (I) and (II),
      such as acrylonitrile, methacrylonitrile, acrylic esters, methacrylic
      esters and ethylvinylbenzene.
PAR  The thermoplastic polymer (III) used herein should be soluble or at least
      swellable in the mixture of monomers (I) and (II), and should be
      acid-resistant. Preferably, its molecular weight (number average molecular
      weight) is greater than 10,000 and especially greater than 15,000.
      Suitable thermoplastic polymers include the homopolymers or copolymers of
      vinylchloride, ethylene, propylene, vinylidene chloride, and further
      includes polyphenylene oxide, styrene-butadiene rubber, butyl rubber,
      chlorinated butyl rubber, chlorosulfonated polyethylene, terpolymers of
      acrylonitrile-styrene-butadiene or the like.
PAR  In one method of preparing the film, the mixture of monomers (I) and (II)
      is impregnated into a film prepared from the thermoplastic polymer (III).
      That polymer film should have a thickness of 4 - 90 .mu. and preferably 5
      - 55 .mu. and a sufficiently high density such that it has a void volume
      coefficient of less than 50%.
PAR  If the same type of diffusion-dialysis membrane is prepared using a fabric
      as in the prior art, instead of a film as in the present invention, the
      thickness of the membrane will be much greater and the acid
      diffusion-dialysis coefficient and the acid-salt selectivity ratio will
      each be too low. Accordingly, it is difficult to attain similar properties
      as the present membrane.
PAR  In order to impregnate the thermoplastic film with the monomer, the film is
      dipped into the monomer mixture, and is swollen. The degree of swelling
      can be controlled by the use of an appropiate diluent. Suitable diluents
      which may be used for this purpose include, preferably, aliphatic
      hydrocarbons, e.g., hexane, heptane, isooctane; aromatic hydrocarbons,
      e.g., benzene, toluene, xylene; alcohols, e.g., methanol, ethanol,
      iso-propanol; ether, e.g., tetrahydrofuran, dioxane, ketones, e.g.,
      acetone, methylethyl ketone; chlorinated hydrocarbons, e.g.,
      tetrachlorohydrocarbon, trichloroethylene; gasolines; light oils and
      tetraline petroleum ether, etc.
PAR  The quantitiy of monomer mixture contained in the thermoplastic polymer
      film is important for the properties of the resulting acid
      diffusion-dialysis membrane. This quantity can be controlled by proper
      control of the viscosity of the monomer mixture. The viscosity should be
      selected between 20 - 500 cp. and preferably between 30 - 300 cp. The
      adjustment of the viscosity can be attained by adding another
      thermoplastic polymer to the monomer mixture. Suitable thermoplastic
      polymers which may be used for this purpose include styrene-butadiene
      rubber, butyl rubber, chlorinated polyethylene rubber,
      acrylonitrile-butadiene rubber, and chlorosulfonated polyethylene rubber,
      which are soluble in the monomer mixture. These thermoplastic polymeric
      materials can be conveniently added in a form of powder or granules.
PAR  Another method for preparing the film-form composition of the monomer
      mixture and the thermoplastic polymer is by admixing the thermoplastic
      polymer with the monomer mixture and then casting this mixture into the
      form of a film. The thermoplastic polymer used in this instance may also
      be in a powder or granular form. The viscosity of the mixture of the
      thermoplastic polymer and the monomer mixture is preferably 500 - 3,000
      cp. and preferably 800 - 2000 cp; since it is used for film-forming. The
      viscosity may be adjusted by the addition of an appropriate diluent. A
      film can be cut from said mixture by various means; for example, by the
      casting method disclosed in J. M. McJelvey, Polymer Processing, P67
      (1962). In this instance, the diluent should be selected so that it will
      evaporate at the film-forming temperatures. Evaporation of the monomers
      (I) and (II), of course, should be avoided. In casting, the thickness of
      the resulting film can be controlled by rotary motion to provide a
      thickness of from 4 to 90 .mu., and preferably from 5 to 55 .mu..
PAR  Regardless of the method for forming the film, the ratio of the
      thermoplastic polymer to the monomer mixture of (I) and (II) should be in
      the range of 100 to 600 parts/100 parts by weight, and especially 150 -
      400 parts/100 parts by weight. The area of one side of the film should be
      at least 2 cm. .times. 2 cm.
PAR  The monomer components in the resulting film can be polymerized with the
      aid of heat, light, or ionizing irradiation, depending upon the type of
      additives (polymerization initiator, etc.) included in the monomer
      mixture.
PAR  If thermal polymerization is used, it is preferable to heat to 60.degree. -
      120.degree.C. for 0.5 - 6 hours. If UV polymerization is used, it is
      preverable to subject to light irradiation of 3,600A wavelength, for 5 -
      30 minutes. If ionizing radiation polymerization is used, it is preferable
      to irradiate with .gamma.-rays from a Co.sup.60 source, etc. for 5 - 30
      minutes. Polymerization can be conducted under atmospheric pressure, high
      pressure or reduced pressure. In this procedure, the mixture of monomers
      (I) and (II) is polymerized to form a cross-linked polymer in the film.
      The resulting film is then treated to introduce anion exchange groups into
      the polymer. The method for introducing the anion exchange groups will be
      dependent upon the type of monomer (I) used. When styrene is used as the
      monomer (I), the resulting polymer of (I) and (II) in said film is
      haloalkylated with a haloalkyl ether, such as chloromethylether, in the
      presence of a Friedel-Crafts reaction catalyst, such as stannous chloride,
      zinc chloride, or aluminum chloride.
PAR  Haloalkylation is usually conducted by using 10 - 30 parts by weight of a
      Friedel-Crafts reaction catalyst per 100 parts by weight of haloalkyl
      ether, at 0.degree. - 40.degree.C. for 2- 10 hours. After the
      haloalkylation, the reaction product is washed with alcohol, e.g.,
      methanol, and then is reacted with an amine, such as trimethylamine,
      dimethylethanolamine, or dimethylethylamine to introduce the ion exchange
      groups. The amination can be conducted by dipping the reaction product
      into the amine solution, diluted with water, methanol or ethanol, at
      0.degree. - 45.degree.C. for 5 - 60 hours. When ar-halomethylstyrene is
      used as the monomer (I), the polymer in the film can be reacted with an
      amine in an amination process, without the haloalkylation process, since
      the haloalkyl groups are already contained in the polymer.
PAR  When vinylpyridine is used as the monomer (I), the resulting polymerized
      product is reacted with an alkylhalide, such as methyl iodide, or methyl
      bromide to quaternize it. The reaction is conducted at 0.degree. -
      40.degree.C. for 4 -  30 hours by diluting the alkylhalide in a diluent,
      such as petroleum ether or carbon tetrachloride.
PAR  It is especially effective to use an ar-haloalkyl styrene, such as
      ar-chloromethylstyrene or ar-bromomethylstyrene, as the monomer (I), in
      order to prepare an acid diffusion-dialysis membrane having an especially
      pg,15 high diffusion-dialysis coefficient and a high acid-salt or
      acid-organic compound selectivity ratio. The reason why this monomer
      produces such good results is not clearly understood. However, it is
      believed that when styrene is used as the monomer (I), it requires a
      haloalkylation process for introduction of the ion exchange group, but
      when this monomer is used, haloalkylation can be avoided. The
      haloalkylation reaction is rather slow, because it is difficult for the
      haloalkylation agent to penetrate the polymeric film. Accordingly, the
      haloalkylation is frequently difficult if not impossible to complete. On
      the other hand, when an ar-haloalkyl styrene is used as the monomer (I),
      the haloalkylation reaction can be avoided and only amination is required
      to introduce the ion exchange groups.
PAR  By the present techniques, therefore, it is possible to prepare an acid
      diffusion-dialysis membrane by the use of an ar-haloalkyl styrene, whereby
      a large number of ion exchange groups, effective for the acid
      diffusion-dialysis, can be introduced into the polymerized product. In
      this instance, the acid diffusion-dialysis coefficient, and the
      selectivity ratio will be quite high. The resulting acid
      diffusion-dialysis membrane has a thickness of 4 - 100.mu. and the
      characteristics which has an acid diffusion-dialysis coefficient
      U.sub.H.sbsb.2SO.sbsb.4 = 4 - 17 mol./Mn.sup.2 hr. and a selectivity ratio
      of acid to salt of more than 60%. When the thickness of membrane is in a
      range of 5 - 55.mu., it is to provide the acid diffusion-dialysis membrane
      having superior acid diffusion-dialysis coefficient and selectivity ratio
      of acid to salt. The conventional thin acid diffusion-dialysis can not
      impart such properties.
PAR  The membrane of this invention may be used for separating any organic or
      inorganic protonic acids having MW of less than 300, preferably less than
      200. Suitable such acids include sulfuric acid, nitric acid, hydrochloric
      acid, phosphoric acid, hydrofluoric acid, or such organic acids as acetic
      acid. Separation can be made from mixtures of acids and salts, such as
      acid salts or organo amino salts. Such mixtures may result from smelting
      and refining processes for nickel metal, solvent extraction, etching
      processes, pickling processes or plating processes. The mixture may
      contain organic compounds which do not swell the membrane such as
      cellulose saccharification solution, lactam solution from Beckmann
      rearrangement, glucose, amino acids, or saccharoses.
PAR  The acid concentration in the mixture may be from 0.001 molar % to
      saturated solutions and preferably 1 - 10 molar %.
PAR  Temperature of separation may range from 0.degree. - 70.degree.C and
      preferably 5.degree. - 50.degree.C.
PAR  The linear velocity of the fluid may be less than 50 cm/sec, preferably 1 -
      5 cm/sec and the linear velocity of the water may be from 0.1 - 5.0 times
      the linear.
PAR  Having generally described the invention, a further understanding can be
      attained by reference to certain specific Examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting in any manner unless otherwise specified.
PAR  In the Examples, the acid diffusion-dialysis coefficient and the salt
      diffusion-dialysis coefficient of the acid diffusion-dialysis membrane
      (for example U.sub.H.sbsb.2SO.sbsb.4, U.sub.ZnSO.sbsb.4, etc.) were
      measured as follows:
PAR  30 cc. of a mixture of 1 M (mole per liter) of acid and 1 M (mole/l) of
      salt was dialyzed through a diffusion-dialysis membrane of 2 cm .times. 5
      cm of surface area, to 30 cc. of water at 26.degree.C. for 20 minutes, and
      the amounts of the acid and the salt diffused to the water phase were
      measured, respectively.
PAR  The diffusion-dialysis coefficient was shown in U (number of moles of
      solute diffused per unit time per unit area of membrane per concentration
      difference).
PA1  U = moles/m.sup.2 hr. .DELTA. M
PA1  .DELTA. m indicate concentration difference
PAR  The selectivity ratio is shown as:
PA1  S = u acid/U salt
PAR  Reference
PAR  An acid diffusion-dialysis membrane was prepared in accordance with the
      process of U.S. Pat. No. 3,152,061. 200 parts by weight of dichloromethane
      solution containing 50 wt. % of condensation product of bisphenol A and
      epichlorohydrine (epoxide equivalent of about 220), and 84 parts of
      acetone solution containing 50 wt.% of m-phenylenediamine, and 45 parts of
      a mixture of triethylene-tetramine and tetraethylpenthinine of 1 : 1 were
      admixed to yield a solution. A woven fabric of polyethylene-terephthalate
      having a thickness of 100 .mu. was dipped into said solution, removed
      therefrom, and air-dried. The impregnated fabric was then heated at
      140.degree. - 150.degree.C. for 7 minutes to cure the epoxy resin. The
      cured membrane was dipped into a 30% formalin solution acidified with
      hydrochloric acid and was washed with 0.5% sodium sulfate solution to
      yield an acid diffusion-dialysis membrane.
PAR  The thickness of the membrane was 113 .mu.. The sulfuric acid
      diffusion-dialysis coefficient was U.sub.H.sbsb.2SO.sbsb.4 = 3.64.
PAR  The zinc sulfate diffusion-dialysis coefficient was U.sub.ZnSO.sbsb.4 =
      0.073.
PAR  The selectivity ratio was S = U.sub.H.sbsb.2SO.sbsb.4 / U.sub.ZnSO.sbsb.4 =
      50.
PAC  EXAMPLE 1
PAR  A film having a thickness of 30 .mu. and an area of 5 cm .times. 5 cm
      formed from polyvinylchloride having a molecular weight of 72,000
      (containing 40 parts of dioctylphthalate to 100 parts of said
      polyvinylchloride) was dipped into a monomer mixture containing 92.5 parts
      of styrene, 5 parts of divinylbenzene, 2.5 parts of ethylvinylbenzene, 2
      parts of benzoyl peroxide and 100 parts of isooctane, at room temperature
      for 1 hour.
PAR  The film containing said monomer mixture was inserted between two sheets of
      polyethylene terephthalate which in turn was inserted between two sheets
      of glass plates. The composite was compressed and maintained at
      85.degree.C. for 4 hours to polymerize the monomer mixture.
PAR  The resulting film was contacted with chloromethyl ether in the presence of
      stannous tetrachloride at room temperature for 6 hours. The resulting film
      was washed with water and was dipped in a 15% methanol solution of
      trimethylamine for 40 hours for amination. The resulting acid
      diffusion-dialysis membrane was flexible and had a thickness of 55 .mu.
      and the acid diffusion-dialysis coefficient was: U.sub.H.sbsb.2SO.sbsb.4 =
      6.0; the salt diffusion-dialysis coefficient was: U.sub.ZnSO.sbsb.4  =
      0.07; and the selectivity ratio was S = 86.
PAC  EXAMPLE 2
PAR  The process of Example 1 was repeated using a monomer mixture containing
      92.5 parts of a.gamma.-chloromethylstyrene, 5 parts of divinylbenzene, 2.5
      parts of ethylvinylbenzene, 5 parts of polystyrene-butadiene rubber (26%
      styrene content), 4 parts of benzoylperoxide and 150 parts of isooctane.
      The resulting acid diffusion-dialysis membrane was flexible and had a
      thickness of 53 .mu. and an acid diffusion-dialysis coefficient
      U.sub.H.sbsb.2SO.sbsb.4 = 8.2; Salt diffusion-dialysis coefficient
      U.sub.ZnSO.sbsb.4 = 0.072, and the selectivity ratio = 114.
PAC  EXAMPLE 3
PAR  A film having a thickness of 30 .mu. and a width of 90 cm. and length of 30
      cm. made of polyvinylchloride as in Example 1 was continuously dipped into
      the monomer mixture of Example 2 in a bat (100 .times. 20 .times. 50 cm).
      After dipping, the resulting film formed compound was continuously taken
      up with polyvinylalcohol film on a roller under tension perpendicular to
      the running direction and the film was covered with polyvinylchloride
      tape. The roll of film was maintained at 95.degree.C. for 4 hours to
      polymerize the monomer mixture impregnated in the polyvinylchloride film
      and the polymerized film was removed and dipped into a 6.5% methanol
      solution of trimethylamine for amination.
PAR  The resulting acid diffusion-dialysis membrane was flexible and had a
      thickness of 42 .mu. and an acid diffusion-dialysis coefficient
      U.sub.H.sbsb.2SO.sbsb.4 = 11.2, salt diffusion-dialysis coefficient
      U.sub.ZnSO.sbsb.4 = 0.096, and selectivity ratio S= 117.
PAR  Other acid diffusion-dialysis membranes were prepared, in accordance with
      this process, except that the thickness of the film was varied.
      U.sub.H.sbsb.2SO.sbsb.4 /U.sub.ZnSO.sbsb.4 of each product was measured
      and is shown in FIG. 2.
PAR  As is clear in FIG. 2, the value of U.sub.H.sbsp.2SO.sbsp.4 of the acid
      diffusion-dialysis membrane of this invention is significantly increased
      as the thickness of film is decreased, while the value of S =
      U.sub.H.sbsb.2SO.sbsb.4 /U.sub.ZnSO.sbsb.4 is also surprisingly increased
      as the thickness of the film is decreased.
PAC  EXAMPLE 4
PAR  An acid diffusion-dialysis membrane was prepared in accordance with the
      process of Example 2, except that a film having an area of 5 cm .times. 5
      cm and a thickness of 10 .mu. made of copolyvinylidenechloride -10%
      vinylchloride, molecular weight 80,000 was used. The resulting acid
      diffusion-dialysis membrane had a thickness of 19 .mu., and an acid
      diffusion-dialysis coefficient U.sub.H.sbsb.2SO.sbsb.4 = 3.9; salt
      diffusion-dialysis coefficient U.sub.ZnSO.sbsb.4 = 0.011 and selectivity
      ratio S = 355.
PAC  EXAMPLE 5
PAR  An acid diffusion-dialysis membrane was prepared in accordance with the
      process of Example 2, except using a monomer mixture of 85 parts of
      ar-chloromethylstyrene, 10 parts of divinylbenzene, and 5 parts of
      ethylvinylbenzene. The resulting acid diffusion-dialysis membrane had a
      thickness of 55 .mu. and an acid diffusion-dialysis coefficient
      U.sub.H.sbsb.2SO.sbsb.4 = 5.12; salt diffusion-dialysis coefficient
      U.sub.ZnSO.sbsb.4 = 0.011 and selectivity ratio S=466.
PAC  EXAMPLE 6
PAR  10 parts of polyvinylchloride fine powder (MW 72,000, 50 mesh) was
      dissolved in 100 parts of tetrahydrofuran. A float glass plate was dipped
      into said solution and was taken up at the velocity of 2 cm./sec. It was
      then dried at 80.degree.C. and heated at 120.degree. C. to yield a film
      having a thickness of 2.5 .mu. and an area of 5 cm .times. 5 cm made of
      polyvinylchloride. An acid diffusion-dialysis membrane was prepared in
      accordance with the process of Example 4, except using the resulting film.
      The resulting acid diffusion-dialysis membrane had a thickness of 4.0 .mu.
      and an acid diffusion-dialysis coefficient U.sub.H.sbsb.2SO.sbsb.4 = 16.5;
      salt diffusion-dialysis coefficient U.sub.ZnSO.sbsb.4 = 0.26; and
      selectivity ratio S = 64.
PAC  EXAMPLE 7
PAR  A film having a thickness of 30 .mu. and an area of 5 cm .times. 5 cm made
      of polyethylene (prepared by low pressure method; melt index 2.0; specific
      gravity 0.95) was dipped into a monomer mixture of 92.5 parts of a
      .gamma.-chloromethylstyrene, 5 parts of divinylbenzene, 2.5 parts of
      ethylvinylbenzene, 5 parts of polystyrene-butadiene rubber (styrene
      content 26%) and 4 parts of benzoyl peroxide, at 50.degree.C. for 1 hour.
      An acid diffusion-dialysis membrane was prepared in accordance with
      Example 2, by using this film. The resulting acid diffusion-dialysis
      membrane had a thickness of 40 .mu., and an acid diffusion-dialysis
      coefficient U.sub.H.sbsb.2SO.sbsb.4 = 6.4; salt diffusion-dialysis
      coefficient U.sub.ZnSO.sbsb.4 = 0.0051; and selectivity ratio S = 125.
PAC  EXAMPLE 8
PAR  A polyvinylchloride film having a thickness of 30 .mu. was dipped into a
      monomer mixture of 92.5 parts of 2-methyl-5-vinyl-pyridine, 5 parts of
      divinylbenzene, 2.5 parts of ethylvinylbenzene, 5 parts of
      polyacrylonitrile-butadiene rubber, 3 parts of benzoyl peroxide and 180
      parts of isooctane at room temperature for 30 minutes and then was
      inserted between two sheets of polyethyleneterephthalate. This composite
      was then inserted between two sheets of glass and was pressed at all four
      corners, and heated at 85.degree.C. for 4 hours to polymerize the monomer
      mixture. The resulting film was reacted with a 20% petroleum ether
      solution of methyliodide to quarternize it. The resulting acid
      diffusion-dialysis membrane had a thickness of 50 .mu. and an acid
      diffusion-dialysis coefficient U.sub.H.sbsb.2SO.sbsb.4 = 9.0; salt
      diffusion-dialysis coefficient U.sub.ZnSO.sbsb.4 = 0.091 and selectivity
      ratio S = 99.
PAC  EXAMPLE 9
PAR  100 parts of polyvinylchloride (100 mesh MW 60,000), 350 parts of
      tetrahydrofuran, 46.2 parts of ar-chloromethylstyrene, 1.3 parts of
      divinylbenzene and 3 parts of benzoyl peroxide were admixed to prepare a
      mixture solution. The mixture solution was cast onto a drum of a drum type
      film forming apparatus and then tetrahydrofuran was evaporated to yield a
      film product having a width of 0.9 m. and a thickness of 30 .mu.. The film
      was taken up with polyvinylalcohol film under tension perpendicular to the
      running direction of a roller having a diameter of 20 cm. The film was
      covered with polyvinylchloride tape and was heated at 90.degree.C. for 3
      hours to polymerize the monomer mixture. The film of polymerized product
      was reacted with a 6.5 % methanol solution of trimethylamine for 20 hours
      for amination.
PAR  The resulting acid diffusion-dialysis membrane was flexible and had a
      thickness of 45.mu. and an acid diffusion-dialysis coefficient
      U.sub.H.sbsb.2SO.sbsb.4 = 9.5; salt diffusion-dialysis coefficient
      U.sub.ZnSO.sbsb.4 = 0.092; and selectivity ratio S = 103.
PAC  EXAMPLE 10
PAR  An acid diffusion-dialysis apparatus having two cells each having a volume
      of 30 cc. and using the acid diffusion-dialysis membrane of Example 2
      (membrane area 2 cm .times. 2 cm) was used for dialyzing a solution of 1 M
      (mole/l) of sulfuric acid and 1 M (Mole/l) of nickel sulfate, against
      distilled water at 25.degree.C. for 20 minutes. The following result was
      found:
EQU  U.sub.H.sbsb.2SO.sbsb.4 = 11.0; U.sub.NiSO.sbsb.4 = 0.096; S = 114
PAC  example 11
PAR  30 cc. of a solution of 1 M (mole/l) of sulfuric acid and 0.5 M (Mole/l) of
      FeSO.sub.4 was dialyzed, against 30 cc. of distilled water at 25.degree.C.
      for 20 minutes by using the acid diffusion-dialysis cell of Example 10.
      The following results were found:
EQU  U.sub.H.sbsb.2SO.sbsb.4 = 10.5; U.sub.FeSO.sbsb.4 = 0.098; S = 107
PAC  example 12
PAR  a solution of 1 mole of sulfuric acid and 0.5 mole of glucose was dialyzed
      against distilled water at 25.degree.C. for 1 hour, by using the acid
      diffusion-dialysis cell of Example 10. The following results were found:
EQU  U.sub.H.sbsb.2SO.sbsb.4 = 10.1; U.sub.glucose = 0.103; S = 99
PAR  having now generally described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention.
      ACCORDINGLY,
CLMS
STM  WHAT IS CLAIMED AS NEW AND INTENDED TO BE COVERED BY LETTERS PATENT IS
NUM  1.
PAR  1. In a process for effecting diffusion-dialysis of acids, the improvement
      which comprises:
PA1  using a membrane 4 - 55.mu. thick prepared by polymerizing a monomer
      mixture of 100 parts by weight of .gamma.-chloromethylstyrene and 3 - 20
      parts by weight of divinylbenzene in contact with 150 - 400 parts by
      weight of a thermoplastic polymer, having a molecular weight of greater
      than 10,000 and being selected from the group consisting of
      polyvinylchloride, polyvinylidene chloride, polyethylene and
      polypropylene, and then is reacted with trimethylamine for amination.
NUM  2.
PAR  2. The process of claim 1, wherein said thermoplastic polymer is dipped
      into said monomer mixture which in addition to said divinylbenzene and
      .gamma.-chloromethylstyrene contains 50 - 300 parts by weight of a diluent
      selected from the group consisting of isooctane, petroleum ether and
      gasoline.
NUM  3.
PAR  3. The process according to claim 1, wherein the thermoplastic polymer is
      in the form of a film and contact between said film and said monomer
      mixture is effected by impregnating the monomer mixture into said film.
NUM  4.
PAR  4. The process according to claim 1, wherein the thermoplastic polymer is
      in the form of a powder or granule and is admixed with said monomer
      mixture and is formed into a film prior to polymerization.
NUM  5.
PAR  5. The process according to claim 1, wherein said monomer mixture further
      contains a polymerization initiator and thermal polymerization is effected
      by thermal polymerization techniques.
NUM  6.
PAR  6. The process according to claim 1, wherein said monomer mixture further
      contains a photosensitizer and polymerization is effected by
      photo-polymerization techniques.
NUM  7.
PAR  7. The process according to claim 1, wherein said monomer mixture is
      polymerized by ionizing radiation polymerization techniques.
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ABST
PAL  Polysaccharide matrices, e.g., agarose, for use in certain affinity
      chromatography procedures, are activated with sodium metaperiodate,
      derivatized with a symmetrical dihydrazide and thence reductively
      stabilized, preferably with sodium cyanoborohydride. Moreover,
      intermediate Schiff bases formed from the NaIO.sub.4 -oxidized
      polysaccharide are selectively, reductively stabilized with said sodium
      cyanoborohydride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the activation of certain polysaccharide
      matrices for use in affinity chromatography procedures, and, more
      especially, to the sodium metaperiodate [NaIO.sub.4 ] activation of
      polysaccharide matrices, to certain polyhydrazide derivatives thereof, to
      the "reductive stabilization" thereof and of such polyhydrazide
      derivatives, and to the coupling of various biologically active molecules
      thereto as well as to such polyhydrazide derivatives.
PAR  2. Description of the Prior Art
PAR  Affinity chromatography has found wide application in the purification of
      various biologically active molecules, such as small ligands, proteins,
      nucleotides and nucleosides. For example, nucleotides are cofactors and
      coenzymes in many biological systems and, therefore, many methods for
      attaching these compounds to insoluble matrices have been developed and
      applied. It is also known that certain polysaccharide matrices comprise
      the most useful solid supports in affinity chromatography. And various
      alternative methods exist to activate a polysaccharide matrix, e.g.,
      cellulose, starch and cross-linked polysaccharide gels such as agarose,
      Sephadex and Sepharose, for the covalent attachment of, e.g., small
      ligands and proteins. Probably the most widely used technique at the
      present time for the covalent coupling of protein to insoluble matrices,
      finding considerable application in immunology and enzymology, is the
      cyanogen bromide method described in Axen et al, Nature, 214, 1302-1304
      (1967); see also Cuatrecasas et al, Proc. Natl. Acad. Sci. U.S., 61,
      636-643 (1968). Briefly, cyanogen halides react rapidly with the hydroxyl
      groups of carbohydrates to form cyanate esters. The reaction occurs most
      rapidly at a pH between 10 and 12. The cyanate may react further with
      hydroxyl groups to form an imidocarbonate intermediate. It has been
      postulated from studies of low molecular weight model compounds, that the
      cyclic imidocarbonate is formed as a major product following the reaction
      of cyanogen halides with polymeric carbohydrates [FIG. 1A]. The highly
      reactive intermediate can be isolated, and agarose beads which contain
      this reactive group are commerically available [Pharmacia].
      Imidocarbonates react with amines to form N-imidocarbonates [FIG. 1B],
      isoureas [FIG. 1C], or N-carbamates [FIG. 1D]. However, the actual
      products formed in the reaction between cyanogen halide-activated agarose
      and the amino group of alanine, for example, are difficult to study owing
      to the insolubility of the carbohydrate and the relatively low
      concentrations of the products. Recent studies on the isoelectric point of
      products of the reaction between CNBr-activated polysaccharides and a
      primary amine indicate that an isourea is the major product, Svensson,
      FEBS Lett., 29, 167 (1973). The technique of Axen et al, supra,
      characterizes the "titration method" of activation.
PAR  Despite the relative simplicity of the titration method of activation of
      agarose beads, a faster and safer alternative method has been developed.
      Cuatrecasas et al, Anal. Biochem., in press. In this modification, the
      reaction is performed in carbonate buffer. The coupling efficiencies
      obtained are comparable to those observed after activation by the
      aforementioned titration method.
PAR  Generally considering the use of CNBr-activated gels, the amount of ligand
      coupled to the gel depends on the amount of CNBr added. Typically, this
      varies between 50 and 300 mg of CNBr per milliliter of packed beads. For
      example, with 200 mg of CNBr per milliliter of agarose and 0.5% albumin
      and 0.2 M NaHCO.sub.3 at pH 9.5, approximately 5 mg of protein is bound
      per milliliter of packed gel. Similarly, if the concentration of low
      molecular weight ligand, e.g., alanine, is 0.1 M, the amount coupled is
      about 10 .mu. moles per milliliter of gel. The actual coupling efficiency
      will depend on the specific ligand used.
PAR  The quantity of CNBr and the exact composition of the buffer used in the
      coupling reaction should be adapted to the specific system under study.
      These conditions too have been described in detail, Cuatrecasas, J. Biol.
      Chem., 245, 3059 (1970). A standard condition is the use of 200 mg of CNBr
      per milliliter of agarose, and of 0.2 M sodium bicarbonate at pH 9.5 as
      the buffer for the coupling reaction. Smaller quantities of CNBr, lower pH
      values, and high concentrations of ligand will decrease the probability of
      multipoint attachments of proteins [especially those of high molecular
      weight] to the gel, a condition that may lead to decreased or altered
      biological activity. In coupling macromolecules, e.g., concanavalin A or
      enzymes, it may be desirable to add ligands, e.g., competitive inhibitors,
      which bind to the active site of the protein. This may protect and perhaps
      prevent coupling through essential residues of the active site, and in
      addition, may stabilize the conformation of the protein so that the
      coupled protein will be more likely to retain its native structure.
PAR  In many cases, the interposition of spacers or "arms" between the matrix
      and the ligand greatly increases the effectiveness of the adsorbent. A
      variety of spacer molecules can be attached to agarose, and many chemical
      reactions exist that can be used to couple ligands and proteins to these
      derivatized agarose gels, Cuatrecasas, J. Biol. Chem., supra.
      Diaminodipropylamine [Eastman] has been one of the most useful spacer
      molecules because it is relatively long and because it exhibits very
      minimal hydrophobic properties as compared to strictly methylenic diamine
      compounds such as hexamethylenediamine. Consider also copending
      application, Ser. No. 475,314 of the present inventors, filed concurrently
      herewith, and hereby expressly incorporated by reference. Whenever
      possible, it is advantageous to first attach such spacers to the ligand
      rather than to the gel since the adsorbents prepared in this way are less
      likely to exhibit nonspecific or ionic properties that can interfere in
      subsequent affinity chromatography experiments.
PAR  Nevertheless, CNBr is a toxic chemical, and awareness of the hazards
      associated with CNBr activation reactions is important. CNBr, which
      sublimes rather rapidly at room temperature, is a powerful lachrimator,
      and is highly toxic. Allowing the chemical to stand for months at room
      temperature can result in the formation of explosive compounds. Filtrates
      collected after activation contain large amounts of cyanide ion and should
      never be allowed to come to neutral or acidic pH. Disposal of the
      filtrates should be performed with care and only after the gaseous
      products are disssipated from the filter flask in a fume hood for several
      hours. The importance of adequate ventilation during the activation
      procedures has been emphasized. Another disadvantage of the CNBr method
      for coupling amino group-containing ligands to agarose lies in the
      relative instability of the bond(s) formed between the ligand and the
      matrix. As a result, in most cases, during washing, storage and usage, a
      small amount of ligand is leaked out. This problem of ligand leakage is of
      great importance, especially during isolation of small [microgram]
      quantities of certain hormone receptors. The leakage of a ligand from the
      adsorbent becomes still more serious because the ligand which is released
      from the adsorbent in most cases has greater affinity toward the receptor
      protein(s) than the matrix-bound ligand. Besides the problem of ligand
      leakage, substitution does not work well with cellulose.
PAR  While nearly all of the earlier methods for coupling ligands or proteins to
      agarose depend on the initial modification of the gel with CNBr, an
      alternative method exists which is rapid, simple, and safe and which
      promises to result in chemically stable ligand-agarose bonds. This method
      depends on the oxidation of cis-vicinal hydroxyl groups of agarose [or
      cellulose] by sodium metaperiodate [NaIO.sub.4 ] to generate aldehyde
      functions. Compare Sanderson et al, Immunology, 20, 1061-1065 (1971); see
      FIG. 2. These aldehydic functions react at pH 4-6 with primary amines to
      form Schiff bases [aldimines]; these are reduced with sodium borohydride
      [NaBH.sub.4 ] to form stable secondary amines.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been determined according to the invention that the "reductive
      stabilization" of the intermediate Schiff base is best achieved with
      sodium cyanoborohydride [NaBH.sub.3 CN] since this reagent, at a pH
      between 6 and 6.5, preferentially reduces Schiff bases without reducing
      the aldehyde functions of the agarose. Since sodium cyanoborohydride
      selectively reduces only the Schiff bases, it shifts the equilibrium of
      the reaction [FIG. 2] to the right and thereby drives the overall reaction
      to completion.
PAR  Moreover, very useful derivatives can be prepared according to the
      invention by allowing the periodate-oxidized agarose to react with a
      bifunctional, symmetrical dihydrazide [FIG. 3], most advantageously
      succinic dihydrazide. This reaction is quite advantageous since carbonyl
      groups react with hydrazides more completely than with primary amines. The
      matrix is thus converted to a hydrazido/hydrazone form and can be reduced
      with NaBH.sub.4 or, preferably, NaBH.sub.3 CN, to produce unsymmetric
      hydrazides while the unreacted hydrazido groups are unaffected. The stable
      hydrazido-agarose derivatives can be stored and used at will for coupling
      proteins or ligands that contain carboxyl or amino groups with
      carbodiimide reagents according to known procedures or by conversion of
      the acyl hydrazide to the acyl azide form, also according to known
      procedures [FIG. 3]. A somewhat similar polyhydrazide-agarose has been
      prepared by coupling adipic dihydrazide to CNBr-activated agarose; Lamed
      et al, Biochimica et Biophysica Acta, 304, 231-235 (1973).
PAR  The polyhydrazide-matrix is also coupled to aldehyde or keto group
      containing ligands followed again by "reductive stabilization". Thus, the
      glycolipid, gangiloside, and certain glycoproteins are coupled to
      polyhydrazide-agarose [and cellulose] after periodate oxidation of
      suitable sugar component on the ligands.
PAR  Accordingly, polyhydrazide-agarose and -cellulose have been prepared
      utilizing the invention by reacting succinic dihydrazide with NaIO.sub.4
      oxidized matrix followed by reduction with NaBH.sub.4 or NaBH.sub.3 CN.
      These polyhydrazides were easily converted to the corresponding acyl
      azides and coupled to proteins or peptides in mild fashion. By controlling
      the pH of the coupling reaction, the protein or peptide can be directed to
      couple solely through its .alpha. -NH.sub.2 group. And, again, the
      polyhydrazide matrix was also used to couple glycopeptides, glycoproteins,
      glycolipids and certain oligosaccharides after prior oxidation of the
      ligand with NaIO.sub.4. Use of NaBH.sub.3 CN economized the quantitiy of
      ligand. Further, both brain gangliosides and thyroglobin were successfully
      coupled.
PAR  Although the periodate oxidation activation method for agarose generally
      results in a lower degree of liguid sustitution than can be achieved with
      the CNBr methods, the facility and safety of the method, and greater
      stability of the ligand-agarose bonds formed, offer considerable
      advantages. In many cases, enzyme purification by affinity chromatography
      is achieved satisfactorily with ligand substitution of 0.05-1.0 .mu. mole
      per milliliter of agarose, which can be readily achieved utilizing the
      procedures of the invention.
PAR  Other solid supports, such as cross-linked dextrans and cellulose, unlike
      agarose contain very large numbers of cis-vicinal hydroxyl groups and are
      thus very well suited for activation and coupling by the periodate
      oxidation procedures. Cellulose, because of its stability to the
      conditions of oxidation, can be substituted to a very high degree with the
      periodate method [see Table I]. The more porous Sephadex gels [G-75 and
      G-200] shatter after periodate treatment (5mM, 2 hours) and therefore are
      not recommended.
TBL                Table I                                                     
     ______________________________________                                    
     Incorporation of Radioactive Ligands                                      
     Into Gels Activated By The                                                
     Periodate/Hydrazide Procedures *                                          
     ______________________________________                                    
                 Incorporation                                                 
                   SDH        Alanine    Albumin                               
     Matrix        (.mu.moles/ml)                                              
                              (.mu.moles/ml)                                   
                                         (mg/ml)                               
     ______________________________________                                    
     Agarose       1.2        0.25       0.20                                  
     Particulate cellulose                                                     
                   210        1.1        0.21                                  
     Beaded, porous cellulose                                                  
                   500        1.1        0.16                                  
     ______________________________________                                    
      * Gels were oxidized with 0.5 M sodium metaperiodate for 2 hours and     
      allowed to react with excess succinic dihydrazide (SDH) as described in  
      the text. SDH incorporation was calculated from elemental analysis.      
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In order to further illustrate the present invention and the advantages
      thereof, the following specific examples are given, it being understood
      that same are intended only as illustrative and in no wise limitative.
PAC  Procedures for Sodium Periodate Oxidation of Agarose
PAR  To a suspension of 100 ml of agarose in 80 ml of water was added 20 ml of 1
      M NaIO.sub.4. The suspension, placed in a 500 ml tightly closed
      polyethylene bottle, was gently shaken on a mechanical shaker for 2 hours
      at room temperature. The oxidized agarose was filtered and washed on a
      coarse sintered-glass funnel with 2 liters of water.
PAC  Reductive Amination of Oxidized Agarose
PAR  Use of Sodium Borohydride
PAR  The washed, oxidized agarose was allowed to react with a solution of ligand
      containing an amino group. For example, an .omega.-aminoalkyl agarose
      derivative was prepared by adding the oxidized gel, 100 ml, to 100 ml of 2
      M aqueous diaminodipropylamine [Eastman Chemicals] at pH 5.0. After 6-10
      hours of gentle shaking at room temperature; the pH was raised to 9 with
      solid Na.sub.2 CO.sub.3. Ten ml of freshly prepared 5 M NaBH.sub.4 were
      added in small aliquots to the magnetically stirred suspension and kept at
      4.degree. over a 12-hour period with precautions to avoid excessive
      foaming. The reduced agarose derivative was washed in a 250 ml
      sintered-glass funnel with 2 liters of 1M NaCl without suction over a
      4-hour period. After stopping the outflow [with a rubber stopper], the
      agarose derivative was incubated in an equal volume of 1 M NaCl for 15
      hours while on the funnel, and washed with an additional 2 liters of 1 M
      NaCl over a 2-hour period. The filtrates of the wash were occasionally
      checked for the presence of free diamine by the TNBS* test or with
      ninhydrin. The extent of substitution of diamine, as determined by
      reaction with .sup.14 C-labeled acetic anhydride, was 2--3 .mu.moles per
      milliliter of agarose.
FNT  * 2,4,6-Trinitrobenzene sulfonic acid (TNBS); 2-3 drops of 1.5% ethanolic
      solution of TNBS are added to a mixture of 0.5 ml of filtrate and 0.5 ml
      of saturated sodium borate. The presence of diamine is indicated by
      formation of intense yellow color (420 nm) and of hydrazide by brick red
      color (500 nm).
PAR  Use of Sodium Cyanoborohydride
PAR  The product of reaction of the NaIO.sub.4 -oxidized agarose with the amino
      ligand was also subjected to reductive amination with sodium
      cyanoborohydride [NaBH.sub.3 CN]. Although sodium borohydride is
      efficient, the use of NaBH.sub.3 CN can be most advantageous, e.g., when
      the quantity of the amino ligand is limited. Since the latter reducing
      agent drives the reaction toward completion, relatively more efficient use
      of the amino ligand results. This method is also preferably when the
      ligand to be coupled is sensitive to the higher pH values [pH 9-10]
      necessary with NaBH.sub.4.
PAR  A between 1 to 50 mM solution of the amino ligand, a designation which
      includes proteins as well as smaller molecules, in 0.5 M phosphate buffer
      at pH 6, containing 0.5 mM sodium cyanoborohydride [Alfa Chemicals] was
      prepared at room temperature and centrifuged at 3000 g for 10 minutes to
      remove insoluble material. The pH of the solution was adjusted to 6. The
      solution was then added to an equal volume of periodate-oxidized agarose
      which had previously been washed with 1-2 volumes of 0.5 M phosphate
      buffer at pH 6. The suspension was gently shaken for 3 days in a closed,
      capped polyethylene bottle at room temperature with a mechanical shaker.
      The gel was extensively washed as described above. The unreacted aldehyde
      groups on the agarose matrix were then reduced with a solution 1 M
      NaBH.sub.4 [1 ml per each milliliter of agarose gel] for 15 hours at
      4.degree.. The substituted agarose was washed extensively again. The
      substitution of ligand was about 2 .mu.moles per milliliter of agarose
      when 50 mM diaminodipropylamine was used.
PAC  Hydrazidosuccinyl-Agarose
PAR  Preparation of Succinic Dihydrazide (SDH)
PAR  Sixty-four grams (2 moles) of hydrazine (99%) were stirred magnetically in
      a 1-liter Erlenmeyer flask with 100 ml of absolute ethanol at room
      temperature. Diethyl succinate (35 g; 0.2 mole) was added dropwise over
      3-4 hours from a dropping funnel. The temperature of the reaction mixture
      was raised to 45.degree.-50.degree.. The clear reaction mixture was
      allowed to stand overnight at room temperature, and the resultant
      crystalline succinic dihydrazide (SDH) was filtered, washed with a liter
      of ice-cold absolute ethanol, and dried. The dihydrazide (mp 168-170 with
      decomposition), obtained in 90% yield (26.5 g), was used without further
      purification.
PAR  Use of Periodate-Oxidized Agarose
PAR  A suspension containing 100 ml of oxidized agarose and 100 ml of 0.1 M SDH
      (pH adjusted to 5.0) was gently shaken for 1-2 hours at room temperature
      and the pH was raised to 9 with solid Na.sub.2 CO.sub.3. Ten milliliters
      of freshly prepared aqueous NaBH.sub.4 (5 M) was added in small aliquots,
      with gentle stirring at 4.degree., over a 12-hour period (avoiding
      excessive foaming). The reduced agarose derivative was washed on a 250 ml
      sintered-glass funnel with 2 liters of 1 M NaCl without suction over a 3
      to 4-hour period. The agarose derivative was incubated with an equal
      volume of 1 M NaCl for 15 hours at 24.degree. in the same funnel, by
      stopping the outflow with a rubber stopper. It was washed with an
      additional 2 liters of 1 M NaCl over 2-3 hours. The substitution of SDH,
      calculated from the total nitrogen content of the hydrazidoagarose, varied
      between 1 and 2 .mu.moles per milliliter of packed agarose.
PAR  Activation and Use of Hydrazido-Agarose
PAR  The hydrazido-agarose derivative was stable for months when stored at
      4.degree. in the presence of 0.02 M NaN.sub.3. Carboxylic group-containing
      ligands are coupled to the hydrazido-agarose wih the use of carbodiimide
      reagents by established procedures. Cuatrecasas, J. Biol. Chem., supra;
      Hoare et al, J. Biol. Chem., 242, 2447 (1967). Primary or secondary amines
      are also coupled readily to the hydrazido-agarose after formation of
      agarose-azide derivatives with NaNO.sub.2 and dilute hydrochloric acid, as
      described below.
PAC  Preparation and Use of Hydrazido-Cellulose
PAR  Preparation
PAR  Cellulose fibers or beaded, porous cellulose [Pharmacia], 10 g were
      suspended in 1 liter of 0.5 M sodium metaperiodate. The slurry was shaken
      at room temperature. After 2 hours, 30 ml (0.54 mole) of ethylene glycol
      were added and the slurry was shaken for an additional hours. The oxidized
      beads were washed on a coarse sintered-glass funnel with 10 portions of
      200 ml each of water. The washed gel was adjusted to a 1:1 slurry with
      water. SDH (4 g, 27 mmoles, in 29 ml of water) was added, the slurry was
      stirred and the pH was adjusted to 5 with concentrated HCl. After 1 hour
      the pH was adjusted to 9 with solid sodium carbonate. Sodium borohydride
      (1 g, 27 mmoles) was added, and the slurry was shaken overnight in a
      vented container. The beads were washed with 200 ml of 0.1 M acetic acid
      followed by five washes of 400 ml each of water and stored as a 1:1 slurry
      in water. Table 1 shows the incorporation of SDH.
PAR  Activation and Reaction
PAR  The derivatized beads were activated by a modification of the method used
      by Inman and Dintzis, Biochemistry, 8, 4074 (1969). One volume of a
      mixture of concentrated HCl and concentrated H.sub.3 PO.sub.4 (90:10; v:v)
      was added to 10 volumes of a chilled 1:1 slurry of SDH beads. One volume
      of chilled 1 M NaNO.sub.2 was added, and the suspension was stirrred in an
      ice bath for 1-2 minutes. One volume of about 12 M sodium hydroxide was
      added. The concentration of the base was such that equal volumes of the
      mixed acid and the base, diluted in water, produced a pH near 6. The
      neutralized suspension was added directly to the coupling solution, which
      consisted of 10 volumes of 0.2 M sodium bicarbonate at pH 9.5, containing
      an appropriate concentration of ligand. The slurry was shaken at 4.degree.
      for 2 hours and then washed extensively with the appropriate buffers. The
      amount of alanine and albumin coupled to the gels by this method is
      indicated in Table 1. The use of SDH in this method provides an intrinsic,
      "active" spacer on the gel. Furthermore, the hydrazido-agarose derivatives
      are especially useful for immobilizing glycoproteins, oligosaccharides, or
      glycolipids which can be oxidized by NaIO.sub.4.
PAC  Stable Activated Derivatives of Agarose
PAR  Agarose derivatives containing stable "activated" functional groups are
      convenient for routine applications. The hydrazido derivatives of agarose
      are used, by simple and mild procedures, to immobilize proteins and
      complex group-containing ligands to agarose, without interfering or
      complicating reactions. For example, it is very difficult to couple amino
      acids through their amino group to carboyxlic-agarose derivatives without
      selectively blocking other functional groups of the amino acid. The
      principal alternative procedures for coupling amino group containing
      ligands to derivatized agarose involve the use of water-soluble
      carbodiimide reagents or alkylating groups [Cuatrecasas, J. Biol. Chem.,
      supra; Cuatrecasas et al, Enzymology, 22 [31] (1972)] and require much
      longer reaction periods, are much less specific for amino groups
      [especially alkylating agarose derivatives], result in complicating side
      reactions if the ligand contains other functional groups, and are less
      likely to proceed to completion.
PAR  If it is desired to place the protein at a distance from the matrix
      backbone by coupling to hydrocarbon extensions attached to the polymer,
      the current alternative procedures that can be used will [a] result in
      reaction of tyrosyl or histidyl residues of the protein (diazonium
      derivatives); [b] lead to molecular cross-linking and polymerization
      reactions of the protein (carbodiimide reagents); and [c] result in slow
      reactions which do not discriminate between amino, imidazole, phenolic, or
      sulfhydryl groups of the protein (bromoacetyl derivatives). The subject
      activated agarose derivatives, on the other hand, react rapidly and almost
      exclusively with amino groups of the protein under very mild conditions.
PAC  Hydrazido Derivatives of Agarose
PAR  This type of "activated" agarose has general properties comparable to those
      of the known N-hydroxysuccinimide ester derivatives. Immediately before
      use, the acylhydrazide groups of these derivatives are converted to the
      corresponding azide form by a simple reaction with NaNO.sub.2 in dilute
      acid. The acyl azide agarose reacts rapidly with amino group-containing
      ligands. By selecting a pH near 6 for the coupling reaction, substitution
      can be directed to occur relatively specifically with .alpha.-NH.sub.2
      groups relative to .epsilon.-NH.sub.2 groups of peptides or proteins.
PAR  The hydrazido-agarose derivatives are prepared by reaction of succinic
      dihydrazide with NaIO.sub.4 activated agarose. Hydrazido derivatives of
      agarose substituted with macromolecular spacer arms are prepared by
      hydrazinolysis of the ester functions which are formed on reaction of
      bromoacetic ester with derivatives such as poly-L-lysine-agarose or
      poly(L-lysyl-DL-alanine)-agarose.
PAC  Preparation of Hydrazido Derivatives of Agarose
PAR  Hydrazido derivatives of agarose, prepared by the reaction of succinic
      dihydrazide with sodium periodate-oxidized agarose have been described
      above. The hydrazido derivatives of agarose gels which contain
      macromolecular arms offer many special advantages over the succinic
      dihydrazido-agarose. Depending on the size and molecular weight of the
      polyfunctional macromolecule used, the ligand or protein to be coupled can
      be very conveniently separated from the agarose matrix by distances of
      varying length; approximately 150 A with poly(L-lysyl-DL-alanine) of
      37,500 daltons.
PAR  Poly-(L-lysyl-DL-alanyl-hydrazido)-Agarose
PAR  The agarose derivative of poly-(L-lysyl-DL-alanine), prepared by the
      NaIO.sub.4 method, was converted to a poly-N-carboxymethyl ester by
      reaction with bromoacetic ester [Eastman]. The polyester was then
      converted to the hydrazide form by treatment with aqueous hydrazine.
PAR  Poly-(L-lysyl-DL-alanine)-agarose, 10 ml, was suspended in 10 ml of
      saturated sodium borate and 1.5 ml of 2-bromoacetic ester was added. The
      suspension was gently shaken overnight in a tightly closed polyethylene
      bottle at 24.degree.. The agarose derivative was washed over a
      sintered-glass funnel with 100 ml of water and 100 ml of dioxane. The
      agarose cake was suspended in 10 ml of 5 M aqueous hydrazine solution. The
      suspension, after shaking gently for an additional 8-10 hours at
      24.degree., was filtered and washed extensively with 1 M NaCl solution
      until the TNBS test for hydrazine in the wash was negative. The reaction
      was performed in a well-ventilated hood.
PAR  Coupling Ligands to Hydrazido-Agarose
PAR  The coupling of amino group-containing ligands and proteins to
      hydrazido-agarose was performed by essentially the same method as
      described in Inman et al, Biochemistry, supra. Because of the very limited
      stability of the intermediate acyl azido formed by nitrous acid, the time
      and temperature of the activation and coupling reactions was carefully
      controlled.
PAR  Poly-(L-lysyl-DL-alanyl-hydrazido)-agarose, 10 ml, was suspended in 8 ml of
      water, and 2 ml of 1 M HCl were added. The suspension was cooled in an ice
      bath for 30 minutes and, while stirring, 2 ml of an ice-cold solution of 1
      M NaNO.sub.2 was added dropwise over 1 minute periods. The suspension was
      stirred for an additional 2-3 minutes, then rapidly (1-2 minutes) filtered
      with suction on a coarse sintered-glass funnel (previously cooled) and
      washed with 20-30 ml of cold 5 mM HCl. The outlet of the sintered-glass
      funnel was covered with Parafilm, and a 50 mM solution of [.sup.14
      C]-L-alanine (0.1 .mu.Ci/.mu.mole) in a 0.2 M sodium bicarbonate at pH 8,
      was added while being stirred with a glass rod. The suspension was
      transferred to a polyethylene vial and shaken gently for 15 hours at
      4.degree.. The substituted agarose was washed extensively with 1 M NaCl.
      Substitution of [.sup.14 C]alanine was about 1 .mu.mole per milliliter of
      agarose.
PAC  Preparation of Hydrazido-Albumin
PAR  Another approach to the preparation of hydrazido macromolecular derivatives
      is to synthesize hydrazido-albumin, which can then be coupled to agarose,
      stored in buffer, and activated for use when needed. Hydrazido-albumin is
      prepared by esterifying the aspartate and glutamate carboxyl groups with
      methanol, HCl being used as the catalyst. The esterified albumin is then
      treated with hydrazine to convert the esters to acyl hydrazides. The
      hydrazido-albumin is coupled to agarose in denaturing solvents (urea or
      guanidine HCl) with CNBr. These agarose beads are then activated by
      reaction with dilute nitrous acid to convert the hydrazido groups to acyl
      azide groups. The latter can react rapidly with amines to form amides.
PAR  Hydrazido-albumin is prepared by dissolving 5 g of bovine albumin in 100 ml
      of anhydrous methanol and adding 72 mg (20 mmoles) of anhydrous HCl gas.
      The solution is stirred overnight at room temperature. A white precipitate
      forms which is collected by filtration, washed once with ethanol, and
      suspended in 100 ml of anhydrous ethanol. Hydrazine (3.2 g, 300 mmoles) is
      added and allowed to react for 20 hours at room temperature while the
      suspension is stirred. The solvents are removed on a vacuum evaporator,
      and the residue is suspended in ethanol and dried again. The residue is
      dissolved in 6 M quanidine HCl to give a final concentration of 10 mg/ml.
      One volume of the protein solution is added to 1 volume of 0.2 M
      NaHCO.sub.3 at pH 9.5, and allowed to react with 2 volumes of
      CNBr-activated agarose by the buffer activation method. The
      hydrazido-albumin-agarose is activated with nitrous acid as described
      above. Preliminary studies with insulin as a test ligand indicate that the
      coupling efficiency of this macromoleclar gel is about 10% of that of
      CNBr-activated agarose.
PAR  While the invention has been shown and described and pointed out with
      reference to certain preferred embodiments thereof, those skilled in the
      art will appreciate that various changes, modifications, substitutions,
      and omissions can be made by those skilled in the art without departing
      from the spirit of the invention. It is intended, therefore, that the
      invention be limited only by the scope of the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method for the activation of a polysaccharide matrix for use as
      an adsorbent in affinity chromatography techniques, comprising activating
      the said polysaccharide by oxidizing the cis-vicinal hydroxyl groups
      thereof with sodium metaperiodate to generate aldehyde functions,
      converting said aldehydic functions into Schiff bases and thence
      reductively stabilizing the said resultant Schiff bases, the improvement
      which comprises the reductive stabilization of said intermediate Schiff
      bases with sodium cyanoborohydride at a pH between 6 and 6.5.
NUM  2.
PAR  2. In the method as defined by claim 1, the improvement further comprising
      the preferential, selective reductive stabilization of the said
      intermediate Schiff bases in the absence of a reduction of the aldehyde
      functions of the polysaccharide.
NUM  3.
PAR  3. In the method as defined by claim 2 wherein the polysaccharide is
      agarose.
NUM  4.
PAR  4. The method for the preparation of a hydrazide-polysaccharide derivative
      for use as an adsorbent in affinity chromatography techniques, which
      comprises activating a polysaccharide matrix by oxidizing the cis-vicinal
      hydroxyl groups thereof with sodium metaperiodate to generate aldehyde
      functions, reacting said periodate-oxidized polysaccharide with a
      bifunctional, symmetrical dihydrizide to convert the same to the
      corresponding hydrazido/hydrazone derivative, and thence reductively
      stabilizing said hydrazido/hydrazone derivative with sodium
      cyanoborohydride at a pH between 6 and 6.5 to produce an unsemetric
      hydrazide.
NUM  5.
PAR  5. The method as defined by claim 4, wherein the bifunctional, symmetrical
      dihydrazide is succinic dihydrazide.
NUM  6.
PAR  6. The method as defined by claim 5, wherein the resultant unsymmetric
      hydrazide bears unreacted hydrazido moieties.
NUM  7.
PAR  7. In a method for the affinity chromatographic technique of coupling
      proteins or ligands, bearing carbonyl or amino moieties, to a
      polysaccharide matrix, the improvement which comprises derivatizing the
      matrix as defined in claim 6, coupling a said protein or ligand to the
      polyhydrazide-matrix and thence reductively stabilizing said protein- or
      ligand-hydrazido-polysaccharide.
NUM  8.
PAR  8. The method as defined by claim 7, wherein the reductive stabilization of
      the coupled complex is effected with sodium cyanoborohydride.
NUM  9.
PAR  9. The method as defined by claim 7, wherein a spacer molecule is
      interposed between the derivatized matrix and the protein or ligand
      coupled thereto.
NUM  10.
PAR  10. The method as defined by claim 7, wherein the polysaccharide is
      selected from the group consisting of cellulose, starch, cross-linked
      dextran and agarose.
NUM  11.
PAR  11. The method as defined by claim 10, wherein the polysaccharide is
      agarose.
NUM  12.
PAR  12. The method as defined by claim 7, wherein the molecule coupled to the
      polysaccharide matrix is selected from the group consisting of glycolipid,
      ganglioside, glycoprotein, glycopeptide, oligosaccharide, brain
      ganglioside and thyroglobin.
NUM  13.
PAR  13. The product of the method as defined by claim 1.
NUM  14.
PAR  14. The product of the method as defined by claim 4.
NUM  15.
PAR  15. The product of the method as defined by claim 7.
NUM  16.
PAR  16. The product of the method as defined by claim 9.
NUM  17.
PAR  17. The method as defined by claim 7, wherein the protein or ligand to be
      coupled is preliminarily oxidized with sodium metaperiodate.
NUM  18.
PAR  18. In an affinity chromatography column comprising an insoluble, solid
      polysaccharide adsorbent, the improvement which comprises, as the said
      adsorbent or matrix thereof, the product as defined by claim 14.
NUM  19.
PAR  19. In the method as defined by claim 2, the improvement where in the
      polysaccharide is selected from the group consisting of cellulose, starch,
      cross-linked dextran and agarose.
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ABST
PAL  Waste waters containing water glass, for example resulting from the dyeing
      of fabrics are purified by adding small amounts of basic nitrogen
      compounds, e.g. amines to the waste water and then carrying out the known
      flocculation process.
BSUM
PAR  The present invention relates to a water purification process.
PAR  Waste waters which contain suspended matter, anionic or amphoteric colloids
      or certain anions are generally purified according to known processes by
      adding solutions of salts of trivalent metals, preferably of iron and
      aluminium, at pH values of scarcely above the neutral point. By hydrolysis
      or by reaction with the ions causing the temporary hardness of the water,
      also by a simultaneous pH correction (final pH 7.5 to 8) the metal
      hydroxides precipitate as strongly hydrous gel flakes. Suspended matter,
      colloids and large molecule anions are precipitated with them, by
      occlusion as well as by adsorption. The precipitated gel agglomerates age
      quickly, settle and can be separated from the purified water.
PAR  The use of sodium water glass in the textile industry as especially active
      alkali and as stabilizer has increased greatly recently. If water glass
      gets into the waste water in greater quantities (from 0.1 g/1) the above
      purification process of the waste water by flocculation of metal
      hydroxides is disturbed considerably: with the presence of water glass
      precipitation of iron (III)-hydroxide and also of aluminium hydroxide,
      even in the alkaline range, is hindered completely or partly. The
      purifying effect of the hydroxide precipitation therefore fails.
PAR  Sodium water glass, as non-crystallizable technical product, does not have
      a chemical constitution which can be given exactly. However, if the
      proportion of the starting products, calcinated soda to quartz said in the
      ratio of 1 : 2, used in the industrial preparation, is taken as a basis, a
      composition is obtained which corresponds approximately to the idealized
      formula Na.sub.2 0.4 SiO.sub.2 with a formula weight of 302.
PAR  Sodium water glass can be taken, therefore, as sodium tetrapolysilicate. It
      differs considerably from sodium metasilicate Na.sub.2 SiO.sub.3 in its
      chemical and colloidal behaviour.
PAR  The polysilicate anion behaves obviously in a way similar to a stabilizing
      protective colloid and prevents the flocculation of the metal hydroxides
      also in the alkaline field.
PAR  It is not possible to obtain a precipitation of silicic acid from water
      glass solutions by acidification alone. With small water glass
      concentrations no precipitation takes place at all in the cold; with
      higher concentrations, even a homogeneous gelling of the total volume of
      the liquid takes place after the acidification without any tendency to the
      formation of a separable phase.
PAR  A process has now been found for the purification of waste waters
      containing water glass according to the flocculation process with
      hydroxides of trivalent metals, such as, for example, iron or aluminium,
      wherein basic organic nitrogen compounds or the salts thereof with mineral
      or organic acids are added to the water containing water glass and the
      flocculation reaction is carried out under the usual conditions. This
      addition preferably in equivalent quantities allows the flocculation by
      metal hydroxides to become effective again. The nitrogen bases can be
      added before mixing with the metal salts as well as afterwards. The
      precipitation should be carried out at approximately pH 7 to 8.5. It is,
      therefore, recommended that the waste water to be purified be neutralized
      if necessary, for example, by milk of lime or sulphuric acid. The
      flocculation is concluded after the usual period of time.
PAR  One liter of a commercial sodium water glass of 49.degree. Be, d = 1.52
      g/ml, used frequently in dye works, contains 46 percent by weight, i.e.
      0.7 kg, of sodium tetrapolysilicate of formula weight 302, corresponding
      to 2.3 moles. For each mole of sodium tetrapolysilicate 1 mole of an amine
      or one-half mole of a diamine is to be used. For 1 liter of the water
      glass named, therefore, for example, 0.35 kg of triethanol amine
      (molecular weight 149.2) or 0.07 kg of ethylene diamine (molecular weight
      60) is required. It follows that for the elimination of the water glass
      only small quantities of the nitrogen bases are necessary.
PAR  Also less than 1 mole of amine per formula weight of Na.sub.2 Si.sub.4
      O.sub.9 (= 302 g) can be used; thereby, however, the quantity of the
      flocculated precipitate is reduced. Quantities greater than 1 mole of
      amine do not generally increase the precipitate. The concentration of the
      sodium tetrapolysilicate in the waste water results from the quantity of
      water glass used and the degree of the dilution by the rinsing water and
      other waste waters free from water glass. In the case of an unknown
      content of water glass a silicate analysis can be carried out in the water
      to be treated. Alternatively, after the addition of iron (III)-chloride or
      aluminium sulfate the amine can be slowly added until a further addition
      no longer increases the precipitation.
PAR  As nitrogen bases for the purpose planned are especially suitable primary,
      secondary and tertiary mono- and diamines which may be aliphatic or
      aromatic, preferably amines with a low molecular weight are used, since
      the equivalent proportion to water glass is then reached with low
      additions and, therefore, an economical working is possible. Especially
      suitable are amines, the alkyl groups of which consist of from 1 to 6,
      preferably from 1 to 4, carbon atoms and which can be substituted by
      hydroxyl groups, or alkylene diamines, both amino groups of which are
      linked by a chain of from 1 to 6, preferably from 2 to 4 carbon atoms. The
      following compounds may be used, for example, acylic amines such as methyl
      amine, dimethyl amine, trimethyl amine, ethyl amine, triethyl amine;
      alkanol amines such as mono-, di- or triethanol amine; alkyldialkanol
      amines such as methyl diethanol amine; dialkylalkanol amines such as
      dimethyl ethanol amine, diamines such as ethylene diamine or propylene
      diamine, and aromatic amines such as aniline. Also cyclic secondary amines
      such as piperidine, piperazine, imidazolidine, pyrroline, pyrrolidine,
      ethylene imine or 2-methyl-aziridine, or tertiary amines such as
      N-methyl-pyrrolidine can be used. Bases with low boiling point (for
      example methyl amine) can be added in gaseous form, in solution or in
      solid form (for example, in the form of their hydrochlorides). As organic
      nitrogen bases, furthermore, cyclic unsaturated nitrogen bases such as
      pyridine or its homologous or quaternary ammonium bases may be used. Bases
      with as low as possible bactericide effect are advantageous, in case the
      separated sewage sludge should be rotted.
PAR  According to this process waste waters which contain water glass in
      concentrations of over 0.1 g/1, especially waste waters from dye works can
      be freed from suspended matter, colloids and water glass. Smaller
      quantities of water glass do not influence substantially purification by
      flocculation.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  A fabric was padded on a pad with a liquor pick-up of 50 % with a dye
      liquor which contained 200 ml of water glass of 49.degree. Be in the
      liter. The goods thus contained 100 ml of the dye-liquor containing water
      glass per kg. When the time of action was over the goods were rinsed with
      a ten-fold quantity of cold water whereby the water glass came into the
      waste water.
PAR  The waste water contained, therefore, 10 ml/l of the original water glass
      of 49.degree.Be, which corresponded to a technically possible maximum
      concentration of water glass in the waste water.
PAR  3.5 g/l of triethanol amine were added to the alkaline waste water and the
      pH was adjusted to 8.0 to 8.5 with diluted sulfuric acid. In order to
      undertake the flocculation in the usual manner with iron (III)-chloride an
      aqueous solution of 2.5 g/l FeCl.sub.3 .sup.. 6H.sub.2 O was added,
      whereby the pH was decreased to approximately 7.5. The precipitation
      started immediately. In practice the quantity of iron salts or other metal
      salts used depends on the desired purification effect and on the
      impurities present. By this treatment the waste water was freed from the
      main quantity of water glass as well as from other substances to be
      eliminated (suspended matter, dyestuffs).
PAC  EXAMPLE 2
PAR  The process was carried out as above but without the addition of triethanol
      amine. No precipitate separated even after standing for a longer time.
PAC  EXAMPLE 3
PAR  In the place of triethanol amine 0.7 g/l of ethylene diamine was added to a
      waste water with the same composition as in example 1. Otherwise the
      process was carried out as in example 1 and an equally good purification
      result was obtained.
PAC  EXAMPLES 4 to 7
PAR  In the place of triethanol amine
PA1  1.6 g/l of pyrrolidine,
PA1  or 2.0 g/l of piperidine,
PA1  or 1.0 g/l of piperazine,
PA1  or 1.0 g/l of ethylene imine
PAL  were added to a waste water with the same composition as in Example 1.
      Otherwise the process was carried out as in exmaple 1 and in all 4 cases
      an equally good purification result was obtained. An analysis of the
      purified water gave a content of less than 10 mg/1 of total silicate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the purification of textile waste water by adding
      thereto an aluminum salt or iron salt as an inorganic flocculant to remove
      suspended and colloidal matter and anions having large molecules by
      flocculation, the improvement, when said textile waste water additionally
      contains therein at least 0.1 gram per liter of dissolved sodium silicate
      of the approximate formula Na.sub.2 O.sup.. 4SiO.sub.2, the presence of
      which interferes with said flocculation, which comprises maintaining a pH
      of 7 to 8.5 and additionally adding to said waste water a member selected
      from the group consisting of about 1 mol of a monoamine, or of an acid
      salt thereof, and about one-half mol of a diamine, or of an acid salt
      thereof, per mol of Na.sub.2 O.sup.. 4SiO.sub.2, said monoamine having 1-6
      carbon atoms.
NUM  2.
PAR  2. A process as in claim 1 wherein said monoamine having 1-6 carbon atoms
      is a member selected from the group consisting of mono-, di-, or
      tri-alkylamines and such amines in which at least one alkyl group is
      replaced by alkylol.
NUM  3.
PAR  3. The process as defined in claim 1, wherein said basic nitrogen compound
      is a monoamine.
NUM  4.
PAR  4. The process as defined in claim 1, wherein said monoamine is triethanol
      monoamine.
NUM  5.
PAR  5. The process as defined in claim 1, wherein said monoamine is a compound
      selected from the group consisting of dialkylalkanol monoamines and
      alkyldialkanol monoamines.
NUM  6.
PAR  6. The process as defined in claim 1, wherein said basic nitrogen compound
      is an alkylene diamine in which both amino groups are linked by a chain of
      from 1 to 6 carbons.
NUM  7.
PAR  7. The process as defined in claim 6, wherein said alkylene diamine is
      ethylene diamine.
NUM  8.
PAR  8. The process as defined in claim 6, wherein said alkylene diamine is
      propylene diamine.
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ABST
PAL  Concentrations of undesirable heavy metals in industrial wastewater are
      reduced to below or very close to the most stringent aqueous discharge
      limits. This is accomplished by forming an insoluble metal-polyelectrolyte
      complex which can be easily and economically removed from the effluent.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of Ser. No. 342,134 filed Mar. 16, 1973 now
      abandoned.
BSUM
PAR  This invention relates to the removal of heavy metal ions from aqueous
      solutions by coprecipitation in polyelectrolyte complexes of two
      oppositely charged polymers.
PAR  Increased awareness of the extent and hazards of pollution in natural
      waters has prompted development of many methods for removing heavy metals
      from wastewaters which include:
PAR  1. ADSORPTION OR REACTION WITH INSOLUBLE MATERIAL SUCH AS ION-EXCHANGE
      RESINS, CARBON, OR WOOL;
PAR  2. REDUCTION WITH MORE ACTIVE METALS OR SOLUBLE REAGENTS SUCH AS SODIUM
      BOROHYDRIDE OR HYDRAZINE;
PAR  3. FLOCCULATION WITH OTHER CATIONS SUCH AS ALUMINUM OR CALCIUM IONS;
PAR  4. BACTERIAL REMOVAL; AND
PAR  5. PRECIPITATION AS THE INSOLUBLE COMPLEX OR SALT OF SOLUBLE REAGENTS SUCH
      AS SULFIDES, XANTHATES, OR AEROFLOATS.
PAR  Jellinek et al. [Water Res. 6: 305 (1972)] reported that polyelectrolyte
      complexes remove and recover metal ions from polluted water, but, even
      though their polycarboxylic acid polymers complexed considerable amounts
      of several metals, residual levels remained well above acceptable limits.
PAR  We have discovered a method of removing heavy metal ions from aqueous
      solutions to levels which are below or very close to the most stringent
      limits. The method comprises determining the amount of heavy metal ions in
      an aqueous solution, adding to the aqueous solutions a water-soluble
      cationic polymer and a water-soluble anionic polymer such as starch
      xanthate in amounts sufficient to form a cationic polymer-heavy metal
      ion-anionic polymer complex precipitate, and separating the precipitate
      from the supernatant. The water-soluble cationic polymer is present in the
      aqueous solution in amounts of from 1 to 2,000 times the weight of heavy
      metal ions.
PAR  This method of heavy metal ion removal appears to have several advantages
      over existing methods: (a) Recovery is simple because treating the
      polyelectrolyte complex with mild acid releases a metal. (b) The volume of
      sludge is small compared to that from lime treatment. (c) The physical
      nature of the sludge is not gelatinous as usual with basic precipitation,
      and the floc settles faster and can be removed easier (filtration,
      centrifugation, or decantation). (d) In some effluents, suspended solids
      have to be removed before treatment. With the xanthate method, much of the
      suspended solids is removed during treatment. (e) Careful control of pH is
      required when the heavy metals are precipitated with a base, as some
      metallic hydroxides will redissolve if the pH is raised too high. The
      starch xanthate method has proved effective over a pH range of 3 to 11.
      (f) Several chemical treatments require considerable excess reagent to get
      the heavy metal residual level below accepted discharge limits. In the
      xanthate method, only a slight excess of reagent is necessary.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The necessary criteria for cationic polymers which are useful in accordance
      with the invention are: (1) they must be water soluble; and (2) they must
      have sufficient charge to form insoluble complexes with starch xanthate
      and metal ion. Examples of such compounds include polymers containing
      amino, ammonium, phosphonium, or sulfonium groups, cationic starches and
      flours, poly(vinylbenzyltrimethylammonium chloride) (PVBTMAC), commercial
      cationic polyacrylamide (CPA), commercial cationic starches (CSt-1 and
      CSt-2), aminoethylated wheat flour (AFWF), and polyethylenimine (PEI), all
      of which are considered to be essentially equivalent for use in accordance
      with the invention.
PAR  Anionic polymers must also be water soluble and have sufficient charge.
      Types of anionic compounds useful in accordance with the invention include
      water-soluble derivatives of polyhydroxy polymers such as starch,
      cellulose, dextrins, hemicellulose, and polyvinyl alcohols containing
      anionic groups such as xanthates, phosphates, thiols, and sulfates. The
      preferred anionic polymers are starch xanthates prepared by the method of
      Swanson et al. [Ind. Eng. Chem. Prod. Res. Develop. 3(1): 22 (1964)]
      having xanthate degree of substitution (D.S.) of from 0.06 to 1. Starch
      xanthate having a D.S. as high as 3 could also be used, but it is
      difficult and expensive to prepare. The preferred range of xanthate D.S.
      is from 0.1 to 0.4.
PAR  Heavy metals are herein defined to include cadmium, chromium, copper, iron,
      lead, manganese, mercury, nickel, silver, and zinc.
PAR  When all components of the method [i.e., heavy metal ions (M), cationic
      polymer (CP), and starch xanthate (st-xan)] are present in solution in the
      proper amounts, a precipitate forms which contains the metal ions. That is
      to say, as long as a precipitate forms, the metal ions in solution will be
      removed. The proper amounts of the three components vary in a complex
      manner as the relative concentration of each component varies. The
      presence of other contaminants can also affect the necessary quantities of
      reactants. Concentrations of CP and st-xan sufficient to form a
      precipitate can be determined easily by taking a small sample of the
      polluted effluent and by trial and error adding the reactants until a
      precipitate can be seen. However, for optimum removal of the contaminating
      heavy metals, more elaborate means must be used.
PAR  In accordance with the invention, concentrations of heavy metals are
      determined, a quantity of CP added to a sample of the effluent, and st-xan
      added slowly until a precipitate forms. The amounts of CP vary from 1 to
      2,000 times the amount of metal ions. In solutions containing 0.9 part per
      million (p.p.m.) Hg.sup..sup.+2, it was found that up to 1,774 p.p.m. of
      PVBTMAC could be added effectively. Tables 3 through 7 clearly show that
      Hg.sup..sup.+2 is representative of all heavy metal ions and that all
      heavy metal concentrations are significantly reduced in the same manner
      when treated in accordance with the invention.
PAR  The optimum end point of the precipitation can be determined easily by a
      streaming current detector (SCD) which indicates the state of balanced
      charge when titrating one polyelectrolyte with another having an opposite
      charge (e.g., titrating the mixture of M and CP with st-xan). Graphs of
      SCD readings as a function of titrant volume are sigmoid and resemble
      acid-base titration curves. The more vertical segment of the curve crosses
      the zero-SCD-reading axis and coincides with precipitation of the
      CP-M-st-xan complex.
PAR  To provide reproducible means of selecting the amount of st-xan required to
      precipitate a mixture of M and CP, SCD titrations were run each day on
      each sample to be precipitated. This procedure was necessitated by the
      slow decomposition of st-xan over a period of weeks and by the narrow
      latitude for end-point error in achieving maximum removal of M. The
      validity of SCD titrations for determining these end points was
      established by evaluation of their reproducibility on replicate samples
      and on samples having different M and CP concentrations.
PAR  These tests indicated that the volume of titrant required to produce zero
      SCD reading is nearly constant for replicate samples but that the volume
      required for other SCD readings varies somewhat from titration to
      titration.
PAR  Since the range of SCD readings on the effective segment of the curve
      varies from sample to sample, no one SCD reading (other than zero) is
      usable as an end point for all precipitations. In this work end points
      were selected at SCD readings one-third to one-half way from zero to the
      beginning of curvature for the plateau of excess xanthate (between -0.4
      and -4 SCD reading). This selection assured maximum effectiveness in
      precipitation of M if concentrations of M, CP, or st-xan varied slightly
      from sample to sample.
PAR  In order to determine the effect of varying concentrations of M, CP, and
      st-xan on the resulting residual M concentration, the system of
      Hg.sup..sup.+2, PVBTMAC, and st-xan was studied. Keeping initial
      Hg.sup..sup.+2 concentration constant at 100 p.p.m. and increasing the
      PVBTMAC concentrates from 0.1 to 1.0 g./l. (i.e., amounts of CP equaling
      from 1 to 10 times the weight of Hg.sup..sup.+2) required increasing
      st-xan from 0.64 to 2.29 g./l. D.S. 0.23 to obtain the precipitation end
      point. At a PVBTMAC concentration of 0.5 g./l. the residual Hg.sup..sup.+2
      concentration was at a minimum of 6.6 parts per billion (p.p.b.).
PAR  When CP concentration was held at a constant level of 0.2 g./l. and initial
      Hg.sup..sup.+2 was increased from 0.1 to 100 p.p.m. (i.e., amounts of CP
      equaling from 2 to 2,000 times the weight of Hg.sup..sup.+2), it was
      necessary to increase the amount of st-xan only from 0.62 to 1.0 g./l. to
      obtain minimum residual Hg.sup..sup.+2. When initial Hg.sup..sup.+2
      concentration was from 50 to 80 p.p.m., residual Hg.sup..sup.+2 was below
      the tentative U.S. Public Health Service drinking water standard of 5
      p.p.b.
PAR  Varying the rate of st-xan addition showed that lower residual
      Hg.sup..sup.+2 concentrations were favored with a lower rate of addition.
      It was also shown that by adding CP prior to st-xan, lower residual
      Hg.sup..sup.+2 concentrations were obtained.
PAR  In Example 21, infra, three sets of experiments were performed wherein the
      amounts of CP varied from about 1 tp 2,000 times the weight of
      Hg.sup..sup.+2. The first experiment in each set was run in accordance
      with the invention. The second and third experiment in each set were
      repeats of the first with the exception that st-xan was omitted from the
      second and CP was omitted from the third. With st-xan omitted, little or
      no precipitate formed. With CP omitted, precipitates formed as expected
      [see C. R. Russell et al. Tappi 45: 557-566 (July 1962)], but residual
      Hg.sup..sup.+2 was 3 to 550 times greater when CP was omitted than when
      both CP and st-xan were present during the precipitation.
PAR  In another study, precipitates were formed by adding st-xan having D.S.
      values of from 0.15 to 0.40 to solution containing from 4 to 100 p.p.m.
      Hg.sup..sup.+2. Residual Hg.sup..sup.+2 was from 5 to 100 times greater
      than comparable reactions containing the calculated amounts of CP. Thus, a
      definite synergistic effect is obtained when st-xan is used in combination
      with a suitable CP in accordance with the invention.
PAR  The fourth experiment in each set of experiments described in Example 21
      was a repeat of the third experiment, while the fifth experiment consisted
      of adding the calculated amount of CP to the clear filtrate from the
      fourth experiment and recovering the resulting precipitate. Residual
      Hg.sup..sup.+2 in the filtrate after the addition of CP was essentially as
      low as the residual Hg.sup..sup.+2 in the filtrates from the first
      experiment in each set.
PAR  Besides the synergistic effect of the combined use of st-xan and CP, the
      results of Example 21 show that the sequence of addition is not critical
      and that the effect of CP addition is not simply one of suspended particle
      flocculation. Since the filtrates from the experiments in which CP was
      omitted were crystal clear, the 10 to 153 mg. of material remaining in the
      filtrates must have been in solution and the CP, subsequently added to the
      filtrates, reacted with this soluble material to form an insoluble
      precipitate.
PAR  There was little effect of initial pH of the test solutions over the range
      of 3-11 on the effectiveness of precipitation of the complex. Temperatures
      from 0.degree.-50.degree. C. are preferred. Temperatures above 50.degree.
      C. may affect solubilities of the complexes. All examples were performed
      at room temperature (i.e., about 25.degree. C.).
PAR  Sodium chloride concentrations of over 2.6 percent increased the
      concentration of residual Hg.sup..sup.+2 severalfold and may reflect
      increased solubility of the polyelectrolyte complex in salt solutions as
      has been reported by Michaels and Bixler (Kirk-Othmer Encyclopedia of
      Chemical Technology, Volume 16, Interscience Publishers, New York, New
      York, 1968, pages 117-133). In addition, high concentrations of salt
      hinder identification of the end point by SCD titration.
PAR  Test solutions containing the sodium salt of citric, diglycolic,
      nitrilotriacetic, or tripolyphosphoric acid, in addition to the
      Hg.sup..sup.+2, were treated with st-xan and PVBTMAC. Presence of these
      sequestrants at the test level does not greatly affect the residual
      mercury concentration. However, the amount of xanthate required for
      precipitation depends on the type and amount of sequestrant present in the
      test solution.
PAR  To show the effectiveness of the method, solutions of several common heavy
      metal pollutants were treated with the PVBTMAC-st-xan system individually
      and in mixtures. The results were compared with results of a method now
      commonly used in industry. A sample of an industrial effluent containing
      heavy metal ions was also treated and compared as above. All but four of
      the heavy metal ion species were reduced to below the most stringent
      discharge limits, and of these four only Mn.sup..sup.+2 was significantly
      higher. Removal of all heavy metal species except Fe.sup..sup.+3,
      Pb.sup..sup.+2, Mn.sup..sup.+2, and Zn.sup..sup.+2 by the instant method
      far exceeded that which was obtained by the commonly used industrial
      method.
PAR  Any process for removing noxious substances from water should not add
      others. Contaminants that might be visualized as being introduced by
      treatment of water with st-xan and a CP include: small ionic species
      (Cl.sup..sup.+1 from these cationic polymers; Na.sup..sup.+1,
      OH.sup..sup.-1, and CS.sub.3.sup..sup.-2 from the xanthate), small
      nonionic species (CS.sub.2 and COS from the xanthate), and the
      polyelectrolytes themselves. However, analyses of the supernatant show
      that the method does not introduce legally unacceptable concentrations of
      these residual contaminants, nor does it contain contaminants which raise
      the oxygen demands levels above maximum standards.
PAR  Oxygen demands, BOD.sub.5 [Alsterberg (azide) modification of Winkler's
      method] and COD, were estimated as recommended in Standard Methods for the
      Examination of Water and Wastewater, 11th Edition, American Public Health
      Association, Inc., New York, New York, 1960, pages 309-312, 318-324, and
      399-402).
PAR  The examples, both above and following, are intended only to be
      illustrative embodiments and should not be construed as limiting the scope
      of the invention as claimed.
DETD
PAC  EXAMPLES 1-14
PAR  All solutions and dispersions were prepared with distilled water that had
      no detectable mercury.
PAR  Starch xanthates having D.S.'s in the range 0.11-0.40 were prepared in a
      high shear mixer as described by Swanson et al. (supra), diluted to about
      10 percent concentration (w/v, starch basis), and stored at 34.degree. F.
      Portions of these stock dispersions were diluted to 1 percent (w/v, starch
      basis) daily for performing all titrations and precipitations.
PAR  The CP's, PVBTMAC, and PEI were stored as aqueous dispersions (about 33
      percent, w/w). Each was diluted to 1 percent concentration (w/v) for use.
PAR  Mercury(II) chloride (2.707 g.) and concentrated hydrochloric acid (1 ml.)
      were dissolved in a small amount of water and the solution was diluted to
      1:1. Portions of this stock solution (2,000 mg./l. or 0.01M) were used to
      prepare test samples as well as analytical standards containing 1, 5, 10,
      or 15 .mu.g. of mercury per liter.
PAR  In 150-ml. beakers were prepared 50-ml. samples of each test solution,
      which had pH values of about 3.2. The desired amount of CP was run into
      each sample from a burette and the requisite amount of st-xan (as
      determined by SCD titration) was added dropwise from a second burette.
PAR  During addition of the st-xan and for 10 minutes thereafter, unless
      otherwise noted, each sample was stirred with a magnetic stirrer at a rate
      that produced a vortex about 1.2 cm. deep. Samples were filtered through
      medium porosity 60-ml. sintered glass funnels into 125-ml. graduated
      Erlenmeyer flasks. The filtrates were clear and contained no suspended
      particles. Each beaker was rinsed with about 10 ml. of water that was also
      collected. The contents of each flask were diluted to the 100-ml. mark
      before analysis.
PAR  An SCD indicated the state of balanced charge when titrating CP with
      st-xan. In the SCD an alternating streaming current is generated when the
      test solution flows across two silver electrodes as it alternately is
      displaced from a cavity on the downstroke of a reciprocating piston and
      returns to the cavity on the upstroke. This current is rectified and
      amplified to drive a microammeter. The meter's scale is arbitrarily
      divided into 20 equal units ascending from -10 to +10. Scale expansion
      electronics permit full-scale readings of .+-.5 to .+-.200 scale units.
PAR  To determine the SCD titration value, a desired volume of CP solution
      (0.5-10 ml.) was added to 50 ml. of water or other test solution and, at
      arbitrary intervals during the titration with st-xan, the solution's SCD
      reading was determined. Titration was discontinued on evidence of leveling
      of the SCD curve after precipitate had formed.
PAR  Concentrations of residual mercury were measured at the 253.6 mm. mercury
      line by flameless atomic absorption in a Varian Techtron AA120
      spectrophotometer. The mercury vapor train used in analysis was similar to
      that of The Dow Chemical Company (Method CAS-AM-70.13, June 22, 1970) but
      included a drying tube loosely filled with glass wool immediately
      downstream from the magnesium perchlorate bottle.
PAR  Our procedure differed as we used 1 ml. of 5 percent potassium persulfate
      in addition to 1 ml. H.sub.2 SO.sub.4 (1:4) and 1 ml. KMnO.sub.4 (4
      percent, w/v) for digestion of the samples. Also, we digested samples on a
      steam bath for 1/2 hour rather than boiling them for a few seconds on a
      hot plate. The persulfate aided oxidation of samples having measurable
      amounts of organic matter of sulfides, which were produced under the less
      favorable test conditions; heating on the steam bath avoided bumping
      during digestion without apparent detriment to the accuracy of analysis.
      Aeration was identical with the Dow procedure except that we aerated
      100-ml. samples directly in the 125-ml. sample flasks.
PAR  Combined relative standard error for the precipitation and analysis was
      16.7 percent (8 degrees of freedom) at the 8.0 .mu.g./l. residual mercury
      level.
PAR  The results of varying the quantities of PVBTMAC and initial Hg.sup..sup.+2
      are shown in terms of amounts of st-xan needed and amounts of residual
      Hg.sup..sup.+2.
TBL                Table 1                                                     
     ______________________________________                                    
            Initial              St-xan    Residual                            
     Example                                                                   
            Hg.sup.+.sup.2,                                                    
                     PVBTMAC,    (0.23 D.S.),                                  
                                           Hg.sup.+.sup.2,                     
     No.    p.p.m.   g./l.       g./l.     p.p.b.                              
     ______________________________________                                    
     1      100.0    0.10        0.640     23.7                                
     2      100.0    0.20        0.830     12.0                                
     3      100.0    0.50        1.390     6.6                                 
     4      100.0    1.00        2.290     58.1                                
     5      4.0      0.02        0.086     2.3                                 
     6      20.0     0.05        0.242     2.3                                 
     7      50.0     0.20        0.760     5.1                                 
     8      0.1      0.20        0.623     8.3                                 
     9      1.0      0.20        0.630     18.2                                
     10     10.0     0.20        0.655     46.5                                
     11     25.0     0.20        0.680     33.3                                
     12     100.0    0.20        1.006     4.5                                 
     13     40.0     0.00        0.174     365.0                               
     14     100.0    0.00        0.400     267.0                               
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  The method of Examples 1-14 was repeated with an initial Hg.sup..sup.+2
      concentration of 100 p.p.m., a polyethylenimine concentration of 0.2 g./l.
      and with additions of 1.624 g./l. of st-xan (0.12 D.S.) at varying rates.
      Table 2 compares the rate of st-xan addition with residual Hg.sup..sup.+2.
TBL                Table 2                                                     
     ______________________________________                                    
     Rate of addition,  Residual Hg.sup.+.sup.2,                               
     ml./min.           p.p.b.                                                 
     ______________________________________                                    
     29.30              127.0                                                  
     27.10              120.0                                                  
     9.40               52.6                                                   
     8.10               40.7                                                   
     3.60               21.1                                                   
     3.30               26.5                                                   
     0.99                6.6                                                   
     0.74               10.0                                                   
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  Solutions (0.01M) of several heavy metal ions (M) were prepared and treated
      as described in Examples 1-14. In addition, each solution containing M and
      0.2 g./l. PVBTMAC was adjusted with 0.1N NaOH so that the final pH after
      treatment was 7.0. Identical solutions containing only M were treated with
      0.1N NaOH to give a pH of 9 for comparison of the basic precipitation
      method with the method of the invention. Table 3 compares the amount of
      st-xan (0.23 D.S.) needed for precipitation to the amount of residual
      metal, and to the State of Illinois discharge limits for public and food
      processing waters, Illinois Pollution Control Board, Newsletter No. 44,
      March 8, 1972, page 7.
PAC  EXAMPLE 17
PAR  A mixture of M's was treated in the same manner as in Example 16 and
      required 0.88 g./l. of st-xan to precipitate the ions, Table 4.
PAC  EXAMPLE 18
PAR  Two industrial effluents, A and B, containing the same M species as Example
      17 were treated as in Example 17 and required 0.52 and 0.96 g./l. st-xan
      to precipitate the metal ions, Table 5.
PAC  EXAMPLE 19
PAR  A mixture of M species was treated with various CP's and st-xan (0.23 D.S.)
      in the same manner as in Example 17, Table 6.
TBL                                    Table 3                                 
     __________________________________________________________________________
                  St-xan,                                                      
                       Initial metal,                                          
                               Residual metal,                                 
                                        Illinois limit,                        
     Metal                                                                     
         Treatment                                                             
                  g./l.                                                        
                       .mu.g./l.                                               
                               .mu.g./l.                                       
                                        .mu.g./l.                              
     __________________________________________________________________________
     Cd.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.93 56,200  8        50                                     
         NaOH (pH 9)   56,200  4,500                                           
     Cr.sup.+.sup.3                                                            
         St-xan-PVBTMAC                                                        
                  0.69 26,000  52       1,000                                  
         NaOH (pH 9)   26,000  416                                             
     Cu.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.90 31,770  12       20                                     
         NaOH (pH 9)   31,770  24                                              
     Fe.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.68 27,920  2,980    1,000                                  
         NaOH (pH 9)   27,920  14,500                                          
     Fe.sup.+.sup.3                                                            
         St-xan-PVBTMAC                                                        
                  0.74 27,920  890      1,000                                  
         NaOH (pH 9)   27,920  15                                              
     Pb.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.92 103,600 8        100                                    
         NaOH (pH 9)   103,600 8                                               
     Mn.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.82 27,470  10,700   1,000                                  
         NaOH (pH 9)   27,470  9,600                                           
     Hg.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.94 100,000 3.8      0.5                                    
         NaOH (pH 9)   100,000 8,140                                           
     Ni.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.83 29,350  275      1,000                                  
         NaOH (pH 9)   29,350  4,350                                           
     Ag.sup.+.sup.1                                                            
         St-xan-PVBTMAC                                                        
                  0.90 53,935  3        5                                      
         NaOH (pH 9)   53,935  14,800                                          
     Zn.sup.+.sup.2                                                            
         St-xan-PVBTMAC                                                        
                  0.82 32,680  3,300    1,000                                  
         NaOH (pH 9)   32,680  1,010                                           
     __________________________________________________________________________
TBL                                    Table 4                                 
     __________________________________________________________________________
               Metal, p.p.b.                                                   
                               Fe.sup.+.sup.2                                  
     Treatment Cd.sup.+.sup.2                                                  
                    Cr.sup.+.sup.3                                             
                         Cu.sup.+.sup.2                                        
                               Fe.sup.+.sup.3                                  
                                    Pb.sup.+.sup.2                             
                                         Mn.sup.+.sup.2                        
                                               Hg.sup.+.sup.2                  
                                                    Ni.sup.+.sup.2             
                                                         Ag.sup.+.sup.1        
                                                               Zn.sup.+.sup.2  
     __________________________________________________________________________
     None      5,620                                                           
                    2,600                                                      
                         3,177 5,484                                           
                                    10,360                                     
                                         2,747 10,000                          
                                                    2,935                      
                                                         5,394 3,268           
     St-xan-PVBTMAC                                                            
               3    21   16    990  8    1,510 3.8  57   5     319             
     NaOH (pH 9)                                                               
               390  31   20    34   8    833   4,275                           
                                                    681  62    53              
     Illinois limit                                                            
               50   1,000                                                      
                         20    1,000                                           
                                    100  1,000 0.5  1,000                      
                                                         5     1,000           
     __________________________________________________________________________
TBL                                    Table 5                                 
     __________________________________________________________________________
                Metal, p.p.b.                                                  
                               Fe.sup.+.sup.2,                                 
     Effluent                                                                  
          Treatment                                                            
                Cd.sup.+.sup.2                                                 
                     Cr.sup.+.sup.3                                            
                          Cu.sup.+.sup.2                                       
                               Fe.sup.+.sup.3                                  
                                     Pb.sup.+.sup.2                            
                                          Mn.sup.+.sup.2                       
                                               Hg.sup.+.sup.2                  
                                                    Ni.sup.+.sup.2             
                                                          Ag.sup.+.sup.1       
                                                               Zn.sup.+.sup.2  
     __________________________________________________________________________
     A    None  10   58   115  34,640                                          
                                     231  1,500                                
                                               0.24 230   7    3,460           
     A    Treated                                                              
                2    1    17   31,120                                          
                                     8    675  --   57    7    479             
     B    None  29   8,250                                                     
                          13,670                                               
                               38,900                                          
                                     4,500                                     
                                          1,495                                
                                               0.00 2,000 32   8,520           
     B    Treated                                                              
                11   94   17   38,240                                          
                                     8    1,132                                
                                               --   133   7    7,610           
          Illinois                                                             
          limit 50   1,000                                                     
                          20   1,000 100  1,000                                
                                               0.50 1,000 5    1,000           
     __________________________________________________________________________
TBL                                    Table 6                                 
     __________________________________________________________________________
                Metal, p.p.b..sup.1                                            
     Treatment  Cd.sup.+.sup.2                                                 
                     Cr.sup.+.sup.3                                            
                          Cu.sup.+.sup.2                                       
                               Fe.sup.+.sup.2                                  
                                     Pb.sup.+.sup.2                            
                                          Mn.sup.+.sup.2                       
                                               Hg.sup.+.sup.2                  
                                                    Ni.sup.+.sup.2             
                                                          Ag.sup.+.sup.1       
                                                               Zn.sup.+.sup.2  
     __________________________________________________________________________
     None       5,620                                                          
                     2,600                                                     
                          3,177                                                
                               5,484 10,360                                    
                                          2,747                                
                                               10,000                          
                                                    2,935 5,394                
                                                               3,268           
     St-xan-PVBTMAC.sup.2                                                      
                7    0    3    66    8    1,179                                
                                               3.6  45    3    73              
     St-xan-PEI.sup.3                                                          
                35   11   2    42    8    83   tr   135   3    67              
     St-xan-CPA.sup.4                                                          
                10   0    1    50    8    1,093                                
                                               tr   61    5    77              
     St-xan-CSt-1.sup.5                                                        
                30   44   6    583   8    1,083                                
                                               tr   338   5    1,037           
     St-xan-CSt-2.sup.6                                                        
                83   11   15   92    8    833  tr   354   8    210             
     St-xan-AFWF.sup.7                                                         
                26   0    6    100   8    1,083                                
                                               tr   69    13   73              
     Illinois limit                                                            
                50   1,000                                                     
                          20   1,000 100  1,000                                
                                               0.5  1,000 5    1,000           
     __________________________________________________________________________
      .sup.1 Metal concentration determined by atomic absorption with a Varian 
      Techtron AA120 spectrophotometer.                                        
      .sup.2 PVBTMAC, 0.2 g./l.; st-xan, 0.78 g./l.                            
      .sup.3 PEI, 0.2 g./l.; st-xan, 0.84 g./l.                                
      .sup.4 CPA (a commercial cationic polyacrylamide), 0.2 g./l.; st-xan, 0.3
      g./l.                                                                    
      .sup.5 CSt-1 (a commercial cationic starch, "Cato 8"), 0.4 g./l.; st-xan,
      0.26 g./l.                                                               
      .sup.6 CSt-2 (a commercial cationic starch, "Cato 15"), 0.4 g./l.; st-xan
      0.28 g./l.                                                               
      .sup.7 AFWF (aminoethylated wheat flour), 0.4 g./l.; st-xan, 0.34 g./l.  
PAC  EXAMPLE 20
PAR  A mixture of M's were treated as described in Example 16 except that 25
      gal. of the mixture, containing 18.925 g. PEI on a dry basis, were treated
      with 796 g. of st-xan 0.23 D.S. (10 percent solution). The resulting
      solution was treated and analyzed as described in Examples 1-14, see Table
      7.
PAC  EXAMPLE 21
PAR  This example consists of three sets of experiments (i.e., a-e, f-j, and
      k-p). Amounts of cationic polymer were 1, 1,971, and 98.5 times the weight
      of Hg.sup..sup.+2, respectively, for the three sets. The first experiment
      in each set (i.e., a, f, and k) was performed and analyzed as described in
      Examples 1-14 (supra). CP-M-st-xan complex precipitates were removed by
      filtration under vacuum thrugh a 10-15 .mu. pore size sintered glass
      filter, dried and weighed, and the filtrates were analyzed for residual
      mercury. The second and third experiment in each set (i.e., b and c, g and
      h, and l and m) were repeats of the first with the exception that st-xan
      was left out of b, g, and l and CP was left out of c, h, and m. In the
      next to last experiment in each set (i.e., d, i, and n) the proper amount
      of st-xan, determined from the first experiment in each set, was added to
      the mercury solution and the expected precipitate recovered by filtration.
      The precipitates in experiments d and i were captured on 4-5.5 .mu.
      sintered glass filters and the filtrates were crystal clear (i.e., no
      visible suspended particles). The filtrate which came through a 10-15 .mu.
      sintered glass filter in experiment n  was black and turbid due to
      impurities in the st-xan. The precipitates obtained from the addition of
      st-xan alone represented a very small percentage of the total weight of
      reagents (i.e., experiment d = 16 percent, experiment i = 0.4 percent, and
      experiment n = 0.6 percent). When the proper amounts of CP were added to
      the clear filtrates obtained from experiments d, i, and n, precipitates
      formed which equaled 95 percent, 106 percent, and 94 percent,
      respectively, of the theoretical amount (see Table 8).
TBL                                    Table 7                                 
     __________________________________________________________________________
               Metal, p.p.b.                                                   
     Treatment Cd.sup.+.sup.2                                                  
                    Cr.sup.+.sup.3                                             
                         Cu.sup.+.sup.2                                        
                               Fe.sup.+.sup.2                                  
                                    Pb.sup.+.sup.2                             
                                         Mn.sup.+.sup.2                        
                                               Hg.sup.+.sup.2                  
                                                    Ni.sup.+.sup.2             
                                                         Ag.sup.+.sup.1        
                                                               Zn.sup.+.sup.2  
     __________________________________________________________________________
     None      5,620                                                           
                    2,600                                                      
                         3,177 5,484                                           
                                    10,360                                     
                                         2,747 10,000                          
                                                    2,935                      
                                                         5,394 3,268           
     St-xan-PEI                                                                
               27   22   3     100  8    2,375 2    77   3     220             
     Illinois limit                                                            
               50   1,000                                                      
                         20    1,000                                           
                                    100  1,000 0.5  1,000                      
                                                         5     1,000           
     __________________________________________________________________________
TBL                                    Table 8                                 
     __________________________________________________________________________
            Initial                                                            
                   CP,   St-xan    PPT,  Mg.   Residual                        
                                                       CP:Hg.sup.+.sup.2       
                                                             Filter pore       
     Example 21                                                                
            Hg.sup.+.sup.2, p.p.b.                                             
                   mg.   D.S.                                                  
                             mg.   theory                                      
                                         recovered                             
                                               Hg.sup.+.sup.2,                 
                                                       by wt.                  
                                                             size,             
     __________________________________________________________________________
                                                             .mu.              
     a      40,000 2.0   0.08                                                  
                             10.5  14.5    12.0                                
                                               56      1:1    10-15            
     b      40,000 2.0   --  0     4.0     3.1 1,060   1:1    4-5.5            
     c      40,000 0     0.08                                                  
                             10.5  12.5    0   620     --     4-5.5            
     d      40,000 0     0.08                                                  
                             10.5  12.5    2.0 --      --     4-5.5            
     e      --     2.1   --  --    12.6    12.0                                
                                               1.12    1:1    10-15            
     f      900    88.7  0.35                                                  
                             79    167.7   168.2                               
                                               0.18    1971:1 10-15            
     g      900    88.7  --  0     88.7    0.7 820     1971:1 4-5.5            
     h      900    0     0.35                                                  
                             79    79      0.3 680     --     4-5.5            
     i      900    0     0.35                                                  
                             79    79      0.3 --      --     4-5.5            
     j      --     60.9  --  --    139.6   148.7                               
                                               24      1353:1 10-15            
     k      80,000 394   0.59                                                  
                             150   548     514 14      98.5:1 10- 15           
     l      80,000 394   --  0     398     0   71,800  98.5:1 4-5.5            
     m      80,000 0     0.59                                                  
                             150   154     1   1,640   --     10-15            
     n      80,000 0     0.59                                                  
                             150   154     1   --      --     10-15            
     p      --     240   --  --    393     370 3.2     60:1   10-15            
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of removing heavy metal ions from aqueous solutions comprising
      the following steps:
PA1  a. determining the concentration of heavy metal ions in an aqueous
      solution;
PA1  b. adding to said aqueous solution a water-soluble cationic polymer in
      amounts of from 1 to 2000 times the weight of heavy metal ions;
PA1  c. adding starch xanthate having a xanthate degree of substitution (D.S.)
      of from 0.06 to 3 to the aqueous solution resulting from step (b) in
      amounts sufficient to form a cationic polymer-heavy metal ion-starch
      xanthate complex precipitate and to place the resulting supernatant
      essentially in a state of balanced charge; and
PA1  d. separating said precipitate from the supernatant.
NUM  2.
PAR  2. A method of removing heavy metal ions from aqueous solutions as
      described in claim 1 wherein the water-soluble cationic polymer is
      poly(vinylbenzyltrimethylammonium chloride) or polyethylanimine.
NUM  3.
PAR  3. A method of removing heavy metal ions from aqueous solutions as
      described in claim 1 wherein the starch xanthate has a D.S. of from 0.1 to
      1.
NUM  4.
PAR  4. A method of removing heavy metal ions from aqueous solutions as
      described in claim 1 wherein the starch xanthate has a D.S. of from 0.1 to
      0.4.
PATN
WKU  039473554
SRC  5
APN  5364590
APT  1
ART  176
APD  19741226
TTL  Apparatus and process of separating packing house waste
ISD  19760330
NCL  6
ECL  1
EXA  Mukai; Robert G.
EXP  Hart; Charles N.
NDR  4
NFG  6
INVT
NAM  Irwin; David C.
STR  2900 N. Grand
CTY  Amarillo
STA  TX
ZIP  79107
RLAP
COD  71
APN  394793
APD  19730906
PSC  03
CLAS
OCL  210 83
XCL  210528
XCL  210534
XCL  210540
XCL  2604125
XCL  260428
XCL  426417
EDF  2
ICL  B01D 2126
FSC  210
FSS  65;69;83;179;523;525;528;530;531;534;540
FSC  260
FSS  412.5;412.6;428
FSC  426
FSS  417
UREF
PNO  2635104
ISD  19530400
NAM  Chayen
XCL  210 69
UREF
PNO  2876863
ISD  19590300
NAM  Kivari
XCL  210525
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PNO  3465887
ISD  19690900
NAM  Cookney
OCL  210525
UREF
PNO  3770132
ISD  19731100
NAM  Quast et al.
OCL  210525
LREP
FR2  Silverman; Ely
ABST
PAL  Scraper elements are resiliently and movably supported to alternately, at
      one stage in the process, pass along a sloped ramp in contact with a
      container wall to remove surface layers of tallow-like material from water
      contaminated therewith and, in a subsequent stage of the process, to be
      continually and automatically cleansed.
PARN
PAR  This is a continuation of application Ser. No. 394,793, filed Sept. 6,
      1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  The field of art to which this invention pertains are gravitational
      receptacles with horizontally rotating scrapers and a trap for lighter
      constituents and liquid purification by gravitational forces.
PAR  2. Description of the Prior Art
PAR  The prior art has regarded as waste material the product of packing house
      cleansing operations and provided large volumes of contaminated water: by
      the apparatus and process of this invention, such waste products are
      separated into useful components and recovered automatically and reliably
      and, also, waste water is upgraded for useful purposes.
PAC  SUMMARY OF THE INVENTION
PAR  A vertically elongated tank is used as a container for separating light
      semi-liquid components from large volumes of water contaminated therewith
      and provided at varied input rates to such container. Such volumes of such
      water are passed into such container at a substantial distance below the
      zone whereat such components are initially separated so as to create a
      deep quiescent zone for such initial separation and a sloped and
      vertically elongated ramp is used to insulate the mass of initially
      separating material from the translating and agitating action of a series
      of scrapers. The scrapers are arranged to act only on the upper surface
      portions of the mass in the container to very limited depths, while each
      scraper is also so supported as to provide, at its bottom edge, an
      upwardly, forwardly and centrally directed straight skewed or oblique line
      of contact with the sloped ramp upper surface while forming a line of
      contact with the wall of the container adjacent the ramp at the side edge
      of the scraper whereby to repeatedly create V-shaped pockets with
      cleanable straight line edges. The pockets so formed serve to continually
      raise portions of the surface layers of the oily, semi-liquid tallow
      material on the ramp and so separate that oily component from the liquid
      mixture initially containing such component. Such action is effective
      because the scraping elements are continually automatically cleansed of
      usually adherent gum-like oily material contaminating the water by
      continual passage of such scraper into engagement with cleansing elements
      located in the path of the linear edges scrapers during the
      above-described separating operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of an apparatus according to this invention, broken
      away to show, diagrammatically, the interior thereof.
PAR  FIG. 2 is a top diagrammatic view of the structure of FIG. 1.
PAR  FIG. 3 is a diagrammatic transverse vertical cross-sectional view through
      the section 3A-3B of FIG. 1.
PAR  FIG. 4 is an enlarged top view of zone 4A of FIG. 2 in one position of
      parts thereof to show details of the relationship of those parts in that
      zone: this is a pictorial view of an operating apparatus according to the
      invention.
PAR  FIG. 5 is a perspective side view along the direction of the arrow 5A-5B of
      FIG. 4 in another position of parts of apparatus 20 to show the positions
      of the blades 40 and related parts in such position of the apparatus, also
      shown as a pictorial view.
PAR  FIG. 6 shows another entry ramp for use in the apparatus 20 of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus 20 comprises, in cooperative combination, a tank 22, a blade
      carrier assembly 24 and a motor and drive assembly 23. Assembly 23 is
      located on top of the tank 22 and is operatively connected to the blade
      carrying assembly 24 on tank 22.
PAR  The motor and drive assembly 23 comprises a motor 86 and a gearbox 87, both
      firmly mounted on rigid platform 88. The platform is a rectangular plate
      firmly attached to the top of the tank 22. The motor (a one horsepower
      electric motor in the particular embodiment) has a standard output pulley
      that drives the standard input pulley to the gearbox by a conventional
      belt 89. The gearbox drives the carrier blade assembly central shaft 54 at
      about 1 r.p.m., as gearbox 87 is a 2500-1 speed reducer.
PAR  The tank 22 is a rigid cylindrical container with a rigid, water-tight
      vertically extending cylindrical wall 50 and a bottom wall 51. The top 52
      is open.
PAR  A chamber 60 within the tank 22 is separated by partition plates 55 and 56
      into a grease box chamber 80 and a separator chamber 81. The entry
      partition plate 55 and discharge partition plate 56 extend vertically and
      radially and define the front and rear of a grease box discharge
      compartment 80 of generally prismatic shape located within the total
      chamber 60. The chamber 80 is thus separated from the separator chamber 81
      by plates 55 and 56 and other parts of the chamber 80. One, lower front,
      corner of the grease box chamber 80 is adjacent to the tank wall 50.
      Another, upper central corner 84, is adjacent the shaft 54 of blade
      carrier assembly 24, although not in contact therewith. Another, front
      upper corner 74 of chamber 80, is at the junction of the top of partition
      plate 55 and wall 50; another, rear upper corner 75, is at the junction of
      the top of partition plate 56 and the tank wall 50.
PAR  A horizontal partition grate 57 is composed of a plurality of horizontal
      partition grate slats as 58A, 58B, and 58C-F. These slats are separated
      from each other by corresponding slat spaces 59A, 59B and 59C. The grate
      is located at the top of grease box chamber or discharge compartment 80
      and the slats thereof are firmly connected to the top edges of plates 55
      and 56.
PAR  The partition plates 55 and 56 do not extend to the top of the tank 22 but
      are located about 12 inches therebelow and are horizontal and straight.
      The slats, as 58A-F, extend perpendicularly to a radius of the tank 22,
      which radius is located halfway between the top edge of the junction of
      plate 55 and wall 50 and the top edge of the junction of plate 56 and wall
      50.
PAR  An inlet pipe 130 enters the wall 50 perpendicularly thereto and extends to
      and connects to the interior of a cylindrical water-breaker casing 132.
      Casing 132 comprises a vertical right cylindrical side wall 133, co-axial
      with shaft 54 and tank wall 50, and an upper horizontal casing plate 134.
      A central hole 136 provides for passage of shaft 54 through plate 134.
      Casing 132 is downwardly open. Wall 133 is attached by horizontal radially
      extending rigid spider arms 137, 138 and 139 to the interior of wall 50 of
      the tank 22. In a 12 foot high tank, the inlet pipe 130 is a 21/2 inch
      line and enters tank 22 5 feet below the top edge of the tank wall 50.
PAR  The grease box chamber 80 is prismatic or pie-shaped. It is defined by the
      vertical plates 55 and 56 which meet at a central edge 157 with
      water-tight connection therebetween. A triangular grease box bottom floor
      plate 158 slopes radially downward to a point slightly below grease box
      outlet 159 and there attaches to tank wall 50. Plate 158 is firmly joined
      to bottom of plates 55 and 56 and wall 50 in a water-tight manner. Plates
      55, 56 and 158 and the portion of tank wall 50, accordingly, form a
      watertight compartment separate from chamber 81 and open at grease chamber
      top opening 160. Opening 160 is covered, in part, by grate 57. Chamber 81
      is open at its bottom to discharge outlet 159. Plate 158 is preferably
      V-shaped in transverse vertical section to facilitate liquid discharge
      therefrom.
PAR  In tank 22 of 12 foot vertical wall length, discharge outlet 159 is 5 feet
      from top edge of tank wall 50.
PAR  An outlet siphon assembly 120 comprises an outlet siphon inlet arm 122,
      which is a pipe, located outward of and adjacent to tank wall 50 and
      extends vertically parallel to the central longitudinal axis of the
      vertical right cylindrical wall 50 of the tank 22, an outlet siphon
      discharge arm 123 parallel to outlet siphon inlet arm 122, a level control
      box 124, an outlet siphon inlet orifice 125 and a vent 126. The outlet
      siphon inlet orifice 125 is in wall 50 of tank 22 and is, in a 12 foot
      high tank 22, 6 feet from the top edge of the tank wall 50. The bottom of
      box 124 is connected to outlet siphon arms 122 and 123 and is located at
      the intended vertical level of the top of the liquid in chamber 81 of tank
      22. A vent 126 prevents emptying of tank below the level of 9 to 12 inches
      below top edge of plate 65.
PAR  A sump chamber 140 is located at and connected to the bottom of the conical
      tank bottom wall 51. Sump chamber 140 is semi-spherical in shape and is
      open to a hole 162 at center and bottom of wall 51. Chamber 140 has an
      orifice 141 at its bottom which orifice is operatively connected to a
      cleanout drain 143 through a gate valve 142. Orifice 141 provides for
      discharge of liquid and solids from the interior of tank chamber 60
      through a butterfly valve 144 to tank discharge line 145.
PAR  A feed inlet line 130 is provided with an inverted U-shaped inlet siphon
      pipe 170 reaching to an upper level 172 which is at the intended upper
      level of the liquid in the interior of the tank chamber 81 and is provided
      with a vent pipe 173 extending thereabove to break any reverse siphon
      action when the pump 171 driving liquid into the tank chamber 60 ceases to
      pump fluid into the tank 22.
PAR  The blade carrier assembly 24 comprises a rigid circular blade carrier
      plate 25 (24 inches in diameter) supported on the shaft 54 and firmly
      attached thereto. A series of like blade carrier subassemblies 26, 27, 28
      and 29 are firmly attached to plate 25, as by clamps 25' and 25". The
      subassemblies 26, 27, 28 and 29 are all alike; details of one of them,
      subassembly 26, are given in detail as exemplary of them all.
      Corresponding parts on subassembly 27 are denominated by the same
      reference as for subassembly 26 but with additional referent letter A;
      parts on subassembly 28 are given the same referent numbers for like parts
      in subassembly 26 with additional referent letter B while the parts of
      subassembly 29 corresponding to the parts of subassembly 26 are given the
      same referent numerals as like parts in subassembly 26 with the additional
      referent letter C. Thus, the blades 40 of subassembly 26, blade 40A of
      subassembly 27, blade 40B of subassembly 28 and blade 40C of subassembly
      29 are identical in shape, size and function during the entire cycle of
      their operation, although at any one given instant, as shown in FIG. 5,
      when those different subassemblies are in different successive positions
      of their cycles of operation as are herein described, the functions of
      such structures and positions of their parts are different. FIGS. 5 and 6
      are pictorial rather than schematic.
PAR  Each carrier plate as subassembly 26 comprises rigid cylindrical shaft 31
      (49 inches long and 2 inches o.d.) on which are located a central blade
      carrier arm 32 (21 inches long) and a lateral blade carrier arm 33 (36
      inches long). The central blade carrier arm 32 is pivotally attached 16
      inches from shaft 54 to a front central clevis 101, which clevis is
      fixedly attached to a cylindrical sleeve 34. Sleeve 34 is a rigid
      cylindrical sleeve which slidably embraces the cylindrical shaft 31. The
      lateral blade carrier arm 33 is pivotally attached 45 inches from shaft 54
      to a lateral clevis 102, having rigid upper and lower plate which clevis
      is firmly and fixedly attached to a front lateral sleeve 35, which sleeve
      is identical in structure to sleeve 34 and is likewise pivotally attached
      to shaft 31. Thereby, the arms 32 and 33 may each separately pivot about
      the axis of the shaft 31. A pivot pin as 38 in each clevis as 101 of each
      sleeve as 34 pivotally connects the arm as 32 (and 33) with the front arm
      sleeve therefor as 34 (and 35).
PAR  A rear central sleeve 36 is pivotally attached to the rear end of central
      arm 32 while a rear lateral sleeve 37 is attached to the rear end of the
      lateral blade carrier arm 33. The arm 33 is attached by pivot pin 39 to
      the front lateral clevis of sleeve 35 so that such arm 33 may pivot about
      the axis of that pin while the sleeve 35 may pivot about the carrier arm
      shaft 31.
PAR  A wiper blade 40 comprises a rigid metal support frame 41A (6 inches high,
      1/2 inch thick and 42 inches wide steel) and a flexible wiper blade 41B (6
      inches high, 1/2 inch thick and 42 inches wide) and with its bottom edge
      extending (11/2 inches) below bottom edge of frame 41A, is firmly attached
      to and supported at its central end by a rigid cylindrical bracket rod 42.
      Bracket rod 42 is pivotally supported in a cylindrical sleeve 42' which is
      firmly attached to a rigid cylindrical sleeve 36 which is pivotally
      attached to the rear end of the central blade carrier arm 32 while a
      lateral bracket 43 is similarly pivotally attached to the rear end of the
      lateral blade carrier arm 33 by a sleeve 43' which is firmly attached to a
      rigid cylindrical sleeve 37 which is pivotally attached to the rear end of
      blade carrier arm 33.
PAR  The sleeve 34 is pivotally located on the shaft 31 but is limited and
      prevented from any longitudinal movement along the shaft 31 by an inner
      central collar 44 and a lateral inner collar 46, while, correspondingly,
      the lateral sleeve 35 is located at a fixed distance along the shaft 31 by
      a central outer collar 45 and a lateral outer collar 47. Each sleeve as 34
      and 35 has firmly and fixedly attached thereto a cross bar 72 and 73,
      respectively, extending parallel to shaft 31 -- in cooperation with collar
      (as 44 and 46) adjacent each sleeve (34) -- to limit the rotation of
      sleeves 34 and 35, and, hence, arms 32 and 33, with respect to the shaft
      as 31. Each shaft as 31 is firmly and rigidly fixed to plate 25 and,
      accordingly, does not rotate relative thereto. Each collar, as 44, 46, 45
      and 47, has a nut, as 44', 46', 45' and 47', firmly welded thereto.
PAR  An inner set screw 48 is located in the nut as 44' in each central inner
      collar 44 and an outer set screw is located in the nut as 46' for each
      lateral inner collar 46 to fix the angle at which a bracket or clevis as
      101 and 102 may rotate with respect to the shaft 31 by engagement of such
      nuts as 44' and 46' with the cross bar, as 72 on sleeve 34 (or 73 for
      sleeve 35), after firm fixing of the position of such nuts on the cross
      bar by the set screw (as 48) for each such collar (as 44). Such fixing of
      the collar, accordingly, limits the rotation of arms as 32B and 33B of
      subassembly 28 in counterclockwise direction, as shown in FIG. 5. Thereby,
      the maximum downwardly extended position of the blades as 40 in
      subassembly 26 (and 40A, 40B and 40C for subassemblies 27, 28 and 29) is
      determined, as shown for subassemblies 26 and 28, although the blades 40,
      40A, 40B and 40C are free to rise, as shown for subassembly 27 in FIG. 5.
PAR  A spring 61 under tension extends from a lateral eye 63 firmly fixed to the
      lateral sleeve 35 to an eye 62 on the central blade carrier arm 32, eye 62
      being substantially halfway between the points of attachment of arm 32 to
      the rear bracket sleeve 36 and to the front sleeve 34. Thereby, the spring
      61 serves to urge the arm 32 to move laterally at its rear end. Because of
      the firm attachment of the blade 40 to the rear end of the arm 32, the
      rear end of the arm 32 is also moved laterally by the spring 61. This
      action maintains the lateral edge 85 of each blade as 40 to resiliently
      yet firmly contact the inner wall 50 of the tank 22.
PAR  A smooth surfaced flat rigid entry ramp plate 65 is sloped upwards and
      clockwise (clockwise as shown in FIGS. 2, 4 and 5) and is firmly attached
      at its rear or clockwise edge 165 to the straight horizontal top edge of
      entry partition plate or wall 55 and is firmly attached with a water-tight
      fit at its lateral or radial edge to the curved inner wall 50 of tank 22.
      Entry ramp plate 65 is curved at its lateral edge 164, straight at its
      rear edge 165 and front edge 166 and straight at its central edge 167. The
      rear edge 165 is 46 inches long and located 12 inches below the top edge
      22T of tank 22 (as is top edge of partition entry plate wall 55). The
      front edge 166 is 46 inches long and, at its junction with lateral edge
      164, 36 inches below top edge of tank wall 50. The lateral edge 164 is 36
      inches long. Edge 167 is straight and 34 inches long and, at its closest
      point thereto, located 5 inches from shaft 54 and a smooth surfaced flat
      rigid discharge ramp plate 66 is sloped downwards and clockwise (clockwise
      as shown in FIGS. 2, 4 and 5) and is firmly attached at its front or
      counterclockwise edge 175 to the straight horizontal top edge of discharge
      partition plate or wall 56 and is firmly attached with a water-tight fit
      at its lateral or radial edge to the curved inner wall 50 of tank 22.
      Discharge ramp plate 66 is curved at its lateral edge 174, straight at its
      front edge 175 and discharge edge 176 and straight at its central edge
      177. The front edge 175 is 46 inches long and located 12 inches below the
      top edge of tank 22 (as in top edge of partition discharge plate wall 56).
      The rear edge 176 is 46 inches long and, at its junction with 36 inch long
      lateral edge 174, 36 inches below top edge of tank wall 50.
PAR  Entry ramp plate 65 and a discharge ramp plate 66 are firmly attached to
      and extend over the top edge of the entry plate 55 and the discharge plate
      56, respectively. The entry ramp plate 65 extends from a point
      counterclockwise thereof, as seen from above, as in FIG. 2, over the upper
      edge (as seen in FIG. 2) of the vertical entry partition plate 55. The
      discharge ramp plate 66 extends counterclockwise (as seen in FIGS. 4 and
      5) and over the vertical discharge plate 56 and slightly forward thereof.
      The vertically extended discharge partition plate 56 is flat and rigid and
      sloped upwards and forwards or in a clockwise direction while the entry
      partition plate 55 is sloped upward and counterclockwise (or downward and
      clockwise) as shown in FIG. 3. The bottom edges of plates 55 and 56 are,
      respectively, joined to the counterclockwise (or front) and clockwise (or
      rear) edges of triangular bottom plate 158; the base 158' of plate 158 is
      attached in water-tight manner to tank wall 50 below outlet 159.
PAR  Another embodiment of entry ramp plate 189 as shown in FIG. 6, may be used
      in apparatus 20. Ramp plate 189 is formed of a first lower steeply sloped
      portion 150 and a second upper, less steeply sloped portion 151 joined at
      a line 152. The line 152 is met and matched by the bottom edge of each
      blade as 40. The upper portion 151 has a 91/2 inch long inner edge 153.
      Rear edge 154, at its junction with side edge 155 of upper portion 151, is
      113/4 inches below top edge 22T of tank 22, and line and edge 152 (which
      is 48 inches long), at its junction with side edge 155, is 121/4 inches
      below the top edge 22T of tank 22, while front edge 187 of portion 150 is
      31 inches below tank top edge 22T at its junction with 31 inch long side
      edge 156 of portion 150. Inner edge 188 of portion 150 is 20 inches long
      and parallel to outer or side edge 156. The adjustability of the length of
      blade carrier arms 32 and 33 provides for matching the bottom of edge of
      scraper blade 40 to such differently sloped portions of the ramp while
      still forming an effective tallow carrying structure. Ramp plate portion
      151, like plate 65, similarly extends over the top of plate 55.
PAR  In operation, the motor 86 (a 1 horsepower electric motor) drives the speed
      reducer gear box 87 which, in turn, drives shaft 54 at about 1 revolution
      per minute, thereupon, the blade carrier assembly 24, being firmly
      attached to the blade carrier plate 25, rotates with the shaft 54, to
      which plate 25 is firmly attached. Spider 53 locates a bearing support 53A
      for shaft 54 in tank 22.
PAR  Each of the blade carrier arms, as 32 and 33, pivots about its shaft as 31
      (and arms 32A and 32B on shaft 31 and arms 32B and 33B on shaft 31B and
      arms (not shown) on shaft 31C). As each subassembly 26, 27, 28 and 29
      rotates about axis of shaft 54 the cross bars as 72 (and 73) on each
      sleeve as 34 engages the set screw as 48 on adjacent collars as 44 and 46
      and like screws are engaged on other collars (45 and 47) by like screws
      (49). Thereby, when the blade as 40 is not supported by ramp plate 65 or
      grate 57 or ramp plate 66, the collars 44, 45, 46 and 47 are fixed
      relative to the cross bars as 72 on each sleeve as 34 so that the bottom
      of each blade as 40 is located with its bottom edge above the level of the
      front or counterclockwise and bottom edge 166 of the grease box entry ramp
      plate 65. Accordingly, in operation, each blade as 40 rises as it moves
      clockwise or forward of the ramp as 65, as shown in FIG. 5, while the
      viscous tallow material pushed before the blade flows downwardly and
      centrifugally along the lower edge of the blade at its meeting with the
      ramp surface along a straight but downwardly skewed or oblique line of
      contact. This flow is blocked by engagement of the side edge of each blade
      with the wall of tank 22, which side edge is held in such position by
      springs as 61.
PAR  The apparatus 20 provides that the blades 40, 40A, 40B, 40C may be operated
      at any desired depth in the liquid. The blade bottom edge, in a position
      shown in FIG. 5 is operated to rotate about shaft 54 in a plane which is
      located 9 to 12 inches below top or clockwise edge 165 of the ramp entry
      plate so that the bottom edge of the blade is located at a horizontal
      plane above the bottom edge 166 of the ramp plate. The blade bottom
      usually is operated to skim off a layer composed primarily of the tallow
      layer and free of the tallow and water mixture. Demonstrative of this
      action is the fact that the tallow recovered in the operation of treating
      water with 1 to 5% tallow provides, in chamber 81, a composition that is
      98%+ tallow while the water taken out through discharge arm 123 (from
      orifice 125) is less than 1.4 parts per million of tallow.
PAR  Apparatus 20, by cooperation of ramp 66 and carrier assembly 24, provides
      that, on rotation of assembly 24, the return of the bottom edge of each
      blade as 40, at the edge of the discharge ramp 66, to a level in the
      to-be-treated liquid whereat the blade again contacts the upper layer of
      the tallow and entry thereinto is effected smoothly and without entering
      or agitating the zone 135 between the layer of pure tallow and the zone
      therebelow whereat the separation between the small particles of tallow
      and water is initiated.
PAR  The operation of apparatus 20 thus provides a process of treating a mixture
      of packing house waste comprising water and tallow and solid material such
      as grain by steps comprising first passing such mixture through pipe 130
      and casing 132 into a quiescent zone 135 in the vertically elongated first
      container or chamber 81 far below the level of action of the or scraper
      blades 40, 40A, 40B (and 40C, not shown) and there separating the water
      and tallow and forming an upper layer 146 of tallow with its upper edge
      147 above the bottom edge 166 of the vertically extending upwardly and
      forwardly sloped entry ramp 65. The continued movement of the series of
      like straight edged scrapers 40 forwardly into contact at their bottom
      edges with the upper surface of the layer of tallow at a level 147 above
      the bottom edge 166 of the entry ramp 65 and movement of said pivotally
      mounted scrapers into contact at their sides with the sides of the tank
      wall 50 at the straight vertical yet flexible side of said scrapers
      (because of radial urging of the scrapers by springs as 61) forms V-shaped
      upwardly open pockets on the ramp. The movement of the thus-formed pockets
      forwardly and upwardly on said ramp moves increments of the layer of
      tallow therein above the level 147 of tallow layer 146 and movement of the
      blade over opening 160 deposits those increments of tallow into chamber
      80, which is separated from the chamber 81 of tank 22 container. The edges
      of the hard slats 58A-F thereafter engage the bottom edge of the scraper
      blade and remove tallow from said scraper, as does the front edge of plate
      66. The action of the set screws as 48 and 49 and collars as 44 and 46 and
      cross bars as 72 maintain all the scraper blades, as 40, at a
      predetermined height above the floor of tank 22 and in contact with a
      predetermined depth of the upper layer of tallow. When the scraper as 40
      leaves discharge ramp 66 during this process, the quiescent zone is
      continually fed by a flow of the mixture of water and tallow and other
      matter, such as grain or dirt, while purified water is drawn off
      continually from the outlet siphon inlet orifice 125 which is well below
      the quiescent zone 135. The purified water is passed to a vertical level
      (in box 124) as high as the top surface level of the material in tank 22.
      Box 124 is open to the atmosphere and discharged water flows therefrom to
      a level below the outlet siphon inlet orifice 125, whereby the level of
      liquid mixture in chamber 81 is maintained automatically by the outlet
      siphon assembly 120.
PAR  When grain or other particulate material that is not floatable in water is
      fed to apparatus 20, together with the mixture of tallow and water, it
      passes to sump 140 and is released therefrom to line 145 on opening valve
      144 concurrent with the recovery of tallow from chamber 80 and water from
      outlet siphon inlet orifice 125.
PAR  The tallow recovered from the packing house waste by apparatus 20 is used
      as feed to animals and the grain recovered is also usable as animal feed.
      The water treated by apparatus 20 is sufficiently pure to pass usual
      standards for disposal thereof without penalty. The agitator blade 149 at
      lower end of shaft 54 in sump 140 serves to agitate and render flowable
      particulate or other matter than settles there and facilitates its
      subsequent removal.
PAR  While the apparatus 20 is described for use in treating packing house waste
      composed of tallow which is floatable and grain which sinks, the apparatus
      20 may also be used for similarly treating mixtures of crude oil and
      water, such as found in oil field liquors and the apparatus 20 may also be
      used for treating cannery products such as floatable greens and
      non-floating components such as sand. In such processes, the oil field
      liquor, composed of a mixture of crude oil and water, is fed into inlet
      pipe 130 of apparatus 20 and the floatable materials of the mixture are
      automatically skimmed off the top of the liquid mass in chamber 81 by
      blades as 40, 40A, 40B and 40C into chamber 80. Cannery products are
      similarly fed to pipe 130 and floatable fractions thereof recovered at
      chamber 80 while sand automatically travels to and is removed at sump 140.
PAR  In such processes, also, the vertically elongated tank 22 is used as a
      container for separating the light semi-liquid components (as oil, greens
      or tallow) from large volumes of water contaminated therewith and provided
      at varied input rates to such container. Such volumes of such mixtures are
      passed into the container 22 at a substantial distance below the zone as
      135 whereat its components are initially separated so as to create a deep
      quiescent zone for such initial separation; a sloped and vertically
      elongated ramp as 65 or 189 is used to insulate the mass of initially
      separating material from the translating and agitating action of the
      series of scrapers as 40, 40A, 40B and 40C. The scrapers are arranged as
      above described, to act only on the upper surface portions of the mass in
      the container and to limited depths, while each scraper is also so
      supported as to provide, at its bottom edge, an upwardly, forwardly and
      centrally directed straight skewed or oblique line of contact with the
      sloped ramp upper surface extending from a rearward lower radial point to
      a forward elevated point on that ramp upper surface, as shown in FIG. 3:
      while forming a line of contact with the wall of the container adjacent
      the ramp at the side edge of the scraper whereby to repeatedly create
      V-shaped pockets with cleanable straight line edges. The pockets so formed
      serve to continually raise portions of the surface layers of the oily,
      semi-liquid tallow material or crude oil liquor or cannery greens on the
      ramp and so separate that floatable component from the liquid mixture
      initially containing such components. Such action is especially effective
      because the scraping elements are continually automatically cleansed of
      usually adherent gum-like oily material contaminating the water by
      continual passage of such scraper into engagement with cleansing elements
      as slats 58A-58F and hard front edge of plate 66 located in the path of
      the flexible linear edged scrapers during such separating operations.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process of treating a fluent mixture of packing house waste
      comprising water, non-floating solids and tallow, the steps comprising
PA1  a. continuously passing a mixture of said solids, water and tallow at a
      first vertical level into a first quiescent zone extending vertically
      upwards of said first vertical level and into which no agitating element
      enters said quiescent zone located in a vertically elongated first
      cylindrical container and into a second zone extending downward of said
      first vertical level and into which second zone no agitating element
      enters and
PA1  b. separating the water and tallow in said first quiescent zone and forming
      therefrom at the top of said first quiescent zone an upper layer of
      semi-liquid tallow, said layer of tallow having an upper surface level
      above the bottom edge of a vertically extending upwardly and forwardly
      sloped ramp adjacent the peripheral wall of said container;
PA1  c. moving a series of straight edged scrapers forwardly into contact at
      their bottom edges with the upper portions of said layer of tallow at a
      level above said bottom edge of said ramp and resiliently yet firmly
      moving said scrapers into contact at their sides with the wall of said
      container at the radial side of each scraper while supporting said scraper
      on the ramp with its bottom edge providing an upwardly, forwardly and
      centrally directed straight oblique line of contact with the forwardly,
      upwardly sloped ramp upper surface, said line extending from a rearward
      lower radial point to a forward elevated central point on said ramp upper
      surface, and thereby forming V-shaped upwardly open pockets on said ramp
      and
PA1  d. continually raising portions of the surface layer of tallow by moving
      said pockets upwardly on said ramp with increments of said layer of tallow
      therein above the upper surface level of said tallow, and depositing said
      increments of tallow in a second container separated from said first
      container; and
PA1  e. continually automatically cleansing the scraping elements, and
PA1  f. returning said scrapers to said first container at a predetermined
      height above the floor of said first container and in contact with said
      upper portion of layer of tallow and above said first quiescent zone and
      above said bottom edge of said ramp while
PA1  g. drawing off solids from said mixture at the bottom of said second zone
      and drawing off from said container water from which tallow has been
      removed at a level below said first quiescent zone and above said second
      zone.
NUM  2.
PAR  2. Process as in claim 1 wherein the quiescent zone is continually fed by a
      flow of said mixture of water and tallow and water is drawn off
      continually from a discharge zone below said first quiescent zone and
      passed to a vertical level as high as the level of said mixture in said
      container and open to the atmosphere and said water flows therefrom to a
      level below the said discharge zone, whereby the level of liquid mixture
      in said container is maintained automatically.
NUM  3.
PAR  3. Process as in claim 2 wherein said mixture includes non-floating
      particulate grain and said grain passes to and is recovered from the
      bottom of said first container.
NUM  4.
PAR  4. Process as in claim 2 wherein the vertical distance from said first
      level to said bottom of said second zone is greater than the height of
      said first vertically extending quiescent zone.
NUM  5.
PAR  5. Process as in claim 4 wherein the tallow content of the water is reduced
      to 1.4 parts per million.
NUM  6.
PAR  6. In a process of treating a fluent mixture comprising water, non-floating
      solids, and floatable semi-liquid gum-like oily material, the steps
      comprising
PA1  a. continuously passing a mixture of said solids, water and floatable
      material at a first vertical level into (i) a first quiescent zone
      extending vertically upwards of said first vertical level and into which
      no agitating element enters, said quiescent zone located in a vertically
      elongated first cylindrical container and into (ii) a second zone
      extending downward of said first vertical level and into which second zone
      no agitating element enters and
PA1  b. separating the water and said floatable material in said first quiescent
      zone and forming therefrom at the top of said first quiescent zone an
      upper layer of said floatable material, said layer of said floatable
      material having an upper surface level above the bottom edge of a
      vertically extending upwardly and forwardly sloped ramp adjacent the
      peripheral wall of said container;
PA1  c. moving a series of straight edged scrapers forwardly into contact at
      their bottom edges with the upper portions of said layer of said floatable
      material at a level above said bottom edge of said ramp and resiliently
      yet firmly moving said scrapers into contact at their sides with the wall
      of said container at the radial side of each scraper while supporting said
      scraper on the ramp with its bottom edge providing an upwardly, forwardly
      and centrally directed straight oblique line of contact with the
      forwardly, upwardly sloped ramp upper surface, said line extending from a
      rearward lower radial point to a forward elevated central point on said
      ramp upper surface, and thereby forming V-shaped upwardly open pockets on
      said ramp and
PA1  d. continually raising portions of the surface layer of said floatable
      material by moving said pockets upwardly on said ramp with increments of
      said layer of floatable material therein above the upper surface level of
      said floatable material, and depositing said increments of said floatable
      material in a second container separated from said first container; and
PA1  e. continually automatically cleansing the scraping elements, and
PA1  f. returning said scrapers to said first container at a predetermined
      height above the floor of said first container and in contact with said
      upper portion of layer of said floatable material and above said first
      quiescent zone and above said bottom edge of said ramp while
PA1  g. drawing off solids from said mixture at the bottom of said second zone
      and drawing off from said container water from which said floatable
      material and solids have been removed at a level below said first
      quiescent zone and above said second zone and
PA1  h. wherein said vertical distance from said first level to said bottom of
      said second zone is greater than the height of said first vertically
      extending quiescent zone.
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PAL  In an arrangement for regulating the moistening solution mixture for use in
      an offset printing press, a tank is provided with two separate spaces, one
      for the moistening solution mixture and the other for a moistening
      solution additive. A conduit system containing various regulating devices
      is connected to the tank for regulating the introduction of the additives
      into the mixture and for the supply of the solution to the printing unit,
      a crystal sand filter is located in the conduit system for filtering the
      mixture and a pump, associated with the filter, directs a part of the
      filter mixture to the printing unit and returns a part of the mixture to
      the tank. A flow measuring electrode is arranged in the conduit system and
      is operatively connected to the regulating devices for controlling
      operation of the arrangement.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of prior application Ser. No.
      515,817 filed on Oct. 18, 1974, now abandoned, which was a continuation of
      application Ser. No. 416,743 filed Nov. 19, 1973, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a moistening solution preparation
      plant for an offset printing press and, more particularly, it is directed
      to an arrangement for regulating the operation of the moistening solution
      preparation plant and the supply of the solution to the printing unit.
PAR  There is a known arrangement for feeding a moistening solution which
      contains a tank and a dosing device for the etching solution, a chamber
      for mixing the etching solution with water, and a moistening solution
      container and these receptacles are connected with one another by a
      controllable line or conduit system. The dosing device is formed as a
      dosing vessel with a mechanism for setting the amount of etching solution
      to be discharged and a liquid gauge regulator is arranged in the mixing
      chamber which, by means of magnet valves controls the supply of the
      etching solution from the dosing vessel and the supply of water to the
      mixing chamber by a water jet pump with the pump delivering the moistening
      solution from the mixing chamber into the moistening solution container of
      the plate cylinder.
PAR  This arrangement has a complicated and expensive conduit system including
      several pumps which require considerably cleaning. For large plants, the
      arrangement is not sufficiently effective and many manual corrections are
      necessary. Sometimes, the pH value of the moisteining solution used in the
      printing plant is changed by the paper and it is not possible to
      compensate for such a change by more or less etching solution.
PAR  The primary object of the invention is to provide an arrangement which
      makes it possible to pre-set the desired pH and alcohol values and to
      ensure an automatic flow control with the recordation of the control, and,
      during operation, a constant regulation on the set values being used.
PAR  The problems experienced in the prior art are solved by the present
      invention with the use of a crystal sand filter and a circulating pump
      located in the conduit system through which the moistening solution
      mixture is filtered with a portion fed to the printing unit, while another
      part is returned to the moistening solution tank. Further, the regulation
      of the plant is obtained by a flow measuring electrode, a line recorder,
      an acid regulator, an alcohol regulator, a differential pressure
      transmitter, a pH-meter and switches which are arranged in the conduit
      system.
DRWD
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descripitive matter in
      which there is illustrated and described a preferred embodiment of the
      invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawing:
PAR  FIG. 1 is a side elevational view with two parts broken away, embodying the
      present invention;
PAR  FIG. 2 is a partial top view of the arrangement shown in FIG. 1; and
PAR  FIG. 3 is an elevational view of a switch box containing the
      instrumentation used in the arrangement.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, an arrangement is illustrated for use in a printing press for
      supplying a moistening solution mixture to the printing unit, not shown,
      which includes a tank 1 divided by a partition into two vessels 2,3 with
      one space 2 containing the moistening solution mixture and the other space
      3 holding a moistening solution additive. Extending downwardly into the
      moistening solution mixture space 2 is a float switch 4 and, above the
      moistening solution additive space 3, an injector 5 is positioned to which
      a suction pipe 6 is connected and extends downwardly into the space 3. The
      injector 5 and suction pipe 6 are connected to a conduit system which
      contains a flow detector 7, solenoid valves 8 and 9, a crystal sand filter
      10 and a circulating pump 11. Moistening solution mixture flows through
      the conduit system into the crystal sand filter 10 where it is filtered
      and by means of the pump 11, is fed in part to the printing unit, with
      another part returning into the moistening solution mixture space 2.
      Further, in the conduit system between the tank 1 and the filter 10, a pH
      flow measuring electrode 12 is provided which is connected to switch box
      13.
PAR  The switch box 13 is connected by way of separate electrical lines 4a, 8a,
      9a, 12a and 29a to the float switch 4, to the solenoid valves 8 and 9, to
      the measuring electrode 12 and to a solenoid or alcohol flow valve 29. As
      illustrated in FIG. 3, the switch box 13 contains a line recorder 14, an
      acid regulator 15, an alcohol regulator 16, a differential pressure
      transmitter 17, a pH-meter 18, as well as operating switches 19. The
      electrical lines 4a, 8a, 9a, 12a and 29a are connected to related ones of
      the devices in the switch box 13.
PAR  In the conduit system, a feed line 20 extends from the filter 10 to the
      printing unit (not shown) and a return line 21 conveys flow from the
      printing unit to the space 2 in the tank 1. A branch line 22 connects the
      feed line 20 to the measuring electrode 12 and another line 23 extends
      from the electrode to the space 2 in tank 1. A second branch line 24 from
      feed line 20 connects it to the space 2 in tank 1 and a built-in pressure
      regulator (not shown) is located in the second branch line.
PAR  The space 2 in the tank 1 is connected to the filter 10 via the line 25,
      the pump 11 and connecting line 28. Outlet line 26 connects the space 2 to
      a sewerage system (not shown). The filter 10 is connected to the sewerage
      system (not shown) by another outlet line 27.
PAR  For measuring the alcohol percentage, a special device 30 is used which is
      shown only schematically and is connected by electrical line 30a to the
      switch box 13. It consists of a diaphragm pump, two dosing mechanisms, and
      a measuring transformer which are connected to the alcohol regulator 16
      and differential pressure transmitter 17. Alcohol is supplied from a
      container 32 through solenoid or alcohol flow valve 29 into the space 2
      based on the signal provided by the device 30 and in accordance with the
      control afforded by the regulator 16 and the differential pressure
      transmitter 17.
PAR  The arrangement embodying the present invention operates in the following
      manner:
PAR  Moistening solution mixture flows from the filters 10 to the printing unit
      by way of the feed line 20. A partial flow of the mixture passes from feed
      line 20 through branch line 22 into the pH flow measuring electrode 12.
      The acid content of the moistening solution mixture is measured in the
      electrode 12 and the measuring current is passed to the acid regulator 15
      in the switch box 13 where an indication of the value is provided.
      Further, the value measured is recorded in the line recorder 14, which is
      connected to the regulator 15, and the tape in the recorder can be used
      for control purposes in case of irregularities.
PAR  Based on the indication of the acid content provided by the electrode 12
      over line 12a to the switch box 13. The regulator 15 opens the solenoid
      valve 8 when the acid content in the space 2 is too high, so that pure
      fresh water flows into the space 2. If, however, the acid content is too
      low, the other solenoid valve 9 is opened and fresh water flows through
      the injector 5 suctioning acid through pipe 6 from space 3 of tank 1 and
      delivering the water-acid mixture into space 2.
PAR  Within the sapce 2 in the tank 1, the float switch 4, electrically
      connected to the switch 13, also monitors control. When the level in the
      space 2 drops, the float switch initiates the control operation. Over
      electrical line 4a it signals the regulator 15. Water is introduced
      directly through a supply valve 40 into a line 41 of the conduit system
      from a fresh water connection so that it can flow selectively through one
      of the valves 8, 9. If the fresh water is directed through valve 9, it
      causes a suction action as it passes through the injector 5 and the acid
      is sucked into the space 2 from the space 3 by means of the injector 5 and
      suction pipe 6, and, as a result, acid along with water is supplied from
      the space 3 into the moistening solution mixture in the space 2. If the
      valve 8 is opened by regulator 15 only fresh water enters the space 2.
PAR  An even finer regulation of the addition of water and acid can be provided
      with a reversing switch which has three settings: water, normal flow, and
      acid. In this way, it is possible to maintain a practically unchanged pH
      value as operation continues.
PAR  The alcohol percentage is measured by means of the special device 30
      mentioned above and the differential pressure transmitter 17. The alcohol
      percentage reading is supplied to the alcohol regulator 16, which controls
      the alcohol flow valve 29. The alcohol values are also recorded in the
      line recorder 14 and a permanent record is provided on its tape. The
      alcohol flow valve remains open until the set value has been attained.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Arrangement for regulating the moistening solution mixture in a
      moistening solution preparation plant for use in an offset printing press
      comprising a tank having two separate spaces with one space containing a
      moistening solution mixture and the other space containing a moistening
      solution additive, a float switch positioned within the moistening
      solution mixture space, an injector above the moistening solution additive
      space, a suction pipe connected to the injector and extending downwardly
      into the space containing the moistening solution additive, a conduit
      system connected to said injector and suction pipe and including a line
      extending from said injector into said moistening solution mixture space,
      a flow detector in said conduit system and connected to said injector, a
      first solenoid valve connected to said flow detector, a second solenoid
      valve connected to said moistening solution mixture space, wherein the
      improvement comprises that a crystal sand filter and a circulating pump
      associated with said filter are located in said conduit system for
      filtering the moistening solution mixture from said moistening solution
      mixture space for feeding a portion of the filtered mixture to the
      printing press and for returning a portion into the moistening solution
      mixture space in said tank, a pH measuring electrode in said conduit
      system, a switch box, a first electrical line connecting said pH measuring
      electrode to said switch box, a second electrical line connecting said
      float switch to said switch box, a third electrical line connecting said
      first solenoid valve to said switch box, a fourth electrical line
      connecting said second solenoid valve to said switch box, said switch box
      including a line recorder, an acid content regulator a pH-meter and
      switches arranged to regulate the moistening solution mixture, said
      conduit system further comprising a first line connecting said mixture
      space to said filter through said pump, a feed line for flowing the
      moistening solution from said filter to the printing press, a first branch
      line connecting said feed line to said measuring electrode, a second
      branch line connecting said feed line to said mixture space, a second line
      connecting said measuring electrode to said mixture space, a return line
      for flowing the moistening solution from the printing press to said
      mixture space, a third line connecting a source of fresh water to said
      first and second solenoid valves, said solenoid valves being arranged so
      that one of said solenoid valves can be opened by said switch box by a
      signal from said measuring electrode while maintaining the other closed
      thereby selectively admitting the fresh water either directly into said
      mixture space or through said flow detector to said injector for
      withdrawing additive from said additive space through said suction pipe
      for mixture with the fresh water and flow into the mixture space, and said
      float switch arranged for operating at least one of said solenoid valves
      when the level in said mixture space drops below a selected level for
      adding make-up into said mixture space.
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ABST
PAL  A device for disposing of organic waste material. A body conical and
      truncated in axial cross-section with a sealing cap removably
      press-fitting onto its smaller end. The device is used by implanting it in
      the ground and it preferably carries an outstanding flange at its larger
      end to inhibit tipping.
BSUM
PAR  This invention relates to a device for disposing of organic waste material.
PAR  Household receptacles for the disposal of organic waste material are known
      in which a closable, bottomless container is partially buried in a pit in
      the ground. The organic waste material is introduced into the container
      and, preferably with the aid of enzyme additives, the waste decomposes to
      form compost. Such a device is disclosed in Canadian Pat. No. 639,516
      issued Apr. 10, 1962. The receptacle of that patent suffers from the
      disadvantages that it is expensive to fabricate, cumbersome to stack and
      to ship, difficult to install and to use, and it is subject to leakage of
      odours and to penetration by flying insects.
PAR  It is an object of the present invention to provide an organic waste
      disposal device of simplified construction and improved sealing qualities.
PAR  In its broadest aspect the invention consists of a hollow, tapered body
      having the larger end open and the smaller end receiving a press-fitting
      cap. Preferably the body is in the form of a truncated cone and is made of
      high-impact, cross-linked polyethylene, and may include ultra-violet
      inhibitors.
DRWD
PAR  An example embodiment of the invention is shown in the accompanying
      drawings in which:
PAR  FIG. 1 is a downward perspective view of a waste disposal device;
PAR  FIG. 2 is an upward perspective view of the device of FIG. 1;
PAR  FIG. 3 is a view of the device of FIGS. 1 and 2 in vertical cross-section
      and in situ; and
PAR  FIG. 4 is an enlarged cross-sectional view of a portion of the cap and the
      upper end of the device of FIG. 3 showing their interrelationship.
DETD
PAR  The example embodiment shown in the drawings consists of a container or
      receptacle 10 in the form of a hollow truncated cone surmounted by a
      removable cap or lid 12. Receptacle 10 comprises a body formed by a
      circular wall 14 defining a chamber 16 with an opening 18 at the larger
      end of the receptacle and an opening 20 at the smaller end of the
      receptacle. The end of wall 14 at larger opening 18 carries an annular
      flange 22 which is outstanding from the wall in a plane normal to the axis
      of the receptacle. The end of wall 14 at smaller opening 20 carries an
      annular lip 24 directed inwardly from the wall.
PAR  Cap 12 is constructed and arranged to press-fit onto wall 14 at smaller
      opening 20 and has an outer rim 26 overlying a circular side wall 28. An
      annular groove or recess 30 is located in side wall 28 where the side wall
      meets rim 26, and the side wall tapers downwardly and inwardly from the
      groove. Upper surface 32 of cap 12 is slightly tapered downwardly from its
      centre towards rim 26, say 3.degree.. Underside 34 of cap 12 is concave to
      form a drip ring 35 and has a central depression 36 making the cap thin in
      its central portion.
PAR  In the use of the device, a circular pit 40 is dug in the ground and the
      lower, wider end portion of receptacle 10 is placed in the pit, the open
      space around the receptacle being filled with earth to anchor the
      receptacle firmly in the ground. Flange 22 acts as an anchor to inhibit
      tipping of receptacle 10, for instance if shoved by an animal, and also
      inhibits digging animals such as rodents from reaching material in the
      pits. Organic waste material 42 is charged into chamber 16 through smaller
      opening 20 to lie in pit 40. To seal smaller opening 20, cap 12 is pressed
      into the opening. Lip 24 on wall 14 rides up side wall 28 of cap 12 as the
      reactive pressure from the lip flexes the lid about depression 36. Lip 24
      entering groove 30 snap-locks the cap into position to seal chamber 16.
PAR  Preferably receptacle 10 is manufactured from high-impact, cross-linked
      polyethylene although other suitable materials could be used. Besides
      being non-corrosive, polyethylene retains heat thereby aiding the
      decomposition of waste charged into the receptacle. Also, the polyethylene
      may include an inhibitor to the degenerative action of ultra-violet light
      rays which would otherwise break down the plastic.
PAR  It will be appreciated that the transverse cross-sectional shape of
      receptacle 10 may be other than circular; for example it may be elliptical
      or polygonal although the latter shape may not be as easily cleaned if the
      need arises. Also, wall 14 may be ribbed for additional strength.
PAR  It will also be appreciated that the shape of receptacle 10 makes it
      convenient to stack for shipping. The tapered upper surface 32 of cap 12
      permits run-off of rain. Rim 26 provides a grip for the removal of cap 12
      and depression 36 provides flexibility for the cap in press-fitting it
      onto receptacle 10 as described.
PAR  The term "sealing" used to describe the press-fit of cap 12 onto receptacle
      10 is not meant to imply absolute air tightness but sufficient tightness
      to inhibit (1) the easy escape of odours, (2) the ingress of insects, and
      (3) the removal of the cap by animals.
PAR  The device of the invention is suitable for use with outdoor toilets. By
      setting receptacle 10 to have lip 24 flush with the seat, the receptacle
      can be closed with cap 12 when not in use. Also, the flexibility of
      polyethylene will allow receptacle 10 to be distorted laterally where it
      must be fitted into an enclosure having a lateral dimension slightly less
      than the diameter of the receptacle.
PAR  By using a darker colour of polyethylene, such as green, receptacle 10
      retains additional heat. This heat causes liquid from organic waste
      material 42 in pit 40 to evaporate. The evaporated liquid condenses on
      underside 34 of lid 12 and on the inside surface of wall 14, returning to
      pit 40 and preventing organic waste material 42 from drying out, thus
      obtaining a richer composting action. Drip ring 35 on lid 12 allows
      condensed liquid to drip directly onto organic waste material 42 in pit
      40. Alternately the evaporated water could be channeled off from the
      device and used as pure drinking water.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for containing organic waste material comprising a receptacle
      body having a circumferential wall defining a chamber pyramidal and
      truncated in axial cross section, each end of said body defining an
      opening into said chamber, a cap constructed and arranged to press fit
      onto the body at its narrow end to provide closure means therefor, an
      outstanding annular flange connected to the opposite wide end of said
      pyramidal chamber at the peripheral edge of said circumferential wall
      defining an opening into said chamber, said annular flange arranged
      beneath the surface of the earth anchoring said receptacle in the ground
      at the wide end of said receptacle body whereby the narrow end of said
      receptacle and its closure means extends upwardly and is spaced above the
      surface of the ground.
NUM  2.
PAR  2. A device as claimed in claim 1 in which the narrower end of the body
      carries an inturned annular lip and the cap carries a circumferential
      groove constructed and arranged to receive the inturned lip when the cap
      is pressed into the opening at the narrower end of the body.
NUM  3.
PAR  3. A device as claimed in claim 2 in which the cap carries a rim projecting
      laterally from the body when the cap is press-fitted thereon, the groove
      being contiguous to the rim.
NUM  4.
PAR  4. A device as claimed in claim 2 in which the cap is thin in its central
      portion.
NUM  5.
PAR  5. A device as claimed in claim 1 in which the narrower end of the body
      carries an inturned annular lip, the cap having a circular side wall
      carrying a circumferential groove, the side wall tapering downwardly and
      inwardly from the groove whereby the lip of the body rides up over the
      side wall of the cap and snaps into the groove when the cap is pressed
      into the opening at the narrower end of the body.
NUM  6.
PAR  6. A device as claimed in claim 2 in which the underside of the cap is
      tapered inwardly to form a drip ring.
NUM  7.
PAR  7. A device as claimed in claim 1 in which the upper surface of the cap is
      tapered downwardly and outwardly from the central portion thereof.
NUM  8.
PAR  8. A device as claimed in claim 4 in which at least the body is formed of
      high impact, cross-linked polyethylene.
NUM  9.
PAR  9. A device as claimed in claim 8 in which the polyethylene includes an
      inhibitor to the degenerative action of ultra-violet light.
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ABST
PAL  Apparatus for biologically treating sewage in an elongated circulation tank
      having a central partition extending along the longitudinal axis thereof
      thereby dividing the tank into two parallel flow channels connected
      together at opposite ends, aerators rotating about a perpendicular axis
      located along said longitudinal axis so that the sewage may be forced into
      a circulating flow about the perpendicular axis and about the partition.
      The circulating flow about said perpendicular axis thereby being
      decelerated and the sewage circulating about the partition being guided to
      and away from the rotating aerators with the full cross-section of the
      flow channels.
BSUM
PAR  This invention relates an apparatus for biologically treating sewage with
      aeration of a flowing sewage/activated-sludge mixture in an elongated
      circulation tank which is divided by a longitudinally extending central
      partition terminating before and at a distance from the two end walls of
      the circulation tank, into two parallel flow channels connected together
      at the ends, and the sewage is forced by aerators rotating near the base
      of the tank about a perpendicular axis of rotation on the longitudinal
      axis of the circulation tank, into a circulating flow about the
      aforementioned axis of rotation and about the central partition, the
      circulating flow about the aforementioned axis of rotation being
      decelerated.
PAR  An apparatus of this kind is already known from German patent No.
      1,658,129. In this known installation, the rotating aerators arranged in
      the vicinity of a rounded-off end wall of the circulation tank are each
      separated off from the two flow channels by means of a transverse
      partition, the transverse partitions being provided with throughflow
      openings to allow the sewage to be aerated to flow in and the aerated
      sewage to flow out.
PAR  The opening through which the sewage to be aerated flows in and the opening
      through which the aerated sewage flows out are arranged at different
      levels from the bottom of the tank in order to induce a substantially
      vertical flow which crosses and decelerates the flow of sewage,
      accompanying rotation of the aerators, about the axis of rotation of the
      aerators, so that the air bubbles issuing from the aerators ascend
      obliquely and, hence, have a longer residence time in the sewage to
      improve purification thereof. In addition, the central partition extends
      up to the axis of rotation of the rotating aerators and is provided with
      openings for the passage of the aerators in order to decelerate this flow.
PAR  The transverse partitions which are provided with the aforementioned
      throughflow openings and which considerably reduce the throughflow
      cross-section of the flow channels, represent throttle zones which keep
      the throughput through the vicinity of the rotating aerators at such a low
      level that the known installation is not suitable for the treatment of
      relatively large quantities of sewage.
PAR  The object of the invention is to provide an apparatus of the type referred
      to above with which relatively large quantities of sewage can be
      satisfactorily treated by maintaining as long as possible a residence time
      of the air bubbles issuing from the aerators, and, hence, by providing for
      effective oxygen utilisation.
PAR  According to the invention, this object is achieved in that the sewage
      circulating about the central partition is guided towards and away from
      the rotating aerators with its full cross-section present in the flow
      channels.
PAR  According to the invention, the aerators are rotated at a speed and, at the
      same time, air is blown from them into the sewage. By deceleration of the
      circulating flow of sewage caused by the rotation of the aerators, the air
      bubbles issuing from the aerators are deflected from the perpendicular so
      that they have to travel a long distance in the sewage, with the result
      that the required, long residence time of the air bubbles in the sewage is
      maintained. In this connection, it has been found that the delivery and
      diversion of the sewage in relation to the rotating aerators with its full
      cross-section present in the two flow channels, i.e. without throttling,
      is entirely sufficient for assuring the aforementioned aeration of the
      sewage and, in addition, by virtue of the unthrottled and, hence,
      increased throughput through the vicinity of the aerators, for producing
      such a favorable circulation around the central partition that the
      activated sludge required for effective sewage treatment is formed in the
      flow channels of the circulation tank. The effectiveness obtained in this
      way provides for the effective treatment of even relatively large
      quantities of sewage of the kind accumulating, for example, from 20,000 to
      several 100,000 inhabitants.
PAR  The aforementioned throughput can be further increased by additionally
      accelerating the sewage to intensify the circulating flow.
PAR  An optimum effect is obtained when the rotating aerators circulate at a
      speed of more than 40 cm per second.
PAR  An or apparatus according to the invention includes an elongated
      circulating tank which is divided by a longitudinally extending central
      partition terminating before and at a distance from the two end walls of
      the circulation tank. Thus provided are two parallel flow channels
      connected together at the ends, aerators rotating near the base of the
      tank about a perpendicular axis of rotation being located on the
      longitudinal axis of the circulating tank, and the central partition
      extending up to the axis of rotation of the rotating aerators and being
      provided with openings for the passage of the aerators in order to
      decelerate the sewage circulating around the rotating aerators. This
      installation is distinguished by the fact that the flow channels merge
      with their full cross-section into the vicinity of the rotating aerators.
PAR  The circulating flow is intensified by baffle surfaces circulating in the
      sewage about the axis of rotation of the aerators, the openings in that
      part of the central partition extending to the axis of rotation of the
      rotating aerators being dimensioned in such a way as to allow the baffle
      surfaces through as well. Although the baffle surfaces, which are best
      arranged transversely of their circular path of movement, reduce
      throughflow when they pass through the openings in the central partition,
      they generate a high water resistance after passing through the openings,
      thereby intensifying the circulation flow which has already been produced
      by the resistance of the aerators.
PAR  The apparatus or installation preferably comprises a bearing support which
      contains the axis of rotation of the revolving aerators and on which are
      rotatably mounted horizontal air distributor arms provided with a rotary
      drive from which air delivery pipes extend downwardly and at which ends
      the revolving aerators are connected. The bearing support comprises a
      vertical riser to which the rotatable air distributor arms are connected
      through seals. The baffle surfaces can also be rotatably mounted on the
      bearing support. To this end, the baffle surfaces can be arranged on the
      air delivery pipes and/or on separate, horizontal arms, mounted for
      rotation on the bearing support, of downwardly extending rods.
PAR  In another embodiment, the bottom of the flow channels has a gradient in
      front of the revolving aerators, looking in the direction of flow of the
      sewage circulating about the central partition, in order to avoid the
      deposition of sludge in this zone and further to promote circulation.
PAR  In addition to being arranged near one of the two ends of the circulation
      tank, the aerators can also be arranged at both ends of the circulation
      tank or in the middle of the longitudinal axis of the central partition.
PAR  In order to further promote flow, the end walls of the circulation tank can
      have an outwardly curved, semicircular outline or profile.
PAR  In order to ensure the supply of air required for biological sewage
      treatment, especially for relatively long circulation tanks, fixed base
      aerators are additionally arranged in the two flow channels at intervals
      from the revolving aerators.
PAR  In this case, the installation operates as follows: the aerators and the
      baffle surfaces within the semicircular end-wall profile of the
      circulation tank are driven, for example by an electric motor, at such a
      high speed that, during rotation of the aerators and baffle surfaces, the
      activated-sludge/water mixture is entrained from one side through the
      openings to the other side of the central partition, aerated and
      circulated about the central partition and, in addition, the necessary
      oxygen supplied through the base aerators. Through the rotation of the
      revolving aerators in the semicircular end-wall section, ascending air
      bubbles are distributed by these aerators over a large, moving surface,
      and cannot integrate with the rapidly ascending water/air mixture flows or
      ascend at high speed.  On the contrary, the air bubbles only ascend slowly
      in this section of the end wall and also cause the activated-sludge/water
      mixture to circulate on account of the rotating movement of the aerators
      and baffle surfaces.
PAR  The pipe through which the sewage to be treated is introduced and the pipe
      through which the sewage enriched with activated-sludge is discharged each
      open into the circulation tank in the direction of flow of the sewage
      circulating about the central partition. After aeration and residence
      time, the effluent enriched with the necessary, developed
      activated-sludge, passes to a final settling tank where the necessary
      quantity of activated sludge is retained and the excess is eliminated in
      any manner.
DRWD
PAR  Embodiments of the invention are illustrated by way of example in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal section through a circulation tank operated by the
      activated-sludge process.
PAR  FIG. 2 is a plan view of two adjacent circulation tanks with an associated
      final settling tank.
PAR  FIG. 3 is a longitudinal section through a modification of the embodiment
      illustrated in FIG. 1.
PAR  FIG. 4 is a plan view of the embodiment illustrated in FIG. 3.
DETD
PAR  The base of the recirculation tank is denoted by the reference 1 and the
      retaining wall by reference numeral 2. The elongated circulation tank is
      divided into two parallel flow channels 4,5 by a longitudinally extending
      central partition 3 terminating in front of and at a distance from the two
      end walls 2a of the circulation tank. By virtue of the fact that the
      central partition 3 terminates before the end walls 2a, the two flow
      channels 4 and 5 are connected together at the ends.
PAR  In the circulation tank, aerators 6 revolving in the vicinity of the base 1
      about a perpendicular axis of rotation A situated on the longitudinal axis
      of the circulation tank induce a circulating flow about the axis of
      rotation A and about the central partition 3.
PAR  In order to decelerate the sewage circulating around the revolving aerators
      6, the central partition 3 is continued up to the axis of rotation A of
      the revolving aerators 6. This extended part of the central partition 3 is
      denoted by the reference 3a in the drawing. The extension 3a is provided
      with openings 7 for the passage of the revolving aerators 6.
PAR  The sewage circulating about the central partition 3 is guided towards and
      diverted by the revolving aerator 6 with its full cross-section present in
      the flow channels 4 and 5. To this end, the flow channels 4 and 5 merge
      with their full cross-section into the vicinity of the revolving aerators
      6, as shown in particular in FIGS. 2 and 4. The revolving aerators 6 are
      circulated about the axis of rotation A at a speed of more than 40 cm per
      second.
PAR  In order to intensify the circulating flow, baffle surfaces 8 circulating
      in the sewage about the axis of rotation A of the aerators 6 are provided,
      extending substantially transversely of their circular path of movement.
      The openings 7 in the extension 3a of the central partition 3 continued up
      to the axis of rotation A of the revolving aerators 6 are dimensioned for
      the passage of the baffle surfaces 8 as well.
PAR  The axis of rotation A of the revolving aerators 6 is contained in a
      bearing support 9 on which horizontal air distributor arms 10 provided
      with a rotary drive are mounted for rotation. Air delivery pipes 11 extend
      downwardly from the air distributor arms 10, the revolving aerators 6
      being connected to their ends. The air delivery pipes 11 pass through the
      openings 7 together with the aerators 6.
PAR  The baffle surfaces 8 are arranged on rods extending downwardly from
      separate horizontal arms 12 mounted for rotation on the bearing support 9
      and/or on the air delivery pipes 11. In order to facilitate passage
      through the openings 7, these rods are at the same distance from the axis
      of rotation A as the air delivery pipes 11.
PAR  As shown in FIG. 3, the base 1 of the flow channels 4 and 5 is provided
      with a gradient in front of the revolving aerators 6, as seen in the
      direction of flow. In FIGS. 3 and 4, the base 1 of the flow channel 5
      extends with a gradient from the end wall 2a of the circulation tank to
      the vicinity of the revolving aerators 6 where the base 1 reaches a higher
      level through a threshold 1a. The base of the flow channel 5 then extends,
      again with a gradient, from the threshold 1a up to the left-hand end wall
      2a of the circulation tank. The flow channel 4 then extends with a
      gradient from the left-hand end wall 2a of the circulation tank to the
      vicinity of the revolving aerators 6, more particularly up to the
      threshold 1a provided in the flow channel 4. At this point, there is again
      a jump to a higher level, after which the base 1 of the flow channel 4
      extends from the threshold 1a to the right-hand end wall 2a of the
      circulation tank, again with a gradient.
PAR  In the embodiments illustrated in FIGS. 1 and 2, the revolving aerators 6
      are provided in the vicinity of the left-hand end wall 2a of the
      circulation tank. In the case of particularly long circulation tanks, the
      revolving aerators 6 can also be arranged in the vicinity of the two end
      walls 2a  of the circulation tank. In this case, the revolving aerators 6
      rotate in the same direction. In the embodiment illustrated in FIGS. 3 and
      4, the revolving aerators are arranged substantially near the middle of
      the central partition 3. The end walls 2a of the circulation tank each
      have an outwardly curved, semicircular profile.
PAR  In the embodiment illustrated in FIGS. 1 and 2, fixed based aerators 13 are
      provided in addition to the revolving aerators 6.
PAR  In the vicinity of the end walls 2a of the circulation tank which are not
      provided with revolving aerators, curved diverting walls 14 for the
      circulating sewage are provided at an interval from the end wall 2a and
      spaced intervals from one another.
PAR  The compressed airline which is used for feeding the aerators and which
      comes from a compressed air source is denoted by reference numeral 15. It
      leads to the axis of rotation A and from there, through a suitable
      airtight swivel coupling 16, into the horizontal air distributor arms 10
      by way of a riser 17 mounted on the bearing support 9. An electric motor
      18 is also provided on the bearing support 9, acting as a rotary drive for
      the horizontal air distributor arms 10 and for the horizontal arms 12 of
      the baffle surfaces 8.
PAR  The compressed airline 15 also has a branch 19 for supplying the fixed base
      aerators 13.
PAR  Finally, a servicing bridge 20 which can be fixedly arranged is provided in
      the vicinity of the revolving aerators 6. The revolving aerators 6
      arranged in groups and the baffle surfaces 8, for example in the form of
      baffle plates, can be removed, cleaned and, if necessary, replaced from
      the servicing bridge 20.
PAR  As shown in FIG. 2, in which two circulation tanks are arranged parallel to
      and adjacent one another, the untreated sewage to be purified is
      introduced through a pipe 21 from which branch pipes 21a open into the
      particular circulation tank in the direction of flow of the circulating
      sewage. The same applies as regards the branch pipes 22a for the treated
      sewage which lead to a collecting pipe 22 through which the
      activated-sludge/water mixture coming from the circulation tank is passed
      into a final settling tank 23 arranged adjacent the two circulation tanks.
      The pipe for the biologically purified water which leads off from the
      final settling tank 23 to a recipient is denoted by the reference 24.
PAR  It is possible in this way, using relatively simple means, to manufacture
      and operate at very little cost activated-sludge installations for
      purifying even relatively large quantities of sewage.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for biologically treating sewage comprising:
PA1  an elongated circulation tank;
PA1  a longitudinally extending central partition extending upwardly of the
      bottom wall of said tank, said partition terminating adjacent to and at a
      distance from opposite end walls of said tank, thereby defining two
      parallel flow channels connected together at opposite ends, said tank end
      walls having an outwardly curved, approximately semicircular profile;
PA1  an aerator mounted on a bearing support for rotation about an axis
      perpendicular to said bottom wall and located on the longitudinal axis of
      said tank, said aerator having aeration means near its base for aerating
      the sewage as said aerator rotates;
PA1  sewage inlet and outlet means on said tank respectively open in direction
      of sewage flow within said tank;
PA1  said partition extending toward and adjacent to said perpendicular axis,
      for decelerating the sewage circulating about said aerator and said
      partition having openings for the passage of said aeration means and of
      air supply conduits associated therewith;
PA1  said flow channels merging into the vicinity of said aerator in full
      cross-section present in the portion of the flow channels out of the
      vicinity of said aerator; and,
PA1  baffles mounted on said bearing support for rotation about said
      perpendicular axis, said partition openings also permitting the passage of
      said baffles.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said bearing support
      contains said perpendicular axis, horizontal air distributor arms
      extending outwardly of said support, rotary drives for rotating said arms
      about said perpendicular axis, air delivery conduits extending downwardly
      of said arms, and said aerator being mounted at the free ends of said
      delivery conduits, said baffles also being rotatably mounted on said
      bearing support.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein said baffles are located on
      said air delivery pipes.
NUM  4.
PAR  4. The apparatus according to claim 2, further comprising other horizontal
      arms extending outwardly of said bearing support, rods on said other arms
      extending downwardly thereof, said baffles being located on said rods, and
      said baffles being at the same distance from said perpendicular axis as
      said air delivery conduits.
NUM  5.
PAR  5. The apparatus according to claim 1, wherein said bottom wall of said
      tank has a gradient in the vicinity of said aerator.
NUM  6.
PAR  6. The apparatus according to claim 1, wherein said aerator is located near
      one of said tank end walls.
NUM  7.
PAR  7. The apparatus according to claim 1, wherein said aerator is located
      substantially at the center of said partition between its ends.
NUM  8.
PAR  8. The apparatus according to claim 1, wherein other aerators are fixedly
      mounted within said tank.
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ABST
PAL  This invention relates to the mixing of gases with liquids and particularly
      aeration of predominantly water based liquids. The invention provides an
      apparatus for promoting gas/liquid exchange in a liquid impoundment in
      which a riser tube is disposed vertically in the liquid. Flow of the
      liquid up the riser tube is promoted by introducing gas bubbles into the
      liquid inside the riser tube. The riser tube has a baffle or restrictor
      giving rise to a region of fast flowing liquid in the riser tube and the
      bubbles of gas are introduced in the region of fast flowing liquid, the
      arrangement is such that the baffle or restrictor causes an abrupt change
      of velocity and hence turbulence as the liquid flows upwardly in the riser
      tube past the said baffle or restrictor.
BSUM
PAR  This invention relates to an apparatus for aerating liquids in order to
      introduce oxygen in such a way as to expose substantially all the liquid
      in a container or impoundment to an oxygenation process. At the same time
      the method and apparatus to be described increases the efficiency of gas
      exchange between air bubbles and the liquid, and consequently reduces the
      operating cost.
PAR  Any technique which results in a high rate of gas diffusion outwards i.e.
      from bubble to liquid also provides the opposite effect of removing
      dissolved gases from liquid into the bubbles.
PAR  This is called "stripping" and it is widely used in chemical industry for
      removing unwanted gases in certain processes. It is also one of the side
      effects expected in intensive fish culture for removing ammonia, a by
      product of fish excreta and lethal to fish in very small concentrations.
PAR  The invention makes use of the airlift principle whereby liquids are
      propelled upwards by introducing air or other oxygenating gas at the
      bottom of a tube or conduit; hereinafter referred to as "a riser tube" and
      which need not be cylindrical and may be partially formed by a wall
      section of the tank or other impoundment, thus reducing the density of the
      column of mixed liquid and gas. Such an arrangement is effective in
      transferring liquids from, for example, the bottom of a tank to the
      surface.
PAR  However, as a means of gas transfer from bubbles to liquid it is not
      effective because the induced velocity in the riser tube is too great to
      allow the bubbles to diffuse oxygen into the liquid.
PAR  For example, a simple airlift riser tube of cylindrical shape and having a
      diameter of 30 cm and a length of 3 meters, supplied at the bottom with
      air at a rate of 19 cubic meters per hour, entrains water at the bottom of
      the tube and dishcarges water just below the surface at a velocity of 1.4
      meters per second. The water will, in this instance, take, theoretically
      (temperature and viscosity being variants) 2.14 seconds to traverse the
      length of the tube, while the air bubbles rising in the moving water, at
      for example, 25 centimeters per second, traverse the tube in 1.8 seconds.
      Thus, the time available for the bubbles to diffuse oxygen is severely
      curtailed.
PAR  The problem of effective aeration combined with total circulation of fluid
      can be defined as follows.
PAR  The potential energy in the compressed air of the bubbles is far in excess
      of that which is required to promote circulation through the riser tube.
      If, therefore, the excess energy can be absorbed, the water in which the
      bubbles are rising will be decelerated, thus improving oxygen transfer.
      Additionally if the surplus energy can be exploited to reduce the diameter
      of the bubbles a further benefit in gas exchange is secured. Both the
      above advantages are achieved by this invention of which a description
      follows.
PAR  Broadly stated according to this invention, a riser tube which may be of
      circular or other cross-sectional shape, is placed in water or other
      liquid to be treated, and is secured so that its lower end is close to the
      bottom of the impoundment leaving a clearance at its bottom of not less
      than one quarter of the maximum dimension of the internal bore of the
      riser tube. The upper end of the tube is located so that it is submerged
      below the surface of the liquid at a depth which is not less than one
      quarter of the tube's maximum internal cross-sectional dimension.
PAR  An air diffuser consisting of a pipe coupled to a supply of compressed air
      is fixed transversely across or around the tube at any selected distance
      from the top, but preferably in such a position that its upper end is not
      more than one metre below the liquid surface. The pipe discharges air
      through nozzles or perforations whose size and number are predetermined in
      relation to the volume of air to be discharged, and the pipe is positioned
      so that the perforations are in a substantially horizontal plane, which is
      at right angles to the central axis of the riser tube. An essential
      feature of the invention is that a baffle or restrictor is located within
      the tube adjacent the diffuser pipe and is so shaped and arranged that a
      narrow passage is provided adjacent to the nozzles of the diffuser pipe
      through which passage the liquid may rise.
PAR  In one embodiment the baffle has a centrally located slot, cut in such a
      way that one side of the slot is aligned with a diffuser pipe which is
      also centrally located transversely of the tube while the parallel
      opposite side of the slot is offset from the tube center.
PAR  The area of the slot is a predetermined fraction of the cross-sectional
      area of the tube and is preferably less than one tenth thereof.
PAR  The diffuser pipe is preferably secured in contact with the baffle plate
      containing the slot so that all liquid transferred upwards from below the
      diffuser is compelled to pass through the slot and at right angles to the
      air bubbles emerging from the perforations in the diffuser pipe.
PAR  Operation is as follows:
PAR  Addition of air via the diffuser pipe causes a density reduction in the
      riser tube above the diffuser pipe. This in turn generates an upward flow
      of liquid throughout the riser tube.
PAR  Preferably the rate of air supply (volume/time), the total area of the
      diffuser perforations and the area of the baffle passage are so adjusted
      in relation to one another that the speed of liquid flow through the
      baffle passage is eight to twelve times faster than the average speed of
      liquid flow up the riser tube.
PAR  For example, let it be supposed that the rate of flow in an unobstructed
      riser tube would be 1.4 meters per second and that it is desirable to
      reduce the rate to 30 cm per second. This is done by adjusting the area of
      the slot in relation to the cross-sectional area of the riser tube so that
      the liquid flowing at 30 cm per second in the tube below the diffuser
      passes through the restricted area defined by the baffle at a velocity of
      the order of 10 times, that is to say 3 meters per second. Thus
      momentarily the liquid acquires considerable kinetic energy which absorbs
      the unwanted energy in an air input whose main purpose is to impart oxygen
      to the liquid. Moreover, the liquid above the baffle moves upwards at a
      rate which is limited by the delivery of liquid through the passage
      defined by the baffle. Consequently the volume of liquid passing a given
      point in unit time is equal both below the baffle, in the passage defined
      by the baffle and above the baffle.
PAR  A secondary effect is that the liquid flows past the perforations or
      nozzles in the diffuser at a high velocity, and this has the result that
      the emerging bubbles are swept away, or sheared, before they achieve the
      size at which they would normally detach themselves. In consequence the
      bubbles are both reduced in size and increased in number for a given
      volume of air applied. This results in an increase in the air-liquid
      interface which in turn magnifies the rate of oxygen transfer. This method
      of producing small bubbles is more economical in applied power than
      conventional methods which involve the diffusion of air through extremely
      small apertures resulting in increased applied pressure. By contrast the
      described method enables air to be discharged through relatively large
      perforations with no additional back pressure. The additional energy
      required to form small bubbles is supplied from the excess energy in the
      airlift system.
PAR  A further advantage is that the perforations in the diffuser tube, being
      relatively large, will be immune to blockage by pollutants in the air
      supply. Additionally, tests in raw sewage have shown that the rapid flow
      of liquid at right angles to the diffuser perforations prevents both
      blockage by particles in the sewage and bacterial growth which would
      otherwise tend to obstruct the perforations.
PAR  The air supply pipe may be duplicated so that the passage is constituted by
      the space between two pipes. The perforations in the two pipes are
      positioned so that they face each other across the passage. The baffle in
      this arrangement will be in two parts, preventing liquid flow except
      between a greater number of perforations in the diffuser pipes thus
      reducing the air velocity at each perforation and facilitating the
      production of smaller bubbles.
PAR  In another arrangement the air supply pipe may take the form of a collar
      attached to the outside of the riser tube. Perforations are formed in the
      wall of the tube, while the baffle plate occupies a major part of the
      inside area of the tube, leaving a narrow passage adjacent to the
      perforations in the riser tube wall.
PAR  The riser tube is preferably of circular cross-sectional shape. However,
      its cross section may be rectangular, hexagonal, octagonal or any other
      convenient shape.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying diagrammatic drawings in which:
PAR  FIG. 1 is the vertical cross-sectional view of a riser tube located in an
      impoundment;
PAR  FIG. 2 being a transverse cross-sectional view taken from above;
PAR  FIG. 3 is a vertical cross-sectional view showing an alternative
      arrangement to that depicted in FIG. 1;
PAR  FIG. 4 is a transverse cross-sectional view showing an alternative
      arrangement to that shown in FIG. 2;
PAR  FIG. 5 is a vertical cross-sectional view showing a third alternative
      arrangement to that shown in FIG. 1.
PAR  FIG. 6 is a vertical, cross-sectional view showing a fourth alternative
      arrangement to that shown in FIG. 1.
DETD
PAR  In the drawings the same reference numerals are employed for like or
      equivalent parts.
PAR  Referring first to FIG. 1, S represents the surface of a liquid impoundment
      and B represents the bottom of such impoundment.
PAR  The impoundment may for example be a tank for use in intensive fish culture
      or a tank in which aeration of a liquid impounded therein is required, for
      example in an effluent disposal installation. Alternatively the
      impoundment may be an artificial or natural water reservoir where it is
      desired to promote oxygenation of the water.
PAR  According to the invention there is located in said impoundment between the
      surface S thereof and the bottom B thereof a riser tube 1.
PAR  The riser tube 1 is conveniently of circular cross section although it may
      alternatively be of rectangular, hexagonal, octagonal or any other
      convenient cross-sectional shape.
PAR  Conveniently also, the riser tube 1 is of extruded synthetic plastics
      material and is arranged to remain substantially vertical when submerged
      beneath the surface of the liquid, generally designated L in FIG. 1.
PAR  To this end the upper end of the riser tube may be equipped with flotation
      means (shown in dot and dash lines in FIG. 1) while the lower end thereof
      may be weighted or anchored and preferably the latter.
PAR  The lower end of the riser tube 1 is so arranged as to leave a clearance
      between its lower end and the bottom B of the impoundment which is not
      less than one quarter of the maximum dimension of the internal bore of the
      riser tube 1.
PAR  The upper end of the riser tube 1 is so located that it is submerged below
      the surface S of the liquid in the impoundment at a depth which is not
      less than one quarter of the tube's maximum internal cross-sectional
      dimension.
PAR  If the surface of the liquid in the impoundment is subject to variation,
      the riser tube 1 may be made in two or more sections, one or more of which
      is telescopically slidable within another whereby the above described
      spatial relationships between the bottom of the tube and the bottom of the
      impoundment and the upper end of the tube and the surface of the liquid
      can be achieved.
PAR  The riser tube 1 is equipped with an air diffuser pipe 2 to which is
      supplied air from a source (not shown). The diffuser pipe 2 passes through
      the bore of the tube 1 and in its region located within the bore, the pipe
      is provided with nozzles, perforations or even narrow slits. The size,
      number and total area of the nozzles, perforations, or slits being
      predetermined in relation to the volume of air to be diffused. Such
      nozzles, perforations or slits are positioned in the horizontal plane
      which is at right angles to the central axis of the riser tube 1 and in
      all the embodiments shown such nozzles perforations or slits are generally
      designated 3.
PAR  According to an essential feature of the invention, a baffle or restrictor,
      generally designated 4, is located in the bore of the riser tube 1
      adjacent the diffuser pipe 2 and is so shaped and arranged that a narrow
      passage is provided adjacent the perforations 3 of the diffuser pipe 2
      through which passage, liquid L may rise when air is supplied to the pipe
      2 and diffused through the perforations 3 thereof.
PAR  Referring to FIGS. 1 and 2 the restrictor or baffle 4 is a disc which
      transversely occludes substantially the whole of bore of the riser tube 1
      except for a slot, constituting passage P in FIG. 2.
PAR  Referring to FIG. 2, one edge of the slot is located diametrally of the
      bore of the riser tube 1 while the other edge of the slot is spaced from
      and parallel to said first edge.
PAR  The diffuser pipe 2 is located beneath the baffle in FIG. 2 and its
      perforations 3 are aligned with the passage P preferably such that laminar
      flow takes place over the pipe 2.
PAR  In the arrangement depicted in FIG. 3 a generally similar configuration is
      adopted except that diffuser pipe 2 is located above the baffle 4.
PAR  However, in this arrangment again, the perforations 3 are located
      substantially diametrally of the bore of the riser tube 1.
PAR  In both the arrangements defined and depicted in FIGS. 1 to 3 a tube of
      circular cross section is illustrated by way of example. However, if tubes
      of other cross-sectional shape are employed, it is to be understood that
      if the baffle 4 has a passage P preferably disposed to extend over the
      maximum dimension of the bore of the tube 1 and diffuser pipe will be
      located above or below such passage in the same manner as previously
      described with reference to FIGS. 1 to 3.
PAR  The area of the slot or passage P is a predetermined fraction of the
      cross-sectional area of the riser tube 1 and is preferably less than one
      tenth thereof.
PAR  Preferably also, the rate of air supplied (volume of air supplied per unit
      time), the total area of the perforations in the diffuser pipe 2 and the
      total area of the passage P in the baffle 4 are so adjusted in relation to
      one another that the speed of liquid flow through the baffle passage P is
      eight to twelve times faster than the average speed of liquid flow in the
      riser tube, as promoted by the dispatch of air into the tube by way of
      perforations 3 in the diffuser pipe 2.
PAR  The addition of air into the riser tube 1 as above referred to, generates a
      reduction of density in the liquid above the baffle 4 thereby creating
      upward flow.
PAR  If it is supposed that the rate of flow in an unobstructed tube (that is,
      with the baffle or restrictor 4 omitted) is 1.4 meters per second, and if
      it is further assumed that it is desirable to reduce the rate of flow to
      30 centimeters per second in order to permit diffusion of the air in the
      liquid above the baffle or restrictor 4, this can be achieved for example
      by causing the velocity of liquid flow through the passage P to be of the
      order to ten times the average flow in the riser tube 1, that is to say, 3
      meters per second. Thus the liquid acquires considerable kinetic energy in
      proportion to the square of its velocity as it flows through the passage P
      and it is this kinetic energy which absorbs excessive energy in the air
      input to the liquid in the impoundment, as hereinbefore described.
PAR  The kinetic energy is in turn dissipated in the intense turbulence and
      friction which occur when the high velocity stream from P flows into a
      zone of slower moving liquid in the riser section above.
PAR  A secondary effect which is achieved is that the liquid flow past the
      diffuser pipe 2, flows at high velocity and then, has the result that the
      emerging bubbles of air are swept away, or sheared before they achieve the
      size at which they would normally detach themselves from the diffuser pipe
      2. In consequence, the resultant bubbles are both comparatively small in
      size and increased in number in a given volume of applied air. This
      results in an increase in the air/liquid interface which in turn magnifies
      the rate of oxygen transfer.
PAR  Referring now to FIG. 4 there is here shown an alternative arrangement in
      which the baffle 4 has a central slot and the diffuser pipe 2 is forked
      and has perforations 3 aligned with the opposite parallel edges of the
      central slot defining the passage P. This arrangement enables the air
      supply to be diffused through a greater number of holes for a comparable
      installation to those previously described, thus reducing the air velocity
      at each hole and facilitating the production of small bubbles and hence a
      greater oxygen transfer.
PAR  In an alternative arrangement as depicted in FIG. 5, the baffle 4 comprises
      a disc which leaves at its periphery a substantially wholly continuous
      annular passage P adjacent the internal bore of the riser tube 1. In this
      arrangement the air diffuser pipe 2 takes the form of a collar attached to
      the outside of the riser tube 1. Perforations are formed in the
      circumference of the tube 1, adjacent passage P and preferably level with
      the baffle 4.
PAR  Apart from this configuration the device shown in FIG. 5 operates in all
      respects in a manner comparable to the devices previously described with
      reference to FIGS. 1 to 4. Where the riser tube or conduit is other than
      circular in cross-section, one of its walls may be defined by part of the
      container tank or other impoundment in which it is located.
PAR  In FIG. 6 the riser tube 1' is shown as having one wall 5 thereof common to
      a wall W of the tank T in which the tube is positioned.
PAR  It will be noted that in all the embodiments of the invention illustrated,
      the passage past the baffle in the riser tube or conduit is arranged such
      that the liquid flow changes its velocity abruptly, as distinct from the
      change of velocity which would occur in a venturi, that is to say, a
      throated passage in which there exists walls on the downstream and
      upstream sides of the narrowest part of throat of the passage, so shaped
      that liquid flow through the passage changes velocity in such a way that a
      minimum of turbulence is imparted to the liquid. Notwithstanding this, an
      arrangement in which the boundaries of the passage are faired is not
      intended to be precluded from the scope of the present invention provided
      that an abrupt change accompanied by turbulence with maximum loss of
      energy is achieved.
PAR  The abrupt change of velocity and hence turbulence caused by the baffle is
      a distinctive feature of the present invention as compared with systems
      employing a venturi or other systems for example those in which the liquid
      is caused to follow a helical path up the riser tube.
PAR  Although the present invention is principally directed to methods and
      apparatus whereby liquids may be aerated, it will be appreciated that the
      method and apparatus is also suitable for and intended for use in the
      promotion of gas/liquid exchange where the gas is other than air or oxygen
      and the liquid is other than a predominantly water-based liquid.
      Application to the promotion of such gas/liquid exchange is not precluded
      from the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for promoting gas/liquid exchange, and particularly for
      aerating a liquid, comprising: a substantially vertically disposed
      open-ended riser tube having a bore therethrough and disposed in a body of
      liquid, with the upper end of the tube spaced below the surface of the
      body of liquid and the lower end of the tube close to but spaced above the
      bottom of the body of liquid; restrictor means located in the tube between
      the ends of the tube and not more than one meter from the surface of the
      liquid, and closing said tube to flow therethrough except for a passageway
      of reduced cross-section to impart turbulence to liquid flowing through
      the tube bore and resulting in a high velocity flow of liquid through the
      passageway; and gas diffuser means disposed at said restrictor means
      transversely to the axis of the tube and having a plurality of apertures
      therein arranged to introduce gas into the bore at said passageway in a
      direction perpendicular to the direction of flow of liquid therepast, to
      reduce the density of the material in the riser tube above the gas
      diffuser means and to induce upward flow of liquid through the bore and
      passageway, and wherein the rate of air supplied, the total area of the
      apertures in the gas diffuser means and the total area of the passage are
      related to the cross-sectional size of the bore, such that the velocity of
      liquid flowing through the passageway is eight to twelve times as great as
      the mean velocity of the liquid flowing through the bore of the riser
      tube, and wherein the gas diffuser means is positioned relative to the
      passageway such as to obtain laminar flow over the gas diffuser of the
      liquid flowing through the passageway, the velocity of the flow of liquid
      through the passageway resulting in shearing off of bubbles of gas leaving
      said apertures and thereby producing a large number of small bubbles with
      a resultant combined large surface area, and the high velocity flow of
      liquid leaving the passageway inducing substantial turbulence in the
      region of the riser tube bore above the passageway, to thus promote
      gas/liquid exchange.
NUM  2.
PAR  2. Apparatus as in claim 1, wherein the restrictor means comprises a baffle
      plate having a peripheral edge portion spaced inwardly from the wall of
      the riser tube and defining with said riser tube said passageway, said
      passageway extending peripherally of the bore of the riser tube.
NUM  3.
PAR  3. Apparatus as in claim 2, wherein the peripheral passage is adjacent the
      internal wall of the riser tube and the gas inlet tube comprises an
      annular collar surrounding the riser tube, said wall of the riser tube
      having a plurality of perforations therein in registry with the apertures
      in the collar, such that air supplied to the collar is introduced through
      the aligned perforations and into the peripheral passage.
NUM  4.
PAR  4. Apparatus as in claim 1, wherein the restrictor means comprises a baffle
      plate fixed in the tube intermediate the ends of the tube.
NUM  5.
PAR  5. Apparatus as in claim 1, wherein said restrictor means comprises a
      baffle plate, and said passageway comprises a slot formed in the baffle
      plate extending in the direction of the maximum cross-sectional dimension
      of the bore of the riser tube.
NUM  6.
PAR  6. Apparatus as in claim 5, wherein the gas inlet tube is positioned above
      and immediately adjacent the baffle plate and slot, with the apertures of
      the gas inlet tube aligned with the slot.
NUM  7.
PAR  7. Apparatus as in claim 5, wherein the gas inlet tube is positioned below
      and immediately adjacent the baffle plate and slot, with the apertures of
      the gas inlet tube aligned with the slot.
NUM  8.
PAR  8. Apparatus as in claim 1, wherein the riser tube is cylindrical in shape.
NUM  9.
PAR  9. Apparatus as in claim 1, wherein the riser tube comprises a material
      having a lower density than that of the liquid in which it is intended to
      be submerged, whereby the riser tube is buoyant in the liquid and thereby
      tends to adopt a substantially vertical position when submerged in the
      liquid.
NUM  10.
PAR  10. Apparatus as in claim 1, wherein the restrictor means comprises a
      baffle plate and the gas inlet tube is in contacting relationship with the
      baffle plate.
NUM  11.
PAR  11. Apparatus as in claim 1, wherein the riser tube is disposed in an
      impoundment containing a liquid, and means connected with the riser tube
      and with the bottom of the impoundment anchoring the lower end of the
      riser tube in the impoundment in the aforesaid spaced relationship.
NUM  12.
PAR  12. Apparatus as in claim 1, wherein the riser tube is polygonal in
      cross-section.
NUM  13.
PAR  13. Apparatus as in claim 1, wherein flotation means are connected with the
      upper end of the riser tube to maintain the riser tube substantially
      vertical in the liquid.
NUM  14.
PAR  14. Apparatus as in claim 1, wherein the riser tube is disposed in a tank,
      said tank having a bottom and side walls, and the riser tube comprising in
      part a portion of one of the side walls of the tank.
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ABST
PAL  The present invention relates to apparatus for collecting oil or other
      floating substances from a water surface, comprising a boat having a
      holding tank and at least one belt conveyor having its lower end submerged
      and its upper end in communication with the holding tank so that oil or
      other floating substances are removed from the water and conveyed to the
      holding tank as the boat progresses through the water.
PARN
PAR  This is a continuation, of application Ser. No. 391,554 filed Aug. 27,
      1973, now abandoned.
BSUM
PAR  Although there has been much recent publicity with regard to the pollution
      and fouling of water and beaches by oil tanker shipwrecks, leakage from
      maritime oil wells and illegal oil dumping with the resultant necessity
      for clean up and removal of the oil to protect the environment including
      wildlife, the remedies have been quite unsatisfactory. Such measures as
      dumping straw into the water to absorb the oil and then raking the
      oil-laden straw from the water have been used, but this requires an
      unreasonable expenditure of labor. This problem is compounded in a harbor
      or other enclosed water area where large numbers of ships congregate and
      accidental or unintentional oil leakage presents a particularly serious
      problem.
PAR  Accordingly, it is an object of the present invention to provide an
      improved means for collecting oil or other floating substances from water
      by provision of a boat having at least one belt conveyor thereon adapted
      to remove oil or other floating substance from the water surface.
PAR  Further objects and advantages of the present invention will become readily
      apparent upon reading the following description which sets forth the
      invention in greater detail in connection with the accompanying drawings.
DRWD
PAR  This invention, together with its features, objects and advantages can be
      better understood from the following detailed description when read in
      conjunction with the drawings in which:
PAR  FIG. 1 is a side elevational view of a boat equipped with oil skimming
      means according to one embodiment of the invention;
PAR  FIG. 2 is a plan view of the embodiment shown in FIG. 1;
PAR  FIG. 3 is a side elevational view of a boat equipped with oil skimming
      means according to another embodiment of the invention; and
PAR  FIG. 4 is a plan view of the embodiment shown in FIG. 3.
DETD
PAR  In the embodiment of FIGS. 1 and 2, a boat 1 is provided with a conveyor
      system comprising one or more conveyor belts 2 riding on rollers 5, the
      lower end of conveyors being adapted to be lowered just below the surface
      of the water so that as the boat is driven through the water on which
      there is oil floating, the endless conveyor belts will collect the oil and
      bring it to the upper end of the conveyor where one of a pair of sets of
      scrapers 6,-- the one depending on the direction of the movement of the
      conveyor belts,-- contacts the conveyor belts to remove the oil therefrom.
      The scrapers 6 are provided with spouts 7 which direct the oil into
      holding tanks 3 located on either side of the conveyor. Tanks 3 are
      preferably interconnected by a pipe (not shown) so as to get uniform
      weight distribution on the boat at all times. The direction of movement of
      the conveyor belts is determined by the direction of motion of the boat
      and the motion of the belt is such that the portion facing forward is
      always travelling downward, the conveyor belt being selectively driven by
      an appropriate driving means (not shown). The principle of the oil
      skimming procedure is that the oil is much more adherent to the conveyor
      belts than the water so that while the oil is carried upward to scraper 6
      and spout 7 and eventually to tanks 3, the water will flow back down.
PAR  Conveyors 2 are shown to be vertically disposed on boat 1. However, it is
      to be understood that they may be disposed slightly obliquely with respect
      to the boat. In that case, the conveyors are pivotally mounted upon the
      boat by means (not shown) so as to enable reversal of the inclination of
      the conveyors when driving the boat in the opposite direction so that the
      conveyors are inclined down forward of the boat's direction of motion.
PAR  As shown in FIG. 2, the boat 1 is formed as a catamaran with two parallel
      pontoons with the conveyors and tanks disposed between the pontoons, bands
      8 of rubber or similar material may be arranged between each pontoon and
      the outer border of the endless belt to steer the oil film against the
      belt. Furthermore, the conveyor may be provided with heating means for
      facilitating the collection of coarse oil spills. Improved steering of the
      oil film to the endless belts may be provided by steering plates 9 (shown
      dotted) which may be secured to the pontoons. Conveyors 2 should be
      mounted substantially centrally of the boat.
PAR  The material used for the endless belts is preferably steel. It is to be
      understood that other suitable materials may be used. Of prime importance
      in the choice of the material is that the adhesivity of the oil to the
      material be much greater than that of the water so that an effective
      separation may be accomplished. By using steel as the belt material almost
      100 percent oil collection is attainable.
PAR  It is further contemplated that the invention may be applied to a boat
      having a single hull. In this case, two belt conveyors are centrally
      disposed on both sides of the hull with holding tank 3 placed on the hull
      in between.
PAR  Another aspect of the invention is shown in FIGS. 3 and 4, wherein boat 1,
      holding tanks 3, conveyor belts 2, rollers 5 and scrapers 6 are
      substantially similar to those shown in FIGS. 1 and 2. In this embodiment,
      the apparatus is additionally provided with a pair of auxiliary conveyors
      consisting of endless flexible perforated bands or belts 4 which are
      carried by rollers 5'. Each of these conveyors extends downwardly and
      obliquely towards its respective end of the boat with the lower rollers 5'
      sufficiently submerged below the surface of the water so that solids such
      as paper or cotton waste and coarse oil spills such as oil lumps will be
      engaged by and ride up on conveyor belt 4. Conveyor belts are driven in
      the directions indicated by arrows by driving means (not shown) so that
      one of these conveyors is always operative to convey waste from the water
      regardless of the direction in which the boat is travelling. At their
      upper ends, these auxiliary conveyors overhang the holding tanks 3 and
      scrapers 6' and are provided for discharging the collected material from
      belts 4 into the holding tanks. During the collection of coarse oil spills
      and solid material, water and thin oil on belt 4 will flow down through
      the perforations thereon and the thin oil will instead be collected by the
      centrally disposed, endless belts 2. This results in a simple and
      effective procedure for simultaneously collecting thin oil, coarse oil
      spills and solid material from a water surface.
PAR  As previously set forth, the centrally disposed conveyor comprises one or
      more endless, smooth and unperforated belts, preferably of hardened band
      steel, which has good adhesivity with respect to oil. The obliquely
      disposed conveyor belts 4, on the other hand comprise perforated belts,
      preferably of hardened band steel. Due to this arrangement, coarse oil
      spills of lump formed occurrence may be collected by its settling into the
      holes of the perforated belts with consequent good retention thereof
      during its transfer up to the discharge position above holding tank 3. The
      form of the holes of such perforated belt is preferably round but may
      obviously be varied to suit conditions. For example, the holes may be
      oval. A suitable diameter for round holes should be 3 to 4 mm.
PAR  In order to facilitate the collection of coarse oil spills from the water
      by means of conveyors 4 the lower running roller 5' thereof should at
      least in its entirety be positioned below the water surface, as shown in
      FIG. 3. Such arrangement also ensures that oil lumps which due to
      streaming are positioned at a usual distance of 3 to 4 dm below the water
      surface will be readily collected by the obliquely disposed perforated
      bands 4.
PAR  Although scraper means 6' are disposed at the upper ends of the perforated
      conveyors for discharging collected oil lumps and other substances
      therefrom, it may happen that some lumps have penetrated into the holes to
      such extent that a simple scraping action is not sufficient to remove
      them. For that purpose, pneumatic means (not shown) may be disposed on the
      underside of the perforated belt to remove such adherent substances.
PAR  Experiments carried out with the apparatus of the present invention have
      shown that the perforated belt conveyors 4 should be obliquely disposed at
      an angle of 20.degree. to 30.degree. with respect to the water in which
      the boat is situated.
PAR  There are significant advantages to the apparatus of the present invention.
      By disposing conveyors centrally on a boat as seen in its longitudinal
      extension, it is possible to minimize the disturbing influence thereon due
      to sea leverage, especially in somewhat rougher water, that otherwise
      should act on the conveyor so as to lift the belt thereof up from the
      water surface. The best properties in this aspect are inherent in the
      catamaran, where the centrally disposed conveyor is placed at the middle
      of the boat as seen in its transverse extension where the sea leverage has
      the smallest effect. Another essential advantage is that the present
      apparatus enables collection of oil when driving the boat in two opposite
      directions without the necessity of turning the boat.
PAR  While the present invention has been described with reference to a
      particular embodiment, it is not of course limited thereto. Thus the
      invention is also applicable to pneumatic boats where it may be
      advantageous for rapidly cleaning up oil spills in skerries. Further,
      other boat or barges are useful with the invention, for example boats
      comprising more than two parallel pontoons.
CLMS
STM  I claim:
NUM  1.
PAR  1. Oil skimming apparatus, for collecting oil and other floating substances
      from the surface of a body of water, comprising:
PA1  a catamaran-type boat having spaced-apart hulls, said boat being provided
      with drive means;
PA1  at least one holder tank amidships on said boat;
PA1  at least one litter conveyor disposed between said holder tank and the bow
      of the boat and between said pontoons, said litter conveyor comprising a
      perforate endless band disposed obliquely to and with its forward end
      dipping beneath the surface of the water, and means for driving said
      endless band in such direction that the upper flight thereof travels in
      the direction opposite to that of said boat thereby to collect coarse oil
      spills and litter from the water in travel of said boat, the upper end of
      said obliquely disposed litter conveyor overlying said holder tank; and
PA1  a substantially vertically disposed belt conveyor positioned between said
      hulls to the rear of said boat, said belt conveyor comprising upper and
      lower end rollers and an endless imperforate belt having a smooth surface
      made of a material to which oil adherence is much greater than that of
      water, said lower roller being partially immersed in the water for
      effecting such oil adherence on said endless belt;
PA1  means connected to said endless belt for continuously driving said belt to
      enable oil pick-up in boat travel;
PA1  wiping means for transference of oil from said endless belt to said holder
      tank,
PA1  the belt of said substantially vertically disposed conveyor being adapted
      to skim thin oil from the water surface,
PA1  whereby coarse oil spills, litter and thin oil are simultaneously removed
      from the water.
NUM  2.
PAR  2. Oil skimming apparatus for collecting oil or similar floating substances
      from a water surface comprising:
PA1  a catamaran-type boat having spaced-apart hulls, said boat being provided
      with drive means so as to enable boat travel in either of two opposed
      directions;
PA1  a belt conveyor positioned between said hulls comprising an endless belt
      having a smooth surface made of a material to which oil adherence is much
      greater than that of water, the lower roller of said belt being partially
      immersed in the water for effecting said oil adherence,
PA1  said belt conveyor being substantially vertically disposed at the middle of
      the boat as seen in the longitudinal extension thereof;
PA1  means connected to said belt for continuously driving said belt in either
      of two opposed directions so as to enable oil pick-up in both said
      directions of boat travel;
PA1  at least one holder tank on said boat;
PA1  wiping means for transference of oil from said belt to said holder tank;
      and
PA1  additional conveyors symmetrically arranged on both sides of said centrally
      disposed conveyor, said additional conveyors being disposed between said
      pontoons and comprising perforate endless bands disposed obliquely to the
      surface of the water and driven in such directions that the surfaces of
      said perforate endless bands facing the respective ends of said boat are
      both travelling upward from the water surface to collect coarse oil spills
      and litter from the water in either direction of travel of said boat, said
      centrally disposed conveyor comprising imperforate endless bands adapted
      to skim thin oil from the water surface, whereby coarse oil spills, litter
      and thin oil are simultaneously removed from the water.
NUM  3.
PAR  3. Oil skimming apparatus according to claim 2, wherein said additional
      conveyors are disposed obliquely on said boat at an inclination of from
      20.degree. to 30.degree. to the surface of the water.
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ABST
PAL  The cylindrical filter surface of a drum filter is increased in effective
      area by providing radial inward and outward undulations in the general
      cylindrical shape instead of the cylindrical surface of the prior art.
PARN
PAR  This is a continuation of application Ser. No. 302,243, filed Oct. 30,
      1972, now abandoned.
BSUM
PAR  This invention relates to external rotary drum vacuum filters which
      comprise a cylindrical rotatable drum-like device where the cylinder is
      rotated about its axis of revolution. The cylindrical portion is covered
      with a filter medium designed to separate solids from liquids in mixtures
      of these components passing therethrough from the outside to the inside of
      a filter, with the ends closed to an extent to ensure, in the specific
      design of the device, that the mixture to be filtered passes through the
      filter media. The `filter media` will usually be a filter cloth, of a
      weave and material to perform the necessary filter operation with the
      components used.
PAR  In this application, the terms used are characteristic of the mining
      industry. Thus the device including the filter media for separating liquid
      from solid is referred to as a filter in the mining industry. However, the
      invention is applicable to filters of the type described in other fields,
      including the pulp and paper industry. In the pulp and paper industry the
      filtering device is sometimes called a `washer` and the invention extends
      to such a washer which is within the scope of the claims. Similarly, the
      term `slurry` referring to a mixture of liquid and solid is intended to
      include any such mixture to be filtered including a `pulp`; and the solids
      formed through filtration on the filter medium include a `cake` as
      described and a `sheet` which is the equivalent term in the pulp and paper
      industry.
PAR  The filter is used by applying a pressure differential from atmospheric to
      sub-atmospheric (hence the term `vacuum filter`) across the filter media
      to cause the flow from the outside to the inside of the filter which
      allows the filtering action to take place. Filters operating in the latter
      manner and rotating as they operate are called rotary vacuum drum filters.
      In such a filter the mixture is supplied radially outward of the cylinder
      and the filtrate passes inwardly through the filter media.
PAR  With filters of the type described in the preceding paragraph, the area of
      the filter media is a direct measure of the capacity of the filter. Thus
      such a filter is built as large as possible to reduce the number of
      installations required, and the limitations on size are therefore dictated
      by plant dimensions and by the economies of the auxiliary equipment
      including: the vacuum system, pumps and other auxiliary equipment.
PAR  This invention, therefore, is directed to an arrangement which increases
      the filter area and hence the capacity of a external rotary drum vacuum
      filter without materially increasing the overall filter size. The
      invention provides a filter media arranged, not in the conventional smooth
      cylindrical extent about the drum; but rather in a path which cyclically
      alternates radially inward and outward of the mean cylindrical path of the
      filter medium, producing undulations in the filter medium which extend
      axially of the drum. This can achieve the lengthening of the filter media,
      for a given cylindrical diameter, a factor of 2 times or more, and
      supplies a substantial increase in filter area which is reflected in
      increased filter capacity. The amount of increased capacity beyond a
      factor of two cannot be stated precisely, as this will vary with a number
      of extraneous factors, including the ease of dislodging the filter-cake
      from the filter media and the rapidity with which the filter-cake covers
      the filter media (particularly the valleys on the higher pressure side of
      the filter) and reduces to some extent (until discharged) the capacity of
      the filter. It will be appreciated that the caking of the filter on
      devices built in accord with the invention will to some extent reduce the
      filter area as the cake builds up. It will also be appreciated that the
      reduction in filter area due to the build-up of filter-cake will be
      minimized when the method and frequency of detaching the filter-cake from
      the filter medium is optimum.
PAR  The invention will extend to shaping of the filter media to simply zig-zag
      radially inwardly and outwardly of the general cylindrical locus in
      progressing around the drums and to different arrangements of alternating
      radially inward and outward deviations from the cylindrical shape.
PAR  The advantages of the invention in improving filter capacity will already
      be obvious. In the application the ancillary and accessory equipment with
      which the invention is used including: the drum rotation means, the drum
      mounting, the mixture supply, the filtrate and the filter-cake removal
      means, are in accord with previously well known and well established
      techniques, and hence will only be dealt with briefly herein.
DRWD
PAR  In drawings which illustrate a preferred embodiment of the invention:
PAR  FIG. 1 shows a side cross-section of a rotary external drum filter;
PAR  FIG. 2 shows a view along the line 2--2 of FIG. 1;
PAR  FIG. 3 shows a detail of the invention of the embodiment shown in FIGS. 1
      and 2;
PAR  FIG. 4 shows a detail of the device for shaping the filter media.
DETD
PAR  In the drawings: FIG. 1 shows an external rotary drum filter including a
      tank 10 into which the lower section of the cylindrical drum filter dips
      in its rotation. Conduit 11 supplies to tank 10 a slurry or pulp of the
      type being filtered, slurry or pulp being the terms used for most mixture
      of solid and liquid which are filtered in a drum filter. At some location,
      adjacent the periphery of the radially outermost extent of the rotating
      drum, is a deflector blade 13 which approaches the radially outermost
      portion and serves to deflect to a desired location cake or matted solids
      formed on the filter media when these have been detached. Such caked
      solids are referred to as the filter cake or matte. The tank 10 provides
      bearing mounting 12 and 14 for the drum assembly. For connection at one
      end of the drum stationary conduits 16 and 18 are respectively provided
      for withdrawing the filtrate and for supplying air to discharge the cake.
PAR  The drum assembly comprises a large hollow tubular shaft 20 mounted in the
      bearings 12 and 14 and having at one end a drive sprocket or worm wheel 30
      for rotation of the drum under the impulsion of a power source, not shown.
      A spring is provided to press an end cap 22 against the end wall of the
      shaft 20 (such end wall being commonly known as a `wear plate`) at the end
      remote from sprocket 30, preferably through the use of an axially mounted
      pin 24 attached to the end wall 26 of the drum assembly and passing
      through the end cap and held up compression spring 28 which bears at one
      end on a plate 30A on the outer end of pin 24 and bears at the other end
      on the end cap 22 to hold the end cap into sliding but substantial sealing
      engagement with the end wall of the shaft 20. The end cap is keyed against
      rotation by pins 30B which rests in slots 32 in the frame.
PAR  The end cap 22, shown in FIG. 3 is known in the field of filbers as an
      automatic filter valve. As explained, the filter valve controls the cyclic
      use of vacuum and air pressure. The valve is held stationary as the
      cylindrical filter rotates, and is designed to provide a sealing surface
      at its periphery which cooperates with a lubricated surface on the center
      shaft of the filter. Extending outwardly from an exposed portion of the
      side wall of shaft 20 are pins 36 which are adapted to intermittently
      actuate a microswitch 38 to provide, through conduits and an air source,
      not shown, an almost instantaneous air blast at relatively high pressure
      through conduit 18 to intermittently detach the cake from the filter
      medium. A pair of plates 40 are mounted to project radially outwardly from
      the main cylinder wall 42 with the spacing between them defining the axial
      extent of the filter. The plates 40 mount, near but inward of their outer
      periphery, a cylindrical wall 42 made up of sections 42 with each section
      defining an aperture for a filtrate withdrawal conduit 44 which extends
      inwardly from the peripheral wall 42 to the central shaft 20 and outwardly
      to an open aperture in the end of cap to communicate in portions of the
      cycle with a cavity 48 defined by a recess 48R shown best in FIG. 3 and
      the adjacent end wall of central shaft 20. Recess 48R connects through an
      aperture in the end cap to tube 16 to the source of sub-atmospheric
      pressure, i.e. a vacuum pump.
PAR  The end cap 22 is designed so that the recess 48R is interrupted by a face
      50 designed to contact and substantially seal with the face of shaft 20
      end. An aperture 52 through the abutment connects a designed arcuate
      extent of aperture 52 with the passing openings of conduits 44 and the
      aperture 52 is connected at its other end through conduit 18 to a source
      of air pressure, not shown.
PAR  The aperture and outside edges of the face 50 determine, for the rotating
      drum sections, the initiation and termination of vacuum and air blast
      application. The face 50 is also dimensioned to prevent serious loss of
      air and vacuum by avoiding connection between spaces subject to air blow
      pressure and spaces subject to vacuum. During the coincidence of the open
      end of a conduit 44 with the aperture 52 the pins 36 are arranged on shaft
      20 to actuate microswitch 38 to cause through a control system, not shown,
      the air source to supply air under pressure along members 18, 52 and one
      of the tubes 44 to detach the filter cake from the filter media. As
      indicated in the drawings, such detachment occurs when the cake is at the
      9:00 to 8:30 position for travel about the drum (counterclockwise as
      viewed in FIG. 1). The loosened filter cake thus falls off as it moves
      downward on the drum to be deflected away from the filter area by
      deflector blade 13.
PAR  The detachment of the filter cake, although ancillary to the main
      contribution and objects of this invention, does differ from the method
      used in prior filters. Prior filters of the outside type, having a smooth
      cylindrical outline, were usually provided with a scraper blade, which
      although spaced from the location of the filter media without cake, is
      located sufficiently close to the filter media to scrape off the cake
      after a predetermined amount of build up. The air blow used, in such
      conventional arrangements, is sufficient to dislodge the filter cake for
      cooperation with the scraper. With this invention, the undulation of the
      filter media prevents a scraping operation. The air blast for detachment
      is made preferably strong enough to detach the filter cake from the filter
      media sufficiently that the cake falls to a deflector plate or other means
      for guiding the detached cake. The air blast is preferably, with this
      invention, made of shorter duration and shorter `peaking time`. The above
      discussion of air detachment with both the conventional and inventive
      designs, should not obscure the fact that filter cakes to some extent will
      detach themselves by gravity, and detachment will vary with the density
      and texture of the filter cake material. Although the timing and pressure
      of the air detachment blast will differ from prior practise the timing and
      pressure means used with the invention will be in accord with conventional
      and well established techniques and are not discussed in detail here.
PAR  Projecting outwardly from the section wall 42 are a plurality of short,
      axially, extending dividers 60 which tend to divide the space inwardly of
      the filter media into sections to allow withdrawal of the filtrate in a
      section through the conduit 44 corresponding to such section. A plurality
      of rods 62 extend axially between the plates 40 located inwardly of the
      median locus of the filter media and outwardly of section 42. Undulated
      sections of perforated metal 66, provide a backing for the filter media
      and are supported on the drum cylinder by any desired means such as short
      rods 71 projecting outwardly from peripheral wall 42 and held in place by
      welding to member 42 and form the undulating pattern inwardly and
      outwardly of the median locus for the filter media cylinder. The undulated
      sections 66 may be made of other materials than metal, for example, molded
      rubber, fibre glass, the polypropylenes or other material which will have
      suitable strength and resistance to the material being supported. The
      material used will of course be suitably apertured or slotted to allow
      passage of the filtrate passing through the filter media.
PAR  Bridging rods 69, as shown, are welded or otherwise attached to the inside
      of loops of the member 66 to support and strengthen the member 66 in its
      undulating shape.
PAR  The filter media or filter cloth 67 constructed of material and of a
      texture well known to those skilled in the art, is applied over the
      outside of the shaping porous plate 66 and held in place by rods 62 which
      press the filter media against the plate 66, and press the plate 66 in
      turn toward the supports. The rods 62 are located at the inward niches of
      the radial variation of the screen plate 66. Supports for the screen plate
      66 are also preferably provided by the outwardly extending dividers 60
      which are attached to the inside of the inward loops of the screen plate.
PAR  The increase in area provided by the radial and inward and outward
      undulations of the filter media will readily be apparent. In the
      embodiment shown, the increase in filter area due to the increased length
      of the filter media would be approximately twice the filter area or more
      of a non-undulating filter at the median diameter. It will readily be
      appreciated that these improved ratios could be increased subject to
      practical limitations, which would include the rate at which the filter
      cake would form in the inward niches on the outside of the filter media
      thereby the filter area until the filter cake is detached.
PAR  In operation with the device shown in FIGS. 1-4 rotated slowly through its
      sprocket or worm wheel, and with slurry or pulp supplied to the filter
      tank 10 through the conduit 11, and the vacuum continuously applied to
      conduit 16; the filtrate is continuously drawn through the filter media
      and withdrawn along these pipes 44 opposite the recess in the end cap.
      During the travel of individual sections of the drum through a descending
      portion of their travel through an angle corresponding to the drum end of
      aperture 52 and to the dotted arc shown in FIG. 1, an air blast, triggered
      by a pin 36 actuating the microswitch 38, tends to blow the filter cakes
      off the corresponding arcuate extentd on the outside of the filter media
      which cakes tend to fall onto the deflector blade. Although the
      immediately preceding description relates to the use of the inventive,
      undulating surface filter in the mining industry, the invention also has
      application in the pulp and paper industry. In the pulp and paper industry
      there will be used an undulating filter media of the type indicated in
      FIGS. 1 and 2. Although not shown herein, it is well known that filters in
      the paper industry are built with a deep feed tank so as to filter very
      large volumes of water through the filter media for a given revolution of
      the drum. The higher submergence of the drum necessitates raising the
      point of discharge to about the 10:00 to 11:00 o'clock position. The pulp
      filtered would be removed or discharged from the filter as a matte,
      commonly called a sheet. The matte or sheet does not require a scraper
      blade but discharge on removal of the sheet is uaually effected by
      providing one or two fluted rolls driven at the correct speed to carry the
      sheet of pulp off the filter drum.
PAR  My invention may also be applied to wood pulp where a similar roll
      discharge may be used to take the sheet away after it has been dislodged
      by either a low pressure air blow or by a quick, high pressure, air blow.
      Steam may be used instead of air for the purpose.
PAR  A type of discharge known as a vacuum-discharger may also be used to lift
      the sheet off the undulations and convey said sheet away from the filter
      drum.
PAR  Another modification to the filter design for pulp and paper would be the
      substitution of perforated tubes covered with filter media for rods 62, so
      as to assure even and continuous sheet formation, which is necessary for
      discharging the sheet by means of driven fluted rolls.
PAR  Where, in the embodiment shown the fit between the undulating plate and the
      end plate is not liquid tight, suitable caulking or sealing (not shown)
      will be applied to ensure that liquid cannot bypass the filter media.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a continuous rotary vacuum drum filter comprising a generally
      cylindrical shape, wherein the median location of the filter media is
      located on the cylindrical side as distinct from the end of the cylinder,
      said filter including a filter media for separating solids from liquids
      and there are provided means for rotating the filter about the axis of the
      cylinder;
PA1  means forming said filter media into a surface shaped in its progression
      around said generally cylindrical location to alternate between levels of
      nodes radially inwardly and radially outwardly disposed from each other,
      whereby undulations are formed extending axially of the cylinder; and
      means to supply to the outside of said filter a liquid-solid mixture to be
      filtered and means to withdraw from the inside of said filter the
      filtrate;
PA1  means allowing the creation of a pressure differential across the filter
      media due to the provision of atmospheric pressure on said one side and
      the provision of subatmospheric pressure on said other side;
PA1  means for intermittently directing an air blast radially outwardly through
      said filter media for detaching accumulated filter cake from said filter
      media;
PA1  wherein said filter is designed so that a mixture of liquids and solids are
      supplied radially outwardly of the filter media, and the liquid filtrate
      is withdrawn radially inwardly thereof, wherein, said filter media
      comprises flexible material, and wherein said filter media is shaped by a
      supporting plate, having passages therethrough and contoured to shape the
      filter media to form said undulations, when the filter media is arranged
      along the outside surface thereof, and means retaining the filter media on
      said surface;
PA1  wherein said movement of said filter media away from said supporting plate
      is limited by rods located adjacent said filter media and on the opposite
      side of said filter media from the supporting plate and located in the
      inward nodes of said alternating levels.
NUM  2.
PAR  2. In a rotary vacuum drum filter as claimed in claim 1 means operable in
      rotationally sequential sectors of said filter for temporarily reversing
      said pressure differential.
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PAL  A liquid filter comprises an open cell, elastomeric foam body and a
      dimensionally stable gate. The foam body is formed with a central opening
      that defines an inlet surface through which a liquid to be filtered
      enters. The periphery of the foam body defines an outlet surface through
      which the filtered liquid exits.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my copending
      application entitled Filter With Open-celled Elastomer Foam, Ser. No.
      419,042, filed Nov. 26, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to filtration products, processes and systems
      and, more particularly, to the utilization of an open cell, elastomeric
      foam as a filter medium for capturing the suspended constituents of a
      transmitted liquid to provide a clarified filtrate.
PAR  2. Description of the Prior Art
PAR  Difficulties have been encountered in utilizing an elastomeric foam as a
      liquid filter medium because of its tendency to deform and finally to
      collapse as a result of compression forces generated by the flow itself
      and/or by clogging of upstream regions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention takes advantage of the fact that, although an
      elastomeric foam is readily compressible, it is difficultly extensible. It
      has been found that while an elastomeric foam is transmitting a liquid, if
      the shape of its upstream surface is maintained, collapsing of the foam
      body can be avoided. It has also been found, that if the prefilt is fed at
      the center of an elastomeric foam and flows through the foam in a radial
      manner, the foam itself essentially maintains its original shape during
      filtration, since the forces at any point on the same radius are equal and
      cancel out each other in respect to the axis. The primary object of the
      present invention is to provide filter products, processes and systems,
      characterized by an open cell, elastomeric foam body and a dimensionally
      stable gate. The foam body is formed with a central opening that defines
      an inlet surface, an outlet surface of the foam body being positioned
      remotely from the inlet surface. The arrangement is such that forces
      within the foam body tend to maintain original shape and to deepen
      particle penetration.
PAR  Other objects of the present invention will in part be obvious and will in
      part appear hereinafter.
PAR  The invention accordingly comprises the products, processes and systems,
      together with their parts, steps, components and interrelationships, which
      are exemplified in the following detailed disclosure, the scope of which
      will be indicated in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference is made to the following detailed description, taken
      in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view of a filter embodying the present
      invention;
PAR  FIG. 2 is an enlarged, broken away detail view of a part of the filter of
      FIG. 1;
PAR  FIG. 3 is a cross-sectional view of an alternative embodiment of the
      present invention;
PAR  FIG. 4 is a cross-sectional view of another filter embodying the present
      invention;
PAR  FIG. 5 is a cross-sectional view of a further filter embodying the present
      invention; and
PAR  FIG. 6 is a schematic view of a filtration system incorporating the filter
      of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally, each of the illustrated filters is shown as comprising: an
      elastomeric foam body that is characterized by open cells, which generally
      range from 10 to 400 in number per linear inch, and that is capable of
      transmitting a liquid therethrough from an inlet surface of a
      predetermined shape to an outlet surface remote therefrom; and a
      dimensionally stable gate, which is disposed in contiguity with an inlet
      surface of the foam body. In certain embodiments, a cement bond secures
      the gate at the inlet surface.
PAR  The contemplated filter is useful in connection with a variety of liquids,
      particularly water. In various arrangements, the liquid either is forced
      through the foam body by pressure pump at the stable gate or is drawn
      through the foam body by a suction pump at the outlet surface.
PAR  In the preferred embodiment, the elastomeric foam is selected from the
      class consisting of urethane polymers and vinyl polymers. Typically, the
      open cell elastomeric foam is produced at present either by chemical
      foaming or physical foaming of vinyl or urethane polymers, for example: a
      vinyl polymer such as polyvinyl chloride; or one of two types of
      polyurethane, for example, polyether based and polyester based.
      Preferably, the 25 percent indentation load deflection (ILD) value of the
      elastomeric foam is in the range of 1-200, the indentation load deflection
      value being pounds-force per 50 square inch required for 25 percent
      indentation as per ASTM D1564-71. Typically, the dimensionally stable gate
      is in the form of a conduit member or a reticulated member, either being
      composed of a polymer such as polystyrene, polyethylene or polyvinyl
      chloride or being composed of a metal such as steel or aluminum.
      Typically, the cement bond is applied as an adhesive containing a rubber,
      particularly a nitrile or chloroprene (Neoprene) rubber, dispersed in an
      organic solvent such as naphtha or toluol.
PAR  Large particle accumulations on the foam surface around the stable gate can
      be cleaned by a jet water stream or brush. If the foam body is not cement
      bonded to the gate, the entire body can be easily removed from the gate
      for washing. Typically, for cleaning, the foam body is immersed in water
      or soapy water, or in a trisodium phosphate solution in a laundry tub and
      squeezed in all directions to release captured dirt. It has been found
      that effective cleaning of the filter without deleterious effects on the
      polyurethane foam, particularly polyether polyurethane foam, is
      accomplished with an alkali metal hydroxide solution, e.g. sodium
      hydroxide (caustic soda) or potassium hydroxide solution, the solid
      content being no greater than ten percent by total weight. The alkali
      metal hydroxide solution dissolves and decomposes hair, fine debris, algae
      and other organic matter trapped by the filter without damaging the
      polyurethane foam. After detergent washing or caustic soda cleaning, the
      filter is rinsed by immersion in a receptacle and water is introduced into
      the inlet surface of the foam body, or in some embodiments, into the gate,
      for flushing of the foam body.
PAR  Referring now to the drawings, particularly FIG. 1, there is shown a liquid
      filter 20 comprising a relatively compliant elastomeric foam body 22, a
      relatively rigid reticulated tube member 24, and a pair of end plates 26,
      28. Body 22 is in the form of a cylinder having a longitudinal cylindrical
      periphery 30 and a pair of flat end faces 32, 34. In the illustrated
      embodiment of FIG. 1, body 22 has approximately 100 cells per linear inch
      and has a 30 ILD value at 25% indentation. End plates 26 and 28, which are
      composed of a plastic, for example, polyvinyl chloride, polystyrene or
      polyethylene, are formed with through holes that are adapted to snugly
      receive tube 24. In one embodiment, end plate 26 and tube 24 are composed
      of a polyvinyl chloride, end plate 26 being secured to tube 24 by a
      cementitious weld 43, composed, for example, of a solvent cement
      containing polyvinyl chloride dissolved in tetrahydrofuran. When the foam
      body 22 is mounted on tube 24, it is held firmly and removably against
      each end plate. Reticulated tube member 24, which projects through an
      axial opening 36 in body 22, is composed, for example, of a plastic such
      as polystyrene polyvinyl chloride or polyethylene. The reticulations or
      apertures, as shown at 38 in FIG. 2, exist only at the medial portions of
      tube 24 and well within body 22. Solid portions 40 and 42 of tube 24
      extend from within body 22 oppositely through end faces 32, 34 and end
      plates 26, 28. In order to prevent bypassing during the initial phase of
      filtration, the distance from end face 32 to the end of solid portion 40
      within body 22 is equal to or greater than the radial distance from the
      outer surface of solid portion 40 to the periphery of body 22. Similarly,
      the distance from end face 34 to the end of solid portion 42 within body
      22 is equal to or greater than the radial distance from the outer surface
      of solid portion 42 to the periphery of body 22. By-passing during
      filtration is further prevented by end plates 26 and 28, which cover end
      faces 32 and 34, respectively, of body 22. An inlet 47 of tube 24 is
      secured to the discharge side of a suitable pump (not shown) by a suitable
      fitting 46. The opposite extremity of tube 24 is closed by a suitable cap
      48, for example an internally threaded cap that is turned into threads
      formed at the end of tube 24, a rubber gasket 49 is disposed between cap
      48 and end plate 28 for pressing end plate 28 against end face 34.
PAR  In fabricating body 22, first axial opening 36 is produced readily by a
      hollow drill in the form of a rotating tube, the working extremity of
      which has an annular knife edge. Next, end plate 26, which is formed with
      a central opening that is slightly larger than the diameter of tube 24, is
      snugly fitted about one end of tube 24. Next, cementitious weld 43 is
      applied to tube 24 and end plate 26 to hold end plate 26 and tube 24 in
      fixed relationship. Next, tube 24 is inserted into axial opening 36 with
      the assistance of a suitable fixture (not shown). The fixture includes a
      bullet shaped head and a cylindrical body, the diameter of the head being
      the same as the outside diameter of tube 24 and the diameter of the body
      being the same as the inside diameter of tube 24. The body of the fixture
      is snugly received in the other end of tube 24. Next, the head of the
      fixture, which projects from tube 24, is turned into the central axial
      opening until end face 32 snugly abuts end plate 26, the fixture being
      operative to reduce the frictional force between tube 24 and central axial
      opening 36 during insertion. Next, the fixture is removed from tube 24 for
      repeated use. Then, using tube 24 as an axial guide, the cylindrical shape
      of body 22 of a given depth is easily cut from a foam medium by chromel
      wire heated electrically and stretched taut and drawn longitudinally
      through the foam medium. Finally, end plate 28 is fitted snugly against
      its end face 34. Opposite ends of tube 24 extend outwardly of the end
      plates. The flow direction of the fluid being filtered is shown by the
      arrows generally denoted by the reference character 52. In alternative
      embodiments, liquid filter has not end plates or has one end plate as
      shown in FIG. 3.
PAR  Referring now to FIG. 3, there is shown an alternative embodiment of filter
      20 in the form of a liquid filter 60 comprising a relatively compliant
      elastomeric foam body 62 and a relatively rigid reticulated tube member
      64. Body 62 is in the form of a cylinder defining a longitudinal
      cylindrical periphery 66, a pair of flat end faces 68, 70 and an axial
      opening 72 extending between the end faces. In the illustrated embodiment
      of FIG. 3, body 62 has approximately 100 cells per linear inch and has a
      30 ILD value at 25% indentation. Reticulated tube member 64, which
      projects through axial opening 72, is composed, for example, of a plastic
      such as polystyrene, polyethylene or polyvinyl chloride. The reticulations
      or apertures, shown at 74, exist only at the medial portion of tube 64 and
      well within body 62. Solid portions 76 and 78 of tube 64 extend oppositely
      through end faces 68 and 70. An end plate 82, which either is composed of
      a plastic, such as polyvinyl chloride, polystyrene or polyethylene, or is
      composed of a metal such as steel or aluminum, is formed with a central
      opening 65 that is adapted to snugly receive tube 64. In one embodiment,
      end plate 82 and tube 64 are composed of a polyvinyl chloride and end
      plate 82 is held to tube 64 by a cementitious weld 84 that is composed of
      a solvent cement containing polyvinyl chloride dissolved in
      tetrahydrofuran. The distance from end face 68 to the end of solid portion
      76 is equal to or greater than the radial distance from the surface of
      axial opening 72 to the periphery of body 62. The distance from end face
      70 to the end of solid portion 78 is equal to or greater than the radial
      distance from the surface of axial opening 72 to the periphery of body 62.
      An inlet 83 of tube 64 is secured to the discharge side of a suitable pump
      (not shown) by a suitable fitting 86. In the illustrated embodiment, by
      way of example, the opposite extremity of tube 64 is externally threaded
      and closed by a suitable internally threaded cap 88. The flow direction of
      the fluid being filtered is shown by the arrows generally denoted by the
      reference character 91.
PAR  Referring now to FIG. 4, there is shown a liquid filter 92 comprising a
      relatively compliant elastomeric foam body 94 and relatively rigid tube
      members 96, 98. Body 94 is in the form of a cylinder having a longitudinal
      cylindrical periphery 100, a pair of flat end faces 102, 104, and an axial
      opening 106 extending between end faces 102 and 104. In the illustrated
      embodiment of FIG. 4, body 94 has approximately 80 cells per linear inch
      and has a 35 ILD value at 25% indentation. Tubes 96 and 98 are composed,
      for example, of a plastic such as polystyrene, polyethylene or polyvinyl
      chloride. Tube 96 projects through end face 102 into one end of axial
      opening 106 and tube 98 projects through end face 104 into the opposite
      end of axial opening 106. A cement bond 108 is applied as an adhesive
      between the portion of tube 96 that is disposed within body 94 and the
      surface of axial opening 106 that is in registration therewith. A cement
      bond 110 is applied as an adhesive between the portion of tube 98 that is
      disposed within body 94 and the surface of axial opening 106 that is in
      registration therewith. Preferably, each cement bond 108 and 110 is an
      adhesive containing a rubber, particularly a nitrile or chloroprene
      (Neoprene) rubber, dispersed in an organic solvent such as naphtha or
      toluol. The distance from end face 102 to the end of tube 96 within body
      94 is equal to or greater than the radial distance from central axial
      opening 106 to outer periphery 100. Similarly, the distance from end face
      104 to the end of tube 98 within body 94 is equal to or greater than the
      radial distance from central axial opening 106 to outer periphery 100. An
      inlet 112 of tube 96 is secured to the discharge side of a suitable pump
      (not shown) by a suitable fitting 114. The opposite extremity of tube 98
      is closed by a suitable cap 118. The flow direction of the fluid being
      filtered is shown by the arrows generally denoted by the reference
      character 120.
PAR  Referring now to FIG. 5, there is shown a liquid filter 122 comprising a
      relatively compliant exterior elastomeric foam body 124 and a relatively
      rigid reticulated tube member 126. Body 124 has a spherical periphery 128
      and an axial opening 130. In the illustrated embodiment of FIG. 5, body
      124 has approximately 60 cells per linear inch, and has a 35 ILD value at
      25% indentation. Reticulated tube 126, which projects through axial
      opening 130, is composed, for example, of a plastic such as polystyrene,
      polyvinyl chloride or polyethylene. The reticulations or apertures, shown
      at 132, exist only at the medial portion of tube 126 and well within body
      124. Solid portions 134 and 136 of tube 126 extend oppositely through
      diametrically opposed openings 138 and 140 at opposite ends of axial
      opening 130. An inlet 142 of tube 126 is secured to the discharge side of
      a suitable pump (not shown) by a suitable fitting 144. The opposite
      extremity of tube 126 is closed by a suitable cap 146. The flow direction
      of the fluid being filtered is shown by the arrows generally denoted by
      the reference character 150.
PAR  In any filter shown in FIGS. 1, 3, 4, or 5, the open area of the inlet
      surface is much smaller than, say at most 1/4 of the outlet area of the
      foam body. Velocity of the liquid at the inlet surface is, therefore, very
      high. For example, the filter of FIG. 1 has an open area at the inlet
      surface that is about 1/40 of the outside cylindrical periphery area. The
      liquid velocity at the inlet is about 40 times greater than the liquid
      velocity at the cylindrical periphery. The velocity of the liquid through
      the filter is sufficiently slow to prevent forcing of the suspended
      particles through the foam body and to catch the suspended particles
      somewhere within the foam body. The velocity of the liquid at the inlet is
      sufficiently fast to force the suspended particles through the inlet into
      the interior of the foam body.
PAR  FIG. 6 shows a filter system 152 for a swimming pool that is capable of
      utilizing the liquid filters illustrated in FIGS. 1, 3, 4 or 5. By way of
      example, filter system 152 is shown as incorporating the liquid filter
      depicted in FIG. 3. In alternative embodiments, the filters depicted in
      FIGS. 1, 4 and 5 are incorporated in filter system 152. Liquid filter 60
      is mounted within an open ended container 154 that is molded from a
      plastic such as a rigid linear polyethylene. A suitable tank fitting 160
      composed of a rigid plastic, for example a bulkhead fitting that is
      externally and internally threaded, is installed with rubber gaskets 161
      at the bottom of container 154. Tube 64 is threaded and is turned into
      fitting 160 for interconnection with inlet 83.
PAR  The opened or upper end of container 154 is provided with a water tight
      snap-on cover 156. End face 70 is pressed against cover 156 and end face
      68 is pressed against end plate 82 of tube 64 at the bottom of container
      154, an annular cavity 158 being formed between periphery 66 of body 62
      and the inner surface of container 154. Preferably, the longitudinal
      length of body 62 is slightly greater than the distance between cover 156
      and end plate 82 at the bottom of container 154, whereby body 62 is
      slightly compressed to prevent by-passing of water. The upper end of tube
      64 projects through a hole 163 formed in cover 156, the diameter of hold
      163 being slightly larger than the diameter of tube 64. The projecting
      upper end of tube 64 is provided with a pressure gage 164 in lieu of cap
      88. A rubber gasket 162 is disposed between pressure gage 164 and cover
      156. In an alternative embodiment, pressure gage 164 is replaced with cap
      88. One end of a flexible hose 166 is connected to inlet 83 by a suitable
      fitting 168. The other end of hose 166 is connected to the discharge port
      of a pump 170. An inlet port 172 of pump 170 is connected to an outlet
      port of a strainer 174, which includes a polyamide resin (Nylon) stocking
      175 defining a pre-filter. An inlet port 176 of strainer 174 is connected
      to one end of a flexible hose 178, the other end of hose 178 being
      connected to a skimmer 180. Container 154 is provided with an outlet port
      182 at the upper margin of its sidewall. For clarity in FIG. 6, liquid
      filter 60 is shown somewhat enlarged relative to pump 170, strainer 174,
      and skimmer 180.
PAR  In operation, water is forced by pump 170 through inlet 83 and body 62, the
      water being filtered as it passes radially and outwardly through body 62.
      The filtered water leaves container 154 via outlet port 182 and returns to
      the swimming pool. The water in the pool passes through skimmer 180 and
      strainer 174 to pump 170.
PAC  EXAMPLE
PAR  Two filter systems of the type shown in FIG. 6, each system including the
      filter configuration of FIG. 3, were tested in a 7,000-gallon swimming
      pool that contained algae filled pond water having a visibility less than
      2 feet. The total filtration rate was approximately 24 gallons per minute.
      The pressure gage indicated, at different times during filtration, 2.0 to
      4.5 pounds-force per square inch. The cylindrical body of each filter was
      composed of a polyether polyurethane foam having approximately 60 open
      cells per linear inch and having a 36 ILD value at 25% indentation. Each
      body had a 10 inch diameter and a twelve inch length. The plastic tube
      inserted into the axial opening of each body had a length of 14 inches and
      an outside diameter of 1 inch. Each tube had 28 perforations of 3/16 inch
      diameter distributed along a 21/4 inch length. The end plate was welded
      onto the tube for holding the filter body, the diameter of the end plate
      was approximately 8  inches.
PAR  After the pool was filled with water, a chlorinating compound and alum
      (aluminum potassium sulfate) were dissolved in water and poured into the
      pool and mixed well with the pool water. A few hours later, the alum,
      which is an agent for coalescing fine debris and algae into larger flakes,
      settled to the bottom of the pool. The settled flakes were then vacuumed
      and discarded as waste. The remaining portion of the settled flakes was
      filtered out. Some flakes passed through the filter and again settled to
      the bottom of the pool. The settled flakes were vacuumed and filtered.
      This process of vacuuming and filtering was performed several times. When
      the water had become quite clear, the polyurethane foam filters were
      washed, the water became crystal clear after 1-2 days.
PAR  Dirt accumulation on the internal surface of the filter was cleaned easily
      by a jet water stream, and dirt entrapped inside the filter was somewhat
      eliminated by squeezing the body from all directions with or without
      detergent, for example, trisodium phosphate. The most effective way found
      to restore the filter with dirt build-up inside was by a strong alkaline
      chemical solution, for example, a caustic soda solution. In one example,
      the polyurethane filter was immersed in a caustic soda solution of 2% by
      total weight. The caustic soda dissolved and decomposed hair, fine debris,
      algae and other organic matter trapped by the filter without damaging the
      polyurethane foam even after repeated use. Before reuse, the filter was
      thoroughly rinsed by introducing water into the center hole of the medium.
PAR  The present invention thus provides a filter capable of utilizing an open
      cell, elastomer foam as a filter medium for prolonged periods. Since
      certain changes may be made in the present disclosure without departing
      from the scope of the invention herein involved, it is intended that all
      matter shown in the accompanying drawings and described in the foregoing
      specification be interpreted in an illustrative and not in a limiting
      sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid filter comprising an open cell, compressible elastomeric foam
      body and a tubular gate, said body formed with an axial opening, at least
      a portion of said gate disposed within said axial opening in contact with
      an interior surface of said body, said gate having an open end and a
      closed end, said open end constituting an inlet that is operative to
      receive a liquid to be filtered, said body characterized by open cells
      which range from 10 to 400 pores per linear inch of said foam body, said
      body capable of transmitting a liquid from said axial opening to an
      exterior surface of said body, said gate characterized by interspersed
      open and closed increments, said closed increments at the margins of said
      tubular gate, said closed increments imparting rigidity to said gate, a
      portion of said closed increments received within said axial opening a
      distance that is at least equal to a radial distance from a longitudinal
      axis of said axial opening to the exterior surface of said body, said
      inlet being a closed increment of said gate, said open increments disposed
      between said closed increments within said axial opening of said body, the
      entire periphery of said tubular gate disposed within said axial opening
      being in contact with said interior surface of said body, said open
      increments transmitting a liquid directed through said inlet to said
      interior surface of said body, a liquid entering said inlet being directed
      through said gate and passing outwardly through said open increments to
      said interior surface of said body, a filtered liquid exiting from the
      exterior surface of said body, said external exterior surface of said body
      being a compressible foam boundary, said body characterized by a 25
      percent indentation load deflection value in the range of 1 to 200, the 25
      percent indentation load deflection value being defined as pounds force
      per 50 square inch required for 25 percent indentation, said foam boundary
      being an integral continuum of said body and being supported substantially
      only by said gate means and said body, said elastomeric foam being
      composed of a material selected from the class consisting of urethane
      polymers and vinyl polymers.
NUM  2.
PAR  2. The liquid filter as claimed in claim 1 wherein said liquid filter
      includes a bond between said gate and said body.
NUM  3.
PAR  3. A filtration system comprising a pump and a liquid filter, said pump
      including a suction input and a discharge outlet, said liquid filter
      including an open cell, inwardly compressible elastomeric foam body and a
      tubular gate opened at one end and closed at an opposite end, said body
      formed with an axial opening, at least a portion of said gate disposed
      within said axial opening in contact with an interior surface of said
      body, said gate including an inlet at said opened end, a conduit
      connecting said inlet to said discharge outlet of said pump, said inlet
      operative to receive a liquid to be filtered, said body characterized by
      open cells which range from 10 to 400 pores per linear inch of said foam
      body and a 25 percent indentation load deflection value in the range of 1
      to 200, the 25 percent indentation load deflection value being defined as
      pounds-force per 50 square inch required for 25 percent indentation, said
      body capable of transmitting a liquid from said axial opening to an
      exterior surface of said body, said gate characterized by interposed open
      and closed increments, said closed increments imparting rigidity to said
      gate, said inlet being a closed increment of said gate, said open
      increments disposed within said axial opening, said open increments
      transmitting a liquid directed from said discharge outlet of said pump
      through said inlet, a liquid entering said inlet being directed through
      said gate and passing outwardly through said open increments to said
      interior surface of said body, a filtered liquid exiting from an exterior
      surface of said body, said exterior surface of said body being an integral
      continuation of the interior compressible elastomeric foam of said body
      and thereby being inwardly compressible, said exterior surface being
      supported substantially only by said gate and said body, said elastomeric
      foam being composed of a material selected from the class consisting of
      urethane polymers and vinyl polymers.
NUM  4.
PAR  4. The filtration system as claimed in claim 3 wherein said liquid filter
      includes a bond between said gate and said body.
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ABST
PAL  The present invention resides in an improved, high temperature resistant
      ceramic foam filter particularly useful for filtering molten metal, and
      also an aqueous slurry for use in preparing same.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending United States
      patent application Ser. No. 430,229 for "Improved Molten Metal Filter" by
      Michael J. Pryor and Thomas J. Gray, filed Jan. 2, 1974, now U.S. Pat. No.
      3,893,917.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Porous ceramic foam materials are known in the art, for example, having
      been described in U.S. Pat. Nos. 3,090,094 and 3,097,930. These porous
      ceramic foam materials are known to be particularly useful in filtering
      molten metal, as described in the aforesaid copending application U.S.
      Ser. No. 430,229, now U.S. Pat. No. 3,893,917 for "Improved Molten Metal
      Filter" by Michael J. Pryor and Thomas J. Gray.
PAR  Molten metal, particularly molten aluminum, in practice generally contains
      entrained solids which are deleterious to the final cast metal product.
      These entrained solids appear as inclusions in the final cast product
      after the molten metal is solidified and cause the final product to be
      less ductile or to have poor bright finishing and anodizing
      characteristics. The inclusions may originate from several sources. For
      example, the inclusions may originate from surface oxide films which
      become broken up and are entrained in the resultant molten metal. In
      addition, the inclusions may originate as insoluble impurities, such as
      carbides, borides and others or eroded furnace and trough refractories.
PAR  It is naturally highly desirable to devise an improved filter for use in
      removing or minimizing entrained solids from the final cast product,
      particularly with respect to molten aluminum and especially when the
      resultant metal is to be used in a decorative product, such as decorative
      trim or sheet made from aluminum Alloy 5252.
PAR  Ceramic foam materials are known to be highly useful in filtering molten
      metal, particularly molten aluminum, as disclosed in the aforesaid
      copending application U.S. Ser. No. 430,229. It is highly desirable and it
      is a principal object of the present invention to devise a ceramic foam
      filter which has considerable high temperature resistance so that it can
      be used on a variety of molten metals and so that the structure thereof is
      resistant to degradation under the severe conditions of use associated
      with filtration of molten metal.
PAR  It is a further object of the present invention to devise a high
      temperature resistant ceramic foam filter as aforesaid which is convenient
      to prepare and is characterized by reasonable cost.
PAR  It is a still further object of the present invention to provide a high
      temperature resistant foam filter as aforesaid which does not contaminate
      the melt and does not result in degradation of desirable characteristics
      in the final metal product.
PAR  Further objects and advantages of the present invention will appear
      hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention it has now been found that the
      foregoing objects and advantages may be readily obtained.
PAR  The present invention provides a highly efficient, ceramic foam material
      for use in filtering molten metal, especially molten aluminum. The ceramic
      foam material of the present invention is characterized by having an open
      cell structure with a plurality of interconnected voids surrounded by a
      web of said ceramic material. The filter of the present invention has a
      density of less than 30% of the theoretical density for a ceramic material
      of the same size. The composition of the ceramic foam material of the
      present invention is as follows: 40 to 95% Al.sub.2 O.sub.3 ; 1 to 25%
      Cr.sub.2 O.sub.3 ; 0.1 to 12% bentonite; and from 2.5 to 25% of a ceramic
      binder or air setting agent which is substantially nonreactive to the
      molten metal.
PAR  In addition to the foregoing, the present invention contemplates an aqueous
      slurry for use in preparing the foregoing high temperature resistant
      ceramic foam, wherein said slurry contains the materials listed above in
      the foregoing amounts.
PAC  DETAILED DESCRIPTION
PAR  In accordance with the present invention the ceramic foam filter described
      above has been found to be particularly useful in filtering molten metal,
      especially molten aluminum. The high temperature resistant characteristics
      of the filter of the present invention are particularly useful under the
      severe use conditions encountered in the filtration of molten metal.
      Furthermore, the composition of the ceramic filter of the present
      invention has been found to be such that there is no difficulty with
      contamination of the metal.
PAR  The ceramic filter of the present invention is a low cost material which
      may be conveniently used on a disposable basis. The molten metal is poured
      through the ceramic foam material at a rate of from 5 to 500 and
      preferably 30 to 100 cubic inches per square inch of filter area per
      minute and entrained solids are thereby removed from the molten metal. The
      filter material of the present invention is prepared in accordance with
      the procedure outlined in the aforesaid copending application U.S. Ser.
      No. 430,229. As described therein, an open cell, flexible organic foam
      material is provided having a plurality of interconnected voids surrounded
      by a web of said foam material. The aqueous slurry described above is
      prepared and the foam material is impregnated therewith so that the web is
      coated therewith and the voids are substantially filled therewith. The
      impregnated material is then compressed to expel from 20 to 75% of the
      slurry while leaving the web coated therewith. The compression is released
      so that the web remains coated with the slurry and the material is dried.
      The dried material is then heated to first burn out the flexible organic
      foam and then sinter the ceramic coating, thereby providing a fused
      ceramic foam having a plurality of interconnected voids surrounded by a
      web of bonded or fused ceramic in the configuration of the flexible foam.
      The foregoing procedure is fully described in the aforesaid copending
      application U.S. Ser. No. 430,229 and the disclosure of said copending
      application is hereby incorporated by reference.
PAR  The principal component of the ceramic foam material of the present
      invention is Al.sub.2 O.sub.3 in an amount from 40 to 95% and preferably
      from 45 to 55%. Al.sub.2 O.sub.3 is particularly desirable for use as a
      ceramic filter since it is not attacked by molten aluminium or molten
      copper, for example; whereas, silica is attacked by these materials.
      Furthermore, the alumina has reasonable strength to stand up to chemical
      attack and structural and/or mechanical strength to stand up to the
      particular elevated temperature conditions. In addition to the foregoing,
      the ceramic material of the present invention utilizes from 1 to 25%
      Cr.sub.2 O.sub.3 and preferably 10 to 17% Cr.sub.2 O.sub.3. This component
      is particularly significant since it has been found that it imparts
      significantly better high temperature resistance, that is, resistance to
      attack by the molten metal at elevated temperature.
PAR  Bentonite in an amount from 0.1 to 12% has been found to be a particularly
      important additive. Bentonite is a naturally occurring clay composed
      principally of aluminum and silicates, usually with some magnesium and
      iron. Of course, one could use a chemical equivalent or approximate the
      composition of this material. The bentonite component provides a small
      setting or binding function and produces some glassy phases upon firing
      yielding strength in the final product. The main function of the
      bentonite, however, is rheological. The bentonite component results in a
      slurry having highly desirable thixotropic properties, that is, resistance
      to flow at low rates of shear but satisfactory flow properties at high
      rates of shear. Thus, the bentonite component provides a slurry that will
      pour readily if vibrated or stirred and enables one to control the
      flowability of the slurry with respect to impregnation of the foam and
      retention in the foam after impregnation. In addition, the bentonite
      provides control of uniformity of retention of the slurry in the organic
      foam material during subsequent handling and rolling so that the
      thioxotropic properties imparted by the bentonite retards nonuniform
      redistribution of the slurry in the organic foam prior to setting. The
      preferred bentonite composition range is from 0.5 to 2%.
PAR  In addition to the foregoing, one provides from 2.5 to 25% of an air
      setting agent which is substantially nonreactive to the molten metal. The
      air setting or bonding agent sets up or hardens the ceramic slurry without
      the need for heating, and preferably by drying, normally by a chemical
      reaction, while heating to moderate temperatures. The preferred air
      setting agent is aluminum orthophosphate, preferably in the form of a 50%
      aqueous solution. Other air setting agents which may be employed include,
      for example, magnesium orthoborate, aluminum hydroxy chloride, etc.
      Alkaline metal silicates such as sodium silicates may be employed at least
      in part; however, these are less desirable since melting and consequent
      loss of set occurs at temperatures around 1500.degree.F. Furthermore, the
      silicon contents thereof, and perhaps the sodium content, may become
      dissolved in the melt. Similarly, ethyl silicate and other phosphates may
      be employed but are less desirable. Aluminum orthophosphate is
      particularly preferred due to its very desirable combination of
      properties, that is, nonreactivity, stability over a wide range of
      temperatures and good setting properties.
PAR  As indicated hereinabove, the air setting agent is preferably added as an
      aqueous suspension including equal parts of binder and water particularly
      in the case of aluminum orthophosphate. The binder provides green strength
      before the formation of the ceramic bond, that is, after the burning off
      or volatilization of the web of flexible foam material. The binder
      material provides sufficient strength to hold the mixture together for
      formation of the final product. In fact, the stability and strength of the
      chemical bond provided by the preferred air setting agent is sufficient
      for many applications to enable use of the product at this stage without
      high temperature sintering. This strength is substantial and exists over a
      wide temperature range. The preferred embodiment utilizes from 12 to 17%
      of aluminum orthophosphate.
PAR  Optionally and preferably a small amount of Kaolin is employed as an
      additional binder material and rheological agent. Kaolin is a clay
      composed of mainly alumina and silica. Of course, one could use a chemical
      equivalent or approximate the composition of this material. From 0.1 to
      12% of kaolin may be employed and preferably from 2 to 5% thereof. Kaolin
      provides a similar function as the bentonite, produces some glassy phases
      upon firing and provides additional strength in the final product. The
      kaolin component is not as effective as bentonite in providing desirable
      thixotropic properties, but is relatively low in cost and is particularly
      useful in combination with the bentonite.
PAR  Naturally, additional ceramic materials or additives may be utilized if
      desired to achieve a particular property. For example, up to 15% of such
      materials as mullite, zirconia, magnesia and the like may be employed in
      addition to the alumina and/or chromia components or in substitution
      therefor. The highly desirable properties of the present invention are
      provided by the aluminachromia ceramic materials in combination with the
      other components of the present invention; therefore, excessive amounts of
      additional ceramic materials should be avoided. The combination of alumina
      and chromia is particularly advantageous in that it resists penetration by
      a variety of metals and slags, such as aluminum or copper or magnesium,
      and their oxides, etc.
PAR  As indicated hereinabove, the slurry is an aqueous slurry which contains a
      certain amount of water in order to aid in controlling viscosity so that
      one can impregnate the foam material with the slurry and also to enable
      one to work conveniently with the slurry. Generally from 10 to 40% water
      is present in the slurry with some of this water being added as an aqueous
      solution of the aluminum orthophosphate.
PAR  The resultant product is a bonded ceramic foam material having an open cell
      structure characterized by a plurality of interconnected voids surrounded
      by a web of ceramic, with the ceramic foam material generally having a
      density of less than 30% of the theoretical density for a ceramic
      material. Naturally, the ceramic foam may have any desired configuration
      based on the configuration needed for the particular molten metal
      filtration process. Although naturally these configurations can be many
      and varied, particular configurations may be preferred for filtration in a
      transfer trough between the furnace and the casting mold in filtering
      molten aluninum. A wide variety of suitable configurations may be readily
      and conveniently prepared in view of the flexibility afforded by the
      preparation process utilized herein. It is a particular advantage of the
      ceramic foam material of the present invention that said ceramic foam has
      substantial high temperature strength and is capable of withstanding
      attack by molten metal. Furthermore, the filter of the present invention
      is advantageous in that excessive heads of molten metal are not required
      in order to start the filtration process.
DETD
PAR  In accordance with the present invention the specific features thereof will
      be more readily understandable from a consideration of the following
      illustrative examples.
PAC  EXAMPLE I
PAR  A polyurethane foam material was provided having a thickness of 2 inches
      and containing 30 pores per linear inch. An aqueous ceramic slurry was
      provided having the following composition: 47% Al.sub.2 O.sub.3, 13%
      Cr.sub.2 O.sub.3, 3.5% kaolin, 1.0% bentonite, 14 1/2% colloidal aluminum
      orthophosphate added as an aqueous solution with an equal amount of water.
      The slurry contained 82% solids and 18% water. The foam material was
      immersed in the slurry and kneaded to remove air and substantially fill
      the voids with the slurry and also to coat the fibrous webs of the foam
      with the slurry. The resultant impregnated foam was removed from the
      slurry and subjected to compression to squeeze approximately 50% of the
      slurry out of the foam by passing the impregnated foam through preset
      rollers. The foam material sprung back to its original dimension after
      passing through the rollers and had the fibrous urethane filaments coated
      with a substantially uniform residue of the ceramic slurry. The material
      was oven dried at 125.degree.C for 1 hour, heated slowly at a heat up rate
      of 0.5.degree.C per minute to 500.degree.C to drive off the water and
      allow the polyurethane fibers to volatilize and/or burn out without
      collapsing the ceramic and without destroying the filamentary ceramic
      configuration. The foam was held at 500.degree.C for 1 hour and was
      subsequently heated to 1350.degree.C at a rate of 1.degree.C per minute,
      held at 1350.degree.C for 5 hours to permit the ceramic to sinter together
      and thereby provide an open cell ceramic foam material having a
      configuration of the original polyurethane foam material.
PAC  EXAMPLE II
PAR  A 50,000 lb. charge of aluminum Alloy 5252 containing 2.3% magnesium, 0.04%
      silicon, 0.05% iron and 0.06copper was melted in a gas fired open hearth
      furnace and fluxed with chlorine gas according to conventional practice.
      This unfiltered metal was then cast into three 20 inch .times. 53 inch
      cross section rolling ingots weighing 10,000 lbs. each.
PAR  A second charge of the same composition was melted and prepared for casting
      in accordance with the same practice except, however, the metal was passed
      through the ceramic foam filter prepared in Example I installed in the
      pouring trough before the metal was cast into rolling ingots. A metal head
      of only 6 inches was required to prime the filter and during the casting
      the running head loss built up from 1/8 to 1 inch after 30,000 lbs. of
      metal has been filtered therethrough.
PAR  Pressure filter tests were run on metal taken from upstream and downstream
      of the filter during the casting of the filtered metal and from the
      pouring trough during the casting of the unfiltered metal. The filtration
      affect of the ceramic foam filter of the foam of the present invention
      proved to be excellent. Cross sections of the pressure filter disc from
      the unfiltered metal were compared with cross sections of the pressure
      filter disc from the filtered metal. These cross sections clearly showed
      that little or no residue was present in metal filtered with ceramic foam
      filter of the present invention; whereas, considerable amounts of residue
      existed in the cross section of the pressure filter disc from the
      unfiltered metal. Similarly, a pressure filter disc was obtained upstream
      of the ceramic foam filter and resulted in the presence of considerable
      residue therefrom. This clearly shows the effectiveness of the ceramic
      foam filter of the present invention.
PAR  The pressure filter test described above is a method of concentrating and
      examining the nonmetallic particulate in a 20 to 25 lb. sample of molten
      aluminum. The molten aluminum in this test is carefully ladled into a
      preheated 25 lb. clay graphite crucible into the base of which is set a 30
      mm diameter, 3 mm thick porous silica disc plug. 90% of the metal is
      forced through the disc by application of air pressure and the remaining
      metal solidified in situ. The disc and adjacent metal are then sectioned,
      polished and examined by normal metallographic techniques to reveal the
      quantity of nonmetallics filtered out.
PAR  The ceramic foam filter of the present invention was examined after the
      filtration of said aluminum alloy therethrough in accordance with this
      example and found to have excellent high temperature strength with
      resistivity to penetration and attack by the metal or slag filtered
      therethrough.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all aspects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high temperature resistant ceramic foam filter for use in filtering
      molten metal having an open cell structure characterized by a plurality of
      interconnected voids surrounded by a web of said ceramic, said filter
      having a density of less than 30% of the theoretical density for ceramic
      material of the same size, said foam having the followig composition: 40
      to 95% Al.sub.2 O.sub.3 ; 1 to 25% Cr .sub.2 O.sub.3 ; 0.1 to 12%
      bentonite; and 2.5 to 25% of an air setting agent which is substantially
      nonreactive to the molten metal.
NUM  2.
PAR  2. A filter according to claim 1 containing from 0.1 to 12% kaolin.
NUM  3.
PAR  3. A filter according to claim 2 containing 2 to 5% kaolin.
NUM  4.
PAR  4. A filter according to claim 2 containing from 45 to 55% Al.sub.2
      O.sub.3.
NUM  5.
PAR  5. A filter according to claim 2 containing from 10 to 17% Cr.sub.2
      O.sub.3.
NUM  6.
PAR  6. A filter according to claim 2 containing from 0.5 to 2% bentonite.
NUM  7.
PAR  7. A filter according to claim 2 wherein said air setting agent is aluminum
      orthophosphate.
NUM  8.
PAR  8. A filter according to claim 7 containing from 12 to 17% colloidal
      aluminum orthophosphate.
NUM  9.
PAR  9. An aqueous slurry for use in preparing a high temperature resistant
      ceramic foam having the following composition: 40 to 95% Al.sub.2 O.sub.3
      ; 1 to 25% Cr.sub.2 O.sub.3 ; 0.1 to 12% bentonite; and 2.5 to 25% of an
      air setting agent which is substantially nonreactive to the molten metal.
NUM  10.
PAR  10. A slurry according to claim 9 containing from 10 to 40% water.
NUM  11.
PAR  11. A slurry according to claim 9 including from 0.1 to 12% kaolin.
NUM  12.
PAR  12. A slurry according to claim 11 wherein said air setting agent is
      aluminum orthophosphate.
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ABST
PAL  An apparatus for removing particles from fluid providing a casing having a
      first chamber with an inlet for particle laden fluid disposed in
      substantially tangential relation to the first chamber to produce a fluid
      vortex therewithin, a second chamber with individual particle and fluid
      outlets, and a partition disposed within the casing intermediate the
      chambers to form an annular passage interconnecting the chambers in fluid
      transferring relation for annular constriction of the fluid vortex
      centrifically to separate particles from the fluid for segregated
      discharge through their respective particle and fluid outlets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for removing particles from
      fluid and more particularly to a cyclonic apparatus which maximizes the
      amount of particulate matter which can be removed from a carrier fluid
      while minimizing the amount of internal wear, which operates at a normal
      internal pressure significantly below that of conventional separating
      devices while producing little or no pressure drop in fluid transmitted
      therethrough, which can be manufactured at a cost far below that
      heretofore possible with prior art separating devices, and which can be
      produced in a form permitting ready adjustment for control of the size and
      quantity of particulate matter removed from a given carrier fluid.
PAR  Cyclonic or vortexing separators have long been popular for the separation
      of particulate matter from carrier fluids. Those invented by the applicant
      and comprising the subject matter of U.S. Pat. Nos. 3,289,608; 3,512,651;
      3,568,837; and 3,701,425 are in many respects typical of successful
      cyclonic separators. Other separators of interest are those of the Bishop
      U.S. Pat. No. 2,943,698; the Fowle et al. U.S. Pat. No. 3,237,767; the
      Brown et al. U.S. Pat. No. 3,237,777; the Stavenger U.S. Pat. No.
      3,259,246; the Feasel U.S. Pat. No. 3,499,531; the Maciula et al. U.S.
      Pat. No. 3,529,724; the Fournier U.S. Pat. No. 3,750,885; the Troland U.S.
      Pat. No. 3,754,655; the Maciula et al. U.S. Pat. No. 3,776,385; and the
      Maciula U.S. Pat. No. 3,784,009. However, the technology embodied in such
      prior art devices is imperfect in several important respects, to which
      reference will subsequently be made. It will also become evident that the
      apparatus of the present invention has achieved significant technological
      advances in dealing with certain deficiencies of the prior art.
PAR  As evidenced by the above patents, the prior art is replete with a variety
      of cyclonic separating devices. All of the devices with which the
      applicant is familiar, however, employ an internal configuration which
      includes a cone structure and/or a sleeve having a plurality of
      tangentially disposed fluid openings. Such internal structures are
      employed to produce a centrifuging fluid vortex in fluid transmitted
      therethrough which operates to separate particulate matter from the
      carrier fluid. These internal structures suffer from the common deficiency
      of producing a significant fluid pressure drop in fluid transmitted
      therethrough.
PAR  In the case of separating devices employing an internal cone structure, the
      fluid vortex is commonly directed into the cone in helically converging
      relation to increase the speed of fluid flow and thereby the centrifuging
      action to remove particulate matter. Such devices commonly suffer from
      several important deficiencies. First, the cost of such devices is greater
      than desired due to the difficulty in manufacturing such a conical
      structure. Second, such devices are expensive to maintain in that the
      convergence of the side walls of the cone, produces quite rapid wearing of
      the internal surfaces of the cone structure as a result of the abrading
      action of the particulate matter centrifically thrown thereagainst. This
      requires frequent repair or replacement of the cone structure. Third, such
      devices frequently produce extremely high internal pressures as a result
      of this centrifuging action which makes compliance with the highest safety
      code standards for high pressure devices difficult.
PAR  Separating devices which utilize a sleeve having a plurality of tangential
      fluid inlets are subject to other imperfections which detract from their
      operational attributes. In the case of this type of separating device, the
      plurality of tangential inlet openings are bounded by edges which are
      subject to abrasion by particulate matter passing with the fluid
      therethrough. This abrasion cause relatively rapid wearing of the edges
      which necessitates that such edges be coated with a protective surface at
      relatively frequent intervals or simply that the sleeve be replaced at
      such intervals. This is, of course, costly and detracts from the overall
      utility of the devices in that considerable down time is required for such
      maintenance. Furthermore, the manufacture of a sleeve with a plurality of
      tangential openings involves considerable expense.
PAR  Therefore, it has long been recognized that it would be desirable to have
      an apparatus for removing particles from fluid which operates efficiently
      to remove particulate matter from a carrier fluid while producing little
      or no pressure drop in fluid transmitted therethrough and which can be
      manufactured at a cost heretofore unattainable in prior art cyclonic
      separating devices while at the same time providing an apparatus which
      requires little or no maintenance of the type required by conventional
      such separators.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved apparatus for removing particles from fluid.
PAR  Another object is to provide such an apparatus which is highly efficient in
      removing particulate matter from a carrier fluid.
PAR  Another object is to provide such an apparatus which can be constructed
      entirely from readily available standardized component parts and assembled
      at minimum manufacturing cost.
PAR  Another object is to provide such an apparatus which produces little or no
      pressure drop in fluid transmitted therethrough.
PAR  Another object is to provide such an apparatus which minimizes the
      difficulties attendant to internal wear due to abrasion by particulate
      matter transmitted therethrough.
PAR  Another object is to provide such an apparatus which alleviates the
      necessity for frequent maintenance as a result of internal wear.
PAR  Another object is to provide such a cyclonic apparatus which avoids the use
      of an internal cone structure.
PAR  Another object is to provide such an apparatus which operates at a
      relatively low internal fluid pressure thereby facilitating compliance
      with even the highest safety code standards.
PAR  Another object is to provide such an apparatus which avoids the use of a
      sleeve having a plurality of tangential openings.
PAR  A further object is to provide such an apparatus which can be produced in a
      form which is readily adjustable to vary the size, density, and quantity
      of particulate matter which can be separated from a given carrier fluid by
      the device without disassembly of the entire apparatus.
PAR  Further objects and advantages are to provide improved elements and
      arrangements thereof in an apparatus for the purposes described which is
      dependable, economical, durable and fully effective in accomplishing its
      intended purposes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the apparatus of the present invention.
PAR  FIG. 2 is a transverse section taken on line 2--2 in FIG. 1.
PAR  FIG. 3 is a somewhat enlarged transverse section taken on line 3--3 in FIG.
      1.
PAR  FIG. 4 is a transverse section taken on line 4--4 in FIG. 1.
PAR  FIG. 5 is an axial section of the apparatus schematically illustrating with
      helical lines the fluid vortex produced in the apparatus.
PAR  FIG. 6 is a foreshortened axial section of a second embodiment of the
      invention.
PAR  FIG. 7 is a transverse section taken at a position indicated by line 7--7
      in FIG. 6.
PAR  FIG. 8 is a foreshortened axial section of a third embodiment of the
      invention.
PAR  FIG. 9 is a transverse section taken at a position indicated by line 9--9
      in FIG. 8.
DETD
PAC  DESCRIPTION OF THE FIRST EMBODIMENT
PAR  Referring in greater detail to the drawings, the apparatus for removing
      particles from fluid of the first form of the present invention is
      generally indicated by numeral 10 in FIG. 1. The apparatus has a
      substantially cylindrical housing or casing 11 having an upper end portion
      12 and lower end portion 13. The casing has a substantially cylindrical
      internal surface 14. The upper end portion of the casing mounts a
      laterally extending peripheral flange 15 and the lower end portion of the
      casing mounts a similar but somewhat larger diameter lower peripheral
      flange 16. The casing, as described, is of standardized construction of
      the type used in the manufacture of tanks such as that used to house
      liquified petroleum gas and the like.
PAR  An inlet conduit 20 is borne by the upper end portion 12 of the casing 11
      so as to communicate with the interior thereof, as shown in FIG. 2, normal
      to and offset from the axis of the cylindrical casing in substantially
      tangential relation to the casing. The conduit has a mounting flange 21
      remote from the casing for connection to a conduit, not shown, for the
      delivery of particle laden fluid, such as water containing sand or other
      particulate matter, through the inlet conduit into the casing. A sealing
      or end plate 22 is secured on the upper end portion of the casing by a
      plurality of nut-and-bolt assemblies 23 in fluid sealing relation thereto.
      It will be understood that a suitable gasket or similar sealing device,
      not shown, can be employed which permits the end plate readily to be
      removed by disassembly of the nut-and-bolt assemblies. However, it is the
      experience of the applicant that the apparatus requires little or no
      maintenance so that a suitable pipe dope or other sealing compound
      adequately achieves for such sealing engagement of the plate with the
      upper end portion of the casing. Such a substance permits rapid and
      reliable assembly and yet does permit the end plate to be removed if
      necessary.
PAR  A fluid outlet conduit 24 is secured in the end plate 22 in fluid tight
      relation extending substantially axially through the plate and into the
      casing 11. The conduit has an interior end portion 25 and an exterior end
      portion 26. A mounting flange 27, adapted for connection to a conduit, not
      shown, for transmission of fluid from the apparatus 10, is borne by the
      exterior end portion of the outlet conduit. A partition or constriction
      plate or baffle 28 is fastened on the interior end portion of the outlet
      conduit extending transversely of the casing and having a diameter a
      predetermined amount smaller than that of the internal surface 14 of the
      casing. The baffle has a substantially hemispherical surface 29 facing the
      end plate which slopes arcuately outwardly toward the interior surface of
      the casing and away from the end plate, as best shown in FIG. 5. The
      baffle defines an annular constriction passage 30 between itself and the
      internal surface 14 of the casing. The baffle partitions the interior of
      the casing into a surge chamber 31, between the baffle and the end plate,
      and a separation chamber 32, between the baffle and the lower end portion
      13 of the casing. It will be noted that the interior area of the surge
      chamber is substantially greater than the cross sectional area of either
      the interior of the inlet conduit 20 or the constriction passage 30.
PAR  A particle housing 40 having an internal receptacle 41 and a peripheral
      mounting flange 42 is secured in fluid sealing relation on the lower end
      portion 13 of the casing 11 by a plurality of nut-and-bolt assemblies 43
      extending in binding relation through the peripheral flange 16 of the
      casing and the mounting flange 42 of the particle housing. As previously
      described, a suitable gasket or sealing compound can be employed between
      the engaged flanges. A particle discharge conduit 44 is secured in fluid
      transmitting relation on the particle housing and has a mounting flange 45
      at the remote end thereof for attachment to a conduit, not shown, adapted
      for transmission of particulate matter from the apparatus 10. As can best
      be seen in FIG. 5, the particle housing 40 is of larger diameter than the
      casing and is fitted about the lower end portion 13 thereof. A plurality
      of extensions 46 are mounted on the lower end portion of the casing
      extending endwardly into the receptacle defined by the particle housing.
      An end plate 47 is fastened on the extensions. The end plate extends
      transversely of the receptacle in spaced relation to the casing. The end
      plate has a diameter somewhat smaller than that of the receptacle.
      Although, of course, the apparatus can be mounted in a variety of
      configurations, the apparatus is shown in FIG. 1 mounted in an upright
      attitude on three supports 48.
PAR  For descriptive convenience, FIG. 5 schematically illustrates the path of
      fluid travel within the casing 11. Descending arrows 55 indicate the path
      traveled by an influx layer of fluid. This influx layer is caused by the
      offset communication of the fluid inlet conduit 20 with the surge chamber
      31 to form a swirling fluid vortex within the surge chamber 31 and to pass
      therefrom through the constriction passage 30 and into the separation
      chamber 32 along a substantially helical path of travel. Arrows 56
      represent the path traveled by fluid having a very high concentration of
      particulate matter being thrown centrifically from the influx layer in the
      casing into the particle receptacle 41. Ascending arrows 57 indicate the
      substantially helical path of travel of fluid having an extremely low
      concentration of particulate matter rising centrally of the casing and
      into the fluid outlet conduit 24.
PAC  DESCRIPTION OF THE SECOND EMBODIMENT
PAR  The apparatus of the second form of the present invention is generally
      indicated by the numeral 110 in FIG. 6. Apparatus 110 bears substantial
      similarity to apparatus 10 of the first form of the invention, but departs
      therefrom in certain respects to which reference will be made. Apparatus
      110 has a casing 111 composed of an upper spheroidal or ellipsoidal
      portion 112, having an internal concave surface 113, and an integral lower
      cylindrical portion 114. The spheroidal and cylindrical portions are
      united weldably secured in axial alignment. The cylindrical portion has an
      internal surface 115 which communicates with the internal surface of the
      spheroidal portion, as best shown in FIG. 6. The cylindrical portion has a
      remote end 116.
PAR  A fluid inlet conduit 120 is mounted on the spheroidal portion 112 of the
      apparatus 110 and adapted to transmit particle laden fluid from a source
      connected thereto to the interior of the spheroidal portion so as to
      establish an influx layer within the spheroidal portion in the form of a
      fluid vortex, as described with respect to apparatus 10. The conduit has a
      remote mounting flange 121 adapted for connection to a source of particle
      laden fluid, not shown. An internally screw-threaded sleeve 122 is
      secured, as by welding, on the spheroidal portion of the casing in
      substantially axial alignment therewith. A fluid outlet conduit 124,
      having an interior end portion 125 and an externally screw-threaded
      portion 126, is screw-threadably mounted in the sleeve 122 extending into
      the casing, as shown in FIG. 6, for endward screw-threaded adjustment. A
      mounting flange 127 is screw-threadably secured on the externally
      screw-threaded portion of the conduit and adapted for connection to a
      suitable conduit, not shown, for transmission of fluid from the apparatus.
      A partition or constriction plate or baffle 128 is secured on the interior
      end portion of the conduit extending substantially transversely of the
      casing and having a substantially hemispherical convex outer surface 129
      disposed in the direction of the remote end 116 and facing the surface
      113. As can best be seen in FIG. 6, the baffle has a diameter somewhat
      larger than that of the lower cylindrical portion 114 of the apparatus and
      defines a constriction passage 130 between the hemispherical surface and
      the internal surfaces 113 and 115 of adjustable area as will subsequently
      be described in greater detail. The baffle partitions the interior of the
      apparatus into a surge chamber 131, housed within the spheroidal portion,
      and a separation chamber 132, housed within the cylindrical portion of the
      casing.
PAR  A spheroidal particle housing 140 is secured, as by welding, on the remote
      end 116 of the casing 111, as shown in FIG. 6. The housing defines an
      internal receptacle 141 adapted to receive particulate matter from the
      remote end of the casing. A particle discharge conduit 144 is connected to
      the particle housing and has a mounting flange 145 at the lower end
      thereof for attachment to another conduit, not shown, to transport
      particulate matter from the apparatus. A plurality of extensions 146 are
      fastened on the remote end of the casing extending endwardly therefrom
      into the receptacle of the particle housing. An end plate 147 is mounted
      on the extensions in spaced relation to the remote end and substantially
      normal to the casing.
PAC  DESCRIPTION OF THE THIRD EMBODIMENT
PAR  The apparatus of the third form of the present invention is generally
      indicated by the numeral 210 in FIG. 8. Apparatus 210 bears substantial
      structural similarity to the apparatus 10 and 110 previously described.
      Apparatus 210 has a substantially cylindrical casing 211 having an upper
      end portion 212 and a lower end portion 213. The casing has an upper
      cylindrical internal surface 214 of predetermined diameter, an
      intermediate, coaxial, tapered internal surface 215 adjoining surface 214
      and sloping therefrom and a lower cylindrical internal surface 216 of
      reduced diameter adjoining the surface 215 and extending the remainder of
      the length of the casing, as shown in FIG. 8. An upper peripheral flange
      217 is mounted on the upper end portion of the casing and a lower
      peripheral flange 218 is mounted on the lower end portion of the casing.
PAR  An inlet conduit 220 is mounted on the upper end portion 212 of the casing
      211 in communication with the interior thereof, as shown in FIG. 9 and
      previously described with respect to apparatus 10 and 110. The conduit has
      a remote mounting flange 221 adapted for connection to a source of
      particle laden fluid under pressure, not shown. A sealing or end plate 222
      is mounted in facing engagement with the upper peripheral flange 217 of
      the casing and retained in fluid tight sealing relation by a plurality of
      nut-and-bolt assemblies 223 extending through the peripheral flange and
      the end plate.
PAR  An internally screw-threaded sleeve 227 is secured, as by welding, on the
      end plate 222 in axial alignment with the casing 211. A fluid outlet
      conduit 228, having an interior end portion 229 and an externally
      screw-threaded portion 230, is screw-threadably mounted in the sleeve 227
      in axial alignment with the casing for endward adjustment in the sleeve. A
      mounting flange 231 is screw-threadably secured on the externally
      screw-threaded portion of the outlet conduit and is adapted for connection
      to a conduit, not shown, adapted to transport fluid from the apparatus. A
      partition, constriction plate or baffle 232 is secured on the interior end
      portion of the outlet conduit extending transversely of the interior of
      the casing concentrically of the tapered internal surface 215 of the
      casing, as shown in FIG. 8. The baffle has a substantially hemispherical
      surface 233 facing toward the end plate and is of a diameter approximately
      equal to that of the lower cylindrical internal surface 216 of the casing.
      Thus, the baffle and tapered internal surface define a constriction
      passage 234 therebetween of adjustable area as will subsequently be
      described in greater detail. The baffle, extending transversely of the
      interior of the casing, partitions the interior thereof into a surge
      chamber 235, between the end plate 222 and the baffle 232, and a
      separation chamber 236 between the baffle and the lower end portion 213 of
      the casing.
PAR  A particle housing 240, substantially identical to particle housing 40 of
      apparatus 10 and having a receptacle 241 and a peripheral mounting flange
      242, is mounted on the lower end portion 213 of the casing 211 with the
      mounting flange in facing engagement with the lower peripheral flange 218
      and retained in position by suitable nut-and-bolt assemblies 243. A
      particle discharge conduit 244 is mounted on the housing in fluid tight
      engagement therewith and has a remote mounting flange 245 adapted for
      connection to a conduit, not shown, as in the other forms of the
      apparatus. As shown in FIG. 8, a plurality of extensions 246 are secured
      on the lower end portion 213 of the casing extending endwardly into the
      receptacle. An end plate 247 is fastened on the extensions and disposed
      transversely of the receptacle in spaced relation to the casing as in the
      first form of the apparatus 10.
PAC  OPERATION
PAR  The operation of the described embodiments of the subject invention are
      believed to be clearly apparent and are briefly summarized at this point.
      As previously noted, the apparatus 10, 110 and 210 operate in
      substantially the same manner to remove particulate matter from a particle
      laden carrier fluid. This operation can best be seen in FIG. 5 with
      respect to the apparatus 10 wherein arrows 55, 56 and 57 schematically
      illustrate the path of fluid flow through the apparatus which operates to
      separate such particles from the carrier fluid. While FIG. 5 shows
      apparatus 10, it is important to note that this operation occurs in
      virtually the identical manner in apparatus 110 and 210.
PAR  Particle laden fluid is admitted to the inlet conduits 20, 120 and 220 of
      each apparatus 10, 110 and 210 respectively under pressure and discharged
      therefrom into the surge chambers 31, 131 and 235 respectively
      tangentially thereto so as to create a swirling influx layer following a
      substantially helical path of travel within each apparatus hereafter
      referred to as a fluid vortex and shown in FIG. 5 by arrows 55. As has
      been recognized in the case of other separating devices, such a fluid
      vortex produces a centrifuging action which causes the particulate matter
      in the fluid to be thrown outwardly by centrifical force against the
      internal surfaces 14, 113 and 214 of each casing 11, 111 and 211
      respectively. Thus, the initial surge of particle laden fluid into the
      surge chambers establishes the fluid vortex and initiates outward movememt
      of the particles in the fluid. Thereafter, the fluid is directed by the
      hemispherical surfaces 29, 129 and 233 of the baffles 28, 128 and 232
      respectively toward the annular constriction passages 30, 130 and 234 thus
      rapidly constricting the influx layer of each fluid vortex against the
      internal surfaces of the casings. Such constriction rapidly accelerates
      the speed of helical rotation of the vortex to increase the centrifuging
      action of the fluid. This action rapidly increases outward movement of the
      particulate matter in the carrier fluid by directing it against the
      interior surfaces of the casing of each apparatus.
PAR  As indicated by arrows 55, subsequent to movement of each fluid vortex
      through its respective constriction passage 30, 130 and 234 respectively,
      the helical speed of rotation of the fluid gradually decelerates during
      movement downstream within the separation chambers 32, 132 and 236. The
      length of the separation chambers allows the particulate matter which has
      been thrown to the periphery of each fluid vortex gravitationally to
      settle out of the decelerating fluid vortex. It will be seen that the
      optimum length for the separation chambers is, in part, determined by the
      characteristics of the particulate matter to be removed from the carrier
      fluid.
PAR  The axial location of the outlet conduits 24, 124 and 228 contributes in
      establishing a return path of fluid flow within each of the separation
      chambers 32, 132 and 236 internally of the downstream fluid vortex toward
      the outlet conduits as indicated in FIG. 5 by ascending arrows 57. The
      position at which the path of fluid flow commences a reverse movement
      toward each of the outlet conduits is dependent upon the interoperation of
      several factors including the specific shape and volume of the separation
      chambers, the speed of rotation of the fluid vortices, the internal
      diameters of the outlet conduits, and the lengths of the separation
      chambers. In any event, such a reversal occurs at least by the time the
      fluid vortices contact the end plates 47, 147 and 247 respectively. Since
      the centrifuging action has directed the particulate matter outwardly and
      since the upstream path of fluid discharge is axially of the chamber, the
      fluid moving helically toward the outlet conduits has had virtually all of
      the particulate matter removed therefrom.
PAR  Simultaneously, the particulate matter gravitationally settling out of the
      fluid vortices or traveling with the vortices downwardly along the
      internal surfaces 14, 115 and 216 of the casings 11, 111 and 211
      respectively reach the end plates 47, 147 and 247 and are directed
      outwardly between the plates and the casings and into the receptacles 41,
      141 and 241 for immediate discharge through the particle discharge
      conduits 44, 144 and 244. It will be seen that the end plates, by
      extending transversely of their respective receptacles, operate to prevent
      any such particulate matter from re-entering the separation chambers
      thereby preventing the matter from being reintroduced to the fluid
      traveling upstream inwardly concentrically to the fluid vortices toward
      the fluid outlet conduits.
PAR  It has been discovered that reliable operation of the apparatus 10, 110 and
      210 occurs when the area of their respective constriction passages 30, 130
      and 234 range between 60 percent and 230 percent of the cross sectional
      area of the inlet conduits. Selection of the appropriate proportions
      depends upon the characteristics of the particulate matter to be separated
      from the carrier fluid as well as upon the specific size and shape of the
      internal dimensions of the apparatus. Generally, however, a relatively
      smaller area for the constriction passages will be employed where
      comparatively fine particles are to be separated from the carrier fluid.
      Conversely, a relatively larger area will be employed where relatively
      larger particles are to be separated from the carrier fluid.
      Correspondingly, there will be little or no pressure drop for fluid
      transmitted through the apparatus depending upon the specific size of the
      constriction passage employed.
PAR  It should also be noted that all forms of the apparatus, including the
      casings, baffles and particle housings therefor, can be manufactured from
      readily available standardized component parts and do not require
      expensive tooling. Such component parts are of a type used in the
      construction of fluid tanks intended to contain liquified gas under
      pressure. Additionally, it will be seen that the baffles and internal
      surfaces of the apparatus are not subject to the extremes of abrasive
      wearing associated with conventional separating devices since no internal
      cone structures are employed. Furthermore, such standardized component
      parts are of heavy-duty construction, as shown in the drawings, allowing
      them to take considerable wear without detracting from their operative
      effectiveness. Such surfaces can, of course, also be coated with
      protective substances.
PAR  As previously discussed, the apparatus 110 and 210 operate substantially
      identically to apparatus 10. However, apparatus 110 and 210 offer the
      additional operative advantage of being adjustable to vary the area of
      their respective constriction passages 130 and 234 thereby making these
      apparatus adjustable to handle particle laden carrier fluids of different
      characteristics. Such adjustment requires only removal of the conduits
      connected to the mounting flanges 127 and 231 of the fluid outlet conduits
      124 and 228 respectively. Thereafter, these conduits are simply
      screw-threadably endwardly adjusted in their respective internally
      screw-threaded sleeves 122 and 227 to position the baffles 128 and 232
      respectively in the desired positions relative to the internal surfaces
      113 and 115 of apparatus 110 and internal surface 215 of apparatus 210. It
      will be seen that appropriate notation on the outlet conduits will permit
      precise adjustment of the baffles to define constriction passages of the
      precise desired cross sectional area for the particular particle laden
      fluid to be transmitted through the apparatus. Adjustment is thus
      accomplished without disassembly of the apparatus and requires only an
      absolute minimum of inoperative time for such adjustment.
PAR  Therefore, the apparatus of the present invention are operable effectively
      to remove particulate matter from carrier fluids transmitted therethrough
      while producing little or no fluid pressure drop, are adapted to be
      manufactured from standardized component parts without expensive tooling,
      require little or no maintenance over prolonged periods of time as a
      result of wearing and are adapted to be produced in forms permitting rapid
      adjustment for the processing of carrier fluids of different
      characteristics without disassembly.
PAR  Although the invention has been herein shown and described in what are
      conceived to be the most practical and preferred embodiments, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is not to be limited to the illustrative details
      disclosed.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A cyclonic apparatus for removing particulate matter from fluid
      comprising:
PA1  A. a substantially spheroidal surge chamber having opposite open axial
      ends;
PA1  B. an internally screw-threaded sleeve mounted coaxially in one of the ends
      of said chamber;
PA1  C. an elongated cylindrical outlet conduit screw-threadably mounted in the
      sleeve coaxially of said chamber for axial adjustment with respect thereto
      and having an end extended through the chamber and through the open end of
      the chamber opposite to the sleeve,
PAR  1. the chamber presenting an axially disposed concave inner surface of
      revolution concentrically of the outlet conduit and in spaced relation
      thereto to define an annular opening therebetween;
PA1  D. an inlet conduit connected tangentially to the surge chamber to fill
      said chamber with fluid containing particulate matter and to swirl the
      same in said chamber about the outlet conduit;
PA1  E. a cylindrical casing connected to the surge chamber and axially extended
      therefrom concentrically of the outlet conduit defining an annular
      separation chamber therebetween;
PA1  F. a substantially hemispherical baffle mounted concentrically on the
      outlet conduit for axial adjustment therewith, said baffle presenting an
      axially disposed convex outer surface of revolution in facing and spaced
      juxtaposition to said concave surface of the chamber to define a passage
      therebetween leading to the separation chamber of a capacity adjustable by
      axial adjustment of the outlet conduit,
PA2  1. said convex and concave surfaces each having a radius normal to the axis
      of the surge chamber and a radius in a plane diametric to the surge
      chamber and the radius of the convex surface in both instances being less
      than the corresponding radius of the concave surface so that the defined
      constricted passage is arcuately downwardly and inwardly directed and
      progressively downwardly constricted to cause an accelerated swirling
      action through the passage to the separation chamber; and
PA1  G. a particle chamber connected to the casing adapted to have particles
      settle therein as the fluid passes out the outlet conduit.
NUM  2.
PAR  2. The apparatus of claim 1 in which the convex and concave surfaces are
      substantially tangential to a common plane normal to the axis of the
      chamber at said annular passage.
NUM  3.
PAR  3. The apparatus of claim 1 in which the particle chamber is substantially
      spheroidal, the casing is connected axially to the particle chamber, and a
      circular plate is mounted on the end of the casing within the particle
      chamber in spaced relation to the casing to permit centrifugal passage of
      particles, therebetween.
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ABST
PAL  A solid fire-extinguishing composition comprising
PAL  A. carbamic powder containing a major proportion by weight of the compound
      KC.sub.2 N.sub.2 H.sub.3 O.sub.3 and
PAL  B. a non-hygroscopic powder having greater bulk density and median particle
      size than the said carbamic powder.
BSUM
PAR  This invention relates to solid fire-extinguishing compositions.
PAR  In our UK Patent Specificatin No. 1,168,092 there is described and claimed,
      inter alia, a range of compositions containing as principal active
      fireextinguishant the compound KC.sub.2 N.sub.2 H.sub.3 O.sub.3. These
      compositions are extremely powerful fire-fighting agents especially for
      extinguishing the fires of liquid fuels such as hydrocarbon fuels.
PAR  Fire-extinguishing compositions containing a major proportion of the
      compound KC.sub.2 N.sub.2 H.sub.3 O.sub.3 are in use in practice against
      liquid fuel fires under the name `carbamic powder` and will be referred to
      hereinafter by that name.
PAR  Carbamic powder has a distribution of particle sizes typically spreading
      over the range from 2.mu.m to 200.mu.m but we have observed that the
      smaller particles are the more effective in fire-extinguishing properties.
      However it is not a practical proposition to attempt to use only the
      smaller particles because such a fine powder is difficult to project to
      the region of the fire where the powder will be able to extinguish the
      flame. Furthermore, it is sometimes desirable to provide a
      fire-extinguishing composition of relatively high bulk density, thereby
      allowing a prescribed weight of powder to be charged to a given appliance.
PAR  We have now found that compositions having unimpaired fire-extinguishing
      properties may be made by the use of the smaller range of particles of the
      carbamic powder together with larger particles of another powder of higher
      bulk-density.
PAR  Thus according to the present invention there is provided a
      fire-extinguishing composition comprising
PA1  A. carbamic powder containing a major proportion by weight of the compound
      KC.sub.2 N.sub.2 H.sub.3 O.sub.3 and having a particle-size distribution
      such that at least 90% by weight of the carbamic powder is in the range
      from 0.1.mu.m to 100.mu.m; and
PA1  B. a non-hygroscopic powder (`Powder B`) having a particle-size
      distribution such that at least 90% by weight thereof is in the range from
      50.mu.m to 500.mu.m;
PAL  The bulk-density and median particle size of Powder B being greater than
      that of the said carbamic powder and the proportion of Powder B being from
      5 to 50% by weight of the total weight of Powder B and the said carbamic
      powder.
PAR  We define a non-hygroscopic powder as a powder which has a critical
      humidity of at least 80%, the term `critical humidity` being defined as
      the lowest relative humidity of an atmosphere from which the powder will
      absorb water.
PAR  The powders preferred are those having a critical humidity of at least 90%
      and especially those having a critical humidity of at least 95% because
      the higher the critical humidity of the powder the more satisfactory is
      the composition for long-term storage.
PAR  Powder B may be itself an active fire-extinguishing powder or it may be an
      inert powder which merely acts as a diluent of a suitable particle size.
      Whether or not Powder B is active in extinguishing fires, we prefer that
      it is a powder which is inert chemically to the carbamic powder to
      minimise the risk of the superior fire-extinguishing power of the carbamic
      powder being lost. For example, as the carbamic powder is an
      alkaline-based powder, we prefer that Powder B should not be an acidic
      powder (for example mono ammonium phosphate or many other salts of strong
      acids with weak bases), or a powder containing ions which are likely to
      exchange with any of the ionic components of the carbamic powder.
PAR  Accordingly the non-hygroscopic powder may suitably be, for example a salt,
      filler, mineral ore or a fire-resistant organic compound, preferably a
      polymeric organic compound for example poly(vinyl chloride) or poly
      (vinylidene chloride).
PAR  Examples of powders having a suitably high bulk density desirable for
      Powder B are minerals containing silicon or aluminium, including silicas,
      silicates, complex silicates and silico aluminates or minerals containing
      heavy metals for example sulphates, phosphates, fluorides and carbonates
      of calcium or barium or hydroxides and oxides of the transition metals.
      Examples of especially preferred materials are alumina, silica, sand,
      limestone, kieselguhr, gypsum, fluorspar, zircon sand, brickdust and
      `Perlite` or mixtures of any of these materials in powder form.
PAR  Examples of active fire-extinguishing salts preferred for Powder B are
      potassium salts including the chloride, sulphate and bicarbonate salts and
      mixtures thereof.
PAR  Powder B may be obtained in the desired particle size range by conventional
      methods for example grinding, milling, precipitation, crystallisation or
      granular polymerisation (where appropriate). It is clearly desirable,
      since the powder is required to be discharged after storage, that the
      powder be non-cohesive in character. Some powders, for example insoluble
      salts e.g. barium sulphate, when precipitated from solution are produced
      in a cohesive form and in the form of small particles which tend to be
      undesirable for the present invention. Thus we prefer to use an ore,
      mineral or salt ground and sieved to the desired particle size range.
PAR  For more effective compositions it is preferable that
PA1  a. at least 90% of the carbamic powder is in the range 1.mu.m to 75.mu.m
      and especially in the range 10.mu.m to 60.mu.m and
PA1  b. at least 90% of Powder B is in the range 50.mu.m to 250.mu.m and
      especially in the range 75.mu.m to 180.mu.m.
PAR  The compositions of the present invention are desired to have the maximum
      fire-extinguishing effect especially against Class B fires and for this
      purpose the proportion of carbamic powder in the total composition is
      preferably greater than 60% by weight and especially preferred are
      compositions containing at least 70% of carbamic powder.
PAR  The preparation of the compositions herein described may be carried out by
      conventional methods known for the preparation and selection of powder
      particles of desired sizes. Thus normal carbamic powder may be sieved and
      the smaller particles selected or the normal powder may be ground or
      milled more finely until at least 90% of the material is in the desired
      range of particle size. Alternatively a method of a preparation may be
      used which produces a fine particle size without grinding, for example a
      spray-drying or freeze-drying procedure. When Powder B has the desired
      particle size range the two powders may be mixed or blended together by
      any conventional method until intimately mixed.
PAR  Alternatively the compositions may be prepared by incorporating Powder B in
      the reaction mixture used for making the carbamic powder, conducting the
      chemical reaction in order to prepare the carbamic powder in the presence
      of Powder B and milling the product to produce a blend of the carbamic
      powder and Powder B of the desired particle size range.
PAR  The reaction may be carried out, for example, by heating the powder in open
      trays in an oven or in an agitated closed vessel containing water vapour.
      Alternatively a liquid medium may be present, which is preferably a
      solvent for one of the reactants, and the product filtered off after the
      reaction mixture has cooled. In this alternative process Powder B is
      preferably one which is unaffected by the reaction conditions and only
      minimally affected by the subsequent milling. Hard materials are
      accordingly especially suitable, for example silica, fluorspar, gypsum or
      zirconia.
DETD
PAR  The invention is illustrated but not limited by the following examples.
      (`Monnex` is a trade mark of Imperial Chemical Industries Limited).
PAC  EXAMPLE 1
PAR  A sample of Monnex carbamic powder fire-extinguishing agent was sieved and
      the fraction containing particles larger than 63.mu.m was discarded.
PAR  A sample of washed high purity quartz sand (Redhill Grade 110 H) from
      British Industrial Sands was also sieved into various fractions having
      particles with diameters within the following ranges:
TBL   63 .mu.m to 106.mu.m  Range 1                                            
     106 .mu.m to 150 .mu.m Range 2                                            
     150 .mu.m to 250 .mu.m Range 3                                            
PAR  A blend was prepared containing
PA1  75% of the sieved Monnex containing particles smaller than 63.mu.m
PA1  5% sand of Range 1
PA1  15% sand of Range 2
PA1  5% sand of Range 3
PAR  The bulk density of the resulting sand/carbamic powder blend was observed
      to be 25% greater than that of normal carbamic powder alone.
PAR  The fire-extinguishing power of the blend was tested on a 200 sq. ft. fire
      (U.L. Specification No. 711) and shown to have an equivalent extinction
      power to the standard grade of carbamic powder described in T. S. Note No.
      2283 May 1968 issued by Imperial Chemical Industries Limited.
PAR  The discharge characteristics of the blend were compared with those of
      Monnex carbamic powder and, by way of comparison, with a sample of
      carbamic powder sieved as described above but without admixture of sand.
      Each of the powders was discharged from a 10 lb extinguisher pressurised
      to 175 psig in a horizontal direction at about 2 feet from the ground.
PAR  For the Monnex and for the blend of this example about six seconds after
      discharge the cone of powder had a diameter of 11/2 ft. at a distance of 6
      feet from the extinguisher and all the way from 8 feet up to 30 feet from
      the extinguisher a heavy cloud of powder covered the ground area to a
      height of 6 feet from the ground.
PAR  For the sieved carbamic powder the discharge was observed to be poor; the
      cone was much wider at a distance of 6 feet from the extinguisher and at a
      distance of 8 feet from the extinguisher the cloud started to thin out and
      disperse, very little powder reaching a distance of 30 feet from the
      extinguisher.
PAC  EXAMPLE 2
PAR  The same fractions of sand were used as for Example 1 and blends were made
      with a sample of Monnex carbamic powder ground in a ball mill until at
      least 90% of the particles had diameters less than 75.mu.m.
PAR  Blends were prepared having the following composition
TBL  75% by weight carbamic powder                                             
      5% by weight Range 1 sand                                                
     10% by weight Range 2 sand                                                
                              as specified                                     
      5% by weight Range 3 sand                                                
                              in Example 1.                                    
PAR  The bulk density was observed to be 20% greater than that of normal
      carbamic powder and the fire-extinguishing properties were observed to be
      very similar to those of Monnex carbamic powder.
PAC  EXAMPLE 3
PAR  A mixture of solids was prepared containing
PA1  25 parts of fluorspar of particle size 63- 250.mu.m.
PA1  74 parts of potassium bicarbonate and
PA1  28 parts of urea.
PAR  This was placed in open trays and heated in an oven for 3 hours under an
      atmosphere containing 30% by volume of steam and 70% of nitrogen. The
      mixture was cooled and reduced in size by ball-milling until the bulk
      density was 0.85.
PAR  Analysis of the composition thus produced showed it to contain
PA1  29% calcium fluoride and
PA1  46% of the compound KC.sub.2 N.sub.2 H.sub.3 O.sub.3 the active
      fire-extinguishing agent.
PAR  Sieve analysis showed there to be 30% by weight in the size range
      63-250.mu.m and the chemical analysis of this fraction showed it to be
      almost wholly composed of calcium fluoride.
PAR  A similar reaction performed with the same proportions but with sand
      replacing the fluorspar yielded a composition containing 29.6% sand and
      57% of KC.sub.2 N.sub.2 H.sub.3 O.sub.3 with a bulk density of 0.95.
PAR  Both compositions were suitable for use as fire-extinguishants.
PAC  EXAMPLE 4
PAR  A dry powder mixture was prepared containing
PA1  25 parts of zircon sand having a particle size range 63.mu.m to 250.mu.m
PA1  47 parts of potassium bicarbonate
PA1  31 parts of urea
PAR  The mixture was suspended, in a flask fitted with a stirrer, in 250 ml of
      bis-(2-methoxyethyl)ether. The suspension was heated and maintained at a
      temperature between 95.degree. and 115.degree.C for 1.5 hours. The
      resulting mixture was cooled to room temperature, filtered, washed with
      methanol and dried at 50.degree.C.
PAR  The dried cake was then milled to reduce the particle size of the
      composition until the bulk density was 0.90.
PAR  The composition thus obtained, consisting predominantly of zircon sand and
      KC.sub.2 N.sub.2 H.sub.3 O.sub.3, was suitable for use as a
      fire-extinguishant.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A fire-extinguishing composition comprising
PA1  a. carbamic powder containing a major proportion by weight of the compound
      KC.sub.2 N.sub.2 H.sub.3 O.sub.3 and having a particle size distribution
      such that at least 90% by weight of the carbamic powder is in the range
      from 0.1.mu.m to 100.mu.m and
PA1  b. a Powder B which is a non-hygroscopic powder having a particle-size
      distribution such that at least 90% by weight thereof is in the range from
      50.mu.m to 500.mu.m,
PAL  the bulk density and median particle size of Powder B being greater than
      that of the said carbamic powder and the proportion of Powder B being from
      5 to 50% by weight of the total weight of Powder B and the said carbamic
      powder.
NUM  2.
PAR  2. A composition according to claim 1 wherein
PA1  a. at least 90% by weight of the carbamic powder is in the range 1.mu.m to
      75.mu.m and
PA1  b. at least 90% of Powder B is in the range 50.mu.m to 250.mu.m.
NUM  3.
PAR  3. A composition according to claim 2 wherein at least 90% by weight of the
      carbamic powder is in the range 10.mu.m to 60.mu.m.
NUM  4.
PAR  4. A composition according to claim 1 wherein the critical humidity of
      Powder B is at least 90%.
NUM  5.
PAR  5. A composition according to claim 1 wherein Powder B is a sand.
NUM  6.
PAR  6. A composition according to claim 1 wherein Powder B is fluorspar.
NUM  7.
PAR  7. A method of preparing a composition according to claim 1 which comprises
      mixing Powder B with preformed carbamic powder.
NUM  8.
PAR  8. A method of preparing a composition according to claim 1 wherein Powder
      B is incorporated in the reaction mixture used for making the carbamic
      powder.
PATN
WKU  039473660
SRC  5
APN  3834557
APT  1
ART  143
APD  19730727
TTL  Size for textile yarns and method of sizing thereof
ISD  19760330
NCL  5
ECL  1
EXA  Nielsen; Earl A.
EXP  Czaja; Donald E.
INVT
NAM  Andrianov; Kuzma Andrianovich
STR  Vystavochny pereulok 3, kv. 9
CTY  Moscow
CNT  SU
INVT
NAM  Gandurin; Lev Ivanovich
STR  Kotelnicheskaya naberezhnaya, 25/8, kv. 33a
CTY  Moscow
CNT  SU
INVT
NAM  Davydova; Alexandra Fedorovna
STR  ULITSA Glavmosstroya, 1, kv. 14
CTY  Moskovskaya oblast, Solntsevo
CNT  SU
INVT
NAM  Sidorov; Vyacheslav Ivanovich
STR  ULITSA Glavmosstroya, 1, kv. 14
CTY  Moskovskaya oblast, Solntsevo
CNT  SU
CLAS
OCL  252  86
EDF  2
ICL  D06M 1102
FSC  252
FSS  8.6
FSC  260
FSS  29.6 NR;29.6 M
FSC  117
FSS  139.5 CQ;139.5 A
UREF
PNO  3464947
ISD  19690900
NAM  Robertson et al.
OCL  260 29.6
UREF
PNO  3491051
ISD  19700100
NAM  Elkin et al.
OCL  260 29.6
UREF
PNO  3677810
ISD  19720700
NAM  Campbell et al.
OCL  427387
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A textile size containing the following components, parts by weight:
PA1  1. An oligomeric acrylic acid with a molecular weight within the range of
      from 3,000 to 30,000: 3.0-15.0;
PA1  2. Siloxanolates of alkali metals of the formula:
      ##EQU1##
       WHEREIN R is an alkyl group, Me is an alkali metal, n is an integer of
      from 3 to 10: 0.01-0.7.
PAL  This composition ensures good adhesion of the oligomeric acrylic acid to
      synthetic, and particularly to polyamide, filaments.
PAL  This composition may incorporate 0.01 to 0.3 parts by weight of
      potassium-phosphorylated polyglycol ether of higher aliphatic alcohol of
      the formula: RO(CH.sub.2 CH.sub.2 O).sub.n POOK, wherein R is an alkyl
      group containing 8-10 carbon atoms, and n = 5-6. This component, when
      present in the size, improves the antistatic properties of yarns.
PAL  A method of sizing textile yarns comprises treatment of said yarns with a
      3-15% aqueous solution of the size of the above composition.
BSUM
PAR  The present invention relates to the textile industry. More particularly it
      relates to process technology employed in textile production and more
      specifically to a method of sizing and to size compositions.
PAR  To increase the cohesion of yarns when they are processed in weaving, the
      yarns are slightly twisted or protected by applying coatings thereon. Such
      coatings are referred to as textile sizes, while the process of applying
      them is referred to as sizing.
PAR  Known in the art is a textile size based on starch and derivatives thereof,
      which is employed for sizing hydrophilic natural yarns, but it cannot be
      employed for sizing hydrophobic synthetic yarns due to a low adhesion of
      the size to the yarns.
PAR  For this reason, it has become necessary to provide novel synthetic polymer
      compositions for sizing synthetic continuous filament and spun yarns which
      would feature improved adhesive properties.
PAR  Disclosure has been made in the prior art of a textile size based on
      polymeric mono- and dicarboxylic acids and useful for sizing in the form
      of aqueous solutions. However, synthetic yarns treated with this size are
      electrified during weaving to such an extent that their further processing
      appears to be impossible without an additional technological operation of
      oiling or antistatic treatment.
PAR  Also known in the art is the use of acrylic polymers for sizing textile
      yarns. These compositions, as a rule, are rather complicated and contain,
      in addition to a basic acrylic polymer, various additives such as
      lubricants, antistatic agents, swelling agents, etc.
PAR  It has also been proposed to make use of polymethacrylic acid partly
      neutralized with an alkali and plasticized with a polyoxyethylene
      condensate of lipophilic organic compounds. Such a size is employed in the
      form of aqueous solutions with a pH ranging from 4.5 to 6. This
      composition has proved effective in the sizing of synthetic yarns
      (viscose, acetate), but it is unsuitable for sizing polyamide yarns, the
      maximum take-up capacity of polyamide yarns is observed at a pH below 3.
PAR  Known in the art is the use, for sizing staple yarn made of polyester,
      acrylic or cellulose filaments (or blends thereof), of an aqueous solution
      of a copolymer of acrylic acid and an acrylate salt taken in a ratio of
      1:0.3 to 1:6, respectively, the solution pH being 4.0 to 6.5.
PAR  For sizing textile materials (continuous filament and other yarns) use is
      made of acrylic copolymers neutralized with ammonium hydroxide and alkali
      metal hydroxides mixed with derivatives of starch, polyvinyl alcohol, or
      other additives (swelling agents, lubricants, etc.). This composition
      comprises:
PA1  1. a copolymer of the following composition: 5 to 20 mol.% of acrylic
      (methacrylic) acid, 80-95 mol.% of an acrylate (methacrylate) of aliphatic
      alcohols containing 1 to 18 carbon atoms 1% to 20% by weight;
PA1  2. an additive (polyvinyl alcohol, starch, polyethylene oxide, etc: 1 to
      50% by weight of the copolymer.
PAR  This composition is also employed in the form of aqueous solutions.
PAR  A major disadvantage inherent in such complicated compositions used for
      sizing synthetic yarns resides in their instability when stored or exposed
      to elevated temperatures.
PAR  Such a multi-component polymer size separates, coagulates, and becomes
      unsuitable for application.
PAR  Another major disadvantage of such a size resides in the relatively high
      viscosity of sizing solutions at small concentrations of the principal
      component, whereby the penetration of the sizing solution and bonding of
      synthetic yarns are unsatisfactory.
PAR  It is an object of the present invention to provide a size composition
      which will ensure satisfactory adhesion thereof to synthetic yarns
      (polyamide, polyester, viscose, acetate, and the like).
PAR  Another object of the present invention is to provide a size composition
      which will ensure improved penetration properties of an aqueous solution
      thereof.
PAR  Still another object of the present invention is to provide a size
      composition which will be characterized by an adequate antistatic effect.
PAR  Yet another object of the present invention is to provide a size
      composition which will retain its properties in storage or during the
      technological process of sizing.
PAR  And, finally, it is an object of the present invention to provide a method
      of sizing synthetic yarns.
PAR  These objects are attained by providing a textile size based on a polymeric
      carboxylic acid which, according to the present invention, includes the
      following components, in parts by weight:
PA1  1. an oligomeric acrylic acid with a molecular weight of 3,000 to 30,000:
      3.0 to 15.0;
PA1  2. siloxanolates of alkali metals of the formula:
      ##EQU2##
PAR  The presence of an alkali metal siloxanolate in the size composition
      increases the adhesiveness of the oligomeric acrylic acid to synthetic
      yarns, plasticizes the size film, and decreases the viscosity of an
      aqueous solution of the composition. The presence, in the size
      composition, of said compound ensures an increase in the oligomeric
      acrylic acid adhesiveness to polyamide yarns 3 times, to polyester yarns,
      2 times, acetate and viscose yarns, 1.5-2.5 times.
PAR  To improve the antistatic properties of synthetic yarns to be sized, the
      size is mixed with postassium-phosphorylated polyglycol ethers of higher
      aliphatic alcohols of the formula: RO(CH.sub.2 CH.sub.2 O).sub.n POOK,
      wherein R is an alkyl group having 8 to 10 carbon atoms, n ranges from 5
      to 6, in an amount of 0.01 to 0.03 parts by weight.
PAR  The aqueous sizing solution prepared from the above-mentioned composition
      readily penetrates between individual filaments forming a continuous
      filament yarn, whereby effective bonding of the latter is ensured, while
      the sticking of individual filaments to one another during the sizing
      process is precluded.
PAR  The size of the present invention may have the following embodiments:
PA1  I. textile size comprising:
PA2  1. an oligomeric acrylic acid with a molecular weight within the range of
      from 3,000 to 30,000: 3.0 to 8.0 parts by weight;
PA2  2. A siloxanolate of an alkali metal of the formula:
      ##EQU3##
       wherein R is CH.sub.3 or C.sub.2 H.sub.5, Me is K or Na;  n = 4 -6: 0.03
      to 0.3 part by weight.
PA1  Ii. textile size preferably intended for polyamide continuous filament and
      spun yarns consisting of the following components, parts by weight:
PA2  1. An oligomeric acrylic acid with a molecular weight within the range of
      from 3,000 to 30,000: 3.0;
PA2  2. An alkali metal siloxanolate of the formula:
      ##EQU4##
       wherein R is CH.sub.3 or C.sub.2 H.sub.5 ; Me is K or Na; n = 4-6: 0.03
      to 0.003.
PA2  3. A potassium-phosphorylated polyglycol ether of the formula: RO(CH.sub.2
      --CH.sub.2 --O).sub.n POOK, wherein R is an alkyl group with 8 to 10
      carbon atoms, n = 5-6: 0.01 to 0.02.
PA1  Iii. textile size for viscose and acetate continous filament spun yarns
      having the following components, parts by weight:
PA2  1. An oligomeric acrylic acid with a molecular weight within the range of
      from 3,000 to 30,000: 3.0
PA2  2. Sodium ethylsiloxanolate: 0.4.
PAR  The present invention ensures efficient sizing of synthetic yarns
      (including blended yarns) by means of aqueous solutions of the
      above-mentioned compositions using conventional equipment to produce
      high-quality sized yarns. The present invention also makes it possible to
      increase the output of looms 3-5%.
PAR  Products included in the size composition are readily available and
      manufactured by the chemical industry.
PAR  The oligomeric acrylic acid as used in the present invention is prepared by
      a method of free-radical telomerization of an acrylic acid monomer using,
      as telogens, benzene, isopropylbenzene and thioglycolic acid, and an
      initiator.
PAR  The size of the above composition is prepared by dissolving components in
      the above-mentioned ratios in 100 parts by weight of water at a
      temperature within the range of 40.degree. to 50.degree.C with stirring.
PAR  The method of sizing synthetic yarns according to the present invention
      involves treatment of said yarns with a 3-15% aqueous solution of the size
      of the above composition using sizing machines continuously by dipping or
      "knip size", the sizing solution temperature ranging from 50.degree. to
      70.degree.C.
PAR  Drying of sized yarns is effected by contact or other methods, the
      temperature in the first and second drying means being 60.degree.C, in the
      third and fourth drying means 80.degree.C and in the fifth drying means,
      60.degree.C.
PAR  Subjected to sizing are filaments or yarns of viscose, acetate rayon,
      polyvinyl-chloride, and preferably polyamide.
PAR  The size may be easily removed from yarns by scouring with water at a
      temperature within the range of from 40.degree. to 60.degree.C using no
      surfactants.
PAR  For a better understanding of the present invention, the following Examples
      illustrating specific embodiments of the size composition and method of
      sizing various synthetic filaments are given hereinbelow.
PAC  EXAMPLE 1
PAR  This Example illustrates the following size composition (amounts of
      components are expressed as parts by weight) and method of sizing
      polyamide yarns:
TBL  Oligomeric acrylic acid with a molecular weight of                        
     7,000                        3.0                                          
     Sodium ethylsiloxanolate     0.03                                         
PAR  Said sizing composition is prepared by stirring said components in 100
      parts by weight of water at a temperature of from 40.degree. to
      50.degree.C for a period of 10 to 15 minutes until completely dissolved.
PAR  Polyamide continuous filament yarns twisted to 200 twists per meter are
      treated with the sizing composition on multi-cylinder sizing machines by
      dipping at a sizing solution temperature of 60.degree.C. The size
      concentration in the sizing bath is 3%; pH = 2.6; squeezing roller
      pressure is 10-15 kg/cm.sup.2.
PAR  The sized yarns are dried by a contact method at a temperature of the first
      and second drying cylinders of 60.degree.C; the third and fourth cylinders
      of 80.degree.C, and the fifth drying cylinder of 60.degree.C. Stretching
      is 3-5%.
PAC  EXAMPLE 2
PAR  This Example illustrates the following size composition (amounts of
      components are expressed as parts by weight) and method of sizing
      polyamide yarns:
TBL   Oligomeric acrylic acid with a molecular weight                          
     of 7,000                     5.0                                          
     Sodium ethylsiloxanolate     0.06                                         
     Potassium-phosphorylated pentaethylene glycol ether                       
     of octyl alcohol             0.02.                                        
PAR  Said composition is used for the preparation of 100 parts by weight of a
      sizing solution (in accordance with the procedure described in Example 1).
      Polyamide continuous filament yarns with a low twist (up to 40 twists per
      meter) are treated with the sizing composition on sizing machines by
      dipping at a sizing solution temperature of 60.degree.C. The size
      concentration in the bath is 5%; pH = 2.6; pressure of squeezing rollers
      is 20-25 kg/cm.sup.2.
PAR  Drying of sized yarns is effected by a contact method at a temperature of
      the first and second drying cylinders of 60.degree.C, third and fourth
      cylinders of 80.degree.C, and fifth cylinder of 60.degree.C stretching is
      3-5%.
PAC  EXAMPLE 3
PAR  This Example illustrates the following size composition (amounts of
      components are given in parts by weight) and method of sizing viscose
      yarns:
TBL   Oligomeric acrylic acid with a molecular weight                          
     of 4,000                     3.0                                          
     Sodium methylsiloxanolate    0.3.                                         
PAR  This composition is used for the preparation of 100 parts by weight of a
      sizing solution (in accordance with the procedure described in Example 1).
      The treatment of viscose yarns with the sizing composition is effected on
      sizing machines by dipping at a sizing solution temperature of
      50.degree.C. The size concentration in the bath is 3%; pH = 6.0; the
      pressure of squeezing rollers is 5-10 kg/cm.sup.2. Drying temperature
      60.degree.-90.degree.C; stretching 6-7%.
PAC  EXAMPLE 4
PAR  This Example illustrates the following size composition and method of
      sizing acetate yarns (amounts of components are given in parts by weight):
TBL   Oligomeric acrylic acid with a molecular weight                          
     of 4,000                     3.0                                          
     Sodium methylsiloxanolate    0.3                                          
     Potassium-phosphorylated hexaethylene glycol                              
     ether of nonyl alcohol       0.01.                                        
PAR  This composition is used for the preparation of 100 parts of a sizing
      solution (according to the procedure described in Example 1). Acetate
      continuous filament yarns are treated with the sizing composition on
      sizing machines at a temperature of the sizing solution ranging from
      50.degree. to 60.degree.C. The size concentration is 3.0%; pH = 6.5;
      pressure of squeezing rollers is 5-10 kg/cm.sup.2. Drying temperature
      55.degree.-75.degree.C; stretching 3-5%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A textile size comprising, parts by weight:
PA1  an oligomeric acrylic acid with a molecular weight of from 3,000 to 30,000:
      3.0 to 15.0
PA1  an alkali metal siloxanolate of the formula:
      ##EQU5##
       wherein R is an alkyl group, Me is an alkali metal; n n is 3 to 10: 0.01
      to 0.1.
NUM  2.
PAR  2. A textile size as claimed in claim 1, comprising 0.01 to 0.3 part by
      weight of a potassium-phosphorylated polyglycol ether of higher aliphatic
      alcohols of the formula: RO(CH.sub.2 CH.sub.2 -O).sub.n POOK, group having
      is an alkyl group having 8-10 carbon atoms; n is 5-6.
NUM  3.
PAR  3. A textile size as claimed in claim 1, comprising, in parts by weight:
PA1  an oligomeric acrylic acid with a molecular weight of from 3,000 to 30,000:
      3.0 to 8.0
PA1  an alkali metal siloxanolate of the formula:
      ##EQU6##
       wherein R is CH.sub.3 or C.sub.2 H.sub.5 ; Me is K or Na; n is 4 to 6:
      0.03 to 0.3.
NUM  4.
PAR  4. A textile size as claimed in claim 2 for polyamide yarns, comprising,
      parts by weight:
PA1  an oligomeric acrylic acid with a molecular weight of from 3,000 to 30,000:
      3.0
PA1  an alkali metal siloxanolate of the formula:
      ##EQU7##
       wherein R is CH.sub.3 or C.sub.2 H.sub.5 ; Me is K or Na; n is 4 to 6:
      0.03 to 0.3.
PA1  potassium-phosphorylated polyglycol ether of the formula: RO(CH.sub.2
      CH.sub.2 O).sub.n POOK, wherein R is an alkyl group having 8-10 carbon
      atoms, n is 5 to 6: 0.01 to 0.02.
NUM  5.
PAR  5. A textile size as claimed in claim 1 for viscose and acetate filaments
      and yarns comprising, parts by weight:
TBL  an oligomeric acrylic acid with a molecular weight                        
     of from 3,000 to 30,000      3.0                                          
     sodium ethylsiloxanolate     0.4                                          
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ABST
PAL  A composition effective as a lubricant for incorporation in, and to enhance
      the heat stabilization of, an ABS resin, and consisting essentially of
      ethylenediamine bis-stearamide and a substantially minor amount of at
      least one of malic acid, citric acid, and gallic acid; and the method of
      preparing said composition by heating ethylenediamine bis-stearamide to a
      melting temperature and dissolving in its melts the substantially minor
      amount of at least one of those three acids.
PARN
PAR  This application is a division of application Ser. No. 860,045 filed Sept.
      22, 1969 now U.S. Pat. No. 3,649,585.
BSUM
PAR  This invention is that of enhancing the heat stabilization of, and thus
      retarding, the heat discoloration of acrylonitrile-butadiene-styrene
      resins (ordinarily called ABS resin) which have incorporated in them a
      substantially minor amount of ethylene-diamine bis-stearamide (hereinafter
      briefly called EBS) as a lubricant. The invention also includes
      ABS-heat-stabilizer-modified ethylenediamine bis-stearamide melt
      compositions which contain a substantially minor amount of at least one of
      the ABS-heat-stabilization-enhancing substances malic acid, citric acid,
      and gallic acid. Also part of the invention are the resulting
      heat-stabilized ABS resins containing as a lubricant a substantially minor
      amount of the foregoing ABS-heat-stabilizer-modified EBS.
PAR  The widespread use of ABS resins, of both the (jointly polymerized) graft
      type G and also the physical mixture or alloy type B, by injection molding
      and also extrusion in preparing so many and different articles and parts
      for various devices, is well known. However, use of these various ABS
      resins (of either the type G or type B) in their unpigmented or natural
      color is not as extensive as might be desired. That is so because when EBS
      is incorporated as lubricant in the ABS resin which then is subjected to
      high temperature (which might exceed about 200.degree.C., such as
      205.degree.C. or more), such EBS-lubricated ABS is prone to yellowing and
      at times even darker discoloration.
PAR  Such discoloration all too often mitigates against use of such
      EBS-lubricated ABS in its natural color without pigment, for example, for
      a good white or nearly white molded product of utilitarian as well as
      decorative service. The relatively costly titanium dioxide pigment then
      would need to be incorporated in the ABS and thus add to the cost of the
      finished product, but is a serious drawback particularly with highly
      competitively sold products.
PAR  That disadvantage and others are overcome according to this invention by
      incorporating in the ABS resin the ABS-heat-stabilizer-modified
      EBS-lubricant composition of the invention in about the same proportion as
      that of the unmodified or usual EBS heretofore used as lubricant for the
      ABS. The then resulting heat-stabilized ABS resin is molded by injection
      molding or extrusion in the usual way without concern about exceeding
      200.degree.C. and even over 205.degree.C. as the molding working
      temperature.
PAR  The ABS-heat-stabilizer-modified EBS compositions or melts of the invention
      are prepared by heating the EBS to melting at about 145.degree. to
      150.degree.C. and admixing in it the substantially minor amount of the
      ABS-heat-stabilization-enhancing agent or substance and continuing the
      mixing, usually with continued heating, until the added malic acid, citric
      acid, and/or gallic acid appears to dissolve in the EBS. That is noted by
      observing the clarification of the melt by the apparent disappearance of
      the added crystals or particles of the particular acid. A higher
      temperature can be used so long as it is below that at which the added
      acid will decompose.
PAR  The stirring can be continued for several minutes longer to assure uniform
      distribution of the acid in the molten EBS. These acids used to modify the
      EBS appear to be soluble in it in its molten state. The resulting uniform
      melt then is allowed to cool (as in a cooling pan or pans) to solidify.
      The resulting solid ABS-heat-stabilizer-modified EBS advantageously is
      ground or pulverized for suitable handling.
PAR  The proportion of the selected ABS-heat-stabilization-enhancing acid to be
      distributed within the thus melted EBS will vary with the particular acid.
      For example, as presently indicated, the ABS-heat-stabilization-enhancing
      quantity of malic acid should be at least about 0.75% of the
      heat-stabilized modified EBS melt composition. For citric acid that amount
      presently appears to be at least about 1.5% of the thus modified EBS melt
      composition; and with gallic acid the amount appears to be at least about
      0.5% of the melt composition.
PAR  As is known, an ABS resin can be prepared by using (by weight)
      acrylonitrile in the range of from about 20 to 30%, butadiene rubber
      ingredient at from about 10 to 15%, with the balance being styrene to
      provide a total of 100%. That is so whether the ABS resin is of the graft
      type G (that is with the mixture of the respective amounts of the monomers
      and butadiene being copolymerized) or of the alloy type B (i.e. for which
      the separately, for example, emulsion polymerized monomers in the selected
      proportions are physically mixed together at high temperature as in a
      Banbury-type mixer), and in either case extruded and pelletized.
PAR  It is known that the substantially minor amount of EBS used as lubricant
      incorporated in the particular ABS resin will vary somewhat in relation to
      the varying toughness of the ABS resin depending on the particular
      selected proportions of the three respective starting materials, for
      example, from about 0.5% to at times possibly as much as 1% or sometimes
      even to 2% of the ABS. For that reason, and since the effective minimum of
      each of the three different ABS-heat-stabilization-enhancing acids (to be
      used in the EBS) differs so from that for the others, it is difficult to
      state a single minimum applicable to all three of them.
PAR  Hence, it is necessary to refer to the minimum qualitatively as an
      ABS-heat-stabilization-enhancing effective quantity, that is to say, a
      quantity sufficient to provide the ABS with adequate heat stabilization at
      the temperature at which it is to be subjected to in the injection molding
      or extrusion of it, with the effective amount of the thus modified-EBS to
      be added as lubricant for the particular ABS.
PAR  While the foregoing presently indicated respective minimum is given for
      each of the three different enhancing agent acids, it also occurs for
      similar reasons that it is difficult to state a numerical maximum
      applicable to all of them. For example, malic acid at 1.0% content of the
      so modified EBS gives still better color stabilization than its indicated
      minimum, and while 2% of citric acid in the modified EBS also gives better
      stabilization than its mentioned minimum and also so does 1% of gallic
      acid in the modified lubricant, gallic acid and each of the other two can
      be used at a still higher content in the modified lubricant.
PAR  For example, at 5% content of gallic acid in the so modified EBS no
      yellowing of the so lubricated ABS resin developed under molding
      conditions, but a slight gray was apparent. That possibly indicates that
      gallic acid could be used at a maximum under 5%. However, since a
      numerical maximum applicable to all of them under all variables cannot be
      given, the maximum also should be stated qualitatively as an amount below
      that at which some graying or undesirable discoloration occurs or at which
      a desired physical feature of the molded product is deleteriously effected
     .
DETD
PAR  The various aspects of the invention are illustrated, although not to be
      deemed limited, by the following examples (wherein all parts are by
      weight):
PAC  EXAMPLE 1 -- PREPARATION OF AND RESULTING ABS-HEAT-STABILIZER-MODIFIED EBS
      AND RESULTING MELT COMPOSITIONS
PAR  A. With Malic Acid As The Modifying Agent: 99 parts of EBS are heated to
      150.degree.C. to melting in a stainless steel kettle equipped with heating
      jacket and removable stirrer. The stirrer is lowered into the melt and to
      it while stirring are added one part of racemic malic acid, and the
      heating continued until the melt clears showing dissolution of the malic
      acid particles. The liquid melt is transferred into a cooling pan to
      solidify and then is ground and pulverized.
PAR  B. With Citric Acid As The Modifying Agent: Part (A) of this example is
      repeated by replacing its malic acid by two parts of citric acid (1
      H.sub.2 O). The finished product contains 1.83% of citric acid.
PAR  C. With Gallic Acid As The Modifying Agent: Part (A) of this example is
      repeated by replacing its malic acid with one part of gallic acid (1
      H.sub.2 O). The end product contains 0.91% of gallic acid.
PAR  Example 1A can be repeated with 0.75 part of malic acid or with a greater
      amount such as 1.5 parts, or any other amount below that at which no
      physical feature of the lubricant-containing ABS is deleteriously effected
      at elevated temperatures by its containing a lubrication effective
      quantity of the so modified EBS.
PAR  Example 1B can be repeated with a lesser amount such as 1.5 parts of citric
      acid or a greater amount such as 2.5 parts of it, or any other amount such
      as qualitatively described in the immediately preceding Example 1.
PAR  The gallic acid in Example 1C can be replaced by a lesser amount such as
      0.5 part of it or by a greater amount such as 3 or 4 parts of it, or any
      other amount within the foregoing qualitative range description.
PAR  Each of these just foregoing descriptions of repetitions of the different
      Examples 1A, 1B, and 1C correspondingly thus yields a modified EBS with
      its respectively different content of the particular heat
      stabilization-enhancing agent.
PAR  Any of the different ABS resins of the two different types, type G and type
      B, of the various proportions of the constituent members within the ranges
      indicated earlier above, can be provided with enhanced heat stabilization
      by replacing unmodified EBS usually incorporated as the lubricant by
      instead the respectively corresponding proportion of any
      ABS-heat-stabilizer-modified EBS broadly described earlier above and
      illustrated by Examples 1A, 1B and 1C and any of the therewith described
      possible modifications of them, as exemplified by, but not restricted to,
      the following:
PAC  EXAMPLE 2 -- GRAFT TYPE G ABS WITH MALIC ACID-MODIFIED EBS LUBRICANT
PAR  100 parts of a free running graft type G ABS, prepared, for example, by
      emulsion polymerization from about 23 parts of acrylonitrile, 15 parts of
      butadiene rubber constituent, and 62 parts of styrene, are dry blended
      with 4 parts of the malic acid-modified EBS of Example 1A on a two roll
      rubber mill for a couple of hours until the blending is uniform. The
      product is a heat stabilized EBS lubricant-containing, apparently high
      impact butadiene content graft type G ABS of injection grade, which
      contains about 3.9% of EBS and about 0.039% of malic acid.
PAR  Example 2 can be repeated with some other type G formulation ABS prepared,
      for example, also by emulsion polymerization from any other proportions of
      acrylonitrile, butadiene rubber ingredient and styrene within the
      respective ranges for them as disclosed on page 3 lines 3-6 above.
      Alternatively, the alloy type B of ABS can be produced as a physical
      mixture of the corresponding polymers prepared as by separate emulsion
      polymerization of each of the starting acrylonitrile, butadiene rubber
      ingredient, and styrene in any desired proportions within those same
      respective ranges of proportions, as described at page 3 lines 9-11 above.
PAR  Any of these other type G as well as the various type B ABS resins can be
      admixed in the same way as described in Example 2 with a desired
      lubricating-effective quantity of either the malic acid, or citric acid,
      or gallic acid-modified EBS, such as described in Example 1 above and its
      modifications, to provide the respectively corresponding heat-stabilized
      ABS resins.
PAR  The heat stabilization of the ABS having the
      ABS-heat-stabilization-enhancing acid agent according to the invention
      incorporated in it is illustrated by comparative heat tests, for example,
      by pigmenting an ABS resin such as that used in Example 2 with 5 parts of
      titanium dioxide per 100 parts of ABS to render that normally tan type G
      ABS resin white enough to accentuate any yellowing which might occur in
      the comparative heat tests.
PAR  Thus, 100 parts by weight of that type G ABS resin and 4 parts also by
      weight of the titanium dioxide pigment were mixed in a Henshel "Prodex"
      mixer (much like and larger in size than the ordinary Waring blender). The
      resulting blend of ABS and titanium dioxide pigment then was fed through a
      Sterling Extruder Company's extruder having a 1.5 inch diameter barrel of
      about 12 times that in length to achieve good mixing and melting and to
      yield a rod 7 millimeters in diameter. Seven sections of about one inch
      each were cut from one end of the rod, and one such section was retained.
      The other six sections were placed in an oven maintained at 400.degree.F.
      One such section then was removed at the end of each successive five
      minute interval of a 30 minute period and mounted sequentially after the
      retained initial unheated section, for color comparison.
PAR  Another such seven sections of the same about one inch length each were cut
      from near the other end of the same rod, and one of them set aside and the
      other six placed in the same oven and treated in the same way as were the
      first six such heated sections, and similarly mounted after withdrawal
      from the oven.
PAR  Then a third set of seven such sections were cut from about the middle of
      that same rod and similarly handled as was each of the other two sets of
      seven such sections, thus giving three sets of such seven one inch length
      sections each from the same rod.
PAR  Similarly, 100 parts of that same type G ABS resin and 5 parts of titanium
      dioxide pigment and 4 parts of ordinary unmodified EBS were mixed in the
      Henshel "Prodex" mixer. Their resulting mix similarly was fed through the
      same Sterling extruder to give a similar final rod of the titanium dioxide
      pigmented type G ABS resin with incorporated EBS lubricant. From this
      second rod there were cut similarly three separate sets of seven sections
      each of one inch length. Each of these three separate sets then was
      separately handled in the same way as were the similar three sets of
      sections cut from the first rod which contained no EBS lubricant, that is,
      with one section of each set set aside and the other six placed in the
      same oven at the same temperature with one section removed after each
      consecutive five minute interval.
PAR  Then a third 100 parts of the same type G ABS resin and 5 parts of titanium
      dioxide pigment and 4 parts of the malic acid-modified EBS similarly were
      mixed in the Henshel "Prodex" mixer and their resulting mix likewise fed
      through the Sterling extruder to give a third rod. That rod was similarly
      cut to give three separate sets of seven one inch long sections each, and
      each set of those seven sections then was handled with six heated in the
      oven maintained at the same temperature and removed at similar intervals
      as with the first two rods.
PAR  Each one inch test section was assigned a test color score for its extent
      of discoloration during its oven exposure, based on the following assigned
      scoring schedule:
PA1  9 -- white
PA1  8 -- off white
PA1  7 -- trace yellow
PA1  6 -- pale yellow
PA1  5 -- yellow
PA1  4 -- yellow-tan
PA1  3 -- slight reddish tan
PA1  2 -- reddish tan
PA1  1 -- dark reddish tan
PA1  0 -- brown or black
PAL  The thereby assigned scores for the six sections of each separate heat test
      run were added, giving the following results (in which the higher totals
      indicate the better heat stability because in the scale the higher the
      score the less the extent of discoloration):
TBL                 SIX SECTIONS SCORE TOTALS                                  
     PIGMENTED TYPE G RESIN                                                    
                        Test Run: 1st                                          
                                   2nd    3rd                                  
     ______________________________________                                    
     Without any lubricant                                                     
                        52         50     53.5                                 
     With ordinary EBS lubricant                                               
                        43         43     47                                   
     With malic acid-EBS lubricant                                             
                        52         49     53.5                                 
     ______________________________________                                    
PAR  Comparing the score totals for the pigmented type G ABS resin containing
      the malic acid-modified EBS lucricant with the scores for the sections of
      that ABS containing ordinary EBS lubricant and then with the scores for
      that ABS resin without any lubricant, shows that use of the malic
      acid-modified EBS lucricant practically completely overcame the
      discoloration which occurred in that resin containing ordinary EBS
      lubricant. In the heat test on the sections of the latter, they developed
      a pale yellow color within 10 minutes residence in the oven whereas the
      sections of the same resin which contained the malic acid-modified EBS
      lubricant developed such pale yellow color only after 20 minutes at that
      oven temperature.
PAR  The graft type G ABS resin sheet product of Example 2 similarly will
      require a longer time to show any discoloration when heated as in an oven
      at 205.degree.C. than will a similarly prepared type G ABS resin sheet
      containing as the lubricant only the ordinary unmodified EBS.
PAR  The ethylenediamine bis-stearamide concerned in this invention is
      N,N'-bis(n-octadecanoyl)-ethylenediamine. It is beneficial that the EBS
      used have a neutralization value (i.e. NV) less than one and quite
      advantageous that it be about 0.4 which is the NV of the EBS used in the
      examples. The neutralization value is a measure of the amount of a
      standard sulfuric acid solution required to neutralize any unreacted
      ethylenediamine in the EBS. Use of EBS with an even lower NV, as about
      2.5, is still better.
PAR  In this specification and its claims, the expression "substantially minor
      amount of ethylenediamine bis-stearamide" can be taken as intending an
      amount generally not exceeding about five parts of it per 100 parts of the
      resin.
PAR  So also by the expression "a substantially minor amount" as to any of the
      ABS-heat-stabilization-enhancing agents malic acid, citric acid and gallic
      acid, is intended an amount generally under about six parts of such acid
      per 100 parts of the EBS.
PAR  In preparing the heat-stabilizer-acid-modified EBS with either the malic
      acid, citric acid or gallic acid, instead of transferring the liquid melt
      to cooling pans after the selected acid is dissolved in the melted EBS,
      the melt may be dropped through a beading tower to provide beads of the
      resulting stabilizer-containing-modified EBS for use in such applications
      where that bead form is more convenient to use.
PAR  As to whether a selected amount of any one or more of these three
      EBS-modifying acids is effective or excessive can be determined by easy
      readily conducted preliminary tests wherein the selected amount of the
      EBS-modifying acid is added to the proportionate amount of EBS melted in a
      beaker and stirred (even by hand) to dissolve the added acid, and the
      resulting melt then cooled on a watch glass (or small pan) and
      disintegrated (even in a hand mortar) to a size merely small enough to
      enable suitably mixing it in the desired proportion with a small particle
      size ABS resin; then extruding their resulting mix and heat testing
      sections of the extruded rod under conditions like those of the heat test
      as described on page 7 above. Depending on the result of such heat test,
      the just described test, if needed, can be repeated with different
      proportions as indicated by the test result.
PAR  Those skilled in the polymer art especially in its portion concerned with
      ABS understand readily what is meant by the alloy type B ABS and also by
      the graft type G ABS resin. In any event, those concerned and skilled in
      this art can find the expression "graft type of polymer" or simply "graft
      polymer" defined in U.S. Pat. No. 3,445,350 (issued May 20, 1969) in its
      column 11 from lines 45 to 72, as a polymeric product which is made by the
      graft copolymerization technique as described in the Journal of Polymer
      Science, volume 8 (1952) page 260 etc.
PAR  While the invention has been explained by detailed description of certain
      illustrative embodiments of it, it is understood that various changes and
      modifications can be made in them within the scope of the appended claims
      which are intended also to cover equivalents of those embodiments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter consisting essentially of ethylene-diamine
      bis-stearamide and a substantially minor amount of at least one acid of
      the class consisting of malic acid, citric acid, and gallic acid, which
      composition is effective as a lubricant in and to enhance the heat
      stabilization of an acrylonitrile-butadiene-styrene resin of the type
      known as an ABS resin.
NUM  2.
PAR  2. The composition as claimed in claim 1, wherein the acid present in said
      minor amount is malic acid.
NUM  3.
PAR  3. The method of preparing the composition as claimed in claim 1, which
      method comprises heating ethylenediamine bis-stearamide to a temperature
      at least sufficient to melt it and dissolving in it as so molten the
      substantially minor amount of at least one of said acids malic acid,
      citric acid, and gallic acid.
NUM  4.
PAR  4. The method as claimed in claim 3, wherein said acid present in minor
      amount is malic acid.
NUM  5.
PAR  5. The composition as claimed in claim 2 which composition contains from
      about 0.75% of malic acid to an amount below that at which some
      undesirable discoloration occurs in a molded ABS product containing as its
      lubricant ethylenediamine bis-stearamide having said malic acid admixed
      therewith.
NUM  6.
PAR  6. The composition as claimed in claim 1, wherein the acid present in said
      minor amount is citric acid.
NUM  7.
PAR  7. The composition as claimed in claim 6, which composition contains from
      about 1.5% of citric acid to an amount below that at which some
      undesirable discoloration occurs in a molded ABS product containing as its
      lubricant ethylenediamine bis-stearamide having said malic acid admixed
      therewith.
NUM  8.
PAR  8. The composition as claimed in claim 1, wherein the acid present in said
      minor amount is gallic acid.
NUM  9.
PAR  9. The composition as claimed in claim 8, wherein the gallic acid is
      present in from about 0.5% to an amount about but less than 5%.
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ABST
PAL  Lubricating oil compositions having substantially reduced pour points are
      prepared by incorporating an effective pour depressant amount of an
      oil-soluble copolymer of ethylene and a vinyl ester of a lower saturated
      monobasic aliphatic carboxylic acid in a paraffinic, waxy-type, residual
      lubricating oil base stock. The copolymers, in which the lower saturated
      monobasic carboxylic component of the ester has from 2 to 6 carbon atoms,
      have molecular weights of about 16,000 to about 31,000 and which contain
      about 17 to about 42 weight percent of the vinyl ester, can be added to
      the lubricating base stock in the form of an emulsion, as a hydrocarbon
      solution or in any other convenient manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved lubricating oil composition having a
      substantially reduced pour point. More particularly, this invention
      relates to an improved lubricating oil composition comprising a paraffinic
      waxy-type, residual lubricating oil base stock and from about 0.01 to
      about 0.50 weight percent of an oil-soluble copolymer of ethylene and a
      vinyl ester of a lower saturated monobasic aliphatic carboxylic acid.
PAR  2. Description of the Prior Art
PAR  Heating oils, diesel fuels, lubricating oils and other liquid hydrocarbon
      oils employed in cold climates or exposed to low temperatures frequently
      require the use of an additive to maintain their fluidity or to meet
      critical pour point specifications for the oil in question. Additives that
      are effective for this are called pour depressants. The art discloses
      numerous classes of pour depressants.
PAR  Such lubricating oil additives are mostly high molecular weight organic
      compositions prepared by alkylation of benzene, naphthalene or
      derivatives, by polymerization of low molecular weight methacrylates or by
      condensation polymerization of various types. Many are not entirely
      suitable because of their high cost, or the high concentration required,
      or because they do not lower the pour point to the required temperature.
      An effective pour depressant is one which will substantially reduce the
      pour point of a treated oil when used in small concentration without
      imparting any undesirable effects.
PAR  Although the wide variety of differeent pour depressants mentioned above
      are useful for incorporating in heating oils, diesel fuels and many other
      liquid hydrocarbon oils, it has been found that such additives are
      generally ineffective in paraffinic, waxy-type, residual lubricating oil
      base stocks. The poor performance of these additives may result from the
      structural differences of waxes occurring in lubricating oils derived from
      different locations. It is well known, for example, that acrylate and
      methacrylate esters of aliphatic acids having eight carbon atoms or more
      can be polymerized to make high molecular weight products which are
      soluble in lubricating oils and generally are capable of improving or
      lowering the pour points of a variety of lubricating oils. With the
      paraffinic, waxy-type, residual lubricating oil base stocks these
      materials do not provide the pour point reductions required.
PAR  Two principal processes have been employed in attempting to improve the
      pour point characteristics of paraffinic, waxy-type, residual lubricating
      oil base stocks, namely, the solvent extraction process and the
      centrifugal dewaxing method. Solvent dewaxing involves introducing and
      recovering a largee amount of valuable solvent material which necessarily
      results in an expensive operation. In the centrifugal method of separating
      the wax, it is necessary to first cool the oil to a low temperature such
      as about -25.degree.F, which is a time-consuming and costly processing
      step.
PAR  Another approach which has been employed has been to dilute or cut the
      lubricating oil stock with a major amount of a lighter hydrocarbon oil.
      Thermocracking of the waxy lubricating oil base stock has been attempted;
      however, this process which does result in the reduction of the pour point
      to 10.degree.-20.degree.F also leads to the loss of a substantial volume
      of lubricating oil stock due to poor selectivity in cracking the wax that
      causes the high pour point. There is, therefore, a need in the art for an
      economic process to form improved lubricating oil compositions utilizing
      as the major component paraffinic, waxy-type, residual lubricating oil
      base stocks.
PAR  A main object of the present invention is to improve the pour point
      characteristics of paraffinic, waxy-type, residual lubricating oil base
      stocks without using elaborate and expensive solvent extraction or
      centrifugal dewaxing procedures.
PAR  Another object of this invention is to provide improved lubricating oil
      compositions prepared by incorporating a minor amount of an oil-soluble
      copolymer of ethylene and a vinyl ester of a saturated monobasic aliphatic
      monocarboxylic acid in a paraffinic, waxy-type residual lubricating oil
      base stock.
PAR  Another object of this invention is to improve the paraffinic, waxy-type,
      residual lubricating oil base stocks so that they may be handled with
      greater ease and flexibility in climates where the ambient temperatures
      are near their upper pour points.
PAC  SUMMARY OF THE INVENTION
PAR  The novel improved lubricating oil compositions of this invention comprise
      a major amount of paraffinic, waxy-type, residual lubricating oil base
      stock and effective pour depressant amount of an oil-soluble copolymer of
      ethylene and a vinyl ester of a saturated monobasic aliphatic carboxylic
      acid.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The waxy-type lubricating oil base stocks which may be employed in
      preparing the improved lubricating compositions of the invention are
      paraffinic, waxy-type, residual lubricating oil base stocks which
      preferably have pour points of from about +40.degree. to +130.degree.F. A
      paraffinic, waxy-type residual lubricating oil base stock which has given
      particularly good results with the present additives is known as 700
      Firestock having a SSU Vis. at 210.degree.F of 273 and a pour point of
      80.degree.-100.degree.F. Mixtures of the paraffinic, waxy-type, residual
      lubricating oil base stocks may also be employed, if desired.
PAR  The pour point depressant additives useful in the practice of this
      invention include oil-soluble copolymers of ethylene and vinyl esters of a
      lower saturated monobasic aliphatic carboxylic acid, in which the
      carboxylic acid component of the ester has a carbon content of from about
      2 to about 6, the copolymers having molecular weights of about 16,000 to
      about 31,000 as determined by the Number Average Molecular Weight by the
      Membrane Osmometry Analytical Method, a vinyl ester content of from about
      17 to about 42 percent and a melt index of from 5 to 580. The preferred
      copolymers are sold under the trade name of "Elvax" by E. I. Pont du
      Nemours Company, the most suitable being Elvax 250 which contains 27 to 29
      percent vinyl acetate, has an inherent viscosity at 100.degree.F of 0.78
      dcl/gm in toluene; a softening point as determined by ASTM E 28 of
      280.degree.F; a cloud point in paraffin wax of 150.degree.F, a melt index
      of 12-18; and a molecular weight of about 23,000 to about 27,000. The
      material is supplied by the manufacturer for use in blends containing wax,
      such as coating compositions for paper milk cartons to provide toughness,
      flexibility, adhesion and barrier properties -- properties having nothing
      in common with pour point reduction in lube oil blends. The subject resin
      additive can be prepared by a variety of processes, such as that of U.S.
      Pat. No. 3,215,678 in which the free radical-initiated polymerization
      reaction of ethylene and a vinyl ester of a lower saturated monobasic
      aliphatic carboxylic acid is described.
PAR  The characterization of the various "Elvax" additives is given in Table 1
      below:
TBL                TABLE 1                                                     
     ______________________________________                                    
                 % Vinyl Acetate                                               
     "ELVAX"     in Copolymer Melt Index*                                      
     ______________________________________                                    
      40         39-42        45-70                                            
     150         32-34        22-28                                            
     210         27-29        335-465                                          
     220         27-29        125-175                                          
     240         27-29        22-38                                            
     250         27-29        12-18                                            
     260         27-29        5-7                                              
     310         24-26        335-465                                          
     350         24-26        16-22                                            
     360         24-26        1.6-2.4                                          
     410         17-19        430-580                                          
     460         17-19        2.1-2.9                                          
     ______________________________________                                    
      *in g/10 min as determined by ASTM 1328 modified                         
PAR  Suitable ethylene-vinyl ester copolymers are also sold under the trade name
      of "Zetafax 1570 and 1578". "Zetafax 1570" is an ethylene-vinyl acetate
      copolymer containing 27 weight percent vinyl acetate having a melt index
      of 5. "Zetafax 1575" is a similar ethylene-vinyl ester copolymer of
      molecular weight of about 20,700, a melt index of 12-15 and containing 27
      weight percent of vinyl acetate.
PAR  The specific properties of the paraffinic, waxy-type, residual lubricating
      oil base stocks used in the examples illustrating various embodiments of
      this invention appear in Table 1-A.
PAR  In preparing the novel improved lubricating oil composition of this
      invention the waxy-type lubricating oil base stock and the copolymer
      additive are mixed together at ambient temperature and the resulting
      mixture heated with continued mixing to a temperature of about 120.degree.
      to about 250.degree.F, and, preferably, at about 140.degree. to abount
      170.degree.F to form the improved lubricating oil composition.
PAR  The quantity of the copolymer added can be varied widely and although it is
      only necessary to add an effective pour depressant quantity, this amount
      will necessarily depend upon the physical characteristics of the
      paraffinic, waxy-type, residual crude oil lubricating base stock, the
      particular polymer employed, etc. Usually from about 0.01 to about 0.50
      percent by weight and, preferably, from about 0.05 to about 0.15 percent
      by weight of the copolymer additive based on the weight of the finished
      improved lubricating oil composition is employed. Mixtures of the useful
      copolymer additives may be utilized, if desired.
TBL                                    TABLE I-A                               
     __________________________________________________________________________
     Paraffinic, Waxy-Type, Residual Lubricating Oil Base Stocks               
                                   DA-SR  Grease Plant                         
                                   Cylinder                                    
                                          Black                                
     Name:      700 Firestock                                                  
                            Hytex 650                                          
                                   Stock  Oil                                  
     __________________________________________________________________________
     Origin of Crude                                                           
                West & North                                                   
                            North Texas                                        
                                   North Texas                                 
                                          S. Louisiana                         
                Texas Special                                                  
                            Special                                            
                                   Special                                     
                                          Lt. Reg.                             
     Processes on                                                              
                Distillation                                                   
                            Distillation                                       
                                   Distillation                                
                                          Distillation                         
     Crude to yield stock                                                      
                Deasphalted Deasphalted                                        
                                   Deasphalted                                 
                                          --                                   
     Vis SSU at 210.degree.F                                                   
                  273       176    159    59                                   
     Pour Point, .degree.F                                                     
                100, 95, 85, 80, 95                                            
                            110    105    65                                   
     __________________________________________________________________________
PAR  The copolymer may be added to the lube oil base stocks directly as
      granules; in a water-glycol emulsion, such as a water-ethylene glycol
      emulsion, or in a hydrocarbon, such as toluene, kerosene, a Udex gasoline
      fraction, etc. Suitable emulsions can be prepared by dissolving the
      copolymer in a hydrocarbon such as kerosene, etc. and then emulsifying the
      hydrocarbon-polymer solution with a mixture of an alkylene glycol, such as
      ethylene glycol, propylene glycol, etc., water and detergent to form an
      oil-in-water emulsion. The resulting emulsion will exhibit a pour point
      and viscosity close to that of the water-glycol phase. An example of this
      approach is the use of a water-ethylene glycol emulsion containing about
      22 percent of the copolymer. This method is especially useful if the
      additive is to be exposed to cool weather as a similar concentration of
      the copolymer in a light hydrocarbon has a pour point at or above room
      temperature and is quite viscous due to the thickening power of the
      copolymer.
PAR  It will be evident to those skilled in the art that other additives
      commonly employed in lubricating oil compositions may be added to the
      lubricating oil compositions of this invention. Such additives include
      rust inhibitors, anti-emulsifying agents, anti-static agents,
      anti-oxidants, etc.
PAR  The following examples illustrate various embodiments of this invention,
      and are to be considered not limitative. In the examples the pour points
      given were determined by ASTM method D-97-47.
PAC  EXAMPLES I-XIV
PAR  In this series of examples a variety of Elvax copolymers were added to the
      same paraffinic, waxy-type, residual lubricating oil base stock and the
      pour points were measured. Preparation of the compositions was
      accomplished by stirring together the copolymer and the base stock for 30
      minutes at 150.degree.F. For comparison purposes, the reduction in pour
      point resulting when a methacrylate type copolymer pour point depressant
      was added to the same base stock was determined (see Example XIV). The
      compositions tested and the results obtained are included in Table 2.
PAR  Data shown in Table 2 reveal that the Elvax copolymers are very effective
      in reducing the pour points of paraffinic, waxy-type, residual lubricating
      oil base stocks while the addition of almost three times as much
      lauryl-stearyl methacrylate has virtually no effect on the pour point of
      the base oil.
PAC  EXAMPLES XV-XXI
PAR  In this series of examples the effect of the concentration of the Elvax
      copolymers on the reduction in pour point of a paraffinic, waxy-type,
      residual lubricating oil base stock was demonstrated. Pertinent data
      relating to these tests is shown in Table 3.
PAC  EXAMPLES XXII-XXVII
PAR  In this series the substantial reduction in pour points achieved with four
      different paraffinic, waxy-type, residual lubricating stocks is shown.
      Pertinent details relating to these examples appear in Table 4.
PAR  As the data indicate the addition of up to 4 times as much of a
      methacrylate pour depressant to certain of these base stocks resulted in
      very little change in the pour points.
PAC  EXAMPLES XXVIII-XXXI
PAR  In this series of examples the effect of storage time on the pour points
      and viscosities of blends of paraffinic, waxy-type, residual lubricating
      oil base stocks was determined. Data relating to these experiments which
      are set forth in Table 5 indicate very little change in pour points or
      viscosities at the end of three months storage time.
PAC  EXAMPLES XXXII-XXXIV
PAR  In another series of tests the pour depression effect achieved with Elvax
      210 in paraffinic, waxy-type, residual lubricating oil stock was compared
      to that obtained with a methacrylate type pour point depressant. Pertinent
      details relating to these examples are set forth in Table 6. Data
      presented in Table 6 show the substantial pour point reduction achieved
      with Elvax 210 whereas with the methacrylate pour point depressant no
      reduction at all was observed in pour points of the resulting blends.
PAR  In Table 7 which follows, data is presented showing the shear stability of
      a paraffinic, waxy-type, residual lubricating oil base stock containing
      0.1 percent by weight of Elvax 150 when compared to the base stock itself.
      The data indicate that there is little or no loss of pour depression
      activity on completion of the standard shear test and even after storage
      of 3 months.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Activity of Various Elvax Copolymers                                      
     in Waxy Lube Stock                                                        
                                   % Vinyl                                     
                       Pour Points/                                            
                                   Acetate Elvax                               
            Elvax      Max Points  Elvax   Melt                                
     Example                                                                   
            Copolymer  (.degree.F).sup.1                                       
                                   Copolymer.sup.2                             
                                           Index                               
     ______________________________________                                    
     I     None         100/--     --      --                                  
     II     40          45/55      39-42   45-70                               
     III   150          35/45      32-34   22-28                               
     IV    210          35/45      27-29   335-465                             
     V     220          45/55      27-29   125-175                             
     VI    240          45/50      27-29   22-28                               
     VII   250          40/50      27-29   12-18                               
     VIII  260          65/--      27-29   5-7                                 
     IX    310          50/50      24-26   335-465                             
     X     350          70/--      24-26   16-22                               
     XI    360          45/50      24-26   1.6-2.4                             
     XII   410          45/55      17-19   430-580                             
     XIII  460          50/60      17-19   2.1-2.9                             
     XIV    3           95/--                                                  
                        (at 0.405%)                                            
     ______________________________________                                    
      .sup.1 Concentration 0.15% copolymer added as 10% Udex gasoline solution 
      to 700 Firestock (see Table 1 for physical properties), no storage time. 
      .sup.2 Vendors information, Melt Index g/10 min. ASTM D-1238 modified.   
      .sup.3 A lauryl-stearyl methacrylate copolymer pour depressant Mn about  
      300,000.                                                                 
TBL                TABLE 3                                                     
     ______________________________________                                    
     Effect of Concentration of Selected Elvax                                 
     Copolymers on Pour Point of 700 Firestock.sup.1,2                         
            Elvax Copolymer                                                    
            Concentration,                                                     
     Example                                                                   
            Wt. %3         150      210    250                                 
     ______________________________________                                    
     XV    0.0             90,85    90,85  90,85                               
     XVI   0.015           55/60    75/--  65/--                               
     XVII  0.030           45/55    55/60  55/60                               
     XVIII 0.050           55/50    35/30  40/45                               
     XIX   0.10            35/45    40/35  40/35                               
     XX    0.15            35/45    40/45                                      
     XXI   0.20            30/35    35/35                                      
     ______________________________________                                    
      .sup.1 No storage time, copolymer added as 10% solution in Udex gasoline.
      .sup.2 See Table 1 for physical properties.                              
      .sup.3 Compositions of this series prepared by stirring together the     
      copolymer and base stock for 30 minutes at 150.degree.F.                 
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Pour Points and Viscosities of Several Waxy Lubricant Stocks with         
     added Elvax Copolymers.sup.1,4                                            
     Example                                                                   
          Waxy Lubricant Base                                                  
      No. Stock          Grease Plant Black Oil.sup.3                          
                                        700 Firestock.sup.3                    
     __________________________________________________________________________
                         Pour/Max.                                             
                                Kin.Vis.at                                     
                                        Pour/Max.                              
                                               Kin.Vis.at                      
     Elvax Copolymer (0.1wt.%)                                                 
                         Pour, .degree.F                                       
                                210.degree.F, cs                               
                                        Pour, .degree.F                        
                                               210.degree.F,                   
     __________________________________________________________________________
                                               cs                              
     XXII None           65/--  8.90    80/--  59.6                            
     XXIII                                                                     
          150            10/35  9.08    35/45  57.8                            
     XXIV 210            10/25  9.08    40/45  59.6                            
     XXV  250            20/40  8.99    35/50  58.8                            
     XXVI .sup.2 0.4 wt.%                                                      
                         --             --                                     
     XXVII                                                                     
          .sup.2 0.4 wt.%                                                      
                         --             --                                     
     __________________________________________________________________________
                                       Deasphalted Straight Run                
               Example No.                                                     
                       Hytex 650.sup.3 Cylinder Stocks.sup.3                   
     __________________________________________________________________________
                       Pour/Max.                                               
                              Kin.Vis. Pour/Max.                               
                                              Kin. Vis.                        
                       Pour, .degree.F                                         
                              at 210.degree.F, cs.                             
                                       Pour, .degree.F                         
                                              at 210.degree.F,                 
     __________________________________________________________________________
                                              cs.                              
               XXII    110/-- 38.3     105/-- 33.3                             
               XXIII   50/--  37.3     65/95  33.2                             
               XXIV    75/--  38.1     85/--  33.5                             
               XXV     70/--  37.7     70/--  33.8                             
               XXVI    115/-- 39.7     115/-- 35.1                             
               XXVII   115/-- 41.9     115/-- 37.1                             
     __________________________________________________________________________
      .sup.1 No storage time, copolymer added as 10% solution in Udex gasoline.
      .sup.2 A lauryl-stearyl methacrylate copolymer (8:2 ratio,Mn about       
      300,000).                                                                
      .sup.3 See Table 1 for physical properties.                              
      .sup.4 Compositions prepared by stirring together copolymer and base stoc
      at 180.degree.F for 1 hour.                                              
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     Pour Point and Viscosity Data on Blends of                                
     Waxy Stocks Containing Elvax 150                                          
     Storage Time, Months: 0               3                                   
     __________________________________________________________________________
                           Pour Point/Max                                      
                                    Kin Vis at                                 
                                           Pour Point/Max                      
                                                    Kin Vis at                 
     Example Blend.sup.2   Pour Point, .degree.F                               
                                    210.degree.F, cs                           
                                           Pour Point, .degree.F               
                                                    210.degree.F,              
     __________________________________________________________________________
                                                    cs                         
     XXVIII                                                                    
          700 Firestock, 70%.sup.3                                             
          DA-SR Cylinder Stock.sup.1, 30%.sup.3                                
                           105/--   50.7   115/--   --                         
     XXIX above + 0.12 wt.% Elvax 150                                          
                           35/65    50.9   40/45    51.0                       
     XXX  700 Firestock.sup.1, 50%.sup.3                                       
          DA-SR Cylinder Stock.sup.1, 50%.sup.3                                
                            --/105  --      --/105  --                         
     XXXI above + 0.12 wt.% Elvax 150                                          
                           45/65    47.8   45/45    47.8                       
     __________________________________________________________________________
      .sup.1 See Table 1 for physical properties.                              
      .sup.2 Blends prepared by stirring together copolymer and base stocks at 
      180.degree.F for 1 hour.                                                 
      .sup.3 Percentages given are by volume.                                  
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     Comparison of Pour Point Depression Effect of Elvax 210 and               
     a Methacrylate Type Pour Point Depressant in Waxy Blends                  
            Storage Time, Months:                                              
                                 0            3                                
     __________________________________________________________________________
     Example                                                                   
               Waxy Blends.sup.3 Maximum Pour Point, .degree.F                 
                                              Pour Point, .degree.F            
     __________________________________________________________________________
     XXXII                                                                     
          Firestock 700.sup.2, 70%.sup.4                                       
          DASR Cylinder Stock.sup.2, 30%.sup.4                                 
                                 105          105                              
          above base + 0.05 wt.% Elvax 210                                     
                                 60           65                               
          above base + 0.05 wt.% Pour Depressant A.sup.1                       
                                 95           100                              
     XXXIII                                                                    
          Firestock 700.sup.2, 50%.sup.4                                       
          Hytex 650.sup.2,  50%.sup.4                                          
                                 100          115                              
          above base + 0.05 wt.% Elvax 210                                     
                                 60           70                               
          above base + 0.5  wt.% Pour Depressant A.sup.1                       
                                 105          115                              
     XXXIV                                                                     
          Firestock 700.sup.2, 70%.sup.4                                       
          Hytex 650.sup.2,  30% .sup.4                                         
                                 90           100                              
          above base + 0.05 wt.% Elvax 210                                     
                                 65           70                               
          above base + 0.5  wt.% Pour Depressant A.sup.1                       
                                 90           95                               
     __________________________________________________________________________
      .sup.1 Pour Depressant A -- a lauryl-stearyl methacrylate copolymer (8:2 
      ratio -- Mn about 300,000).                                              
      .sup.2 See Table 1 for physical properties.                              
      .sup.3 Blends prepared by stirring together copolymer and base stocks for
      1 hour at 180.degree.F.                                                  
      .sup.4 Percent by volume.                                                
TBL                TABLE 7                                                     
     ______________________________________                                    
     Effect of Shearing on Pour Point of Grease                                
     Plant Black Oil.sup.2 with added Elvax 150                                
                       Pour Point, .degree.F                                   
     Storage Time, Months                                                      
                         0         3                                           
     ______________________________________                                    
     Base Stock                                                                
       Before Shearing   45        65                                          
       After Shearing.sup.1                                                    
                         60        55                                          
     Base Stock + 0.1 wt.% Elvax 150                                           
       Before Shearing   20        20                                          
       After Shearing.sup.1                                                    
                         15        35                                          
     ______________________________________                                    
      .sup.1 Fuel Injector Shear Stability Test, 20 passes.                    
      .sup.2 See Table 1 for physical properties.                              
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lubricating oil composition having improved pour point characteristics
      which comprises a paraffinic, waxy-type, residual lubricating oil base
      stock and about 0.01 to about 0.50 percent by weight of an oil-soluble
      copolymer of ethylene and a vinyl ester of a saturated monobasic aliphatic
      carboxylic acid in which the carboxylic acid component of the ester has
      from 2 to 6 carbon atoms, said copolymer having a molecular weight of
      about 16,000 to about 31,000, a vinyl ester content of about 12 to about
      42 percent by weight, and a melt index of about 5 to about 580.
NUM  2.
PAR  2. The composition according to claim 1 wherein the said vinyl ester is
      vinyl acetate.
NUM  3.
PAR  3. The composition according to claim 1 wherein the said copolymer is an
      ethylene-vinyl acetate copolymer having a molecular weight ranging from
      about 23,000 to about 27,000.
PATN
WKU  039473694
SRC  5
APN  2265389
APT  1
ART  116
APD  19720215
TTL  Lubricating oil base stock
ISD  19760330
NCL  10
ECL  1
EXA  Metz; Andrew H.
EXP  Gantz; Delbert E.
INVT
NAM  Leibfried; Raymond Thomas
CTY  Newark
STA  DE
ASSG
NAM  Hercules Incorporated
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  252 57
XCL  252 56S
EDF  2
ICL  C10M  320
FSC  252
FSS  56 S;57
FSC  260
FSS  475 A;475 R
UREF
PNO  3019188
ISD  19620100
NAM  Craven et al.
OCL  252 57
UREF
PNO  3150092
ISD  19640900
NAM  Eickemeyer et al.
XCL  252 56S
UREF
PNO  3194764
ISD  19650700
NAM  Ovist et al.
OCL  252 56S
FREF
PNO  847,629
ISD  19600900
CNT  UK
OCL  252 56S
OREF
PAL  Barnes et al., "Lubrication Engineering" Aug. 1957, pp. 454-458.
LREP
FR2  Hopkins; George H.
ABST
PAL  Disclosed is a synthetic oil useful as a base stock for jet engine
      lubricating oils. The initial viscosity of the synthetic oil at
      210.degree.F. is 5.0-5.5 centistokes and at -40.degree.F. is less than
      13,000 centistokes. Furthermore, it does not freeze when held at
      -40.degree.F. for 72 hours. The oil comprises a blend of (1) a
      pentaerythritol ester product consisting essentially of pentaerythritol
      material completely esterified by straight chain C.sub.4 -C.sub.10
      alkanoic acid material, and (2) a trimellitate ester product consisting
      essentially of trimellitic acid completely esterified by C.sub.4 -C.sub.13
      alkanol material. The weight ratio of the trimellitate ester product to
      the pentaerythritol ester product is generally in the range from about
      1:10 to about 1:1.
BSUM
PAR  This invention is in the chemical arts. It relates to the lubricant art and
      particularly to synthetic oil lubricants.
PAR  There is a need for a lubricating oil base stock for jet engines and the
      like, the initial viscosity of which at 210.degree.F. is 5.0-5.5
      centistokes, and at -40.degree.F. is less than 13,000 centistokes, and
      which, when established and maintained for 72 hours at -40.degree.F., will
      not freeze during that period of time. In this specification initial
      viscosity at 210.degree.F. is determined according to ASTM Standard D445,
      while the initial viscosity at -40.degree.F. is determined according to
      ASTM Standard D2532.
PAR  Neopentyl polyol esters have properties which make them useful as synthetic
      lubricants. However, pentaerythritol esters of straight chain or normal
      C.sub.4 -C.sub.10 alkanoic acids, while useful as lubricants, in general
      do not meet both viscosity requirements plus the 72 hour nonfreeze
      requirement. Some of these pentaerythritol esters meet the 210.degree.F.
      viscosity requirement, but not the -40.degree.F. initial viscosity
      requirement or the 72 hour nonfreeze requirement. Others meet the
      -40.degree.F. requirement, but not the 72 hour nonfreeze requirement or
      the 210.degree.F. requirement. Still others meet none of these
      requirements.
PAR  Hence, a problem to which this invention provides a solution is to provide
      a synthetic oil that has both the desired initial 210.degree.F. and
      -40.degree.F. viscosities, and does not freeze at -40.degree.F. when held
      at that temperature for 72 hours, and which comprises straight chain
      C.sub.4 -C.sub.10 alkanoic acid esters of pentaerythritol.
PAR  One approach to a solution of the problem is the addition of branched
      C.sub.4 -C.sub.10 acids to the acid material reacted with pentaerythritol,
      or to blend branched chain C.sub.4 -C.sub.10 alkanoic acid esters of
      pentaerythritol with the straight chain C.sub.4 -C.sub.10 alkanoic acid
      esters of pentaerythritol. See the U.S. Pat. No. 3,360,465, to Warman.
      However, currently the cost of branched C.sub.4 -C.sub.10 acids is
      relatively high. Moreover, thermal oxidative stability of the branched
      acid esters of pentaerythritol is substantially less than what is desired.
PAR  This invention provides another solution to the problem, while avoiding the
      disadvantages of the branched chain acid approach.
PAR  In summary, this invention provides a lubricating oil base stock comprising
      pentaerythritol completely esterified with normal C.sub.4 -C.sub.10
      alkanoic acid material, which meets both the 210.degree.F. initial
      viscosity requirement and the -40.degree.F. initial viscosity requirement,
      and the 72 hour no-freeze requirement. The base stock is composed of a
      blend of (1) a pentaerythritol ester product consisting essentially of
      pentaerythritol material completely esterified by straight chain C.sub.4
      -C.sub.10 alkanoic acid material, and (2) trimellitate ester product
      consisting essentially of trimellitic acid completely esterified by
      C.sub.4 -C.sub.13 alkanol material. The weight ratio of trimellitate ester
      product to the pentaerythritol ester product in the blend is generally in
      the range from about 1:10 to about 1:1.
PAR  Pentaerythritol material is material consisting essentially of
      monopentaerythritol. In some embodiments of this invention it comprises
      only monopentaerythritol. In other embodiments is comprises
      monopentaerythritol and one or more polypentaerythritols with the weight
      ratio of monopentaerythritol to the total polypentaerythritol content
      being at least about 4:1. Examples of polypentaerythritols include
      dipentaerythritol, tripentaerythritol, and the like. The technical
      pentaerythritol product of commerce is an example of pentaerythritol
      material with a polypentaerythritol content, mostly dipentaerythritol, and
      having such a weight ratio (88:12).
PAR  Straight chain C.sub.4 -C.sub.10 alkanoic acid material consists
      essentially of a normal C.sub.4 -C.sub.10 alkanoic acid. In some
      embodiments of this invention it comprises only one such acid. In other
      embodiments of this invention it comprises two or more such acids. The
      normal C.sub.4 -C.sub.10 alkanoic acids are:
PA1  n-butyric acid
PA1  n-valeric acid
PA1  caproic acid
PA1  n-heptylic acid
PA1  caprylic acid
PA1  pelargonic acid
PA1  capric acid
PAR  The pentaerythritol ester product in some embodiments of this invention is
      homogeneous in that it is composed of pentaerythritol material completely
      esterified by only one straight chain C.sub.4 -C.sub.10 alkanoic acid. In
      other embodiments it is heterogeneous in that it is a mixture comprising
      pentaerythritol material completely esterified by two or more normal
      C.sub.4 -C.sub.10 alkanoic acids. Such a mixture in some instances is
      obtained by blending pentaerythritol material completely esterified by one
      normal C.sub.4 -C.sub.10 alkanoic acid with pentaerythritol material
      completely esterified by a different normal C.sub.4 -C.sub.10 alkanoic
      acid, and, if desired, pentaerythritol material completely esterified by
      another different normal C.sub.4 -C.sub.10 alkanoic acid, etc. In other
      instances such a mixture is obtained by completely esterifying
      pentaerythritol material with a mixture of normal C.sub.4 -C.sub.10
      alkanoic acids.
PAR  The pentaerythritol ester product of this invention, the embodiments of
      which in general are known, is made by wellknown esterification
      procedures.
PAR  The C.sub.4 -C.sub.13 alkanol material consists essentially of one C.sub.4
      -C.sub.13 alkanol. In some embodiments it comprises only one such alkanol.
      In other embodiments it comprises two or more such alkanols. Examples of
      C.sub.4 -C.sub.13 alkanols include both normal and branched alkanols:
PA1  n-butyl alcohol
PA1  isobutyl alcohol
PA1  t-butyl alcohol
PA1  n-amyl alcohol
PA1  isoamyl alcohol
PA1  t-amyl alcohol
PA1  n-hexyl alcohol
PA1  2-ethylbutyl alcohol
PA1  4-methyl-2-pentanol
PA1  n-heptyl alcohol
PA1  n-octyl alcohol
PA1  2-octanol
PA1  2-ethylhexyl alcohol
PA1  2-ethylisohexyl alcohol
PA1  n-nonyl alcohol
PA1  n-decyl alcohol
PA1  n-undecyl alcohol
PA1  n-dodecyl alcohol
PA1  n-tridecyl alcohol
PAL  and the like. In preferred embodiments only normal alkanols are involved.
      However, in other embodiments only branched chain alkanols are employed.
      In still other embodiments both straight and branched alkanols are used.
PAR  The trimellitate ester product in some embodiments of this invention is
      homogeneous in that it is composed of trimellitic acid completely
      esterified by only one C.sub.4 -C.sub.13 alkanol. In other embodiments the
      product is composed of a mixture of trimellitic acid triesters of C.sub.4
      -C.sub.13 alkanols. Such a mixture is obtained by mixing the trimellitic
      acid triester of one C.sub.4 -C.sub.13 alkanol with one or more
      trimellitic acid esters of different C.sub.4 -C.sub.13 alkanols, by mixing
      with a trimellitic acid triester of various C.sub.4 -C.sub.13 alkanols
      with one or more trimellitic acid esters of different C.sub.4 -C.sub.13
      alkanols, or by completely esterifying trimellitic acid with a mixture of
      C.sub.4 -C.sub.13 alkanols.
PAR  The trimellitate esters of this invention, which in general are known, are
      made, for example, by reacting an excess of the alkanol material with
      trimellitic anhydride first at a lower temperature to open the anhydride
      ring and then at higher temperatures to esterify the remaining acid
      groups. Excess alkanol is separated from the resulting triester product by
      distillation under reduced pressure, and unreacted acid is removed by
      treatment with a base.
PAR  Although the weight ratio of trimellitate ester product to the
      pentaerythritol ester product in the oil base stock of this invention is
      generally in the specified range, the optimum ratio depends on the makeup
      of the pentaerythritol ester product and the trimellitate ester product.
      In general, this optimum weight ratio can be approximated according to the
      equation:
      ##EQU1##
      in which V.sub.B is the desired initial 210.degree.F. viscosity in
      centistokes of the embodiment of the oil base stock to be made, which
      initial viscosity is selected from the range of viscosities extending from
      about 5.0 to about 5.5 centistokes, V.sub.PE is the initial 210.degree.F.
      viscosity of the pentaerythritol ester product, and V.sub.TME is the
      initial 210.degree.F. viscosity of the trimellitate ester product. In
      general the greater the average carbon atom content of the alkanoic acid
      moieties of the pentaerythritol ester product, the higher is its initial
      210.degree.F. viscosity. Consequently, in going from one embodiment of
      this invention to another embodiment in which the average carbon atom
      content of the alkanoic acid moieties of the pentaerythritol ester product
      is higher than in the first embodiment, the average carbon atom content of
      the alkanol moieties of the trimellitate ester product, the weight ratio
      of trimellitate ester product to the pentaerythritol ester product or both
      the average carbon atom content and weight ratio must be reduced to obtain
      the initial 210.degree.F. viscosity of the first embodiment.
PAR  The lubricating oil base stock of this invention is made by blending
      together at 20.degree.-25.degree.C. the pentaerythritol ester product and
      the trimellitate ester product.
DETD
PAR  The best mode now contemplated of carrying out this invention is
      exemplified by the following working examples of preferred specific
      embodiments of this invention. This invention is not limited to these
      specific examples.
PAC  EXAMPLE 1
PAR  This example illustrates a preferred embodiment of the lubricating oil base
      stock of this invention in which the pentaerythritol ester product is
      derived from commercial pentaerythritol.
PAR  The formulation of this lubricating oil base stock is:
TBL  Components            Parts By Weight                                     
     ______________________________________                                    
     Pentaerythritol Ester Product                                             
                           75                                                  
     Trimellitate Ester Product                                                
                           25                                                  
     ______________________________________                                    
PAR  The pentaerythritol ester product consists essentially of commercial
      pentaerythritol (99% monopentaerythritol and 1% dipentaerythritol and
      other polypentaerythritols) completely esterified by a mixture of normal
      C.sub.5 -C.sub.9 alkanoic acids, the average number of carbon atoms of
      which is 6.1. (The average carbon atom content is determined as disclosed
      in the prior art: namely, for each acid moiety in the product multiply the
      number of carbon atoms in that acid by the mole percent of that acid
      moiety of the total acid moieties to obtain the carbon atom contribution
      of that acid moiety and then add the carbon atom contribution of each of
      the acid moieties to give a sum which is the average carbon atom content
      in the total acid moieties.)
PAR  The trimellitate ester product is composed of trimellitic acid completely
      esterified with a mixture of normal C.sub.6 -C.sub.10 alkanols, the
      average carbon atom content of which is 8.
PAR  The two ester products are made by conventional esterification procedures.
PAR  The lubricating oil base stock of this example is made by blending together
      at 20.degree.-25.degree.C. the pentaerythritol ester product and the
      trimellitate ester product.
PAR  Typical properties of the lubricating oil base stock of this example are as
      follows:
PAR  Initial 210.degree.F. Viscosity = 5.0 centistokes
PAR  Initial 100.degree.F. Viscosity = 26 centistokes
PAR  Initial -40.degree.F. Viscosity = 9034 centistokes
PAR  Extended Viscosity Index (VIE) = 129
PAR  Pour Point = -70.degree.F.
TBL  ______________________________________                                    
     Corrosion and Oxidation Stability (72 hours,                              
     425.degree.F., Test Method of MIL-L-23669B)                               
     Metal     Change In Weight In Milligrams/cm..sup.2                        
     ______________________________________                                    
     Steel     -0.007                                                          
     Silver    -0.034                                                          
     Aluminum  0.000                                                           
     Titanium  0.000                                                           
     Change in 100.degree.F. Viscosity After 72 Hours At 425.degree.F.         
     100.degree.F. Viscosity (ASTM Standard D445)                              
                               Centistokes                                     
     Initial                   26                                              
     Final                     36                                              
     ______________________________________                                    
PAL  The change in viscosity is +38.5% which is considered acceptable. See
      MIL-L-23699B.
PAR  The corrosion and oxidative stability data, and the 100.degree.F. viscosity
      change data were obtained on a lubricating oil composed of the base stock
      of this example and as stabilizers p,p-dioctyldiphenylamine and
      phenyl-.beta.-naphthylamine with the concentration of each amine being
      0.75% by weight of the base stock. These stabilizer concentrations are
      substantially less than those concentrations employed in commercial jet
      engine lubricants. Hence, the lubricating oil base stock of this invention
      typically demonstrates superior performance even at low levels of
      stabilization.
PAC  EXAMPLE 2
PAR  This example illustrates still another specific embodiment of the
      lubricating oil base stock of this invention in which the pentaerythritol
      ester product is derived from commercial pentaerythritol.
PAR  The composition of this specific embodiment of the base stock is:
TBL  Components            Parts By Weight                                     
     ______________________________________                                    
     Pentaerythritol Ester Product                                             
                           65                                                  
     Trimellitate Ester Product                                                
                           35                                                  
     ______________________________________                                    
PAR  The pentaerythritol ester product in this example consists essentially of
      commercial pentaerythritol (99% by weight monopentaerythritol and 1% by
      weight dipentaerythritol and other polypentaerythritols) completely
      esterified by a mixture of straight chain C.sub.5 -C.sub.9 alkanoic acids,
      the average carbon atom content of which is 6.1.
PAR  The trimellitate ester product consists essentially of trimellitic acid
      completely esterified by a mixture of C.sub.7 alkanols, 90% by weight of
      which is heptyl alcohol and 10% by weight of which is branched C.sub.7
      alkanol.
PAR  The two ester products are made by conventional procedures, and the base
      stock is made by blending at 20-25.degree.C. the two ester products.
PAR  A typical initial 210.degree.F. viscosity of this base stock is 5.0
      centistokes.
PAR  The initial -40.degree.F. viscosity of this base stock is less than 13,000
      centistokes, and the base stock does not freeze within 72 hours at
      -40.degree.F. The pour point of the base stock is -55.degree.F.
PAC  EXAMPLE 3
PAR  This example illustrates a specific embodiment of the lubricating oil base
      stock of this invention, in which the pentaerythritol ester product is
      derived from technical pentaerythritol.
PAR  The composition of this specific embodiment of the base stock is:
TBL  Components            Parts By Weight                                     
     ______________________________________                                    
     Pentaerythritol Ester Product                                             
                           82                                                  
     Trimellitate Ester Product                                                
                           18                                                  
     ______________________________________                                    
PAR  The pentaerythritol ester product in this example consists essentially of
      technical pentaerythritol (88% by weight monopentaerythritol and 12% by
      weight dipentaerythritol and other polypentaerythritols) completely
      esterifed by a mixture of straight chain C.sub.4 -C.sub.11 alkanoic acids,
      the average carbon atom content of which is 6.1.
PAR  The trimellitate ester product consists essentially of trimellitic acid
      completely esterified by a mixture of C.sub.6 -C.sub.10 alkanols, the
      average carbon atom content of which is 8.
PAR  The two ester products are made by conventional procedures.
PAR  The base stock is made by blending at 20.degree.-25.degree.C. the two ester
      products.
PAR  A typical initial 210.degree.F. viscosity of this base stock is 5.0
      centistokes.
PAR  A typical initial -40.degree.F. viscosity is 9,248 centistokes.
PAR  The base stock of this example does not freeze within 72 hours at
      -40.degree.F.
PAC  EXAMPLE 4
PAR  This example illustrates still another specific embodiment of the
      lubricating oil base stock of this invention, in which the pentaerythritol
      ester product is derived from technical pentaerythritol.
PAR  The composition of this specific embodiment of the base stock is:
TBL  Components            Parts By Weight                                     
     ______________________________________                                    
     Pentaerythritol Ester Product                                             
                           83                                                  
     Trimellitate Ester Product                                                
                           17                                                  
     ______________________________________                                    
PAR  The pentaerythritol ester product in this example consists essentially of
      technical pentaerythritol (88% by weight monopentaerythritol and 12% by
      weight dipentaerythritol and other polypentaerythritols) completely
      esterified by a mixture of normal C.sub.4 and C.sub.7 alkanoic acids
      (n-butyric and n-heptylic acids), the average carbon atom content of which
      is 6.2.
PAR  The trimellitate ester product consists essentially of trimellitic acid
      completely esterified by a mixture of C.sub.6 -C.sub.10 alkanols, the
      average carbon atom content of which is 8.
PAR  The two ester products are made by conventional procedures.
PAR  The base stock is made by blending at 20.degree.-25.degree.C. the two ester
      products.
PAR  A typical 210.degree.F. viscosity of this base stock is 5.0 centistokes.
PAR  A typical -40.degree.F. viscosity of the base stock is 9195 centistokes.
PAR  The base stock of this example does not freeze within 72 hours at
      -40.degree.F.
PAR  Consequently, this invention provides a highly desirable lubricating oil
      base stock especially for use in high temperature applications.
PAR  Other features, advantages, and specific embodiments of this invention will
      become readily apparent to those exercising ordinary skill in the art
      after reading the foregoing disclosures. In this connection, while
      specific embodiments of this invention have been described in considerable
      detail, variations and modifications of these embodiments can be effected
      without departing from the spirit and scope of the invention as disclosed
      and claimed.
PAR  The expression "consisting essentially of" as used in this specification
      excludes any unrecited substance at a concentration sufficient to
      substantially adversely affect the essential properties and
      characteristics of the composition being defined, while permitting the
      presence of one or more unrecited substances at concentrations
      insufficient to substantially adversely affect said essential properties
      and characteristics.
PAR  The definitions of all words and phrases which are detailed in the
      specification apply to these words and phrases wherever they are used
      throughout this application, including the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition of matter useful as a base stock for jet engine
      lubricating oils or the like, which consists essentially of a blend of (1)
      a pentaerythritol ester product consisting essentially of pentaerythritol
      material completely esterified by straight chain C.sub.4 -C.sub.10
      alkanoic acid material, and (2) a trimellitate ester product consisting
      essentially of trimellitic acid completely esterified by C.sub.4 -C.sub.13
      alkanol material, the weight ratio of the trimellitate ester product to
      the pentaerythritol ester product being in the range from about 1:10 to
      about 1:1.
NUM  2.
PAR  2. A composition of matter according to claim 1 in which the
      pentaerythritol material comprises monopentaerythritol at a concentration
      of at least about 99% by weight of said pentaerythritol material.
NUM  3.
PAR  3. A composition according to claim 2 in which the alkanoic acid material
      consists essentially of normal C.sub.5 -C.sub.9 alkanoic acids and the
      average carbon atom content of said alkanoic acid material is about six.
NUM  4.
PAR  4. A composition according to claim 3 in which the alkanol material
      consists essentially of normal C.sub.6 -C.sub.10 alkanols and the average
      carbon atom content of said alkanol material is about eight.
NUM  5.
PAR  5. A composition according to claim 4 in which said weight ratio is about
      1:3.
NUM  6.
PAR  6. A composition according to claim 3 in which the alkanol material
      consists essentially of normal and branched chain C.sub.7 alkanols.
NUM  7.
PAR  7. A composition according to claim 6 in which said weight ratio is about
      1:1.9.
NUM  8.
PAR  8. A composition according to claim 1 in which the pentaerythritol material
      comprises monopentaerythritol at a concentration of about 88% by weight of
      said pentaerythritol material and has a polypentaerythritol content of
      about 12% by weight of said pentaerythritol material.
NUM  9.
PAR  9. A composition according to claim 8 in which the alkanol material
      consists essentially of normal C.sub.6 -C.sub.10 alkanols and the average
      carbon atom content of said alkanol material is about eight.
NUM  10.
PAR  10. A lubricating oil consisting essentially of (1) a blend of (A) a
      pentaerythritol ester product consisting essentially of pentaerythritol
      material completely esterified by straight chain C.sub.4 -C.sub.10
      alkanoic acid material, and (B) a trimellitate ester product consisting
      essentially of trimellitic acid completely esterified by C.sub.4 -C.sub.13
      alkanol material, the weight ratio of the trimellitate ester product to
      the pentaerythritol ester product being in the range from about 1:10 to
      about 1:1, and (2) a stabilizing quantity of stabilizer material.
PATN
WKU  039473708
SRC  5
APN  1011537
APT  1
ART  166
APD  19701223
TTL  Electrophotographic developing compositions
ISD  19760330
NCL  7
ECL  1
EXP  Brammer; Jack P.
INVT
NAM  Miller; Howard A.
CTY  Rochester
STA  NY
ASSG
NAM  Eastman Kodak Company
CTY  Rochester
STA  NY
COD  02
RLAP
COD  71
APN  562497
APD  19660705
PSC  03
CLAS
OCL  252 621P
XCL   96  15D
XCL  427 18
XCL  427 20
XCL  252 6255
EDF  2
ICL  G03G  902
FSC  252
FSS  62.1;500;503;511;62.55
FSC  117
FSS  100 R;201;227;217;230;16
FSC   96
FSS  1.5 D
FSC  427
FSS  18;20
UREF
PNO  3533835
ISD  19701000
NAM  Hagenbach et al.
OCL  117217
FREF
PNO  4,026,386
ISD  19701100
CNT  JA
OCL  252 62.1
LREP
FR2  Hilst; R. P.
ABST
PAL  Electrostatic latent image developing compositions are disclosed which
      contain toner granules and carrier particles. The novel carrier particles
      are comprised of a dispersion of magnetically responsive particulate
      material in an electrically insulating material which is triboelectrically
      matched with the toner granules to be electrostatically attractive to the
      toner granules when mixed therewith.
PARN
PAR  This application is a continuation of Ser. No. 562,497, filed July 5, 1966
      and now abandoned.
BSUM
PAR  This invention relates to the development of electrostatic latent images,
      and in particular to the use of solid, magnetically responsive carrier
      particles in triboelectric developing compositions.
PAR  In xerographic processes, such as described in U.S. Pat. No. 2,297,691, a
      uniform electrostatic charge on the surface of a normally insulating,
      photoconductive layer is selectively discharged by exposure to a light
      image, leaving a complementary electrostatic image. This can be developed
      by treatment with a finely divided electroscopic powder or toner, which
      adheres in the image pattern. The toner is then fixed to the surface of
      the photoconductive layer by treatment with heat or solvent, or it can be
      transferred to a second support, making the photoconductive element
      available for reuse.
PAR  Toners may be selected to provide a variety of physical, chemical and
      optical differences between the image and nonimage areas. The toner
      usually contains a colorant to impart density or color to the copy. Opaque
      white toner is used in certain applications of xerography to radiography.
      Toners which produce an ink-receptive image are used to make lithographic
      printing plates by xerography.
PAR  The powdered toner may be applied to the exposed element in many ways.
      Commonly a developing composition is used, comprising the toner and a
      second material which serves as a carrier. In the electrostatic developing
      system with which this invention is concerned, the carrier takes the form
      of solid pellets or granules substantially larger than the individual
      grains of toner, each carrier particle being capable of bearing a large
      number of the smaller toner grains on its surface. The carrier and toner
      are oppositely charged so that the toner adheres strongly to the surface
      of the carrier. This electrostatic attraction is customarily produced
      triboelectrically, that is, by the friction generated in mixing the
      carrier particles and the powdered toner to make the developing
      composition.
PAR  The carrier particles can be small crystals of inorganic salts, tiny glass
      beads, resinous pellets, or the like. Magnetically responsive carrier
      particles, e.g., iron granules, can be used to enable deposition of the
      toner and/or removal of unused material by magnetic means. One application
      of such carriers is in magnetic brush development. In this method, as
      described in Greig U.S. Pat. No. 2,874,063, the triboelectric mixture of
      iron carrier particles and toner powder, held in a magnetic field, e.g.,
      at one pole of a cylindrical DC-energized electromagnet, forms a resilient
      brush that is used to develop the image. As the magnetic brush is swept
      across the electrostatic image on the surface, the attraction between the
      toner and carrier is overcome and toner grains transfer from the carrier
      onto the electrostatic image. The carrier particles are retained by the
      magnetic brush and can be replenished with fresh toner when necessary.
PAR  Magnetic brush development is particularly useful in toning large
      electrostatic image areas. By properly grounding or biasing the magnetic
      brush, it is possible to produce uniform development across solid areas,
      in contrast to the fringe development obtained with the conventional
      cascade developing method.
PAR  Particulate iron which is customarily used as a carrier in magnetic-brush
      development can seriously affect the quality of development. Reusable
      xerographic materials, for example, selenium layers or resinous organic
      photoconductor coatings are easily abraded and the scratching produced by
      the iron greatly reduces the useful life of the photoconductive layer.
      Attempts to mitigate this problem by coating iron carrier particles with a
      nonabrasive material have not substantially improved the performance of
      these carriers.
PAR  The usefulness of the iron carrier is further limited by its electrical
      conductivity by which the image charge on the surface of the
      photoconductive element tends to be dissipated. The iron particles in
      intimate contact with a charged area can conduct charge away from the
      area, thus modifying the latent image and lowering the quality of the
      reproduced image.
PAR  It would also be desirable if the solid-carrier particles in xerographic
      developers were capable of being independently altered in shape, density,
      magnetic response, triboelectric characteristics, and electrical
      conductivity. Such flexibility would enable developer compositions to be
      designed for a wide number of specialized applications.
PAR  It is therefore an object of this invention to provide an improved
      magnetically responsive carrier material for use in triboelectric
      developing compositions for electrostatic images.
PAR  It is another object of this invention to provide a novel carrier material
      for use in magnetic-brush development of electrostatic images, which
      substantially reduces abrasion of the surface of a photoconductive element
      during development.
PAR  Another object of this invention is to provide a novel magnetically
      responsive carrier particle of this invention with an electrical
      conductivity which will not disturb an electrostatic image during
      development.
PAR  Another object of this invention is to provide a method for magnetic brush
      developing electrostatic charge patterns comprising as the toner carrying
      particle the magnetically responsive material of this invention.
PAR  A further object of this invention is to provide a novel developing
      composition for use in magnetic-brush development comprising a suitable
      toner material intimately mixed with the magnetic carrier particles of
      this invention.
PAR  Still another object of this invention is to provide a method of making the
      carrier particles of this invention whereby variations in the shape,
      specific gravity, resistivity and magnetic and triboelectric properties of
      the particles can readily be accomplished.
PAR  The above and further objects and advantages of this invention are achieved
      by providing an improved carrier particle comprising a homogeneous
      distribution of finely divided, magnetically electrical resistivity. Such
      a composition permits the preparation of carrier particles which are
      smooth and non-abrasive, and which display outstanding mechanical,
      magnetic, and electrostatic properties when the maximum dimension of the
      magnetically responsive particles is no more than one-fifth the maximum
      dimension of the ultimate carrier particle.
PAR  The carrier particles of this ivention can be of any desired shape; for
      example, they can be cylindrical, cubic, filamentary, plate like, disc
      shaped and the like.
PAR  The average carrier diameter (or effective maximum dimension) in
      triboelectric developing compositions ranges from about 600 to 100 microns
      (30 to 150 mesh). The carriers made according to this invention may be of
      any size within the range, or they may be larger or smaller to suit
      particular requirements. To prepare the carrier particles of this
      invention, the average diameter selected for the carrier particles should
      be at least 4 times the average diameter of the toner grains used with the
      carrier. The preferred developing compositions of this invention are
      comprised of uniformly sized carrier particles having an average diameter
      in the range of from about 125 microns to about 250 microns (about 120 to
      60 mesh) and granular toner material having a maximum average grain
      diameter of about 25 microns. Excellent results are obtained with
      developing compositions made with toners and carriers within these size
      ranges, wherein the ratio of carrier particle diameter to toner grain
      diameter is at least 10 to 1.
PAR  The toner used with the carrier particles of this invention may be selected
      from a wide variety of materials to give desired physical properties to
      the developed image and the proper triboelectric relationship with the
      selected carrier.
PAR  Where the developers of the invention are to be used in magnetic-brush
      applications, a soft magnetic material can be employed, that is, one
      displaying, low remanence. In this manner the magnetism induced by an
      external magnetic field will substantially disappear when the field is
      removed. This property facilitates breaking up and reforming the magnetic
      brush. Suitable materials can be selected from iron, soft iron, chromium
      oxide and other magnetic oxides. Hard magnetic materials, such as gamma
      ferric oxide are otherwise satisfactory.
PAR  The individual bits of the ferromagnetic component should preferably be of
      a relatively uniform size and sufficiently smaller in diameter than the
      carrier particle to be produced, such that the surface of the carrier is
      substantially free of ferromagnetic material. Typically, the average
      diameter of the ferromagnetic bits should be no more than about 20 per
      cent of the average diameter of the carrier particle. Advantageously, a
      much lower ratio of average diameter of magnetizable component to carrier
      can be used. Excellent results are obtained with magnetizable powders of
      the order of 5 microns down to 0.05 microns average diameter. Even finer
      powders, such as colloidally fine "carbonyl iron"  prepared by reduction
      of iron carbonyl, can be used when the degree of subdivision does not
      produce unwanted modifications in the magnetic properties and the amount
      and character of the selected binder produce satisfactory strength
      together with other desirable mechanical properties in the resulting
      carrier particle.
PAR  The concentration of the ferromagnetic component can vary widely. Carrier
      particles which can be retrieved readily by magnetic means and which can
      be used advantageously in magnetic-brush development can be prepared with
      proportions of finely divided magnetizable material, e.g., iron powder
      from about 20% by weight to about 95% by weight, in a suitable matrix.
PAR  The matrix material used with the finely divided magnetic inclusion is
      selected to provide the required mechanical and electrical properties. It
      should (1) adhere well to the ferromagnetic inclusion; (2) facilitate
      formation of strong, smooth-surfaces particles; and (3) possess sufficient
      difference in triboelectric properties from the toner grains with which it
      will be used to insure the proper polarity and magnitude of electrostatic
      charge between the toner and carrier when the two are mixed. When carrier
      particles are prepared as described herein, wearing of the particles will
      produce an exposed surface having triboelectric properties identical to
      those of the original surface. This property is due in part to the
      homogeneous structure of the carrier.
PAR  The insulating matrix can be glass, an inorganic salt, or the like. The
      matrix material is preferably a natural or synthetic resin or a mixture of
      such resins having appropriate mechanical and triboelectric properties.
      Other useful matrix materials include glass, inorganic salts, wood flour,
      paper pulp, powdered glass, textile fibers, and the like, either fuzed or
      combined with suitable adhesive addenda, such as, solvent-soluble or
      heat-softenable resins. Appropriate monomers (which can be used to prepare
      resins for this use) include, for example, vinyl monomers, such as, alkyl
      acrylates and methacrylates, styrene and substituted styrenes, basic
      monomers such as vinyl pyridines, etc. Copolymers prepared with these and
      other vinyl monomers, such as, acidic monomers, e.g., acrylic or
      methacrylic acid, can be used. Such copolymers can advantageously contain
      small amounts of polyfunctional monomers, such as, divinylbenzene, glycol
      dimethacrylate, triallyl citrate, and the like.
PAR  Preparation of carrier particles according to this invention may involve
      the application of heat to soften thermoplastic material, or to harden
      thermosetting material, evaporative drying to remove liquid vehicle; the
      use of pressure, or of heat and pressure, in molding, casting, extruding,
      etc., and in cutting or shearing to shape the carrier particles; grinding,
      e.g., in a ball mill to reduce carrier material to appropriate particle
      size; shifting operations to classify the particles; and the use of
      chemical operations, such as, polymerization.
PAR  According to one embodiment of the invention, the powdered ferromagnetic
      component is dispersed in a dope or solution of the binder resin. The
      solvent may then be evaporated and the resulting solid mass subdivided by
      grinding and screening to produce carrier particles which will pass
      through a 60 mesh screen but be retained by a 120 mesh screen.
PAR  According to another embodiment, emulsion polymerization is used to produce
      uniform carrier particles of excellent smoothness and useful life. In this
      method, a suitable magnetically responsive particulate solid, such as
      powdered iron, is dispersed in a viscous solution of a monomer or a
      mixture of monomers, optionally containing some polymer thickener. The
      resulting liquid can be emulsified in a viscous aqueous solution of
      hydrophilic protective colloid, and polymerized to form hard beads of
      resin containing uniformly dispersed magnetizable powder. The beads can be
      separated after polymerization and graded by screening, or they can be
      reduced in size in a ball mill and then graded, if desired.
PAR  Compositions of this invention make it possible to adjust the resistivity
      of the magnetic brush carrier over a wide range by incorporating
      nonmagnetic conductive material in the carrier matrix. For example, if the
      higher electrophotographic speed inherent in fringe development is desired
      in a system employing magnetic brush development, a carrier comprising
      magnetically responsive material in an insulating matrix can be used. If,
      however, solid-area development is desired, such as is obtainable with
      conventional soft iron carriers, an appropriate conductor can be dispersed
      in the matrix to lower the resistivity sufficiently to produce excellent
      solid-area development without the disturbance of the electrostatic image
      which is occasioned by the use of an untreated iron carrier.
DETD
PAR  The following examples illustrate preferred embodiments of this invention.
PAC  EXAMPLE I
PAR  A 50 g quantity of soft iron powder of a size which passed through a 60
      mesh screen but was retained by a 120  mesh screen was washed thoroughly
      with ligroin and air dried. This was identified as Sample I. A further 200
      g. quantity of soft iron powder (similarly cleaned and dried) graded to a
      size which passed a 90 mesh screen but was retained by a 120 mesh screen
      was coated with 40 g of a mixture of two parts of Vinylite VYNS resin (a
      medium-high molecular weight poly(vinyl acetate/vinyl chloride) composed
      of approximately 90 per cent vinyl chloride and 10 per cent vinyl acetate,
      Union Carbide Corp.) and three parts of Melmac 401 resin (a melamine type
      synthetic resin made by American Cyanamide Co.). These were bonded to the
      surface with 5 g of Bakelite resin BR7534 (supplied by Union Carbide
      Corp.) using 18% HCl solution as the catalyst. A third quantity of soft
      iron powder was graded to an average diameter of 2.mu.. 200 g of this
      powder was intimately mixed with the same resin mixture used in preparing
      Sample II, the catalyst added, and heat applied to produce a hard resinous
      mass. This was ground to a coarse powder, graded to 60-120 mesh, and
      identified as Sample III. Sample I, II, and III were each used as carriers
      to make a triboelectric developing composition, by mixing 20 g of each
      with 1 g of toner of 15.mu. average diameter of the following composition:
PA1  90% polystyrene
PA1  10% carbon black
PAC  EXAMPLE 2
PAR  Five-gram quantities of the three developers in Example 1 were used to
      prepare magnetic brushes and rubbed repeatedly over 2 inch by 4 inch
      strips of two xerographic plates arranged at the bottom of a shallow tray.
      One of the plates was a selenium coating on aluminum, the other an organic
      photoconductor, triphenylamine, in a poly(styrene-methylmethacrylate)
      binder on aluminum. The two kinds of xerographic plates, representing 500
      passes of the three magnetic-brush developers were examined by specular
      illumination at 50-power magnification. Severe abrasion was observed on
      both plates which had been treated with the iron carrier developer; less
      pronounced but still strongly evident abrasion occurred with the
      spraycoated iron. Microscopic examination of this carrier showed numerous
      sharp edges and points which would be expected to cause mechanical damage
      in the frictional contact involved in magnetic-brush development. The
      plates developed using the carrier of this invention showed almost no
      evidence of abrasion.
PAC  EXAMPLE 3
PAR  Four compositions were prepared like Sample III of the preceding example
      using the following homogeneous additions of finely divided electrically
      conducting material to modify the resistivity of the resulting carrier
      particles.
TBL  ______________________________________                                    
                   % Conducting Carbon Based on                                
                   Dry Weight of Resin                                         
     ______________________________________                                    
     I       (Control)   0                                                     
     II                  4                                                     
     III                 12                                                    
     IV                  36                                                    
     ______________________________________                                    
PAR  The four samples were used to prepare triboelectric developing compositions
      using the toner of Example 1. They were then employed in magnetic-brush
      development to treat identical negative electrostatic images on zinc
      oxide-resin electrophotographic paper. (Copytron Premium Paper A2813,
      sold by Charles Bruning Co., Division of Addressograph- Multigraph Corp.)
      Fringe development was obtained with Sample I and II. Low density area
      development with higher density at the edges occurred with Sample III. As
      expected, good uniform area development was obtained with Sample IV due to
      its greater conductivity.
PAC  EXAMPLE 4
PAR  A 15% by weight dope of poly(methyl methacrylate) in monomeric methyl
      methacrylate was made by stirring the materials together. To two parts of
      this dope was added with stirring one part of gamma iron oxide powder, 1
      micron average diameter. The mixture was triturated until smooth with a
      mortar and pestle, and kept at a workable consistency by dilution with one
      additional part of monomer. The mixture was strained through cheese cloth,
      and 0.5% of lauroyl peroxide (by weight based on total weight of mixture)
      was added with stirring. The result was a smooth viscous dope. 170 g of a
      three per cent aqueous solution of cellulose methyl ether was heated to
      50.degree.C. To this slightly gelatinous solution in an 8-ounce bottle was
      added 34 g of the above pigmented monomer-polymer dope. The bottle was
      capped, shaken 30 times back and forth, and left overnight at 50.degree.C.
      During this time, the monomer polymerized and the dope set to a soft gel.
      The contents of the bottle were cooled and dispersed in three volumes of
      distilled water. The resin particles settled readily. They were washed in
      several changes of water, filtered, and dried. The yield was nearly
      quantitative. The particles, which ranged in size from about 40 to about
      400 microns, were classified and those in the size range from about 125 to
      about 250 microns were retained.
PAC  EXAMPLE 5
PAR  A portion of the iron oxide-polymer-monomer dope prepared in Example 4 was
      treated in the same way except that instead of shaking by hand, the
      mixture was stirred for ten minutes with 1.5-inch three-bladed propeller
      at 1750 rpm. The beads obtained were mostly 75 to 250 microns in their
      largest dimension.
PAC  EXAMPLE 6
PAR  A 15% by weight dope of polyvinyl pyridine in monomeric vinyl pyridine was
      made by stirring. To two parts of this dope, one part by weight of finely
      divided magnetite (Mapico Black, made by Columbia Carbon Company,
      particles less than 1 micron in diameter) was added with stirring. The
      mixture was ground smooth with a mortar and pestle, and was kept at a
      workable consistency by dilution with one additional part of monomer. The
      mixture was strained through cheese cloth, and 0.5% of lauroyl peroxide
      (by weight based on total weight of mixture) was added with stirring. The
      result was a smooth viscous black dope. In a 250 ml bottle, 170 g of a 3%
      by volume aqueous solution of cellulose methyl ether was heated to
      50.degree.C in a water bath. The solution became viscous and gelatinous.
      To this was added 34 g of the above pigmented monomer-polymer dope. The
      bottle was capped and was shaken moderately by hand 30 times back and
      forth. The bottle was then left overnight (18 hours) in the 50.degree.C
      bath. During this time, the monomer polymerized and the dope set to a soft
      gel. The contents of the bottle were cooled and dispersed in three volumes
      of distilled water. The beads settled readily. They were washed in several
      changes of water, filtered and dried. The yield was nearly quantitative.
      They were round, smooth and black, mostly of diameter 40 to 400 microns,
      and were strongly attracted to a magnet.
PAC  EXAMPLE 7
PAR  Some of the magnetite-polymer-monomer dope from Example 6 was treated in
      the same way except that instead of shaking by hand, the mixture was
      stirred for 10 minutes with a 1.5-inch three-bladed propeller at 1750 rpm.
      The beads, isolated as in Example 6, were similar except they were finer
      and somewhat less uniformly spherical. They were mostly 75 to 250 microns
      in diameter.
PAC  EXAMPLE 8
PAR  To 60 g of magnetically responsive carrier material having a particle size
      classified between 60 and 120 mesh prepared as in Example 4, 3 g of toner
      having the following composition of about 10.mu. average particle size was
      added.
TBL  ______________________________________                                    
     Carbon Black             3 g                                              
     Nigrosin (spirit jet) (a dyestuff                                         
                              3 g                                              
      sold by General Aniline and Film Co.)                                    
     Iosol Black (dyestuff sold by Allied                                      
                              2 g                                              
      Chemical and Dye Corp.)                                                  
     Piccolastic Record Resin (polystyrene                                     
                              92 g                                             
      homolog, Pennsylvania Industrial                                         
      Chemical Co.)                                                            
     ______________________________________                                    
PAL  A developing composition of positively charged toner on a negatively
      charged carrier was triboeletrically produced by shaking the mixture in a
      covered glass jar. Prints made in the following manner with the above
      composition exhibited clean backgrounds and were generally of good overall
      quality.
PAR  An electrostatic latent image was produced on a negatively charged zinc
      oxide-resin electrophotographic paper (Copytron Premium Paper A2813, sold
      by Charles Bruning Co., Division of Addressograph-Multigraph Corp.) by
      imagewise exposure in a copy camera for 15 foot candle seconds and then
      toned with a manually operated magnetic brush containing the developer.
      The paper was placed, during toning, on a grounded aluminum plate.
      Similarly, development of a negative electrostatic latent image on an
      organic photoconductor layer consisting of triphenylamine in Vitel (a
      modified polyethylene terephthalate sold by Goodyear Tire and Rubber Co.)
      binder was accomplished using manual magnetic brush development. This was
      repeated with cascade development by flowing the tonercarrying particles
      over the surface of the paper. Good images were produced.
PAC  EXAMPLE 9
PAR  A quantity of magnetically responsive carrier material prepared according
      to Example 4 was ground to a coarse powder and screen classified to select
      a range of particles having a size between 30 and 60 mesh for use as the
      carrier. Fourteen grams of the toner used in Example 8 were mixed with 280
      g of the carrier to form a composition with triboelectric properties from
      which a magnetic brush was formed on a mechanically driven magnet. The
      brush was operated at 120 rpm. Good xerographic prints were produced on a
      zinc oxide-resin paper such as used in Example 8 by charging on an
      aluminum plate under a multiwire charger and exposing with a copy camera.
      During development a 6.0 kilovolt potential was applied between the brush
      roller and a single 0.003-inch tungsten wire located behind the
      electrophotographic paper.
PAC  EXAMPLE 10
PAR  The procedure of Example 9 was repeated, using as the xerographic element,
      an acetate support coated with a conducting layer comprising cuprous
      iodide in polyvinyl acetate which had been overcoated with a
      photoconductive layer comprising triphenylamine in a Vitel (Goodyear Tire
      and Rubber Co.) binder. The element was exposed by reflex to a positive
      document, and developed with a magnetic brush containing the developer. A
      satisfactory xerographic print resulted.
PAC  EXAMPLE 11
PAR  Ten grams of Butvar B-76 (a medium molecular weight terpolymer composed of
      about 88 per cent polyvinyl butyral, 2.5 per cent polyvinyl acetate and 9
      to 13 per cent polyvinyl alcohol made by Shawinigan Resins Division of
      Monsanto Chemical Co.) were stirred in 500 ml of 1:1 acetone-methyl
      isobutyl ketone solvent at 100.degree.F until the resin dissolved.
      Forty-five grams finely divided Fe.sub.3 O.sub.4 pigment (average diameter
      3 microns) were added with stirring and the suspension was milled in a
      ball mill for 72 hours. It was then poured onto a clean glass surface to
      form a thin film of approximately 0.0015 dry thickness and the solvent was
      removed by evaporation. The solid layer was stripped and triturated to a
      particle size which passed 60 but was retained by 120 mesh sieve. The
      resulting flat platelets were mixed with toner as in Example 8. This
      triboelectric developing composition was used in magnetic brush and
      cascade development techniques as in Example 8 to develop electrostatic
      latent images. These procedures yielded good quality prints.
PAC  EXAMPLE 12
PAR  A ball-milled ferromagnetic carrier as prepared in Example 11 was ground to
      larger than 20-30 screen size and used as the carrier for 5 per cent by
      weight of the toner of Example 8 graded by elutriation to a 15.mu. maximum
      size. A sheet of the xerographic material used in Example 10 was charged
      negatively with 9.0 kilovolt corona for 6 seconds, exposed in a copy
      camera for 15 foot candle seconds and developed by magnetic brush using
      the above mix. The image was transferred to a paper receiving sheet made
      by the Georgia-Pacific Company, Hopper Paper Division, the photoconductor
      cleaned with a soft cotton pad, and the cycle repeated several times.
      Prints of good quality were obtained each time.
PAC  EXAMPLE 13
PAR  The procedure of Example 12 was repeated using 60-120 mesh size carrier
      particles. Successive images were transferred to Verifax Copy Paper
      (Eastman Kodak Co.), and to the paper used in Example 12. Images on both
      papers had high maximum density and low background density.
PAC  EXAMPLE 14
PAR  The procedure in Example 8 was repeated using as the carrier particles
      ground to an average size of 90 mesh from a tough, resilient composition
      made by incorporating 60 grams of .gamma.-Fe.sub.2 O.sub.3 (the largest
      grains passing through 200 mesh) in 10 grams of a copolymer of 90 per cent
      ethyl acrylate and 10 per cent 2-methyl-5-vinylpyridine. Good xerographic
      prints were obtained.
PAC  EXAMPLE 15
PAR  Example 14 was repeated using as the carrier, 90 grams of carbonyl iron SF
      (less than 0.5.mu. diameter; General Aniline and Film Corp.) in 10 g of
      Butvar resin. Good prints were obtained on zinc oxide-resin xerographic
      paper.
PAC  EXAMPLE 16
PAR  Carrier particles of size ranging from 75 to 250 microns in diameter were
      prepared as described in Example 5. Fifty grams of these granules were
      shaken with 2.5 g of the toner described in Example 8 and the resulting
      triboelectric developer was used to tone electrostatic images on the zinc
      oxide-resin paper used in Example 10. Prints of good quality were
      obtained.
PAC  EXAMPLE 17
PAR  A 15 per cent-by-weight dope of poly(methyl methacrylate) in monomeric
      methyl methacrylate was made by stirring. To two parts of this dope was
      added, with stirring, one part by weight of finely divided soft iron havng
      a particle size less than 1 micron. The mixture was ground smooth with a
      mortar and pestle, and was kept at a workable consistency by dilution with
      one additional part of monomer. The mixture was strained through cheese
      cloth, and 0.5 per cent of lauroyl peroxide (by weight based on total
      weight of mixture) was added with stirring. The result was a smooth
      viscous black dope. In a 250 ml bottle, 170 g of a 3 per cent by volume
      aqueous solution of cellulose methyl ether was heated to 50.degree.C in a
      water bath. The solution became more viscous and slightly gelatinous. To
      this was added 34 g of the above pigmented monomer-polymer dope. The
      bottle was capped and was shaken moderately by hand 30 times back and
      forth. The bottle was then left overnight (18 hours) in the 50.degree.C
      bath. During this time the monomer polymerized and the dope set to a soft
      gel. The contents of the bottle were cooled and dispersed in three volumes
      of distilled water. The beads settled readily. The were washed in several
      changes of water, filtered, and dried. This material, when processed
      according to Example 8, produced prints of good quality on zinc
      oxide-resin coated papers as in Example 10.
PAC  EXAMPLE 18
PAR  Forty grams of Butvar B-76 (see Example 11) were dissolved in 350 cc of
      methyl isobutyl ketone in a Waring Blendor. 37.8 g of Vulcan XC-72R carbon
      (made by Cabot Corp.) were added to the solution. This dispersion was
      added to 750 g of ferromagnetic material having a particle size less than
      1 micron and shaken gently. The dispersion was dried, ground, and sieved
      to 60-120 mesh. To the carrier was added 5 per cent by weight of the toner
      described in Example 5. An image was developed and transferred as in
      Example 12, yielding a print of good quality. An additional quantity of
      this liquid composition was evaporated to a nearly gelled state, extruded
      through round openings of approximately 100 micron diameter, the extruded
      material being cut to approximately 500 micron lengths. The resulting
      cylinders were treated with a rising current of heated air which dried the
      material to a solid, nontacky state, before it settled to the bottom. The
      particles were used to prepare magnetic-brush developers which yielded
      excellent fringe-developed images.
PAC  EXAMPLE 19
PAR  The method of Example 18 was used to make a carrier, using as the
      components:
     Bakelite VYHH resin* (Union Carbide Corp.)                                
                               36 g                                            
     Methyl isobutyl ketone    120 g                                           
     Carbonyl iron SF (General Aniline and                                     
                               210 g                                           
      Film Corp.)                                                              
      *Bakelite VYHH resin is a medium molecular weight copolymer composed of  
      approximately 87 per cent vinyl chloride and 13 per cent vinyl acetate.  
PAL  To the ground and sieved carrier was added 10 per cent by weight of the
      toner of Example 8. The process of Example 12 yielded a print of good
      quality.
PAC  EXAMPLE 20
PAR  The method of Example 14 was used to make a carrier using instead the
      following components:
TBL  Bakelite VAGH resin** (Union Carbide Corp.)                               
                               38.5 g                                          
     Methyl ethyl ketone       45.0 g                                          
     Methyl isobutyl ketone    255.0 g                                         
     Vulcan XC-72R carbon (Cabot Corp.)                                        
                               10.0 g                                          
     .gamma.-Fe.sub.2 O.sub.3 (K-300, less than 1 micron in size               
                               116.0 g                                         
      made by American Pigment Co.)                                            
     Tenlo 70 (a nonionic surfactant made by                                   
                               2.0 g                                           
      Nopco Chemical Co., Newark, New Jersey)                                  
      **Bakelite VAGH resin is a partially hydrolyzed vinyl chloride vinyl     
      acetate copolymer having a vinyl chloride content of approximately 91 per
      cent.                                                                    
PAL  To the ground and sieved carrier was added 5 per cent of the toner of
      Example 8. The process of Example 12 yielded a print of good quality.
PAC  EXAMPLE 21
PAR  The composition of Example 20 was prepared, with the exception that the
      VAGH resin was in part replaced with Butvar76resin, as follows:
TBL  Bakelite VAGH resin       25.0 g                                          
     Butvar-76 resin           13.5 g                                          
PAR  This composition gave a material having mechanical properties superior to
      those obtained when either resin was used alone. When this carrier was
      mixed with 5 weight per cent of the toner of Example 8, and an image made
      as in Example 12, a print of good quality was obtained.
PAC  EXAMPLE 22
PAR  The procedure of Example 11 was followed except that the concentration of
      iron oxide was raised to 10 g and 40 g of wood flour were added. The
      resulting carrier particles produced good triboelectric developers which
      gave fringe development in both cascade and magnetic-brush systems.
PAC  EXAMPLE 23
PAR  300 grams of finely powdered soda lime glass and 550 g of gamma ferric
      oxide powder were uniformly mixed and heated to produce a uniform melt.
      While agitation was continued the molten mixture was blown through a
      nozzle, impinging on a stainless steel plate heated to 200.degree.C. The
      resulting finely divided droplets were then allowed to drop into a beaker
      containing hot mineral oil. The resulting nearly spherical beads were
      collected, washed with petroleum ether, dried, graded for size and used as
      carrier particles to prepare developers for both cascade and
      magnetic-brush uses. Good fringe-developed images were obtained with no
      background toning. The procedure was repeated adding stannous oxide to
      make the glass conducting. The resulting beads graded to 60-90 mesh were
      used to prepare magnetic-brush developers, which gave good solid area
      development.
PAR  The binder containing the ferromagnetic dispersion will ordinarily form the
      entire carrier particle. It can, however, be overcoated with a layer of
      insulating material which is free of ferromagnetic particles, e.g., a
      lacquer or the ferromagnetic material may be dispersed in an outer layer
      over a core of different composition, e.g., a glass bead, paper pellet,
      etc.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove and as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electroscopic developer composition comprising a mixture of toner
      particles and carrier particles wherein the carrier particles comprise a
      homogeneous dispersion of magnetically responsive particulate material in
      an electrically insulating material which is triboelectrically matched
      with the toner particles to be electrostatically attractive to the toner
      particles when mixed with them, the average diameter of said magnetically
      responsive particulate material being not greater than 20 percent of the
      average diameter of the carrier particles, said carrier particles having
      an average diameter of from about 100 microns to about 600 microns which
      is at least 4 times the average diameter of the toner particles.
NUM  2.
PAR  2. An electroscopic developer cmposition according to claim 1 wherein said
      magnetically responsive particulate material is selected from the group
      consisting of gamma iron oxide, magnetic iron oxide, soft iron,
      ferromagnetic alloys containing iron, and mixtures thereof.
NUM  3.
PAR  3. In a dry electroscopic developer composition for use in development of
      electrostatic charge patterns, said composition comprising a triboeletric
      mixture of electroscopic toner particles and magnetically attractive
      carrier particles, said carrier particles having an average diameter of
      from about 100 microns to about 600 microns, said average diameter being
      at least 4 times the average diameter of said toner particles, the
      improvement wherein said carrier particles are each comprised of a
      homogeneous dispersion of a plurality of separate, magnetically responsive
      particles in a solid, cohesive, non-metallic, electrically insulating
      matrix which is triboelectrically matched to be electrostatically
      attractive to said toner particles, said separate, magnetically responsive
      particles having an average diameter not greater than about 20 percent of
      the carrier particle in which they are contained.
NUM  4.
PAR  4. A developer composition as in claim 2 wherein said matrix is formed of
      an organic, electrically insulating, film-forming polymer and said
      separate, magnetically responsive particles contained therein have an
      average diameter of not greater than about 40 microns.
NUM  5.
PAR  5. A developer composition as in claim 2 wherein said carrier particles are
      present in an amount of at least about 90 percent by weight of the
      electroscopic developer composition.
NUM  6.
PAR  6. A developer composition as described in claim 2 wherein said separate,
      magnetically responsive particles comprise a ferromagnetic material
      selected from the group consisting of gamma iron oxide, magnetic iron
      oxide, soft iron, ferromagnetic alloys containing iron, and mixtures
      thereof.
NUM  7.
PAR  7. A developer composition as described in claim 2 wherein said carrier
      particles contain from about 20% to about 95% of magnetically responsive
      particles having a low remanence.
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ABST
PAL  An electrostatographic developer mixture comprising finely divided toner
      particles electrostatically clinging to the surface of larger carrier
      beads, each of the carrier beads comprising a core particle surrounded by
      a thin outer layer of a poly(p-xylylene) polymer. Imaging processes of
      developing electrostatic latent images with the developer mixture are also
      disclosed.
PARN
PAR  This application is a divisional application of copending application Ser.
      No. 308,642, filed Nov. 21, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to electrostatographic imaging systems,
      and, in particular, to improved developer materials and their use.
PAR  The formation and development of images on the surface of photoconductive
      materials by electrostatic means is well known. The basic
      electrostatographic process, as taught by C. F. Carlson in U.S. Pat. No.
      2,297,691, involves placing a uniform electrostatic charge on a
      photoconductive insulating layer, exposing the layer to a light and shadow
      image to dissipate the charge on the areas of the layer exposed to the
      light and developing the resulting electrostatic latent image by
      depositing on the image a finely divided electroscopic material referred
      to in the art as "toner." The toner will normally be attracted to those
      areas of the layer which retain a charge, thereby forming a toner image
      corresponding to the electrostatic latent image. This powder image may
      then be transferred to a support surface such as paper. The transferred
      image may subsequently be permanently affixed to the support surface as by
      heat. Instead of latent image formation by uniformly charging the
      photoconductive layer and then exposing the layer to a light and shadow
      image, one may form the latent image by directly charging the layer in
      image configuration. The powder image may be fixed to the photoconductive
      layer if elimination of the powder image transfer step is desired. Other
      suitable fixing means such as solvent or overcoating treatment may be
      substituted for the foregoing heat fixing step.
PAR  Many methods are known for applying the electroscopic particles to the
      electrostatic latent image to be developed. One development method, as
      disclosed by E. N. Wise in U.S. Pat. No. 2,618,552 is known as "cascade"
      development. In this method a developer material comprising relatively
      large carrier particles having finely divided toner particles
      electrostatically clinging to the surface of the carrier particles is
      conveyed to and rolled or cascaded across the electrostatic latent image
      bearing surface. The composition of the toner particles is so chosen as to
      have a triboelectric polarity opposite that of the carrier particles. As
      the mixture cascades or rolls across the image bearing surface, the toner
      particles are electrostatically deposited and secured to the charged
      portion of the latent image and are not deposited on the uncharged or
      background portions of the image. Most of the toner particles accidentally
      deposited in the background are removed by the rolling carrier due
      apparently to the greater electrostatic attraction between the toner and
      the carrier than between the toner and the discharged background. The
      carrier particles and unused toner particles are then recycled. This
      technique is extremely good for the development of line copy images. The
      cascade development process is the most widely used commercial
      electrostatographic development technique. A general purpose office
      copying machine incorporating this technique is described in U.S. Pat. No.
      3,099,943.
PAR  Another technique for developing electrostatic latent images is the
      "magnetic brush" process as disclosed, for example, in U.S. Pat. No.
      2,874,063. In this method a developer material containing toner and
      magnetic carrier particles is carried by a magnet. The magnetic field of
      the magnet causes alignment of the magnetic carriers in a brushlike
      configuration. This "magnetic brush" is engaged with an electrostatic
      latent image bearing surface and the toner particles are drawn from the
      brush to the electrostatic latent image by electrostatic attraction.
PAR  Another technique for developing electrostatic latent images is the
      "touchdown" process as disclosed, for example, in U.S. Pat. Nos. 2,895,847
      and 3,245,823 to Mayo. In this method a developer material is carried to a
      latent image bearing surface by a support layer such as a web or sheet and
      is deposited thereon in conformity with said image.
PAR  Carrier surfaces and carrier particles are generally made from or coated
      with materials having appropriate triboelectric properties as well as
      certain other physical characteristics. Thus, the materials employed as
      the carrier surfaces and carrier particles or the coatings thereon should
      have a triboelectric value commensurate with the triboelectric value of
      the toner to enable electrostatic adhesion of the toner to the carrier
      surface or carrier particles and subsequent transfer of the toner from the
      carrier surface or carrier particles to the image on the plate.
      Furthermore, the triboelectric properties of the carrier surface and all
      the carrier particles should be relatively uniform to permit uniform
      pickup and subsequent deposition of toner. The materials employed on the
      carrier surface and the carrier particles should preferably have an
      intermediate hardness so as not to scratch the plate or drum surface upon
      which the electrostatic image is initially placed while being sufficiently
      hard to withstand the forces to which they are subjected during recycle.
      The carrier substrate and carrier particles as well as the surface thereof
      also should not be comprised of materials which are so brittle as to cause
      either flaking of the surface or particle breakup under the forces exerted
      on the carrier during recycle. The flaking thereof causes undesirable
      effects in that the relatively small flaked particles may eventually be
      transferred to the copy surface thereby interfering with the deposited
      toner and causing imperfections in the copy image. Furthermore, flaking of
      the carrier surface will cause the resultant carrier to have nonuniform
      triboelectric properties when the carrier is composed of a material
      different from the surface coating thereon. This results in undesirable
      nonuniform pickup of toner by the carrier and nonuniform deposition of
      toner on the image. In addition, when the carrier particle size is
      reduced, the removal of the resultant small particles from the plate
      becomes increasingly difficult. Thus, the types of materials useful for
      making carrier or for coating carrier, although having the appropriate
      triboelectric properties, are limited because other physical properties
      which they possess may cause the undesirable results discussed above.
PAR  While ordinarily capable of producing good quality images, conventional
      developing materials suffer serious deficiencies in certain areas. The
      developing materials must flow freely to facilitate accurate metering and
      even distribution during the development and developer recycling phases of
      the electrostatographic process. Some developer materials, though
      possessing desirable properties such as proper triboelectric
      characteristics, are unsuitable because they tend to cake, bridge and
      agglomerate during handling and storage. Adherence of carrier particles to
      reusable electrostatographic imaging surfaces causes the formation of
      undesirable scratches on the surfaces during the image transfer and
      surface cleaning steps. The tendency of carrier particles to adhere to
      imaging surfaces is aggravated when the carrier surfaces are rough and
      irregular. The coatings of most carrier particles deteriorate rapidly when
      employed in continuous processes which require the recycling of carrier
      particles by bucket conveyors partially submerged in the developer supply
      such as disclosed in U.S. Pat. No. 3,099,943. Deterioration occurs when
      portions of or the entire coating separates from the carrier core. The
      separation may be in the form of chips, flakes or entire layers and is
      primarily caused by fragile, poorly adhering coating material which fails
      upon impact and abrasive contact with machine parts and other carrier
      particles. Carriers having coatings which tend to chip and otherwise
      separate from the carrier core or substrate must be frequently replaced
      thereby increasing expense and loss of productive time. Thus, generally,
      coated carrier particles having coatings which tend to chip or separate
      from the carrier core cannot be reclaimed and reused after many machine
      cycles. Print deletion and poor print quality occur when carriers having
      damaged coatings are not replaced. Fines and grit formed from carrier
      disintegration tend to drift and form undesirable and damaging deposits on
      critical machine parts. Many carrier coatings having high compressive and
      tensile strength either do not adhere well to the carrier core or do not
      possess the desired triboelectric characteristics. In addition, carriers
      having discontinuous coatings generally promote adhesion failure between
      the carrier substrate and the carrier coating material giving rise to the
      aforementioned problems and result in variations in triboelectric
      characteristics, premature discharge of the photoconductive imaging
      surface causing degradation of the electrostatic latent image, scratching
      of the imaging surface, not to mention manufacturing difficulties in
      reproducing carriers having discontinuous coatings. Further the
      triboelectric and flow characteristics of many carriers are adversely
      affected when relative humidity is high. For example, the triboelectric
      values of some carrier coatings fluctuate with changes in relative
      humidity and are not desirable for employment in electrostatographic
      systems, particularly in automatic machines which require carriers having
      stable and predictable triboelectric values.
PAR  Another factor affecting the stability of carrier triboelectric properties
      is the susceptibility of carrier coatings to "toner impaction." When
      carrier particles are employed in automatic machines and recycled through
      many cycles, the many collisions which occur between the carrier particles
      and other surfaces in the machine cause the toner particles carried on the
      surface of the carrier particles to be welded or otherwise forced onto the
      carrier surfaces. The gradual accumulation of impacted toner material on
      the surface of the carrier causes a change in the triboelectric value of
      the carrier and directly contributes to the degradation of copy quality by
      eventual destruction of the toner carrying capacity of the carrier.
PAR  It has been ascertained that in order to develop a latent image comprised
      of negative electrostatic charges, an electroscopic powder and carrier
      combination should be selected in which the powder is triboelectrically
      positive to the granular carrier; and to develop a latent image comprised
      of positive electrostatic charges, an electroscopic powder and carrier
      should be selected in which the powder is triboelectrically negative to
      the carrier. It is often desirable in any type of printing to produce a
      reverse copy of an original. By this is meant to produce a negative copy
      from a positive original or, on the other hand, a positive copy from a
      negative original. In electrostatographic printing, image reversal can be
      accomplished by applying to the image a developer powder which is repelled
      by the charged areas of the image and adheres to the discharged areas.
PAR  The triboelectric relationship between the electroscopic powder and the
      carrier depends on their relative positions in a triboelectric series in
      which the materials are arranged in such a way that each material is
      electrostatically charged with a positive charge when contacted with any
      material below it in the series and with a negative charge when contacted
      with any material above it in the series. In the reproduction of high
      contrast copy such as letters, tracings, etc., it is desirable to select
      the electroscopic powder and carrier materials so that their mutual
      electrification is sufficient to cause the toner particles to
      electrostatically cling to the carrier surface, and the degree of such
      electrification is normally governed by the distance between their
      positions in the triboelectric series, that is, the greater distance they
      are removed from one another, the greater the mutual electrification and
      the closer they are together in the series, the less the mutual
      electrification.
PAR  It is highly desirable to control the triboelectric properties of carrier
      surfaces to accommodate the use of desirable toner compositions while
      retaining the other desirable physical characteristics of the carrier. The
      alteration of the triboelectric properties of a carrier by applying a
      surface coating thereon is a particularly desirable technique. With this
      technique, not only is it possible to control the triboelectric properties
      of a carrier made from materials having desirable physical
      characteristics, it is also possible to employ materials previously not
      suitable as a carrier. Thus, for example, a carrier having desirable
      physical properties with the exception of hardness, can be coated with a
      material having desirable hardness as well as other physical properties,
      rendering the resultant product more useful as a carrier.
PAR  Suitable coated and uncoated carrier materials for cascade, magnetic brush,
      and touchdown development are well known in the art. The carrier comprises
      any suitable solid material, provided that the carrier acquires charge
      having an opposite polarity to that of the toner particles when brought in
      close contact with the toner particles so that the toner particles adhere
      to and surround the carrier. By proper selection of material in accordance
      with their position in the triboelectric series, the polarities of their
      charge when the materials are mixed are such that the electroscopic toner
      particles adhere to and are coated on the surface of a carrier and also
      adhere to that portion of the electrostatic image bearing surface having a
      greater attraction for the toner than the carrier.
PAR  For a carrier coating material to be useful in preparing carriers for
      reversal development, it should have the proper triboelectric properties.
      A vinyl chloride-vinyl acetate copolymer, as disclosed by L. E. Walkup in
      U.S. Pat. No. 2,618,551, is used for coating a carrier for use in reversal
      development of positively charged images. However, this copolymer is not
      spaced far enough below many toner materials in the triboelectric series
      to provide high quality reversal images. Therefore, a dye is used to
      enhance the reversal character of the carrier coating. While the carrier
      prepared from this polymer-dye blend has utility, it also has
      disadvantages. Batch to batch uniformity is poor. High speed machines
      requiring high quality output have great difficulty when trying to use
      this carrier. The origin of these difficulties probably lies in the
      incomplete compatibility of the dye with the polymer and possibly may be
      due to leaching of the dye from the carrier coating composition.
PAR  Thus, there is a continuing need for a better developer material for
      developing electrostatic latent images.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide developer
      materials which overcome the above noted deficiencies.
PAR  It is another object of this invention to provide developer materials which
      flow freely.
PAR  It is a further object of this invention to provide carrier coating
      materials which tenaciously adhere to carrier substrates.
PAR  It is a still further object of this invention to provide carrier coatings
      which are more resistant to cracking, chipping, flaking and the like.
PAR  It is yet another object of this invention to provide carrier coatings
      having more stable triboelectric values.
PAR  It is a further object of this invention to provide carrier coatings having
      high tensile and compressive strength.
PAR  It is yet another object of this invention to provide carrier coatings
      having greater resistance to disintegration.
PAR  It is still another object of this invention to provide carrier coatings
      more resistant to toner impaction.
PAR  It is still another object of this invention to provide improved developer
      materials which will not deposit in unwanted areas of an electrostatic
      latent image.
PAR  It is still another object of this invention to provide more uniformly
      coated electrostatographic carrier materials.
PAR  It is still another object of this invention to provide coated carrier
      materials having controllable triboelectric characteristics.
PAR  It is still another object of this invention to provide coated carrier
      materials having greatly increased life.
PAR  It is still another object of this invention to provide coated carrier
      materials which may be reclaimed.
PAR  It is still another object of this invention to provide improved developer
      materials which may be employed in electrostatographic reversal
      development.
PAR  It is still another object of this invention to provide improved developer
      materials which may be employed in electrostatographic positive
      development.
PAR  A still further object of this invention is to provide improved developer
      materials having physical and chemical properties superior to those of
      known developer materials.
PAR  The above objects and others are accomplished, generally speaking, by
      providing carrier materials comprising a substrate having an outer coating
      comprising substituted and/or unsubstituted poly (p-xylylene) polymers.
PAR  In general, the carrier coating materials of this invention are the
      products obtained by cleaving the cyclic dimer, [2.2] paracyclophane,
      and/or derivatives thereof, to provide the reactive vaporous diradicals,
      and thereafter condensing these vaporous diradicals on the surface of an
      electrostatographic carrier substrate. Upon condensation, these diradicals
      instantaneously polymerize to form a film.
PAR  The reactive vaporous diradicals hereinabove mentioned can be produced by
      the thermal homolytic cleavage of at least one cyclic dimer represented
      generally by the structure:
      ##SPC1##
PAL  wherein R and R' are nuclear substituents which may be the same or
      different, x and y are integers from 1 to 4, inclusive, thus forming two
      separate reactive vaporous diradicals having the structure:
      ##SPC2##
PAR  Thus, where x and y are the same, and R and R' are the same, two moles of
      the same diradical are formed, and when condensed yield a substituted or
      unsubstituted homopolymer having the structure:
      ##SPC3##
PAL  when R and R' and/or x or y are different, condensation of such diradicals
      will yield copolymers having the general structure:
      ##SPC4##
PAR  It is also possible to combine several different dimers with various
      nuclear substituents to form a large number of different and often
      complicated polymers. This will be obvious to those skilled in the art of
      polymerization. Furthermore, analogous systems having fused aromatic rings
      in the dimer structure and polymers resulting therefrom should not be
      considered beyond the scope of this invention and are obvious to those
      skilled in the art.
PAR  Inasmuch as the coupling of these reactive diradicals involves the
      methylene linkages, many unsubstituted or nuclear substituted
      poly(p-xylylene) polymers can be prepared. Thus, the substituent group can
      be any organic or inorganic group which can normally be substituted on
      aromatic nuclei. Illustration of such substituent groups are alkyl, aryl,
      alkenyl, amino, cyano, carboxyl, alkoxy, hydroxy alkyl, carbaloxy,
      hydroxyl, nitro, halogen, and other similar groups which may normally be
      substituted on aromatic nuclei. Otherwise, the position on the aromatic
      ring is filled by a hydrogen atom.
PAR  Particularly preferred of the substituted groups are those simple
      hydrocarbon groups such as the lower alkyls like methyl, ethyl, propyl,
      butyl, hexyl; lower aryl hydrocarbons such as phenyl, aklylated phenyl,
      naphthyl; and the halogen groups, particularly chlorine, bromine, iodine,
      and fluorine because electrostatographic carrier coating materials having
      maximum adhesion to carrier substrates and stable triboelectric properties
      are obtained.
PAR  The substituted [2.2] paracyclophanes from which these reactive diradicals
      are prepared, can be prepared from the cyclic dimer, [2.2] paracyclophane,
      by appropriate treatment such as halogenation acetylation, nitration,
      alkylation, and like methods of introduction of substituent groups onto
      aromatic nuclei. Hereinafter the term a "[2.2] paracyclophane" refers to
      any substituted or unsubstituted [2.2] paracyclophane as hereinabove
      discussed.
PAR  In the polymerization process to provide the electrostatographic carrier
      coating materials of this invention, the thermally generated vaporous
      diradicals condense and polymerize instantaneously on the carrier
      substrate. Thus, substituted and/or unsubstituted p-xylylene polymer
      carrier coatings can be made by cooling the vaporous diradicals down to
      any temperature at or below the condensation temperature of the diradical.
      It has been observed that for each diradical species, there is an optimum
      ceiling condensation temperature above which the diradical will not
      condense and polymerize onto the carrier substrate. Substituted or
      unsubstituted poly (p-xylylene) electrostatographic carrier coating
      polymeric materials are made by maintaining the carrier substrate surface
      at a temperature below the ceiling condensation temperature of the
      particular diradical species involved.
PAR  Where different diradicals existing in the pyrolyzed mixture have different
      ceiling condensation temperatures, as for example, p-xylylene, or
      cyano-p-xylylene and chloro-p-xylylene or any other mixture with other
      substituted diradicals, homopolymerization will result when the
      condensation temperature is selected to be at or below that temperature
      where only one of the diradicals condense and polymerize. Therefore, it is
      possible to make homopolymer carrier coating materials from a mixture
      containing one or more of the substituted diradicals when any other
      diradicals present have higher condensation temperatures, and wherein only
      one diradical species is condensed and polymerized on the carrier surface.
      Of course, other diradical species not condensed on the carrier substrate
      surface can be drawn through well-known coating apparatus to be condensed
      and polymerized in a subsequent coating chamber or cold trap. Inasmuch as
      p-xylylene diradicals, for example, are condensed at temperatures at about
      25.degree. to 30.degree.C., which is much lower than cyano-p-xylylene
      diradicals, i.e., about 120.degree. to 130.degree.C., it is possible to
      have such diradicals present in the vaporous pyrolyzed mixture. In such a
      case, homopolymerizing conditions are secured by maintaining the
      electrostatographic carrier substrate surface at a temperature below the
      ceiling condensation temperature of the substituted p-xylylene but above
      that of the p-xylylene, thus permitting the p-xylylene vapors to pass
      through the apparatus without condensing and polymerizing but collecting
      the poly-p-xylylene in a subsequent coating chamber or cold trap.
PAR  It is also possible to obtain substituted copolymer carrier coating
      materials through the pyrolysis process hereinabove described. Copolymers
      of p-xylylene and substituted p-xylylene, as well as copolymers of
      substituted p-xylylenes can all be obtained through said pyrolysis
      process. Copolymerization occurs simultaneously with condensation upon
      cooling of the vaporous mixture of reactive diradicals to a temperature
      below about 200.degree.C. under polymerization conditions.
      Electrostatographic carrier coating copolymer materials can be made by
      maintaining the substrate surface at a temperature below the lowest
      ceiling condensation temperature of the diradical desired in the
      copolymer, such as at room temperature or below. This is condensed
      "copolymerizing conditions," since at least two of the diradicals will
      condense and copolymerize in a copolymer at such temperature.
PAR  In the pyrolytic process, the reactive diradicals are prepared by
      pyrolyzing a substituted and/or unsubstituted [2.2] paracyclophane at a
      temperature less than about 700.degree.C., and preferably at a temperature
      between about 550.degree.C. to about 650.degree.C. Pyrolysis of the
      starting [2.2] paracyclophane begins at about 450.degree.C. regardless of
      the pressure employed. Operation in the range of 450.degree.-550.degree.C.
      serves only to increase the time of reaction, lessen the yield of polymer
      secured, and may result in entraining unpyrolyzed dimer in the polymer
      film. At temperatures above about 700.degree.C., cleavage of the
      substituent group may occur, resulting in a tri/or polyfunctional species
      causing cross-linking or highly branched polymers.
PAR  The pyrolysis temperature is essentially independent of the operating
      pressure. It is, however, preferred that reduce or sub-atmospheric
      pressures be employed. For most operations, pressures within the range of
      0.0001 to 10 mm Hg. absolute are most practical. However, if desired,
      greater pressures can be employed. Likewise, if desirable, inert vaporous
      diluents such as nitrogen, argon, carbon dioxide, steam, and the like can
      be employed to vary the optimum temperature of operation or to change the
      total effective pressure in the system.
PAR  Where greater adhesion of poly(p-xylylene) polymers to electrostatographic
      carrier substrate surfaces is desired, improved adhesion may be obtained
      by the use of a substituted silicon compound. That is, poly(p-xylylene)
      polymers can be adhered to electrostatographic carrier substrate surfaces
      by providing on the surface of the carrier substrate a silane compound
      containing an ethylenically unsaturated group bonded to the silicon of the
      silane by a carbon-to-silicon bond, and contacting the carrier substrate
      with a vaporous p-xylylene diradical which upon deposition on the surface
      of the carrier substrate forms a poly(p-xylylene) coating which adheres to
      the carrier substrate surface.
PAR  It is well known that siloxanes can be condensed and hydrolyzed products of
      substituted silanes. Such compounds can be prepared by any convenient
      method known in the art. Preferably the siloxanes are formed when reacting
      the silicon compound containing solution with hydroxyl or oxide surface
      groups of the substrate. THe siloxanes can be produced from substituted
      silanes represented generally by the structure
      ##EQU1##
      wherein R is an ethylenically unsaturated group bonded to the silicone by
      a carbon-to-silicon bond such as those compounds having the structure.
      ##EQU2##
      R' is a monovalent hydrocarbon group bonded to silicon by a carbon to
      silicon bond; X is a hydrolyzable and/or condensable radical such as
      halogen, alkoxy, aryloxy, acyloxy, and the like; and a is 0, 1, or 2.
      Specific illustrations of such substituted silanes containing an
      ethylenically unsaturated group bonded to the silicon of the silane by a
      carbon to silicon bond, and at least one hydrolyzable group attached
      directly to the silicon of the silane are vinyltrichloro silane,
      vinylmethyldichloro silane, and gammamethacryloxypropyltrimethoxy silane.
      Organo silicon compounds useful in the present invention are known in the
      art and can be prepared by any conventional method known in the art.
PAR  The electrostatographic carrier substrates of this invention may be
      provided on their surfaces with a siloxane containing an ethylenically
      unsaturated group bonded to the silicon of the siloxane by a
      carbon-to-silicon bond by treating the substrates with a solution produced
      by dissolving in a solvent a substituted silane containing an
      ethylenically unsaturated group identical to that of the siloxane and at
      least one hydrolyzable group attached directly to the silicon of the
      silane. The solvent employed can vary with the particular silane used. The
      solvent can vary from halocarbons such as trichloroethylene to
      ethanol-water or methanol-water mixtures and any suitable solvent system.
      The amount of silane in solution can be from about 0.05 to about 20%
      depending upon the solvent employed. It must be understood that the
      solvent used and the amount of silane in solution can vary widely and such
      variations should not be construed as being outside the scope of this
      invention. Furthermore, solvents other than those specifically named as
      being preferred, can also be effectively employed without detracting from
      this invention. It must be understood that the solution can also be formed
      of a siloxane containing an ethylenically unsaturated group bonded to the
      silicon of the siloxane by a carbon-to-silicon bond and at least one
      hydrolyzable and/or condensable group attached directly to the silicon of
      the silane. Specific illustrations of the preferred types of solutions
      which can be employed are a 10% solution of vinyltrichloro silane in
      trichloroethylene, 0.1% gamma-methacryloxypropyl trimethoxy silane in
      99.4% methanol--0.5% water. These solutions have been preferred, and
      references to such should not be construed to limit the combinations
      possible in making a solution of the silicon compound. The substrates can
      be treated with the aforementioned solutions by such techniques as dipping
      the substrates directly onto the solution, or other conventional
      techniques. It is also preferred that the treated substrates be dried at
      ambient temperatures to effect evaporation of the carrier solvent. In
      certain instances such as when treating the substrates with a 1% solution
      of gamma-methacryloxypropyltrimethoxy silane in 95/5 ethanolwater, it is
      preferably to bake the substrate at temperatures from about
      50.degree.-70.degree.C. after air drying in order to remove the residual
      non-reacted silane and the rest of the carrier solvent. However, such
      baking is not always necessary but depends upon the silane and solution
      used. Other methods of applying the silane from solution or otherwise will
      be obvious to those skilled in the art. In addition, other adhesion
      promotion techniques are known and may be employed if desired for the
      purposes of this invention.
PAR  Any suitable electrostatographic carrier coating thickness may be employed.
      However, a carrier coating having a thickness at least sufficient to form
      a thin continuous film on a substrate is preferred because the carrier
      coating will then possess sufficient thickness to resist abrasion and
      prevent pinholes which adversely affect the triboelectric properties of
      the coated carrier particles. Generally, for cascade and magnetic brush
      development, the poly(p-xylylene) carrier coating may comprise from about
      50 angstroms to about 5 microns in thickness. Preferably, the
      poly(p-xylylene) electrostatographic carrier coating should comprise from
      about 500 angstroms to about 1 micron in thickness because maximum
      durability, toner impaction resistance, and copy quality are achieved.
PAR  Any suitable well known coated or uncoated carrier material may be employed
      as the substrate for the coated electrostatographic carriers of this
      invention. Typical carrier core materials include sodium chloride,
      ammonium chloride, aluminum potassium chloride, Rochelle salt, sodium
      nitrate, potassium chlorate, granular ziron, granular silicon, methyl
      methacrylate, glass, silicon dioxide, flintshot, iron, steel, ferrite,
      nickel, carborundum and mixtures thereof. Many of the foregoing and other
      typical carrier materials are described by L. E. Walkup in U.S. Pat. No.
      2,618,551; L. E. Walkup el al. in U.S. Pat. No. 2,638,416; E. N. Wise in
      U.S. Pat. No. 2,618,552; and C. R. Mayo in U.S. Pat. Nos. 2,805,847 and
      3,245,823. An ultimate coated carrier particle having an average diameter
      between about 1 micron to about 1,000 microns may be employed. However, a
      coated carrier particle having an average diameter between about 50
      microns and about 600 microns is preferred in cascade systems because the
      carrier particle then possesses sufficient density and inertia to avoid
      adherence to the electrostatic images during the cascade development
      process. Adherence of carrier particles to an electrostatographic drum is
      undesirable because of the formation of deep scratches on the drum surface
      during the image transfer and drum cleaning steps, particularly where
      cleaning is accomplished by a web cleaner such as the web disclosed by W.
      P. Graff, Jr., et al. in U.S. Pat. No. 3,186,838.
PAR  The surprisingly better results obtained with the poly(p-xylylene)
      electrostatographic carrier coating materials of this invention may be due
      to many factors. For example, the marked durability of the coating
      material may be due to the fact that these poly(p-xylylene) polymers
      adhere extremely well to the substrates tested. Outstanding abrasion
      resistance is obtained when the poly(p-xylylene) coating materials of this
      invention are applied to steel or similar metallic particles. Coatings
      prepared from the polymers of this invention possess smooth outer surfaces
      which are highly resistant to cracking, chipping, and flaking. In cascade
      development systems, the smooth tough surface enhances the rolling action
      of carrier particles across the electrostatographic surfaces and reduces
      the tendency of carrier particles to adhere to the electrostatographic
      imaging surfaces. When these poly(p-xylylene) polymers are employed in
      coatings for electrostatographic carriers, carrier life is unexpectedly
      extended, particularly with respect to stability of triboelectric
      properties. Additionally, the hydrophobic properties of the carrier
      coating materials of this invention appear to contribute to the stability
      of the triboelectric properties of the coated carrier over a wide relative
      humidity range. Because of their triboelectric properties, these
      poly(p-xylylene) polymeric coating materials may be employed in reversal
      development of positively charged images without incorporating reversal
      dyes in the carrier coating.
PAR  The carrier coatings employed in the present invention are nontacky and
      have sufficient hardness at normal operating temperatures to minimize
      impaction; form strong adhesive coatings which resist flaking under normal
      operating conditions; have triboelectric values such that they can be used
      with a wide variety of presently available toners in present positive and
      negative electrostatographic processes and are hydrophobic so that they
      retain a predictable triboelectric value. Thus, the coated carrier
      particles of this invention have desirable properties which permit their
      wide use in presently available electrostatographic processes.
PAR  Any suitable poly(p-xylylene) polymer may be employed as the carrier
      coating of this invention. Typical poly(p-xylylene) polymers include
      poly(chloro-p-xylylene), poly(dichloro-p-xylylene),
      poly(cyano-p-xylylene), poly(iodo-p-xylylene), poly(fluoro-p-xylylene),
      poly(bromo-p-xylylene), poly(methoxy-methyl-p-xylylene),
      poly(hydroxy-methyl-p-xylylene), poly(ethyl-p-xylylene),
      poly(methyl-p-xylylene), poly(aminomethyl-p-xylylene) hydrate,
      poly(carboxy-p-xylylene), poly(carbomethoxy-p-xylylene), and mixtures
      thereof.
PAR  Any suitable well-known toner material may be employed with the
      poly(p-xylylene) coated carriers of this invention. Typical toner
      materials include gum copal, gum sandarac, rosin, cumaroneindene resin,
      asphaltum, gilsonite, phenolformaldehyde resins, rosin modified
      phenolformaldehyde resins, methacrylic resins, polystyrene resins,
      polypropylene resins, epoxy resins, polyethylene resins, polyester resins
      and mixtures thereof. The particular toner material to be employed
      obviously depends upon the separation of the toner particles from the
      poly(p-xylylene) coated carrier in the triboelectric series and should be
      sufficient to cause the toner particles to electrostatically cling to the
      carrier surface. Among the patents describing electroscopic toner
      compositions are U.S. Pat. No. 2,659,670 to Copley; U.S. Pat. No.
      2,753,308 to Landrigan; U.S. Pat. No. 3,079,342 to Insalaco; U.S. Pat. Re.
      No. 25,136 to Carlson and U.S. Pat. No. 2,788,288 to Rheinfrank et al.
      These toners generally have an average particle diameter between about 1
      and 30 microns.
PAR  Any suitable colorant such as a pigment or dye may be employed to color the
      toner particles. Toner colorants are well known and include, for example,
      carbon black, nigrosine dye, aniline blue, Calco Oil Blue, chrome yellow,
      ultramarine blue, Quinoline Yellow, methylene blue chloride, Monastral
      Blue, Malachite Greene Ozalate, lampblack, Rose Bengal, Monastral Red,
      Sudan Black BM, and mixtures thereof. The pigment or dye should be present
      in the toner in a sufficient quantity to render it highly colored so that
      it will form a clearly visible image on a recording member. Preferably,
      the pigment is employed in an amount from about 3 percent to about 20
      percent, by weight, based on the total weight of the colored toner because
      high quality images are obtained. If the toner colorant employed is a dye,
      substantially smaller quantities of colorant may be used.
PAR  Any suitable conventional toner concentration may be employed with the
      poly(p-xylylene) coated carriers of this invention. Typical toner
      concentrations for cascade and magnetic brush development systems include
      about 1 part toner with about 10 to about 400 parts by weight of carrier.
PAR  Any suitable organic or inorganic photoconductive material may be employed
      as the recording surface with the poly(p-xylylene) coated carriers of this
      invention. Typical inorganic photoconductor materials include: sulfur,
      selenium, zinc sulfide, zinc oxide, zinc cadmium sulfide, zinc magnesium
      oxide, cadmium selenide, zinc silicate, calcium strontium sulfide, cadmium
      sulfide, mercuric iodide, mercuric oxide, mercuric sulfide, indium
      trisulfide, gallium selenide, arsenic disulfide, arsenic trisulfide,
      arsenic triselenide, antimony trisulfide, cadmium sulfo-selenide and
      mixtures thereof. Typical organic photoconductors include: guinacridone
      pigments, phthalocyanine pigments, triphenylamine,
      2,4-bis(4,4'-diethylamino-phenol)-1,3,4-oxadiazol, N-isopropylcarbazol,
      triphenyl-pyrrol, 4,5-diphenylimidazolidinone,
      4,5-diphenylimidazolidinethione,
      4,5-bis-(4'-amino-phenyl)-imidazolidinone, 1,5-dicyanonaphthalene,
      1,4-dicyanonaphthalene, aminophthalodinitrile, nitrophthalodinitrile,
      1,2,5,6-tetraazacyclooctatetraene-(2,4,6,8),
      2-mercaptobenzothiazole-2-phenyl-4-diphenylidene-oxazolone,
      6-hydroxy-2,3-di(p-methoxyphenyl)-benzofurane,
      4-dimethylamino-benzylidene-benzhydrazide, 3-benzylidene-amino-carbazole,
      polyvinyl carbazole, (2-nitrobenzylidene)-p-bromoaniline,
      2,4-diphenyl-quinazoline, 1,2,4-triazine, 5-diphenyl-3-methyl-pyrazoline,
      2-(4'dimethylamino phenyl)-benzoxazole, 3-amine-carbazole, and mixtures
      thereof. Representative patents in which photoconductive materials are
      disclosed include U.S. Pat. No. 2,803,541 to Ullrich, U.S. Pat. No.
      2,970,906 to Bixby, U.S. Pat. No. 3,121,006 to Middleton, U.S. Pat. No.
      3,121,007 to Middleton, and U.S. Pat. No. 3,151,982 to Corrsin.
PAR  Poly(p-xylylene) carrier coatings provide numerous advantages to an
      electrostatographic carrier because they confer a uniform coating and
      yield better batch to batch triboelectric reproducibility than current
      carriers. In addition, the carrier coatings of this invention provide
      exceptionally good life performance, durability, copy quality, quality
      maintenance, less coated carrier bead sticking and agglomeration, and also
      provide improved abrasion resistance thereby minimizing carrier coating
      chipping and flaking. Further, recovery of coated carrier is possible
      since the poly(p-xylylene) polymeric materials are quite insoluble in
      solvents that readily dissolve current conventional toner materials
      thereby enabling the removal of impacted toner from the coated carrier and
      also enabling the re-establishment of the original carrier-toner
      triboelectric relationship. The toner material may thus be readily removed
      from the coated carrier which is then reusable without further processing.
DETD
PAR  The following examples, other than the control examples, further define,
      describe, and compare preferred methods of utilizing the poly(p-xylylene)
      coated carriers of the present invention in electrostatographic
      applications. Parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE I
PAR  Electrostatographic poly(p-xylylene) coated carrier particles are prepared
      by placing a supply of the cyclic dimer, [2.2] paracyclophane, in a
      sublimer which is heated to a temperature of about 140.degree.C.
      Sublimation is carried out under a vacuum at about 10 microns of Hg. The
      sublimed vapors enter a pyrolysis furnace maintained at a temperature of
      about 680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a deposition zone maintained at a temperature of about 25.degree.C.
      and containing about 200 grams of 450 micron steel carrier cores. The
      deposition chamber is rotated at a speed of between about 10 r.p.m. and
      about 50 r.p.m. Upon contacts of the reactive diradicals with the steel
      carrier cores, a thin, hard, continuous coating of poly(p-xylylene) forms
      on the steel carrier cores. Vapors which do not condense in the deposition
      zone are removed by a cold trap which protects the vacuum pump from
      contamination. The coated steel carrier cores are removed from the
      deposition chamber. Examination showed the poly(p-xylylene) was adhered to
      the carrier cores and no further treatment was necessary.
PAC  EXAMPLE II
PAR  Electrostatographic poly(chloro-p-xylylene) carrier particles are prepared
      by placing a supply of the cyclic dimer, [2.2] paracyclophane having a
      chlorine atom substituted on each aromatic ring, in a sublimer which is
      heated to a temperature of about 140.degree.C. Sublimation is carried out
      under vacuum at about 10 microns of Hg. The sublimed vapors enter a
      pyrolysis furnace maintained at a temperature of about 680.degree.C. and
      under a vacuum of about 10 microns of Hg. In this pyrolysis zone the dimer
      is converted to reactive diradicals which pass into a deposition zone
      maintained at a temperature of about 25.degree.C. and containing about 200
      grams of 450 micron steel carrier cores. The deposition chamber is rotated
      at a speed of between about 10 r.p.m. and about 50 r.p.m. Upon contact of
      the reactive diradicals with the steel carrier cores, a thin, hard,
      continuous coating of poly(chloro-p-xylylene) forms on the steel carrier
      cores. Vapors which do not condense in the deposition zone are removed by
      a cold trap which protects the vacuum pump from contamination. The coated
      steel carrier cores are removed from the deposition chamber. Examination
      showed the poly(chloro-p-xylylene) was adhered to the carrier cores and no
      further treatment was necessary.
PAC  EXAMPLE III
PAR  Electrostatographic poly(dichloro-p-xylylene) carrier particles are
      prepared by placing a supply of the cyclic dimer, [2.2] paracyclophane,
      having two chlorine atoms substituted on each aromatic ring, in a sublimer
      which is heated to a temperature of about 140.degree.C. Sublimation is
      carried out under vacuum at about 10 microns of Hg. The sublimed vapors
      enter a pyrolysis furnace maintained at a temperature of about
      680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a deposition zone maintained at a temperature of about 25.degree.C.
      and containing about 200 grams of 450 micron steel carrier cores. The
      deposition chamber is rotated at a speed of between 10 r.p.m. and about 50
      r.p.m. Upon contact of the reactive diradicals with the steel carrier
      cores, a thin, hard, continuous coating of poly(dichloro-p-xylylene) forms
      on the steel carrier cores. Vapors which do not condense in the deposition
      zone are removed by a cold trap which protects the vacuum pump from
      contamination. The coated steel carrier cores are removed from the
      deposition chamber. Examination showed the poly(dichloro-p-xylylene) was
      adhered to the carrier cores and no further treatment was necessary.
PAC  EXAMPLE IV
PAR  Electrostatographic poly(p-xylylene) carrier particles are prepared by
      placing a supply of the cyclic dimer, [2.2] paracyclophane, in a sublimer
      which is heated to a temperature of about 140.degree.C. Sublimation is
      carried out under vacuum at about 10 microns of Hg. The sublimed vapors
      enter a pyrolysis furnace maintained at a temperature of about
      680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a deposition zone maintained at a temperature of about 25.degree.C.
      and containing about 200 grams of 250 micron steel carrier cores which
      have been precoated with about a 0.7% by volume solution of
      gamma-methacryloxypropyltrimethoxy silane in 99.4% methanol--0.5% water.
      The carrier cores were dipped in the silane solution for 10 minutes, air
      dried for 30 minutes, and then baked at 70.degree.C. for 30 minutes. The
      deposition chamber is rotated at a speed of between about 10 r.p.m. and
      about 50  r.p.m. Upon contact of the reactive diradicals with the
      precoated steel carrier cores, a thin, hard, continuous coating of
      poly(p-xylylene) forms on the steel carrier cores. Vapors which do not
      condense in the deposition zone are removed by a cold trap which protects
      the vacuum pump from contamination. The coated steel carrier cores are
      removed from the deposition chamber. Examination showed the
      poly(p-xylylene) was adhered to the carrier cores and no further treatment
      was necessary.
PAC  EXAMPLE V
PAR  Electrostatographic poly(chloro-p-xylylene) carrier particles are prepared
      by placing a supply of the cyclic dimer, [2.2] paracyclophane, having a
      chlorine atom substituted on each aromatic ring, in a sublimer which is
      heated to a temperature of about 140.degree.C. Sublimation is carried out
      under vacuum at about 10 microns of Hg. The sublimed vapors enter a
      pyrolysis furnace maintained at a temperature of about 680.degree.C. and
      under a vacuum of about 10 microns of Hg. In this pyrolysis zone the dimer
      is converted to reactive diradicals which pass into a deposition zone
      maintained at a temperature of about 25.degree.C. and containing about 200
      grams of 250 micron steel carrier cores which have been precoated with
      about a 0.7% by volume solution of gammamethacryloxypropyltrimethoxy
      silane as in Example IV. The deposition chamber is rotated at a speed of
      between about 10 r.p.m. and about 50 p.r.m. Upon contact of the reactive
      diradicals with the steel carrier cores, a thin, hard, continuous coating
      of poly(chloro-p-xylylene) forms on the steel carrier cores. Vapors which
      do not condense in the deposition zone are removed by a cold trap which
      protects the vacuum pump from contamination. The coated steel carrier
      cores are removed from the deposition chamber. Examination showed the
      poly(chloro-p-xylylene) was adhered to the carrier cores and no further
      treatment was necessary.
PAC  EXAMPLE VI
PAR  Electrostatographic poly(dichloro-p-xylylene) carrier particles are
      prepared by placing a supply of the cyclic dimer, [2.2] paracyclophane,
      having two chlorine atoms substituted on each aromatic ring, in a sublimer
      which is heated to a temperature of about 140.degree.C. Sublimation is
      carried out under vacuum at about 10 microns of Hg. The sublimed vapors
      enter a pyrolysis furnace maintained at a temperature of about
      680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a deposition zone maintained at a temperature of about 25.degree.C.
      and containing about 200 grams of 250 micron steel carrier cores which
      have been precoated with about a 0.7% by volume solution of
      gamma-methacryloxypropyltrimethoxy silane as in Example IV. The deposition
      chamber is rotated at a speed of between about 10 r.p.m. and about 50
      r.p.m. Upon contact of the reactive diradicals with the steel carrier
      cores, a thin, hard, continuous coating of poly(dichloro-p-xylylene) forms
      on the steel carrier cores. Vapors which do not condense in the deposition
      zone are removed by a cold trap which protects the vacuum pump from
      contamination. The coated steel carrier cores are removed from the
      deposition chamber. Examination showed the poly(dichloro-p-xylylene) was
      adhered to the carrier cores and no further treatment was necessary.
PAC  EXAMPLE VII
PAR  A control sample containing about one part colored toner particles having
      an average particle size of about 10 to about 20 microns and about 99
      parts coated carrier particles comprising 450 micron steel carrier cores
      coated with a vinyl chloride-vinyl acetate copolymer containing about 25.0
      percent by weight based on the weight of the copolymer of a reversal dye
      is cascaded across an electrostatic image-bearing surface. The resultant
      developed image is transferred by electrostatic means to a sheet of paper
      whereon it is fused by heat. The residual powder is removed from the
      electrostatic imaging surface by a cleaning web of the type disclosed by
      W. P. Graff, Jr., et al. in U.S. Pat. No. 3,186,838. After the copying
      process is repeated 50,000 times, the developer mix is examined for the
      presence of carrier coating chips and flakes. Numerous carrier chips and
      flakes are found in the developer mix. Print quality is found to degrade
      throughout the test and to be poor at the conclusion of the test.
PAC  EXAMPLE VIII
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example I. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. However, the
      copying process is repeated 326,000 times rather than 50,000 times. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes. Print quality is found
      to be good at the conclusion of the test.
PAC  EXAMPLE IX
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example II. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE X
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example III. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XI
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example IV. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. However, the
      copying process is repeated 400,000 times rather than 50,000 times. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XII
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example V. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XIII
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example VI. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XIV
PAR  The developer materials of Example VII and Example VIII are separately
      cascaded across an electrostatic image-bearing surface. The developed
      images are then electrostatically transferred to receiving sheets. The
      development and transfer steps are repeated at different relative
      humidities in 10 percent increments from 20 percent to 80 percent. The
      resolutions in lines per millimeter of each of the transferred images is
      plotted against the corresponding percent relative humidity. The change in
      resolution between 20 and 80 percent relative humidity for the developer
      material of Example VII is more than four times greater than the change in
      resolution for the developer material of Example VIII.
PAC  EXAMPLE XV
PAR  A control sample containing about one part colored toner particles having
      an average particle size of about 10 to about 20 microns and about 99
      parts coated carrier particles comprising 450 micron steel carrier cores
      coated with a vinyl chloride-vinyl acetate copolymer containing about 25.0
      percent by weight based on the weight of the copolymer of a reversal dye
      is cascaded across an electrostatic image-bearing surface. Substantial
      toner impaction along with coating chips and flakes are observed within
      about five hours after the test is initiated. Copy quality was found to
      deteriorate to an unacceptable level.
PAC  EXAMPLE XVI
PAR  The developer material of Example VIII is evaluated according to the
      impaction test procedure of Example XV. Toner impaction is observed at
      about 25 hours after the test was initiated but without deterioration of
      copy quality. No carrier coating cips or flakes are found.
PAR  In the following Examples XVII through XIX, the relative triboelectric
      values generated by contact of carrier beads with toner particles is
      measured by means of a Faraday Cage. The device comprises a brass cylinder
      having a diameter of about one inch and a length of about 1 inch. A
      100-mesh screen is positioned at each end of the cylinder. The cylinder is
      weighed, charged with about a 0.5 gram mixture of carrier and toner
      particles and connected to ground through a capacitor and an electrometer
      connected in parallel. Dry compressed air is then blown through the brass
      cylinder to drive all the toner from the carrier. The charge on the
      capacitor is then read on the electrometer. Next, the chamber is reweighed
      to determine the weight loss. The resulting data is used to calculate the
      toner concentration and the charge in micro-coulombs per gram of toner.
      Since the triboelectric measurements are relative, the measurements
      should, for comparative purposes, be conducted under substantially
      identical conditions. Thus, a toner comprising a styrene-n-butyl
      methacrylate copolymer and carbon black as disclosed by M. A. Insalaco in
      U.S. Pat. No. 3,079,342 is used as a contact triboelectrification standard
      in Examples XVII through XIX. Obviously, other suitable toners such as
      those listed above may be substituted for the toner used in the examples.
PAC  EXAMPLE XVII
PAR  A control sample is produced by mixing about one part colored
      styrene-n-butyl methacrylate copolymer toner particles having an average
      particle size of about 5 to about 15 microns with about 200 parts of the
      coated carrier particles disclosed in Example VII. The relative
      triboelectric value of the carrier measured by means of a Faraday Cage is
      about -20 micro-coulombs per gram of toner. In machine life tests
      employing cascade development of a positively charged reusable imaging
      surface and developing discharged image areas with unexposed areas still
      positively charged, the carrier fails between about 40,000 and about
      70,000 prints. Substantial toner impaction and carrier abrasion are
      observed. Print quality is poor at the conclusion of the test, and the
      triboelectric value has degraded to about -7 micro-coulombs per gram of
      toner.
PAC  EXAMPLE XVIII
PAR  A developer sample is produced by mixing about one part colored
      styrene-n-butyl methacrylate copolymer toner particles of the type
      described in Example XVII with about 200 parts of the coated carrier
      particles of Example I. The relative triboelectric value of the carrier
      measured by means of a Faraday Cage is about -20 micro-coulombs per gram
      of toner. In machine life tests, as in Example XVII, the carrier performs
      well up to about 400,000 prints. Substantially less toner impaction per
      1,000 copies and less carrier abrasion than the carrier of Example XVII is
      observed. Print quality is good throughout the test, and the triboelectric
      value is found not to have degraded below a useful level.
PAC  EXAMPLE XIX
PAR  A developer sample is produced by mixing about one part colored
      styrene-n-butyl methacrylate copolymer toner particles of the type
      described in Example XVII with about 200 parts of the coated carrier
      particles of Example IV. The relative triboelectric value of the carrier
      measured by means of a Faraday Cage is about -20 micro-coulombs per gram
      of toner. In machine life tests employing magnetic brush development of a
      negatively charged reusable imaging surface the carrier performs well and
      print quality is good throughout the test. Substantially no toner
      impaction or carrier abrasion is observed.
PAC  EXAMPLE XX
PAR  The developer material of Example VIII was run in a cascade reversal
      development apparatus to 326,000  cycles at which point the control
      latitude of toner concentration to triboelectricity became narrow and the
      test was terminated. The coated carrier was washed with benzene, air
      dried, and re-installed in the above development apparatus. Print quality
      and toner concentration to triboelectricity control latitude is found to
      have regained original latitude. Carrier life of the original
      poly(p-xylylene) coated carrier is found to exceed 500,000 cycles without
      degradation of the carrier coating.
PAR  Although specific materials and conditions were set forth in the above
      examples for making and using the developer materials of this invention,
      these are merely intended as illustrations of the present invention.
      Various other toners, carrier cores, substituents and processes such as
      those listed above may be substituted for those in the examples with
      similar results.
PAR  Other modifications of the present inventions will occur to those skilled
      in the art upon a reading of the present disclosure. These are intended to
      be included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrostatographic developer mixture comprising finely-divided toner
      particles electrostatically clinging to the surface of carrier particles
      having an average particle size of between about 1 micron and about 1,000
      microns, said carrier particles comprising a core surrounded with a thin
      outer coating comprising a substituted and/or unsubstituted
      poly(p-xylylene) polymer, said developer mixture being characterized as
      possessing triboelectric properties suitable for reversal development of
      positively charged electrostatic latent images.
NUM  2.
PAR  2. An electrostatographic developer mixture according to claim 1 wherein
      said poly(p-xylylene) polymer is a homopolymer.
NUM  3.
PAR  3. An electrostatographic developer mixture according to claim 1 wherein
      said poly(p-xylylene) polymer is a copolymer.
NUM  4.
PAR  4. An electrostatographic developer mixture according to claim 1 wherein
      said thin outer coating is from between about 50 Angstroms and about 5
      microns in thickness.
NUM  5.
PAR  5. An electrostatographic developer mixture according to claim 1 wherein
      said core comprises a metal.
NUM  6.
PAR  6. An electrostatographic developer mixture according to claim 5 wherein
      said metal comprises steel.
NUM  7.
PAR  7. An electrostatographic developer mixture according to claim 1 wherein
      said poly(p-xylylene) contains repeating units of the structures
      ##SPC5##
PAL  wherein R and R' are nuclear substituents selected from the group
      consisting of alkyl, aryl, alkenyl, amino, cyano, carboxyl, alkoxy,
      hydroxy alkyl, carbaloxy, hydroxyl, nitro, and halogen groups which may be
      the same or different, and x and y are each integers from 1 to 4,
      inclusive.
NUM  8.
PAR  8. An electrostatographic developer mixture according to claim 7 wherein x
      and y are the same and R and R' are the same and said poly(p-xylylene) is
      a homopolymer having the structure:
      ##SPC6##
NUM  9.
PAR  9. An electrostatographic developer mixture according to claim 7 wherein R
      and R' and/or x and y are different and said poly(p-xylylene) is a
      copolymer having the general structure:
      ##SPC7##
NUM  10.
PAR  10. An electrostatographic developer mixture comprising finely-divided
      toner particles electrostatically clinging to the surface of carrier
      particles having an average particle size of between about 1 micron and
      about 1,000 microns, said carrier particles comprising a core having a
      first layer of a substituted silicon compound containing an ethylenically
      unsaturated group bonded to the silicon of the silicon compound by a
      carbon to silicon bond and at least one hydrolyzable group attached
      directly to the silicon of the silicon compound, and a second outer layer
      comprising a substituted and/or unsubstituted poly(p-xylylene) polymer,
      said developer mixture being characterized as possessing triboelectric
      properties suitable for reversal development of positively charged
      electrostatic latent images.
NUM  11.
PAR  11. An electrostatographic developer mixture according to claim 10 wherein
      said silicon compound is gammamethacryloxy-propyltrimethoxy silane.
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FRM  Craig & Antonelli
ABST
PAL  The temperature for preparation of garnet phase of the conventional yttrium
      or rare-earth iron garnet can be lowered by about several hundreds
      centigrade by substituting 24C site of the garnet by lead. Thus obtained
      lead-substituted yttrium or rare-earth iron garnet has greater specific
      Faraday rotation than lead-nonsubstituted yttrium or rare-earth iron
      garnet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a novel ferrimagnetic material. More
      particularly, it relates to a lead-substituted rare-earth iron garnet
      having the compositions of a rare-earth iron garnet where rare-earth
      element is substituted by lead. The term "rare-earth iron garnet" used
      herein means a synthetic iron garnet of yttrium and rare-earth elements.
PAR  Discovery of synthetic iron garnet, especially yttrium iron garnet brings
      about new interest in the field of ferrimagnetic materials and it is
      extensively used as an isolator in microwave transmission system.
      Recently, the iron garnet is widely used as an optical modulator, a
      magnetic flux sensor, a magneto-optical memory and a bubble domain device,
      utilizing its Faraday effect.
PAR  In case of the conventional synthetic iron garnet, e.g., simple rare-earth
      iron garnet, preparation temperature of single garnet phase is about
      1400.degree. C which is considerably high and figure of merit representing
      its specific Faraday rotation is lower by about 0.2. Furthermore, as
      disclosed in Japanese Pat. No. 5344/68, preparation temperature of single
      garnet phase of (RBi)Fe.sub.5 O.sub.12 which has the compositions of a
      rare-earth iron garnet in which a part of rare-earth element is replaced
      by Bi is about 1,000.degree. C. This (R.sub.3.sub.-x Bi.sub.x)Fe.sub.5
      O.sub.12 has a lower preparation temperature of single garnet phase than
      the simple rare-earth garnet, but the former preparation temperature is
      still high.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the object of the present invention is to provide a synthetic
      iron garnet having a low preparation temperature of a garnet phase.
PAR  According to the present invention, temperature for preparation of a garnet
      phase is markedly decreased and specific Faraday rotation of synthetic
      iron garnet obtained is remarkably increased by substituting 24C-site of a
      synethic iron garnet with lead. For example, according to the present
      invention, the temperature required for preparation of yttrium iron garnet
      can be lowered by about 500.degree. C in maximum and specific Faraday
      rotation of lead-substituted yttrium iron garnet is several times that of
      simple yttrium iron garnet. The same results can be obtained when
      rare-earth element of rare-earth iron garnet having rare-earth element
      other than yttrium is substituted by lead.
PAR  As mentioned above, temperature for preparation of a stable garnet phase
      can be markedly lowered only when rare-earth element in rare-earth iron
      garnet is substituted by lead and the temperature cannot be markedly
      lowered when the rare-earth element is substituted by other any elements.
PAR  It has been reported in "Applied Physics Letters" Vol. 3 (1963) pages 21-22
      that bismuth can also cause reduction in the temperature for preparation
      of a garnet phase. However, degree of reduction in temperature for
      preparation of a garnet phase due to lead substitution is greater than
      that due to bismuth-substitution. Furthermore, specific Faraday rotation
      of lead-substituted synthetic iron garnet is smaller than that of
      synthetic iron garnet in which a part of yttrium or rare-earth element is
      substituted by bismuth, but is greater than that of any other substituted
      synthetic iron garnets.
PAR  As mentioned above, as compared with the conventional substituted yttrium
      or rare-earth iron garnets, in case of the lead-substituted yttrium or
      rare-earth iron garnet of the present invention, a stable garnet phase is
      prepared at an extremely lower temperature and it has a great specific
      Faraday rotation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a graph which shows values of lattice parameter of Y.sub.3.sub.-x
      Pb.sub.x Fe.sub.5.sub.-x Ge.sub.x O.sub.12 of the present invention in
      relation to the value x.
PAR  FIG. 2 is a graph which shows spontaneous magnetic moment of Y.sub.3.sub.-x
      Pb.sub.x Fe.sub.5.sub.-x Ge.sub.x O.sub.12 in terms of Bohr magneton
      number per one molecule.
PAR  FIG. 3 is a graph which shows Curie temperatures of Y.sub.3.sub.-x Pb.sub.x
      Fe.sub.5.sub.-x Ge.sub.x O.sub.12 in relation to the value x.
PAR  FIG. 4 is a graph which shows specific Faraday rotations of Y.sub.2
      Pb.sub.1 Fe.sub.4 Ge.sub.1 O.sub.12 of the present invention in comparison
      with those of Y.sub.3 Fe.sub.5 O.sub.12.
PAR  FIG. 5 is a graph which shows specific Faraday rotations of Y.sub.3.sub.-x
      Pb.sub.x Fe.sub.5.sub.-x Ge.sub.x O.sub.12 in relation to the value x.
PAR  In said general formula, x = 0.2, 0.5, 0.75 or 1.0.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Examples of the present invention will be explained below.
PAR  A polycrystalline sample of yttrium or rare-earth iron garnet having the
      following general formula:
EQU  R.sub.3.sub.-x Pb.sub.x Fe.sub.5.sub.-x M.sub.x O.sub.12
PAL  [wherein R is at least one member selected from yttrium and rare-earth
      elements, M is a tetravalent element to be substituted for Fe and 0.05
      .ltoreq. x .ltoreq. 1.5 (said M may also be pentavalent element and in
      this case, said general formula should be R.sub.3.sub.-x Pb.sub.x
      Fe.sub.5.sub.-y M.sub.y O.sub.12 in which 0.05 .ltoreq. y .ltoreq. 1.5 and
      other definitions are the same as previously given)] was prepared by the
      ceramic technique. When lead content exceeds 1.0, a second phase appears,
      but garnet phase is predominant before the lead content exceeds 1.5 and no
      trouble is brought about for practical purpose. However, when the content
      exceeds 1.5, single garnet phase is not prepared and when the content is
      less than 0.05, temperature for preparation of garnet phase is nearly the
      same as in case of simple rare-earth iron garnet and reduction in
      temperature for preparation of garnet phase is not attained by
      lead-substitution. In accordance with the present invention, firstly,
      oxides of at least one of yttrium and rare-earth elements, PbO,
      .alpha.Fe.sub.2 O.sub.3 and MO.sub.2 were weighed depending upon the
      desired value x. They were well mixed and ground and then the mixture was
      prefired. This was ground, then a binder was incorporated therein, the
      mixture was subjected to pressing and thereafter sintered. Said prefiring
      and sintering were carried out in an oxidizing atmosphere. Thus sintered
      sample was confirmed to have desired garnet phase by X-rays. Measurement
      of specific Faraday rotation was made on a thin plate produced by cutting
      said sintered sample and polishing it at room temperature.
PAR  Conditions in the sintering process will be detailedly explained with
      reference to an Example in which Ge was used as M.
PAC  EXAMPLE 1
PAR  The following oxides were weighed in the following weights.
TBL  ______________________________________                                    
     PbO                 6.928 g                                               
     Y.sub.2 O.sub.3     17.521 g                                              
     Fe.sub.2 O.sub.3    22.305 g                                              
     GeO.sub.2           3.247 g                                               
     ______________________________________                                    
PAR  These amounts corresponded to the molar ratio of the composition Y.sub.2.5
      Pb.sub.0.5 Fe.sub.4.5 Ge.sub.0.5 O.sub.12. A mixture of said oxides was
      fired under the following conditions.
TBL  ______________________________________                                    
     Prefiring        800.degree.C                                             
                                1.5 hour                                       
     Sintering       1000.degree.C                                             
                                3 hours                                        
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  The following oxides in the amounts as indicated were weighed.
TBL  ______________________________________                                    
     PbO                 12.784 g                                              
     Y.sub.2 O.sub.3     12.933 g                                              
     Fe.sub.2 O.sub.3    18.293 g                                              
     GeO.sub.2           5.991 g                                               
     ______________________________________                                    
PAR  These corresponded to the molar ratio of the composition Y.sub.2 Pb.sub.1
      Fe.sub.4 Ge.sub.1 O.sub.12. A mixture of these oxides was fired under the
      following conditions.
TBL  ______________________________________                                    
     Prefiring       800.degree.C                                              
                                1.5 hour                                       
     Sintering       950.degree.C                                              
                                5 hours                                        
     ______________________________________                                    
PAR  Samples obtained in the above Examples had single garnet structure. The
      mixture already became nearly garnet phase by the prefiring at 800.degree.
      C and the sintering temperature was determined so that samples having high
      density and only a few vacant pores were produced in order to make the
      measurement of specific Faraday rotation easy. The maximum sintering
      temperature 950.degree. C is extremely lower than 1400.degree. C which is
      required for preparing a single phase yttrium iron garnet and is also
      lower than the sintering temperature of the reported bismuth-substituted
      yttrium iron garnet. Actually, substantially no garnet phase is prepared
      by prefiring at 900.degree. C in case of the bismuth-substituted yttrium
      iron garnet. Moreover, sintering temperature of yttrium iron garnet
      containing bismuth in the same amount as lead per one molecule of iron
      garnet is 1000.degree. C.
PAR  FIG. 1 shows change of lattice parameter of lead-containing iron garnet
      represented by the general formula: Y.sub.3.sub.-x Pb.sub.x
      Fe.sub.5.sub.-x Ge.sub.x O.sub.12. In this FIG. 1, ordinate represents
      values of lattice parameter and abscissa represents compositions shown by
      amount (x) of lead per one molecule.
PAR  FIG. 2 shows values of spontaneous magnetic moment of the lead-containing
      iron garnet in terms of Bohr magneton number per one molecular formula.
      The ordinate represents Bohr magneton number and abscissa represents
      absolute temperature (.degree.K). Curves 1, 2, 3 and 4 show values of
      spontaneous magnetic moment of lead-containing iron garnet represented by
      the general formula: Y.sub.3.sub.-x Pb.sub.x Fe.sub.5.sub.-x Ge.sub.x
      O.sub.12 wherein x is 0.2, 0.5, 0.75 and 1.0, respectively.
PAR  FIG. 3 shows change of Curie temperature of lead-containing iron garnet
      depending upon amount of lead. The ordinate shows Curie temperature in
      .degree.C and abscissa shows value x of Y.sub.3.sub.-x Pb.sub.x
      Fe.sub.5.sub.-y Ge.sub.y O.sub.12. Since Fe is substituted with
      non-magnetic ion, value of spontaneous magnetic moment is reduced as in
      FIG. 2, but rate of decrease in Curie temperature is small in FIG. 3. For
      example, as mentioned in "Bell System Technical Journal" Vol. 43
      (published in 1964) pages 565-623, as compared with Curie temperature (at
      x = 1.0) of Y.sub.3.sub.-x Ca.sub.x Fe.sub.5.sub.-x Ge.sub.x O.sub.12
      (i.e., Ca is substituted for Pb), that of lead-substituted garnet is
      higher by about 50.degree. C.
PAR  FIG. 4 shows comparison of specific Faraday rotation of Y.sub.2 Pb.sub.1
      Fe.sub.4 Ge.sub.1 O.sub.12 with that of Y.sub.3 Fe.sub.5 O.sub.12. The
      ordinate shows specific Faraday rotation (in unit of angle) per 1 cm and
      the abscissa shows wave length of light to be measured (in .mu. unit). In
      this FIG. 4, sign of the specific Faraday rotation of Y.sub.3 Fe.sub.5
      O.sub.12 is, in fact, opposite to that of Y.sub.2 Pb.sub.1 Fe.sub.4
      Ge.sub.1 O.sub.12, but only absolute values are shown for convenience of
      comparison (in dotted line). As is clear from this Figure, the specific
      Faraday rotation of rare-earth iron garnet nearly corresponds to that of
      yttrium iron garnet and therefore the sign of specific Faraday rotation of
      iron garnet is changed by substitution of yttrium by lead and the value is
      increased.
PAR  FIG. 5 shows change of specific Faraday rotation of lead-containing iron
      garnet at wave length of 0.6.mu. depending upon amount of lead
      substituted. The ordinate represents value of specific Faraday rotation in
      10.sup.3 deg /cm unit and the abscissa represents value x in
      Y.sub.3.sub.-x Pb.sub.x Fe.sub.5.sub.-x Ge.sub.x O.sub.12. As is clear
      from FIG. 5, when value x is more than 0.3, specific Faraday rotation
      (specific Faraday rotation coefficient 0.2) of lead-containing iron garnet
      is larger than that of simple rare-earth iron garnet (or yttrium iron
      garnet). However, when x is more than 1.5, effect of second phase becomes
      great. Therefore, from the point of specific Faraday rotation, range of x
      is 0.3 .ltoreq. x .ltoreq. 1.5. Although the values of specific Faraday
      rotation shown in FIGS. 4 and 5 are those measured on polycrystalline
      fired sample, it has been confirmed on various iron garnets that even when
      the iron garnet is polycrystalline sample, the specific Faraday rotation
      of the sample which has a high density is about  95% or higher of that of
      single crystalline iron garnet.
PAR  The above mentioned various characteristics are due to the presence of lead
      and iron in lead-substituted iron garnet. Therefore, the present invention
      includes garnets containing all elements capable of being substituted for
      yttrium, e.g., rare-earth elements and their mixtures. Moreover, elements
      capable of being substituted for iron are also known and these include
      tetra- or pentavalent elements such as niobium, tantalum, ruthenium,
      antimony, titanium, zirconium, hafnium, silicon, tin, germanium, vanadium,
      etc. and mixtures thereof.
PAR  As explained above, lead-substitution of iron garnet at 24C site has two
      effects, namely it can cause reduction of temperature for preparation of
      the iron garnet and remarkable increase of specific Faraday rotation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polycrystalline ferrimagnetic material having a garnet structure and
      comprising a yttrium or rare-earth iron garnet represented by the general
      formula:
EQU  R.sub.3.sub.-x Pb.sub.x Fe.sub.5.sub.-y M.sub.y O.sub.12
PAL  wherein R is an element selected from the group consisting of yttrium and
      rare-earth elements, M is at least one metal selected from the group
      consisting of niobium, tantalum, ruthenium, germanium, vanadium, antimony,
      titanium, zinconium, hafnium, silicon and tin, and the ranges of x and y
      are 0.05 .ltoreq. x .ltoreq. 1.5 and 0.05 .ltoreq. y .ltoreq. 1.5,
      respectively.
NUM  2.
PAR  2. A polycrystalline ferrimagnetic material according to claim 1, wherein
      the range of x is 0.3 .ltoreq. x .ltoreq. 1.5.
NUM  3.
PAR  3. A polycrystalline ferrimagnetic material according to claim 2, wherein R
      is yttrium.
NUM  4.
PAR  4. A polycrystalline ferrimagnetic material according to claim 3, wherein M
      is germanium.
NUM  5.
PAR  5. A polycrystalline ferrimagnetic material according to claim 4, wherein x
      = y.
NUM  6.
PAR  6. A polycrystalline ferrimagnetic material according to claim 1, wherein R
      is yttrium.
NUM  7.
PAR  7. A polycrystalline ferrimagnetic material according to claim 6, wherein M
      is germanium.
NUM  8.
PAR  8. A polycrystalline ferrimagnetic material according to claim 7, wherein x
      = y.
PATN
WKU  039473732
SRC  5
APN  4968344
APT  1
ART  165
APD  19740812
TTL  Electrically insulating powdery material, a process for its  preparation
      and thermally conducting and electrically insulating filled resin
      composition using said insulating powdery material as filler
ISD  19760330
NCL  7
ECL  1,3,5
EXP  Welsh; John D.
NDR  3
NFG  7
INVT
NAM  Sobajima; Shigenobu
CTY  Hachioji
CNT  JA
INVT
NAM  Tamura; Minoru
CTY  Hachioji
CNT  JA
INVT
NAM  Azuma; Yoichi
CTY  Hino
CNT  JA
INVT
NAM  Takekata; Kiyoshi
CTY  Hino
CNT  JA
ASSG
NAM  Teijin Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730912
APN  48-102223
CLAS
OCL  252 632
XCL  252 635
XCL  260 37M
XCL  106288B
XCL  106286
XCL  174110A
XCL  174110SR
EDF  2
ICL  H01B  300
ICL  C08L  500
ICL  H01B  700
FSC  252
FSS  63.2;63.5;63
FSC  106
FSS  286;288 B;290
FSC  260
FSS  37 M
FSC  174
FSS  110 A;110 SR
UREF
PNO  2280517
ISD  19420400
NAM  Ridgway
OCL  252 63.5
UREF
PNO  2622537
ISD  19711100
NAM  Needham
OCL  252 63.5
LREP
FRM  Sherman & Shalloway
ABST
PAL  An electrically insulating powdery material with a volume resistivity of at
      least 1 .times. 10.sup.10 ohms-cm, which consists of a calcined product of
      a mixture of magnesium oxide with boron oxide and if desired, at least one
      of titanium, iron and chromium oxides and has a special novel structure
      wherein a core of magnesium oxide particles is surrounded by a sheath of a
      double oxide of the magnesium oxide and the boron oxide and if desired,
      the other metal oxide. This insulating powdery material is produced by
      calcining the above mixture under specified calcining conditions
      determined by a special temperature-time relation. A thermally conducting
      and electrically insulating resin composition especially having superior
      electrical properties under high temperature-high humidity conditions can
      be prepared using the above powdery material as a filler.
BSUM
PAR  This invention relates to an electrically insulating powdery material of
      superior moisture resistance having a sheath-and-core structure and a
      volume resistivity of at least 1 .times. 10.sup.10 ohms.cm, usually at
      least 1 .times. 10.sup.11 ohms.cm, the volume resistivity being measured
      after boiling for 40 hours in boiling water a resin composition consisting
      of 100 parts by weight of a resin and uniformly dispersed therein 250
      parts by weight of the powdery material. The invention also pertains to a
      thermally conductive and electrically insulating filled resin composition
      containing the powdery material as a filler, which has various improved
      properties such as superior thermal conductivity, water resistance,
      dimensional stability and crack resistance and exhibiting superior
      electrical properties under high temperature-high humidity conditions.
PAR  More specifically, it relates to a electrically insulating powdery material
      of a calcined product of a mixture of magnesium oxide and another metal
      oxide; characterized in that
PA1  I. said powdery material comprises a core of magnesium oxide particles and
      a sheath of a double oxide formed thereon in a surrounding manner,
PA1  Ii. said double oxide is a member selected from a double oxide of magnesium
      oxide and boron oxide and a double oxide of magnesium oxide, boron oxide
      and a metal oxide selected from the group consisting of titanium oxide,
      iron oxide and chromium oxide, and
PA1  Iii. said powdery material has a volume resistivity of at least 1 .times.
      10.sup.10 ohms.cm, the volume resistivity being measured after boiling for
      40 hours in boiling water a resin composition consisting of 100 parts by
      weight of a resin and uniformly dispersed therein 250 parts by weight of
      the powdery material;
PAL  A process for its preparation, and also a thermally conducting and
      electrically insulating filled resin composition containing the above
      powdery material as a filler.
PAR  An electrically insulating resin composition having a filler of MgO which
      has been baked at a temperature of not less than 1000.degree.C. is known
      (British Pat. No. 1,256,077, German Pat. No. 1,817,799, Canadian Pat. No.
      912,722, and French Pat. No. 1,593,854). In this prior art, it is
      disclosed that MgO may be premixed with other fillers such as SiO.sub.2
      before it is subjected to heat treatment at a temperature above
      1000.degree.C., and that the result obtainable when MgO is calcined in
      admixture with SiO.sub.2 or the like is substantially the same as that
      obtained when MgO alone is calcined.
PAR  These prior patents do not at all give any description which would suggest
      that a calcined product of MgO and other fillers may give the same result
      as a calcined product of MgO alone, and further do not refer to the
      possibility of utilizing boron oxide, titanium oxide, iron oxide, chromium
      oxide, and titanium, iron, chromium compounds capable of forming their
      oxides, respectively, under calcining conditions as fillers.
PAR  Japanese Pat. No. 1898/63 (published on Mar. 8, 1963) discloses that an
      electrically insulating material is produced by calcining a mixture of MgO
      and not more than 15% by weight, based on the weight of MgO, of boron
      oxide with a view to eliminating the defect that MgO filler is reduced in
      electric resistance at an elevated temperature.
PAR  This patent discloses that the upper limit of the amount of the boron oxide
      is critical, and that best results are obtained when it is 7% and improved
      effects can be obtained when the amount is up to 15%. Furthermore, this
      patent discloses that by calcining the above mixture at 1300.degree.C. for
      3 hours, a calcined product of the same particle size as the starting MgO
      was obtained, and the resulting calcination product can be used as a
      filler for sheath heater.
PAR  This patent, however does not at all disclose the incorporation of the
      calcination product as a filler in a resin so as to provide an
      electrically insulating resin composition. Furthermore, this patent denies
      the utilization of boron oxide in an amount exceeding 15%, and is quite
      silent on other conditions than the calcination temperature of
      1300.degree.C. and the calcination time of 3 hours.
PAR  We have found that the calcined MgO filler in the first of the
      above-mentioned prior patents is seriously deteriorated in electrical
      characteristics when placed under high temperature-high humidity
      conditions, and under these conditions, the dimensional stability and
      crack resistance of the MgO filler become extremely poor and the filler
      becomes infeasible.
PAR  In order to eliminate such a calcined MgO filler, we studied the latter
      prior technique mentioned above, and found that when a mixture of MgO and
      7% (the amount considered most suitable in the above latter technique) of
      boron oxide was calcined at 1300.degree.C. for 3 hours, the resulting
      calcined product cannot exhibit satisfactory electric characteristics
      under high temperature-high humidity conditions.
PAR  We furthered our investigations in order to solve the technical problem
      that under high temperature-high humidity conditions, the conventional
      calcined products are difficult to use or cannot be used, and consequently
      found a special correlation between the calcination temperature and the
      calcination time for a mixture of MgO and boron oxide. Furthermore, we
      found that a calcination product of a mixture of MgO and boron oxide
      obtained by calcining it under the calcination conditions which satisfy
      this special correlation gives rise to the solution of the above technical
      problem and exhibits outstandingly superior high temperature-high humidity
      resistant properties. Furthermore, by employing these specific calcination
      conditions, the boron oxide can be used in an amount even exceeding 15%.
PAR  Further investigations led to the discovery that a mixture of MgO and boron
      oxide calcined under the calcining conditions satisfying this special
      correlation between the calcining temperature and the calcining time can
      contain titanium oxide, iron oxide, chromium oxide, titanium, iron,
      chromium compounds capable of forming their oxides, respectively, under
      the calcining conditions.
PAR  The above discovery is quite unexpected in view of the recognition of the
      prior art mentioned above. As a result of determining the cause of such an
      unexpected result, we found that the calcined product obtained under such
      specified calcination conditions consists of a core of magnesium oxide
      particles and a sheath of double oxide formed thereon in a surrounding
      manner, and has a novel special structure in which a sheath of a double
      oxide (a compound of higher order composed of two or more metal oxides)
      such as magnesium ortho- and pyro-borate covers the entire surface of the
      core particles of MgO, and is chemically bound thereto.
PAR  In view of the conventional belief that in the latter prior technique
      mentioned above, the vacant lattice sites of magnesium oxide having
      lattice defects are filled as a result of calcining a mixture of it with
      boron oxide to form a crystalline structure of pure magnesium oxide, it
      was quite unexpected that a calcined product having such a special
      sheath-core structure can be formed.
PAR  We further found that the calcined product having the above specified
      structure as a result of calcination under the above specified calcination
      conditions has a volume resistivity of at least 1 .times. 10.sup.10
      ohms.cm. after boiling in boiling water for 40 hours as described in
      detail hereinbelow, and this property is the most convenient measure for
      detecting the formation of a structure wherein a sheath of double oxide is
      chemically bound to magnesium oxide core particles while covering the
      entire surfaces of the magnesium oxide particles.
PAR  Accordingly, an object of this invention is to provide an electrically
      insulating powder material consisting of a calcined product of a mixture
      of magnesium oxide and boron oxide which may optionally contain at least
      one compound selected from the group consisting of titanium oxide, iron
      oxide, chromium oxide, titanium, iron, chromium compounds capable of
      forming their oxides, respectively, under the calcination conditions,
      which powdery material possesses a special double oxide sheath-MgO core
      capable of maintaining superior improved properties even under high
      temperature-high humidity conditions.
PAR  Another object of this invention is to provide a process for preparing such
      an electrically insulating powdery material.
PAR  A still another object of this invention is to provide a thermally
      conductive and electrically insulating resin composition with superior
      improved properties which contains a powdery material filler incorporated
      therein.
PAR  Many other objects and advantages of this invention will become more
      apparent from the following description.
PAR  The electrically insulating powdery material is characterized in that:
PA1  i. it comprises a core of magnesium oxide particles and a sheath of a
      double oxide formed thereon in a surrounding manner,
PA1  ii. the double oxide is a member selected from a double oxide of magnesium
      oxide and boron oxide and a double oxide of magnesium oxide, boron oxide
      and a metal oxide selected from the group consisting of titanium oxide,
      iron oxide and chromium oxide, and
PA1  iii. the powdery material has a volume resistivity of at least 1 .times.
      10.sup.10 ohms.cm, the volume resistivity being measured after boiling for
      40 hours in boiling water a resin composition consisting of 100 parts by
      weight of a resin and uniformly dispersed therein 250 parts by weight of
      the powdery material.
PAR  The metal oxides selected from the group consisting of titanium oxide, iron
      oxide and chromium oxide may be used either alone or in admixture of two
      or more. Of these metal oxides, titanium oxide is preferred. If the iron
      oxide is used in a great quantity, the calcined product tends to impart
      magnetism to an electrically insulating resin composition when used as a
      filler for it. Thus, the use of such a calcined product is limited in uses
      where such a tendency is not desirable.
PAR  The structure mentioned in (i) above can be ascertained by the following
      method.
PAC  [I] TEST A
PAC  Preparation of Sample
PAR  One gram of the powdery material was sampled by the quatering method from
      the lot of the powdery material to be tested. A small amount of sample was
      collected at random from this powder. The sample powder collected was
      sprayed onto one surface of an adhesive tape having an adhesive surface on
      both sides, and the other surface was adhered to a sample stand. Carbon
      was deposited in vacuum on the surface on which the sample powder had been
      sprayed, and then gold was coated on it by vacuum deposition.
PAC  Device and measuring conditions
PAR  The surfaces of the particles were observed using a scanning electron
      microscope (MSM-2 type; Hitachi-Akashi Company, Japan) with an accelerated
      voltage of 15 KV and a magnification of 100 to 10,000 X.
PAC  Evaluation
PAR  When the formation of a sheath was observed on the surface of at least 99%
      of the total number of particles which is usually several hundred, the
      calcined product is evaluated as having the sheath-core structure
      specified in the present invention. FIG. 2-a (400X) shows a photograph of
      a scanning electron microscopic image of one particle in the product of
      this invention. To facilitate comparisons, FIGS. 2-b(400X) and 2-c(400X)
      show similar photographs of particles not having the sheath-core structure
      of this invention (Comparative Example 9 hereinbelow) and particles of
      calcined MgO.
PAC  [II] TEST B
PAC  Preparation of Sample
PAR  The remainder of the powder from which a small amount of the sample had
      been collected at random in Test A above was transferred to a mortar, and
      pulverized by beating strongly. A small amount of a sample was collected
      at random from the pulverized particles using a spatula. The collected
      sample powder was sprayed on one surface of an adhesive tape having an
      adhesive surface on both sides, and the other surface was adhered to a
      sample stand. Subsequently, the same procedure as in Test A was performed
      to form a sample.
PAC  Device and measuring conditions
PAR  The sectional structure of the cut particles was observed using the same
      device and measuring conditions as in Test A.
PAC  Evaluation
PAR  When it was observed that at least 99% of the cut particles had a
      sheath-core structure, the calcination product was evaluated as having the
      sheath-core structure specified in the present invention.
PAR  FIG. 3-a shows a photograph of the product of this invention (400 X), and
      FIG. 3-a', a photograph of a part of the above product (5000 X; in the
      photo, the left side shows a sheath layer portion). In order to facilitate
      comparisons, FIG. 3-b shows a similar photograph (400 X) of the particles
      obtained in Comparative Example 9 which did not have the sheath-core
      structure of this invention.
PAR  The thickness of the sheath of a double oxide such as magnesium borate
      (3MgO.B.sub.2 O.sub.3 and/or 2MgO.B.sub.2 O.sub.3), a mixture of magnesium
      borate (3MgO.B.sub.2 O.sub.3 and/or 2MgO.B.sub.2 O.sub.3), magnesium
      titanate (MgO.TiO.sub.2 and/or 2MgO.TiO.sub.2) and titanium borate
      (TiBO.sub.3), a mixture of magnesium borate (3MgO.B.sub.2 O.sub.3 and/or
      2MgO.B.sub.2 O.sub.3), magnesium ferrate (MgO.Fe.sub.2 O.sub.3) and iron
      borate (FeBO.sub.3), or a mixture of magnesium borate (3MgO.B.sub.2
      O.sub.3 and/or 2MgO.B.sub.2 O.sub.3), magnesium chromate (MgO.Cr.sub.2
      O.sub.3) and chromium borate (CrBO.sub.3), is such that the sheath
      envelops the entire surfaces of the MgO core particles so that the powdery
      material has a volume resistivity of at least 1 .times. 10.sup.10 ohms.cm,
      preferably at least 1 .times. 10.sup.11 ohms.cm, when measured after
      boiling for 40 hours in boiling water a resin composition consisting of
      100 parts by weight of a resin and 250 parts by weight of the powdery
      material uniformly dispersed therein. However, it is preferred that the
      thickness is not more than about 50%, usually 2 to 30%, of the average
      particle size of the particles of the powdery material. This average
      thickness can be measured and calculated by the following method.
PAR  In the Test B for the detection of the sheath-core structure, the thickness
      of the largest thickness portion of the sheath and the thickness of the
      smallest thickness portion of the sheath in the photograph (5000 X) are
      measured with respect to two particles. Then, an arithmetic mean of these
      measured values is calculated. The particle size is calculated as an
      arithmetic average value of the maximum diameters and minimum diameters of
      two particles. The average thickness is expressed as a percent of the
      above average sheath thickness based on the average particle size.
PAR  The above double oxide (ii) can be identified by an X-ray diffraction
      method.
PAR  The characteristic of the powdery material mentioned in (iii) above can be
      measured by the following method.
PAR  A molding composition of the following formulation is prepared using a
      powder of a calcined product obtained by the quatering method same as in
      Test A above.
TBL  ______________________________________                                    
     Epikote 828 (a product of Shell Company;                                  
     a normally liquid bisphenol-type epoxy                                    
     resin with a molecular weight of about                                    
     355, an epoxide equivalent of 182 to                                      
     194 and a viscosity at 25.degree.C. of 110                                
     to 150 poises)         100 parts by weight                                
     Zinc stearate (mold releasing agent)                                      
                            4 parts by weight                                  
     Diaminodiphenyl methane                                                   
     (curing agent)         27 parts by weight                                 
     Calcination product powder                                                
                            250 parts by weight                                
     ______________________________________                                    
PAR  The above composition is fabricated by a low pressure transfer molding
      method to form disk-like samples each with a diameter of 50 mm and a
      thickness of 2 mm. Two of these samples are boiled for 40 hours in water
      kept under boiling conditions, and then withdrawn and immersed for 30
      minutes in cold water. The moisture is wiped off with a gauze fabric, and
      after 2 minutes, its volume resistivity (RV) is measured in accordance
      with ASTM D257 using an insulation resistance tester (SM-10 type, a
      product of Toa Denpa Kogyo K.K., Japan).
PAR  The electrically insulating powdery material of a calcined product of a
      mixture of magensium oxide and another metal oxide can be prepared by
      calcining a mixture selected from the group consisting of a mixture of
      magnesium oxide and boron oxide, and mixtures of magesium oxide, boron
      oxide and a member selected from the group consisting of titanium
      oxide(TiO.sub.2), iron oxide(Fe.sub.2 O.sub.3), chromium oxide(Cr.sub.2
      O.sub.3), an iron compound capable of forming iron oxide (Fe.sub.2
      O.sub.3) under the calcining conditions, such as iron (III) hydroxide and
      a chromium compound capable of forming chromium oxide (Cr.sub.2 O.sub.3)
      under the calcination conditions, such as chromium (III) chloride or
      chromium (III) hydroxide under conditions which satisfy the following
      relation:
      ##EQU1##
      wherein T is the calcining temperature (.degree.C), t is the calcining
      time (hr), and t .gtoreq. 1/12.
PAR  The relation between the calcining temperature and the calcining time is
      shown in FIG. 1, in which the area defined by curve a (T = 80/t + 1200)
      and curve b (T = 80/t + 800) meets the calcining conditions specified in
      the present invention. The points marked by circular symbols with numbers
      show examples of the present invention in which the numbers represent
      those of Examples in the specification. The points marked by triangular
      symbols with numbers show comparisons in which the numbers represent those
      of Comparative Examples in the specification.
PAR  Referring to FIG. 1, if t is not more than 1/12 hour, uniform calcining
      results are difficult to obtain. Preferably at least 1/6 hour, more
      preferably at least 1/3 hour, can be employed as the calcining time. Too
      long periods of calcining time are useless, and therefore, a proper
      calcining time should be selected. Although depending somewhat on the
      calcining means, a calcining time of about 10 minutes (t = 1/16) to about
      20 hours (t = 20), especially, about 20 minutes (t = 1/3) to about 6 hours
      (t = 6), is usually preferred.
PAR  In the process of this invention, it is sufficient that a sheath of the
      double oxide envelops the entire surfaces of the MgO core particles. The
      boron oxide may be mixed in an amount sufficient for the double oxide
      formed by calcination to cover the entire surfaces of the MgO core
      particles, although the amount can be properly varied depending upon the
      particle size of the starting MgO particle, the particle size of the other
      metal oxide to be mixed with it, etc. Usually, it is preferred to use
      boron oxide in an amount of at least about 3% based on the weight of
      magnesium oxide. More preferably, the amount of boron oxide is at least
      about 5% by weight. It is possible to use boron oxide in an amount equal
      to or greater than that of magnesium oxide, but usually, amounts up to
      about 60% by weight of the mageneium oxide are sufficient. Accordingly,
      the preferred mixture of magnesium oxide and boron oxide is one composed
      of magensium and about 3 to 60%, based on the weight of the magnesium
      oxide, of boron oxide. In the case of a mixture of magnesium oxide, boron
      oxide and the above-mentioned Ti, Fe or Cr component, the preferred
      mixture consists of 65 to 95% by weight of magnesium oxide, 5 to 20% by
      weight of boron oxide, not more than 30% by weight of TiO.sub.2, or 50 to
      95% by weight of MgO, 5 to 20% by weight of B.sub.2 O.sub.3 and not more
      than 40% by weight of Fe.sub.2 O.sub.3 (where the iron compound capable of
      forming Fe.sub.2 O.sub.3 under the calcining conditions is used, its
      amount is calculated as Fe.sub.2 O.sub.3), or 50 to 95% by weight of MgO,
      5 to 20% by weight of B.sub.2 O.sub.3 and not more than 40% by weight of
      Cr.sub.2 O.sub.3 (where the chromium compound capable of forming Cr.sub.2
      O.sub.3 under the calcining conditions is used, its amount is calculated
      as Cr.sub.2 O.sub.3), the amounts being based on the weight of the
      resulting mixture.
PAR  It is necessary in this invention that the above starting mixture is
      calcined under the calcining conditions shown above. As will be shown
      experimentally by a number of Comparative Examples, when the calcining
      conditions expressed by the above relation are not met, it is impossible
      for the powdery material of the calcined product to attain a volume
      resistivity of at least 1 .times. 10.sup.10 ohms.cm. For Example, in
      Comparative Example 9 (shown by .DELTA. No. 9 in Figure), the product
      obtained by calcining a mixture of MgO and 7%, based on the weight of MgO,
      of boron oxide at 1300.degree.C. for 3 hours has a volume resistivity of
      6.2 .times. 10.sup.8 ohms-cm (the best result disclosed in the above cited
      Japanese Pat. No. 1898/63). In contrast, the product obtained in
      accordance with the process of this invention by calcining the same
      mixture at 1180.degree.C. for 3 hours (Example 9 shown by o No. 9 in FIG.
      1) has a volume resistivity of 8.0 .times. 10.sup.10 ohms-cm. This shows a
      marked difference in resistance to high temperature and high humidity.
PAR  If the above calcination conditions are not fulfilled in the process of
      this invention (for example, on the lower temperature side of the curve b
      in FIG. 1), a sheath of the double oxide is difficult to form.
      Furthermore, on the high temperature side of the curve a, the particles of
      the starting calcination product often agglomerate, and it becomes
      necessary to break the agglomerate into the individual particles. Since
      the particles in this agglomerate are bonded to one another firmly, it is
      difficult to break it into the individual particles, and particles having
      the structure (i) defined in this invention cannot be obtained. This is
      presumably because if the agglomerate is forcibly disintegrated, the
      sheath of double oxide would be broken. As a result, the resulting
      calcined product does not possess a volume resistivity of at least 1
      .times. 10.sup.10 ohms-cm. Even if the above agglomeration does not occur,
      the improvement intended by this invention cannot be achieved, although
      the reason for it has not been clear. Although not bound by any theory, we
      assume that under such conditions. a sheath of double oxide of the desired
      composition is difficult to form; and/or the desired sheath of double
      oxide once formed becomes porous or is cracked and thus fails to cover the
      entire surface of the core sufficiently; an/or it becomes impossible to
      form a sheath of double oxide covering the entire surface of the core.
PAR  According to the process of this invention, the surface layer of the
      starting magnesium oxide particles is converted to a sheath of double
      oxide while the magnesium oxide powder substantially maintains its
      particle size, and agglomeration scarcely occurs. Even when agglomeration
      occurs, the agglomerate can be distinguished by slight stress. The
      individual particles become a calcined product having the sheath-core
      structure meeting the requirement (i) of the present invention. There is
      no particular restriction on the method of calcination. Any methods by
      which a mixture of MgO and the other metal oxide or a compound capable of
      being converted to it under the calcination conditions is uniformly
      calcined can be employed. For example, in a laboratory-scale or
      small-scale production, calcination can be performed using an electric
      furnace such as a resistance furnace. In mass production, calcination can
      be performed using a brick kiln such as a tunnel kiln or a rotary kiln.
PAR  The starting MgO or other metal oxide or the metal compound capable of
      forming the other metal oxide under the calcination conditions may contain
      minor amounts of impurities that may usually be contained therein, for
      example, metal components such as Al, Si, V, In, Ga, Ca, Mn, Na, K, Ni, or
      Cu. The amount of such impruities is usually less than about 1% by weight,
      most usually less than about 0.1% by weight, as metal.
PAR  The particle size of the starting MgO can be properly selected according to
      the desired particle size of the calcined product. Usually, it is
      preferred to use MgO having an average particle size of about 30 to about
      8000 mesh (Tyler's mesh; hereinafter, all mesh sizes are of Tyler's),
      preferably about 30 to 2000 mesh. The particle size of the starting boron
      oxide can be selected properly according to such factors as the particle
      size of the starting MgO or the amount of the boron oxide used. Usually,
      the particle size of the boron oxide is preferably not larger than 65
      mesh, more preferably not larger than 400 mesh. The particle size of the
      member selected from the group consisting of titanium oxide, iron oxide,
      chromium oxide, the iron compound capable of forming iron oxide under the
      calcining conditions and the chromium compound capable of forming chromium
      oxide under the calcining conditions can be properly selected according to
      the particle size of the starting MgO or the amount of such a member used.
      Usually, it has a particle size of preferably about 100 to about 10000
      mesh, more preferably about 1000 to about 10000.
PAR  The type of the starting MgO used in this invention is not particularly
      restricted. Examples of the type that can be used in this invention
      include electrically fused magensium oxide obtained by heating MgO to a
      temperature above about 2800.degree.C. (its melting point), cooling the
      molten MgO gradually, and pulverizing the resulting solid, hard-burning
      magnesium oxide obtained by calcining MgO at a temperature of about
      1000.degree. to about 2000.degree.C., the pulverized product of magnesia
      fibers, and whiskers. The use of the electrically fused magnesium oxide is
      most preferred.
PAR  The electrically insulating powdery material of this invention consisting
      of a calcined product of a mixture of magnesium oxide and boron oxide
      which may optionally contain another metal oxide or a compound capable of
      forming the other metal oxide under the calcination conditions can be used
      for various electrical and/or thermally conducting usages. It is
      especially useful in a thermally conducting and electrically insulating
      resin composition. Typical examples of use are packaging resin fillers for
      integrated circuits, large-scale integrated circuits, transistors, diodes,
      thin film circuits and many other assemblies, cast resin fillers such as
      transformers, capacitors or resistors, and coatings and adhesives of parts
      requiring thermal dissipation in the electrical and electronics component
      industry.
PAR  Thus, according to this invention, there can be provided a thermally
      conducting and electrically insulating resin composition containing a
      powdery material of a calcined product of a mixture of magnesium oxide and
      another metal oxide uniformly dispersed therein, characterized in that:
PA1  i. said powdery material comprises a core of magnesium oxide particles and
      a sheath of a double oxide formed thereon in a surrounding manner,
PA1  ii. said double oxide is a member selected from a double oxide of magensium
      oxide and boron oxide and a double oxide of magnesium oxide, boron oxide
      and a metal oxide selected from the group consisting of titanium oxide,
      iron oxide and chromium oxide, and
PA1  iii. said powdery material has a volume resistivity of at least 1 .times.
      10.sup.10 ohms.cm, the volume resistivity being measured after boiling for
      40 hours in boiling water a resin composition consisting of 100 parts by
      weight of a resin and uniformly dispersed therein 250 parts by weight of
      the powdery material.
PAR  For use as fillers, the powdery material of this invention is used in an
      amount of preferably at least 5% by volume, more preferably at least about
      15% by volume, based upon the volume of the resin composition. Usually,
      amounts up to about 65% by volume are sufficient. The powdery material can
      be incorporated in the resin by any desired methods. For example, an epoxy
      resin compound for transfer molding is prepared by (i) dissolving a mold
      releasing agent in the liquid resin, (ii) dispersing the powdery material
      of this invention and a pigment in the resin, (iii) adding a curing agent,
      and mixing the components well, (iv) spreading the uniform mixture in the
      form of a plate having a thickness of 1 to 2 cm, (v) allowing the mixture
      to stand until the softening point becomes sufficiently high and it can be
      powdered thereby to bring it to a B-stage, and then pulverizing the
      mixture, and then (vi) ageing the resulting powder. As another example,
      injection molding pellets of polyhexmethylene sebacamide are prepared by
      uniformly blending the polyhexamethylene sebacamide chips and the powdery
      material of this invention by a V-type blender, sufficiently drying the
      mixture, and extruding the mixture by an extruder to pelletize it.
PAR  Accordingly, the resin composition in accordance with this invention can be
      in such forms as a two-package coating liquid resin composition or paste,
      and molding powder, granules, flakes or pellets.
PAR  The type of the resin used in the resin composition of this invention is
      not limited in particular, and any resin which can be filled with an
      inorganic filler can be used. Thus, the resin may, for example, be a
      synthetic thermosetting resin, a synthetic thermoplastic resin, or a
      natural or synthetic rubber, or a blend of these in suitable combinations.
      Specific examples include thermoplastic resins such as bisphenol A-type,
      novolac-type, or cycloaliphatic epoxy resin, silicone, phenolics such as
      phenol formaldehyde, unsaturated polyesters, polyurethane, amino resins
      such as urea or melamine resins, or alkyds such as diallyl phthalate or
      diisophthalate and dough molding compounds; thermoplastic resins such as
      polyethylene, polypropylene, polystyrene, polycarbonate, polyamides such
      as poly-.epsilon.-capramide, polyhexamethylene adipamide, or
      polyhexamethylene sebacamide, polyesters such as polyethylene
      terephthalate, or polyethylene-2,6-naphthalenedicarboxylate, acrylic
      resins, or polyvinvl chloride; synthetic rubbers such as thermosetting
      hydrocarbons, e.g., polybutadiene or a butadiene-styrene copolymer
      product; and natural rubber.
PAR  The thermally conducting and electrically insulating filled resin
      composition of this invention may also have other conventional fillers and
      inorganic pigments incorporated therein together. Examples of such
      conventional fillers are clay mineral powders such as kaolin, glass
      powder, asbestos, glass fibers, mica, talc, quartz powder, or glass
      microballoons. The amount of these fillers and inorganic fillers can be
      selected as desired, but usually, it is about 10 to about 50% by volume
      based on the volume of the final resin composition.
DETD
PAR  The following Examples and Comparative Examples illustrate the present
      invention in greater detail.
PAC  EXAMPLES 1 TO 20 AND COMPARATIVE EXAMPLES 1 TO 20
PAR  In each run, electrically fused magnesia having the average particle size
      indicated in Table 1 and boron oxide having the average particle size
      indicated in Table 1 and in some examples, the other metal oxide or the
      compound convertible to the metal oxide under the calcining conditions
      having the average particle size indicated in Table 1 were well mixed in
      the amounts indicated in Table 1. 250 G of the mixture was filled in an
      un-pressed state in an aluminum crucible (250cc), and placed in an
      electric furnace, where it was calcined under the conditions shown in
      Table 1 to form the electrically insulating powdery material. The results
      are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
                                                     Calcined product          
                                                     (i)                       
                                                     Sheath-   (iii)           
                                                     core      Volume          
                             Other metal oxide or                              
                                          Calcining  struct-   resist-         
     Magnesia       Boron oxide                                                
                             metal compound                                    
                                          conditions ture      ivity           
     Aver-          Aver-        Aver-           Aver-                         
                                                     (thick-   (.OMEGA.-cm;    
     age            age          age             age ness      after 40        
     parti-         parti-       parti-   Tem-   parti-                        
                                                     in mic-   hour            
     cle            cle          cle      pera-  cle rons                      
                                                         (ii)  boiling         
     size      Amount                                                          
                    size                                                       
                        Amount   size                                          
                                     Amount                                    
                                          ture                                 
                                              Time                             
                                                 size                          
                                                     of the                    
                                                         double                
                                                               in boiling      
     (mesh)    (g)  (mesh)                                                     
                        (g)  Name                                              
                                 (mesh)                                        
                                     (g)  (.degree.C)                          
                                              (hr)                             
                                                 (mesh)                        
                                                     sheath)                   
                                                         oxide water)          
     __________________________________________________________________________
     Ex. 1 400 85   8000                                                       
                        15   --  --  --    925                                 
                                              1  400 yes 3MB,                  
                                                               8.2.times.10.sup
                                                               .12             
                                                     (3.7)                     
     Comp.                                                                     
         1 "   "    "   "    --  --  --    830                                 
                                              1  400 no  --    7.3.times.10.sup
                                                               .8              
     Ex. 2 100 93   8000                                                       
                         7   --  --  --    900                                 
                                              2  100 yes 3MB,                  
                                                               9.0.times.10.sup
                                                               .11             
                                                     (6.3)                     
     Comp.                                                                     
         2 "   "    "   "    --  --  --    800                                 
                                              2  100 no  --    7.1.times.10.sup
                                                               .7              
     Ex. 3 250 88    500                                                       
                        12   --  --  --    870                                 
                                              3  250 yes 3MB,                  
                                                               2.1.times.10.sup
                                                               .11             
                                                     (5.0)                     
     Comp.                                                                     
         3 "   "    "   "    --  --  --    780                                 
                                              3  250 no  --    8.0.times.10.sup
                                                               .8              
     Ex. 4 200 90   8000                                                       
                        10   --  --  --    900                                 
                                              4  200 yes 3MB,                  
                                                               7.7.times.10.sup
                                                               .12             
                                                     (4.8)                     
     Comp.                                                                     
         4 "   "    "   "    --  --  --    780                                 
                                              4  200 no  --    3.5.times.10.sup
                                                               .8              
     Ex. 5 150 90   1000                                                       
                        10   --  --  --    875                                 
                                              5  150 yes 3MB,                  
                                                               6.0.times.10.sup
                                                               .11             
                                                     (6.7)                     
     Comp.                                                                     
         5 "   "    "   "    --  --  --    780                                 
                                              5  150 no  --    2.1.times.10.sup
                                                               .8              
     Ex. 6 325 80   1000                                                       
                        20   --  --  --    875                                 
                                              6  325 yes 3MB,                  
                                                               6.9.times.10.sup
                                                               .11             
                                                     (7.5)                     
     Comp.                                                                     
         6 "   "    "   "    --  --  --    780                                 
                                              6  325 no  --    4.1.times.10.sup
                                                               .8              
     Ex. 7 100 95   1000                                                       
                         5   --  --  --   1220                                 
                                              1  100 yes 3MB   1.1.times.10.sup
                                                               .11             
                                                     (4.3)                     
     Comp.                                                                     
         7 "   "    "   "    --  --  --   1350                                 
                                              1  100 no  3MB   3.3.times.10.sup
                                                               .7              
                                                         (not                  
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 8 800 80   2000                                                       
                        20   --  --  --   1180                                 
                                              2  800 yes 3MB   1.2.times.10.sup
                                                               .13             
                                                     (3.1)                     
     Comp.                                                                     
         8 "   "    "   "    --  --  --   1300                                 
                                              2  800 no  3MB   1.1.times.10.sup
                                                               .9              
                                                         (not                  
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 9  65 93.5 8000                                                       
                        6.5  --  --  --   1180                                 
                                              3   65 yes 3MB   8.0.times.10.sup
                                                               .11             
                                                     (8.0)                     
     Comp.                                                                     
         9 "   "    "   "    --  --  --   1300                                 
                                              3   65 no  3MB   6.2.times.10.sup
                                                               .8              
                                                         (not                  
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 10                                                                    
           150 90   8000                                                       
                        10   --  --  --   1180                                 
                                              4  150 yes 3MB   7.8.times.10.sup
                                                               .11             
                                                     (6.7)                     
     Comp.                                                                     
         10                                                                    
           "   "    "   "    --  --  --   1300                                 
                                              4  150 no  3MB   8.8.times.10.sup
                                                               .8              
                                                         (not                  
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 11                                                                    
           325 70   2000                                                       
                        30   --  --  --   1180                                 
                                              5  325 yes 3MB   5.9.times.10.sup
                                                               .11             
                                                     (10.8)                    
     Comp.                                                                     
         11                                                                    
           "   "    "   "    --  --  --   1280                                 
                                              5  325 no  3MB   6.2.times.10.sup
                                                               .7              
                                                         (not                  
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 12                                                                    
            35 96   8000                                                       
                         4   --  --  --   1150                                 
                                              6   35 yes 3MB   4.1.times.10.sup
                                                               .10             
                                                     (13.4)                    
     Comp.                                                                     
         12                                                                    
           "   "    "   "    --  --  --   1270                                 
                                              6   35 no  3MB   7.5.times.10.sup
                                                               .8              
     Ex. 13                                                                    
           325 85   3000                                                       
                        15   --  --  --   1100                                 
                                              1/2                              
                                                 325 yes 3MB   8.9.times.10.sup
                                                               .12             
                                                     (4.6)                     
     Comp.                                                                     
         13                                                                    
           "   "    "   "    --  --  --    850                                 
                                              1/2                              
                                                 325 no  --    7.0.times.10.sup
                                                               .8              
     Ex. 14                                                                    
           200 70   8000                                                       
                        10   TiO.sub.2                                         
                                 8000                                          
                                     20    900                                 
                                              11/3                             
                                                 200 yes 3MB,                  
                                                               7.6.times.10.sup
                                                               .12             
                                                     (21.0)                    
                                                         TB,MT                 
     Comp.                                                                     
         14                                                                    
           "   "    "   "    "   "   "     800                                 
                                              11/3                             
                                                 200 no  --    9.0.times.10.sup
                                                               .7              
     Ex. 15                                                                    
           200 85   8000                                                       
                        10   TiO.sub.2                                         
                                 8000                                          
                                      5    870                                 
                                              31/3                             
                                                 200 yes 3MB,2MB,              
                                                               8.1.times.10.sup
                                                               .12             
                                                     (7.4)                     
                                                         MT,TB                 
     Comp.                                                                     
         15                                                                    
           "   "    "   "    "   "   "     780                                 
                                              31/3                             
                                                 200 no  --    1.5.times.10.sup
                                                               .9              
     Ex. 16                                                                    
           100 70   2000                                                       
                        10   Fe.sub.2 O.sub.3                                  
                                 2000                                          
                                     20     870                                
                                              51/2                             
                                                 100 yes 3MB,2MB,              
                                                               2.6.times.10.sup
                                                               .11             
                                                     (30.0)                    
                                                         MF,FB                 
     Comp.                                                                     
         16                                                                    
           "   "    "   "    "   "   "     780                                 
                                              51/2                             
                                                 100 no  --    7.8.times.10.sup
                                                               .8              
     Ex. 17                                                                    
           250 80   2000                                                       
                        15   Fe.sub.2 O.sub.3                                  
                                 2000                                          
                                      5   1180                                 
                                              11/3                             
                                                 250 yes 3MB,2MB,              
                                                               5.9.times.10.sup
                                                               .12             
                                                     (10.6)                    
                                                         MF,FB                 
     Comp.                                                                     
         17                                                                    
           "   "    "   "    "   "   "    1300                                 
                                              11/3                             
                                                 250 no  3MB,2MB,              
                                                               6.0.times.10.sup
                                                               .8              
                                                         MF (not               
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 18                                                                    
           100 70   4000                                                       
                        10   Cr.sub.2 O.sub.3                                  
                                 4000                                          
                                     20   1180                                 
                                              21/3                             
                                                 100 yes 3MB,MC,               
                                                               9.0.times.10.sup
                                                               .11             
                                                     (24.4)                    
                                                         CB                    
     Comp.                                                                     
         18                                                                    
           "   "    "   "    "   "   "    1300                                 
                                              21/3                             
                                                 100 no  3MB,MC,               
                                                               3.8.times.10.sup
                                                               .7              
                                                         CB (not               
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 19                                                                    
           250 80   4000                                                       
                        15   Cr.sub.2 O.sub.3                                  
                                 4000                                          
                                      5   1180                                 
                                              31/3                             
                                                 250 yes 3MB,MC                
                                                               1.3.times.10.sup
                                                               .13             
                                                     (28.0)                    
                                                         CB                    
     Comp.                                                                     
         19                                                                    
           "   "    "   "    "   "   "    1300                                 
                                              31/3                             
                                                 250 no  3MB,MC,               
                                                               2.1.times.10.sup
                                                               .8              
                                                         CB (not               
                                                         covering              
                                                         the entire            
                                                         surface)              
     Ex. 20                                                                    
           250 65   4000                                                       
                        10   TiO.sub.2                                         
                                 8000                                          
                                     15   1180                                 
                                              41/3                             
                                                 250 yes 3MB,2MT,              
                                                               1.0.times.10.sup
                                                               .12             
                             Fe.sub.2 O.sub.3                                  
                                 2000                                          
                                     10              (24.4)                    
                                                         MF,TB,FB              
     Comp.                                                                     
         20                                                                    
           "   "    "   "    "   "        1280                                 
                                              41/3                             
                                                 250 no  3MB,2MT,              
                                                               9.1.times.10.sup
                                                               .8              
                                                         MF,TB,FB              
                                                         (not                  
                                                         covering              
                                                         the entire            
                                                         surface)              
     Control                                                                   
            400*                                                               
               --   --  --   --  --  --   1200                                 
                                              3  400 no        2.5.times.10.sup
                                                               .7              
     __________________________________________________________________________
      *Electrically fused magnesia same as used in Example 1.                  
      3MB = 3MgO.B.sub.2 O.sub.3, 2MB = 2MgO.B.sub.2 O.sub.3, MT =             
      MgO.TiO.sub.2, TB = TiBO.sub.3                                           
      MF = MgO.Fe.sub.2 O.sub.3, CB = CrBO.sub.3, FB = FeBO.sub.3, MC =        
      MgO.Cr.sub.2 O.sub.3                                                     
PAC  EXAMPLES 21 TO 35
PAR  Example 1 was repeated except that each of the mixtures shown in Table 2
      was calcined under the conditions shown in Table 2. The results are also
      shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                                                 Calcined product              
                                                     (i)                       
                                                     sheath-   (iii)           
                                                     core      Volume          
                             Other metal oxide or                              
                                          Calcining  struc-    resist-         
     Magnesia       Boron oxide                                                
                             metal compound                                    
                                          conditions ture      ivity           
           Aver-    Aver-        Aver-           Aver-                         
                                                     (Thick-   (.OMEGA.-cm     
           age      age          age      Tem-   age ness      after 40        
           parti-   parti-       parti-   pera-  parti-                        
                                                     in mic-   hour            
     Ex-   cle      cle          cle      ture                                 
                                              Time                             
                                                 cle rons                      
                                                         (ii)  boiling         
     am-   size                                                                
               Amount                                                          
                    size                                                       
                        Amount   size                                          
                                     Amount                                    
                                          (T) (t)                              
                                                 size                          
                                                     of the                    
                                                         double                
                                                               in boiling      
     ples                                                                      
        Type                                                                   
           (mesh)                                                              
               (g)  (mesh)                                                     
                        (g)  Name                                              
                                 (mesh)                                        
                                     (g)  .degree.C                            
                                              hr.                              
                                                 (mesh)                        
                                                     sheath)                   
                                                         oxide water           
     __________________________________________________________________________
     21 Elec-                                                                  
            35 95   2000                                                       
                         5   --  --  --    1250                                
                                              0.5                              
                                                  35 8.7 3MB   6.1.times.10.sup
                                                               .11             
     trically                                                                  
     fused                                                                     
     MgO                                                                       
     22 "  100 93   4000                                                       
                         7   --  --  --   1100                                 
                                              1  100 5.3 3MB   2.3.times.10.sup
                                                               .12             
     23 "  150 90   4000                                                       
                        10   --  --  --   1000                                 
                                              1  150 5.5 3MB,2MB               
                                                               5.8.times.10.sup
                                                               .12             
     24 "  250 85   8000                                                       
                        15   --  --  --   1050                                 
                                              2  250 6.0 3MB,2MB               
                                                               6.2.times.10.sup
                                                               .12             
     25 "  400 85   4000                                                       
                        15   --  --  --   1025                                 
                                               22/3                            
                                                 400 2.9 3MB,2MB               
                                                               1.2.times.10.sup
                                                               .13             
     26 "  150 70   8000                                                       
                        10   TiO.sub.2                                         
                                 8000                                          
                                     20   1100                                 
                                              3  150 5.3 3MB,MT,               
                                                               2.6.times.10.sup
                                                               .12             
                                                         TB                    
     27 "   35 70   8000                                                       
                        10   Fe.sub.2 O.sub.3                                  
                                 2000                                          
                                     20    950                                 
                                              3   35 81.0                      
                                                         3MB,2MB,              
                                                               8.1.times.10.sup
                                                               .11             
                                                         MF,FB                 
     28 "  200 65   8000                                                       
                        15   Cr.sub.2 O.sub.3                                  
                                 4000                                          
                                     20   1000                                 
                                               32/3                            
                                                 200 11.3                      
                                                         3MB,2MB,              
                                                               3.2.times.10.sup
                                                               .11             
                                                         MC,CB                 
     29 "  250 60   8000                                                       
                        10   TiO.sub.2                                         
                                 8000                                          
                                     15   1075                                 
                                              4  250 8.0 3MB,MT,               
                                                               6.5.times.10.sup
                                                               .11             
                             Fe.sub.2 O.sub.3                                  
                                 2000                                          
                                     15                  MF,TB,FB              
     30 Hard                                                                   
           400 85   2000                                                       
                        15   --  --  --   1050                                 
                                              4.5                              
                                                 400 2.9 3MB,2MB               
                                                               8.2.times.10.sup
                                                               .12             
     burning                                                                   
     MgO                                                                       
     31 "  1000                                                                
               85   8000                                                       
                        15    -- --  --   1000                                 
                                              5  1000                          
                                                     2.5 3MB,2MB               
                                                               9.0.times.10.sup
                                                               .12             
     32 "  4000                                                                
               80   "   20    -- --  --   1050                                 
                                              5.5                              
                                                 4000                          
                                                     0.4 3MB,2MB               
                                                               6.1.times.10.sup
                                                               .11             
     33 "  8000                                                                
               70   12000                                                      
                        30    -- --  --   1000                                 
                                              6  8000                          
                                                     0.4 3MB,2MB               
                                                               3.7.times.10.sup
                                                               .11             
     34 "  400 60   8000                                                       
                        20    TiO.sub.2                                        
                                 8000                                          
                                     20   1000                                 
                                              8  400 10.8                      
                                                         3MB,2MB,              
                                                               3.1.times.10.sup
                                                               .11             
                                                         MT,TB                 
     35 "  400 60   8000                                                       
                        20    Fe.sub.2 O.sub.3                                 
                                 2000                                          
                                     20    950                                 
                                              20 400 10.8                      
                                                         3MB,2MB               
                                                               3.9.times.10.sup
                                                               .11             
                                                         MF,FB                 
     __________________________________________________________________________
PAC  EXAMPLES 36 TO 50
PAR  The thermal conductivity and the volume resistivity of each of the resin
      compositions shown in Table 3 were measured, and the results are shown in
      Table 3. The calcined products used as fillers were those obtained in some
      of the above Examples and Comparative Examples.
PAR  The volume resistivity was measured by the method described hereinbefore.
      The thermal conductivity was measured by the following method.
PAR  The resin composition was fabricated into disc-like samples having a
      diameter of 30 mm and a thickness of 1 mm, 2 mm, and 3 mm, respectively.
PAR  The measuring apparatus was a thermal conductivity measuring apparatus
      (Type HC-111, a product of Takara Thermistor Instruments Co., Ltd.). The
      temperature at the upper portion of the furnace and that at its lower
      portion were set at 80.degree.., and 50.degree.C., respectively, and the
      measurement was made at 65.degree.C. A heat-conducting paste was coated on
      both surfaces of each of the samples, and was held between brass rods. The
      temperature gradient of the brass rods, and the temperature gradient of
      the sample were measured. The thermal conductivity of the sample was
      obtained by using the known thermal conductivity of brass as a standard
      for comparison.
PAR  The results are shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Composition                                                               
     Calcine product used                                                      
               Amount                        Properties                        
               (vol.% based                                                    
                      Resin         Other filler                               
                                             (i) Thermal                       
                                                        (ii) Volume            
     Exam-     on the resin    Amount   Amount                                 
                                             conductivity                      
                                                        resistivity            
     ples                                                                      
         Type* composition)                                                    
                        Name** (Vol.%)                                         
                                    Name                                       
                                        (Vol.%)                                
                                             (cal/cm.sec..degree.C)            
                                                        (40HR-Boil,.OMEGA.-cm) 
     __________________________________________________________________________
     36  Ex.  9                                                                
               40     Polystyrene                                              
                               60   --  --   25.5.times.10.sup.-.sup.4         
                                                        3.4.times.10.sup.12    
     37  Ex. 24                                                                
               40     Epoxy.sup.(1)                                            
                               60   --  --   27.0.times.10.sup.-.sup.4         
                                                        6.2.times.10.sup.12    
     38  Ex. 23                                                                
               40     Silicone 60   --  --   19.5.times.10.sup.-.sup.4         
                                                        2.1.times.10.sup.12    
     39  Ex.  4                                                                
               40     Nylon 6-10.sup.(2)                                       
                               60   --  --   25.0.times.10.sup.-.sup.4         
                                                        1.2.times.10.sup.12    
     40  Ex. 31                                                                
               40     Synthetic.sup.(3)                                        
                               60   --  --   13.5.times.10.sup.-.sup.4         
                                                        2.9.times.10.sup.12    
                      rubber                                                   
     41  Ex. 14                                                                
               40     Epoxy.sup.(1)                                            
                               60   --  --   25.2.times.10.sup.-.sup.4         
                                                        7.6.times.10.sup.12    
     42  Ex. 16                                                                
               40     Epoxy.sup. (1)                                           
                               60   --  --   23.1.times.10.sup.-.sup.4         
                                                        2.6.times.10.sup.11    
     43  Ex. 18                                                                
               40     Epoxy.sup.(1)                                            
                               60   --  --   22.5.times.10.sup.-.sup.4         
                                                        9.0.times.10.sup.11    
     44  Comp. 2                                                               
               40     Epoxy.sup.(1)                                            
                               60   --  --   25.5.times.10.sup.-.sup.4         
                                                        7.1.times.10.sup.7     
     45  Comp. 9                                                               
               40     Epoxy.sup.(1)                                            
                               60   --  --   25.2.times.10.sup.-.sup.4         
                                                        6.2.times.10.sup.8     
     46  Control                                                               
               40     Epoxy.sup.(1)                                            
                               60   --  --   28.7.times.10.sup.-.sup.4         
                                                        2.5.times.10.sup.7     
     47  Ex. 24                                                                
               20     Epoxy.sup.(1)                                            
                               80   --  --   12.0.times.10.sup.-.sup.4         
                                                        8.1.times.10.sup.13    
     48  Ex. 24                                                                
               55     Epoxy.sup.(1)                                            
                               45   --  --   61.5.times.10.sup.-.sup.4         
                                                        1.2.times.10.sup.11    
     49  Ex. 24                                                                
               20     Epoxy.sup.(1)                                            
                               60   Quartz                                     
                                        20   18.5.times.10.sup.-.sup.4         
                                                        5.3.times.10.sup.12    
                                    powder                                     
     50  Ex. 24                                                                
               20     Nylon 6-10.sup.(2)                                       
                               60   Clay                                       
                                        20   14.7.times.10.sup.-.sup.4         
                                                        3.3.times.10.sup.11    
     __________________________________________________________________________
      *Products obtained in the corresponding Examples and Comparative Examples
      **.sup.(1) Commercially available bisphenol A-type epoxy resin which is  
      normally liquid and has a molecular weight of about 355, an epoxide      
      equivalent of 182 -  194 and a viscosity at 25.degree.C. of 110 - 150    
      poises.                                                                  
      .sup.(2) Polyhexamethylene sebacamide                                    
      .sup.(3) Polybutadiene                                                   
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrically insulating powdery material of a calcined product of a
      mixture of magnesium oxide and another metal oxide; characterized in that
PA1  i. said powdery material comprises a core of magnesium oxide particles and
      a sheath of a double oxide formed thereon in a surrounding manner,
PA1  ii. said double oxide is a member selected from a double oxide of magnesium
      oxide and boron oxide and a double oxide of magnesium oxide, boron oxide
      and a metal oxide selected from the group consisting of titanium oxide,
      iron oxide and chromium oxide, and
PA1  iii. said powdery material has a volume resistivity of at least 1 .times.
      10.sup.10 ohms-cm, the volume resistivity being measured after boiling for
      40 hours in boiling water a resin composition consisting of 100 parts by
      weight of a resin and uniformly dispersed therein 250 parts by weight of
      the powdery material.
NUM  2.
PAR  2. The electrically insulating powdery material of claim 1 wherein the
      average thickness of said sheath of double oxide is about 2 to about 50%
      of the average particle size of said powdery material.
NUM  3.
PAR  3. A thermally conducting and electrically insulating resin composition
      comprising a resin and uniformly dispersed therein a powdery material of a
      calcined product of a mixture of magnesium oxide and another metal oxide;
      characterized in that
PA1  i. said powdery material comprises a core of magnesium oxide particles and
      a sheath of a double oxide formed thereon in a surrounding manner,
PA1  ii. said double oxide is a member selected from a double oxide of magnesium
      oxide and boron oxide and a double oxide of magnesium oxide, boron oxide
      and a metal oxide selected from the group consisting of titanium oxide,
      iron oxide and chromium oxide, and
PA1  iii. said powdery material has a volume resistivity of at least 1 .times.
      10.sup.10 ohms.cm, the volume resistivity being measured after boiling for
      40 hours in boiling water a resin composition consisting of 100 parts by
      weight of a resin and uniformly dispersed therein 250 parts by weight of
      the powdery material.
NUM  4.
PAR  4. The resin composition of claim 3 wherein the amount of said powdery
      material is at least about 5% based on the volume of the resin
      composition.
NUM  5.
PAR  5. A process for preparing an electrically insulating powdery material by
      calcining a mixture of magnesium oxide and another metal oxide or a metal
      compound capable of forming the metal oxide under the calcining
      conditions, characterized in that a mixture selected from the group
      consisting of a mixture of magnesium oxide and boron oxide and mixtures of
      magnesium oxide, boron oxide and a member selected from the group
      consisting of titanium oxide, chromium oxide, iron oxide, and titanium,
      iron, chromium compounds capable of forming their oxides, respectively,
      under the calcining conditions is calcined under the conditions expressed
      by the following expression:
      ##EQU2##
      wherein T is the calcining temperature (.degree.C.), t is the calcining
      time (hous), and t .gtoreq. 1/12.
NUM  6.
PAR  6. The process of claim 5 wherein the amount of boron oxide in the mixture
      is at least about 3% based on the weight of magnesium oxide.
NUM  7.
PAR  7. The process of claim 6 wherein the amount of boron oxide in the mixture
      is not more than about 60% based on the weight of magnesium oxide.
PATN
WKU  039473740
SRC  5
APN  4890159
APT  1
ART  165
APD  19740716
TTL  Substituted halotriazines as peroxygen bleach activators
ISD  19760330
NCL  16
ECL  1
EXP  Weinblatt; Mayer
INVT
NAM  Loffelman; Frank Fred
CTY  Somerville
STA  NJ
INVT
NAM  Brady; Thomas Eugene
CTY  Piscataway
STA  NJ
ASSG
NAM  American Cyanamid Company
CTY  Stamford
STA  CT
COD  02
RLAP
COD  72
APN  343313
APD  19730321
PSC  03
CLAS
OCL  252102
XCL  252 99
XCL  252186
XCL  260248R
XCL  2602495
XCL  2602498
XCL  423272
EDF  2
ICL  C11D  754
FSC  252
FSS  95;99;102;186
FSC  260
FSS  248 R;248 LS;249.5;249.8
FSC  423
FSS  272
UREF
PNO  3741903
ISD  19730600
NAM  Evans
OCL  252 95
LREP
FR2  Sullivan; John L.
ABST
PAL  Halotriazines of the formula:
      ##SPC1##
PAL  Where X represents halogen; and R.sub.1 and R.sub.2 individually represent
      halogen, hydroxy, mercapto, alkyl, alkenyl, alkoxy, alkylmercapto, aryl,
      aryloxy, arylmercapto, di-alkoxyphosphinyl or
      ##EQU1##
      where R.sub.3 and R.sub.4 individually represent hydrogen, alkyl, alkoxy,
      cyanoalkyl, hydroxyalkyl, carboxyalkyl, chloroalkyl, alkoxyalkyl,
      acyloxyalkyl, sulfonalkyl, aryl, haloaryl, sulfoaryl, acylaminoaryl,
      carbamoylalkyl or arylsulfonyloxyalkyl, or where R.sub.3 and R.sub.4 taken
      together complete a ring structure selected from morpholine, piperazine,
      piperdine, succinimide, malemide and phthalimide rings; are bleach
      activators of high activating strength and good storage stability in
      peroxygen bleaching compositions.
PARN
PAR  This case is continuation-in-part of Ser. No. 343,313 filed Mar. 21, 1973,
      now abandoned.
BSUM
PAR  This invention relates to improved bleaching compositions comprising
      hydrogen peroxide or a hydrogen peroxide-releasing compound and, as an
      activator for the peroxide-releasing compound, a substituted halotriazine
      derivative. More particularly, the invention relates to such improved
      bleaching compositions wherein the substituted halotriazine activator
      compounds are represented by the formula:
      ##SPC2##
PAL  Where X represents halogen; and R.sub.1 and R.sub.2 individually represent
      halogen, hydroxy, mercapto, alkyl, alkenyl, alkoxy, alkylmercapto, aryl,
      aryloxy, arylmercapto, dialkoxyphosphinyl or
      ##EQU2##
      where R.sub.3 and R.sub.4 individually represent hydrogen, alkyl, alkoxy,
      cyanoalkyl, hydroxyalkyl, carboxyalkyl, chloroalkyl, alkoxyalkyl,
      acyloxyalkyl, sulfoalkyl, aryl, haloaryl, sulfoaryl, acylaminoaryl,
      carbamoylalkyl or arysulfonyloxyalkyl, or where R.sub.3 and R.sub.4 taken
      together complete a ring structure selected from morpholine, piperazine,
      piperidine, succinimide, maleimide and phthalimide rings. In each instance
      where alkyl, alkenyl or alkoxy is mentioned, the term is intended to
      designate lower (i.e., C.sub.1 -C.sub.5) alkyl, lower (i.e., C.sub.1
      -C.sub.5) alkenyl or lower (i.e., C.sub.1 -C.sub.5) alkoxy.
PAR  Although the halotriazine derivatives defined by the above formula are
      derivatives of s-triazines, similarly substituted derivatives of
      unsymmetrical triazine rings are also contemplated as activators for the
      bleach composition of the invention.
PAR  The use of various compounds as peroxygen bleach activators has previously
      been disclosed. For example, French Pat. No. 1,583,330 discloses the use
      of N-acyl derivatives of imidazole, pyrazole and triazole, and British
      Pat. No. 1,046,251  discloses the use of N-acyl derivatives of pyridazine,
      triazole and pyrazole as peroxygen salt activators in bleaching
      compositions for textile materials. Thus, perborate bleaching compositions
      containing such activators will remove a greater percentage of stains from
      a textile material than the same compositions without the activator.
PAR  However, many peroxygen bleaching compositions containing such activators
      have not proved satisfactory for one or more reasons, such as inadequate
      bleaching at 50.degree. to 70.degree.C., the typical working temperature
      range of modern laundry washing machines, or because the activators tend
      to deteriorate and lose their effectiveness in the time interval between
      manufacture and actual use of the bleaching compositions. Thus, commercial
      bleach compositions are often subject to storage for considerable periods
      of time under varying conditions of temperature and humidity in the
      warehouse or on the supermarket shelf before consumer use and, to be
      satisfactory, their activity must be maintained without appreciable loss
      during this period.
PAR  In accordance with the present invention, it has now been found that the
      compounds as defined above are superior activators for peroxygen bleaching
      compositions. Thus, bleaching compositions made with these activators
      exhibit good bleaching effectiveness at the relatively low temperature of
      about 10.degree. to 70.degree.C. Also, because of the good storage
      stability of the activators themselves, the bleaching compositions may be
      stored for surprisingly long periods of time under a range of temperature
      and humidity conditions without suffering significant loss in activity.
      Furthermore, the compositions are safer both for all fabrics and the dyes
      used to color all fabrics than conventional chlorine-containing bleaches.
PAR  In addition, the compositions of this invention are of useful application
      in various other area where a bleaching effect or sanitizing effect is
      desired. Examples of such other applications include the bleaching of
      human hair or animal hair (for example in treatment and preparation of
      furs); bleaching of paper and paper product; sanitizing or disinfecting
      swimming pools.
PAR  The compounds of the invention, as exemplified by the chloro substituted
      s-triazine derivatives, where X in the above formula is chlorine, may be
      prepared by known methods generally involving the use of cyanuric chloride
      as starting material. Thus, using conventional conditions, either one or
      two of the chlorines in cyanuric chloride are replaced by various groups
      to provide the substituted chlorotriazines of the invention.
PAR  In general, the chloro compounds of the invention may be prepared by
      methods disclosed in the following: J. T. Thurston, et al., J. Am. Chem.
      Soc., 73, 2981 (1951); J. R. Dudley, et al., J. Am. Chem. Soc., 73, 2986
      (1951); and F. C. Schaefer, et al., J. Am. Chem. Soc., 73, 2990 (1951).
PAR  Analogous methods are also used for the preparation of corresponding bromo
      and fluoro analogs, starting with cyanuric bromide and cyanuric fluoride.
PAR  The following are examples of reagents which may be used to replace one or
      two of the chlorines in cyanuric chloride to give the compounds of the
      invention.
PA1  Water
PA1  Alcohols, such as:
PA2  methanol,
PA2  ethanol,
PA2  methoxyethanol,
PA2  propanol,
PA2  isopropanol,
PA2  butanol,
PA2  ethylene glycol,
PA2  glycerol and
PA2  phenol and substituted phenols
PA2  Amines, such as:
PA2  ammonia,
PA2  methylamine,
PA2  ethylamine,
PA2  propylamine,
PA2  dipropylamine,
PA2  ethanolamine,
PA2  diethanolamine,
PA2  diethylamine,
PA2  dimethylamine,
PA2  di(isopropanolamine),
PA2  alkylenediamines,
PA2  allyl amine,
PA2  di(allyl)amine,
PA2  propargylamine,
PA2  iminobispropionamide,
PA2  glycolamine,
PA2  diglycolamine,
PA2  hydroxyethylaminopropionamide,
PA2  aniline,
PA2  iminobisacetonitrile,
PA2  iminobispropionitrile,
PA2  N-methylaniline,
PA2  orthanilic acid,
PA2  metanilic acid,
PA2  sulfanilic acid,
PA2  haloanilines,
PA2  toluidines,
PA2  anisidines,
PA2  sulfamylamide,
PA2  aminobenzoic acids,
PA2  morpholine,
PA2  piperidine,
PA2  piperazines,
PA2  N-methyl piperazine,
PA2  pyrrolidine,
      ##EQU3##
PAR  In the bleaching compositions of the invention, the proportion of the
      activator compound to the hydrogen peroxide-releasing compound may vary
      widely, the peroxide-releasing compound usually being in at least a small
      excess. For practical purposes, a mole ratio of activator compound to
      hydrogen peroxide-releasing compound of from about 1:1 to about 1:10 is
      suitable, the preferred ratio being between about 1:1 and 1:3. Although
      higher amounts of the activator may be used, such use would be
      uneconomical since no advantage in terms of bleaching activity would be
      attained thereby.
PAR  The oxygen bleaches useful in these bleaching compositions are hydrogen
      peroxide and organic peroxides and inorganic peroxygen salts that liberate
      hydrogen peroxide in water. Examples of organic peroxide bleaching
      compounds are urea peroxide, benzoyl peroxide, methyl ethyl ketone
      peroxide, and the like. Examples of inorganic peroxygen bleaching
      compounds are alkali metal perborates, percarbonates, perphosphates,
      persulfates, monopersulfates, and the like. Mixtures of two or more
      bleaching compounds can, of course, be used if desired. Similarly, two or
      more activators can be used in combination, if desired. While, therefore,
      peroxide-releasing compounds in general may be used in the compositions of
      the inventions, the preferred compounds are sodium perborate (for economic
      considerations) and sodium percarbonate (for ecological considerations).
PAR  The activated bleach compositons of the invention are useful for bleach
      applications for various substrates including fabrics, particularly when
      incorporated in detergent compositions for household or commercial
      laundering purposes. An important property of the compositions in this
      regard is their ability to remove stains including food stains, such as
      those of coffee, tea and wine, while maintaining the purity of white in
      uncolored textiles. Aside from food stains, soiling in general may be
      removed such as grass stains, urine, and the like.
PAR  The detergent component of the activated bleach compositions may be any of
      the conventional types such as anionic, cationic, nonionic or amphoteric.
      Examples of typically suitable anionic detergents include the alkali metal
      or alkaline earth metal salts of higher alkylbenzene sulfonates, olefin
      sulfonates, higher alkyl sulfates and higher fatty acid monoglyceride
      sulfates. Typical cationic detergents include tetraalkyl ammonium salts in
      which one of the alkyl groups contains approximately 12 to 18 carbons such
      as dodecyltrimethylammonium chloride or ethyldimethyloctadecylammonium
      methosulfate.
PAR  Typical nonionic detergents include polyglycol ethers of alkanol amides of
      higher fatty acids and also polyglycol ethers of higher alkanols and
      higher fatty acids. Amphoteric detergents include, for example, aminofatty
      acids such as dimethylaminopropionic acid and iminodifatty acids such as
      methyliminodilauric acid.
PAR  The compositions may also contain various additives which have no adverse
      effect on the bleaching action such as brighteners, enzymes, etc; other
      components may also be present as are conventionally used in detergent
      compositions including so-called "builders", representatives of which are
      various sodium phosphate salts, carbonates, silicates, and the like as
      usually encountered in the art. In addition to the utility mentioned
      above, the compositions of the invention are also useful for their
      germicidal properties in various applications for control of microbial
      growth. Application may be made to any surface or substrate where such
      control is desired. The treatment of swimming pool water and swimming pool
      surfaces with the compositions of the invention is especially efficacious
      since the usually lower temperatures of these environments prevent
      effective use of other antimicrobial agents. A related utility is the
      treatment of water supplies to render the same fit for human consumption
      or for industrial use, such as the sanitization of field water for
      consumption by military personnel or the treatment of industrial process
      water so it can be reused in industrial processes or by the surrounding
      community.
DETD
PAR  The following examples will serve to illustrate the invention.
PAC  EXAMPLE 1
PAC  Preparation of 2,4-Dichloro-6-Methoxy-s-Triazine
PAR  To 200 ml. of methanol and 25 ml. of water were added 33.6 g. (0.4 mole) of
      sodium bicarbonate and 36.8 g. (0.2 mole) of cyanuric chloride. This
      mixture was stirred at 30.degree.C. for 30 minutes until the evolution of
      carbon dioxide had nearly ceased, and water was then added. The
      crystalline solid which separated was filtered, washed with water, and
      dried in a vacuum desiccator. The yield of crude
      2,4-dichloro-6-methoxy-s-triazine was 10.5 g. (58% yield), m.p.
      87.degree.-89.degree.C. After recyrstallization of the product from
      heptane, the m.p. was 88.degree.-90.degree.C.
PAC  EXAMPLES 2-5
PAR  A number of monochloro derivatives were prepared by reaction of the
      2,4-dichloro-6-methoxy-s-triazine with various amines replacing one of the
      chlorines according to the following procedure.
PAR  A slurry of 2,4-dichloro-6-methoxy-s-triazine was first prepared by
      drowning 0.1 mole solution thereof in 100 ml. acetone with 150 ml. of an
      ice/water mixture at 0.degree.-5.degree.C. Two equivalents (0.2 mole) of
      the amine was then added at 0.degree.-5.degree.C. and the reaction mixture
      allowed to warm to room temperature. The mixture was then heated to
      40.degree.C. and filtered warm. The precipitate was washed with cold
      water, dried, and recrystallized from hexane.
TBL  ______________________________________                                    
                      Product                                                  
     Ex. No.   Amine Used   Yield      M.P.                                    
     ______________________________________                                    
     2         HN(C.sub.2 H.sub.5).sub.2                                       
                            96%       83-86.degree.C.                          
     3         Aniline      97%       136-38.degree.C.                         
     4         morpholine   61%       107-108.degree.C.                        
     5         HN(CH.sub.3)C.sub.6 H.sub.5                                     
                            20%       96-97.5.degree.C.                        
     ______________________________________                                    
PAC  EXAMPLE 6
PAC  Preparation of 2-Chloro-4,6-Dimethoxy-s-Triazine
PAR  To 45 g. of methanol and 5 g. of water were added 16.8 g. (0.2 mole) of
      sodium bicarbonate and 18.5 g. (0.1 mole) of cyanuric chloride. Carbon
      dioxide was liberated at a moderate rate as the temperature rose to
      35.degree.C. The mixture was refluxed for 30 minutes after gas evolution
      had nearly ceased. It was then cooled, diluted with water, and filtered.
      The crystalline product was washed with water until chloride free and was
      dried in a vacuum desiccator. The crude product weighed 13 g. (74% yield),
      m.p. 74.degree.-76.degree.C. Recrystallization from heptane gave m.p.
      75.degree.-76.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of 2,4-Dichloro-6-di(cyanomethyl)amino-s-triazine
PAR  A solution of 9.5 g. (0.1 mole) of iminodiacetonitrile in 100 ml. dioxane
      was added to a stirred solution of 9.2 g. (0.05 mole) of cyanuric chloride
      in 100 ml. dioxane. The suspension was stirred at ambient temperature for
      1 hour. An additional 100 ml. dioxane was added and mixture heated to
      50.degree.C. for 1 hour and filtered. The filtrate was diluted with 500
      ml. ice/water and the solid filtered and dried to give 9.6 g. (80% yield),
      m.p. 154.degree.-158.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of 2-Chloro-4,6-bis(dicyanomethylamino)-s-triazine
PAR  A solution of 10.8 g. (0.06 mole) of cyanuric chloride was dissolved in 300
      ml. dioxane and 18.0 g. (0.8 mole) of iminodiacetonitrile added in small
      protions to the stirred solution such that the temperature increased to
      35.degree.C. (slight exotherm). The addition caused a thick gellatinous
      mass but stirring was not impeded. After all the nitrile was added, the
      suspension was placed on a steam bath and heated to 80.degree.C. 6.8 g.
      NaOH, as 35 ml. of a 20% solution, was added dropwise over one-half hour
      and the reaction mixture heated for an additional one-half hour. The
      solution was decanted from a small amount of gummy residue and the clear
      solution poured over 2 liters of water. The solid formed was filtered and
      dried to give 16.5 g. (76.3% yield) of N.sup.2, N.sup.4
      -bis(diiminobisacetonitrilo)-6-chloro-s-triazine, m.p.
      195.degree.-196.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of 2-chloro-4-methoxy-6-(dicyanomethyl)amino-s-triazine
PAR  A slurry of 20.0 g. iminodiacetonitrile in 100 ml. dioxane was added to
      20.0 g. (0.22 mole) of 2,4-dichloro-6-methoxy-s-triazine in 200 ml.
      dioxane and the mixture heated on a steam bath for 1 hour, during which 25
      g. sodium bicarbonate was added in 2.5 g. increments. The hot solution was
      gravity filtered and the filtrate diluted with 1 liter of water and the
      resultant solid filtered and dried. Wt.=11.0 g. (48% yield), m.p.
      164.degree.-166.degree.C.
PAC  EXAMPLE 10
PAC  Preparation of a Mixed Methyl, Chloro-s-triazine Composition
PAR  A solution of 25.8 g. (0.14 mole) cyanuric chloride in 600 ml. methylene
      chloride was cooled to -20.degree.C. and with stirring 200 ml. of a 3 mole
      solution of methyl magnesium bromide in tetrahydrofuran was added thereto.
      The temperature was maintained below -15.degree.C. for 3 hours, then 72
      ml. of water was added dropwise and the mixture was allowed to warm to
      room temperature. Anhydrous magnesium sulfate, 80 grams, was added and
      after stirring, the solid was isolated by filtration and washed with
      methylene chloride.
PAR  The filtrate and washings were distilled under reduced pressure and then
      the residue was extracted with pentane. Evaporation of the pentane gave
      7.9 g. of a yellow solid melting at 65.degree.-72.degree.C. Sublimation at
      150.degree.C. and 10 mm. pressure gave a product which by mass
      spectroscopy was determined to be 60% 2-chloro-4,6-dimethyl-s-triazine and
      40% 2,4-dichloro-6-methyl-s-triazine.
PAC  EXAMPLE 11
PAC  Preparation of 2-bromo-4,6-dimethoxy-s-triazine
PAR  A mixture of 3.17 g. (0.01 mole) of cyanuric bromide, 1.78 g sodium
      bicarbonate and 18 ml. methanol was heated under refluxing conditions with
      stirring for 2 hours. The mixture was cooled and diluted with 50 ml.
      water. The product was isolated by filtration, washed with water and
      dried, giving 1.79 g. of white solid, m.p. 118.degree.-120.degree.C.;
      crystallized from 75 ml. cyclohexane, m.p. 120.degree.-121.degree.C.
PAC  EXAMPLE 12
PAC  Preparation of 2,4-Dichloro-6-di(hydroxyethyl)amino-s-triazine
      ##SPC3##
PAR  25 Grams cyanuric chloride was dissolved in 145 ml. acetone and the
      solution poured over 100 grams of ice. Sodium bicarbonate (12.4 grams) was
      added. While maintaining the temperature at 10.degree.C., diethanolamine
      (15.5 grams) was added dropwise over a period of about 30 minutes. The
      temperature was raised to 20.degree.-25.degree.C. and the mixture stirred
      for about 1 hour. The reaction mixture was filtered, washed witth water
      and dried to give 31.4 grams of product.
PAC  EXAMPLE 13
PAC  Preparation of 2,4-Dichloro-6-di(acetoxyethyl)amino-s-triazine
      ##SPC4##
PAR  12.7 Grams of the product of Example 12, 19.5 grams of acetyl chloride and
      250 ml. benzene were mixed and heated at refluxing temperature for about 3
      hours until evolution of HCl ceased. The benzene was removed in vacuo
      along with any excess acetyl chloride leaving an oil which crystallized on
      standing. The crystals were recrystallized from hexane to give 9.5 grams
      of product, m.p. 88.degree.-93.degree.C.
PAR  Following a similar procedure except for the substitution of 0.25 mole of
      p-toluene sulfonyl chloride for the acetyl chloride, the tosyloxyethyl
      analog was obtained.
PAC  EXAMPLE 14
PAC  Preparation of 2,4-Dichloro-6-phthalimidyl-s-triazine
      ##SPC5##
PAR  18.5 Grams cyanuric chloride, 18.5 grams potassium phthalimide and 200 ml.
      acetone were combined and stirred at 0.degree.-5.degree.C. for 7 hours.
      The reaction mixture was then allowed to warm to room temperature and
      stirred an additional 15 hours. The white slurry was filtered, washed with
      cold acetone, reslurried in 250 ml. cold water, filtered, washed with
      water and dried. On recrystallization from benzene, there was obtained 17
      grams of product, m.p. 175.degree.-179.degree.C.
PAC  Evaluation of Compounds as Bleach Activators
PAR  The compounds of Examples 1-14, plus additional compounds (Examples 15-44)
      prepared after the fashion of the compounds of Examples 1-14, were
      evaluated as activators applied with a detergent and sodium perborate. In
      the tests, the mole ratio of activator used to sodium perborate was 1:1.1,
      although, depending on the result, the ratio was sometimes varied to a
      lesser amount of the activator. The test results obtained are shown in
      Tables I and II where the activator compounds are identified by the
      R.sub.1 and R.sub.2 radicals thereof in the general formula shown in each
      table.
PAR  The test procedure was as follows: Five-gram swatches of desized, 80
      .times. 80 cotton fabric are stained with tea in the following manner.
      Five tea bags are placed in 1 liter of water and boiled for 5 minutes. The
      swatches are then immersed in the tea and the boiling is continued for
      another 5 minutes. The swatches are then removed from the tea, wrung out,
      dried at 200.degree.-215.degree.F., rinsed in cold water and again dried.
PAR  Two of the stained cotton swatches are placed in a stainless steel
      Terg-O-Tometer, a test washing machine, manufactured by U.S. Testing
      Company and used in the detergent trade for evaluation purposes. Forty
      grams of unstained cotton fabric and 1 liter of distilled water at
      120.degree.F. are then added so as to provide a typical household washing
      machine water to cloth ratio of about 20:1. There are then added 2.0 grams
      of "Tide" (an anionic alkylaryl sulfonate type detergent), 0.33 gram of
      anhydrous sodium perborate (or an equivalent of hydrated material) and the
      indicated amount of the activator compound. The Terg-O-Tometer is operated
      at 100 cycles per minute for 15 minutes at a temperature of 120.degree.F.
      The swatches are then removed, rinsed with cold water, and dried at room
      temperature.
PAR  Reflectance readings on the swatches are taken both before and after
      laundering using a Hunter Model 25-M Reflectometer with a blue filter. The
      swatches are backed with a white porcelain plate and read once on each
      side. Fluorescent effect is excluded from all readings.
PAR  The reflectance readings are averaged and the percent stain removal is
      obtained in accordance with the following formula in which R is the symbol
      for Reflectance:
      ##EQU4##
PAR  Control runs are also made for each set or series of evaluation tests using
      detergent and sodium perborate with no activator. The percent stain
      removed may vary somewhat on the Control due to variations in the cloth
      and the tea used to produce the stains.
PAR  This application is a continuation-in-part of application Ser. No. 343,313,
      filed Mar. 21, 1973.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                          % Stain Removed                      
                                                   Activator                   
                                                        % Stain                
     Example No.                                                               
            R.sub.1       R.sub.2         Control  (g.) Removed                
     __________________________________________________________________________
      1     --Cl          --OCH.sub.3     40       0.54 73.6                   
      2     --OCH.sub.3   --N(C.sub.2 H.sub.5).sub.2                           
                                          35.9     0.65 69.6                   
      3     --OCH.sub.3   --NHC.sub.6 H.sub.5                                  
                                          35.9     0.72 65.1                   
      4     --OCH.sub.3                   35.9     0.69 71.3                   
                          CH.sub.3                                             
      5     --OCH.sub.3   --N.angle.      38.2     0.75 61.7                   
                          C.sub.6 H.sub.5                                      
      6     --OCH.sub.3   --OCH.sub.3     40       0.3  83.8                   
                                                   0.53 78.6                   
      7     --Cl          --N(CH.sub.2 CN).sub.2                               
                                          39.9     0.73 75.4                   
                                                   0.37 70.0                   
                                                   0.19 63.9                   
      8     --N(CH.sub.2 CN).sub.2                                             
                          --N(CH.sub.2 CN).sub.2                               
                                          43.1     0.36 79.5                   
      9     --OCH.sub.3   --N(CH.sub.2 CN).sub.2                               
                                          40.7     0.72 81                     
                                                   0.36 78.7                   
                                                   0.18 71.5                   
     10     --Cl (40%) --CH.sub.3 (60%)                                        
                          --CH.sub.3      29.8     0.43 84.2                   
     12     --Cl          --N(CH.sub.2 CH.sub.2 OH).sub.2                      
                                          40       1.08 74.1                   
                                                   0.53 78.6                   
                          O                                                    
                          .parallel.                                           
     13     --Cl          --N(CH.sub.2 CH.sub.2 OCCH.sub.3).sub.2              
                                          36.3     1.01 69.3                   
                          O                                                    
                          .parallel.                                           
                          C                                                    
     14     --Cl          --N.angle.      36.0     0.89 76.8                   
                          C                                                    
     15     --Cl          --NHC.sub.6 H.sub.5                                  
                                          29.3     0.72 67.1                   
     16     --Cl          --N(C.sub.2 H.sub.5).sub.2                           
                                          40       0.62 68.5                   
                                                   0.31 66.3                   
     17     --Cl          --N(CH.sub.2 CH.sub.2 CN).sub.2                      
                                          32.9     0.71 58.5                   
     18     --Cl          --N(CH.sub.2 CH.sub.2 CONH.sub.2).sub.2              
                                          40.0     0.90 58.4                   
                                                   0.45 60.6                   
                          O                                                    
                          .parallel.                                           
     19     --Cl          P(OCH.sub.3).sub.2                                   
                                          38.2     0.79 54.6                   
                                                   0.39 50.8                   
     20     --OCH.sub.3   --NH.sub.2      32.9     0.48 76.2                   
     21     --OC.sub.6 H.sub.5                                                 
                          --OC.sub.6 H.sub. 5                                  
                                          39.0     0.92 55                     
                                                   0.46 45.5                   
     22     --NH.sub.2    --NH.sub.2      38.8     0.44 55.6                   
     23     --NHC.sub.6 H.sub.5                                                
                          --NHC.sub.6 H.sub.5                                  
                                          39.0     0.92 41.4                   
                                                   0.46 43.2                   
     24     --NHCH.sub.2 CH.sub.2 OH                                           
                          --NHCH.sub.2 CH.sub.2 OH                             
                                          35.9     0.70 49.4                   
     25                                   35.9     0.87 44.9                   
     26     --Cl          --HO(Na salt)   30.1     0.88 49.2                   
     27     --OH          --HO(Na salt)   27.1     0.61 36.1                   
     28     --OCH.sub.3   --N(CH.sub.2 CH.sub.2 CN).sub.2                      
                                          31.4     0.81 75.9                   
     29     --OCH.sub.3   --N(CH.sub.2 CH.sub.2 OH).sub.2                      
                                          31.4     0.75 71.7                   
     30     --OCH.sub.3   --N(CH.sub.3).sub.2                                  
                                          31.4     0.57 64.9                   
     31     --OCH.sub.3   --OC.sub.6 H.sub.5                                   
                                          31.4     0.72 75.9                   
     32     --Cl          --NHC.sub.6 H.sub.5                                  
                                          29.3     0.72 67.1                   
     33     --Cl                          27.1     0.90 60.2                   
     34                                   29.8     1.31 41.0                   
                          CH.sub.3                                             
                          .vertline.                                           
     35     --OCH.sub.3   --NCH.sub.2 CH.sub.2 OH                              
                                          41.7     0.66 76.0                   
     36     --N(C.sub.2 H.sub.5).sub.2                                         
                          -- N(CH.sub.2 CH.sub.2 CN).sub.2                     
                                          41.7     0.92 49.4                   
     37     --Cl          --Cl            30.5     0.54 65.8                   
     38     --Cl                          40.5     0.85 62.5                   
     39     --Cl                          39.5     0.71 74.8                   
     40     --Cl          --N(CH.sub.2 CH.sub.2 OEt).sub.2                     
                                          43.9     0.93 54.2                   
     41     --Cl          --NHOCH.sub.3   36.0     0.59 56.6                   
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                       % Stain Removed                                         
                                Activator                                      
                                     % Stain                                   
     Example No.                                                               
            R.sub.1                                                            
                 R.sub.2                                                       
                       Control  (g.) Removed                                   
     __________________________________________________________________________
     11     --OCH.sub.3                                                        
                 --OCH.sub.3                                                   
                       36.6     0.66 79.5                                      
     42     --Br --Br  36.6     0.95 43.3                                      
     43     --Br --OCH.sub.3                                                   
                       30.0     0.81 57.2                                      
     44     --Br --N(C.sub.2 H.sub.5).sub.2                                    
                       30.0     0.93 57.2                                      
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A bleaching composition consisting essentially of hydrogen peroxide or a
      hydrogen peroxide-releasing compound and an activating amount of a
      halo-triazine compound represented by the formula:
      ##SPC6##
      where X represents chlorine and bromine; and R.sub.1 and R.sub.2
      individually represent chlorine, bromine, hydroxy, mercapto, lower alkyl,
      lower alkoxy, phenoxy, dimethoxyphosphinyl or
      ##EQU5##
      where R.sub.3 and R.sub.4 individually represent hydrogen, lower alkyl,
      lower cyanoalkyl, lower hydroxyalkyl, ethoxyethyl, phenyl, or
      chlorophenyl, or where R.sub.3 and R.sub.4 taken together complete a ring
      structure selected from morpholine, piperazine, piperidine, succinimide,
      maleimide and phthalimide rings wherein the mole ratio of the
      halo-triazine compound to the hydrogen peroxide-releasing compound is from
      about 1:1 to about 1:10.
NUM  2.
PAR  2. A bleaching composition according to claim 1 wherein the hydrogen
      peroxide-releasing compound is sodium perborate or sodium percarbonate.
NUM  3.
PAR  3. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC7##
NUM  4.
PAR  4. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC8##
NUM  5.
PAR  5. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC9##
NUM  6.
PAR  6. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC10##
NUM  7.
PAR  7. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC11##
NUM  8.
PAR  8. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC12##
NUM  9.
PAR  9. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC13##
NUM  10.
PAR  10. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC14##
NUM  11.
PAR  11. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC15##
NUM  12.
PAR  12. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC16##
NUM  13.
PAR  13. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC17##
NUM  14.
PAR  14. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC18##
NUM  15.
PAR  15. A bleaching composition according to claim 2 wherein the halo-triazine
      compound is represented by the formula
      ##SPC19##
NUM  16.
PAR  16. A bleaching composition according to claim 1 containing a water-soluble
      detergent.
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ABST
PAL  A novel liquid crystal material contains a compound having a molecular
      structure such that the material exhibits a liquid crystal phase, the
      molecular structure of the compound being
      ##SPC1##
PAL  Or an orthosubstituted derivative thereof, where X and Y are different
      parasubstituents of the kind which promote liquid crystal behaviour, where
      the para substituent is a group selected from the following list; an alkyl
      group, an acyloxy group, an unsaturated group or an alkoxy group having
      more than one carbon atom; and where the para-substituent Y is a group
      selected from the following list; a cyano group, a nitro group, a group
      which includes a terminal cyano group, a group which includes a terminal
      nitro group and an acyloxy group. The material may be the said compound or
      it may be a multi-component solution or mixture containing it. The liquid
      crystal material may be nematic, smectic or cholesteric depending on the
      selection of the substituents X and Y. A device such as a twisted nematic
      effect device, incorporating the material may be operated at low
      temperatures. The material does not suffer from significant chemical
      and/or photochemical decomposition when used in a liquid crystal device.
BSUM
PAR  The present invention relates to liquid crystal materials and devices.
PAR  In the field of displays there is a requirement for devices having a low
      power consumption. Devices made from liquid crystal materials have been
      shown to satisfy this requirement because they have a very large
      electrical resistance, and at the present time a considerable amount of
      interest is being shown in such devices for this reason.
PAR  There are many known liquid crystal materials; some have been known for
      many years. Liquid crystal materials are organic materials which exhibit
      liquid crystal phase in which the molecules are arranged over limited
      spatial ranges in an ordered structure.
PAR  There are three known kinds of liquid crystal phase. One is known as a
      smectic mesophase in which the ordering of the molecules is of a lamellar
      kind. Another is known as a nematic mesophase in which a statistical
      ordering of the molecules exists parallel to the long axes of the
      molecules. The third is known as a cholesteric mesophase, in which the
      ordering of the molecules is of a helical kind.
PAR  Liquid crystal materials consist of compounds having a molecular structure
      which is elongated. For the liquid crystal compounds which have hitherto
      been used in devices the structure can be generalised and represented as
      follows:
      ##SPC2##
PAL  where Q and Q.sup.1 are terminal groups and A and B are linkage groups.
PAR  Except in the case of certain esters where the unit A-B includes the group
      CO.O the unit A-B generally includes a double or triple bond. For example
      the Schiff's bases which are widely used in commercial liquid crystal
      devices, such as para-methoxy-benzylidene-butylaniline (MBBA) or
      para-ethoxy-benzylidene-butylaniline (EBBA) are compounds containing the
      unit C = N.
PAR  The presence of a double or triple bond in the unit A-B leads to a chemical
      and/or photochemical instability of the material and is therefore
      undesirable for this reason. For example, Schiff's bases are readily
      hydrolysed, even by traces of water, yielding potentially toxic amines.
PAR  It has hitherto been supposed that the double or triple bond in the unit
      A-B is desirable to confer rigidity on the molecule and to provide a
      reasonably high liquid crystal to isotropic liquid transition temperature
      together with a reasonably low crystalline solid to liquid crystal
      transition temperature.
PAR  It is an object of the present invention to reduce the instability of a
      liquid crystal material having the generalised formula
      ##SPC3##
PAL  in the unit A - B.
PAR  It is also an object of the present invention to provide a liquid crystal
      material which is useful in device applications.
PAR  It is also an object of the present invention to provide a liquid crystal
      material which exhibits a nematic liquid crystal phase and which is useful
      in device applications.
PAR  It is also an object of the present invention to provide a liquid material
      which exhibits a cholesteric liquid crystal phase and which is useful in
      device applications.
PAR  It is also an object of the present invention to provide a liquid crystal
      material which exhibits a smectic liquid crystal phase which is useful in
      device applications.
PAR  It is also an object of the present invention to provide a liquid crystal
      device wherein the liquid crystal material exhibits a liquid crystal phase
      at ambient temperatures.
PAR  According to the present invention a liquid crystal material consists of or
      contains a compound having a molecular structure such that the material
      exhibits a liquid crystal phase, the molecular structure of the compound
      being
      ##SPC4##
PAL  or a simple ortho-substituted derivative thereof or a derivative thereof in
      which a simple bridging group is contained between two of the
      ortho-positions thereof, where X and Y are different para-substituents of
      the kind which promote liquid crystal behaviour, the para-substituent X
      being a group selected from the following list: an alkoxy group having
      more than one carbon atom; an alkyl group; an acyloxy group; and an
      alkenyl group; and the para-substituent Y being selected from the
      following list: a cyano group; a nitro group; an acyloxy group; a benzene
      ring substituted in the para-position by a cyano group or by a nitro group
      or by an acyloxy group; and a plurality of directly para-linked benzene
      rings in which the end ring remote from the substituent X is substituted
      in the para-position by a cyano group or by a nitro group or by an acyloxy
      group.
PAR  Certain biphenyl compounds having a structure
      ##SPC5##
PAL  have been known previously to exhibit liquid crystal phases. However in all
      of these known compounds the para-substituents Z and Z.sup.1 have been of
      such a kind that these known compounds have exhibited their crystalline
      solid to liquid crystal transitions at very high temperatures; as a
      consequence these known compounds have had no usefulness in known device
      applications.
PAR  By introducing the para-substituents X and Y in accordance with the
      invention to produce the said liquid crystal material defined above
      reasonably low crystalline solid to liquid crystal and reasonably high
      liquid crystal to isotropic liquid transition temperatures can be obtained
      such that the material according to the invention can be used in known
      device applications. Furthermore because the material according to the
      invention does not contain a double or triple bond in the position
      corresponding to the unit A - B of the generalised liquid crystal
      molecular structure given above, the chemical and photochemical stability
      of the said material is improved.
PAR  The material according to the invention may consist of the said compound.
      Alternatively, the material may be a multi-component mixture or solution
      of which at least one of the components is the said compound.
PAR  The liquid crystal phase (mesophase) exhibited by the material according to
      the invention may be nematic, smectic or cholesteric. In order for the
      phase to be cholesteric, one of the para-substituents X, Y of the said
      compound must contain an asymmetric centre, such as that which may exist
      in a branched carbon chain, so that the compound is optically active.
PAR  By an `ortho-substituted` derivative of the structure
      ##SPC6##
PAL  is meant a derivative in which any one or more of the remaining positions
      on any one (or more) of the benzene rings of the structure, including the
      benzene ring(s) which may be contained within the para-substituent Y,
      is(are) substituted.
PAR  By the `ortho-positions` is meant any of the remaining positions on any one
      or more of the benzene rings of the structure, including the benzene rings
      which may be contained within the para-substituent Y.
PAR  By a `simple ortho-substituted derivative` is meant an orthosubstituted
      derivative in which the ortho-substituent(s) does(do) not disrupt the
      liquid crystalline behaviour of the material containing it(them). Examples
      of suitable ortho-substituents are a methyl group and a halogen atom.
PAR  Similarly, by a `simple bridging group` is meant a bridging group which
      does not disrupt the liquid crystalline behaviour of the material
      containing it. Examples of suitable bridging groups are as follows:
PA1  the group &gt;CH.sub.2  to form a fluorene;
PA1  the group &gt;C=O to form a fluorenone;
PAL  and
PA1  the group
      ##EQU1##
      to form a phenanthrene
PAR  According to another aspect of the present invention a liquid crystal
      device includes means for containing a region of liquid crystal material,
      a region of liquid crystal material contained in the containing means,
      wherein the liquid crystal material is the material according to the
      invention defined above, and means for applying an external stimulus to
      the material to alter the molecular arrangement in the liquid crystal
      material.
PAR  The means for applying an external stimulus may for example be means for
      applying an electric field to the region, means for applying a magnetic
      field to the region or means for applying a temperature change to the
      region.
PAR  The change in molecular arrangement produced by the external stimulus may
      be used to affect the transmission of electromagnetic radiation at any
      wavelength of the interest through the material, for example, by changing
      the transmissivity of the material or by changing the optical activity of
      the material, if it is optically active.
PAR  According to another aspect of the invention, an electro-optic liquid
      crystal device includes two adjacent glass plates at least one of which is
      optically transparent, a layer of liquid crystal material contained in the
      space between the plates wherein the liquid crystal material is the
      material according to the invention defined above, and deposited on the
      inner facing surfaces of the plates, a film of conducting material to
      allow an electric field to be applied across the layer. The electro- optic
      device may for example be a display device used, for instance, in an
      instrument such as a time watch or clock.
DRWD
PAR  Embodiments of the present invention will be described by way of example
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional plan view (partly in circuit form) of an
      electro-optic device embodying the invention.
PAR  FIG. 2 is a schematic diagram of a liquid crystal information storage
      device.
PAR  FIG. 3 is a schematic diagram of a time clock or watch incorporating a
      liquid crystal display embodying the present invention.
DETD
PAR  It has been discovered in connection with the present invention that
      materials containing compounds having the formula
      ##SPC7##
PAL  defined above may be synthesised and exhibit at least one liquid crystal
      phase (mesophase). The phase(s) may be cholesteric or nematic and/or
      smectic. The phase(s) may be exhibited at relatively low temperatures;
      this is a very desirable property of materials to be used in liquid
      crystal device applications.
PAR  For example some compounds exhibiting a nematic liquid crystal phase are
      listed in Table 1 together with their crystal to nematic liquid crystal
      and nematic liquid crystal to isotropic liquid transition temperatures.
      Each compound is of the form
      ##SPC8##
PAL  where X.sup.1 represents an n-alkyl or an n-alkoxy group and is represented
      in Table 1 in an abbreviated form by its particular group X.sup.1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Transition temperatures for compounds                                     
     X.sup.1                                                                   
           Crystal to Nematic Nematic to Isotropic                             
           transition temperature (.degree.C)                                  
                              transition temperature (.degree.C)               
     __________________________________________________________________________
     n--C.sub.5 H.sub.11                                                       
           22.5               35                                               
     n--C.sub.6 H.sub.13                                                       
           13.5               27                                               
     n--C.sub.7 H.sub.15                                                       
           28.5               42                                               
     n--C.sub.5 H.sub.11 O                                                     
           48                 67.5                                             
     n--C.sub.6 H.sub.13 O                                                     
           58                 76.5                                             
     n--C.sub.7 H.sub.15 O                                                     
           53.5               75                                               
     __________________________________________________________________________
PAR  For example also some two-component mixtures exhibiting a nematic liquid
      crystal phase are listed in Table 2 together with their crystal to nematic
      liquid crystal and nematic liquid crystal to isotropic liquid transition
      temperatures. Each constituent compound in each mixture is of the form
      ##SPC9##
PAL  where X.sup.1 represents an n-alkyl group or an n-alkoxy group and is
      represented in Table 2 in an abbreviated form by its particular group
      X.sup.1. A suitable mole percentage for each constituent compound in each
      mixture is also listed.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
              Transition temperatures for binary mixtures of                   
              compounds                                                        
            Mole %                                                             
                 Crystal to Nematic                                            
                                 Nematic to Isotropic                          
                 transition temperature (.degree.C)                            
                                 transition temperature (.degree.C)            
     __________________________________________________________________________
     Mixture 1                                                                 
     n--C.sub.7 H.sub.15                                                       
            48.5                                                               
                 0.5             40                                            
     n--C.sub.8 H.sub.17                                                       
            51.5                                                               
     Mixture 2                                                                 
     n--C.sub.5 H.sub.11 O                                                     
            55                                                                 
     n--C.sub.7 H.sub.15 O                                                     
            45   21              70.5                                          
     Mixture 3                                                                 
     n--C.sub.5 H.sub.11                                                       
            83.5                                                               
     n--C.sub.6 H.sub.13 O                                                     
            16.5 15              42                                            
     __________________________________________________________________________
PAR  For example also some mixtures exhibiting a cholesteric liquid crystal
      phase are listed in Table 3, together with their crystal to cholesteric
      liquid crystal and cholesteric liquid crystal to isotropic liquid
      transition temperatures. Each constituent compound in each mixture is of
      the form
      ##SPC10##
PAL  where X.sup.2 represents an alkyl or alkoxy group which has either a normal
      or branched chain of carbon atoms; each constituent compound is
      represented in an abbreviated form by its particular group X.sup.2. A
      suitable mole percentage for each constituent compound is also listed.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     X.sup.2   Mole %                                                          
                    Crystal to  Cholesteric to                                 
                    cholesteric transition                                     
                                isotropic transition                           
                    temperature (.degree.C)                                    
                                temperature (.degree.C)                        
     __________________________________________________________________________
     Mixture 4                                                                 
     n--C.sub.5 H.sub.11 O                                                     
               33                                                              
     n--C.sub.7 H.sub.15 O                                                     
               27                                                              
                    12.5        48                                             
     CH.sub.3.CH.sub.2.C*H.CH.sub.2 O                                          
               40                                                              
     .vertline.                                                                
     CH.sub.3                                                                  
     Mixture 5                                                                 
     n--C.sub.5 H.sub.11 O                                                     
               21                                                              
     n--C.sub.7 H.sub.15 O                                                     
               17                                                              
                    11.5        53                                             
     n--C.sub.8 H.sub.17 O                                                     
               22                                                              
     CH.sub.3.CH.sub.2 .C*H.CH.sub.2 O                                         
               40                                                              
     .vertline.                                                                
     CH.sub.3                                                                  
     __________________________________________________________________________
PAL  In Mixtures 4 and 5 the asterisk (*) represents an asymmetric centre which
      causes the compound containing it to be optically active. For example also
      the compound
      ##SPC11##
PAL  exhibits a smectic liquid crystal phase from 21.degree.C to 32.5.degree.C
      and a nematic liquid crystal phase from 32.5.degree.C to 40.degree.C.
PAR  Examples of methods of preparing compounds
      ##SPC12##
PAL  and ortho substituted derivatives thereof, as defined above will now be
      described.
PAC  EXAMPLE 1
PAR  Preparation of 4'-alkyl-4-cyanobiphenyls by the following route:
      ##SPC13##
PAL  where R is an alkyl group, for example an n-alkyl group.
PAL  Step a1: the production of 4'-m-acyl-4-bromobiphenyl (by FriedelCraft
      Acylation).
PAR  One example of a way of carrying out this step is as follows:
PAR  To commercially available 4-bromobiphenyl (0.08 mole) and anhydrous
      aluminium trichloride (0.1 mole) dissolved in dry "AnalaR" nitrobenzene
      (85 ml), the appropriate n-acyl chloride (0.1 mole) is added in drops, the
      temperature being maintained below 20.degree.C. The solution is stirred
      for about 18 hours at room temperature and poured onto a mixture of ice,
      water and concentrated hydrochloric acid. The mixture is then stirred for
      about 0.5 hour, and the nitrobenzene layer separated. The nitrobenzene is
      removed by steam distillation, and the residue is crystallised from
      absolute ethanol to constant melting point. STEP B1: The production of
      4'-n-alkyl-4-bromobiphenyl (by Huang Minlon Reduction).
PAR  One example of a way of carrying out this step is as follows:
PAR  To the appropriate bromoketone(0.037 mole) dissolved in a mixture of dry
      diethylene glycol (60 ml) by warming, a solution of (90%) hydrazine
      hydrate (0.08 mole) in dry diethylene glycol (20 ml) is added. Potassium
      hydroxide (0.09 mole) is added to the warm solution, and after heating at
      about 100.degree.C until most of the solid is dissolved, the reaction
      mixture is heated under reflux for about 1 hour. The temperature is raised
      to about 180.degree.C by distillation and maintained at about 180.degree.C
      for 4 hours. On cooling, the reaction mixture is shaken with benzene and
      the extract is dried. The solvent is removed and the residue is
      crystallised from absolute ethanol to constant melting point.
PAL  Step c1: the production of 4'-n-alkyl-4-cyanobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  A mixture of the 4'-n-alkyl-4-bromobiphenyl (0.021 mole) prepared by steps
      A and B and cuprous cyanide (0.031 mole) in dry dimethylformamide (75 ml)
      is heated under reflux for about 12 hours. On cooling the reaction mixture
      is poured onto a stirred mixture of ferric chloride, concentrated
      hydrochloric acid and water. After heating at about 60.degree.-70.degree.C
      for 20 minutes the mixture is shaken with chloroform and the extract
      washed with 5N hydrochloric acid, water, 10% aqueous sodium hydroxide,
      water and then dried. The solvent is removed and the residue purified by
      column chromatography on silicic acid, followed by crystallisation from
      light petroleum (boiling point 40.degree.-60.degree.C) at -78.degree.C to
      constant melting point. Finally the product is distilled under vacuum
      (0.5mm Hg) at about 140.degree.-150.degree.C.
PAC  EXAMPLE 2
PAR  Preparation of 4-alkoxy-4'-cyanobiphenyls by the following route:
      ##SPC14##
PAL  where R is an alkyl group, for example an n-alkyl group.
PAL  Step a2: the production of 4-bromo-4'-nitrobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  Commercially available 4-nitrobiphenyl is brominated by the method of
      LeFevre and Turner (as described in J Chem Soc 1926), p.2045) to give
      4'-bromo-4-nitrobiphenyl.
PAL  Step b2: the production of 4-bromo-4'-aminobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  Reduction of the nitro-compound produced by Step A2 (81g) is achieved by
      stirring at 100.degree.C for about 12 hours with a mixture of iron pin
      dust (58g), ethanol (500 ml; 90%) and concentrated hydrochloric acid
      (29ml). sodium carbonate (22g) is added and stirring is continued for 30
      minutes whereupon a slight excess of dilute aqueous ammonia is added. On
      cooling, the amine formed is extracted into ether. The combined
      ether/alcohol extract of the amine is evaporated to remove the ether, and
      the residue is poured into water. The amine is precipitated, filtered off
      and dried.
PAL  Step c2: the production of 4-Bromo-4'-hydroxybiphenyl.
PAR  One example of a way of carrying out this step is as follows;
PAR  4'-Amino-4-bromobiphenyl (60g) produced by step B2 is dissolved in aqueous
      95% acetic acid (360ml) at 90.degree.C, and to the solution vigorously
      stirred is added rapidly 40% w/w sulphuric acid (360ml) preheated to
      90.degree.C. Stirring and rapid cooling to 0.degree.C gives the finely
      divided amine sulphate, which is diazotised at 0.degree.C (.+-.
      1.degree.C) by the slow addition of aqueous sodium nitrite (41.6g) in
      water (100ml). The excess of sodium nitrite is then destroyed with urea.
      95% Acetic acid (400ml) is then added to effect solution of the diazonium
      salt. The ice-cold solution of the diazonium sulphate is run immediately
      into a vigorously stirred and boiling solution of 40. w/w sulphuric acid
      (200ml). The solution is added slowly at first, until suspended particles
      are visible in the mixture, after which the rate of addition is increased.
      The time required for the addition is about 30 minutes. The solution is
      then heated under reflux for about 15 minutes and cooled; dilution with an
      equal volume of water gives a solid which is digested with hot N-sodium
      hydroxide solution (300ml). After removal of insoluble material by
      filtration, the filtrate is acidified to give colourless
      4-bromo-4'-hydroxybiphenyl.
PAL  Step d2: the production of 4'-n-alkoxy-4-bromobiphenyls.
PAR  One example of a way of carrying out this step is as follows:
PAR  To a mixture of 4-bromo-4'-hydroxybiphenyl produced by step C2 (0.033 mole)
      and anhydrous potassium carbonate (0.132mole) in cyclohexanone (70 ml),
      the appropriate n-alkyl bromide (0.053 mole) is added and the stirred
      mixture heated under reflux for about 4 hours. On cooling, the reaction
      mixture is filtered, and the solvent is removed from the filtrate. The
      residue is crystallised from a mixture of benzene and light petroleum
      (boiling point 40.degree.-60.degree.C) to constant melting point.
PAL  Step e2: the production of 4'-n-alkoxy-4-cyanobiphenyls.
PAR  One example of a way of carrying out this step is as follows:
PAR  A mixture of 4'-n-alkoxy-4-bromobiphenyl (0.024 mole) produced by step D2
      and cuprous cyanide (0.036 mole) in dry dimethylformamide (100ml) is
      heated under reflux for about 12 hours. On cooling, the reaction mixture
      is poured onto a mixture of ferric chloride, concentrated hydrochloric
      acid and water. After heating at 60.degree.-70.degree.C for about 20
      minutes the mixture is shaken with chloroform and the extract washed with
      5N hydrochloric acid, water, 20% aqueous sodium hydroxide, water and then
      dried. The solvent is removed and the residue purified by column
      chromatography on silicic acid, followed by crystallisation from light
      petroleum (boiling point 40.degree.-60.degree.C) at -78.degree.C to
      constant melting point. Finally the product is distilled under vacuum
      (0.5mm Hg) at about 140.degree.C.
PAC  EXAMPLE 3
PAR  Preparation of 4'-alkyl-4-nitrobiphenyls by the following route;
      ##SPC15##
PAL  where R is an alkyl group, for example an n-alkyl group.
PAL  Step a3: production of a 4-acylbiphenyl:
PAR  One example of a way of carrying out this step is as follows:
PAR  Commercially available biphenyl is converted by Friedel-Crafts acylation to
      the appropriate 4-acylbiphenyl.
PAL  Step b3: production of 4'-acyl-4-nitro-biphenyl:
PAR  One example of a way of carrying out this step is as follows:
PAR  Nitration of the 4-acylbiphenyl produced by Step A3 is performed to give a
      mixture of nitro-isomers from which the appropriate
      4'-acyl-4-nitrobiphenyl is separated by a conventional process;
      purification of the 4'-acyl-4-nitrobiphenyl is achieved by crystallisation
      and column chromatography.
PAL  Step c3: production of 4'-n-alkyl-4-nitrobiphenyl
PAR  One example of a way of carrying out this step is as follows:
PAR  Reduction of the product of Step B3 is performed by the Huang-Minlon method
      giving the required 4'-n-alkyl-4-nitrobiphenyl.
PAC  EXAMPLE 4
PAR  Preparation of 4'-alkoxy-4-nitrobiphenyls by the following route:
      ##SPC16##
PAL  where R is an alkyl group, for example an n-alkyl group.
PAR  A conventional method is used to prepared 4'-hydroxy-4-nitrobiphenyl. This
      is then alkylated to give the appropriate 4'-n-alkoxy-4-nitrobiphenyl,
      which is purified by crystallisation and column chromatography.
PAC  EXAMPLE 5
PAR  Preparation of 7-alkyl-2-cyanofluorenes by the following route:
      ##SPC17##
PAL  where R is an alkyl group, for example an n-alkyl group
PAR  The starting material is 2-bromofluorene which is prepared by a
      conventional method. Steps A5, B5 and C5, may be carried out respectively
      in the same way as Steps A1, B1 and C1 described in Example 1, above.
PAC  EXAMPLE 6
PAR  Preparation of 7-alkoxy-2-cyanofluorenes by the following route:
      ##SPC18##
PAL  where R is for example an alkyl group, an n-alkyl group.
PAL  Step a6: nitration of 2-bromofluorene.
PAR  One example of a way of carrying out this step is as follows:
PAR  2-Bromofluorene is converted into 7-nitro-2-bromofluorene by dissolving the
      2-bromofluorene in glacial acetic acid at 60.degree.C and adding a mixture
      of fuming nitric acid and concentrated nitric acid. The temperature is
      raised to 90.degree.C for 1 hour to complete the reaction. The product is
      filtered off and purified by crystallisation.
PAL  Step b6: reduction to 7-amino-2-bromofluorene.
PAR  One example of a way of carrying out this step is as follows:
PAR  The reduction of 7-nitro-2-bromofluorene produced by step A6 is achieved by
      dissolving the 7-nitro-2-bromofluorene in hot glacial acetic acid and
      adding stannous chloride dissolved in concentrated hydrochloric acid.
      After heating under reflux, the amine hydrochloride so produced is
      filtered off and digested with warm aqueous sodium hydroxide. The product
      is purified by crystallisation.
PAL  Step c6: the production of 7-hydroxy-2-bromofluorene.
PAR  One example of a way of carrying out this step is as follows:
PAR  The conversion of 7-amino-2-bromofluorene produced by step B6 into
      7-hydroxy-2-bromofluorene is carried out in a similar manner to that
      described as an example of Step C2 above.
PAL  Step d6: the production of 7-n-alkoxy-2-bromofluorene.
PAR  One example of a way of carrying out this step is as follows:
PAR  7-hydroxy-2-bromofluorene produced by Step C6 is alkylated in the same way
      as described in the example of Step D2 above to give
      7-n-alkoxy-2-bromofluorene.
PAL  Step e6: the production of 7-n-alkoxy-2-cyanofluorene.
PAR  One example of a way of carrying out this step is as follows:
PAR  7-n-alkoxy-2-bromofluorene produced by Step D6 is converted into
      7-n-alkoxy-2-cyanofluorene by heating in dimethylformamide with cuprous
      cyanide in a way similar to the particular example of Step E2 described
      above.
PAC  EXAMPLE 7
PAR  Preparation of a laterally methyl substituted 4'-alkoxy-4-cyanobiphenyl by
      the following route:
      ##SPC19##
PAL  where R is an alkyl group for example, an n-alkyl group.
PAL  Step a7: the production of laterally methyl substituted
      4'-n-alkoxy-4-nitro-biphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  The appropriate 4-n-alkoxy-2-methylaniline is converted into laterally
      methyl substituted 4'-n-alkoxy-4-nitrobiphenyl by the Gomberg Reaction.
PAL  Step b7: the production of laterally methyl substituted
      4'-n-alkoxy-4-aminobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  The laterally methyl substituted 4'-n-alkoxy-4-nitrobiphenyl produced by
      step A7 is reduced by iron pin dust reduction in a similar way to the
      particular example of Step B2 described above to produce laterally methyl
      substituted 4'-n-alkoxy-4-aminobiphenyl.
PAL  Step c7: the production of laterally substituted
      4'-n-alkoxy-4-bromobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  The laterally methyl substituted 4'-n-alkoxy-4-aminobiphenyl produced by
      Step B6 is converted into the laterally substituted
      4'-n-alkoxy-4-bromobiphenyl by diazotization in a way similar to the
      particular example of Step C2 described above. This is followed by the
      addition of cuprous bromide.
PAL  Step d7: the production of laterally methyl substituted
      4'-n-alkoxy-4-cyanobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  The laterally methyl substituted 4'-n-alkoxy-4-bromobiphenyl produced by
      Step C7 is converted into the equivalent cyano-compound by reaction with
      cuprous cyanide in dimethylformamide in the same way as the particular
      example of Step E2 described above.
PAC  EXAMPLE 8
PAR  The production of a laterally methyl substituted 4'-alkyl-4-cyanobiphenyl
      by the following route:
      ##SPC20##
PAL  where R is an alkyl group for example, an n-alkyl group.
PAR  The starting material is 4-alkyl-2-methylaniline which is produced in a
      known way. Steps A8, B8, C8 and D8 may be carried out in a similar way to
      Steps A7, B7, C7 and D7 respectively
PAC  EXAMPLE 9
PAR  The production of a 4'-alkenyl-4-cyanobiphenyl by the following route:
      ##SPC21##
PAL  where R is an alkyl group for example, an n-alkyl group.
PAL  Step a9: reduction of the 4'-acyl-4-bromobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  The appropriate starting ketone, prepared from 4-bromobiphenyl by acylation
      in the same way as the particular example of Step A1 described above. The
      ketone is reduced by lithium aluminium hydride in dry ether to give the
      appropriate alcohol which is purified by crystallisation.
PAL  Step b9: dehydration of the alcohol produced by Step A9.
PAR  One example of this step is as follows:
PAR  4'-alkenyl-4-bromobiphenyl is prepared by dehydration of the alcohol
      produced by Step A9 by heating for 10 minutes in glacial acetic acid. The
      product is purified by crystallisation.
PAL  Step c9: the production of 4'-alkenyl-4-cyanobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  4'-alkenyl-4-cyanobiphenyl is prepared from the bromo-compound produced by
      Step B9 using cuprous cyanide in dimethylformamide in the same way as Step
      C1 described above. The product is purified by column chromatography and
      distillation.
PAC  EXAMPLE 10
PAR  The production of 4'-alkoxy-4-acyloxy-biphenyl by the following route:
      ##SPC22##
PAL  where R and R.sup.1 are alkyl groups, for example n-alkyl groups.
PAL  Step a10:
PAR  4'-n-alkoxy-4-nitrobiphenyl is produced by a conventional alkylation from
      4'-hydroxy-4-nitro-biphenyl. This may be carried out in the same way as
      Step D2 described above.
PAL  Step b10:
PAR  4'-n-alkoxy-4-aminobiphenyl is produced from the corresponding
      nitro-compound produced by Step A10 by reduction using an iron pin dust
      process similar to that used in the particular example of Step B2
      described above.
PAL  Step c10:
PAR  4'-n-alkoxy-4-hydroxybiphenyl is produced from the corresponding
      amino-compound produced by Step 10 by diazotisation and hydrolysis in a
      way similar to the particular example of Step C2 described above.
PAL  Step d10:
PAR  4'-n-alkoxy-4-acyloxybiphenyl is produced from the corresponding
      hydroxy-compound produced by STep C10 by a conventional acylation.
PAL  Example 11:
PAR  the production of unsymmetrical 4,4'-diacyloxybiphenyls by the following
      route:
      ##SPC23##
PAL  where R is an alkyl or an aryl group and R.sup.1 is an alkyl or aryl group
      different from R.
PAL  Step a11: production of the appropriate half ester.
PAR  Commercially available 4,4'-dihydroxybiphenyl (2mol.) and the appropriate
      acyl chloride (RCOCl, 1 mol) are interreacted in dry pyridine and the half
      ester is separated from the diester and unreacted 4,4'-dihydroxybiphenyl
      by column chromatography and is finally crystallised.
PAL  Step b11: production of the unsymmetrical diester.
PAR  One example of a way of carrying out this step is as follows:
PAR  The unsymmetrical diester is prepared from the half ester (1 mol) by
      interaction with acryl chloride (R.sup.1 COCl, 1.1mol) in dry pyridine.
      The diester is purified by column chromatography and crystallisation.
PAC  EXAMPLE 12
PAR  The production of 4"-alkyl-4-cyano-p-terphenyls.
PAR  The route used is similar to that used in Example 1; however in this
      example the appropriate terphenyl is used in each step instead of the
      corresponding biphenyl used in example 1.
PAR  The starting material which is 4-bromo-p-terphenyl may be prepared by
      bromination of commercially available p-terphenyl by a known method.
PAC  EXAMPLE 13
PAR  The production of 4"-alkoxy14-cyano-p-terphenyls.
PAR  The route used is similar to that used in Example 2; however, in this
      example the appropriate terphenyl is used in each step instead of the
      corresponding biphenyl used in Example 2.
PAR  The starting material which is 4"-nitro-p-terphenyl may be prepared by
      nitration of commercially available p-terphenyl by a known method.
PAC  EXAMPLE 14
PAR  The production of 4"-alkyl-4-nitro-p-terphenyls.
PAR  The route used is similar to that used in Example 3: however in this
      example the appropriate terphenyl is used in each step instead of the
      corresponding terphenyl used in Example 3.
PAR  The starting material which is p-terphenyl is commercially available.
PAC  EXAMPLE 15
PAR  The production of 4"-alkoxy-4-nitro-p-terphenyls.
PAR  The route used is similar to that used in Example 4, i.e. alkylation of the
      appropriate hydroxy compound.
PAR  The starting material which is 4'-hydroxy-4-nitro-p-terphenyl is prepared
      by a known method.
PAC  EXAMPLE 16
PAR  The production of di-ortho-substituted 4'-alkoxy-4-cyano-biphenyls.
PAR  The route used is similar to that used in Example 7; however in this case
      appropriately substituted nitrobenzene, for example,
      1-methyl-2-nitrobenzene, is used as a reactant instead of the nitrobenzene
      used in Step A7.
PAC  EXAMPLE 17
PAR  The production of 4'-alkoxy-4-cyano-biphenyls having more than two
      ortho-substituents.
PAR  The route used is similar to that used in Example 7; however, in this case
      appropriately substituted compounds are used as starting reactants instead
      of the corresponding 4-n-alkoxy-2-methylaniline and nitrobenzene used in
      Step A7.
PAC  EXAMPLE 18
PAR  The production of 4'-alkyl-4-cyano-biphenyls having at least two
      orthosubstituents.
PAR  The route used is similar to that used in Example 8; however, in this case
      either or both of the starting reactants 4-alkyl-2-methylaniline and
      nitrobenzene used in Step A8 has an appropriate substituent group.
PAC  EXAMPLE 19
PAR  The production of 4'-alkyl-4-cyano-p-terphenyls having at least one
      ortho-substituent.
PAR  The route used is similar to that used in Examples 8 and 18; however, in
      this case the starting reactants are 4'-alkyl-4-aminobiphenyl prepared in
      a known way and nitrobenzene, at least one of which is appropriately
      substituted.
PAC  EXAMPLE 20
PAR  The production of 4"-alkoxy-4-cyano-p-terphenyls having at least one
      ortho-substituent.
PAR  The route used is similar to that used in Examples 7, 16, and 17; however,
      in this case the starting reactants are 4'-alkoxy-4-aminobiphenyl prepared
      in a known way and nitrobenzene, at least one of which is appropriately
      substituted.
PAC  EXAMPLE 21
PAR  The production of compounds having the formula
      ##SPC24##
PAL  where R is an alkyl group, CN is a cyano group, and Z represents a
      plurality of directly para-linked benzene rings.
PAR  The route used is similar to that used in Example 1; however, in this
      example the appropriate multiphenyl is used in each step instead of the
      corresponding biphenyl used in Example 1.
PAC  EXAMPLE 22
PAR  The production of compounds having the formula
      ##SPC25##
PAL  where R-O is an alkoxy group, CN is a cyano group and Z represents a
      plurality of directly para-linked benzene rings.
PAR  The route used is similar to that used in Example 2: however, in this
      example the appropriate multiphenyl is used in each step instead of the
      corresponding biphenyl used in Example 2.
PAC  EXAMPLE 23
PAR  The production of optically active 4'-alkoxy-4-cyanobiphenyls by the
      following route:
      ##SPC26##
PAL  where R is an alkyl group.
PAR  One example of Steps A23, B23, and C23, particularly for the case of the
      compound (-) 4'-(2"-methylbutyloxy)-4-cyano-biphenyl, is as follows:
PAL  Step a23: the production of (-) 2-methyl-butyl-toluene-p-sulphonate.
PAR  One example of a way of carrying out this step is as follows:
PAR  To a solution of Toluene-p-sulphonyl chloride (0.094 mole) in dry pyridine
      (75 ml) at -5.degree.C, (-) 2-methyl butan-1-ol (0.085 mole) is added in
      one portion. The solution is maintained below 0.degree.C and stirred for 2
      hours. Water (15ml) is added in portions of 1,1,1,2,5 and 5ml at 5 minute
      intervals, the temperature being maintained below 5.degree.C. The solution
      is diluted with water (75ml). The oil so produced is extracted into
      chloroform and the extract washed successively with water, 2N sulphuric
      acid, water, 15% aqueous sodium bicarbonate and water, and finally dried
      over anhydrous sodium sulphate. The chloroform is removed by distillation
      under reduced pressure and the residual oil is distilled, the fraction
      being collected with a boiling point of 149.degree.C at a pressure of
      0.5mm of mercury.
PAL  Step b23: the production of 4'-hydroxy-4-cyanobiphenyl.
PAR  One example of a way of carryiing out this step is as follows:
PAR  A mixture of 4'-hydroxy-4-bromobiphenyl (0.021mole) produced by the Steps
      A2, B2, and C2, of Example 2 and cuprous cyanise (0.031 mole) in dry
      dimethyl-formamide (75ml) are heated under reflux for 6 hours. On cooling,
      the reaction mixture is poured onto a stirred mixture of ferric chloride,
      concentrated hydrochloric acid and water. After heating at about
      60.degree. -70.degree.C for 20 minutes the mixture is shaken with
      chloroform and the extract washed with 5N hydrochloric acid, water, 10%
      aqueous sodium bicarbonate, water and then dried. The solvent is removed
      and the residue is dissolved in the minimum volume of hot acetone, and the
      sufficient light petroleum (boiling point 40.degree.-60.degree.C) is added
      to produce a slight turbidity. The solution is refrigerated and the
      crystals are filtered off. The material is further purified by sublimation
      at a bath temperature of 160.degree.C at 0.3mm; this yields a colourless
      solid.
PAL  Step c23: the production of (-)4'-(2"-methyl-butyloxy)-4-cyanobiphenyl.
PAR  One example of a way of carrying out this step is as follows:
PAR  To 4'-hydroxy-4-cyanobiphenyl (0.01 mole), a solution of sodium (0.01 g
      atom) in dry ethanol (25ml) is added and the mixture stirred until
      complete solution is obtained. The ethanol is removed by distillation
      under reduced pressure. To the sodium salt of the hydroxy compound so
      produced is added in dry dimethylformamide (55ml) the tosylate (0.011
      mole) prepared by step A23 and the mixture is heated and stirred at
      110.degree. -130.degree.C for 7 hours. After leaving to stand overnight,
      the reaction mixture is poured into water (100ml) and the organic material
      is extracted into ether. The ethereal extract is washed successively with
      water, 15% aqueous sodium carbonate and water, and dried over anhydrous
      sodium carbonate. The ether is removed by distillation and the solild
      residue is purified by column chromatography on silicic acid using
      chloroform as the solvent.
PAR  The product eluted from the column is crystallised from ethanol and finally
      distilled, the fraction being collected at a bath temperature of
      130.degree. -135.degree.C at a pressure of 0.3mm of mercury.
PAR  Other compounds embodying the invention which are ortho-substituted
      derivatives of
      ##SPC27##
PAL  but in which the ortho-substituent(s) is (are) a halogen atom may be
      prepared by methods analogous to Example 7.
PAR  Other compounds embodying the invention which are derivatives of
      ##SPC28##
PAL  in which two of the ortho-positions are bridged by a bridging group and in
      which the bridging group is either
      ##EQU2##
      may be prepared by methods analogous to Example 6.
PAR  Other compounds embodying the invention which have more than two directly
      para-linked benzene rings and of which the end ring remote from the
      para-substituent X is substituted in the para-position by an acyloxy group
      may be prepared by methods analogous to Example 11.
PAR  Generally, compounds mentioned in this specification as examples in
      connection with the embodiments of the invention are potentially most
      useful when the number of carbon atoms in the para-substituent group X is
      30 or less. If the compounds do not exhibit liquid crystal phases per se
      they may exhibit such phases when mixed with other materials such that the
      resultant materials constituting the mixtures exhibit liquid crystal
      phases.
PAR  Compounds having the formula
      ##SPC29##
PAL  and
      ##SPC30##
PAL  where R is an n-alkyl group, are particularly useful compounds exhibiting
      liquid crystal phases per se in the range where R is between 3 and 10.
PAR  Generally, compounds mentioned in this specification may have a chain of
      carbon atoms in their para-substituent group X which chain is either
      normal (straight) or branched. Generally, compounds in which the
      para-substituent X has a branched carbon chain are potentially useful
      throughout roughly the same range of numbers of carbon atoms in the
      parasubstituent X as those in which the para-substituent X has a normal
      carbon chain. However, some specific cases are given in the following
      table which lists examples of compounds P having specific
      para-substituents Y and the corresponding numbers N of carbon atoms in the
      para-substituent X for each of the compounds P to be potentially useful. R
      represents an alkyl group in each case
      ##SPC31##
PAR  Some nematic liquid crystal materials embodying the present invention, such
      as
      ##SPC32##
PAL  where R represents an n-alkyl group, may be produced having a positive
      dielectric anisotropy (difference between the dielectric constant measured
      parallel to the long molecular axis and the dielectric constant measured
      perpendicular to this axis) whilst others embodying the invention, such as
      ##SPC33##
PAL  where R and R.sup.1 represent n-alkyl groups, may be produced having a
      negative dielectric anisotropy.
PAR  Nematic liquid crystal materials having a positive dielectric anisotropy
      may be used in devices employing the following known effects;
PAR  i. the Schadt-Helfrich effect in which a twisted nematic liquid crystal
      (normally located between two transparent parallel plates such that the
      direction vector of the molecules is in the plane of the plates but varies
      over an angle of 90.degree. from one plate to the other) located between
      an optical polariser and analyser exhibits an electric field dependent
      optical activity when an electric field is applied across the liquid
      crystal.
PAR  ii. the Freedericks effect in which the direction vector of the molecules
      of a liquid crystal is changed from a first direction to a second
      direction perpendicular to the first direction by the action of an
      electric field applied in the second direction.
PAR  iii. the phase-change effect in which the phase of a liquid crystal may be
      changed between cholesteric and field-induced nematic by the action of an
      electric field; in this effect the nematic material is mixed with an
      optically active material to produce a chlolesteric material.
PAR  Nematic liquid crystal materials having a negative dielectric anisotropy
      may be used in devices employing the known dynamic scattering effect in
      which the molecules of the nematic liquid crystal are misorientated into a
      non-uniform (non-ordered) scattering state by the action of an electric
      current.
PAR  Similarly, some cholesteric liquid crystal materials embodying the present
      invention have a positive dielectric anisotropy, for example those
      containing a compound
      ##SPC34##
PAL  in which the parasubstituent Y is a cyano group, and others have a negative
      dielectric anisotropy, for example those containing a compound
      ##SPC35##
PAL  in which the para-substituent Y is an acyloxy group.
PAR  Cholesteric materials embodying the invention having a positive dielectric
      anisotropy may be used in the phase change effect. Cholesteric materials
      embodying the invention having a negative dielectric anisotropy may be
      used in the so-called "memory effect".
PAR  Examples of devices embodying the invention will now be described.
PAR  As an example of the use of a nematic liquid crystal material and of a
      cholesteric liquid crystal material embodying the present invention a
      phase change effect device also embodying the invention will now be
      described. It is known that a method of producing cholesteric liquid
      crystal material suitable for use in a phase change effect device involves
      mixing an optically active liquid crystal material with a nematic liquid
      crystal material or a mixture of nematic liquid crystal materials. Using
      that method Mixture 4 or Mixture 5 (Table 3) defined above, may be
      provided as the basic material for a phase change effect device.
PAR  FIG. 1 is a cross-sectional plan view, partly in circuit form, of an
      electro-optic liquid crystal phase change effect device embodying the
      invention. A thin layer 17 of Mixture 4 or Mixture 5 defined above is
      contained between a glass slide 19 and a glass slide 29. The glass slide
      19 has on its surface in contact with the layer 17 a coating 23 of tin
      oxide. The glass slide 29 has on its surface in contact with the layer 17
      a coating 25 of tin oxide. The glass slide 19 has a region overlapping the
      end of the glass slide 29 in order that an electrical connection 31 may be
      made to the tin oxide coating 23. Likewise, the glass slide 29 has a
      region overlapping the end of the glass slide 19 in order that an
      electrical connection 33 may be made to the tin oxide coating 25. A
      battery 37 may be applied between the connection 31 and the connection 33
      when a switch 35 in series with the battery 37 is closed. The battery 37
      is such that the electric field strength obtained therefrom across the
      layer 17 is greater than the critical field strength for the phase change
      effect. The surface of the glass slide 19 not in contact with the layer 17
      contains a silver coating mirror 39. The layer 17 may be sealed between
      the glass slides 19 and 29 by means of a ring 41 of Araldite (trade mark)
      or other suitable sealing material.
PAR  A dark screen S is located at an acute angle in front of the glass slide 19
      in such a position that the reflection of the screen S can be seen in the
      mirror 39 by an eye E as indicated in the drawing when the layer 17 is
      transparent.
PAR  When the switch 35 is open the image seen in the mirror 39 is bright. This
      is because the layer 17 is opaque and reflects ambient light into the eye
      E. However, when the switch 35 is closed the image seen in the mirror is
      dark. This is because the layer 17 has become transparent and the image of
      the screen S is seen in the mirror 39. When the switch 35 is opened again
      the image seen is again bright because the layer 17 is opaque again.
PAR  A display device based on the device described with reference to FIG. 1 may
      be made by forming the coatings 23 and 25 in a known way such that they
      are shaped in the form of localised characters or symbols. For such a
      display the switches connected to each character or symbol, i.e.
      corresponding to the switch 35, may be electronically operated by control
      logic (not shown).
PAR  In an alternative device the electric field applied may be alternating (at
      a frequency of up to about 50 kHz) instead of direct.
PAR  FIG. 2 is a schematic diagram of a liquid crystal information storage or
      display device of a known kind but incorporating novel material embodying
      the invention; the device illustrates use of either smectic or cholesteric
      material embodying the invention. A layer 63 of either cholesteric liquid
      crystal material containing the compound
      ##SPC36##
     or of smectic liquid crystal material containing the compound
      ##SPC37##
PAL  as defined above, or a derivative thereof as defined above is contained
      between glass slides 65, 67 having conducting coatings 69, 68 on their
      respective inner faces. A laser 71 producing an output beam 73 in the
      infrared part of the spectrum is arranged so that the beam 73 can be
      scanned over the slide 65 and the coating 69 by a conventional laser
      deflector 75. The slide 65 is transparent to the beam 73, but the coating
      69 absorbs the beam 73. A voltage source 77 providing an alternating
      output is electrically connected to the coating 68 and to the coating 69
      through a switch 70.
PAR  The device operates in the following way. Information is written by the
      beam 73 on the coating 69, and on the layer 63 by thermal conduction from
      the coating 69. The heat conducted to the layer 63 is sufficient to raise
      the temperature of the selected localised areas of the layer 63 and to
      cause the phase of those areas to change. If the material of the layer 63
      is originally in the cholesteric mesophase the phase is changed to the
      isotropic liquid phase. If the material is originally in the smectic
      mesophase the phase is changed to the nematic mesophase, if the material
      has one, or to the isotropic liquid phase. After the beam 73 has heated a
      given area of the coating 69 and of the layer 63 and has been deflected to
      another area the given area rapidly cools again; the material in that area
      returns to its original phase. However, it returns to a cloudy or
      scattering form of the orgiginal phase. Therefore if the areas of the
      layer 63 not scanned by the beam 73 are in the clear or non-scattering
      form of the original phase the areas scanned are distinguished from those
      not scanned by their optical scattering properties. Therefore if the layer
      63 is observed visually through the slide 67 and the coating 68, either
      after the beam 73 has been removed or whilst it is in operation through an
      appropriate filter, the information written can be seen. The coatings 69,
      68 are made optically transparent for this purpose.
PAR  Erasing stored or displayed information is carried out by scanning the
      layer 63 with the beam 73 whilst applying an electric field across the
      layer 63 by closing the switch 70. The material of the layer 63 is again
      heated to change phase and cooled again to return to its original phase;
      however in this case the voltage causes the material to return to the
      clear form of the original phase.
PAR  Information can alteratively be erased by scanning the layer 63 with the
      beam 73 without using the applied electric field provided that an
      appropriately slow scanning rate is used for the beam 73.
PAR  FIG. 3 is a schematic diagram of a time clock or watch; the clock or watch
      illustrates the use of a liquid crystal display embodying the invention. A
      quartz crystal oscillator 81 has an oscillation frequency of 32.168 kHz.
      An output signal from the oscillator at that frequency is divided in a
      count down unit 83 providing an output signal at a frequency of 64 Hz. The
      output signal is applied to a logic unit 85 which further divides the
      frequency by sixty four. The logic unit 85 generates a single pulse every
      second. It counts these second pulses and provides a minute pulse every
      time sixty of the second pulses have been counted. It also counts the
      minute pulses and provides an hour pulse every time sixy of the minute
      pulses have been counted.
PAR  The second, minute and hour pulses are fed to operate a gate (not shown)
      within the logic unit 85. The gate allows operating signals to be applied
      via selected members in a series of conductors 86 to a liquid crystal
      display 87. When a second, minute or hour pulse arrives at the gate of the
      unit 85 it causes the selected members of the conductors 86 to be changed
      appropriately.
PAR  The display 87 is a 3-section digital display. A first section 88 displays
      the appropriate second digits, a second section 89 displays the
      appropriate minute digits and a third section displays the appropriate
      hour digits. The gate of the logic unit 85 selects the appropriate digits
      to be operated in the sections 88, 89, and 90 by selecting the appropriate
      conductors 86 for applying operating signals. When it receives a second,
      minute or hour pulse the gate changes the selected members of the
      conductors 86 to those required for the next appropriate digits in
      chronological sequence.
PAR  The display 87 operates in any known way; for example its digits can be
      operated by the phase-change effect in the way described with reference to
      FIG. 1. The liquid crystal material used for the display 87 is chosen to
      suit the method of operation. However the material which is in the
      nematic, cholesteric or smectic mesophase as appropriate contains at least
      one compound
      ##SPC38##
PAL  as defined above or a substituted derivative thereof.
PAR  The count down unit 83 and the logic unit 85 can respectively be CMOS SCL
      5423 (or 5425) and CMOS SCL 5424 (or 5428) digit/decoder driver
      manufactured by Solid State Scientific Inc.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid crystal compound having one of the following molecular
      structures, the molecular structure of the compound being selected from
      one of the following structures: the structure
      ##SPC39##
PAL  ; a simple ortho-substituted derivative of the structure
      ##SPC40##
PAL  wherein the substituent is selected from the group consisting methyl and
      halogen; and a derivative of the structure
      ##SPC41##
PAL  in which a simple bridging group is contained between two of the
      ortho-positions of said structure and said simple bridging group is
      selected from the group consisting of
      ##EQU3##
      wherein X and Y are different para-substituents of the kind which promote
      liquid crystal behavior, the para-substituent X being a group selected
      from the following list: an alkoxy group having more than one carbon atom;
      an alkyl group; an alkanoyloxy group; and an alkenyl group; and the
      para-substituent Y being selected from the following list: a cyano group;
      a benzene ring substituted in the para-position by a cyano group; and a
      plurality of directly para-linked benzene rings in which the end ring
      remote from the substituent X is substituted in the para-position by a
      cyano group.
NUM  2.
PAR  2. A material as claimed in claim 1 and wherein the para-substituent Y is a
      cyano group.
NUM  3.
PAR  3. A material as claimed in claim 1 and wherein the para-substituent Y is a
      benzene ring substituted in the para-position by a cyano group.
NUM  4.
PAR  4. A material as claimed in claim 1 and wherein the para-substituent Y is a
      plurality of directly para-linked benzene rings, the end ring remote from
      the para-substituent X of which is substituted in the para-position by a
      cyano group.
NUM  5.
PAR  5. A material as claimed in claim 1 and wherein the para-substituent X is
      an alkyl group.
NUM  6.
PAR  6. A material as claimed in claim 1 and wherein the para-substituent X is
      an alkoxy group having more than one carbon atom.
NUM  7.
PAR  7. A material as claimed in claim 1 and wherein the para-substituent X is
      an alkanoyloxy group.
NUM  8.
PAR  8. A material as claimed in claim 1 and wherein the para-substituent X is
      an alkenyl group.
NUM  9.
PAR  9. A material as claimed in claim 1 and wherein the molecular structure of
      the said compound is such that the said compound has at least one of the
      ortho positions of the structure
      ##SPC42##
PAL  substituted with a substituent selected from the group consisting of methyl
      and halogen.
NUM  10.
PAR  10. A material as claimed in claim 9 and wherein at least one of the said
      ortho positions is substituted with is a methyl group.
NUM  11.
PAR  11. A material as claimed in claim 9 and wherein at least one of the said
      ortho positions is substituted with is a halogen atom.
NUM  12.
PAR  12. A material as claimed in claim 1 and wherein the said compound has two
      of the ortho positions of the structure
      ##SPC43##
PAL  substituted by a simple bridging group selected from the group consisting
      of
      ##EQU4##
NUM  13.
PAR  13. A material as claimed in claim 12 and wherein the said compound has the
      molecular structure
      ##SPC44##
NUM  14.
PAR  14. A material as claimed in claim 12 and wherein the said compound has the
      molecular structure
      ##SPC45##
NUM  15.
PAR  15. A material as claimed in claim 12 and wherein the said compound has the
      molecular structure
      ##SPC46##
NUM  16.
PAR  16. A material as claimed in claim 1 and wherein the para-substituent X has
      a chain of carbon atoms which is a normal chain such that the material
      exhibits a nematic or smectic mesophase.
NUM  17.
PAR  17. A material as claimed in claim 1 and wherein the para-substituent X has
      a chain of carbon atoms which is a branched chain.
NUM  18.
PAR  18. A material as claimed in claim 17 and wherein the branched chain of
      carbon atoms is such that the para-substituent X has an asymmetric
      optically active centre, such that the said material exhibits a
      cholesteric mesophase.
NUM  19.
PAR  19. A material as claimed in claim 1 and wherein the para-substituent X
      contains at most 30 carbon atoms.
NUM  20.
PAR  20. A material as claimed in claim 16 and wherein the said compound has the
      formula
      ##SPC47##
PAL  where R.sup.1 is an n-alkyl group having at least 3 and at most 24 carbon
      atoms.
NUM  21.
PAR  21. A material as claimed in claim 20 and wherein R.sup.1 is an n-alkyl
      group having at least 3 and at most 10 carbon atoms.
NUM  22.
PAR  22. A material as claimed in claim 17 and wherein the said compound has the
      formula
      ##SPC48##
PAL  where R.sup.2 is a branched alkyl group having at least 3 and at least 30
      carbon atoms.
NUM  23.
PAR  23. A material as claimed in claim 16 and wherein the said compound has the
      formula
      ##SPC49##
PAL  where R.sup.3 O is an n-alkoxy group having at least 3 and at most 30
      carbon atoms.
NUM  24.
PAR  24. A material as claimed in claim 23 and wherein R.sup.3 O is an n-alkoxy
      group having at least 3 and at most 10 carbon atoms.
NUM  25.
PAR  25. A material as claimed in claim 17 and wherein the said compound has the
      formula
      ##SPC50##
PAL  where R.sup.4 O is a branched alkoxy group having at least 3 and at most 24
      carbon atoms.
NUM  26.
PAR  26. A material as claimed in claim 16 and wherein the said compound has the
      formula
      ##SPC51##
PAL  where R.sup.5 is an n-alkyl group having at least 2 and at most 24 carbon
      atoms.
NUM  27.
PAR  27. A material as claimed in claim 17 and wherein the said compound has the
      formula
      ##SPC52##
PAL  where R.sup.6 is a branched alkyl group having at least 3 and at most 24
      carbon atoms.
NUM  28.
PAR  28. A material as claimed in claim 16 and wherein the said compound has the
      formula
      ##SPC53##
PAL  where R.sup.7 O is an n-alkoxy group having at least 2 and at most 24
      carbon atoms.
NUM  29.
PAR  29. A material as claimed in claim 17 and wherein the said compound has the
      formula
      ##SPC54##
PAL  where R.sup.8 O is a branched alkoxy group having at least 3 and at most 24
      carbon atoms.
NUM  30.
PAR  30. A material as claimed in claim 1 and wherein the molecular structure of
      the said compound is such that the said material exhibits it crystalline
      solid to liquid crystal transition at a temperature which is at most
      30.degree.C.
NUM  31.
PAR  31. The liquid crystal compound of claim 1 which is
      ##SPC55##
NUM  32.
PAR  32. The liquid crystal compound of claim 1 which is
      ##SPC56##
NUM  33.
PAR  33. The liquid crystal compound of claim 1 which is
      ##SPC57##
NUM  34.
PAR  34. The liquid crystal compound of claim 1 which is
      ##SPC58##
NUM  35.
PAR  35. The liquid crystal compound of claim 1 which is
      ##SPC59##
NUM  36.
PAR  36. In a liquid crystal device including means for containing a region of
      liquid crystal material, a region of liquid crystal material contained in
      the containing means, and means for applying an external stimulus to the
      material to alter the molecular arrangement in the material,
PA1  the improvement which comprises using as the liquid crystal material a
      compound set out in claim 1.
NUM  37.
PAR  37. A device as claimed in claim 36 and wherein the external stimulus
      applied by the means for applying is an electric field.
NUM  38.
PAR  38. A device as claimed in claim 36 and wherein the external stimulus
      applied by the means for applying is a temperature change.
NUM  39.
PAR  39. A device as claimed in claim 37 and wherein the containing means
      includes two adjacent plates at least one of which is optically
      transparent, the liquid crystal material being contained in the space
      between the plates and wherein the means for applying an electric field
      includes a film of conducting material forming an electrode deposited on
      the inner facing surfaces of the plates.
NUM  40.
PAR  40. A device as claimed in claim 39 and wherein the plates are made of
      glass and the conducting films are made of tin oxide.
NUM  41.
PAR  41. A device as claimed in claim 39 and wherein the device is an
      electro-optic display.
NUM  42.
PAR  42. A device as claimed in claim 41 and wherein the electrodes have shapes
      therein corresponding to one or more characters or symbols.
NUM  43.
PAR  43. A device as claimed in claim 41 and wherein the display is the
      indicator display of an instrument.
NUM  44.
PAR  44. A device as claimed in claim 43 and wherein the indicator display is
      that of a time watch or clock.
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ABST
PAL  There is disclosed a concentrated stable alkaline silica sol having a pH of
      from 7.0 to 10.0 consisting essentially of from 35% to 70% by weight of
      large, spherical, uniform, non-aggregated silica particles having a
      weight-average particle diameter of about 45 to about 100 millimicrons and
      water as the hydrophilic liquid carrier of said particles, said sol at a
      50% silica concentration having a viscosity of less than 10 cps at
      25.degree.C. and a specific conductance of less than 5000 micromhos/cm.
PARN
PAR  This application is a Continuation-in-Part of my copending application Ser.
      No. 819,861 filed Apr. 28, 1969, now U.S. Pat. No. 3,673,104, which is a
      continuation-in-part of application Ser. No. 719,677 now abandoned filed
      Apr. 8, 1968, which is in turn a continuation-in-part of application Ser.
      No. 453,873 filed Apr. 26, 1965, now U.S. Pat. No. 3,440,174 which is in
      turn a continuation-in-part of application Ser. No. 165,617 filed Jan. 11,
      1962, now abandoned.
BSUM
PAR  Silica in the form of uniform colloidal dispersions in water and other
      hydrophilic liquids, commonly classified as silica sols, is well-known in
      the art. Particularly during the last decade, intensive research has been
      directed toward improvement of these silica sols and extension of the
      scope of uses to which they may be applied. Commercial and industrial
      demands are pressing for a stable siliceous product in the form of a
      uniform sol which has the additional quality of relatively high
      concentration of the active ingredient, silica. The benefits of supplying
      such a product in which the active ingredient, silica, is present in large
      amounts are obvious. For example, shipping and handling costs are reduced
      in direct proportion to the silica concentration of the product. In
      addition, many processes involving the use of such silica sol are effected
      at a considerable savings when such concentrated silica products are
      employed as starting reactants or modifiers.
PAR  While stability and relatively high concentration of silica are prime
      considerations in research directed toward the silica sol art, there is an
      additional growing demand for silica products having the aforementioned
      properties, which additionally contain silica particles of a relatively
      large particle size. In many processes the effectiveness is directly
      related to the particular size of the silica particles which must be
      uniformly and colloidally dispersed in the liquid hydrophilic carrier. For
      example, when silica sols are used to delusterize various objects, the
      "flattening out" effect of the silica sol is a direct proportionate
      function of the average particle diameter of the silica contained therein.
      Many other processes call for the use of such large particle size silica
      in the form of sols, and recently efforts have been redoubled to achieve
      such large particle size silica sols.
PAR  It is evident to one skilled in the art that due to the inherent
      characteristics of silica, it is an extremely difficult task to produce
      silica sols which are stable over long periods of time, are concentrated
      sufficiently to meet practical demands, and yet, additionally, contain
      silica particles of sufficient size to meet the required high performance
      values of many treatment processes such as delusterizing and the like.
PAR  To some extent the problems of stability and concentration of silica sols
      have been overcome, although considerable time and efforts are still being
      directed toward these ends. Efforts, however, to produce relatively large
      silica particles existing in the form of a uniform sol which has the
      concurrent properties of stability and concentration have met with little
      or no success. It is important to many industries employing these sols
      that the silica particles be kept in a discrete state, that is, in the
      form of non-agglomerated, spherical particles. Only when the silica
      particles are in such a form are the free silanol groups on the surface of
      the particles completely free to react or perform some coactive function
      according to the particular use for which they are derived. When the
      properties of concentration, stability and large particle size are all
      desired in one product with the further proviso that the silica particles
      remain in a discrete, spherical, non-aggregated form, the problems
      attendant to the production of such sols are of considerable magnitude.
      Heretofore, no process is known to have been devised whereby stable,
      relatively concentrated silica sols containing large, spherical and
      discrete silica particles have been produced. Efforts toward this end
      usually result in dilute sols or silica sols which are unstable for the
      requisite practical amounts of time. Again, many of the same processes
      involving production of concentrated and/or stable silica products have
      the disadvantage that only a minor percentage of large silica particles
      are produced and results from the desired use are unsatisfactory. On the
      other hand, efforts to increase the silica particle size of known silica
      sols have only resulted in substantial agglomeration of the silica through
      silanol condensation-type reactions. These agglomerates of silica, as
      mentioned before, are often useless in many processes. These non-spherical
      or irregular agglomerates are joined by siloxane bonding and are not only
      undesirable because of size and irregularity, but also have the added
      disadvantage of low required activity in additive treatments. In short,
      while these agglomerated silica particles measure above say, 40 or 50
      milli-microns as determined by supercentrifuging technique or some type of
      light refraction method, the ultimate size of the component silica
      particles is well below this range as determined from measurement in
      electron microscope photographs. These small particles have been merely
      joined into tight network by siloxane bonding to produce the aggregates
      thereof with the aforementioned deficiencies.
PAR  In the current work toward achievement of a concentrated stable silica sol
      containing silica of relatively large weightaverage particle diameter,
      many of the prior art techniques were thoroughly investigated and
      subsequently discarded in view of their inadequacies with regard to all or
      several of the desired properties.
PAR  One of the earlier disclosed methods of building up the size of silica
      particles is discussed in Bechtold and Snyder, U.S. Pat. No. 2,574,902.
      Following the techniques outlined in this prior art disclosure, the
      following run was made: 40.degree. Be commercial sodium silicate with a
      SiO.sub.2 :Na.sub.2 O ratio of 3.25:1, containing 28% SiO.sub.2, was
      diluted to about 4% SiO.sub.2 with deionized water and passed through a
      bed, 1 1/4 inch diameter .times. 15 in. of Nalcite HCR, a sulfonated
      styrene divinylbenzene copolymer cation exchange resin in the hydrogen
      form which had been backwashed and well rinsed. Through this ion exchange
      technique the sodium silicate was converted to silicic acid or what is
      commonly known as active silica. 900 ml. of this acid sol with a pH of 2.9
      measured with a Beckman Model G pH meter, glass electrode vs. calomel,
      calibrated against pH 7 buffer, were adjusted with 14 ml. of 1N NaOH to
      give a sol with a SiO.sub.2 :Na.sub.2 O ratio of 85:1 and a pH of 7.2. 425
      ml. of this sol were charged to a 500 ml., 3-necked, round-bottomed flask
      equipped with stirrer, calibrated addition funnel, and vapor takeoff with
      removable stopper for sample withdrawal from or material addition to the
      flask, and external heater. This reaction flask was heated and refluxed
      under atmospheric pressure for 1 hour to form a heel. The alkalized sol
      was then fed into the reaction flask so as to maintain constant volume
      during removal of water by distillation. 300 ml. of 4 % SiO.sub.2 feed and
      1900 ml. of 3.8% SiO.sub.2 feed, all alkalized to a SiO.sub.2 :Na.sub.2 O
      ratio of 85:1, were introduced over a period of 9 1/2 hours, at which
      point the sol contained 36.5% SiO.sub.2 at a pH of 9.33 with a viscosity
      of 14.3 centipoises as measured on a Brookfield Model LVF Viscometer. The
      sol so produced was turbid and hazy, with a turbidity index of 0.150
      cm.sup..sup.-1 at 10% SiO.sub.2. The SiO.sub.2 concentrations in the acid
      sol as well as in all other sol samples in this run and those runs
      described hereinafter, were determined from specific gravity measurements.
PAR  During the above run, 25 ml. samples for analyses were pipetted from the
      reaction flask after stopping the feed and continuing heat input for about
      5 minutes to effect a complete reaction of the active silica. Portions of
      these samples were titrated to determine specific surface area as
      described in Analytical Chemistry, Vol. 29, p. 1981 ff.
PAR  The number-average particle diameters were obtained from these specific
      surface area determinations by the relationship D=3000/S, where D is the
      average particle diameter in millimicrons and S is the specific surface
      area in M.sup.2 /g SiO.sub.2. Constant volume was maintained in the
      reaction flask, by adjusting the feed rate between sample removals; a new
      volume was established after each sample removal so that particle
      concentration was not changed.
PAR  Table I describes the results of the various titrated samples withdrawn
      during the reaction at the various silica concentration levels in the
      heel. It must be noted that the maximum number-average silica particle
      diameter that was achieved is 12.7 millimicrons. While, of course, some
      silica particles occur as larger size particles throughout the colloidal
      particle range, the proportion of these as compared to the bulk of the
      silica particles is small.
PAR  The final sol product from the Bechtold and Snyder process was also
      measured to determine its maximum weight-average particle diameter by
      means of turbidity studies. The procedure used to measure the
      weight-average particle diameter was that outlined in Kolloid-Zeitschrift,
      Vol. 173, No. 1, pages 38-48 (1960). These measurements were made with a
      Klett-Summerson Photoelectric Colorimeter using a 1.25 cm. cylindrical
      cell and a 400 m. filter. Using this technique the final sol product was
      found to have a maximum weight-average particle diameter of 24.4
      millimicrons. In other words, whether speaking in terms of a
      number-average or a weight-average, the average particle diameter of these
      silica particles are well below 45 millimicrons in size. Further particle
      build-up was impossible due to gellation or precipitation of the solid
      silica particle phase.
TBL                TABLE I                                                     
     ______________________________________                                    
                                    Conc.,                                     
     ml. Feed                                                                  
             Time,                  g SiO.sub.2                                
     Added   Hours   pH      %SiO.sub.2                                        
                                    ml.    D, m.mu.                            
     ______________________________________                                    
     0 (Heel)                                                                  
             0       8.14    4      .041   5.3                                 
     300     11/4    8.50    7.8    .082   7.4                                 
     850     31/2    8.82    13.4   .145   9.1                                 
     1300    51/2    9.01    19.5   .219   10.9                                
     1900    81/2    9.22    29.5   .354   12.0                                
     2200    91/2    9.33    36.5   .463   12.7                                
     ______________________________________                                    
PAR  While the sols produced by the Bechtold and Snyder method are sufficiently
      stable for practical periods of time, their inadequacies with regard to
      relatively low SiO.sub.2 concentration and low average particle diameter
      are apparent.
PAR  Rule in U.S. Pat. 2,577,484, describes an improved method over Bechtold and
      Snyder silica particle build-up by again using a feed-heel technique. The
      following is a typical run made according to the Rule method. An acid sol
      of the type described above, with a pH of 2.8, was passed through Nalcite
      WBR (aminated styrene divinylbenzene copolymer weak base resin) in the
      free base form to give a deionized active silica with a pH of 3.25
      containing 3.7% SiO.sub.2. To 425 ml. of this sol was added 6.65 ml. of 1N
      NaOH to produce an alkalized sol with a pH of 6.33 and a SiO.sub.2
      :Na.sub.2 O ratio of 150:1. This sol was then refluxed for 90 minutes. The
      pH of the resultant heel was 7.84 at 25.degree. C. The heel was heated to
      boiling and the addition of deionized acid sol was started. Sufficient
      base was also added from time to time to maintain the SiO.sub.2 :Na.sub.2
      O ratio of 150:1. For each 200  ml. of feed added there was also added 1.2
      ml. of 1N NaOH. The feed and boiloff were continued for 11 hours, at which
      time the sol contained 31.8% SiO.sub.2 at pH of 8.9 with a viscosity of
      129 cps. After this time a scale-like precipitate had formed in the bottom
      of the flask indicating that further concentration was impossible. A total
      of 2700 ml. of feed and 16 ml. of 1N NaOH were added. At appropriate
      intervals, test samples were withdrawn from the reaction. The finished sol
      was turbid and quite cloudy with a turbidity index of 0.211 cm.sup..sup.-1
      at 10% SiO.sub.2.
PAR  Table II below shows the physical characteristics of the various sol
      samples withdrawn during the specific run.
TBL                TABLE II                                                    
     ______________________________________                                    
                                    Conc.                                      
     ml.     Time                   g SiO.sub.2                                
     Feed In Hours   pH      %SiO.sub.2                                        
                                    ml.    D, m.mu.                            
     ______________________________________                                    
     0 (Heel)                                                                  
             0       7.84    3.6    .037   4.7                                 
     300     1       8.12    7.3    .076   6.6                                 
     400     31/2    8.39    14.6   .159   9.1                                 
     1500    61/4    8.66    21.1   .239   11.6                                
     2100    83/4    8.70    26.9   .318   13.9                                
     2700    11      8.90    31.8   .388   16.0                                
     ______________________________________                                    
PAR  The weight-average particle diameter of the final sample as determined by
      the aforementioned turbidity technique was 31.3 millimicrons. The same
      inadequacies discussed above with regard to the Bechtold and Snyder
      process are also evident here. Again, the maximum average particle
      diameter that may be reached whether speaking in terms of a number or
      weight average is below 45 millimicrons. Even the most concentrated sol
      samples had an average particle diameter under this figure. Moreover, it
      was virtually impossible to concentrate the sol containing the largest
      particles at the end of the run, to a point much above 35% silica
      concentration. Toward the end of the experimental run substantial amounts
      of scale-like precipitate had formed and further concentration only
      resulted in increased silica precipitation out of the continuous liquid
      aqueous phase.
PAR  Another method of effecting silica particle build-up is revealed in Reuter
      el al., U.S. Pat. 2,929,790. The method disclosed therein was followed
      according to the following general procedure: Two liters of acid sol
      produced as described above were adjusted to a pH of 8.60 using the same
      commercial sodium silicate as was used in production of the acid sol.
      1,350 ml. of this alkalized sol with a SiO.sub.2 content of 4.4% were
      charged to a 2 liter flask and evaporated at atmospheric pressure to 475
      ml. This heel contained 12.6% SiO.sub.2 at a pH of 10.3. 425 ml. of this
      heel were then charged to a reaction flask and brought to a boil while
      stirring vigorously. Addition of acid sol, containing 3.9% SiO.sub.2 at a
      pH of 2.85 was started. During the addition of the remainder of the sol
      constant volume was maintained. 2400 ml. of feed were added during 101/4
      hours at which point the sol contained 35.5% SiO.sub.2. The finished sol
      had a pH of 9.02 and had a viscosity of 5.2 cps. The sol was turbid, but
      not cloudy with a turbidity index of 0.058 cm.sup..sup.-1 at 10%
      SiO.sub.2.
PAR  Physical data from the samples collected during this run is presented below
      in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                                     Conc.                                     
     ml.     Time,                   g SiO.sub.2                               
     Feed In Hours   pH       %SiO.sub.2                                       
                                     ml.    D, m.mu.                           
     ______________________________________                                    
     0 (Heel)                                                                  
             0       10.34    12.6   .136   6.2                                
     300     11/4    10.11    15.5   .170   6.6                                
     450     2       10.00    16.4   .181   6.7                                
     1000    41/4    9.68     22.0   .251   7.9                                
     1500    61/4    9.40     27.0   .319   8.9                                
     2000    81/4    9.20     31.8   .384   9.6                                
     2400    101/4   9.02     35.5   .445   10.9                               
     ______________________________________                                    
PAR  The weight-average particle diameter of the final concentrated product was
      also determined and found to be 17.4 m.mu..
PAR  As in the previous two experimental runs, this experiment also demonstrates
      that the achievement of a silica sol containing relatively large average
      diameter particles of silica was not available. As in the above discussed
      prior art disclosures, the products produced by this method may well
      contain silica particles having various diameters over a wide range of
      sizes. Again, however, whether a determination is made on the basis of a
      weight-average silica particle diameter or a numerical average thereof,
      results show that such an average diameter falls below 45 millimicrons in
      size.
PAR  Broge et al., U.S. Pat. No. 2,680,721 also describes a method of increasing
      the size of unaggregated silica particles. In this process the same type
      of acid sol as described above is alkalized, then pumped under high
      pressure through an extremely long stainless steel pipe immersed in a
      molten salt bath or some other type of appropriate container. The pressure
      in this process must be maintained at a relatively high level and the sol
      is heated at temperatures from 160.degree. to 300.degree. C. While large
      particle size colloidal silica is produced, the process has the inherent
      disadvantage that only relatively dilute concentrations of silica may be
      produced, for example, around 3% silica. Concentrated products above 35%
      silica content are unable to be synthesized using the method of this
      reference. Moreover, the expense of the process equipment involving high
      temperature and high pressure requirements, and the various steps involved
      make the process unattractive from this viewpoint. Thus, by following the
      method of Broge et al., the achievement of stable highly concentrated
      silica sol products has been sacrificed to achieve silica particle sizes
      in excess of 45  millimicrons.
PAR  Much work has been done by Alexander and Iler, with regard to determination
      of particle sizes in colloidal silica. In their article from the Journal
      of Physical Chemistry, Volume 57, p. 932, they have slightly modified the
      Bechtold and Snyder method described above for use in their investigation.
      By continuously withdrawing samples, 51 in all, during the run, the
      authors were able to analyze the fractions for particle size distribution
      using electron micrographs. While their work was done primarily to show
      the differences obtained between a determination of weight-average
      particle diameter, the number average diameter and the surface average
      diameter, of silica particles the authors additionally prove that only in
      the final few fractions were relatively large silica particles produced.
      Most of the fractions showed that the vast percentage of particles were
      well below 45 millimicrons in size.
PAR  In the above cited work, Alexander and Iler show the addition of alkalized
      acid sol, containing 2.4% silica, to a commercially available alkaline sol
      containing approximately 30% silica. By a carefully controlled combination
      of continuous product removal and distillation of water, the silica
      content of the sol in their evaporator was maintained at 30%. As evidenced
      by analyses of several sample fractions removed during the experiment, the
      average diameter of the silica particles increased to a final value of
      about 60 millimicrons. During the experiment, no concentration of silica
      in the evaporator was achieved, and, indeed, it is very difficult to
      achieve concentrations much above 30% SiO.sub.2 by the Bechtold and Snyder
      method without causing gelation of the silica or a drastic increase in the
      sol viscosity resulting in unusable products. The removal from the
      evaporator of significant amounts of the product sol, as practiced by
      Alexander and Iler, would, of course, be an unattractive process from an
      industrial viewpoint, as the yield of silica in the final product would be
      a small fraction of the total silica used in the process. Concentrated
      large particle silica sols above about 35% silica concentration could not
      be produced by a practice of this technique.
PAR  In view of the above discussed desiderata, it is evident that the prior art
      techniques all fail with regard to at least one or more of the desired
      properties of silica concentration, stability and/or large average
      particle diameter of colloidal silica. It would be a substantial
      improvement in the art if stable silica sols of at least 35% silica
      content and having average silica particle diameters of above 45
      millimicrons could be produced in a simple, economical, single-step
      process.
PAR  It therefore becomes an object of the invention to produce concentrated
      stable silica sols having average particle diameters in excess of 45
      millimicrons.
PAR  Another object is to produce these same stable concentrated large particle
      size silica sols by a simple single-step process.
PAR  A specific object of the invention is to produce silica sols having water
      as the continuous phase and containing 35-70% by weight of uniform,
      non-aggregated silica particles having a weight-average particle diameter
      from about 45 to about 80 millimicrons.
PAR  A still further object is to produce concentrated stable silica sols
      containing large silica particles by the process of treating a silica sol
      in such a manner that the starting silica particles are uniformly
      increased in diameter to from 2.5 to 4.0 times the original diameter, such
      uniform build-up being effected according to a predetermined silica
      addition rate formula.
PAR  A still further object is to provide stable concentrated silica sols
      containing large, spherical, uniform, non-aggregated discrete silica
      particles with an average diameter of at least 45 millimicrons which have
      particular use in such processes as delusterizing and the like.
PAR  Other objects will appear hereinafter.
PAR  In accordance with the invention it has been found that concentrated stable
      silica sols containing at least 35% by weight of large, spherical,
      uniform, non-aggregated silica particles having a weight-average particle
      diameter of from about 45 to about 100 millimicrons may be prepared by a
      novel process. In broad terms this process comprises the steps of adding
      an acidic silica sol containing silica particles with an average molecular
      weight of less than 90,000 to a dilute aqueous alkaline silica sol
      containing less than 3.5% by weight of solid silica particles having a
      weight-average diameter of from about 10 to about 30 millimicrons. This
      addition of acid sol to alkaline sol is maintained, while continuously
      evaporating the liquid aqueous phase of the alkaline sol at atmospheric
      conditions, according to the following rate formula:
EQU  F = kC.sub.t.sup.2/3 C.sub.o .sup.1/3 S.sub.o
PAL  where F is the maximum feed rate at anytime of the acidic silica sol in
      grams of silica contained therein per milliliter of alkaline sol per hour,
      k is a constant with a value of 5 .times. 10.sup..sup.-3 when the
      temperature of the reaction is about 100.degree. C, C.sub.t is the silica
      concentration of the alkaline silica sol in grams per ml. at any time,
      C.sub.o is the initial silica concentration of the alkaline silica sol,
      and S.sub.o is the initial specific surface area of the silica of the
      alkaline sol in square meters per gram of silica, all silica contents
      being expressed as SiO.sub.2. If the addition is maintained according to
      the above rate formula and the pH of the alkaline sol is maintained over
      7.0 units, the weight-average silica particle diameter of the starting
      silica sol may be uniformly increased until sol products having a silica
      particle diameter of 45-100 millimicrons are achieved. Preferably the
      starting silica particle diameter is typically increased from 2.5 to 4.0
      times according to the invention. The final products exhibit this uniform
      increase of particle diameter since they themselves, are spherical and
      uniform in appearance with substantially no agglomeration having taken
      place during the process.
PAR  The term "weight-average particle diameter" is defined as the diameter of a
      single silica particle which has an average molecular weight
      representative of the total mass of silica in the sol.
PAC  PROCESS OF THE INVENTION
PAC  Starting Alkaline Sol
PAR  As generally discussed above, any alkaline silica sol containing silica
      particles having a weight-average diameter of from about 10 to about 30
      millimicrons may be suitable for use as a starting sol in the process of
      the instant invention. The silica particles must be discrete entities and
      spherical in form having at least the weight-average diameter above. In
      other words, agglomerated or reticulated silica particles in the form of
      sols thereof are not contemplated for use in the invention. The silica
      particles of these alkaline sols have specific surface areas which may
      vary from 45 to 300 M.sup.2 /g SiO.sub.2.
PAR  As has been described above, much of the prior art has been concerned with
      production of silica sols containing silica particles of less than about
      45 millimicrons in average diameter. These prior art finished sols are
      admirably suited as reactants in the instant invention. It is essential,
      however, that the weight-average silica particle diameter be at least 10
      millimicrons. More preferably the weight-average particle diameter of the
      starting sol may range from 15 to 25 millimicrons. Sols, as produced by
      the methods: Bechtold et al., U.S. Pat. No. 2,574,902; Rule U.S. Pat. No.
      2,577,484; Reuter et al., U.S. Pat. No. 2,929,790, may be used as my
      starting alkaline sols. Other typical starting silica sols may be made by
      resort to U.S. Pat. Nos. 2,601,235, 2,680,721 and 2,929,790.
PAR  In addition to the alkaline silica sols described in the above references,
      resort may be had to those sols generally characterized as "deionized".
      These sols may be either completely deionized by a mixed resin bed
      treatment or may be merely decationized by the appropriate resin. However,
      when using these type sols it is necessary to add thereto sufficient
      alkalinity by use of alkali metal hydroxides or alkali silicates so that
      the pH is adjusted to at least 7.0 units.
PAR  Again, the starting silica sols employed in the invention may contain any
      type of hydrophilic liquid carrier without departing from the spirit of
      the invention. However, for practical considerations, it is preferred that
      the liquid phase of the starting alkaline sol materials are those silica
      sols which are sold by the Nalco Chemical Company under the trademark
      "Nalcoag". The physical and chemical properties of these types of silica
      sols are set forth in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                   Sol I  Sol II  Sol III                                      
     __________________________________________________________________________
     % Colloidal                                                               
     Silica as SiO.sub.2                                                       
                    30-31                                                      
                           35-36   49-50                                       
     pH           10.2 .+-. 0.2                                                
                          8.6 .+-. 0.1                                         
                                  9.0 .+-. 0.1                                 
     Viscosity at Less than                                                    
                         Less than                                             
     77.degree. F. cps                                                         
                  5      5         20-30                                       
     Specific Gravity                                                          
     at 68.degree. F.                                                          
                  1.205-1.21                                                   
                         1.248-1.255                                           
                                 1.385-1.394                                   
     Surface area                                                              
     M.sup.2 per gram SiO.sub.2                                                
                   190-270                                                     
                          135-190                                              
                                  120-150                                      
     Average Particle                                                          
     Size, millimicrons                                                        
                    11-16                                                      
                           16-22   20-25                                       
     Density, Lbs. per gal.                                                    
                    10.0   10.5    11.6                                        
     at 68.degree. F.                                                          
     Freezing Point                                                            
                    32.degree. F.                                              
                           32.degree. F.                                       
                                   32.degree. F.                               
     Na.sub.2 0%    0.40   0.10    0.30                                        
     __________________________________________________________________________
PAR  As before mentioned, almost any type of alkaline silica sol may be used for
      the invention as starting material, which has a weight-average particle
      diameter of from 10 to 30 millimicrons in size. However, more preferable
      starting alkaline silica sols are those which contain silica particles
      having a weight-average particle diameter of from 15 to 25 millimicrons.
PAR  The pH of the starting alkaline silica sol must be maintained above 7.0
      during the whole of reaction. If the alkaline sol during the process is
      allowed to become more acid or the pH is allowed to fall below 7.0 units
      the danger of gelation is greatly increased. In view of this, it is
      preferred that the pH of the starting alkaline sol range between 7.5 and
      11.0 and more preferably between 8.5 and 10.0.
PAR  The problem of maintaining the proper alkalinity can be overcome by two
      approaches. In one embodiment, the pH can be periodically adjusted by
      addition of the appropriate basic substance at various intervals during
      the reaction. If the alkalinity is periodically adjusted, it is preferred
      that the pH of the alkaline silica sol be maintained within the range of
      7.0 to 10.0. Any appropriate substance may be used which is a sufficiently
      strong base so that relatively small amounts are necessary to maintain the
      proper pH and which does not form an insoluble silicate. However, such
      substances as alkali metal hydroxides and alkali metal silicates as sodium
      hydroxide and sodium silicate may be used to best advantage.
PAR  In another more preferred embodiment, sufficient alkalinity is introduced
      into the starting alkaline silica sol, before any acid sol is added
      thereto, so that during the course of the reaction no further addition of
      alkaline substance is necessary. If such is desired, the pH is properly
      adjusted by putting in basic materials such as alkali metal hydroxides and
      alkali silicates, so that it ranges between 9.5 and 11.5 units. More
      preferably the pH is adjusted before any acid sol is added so that the
      initial pH is 10.0 - 11.0.
PAR  Another very important consideration is the concentration of the alkaline
      silica sol. It has been affirmatively determined that regardless of the
      particular source of alkaline sol used, it must be rendered dilute either
      by addition of water or some hydrophilic organic substance, in order to
      achieve the desired uniform coating reaction. Preferably the starting
      alkaline silica sol is aqueous and has been diluted with water below about
      3.5% concentration of solids by weight. More preferably, however, the
      silica solid content of the starting silica sol is adjusted between about
      0.5 and 2.5%.
PAC  ACID SOL
PAR  The particular acid sols used as the active coating reagents may be
      produced by a wide variety of methods. All of these particular sols have
      average molecular weights below about 90,000. More preferably these acid
      sols contain silica particles having an average molecular weight of from
      about 1000 to 46,000. The pH of these acid sols is below 5.5 and more
      preferably they lie within the range of 2.5 and 3.5.
PAR  One method of preparing such acid sols is to neutralize water glass with a
      mineral acid. In using this method to form the acid silica sols it is
      necessary, however, to remove the major portion of the salts formed by
      neutralization reaction. This may be accomplished by dialysis or
      electrodialysis, but these procedures are not adaptable to large scale
      economic production. An improved method for preparing acid sols has been
      described in Bird U.S. Pat. No. 2,244,325. By utilizing the teachings of
      this patent the preferred starting acid sols are produced. According to
      the Bird method a water glass (alkaline silicate) solution is passed
      through a column of cation exchange material in the hydrogen form whereby
      the alkali metal in the water glass is exchanged for hydrogen and the
      resultant product is an acid silica sol of unusual purity. Generally, the
      pH of the sols so produced lie within the range of 2.0-4.0. In addition,
      the average molecular weight of the silica particles is well below 90,000.
PAR  Other acid sols suitable for use in the invention may be prepared by a
      variation of the Bird method described above. In this embodiment the
      effluent from the Bird process may then be further treated by passing it
      through a weak base resin in the free base form. The resultant product is
      then substantially stripped of any ions and is generally known as
      "deionized". Still another variation of the technique is to employ a mixed
      resin bed, that is, a bed containing a weak base resin in the free base
      form and a strong acid resin in the hydrogen form whereby the silicic acid
      sol is formed simultaneously with exchange of its companion ions to
      produce a substantially deionized polysilicic acid sol.
PAR  While the above described methods are preferable to produce the starting
      acid sol, it must be understood that any appropriate method for producing
      an acid sol of a requisite molecular weight and pH may also be used. For
      example, minute amounts of the stabilizer such as alkali metal hydroxide
      may be used without departing from the scope of the invention as long as
      the pH is not raised above the operative limits described above.
PAC  RATE OF ADDITION
PAR  A critical aspect of the invention is the proper adjustment of addition of
      acid sol with the above described characteristics, to the aforementioned
      particular alkaline silica sol. It has been determined that this rate of
      addition may be appropriately fixed according to the following rate
      formula, when the reaction is carried out at the boiling point of the
      aqueous sol under ambient conditiona:
EQU  F = kC.sub.t.sup.2/3 C.sub.o.sup.1/3 S.sub.o
PAL  where F is the maximum feed rate at any time of the acid silica sol in
      grams of silica per milliliter of alkaline sol hours, k is a constant with
      a value of 5 .times. 10.sup.-.sup.3 under the reaction conditions just
      stated, C.sub.t is the silica concentration in grams of silica per ml. of
      the alkaline silica sol at any time, C.sub.o is the initial silica
      concentration of the alkaline silica sol, S.sub.o is the initial specific
      surface area of the silica of the alkaline sol in square meters per gram
      of SiO.sub.2, all silica contents being expressed as SiO.sub.2 by weight.
PAR  The above feed rate equation was derived as follows:
PAR  It has been found that the active silica concentration from the acid sol
      when added to the alkaline sol is constant in the reaction mixture.
      Therefore, the feed rate is directly proportional to the rate of
      disappearance of active silica in the acid sol. It has also been found
      that all the active silica of the acid sol combines with the "seed" silica
      particles of the alkaline sol below a certain active silica concentration
      in the reaction system. Therefore, the maximum feed rate for the desired
      particle growth which will define the active silica concentration of the
      acid sol may be obtained as follows:
EQU  F = kS'                                                    Equation (I)
PAL  where F is the maximum feed rate of the acid sol in grams of SiO.sub.2 per
      ml. of alkaline sol per hour, S' is the silica surface area of the
      alkaline sol silica particles in square meters per ml. of alkaline sol,
      and k is a constant.
PAR  Equation I restricts reaction to the surface silica particles since only
      such reaction would be possible with the dense, nonporous silica particles
      of the alkaline sol which are employed. Therefore,
EQU  S' = SC                                                    Equation II
PAL  where S is the specific surface area in M.sup.2 /grams SiO.sub.2 of the
      alkaline sol and C is the silica concentration in grams SiO.sub.2 /ml. of
      the alkaline sol.
EQU  (C = % (SiO.sub.2 /100 .times. density of sol)
PAR  Combining Equations I and II, F = kSC. The initial feed rate then is given
      by:
EQU  F.sub.o = kS.sub.o C.sub.o                                 Equation III
PAL  where S.sub.0 and C.sub.0 describe the initial specific surface area and
      concentration of the alkaline sol and F.sub.0 is the initial feed rate.
PAR  The feed rate at any time, t, is therefore given by the following equation:
EQU  F.sub.t = kS.sub.t C.sub.t                                 Equation IV
PAR  in order to determine S, the surface area per gram of SiO.sub.2, the
      following derivation is made:
PAR  The volume of an average particle is given, by the volume of a sphere, that
      is,
      ##EQU1##
      where d is diameter of an average particle. The weight of this particle is
      given by W = V.sub.92 =.pi.d.sup.3.rho., where .rho. is the density in
      grams/ml. The number of particles, n, in one gram is then
      ##EQU2##
      The surface area of an average particle is given by s = .pi.d.sup.2. Also,
      ##EQU3##
      therefore, S = ns. Concluding
      ##EQU4##
PAR  In ideal particle growth, all acid silica feed will accrete on particles
      already present, with no new particles formed. In addition, it is assumed
      there is no agglomeration of particles.
PAR  The number of particles in one ml. of sol containing C grams/ml. of silica
      is given by
      ##EQU5##
      where d is the average particle diameter and .rho. is the density.
PAR  Initially,
      ##EQU6##
PAR  Since the concentration of particles remains constant during the growth
      process, at any time, t,
      ##EQU7##
      combining Eqns. 2 and 3 4. d.sub.t /d.sub.o = (C.sub.t /C.sub.o).sup.1/3,
      the relation between initial and final particle diameters and silica
      concentrations in an ideally grown sol.
PAR  Therefore, the specific surface area per gram of silica particle at any
      time is:
      ##EQU8##
PAR  By inserting Equation V in Equation IV the following equation is derived:
      ##EQU9##
PAR  Finally, by substituting for A/d.sub.o the final rate formula is determined
      as follows:
EQU  F.sub.t = kS.sub.o C.sub.o.sup.1/3 C.sub.t.sup.2/3         Equation VII
PAR  the value of k is then determined experimentally from the maximum feed rate
      which gives the desired growth and from the known properties of the
      alkaline sol. These experimental values are then substituted in Equation
      III to yield the value for k. For aqueous alkaline sols wherein the
      boil-off is affected at the boiling point of water under atmospheric
      conditions, k has been determined as 5 .times. 10 .sup..sup.-3.
PAR  It is important to follow a rate of addition of acid sol according to the
      above formula for two reasons. First, only by following such a defined
      rate is one able to inhibit the formation of new silica sites in the
      alkaline silica sol which may occur by polymerization of the acid sol with
      itself upon addition. In other words, it is necessary to keep the addition
      rate of the acid sol sufficiently low so that it, in reality, polymerizes
      upon the surface of the silica particles of the alkaline silica sol rather
      than condenses with itself in the reaction mixture to form undesirable
      particles of relatively low weight-average particle diameter. In effect,
      if the acid sol is allowed to polymerize itself, small polymeric seeds are
      formed which act as acceptors of further amounts of the polymerizable acid
      sol added thereto. This is to be specifically avoided.
PAR  Another very important reason for adhering closely to the terms of the rate
      formula is to promote uniformity of coating upon the silica particles of
      the alkaline sol existing in the reaction mixture. If the terms of the
      rate formula are followed as described, the silica of the acid sol is
      polymerized and coated upon the silica particles of the alkaline sol in a
      uniform manner so as to have the requisite spherical character in addition
      to the increased weight-average particle diameter of the ranges described
      above. An uncontrolled or random rate of addition results not only in new
      polymeric sites which promote low weight-average diameters but also would
      result in non-spherical shaped particles. To achieve particle uniformity
      and spherical shape it is essential that the silica particles of the
      alkaline sol be built up or increased in diameter continuously. This is
      only effectual by following a rate of addition of acid sol defined by the
      above formula.
PAR  By following the defined rate of addition according to the above-described
      formula it has been determined that the weight-average particle diameter
      of the silica particle contained in the alkaline silica sol have been
      increased from 2.5 to 4.0 times in size. More preferably the particle
      sizes are increased 2.5 to 3.5 times the original starting diameter.
PAR  The total time addition of acid sol may range from 8 to 48 hours in length.
      It has been determined that under the most favorable process conditions
      the time of addition may vary from 12 to 30 hours and most preferably from
      18 to 28 hours. During this time, the amount of silica generally added
      from the acid sol is 10-30 parts per 1 part of silica contained in the
      starting alkaline silica sol. However, this figure may vary according to
      all the variables defined in the rate formula and the particular process
      equipment employed.
PAR  If an acid sol is added to the alkaline silica sol at the appropriate
      defined rate, the silica particles contained in the reaction mass, that
      is, the silica particles of the alkaline silica sol, are increased in size
      from 1-5 millimicrons per hour of reaction time. More preferably the
      weight-average particle diameter of the silica particles of the alkaline
      silica sol are uniformly increased 1 to 3 millimicrons per hour.
PAR  As mentioned above, it is essential that the alkaline silica sol whose
      particles are to be built up in magnitude must be maintained at a pH of at
      least 7.0 and more preferably above 7.2. Whether or not sufficient
      alkalinity is added in the beginning as a one-step addition or added in
      appropriate increments during the whole of reaction, it is necessary that
      the pH be kept on the alkaline side. If such is not done, gelation and/or
      uneconomical precipitation will occur, and products with the requisite
      uniformity of size and magnitude of weight-average particle diameter
      cannot be produced.
PAR  During the course of the reaction the temperature of the reaction mixture
      is kept at about the normal boiling point of the aqueous liquid carrier of
      the alkaline silica sol or slightly above which, of course, for water is
      about 100.degree.C. Thus, in effect, while all the particle diameters are
      being continuously built up, the additional effect of concentration is
      also taking place so that the final large particle size silica sol is
      concentrated to a point above 35% solids by weight of SiO.sub.2. This
      evaporation of the liquid phase of the alkaline silica sol, whether it be
      of water or some appropriate hydrophilic organic reagent, may be
      accomplished at atmospheric pressure, a pressure somewhat above
      atmospheric, or under an appropriate vacuum. If a vacuum technique is
      employed, of course, the boiling temperature of the continuous aqueous
      liquid phase is lower than at atmospheric conditions and conversely higher
      if pressure is employed. However, it is preferred because of practical
      considerations with regard to the process equipment involved, that the
      evaporation be effected at ambient pressures.
PAR  The constant, k, in the above rate formula will assume different values if
      the reaction is run under pressure or vacuum, or if the continuous phase
      of the sol has a normal boiling point substantially different from that of
      water. The proper k constant applicable to the particular hydrophilic
      liquid employed and conditions of evaporation may be determined by proper
      experimentation by one skilled in the art.
PAR  Highly concentrated solutions of silica sols may also be prepared by
      continuing the acid sol addition until a sol containing up to about at
      least 40% by weight silica particles is produced and preferably 50% by
      weight silica particles. After such a concentration level has been
      produced, acid silica sol addition is terminated. The sol is then further
      concentrated up to about 70% through subsequent continued evaporation.
PAR  The evaporation technique is preferably a constant volume evaporation. Such
      involves dividing the sol into two equal aliquots and adding one aliquot
      to the other during evaporation at such a rate that a constant volume is
      maintained.
PAC  COMPOSITIONS OF THE INVENTION
PAR  By following the process techniques outlined above in any of their
      embodiments, concentrated stable alkaline silica sols containing at least
      35% by weight, expressed as SiO.sub.2, of large, spherical, uniform,
      non-aggregated silica may be made. These sols contain particles having a
      weight-average particle diameter of from about 45 to about 100
      millimicrons in size. The more preferred products are those with silica
      particle diameters falling within the range of 45-80 millimicrons and most
      preferably between 45 and 75 millimicrons. The specific surface area of
      these products ranges from 35 to 150 M.sup.2 /g of SiO.sub.2 and
      preferably from 40 to 100 M.sup.2 /g SiO.sub.2. A hydrophilic liquid
      carrier of these sol products may be any hydrophilic organic substance
      such as lower alkyl alcohols or water, with the most preferable continuous
      liquid phase being an aqueous phase.
PAR  Further investigation of the sol products of the invention show that they
      all have viscosities of less than 10 cps at 25.degree.C. measured at 50%
      SiO.sub.2 with the majority of the products having a viscosity within the
      range of 5 to 10. Also, the sol products have conductivities less than
      5,000 micromhos with the bulk of the compositions having conductivities
      within the range of 3,000-5,000 micromhos measured at 50% SiO.sub.2.
PAR  If the aforementioned process is run under the most preferred conditions,
      that is, the liquid carriers of both the alkaline and acid silica sols are
      water, then the final product will contain water as a continuous phase.
      This aqueous phase may be exchanged with a hydrophilic liquid by a wide
      variety of published techniques to yield a concentrated final product
      having a hydrophilic organic liquid phase and large silica particles of
      already defined size existing as the solid dispersed phase of the sol
      product.
PAR  The large-particle silica sols so produced are all alkaline in nature with
      the pH ranging between 7.0 and 10.0 units. However, when the sols are
      produced by the most preferred process embodiments, their pH falls between
      7.5 and 10.0 units.
PAR  As mentioned before, the large silica particles so produced are
      substantially uniform and spherical in shape. Moreover, these particles
      exist as discrete entities, that is to say, they exist as non-aggregated
      particles having a plurality of SiOH groups on their surfaces. The most
      preferred products contain 35-70% by weight of these uniform, large,
      discrete silica particles. Even more concentrated products are possible by
      following the practice of the invention. Heretofore, silica particles of
      such definition and in such concentrations have been unavailable from
      prior art techniques.
PAR  In order to further prove impossibility of forming large, discrete,
      spherical silica particles having a weight-average particle diameter of
      from 45 to 100 millimicrons via prior art conventional one-step heal-feed
      processes as set out in previously discussed patents and others, the
      following experiments were carried out.
PAR  From the above theory it was developed that d.sub.t /d.sub.o =(C.sub.t
      /C.sub.o).sup.1/3. where d.sub.t = particle diameter at time t, C.sub.t =
      concentration (g/cc) of sol at time t, and d.sub.o and C.sub.o are the
      initial conditions. It appears then that at least theoretically large
      particle size silica sols can be made by simply controlling initial heel
      particle size and concentration. From the equation, it is obvious that the
      more dilute the heel or the larger the heel particle size, the larger the
      particle size that can be achieved in the final sol in any desired
      concentration.
PAR  However, certain limiting considerations come into play. First of all,
      conventional heels are generally prepared by alkalizing acid sols from the
      method described in Bird U.S. Pat No. 2,244,325. The maximum silica
      particle size in these heels is about 5 millimicrons and generally ranges
      from about 3 to about 5 millimicrons and generally ranges from about 3 to
      about 5 millimicrons in particle size. From the above equation and
      employing initial heel sols of this particle size, it would require
      initial heel concentrations of less than 0.1% silica solids to
      theoretically achieve via a one-step process a sol having a final particle
      size greater than 45 millimicrons. yet, at such dilute silica
      concentrations the solubility of amorphous silica, which ranges from
      0.015% at room temperature to 0.04% at 100.degree. C. becomes relatively
      great compared to total amount of silica present. This solubility then
      becomes a limiting factor in heel development. As an average, then, the
      lowest silica concentration in a heel sol which can be reached without
      merely solubilizing the silica, and thereby completely preventing particle
      growth is approximately 0.02%.
PAR  In order to verify the above, a heel was prepared by alkalizing an acid sol
      obtained from the Bird process, U.S. Pat. No. 2,244,325, to a pH of 7.0.
      Specifically, 200 ml. of this sol was placed in a 500 ml., 3-neck flask.
      Acid silica sol was fed into the alkaline heel at a constant pot volume
      and within the rate discovered here to be critical. After 23 hours total
      time, a 50% sol was reached. The product had a particle diameter of 44.2
      millimicrons. However, these particles were not uniform in size despite
      maintaining the feed rate at such a level which was slow enough to prevent
      nucleation of new particles. In a number of other experiments, the silica
      concentration was increased. In no instance did any sol even reach the
      above figure much less a maximum particle diameter of 45 millimicrons.
      This is true even though the acid sol feed rate described herein was
      closely followed. In yet other experiments, the pH of the alkaline heel
      sol was increased. This resulted in silica particle size diameters even
      lower than those achieved in the above experiments.
PAR  Thus, it appears that regardless how one varies all possible process
      variables in the one-step, heel-feed prior art process, it is impossible
      to achieve growth of silica particles greater than about 45 millimicrons,
      and specifically within the range of 45-100 millimicrons. This is ture
      even when one works within the feed rates described herein and found also
      to be critical. Thus, it is apparent that as an essential necessity, in
      addition to closely following acid feed rates set out herein, the starting
      alkaline heel silica sol must have a weight-average diameter of at least
      10 millimirons to achieve the desired large particle silica sols. Such
      concept was heretofore undiscovered in the art.
DETD
PAC  EXAMPLES
PAR  The invention will be better understood by reference to the following
      illustrative examples:
PAC  EXAMPLE I
PAR  33.5 grams of an aqueous alkaline silica sol containing 50% SiO.sub.2 by
      weight with a pH of 9.0 and a weight-average particle diameter of 21.3
      millimicrons were diluted to 800 ml. with deionized water. This alkaline
      silica sol containing 2.3% SiO.sub.2 at a pH of 9.4 was charged to a 1
      liter 3-necked flask equipped with a stirrer, calibrated dropping funnel
      and condenser with an adapted distillate take-off. The contents of the
      flask were heated to boiling and dilute acid sol (polysilicic acid)
      containing 4% SiO.sub.2 was added. This acid sol had been previously
      prepared by passing diluted sodium silicate to a strong acid ion exchange
      resin in the hydrogen form according to the general method outlined by
      Bird, U.S. Pat. No. 2,244,325. The acid sol was added through the dropping
      funnel to maintain constant volume in the flask and replace the constantly
      distilling water which was continuously removed. The heating rate was
      controlled so as to maintain the boil-off rate at about 350 ml/hr. The pH
      in the flask was maintained above 8.0 by requisite additions 1 ml.
      portions of 40.degree. Be sodium silicate (SiO.sub.2 :Na.sub.2 O = 3.25:1)
      until the SiO.sub.2 content in the flask reaches 15%. After the
      concentration had reached this point, the pH was maintained between 7.5
      and 8.0 by addition of 0.5 ml. portions of sodium silicate of the type
      described above. The addition of acid sol and boil-off continued at the
      aforementioned rate until 9.1 liters of active silica solution had been
      added to the flask, at which point the reaction was stopped. The finished
      sol product contained 37.4% SiO.sub.2 at a pH of 8.05 at 25.degree. C. and
      a SiO.sub.2 :Na.sub.2 O ratio of 650:1.
PAR  The aforementioned addition of acid sol was performed in accordance with
      the required rate as previously defined by the rate of addition formula
      above. The average particle diameter of the sol as determined by titration
      for specific surface area was 48 millimicrons based on a specific surface
      area of 63 M.sup.2 /g. This determination was made according to the
      technique outlined in Anal. Chem. 28, 1981 (1956). When diluted to a
      solids concentration of 1.25% SiO.sub.2 by weight, the sol had an optical
      density of 0.66 as measured in a 1/2 inch test tube against a deionized
      water sample using a Klett-summerson Photoelectric Colorimeter Model 900-3
      with a No. 44 filter.
PAR  The SiO.sub.2 concentrations were determined from specific gravity
      measurements. The pH was measured with a Beckman Model G pH meter, glass
      vs. calomel electrodes, which had been calibrated against pH 7 buffer.
PAC  EXAMPLE II
PAR  In this Example an alkaline silica sol similar to the one used in Example I
      was used with the exception that 16 ml. of 40.degree. Be sodium silicate
      (SiO.sub.2 :Na.sub.2 O = 3.25:1) were added to the alkaline sol before
      heating. The rate of addition of acid sol again conformed to that required
      and defined by the rate formula of the invention. This gave a total silica
      concentration of 3.2% SiO.sub.2 by weight, and a pH of 10.8 and an optical
      density of 0.094 at 1.25%.
PAR  A total of 7.1 liters of acid sol produced as described in Example I above
      were added to the flask while maintaining a constant volume by
      distillation of the water phase at a ratio of about 400 ml/hr. The final
      SiO.sub.2 :Na.sub.2 O ratio was 185:1 and the specific surface area was 68
      M.sup.2 /g, corresponding to an average particle diameter of 45
      millimicrons.
PAC  EXAMPLE III
PAR  30.5 grams of an aqueous 50% SiO.sub.2 sol with a pH of 9.0 and an average
      particle diameter of 21.3 millimicrons were diluted to 425 ml. with water,
      giving an alkaline sol containing 3.5% SiO.sub.2. A 6% solution of the
      acid sol produced as described in Example I was fed into the alkaline sol
      which had been added to a 500 ml. flask. The flask was agitated rapidly
      and water distilled therefrom to maintain constant volume. The pH of the
      reaction moisture in the flask was controlled by addition of 1N NaOH in 1
      ml. increments. After the silica concentration reached 20% the pH was
      maintained between 7.0 and 7.5. After 2.95 liters of acid sol had been
      added at a rate satisfying the requirements of the rate of addition
      formula, the alkaline sol in the reaction flask contained 44% SiO.sub.2 at
      a pH of 7.02. The sol in the reaction flask at this time had a viscosity
      of less than 10 cps. After adjusting the sol to pH of 7.6, it was
      concentrated by evaporation to 54% SiO.sub.2. The final product having
      this concentration had a pH of 7.47, an average particle diameter of 48
      millimicrons, and a SiO.sub.2 :Na.sub.2 O ratio of 570:1. Storage for 2
      months at room temperature showed that the sol product was stable against
      any type of gelation for at least this period of time.
PAC  EXAMPLE IV
PAR  An alkaline silica sol was prepared which contained 50% SiO.sub.2 by weight
      and had an average particle diameter of 22.4 millimicrons. 690 ml. of this
      50% sol were added to 6 gallons of soft water and 450 ml. of 40.degree. Be
      sodium silicate were then added to the mixture. This dilute alkaline sol
      was then charged to a submerged steel tube evaporator. The violent, almost
      explosive, boiling within the submerged tubes serves to vigorously agitate
      the entire contents of the evaporator, which is a useful device for
      obtaining a large heat transfer surface. A centrifugal pump recirculating
      the evaporator contents to an external line was used in conjunction with
      the evaporator. Steam pressure was adjusted to give a boiloff rate of
      about 18 pounds of water per hour. Constant volume was maintained by
      adding to the alkaline sol a 4.5% acid sol made as outlined in Example I.
      This acid sol was fed into the recycle line immediately before the pump to
      insure adequate mixing. During the evaporation the recycle rate was about
      0.7 gallons/min. The addition of polysilicic acid sol was continued for 26
      hours at a rate of about 2.1 gal/hr., which addition rate conformed to
      that defined by the above rate formula. After this addition time, the sol
      in the evaporator had an SiO.sub.2 content of 35% with a pH of 8.8 and
      average particle diameter of 61 millimicrons. At 1.25% SiO.sub.2, the sol
      had an optical density of 0.87.
PAC  EXAMPLE V
PAR  This sol product was prepared as generally outlined in Example IV with the
      exception that the boil-off rate was maintained at about 24 pounds/hr. for
      the first 5 hours and 32 pounds/hr until the run was completed. The total
      time of addition was 143/4 hours. The finished sol product contained 35.5%
      SiO.sub.2 and had a pH of 8.7. The average particle diameter of the
      finished sol was 63 millimicrons. When diluted to 1.25% SiO.sub.2, the sol
      had an optical density of 0.84 when measured as generally outlined in
      Example I. 29.7 pounds of the sol as produced in Example IV were then
      added to 50 pounds of the sol of this Example contained in the evaporator,
      while water was distilled off to maintain a constant volume. The resultant
      sol contained 50% SiO.sub.2. This product exhibited excellent stability
      against gelation.
PAC  EXAMPLE VI
PAR  A sol product was prepared as described in Example IV with the exception
      that the boil-off rate was maintained at about 28 lbs. of water per hour
      throughout the course of the run and acid sol was fed to the evaporator at
      a rate of approximately 3.3 gal/hr. The total time of addition was 18
      hours. The finished sol product contained 35.0% SiO.sub.2 and had a pH of
      8.6. The average diameter of the silica particles in the finished sol was
      29 millimicrons. When diluted to 1.25% SiO.sub.2 the sol had an optical
      density of 0.43. An electron micrograph of a diluted portion of the
      finished sol showed that, although there were some large particles, there
      was a great preponderance of smaller particles. The formation of these
      smaller particles was the result of the higher initial feed rate of the
      acid sol, and therefore higher active silica concentration in the
      evaporator, which permitted condensation of the acid sol particles with
      each other rather than reaction of the acid sol with the silica particles
      of the alkaline sol. This example demonstrates the necessity of carrying
      out the silica particle build-up according to a rate defined by the
      formula above. If one exceeds, as in this example, the maximum limits of
      rate of addition of acid sol, the resultant products contain silica
      particles of relatively low particle diameter. This is due to formation of
      new "seeds" of silica in the alkaline silica sol which act as acceptors
      for the subsequently added acid silica sol, thus precluding the relatively
      larger, partially built-up silica particles from finally attaining their
      preferred large particle size diameters.
PAC  EXAMPLE VII
PAR  A sol was made according to the process described in Example III with the
      exception that the acid sol addition was continued at a rate satisfying
      the rate of addition formula until the SiO.sub.2 content of the sol in the
      reaction flask reached 50% by weight. The ph which had been maintained
      between 7.0 and 7.5 was adjusted to 8.4 by adding NaOH. At this point the
      sol was subjected to further evaporation. The final product sol had a pH
      of 8.4, a particle diameter of 59.5 millimicrons, a conductance of 3700
      micromhos and a specific gravity of 1.510. The SiO.sub.2 content was found
      to be 62.0% by weight.
PAC  EXAMPLE VIII
PAR  754 pounds of an alkaline sol containing 35% silica were added to a
      submerged tube, steel evaporator containing soft water to give a volume of
      about 1,400 gallons. 25 gallons of 40.degree. Be sodium silicate were then
      added to the dilute sol. The diluted alkaline sol contained 2.3% SiO.sub.2
      before addition of the sodium silicate and the equivalent of 3.2%
      SiO.sub.2 after the silicate addition and had an optical density of 0.126
      when measured according to the procedure of Example I. The alkaline sol
      was brought to a boil and an acid sol (4.3% SiO.sub.2), as produced
      according to the procedure outlined in Example I, was added at a rate of
      approximately 400 gallons per hour for 12 hours. During this time water
      was continually distilled to maintain constant volume. After 12 hours the
      addition and boil-off ratios were then increased so that 750 gallons per
      hour of water was removed. After a total of 24 hours addition of acid sol,
      the boil-off and acid sol addition were stopped. The resultant sol had an
      average particle diameter of 73 millimicrons as determined by the
      aforementioned titration technique and an optical density of 0.920 as
      measured in Example I. The final solids content was 35.8%.
PAR  As readily seen by the foregoing Examples, the products of the invention as
      produced by the novel disclosed process all contain silica particles
      within the defined limits. These product sols are all relatively
      concentrated, that is, 35% by weight or above. Moreover the large
      particles of silica contained therein are spherical, substantially
      uniform, and separate entities of 45 millimicrons or greater in particle
      diameter. Substantially no aggregation takes place during the process,
      thereby leaving the surface silanol groups free for subsequent
      modification or reaction. The products when compared to those produced by
      prior art methods are substantially different with regard to their
      weight-average particle diameter in particular and also materially vary in
      their properties of uniformity, non-aggregation, solids concentration,
      etc.
PAR  FIG. 1 is a graph of a typical large particle sol of the invention showing
      its gradual increase in weight-average particle diameter with increase in
      concentration. The final sol product had a weight-average particle
      diameter of close to 80 millimicrons. It is readily seen in the graph that
      the particle growth is uniform and a straight line function of the
      concentration of the alkaline sol, when acid sol is added thereto
      gradually with simultaneous boil-off of the aqueous phase of the alkaline
      sol.
PAR  FIG. 2 of the drawing gives a visual comparison of the relative size of
      products prepared in the instant invention as compared to preparations by
      process of prior art disclosure. The smaller particles of Section A are
      those silica particles prepared by a typical run according to the process
      outlined by Bechtold and Snyder, U.S. Pat. No. 2,574,902. After this
      typical run had been made, the sol products were prepared for
      photomicrographic investigation and then so reproduced under a
      magnification of 65,000X. The average particle size was 15 millimicrons.
PAR  Section B of FIG. 2 is a photomicrograph of a typical run according to the
      method outlined in the instant invention. The sol product obtained from
      this run had an average particle size of 62 millimicrons and was then
      magnified 55,000X. The difference between the two sols so compared is
      clearly evident with regard to their silica particle diameters. Because of
      the drying and other manipulative techniques necessary to effect good
      photomicrographic analysis, the particles of both the prior art and the
      instant invention appear agglomerated. This is illusory. The distinct
      character of the particular silica entities is evidenced by the definite
      white border observable around each individual silica particle. An
      agglomerate would appear as a large solid lump with no observable
      boundaries between component silica particles. Section "C" of FIG. 2 is a
      photomicrograph of silica particles contained in a sol prepared by a
      typical run according to the process outlined in Reuter, U.S. Pat. No.
      2,929,790, mentioned above. This sol was prepared for photomicrographic
      examination and photographed as shown in FIG. 2, Section C at a
      magnification of 60,000X. The average particle diameter was 25
      millimicrons. Again there is a very obvious difference between silica
      particle diameters of Section C as compared with Section B of FIG. 2.
PAR  The large, silica particles contained in the product sols of the invention
      may be used for a wide variety of industrial and consumer processes. They
      are particularly adapted to delusterizing textiles and other materials and
      are admirably suited as anti-skid agents.
PAR  The products of the invention are also compatible with many hydrophilic
      organic liquids and are capable of being incorporated into a wide variety
      of chemical products. When combined with other hydrophilic liquids or when
      used alone, the products may be utilized in the surface modification of
      plastics, rubber, textiles, and the like. Another particular desirable use
      would be the incorporation of the compositions of the invention in
      non-gloss varnishes, to accomplish a "flatting" effect.
PAR  As indicated above, the compositions of the invention are of value of
      improving the frictional characteristics of metal surfaces that move one
      with respect to the other. This would apply to force fitted pinion gears
      and shafts, or nuts and bolts having mating surfaces coated with colloidal
      silica. The coefficient of friction between such parts is measurably
      increased due to the large particle size of the silica contained in the
      sol products used in their production. The invention is hereby claimed as
      follows:
CLMS
STM  I claim:
NUM  1.
PAR  1. A concentrated stable alkaline silica sol having a pH ranging from 7.0
      to 10.0 consisting essentially of from 35% to 70% by weight of large,
      spherical, uniform, non-aggregated silica particles expressed as SiO.sub.2
      having a weight-average particle diameter of about 45 to about 100
      millimicrons and the water as the hydrophilic liquid carrier of said
      particles, said sol at a 50% silica concentration having a viscosity of
      less than 10 cps at 25.degree. C. and a specific conductance of less than
      5,000 micromhos/cm.
NUM  2.
PAR  2. A stable alkaline silica sol of claim 1 wherein the silica particles
      have a weight-average particle diameter of 45-80 millimicrons.
NUM  3.
PAR  3. A concentrated stable alkaline silica sol having a pH ranging from 7.0
      to 10.0 consisting essentially of from 35-55% by weight of uniform,
      non-aggregated silica particles, expressed as SiO.sub.2, having a
      weight-average particle diameter from about 45 to about 70 millimicrons
      and water as a hydrophilic liquid carrier of said silica particles, said
      sol at a 50% silica concentration having a viscosity of less than 10 cps
      at 25.degree. C. and a specific conductance of less than 5000
      micromhos/cm.
NUM  4.
PAR  4. The alkaline silica sol of claim 3 wherein the pH of said sol is from
      7.5 to 10.0 units.
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BSUM
PAR  The present invention is concerned with a new carbazole compound, with the
      preparation thereof and with test devices containing them.
PAR  For quite a long time, glucose has been determined quantitatively in body
      fluids by an enzymatic test reaction in which the glucose is oxidized to
      gluconic acid by means of glucose oxidase and atmospheric oxygen. The
      hydrogen peroxide liberated by this reaction reacts, by means of
      peroxidase, with a chromogen which should be as colorless as possible. The
      extinction of the colored material which thereby develops provides a
      measure of the amount of glucose present in the fluid being investigated.
      Since the reactions carried out in test tubes and in cuvettes can only be
      evaluated by means of expensive apparatus and trained personnel, in recent
      years test strips have been developed which contain the necessary reagents
      in the correct amounts and which develop a color reaction directly upon
      the reagent carrier, after moistening with the fluid being investigated.
      Such test strips can comprise an absorbent carrier, for example of filter
      paper, but according to U.S. Pat. No. 3,630,957, it is also possible to
      incorporate the reagents into a water-resistant film. These test films can
      be wiped off and are, therefore, especially suitable for the investigation
      of cloudy liquids, for example of blood.
PAR  Recently, endeavors have been made to improve the semiquantitative
      evaluations of test strips with color tables, by optically measuring the
      test strips after the detection reaction has taken place. For this
      purpose, relatively simple remission photometers have been developed which
      enable a quantitative evaluation of the test films to be carried out.
PAR  In the development of test films, it has been found that the detection
      reactions are, to a considerable extent, dependent upon the temperature so
      that it was scarcely possible, without having regard to the temperature
      conditions, to obtain reproducible results. This is especially disturbing
      in a remission photometer because the light beam used for the measurement
      rapidly heats up the reaction zone of the test strip.
PAR  A mixture of the oxidation indicators o-tolidine and
      3-amino-9-ethyl-carbazole has previously been used as the chromogen for
      test films. This mixture has proved to be very useful because of its
      especially favorable color change from red to green, but it suffers from
      the above-mentioned disadvantage of being very temperature-dependent.
PAR  Hitherto, in spite of intensive investigations, no indicators have been
      found which give temperature-independent and reproducible color values. On
      the contrary, depending upon the reaction temperature and also upon the
      temperature at which the test strips are read off, color variations occur
      which, in some cases, can considerably falsify the results obtained. In
      the case of temperature variations such as occur in the case of
      evaluations using a remission photometer, test films for the determination
      of glucose in blood have, for the above-mentioned reasons, been useless.
PAR  We have now found that 9-(.gamma.-aminopropyl)-3-aminocarbazole, which is a
      new compound, is an indicator for the enzymatic detection of glucose
      which, together with other oxidation indicators, especially with
      o-tolidine, gives color values depending upon the glucose concentration of
      a liquid to be tested which are, within wide limits, independent of
      temperature and thus gives reproducible color values.
PAR  Thus, the instant invention provides a new compound, viz.,
      9-(.gamma.-aminopropyl)-3-aminocarbazole and indicator compositions
      comprising it.
PAR  In addition to the temperature-independence, this new indicator possesses a
      further valuable and surprising property, which considerably extends its
      usefulness in test devices: we have found that this new indicator is not
      influenced by disturbing components present, for example, in urine so that
      it is now possible to carry out quantitative determinations of glucose in
      urine by means of test devices. The previously known test devices which
      were based on the principle of an enzymatic glucose determination
      according to the glucose oxidase/peroxidase method, usually contained
      o-tolidine as indicator and were considerably disturbed not only by
      certain frequently occurring and known components of urine, for example,
      acetoacetic acid or ascorbic acid, but also by many unknown substances
      present in urine. Thus, although it was possible to make a qualitative or,
      at best, semi-quantitative assessment of the glucose concentration, a
      dependable quantitative evaluation was not possible. Test devices for the
      determination of glucose in urine with the new indicator according to the
      present invention show, in the most varied kinds of urine (pH,
      accompanying materials, protein content and the like), the same reaction
      colors with the same glucose contents. This discovery was not to have been
      foreseen and provides a urine diagnostic of great practical value.
PAR  For the production of temperature-independent test films, the test reagents
      can be mixed, for example, in the manner described in German Patent
      Specification No. 1,598,153, with a synthetic resin dispersion, for
      example, with polyvinyl acetate propionate co-polymers (Propiofan 70 D),
      and sodium alginate (Algipon) added thereto as a thickening agent or
      swelling agent. As further additives, it has proved useful to use an
      anion-active wetting agent, for example sodium nonyl sulfate, or a
      technical mixture of organic sulfonates (Texapon P) and ammonium
      perfluorooctanoate.
PAR  As buffer, it is particularly preferred to use a phosphate buffer with a pH
      range of 5-8, and preferably of 5.5-7.0, or a citrate buffer or other
      conventional buffer which give the above-mentioned pH range.
PAR  The following Table gives a summary of several formulations by means of
      which there can be obtained a temperature-independent color reaction in
      the case of glucose test films. In this Table, the amounts given refer to
      100 g of coating mass:
TBL                TABLE I                                                     
     ______________________________________                                    
     component  lower limit                                                    
                          upper limit                                          
                                    preferred amount                           
     ______________________________________                                    
     synthetic resin                                                           
     dispersion  20 g      80 g     40 - 50 g                                  
     swelling agent                                                            
                0.1 g     2.0 g     0.5 - 0.6 g                                
     wetting agent                                                             
                0.1 g     2.0 g     0.5 - 1.0 g                                
     buffer     0.5 g     5.0 g     2.5 - 3.5 g                                
     glucose oxidase                                                           
                10.sup.2 U                                                     
                          10.sup.5 U                                           
                                    10.sup.3 - 10.sup.4 U                      
     peroxidase 10.sup.2 U                                                     
                          10.sup.5 U                                           
                                    10.sup.3 - 10.sup.4 U                      
     o-tolidine 0.1 g     1.0 g     0.2 - 0.7 g                                
     indicator I*                                                              
                 0.01 g   0.5 g     0.02 - 0.03 g                              
     ______________________________________                                    
      *Indicator I = 9-(.gamma.-aminopropyl)-3-aminocarbazole                  
PAR  The test films are produced in the following manner: to the synthetic resin
      dispersion are added the other components, dissolved in water, but with
      the exception of Indicator I and of the o-tolidine, which are dissolved in
      methanol or acetone. The dispersion is well mixed, then applied to a
      non-absorbent substrate in a layer thickness of 100 - 500 .mu., and
      preferably of 300 - 400 .mu., and dried in a current of warm air. The
      dispersion can be applied, for example, in the form of a strip onto a
      stiff synthetic resin film. This is then cut transversely so that
      rectangular synthetic strips are obtained, the lower ends of which contain
      the reactive test layer.
PAR  However, a water-impermeable, coated paper or a thin film can be
      surface-coated with the reagent mass. The surface thus coated is then cut
      up into narrow strips which can then be sealed or stuck onto the lower
      edge of foil bands, which are then cut transversely in the manner
      described above. The last-mentioned method has the advantage of requiring
      a much shorter coating time.
PAR  The test strips thus produced can be used, according to German Patent
      Specification No. 1,598,153, for the detection of glucose in whole blood,
      a color change hereby taking place from red via olive colors to green.
      Because of the temperature independence of their colors, the test strips
      are especially suitable for evaluation in a remission photometer, for
      example of the kind described in German Patent Specification No.
      2,056,352.
PAR  Test papers for the determination of glucose in urine are, in analogy to
      the strips already known (cf. German Patent Specification No. 1,546,307)
      produced by the impregnation of absorbent carriers, for example filter
      paper or blotting paper, with the reagents.
PAR  The following Table II gives a summary of some formulations which can be
      used for the production of test papers, the amounts given referring to 100
      ml of impregnation solution:
TBL                TABLE II                                                    
     ______________________________________                                    
     component lower limit                                                     
                          upper limit                                          
                                    preferred amount                           
     ______________________________________                                    
     glucose oxidase                                                           
                10.sup.3 U  10.sup.5 U                                         
                                     2 - 4 .times. 10.sup.4 U                  
     peroxidase 10.sup.2 U  10.sup.5 U                                         
                                     3 - 5 .times. 10.sup.3 U                  
     buffer     0.01 M      0.1 M    0.025 - 0.05 M                            
     wetting agent                                                             
                0           2 g      0.1 - 0.2 g                               
     thickening agent                                                          
                0           5 g      0.1 - 0.5 g                               
     indicator I                                                               
                0.5 g      10 g       5 - 7 g                                  
     ______________________________________                                    
PAR  The buffer used can be, for example, a phosphate or citrate buffer with a
      pH of 4.5 - 7, and preferably of 5 - 6.
PAR  As wetting agent, there can be used not only a nonionic agent (for example,
      polyoxyethylene sorbitan mono-laurate) but also an anionic agent (for
      example dioctyl sodium sulfosuccinate, sodium lauryl sulfate or ammonium
      perfluorooctanoate).
PAR  As thickening agents, there can be used, for example polyvinyl
      pyrrolidones, but alginates, gelatines and similar materials can also be
      employed.
PAR  The components are dissolved in appropriate solvents, usually in a mixture
      of water and ethanol. Filter paper is impregnated with this solution and
      thereafter dried. However, the water-soluble components, for example
      buffer, enzymes, wetting agents and thickening agents, can be applied in
      one step and the indicators in a separate step. The impregnated test
      papers can be cut up into narrow strips and sealed between two synthetic
      resin films or between a synthetic resin film and a fine-mesh material.
      The test papers are briefly dipped into the urine to be investigated and,
      after a certain period of time, compared with a color comparison scale. In
      the case of comparatively low glucose concentrations, the test papers are
      read off after 0.5 - 1 minute and, in the case of high glucose
      concentrations, after 3 - 5 minutes. However, as already described, the
      color can also be measured with a remission photometer or with a simple
      test strip photometer.
PAR  The exactitude of the above-described test films and test papers fully
      satisfies the requirements for practical and clinical investigations.
PAR  Thus, according to the present invention, there is provided, as a new
      compound, 9-(.gamma.-aminopropyl)-3-aminocarbazole, which has the formula:
      ##SPC1##
PAL  as well as the salts thereof, with inorganic and organic acids.
PAR  The present invention also provides test devices, for example test strips
      and test films, with a content of (.gamma.-aminopropyl)-3-aminocarbazole
      and/or of at least one salt thereof.
PAR  The above-mentioned new 9-(.gamma.-aminopropyl)-3-aminocarbazole can be
      prepared, for example, according to one of the following methods.
PA1  1. A compound of the general formula:
      ##SPC2##
PAL  wherein X is a hydrogen atom, a free or acylated amino group or a nitro
      group;
PA2  a. is reacted with acrylonitrile and, when X is a hydrogen atom, is
      nitrated and the cyano group, as well as the nitro group when present,
      reduced to an amine group and an acylated amino group, when present, is
      deacylated; or
PA2  b. when X is a nitro group, the N-H acid compound is converted into an
      alkali metal or quaternary ammonium salt and then reacted with a compound
      of the general formula:
      ##EQU1##
      wherein Y is a reactive ester group and R.sub.1 and R.sub.2, which may be
      the same or different, are conventional protective groups for the amino
      function, and subsequently, in any desired sequence, the nitro group is
      reduced to an amino group and the protective groups R.sub.1 and R.sub.2
      are split off; or
PA1  2. a compound of the general formula:
      ##SPC3##
PAL  wherein Y has the same meaning as above and Z is a free or acylated amino
      group, is reacted with ammonia and, if necessary, Z is subsequently
      deacylated; whereafter, the compound (I) obtained is, if desired,
      converted into a salt by reaction with an inorganic or organic acid.
PAR  An amino group present in the 3-position of the carbazole system can be
      acylated with aliphatic or aromatic radicals, and preferably with alkanoyl
      radicals containing 2-6carbon atoms, the acetyl radical being especially
      preferred.
PAR  The reaction of the compounds of general formula (II) with acrylonitrile
      can be carried out in the presence of a basic catalyst, for example of
      benzyl trimethyl ammonium hydroxide, in an inert solvent, for example
      benzene. If X is a hydrogen atom, the compound can be nitrated with nitric
      acid in glacial acetic acid. Not only the nitro group in the 3-position,
      but also the nitrile group in the side chain, can be catalytically
      hydrogenated, for example, in the presence of Raney nickel. An acyl
      radical possibly present on the 3-amino group can be simply split off by
      heating in an aqueous mineral acid. In this manner, with hydrochloric acid
      there is obtained directly the dihydrochloride, which is preferred because
      of its storage stability.
PAR  As alkali metal salts of 3-nitrocarbazole, from the practical point of
      view, only the sodium or potassium salts are to be considered. However,
      salts with strongly basic quaternary ammonium bases can also be used. The
      salts are formed upon dissolving 3-nitrocarbazole in an alcoholic solution
      of the base in question.
PAR  Preferred reactive ester groups Y are, in particular, the chlorides and
      bromides; however, alkyl sulfonates, tosylates, brosylates and similar
      reactive esters can also be used.
PAR  As radicals R.sub.1 and R.sub.2, there can be used all of the groups usual
      for the protection of amino groups, for example acyl radicals, especially
      acetyl radicals, as well as the bifunctional phthaloyl radical; in the
      latter case, the subsequent splitting off of the protective group can be
      carried out especially simply with hydrazine. When X is a nitro group, the
      phthaloyl radical can be split off, together with the reduction of the
      nitro group, in a one-pot process by boiling with hydrazine and
      subsequently adding Raney nickel in aqueous solution. Acyl radicals can be
      split off in the usual manner with the use of dilute mineral acids.
PAR  The compounds of general formula (IV) can be prepared, for example, by the
      reaction of 3-nitrocarbazole with a 1,3-dihalopropane, for example with
      1-bromo-3-chloropropane, followed by hydrogenation in the presence of
      Raney nickel. However, the reaction is not limited to halides. On the
      contrary, the reaction can also be carried out with, for example,
      1-chloropropane 3-ethyl sulfonate and similar compounds.
PAR  The reaction with ammonia, which can be carried out in aqueous solution at
      an elevated temperature, leads to the compound (I) which, if desired, can
      be converted into a simple or double salt by reaction with an inorganic or
      organic acid.
PAR  As acid, there can be used, for example, hydrochloric acid, sulfuric acid,
      phosphoric acid, hydrobromic acid, boric acid, acetic acid, oxalic acid,
      lactic acid, citric acid, malic acid, benzoic acid, malonic acid, maleic
      acid, succinic acid, butyric acid or propionic acid.
DETD
PAR  The following Examples are given for the purpose of illustrating the
      present invention:
PAC  Example 1
PAL  Preparation of 9-(.gamma.-aminopropyl)-3-aminocarbazole dihydrochloride.
PAR  11.7 g 9-(.beta.-cyanoethyl)-3-nitrocarbazole in 50 ml dioxan and 75 ml 5N
      methanolic ammonia were hydrogenated, in the presence of 4.5 g Raney
      nickel, for six hours, at 110.degree.C and a hydrogen pressure of 65
      atmospheres in an M-R autoclave. After removing the catalyst by suction
      filtration and evaporation of the solvent, there were obtained 12 g of a
      brown oil. This was dissolved in 50 ml methanol and treated several times
      with charcoal at an elevated temperature. The filtrate was cooled and 35
      ml 8.5N ethereal hydrochloric acid were added thereto dropwise, while
      cooling with ice. The crystals formed were filtered off with suction and
      washed with ether. There were obtained 11.6 g (84.2% of theory) of
      yellowish-green dihydrochloride. For the purpose of purification, this was
      clarified in 50 ml water at an elevated temperature by adding charcoal,
      then filtered with suction and the filtrate evaporated. After again
      recrystallizing from methanol and a little water, there were obtained 9.7
      g (70.2% of theory) 9-(.gamma.-aminopropyl)-3-aminocarbazole
      dihydrochloride in the form of colorless crystals which melt, with
      decomposition, at 290.degree.C.
PAR  The 9-(.beta.-cyanoethyl)-3-nitrocarbazole used as starting materials were
      obtained in the following manner:
PAL  Variant A:
PAR  66.8 g (0.4 mol) carbazole were suspended in a mixture of 100 ml (1.66 mol)
      acrylonitrile and 250 ml benzene in a 1000 ml three-necked flask equipped
      with a stirrer, condenser, thermometer and dropping funnel, then heated to
      60.degree.C, while stirring, and mixed with a few drops of a 40% aqueous
      solution of benzyl trimethyl ammonium hydroxide. The reaction mixture was
      heated to 78.degree.C, with considerable foaming. It was further stirred
      for 45 minutes at this temperature, the carbazole thereby going completely
      into solution. After evaporation of the solvent and of excess
      acrylonitrile, the crude 9-(.beta.-cyanoethyl)-carbazole was
      recrystallized from acetone. There were obtained 75.1 g (85.3% of theory)
      of the desired compound in the form of beige-colored crystals with a
      melting point of 154.degree.C (lit. 155.degree.-156.degree.C). The
      compound was chromatographically uniform.
PAR  17,9 g (0.08 mol) of the 9-(.beta.-cyanoethyl)-carbazole thus obtained were
      suspended in 108 ml glacial acetic acid in a three-necked flask equipped
      with a stirrer, condenser, thermometer and dropping funnel and a mixture
      of 13.5 ml glacial acetic acid and 6.75 ml 65% nitric acid were added
      dropwise, while stirring, at 80.degree.C, the nitrile thereby going into
      solution. The reaction mixture was further stirred for 15 minutes at
      80.degree.C, cooled and thereafter added dropwise into 200 ml ice water.
      The precipitated nitro compound was filtered off with suction, washed with
      a little water and the crude product recyrstallized from acetone. There
      were obtained 17.2 g (79.9% of theory)
      9-(.beta.-cyanoethyl)-3-nitrocarbazole in the form of yellow-green
      crystals with a melting point of 225.degree.C.
PAL  Variant B:
PAR  21.2 g (0.1 mol) 3-nitrocarbazole were suspended in 250 ml benzene in a
      three-necked flask equipped with stirrer, condenser and thermometer and
      present in an oil-bath, then mixed with 50 ml acrylonitrile, heated to
      50.degree.C and, after the addition of two drops of benzyl trimethyl
      ammonium hydroxide, reacted for two hours at 70.degree.C, while stirring.
      After evaporation of the reaction mixture and recrystallization of the
      residue from aqueous acetone, there were obtained 22 g
      9-(.beta.-cyanoethyl)-3-nitrocarbazole, which was further worked up
      directly.
TBL                Example 2                                                   
     ______________________________________                                    
     Test film for the detection of glucose in blood.                          
     ______________________________________                                    
     Components:                                                               
     polyvinyl acetate propionate dispersion                                   
     (Propiofan 70 D)         45.0     g                                       
     1.85% solution of sodium alginate in                                      
     0.5M phosphate buffer of pH 5.5                                           
                              35.0     g                                       
     organic sodium sulfonate (Texapon P)                                      
                              1.0      g                                       
     glucose oxidase (104 U/mg)                                                
                        dissolved 0.114    g                                   
                        in 10 ml                                               
     peroxidase (63.1 U/mg                                                     
                        water     0.128    g                                   
     o-tolidine                   0.2      g                                   
                        dissolved                                              
     9-(.gamma.-aminopropyl)-3-                                                
                        in 6 ml                                                
     aminocarbazole     methanol  0.026    g                                   
     ______________________________________                                    
PAR  The components were well mixed, coated with a layer thickness of 300 .mu.
      onto a film of polyvinyl chloride and dried at 60.degree.C for 35 minutes.
      When a drop of glucose-containing blood was applied to the coated film and
      then wiped off after 1 minute, then, after further 2 minutes, the
      following temperature-independent reaction colors were observed:
TBL   60 mg % glucose    brownish-red                                          
     120 mg % glucose    olive                                                 
     180 mg % glucose and more                                                 
                         green with increasing                                 
                         color depth                                           
PAR  FIG. 1 of the accompanying drawings shows the calibration curves measured
      with a commercially available remission photometer at 20.degree.C and
      30.degree.C.
PAR  A test film of the same composition and produced in the same manner but
      which, instead of containing 0.026 g
      9-(.gamma.-aminopropyl)-3-aminocarbazole, contained 0.04 g 9-ethyl-3-amino
      carbazole, showed practically the same reaction colors which were,
      however, temperature-dependent and, therefore, not reproducible. FIG. 2 of
      the accompanying drawings showed that there was a considerable difference
      between the calibration curves obtained at 20.degree. and 30.degree.C.
TBL                Example 3                                                   
     ______________________________________                                    
     Test film for the detection of glucose in blood.                          
     ______________________________________                                    
     Components:                                                               
     polyvinyl acetate propionate dispersion                                   
                              increase-                                        
     (Propiofan 70 D)         45.0     g                                       
     1.85% solution of sodium alginate in                                      
     0.5M phosphate buffer of pH 5.5                                           
                              35.0     g                                       
     sodium nonyl sulfate dissolved in                                         
     5.0 ml water             0.75     g                                       
     glucose oxidase (62.7 U/mg)                                               
                         dissolved                                             
                                  0.189    g                                   
                         in 10 ml                                              
     peroxidase (68.8 U/mg)                                                    
                         water    0.235    g                                   
     o-tolidine dissolved in 2.5 ml acetone                                    
                              0.6      g                                       
     9-(.gamma.-aminopropyl)-3-aminocarbazole di-                              
     hydrochloride dissolved in 2.5 ml water                                   
                              0.026    g                                       
     ______________________________________                                    
PAR  The components were well mixed, applied in a layer thickness of 310 .mu. to
      a polyvinylidene chloride-coated paper and dried for 35 minutes at
      60.degree.C. The test paper thus obtained was used in the manner described
      in Example 2. The calibration curves measured with a remission photometer
      at 20.degree.C and 30.degree.C did not show any substantial deviations.
PAR  The reaction colors obtained with the test strip were as follows:
TBL   60 mg % glucose   pink-ochre                                             
     120 mg % glucose   olive                                                  
     180 mg % glucose and more                                                 
                        blue-green with increas-                               
                        ing color depth                                        
PAR  In the case of the investigation of the blood of 53 diabetic patients in
      which the reaction colors were measured with a test strip photometer,
      there was obtained, in comparison with glucose determinations carried out
      by the hexokinase method, a correlation coefficient (r) of 0.9857. The
      standard deviation (2s) was .+-. 15 mg % glucose. Practically the same
      results were obtained (r = 0.982; 2s = .+-. 17 mg) with a test film made
      from the following components:
TBL  polyvinyl acetate dispersion                                              
     (Propiofan 70 D)         45.0     g                                       
     1.85 % solution of sodium alginate                                        
                              35.0     g                                       
     in 0.5 M phosphate buffer of pH 6.5                                       
     ammonium perfluorooctanoate (Fluorad                                      
                              1.0      g                                       
     FC 126) dissolved in 10 ml water                                          
     glucose oxidase (62.4 u/mg)                                               
                         dissolved                                             
                                  0.19     g                                   
                         in 10 ml                                              
     peroxidase (100 U/mg)                                                     
                         water    0.16     g                                   
     colanyl yellow HR            0.02     g                                   
     o-tolidine          dissolved                                             
                                  0.5      g                                   
                         in 20 ml                                              
     9-(.gamma.-aminopropyl)-3-amino-                                          
                         in 20 ml                                              
     carbazole dihydrochloride                                                 
                         methanol 0.026    g                                   
PAC  Example 4
PAL  Test paper for the detection of glucose in urine.
PAR  Filter paper (Schleicher & Schull No. 597 NF) was impregnated with a
      solution of the following composition and dried at 50.degree.C:
TBL  1M citrate buffer of pH 5 50.0     ml                                     
     polyvinyl-pyrrolidone (average M.W. 12,000)                               
                               0.1      g                                      
     polyvinyl-pyrrolidone (average M.W. 40,000)                               
                               0.1      g                                      
     9-(.gamma.-aminopropyl)-3-aminocarbazole                                  
     dihydrochloride           3.12     g                                      
     glucose oxidase (104 U/mg)                                                
                               0.3      g                                      
     peroxidase (63 U/mg)      0.06     g                                      
     water                 ad      100.0    ml                                 
PAR  The test paper reacted with glucose-containing urine with pink to
      violet-brown color shades. Urines of different origin, as well as
      acetoacetate-containing urines, all with the same glucose concentration,
      did not show any noteworthy deviations in the color shade obtained. A test
      paper with the same composition except that, instead of
      9-(.gamma.-aminopropyl)-3-aminocarbazole dihydrochloride, it contained 3.0
      g o-tolidine, reacted with these urines to give considerably differing
      color shades.
PAR  Disturbance-free reactions were also obtained with a test paper which had
      been produced in the following manner:
PAL  Filter paper (Schleicher & Schull No. 2312) was impregnated with a solution
      of 6.25 g 9-(.gamma.-aminopropyl-3-aminocarbazole dihydrochloride in 100
      ml water and dried at 50.degree.C. The paper pre-treated in this manner
      was then further impregnated with a solution of the following composition:
TBL  glucose oxidase (104 U/mg)                                                
                              0.39     g                                       
     peroxide (63 U/mg)       0.06     g                                       
     polyoxyethylene sorbitan monolaurate                                      
     (Tween 20)               0.2      g                                       
     0.25M phosphate buffer of pH 5.0                                          
                           ad    100.0     ml                                  
PAR  It will be understood that the foregoing specification and examples are
      illustrative but not limitative of the present invention inasmuch as other
      embodiments within the spirit and scope of the invention will suggest
      themselves to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Diagnostic test composition for the enzymatic detection of glucose
      containing 9-(.gamma.-aminopropyl)-3-aminocarbazole or salts thereof on a
      film or absorbent carrier.
NUM  2.
PAR  2. Test composition as claimed in claim 1 in the enzymatic determination of
      glucose comprising 9-(.gamma.-aminopropyl)-3-aminocarbazole and a glucose
      indicator.
NUM  3.
PAR  3. Test composition as claimed in claim 2 wherein said glucose indicator is
      a mixture of glucose oxidase, peroxidase and o-tolidine.
NUM  4.
PAR  4. Test composition as claimed in claim 1 in the form of a test film having
      the reagents incorporated thereinto.
NUM  5.
PAR  5. Test composition as claimed in claim 1 in the form of a test strip
      comprising an absorbent carrier.
NUM  6.
PAR  6. Test composition as claimed in claim 4 wherein said test film is
      produced by mixing the test reagents with a synthetic resin dispersion and
      adding a thickening or a swelling agent thereto.
NUM  7.
PAR  7. Test composition as claimed in claim 6 wherein said test films are
      produced by dissolving the 9-(.gamma.-aminopropyl)-3-aminocarbazole and as
      the glucose indicator, o-tolidine, in an organic solvent; mixing the
      remaining test reagent components in water; and mixing both of the
      resulting solutions into said synthetic resin dispersion.
NUM  8.
PAR  8. Test composition as claimed in claim 4 consisting essentially of:
PA1  9-(.gamma.-aminopropyl)-3-aminocarbazole,
PA1  glucose oxidase
PA1  peroxidase,
PA1  o-tolidine,
PA1  a buffer,
PA1  a swelling agent, and
PA1  a wetting agent,
PAL  mixed into a synthetic resin dispersion.
NUM  9.
PAR  9. Test composition as claimed in claim 5 consisting essentially of:
PA1  9-(.gamma.-aminopropyl)-3-aminocarbazole,
PA1  glucose oxidase,
PA1  peroxidase,
PA1  a buffer,
PA1  a wetting agent, and
PA1  a thickening agent,
PAL  sorbed onto the test paper.
NUM  10.
PAR  10. Test strip as claimed in claim 5 wherein at least a portion of the
      strip is surface coated with the reagent mass.
NUM  11.
PAR  11. Diagnostic test composition as claimed in claim 1 also containing an
      oxidation indicator.
NUM  12.
PAR  12. Diagnostic test composition as claimed in claim 11 wherein said
      oxidation indicator is o-tolidine.
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LREP
FR2  Graddis; Albert H.
ABST
PAL  The present invention relates to an improved process for the production of
      a deficient citrated plasma useful in the clinical laboratory as a control
      plasma for the testing of clotting function, and particularly, in patients
      who are on oral anticoagulant thereapy.
BSUM
PAR  The use of oral anticoagulants is an accepted form of therapy in the
      management of patients suffering from various thrombo-embolytic conditions
      and this therapeutic approach finds utility on both a short-term and a
      long-term basis. Since anticoagulants exert their anticoagulant effect by
      interfering with one or more steps in the coagulation mechanism, thereby
      preventing additional thrombi, their clinical effect on the patient must
      be carefully monitored by suitable laboratory tests in order to minimize
      or avoid haemorrhagic complications while providing therapeutic
      anticoagulation. These complications may take the form of massive
      gastro-intestinal bleeding from unsuspected peptic ulcer or intestinal
      obstruction may result from interstitial bleeding in the wall of the
      bowel. Subdural haematoma is also a well-documented complication. For
      these reasons both the initial anticoagulant dosage and the maintenance
      dosage must be carefully prescribed and the course of the prescribed
      anticoagulant therapy both on the short-term and the long-term basis must
      be carefully monitored by clinical laboratory tests of the clotting
      function in order to maintain the anticoagulant effect of the therapy
      employed within the desired range.
PAR  The orally administered anticoagulants produce their anticoagulant effect
      by inhibiting prothrombin (Factor II) and diminishing its concentration in
      addition to several of the blood factors needed in prothrombin conversion,
      Factors VII and X in the extrinsic blood coagulation system and Factors IX
      and X in the intrinsic blook coagulation system. Thus, the anticoagulant
      effect of oral therapy may be measured by testing a patient's plasma for
      the effect on coagulation which is produced by the decrease in the
      concentration of these factors produced by the anticoagulant. The extent
      to which the time of coagulation of a blood sample has been increased can
      be demonstrated by the one-stage prothrombin time. While the apparent
      increase in coagulation time over what is the generally accepted normal
      range of blood coagulation times can thus be determined, the many
      variables involved including the subjective response of the technician
      running the test or the particular instrument on which it is run make it
      essential that the test be effectively monitored and that coagulation
      control plasmas be run along side of the coagulation test of the patient's
      plasma. In this way variations in subjective reactions may be minimized
      and differences between instruments cancelled out.
PAR  To effectively monitor coagulation tests on abnormal patient plasma,
      standardized control plasmas are necessary in which the level of those
      factors whose absence is responsible for the coagulation defects is such
      as to put the control plasma in the abnormal range also. Thus, by
      comparing the one-stage prothrombin time of an unknown plasma to the
      one-stage prothrombin time of the abnormal control plasma in which the
      reduced level of clotting factors is known and carrying out the
      determinations at the same time it is relatively easy to determine the
      status of the patient. Since the level of Factors II, VII, IX and X is
      affected by oral anticoagulants the use of control plasmas having
      decreased levels of these factors but normal levels of the other factors
      will give an indication of the effect on a patient of oral anticoagulant
      therapy and determine whether or not the dose level should be increased,
      decreased or maintained at current level.
PAR  To produce a control plasma deficient in Factors II, VII, IX and X,
      citrated plasma is usually treated with Al(OH).sub.3 and if suitable
      proportions are used these factors are substantially all adsorbed. The use
      of Al(OH).sub.3 for adsorbing these factors does have one disadvantage in
      that it is exceedingly difficult to remove all of the residual
      Al(OH).sub.3 utilized for the adsorption step and traces of this adsorbent
      remain behind as a contaminant.
PAR  While barium sulfate will also adsorb these factors from blood plasma it
      had been recommended that when this adsorbent was to be used it was to be
      used only with oxalated blood plasma since it would not adsorb in the
      presence of citrate. For its use in oxalated plasma the recommendation
      made was that 1 gram of barium sulfate was to be used for each 10 ml of
      fresh oxalated plasma when carrying out the adsorption step. However, a
      real disadvantage with this procedure is that the Factor V present, which
      is desired to be retained in the control plasma is very unstable in
      oxalated plasma although quite stable in citrated plasma.
PAR  It has now been found, however, that if citrated plasma is treated with
      about 20 to 22% by weight of barium sulfate a very satisfactory control
      plasma deficient in Factors II, VII, IX and X is obtained and that the
      resulting control plasma is very useful as a control standard in the
      testing of patient plasma where careful monitoring of the patient on oral
      anticoagulant therapy is necessary. The control plasma obtained retains a
      satisfactory Factor V level and does not require augmenting the level of
      this factor in the final product. Furthermore, removal of the barium
      sulfate adsorbent can be effected completely and yields a more dependable,
      uniform and reliable control plasma.
DETD
PAR  In order further to illustrate this invention the following Example is
      given:
PAC  EXAMPLE 1
PAR  To 200 ml of fresh pooled citrated blood plasma is added 10 ml of 1 molar
      HEPES buffer (N-2-hydroxyethyl piperazine N'-2-ethane sulfonic acid) to
      maintain the pH at 7.35. 150 ml of this buffered plasma is stirred with 33
      g of barium sulfate for 30 minutes at room temperature and the barium
      sulfate separated by centrifugation.
PAR  Mixtures of this adsorbed citrated plasma and whole unadsorbed plasma are
      made and tested for prothrombin time. The concentration of whole plasma
      required to give prothrombin times of 11/2 and 21/2 times the normal
      prothrombin time is determined. The resulting mixtures are then prepared,
      vials are filled with appropriate volumes and the vial contents
      lyophilized. The lyophilized material may then be reconstituted with
      distilled water for production of control plasma.
PAR  It has also been noted that in the adsorbed citrated plasma produced by the
      present process the adsorbed Factors II, VII, IX and X are more uniformly
      adsorbed so as to reduce the concentration of these factors to about the
      same level. An unexpected advantage found with the lyophilized abnormal
      control plasmas produced by mixing the present adsorbed plasma with normal
      plasma is that they are more stable after reconstitution and give much
      more uniform results in the activated partial thromboplastin time (APTT)
      procedure even after storage of up to eight hours or more.
PAR  For example, APTT's of sample control plasmas made by Al(OH).sub.3 and
      BaSO.sub.4 adsorption run immediately after reconstitution and eight hours
      later are shown below:
TBL                APTT in Seconds                                             
     Adsorption Process                                                        
                     Initial   8 Hours Later                                   
     ______________________________________                                    
     Al(OH).sub.3    62.5      46.1                                            
     BaSO.sub.4      60.8      60.0                                            
     Al(OH).sub.3    103.9     76.8                                            
     BaSO.sub.4      90.3      89.0                                            
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the production of an adsorbed citrated plasma deficient
      in Factors II, VII, IX and X, the step which comprises stirring citrated
      plasma with from 20 to 22% by weight of barium sulfate at ambient
      temperature and then removing the adsorbent from the adsorbed plasma.
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ABST
PAL  The use of urea in conjunction with calcination of catalyst materials
      containing sources of oxides of nitrogen results in suppression of oxides
      of nitrogen during such calcination and reduces air pollution formerly
      associated with such calcinations.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 330,166,
      filed Feb. 6, 1973, now U.S. Pat. No. 3,853,788; Ser. No. 330,167, filed
      Feb. 6, 1973; now U.S. Pat. No. 3,872,030; and Ser. No. 330,169, filed
      Feb. 6, 1973, now U.S. Pat. No. 3,853,791.
BSUM
PAR  This invention relates to a process for reduction of oxides of nitrogen in
      exhaust fumes emanating from the calcination of catalyst materials
      containing nitrate salts. More particularly, the invention relates to such
      a process wherein at a point prior to calcination urea is added to the
      catalyst material which is to be calcined with a content of nitrate salt.
PAR  Much concern has been evidenced with respect to environmental pollution. A
      major source of air pollution arises from exhaust gases emanating from
      internal combustion engines such as used in automobiles. Another
      significant contributor to air pollution is the exhaust gas that emanates
      from combustion of heating oils used to provide home heating. Additional
      sources include the emissions from various industrial processes.
PAR  Considerable progress has been made with respect to exhaust gases from
      automotive exhausts and catalytic converters have been developed which are
      capable of reducing the noxious pollutants to safe levels. A significant
      contribution to this effort has been an effective, long-lasting catalyst
      material developed by the catalyst industry in conjunction with the
      automobile manufacturers. Similarly, improvements in the quality of
      heating oils by more effective refinement has made it possible to reduce
      pollutants arising from such source. Again, development of more effective
      catalysts by the catalyst industry has had a significant part in this
      effort. Thus, the catalyst industry has been making great strides in
      improving air quality in various areas.
PAR  In providing catalyst materials for various uses, a wide variety of
      materials and procedures are available. A particularly effective catalyst
      material is one which comprises a support or base material which is of
      large surface area and carries thereon one or more promoter materials of a
      type and in an amount that are effective for the catalytic reaction
      considered. These catalyst materials are conveniently made by separately
      preparing the support and thereafter promoting the support thus prepared.
      Alternative procedures are also used wherein at least partial promotion is
      effected in conjunction with support preparation.
PAR  A highly desirable type of material used to provide the support is an
      inorganic oxide such as alumina, silica, titania, magnesia, and the like.
      For many reactions, alumina or combinations of alumina and silica are
      greatly preferred. Useful inorganic oxides may occur in nature or may be
      obtained synthetically. Generally, a synthetic inorganic oxide is
      preferred because its physical properties for use as a support can be more
      effectively controlled.
PAR  In preparing an inorganic oxide for use as a support numerous preparative
      procedures are available so that preferred support properties for specific
      reactions can be provided. Generally, the desired inorganic oxide is
      precipitated from suitable soluble sources and then washed and dried.
      Depending upon the method of use contemplated, the inorganic oxide may
      also be formed into a desirable shape of suitable size and given a
      preliminary heat treatment such as calcination to set the shape and size.
      All of this processing may be accomplished without the use of nitrate
      salts or nitric acid and thus air pollution by oxides of nitrogen may be
      avoided in preparing the support materials. However, there also exist
      numerous instances in support preparation where it would be convenient to
      use sources of oxides of nitrogen, such as aluminum nitrate or nitric
      acid, if the problem of air pollution thereby did not exist.
PAR  After the catalyst support has been prepared, it is generally necessary to
      promote the support with suitable materials to provide the necessary
      activity and selectivity thereto. This can be conveniently accomplished by
      impregnating the support with solutions containing dissolved promoter
      sources. The impregnated support is then activated, usually by
      calcination, to convert the promoter source to the desired promoter
      material and to provide an effective catalyst material.
PAR  In some instances, it is possible to provide the final activated catalyst
      material without resort to nitrate salts or nitric acid and, therefore,
      avoid pollution problems associated with oxides of nitrogen. In other
      instances, however, it is not possible to prepare a specific catalyst
      material without resort to a source of oxides of nitrogen. In numerous
      instances, this is because the only available soluble promoter source is a
      nitrate source. In many instances, it is convenient to use a nitrate salt
      in promoter impregnations and recourse to other salts greatly increases
      production problems, generally requiring added steps and increased costs.
PAR  Thus, although the catalyst industry has contributed significantly in
      solving air polution problems associated with other industries it has been
      unable to solve air pollution problems within its own domain.
PAR  In accordance with the present invention, there is provided a process for
      calcination of a catalyst support having associated therewith a source of
      oxides of nitrogen which comprises treating said support prior to
      calcination with urea in an amount sufficient to suppress the oxides of
      nitrogen and thereafter calcining the thus-treated support.
PAR  The present invention provides a process which effectively reduces
      emissions of oxides of nitrogen to the atmosphere to safe levels without
      adversely affecting properties of the catalyst material being processed.
      The process eliminates the need for costly scrubbers normally employed to
      suppress emission of oxides of nitrogen but when used in association
      therewith will provide more effective suppression. Furthermore, the
      present invention enables use to be made of sources of oxides of nitrogen
      in catalyst preparation without the danger of exceeding safe limits of
      emission of oxides of nitrogen.
PAR  The copending applications to which the present application is a
      continuation-in-part are all directed to specific embodiments of urea
      usage wherein improved catalyst activities are obtained, regardless of
      whether or not sources of oxides of nitrogen are present. The present
      application is directed solely to the process of calcination wherein a
      source of oxides of nitrogen is present in the catalyst support being
      activated.
PAR  In I & EC Proc. Des. and Dev., Vol. 4, No. 3, pages 263-265 (July 1965),
      there is disclosed a process for the chemical suppression of nitrogen
      oxides when nitric acid is used as an oxidizing agent in reactions such as
      pickling, milling, and dipping of metal substrates. Urea is added to
      suppress formation of oxides of nitrogen. In use, however, urea nitrate is
      formed and precipitates from solution causing numerous problems and
      requiring use of excesses of urea. The article specifically points out
      that urea nitrate decomposes into urea and nitric acid at a temperature in
      excess of 300.degree.F. Since calcination is carried out well in excess of
      300.degree.F., generally in the range of about 900.degree. to
      1100.degree.F., it is completely unexpected that urea should be effective
      in suppressing oxides of nitrogen in a calcination process in view of the
      teachings of this reference.
PAR  In the U.S. Pat. No. 3,528,797, issued Sept. 15, 1970 to Funk et al. there
      is disclosed a process for chemical suppression of nitrogen oxides
      resulting from acidulation of phosphate rock with nitric acid. Urea is
      used in a scrubbing system or by direct addition to the acidulation
      mixture. The present invention is in an entirely non-analogous art and
      does not involve addition of urea to a scrubbing system or an acidulation
      mixture. Thus, in view of the specific teachings of the reference patent,
      it is completely unexpected that urea should be effective in the present
      process.
PAR  In carrying out the present invention, three essential requirements must be
      met:
PAR  1. The catalyst support must contain a source of oxides of nitrogen in the
      form in which it is to be activated;
PAR  2. The catalyst support must be treated with an effective amount of urea
      prior to calcination; and
PAR  3. The catalyst support with the contents indicated must be calcined.
PAL  As long as these three requirments are met, as far as is known, the present
      process, is effective. In view of the limited requirements of the present
      process, it is readily apparent that numerous variations in processing are
      possible while still achieving the desired suppression of oxides of
      nitrogen during calcination.
PAR  In carrying out the present invention, the catalyst materials are prepared
      in accordance with conventional procedures except that where previously
      sources of oxides of nitrogen were carefully avoided, in the present
      process they are employed as desired since provision for urea treatment of
      the catalyst support prior to calcination effectively suppresses the
      oxides of nitrogen. Thus, an inorganic oxide useful in providing a
      catalyst support is prepared in accordance with conventional procedures.
      If desired, provision can be made to incorporate promoter materials in the
      inorganic oxide as prepared and urea may also be incorporated to suppress
      any oxides of nitrogen that may arise from materials used in such
      preparation. The inorganic oxide support material may then be further
      processed to provide the desired support form with or without further
      promotion and use of urea in conjunction therewith.
PAR  It should be realized that urea is highly soluble in water, forming a 50
      weight percent solution at 17.degree.C. and being infinitely soluble in
      hot water. Accordingly, the point at which urea is employed in processing
      should ensure that it remains on the support material that is to be
      calcined. If multiple calcinations are to be employed, each involving
      potential liberation of oxides of nitrogen during calcination, urea
      treatment should be included prior to each calcination.
PAR  Although it is possible to employ the inorganic oxide gel as a catalyst
      support directly as prepared, dried, and calcined, it is generally
      preferred to prepare the support in particulate form having certain size
      and shape characteristics. In some instances, the support is
      conventionally prepared in the form of microspheres by control of the
      procedure by which the inorganic oxide gel is prepared. In other
      instances, the inorganic oxide in the form of a hydrogel is subjected to
      homogenization and extrusion to form particles of a defined
      length-to-width ratio. A variation of this procedure involves use of at
      least some xerogel as the inorganic oxide being processed by
      homogenization and extrusion. In any of these conventional procedures,
      provisions for promoter incorporation are generally carried out after
      forming of the support is complete, the form being set by drying and
      calcining the extrudates. Urea may be advantageously incorporated in the
      gel slurry being processed in the event oxides of nitrogen are to be
      evolved during calcination.
PAR  Alternatively, the inorganic oxide may be dried prior to being rendered
      into specific shape. Such drying may be in an oven or preferably by use of
      a spray dryer. Such drying generally does not give rise to oxides of
      nitrogen because it is generally carried out at temperatures below that at
      which significant decomposition of sources of oxides of nitrogen arises.
      The dried gels may then be formed in accordance with conventional
      procedures such as by mix-mulling, tabletizing, pelletizing, and molding.
      Processing of the dried gels may include provision for promoter
      incorporation, either partial or full, and urea usage will be dictated by
      the possibility of formation of oxides of nitrogen in the calcination step
      following forming. Formation of the dried gels into specific shape may be
      carried out without provision for promoter materials or, as indicated with
      only partial provision therefor. In those instances where the formed
      support is further treated with promoter sources, use of urea will
      suppress oxides of nitrogen and should be used in conjunction with
      promotion when appropriate. Use of urea may involve multiple applications
      or a single application, depending upon how many calcinations giving rise
      to oxides of nitrogen are contemplated.
PAR  The amount of urea that is to be employed in any given instance may vary
      widely but in any event should be sufficient to reduce the formation of
      oxides of nitrogen to safe levels. Usually, the source of oxides of
      nitrogen present is a nitrate salt. In the presence of water used in
      processing, the existence of nitric acid is possible. Nitric acid may be
      considered to decompose as follows:
EQU  4HNO.sub.3 .fwdarw.2H.sub.2 0 + 4NO.sub.2 + 0.sub.2        ( 1)
EQU  4hno.sub.3 .fwdarw.2h.sub.2 o + 4no + 30.sub.2             ( 2)
PAL  combining equations (1) and (2) and simplifying one obtains: 2HNO.sub.3
      .fwdarw.H.sub.2 O + N.sub.2 O.sub.3 + O.sub.2 (3). In the presence of
      water, one may rewrite equation 3 as follows: 2HNO.sub.3 .fwdarw.
      2HNO.sub.2 + O.sub.2 (4). The reaction of urea with nitrous acid is
      believed to be as follows:
EQU  2HNO.sub.2 + H.sub.2 NCONH.sub.2 .fwdarw. 2N.sub.2 + CO.sub.2 + 3H.sub.2 O.
PAL  this reaction would tend to suggest that one mole of urea is equivalent to
      two nitrate ions. However, in use the amount of urea that will cause
      significant suppression of oxides of nitrogen upon calcination of a
      catalyst support containing a source thereof may vary from about 0.25 to 5
      moles of urea per mole of nitrate ion present, preferably about 0.5 to 4
      moles of urea, same basis. Generally, usage of an amount of urea below the
      range indicated will not provide adequate suppression of oxides of
      nitrogen. Usage of amounts of urea in excess of the range indicated is
      wasteful and provides no benefits over the usage specified.
PAR  Since urea is soluble in and compatible with most aqueous promoter
      solutions, it is generally preferred to use it in such manner. In some
      instances, the use of urea may aid in stabilizing or solubilizing the
      promoter ingredients in the aqueous medium. It is of course possible to
      add urea to the support material to be calcined in any method which does
      not interfere with establishing the proper promoter levels.
PAR  The present invention is directed to the specific use of urea in the
      calcination of catalyst materials which normally give rise to oxides of
      nitrogen that contribute to environmental pollution. Such use suppresses
      formation of oxides of nitrogen and thereby minimizes environmental
      pollution from such source. There is thus provided a significant advance
      in the field of catalyst preparation, which, in turn, has contributed
      notably in overcoming environmental pollution problems.
DETD
PAR  The invention is more fully illustrated by the examples which follow
      wherein all parts and percentages are by weight unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  In 125 ccs. of water were dissolved 53.7 grams of (NH.sub.4).sub. 2
      Mo.sub.2 O.sub.7 (ammonium dimolybdate). There were then added 26.5 grams
      of 86.3% H.sub.3 PO.sub.4, followed by 36.5 grams of urea. A clear
      solution resulted in about 10 minutes and 88.5 grams of Ni(NO.sub.3).sub.
      2 .6H.sub.2 O were added. After 30 minutes of agitation a clear solution
      was obtained. The solution contains 4 moles of urea per mole of nitrate
      ion.
PAR  Calcined alumina extrudates formed into cylinders of 1/8 inch diameter from
      precipitated alumina and having a pore volume of 0.74 cc. per gram were
      employed as carrier. The solution prepared was diluted to 220 cc. and
      sprayed onto 300 grams of carrier. Spraying was effected on the extrudates
      revolving in a gallon jar using a pressurized spray gun. Spraying was for
      about 5 minutes and the extrudates were rotated for an additional hour.
      The wet extrudates were allowed to stand overnight and then dried at
      480.degree.F. for 2 hours. The dried pills were then calcined at
      1200.degree.F. for 1.5 hours. The extrudates had the composition 6% NiO,
      12% MoO.sub.3, 3.2%P, and balance alumina. No evolution of oxides of
      nitrogen occurred during calcination of the impregnated support.
PAC  COMPARATIVE EXAMPLE A
PAR  Following the procedure of Example 1 in every essential detail except that
      urea was omitted from the promoter solution, another catalyst material was
      prepared. Copious evolution of oxides of nitrogen occurred during
      calcination of the impregnated support.
PAR  The catalyst of Example 1 and Comparative Example A are
      hydrodesulfurization catalysts. When tested under identical conditions in
      such a process, the catalysts were found to be essentially equivalent in
      activity.
PAC  EXAMPLE 2
PAR  A muller mix was prepared employing a spray dried precipitated alumina
      powder and a promoter solution prepared as in Example 1. The mix was
      mulled for 35 minutes and extruded, dried, and calcined according to
      conventional procedures. The catalyst obtained was of substantially the
      same form and composition as that of Example 1.
PAC  COMPARATIVE EXAMPLE B
PAR  The procedure of Example 2 was repeated in every material detail except
      that the urea was omitted from the promoter solution.
PAR  The catalyst preparations of Example 2 and Comparative Example B were
      calcined in separate runs using a continuous calciner. Oxides of nitrogen
      were determined on samples taken from the calciner stack before the gases
      enter the scrubber. The calciner was operated at capacity over a two hour
      period during which a stack dilution fan which adds 4 to 6 volumes of air
      to the stack was in operation.
PAR  Brown vapors were evident in the stack when the catalyst of Comparative
      Example B was calcined. No brown vapors were detected in the stack when
      the catalyst of Example 2 was calcined.
PAR  During the run determinations of oxides of nitrogen were made using the
      Phenoldisulfonic Acid Method. The average values are as follows:
TBL            No Urea      Urea                                               
     ______________________________________                                    
     NO.sub.X (ppm)                                                            
                 647            192                                            
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the reduction of oxides of nitrogen in exhaust gases
      emanating from the calcination of a catalyst support having associated
      therewith a metal nitrate salt which comprises treating said support prior
      to calcination with urea in an amount which is from about 0.25 to about 5
      moles per mole of nitrate ion present and thereafter calcining the
      thus-treated support without adversely affecting properties of the
      catalyst material being processed.
NUM  2.
PAR  2. The process of claim 1 wherein said urea treatment is carried out by
      adding urea to an aqueous promoter solution containing at least one metal
      nitrate used to impregnate a formed support.
NUM  3.
PAR  3. The process of claim 1 wherein urea treatment is carried out by adding
      urea to an aqueous promoter solution containing at least one metal nitrate
      and said promoter solution is added to a muller mix prepared from a spray
      dried precipitated alumina powder and said promoter solution, said muller
      mix being used to form the support.
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PAL  A class of ceramic mixed oxide, nonstoichiometric electrically neutral
      rare-earth-type catalyst containing rare-earth-type elements and elements
      of the first transition metal series and optionally the alkaline earth
      metals. The catalyst has the following formula:
EQU   X.sub.n Y.sub.(1.sub.-n) ZO.sub.(3&lt;m)                     (I)
PAL  wherein:
PA0  X is an alkaline earth metal or mixture thereof;
PA0  Y is a rare-earth-type element or mixture thereof;
PA0  Z is a metal of the first transition series or a mixture thereof, at least
      0.01% of said metal having an oxidation state other than +3;
PA0  m is a number having a value of between 0 and about 0.11; and
PA0  n is a number having a value from 0 to about 0.51.
PAL  These mixed oxide catalysts can be used to catalytically oxidize low
      molecular weight inorganic compounds and elements, such as ammonia, carbon
      monoxide, hydrogen, sulfur dioxide, and hydrogen sulfide, with oxygen, or
      carbon monoxide with water, sulfur dioxide or nitric oxide. The catalyst
      can also be employed in the catalytic removal of carbon monoxide,
      hydrocarbons and nitric oxides from the exhaust gases of generating or
      heating plants and automobiles burning fossil fuels.
PARN
PAR  This is a division of Ser. No. 99,239, filed Dec. 17, 1970.
BSUM
PAR  This invention is directed to a class of oxidation catalysts, to catalytic
      oxidation processes utilizing such catalysts, and to methods of
      catalytically treating exhaust gases with such catalysts to produce
      exhaust gases substantially free of harmful pollutants.
PAR  More particularly, the present invention is directed to a class of ceramic
      mixed oxide nonstoichiometric electrically neutral oxidation catalysts of
      the following formula:
EQU  X.sub.n Y.sub.(1.sub.-n) ZO.sub.(3.sub.+-m)                (I)
PAL  wherein:
PA0  X is an alkaline earth metal or mixture thereof;
PA0  Y is a rare-earth-type element or mixture thereof;
PA0  Z is a metal of the first transition series or a mixture thereof, at least
      0.01% of said metal having an oxidation state other than +3;
PA0  m is a number having a value of between 0 and about 0.11; and
PA0  n is a number having a value from 0 to about 0.51.
PAR  Further, the present invention is directed to processes for the catalytic
      oxidation of ammonia, carbon monoxide, hydrogen, hydrocarbons, sulfur
      dioxide and hydrogen sulfide with oxygen; of carbon monoxide with water
      vapor, sulfur dioxide or nitric oxide; and of a gaseous mixture of
      uncombusted or partially combusted fossil fuel, carbon monoxide, carbon
      dioxide and atmospheric gases with oxygen without the concomitant
      production and emission of nitric oxide in the exhaust gas, employing the
      catalyst described herein. Furthermore, the present invention is directed
      to methods of treating exhaust gases from chemical plants, electrical
      utility generating plants, heating plants, steel mills, smelting plants,
      trucks and automobiles to remove gaseous pollutants, such as carbon
      monoxide, hydrocarbons, partially oxidized hydrocarbons, the oxides of
      nitrogen, and sulfur dioxide, therefrom.
PAR  Since the advent of modern technology, air pollution has become a serious
      and sometimes tragic problem for man. The present industrial plants and
      automobiles which burn the fossil fuels emit a staggering amount of
      gaseous pollutants, principally unburned or partially burned fossil fuels,
      carbon monoxide, the oxides of nitrogen, sulfur dioxide and ozone. These
      pollutants are chemically reactive and have been found to be harmful to
      both plant life and animal life. Under certain weather conditions, the
      accumulative emissions of these pollutants can have tragic effects; for
      example, in late 1930 about sixty people died and another 6,000 became
      seriously ill from breathing abnormally high levels of gaseous pollutants
      in the Muse Ruhr Valley of Belgium. A more recent calamity took place in
      the mill town of Donora, Pennsylvania, in 1948. The death smogs or fogs
      that hovered over London, England, in 1952 and 1962 are well documented.
      As stated above, gaseous pollutants not only affect animal life but they
      also affect plant life. Smog has been found to have a serious effect on
      the evergreen trees growing on the mountain sides surrounding the Los
      Angeles basin. Furthermore, the University of California Air Pollution
      Research Center has found that smog has a detrimental effect on the growth
      and the fruit yield of citrus trees.
PAR  Smog is a by-product of a complex series of photosynthetic reactions that
      occur in the atmosphere when certain molecular species are found therein.
      More particularly it has been found that the production of photochemical
      smog requires nitrogen oxides such as nitric oxide and nitrogen dioxide,
      hydrocarbons, and ultra-violet light. One of the possible routes for the
      production of smog is theorized as follows: During the combustion of a
      fossil fuel the oxides of nitrogen are formed. These nitrogen oxides and
      some unburned fuel together with carbon monoxide are emitted in the
      exhaust gases. In the presence of hydrocarbons and sunlight the nitric
      oxide is photochemically oxidized to nitrogen dioxide. The nitrogen
      dioxide mole is then photochemically split into nitric oxide and atomic
      oxygen. A portion of the atomic oxygen in turn interacts with molecular
      oxygen to form ozone or with hydrocarbons to form complex and reactive
      oxidation products. It then appears that a portion of the ozone reacts
      with the nitric oxide to provide a fresh supply of nitrogen dioxide.
      Another portion of the atomic oxygen and a portion of the reactive
      hydrocarbon oxidation products in the air form free radicals which in turn
      react very readily with oxygen, nitric oxide, nitrogen dioxide, and with
      other hydrocarbons to form more complex materials such as peroxyacyl
      nitrates. The peroxyacyl nitrates are suspected of being the principal
      cause of the eye-searing effect of smog; it has been documented that these
      compounds can cause substantial damage to crops when present in
      exceedingly small amounts, such as parts per hundred million.
PAR  From the time the primary gaseous pollutants known to cause photochemical
      smog were identified, it has been recognized that the elimination of these
      gaseous pollutants from the exhaust of industrial plants and vehicles
      would substantially eliminate photochemical smog. The chemical industry
      has been working diligently in this field over the last decade in an
      effort to accomplish this result. Some of the effort has resulted in the
      introduction of devices that give limited results, such as the
      smog-emission devices introduced on automobiles in the late 1960's. Other
      efforts have been directed toward catalysts and catalytic systems which
      can reduce the amount of hydrocarbons, carbon monoxide and nitric oxide
      emitted from the exhaust gas of motor vehicles and industrial plants
      burning fossil fuels. This effort has only been partially successful for a
      variety of reasons. For example, many of the catalysts developed were
      prepared from precious metals such as platinum and palladium; the
      resulting catalysts are expensive and are not economically feasible to
      use. Other catalysts have been developed which are readily deactivated by
      the presence of sulfur, oxygenated sulfur compounds or metals, such as
      lead. Other catalysts, that have been developed, are environmentally
      and/or chemically sensitive and are rapidly inactivated when operated at
      high temperatures or in the presence of certain materials. Many of the
      present catalysts are only effective at low space velocities and can only
      be utilized in a catalytic system having a large catalytic bed and
      catalytic chamber to provide sufficient contact time between the exhaust
      gases and the catalyst. The catalytic systems that have been developed are
      generally quite complex and require more than one catalyst with each
      catalyst operating within a particular temperature range. To our knowledge
      no catalytic system has been developed for the removal of gas pollutants
      from fossil fuel exhaust fumes utilizing one catalyst which can
      effectively operate over a broad temperature of the exhaust gases.
PAR  An object of the present invention is to provide an oxidation catalyst
      which exhibits excellent efficiencies over a broad temperature range and
      at high space velocities. More particularly, it is an object to provide an
      oxidation catalyst that exhibits excellent chemical and thermal stability.
PAR  Another object of the present invention is to provide an oxidation catalyst
      which is effective in selectively oxidizing a broad range of molecular
      species, such as ammonia, carbon monoxide, hydrocarbons, and the like.
      More particularly, it is an object to provide an oxidation catalyst that
      can be used in the treatment of exhaust gases from industrial plants and
      motorized vehicles utilizing fossil fuels for the removal of substantially
      all carbon monoxide, combusted and partially combusted hydrocarbons,
      oxygenated hydrocarbons and oxides of nitrogen therefrom.
PAR  Ceramic, stoichiometric compounds of the following empirical formula are
      known and have been used in high temperature electrodes:
EQU  X'.sub.n Y'.sub.(1.sub.-n) Z'O.sub.3
PAL  wherein:
PA0  X' is strontium,
PA0  Y' is yttrium or lanthanum,
PA0  Z' is a metal of the first transition series, and
PA0  n is 0 or 0.22.
PAL  The catalytic activity of these compounds has apparently never been
      recognized and we believe we are the first to discover their catalytic
      properties. In an attempt to improve the catalytic activity of the above
      ceramic compounds we made the discovery that we could prepare ceramic,
      nonstoichiometric, electrically neutral compounds of the following formula
      and that in most cases these compounds exhibited superior catalytic
      activity because of their nonstoichiometric nature:
EQU  X.sub.n Y.sub.(1.sub.-n) ZO.sub.(3.sub.+-m)                (I)
PAL  wherein:
PA0  X is an alkaline earth metal or mixture thereof;
PA0  Y is a rare-earth-type element or mixture thereof;
PA0  Z is a metal of the first transition series or a mixture thereof, at least
      0.01% of said metal having an oxidation state other than +3;
PA0  m is a number having a value of between 0 and about 0.11; and
PA0  n is a number having a value from 0 to about 0.51.
PAR  The catalyst of the present invention is a ceramic, mixed oxide,
      nonstoichiometric electrically neutral catalyst containing a
      rare-earth-type element or mixture thereof, a metal of the first
      transition series or mixtures thereof, oxygen atoms, and optionally an
      alkaline earth metal or mixture thereof. The transition metal or metals
      are present as mixed oxides wherein the metal is present in more than one
      oxidation state. The rare-earth-type element or elements can also be
      present in more than one oxidation state.
PAR  The alkaline earth metals include beryllium, magnesium, calcium, strontium,
      barium, and radium; in the present invention the preferred alkaline earth
      elements are magnesium, calcium, strontium, and barium. The
      rare-earth-type elements are scandium, yttrium and the rare earth
      elements, e.g., lanthanum, cerium, praseodymium, neodymium, promethium,
      samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,
      thulium, ytterbium, and lutetium. In the present invention the preferred
      rare-earth-type elements have atomic numbers between 20 and 72. The metals
      of the first transition series include titanium, vanadium, chromium,
      manganese, iron, cobalt, nickel, copper and zinc. In the present invention
      the preferred metals of the first transition series include those metals
      having an atomic number between 21 and 31. At least 0.01% of the
      transition metal atoms of the oxide catalyst have oxidation states other
      than +3; i.e., at least 0.01% of the transition metal atoms are present in
      oxidation states higher or lower than +3. In the preferred embodiment of
      the present invention, at least 0.1% of the transition metal atoms in a
      mixture of metal oxides have oxidation states other than +3. Although
      there is no upper limit to the percentage of metal atoms having oxidation
      states other than +3, rarely will more than 35% of the transition metal
      atoms have oxidation states deviating from +3. The rare-earth-type
      elements may be present in more than one oxidation state, i.e. between and
      including +2 to +4.
PAR  The ceramic, mixed oxide, nonstoichiometric, electrically neutral catalyst
      of the present invention is a solid crystalline compound at the
      temperatures at which it is used. Elements represented by X, Y and Z of
      formula (I) are present in the catalyst as positively charged ions and the
      oxygen is present as negatively charged ions. The chemical bonding between
      X, Y, Z and O is most accurately described as being ionic. As a solid
      chemical compound the catalyst is partially characterized, we believe, by
      its crystal structure. It differs from the crystal structures of catalysts
      described as mixtures of oxides such as the hopcalites which are mixtures
      of metal oxides and not a homogenous mixed oxide compound.
PAR  Electrical neutrality in the mixed oxide catalyst of the present invention
      can be understood in terms of classical theory regarding ionic species and
      present theories regarding defect chemistry. Electrical neutrality in the
      present mixed oxide catalyst, in which fractions of the elements
      represented by Z and Y are present as positive ions with charges other
      than +3, is maintained by a balance of negatively charged and positively
      charged ionic species and the presence of defects such as positively
      charged holes, interstitial positive ions, positive ion vacancies,
      negatively charged electrons and oxygen vacancies. An oxygen vacancy is an
      empty oxygen lattice site in a crytal structure normally occupied by
      O.sup..sup.-2 ions. The defects are particularly important in balancing
      the X and Z elements having charges other than +3. A fraction of the
      oxygen vacancy defects may exist as oxygen vacancy defect complexes in
      which the oxygen vacancy is localized preferentially about a particular
      positively charged ion. The catalyst exhibits high electronic conductivity
      at temperatures at which the defects, i.e. holes, vacancies, or electrons
      are mobile. Ionic conductivity within the catalyst is associated with the
      mobility of the oxygen ions and is enhanced by the presence of defects
      such as oxygen vacancies or oxygen vacancy complexes.
PAR  It appears that the surprising activity of the present catalyst arises from
      the nonstoichiometric character of the metal oxide composition contained
      therein. The present catalyst has a very high electronic conductivity and
      ionic conductivity. The sum of the electronic conductivity and the ionic
      conductivity is the electrical conductivity of material and is inversely
      proportional to the electrical resistance of the material. The present
      catalyst has an electrical conductivity of about 0.1 ohms
      .sup.-1cm..sup..sup.-1 to about 1000 ohms .sup..sup.-1 cm..sup..sup.-1.
      The ionic conductivity is a measurement of the ion flow or migration
      through and over a material. Most materials found in nature have very low
      ionic conductivities; however, molten salts and salts dissolved in water
      have very high ionic conductivities. The present catalyst has a high ionic
      conductivity and will readily permit ions to flow or migrate through and
      across its surfaces for the distances of 100 angstroms or more. The
      present ceramic, nonstoichiometric oxidation catalysts also have excellent
      selective adsorption properties. The present catalysts are relativelyl
      good adsorbers of partially oxidized or partially reduced molecular
      species such as carbon monoxide, sulfur dioxide, the oxides of nitrogen,
      and hydrogen sulfide, and they are relatively poor adsorbers of fully
      oxidized or reduced materials, such as carbon dioxide or nitrogen gas. The
      adsorption qualities of the present catalyst also appear to arise from its
      nonstoichiometric nature.
PAR  Without intending to limit the invention by the following discussion, it
      appears that many of the surprising characteristics of the present
      catalyst can be attributed to its high ionic and electronic conductivity,
      and selective adsorption characteristics. Under present theory, an
      effective catalyst must be a good adsorber of reactants and a relatively
      poor adsorber of the reaction products thereof. If the catalyst is a
      relatively poor adsorber of reactants, the space velocity of the gas
      stream containing the reactants and the relative gas pathway length
      throughout the catalyst are usually adjusted to give the reactants and
      catalytic surface the optimum contact conditions. The relatively high
      electronic conductivity of the present catalyst due to either mobile holes
      or electrons tends to enhance the effective areas of the catalyst by
      reducing the areas of the space charge regions around adsorbed molecules
      which tend to become polarized or ionic. Under present theory, it also
      appears that if the given reaction is a Red-Ox reaction, that is a
      reaction involving the oxidation of one reactant and the reduction of the
      other reactant, the site of reduction and the site of oxidation on the
      catalytic material must be relatively close, such as about  10 A or less,
      so that electrons and/or molecular ionic species resulting from the
      partial reduction or oxidation of the reactants can migrate between the
      two sites to complete the reaction. For example, when the catalyst is to
      be employed in the oxidation of carbon monoxide with water vapor to form
      carbon dioxide and hydrogen gas, the carbon monoxide molecule will become
      attached to an oxidation site and become chemically excited wherein it
      will readily accept either monoatomic oxygen or ionic oxygen to form
      carbon dioxide. A water molecule will become attached to a reduction site
      wherein the water molecule will be split apart to form diatomic hydrogen
      and monoatomic or ionic oxygen. The former will escape from the catalyst
      surface while the latter will migrate over the catalytic surface or
      through the catalyst as oxygen ions to a nearby carbon monoxide oxidation
      site to combine therewith and form carbon dioxide which will subsequently
      escape from the surface of the catalyst. If the oxidation and reduction
      sites are more than 10 A apart, the catalyst generally will not be very
      effective and will exhibit little catalytic activity. In the present
      catalyst, the respective reaction site can be separated by distances far
      exceeding 10 A; for example, the reaction sites can be separated by
      distances of 100 A or more, because the catalyst has high ionic and
      electronic conductivity which provides excellent mobility for electrons
      and atomic and molecular ionic species. Consequently, in the present
      catalyst electrons or holes can readily flow and migrate from site to site
      during a given chemical reaction and likewise oxygen ions can migrate and
      flow from site to site with relative ease.
PAR  The present catalysts are prepared by making up an aqueous solution of the
      corresponding water-soluble salts of the rare-earth-type elements, metals
      of the first transition series and alkaline earth metals, if the latter
      are to be included. Typical water-soluble salts that are employed include
      the nitrate and halide salts of the rare-earth-type elements, the metals
      of the first transition series and the alkaline earth metals. After the
      aqueous solution is thoroughly mixed, the solution is evaporated at either
      room temperature or at elevated temperatures to dryness and the resulting
      residue is calcined for several hours at elevated temperatures, such as
      temperatures between 900.degree. C. and 1500.degree. C. If the salts lack
      oxygen atoms, the salt mixture is calcined in the presence of oxygen gas.
      The resulting ceramic nonstoichiometric oxidation catalyst is a fine
      powder which can be readily milled, pressed and sintered to any desired
      shape. Alternatively, the powdered catalyst can be moistened, molded or
      extruded into a desired shape, and then sintered or fired. Alternatively,
      the present catalyst can be prepared from the water-insoluble salts, such
      as the sulfates, carbonates, or oxides of the rare-earth-type elements,
      the metals of the first transition series, and the alkaline earth metals.
      The salts are particulated and thoroughly mixed in their appropriate molar
      amounts. The resulting mixture of salts is then calcined as described
      above to prepare the ceramic oxidation catalyst of the present invention.
PAR  Referring to the above formula (I), the value of (3.+-.m) is affected by
      the oxygen pressure during the calcining step. If the catalytic starting
      material is calcined in the absence of oxygen or at low oxygen partial
      pressures such as 10 mm Hg, the value of the quantity (3.+-.m) will be
      smaller than if the starting catalytic material is calcined at high oxygen
      pressures such as 700 mm Hg, 3 atmospheres or the like.
PAR  As described above, the present catalyst of formula (I) and the ceramic,
      mixed oxide, stoichiometric, electrically neutral catalyst of the
      following formula
EQU  X.sub.n Y.sub.(1.sub.-n) ZO.sub.3                          (II)
PAL  wherein X, Y, Z, O and n are as defined above, can be employed in the
      oxidation of a wide variety of molecular species. For example, the above
      catalysts can be utilized in the following oxidation reactions:
TBL  A.  2CO + O.sub.2 .fwdarw.2CO.sub.2                                       
     B.  2H.sub.2 + O.sub.2 .fwdarw.2 H.sub.2 O                                
     C.  Hydrocarbons and                                                      
         Oxygenated Hydro-                                                     
         carbons such as                                                       
         Aldehydes,                                                            
         Ketones,       + nO.sub.2 .fwdarw.mCO.sub.2 + pH.sub.2 O              
         Ethers,                                                               
         Alcohols, and  wherein n, m and p are                                 
         Carboxylic acids                                                      
                        integers having a value                                
                        of 1 or more.                                          
     D.  2SO.sub.2 + O.sub.2 .fwdarw.2SO.sub.3                                 
     E.  2H.sub.2 S +3O.sub.2 .fwdarw.2SO.sub.2 + 2H.sub.2 O                   
     F.  4NH.sub.3 + 40.sub.2 .fwdarw.2N.sub.2 O + 6H.sub.2 O                  
     G.  4NH.sub.3 + 50.sub.2 .fwdarw.4NO + 6H.sub.2 O                         
     H.  2NO + O.sub.2 .fwdarw.2NO.sub.2                                       
     I.  2CO + 2NO.fwdarw.2CO.sub.2 + N.sub.2                                  
     J.  CO + H.sub.2 O.fwdarw.CO.sub.2 + H.sub.2                              
     K.  4CO + 2SO.sub.2 .fwdarw.4CO.sub.2 + S.sub.2                           
     L.  4H.sub.2 S + 2SO.sub.2 .fwdarw.3S.sub. 2 + 4H.sub.2 O                 
     M.  Hydrocarbons + CO + CO.sub.2 + H.sub.2 O + N.sub.2 + O.sub.2 (slight  
           excess).fwdarw.CO.sub.2 + H.sub.2 O + N.sub.2 + O.sub.2 (residue)   
PAL  Reactions A-H and M normally will be carried out with atmospheric oxygen,
      i.e., with air. In such cases, in each of these oxidation reactions there
      will be little concomitant oxidation of the atmospheric nitrogen to the
      nitrogen oxides such as a nitric oxide. However, reactions A-H and M can
      be carried out with any oxygen containing gas. Reaction A can be conducted
      with only a trace of carbon monoxide and requires only a slight excess of
      the stoichiometric amount of oxygen needed for the complete combustion
      oxidation of the carbon monoxide to carbon dioxide. The reactants, i.e.,
      the carbon monoxide and oxygen, are passed through a bed of the catalyst
      at a temperature between about 100.degree. C. and about 1000.degree. C.
      Reaction B can be conducted with only a trace amount of hydrogen and
      requires only a slight excess of a stoichiometric amount of oxygen needed
      for the oxidation of the hydrogen. In this reaction the reactants are
      passed through a bed of the catalyst at a temperature between about
      100.degree. C. and about 500.degree.. Reaction C can be practiced with
      hydrocarbons, such as methane, butane, benzene, or the like, aldehydes
      such as acetaldehyde or hexanal, ketones such as acetone or diacetone
      alcohol, alcohols such as methyl alcohol, propyl alcohol, or the like,
      carboxylic acids such as acetic acid, decanoic acid, or mixtures of the
      above. This reaction requires an excess of the stoichiometric amount of
      the oxygen needed for the complete combustion of the above-described
      reactants. The reactants and oxygen are passed over the catalyst at
      temperatures between about 100.degree. C. and about 1000.degree. C. At
      higher temperatures the reaction rate is appreciably increased and permits
      very high space velocities. Reaction D can be conducted with trace amounts
      of sulfur dioxide and requires an excess of the stoichiometric amount of
      oxygen needed for the oxidation of the sulfur dioxide. The reaction is
      conducted through a bed of the catalyst at a temperature between about
      120.degree. C. and about 800.degree. C. Reaction E can be conducted with a
      trace amount of hydrogen sulfide and requires an excess of the
      stoichiometric amount of oxygen needed for the oxidation of the hydrogen
      sulfide. The reaction is conducted by bringing the reactants in contact
      with the catalyst at a temperature between about 100.degree. C. and about
      700.degree. C. Reaction F can also be conducted with trace amounts of
      ammonia and requires an excess of the stoichiometric amount of oxygen
      needed for the oxidation of the ammonia. The reaction is carried out by
      bringing the reactants in contact with the catalyst of the present
      invention at a temperature between about 100.degree. C. and about
      400.degree. C., preferably between about 250.degree. C. and about
      400.degree. C. Reaction G is a very useful reaction and provides a method
      of making nitric oxide, the first stage in the manufacture of nitric acid.
      The reaction requires only a slight excess of the stoichiometric amount of
      oxygen needed to oxidize the ammonia to nitric oxide. The reaction is
      conducted at temperatures between about 100.degree. C. and about
      1000.degree. C., preferably at a temperature of about 400.degree. C. or
      higher. Reaction H represents the second stage in the manufacture of
      nitric acid from ammonia. The reaction is conducted at temperatures
      between about 100.degree. C. and about 400.degree. C. Reaction I is also a
      very useful reaction and it provides a route for the elimination of both
      carbon monoxide and nitric oxide from the exhaust gas of industrial plants
      and motorized vehicles utilizing fossil fuels. Both reactants can be
      present in trace amounts and can be present in equal stoichiometric
      amounts. The reaction is carried out in the presence of the catalyst at a
      temperature between about 200.degree. C. and about 1000.degree. C. When
      the reaction is conducted in the presence of oxygen or atmospheric oxygen,
      reactions A and H are favored and the principal by-products will be carbon
      dioxide and nitrogen dioxide. Reaction J is also a useful reaction and
      provides an alternative route for the elimination of carbon monoxide in
      exhaust gases produced by the combustion of fossil fuels. Both reactants
      can be present in trace amounts and either can be in excess. This reaction
      is also useful for commercial production of hydrogen. The reaction is
      conducted in contact with the catalyst at a temperature between about
      150.degree. C. and about 500.degree. C. If this reaction is conducted in
      the presence of atmospheric oxygen, reaction A is favored and the
      principal reactants are carbon dioxide and water from the combustion of
      hydrogen and atmospheric oxygen. Reactions D and E provide a means of
      inexpensively producing sulfur trioxide for sulfuric acid production from
      sulfur dioxide and/or hydrogen sulfide. The reaction can be conducted with
      pure oxygen or with oxygen enriched air.
PAR  Reaction F provides a means of inexpensively producing nitrous oxide. This
      reaction can be conducted with pure oxygen or with oxygen enriched air.
PAR  Reaction M is a reaction between atmospheric oxygen and an exhaust gas from
      industrial plants or motor vehicles burning fossil fuels with an oxygen
      deficiency. The exhaust gas will contain hydrocarbons and/or aldehydes,
      ketones, alcohols, carboxylic acids, and the like, carbon monoxide, carbon
      dioxide, water vapor, and atmospheric nitrogen. The reaction is conducted
      with a slight excess of atmospheric oxygen, that is a slight excess of the
      stoichiometric amount of oxygen needed for completely combusting the
      hydrocarbons or other like organic species and carbon monoxide to CO.sub.2
      and H.sub.2 O. The effluent gas will contain carbon dioxide, water vapor,
      atmospheric nitrogen and residual oxygen and will be substantially free of
      hydrocarbons, carbon monoxide, and oxids of nitrogen, particularly nitric
      oxide. The exhaust gases are put in contact with the catalyst of the
      present invention at a temperature between about 200.degree. C. and about
      700.degree. C., preferably about 400.degree. C.
PAR  Reactions K and L represent useful reactions for recovering SO.sub.2 as
      elemental sulfur by catalytic oxidation of CO and H.sub.2 S in the absence
      of excess air. Reaction temperatures must be sufficiently high so as to
      avoid the condensation of solid or liquid sulfur on the catalyst. The
      reaction temperatures are typically below 800.degree. C.
PAR  As described above, the above catalysts of formulas I and II are very
      effective oxidation catalysts for the harmful gaseous pollutants found in
      the exhaust gases of industrial plants and motorized vehicles utilizing
      fossil fuels. Accordingly, the catalyst can be used to provide methods of
      eliminating these pollutants from exhaust gases. For example, one method
      of eliminating or substantially reducing the nitric oxide, carbon
      monoxide, and hydrocarbon pollutants from the exhaust gas of power plants,
      generating plants and steam plants utilizing fossil fuels such as natural
      gas, gasoline, oil stock and/or coal will comprise the following steps:
      burning the fossil fuel in an oxygen deficiency environment at a
      temperature between about 1600.degree. C. and about 850.degree. C. to
      produce an exhaust gas containing carbon dioxide, carbon monoxide, water
      vapor, unburned or partially burned fossil fuel and atmospheric nitrogen
      with the carbon dioxide and carbon monoxide being present in the ratio of
      about 100 to between about 1 and about 11. The combustion of the fossil
      fuel produces usable heat energy which in turn is employed to produce
      steam for steam turbines or expand the gases in a reciprocal engine or gas
      turbine. After the combustion gas has performed its energy function, its
      temperature will have dropped to between 300.degree. C. and 700.degree. C.
      The resulting cooled combustion gas will then be combined with a slight
      excess of atmospheric oxygen, i.e., at least a 1% excess of the
      stoichiometric amount of atmospheric oxygen needed to fully oxidize the
      remaining uncombusted or partially combusted fossil fuel and carbon
      monoxide in the combustion gas. The resulting air combustion gas mixture
      will then be passed through a bed of the catalyst at a temperature between
      about 300.degree. C. and about 700.degree. C. to fully oxidize the carbon
      monoxide and fossil fuel. The effluent gas will contain carbon dioxide,
      water vapor, atmospheric and residual oxygen. The effluent gas will be
      substantially free of all fossil fuels or remnants thereof, carbon
      monoxide and nitric oxide. When the first combustion step is conducted at
      1200.degree. C. and the subsequent catalytic treatment is conducted at
      600.degree. C. the resulting effluent gas will contain less than 1 ppm of
      fossil fuels or remnants thereof, less than 10 ppm of carbon monoxide and
      less than 10 ppm of nitric oxide. In sharp contrast the present industrial
      plants, such as steam-generating plants, which burn fossil fuel and use a
      single-step combustion process, wherein the fuel is burned in an excess of
      oxygen, produce an exhaust gas containing 500 ppm of fossilized fuel or
      remnants thereof, more than 250 ppm of carbon monoxide and more than 340
      ppm of nitric oxide. These pollutants, as described above, are a major
      contributor to photochemical smog. The situation in motorized vehicles is
      even worse. Less than 10% of the motorized vehicles are properly adjusted
      and have their smog emission devices working at optimum conditions. The
      remainder of the vehicles are not properly tuned, have inoperative or
      poorly operating smog emission devices and/or faulty mufflers. The
      motorized vehicles emit vast quantities of unburned or partially combusted
      gasoline, massive amounts of nitric oxygen and appreciable amounts of
      carbon monoxide. The present invention contemplates a method utilizing the
      above catalysts for operating a motorized vehicle which will emit an
      exhaust gas which is substantially free of fossil fuels or remnants
      thereof, carbon monoxide and nitric oxide. Preferably the gasoline
      employed in the motorized vehicle would be lead free. However, gasolines
      containing less than 1 gram of lead per gallon could be utilized in the
      method described herein since the catalysts are relatively insensitive to
      lead contamination. The reciprocal engine will be adjusted to run on a
      rich mixture, that is, the engine will be run with an overall deficiency
      of oxygen. The engine can be adjusted so that it runs on an oxygen
      deficiency of between 10% and 0.1% so as to limit the formation of nitric
      oxide. The exhaust gases from the combustion chambers of the engine are
      vented or piped into a catalytic muffler containing the ceramic, mixed
      oxide catalyst of the present invention. The exhaust gases would contain
      unburned fuel or partially burned fuel, carbon dioxide, carbon monoxide,
      water vapor, and atmospheric nitrogen. Just before entering the catalytic
      muffler, the combustion gases could be combined with at least 1% of excess
      of atmospheric oxygen, that it, at least 1% in excess of the
      stoichiometric amount of oxygen needed for the complete combustion of the
      carbonaceous material in the combustion gas. The resulting mixture would
      then be passed through the catalytic muffler at a temperature between
      about 200.degree. C. and about 700.degree. C. The resulting effluent gas
      would contain carbon dioxide, water vapor, atmospheric nitrogen, and
      residual oxygen. The effluent gas would be substantially free of all fuel
      and remnants thereof, carbon monoxide, and nitric oxide. The above
      catalysts are ideally suited to the above-described method for two
      reasons: (1) the catalysts are relatively unaffected by metallic
      substances, such as lead, and (2) the present catalysts will selectively
      oxidize carbonaceous material, such as carbon monoxide and hydrocarbons,
      in preference to atmospheric nitrogen over a broad range of temperatures.
PAR  The present catalyst can also be used to produce a two-step catalytic
      process for removing gaseous pollutants from fossil fuel exhausts, that
      is, the exhaust gases produced by the combustion of fossil fuels. In this
      method, the fossil fuel can be burned with a stoichiometric amount of
      atmospheric oxygen or a slight deficiency. The fossil fuel can be burned
      at a temperature of 1000.degree. C. or higher. At temperatures of
      1400.degree. C. the fossil fuel is burned with a deficiency of oxygen in
      order that at least as much carbon monoxide, on a molar basis, is produced
      as nitric oxide, preferably at least twice as much carbon monoxide is
      produced; nitric oxide production is disproportionately increased at high
      temperatures. The combustion gases will contain fossil fuel, partially
      combusted fossil fuel, carbon dioxide, carbon monoxide, water vapor,
      nitric oxide and atmospheric nitrogen. If fossil fuel contains sulfur or
      sulfur containing compounds, sulfur and hydrogen sulfide will also be
      found in the combustion gases. After the combustion gases have fulfilled
      their energy function, they will have cooled to about 700.degree. C. or
      less. The cooled combustion gases are passed through a bed of the catalyst
      wherein the carbon monoxide is oxidized by nitric oxide and water to
      carbon dioxide. If the fuel contains sulfur containing compounds, the
      resulting effluent gas may be cooled to recover the sulfur. The resulting
      effluent gas is then mixed with a slight excess of atmospheric oxygen and
      passed through a second bed of catalyst of the present invention wherein
      the fossil fuel, partially combusted fossil fuel, remaining carbon
      monoxide, remaining nitric oxide, hydrogen sulfide, and sulfur are fully
      oxidized yielding an exhaust gas consisting essentially of carbon dioxide,
      water vapor, sulfur trioxide, atmospheric nitrogen, nitrogen dioxide and
      residual atmospheric oxygen. The exhaust gases will be essentially free of
      the gaseous pollutants, i.e. oxides of nitrogen and sulfur. This method is
      particularly applicable for use on motorized vehicles and high-temperature
      industrial plants wherein a large quantity of nitric oxide is produced
      during the combustion step.
PAR  As described above, the above compounds of formulas (I) and (II) can be
      formed and utilized in various states and shapes such as powdered form,
      pellets, flakes, and the like. For the industrial plant use or catalytic
      muffler use, the catalyst can be used as a powder, as pressed sintered
      pellets, macaroni-shaped tubes, flat or curved flakes, and the like. The
      catalyst also can be used on a support such as a ceramic refractory, glass
      or high-melting metal support substance. As mentioned above, the powdered
      catalyst can be pressed into shape and fired or sintered to fix the shape.
      Alternatively, the powder material can be made plastic by mixing with
      water or with an organic binder and extruded into any desired shape and
      sintered or fired into that shape. In another alternative method, the
      catalyst can be made into a liquid paint or ink which can be used to coat
      a support or walls, such as muffler walls, and the like. After the coating
      is complete, the catalytic paint or ink can be dried and fired to fix the
      coating to the underlying support or wall. If an extremely thin layer,
      such as 10.sup.3 A, of the catalyst on a particular support is required,
      the catalyst can be coated on the support by ionic sputtering.
PAR  The operating temperature ranges cited are particularly wide for the
      catalyst. This results from the low, high and overlapping temperatures
      over which specific examples of the catalyst of the present invention are
      characterized by high electronic and ionic conductivities which contribute
      to the electrical conductivity. This desired feature permits optimization
      with regard to chemical and thermal stability for a specific application.
DETD
PAR  The following examples are included to further illustrate the present
      invention and are not intended as limitations thereof.
PAC  EXAMPLE 1
PAR  An aqueous mixture of 6 moles of a lanthanum nitrate (La(NO.sub.3).sub.3)
      and 6 moles of cobalt nitrate (Co(NO.sub.3).sub.2) is prepared from the
      corresponding lanthanum and cobalt nitrate salts. The solution is boiled
      and evaporated to dryness; the resulting residue is calcined in air for 7
      hours at 1200.degree. C. to produce a fine powder having the following
      empirical formula:
EQU  LaCoO.sub.3.
PAR  a substantially identical catalyst is prepared by employing the
      corresponding chloride salts in place of the nitrate salts in the above
      procedure.
PAR  The above powdered catalyst is moistened with distilled water to prepare a
      thick paste which is extruded into macaroni-shaped tubes. The tubes are
      air-dried for 48 hours and then fired at 1300.degree. C. for 3 hours.
PAC  EXAMPLE 2
PAR  An aqueous solution containing 1 mole of barium chloride, 9 moles of
      yttrium chloride and 10 moles of titanium chloride was prepared by
      dissolving the corresponding chloride salts in 100 liters of water. The
      resulting aqueous solution was evaporated to dryness under a vacuum. The
      resulting residue was calcined for 10 hours at 1200.degree. C. under an
      atmosphere of air to produce a fine powder having the following empirical
      formula:
EQU  Ba.sub.0.1 Y.sub.0.9 TiO.sub.3.
PAL  the resulting powder was pressed into cylindrical pellets measuring 5
      millimeters by 2.5 centimeters in a hydraulic press at 10,000 psi and
      sintered at 1300.degree. C.
PAC  EXAMPLE 3
PAR  A catalyst is made by the procedure of Example 1 by calcining under an
      inert argon gas atmosphere to produce a fine ceramic powder having the
      following empirical formula:
EQU  LaCoO.sub.(3.sub.-m)
PAL  wherein m has a value between 0 and 0.11.
PAC  EXAMPLE 4
PAR  A catalyst is made by the procedure of Example 1 employing 6 moles of
      chromium nitrate in place of cobalt nitrate and calcining under a 100%
      oxygen gas atmosphere to produce a ceramic powder having the following
      empirical formula:
EQU  LaCrO.sub.(3.sub.+m)
PAL  wherein m has a value between 0 and 0.11.
PAC  EXAMPLE 5
PAR  An aqueous solution containing 3 moles of calcium bromide, 7 moles of a
      mixture of cerium nitrate, neodymium nitrate, and lanthanum nitrate, and
      10 moles of nickel chloride are prepared by heating 75 liters of distilled
      water to boiling and adding the above corresponding salts of calcium,
      cerium, neodymium, lanthanum and nickel. The solution is boiled to dryness
      and the residue is calcined under a nitrogen gas atmosphere for 5 hours at
      1150.degree. C. to produce a crusty residue of the empirical formula:
EQU  Ca.sub.0.3 (CeNdLa).sub.0.7 NiO.sub.(3.sub.+m),
PAL  wherein m is a value between 0 and 0.11, which powdered on scraping. The
      resulting powder is moistened with water to produce a thin paste. Neutral
      alumina pellets are rolled through the paste to coat the catalyst thereon.
      The coated pellets are air-dried and fired at 1250.degree. C. for 3 hours
      to bond the catalyst coating to the pellets.
PAC  EXAMPLE 6
PAR  A 100 liter aqueous solution containing 0.1 mole of calcium chloride, 9.9
      moles of a mixture of rare earth nitrates wherein the rare earth elements
      have atomic numbers from 57 to 71, and 10 moles of a 50:50 mixture of
      chromium and manganese nitrate. The resulting aqueous solution is boiled
      to dryness at 1 mm. of Hg vacuum and the resulting residue is calcined for
      8 hours at 800.degree. C. under an atmosphere of air at 2 atmospheres
      pressure. The resulting catalyst powder is pressed into spherical shapes
      measuring 5 millimeters in diameter and sintered at 1000.degree. C.
PAC  EXAMPLE 7
PAR  To 10 liters of water, there are added 0.29 mole of strontium chloride,
      0.70 mole of ytterbium chloride, 0.01 mole of lutetium chloride, and 1
      mole of vanadium chloride. The resulting mixture is heated and stirred to
      form a solution which is filtered and evaporated to dryness at room
      temperature under vacuum to form a dry residue. The residue is calcined to
      1050.degree. C. for 8 hours under an atmosphere of air to produce a
      ceramic powder.
PAR  The powder is moistened and pressed into flat sheets 2.5 millimeters thick;
      the pressed sheets are dried and fired at 1200.degree. C. for 9 hours to
      form ceramic sheets which are thereafter broken into 1 centimeter flakes.
PAC  EXAMPLE 8
PAR  A mixture of 14.2 g. of magnesium acetate, 23.3 g. of barium sulfate, 229.0
      g. of lanthanum carbonate, 57.4 g. of erbium oxide, and 79.8 g. of ferric
      oxide is milled into a fine powder. The resulting powder is pressed into
      rods 1 cm. in diameter and fired at 1200.degree. C. under an atmosphere of
      nitrogen for 15 hours to produce catalytic ceramic rods.
PAR  The rods are broken up to form pellets measuring about 1 cm. on a side.
PAC  EXAMPLE 9
PAR  A mixture of 283 g. of lanthanum sulfate, 50 g. of chromic anhydride, and
      77.5 g. of cobalt sulfate is milled to a fine powder. The powder is
      moistened with a 7:3:30 mixture of water, glycerine and gum arabic to form
      a paint. The catalytic paint is coated on fired alumina plates and allowed
      to air-dry. The coated plates are then fired in air at 1100.degree. C. for
      36 hours to produce a ceramic catalytic plate.
PAC  EXAMPLE 10
PAR  An air stream containing 10 ppm carbon monoxide was heated to 200.degree.
      C. and passed through a bed of a ceramic, mixed oxide nonstoichiometric,
      electrically neutral catalyst having the following empirical formula:
EQU  Sr.sub.0.1 La.sub.0.9 CoO.sub.(3.sub.+-m)
PAL  wherein m has a value of from 0 to about 0.11. The catalyst bed measured 1
      centimeter in diameter and 10 centimeters in length and the velocity of
      the gas was 10 centimeters per second. The effluent gas was cooled to room
      temperature and analyzed with gas liquid chromatography using a thermal
      conductivity detection cell and a 30 foot column containing molecular
      sieve which showed that the resulting air stream had less than 5 parts
      ppm. of carbon monoxide and no nitric oxide. Substantially similar results
      will be obtained by employing the other catalysts described above in the
      temperature ranges where they are characterized by having significant
      electrical conductivities.
PAR  Substantially the same results are obtained by employing a ceramic, mixed
      oxide, nonstoichiometric, electrically neutral catalyst of the following
      formula:
EQU  SrLa.sub.9 (CrO.sub.(3.sub.+-m)).sub.10
PAL  wherein m has a value of from 0 to about 0.11 and heating the air stream to
      400.degree. C.
PAC  EXAMPLE 11
PAR  An air stream containing 5% carbon monoxide and 10% water is passed through
      a bed of sintered pellets of a ceramic catalyst of the present invention
      having the following empirical formula:
EQU  CaLa.sub.9 (NiO.sub.(3.sub.+-m)).sub.10
PAL  wherein m has a value between 0 and 0.11. The catalyst bed measures 1
      centimeter by 15 centimeters and is heated to about 350.degree. C. The
      velocity for the gas stream is 12 centimeters per second. The effluent gas
      contains less than 10 parts per million (ppm.) carbon monoxide and
      virtually no nitric oxide.
PAC  EXAMPLE 12
PAR  An air stream containing 15% sulfur dioxide is passed through a bed of
      ceramic flakes of a ceramic nonstoichiometric catalyst having the
      following empirical formula:
EQU  YFiO.sub.(3.sub.+-m)
PAL  wherein m has a value of from 0 to about 0.11. The catalyst is prepared
      according to the procedure of Example 7. The catalytic bed measures 1
      centimeter in diameter and 12 centimeters in length and is heated to
      250.degree. C. The effluent gas contains sulfur trioxide and is
      substantially free of sulfur dioxide, and nitric oxide.
PAR  Substantially identical results are obtained when the catalyst is
      maintained at a temperature between 300.degree. C. and 450.degree. C.
PAC  EXAMPLE 13
PAR  An air stream containing 4% hydrogen sulfide is passed through a bed of a
      powdered ceramic nonstoichiometric catalyst of the following empirical
      formula:
EQU  Sr.sub..2 Ce.sub..8 CoO.sub.3.sub.+-m
PAL  wherein m has a value of from 0 to about .11. The catalyst can be prepared
      according to the procedure of Examples 1, 3, or 4. The gas stream is
      heated to 400.degree. C. and the velocity of 20 centimeters per second is
      maintained through the catalytic chamber which measures 0.8 centimeters in
      diameter by 12.5 centimeters in length. The effluent gas contains sulfur
      trioxide and water and is substantially free of hydrogen disulfide and
      nitric oxide.
PAC  EXAMPLE 14
PAR  An air stream containing 5% ammonia is heated to 1000.degree. C. and passed
      through a bed of a powdered, ceramic, nonstoichiometric catalyst of the
      following empirical formula:
EQU  Y.sub..2 La.sub..2 Ce.sub..2 Nd.sub..2 Sm.sub..2 NiO.sub.3.sub.-m
PAL  wherein m has a value between 0 and 0.11. The catalyst chamber measures 10
      centimeters in diameter by 1 meter and the velocity of the gas stream is
      maintained at 7.5 liters per second. The effluent gas stream is
      essentially free of ammonia and contains nitric oxide and water as the
      major by-products.
PAR  An air stream containing 10% nitric oxide and heated to 225.degree. C. was
      utilized in place of the air stream containing ammonia in the above method
      to yield an effluent gas stream containing less than 0.2% nitric oxide;
      the major product is nitrogen dioxide.
PAC  EXAMPLE 15
PAR  A gas stream containing equal portions of carbon monoxide and nitric oxide
      is passed through a catalytic chamber containing a bed of sintered ceramic
      nonstoichiometric catalytic pellets of the following empirical formula:
EQU  Mg.sub..3 Ho.sub..7 TiO.sub.3.sub.-m
PAL  wherein m has a value of from 0 to about 0.11. The gas stream is maintained
      at 650.degree. C. and passed through the catalytic chamber at a sufficient
      space velocity to insure that the reactants are in the catalytic chamber
      for approximately 1/10 of one second. The effluent gas is substantially
      free of carbon monoxide and nitric oxide and consists essentially of
      carbon dioxide and nitrogen gas.
PAR  The above carbon monoxide nitric oxide gas stream is replaced with an air
      stream containing 1% carbon monoxide, 1% nitric oxide and 2% water. The
      effluent gas stream is substantially free of carbon monoxide, contains
      less than 10 parts per million nitric oxide and consists essentially of
      atmospheric gases and carbon dioxide.
PAC  EXAMPLE 16
PAR  The burners of a steam turbine generating plant boiler are operated with
      natural gas fuel so that the maximum flame temperature is 1500.degree. C.
      The natural gas is burned in an oxygen deficiency to yield a combustion
      gas containing carbon monoxide, atmospheric nitrogen, water vapor, and
      carbon dioxide. The combustion gas also contains some nitric oxide and
      hydrocarbons. The ratio of CO.sub.2 to CO in the gas is adjusted to a
      ratio of 95:5 by controlling the air supply. The combustion gas, after
      being employed in producing high-pressure steam, is combined with a 1%
      excess of atmospheric oxygen at a temperature of about 600.degree. C. and
      passed through a catalytic chamber containing the catalyst of Example 1 at
      a space velocity sufficient to insure that the combustion gas is in
      contact with the catalyst for about 0.10 second to yield a stack gas which
      is substantially free of nitric oxide and carbon monoxide and contains
      principally carbon dioxide, water and atmospheric nitrogen. When the fuel
      is burned with a greater oxygen deficiency to yield a CO.sub.2 to CO ratio
      of 90 to 10, an even cleaner stack gas with respect to nitric oxide is
      obtained.
PAR  With increasing temperatures for the initial combustion stage, increasing
      portions of nitric oxide will be emitted in the combustion gases. The
      following table shows the parts per million of nitric oxide prpesent in
      the combustion gas at various combustion temperatures for the first stage
      of combustion.
TBL                TABLE                                                       
     ______________________________________                                    
     Combustion     Parts per million of nitric                                
     Temperature    oxide in combustion gas                                    
     ______________________________________                                    
     1500.degree. C.   150 ppm                                                 
     1400.degree. C.    32 ppm                                                 
     1300.degree. C.    0.9 ppm                                                
     1200.degree. C.    0.09 ppm                                               
     ______________________________________                                    
PAR  The above method provides a method for public utilities to produce power
      with fossil fuels and yet emit a stack gas containing a minimal amount of
      nitric oxide, carbon monoxide, and unburned fuel. At present, most public
      utility plants producing energy from fossil fuel emit an exhaust gas
      containing from about 200 to about 1500 ppm of nitric oxide. In many areas
      of the country, such as Los Angeles, public utilities are a major
      contributor, up to 10%, of the nitric oxide in the air.
PAR  The above method can be employed utilizing natural gas, oil fuel, or coal
      with substantially the same results.
PAC  EXAMPLE 17
PAR  A carburetor and the timing of a reciprocal engine, which burns a gasoline
      containing 0.5 gm of lead/gallon, is adjusted so that the engine, when
      operating in its normal operating temperature, burns a slightly rich
      fuel-air mixture having about a 1% oxygen deficiency. The exhaust or
      combustion gas from the cylinders of the reciprocal engine are vented
      through manifolds and exhaust pipes into a mixing chamber whererin the
      combustion gases are mixed with a slight excess of atmospheric oxygen,
      that is a 1% excess of the stoichiometric amount of oxygen needed to fully
      burn the carbonaceous material, i.e., unburned and partially burned
      gasoline and carbon monoxide, present in the combustion gases. The
      resulting mixture is then vented into a catalytic muffler containing an
      alumina honeycomb matrix coated with a catalyst having the following
      empirical formula:
EQU  Sr.sub..1 La.sub..9 CoO.sub.3.sub.+-m
PAL  wherein m has a value of from 0 to about 0.11. The catalytic chamber is
      designed such that the exhaust gas will travel through the muffler in
      about 0.1 second when the engine is working at its maximum revolution
      rate. The combustion gas has a temperature of above 300.degree. C. when it
      comes in contact with the catalyst. The resulting effluent gas will
      contain less than 10.sup.2 parts per million of nitric oxide, less than
      250 parts per million of carbon monoxide, and will be substantially free
      of gasoline or partially burned gasoline.
PAC  EXAMPLE 18
PAR  The combustion gases from a steam turbine generating plant burning fossil
      fuels in a 2.1% oxygen deficiency contains carbon dioxide, carbon
      monoxide, sulfur, hydrogen sulfide, nitric oxide, atmospheric nitrogen,
      water vapor, and unburned or partially burned fossil fuel. The combustion
      gas, which is heated to about 700.degree. C., is passed through a
      catalytic chamber containing the catalyst of Example 6 at such a rate such
      that the catalyst and all the combustion gas come into contact. The
      gaseous pollutants in the resulting effluent gas are substantially
      reduced. In particular, the amount of carbon monoxide and nitric oxide
      contained therein are substantially reduced because the nitric oxide and
      water vapor have oxidized the carbon monoxide to carbon dioxide. The
      resulting effluent gas which has now cooled down to about 100.degree. C.
      and the sulfur are collected by electrostatic precipitation. The resulting
      gas is heated to approximately 250.degree. C. and combined with a 0.7%
      excess of the stoichiometric amount of oxygen needed to fully oxidize the
      unburned fuel, partially burned fuel, the sulfur-containing compounds and
      the remaining carbon monoxide. The resulting air and effluent gas mixture
      is passed through a second catalytic chamber containing the catalyst of
      Example 17. The second catalytic chamber is designed such that the gaseous
      mixture and the catalysts are in contact for approximately 0.1 to 0.5
      seconds. The resulting effluent gas consists essentially of carbon
      dioxide, water vapor, atmospheric nitrogen and residual oxygen. The
      effluent gas contains less than 10 parts per million of nitric oxide, less
      than 5 parts per million of carbon monoxide, and is substantially free of
      nitrogen dioxide and unburned or partially burned fuel.
PAC  EXAMPLE 19
PAR  An air stream containing 3% carbon monoxide is passed through a bed of
      ceramic catalyst pellets of the following empirical formula:
EQU  Sr.sub..1 La.sub..9 CoO.sub.3.sub.+-m
PAL  wherein m has a value of from 0 to about 0.11. The catalyst is prepared in
      accordance with the method described in Example 6. The catalyst chamber
      measured 1 centimeter in diameter by 10 centimeters in length. The gas
      stream is maintained at a velocity of 10 centimeters per second. The
      process is repeated at different catalytic temperatures and the effluent
      for each reaction temperature is chemically analyzed to determine the
      conversion ratio of carbon monoxide to carbon dioxide. The results are
      shown in the following table.
TBL                TABLE                                                       
     ______________________________________                                    
     Gas Stream Temperature                                                    
                       Percentage Conversion                                   
     (Reaction Temperature)                                                    
                         of CO to CO.sub.2                                     
     ______________________________________                                    
     160.degree. C.        20%                                                 
     200.degree. C.        80%                                                 
     300.degree. C.       100% (substantially)                                 
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A ceramic, nonstoichiometric, electrically neutral catalyst for treating
      exhaust gases from the combustion of fossil fuels comprising a homogeneous
      mixed oxide compound having a unitary crystal structure and having the
      following empirical formula:
EQU  X.sub.n J.sub.(1.sub.-n) ZO.sub.(3.sub.-m)
PAL  wherein:
PA1  X is an alkaline earth metal or mixture thereof;
PA1  J is scandium, yttrium, a rare-earth element, or mixture thereof;
PA1  Z comprises manganese, at least 0.01% of Z having an oxidation state other
      than +3;
PA1  m is a number other than 0 having a value up to about 0.11; and
PA1  n is a number other than 0 having a value up to about 0.51.
NUM  2.
PAR  2. A ceramic, nonstoichiometric, electrically neutral catalyst for treating
      exhaust gases from the combustion of fossil fuels comprising a homogeneous
      mixed oxide compound having a unitary crystal structure and having the
      following empirical formula:
EQU  X.sub.n J.sub.(1.sub.-n) ZO.sub.(3.sub.-m)
PAL  wherein:
PA1  X is an alkaline earth metal or mixture thereof;
PA1  J is a scandium, yttrium, a rare-earth element, or mixture thereof;
PA1  Z comprises manganese, at least 0.01% of Z having an oxidation state other
      than +3;
PA1  m is a number other than 0 having a value up to about 0.11; and
PA1  n is a number having a value from 0 to about 0.51; said catalyst having an
      electrical conductivity of about 0.1 to 1,000 ohms .sup..sup.-1
      cm.sup..sup.-1 at temperatures of from about 200.degree. C. to about
      700.degree. C.
NUM  3.
PAR  3. The ceramic, nonstoichiometric, electrically neutral catalyst as defined
      in claim 1, wherein:
PA1  X is magnesium, calcium, strontium, barium, or a mixture thereof.
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ABST
PAL  A catalyst comprising a metal from Group VIII of the Periodic Table, a
      hydraulic binding agent and alumina in the form of sheets of fine
      crystallites is suitable for the removal, by methanation, of carbon oxides
      from hydrogen-containing gases or of hydrogen from synthetic methane.
PARN
PAR  This is a continuation of Ser. No. 182,147, filed Sept. 20, 1971, now
      abandoned.
BSUM
PAR  This invention relates to a catalyst especially suitable for removal, by
      methanation, of small concentrations of carbon oxides or of hydrogen
      present in gas mixtures.
PAR  The manufacture of hydrogen is extensively carried out by reacting a
      hydrocarbon or other carbonaceous material with steam or oxygen or both.
      The first product of such a reaction is a mixture of carbon oxides and
      hydrogen; then the carbon monoxide is converted to carbon dioxide by
      reaction with steam and the carbon dioxide is removed, usually by
      absorption in an alkaline liquor such as an ethanolamine solution or a
      mixture containing potassium carbonate. Alternatively cryogenic separation
      of carbon dioxide can be used. If the carbon monoxide is itself a desired
      product it can be removed and subsequently recovered by means of a
      cuprammonium solution. All these methods leave a small concentration,
      usually under 2% of carbon oxides, in the gas. These are poisonous to
      ammonia synthesis catalysts and to certain hydrogenation catalysts based
      on platinum-group metals or on cobalt/molybdenum. It has become customary
      to render them innocuous by converting them catalytically to methane by
      the reactions
EQU  CO + 3H.sub.2 .fwdarw. CH.sub.4 + H.sub.2 O
EQU  co.sub.2 +  4h.sub.2 .fwdarw. ch.sub.4 + 2h.sub.2 o
PAL  which proceed almost to completion if the temperature is low enough. A
      technical problem arises, however, in finding a catalyst for this reaction
      which has sufficient activity at the rather low temperatures at which it
      is to be used, which maintains its activity for long periods, and which
      nevertheless does not use a high concentration of expensive ingredients
      such as nickel and chromium, per unit of reactor volume.
PAR  A like problem arises during the manufacture of natural gas substitutes by
      reacting higher hydrocarbons with steam. The product of this reaction may
      contain hydrogen as an impurity, which is undesirable since it increases
      the flame-speed of the gas and also decreases its calorific value. This
      hydrogen can be converted into methane by reactions similar to those shown
      above, and a suitable catalyst is required. Carbon monoxide can be removed
      in the same way.
PAR  The invention provides a catalyst suitable for the reaction of carbon
      dioxide or carbon monoxide or both with hydrogen, which comprises a metal
      from Group VIII of the Periodic Table, a hydraulic binding agent and
      alumina in the form of sheets of fine crystallites.
PAR  The invention includes catalysts suitable for methanation of carbon
      monoxide and carbon dioxide or of carbon monoxide without reaction of
      carbon dioxide.
PAR  The Group VIII metal can be nickel or cobalt or can be a platinum group
      metal, for example ruthenium. The catalyst may contain a compound of a
      metal from Group VIA of the Periodic Table but this is unnecessary and not
      preferred, owing to the expense incurred. The concentration of nickel or
      cobalt is preferably in the range 10-50%, for example 15-30%, calculated
      as equivalent NiO on the oxide-form precursor of the catalyst as described
      below. If a platinum-group metal is used, its concentration is suitably in
      the range 0.1 to 5%, especially 0.2 to 1%.
PAR  It will be understood that catalysts for reduction reactions are normally
      prepared by first making an oxide-form precursor, which is suitable for
      handling in manufacture and commerce, but which has to be reduced by means
      of e.g. hydrogen at 200.degree.-400.degree.C to give an active catalyst.
      Hence it is convenient to define the composition of the catalyst in terms
      of the constituents, such as NiO, present at the oxide stage. In this
      specification the proportions of ingredients, unless otherwise indicated,
      are calculated in relation to the oxide composition free of materials
      (e.g. water and carbon dioxide) volatile at 900.degree.C.
PAR  The hydraulic binding agent is preferably of the Portland Cement type or a
      low silica aluminous cement as sold under the name "Ciment Fondu", "Secar"
      or "Alcoa". The cement suitably makes up 20-80% of the total catalyst in
      oxide form.
PAR  The alumina in the form of sheets of fine crystallites is an important
      constituent of the catalyst since it permits the catalyst to have high
      porosity, low density and high mechanical strength. The alumina structure
      appears to be maintained to a substantial extent in the precursor
      composition and the catalyst, despite the physical and chemical treatments
      to which it is subjected. It is preferred that all the alumina present
      (other than any added as cement) should be in the sheet form or in forms
      resulting from transformation of it recurring in the preparation of the
      precursor or catalyst. Other aluminas can be present, however, if desired,
      and/or other catalyst support oxides, such as from Group IIA, for example
      magnesia. The proportion of sheet-type alumina is preferably at least 10%
      and preferably 30-70%.
PAR  The alumina appears to be a poorly crystalline "bohmite" (which may be
      referred to as a pseudo-bohmite) having possibly some loosely bound water.
      The thickness of the alumina sheets is very suitably of the order of 20-30
      Angstrom units. The length of the crystallites in the plane of the sheets
      appears to be very suitably up to 60 Angstrom units. It is not necessary
      for the crystallites in the sheets to be perfectly aligned; and indeed
      good results are obtained using alumina sheets which are considerably
      "crumpled" in both dimensions of the sheet. These data as to the structure
      of the alumina are based chiefly on electron microscopy and on X-ray
      diffraction (line broadening) measurements.
PAR  The alumina can be made by double decomposition of an aluminium salt with
      an alkali metal precipitant such as sodium hydroxide or carbonate or
      aluminate, or of an alkali metal aluminate with an acid, suitably carbonic
      acid. The precipitate should be in the form of flocculated fine particles;
      gel-producing conditions should be avoided. Alternatively in ammonia or
      ammonium carbonate precipitant may be reacted with an aluminium salt. At
      the end of the precipitation there should preferably be an excess of
      alkali, up to 3 pH units. The precipitate is preferably aged at
      50.degree.-100.degree. for 0.25-5 hours and, in any event, should be
      washed substantially free of electrolytes. It can be dried but is
      preferably not dehydrated or heated above 350.degree.C before being used
      in making the catalyst composition.
PAR  The invention provides also a method of making the catalyst which comprises
      mixing together, in finely-powdered form, a Group VIII metal compound
      which is the oxide or is readily decomposable to the oxide, the alumina
      and the hydraulic binding agent, forming the mixture into catalyst shapes,
      treating them with liquid water or steam or both, then drying and
      reducing. If it is desired to make the catalyst precursor in oxide form,
      the reduction stage is omitted, but will, of course, later be carried out
      by the catalyst-user.
PAR  The method includes preferably a calcination stage, suitably at
      300.degree.-500.degree.C, after the ingredients have been shaped.
      Preferably this precedes the treatment of the shapes with water or steam
      to cause setting of the cement.
PAR  The formation of catalyst shapes is preferably effected by dry-compression
      in a die; and it is found that high pressures are not needed, owing to the
      high pellet strength resulting from the use of the sheet-type alumina and
      the cement. High pressures are, moreover, not desirable since they
      increase the density and thus the cost of the catalyst at the oxide stage.
      A suitable pellet density is in the range 0.9 to 1.3.
PAR  Alternative methods such as dry-compaction between rollers can also be used
      for shaping the material or for preparing the material for
      dry-compression.
PAR  The invention provides a process of methanation in which a gas mixture
      containing hydrogen and at least one carbon oxide is passed over a
      catalyst as defined herein at a temperature and pressure appropriate for
      methanation. The process is especially useful when the gas is a
      hydrogenation gas or synthesis gas. Typically the concentration of carbon
      oxides is less than 2%, especially less than 1%. Typically in a
      hydrogenation gas or synthesis gas the hydrogen concentration is at least
      50%. Important gases to be treated by methanation include hydrogen-methane
      mixtures in which the methane content is up to about 8%: these are
      valuable in hydrogenation, hydro-treating and hydro-cracking processes.
      Another important gas is ammonia synthesis gas, which before methanation
      contains about 20% N.sub.2, 60-70% H.sub.2 and fractional percentages of
      methane and noble gases, in addition to carbon oxides.
PAR  If the gas to be treated is a synthetic natural gas, its starting hydrogen
      content can be, for example, in the range 0.5 to 20%, and carbon dioxide
      can be present. Thus the catalyst according to the invention can be used
      in penultimate stages or the final stage of a process for making synthetic
      natural gas from a liquid hydrocarbon by reaction with steam.
PAR  The temperature is suitably in the range 200.degree.C to 500.degree.C
      preferably 250.degree.-350.degree.C. In order to control the temperature,
      measures such as recycle of cooled reacted gas or indirect heat exchange
      in the catalyst bed or multi-stage operation with intermediate cooling may
      be adopted.
PAR  The pressure is suitably up to 250 atmospheres or more, for example at
      ammonia synthesis pressure, and can be 5-40 atmospheres as in synthesis
      gas or hydrogenation gas as produced by steam reforming or partial
      oxidation.
PAR  The catalyst should be protected from poisons, such as sulphur in a
      concentration over about 0.2 ppm and especially over about 1 ppm, if long
      term operation at high activity is required.
DETD
PAC  EXAMPLE 1
PAC  Catalyst precursor preparation
PAR  An aqueous solution of nickel nitrate hexahydrate (2500 ml) containing 7.97
      g. of NiO per 100 ml was reacted with a molar solution of sodium carbonate
      to give an excess alkalinity of 0.537 g of Na.sub.2 CO.sub.3 /100 ml. The
      precipitate of basic nickel carbonate which resulted was washed
      thoroughly, dried at 120.degree.C and calcined at 350.degree.C for 6 hours
      to convert it substantially to nickel oxide. The oxide (105.3 g) was
      ground finely and mixed dry with sheet-type alumina of bulk density 0.27
      g/cc (252 g), also finely powdered, 149.3 g of the low-silica aluminous
      cement sold under the Registered Trade Mark "Ciment Fondu" 16.0 g of light
      magnesia and 10.3 g of powdered graphite. The mixture was compressed into
      cylindrical pellets 5.4 mm in diameter by 3.6 mm high. The pellets were
      calcined overnight at 400.degree.C, allowed to cool, soaked in water for
      24 hours and dried at 120.degree.C. Their pellet density was now 1.13
      g/cc, corresponding to a bulk density of 0.77. The weight percentage
      composition of the catalyst precursor on a loss free basis was:
TBL          NiO           25.2                                                
             Al.sub.2 O.sub.3                                                  
                           50.0                                                
             SiO.sub.2     2.1                                                 
             Cao           13.1                                                
             MgO           2.2                                                 
             Fe.sub.2 O.sub.3                                                  
                           5.9                                                 
PAC  Test of Catalyst
PAR  The catalyst was tested in comparison with an equal volume of commercially
      available methanation catalyst containing (before reduction) 25% of NiO
      together with magnesia, gamma alumina and hydraulic cement and having a
      bulk density of 1.03. Each catalyst precursor was reduced from the
      oxide-form to active catalyst by means of a crude ammonia synthesis gas
      simulating that made by steam reforming, shift and CO.sub.2 - removal,
      that is, containing about 69% of hydrogen and about 23% nitrogen, together
      with methane, noble gases, 0.3% % of and 0.2% CO.sub.2, at 285.degree.C
      (inlet temperature), a pressure of 30 atm. absolute and a space velocity
      of 10,000.sup.hr-1. These conditions were maintained after reduction and
      the outlet CO and CO.sub.2 contents were measured. It was found that the
      total outlet carbon oxide content was 0.014% for both catalysts, and that
      this performance was maintained for 600 hours. Thus the catalyst according
      to the invention is as effective as the commercial catalyst, despite the
      lower weight of it which was required.
PAC  EXAMPLE 2
PAR  A sample of a new batch of the catalyst described in Example 1 was tested
      in a run simulating the final methanation stage of a process for making
      synthetic natural gas starting with steam and a liquid hydrocarbon
      feedstock. The inlet gas was passed at a space velocity of 4750 liters per
      liter of catalyst-filled space per hour over the catalyst at an inlet
      temperature of 248.degree.C and a pressure of 225 psig (17 kg/cm.sup.2
      absolute). The Table shows that hydrogen was removed down to a level
      (1.3%, equivalent to about 1.7% after removal of the carbon dioxide) at
      which it would have little effect on the flame speed of the gas.
TBL                TABLE                                                       
     ______________________________________                                    
                 CO.sub.2                                                      
                       CO      CH.sub.4                                        
                                       H.sub.2                                 
                                             N.sub.2                           
     ______________________________________                                    
     Gas                                                                       
     Composition*                                                              
              Inlet    21.7    0.9   72.0  5.2   0.2                           
     % v/v    Outlet   22.1    0.19  76.2  1.3   0.21                          
     ______________________________________                                    
      *These values relate to the dry gas constituents; the inlet gas also     
      contained 6.0 parts by volume of steam to each 100 volumes of dry gas.   
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a catalyst which comprises mixing together, in
      finely-powdered form, a Group VIII metal oxide, a hydraulic binding agent,
      forming the mixture into compressed pellets having a pellet density in the
      range of 0.9 to 1.3, treating said pellets with water or steam or both,
      then drying and reducing with a reducing agent at
      200.degree.-400.degree.C.
NUM  2.
PAR  2. A method according to claim 1 in which the mixture is calcined at
      300.degree.-500.degree.C after forming said pellets.
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ABST
PAL  The degree of skin irritation of detergent compositions is reduced by
      adding small amounts of compounds having at least two polar groups, e.g.
      hydroxyl, carboxyl, ester, amino, and amido groups separated by an organic
      radical of at least 15 carbon atoms which contains a cyclic group. In
      particular, various aliphatic, aromatic and heterocyclic amino, amido and
      ester derivatives of polymerized fatty acids are disclosed.
PARN
PAR  This application is a continuation of Ser. No. 140,604 filed May 5, 1971,
      now U.S. Pat. No. 3,769,242; which is a division of application Ser. No.
      696,509, filed Jan. 9, 1968, now U.S. Pat. No. 3,630,934; which is a
      continuation-in-part of application Ser. No. 613,095 filed Feb. 1, 1967,
      now U.S. Pat. No. 3,538,009.
BSUM
PAR  The present invention relates to mildness additives which prevent or reduce
      skin irritation, to compositions which contain a mildness additive that
      prevents or reduces skin irritation, and to methods for preventing or
      reducing skin irritation resulting from contact with irritating
      compositions by modification of the keratin layer of the skin.
PAR  A majority of cases of skin irritation can be traced back to a contact of
      the skin with a chemical composition containing a detergent. This is, in
      part, due to the nature of the detergent itself and, in part, due to the
      action of the detergent in weakening the resistance of the skin. Most
      detergents intrinsically irritate the skin, although the degree of
      irritation will vary significantly with the detergent. Such irritation can
      result when the skin is contacted with an aqueous solution of such
      detergent or when such detergent is retained by a fabric on washing with
      such detergent which then comes into contact with the skin. As a result of
      such skin irritation, many otherwise useful detergents are excluded from
      applications where such detergents come into contact with the skin. In
      some detergent compositions, e.g. dishwashing liquids and shampoos, a
      certain degree of skin irritation can be tolerated and is accepted,
      although not desirable.
PAR  The cause for this irritation is not clearly understood, but it is believed
      that detergents have a denaturing effect on the keratin layer of the skin.
      As a result thereof, other chemicals which normally do not irritate the
      skin when combined with a detergent can penetrate the skin and cause
      irritation. Although numerous attempts have been made to develop additives
      which reduce or eliminate skin irritation, the additives developed have
      found only limited success for a very narrow range of detergent
      compositions.
PAR  It is therefore an object of the present invention to prevent or reduce
      skin irritation resulting from contact of the skin with chemical
      compositions.
PAR  It is another object of the present invention to modify the protein-keratin
      layer of the skin to prevent or reduce skin irritation when contacted with
      chemical compositions which irritate the skin.
PAR  It is a futher object of the present invention to provide modified
      compositions used in contact with the skin, in which the modification
      prevents or reduces skin irritation which would otherwise occur.
PAR  It is still another object of the present invention to provide
      detergent-containing compositions to which a mildness additive has been
      added which prevents or reduces skin irritation which would otherwise
      result from the presence of such detergent.
PAR  Other objects will become apparent from the following description and
      claims.
PAR  The prevention or reduction in skin irritation is achieved by contacting
      the skin with a mildness additive having the general formula
EQU  Y--R--Y',
PAL  wherein R is a divalent organic radical containing a chain of at least 15
      atoms between the open valences of the radical, the majority of which are
      carbon atoms, and containing a cyclic moiety of at least 5 atoms, and
      wherein Y and Y' are polar groups; said mildness additive or its salt
      being soluble or colloidally dispersible in an aqueous phase or organic
      solvents or other suitable media; the polar groups of the mildness
      additive being compatible with those of the irritant and stable in aqueous
      media. The term "dispersible" is meant to define colloidal dispersibility
      of the mildness additive in concentrations in which the mildness additive
      is employed in actual use. The term "polar group" is meant to define a
      group having a dipole moment and containing at least one nitrogen, oxygen,
      phosphorus, sulfur or combinations thereof. These groups are deemed to be
      capable of hydrogen bonding with the protein, although the formation of
      stronger bonds such as covalent bonds is not excluded. The cyclic moiety
      is preferably a carbocyclic i.e., cyclic hydrocarbon moiety of 5 to 18
      carbon atoms which can be saturated or can contain from 1 to 9 double
      bonds and can contain one or more substituents on the ring. Heterocylic
      moieties which contain the structures --O--, --S--, --N--, or --NH-- in
      the ring can also be present in the mildness additive and serve as the
      necessary cyclic moiety. Hetero-atoms are useful.
PAR  In accordance with the present invention, it was discovered that skin
      irritation and other more severe forms of dermatitis caused by the contact
      of chemicals with skin can be reduced if not eliminated by contacting the
      skin with a mildness additive as defined above. This reduction or
      elimination of skin irritations occurs regardless of whether the mildness
      additive is applied to the skin prior to or simultaneously with the
      irritating chemical. Rinsing of the skin with water or a mild soap
      solution after application of the mildness additive but prior to the
      application of the irritant does not cause a significant change in the
      effect of the mildness additive when a skin irritant is subsequently
      applied. This and other types of evidence, such as electrophoretic studies
      of mixtures of soluble proteins and mildness additives, have shown that
      some form of interaction occurs between the keratin layer of the skin and
      the mildness additive. Although the complex formed between protein
      molecules and the mildness additive can be isolated by the indicated
      electrophoresis, the specific nature of the complex has not yet been
      established. It is presumed, however, that both adsorption and some form
      of chemical interaction are involved. It is further theorized that the
      cyclic structure in the mildness additive aids in the adsorption of the
      additive onto the keratin layer of the skin and that the polar groups of
      the mildness additive interact with the protein molecules of the keratin
      layer. In addition to the mildness additive containing at least two polar
      groups, the polar groups of the mildness additive must also be separated
      by a chain of at least 15 atoms, a majority of which should be carbon
      atoms. However, the presence of additional polar groups located
      intermediary to the described two terminal polar groups does not appear to
      interfere in the mildness effect of the additive. It is believed that as a
      result of this chain length, the indicated polar groups are capable and do
      interact with different protein molecules. The irritation of the skin by
      the action of a detergent or other irritant is believed to be caused by
      the penetration of the detergent into the skin, causing separation and/or
      degradation of the protein molecules of the keratin layer, thereby
      exposing the living cells of the skin to the detergent and, more
      significantly, exposing these cells to other, more irritating compounds
      associated with the detergent. The damage to the cells caused by the
      contact is believed to result in irritation, inflammation, and dermatitis.
      The mildness additives employed in the detergent compositions of the
      present invention are believed to counteract this breakdown by providing
      additional bridges between the protein molecules of the keratin layer,
      which maintain the integrity of the skin surface thereby preventing the
      penetration of the detergent molecules through the keratin layer into the
      living tissue. It is to be understood, however, that we do not wish to be
      bound by the foregoing explanation of the activity of the mildness
      additives of the present invention, and that such explanation is only set
      forth for a better understanding of the present invention.
PAR  The mildness additives of the present invention contain at least two polar
      groups separated by an organic radical of at least 15 atoms, a majority of
      which are carbon, and which contain a cyclic group. The polar groups
      should be compatible with the detergent and should be of the type capable
      of existing in the aqueous phase, i.e. without irreversibly reacting with
      the water. Additional polar groups may be present in this divalent radical
      or may be located on branches attached to this radical. Such additional
      polar groups do not interfere in the effectiveness of the mildness
      additive. The two polar groups described can be the same or different.
      Suitable polar groups include hydroxyl (--OH); carboxyl (--COOH); ester
      (R'O--CO--, wherein R' can be an aliphatic, cycloaliphatic, or aromatic
      radical of 1-12 carbon atoms, or can be part of a polyester chain), amino
      (--NH.sub.2); substituted amino (NHR" or --NR"R.sup.II ', wherein R.sup.II
      or R.sup.III are aliphatic or aromatic hydrocarbon radicals of 1-12 carbon
      atoms, or wherein R.sup.II and R.sup.III can combine to form 3- or
      6-membered rings with the nitrogen, or wherein R.sup.II is part of a
      polyamine chain); amido
      ##EQU1##
      substituted amido
      ##EQU2##
      wherein R.sup.IV and R.sup.V are aliphatic or aromatic hydrocarbon
      radicals of 1-12 carbon atoms and R.sup.IV can be part of a polyamide
      chain;
PAL  quaternary ammonium salts
      ##EQU3##
      where R.sup.VI, R.sup.VII, and R.sup.VIII are lower alkyl radicals and X
      is an anion such as a halogen ion;
PAL  sulfate (--SO.sub.4 Me, where Me is a metal and preferably an alkali
      metal); sulfonate (--SO.sub.3 Me); sulfonamide (--SO.sub.2 NH.sub.2);
      substituted sulfonamide (--SO.sub.2 NHR.sup.IV or --SO.sub.2 NR.sup.IV
      R.sup.V); thio acid salts (--COSMe); thioesters
      ##EQU4##
      sulfoxides (=SO); sulfonic acid (--SO.sub.3 H); sulfinic acid (--SO.sub.2
      H); phosphate (--HMePO.sub.4 or --Me.sub.2 PO.sub.4); and phosphonium
      salts (--HPO.sub.3 Me). The preferred polar groups employed in the
      mildness additive of the present invention are those which contain, aside
      from any metal or halogen which may be associated with the polar group in
      ionic form, carbon and oxygen or carbon and nitrogen. In general
      functional groups of greater polarity are preferred over those of lesser
      polarity. It will be apparent that the size of any of the described
      substituents and particularly hydrocarbon substituents on the polar group
      will affect the polarity. In general, the preferred substituents on the
      polar groups are lower alkyl groups and such water-solubilizing groups as
      polyoxyalkylene radicals, in particular polyethylene glycol chains.
PAR  The effectiveness of the mildness additive in preventing skin irritation
      not only requires the presence of at least two polar groups in the
      mildness additive but also the separation of the polar groups by an atom
      chain of at least 15 atoms, the majority of which are carbon atoms. The
      use of shorter chain lengths does not result in a reduction of the
      irritating effect of a detergent. The presence of additional polar groups
      does not interfere in the function of the two polar groups separated by
      the necessary number of atoms, regardless of whether these polar groups
      are part of such chain or located on side branches of the molecule. The
      presence of more than two polar groups each of which are separated by 15
      or more atoms increases the effectiveness of a mildness additive in which
      the polar groups are weak polar groups, such as hydroxyl groups, but does
      not appear to add significantly to the effectiveness of a mildness
      additive containing at least two strong polar groups such as carboxyl
      groups separated by the necessary linking chain.
PAR  Although the minimum size of the linking radical is determined by the
      length of the chain separating the polar groups, the maximum size of the
      linking radical is determined by the dispersibility of the mildness
      additive in which it is incorporated. Thus compounds which are not liquid
      or colloidally dispersible are not suitable in preventing skin
      irritations. Hence, the upper limit of the size of the linking radical is
      determined not only by the number of atoms in the linking radical, but
      also be the presence of additional polar groups in the linking radical
      which can increase the dispersibility of the mildness additive, as well as
      the nature of any radical attached to the polar group. In general,
      however, the linking radical contains less than 80 atoms. As indicated,
      the linking radical has, preferably, a carbon backbone structure which can
      be aliphatic, cycloaliphatic, or aromatic in nature. The required
      carbocyclic or heterocyclic moiety need not be part of the backbone
      structure. Particularly effective are hydrocarbon linking radicals which
      contain a cycloaliphatic or aromatic ring structure. In addition to the
      preferred hydrocarbon structure, the linking radical can also be in the
      form of polymeric structure such as a polyester, polyether, polyamide, or
      polyamine. Although other polymeric linking radicals will be apparent to
      those skilled in the art, many of these radicals are excluded by virtue of
      the limitations with respect to solubility or collodial dispersibility
      required to give rise to the mildness-inducing properties. The preferred
      polymeric linking radicals are the polyether radicals derivable from
      polyoxyalkylene ethers, containing 2 to 30 oxyalkylene units in which the
      alkylene radical contains from 2 to 4 carbon atoms. The polyoxyalkylene
      units can, in addition, contain ester groups. Thus, suitable linking
      radicals are obtained by the reaction of a polyoxyalkylene glycol with a
      polycarboxylic acid.
PAR  The preferred mildness additives employed in combination with skin
      irritants are the polymerized, ethylenically unsaturated C.sub.12
      -C.sub.26 fatty acids and polar group-contining derivatives thereof.
      Generally, the polymerized fatty acids contain from 2 to 4 monomeric acid
      units, and, consequently, from 2 to 4 carboxyl groups. The polymeric fatty
      acids can be employed as such as mildness additives or the carboxylic
      groups can be altered by known chemical reactions into other polar groups,
      such as by esterification, amidation, and the like. The polymerization of
      ethylenically unsaturated fatty acids into dimer, trimer, and tetramer
      acids is known in the art and generally results in a cycloaliphatic ring
      structure. Thus, the dimer acid derived from linoleic acid has the
      structure, which can exist in the cis and trans forms, of
      ##EQU5##
PAR  The dimer, trimer, and tetramer acids are commercially available. It will
      be apparent, in view of the foregoing discussion, that the mildness
      additive need not be pure, but that a mixture of mildness additives can be
      employed such as a mixture of dimer and trimer acids, and that the
      mildness additive can, furthermore, contain compounds which do not add to
      the mildness properties of the additive such as unpolymerized fatty acids.
      Various polar groups can be substituted for the carboxyl groups of
      polymerized fatty acids as described above. Suitable mildness additives
      which are based on a fatty acid dimer linking radical include the
      following in which [D] represents the carboxyl-free residue of a dimerized
      fatty acid and [T] represents the carboxyl-free residue of a trimer acid:
TBL  D[CH.sub.2 OH].sub.2                                                      
     D[COOCH.sub.3 ].sub.2                                                     
     D[COOH].sub.2                                                             
     D[CONH.sub.2 ].sub.2                                                      
     D[CH.sub.2 NH.sub.2 ].sub.2                                               
     DCOO.sub.2                                                                
     HO[(CH.sub.2 --CH.sub.2 --O).sub.m --CO--[D]--CO.sub.2 ].sub.x H          
     m=1 to 30; x=1 to 10                                                      
     D[CH.sub.2 --SO.sub.4 Na].sub.2                                           
     D[CH.sub.2 --SO.sub.3 Na].sub.2                                           
     HOCH.sub.2 --[D]--COOH                                                    
     NaOOC--[D]--COONa                                                         
     CH.sub.3                                                                  
     D----CH.sub.2 N.angle.                                                    
     CH.sub.3                                                                  
     .sub.2                                                                    
     [D]--(CH.sub.2 --NH--CH.sub.2 --CH.sub.2 --NH.sub.2).sub.2                
     [D]--(CH.sub.2 --NH--CH.sub.2 --CH.sub.2 --CH.sub.3).sub.2                
     D[CH.sub.2 PO(C.sub.4 H.sub.9).sub.3 .sup.+Br .sup.-].sub.2               
     CH.sub.3                                                                  
     .vertline.                                                                
     D----CH.sub.2 --N------CH.sub.3 .sup.+Cl.sup.-                            
     .vertline.                                                                
     CH.sub.3 2                                                                
     [T]--(COOH).sub.3                                                         
     [T]--(CONH.sub.2).sub.3                                                   
     [T]--(COONa).sub.3                                                        
     [T]--(SO.sub.4 Na).sub.3                                                  
     T--(CH.sub.2 NH.sub.2).sub.3                                              
     D[COO--(NH[CH.sub.2 CH.sub.2 OH].sub.3).sup.+].sub.2                      
PAR  Other specific mildness additives which are not based on a polymerized
      fatty acid are cycloaliphatic or aromatic dicarboxylic acids and
      derivatives thereof which contain at least 15 carbon atoms between at
      least two polar groups and which are soluble or dispersible. Polymers
      which are based on repeating cycloaliphatic or aromatic acid moieties and
      which are soluble or dispersible, are also suitable. Such polymers are, in
      particular, polymers derived by the reaction of polyoxyalkylene glycols
      with cyclic dicarboxylic acids such as benzene dicarboxylic acids,
      dihydrophthalic acids, tetrahydrophthalic acids, cyclohexanedicarboxylic
      acids. Others include reaction products of such acids with diamines or
      polyamines. Still another class of suitable compounds includes alkylene
      oxide addition products to polyols containing cycloaliphatic or aromatic
      moieties.
PAR  The mildness additives described herein above can be employed in
      combination with any detergent that is anionic, cationic, nonionic, or
      amphoteric in nature. It will be apparent, however, that the polar groups
      of the mildness additive should be compatible with those of the detergent
      to avoid insolubilization of both detergent and additive. The reduction of
      skin irritation will be observable in all compatible combinations,
      although the extent of the anti-irritant effect will differ with the
      various mildness additives discussed, as well as with the detergent. Since
      some of the detergents, particularly nonionic detergents, are by
      themselves relatively non-irritating, the described mildness additive is
      less useful, although the mildness effect of the additive can be
      established when such detergents, which at normally used concentrations
      cause little or no skin irritation, are tested at high concentrations
      and/or longer periods of contact with the skin.
PAR  The anti-irritation effect of the mildness additive is exhibited over a
      wide range of proportions of additive to detergent as indicated above.
      However, optimum results are generally obtained when the ratio of
      detergent to mildness additive is in the range of 3:1 to 1:3. This
      preferred range is applicable regardless of whether the detergent is
      employed in a dilute or concentrated form.
PAR  Anionic detergents which are improved by combination with the described
      mildness additives include both the soap and the non-soap detergents.
      Examples of such soaps are the sodium, potassium, ammonium, and
      alkylolammonium salts of higher fatty acids (C.sub.10 to C.sub.26).
      Non-soap anionic detergents with which the described mildness additives
      are suitably employed include alkyl sulfates, alkyl sulfonates, alkyl
      benzene sulfonates, alkyl phenyl polyoxyalkylene sulfonates, alkyl
      glyceryl ether sulfonates, alkyl monoglyceride sulfates, alkyl
      monoglyceride sulfonates, alkyl polyoxyethylene ether sulfates, acyl
      sarcosinates, acyl esters of isothionates, acyl-N-methyl taurides, dialkyl
      esters of sulfosuccinic acid, and mixtures thereof. In these non-soap
      detergents, the alkyl or acyl radicals contain from 9 to 20 carbon atoms.
      As in the soaps, these detergents are employed in the form of sodium,
      potassium, ammonium, and alkylolammonium salts, as well as similar
      water-soluble salts. Specific examples include sodium lauryl sulfate,
      potassium-N-methyl lauroyl tauride, triethanol-ammonium dodecyl sulfonate,
      potassium polypropylene benzene sulfonate, sodium lauryl sulfonate,
      dioctyl ester of sodium sulfosuccinic acid, sodium salt of lauryl
      polyoxyethylene sulfate, and sodium salt of tridecylether polyoxyethylene
      sulfate.
PAR  The cationic detergents which can be reduced in their skin irritation by
      the addition of the mildness additives of the present invention include,
      in particular, quaternary ammonium salts which contain at least one alkyl
      group having from 12 to 20 carbon atoms. Although the halide ions are the
      preferred anions, other suitable anions include acetate, phosphate,
      sulfate, nitrite, and the like. Specific cationic detergents include
      distearyl dimethyl ammonium chloride, stearyl dimethyl benzyl ammonium
      chloride, stearyl trimethyl ammonium chloride, coco dimethyl benzyl
      ammonium chloride, dicoco dimethyl ammonium chloride, cetyl pyridinium
      chloride, cetyl trimethyl ammonium bromide, stearyl amine salts that are
      soluble in water such as stearyl amine acetate and stearyl amine
      hydrochloride, stearyl dimethyl amine hydrochloride, distearyl amine
      hydrochloride, alkyl phenoxyethoxyethyl dimethyl ammonium chloride, decyl
      pyridinium bromide, pyridinium chloride derivative of the acetyl amino
      ethyl esters of lauric acid, lauryl trimethyl ammonium chloride, decyl
      amine acetate, lauryl dimethyl ethyl ammonium chloride, the lactic acid
      and citric acid and other acid salts of stearyl-l-amido-imidazoline with
      methyl chloride, benzyl chloride, chloroacetic acid and similar compounds,
      mixtures of the foregoing, and the like.
PAR  Amphoteric, also referred to as ampholytic, detergents which can be
      improved by the addition of the described mildness additives include
      alkyl-.beta.-iminodipropionate, alkyl-.beta.-aminopropionate, fatty
      imidazolines, betaines, and mixtures thereof. Specific examples of such
      amphoteric detergents are 1-coco-5-hydroxyethyl-5-carboxymethyl
      imidazoline, dodecyl-.beta.-alanine, the inner salt of 2-trimethylamino
      lauric acid, and N-dodecyl-N,N-dimethyl aminoacetic acid.
PAR  As indicated above, the mildness additives of the present invention can
      also be employed in combination with nonionic detergent although the
      beneficial effects of the addition of the mildness additive are less
      pronounced since nonionic detergents are inherently not as irritating as
      the above-described detergents. Nonionic detergents include, in
      particular, the alkylene oxide ethers of phenols, fatty alcohols, and
      alkyl mercaptans, the alkylene oxide esters of fatty acids, the alkylene
      oxide ethers of fatty acid amides, the condensation products of ethylene
      oxide with partial fatty acid esters, and mixtures thereof. The
      polyoxyalkylene chain in such agents can contain from 5 to 30 alkylene
      oxide units in which each alkylene unit has from 2 to 3 carbon atoms.
      Specific examples of nonionic detergents include nonyl phenol
      polyoxyethylene ether, tridecyl alcohol polyoxyethylene ether, dodecyl
      mercaptan polyoxyethylene thioether, the lauric ester of polyethylene
      glycol, the lauric ester of methoxy polyethylene glycol, the lauric ester
      of sorbitan polyoxyethylene ether, and mixtures thereof.
PAR  The mildness additives of the present invention are particularly effective
      in reducing the irritation caused by such anionic detergents as the alkyl
      sulfates and sulfonates and the alkyl benzene sulfates and sulfonates, and
      by such cationic detergents as the described fatty alkyl-containing
      quaternary ammonium compounds.
PAR  Many of the detergents described hereinabove are employed in their
      commercial applications in combination with builders or other additives,
      depending on the intended commercial utility of the detergent. The
      presence of such additives does not affect the ability of the mildness
      additive to counteract the skin irritation caused by the detergent. As
      indicated above, it is believed that the skin irritation is caused by the
      action of the detergent on the skin in causing the keratin of the skin to
      break down. Although the detergent itself may not be extremely irritating,
      it allows other materials employed in combination with the detergent which
      are highly irritating to come in contact with the living tissue of the
      skin, even though in the absence of the detergent such materials are
      non-irritating in not being able to break down the keratin of the skin.
      The mildness additives of the present invention are, therefore, capable of
      protecting the skin against skin irritation caused by such additives.
      Builders employed in commercial detergent formulations are generally
      alkali salts of weak inorganic acids used alone or in admixtures, such as
      alkali metal, ammonium or substituted ammonium salts of carbonates,
      borates, phosphates, polyphosphates, bicarbonates, and silicates. Specific
      examples of such salts are sodium tripolyphosphate, sodium carbonate,
      sodium tetraborate, sodium pyrophosphate, sodium bicarbonate, potassium
      bicarbonate, sodium mono- and di-orthophosphate, sodium metasilicate, and
      mixtures thereof.
PAR  The built detergent compositions of the present invention can, furthermore,
      contain other adjuvants normally employed in detergent compositions such
      as perfumes, anti-tarnishing agents, anti-redeposition agents,
      bacteriostatic agents, dyes, fluorescers, fabric softeners, oxygen or
      chlorine bleaches, suds builders, suds depressors, sequestrants, and the
      like. The inorganic builders or the combination of the builders and the
      adjuvants described can constitute up to 80% of the built detergent
      composition, the remainder of the built detergent composition being the
      detergent and the mildness additive.
PAR  The detergent compositions of the present invention include laundry
      detergents, kitchen detergents, shampoos, industrial detergents, and the
      like. The use of the mildness additive of the present invention does not
      affect the effective concentrations of the detergent, and hence
      concentrations of detergents heretofore employed are also applicable in
      the modified compositions of the present invention.
PAR  The use of the mildness additive is, however, not limited to unbuilt or
      built detergent compositions. The additive can be employed in any
      compositions in which a detergent of the type described is employed in the
      presence of other materials which may cause skin irritation such as, in
      particular, in lubricants containing inorganic salts, a particular example
      of which are cutting fluids. The protection against skin irritations is
      further not limited to detergents and extends to a wide variety of skin
      irritants, including such as are contained in deodorants, disinfectants,
      polishes, hair preparations, cleaning compositions, etc. The irritant can
      be inorganic in nature, or organic. In view of the foregoing explanation,
      this is not surprising since the protection derived from the mildness
      additive is based on the interaction of such with the keratin layer of the
      skin and not on interaction with the irritant. Because of this
      interaction, it is furthermore unnecessary to combine the mildness
      additive with the irritant in order to achieve the protection of the skin.
      Thus, the mildness additive can be applied to the skin prior to any
      contact with an irritant and will protect the skin against subsequent
      irritation for a long period of time.
PAR  In establishing the irritations and the mildness effect of the additive,
      the skin is contacted by immersion or other means with a solution
      containing the irritant with and without the mildness additive under
      standardized conditions more specification described below. The principal
      test employed in the data presented below is an animal immersion test
      using female, albino guinea pigs. The animal, weighing about 300 to 325 g,
      is immersed up to the thoracic region in the test solution at 40.degree.C
      for 4.5 hours per day on 3 successive days. Each animal is thoroughly
      rinsed and dried after each immersion. Three days after the last
      immersions, the skin of each animal is examined for gross changes, and
      grades are assigned which represent the degree of damage to the skin. In
      general, three animals are tested simultaneously in the same solution. The
      grading system is based on a scale of 1 to 10, in which the numbers have
      the following meanings:
TBL  Grade or                                                                  
     Rating   Gross Reaction    Skin Damage                                    
     ______________________________________                                    
     1      Severe cracking and bleeding;                                      
                                Extremely severe;                              
             death of animal in most                                           
                                death of skin                                  
             instances          tissue                                         
     2      Severe cracking; moderate                                          
                                "                                              
             bleeding                                                          
     3      Severe cracking; slight to                                         
                                Severe                                         
             moderate bleeding                                                 
     4      Moderate cracking   "                                              
     5      Slight cracking     Moderate                                       
     6      Severe scaling      "                                              
     7      Edema; slight to moderate                                          
                                "                                              
             scaling                                                           
     8      Slight scaling and moderate                                        
                                Slight                                         
             edema                                                             
     9      Slight redness and edema                                           
                                "                                              
     10     Normal              Normal                                         
     ______________________________________                                    
PAR  Despite the fact that this exposure test is conducted using extremely
      dilute solutions, it is an exaggerated test, as compared to human
      exposure; although it has been established (see Can. Patent No. 639,398)
      that the test correlates extremely well with the skin irritation effect
      observed on human skin.
PAR  In preparing the test solution, a 100 g concentrate is first prepared which
      is then employed in the test solution in 1% by volume concentrations. In
      order to prepare a homogeneous concentrate which is readily dilutable, the
      following additional ingredients were added as indicated: Igepal CA-630, a
      commercially available nonionic wetting agent of
      octylphenoxypoly(oxyethylene)ethanol; triethanol amine, and capric acid.
      The triethanol amine (TEA) is employed to allow salt formation of mildness
      additives employed in combination with anionic detergents and the capric
      acid (Cap. A.) is employed for the same purpose in combination with
      cationic detergents. In general, the detergent and the mildness additive
      are each employed in the examples illustrated below in a concentration of
      15 weight percent based on the described 100 g concentrate. Where a built
      detergent is employed, the amount of detergent is accordingly adjusted to
      take into consideration the lower active detergent concentration.
DETD
PAR  The following examples illustrate the effect of the mildness additives of
      the present invention on skin irritation caused by detergents, using the
      above-described test.
PAC  EXAMPLES 1 to 12
PAR  The detergent employed in this series of tests was an alkyl benzene
      sulfonate having the formula
      ##SPC1##
PAR  The detergent was employed in 100% active form or in 87% active form, the
      latter form containing sodium sulfate. The mildness additives employed in
      this series comprised the dimer of linoleic acid, commercially available
      as EMPOL 1022, and derivatives of the dimer acid. The dimer acid contained
      2-5% of unpolymerized linoleic acid and 19-22% of trimer acid. The dimer
      ester was prepared from the dimer acid by esterification with a
      polyethylene glycol having a molecular weight of 400 in a molar ratio of
      acid-to-polyether of 1:1.25 until an acid number of 5 was obtained. The
      dimer amide employed is the reaction product of one mole of dimer acid
      with 4 moles of diethanol amine. The dimer morpholide employed is the
      reaction product of 4 moles of morpholine with one mole of dimer acid. The
      dimer amine employed is a commercially available compound in which the
      carboxyl groups of the dimer acid are replaced by amino methyl (--CH.sub.2
      NH.sub.2) groups. Table I illustrates the results obtained employing the
      above-described test. The actual composition of the solution to which the
      animals were exposed is shown. The remainder of the composition of the
      test solution not indicated in the table was water.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Alkyl Benzene Sulfonate Exposure                                          
                                                             Ratio of          
     Detergent         Dimer Additive                                          
                                   Other Additive            Detergent         
     Example                                                                   
           % Con-           % Con-        % Con- Average                       
                                                      Improvement              
                                                             to Mildness       
     No.   centration                                                          
                 % Active                                                      
                       Type centration                                         
                                   Type   centration                           
                                                 Rating                        
                                                      in Rating                
                                                             Additive          
     __________________________________________________________________________
     1     0.15  87    --   --     Igepal 0.05   4    --     --                
     2     0.15  87    Acid 0.15   Igepal 0.016                                
                                   TEA    0.034  9    5      1:1               
     3     0.15  87    Ester                                                   
                            0.15   Igepal 0.05    8+   4+    1:1               
     4     0.15  87    Amide                                                   
                            0.15   Igepal 0.05   9    5      1:1               
     5     0.15  --    --   --     --     --     Death                         
                                                      --     --                
     6     0.15  87    Acid 0.15   TEA    0.10    7+   7+    1:1               
     7     0.176 100   --   --     --     --     Death                         
                                                      --     --                
     8     0.176 100   Acid 0.15   TEA    0.10   8    8      1:1               
     9     0.176 100   Ester                                                   
                            0.15   --     --      8+    8+   1:1               
     10    0.176 100   Amide                                                   
                            0.15   --     --     9    9      1:1               
     11    0.176 100   Morph.                                                  
                            0.15   TEA    0.05    8+   8+    1:1               
     12    0.15  87    biamine                                                 
                            0.15   Igepal 0.10                                 
                                   Cap. A.                                     
                                          0.15   9    5      1:1               
     __________________________________________________________________________
PAC  EXAMPLES 13 to 32
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated using sodium lauryl sulfate instead of the alkyl benzene
      sulfonate. The results are illustrated in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Sodium Lauryl Sulfate Exposure                                            
     __________________________________________________________________________
                                                        Ratio of               
     Detergent       Dimer Additive                                            
                                Other Additive          Detergent              
     Example                                                                   
          % Con-          % Con-      % Con-                                   
                                            Average                            
                                                 Improvement                   
                                                        to Mildness            
     No.  centration                                                           
                % Active                                                       
                     Type centration                                           
                                Type  centration                               
                                            Rating                             
                                                 in Rating                     
                                                        Additive               
     __________________________________________________________________________
     13   0.15  100  --   --    Igepal                                         
                                      0.05  3    --     --                     
     14   0.15  100  Acid 0.15  Igepal                                         
                                      0.016                                    
                                TEA   0.034 7    4      1:1                    
     15   0.15  100  Ester                                                     
                          0.15  Igepal                                         
                                      0.05   8-   5-    1:1                    
     16   0.15  100  Amide                                                     
                          0.15  Igepal                                         
                                      0.05  7    4      1:1                    
     17   0.15  100  Acid 0.10  Igepal                                         
                                      0.016                                    
                                TEA   0.024  6+   3+    3:2                    
     18   0.15  100  Ester                                                     
                          0.10  Igepal                                         
                                      0.05   7-   4-    3:2                    
     19   0.15  100  Amide                                                     
                          0.10  Igepal                                         
                                      0.05  7    4      3:2                    
     20   0.15  100  Acid 0.20  Igepal                                         
                                      0.016                                    
                                TEA   0.044 7    4      3:4                    
     21   0.15  100  Ester                                                     
                          0.20  Igepal                                         
                                      0.05  8    5      3:4                    
     22   0.15  100  Amide                                                     
                          0.20  Igepal                                         
                                      0.05   7+   4+    3:4                    
     23    0.1305                                                              
                100  --   --    Igepal                                         
                                      0.05   4+  --     --                     
     24    0.1305                                                              
                100  Acid 0.15  Igepal                                         
                                      0.016                                    
                                TEA   0.034 7    3      7:8                    
     25    0.1305                                                              
                100  Ester                                                     
                          0.15  Igepal                                         
                                      0.05   8+  4      1:1                    
     26   0.15  100  --   --    --    --    Death                              
                                                 --     --                     
     27   0.15  100  Acid 0.15  TEA   0.10   7-   7-    1:1                    
     28   0.15  100  Ester                                                     
                          0.15  --    --     7-   7-    1:1                    
     29   0.15  100  Amide                                                     
                          0.15  --    --    7    7      1:1                    
     30   0.15  100   Morph.                                                   
                          0.15  TEA   0.05   7+   7+    1:1                    
     31   0.15  100  Acid 0.05  TEA   0.033  5+   5+    3:1                    
     32   0.15  100  Diamine                                                   
                          0.15   Cap. A.                                       
                                      0.15                                     
                                Igepal                                         
                                      0.10  9    9      1:1                    
     __________________________________________________________________________
PAC  EXAMPLES 33 to 37
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated using a soap detergent, i.e., the triethanol amine salt of lauric
      acid. Although the detergent is relatively mild at a 1% of concentrate
      level, i.e., 0.15% in test solution, the mildness effect of the additive
      is particularly shown when the detergent is employed in higher
      concentrations. The results are illustrated in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     TEA -- Laurate Exposure                                                   
     __________________________________________________________________________
                                                     Ratio of                  
     Detergent       Dimer Additive                                            
                               Other Additive        Detergent                 
     Example                                                                   
          % Con-         % Con-    % Con-                                      
                                         Average                               
                                              Improvement                      
                                                     to Mildness               
     No.  centration                                                           
                % Active                                                       
                     Type                                                      
                         centration                                            
                               Type                                            
                                   centration                                  
                                         Rating                                
                                              in Rating                        
                                                     Additive                  
     __________________________________________________________________________
     33   0.15  100  --  --    TEA 0.06  7+   --     --                        
     34   0.15  100  Acid                                                      
                         0.15  TEA 0.15  8+   1      1:1                       
     35   0.15  100  Ester                                                     
                         0.15  TEA 0.063 9-   2      1:1                       
     36   0.15  100  Amide                                                     
                         0.15  TEA 0.063 9-   2      1:1                       
     37   0.45  100  --  --    TEA 0.18  Death                                 
                                              --     --                        
     38   0.45  100  Acid                                                      
                         0.45  TEA 0.45  7+    7+    1:1                       
     __________________________________________________________________________
PAC  EXAMPLES 39 and 40
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated using a commercially available amphoteric detergent "Deriphat"
      151 C containing N-coco-.beta.-aminopropionic acid. The active component
      of the detergent was 70%; it was employed in the concentrate in a
      concentration of 23.2%. A 2% (containing 0.46% of the Deriphat 151 C) test
      solution caused the deaths of the animals in the described immersion test.
      When dimer acid (0.15% of test solution) and triethanol amine (0.10% of
      test solution) were added, the rating of skin irritation improved to an
      average of 9.
PAC  EXAMPLES 41 and 42
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated using a commercially available amphoteric phenolic detergent
      commercially available as "Amphicide" 50 containing in 75% concentration
      the following active components:
PA1  1 Part of the sodium salt of
      2-[(2-hydroxy-5-nonylbenzene)methylamino]ethane sulfonic acid, and
PA1  3 Parts of the sodium salt of
      2-[(3-dimethylaminomethyl-2-hydroxy-5-nonylbenzyl)methylamino]ethane
      sulfonic acid.
PAL  The concentrate contained 22.5% of the Amphicide and was employed as a 2%
      test solution containing 0.45% Amphicide and resulted in an average rating
      of 5. The average rating was improved to 9 by the addition of 0.15% of
      dimer acid and 0.10% of triethanol amine to the test solution.
PAC  EXAMPLES 43 to 46
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated using "Orvus" AB, a commercially available linear alkane
      sulfonate detergent containing 40% of a linear alkane sulfonate, 43% of
      sodium sulfate, and 15% of sodium chloride. The following results were
      obtained (Table IV).
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Alkane Sulfonate Exposure                                                 
     __________________________________________________________________________
                                                     Ratio of                  
     Detergent       Dimer Additive                                            
                               Other Additive        Detergent                 
     Example                                                                   
          % Con-         % Con-    % Con-                                      
                                         Average                               
                                              Improvement                      
                                                     to Mildness               
     No.  centration                                                           
                % Active                                                       
                     Type                                                      
                         centration                                            
                               Type                                            
                                   centration                                  
                                         Rating                                
                                              in Rating                        
                                                     Additive                  
     __________________________________________________________________________
     43   0.375 40   --  --    --  --    Death                                 
                                              --     --                        
     44   0.375 40   Acid                                                      
                         0.15  TEA 0.10  7    7      1:1                       
     45   0.375 40   Ester                                                     
                         0.15  TEA 0.02  8    8      1:1                       
     46   0.375 40   Amide                                                     
                         0.15  --  --    7    7      1:1                       
     __________________________________________________________________________
PAC  EXAMPLES 47 to 50
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated using Orvus K, a commercially available modified ammonium lauryl
      sulfate detergent containing an amide builder having the following
      composition:
TBL  Alkyl sulfate           37.5%                                             
     Alkanol amide           9.2%                                              
     Unsulfated alcohol      1.2%                                              
     Ammonium sulfate        0.9%                                              
     Ammonium chloride       1.0%                                              
     Denatured ethyl alcohol 20.0%                                             
PAL  The following results were obtained (Table V).
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Ammonium Lauryl Sulfate Exposure                                          
     __________________________________________________________________________
                                                     Ratio of                  
     Detergent       Dimer Additive                                            
                               Other Additive        Detergent                 
     Example                                                                   
          % Con-         % Con-    % Con-                                      
                                         Average                               
                                              Improvement                      
                                                     to Mildness               
     No.  centration                                                           
                % Active                                                       
                     Type                                                      
                         centration                                            
                               Type                                            
                                   centration                                  
                                         Rating                                
                                              in Rating                        
                                                     Additive                  
     __________________________________________________________________________
     47   0.40  37.5 --  --    --  --    6    --     --                        
     48   0.40  37.5 Acid                                                      
                         0.15  TEA 0.10   9-  3-     1:1                       
     49   0.40  37.5 Ester                                                     
                         0.15  --  --    8    2      1:1                       
     50   0.40  37.5 Amide                                                     
                         0.15  --  --     9-  3-     1:1                       
     __________________________________________________________________________
PAC  EXAMPLES 51 to 54
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated using "Standpol" ES-2, a commercially available 26% active
      detergent containing the sodium salt of lauryl C.sub.12 through C.sub.14
      diether sulfate. The following results were obtained (Table VI).
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Lauryl Diether Sulfate Exposure                                           
     __________________________________________________________________________
                                                     Ratio of                  
     Detergent       Dimer Additive                                            
                               Other Additive        Detergent                 
     Example                                                                   
          % Con-         % Con-    % Con-                                      
                                         Average                               
                                              Improvement                      
                                                     to Mildness               
     No.  centration                                                           
                % Active                                                       
                     Type                                                      
                         centration                                            
                               Type                                            
                                   centration                                  
                                         Rating                                
                                              in Rating                        
                                                     Additive                  
     __________________________________________________________________________
     51   0.5718                                                               
                26   --  --    --  --    5    --     --                        
     52   0.5718                                                               
                26   Acid                                                      
                         0.15  TEA  0.10 8+   3+     1:1                       
     53   0.5718                                                               
                26   Ester                                                     
                         0.15  --  --    8+   3+     1:1                       
     54   0.5718                                                               
                26   Amide                                                     
                         0.15  --  --    8+   3+     1:1                       
     __________________________________________________________________________
PAC  EXAMPLES 55 to 58
PAR  The tests and determination of results illustrated in Examples 1-12 were
      repeated employing a cationic detergent commercially available as
      "Hyamine" 2389 containing 40% methyldodecylbenzyl trimethyl ammonium
      chloride, 10% methyldodecylxylylene-bis(trimethylammonium chloride), and
      50% water, and therefore determined to be 50% active. Test solutions
      containing 0.30% of the detergent in the absence and in the presence of
      0.15% of the below-listed dimer derivatives were prepared and tested in
      the described immersion test. The following results were obtained in which
      [D] represents the carboxyl-free residue of the dimer acid.
TBL  ______________________________________                                    
                                     Average                                   
     Example                                                                   
             Additive                Rating                                    
     ______________________________________                                    
     55       --                     Death                                     
     56     D--(CH.sub.2 NH.sub.2).sub.2                                       
                                     7                                         
     57     D[ CH.sub.2 N(CH.sub.3).sub.2 ].sub.2                              
                                     6                                         
     58     [D]--(CH.sub.2 --NH--CH.sub.2 --CH.sub.2 -- CH.sub.2 --NH.sub.2).su
            b.2                      7                                         
     ______________________________________                                    
PAC  EXAMPLES 59 to 62
PAR  The tests and determination of results illustrated in Examples 1-12 and
      13-16 were repeated using a dimer glycol and a dimer sulfate as the
      mildness additive. The following results were obtained:
TBL                     Mildness        Average                                
     Example                                                                   
            Detergent   Additive        Rating                                 
     ______________________________________                                    
     59     Alkylbenzene                                                       
                        Dimer glycol                                           
            sulfonate     D [CH.sub.2 OH].sub.2                                
                                        8                                      
     60     "           Dimer sulfate                                          
                          D [CH.sub.2 --SO.sub.4 Na].sub.2                     
                                        8                                      
     61     Sodium lauryl                                                      
                        Dimer glycol    7+                                     
            sulfate                                                            
     62     "           Dimer sulfate   9                                      
     ______________________________________                                    
PAC  EXAMPLE 63
PAR  To a 1% solution of a shampoo commercially available as "Prell" was added
      2% by weight of the solution of the triethanol amine salt of the dimer
      acid of Examples 1-12. Using the above-described exposure test, a rating
      of 7 was obtained. In the absence of the mildness additive the animals
      exposed died.
PAC  EXAMPLE 64
PAR  A cutting fluid containing, per 100 parts of the solution, 4 parts of the
      dimer acid ester of Example 3, 8 parts of sodium nitrite, 10 parts of
      triethanol amine, and 1.5 parts of oleyl diethanol amide was employed in
      the above-described exposure test. A rating of 8+ was obtained for the
      cutting fluid when tested at 17% concentration. In the absence of the
      dimer ester the rating dropped to 4.
PAC  EXAMPLES 65 to 86
PAR  The tests and determination of results illustrated in Examples 1 to 6 and
      13 to 16 for anionic surfactants and in Examples 55 to 58 for cationic
      surfactants were repeated using the indicated mildness additive and
      surfactants in a concentration of 1%. The following results were obtained:
TBL                                    TABLE VII                               
     __________________________________________________________________________
     Sodium Lauryl Sulfate - Alkyl Benzene Sulfonate Exposure                  
     EXAMPLE                                                                   
            MILDNESS ADDITIVE                                                  
                          SURFACTANT                                           
                                  AVERAGE RATING                               
     __________________________________________________________________________
     65    Ester of Dimer glycol                                               
           and Dimer acid  SIS*   7.8                                          
     66    Amide of Dimer Diamine                                              
           and capric acid                                                     
                           ABS**  9.0                                          
     67       "           SLS     8.6                                          
     68    Trimer Acid    SLS     7.8                                          
     69      "            ABS     8.8                                          
     70    Polyester of tetra-                                                 
           hydrophthalic acid                                                  
           and polyoxyethylene                                                 
           glycol (mol wt. 400)                                                
           n = 3 to 4 [average                                                 
           degree of polymerization]                                           
                          SLS     6.5                                          
     71    Polyester of tetrahydro-                                            
           phthalic acid and                                                   
           polyoxyethylene glycol                                              
           (Mol Wt. 400) n = 3 to 4                                            
           [n = average degree of                                              
           polymerization]                                                     
                          ABS     7.2                                          
     72    Dimer chloride SLS     5.5                                          
     73       "           ABS     6.8                                          
     74    Reaction product of Dimer                                           
           glycol and toluene                                                  
           diisocyanate   SLS     6.3                                          
     75        "          ABS     6.6                                          
     76    Dimer glycol diacetate                                              
                          SLS     7.5                                          
     77        "          ABS     5                                            
     78    Reaction product of dimer                                           
           acid and (2-hydroxyethyl)-                                          
           ethylene diamine in mole                                            
           ratio 1:2      SLS     8.3                                          
     79    Reaction product of dimer                                           
           acid and (2-hydroxyethyl)                                           
           ethylene diamine in mole                                            
           ratio 1:2      ABS     8.3                                          
     80    Polyester of isophthalic                                            
           acid and polyethylene                                               
           glycol, (mol wt. 400)                                               
           n = 3 to 4     ABS     8                                            
     81        "          SLS     6.3                                          
     82    Polyester of phthalic                                               
           anhydride and polyethylene                                          
           glycol (ml. wt. 400)                                                
           n = 3 to 4     SLS     5.6                                          
     83    Condensate of hydrogenated                                          
           dimer acid with ethylene                                            
           diamine        SLS     8.9                                          
     84         "         ABS     9                                            
     85    Tetra-butyl-phosphonium                                             
           salt of dimer acid                                                  
                          Hyamine 7.5                                          
     86    Il-856 (commercially                                                
           available polyol                                                    
           esterified with oleic                                               
           acid and ethoxylated)                                               
                          SLS     6.5                                          
     __________________________________________________________________________
       *SLS = Sodium lauryl sulfate                                            
      **APS = Alkyl Benzene Sulfonate of Examples 1 to 12                      
PAC  EXAMPLES 87 to 93
PAR  The exposure test illustrated in Examples 1 to 12 was employed sequentially
      to demonstrate that the mildness additive interacts with the skin to give
      rise to protection against irritation. Guinea pigs were immersed in a
      solution of the mildness additive indicated in the table below for a
      period of 15 minutes. The animals were then removed from the solution and
      thoroughly rinsed with tap water. The animals were then reimmersed in a
      solution of the detergent indicated in the table for a period of 2.25
      hours and thereafter rinsed and placed in their cages. This procedure was
      repeated for 3 days and the animals were graded at the end of a 3-day
      rest. The following results were obtained. In all instances the
      concentration of the mildness additive and the detergent were 0.15%.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     Alkyl Benzene Sulfonate - Sodium Lauryl Sulfate Sequential Exposure       
     EXAMPLE                                                                   
            MILDNESS ADDITIVE                                                  
                         DETERGENT                                             
                                AVERAGE RATING                                 
     __________________________________________________________________________
     87                   ABS*  5.5                                            
     88    Triethanol Amine Salt                                               
           of Dimer Acid ABS    8.5                                            
     89    Diethanolamide of                                                   
           Dimer Acid    ABS    9.0                                            
     90    Dimer Morpholide                                                    
                         ABS    9                                              
     91    Polyester of Dimer Acid                                             
           and polyethylene glycol                                             
           (ml. wt. 400); Polyester                                            
           degree of polymerization                                            
           n = 3 to 4    ABS    8.5                                            
     92                   SLS** 6.0                                            
     93    Triethanolamine salt                                                
           of Dimer Acid SLS    8.0                                            
     __________________________________________________________________________
       * = Alkyl benzene sulfonate of Examples 1 to 12                         
      ** = Sodium lauryl sulfate                                               
PAR  The same results are obtained when the animals are exposed to the mildness
      additive on only the first day and not on the subsequent days. Some
      reduction in skin irritation is furthermore obtained when the mildness
      additive is employed after the skin is exposed to the irritant.
PAC  EXAMPLE 94
PAR  Three aqueous solutions containing respectively 0.08% tributyl tin oxide
      (TTO), 0.08% TTO and 0.15% triethanol amine salt of dimer acid, (dimer
      soap), and 0.08% TTO and 0.15% of triethanolamine salt of oleic acid
      (oleic soap) were prepared. The oleic soap is considered a mild detergent.
      These solutions were employed in the above described animal exposure
      tests. The following results were obtained:
     Solution                  Rating                                          
     ______________________________________                                    
     0.08% TTO                  5.5                                            
     0.08% TTO + 0.15% oleic soap                                              
                                Death                                          
     0.08% TTO + 0.15% dimer soap                                              
                                8.5                                            
     ______________________________________                                    
PAC  EXAMPLE 95
PAR  The above described animal exposure tests were employed with the below
      indicated solutions for an exposure time of 4.5 hours. The following
      results were obtained.
TBL  ______________________________________                                    
     Solution                  Rating                                          
     ______________________________________                                    
     Trisodium phosphate                                                       
                     1.0%          Death                                       
     Oleic soap      0.15%                                                     
     Trisodium phosphate                                                       
                     1.0%          8.5                                         
     Dimer soap      0.15%                                                     
     ______________________________________                                    
PAC  EXAMPLE 96
PAR  A prophetic patch test was conducted on twelve persons using the aqueous
      compositions shown in the table below. Using adsorbent pads 0.125 cc of
      the test solution were placed in contact with the skin of each the upper
      right and left arm for a period of 24 hours. The strip was removed and the
      test area washed with warm tap water. The area was examined after 20
      minutes and again after 24 hours. The reaction of the skin was graded and
      a numerical value assigned to the reaction as follows:
TBL  No reaction               0                                               
     Questionable erythema     1                                               
     Positive erythema         2                                               
     Intense erythema          3                                               
PAR  The added reaction results of all twelve subjects after about 24 hours and
      48 hours from the start of the test were as follows:
TBL                                    TABLE IX                                
     __________________________________________________________________________
     Patch Test                                                                
                      Concentration                                            
                              After After                                      
     Test No.                                                                  
           Composition                                                         
                      in Weight %                                              
                              24 hrs.                                          
                                    48 hrs.                                    
     __________________________________________________________________________
     1     Sodium lauryl                                                       
           sulfate    8       20    22                                         
     2     Sodium lauryl                                                       
           sulfate    8                                                        
           +                                                                   
           Triethanolamine                                                     
           salt of Dimer                                                       
           Acid       8        3    13                                         
     3     Sodium lauryl                                                       
           Sulfate    6       15    17                                         
     4     Sodium lauryl                                                       
           sulfate    6                                                        
           +                                                                   
           Triethanolamine                                                     
           salt of Dimer Acid                                                  
                      6        5     5                                         
     5     Sodium lauryl                                                       
           sulfate    6                                                        
           +                                                                   
           Triethanolamine                                                     
           salt of oleic acid                                                  
                      6       15    15                                         
     6     Sodium lauryl                                                       
           sulfate    4       21    20                                         
     7     Sodium lauryl                                                       
           sulfate    4                                                        
           +                                                                   
           Triethanolamine                                                     
           salt of Dimer Acid                                                  
                      4        5     7                                         
     __________________________________________________________________________
PAR  The foregoing examples have illustrated the mildness inducing effect of the
      mildness additives on the keratin layer of the skin when such is exposed
      to a skin irritant before, during or after the application of the mildness
      additive. In many detergent-containing compositions the skin irritation
      caused by the detergent is compounded by detergent builders or other
      components present in the composition. The foregoing examples clearly
      demonstrate that the mildness agents employed in combination with the
      detergents are particularly effective in reducing skin irritation where
      the skin irritation is compounded by the presence of other agents, organic
      or inorganic. In view of the fact that the overall chemical structure of
      the mildness additives of the present invention is similar to that of a
      detergent, it will be apparent that the mildness additives of the present
      invention can be employed in combination with a skin irritating detergent
      in any environment, i.e., in the presence of any component in which the
      detergent can exist. The foregoing examples further illustrate that the
      greatest benefit of the described invention is realized when the mildness
      additives are combined with detergents or with detergent-containing
      compositions which cause skin irritation.
PAR  In view of the extreme diversity of skin irritants known today, it will be
      apparent that a demonstration of reduced skin irritation of all detergent
      compositions with the described mildness additives is not possible.
      However, such is not deemed necessary and the foregoing examples are
      deemed sufficient to illustrate the scope of the invention but are not
      intended to limit the scope of the invention to such.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A detergent composition consisting essentially of a non-ionic organic
      detergent and from 0.005 to 10 parts by weight per part by weight of said
      detergent of a mildness additive comprising
PA1  I. the substituted polymerized product of 2 to 4 molecules of a monomeric
      C.sub.12 to C.sub.26 unsaturated fatty acid, wherein said polymerized
      product contains a cyclohexene moiety and instead of 2 to 4 carboxyl
      groups from said fatty acid, radicals selected from the group consisting
      of --CH.sub.2 NH.sub.2 ; --CH.sub.2 NHCH.sub.2 CH.sub.2 CH.sub.2 NH.sub.2
      ;
      ##EQU6##
      and morpholido; in which R.sup.II, R.sup.III, R.sup.IV, R.sup.V are
      aliphatic or aromatic hydrocarbon radicals of 1 to 12 carbon atoms; or
      where R.sup.II and R.sup.III combine to form a 3 to 6 membered ring with
      the amino nitrogen; R.sup.VI, R.sup.VII, and R.sup.VIII are lower alkyl
      radicals and X.sup.- is an anion; or
PA1  Ii. the saturated products defined in (I); said detergent composition
      exhibiting reduced skin irritation compared to the same composition absent
      the mildness additive; said detergent and mildness additive being
      compatible and stable in aqueous media.
NUM  2.
PAR  2. The detergent composition of claim 1, wherein said mildness additive is
      selected from the group designated (I).
NUM  3.
PAR  3. The detergent composition of claim 1, wherein said mildness additive is
      selected from the group designated (II).
NUM  4.
PAR  4. The detergent composition of claim 2, wherein said radicals are
      --CH.sub.2 NH.sub.2.
NUM  5.
PAR  5. The detergent composition of claim 2, wherein said radicals are
      --CH.sub.2 NHCH.sub.2 CH.sub.2 CH.sub.2 NH.sub.2.
NUM  6.
PAR  6. The detergent composition of claim 2, wherein said radicals are
      ##EQU7##
NUM  7.
PAR  7. The detergent composition of claim 2, wherein said radicals are
      --CH.sub.2 NHR.sup.II.
NUM  8.
PAR  8. The detergent composition of claim 2, wherein said radicals are
      --CH.sub.2 NR.sup.II R.sup.III.
NUM  9.
PAR  9. The detergent composition of claim 2, wherein said radicals are
      ##EQU8##
NUM  10.
PAR  10. The detergent composition of claim 2, wherein said radicals are
      ##EQU9##
NUM  11.
PAR  11. The detergent composition of claim 2, wherein said radicals are
      ##EQU10##
NUM  12.
PAR  12. The detergent composition of claim 2, wherein said radicals are
      morpholido.
NUM  13.
PAR  13. The detergent composition of claim 1, wherein R.sup.11, R.sup.III, and
      R.sup.IV are aliphatic hydrocarbon radicals of 1 to 12 carbon atoms.
NUM  14.
PAR  14. The detergent composition of claim 1, wherein R.sup.II, R.sup.III,
      R.sup.IV, and R.sup.V are substituted alkyl radicals of 1 to 12 carbon
      atoms.
NUM  15.
PAR  15. The detergent composition of claim 1, in which said detergent
      composition contains from 10 to 80% by weight of the total composition of
      water soluble inorganic detergent builder.
PATN
WKU  039473830
SRC  5
APN  4650417
APT  1
ART  141
APD  19740429
TTL  Wet strength resin
ISD  19760330
NCL  5
ECL  1
EXA  Nielsen; E. A.
EXP  Czaja; Donald E.
INVT
NAM  Baggett; Joseph M.
CTY  Freeport
STA  TX
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  260  2BP
XCL  260 292EP
EDF  2
ICL  C08G 6526
FSC  260
FSS  2 BP;29.2 EP
UREF
PNO  2573957
ISD  19511100
NAM  Daniel et al.
OCL  117 76
UREF
PNO  3174928
ISD  19650300
NAM  Kekish
OCL  210 54
UREF
PNO  3441609
ISD  19690400
NAM  McKelvey et al.
OCL  260583
UREF
PNO  3655506
ISD  19720400
NAM  Baggett
OCL  162164
LREP
FR2  White; L. Wayne
ABST
PAL  Water-soluble thermosetting cationic resins having improved properties are
      prepared by a process wherein a small excess of epichlorohydrin is reacted
      with an aqueous solution of ammonia to form an intermediate resin
      solution, this resin solution is reacted with sufficient strong base to
      neutralize the ionic chloride present, then additional epichlorohydrin is
      reacted with the neutralized resin solution. The final resin product is
      useful as an additive to enhance the wet strength of paper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new process for making
      epichlorohydrin-ammonia resins and to the new resinous compositions
      thereby obtained. The reaction of ammonia with epichlorohydrin to produce
      resins has previously been accomplished by a procedure wherein the two
      reactants have been combined and reacted in a single reaction step.
      Insoluble, cross-linked resins useful as ion exchange resins have been
      made by such processes using either an aqueous or an anhydrous organic
      reaction medium. Similarly, water-soluble resins have been made by
      reacting epichlorohydrin with aqueous ammonia in various proportions.
      Improved resins made by carrying out the epichlorohydrin-ammonia reaction
      in two stages are described in my U.S. Pat. No. 3,655,506. These resins
      have been used as binders in textile printing pastes, as surfactants, and
      as agents for treating textile fibers or plastic films to promote adhesion
      of dyes or plastic topcoats. Such resins also provide additional wet
      strength to paper when added to the paper pulp at an appropriate stage.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that water-soluble resins having even more advantageous
      properties as wet strength additives for paper are obtained when the two
      stage process described in U.S. Pat. No. 3,655,506 is varied by inserting
      between the two stages a step whereby the ionic chloride present in the
      reaction mixture is neutralized by adding about an equivalent quantity of
      strong base, preferably an alkali metal hydroxide or equivalent thereof.
      Essentially, this improved process comprises the steps:
PAR  1. FORMING AN INTERMEDIATE RESIN OR PREPOLYMER SOLUTION BY REACTING ABOUT
      0.9 TO 2.1 MOLES OF EPICHLOROHYDRIN WITH ONE MOLE OF AMMONIA IN AQUEOUS
      SOLUTION AND MAINTAINING THE REACTION MIXTURE THEREBY OBTAINED AT
      0.degree.-100.degree.C. until essentially no unreacted epichlorohydrin
      remains,
PAR  2. ADDING TO THE REACTION MIXTURE A QUANTITY OF STRONG INORGANIC BASE ABOUT
      EQUIVALENT TO THE IONIC CHLORIDE DETERMINED TO BE PRESENT IN THE
      INTERMEDIATE RESIN SOLUTION, AND
PAR  3. REACTING THE INTERMEDIATE RESIN SOLUTION THEREBY FORMED WITH ABOUT 0.1 -
      1 PART BY WEIGHT OF ADDITIONAL EPICHLOROHYDRIN PER PART OF RESIN SOLIDS IN
      THE PREPOLYMER SOLUTION AT 40.degree.-100.degree.C. Preferably, the
      reaction mixture is heated until essentially no unreacted epichlorohydrin
      remains.
PAR  The polyisopropanolamine resin thereby produced differs in some way not
      fully understood from the product of the prior art one step procedure so
      that this new resin is substantially superior as a paper additive to
      increase wet strength.
PAC  DETAILED DESCRIPTION
PAR  The first step of the new process is preferably carried out by adding the
      initial 0.9-2.1 moles, preferably about 1-1.5 moles, of epichlorohydrin
      with one mole of ammonia in about 20-30 percent aqueous solution at
      0.degree.-40.degree.C. and maintaining that temperature until the reaction
      exotherm has substantially ceased. This normally requires from 1 to 10
      hours, depending upon the volumes of reactants employed. Any conveniently
      available concentration of aqueous ammonia can be used in the initial
      process step, for example, a concentration in the range of 10-30 percent.
      The reaction mixture is then suitably digested, preferably with at least
      occasional stirring, in the same temperature range for an additional 1-30
      hours, then heated an additional 0.2-5 hours at 50.degree.-100.degree.C.
      The progress of the reaction in this first process step is conveniently
      followed by determination of the water-soluble inorganic chloride present,
      for example, by titration with silver nitrate in the standard Volhard
      method. Best results are obtained by running this process step until the
      ionic chloride concentration approaches a maximum value without gelation
      occurring. This maximum signifies the point at which essentially all of
      the epichlorohydrin has reacted. The prepolymer solution may be adjusted
      by dilution with water to a solids content of 20-75 percent by weight in
      this finishing heating step for more convenient operation.
PAR  When using the lower amounts of epichlorohydrin, i.e., 0.9-1.2 moles per
      mole of ammonia, and the ionic chloride content is above 13.5 percent, it
      becomes necessary, in order to prevent gelling, to dilute the resin
      mixture to 20-25 percent solids content and, optionally, to shear it in
      the final digestion stage in the first step of the process.
PAR  In the neutralization step which is the essential improvement in the
      reaction, the quantity of added base is essentially the stoichiometric
      equivalent of the ionic chloride present in the reaction mixture. Slightly
      more or less base can be employed without serious loss of the advantage
      this neutralization step provides, for example, about 0.9-1.05
      equivalents. Preferably, the base is an alkali metal hydroxide and aqueous
      sodium hydroxide is most preferred. Other bases such as potassium
      hydroxide, sodium carbonate, or lithium hydroxide can also be used.
PAR  The neutralization is ordinarily accomplished merely by stirring the
      intermediate resin solution with added base at ambient temperature. The
      solution can be warmed to facilitate completion of the neutralization if
      desired, for example, to 50.degree.C.
PAR  In the third reaction step, the neutralized prepolymer or intermediate
      resin solution is reacted with about 0.1-1 part, preferably about 0.1-0.7
      part of epichlorohydrin per part of resin. This reaction step is carried
      out at about 40.degree.-100.degree.C., preferably at
      50.degree.-80.degree.C., for a reaction time of 0.2-5 hours so as to react
      essentially all of the added epichlorohydrin.
PAR  More than the defined maximum of epichlorohydrin can be added to the
      prepolymer solution in the second process step, but such excess reactant
      is unnecessary and merely represents that much more by-product or
      unreacted material which may have to be removed from the final resin
      solution. In both the prepolymer formation and in the final reaction with
      epichlorohydrin and the following digestion, a product with the desired
      properties can be obtained and premature gelation of the final resin
      solution can be avoided by balancing the reactant limits with the
      concentration of the resin solution and the temperature and duration of
      the digestion steps. Thus, lower concentrations and temperatures and
      shorter digestion periods all can help to avoid gelation which might
      otherwise occur in the final product solution. The reaction conditions
      defined above, therefore, represent practical process limits which can be
      used in a balanced interrelationship to obtain optimum properties in the
      final product.
PAR  A particular advantage of the present improved process when carried out as
      outlined above is that the intermediate neutralization of the reaction
      mixture substantially eliminates the formation of 1,3-dichloro-2-propanol
      which is a substantial by-product of prior art processes and thus makes
      possible the more efficient use of a smaller quantity of epichlorohydrin.
      Since this by-product usually had to be removed from the final resin
      solution by distillation or by solvent extraction, its elimination by the
      present improvement also eliminates the separation step and reduces by
      that much the time for the overall process.
PAR  The epichlorohydrin-ammonia resin product of this new process is readily
      absorbed by cellulosic fibers. It is preferably added to a paper pulp
      slurry at the beater, stock chest, head box or other point which permits
      adequate mixing prior to formation of the paper sheet. The paper pulp may
      be any conventional pulp including chemically and mechanically produced
      wood pulp, rag pulp and similar cellulosic fibers. The amount of additive
      depends upon the specific pulp and the wet strength desired. Useful wet
      strength improvement is obtained with 0.1-5 weight percent of resin solids
      based on the paper pulp, dry basis. Optimum performance is generally
      obtained with a loading of 0.2-1 percent. After treating the pulp with the
      aqueous resin solution, the conventional paper drying cycle at about
      85.degree.C. converts the resin into a cross-linked insoluble solid which
      imparts a high degree of wet strength to the treated paper. This
      constitutes an advantage for the new product of considerable value,
      because some improved epichlorohydrinammonia resins require curing at
      temperatures above 100.degree.C. for about an hour to obtain desirable
      properties as wetstrength paper additives. The new resin is, therefore,
      much more easily adaptable to conventional papermaking processes.
DETD
PAC  EXAMPLE 1
PAC  Prepolymer Preparation
PAR  Into a 2-liter flask equipped with stirrer, thermometer, reflux condenser,
      and feeding funnel were charged 145.5 gms. of 28% aqueous NH.sub.3. The
      reaction flask was submerged in ice water as an aid to control the
      reaction temperature. Then, 277.5 gms. of epichlorohydrin were fed in at a
      rate to maintain a reaction temperature between 10.degree.-15.degree.C.
      After the epichlorohydrin had been fed in, the contents were stirred and
      digested at 20.degree.C. for 4 hours, the reactants heated to 35.degree.C.
      and further stirred and digested at this temperature for 2 hours. At this
      point, 635 gms. of distilled water were added, and with stirring, the
      reactants were heated to 63.degree.-64.degree.C. and digested at this
      temperature for 1.25 hours. This is the prepolymer which has an ionic
      chloride content of 6.1% by Volhard chloride determination and a solids
      content around 30% determined by drying a sample in an air oven at
      125.degree.C. for 3 hours.
PAC  Neutralization and Wet Strength Resin Preparation
PAR  Into a flask equipped with stirrer, thermometer and reflux condenser were
      weighed 100 gms. of the above prepolymer plus 50 gms. of water. With
      stirring at 25.degree.C., 13.74 gms. of 50% NaOH were added and digested
      for one hour. At this time, 8.0 gms. of epichlorohydrin were added,
      heating the contents to 60.degree.-65.degree.C. and digesting at this
      temperature for 1.3 hours. The resulting wet strength resin has the
      following analysis:
     Total % Solids         24.6                                               
     % NaCl                 5.8                                                
     % Active Wet Strength Resin                                               
                            18.8                                               
PAC  Wet Strength Test
PAR  Unbleached kraft pulp was beaten to a Canadian Standard Freeness (TAPPI
      Method T227M-50) of 500 mls. in a Nobel and Wood beater. The pulp was
      diluted to 0.25% solids and the pH adjusted as required with HCl or NaOH
      (pH of 7.5). The desired amount of additive was blended with the test pulp
      slurry for 5 minutes. Sheets were then formed on a British handsheet
      machine (TAPPI Method T205M-1960). The test sheets were dried at
      105.degree. for 60 seconds and then cured for 0.5 hour at 85.degree.C.
      After conditioning at room temperature, the test sheets were soaked in
      water for 2 hours before measuring the burst strength by TAPPI Method
      T403M-53. Test sheets made up in the same way using an
      epichlorohydrin-ammonia resin prepared by the process of U.S. Pat. No.
      3,655,506 ("Old Resin") were also tested for purpose of comparison.
TBL                Results of Testing                                          
     ______________________________________                                    
                  Wet Burst Strength,                                          
     Loading,     lbs./sq. in.                                                 
     Lbs./ton pulp                                                             
                  New Resin     Oil Resin                                      
     ______________________________________                                    
     5            6.9           3.8                                            
     10           14.5          10.0                                           
     20           23.0          18.5                                           
     ______________________________________                                    
PAC  EXAMPLES 2-3
PAR  The procedure of Example 1 was repeated except for reacting the neutralized
      resin with 4.0 g. and 12.0 g. respectively of epichlorohydrin in the last
      reaction step.
PAR  Test sheets were made up as above using two loadings of each resin. The
      results of testing are listed below.
TBL                Results of Testing                                          
     ______________________________________                                    
                     Wet Burst Strength,                                       
     Loading         lbs./sq. in.                                              
     lbs./ton pulp   Ex. 2     Ex. 3                                           
     ______________________________________                                    
     10              12.0      13.1                                            
     20              18.8      19.8                                            
     ______________________________________                                    
PAC  EXAMPLES 4-7
PAR  These examples further illustrate the new process and the effects of
      varying some of the reaction conditions such as ratio of epichlorohydrin
      used, concentration of the resin solution, and temperature and duration of
      digestion. The preparations were made following the general procedure
      outlined in Example 1 with variations as noted in the tables below.
TBL                                    Prepolymer Preparation                  
     __________________________________________________________________________
     Example                                                                   
          Epi*/NH.sub.3                                                        
                 Digestion Time                                                
                             Digestion  Product                                
     No.  molar ratio                                                          
                 and Temp. .degree.C                                           
                            after dilution                                     
                                        % ionic Cl                             
     __________________________________________________________________________
     4    1.0    (4 hrs. at 15.degree.                                         
                            1.25 hrs. at 60.degree.                            
                                        7.1                                    
                 (16 hrs. at 25.degree.                                        
     5    1.15   (2 hrs. at 20.degree.                                         
                            1.25 hrs. at 60-64.degree.                         
                                        6.5                                    
                 (16 hrs. at 26.degree.                                        
     6    0.9     16 hrs. at 25.degree.                                        
                            1 hr. at 65.degree.                                
                                        8.0                                    
     7    1.4    (5 hrs. at 16-20.degree.                                      
                            1 hr. at 65.degree.                                
                                        5.5                                    
                 (16 hrs. at 25.degree.                                        
     __________________________________________________________________________
      *epichlorohydrin                                                         
TBL                                    Final Resin Preparation                 
     __________________________________________________________________________
     Example                                                                   
          Neutralization                                                       
                    Digestion Epi Ratio                                        
                                    Epi Reaction                               
     No.  g. H.sub.2 O added.sup.(1)                                           
                    hrs. at 25-30.degree.C                                     
                              g./g.resin                                       
                                    Time, Temp.                                
     __________________________________________________________________________
     4    50        1         0.34  1 hr., 50.degree.C.sup.(2)                 
      4a  100       1         0.34  1 hr., 50.degree.C                         
     5    50        0.5       0.26  45 min., 50.degree.C                       
     6    150       1         0.69  30 min., 50.degree.C                       
      6a  150       1         0.69  1 hr., 50.degree.C                         
     7    50        1.25      0.46  1 hr., 65.degree.C                         
     __________________________________________________________________________
      .sup.(1) per 100 g. of prepolymer solution of about 30% resin content.   
      .sup.(2) solution gelled.                                                
PAR  The products of Examples 4a, 5, 6, and 7 were tested as wet strength paper
      additives by the method previously described.
TBL  ______________________________________                                    
     Loading    Wet Strength, lbs./sq. in.                                     
     lbs./ton pulp                                                             
                Ex. 4a   Ex. 5     Ex. 6  Ex. 7                                
     ______________________________________                                    
     5          5.5      5.2       6.1    5.1                                  
     10         11.8     10.8      10.8   11.3                                 
     20         15.5     21.6      19.0   19.0                                 
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for making a thermosetting cationic water-soluble resin
      which comprises
PA1  a. forming an intermediate resin solution by reacting about 0.9 to about
      2.1 moles of epichlorohydrin with one mole of ammonia in aqueous solution
      and maintaining the prepolymer reaction mixture thereby obtained at about
      0.degree.-100.degree.C. until essentially no unreacted epichlorohydrin
      remains, and
PA1  b. reacting the intermediate resin solution thereby formed with about
      0.1-1.0 part of additional epichlorohydrin based on the weight of resin in
      the intermediate resin solution at about 40.degree.-100.degree.C., the
      improvement of neutralizing the intermediate resin solution prior to its
      further reaction with additional epichlorohydrin by adding to said
      solution a quantity of strong base about equivalent to the ionic chloride
      present therein.
NUM  2.
PAR  2. The process of claim 1 wherein step (a) for forming an intermediate
      resin solution comprises reacting about 1-1.5 moles of epichlorohydrin
      with a mole of ammonia in about 20-30 percent aqueous solution at
      0.degree.-40.degree.C., maintaining that temperature until the
      epichlorohydrin-ammonia reaction exotherm has substantially ceased,
      digesting the resulting reaction mixture at 0.degree.-40.degree.C. for
      1-30 hours, and then heating said reaction mixture at
      50.degree.-100.degree.C. for 0.2-5 hours.
NUM  3.
PAR  3. The process of claim 2 wherein step (b) comprises reacting the
      neutralized intermediate resin solution with about 0.1-0.7 part of
      epichlorohydrin per part by weight of resin at 50.degree.-80.degree.C. for
      0.2-5 hours.
NUM  4.
PAR  4. The process of claim 3 wherein the strong base used to neutralize the
      intermediate resin solution is sodium hydroxide.
NUM  5.
PAR  5. The finished resin product of the process of claim 1.
PATN
WKU  039473848
SRC  5
APN  4702328
APT  1
ART  143
APD  19740515
TTL  Method for making matt finish coatings
ISD  19760330
NCL  7
ECL  1
EXA  Nielsen; E. A.
EXP  Czaja; Donald E.
INVT
NAM  Schulde; Felix
CTY  Wulfen
CNT  DT
INVT
NAM  Obendorf; Johann
CTY  Dorsten
CNT  DT
INVT
NAM  Neubold; Kurt
CTY  Gladbeck
CNT  DT
INVT
NAM  Dormann; Gunter
CTY  Bochum
CNT  DT
ASSG
NAM  Veba-Chemie Aktiengesellschaft
CTY  Gelsenkirchen-Buer
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730516
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ABST
PAL  Coatings having a matt finish are made by applying a powder varnish
      composition to a substrate and thereafter reacting the varnish at a
      temperature of 100.degree. to 240.degree.C to form the matt finish
      coating. The powder varnish composition is a finely divided, particulate
      mixture of
PA1  I. a 1,2-epoxy compound having a melting point greater than 40.degree.C and
      containing at least one 1,2-epoxy group; and
PA1  Ii. a salt of a polycarboxylic acid (such as pyromellitic acid) containing
      three or more carboxyl groups and a cyclic amidine (such as
      2-phenylimidazoline).
BSUM
PAC  BACKGROUND
PAR  This invention relates to a method for making matt finish coatings which
      can be classified on the Boller gloss scale as type 258, which 20 to 50%,
      (i.e. from matt to half-matt/half-gloss) on the basis of powder varnishes
      of 1,2-epoxy compounds and salts of polybasic carboxylic acids and cyclic
      amidines and conventional additives such as leveling agents.
PAR  Powder varnishes are being used increasingly for making coatings. Powder
      varnishes are finely powdered synthetic compositions containing a
      thermosetting compound, mostly a resin, a cross-linking agent, i.e.
      hardener and additives such a pigments, dyes, fillers, leveling agents and
      so on.
PAR  Among the thermosetting powder varnish systems, coating powders based on
      epoxy resins are used predominantly.
PAR  By using common hardeners like amines, acid anhydrides, boron trifluoride
      complexes, polyamino amides, dicyandiamide or substituted dicyandiamide,
      coatings with more or less high gloss finish are produced.
PAR  For special fields of application, for example smaller surfaces, glossy or
      half-glossy coatings are desired. Objects of large surfaces, however, are
      supplied with matt or half-matt finish coatings in order to avoid
      undesirable or unsuitable reflections of light.
PAR  In order to obtain a matt surface finish, matting agents like particulate
      (micro) silicic acid, talcum and so on must be worked into the
      composition. It is often a problem to work with materials having different
      densities which can lead to undesirable separation of the coating mass, to
      working difficulties and/or differences in coating quality.
PAC  SUMMARY
PAR  A method has been found for making matt finish coatings without additives
      (for example silicic acid or talcum) by using powder coatings comprising
      finely divided mixtures of
PAR  I. 1,2-EPOXY COMPOUNDS HAVING AT LEAST ONE 1,2-EPOXY GROUP IN THE MOLECULE
      AND A LOWER MELTING POINT GREATER THAN 40.degree. C;
PAR  ii. an N-containing salts of polycarboxylic acid with three or more
      carboxyl groups; and
PAR  III. CYCLIC AMIDINES HAVING THE FORMULA APPEARING HEREIN. The powder
      coatings are recited at 100.degree. to 240.degree. C., prefereably
      175.degree. to 220.degree. C to form the matt finish coatings.
PAC  DESCRIPTION
PAR  Suitable salts of polybasic carboxylic acids with three or more carboxyl
      groups are, for example trimellitic acid, pyromellitic acid, butane
      tetracarbonic acid, cyclopentane-tetracarboxylic acid and the like.
PAR  Cyclic amidines have the formula
      ##EQU1##
      wherein
PAR  R represents hydrogen or an alkyl- or aryl radical,
PAR  R' is the same as R or represents a cycloalkyl, heterocycloalkyl radical
PAR  R" an alkyl- or aryl substituted alkylene or arylene radical and
PAR  X represents hydrogen or the radical
      ##EQU2##
      wherein
PAR  R and R' are as defined above.
PAR  Preferred alkylene and alkyl radicals contain from 1 to 12 preferably 1 to
      8 carbon atoms. Preferred cycloalkyl radicals contain 4 to 12 carbon
      atoms, preferably 6 to 8 carbon atoms. Preferred heterocycloalkyl are the
      same as cycloalkyl and additionally containing one or more --N--, --S--,
      and/or --O-- atoms in the ring. Preferred aryl and arylene radicals
      contain 6 to 12 aromatic carbon atoms, such as phenyl and naphthyl.
      Preferred substituents for alkylene and arylene radicals are alkyl with 1
      to 8, preferably 1 to 4 carbon atoms and aryl with 6 to 12 aromatic carbon
      atoms, e.g., phenyl and naphthyl.
PAR  Suitable cyclic amidines are imidazolines such as 2-methylimidazoline,
      2,4-dimethylimidazoline, 2-ethylimidazo-line, 2-ethyl-4-methylimidazoline,
      2-benzylimidazoline, 2-phenylimidazoline 2-(o-tolyl)-imidazoline,
      2-(p-tolyl)-imidazoline, tetramethylene-bis-imidazoline,
      1,1,3-trimethyl-1,4-tetramethylene-bis-imidazoline,
      1,3,3-trimethyl-4-tretra-methylene-bis-imidazoline,
      1,1,3-trimethyl-1,4-tetramethylene-bis-4-methylimidazoline,
      1,3,3-trimethyl-1,4-tetramethylene-bis-4-methylimidazoline,
      1,4-phenylene-bis-imidazoline, 1,4-phenylene-bis-4-methylimidazoline and
      the like. Mixtures of the imidazoline derivatives may also be used in
      accordance with the invention.
PAR  The salts are made such that one or more of the carboxyl groups of the
      poly-carboxylic acids are neutralized with the single-basic or
      double-basic reacting imidazoline derivatives. It is preferred to suspend
      or dissolve the polycarboxylic acid in a polar aprotic solvent and then
      feed the imidazoline in the desired molar ratio by itself or dissolved or
      suspended in the same solvent under stirring at temperatures between room
      temperature (about 23.degree. C) and 100.degree. C. The reaction speed
      depends on the solvent and the reaction temperature.
PAR  Preferred solvents are dimethyl formamide, dimethyl acetamide and N-methyl
      pyrrolidone. In these solvents the reaction is completed at temperatures
      between 60.degree. and 100.degree. C in one hour. At room temperature, the
      salts formed are very hard to dissolve in these solvents and thus can be
      recovered by filtration in over 90% yields. To increase the yields, the
      mother liquor is recycled repeatedly. In addition, these solvents have the
      advantage that impure polycarboxylic acids can be used because impurities
      (especially of colored nature) are soluble in these solvents and they
      remain in the mother liquor, thereby isolating the pure salts. The mother
      liquor can be purified with activated charcoal.
PAR  Further lower aliphatic ketones are also suitable as solvents. These
      solvents have the advantage that the salts formed are very hard to
      dissolve and thus yields are nearly quantitative. There are also some
      drawbacks, however, which are as follows:
PAR  1. The reaction times to complete the salt formation are longer than with
      the preferred solvents. For example, at the boiling point, 8 hours are
      needed for making the disalt of the pyromellitic acid with
      2-phenylimidazoline in acetone and, at room temperature, 24 hours are
      needed.
PAR  2. Colored impurities from the polycarboxylic acids are dissolved, but not
      as well as with the preferred solvents.
PAR  3. The main drawback is that the polycarboxylic acids in ketones, show
      slight alkalinity as compared to the preferred weak basic solvents. For
      example, pyromellitic acid reacts in acetone only di-basic; trimellitic
      acid only monobasic, while both acids react in dimethyl formamide
      tetrabasic and dibasic, respectively.
PAR  Also, lower aliphatic alcohols can be used as solvents. The advantages and
      drawbacks for using alcohols are between the ketones and the preferred
      solvents.
PAR  For making the salts, cyclic amidines are used in such molar ratios that at
      least one mole of amidine is used for each mole polycarboxylic acid up to
      one mole of amidine for each mole of carboxyl group in the acid. Thus, the
      molar ratio of amidine to polycarboxylic acid can range from 1 : 1 to 4 :
      1.
PAR  By using these salts as a hardener for powder varnish systems based on
      1,2-epoxy compounds, coatings are obtained which are technologically as
      well as optically equivalent to the films and coating produced with
      conventional hardeners and matting agents. The advantages realized,
      however, by eliminating the use of conventional additives are easier
      working masses with better homogeneity of the powder. The recovery and
      reuse of excess pulverous materials from the first coating with the
      composition in dry state mixed in specific weight different components,
      like hardeners, binders, TiO.sub.2, leveling agents and matting agents are
      of great importance for the homogeneity and consistency. Here the
      conventional resin/hardener/pigment-system without addition of matting
      agents where a satisfactory and well-reproducable matting effect of the
      films occurs, shows a great advantage for the industrial practice. The
      matt films of the invention show great resistance to stresses, shock,
      bending and scratching.
PAR  Gloss rate is defined according to the method of Gardener in the
      Mehrwinkel-Glanzmesser. It corresponds to the appropriate testing
      specifications according to ASTM, U.S. Federal and TAPPI.
PAR  According to this measuring theory, 20.degree. for high-gloss measurings
      and 85.degree. for matt-gloss is used. The angles 45.degree., 60.degree.
      and 75.degree. for the corresponding variations are between, whereby the
      60.degree.-method is broad in its use. In 9 and 10 cases, where numerous
      glass values are given, this scale is taken.
PAR  The formerly described imidazoline salts are used in amounts of 2 to 15
      wt.%, preferably 4 to 10 wt.%, with reference to epoxy resin.
PAR  Suitable for the preparation of the finely divided mixtures which are to be
      used as powder varnishes are 1,2-epoxy compounds having at least one
      1,2-epoxy group in the molecule and a lower melting point greater than
      40.degree. C, that is, compounds, which correspond to this characteristic,
      are on the one hand, polyepoxy compounds which are solid at 40.degree. C
      and below, including higher-molecular compounds (so-called solid resins),
      and those which are solid as a result of their symmetrical structure or
      the size of the carbon systems bound to the 1,2-epoxy group, and on the
      other hand those which have been prepared by the reaction of liquid
      1,2-epoxy compounds having more than one epoxy group per molecule with
      primary or secondary amines in such quantities that the adduct contains at
      least an average of one more 1,2-epoxy group per molecule (so-called
      adduct hardeners).
PAR  The 1,2-epoxy compounds may be either saturated or unsaturated and they may
      be aliphatic, cycloaliphatic, aromatic or heterocyclic. They may
      furthermore contain substituents which under the conditions of mixture or
      reaction do not cause any undesired side-reactions. Alkyl or aryl
      substituents, hydroxyl groups, ether groupings and the like do not cause
      side-reactions.
PAR  Of the solid resins those preferred for this application are 1,2-epoxy
      compounds having more than one epoxy group in the molecule, whose epoxy
      equivalent weight is between 500 and 1000.
PAR  These are the solid, polymeric polyglycidyl polyethers of
      2,2-bis-(4-hydroxyphenyl-propane which are obtained, for example, by the
      reaction of 2,2-bis-(4-hydroxyphenyl)-propane with epichlorhydrin in molar
      ratios 1 : 1.9 to 1 : 1.2 (in the presence of an alkali hydroxide in
      aqueous medium). Polymeric polyepoxides of this kind may also be obtained
      through the reaction of a polyglycidyl ether of
      2,2-bis-(4-hydroxyphenyl)-propane with less than the equimolecular amount
      of bivalent phenol, preferably in the presence of a catalyst such as a
      tertiary amine, a tertiary phosphine or a quaternary phosphonium salt. The
      polyepoxide may also be a solid epoxidized polyester which has been
      obtained for example, through the reaction of a polyvalent alcohol and/or
      a polybasic carboxylic acid or its anhydride with a low-molecular
      polyepoxide. Examples of such polyepoxides of low molecular weight are
      liquid diglycidyl ether of 2,2-bis-(4-hydroxyphenyl)-propane,
      diglycidylphthalate, diglycidylhexahydrophthalate, diglycidylmaleate and
      the 3,4-epoxycyclohexylmethylester of 3,4-epoxy-cyclohexanecarboxylic
      acid.
PAR  Mixtures of solid polyepoxides may also be used, such as for example a
      mixture of a polyepoxide whose melting point is between 120.degree. and
      160.degree. C and a polyepoxide having a melting point between 60.degree.
      and 80.degree. C (melting point set forth herein is determined by the
      mercury method of Durrans). Suitable mixtures contain between 30 and 50
      wt.% of a solid polyglycidyl ether of 2,2-bis-(4-hydroxyphenyl)-propane
      with an epoxy equivalent weight between 1650 and 2050 and a melting point
      of 120.degree. to 160.degree. C and, between 50 and 70 wt. % of a solid
      polyglycidyl polyether of 2,2-bis-(4-hydroxyphenyl)-propane with an epoxy
      equivalent weight between 450 and 525 and a melting point of 60.degree. to
      80.degree. C.
PAR  If a high epoxy functionality appears desirable, a preferred polyepoxide is
      the polyglycidyl ether of 1,1,2,2-tetra-(hydrophenyl)-ethane.
PAR  Also epoxidized polybutadiene can be applied for this purpose.
PAR  As previously mentioned, adduct hardeners can also be used in addition to
      the so-called solid resins, for the practice of the method of the
      invention. Such solid adduct hardeners may be prepared, for example from
      liquid polyepoxides of polyunsaturated hydrocarbons such as vinyl
      cyclohexane, dicyclopentadiene, and the like, epoxy ethers of polyvalent
      alcohols and phenols, and aliphatic, cycloaliphatic and aromatic diamines.
      For such an adduct to be suitable, its lower melting point must
      ketone-aldehyde above 40.degree. C.
PAR  To improve the leveling characteristics of the varnishes, so-called
      leveling agents are added to them during their preparation. These agents
      may be chemical compounds or mixtures of chemical compounds of widely
      varying chemical types, such as polymeric or monomeric compounds, acetals
      such as polyvinylformal, polyvinylacetal, diethyl-2-ethylhexanolacetal,
      di-n-butyl-2-ethylhexanolacetal, di-i-butyl-2-ethylhexanol-acetal,
      di-2-ethylhexylacetaldehyde-acetal, and the like, ethers, such as the
      polymeric, polyethyleneglycols and polypropyleneglycols, copolymers of
      n-butylacrylate and vinylisobutylether, ketone-aldehydr condensation
      resins, solid silicone resins or mixtures of zinc soaps, of fatty acids
      and aromatic carboxylic acids and the like. Products such as Modaflow are
      also offered commercially for this purpose. The exact chemical character
      of Modaflow is unknown but it can be described as a complex, polymeric,
      effective liquid. Such leveling agents may be contained in the batches in
      amounts of 0,2 to 5,0% of the weight of the entire powder varnish.
PAR  The other components of the powder varnish mixture, such as pigments, dyes
      and fillers, may be present in a wide range of proportions with respect to
      the 1,2-epoxy compounds.
PAR  After the powder varnish is applied to the substrate or object to be
      coated, the latter is heated at temperatures of 160.degree. to 240.degree.
      C, preferably 175.degree. to 220.degree. C, to set them. Thereafter the
      coating will have the above-described advantages.
PAR  Prior to use, the powder varnish components are intimately mixed at
      temperatures below the hardening temperatures, extruded and then crushed
      into a particulate mass. For practical application a particle size of less
      than 100 microns is preferable. The maximum particle size should be
      between 30 and 50 microns.
PAR  The application of the powder varnish to the substrates or bodies to be
      coated is accomplished by known method, e.g., by electrostatic powdering,
      fluidized-bed sintering or electrostatic fluidized-bed sintering.
PAR  The invention will now be further described with reference to the following
      examples which are not intended to be otherwise limiting.
PAC  GENERAL DESCRIPTION OF THE METHOD APPLIED:
PAR  The 1,2-epoxy compounds with the characteristics described above, known in
      practice as epoxy resins, were mixed with the imidazoline salts serving
      both as accelerator and hardener, with the pigments and with the additives
      such as leveling agents, in the stated ratios by weight, and then extruded
      and crushed. The particle size of the powder varnish components was less
      than 100 microns. The frequency distribution of the particle size had its
      maximum in the range from 30 to 50 microns. The finely granular mixtures
      for the different technological tests were then applied to steel sheets
      (70 .times. 150 .times. 0,75 mm and 70 .times. 200 .times. 1 mm) by
      electrostatic dusting and then set at the stated temperatures for the
      stated lengths of time. The characteristics of the varnish films obtained
      were subjected to the tests listed set out hereinafter.
DETD
PAC  EXAMPLE 1
PAR  The monosalt of trimellitic acid and 2-phenylimidazoline was made into a
      powder varnish or sintering powder with titanium dioxide and an epoxy
      resin plus a small amount of leveling agent in the following proportions:
PAC  Composition of the Powder Varnish
PAR  Solid epoxy resin on the basis of an adduct of
      2,2-bis-(4-hydroxyphenyl)-propane and epichlorhydrin, which had been
      subjected to an HCl cleavage and had then been reacted with additional
      2,2-bis-(4-hydroxyphenyl)-propane and which according to the manufacture
      had an epoxy equivalent weight ranging between 900 and 1000, which
      corresponds to an epoxy value of 0.10 to
TBL  0.11 and has a melting range of 90 to 100.degree.C                        
                               54.5    wt.%                                    
     Monosalt of trimellitic acid and 2-phenyl-                                
     imidazoline               5.0     wt.%                                    
     TiO.sub.2 in powder form  40.0    wt.%                                    
     "Modaflow" leveling agent 0.5     wt.%                                    
PAR  This formulation was applied to the test sheets and after 10 minutes
      setting at 200.degree. C it was tested.
TBL  Coating thickness            60-70 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  33%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  8-9 mm                                       
     Cross cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2 mm                                         
     Buchholz hardness                                                         
                    (DIN 53 153)  111                                          
     Ball impact test                                                          
                    (Gardener)    80 in lb                                     
     (reverse impact)                                                          
PAC  EXAMPLE 2
PAR  The disalt of trimellitic acid and 2-phenylimidazoline was formulated with
      epoxy resin of Example 1.
PAC  Composition of the Powder Varnish
TBL  Epoxy resin              55.5     wt.%                                    
     Disalt of trimellitic acid and 2-phenyl-                                  
                              4.0      wt.%                                    
     imidazoline                                                               
     TiO.sub.2 in powder form 40.0     wt.%                                    
     Leveling agent (as in Example 1)                                          
                              0.5      wt.%                                    
PAR  After ten minutes of setting the test sheets at 200.degree. C the following
      results were obtained by testing the coating:
TBL  Coating thickness            60-70 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  30%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  4-5 mm                                       
     Cross cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  4                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  100                                          
     Ball impact test                                                          
                    (Gardener)    20-30 in lb                                  
PAC  EXAMPLE 3
PAR  The disalt of butane tetracarboxylic acid and 2-phenylimidazoline was made
      into a powder varnish or sintering powder with titanium dioxide and an
      epoxy resin plus a small amount of leveling agent in the following
      proportions:
PAC  Composition of the Powder Varnish
PAR  Solid epoxy resin on the basis of an adduct of
      2,2-bis-(4-hydroxyphenyl)-propane and epichlorhydrin, which had been
      subjected to a HCl cleavage and which according to the manufacture had an
      epoxy equivalent weight ranging between 700 and 875 which corresponds to
      an epoxy value of 0.142 to 0.114 and a
TBL  melting range of 85 to 100.degree.C                                       
                              54.5     wt.%                                    
     Disalt of butane tetracarboxylic acid                                     
                              5.0      wt.%                                    
     and 2-phenylimidazoline                                                   
     TiO.sub.2 in powder form 40.0     wt.%                                    
     Leveling agent (as in Example 1)                                          
                              0.5      wt.%                                    
PAR  After 15 minutes of setting the pulverous coating of the test sheets at
      180.degree. C the following results were obtained:
TBL  Coating thickness            65-80 .mu.                                   
     Gloss          (Gardener, 60.degree.)                                     
                                  15%                                          
     Erichensen cupping                                                        
                    (DIN 53 156)  5-6 mm                                       
     Cross-cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  3-4                                          
     Buchholz hardness                                                         
                    (DIN 53 153)  100                                          
     Ball impact test                                                          
                    (Gardener)    20 in lb                                     
PAC  EXAMPLE 4
PAR  Monosalt of pyromellitic acid and 2-phenylimidazoline was made into a
      powder varnish or sintering powder with titanium dioxide and the epoxy
      resin of Example 1 plus a small amount of leveling agent in the following
      proportions:
PAC  Composition of the Powder Varnish
TBL  Epoxy resin              54.5     wt.%                                    
     Monosalt of pyromellitic acid and                                         
                              5.0      wt.%                                    
     2-phenylimidazoline                                                       
     TiO.sub.2 in powder form 40.0     wt.%                                    
     Leveling agent (as in Example 1)                                          
                              0.5      wt.%                                    
      This formulation was applied to the test sheets and after 10 minutes
      setting at 200.degree. C the following results were obtained:
TBL  Coating thickness            70-80 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  5%                                           
     Erichsen cupping                                                          
                    (DIN 53 156)  7.0 mm                                       
     Cross-cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  144                                          
     Ball impact test                                                          
                    (Gardener)    80 in lb                                     
PAC  EXAMPLE 5
PAR  The disalt of pyromellitic acid and 2-phenylimidazoline was made into a
      powder varnish or sintering powder with titanium dioxide and the epoxy
      resin of Example 1 plus a small amount of leveling agent in the following
      proportions:
PAC  Composition of the Powder Varnish
TBL  Epoxy resin              56.0     wt.%                                    
     Disalt of pyromellitic acid and                                           
                              3.5      wt.%                                    
     2-phenylimidazoline                                                       
     TiO.sub.2 in powder form 40.0     wt.%                                    
     Leveling agent (as in Example 1)                                          
                              0.5      wt.%                                    
PAR  After 15 minutes of setting the powder coating on the test sheets at
      180.degree. C the following results were obtained:
TBL  Coating thickness            70-80 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  20%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  9-10 mm                                      
     Cross-cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  111                                          
     Ball impact test                                                          
                    (Gardener)    80 in lb                                     
PAC  EXAMPLE 6
PAR  The trisalt of pyromellitic acid and 2-phenylimidazoline was made into a
      powder varnish or sintering powder with titanium dioxide and an epoxy
      resin plus a small amount of leveling agent in the following proportions:
PAC  Composition of the Powder Varnish
PAR  4 parts of a solid epoxy resin of Example 1 and 1 part of a solid epoxy
      resin according to the production of Example 1, however, according to the
      manufacture with an epoxy equivalent weight ranging between 450 and 500
      which corresponds to an epoxy value of 0.200 to 0.225 and a
TBL  melting range of 60 to 70.degree.C                                        
                               54.5    wt.%                                    
     Trisalt of pyromellitic acid and 2-phenyl-                                
     imidazoline               5.0     wt.%                                    
     TiO.sub.2 in powder form  40.0    wt.%                                    
     Leveling agent (as in Example 1)                                          
                               0.5     wt.%                                    
PAR  This formulation was applied on test sheets and it was tested after 10
      minutes of setting 200.degree. C with the following results:
TBL  Coating thickness            60-65 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  40%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  8-9 mm                                       
     Cross-cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  111                                          
     Ball impact test                                                          
                    (Gardener)    70-80 in lb                                  
PAC  EXAMPLE 7
PAR  Tetrasalt of pyromellitic acid and 2-phyenylimidazoline was made into a
      powder varnish or sintering powder with titanium dioxide and the epoxy
      resin of Example 1 plus a small amount of leveling agent in the following
      proportions:
PAC  Composition of the Powder Varnish
TBL  Epoxy resin              56.5     wt.%                                    
     Tetrasalt of pyromellitic acid and                                        
                              3.0      wt.%                                    
     2-phenylimidazoline                                                       
     TiO.sub.2 in powder form 40.0     wt.%                                    
     Leveling agent (as in Example 1)                                          
                              0.5      wt.%                                    
PAR  After 10 minutes of setting the powder coating of the test sheets at
      200.degree. C the following results were obtained:
TBL  Coating thickness            75-80 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  30%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  9-10 mm                                      
     Cross-cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  111                                          
     Ball impact test                                                          
                    (Gardener)    70 in lb                                     
PAC  EXAMPLE 8
PAR  The disalt of pyromellitic acid and 2,4-dimethylimidazoline was made into a
      powder varnish or sintering powder with titanium dioxide and the epoxy
      resin of Example 1 plus a small amount of leveling agent in the following
      proportions:
PAC  Composition of the Powder Varnish
TBL  Epoxy resin             54.5 wt.%                                         
     Disalt of pyromellitic acid and                                           
                             5.0 wt.%                                          
     2,4-dimethylimidazoline                                                   
     TiO.sub.2 in powder form                                                  
                             40.0 wt.%                                         
     Leveling agent (as in Example 1)                                          
                             0.5 wt.%                                          
PAR  After 10 minutes of setting the powder coating of the test sheets at
      200.degree. C the following results were obtained:
TBL  Coating thickness            70-80 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  40%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  8-9 mm                                       
     Cross-cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  166                                          
     Ball impact test                                                          
                    (Gardener)    20-30 in lb                                  
PAC  EXAMPLE 9
PAR  The disalt of pyromellitic acid and 2-(m-toly)-imidazoline was made into
      powder varnish or sintering powder with titanium dioxide and the epoxy
      resin of Example 1 plus a small amount of leveling agent in the following
      proportions:
PAC  Composition of the Powder Varnish
TBL  Epoxy resin             55.5 wt.%                                         
     Disalt of pyromellitic acid and                                           
                             4.0 wt.%                                          
     2-(m-tolyl)-imidazoline                                                   
     TiO.sub.2 in powder form                                                  
                             40.0 wt.%                                         
     Leveling agent (as in Example 1)                                          
                             0.5 wt.%                                          
PAR  After 10 minutes of setting the powder coating on the test sheets at
      200.degree. C the following results were obtained:
TBL  Coating thickness            65-75 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  40%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  8-9 mm                                       
     Cross cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  100                                          
     Ball impact test                                                          
                    (Gardener)    60-70 in lb                                  
PAC  EXAMPLE 10
PAR  The disalt of pyromellitic acid and 2-benzylimidazoline was made into a
      powder varnish or sintering powder with titanium dioxide and the epoxy
      resin of Example 1 plus a small amount of leveling agent in the following
      proportions:
PAC  Composition of the Powder Varnish
TBL  Epoxy resin             55.5 wt.%                                         
     Disalt of pyromellitic acid and                                           
                             4.0 wt.%                                          
     2-benzylimidazoline                                                       
     TiO.sub.2 in powder form                                                  
                             40.0 wt.%                                         
     Leveling agent (as in Example 1)                                          
                             0.5 wt.%                                          
PAR  This formulation was applied to the test sheets and after 10 minutes
      setting at 200.degree. C it was tested with the following results:
     Coating thickness            60-70 microns                                
     Gloss          (Gardener, 60.degree.)                                     
                                  40%                                          
     Erichsen cupping                                                          
                    (DIN 53 156)  8.0 mm                                       
     Cross-cut adhesion test                                                   
                    (DIN 53 151)  Gt 0                                         
     Mandrel bending test                                                      
                    (DIN 53 152)  2                                            
     Buchholz hardness                                                         
                    (DIN 53 153)  111                                          
     Ball impact test                                                          
                    (Gardener)    80 in lb                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Powder coating composition comprising a finely divided mixture of
PA1  i. a 1,2-epoxy compound having more than one 1,2-epoxy group in the
      molecule and a lower melting point greater than 40.degree. C; and
PA1  ii. a salt of a polycarboxylic acid having three or more carboxyl groups;
      and a cyclic amidine having the formula
      ##EQU3##
      wherein R is H, alkyl or aryl;
PA1  R' is the same as R and in addition cycloalkyl, or a heterocycloalkyl
      radical obtained by substituting one or more --N--, --S--, and/or --O--
      atoms in a cycloalkyl ring;
PA1  R" is alkyl and aryl substituted alkylene or arylene; and
PA1  X hydrogen or the radical
      ##EQU4##
      wherein R and R' are as defined previously.
NUM  2.
PAR  2. Coating composition of claim 1 wherein said salt is present in amounts
      of 2 to 15 weight percent, based on the epoxy compound.
NUM  3.
PAR  3. Coating composition of claim 1 wherein the polycarboxylic acid and the
      cyclic amidine are in a molar ratio of 1 : 1 to 1 : 4.
NUM  4.
PAR  4. Coating composition of claim 1 wherein the polycarboxylic acid is
      selected from the group of trimellitic acid, pyromellitic acid, butane
      tetracarboxylic acid and cyclo-pentane-tetracarboxylic acid.
NUM  5.
PAR  5. Coating composition of claim 1 wherein the cyclic amidine is
      2-phenylimidazoline.
NUM  6.
PAR  6. Coating composition of claim 1 wherein the salt of pyromellitic acid and
      2-phenylimidazoline is used.
NUM  7.
PAR  7. Coating composition of claim 1 wherein the salt is the reaction product
      of 1 mole of pyromellitic acid with 2 or 4 moles 2-phenylimidazoline is
      used.
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PAL  A mixture which can be converted to a heat-resistant foamed plastic and
      which contains a solid blowing agent, a thermoplastic prepolymer of a
      polyimide of an unsaturated acid, an azomethine and a polyamine. On
      warming, the mixture gives a foamed plastic of high heat resistance and
      good resistance to chemicals.
BSUM
PAR  The present invention relates to mixtures, containing prepolymers which can
      be converted to heat-resistant foamed plastics and give chemically
      resistant foamed plastics of high heat resistance, and to a process for
      the manufacture of heat-resistant foamed plastics.
PAR  U.S. Pat. Nos. 3,249,561 and 3,310,506 describe the manufacture of foamed
      plastics containing imide groups. For this purpose, however, it is
      necessary to prepare dilute solutions of polyamide-acids with very
      particular critical viscosities from the anhydrides of tetracarboxylic
      acids and from diamines, to introduce these into a particular mould, to
      free the product from the solvent after development of the foam structure
      at high temperatures (about 300.degree.C) and to convert the product into
      a polyimide at higher temperatures with elimination of low molecular
      compounds.
PAR  This involved process furthermore has the disadvantage of process
      conditions which are difficult to control, such as, for example, a uniform
      temperature in the entire moulding during drying and during imide
      formation. As a result, the cyclisation can take place incompletely. Since
      the cyclisation and elimination of the low moleclar compounds takes place
      in a moulding which is already in the form of a foam, the structure of the
      foam, for example its density and pore size, can undergo uncontrollable or
      adverse changes.
PAR  U.S. Pat. No. 3,705,118 also describes the manufacture of mouldings
      containing imide groups. Here, a dilute solution of a polyamide-acid is
      again the starting material. It is only possible to manufacture thin
      foamed plastic articles. The properties of the foam already formed can
      subsequently undergo uncontrollable adverse changes as a result of the
      cyclisation of the polyamide-acid to the polyamide, that is to say as a
      result of the elimination of low molecular compounds.
PAR  German Offenlegungsschrift No. 2,253,753 describes the manufacture of a
      polyamide foam from polyfunctional aromatic carboxylic acid derivatives
      and organic polyisocyanates. The starting materials required to
      manufacture the foamed plastic can only be mixed immediately before its
      manufacture. The manufacturing process suffers from the disadvantages of a
      two-component process; the finished reaction mixture cannot be stored for
      a prolonged period before processing. The density of the foam is
      essentially determined by the amount of carbon dioxide produced. This in
      turn is influenced by the quantities of polyisocyanate and carboxylic acid
      derivative which are introduced into the mix.
PAR  According to German Auslegeschrift No. 1,912,551, polyimide foamed plastics
      are obtained by heating certain quantities of a polyamide-acid and a
      polyimide. The polyamide-acids are produced by reaction of a diamine with
      tetracarboxylic acid or certain derivatives of these. The disadvantages of
      this process is that the low molecular compounds split off during the
      cyclisation serve as blowing agents during foaming. The density of the
      foamed plastic is essentially determined by the amount of these
      elimination products. This quantity in turn is determined by the amount of
      polyamide-acid introduced into the mix. To manufacture reproducible foams,
      it is necessary to manufacture, and employ, polyamide-acids containing
      exactly the same quantities of volatile substances. Furthermore, the
      manufacture of the material of lower specific gravity in the B-state
      requires an involved process. In addition, the manufacture of the finished
      foamed article requires several hours' heating to at least 250.degree.C.
PAR  French Patent No. 1,555,564 admittedly mentions the manufacture of a
      multicellular material from bis-maleimide and di-primary aromatic
      diamines; however, all data on the starting materials, the ratio in which
      they are mixed, the nature and amount of the blowing agent, the processing
      and the end properties is lacking. The system described is rather
      unsuitable for the manufacture of foamed plastics; even at 200.degree.C,
      the curing is too slow relative to the foaming; the foam, once formed,
      again collapses before it has cured. Accordingly, products with very
      uneven pores, that is to say products with poor end properties, are
      produced.
PAR  The mixtures according to the invention give foamed plastics which do not
      suffer from the disadvantages mentioned.
PAR  They contain prepolymers of certain polyimides and azomethines and/or
      polyamines, these prepolymers being manufactured by heating the
      homogeneously mixed starting materials to 50.degree. - 170.degree.C, so
      that products which are still thermoplastic and foamable are produced. The
      period for which the components are warmed depends on the amount, the
      ratio and the nature of the components and also on the selected
      temperature and the desired physical properties of the prepolymers; as a
      rule, it is between 5 minutes and 10 hours. The prepolymers are then mixed
      with a solid blowing agent and optionally with a polyamine or azomethine
      and can thereafter be foamed, and cured, by heating.
PAR  Accordingly, a mixture according to the invention is characterised in that
      it contains (1) a prepolymer prepared by heating, to 50.degree. -
      170.degree.C, a mixture containing (a) a diimide or triimide of the
      formula I
      ##EQU1##
      in which A denotes a n-valent organic radical with at least 2 and at most
      30 carbon atoms, R denotes hydrogen or methyl and n denotes 2 or 3 and (b)
      an azomethine of the formula II, III or IV
      ##EQU2##
      in which R.sub.1 denotes a hydrogen atom, an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or aromatic radical with at most 12 carbon atoms,
      an araliphatic radical with at most 20 carbon atoms or a heterocyclic or
      heterocyclic-aliphatic radical, R.sub.2 and R.sub.3 have the same meaning
      as R.sub.1, with the exception of hydrogen, and R.sub.1 together with
      R.sub.2 and with the inclusion of the carbon atom carrying the two
      substituents can also denote a cycloaliphatic ring system, and E
      represents a divalent organic radical with 2 to 30 carbon atoms, together
      with (2) a solid blowing agent for foaming and optionally (3) a polyamine
      of the formula V
EQU  d--(nh.sub.2).sub.y                                        (V)
PAL  in which D denotes a y-valent organic radical with 2 to 40 carbon atoms and
      y denotes a number from 2 to 4.
PAR  A preferred mixture according to the invention is characterised in that it
      contains (1) a prepolymer prepared by warming, to 50.degree. -
      170.degree.C, a mixture of (a) a diimide or triimide of the formula I, (b)
      an azomethine of the formula II, III or IV and (c) a polyamine of the
      formula V, together with (2) a solid blowing agent for foaming.
PAR  Finally, a further mixture according to the invention is characterised in
      that it contains (1) a prepolymer prepared by warming, to 50.degree. -
      170.degree.C, a mixture of (a) a diimide or triimide of the formula I and
      (b) a polyamine of the formula V, together with (2) an azomethine of the
      formula II, III or IV and (3) a solid blowing agent.
PAR  The prepolymerisation can be effected by heating an intimate mixture of the
      solid starting materials or a solution or suspension of the starting
      materials. For the latter purpose it is possible to use substances which
      do not react with the starting materials and which, if desired, dissolve
      them sufficiently. Examples of such liquids are: dimethylformamide,
      tetramethyl urea, dimethylsulphoxide, N-methylpyrrolidone,
      dichloroethylene, tetrachloroethylene, tetrachloroethane,
      tetrabromoethane, chlorobenzene, dichlorobenzene, bromobenzene, dioxane or
      alkylated aromatic hydrocarbons.
PAR  The mixtures according to the invention can contain the starting compounds
      on which the prepolymers are based, in addition to the prepolymers
      prepared from them.
PAR  Furthermore, the mixtures according to the invention advantageously
      containing a kicker or activator for the blowing agent and/or a
      surface-active agent.
PAR  The polyimides of the formula I are a known category of compounds and can
      be prepared by using the methods described in U.S. Pat. No. 3,010,290 and
      in British Patent Specification No. 1,137,592, by reaction of the
      corresponding diamines or triamines with maleic anhydride or citraconic
      anhydride in a polar solvent and in the presence of a catalyst.
PAR  The symbol A in the formula I can denote a linear or branched alkylene
      radical with fewer than 20 carbon atoms, a phenylene radical, a
      cyclohexylene radical or a radical of the formula
      ##SPC1##
PAL  in which a represents an integer from 1 to 3.
PAR  The symbol A can also comprise several phenylene or cyclohexylene radicals
      which can be fused together, bonded by a simple valency bond or bonded via
      an atom or an inert group, such as, for example, oxygen atoms or sulphur
      atoms, alkylene groups with 1 to 3 carbon atoms or the following groups:
      --CO--, --SO.sub.2 --, --NR-- (R=Alkyl), --N=N, --CONH--, --COO--,
      --CONH--A--NHCO-- and O=P(O--).sub.3. Furthermore, the various phenylene
      or cyclohexylene radicals can be substituted by methyl groups or chlorine.
PAR  Preferred triimides or diimides of the formula I are those in which A in
      the formula I denotes an alkylene group with 2 to 20 carbon atoms, an
      aralkylene group with 8 to 12 carbon atoms, a cyclohexylene group or a
      phenylene group, and the phenylene and cyclohexylene groups can be
      substituted by methyl or chlorine and/or can be bonded to phenylene or
      cyclohexylene groups via a simple valency bond or via a bridge member.
PAR  Further preferred compounds of the formula I are those in which A denotes
      an aromatic radical with 6 - 30 carbon atoms, especially the p-phenylene
      group or two phenylene groups bonded to one another directly or via a
      methylene group or an oxygen atom.
PAR  Further possible polyimides are those of the formula I, in which A denotes
      a group of the formula VII or VIII
      ##EQU3##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 each denote hydrogen or
      alkyl groups with 1 to 6 carbon atoms and R.sub.6 together with R.sub.7
      can also represent an alkylene group.
PAR  The following may be mentioned as special examples of polyimides of the
      formula I: N,N'-ethylene-bis-maleimide, N,N'-hexamethylene-bis-maleimide,
      N,N'-m-phenylene-bis-maleimide, N,N'-p-phenylene-bis-maleimide,
      N,N'-4,4'-diphenylmethane-bis-maleimide,
      N,N'-4,4'-3,3'-dichloro-diphenylmethane-bis-maleimide,N,N'-4,4'-diphenyl-e
     ther-bis-maleimide, N,N'-4,4'-diphenylsulphone-bis-maleimide,
      N,N'-4,4'-dicyclohexylmethane-bis-maleimide,
      N,N'-.alpha.,.alpha.'-4,4'-dimethylenecyclohexane-bis-maleimide,
      N,N'-m-xylylene-bis-maleimide, N,N'-p-xylene-bis-maleimide,
      N,N'-4,4'-diphenylcyclohexane-bis-maleimide,
      N,N'-m-phenylene-bis-citraconimide,
      N,N'-4,4'-diphenylmethane-bis-citraconimide,
      N,N'-4,4'-2,2-diphenylpropane-bis-maleimide,
      N,N'-.gamma.,.gamma.'-1,3-dipropylene-5,5
      -dimethyl-hydantonin-bis-maleimide, the N,N'-bis-maleimide of
      4,4'-diamino-triphenyl-phosphate and the N,N',N"-tris-maleimide of
      tris-(4-aminophenyl)-phosphate.
PAR  It is also possible to use mixtures of two or more of these polyimides.
PAR  The azomethines of the formulae II and III are a known category of
      compounds and can be prepared according to one of the known processes,
      such as are summarised, for example, in "Houben-Weyl", Methoden der
      organischen Chemie ("Methods of Organic Chemistry"), volume 11/2 (1958),
      page 73 et seq.
PAR  They are obtained, for example, by reacting aldehydes or ketones of the
      formula IX
      ##EQU4##
      wherein R.sub.1 and R.sub.2 have the same meaning as in the formulae II
      and III, with monoamines of the formula X
EQU  r.sub.3 -- nh.sub.2                                        (x)
PAL  or diamines of the formula XI
EQU  h.sub.2 n -- e -- nh.sub.2                                 (xi)
PAL  wherein R.sub.3 and E have the same meaning as in formula II and III, in
      equivalent amounts and optionally in the presence of a catalyst.
PAR  The azomethines of the formula IV are also known compounds and are
      manufactured analogously by reacting dialdehydes or diketones of the
      formula XII
      ##EQU5##
      wherein R.sub.1 and R.sub.2 have the same meaning as in the formula IV,
      with monoamines of the formula X in equivalent amounts and optionally in
      the presence of a catalyst.
PAR  In the azomethines of the formulae II, III and IV the radicals R.sub.1,
      R.sub.2 and R.sub.3, where they denote an aliphatic or araliphatic
      radical, can also contain the grouping --O--, --SO.sub.2 --, --CONH-- or
      --COO-- in the hydrocarbon chain. Where the radicals R.sub.1, R.sub.2 and
      R.sub.3 represent aliphatic, aromatic, araliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or heterocyclic radicals, these radicals can also
      be substituted by groups which do not have an adverse influence on the
      addition mechanism when the mixture is cured. The following may be
      mentioned as examples of such groups: halogen atoms, alkyl groups, alkoxy
      groups, --NO.sub.2 --, --CON(R).sub.2 or --COOR (R=Alkyl) and --SO.sub.2.
      The heterocyclic and heterocyclic-aliphatic radical can contain the
      following hetero-atoms or hetero-groups: --O--, --SO.sub.2 --, --SO-- and
      =N-- or --NH--. Preferably, the heterocyclic radical denotes a
      N,N-heterocyclic radical.
PAR  The following should be mentioned in particular as carbonyl compounds of
      the formulae IX and XII for the preparation of the azomethines of the
      formula II, III and IV: acetaldehyde, propionaldehyde, isobutyraldehyde,
      butyraldehyde, capronaldehyde, capryaldehyde, caprinaldehyde,
      tetrahydrobenzaldehyde, hexahydrobenzaldehyde, furfuraldehyde,
      benzaldehyde, 2-methylbenzaldehyde, p-methoxy-benzaldehyde,
      .beta.-naphthaldehyde, acetone, methyl ethyl ketone, dibutyl ketone,
      diheptyl ketone, didecyl ketone, dibenzyl ketone, acetophenone,
      butyrophenone, benzophenone, 2-methylacetophenone, 4-methoxypropiophenone,
      cyclopentanone, terephthalaldehyde, isophthaladehyde, glyoxal,
      glutaraldehyde and acetonylacetone.
PAR  The following may be mentioned in particular as monoamines of the formula X
      for the preparation of the azomethines of the formula III or VII:
      methylamine, butylamine, iso-butylamine, hexylamine, dodecylamine,
      cyclohexylamine, benzylamine, aniline, toluidine, .alpha.-naphthylamine
      and .beta.-naphthylamine.
PAR  The following may be mentioned in particular as diamines of the formula XI
      for the preparation of the azomethine of the formula III: ethylenediamine,
      1,6-hexamethylenediamine, 3,3,5-trimethyl-1,6-diamino-hexane,
      isophoronediamine, m-phenylenediamine, p-phenylenediamine,
      4,4'-diaminodiphenylmethane, 3,3'-dichloro-4,4'-diaminodiphenylmethane,
      4,4'-diaminodiphenyl-ether, 4,4'-diaminodiphenylsulphone,
      4,4'-diaminodicyclohexylmethane, m-xylylenediamine, p-xylylenediamine,
      4,4'-diamino-1,1'-diphenylpropane and
      bis-(.gamma.-amino-propyl)-5,5-dimethyl-hydantoin.
PAR  The following may be mentioned as special azomethines:
      1,6-benzylidene-hexamethylenediamine and
      N,N'-benzylidenediaminophenylmethane, as well as
      N,N'-benzylidene-p-phenylenediamine, benzylidene-butylamine and
      benzalaniline.
PAR  The polyamines of the formula V are known compounds.
PAR  If the polyamine of the formula V is a di-primary polyamine, D in the
      formula V preferable has the same meaning as A in the formula I, and x
      denotes 2.
PAR  The following may be mentioned as examples of diamines of the formula V:
      4,4'-diamino-dicyclohexylmethane, 1,4-diaminocyclohexane,
      m-phenylenediamine, p-phenylenediamine, 4,4'-diaminodiphenylmethane,
      bis-(4-aminophenyl)-2,2-propane, 4,4'-diaminodiphenyl-ether,
      4,4'-diaminodiphenylsulphone, 1,5-diamino-naphthalene,
      m-xylylenediamine,p-xylylenediamine, p-xylenediamine, ethylenediamine,
      hexamethylenediamine, bis-(.gamma.-amino-propyl)-5,5-dimethylhydantoin and
      4,4'-diaminotriphenyl-phosphate.
PAR  The use of m-phenylenediamine, 4,4'-diaminodiphenylether,
      hexamethylenediamine, 4,4'-diaminotriphenyl-phosphate, and especially of
      4,4'-diaminodiphenylmethane, is preferred.
PAR  Amongst the polyamines of the formula V other than the di-primary
      polyamines of the formula V, those which contain fewer than 40 carbon
      atoms and possess 3 or 4 NH.sub.2 -- groups per molecule are used
      preferentially. The NH.sub.2 -- groups can be bonded to a benzene ring,
      naphthalene ring, pyridine ring or triazine ring which is optionally
      substituted by methyl groups. They can also be bonded to several benzene
      rings which are bonded to one another by a simple valency bond, an atom or
      an inert group which has already been mentioned under the di-primary
      polyamines of the formula V, or by one of the following groups
      ##EQU6##
      The following may be mentioned as examples of such polyamines:
      1,2,4-triaminobenzene, 1,3,5-triaminobenzene, 2,4,6-triaminotoluene,
      2,4,6-triamino-1,3,5-trimethylbenzene, 1,3,7-triaminonaphthalene,
      2,4,4'-triaminodiphenyl, 3,4,6-triaminopyridine,
      2,4,4'-triaminophenyl-ether, 2,4,4'-triaminophenyl-ether,
      2,4,4'-triaminodiphenylmethane, 2,4,4'-triaminodiphenylsulphone,
      2,4,4'-triaminobenzophenone, 2,4,4'-triamino-3-methyl-diphenylmethane,
      N,N,N-tri(4-aminophenyl)-amine, tri-(4-aminophenyl)methane,
      tri-(4-aminophenyl)-phosphate, tri-(4-aminophenyl)phosphite,
      tri-(4-aminophenyl)-thiophosphate, 3,5,4'-triaminobenzanilide, melamine,
      3,5,3',5'-tetraaminobenzophenone, 1,2,4,5-tetraaminobenzene,
      2,3,6,7-tetraaminonaphthalene, 3,3'-diaminobenzidine,
      3,3',4,4'-tetraaminophenyl-ether, 3,3',4,4'-tetraaminodiphenylmethane,
      3,3',4,4'-tetraaminodiphenylsulphone and
      3,5-bis-(3,4'-diaminophenyl)-pyridine.
PAR  The use of tri-(4-aminophenyl)-phosphate and
      tri-(4-aminophenyl)-thiophosphate or of a mixture of these is preferred.
PAR  Further preferred polyamines are those of the formula
      ##SPC2##
PAL  in which R.sub.4 and R.sub.5 each denote hydrogen, alkyl, cycloalkyl, aryl
      or aralkyl or together denote an alkylene group.
PAR  The polyamines of the formula VI are also known compounds and can be
      obtained in accordance with the processes described in French Patent
      Specification Nos. 1,430,977 and 1,481,932 by reaction of primary aromatic
      amines with aldehydes or ketones.
PAR  Examples of aldehydes or ketones used for this purpose are formaldehyde,
      acetyldehyde, benzaldehyde, oenanthaldehyde, acetone, methyl ethyl ketone,
      cyclohexanone and acetophenone.
PAR  The ratio in which the polyimide of the formula I is mixed with the
      azomethine of the formulae II, III or IV can vary within a wide range. It
      is preferably so chosen that the reaction batch contains 2-6 equivalents
      of imide groups, preferably 2 - 3 equivalents of imide groups, per
      equivalent of &gt;C=N-- group. If, where appropriate, a polyamine of the
      formula V or VI is also added to the mixture to be foamed, the ratio in
      which the polyimide of the formula I, the polyamines of the formula V or
      VI and the azomethines of the formulae II, III and IV are mixed can vary
      within a wide range. The ratio of these 3 components is preferably so
      chosen that the reaction mixture for the preparation of the prepolymer
      contains 0.1 to 0.85 equivalent of primary amino group and 0.45 to 0.08
      equivalent of &gt;C=N-- group per 1 equivalent of imide group, the sum of the
      equivalents of primary amino group and &gt;C=N-- group being 0.33 to 1.0
      equivalent, peferably 1.0 equivalent, per 1 equivalent of imide group.
PAR  The curable mixture can also contain a prepolymer of several different
      polyimides, polyamines and azomethines.
PAR  Advantageously, a curable mixture according to the invention contains, in
      addition to a solid blowing agent for foaming, a prepolymer of (a) a
      triimide or diimide of the formula I, in which A denotes one of the groups
      ##SPC3##
PAL  and R denotes hydrogen, and (b) an azomethine of the formula II or III, in
      which R.sub.1 denotes hydrogen, R.sub.2 and R.sub.3 each denote a phenyl
      group and E denotes one of the following groups
      ##SPC4##
PAL  The prepolymer can also be prepared from (a) and (b) together with (c) a
      polyamine of the formula V, in which y denotes the number 2 or 3.
PAR  To prepare the foam, blowing agents which are still solid at room
      temperature are added to the prepolymers or their mixtures with
      azomethines or polyamines. It is possible to use sulphonylhydrazides, for
      example benzenesulphonylhydrazide, p-toluenesulphonylhydrazide or
      4,4'-oxy-dibenzenesulphonic acid hydrazide, and also substances such as
      azodicarboxylic acid amides or .alpha.,.alpha.'-azoisobutyronitrile.
      Preferably, azodicarboxylic acid amide is used as the blowing agent. The
      density of the new foams is largely determined by the weight ratio of
      reaction mixture to blowing agent; it can vary from 0.1 to 1.0. Preferably
      0.5 - 7% of blowing agent are used.
PAR  To achieve a homogeneous pore structure, a surface-active substance can
      also be added, in amounts of 0.1 - 1% relative to the total amount of the
      reaction mixture.
PAR  The reactants should be ground as finely as possible and mixed as
      homogeneously as possible before being foamed. For example, the starting
      materials can be dissolved or suspended in a low-boiling medium, such as
      trichloromonofluoromethane (tradename "Freon 11"). After a homogeneous
      mixture has been formed, the medium is again removed completely. This
      process is particularly advisable if one reactant has a low melting point,
      when there is the danger of the material sticking together during
      grinding. Furthermore it is important that the prepolymers should be mixed
      thoroughly with the blowing agent and, where relevant, further reactants.
      The powder must have a homogeneous appearance. The blowing agent must not
      merely lie next to the matrix material but must be at least partially
      surrounded thereby.
PAR  An improvement in the pore structure, especially with regard to fineness of
      the pores, is achieved by tableting or granulating the powders obtained.
PAR  According to the invention, cured foamed articles are manufactured by
      warming a mixture according to the invention, which optionally contains a
      surface-active agent and/or a kicker or activator for the blowing agent,
      to 80.degree. - 220.degree.C.
PAR  For this purpose, the mixture is usually introduced into a mould which can
      be closed if necessary. The foaming, moulding and curing take place in an
      oven, preferably at 160.degree. - 200.degree.C, over the course of about
      1/2 to 6 hours. The foamed plastic moulding formed can be taken out of the
      mould when it is dimensionally stable at the temperature used. If
      required, the moulding can be post-cured at the same temperature or at a
      higher temperature, in order thereby to achieve more advantageous
      properties in use.
PAR  The new foamed plastic articles have a high heat distortion point, good
      resistance to chemicals and good dielectric properties.
PAR  The new foamed plastic articles can be employed advantageously wherever a
      foamed material of good heat stability, high heat distortion point and
      good dielectric properties, even at fairly high temperatures, is required.
      Furthermore they can be used where the processing of the previous foamed
      plastics of high heat stability has entailed considerable difficulties in
      moulding and processing.
PAR  The foamed plastics according to the invention, and the process for their
      manufacture, exhibit several advantages over the known products. The
      starting material for the new foamed plastic already has the finished
      imide ring in the molecule. Accordingly, no cyclisation of the amide-acid
      grouping to the imide ring, with elimination of low molecular compounds,
      which would result in a subsequent uncontrollable or adverse change in the
      foam structure, takes place during curing. The blowing agent required for
      foaming is added to the mixture before it is cured.
PAR  A further advantage is that a finished one-component mixture can be
      employed for foaming and curing; the disadvantages inherent in a
      two-component process (two stock vessels, two metering installations and a
      mixing device) are thus circumvented. Furthermore, the finished mixture
      can be stored unchanged for a prolonged period of time. Depending on
      requirements, the finished mixture can be stored and processed as a fine
      powder, as granules or as pressed tablets. The use of the mixture as
      tablets or granules greatly simplifies processing.
PAR  The comparatively lower processing temperature, which in most cases is
      below 200.degree.C, is also advantageous.
DETD
PAC  EXAMPLE 1
PAR  The following components are initially introduced into 1,500 ml of dioxane:
      1,024 g of N,N'-4,4'-diphenylmethane-bis-maleimide, 226 g of
      diaminodiphenylmethane and 250 g of 1,6-benzylidene-hexamethylenediamine
      (corresponding to a molar ratio of 1:0.4:0.3).
PAR  A thick, yellow crystal paste results. The mixture is warmed, whereupon a
      dark brown, slightly turbid solution is produced. This solution is kept
      for 2 hours under reflux at 105.degree.C.
PAR  After this time, 15 g of a silicone surface-active agent are added.
PAR  The mixture is cooled. A red-brown milky turbid oil results. This oil is
      introduced slowly into 12 liters of ice water whilst stirring well,
      whereupon a suspension results, into which 60 g of azodicarboxylic acid
      amide are stirred. The suspension is then filtered and dried in a
      circulating air cabinet at 30.degree.C.
PAR  The resulting powder is a prepolymer and has a gelling time of 6 minutes 30
      seconds at 160.degree.C.
PAR  Tablets (7 g) are produced from the resulting powder; these tablets give
      foamed plastics of fine pore structure in closed or open moulds. The
      curing reaction is carried out for 1 hour at 160.degree. - 200.degree.C.
      The foamed plastics can be post-cured at 200.degree. - 220.degree.C. They
      have a glass transition temperature of about 230.degree.C.
PAC  EXAMPLE 2
PAR  The following components are initially introduced into 600 ml of dioxane:
      537 g of N,N'-4,4'-diphenylmethane-bis-maleimide, 79 g of
      diaminodiphenylmethane and 87 g of 1,6-benzylidene-hexamethylenediamine
      (corresponding to a molar ratio of 1.5:0.4:0.3).
PAR  When warmed, a clear light brown solution results. This is kept under
      reflux for one hour and then cooled.
PAR  After adding 6 g of a surface-active agent, the mixture is slowly
      introduced into 5 liters of ice water. 30 g of azodicarboxylic acid amide
      are added to the resulting suspension and are distributed well, whilst
      stirring. Finally, the mixture is dried in a circulating air cabinet at
      30.degree.C.
PAR  The powder, a prepolymer, has the following gelling times: 4 minutes 35
      seconds at 150.degree.C, 2 minutes 3 seconds at 160.degree.C and 1 minute
      40 seconds at 170.degree.C. The powder is pressed to form tablets. In
      closed moulds, these tablets give foams of uniform and fine pore structure
      under the following curing conditions: 1 hour at 160.degree. -
      190.degree.C.
PAR  40 g of the resulting powder are thoroughly mixed with 0.5 g of cadmium
      stearate. Tablets weighing 7 g are pressed from this mixture. If such a
      tablet is heated in a closed warm mould of dimensions 3.5 .times. 6.5
      .times. 1.5 cm to 185.degree.C for 1 hour, a foamed plastic article having
      a fine uniform pore structure and a density of 0.2 g/cm.sup.3 is produced.
PAC  EXAMPLE 3
PAR  A mixture of 1,024 g of N,N'-4,4'-diphenylmethane-bis-maleimide, 226 g of
      diaminodiphenylmethane and 250 g of 1,6-dibenzylidene-hexamethylenediamine
      in 1.5 l of dioxane is heated to the boil for 130 minutes. 15 g of foam
      stabiliser are added to the solution when cold. This mixture is added
      dropwise over the course of 15 minutes, with intensive stirring, to 12
      liters of ice water containing 60 g of azodicarboxylic acid amide. The
      substance which has precipitated is filtered off and dried at 30.degree.C.
PAR  A part of the substance is pressed to form tablets, and cured, as in
      Example 1. After curing for 1 hour at 60.degree.C, a hard, fine-pored
      foamed article is obtained.
PAC  EXAMPLE 4
PAR  A mixture of 1,145 g of N,N'-4,4'-diphenylmethane-bis-maleimide, 169 g of
      diaminodiphenylmethane and 186 g of
      1,6-di-benzylidene-hexamethylenediamine in 2.5 liters of dioxane is heated
      to the boil for 3 hours. 15 g of foam stabiliser are added to the solution
      when cold. This mixture is added dropwise over the course of 15 minutes,
      with intensive stirring, to 12 liters of ice water containing 60 g of
      azodicarboxylic acid amide.
PAR  The substance which has precipitated is filtered off and dried at
      30.degree.C. A part of the substance is tableted and cured, as in Example
      1. After curing for 1 hour at 160.degree. or 170.degree. or 180.degree. or
      190.degree.C, as desired, a hard, fine-pored foamed article is obtained.
PAC  EXAMPLE 5
PAR  71.6 g of N,N'-4,4'-diphenylmethane-bis-maleimide and 14.9 g of
      N,N'-dibenzylidene-diaminodiphenylmethane in 100 ml of dioxane are warmed
      to 80.degree.C. A solution of 12.6 g of trimethylhexamethylenediamine in
      100 ml of dioxane is added dropwise thereto and the mixture is warmed for
      a further 30 minutes to 75.degree.-85.degree.C. The resulting solution is
      added dropwise to 1 l of water while stirring and the powder which has
      precipitated is filtered off and dried. 40 g of the yellow powder thus
      obtained are thoroughly mixed with 2 g of azodicarboxylic acid amide, 1 g
      of tin stearate and 0.4 g of silicone oil and pressed to give tablets
      weighing 7 g. If such a tablet is heated to 250.degree.C in a closed, warm
      mould (3.5 .times. 6.5 .times. 1.5 cm) for 1 hour, a hard moulded article
      of fine, uniform pore structure and density 0.2 g/cm.sup.3 is produced.
PAC  EXAMPLE 6
PAR  4 g of azodicarboxylic acid amide and 1 g of a silicone foam stabiliser are
      added to a mixture consisting of 539 g (1.5 mols) of
      N,N'-4,4'-diphenylmethane-bis-maleimide, 60 g (0.3 mol) of
      diamino-diphenylmethane and 117 g (0.4 mol) of
      1,6-dibenzylidene-hexamethylenediamine. This mixture is ground in a ball
      mill and is then worked in a kneader at 110.degree.C for 15 minutes.
PAR  The (so-called) "advanced" product thus obtained is again ground. The
      resulting powder is very fine and has a gelling time of 1 minute 52
      seconds at 180.degree.C.
PAR  10 g of this powder are introduced into a mould prewarmed to 160.degree.C.
      After curing for 1 hour at 160.degree.C and 1 hour at 180.degree.C, a
      foamed article of excellent surface and very fine pore structure is
      obtained. The foam has a density of 0.3 g/cm.sup.3.
PAC  EXAMPLE 7
PAR  A mixture consisting of 130 g of N,N'-4,4'-diphenylmethane-bis-maleimide,
      130 g of N,N'-2-ethyl-4,4'-diphenylmethane-bis-maleimide, 126 g of
      N,N'-2,2'-diethyl-4,4'-diphenylmethane-bis-maleimide, 99 g of
      tris-(p-aminophenyl)-phosphate and 57 g of terephthalaldehyde-dianiline is
      ground in a ball mill. The powder obtained is then (so-called) advanced
      for 2 hours and 15 minutes in a kneader at 140.degree.C.
PAR  4 g of azodicarboxylic acid amide and 1 g of silicone foam stabiliser are
      added to 100 g of this mixture and the whole is mixed homogeneously in a
      mill.
PAR  10 g of the powder are introduced into a steel mould. The mould is closed
      and the powder is cured for 1 hour at 160.degree.C and 1 hour at
      180.degree.C.
PAR  A foam of density 0.3 g/cm.sup.3, which has a very attractive surface and a
      fine pore structure, is thus obtained.
PAC  EXAMPLE 8
PAR  A mixture consisting of 1 mol of tris-maleimide of
      tris-(4-aminophenyl)-phosphate, 0.5 mol of 4,4'-diaminodiphenyl-ether and
      0.5 mol of benzalaniline is (so-called) advanced in a kneader for 1 hour
      and 45 minutes at 140.degree.C. The resulting powder has a gelling time of
      3 hours and 45  minutes at 180.degree.C.
PAR  1% by weight of silicone foam stabiliser and 4% by weight of
      azodicarboxylic acid amide are admixed to the powder. 10 g of the powder
      are foamed in a steel mould at 160.degree.C. The curing is subsequently
      terminated by heating to 180.degree.C for a further hour.
PAR  The resulting foamed plastic has a uniform pore structure and a density of
      0.3 g/cm.sup.3.
PAC  EXAMPLE 9
PAR  2.5 mols of N,N'- 4,4'-diphenylmethane-bis-maleimide and 1 mol of
      1,6-dibenzylidene-hexamethylenediamine are (so-called) advanced for 3
      hours in a kneader at  110.degree.C. 10 minutes before the end of this
      treatment, 4 g of azodicarboxylic acid amide and 1 g of silicone foam
      stabiliser were added to the mixture. The product thus obtained is then
      ground in a ball mill. A fine and very homogeneous powder is obtained.
PAR  14 g of this product are introduced into a steel mould pre-warmed to
      180.degree.C. After curing for 1 hour at 180.degree.C, a foamed plastic
      which has a fine pore structure is obtained. Its density is 0.4
      g/cm.sup.3.
PAC  EXAMPLE 10
PAR  A mixture consisting of 1 mol (358 g) of
      N,N'-4,4'-diphenylmethane-bis-maleimide and 0.2 mol (36.8 g) of
      diaminodiphenylmethane is treated for 30 minutes in a kneader at
      160.degree.C. 100 g of the resulting product are ground in a ball mill
      together with 28 g of N,N'-dibenzylidene-diaminodiphenylmethane, 0.8 g of
      silicone foam stabiliser and 4 g of azodicarboxylic acid amide. The
      resulting powder is very fine and homogeneous in appearance.
PAR  12 g of this powder are introduced into a steel mould pre-warmed to
      180.degree.C and left at this temperature for 2 hours.
PAR  After this curing time, a foamed article which is very hard and has a
      uniform pore structure and a density of 0.35 g/cm.sup.3 can be taken from
      the mould.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A mixture which can be converted to a heat-resistant foamed plastic,
      characterised in that it contains (1) a thermoplastic prepolymer prepared
      by heating, to 50.degree. - 170.degree.C, a mixture containing (a) a
      diimide or triimide of the formula I
      ##EQU7##
      in which A denotes a n-valent organic radical with at least 2 and at most
      30 carbon atoms, R denotes hydrogen or methyl and n denotes 2 or 3 and (b)
      an azomethine of the formula II, III or IV
      ##EQU8##
      in which R.sub.1 denotes a hydrogen atom, an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or aromatic radical with at most 12 carbon atoms,
      an araliphatic radical with at most 20 carbon atoms or a heterocyclic or
      heterocyclic-aliphatic radical, R.sub.2 and R.sub.3 have the same meaning
      as R.sub.1, with the exception of hydrogen, and R.sub.1 together with
      R.sub.2 and with the inclusion of the carbon atom carrying the two
      substituents can also denote a cycloaliphatic ring system, and E
      represents a divalent organic radical with 2 to 30 carbon atoms, together
      with (2) a solid blowing agent for foaming and optionally (3) a polyamine
      of the formula V
EQU  d--(nh.sub.2).sub.y                                        (V)
PAL  in which D denotes a y-valent organic radical with 2 to 40 carbon atoms and
      y denotes a number from 2 to 4.
NUM  2.
PAR  2. A mixture which can be converted to a heat-resistant foamed plastic,
      according to claim 1, characterized in that it contains (1) a
      thermoplastic prepolymer prepared by heating, to 50.degree. -
      170.degree.C, a mixture containing (a) a diimide or triimide of the
      formula I
      ##EQU9##
      in which A denotes a n-valent organic radical with at least 2 and at most
      30 carbon atoms, R denotes hydrogen or methyl and n denotes 2 or 3 and (b)
      an azomethine of the formula II, III or IV
      ##EQU10##
      in which R.sub.1 denotes a hydrogen atom, an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or aromatic radical with at most 12 carbon atoms,
      an araliphatic radical with at most 20 carbon atoms or a heterocyclic or
      heterocyclic-aliphatic radical, R.sub.2 and R.sub.3 have the same meaning
      as R.sub.1, with the exception of hydrogen, and R.sub.1 together with
      R.sub.2 and with the inclusion of the carbon atom carrying the two
      substituents can also denote a cycloaliphatic ring system, and E
      represents a divalent organic radical with 2 to 30 carbon atoms, and (c) a
      polyamine of the formula V
EQU  d--(nh.sub.2).sub.y                                        (V)
PAL  in which D denotes a y-valent organic radical with 2 to 40 carbon atoms and
      y denotes a number from 2 to 4, together with (2) a solid blowing agent
      for foaming.
NUM  3.
PAR  3. A mixture which can be converted to a heat-resistant foamed plastic,
      characterised in that it contains (1) a thermoplastic prepolymer prepared
      by heating, to 50.degree.-170.degree.C, a mixture containing (a) a diimide
      or triimide of the formula I
      ##EQU11##
      in which A denotes an n-valent organic radical with at least 2 and at most
      30 carbon atoms, R denotes hydrogen or methyl and n denotes 2 or 3 and (b)
      a polyamine of the formula V
EQU  d--(nh.sub.2).sub.y                                        (V)
PAL  in which D denotes a y-valent organic radical with 2 to 40 carbon atoms and
      y denotes a number from 2 to 4, together with (2) an azomethine of the
      formula II, III or IV
      ##EQU12##
      in which R.sub.1 denotes a hydrogen atom, an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or aromatic radical with at most 12 carbon atoms,
      an araliphatic radical with at most 20 carbon atoms or a heterocyclic or
      heterocyclic-aliphatic radical, R.sub.2 and R.sub.3 have the same meaning
      as R.sub.1, with the exception of hydrogen, and R.sub.1 together with
      R.sub.2 and with the inclusion of the carbon atom carrying the two
      substituents can also denote a cycloaliphatic ring system, and E
      represents a divalent organic radical with 2 to 30 carbon atoms, and (3) a
      solid blowing agent for foaming.
NUM  4.
PAR  4. A mixture according to claim 1, characterised in that in addition to the
      indicated constituents it also contains a surface-active agent and/or a
      kicker or activator for the blowing agent.
NUM  5.
PAR  5. A mixture according to claim 1, characterised in that it contains a
      prepolymer, prepared from a triimide or diimide of the formula I, in which
      A denotes an alkylene group with 2 to 20 carbon atoms, an aralkylene group
      with 8 to 12 carbon atoms, a cyclohexylene group or a phenylene group, and
      the phenylene and cyclohexylene groups can be substituted by methyl or
      chlorine and/or can be bonded to phenylene or cyclohexylene groups via a
      simple valency bond or via a bridge member.
NUM  6.
PAR  6. A mixture according to claim 1, characterised in that it contains a
      prepolymer, prepared from a diimide or triimide of the formula I, in which
      A denotes an aromatic radical with 6 - 20 carbon atoms.
NUM  7.
PAR  7. A mixture according to claim 6, characterised in that it contains a
      prepolymer, prepared from a diimide of the formula I, in which A denotes
      the p-phenylene group or two phenylene groups bonded to one another
      directly or via a methylene group or an oxygen atom.
NUM  8.
PAR  8. A mixture according to claim 1, characterised in that it contains a
      prepolymer for the preparation of which
      1,6-benzylidene-hexamethylenediamine or
      N,N'-benzylidene-diaminodiphenylmethane is used as the azomethine.
NUM  9.
PAR  9. A mixture according to claim 3, characterised in that it contains
      1,6-benzylidene-hexamethylenediamine or
      N,N'-benzylidene-diaminodiphenylmethane as the azomethine.
NUM  10.
PAR  10. A mixture according to claim 2, characterised in that it contains a
      prepolymer for the preparation of which a polyamine of the formula VI
      ##SPC5##
PAL  in which R.sub.4 and R.sub.5 each denotes hydrogen, alkyl, cycloalkyl, aryl
      or aralkyl or together denote an alkylene group, is used as the polyamine.
NUM  11.
PAR  11. A mixture according to claim 2, characterised in that it contains a
      prepolymer for the preparation of which 4,4'-diaminodiphenylmethane,
      tri-(4-aminophenyl)-phosphate or tri-(4-aminophenyl)-thiophosphate is
      used.
NUM  12.
PAR  12. Mixture according to claim 1, characterised in that it contains, as the
      polyamine of the formula V, a polyamine of the formula VI
      ##SPC6##
PAL  in which R.sub.4 and R.sub.5 each denotes hydrogen, alkyl, cycloalkyl, aryl
      or aralkyl or together denote an alkylene group.
NUM  13.
PAR  13. A mixture according to claim 1, characterised in that it contains
      4,4'-diaminodiphenylmethane, tri-(4-aminophenyl)-phosphate or
      tri-(4-aminophenyl)-thiophosphate as the polyamine of the formula V.
NUM  14.
PAR  14. A mixture according to claim 1, characterised in that it contains a
      prepolymer of (a) a triimide or diimide of the formula I, in which A
      denotes one of the following groups:
      ##SPC7##
PAL  and R denotes hydrogen, and (b) an azomethine of the formula II or III, in
      which R.sub.1 denotes hydrogen, R.sub.2 and R.sub.3 each denotes a phenyl
      group and E denotes one of the following groups
      ##SPC8##
PAL  and optionally (c) a polyamine of the formula V, in which y represents the
      number 2 or 3.
NUM  15.
PAR  15. A process for the preparation of heat-resistant foams, characterised in
      that a mixture containing (1) a thermoplastic prepolymer obtained from a
      mixture containing (a) a diimide or triimide of the formula I
      ##EQU13##
      in which A denotes a n-valent organic radical with at least 2 and at most
      30 carbon atoms, R denotes hydrogen or methyl and n denotes 2 or 3 and (b)
      an azomethine of the formula II, III or IV
      ##EQU14##
      in which R.sub.1 denotes a hydrogen atom, an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or aromatic radical with at most 12 carbon atoms,
      an araliphatic radical with at most 20 carbon atoms or a heterocyclic or
      heterocyclic-aliphatic radical, R.sub.2 and R.sub.3 have the same meaning
      as R.sub.1, with the exception of hydrogen, and R.sub.1 together with
      R.sub.2 and with the inclusion of the carbon atom carrying the two
      substituents can also denote a cycloaliphatic ring system, and E
      represents a divalent organic radical with 2 to 30 carbon atoms, which has
      been warmed to 50.degree. - 170.degree.C, and (2) a solid blowing agent
      for foaming and optionally (3) a polyamine of the formula V
EQU  d--(nh.sub.2).sub.y                                        (V)
PAL  in which D denotes a y-valent organic radical with 2 to 40 carbon atoms and
      y denotes a number from 2 to 4, is warmed to a temperature of 80.degree. -
      120.degree.C.
NUM  16.
PAR  16. A process according to claim 15 for the preparation of heat-resistant
      foamed plastics, characterised in that a mixture containing (1) a
      thermoplastic prepolymer prepared from (a) a diimide or triimide of the
      formula I
      ##EQU15##
      in which A denotes a n-valent organic radical with at least 2 and at most
      30 carbon atoms, R denotes hydrogen or methyl and n denotes 2 or 3 and (b)
      an azomethine of the formula II, III or IV
      ##EQU16##
      in which R.sub.1 denotes a hydrogen atom, an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or aromatic radical with at most 12 carbon atoms,
      an araliphatic radical with at most 20 carbon atoms or a heterocyclic or
      heterocyclic-aliphatic radical, R.sub.2 and R.sub. 3 have the same meaning
      as R.sub.1, with the exception of hydrogen, and R.sub.1 together with
      R.sub.2 and with the inclusion of the carbon atom carrying the two
      sustituents can also denote a cycloaliphatic ring system, and E represents
      a divalent organic radical with 2 to 30 carbon atoms, and (c) a polyamine
      of the formula V
EQU  d--(nh.sub.2).sub.y                                        (V)
PAL  in which D denotes a y-valent organic radical with 2 to 40 carbon atoms and
      y denotes a number from 2 to 4, by warming to 50.degree. - 170.degree.C,
      and (2) a solid blowing agent for foaming, is warmed to a temperature of
      80.degree. - 220.degree.C.
NUM  17.
PAR  17. A process for the preparation of heat-resistant foamed plastics,
      characterised in that a mixture containing (1) a thermoplastic prepolymer
      prepared from (a) a diimide or triimide of the formula I
      ##EQU17##
      in which A denotes a n-valent organic radical with at least 2 and at most
      30 carbon atoms, R denotes hydrogen or methyl and n denotes 2 or 3 and b)
      a polyamine of the formula V
EQU  d--(nh.sub.2).sub.y                                        (V)
PAL  in which D denotes a y-valent organic radical with 2 to 40 carbon atoms and
      y denotes a number from 2 to 4, by warming the components to 50.degree. -
      170.degree.C, and (2) an azomethine of the formula II, III or IV
      ##EQU18##
      in which R.sub.1 denotes a hydrogen atom, an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic or aromatic radical with at most 12 carbon atoms,
      an araliphatic radical with at most 20 carbon atoms or a heterocyclic or
      heterocyclic-aliphatic radical, R.sub.2 and R.sub.3 have the same meaning
      as R.sub.1, with the exception of hydrogen, and R.sub.1 together with
      R.sub.2 and with the inclusion of the carbon atom carrying the two
      substituents can also denote a cycloaliphatic ring system, and E
      represents a divalent organic radical with 2 to 30 carbon atoms, and (3) a
      solid blowing agent for foaming, is warmed to a temperature of 80.degree.
      - 220.degree.C.
NUM  18.
PAR  18. A process according to claim 15, characterised in that the mixture is
      warmed to 160.degree. - 200.degree.C.
NUM  19.
PAR  19. Process according to claim 15, characterised in that a mixture which in
      addition to the indicated constituents also contains a surface-active
      agent and/or a kicker or activator for the blowing agent is warmed.
NUM  20.
PAR  20. A process according to claim 15, characterised in that a mixture of
      which the prepolymer is prepared from a mixture containing, as the diimide
      or triimide, a compound of the formula I, in which A denotes an alkylene
      group with 2 to 20 carbon atoms, an aralkylene group with 8 to 12 carbon
      atoms, a cyclohexylene group or a phenylene group, and the phenylene and
      cyclohexylene groups can be substituted by methyl or chlorine and/or can
      be bonded to phenylene or cyclohexylene groups via a siple valency bond or
      via a bridge member, is warmed.
NUM  21.
PAR  21. A process according to claim 15, characterised in that a mixture of
      which the prepolymer is prepared from a mixture containing, as the diimide
      or triimide, a compound of the formula I, in which A denotes an aromatic
      radical with 6 - 20 carbon atoms, is warmed.
NUM  22.
PAR  22. A process according to claim 21, characterised in that a mixture of
      which the prepolymer is prepared from a mixture containing, as the
      diimide, a compound of the formula I, in which A denotes the p-phenylene
      group or two phenylene groups bonded to one another directly or via a
      methylene group or an oxygen atom, is warmed.
NUM  23.
PAR  23. A process according to claim 15, characterised in that a mixture
      containing a prepolymer for the preparation of which
      1,6-benzylidene-hexamethylenediamine or
      N,N'-benzylidene-diaminodiphenylmethane is used as the azomethine, is
      warmed.
NUM  24.
PAR  24. A process according to claim 17, characterised in that a mixture which
      contains 1,6-benzylidene-hexamethylenediamine or
      N,N'-benzylidene-diaminodiphenylmethane as the azomethine is warmed.
NUM  25.
PAR  25. A process according to claim 16, characterised in that a mixture which
      contains a prepolymer, for the preparation of which the polyamine used is
      a polyamine of the formula VI
      ##SPC9##
PAL  in which R.sub.4 and R.sub.5 each denotes hydrogen, alkyl, cycloalkyl, aryl
      or aralkyl or together denote an alkylene group, is warmed.
NUM  26.
PAR  26. Process according to claim 16, characterised in that a mixture which
      contains a prepolymer, for the preparation of which
      4,4'-diaminodiphenylmethane, tri-(4-aminophenyl)-phosphate or
      tri-(4-aminophenyl)-thiophosphate is used as the polyamine of the formula
      V, is warmed.
NUM  27.
PAR  27. Process according to claim 5, characterised in that a mixture which
      contains, as the polyamine, a polyamine of the formula VI
      ##SPC10##
PAL  in which R.sub.4 and R.sub.5 each denotes hydrogen, alkyl, cycloalkyl, aryl
      or aralkyl or together denote an alkylene group, is warmed.
NUM  28.
PAR  28. Process according to claim 15, characterised in that a mixture which
      contains 4,4'-diaminodiphenylmethane, tri-(4-aminophenyl)-phosphate or
      tri-(4-aminophenyl)-thiophosphate as the polyamine of the formula V is
      warmed.
NUM  29.
PAR  29. Process according to claim 15, characterised in that a mixture which
      contains a prepolymer prepared from (a) a triimide or diimide of the
      formula I, in which A denotes one of the following groups
      ##SPC11##
PAL  and R denotes hydrogen and (b) an azomethine of the formula II or III, in
      which R.sub.1 denotes hydrogen, R.sub.2 and R.sub.3 each denotes a phenyl
      group and E denotes one of the following groups
      ##SPC12##
PAL  and optionally a polyamine of the formula V, in which y denotes the number
      2 or 3, is warmed.
NUM  30.
PAR  30. A mixture according to claim 3 characterised in that in addition to the
      indicated constituents it also contains a surface-active agent and/or a
      kicker or activator for the blowing agent.
NUM  31.
PAR  31. A mixture according to claim 3, characterised in that it contains a
      prepolymer, prepared from a triimide or diimide of the formula I, in which
      A denotes an alkylene group with 2 to 20 carbon atoms, an aralkylene group
      with 8 to 12 carbon atoms, a cyclohexylene group or a phenylene group, and
      the phenylene and cyclohexylene groups can be substituted by methyl or
      chlorine and/or can be bonded to phenylene or cyclohexylene groups via a
      simple valency bond or via a bridge member.
NUM  32.
PAR  32. A mixture according to claim 3, characterised in that it contains a
      prepolymer, prepared from a diimide or triimide of the formula I, in which
      A denotes an aromatic radical with 6  - 20 carbon atoms.
NUM  33.
PAR  33. A mixture according to claim 3, characterised in that it contains a
      prepolymer for the preparation of which a polyamine of the formula VI
      ##SPC13##
PAL  in which R.sub.4 and R.sub.5 each denotes hydrogen, alkyl, cycloalkyl, aryl
      or aralkyl or together denote an alkylene group, is used as the polyamine.
NUM  34.
PAR  34. A mixture according to claim 3, characterised in that it contains a
      prepolymer for the preparation of which 4,4'-diaminodiphenylmethane,
      tri-(4-aminophenyl)-phosphate or tri-(4-aminophenyl)-thiophosphate is
      used.
NUM  35.
PAR  35. A process according to claim 17, characterised in that the mixture is
      warmed to 160.degree.-200.degree.C.
NUM  36.
PAR  36. A process according to claim 17, characterised in that a mixture which
      in addition to the indicated constituents also contains a surface-active
      agent and/or a kicker or activator for the blowing agent is warmed.
NUM  37.
PAR  37. A process according to claim 17, characterised in that a mixture of
      which the prepolymer is prepared from a mixture containing, as the diimide
      or triimide, a compound of the formula I, in which A denotes an alkylene
      group with 2 to 20 carbon atoms, an aralkylene group with 8 to 12 carbon
      atoms, a cyclohexylene group or a phenylene group, and the phenylene and
      cyclohexylene groups can be substituted by methyl or chlorine and/or can
      be bonded to phenylene or cyclohexylene groups via a simple valency bond
      or via a bridge member, is warmed.
NUM  38.
PAR  38. A process according to claim 17, characterised in that a mixture of
      which the prepolymer is prepared from a mixture containing, as the diimide
      or triimide, a compound of the formula I, in which A denotes an aromatic
      radical with 6-20 carbon atoms, is warmed.
NUM  39.
PAR  39. A process according to claim 17, characterised in that a mixture which
      contains a prepolymer, for the preparation of which the polyamine used is
      a polyamine of the formula VI
      ##SPC14##
PAL  in which R.sub.4 and R.sub.5 each denotes hydrogen, alkyl cycloalkyl, aryl
      or aralkyl or together denote an alkylene group, is warmed.
NUM  40.
PAR  40. A process according to claim 17, characterised in that a mixture which
      contains a prepolymer, for the preparation of which
      4,4'-diaminodiphenylmethane, tri-(4-aminophenyl)-phosphate or
      tri-(4-aminophenyl)-thiophosphate is used as the polyamine of the formula
      V, is warmed.
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ABST
PAL  Linear siloxane-polyoxyalkylene (AB).sub.n block copolymers having an
      average molecular weight of at least about 30,000, compositions of
      polyurethane-forming froths containing said copolymers, the curable froths
      produced from said compositions, methods for utilizing said froths as well
      as the cured foams and articles produced therefrom, said froths having
      utility in the production of molded polyurethane foam articles, foam
      backings for carpeting and fabrics, coatings for wire, cable and other
      articles, small cavity encapsulations, and the like.
PARN
PAR  This application is a divisional of U.S. application, Ser. No. 212,729
      filed Dec. 27, 1971, now U.S. Patent No. 3,836,560 which in turn is a
      continuation-in-part of U.S. application, Ser. No. 122,164 filed Mar. 8,
      1971, now abandoned.
BSUM
PAR  This invention relates to novel organosilicone compounds. This invention
      also relates to novel heat curable polyurethane-forming froths having
      utility in the production of molded polyurethane foam articles, foam
      backings for carpeting and fabrics, coatings for wire, cable and other
      articles, small cavity encapsulations and the like. This invention further
      relates to curable froths produced from the novel compositions and to
      methods for utilizing them as well as to the cured foam and articles
      produced therefrom.
PAR  It has been the practice in the past manufacture of polyurethane foams to
      foam and cure at the same time by using relatively fast-acting components
      so that the gas bubbles generated to form the cells of the foam would be
      swiftly entrapped. In order to do this, the curing or polymerization must
      proceed at high speed with an almost instantaneous, steep increase in
      viscosity. Since bubble formation or expansion as well as curing were
      taking place simultaneously, it was very difficult to control the size of
      an article formed by such methods as knife coating before it set and
      became unworkable. Hence molding methods are widely used commercially to
      control the size of articles produced from polyurethane foams. Exemplary
      of such practice is U.S. Patent 3,278,465 which discloses the use of water
      or a low boiling liquid as blowing agents and ionic polysiloxanes as foam
      stabilizers.
PAR  Moreover, as noted in Hankins U.S. Pat. No. 3,046,177 and in Voelker U.S.
      Pat. No. 3,181,199, "Unexpected irregularities in performance make the
      long distance movement of polyurethane froth highly disadvantageous".
      Also, when the expanding mixture is applied to rough surfaces such as the
      back of a carpet, it would expand to substantially the same degree
      throughout and reproduce a rough or uneven surface on the resulting foam.
      Both of the above-mentioned patents teach the immediate formation and
      shaping of the foam.
PAR  The prior art is further exemplified by Hoppe U.S. Pat. No. 3,188,296
      wherein polyurethane-forming reactants are so fast-acting one must be
      injected into the other under extremely high pressures, such as 15,000 psi
      and air under pressure must be tangentially injected in special equipment
      to produce a turbulent flow. The air then acts as a nucleating agent for
      the forming gas produced by the chemical reaction. The rate of reaction is
      so fast that, as stated in the patent, the mixing normally takes place in
      0.5 to 25 seconds.
PAR  Violent mixing of the reactive ingredients and catalyst is employed in the
      process disclosed in the Hankins U.S. Pat. No. 3,046,177. In the process,
      the polymerization begins almost instantaneously in the special mixer
      provided and the reacting mixture is almost instantaneously discharged
      onto a mold surface where it is simultaneously distributed and shaped with
      air jets as it is in its final stages of expansion.
PAR  In another case, as described in Knox, U.S. Pat. No. 3,108,975, the froth
      is first formed by decompression of the reactants and air under high
      pressure and then mixed with the other reactant and cured or it is first
      formed by decompression of both reactants and highly pressurized air and
      then mixed with the catalyst or cross-linker and cured.
PAR  In still another case, as described by R. E. Knox, Chem. Eng. Prog. 57, No.
      10,40 (1961), a volatile liquid such as dichlorofluoromethane is
      incorporated into the polyurethane-forming mixture which is then dispensed
      under pressure from a pressure mixer. Frothing of the mixture occurs when
      the volatile liquid is vaporized as a result of the reduction of pressure
      as the mixture is discharged from the mixer.
PAR  More recently as noted in Belgium Pat. No. 745,227 which corresponds to
      U.S. application Ser. No. 795,674, filed Jan. 31, 1969, now abandoned heat
      curable, polyurethane-forming froths have been developed which are
      substantially structurally and chemically stable but workable at ambient
      conditions, i.e., capable of being transported for considerable distances
      and/or temporarily stored and then shaped and formed, which can be rapidly
      cured to a tack-free condition when desired by the application of heat, as
      by raising the temperature of the froth to 70.degree.C. or more. Such
      froths comprise a polyisocyanate, an active hydrogen compound reactive
      with said polyisocyanate to form a polyurethane and a surfactant for
      structurally stabilizing said froth, preferably an organosilicone
      surfactant. Various organosilicone surfactants are proposed, but the
      organosilicone surfactants used in this invention are not specifically
      disclosed or utilized in said Belgium patent.
PAR  Thus according to the present invention there is provided a novel heat
      curable polyurethane forming froth which is substantially structurally and
      chemically stable but workable at ambient conditions, i.e., capable of
      being transported for considerable distances and/or temporarily stored and
      then shaped and formed, and can still be rapidly cured to a tack-free
      condition when desired by the application of heat, as by raising the
      temperature of the froth to 70.degree.C. or more. The novel froths
      preferably contain, as the substantially nonaqueous liquid phase, stable
      polyurethane-forming components, i.e., components such as a polyisocyanate
      and an active hydrogen compound, that are substantially reactive with each
      other, in the presence of catalysts, if any, contained therein, only at a
      temperature of at least about 70.degree.C. or higher or at ambient
      temperatures in the presence of a fast cure promoting catalyst and an
      organic polysiloxane surfactant as described below for stabilizing the
      structure of the froth until it is cured as by heating. The gas or bubble
      phase of the novel froths can be any inert gas, such as air, uniformly
      dispersed throughout the liquid phase in the form of tiny bubbles or
      cells.
PAR  The froth is generally produced by mechanically beating air into the
      appropriate foaming media and is subsequently cured by the application of
      heat, or at ambient temperature by a fast-cure promoting catalyst to
      resulting polyurethane foams having fine uniform cell structures and low
      densities.
PAR  The organic polysiloxane surfactants which can be employed to stabilize the
      heat curable froths of this invention are high molecular weight linear
      siloxane-polyoxyalkylene block copolymers of the (AB).sub.n type wherein n
      is an integer, each A is a siloxane block and each B is a polyoxyalkylene
      block said blocks being linked by a divalent atom or a divalent group.
PAR  Said high molecular weight siloxane-polyoxyalkylene block copolymers may be
      divided into two classes
PAR  1. hydrolyzable block copolymers, i.e., those wherein the siloxane blocks
      and the polyoxyalkylene blocks are linked by silicon to oxygen to carbon
      linkages, and
PAR  2. non-hydrolyzable (hydrolytically stable) block copolymers, i.e., those
      wherein the siloxane blocks and polyoxyalkylene blocks are linked by
      silicon to carbon linkages. The preferred copolymer surfactants are those
      of the hydrolyzable type.
PAR  The siloxane block in the linear copolymers of this invention is a linear
      siloxane polymer or chain of recurring siloxane units, (--R.sub.2 SiO--),
      and is illustrated by the average formula --R.sub.2 SiO).sub. x, for the
      hydrolyzable block copolymers and by the average formula --R.sub.2
      SiO).sub. a R.sub.2 Si-- for the non-hydrolyzable block copolymers,
      wherein R is a monovalent hydrocarbon group, x is an integer of at least 7
      and a is an integer of at least 6. The average molecular weight of each
      siloxane block of said siloxane-polyoxyalkylene copolymers ranges from
      about 500 to about 10,000. Moreover, the monovalent hydrocarbon radicals
      need not be identical throughout the siloxane block, but can differ from
      siloxane unit to siloxane unit and can even be different within a single
      siloxane unit.
PAR  Illustrative of the monovalent hydrocarbon groups that are represented by R
      above are alkyl groups (such as, methyl, ethyl, propyl, isopropyl, butyl,
      pentyl, hexyl, octyl, decyl, dodecyl, octadecyl, eicosyl, and the like);
      aryl groups (such as, phenyl, naphthyl, and the like); aralkyl groups
      (such as, benzyl, phenyl-ethyl, and the like); alkaryl groups (such as,
      tolyl, xylyl, and the like); and cycloalkyl groups (such as cyclohexyl,
      and the like). In the hydrolyzable copolymers R can also represent alkenyl
      groups (such as vinyl, allyl, and the like) and cycloalkenyl groups such
      as cyclohexenyl and the like). If desired, such groups can contain
      substituents so long as they do not adversely effect the performance for
      which the copolymers are intended. Preferably said hydrocarbon radicals
      are free from aliphatic unsaturation and contain from 1 to 20 carbon
      atoms, while lower alkyl and phenyl radicals are most preferred.
      Especially preferred siloxane blocks are those consisting essentially of
      dimethylsiloxane units, i.e. --Me.sub.2 SiO).sub. x wherein x is an
      integer of at least 7 and --Me.sub.2 SiO).sub. a Me.sub.2 Si-- wherein a
      is an integer of at least 6.
PAR  The polyoxyalkylene block of said linear block copolymers is a linear
      predominantly oxyalkylene polymer comprised of recurring oxyalkylene
      units, (--C.sub.n H.sub.2n O--), and is illustrated by the average formula
      --C.sub.n H.sub.2n O).sub. y, wherein n is an integer from 2 to 4
      inclusive and y is an integer of at least four. The average molecular
      weight of each polyoxyalkylene block of said siloxane-polyoxyalkylene
      copolymers ranges from about 300 to about 10,000. Moreover, the
      oxyalkylene units are not necessarily identical throughout the
      polyoxyalkylene block, but can differ from unit to unit. A polyoxyalkylene
      block, for example, can be comprised of oxyethylene units, (--C.sub.2
      H.sub.4 O--); oxypropylene units (--C.sub.3 H.sub.6 O--); or oxybutylene
      units, (--C.sub.4 H.sub.8 O--); or mixtures thereof. Preferably the
      polyoxyalkylene block consists essentially of oxyethylene units or
      oxypropylene units and most preferably of a mixture oxyethylene and
      oxypropylene units having an oxyethylene content of about 30 to about 75
      weight per cent and an oxypropylene content of about 70 to about 25 weight
      per cent, based on the total amount of oxyalkylene units in the block.
PAR  As is apparent to one skilled in the art at least one end of each
      polyoxyalkylene block of the linear (AB).sub.n block copolymers is linked
      to a siloxane block by a divalent atom or a divalent group. This linkage
      between the two different blocks is readily apparent and determined by the
      reaction employed to produce the siloxane-polyoxyalkylene block copolymer,
      as explained more fully below. Moreover, as is also apparent to one
      skilled in the art, the linear (AB).sub.n block copolymers are endblocked.
      Such endblockers are inconsequential in terms of their amount and effect
      on the block copolymers and are normally and preferably the residual
      reactive groups of the polyoxyalkylene polymer and/or siloxane polymer
      reactants used to produce the linear block (AB).sub.n copolymers. For
      example, the linear hydrolyzable (AB).sub.n block copolymers of this
      invention can be prepared by the polycondensation reaction of
      polyoxyalkylene diols with dialkylamino terminated dialkylsiloxane fluids
      thus resulting in a copolymer wherein the polyoxyalkylene blocks and
      siloxane blocks are linked through an oxygen atom (silicon to oxygen to
      carbon linkages) and the endblocking groups being selected from the group
      consisting of hydroxy and/or dialkylamino(dialkyl)siloxy groups. Of course
      it is to be understood that the linear block copolymers may be "capped" by
      converting such reactive groups to less reactive groups (e.g. to convert
      dimethyl amino groups to alkoxy groups) by known methods. Moreover, where
      a catalyst is used in the production of the linear block copolymer, the
      block copolymer may be possibly endblocked with a catalyst residue.
      Endblocking by impurities is also a possibility, e.g. by monofunctional
      impurities, e.g. monols, which might be present in the materials used to
      prepare the copolymers of this invention. To the same extent it is
      understood that the instant linear copolymers encompass any branching due
      to trifunctional impurities, e.g. triols.
PAR  The linear siloxane-polyoxyalkylene block copolymers can have an average
      molecular weight of about 30,000 on up to about 250,000 or higher. The
      upper limit is not critical, its value merely being dependent upon the
      practicalities of process limitations in preparing such high molecular
      weight (AB).sub.n type polymers. The siloxane blocks of said block
      copolymers can constitute about 20 to about 50 weight per cent of the
      block copolymer, while the polyoxyalkylene blocks can constitute about 80
      to about 50 weight per cent of the block copolymer. Preferably the
      hydrolyzable type (AB).sub.n polymers have an average molecular weight of
      at least about 65,000 and most preferably at least about 100,000, while
      the non-hydrolyzable type (AB).sub.n polymers have an average molecular
      weight of at least about 30,000.
PAR  It is to be understood that while said (AB).sub.n block copolymers of this
      invention can be discrete chemical compounds they are usually mixtures of
      various discrete block copolymers species due at least in part to the fact
      that the siloxane and polyoxyalkylene reactants used to produce said
      (AB).sub.n block copolymers are themselves usually mixtures. Moreover,
      while a single (AB).sub.n block copolymer can be employed as the froth and
      foam stabilizer, mixtures of two or more different (AB).sub.n block
      copolymers can also be employed if desired.
PAR  More specifically said hydrolyzable linear siloxane-polyoxyalkylene block
      copolymers preferably consist essentially of (A) at least four linear
      siloxane blocks consisting essentially of dihydrocarbylsiloxane groups;
      and (B) at least four linear polyoxyalkylene blocks, said siloxane blocks
      and polyoxyalkylene blocks being linked by silicon to oxygen to carbon
      linkages, the average molecular weight of each siloxane block being from
      about 500 to about 10,000, the average molecular weight of each
      polyoxyalkylene block being from about 300 to about 10,000, the siloxane
      blocks constituting from about 20 to about 50 weight per cent of the block
      copolymer, the polyoxyalkylene blocks constituting from about 80 to about
      50 weight per cent of the block copolymer and the block copolymer having
      an average molecular weight of at least about 65,000.
PAR  Thus the preferred high molecular weight linear hydrolyzable siloxane
      polyoxyalkylene block copolymers can be represented by the average formula
EQU  [(R.sub.2 SiO).sub.x (C.sub.n H.sub.2n O).sub.y ].sub.d
PAL  wherein R represents a monovalent hydrocarbon radical free from aliphatic
      unsaturation; n is an integer of from 2 to 4 inclusive; x is an integer of
      at least 7; y is an integer of at least 4; d is an integer of at least 4;
      the average molecular weight of each siloxane block being from about 500
      to about 10,000; the average molecular weight of each polyoxyalkylene
      block being from about 300 to about 10,000; said siloxane and
      polyoxyalkylene blocks being linked by the silicon to oxygen to carbon
      linkages; the siloxane blocks constituting from about 20 to about 50
      weight per cent of the copolymer; the polyoxyalkylene blocks constituting
      about 80 to about 50 weight per cent of the copolymer; and the block
      copolymer having an average molecular weight of at least about 65,000.
PAR  Of course it is understood that the chosen values of R, n, x, y and d must
      be such, that in any given block copolymer as defined herein, they
      coincide with the particular average weight values of the siloxane blocks,
      the polyoxyalkylene blocks and the copolymer itself.
PAR  It has been further found, according to the instant invention, that a more
      specific class of the novel high molecular weight linear hydrolyzable
      siloxane-polyoxyalkylene block copolymers, as defined herein, possess
      unique properties which render them far superior to certain heretofore
      known siloxanes of a similar nature, as well as to other linear
      hydrolyzable siloxane-polyoxyalkylene block copolymers falling outside of
      said class, in providing for the production of high quality cured
      polyurethane foam via the preferred mechanical frothing compositions and
      techniques disclosed herein. The use of these especially preferred high
      molecular weight linear hydrolyzable siloxane-polyoxyalkylene block
      copolymers in said preferred systems have been found not only to provide
      excellent stability to the heat curable froth, but apparently aid in the
      production of high quality cured polyurethane foam having far lower
      densities and good overall properties, such as tensile strength,
      elongation, finer cell structure and smoother unrippled skin. Moreover,
      said high molecular weight hydrolyzable block copolymers appear to be
      generally far more potent or powerful in that very low amounts of said
      copolymers are normally required to help achieve the desired high quality
      cured polyurethane foam.
PAR  These most preferred high molecular weight linear hydrolyzable
      siloxane-polyoxyalkylene block copolymers can be represented by the
      average formula
EQU  [(R.sub.2 SiO).sub.x (C.sub.n H.sub.2n O).sub.y ].sub.d
PAL  wherein R represents a monovalent hydrocarbon radical free from aliphatic
      unsaturation, preferably lower alkyl, especially methyl; wherein (C.sub.n
      H.sub.2n O) represents a mixture consisting of about 30 to about 75 weight
      per cent, preferably about 50 weight per cent of oxyethylene groups and
      about 70 to about 25 weight per cent, preferably about 50 weight per cent
      of oxypropylene groups wherein x is an integer of at least 7; wherein y is
      an integer of at least 4; wherein d is an integer of at least 4, wherein
      the average molecular weight of each siloxane block ranges from about 500
      to about 10,000, preferably about 500 to about 5,000 and most preferably
      about 1,000 to about 3,500; wherein the average molecular weight of each
      polyoxyalkylene block ranges from about 300 to about 10,000, preferably
      about 1,000 to about 5,000 and most preferably about 2,000 to about 3,500;
      wherein the siloxane blocks constitute about 25 to about 50 weight per
      cent, preferably about 30 to about 45 weight per cent of the copolymer;
      wherein the polyoxyalkylene blocks constitute about 75 to about 50 weight
      per cent, preferably about 70 to about  55 weight per cent of the
      copolymer; and wherein the block copolymer has an average molecular weight
      of at least about 65,000, preferably at least about 100,000, up to about
      250,000 or higher.
PAR  The linear (AB).sub.n siloxane-polyoxyalkylene block copolymers belonging
      to the hydrolyzable class discussed above are prepared by the
      polycondensation of polyoxyalkylene diols with amino terminated
      dihydrocarbyl siloxane fluids. The basic reaction may be illustrated by
      the following skeletal equation
EQU  .tbd.SiY + HOC.tbd. .fwdarw. .tbd.SiOC.tbd. + HY
PAL  wherein Y is an amino group, such as --NH.sub.2, --NHZ, and NZ.sub.2,
      wherein Z is a monovalent hydrocarbon radical. Preferably Y is a
      dimethylamino radical.
PAR  More specifically the high molecular weight linear hydrolyzable (AB).sub.n
      type siloxane-polyoxyalkylene block copolymers can be simply and smoothly
      obtained by reacting a dimethylamino-terminated dihydrocarbylsiloxane with
      an equimolar amount of a polyoxyalkylene diol at a temperature from
      50.degree. to 400.degree.C, preferably from about 105.degree. to about
      200.degree.C. at atmospheric pressure in the absence of added catalyst.
PAR  In order to insure a maximum degree of polymerization and efficiency the
      reactants should be employed in exactly equimolar amounts or as near to
      this as possible for as one deviates from the use of equimolar amounts the
      block copolymer product will not have as high a molecular weight as
      desired. Likewise it is preferred to employ the siloxane polymer and
      polyoxyalkylene diol reactants in as pure a form as possible and therefore
      it may often be desirable to sparge and dehydrate the reactants prior to
      use in order to avoid hazy and/or contaminated products. However
      monofunctional or trifunctional impurities or mixtures thereof up to about
      three percent may be present.
PAR  The reaction is also preferably conducted in the presence of an inert
      organic solvent. Any suitable inert organic solvent or mixtures thereof
      can be employed. Illustrative solvents include such compounds as aromatic
      hydrocarbons, chlorinated aromatic hydrocarbons, and alkylated aromatic
      hydrocarbons having boiling points in the range of about 105.degree. to
      300.degree.C., such as orthodichlorobenzene, mono-chlorobenzene, toluene,
      xylene, and the like; ethers, such as diethyl CARBITOL, dibutyl CARBITOL,
      diethoxy tetraglycol and the like. Unlike the main reactants the inert
      organic solvents may be and generally are employed in their commercial
      form without further purification prior to use so long as they do not
      contain a substantial amount of active hydrogen impurities.
PAR  If desired the reaction may also be conducted under reduced pressure and/or
      in the presence of a catalytic amount (e.g., 0.01 to 2 weight per cent
      with reference to the total quantity of reactants) of a condensation
      catalyst or mixtures thereof, such as the carboxylic acids, including
      trifluoroacetic acid, perfluorobutynic acid, monochloroacetic acid and the
      like. The removal or neutralization of the acid catalyst if employed in
      the condensation reaction is essential to provide stable (AB).sub.n block
      copolymers. However, the reaction can take place fairly rapidly without
      the addition of such catalysts. The preferred reactive process for
      preparing the linear high molecular weight hydrolyzable block copolymers
      of this invention may be more specifically illustrated by the following
      example.
EQU  w HO(C.sub.2 H.sub.4 O).sub.r (C.sub.3 H.sub.6 O).sub.s H + W Me.sub.2
      NSiMe.sub.2 O(SiMe.sub.2 O).sub.t SiMe.sub.2 NMe.sub.2 .fwdarw.
      --O(C.sub.2 H.sub.4 O).sub.r (C.sub.3 H.sub.6 O).sub.s SiMe.sub.2
      O(SiMe.sub.2 O).sub.t SiMe.sub.2 ].sub.w + .sup.2w HNMe.sub.2
PAL  wherein Me represents a methyl radical, r, s and t are integers and w is an
      integer of at least four. The desired linear block copolymer product can
      be conveniently and easily separated from the dimethyl amine by-product,
      e.g. by sparging the volatile amine.
PAR  Moreover, an additional feature of the instant invention is that while the
      linear block copolymer can be separated by removing the solvent under a
      vacuum at moderate temperatures (75.degree.-150.degree.C.) such is not
      necessary since solvent solutions of the high molecular weight linear
      hydrolyzable (AB).sub.n siloxane-polyoxyalkylene block copolymers of this
      invention can also be used as stabilizers for the heat curable froths of
      this invention, thereby rendering handling of the very high viscosity
      copolymers easier by the reduced viscosity of the solution.
PAR  Of course as is readily apparent to those skilled in the art the choice of
      the particular dimethylamino terminated siloxane polymer and
      polyoxyalkylene diol reactant employed merely depends on the particular
      block copolymer desired. Moreover the final molecular weight of the block
      copolymer product is also a function of reaction time and temperature.
      Thus those skilled in the art will readily recognize that it is obvious
      that an extremely large number and variety of block copolymers can be
      predetermined and selectively prepared by routine experimentation, which
      permits tailoring the compositions and products made therefrom to
      individual specifications and needs rather than vice versa.
PAR  The amino terminated dihydrocarbyl siloxane polymers for use as the
      starting materials in the above process, as well as methods for their
      preparation are well known in the art as witnessed for example by U.S.
      Pats. No. 3,467,686 and 3,530,092. They can also be prepared by
      equilibrating lower molecular weight amino terminated dihydrocarbyl fluids
      with dihydrocarbyl cyclic siloxanes in the presence of base catalysts by
      standard well known procedures. The ratio of amino-endblocked siloxy units
      to dihydrocarbyl siloxy units determines the final molecular weight of the
      products.
PAR  The polyoxyalkylene diol which is the other starting material or reactant
      in the production of the above linear block (AB) copolymers include the
      polyoxyethylene diols, the polyoxypropylene diols, the polyoxybutylene
      diols, mixed oxyethyleneoxypropylene diols, and the like. Said
      polyoxyalkylene diols as well as methods for their manufacture are well
      known in the art as witnessed, for example by U.S. Pat. No. 3,480,583, the
      entire disclosure of which patent is incorporated herein by reference
      thereto. Said diols are widely available commercially and are conveniently
      prepared by reacting the corresponding alkylene oxide, or oxides with a
      diol starter by standard procedures. When more than one alkylene oxide is
      employed, they can be added to the diol starter sequentially, or they can
      be first admixed and the admixture added to the diol starter, or they can
      be added to the diol starter in any other manner. Of course it is to be
      understood that it is also well known that polyoxyalkylene diols can be
      made by reacting alkylene oxides with other compounds having labile
      hydrogen atoms, such as alkyl and aryl dithiols, alkyl and aryl diamines,
      aryl diols, and the like, e.g., ethylenedithiol, hexamethylene diamine,
      m-phenylene diamine, 4,4'dihydroxy-diphenyl propane, and the like. Such
      polyoxyalkylene diols made from these diverse starting materials also form
      block copolymers of the same general type with the siloxane polymers and
      are to be included within the term polyoxyalkylene block as used herein,
      since the starting fragment of such polyoxyalkylene diol forms an
      insignificant fraction of the block copolymer.
PAR  Other possible routes that may be feasible to prepare the high molecular
      weight linear hydrolyzable (AB).sub.n block copolymers are the
      polycondensation of poly-oxyalkylene diols with halo terminated
      dihydrocarbyl siloxane fluids in the presence of an acid acceptor or by
      the polycondensation of polyoxyalkylene diols with hydrogen terminated
      dihydrocarbyl siloxane fluids in the presence of a suitable catalyst.
      These basic reactions may be illustrated by the following equations
EQU  w HO(C.sub.2 H.sub.4 O).sub.r (C.sub.3 H.sub.6 O).sub.s H + w ClSiMe.sub.2
      O(SiMe.sub.2 O).sub.t SiMe.sub.2 Cl.sup.R.sbsp.3N --O(C.sub.2 H.sub.4
      O).sub.r (C.sub.3 H.sub.6 O).sub.s SiMe.sub.2 O(SiMe.sub.2 O).sub.t
      SiMe.sub.2 ].sub.w + 2wR.sub.3 N.HCl (I)
EQU  w HO(C.sub.2 H.sub.4 O).sub.r (C.sub.3 H.sub.6 O).sub.s H + wHSiMe.sub.2
      O(SiMe.sub.2 O).sub.t SiMe.sub.2 H.sup.Catalyst --O(C.sub.2 H.sub.4
      O).sub.r (C.sub.3 H.sub.6 O).sub.s SiMe.sub.2 O(SiMe.sub.2 O).sub.t
      SiMe.sub.2 ].sub.w + 2wH.sub.2 (II)
PAL  wherein Me, r, s, t and w are the same as defined above, wherein R.sub.3 'N
      is a suitable amine acid acceptor, e.g. triethylamine, pyridine,
      dimethylamine, and the like and wherein the catalyst is any suitable well
      known organometallic derivative of tin, lead, platinum and the like. It
      should, however, be noted that both routes (I) and (II) are not as
      attractive for high molecular weight (AB).sub.n copolymer preparationdue
      to the undesirable handling and separation amine acid by-product of (I)
      and the fact that the catalyst of (II) could cause simultaneous
      rearrangement of the siloxane skeleton under some conditions.
PAR  More specifically the above mentioned nonhydrolyzable (hydrolytically
      stable) linear siloxanepolyoxyalkylene block copolymers consist
      essentially of (A) at least four linear siloxane blocks consisting
      essentially of dihydrocarbylsiloxane groups; and (B) at least four linear
      polyoxyalkylene blocks, said siloxane blocks and polyoxyalkylene blocks
      being linked by silicon to carbon linkages; the average molecular weight
      of each siloxane block being from about 500 to about 10,000 the average
      molecular weight of each polyoxyalkylene block being from about 300 to
      about 10,000, the siloxane blocks constituting from about 20 to about 50
      weight per cent of the block copolymer, the polyoxyalkylene blocks
      constituting from about 80 to about 50 weight per cent of the block
      copolymer and the block copolymer having an average molecular weight of at
      least about 30,000.
PAR  Thus the preferred linear non-hydrolyzable siloxane-polyoxyalkylene block
      copolymers can be represented by the average formula
EQU  ([Y(R.sub.2 SiO).sub.a R.sub.2 SiYO] [(C.sub.n H.sub.2n O).sub.y ]).sub.d
PAL  wherein R represents a monovalent hydrocarbon radical free from aliphatic
      unsaturation, n is an integer of from 2 to 4 inclusive; a is an integer of
      at least 6; y is an integer of at least 4; d is an integer of at least 4 Y
      represents a divalent organic group attached to the adjacent silicon atoms
      by a carbon to silicon bond and to the polyoxyalkylene block by an oxygen
      atom; the average molecular weight of each siloxane block being from about
      500 to about 10,000; the average molecular weight of each polyoxyalkylene
      block being from about 300 to about 10,000; said siloxane blocks
      constituting from about 20 to about 50 weight per cent of the copolymer;
      the polyoxyalkylene blocks constituting about 80 to about 50 weight per
      cent of the copolymer; and the block copolymer having an average molecular
      weight of at least about 30,000.
PAR  The exemplary radicals, as well as their preferred values, represented by R
      and (C.sub.n H.sub.2n O) in the above formula of said non-hydrolyzable
      block copolymers are the same as those previously defined above for the
      hydrolyzable copolymers. Of course it is understood that the chosen values
      of R, n, a, y and d must be such, that in any given block copolymer as
      defined herein, they coincide with the particular average weight values of
      the siloxane blocks, the polyoxyalkylene blocks and the copolymer itself.
PAR  As pointed out above, the linkage between the two different blocks is a
      divalent organic group attached to the adjacent silicon atom by a carbon
      to silicon bond and to the polyoxyalkylene block by an oxygen atom. Such
      linkages represented by Y above are readily apparent and determined by the
      reaction employed to produce he siloxane-polyoxyalkylene block copolymer
      as explained more fully below. Moreover, as is also apparent to one
      skilled in the art, these linear (AB).sub.n block copolymers are also
      endblocked, generally with the residual reactive groups of the reactants
      used to produce the linear block (AB).sub.n copolymers. For example the
      linear non-hydrolyzable (AB).sub.n block copolymers of this invention can
      be prepared by platinum catalyzed hydrosilation of allyl terminated
      polyethers with SiH-terminated dialkylsiloxane fluids thus resulting in a
      copolymer wherein the polyoxyalkylene blocks are linked through silicon to
      carbon to oxygen linkages (i.e. a propyleneoxy group) and the endblocking
      groups being selected from the group consisting of allyl, propenyl and/or
      hydrogen (dialkyl) siloxy groups.
PAR  Illustrative of the divalent organic groups represented by Y in the above
      formula are such groups as
PAR  --R'--
PAR  --R'--CO--
PAR  --R'--NHCO--
PAR  --R'--NHCONH--R"--NHCO--
PAR  --R'--OOCNH--R"--NHCO--
PAL  and the like, wherein R' is a divalent alkylene radical such as ethylene,
      propylene, butylene and the like; and R" represents a divalent alkylene
      group, e.g. R', or a divalent arylene group, e.g. --C.sub.6 H.sub.4 --;
      --C.sub.6 H.sub.4 --C.sub.6 H.sub.4 --; --C.sub.6 H.sub.4 --CH.sub.2
      --C.sub.6 H.sub.4 --, --C.sub.6 H.sub.4 --CH(CH.sub.3).sub.2 --C.sub.6
      H.sub.4 --; and the like, preferably R" is a phenylene radical, i.e.
      --C.sub.6 H.sub.4 --. Illustrative of the more preferred examples of said
      divalent organic groups are --CH.sub.2 CH.sub.2 --; --CH.sub.2 CH.sub.2
      CH.sub.2 --; --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --; --(CH.sub.2).sub.2
      CO--; --(CH.sub.2).sub.3 NHCO--; --(CH.sub.2).sub.3 NHCONHC.sub.6 --
      H.sub.4 NHCO--; --(CH.sub.2).sub.3 OOCNHC.sub.6 H.sub.4 NHCO--; and the
      like. Most preferably Y is a divalent alkylene group, especially
      --CH.sub.2 CH.sub.2 CH.sub.2 --.
PAR  The linear (AB).sub.n siloxane-polyoxyalkylene block copolymers belonging
      to the non-hydrolyzable class discussed above can be prepared by reacting
      a polyoxyalkylene compound having reactive end groups with a dihydrocarbyl
      siloxane fluid having end groups reactive with the reactive end groups of
      the polyoxyalkylene compound. As previously reported the nature of these
      reactive groups determines the structure of the divalent organic group
      represented by Y above, the nature of the end blocking groups of the
      product of course being generally selected from the end groups of the
      reactants involved. Such reactions can be illustrated by the following
      equations
EQU   w CH.sub.2 =CHCH.sub.2 O(C.sub.n H.sub.2n O).sub.y CH.sub.2 CH-CH +
      wHSiMe.sub.2 O(SiMe.sub.2 O).sub.a SiMe.sub.2 H .fwdarw.
      --(CH.sub.2).sub.3 O(C.sub.n H.sub.2n O).sub.y (CH.sub.2).sub.3 SiMe.sub.2
      O(SiMe.sub.2 O).sub.a SiMe.sub.2 ]w (a)
EQU   w CH.sub.2 =CHO(C.sub.n H.sub.2n O).sub.y CH-CH.sub.2 + wHSiMe.sub.2
      O(SiMe.sub.2 O).sub.a SiMe.sub.2 H .fwdarw. --(CH.sub.2).sub.2 O(C.sub.n
      H.sub.2n O).sub.y (CH.sub.2).sub.2 SiMe.sub.2 O(SiMe.sub.2 O).sub.a
      SiMe.sub.2 ]w (b)
EQU   w HO(C.sub.n H.sub.2n O).sub.y H + wOCN(CH.sub.2).sub.3 SiMe.sub.2
      O(SiMe.sub.2 O).sub.a SiMe.sub.2 (CH.sub.2).sub.3 NCO .fwdarw. --(C.sub.n
      H.sub.2n O).sub.y OCNH(CH.sub.2).sub.3 SiMe.sub.2 O(SiMe.sub.2 O).sub.a
      SiMe.sub.2 (CH.sub.2).sub.3 NHCOO]w (c)
EQU   w HO(C.sub.n H.sub.2n O).sub.y H + wClOC(CH.sub.2).sub.2 SiMe.sub.2
      O(SiMe.sub.2 O).sub.a SiMe.sub.2 (CH.sub.2).sub.2 -- COCl .fwdarw.
      --(C.sub.n H.sub.2n O)OC(CH.sub.2).sub.2 SiMe.sub.2 O(SiMe.sub.2 O).sub.a
      SiMe.sub.2 (CH.sub.2).sub.2 COO]w+2wHCl (d)
EQU   w OCNC.sub.6 H.sub.4 NHCOO(C.sub.n H.sub.2n O).sub.y CONHC.sub.6 H.sub.4
      NCO + w H.sub.2 N(CH.sub.2).sub.3 SiMe.sub.2 O(SiMe.sub.2 O).sub.a
      SiMe.sub.2 (CH.sub.2).sub.3 NH.sub.2 .fwdarw. --OCNHC.sub.6 H.sub.4
      NHCOO(C.sub.n H.sub.2n O).sub.y CONHC.sub.6 H.sub.4 NHCONH(CH.sub.2).sub.3
      SiMe.sub.2).sub.3 SiMe.sub.2 O-(SiMe.sub.2 O).sub.a SiMe.sub.2
      (CH.sub.2).sub.3 NH]w (e)
EQU   w OCNC.sub.6 H.sub.4 NHCOO(C.sub.n H.sub.2n O).sub.y CONHC.sub.6 H.sub.4
      NCO + w HO(CH.sub.2).sub.3 SiMe.sub.2 O(SiMe.sub.2 O).sub.a SiMe.sub. a
      SiMe.sub.2 (CH.sub.2).sub.3 OH .fwdarw. --OCNHC.sub.6 H.sub.4
      NHCOO(C.sub.n H.sub.2n O).sub.y CONHC.sub.6 H.sub.4 NHCOO(CH.sub.2).sub.3
      SiMe.sub.2 O-(SiMe.sub.2 O).sub.a SiMe.sub.2 (CH.sub.2).sub.3 O]w (f)
PAL  wherein Me represents a methyl radical; n is an integer of from 2 to 4
      inclusive; a is an integer of at least 5; y is an integer of at least 4
      and w is an integer of at least 4.
PAR  In the above equations the first reactive group represents a reactive group
      of the polyoxyalkylene polymer reactant and the second reactive group
      represents a reactive group of the siloxane group. Of course it is
      understood that there are other oganofunctional siloxanes and
      functionally-terminated polyethers which would be readily apparent to one
      skilled in the art that may undergo similar reactions to give the
      nonhydrolyzable (AB).sub.n -type copolymers. In general, the known
      reaction conditions for effecting the reaction between the reactive groups
      of the above equations can be used in producing the block copolymers. The
      reactants and/or methods for their preparation are also well known in the
      art. For example, the polyoxyalkylene diols in equations (c) and (d) have
      already been discussed above. The hydrogen terminated siloxanes in
      equations (a) and (b) are well known and easily prepared by equilibration,
      e.g. equilibrating HMe.sub.2 SiOSiMe.sub.2 H with a mixture of
      hexamethylcyclotrisiloxane and/or octamethylcyclotetra siloxane. The
      polyoxyalkylene compounds of equations (e) and (f) can be conveniently
      produced by reacting a selected polyoxyalkylene diol with the selected
      isocyanate terminated compound. In equation (a ) the olefinically
      terminated polyoxyalkylene compounds can be prepared by converting allyl
      started-hydroxyl-endblocked polyethers to alkoxides with, e.g. sodium
      methylate and subsequent reaction with allyl chloride, while the divinyl
      polyethers of equation (b) can be prepared, e.g. by reacting hydroxy
      terminated polyoxyalkylene ethers with acetylene, (HC.tbd.CH), in the
      presence of an appropriate catalyst by conventional methods. The
      organofunctional siloxanes of equation (c) can be prepared by reacting,
      e.g. linear hydrogen terminated tetramethyl disiloxane with CH.sub.2
      =CHCH.sub.2 NHCOOMe to produce a linear terminated --(CH.sub.2).sub.3
      NHCOOMe disiloxane which is then equilibrated with
      hexamethylcyclotrisiloxane and/or octamethylcyclotetrasiloxane in the
      presence of an amine catalyst and the resultant product uncapped by heat
      in the presence of an appropriate catalyst, e.g. tin to produce the
      desired --(CH.sub.2).sub.3 NCO terminated siloxane polymer reactant.
      Likewise the organofunctional siloxanes of equations (d) and (e) can be
      prepared e.g. by reacting hydrogen terminated tetramethylsiloxane with
      CH.sub.2 =CHCH.sub.2 COCl or CH.sub.2 =CHCH.sub.2 NH.sub.2 in the presence
      of a platinum catalyst and equilibrating the products with
      hexamethylcyclotrisiloxane and/or octamethylcyclotetrasiloxane by
      conventional methods in the presence of an appropriate catalyst. The
      hydroxy terminated siloxanes of equation (f) as well as methods for their
      preparation are of course well known in the art.
PAR  Of course it is to be understood that the above equations represent a
      process in which 1:1 stoichiometry of reactants is involved and which if
      desired can be carried out in the presence of inert organic solvents such
      as those discussed above for the hydroxyzable block copolymers. Obviously
      solvents reactive with the reactants under the conditions of the process
      should not be used. Preferably the main reactants are employed in as pure
      as form as possible. The rate of reaction and temperature will of course
      be determined by the reactanst involved and the product desired. Thus
      conventional conditions such as temperatures, pressures, catalysts and
      means for removal of any by-products are generally applicable.
PAR  This preferred method for preparing non-hydrolyzable linear (AB).sub.n
      silicone-polyoxyalkylene block copolymers having average molecular weights
      ranging from at least about 30,000 to about 60,000 involves the platinum
      catalyzed hydrosilation of allyl terminated polyethers with SiH-terminated
      dihydrocarbyl siloxane fluids. Of course it is understood that the
      reactants are preferably in as pure as form as possible and that the
      general process requires equimolar quantities or as near to this as
      possible, since deviations from the 1:1 stoichiometry will not yield as
      high a molecular weight block copolymer as desired. However, when allyl
      terminated polyalkylene compounds are used an excess of said allyl
      compound may be desirable to allow for isomerization of the allyl group to
      propenyl.
PAR  As reported above the starting hydrosiloxanes can be prepared by standard
      procedures, such as the equilibration of lower molecular weight hydrogen
      terminated siloxanes (e.g. HMe.sub.2 SiOSiMe.sub.2 H and the like) with
      cyclic siloxanes (e.g. (Me.sub.2 SiO).sub.3, (Me.sub.2 SiO).sub.4 and the
      like as well as mixtures thereof) in the presence of any suitable
      conventional acid catalyst (e.g. sulfuric acid, trifluoromethyl sulfonic
      acid, and the like). The ratio of dimethylhydrogen siloxy units (HMe.sub.2
      SiO.sub.1/2) to dimethyl siloxy units is important of course, since it
      generally determined the molecular weight of the starting siloxane
      reactant.
PAR  As also reported above the allyl terminated polyethers can be prepared by
      conversion of allyl-started-hydroxyl-endblocked polyethers to alkoxides
      with e.g. sodium methylate, sodium hydroxide or sodium metal and the like
      and subsequent reaction with allyl chloride. The polyoxyalkylene portion
      of said allyl terminated polyethers are of course represented by the
      polyoxyalkylene diols discussed above.
PAR  The general reaction is carried out in the presence of any conventional
      platinum catalyst. Such catalysts are well known in the art,
      chloroplatinic acid is particularly effective. The catalyst is generally
      conveniently added as a solution via the use of conventional inert organic
      liquid, such as tetrahydrofuran, ethanol, butanol or mixtures, such as
      ethanol-ethylene glycol dimethyl ether, and the like. A preferred
      concentration of catalyst based on the total weights of siloxane and
      olefinic polyether is about 5 to about 50 parts per million, although
      higher and lower concentrations obviously may be used.
PAR  An inert organic solvent for the reactants can be used if desired. Useful
      solvents include for example, those discussed above, preferably aromatic
      hydrocarbons, e.g. toluene, xylene; ethers; and the like, the choice of
      which should, of course, be adapted to the temperature of the process.
PAR  In carrying out the process it is generally preferred to mix all of the
      ingredients together at about room temperature (25.degree.C) and allow the
      reaction to proceed at elevated temperatures, preferably about
      60.degree.C. to about 150.degree.C. Lower or higher temperatures up to
      200.degree.C. can be employed, but there normally is no advantage.
      Likewise the reaction is generally conducted at atmospheric pressures,
      although other pressures could be used if desired. The removal or
      neutralization of the platinum catalyst, e.g. chloroplatinic acid is
      desirable and can be accomplished in any conventional manner.
PAR  Under neutral conditions the block copolymers are stable and while they can
      be easily separated from the inert organic solvent, if employed, by vacuum
      stripping or sparging such is not necessary since solvent solutions of the
      non-hydrolyzable high molecular weight linear (AB).sub.n
      siloxane-polyoxyalkylene  block copolymers of this invention can also be
      used as stabilizers for the heat curable froths of this invention.
PAR  Of course as is readily apparent to those skilled in the art the choice of
      the particular hydrogen terminated siloxane polymer and allyl terminated
      polyoxyalkylene diol reactant employed merely depends on the particular
      block copolymer desired. Moreover the final molecular weight of the block
      copolymer product is also a function of reaction time and temperature.
      Thus those skilled in the art will readily recognize that it is obvious
      that an extremely large number and variety of block copolymers can be
      predetermined and selectively prepared by routine experimentation, which
      permits tailoring the compositions and products made therefrom to
      individual specifications and need rather than vice versa.
PAR  A more specific class of the novel high molecular weight linear
      non-hydrolyzable siloxanepolyoxyalkylene block copolymers, as defined
      herein, are especially suitable in providing for the production of high
      quality cured polyurethane foam via the preferred mechanical frothing
      compositions and techniques disclosed herein. The use of these especially
      preferred high molecular weight linear non-hydrolyzable
      siloxane-polyoxyalkylene block copolymers in said preferred systems have
      been found not only to provide excellent stability to the heat curable
      polyurethane froth, but apparently aid in the production of high quality
      cured poluyrethane foam having far lower densities and good overall
      properties, such as tensile strength, elongation, finer cell structure and
      smoother unrippled skin. Moreover, said high molecular weight
      non-hydrolyzable block copolymers appear to be generally far more potent
      or powerful in that very low amounts of said copolymers are normally
      required to help achieve the desired high quality cured polyrethane foam.
PAR  These most preferred high molecular weight linear non-hydrolyzable
      siloxane-polyoxyalkylene block copolymers can be represented by the
      average formula:
EQU  ([Y(R.sub.2 SiO).sub.a R.sub.2 SiYO] [(C.sub.n H.sub.2n O).sub.y ]).sub.d
PAL  wherein R represents a monovalent hydrocarbon radical free from aliphatic
      unsaturation, preferably lower alkyl, especially methyl, wherein (C.sub.n
      H.sub.2n O) represents a mixture consisting of about 30 to about 75 weight
      per cent, preferably about 50 weight per cent of oxyethylene groups and
      about 70 to about 25 weight per cent, preferably about 50 weight per cent
      of oxypropylene groups; wherein Y represents a divalent organic group
      attached to the adjacent silicon atom by a carbon to silicon bond and to
      the polyoxyalkylene block by an oxygen atom, preferably a divalent
      alkylene group having from 2 to 4 carbon atoms, especially --CH.sub.2
      CH.sub.2 CH.sub.2 --; wherein a is an integer of at least 6; wherein y is
      an integer of at least 4, wherein d is an integer of at least 4; wherein
      the average molecular weight of each siloxane block ranges from about 500
      to about 10,000 preferably about 500 to about 5,000 and most preferably
      about 1000 to about 3,500 wherein the average molecular weight of each
      polyoxyalkylene block ranges from about 300 to about 10,000, preferably
      about 1,000 to about 5,000 and most preferably about 2,000 to about 3,500;
      wherein the siloxane blocks constitute about 25 to about 50 weight per
      cent, preferably about 30 to about 45 weight per cent of the copolymer;
      wherein the polyoxyalkylene blocks constitute about 75 to about 50 weight
      per cent, preferably about 70 to about 55 weight per cent of the
      copolymer; and wherein the block copolymer has an average molecular weight
      of at least about 35,000 up to about 60,000.
PAR  The amount of said hydrolyzable or non hydrolyzable linear high molecular
      weight siloxane polyoxyalkylene block copolymers of this invention
      employed as the froth and foam stabilizer in this invention can vary over
      a wide range, e.g., from about 0.2 weight parts to 10 weight parts or
      greater per hundred weight parts of the active hydrogen component. There
      is no commensurate advantage to using amounts of said block copolymers
      less than 0.2 or greater than about 10 weight parts on the same basis.
      Preferably, the amount of said block copolymers present in the froth and
      foam formulations varies from about 0.5 weight part to about 6.0 weight
      parts on the same basis. It has been further found that excellent results
      with regard to low foam densities are achieved for the preferred foam
      formulations with as little as 1-3 parts by weight on the same basis of
      most of the especially preferred hydrolyzable and non-hydrolyzable linear
      high molecular weight siloxane-polyoxyalkylene block copolymers.
PAR  The hydrolyzable and non-hydrolyzable high molecular weight linear
      siloxane-polyoxyalkylene block copolymers of this invention can be
      incorporated into the frothing compositions of this invention is undiluted
      form or, if desired, can be added as a solution in any appropriate inert
      diluent, such as the inert organic solvents discussed above. Aromatic
      hydrocarbons such as toluene, xylene and the like, having boiling points
      in the range of about 105.degree. to 300.degree.C. are preferred.
      Generally, when used, the solutions contain about 20 to 70 weight per cent
      of the (AB).sub.n siloxane-polyoxyalkylene block copolymer. The preferred
      solution consists of about 35 to 55 weight per cent (AB).sub.n copolymers
      and about 65 to 45 weight per cent solvent of choice. The (AB).sub.n
      copolymer solutions, based on 50 weight per cent active copolymer are
      useful in the froth urethane foam stabilization in concentrations
      preferably ranging from about 0.5 to 7 parts by weight per hundred weight
      parts of the active hydrogen component.
PAR  The polyisocyanate components employed in this invention for mixing with
      active hydrogen compounds to form the liquid phase of the novel froths
      preferably are those having the general formula
EQU  Q(NCO).sub.i
PAL  wherein i is an integer of two or more and Q is an organic radical having
      the valence of i. Q can be a substituted or unsubstituted hydrocarbon
      group (e.g., an alkylene or an arylene group). Q can be a group having the
      formula Q'--Z--Q' where Q' is an alkylene or arylene group and Z is --O--,
      --O--Q'--, --CO--, --S--, --S--Q'--S--, or --SO.sub.2 --. Examples of such
      compounds include hexamethylene diiisocyanate,
      1,8-diisocyanato-p-menthane, xylylene diisocyanate, (OCNCH.sub.2 CH.sub.2
      CH.sub.2 OCH.sub.2).sub.2 O,1-methyl-2,4-diisocyanatocyclohexane,
      phenylene diisocyanates, tolylene diisocyanates, chlorophenylene
      diisocyanates, diphenylmethane-4,4'-diisocyanate,
      naphthalene-1,5-diisocyanate, triphenylmethane-4,4',4"-triisocyanate, and
      isopropylbenzene-alpha-4-diisocyanate.
PAR  Q can also represent a polyurethane radical having a valence of i in which
      case Q(NCO).sub.i is a composition conventionally known as a prepolymer.
      Such prepolymers are formed by reacting a stoichiometric excess of a
      polyisocyanate as set forth hereinbefore and hereinafter with an active
      hydrogen-containing component as set forth hereinafter, especially the
      polyhydroxyl containing materials or polyols described below. Usually, for
      example, the polyisocyanate is employed in proportions of from about 30
      per cent to about 200 percent stoichiometric excess, the stoichiometry
      being based upon equivalents of isocyanate group per equivalent of
      hydroxyl in the polyol.
PAR  Further included among the isocyanates useful in this invention are dimers
      and trimers of isocyanates and diisocyanates and polymeric diisocyanates
      such as those having the general formula
EQU  [Q"(NCO).sub.i ].sub.j
PAL  in which i and j are each integers of two or more, and Q" is a
      polyfunctional organic radical, and/or, as additional components in the
      mixtures, compounds of the general formula
EQU  L(NCO).sub.i
PAL  in which i is one or more and L is a monofunctional or polyfunctional atom
      or radical. Examples of this type include ethylphosphonic diisocyanate,
      C.sub.2 H.sub.5 P(O)-(NCO).sub.2 ; phenylphosphonic diisocyanate, C.sub.6
      H.sub.5 P(O) (NCO).sub.2 ; isocyanates derived from sulfonamides
      (QSO.sub.2 NCO), cyanic acid, and thiocyanic acid.
PAR  More specifically, the polyisocyanate component employed in the
      polyurethane-forming froths of this invention also include the following
      specific compounds as well as mixtures of two or more of them;
      2,4-tolylene diisocyanate , 2,6-tolylene diisocyanate, crude tolylene
      diisocyanate, bis(4-isocyanatophenyl)methane, polyphenylmethylene
      polyisocyanates that are produced by phosgenation of anilineformaldehyde
      condensation products, dianisidine diisocyanate, toluidine diisocyanate,
      xylyene diisocyanate, bis(2-isocyanatoethyl)fumarate,
      bis(2-isocyanatoethyl) carbonate, 1,6-hexamethylene-diisocyanate,
      1,4-tetramethylene-diisocyanate, 1,10-decamethylene-diisocyanate,
      cumene-2,4-diisocyanate, 4-methoxy-1,3-phenylene-diisocyanate,
      4-chloro-1,3-phenylenediisocyanate, 4-bromo-1,3-phenylene-diisocyanate,
      4-ethoxy-1,3-phenlenediisocyanate, 2,4'-diisocyanatodiphenyl-ether,
      5,6-dimethyl-1,3-phenylenediisocyanate,
      2,4-dimethyl-1,3-phenylenediisocyanate, 4,4'-diisocyanato-diphenylether,
      bis 5,6-(2-isocyanatoethyl)bicyclo[2.2.1]hept-2-ene,
      benzidinediisocyanate, 4,6-dimethyl-1,3-phenylenediisocyanate,
      9.10-anthracenediisocyanate, 4,4'-diisocyanatodibenzyl,
      3,3-dimethyl-4,4'-diisocyanatodiphenylmethane,
      2,6-dimethyl-4,4'-diisocyanatodiphenyl, 2,4-diisocyanatostilbene,
      3,3'-dimethyl-4,4'-diisocyanatodiphenyl,
      3,3'-dimethoxy-4,4'-diisocyanatodiphenyl, 1,4-anthracenediisocyanate,
      2,5-fluoroenediisocyanate, 1,8-naphthalenediisocyanate,
      2,6-diisocyanatobenzfuran, 2,4,6-toluenetriisocyanate, and many other
      organic polyisocyanates that are known in the art, such as those that are
      disclosed in an article by Siefken, Ann. 562, 75 (1949). In general, the
      aromatic polyisocyanates are preferred because of their greater
      reactivity.
PAR  It is also often of considerable advantage to block the isocyanate groups
      of the polyisocyanates listed above with a monofunctional organic compound
      such as a phenol as described in Annalen, Volume 262, pages 205 to 229,
      Reinhold Plastics Applications Series on Polyurethanes by Bernard A.
      Dombrow, published by Reinhold Publishing Corporation, New York, 1957; and
      Polyurethanes Chemistry and Technology I. Chemistry by Saunders & Frisch,
      pages 118 to 121, published by Interscience in 1963. Blocking techniques
      permit the use of the more highly reactive polyisocyanates and/or to
      adjust the polymerizing or curing temperature of the froth. One or any
      number of the isocyanate groups in the polyisocyanate molecule can be
      blocked to provide the degree of reactivity desired. In addition,
      catalysts such as those described in Bunge U.S. Pat. No. 2,886,555 can be
      employed to adjust the splitting or unblocking temperature to that
      desired.
PAR  The amount of polyisocyanate employed will vary slightly depending upon the
      nature of the polyurethane being prepared. In general, he total --NCO
      equivalent to total active hydrogen equivalent should be such as to
      provide a ratio of 0.8 to 2.0 equivalents of --NCO per equivalent of
      active hydrogen, e.g., hydroxyl hydrogen, of the active hydrogen reactant,
      and preferably a ratio of about 1.0 to 1.5 equivalents of --NCO per active
      hydrogen.
PAR  The active hydrogen-containing component includes polyhydroxyl-containing
      materials, such as, the hydroxyl-terminated polyhydrocarbons (U.S. Pat.
      No. 2,877,212); hydroxyl-terminated poly-formals (U.S. Pat. No.
      2,870,097); fatty acid triglycerides (U.S. Pat. No. 2,833,730 and
      2,787,601); hydroxyl-terminated polyesters (U.S. Pat. No. 2,698,838,
      2,921,915, 2,591,884, 2,866,762, 2,850,476, 2,602,783 2,720,618,
      2,770,689, 2,811,493, and 2,621,166); hydroxymethyl-terminated
      perfluoromethylenes (U.S. Pat. No. 3,911,390 and 2,902,473);
      polyalkylenether glycols (U.S. Pat. No. 2,808,991; British Pat. No.
      733,624); polyalkylenearyleneether glycols (U.S. Pat. No. 2,808,391);
      polyalkylenether triols (U.S. Pat. No. 2,866,774).
PAR  Especially preferred polyhydroxyl-containing materials are the polyether
      polyols obtained by the chemical addition of alkylene oxides, such as,
      ethylene oxide propylene oxide and mixtures thereof, to water or
      polyhydric organic compounds, such as, ethylene glycol, propylene glycol,
      trimethylene glycol, 1,2-butylene glycol, 1,3-butanediol, 1,4-butanediol,
      1,5-pentanediol, 1,2-hexylene glycol, 1,10-decanediol,
      1,2-cyclohexanediol, 2-butene-1,4-diol, 3-cyclohexene-1,1-dimethanol,
      4-methyl-3-cyclohexene-1,1-dimethanol, 3-methylene-1,5-pentanediol,
      diethylene glycol (2-hydroxyethoxy) 1-propanol, 4-(2-hydroxyethoxy)
      1-butanol, 5-(2-hydroxy-propoxy)-1-pentanol,
      1-(2-hydroxymethoxy)-2-hexanol, 1-(2-hydroxypropoxy)-2-octanol,
      3-allyloxy-1,5-pentanediol, 2-allyloxymethyl-2-methyl-1,3-propanediol,
      [4,4-pentyloxy) methyl]-1,3-propanediol,
      3-(o-propenylphenoxy)1,2-propanediol,
      2,2'-diisopropylidenebis(p-phenyleneoxy)diethanol, glycerol,
      1,2,6-hexanetriol, 1,1,1-triemthylol-ethane, 1,1,1-trimethylolpropane,
      3-(2-hydroxyethoxy)-1,2-propanediol, 3-(2-hydroxypropoxy)-1,2-propanediol,
      2,4-dimethyl-2-(2-hydroxyethoxy)-methylpentanediol-1,5;
      1,1,1-tris[(2-hydroxyethoxy)methyl]ethane,
      1,1,1-tris-[(2-hydroxypropoxy)-methyl]propane, diethylene glycol,
      dipropylene glycol, pentaerythritol, sorbitol, sucrose, lactose,
      alpha-methylglucoside, alpha-hydroxyalkylglucoside, novolac resins,
      phosphoric acid, benzenephosphoric acid, polyphosphoric acids such as
      tripolyphosphoric acid and tetrapolyphosphoric acid, ternary condensation
      products, caprolactone and the like. The alkylene oxides employed in
      producing polyoxyalkylene polyols normally have from 2 to 4 carbon atoms.
      Propylene oxide and mixtures of propylene oxide with ethylene oxide are
      preferred. The polyols listed above can be used per se as the active
      hydrogen compound.
PAR  A preferred class of polyether polyols employed in this invention can be
      represented generally by the following formula:
      ##EQU1##
      wherein R is hydrogen or a polyvalent hydrocarbon radical; a is an integer
      (e.g., 1 or 2 to 6 to 8) equal to the valence of R, n in each occurrence
      is an integer from 2 to 4 inclusive (preferably 3) and z in each
      occurrence is an integer having a value of from 2 to about 200, preferably
      from 15 to about 100.
PAR  Additional active hydrogen-containing materials are the polymers of cyclic
      esters having a reduced viscosity value of at least about 0.15, and
      desirably from about 0.2 to about 15, and higher. The preferred polymers
      of cyclic esters have a reduced viscosity value of from about 0.3 to about
      10. These polymers are homopolymers or copolymers characterized as
      containing units of the formula
      ##EQU2##
      wherein each R, individually, is hydrogen, alkyl, halo, or alkoxy; wherein
      A is the oxy group, wherein x is an integer from 1 to 4; wherein y is an
      integer from 1 to 4; wherein z is an integer of zero or one; the sum of x
      + y + z is at least 2 and not greater than 6; and the total number of R
      groups which are substituents other than hydrogen does not exceed 3,
      preferably does not exceed 2. Illustrative R groups include methyl, ethyl,
      isopropyl, n-butyl, sec-butyl, t-butyl, hexyl, chloro, bromo, iodo,
      methoxy, ethoxy, n-butoxy, n-hexoxy, 2-ethyl-hexoxy, dodecoxy, and the
      like. It is preferred that each R individually, be hydrogen, lower alkyl,
      e.g., methyl, ethyl, n-propyl, isobutyl, and/or lower alkoxy, e.g.,
      methoxy, ethoxy, propoxy, n-butoxy, and the like. It is further preferred
      that the total number of carbon atoms in the R substituents does not
      exceed eight.
PAR  In one embodiment, preferred polymers of cyclic esters contain both
      recurring structural Unit (III) and units of the formula
      ##EQU3##
      wherein each R', individually, is hydrogen, alkyl, cycloalkyl, aryl, or
      chloroalkyl, or in which the two R' variables together with the ethylene
      moiety of the oxyethylene chain of Unit (IV) form a saturated
      cycloaliphatic hydrocarbon ring having from 4 to 8 carbon atoms, desirably
      from 5 to 6 carbon atoms and w is an integer of 1 to more, preferably 1 to
      10. It is preferred that recurring Unit II contain from 2 to 12 carbon
      atoms. Illustrative R' variables include methyl, ethyl, n-propyl,
      isopropyl, t-butyl, the hexyls, the dodecyls, 2-chloroethyl, phenyl,
      phenethyl, ethylphenyl, cyclopentyl, cyclohexyl, cycloheptyl, and the
      like. It is preferred that R' be hydrogen; lower alkyl, e.g., methyl,
      ethyl, n-propyl, isopropyl; chloroalkyl, e.g., 2-chloroethyl; and the
      like.
PAR  The aforedescribed recurring Unit (III) is interconnected through the oxy
      group (--O--) of one unit with the carbonyl
      ##EQU4##
      of a second unit, i.e., the interconnection does not involve the direct
      bonding of two carbonyl groups,
      ##EQU5##
      On the other hand, the relatively low molecular weight cyclic ester
      polymers, e.g., those have reduced viscosity values below about 0.3 are
      characterized by end groups which can be hydroxyl or carboxyl. Cyclic
      ester polymers having an average molecular weight of about 500 to about
      2000 are preferred for use herein.
PAR  The preparation of the cyclic ester polymers is well documented in the
      patent literature as exemplified by U.S. Pat. Nos. 3,021,309 through
      3,021,317; 3,169,945; and 2,962,524. Briefly, the process involves the
      polymerization of a mixture containing at least one cyclic ester monomer
      with or without a functional initiator therefor such as the polyols
      described hereinbefore and in the patents mentioned above, and a suitable
      catalyst, the choice of which will depend on the presence or absence of an
      initiator. Suitable cyclic ester monomers which can be employed in the
      manufacture of the cyclic ester polymers are best illustrated by the
      following formula:
      ##EQU6##
      wherein the R, A, x, and z variables have the significance noted in Unit
      (III) supra. Representative cyclic ester monomers which are contemplated
      include, for example, delta-valerolactone; epsilon-caprolactone,
      beta-enantholactone; the monoalkyl-delta-valerolactones, e.g., the
      monomethyl-, monoethyl-, monohexyl-, delta-valerolactones, and the like.
      In the absence of added functional initiator, the polymerization process
      is desirably effected under the operative conditions and, as noted in U.S.
      Pat. Nos. 3,021,309 through 3,021,317, in the presence of anionic
      catalysts. When reacting a mixture containing cyclic ester monomer and
      functional initiator which possesses at least one active hydrogen
      substituent, e.g., carboxyl or hydroxyl, it is desirable to use the
      catalysts noted in U.S. Pat. Nos. 2,878,236, 2,890,208, 3,169,945 and
      3,284,417, under the operative conditions discussed therein. Suitable
      polyol initiators and polycarboxylic acid initiators are those listed in
      U.S. Pat. No. 3,169,945 and other of the patents enumerated herein as well
      as those polyols and polycarboxylic compounds listed hereinbefore.
PAR  Polymers of cyclic esters can also be manufactured via the process
      described in U.S. Pat. No. 2,962,524.
PAR  Cyclic ester/alkylene oxide copolymers can also be prepared by reacting a
      mixture comprising cyclic ester and alkylene oxide monomers, an
      interfacial agent such as a solid, relatively high molecular weight
      poly(vinyl stearate) or lauryl methacrylate/vinyl chloride copolymer
      (reduced viscosity in cyclohexanone at 30.degree.C of from about 0.3 to
      about 1.0), in the presence of an inert normally-liquid saturated
      aliphatic hydrocarbon vehicle such as heptane and phosphorus pentafluoride
      as the catalyst therefor, at an elevated temperature, e.g., about
      80.degree.C. and for a period of time sufficient to produce such cyclic
      ester/alkylene oxide copolymers.
PAR  When the cyclic ester polymers are prepared from a mixture containing the
      cyclic ester monomer and minor amounts of a cyclic comonomer which is
      copolymerizable therewith, e.g., cyclic carbonates and cyclic ethers, such
      as, alkylene oxide, oxetane, tetrahydrofuran, etc., the polymeric chain of
      the resulting copolymeric product will be characterized by both recurring
      linear Unit (IV) (which would represent the alkylene oxide comonomer
      polymerized therein) and/or by a recurring linear unit which would
      correspond to the additional polymerizable cyclic comonomer in the
      monomeric mixture. When the comonomer is an alkylene oxide, the resulting
      copolymeric product will contain both recurring linear Unit (III) and
      recurring linear Unit (IV) in the copolymeric chain thereof. The
      interconnection of linear Unit (III) and linear Unit (IV) supra does not
      involve or result in the direct bonding of two oxy groups, i.e., --O--O--.
      In other words, the oxy group (--O--) of recurring linear Unit (IV) is
      interconnected with the carbonyl group
      ##EQU7##
      of recurring linear Unit (III) supra or with the alkylene moiety of a
      second oxyalkylene Unit (IV).
PAR  Polymers of cyclic esters as described above are useful in producing
      polyurethane articles having comparatively high strength and elongation.
PAR  As mentioned previously, the polymers of cyclic esters which are
      contemplated are expressed in terms of their reduced viscosity values. As
      is well know in the art, reduced viscosity value is a measure or
      indication of the molecular weight of polymers. The expression "reduced
      viscosity" is a value obtained by dividing the specific viscosity by the
      concentration of polymer in the solution, the concentration being measured
      in grams of polymer per 100 milliliters of solvent. The specific viscosity
      is obtained by dividing the difference between the viscosity of the
      solution and the viscosity of the solvent by the viscosity of the solvent.
      Unless otherwise noted, the reduced viscosity values herein referred to
      are measured at a concentration of 0.2 grams of polymer in 100 milliliters
      of solvent, e.g., cyclohexanone, benzene, chloroform, toluene, or other
      common organic solvents, at 30.degree.C.
PAR  Another type of active hydrogen-containing materials useful in this
      invention are the polymer/polyol compositions obtained by polymerizing
      ethylenically unsaturated monomers in a polyol as described in British
      Pat. No. 1,063,222 and U.S. Pat. No. 3,383,351, the disclosures of which
      are incorporated herein by reference. Suitable monomers for producing such
      compositions include acrylonitrile, vinyl chloride, styrene, butadiene,
      vinyl-idene chloride and other ethylenically unsaturated monomers as
      identified and described in the abovementioned British Patent and U.S.
      Patent. Suitable polyols include those listed and described hereinabove
      and in the British Patent and U.S. Patent. The polymer/polyol compositions
      can contain from about 1 to about 70 weight per cent, preferably about 5
      to about 50 weight per cent, and most preferably about 10 to about 40
      weight per cent monomer polymerized in the polyol. Such compositions are
      conveniently prepared by polymerizing the monomers in the selected polyol
      at a temperature of 40.degree.C. to 150.degree.C. in the presence of a
      free radical polymerization catalyst, such as peroxides, persulfates,
      percarbonate, perborates and azo compounds. Further details of the
      compositions and methods of making same are described in the
      abovementioned British Patent and U.S. Patent. The resulting composition
      is believed to be a complex mixture comprising free polyol, free polymer
      and graft polymer/polyol complexes. Preparation 1 of the British Patent is
      especially preferred. Polymer/polyol compositions of this type are useful
      in producing polyurethane articles having comparatively high load-bearing
      properties.
PAR  Mixtures of the above active hydrogen-containing compounds can be employed
      as reactants with the polyisocyanate to form polyurethanes. For example, a
      mixture of a diol such as propylene glycol, polymer/polyol composition and
      cyclic ester polymer can be employed.
PAR  The polyol or polyol mixture employed in this invention can have hydroxyl
      numbers which vary over a wide range. In general, the hydroxyl numbers of
      the polyols or mixtures thereof, including other cross-linking additives,
      if employed, can range from about 28 to about 1000, and higher, preferably
      from about 75 to about 800.
PAR  The hydroxyl number is defined as the number of milligrams of potassium
      hydroxide required for the complete neutralization of the hydrolysis
      product of the fully acetylated derivative prepared from 1 gram of polyol
      or mixtures of polyols with or without other cross-linking additives used
      in the invention. The hydroxyl number can also be defined by the equation:
      ##EQU8##
      wherein
PAR  OH = hydroxyl number of the polyol.
PAR  f = average functionality, that is average number of hydroxyl groups per
      molecule polyol.
PAR  m.w. = average molecular weight of the polyol.
PAR  The exact polyol or polyols employed depends upon the end use of the
      polyurethane foam. The molecular weight and the hydroxyl number are
      selected properly to result in flexible, semi flexible, or rigid foams.
      The polyol or polyols including cross-linking additives, if used,
      preferably possesses a hydroxyl number of from about 200 to about 1000
      when employed in rigid foam formulations, from about 100 to about 250 for
      semi flexible foams, and from about 28 to about 150 or more when employed
      in flexible foam formulations. Such limits are not intended to be
      restrictive, but are merely illustrative of the large number of possible
      combinations of the polyols that can be employed.
PAR  Especially high quality foams have been obtained by employing preferred
      polyurethane foam -- forming ingredient formulations comprising (1) 100
      parts by weight of an organic polyol blend consisting essentially of (a)
      about 20 to about 98 parts by weight of a graft copolymer of about 20
      weight per cent acrylonitrile and about 80 weight per cent of a glycerol
      started propylene oxide adduct triol having a molecular weight of about
      3,000 and a hydroxyl number of about 56; the graft copolymer having a
      hydroxyl number of about 45; (b) about 1 to about 0 parts by weight of a
      glycerol started propylene oxide adduct triol having a molecular weight of
      about 700 and a hydroxyl number of about 240; and (c) about 1 to about 40
      parts by weight of a poly-.epsilon.-caprolactone diol having a molecular
      weight of about 530 and a hydroxyl number of about 212; and (2) a
      polyisocyanate mixture of about 80 weight per cent of 2,4-tolylene
      diisocyanate and 20 weight per cent of 2,6, tolylene diisocyanate, said
      organic polyol blend and said polyisocyanate being present in the
      formulation in a major amount and in a relative amount sufficient to
      produce the polyurethane; and (3) a foam stabilizing amount of a high
      molecular weight linear (AB).sub.n siloxanepolyoxyalkylene block copolymer
      as defined herein.
PAR  The novel compositions can contain a catalyst and/or a cross-linking agent,
      preferably, so long as its presence will not initiate substantial
      polymerization prematurely. Other additives for providing special effects,
      e.g., coloring agents, fillers, etc., can also be included, preferably, so
      long as they do not initiate substantial polymerization at ambient
      temperatures or interfere with froth stability.
PAR  The liquid phase is preferably substantially chemically stable and,
      preferably, does not undergo substantial polymerization when the viscosity
      of a test admixture containing only the non-frothed mixed
      polyurethane-forming components, surfactants, and any catalysts composing
      the liquid phase does not reach about 10,000 centipoises in 2600 seconds
      when held at a temperature in the range of 24.5.degree. to 25.5.degree.C.
      The materials are present in the text admixture in the same relative
      amounts as in the mixture used to produce the froth. The liquid phase can
      be thus characterized by mixing only those ingredients for about one
      minute and placing 7.5 ml of it in a Brookfield LVT Viscometer equipped
      with a jacketed small sample chamber, holding it at a temperature of
      24.5.degree. to 25.5.degree.C. and determining its viscosity over the
      above-specified period of time. The froth is rapidly heat curable when a
      one-quater inch thick section of it cures to a tack-free condition within
      about 30 minutes at about 125.degree.C.
PAR  Suitable catalysts include nickel acetylacetonate, more formally known as
      bis(2,4-pentanedionate) nickel (II), (diacetonitrilediacetylacetonato
      nickel) and derivatives thereof, such as, diacetonitrilediacetylacetonato
      nickel, dibenzonitrilediacetylacetonato nickel,
      bis(tri-phenylphosphine)-diacetylacetonato nickel and the like. In
      addition, tin catalysts such as dibutyltin dilaurate can be used
      advantageously. The amount of such catalyst employed in the liquid phase
      is preferably in the range of 0.03 to 3.0weight parts per hundred weight
      parts of the active hydrogen compound.
PAR  Conventional metal catalysts in conventional concentrations also can be
      used. If desired, the conventional metal catalysts are used in lower than
      usual concentrations to avoid premature curing. Such catalysts include
      both inorganic metal compounds and metal compounds which contain organic
      groups. Particularly useful catalysts are organo-tin compounds. These
      catalysts can be used each alone or in mixtures with one or more of the
      others. Among the organo-tin compounds are stannous acylates, such as
      dialkyl tin salts of carboxylic acids, e.g., dibutyltin dilaurate. Other
      metal salts such as lead octoate and the like can also be employed.
PAR  Other but less preferred latent catalysts which can be employed are the
      metal diorganodithiocarbamates wherein the organo groups can be, for
      instance, alkyl groups of up to 18 carbon atoms and preferably from 1 to 8
      carbon atoms.
PAR  In certain systems, especially those having a high hydroxyl number, no
      catalyst at all is needed. Certain systems containing no catalysts at all
      are substantially structurally and chemically stable at ambient
      temperatures yet are curable by the application of heat at temperatures
      above about 70.degree.C. The hydroxyl number of one such system preferably
      exceeds 400. Other non-catalyst systems include those where one of the
      reactants is catalytic, e.g., where the active hydrogen-containing
      compound is a strong base.
PAR  The liquid phase can contain other ingredients, such as, dyes, fillers,
      pigments, and other materials for providing desired effects. Small amounts
      of an auxiliary blowing agent can be employed. For example, high boiling
      fluorocarbons, e.g., boiling above about 40.degree.C. can be used. Very
      small amounts of water, i.e., insufficient to bring about any substantial
      gas evolution, can be employed. Specific fluorocarbons include the Ucon
      Fluorocarbons and Freons boiling above about 40.degree.C., for example,
      1,1,2-trichloro-1,2,2-trifluoroethane and isomers of
      tetrachlorodifluoroethane, tetrachloromonofluororethane, and the like. The
      auxiliary agent, although it is not necessary, can be employed for
      purposes of providing an added expansion during heat curing in those cases
      where such added expansion is desired.
PAR  The gas phase of the novel froths is most preferably air because of its
      cheapness and ready availability. However, if desired, other gases can be
      used which are gaseous at ambient conditions and which are substantially
      inert or non-reactive with any component of the liquid phase. Such other
      gases include, for example, nitrogen, carbon dioxide and even
      fluorocarbons which are normally gaseous at ambient temperatures.
PAR  The inert gas is incorporated into the liquid phase by mechanical beating
      of the liquid phase in high shear equipment such as in a Hobart mixer or
      an Oakes mixer. The gas can be introduced under pressure as in the usual
      operation of an Oakes mixer or it can be drawn in from the overlying
      atmosphere by the beating or whipping action as in a Hobart mixer. The
      mechanical beating operation preferably is conducted at pressures not
      greater than 100 to 200 psig. Higher super atmospheric pressures may also
      be employed however such is not necessary nor preferred since special
      equipment must also be used. It is significant to note that in the instant
      preferred method conventional readily available, mixing equipment is used
      and no special equipment is necessary.
PAR  The amount of inert gas beaten into the liquid phase should be adequate to
      provide a froth having a density at ambient atmospheric pressure of less
      than about 45%, preferably less than about 35%, of the density of the
      liquid phase prior to frothing. The mechanical beating is conducted over a
      period of a few seconds in an Oakes mixer, or of 3 to 30 minutes in a
      Hobart mixer, or however long it takes to obtain the desired froth density
      in the mixing equipment employed.
PAR  The froth as it emerges from the mechanical beating operation is preferably
      substantially chemically stable and is structurally stable but easily
      workable at ambient temperatures, e.g., about 15.degree.C. to about
      30.degree.C. The consistency of the froth closely resembles the
      consistency of aerosol-dispensed shaving cream and it has a density of
      less than about 45%, or preferably less than about 35%, of the density of
      the liquid phase prior to frothing.
PAR  The novel froths of this invention find extensive utility in the production
      of shaped, foamed articles ranging from flexible foamed articles to rigid
      foamed articles and all degrees of flexibility and rigidity in between.
      For example, the novel froths can be molded and subsequently heat cured to
      form crash padded panels, dashboards, sun-visors, arm-rests and the like
      for automotive vehicles, airplanes and boats, and can be applied to and
      cured on the backs of carpeting to provide foam cushion backings or to
      textile fabrics to provide interlinings for padding and/or thermal
      insulation purposes.
PAR  Because of their substantial chemical and structural stability, the novel
      froths can be readily shaped by molds or doctor blades. Inasmuch as, in
      the preferred embodiment, there is no substantial chemical expansion
      (i.e., expansion due to gas produced in the liquid phase by a chemical
      reaction) or expansion due to volatilization of a liquid and substantially
      only thermal expansion taking place during heat curing, dimensional
      changes are readily predictable and easily controlled. For these reasons,
      it is also possible to avoid duplication of rough surfaces such as in
      coating the rough and uneven back sides of carpets. This was not possible
      through the use of chemically expanded foams. In addition the structural
      stability, i.e. non-collapse of the froth is maintained during the coating
      operation which also means that the viscosity of the froth will remain
      substantially unchanged until cured. Thus the curing, e.g. of a 1 inch
      coated froth on the backside of a carpet, results in a cured foam having
      substantially the same height as the coated froth, unless of course some
      additional foaming ingredient is used which is activated during the curing
      process.
PAR  The present invention now permits the selection of appropriate amounts and
      types of surfactants which provide an appropriate amount of drainage of
      the liquid phase, for example, into the interstices of a carpet back. This
      drainage upon subsequent curing not only locks the foam backing to the
      carpet but also serves the dual purpose of locking the fibers of the
      carpet back together. More specifically, this invention also provides a
      process for providing a second backing on a carpeting material composed of
      a first backing having a front side faced with fibers which pass through
      the first backing and which extend beyond the back side to the first
      backing to mechanically anchor the fibers to the first backing. The
      process comprises applying to the back side of the first backing and the
      portion of the fibers extending beyond said back side a substantially
      uniformly thick layer of a froth of this invention, and curing the froth
      at a temperature about 70.degree.C. to (a) form a cured polyurethane foam
      of substantially uniform thickness as an integral second backing on the
      back side of the first backing and (b) bond the fibers to the first
      backing. The first backing can be any conventional carpet backing material
      (e.g., jute or polypropylene) and the fibers can be mechanically anchored
      to the first backing by any conventional means (e.g., by sewing or needle
      punching). The fibers can be composed of any conventional carpeting
      material (e.g., cotton, rayon, wool, nylon, acrylonitrile polymers, vinyl
      halide polymers, etc). The fibers can be in any suitable form (e.g., in
      the form of pile yarns threaded through the first backing and having cut
      or looped pile faces on the front side of the first backing). The froth
      can be applied to the first backing by any suitable procedure (e.g., knife
      coating). The second backing can have any desired thickness (e.g., from
      1/16 to 1/2 inch).
PAR  The novel froth is readily transportable by conveyor, suitable vehicle or
      piping from the site of its manufacture to the site of its use in coating
      the backs of carpeting or fabric, or in forming shaped articles by
      molding, or in coating wire or other articles, or in encapsulation
      operations.
PAR  Such basic mechanical frothing, foaming and coating techniques can also be
      found in U.S. applications, Ser. Nos. 795,406 and 795,674, both filed Jan.
      31, 1969 both now abandoned, as well as Ser. No. 887,305 filed Dec. 22,
      1969, now abandoned, the entire disclosures of which applications are
      incorporated herein by reference thereto.
PAR  As defined herein, the molecular weights for the various linear (AB).sub.n
      polymer compositions of this invention and those given in the following
      examples were measured by Gel Permeation Chromatography using a
      calibration curve showing the relationship between the respective elution
      volumes established for dimethylsiloxane fluids of different molecular
      weights and the respective known molecular weights of such fluids. In
      establishing the calibration curve, the various dimethylsiloxane fluids
      were in solution in trichloroethylene solvent using styragel packed
      columns. In measuring the molecular weights of the polymers described
      herein, the elution volume observed for any particular polymer product (in
      trichloroethylene solvent) was equated with the corresponding elution
      volume of the calibration curve, and the molecular weight associated with
      that particular elution volume was assigned as the molecular weight of the
      polymer product. The use of Gel Permeation Chromatography for measuring
      molecular weights is discussed in "Polymer Fractionation" (ed. Manfred J.
      R. Cantow, Academic Press, Inc. New York 1967), pages 123-173, Chapter B4,
      entitled "Gel Permeation Chromatography," by K. H. Altgelt and J. C.
      Moore.
PAR  In the following examples the procedure described in the article entitled
      "Characterization of Silicones by Gel Permeation Chromatography" by F.
      Rodriguez et al in I & EC PRODUCT AND DEVELOPMENT, Vol. 5, No. 2, Page
      121, June 1966 was followed using five styragel packed columns (Waters
      Associates, Inc.) having a pore size of 3.times.10.sup.3 A, 10.sup.4 A,
      10.sup.5 A, 3.times.10.sup.5 A and 10.sup.6 A, respectively.
PAR  The following examples illustrate the present invention and are not to be
      regarded as limitative. It is to be understood that Me represents a methyl
      radical; G.P.C. designates Gel Permeation Chromatography; and that all of
      the parts, percentages and proportions referred to herein and in the
      appended claims are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE I
PAR  This example illustrates the production of a high molecular weight linear
      non-hydrolyzable siloxanepolyoxyalkylene (AB).sub.n block copolymer
      derived from a SiH-terminated-polydimethylsiloxane and an allyl-terminated
      polyoxyalkylene ether.
PAR  Into a 500 ml. three-neck flask, equipped with a mechanical stirrer,
      condenser, thermometer and nitrogen inlet were placed 54.0 g (0.02 mole)
      of allyl-terminated polyoxyethylene-polyoxy-1,2-propylene comprising 35
      percent ethylene oxide by weight and 65 per cent propylene oxide by weight
      and having an average molecular weight of 2700, 150 ml. of toluene and 20
      ppm of Pt as chloroplatinic acid. To this mixture 28.48 g. (0.02 mole) of
      SiH-endblocked polydimethylsiloxane having an average molecular weight of
      1424 was added slowly at such a rate as to maintain the temperature
      between 80.degree.-100.degree.C. The completion of the reaction was
      evidenced by a negative AgNO.sub.3 test for SiH. The reaction mixture was
      then neutralized with 10 g. of NaHCO.sub.3, filtered and after solvent
      removal by rotary evaporation at 50.degree.C./1 Hg mm. there was obtained
      76.0 g., 93% of the desired (AB).sub.n block copolymer product. This
      liquid product has a viscosity of about 12,100 cps at room temperature.
      Said block copolymer had an average molecular weight of 36,000 as
      established by GPC and can be represented by the average formula
EQU  (--O(CH.sub.2).sub.3 (SiMe.sub.2 O).sub.18.4 SiMe.sub.2 (CH.sub.2).sub.3
      O][(C.sub.2 H.sub.4 O).sub.20.6 --(C.sub.3 H.sub.6 O).sub.29.2 C.sub.3
      H.sub.6 --).sub.8.8
PAR  following the mole to mole reaction procedure outlined in Example 1 above,
      a series of seven other high molecular weight linear non-hydrolyzable
      siloxane-polyoxyalkylene (AB).sub.n block copolymers (Example 2 to 7) were
      prepared as illustrated in TABLE I below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     REACTANTS                          (AB).sub.n PRODUCT                     
     Example                                                                   
          Silicone*                                                            
                  Polyether**                                                  
                         Oxyalkylene Content***                                
                                        GPC     %Silicone of                   
     No.  Avg.Mol.Wt.                                                          
                  Avg.Mol.Wt.                                                  
                         %Oxyethylene%Oxypropylene                             
                                        Avg.Mol.Wt.                            
                                                Block Copolymer                
     __________________________________________________________________________
     1    1424    2700   35     65      36,000  35                             
     2     700    2700   35     65      48,000  21                             
     3    2300    2700   35     65      36,000  46                             
     4    1510    2940   35     65      38,000  34                             
     5    1700    3000   50     50      48,000  36                             
     6    1700    3000   50     50      51,000  36                             
     7    1700    3000   50     50      56,000  36                             
     __________________________________________________________________________
      *Silicone Structure HSiMe.sub.2 O(Me.sub.2 SiO).sub.z H, where z is an   
      integer with values to give the appropriate molecular weights.           
      **Polyether Structure CH.sub.2 =CHCH.sub.2 O(C.sub.2 H.sub.4 O).sub.x    
      (C.sub.3 H.sub.6 O).sub.y CH.sub.2 CH=CH.sub.2, where x and y are integer
      with values to give the appropriate molecular weights and oxyalkylene    
      content                                                                  
      ***Oxyalkylene Content Represents the weight percent of ethylene oxide an
      propylene oxide in the polyether.                                        
PAC  EXAMPLE 8
PAR  This example illustrates the production of a high molecular weight linear
      hydrolyzable siloxanepolyoxyalkylene (AB).sub.n block copolymer derived
      from a dimethylamine-terminated polydimethylsiloxane and a polyoxyalkylene
      diol.
PAR  In a one-liter flask equipped with fractionating column, thermometer,
      stirrer and a nitrogen inlet tube for sparging there were placed 52.0 g
      (0.0451 mole) of dimethylamino-terminated polydimethylsiloxane having an
      average molecular weight of 1241, 109 g. (0.0401 mmole) of
      polyoxyethylene-polyoxy-1,2-propylene glycol comprising 35 weight per cent
      ethylene oxide and 65 weight per cent propylene oxide and having an
      average molecular weight of 2715 and 250 g. of Solvesso 100, a mixture of
      alkylated aromatic hydrocarbons, solvent (b.p. range
      155.degree.-173.degree.C.). The molar ratio of dimethylamino-terminated
      polydimethylsiloxane to polyoxyethylene-polyoxy-1,2-propylene glycol in
      this reaction mixture mounted to 1.12 to 1. The mixture was heated at
      171.degree.C. for 5 hours during which time the dimethylamine that formed
      was allowed to escape through the head of the column. After this time the
      concentration of the reaction mixture was adjusted to 50 per cent active
      solid by addition of more Solvesso 100 solvent. The mixture was then
      cooled and about a 100% yield of the desired (AB) block copolymer was
      obtained. Said block copolymer had an average molecular weight of 80,000
      as established by GPC, the siloxane blocks (% Silicone of product)
      constituting about 31.1 weight percent of the block copolymer. The block
      copolymer can be represented by the average formula
      ##EQU9##
PAC  EXAMPLE 9
PAR  This example also illustrates the production of a high molecular weight
      linear hydrolyzable siloxanepolyoxyalkylene (AB).sub.n block copolymer
      derived from a dimethylamine-terminated polydimethylsiloxane and a
      polyoxy-alkylene diol.
PAR  In a one-liter flask equipped with fractionating column, thermometer,
      stirrer and a nitrogen inlet tube for sparging there were placed 72.0 g
      (0.05 mole) of dimethylamino-terminated polydimethylsiloxane having a
      average weight of 1440, 149.5 g. (0.05 mole) of poly-oxyethylene
      polyoxy-1,2-propylene glycol comprising 50 weight percent ethylene oxide
      and 50 weight percent propylene oxide and having an average molecular
      weight of 2985 and 217.0 g of xylene. The reaction was stirred vigorously,
      with constant nitrogen sparge (ca 0.1 ft. 3/min.), as the temperature of
      the vessel was brought up to ca. 140.degree.C. over a period of 1/2 hour.
      The reaction was not homogeneous in the first 1-2 hours of the reaction
      time, but became homogeneous as the reaction was progressing with the
      continuous removal of dimethylamine. The reaction mixture was heated at
      140.degree.C. for 44 hours, at this time percent solid was determined and
      was found to be 65 percent. The concentration was adjusted to 50 percent
      active solid by addition of xylene solvent. After this operation, the
      mixture was further sparged at 140.degree.C. for an additional two more
      hours to help remove trace amounts of trapped dimethylamine. The mixture
      was then cooled and about a 100% yield of the desired (AB).sub.n block
      copolymer was obtained. Said block copolymer had an average molecular
      weight of 250,000 as established by GPC, the siloxane blocks constituted
      about 31.3 weight percent of the block copolymer. Said copolymer also
      exhibited a 10 percent aqueous pH of about 7.1. The block copolymer can be
      represented by the average formula
      ##EQU10##
PAR  Following the above outlined procedure for producing hydrolyzable
      (AB).sub.n block copolymers a series of 17 other high molecular weight
      linear hydrolyzable siloxane-polyoxyalkylene (AB).sub.n block copolymers
      (Examples 10 to 26) were prepared employing the reactants and conditions
      illustrated in TABLE II below.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Reactants                                                                 
     Silicone*       Polyoxyalkylene Diol**      Product (AB).sub.n            
                                  Oxyalkylene***                               
     Ex.                                                                       
        Avg.Mol      Avg.Mol      Content %      Reaction                      
                                                        GPC   %Silicon         
     No.                                                                       
        Wt.  Gram                                                              
                 Mole                                                          
                     Wt.  Gram                                                 
                              Mole                                             
                                  %Oxyethylene                                 
                                          Oxypropylene                         
                                                 Conditions                    
                                                        Avg.Mol.Wt             
                                                              of               
     __________________________________________________________________________
                                                              Product          
     10 1241 56  0.0451                                                        
                     2715 109 0.0401                                           
                                  35      65     190.degree.C.,                
                                                 5 Hours;                      
                                                 Solvesso 150                  
                                                        100,000                
                                                              31.1             
     11 1241 224 0.1805                                                        
                     2715 436 0.162                                            
                                  35      65     192.degree.C.;                
                                                 6 Hours                       
                                                 Solvesso 150                  
                                                        175,000                
                                                              31.1             
     12 1250 156.2                                                             
                 0.125                                                         
                     2670 331.5                                                
                              0.124                                            
                                  50      50     180.degree.C.;                
                                                 2.5 Hours;                    
                                                 O-dichloro-                   
                                                 benzene                       
                                                          95,000               
                                                              30.7             
     13 1250 156.2                                                             
                 0.125                                                         
                     2670 331.5                                                
                              0.124                                            
                                  50      50     182.degree.C.;                
                                                 3 Hours                       
                                                 O-dichloro-                   
                                                 benzene                       
                                                        120,000                
                                                              39.2             
     14 1910 86  0.045                                                         
                     2985 134.5                                                
                              0.045                                            
                                  50      50     192.degree.C.;                
                                                 6 Hours                       
                                                 Solvesso 150                  
                                                        125,000                
                                                              31.3             
     15 1440 72.2                                                              
                 0.050                                                         
                     2985 149.5                                                
                              0.050                                            
                                  50      50     140.degree.C.;                
                                                 50 Hours                      
                                                 Xylene 160,000                
                                                              31.3             
     16 1440 72  0.050                                                         
                     2985 149.5                                                
                              0.050                                            
                                  50      50     192.degree.C.;                
                                                 6 Hours                       
                                                 Solvesso 150                  
                                                        200,000                
                                                              31.3             
     17 1440 72  0.050                                                         
                     2680 134 0.050                                            
                                  75      25     190.degree.C.;                
                                                 6 Hours                       
                                                 Solvesso 150                  
                                                        150,000                
                                                              30.6             
     18 1910 86  0.045                                                         
                     3140 141.9                                                
                              0.045                                            
                                  --      100    192.degree.C.;                
                                                 6 Hours                       
                                                 Solvesso 150                  
                                                         92,000                
                                                              37.0             
     19 1910 85.9                                                              
                 0.045                                                         
                     2650 118.8                                                
                              0.0448                                           
                                  100     --     192.degree.C.;                
                                                 6 Hours                       
                                                 Solvesso 150                  
                                                         85,000                
                                                              42.0             
     20 1140 114 0.10                                                          
                     2670 267 0.1 50      50     115.degree.C.;                
                                                 2 Hours                       
                                                 Xylene  5,300                 
                                                              30.4             
     21 1140 114 0.10                                                          
                     2670 267 0.1 50      50     135.degree.C.;                
                                                 7 Hours                       
                                                 Xylene  11,500                
                                                              30.4             
     22 1140 114 0.10                                                          
                     2670 267 0.1 50      50     138.degree.C.;                
                                                 8 Hours                       
                                                 Xylene  14,800                
                                                              30.4             
     23 1140 114 0.10                                                          
                     2670 267 0.10                                             
                                  50      50     138.degree.C.;                
                                                 9 Hours                       
                                                 Xylene  22,500                
                                                              30.4             
     24 1140 114 0.10                                                          
                     2670 267 0.10                                             
                                  50      50     138.degree.C.;                
                                                 25 Hours                      
                                                 Xylene  63,000                
                                                              30.4             
     25 1140 114 0.10                                                          
                     2670 267 0.10                                             
                                  50      50     138.degree.C.;                
                                                 27 Hours                      
                                                 Xylene  70,000                
                                                              30.4             
     26 1140 114 0.10                                                          
                     2670 267 0.10                                             
                                  50      50     138.degree.C.;                
                                                 30 Hours                      
                                                 Xylene  90,000                
                                                              30.4             
     __________________________________________________________________________
      *Silicone Structure: Me.sub.2 N(Me.sub.2)SiO(SiMe.sub.2 O).sub.z         
      Si(Me.sub.2)NMe.sub.2 where z is an integer with values to give the      
      appropriate molecular weights.                                           
      **Polyoxyalkylene Diol Structure: HO--(C.sub.2 H.sub.4 O).sub.x (C.sub.3 
      H.sub.6 O).sub.y H, where x and y are integers with values to give the   
      appropriate molecular weights.                                           
      ***Oxyalkylene Content: Represents the weight per cent of ethylene oxide 
      and propylene oxide in the Diol Solvesso 150: Solvent mixture of Alkylate
      Aromatic Hydrocarbon Solvents (b.p. range 188- 210.degree.C.)            
PAR  The following examples 27 to 29 illustrate the production of linear
      hydrolyzable (AB).sub.n siloxanepolyoxyalkylene block copolymers according
      to teachings of U.S. Pat. No. 3,480,583.
PAC  EXAMPLE 27
PAR  A hydrolyzable linear (AB).sub.n block copolymer was prepared according to
      Example 18 of U.S. Pat. No. 3,480,583 employing 50.0 g. (0.0422 mole) of a
      C.sub.2 H.sub.5 O(Me.sub.2 SiO).sub.15 C.sub.2 H.sub.5 ethoxy-terminated
      dimethyl siloxane polymer having an average molecular weight of 1184;
      126.0 g. (0.0422 mole) of a HO(C.sub.2 H.sub.4 O).sub.33.7 (C.sub.3
      H.sub.6 O).sub.25.8 H polyoxyalkylene diol having an average molecular
      weight of 2985; 200 g. of xylene and 0.9g. of CF.sub.3 COOH catalyst. The
      average molecular weight of the hydrolyzable linear (AB).sub.n block
      copolymer obtained was 30,000 as established by GPC.
PAC  EXAMPLE 28
PAR  Example 27 was repeated with the exception that the catalyst employed was
      now a mixture of 1.0 g. of CF.sub.3 COOH and 1.0 g. of CH.sub.3 COOK. The
      average molecular weight of the hydrolyzable linear (AB).sub.n block
      copolymer obtained was 32,000 as established by GPC.
PAC  EXAMPLE 29
PAR  A hydrolyzable linear (AB).sub.n block copolymer was prepared according to
      Example 18 of U.S. Pat. No. 3,480,583 employing 50.0 g. (0.0422 mole) of a
      C.sub.2 H.sub.5 O(Me.sub.2 SiO).sub.15 C.sub.2 H.sub.5 ethoxy-terminated
      dimethyl siloxane polymer having an average molecular weight of 1184; 25.5
      g. (0.0422 mole) of a HO(C.sub.2 H.sub.4 O).sub.13.3 H polyoxyalkylene
      diol having an average molecular weight of 605; 100 g. of xylene and 0.5
      g. of CF.sub.3 COOH catalyst. The average molecular weight of the
      hydrolyzable linear (AB).sub.n block copolymer obtained was 35,000 as
      established by GPC.
PAC  EXAMPLE 30
PAR  Thirty-two siloxane-polyoxyalkylene block copolymers were tested for froth
      stabilization of a polyurethane foam forming system. The mixtures were
      mechanically frothed in a 5-quart Hobart N-50 mixer using a D-wire whip
      for a reasonable time as specified in TABLE III below. The polyurethane
      foam forming systems were prepared from the following ingredients.
TBL  ______________________________________                                    
     Ingredients        Parts by Weight                                        
     ______________________________________                                    
     Polyol Blend*      100                                                    
     TDI**              22.3                                                   
     TMBDA***           0.1                                                    
     Nickel Acetylacetonate                                                    
                        0.2                                                    
     Surfactant (as listed in Table III) varied                                
     *The polyol blend had the following formulation                           
                        Parts by Weight                                        
     ______________________________________                                    
     Polyol.sup.1       55                                                     
     Polyol.sup.2       20                                                     
     Polyol.sup.3       25                                                     
     ______________________________________                                    
      Polyol.sup.1 is a graft copolymer of about 20 weight percent acrylonitril
      and about 80 weight percent of a glycerol started propylene oxide adduct 
      triol having a molecular weight of about 3,000 and a hydroxyl number of  
      about 56; the graft copolymer having a hydroxyl number of about 45.      
      Polyol.sup.2 is a glycerol started propylene oxide adduct triol having a 
      molecular weight of about 700 and a hydroxyl number of about 240.        
      Polyol.sup.3 is a poly-.epsilon.-caprolactone diol having a molecular    
      weight of about 530 and a hydroxyl number of about 212.                  
      **TDI as used herein designates a mixture of about 80 weight percent of  
      2,4-tolylene diisocyanate and about 20 weight percent of 2,6-tolylene    
      diisocyanate.                                                            
      ***TMBDA: N,N,N',N'-Tetramethyl-1,3,Butanediamine.                       
PAR  The surfactants as listed in TABLE III below are based on 100 per cent
      active copolymers. In practice 50 per cent active surfactant solutions
      were used (except for surfactants 32 and 33) in the solvents in which they
      were prepared. For example surfactants 1 to 7 (Table I) in toluene,
      Surfactants 8 to 26 (Example 8 and 9 and Table II as specified); and
      surfactants 27 to 29 in xylene.
PAR  A number of the froths were also cured to produce a tack tree polyurethane
      foam having the densities listed in TABLE III below within 10 minutes at
      125.degree.C.
TBL                                    TABLE III                               
     __________________________________________________________________________
                   Surfactant                                                  
                             Froth Frothing   Foam                             
     Run     Surfactant                                                        
                   Concentration                                               
                             Density                                           
                                   Time Froth Density                          
     No.      Used Parts by Weight                                             
                             lb/ft.sup.3                                       
                                   (min.)                                      
                                        Stability                              
                                              lb/ft.sup.3                      
     __________________________________________________________________________
     1    Example                                                              
               1   6         15    10   Stable                                 
                                              13                               
     2    "    2   6         .about.40                                         
                                   10   Fair                                   
     3    "    3   6         .about.30                                         
                                   10   Fair                                   
     4    "    4   3         22    10   Stable                                 
                                              18                               
     5    "    5   2         19    10   Stable                                 
                                              15                               
     6    "    6   2         18    10   Stable                                 
                                              15                               
     7    "    7   2         13    10   Stable                                 
                                              10                               
     8    "    8   2         21.6  10   Stable                                 
                                              16                               
     9    "    8   4         14    10   Stable                                 
                                              10                               
     10   "    9   2         12    10   Stable                                 
                                              8.9                              
     11   "    10  2         15    10   Stable                                 
                                              11                               
     12   "    11  2         13.5  10   Stable                                 
                                              9.5                              
     13   "    11  1         21    10   Stable                                 
     14   "    12  2         12    9    Stable                                 
                                              9                                
     15   "    12  1         17    10   Stable                                 
                                              13                               
     16   "    13  2         12    8    Stable                                 
     17   "    13  1         14    10   Stable                                 
                                              10                               
     18   "    14  2         13    8    Stable                                 
                                              9                                
     19   "    15  2         13    10   Stable                                 
                                              9                                
     20   "    16  2         12    8    Stable                                 
     21   "    16  1         13    10   Stable                                 
                                              8.6                              
     22   "    17  2         13    10   Stable                                 
                                              9.1                              
     23   "    18  2         .about.30                                         
                                   10   Fair                                   
     24   "    19  2         .about.35                                         
                                   10   Fair                                   
     25   "    20  4         over 40                                           
                                   10   Fair                                   
     26   "    21  4         26    10   Fair                                   
     27   "    22  4         24    10   Fair                                   
     28   "    23  4         22    10   Good  17                               
     29   "    24  4         19    10   Good                                   
     30   "    25  4         16    10   Stable                                 
     31   "    26  4         13    10   Stable                                 
                                              9.3                              
     32   "    27  2         over 35                                           
                                   10   Fair                                   
     33   "    28  2         over 35                                           
                                   10   Fair                                   
     34   "    29  2         over 35                                           
                                   10   Fair                                   
     35   "    31* 2         over 35                                           
                                   10   Fair                                   
     36   "    32**                                                            
                   2         over 35                                           
                                   10   Fair                                   
     37   "    33***                                                           
                   2         .about.30                                         
                                   10   Fair                                   
     __________________________________________________________________________
     *The surfactant employed as Example No.                                   
     31 in Run No. 35 above was a siloxane-oxyalkylene block                   
     copolymer having the average formula                                      
     Me.sub.3 SiO(Me.sub.2 SiO).sub.72 (Me.sub.SiO).sub.5.6 SiMe.sub.3         
     .vertline.                                                                
     (CH.sub.2).sub.3 O(C.sub.2 H.sub.4 O).sub. 20.7 (C.sub.3 H.sub.6 O).sub.29
      Me.                                                                      
     **The surfactant employed as Example No. 32                               
     in Run No. 36 above was a siloxane-oxyalkylene block                      
     copolymer having the average formula                                      
     Me.sub.3 SiO(Me.sub.2 SiO).sub.140 (MeSiO).sub.11 SiMe.sub.3              
     .vertline.                                                                
     (CH.sub.2).sub.3 O(C.sub.2 H.sub.4 O).sub.20.7 (C.sub.3 H.sub.6 O).sub.29 
     Me.                                                                       
     ***The surfactant employed as Example No. 33                              
     in Run No. 37 above was a siloxane-oxyalkylene block                      
     copolymer having the average formula                                      
     Me.sub.3 SiO(Me.sub.2 SiO).sub.300 (MeSiO).sub.22 SiMe.sub.3              
     .vertline.                                                                
     (CH.sub.2).sub.3 O(C.sub.2 H.sub.4 O).sub.20.7 (C.sub.3 H.sub.6 O).sub.29 
     Me.                                                                       
PAC  EXAMPLE 34
PAR  Three mixtures were prepared from the following polyurethane foam forming
      formulations:
TBL  Ingredients        Parts by Weight                                        
     ______________________________________                                    
     Polyol Blend*      100                                                    
     TDI**              22.3                                                   
     TMBDA***           0.1                                                    
     Nickel Acetylacetonate                                                    
                        0.2                                                    
     Calcium Carbonate  100                                                    
     Surfactant****     varied                                                 
     ______________________________________                                    
      Polyol Blend* same as in Example 30; TDI**; same as in Example 30;       
      TMBDA***; same as in Example 30;                                         
      Surfactant****: The surfactant used in mixture A was a linear hydrolyzabl
      (AB).sub.n siloxane-polyoxyalkylene block copolymer prepared as described
      above from a Me.sub.2 NSiMe.sub.2 O(Me.sub.2 SiO).sub.14 SiMe.sub.2      
      NMe.sub.2 siloxane (Avg. Mol. Wt. 1241) and a HO(C.sub.2 H.sub.4         
      O).sub.21.4 (C.sub.3 H.sub.6 O).sub.30.3 H polyoxyalkylene diol (Avg. Mol
      Wt. 2715) in Solvesso 150. The (AB).sub.n block copolymer product had an 
      average molecular weight of 105,000 as established by GPC.               
      The surfactant used in mixture B was the same as that of Example 12 in   
      Table II above.                                                          
      The surfactant used in mixture C was a linear hydrolyzable (AB).sub.n    
      siloxane-polyoxyalkylene block copolymer prepared as described above from
      a Me.sub.2 NSiMe.sub.2 O(Me.sub.2 SiO).sub.16.5 SiMe.sub.2 NMe.sub.2     
      siloxane (Avg. Mol. Wt. 1440) and a HO(C.sub.2 H.sub.4 O).sub.33.8       
      (C.sub.3 H.sub.6 O).sub.25.6 H polyoxyalkylene diol (Avg. Mol. Wt. 2985) 
      in xylene. The (AB).sub.n block copolymer product had an average molecula
      weight of 250,000 as established by GPC.                                 
PAR  Each mixture A, B and C was mechanically frothed using an Oakes mixer on a
      continuous basis. Thus the mixture of ingredients as described above was
      fed into the Oakes mixer through one pipe while air under pressure (about
      70-30 p.s.i. back pressure) was fed into the mixer through another pipe.
      The resulting froth produced from the mixture and air in the Oakes mixer
      was transported to a carpet backing operation where the froth was evenly
      knife-coated on the back of the carpet to a height of about 1/16 to 1/4
      inch. Each froth was found to be stable both structurally and chemically
      for at least one hour and cured to a tack-free high quality polyurethane
      foam having the densities listed in Table IV below within less than about
      10 minutes at 125.degree.C.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Mixture                                                                   
            Froth Density lb/ft.sup.3                                          
                             Foam Density lb/ft.sup.3                          
     ______________________________________                                    
     A      19               17                                                
     B      20               17                                                
     C      20               18                                                
     ______________________________________                                    
PAR  Various modifications and variations of this invention will be obvious to a
      worker skilled in the art and it is to be understood that such
      modifications and variations are to be included within the purview of this
      application and the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a shaped, foamed polyurethane article comprising
      shaping a curable froth which is substantially structurally stable but
      workable at ambient temperatures, said froth comprising
PA1  a. an organic polyisocyanate;
PA1  b. an active hydrogen compound reactive with said polyisocyanate to form a
      polyurethane;
PA1  c. a high molecular weight linear hydrolyzable (AB).sub.n
      siloxane-polyoxyalkylene block copolymer having the average formula
EQU  [(R.sub.2 SiO).sub.x (C.sub.n H.sub.2n O).sub.y ].sub.d
PAL  wherein R represents a monovalent hydrocarbon radical free from aliphatic
      unsaturation; n is an integer of 2 to 4 inclusive; x is an integer of at
      least 7; y is an integer of at least 4; d is an integer of at least 4; the
      average molecular weight of each siloxane block ranges from about 500 to
      about 10,000; the average molecular weight of each polyoxyalkylene block
      ranges from about 300 to about 10,000; the siloxane blocks constitute from
      about 20 to about 50 weight percent of the copolymer; the polyoxyalkylene
      blocks constitute about 80 to about 50 weight percent of the copolymer;
      and the block copolymer has an average molecular weight of at least about
      65,000; and
PA1  d. an inert normally gaseous gas substantially uniformally dispersed
      throughout said froth; and maintaining the resultant shaped froth at a
      temperature sufficient to cure it and set its shape.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the high molecular weight linear
      siloxane-polyoxyalkylene block copolymer is a hydrolyzable (AB).sub.n
      block copolymer having the average formula
EQU  [(Me.sub.2 SiO).sub.x (C.sub.n H.sub.2n O).sub.y ].sub.d
PAL  wherein Me is methyl; wherein (C.sub.n H.sub.2n O) represents a mixture
      consisting of about 30 to about 75 weight percent of oxyethylene groups
      and about 70 to 25 weight percent of oxypropylene groups; wherein the
      siloxane blocks constitute about 30 to about 45 weight percent of the
      copolymer and the polyoxyalkylene blocks constitute about 70 to about 55
      weight percent of the block copolymer; wherein the average molecular
      weight of each siloxane block ranges from about 1000 to about 3,500 and
      the average molecular weight of each polyoxyalkylene block ranges from
      about 2,000 to about 3,500; wherein x is an integer of at least 7; wherein
      y is an integer of at least 4; wherein d is an integer of at least 4; and
      wherein the average molecular weight of the block copolymer ranges from
      about 65,000 to about 250,000.
NUM  3.
PAR  3. A process as defined in claim 2, wherein the block copolymer has an
      average molecular weight of at least about 100,000 and wherein (C.sub.n
      H.sub.2n O) represents a mixture consisting of about 50 weight percent of
      oxyethylene groups and about 50 weight percent of oxypropylene groups.
NUM  4.
PAR  4. A process as defined in claim 2, wherein the polyisocyanate is an
      aromatic polyisocyanate, wherein the active hydrogen compound is a
      polyhydroxyl-containing compound and wherein said froth also contains a
      catalyst having a substantial catalytic activity in the curing of said
      froth only at temperatures of at least about 70.degree.C.
NUM  5.
PAR  5. A process as defined in claim 4, wherein said froth contains as an
      additional ingredient an inert organic solvent.
NUM  6.
PAR  6. A process as defined in claim 4, wherein said polyisocyanate is a
      tolylene diisocyanate and said active hydrogen compound is a polyether
      polyol having a hydroxyl number in the range of about 28 to 1000.
NUM  7.
PAR  7. A process as defined in claim 4, wherein said active hydrogen compound
      is an organic polyol blend consisting of a graft copolymer of about 20
      weight percent acrylonitrile and about 80 weight percent of a glycerol
      started propylene oxide adduct triol having a molecular weight of about
      3,000 and a hydroxyl number of about 56, the graft copolymer having a
      hydroxyl number of about 45; a glycerol started propylene oxide adduct
      triol having a molecular weight of about 700 and a hydroxyl number of
      about 240; a poly-.epsilon.-caprolactone diol having a molecular weight of
      about 530 and a hydroxyl number of about 212; and said polyisocyanate is a
      mixture consisting of about 80 weight percent of 2,4 tolylene diisocyanate
      and about 20 weight percent of 2,6 tolylene diisocyanate.
NUM  8.
PAR  8. A process as defined in claim 4, wherein the catalyst is nickel
      acetylacetonate.
NUM  9.
PAR  9. A process as defined in claim 4, wherein the catalyst is air.
NUM  10.
PAR  10. A process as defined in claim 4, wherein said froth is substantially
      non-aqueous and free of auxilliary blowing agents, wherein said
      polyhydroxyl-containing compound is substantially reactive with said
      polyisocyanate only at a temperature of at least 70.degree.C. to form a
      polyurethane, wherein the inert gas is substantially uniformly dispersed
      throughout the froth by mechanical beating, wherein said polyisocyanate,
      polyhydroxyl-containing compound, hydrolyzable (AB).sub.n block copolymer
      and catalyst ingredients present in the froth are such that an unfrothed
      admixture containing only said polyisocyanate, polyhydroxyl-containing
      compound, hydrolyzable (AB).sub.n block copolymer and catalyst ingredients
      in the same proportions that said ingredients are present in said froth is
      chemically stable to the extent that the admixture retains a viscosity of
      not greater than 10,000 cps. for about 2600 seconds at 25.degree.C. .+-.
      0.5.degree.C., wherein said froth has a density of not greater than 45% of
      the density of the unfrothed liquid phase, and wherein said froth is
      heated to a temperature of at least 70.degree.C. to form a cured
      polyurethane foam, any further expansion of said froth during heat curing
      being substantially only thermal expansion of said inert gas employed.
NUM  11.
PAR  11. A process as defined in claim 10, wherein said inert gas is air.
NUM  12.
PAR  12. A process as defined in claim 10, where said catalyst is nickel
      acetylacetonate.
NUM  13.
PAR  13. A process as defined in claim 10, wherein said polyisocyanate is an
      aromatic polyisocyanate or mixtures thereof selected from the group
      consisting of tolylene diisocyanate, bis(4-isocyanatophenyl) methane,
      polyphenyl-methylene polyisocyanate, a prepolymer of tolylene diisocyanate
      and any one of the polyhydroxyl compounds defined herein, wherein said
      polyhydroxyl compound is selected from the group consisting of a polyether
      polyol, a polymer/polyol of an ethylenically unsaturated monomer and a
      polyether polyol, a cyclic ester polymer and mixtures thereof, wherein
      said catalyst is nickel acetylacetonate, wherein said inert gas is air and
      the mechanical beating is conducted at a pressure of not greater than 100
      psig, and wherein said froth has a density of not greater than 35% of the
      density of the unfrothed liquid phase.
NUM  14.
PAR  14. A process as defined in claim 13, wherein a filler and an inert organic
      solvent are also present in the froth.
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ABST
PAL  This invention relates to novel foamed polymeric products which are
      prepared by foaming an ionic polymer in the presence of a volatile polar
      compound which acts as a plasticizer for the ionic groups present in said
      ionic polymer. The ionic polymer comprises from about 0.4 to 10 mole %
      pendant acid groups, especially sulfonic acid groups which have been
      neutralized to a degree of at least 97%, preferably 100%. In a most
      preferred embodiment of the instant invention, the foamed polymeric
      product is prepared from a sulfonated polystyrene polymer. This high
      strength, low density foam of the instant invention can be reprocessed by
      admixing with a low boiling solvent for the sulfonate groups, e.g.,
      methanol, and repeating the above foaming process.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a Continuation-in-part of U.S. Ser. No. 346,093, filed
      in the name of R. D. Lundberg on Mar. 29, 1973, now U.S. Pat. No.
      3,867,319.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel foamed polymeric products which are
      prepared by foaming an ionic polymer in the presence of a volatile polar
      compound which acts as a plasticizer for the ionic groups present in said
      ionic polymer. The ionic polymer comprises from about 0.4 to 10 mole %
      pendant acid groups, especially sulfonic acid groups which have been
      neutralized to a degree of at least 97%, preferably 100%. In a most
      preferred embodiment of the instant invention, the foamed polymeric
      product is prepared from a sulfonated polystyrene polymer. This high
      strength, low density foam of the instant invention can be reprocessed by
      admixing with a low boiling solvent for the sulfonate groups, e.g.,
      methanol, and repeating the above foaming process.
PAR  2. Description of the Prior Art
PAR  Foamed plastics have represented one of the fastest growing markets in the
      polymer industry in the past 15 years. This growth is expected to
      continue, and it is claimed that the potential usage of foamed plastics
      could far exceed the ability of the plastics industry to supply the needed
      materials.
PAR  There are essentially only two major flexible foam products now available
      in any large volume. They are polyurethane foam and plasticized poly
      (vinylchloride) foam. At this time, semiflexible foamed polyolefins are
      being commercialized for special applications; however, these do not
      represent large volume products.
PAR  Flexible polyurethane foams are normally prepared by the reaction of a
      diisocyanate, a hydroxyl terminated polyol, water, surfactant, catalysts,
      and possibly an external blowing agent. When these are intimately blended,
      a number of reactions occur very rapidly. In a matter of seconds a polymer
      is formed, expanded and cross-linked. The timing of polymerization and
      expansion is critical and is controlled by the catalysts, surfactants, and
      relative concentration of the diisocyanate and water.
PAR  The various chemical reactions which can occur are exceedingly complex and
      have been the subject of numerous publications and thirty years of
      intensive research. Furthermore, the diisocyanates employed in such
      studies are expensive and quite toxic, such that they can provide severe
      hazards to the personnel performing these reactions. It is also evident
      that after achieving a cured polyurethane foam, the process is
      irreversible. Therefore, if the resulting product does not meet
      specifications, it is of little or no value.
PAR  These problems are cited to demonstrate that despite almost overwhelming
      problems and major expense, these polyurethane systems have grown to their
      present volume due to product performance and market need.
PAR  A second flexible foam system which has achieved commercial success is that
      of foamed polyvinylchloride (PVC), suitably pasticized to yield a flexible
      cellular product. These materials are higher density (12 to 20 lbs./cu.
      ft.) than polyurethanes (as low as 1-2 lbs./cu.ft.). Vinyl foam is
      expanded by the use of chemical blowing agents near the melting point of
      PVC. These expand to generate the cellular structure. Deficiencies of PVC
      foamed systems are the difficulties of achieving low foam densities, lack
      of strength of the foams at high temperature (since they are not
      chemically cross-linked, these systems can collapse without close control
      of foaming temperature) and restriction of the foaming concept to a single
      base polymer, that of PVC.
PAR  U.S. Pat. No. 3,322,734 teaches that ionic polymers, for example, partially
      sulfonated polystyrene and partially carboxylated polystyrene, can be
      employed as plastics for molding objects and utilized to prepare foams.
      The present invention differs from that patent on a number of very
      important points. U.S. Pat. No. 3,322,734 teaches that the presence of a
      modest amount of carboxyl or sulfonic acid groups, if neutralized to a
      critical degree, permits processability by conventional plastic processes
      at elevated temperatures, and yet retains ionic associations at ambient
      temperature. The neutralization process simply involves reaction of the
      acid moiety with a suitable metal salt, metal oxide, metal hydroxide, etc.
      to a suitable extent. That art teaches that the acid form should not be
      completely neutralized -- preferably the neutralization should be only 80%
      complete (i.e., the metal hydroxide or other compound should be added in
      an amount corresponding to 80% of the stoichiometric amount of acid
      present), and in no case should exceed 90% of the stoichiometric
      equivalence. (Similarly that patent teaches a minimum fraction of the acid
      groups must be neutralized, i.e., 10%). Thus it is emphasized clearly in
      the prior art that incomplete neutralization of the acid moiety is
      essential in order that the resulting products be fabricable. The patentee
      also discloses that the products that are neutralized to a level of more
      than 90% possess no significant advantages over the products of his
      claimed range.
PAR  Thus, those products are conventional plastic systems in that they respond
      to elevated temperatures and shear such that the ionic associations are
      diminished or virtually eliminated. Consequently flow occurs and the
      products can be molded or foamed much like conventional thermoplastics,
      such as polystyrene or polyethylene. Similarly, if one creates a foam from
      these ionic polymers, and exposes it to elevated temperatures (for
      example, 100.degree. to 150.degree. C.) the ionic interactions are
      diminished and flow occurs -- that is, the foam collapses. The dimensional
      stability of such materials at elevated temperatures is inherently poor.
PAR  The present invention differs from the ionic polymer foams disclosed in the
      prior art in the following critical areas:
PAR  a. The products of the present invention are neutralized to a degree of at
      least 97% and are preferably neutralized completely.
PAR  b. The neutralized compositions of this invention are not readily processed
      by plastics processing equipment even at very high temperatures because,
      in the absence of a suitable additive, the ionic groups are very strongly
      associated.
PAR  c. The products, as described here, due to their strong associations,
      behave as crosslinked polymers at very high temperatures, manifesting
      unusual and valuable dimensional stability.
PAR  d. These associations of these ionic polymers are broken up by the addition
      of suitable agents which disrupt the ionic domains, permits the foaming
      process, and then removes itself from the vicinity of the ionic groups.
PAR  e. In the absence of these suitable plasticizing agents these products are
      not foamed into desirable products under practical conditions because the
      strong ionic associations preclude formation of a stable, desirable cell
      structure.
PAR  It is evident from this earlier discussion that chemically cross-linked
      foams possess certain advantages, especially resistance to flow at
      elevated temperatures. However, such advantages are achieved at a
      substantial cost in complexity of chemical reactions, in processing
      problems, inability to reuse scrap, inability to refoam defective parts,
      etc.
PAR  On the other hand, conventional thermoplastic foams, such as polystyrene
      foams, polyvinyl chloride foams, ionic polymer foams of the prior art etc.
      possess the virtues of easy processability, reuse of scrap, and simplicity
      of the foaming operation. Yet these systems all possess the failing of
      poor dimensional stability at elevated temperature. It is evident that for
      both classes of systems, chemically cross-linked foams and thermoplastic
      foams, each possess virtues and deficiencies which are inherent in their
      mode of preparation.
PAR  The present invention provides nearly all of the advantages of
      thermoplastic foams, and yet retains in the foamed part nearly all of the
      virtues of the chemically cross-linked foam.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been unexpectedly discovered that novel foamed polymeric
      products may be prepared by foaming a mixture comprising an ionic polymer
      and a volatile polar compound which acts as a plasticizer for ionic groups
      present in said ionic polymer. In more detail, a mixture comprising an
      ionic polymer, said ionic polymer comprising from about 0.4 to about 10
      mole per cent pendant acid groups, which have been neutralized to a degree
      of at least 97%, a foaming agent, and a volatile polar compound is heated
      to a temperature at which foaming occurs, cooled, and the novel foamed
      products of the instant invention, recovered. The term neutralized to a
      degree of at least 97%, means that at least 97% of the acid groups have
      been converted to the corresponding ionic group, i.e., sulfonic acid
      groups have been converted into sulfonate groups.
PAR  The polar compound is further characterized as being a preferential
      plasticizer for said pendant ionic groups that is, it will have
      substantially no effect on the nonionic portion of the polymer and having
      a boiling point that is not more than 100.degree. C. above the foaming
      temperature, preferably not more than 50.degree. C., and most preferably
      not more than 25.degree. C. above the foaming temperature. If the volatile
      polar compound possesses a boiling point substantially above this value,
      it may not be sufficiently volatile, and foam collapse may occur.
      Furthermore, the boiling point of the volatile polar compound should not
      be too far below the foaming temperature, otherwise it will volatilize too
      quickly, giving either a dense foam or one whose cell structure is not
      optimized. Generally, it is possible to formulate around this latter
      problem by increasing the amount of the volatile polar compound, or by
      altering the length of time the composition is held at said foaming
      temperature. For most foaming operations, it is preferred that the boiling
      point of the polar compound be not greater than 100.degree. C. below the
      foaming temperature (i.e. if the foaming temperature is 200.degree. C.,
      the boiling point of the polar compound should be at least 100.degree.
      C.). It is possible under certain conditions, e.g. very rapid foaming
      processes to employ a more volatile polar compound, however, the process
      becomes more critical with respect to temperature and amount of additives
      than would be desirable. The time interval for the foaming process can be
      variable ranging from a time of 5 seconds to 15 minutes. The amount of the
      volatile polar compound which is employed will depend on its boiling
      point, the degree of polarity and the amount of ionic groups contained
      within the polymer. Thus, the amount of volatile polar compound employed
      should be enough to disrupt the ionic domains of the polymer but not so
      much that its removal will present substantial problems. Generally the
      amount will normally be in the range of from about 0.1 to about 50,
      preferably from about 0.2 to 20 moles plasticizer per moles of ionic
      groups. This process is useful for forming foamed polymeric products in
      any of the forms known in the prior art and, unlike the prior art foaming
      processes leading to cross-linked foams, allows the reuse of scrap foamed
      polymers, that is, the foamed polymers of the instant invention may be
      reprocessed.
PAR  The reprocessing of the scrap foamed polymers may be accomplished in
      several ways -- for example, by dissolving the polymer in a solvent
      mixture comprised of a solvent for the polymer backbone and a polar
      compound (such as an alcohol) for the ionic domains. This solution may be
      precipitated to yield the bulk polymer, which can then be formulated with
      proper forming agents and volatile polar compound. Alternatively the scrap
      foamed polymer can be combined with a suitable volatile polar compound and
      then processed using thermoplastic techniques and subsequently combined
      with additional unprocessed polymer. The resulting blends can be
      formulated with foaming agent and additional polar compounds, and
      subsequently refoamed.
PAR  This advantage of reprocessing scrap foamed polymer results from the fact
      that the foamed products of the instant invention have physical crosslinks
      and not the chemical crosslinks known in the prior art. Physical
      crosslinks result from the interactions of the pendent ionic groups. The
      polar compound disrupts these interactions, thus the foam behaves as any
      uncrosslinked foam; for example, it can be readily dissolved in
      appropriate solvents. After foaming, the polar compound, because of its
      volatility, is removed from the foamed products leaving behind the strong
      and temperature resistant physical crosslinks.
PAR  The process is admirably suited to the preparation of foamed sheet (for
      example, in extrusion), foamed pellets and foamed molded samples.
      Furthermore, due to the excellent dimensional stability of the foamed
      plastic products, these can be heated subsequent to the foaming process
      and stamped or forged into complex foamed articles simply by a stamping
      and cooling cycle. The cooling of the plastic foamed article below its
      softening temperature permits the retention of complex configurations.
      Similarly this process permits the preparation of foamed articles which
      have a foamed surface of relatively high density, and an interior core of
      substantially lower density. Such foamed articles possess relatively high
      strength to weight ratios.
DRWD
PAR  The appended drawing illustrates graphically the variation of viscosity
      with the extent of neutralization of sulfopolystyrene.
DETD
PAR  The instant invention is related to U.S. Ser. No. 199,799, filed Nov. 17,
      1971, in the names of R. D. Lundberg and H. S. Makowski, but differs
      therefrom, in that the instant invention relates to a novel ionomer foam,
      and the process for making said foam, while U.S. Ser. No. 199,799
      discloses and claims a process for fabricating articles from said ionomer,
      which comprises
PA1  a. adding a sufficient volatile preferential plasticizer to said ionomer,
      said plasticizer having a boiling point substantially above the softening
      point of the ionomer backbone;
PA1  b. heating said ionomer to a temperature between the softening point of the
      backbone and the boiling point of the plasticizer;
PA1  c. forming said ionomer in a first desired shape at the temperature
      specified in step (b);
PA1  d. evolving said volatile plasticizer;
PA1  e. re-forming the product of step (d) in a second desired shape; at a
      temperature above the softening point of the backbone but below the
      ultimate softening point; and
PA1  f. cooling below the softening point of the backbone.
PAR  The foaming agents which may be used in the process of the instant
      invention are well known in the art and include compounds that decompose
      at the temperature of foaming to liberate gases, and the low boiling
      liquids which are converted into gaseous form by heating.
PAR  Examples of foaming agents which decompose at specific temperatures to
      liberate gases include the following representative compounds for which
      the approximate temperature range of decomposition is indicated in
      parenthesis: sodium bicarbonate (160.degree.-200.degree. C.), sodium
      bicarbonate and citric acid combination (0.degree. C. to 200.degree. C.),
      azobis formamide (160.degree.-200.degree. C.), azobisisobutyronitrile
      (90.degree.-115.degree. C.), diaxoaminobenzene (90.degree.-110.degree.
      C.), N,N'dimethyl-N,N'-dinitrosoterephthalamide (90.degree.-105.degree.
      C.), N,N'-dinitrosopentamethylenetetramine (130.degree.-190.degree. C.),
      toluene-4-sulfonyl hydrazide (100.degree.-110.degree. C.), 4,4'-oxybis
      (benzene sulfonyl hydrazide) (120.degree.-140.degree. C.), and similar
      compounds known in the art. (For example, see reference "Plastic Foams";
      Vol. II, by C. J. Bennings, Wiley Interscience Publishers, 1969, Appendix
      A-II). Generally, from about 0.02 to 20 weight %, preferably from 1 to 5
      weight %, based on ionic polymer of said foaming agents, will be used in
      the process of the instant invention.
PAR  The low boiling liquids which can be utilized are those which boil at a
      suitably low temperature to allow for convenient foaming. For example,
      these liquids must volatilize at a temperature where the polymer flows.
      When preparing a plastic foam, the boiling point of the liquids can be
      extremely low, even below room temperature, because if they are suitably
      dispersed in a solid plastic polymer they will not readily vaporize until
      the polymer reaches a temperature at which it flows. Examples of such
      suitable liquids are pentane, hexane, heptane, benzene, toluene, methylene
      chloride, trichloroethane, 1,2-dichloroethane and the like. Similarly
      materials, which are gases at room temperature, may be employed include
      carbon dioxide, ammonia, dichlorodifluoromethane, sulfur dioxide, nitrogen
      and the like. Preferably the low boiling liquids are either solvents or
      partially soluble in the nonionic polymer phase. For example, when a
      partially sulfonated polystyrene polymer is utilized in the instant
      invention, the foaming agent is preferably a liquid with some solubility
      in polystyrene. Preferably the low boiling liquid will have a boiling
      point of less than 200.degree. C., more preferaly less than 150.degree. C.
      preferably
PAR  Sufficient liquid or solvent must be used to provide a foam of the proper
      density. Under some circumstances this solvent will actually dissolve the
      polymer and in these cases, there will be a large excess of the solvent.
      In other cases where the low boiling liquid is only sparingly soluble in
      the polymer, only modest amounts are required. In general, the amount of
      low boiling liquid (foaming agent) will range from about 1 to about 300
      weight percent, bases on the ionic polymer, more preferably from about 2
      to about 50 weight percent, and most preferably from about 3 to about 25
      weight percent.
PAR  Ionic polymers which are subject to the process of the instant invention
      are illimitable and include both plastic and elastomeric polymers.
      Specific polymers include sulfonated polystyrene, sulfonated t-butyl
      styrene, sulfonated polyethylene, sulfonated polypropylene, sulfonated
      styrene/acrylonitrile copolymers, sulfonated styrene/methyl methacrylate
      copolymers, sulfonated block copolymers of styrene/ethylene oxide, acrylic
      acid copolymers with styrene, copolymers of any of the above, sulfonated
      polyisobutylene, sulfonated ethylene-propylene terpolymers, sulfonated
      polyisoprene, and sulfonated elastomers and their copolymers. Sulfonated
      copolymers of ethylene and/or propylene and a nonconjugated diene, e.g.
      1,6-hexadiene, are especially useful in preparing the foamed products of
      the instant invention. The ionic polymers of the invention also include
      plasticized compositions of the above; for example, a plastic ionic
      polymer, which when foamed according to the process of the instant
      invention will give a rigid foam, may be suitably plasticized prior to
      foaming to give a flexible foam.
PAR  The ionic polymers which are used to prepare the foams of the instant
      invention comprise from about 0.4 to about 10 mole % pendant ionic groups.
      More preferably, ionic polymers comprise from about 0.5 to 8 mole %
      pendant ionic groups. These pendant ionic groups include carboxylate
      groups, sulfonate groups and phosphonate groups; most preferred are
      sulfonate groups. In accordance with the above the most preferred ionic
      polymers for utilization in the instant invention to prepare rigid plastic
      foams comprise partially sulfonated polystyrene and polystyrene
      derivatives, i.e. t-butyl styrene and other alky styrenes comprising from
      9 to 20 carbon atoms. Ionic polymers derived from elastomeric polymers
      such as sulfonated polyisobutylene copolymer, and sulfonated
      ethylene-propyleneethylidene norbornene and
      ethylene-propylene-1,5-hexadiene terpolymers are preferred ionic polymers
      for utilization in the instant invention for the preparation of flexible
      foams.
PAR  The flexible foams derived from elastomeric polymers such as sulfonated
      ethylene-propylene-ethylidene norbornene terpolymers are highly prized for
      their very elastic properties, good low temperature flexibility, and
      ability to recycle the foamed objects. These ionic elastomers are also
      useful since they can be highly extended with rubber process oils and
      mineral fillers or carbon black to give compounded formulations which can
      be readily foamed. In such cases the sulfonated ethylenepropylene
      terpolymer can represent only 30 to 50% by weight of the final formulation
      and yet provide excellent foam properties.
PAR  Similarly, the ionic polymers of this invention can be combined with other
      nonionic polymers, both plastic or elastomeric in nature without having a
      substantial deleterious influence on the foam process or on the resulting
      foam properties, as long as the ionic polymer represents at least 51% of
      the total polymer composition. See, for example, U.S. Ser. No. 524,502,
      and U.S. Ser. No. 524,512, both filed on Nov. 18, 1975, in the names of
      Bock et al. and Lundberg et al., respectively, for examples of these
      materials.
PAR  The ionic groups present in the ionic polymers of the instant invention are
      derived from neutralization of pendant acid groups. For example, if a
      sulfonic acid derivative is employed as the intermediate, sufficient metal
      hydroxide may be added to neutralize at least 97% of the acid groups. Even
      that residual 3% of unneutralized acid groups can have a deleterious
      influence on the strength of the physical crosslinks derived from the
      ionic association. For that reason it is preferred that greater than 98%
      of the acidic intermediate species be neutralized, and it is most
      preferred that essentially all of the pendant ionic groups be neutralized.
      It is also possible to add sufficient basic metal hydroxide or oxide to
      overneutralize without any specific benefit other than to insure complete
      neutralization. From a practical viewpoint, it is preferred that this
      excess of base be kept to no more than 50 mole percent beyond the
      stoichiometric equivalence of the pendant acid groups. The neutralizing
      agents are selected from the group consisting of ammonia, primary,
      secondary and tertiary amines having up to 30 carbons; basic compounds
      selected from Groups I and II of the Periodic Table of the Elements, e.g.
      sodium hydroxide, potassium hydroxide, calcium hydroxide, and magnesium
      hydroxide and basic lead, tin and antimony compounds.
PAR  Preferably the neutralizing agent is selected from the group consisting of
      basic metal compounds wherein the metal is selected from Groups I and II
      of the Periodic Table of the Elements. Ammonia and amine neutralizing
      agents are not in the preferred class, because they yield lower strength
      foams as compared to the corresponding foams, which are prepared by
      neutralization with basic Groups I or II metal compounds. When, in fact,
      ammonia or amines are utilized as neutralizing agents, the degree of
      neutralization should be greater than 98%, preferably 100%. The basic
      lead, tin and antimony compounds are not in the preferred class of
      neutralizing agents because they yield foams which are difficult to
      fabricate. Preferably the basic metal compounds selected from Groups I and
      II of the Periodic Table, and the basic lead, tin and antiomony compounds,
      are hydroxides, oxides, or C.sub.1 to C.sub.20 alkoxides or carboxylates.
      The most preferred neutralizing agents are selected from the group
      consisting of the hydroxides, oxides, or C.sub.1 to C.sub.20 alkoxides, or
      carboxylates of calcium, barium, magnesium, sodium and potassium.
PAR  The choice of the polar compound, within the scope of the parameters
      disclosed above is also illumitable. Preferably, the polar compound boils
      from 100.degree. C. below to about 50.degree. C. higher than the
      temperature at which foaming takes place.
PAR  The polar compound or substance can be defined as having a dipole moment of
      greater than 0.9 debyes. Preferably the polar compound should have a
      dipole moment from 1.2 to 5.5 debyes and a boiling point less than
      200.degree. C. Finally, the most preferred polar compounds are those
      having a dipole moment from 1.2 to 5.5 debyes and a boiling point less
      than 150.degree. C. It is also possible to utilize a polar compound
      simultaneously as the blowing agent and as the plasticizer for the pendent
      ionic groups. While this is effective in generating foams, we have
      observed that the foams having the best cell structure and most convenient
      process are achieved by selecting the foaming agent and the polar compound
      independently to provide the most suitable system for a given set of
      foaming conditions.
PAR  When a low boiling solvent is utilized as the foaming agent, (compounds
      within the scope of this definition may be determined by any table which
      would give boiling points of such solvents) preferably the polar compound
      is chosen so as to be substantially immiscible with the low boiling
      solvent and thus the boiling points of the two are independent of each
      other.
PAR  While examples of suitable polar compounds fitting the constraints
      described will be listed below, it is important to note that the function
      of the polar compound is to relax the ionic associations prior to, and
      during, the foaming operation. Thus, the suitability of a polar compound
      to effect this relaxation can be determined experimentally in a number of
      ways. The most direct approach is to mix the polar compound with the ionic
      polymer and examine the melt viscosity of the mixture at an elevated
      temperature near that where it is desired to foam the polymer. If the melt
      viscosity of the mixture of polar compound and ionic polymer is lowered at
      least 5-fold from that of the ionic polymer alone at that same
      temperature, then it is apparent that the polar compound has effectively
      relaxed the ionic associations at that elevated temperature. We observe
      that even small amounts of alcohols (1 to 10 weight percent) can readily
      lower the melt viscosity of these ionic polymers by 10 to 100-fold or more
      at elevated temperatures, and for this reason alcohols are a highly
      preferred embodiment of the polar compound.
PAR  In general, alcohols having up to 20 carbon atoms and boiling at a
      temperature of from about 60.degree. to 200.degree. C. are the preferred
      polar compounds for use in the process of the instant invention. Specific
      alcohols within the scope of the invention include methanol, ethanol,
      propanol, n-butanol, sec-butanol, isobutanol, isopropanol, pentanol,
      hexanol, heptanol, decanol, benzyl alcohol, octanol, 2-ethyl hexanol, etc.
      Water may also be used in a similar manner. Other polar compounds which
      can be utilized include ammonia and C.sub.1 to C.sub.20 amines, such as
      ethylamine, methylamine, dimethylamine, triethylamine, C.sub.1 to C.sub.20
      thiols such as methanethiol, ethanethiol, propanethiol, etc. As disclosed
      above, the ionic polymers of the instant invention include polymers in
      which the nonpolar phase is plasticized by a nonvolatile solvent for that
      phase. For example, the use of a plasticizer for the polystyrene phase of
      a homopolymer of polystyrene sodium sulfonate containing 5 mole % pendant
      sodium sulfonate groups may be determined as follows: One gram of
      polystyrene is dispersed in 100 ml of a nonvolatile solvent, such as
      dibutyl phthalate. The mixture is heated to about 80.degree. C. to
      expedite the dissolution process, held for 4 hours, and cooled. If a true
      solution results, then that nonvolatile solvent is an excellent
      plasticizer for the polystyrene phase. This type plasticizer will be
      referred to as chain plasticizer since it preferentially solvates the
      polymer chain backbone and has little or no effect on the ionic domains.
      It is necessary that the plastixizer have little effect on the domains,
      since unlike the volatile polar compound, it will not be removed during
      the foaming operation and thus the benefits of having associated ionic
      groups in the fabricated foam will not inhere. The purpose of these type
      plasticizers is to convert those polymers which would normally result in
      rigid foams into foams which are flexible and semi-elastomeric. The use of
      such chain plasticizers is limited to compounds which solvate the polymer
      chain and which have a boiling point of at least 150.degree. C. and
      preferably 200.degree. C. The chain plasticizer should also have a boiling
      point in excess of the temperature of the foaming process so that it will
      not be lost during the foaming, nor should it boil at or near any
      temperature at which the foamed products will be used. Specific chain
      plasticizers which can be used with the preferred sulfonated polystyrene
      polymers include di-n-hexyl adipate, dicapryl adipate, di-(2-ethyl hexyl)
      adipate, dibutoxy-ethyl adipate, benzyl-octyl adipate, tricyclohexyl
      citrate, butyl phthalyl butyl glycolate, butyl laurate, n-propyl oleate,
      n-butyl palmitate, dibutyl phthalate, dihexylphthalate, dioctylphthalate,
      tributyl phosphate, dioctyl sebacate and mixtures thereof.
PAR  The instant invention provides novel foamed products. The novel form
      products may have a density varying from 1 lb. per cubic foot to 50 lbs.
      per cubic foot, preferably from 5.0 lbs. per cubic foot to 30 lbs. per
      cubic foot, and include both rigid and elastomeric foams. These foams are
      novel in that they may be reprocessed unlike the crosslinked foams known
      in the prior art. Reprocessing may be easily carried out by dissolving the
      foamed polymer in a suitable solvent; that is, a mixture of a low boiling
      foaming agent and volatile polar compound which will plasticize the
      pendant ionic groups. This solvent combination may be the same one
      utilized in forming the original product or may be different. The only
      requirement is the volatile polar compound which is used as a portion of
      the solvent mixture for dissolving fabricated foam must be a plasticizer
      for the pendant ionic groups.
PAR  The novel foam products of the instant invention show two unexpected
      advantages over the prior art foams, prepared according to U.S. Pat. No.
      3,322,734. The foams of the instant invention show improved high
      temperature dimensional stability and color stability. While not wishing
      to be bound by theory, it is believed that reasons for these unexpected
      advantages are:
PAR  1. The high temperature dimensional stability (which can be measured in
      stiffness modulus, tensile strength, or viscosity) is very sensitive to
      the level of neutralization in the region of 90% to 100%. This is
      illustrated in FIG. 1 where it is seen that the viscosity increases
      monotonically with neutralization over the region of 0 to 90% but
      undergoes a much more dramatic increase in the 90% to 100% neutralization
      region. This surprising viscosity behavior has very important practical
      implications. The resulting produces are not processable under practical
      conditions of high shear as observed in U.S. Pat. No. 3,322,734. However,
      this same viscosity behavior is believed to provide high temperature
      dimensional stability.
PAR  2. The more completely neutralized forms of the instant invention possess
      substantially better thermal stability than partially neutralized
      compositions because it is believed that the presence of significant
      amounts of free acid in these compositions has a deleterious effect on
      both the color of the compositions, and on the equipment employed to
      process these materials.
PAR  Very often in the preparation of commercial foam samples, nucleating agents
      are employed as additives to create a very uniform and small cell
      structure. These nucleating agents are well known to those versed in the
      art. Systems such as sodium bicarbonate and citric acid or calcium
      silicate are often employed. These additives can also be utilized in the
      foam produced in this invention.
PAR  The preferred ionic copolymers for use in preparing the foams of the
      instant invention, i.e. sulfonated polystyrene and substituted derivatives
      thereof, may be prepared by the following procedures:
PA1  I. copolymerization with Sulfonate Containing Monomers
PAR  For example, alkali metal salts of styrene sulfonic can be copolymerized
      using free radical initiators with a variety of thermoplastic forming
      monomers such as styrene, t-butyl styrene, chlorostyrene, and the like.
PA1  Ii. direct Sulfonation of Homopolymers
PAR  Sulfonic acid groups can be introduced into aromatic homopolymers such as
      polystyrene, polyvinyl toluene, poly-alpha-methylstyrene, poly-t-butyl
      styrene, and the like by direct reaction with a sulfonating agent.
      Sulfonating agents such as sulfuric acid and chlorosulfonic acid can be
      used. Preferred sulfonating agents are acetyl sulfate, i.e. the mixed
      anhydride of acetic acid and sulfuric acid (CH.sub.3 COOSO.sub.3 H), and
      sulfur trioxide complexes with dioxane, tetrahydrofuran, and trialkyl
      phosphates. Of the trialkyl phosphate complexes, thos consisting of
      trialkyl phosphate /SO.sub.3 ratios of about 1.0 are most preferred. The
      resulting polymer now contains sulfonic acid groups which can be
      neutralized directly with metal oxide, metal hydroxide, or metal salts to
      achieve the desired metal sulfonate containing polymer. Alternatively, the
      sulfonic acid containing polymer can be isolated by precipitation and
      neutralized either in bulk or by redissolving the polymer.
PA1  Iii. direct Sulfonation of Modified Polymers
PAR  Where desirable homopolymers cannot be directly reacted to produce
      sulfonate containing materials it is possible to introduce by
      copolymerization functional groups capable of reacting with sulfonating
      agents. The two most desirable functional groups for this purpose are
      double bonds and aromatic groups, especially phenyl groups; See U.S. Pat.
      No. 3,642,728 incorporated herein by reference for methods of sulfonating
      polymers containing olefinic unsaturation. Again the polymers are
      neutralized as described above.
PAR  A. Copolymers of Aromatic Monomers
PAR  Copolymerization of vinyl monomers and relatively small amounts of styrene
      or other vinyl aromatics reactive to sulfonating agents produces
      copolymers with essentially homopolymeric properties capable of being
      sulfonated. Illustrative examples of such copolymers are
      chlorostyrene-styrene, styrene-acrylonitrile, styrene-vinyl acetate, etc.
      In nonvinylic polymer systems an aromatic group can be introduced into the
      polymer through the use of an aromatic containing monomer, e.g., phenyl
      glycidyl ether copolymerized with propylene oxide. The reagents suitable
      for introducing sulfonic acid groups directly are the same as those
      described for the direct sulfonation of homopolymers (II). The polymers
      are neutralized as described above.
PAR  B. Polymers Containing Unsaturation
PAR  Although unsaturation may be introduced into homopolymers in a number of
      ways, copolymerization with a conjugated diolefin generally can be relied
      on to produce thermoplastic materials containing small amounts of
      unsaturation. Suitable comonomers for the incorporation of unsaturation in
      vinyl polymers are conjugated diolefins, such as butadiene, isoprene,
      dimethyl butadiene, piperylene and nonconjugated diolefins, such as allyl
      styrene. Copolymers can be made by using any of the applicable initiating
      systems, i.e., free radical, cationic, anionic, or coordinated anionic. In
      polyethers unsaturation can be introduced by copolymerization with
      unsaturated epoxides, e.g., allyl glycidyl ether.
PAR  The reagents which are suitable for the direct introduction of sulfonic
      acid groups into unsaturated thermoplastics are the complexes of SO.sub.3
      with reagents such as dioxane, tetrahydrofuran, trialkyl phosphates,
      carboxylic acids, trialkylamines, pyridine, etc. Especially suitable are
      the trialkyl phosphate complexes, and the most preferred are the 1/1
      complexes of SO.sub.3 /triethyl phosphate. The polymers are neutralized as
      described above.
PA1  Iv. oxidation of Sulfur Containing Functional Groups
PAR  Polymers which contain sulfinic acid groups can be readily air oxidized to
      sulfonic acids. Polymers containing mercaptan groups can be easily
      converted to the sulfonic acid groups through oxidation of the mercaptan
      groups with a variety of oxidizing agents, such as hydrogen peroxide,
      potassium permanganate, sodium dichromate, etc.
PAR  Ionic polymers of the instant invention would generally have a weight
      average molecular weight greater than 5,000, more preferably the molecular
      weight will range from 10,000 to 500,000, most preferably from 20,000 to
      250,000.
PAR  In general, the foams of the instant invention are prepared by a process
      which comprises mixing an ionic polymer, which comprises from about 0.4 to
      10 moles percent pendant acid groups, with a volatile polar compound which
      is a selective plasticizer for said ionic groups, and a foaming agent,
      heating to a temperature at which the foaming agent is converted into a
      gaseous form, and cooling to recover the novel foamed products of the
      instant invention. The acid groups described above are neutralized to a
      degree of at least 97%, preferably 98%, and more preferably 100%. The
      above mixture will comprise from 20 to 99 weight % of the ionic polymer,
      from 0.1 to 50 moles of volatile polar solvent per mole of pendant ionic
      group. If a low boiling liquid is utilized as the foaming agent, its
      weight may range from 1 to 300% by weight of said ionic polymer. When a
      foaming agent that decomposes to liberate gas is utilized, its weight may
      range from 0.02 to 20% by weight of said ionic polymer. The ionic polymer,
      volatile polar compound and foaming agent may be mixed in any order,
      preferably volatile polar compound is admixed with the ionic polymer and
      then the ionic foaming agent blended therein.
PAR  The mixture is generally heated to a temperature of at least 60.degree. C.,
      preferably greater than 100.degree. C. to initiate foaming. Heating the
      mixture may be carried out by processes known in the art, for example in a
      forced air oven, or in conventional polymer fabrication equipment such as
      a heated extruder. The foaming may be carried out for from about 5 seconds
      to 15 minutes, preferably from about 30 seconds to 5 minutes. After the
      foaming agent is substantially completely converted to the gaseous form,
      and the volatile polar compound is substantially completely removed from
      the vicinity of the ionic groups, the foamed product is cooled below
PAR  The novel foamed products of the instant invention may be reprocessed by
      dissolving in a mixture of a solvent for the non-ionic (backbone) portion
      of the ionic polymer, and a volatile polar compound which is a selective
      plasticizer for the pendant ionic groups present in said ionic polymer.
      The solvent may be removed by heating and the ionic polymer reformulated
      with a foaming agent and the above foaming process repeated.
PAR  The following are specific embodiments of the instant invention. There is
      no intention to be limited to the disclosure which said specific
      embodiments represent.
PAR  The following Example demonstrates the point described above relating melt
      viscosity to neutralization level of the sulfonated polymer.
PAC  EXAMPLE 1
PAC  Viscosity Behavior or Partially Neutralized Sulfonated Polystyrene
PAR  A study was made of the viscosity behavior of sulfonated polystyrene and
      partially neutralized products prepared therefrom by titration with sodium
      hydroxide. Sample designations are given in Table I together with the
      milliequivalents of NaOH added to the free acid.
TBL                TABLE I                                                     
     ______________________________________                                    
     Sulfonated Polystyrene and Partial Sodium Salts                           
     ______________________________________                                    
     Sample      Meq. NaOH Added                                               
                                % Neutralization                               
     ______________________________________                                    
     Base Resin A    0              0                                          
     B               0.069          27                                         
     C               0.139          54                                         
     D               0.209          81                                         
     E               0.236          91                                         
     F               0.251          97                                         
     G               0.251          97                                         
     H               0.259          100                                        
     2         0.263 102                                                       
     A                                                                         
     3         0.263 102                                                       
     A                                                                         
     1         0.266 103                                                       
     I               0.268          103                                        
     J               0.282          108                                        
     ______________________________________                                    
PAR  In Table I the percent neutralization is calculated on the basis of the
      average value obtained on 7 samples for the milliequivalents of base
      required to reach the titration end point. This value, representing 100%
      neutralization, is 0.259 (2.sigma.  = 0.0095). On the basis of this
      titration value the base resin free acid contained 2.69 (2.sigma.  - 0.10)
      mole % SO.sub.3 H. (Sulfur anlaysis on this base resin gave 2.48 mole %
      SO.sub.3 H).
PAR  Viscosity measurements were made on the above samples using the Melt Index
      Rheometer under several different conditions in order to cover the very
      wide viscosity range present with these samples. Measurements on the base
      sulfonated polystyrene resin were made at 190.degree. C. using a 0.05 D
      .times. 1.0 inch L capillary at a shear stress of 2.1 .times. 10.sup.5
      cynes/cm.sup.2, and at 250.degree. C. using a 0.05 D .times. 0.5 inch L
      capillary with a shear stress of 1.1 .times. 10.sup.5 dynes/cm.sup.2. The
      viscosity values obtained under these conditions are given in the table
      below.
TBL  ______________________________________                                    
     Viscosity of Base Resin A                                                 
     ______________________________________                                    
     Temperature, .degree.C.                                                   
                        .eta..tau. , poise                                     
     ______________________________________                                    
     190                2.4 .times. 10.sup.5                                   
     250                1.7 .times. 10.sup.4                                   
     ______________________________________                                    
PAR  The Figure gives a plot of the viscosity of the natural logarithim of
      samples studied as a function of the meq. of NaOH added/gram of free acid.
      The most striking feature of this plot is the discontinuity in the
      viscosity which occurs in the region of 100% neutralization. As percent
      neutralization is increased from 0 up to 100%, the viscosity of these
      products changes in a rather uniform way; however, at neutralizations in
      the interval from about 97-103% an abrupt change in viscosity of the
      products takes place. The viscosity change from 100% to 102% is of the
      order of 1.5 decades; whereas, for the same difference in neutralization
      below 100% the viscosity changes only by about 0.2 decade.
PAR  For the sulfopolystyrene samples, the region around 100% neutralization is
      one of interest. Within this range there is an uncertainty in the extent
      of neutralization actually accomplished due to the limits of precision of
      the bast titration. As indicated, the 2 .sigma. value of the titrration to
      the end point was found to be .+-. 0.0095 meq./100 grams of free acid.
      This corresponds to an uncertainty of 3.7% on the percent neutralization.
      As a result samples which have been titrated to the end point could range
      in degree of neutralization from about 96 to 104%. In this same region, we
      experience the abrupt change in viscosity level, and also find both
      "stable" and "unstable" viscosity behavior as a function of time. For
      samples which have been neutralized partially, i.e. 0 - 96%, the viscosity
      appears to be constant during the time intervale of measurement. Table II
      summarizes the viscosity behavior of these samples of 250.degree. C.
TBL                                    TABLE II                                
     __________________________________________________________________________
     VISCOSITY DATA FOR THE FREE ACID FORM OF SULFOPOLYSTYRENE                 
     AND PARTIALLY NEUTRALIZED PRODUCTS PREPARED THEREFROM                     
     __________________________________________________________________________
     250.degree.C. Melt Index Rheometer Data                                   
                                     Time Interval                             
                                             Initial                           
                % Neutral-   Shear Stress                                      
                                     of Measurement                            
                                             Viscosity                         
     Sample     ization                                                        
                      Capillary                                                
                             dynes/cm.sup.2                                    
                                     min.    poise .times. 10.sup..sup.-4      
                                                         Comments              
     __________________________________________________________________________
     Free Acid,                                                                
            A   0     0.05 .times. 0.5                                         
                             1.1 .times. 10.sup.5                              
                                     0.5 - 3 1.7    .+-. 0.1                   
                                                        Stable                 
            B   27    0.05 .times. 0.5                                         
                             1.1 .times. 10.sup.5                              
                                     1.5 - 10                                  
                                             4.5        Stable                 
            C   54    0.05 .times. 0.5                                         
                             1.1 .times. 10.sup.5                              
                                      3 - 75 30         Increasing             
            E   91    0.05 .times. 0.5                                         
                             1.1 .times. 10.sup.5                              
                                     18 - 75 230        Stable                 
            G   97    0.08 .times. 0.3                                         
                             2.8 .times. 10.sup.5                              
                                      9 - 64 370        Slow drop              
            G   97    0.08 .times. 0.3                                         
                             1.0 .times. 10.sup.6                              
                                      3 - 24 700        Rapid drop             
                                                        followed by level-     
                                                        ing off                
            H   100   0.05 .times. 0.5                                         
                             1.1 .times. 10.sup.5                              
                                      53 - 166                                 
                                             570        Stable                 
            H   100   0.08 .times. 0.3                                         
                             1.0 .times. 10.sup.6                              
                                      2 - 16 959        Rapid drop             
            A-2 102   0.08 .times. 0.3                                         
                             1.0 .times. 10.sup.6                              
                                      22 - 145                                 
                                             8200       Typical Stable         
            A-3 102   0.08 .times. 0.3                                         
                             1.0 .times. 10.sup.6                              
                                      24 - 120                                 
                                             8200       Typical Stable         
            A-1 103   0.08 .times. 0.3                                         
                             1.0 .times. 10.sup.6                              
                                     20 - 92 3900       Typical Stable         
     J      108 0.08 .times. 0.3                                               
                      1.0 .times. 10.sup.6                                     
                             15 - 95 5800           Typical Stable             
     __________________________________________________________________________
PAR  It is well known in the polymer art that as polymer melt viscosity
      increases above a certain level conventional polymer processing becomes
      extremely difficult. (To be technically precise shear stress over a range
      of shear rates should be employed rather than simple melt viscosity.
      However, melt viscosity can be employed at the low shear rates shown for
      the data in Table II.)
PAR  It is apparent that values of the melt viscosity at 250.degree.94 C. are on
      the order of 4 .times. 10.sup.6 to 8 .times. 10.sup.7 poise for
      sulfo-polystyrene which is at least 97% neutralized. These viscosity
      values clearly are at least 10-fold and up to 300-fold higher than the
      viscosity of the same polymer sample neutralized to a level of 54%. These
      enormously high viscosity values are achieved at extremely high
      temperatures (250.degree. C.) as well. Clearly the viscosity behavior of
      these more completely neutralized materials (&gt; 97%) is approaching that of
      chemically crosslinked polymers. As such, these more completely
      neutralized polymers cannot be processed (i.e. extruded or injection
      molded) in conventional polymer processing equipment.
PAR  These examples demonstrate that polymer viscosities at 200.degree. to
      250.degree. C. are dramatically different for the ionic polymers which are
      more completely neutralized as contrasted to less completely neutralized
      materials. It is in the temperature region from 125.degree. to 250.degree.
      C. where the ionic groups are providing the physical association which
      gives rise to these high viscosities. If the polymers are less completely
      neutralized it is believed that the free acid plasticizes these ionic
      groups and markedly lowers the measured viscosities. While viscosities are
      an excellent quantitative measurement of the degree of this measurement,
      other techniques could also be employed. For example, tensile strengths of
      the ionic polymers at high temperatures (at 150.degree. to 200.degree. C.)
      also reveal higher tensile strength for the more completely neutralized
      polymers.
PAC  EXAMPLE 2
PAR  It has been shown in Example 1 that the melt viscosity of lightly
      sulfonated polystyrene, when fully neutralized, is substantially higher
      than that of the unneutralized acid form. In this respect it has been
      clearly shown that such materials which have been neutralized to a level
      of 97% or greater are dramatically different from those described by Rees.
      This example will further document such differences. Rees (U.S. Pat. No.
      3,322,734) states concerning his compositions that "when molten and
      subjected to shear stresses which occur during melt fabrication, the ionic
      links of these polymers are ruptured and the polymers exhibit melt flow
      characteristics essentially the same as the average of the base linear
      copolymer."
PAR  This example will show how a lightly sulfonated polystyrene (1.71 mole %
      sodium sulfonate, fully neutralized) compared in viscosity to that of the
      unsulfonated polystyrene. Because of the tremendous difference in
      viscosity for these two materials, the polystyrene measurements were
      conducted at 190.degree. C., while the sulfonated polystyrene measurements
      were conducted at 240.degree. C. This difference in temperature only
      serves to further accentuate the different rheological behavior of these
      systems. The viscosity measurements were conducted in an Instron Capillary
      Rheometer with capillary dimensions of 0.05034 inch diameter by 1.0074
      inch length.
TBL                                    TABLE III                               
     __________________________________________________________________________
     COMPARISON OF FLOW BEHAVIOR OF SULFONATED PS AND POLYSTYRENE              
     (240.degree.C. and 190.degree.C. RESPECTIVELY)                            
     __________________________________________________________________________
             Polystyrene at 190.degree.C.                                      
                              Sulfo-Polystyrene at 240.degree.C.               
     Shear Rate,                                                               
             Shear Stress                                                      
                     Apparent Vis-                                             
                              Shear Stress                                     
                                      Apparent Vis-                            
     sec.sup..sup.-1                                                           
             dyn/cm.sup.2                                                      
                     cosity,Poise                                              
                              cyn/cm.sup.2                                     
                                      cosity, Poise                            
     __________________________________________________________________________
     0.29    39,010  132,732  2,535,650                                        
                                      8,627,594                                
     0.73    70,218  95,574   3,081,790                                        
                                      4,194,624                                
     1.47    124,832 84,920   3,627,930                                        
                                      2,469,669                                
     2.94    195,050 66,366   5,110,310                                        
                                      1,738,792                                
     7.35    343,288 46,725   7,958,040                                        
                                      1,033,169                                
     14.7    491,526 33,460   10,766,760                                       
                                      732,931                                  
     29.4    686,576 23,361   14,433,700                                       
                                      491,109                                  
     73.5    975,250 13,274   19,895,100                                       
                                      270,792                                  
     147     1,263,924                                                         
                     8,604    22,235,700                                       
                                      151,366                                  
     294     1,560,400                                                         
                     5,309                                                     
     735     2,051,920                                                         
                     2,793                                                     
     1469    2,520,046                                                         
                     1,715                                                     
     __________________________________________________________________________
PAR  It is clear from the data in Table III that even the exceptionally high
      temperature of 240.degree. C. is not sufficient to bring the viscosity of
      Sulfo-Polystyrene down within the vicinity of polystyrene, even though the
      latter is measured 50.degree. C. lower in temperature. It is clear that
      conventional polymer fabrication methods are completely inadequate to
      handle the melt fabrication (such as extrusion) of polymers such as
      Sulfo-Polystyrene.
PAR  It is clear from the above rheological measurements that not even the
      combination of very high temperature and high shear stress are adequate to
      lower the polymer viscosities of Sulfo-Polystyrene to that of conventional
      polymers. This rheological behavior of these unmodified ionic polymers is
      very similar to that of chemically crosslinked polymers and completely
      precludes practical fabrication techniques. In this respect the polymers
      of this invention are clearly distinct from those of U.S. Pat. No.
      3,322,734.
PAR  This invention teaches how to fabricate such materials into novel and
      useful foams which retain many of the unusual characteristics inherent in
      these systems.
PAC  EXAMPLE 3
PAC  Effect of Neutralization level on Polymer Sulfonic Acid Thermal Stability
PAR  An ethylene-propylene ethylidine norbornene terpolymer (composition of 50 %
      ethylene, 45 % propylene, 5% ethylidene norbornene) having a Mooney
      viscosity (212.degree. F.) of about 40 is dissolved in hexane and
      sulfonated using acetyl sulfate at 25.degree. C. Acetyl sulfate is
      prepared by the reaction of sulfuric acid and acetic anhydride. The
      polymer reacts readily within 1/2 hour and the resulting polymer sulfonic
      acid is found to contain about 30 milliquivalents of sulfonic acid per 100
      grams of polymer. This level of sulfonic acid corresponds to about 1 mole
      percent of sulfonic acid in the polymer suggesting that about 60% of the
      residual unsaturation is sulfonated.
PAR  The polymer solution is separated into 4 parts. Part A is isolated as the
      free polymer sulfonic acid by the addition of 10 volume percent
      isopropanol and the resulting solution is steam stripped to remove
      hydrocarbon solvent. The resulting crumb is the polymer sulfonic acid
      containing a substantial quantity (over 50 weight %) of water.
PAR  Part B is partially neutralized by the addition of zinc stearate. The
      amount of zinc stearate added is that required to neutralize 25% of the
      free sulfonic acid groups. The resulting viscous polymer solution is then
      treated as described with Part A: addition of isopropanol and steam
      stripped. The product is the partially neutralized water swollen polymer
      sulfonic acid.
PAR  Part C is neutralized to a level of 75% with zinc stearate and recovered as
      described with Part B.
PAR  Part D is fully neutralized to a level of about 110% that of the free
      sulfonic acid to insure complete neutralization and avoid the presence of
      any substantial sulfonic acid. The product is isolated as with Part B.
PAR  The four samples, A, B, C, D are then dried on a 2-roll mill heated to
      about 125.degree. C. Part A is placed on the mill and initially a
      substantial amount of water is squeezed out of the polymer simply by
      compression. After several minutes the material begins to sheet out on the
      mill to form a coherent mass. As the temperature of the polymer increases
      a pronounced darkening is observed and after about 5 minutes of shear the
      polymer sulfonic acid is dark or almost black in appearance. The odor of
      strongly acidic species is quite evident.
PAR  Part B is treated the same way as Part A. The thermal stability appears
      somewhat better but the final product is very dark.
PAR  Part C is treated the same way and appears brown in the dried state.
PAR  Part D appears to possess considerably better thermal stability, the color
      of the product after thermal abuse is tan. Relatively little pungent or
      acidic odor is observed.
PAR  The four dried samples are then compression molded at temperatures of
      300.degree. F. using standard compression molding equipment. The molding
      conditions are preheating the samples for 3 minutes followed by a 7 minute
      heating at a pressure of 10,000 psi. The resulting compression molded pads
      are about 40 mil thick. The free acid sample, Part A, is virtually black
      in appearance. Part B is dark brown, Part C is brown, Part D is tan in
      appearance.
PAR  It is evident from these materials that the sample which is fully
      neutralized has substantially better thermal stability than the other
      materials. It is evident that the presence of free sulfonic acid in the
      polymer gives rise to substantial degradation as determined by both color
      development and the presence of acidic fumes. This degradation severe
      sufficiently severs as to obviate the use of many types of polymer
      handling equipment.
PAR  It is to be emphasized that the free polymer sulfonic acid species
      described herein differs substantially from those polymers containing free
      carboxylic acid such as acrylic acid copolymers. In the case of the
      sulfonic acid-containing polymer described herein, decomposition can
      readily occur if significant (greater than 3% of total ionic species)
      amounts of sulfonic acid are present.
PAC  EXAMPLE 4
PAC  Foaming of Lightly Sulfonated Polystyrene Plasticized With Methanol
PAR  A pad 0.040 inches thick was molded at 260.degree. C. from a powder of
      lightly sulfonated polystyrene having about 7 mole percent sulfonate
      content with sodium as the counter ion (100% neutralization). The pad was
      put in a pressure vessel in a solution of 0.7 ml methanol and 10 ml freon
      12; and it was heated to 71.degree. C. After 5 days the pad was removed
      and foamed in silicone oil at 275.degree. C. The foam had an excellent
      fine cell structure and a density of 6.5 pcf. The foam is rigid at room
      temperature and shows no collapse when held at 125.degree. C. for 1/2
      hour. This foam has resistence to dissolving in toluene and similar
      solvents unlike conventional polystyrene foam; the latter almost
      immediately collapses when exposed to toluene, while this lightly
      sulfonated polystyrene foam only shrunk slightly when exposed to toluene.
      This experiment demonstrated that lightly sulfonated polystyrene foams
      have improved heat stability and solvent resistences as compared to
      polystyrene foams, due to the physical cross-links.
PAR  A measurement was made of the dimensional stability of a methanol
      plasticized lightly sulfonated polystyrene foam having 3 mole percent
      sulfonation and a sodium counterion as compared with a commercial
      polystyrene foam from a coffee cup. After remaining at 125.degree. C.
      overnight, the polystyrene foam had collapsed to 14% of its original
      volume, while the lightly sulfonated polystyrene foam had only decreased
      to 77% of its original volume. It is clear from this experiment that
      sulfonated polystyrene foam manifests markedly superior dimensional
      stability as contrasted to polystyrene foam at elevated temperatures.
PAC  EXAMPLE 5
PAC  Foaming of Non-Plasticized Lightly Sulfonate Polystyrene
PAR  A molded pad 0.035 inches thick of lightly sulfonated polystyrene having
      approximately 3 mole percent sulfonation with sodium or the counter ion
      was immersed in freon 12 in a pressure vessel at 70.degree. C. for 3 days
      (the polymer was 100% neutralized). Pieces of the pad were then foamed in
      silicone oil at 150.degree. C. and at 200.degree. C. The resulting foams
      has densities of greater than 20 pcf and they are shrivelled with poorly
      shaped cells. This illustrates that a polar plasticizer is necessary to
      achieve suitable foams of neutralized sulfonated polymers. Thus,
      conventional foaming technology as described in this example which, when
      applied to conventional thermoplastics such as polystyrene, results in
      excellent cell structure is not operable to the polymers claims in this
      invention.
PAC  EXAMPLE 6
PAC  Preparation of a Rigid Foam
PAR  One part of a 100% neutralized sulfonated plastic (a lightly sulfonated
      polystyrene wherein sodium sulfonate groups were attached to 1.8 mole % of
      the styrene units) was blended intimately with 1 part of a solvent mixture
      (80% by weight of benzene and 20% by weight of methanol). Also 0.01 parts
      of finely divided MgO was added as a nucleating agent. The mixture was
      mixed thoroughly to yield a viscous but fairly homogeneous mass, and was
      placed in a metal container. The container was placed in a forced air oven
      at 125.degree. C. Within 15 minutes, a foamed product of excellent cell
      structure resulted which remained intact. The product was permitted to
      remain at 125.degree. C. for 1/2 hour and then removed, and cooled to room
      temperature. The cell structure was maintained.
PAC  EXAMPLE 7
PAC  Foaming of Polystyrene Control
PAR  An attempt to repeat Example 6 however, substituting finely divided high
      molecular weight polystyrene, homopolymer resulted in a collapse of the
      foam structure to yield an unfoamed film with a few large bubbles
      dispersed in it.
PAC  EXAMPLES 8, 9, 10 and 11
PAR  A series of experiments designed to test the influence of volatile solvent
      and amount of domain plasticizer was attempted as follows:
TBL                                    TABLE IV                                
     __________________________________________________________________________
                         Example 8                                             
                                 Example 9                                     
                                          Example 10                           
                                                   Example 11                  
     __________________________________________________________________________
     Parts Sulfonated Polymer                                                  
                         0.5     0.5      0.5      0.5                         
     Parts Dioctyl Phthalate-Plasticizer                                       
                         1.0     1.0      1.0      1.0                         
     Parts Methanol      0.2     0.2      0.05     0.05                        
     Parts MgO           .01     .01      .01      .01                         
     Parts Benzene       1.0     --       1.0      --                          
     Parts Toluene       --      1.0      --       1.0                         
     Foam Appearance     Fair Foam,                                            
                                 Better than                                   
                                          Good Foam,                           
                                                   Very Good                   
                         Uneven Cell                                           
                                 Exp.3, Uneven                                 
                                          Elastic Fair-                        
                                                   Foam,                       
                         Structure,                                            
                                 Cell Struc-                                   
                                          ly Even Cell                         
                                                   Elastic                     
                         Part Col-                                             
                                 ture, Partial-                                
                                          Structure,                           
                                                   Tough,                      
                         lapsed  ly Collapsed                                  
                                          Tough    Good Even                   
                                                   Cell Struc-                 
                                                   ture                        
     __________________________________________________________________________
PAR  In all cases the ingredients were combined by mixing with a spatula in a
      small metal cup to obtain a homogeneous mass. The products were then
      placed in an oven at 125.degree. C. for 30 minutes, removed and cooled. In
      Example 11, the foam density was measured by displacement of water and
      found to be 0.532 g/cc or 33.3 lbs./cu. ft. These experiments demonstrate
      that tough flexible foams of good cell structure can be achieved by this
      approach. Examples 8 and 9 demonstrate that the amount of polar cosolvent
      can markedly influence the cell structure of the foam. It is preferable to
      use a minor amount of the polar cosolvent since if too much is present,
      the foam may partially collapse because the polar cosolvent has not
      completely volatilized at the time when the blowing agent has achieved a
      minimum foam density.
PAR  Examples 10 and 11 compare blowing agents of different volatility. At the
      particular time and temperature employed (125.degree. C.) it is evident
      that the use of a less volatile blowing agent (toluene) resulted in a
      better cell structure than with the more volatile one (benzene).
PAC  EXAMPLE 12
PAR  This example demonstrates the reuse of a rigid plastic foam of this
      invention. One part of the rigid foamed product of Example 6 is blended
      with 1 part of a solvent mixture (80% by weight of benzene and 20% by
      weight of methanol). The mixture becomes semi-fluid and the foamed
      structure readily collapses. The mixture becomes viscous but homogeneous
      and is placed in a metal container and then in a forced air oven
      maintained at a temperature of 125.degree. C. Within 15 minutes, a foamed
      product of excellent cell structure is achieved which does not collapse
      after an additional 1/2 hour exposure at 125.degree. C. The product is
      then removed and cooled to room temperature. The cell structure is
      maintained and appears comparable to that of the original foamed sample of
      Example 6. This same process can be repeated several times.
PAC  EXAMPLE 13
PAR  A copolymer of poly t-butylstyrene with isoprene (about 7.0 wt. % isoprene)
      was sulfonated and fully neutralized to obtain the predominately poly
      t-butylstyrene copolymer containing about 2.4 weight percent sodium
      sulfonate groups. The sulfonate polymer was finally divided by pulverizing
      with a high shear blender, and then screened through a 100 mesh screen.
      The particle diameter was estimated at 150 microns. A blend of 0.5 parts
      of this sulfonated polymer and 1.0 parts of an oil based on paraffinic and
      naphthenic hydrocarbons having an average molecular weight of about 500
      was prepared. To this blend (a liquid suspension) about 0.01 parts is
      isopropanol was added, and the resultant mixture was stirred until
      homogeneous.
PAR  This product was placed into an open mold and heated rapidly to a
      temperature in excess of 100.degree. C. A foamed product was created which
      showed no tendency to shrink even when held at elevated temperature in
      excess of 200.degree. C. The product, when cooled, was flexible, tough,
      and appeared to possess a good uniform cell structure. The foam density
      was estimated to be about 25 lbs. per cubic foot. In this experiment, we
      have shown that isopropanol can be simultaneously employed as the blowing
      agent and the volatile polar compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A foamed polymeric product comprising an ionic polymer, said ionic
      polymer comprising from about 0.4 to 10 mole percent pendant acid groups,
      said pendant acid groups being selected from the group consisting of
      sulfonic, carboxylic and phosphonic acid groups, and said pendant acid
      groups being neutralized to a degree of at least 97%.
NUM  2.
PAR  2. The product of claim 1 further characterized as having a density of from
      about 1 to 50 lbs. per cubic foot.
NUM  3.
PAR  3. The product of claim 1 further characterized as being neutralized by a
      neutralizing agent selected from the group consisting of (1) ammonia, (2)
      C.sub.1 to C.sub.30 amines, (3) basic compounds selected from Groups I and
      II of the Periodic Table of the Elements, and (4) basic compounds selected
      from the group consisting of lead, tin and antimony, and (5) mixtures
      thereof.
NUM  4.
PAR  4. The product of claim 3 wherein said ionic polymer is a sulfonated
      polymer selected from the group consisting of polystyrene,
      isobutylene-isoprene copolymers,
      ethylene-propylene-5-ethylidene-2-norbornene terpolymers, and
      polybutadiene.
NUM  5.
PAR  5. The product of claim 4 further characterized as being neutralized by a
      neutralizing agent selected from the group consisting of the hydroxides,
      oxides, and C.sub.1 and C.sub.20 alkoxides and carboxylates of magnesium,
      barium, calcium, potassium, sodium, and mixtures thereof.
NUM  6.
PAR  6. The product of claim 5 being further characterized as being neutralized
      to a degree of at least 100%.
NUM  7.
PAR  7. The product of claim 3 wherein said ionic polymer is a sulfonated
      polystyrene.
NUM  8.
PAR  8. The product of claim 3 wherein said ionic polymer is a sulfonated
      isobutylene copolymer.
NUM  9.
PAR  9. The product of claim 3 wherein said ionic polymer is a sulfonated
      ethylene-propylene terpolymer.
NUM  10.
PAR  10. The product of claim 3 wherein said ionic polymer is a sulfonated
      ethylene copolymer with a nonconjugated diene.
NUM  11.
PAR  11. The product of claim 3 wherein said ionic polymer is sulfonated
      propylene copolymer with a nonconjugated diene.
NUM  12.
PAR  12. The product of claim 1 further characterized as having a density of
      from about 5 lbs/cu. ft. to 30 lbs/cu. ft.
NUM  13.
PAR  13. The composition of claim 1 wherein said pendant acid groups are
      sulfonic acid groups.
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ABST
PAL  Foamed thermoplastic resin which contains glass beads of from 1 to 2 mm in
      diameter has an improved mechanical strength and enhanced light reflection
      ability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to novel foamed plastics for light weight
      structural materials, in which glass beads have been mixed and distributed
      evenly. Further, the present invention relates to a process for preparing
      the same.
PAR  B. Description of the Prior Art
PAR  Heretofore, it has been known to produce foamed plastics with increased
      mechanical strength by blending small amounts of an inorganic filler such
      as talc, calcium silicate and so on to a thermoplastic resin such as
      polyvinyl chloride resin, polyethylene resin, polypropylene resin,
      polystyrene resin and so on.
PAR  However, glass beads have not been employed as a filler for foamed
      plastics.
PAC  SUMMARY OF THE INVENTION
PAR  A novel foamed plastics containing glass beads of from 1 to 2 mm in
      diameter has an improved mechanical strength and enhanced light reflection
      ability. This foamed plastics can be obtained by mixing a thermoplastic
      resin, glass beads of from 1 to 2 mm in diameter, a blowing agent and a
      crosslinking agent and applying the thus mixed composition to a
      conventional foam molding process.
PAR  An object of the present invention is to provide a foamed plastics useful
      for light weight structural material which has an improved mechanical
      strength and enhanced light reflection ability.
PAR  Another object of the present invention is to provide a process for
      preparing the same.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 are sectional views of the structure of foamed plastics of
      the process of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  We have studied the relationships between kinds of fillers and physical
      properties of foamed plastics obtained by blending with a filler, and have
      found that by mixing and dispersing glass beads of 1 to 2 mm in diameter
      in foamed plastics, useful foamed plastics having improved mechanical
      strength and enhanced light reflection ability are obtained. On the basis
      of this finding, the present invention was achieved.
PAR  Glass beads which can be used in the present invention are those of 1 to
      2mm in diameter. When the diameter is smaller than 1 mm, for example 0.3
      to 0.5 mm, glass beads tended to break away from the surface of foamed
      plastics. While, larger than 2 mm, glass beads tended to be detached
      because of poor adhesion between glass beads and resin.
PAR  Generally, the amount of glass beads used in the present invention may be
      in the range of from 10 to 70 parts by weight per 90 to 30 parts by weight
      of thermoplastic resin.
PAR  As a thermoplastic resin, various resins of common use, for example vinyl
      resins such as polyvinyl chloride, polystyrene and so on; polyolefin
      resins such as polyethylene, polypropylene, polybutadiene, polyisoprene,
      co-polymer of ethylene and vinylacetate, co-polymer of ethylene and
      propylene, co-polymer of styrene and butadiene, the mixture of
      polyethylene and polybutadiene and so on, can be used in this invention.
PAR  Foamed plastics indicated in the present invention have a structure
      comprising dispersed glass beads in the above mentioned foamed
      thermoplastic resin and such foamed plastics can be made by the
      conventional foam-molding process.
PAR  For instance, mixing a thermoplastic resin, glass beads, a blowing agent
      and a cross-linking agent at a temperature of from 90.degree. to
      180.degree.C, preferably from 90.degree. to 150.degree.C, by an
      appropriate means of mixing such as an Intermixer is suitable. The
      resulting mixed composition was placed in an air-tight mold of a
      compression molding machine and was heated to 180.degree. to 200.degree.C
      under pressure (.gtoreq.30 kg/cm.sup.2). Subsequently, by opening the mold
      instantaneously, foamed plastics having a structure as shown in FIG. 1 was
      obtained. In the resulting foamed plastics, (1) is glass bead, (2) is a
      bubble of larger size formed from glass bead as a core, and (3) is foamed
      resin containing tiny bubbles which were formed through connecting bubbles
      (2) serially, and using a blowing agent as a core.
PAR  As a blowing agent for preparing aforementioned foamed plastics, such
      commonly used blowing agents as azodicarbonamide,
      diphenylsulfone-3,3'-disulfohydrazide, benzene sulfone acid
      diphenylhydrazide and the like can be used. The blowing agent can be added
      in the amount of from 7 to 2.5 parts by weight per 100 parts by weight of
      total amount of thermoplastic resin and glass beads. As a cross linking
      agent, organic peroxides such as di-tertiary butyl peroxide,
      1,3-bis(t-butyl peroxyisopropyl)benzene, dicumyl peroxide and so on can be
      employed. The cross linking agent can be added in the amount of from 0.4
      to 0.15 parts by weight per 100 parts by weight of total amount of
      thermoplastic resin and glass beads.
PAR  Furthermore, according to another embodiment of the present invention,
      foamed plastics having a structure comprising dispersed glass beads in a
      foamed plastics of plastic beads can be provided, as shown in FIG. 2. In
      FIG. 2, (1) is glass bead, (2) is foamed bead formed through foaming of
      plastic beads and these foamed beads connect with each other through glass
      bead (1). This type of foamed plastics can be prepared as follows; after
      dry-blending plastic beads (containing blowing agents such as pentane,
      butane and so on) and glass beads, the resulting mixture was placed in a
      predetermined mold with a steam injector for heating and then heated steam
      (about 90.degree. to 110.degree.C) was introduced through a steam injector
      in order to foam plastic beads and to fuse plastic beads through glass
      beads.
PAR  Foamed plastics of the present invention contain a large amount of glass
      beads in a state of dispersion, and thus they show considerably improved
      mechanical strength such as hardness, compressive yield strength, bending
      strength, tensile strength and so on. Furthermore they show improved
      properties in steadiness of dimension weatherproof, resistance to
      chemicals and so on. A further advantageous feature of the foamed plastics
      of the present invention is their enhanced light reflection rate due to
      good light reflection ability of glass beads.
PAR  Taking advantage of excellent properties of foamed plastics of the present
      invention, they can be used advantageously as various structural materials
      of light weight, especially for traffic signs at night, indicators,
      because of their favourable light reflection ability, and also they can be
      used as interior materials and so on.
PAR  The invention is described in detail by means of the following specific
      examples.
PAC  EXAMPLE 1
PAR  Low density polyethylene resin (density 0.923 g/cm.sup.3, melt index 5.0)
      and glass beads (1 to 2 mm in diameter, Tsuchiya Kaoline, Co. Ltd.) were
      mixed and to the mixture a blowing agent (azodicarbonamide) and a cross
      linking agent (1,3-bis(t-butyl peroxyisopropyl)benzene) were added and
      then the whole mixture was mixed thoroughly at 90.degree. to 100.degree.C
      by Intermixer.
PAR  Then the resulting compound was placed in a air-tight mold of a compression
      molding machine and was heated for a prescribed time at 180.degree. to
      200.degree.C under a pressure of 30 kg/cm.sup.2, and then by opening the
      mold instantaneously, foamed plastics having excellent light reflection
      ability was obtained.
PAR  The detailed conditions of the experiments and properties of resulted
      foamed plastics are shown in Table 1.
PAR  Compressive yield strength was measured by ASTM Z0234 under the condition
      of rate, 5 mm/min, and bending strength was measured by ASTM D790 under
      the condition of rate, 5 mm/min.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Mixture of materials                                                      
                         Blowing                                               
                              Properties of foamed plastics                    
     (part by weight)    time                                                  
     poly- glass                                                               
               blowing                                                         
                    cross     density                                          
                                   compressive                                 
                                          bending                              
     ethylene                                                                  
           beads                                                               
               agent                                                           
                    linking                                                    
                         (min.)    yield                                       
                    agent          strength                                    
                                          strength                             
                              (g/cm.sup.3)                                     
                                   (kg/cm.sup.2)                               
                                          (kg/cm.sup.2)                        
     __________________________________________________________________________
     60    40  4.5  0.25 16   0.121                                            
                                   2.4    4.5                                  
     50    50  3.5  0.20 14   0.144                                            
                                   3.0    7.0                                  
     40    60  3.0  0.20 12   0.161                                            
                                   3.9    8.7                                  
     100   --  5.0  0.35 16   0.11 0.5    1.1                                  
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLE
PAR  Preparation process of foamed plastics was conducted in the same manner as
      described in Example 1 except that glass beads of 0.05 to 0.4 mm in
      diameter or of 3 to 5 mm were used in place of glass beads of 1 to 2 mm in
      diameter.
PAR  The detailed conditions of the experiments and characters of resulted
      foamed plastics are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Mixture of materials                                                      
                         Blowing                                               
                              Properties of foamed plastics                    
     (part by weight)    time                                                  
     poly-                                                                     
          *glass                                                               
               blowing                                                         
                    cross     density                                          
                                   compressive                                 
                                          bending                              
     ethylene                                                                  
          beads                                                                
               agent                                                           
                    linking                                                    
                         (min.)    yield                                       
                    agent          strength                                    
                                          strength                             
                              (g/cm.sup.3)                                     
                                   (kg/cm.sup.2)                               
                                          (kg/cm.sup.2)                        
     __________________________________________________________________________
     50   .sup.(A) 50                                                          
               3.5  0.20 14   0.120                                            
                                   1.9    4.9                                  
     40   .sup.(A) 60                                                          
               3.0  0.20 12   0.134                                            
                                   2.3    5.6                                  
     60   .sup.(B) 40                                                          
               4.5  0.25 16   0.135                                            
                                   1.4    1.9                                  
     __________________________________________________________________________
      *glass beads                                                             
      .sup.(A) 0.05 to 0.4 mm in diameter                                      
      .sup.(B) 3 to 5 mm in diameter                                           
PAC  EXAMPLE 2
PAR  Seventy parts by weight of commercial polystyrene beads (0.8 to 1 mm in
      diameter) and 30 parts by weight of glass beads (1 to 2 mm in diameter)
      were mixed well and then the mixture was packed in a mold (200 .times. 200
      .times. 50 mm). Foaming process was conducted by introducing hot air of
      90.degree. to 105.degree.C through a steam injector of the mold under 10
      kg/cm.sup.2 by gauge pressure. After cooling them foamed plastics having
      foaming magnification of about 20 and excellent light reflection ability
      was obtained.
PAR  The resulted foamed plastics has a density of 0.045 g/cm.sup.3, compressive
      yield strength of 2.5 kg/cm.sup.2 and bending strength of 5.4 kg/cm.sup.2.
      In contrast, foamed plastics without glass beads has a compressive yield
      strength of 1.6 kg/cm.sup.2 and bending strength of 4.3 kg/cm.sup.2.
PAC  EXAMPLE 3
PAR  Preparation process of foamed plastics was carried out in the same manner
      as described in Example 1 except that a high density polyethylene resin
      (density 0.970 g/cm.sup.3, melt index 5.5) was employed in place of a
      polyethylene of Example 1 and the step of mixing raw materials was carried
      out at a temperature of 90.degree. to 150.degree.C.
PAR  The detailed conditions of the experiments and properties of the obtained
      foamed plastics are shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Mixture of materials                                                      
                         Blowing                                               
                              Properties of foamed plastics                    
     (part by weight)    time                                                  
     poly- glass                                                               
               blowing                                                         
                    cross     density                                          
                                   compressive                                 
                                          bending                              
     ethylene                                                                  
           beads                                                               
               agent                                                           
                    linking                                                    
                         (min.)    yield                                       
                    agent          strength                                    
                                          strength                             
                              (g/cm.sup.3)                                     
                                   (kg/cm.sup.2)                               
                                          (kg/cm.sup.2)                        
     __________________________________________________________________________
     50    50  3.8  1.2  13   0.250                                            
                                   14.1   35                                   
     40    60  0.8  1.0  13   0.331                                            
                                   19.2   41                                   
     100    0  7.5  2.5  13   0.145                                            
                                   9.1    19                                   
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Preparation process of foamed plastics was carried out in the same manner
      as described in Example 1 except that a polypropylene (density 0.914
      g/cm.sup.3, melt index 0.6) was used as a thermoplastic resin and the step
      of mixing raw materials was done at a temperature of 90.degree. to
      180.degree.C.
PAR  The detailed conditions of the experiments and properties of the obtained
      foamed plastics are shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Mixture of materials                                                      
                        Blowing                                                
                             Properties of foamed plastics                     
     (part by weight)   time                                                   
     poly-                                                                     
          glass                                                                
              blowing                                                          
                   cross     density                                           
                                  compressive                                  
                                         bending                               
     ethylene                                                                  
          beads                                                                
              agent                                                            
                   linking                                                     
                        (min.)    yield                                        
                   agent          strength                                     
                                         strength                              
                             (g/cm.sup.3)                                      
                                  (kg/cm.sup.2)                                
                                         (kg/cm.sup.2)                         
     __________________________________________________________________________
      50  50  3.5  0.20 14   0.291                                             
                                  21.6   44.1                                  
     100   0  7.5  2.5  13   0.183                                             
                                  10.1   20.6                                  
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Foamed plastics with improved mechanical strength and enhanced light
      reflection ability, which comprises foamed thermoplastic resin and glass
      beads of from 1 to 2 mm in diameter dispersed in said foamed resin.
NUM  2.
PAR  2. A process of preparing foamed plastics with improved mechanical strength
      and enhanced light reflection ability, which comprises mixing a
      thermoplastic resin, glass beads of from 1 to 2 mm in diameter, a blowing
      agent and a cross-linking agent, charging and mixed composition to a mold
      and heating said composition at a temperature of from 180.degree.C to
      200.degree.C under pressure.
NUM  3.
PAR  3. A process of preparing foamed plastics with improved mechanical strength
      and enhanced light reflection ability, which comprises dry-blending
      thermoplastic beads containing a blowing agent and glass beads, charging
      said blends to a mold with a steam injector and introducing a heated steam
      into the mold.
NUM  4.
PAR  4. Foamed plastics of claim 1, wherein the thermoplastic resin is a member
      selected from the group consisting of polyvinyl chloride, polystyrene,
      polyethylene, polypropylene, polybutadiene, polyisoprene, co-polymer of
      ethylene and vinylacetate co-polymer of ethylene and propylene, co-polymer
      of styrene and butadiene and a mixture of polyethylene and polybutadiene.
NUM  5.
PAR  5. Process according to claim 2, wherein the thermoplastic resin is a
      member selected from the group consisting of polyvinyl chloride,
      polystyrene, polyethylene, polypropylene, polybutadiene, polyisoprene,
      co-polymer of ethylene and vinylacetate, co-polymer of ethylene and
      propylene, co-polymer of styrene and butadiene and a mixture of
      polyethylene and polybutadiene.
NUM  6.
PAR  6. Process according to claim 3, wherein the thermoplastic resin is a
      member selected from the group consisting of polyvinyl chloride,
      polystyrene, polyethylene, polypropylene, polybutadiene, polyisoprene,
      co-polymer of ethylene and vinylacetate, co-polymer of ethylene and
      propylene, co-polymer of styrene and butadiene and a mixture of
      polyethylene and polybutadiene.
PATN
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APT  1
ART  141
APD  19750227
TTL  Polyurethane product with gas fading inhibitor and method of inhibiting
      the gas fading of polyurethane product
ISD  19760330
NCL  10
ECL  2
EXP  Hoke; V. P.
INVT
NAM  Ito; Masatomo
CTY  Yokohama
CNT  JA
INVT
NAM  Gotoh; Tsuneo
CTY  Yokohama
CNT  JA
INVT
NAM  Nishino; Shizuo
CTY  Kyoto
CNT  JA
ASSG
NAM  Showa Denko Kabushiki Kaisha
CTY  Tokyo
CNT  JA
COD  03
ASSG
NAM  Meisei Kagaku Kabushiki Kaisha
CTY  Kyoto
CNT  JA
COD  03
RLAP
COD  74
APN  413252
APD  19731106
PSC  03
CLAS
OCL  260  25BB
XCL  260 459AD
EDF  2
ICL  C08J  320
FSC  260
FSS  2.5 BB;807;45.9 AD
UREF
PNO  3352822
ISD  19671100
NAM  Yamadera et al.
OCL  260 45.9
UREF
PNO  3395114
ISD  19680700
NAM  Smith
OCL  260 45.95
OREF
PAL  Kyon et al., "Chemical Abstracts, " Vol. 72, p. 89, Section No. 33181z
      (2/1970).
LREP
FRM  Sherman & Shalloway
ABST
PAL  A gas fading inhibitor for polyurethanes, such inhibitor having as its
      effective component a compound of the formula (I)
      ##SPC1##
PAL  wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are independently selected
      from the group consisting of hydrogen, methyl and ethyl, and n and m are
      each an integer from 1 to 3.
PARN
PAR  This is a division, of application Ser. No. 413,252, filed Nov. 6, 1973 now
      abandoned.
BSUM
PAR  This invention relates to a gas fading inhibitor suitable for use with the
      polyurethanes.
PAR  It is known generally that the polyurethanes are subject to the influence
      of such gases as nitrogen oxides, halogens, sulfur oxides and ozone that
      are contained in air or halogens contained in water which create a
      discoloring or yellowing phenomenon. This phenomenon is referred to as gas
      fading. For instance, when polyurethane products are stored or displayed
      in stores or during their use by the consumers for long periods of time,
      yellowing of the products takes place in the case of a white product or
      the color fades in the case of a dyed product thus resulting in a great
      impairment of the merchandise value of the product. This discoloration in
      the case of a dyed product is caused by the yellowing of the polyurethane
      itself rather than the discoloration of the dyestuff used. Lately,
      environmental pollution, especially in large cities, is becoming
      increasingly serious as a result of the increase of nitrogen oxides and
      sulfur oxides in the air as well as from an increase in the use of
      chlorine for the disinfection treatment of the water supply that has been
      brought about by the deterioration of the quality of the water source.
      Hence, it is considered that adequate measures for coping with this
      situation are required.
PAR  Various attempts have been made in the past for prevention of the
      discoloring or yellowing phenomenon of polyurethanes, i.e., the socalled
      gas fading phenomenon, and proposals, which consist principally of the use
      of various additives, have been made. However, most of the conventional
      additives, though possessing merits, also had shortcomings in that
      adequate effects were not always obtainable. Often the effects of
      preventing fading were excellent, but desirable properties inherently
      possessed by the polyurethanes would be impaired. Another problem was that
      the durability of the additives to inhibit gas fading was insufficient
      because of the poor affinity of the additive for polyurethanes. In
      addition, when the matter of cost and ease of the processing operation is
      considered, those additives which can be regarded as being of practical
      use are greatly restricted.
PAR  It has now been found that the compounds of the formula
      ##SPC2##
PAL  Wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are independently hydrogen,
      methyl or ethyl, and n and m are each an integer from 1 to 3, have an
      excellent action of preventing the gas fading of polyurethanes, this being
      achieved with no impairment at all of the desirable properties that are
      inherently possessed by the polyurethanes.
PAR  As typical examples of the compounds of the foregoing formula, mention can
      be made of the dibenzyl derivatives of xylylenediamine and the alkyl
      substituted products thereof. In addition, also included are those in
      which the methylene group (--CH.sub.2 --) in the aforesaid xylylenediamine
      is substituted by the ethylene group (--CH.sub.2 CH.sub.2 --) or the
      propylene group (--CH.sub.2 CH.sub.2 CH.sub.2 --). However, there is a
      tendency for the effectiveness to decline as an increase takes place in
      the number of carbon atoms in these chains, and in the case of those in
      which the number of carbon atoms exceeds 4, results that are substantially
      satisfactory cannot be expected. Further, it is preferred that the lower
      alkylene groups to be bonded to the benzene ring are substituted at either
      the meta or para position thereof. As specific examples, the following
      compounds can be conveniently used: N,N'-dibenzyl-(m or
      p)-xylylenediamine, N,N'-bis(4-methylbenzyl)-(m or p)-xylylenediamine,
      N,N'-bis(3-methylbenzyl)-(m or p)-xylylenediamine,
      N,N'-bis(4-ethylbenzyl)-(m or p)-xylylenediamine,
      N,N'-bis(3-ethylbenzyl)-(m or p)-xylylenediamine, N-benzyl-N'-4-benzyl)-(m
      or p)-xylylenediamine, N-3-methylbenzyl-N'-4-ethylbenzyl-(m or
      p)-xylylenediamine, 1,4-bis(benzylamino-ethyl)benzene,
      1,4-bis(benzylaminopropyl)benzene, 1,3-bis(benzylaminoethyl) benzene,
      1,3-bis(benzylaminopropyl) benzene,
      1,4-bis(4-methylbenzylamino-ethyl)benzene,
      1,3-bis(3-methylbenzylaminoethyl)benzene,
      1,4-bis(benzyl-aminomethyl)-2-methylbenzene,
      1,3-bis(benzylaminomethyl)-2-methylbenzene,
      1,4-bis(4-methylbenzylaminomethyl)-2-methylbenzene,
      1,4-bis(benzylaminoethyl)-2-methylbenzene,
      1,4-bis(4-methylbenzylaminoethyl)-2-methylbenzene,
      1,4-bis(benzylaminomethyl-2,5-dimethylbenzene,
      1,3-bis(benzylaminomethyl)-4,6-dimethylbenzene,
      1,4-bis(benzylaminoethyl)2,5-dimethylbenzene and 1,4-bis
      (4-methylbenzylaminomethyl)-2,5-dimethylbenzene.
PAR  The compounds of formula (I) can be prepared by any of the usual methods of
      synthesis, for example, such methods as submitting xylylenediamine and a
      benzyl halide to a dehydrohalogenation reaction.
PAR  Polyurethane is a generic term denoting a urethane polymer containing in
      its molecular structure a urethane bond and optionally a urea bond or an
      acid amide bond. These are formed using as the base an organic di- or
      polyisocyanate or a di- or polychloroformate for example. Suitable
      polyurethanes can be obtained by reacting an excess of a diisocyanate with
      a polyglycol of an average molecular weight of about 500 - 6000, e.g., a
      dihydroxypolyether, a dihydroxypolyester or a dihydroxypolyhydrocarbon to
      prepare a prepolymer having terminal isocyanates, then dissolving this in
      a polar solvent such as dimethylformamide, dimethylacetamide,
      tetramethylurea, tetrahydrofuran or dimethyl sulfoxide, and thereafter
      reacting this solution with a functional compound having two active
      hydrogen atoms, e.g., the diamines, diols or hydrazines.
PAR  The gas fading inhibitor for polyurethane according to the present
      invention, as is apparent from the foregoing generic formula, is
      characterized in having a symmetric structure in which the benzene rings
      are connected through imino groups having either methylene or a lower
      alkylene group on both sides thereof and with the middle benzene ring as
      the center of the structure. The mechanism by which this compound
      demonstrates its excellent effect in inhibiting the fading of
      polyurethanes is not yet fully known. However, according to our findings,
      when it is considered that the fading of polyurethanes is a phenomenon in
      which the urethane bonds contained in the polyurethane molecules undergo a
      kind of oxidative decomposition to be transformed to an isocyanate,
      following which the isocyanate forms a sort of coloring matter by a
      further oxidative decomposition or polymerization, it is believed that the
      compound of formula (I), functioning as an antioxidant, inhibits the
      decomposition of the aforesaid urethane bonds or, if the urethane bonds
      have already been decomposed and transformed into isocyanates, the
      compound of formula (I), functioning as a polymerization inhibitor, checks
      the polymerization of the isocyanate, with the consequence that compound
      (I) has the ability to prevent the formation of the coloring matter.
PAR  The gas fading inhibitor of the present invention can be effectively
      applied to any of the polyurethane products. For instance, the invention
      gas fading inhibitor finds wide application to the various polyurethane
      products, including such textile products as yarns, woven and knit
      fabrics, which have been made by using the polyurethane type synthetic
      fibers, or the foregoing yarns plied with other fibers and the woven or
      knit union cloth of these fibers with other fibers, as well as films,
      synthetic leathers, coating materials, foamed shaped articles, etc. The
      fading inhibitors of the present invention are effective in preventing the
      fading of these polyurethane products that is caused by means of the
      usually harmful gases contained in air which are oxidants as, for example,
      the nitrogen oxides, e.g. NO.sub.2, NO, N.sub.2 O and N.sub.2 O.sub.3 and
      the sulfur oxides, e.g. SO.sub.2 and SO.sub.3 . These compounds are also
      effective for preventing the fading of textile products when washed in
      water containing Cl.sub.2, or the yellowing of the paint used for painting
      the white lines of a swimming pool.
PAR  The application of the invention gas fading inhibitor can be carried out by
      incorporating in the polyurethane at least one compound of formula (I) in
      an effective amount by such means as mixing, dipping, spraying or other
      suitable procedures. For instance, the foregoing compound can be mixed and
      kneaded with the starting polyurethane at the time of the spinning of the
      textile product, processing of the shaped article or preparation of the
      paint or coating material. Alternately, a polyurethane article that has
      already been formed can be submitted to an after treatment consisting of
      either dipping the article in or spraying the article with the foregoing
      compound to either adhere the surface of the article with the compound or
      impregnate the compound into the interior of the article. In the case of
      practically all the fading inhibitors for polyurethane that have been
      known heretofore, their application has been carried out by mixing the
      inhibitor in the starting polymer. While the application of the invention
      inhibitor can be carried out in this manner, it also can be applied by an
      after treatment to an already formed article. And, if desired, an article
      that has been formed using a starting polymer in which the foregoing
      compound has been mixed in advance can be further submitted to an after
      treatment with the aforesaid compound.
PAR  In mixing the foregoing compound in the starting polymer, the procedure
      consisting in adding the compound directly is suitably employed. On the
      other hand, when a semi-finished or finished product is to be adhered or
      impregnated with the compound, it is usually convenient to use the
      compound in the form of either an emulsifier-incorporated composition or
      an organic solvent solution. While there is imposed no special restriction
      as to the amount in which the foregoing compound is used, an amount
      ranging from 0.1% to 10% by weight based on the polyurethane is usually
      used. In the case where the compound is mixed in the starting polymer, an
      amount on the order of 0.5 - 3% by weight is preferred, while in the case
      the application is by an after treatment, an amount on the order of 2 - 8%
      by weight is preferred.
PAR  As regards the solvents and surfactants to be used in preparing the
      emulsifier-incorporated composition or solution of the invention
      inhibitor, preferably used as the solvents are the hydrophilic organic
      solvents such as the lower alcohols, the lower ketones, dioxane, the
      polyhydric alcohols, dimethylformamide, dimethyl sulfoxide,
      dimethylacetamide and acetamide. On the other hand, as the surfactants,
      usable are the anionic or nonionic surfactants, and mention can be made of
      such, for example, as the higher alcohol sulfates, the sulfates of the
      higher alcohol-ethylene oxide adducts, the sulfates of the higher fatty
      acid-ethylene oxide adducts, sodium alkylbenzenesulfonate, sulfate of
      castor oil, sulfate of oleic acid, sulfonated products of higher alcohol
      esters, higher fatty acid-alpha-sulfates, higher alcohol-ethylene oxide
      adducts, higher fatty acid-ethylene oxide adducts, the ethylene oxide
      adducts of sorbitan or sorbitol and the ethylene oxide adducts of
      alkylphenols.
DETD
PAR  The following examples are given for more fully illustrating the present
      invention. Unless otherwise specified, the parts and percentages used in
      the examples are on a weight basis. The anti-gas fading effect was
      determined by using nitrogen dioxide, the combustion gas of propane used
      as fuel (this gas contains nitrogen oxides) and a chlorine-containing gas.
      In the case of nitrogen dioxide, the test method of JIS L0855-1967 was
      used, while in the case of the combustion gas of propane, the test was
      carried out in accordance with the method of AATCC 23-1971 (Technical
      Manual of the American Association of Textile Chemists and Colorists). On
      the other hand, in the case of the chlorine-containing gas, the text was
      carried out with a gas having an effective chlorine concentration of 100
      ppm. In all instances, the anti-gas fading effect was evaluated, and the
      degree of fading of the sample, a white polyurethane shaped material, as
      indicated by their degree of yellowing, was ranked in one of the five
      classes (i.e., class 5 to class 1). Class 5 denotes that the anti-gas
      fading effect was excellent, there being practically no yellowing at all,
      while class 1 denotes that the effect was bad, the yellowing of the sample
      being extreme. The intermediate classes 4, 3 and 2 denote that the effect
      was respectively good, fair and poor.
PAC  EXAMPLE 1
PAR  Thirty parts of polytetramethylene ether glycol having an average molecular
      weight of 1500 was added to 10 parts of diphenylmethane-4,4'-diisocyanate,
      after which the resulting mixture was reacted for 60 minutes at
      80.degree.C. The resulting intermediate polymer was dissolved in 90 parts
      of dimethylformamide, and while holding this solution at 0.degree.C., a
      solution of 1.4 parts of 1,2-propylenediamine in 30 parts of
      dimethylformamide was added thereto and reacted therewith. After adding to
      the so obtained polyurethane solution 2%, based on the weight of the
      polyurethane solids content, of N,N'-dibenzylxylylenediamine separately
      obtained by reacting a 85.degree.C. a mixture of meta and para xylylene
      (para isomer content = 29%) with benzyl chloride in the copresence of a
      20% aqueous caustic soda solution, the mixture was dry-spun to obtain a
      polyurethane elastic yarn. The anti-gas fading effects to nitrogen dioxide
      gas, combustion gas of propane, and chlorine-containing gas are shown
      below. The control is the instance where the diamine compound was not
      added. The numerical values indicate the class in the foregoing
      classification wherein the degree of anti-gas effect was awarded ranking
      from 5 to 1.
TBL  ______________________________________                                    
                        Combustion gas                                         
                 No.sub.2                                                      
                        of propane   Chlorine                                  
     ______________________________________                                    
     Control       1        1            1                                     
     Invention product                                                         
                   5        4            3                                     
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  To an intermediate polymer obtained by reacting 75 parts of
      methylenebis(4-phenylisocyanate) and 230 parts of polytetramethylene ether
      glycol having an average molecular weight of 1150 were added 3 parts of
      4,4'-isopropylidenebis(6-tert-butylmetacresol), 2.5 parts of
      2-(2-oxy-5-methyl-phenyl) benzotriazole and 6 parts of titanium dioxide,
      after which the resulting mixture was dissolved in dimethylformamide and
      reacted after the addition of 6.7 parts of 1,2-propylenediamine. The so
      obtained polyurethane solution was then dry-spun to obtain an elastic yarn
      of 420 denier.
PAR  Separately, 32.8 parts of 1,4-diaminomethyl-2,5-dimethylbenzene and 100
      parts of 20% caustic soda were heated at 80C. and reacted by adding 50.4
      parts of benzyl chloride with stirring to obtain 50 parts of
      1,4-bis(benzylaminomethyl)-2,5-dimethylbenzene, to which was then admixed
      30 parts of octylphenoxyhexadecylethenoxyethylsulfate soda, 10 parts of a
      sperm oil alcohol-ethylene oxide adduct and 10 parts of isopropanol with
      stirring to obtain 100 parts of an emulsifier-incorporated composition.
PAR  The foregoing elastic yarn was dipped in a bath consisting of a dispersion
      of the foregoing emulsifier-incorporated composition in about 20-fold
      amount of water, following which the excess liquid was removed from the
      yarn by centrifugation, and the yarn was dried for 2 minutes at
      80.degree.C.
PAR  The so obtained polyurethane elastic yarn was then submitted to the gas
      fading test as in Example 1 with the following results.
TBL  ______________________________________                                    
                        Combustion gas                                         
                 No.sub.2                                                      
                        of propane   Chlorine                                  
     ______________________________________                                    
     Control       1        1            1                                     
     Invention product                                                         
                   5        4            2                                     
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  1. While maintaining 139 parts of a mixture of 2,4-tolylene diisocyanate
      and 2,6-tolylene diisocyanate of an isomer ratio 65:35 at about
      80.degree.C. with well stirring, a mixture of 134 parts of
      trimethylolpropane and 90 parts of 1,3-butanediol was added dropwise
      thereto to carry out the reaction. The reaction product was then extracted
      with a combined solution of ethyl acetate and n-hexane to eliminate the
      unreacted tolylene diisocyanate and obtain an ethyl acetate solution of a
      low toxic, high-molecular-weight polyisocyanate containing 14.1% of the
      NCO group. After adding 17.7% of toluene, this was used as the isocyanate
      component.
PAR  2. A polyester of a hydroxyl value of 290 obtained from adipic acid,
      phthalic acid and trimethylolpropane and a polyester of a hydroxyl value
      of 315 obtained from adipic acid, butylene glycol and trimethylolpropane
      were mixed in a weight ratio of 1:1 followed by the further addition of a
      2.5-fold amount of ethyl acetate to obtain the polyester component.
PAR  The foregoing components (1) and (2) were mixed in weight ratio of 1:2
      followed by the further addition of a white pigment to obtain a white
      coating solution. To the so obtained coating solution was admixed 2%,
      based on the weight of polymeric solids content, of
      1,4-bis(paramethylbenzylaminoethyl)benzene obtained by reacting, as in
      Example 1, 1,4-bis(beta-aminoethyl) benzene and paramethylbenzyl chloride,
      after which the resulting mixture was solidified on a sheet glass to
      obtain a coating material. The so obtained coating material was then
      tested as in Example 1 with the following results.
TBL  ______________________________________                                    
                        Combustion gas                                         
                 No.sub.2                                                      
                        of propane   Chlorine                                  
     ______________________________________                                    
     Control       1        1            1                                     
     Invention product                                                         
                   5        5            3                                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  To the same polymeric solution as that obtained in Example 1 were severally
      added 1.5%, based on the solids content of the polymer, of various
      compounds according to formula (1), following which the resulting mixtures
      were molded into 1-mm-thick sheets with an extrusion molder. The so
      obtained several sheets were then tested as in Example 1 with the
      following results.   t2 -? ? Combustion gas? ? ? -Gas fading inhibitor?
      No.sub.2? of propane? Chlorine? -Control 1 1 1  -N,N'-bis(4-ethylbenzyl)m-
      5 5 3 -xylylenediamine -N,N'-bis(3-methylbenzyl)p- 5 5 3 -xylylenediamine
      -1,3-bis(dibenzylaminoethyl)benzene 5 4 2 -N-benzyl-N'-4-methylbenzyl-p- 5
      5 3 -xylylenediamine
      -1,4-bis(dibenzylaminopropyl)benzene432-1,4-bis(dibenzylaminoethyl)2,5- 5
      4 2 -dimethylbenzene -N,N'-bis(4-methylbenzyl)m- 5 5 3 -xylylenediamine
      -1,4-bis(dibenzylaminoethyl)benzene 5 4 3
      -1,4-bis(4-methylbenzylaminoethyl)2,5- 5 5 3 -dimethylbenzene -
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of inhibiting the gas fading of polyurethane products which
      comprises incorporating therein a compound of the formula (I):
      ##SPC3##
      wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are independently selected
      from the group consisting of hydrogen, methyl and ethyl, and n and m are
      each an integer from 1 to 3.
NUM  2.
PAR  2. Polyurethane product having improved resistance to gas fading consisting
      essentially of polyurethane and a compound, as the gas fading inhibitor,
      of the formula,
      ##SPC4##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, and R.sup.4 are independently selected
      from the group consisting of hydrogen, methyl and ethyl, and n and m are
      each an integer from 1 to 3, in the amount of from about 0.1 to about 10%
      by weight of the polyurethane.
NUM  3.
PAR  3. Polyurethane product of claim 2 wherein said compound is
      N,N'-dibenzylxylylenediamine.
NUM  4.
PAR  4. Polyurethane product of claim 2 wherein said compound is
      1,4-bis(benzylaminomethyl)-2, 5-dimethylbenzene.
NUM  5.
PAR  5. Polyurethane product of claim 2 wherein said compound is
      1,4-bis(paramethylbenzylaminoethyl) benzene.
NUM  6.
PAR  6. Polyurethane product of claim 2 wherein the polyurethane product is a
      textile product.
NUM  7.
PAR  7. Polyurethane product of claim 2 wherein the polyurethane product is a
      film.
NUM  8.
PAR  8. Polyurethane product of claim 2 wherein the polyurethane product is a
      synthetic leather.
NUM  9.
PAR  9. Polyurethane product of claim 2 wherein the polyurethane product is a
      coating material.
NUM  10.
PAR  10. Polyurethane product of claim 2 wherein the polyurethane product is a
      foamed shaped article.
PATN
WKU  039473902
SRC  5
APN  5084857
APT  1
ART  217
APD  19740923
TTL  Arch shaped snap-type switch contact
ISD  19760330
NCL  13
ECL  1
EXP  Scott; James R.
NDR  3
NFG  9
INVT
NAM  Johnson; Wendell C.
CTY  Topanga
STA  CA
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  200  5R
XCL  200  5A
XCL  200 67DB
XCL  200159B
XCL  200275
XCL  200DIG1
EDF  2
ICL  H01H 1326
ICL  H01H  106
FSC  200
FSS  5 R;5 A;83 B;83 N;86 R;159 B;275;DIG. 1;67 D;67 DA;67 DB
UREF
PNO  3600528
ISD  19710800
NAM  Leposavic
OCL  200  5A
UREF
PNO  3643041
ISD  19720200
NAM  Jackson
OCL  200  5A
UREF
PNO  3684842
ISD  19720800
NAM  Boulanger
UCL  200  5A
UREF
PNO  3742157
ISD  19730600
NAM  Leposavic
XCL  200159B
UREF
PNO  3751612
ISD  19730800
NAM  Hansen
XCL  200275
UREF
PNO  3777082
ISD  19731200
NAM  Hatley et al.
OCL  200  5A
UREF
PNO  3800104
ISD  19740300
NAM  Lien et al.
OCL  200  5A
UREF
PNO  3860771
ISD  19750100
NAM  Lynn et al.
XCL  200  5R
UREF
PNO  3898421
ISD  19750800
NAM  Suzumura
XCL  200241
LREP
FR2  Beck; J. E.
FR2  Anderson; T. J.
FR2  Zalman; Leonard
ABST
PAL  A switching plate having a plurality of arch-shaped snap-type switching
      members formed in a continuous metallic sheet or from sections of a
      metallic sheet bonded to an insulating substrate. Adjacent of the
      switching members extend in transverse directions. The switching members
      will snap downward when forced sufficiently downward thereby achieving
      contact or capacitive switching.
PAL  The switching members are formed in a metallic sheet by providing a first
      plurality of groups of parallel slots in one direction and a second
      plurality of groups of parallel slots in a transverse direction, one of
      the slots of the first group being longer than the other slots. The sheet
      is placed in a die having members conforming in shape to the desired
      arches, wherein the sheet is deformed elastically at desired locations to
      provide the arch-shaped snap-type switching members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,643,041, there is disclosed a switchplate formed on a
      continuous flat metal sheet having a plurality of dome-shaped resilient
      deformable dimples therein. The dimples are convex upward. Downward
      pressure, such as applied through a key device by an operator's finger, is
      resisted until a certain predetermined force is exerted, whereupon the
      dimple "collapses" with a "snap" action, resulting in the convex portion
      of the dimple becoming concave and the dimple contacting a fixed contact
      button located therebeneath.
PAR  In an example of the dimensions of the dimples, the patent teaches that the
      dimples may be approximately 1/2 inch in diameter and have a maximum
      height of approximately 0.03 inch. Due to the "snap" action that is
      required with the deformable dimples, the maximum height of the dimples
      must be limited. The height limit is directly related to the diameter of
      the dimples. In cases where travel of the dimples past the sheet defining
      the dimples of greater than 0.03 inch is required to produce switching,
      the diameter of the dimples must be increased. However, in conventional
      typewriter keyboards where such dimples can be used for switching the
      center-to-center spacing of the keys is 3/4 inch. Thus, the diameter of
      the dimples cannot be increased much beyond 1/2 inch where the switchplate
      is to be used as a component of a keyboard.
PAR  A snap action switch having relatively long tongue members is described in
      U.S. Pat. No. 3,800,104. The tongue members have free ends and fixed ends
      amounting to a design complexity undesirable in a simple keyboard
      application. Also, the construction of the tongue members does not provide
      close center-to-center switch spacing. Accordingly, there is a need for
      snap type switching members of relatively simple design which have a large
      effective diameter but may be located with a close center-to-center
      spacing.
PAC  OBJECTS OF THE PRESENT INVENTION
PAR  It is an object of the present invention to provide an improved switching
      device.
PAR  It is a further object of the present invention to provide an improved
      movable switching element.
PAR  It is a still further object of the present invention to provide a
      switching device that provides an increased travel path for switching.
PAR  It is a still further object of the present invention to provide an
      improved snap-type switching device.
PAR  It is a still further object of the present invention to provide a method
      of producing an improved switching device.
PAR  It is a still further object of the present invention to provide an
      improved method of making a snap-type switching device.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the invention, the foregoing objects are achieved by
      providing a plurality of arch-shaped snap-type switching members formed
      from a continuous metal sheet. Adjacent of the switching elements extend
      in different directions, preferably, transverse directions. The
      directional orientation of the switching elements permits the effective
      diameter of the switching elements to be made large while still allowing a
      close center-to-center spacing of the switching elements.
PAR  The switching devices are formed in the metal sheet by forming a first
      plurality of groups of parallel slots in a first direction and a second
      plurality of groups of parallel slots in a direction substantially
      transverse to the first direction. One of the slots of the first plurality
      of groups is made longer than the other slots such that that slot defines
      two switching elements, thereby providing a close center-to-center spacing
      of the switching elements which are formed by plastically deforming the
      area between adjacent slots in a die having a male member with convex
      arched sections. The switching elements of the invention are particularly
      well suited for use in a keyboard since they can be located with a close
      center-to-center spacing and still provide a large travel distance for
      effecting switching.
DRWD
PAR  The foregoing and other objects of the present invention will be readily
      apparent when the following specification is read in conjunction with the
      accompanying drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a switching device incorporating the
      present invention.
PAR  FIG. 2 is an exploded view of a keyboard utilizing the switching members of
      the present invention.
PAR  FIG. 2a is an exploded view of another form of keyboard utilizing the
      switching members of the present invention.
PAR  FIG. 3 is an isometric view of a group of the switching members of the
      device of FIG. 2.
PAR  FIG. 4 depicts the switching members of the present invention during one
      step in the manufacture thereof.
PAR  FIG. 5 depicts the switching members of the present invention during
      another step in the manufacture thereof.
PAR  FIG. 6 is a cross-sectional view showing the switching members of the
      present invention.
PAR  FIG. 7 is a cross-sectional view of the switching members of FIG. 6, with
      one shown in a closed-circuit condition.
PAR  FIG. 8 is a cross-sectional view illustrating another embodiment of a
      switching member of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a data entry device 10 having a keyboard 12 is
      schematically illustrated. The keyboard 12 includes a plurality of keys 14
      arranged in a predetermined manner for depression by the fingertips of an
      operator. Preferably, the keys 14 have a center-to-center spacing of 3/4
      inch. Each key has a post 15, shown in phantom, that would contact or be
      disposed adjacent the movable switching elements or members to be
      described.
PAR  Referring now to FIG. 2, the keyboard 12 of FIG. 1 is shown in greater
      detail and in an exploded form. The keyboard includes an insulating cover
      plate 16 having a plurality of openings 18 therein. A metal switchplate 20
      is mounted immediately below, and preferably in contact with, cover plate
      16. The switchplate 20 is a continuous metal sheet, for example, a
      0.001-inch thick sheet of beryllium copper, having a plurality of
      resiliently deformable switching members 25 formed therefrom. The
      switching members 25 are convex upward, in the form of "round" arches, and
      have both ends as integral parts of the switchplate 20. Some of the
      switching members 25 have their long dimension in a first direction, i.e.,
      parallel to the X-axis, and other of the switching members 26 have their
      long dimension in a direction transverse to the first direction, i.e.,
      parallel to the Y-axis. Preferably, as shown, adjacent switching members
      25 of any row of switching elements have their long dimensions in
      transverse directions. Each of the members 25 is in register with a hole
      18.
PAR  Immediately below the switchplate 20 is an insulating spacer 26 which may
      be of any conventional insulating material, such as Mylar. Spacer 26 has a
      plurality of holes 28 therein, with each hole positioned in registration
      with a different one of the switching members 25. Holes 28 and openings 18
      can be circular, as shown, or of any other convenient shape, such as
      rectangular, and can be rectangles which have their long axis oriented in
      different directions as do the switching elements 25. Positioned below the
      insulating spacer 26 and in contact therewith is a circuit board 30, of
      any conventional insulating material, which has a plurality of metal
      contacts 32 on the upper surface thereof, with electrical conductors 33
      leading to each contact 32. The contacts 32 are positioned in registration
      with the holes 28, the switching members 25, and the apertures 18. The
      plate 16, the switchplate 20, the spacer 26, and the circuit board 30,
      form a "sandwich" which is extremely compact and occupies only a top, thin
      layer of the device 10.
PAR  A perspective view of several adjacent switching members is shown in
      exploded form in FIG. 3. As shown, the switching members are preferably in
      the form of round arches which are convex upward. By "round" it is meant
      that they have the shape of a segment of circles. However, that shape is
      not critical and the arches can have an elliptic, hyperbolic or other
      appropriate curved geometric shape. The long axis L of each of the arches
      25' extends in a direction which is transversed to the direction of the
      long axis L of the arches 25". As shown, the arches 25 are integral with
      the remainder of the metal switchplate 20, that is, formed from a
      continuous material.
PAR  As previously mentioned, the distance that a snap type switching member can
      travel in the Z-axis is directly related to the diameter of the member and
      the diameter is limited by the center-to-center spacing of the keys which
      actuate the switching member. Due to the novel arch shape and layout of
      switching members 25, the effective diameter of the switching members 25
      can be made larger than the diameter of the switching elements taught by
      U.S. Pat. No. 3,643,041, while still allowing a close center-to-center
      spacing of the switching members 25. For example, with plate 20 being a
      0.005-inch thick sheet of beryllium copper, and with the arches having the
      shape of a segment of a circle, with a cord length L of 1 inch, a width W
      of 1/4 inch, and a maximum displacement D in the Z axis of 0.10 inch, a
      center-to-center spacing of the switching members 25 of 3/4 inch can be
      achieved. The dimensions L, W, and D of the arches are only exemplary and
      their dimensions can be varied depending upon what force is desired to
      snap the switching element from its convex shape to a concave shape, what
      displacement of the switching element is desired when it snaps, and what
      center-to-center spacing is desired.
PAR  A method of making the arched switching members 25 is illustrated in FIGS.
      4 and 5, which show only a portion of the plate 20 during the
      manufacturing process. As shown in FIG. 4, first a first plurality of
      groups 40 of parallel slots which extend in a first direction and a second
      plurality of groups 42 of parallel slots which extend in a direction
      transverse to the first direction are formed in plate 20. Each of the
      first plurality of groups 40 consists of three slots with the central slot
      41 being longer than the outer slots 43. The outer slots 43 are of
      substantially equal length with one having a first end adjacent one end of
      the longer slot 41, and the other having a first end adjacent the opposite
      end of the longer slot 41. The outer slots 43 have their other ends
      terminate on opposite sides of the midpoint of the central slot 41, that
      is, the slots 43 are longer than 1/2 the length of the central slot 41.
      Each of the second plurality of groups 42 consists of two slots 44 of
      equal length. For example, to provide arches having a center-to-center
      spacing of 3/4 inch, a dimension L and W of 1 inch and 1/4 inch,
      respectively, the central slots of the first groups 40 would be 11/2
      inches long with all of the other slots of both groups being 1 inch long
      with spacings of 1/8 inch between adjacent slots oriented in transverse
      directions. Obviously, dimensions are only exemplary, and dimensional
      variations may be made to get desired spacings without departing from the
      spirit of the invention.
PAR  The slots of groups 40 and 42 can be formed by conventional printed circuit
      techniques, such as, for example, by chemical etching. In such an etching
      process a protective film of a light setting resist is applied to the top
      surface of, for example, a chromate-gelatin, and then light of a frequency
      which will set the film is projected onto plate 20 through a photographic
      negative of the desired slot pattern. Next, the portions of the plate 20
      over which the resist has not set, which would conform to the desired slot
      pattern are etched away, for example, by cupric chloride, to produce the
      desired slot pattern, after which the hardened film is removed.
PAR  Next, as shown in FIG. 5, the slotted metal sheet 20 is placed in a die,
      the male member 62 contacting the bottom surface of plate 20, and the
      female member 64 contacting the top surface of plate 20. The male die
      member 62 has protruding therefrom convex arched sections conforming to
      the desired shape, direction and spacing (orientation) of the switching
      members 25, and the female die member 64 has concave sections slightly
      larger than the protrusion of the male die member 64 but conforming to
      their shape, direction and spacing. For example, the arches of member 62
      can have the shape of a segment of a circle, and have a length, width and
      height conforming to the dimensions of the exemplary switching members 25.
      After the sheet 20 is placed in the die with the convex and concave arches
      of the male and female members, respectively, centered over and between
      appropriate pairs of parallel slots in metal sheet 20, the die members are
      brought together to plastically deform sections of the metal sheet 20 such
      that arch sections, such as those shown as switching members 25 in FIG. 2,
      are formed. The deformation of the sections of the sheet 20 is such that
      the normal position of the arches is upward or convex; however, the
      material of sheet 20 is of such thickness that the arches can be forced or
      snapped to a concave position, returning automatically to the convex
      position when the force is removed.
PAR  A cross-sectional view of several of the switching members 25 of FIG. 2 is
      shown in FIG. 6. It may be seen that the arches 25 are convex upward and
      extend into the holes 18. An electrical circuit (not shown) may be
      connected between the switching members 25 and the contact buttons 32. The
      circuit selected to be energized, of course, would depend on which of the
      buttons 32 comes in contact with its corrsponding arched switching member
      25. As shown in FIG. 2a, the arched switching members 25 can be formed on
      thin metallized areas 50 of a circuit board 52 which also has a hole 53
      beneath each of the members 25 such that members 25 can travel to achieve
      a switching action. A potential can be applied to each switching member 25
      via a lead 54 which forms part of areas 50.
PAR  The operation of the keyboard of the present invention may be described by
      reference to FIGS. 6 and 7, wherein it may be seen in FIG. 6 that no
      electrical contact exists between any of the arched switching members 25
      and the buttons 32. To achieve switching an operator's fingertip or other
      force exerting means is placed in one of the openings 18 of the plate 16,
      such as the right opening, such that it contacts the convex surface of the
      arched switching members 25 therebetween. Obviously, insulation may be
      provided to prevent electrical shock to the operator. Downward pressure on
      the contacted arched switching member 25 will be resisted until a certain
      predetermined force is exerted, whereupon the arch "collapses" with a snap
      action, resulting in the convex portion of the arch becoming concave and
      the arch contacting the contact button 32 therebeneath, as shown in FIG.
      7. This snap action results in a mechanical sensory feedback signal
      through the fingertip of the operator. The action of the arch while
      collapsing is a modified overcentering action wherein a force on the
      convex portion of the arch beyond a predetermined portion results in the
      collapse of the arch but does not cause the arch to permanently assume a
      convex shape; rather, immediately upon releasing the arch, it will snap
      into its original shape. This snap action provides the operator with a
      desired mechanical sensory feedback signal which enables the operator to
      determine that the key has properly been depressed.
PAR  The keyboard described above incorporates switches which make or break
      electrical contact between switching members 25 and corresponding contact
      buttons 32. A cross-sectional view of another embodiment of the present
      invention is shown in FIG. 8 which is similar to the device of FIG. 2 but
      includes in addition a thin insulator 39 over contacts 32. When one of the
      switching members 25 is depressed to a concave position, as shown in FIG.
      8, the capacitance between the contact button 32 and the depressed
      switching member 25 is substantially greater than when the member 25 was
      in its original convex position. Therefore, a circuit connected between
      the contact button 32 and the depressed member 25 will have a variable
      capacitance depending upon the position of the member 25. Conventional
      capacitance changes sensing circuitry may be utilized to detect this
      change in capacitance resulting from the depression of the arch 25, thus
      providing a switch operable through an induced change in capacitance.
PAR  It may therefore be seen that a large contact displacement in the Z axis
      may be achieved with close contact spacing. Also, the force required to
      snap the arch can easily be controlled by varying the width of the arch
      and different arches on the same keyboard can be made to snap with
      different applied forces by making these arches with different widths or
      curvatures. Also, the novel switching element provides an improved
      mechanical sensory feedback signal through the fingertips of the operator
      while also providing maximum key travel and close key spacing.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A switch assembly comprising, in combination:
PA1  a first member supporting a first plurality of stationary electrical
      contacts,
PA1  a second member supporting a second plurality of electrical contacts,  each
      of said second plurality of electrical contacts having a forcibly movable
      arch-shaped portion supported at both ends thereof, the arch-shaped
      portion of some of said second plurality of electrical contacts extending
      in a first direction and the arch-shaped portion of other of said second
      plurality of electrical contacts extending in a second direction,
PA1  first means for maintaining the arch-shaped portion of each of said second
      plurality of electrical contacts in axial alignment with a different one
      of said stationary electrical contacts with said arch-shaped portion of
      each of said second plurality of electrical contacts being oriented such
      that it is arched away from its associated stationary electrical contact,
      and
PA1  second means for applying a force to the archshaped portion of a selected
      one of said second plurality of electrical contacts to change the shape of
      the arch-shaped portion of said selected one of said second plurality of
      electrical contacts such that it is forced into assuming a shape arched
      toward its associated stationary electrical contact to thereby effect a
      switching action, the arch-shaped portion of said selected one of said
      second plurality of electrical contact assuming its original shape when
      said force is no longer applied thereto.
NUM  2.
PAR  2. The switch assembly of claim 1 wherein said first means maintains said
      first and second members in close proximity such that said arch-shaped
      portion of said selected one of said second plurality of electrical
      contacts contacts its associated stationary contact when it assumes a
      shape arched toward its associated stationary contact to thereby effect a
      contact switching action.
NUM  3.
PAR  3. The switch assembly of claim 1 further including electrically insulating
      means disposed between said first plurality of electrical contacts of said
      first member and said second plurality of electrical contacts of said
      second member and wherein said first means maintains said first and second
      members in close proximity such that said arch-shaped portion of said
      selected one of said second plurality of electrical contacts contacts said
      insulating means when it assumes a shape arched toward its associated
      stationary contact to thereby effect a capacitive switching action.
NUM  4.
PAR  4. The switch assembly of claim 1 wherein said second member is a
      continuous metallic sheet having the arch-shaped portions of said second
      plurality of electrical contacts as an integral part thereof.
NUM  5.
PAR  5. The switch assembly of claim 1 wherein said second member is a
      continuous sheet of an electrically insulating material having a plurality
      of apertures therein with a metalized surface extending over each of said
      apertures, each of said metalized surfaces providing one of said second
      plurality of electrical contacts with said arch-shaped portion of each of
      said second plurality of electrical contacts positioned over one of said
      apertures of said sheet of electrically insulating material.
NUM  6.
PAR  6. The switch assembly of claim 1 wherein said first direction is
      transverse to said second direction.
NUM  7.
PAR  7. The switch assembly of claim 1 wherein said second plurality of
      electrical contacts are aligned in rows with the arch-shaped portions of
      adjacent electrical contacts of a row extending in transverse directions.
NUM  8.
PAR  8. A keyboard assembly for effecting an electrical change upon depression
      of a selected switch actuating member comprising:
PA1  a first member supporting a first plurality of stationary electrical
      contacts,
PA1  a second member supporting a second plurality of electrical contacts, each
      of said second plurality of electrical contacts having a forcibly movable
      arch-shaped portion terminated on each side by an end portion, said end
      portions of each of said second plurality of electrical contacts being
      continuous with a supporting surface and said arch-shaped portion of each
      of said second plurality of electrical contacts being disjoined from said
      supporting surface continuous with its related end portions, said
      arch-shaped portion of each of said second plurality of electrical
      contacts having a length between its related end portions which is greater
      than the width of said arch-shaped portion with said length of each of
      said arch-shaped portions defining the direction of each of said second
      plurality of electrical contacts, some of said second plurality of
      electrical contacts extending in a first direction and other of said
      second plurality of electrical contacts extending in a second direction
      different from said first direction,
PA1  a plurality of switch actuating means, and
PA1  first means for maintaining said second member intermediate said first
      member and said plurality of switch actuating means, with the arch-shaped
      portion of each of said second plurality of electrical contacts in axial
      alignment with a different one of said switch actuating means and with a
      different one of said stationary electrical contacts with said archshaped
      portion of each of said second plurality of electrical contacts being
      convex toward its aligned switch actuating means, said first means also
      normally electrically insulating said contacts of said first member from
      said contacts of said second member,
PA1  forcible movement of a selected one of said switch actuating means changing
      the curvature of the arch-shaped portion of its associated one of said
      second plurality of electrical contacts from convex toward the aligned
      switch actuating means to concave toward the aligned switch actuating
      means to thereby effect a switching action.
NUM  9.
PAR  9. The switch assembly of claim 8 wherein said second member is a
      continuous metallic sheet having the arch-shaped portions of said second
      plurality of electrical contacts as an integral part thereof.
NUM  10.
PAR  10. The switch assembly of claim 8 wherein said second member is a
      continuous sheet of an electrically insulating material having a plurality
      of apertures wherein with a metalized surface extending over each of said
      apertures, each of said metalized surfaces providing one of said second
      plurality of electrical contacts with said arch-shaped portion of each of
      said second plurality of electrical contacts positioned over one of said
      apertures of said sheet of electrically insulating material.
NUM  11.
PAR  11. The switch assembly of claim 8 wherein said first direction is
      transverse to said second direction.
NUM  12.
PAR  12. The switch assembly of claim 8 wherein said second plurality of
      electrical contacts are aligned in rows with the arch-shaped portions of
      adjacent electrical contacts of a row extending in transverse directions.
NUM  13.
PAR  13. A keyboard assembly for effecting an electrical change upon depression
      of a selected switch actuating member comprising:
PA1  a first member supporting a first plurality of stationary electrical
      contacts,
PA1  a second member supporting a second plurality of electrical contacts, each
      of said second plurality of electrical contacts having a forcibly movable
      arch-shaped portion terminated on each side by an end portion, said end
      portions of each of said second plurality of electrical contacts being
      continuous with a supporting surface and said arch-shaped portion of each
      of said second plurality of electrical contacts being disjoined from said
      supporting surface continuous with its related end portions,
PA1  a plurality of switch actuating means, and
PA1  first means for maintaining said second member intermediate said first
      member and said plurality of switch actuating means, with the arch-shaped
      portion of each of said second plurality of electrical contacts in axial
      alignment with a different one of said switch actuating means and with a
      different one of said stationary electrical contacts with said archshaped
      portion of each of said second plurality of electrical contacts being
      convex toward its aligned switch actuating means, said first means also
      normally electrically insulating said contacts of said first member from
      said contacts of said second member,
PA1  forcible movement of a selected one of said switch actuating means changing
      the curvature of the arch-shaped portion of its associated one of said
      second plurality of electrical contacts from convex toward the aligned
      switch actuating means to concave toward the aligned switch actuating
      means to thereby effect a switching action.
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ABST
PAL  An improved electrical slide switch is provided having electrically
      conducting terminals embedded in a molded supporting structure thereby
      eliminating the conventional terminal board in which the terminals have to
      be mounted in openings provided for that purpose, and further
      characterized by slidable contacting elements which reduce to a minimum
      frictional contact during position changes thereby reducing wear and
      increasing the durability.
BSUM
PAC  BACKGROUND
PAR  Electrical slide switches are well known in the art as disclosed for
      example in U.S. Pat. Nos. 3,485,966 and 3,502,825. In these switches the
      slider or sliders, which are connected to an actuator, establish
      electrical contact with terminals that are individually mounted in a
      terminal board.
PAR  In switches of this type, the terminals have to be inserted through
      openings in the terminal board and thereafter secured in place by
      spreading portions of the terminals above the terminal board. These
      portions of the terminals which extend above the terminal board are
      contacted by the slider or sliders mounted in the actuator and therefore
      have to be perfectly aligned. The mounting of these terminals in the
      terminal board is a rather tedious operation requiring careful control.
PAR  In addition to the labor problems involved in making slider switches of the
      type described, these switches also suffer from a disadvantage that is
      common to slider switches in general, namely that the movement of the
      slider elements from one position to another abrades and erodes the
      contact terminals and tends to reduce the life of the switch.
PAC  OBJECTS
PAR  One of the objects of the present invention is to provide a new and
      improved type of electrical slide switch in which the electrically
      conducting terminals are embedded in a molded supporting structure thereby
      eliminating the conventional terminal board in which the terminals have to
      be mounted in openings provided for that purpose.
PAR  Another object of the invention is to provide a new and improved electrical
      slide switch in which the movement of the slidable contacting elements is
      controlled so as to reduce to a minimum the frictional contact which
      occurs between the slider element and the terminals during position
      changes thereby reducing wear and increasing durability.
PAR  Other objects and advantages of the invention will be apparent from the
      following description in conjunction with the accompanying drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 represents a perspective view of a slide switch embodying the
      invention;
PAR  FIG. 2 is an exploded view in perspective of the components of the slide
      switch shown in FIG. 1;
PAR  FIG. 2a is an exploded view in perspective of certain components of the
      slide switch of FIG. 2 which are not visible in FIG. 2 and are shown in an
      inverted position in FIG. 2a;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view similar to FIG. 4 but with the switch of FIG. 4
      in the position shown by the line 5--5 in FIG. 6;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 3;
PAR  FIG. 7 is an enlarged end view showing the slider element in contact with
      one of the fixed electrically conducting elements;
PAR  FIG. 8 is a diagrammatic view illustrating the relationship between the
      slider element and the fixed terminals whereby the slider element is
      always kept out of contact with the fixed terminals;
PAR  FIG. 9 is a diagrammatic view illustrating the positions of the electrical
      contacts on the slider element and the lifting of said contacts with
      respect to the fixed terminals as the slider element is moved from one
      position to another; and
PAR  FIG. 10 is a perspective view with parts broken away of a solder type
      terminal which can be used instead of the printed circuit board type
      terminal shown in FIGS. 1 and 3.
DETD
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an electrical slide switch is provided
      comprising a housing, a slidable electrical conductor, an actuator for
      said conductor mounted in said housing and a base having a plurality of
      fixed electrically conducting terminals mounted therein in spaced
      relationship electrically insulated from one another and adapted to
      receive and establish contact with said slidable conductor as it is moved
      from one position to another so as to electrically connect a plurality of
      said terminals, lifting means operative to lift away the portion of said
      slidable conductor which normally contacts a terminal and to retain said
      portion in lifted position as said slidable conductor is moved from one
      terminal and approaches a second terminal until said slidable conductor
      reaches a predetermined rest position with respect to said second
      terminal.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, the embodiment of the invention illustrated
      therein comprises a molded base 1, an actuator 2 and a housing 3 as shown
      by the exploded view in FIG. 2.
PAR  The molded base 1 is made from a plastic or other suitable electrically
      insulating material and the terminals or leads 4 are molded therein at the
      time the base is formed. A series of lifting posts 5 is also molded into
      the base at the time it is formed.
PAR  The sides of base 1 are formed with channels 6. The ends 7 and 8 of base 1
      extend upwardly above the top edges 9 and 10 on either side.
PAR  Actuator 2 is also molded from an electrically insulating plastic or other
      suitable material, preferably one which is capable of being mechanically
      worked for the reasons hereinafter explained. A knob 11 having a striated
      upper portion 12 capable of being grasped by the fingers is integrally
      molded with actuator 2. Posts 13 and 14 are also integrally molded with
      actuator 2 and extend downwardly below the bottoms of sides 15 and 16 so
      as to engage recesses 17 and 18 in base 1 when the switch is assembled.
      Actuator 2 has an offset portion 19 in side 15 and an offset portion 20 in
      side 16, each of said offset portions forming a recess or channel adapted
      to be received by the upper edges 9 and 10 of molded base 1. Thus, the
      upper edges 9 and 10 form a trackway for moving the actuator 2 back and
      forth. Actuator 2 also contains recesses 21 and 22 which are adapted to
      receive the base 23 of slider element 24.
PAR  Slider element 24 is made from an electrically conducting metal and is
      preferably stamped so that it has two opposing allochiral elongated blades
      25 and 26, each having adjacent the ends thereof a first projecting
      portion 27 which is preferably in the form of an embossment and projects
      inwardly so as to contact the terminals 4 when the slider element 24 is in
      a predetermined rest position. The slider element 24 also has adjacent the
      ends thereof projecting portions 28 which project inwardly and do not
      contact the terminals 4.
PAR  The slider element 24 is mounted in actuator 2 by inserting the base 23 in
      recess 21 and upsetting the ends 29 of the sides of recess 21 at the four
      corners thereof. As will be seen from FIG. 2a, in the embodiment shown,
      the actuator element 2 contains two slider elements 24. After the slider
      elements 24, 24 have been inserted in the recesses 21 and 22 and secured
      therein, the actuator 2 is positioned on molded base 1 with the posts 13
      and 14 in recesses 17 and 18 and with the sides 15 and 16 mounted on edges
      9 and 10. The housing 3, which is preferably formed of metal or other
      suitable material capable of being bent, is then placed over the assembly
      of the actuator 2 and the base 1 with the depending sides 30 inserted in
      recesses 6 until the projections 31 extend beyond the ends of said
      recesses, whereupon the projections 31 are spread outwardly as shown in
      FIG. 1 so as to lock the housing 3 in place. The assembly of the switch is
      now complete with the knob 11 projecting through openng 32 in the housing
      and the outer ends 33 projecting outwardly so that they can be fastened to
      wires or other suitable conductors.
PAR  In the operation of the switch, as illustrated by FIGS. 3--9, the actuator
      moves from one rest position connecting two terminals to another rest
      position connecting one of said terminals and a third terminal. As
      previously indicated, the slider elements have adjacent the ends thereof
      contact projections usually in the form of dimples or embossments 27, 27
      which contact opposite sides of the terminals 4 when the slider element 24
      is in rest position with the circuit established between two consecutive
      elements 4. The projections 28, 28 on the slider elements 25, 26 do not
      contact terminals 4 because they do not project inwardly as far as the
      contact dimples 27, 27. When slider 24 is moved from one rest position to
      another, the projections 28 contact lifting or spreading elements 5,
      causing the contact projections or dimples 27 to be spread or lifted away
      from terminal 4 and to continue to be spread or lifted away from terminal
      4 until the slider 24 reaches the next rest position, whereupon the
      projecting portions 28, 28 are no longer held away by posts 5 and contact
      projections 27, 27 again make electrical contact with terminals 4.
      Inasmuch as the electrical contact projections 27, 27 do not make contact
      with the terminals 4 during the movement of the slider from one position
      to another, and inasmuch as the spreading or lifting projections 28, 28
      never make contact with the terminals 4 but only with the spreading or
      lifting posts 5, there is no possibility for either the terminals 4 or the
      contacting projections 27 to be worn away or eroded by friction during the
      movement of the actuator 2.
PAR  The operation of the various components during the movement of the slider
      element from one position to another is illustrated particularly in FIGS.
      7 to 9. FIG. 7 is an end view showing the contacting projections 27, 27 of
      slider 24 in a rest position with the projecting portions 28, 28 in normal
      position out of contact with the terminal 4 and out of contact with
      spreading or lifting posts 5. It will be seen that the heights of lifting
      posts 5 are such that their tops are always below electrical contact
      projections 27, 27.
PAR  For the purpose of illustrating the operation of the slider switch, FIG. 7
      may be regarded as an end view of FIGS. 8 and 9 looking from right to
      left. FIG. 8 may be regarded as a plan view taken along the line 8--8 of
      FIG. 7 and FIG. 9 may be regarded as a plan view taken along the line 9--9
      of FIG. 7. In position X as shown in FIGS. 8 and 9, the contact dimples
      27, 27 are in electrical contact with terminal C at one end of slider 24
      and with terminal B at the other end of slider 24. The projecting portions
      28 are out of contact with both terminals C and B. When the slider element
      24 is moved from position X to position Y, the projections 28, 28 begin to
      contact post 5. This causes contact projections 27, 27 to move away from
      terminal C and as the movement of slider element 24 continues from
      position Y to position Z, the projecting elements 28, 28 ride over post 5
      causing electrical contact projections 27, 27 to move outwardly and to be
      held outwardly away from terminals B and C. This action continues until
      projecting portions 28, 28 pass beyond the posts 5, whereupon the
      electrical contact projections 27, 27 are permitted to again establish
      electrical contact with the fixed terminal A as shown in dotted lines in
      the left-hand position in FIGS. 8 and 9. In this position, as in the
      original position, the projection portions 28, 28 will remain out of
      contact with the terminal.
PAR  Referring to FIG. 6, it will be noted that the posts 13 and 14, which serve
      to limit the movement of actuator 2, move in recesses 17 and 18 which have
      inwardly projecting sides 34 and 35 that cause the posts 13 and 14 to move
      in a curved or arcuate path from one position to another. At the ends of
      this path adjacent the ends of recesses 17 and 18, a pocket or recess is
      formed so that the posts 13 and 14 retain the actuator 2 in a rest
      position from which it cannot be dislodged without exerting some pressure
      on the knob 11. When pressure is exerted on the knob 11 so as to move
      actuator 2, the posts 13 and 14 ride around the inwardly projecting walls
      34 and 35 of recesses 17 and 18. The posts 13 and 14 are sufficiently
      resilient so that they will bend slightly as shown in FIG. 5 when they
      reach the middle position shown in dotted lines in FIG. 7 between the two
      rest positions of the actuator. Due to the resilience of the posts 13 and
      14 and the fact that they are constantly in contact with the sides of
      recesses 17 and 18, they tend to hold the actuator 2 firmly so that no
      play occurs in the operation of the switch.
PAR  One of the optional embodiments of the invention is the addition of
      mounting tabs 37 and 38 to the housing 3, as shown in dotted lines in FIG.
      1. Another optional embodiment is the provision of embossments or dimples
      39 (see FIG. 2) at the four corners of the upper surface of actuator 2
      which serve as contact points with the inner surface of housing 3 so as to
      reduce friction and facilitate the sliding action of actuator 2. Another
      optional embodiment is the substitution of solder terminals 33a, as shown
      in FIG. 10, having an opening 36 to receive soldered wires for the solid
      terminals 33, as shown in FIGS. 1 and 3 which are normally used with
      printed circuit boards.
PAR  In addition to the other features of the invention, it should be noted that
      the offset portions 19 and 20 of the actuator 2, which act as flanges to
      hold actuator 2 on the upper edges 9 and 10 of molded base 1, also enhance
      the electrical insulating effect between housing 3 and slider element 24
      by providing a circuitous rather than a linear path at the juncture of
      offset portions 19 and 20 with edges 9 and 10.
PAR  The invention provides a very compact electrical slide switch which is
      especially adapted for small or miniature switches and at the same time
      has many advantages in the manufacture of all sizes of electrical slide
      switches. Among these advantages are (1) simplification of manufacture
      resulting from molding the terminals into the base during the formation of
      the base, thereby eliminating the insertion of terminals through holes in
      a terminal board and also eliminating contamination through such holes,
      (2) providing a slide switch in which looseness or play of the moving
      parts is reduced to a minimium, and (3) providing a slide switch in which
      abrasion and erosion of electrical contacts is reduced to minimum.
PAR  It is thought that the invention and its numerous attendant advantages will
      be fully understood from the foregoing description, and it is obvious that
      numerous changes may be made in the form, construction and arrangement of
      the several parts without departing from the spirit or scope of the
      invention, or sacrificing any of its attendant advantages, the form herein
      disclosed being a preferred embodiment for the purpose of illustrating the
      invention.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. An electrical slide switch comprising a housing, a slidable electrical
      conductor blade, an actuator for said conductor blade mounted in said
      housing and a base having a plurality of fixed electrically conducting
      terminals mounted therein in spaced relationship electrically insulated
      from one another to receive and establish contact with said slidable
      conductor blade as it is moved from one position to another so as to
      electrically connect a plurality of said terminals, lifting means
      operative to lift away the portion of said slidable conductor blade which
      normally contacts a terminal and to retain said portion in lifted position
      as said slidable conductor blade is moved from one terminal and approaches
      a second terminal until said slidable conductor blade reaches a
      predetermined contacting position with respect to said second terminal,
      said slidable conductor blade comprising first projecting contacting
      portions which establish electrical contact between said blade and said
      terminals and second projecting portions which project toward said
      terminals but do not contact them and said lifting means comprising
      projections from said base which engage said second projecting portions
      and spread them so that said contacting portions are held away from said
      terminals as the slidable conductor blade is moved between terminals.
NUM  2.
PAR  2. A slide switch as claimed in claim 1 in which said slidable conductor
      comprises an electrically conducting slider element to establish
      electrical contact with said terminals, said slider element having two
      opposing allochiral elongated blades, each having adjacent the ends
      thereof a first projecting portion which projects inwardly and contacts
      opposite sides of said terminals when said slidable conductor is in said
      predetermined contacting position and a second projecting portion which
      projects inwardly and does not contact said terminals.
NUM  3.
PAR  3. A slide switch as claimed in claim 1 in which said slidable conductor
      comprises a one-piece slider element formed from a sheet of electrically
      conducting material having the general cross-section of an inverted U with
      the opposite sides of the U elongated to form blades, and the central
      portion of the U elongated and flat to form a generally rectangular flat
      base member which is longer than said blades, said actuator being formed
      from a molded electrically non-conducting material with a recess therein
      adapted to receive said flat base member, the sides of said recess being
      upset to hold said slider element in fixed relationship to said actuator.
NUM  4.
PAR  4. A slide switch as claimed in claim 2 in which said blades of said slider
      element each contains adjacent its ends an embossment projecting inwardly
      to form a contactor for said terminals and an arcuate area projecting
      inwardly a distance less than said embossment.
NUM  5.
PAR  5. A slide switch as claimed in claim 1 in which said lifting means
      comprises posts on said base adjacent said terminals and projecting means
      on said slidable conductor adapted to contact said posts when said slider
      is moved from one position to another and to spread said slidable
      conductor so that it no longer contacts said terminals during such
      movement.
NUM  6.
PAR  6. An electrical slide switch having a housing, a slidable electrical
      conductor, an actuator for said slidable conductor mounted in said housing
      and a base having a plurality of fixed electrically conducting terminals
      mounted therein in spaced relationship electrically insulated from one
      another to receive said slidable conductor as it is moved from one
      position to another so as to electrically connect a plurality of said
      terminals, said actuator and said base having an interfitting post and
      recess to limit the movement of said slidable conductor, said recess being
      elongated and arcuate and said post bearing against an arcuate side of
      said recess during movement of said post between the ends of said recess,
      said post being sufficiently rigid to retain an upright position when
      resting at the ends of said recess and being sufficiently resilient to
      bend slightly during linear movement of said actuator while contacting the
      arcuate side of said recess so as to hold the actuator firmly.
NUM  7.
PAR  7. An electrical slide switch having a housing, a slidable electrical
      conductor, an actuator for said slidable conductor mounted in said housing
      and a base having a plurality of fixed electrically conducting terminals
      mounted therein in spaced relationship electrically insulated from one
      another to receive said slidable conductor as it is moved from one
      position to another so as to electrically connect a plurality of said
      terminals, said base being formed from a molded insulating material and
      having channels molded in the sides thereof and said housing being formed
      of a sheet material having an inverted U shaped cross-section with an
      opening in the top thereof to receive said actuator and depending side
      portions engaging said channels in the sides of said molded base and
      locked to said sides by engagement with the ends of said channels.
NUM  8.
PAR  8. An electrical slide switch having a housing, a slidable electrical
      conductor, an actuator for said slidable conductor mounted in said housing
      and a base having a plurality of fixed electrically conducting terminals
      mounted therein in spaced relationship electrically insulated from one
      another to receive said slidable conductor as it is moved from one
      position to another so as to electrically connect a plurality of said
      terminals, said base being formed from a molded insulating material, and
      having upper edges to receive said actuator, said actuator being formed
      from a molded insulating material and having downwardly depending sides
      the lower ends of which are offset laterally inwardly to provide recesses
      the sides of which engage upper edges of said molded base which act as a
      trackway between said slidable conductor and said housing, the juncture
      between said actuator and said base also providing a circuitous rather
      than a linear path between said housing and said slidable conductor,
      thereby enhancing the electrical insulating effect between said slidable
      conductor and said housing.
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ABST
PAL  A sand core and mold composition for use in casting metals comprising
      foundry sand, clay, water and from about 0.0025% to about 1% by weight of
      a water-soluble graft copolymer of acrylic acid and a minor amount of a
      water-soluble polyhydroxy polymeric compound, including water-soluble
      salts thereof.
PARN
PAR  This is a division, of application Ser. No. 757,473, filed Sept. 4, 1968,
      now U.S. Pat. No. 3,645,937, issued Feb. 29, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to foundry sand compositions for preparing mold and
      cores. More particularly, this invention relates to foundry sand
      compositions which have better workability characteristics and produce
      fewer defective moldings than foundry sand compositions of the prior art.
      Still more particularly, this invention relates to the use of
      water-soluble graft copolymerization products of acrylic acid and a minor
      amount of a water-soluble polyhydroxy polymeric compound, and
      water-soluble salts thereof, to impart superior workability
      characteristics to foundry sand compositions.
PAR  Conventional foundry molding sands are prepared by adding a bonding clay,
      such as a bentonite or fire clay or a combination of such clays, and a
      critically controlled amount of water to a classified sand which may be of
      a washed, crude or reclaimed variety. It is also common practice to employ
      an organic binder such as cereal or dextrine, and a combustible material
      such as sea coal. Deficiencies in the molding and working properties of
      the foregoing general type of molding compositions have presented a
      constant challenge to the foundry industry.
PAR  The foundry industry, therefore, has attempted numerous variations in
      foundry sand compositions with respect to the binder employed, but it has
      been a general result that the different binders utilized have improved
      certain molding characteristics while degrading others. The different
      binders utilized in foundry sand compositions have included synthetic
      water-soluble polymers. The polymers of the prior art which have been used
      as binders in foundry sand mold and core compositions have been described
      as improving properties of the compositions, e.g., as giving good
      bakeability, good permeability to gases generated during the baking
      operation, good blendability or the ability to mix well and deposit well
      upon blowing, and the like. Many of the polymers of the prior art having
      the above-mentioned properties are deficient in one or more of other
      essential properties, namely, good green strength, good hot strength, and
      good deformation characteristics. It was, therefore, impossible to select
      a single polymer which would produce a good balance of the essential
      properties of a foundry sand composition.
PAR  As illustrative of the types of polymers suggested for use in foundry sand
      compositions, U.S. Pat. No. 2,817,128 teaches the use of a water-soluble
      polyelectrolyte, as for example, a polyacrylic acid, instead of organic
      binders such as cereal and dextrine. These polyelectrolytes are described
      as improving the workability and flowability of the foundry sand in
      addition to making the water content of such compositions a less critical
      variable. An improvement over the use of these polyelectrolytes is
      described in U.S. Pat. No. 3,104,230 which teaches the use of certain
      inorganic compounds in combination with the polyelectrolytes to impart
      superior hot strength properties to the sand compositions. These inorganic
      compounds include phosphoric acid and the various alkali metal and
      alkaline earth metal salts of the oxy-acids of phosphorus and the
      oxy-acids of sulfur, such as tetrasodium pyrophosphate.
PAR  Although the aforementioned inorganic compounds provide improvements over
      the sole use of the polyelectrolytes as binders, the foundry sand
      compositions of U.S. Pat. No. 3,104,230 still suffer from certain
      deficiencies. For example, while the use of the aforementioned inorganic
      compounds improved the hot strength of the foundry sand compositions, the
      hot strength is not improved to the extent desirable. The utilization of
      the invention of U.S. Pat. No. 3,104,230 suffers from the further
      disadvantage that the patent teaches it is necessary that a major
      proportion of the total clay in the composition be of the Western
      bentonite type. This limitation presents an economic disadvantage in areas
      where the sub-bentonitic type of clay is more readily available.
PAR  As illustrative of another type of binder suggested for use in foundry sand
      compositions, U.S. Pat. No. 3,179,523 teaches the use of a magnesium or
      zinc oxysalt cement in combination with an organic binder such as a
      water-soluble polysaccharide or water-soluble polysaccharide derivative.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is based on the discovery that water-soluble graft
      copolymerization products of acrylic acid and a minor amount of a
      water-soluble polyhydroxy polymeric compound substrate, and water-soluble
      salts thereof, will impart superior workability characteristics to foundry
      sand compositions. The foundry sand core and mold compositions of this
      invention comprise a major amount of foundry sand and minor amounts of
      clay, water, and a graft copolymer of this invention, the graft copolymer
      being present in an amount sufficient to enhance the workability
      characteristics of the composition. More specifically, the sand
      compositions of this invention consist essentially of from about 84 to
      about 96% by weight of a foundry sand, from about 3 to about 10% by weight
      of clay, from about 1 to about 5.5% by weight of water, and from about
      0.0025 to about 1% by weight of a suitable graft copolymer.
PAR  The incorporation of the graft copolymer in the foundry sand composition is
      effective to impart a good balance of essential molding properties. The
      graft copolymer achieves the balance of desirable properties without the
      deleterious effects which commonly result from the use of polymers of the
      prior art. The foundry molding sand compositions formulated in accordance
      with the present invention exhibit good green strength, deformation
      characteristics and hot strength. In addition, the castings produced by
      utilizing cores and molds made from the compositions of this invention
      exhibit fewer scabs and other surface defects than when sand compositions
      of the prior art are employed.
PAR  It is, therefore, a primary object of this invention to provide an improved
      foundry sand composition.
PAR  Another object of this invention is to provide a foundry sand composition
      having superior workability characteristics.
PAR  Still another object of this invention is to provide a foundry sand
      composition with superior hot strength properties.
PAR  A further object of this invention is to provide a method for preparing
      foundry sand compositions which includes incorporating in the compositions
      a minor but effective amount of a water-soluble graft copolymer of acrylic
      acid and a minor amount of a water-soluble polyhydroxy polymeric compound,
      including water-soluble salts thereof.
PAR  These and further objects of this invention will be described or be
      apparent as the description thereof herein proceeds.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The graft copolymers which are useful in the method of this invention are
      water-soluble graft copolymers prepared by copolymerizing acrylic acid and
      a minor amount of a substrate which is a water-soluble
      polyhydroxyl-containing polymeric material, and water-soluble salts
      thereof. The amount of the polyhydroxy polymeric compound which is reacted
      with acrylic acid may vary between about 0.1 and about 10.0% by weight,
      preferably between about 0.25 and about 5.0% by weight, based on the total
      weight of the acrylic acid used.
PAR  The substrates which are co-reacted with the acrylic acid to produce the
      graft copolymers which are useful in accordance with this invention are
      water-soluble polyhydroxyl-containing polymeric compounds other than
      methyl cellulose. In general, these polymeric compounds may be
      characterized as having a molecular weight greater than about 350 and
      containing at least about 5% free hydroxyl groups. The polymeric compounds
      may contain up to 30% and even higher free hydroxyl groups. It will be
      evident that the polyhydroxy polymeric compounds may contain substituents
      other than hydroxyl groups so long as the substituents are inert, i.e.,
      non-reactive with the acrylic acid, under the reaction conditions.
      Examples of substituents other than mere hydroxyl groups which the
      polymeric compounds may contain are halo, alkyl, aryl, carboxyalkyl,
      hydroxyalkyl, halohydroxyalkyl, arylhydroxyalkyl, and the like.
PAR  The useful polymeric substrates include water-soluble polysaccharides and
      polyhydroxyl-containing derivatives thereof. Although disaccharides and
      trisaccharides may be used in accordance with this invention, the
      preferred polymeric compounds are the tetra-, penta- and higher
      polysaccharides and oligosaccharides, i.e., saccharides containing at
      least four linked monosaccharide molecules, and derivatives thereof
      containing substituents such as hereinbefore defined. The most preferred
      substrates include derivatives of cellulose and the
      biochemically-synthesized heteropolysaccharides.
PAR  Some of the specific polymeric polyhydroxy compounds that may be used as
      substrates to prepare the novel copolymers of this invention include, but
      are not limited to water soluble derivatives of cellulose such as
      chlorohydroxypropyl cellulose, phenylhydroxyethyl cellulose, hydroxybutyl
      cellulose, hydroxyethyl cellulose, ethyl cellulose, hydroxyethyl methyl
      cellulose, hydroxypropyl methyl cellulose, carboxymethyl cellulose and the
      like cellulose ethers. Other polymeric compounds which may be coreacted
      with acrylic acid in accordance with this invention include starch and
      water-soluble derivatives of starch, e.g., chlorohydroxypropyl starch,
      phenylhydroxyethyl starch, hydroxybutyl starch, methyl starch, ethyl
      starch, hydroxyethyl starch, hydroxyethyl methyl starch, hydroxypropyl
      methyl starch, and carboxymethyl starch. Still other polymeric materials
      which may be used include the so-called "sugars" such as sucrose, maltose,
      lactose, raffinose, stachyose and vertascose; causticized lignite;
      biochemically-synthesized heteropolysaccharides, e.g., produced by the
      action of bacteria of the genus Xanthomonas or the genus arthrobacter on
      carbohydrates; polyvinyl alcohol; and polyalkylene glycols and derivatives
      thereof such as alkoxy polyalkylene glycols, e.g., polyethylene glycols
      and methoxy polyethylene glycols. It will be apparent to one skilled in
      the art that useful compounds include those compounds which will form the
      above-defined polymeric compounds in the acidic reaction medium and such
      compounds are included in the scope of this invention. For example,
      carboxymethyl cellulose will be formed from the sodium salt thereof in the
      acidic reaction medium.
PAR  The graft copolymerization can be carried out by using well-known
      polymerization techniques. Ultraviolet light or any of the well-known
      peroxygen-type initiators, e.g., peroxide free radical initiators, may be
      used. The preferred peroxygen-type initiators are hydrogen peroxide and
      hydroperoxides such as t-butyl hydroperoxide, diisopropylbenzene
      hydroperoxide, cumene hydroperoxide, 1-phenylethyl hydroperoxide, and the
      like. Other useful peroxide initiators are diacyl peroxides such as
      benzoyl peroxide and acetyl peroxide, and dialkyl peroxides such as
      di-t-butyl peroxide and dicumyl peroxide. Still other useful
      peroxygen-type initiators include per-salts such as sodium, potassium or
      ammonium persulfate and sodium perborate; the peresters such as t-butyl
      peroxyacetate and t-butyl peroxybenzoate; and the peracids such as
      performic acid, peracetic acid, perbenzoic acid, and peroxylactic acid. If
      desired. Redox activated systems can be used in accordance with the usual
      polymerization practices. Thus, sodium bisulfite-potassium persulfate and
      hydrogen peroxide-ferrous ion systems may be employed. However, the
      incremental addition of the peroxygen-type initiator is preferred when a
      Redox activated systems is utilized.
PAR  The quantity of the initiator employed can be varied depending on the
      reaction temperature and other conditions, but will ordinarily be from
      about 0.0005 to about 0.01% by weight, preferably from about 0.002 to
      about 0.004% by weight, based on the weight of the acrylic acid.
PAR  The temperature of the reaction is not critical and may vary between about
      -5.degree. C. and about 100.degree. C. The preferred temperature range is
      between about 40.degree. C. and about 80.degree. C., with a temperature
      between about 60.degree. C. and about 70.degree. C. being most preferred.
      The reaction may be carried out under superatmospheric pressure or even
      under partial vacuum. However, it is preferred to utilize atmospheric
      pressure for convenience since the reaction runs very favorably at this
      pressure.
PAR  The graft copolymerization reaction is carried out in an acidic aqueous
      medium. The pH of the reaction medium may be any value up to and including
      about 3.5. It is preferred to maintain the pH between about 3.0 and about
      3.5 for optimum results. In the event the amount of acrylic acid utilized
      is not sufficient to lower the pH of the reaction medium to a value of 3.5
      or lower, the desired pH may be obtained by the addition of a suitable
      mineral acid such as sulfuric acid, nitric acid or hydrochloric acid.
PAR  The reactants and the initiator are combined in the aqueous reaction medium
      in any conventional manner. However, the initiator should not be added to
      the reaction medium containing only the acrylic acid since this could
      cause the polymerization of the acrylic acid in the absence of the
      polyhydroxy polymeric compound substrate. As illustrative of a suitable
      manner of combining the reactants, the acrylic acid and the polyhydroxy
      polymeric compound are each dissolved in separate amounts of water so as
      to provide homogeneous solutions thereof. These solutions are mixed and
      the initiator is then added to the mixed solution. Alternatively, the
      polyhydroxy polymeric compound may be dissolved in water to provide a
      homogeneous solution to which the acrylic acid and the initiator are
      added. Other methods of combining the reactants and initiator will be
      obvious to one skilled in the art. Optimum results will be obtained if the
      polyhydroxy polymeric compound is thoroughly dissolved in at least a part
      of the aqueous reaction medium before it is combined with the acrylic
      acid. Stirring or shaking of the reaction mixture will facilitate the
      polymerization and result in more uniform polymers.
PAR  The reaction time will vary according to the reaction temperature and/or
      quantity of the initiator present. In general, the time should be
      sufficient to consume at least 95% of the acrylic acid. To illustrate the
      variance of the reaction time at different temperatures, polymerization
      was evident in about 5 to 7 hours when acrylic acid was reacted at
      60.degree. C. with about 1.0% by weight of the carboxymethyl cellulose,
      based on the weight of the acrylic acid, and 0.002% by weight of hydrogen
      peroxide, based on the weight of acrylic acid, was present. On the other
      hand, polymerization was complete in about 15 to 20 minutes when the
      reaction was carried out at 100.degree. C. using the same relative amounts
      of the reactants and the initiator. Polymerization may be detected by a
      change in refractive index, and completion of the reaction may be detected
      by the absence of the distinctive odor of acrylic acid.
PAR  At the completion of the polymerization reaction, the copolymer thus
      produced may be converted to the salt form. This conversion is generally
      effected by neutralization with an appropriate hydroxide. Ammonium or
      alkali metal salts of the compolymers such as sodium, potassium and
      lithium salts may be obtained by reacting the copolymers with the
      corresponding hydroxide. Where complete neutralization is desired, a
      stoichiometric amount, and preferably a slight excess, of the hydroxide is
      used. Partial salts may, of course, be produced by using less than the
      quantity of alkali metal or ammonium hydroxide to effect complete
      conversion of the carboxyl groups.
PAR  The copolymers, in either the acid form or the salt form, may be converted
      to a dry form if so desired. This may be accomplished by conventional
      techniques, such as by heating the aqueous solution of the copolymer in a
      drum drier at a temperature of about 105.degree. C. to drive off the water
      and yield a dry polymer.
PAR  The graft copolymers may be used in accordance with this invention in
      either the acid form or the salt form (e.g., as ammonium and alkali metal
      salts). The amount of the graft copolymer to be used may be varied
      considerably. As little as about 0.0025% by weight of the green foundry
      sand composition, produces satisfactory core or mold mixes for some
      purposes, while in others amounts as large as about 1% or more may be
      utilized. In general, from about 0.01 to about 0.5% by weight will be
      found to be satisfactory for most purposes, with from about 0.05 to about
      0.1% by weight being particularly preferred.
PAR  The foundry sand compositions of this invention will generally contain from
      about 3 to about 10% by weight of clay, but lesser and greater amounts of
      clay will be used in certain applications. However, the amount of the clay
      in most instances will range from about 5 to about 7.5% by weight.
      Standard foundry refractory and bentonite-type clays may be utilized in
      the compositions of this invention, but it is preferred that a major
      proportion of the total clay be a bentonite type of clay. Western or
      natural sodium bentonite and native or sub-bentonitic clays are useful.
      The Western clays impart better workability characteristics to the core
      and mold compositions than the sub-bentonitic clays. The difference in the
      properties imparted to the sand compositions is apparently due to
      differences in the chemical compositions of the clays. Sub-bentonitic
      clays are generally calcium or magnesium varieties of montmorillonite and
      may contain substantial proportions of non-clay or non-montmorillonite
      impurities. The Western bentonitie clays, which are natural sodium clays,
      are sometimes herein referred to merely as "bentonitic" clays.
PAR  When a sub-bentonitic or calcium montmorillonite type of clay is used, the
      clay is preferably first treated with an alkali metal compound which is
      water-soluble, ionizable, and has an ion capable of reacting with calcium
      to form a water-soluble precipitate. Such compounds include, as for
      example, alkali metal carbonates, hypophosphates, oxalates, borates,
      phosphates, silicates, sulfites and tartrates. Sodium carbonate or soda
      ash is particularly preferred. The amount of the alkali metal compound
      employed will be somewhat dependent upon the proportion of calcium
      montmorillonite in the clay. In general, amounts of from about 0.5 to
      about 6% by weight of the clay will be used. The preferred quantities for
      treatment are from about 2 to about 4% by weight of the clay.
PAR  The sand employed can be any of the standard foundry sands of the washed,
      crude or reclaimed varieties. It is generally preferred to use a clean,
      washed round- or sub-angular grained silica base sand. Such sand is
      available is a wide range of particle sizes containing particles ranging
      from about 30 to about 270 mesh or finer U.S. series. The sand will be
      present in the composition in the amount of from about 84 to about 96% by
      weight of the composition, exclusive of combustible materials such as sea
      coal, with a range of from about 89 to about 93% being preferred.
PAR  The only other ingredient required in the sand mix of this invention in
      addition to the graft copolymer, clay and sand is water. In general,
      moisture is required to impart moldability to the mix and for the
      development of satisfactory green strength. Satisfactory green strength,
      moldability, and surface finish are obtained when there is from about 1 to
      about 5.5% by weight total moisture in the mix. A total moisture content
      in the range of from about 2 to about 4% by weight is particularly
      preferred.
PAR  The compositions of this invention may contain ingredients in addition to
      the aforementioned four essential ingredients, i.e., graft copolymer,
      clay, sand and water, in the amounts indicated. Other ingredients
      conventionally used in the foundry practice may be present in minor
      amounts, as for example, thermoplastic and thermosetting natural and
      synthetic resins, flour or cereals, zirconite, sea coal and the like. For
      example, the sand compositions hereinbefore defined may be mixed with a
      combustible material such as sea coal in an amount of up to about 14% by
      weight, or even higher, of the total weight of the four essential
      ingredients. If desired, a minor amount, e.g., from about 0.05 to about 1%
      by weight of the composition, of a water-soluble borate such as a sodium
      borate may be used to further increase the green strength and improve
      response to mulling. In addition, the foundry mold and core sand
      compositions may also contain a minor amount, e.g., from about 0.05 to
      about 0.5% by weight of the composition, of one of the inorganic compounds
      described in U.S. Pat. No. 3,104,230 as being useful in combination with
      polyelectrolytes. Therefore, it will be understood that the term
      "consisting essentially of" when used herein is intended to indicate the
      named ingredients of a composition plus other materials of a nature and in
      such amounts as will not substantially adversely affect the properties of
      the composition for its intended purposes, such as described above.
PAR  In the practice of this invention, the ingredients of the sand composition
      may be mixed in any conventional manner and in any order. However, as
      hereinbefore pointed out, it is preferred that any alkali metal compound
      such as soda ash be added to the clay before the clay is combined with any
      of the other ingredients of the composition when a sub-bentonitic clay is
      used. The graft copolymer in a dry finely divided form may be mixed with
      dry sand and clay to form a composition to which only the correct amount
      of water need be added before use. Inasmuch as the graft copolymers are
      water-soluble in both the acid and salt forms, they may be added in an
      aqueous solution to a dry mixture of the sand and clay. In still another
      alternative method of mixing the ingredients, the acid or salt form of the
      graft copolymer may be added in the dry form or in an aqueous solution to
      the clay before the clay is combined with the sand. When an aqueous
      solution of the graft copolymer is added to the sand and/or clay, the
      concentration of the solution may be adjusted to yield a core or mold mix
      of the desired total moisture content.
PAR  Intermixture of the ingredients of the composition of this invention may be
      performed by hand, in an internal mixer, in a paddle type mixer, or in any
      of the low and high speed mulling machines conventionally employed for
      preparing such compositions. No particular care as to time and temperature
      of mixing need be exercised. An efficient internal mixer or mulling
      machine produces a homogeneous composition in a very short time, usually
      from about one-half to about four minutes.
PAR  Once a uniform and homogeneous molding composition has been prepared by
      thorough mulling and mixing of the aforementioned ingredients, it is ready
      for use. It is poured or forced under pressure into a suitable core or
      mold box, or on a pattern or other shaping device, and rammed or tamped in
      place sufficiently to completely fill all recesses. When compacted or
      shaped in such a manner the core or mold is easily removed from the
      shaping device and is found to be hard and of such high green strength
      that it is easily handled in subsequent operations.
PAR  The green core or mold, which may be dried or baked, if necessary, is ready
      for use. It may be dried at room temperature, or it may be baked in an
      oven or dried with a torch if the air drying is undesirably slow. The
      operation in which the green core or mold is converted to a hard, dry
      condition is essentially a dehydration operation.
PAR  The following non-limiting example will serve to further illustrate this
      invention.
PAR  In the example the following terms are defined in accordance with the
      standards of the American Foundrymen's Society (hereinafter referred to as
      "A.F.S."), and they represent various quality criteria of foundry molding
      compositions as determined by standard test methods and specifications of
      the A.F.S. The term "moldability index" is an indication of the state of
      workability of the sand in molding for metal castings. This is determined
      by utilization of a Harry W. Dietert Company moldability tester No. 875.
      The term "green hardness" is defined as the resistance offered by the
      surface of a green mold to deformation in a small area. This measurement
      in made with a Harry W. Dietert Company green hardness tester No. 473. The
      term "permeability" as used herein refers to the physical property which
      determines the ability of gases to flow through molded masses of foundry
      molding compositions. The permeability test is made with a Harry W.
      Dietert Company permmeter according to the A.F.S. standard permeability
      procedure. The term "green compression strength" is defined as the
      pressure in pounds per square inch required to cause collapse of a
      standard rammed cylinder of undried sand composition. The term
      "deformation" is the change in linear dimension of a foundry molding
      composition test specimen when it is subjected to an applied stress. This
      measurement is taken with a Universal sand strength machine No. 405. The
      term "dry compression strength" is defined as the pressure in pounds per
      square inch required to cause collapse of a standard rammed cylinder of
      the sand composition after being dried. The term "green shear strength"
      represents, in pounds per square inch of a cross-sectional area, the
      maximum shear stress which a foundry sand mixture, in its green state, is
      capable of withstanding without deformation. This measurement is taken
      with a Universal sand strength machine No. 405. Lastly, the term "hot
      strength" is the compressive strength of a hot composition after being
      soaked at an elevated temperature for about 12 minutes. A Thermolab
      Dialotometer 753 is used to take this measurement.
PAR  A first foundry molding sand composition is prepared in accordance with
      this invention by thoroughly mulling 92.3 parts by weight of A.F.S. No. 56
      sand, 5 parts by weight of a Western bentonite, 2.12 parts by weight of
      water, and 0.1 part by weight of a sodium salt of an acrylic acid
      carboxymethyl cellulose graft copolymer which is prepared as outlined
      above. A second sand composition is prepared by following the teachings of
      the prior art for the purpose of comparison with the composition of this
      invention. This second composition is prepared by thoroughly mulling 98.6
      parts by weight of A.F.S. No. 56 sand, 2.22 parts by weight of water, and
      5 parts by weight of a mixture comprising 100 parts by weight of a Western
      bentonite, 0.1 part by weight of a sodium polyacrylamide and 0.1 part by
      weight of tetrasodium pyrophosphate. Portions of each of the resulting
      compositions are then tested for moldability, green hardness,
      permeability, green compression strength, deformation, dry compression
      strength, green shear strength and hot strength in accordance with the
      standards of the A.F.S. The results of these tests show that improvements
      in the workability of foundry sand compositions may be achieved by
      incorporation therein of a minor amount of a graft copolymer of this
      invention. For example, the composition of this invention has a hot
      strength at 1800.degree. F. which is over 100 pounds per square inch
      greater than the hot strength which the composition of the prior art has.
      In addition, the composition of this invention exhibits superior
      moldability, permeability, green compression strength, deformation
      characteristics, and dry compression strength as compared to the
      compositions of the prior art. The green hardness and green shear strength
      of the sand composition of this invention are comparable to those
      properties of the prior art composition.
PAR  Although this invention has been described in relation to specific
      embodiments it will be apparent that obvious modifications may be made by
      one skilled in the art without departing from the intended scope of the
      invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A foundry molding composition comprising a major amount of foundry sand
      and minor amounts of clay, water, and a water-soluble graft copolymer,
      said graft copolymer being present in an amount sufficient to enhance the
      workability of said composition and being of the group consisting of a
      graft copolymerization product of acrylic acid and from about 0.1 to about
      10% by weight, based on the weight of said acrylic acid, of a
      biochemically-synthesized heteropolysaccharide, and water-soluble salts of
      said graft copolymerization product, said biochemically-synthesized
      heteropolysaccharide containing at least about 5% free hydroxyl groups and
      being free of substituents other than hydroxyl groups that are reactive
      with acrylic acid.
NUM  2.
PAR  2. A foundry molding composition in accordance with claim 1 containing from
      about 0.0025 to about 1% by weight of said graft copolymer, and said graft
      copolymerization product is an ultraviolet light or peroxygen-type
      compound induced graft copolymerization product.
NUM  3.
PAR  3. A foundry molding composition in accordance with claim 2 comprising from
      about 84 to about 96% by weight of said foundry sand, from about 3 to
      about 10% by weight of said clay, and from about 1 to about 5.5% by weight
      of water.
NUM  4.
PAR  4. A foundry molding composition in accordance with claim 3 wherein said
      graft copolymerization product is a peroxide free radical induced graft
      copolymerization product.
NUM  5.
PAR  5. A foundry molding composition in accordance with claim 4 wherein said
      graft copolymerization product is a hydrogen peroxide or
      hydroperoxide-induced graft copolymerization product of acrylic acid and
      from about 0.25 to about 5% by weight, based on the weight of said acrylic
      acid, of said biochemically-synthesized heteropolysaccharide.
NUM  6.
PAR  6. A foundry molding composition in accordance with claim 4 including said
      graft copolymerization product.
NUM  7.
PAR  7. A foundry molding composition in accordance with claim 4 including a
      water-soluble salt of said graft copolymerization product.
NUM  8.
PAR  8. A foundry molding composition in accordance with claim 7 including an
      alkali metal salt of said graft copolymerization product.
NUM  9.
PAR  9. A foundry molding composition in accordance with claim 8 including a
      sodium salt of said graft copolymerization product.
NUM  10.
PAR  10. A foundry molding composition in accordance with claim 4 wherein a
      major proportion of said clay is a bentonitic clay.
NUM  11.
PAR  11. A foundry molding composition in accordance with claim 4 wherein a
      major proportion of said clay is a sub-bentonitic clay treated with from
      about 0.5 to about 6% by weight, based on the weight of said clay, of soda
      ash.
NUM  12.
PAR  12. A foundry molding composition in accordance with claim 5 comprising
      from about 89 to about 93% by weight of said sand, from about 5 to about
      7.5% by weight of said clay, from about 2 to about 4% by weight of water,
      from about 0.01 to about 0.5% by weight of said graft copolymer, and from
      about 0.05 to about 1% by weight of a water-soluble borate.
NUM  13.
PAR  13. A foundry molding composition in accordance with claim 5 comprising
      from about 89 to about 93% by weight of said sand, from about 5 to about
      7.5% by weight of said clay, from about 2 to about 4% by weight of water,
      and from about 0.05 to about 0.1% by weight of said graft copolymer, a
      major proportion of said clay being a sub-benonitic clay treated with from
      about 0.5 to about 6% by weight, based on the weight of said
      sub-bentonitic clay, of soda ash.
NUM  14.
PAR  14. A foundry molding composition in accordance with claim 5 comprising
      from about 89 to about 93% by weight of said sand, from about 5 to about
      7.5% by weight of said clay having a bentonitic clay as a major proportion
      thereof, from about 2 to about 4% by weight of water, and from about 0.05
      to about 0.1% by weight of said graft copolymer.
NUM  15.
PAR  15. A foundry molding composition in accordance with claim 5 comprising
      from about 89 to about 93% by weight of said sand, from about 5 to about
      7.5% by weight of said clay having a bentonitic clay as a major proportion
      thereof, from about 2 to about 4% by weight of water, and from about 0.05
      to about 0.1% by weight of an alkali metal or ammonium salt of said graft
      copolymerization product.
NUM  16.
PAR  16. A foundry molding composition from about 84 to about 96% by weight of a
      foundry sand, from about 3 to about 10% by weight of clay, from about 1 to
      about 5.5% by weight of water, and from about 0.0025 to about 1% by weight
      of a graft copolymer, said graft copolymer being a hydroperoxide or
      hydrogen peroxide-induced graft copolymerization product of acrylic acid
      and from about 0.25 to about 5% by weight, based on the weight of said
      acrylic acid, of a biochemically-synthesized heteropolysaccharide, or a
      water-soluble salt of said graft copolymerization product.
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ABST
PAL  A resin composition for laminates excellent in water resistance, electrical
      properties, mechanical strength, punchability and heat resistance is
      obtained by blending a drying oil-modified-resol type phenolic resin and a
      resol type water soluble phenolic resin with a drying oil-phenols-modified
      mesitylene-formaldehyde resin.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a resin composition for laminates. More
      particularly, this invention relates to a resin composition for laminates
      excellent in water resistance, electrical properties, mechanical strength,
      punchability and heat resistance, which composition is obtained by
      blending a drying oil-modified resol type phenolic resin and a resol type
      water soluble phenolic resin with a drying oil-phenols-modified mesitylene
      formaldehyde resin.
PAR  For a long time laminates which are produced by pressing with hot
      compression of the prepregs in a desired number of sheets obtained by
      impregnating of a base material with thermosetting phenolic resin varnish
      and then drying, have been used for electric insulator and in recent years
      these are also much in demand for printed circuit and also with the
      remarkable progress of the recent electronics technology use-conditions of
      said printed circuit have come to severe and the demand for mechanical
      properties thereof have a marked tendency of becoming more and more higher
      grade.
PAR  To comply with these demands as above mentioned, the production of
      laminates have been employed a drying oil-modified resol type phenolic
      resin as impregnating resin varnish. When the prepregs, in which said
      drying oil-modified resol type phenolic resin is employed as an
      impregnating resin, are laminated under pressure with hot compression, the
      complete curing of said resin is effected only in insufficient grade and
      the releasing of the produced laminates from the pressing plate is bad and
      this leads to the disadvantages in the operation. Furthermore, thus
      obtained laminates is inferior in punchability and a tendency of
      delamination can not be avoided in the punching process and, accordingly,
      there is accompanied with a defect that said laminates is unsuitable for
      preparing minimized printed circuit board.
PAR  We have engaged in the studies for improving of the properties of laminates
      produced by the use of such phenolic resin and found that the properties
      of laminates can be improved by the use of the modified mesitylene
      formaldehyde resin which may be obtained by reacting alkyl benzenes
      consisting mainly of C.sub.9 -aromatic hydrocarbons containing more than
      50 percent, preferably more than 70 percent by weight of mesitylene with
      formaldehyde.
PAR  The present invention is concerned with a resin composition to be used for
      the production of laminates capable of satisfying the performance of the
      punchability, electrical properties, mechanical strength and the like.
PAR  An object of the present invention is to provide a resin composition for
      producing laminates excellent in punchability, electricl properties,
      mechanical strength, water resistance and heat resistance.
PAR  The other object of the invention is to provide a resin composition
      comprising (A) a drying oil-phenols-modified mesitylene-formaldehyde
      resin, (B) a drying oil-modified resol type phenolic resin and (C) a resol
      type water soluble phenolic resin.
PAR  When the resin composition according to the invention, the laminates having
      desired qualities may optionally be produced by altering the blending
      proportion of drying oil-phenols-modified mesitylene formaldehyde resin,
      drying oil-modified resol type phenolic resin and resol type water-soluble
      phenolic resin.
PAR  The resin composition for laminates according to the invention may be
      prepared by blending (B) a drying oil-modified resol type phenolic resin
      and (C) a resol type water-soluble phenolic resin with (A) a drying
      oil-phenols-modified mesitylene formaldehyde resin.
PAR  The amount of (A) to be composed is from 5 to 95 parts by weight, based on
      100 parts by weight of the sum of (A) and (B) and the amount of (C) to be
      composed is from 5 to 45 percent by weight based on 100 parts by weight of
      the sum of (A) and (B).
PAR  The drying oil-phenols-modified mesitylene-formaldehyde resin to be used in
      the resin composition according to the invention is prepared, for example,
      in a manner as shown under:
PAR  A mixture of a mesitylene-formaldehyde resin, drying oil and phenols are
      reacted at a temperature of between 100.degree. and 300.degree. C for 1 to
      5 hours in the presence of an acid catalyst to obtain a mesitylene
      formaldehyde resin modified with a drying oil and phenols. The modified
      product is mixed with formaldehyde and the mixture is reacted at a
      temperature between 50.degree. and 200.degree. C for 1 to 5 hours in the
      presence of a basic catalyst and followed by dehydration under reduced
      pressure to produce drying oil-modified mesitylene formaldehyde resin
      herein referred.
PAR  The resin thus obtained is mixed with at least one solvent selected from
      the group consisting of alcohols such as methanol, ethanol, butanol;
      ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone and
      aromatic hydrocarbons such as benzene, toluene, xylene and the mixture
      obtained is supplied as impregnating varnish for base materials.
PAR  The drying oil-phenols-modified mesitylene-formaldehyde resin before
      reacting with formaldehyde said above should have an average molecular
      weight of between about 800 and about 2000.
PAR  The mesitylene-formaldehyde resin, drying oil and phenols may be reacted
      together simultaneously, however, it is also possible either to react at
      first the mesitylene-formaldehyde resin with phenols or to react at first
      mesitylene-formaldehyde resin with a drying oil. Exemplifying of the
      drying oil to be employed in said modification reaction are, for example,
      tung oil, linseed oil, dehydrated castor oil, oiticica oil, safflower oil,
      soya bean oil, etc. and though the amount thereof to be used may be
      altered in accordance with the desired hardness of the produced laminates,
      it is generally desirable to use less than twenty times by weight based on
      the mesitylene-formaldehyde resin to be used. Phenols to be utilized
      comprise phenol; alkyl phenols, such as cresol, xylenol; aryl phenols,
      such as phenyl phenol, cumyl phenol; halogenated phenols; and further
      polyhydric phenols, such as bisphenol A. As for the amount of phenols to
      be used, more than an equivalent weight of phenols refers to that of the
      mesitylene-formaldehyde resin may be used, however, for attaining a
      satisfactory improvement in the mechanical processing properties of
      laminates, it is preferably to use more than three times by weight thereof
      based on the amount of the mesitylene-formaldehyde resin. Examples of the
      acid catalyst which may be used in the modification reaction are
      organosulfonic acids, such as benzenesulfonic acid, toluenesulfonic acis;
      organosulfonic acid chlorides, such as toluenesulfonic acid chloride;
      metal halides, such as stannic chloride, zinc chloride, etc.; further
      inorganic acids, such as phosphoric acid, hydrochloric acid, sulfuric
      acid, etc.; and organic acids, such as formic acid, oxalic acid, etc.
PAR  Formaldehyde used is generally supplied as an aqueous formaldehyde
      solution, however, if necessary paraformaldehyde, polyoxymethylene ether
      and further trioxane, etc. may be used therefor. The amount of
      formaldehyde to be used is from 0.5 to 2.0 mols, preferably from 0.7 to
      1.4 mols per mol of phenols. Examples of the basic catalyst which may be
      used are ammonia; amines, such as hexamethylenetetramine, triethanolamine,
      ethylenediamine, etc.; alkali or alkaliearth metalhydroxides or
      carbonates, such as sodium hydroxide, potassium hydroxide, calcium
      hydroxide, magnesium hydroxide or sodium carbonate, etc.
PAR  The mesitylene-formaldehyde resin used herein is an aromatic
      hydrocarbon-formaldehyde resin which may be obtained by reacting
      alkylbenzenes mainly consisting of C.sub.9 -aromatic hydrocarbon
      containing more than 50 percent by weight of mesitylene with formaldehyde
      in the presence of an acid catalyst such as sulfuric acid. Recently
      C.sub.9 -aromatic hydrocarbon containing mesitylene mentioned above is
      easily available as a higher boiling fraction in the process of the
      isolation and purification of C.sub.8 -aromatic hydrocarbon in the recent
      petroleum chemical industry and is nowadays supplied as a cheap material
      for the production of aromatic hydrocarbon-formaldehyde resin.
PAR  Although the mesitylene-content in said alkylbenzene may suitably altered,
      for the sake of demonstrating sufficiently of the features of the
      laminates attained by the present invention, the mesitylene-content should
      be more than 50 percent, preferably more than 70 percent by weight.
      Suitable mesitylene-formaldehyde resins for the present invention are
      included within the oxygen-content of from 9 to 17 percent, preferably
      from 10 to 14 percent and an average molecular weight of from 250 to 600,
      preferably from 300 to 550.
PAR  The drying oil-phenols-modified mesitylene-formaldehyde resins used in the
      composition according to the invention include the resins, such as, for
      example, a tung oil-phenol-modified mesitylene-formaldehyde resin, linseed
      oil-phenol-modified mesitylene-formaldehyde resin, dehydrated castor
      oil-phenol-modified mesitylene-formaldehyde resin, tung
      oil-xylenol-modified mesitylene-formaldehyde resin, tung
      oil-m-cresol-modified mesitylene formaldehyde resin, tung oil-bisphenol
      A-modified mesitylene-formaldehyde resin and so on.
PAR  The drying oil-modified resol type phenolic resins used in the composition
      of the present invention are known, which may be obtained by cooking
      phenols with a drying oil in the presence of acid catalyst followed by
      reacting with formaldehyde in the presence of a basic catalyst. Said resin
      is used generally in the form of varnish dissolved in solvents such as
      mentioned above. The resol type water-soluble phenolic resin is known and
      may be obtained by reacting phenols with formaldehyde in the presence of a
      basic catalyst and is also used generally in the form of a varnish similar
      to the above mentioned resin.
PAR  The drying oil-modified resol type phenolic resins used in the present
      composition include the resins such as, for example, tung oil-modified
      resol type phenol resin, tung oil-modified resol type xylenol resin,
      dehydrated castor oil-modified resol type phenol resin and so on.
PAR  According to the invention although the above said drying
      oil-phenols-modified mesitylene formaldehyde resin, drying oil-modified
      resol type phenol resin and resol type water-soluble phenolic resin are
      admixed in a desired mixing proportion, it is generally admixed in the
      form of a varnish and the obtained varnish mixture is applied as
      impregnating varnish for base material.
PAR  For the production of laminates by the use of the resin composition of the
      present invention, a conventional process may be employed as it is.
PAR  For example, a varnish obtained by dissolving a resin composition according
      to the invention in a solvent is used for impregnating of the base
      material. As for the base material, any of synthetic and natural fabrics
      and sorts of paper, such as glass fabrics, glass mats, glass paper, glass
      cellulose-paper, cellulosic paper may be used.
PAR  The base material thus impregnated is dried and finished so as to effect
      prepregs having resin-content of 30 to 70 percent by weight, preferably 30
      to 50 percent by weight.
PAR  The prepregs are laminated in a desired number of sheets, if desired by
      laminating a copper, nickel or aluminium foil upon the surface thereof and
      is pressed at a pressure of 20 to 200 kg/cm.sup.2 and a temperature of
      140.degree. to 180.degree. C for 20 to 180 minutes to obtain desired
      laminates.
PAR  The following examples are presented to further illustrate the present
      invention. Unless otherwise specified parts and percentage described in
      the examples are parts and percentage by weight.
PAR  Drying oil-phenols-modified mesitylene-formaldehyde resin, drying
      oil-modified resol type phenolic resin and resol type water-soluble
      phenolic resin used in the examples are prepared in the manner as shown in
      examples shown under:
PAR  Mesitylene-formaldehyde resin (1): which has an average molecular weight of
      554 and oxygen-content of 11.4% by weight and may be obtained by reacting
      C.sub.9 -aromatic hydrocarbon containing 98% by weight of mesitylene with
      formaldehyde in the presence of an acid catalyst.
PAR  Mesitylene-formaldehyde resin (2): which has an average molecular weight of
      470 and oxygen-content of 12.0% by weight and may be obtained by reacting
      C.sub.9 -aromatic hydrocarbons containing 74% by weight of mesitylene with
      formaldehyde in the presence of an acid catalyst.
PAR  Mesitylene-formaldehyde resin (3): which has an average molecular weight of
      290, oxygen-content of 14.3% by weight and may be obtained by reacting
      C.sub.9 -aromatic hydrocarbons containing 38% by weight of mesitylene with
      formaldehyde in the presence of acid catalyst.
DETD
PAC  (I) DRYING OIL-PHENOLS-MODIFIED MESITYLENE-FORMALDEHYDE RESIN VARNISH
PAC  Example 1
PAR  A mixture of 200 parts of mesitylene-formaldehyde resin (containing 98% by
      weight of mesitylene, average molecular weight 554, oxygen-content 11.4%),
      600 parts of phenol, 120 parts of tung oil and 1 part of toluene sulfonic
      acid is placed in a four-necked flask fitted with a stirrer, thermometer
      and reflux condenser and reacted at 130.degree. C for one hour. After
      cooling to 50.degree. C the reaction mixture is added with 500 parts of 37
      percent aqueous formaldehyde solution and 6 parts of
      hexamethylenetetramine and heated under reflux for 2 hours and then after
      removing of water under a reduced pressure the residue is added with
      methanol to obtain a tung oil-phenol-modified mesitylene-formaldehyde
      resin varnish, which contains 60 percent of non-volatile matters.
PAC  Example 2
PAR  The same procedure as described in Example 1 is repeated, except that the
      mesitylene-formaldehyde resin (1) is replaced by the
      mesitylene-formaldehyde resin (2) mentioned above and then tung
      oil-phenol-modified mesitylene-formaldehyde varnish is obtained.
PAC  Comparative Example 1.
PAR  The same procedure as described in Example 1 is repeated, except that the
      mesitylene-formaldehyde resin (1) is replaced by the
      mesitylene-formaldehyde resin (3) mentioned above. A tung
      oil-phenol-modified mesitylene-formaldehyde resin varnish is obtained.
PAC  Example 3
PAR  A mixture of 135 parts of the mesitylene-formaldehyde resin (1), 750 parts
      of m-cresol (composed of 70% of meta-cresol and 30% of para-cresol), 400
      parts of tung oil and 1 part of benzenesulfonic acid is placed in a same
      reactor as described in Example 1 and reacted at 130.degree. C for one
      hour.
PAR  After cooling to 50.degree. C the reaction mixture is added with 500 parts
      of 37% formalin and 10 parts of aqueous ammonia solution and heated under
      reflux for 1 hour, then after removing of water under reduced pressure the
      residue is added with a mixture of methanol and benzene and then a tung
      oil-m-cresol-modified mesitylene formaldehyde resin varnish is obtained.
PAC  Example 4
PAR  A mixture of 150 parts of mesitylene-formaldehyde resin (2), 700 parts of
      bis-phenol A, 300 parts of tung oil and 2 parts of p-toluenesulfonic acid
      is reacted at 130.degree. C for 2 hours. After cooling to 50.degree. C the
      reaction mixture is added with 400 parts of 37%-formalin and 8 parts of
      hexamethylenetetramine and heated under reflux for 2 hours, then after
      removing of water the residue is added with methyl ethyl ketone and thus a
      tung oil-bisphenol A-modified-mesitylene-formaldehyde resin varnish is
      obtained.
PAC  Example 5
PAR  A mixture of 200 parts of the mesitylene-formaldehyde resin (1), 600 parts
      of phenol, 100 parts of linseed oil and 3 parts of sulfuric acid is
      reacted at 160.degree. C for 3 hours. After cooling to 60.degree. C the
      reaction mixture is added with 500 parts of 37%-formalin and 5 parts of
      ethylenediamine and heated under reflux for 2 hours and then after
      removing of water the residue is added with methanol and thus a linseed
      oil-phenol-modified mesitylene-formaldehyde resin varnish is obtained.
PAC  Example 6
PAR  A mixture of 200 parts of the mesitylene-formaldehyde resin (1), 650 parts
      of phenol, 150 parts of dehydrated castor oil and 4 parts of
      p-toluenesulfonic acid is reacted at 130.degree. C for 2 hours. After
      cooling to 50.degree. C the reaction mixture is added with 500 parts of
      37%-formalin and 6 parts of hexamethylenetetramine and heated under reflux
      for 2 hours, then after removing water the residue is added with methanol
      and thus a dehydrated castor oil-phenol-modified mesitylene-formaldehyde
      resin varnish is obtained.
PAC  (II) DRYING OIL-MODIFIED RESOL TYPE PHENOLIC RESIN VARNISH
PAC  Examply 7
PAR  A mixture of 500 parts of phenol, 200 parts of tung oil and 6 parts of
      85%-phosphoric acid is reacted at 120.degree. C for 3 hours and after
      cooling to 90.degree. C the reaction mixture is added with 500 parts of
      37%-formalin and 10 parts of aqueous ammonia. The mixture is reacted at
      95.degree. C for 3 hours and then after removing of water at a reduced
      pressure the residue is added with a mixture of methanol and xylene and
      thus a tung oil-modified resol type phenol-formaldehyde resin varnish
      containing 60% of non-volatile matter is obtained.
PAC  Example 8
PAR  A mixture of 550 parts of xylenol, 200 parts of tung oil and 4 parts of
      p-toluenesulfonic acid is reacted at 130.degree. C for 2 hours and after
      cooling to 90.degree. C the reaction mixture is added with 450 parts of
      37%-formalin and 20 parts of aqueous ammonia. The mixture is reacted under
      reflux for 2 hours and after removing of water the residue is added with a
      mixture of methanol and benzene and thus a tung oil-modified resol type
      xylenol resin varnish containing 60% of non-volatile matter is obtained.
PAC  Example 9
PAR  A mixture of 500 parts of phenol, 220 parts of dehydrated castor oil and 2
      parts of sulfuric acid is reacted at 130.degree. C for one hour and after
      cooling to 90.degree. C the reaction mixture is added with 500 parts of
      37% formalin and 6 parts of p-toluenesulfonic acid. The mixture is then
      reacted under reflux for 2 hours and after removing of water the residue
      is added with a mixture of methanol and benzene and thus a dehydrated
      castor oil-modified resol type phenol resin varnish containing 60% of
      non-volatiles.
PAC  (III) WATER-SOLUBLE RESOL TYPE PHENOLIC RESIN VARNISH
PAC  Example 10
PAR  A mixture of 350 parts of phenol, 700 parts of 37% formalin and 6 parts of
      magnesium hydroxide is reacted at 50.degree. C for 7 hours and after the
      removal of water at a reduced pressure the residue is added with methanol
      to obtain a water-soluble resol type phenolic resin varnish containing 60%
      of non-volatiles.
PAC  Example 11
PAR  A varnish of a tung oil-phenol-modified mesitylene-formaldehyde resin
      varnish obtained in Examples 1 and 2, varnish of a tung oil or castor
      oil-modified resol type phenolic resin obtained in Examples 7 and 9 and
      varnish of the resol type water-soluble phenolic resin obtained in Example
      10 are blended in such proportions as shown in Table 1A to prepare varnish
      to be used for the impregnation of base material.
PAR  As for the base material, a 100% cotton linter paper is used and it is
      impregnated with a varnish mixture thus prepared and then dried to obtain
      a prepreg having resin-content of 45%.
PAR  Required number of sheets of the prepregs thus obtained are piled up one
      after another and furthermore a copper foil coated with an adhesive is
      laid thereon. Subsequently the assembly thus obtained is pressed at
      165.degree. C under the pressure of 100 kg/cm.sup.2 for 809 minutes to
      obtain a copper-clad laminate having a thickness of 1.6 mm.
PAR  Properties of the laminates thus obtained are shown in Table 1B.
TBL                                    Table 1A                                
     __________________________________________________________________________
                          Resin Composition                                    
                          A  B  C  D  E  F  G  P                               
     Resins                                    Comparison                      
     __________________________________________________________________________
     Tung oil-phenol-                                                          
                   Example 1                                                   
                          10 20 50 80    20 50                                 
     modified mesitylene-                                                      
     formaldehyde resin                                                        
                   Example 2          50                                       
     according to the following                                                
     Examples:     Comparative                 50                              
     (parts)       Example                                                     
     Tung oil or castor oil-                                                   
                   Example 7                                                   
                          90 80 50 20 50       50                              
     modified resol type                                                       
     phenolic resin according                                                  
                   Example 9             50 50                                 
     to the following Examples:                                                
     (parts)                                                                   
     Resol type water-soluble                                                  
     phenolic resin according                                                  
                          20 40 30 8  30 40 30 30                              
     to Example 10 (parts)                                                     
     __________________________________________________________________________
      .sup.1 For preparing drying oil-phenol-modified mesitylene-formaldehyde  
      resin a mesitylene-formaldehyde resin having a mesitylene-content of more
      than 50% is used.                                                        
TBL                                    Table 1B                                
     __________________________________________________________________________
                    Treating                                  P                
     Test Items                                                                
             Standard                                                          
                    Condition                                                  
                           A    B    C    D    E    F    G    Comparison       
     __________________________________________________________________________
     Water absorp-                                                             
             JIS    E-24/50**                                                  
     tion (%)                                                                  
             K-6911(1970)                                                      
                    +D-24/23                                                   
                           0.32 0.34 0.30 0.29 0.32 0.31 0.40 0.61             
     Insulation                                                                
             JIS    C-90/20/65**                                               
                           3.4.times.10.sup.13                                 
                                8.1.times.10.sup.13                            
                                     2.1.times.10.sup.14                       
                                          2.7.times.10.sup.13                  
                                               1.5.times.10.sup.14             
                                                    1.0.times.10.sup.14        
                                                         4.9.times.10.sup.13   
                                                              6.3.times.10.sup.
                                                              13               
     resistance                                                                
             K-6911(1970)                                                      
                    C-90/20/65**                                               
     (.OMEGA.)      +D-2/100                                                   
                           9.1.times.10.sup.10                                 
                                8.3.times.10.sup.10                            
                                     8.1.times.10.sup.10                       
                                          2.6.times.10.sup.10                  
                                               5.6.times.10.sup.10             
                                                    7.0.times.10.sup.10        
                                                         1.2.times.10.sup.10   
                                                              0.1.times.10.sup.
                                                              10               
     Dielectric                                                                
             JIS    C-90/20/65**                                               
                           4.08 4.12 3.92 3.87 3.95 4.28 4.34 4.41             
     constant                                                                  
             K-6911(1970)                                                      
                    C-90/20/65**                                               
     (1 MC/Hz)      +D-48/50                                                   
                           4.21 4.19 4.18 3.99 4.16 4.29 4.52 4.62             
     Punchability*                                                             
             ASTM   as received                                                
                           23-70.degree.C                                      
                                23-70.degree.C                                 
                                     60-80.degree.C                            
                                          60-80.degree.C                       
                                               60-80.degree.C                  
                                                    23-70.degree.C             
                                                         60-80.degree.C        
                                                              60-80.degree.C   
             D-617         Excel-                                              
                                Excel-                                         
                                     Excel-                                    
                                          Excel-                               
                                               Excel-                          
                                                    Excel-                     
                                                         Excel-                
                                                              Good             
                           lent lent lent lent lent lent lent                  
     Flexural                                                                  
             JIS    as received                                                
                           23.4 21.8 22.5 21.2 21.8 20.4 20.5 19.5             
     strength                                                                  
             K-6911(1970)                                                      
     (kg/mm.sup.2)                                                             
     Solder heat                                                               
             JIS    as received                                                
                           52-58                                               
                                48-61                                          
                                     53-55                                     
                                          61-63                                
                                               52-54                           
                                                    41-45                      
                                                         45-48                 
                                                              29-31            
     resistance                                                                
             C-6481(1968)                                                      
     (sec.)                                                                    
     Barcol                                                                    
     Impressor                                                                 
             --     --     37   41   45   42   45   40   44   45               
     Releasing property of laminates from                                      
     pressing plate        Good Good Good Good Good Good Good Good             
     __________________________________________________________________________
      Note:                                                                    
      *The temperatures in the column of "Punchability" refer to the optimum   
      temperature at which the laminates are punched.                          
      **In the column of "Testing Conditions":                                 
       C: treated in the air at constant temperature and constant humidity.    
       D: Soaked in distilled water.                                           
       E: Treated in the air at constant temperature. The first figure refers t
      treating temperature (.degree.C), the second figure refers to treating   
      temperature (.degree.C) and the third figure refers to relative humidity 
      (%).                                                                     
PAC  Example 12
PAR  A varnish of a tung oil-phenols-modified mesitylene-formaldehyde resin
      obtained in Examples 3 and 4,  varnish of tung oil-modified resol type
      phenolic resin obtained in Example 7 and varnish of the resol type
      water-soluble phenolic resin obtained in Example 10 are blended in such
      proportions as shown in Table 2A to prepare varnish to be used for the
      impregnation of base material.
PAR  As for the base material, a 100% cotton linter paper is used and it is
      impregnated with a varnish mixture thus prepared and then dried to obtain
      prepreg having resin-content of 45%.
PAR  The laminates of the prepregs thus obtained are prepared according to the
      method described in Example 11 and the properties thereof are shown in
      Table 2B.
TBL                Table 2A                                                    
     ______________________________________                                    
                            Resin                                              
                            Composition                                        
     Resins                   H      I                                         
     ______________________________________                                    
     Tung oil-phenol-  Example 3  30                                           
     modified mesitylene-                                                      
     formaldehyde Resin .sup.1                                                 
                       Example 4         50                                    
     according to the following                                                
     Examples:                                                                 
     (parts)                                                                   
     Tung oil-                                                                 
     modified resol type          70     50                                    
     phenolic resin according                                                  
     to Example 7 (parts)                                                      
     Resol type water-soluble                                                  
     phenolic resin according     30     30                                    
     to Example 10 (parts)                                                     
     ______________________________________                                    
      .sup.1 A mesitylene-formaldehyde resin having a mesitylene-content of mor
      than 50% is used for the preparation.                                    
TBL                                    Table 2B                                
     __________________________________________________________________________
     Test Items                                                                
              Standard                                                         
                      Treating Conditions                                      
                                  H     I                                      
     __________________________________________________________________________
     Water absorption                                                          
              JIS     E-24/50**   0.41  0.38                                   
     (%)      K-6911(1970)                                                     
                      +D-24/23                                                 
     Insulation                                                                
              JIS     C-90/20/65**                                             
                                  8.9.times.10.sup.13                          
                                        3.5.times.10.sup.14                    
     resistance (.OMEGA.)                                                      
              K-6911(1970)                                                     
                      C-90/20/65**                                             
                      +D-2/100    3.5.times.10.sup.10                          
                                        6.2.times.10.sup.10                    
     Dielectric                                                                
              JIS     C-90/20/65**                                             
                                  4.29  4.02                                   
     constant K-6911(1970)                                                     
                      C-90/20/65**                                             
     (1 MC/Hz)        +D-48/50    4.35  4.04                                   
     Punchability*                                                             
              ASTM                60-80.degree.C                               
                                        60-80.degree.C                         
              D-617   as received Very good                                    
                                        Very good                              
     Flexural JIS     as received 19.9  19.4                                   
     strength K-6911(1970)                                                     
     (kg/mm.sup.2)                                                             
     Solder heat                                                               
              JIS                                                              
     resistance                                                                
              C-6481(1968)                                                     
                      as received 45-52 44-50                                  
     (sec.)                                                                    
     Barcol                                                                    
     impressor                                                                 
              --      --          43    46                                     
     Releasing property of laminates from                                      
     pressing plate               Good  Good                                   
     __________________________________________________________________________
       *As referred in Table 1B.                                               
      **As referred in Table 1B.                                               
PAC  Example 13
PAR  A varnish of linseed oil or caster oil-phenol-modified
      mesitylene-formaldehyde resin varnish obtained in Examples 5 and 6,
      varnish of tung oil-modified resol type phenolic resin obtained in Example
      7 and varnish of resol type water-soluble phenolic resin obtained in
      Example 10 are blended in such proportions as shown in Table 3A to prepare
      varnish to be used for the impregnation of base material.
PAR  As for the base material, a 100% cotton linter paper is used and the
      prepregs are obtained according to the method described in Example 12.
PAR  The laminates of the prepregs are prepared according to the method
      described in Example 11 and the properties thereof are shown in Table 3B.
TBL                Table 3A                                                    
     ______________________________________                                    
                          Resin Composition                                    
     REsins                 J        K                                         
     ______________________________________                                    
     Linseed oil or castor                                                     
                      Example 5 50                                             
     oil-phenol-modified                                                       
     mesitylene-formaldehyde                                                   
                      Example 6          50                                    
     resin .sup.1 according to                                                 
     the following Examples:                                                   
     (parts)                                                                   
     Tung oil modified resol                                                   
     type phenolic resin        50       50                                    
     according to Example 7                                                    
     (parts)                                                                   
     Resol type water-soluble                                                  
     phenolic resin according to                                               
                                30       30                                    
     Example 10 (parts)                                                        
     ______________________________________                                    
      .sup.1 A mesitylene-formaldehyde resin having mesitylene-content of more 
      than 50% is used.                                                        
TBL                                    Table 3B                                
     __________________________________________________________________________
     Test Items                                                                
              Standard                                                         
                      Treating Conditions                                      
                                  J     K                                      
     __________________________________________________________________________
     Water absorp-                                                             
              JIS     E-24/50**   0.28  0.48                                   
     tion (%) K-6911(1970)                                                     
                      +D-24/23                                                 
     Insulation                                                                
              JIS     C-90/20/65**                                             
                                  3.4.times.10.sup.13                          
                                        4.5.times.10.sup.14                    
     resistance                                                                
              K-6911(1970)                                                     
                      C-90/20/65**                                             
     (.OMEGA.)        +D-2/100    1.1.times.10.sup.10                          
                                        7.6.times.10.sup.10                    
     Dielectric                                                                
              JIS     C-90/20/65**                                             
                                  4.48  4.11                                   
     constant K-6911(1970)                                                     
                      C-90/20/65**                                             
     (1 MC/Hz)        +D-48/50    4.58  4.18                                   
     Punchability*                                                             
              ASTM                60-80.degree.C                               
                                        60-80.degree.C                         
              D-617   as received Very  Excel-                                 
                                  good  lent                                   
     Flexural JIS                 19.8  20.4                                   
     strength K-6911(1970)                                                     
                      as received                                              
     (kg/mm.sup.2)                                                             
     Solder heat                                                               
              JIS                 41-44 51-58                                  
     resistance                                                                
              C-6481(1968)                                                     
                      as received                                              
     (sec.)                                                                    
     Barcol                                                                    
     impressor                                                                 
              --      --          43    44                                     
     Releasing property of laminates from                                      
     pressing plate               Good  Good                                   
     __________________________________________________________________________
      Note:                                                                    
       *As referred in Table 1B.                                               
      **As referred in Table 1B.                                               
PAC  Example 14
PAR  A varnish of a drying oil-phenol-modified mesitylene-formaldehyde resin
      obtained in Examples 1, 2 and 6, a varnish of dehydrated castor oil or
      tung oil-modified resol type phenolic resin obtained in Examples 7, 8 and
      9 and varnish of resol type water-soluble phenolic resin obtained in
      Example 10 are blended in such proportions as shown in Table 4A to prepare
      varnish to be used for the impregnation of base material.
PAR  As for the base material, 100% cotton linter paper is employed and it is
      impregnated with a varnish mixture obtained as above and thereafter
      treated as described in Example 11 and the properties of the obtained
      laminates are shown in Table 4B.
TBL                Table 4A                                                    
     ______________________________________                                    
                            Resin                                              
                            Composition                                        
     Resins                   L     M     N   O                                
     ______________________________________                                    
     Tung oil or caster oil-phenol-                                            
                        Example 1               80                             
     modified mesitylene formaldehyde                                          
     resin .sup.1 according to the                                             
                        Example 2           50                                 
     following Examples:                                                       
     (parts)            Example 6 20    50                                     
     Tung oil or dehydrated castor                                             
                        Example 7 80                                           
     oil-modified resol type                                                   
                        Example 8       50      20                             
     phenolic resin according to                                               
                        Example 9           50                                 
     the following Examples:                                                   
     (parts)                                                                   
     Resol type water-soluble                                                  
     phenolic resin according to  40    30  30  8                              
     Example 10 (parts)                                                        
     ______________________________________                                    
      .sup.1 A mesitylene-formaldehyde resin having a mesitylene-content of mor
      than 50% is used for the preparation.                                    
TBL                                    Table 4B                                
     __________________________________________________________________________
                     Treating                                                  
     Test Items                                                                
             Standard                                                          
                     Conditions                                                
                             L     M     N     O                               
     __________________________________________________________________________
     Water absorp-                                                             
             JIS     E-24/50**                                                 
                             0.33  0.33  0.41  0.42                            
     tion (%)                                                                  
             K-6911(1970)                                                      
                     +D-24/23                                                  
     Insulation                                                                
             JIS     C-90/20/65**                                              
                             1.2.times.10.sup.14                               
                                   7.6.times.10.sup.13                         
                                         6.2.times.10.sup.13                   
                                               3.1.times.10.sup.13             
     resistance (.OMEGA.)                                                      
             K-6911(1970)                                                      
                     C-90/20/65**                                              
                     +D-2/100                                                  
                             8.0.times.10.sup.10                               
                                   8.1.times.10.sup.10                         
                                         0.8.times.10.sup.10                   
                                               5.1.times.10.sup.10             
     Dielectric                                                                
             JIS     C-90/20/65**                                              
                             4.23  4.08  4.41  4.02                            
     constant                                                                  
             K-6911(1970)                                                      
                     C-90/20/65**                                              
     (1 MC/Hz)       +D-48/50                                                  
                             4.29  4.20  4.51  4.16                            
     Punchability*                                                             
             ASTM            23-70.degree.C                                    
                                   60-80.degree.C                              
                                         60-80.degree.C                        
                                               60-80.degree.C                  
             D-617   as received                                               
                             Excel-                                            
                                   Excel-                                      
                                         Excel-                                
                                               Excel-                          
                             lent  lent  lent  lent                            
     Flexural                                                                  
             JIS                                                               
     strength                                                                  
             K-6911(1970)                                                      
                     as received                                               
                             20.3  19.6  19.0  20.6                            
     (kg/mm.sup.2)                                                             
     Solder heat                                                               
             JIS                                                               
     resistance                                                                
             C-6481(1968)                                                      
                     as received                                               
                             44-51 45-49 48-50 58-61                           
     (sec.)                                                                    
     Barcol                                                                    
     impressor                                                                 
             --      --      40    43    44    43                              
     Releasing property of laminates from                                      
     pressing plate          Good  Good                                        
                                      Good     Good                            
     __________________________________________________________________________
        *As referred in Table 1B.                                              
      **As referred in Table 1B.                                               
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for preparing laminates which comprises,
PA1  A. a drying oil-phenols-modified mesitylene-formaldehyde resin, obtained by
      first reacting a mixture of a mesitylene-formaldehyde resin, phenols and
      drying-oils in the presence of acid catalyst, followed by reacting the
      obtained product with formaldehyde in the presence of basic catalyst,
PA1  B. a drying oil modified resol type phenolic resin, obtained by first
      reacting phenols with drying-oils in the presence of acid catalyst,
      followed by reacting with formaldehyde in the presence of basic catalyst,
PA1  C. a resol type water-soluble phenolic resin, obtained by reacting phenols
      with formaldehyde in the presence of basic catalyst,
PAL  wherein the amount of (A) to be mixed is from 5 to 95 parts by weight based
      on 100 parts of the sum of the amounts of (A) and (B) and the amount of
      (C) to be mixed is 5 to 45 parts by weight based on 100 parts of the sum
      of the amounts of (A) and (B).
NUM  2.
PAR  2. Resin composition according to claim 1 wherein, as for phenols for
      modifying mesitylene-formaldehyde resin in Resin (A), phenol is used.
NUM  3.
PAR  3. A resin composition according to claim 1, wherein said drying
      oil-phenols-modified mesitylene resin is at least one member selected from
      the group consisting of tung oil-phenol-modified mesitylene-formaldehyde
      resin, linseed oil-phenol-modified mesitylene-formaldehyde resin,
      dehydrated castor oil-phenol-modified mesitylene-formaldehyde resin, tung
      oil-xylenol-modified mesitylene-formaldehyde resin, tung
      oil-m-cresol-modified mesitylene-formaldehyde resin and tung oil-bisphenol
      A-modified mesitylene formaldehyde resin.
NUM  4.
PAR  4. A resin composition according to claim 1, wherein said drying
      oil-modified resol type phenolic resin is at least one member selected
      from the group consisting of tung oil-modified resol type phenolic resin,
      tung oil-modified resol type xylenol resin and dehydrated castor
      oil-modified resol type phenol resin.
NUM  5.
PAR  5. A resin composition according to claim 1, wherein said
      mesitylene-formaldehyde in resin (A) is a resin obtained by reacting
      C.sub.9 -aromatic hydrocarbons containing at least 50 percent of
      mesitylene with formaldehyde.
NUM  6.
PAR  6. A resin composition according to claim 1, wherein said
      mesitylene-formaldehyde in resin (A) is a resin obtained by reacting
      C.sub.9 -aromatic hydrocarbons containing at least 70% of mesitylene with
      formaldehyde.
NUM  7.
PAR  7. A varnish of the resin composition according to claim 1, which is
      obtained by mixing said resins A, B and C with one or more of solvents.
NUM  8.
PAR  8. A varnish according to claim 7, wherein said solvent is selected from
      the group consisting of lower molecular alcohols, ketones and aromatic
      hydrocarbons.
NUM  9.
PAR  9. A resin composition according to claim 3, wherein drying
      oil-phenols-modified mesitylene formaldehyde resin is tung
      oil-phenol-modified mesitylene formaldehyde resin.
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ABST
PAL  Rubber compounds are readily bonded to polyester reinforcing elements,
      particularly tire cords of polyester fibers, using a one-step dip process
      in which the dip consists essentially of an alkaline aqueous emulsion of a
      minor amount by weight of a mixture of a major amount by weight of a
      rubbery vinyl pyridine copolymer and a minor amount by weight of a heat
      reactable 2,6-bis(2,4-dihydroxy phenylmethyl)-4-chlorophenol composition,
      wherein said emulsion is essentially free of alkali metal materials and
      wherein the emulsifier used in the emulsion is an ammonium salt or soap.
      High aged H-adhesions are obtained with this process.
PARN
PAR  This application is a division of prior copending patent application Ser.
      No. 368,558, filed June 11, 1973 now U.S. Pat. No. 3,857,730 granted Dec.
      31, 1974.
BSUM
PAC  OBJECTS
PAR  An object of this invention is to provide composite articles containing
      polyester reinforcing elements, e.g., such as those used in the carcass
      plies of tires, having a minor amount of a one-dip adhesive so that the
      adhesive containing elements may subsequently be bonded to rubber on
      curing and being characterized by exhibiting high cord aged H-adhesions. A
      further object is to provide a method for bonding polyester fibers, cords
      and so forth to rubber compounds using a single-step dipping process.
      These and other objects and advantages of the present invention will
      become more apparent to those skilled in the art from the following
      detailed description and working examples.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present ivention it has been discovered that polyester
      reinforcing elements can readily be bonded or adhered to curable rubbery
      compounds by dipping the elements in a dip consisting essentially of an
      aqueous alkaline emulsion of a minor amount by weight of a mixture of a
      major amount by weight of a rubbery vinyl pyridine copolymer and a minor
      amount by weight of a heat reactable 2,6-bis(2,4-dihydroxy
      phenylmethyl)-4-chlorophenol composition, drying the same, and combining
      said dipped and dried element with a vulcanizable rubber compound and
      vulcanizing the same, wherein said emulsion is essentially free of alkali
      metal materials and wherein the emulsifier used in the emulsion is an
      ammonium salt or soap.
PAR  Polyester reinforcing elements treated in this fashion exhibit high aged
      H-adhesion values.
PAR  On the other hand the usual latices used in tire cord dips are made with
      emulsifying agents which are sodium or potassium salts of various organic
      acids. These alkali metal salts are deposited on the tire cord during
      dipping and are not removed by the heat treatment of the cord or by any
      other of the subsequent steps carried out on the cord or fabric during the
      tire manufacturing process. The presence of an alkali salt does not appear
      to be detrimental to cords such as nylon or rayon, but the ester lnkages
      of polyester tire cord could be expected to undergo degradation in an
      alkaline environment especially at higher temperatures. The adhesion of
      polyester cord to rubber as well as the cord tensile strength decreases
      with increasing temperature of a running tire, and at least part of this
      degradation may be due to the alkali salts on the cord.
PAR  Thus it has been found that if the sodium or potassium salt type emulsifier
      (so-called "fixed base" type) used during polymerization is replaced by a
      "fugitive base" type such as an ammonium salt which is decomposed and the
      ammonia removed during the cord processing by drying or heating, increased
      adhesions are obtained on polyester cords, especially after in-rubber heat
      aging and steam aging. 21
PAR  It is seen that this invention provides means for reducing not only the
      basicity but also the hygroscopicity of the adhesive coating on the
      polyester cord.
PAR  Being essentially free of alkali metal materials is intended to mean that
      the adhesive emulsion dip or adhesive is essentially free of alkali metal,
      alkali metal ions, alkali metal salts or other alkali metal compounds from
      the water used during polymerization of the rubbery copolymer, preparation
      of resin, polymerization catalyst and so forth although it is recognized
      that absolute freedom from alkali metal may not be possible since such may
      be present in very small amounts from the water, dissolved from the
      surface of containers and so forth.
PAC  DISCUSSION OF DETAILS AND PREFERRED EMBODIMENTS
PAR  The polyester reinforcing elements of the present invention comprise
      fibers, continuous filaments, staple, tow, yarns, cords, fabric and the
      like, particularly cords for use in building the carcasses of tires such
      as truck tires, and are linear high molecular weight polyesters usually
      made by the condensation of .alpha.,w--glycols and dicarboxylic acids.
      These polyester fibers and the like may be oriented and can have number
      average molecular weights up to about 60,000 and melting points of up to
      about 300.degree.C. Preferably, these polyesters exhibit substantial
      crystallinity, up to as much as about 50%, usually 38-45%, high strength
      and high tenacity, Also, preferred, are the polyesters in which the fiber
      is composed of at least 80% by weight of an ester of a dihydric alcohol
      and terephthalic acid such as poly(ethylene terephthalate). Examples of
      such polyesters are the high molecular weight polymers obtained from
      polyethylene glycols and the aromatic dicarboxylic acids, e.g., the high
      molecular weight condensation product obtained from ethylene glycol and
      terephthalic acid known as polyethylene terephthalate. Other polyesters
      which may be used are poly(ethylene oxybenzoate); polypivalalactone;
      terpolymers from dimethyl phthalate, dimethyl isophthalate and ethylene
      glycol; polyesters having at least two different repeating units from
      ethylene terephthalate, p-trimethylene oxybenzoate, and
      ethylene-1,4-diphenoxy butane-4,4'-dicarboxylate; poly(ethylene
      terephthalate-isophthalate); poly(1,4-cyclohexylenedimethylene
      terephthalate); and the like and mixtures thereof. Suitable polyester
      reinforcing elements are commercially available under the trademarks
      "Dacron" (du Pont), "Encron" (American Enka Corporation) and "Vycron"
      (Beaunit Corporation). These high molecular weight linear polyesters are
      well known and can be made by methods known to the art. For example, the
      preparation of polyesters is shown by U.S. Pats. Nos. 2,465,319; 2,965,613
      and 2,901,466. A detailed discussion of polyesters such as polyester cords
      and fabrics used in the manufacture of tires and other adhesive dips for
      the same is shown by "Mechanics of Pneumatic Tires," Clark, National
      Bureau of Standards Monograph 122, U.S. Department of Commerce, issued
      November, 1971, pages 238 to 241 and 279 to 290. Other references
      disclosing the preparation of polyesters useful for making filaments,
      fibers, cords and so forth and which can be used to make various products
      are:
PA1  A. "encyclopedia of Polymer Science and Technology," Volume 11, 1969,
      Interscience Publishers a division of John Wiley & Sons, Inc., New York,
      pages 1-41;
PA1  B. "encyclopedia of Chemical Technology," Kirk-Othmer, Second Edition,
      Volume 16, 1968, Interscience Publishers a division of John Wiley & Sons,
      Inc., New York, pages 143 to 159; and
PA1  C. "polyesters," Korshak et al, 1965, Pergamon Press Inc., New York, N.Y.,
      pages 384 to 415.
PAR  The type of rubber emulsion or latex used in the tire cord dip bath of this
      invention is a latex of a copolymer of a vinyl pyridine and a conjugated
      diolefin having 4 to 6 carbon atoms. The rubber latex comprises an aqueous
      emulsion or dispersion of a copolymer of 50 to 95 percent by weight of a
      conjugated diolefin having 4 to 6 carbon atoms, 5 to 40 percent of a vinyl
      pyridine and 0 to 40 percent of a styrene. Examples of suitable vinyl
      pyridines are 2-vinyl pyridine, 4-vinyl pyridine, 2-methyl-5-vinyl
      pyridine, and 5-ethyl-2-vinyl pyridine.
PAR  In practicing the present invention, it is usually preferred to use an
      emulsion or latex of a copolymer of from about 60 to 80% by weight of
      butadiene-1,3,7 to 32% styrene and 7 to 22% of 2-vinyl pyridine. Excellent
      results are obtained using a latex of a terpolymer of about 70% by weight
      of butadiene-1,3, 15% styrene and 15% 2-vinyl pyridine having a total
      solids content of around 30 to 50% by weight. Also, blends of latices may
      be used such as a blend of a butadiene-1,3/2-vinyl pyridine rubbery
      copolymer latex and a butadiene-1,3/styrene rubbery copolymer latex or a
      blend of a butadiene-1,3/styrene/2-vinyl pyridine rubbery copolymer latex
      and a butadiene-1,3/styrene rubbery copolymer latex so long as the percent
      by weight ratio of total monomers in the copolymers is within the ranges
      as specified above. The pH of the latices should be similar and the
      surfactants and stabilizers should be compatible to avoid coagulation on
      blending or mixing of the latices. Moreover, the polymerization
      ingredients used in making the butadiene/styrene copolymer latices should
      be the same or similar to those used in the polymerization of the vinyl
      pyridine copolymer to avoid the introduction of alkali metal salts or ions
      and so forth and as discussed below.
PAR  The rubbery vinyl pyridine copolymer is made by anionic free-radical
      aqueous emulsion polymerization. The water used in the polymerization
      should be deionized. The emulsifiers employed in polymerization are water
      soluble ammonium salts such as the ammonium phosphates and sulfates of
      aliphatic alcohols preferably of long chain aliphatic alcohols or ammonium
      soaps of carboxylic acids, preferably, of aliphatic monocarboxylic acids.
      Examples of such emulsifiers are ammonium palmitate, ammonium stearate,
      ammonium myristate, ammonium oleate, ammonium linoleate, ammonium laurate,
      ammonium caproate, ammonium ricinoleate, ammonium rosinates, ammonium
      lauryl phosphate, ammonium cetyl phosphate, ammonium capryl phosphate,
      ammonium lauryl sulfate, ammonium cetyl sulfate, ammonium capryl sulfate,
      and the like and mixtures thereof. The emulsifiers can be added as such to
      the polymerization reactor or may be formed "in-situ" in the reactor by
      adding the free acid and ammonium hydroxide and so forth. While potassium
      or sodium persulfate may be used as a catalyst since it forms only weakly
      basic salts and since the alkali metal ion produced is far less than that
      which would be provided from an alkali metal soap, it is preferred to use
      catalysts free of alkali metal such as ammonium persulfate,
      .alpha.,.alpha.'-azodiisobutyronitrile (VAZO, du Pont), and the peroxides
      such as dibenzoyl peroxide, diisopropyl peroxydicarbonate, cumene
      hydroperoxide, t-butyl hydroperoxide, t-butyl perbenzoate, di-t-butyl
      peroxide and the like. Mixtures of catalysts may be used. Chain transfer
      agents or modifiers, such as mercaptans, for example, tertiary dodecyl
      mercaptans as well as other mercaptans, are used during polymerization to
      reduce gel formation. Electrolytes like ammonium carbonate are employed to
      reduce the viscosity of the latex, and pre-floc preventatives are added
      like condensed naphthalene sulfonic acid to prevent pre-floc.
      Polymerizations should be conducted in closed reactors under an inert
      atmosphere with stirring at temperatures of from about 40.degree. to
      100.degree.C. for from about 12 to 24 hours to obtain conversions of from
      about 85 to 100%. The amounts of polymerization ingredients and the
      polymerization conditions to use are well known to the art. See "Vinyl and
      Related Polymers," Schildknecht, John Wiley & Sons, Inc., New York, 1952;
      "Synthetic Rubber," Whitby, Davis and Dunbrook, John Wiley & Sons, Inc.,
      New York, 1954; and "Emulsion Polymerization," Bovey, Kolthoff, Medalia
      and Meehan, Interscience Publishers, Inc., New York, 1955. Emulsions or
      latices of rubbery vinyl pyridine copolymers for use in cord dips are
      shown by U.S. Pats. Nos. 2,561,215; 2,615,826 and 3,437,122.
PAR  The heat reactable 2,6-bis(2,4-dihydroxy phenyl methyl)-4-chlorophenol
      composition used in the dip of the present invention is made by the
      process of first reacting about 2 mols of formaldehyde with 1 mol of
      parachlorophenol in water containing sodium hydroxide. The precipitated
      sodium salt is filtered off, washed, dissolved in hot water acidified with
      acetic acid, cooled, filtered and washed until free of acid. The resulting
      intermediate product can then be recrystallized from alcohol to obtain the
      2,6-bis hydroxy methyl -4-chlorophenol which then is reacted with about 2
      mols of resorcinol to give the heat reactable bis (dihydroxy phenyl
      methyl)chlorophenol composition. The final product may be treated to
      remove unused starting materials and by-products. However, it or the
      intermediate product should be washed or treated as much as practical to
      remove all or essentially all of the alkali metal ions or salts. The
      product as produced is substantially heat reactable 2,6-bis(2,4-dihydroxy
      phenyl methyl)-4-chlorophenol composition having an average molecular
      weight of up to about 800 and a melting point of up to about 240.degree.C.
      It is added to or mixed with the latex of the rubbery vinyl pyridine
      copolymer in the form of a solution 5 to 30% solids in water containing
      NH.sub.3 sufficient to render the solution alkaline, usually about 0.5 to
      7.5%. More information on how to prepare the heat reactable
      2,6-bis(2,4-dihydroxy phenyl methyl)-4-chlorophenol composition is shown
      by Mather, "Development of a Polyester-Rubber Adhesive," British Polymer
      Journal, Volume  3, March, 1971, pages 58 to 62 and U.S. Pat. No.
      3,660,202. The chlorophenolic composition is heat reactable so that it can
      react with itself, the rubber and possibly also the cord.
PAR  Water is used in an amount sufficient to provide for the desired dispersion
      of the rubber or latex particles, for the solution of the heat reactable
      chlorophenolic composition and for the proper solids content to get the
      necessary pick-up of solids on and penetration between the fibers of the
      polyester cord.
PAR  The dip thus consists essentially of an aqueous emulsion of the rubbery
      vinyl pyridine copolymer latex and the heat reactable chlorophenolic
      composition, the copolymer and chlorophenolic composition being present in
      a total amount (as dry solids, dispersed or dissolved in the water) of
      from about 10 to 30% by weight. The ratio (dry) of the copolymer to the
      chlorophenolic composition in the emulsion dip is from about l00:10 to
      100:75 parts by weight, preferably from about 100:20 to 100:55 parts by
      weight. Sufficient NH.sub.4 OH is added as necessary to make the emulsion
      alkaline, to prevent premature coagulation of the rubbery copolymer and to
      keep the chlorophenolic compound in solution in the emulsion.
PAR  In order to provide data for the tire cord adhesive of this invention, a
      standard single-cord H-pull test is employed to determine the static
      adhesion at room temperature and above of the adhesive-coated tire cord to
      rubber. All the data submitted herein including the examples which follow
      are based upon identical test conditions, and all test specimens are
      prepared and tested in the same way generally in accordance with ASTM
      Designation: D 2138-67.
PAR  In order to apply the adhesive dip to the polyester cords in a reliable
      manner, the cords are fed through the adhesive dip bath containing the
      rubber and the chlorophenol and into a drying oven where they are dried.
      Also, as the cords leave the oven they enter a cooling zone where they are
      air cooled. In each case the adhesive-coated cords leaving the dip are
      dried in the oven at from about 300.degree. to 500.degree.F., or at a
      temperature below the temperature at which the polyester of the cord would
      lose its  tensile strength, for from about 30-150 seconds. The time the
      cord remains in the dip is about a second or so or at least for a period
      of time sufficient to allow wetting of the cord and penetration of the
      fibers of the cord by the adhesive mixture.
PAR  The single-cord H-pull test is then employed to determine the static
      adhesion of the dried adhesive coated polyester fiber cords to rubber. In
      each case the rubber test specimens are made from the same standard type
      rubber composition using the following recipe:
     Material               Parts by Weight                                    
     ______________________________________                                    
     Natural rubber (No. 3 Smoked Sheet)                                       
                            36.50                                              
     Butadiene-styrene rubbery copolymer,                                      
                            43.50                                              
     average 23.5% bound styrene,                                              
     emulsion polymerized                                                      
     Polybutadiene (solution polymerized                                       
                            20.0                                               
     BD, about 93% cis-1,4, Raw Mooney                                         
     ML-4 at 212.degree.F. about 40-50)                                        
     Carbon black, high abrasion furnace                                       
                            35.0                                               
     (high structure)                                                          
     Carbon black, fast extrusion furnace                                      
                            35.0                                               
     Alkyl aromatic polyindene resin,                                          
                            4.5                                                
     reinforcing and processing aid,                                           
     Picco 100, Pennsylvania Industrial                                        
     Chemical Corporation                                                      
     Naphthenic oil, Circosol Type                                             
                            32.80                                              
     2XH, Sun Oil Co.                                                          
     Zinc oxide             3.8                                                
     Stearic acid           1.5                                                
     Mixture of mono, di and tristyrenated                                     
                            1.2                                                
     phenols, Age Rite Spar, R. T.                                             
     Vanderbilt Co., Inc., antioxidant                                         
     Benzothiazyl disulfide, Altax,                                            
                            1.2                                                
     R. T. Vanderbilt Co., Inc.,                                               
     accelerator                                                               
     Tetramethyl thiuram monosulfide, active                                   
                            0.1                                                
     ingredient, Thionex, accelerator,                                         
     E. I. du Pont de Nemours & Co., Inc.                                      
     Crystex, about 80% insoluble sulfur                                       
                            3.0                                                
     and 20% petroleum oil, Stauffer                                           
     Chemical Co.                                                              
     ______________________________________                                    
PAR  In every case the polyester cords to be tested are placed in parallel
      positions in a multiple-strand mold of the type described in the
      single-cord H-pull adhesion test designated ASTM D 2138-67, the mold is
      filled with unvulcanized rubber of the above composition, the cords being
      maintained under a tension of 50 grams each, and the rubber is cured 20
      minutes at around 305.degree.F. to the elastic state. Each rubber test
      specimen is 1/4 inch thick and has a 3/4inch cord embedment.
PAR  After the rubber has been cured, the hot reticulate cured rubber piece is
      removed from the mold, cooled, and H-test specimens are cut from said
      piece, each specimen consisting of a single polyester cord encased in
      rubber and having each end embedded in the center of a rubber tab or
      embedment having a length of around 1 inch or so. The specimens are then
      aged at least 16 hours at room temperature. The force required to separate
      the cord from the rubber is then determined at room temperature of
      250.degree.F. using an INSTRON tester provided with specimen grips. The
      maximum force in pounds required to separate the cord from the rubber is
      the H-adhesion value.
PAR  While the adhesion containing polyester reinforcing elements of this
      invention can be adhered to a vulcanizable blend of natural rubber,
      polybutadiene rubber, and rubbery butadiene-sytrene copolymer by curing
      the same in combination together, it is apparent that said adhesive
      containing polyester reinforcing element can be adhered to other
      vulcanizable rubbery materials, by curing or vulcanizing the same in
      combination with the rubber, such as one or more of the foregoing rubbers
      as well as nitrile rubbers, chloroprene rubbers, polyisoprenes, vinyl
      pyridine rubbers, acrylic rubbers, isoprene-acrylonitrile rubbers and the
      like and mixtures of the same. These rubbers prior to curing can be mixed
      with the usual compounding ingredients including sulfur, stearic acid,
      zinc oxide, magnesium oxide, accelerators, antioxidants, antiozonants and
      other curatives and the like well known to those skilled in the art for
      the particular rubbers being employed.
PAR  Polyester fibers, yarns, filaments, cords or fabric and the like coated
      with the adhesive of the present invention can have from about 3 to 7% by
      weight (dry) total solids from the adhesive dip on the cord based on the
      weight of the cord and can be used in the manufacture of radial, bias, or
      belted-bias passenger tires, truck tires, including the carcasses, belts,
      flippers and chafers thereof, motorcycle and bicycle tires, off-the-road
      tires, airplane tires, transmission belts, V-belts, conveyor belts, hose,
      gaskets, rubbers, tarpaulins and the like.
DETD
PAR  The following examples will serve to illustrate the invention with more
      particularity to those skilled in the art. In these examples the parts are
      parts by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  Polyester cords (du Pont "Dacron," type 1300/3) were dipped in the aqueous
      emulsions shown below and dried (heat treated) at 440.degree.F./90 seconds
      with 0% applied stretch. After cooling, the cords were embedded in the
      standard rubber stock and molded, and the resulting assembly was cured for
      20 minutes at 305.degree.F. After curing, the assembly was removed from
      the mold and cooled, and the cords were tested according to the standard
      H-adhesion test. The compositions of the cord dips and the test results
      are shown below.
TBL                TABLE I                                                     
     ______________________________________                                    
     H-Adhesion, Pounds Pull (3/8" rubber embedment)                           
     At Room Temperature (about 25.degree.C.)                                  
                           Heat.sub.1  Steam.sub.2                             
     Dip        Unaged     Aged        Aged                                    
     ______________________________________                                    
     A          56         37          43                                      
     B          53         44          49                                      
     ______________________________________                                    
PAR  Dip A - Emulsion of:
PA1  a. 67.5 parts by weight of a latex of a rubbery terpolymer of 70% by weight
      butadiene-1,3, 15% by weight of styrene, and 15% by weight of 2-vinyl
      pyridine (41% by weight solids); monomers were copolymerized in deionized
      water containing potassium persulfate, potassium salt of rosin acid as
      emulsifier, a condensed naphthalene sulfonic acid and MTM (mixed tertiary
      mercaptans);
PA1  b. 67.5 parts of water; and
PA1  c. 65.0 parts of an aqueous solution containing about 5.5% by weight of
      ammonia and 20% by weight of 2,6-bis-(2,4-dihydroxy
      phenylmethyl)-4-chlorophenol (e.g. the reaction product of of HCHO,
      p-chlorophenol and resorcinol).
PAR  Dip B - Emulsion of:
PA1  a. 67.5 parts by weight of a latex of a rubbery terpolymer of 70% by weight
      of butadiene-1,3, 15% weight of styrene and 15% by weight of 2-vinyl
      pyridine (41% solids); the monomers were copolymerized in deionized water
      containing .alpha.,.alpha.'-azodiisobutyronitrile, tertiary dodecyl
      mercaptan, ammonium salt of lauric acid as the emulsifier and formed in
      situ in the reactor on the addition of NH.sub.4 OH and lauric acid,
      ammonium carbonate, and condensed naphthalene sulfonic acid;
PA1  b. 67.5 parts of water; and
PA1  c. 65.0 parts of the same type of aqueous alkaline chlorophenolic solution
      as shown for Dip A, above.
FNT  .sup.1 Sample was heated in a closed container at 300.degree.F. for 24
      hours under nitrogen before conducting H-adhesion test.
FNT  .sup.2 Sample was heated in a closed container with water present at
      250.degree.F. for 4 hours under nitrogen before conducting H-adhesion
      test.
PAR  The above tests show the higher in-rubber aged H-adhesions observed for
      polyester cord using a no-fixed or fugitive base latex of this invention.
PAC  EXAMPLE II
PAR  Polyester cords (du Pont "Dacron,"type 1300/3) were dipped in the aqueous
      emulsions shown below and dried (heat treated) at 440.degree.F./90 seconds
      with 0% applied stretch. After cooling, the cords were embedded in the
      standard rubber stock and molded, and the resulting assembly was cured for
      20 minutes at 305.degree.F. After curing, the assembly was removed from
      the mold and cooled, and the cords were tested according to the standard
      H-adhesion test. The compositions of the cord dips and the test results
      are shown below.
TBL                TABLE II                                                    
     ______________________________________                                    
     H-Adhesion, Pounds Pull (3/8" rubber embedment)                           
     at Room Temperature (about 25.degree.C.)                                  
                           Heat.sub.1  Steam.sub.2                             
     Dip        Unaged     Aged        Aged                                    
     ______________________________________                                    
     C          58         36          46                                      
     D          57         49          56                                      
     ______________________________________                                    
PAR  Notes:
PAR  Dip C - Emulsion of:
PA1  a. Same as a. of Dip A in Example I, above;
PA1  b. 67.5 parts of water; and
PA1  c. 65.0 parts of an aqueous solution containing about 2.3% by weight of
      ammonia and 8.9% by weight of 2,6-bis-(2,4-dihydroxyphenyl
      methyl)-4-chlorophenol.
PAR  Dip D - Emulsion of:
PA1  a. Same as a. of Dip B in Example I, above;
PA1  b. 67.5 parts of water; and
PA1  c. Same as c. in Dip C, above.
FNT  .sup.1 Sample was heated in a closed container at 300.degree.F. for 24
      hours under nitrogen before conducting H-adhesion test.
FNT  .sup.2 Sample was heated in a closed container with water present at
      250.degree.F. for 4 hours under nitrogen before conducting H-adhesion
      test.
PAR  The above tests show the substantially higher in-rubber aged H-adhesions
      observed for polyester cord using a no-fixed or fugitive base latex of
      this invention.
PAC  EXAMPLE III
PAR  Polyester cords (du Pont "Dacron," type 1300/3) were dipped in the aqueous
      emulsion dips shown below and dried (heat treated) at 440.degree.F./90
      seconds with 0% applied stretch. After cooling, the cords were embedded in
      the standard rubber stock and molded, and the resulting assembly was cured
      for 20 minutes at 305.degree.F. After curing, the assembly was removed
      from the mold and cooled, and the cords were tested according to the
      standard H-adhesion test. The composition of the cord dips and the test
      results are shown below.
TBL                TABLE III                                                   
     ______________________________________                                    
     H-Adhesion, Pounds Pull (3/8" rubber embedment)                           
     At Room Temperature (about 25.degree.C.)                                  
                           Heat.sub.1  Steam.sub.2                             
     Dip        Unaged     Aged        Aged                                    
     ______________________________________                                    
     E          49         42          43                                      
     F          47         44          46                                      
     ______________________________________                                    
PAR  Notes:
PAR  Dip E - Emulsion of:
PA1  a. 67.5 parts by weight of a latex of the same type of rubbery terpolymer
      as in Dip A, above, except that the emulsifier used was sodium lauryl
      sulfate in place of the potassium rosinate and the catalyst was
      .alpha.,.alpha.'-azodiisobutyronitrile in place of potassium persulfate;
PA1  b. 67.5 parts of water; and
PA1  c. 65.0 parts of the same type of aqueous alkaline chlorophenolic solution
      as shown for Dip A, above.
PAR  Dip F - Emulsion of:
PA1  a. 67.5 parts by weight of a latex of the same type of rubbery terpolymer
      as in Dip B except the emulsifier was ammonium lauryl sulfate prepared
      before adding to the reactor instead of ammonium laurate prepared in situ;
PA1  b. 67.5 parts of water; and
PA1  c. 65.0 parts of the same type of aqueous alkaline chlorophenolic solution
      as shown for Dip A, above.
FNT  .sup.1 Sample was heated in a closed container at 300.degree.F. for 24
      hours under nitrogen before conducting H-adhesion test.
FNT  .sup.2 Sample was heated in a closed container with water present at
      250.degree.F. for 4 hours under nitrogen before conducting H-adhesion
      test.
PAR  The above tests show slightly higher in-rubber aged H-adhesions for the
      polyester cord in which a no-fixed or fugitive base latex of this
      invention was used.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A composition useful as an adhesive and consisting essentially of an
      aqueous alkaline emulsion containing a minor amount by weight of a mixture
      of a major amount by weight of a rubbery vinyl pyridine copolymer and a
      minor amount by weight of a heat reactable 2,6-bis(2,4-dihydroxy
      phenylmethyl)-4-chlorophenol composition, said emulsion being essentially
      free of alkali metal materials and the emulsifier used in said emulsion
      being water soluble and being selected from the group consisting of an
      ammonium sulfate of an aliphatic alcohol, an ammonium phosphate of an
      aliphatic alcohol, and an ammonium soap of a carboxylic acid and mixtures
      of the same.
NUM  2.
PAR  2. A composition useful as an adhesive and consisting essentially of an
      aqueous alkaline emulsion of from about 10 to 30% by weight (as dry
      solids) of a mixture of a rubbery vinyl pyridine copolymer and a
      substantially heat reactable 2,6-bis(2,4-dihydroxy
      phenylmethyl)-4-chlorophenol composition, the parts by weight ratio (dry)
      of said copolymer to said chlorophenolic composition being from about
      100:10 and 100:75, said emulsion being essentially free of alkali metal
      materials, and the emulsifier used in said emulsion being water soluble
      and being selected from the group consisting of an ammonium sulfate of an
      aliphatic alcohol, an ammonium phosphate of an aliphatic alcohol, and an
      ammonium soap of a carboxylic acid and mixtures of the same.
NUM  3.
PAR  3. A composition according to claim 2 where said rubbery vinyl pyridine
      copolymer is a copolymer of from about 60 to 80% by weight of
      butadiene-1,3, from 7 to 32% by weight of styrene, and from 7 to 22% by
      weight of 2-vinyl pyridine, and where said chlorophenolic composition has
      an average molecular weight of up to about 800 and a melting point of up
      to about 240.degree.C.
NUM  4.
PAR  4. A composition according to claim 3 in which said emulsifier is the
      ammonium sulfate of a long chain aliphatic alcohol.
NUM  5.
PAR  5. A composition according to claim 3 in which said emulsifier is the
      ammonium phosphate of a long chain aliphatic alcohol.
NUM  6.
PAR  6. A composition according to claim 3 in which said emulsifier is an
      ammonium soap of an aliphatic monocarboxylic acid.
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PAL  Surface coating compositions consisting essentially of (a) at least one of
      coal tar and asphalt, (b) an epoxy resin and (c) at least one of
      tetrasubstituted boron salts of onium ions and tetrasubstituted boron
      salts of imidazolium ions, which are suitable for coating the surface of
      concrete, asphalt, metals or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to surface coating compositions. More
      particularly, the invention pertains to surface coating compositions
      suitable for coating the surface of concrete, asphalt, metals or the like,
      which consist essentially of (a) at least one of coal tar and asphalt, (b)
      an epoxy resin and (c) at least one of tetrasubstituted boron salts of
      onium ions and tetrasubstituted boron salts of imidazolium ions.
PAR  The damage of a paved street has recently become severer with a marked
      increase in the volume of auto traffic. For example, the appearance of
      holes or cracks of various sizes, the smoothening of skidproof road
      surface, the exposure of the surface of metals used in a bridge, etc., the
      melt flow of an asphalt-paved road owing to high temperature in summer,
      etc. occur. Various compositions consisting of coal tar and asphalt and an
      epoxy resin have heretofore been used in order to reduce the abrasion of a
      paved road and the damages caused by rain, heat, the spreading of
      anti-freezing salts, etc. However, the properties of prior art
      compositions have not been sufficient to reduce the above-mentioned
      damages of a road, and their improvement has been required.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a one-can type surface
      coating composition having excellent adhesive property which is effective
      for improving the adhesive property of a new concrete surface to an old
      concrete surface, repairing a surface, repairing a damaged road containing
      crevices, cracks, holes, etc. or skidproofing the surface of a road.
      Another object of the invention is to provide a surface coating
      composition for paving a road which requires toughness for, particularly,
      heat, abrasion, chemicals, etc. The other objects of the invention will
      appear from the following description of the invention.
PAR  The coating compositions according to the present invention are
      characterized by consisting essentially of (a) 100 parts by weight of at
      least one resinous substance selected from coal tar and asphalt, (b) 10 -
      200 parts by weight of an epoxy resin having at least two vicinal epoxy
      groups in its molecule and (c) 0.01 - 60 parts by weight of at least one
      salt compound selected from the group consisting of tetrasubstituted boron
      salts of onium ions represented by the formula,
      ##EQU1##
      wherein M is N, P or As, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each are
      hydrogen, an alkyl, an alkenyl or an aryl and may be the same or
      different, and R.sub.5 is phenyl or a substituted phenyl, and from the
      group consisting of tetrasubstituted boron salts of imidazolium ions
      obtained by reacting an acid with an imidazole represented by the formula,
      ##EQU2##
      wherein R.sub.6, R.sub.7, and R.sub.8 and R.sub.9 each are hydrogen, an
      alkyl, an alkenyl, an aryl or a cyano-alkyl and may be the same or
      different, or a derivative thereof to form an imidazolium salt and then
      reacting the resulting salt with a tetrasubstituted boron alkali metal
      salt.
PAR  The greatest characteristic of the present invention resides in that the
      above-mentioned tetrasubstituted boron salts of onium ions and
      tetrasubstituted boron salts of imidazolium ions are used as one of the
      essential components of the desired compositions. The tetrasubstituted
      boron salts of onium ions and tetrasubstituted boron salts of imidazolium
      ions are exemplified by tetrabutylphosphonium.sup.. tetraphenylborate,
      n-butyltriphenylphosphonium.sup.. tetraphenylborate,
      tetraphenylphosphonium.sup.. tetraphenylborate,
      trimethylphenylphosphonium.sup.. tetraphenylborate,
      diethylmethylphenylphosphonium.sup.. tetraphenylborate,
      diallylmethylphenylphosphonium.sup.. tetraphenylborate,
      (2-hydroxyl-ethyl)triphenylphosphonium.sup.. tetraphenylborate,
      ethyltriphenylphosphonium.sup.. tetraphenylborate, p-xylenebis
      (triphenylphosphonium.sup.. tetraphenylborate),
      tetraphenylphosphonium.sup.. tetraethylborate,
      tetraphenylphosphonium.sup.. triethylphenylborate,
      tetraphenylphosphonium.sup.. tetrabutylborate, triethylammonium.sup..
      tetraphenylborate, trimethylammonium.sup.. tetraphenylborate,
      triphenylammonium.sup.. tetraphenylborate, diethylmethylammonium.sup..
      tetraphenylborate, diphenylmethylammonium.sup.. tetraphenylborate,
      tetramethylarsonium.sup.. tetraphenylborate, tetraphenylarsonium.sup..
      tetraphenylborate, dimethyldiethylarsonium.sup.. tetraphenylborate,
      triethyl-n-octylarsonium.sup.. tetraphenylborate, imidazolium.sup..
      tetraphenylborate, methylimidazolium.sup.. tetraphenylborate,
      2-ethyl-4-methylimidazolium.sup.. tetraphenylborate,
      2-ethyl-1,4-dimethylimidazolium.sup.. tetraphenylborate,
      1-cyanoethyl-2-ethyl-4-methylimidazolium.sup.. tetraphenylborate,
      1-cyanoethyl-2-undecylimidazolium.sup.. tetraphenylborate,
      1-cyanoethyl-2-phenylimidazolium.sup.. tetraphenylborate,
      1-vinyl-2-methylimidazolium.sup.. tetraphenylborate,
      1-vinyl-2,4-dimethylimidazolium.sup.. tetraphenylborate,
      1-.beta.-hydroxyethyl-2-methylimidazolium.sup.. tetraphenylborate,
      1-allyl-2-methylimidazolium.sup.. tetraphenylborate,
      1-allyl-2-phenylimidazolium.sup.. tetraphenylborate,
      1-allyl-2-undecylimidazolium.sup.. tetraphenylborate, etc. At least one of
      them is used in the present invention. The following Preparation Examples
      illustrate the preparation of some of these compounds.
DETD
PAC  PREPARATION EXAMPLE 1
PAR  15.7 Grams (0.04 mole) of tetraphenylphosphonium chloride was dissolved in
      300 ml of distilled water warmed to 50.degree. C, and 200 ml of an aqueous
      solution of 14.5 g (0.042 mole) of Dotite Kalibor (a trademark for a
      sodium tetraphenylborate manufactured by Dojin Yakukagaku Kenkyusho in
      Japan) was slowly added thereto with stirring to effect the reaction of
      the mixture. Thus, 25 g of tetraphenylphosphonium.sup.. tetraphenylborate
      was obtained as a white precipitate. The product showed a melting point of
      309.degree. - 311.degree. C.
PAC  PREPARATION EXAMPLE 2
PAR  15 Grams (0.149 mole) of triethylamine and 13 ml of concentrated
      hydrochloric acid were dissolved in 1.4 l of distilled water and 400 ml of
      an aqueous solution of 50 g (0.146 mole) of the same Dotite Kalibor as
      used in Preparation Example 1 was slowly added thereto with stirring to
      effect the reaction of the mixture. Thus, 60.5 g of triethylammonium.sup..
      tetraphenylborate was obtained as a white precipitate. The product showed
      a melting point of 195.degree. - 200.degree. C.
PAC  PREPARATION EXAMPLE 3
PAR  5.0 Grams (0.012 mole) of tetraphenylarsonium chloride was dissolved in 300
      ml of distilled water at 50.degree. C and 200 ml of an aqueous solution of
      4.1 g (0.012 mole) of the same Dotite Kalibor as used in Preparation
      Example 1 was slowly added thereto with stirring to effect the reaction of
      the mixture. Thus, 8.0 g of tetraphenylarsonium.sup.. tetraphenylborate
      was obtained as a white precipitate. The product showed a melting point of
      293.degree. - 294.degree. C.
PAR  Tetrasubstituted boron salts of imidazolium ions can be produced by the
      following process:
PAR  First of all, for example, imidazole, 2-methylimidazole,
      2-undecylimidazole, 2-heptadecylimidazole, 2-phenylimidazole,
      2-ethyl-4-methylimidazole, 1-benzyl-2-methylimidazole,
      1-cyanoethyl-2-methylimidazole, 1-cyanoethyl-2-ethyl-4-methylimidazole,
      1-cyanoethyl-2-undecylimidazole or 1-cyanoethyl-2-phenylimidazole is
      reacted with at least one selected from inorganic acids such as
      hydrochloric acid, sulfuric acid, nitric acid, etc., organic acids such as
      acetic acid, oxalic acid, succinic acid, etc., said aromatic nitro
      compounds such as picric acid and picrolonic acid, and halogenated alkyls
      in water or an organic solvent such as an alcohol, etc. at room
      temperature or an elevated temperature to form an imidazolium salt
      represented by the formula,
      ##EQU3##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 are as defined above,
      R.sub.10 is hydrogen, an alkyl, an alkenyl or an aryl and X.sup.- is an
      anion such as chloride, bromide, iodide, sulfate, nitrate or acetate ion.
      The resulting imidazolium salt is then reacted with a tetrasubstituted
      boron alkali metal salt represented by the formula,
      ##EQU4##
      wherein R.sub.11 is phenyl or a substituted phenyl and Me is lithium,
      potassium or sodium, in water or an organic solvent at room temperature or
      an elevated temperature. The tetrasubstituted boron salts of imidazolium
      ions are represented by the formula,
      ##EQU5##
      wherein R.sub.6, R.sub.7, R.sub.8, R.sub.9, R.sub.10 and R.sub.11 are as
      defined. The general formulas (III) and (V) are not decisive but
      presumptive. The following Preparation Examples illustrate the preparation
      of the tetrasubstituted boron salts of imidazolium ions.
PAC  PREPARATION EXAMPLE 4
PAR  A solution of 0.85 g of imidazole in 300 cc of water was reacted with 1.2
      cc of concentrated hydrochloric acid. The resulting compound of the
      formula (III) was then reacted with 50 cc of an aqueous solution of 4.3 of
      sodium tetraphenylborate with stirring to obtain 4.5 g of
      imidazolium.sup.. tetraphenylborate as a white precipitate having a
      melting point of 185.degree. - 188.degree. C.
PAC  PREPARATION EXAMPLE 5
PAR  A solution of 1.6 g of 2-ethyl-4-methylimidazole in 300 cc of water was
      reacted with 1.2 cc of concentrated hydrochloric acid. The resulting
      compound of the formula (III) was then reacted with 50 cc of an aqueous
      solution of 4.3 g of sodium tetraphenylborate with stirring to obtain 5.5
      g of 2-ethyl-4-methylimidazolium.sup.. tetraphenylborate as a white
      precipitate having a melting point of 186.degree. - 190.degree. C.
PAC  PREPARATION EXAMPLE 6
PAR  A solution of 2.6 g of 1-cyanoethyl-2-phenylimidazole in 300 cc of methyl
      alcohol was reacted with 1.2 cc of concentrated hydrochloric acid. The
      resulting compound of the formula (III) was then reacted with 50 cc of an
      aqueous solution of 4.3 g of sodium tetraphenylborate with stirring to
      obtain 6.0 g of 1-cyanoethyl-2-phenylimidazolium.tetraphenylborate as a
      white precipitate having a melting point of 105.degree. - 110.degree. C.
PAC  Preparation Example 7
PAR  A solution of 2.4 g of 1-cyanoethyl-2-undecylimidazole in 300 cc of methyl
      alcohol was reacted with 0.8 cc of concentrated hydrochloric acid. The
      resulting compound of the formula (III) was then reacted with 50 cc of an
      aqueous solution of 2.9 g of sodium tetraphenylborate with stirring to
      obtain 5.0 g of 1-cyanoethyl-2-undecylimidazolium.tetraphenylborate as a
      white precipitate having a melting point of 95.degree. - 98.degree. C.
PAC  PREPARATION EXAMPLE 8
PAR  A solution of 2.2 g of 1-cyanoethyl-2-ethyl-4-methylimidazole in 300 cc of
      methyl alcohol was reacted with 1.2 cc of concentrated hydrochloric acid.
      The resulting compound of the formula (III) was then reacted with 50 cc of
      an aqueous solution of 4.3 g of sodium tetraphenylborate with stirring to
      obtain 6.0 g of 1-cyanoethyl-2-ethyl-4-methylimidazolium.tetraphenylborate
      as a white precipitate having a melting point of 160.degree. - 162.degree.
      C.
PAC  PREPARATION EXAMPLE 9
PAR  To a solution of 1.2 g of 2-ethyl-4-methylimidazole in 100 cc of methyl
      alcohol was added 1.5 g of methyl iodide and the mixture was refluxed for
      about 3 hours. After the completion of the reaction, excess methyl iodide
      and methyl alcohol were removed by evaporation. The resulting compound of
      the formula (III) was again dissolved in 300 cc of methyl alcohol. The
      solution was reacted with 50 cc of an aqueous solution of 3.4 g of sodium
      tetraphenylborate with stirring to obtain 4.5 g of 2-ethyl-1,
      4-dimethylimidazolium.tetraphenylborate as a white precipitate having a
      melting point of 233.degree. - 236.degree. C.
PAR  The resinous substance (a) consisting of coal tar and/or asphalt used in
      the present invention is a residue obtained by dry distillation,
      distillation or thermal decomposition of coal or petroleum and consists of
      a mixture of various compounds. In view of its water resistance, chemical
      resistance, thermal resistance and other properties after curing, one
      having a high aromatic component content and a high boiling point is
      desirable. On the one hand, it is advisable to contain lower boiling
      components to a certain degree in order to improve compatibility with the
      epoxy resin (b) as described below.
PAR  The epoxy resin (b) means the whole epoxy resin already known. For example,
      it is exemplified by a bisphenol epoxy resin obtained from bisphenol A and
      epichlorohydrin, a novolac epoxy resin obtained by reacting a novolac
      resin with epichlorohydrin, a polyphenol epoxy resin obtained by reacting
      epichlorohydrin with a condensation product of a phenol with a xylene
      resin or toluene resin obtained by reacting xylene with formalin or
      reacting toluene with paraformaldehyde, a polyhydroxybenzene epoxy resin
      obtained by reacting epichlorohydrin with a phenol resin produced from a
      polyhydric phenol such as resol or hydroquinone, an epoxy resin obtained
      by reacting an aromatic or aliphatic carboxylic acid with epichlorohydrin,
      an epoxy resin obtained from a vinyl polymer, an epoxy resin obtained from
      a polyhydric alcohol such as glycerol, an epoxy resin obtained from an
      alicyclic compound such as cyclohexene, cyclopentadiene or
      dicyclopentadiene, an epoxy resin obtained from a natural substance such
      as starch or an unsaturated higher fatty acid, a nitrogen-containing epoxy
      resin obtained from aniline or an aliphatic amine, an epoxy resin having a
      nitrogen-containing hetero-cyclic ring obtained from isocyanuric acid, a
      silicon-containing epoxy resin obtained by reacting an epoxy resin with
      silanol, a silicon-containing epoxy resin obtained by oxidizing a silicon
      compound having a carbon-carbon double bond, epoxyphosphorous acid
      obtained by epoxidizing a phosphorous acid ester having an olefinic
      unsaturation with peracetic acid, and an epoxy resin containing a heavy
      metal other than silicon and phosphorous in the form of a chelate. At
      least one of these epoxy resins is used.
PAR  The reason why an amount of the epoxy resin (b) blended in the present
      invention has been specified to be 10 - 200 parts by weight per 100 parts
      by weight of the resinous substance (a) is to improve the working property
      of the desired composition and the adhesive property, chemical resistance,
      thermal resistance or abrasion resistance of the cured composition
      satisfactorily. Also, the reason why an amount of the tetrasubstituted
      boron salt of an onium ion and/or tetrasubstituted boron salt of an
      imidazolium ion (c) blended has been specified to be 0.01 - 60 parts by
      weight is to improve the heat-curability of the desired composition and
      the properties of the cured composition satisfactorily. The
      above-mentioned tetrasubstituted boron salts have latent curing activity
      for the above-mentioned epoxy resin (b), and cure the desired coating
      composition to yield a curing product having preferable properties. The
      properties of the curing product can be further improved by the use of a
      polycarboxylic anhydride curing agent or an amine compound curing agent.
      As the polycarboxylic anhydride curing agent, for example, at least one of
      maleic anhydride, dichloromaleic anhydride, dodecenylsuccinic anhydride,
      pyromellitic anhydride, trimellitic anhydride, phthalic anhydride,
      tetrahydrophthalic anhydride, methyltetrahydrophthalic anhydride,
      methylhexahydrophthalic anhydride, hexahydrophthalic anhydride,
      endomethylenetetrahydrophthalic anhydride,
      methylendomethylenetetrahydrophthalic anhydride,
      hexachloroendomethylenetetrahydrophthalic anhydride, etc. is used. Also,
      as the amine compound curing agent, for example, at least one of aliphatic
      polyamines such as polymethylenediamine, polyetherdiamine,
      iminobispropylamine, bis(hexamethylene) triamine, tetraethylenepentamine
      and dimethylaminopropylamine, alicyclic polyamines such as
      menthanediamine, N-aminoethylpiperazine and 1,3-diaminocyclohexane,
      aromatic ring-containing amines such as tetrachloro-p-xylenediamine,
      aromatic amines such as m-phenylenediamine, diaminodiphenylether,
      diaminodiphenylmethane, diaminodiphenylsulfon, benzidine,
      4,4'-bis(o-toluidine), 4,4'-thiodianiline, dianisidine, methylenebis
      (o-chloroaniline), bis(3,4-diaminophenyl) sulfone and
      diaminoditolylsulfone, and dicyandiamide, etc. is used. An amount of these
      polycarboxylic anhydride curing agents or amine compound curing agents
      used may be the same as in the preparation of ordinary epoxy
      resin-polycarboxylic anhydride compositions or epoxy resin-amine compound
      compositions. Thus, it is preferable that an equivalent ratio of epoxy to
      polycarboxylic anhydride or amine is 1 : 0.1 to 1.5. If the polycarboxylic
      anhydrides or amine compounds are used, an amount of the tetrasubstituted
      boron salts of an onium ion or an imidazolium ion (c) used may be smaller
      than the above-mentioned amount used. Thus, the use of 0.1 to 10 parts by
      weight per 100 parts by weight of the epoxy resin is sufficient. Also, as
      a curing catalyst for accelerating further curing reaction, at least one
      of, for example, boron trifluoride complex of diphenylamine, aniline,
      o-toluidine, p-toluidine, 2,4-dimethylaniline, N-methylaniline,
      N-ethylaniline, N,N-diethylaniline, n-butylamine, ethylamine,
      N,N-dimethylaniline or piperidine, imidazole or derivatives thereof,
      various amines such as dimethylaminopropylamine, diethylaminopropylamine,
      triethylamine, diethylamine, benzyldimethylamine,
      2-(dimethylaminomethyl)phenol, 2,4,6-tris(dimethylaminomethyl)phenol,
      diisoprophylamine, triethanolamine, diethanolamine, methylethanolamine,
      piperidine, pyridine, aniline, monoethanolamine, nonylamine,
      N-aminopropylmorpholine and monoisopropanolamine, phenols such as phenol,
      bisphenol A, resorcinol and nonylphenol, organic metal compounds, etc. can
      be used in the present invention. The more the amount of these curing
      catalysts used is, the more the curing reaction of the desired coating
      composition is accelerated. However, the shelf life of the composition is
      remarkably reduced at the same time. Therefore, the amount used should be
      restricted. Thus, these curing catalysts are desirably used in an amount
      of 1 - 30 % based on the weight of the tetrasubstituted boron salt of an
      onium ion or an imidazolium ion (c) used in the objective composition. It
      is possible by the use of such an amount of the curing catalyst to
      accelerate the curing reaction remarkably substantially without reducing
      the shelf life of the objective composition when the composition is
      heated.
PAR  If necessary, a flexibilizer such as polyethylene glycol, polypropylene
      glycol, a dimer acid, dodecenylsuccinic anhydride, a polyamide resin, a
      polysulfide resin, an urethane elastomer, etc. or a diluent such as an
      olefin oxide, glycidyl methacrylate, cyclohexenevinylmonooxide, styrene
      oxide, phenylglycidyl ether, butadiene oxide, diglycidyl ether, bis
      (2,3-epoxy-cyclopentyl)ether, divinylbenzenedioxide, etc. can be added.
      Also, sand, crushed rock and the other inorganic compounds or pulverized
      various plastic wastes, etc. can be added to the composition to make the
      cured product skidproof. These additives may be incorporated into the
      objective coating composition as described above. Alternatively, the
      additives may be scattered on the surface coated with the composition
      before the composition is cured.
PAR  It is desirable to effect curing in a short period of time and carry out
      heating at about 100.degree. - 150.degree. C for a short period of time to
      improve the properties of the curing product when the coating compositions
      of the present invention are applied to the surface of concrete or a metal
      or to the crevices, cracks, holes, etc. of a road and are then cured.
      Coating may be carried out by any suitable method. As a heating method, it
      is simplest to use a gas burner or an infrared ray lamp, but the heating
      means are not limited to them. Any heating means may be used.
PAR  The following examples illustrate the present invention in more detail.
PAC  EXAMPLE 1
PAR  100 Parts by weight of commercial purified coal tar (Tarcron No. 180
      manufactured by Yoshida Seiyusho in Japan), 75 parts by weight of an epoxy
      resin consisting essentially of diglycidyl ether of bisphenol A (Epikote
      828 manufactured by Shell Chemical Co., epoxy equivalent 175 - 210), 50
      parts by weight of an epoxy resin consisting essentially of
      vinylcyclohexenediepoxide (ERL-4206 manufactured by Union Carbide Corp.,
      epoxy equivalent 74 - 78), 10 parts by weight of
      2-ethyl-4-methylimidazolium.tetraphenylborate and 0.5 part by weight of
      triethylenetetramine were mixed to obtain a desired surface coating
      composition. This composition was applied onto the surface of a concrete
      road in a thickness of about 2 mm by brush coating. Further, 20 - 50 mesh
      rock particles were scattered thereon to such a degree as the surface
      coating layer was completely covered with the rock particles. The coated
      surface was then heated by a burner to cure the coating film and excess
      rock particles were swept off. Thus, a rough surface consisting of rock
      particles was obtained.
PAR  The thus obtained coating was compared with prior art asphalt pavement with
      regard to abrasion resistance in a private slope path. As a result, it was
      found that the coating composition of the present example was superior to
      the prior art asphalt pavement in abrasion resistance and showed
      satisfactory skidproofing effect. Further, the coating composition of this
      example had satisfactory thermal resistance in that it showed no melt
      flowing phenomenon even if heated. Also, the coating composition of this
      example had very good storage stability in that it retained flowability
      enough to be applied onto the surface of a road even after allowing to
      stand at about 30.degree. C for 3 months.
PAC  EXAMPLE 2
PAR  Three objective coating compositions were produced by adding (1) 2 parts by
      weight of 1-cyanoethyl-2-phenylimidazolium.tetraphenylborate, (2) 2 parts
      by weight of tetraphenylphosphonium.tetraphenylborate, and (3)
      tetraphenylarsonium.tetraphenylborate, respectively, to a composition
      consisting of 100 parts by weight of Tarcron No. 180, 100 parts by weight
      of Epikote 828, 80 parts by weight of methyltetrahydrophthalic anhydride
      and 0.2 part by weight of 2,4,6-trisdimethylamino)phenol. A hole of about
      500 mm in diameter and 100 mm in depth occurred in an asphalt paved road
      was repaired with these respective coating compositions. First of all,
      sand and dust in the hole were removed. The fresh sand was then spreaded
      all over the hole to the same level as that of the road surface. The
      above-mentioned coating compositions were scattered thereon, heated by a
      burner and cured. In case of all the coating compositions, the repaired
      part of the road endured the volume of traffic afterward sufficiently.
      Thus, the coating compositions were found to be satisfactorily usable as a
      road repairing material.
PAC  EXAMPLE 3
PAR  Two objective coating compositions were produced by adding (1) 3 parts by
      weight of imidazolium.tetraphenylborate and (2) 3 parts by weight of
      triethylammonium.tetraphenylborate, respectively, to a composition
      consisting of 100 parts by weight of Tarcron No. 180, 100 parts by weight
      of an epoxy resin consisting essentially of diglycidyl ester of
      tetrahydrophthalic acid (CY-182 manufactured by Shell Chemical Co., epoxy
      equivalent 150 - 170), 50 parts by weight of diaminodiphenylsulfon and 0.5
      part by weight of boron trifluride monoethylamine complex compound. These
      compositions were applied onto a steel-aluminum panel and a concrete panel
      in a thickness of about 2 mm and then heated by a burner to cure them. In
      order to test the solvent resistance and weather proofness of these
      coatings, the coated panels were allowed to stand outdoors for three
      months while 100 ml/m.sup.2 of a jet fuel was sprayed onto the panels once
      a day. Four kinds of test pieces obtained by applying the above-mentioned
      coating compositions onto the metal panel and the concrete panel were not
      damaged at all, and were found to have excellent chemical resistance and
      weathering proofness. Also, these respective compositions were confirmed
      to be usable in the same uses as in Examples 1 and 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surface coating composition consisting essentially of (a) 100 parts by
      weight of at least one resinous substance selected from the group
      consisting of coal tar and asphalt, (b) 10 - 200 parts by weight of an
      epoxy resin having at least two vicinal epoxy groups in its molecule and
      (c) 0.01 - 60 parts by weight of at least one salt compound selected from
      the group consisting of a tetrasubstituted boron salt of an onium ion
      represented by the formula:
      ##EQU6##
      wherein M is N, P or As, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each are
      hydrogen, an alkyl, an alkenyl, or an aryl and may be the same or
      different, and R.sub.5 is phenyl or a substituted phenyl, and a
      tetrasubstituted boron salt of an imidazolium ion obtained by reacting an
      acid with an imidazole represented by the formula:
      ##EQU7##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 each are hydrogen, an alkyl,
      an alkenyl, an aryl or a cyanoalkyl and may be the same or different, or a
      derivative thereof to form an imidazolium salt and then reacting the
      resulting imidazonium salt with a salt of an alkali metal and
      tetrasubstituted boron having phenyl or a substituted phenyl as a
      substituent.
NUM  2.
PAR  2. A surface coating composition according to claim 1, wherein the salt
      compound (c) is at least one of tetrabutylphosphonium.tetraphenylborate,
      n-butyltriphenylphosphonium.tetraphenylborate,
      tetraphenylphosphonium.tetraphenylborate,
      trimethylphenylphosphonium.tetraphenylborate,
      diethylmethylphenylphosphonium.tetraphenylborate,
      diallymethylphenylphosphonium.tetraphenylborate,
      (2-hydroxylethyl)triphenylphosphonium.tetraphenylborate,
      ethyltriphenylphosphosphonium.tetraphenylborate,
      p-xylenebis(triphenylphosphonium.tetraphenylborate),
      tetraphenylphosphonium.tetraethylborate,
      tetraphenylphosphonium.triethylphenylborate,
      tetraphenylphosphonium.tetrabutylborate,
      triethylammonium.tetraphenylborate, trimethylammonium.tetraphenylborate,
      triphenylammonium.tetraphenylborate,
      diethylmethylammonium.tetraphenylborate,
      diphenylmethylammonium.tetrapnehylborate,
      tetramethylarsonium.tetraphenylborate,
      tetraphenylarsonium.tetraphenylborate,
      dimethyldiethylarsonium.tetraphenylborate, or
      triethyl-n-octylarsonium.tetraphenylborate.
NUM  3.
PAR  3. A surface coating composition according to claim 1, wherein the salt
      compound (c) is at least one of imidazolium.tetraphenylborate,
      methylimidazolium.tetraphenylborate,
      2-ethyl-4-methylimidazolium.tetraphenylborate,
      2-ethyl-1,4-dimethyl-imidazolium.tetraphenylborate,
      1-cyanoethyl-2-ethyl-4-methylimidazolium.tetraphenylborate,
      1-cyanoethyl-2-ethyl-4-methylimidazolium.tetraphenylborate,
      1-cyanoethyl-2-undecylimidazolium.tetraphenylborate,
      1-cyanoethyl-2-phenylimidazolium.tetraphenylborate,
      1-vinyl-2-methylimidazolium.tetraphenylborate,
      1-vinyl-2,2-dimethylimidazolium.tetraphenylborate,
      1-.beta.-hydroxyethyl-2-methylimidazolium.tetraphenylborate,
      1-allyl-2-methylimidazolium.tetraphenylborate,
      1-allyl-2-phenylimidazolium.tetraphenylborate or
      1-allyl-2-undecylimidazolium.tetraphenylborate.
NUM  4.
PAR  4. A surface coating composition according to claim 1, wherein the epoxy
      resin is at least one epoxy resin selected from the group consisting of a
      bisphenol epoxy resin obtained from bisphenol A and epichlorohydrin; a
      novolac epoxy resin obtained by reacting a novolac resin with
      epichlorohydrin; a polyphenol epoxy resin obtained by reacting
      epichlorohydrin with a condensation product of a phenol with a xylene
      resin or toluene resin obtained by reacting xylene with formalin or
      reacting toluene with paraformaldehyde; a polyhydroxybenzene epoxy resin
      obtained by reacting epichlorohydrin with a phenol resin produced from a
      polyhydric phenol; an epoxy resin obtained by reacting an aromatic or
      aliphatic carboxylic acid with epichlorohydrin; an epoxy resin obtained
      from a vinyl polymer; an epoxy resin obtained from a polyhydric alcohol;
      an epoxy resin obtained from an alicyclic compound; an epoxy resin
      obtained from starch or an unsaturated higher fatty acid; a
      nitrogen-containing epoxy resin obtained from aniline or an aliphatic
      amine; an epoxy resin having a nitrogen-containing hetero-cyclic ring
      obtained from isocyanuric acid; a silicon-containing epoxy resin obtained
      by reacting an epoxy resin with silanol; a silicon-containing epoxy resin
      obtained by oxidizing a silicon compound having a carbon-carbon double
      bond; epoxyphosphorous acid obtained by epoxidizing a phosphorous acid
      ester having an olefinic unsaturated with peracetic acid; and an epoxy
      resin containing a heavy metal other than silicon and phosphorous in the
      form of a chelate.
NUM  5.
PAR  5. A surface coating composition consisting essentially of (a) 100 parts by
      weight of at least one resinous substance selected from the group
      consisting of coal tar and asphalt, (b) 10 - 200 parts by weight of an
      epoxy resin having at least two vicinal epoxy groups in its molecule, (c)
      0.01 - 60 parts by weight of at least one salt compound selected from the
      group consisting of a tetrasubstituted boron salt of an onium ion
      represented by the formula,
      ##EQU8##
      wherein M is N, P or As, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each are
      hydrogen, an alkyl, an alkenyl, or an aryl and may be the same or
      different, and R.sub.5 is phenyl or a substituted phenyl, and a
      tetrasubstituted boron salt of an imidazolium ion obtained by reacting an
      acid with an imidazole represented by the formula;
      ##EQU9##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 each are hydrogen, an alkyl,
      an alkenyl, an aryl or a cyanoalkyl and may be the same or different, or a
      derivative thereof to form an imidazolium salt and then reacting the
      resulting salt with a salt of an alkali metal and a tetrasubstituted boron
      having phenyl or a substituted phenyl as a substituent, and (d) 5 - 150
      parts by weight of at least one curing agent selected from the group
      consisting of polycarboxylic anhydrides and amine compounds.
NUM  6.
PAR  6. A surface coating composition according to claim 5, wherein the epoxy
      resin is at least one epoxy resin selected from the group consisting of a
      bisphenol epoxy resin obtained from bisphenol A and epichlorohydrin; a
      novolac epoxy resin obtained by reacting a novolac resin with
      epichlorohydrin; a polyphenol epoxy resin obtained by reacting
      epichlorohydrin with a condensation product of a phenol with a xylene
      resin or toluene resin obtained by reacting xylene with formalin or
      reacting toluene with paraformaldehyde; a polyhydroxybenzene epoxy resin
      obtained by reacting epichlorohydrin with a phenol resin produced from a
      polyhydric phenol; an epoxy resin obtained by reacting an aromatic or
      aliphatic carboxylic acid with epichlorohydrin; an epoxy resin obtained
      from a vinyl polymer; an epoxy resin obtained from a polyhydric alcohol;
      an epoxy resin obtained from an alicyclic compound; an epoxy resin
      obtained from starch or an unsaturated higher fatty acid; a
      nitrogen-containing epoxy resin obtained form aniline or an aliphatic
      amine; an epoxy resin having a nitrogen-containing hetero-cyclic ring
      obtained from isocyanuric acid; a silicon-containing epoxy resin obtained
      by reacting an epoxy resin with silanol; a silicon-containing epoxy resin
      obtained by oxidizing a silicon compound having a carbon-carbon double
      bond; epoxyphosphorous acid obtained by epoxidizing a phosphorous acid
      ester having an olefinic unsaturation with peracetic acid; and an epoxy
      resin containing a heavy metal other than silicon and phosphorous in the
      form of a chelate.
NUM  7.
PAR  7. A surface coating composition consisting essentially of (a) 100 parts by
      weight of at least one resinous substance selected from the group
      consisting of coal tar and asphalt, (b) 10 - 200 parts by weight of an
      epoxy resin having at least two vicinal epoxy groups in its molecule, (c)
      0.01 - 60 parts by weight of at least one salt compound selected from the
      group consisting of a tetrasubstituted boron salt of an onium ion
      represented by the formula:
      ##EQU10##
      wherein M is N, P or As, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each are
      hydrogen, an alkyl, an alkenyl or an aryl and may be the same or
      different, and R.sub.5 is phenyl or a substituted phenyl, and from the
      group consisting of tetrasubstituted boron salts of imidazolium ions
      obtained by reacting an acid with an imidazole represented by the formula:
      ##EQU11##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 each are hydrogen, an alkyl,
      an alkenyl, an aryl or a cyanoalkyl and may be the same or different, or a
      derivative thereof to form an imidazolium salt and then reacting the
      resulting salt with a salt of an alkali metal and a tetrasubstituted boron
      having phenyl or a substituted phenyl as a substituent, (d) 5 - 150 parts
      by weight of at least one curing agent selected from the group consistingg
      of polycarboxylic anhydrides and amine compounds, and (e) 1 - 20 parts by
      weight per 100 parts by weight of the above-mentioned component (c) of at
      least one curing catalyst selected from the group consisting of boron
      trifluoride complex of diphenyl amine, aniline, o- or p-toluidine,
      2,4-dimethylaniline, N-methylaniline, N-ethylaniline, N,N-diethylaniline,
      n-butylamine, ethylamine, N,N-dimethylaniline or piperidine, imidazole,
      2-ethyl-4-methylimidazole, 2-methylimidazole, 2-phenylimidazole or
      2-undecylimidazole; dimethylaminopropylamine, diethylaminopropylamine,
      triethylamine, diethylamine, benzyldimethylamine, 2-(dimethylaminomethyl)
      phenol, 2,4,6-tris(dimethylaminomethyl) phenol, diisopropylamine,
      triethanolamine, diethanolamine, methylethanolamine, piperidine, pyridine,
      aniline, monoethanolamine, nonylamine, N-aminopropylmorpholine or
      monoisopropanolamine, phenol, bisphenol A, resorcinol or nonylphenol; and
      zinc octanoate or tin octanoate.
NUM  8.
PAR  8. A surface coating composition according to claim 7, wherein the epoxy
      resin is at least one epoxy resin selected from the group consisting of a
      bisphenol epoxy resin obtained from bisphenol A and epichlorohydrin; a
      novolac epoxy resin obtained by reacting a novolac resin with
      epichlorohydrin; a polyphenol epoxy resin obtained by reacting
      epichlorohydrin with a condensation product of a phenol with a xylene
      resin or toluene resin obtained by reacting xylene with formalin or
      reacting toluene with paraformaldehyde; a polyhydroxybenzene epoxy resin
      obtained by reacting epichlorohydrin with a phenol resin produced from a
      polyhydric phenol; an epoxy resin obtained by reacting an aromatic or
      aliphatic carboxylic acid with epichlorohydrin; an epoxy resin obtained
      from a vinyl polymer; an epoxy resin obtained from a polyhydric alcohol;
      an epoxy resin obtained from an alicyclic compound; an epoxy resin
      obtained from starch or an unsaturated higher fatty acid; a
      nitrogen-containing epoxy resin obtained from aniline or an aliphatic
      amine; an epoxy resin having a nitrogen-containing hetero-cyclic ring
      obtained from isocyanuric acid; a silicon-containing epoxy resin obtained
      by reacting an epoxy resin with silanol; a silicon-containing epoxy resin
      obtained by oxidizing a silicon compound having a carbon-carbon double
      bond; epoxyphosphorous acid obtained by epoxidizing a phosphorous acid
      ester having an olefinic unsaturation with peracetic acid; and an epoxy
      resin containing a heavy metal other than silicon and phosphorous in the
      form of a chelate.
NUM  9.
PAR  9. A surface coating composition consisting essentially of (a) 100 parts by
      weight of at least one resinous substance selected from the group
      consisting of coal tar and asphalt, (b) 10 - 200 parts by weight of an
      epoxy resin having at least two vicinal epoxy groups in its molecule and
      (c) 0.01 - 60 parts by weight of at least one salt compound selected from
      the group consisting of tetrasubstituted boron salts of imidazolium ions
      obtained by reacting an acid with an imidazole represented by the formula:
      ##EQU12##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 each are hydrogen, an alkyl,
      and alkenyl, an aryl or a cyanoalkyl and may be the same or different, or
      a derivative thereof to form an imidazolium salt and then reacting the
      resulting salt with a salt of an alkali metal and a tetrasubstituted boron
      having phenyl or a substituted phenyl as a substituent.
NUM  10.
PAR  10. A surface coating composition according to claim 9, wherein the salt
      compound (c) is at least one of imidazolium.tetraphenylborate,
      methylimidazolium.tetraphenylborate,
      2-ethyl-4-methylimidazolium.tetraphenylborate,
      2-ethyl-1,4-dimethyl-imidazolium.tetraphenylborate,
      1-cyanoethyl-2-ethyl-4-methylimidazolium.tetraphenylborate,
      1-cyanoethyl-2-undecylimidazolium.tetraphenylborate,
      1-cyanoethyl-2-phenylimidazolium.tetraphenylborate,
      1-vinyl-2-methylimidazolium.tetraphenylborate,
      1-vinyl-2,4-dimethylimidazolium.tetraphenylborate,
      1-.beta.-hydroxyethyl-2-methylimidazolium.tetraphenylborate,
      1-allyl-2-methylimidazolium.tetraphenylborate,
      1-allyl-2-phenylimidazolium.tetraphenylborate and
      1-allyl-2-undecylimidazolium.tetraphenylborate.
NUM  11.
PAR  11. A surface coating composition consisting essentially of (a) 100 parts
      by weight of at least one resinous substance selected from the group
      consisting of coal tar and asphalt, (b) 10 - 200 parts by weight of an
      epoxy resin having at least two vicinal epoxy groups in its molecule, (c)
      0.01 - 60 parts by weight of at least one salt compound selected from the
      group consisting of tetrasubstituted boron salts of imidazolium ions
      obtained by reacting an acid with an imidazole represented by the formula:
      ##EQU13##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 each are hydrogen, an alkyl,
      an alkenyl, an aryl or a cyanoalkyl and may be the same or different, or a
      derivative thereof to form an imidazolium salt and then reacting the
      resulting salt with a salt of an alkali metal and a tetrasubstituted boron
      having phenyl or a substituted phenyl as a substituent, and (d) 5 - 150
      parts by weight of at least one curing agent selected from the group
      consisting of polycarboxylic anhydrides and amine compounds.
NUM  12.
PAR  12. A surface coating composition consisting essentially of (a) 100 parts
      by weight of at least one resinous substance selected from the group
      consisting of coal tar and asphalt, (b) 10-200 parts by weight of an epoxy
      resin having at least two vicinal epoxy groups in its molecule, (c) 0.01 -
      60 parts by weight of at least one salt compound selected from the group
      consisting of tetrasubstituted boron salts of imidazolium ions obtained by
      reacting an acid with an imidazole represented by the formula:
      ##EQU14##
      wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 each are hydrogen, an alkyl,
      an alkenyl, an aryl or a cyanoalkyl and may be the same or different, or a
      derivative thereof to form an imidazolium salt and then reacting the
      resulting salt with a salt of an alkali and a tetrasubstituted boron
      having phenyl or a substituted phenyl as a substituent, (d) 5 - 150 parts
      by weight of at least one curing agent selected from the group consisting
      of polycarboxylic anhydrides and amine compounds, and (e) 1 - 20 parts by
      weight per 100 parts by weight of the above-mentioned component (c) of at
      least one curing catalyst selected from the group consisting of boron
      trifluoride complex of diphenylamine, aniline, o- or p-toluidine,
      2,4-dimethylaniline, N-methylaniline, N-ethylaniline, N,N-diethylaniline,
      n-butylamine, ethylamine, N,N-dimethylaniline or piperidine, imidazole,
      2-ethyl-4-methylamidazole, 2-methylimidazole, 2-phenylimidazole or
      2-undecylimidazole; dimethylaminopropylamine, diethylaminopropylamine,
      triethylamine, diethylamine, benzyldimethylamine,
      2-(dimethylaminomethyl)phenol, 2,4,6-tris(dimethylaminomethyl)phenol,
      diisopropylamine, triethanolamine, diethanolamine, methylethanolamine,
      piperidine, pyridine, aniline, monoethanolamine, nonylamine,
      N-aminopropylmorpholine or monoisopropanolamine; phenol, bisphenol A,
      resorcinol or nonylphenol; and zinc octanoate or tin octanoate.
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ABST
PAL  Fluid, stable compositions containing aqueous disperse systems of
      anionizable material, e.g., a latex of an organic polymer having
      carboxylate functionality, and a water-dispersible amphoteric
      polyelectrolyte, e.g., a copolymer of 2-aminoethyl methacrylate and
      methacrylic acid, are coacervated by maintaining the pH of the composition
      at a value below the isoelectric point of the amphoteric polyelectrolyte
      and a value at which the disperse material contains anions.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division, of application Ser. No. 248,667 filed Apr. 28, 1972 now
      U.S. Pat. No. 3,843,585.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to anion-containing aqueous disperse systems
      containing amphoteric polyelectrolytes as coacervating agents and to a
      method for accomplishing coacervation of such systems.
PAR  It is well known that the particles of an aqueous polymer dispersion have a
      superficial electrostatic charge, which is particularly appreciable when
      the dispersion is prepared with the help of an ionic surface active agent.
      See, for example, Moillet et al, Surface Activity, Spon. Ltd., London,
      1961 and Schildknecht, Polymer Processes, Interscinece Pub., 640-8 (1956).
      Thus, the particles in many known aqueous dispersions of organic and
      inorganic materials have a surface charge which is positive or negative,
      depending in part on whether or not the dispersion agent used was cationic
      or anionic. Of particular interest in industry are the aqueous dispersions
      in which the dispersed particles carry an anionic charge. The sign of the
      charge, if not known, can be readily determined by adding a polycation. If
      precipitation occurs, the electrostatic charge on the particles is
      anionic.
PAR  It is also well known to dissolve certain polymers bearing anionic groups
      such as poly(acrylic acid), poly(methacrylic acid) and copolymers of such
      acids with other ethylenically unsaturated monomers wherein the acid
      constitutes above about 30 weight percent of the copolymer in water with
      or without the aid of added base such as sodium hydroxide or added organic
      solvent such as alcohol, dioxane, acetone and tetrahydrofuran. Other such
      water-soluble polymers include poly(sodium styrene sulfonate), polymers of
      sulfo esters of unsaturated carboxylic acids such as poly(sulfoethyl
      methacrylate), and poly(ethylene sulfonate).
PAR  Such aqueous disperse systems, inclusive of dispersions and solutions, are
      frequently employed in the coating of a variety of substrates, spinning of
      fibers, impregnation of paper or other bibulous substrates, lamination of
      sheets, etc. Fluidity of such disperse systems which is conferred by the
      aqueous medium is generally desired during application. However, once the
      application is completed, it is desirable to separate the mobilizing
      medium, i.e., the aqueous phase, from the dispersed material. In most
      instances, the utility of the dispersed material depends upon its
      immobility, inertness, or non-redispersibility when deposited. Aqueous
      dispersions of normally solid, organic polymers, so-called latexes, are
      most often utilized for these purposes. In other disperse systems, it is
      often desirable to flocculate or precipitate dispersed solids in order to
      merely collect dispersed solids and/or to remove such solids from the
      dispersing aqueous phase.
PAR  Several methods are known and are widely used in industry for precipitating
      colloidal dispersions and solutions and for coagulation of natural and
      synthetic colloidal systems. Among such methods are heating, cooling, the
      use of electrical current, violent agitation and the addition of
      chemicals. Among the latter, the precipitation of latexes, emulsions and
      other disperse systems by the addition of salts, especially salts of the
      alum type and/or the addition of acid to change the pH of the colloidal
      system are known. See, for example, Schildknecht, supra at page 640 and
      Jirgensons, Organic Colloidals, Elsevier Publishing Co., 223-239 (1958).
      See also U.S. Pat. Nos. 2,995,512, 3,528,928, 2,832,746 and 3,006,868.
PAR  The coacervation methods of the prior art have several disadvantages,
      particularly in certain specialized applications. For example, in the use
      of most chemical coagulation or gelation chemical methods of the prior
      art, coagulation or gelation occurs almost instantaneously after the
      addition of the chemical coagulating or gelling agent. In some prior art
      methods, gelation can be delayed for period. See for example Madge, Latex
      Foam Rubber, Interscience Pub., 23-31 (1962). In either instance, an
      anionically-stabilized, aqueous disperse system compounded with the
      coagulating or gelling agent can not be stored and subsequently used in
      stable, fluid form. Furthermore, in prior art gelation of latexes, the
      rate and uniformity of gel formation is not easily controlled once the
      gelling agent is added. In most prior art gelation, the fluidity and
      foaming of the wet froth of the latex is often impaired and even
      destroyed. Finally, in special reactive latexes such as described in U.S.
      Pat. No. 3,215,647 to Dunn, conventional coagulating or gelling agents are
      not effective to form firm wet gels which can be readily handled.
PAR  Since it is often necessary, and certainly beneficial, to effect controlled
      coacervation of aqueous disperse systems without adding chemical
      coacervating agent at the time coacervation is required, it would be
      highly desirable to provide stable, fluid, aqueous disperse systems
      wherein the disperse material contains anionic groups which disperse
      system can be stored for long periods of time, but which can be
      coacervated immediately with or without addition of chemical coacervating
      agent. The latter technique of coacervation is defined herein as latent
      coacervation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, coacervation of any aqueous disperse
      system of an anionizable material (hereinafter referred to as disperse
      material) is accomplished by (1) combining an inherently
      water-dispersible, amphoteric polyelectrolyte having an isoelectric point
      at pH of at least 6 and the aqueous disperse system and (2) maintaining
      the pH of the resulting combination at a value which is at or below the
      isoelectric point of the polyelectrolyte and at which the disperse
      material contains anions. By maintaining the pH of the combined aqueous
      disperse system and polyelectrolyte is meant holding, raising or lowering
      the pH by any means to the specified value. It is critical that the
      disperse material contain anions at said value of pH below the isoelectric
      point of the polyelectrolyte if coacervation is to occur. The amphoteric
      polyelectrolyte is present in the aqueous disperse system in an amount
      effective to coacervate the system at the specified pH. Latent
      coacervation can be effected by maintaining the pH at the desired value
      without addition of chemical agent, e.g., by volatilization of base or
      acid or in situ formation of acid or base. It is therefore understood that
      any amphoteric polyelectrolyte having an isoelectric point as specified
      can be suitably employed in practice of this invention to cause latent
      coacervation of an aqueous disperse system of anionizable material.
PAR  The advantages of this invention are recognized (1) in the latent gelation
      of foamed and non-foamed, anionically-stabilized latexes of
      water-insoluble organic polymers, (2) in the flocculation of disperse
      organic or inorganic solids in water, e.g., sewage treatment or
      flocculation of clay dispersions, (3) in the precipitation of water
      soluble, anionic copolymers from aqueous solution. The invention is
      similarly useful in many industrial uses, for instance, in the separation
      of sludges, precipitation of anionically-stabilized colloidal dispersions
      of all types, breaking oil-in-water emulsions commonly faced by the
      petroleum industry, separation of anionically-stabilized dispersions and
      emulsions used in application to fabrics, paper and textiles. This
      invention will be particularly useful in the production of dipped goods
      such as gloves and balloons, adhesives, temporary coatings, and paper
      coatings and binders or coatings for non-woven fabrics and in the gelatin
      of latex foam in carpet backing.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENTS
PAR  For the purposes of this invention, an aqueous disperse system of
      anionizable disperse material is suitably defined as any aqueous
      dispersion or solution of any dispersed or solvated material wherein one
      or more anionizable groups reside in or on the surfaces of each of the
      dispersed or solvated particles of the material. By an anionizable group
      is meant any group which will form an anion at some value of pH below the
      isoelectric point of the amophoteric polyelectrolyte being employed.
PAR  In suitable aqueous dispersions maintained at pH at which coacervation is
      to occur, the dispersed water-insoluble organic or inorganic material
      exists in the form of small, anionically-charged particles, e.g., from
      about 0.001 to about 10 microns in diameter, of a solid or liquid which
      are uniformly dispersed in a continuous aqueous phase. The anionic charge
      may be the result of anionic groups provided by an anionic surfactant
      residing on the surface of the particles and/or anionic groups of the
      disperse material such as in the case of an anionic copolymer, e.g., a
      styrene/butadiene/acrylic acid copolymer. In addition to water, the
      aqueous phase may contain a variety of additaments such as electrolytes,
      surfactants, stabilizers, thickeners, plasticizers, etc.; other polar,
      water-miscible solvents such as alcohols and the like; dissolved acids or
      bases and the like.
PAR  In suitable aqueous solution, the water-soluble disperse material is
      solvated as a result of hydration of water-soluble constituents of the
      molecules of the material and the low molecular weight of the material. It
      is understood that water-soluble constituents include the essential
      anionic group or groups and optional groups such as hydroxyl groups, amino
      groups, amido groups and the like. In the aqueous disperse systems, the
      anionizable groups are preferably carboxylic acid and salt thereof. It is
      understood that anionizable groups such as sulfonic acid and salts thereof
      and others such as sulfites, phosphates, nitrates and the like are also
      suitable.
PAR  The proportion of disperse material to aqueous phase is suitably that
      proportion which will yield an aqueous dispersion or solution of the
      disperse material in the conventional sense. Accordingly, the proportion
      of disperse material to aqueous phase must be small enough so that the
      aqueous phase is the continusous phase in the case of a dispersion or the
      solvent in the case of a solution. The proportion of disperse material to
      aqueous phase must be large enough so that the solubility of the
      combination of the disperse material and the amphoteric polyelectrolyte in
      the aqueous disperse system are exceeded at pH below the isoelectric point
      of the polyelectrolyte. Generally, the coacervate, e.g., a precipitate,
      coagulum, floc, or gel will form as result of exceeding the solubility. As
      a general rule of thumb, the proportion of the two components on a volume
      basis is from about 2.3:1 to about 0.01:1 of disperse material to aqueous
      phase.
PAR  Exemplary aqueous dispersions which are most advantageously employed in the
      practice of this invention include anionically-stabilized latexes of
      water-insoluble acidic polymers such as those in which the polymer
      contains ionizable carboxylic groups or sulfonate groups; latexes of
      water-insoluble polymer which are partially or entirely stabilized by
      anionic surfactant or mixture thereof with non-ionic surfactant; latexes
      of water-soluble polymer containing anionizable groups which are partly or
      almost entirely stabilized by non-ionic surfactants; oil-in-water
      emulsions stabilized by anionic surfactant, non-ionic surfactant, natural
      gums, or mixtures thereof; clay dispersions and like dispersions or
      emulsions wherein at least one anionizable group resides in or on each
      particle of the disperse material of the emulsion or dispersion.
PAR  Of particular interest of the aforementioned aqueous dispersions are the
      fluid, anionically-stabilized latexes of normally solid, water-insoluble,
      plastic organic addition polymers wherein the polymeric component is
      polymerized from monomers such as the monovinylidene carbocyclic aromatic
      monomers e.g., styrene, .alpha.-methylstyrene, vinyltoluene,
      ar-chlorostyrene, ar-t-butylstyrene, ar,ar-dichlorostyrene,
      ar-bromostyrene and vinylnaphthalene; the conjugated diolefins, e.g.,
      butadiene, 2-chloromethyl butadiene, chloroprene, isoprene and
      2,3-dimethyl-1,3-butadiene; the aliphatic .alpha. -monoolefins, e.g.,
      ethylene, propylene and butene-1; saturated esters of
      .alpha.,.beta.-ethylenically unsaturated carboxylic acids; derivatives of
      the .alpha.,.beta.-ethylenically unsaturated caroboxylic acids such as
      amides and nitriles, e.g., ethyl acrylate, methyl methacrylate, n-butyl
      acrylate, iso-butyl acrylate, iso-propyl acrylate, 2-hydroxyethyl
      acrylate, ethyl itaconate, methyl hydrogen maleate, acrylamide,
      acrylonitrile, fumaronitrile and methacrylonitrile; ethylenically
      unsaturated esters of non-polymerizable aliphatic and aromatic carboxylic
      acids such as vinyl acetate, vinyl propionate and vinyl benzoate;
      ethylenically unsaturated ketones, ethers and halides such as vinyl
      chloride, vinylidiene chloride, methyl vinyl ketone and ethyl vinyl ether,
      and combinations of two or more thereof. Especially preferred polymers
      contain predominant amounts, e.g., more than about 50 weight percent, of
      the foregoing monomers.
PAR  In addition to the foregoing monomers, additional reactive comonomers may
      be employed, e.g., in amounts up to about 20 weight percent based on the
      latex polymer.
PAR  Reactive comonomers suitable for such purpose are described and exemplified
      in column 2, lines 34-69 of U.S. Pat. 3,215,647 to Dunn which patent is
      incorporated herein in its entirety.
PAR  It is also suitable to include small amounts, e.g., up to about 10 weight
      percent, of special purpose monomers such as crosslinking monomer, e.g,
      divinyl benzene, trivinyl benzene and the like.
PAR  To provide the anionic stabilizing function, the foregoing monomers may be
      copolymerized with amounts of one or more of the reactive acid comonomers
      sufficient to render the polymer water-dispersible, but not water-soluble.
      Usually, the amount is up to about 20 weight percent based on polymer of
      the acid comonomer, preferably from about 0.5 to about 5 weight percent.
      Preferred acid comonomers include .alpha.,.beta.-ethylenically unsaturated
      carboxylic acids, preferably those acids having 3 to 8 carbon atoms such
      as acrylic, methylacrylic, fumaric, maleic, crotonic and itaconic and
      sulfo esters of such carboxylic acids such as 2-sulfoethyl methacrylate.
PAR  Alternatively, the latex is anionically stabilized by the presence of
      anionic amulsifiers (e.g., surfactants) or mixtures thereof with up to 15
      weight percent based on total emulsifier of non-ionic emulsifiers. Any
      amount of emulsifier which is effecitve to stabilize the latex is
      suitable. Preferably the amount is from about 0.1 to about 10 weight
      percent based on latex polymer. Exemplary anionic emulsifiers include the
      water-soluble soaps of soap-forming monocarboxylic acids, e.g., alkali
      metal salts of linoleic, oleic, stearic, palmitic, myristic, lauric, and
      capric acids. Additional suitable anionic emulsifiers are the sulfonate
      and sulfate compounds having the general formula:
EQU  R--SO.sub.3 M and R--OSO.sub.3 M
PAL  wherein R represents an organic radical having from 9 to 23 carbon atoms
      and M represents an alkali metal, an ammonium or like group, e.g., dodecyl
      sodium sulfonate, sodium oleyl sulfate, ammonium dodecylbenzene sulfonate,
      potassium lauryl sulfate, disodium dodecyldiphenyl oxide disulfonate,
      dioctyl potassium sulfosuccinate, dihexyl sodium sulfosuccinate and the
      aryl sulfonate-formaldehyde condensation products. Also suitable anionic
      emulsifiers are the phosphate esters represented by the general formulae:
      ##EQU1##
      wherein R is hydrogen or an organic radical sch as alkyl or hydroxyalkyl,
      n is the number of moles of ethylene oxide per molecule, usually 1 to 50,
      and M is a univalent cation such as ammonium or alkali metal cation.
PAR  Suitable non-ionic emulsifiers which may be employed in combination with
      the anionic emulsifiers include the polyoxyethylene agents, e.g., ethylene
      glycol polyethers, ethylene nonylphenol polyethers, and the like; fatty
      acid esters of polyhydric alcohols, e.g., propylene glycol fatty acid
      ester and the like. Other suitable anionic and non-ionic emulsifiers are
      described in McCutcheon, Detergents and Emulsifiers, John W. McCutcheon,
      Inc. (1963) and Becher, Emulsions: Theory and Practice, 2d ed., Reinhold
      Publishing Corporation, New York 221-225 (1965). It is further understood
      that the latex may be stabilized by a combination of polymerized anionic
      comonomer and anionic emulsifier with or without non-ionic emulsifier.
PAR  The aqueous dispersions suitably employed in this invention occur naturally
      or are readily prepared by known dispersion techniques. For example, the
      aforementioned anionically-stabilized latexes may be prepared by emulsion
      polymerization methods such as disclosed in Schildknecht, supra, at pages
      111-174 or by dispersing mass- or solution-polymerized material by
      techniques disclosed in U.S. Pat. No. 3,389,109 to Harmon et al and U.S.
      Pat. No. 3,644,258 to Moore et al.
PAR  Exemplary aqueous solutions include solutions of water soluble synthetic
      polymers possessing anionic functionality such as water-soluble polymers
      of .alpha.,.beta. -ethylenically unsaturated carboxylic acids and
      anhydrides such as poly(acrylic acid), partially hydrolyzed esters of
      poly(acrylic acid), copolymers of styrene and maleic anhydride, and
      copolymers of ethylene and maleic anhydride; water-soluble polymers and
      copolymers of sulfo esters of .alpha.,.beta.-ethylenically unsaturated
      carboxylic acids, e.g., 2-sulfoethyl acrylate, 2-sulfoethyl methacrylate
      and others disclosed in U.S. Pat. Nos. 3,024,221 and 3,147,301;
      water-soluble polymers of monovinylidene aromatic sulfonic acids and salts
      such as poly(sodium styrenesulfonate); water-soluble polymers of other
      ethylenically unsaturated sulfonates; and the like. also included are
      solutions of anion-containing materials such as anionic emulsifiers as
      defined hereinbefore; water-soluble natural gums, carboxylated starches,
      and the like.
PAR  The amphoteric polyelectrolyte has an organic substrate and pendant
      ionizable cationic and anionic groups. The number of ionizable groups and
      distribution thereof in the polyelectrolyte is that which is sufficient to
      render the polyelectrolyte at least inherently water-dispersible and
      preferably water-soluble. By "inherently water-dispersible" is meant
      capability of forming a colloidal dispersion in water in absense of
      chemical dispersing aids such as surfactants, emulsifying agents, etc. The
      molecular weight of the polyelectrolyte is not critical so long as the
      polyelectrolyte is inherently water dispersible. The molar ratio of
      ionizable cationic groups to ionizable anionic groups of the
      polyelectrolyte is such that it has an isoelectric point at pH of at least
      6, preferably in the pH range from about 7 to about 10. The isoelectric
      point of the polyelectrolyte is the pH at which the net charge on a
      molecule of polyelectrolyte is zero. This molar ratio of cationic groups
      to anionic groups is usually at least about 1:1, preferably in the range
      from about 2:1 to 10:1.
PAR  The ionizable cationic group is suitably any basic group having a pKa in
      the range from about 4 to about 11 wherein pKa is the negative logarithm
      of the acidity constant for the basic group. Advantageously, the basic
      group is a group containing nitrogen, preferably a primary, secondary or
      tertiary amino group, heterocyclic amino group such as pyridine and
      pyrrolidine.
PAR  The ionizable anionic group is suitably any acidic group having a pKa less
      than 6, wherein the pKa is the negative logarithm of the acidity constant
      for the acidic group. The ionizable anionic group is preferably an
      ionizable carboxyl group, e.g., acid, ester or anhydride. Also suitable
      are, for example, ionizable sulfonate, sulfite, nitrate or phosphate
      groups, e.g., acids or metal salts thereof. It is understood that when an
      ester is employed as the ionizable anionic group that conditions
      sufficient to hydrolyze the ester must be employed.
PAR  Exemplary preferred amphoteric polyelectrolytes include synthetic
      copolymers of (1) ionizable cationic monomers such as the
      .alpha.,.beta.-ethylenically unsaturated amines, e.g., the aminoalkyl
      esters of .alpha.,.beta.-ethylenically unsaturated carboxylic acids, the
      aminoalkyl substituted .alpha.,.beta.-ethylenically unsaturated amides and
      imides, vinyl amine, vinyl heterocyclic amines, vinyl benzyl amines and
      other addition-polymerizable amines having pKa values between about 4 and
      about 11 and (2) ionizable anionic monomers such as the
      addition-polymerizable .alpha.,.beta.-ethylenically unsaturated carboxylic
      acids and anhydrides, alkyl esters, acyl halides, amides and nitriles
      which can be hydrolyzed to carboxylic acids; sulfo esters of
      .alpha.,.beta.-ethylenically unsaturated carboxylic acids; and the
      addition-polymerizable .alpha.,.beta.-ethylenically unsaturated sulfonic
      acids, phosphonic acids and the like.
PAR  Specific examples of especially preferred cationic monomers which are given
      for purposes of illustration include 2-aminoethyl methacrylate
      hydrochloride, 2-(N,N-dimethyl)aminoethyl methacrylate hydrochloride,
      2-aminoethyl acrylate, N-(N',N'-dimethyl)aminomethyl acrylamide,
      N-(N',N'-dimethyl), 2-aminoethyl methacrylamide,
      N-(N',N'-dimethyl)-2-aminoethyl acrylamide,
      N-(N',N'-dimethyl)-3-aminopropyl methacrylamide,
      N-(N',N'-dimethyl)-3-aminopropyl maleimide, vinyl amine, vinyl benzyl
      amine vinyl pyridine, vinyl pyrrolidine, and other weakly basic monomers
      having pKa values between about 4 and about 11.
PAR  Specific examples of especially preferred anionic comonomers which are
      given for purposes of illustration include acrylic acid, methacrylic acid,
      itaconic acid, maleic acid, fumaric acid, maleic anhydride, 2-sulfoethyl
      methacrylate, ethylene sufonate, sodium styrene sulfonate, sodium styrene
      phosphonate and other monomers having pKa values less than about 6.
PAR  In addition to the foregoing essential ionizable cationic and anionic
      monomers, it is understood that non-ionic monomers such as styrene, vinyl
      chloride, vinylidene chloride, ethyl acrylate, butadiene, vinyl acetate,
      methyl methacrylate, 2-hydroxyethyl acrylate, 2- or 3-hydroxypropyl
      acrylate, 2-, 3- or 4-hydroxybutyl acrylate and other non-ionic monomers
      described hereinbefore are optionally employed in concentrations up to
      about 98 mole percent based on the polyelectrolyte.
PAR  The amphoteric polyelectrolytes are suitably prepared by conventional
      addition polymerization methods which are well known to those skilled in
      the art. For example, see solution polymerization in water described in W.
      R Sorenson et al, Preparative Methods of Polymer Chemistry, Interscience
      Pub., 178-182 (1961).
PAR  The amphoteric polyelectrolyte is suitably combined with the aqueous
      disperse system by any technique suitable for uniformly dispersing
      chemical additive in aqueous dispersion or solution of dispersed material.
      For instance, the amphoteric polyelectrolyte, in the pure state or in
      diluted form such as an aqueous dispersion or solution, is added to the
      aqueous disperse system and agitated until uniform distribution of the
      polyelectrolyte is assured. If the polyelectrolyte is added in diluted
      form, the concentration of polyelectrolyte in the diluent is preferably
      from about 1 to about 60 weight percent based on diluent. Alternatively,
      the aqueous disperse system and polyelectrolyte in pure or diluted form
      are combined in desired proportions in a continuous manner.
PAR  If immediate coacervation is desired upon combination of the
      polyelectrolyte with the aqueous disperse system, the pH of the system
      should be lower than the isoelectric point of the polyelectrolyte and
      above the pH at which the anionizable group or groups of the disperse
      material dissociate such that the dispersse material contains anions.
PAR  When immediate coacervation is not desired, the pH of the system should be
      higher than the pH of isoelectric point of the polyelectrolyte or at pH
      below that essentially at which the anionizable group or groups of the
      disperse material dissociate to form anions. Preferably the pH of the
      aqueous disperse system is at least one point higher than the isoelectric
      point of the polyelectrolyte to insure stability of disperse system during
      incorporation. Advantageously, the pH of the disperse system is raised to
      the desired level by addition of ammonia or another volatile cation.
PAR  The amount of polyelectrolyte combined with the aqueous disperse system is
      an amount sufficient to coacervate the aqueous disperse system at pH which
      is below the isoelectric point of the polyelectrolyte and which is above
      the pH at which the anionizable groups of the disperse material begin to
      dissociate to form anions. Preferably, the amount of polyelectrolyte used
      in the minimum, or nearly minimum, amount of polyelectrolyte sufficient to
      coacervate the disperse system at the specified pH. While it is not
      possible to specify numerically the amounts of polyelectrolyte suitable to
      effect coacervation in all suitable aqueous disperse systems using all
      suitable polyelectrolytes, it is found an amount of polyelectrolyte in the
      range from about 0.1 to about 5.0 weight precent based on the disperse
      material is generally sufficient to effect coacervation at the prescribed
      pH in most suitable systems. It is understood, however, that the amounts
      of polyelectrolyte as high as about 50 weight percent based on the
      disperse material are suitably empolyed.
PAR  For the purposes of this invention, the term "coacervation" is defined as
      any process which affects an aqueous disperse system to such an extent
      that the particles of the disperse material agglomerate in large numbers.
      Such coacervation is usually evidenced by the conversion of finely
      divided, colloidally dispersed or solvated material into larger particles
      which settle rapidly or into gel structures wherein the dispersed or
      solvated material combines at reasonably rapid rate with the continuous
      phase or solvent to form a jelly-like product. Accordingly, it is
      understood that for the purposes of this invention, coacervation is a
      generic term encompassing such terms as precipitation, gelation,
      coagulation, flocculation and the like. The foregoing terms such as
      gelation, coagulation and flocculation are well defined. For example, see
      Blackley, High Polymer Latices, Vol. 1, Palmerton Pub., p. 24-26 (1966).
      It is further understood that in instances wherein low concentration of
      the polyelectrolyte is employed, an increase in viscosity is often all
      that is observed. By latent coacervation is meant coacervation achieved
      without the addition of further chemcial agents to the composition
      comprising the aqueous disperse system and the amphoteric polyelectrolyte.
      A further characteristic of coacervation of this invention is that the
      coacervated disperse material can be redispersed to a disperse system by
      adjusting pH of the coacervated system to value above the isoelectric
      point of the polyelectrolyte prior to curing or film formation of the
      coacervated disperse material.
PAR  Coacervation, in the foregoing sense, is suitably effected by maintaining
      the pH of the combined composition of aqueous disperse system and
      amphoteric polyelectrolyte at any value at or below the isoelectric point
      of the polyelectrolyte at which the anionizable groups of the disperse
      material exist as anions. Maintaining the pH is defined hereinbefore as
      holding, lowereing or raising the pH by any reasonable means. It is
      understood that the invention is successfully practiced if the number of
      the total anionizable groups existing an anions is such that one or more
      anions reside on a predominant number of the praticles of the disperse
      material, i.e., one or more anions should reside on at least about 70
      percent of all particles of the disperse material. Preferably, one or more
      anions reside on each particle of the disperse material. Preferably to
      effect rapid coagulation, the resultant pH of the disperse system should
      be about one pH unit or more below the isoelectric point of the
      polyelectrolyte provided that the pH is a value at which the anionizable
      groups of the disperse material exist as anion. In the practice of this
      invention, coacervation usually occurs at pH in the range from about 9.5
      to about 6.
PAR  Preferably, in order to achieve latent coacervation, the pH is lowered to
      desired value by volatilizing base, e.g., ammonia. Alternatively, pH of
      the composition is lowered by in situ acid production in the aqueous
      phase, e.g., decomposition of a persulfate such as alkali metal or
      ammonium persulfate or hydrolysis of alkali metal salts of silicofluoride.
      In latent coacervation by volatilization of base, care must be taken to
      minimize the amount of non-volatile cation of strong base such as alkali
      metal, quaternary ammonium and others having pKa values above 11 in the
      disperse system in order that a pH below the isoelectric point of the
      polyelectrolyte can be achieved. It is understood that latent coacervation
      may also occur by increasing pH of the combined disperse system and
      polyelectrolyte from a value below that at which the anionizable groups
      dissociate to form anions to a pH value at which such dissociation occurs.
      Such increasing of pH may be carried out by volatilization of acid or by
      in situ formation of base.
PAR  While latent coacervation is preferred in many embodiments of this
      invention, it is understood that maintaining pH in desired range can be
      suitably accomplished by addition of acid such as acetic acid or by
      hydrolysis of an acid anhydride, ester, or amide or sodium silicofluoride
      which may be added to the aqueous disperse system or by any other method
      which is effective to lower ph of an aqueous system to a value at or below
      the pH of the isoelectric point of the polyelectrolyte. Maintaining of pH
      at desired value can also be accomplished by adding base in order to raise
      pH until the anionizable groups of the disperse material exist in anionic
      form. In order to achieve the desired coagulation by maintaining pH at the
      desired value, it is only critical that an appreciable number of the
      cationic moieties of the polyelectrolyte remain free to interact with the
      anions contained by the disperse material.
PAR  It is understood that additional ingredients commonly employed in
      conventional anionically-stabilized, aqueous dispersions and aqueous
      solutions of organic materials are suitably employed in the compositions
      of this invention. Such additional ingredients include fillers,
      thickeners, stabilizers, surface active agents, vulcanizing agents, fire
      retardant additives, coagulating or gelling agents, coreactive material as
      described in U.S. Pat. No. 3,215,647 to Dunn, and the like suitable
      coreactive materials, as described in Dunn, are those containing one or
      more carbon atoms and at least two reactive groups, e.g.,
      ammonia-formaldehyde condensates, amine-formaldehyde condensates,
      phenol-formaldehyde condensates, primary and secondary amines having at
      least two amino groups per molecule, liquid epoxies having at least two
      epoxy groups per molecule, urea, urea-formaldehyde condensates, and
      saturated aliphatic dicarboxylic acids. The coreactive material is
      selected such that the reactive groups on the coreactive material are
      different from and coreactive with the reactive groups on the monomer
      component of the compolymer comprising the latex. More specifically,
      examples of the coreactive materials include melamine,
      melamine-formaldehyde condensates, urea, urea-formaldehyde condensates,
      methylated melamine-formaldehyde condensates, methylated urea-formaldehyde
      condensates, butylated melamine-formaldehyde condensates, butylated
      urea-formaldehyde condensates, phenol-formaldehyde condensates,
      ammonia-formaldehyde-hydrochloric acid condensates, liquid epoxy resins,
      ethylene diamine-formaldehyde condensates, hexamethylene
      diamine-formaldehyde condensates, polyethyleneimine, ethylene diamine,
      diethylene triamine, triethylene tetramine acetate, trimethylene diamine,
      tetramethylene diamine, hexamethylene diamine, decamethylene diamine,
      tetraethylene pentamine, guanidine, formoguanamine, benzoguanamine,
      dicyandiamide, malonic acid, succinic acid, glutaric acid, adipic acid,
      pimelic acid, suberic acid, azaleic acid, sebacic acid, polyacrylic acid,
      a latex comprising a copolymer of styrene, 1,3-butadiene and 2-aminoethyl
      methacrylate hydrochloride, and a latex comprising vinyl chloride,
      vinylidene chloride and 2-sulfoethyl methacrylate. It is understood that
      the additional ingredients such as fillers which are generally inert in
      that they do not bear significant anionic charge, i.e., do not contain
      anions or anionizable groups, are not considered as part of the disperse
      material in the practice of this invention. Therefore, for example,
      fillers may be empolyed in concentrations up to about 20 weight parts of
      filler to 1 weight part of disperse material.
PAR  The following examples are given to illustrate the preferred embodiments of
      the invention and should not be construed as limiting its scope. In the
      examples, all parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAL  A. preparation of Amphoteric Polyelectrolyte
PAR  A 2-liter round bottom flask equipped with a stirrer, reflux condenser,
      thermometer and a nitrogen gas sparging tube is immersed in a water bath
      maintained at 50.degree.C. A 1,500-g portion of a 2-aminoethyl
      methacrylate-hydrochloride (2-AEM.sup.. HCl) solution, 12 g methacrylic
      acid and 3 g thiourea are charged to the flask and mixed. The 2-AEM.sup..
      HCl solution contains 22.1 percent 2-AEM.sup.. HCl, 15.3 percent
      N-(2-aminoethyl)-2-aminoethyl methacrylate-2HCl [N-(2-AE)-2-AEM.sup..
      2HCl], 0.92 percent 2-hydroxyethyl methacrylamide, 2.1 percent methacrylic
      acid and 0.020 percent copper (II) sulfate dissolved in water.
PAR  The flask is purged with nitrogen for 15 minutes and 18 ml of 30 percent
      hydrogen peroxide is added with stirring. The temperature of the resulting
      reaction recipe is increased to 70.degree. C within a period of 2 minutes
      and then allowed to cool to 50.degree. C. The reaction recipe is then
      stirred for 3 hours at 50.degree. C with nitrogen gas bubbling through the
      solution. Conversion of monomer to polymer is essentially complete.
PAR  The resulting polymeric material is recovered as a 25% solution having a
      Brookfield viscosity (No. 2 spindle at 60 rpm) of 230 centipoises at
      25.degree. C. The polymeric material is analyzed and is found to contain
      2.24 milliequivalents of amino groups per gram of material (meq/g)
      attached to the polymer backbone and 0.81 meq/g of carboxylic acid groups
      also attached to the polymer backbone. A random terpolymer of about 55
      percent 2-AEM.sup.. HCl, 5 percent methacrylic acid, 37.5 percent
      N-(2AE)-2-AEM.sup.. 2HCl and 2.5 percent 2-hydroxyethyl methacrylamide
      having isoelectric point at pH of 8.8 is confirmed. The active
      concentration of amino calculated as 2-AEM is 29 percent.
PAR  In a manner similar to the foregoing procedure several additional
      2-AEM.sup.. HCl copolymers are prepared. The properties of these
      copolymers and the aforementioned copolymer (Sample No. 1) are listed in
      Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Sam- Amino-  Carboxylic        pH at the                                  
     ple  (1),    Acid(2)   (1):(2),                                           
                                    Isoelectric                                
                                             2-AEM                             
     No.  meq/g   meq/g     meq     Point(3) wt%                               
     ______________________________________                                    
     1    2.24    0.81      2.7     8.8      29.0                              
     2    1.34    1.24      1.1     8.2      17.3                              
     3    2.26    0.90      2.5     8.7      29.2                              
     4    2.03    0.64      3.2     9.0      26.2                              
     5    2.18    0.62      3.5     9.5      28.1                              
     ______________________________________                                    
      (1)Amino groups attached to the polymeric backbone determined by titratio
      with KOH in a streaming current detector. Streaming current detector is  
      described by Gerdes, W. F., 12th National ISA Analysis Instrumentation   
      Symposium, Houston, Texas, May 11-13, 1966. Reported as milliequivalents 
      of amino per gram of polymer.                                            
      (2)Carboxylic acid attached to the polymeric backbone determined by      
      titration with KOH in a streaming current detector. Reported as          
      milliequivalents of carboxylic acid per gram of polymer.                 
      (3)Isoelectric Point as determined by titrating with KOH in a streaming  
      current detector containing a pH electrode to simultaneously determine   
      zero point of change and pH.                                             
PAL  B. coagulation of Anionically-Stabilized Aqueous Disperse Systems
PAR  A latex composition is prepared by adjusting the pH of the latex from 10.0
      to 10.8 with ammonium hydroxide and then adding other ingredients to form
      composition set forth in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                          Dry       Wet                                        
     Ingredients          Wt. parts Wt. parts                                  
     ______________________________________                                    
     Latex                100.0     170.0                                      
       Styrene 42%                                                             
       Butadiene 56%                                                           
       Acrylic Acid 2%                                                         
     Silicone Oil, 100 centi-                                                  
     stokes               1.0       1.0                                        
     Sodium Lauryl sulfate                                                     
                          1.5       5.0                                        
     Aqueous emulsion of para-                                                 
     ffin wax(melting point                                                    
     125.degree.-130.degree.F)                                                 
                          5.0       10.0                                       
     Ground limestone, No. 10                                                  
     white                150.0     150.0                                      
     Methyl cellulose, 4000                                                    
     centipoises          0.2       8.0                                        
     Melamine-formaldehyde re-                                                 
     sin*                 5.0       6.2                                        
     ______________________________________                                    
      *Partially methylated melamine-formaldehyde condensate in the physical   
      form of a clear viscous syrup at a concentration of 80 weight percent of 
      active ingredients. The syrup has a density of 10 lbs/g and of 0.5-9 and 
      is soluble in water in all proportions.                                  
PAR  The latex composition is divided into several portions and to each portion
      is added, with continuous stirring, 2.5% based on latex dry weight of one
      of the aforementioned 2-AEM.sup.. HCl copolymers. (Sample Nos. 2-5).
PAR  The resulting mixture is mechanically foamed in a planetary mixer. The
      aerated froth is cast at a three-eights inch thickness in an open mold
      having a polytetrafluoroethylene coated fiber glass screen as its bottom
      surface. The foam is heated by an infrared heating means for 30 seconds to
      set the surface and is then placed in a 290.degree. F circulating air oven
      to volatize ammonia gas. At two minute intervals, the interior of the
      drying foam is inspected by removing a small piece of foam to a depth of
      one inch into the edge of the foam. Subsequently, the completely cured
      foam is inspected at the locations where the foam has been disrupted at
      the two minute intervals. These observations are used as a basis for
      rating the internal strength (reported in Table III as Gel Rating) of the
      foam.
PAR  For the purposes of comparison, a sample (C.sub.1) of the latex composition
      containing no 2-AEM.sup.. HCl copolymer is treated in the foregoing manner
      and observed as indicated.
PAR  The results of the foregoing observations are recorded in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Polyelectrolyte                                                           
     Sample                                                                    
         Sample                                                                
              Isoelectric Gel Rating(3)                                        
                                      pH at                                    
     No. No.(1)                                                                
              Point(2)                                                         
                      2min.                                                    
                          4min.                                                
                              6min.                                            
                                  8min.                                        
                                      Gelation                                 
     __________________________________________________________________________
     2   2    8.2     1   1   2   3   6.2                                      
     3   3    8.7     2   4   5   5   8.0                                      
     4   4    9.0     2   5   5   5   8.2                                      
     5   5    9.5     4   5   5   5   8.7                                      
     C.sub.1 *                                                                 
         None --      1   1   1   1   --                                       
     __________________________________________________________________________
      *Not an example of the invention.                                        
      (1)Polyelectrolyte is described in Table I according to Sample No.       
      (2)Same as (3) in Table I.                                               
      (3)Gel Rating is an indication of speed of gelation by determination of  
      gel strength at timed intervals. A numerical rating system is used in    
      which a rating 1 indicates a foam with a fluidity (strength) essentially 
      the same as when it is cast, i.e., sufficient fluidity to heal over to a 
      smooth surface on subsequent drying and curing. A rating of 5 indicates a
      interior foam structure which can be torn away leaving a coarse, broken  
      surface which shows no healing over on subsequent heating. Intermediate  
      ratings are used to indicate intermediate degrees of gel structure       
      formation in the froth.                                                  
PAC  EXAMPLE 2
PAR  The polyelectrolyte of Sample No. 4 of Example 1 and the latex composition
      of Example 1 are combined in varying proportions and are subsequently
      foamed and gelled in the manner described in Example 1.
PAR  The resulting gel structures are observed at various time intervals and are
      rated as set forth in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
           Polyelectrolyte                                                     
     Sample                                                                    
           Concentration(1),      Gel Rating(2)                                
     No.   Wt%            2 min.  4 min.                                       
                                        6 min.                                 
                                              8 min.                           
     ______________________________________                                    
     1     0.75           1       2     3     4                                
     2     1.0            2       4     5     5                                
     3     1.2            3       4     5     5                                
     4     1.5            4       5     5     5                                
     ______________________________________                                    
      (1)Weight percent based on latex polymer.                                
      (2)Same as (3) in Table II.                                              
PAC  EXAMPLE 3
PAR  Using the procedure of Example 1, the latexes of Table V are adjusted to pH
      of about 10.8 and are each combined with the other ingredients given in
      Table II in the proportions set forth therein to form the desired latex
      compositions.
TBL                TABLE V                                                     
     ______________________________________                                    
                        Dry Wt. Wet Wt.                                        
     ______________________________________                                    
     Latex No. 1          100       170                                        
      Styrene 41%                                                              
      Butadiene 56%                                                            
      2-hydroxyethyl acrylate                                                  
       3%                                                                      
     Latex No. 2          100       170                                        
      Styrene 42%                                                              
      Butadiene 56%                                                            
      Itaconic Acid 1.1%                                                       
      2-hydroxyethyl acrylate                                                  
       1.0%                                                                    
     ______________________________________                                    
PAL  Using the procedure of Example 1, the polyelectrolytes designated Sample
      Nos. 4 and 5 in Table I are incorporated in varying amounts into separate
      portions of Latex Nos. 1 and 2.
PAR  The resulting compositions are foamed and gelled in accordance with the
      procedure of Example 1. The resulting gel structures are observed at
      various time intervals and are rated as set forth in Table VI.
PAR  For purposes of comparison, Samples (C.sub.1 and C.sub.2) of Latex
      Compositions Nos. 1 and 2 containing no polyelectrolyte are foamed and
      gelled by the foregoing procedure. The gel ratings of these samples are
      also shown in Table VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
                   Polyelectrolyte                                             
     Sample                                                                    
         Latex     Sample      Gel Rating (3)                                  
     No. Composition No.                                                       
                   No. (1)                                                     
                         Wt % (2)                                              
                               2 min                                           
                                   4 min                                       
                                       6 min                                   
                                            8 min                              
     __________________________________________________________________________
     1   1         5     0.75  1   3   4    4                                  
     2   1         4     1.0   4   5   5    5                                  
     3   1         4     0.75  4   5   5    5                                  
     C.sub.1 *                                                                 
         1         None        1   1   1    1                                  
     4   2         5     1.0   4   5   5    5                                  
     5   2         4     1.5   4   5   5    5                                  
     6   2         4     1.0   4   5   5    5                                  
     C.sub.2 *                                                                 
         2         None        1   1   1    1                                  
     __________________________________________________________________________
      *Not an example of the invention.                                        
      (1) Same as (1) in Table III.                                            
      (2) Same as (1) in Table IV.                                             
      (3) Same as (3) in Table III.                                            
PAR  Since Latex Composition No. 1 is stabilized by anionic surfactant instead
      of ionic in the latex polymer, Sample Nos. 1-3 establish that the
      amphoteric polyelectrolyte is a suitable latent coagulating agent for
      anionic surfactant stabilized latexes.
PAC  EXAMPLE 4
PAL  Preparation of Amphoteric Polyelectrolyte
PAR  The following ingredients are mixed in a 4-oz. round bottle which contained
      a magnetic stirring bar:
PA1  48 ml deionized water
PA1  27 ml 5 N HCl
PA1  21.1 g 2-(N,N-dimethyl)aminoethyl methacrylate 3.85 g methacrylic acid
      (glacial) 0.2 g thiourea
PAL  The magnetic stirring bar is removed and the bottle placed in a water bath
      maintained at 50.degree. C. After purging with nitrogen gas for 10
      minutes, 1.2 ml of 30% H.sub.2 O.sub.2 solution is added. The temperature
      of the solution increases to 54.degree. C in about 10 minutes. The bottle
      and reaction recipe rest in the bath for 21/2 hours with N.sub.2 bubbling
      through the recipe.
PAR  The resulting polymer is recovered and is found to have the following
      properties:
PA1  Isoelectric point - 8.8
PA1  Amino groups - 1.21 meq/g
PA1  Carboxylic acid groups - 0.59 meq/g
PA1  2-(N,N-dimethyl)aminoethyl methacrylate (caloulated) - 21.2%
PAR  The polymer is confirmed to be 2-(N,N-dimethyl) aminoethyl
      methacrylate/methacrylic acid copolymer.
PAL  Precipitation of Polymer from Solution
PAR  The pH of the foregoing polyelectrolyte is increased to 10.5 by adding 1.0
      N sodium hydroxide. A 1-part portion of the aqueous polyelectrolyte is
      mixed with 10 parts of 1% aqueous solution of a polymer of sodium
      acrylate, e.g., a polymer sold under the trademark, Alcogum 5,950, at pH
      of 10.5. No precipitate is formed. A precipitate is formed by adding 1 N
      HCl to the polymer solution until pH of 8 is reached.
PAR  A second portion of the polymer solution containing no polyelectrolyte is
      similarly treated by adding 1 N HCl to the solution. No precipitate is
      formed until the pH of the solution is below 4.
PAC  EXAMPLE 5
PAR  The following ingredients are mixed in a 4-oz. round bottle which contains
      a magnetic stirring bar:
PA1  44 ml deionized water
PA1  31 ml 5 N HCl
PA1  20.55 g distilled vinylbenzyl amine
PA1  4.45 g methacrylic acid (glacial)
PA1  0.2 g thiourea
PAL  The magnetic stirring bar is removed and the bottle is placed in a water
      bath heated to 50.degree. C. After 10 minutes purging with N.sub.2, 1.2 ml
      of 30% H.sub.2 O.sub.2 is added. The temperature of the reaction recipe
      increases to 52.degree. C. The recipe rests in the bath at 50.degree. C
      with N.sub.2 bubbling through it for 71/2 hours.
PAR  The resulting polymer is recovered and is found to have the following
      properties:
PA1  Isoelectric point - 9.4
PA1  Amino groups - 1.5 meq/g
PA1  Carboxylic Acid groups - 0.55 meq/g
PA1  Vinylbenzyl amine - 20.1%.
PAR  The polymer is confirmed to be a vinylbenzyl amine/methacrylic acid
      copolymer having an isoelectric point of 9.4.
PAL  Precipitation of Polymer from Solution
PAR  The pH of the foregoing polyelectrolyte is increased to 10.5 by adding 1.0
      N NaOH. A 1-part portion of the aqueous polyelectrolyte is mixed with 10
      parts of 1% aqueous solution of a polymer of sodium acrylate at pH of
      10.5. No precipitate is formed. A precipitate is formed by adding 1 N HCL
      to the polymer solution until pH of about 8.5 is reached.
PAC  EXAMPLE 6
PAR  To an aqueous solution of 2-AEM.sup.. HCl/methacrylic acid copolymer (10:1
      on molar basis) having an isoelectric point of 10 is added 1 N NaOH to
      increase the pH to &gt; 10.
PAR  The resulting polyelectrolyte solution is mixed with a 50% solids latex of
      styrene/butadiene/acrylic acid terpolymer (42/56/2) at pH &gt; 10 without
      causing coagulation or thickening. The mixture is gelled by adding acetic
      acid.
PAR  Another solution of the same copolymer to which has been added ammonia to
      pH &gt; 10 is mixed with ammonia-neutralized styrene/butadiene/acrylic acid
      (42/56/2) without forming coagulum or significantly thickening the latex.
      The latex does gel after a brief time of heating on a steam bath as a
      result of volatilizing ammonia to lower pH of the latex to a value less
      than 10.
PAC  EXAMPLE 7
PAR  A mineral oil emulsion which comprises the following ingredients:
     Ingredients   Dry Wt., parts                                              
                                Wet Wt., parts                                 
     ______________________________________                                    
     Mineral Oil   200          200                                            
     Sodium lauryl sulfate                                                     
                   13.7         45.7                                           
     Water         --           87                                             
     ______________________________________                                    
PAL  is prepared by adding water slowly with mixing to the oil and emulsifier.
PAR  To a 50-g portion of the resulting emulsion is added dilute aqueous ammonia
      to adjust pH of the emulsion to 10.8. To this portion is added with
      stirring an aqueous solution of the 2-AEM.sup.. HCl/methacrylic acid
      copolymer (0.92 g on solids basis). The pH of the solution of copolymer is
      10. The copolymer has an isoelectric point at pH of 9 and contains 21% of
      2-aminoethyl methacrylate. Dilute HCl is added to the resulting
      composition until pH of 8.0 is reached. The composition coagulates to form
      a white, curd-like layer with water phase forming the bottom layer. Upon
      addition of dilute aqueous ammonia to the coagulated system until pH of
      10.8 is attained, the white, curd-like layer is redispersed to a stable
      emulsion.
PAR  For purposes of comparison, to another 50-g portion of the mineral oil
      emulsion containing none of the 2-AEM.sup.. HCl/methacrylic acid copolymer
      is added dilute aqueous ammonia to adjust pH to 10.8 and dilute HCl to
      lower pH to 7.0. The emulsion exhibits no evidence of coagulation during
      the foregoing operation.
PAC  EXAMPLE 8
PAR  An anionically stabilized clay dispersion which comprises the following
      ingredients:
TBL  Ingredients   Dry Wt., parts                                              
                                Wet Wt., parts                                 
     ______________________________________                                    
     Aluminum silicate                                                         
     clay (mean parti-                                                         
     cle size of 4.8                                                           
     micron)       500          500                                            
     Sodium salt of low                                                        
     molecular weight                                                          
     poly(acrylic acid)                                                        
                   5            20                                             
     Water         --           313                                            
     ______________________________________                                    
PAL  is prepared by blending the ingredients in a high shear mixing device and
      then adding dilute aqueous ammonia to increase pH of the dispersion to
      10.2.
PAR  To a 167-g portion of the foregoing dispersion is added with stirring an
      aqueous solution of the 2-AEM.sup.. HCl/methacrylic acid copolymer used in
      Example 7 (1.36 g on a solids basis). The pH of the solution of copolymer
      is 9.8. Dilute HCl is added to the dispersion until a pH of 6.0 is
      attained. The dispersion gels to form an extremely viscous curd-like mass.
PAR  Another portion of the dispersion containing none of the 2-AEM.sup..
      HCl/methacrylic acid copolymer is similarly treated with dilute aqueous
      ammonia and dilute HCl. No increase in viscosity is observed. When this
      portion and an untreated portion of the clay dispersion are allowed to
      stand overnight, the clay particles of both portions settle slowly to the
      bottom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous disperse composition comprising an anionically-stabilized
      latex, a material coreactive with the latex and an amount of an inherently
      water-dispersible amphoteric polyelectrolyte to coacervate th composition
      at a value of pH which is at or below the isoelectric point of the
      polyelectrolyte and at which value the anionically-stabilized latex
      contains anions, said polyelectrolyte having an isoelectric point at pH of
      at least 6 and containing ionizable cationic groups having a pKa in the
      range from about 4 to about 11 and ionizable anionic groups having a pKa
      less than about 6, said polyelectrolyte having a molar ratio of ionizable
      cationic groups to ionizable anionic groups of at least 1:1, said
      coreactive material being soluble in water or water-miscible solvents or
      dispersible in water and containing at least one carbon atom and having at
      least two substituent groups coreactive with said latex, said substituent
      groups being selected from the group consisting of methylol groups when
      attached to a nitrogen atom, modified methylol groups which have been
      alkylated with an alcohol having from 1 to 4 carbon atoms when such groups
      are attached to a nitrogen atom, methylol groups when attached to the
      aromatic ring of a phenolic compound, carboxyl groups, primary amino
      groups, secondary amino groups and epoxy groups.
NUM  2.
PAR  2. The composition according to claim 1 wherein the coreactive material is
      selected from the group consisting of ammonia-formaldehyde condensates,
      amine-formaldehyde condensates, phenol-formaldehyde condensates, primary
      and secondary amines having at least two amino groups per molecule, liquid
      epoxies having at least two epoxy groups per molecule, urea,
      urea-formaldehyde condensates and saturated aliphatic dicarboxylic acids.
NUM  3.
PAR  3. The composition according to claim 1 wherein the coreactive material is
      selected from the group consisting of melamine, melamine-formaldehyde
      condensates, urea, urea-formaldehyde condensates, methylated
      melamine-formaldehyde condensates, methylated urea-formaldehyde
      condensates, butylated melamine-formaldehyde condensates, butylated
      urea-formaldehyde condensates, phenol-formaldehyde condensates,
      ammonia-formaldehyde-hydrochloric acid condensates, liquid epoxy resins,
      ethylene diamine-formaldehyde condensates, hexamethylene
      diamine-formaldehyde condensates, polyethyleneimine, ethylene diamine,
      diethylene triamine, triethylene tetramine acetate, trimethylene diamine,
      tetramethylene diamine, hexamethylene diamine, decamethylene diamine,
      tetraethylene pentamine, guanidine, formoguanamine, benzoguanamine,
      dicyandiamide, malonic acid, succinic acid, glutaric acid, adipic acid,
      pimelic acid, suberic acid, azaleic acid, sebacic acid, polyacrylic acid,
      a latex comprising a copolymer of styrene, 1,3-butadiene and 2-aminoethyl
      methacrylate hydrochloride, and a latex comprising vinyl chloride,
      vinylidene chloride and 2-sulfoethyl methacrylate.
NUM  4.
PAR  4. The composition according to claim 1 wherein the polyelectrolyte has an
      isoelectric point at pH in the range from about 7 to about 10.
NUM  5.
PAR  5. The composition according to claim 4 wherein the polyelectrolyte has a
      molar ratio of ionizable cationic groups to ionizable anionic groups in
      the range from about 2:1 to 10:1.
NUM  6.
PAR  6. The composition according to claim 5 wherein the cationic groups are
      amino groups and the anionic groups are carboxyl groups.
NUM  7.
PAR  7. The composition according to claim 6 wherein the polyelectrolyte is a
      copolymer of an aminoalkyl ester of .alpha.,.beta.-ethylenically
      unsaturated carboxylic acid and .alpha.,.beta.-ethylenically unsaturated
      carboxylic acid.
NUM  8.
PAR  8. The composition according to claim 7 wherein the aqueous disperse system
      comprises an anionically stabilized latex of a normally solid,
      water-insoluble, plastic organic addition polymer.
NUM  9.
PAR  9. The composition according to claim 8 wherein the addition polymer of the
      latex is a polymer of monovinylidene aromatic carbocyclic monomer,
      conjugated diene and .alpha.,.beta.-ethylenically unsaturated carboxylic
      acid.
NUM  10.
PAR  10. The composition according to claim 9 wherein the coreactive material is
      a melamine-formaldehyde condensate.
NUM  11.
PAR  11. The composition according to claim 10 wherein the amount of
      polyelectrolyte is in the range from about 0.1 to about 5 weight percent
      based on the polymer of the latex.
NUM  12.
PAR  12. A process for coacervating the composition of claim 5 which comprises
      maintaining the pH of the composition at a value below the isoelectric
      point of the amphoteric polyelectrolyte.
NUM  13.
PAR  13. The process of claim 12 wherein the pH is lowered by volatilization of
      base.
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ABST
PAL  Pigmented, in situ reduced zinc dichromate coatings on asbestos-cement and
      similar surfaces are made more reproducible in color by including as at
      least a portion of the reducing agent a hexitol or pentitol such as
      sorbitol, or a low alkanolamine, or mixtures of these. An acid like
      phosphoric acid that forms a water-insoluble calcium salt but does not
      precipitate the zinc can also be added to the coating formulation.
PARN
PAR  This application is a division of application Ser. No. 223,320 filed Feb.
      3, 1972, which in turn is a continuation-in-part of now U.S. Pat. 3840392
      application Ser. No. 20,064, filed Mar. 16, 1970 (subsequently abandoned).
      The last mentioned application is a continuation-in-part of application
      Ser. No. 525,663 filed February 7, 1966 U.S. Pat. No. 3,516,847 granted
      June 23, 1970), which in turn is a continuation-in-part of application
      Ser. No. 434,214 filed Feb. 23, 1965 U.S. Pat. No. 3,421,934 granted Jan.
      14, 1969).
BSUM
PAR  The present invention relates to the coating of cementitious and other
      stone-like surfaces such as asbestos-cement panels, concrete, stone and
      cement. The invention is particularly useful for asbestos-cement building
      material, such as flat and corrugated panels for roofing and siding.
PAR  Among the objects of the present invention is the provision of improved
      coating mixtures and techniques for asbestoscement panels and improved
      products thus produced.
PAR  The foregoing as well as additional objects of the present invention will
      be more fully understood from the following description of several of its
      exemplifications.
PAR  According to the present invention the above surfaces are coated with a
      coating mixture in the form of an aqueous dispersion of an acrylic or
      thermosetting butadiene-styrene resin containing dissolved zinc dichromate
      in an amount from about 1 to 5 times the weight of the resin, a dissolved
      reducing agent compatible in the dispersion for at least about 2 hours at
      room temperature, but effecting the substantially complete reduction to
      trivalent condition of the chromium in the dichromate when the dispersion
      is dried and heated to 180.degree.C, the mixture also containing in
      dispersed condition TiO.sub.2 pigment in a concentration at least
      one-eighth the weight of the resin, and sufficient total pigment to bring
      the pigment concentration to from about 16 to 20% of the cured coating
      weight, and at least one-third of the reducing agent is sorbitol or any
      other hexitol or pentitol, or a lower alkanolamine.
PAR  The foregoing reducing agents are more desirable than sugar for example
      since they seem to cause more effective reduction of the hexavalent
      chromium to trivalent condition and thus provide more reproducible colors
      in the coated product without having to effect curing at the high
      temperatures otherwise needed for such coating mixtures. Thus in the
      coating of metal it has been standard to use curing temperatures of at
      least about 190.degree.C to effect 95% reduction of the chromium and
      200.degree.C to effect complete reduction, but when the foregoing reducing
      agents are used all the chromium is reduced at 190.degree.C.
PAR  Lower alkanolamines that are suitable for use in this connection include
      triethanolamine, diethanolamine, diethanolmethylamine, ethanol
      dimethylamine, tri-isopropanol amine, ethanol diethylamine and ethanol
      ethyl methylamine. Preferred coating weights after curing are from about
      1.5 to about 2.5 grams per square foot of coated surface.
PAR  The alkanolamines are also fairly strong pH increasers and partially
      neutralize the free acid in the aqueous coating mixture. This has the
      further effect of increasing the pot life of the coating mixture. Thus an
      unneutralized mixture in which sorbitol is the only reducing agent aside
      from the wetting agents that may be used to disperse the resin and
      pigment, can have a pot life at room temperature of about 3 hours, but
      when about one-third of the sorbitol is replaced by triethanolamine the
      pot life is increased to about 24 hours.
PAR  A similar increase in pot life is obtained by partially neutralizing the
      coating mixture with triethylamine or trimethylamine or similar amines,
      although such amines do not function as reducing agents.
PAR  The increase in pH caused by volatile or oxidizable agents such as the
      amines and alkanolamines, does not materially affect the choice of curing
      temperature. An unneutralized mixture that is readily cured at
      190.degree.C will still cure at that temperature after partial
      neutralization by such a volatile or oxidizable agent. For best
      low-temperature curing the pH of the coating bath should be 2 or lower.
PAR  The curing temperature can be lowered by adding to the coating bath a
      strong acid like phosphoric acid or other acid that doesn't precipitate
      the zinc but will form a water-insoluble calcium salt with the calcium
      contained in the asbestos-cement. The maximum curing temperature with such
      additive need not be over 180.degree.C. Such acid can be added in an
      amount from about one-twentieth to about one-half the concentration of the
      zinc dichromate by weight.
PAR  A feature of the invention is that the heat treatment required for curing
      the coating need not be intense enough to immediately convert the desired
      amount of hexavalent chromium to trivalent condition. For example,
      asbestos-cement plates can have the coating mixtures of the invention
      applied to surfaces singed to a surface temperature of 130.degree.C in the
      manner described in the specification of U.S. Pat. No. 3,516,847, after
      which the coated surfaces can be heated, for example, by flaming or
      radiant heating for about two seconds, to a surface temperatures of
      170.degree.C, and the coated plates then stacked. At the completion of the
      heating to 170.degree.C the conversion of the chromium is clearly not
      complete since a distinct brown coloration is still evident in the
      coating. This brown color is due to the unreduced hexavalent chromium and
      is generally not uniform so that it effects a non-reproducible coloring
      which is undesirable where the product is to show a color uniformity.
      However, while standing in stacked condition for a number of hours the
      brown coloration gradually fades and in about one day's time it is no
      longer visible. During the stacking the surface temperatures on each of
      the stacked coatings undergoes gradual lowering since the stack provides
      considerable insulation against heat loss. The very short high temperature
      heating during the curing and the very short flaming before the coating is
      sprayed on leave the asbestos-cement substrate substantially unaffected
      and cause its moisture loss to be so low that it can be ignored. No
      subsequent conditioning of the plates is therefore required.
PAR  The coatings of the present invention show better resistance to cratering
      during their drying and curing.
PAR  The following examples typify the present invention:
DETD
PAC  EXAMPLE I
TBL  Aqueous dispersion of copolymer of 20% ethyl                              
       acrylate and 80% methyl methacrylate,                                   
     containing 45% solids      12 lbs.                                        
     70% aqueous solution of D-sorbitol                                        
                                0.8 lb.                                        
     triethanolamine            1.2 lbs.                                       
     20% aqueous solution of p-nonyl phenoxy octa-                             
       ethoxyethanol            1.1 lbs.                                       
     40% aqueous dispersion of TiO.sub.2 pigment                               
                                5 lbs.                                         
     35% aqueous dispersion of carbon black                                    
                                5.8 lbs.                                       
     CrO.sub.3                  4.8 lbs.                                       
     75% aqueous H.sub.3 PO.sub.4                                              
                                3.7 lbs.                                       
     Zinc oxide                 2.2 lbs.                                       
     Water                      63.4 lbs.                                      
PAR  The organic ingredients and the pigments can be first mixed together to
      form a concentrate that is stable and can be kept for many months but to
      avoid mold growth about one-fourth percent formaldehyde can be added. The
      remaining chemicals can then be mixed with about one-eighth of the water
      to also form a stable concentrate that can be kept for long periods. When
      all the ingredients are combined the resulting bath has a pot life of
      about two days at room temperature. Before such time period elapses the
      bath can be sprayed onto asbestos-cement panels in two coats as described
      in connection with the drawing of Ser. No. 525,663. The panel surfaces
      coated are preheated to about 170.degree.C by direct impingement of gas
      flames and the amount of coating sprayed is adjusted so that the total
      coating weight after curing is 2 grams per square foot. The first spray
      coat is applied after the preheat flaming is completed and the preheated
      surfaces cool down to about 140.degree. -150.degree.C. The application of
      the spray brings the surface temperature further down and the panels are
      then passed under a bank of radiant lamps until the coated surfaces reach
      a temperature of 180.degree.C. A uniform black coating is thus produced,
      and the panels so coated will withstand years of weathering as roofing
      plates without efflorescence and without the growth of mold or fungi.
PAR  Essentially the same results are obtained when other acrylic resins or
      thermosetting butadiene-styrene resins are substituted for the copolymer
      of Example I. Suitable resins of these kinds are disclosed in U.S. Pat
      Nos. 3,053,693 and 3,053,702 and are particularly weather-resistant. In
      the type of formulation given in Example I they make very protective
      coatings and the action of the pigments in hiding the asbestoscement
      surface plays an important part in such protection.
PAR  The relatively low curing temperature of the present invention reduces the
      coating expenses, and because of the uniform nature of the coloring
      effected by the chromium compounds in the coating formulation, the final
      color of the coating is easily reproduced so that there is no significant
      color matching problem. It is also preferred to use the least expensive
      pigments such as iron oxides and carbon black, but without the minimum
      amount of TiO.sub.2 indicated above the inexpensive pigments do not
      provide sufficient hiding in the low coating weights of the present
      invention.
PAR  By omitting the phosphoric acid from Example I very good results are also
      obtained using the stack-curing procedure described above, with the curing
      temperature raised to 180.degree.C.
PAC  EXAMPLE II
PAR  The ingredients of Example I are used in the same amounts except that the
      amount of resin dispersion is increased to 13.5 lbs., the amount of
      TiO.sub.2 dispersion reduced to 2.8 lbs., the phosphoric acid replaced by
      0.5 lb. 96% sulfuric acid, and the carbon black dispersion replaced by 6.5
      lbs. of a 45% aqueous dispersion of red iron oxide pigment. The
      asbestos-cement panels were pre-flamed to a surface temperature of
      165.degree.C and the coating of the present example sprayed after cooling
      off to a surface temperature of 90.degree. - 95.degree.C. The coating was
      cured at 180.degree.C. Very good brown-colored panels having a coating
      weight of 1.5 grams per square foot were thus produced.
PAC  EXAMPLE III
PAR  The composition of Example I was modified by substituting a methyl
      methacrylate homopolymer for the resin, eliminating the triethanolamine,
      increasing the amount of the sorbitol solution to 2.2 lbs., reducing the
      amount of the carbon dispersion to 2.9 lbs., and reducing the amount of
      phosphoric acid solution to 3.4 lbs. The modified coating bath had a pot
      life of about three hours and is used as in Example I to provide very
      desirable dark grey panels with a coating weight of 21/2 grams per square
      foot.
PAR  Using a similar coating technique, a cement-type stucco wall covering layer
      was also given a very effective colored protecting coating. In this type
      of coating the flames and curing lamps were moved over the wall in a
      pattern that covered all of its cemented surface.
PAC  EXAMPLE IV
PAR  The composition of Example I was modified by substituting for the resin
      dispersion an equal amount of a 45% dispersion of the commercial acrylate
      copolymer C-72 available from Rohm & Haas, eliminating the sorbitol,
      substituting for the triethanolamine 2.7 lbs of diethanol isopropylamine
      and increasing the amount of carbon dispersion to 7.5 lbs. The coating was
      flamed and cured as in Example I and the cured panels were of very good
      black color.
PAC  EXAMPLE V
PAR  The composition of Example I was modified by substituting for the resin 13
      lbs. of a 45% aqueous dispersion of the commercial acrylate copolymer
      AC-73 available from Rohm & Haas, substituting for the sorbitol 11 lbs. of
      a 14% aqueous solution of D-mannitol, replacing the carbon dispersion by
      an equal amount of the TiO.sub.2 dispersion, reducing the amount of
      aqueous phosphoric acid to 2 lbs. and reducing the amount of water added
      to 53.5 lbs. An adequately protected highly reproducible light green panel
      was thus produced.
PAC  EXAMPLE VI
PAR  The formulation of Example I was here modified by substituting for the
      resin 28 lbs. of a 20% aqueous solution of polyacrylic acid having a
      molecular weight of about 90,000, replacing the aqueous sorbitol by 5.6
      lbs. of a 10% aqueous solution of dextrose, replacing the triethanolamine
      by 2.3 lbs. of ethanol diethylamine, replacing the wetting agent by an
      equal amount of p-dodecylphenyl decaethoxyethanol, substituting for the
      aqueous carbon black an identical amount of a 35% aqueous dispersion of
      black Fe.sub.3 O.sub.4 pigment, and reducing the amount of added water to
      51.2 lbs. The modified coating is applied as in Example I to produce very
      desirable gray-colored panels.
PAC  EXAMPLE VII
PAR  The formulation of Example I was modified to substitute for the resin an
      equal amount of the butadiene-styrene copolymer described in Example II of
      U.S. Pat. No. 3,053,693, omitting the sorbitol, replacing the
      triethanolamine by 1.8 lbs. of diethanolamine, increasing the amounts of
      the TiO.sub.2 and carbon dispersions to 5.4 and 6.3 lbs. respectively, and
      increasing the amount of aqueous phosphoric acid to 4.1 lbs. The modified
      formulation was applied by the process described in Example II of the
      present specification, and the resulting panels were of excellent color
      and weathering characteristics.
PAC  EXAMPLE VIII
PAR  The formulation of Example I is modified by substituting for the phosphric
      acid solution 0.6 pound of 48% solution of hydrofluoric acid in water,
      substituting an equal amount of sucrose for the triethanolamine, and an
      equal amount of TiO.sub.2 pigment dispersion for the carbon black
      dispersion. A very easily matched green protective coating is formed after
      curing.
PAR  Phosphoric, sulfuric and hydrofluoric acids are all suitable for use as the
      extra acid in accordance with the present invention inasmuch as they all
      form water-insoluble calcium salts with the leachable calcium always found
      on asbestos-cement surfaces, yet they do not precipitate zinc salts in the
      coating bath. In the coating mixtures these acids are in equilibrium with
      the zinc dichromate, so that the same mixtures can be prepared by mixing
      free chromic acid with zinc hydrogen phosphate or zinc sulfate or zinc
      fluoride, in the appropriate proportions, along with additional acid as
      called for to produce the appropriate final concentration.
PAR  Phosphoric acid is the preferred acid to be added to the coating mixture
      because it shortens the pot life of the coating mixture less than sulfuric
      or hydrofluoric acid, and hydrofluoric acid also adds handling problems
      because of its corrosiveness and health hazard. Thus concentrates
      containing hydrofluoric acid as described in connection with Example VIII
      should be kept in rugged plastic containers. Plastic or nickel tanks and
      other equipment are also suitable for holding coating mixtures containing
      sulfuric or hydrofluoric acid.
PAR  As pointed out above, in each of the examples a concentrate of the resin,
      reducing agents and pigment is advantageously prepared and kept separate
      from the acid ingredients which can be in a separate concentrate. Both of
      these types of concentrates should have at least about 40% solute by
      weight so that they can more readily be packed, shipped and stored.
      Sorbitol has an advantage in this connection since it can be prepared in
      70% concentrations in water and can be added to concentrates in this form
      so that it mixes promptly without causing much dilution. The alkylolamines
      are also helpful in this connection inasmuch as they are liquids and will
      immediately dissolve in the concentrates when added to them in undiluted
      form.
PAR  In general the resin-reducing agent-pigment concentrates should contain at
      least about 20% resin and at least 10% pigment, as well as at least about
      5% reducing agent, all computed by weight.
PAR  The resin can be reduced below the concentrations indicated above and can
      be eliminted altogether, although this leaves the pigment in a less bonded
      condition on the asbestoscement so that it can be rubbed off to some
      extent.
PAR  The following example has a 2.15 to 1 ratio of zinc dichromate to resin and
      gives after curing at 170.degree.C on asbestoscement or precast concrete
      panels a light green coating of good appearance and weatherability.
PAC  EXAMPLE IX
TBL  Resin dispersion of Example I                                             
                               7.0     lbs.                                    
     70% aqueous solution of D-sorbitol                                        
                               0.8     lbs.                                    
     Triethanolamine           1.2     lbs.                                    
     20% aqueous solution of p-nonyl phenoxy                                   
       octaethoxy ethanol      1.5     lbs.                                    
     40% aqueous dispersion of TiO.sub.2 pigment                               
                               9.4     lbs.                                    
     CrO.sub.3                 4.8     lbs.                                    
     75% aqueous H.sub.3 PO.sub.4                                              
                               3.7     lbs.                                    
     Zinc oxide                2.2     lbs.                                    
     Water                     69.2    lbs.                                    
PAR  A 5 to 1 ratio of zinc dichromate to resin is shown in the next example:
PAC  EXAMPLE X
TBL  Resin dispersion of Example III                                           
                               3.8     lbs.                                    
     Triethanolamine           2.3     lbs.                                    
     20% aqueous solution of p-nonyl phenoxy                                   
       octaethoxy ethanol      2.0     lbs.                                    
     40% aqueous dispersion of TiO.sub.2 pigment                               
                               8.0     lbs.                                    
     45% aqueous dispersion of Cr.sub.2 O.sub.3 pigment                        
                               1.3     lbs.                                    
     CrO.sub.3                 6.1     lbs.                                    
     75% aqueous H.sub.3 PO.sub.4                                              
                               4.6     lbs.                                    
     Zinc oxide                2.3     lbs.                                    
     Water                     69.7    lbs.                                    
PAR  A deep green coating was obtained after curing at 175.degree.C.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In an aqueous concentrate for preparing a curable coating mixture to be
      applied to asbestos-cement, which concentrate contains a dispersed acrylic
      or butadienestyrene resin, dispersed pigment in an amount at least
      one-eighth that of the resin by weight, and a reducing agent for
      hexavalent chromium, said reducing agent including oxidizable dispersing
      agent, the improvement according to which the reducing agent, also
      includes a mixture of sorbitol and lower alkanolamine totaling about
      one-fourth to about one-half the weight of the pigment, said sorbitol and
      said alkanolamine each being at least one-third of the total reducing
      agent.
NUM  2.
PAR  2. In a coating formulation containing an aqueous dispersion of an acrylic
      or thermosetting butadiene-styrene resin, coloring pigment, dissolved zinc
      dichromate in an amount from about 1 to about 5 times the weight of the
      resin, and a reducing agent in an amount that is compatible in the
      dispersion for at least about 2 hours at room temperabure but that causes
      substantially complete reduction of the chromium to trivalent condition
      when the dispersion is dried and heated to 180.degree.C, said reducing
      agent including oxidizable dispersing agent, the improvement according to
      which the reducing agent, also includes a mixture of a lower alkanolamine
      with a hexitol or pentitol, the lower alkanolamine and the hexitol or
      pentitol each being at least one-third of the total reducing agent.
NUM  3.
PAR  3. In a coating mixture containing an aqueous dispersion of an acrylic or
      thermosetting butadiene-styrene resin, coloring pigment, dissolved zinc
      dichromate in an amount from about 1 to about 5 times the weight of the
      resin, and a reducing agent in an amount compatible in the dispersion for
      at least about 2 hours at room temperature but that causes substantially
      complete reduction of the chromium to trivalent condition when the
      dispersion is dried and heated to 180.degree.C, said reducing agent
      including including oxidizable dispersing agent, the improvement according
      to which the reducing agent, also includes a hexitol or pentitol, the
      hexitol or pentitol is at least about one-third of the reducing agent, and
      the mixture also contains phosphoric acid in an amount about one-fourth to
      about one-half the weight of the zinc dichromate.
NUM  4.
PAR  4. In a coating mixture containing an aqueous dispersion of an acrylic or
      thermosetting butadiene-styrene resin, coloring pigment, dissolved zinc
      dichromate in an amount from about 1 to about 5 times the weight of the
      resin, and a reducing agent in an amount compatible in the dispersion for
      at least about 2 hours at room temperature but that causes substantially
      complete reduction of the chromium to trivalent condition when the
      dispersion is dried and heated to 180.degree.C, said reducing agent
      including oxidizable dispersing agent, the improvement according to which
      the reducing agent, also includes a lower alkanolamine, the lower
      alkanolamine is at least about one-third of the reducing agent, and the
      mixture also contains phosphoric acid in an amount about one-fourth to
      about one-half the weight of the zinc dichromate.
NUM  5.
PAR  5. In an aqueous concentrate for preparing a curable color-reproducible
      protective coating composition, which concentrate contains a dispersed
      acrylic or butadienesytrene resin and a reducing agent for hexavalent
      chromium, said reducing agent including oxidizable dispersing agent,
      includes a mixture of a lower alkanolamine and a hexitol or pentitol, the
      hexitol or pentitol and the lower alkanolamine each being in an amount at
      least one-third that needed to reduce to trivalent condition the
      hexavalent chromium in a quantity of zinc dichromate from 1 to 5 times the
      weight of the resin, and the total reducing mixture being sufficient to
      reduce all of that hexavalent chromium to trivalent condition.
NUM  6.
PAR  6. The combination of claim 2 in which the hexitol or pentitol is sorbitol.
NUM  7.
PAR  7. The combination of claim 2 in which the dispersion also contains
      phosphric acid in an amount about one-fourth to about one-half the weight
      of the zinc dichromate.
NUM  8.
PAR  8. The combination of claim 7 in which the dispersion also contains a
      volatile amine that partially neutralizes the mixture.
NUM  9.
PAR  9. The combination of claim 5 in which the hexitol or pentitol is sorbitol
      and the concentrate has a solute content of at least about 40%.
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ABST
PAL  The invention provides a fluid plaster composition having desirable flow
      properties and being capable of setting to a hard material, said
      composition comprising a calcium sulphate alpha-hemihydrate plaster and an
      aqueous resin emulsion capable of forming a hard material on removal of
      water, the relative proportions of the plaster and the resin being such
      that the plaster takes up the major part of the water in the emulsion when
      it sets. The resins are preferably homopolymers and copolymers of lower
      alkyl acrylates and methacrylates, styrene and vinyl acetate. The
      composition is particularly useful for providing a self-levelling,
      quick-setting, tough flooring composition which is stable at usual ambient
      temperatures. Other uses include the casting of art objects such as
      statuettes.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 153,793,
      filed on June 16, 1971, now abandoned.
BSUM
PAR  The invention relates to plaster compositions and in its preferred forms
      provides surfacing compositions capable of giving a self-smoothing,
      flexible, non-shrink, water, oil and grease resistant flooring surface.
PAR  One of the difficulties encountered with plaster compositions is that a
      substantial excess of water weakens the final product by leaving voids
      but, on the other hand, is necessary to provide a fluid composition which
      will flow to give a smooth flat surface when applied to a substantially
      horizontal substrate. We have now found that the use of a resin emulsion
      in admixture with the plaster solids has a surprising effect on the flow
      properties of the resulting composition and that the amount of water can
      be substantially reduced to give a composition with the desirable flow
      properties which sets to a strong solid material. Much improved
      self-levelling and self-smoothing properties are in fact obtainable as
      compositions according to the invention with relatively low water contents
      will flow and level under their own weight.
PAR  According to the invention there is provided a fluid plaster composition
      comprising a calcium sulphate alpha-hemihydrate plaster and an aqueous
      resin emulsion, the relative proportions of the plaster and the resin
      emulsion being such that the plaster takes up the major part of the water
      in the emulsion when it sets. The term "emulsion" is used in this
      specification in the technical sense rather than in the true scientific
      sense as the resin will normally be a solid and not a liquid at the
      temperatures in question.
PAR  The resin content of the composition imparts substantial wear and water
      resistance to the set plaster and permits it to be used as a flooring
      material.
PAR  The composition would normally be supplied to the user as a two-pack system
      and when mixed together controllable working and setting times can be
      achieved of approximately 15 minutes to 4 hours.
PAR  The composition thus comprises gypsum plaster and an aqueous emulsion of
      polymer resin or the like and may also contain, to achieve varying
      rheological properties to meet different conditions of applications,
      plasticizers, solvents, calciferous mineral powders, silicaceous
      aggregates, defoamers, rubber crumb, cork granules, asbestos fibre,
      pigment powder and/or pastes and the like. The composition may be applied
      in a number of ways, e.g. simply pouring from a vessel, by spray gun in
      conjunction with pressurised containers or by power operated liquid
      transference pumps. The composition can be pigmented to most colours; by
      applying simultaneously two different colours using a special spray gun,
      two-tone mottle effects can also be achieved; by making different to each
      other the viscosity of the simultaneously applied coloured compositions or
      by differing the setting time of the two coloured compositions, one colour
      from the other, raised patterns can be achieved.
PAR  The preferred compositions are ideally suited for domestic and light
      industrial flooring and, when used in conjunction with suitable
      aggregates, heavy industrial floorings, as water-resistant toppings for
      open balcony walkways, decks of multi-story car parks, surfacing material
      over asphalt or in place of asphalt for concrete and other roofs. Also due
      to the controllable rapid setting properties of the compositions they are
      ideally suited for road and aircraft runway markings and for road antiskid
      areas when the compositions are used in conjunction with iron silicates,
      calcined flint, carborundum, flint or calcined bauxite etc. The
      compositions can be used for the surfacing of ship decks and can also be
      used as a factory applied decorative and protective facing material for
      plywood, chipboard, hardboard, plasterboard, concrete, asbestos sheet etc.
PAR  The polymer resins useful in this invention are usually polymers of
      ethylenically unsaturated monomers and include vinyl resins and polymers
      of acrylates and methacrylates, particularly alkyl esters of acrylic and
      methacrylic acids in which the alkyl group has up to twelve carbon atoms.
      Examples include methyl acrylate, butyl acrylate, ethyl acrylate, methyl
      methacrylate, ethyl methacrylate, butyl methacrylate, hexyl methacrylate
      and lauryl methacrylate. Other resin emulsions include polyvinylacetate
      emulsions and polystyrene emulsions. Copolymers of two or more of the
      three classes of monomer (acrylate and methacrylate; vinyl acetate;
      styrene) can be used as desired depending on the properties required in
      the final product. For example, polystyrene is alkali-resistant and
      water-resistant but its long-term aging properties are not good.
      Polyvinylacetate has low water-resistance but in certain applications,
      e.g. when the composition is applied to a tar or bitumen base, this is not
      important. The acrylate and methacrylate resins have good long term aging
      properties and good water and alkali resistance but they do not have good
      flow properties and they are more expensive than polyvinylacetate and
      polystyrene. Styrene/acrylate copolymers are preferred and one suitable
      copolymer is a copolymer of acrylate and styrene in a weight ratio of 1:1.
      Polyvinyl chloride, vinylidene and other vinyl resins can also be used.
      Natural latexes are also envisaged. The term "copolymer" as used herein is
      intended to include polymer blends as well as true copolymers.
PAR  It is desirable, though not essential, for the resin to form a continuous
      film or matrix on setting as this improves strength and water resistance.
      For this purpose, the very hard resins, such as polystyrene are desirably
      blended with softer resins or plasticizers, or a softer comonomer is
      incorporated therein.
PAR  The resins in the compositions of this invention desirably set to a resin
      phase which is hard at room temperature (65.degree.F) although some
      softening is permissible at higher temperatures as explained below. It is
      difficult to quantify hardness but a convenient test is to run a finger
      nail along the surface of the resin. Desirably the resin should be
      sufficiently hard to prevent a groove being formed using this test.
PAR  The emulsions normally contain about 50% resin solids but a wide variation
      e.g. 35% to 60% particularly 50 - 56% is possible, the particle size
      desirably being 0.1 to 1.5 microns.
PAR  For details of resin emulsion formulation, reference is directed to "The
      Fundamental Principles of Polymerisation" by D'Alelio published by Wiley
      in 1952 and "Principles of Polymer Chemistry" by R.J. Flory published by
      Cornell University Press in 1969.
PAR  It is believed that the surfactants used to prepare the emulsions play an
      important part in the improvement of the fluid plaster composition and it
      is postulated that some surfactant is adsorbed in the plaster particles.
      It has been found to be important that the particles of resin solids
      remain in an emulsified finely divided form in the composition and are not
      de-stabilised e.g. by the calcium ions or over-absorption of the
      surfactant. On the other hand, the resin apparently plays an important
      part as the surfactants have substantially no effect in a composition
      without the resin. The improved flow properties achieved by incorporation
      of the resin are thus most surprising as one would assume that more water
      would be needed rather than less to suspend the greater number of solid
      particles. The ability of the plaster composition to form a smooth surface
      apparently depends on the maintenance of a relatively high surface tension
      with a relatively low interfacial tension at the surface of the solid
      particles. The surface tension of the compositions of the invention is
      desirably 35 to 65 dynes per cm. but in most cases is of the order of 50
      to 55 dynes per cm. (as opposed to 73 dynes per cm for water).
PAR  In practice, the optimum composition will be determined by testing
      commercially available resin emulsions to ascertain the best for the
      particular technical application in which the invention is being used.
PAR  The gypsum plaster used for the invention may comprise a wide variety of
      settable forms of calcium sulphate and may include anhydrous calcium
      sulphate, calcium sulphate dihydrate and/or chemical gypsum, commonly
      called synthetic gypsum, as well as calcium sulphate hemihydrate and
      Keen's cement which is produced by the re-calcination of calcined gypsum.
      However, it has been found to be highly desirably to use an alpha plaster,
      i.e. a calcium sulphate alpha-hemihydrate plaster, of reasonable purity.
PAR  There are basically two commercially available hemihydrates
      (CaSO.sub.4.1/2H.sub.2 O) conventionally known as the alpha and beta
      forms. The alpha-hemihydrate is generally prepared by the placing of lump
      gypsum into an autoclave and calcining at controlled super-atmospheric
      pressure in the presence of steam whereas the beta-hemihydrate is the
      result of heating the dihydrate at atmospheric pressure in either a kettle
      or a rotary calciner. Some processes employ additives or other means by
      which the resultant plaster has enhanced strength properties or setting
      time characteristics. For example, in the autoclave system the percolation
      of crystal habit modifiers is said to improve compressive strength. Whilst
      there is no generally agreed criterion for distinguishing the two forms of
      hemihydrate it is accepted, that, although similar in chemical
      composition, the outstanding physical difference is the water/plaster
      ratio required to produce workable mixes. The dissimilarity in the
      physical nature of the plaster particles of the two forms arises from the
      difference in the surface properties. The short, squat but larger alpha
      crystals have low water absorption and smaller surface area per unit
      weight which means a lower water requirement to convert the material into
      a pourable slurry. Gypsum calcined in kettles or rotary kilns gives
      plasters having conglomerates of fine crystals which take up a large
      quantity of water thus forming voids within the structure upon evaporation
      and impairing the strength of the products cast. Alpha hemihydrate plaster
      will give a workable composition with about 30 to 45 cc of water to 100
      grams although the composition is not pourable in the lower part of the
      range whereas a beta plaster will require about 50 to 80 cc. for a
      pourable slurry. It has been well established that in general, the lower
      the weight of water to weight of dry plaster solids the greater the
      strength of the resultant cast. For example, casts made from alpha plaster
      at a consistency of about 30 cc will have a compressive strength as high
      as 10,000 lbs/in..sup.2 whilst a cast poured at a consistency of 45 cc may
      well have a strength under 5,000 lbs/in.sup.2. Beta plasters in cast form
      will have compressive strengths well below those of alpha plasters or
      anhydrous types such as Keen's cement. The more compact, stable and dense
      alpha-hemihydrate is therefore to be preferred for this invention.
      Desirably it has a compressive dry strength of not less than 6,000
      lbs/in.sup.2 at a plaster/water ratio of 100:30. Normally an alpha plaster
      will have a dry strength of not less than 3,500 or 4,000 lbs/in..sup.2 but
      beta plasters will fall below this figure. For a further discussion of
      alpha and beta plasters, see Ullmann's Encyclopaedie der technischen
      Chemie, Vol 8 (1957) pages 97 to 132.
PAR  Conventional accelerators and retarding agents can be used to react with
      the calcium sulphate solids if required to adjust the pot life and setting
      times of the mixed compositions, e.g. potassium sulphate, sodium citrate,
      alum etc. Surface-active agents such as the alkyl-aryl sulfonates can be
      used for assisting the wetting out of the surface to which the composition
      is applied and to improve the wetting out of the plaster solids when being
      mixed. Other specific properties can be achieved by adding
      freeze-resistant agents, anti-bacterial/fungicides, thickeners and
      stabilisers such as derivatives of cellulose ethers, polyvinyl alcohol,
      natural and synthetic colloidal clays and the like.
PAR  The flexibility of the applied and set compositions can be regulated to
      suit differing applications by the copolymerization or blending of
      different polymer resins as already mentioned, thereby achieving internal
      plasticization, or by external plasticization using a number of
      conventional plasticizers such as di-octyl phthalate, di-butyl phthalate,
      di-butyl glycol phthalate, tri-cresyl phthalate etc. Solvents can be used
      as temporary plasticizers which also assist in film integration of the
      resin within the set composition; some of the solvents that have been
      found satisfactory for this purpose are xylene, butyl acetate, toluene,
      ethyl acetate etc. It has been found that urea and/or melamine
      formaldehyde resins can also be incorporated in the composition to improve
      the working fluidity of the material and to enhance the set hardness of
      the composition.
PAR  As already mentioned the complete composition will be normally supplied as
      a two pack system which for illustration can be called `A` and `B`. `A` is
      the premixed and packaged liquid component (including the resin) and `B`
      the premixed and packaged powdered component. `A` and `B` are mixed
      together manually or mechanically just prior to the application being
      carried out. The mixed material can have a pre-adjusted pot life and
      setting time of 15 minutes to 4 hours as required.
PAR  When the two-tone colour effect is needed or when a raised pattern is
      required the twin packs are mixed and with the use of pressure containers
      the two mixed complete compositions are pressurised and fed simultaneously
      through a special dual liquid spray gun.
PAR  In the following Examples the resins are the `Revacryl`, `Vinacryl`,
      `Emultex` and `Revinex` types, the calcium sulphate is the alpha
      hemihydrate (Crystacel or Herculite) and the anti-foaming agent is of the
      `Nopco` or `Bevaloid` type.
TBL  ______________________________________                                    
     Example 1                                                                 
     No. 1 Part `A` Pack:                                                      
                         Percent by weight                                     
     ______________________________________                                    
     Styrene/butyl acrylate                                                    
     (1:1) copolymer emulsion                                                  
                         18.75   (51% resin solids)                            
     Water (additional)  6.25                                                  
     Toluene (solvent)   2.0                                                   
        Part `B` Pack                                                          
     Alpha-hemihydrate calcium sulphate                                        
     plaster (Crystacel) 71.0                                                  
     Green powdered pigment                                                    
                         2.0                                                   
     No. 2 Part `A` Pack                                                       
     Styrene/butyl acrylate                                                    
     (1:1) copolymer emulsion                                                  
                         81.75   (51% resin solids)                            
     Water (additional)  6.25                                                  
     Toluene (solvent)   2.0                                                   
        Part `B` Pack                                                          
     Alpha-hemihydrate calcium sulphate                                        
     plaster (Crystacel) 71.0                                                  
     White powdered pigment                                                    
                         2.0                                                   
     ______________________________________                                    
PAL  `A` and `B` of No. 1 are mixed together and `A` and `B` of No. 2 are mixed
      together. The two separate mixes are then simultaneously pressurized
      through fluid lines using two pressure containers, both mixes then being
      extruded simultaneously at the head of a special dual liquid spray gun
      applicator. The applied materials flow and set to present a smooth
      two-tone (mottled green and white in this particular example) surface. A
      wide variety of shades and combinations of colours can be obtained. If the
      pressures that are used are equal for each pressure container then the
      colour of the mottle pattern will be balanced, if however the pressure is
      increased for one of the colours then that colour will be predominant.
TBL  ______________________________________                                    
     Example 2                                                                 
     No. 1 Part `A` Pack                                                       
                        Percentage by weight                                   
     ______________________________________                                    
     Styrene/butyl acrylate (2:3)                                              
     copolymer emulsion 17.5     (51% resin solids)                            
     Water (additional) 5.75                                                   
     Xylene (solvent)   0.625                                                  
     Anti-foaming agent (Nopco)                                                
                        0.625                                                  
     Sodium Citrate     0.5                                                    
        Part `B` Pack                                                          
     Alpha-hemihydrate calcium sul-                                            
     phate plaster (Crystacel)                                                 
                        72.00                                                  
     Pigment powder     3.0                                                    
     No. 2 Part `A` Pack                                                       
     Styrene/butyl acrylate (2:3)                                              
     copolymer emulsion 13.75                                                  
     Water (additional) 5.0                                                    
     Xylene (solvent)   0.625                                                  
     Anti-foaming agent (Nopco)                                                
                        0.625                                                  
        Part `B` Pack                                                          
     Alpha-hemihydrate calcium sul-                                            
     phate plaster (Crystacel)                                                 
                        40.0                                                   
     Fine granite (-52 + 200 mesh)                                             
                        38.0                                                   
     Pigment powder     2.0                                                    
     ______________________________________                                    
PAR  The mixing of the above compositions and the procedure for the application
      of the mixed compositions is the same as for Example 1. The No. 1 mix has
      been retarded to set slower than the No. 2 mix and the No. 2 mix is of a
      higher viscosity than the No. 1 mix, so the applied set and dried
      compositions have a raised pattern.
TBL  ______________________________________                                    
     Example 3                                                                 
     Part `A` Pack       Percent by Weight                                     
     ______________________________________                                    
     Vinyl acetate/2-ethylhexyl acrylate                                       
     (9:1) copolymer emulsion (the                                             
     acrylate reduces the brittleness of                                       
     the vinyl acetate)  25.0      (about 50%                                  
                                   resin solids)                               
     Water (additional)  23.125                                                
     Anti-foaming agent (Nopco)                                                
                         1.25                                                  
     Solvent (Toluene)   0.625                                                 
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sul-                                            
     phate plaster (Crystacel)                                                 
                         46.0                                                  
     Pigment powder      4.0                                                   
     Example 4                                                                 
     Part `A` Pack       Percent by weight                                     
     Homopolymer of vinyl acetate                                              
     (unplasticised)     22.75     (55% resin                                  
                                   solids)                                     
     Di-butyl glycol phthalate                                                 
                         1.25                                                  
     (plasticizer)                                                             
     Solvent (toluene)   0.625                                                 
     Anti-foaming agent (Nopco)                                                
                         0.625                                                 
     Water (additional)  6.75                                                  
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sul-                                            
     phate plaster (Crystacel)                                                 
                         64.0                                                  
     Pigment powder      4.0                                                   
     Example 5                                                                 
     Part `A` Pack       Percent by weight                                     
     Styrene/methyl acrylate (3:2)                                             
     copolymer emulsion  18.75     (51% resin                                  
                                   solids)                                     
     Water (additional)  3.125                                                 
     Anti-foaming agent (Nopco)                                                
                         1.25                                                  
     Xylene (solvent)    0.625                                                 
     Di-octyl phthalate  1.25                                                  
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sul-                                            
     phate plaster (Crystacel)                                                 
                         37.5                                                  
     Silica flour (-150 + 350 mesh)                                            
                         34.5                                                  
     Pigment powder      3.0                                                   
     Example 6                                                                 
     Part `A` Pack       Percent by weight                                     
     Homopolymer of methyl acrylate                                            
     emulsion            33.0      (55% resin                                  
                                   solids)                                     
     Iso-butyl sextol phthalate                                                
                         3.0                                                   
     Anti-foaming agent (Nopco)                                                
                         1.5                                                   
     Solvent             1.5                                                   
     Pigment predispersed paste                                                
                         3.0                                                   
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sul-                                            
     phate plaster (Crystacel)                                                 
                         57.6875                                               
     Potassium sulphate  0.3125                                                
     Example 7                                                                 
     Part `A` Pack       Percent by weight                                     
     Styrene/methyl acrylate (2:3)                                             
     copolymer emulsion  12.0      (51% resin                                  
                                   solids)                                     
     Water (additional)  6.75                                                  
     Urea formaldehyde resin                                                   
                         12.0      (90% reactive                               
                                   resin solids)                               
     Toluene (coalescence solvent)                                             
                         0.625                                                 
     Anti-foaming agent (Nopco)                                                
                         0.625                                                 
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sulphate                                        
     plaster (Crystacel) 66.0                                                  
     Pigment powder      2.0                                                   
     Example 8                                                                 
     Part `A` Pack       Percent by weight                                     
     Styrene/methyl acrylate (2:3)                                             
     copolymer emulsion  18.75     (51% resin                                  
                                   solids)                                     
     Water (additional)  3.75                                                  
     Xylene (coalescence solvent)                                              
                         1.25                                                  
     Anti-foaming agent  1.25                                                  
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sulphate                                        
     plaster (Crystacel) 60.0                                                  
     Melamino formaldehyde resin solids                                        
                         12.0                                                  
     Ammonium chloride solid                                                   
                         1.0                                                   
     Colouring pigment powder                                                  
                         2.0                                                   
     Example 9                                                                 
     Part `A` Pack       Percent by weight                                     
     Styrene/lower alkyl acrylate                                              
     (3:2) copolymer emulsion                                                  
                         21.0      (51% resin                                  
                                   solids)                                     
     Water (additional)  7.0                                                   
     Water-soluble polyvinyl alcohol                                           
     solid (thickener and stabilizer)                                          
                         0.1875                                                
     Anti-foaming agent (Bevaloid                                              
                         0.3125                                                
     581B)                                                                     
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sulphate                                        
     (Crystacel)         69.5                                                  
     Colouring pigment powder                                                  
                         2.0                                                   
     Example 10                                                                
     Part `A` Pack       Percent by weight                                     
     Vinyl/acrylic (3:2) copolymer                                             
     emulsion (Vinacryl) 17.5      (55% solids)                                
     Water (additional)  10.5                                                  
     Water-soluble polyvinyl alcohol                                           
                         0.25                                                  
     Defoaming agent (Bevaloid)                                                
                         0.25                                                  
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sulphate                                        
     (Crystacel)         69.5                                                  
     Colouring pigment powder                                                  
                         2.0                                                   
     Example 11                                                                
     Part `A` Pack       Percent by weight                                     
     Vinylidene chloride copolymer                                             
     emulsion (Polidene) 28.0      (50% solids)                                
     Water (additional)  4.0                                                   
     Anti-foaming agent (Bevaloid)                                             
                         0.25                                                  
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sulphate                                        
                         65.75                                                 
     Colouring pigment powder                                                  
                         2.0                                                   
     The following Examples illustrate compositions suitable                   
     for underlays.                                                            
     Example 12                                                                
     Part `A` Pack       Percent by weight                                     
     Styrene/lower alkyl acrylate                                              
     (7:1) copolymer emulsion                                                  
                         6.0       (51% solids)                                
     Water (additional)  18.0                                                  
     Water-soluble polyvinyl alcohol                                           
     solid               0.3                                                   
     Anti-foaming agent (Bevaloid)                                             
                         0.25                                                  
      Part `B` Pack                                                            
     Alpha-hemihydrate (Crystacel)                                             
                         63.0                                                  
     China clay sand (-52 + 200 mesh)                                          
                         12.45                                                 
     Example 13                                                                
     Part `A` Pack       Percent by weight                                     
     Styrene/lower alkyl acrylate                                              
     (7:1) copolymer emulsion                                                  
                         5.0       (51% resin                                  
                                   solids)                                     
     Water (additional)  15.0                                                  
     Anti-foaming agent (Bevaloid)                                             
                         0.25                                                  
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sulphate                                        
                         65.0                                                  
     China clay sand (-52 + 200 mesh)                                          
                         14.75                                                 
     Example 14                                                                
     Part `A` Pack       Percent by weight                                     
     Styrene/lower alkyl acrylate                                              
     (7:1) copolymer emulsion                                                  
                         13.5                                                  
     Water (additional)  13.5                                                  
     Water-soluble polyvinyl                                                   
     alcohol solid       0.675                                                 
     Anti-foaming agent (Bevaloid)                                             
                         0.25                                                  
     Part `B` Pack                                                             
     Alpha-hemihydrate calcium sulphate                                        
                         72.075                                                
     ______________________________________                                    
PAR  The following table gives the more important ratios of the ingredients in
      the Examples.
TBL                TABLE                                                       
     ______________________________________                                    
     Example No.  % resin solids % Water                                       
     ______________________________________                                    
     1A.          12.7           22.0                                          
     1B.          12.7           22.0                                          
     2A.          11.8           20.0                                          
     2B.          17.5           30.0                                          
     3.           26.0           80.0                                          
     4.           17.9           27.0                                          
     5.           24.3           33.0                                          
     6.           28.9           27.0                                          
     7.           25.75          25.0                                          
     8.           33.9           20.0                                          
     9.           15.6           25.0                                          
     10.          13.9           26.5                                          
     11.          21.0           27.5                                          
     12.          4.8            33.0                                          
     13.          3.9            27.0                                          
     14.          9.6            28.0                                          
     ______________________________________                                    
PAR  The figures in the second column are the percentage by weight of resin
      solids based on the weight of dry calcium sulphate solids and the figures
      in the third column are the percentage by weight of water based on the
      weight of dry calcium sulphate plaster solids.
PAR  It will be seen that a relatively high resin solids percentage (based on
      plaster solids) is used and in fact in most cases this percentage will be
      at least 10% and in many cases at least 15%, although for some
      applications, e.g. underlays for carpets, tiles, epoxy, polyester and
      polyurethanes layers etc., a resin content of 3, preferably 4, to 10% can
      be used. Normally less than 35% resin solids are used. The water content
      will normally be adjusted to that required to satisfy the plaster i.e.
      about 15 to 24% but an excess of say 10% is acceptable where rapid
      hardening is not of paramount importance and where high strength, impact
      and abrasion resistance is not required, e.g. when the composition is used
      for roofing. Thus the amount of water used is normally less than 35%,
      preferably less than 30% and often no more than 24% based on plaster
      solids, and therefore encompassing a range from 15% to 35% by weight based
      on the plaster solids. Hence, in summary, the proportion of dry resin
      solids is advantageously from 10% to 35% by weight, based on the weight of
      dry plaster solids, and the amount of water present is advantageously from
      15% to 35% by weight, preferably 15% to 24% by weight, based on the dry
      plaster solids, in the compositions of the invention. As noted above for
      some applications the proportion of dry resin solids is 3% to 10% by
      weight, based on plaster solids, with the stated amount of water. The
      product of Example 3 would be unsuitable for a floor or roof covering but
      could be used as a soft flexible panel finish. With the preferred
      compositions, a flooring layer can be used within an hour or so. While we
      do not wish to be confined to any particular theory, we believe that the
      plaster forms a rigid crystalline matrix in which the resin is dispersed
      in the interstices. The resin thus strengthens the plaster and gives it
      water resistance and the plaster prevents any softening of the resin
      seriously affecting the properties of the composition. Thus most of the
      water of the emulsion is removed by being chemically taken up by the
      CaSO.sub.4, and the resin comes out of suspension as the plaster is
      setting.
PAR  Coatings produced by compositions according to the present invention have
      unexpected wear-resistance and wet strength properties which make them
      ideal for floor coverings. By a suitable adjustment of the water content
      in a particular, a uniform level layer of say 1/8th inch thickness can be
      obtained even on a slightly sloping and uneven surface. This avoids the
      tedious levelling processes used for, say, concrete floors. The floor
      coverings can be used on a fibre glass base or on a bitumen base to give a
      vapour seal (normally the material will be to some extent vapour pervious
      which will be advantageous under some circumstances).
PAR  As plaster expands on setting, the compositions of the invention may
      conveniently be used for making accurate mouldings e.g. statuettes.
      Pleasing multicolour tarrazzo effects can be obtained by breaking up
      sheets of set material of different colours into pieces say 1/8th inch to
      1/2  inch in size and mixing them with wet material of a different colour.
      Such a mixture when cast can be ground wet or dry to give the required
      effect.
PAR  Versitate-Veovo resins are useful in this invention. They can be used, for
      example, in a 15:85 ratio with polyvinylacetate to soften it and the
      resulting resin can be usefully employed in place of the styrene/acrylate
      copolymers of Examples 1, 2 and 3.
PAR  When used as a flooring composition, the material can contain for example
      an accelerator for a subsequent polyester layer e.g. an organic peroxide
      dissolved for example in dibutyl phthalate.
PAR  The preferred set compositions of the invention have a water absorption
      figure of 1 to 3% by weight over 48 hours.
PAR  The proportions of the essential ingredients in the preferred compositions
      are as follows (disregarding any filler present).
TBL  ______________________________________                                    
                          Percent by weight                                    
     ______________________________________                                    
     Polymer resin emulsion (40%-56%                                           
     resin solids)          12.0 - 62.0                                        
     Temporary plasticizing and                                                
     coalescent solvent     0 - 3                                              
     Calcium sulphate       35.0 - 80.0                                        
     Water                    0 - 37.0                                         
     Anti-foaming agent     0 - 2                                              
     Urea and/or melamine formaldehyde resin                                   
                             0 - 15                                            
     ______________________________________                                    
PAR  The Nopco anti-foaming agent is a blend of chemically modified naturally
      occurring oils and fats and the Bevaloid 581B anti-foaming agent (which
      can equally well be used in the compositions of the Examples) is a mixture
      of synthetic and natural esters, metallic soap and emulsifiers dispersed
      in a light hydrocarbon oil.
PAR  The resins used in the compositions of this invention should desirably be
      capable of forming a hard continuous resin film on removal of water.
      Polyvinyl acetate and polystyrene are too hard in themselves to form films
      and it is necessary either to blend or copolymerize them with other resins
      such as acrylates or to use plasticizing agents (including coalescing
      solvents) (see Example 4) in order to make them film-forming. The term
      "hard" when used herein in relation to resins is intended to mean a Rocker
      hardness of about 10% to about 45%. In the Rocker hardness test a pendulum
      swings over a plate coated with resin and the percentage figure is twice
      the number of oscillations which the pendulum effects before it is stopped
      by the drag of the resin (50 oscillations are obtained with a standard
      glass plate). On this scale the resin of Example 1 has a hardness of about
      16%, that of Example 2 about 14%, that of Example 3 about 20%, that of
      Example 4 about 38%, that of Example 5 about 44%, and that of Examples 7
      and 8 about 14%. Example 6 gives a rough film which is difficult to test.
      The figures are given for the resins without plasticizers.
PAR  It has been found that the flexural strength of sheet materials such as
      hardboard and plaster board can be dramatically increased by coating one
      or both faces with compositions according to the invention. For even
      greater flexural strength, reinforcing materials can, if desired, be
      incorporated in the composition either in membrane or in shredded form.
      Such reinforcing materials include glass fibre in tissue, matting or
      chopped strand form as well as nylon and other synthetic forms of netting,
      hession and cotton scrim. The membranes are embedded in the composition
      immediately after application and prior to setting whereas the materials
      in shredded form can be intermixed with the composition prior to
      application.
PAR  By incorporating the above types of reinforcing materials in either of the
      ways mentioned, the material itself can be cast in sheet or panel form to
      any desired thickness. Such set sheets or panels have remarkable flexural
      strength, durability, workability and fire-resistance.
PAC  EXAMPLE 15
PAR  A composition according to Example 9 was coated with a paint brush onto a
      piece of hardboard, a chopped fibre glass mat of about 1/32 inch thickness
      was applied to the wetted surface, and a further layer of composition
      applied with a paint brush. After the composition set, there was a marked
      increase in the flexural strength of the hardboard. It was found that, for
      added strength, successive layers could be applied without waiting for the
      previous layers to set.
PAC  EXAMPLE 16
PAR  A composition according to Example 9 is cast by placing a chopper fibre
      glass mat in a mould, wetting out the mat with the composition and finally
      pouring more of the composition over the mat to fill the mould. The
      product is then set. Again successive layers can be built up without
      setting the composition at each stage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for making a set composition which comprises providing a
      composition capable of flowing under its own weight to give a smooth flat
      surface when applied to a substantially horizontal substrate, said
      composition consisting essentially of a calcium sulphate alpha-hemihydrate
      plaster and an aqueous resin emulsion capable of forming a hard continuous
      resin film on removal of water, said resin being a polymer of an
      ethylenically unsaturated monomer and having a Rocker hardness of about
      10% to about 45% and being in a stable emulsified finely divided form, the
      relative proportions of the plaster and the resin being such that the
      plaster takes up the major part of the water in the emulsion when it sets,
      the proportion of dry resin solids being from 10% to 35% by weight based
      on the weight of dry plaster solids and the amount of water present being
      from 15% to 35% by weight based on the weight of dry plaster solids, and
      allowing said composition to set over a period of time.
NUM  2.
PAR  2. A process according to claim 1, wherein the amount of water present is
      from 15% to 24% by weight based on the weight of dry plaster solids.
NUM  3.
PAR  3. A process according to claim 1, wherein the resin is selected from the
      group consisting of polymers of alkyl acrylates and methacrylates having 1
      to 12 carbon atoms in the alkyl group and copolymers thereof with vinyl
      acetate or styrene or mixture thereof, polyvinyl acetate and polystyrene.
NUM  4.
PAR  4. A process according to claim 1 wherein the resin emulsion has a resin
      particle size of 0.1 to 1.5 microns.
NUM  5.
PAR  5. A process for making a set composition which comprises providing a
      self-levelling and self-smoothing fluid plaster composition capable of
      flowing under its own weight to give a smooth flat surface when applied to
      a substantially horizontal substrate, said composition consisting
      essentially of a calcium sulphate alpha-hemihydrate plaster and an aqueous
      resin emulsion capable of forming a hard continuous resin film on removal
      of water, said resin being a styrene/alkyl acrylate copolymer and having a
      Rocker hardness of about 10% to about 45% and being in a stable emulsified
      finely divided form, the relative proportions of the plaster and the resin
      being such that the plaster takes up the major part of the water in the
      emulsion when it sets, the proportion of dry resin solids being from 10%
      to 35% by weight based on the weight of dry plaster solids and the amount
      of water present being from 15% to 35% by weight based on the weight of
      dry plaster solids, and allowing said composition to set over a period of
      time.
NUM  6.
PAR  6. A process according to claim 5, wherein the resin emulsion has a resin
      particle size of 0.1 to 1.5 microns.
NUM  7.
PAR  7. A process for making a set composition which comprises providing a
      self-levelling and self-smoothing fluid plaster composition capable of
      flowing under its own weight to give a smooth flat surface when applied to
      a substantially horizontal substrate, said composition consisting
      essentially of a calcium sulphate alpha-hemihydrate plaster and an aqueous
      resin emulsion capable of forming a hard continuous resin film on removal
      of water, said resin being a polymer of an ethylenically unsaturated
      monomer and having a Rocker hardness of about 10% to about 45% and being
      in a stable emulsified finely divided form, the relative proportions of
      the plaster and the resin being such that the plaster takes up the major
      part of the water in the emulsion when it sets, the proportion of dry
      resin solids being from 10% to 35% by weight based on the weight of dry
      plaster solids and the amount of water present being from 15% to less than
      30% by weight based on the weight of dry plaster solids, and allowing said
      composition to set over a period of time.
NUM  8.
PAR  8. A process according to claim 7, wherein the resin is selected from the
      group consisting of homopolymers of (1) alkyl acrylates and methacrylates
      in which the alkyl group has up to 12 carbon atoms, (2) vinyl acetate and
      (3) styrene and copolymers of (1), (2) and (3).
NUM  9.
PAR  9. A process for making a set composition which comprises providing a
      self-levelling and self-smoothing fluid plaster composition capable of
      flowing under its own weight to give a smooth flat surface when applied to
      a substantially horizontal substrate, said composition consisting
      essentially of a calcium sulphate alpha-hemihydrate plaster and an aqueous
      resin emulsion capable of forming hard continuous resin film on removal of
      water, said resin having a Rocker hardness of about 10% to about 45% and
      being in a stable emulsified finely divided form, said resin being
      selected from the group consisting of homopolymers of (i) alkyl acrylates
      and methacrylates in which the alkyl group has up to twelve carbon atoms,
      (ii) vinyl acetate and (iii) styrene, copolymers of (i), (ii) and (iii)
      and mixtures of said homopolymers and copolymers, the proportion of dry
      resin solids being from 10% to 35% by weight based on the weight of dry
      plaster solids and the amount of water present being from 15% to 24% by
      weight based on the weight of dry plaster solids, and allowing said
      composition to set over a period of time, whereby the plaster takes up
      substantially all of the water in the emulsion when it sets.
NUM  10.
PAR  10. A process according to claim 9 wherein the resin is a styrene/alkyl
      acrylate copolymer.
NUM  11.
PAR  11. A process for making a set composition which comprises providing a
      self-levelling and self-smoothing fluid plaster composition capable of
      flowing under its own weight to give a smooth flat surface when applied to
      a substantially horizontally substrate, said composition consisting
      essentially of a calcium sulphate alpha-hemihydrate plaster and an aqueous
      resin emulsion, said resin being a polymer of an ethylenically unsaturated
      monomer and having a Rocker hardness of about 10% to about 45% and being
      in a stable emulsified finely divided form, the relative proportions of
      the plaster and the resin emulsion being such that the plaster takes up
      the major part of the water in the emulsion when it sets, the amount of
      water present being from 15% to 35% by weight based on the weight of dry
      plaster solids and the dry weight of resin solids being 3% to 10% by
      weight of the dry plaster solids, and allowing said composition to set
      over a period of time.
NUM  12.
PAR  12. A process according to claim 11, wherein the amount of water present is
      less than 30% by weight based on the weight of dry plaster solids.
NUM  13.
PAR  13. A process according to claim 12 wherein the amount of water present is
      from 15% to 24% by weight based on the weight of dry plaster solids.
NUM  14.
PAR  14. A process according to claim 12, wherein the resin is selected from the
      group consisting of homopolymers of (1) alkyl acrylates and methacrylates
      in which the alkyl group has up to 12 carbon atoms, (2) vinyl acetate and
      (3) styrene and copolymers of (1(2) and (3).
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ABST
PAL  Monoethylenic monomers, including from about 1 to about 30% by weight of
      monoethylenic carboxylic acid, are placed in solution in a liquid mixture
      containing a low molecular weight polyhydric alcohol. This liquid mixture
      is dispersed in water and polymerized at an elevated polymerization
      temperature using agitation and in the presence of a free radical
      polymerization catalyst. The dispersion of polymer particles is then at
      least partially neutralized, preferably with ammonia or an amine to form
      an aqueous dispersion which is stable in the absence of emulsifying agent
      and which is useful in coating.
PARN
PAR  This is a division of application Ser. No. 258,890, filed June 1, 1972.
BSUM
PAR  The present invention relates to stable aqueous dispersions of copolymers
      of monoethylenic monomers and to the production thereof in the absence of
      emulsifying agent.
PAR  The provision of stable aqueous emulsion coating systems is well known,
      involving polymerization of monoethylenic monomers in aqueous emulsion to
      form polymer particles of high molecular weight (50,000 and higher) which
      are maintained in stable suspension in the aqueous continuum by means of a
      surface active agent (emulsifying agent) which associates with the
      particles to maintain them separate from one another during the
      polymerization, and thereafter.
PAR  These known aqueous emulsion systems possess many disadvantages. Thus, the
      presence of the emulsifier causes a high tendency to foam in use. Also,
      the high molecular weight, the presence of emulsifier in the final film,
      and the tendency of the emulsion to form voids and pinholes when deposited
      and cured all contribute to poor corrosion resistance, making it necessary
      in practice to apply a film which is thicker than desired to insure
      adequate protection for the substrate. Also, these emulsions frequently
      exhibit inadequate rheological performance in coil coating equipment, and
      clean-up is difficult if the coating material is allowed to dry on the
      equipment.
PAR  In contrast, the aqueous dispersions of this invention involve copolymers
      of medium molecular weight (10,000-50,000), the foaming tendency is
      greatly reduced, and the deposited films exhibit good corrosion resistance
      so that substrates are adequately protected by films which are much
      thinner than previously needed. Also, coil coating application is very
      good and the equipment is relatively easy to clean because the coating
      composition does not dry as easily. Other significant advantages will
      become apparent from the discussion which follows, it being kept in mind
      that some of the advantages, such as reduced solvent consumption and
      superior impact resistance particularly distinguish conventional organic
      solvent solution application.
PAR  To achieve these dispersions, and in this invention, monoethylenic monomers
      including from about 1 to about 30% by weight of monoethylenic carboxylic
      acid are placed in solution in a liquid mixture containing a low molecular
      weight polyhydric alcohol, and the liquid mixture so-obtained is dispersed
      in water, preferably by incremental addition thereof. The dispersion
      includes a free radical polymerization catalyst, sometimes termed an
      initiator, which is preferably dissolved in the water phase of the
      dispersion. The dispersed liquid mixture is subjected in the dispersion
      containing the catalyst to agitation at an elevated polymerization
      temperature until polymerization has been completed to thereby provide a
      dispersion of copolymer particles in water. It is normally desired to
      increase the stability of the dispersion to permit prolonged storage and
      this is done by at least partially neutralizing the copolymer, e.g., by
      adding a base to react with the acid content of the copolymer. If the
      copolymer includes amine functionality, then acid, such as acetic acid,
      can be used for neutralization.
PAR  Preferably a nitrogenous base, and most preferably an amine, is added to at
      least partially neutralize the acid content of the copolymer.
PAR  In this way, dispersions stable in the absence of emulsifying agents
      (surface active agents) are provided, but minor amounts of emulsifying
      agents can be added without destroying all of the advantages of this
      invention.
PAR  A small amount of volatile organic solvent, such as 2-ethoxy ethanol, may
      be added to the dispersion to assist particle coalescence on subsequent
      use, but this frequently is not required and, even when solvent is added,
      it is usually sufficient to employ less than 10% thereof, based on the
      weight of copolymer.
PAR  It will be noted that the monoethylenic monomers are the materials which
      are copolymerized and all proportions herein are based on the total weight
      of such monomers, unless otherwise specified.
PAR  In emulsion polymerization, the polymer particles which are formed normally
      have an average diameter less than 0.5 micron. Here, the particles are
      larger, normally having an average diameter in the range of 0.5-5 microns.
      Despite this, the particles flow out well on deposition and evaporation of
      water on baking to form smooth and continuous films. Molecular weight is
      lower than in emulsion polymerization, 10,000-50,000 as noted
      hereinbefore.
PAR  The dispersions of this invention are useful without modification, forming
      continuous films which are more flexible and impact resistant than films
      of solution copolymers from the same monomers, this improvement being
      based on the increased molecular weight obtained herein. With usual
      monomer balances, the films are relatively soft and highly flexible, but
      monomer selection can be used to provide harder polymers of higher glass
      transition temperature. In normal practice in this invention, monomers are
      selected to provide a glass transition temperature of at least about
      30.degree.F. Also, a water dispersible aminoplast resin is preferably
      added to the dispersions of this invention, providing a curing potential
      for the formation of films of increased hardness and solvent resistance.
      Smaller proportions of the aminoplast resin are needed for cure herein
      than are required for solution copolymers, probably because of the higher
      molecular weight which is obtained from the dispersion polymerization.
PAR  Referring more particulary to the low molecular weight polyhydric alcohols
      which may be utilized in accordance with the invention, any organic
      polyhydric alcohol may be utilized having a molecular weight up to about
      6000. There is no lower limit of molecular weight since ethylene glycol,
      the lowest molecular weight polyhydric alcohol, is useful herein. The
      preferred polyhydric alcohols are aliphatic polyethers and these
      preferably have an hydroxyl functionality of from about 2 to about 4,
      though higher functional polyhydric alcohols, such as sorbitol, are also
      useful, though less preferred. The polyhydric alcohols which may be
      utilized in this invention are further illustrated by diethylene glycol,
      triethylene glycol, tetraethylene glycol, propylene glycol, dipropylene
      glycol, polypropylene glycol 425, polypropylene glycol 1025, polypropylene
      glycol 2025, hexylene glycol, 2-methyl-2-ethyl-1,3-propanediol,
      2-ethyl-1,3-hexanediol, 1,5-pentanediol, glycerine, 1,2,6-hexanetriol,
      thiodiglycol, and esterdiol having the formula HOCH.sub.2
      C(CH.sub.3).sub.2 --CH.sub.2 OCOC(CH.sub.3).sub.2 --CH.sub.2 OH.
PAR  Preferred polyhydric alcohols are those having higher functionality such as
      glycerine, and pentaerythritol and polyethers based thereon as by the
      reaction of ethylene oxide or propylene oxide with the trihydric or
      tetrahydric alcohol. Particularly preferred products are polyether
      derivatives of glycerine, trimethylol propane, hexanetriol, or
      pentaerythritol having a molecular weight in the range of from 300 to
      5000.
PAR  While entirely organic polyhydric alcohols are preferred, part of the
      molecule may be inorganic as, for example, polyhydric alcohols produced by
      reaction of a monoepoxide such as ethylene oxide or propylene oxide with
      phhosphoric acid or benzene phosphonic acid, or polyhydric alcohols
      produced in similar fashion utilizing in the reaction one of the
      abovenamed glycols instead of all or a portion of the monoepoxide. Again,
      it is preferred that the polyhydric alcohol be a polyether.
PAR  It is noted in passing that surface active agents are molecules which
      possess a hydrophobic portion and a hydrophilic portion. Non-ionic
      surfactants are typified by ethylene oxide adducts of a long chain
      monohydric alcohol providing a molecule with a hydrophobic end, and a
      hydrophilic end, thereby providing a surfactant. In this invention, a
      polyhydric alcohol is used providing a molecule with a plurality of
      hydrophilic portions. As a result, the polyhydric alcohols used herein are
      not classified as surfactants and are not particularly adapted for such
      purpose.
PAR  The polyhydric alcohol referred to hereinbefore is employed in an amount of
      at least 0.5%, preferably at least 2%, based on the weight of the
      monoethylenic monomers which are to be copolymerized. These monomers are
      preferably free of any functional group which is reactive, under the
      conditions of polymerization, with the hydroxy groups in the polyhydric
      alcohol. Somewhat larger amounts of polyhydric alcohol can be used, e.g.,
      15 to 20%, and even larger amounts may be employed though this is not
      preferred since it is preferred to employ as little of the polyhydric
      alcohol component as is required to provide the liquid mixture which is
      employed in the polymerization process and to confer the stability in
      water dispersion which is ultimately desired. From 3-12% of polyhydric
      alcohol represents preferred practice, and up to about 50% is broadly
      tolerable.
PAR  In this invention, the monoethylenic monomers are combined with the
      polyhydric alcohol to form a liquid mixture. The liquid nature of the
      mixture permits the same to be broken up by agitation with water in the
      reactor to thereby obtain the desired particle size, e.g., 0.5-5 micron.
      It will be appreciated that some of the monoethylenic monomers are
      themselves liquid, such as styrene, and the use of liquid monomer eases
      the burden of obtaining the desired liquid mixture. Also, the fact of
      dissolution is measured at polymerization temperature so that monomers
      like fumaric acid, which is poorly soluble at room temperature, can be
      used since it dissolves in the hot aqueous system at the time of
      polymerization. However, the polyhydric alcohol is preferably itself
      liquid at room temperature.
PAR  The monoethylenic monomers which are employed are subject to wide
      variation, all of the monomers customarily employed in acrylic copolymers
      being broadly useful herein. Thus, vinyl aromatic monomers, such as
      styrene and homologs thereof, such as vinyl toluene are highly useful
      herein, it being customary to balance such monomers which provide hard
      copolymers when homopolymerized with alkyl acrylates and methacrylates
      containing 2 or more carbon atoms in the alkyl group and which provide
      soft polymers when homopolymerized. Among the monomers which are
      particularly useful herein, in addition to those noted hereinbefore, are
      methyl methacrylate and acrylonitrile. Esters of acrylic acid or crotonic
      acid are particularly desirable such as ethyl acrylate, 2-ethylhexyl
      acrylate, dodecyl acrylate, butyl crotonate, and the like. Up to about 20%
      of total monomers may be polyethylenically unsaturated polyester as
      disclosed in U.S. Pat. No. 3,163,615.
PAR  It is important that from 1-30%, based on the weight of polymerizable
      monomers, be constituted by monoethylenic carboxylic acids. These are
      illustrated by acrylic acid, methacrylic acid, crotonic acid, maleic acid,
      fumaric acid, monobutyl maleate, and the like. Preferred proportions of
      the monoethylenic carboxylic acid are from 3-20%, on the same basis. If
      the acid is omitted, stability of the dispersion during polymerization and
      thereafter is unsatisfactory.
PAR  Other monomers of diverse type which may be included are illustrated by
      2-hydroxyethyl methacrylate, and similar hydroxy-functional monoethylenic
      compounds. Also, amine and amide-functional compounds may be present such
      as dimethyl aminoethyl methacrylate and acrylamide. The acrylamide may be
      methylolated if desired. While these monomers may be present, it is
      preferred that the carboxy group be the sole functional monomer in the
      copolymer and, if other functionality is present, it is desirably limited
      to the hydroxy group, the amido group, the methylol group, or the amino
      group.
PAR  Out of an abundance of caution, it is noted in passing that the hydroxy
      group is used herein with its normal specific meaning denoting the
      alcoholic OH group, and this term does not include the N-methylol group or
      the phenolic OH group.
PAR  The polymerization which is employed in this invention is a simple one. The
      liquid mixture of monomers and polyhydric alcohol is simply dispersed in
      water (preferably by adding the mixture in increments) with vigorous
      agitation and moderate heat is employed to cause a conventional free
      radical polymerization catalyst to release free radicals and stimulate or
      initiate the desired polymerization whch is itself conventional. The
      catalyst may be benzoyl peroxide or the like dissolved in the monomers,
      but it is preferred to employ persulfates dissolved in the aqueous phase.
      Ammonium persulfate dissolved in the aqueous phase will be used to
      illustrate the invention. Hydrogen peroxide may also be used in the
      aqueous phase.
PAR  Catalyst proportion (0.1-5% of monomers) and reaction temperature (liquid
      phase preferably at 50.degree.C. or higher, more usually
      75.degree.-100.degree.C) are both conventional. The polymerization is
      desirably carried out at a solids content of from 5-50%.
PAR  After the polymerization reaction is completed, the acidic copolymer is at
      least partially neutralized as previously noted. The final, at least
      partially neutralized copolymer dispersion desirably has a pH in the range
      of 5-11. Final solids are desirably in the range of 20-40% for
      conventional application, and from 2-20%, preferably 3-15% for
      electrocoating use. At a given solids content, viscosity increases with pH
      so partial neutralization can be used to control viscosity. At least 5%
      neutralization, preferably 10-30% neutralization, helps to provide minimum
      viscosity. More extensive neutralization is preferred for greater
      stability and for electrocoat application.
PAR  If the acidic copolymer includes amine functionality, the dispersion can be
      stabilized by at least partial neutralization with an acid such as acetic
      acid.
PAR  The aminoplast resins which are desirably utilized herein are those which
      can be stably dispersed in water. Such dispersions can be achieved in any
      desired manner. Thus, hexamethoxy methyl melamine is water soluble and may
      be used. Similarly, partially ethylated derivatives of hexamethoxy methyl
      melamine, while water insoluble, are stably dispersible in water, and
      these may also be used. Benzoguanamine-formaldehyde condensates are
      available in water insoluble, but water dispersible form, and these are
      also useful herein. Still further, aminoplast resins can be provided to
      include carboxyl groups which enable dispersion in water through salt
      formation between the carboxyl group in the aminoplast resin and a base,
      preferably am amine as noted hereinbefore. Products of this type are
      disclosed in my copending application Ser. No. 19,457, filed Mar. 13,
      1970.
PAR  From the standpoint of the use of an aminoplast resin, it will be observed
      that the N-methoxy group contained in the aminoplast resin is reactive
      with the carboxyl groups of the copolymer which is stably dispersed in the
      aqueous medium, and it is also reactive with the hydroxy groups in the low
      molecular weight polyhydric alcohol. Also, and since the copolymers
      produced by the dispersion polymerization of this invention possess higher
      molecular weight than is obtainable in conventional solution
      copolymerization, the aminoplast resin can be utilized herein in smaller
      proportion. While 2-40% of the aminoplast resin, based on the total weight
      of resin, is broadly useful, preferred proportions are from 5-25%.
PAR  The aqueous dispersions of this invention can be applied in any desired
      manner, e.g., by spray, brush, roller coating or the like. Roller coating
      is particularly preferred since the dispersions of this invention, unlike
      ordinary emulsion systems, possess a greatly reduced tendency to foam,
      thus overcoming a major difficulty in roll coating. Also, pinholing,
      cratering, void formation, and the like, are greatly reduced as against
      the use of emulsions with surface active agents. Also, and as a result of
      larger particle size, the dispersions of this invention provide higher
      viscosity at given resin solids content in comparison with conventional
      emulsions so that thinner films can be easily applied. This is of especial
      value when it is appreciated that these thinner films provide the desired
      corrosion resistance which normally necessitates the deposition of much
      thicker films.
PAR  In addition to conventional application, the aqueous dispersions of this
      invention may be applied, either with or without the added aminoplast
      resin, by anodic electrodeposition. Thus, and by diluting the aqueous
      dispersion with water to 10% resin solids, coatings have been
      electrodeposited on aluminum employing 100 volts for 90 seconds to
      provide, after baking, adherent coatings having a hardness of H-2H, and
      being capable of withstanding 60 inch pounds of forward impact.
PAR  It is noted with respect to electrocoat application that the dispersions of
      this invention are adapted for use with very simple replenishment
      techniques, because the polymer particles in the dispersions of this
      invention are already stably dispersed in water. Thus, if the
      electrodeposition process depletes the system of resin solids, it is
      merely necessary to add a more concentrated dispersion and blend the same
      into the existing electrocoat bath with simple agitation. As a feature of
      this invention, effective anodic electrocoating can be carried out at a
      polymer acid value as low as 3, preferably from 12-30.
PAR  From the standpoint of cure, curing temperatures range from about
      200.degree. to 550.degree.F. for periods of time ranging from about an
      hour at the lowest temperature to about 30 seconds at the highest
      temperature. Preferred baking temperatures are from 300.degree.F. to
      450.degree.F.
PAR  The invention is illustrated in the following examples in which all parts
      are by weight.
DETD
PAC  EXAMPLE 1
PAC  Procedure of Preparation (Charge Composition)
PAR  Parts by Weight
PA1  500 Deionized water
PA1  0.75 Ammonium persulfate
PAR  Charge into reactor and heat to 90.degree.C. Then prepare a monomer premix
      consisting of the following:
PA1  170 Styrene
PA1  53 Acrylic Acid
PA1  155 Ethyl Acrylate
PA1  37 Polyhydric Alcohol (see note 1)
PA1  14 Tertiary Dodecyl Mercaptan
PAR  Then prepare a catalyst premix consisting of:
PA1  375 Deionized Water
PA1  3 Ammonium Persulfate
PAR  Add the monomer premix and the catalyst premix solution to the reactor,
      simultaneously, over a 2 1/2 hour period at 85.degree.-90.degree.C. using
      fast speed agitation. When addition is complete, hold temperature at
      85.degree.C. for an additional 90 minutes. Cool to 30.degree.C. and
      neutralize with the following solution:
PA1  36 Dimethyl ethanol amine
PA1  185 Deionized water.
PAR  The final characteristics of the dispersion soprovided are as follows:
TBL  Solids (percent)                                                          
                   29.1                                                        
     Acid Value    27.6                                                        
     Appearance:   White-Milky Dispersion                                      
PAL  Note 1 -- Liquid trihydric polyoxypropylene derivative of trimethylol
      propane having an average molecular weight of 2540, an hydroxyl number
      (KOH/g.) of 63, and a viscosity at 25.degree.C. of 440 centipoises.
PAC  EXAMPLE 2
PAC  Procedure of Preparation (Charge Composition)
PAR  Parts by Weight
PA1  650 Deionized Water
PA1  0.65 Ammonium Persulfate
PAL  Charge into reactor and heat to 90.degree.C. using fast speed agitation.
      Then prepare a monomer premix consisting of the following:
PA1  240 Styrene
PA1  28 Acrylic Acid
PA1  50 Acrylonitrile
PA1  170 Ethyl Acrylate
PA1  50 Polyhydric Alcohol (see note 2)
PAR  Then prepare a catalyst premix consisting of:
PA1  2.5 Ammonium Persulfate
PA1  480 Deionized Water
PAL  Add the monomer premix and catalyst solution, simultaneously, to reactor
      over a 21/2 hour period at 85.degree.-90.degree.C. using fast speed
      agitation. When addition is complete, hold temperature at 85.degree.C. for
      an additional 90 minutes. Cool to 30.degree.C. and neutralize with the
      following solution:
PA1  60 Dimethyl Ethanol Amine
PA1  100 Deionized Water
PAR  The final characteristics of the dispersion soprovided are as follows:
TBL  Solids (percent)  28.5                                                    
     Acid value (non-volatile)                                                 
                       51.2                                                    
     Appearance:       Milky dispersion                                        
PAL  Note 2 -- Liquid trihydric polyoxypropylene derivative of trimethylol
      propane having an average molecular weight of 730, an hydroxyl number
      (KOH/g.) of 232, and a viscosity of 300 centipoises at 25.degree.C.
PAC  EXAMPLE 3
PAR  Example 2 was repeated, only this time the polyhydric alcohol was
      eliminated from the monomer premix. The resulting dispersion was very
      seedy, and large amounts of material were deposited on the agitator, and
      the walls of the reactor.
PAC  EVALUATION OF DISPERSION OF EXAMPLE 2
PAR  The dispersion of Example 2 was blended with water soluble
      hexamethoxymethyl melamine resin to provide a ratio of acrylic dispersion
      solids to hexamethoxymethyl melamine resin solids of 80:20. The coating
      composition so-provided was then applied to aluminum panels using a
      wound-wire rod to deposit wet coatings having a thickness of 0.5 mil. The
      coated panels were baked in an electric oven at 475.degree.F. for 60
      seconds to cure the same. The cured panels exhibited the following
      results:
PA1  Pencil hardness: H
PA1  Impact (forward 60 in./lb.) Pass
PA1  Impact (reverse 40 in./lb.) Pass
PA1  Flexibility (1/8 in. mandrel): Excellent
PA1  Discoloration or Yellowing: None
PA1  Solvent Resistance -- Pass 30 methyl ethyl ketone rubs.
PAC  EXAMPLE 4
PAC  Preparation of acrylic-Melamine Dispersion for Electrocoating
PAR  An acrylic dispersion was prepared and modified with 25% (based on resin
      solids) of a water dispersible partially ethylated methylated hexamethylol
      melamine. American Cyanamid product XM-1116 is a commercial product which
      may be used.
PAR  The details of preparation are as follows:
PAC  Charge Composition - Parts by Weight
PA1  650 deionized water
PA1  .65 Ammonium persulfate
PAR  Charge to reactor and heat to 90.degree.C. Then prepare a monomer premix
      consisting of the following:
PA1  240 Styrene
PA1  50 Polyhydric Alcohol (see note 1)
PA1  30 Acrylic Acid
PA1  220 Ethyl Acrylate
PAR  Then prepare a catalyst premix consisting of:
PA1  480 Deionized water
PA1  2.5 Ammonium Persulfate
PAR  Add the monomer premix and the catalyst premix solution to the reactor,
      simultaneously, over a 2 1/2 hour period at 90.degree.C. When addition is
      complete, hold temperature at 90.degree.C. for 1 1/2 hours. Cool to
      30.degree.C. and neutralize with the following solution:
PA1  60 Dimethyl Ethanol Amine
PA1  100 Deionized water
PAR  Then add the following to provide the final dispersion:
PA1  180 Partially ethylated methylated hexamethylol melamine
PA1  120 2-Butoxy Ethanol
PA1  100 Deionized Water
PAR  The dispersion was diluted to 10% solids with water and passed through an
      anionic ion exchange column to remove water soluble salts (residue from
      ammonium persulfate catalyst) to form an electrocoat bath.
PAR  Coatings have been anodically electrodeposited on aluminum panels immersed
      in the bath employing 100 volts direct current for 60 seconds to provide,
      after baking, adherent films having a hardness of H-2H and which are able
      to withstand 60 inch pounds of forward impact.
PAR  The invention is defined in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aqueous dispersion of copolymer particles which is stable in the
      absence of emulsifying agent and which comprises copolymer particles of
      from about 1 to about 30% by weight of monoethylenic carboxylic acid and
      at least one copolymerizable monoethylenic monomer, said particles having
      an average diameter in the range of 0.5-5 microns and said particles
      containing from 2% up to about 50%, based on the monoethylenic monomers,
      of trihydric or tetrahydric polyhydric alcohol having a molecular weight
      up to about 6000, said copolymer particles being at least partially
      neutralized.
NUM  2.
PAR  2. A dispersion as recited in claim 1 in which said copolymer has a
      molecular weight in the range of 10,000 to 50,000, and a Tg of at least
      about 30.degree.F.
NUM  3.
PAR  3. A dispersion as recited in claim 1 in which said copolymer particles are
      neutralized with an amine to provide a pH in the range of 5-11.
NUM  4.
PAR  4. A dispersion as recited in claim 1 in which said dispersion includes a
      volatile organic solvent in an amount up to about 10%, based on the weight
      of the copolymer.
NUM  5.
PAR  5. An aqueous electrocoating bath containing the dispersion of claim 1 at a
      solids content in the range of 2-20%.
NUM  6.
PAR  6. An aqueous dispersion of copolymer particles in water which is stable in
      the absence of emulsifying agent, and which is produced by forming a
      liquid mixture consisting of monoethylenic monomers and from 2% up to
      about 20%, based on the weight of said monomers, of trihydric or
      tetrahydric aliphatic polyhydric alcohol having a molecular weight in the
      range of from 300 to 5000, said monomers providing a I.sub.g of at least
      about 30.degree.F. and including from 3 to 20% by weight of monoethylenic
      carboxylic acid, dispersing said mixture in water to form a dispersion,
      said dispersion including a free radical polymerization catalyst,
      subjecting the dispersed liquid mixture in said dispersion containing the
      said catalyst to agitation at an elevated polymerization temperature, with
      said monomers being in solution in a liquid mixture containing said
      polyhydric alcohol, until polymerization of said monomers has been
      completed, and then at least partially neutralizing the acid content of
      the copolymer particles which are formed with a base.
NUM  7.
PAR  7. An aqueous dispersion as recited in claim 1 in which said polyhydric
      alcohol is aliphatic.
NUM  8.
PAR  8. An aqueous dispersion as recited in claim 1 in which said mixture of
      monomers consists essentially of styrene or vinyl toluene in admixture
      with alkyl ester of monoethylenic monocarboxylic acid containing 2 or more
      carbon atoms in the alkyl group, and from 3-20% of monoethylenic
      carboxylic acid, said monomers providing a T.sub.g of at least about
      30.degree.F.
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ABST
PAL   For use as an emulsifier for emulsion polymerization of acrylate monomer
      mixtures, there is provided a novel mixture of soluble salts of
      sulfosuccinate half esters of two or three alcohols, each selected from a
      different class defined and each respective half ester being present in a
      defined range of proportions in the mixture. The defined emulsifiers, even
      when used at concentrations less than usual for emulsion polymerization,
      produce acrylate latex products having a favorable combination of several
      advantageous properties, particularly good mechanical stability and low
      viscosity, even when a cross-linking monomer is included in the monomer
      mixture to be polymerized.
BSUM
PAR  The invention relates to improvements in process for emulsion
      polymerization of certain vinyl monomers to make polymer latices and to
      emulsion polymer latex that has improved properties and to novel
      surfactant mixtures useful in such improved processes and in such improved
      latex.
PAR  It is known that a variety of polyvinyl latices can be prepared by emulsion
      polymerization of any of several vinyl monomers or mixtures thereof
      dispersed in aqueous medium. Several surfactant compositions have been
      proposed in prior art for incorporation in small proportions in the
      pre-polymer mix as emulsifying agent for improvement of the emulsion
      polymerization and the latex product. Such improvements obtained by use of
      the selected surfactant may result from modifying effects during the
      emulsion polymerization or the surfactant may modify the latex properties
      or in some instances the presence of a particular surfactant in the latex
      product will effect an improved result during the ultimate use of the
      product. Usually a selected surfactant will be found to have several
      different effects in the process of emulsion polymerization, in the
      ultimate latex product and during the end use of the latex. While some of
      these effects may be advantageous, it is very often the case that some
      other effects of the selected surfactant are unwanted. The selection of a
      most suitable surfactant as the emulsifier for use in any emulsion
      polymerization latex will depend upon the favorable modifications that are
      wanted and which the surfactant can give and, equally important, upon the
      absence of any intolerable side effects from use of the same surfactant in
      the latex.
PAR  Some specific improvements that have been obtained by the use of
      incorporated surfactants in the emulsion polymerization of vinyl monomers
      in several instance have included improvement of the mechanical stability
      of the emulsion or improved rate of polymerization or improved higher
      molecular weight of the polymer or improved higher limit of solids content
      in the emulsion or improved control of the heat of polymerization, etc.
      and combinations of several of such effects. Concomitant undesired effects
      that are sometimes found when some surfactants are used have included, in
      several instances, increase of polymer loss due to coagulum or increase of
      the emulsion viscosity or unwanted pH sensitivity or inhibition of the
      activity of the polymerization inititator, etc. and combinations of
      several of such effects.
PAR  An object of the invention is to provide novel surfactant mixtures that are
      designed particularly for use as emulsifiers for the making of acrylic
      latex by emulsion polymerization and particularly for making latices which
      have incorporated cross-linking monomer units in the polymer chain. These
      emulsifiers have the particular advantage that a selfcross-linking monomer
      can be incorporated in the prepolymer mix, and hence in the polymer latex,
      at higher than usual concentrations while maintaining a latex with high
      solids content and relatively low emulsion viscosity and relatively high
      degree of mechanical stability. The emulsifiers of the invention have the
      further advantage that the desired emulsifying effects can be obtained
      with relatively lower than usual concentration of total surfactants in the
      latex, and this advantage provides improved water resistance in the
      polymer product for which the latex is ultimately to be used. The
      emulsifiers of the invention are especially preferred for use in making
      acrylic polymer latices by emulsion polymerization of acrylic monomers or
      mixtures of acrylic monomers having modifying amounts of other vinyl
      comonomers. Such polymer latex emulsions are used in a variety of
      applications, typically for use in paper coating, or in plant making, or
      as binders for nonwoven fabrics, or for leather finishing or textile
      finishing, etc. The particular emulsifiers of this invention will be found
      to provide improvements when used as emulsifiers for other vinyl monomer
      emulsions to be polymerized, and particularly so for making polymer
      latices that are intended for an end use in which improved water
      resistance is sought.
PAR  The surfactants that are used as emulsifiers for emulsion polymerization of
      vinyl monomers in accordance with the invention are certain mixtures of
      soluble salts of the sulfosuccinate half esters of two or three different
      alcohols, preferably of three different alcohols, each of such half esters
      in the mixture being selected from a different one of the following
      groups, and each present in the mixture, in a proportion within the
      described range sufficient to make up the entire mixture of the described
      half ester components to 100 percent:
PA1  From 0 to about 30 by wt. of a soluble salt of the sulfosuccinate half
      ester of an alkyl polyoxyethylene alcohol having the formula
EQU  R(OCH.sub.2 CH.sub.2).sub.n OH
PA1  wherein
PA1  R is alkyl having 6 to 20 carbon atoms;
PA1  n is value in the range from 2 to 50; and
PA1  from 0 to about 33 percent by wt. of a soluble salt of the sulfosuccinate
      half ester of polyethoxyalkylphenol having the formula
      ##SPC1##
PA1  R is alkyl having 6 to 12 carbon atoms, and
PA1  n is value in the range from 2 to 50; and
PA1  from about 57 to about 87 percent by weight of a soluble salt of the
      sulfosuccinate half ester of an alcohol selected from isodecanol,
      isooctanol, 2-ethyl hexanol, telomer alcohols of ethylene having 8-12
      carbon atoms and tridecanol.
PAL  The preferred soluble salts of the sulfosuccinate half esters are usually
      the disodium salts but other soluble salts may have other solubilizing
      cations such as potassium, ammonium or the like.
PAR  A most preferred selection of half-ester components from each of the groups
      defined above, and the proportion by weight of each in the most preferred
      mixture consists of the disodium sulfosuccinate of:
PA1  Component A.
EQU  c.sub.10-12 h.sub.21-25 (och.sub.2 --ch.sub.2).sub.5 oh     about 15%
PA1  (as available under tradename Alfonic 1012-60)
PA1  Component B.
      ##SPC2##
PA1  (as available under tradename Surfonic N-95)
PA1  Component C.
EQU  isodecanol                                                 about 75%
PAL  A mixture of the several half ester components for use as the emulsifier
      can be prepared either by mixing the several components directly or by
      using a mixture of the several alcohols (each in the relative proportion
      equivalent to the ultimate proportion of its corresponding disodium
      sulfosuccinate half ester in the desired surfactant mixture) for the
      partial esterification of maleic acid anhydride, and then sulfonating the
      mixture of half-acid esters to obtain the sulfosuccinate half ester. The
      same series of reactions for preparing the separate disodium
      sulfosuccinate half esters is well known, having been described in several
      patents, for example, in U.S. Pats. No. 3,329,640 and 3,736,282. The
      chemical composition of the mixtures will be the same whether prepared by
      direct mixing of the respective half ester sulfosuccinates prepared
      separately or by the coesterification of maleic anhydride using the mixed
      alcohols followed by sulfonation as described.
PAR  A mixed sulfosuccinate half-ester surfactant is prepared by the process
      described for preparation of Emulsifier A, B and C in the U.S. Pat. No.
      3,329,640, with the exception that the following parts of material by
      weight are used. The final product is an aqueous 50% solution.
TBL  ______________________________________                                    
     Materials         Parts % by wt.                                          
     ______________________________________                                    
     Alfonic 1012-60   4.70                                                    
     Surfonic N-95     3.65                                                    
     Isodecanol        15.21                                                   
     Maleic Anhydride  11.50                                                   
     Sodium Sulfite    14.95                                                   
     (Anhydrous)                                                               
     Water             50.00                                                   
     ______________________________________                                    
PAR  The weight percent (wt. %) proportions of the respective disodium
      sulfosuccinate half esters in the surfactant product mixture is as
      follows:
PA1  Component A - 15 wt. %
PA1  Component B - 10 wt. %
PA1  Component C - 75 wt. %
PAR  The surfactant mixtures of the invention are useful as emulsifiers for the
      prepolymerization mixture of monomers in the making of acrylate polymer by
      emulsion polymerization and copolymer latices and particularly those in
      which the acrylate copolymer contains major proportions of one or more
      acrylate monomers copolymerized with a minor proportion of a vinyl monomer
      which can functional as a cross-linking agent. In the following examples a
      standardized polymer recipe is used throughout for purposes of comparison,
      but the surfactant mixtures of the invention will be also an emulsifier of
      choice for emulsion polymerization of other acrylate and methacrylate
      monomer recipes that contain major proportions of acrylate monomers such
      as ethyl acrylate, methyl methacrylate, butylacrylate etc. Such recipes
      may also contain minor proportions of other vinyl comonomers for
      modification of the properties of the acrylate copolymers, such as
      N-methylolacrylamide, hydroxyethyl methacrylate or
      N-(iso-butoxymethyl)acrylamide added as cross-linking agents;
      acrylonitrile added for solvent resistance; itaconic acid, acrylic acid or
      methacrylic acid added for acid functionality, mechanical stability, or
      the like. Styrene or vinyl acetate is sometimes substituted for methyl
      methacrylate as a major constituent in a latex of the kind contemplated.
PAR  For comparative tests a copolymer latex containing 50% solids, in which the
      copolymer contained 66 wt. % ethyl acrylate units, 31 wt. % methyl
      methylacrylate units and 3 wt. % N-methylolacrylamide (as cross-linking
      agent), was prepared by the following procedure using in each instance a
      selected surfactant for determination of the suitability of the selected
      surfactant as emulsifier for making the polymer latex.
PAC  PROCEDURE
PAR  Into 92 parts (by wt.) of deionized water previously boiled, cooled and
      purged with nitrogen, are added 3.0 parts of the surfactant selected for
      use as emulsifier (50% solids) in water) and 10 parts methanol. A solution
      of 2 parts ammonium persulfate in 18 parts water is added and the entire
      mixture is purged with nitrogen for 15 minutes and then transferred to a
      polymerization vessel where it is heated to 60.degree.C. with continuous
      stirring and with the nitrogen purge continued during heating. In a
      separate addition vessel equipped for agitation there is added 60 parts
      water, 3.0 parts of the selected surfactant mixture, 10 parts methanol and
      0.4 parts sodium metabisulfite, followed by addition of 132 parts ethyl
      acrylate and 62 parts methyl methacrylate. This preemulsified monomer
      mixture is purged with nitrogen for 15 minutes and kept in the addition
      vessel with constant agitation. When the contents of the polymerization
      vessel reach 60.degree.C., the purge is reduced to minimum and addition of
      the monomer mixture into the polymerization vessel is begun. The rate of
      addition is adjusted to about 5 parts per minute, and addition is
      continued at that rate until about 15% of the mixture has been added. The
      addition is then stopped until initiation of the polymerization is
      observed. The reaction temperature is maintained at 60.degree.C. Before
      resuming the addition, a pre-mixed solution of 10 parts of 60%
      N-methylolacrylamide aqueous solution and 10 parts water is added and
      mixed into the contents of the addition vessel. Addition of the monomer
      mixture to the polymerization vessel is resumed and continued at the 5
      parts per minute rate until completed. Total addition time is 2 to 3
      hours. The latex is held in the polymerization vessel at 60.degree.C. for
      one hour after the addition is completed then the latex is cooled to room
      temperature.
PAC  TESTING
PAR  The vessel is opened and the latex is removed and filtered to determine the
      wt. percent of filterable coagulum based on the total weight of latex
      produced. The vessel is rinsed with water and then inspected for wall
      coagulum. When wall coagulum is present, the amount is determined by
      airdrying the vessel, then cleaning the vessel with about 225 mls. of
      chloroform which dissolves the wall coagulum. The solvent is agitated in
      the vessel at about 57.degree.C. for 11/2 hours then the solution is
      poured into a crystallizing dish; the solvent is evaporated and the dried
      product is weighed.
PAR  The filtered latex is tested for mechanical stability by agitating a 50-ml.
      sample of the latex in a jar, by means of a twin-blade, high speed
      agitator rotating at 6300 rpm. Such agitation is continued for 15 minutes
      or for a shorter time if the emulsion breaks. After agitation for 15
      minutes the latex is filtered and the coagulum which collects on the
      filter is weighed. In cases involving the acryllic polymers, when the
      emulsion breaks before 40 minutes the time in minutes required to break
      the emulsion is recorded.
PAR  To determine the percent solids in the emulsion, a weighed sample of the
      emulsion is placed on an aluminum dish and dried on a hot plate at
      150.degree.C. for 30 minutes, then weighed again. From the measured
      weights of the sample before and after drying, the percent solids
      composition of the emulsion is calculated.
PAR  Viscosity of the emulsion in centipoise is measured by a Brookfield
      Viscometer using spindle No. 2 operating at 60 rpm at room temperaure.
PAR  Particle size of the polymer in the latex is determined using an electron
      microscope by the method described in U.S. Pat. No. 3,329,640.
PAR  Heat stability is measured in accordance with ASTM D1925-63T by the process
      described in U.S. Pat. No. 3,329,640.
PAR  Surface tension is measured by standard procedure. Measured values of
      seveal properties of the latices made and tested by the foregoing
      procedure and testing, using different selected mixtures of Component A,
      Component B and Component C emulsifiers in the several instances, are
      tabulated in Table I. Several latices are prepared by the procedure
      described above, using in each instance an emulsifier made with a mixture
      of Component A, Component B and Component C in the preparations shown in
      Table I. The test results that are critical for selection of the preferred
      emulsifier are mechanical stability and viscosity and the results of those
      tests for each emulsion are shown in Table I. Also shown in Table I is the
      method used for making the emulsifier mixture used in each instance. When
      prepared by esterification using a mixture of alcohols, followed by
      sulfonation as described above, the mixture of surfactant is called a
      hybrid. When prepared by mixing the several Components A, B and C which
      have been made separately, the mixture is called a blend. Other test
      values are not listed for each polymerization in Table I because they were
      generally satisfactory in most instances and were not critical to the
      selection. Emulsions made by the procedure described had test results in
      the following ranges.
TBL  ______________________________________                                    
     Filterable Coagulum                                                       
                      below 0.2%                                               
     Wall Coagulum    below 0.05%                                              
     Percent Solids   50%                                                      
     Particle Size    1500-4500 A (2500 A average)                             
     Heat Stability   clear film, no discolora-                                
                      tion at 150.degree.C. for 60 min.                        
     Surface Tension  35 - 40 dynes/cm.                                        
     ______________________________________                                    
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Emulsion Test Results                                                     
     Emulsifier                      Test                                      
     Components                      Results                                   
           Component                                                           
                  Component                                                    
                         Component                                             
                                Mixed                                          
                                     Mechanical                                
                                            Viscosity                          
     Emulsion                                                                  
           A      B      C      by   Stability                                 
                                            cps                                
           wt. %  wt. %  wt. %       min.                                      
     __________________________________________________________________________
     1     0      50     50     blend  4    310                                
     2     25     50     25     blend  2    310                                
     3     25     25     50     blend  7.5  360                                
     4     8      7      85     blend  40 + 130                                
     5     10     30     60     blend  40 + 212                                
     6     12.5   12.5   75     blend  40 +  50                                
     7     20     15     65     blend  40 + 190                                
     8     15     10     75     hybrid 40 + 160                                
     9     15     10     75     blend  40 + 160                                
     10    22.2   7.8    70     hybrid 40 + 242                                
     11    20.5   9.5    70     hybrid 40 + 148                                
     12    43.8   14.5   41.7   blend  2    475                                
     13    24.2   8.0    67.8   blend  5    225                                
     14    21.9   7.1    71.0   blend  16 + 125                                
     15    19.5   7.2    73.3   blend  30 +  95                                
     16    19.7   6.4    73.9   blend  15 + 270                                
     17    16.7   5.5    77.8   blend  16 + 260                                
     18    23.5   0      76.5   blend  16 + 125                                
     19    44.2   0      55.8   blend                                          
                                     coagulates                                
     20    0      0      100.0  blend                                          
                                     coagulates                                
     21    0      23.1   76.9   blend  15 + 250                                
     22    72.9   27.1   0      blend  1    860                                
     23    100    0      0      blend  0.25 725                                
     24    0      100    0      blend  0.5  1065                               
     25    22.7   3.1    74.2   blend  20 + 185                                
     26    25     16.7   58.3   blend  7.5  210                                
     27    15     10     75     hybrid 40 + 148                                
     __________________________________________________________________________
DRWD
PAR  The test results tabulated in Table I are illustrated in the drawings,
      wherein:
PAR  FIG. 1 is a 3-component diagram on which is plotted a shaded area
      representing the range of compositions of the mixtures that were found
      suitable for use according to the invention as emulsifiers for emulsion
      polymerization of acrylate monomers. In each of FIGS. 1, 2 and 3, the
      respective components designated A, B and C on the diagram are the same
      half ester components which are designated above as Component A, Component
      B and Component C, respectively.
PAR  FIG. 2 is a 3-component diagram on which are plotted the data tabulated in
      Table I in the column headed Viscosity. Each point location on the diagram
      identifies the composition by wt. % of each of the three components of a
      surfactant that was used for making a specific latex tested. Each point
      indicator identifies a range of values in which the measured viscosity of
      that latex was classified.
PAR  FIG. 3 is a 3-component diagram on which are plotted the data tabulated in
      Table I in the column headed Mechanical Stability. Each point location on
      the diagram identifies the composition of a surfactant that was used for
      making a specific latex tested, and each point indicator identifies a
      range in which the mechanical stability value found in the test of that
      latex was classified.
DETD
PAR  Referring now to Table I and FIGS. 2 and 3, it is seen that all of the
      latices tested that had both viscosity and mechanical stability values in
      the suitable ranges, i.e. stability more than 15 minutes, viscosity less
      than 300 cps, fell within a rather well defined area on the diagrams. This
      area represents a range of compositions that would be expected to give
      suitable results, similar to the results found using specific compositions
      identified by the location of specific points in the area. On the other
      hand, other surfactants tested that had compositions falling outside this
      preferred range of compositions were found to produce results that were
      less than suitable in terms of either the viscosity or the mechanical
      stability of the polymer latex, or both. Accordingly, the preferred range
      of surfactant compositions falls within the shaded area outlined in FIG.
      1, as derived from the data plotted on FIGS. 2 and 3. This is the range of
      compositions, in terms of wt. percent of each of the Components A, B and
      C, that are found useful as emulsifiers for emulsion polymerization of
      acrylate comonomers in accordance with the invention.
PAR  A great many other surfactant compositions of various kinds were tested for
      suitability as emulsifiers for acrylate monomers in emulsion
      polymerization to make acrylate copolymers. The procedure and testing
      described above was used for the screening except concentrations up to
      about 3% emulsifier were used. Many were eliminated because of failure in
      one or more of the tests described. Many caused complete coagulation,
      others excessive filterable or wall coagulum; many produced emulsions with
      low mechanical stability or emulsions with excessively high viscosity.
      some specific examples of surfactants tested (identified by the tradename
      under which they were obtained) and the critical test result were as
      follows: Triton X-405 high filterable coagulum and poor mechanical
      stability; Tergitol Anionic 7, coagulated; Gafac PE-510, coagulated;
      Aerosol OT, coagulated; Triton X-200, high coagulum. Many others were
      tried and eliminated for similar reasons.
PAR  In the foregoing examples and tests the concentration of emulsifier in the
      emulsion was about 1.5 percent, wt/wt/surfactant polymer. Emulsions
      prepared using the best choice of other selected surfactants as emulsifier
      required about twice the concentration of surfactant to obtain a 50
      percent solids emulsion with the monomer recipe used. The emulsifiers of
      the invention are generally functional as emulsifiers when used at less
      than usual concentrations to obtain suitable properties in acrylate
      polymer latices. The invention contemplates use of the novel emulsifiers
      at any suitable concentration for making acrylic polymer latices; usually
      the optimum concentration of the surfactant for use as emulsifier in
      emulsion polymerization of a selected acrylate monomer recipe will be in
      the range from about 1 to about 4 percent by wt. based on the weight of
      polymer. In some instances up to 10 wt. percent of surfactant may be used.
PAR  In the foregoing examples and tests the selected vinyl monomer that was
      used in minor proportion in the recipe for the function of cross-linking
      agent was N-methylolacrylamine. It is unusual to obtain a stable, 50%
      solids acrylate latex when using a recipe with as much as 3%
      N-methylolacrylamide in the monomer miture with so low a surfactant level.
      Using the surfactant mixture of the invetion at 1.5% concentration, the
      stability of the emulsions was quite acceptable with this high proportion
      of cross-linking agent.
PAR  The acrylate monomers used in the foregoing examples were about two parts
      ethyl acrylate to one part methyl methacrylate. This is a widely used
      commercial recipe but the invention contemplates the use of the novel
      emulsifiers with any acrylate polymer latex in which any of the several
      acrylate monomers are present as predominant or substantial components of
      the resin.
PAR  The optimum mixture of Components A, B and C is the 15/10/75 mixture
      described above. This was selected as emulsifier for making a variety of
      acrylate latices by emulsion polymerization of several different monomer
      mixtures described in Table II Test results shown in the Table demonstrate
      the general suitability of the emulsifier for making a variety of acrylate
      latex products as well as an acrylic-modified vinyl-acetate polymer latex.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Latices Produced Using Components A, B, C:                                
     15/10/75 Mixture                                                          
     Monomers       Composition                                                
                            Mech. Stab., Min.                                  
                                        Viscosity, cps                         
                                                 Coagulum, %                   
     __________________________________________________________________________
     1.   EA/MMA/NMA/AN                                                        
                    70/25/2/3   20        46     .30                           
     2.   EA/NMA/AN 87/3/10     40 +      52     .29                           
     3.   EA/NMA/IA 95/3/2      40 +      100    .05                           
     4.   EA/MMA/NMA                                                           
                    79/18/3     40 +      82     .21                           
     5.   EA/MMA/NMA/IA                                                        
                    58/37/3/2   25        108    .07                           
     6.   EA/VAc/NMA/IA                                                        
                    32/63/3/2   17        350    .08                           
     7.   EA/MMA/MAA                                                           
                    48/50/2     40 +      76     .27                           
     8.   EA/MMA/NMA                                                           
                    66/31/3     40 +      148    .21                           
     9.   EA/NMA    95/5        40 +      180    .30                           
     10.  EA/MMA/IBMA/AA                                                       
                    58/29/12/1  15        110    .12                           
     __________________________________________________________________________
            EA  = Ethyl Acrylate                                               
            MMA = Methyl Methacrylate                                          
            NMA = N-Methylolacrylamide                                         
            AN  = Acrylonitrile                                                
            IA  = Itaconic Acid                                                
            MAA = Methacrylic Acid                                             
            VAc = Vinyl Acetate                                                
            IBMA                                                               
                = N-(isobutoxymethyl)acrylamide                                
CLMS
STM  We claim:
NUM  1.
PAR  1. A surfactant mixture of 100 parts by weight consisting of:
PA1  from 57 to 87 parts by wt. of a soluble salt of the sulfosuccinate half
      ester of isodecanol,
PA1  from 0 to 30 parts by wt. of a soluble salt of the sulfosuccinate half
      ester of an alkyl-polyoxyethylene alcohol having the formula,
EQU  R(OCH.sub.2 CH.sub.2).sub.n OH
PA1  wherein
PA1  R is alkyl having 6 to 20 carbon atoms and
PA1  n is a value in the range from 2 to 50; and
PA1  from 0 to 33 parts by weight of a soluble salt of the sulfosuccinate half
      ester of a polyethoxyalkylphenol having the formula,
      ##SPC3##
PA1  wherein
PA1  R is alkyl having 6 to 12 carbon atoms and
PA1  n is a value in the range from 2 to 50.
NUM  2.
PAR  2. A surfactant mixture defined by claim 1, of 100 parts by wt. consisting
      of:
PA1  57 to 87 parts by wt. of disodium isodecyl sulfosuccinate,
PA1  0 to 30 parts by wt. of disodium sulfosuccinate of
EQU  C.sub.10-12 H.sub.21-25 (OCH.sub.2 --CH.sub.2).sub.5 OH
PA1  0 to 33 parts by wt. of disodium sulfosuccinate of
      ##SPC4##
NUM  3.
PAR  3. A surfactant mixture defined by claim 1 of 100 parts by wt. consisting
      of:
PA1  about 75 parts by wt. disodium isodecyl sulfosuccinate;
PA1  about 15 parts by wt. disodium sulfosuccinate of
EQU  C.sub.10-12 H.sub.21-25 (OCH.sub.2 CH.sub.2).sub.5 OH,
PA1  and about 10 parts wt. disodium sulfosuccinate of
      ##SPC5##
NUM  4.
PAR  4. An aqueous latex of acrylate copolymer in which acrylate monomer units
      predominate, said latex containing about 1 to about 4 percent by wt. based
      on the polymer weight of a surfactant mixture defined by claim 1 as the
      emulsifier for said latex.
NUM  5.
PAR  5. An aqueous latex of acrylate copolymer in which acrylate monomer units
      predominate and having a minor proportion in said polymer of cross-linking
      units, said latex containing about 1 to 4 percent by wt. based on the
      polymer weight of a surfactant mixture defined by claim 1 as the
      emulsifier for said latex.
NUM  6.
PAR  6. An aqueous latex of acrylate copolymer in which acrylate monomer units
      selected from ethyl acrylate and methyl methacrylate predominate and
      having a minor proportion in said polymer of N-methylolacrylamide
      cross-linking units, said latex containing about 1 to 4 percent by wt.
      based on the polymer weight of a surfactant mixture defined by claim 1 as
      the emulsifier for said latex.
NUM  7.
PAR  7. An aqueous latex of acrylate copolymer in which acrylate monomer units
      predominate, said latex containing about 1 to about 4 parts by wt. based
      on the polymer weight of a surfactant mixture defined by claim 2 as the
      emulsifier for said latex.
NUM  8.
PAR  8. An aqueous latex of acrylate copolymer in which acrylate monomer units
      predominate and having a minor proportion in said polymer of cross-linking
      units, said latex containing about 1 to 4 parts by wt. based on the
      polymer weight of a surfactant mixture defined by claim 2 as the
      emulsifier for said latex.
NUM  9.
PAR  9. An aqueous latex of acrylate copolymer in which acrylate monomer units
      selected from ethyl acrylate and methyl methacrylate predominate and
      having a minor proportion in said polymer of N-methylolacrylamide
      cross-linking units, said latex containing about 1 to 4 parts by wt. based
      on the polymer weight of a surfactant mixture defined by claim 2 as the
      emulsifier for said latex.
NUM  10.
PAR  10. An aqueous latex of acrylate copolymer in which acrylate monomer units
      predominate, said latex containing about 1 to about 4 parts by wt. based
      on the polymer weight of a surfactant mixture defined by claim 3 as the
      emulsifier for said latex.
NUM  11.
PAR  11. An aqueous latex of acrylate copolymer in which acrylate monomer units
      predominate and having a minor proportion in said polymer of cross-linking
      units, said latex containing about 1 to 4 parts by wt. based on the
      polymer weight of a surfactant mixture defined by claim 3 as the
      emulsifier for said latex.
NUM  12.
PAR  12. An aqueous latex of acrylate copolymer in which acrylate monomer units
      selected from ethyl acrylate and methyl methacrylate predominate and
      having a minor proportion in said polymer of N-methylolacrylamide
      cross-linking units, said latex containing about 1 to 4 parts by wt. based
      on the polymer weight of a surfactant mixture defined by claim 3 as the
      emulsifier for said latex.
NUM  13.
PAR  13. A process for polymerizing a mixture of vinyl monomers in which
      acrylate monomers predominate in aqueous emulsion containing 1 to 4 parts
      by wt. based on wt. of the monomer of an emulsifier consisting essentially
      of the surfactant composition defined by claim 1.
NUM  14.
PAR  14. A process defined by claim 13 wherein the mixture of vinyl monomers
      comprises 1 to 10 parts by wt. of a cross-linking monomer.
NUM  15.
PAR  15. A process defined by claim 14 wherein the mixture of vinyl monomers
      consists essentially of acrylate monomers and the cross-linking monomer is
      N-methylolacrylamide.
NUM  16.
PAR  16. A process defined by claim 15 wherein the acrylate monomers are a
      mixture of ethyl acrylate and methyl methacrylate.
NUM  17.
PAR  17. A process of polymerizing a mixture of vinyl monomers in which acrylate
      monomers predominate in aqueous emulsion containing 1 to 4 parts by wt.
      based on wt. of the monomers of an emulsifier consisting essentially of
      the surfactant composition defined by claim 2.
NUM  18.
PAR  18. A process defined by claim 17 wherein the mixture vinyl monomers
      comprises 1 to 10 parts by wt. of a cross-linking monomer.
NUM  19.
PAR  19. A process defined by claim 18 wherein the mixture of vinyl monomers
      consists essentially of acrylate monomers and the cross-linking monomer is
      N-methylolacrylamide.
NUM  20.
PAR  20. A process defined by claim 19 wherein the acrylate monomers are a
      mixture of ethyl acrylate and methyl methacrylate.
NUM  21.
PAR  21. A process of polymerizing a mixture of vinyl monomers in which acrylate
      monomers predominate in aqueous emulsion containing 1 to 4 parts by wt.
      based on wt. of the monomers of an emulsifier consisting essentially of
      the surfactant composition defined by claim 3.
NUM  22.
PAR  22. A process defined by claim 21 wherein the mixture of vinyl monomers
      comprises 1 to 10 parts by wt. of a cross-linking monomer.
NUM  23.
PAR  23. A process defined by claim 22 wherein the mixture of vinyl monomers
      consists essentially of acrylate monomers and the cross-linking monomer is
      N-methylolacrylamide.
NUM  24.
PAR  24. A process defined by claim 23 wherein the acrylate monomers are a
      mixture of ethyl acrylate and methyl methacrylate.
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PAL  Bulk polymerized, water insoluble but water swellable polymer of monomers
      comprising water soluble monoester of acrylic or methacrylic acid with a
      polyhydric alcohol; and glycidyl methacrylate, and/or glycidyl acrylate,
      and/or glycidyl crotonate. The polymer may be swelled in aqueous solution
      to provide a transparent hydrogel having excellent physical properties,
      and suitable in an ophthalmic lens.
PARN
PAR  This is a Division of application Ser. No. 186,821, filed Oct. 5, 1971, now
      U.S. Pat. No. 3,758,448.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to novel bulk polymerized polymers which
      are water insoluble but are water swellable to form hydrogels which are
      transparent and which have excellent physical and optical properties. More
      particularly, this invention is related to shape retaining transparent
      articles obtained from such hydrogels and more particularly ophthalmic
      lenses such as contact lenses.
PAR  Recently considerable attention has been directed to obtaining polymers
      which are suitable for preparing hydrogels and particularly those
      hydrogels useful as contact lenses.
PAR  For example, various sparingly cross-linked polymeric hydrogels have been
      previously disclosed. For instance, such sparingly cross-linked hydrogels
      can be obtained by simultaneously polymerizing a water soluble monoester
      of acrylic or methacrylic acid in which the ester moiety contains at least
      one hydrophilic group such as a hydroxy group, and cross-linking the
      monomer as it polymerizes with a polyunsaturated cross-linking agent such
      as an ethylene glycol dimethacrylate. The amount of such cross-linking
      agent is usually less than about 1 mole % of the monoester. Such
      polymerizations are generally conducted in the presence of a redox
      initiator. For a more detailed discussion of these sparingly cross-linked
      polymeric hydrogels see U.S. Pat. No. 2,976,576 and 3,220,960 to Otto
      Wichterle et al, and see M. F. Refojo et al, "Journal of Applied Polymer
      Science", Volume 9, pages 2425-2435 (1965). It seems evident from these
      disclosures that it is necessary to have sparingly cross-linked polymeric
      hydrogels so as to obtain materials which have properties suitable for use
      as contact lenses. In order to obtain a sparingly cross-linked material it
      is usually necessary to employ extremely small quantities of the
      polyunsaturated cross-linking agent. Such amounts usually are less than 1
      mole % of the monoester in the polymer.
PAR  One of the factors which determines the final properties of a hydrogel is
      the quantity of cross-linking agent employed. Since the quantity of
      cross-linking agent which is to be employed in these prior art materials
      is very small, the amount can only be varied slightly. Accordingly, it is
      not possible to effectively tailor the final properties of the hydrogel by
      varying the amount of cross-linking agent. Therefore although such
      polymers may have properties which provide suitable contact lenses, it is
      not possible to manipulate those properties to any appreciable extent by
      varying the quantity of cross-linking agent so as to tailor-make contact
      lenses possessing combinations of properties which may be desired for a
      particular application.
PAR  The above problem of restricting the quantity of cross-linking agent has
      been dealt with somewhat by Seiderman in U.S. Pat. No. 3,503,942.
      Seiderman discloses that amounts of cross-linking agent in excess of the
      sparing amount described in U.S. Pat. No. 2,976,576 can be employed in
      preparing hydrophilic polymers if certain quantities of certain alkyl
      acrylates or alkyl methacrylates are also incorporated in the polymer.
      Accordingly, Seiderman indicates that it is necessary to employ at least
      three different types of polymerizable monomers to form hydrogels suitable
      for contact lenses when quantities of cross-linking agents greater than
      the "sparing" amount disclosed in the above-mentioned Wichterle patents
      are used.
PAR  However, contrary to this it has been found that according to the present
      invention increased amounts of cross-linking agents can be present without
      the need of incorporating a third type of monomer as long as the
      materials, amounts, and type of polymerization disclosed in the present
      invention are observed. It has also been found, according to the present
      invention, that it is not necessary to employ ethylene glycol
      dimethacrylate or similar type of polyunsaturated material as the
      cross-linking agent in order to obtain hydrogels possessing those
      properties necessary to prepare acceptable ophthalmic lenses. Accordingly,
      it is possible according to the present invention to obtain hydrogels
      which can possess a whole range of suitable properties by correspondingly
      varying the relative amounts of the monomers used in the present
      invention. The present invention provides novel bulk polymerized
      copolymers obtained from water soluble monoesters of acrylic or
      methacrylic acid and a polyhydric alcohol, and certain hydrogel producing
      comonomers.
PAC  Brief Description of Invention
PAR  The present invention is concerned with bulk polymerized water insoluble
      but water swellable optically clear copolymers of a monomer mixture
      comprising:
PA1  A. from about 60 to 99.75% by weight of a polymerizable monoester of
      acrylic and/or methacrylic acid, and a polyhydric alcohol; and
PA1  B. from about 0.25 to about 40% by weight of glycidyl methacrylate and/or
      glycidyl acrylate and/or glycidyl crotonate; and hydrogels obtained
      therefrom.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The polymerizable monoesters which are suitable in obtaining the polymers
      of the present invention must be water soluble and should be capable of
      homopolymerizing to a water soluble material. Such polymerizable
      monoesters are monoesters of either acrylic and/or methacrylic acid and a
      polyhydric alcohol and preferably a dihydric alcohol. The specific
      polyhydric alcohols enumerated hereinbelow are aliphatic saturated
      polyhydric alcohols having 2 to 6 alcohol groups. Suitable dihydric
      alcohols which may be employed to form the esters used in the present
      invention include among others ethylene glycol, 1,3-propanediol, the
      dialkylene glycols such as diethylene glycol and dipropylene glycol; and
      the polyalkylene glycols such as polyethylene glycol and polypropylene
      glycol; 1,6-hexamethylene glycol; and 1,4-butanediol. Some suitable
      polyhydric alcohols which contain from 3 to 6 alcohol groups and which may
      be employed to form the ester used in the present invention include
      glycerol, trimethylol propane, trimethylolethane, pentaerythritol, and
      hexitols such as mannitol and sorbitol. Examples of some suitable
      polymerizable monoesters include hydroxy ethyl methacrylate, hydroxy ethyl
      acrylate, hydroxy propyl methacrylate, diethylene glycol monomethacrylate,
      diethylene glycol monoacrylate, glyceryl methacrylate, and pentaerythritol
      methacrylate, with the preferred polymerizable monoester being hydroxy
      ethyl methacrylate. The amount of polymerizable monoester employed in the
      monomeric mixture to prepare the polymers of the present invention is
      usually from about 60 to about 99.75% by weight, and is preferably from
      about 85 to about 97.5% by weight.
PAR  The other necessary monomer employed in preparing the polymers of the
      present invention are the glycidyl esters of either methacrylic acid,
      acrylic acid, or crotonic acid. The most preferred glycidyl ester is
      glycidyl methacrylate. The amount of glycidyl ester employed is usually
      between about 0.25 and about 40% by weight, and preferably between about
      2.5 and about 15% by weight.
PAR  The above quantities of the water soluble monoester and the glycidyl ester
      are based upon the total weight of these materials in the monomer mixture
      but not necessarily upon the total weight of polymerizable materials since
      other monomers can be present as will be discussed hereinbelow.
PAR  It was surprisingly discovered according to the present invention that the
      glycidyl ester produces a water insoluble but water swellable material and
      that when employed it is not necessary to use the polyethylenically
      unsaturated cross-linking agents of the prior art such as the ethylene
      glycol dimethacrylates. For example, M. F. Refojo in an article entitled
      "Glyceryl Methacrylate Hydrogels" in the Journal of Applied Polymer
      Chemistry, Volume 9, pages 3161-3170 (1965) indicates that the presence of
      glycidyl methacrylate in preparing hydrogel copolymers of glycerol
      methacrylate decreases the number of cross-links in a solution polymerized
      copolymer and subsequently increases the amount of water in the hydrogel.
PAR  The following statements by Refojo on pages 3165 and 3168 of that article
      are believed to be relevant to this discussion:
PA0  "The presence of glycidyl methacrylate in the copolymer seems to decrease
      the number of crosslinks in the network, subsequently increasing the
      amount of water in the hydrogel."
PA0  "As it is well known for gel systems, the amount of liquid found on
      swelling glyceryl methacrylate hydrogels is inversely proportional to the
      extent of crosslinking in the network (FIG. 2). Nevertheless, residual
      glycidyl methacrylate in the glyceryl methacrylate does not seem to be the
      cause of network formation, since the addition of glycidyl methacrylate to
      aqueous solutions of glyceryl methacrylate and polymerization of the
      mixtures thereof yielded hydrogels which at equilibrium held even more
      water than the gels prepared under the same conditions but without the
      addition of glycidyl methacrylate . . . ."
PAL  Moreover, Steckler in U.S. Pat. No. 3,532,679 indicates that the glycidyl
      methacrylate in heterocyclic copolymers containing polyethylene glycol
      dimethacrylate cross-linking agents performs the same function as other
      unsaturated esters such as alkyl acrylates, alkyl methacrylates, and vinyl
      esters. Table 1 on columns 5 and 6 of that patent clearly shows that the
      use of the glycidyl methacrylate in such a copolymer gave properties
      essentially the same as copolymers containing various alkyl methacrylates
      and alkyl acrylates. Accordingly, it seems quite apparent from the
      disclosure of Steckler that glycidyl methacrylate could not be employed in
      place of the dimethacrylate.
PAR  Accordingly, it was quite surprising that the glycidyl ester of the present
      invention could be employed in preparing the water insoluble polymers of
      the present case and that it was not necessary to employ a
      polyethylenically unsaturated material such as an ethylene glycol
      dimethacrylate to obtain polymers suitable for hydrogel formation.
PAR  In addition, it was surprisingly found that copolymers prepared from the
      above-described monomers contain all those properties which are crucial in
      manufacture of ophthalmic lenses such as contact lenses. To find suitable
      polymers is quite difficult since there are numerous properties which must
      be satisfied before a material can be utilized as a contact lens. However,
      it has been found that the polymers of the present invention do possess
      those qualities which are necessary for hydrogel contact lenses. Hydrogels
      obtained from water swellable polymers of the present invention have very
      good optical qualities, are transparent, elastic, and flexible.
PAR  The hydrogels obtained from the bulk polymerized copolymers of the present
      invention contain from about 10 to about 90% by weight of an aqueous
      liquid, and preferably contain from about 20 to about 60% by weight of an
      aqueous liquid. In addition, hydrogels can be obtained by swelling the
      polymers of the present invention with water soluble swelling agents
      instead of aqueous solutions. Some examples of water soluble swelling
      agents include ethylene glycol, the liquid polyethylene glycols, the
      glycol esters of lactic acid, formamide, dimethyl formamide, dimethyl
      sulfoxide, and the like. However, when the hydrogel is to be employed as a
      contact lens, it will be necessary to replace any water soluble liquid
      with the aqueous solution. The hydrogel contact lens should of course
      contain a physiological saline solution as the aqueous medium. This is in
      order to provide the contact lens which is in a state of osmotic
      equilibrium with physiological saline solution.
PAR  The polymers of the present invention are prepared employing bulk
      polymerization techniques. The term "bulk polymerization" as used herein
      includes those polymerizations carried out in the absence of a solvent or
      dispersing liquid as well as those polymerizations carried out in the
      presence of water or water soluble or polymer soluble swelling agents in
      such amounts as not to significantly alter the nature of the
      polymerization process. For example, the amount of water or other swelling
      agent must be less than the quantity of such material which is necessary
      to dissolve or disperse the monomers, thereby providing the monomers with
      a freedom of movement which changes the nature and mechanism of the
      polymerization.
PAR  In order to obtain hydrogels from the monomers used in the present
      invention which possess the optical and physical properties required by
      contact lenses, it is essential that the polymerization be carried out in
      bulk. Hyrogels obtained from solution polymerized polymers rather than
      bulk polymerized polymers of the monomers employed in this invention lack
      the necessary strength to be suitable as contact lenses, and may possess
      poor optical properties. The deficiencies of such solution copolymers are
      quite evident from the disclosure of Refojo et al as discussed
      hereinabove. Contrary to the hydrogels from the solution polymerization,
      the water content of the hydrogels of the present invention at osmotic
      equilibrium generally decreases as the glycidyl ester content increases.
PAR  The polymerization catalyst employed can be any of the catalysts which are
      suitable in polymerizing compounds containing ethylenic unsaturation, and
      preferably are the free radical catalysts. Of particular interest are the
      azo type catalysts such as azobisisobutyronitrile and peroxide catalysts.
      Some examples of suitable peroxide catalysts include hydrogen peroxide,
      benzoyl peroxide, tert-butyl peroctoate, phthalic peroxide, succinic
      peroxide, benzoyl acetic peroxide, coconut oil acid peroxide, lauric
      peroxide, stearic peroxide, oleic peroxide, tert-butyl hydroperoxide,
      tetraline hydroperoxide, tert-butyl diperphthalate, cumene hydroperoxide,
      tert-butyl perbenzoate, acetyl peroxide, 2,4-dichlorobenzoyl peroxide,
      urea peroxide, caprylyl peroxide, p-chlorobenzoyl peroxide, di-tert-butyl
      peroxide, 2,2-bis(tert-butyl (tert-butyl peroxy)-butane, hydroxyheptyl
      peroxide, the diperoxide of benzaldehyde, and the like.
PAR  The preferred catalyst is one which is effective at moderately low
      temperatures such as about 50.degree.-70.degree. C such as tert-butyl
      peroctoate.
PAR  In addition to the free radical polymerization catalyst, the catalyst can
      include those materials which accelerate polymerization primarily by
      opening of the epoxide group of the glycidyl ester. Such catalysts include
      p-toluene sulfonic acid, sulfuric acid, phosphoric acid, aluminum
      chloride, stannic chloride, ferric chloride, boron trifluoride, boron
      trifluoride-ethyl ether complex, and iodine. It may be desirable to employ
      a multistage polymerization process. For instance, the polymerization can
      initially be conducted until substantially all of the unsaturated grouping
      have polymerized, and then can be conducted to effect polymerization
      through the breaking of the oxirane group of the glycidyl ester and
      condensation.
PAR  The amount of catalyst employed depends upon the type of catalyst system
      used and is generally from about 0.01 to about 10 parts by weight per 100
      parts of the monomer mixture, and preferably is from about 0.1 to about 1
      part by weight per 100 parts of the monomer mixture.
PAR  The polymerization is generally carried out at temperatures from about room
      temperature to about 150.degree.C. It is generally preferred to initiate
      the polymerization at relatively low temperatures such as from about
      35.degree. to about 85.degree.C, and then increase the temperature to
      about 90.degree. to about 150.degree.C as the reaction continues and
      preferably after most of the reaction has been completed. The most
      preferred initial temperature range of polymerization is between about
      50.degree. and 60.degree. C. Usually the polymerization is conducted under
      autogenous pressure in a closed reaction vessel. However, any suitable
      means to prevent significant evaporation of any of the monomers can be
      employed.
PAR  Generally, the polymerization is completed in about 4 to about 24 hours and
      preferably is completed in about 6 to 18 hours. It is understood, of
      course, that the time and temperature are inversely related. That is,
      temperatures employed at the upper end of the temperature range will
      provide polymerization processes which can be completed near the lower end
      of the time range.
PAR  In addition, it may be desirable for the copolymers obtained from such
      polymerization to be post cured at temperatures somewhat higher than those
      initially employed in the polymerization. Usually the temperatures
      employed in the post cure will range from about 90.degree. to about
      150.degree. C. Five hours is usually more than sufficient from such a post
      curing operation. Preferably the post cure is completed in 1 or 2 hours.
PAR  After the polymerization is completed, and usually after suitable shaping
      or machining operation, and after any water soluble impurities are leached
      out, the polymer can then be contacted with a suitable liquid in order to
      obtain the hydrogel materials which can then be employed as ophthalmic
      lenses.
PAR  The polymerization and post curing, if employed, may be carried out in a
      mold or cast conforming to the general or exact shape and/or size of the
      desired product. After the polymer is completed including any post curing,
      a firm, rigid, and clear copolymer is obtained. The polymers of the
      present invention possess other important characteristics such as having
      excellent machineability and polishing characteristics. This material, if
      necessary, can then be further fabricated into various sizes and shapes or
      cut into the exact shape and size of a desired product. The fabricated
      product can then be swelled in a suitable liquid until equilibrium is
      reached or until a hydrogel containing the desired amount of liquid such
      as aqueous liquid is reached.
PAR  The hydrogels which can be obtained from the polymers of the present
      invention are clear and exhibit good tear resistance. Also the hydrogels
      may be elastic or may be rigid depending upon the relative amounts and
      specific monomers used. Moreover, they possess the necessary optical
      properties essential for ophthalmic devices.
PAR  The inclusion of other copolymerizable ethylenically unsaturated monomers
      in such amounts which do not drastically alter the properties of the
      polymers of the present invention is intended to come within the scope of
      the present invention. Such other monomers include alkyl acrylates, alkyl
      methacrylates, vinyl esters of saturated monocarboxylic acids, and
      methacrylates and/or acrylates of amino alcohols. Some specific monomers
      which can be present in the present invention include acrylamide;
      methacrylamide; alkyl methacrylates or acrylates wherein the alkyl group
      contains up to 22 carbon atoms such as methyl methacrylate, ethyl
      methacrylate, isopropyl methacrylate, butyl methacrylate, capryl
      methacrylate, palmityl methacrylate, stearyl methacrylate, lauryl
      methacrylate, ethyl acrylate, methyl acrylate, isopropyl acrylate, butyl
      acrylate, and lauryl acrylate; and vinyl esters of monocarboxylic acids
      wherein the acid contains up to about 22 carbon atoms such as vinyl
      acetate, vinyl propionate, vinyl butyrate, and vinyl stearate.
PAR  In order to better understand the present invention, the following examples
      are given wherein all parts are by weight unless the contrary is stated:
DETD
PAC  EXAMPLE 1
PAR  90 parts of hydroxy ethyl methacrylate and 10 parts of glycidyl
      methacrylate are admixed with 0.4 parts of tert-butyl peroctoate catalyst.
      The polymerization mixture is then poured into individual polypropylene
      stationary circular molds of 3/4 inch inside diameter and 3/8 inch depth.
PAR  The polymerization of the material is effected by initially heating the
      mixture to about 50.degree.C for about 12 hours. The polymerization is
      then completed by heating for 1 hour at 90.degree. C and then heating for
      another hour at 120.degree. C. After the polymerization is completed, a
      clear, firm, and rigid copolymer is obtained. The polymerized material is
      then placed on a conventional contact lens lathe such as one obtainable
      from Hardinge Brothers, Elmira, N.Y., and is then ground and polished. It
      is then contacted with physiological saline solution until it is in a
      state of osmotic equilibrium with the physiological saline solution.
PAR  The hydrogel lens obtained is clear, flexible, and elastic, has excellent
      optical properties, and has a water content of about 47% at osmotic
      equilibrium.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that the amount of hydroxy ethyl methacrylate
      is 95 parts and the amount of glycidyl methacrylate is 5 parts. The
      results obtained are similar to those of Example 1 except that the
      hydrogel at osmotic equilibrium has a water content of about 48%.
PAC  EXAMPLE 3
PAR  Example 1 is repeated except that the amount of hydroxy ethyl methacrylate
      is 97.5 parts and the amount of glycidyl methacrylate is 2.5 parts. The
      results obtained are similar to those of Example 1 except that the
      hydrogel at osmotic equilibrium has a water content of about 55%.
PAC  EXAMPLE 4
PAR  Example 1 is repeated except that the amount of hydroxy ethyl methacrylate
      is 97 parts and the amount of glycidyl methacrylate is 1.3 parts. The
      results obtained are similar to those of Example 1 except that the
      hydrogel at osmotic equilibrium has a water content of about 49%.
PAC  EXAMPLE 5
PAR  85 parts of hydroxy ethyl methacrylate and 15 parts of glycidyl
      methacrylate are admixed with 0.4 parts of tert-butyl peroctoate catalyst.
      The polymerization mixture is then poured into individual polypropylene
      stationary circular molds of 3/4 inch inside diameter and 3/8 inch depth.
PAR  The polymerization of the material is effected by heating the mixture to
      about 54.degree. C for about 18 hours. The polymerization is then
      completed by heating for 2 hours at 90.degree.C. After the polymerization
      is completed, a clear, firm, and rigid copolymer is obtained. The
      polymerized material is then processed according to the method described
      in Example 1 to produce a hydrogel contact lens.
PAR  The hydrogel lens obtained is clear, flexible, and elastic, has excellent
      strength and optical characteristics, and has a water content of about
      26.2% at osmotic equilibrium.
PAC  EXAMPLE 6
PAR  Example 5 is repeated except that the amount of hydroxy ethyl methacrylate
      is 80 parts and the amount of glycidyl methcarylate is 20 parts. The
      results obtained are similar to those of Example 5 except that the
      hydrogel at osmotic equilibrium has a water content of about 23.4%.
PAC  EXAMPLE 7
PAR  Example 1 is repeated except that the amount of hydroxy ethyl methacrylate
      is 70 parts and the amount of glycidyl methacrylate is 30 parts. The
      results obtained are similar to those of Example 5 except that the
      hydrogel at osmotic equilibrium has a water content of about 22.5%.
PAC  COMPARISON EXAMPLE 8
PAR  Example 5 is repeated except that the amount of hydroxy ethyl methacrylate
      is 50 parts and the amount of glycidyl methacrylate is 50 parts. After the
      polymerization is completed, a hard polymer which absorbs only 8.4% water
      is obtained. The hydrogel is not suitable for preparing a contact lens
      since it is not flexible.
PAC  COMPARISON EXAMPLE 9
PAR  Example 5 is repeated except that no hydroxy ethyl methacrylate is
      employed. The results obtained are similar to those of Example 8 except
      that the polymer does not absorb water.
PAC  COMPARISON EXAMPLE 10
PAR  Example 1 is repeated except that no glycidyl methacrylate is employed.
      After the polymerization is completed, a clear but weak and very sticky
      polymer is obtained. The polymerized material is not strong enough to be
      machined or polished according to usual lens producing techniques.
PAR  A comparison of Examples 1-7 with Examples 8-10 clearly demonstrates the
      efficacy of the materials of the present invention as compared to those
      outside the scope of this invention.
PAR  The hydroxy ethyl methacrylate employed in all of the examples was purified
      by distilling under vacuum of at about 100.degree. C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shape-retaining hydrogel consisting essentially of a water-insoluble
      but water-swellable copolymer of a bulk polymerized monomer mixture
      consisting essentially of:
PA1  A. polymerizable monoester of an ethylenically unsaturated acid selected
      from the group of acrylic acid, methacrylic acid and mixtures thereof, and
      an aliphatic saturated polyhydric alcohol having 2 to 6 alcohol groups;
      and
PA1  B. glycidyl ester selected from the group consisting of glycidyl acrylate,
      glycidyl methacrylate, glycidyl crotonate, and mixtures thereof, and
PAL  wherein said monomer mixture contains based upon the total weight of (A)
      and (B) from about 60 to 99.75% of (A) and from about 0.25 to 40% of (B);
      and from about 10 to about 90% by weight of an aqueous liquid.
NUM  2.
PAR  2. The hydrogel of claim 1 which is in the form of a contact lens.
NUM  3.
PAR  3. The shape-retaining hydrogel of claim 1 which contains from about 20 to
      about 60% by weight of an aqueous liquid.
NUM  4.
PAR  4. The shape-retaining hydrogel of claim 1 wherein said monomer mixture
      contains based upon the total weight of (A) and (B) from about 85 to about
      97.5% of (A) and from about 2.5 to about 15% of (B) and which further
      contains from about 20 to about 60% by weight of an aqueous liquid.
NUM  5.
PAR  5. The hydrogel of claim 1 wherein said polymerizable monoester is hydroxy
      ethyl methacrylate.
NUM  6.
PAR  6. The hydrogel of claim 1 wherein said copolymer consists essentially of a
      bulk polymerized monomer mixture consisting essentially of hydroxy ethyl
      methacrylate and glycidyl methacrylate.
NUM  7.
PAR  7. The hydrogel of claim 1 wherein said monomer mixture contains based upon
      the combined weight of (A) and (B) from about 85 to about 97.5% of (A) and
      from about 2.5 to about 15% of (B).
NUM  8.
PAR  8. The hydrogel of claim 7 which is in the form of a contact lens.
NUM  9.
PAR  9. The hydrogel of claim 1 wherein said monomer mixture contains based upon
      the combined weight of (A) and (B) from about 85 to about 97.5% of (A) and
      from about 2.5 to about 15% of (B) wherein (A) is hydroxy ethyl
      methacrylate and (B) is glycidyl methacrylate.
NUM  10.
PAR  10. The hydrogel of claim 1 wherein said polyhydric alcohol is selected
      from the group of ethylene glycol, propylene glycol, polyethylene glycol,
      polypropylene glycol and mixtures thereof.
NUM  11.
PAR  11. The hydrogel of claim 1 wherein said mono-ester is hydroxy ethyl
      acrylate.
NUM  12.
PAR  12. The hydrogel of claim 1 wherein said mono-ester is hydroxy propyl
      methacrylate.
NUM  13.
PAR  13. The shape-retaining hydrogel of claim 1 wherein said polyhydric alcohol
      is selected from the group consisting of ethylene glycol, 1,3-propanediol,
      diethylene glycol, dipropylene glycol, polyethylene glycol, polypropylene
      glycol, 1,6-hexamethylene glycol, 1,4-butanediol, glycerol, trimethylol
      propane, trimethylol ethane, pentaerythritol, mannitol and sorbitol.
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ABST
PAL  In a process for the manufacture of a polyimide from a polyamide carboxylic
      acid solution by cyclodehydration of the polyamide carboxylic acid, the
      improvement which comprises carrying out said cyclodehydration in the
      presence of a nitrogen containing compound selected from the group
      consisting of quinoline, isoquinoline, mono-substituted alkyl pyridines,
      dialkyl substituted pyridines, mono-substituted alkyl quinolines, dialkyl
      substituted quinolines, monoaralkyl substituted quinolines, diaralkyl
      substituted quinolines, monoalkyl substituted isoquinolines, dialkyl
      substituted isoquinolines, monoaralkyl substituted isoquinolines,
      diaralkyl substituted isoquinolines and mixtures thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to polyimide products, especially polyimide
      sheet materials. More particularly, this invention is directed to a
      process for forming polyimide products of exceptional physical properties
      where the polyimide is formed by the cyclodehydration of a polyamide
      carboxylic acid, especially from a solution thereof in an aprotic solvent.
      More particularly, this invention is directed to such polyimide articles
      and to polyamide carboxylic acid solutions containing certain nitrogen
      compounds which provide the resultant polyimide with improved mechanical
      properties.
PAR  2. Discussion of the prior Art
PAR  Polyimide products, especially polyimide (PI) sheet materials and coatings,
      find many applications as a result of their interesting mechanical,
      thermal and electrical properties, being used, for example, as electrical
      insulating sheet materials for lining slots in electric motors.
PAR  For the manufacture of PI films, the starting material is, as a rule, a
      solution of a polyamide carboxylic acid (PACA) in polar solvents or
      solvent mixtures. The PACA is a still soluble polymeric intermediate of PI
      and can be obtained by the reaction of virtually equimolar proportions of
      diamine and dianhydride in the presence of aprotic polar solvents such as
      dimethyl formamide, dimethylacetamide or N-methylpyrrolidone (German
      Offenlegungsschrift No. 1,420,706). The insoluble polyimide itself is then
      obtained by evaporating the solvent after fabrication, followed by
      cyclodehydration of the PACA to the PI.
PAR  The cyclodehydration of the PACA to the PI may be performed by heat
      treatment alone at very high temperatures -- between 200.degree. and
      400.degree. C, as a rule -- or it can performed at moderately elevated
      temperatures between 20.degree. and 80.degree. C in the presence of
      certain chemical agents (German Offenlegungsschrift No. 1,520,519).
      Carboxylic acid anhydrides, preferably acetic anhydrides or benzoic acid
      anhydride, have proven necessary for the chemical dehydration process. One
      disadvantage of the process of chemical cyclodehydration lies in the
      greater technological investment and the cost of the reagents, so that it
      has not yet achieved the importance of thermal cyclization.
PAR  Through the variation both of the diamine and of the dianhydride a
      plurality of structurally different polyimides can be manufactured.
      Probably the most interesting combination as regards characteristics and
      manufacturing cost is the polyimide based on pyromellitic acid dianhydride
      (PMDA) and diaminodiphenylether (DADE).
PAR  Although the properties of the polyimides are satisfactory, by and large,
      some of the mechanical characteristics, such as elongation and reflex
      folding frequency are not adequate for a number of purposes. The term
      "reflex folding frequency", as used herein, refers to the ability of a
      sheet of the polyimide to resist breakage when the same is folded back and
      forth on the same line. Thus, a high reflex folding frequency is
      determined by folding, at ambient temperature, a sheet of polyimide back
      and forth on the same line until the same fails, i.e., until there is a
      breakage at the line.
PAR  Additionally, the polyimide sheets generally have a good tensile strength
      ranging from 600 to 1,000 kp/cm.sup.2 (German Auslegeschrift No.
      1,202,981). Elongations of these polyimide (PI) sheets when obtained from
      thermal cyclodehydration generally ranges from between 6 and 14% (see
      German Auslegeschrift No. 1,202,981, supra). However, the reflex folding
      frequency is usually only several tens of thousands, e.g., 50,000, and
      such low reflex folding frequency value is considered insufficient for
      many applications, especially in the electrical industry.
PAR  It is an object of the invention, therefore, to develop a process for the
      manufacture of PI sheet materials with substantially improved mechanical
      properties such as tensile strength, elongation and reflex folding
      frequency. This object has been achieved in a surprisingly simple manner,
      the process being one that is technically easy to perform.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, there is provided an improved method for
      preparing polyimide articles where a polyamide carboxylic acid precursor
      is cyclodehydrated to the polyimide, which improvement comprises carrying
      out the cyclodehydration in the presence of a nitrogen compound selected
      from the group consisting of quinoline, isoquinoline, a monoalkyl
      substituted pyridine, a dialkyl substituted pyridine, a monoaralkyl
      substituted pyridine, a diaralkyl substituted pyridine, a monoalkyl
      substituted quinoline, a dialkyl substituted quinoline, a monoaralkyl
      substituted quinoline, a diaralkyl substituted quinoline, a monoalkyl
      substituted isoquinoline, a dialkyl substituted isoquinoline, a
      monoaralkyl substituted isoquinoline, a diaralkyl substituted isoquinoline
      and mixtures thereof.
PAR  The cyclodehydration product when a polyamide carboxylic acid solution is
      cyclodehydrated can be significantly improved with respect to its physical
      properties by carrying out the cyclodehydration in the presence of
      quinoline, isoquinoline, mono- or dialkyl substituted pyridines,
      quinolines or isoquinolines or mixtures thereof. Additionally, there may
      be employed during the cyclodehydration step mono- or diaralkyl
      substituted pyridines. The so formed polyimide is characterized by having
      a reflex folding frequency of at least 100,000 and an elongation of at
      least 35% at break. Additionally, the tensile strength of the so formed
      polyimide, in sheet form, is at least 1,100 and ranges between 1,100 and
      1,400 kp/cm.sup.2.
PAR  The cyclodehydration step is generally performed at a temperature between
      120.degree. and 500.degree. C, preferably between 200.degree. and
      400.degree. C. No chemical dehydration agents, such as acetic anhydride,
      need be present.
PAR  In carrying out the invention the mono- or dialkyl substituted pyridines or
      the mono- or dialkyl substituted quinolines or the mono- or dialkyl
      substituted isoquinolines have between 1 and 10 carbon atoms in each alkyl
      substituent. The preferred polyamide carboxylic acid employed to prepare
      the polyimide is one chemically based upon pyromellitic acid dianhydride
      and diaminodiphenylether.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The manufactured products may be of any kind desired. They can be in the
      form of boards, films, fibers, or filaments, foams or coatings on metals,
      wood, paper or fabrics, fleeces or threads. Preferred is the production of
      films, coatings and filaments, because here the greatly improved
      elongation and folding qualities are very advantageous.
PAR  It has been found that the tensile strength can be perceptibly improved,
      and the elongation as well as the reflex folding frequency of PI films
      obtained by the thermal method can be decisively improved if the PACA
      solution from which the articles are formed contains small amounts of the
      aromatic tertiary amines mentioned.
PAR  Particularly effective tertiary amines in the meaning of the invention are
      certain substituted pyridines. While the basic substance pyridine is
      virtually ineffective, quinoline especially, but also isoquinoline as well
      as the alkyl-or analkyl-substituted pyridines such as the picolines, e.g.,
      2-methylpyridine; 3-methylpyridine; 4-methylpyridine, the lutidines, e.g.,
      2,4-dimethylpyridine; 2,5-dimethylpyridine; 2,6-dimethylpyridine;
      3,5-dimethylpyridine, 2,3-dimethylpyridine, and the pyridines which are
      substituted or di-substituted in position 2, 3 or 4 with alkyl radicals of
      2 to 10 carbon atoms, such as 2-isopropylpyridine; 2-propylpyridine;
      2-butyl-pyridine; 4-propylpyridine; 4-isopropylpyridine; 4-butylpyridine
      or 4-benzylpyridine, are effective agents within the scope of the
      invention. Also, alkyl-substituted quinolines and isoquinolines, such as
      2-methylquinoline (quinaldine), and the quinolines or isoqunolines
      substituted with alkyl radicals of 2 to 10 carbon atoms, may be used.
PAR  The particularly desirable aralkyl substituents in the pyridine, quinoline
      or isoquinoline include the following groups:
      ##SPC1##
PAL  whereby R means an alkyl radical with 1 to 12 carbon atoms, m and n are
      integers from 0 to 10 with the condition that m + n .ltoreq. 10.
      Particularly preferred are those where the aromatic portion is phenyl and
      the alkyl portion has C.sub.1 to C.sub.10 carbon atoms.
PAR  On the other hand, collidine (2,4,6-trimethylpyridine) makes the PI film
      entirely brittle. Tertiary aliphatic amines such as trimethylamine,
      triethylamine, tripropylamine and tributylamine cause such great
      embrittlement of the PI films that when the test films are pulled off they
      shatter like glass. In addition, the last-named aliphatic amines have the
      unpleasant characteristic of greatly increasing the absolute viscosity of
      the PACA solutions and gelling the solution, which makes the PACA
      solutions very difficult or impossible to fabricate.
PAR  Since the aliphatic amines, as well as triethanolamine and
      triethylenediamine, and furthermore N-ethylpiperidine, N-methylmorpholine,
      indolenine, 1,2,3,4-tetrahydroquinoline and N-ethylimidazole cause
      embrittlement of the polyimides and are thus harmful, and since pyridine,
      N-methylpyrrole and N,N-dimethylaniline are virtually ineffective, there
      is apparently a specific action, limited to the above-named tertiary
      amines, through the structure of certain alkyl-, aralkyl- or
      alkylene-substituted, quasi-aromatic 6-ring heterocyclic compounds
      containing tertiary nitrogen.
PAR  The above-mentioned tertiary amines which are added in accordance with the
      invention, however, produce little or no increase in the absolute
      viscosity of the solution.
PAR  It is desirable that the quantity of the added pyridine derivatives amount
      to between 1% and 200% by weight, preferably between 20 and 140%, with
      reference to the solid content of the PACA solution. It is also possible,
      however, to use larger quantities of amine than stated, in the form of
      solvent components to some extent.
PAR  An optimum relationship between the quantity used and the effect achieved
      has proved in practice to be the addition of a quantity of amine that is
      approximately equivalent to the carboxyl groups present in the PACA,
      although the addition of smaller amounts than the optimum will permit the
      achievement of a degree of improvement of the characteristics of the PI
      films. In the case of the preferentially used quinoline, the amine
      proportion of approximately 60% of the weight of the PACA based on
      pyromellitic acid dianhydride and diaminodiphenylether may be considered
      as optimum. In a 15% solution of the PACA, the percentage of quinoline in
      the solution will be approximately 9%. Generally, the amine is present in
      an amount of between 1 and 200 percent, preferably between 20 and 100
      percent, based on the weight of the PACA.
PAR  The polyamide carboxylic acid which can be formed into polyimide by the
      cyclodehydration thereof in the presence of the above-noted amines are
      products of the reaction of dianhydrides of aromatic tetracarboxylic acids
      based on phenyl, naphthyl, anthracyl, phenanthryl and biphenyl or other
      mono- or polynuclear aromatic rings, with mononuclear aromatic diamines
      which can also be chlorine-substituted, and whose nuclei can be joined by
      an -O-,-SO.sub.2 -,-CH.sub.2 - or -CONH- bridge. It should be understood
      that the dianhydrides of the aromatic tetracarboxylic acids can be of any
      number of different mononuclear or polynuclear tetracarboxylic acids.
      Suitably, they can be of a tetracarboxylic acid of benzene or a
      substituted benzene, naphthylene or a substituted naphthylene,
      phenanthrene or a substituted phenanthrene, anthracene or a substituted
      anthracene. These aromatic nuclei can be substituted with any of a wide
      variety of substituents including halides, nitrogen-containing radicals
      such as nitrates, amines, amides, organic radicals such as C.sub.1
      -C.sub.8 alkyl radicals and the like. The same applies to the mononuclear
      or polynuclear aromatic diamines which are a component of the polyamide
      carboxylic acids employed. These mononuclear and polynuclear aromatic
      diamines include diamines of benzene, naphthylene, phenanthrene and
      anthracene. These aromatic moities can be substituted with a wide variety
      of the ortho-, meta- and para- directing forms such as halides, nitrates,
      amines, amides, cyano groups and organic radicals such as alkyl radicals
      from C.sub.1 to C.sub.8 carbon atoms, alkenyl radicals of C.sub.2 to
      C.sub.8 carbon atoms, acetyl radicals and other organic-containing
      radicals having an alkyl or alkenyl residue of between 2 and 8 carbon
      atoms such as alkoxy radicals and the like.
PAR  It should be understood that the polyamide carboxylic acids can generally
      be prepared from the dianhydrides of aromatic tetracarboxylic acids,
      mononuclear or polynuclear aromatic diamines by a process which is known
      per se and described e.g. in U.S. Pat. No. 3,179,634.
PAR  The polyamide carboxylic acids preferentially used in accordance with the
      invention can be prepared in a known manner by the reaction of aromatic
      diamines, such as diaminodiphenylether, diaminodiphenyl methane,
      m-phenylenediamine, p-phenylene-diamine, diaminodiphenylsulfone,
      benzidine, m- or p- xylylenediamine with tetracarboxylic acid dianhydride,
      as, for example, pyromellitic acid dianhydride or
      3,3',4,4'-benzophenonetetracarboxylic acid dianhydride. The reaction
      usually occurs in an aprotic polar organic solvent as mentioned below.
PAR  Examples of solvents for the PACA in the process of the invention are the
      known and proven polar aprotic solvents, especially those of the class of
      the N,N-dialkylcarboxylic acid amides, such as dimethylformamide,
      diethylformamide, diethylacetamide, dimethylacetamide, dimethylsulfoxide,
      dimethylsulfone, tetramethylenesulfone, pyridine; also,
      N-alkyl-substituted lactams such as N-methylpyrrolidone: and mixtures of
      these solvents with non-solvents of PACA, such as ethers, cyclic ethers,
      esters, lactones, nitriles and aromatic and aliphatic hydrocarbons such as
      benzene, toluene and xylene, tetraline and decaline. When phenolic
      solvents are used, however, the addition of amine is found to produce no
      improvement of the film quality. The concentration of the PACA in the said
      solvents or solvent mixtures lies between 4% and 40%, preferably between
      8% and 30%. In the above, the alkyl groups are C.sub.1 -C.sub.5.
PAR  The addition of the amines can be made in any desired manner before the
      cyclodehydration. The amine-containing PACA solutions may be prepared by
      first synthesizing the PACA solution, either by the method of German
      Offenlegungsschrift No. 1,420,706 or by the dispersion method of German
      Offenlegungsschrift No. 2,004,495, and then stirring the amine into it, or
      by having the amine already present as a component in the reaction medium
      used for the synthesis of the PACA. When PACA solutions in the above-named
      solvents in the presence of aliphatic tertiary amines are prepared,
      nothing but polyamide carboxylic acids of low molecular weight and low
      reduced specific viscosities are obtained which are not usable for the
      preparation of films as disclosed by G. M. Bower, J. Polymer Sci. A-1,
      (1963), p. 3135. However, PACA solutions can be synthesized, pursuant to
      the invention, in the presence of the amines of the invention, in which
      the reduced specific viscosity of the PACA is entirely sufficient for the
      manufacture of films as evidenced from Example 14 below.
PAR  Likewise, the addition of the tertiary amine can be made during or after
      the dissolution in a suitable solvent or solvent mixture of a PACA
      synthesized in some other manner (say according to German
      Offenlegungsschrift No. 1,904,396). The amine may also be sprayed onto the
      PACA solution while the latter is spread out in a shallow depth. The
      mechanical properties of the PI films are especially enhanced when the
      tertiary amines are added prior to the thermal cyclization process. The
      improvements were studied in comparative tests with PI films which had
      been obtained under identical cyclization conditions without the addition
      of amine.
PAR  The tensile strength of a 50-micron film based on a
      poly-(4,4'-diaminodiphenylether)-pyromellitic imide increases from
      850-1000 kp/cm.sup.2 to 1100-1400 kp/cm.sup.2, and elongation at failure
      increases from 10-20% to 35-80%, and the reflex folding frequency
      increases from several tens of thousands to more than one hundred
      thousand. It is a great advantage that these results are achieved even
      when the cyclodehydration is performed in the air, which is technically
      much simpler than cyclization under inert gas or in a vacuum. The reduced
      specific viscosity (.eta.sp/c) of the PACA, measured in an 0.5% solution
      in dimethylformamide at 20.degree. C, is to range from 0.3 to 4,
      preferably from 0.4 and 3, an additional advantage of the process being
      found in the fact that elongation in the above-mentioned range between 35%
      and 80% can be achieved even in PI films on a basis of PACA's of
      relatively low molecular weight with reduced viscosities between 0.4 and
      l.4.
PAR  On the basis of polyamide carboxylic acids with such low reduced
      viscosities, it has hitherto been impossible to achieve elongations
      anywhere near 35%, even under the most favorable cyclization conditions
      (M. Wallach, Polymer Preprints 8, p. 656 (1967). Since it is desirable to
      keep the reduced specific viscosities of the PACA as low as possible, in
      order to prepare still fluid PACA solutions with the highest possible
      solid content, the addition of the tertiary amines of the invention to
      such PACA's of low molecular weight is especially valuable.
PAR  In order to more fully illustrate the invention and the manner of
      practicing the same, the following examples are presented. In these
      examples, the mechanical values have been measured at room temperature
      unless otherwise specified:
DETD
PAC  EXAMPLES
PAC  Examples 1 to 4 and Comparison Example 5:
PAR  a. Preparation of PACA solution.
PAR  In a 20-liter reactor which can be heated externally, equipped with a
      thermometer and steplessly controllable stirrer, 359 g (1.795 moles) of
      diaminodiphenylether (DADE) and 391 g (1.795 moles) of pyromellitic acid
      dianhydride (PMDA) are dispersed in 1.7 kg of distilled xylene and the
      dispersion is heated to 35.degree. C. With strong stirring, 2.6 kg of
      dimethylformamide distilled over P.sub.2 O.sub.5 are added over a period
      of 30 seconds. With the internal temperature of the reaction mixture
      raised from 35.degree. C to 46.degree. C, the reaction of diamine and
      dianhydride to the polyamide carboxylic acid takes place. Within 60
      minutes a viscous solution develops, which has a solid content of 15%. The
      reduced specific viscosity of the PACA, measured in an 0.5% DMF solution,
      amounts to 1.25.
PAR  b. Preparation of the Polyimide Films
PAR  100-gram specimens are taken from the PACA solution obtained under a) and
      9.2 g of quinoline (Example 1), 4.6 g of quinoline (Example 2), 8.7 g of
      4-isopropylpyridine (Example 3) and 9 g of isoquinoline (Example 4) are
      added and the amines are well mixed into the solution. By means of a
      squeegee the solutions are spread out in a thickness of 0.77 mm on glass
      plates. In the same manner, a specimen of the PACA solution obtained under
      a) was spread out in a thickness of 0.7 mm without the addition of amine
      (Comparison Example 5).
PAR  In a circulating-air oven with heated plates the outspread solutions were
      pre-dried for 30 minutes at 70.degree. C to form PACA films. Over another
      45 minutes the temperature is increased to 300.degree. C and held at
      300.degree. C for 15 minutes. Then the temperature was raised to
      350.degree. C and held as this level for 30 minutes. Both the pre-drying
      to the PACA film and the cyclodehydration take place in air atmosphere.
PAR  The PI films obtained in this manner have a thickness between 47 .mu.m and
      54 .mu.m. The film from Example 1 has the following weight losses on the
      basis of thermogravimetric analysis (air atmosphere; heating rate:
      8.degree. C/min): 1% at 533.degree. C; 5% at 578.degree. C; 10% at
      594.degree. C and 20% at 603.degree. C. Thus, there are no longer any
      volatile substances present in the PI and acting as plasticizers.
PAR  The following table shows the mechanical characteristics of PI films
      prepared with the addition of amine (Examples 1 to 4) and without amine
      (Comparison Example 5).
TBL  __________________________________________________________________________
     Amine added.sup.1  Tensile                                                
                             Elonga-                                           
                                  Reflex                                       
                        strength                                               
                             tion folding                                      
                        kp/cm.sup.2                                            
                             %    frequency.sup.2)                             
     __________________________________________________________________________
     Example 1                                                                 
           9.2 g                                                               
               quinoline(61%)                                                  
                        1200 50   &gt;200,000                                     
     Example 2                                                                 
           4.6 g                                                               
               quinoline(30%)                                                  
                        1110 40   &gt;200,000                                     
     Example 3                                                                 
           8.7 g                                                               
               isopropyl-                                                      
                        1130 38   &gt;200,000                                     
               pyridine (58%)                                                  
     Example 4                                                                 
           9.0 g                                                               
               isoquino-                                                       
                        1180 35   &gt;100,000                                     
               line (60%)                                                      
     Comparison                                                                
     Example 5                                                                 
           --            920 15      26,000                                    
     __________________________________________________________________________
PAR  The table shows the substantially improved mechanical characteristics of
      the PI films obtained with the addition of amines in comparison with the
      one obtained in the Comparison Example 5.
PAC  Example 6
PAR  a portion (50 g) of the PACA solution prepared under 1a) was spread out
      with a squeegee into a film 0.7 mm thick on a glass plate and then sprayed
      with 4 g of 2,6-lutidine (2,6-dimethylpyridine). Drying and
      cyclodehydrating were performed in the same manner as in Examples 1 to 4.
TBL  ______________________________________                                    
     Properties of the PI film:                                                
                      Thickness:   48 .mu.m                                    
                      Tensile                                                  
                      strength:    1100 kp/cm.sup.2                            
                      Elongation:  37%                                         
                      Reflex folding                                           
                      frequency:   greater than                                
                                   100,000                                     
     ______________________________________                                    
PAC  Examples 7 and 9 and Comparison Examples 8 and 10:
PAR  100 g of the PACA solution prepared in accordance with Example 1a) were
      treater with 9.2 g of quinoline (61% with reference to solid content) and
      spread out in a thickness of 0.77 mm with a squeegee on 2 glass plates.
      Pre-drying to PACA films was performed for 1 hour under a vacuum at
      50.degree. C (Example 7) in one case and for 45 minutes at 70.degree. C
      under a pure nitrogen atmosphere (Example 9) in the other.
      Cyclodehydration was performed in Example 7 under a vacuum (1 Torr) and in
      Example 9 under pure nitrogen folloeing the same temperature schedule:
      Heating to 300.degree. C within 45 and 55 minutes, respectively, 15
      minutes at 300.degree. C, and then 30 minutes at 350.degree. C.
      Honey-yellow PI films of a thickness of 48 to 53 .mu.m were obtained.
PAR  For comparison, one PI film was prepared under the same cyclization
      conditions as in Example 7 and 9, using the PACA solution obtained under
      1a) without the addition of quinoline (Comparison Examples 8 and 10,
      respectively).
TBL  ______________________________________                                    
                   Tensile                                                     
                          Elongation                                           
                                    Reflex                                     
                   strength         folding                                    
                   kp/cm.sup.2                                                 
                          %         frequency                                  
     ______________________________________                                    
     Example 7           1380     63      &gt;200,000                             
               Vacuum                                                          
     Comparison                                                                
     Example 8           1060     22         48,000                            
     Example 9           1280     58      &gt;200,000                             
               Inert gas                                                       
     Comparison          1040     25         62,000                            
     Example 10                                                                
     ______________________________________                                    
PAC  Example 11
PAR  a. Preparation of the PACA solution
PAR  In a 2-liter round flask equipped with stirrer and thermometer, 43 g (0.215
      mole) of diaminodiphenylether were dissolved in 510 g of dimethylformamide
      and 47 g (0.216 mole) of pyromellitic dianhydride were added portion-wise
      with stirring, so that the temperature of the reaction mixture would not
      rise above 35.degree. C. When the addition of the dianhydride had been
      completed, the solution was stirred for 2 hours at room temperature. A
      clear, viscous, 15% PACA solution was obtained having a reduced specific
      viscosity of 1.76 measured in dimethylformamide (0.5%).
PAR  b. Preparation of films
PAR  Into 100 g of the PACA solution prepared under 11a), 15 g of quinoline
      (100% with reference to the solid content of the solution) was added with
      stirring.
PAR  The solution was spread out in a thickness of 0.8 mm by means of a
      squeegee, and it was cyclized in air as in Examples 1 to 4. A film 48 to
      51 .mu.m was obtained which had a tensile strength of 1340 kp/cm.sup.2, an
      elongation of 64% and a reflex folding frequency of greater than 100,000.
PAR  A PI film obtained from the above PACA solution under identical cyclization
      conditions without the addition of quinoline had a tensile strength of
      1020 kp/cm.sup.2, an elongation of 19% and a reflex folding frequency of
      39,000.
PAC  Example 12
PAR  Into 100 g of PACA solution prepared under Example 11a were stirred 6 g of
      3,5-dimethylpyridine (40% with reference to the solid content of the
      solution).
PAR  The PI film prepared under the cyclization conditions described in Examples
      1 to 4 had a thickness of 50 .mu.m, a tensile strength of 1290
      kp/cm.sup.2, an elongation of 43%, and a reflex folding frequency of
      greater than 100,000.
PAC  Example 13
PAR  a. Preparation of PACA solution
PAR  In a 2-liter round flask equipped with stirrer and thermometer, 43 g (0.215
      mole) of diaminodiphenylether were dissolved in 810 g of
      dimethylacetamide, and 47 g (0.216 mole) of pyromellitic acid dianhydride
      were added portion-wise with external cooling such that the internal
      temperature of the reaction mixture did not rise above 30.degree. C. After
      all of the dianhydride had been added, the mixture was stirred for 2 hours
      at room temperature. A viscous, 10% PACA solution was obtained having a
      reduced specific viscosity of 2.74.
PAR  b. Preparation of PI film
PAR  Into 100 g of the PACA solution prepared under (10a) 5 g of 2-butylpyridine
      (50% with reference to the solid content) was stirred and the solution was
      spread out with a squeegee in a thickness of 0.85 mm on a glass plate.
      Most of the solvent was evaporated at 70.degree. C within 45 minutes in an
      air atmosphere and the PACA film was then heated to 350.degree. C for
      cyclodehydration using a heating rate of 4.degree. C per minute, and left
      at this temperature for 30 minutes. A 43 .mu.m thick PI film was obtained
      with a tensile strength of 1380 kp/cm.sup.2, an elongation of 82% and a
      reflex folding frequency of greater than 200,000.
PAR  A PI film prepared from the PACA solution obtained under (13a) without the
      addition of amine and cyclized under the same conditions has a tensile
      strength of 1050 kp/cm.sup.2, an elongation of 20% and a reflex folding
      frequency of 74,000.
PAC  Example 14
PAR  a. Preparation of the PACA solution containing quinoline
PAR  In a round flask provided with stirrer and thermometer 16 g of
      diaminodiphenylether and 17.5 g of pyromellitic acid dianhydride were
      dispersed in 76 g of xylene and the dispersion was heated externally to
      30.degree. C. A mixture of 94 g of dimethylformamide and 20.5 g of
      quinoline was then poured in over a period of 30 seconds with stirring.
      The internal temperature of the reaction mixture rose to 42.degree. C and
      a viscous PACA solution was formed. The solid content was 15% and the
      reduced specific viscosity 1.15.
PAR  b. Preparation of the PI film
PAR  The PACA solution obtained under (a) was spread onto a glass plate in a
      thickness of 0.7 mm with a squeegee and transformed to the PI film in an
      air atmosphere under the conditions of Example 13b.
PAR  The 50 .mu.m thick film has a tensile strength of 1190 kp/cm.sup.2, an
      elongation of 54% and a reflex folding frequency of greater than 200,000.
PAR  The same results were obtained by the use of an equi-molecular amount of
      quinaldine instead of quinoline.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the manufacture of a polyimide by the thermal
      cyclodehydration of a polyamide carboxylic acid, the improvement which
      comprises carrying out the cyclodehydration in the presence of a nitrogen
      compound selected from the group consisting of quinoline, isoquinoline,
      monoalkyl substituted pyridine, dialkyl substituted pyridine, mono aralkyl
      substituted pyridine, diaralkyl substituted pyridine, mono alkyl
      substituted quinoline, dialkyl substituted quinoline, mono aralkyl
      substituted quinoline, diaralkyl substituted quinoline, mono alkyl
      substituted isoquinoline, dialkyl substituted isoquinoline, mono aralkyl
      substituted isoquinoline and diaralkyl substituted isoquinoline and
      mixtures thereof, said polyamide carboxylic acid being the reaction
      product of a dianhydride of an aromatic tetracarboxylic acid with a mono
      or polynuclear aromatic diamine, the nitrogen compound being present in an
      amount between 1 and 200% by weight based upon the solids content of the
      polyamide carboxylic acid, said process being carried out in the absence
      of a chemical dehydrating agent.
NUM  2.
PAR  2. An improvement according to claim 1 wherein said polyamide carboxylic
      acid is present in the form of a solution.
NUM  3.
PAR  3. An improvement according to claim 1 wherein said polyamide carboxylic
      acid is the reaction product of diaminodiphenylether and pyromellitic acid
      dianhydride in an aprotic polar solvent or solvent mixture.
NUM  4.
PAR  4. A process according to claim 2 wherein the solvent of the solution is
      selected from the group consisting of dimethylformamide,
      dimethylacetamide, N-methylpyrrolidone with or without addition of an
      aromatic hydrocarbon.
NUM  5.
PAR  5. A process according to claim 1 wherein the cyclodehydration is carried
      out thermally at a temperature between 120.degree. C and 500.degree. C.
NUM  6.
PAR  6. A process according to claim 1 wherein the polyamide carboxylic acid is
      in the form of a solution having a reduced specific viscosity between 0.3
      and 4 determined in a 0.5% solution of dimethylformamide.
NUM  7.
PAR  7. A polyimide sheet derived from a dianhydride of an aromatic
      tetracarboxylic acid and a mono or polynuclear aromatic amine, said sheet
      having a reflex folding frequency, determined by bending the same about a
      line, at room temperature, until it fails, of at least 100,000, said
      polyimide sheet prepared from a polyimide which has been prepared by a
      thermal cyclodehydration of a polyamide carboxylic acid carried out in the
      absence of a chemical dehydrating agent and in the presence of a nitrogen
      compound selected from the group consisting of quinoline, isoquinoline,
      monoalkyl substituted pyridine, dialkyl substituted pyridine, mono aralkyl
      substituted pyridine, diaralkyl substituted pyridine, mono alkyl
      substituted quinoline, dialkyl substituted quinoline, mono aralkyl
      substituted quinoline, diaralkyl substituted quinoline, mono alkyl
      substituted isoquinoline, dialkyl substituted isoquinoline, mono aralkyl
      substituted isoquinoline and diaralkyl substituted isoquinoline and
      mixtures thereof, said polyamide carboxylic acid being the reaction
      product of a dianhydride of an aromatic tetracarboxylic acid with a mono
      or polynuclear aromatic diamine, the nitrogen compound being present in an
      amount between 1 and 200% by weight based upon the solids content of the
      polyamide carboxylic acid.
NUM  8.
PAR  8. A polyimide sheet according to claim 7 having an elongation at break of
      at least 35%.
NUM  9.
PAR  9. A polyimide sheet according to claim 8 wherein said elongation is
      between 35 and 80%.
NUM  10.
PAR  10. A polyimide sheet according to claim 7 having a tensile strength of
      between 1100 and 1400 kp/cm.sup.2.
NUM  11.
PAR  11. A polyimide sheet according to claim 9 having a thickness of 50 .mu.m.
NUM  12.
PAR  12. A polyimide forming solution consisting essentially of a polyamide
      carboxylic acid and a nitrogen compound selected from the group consisting
      of quinoline, isoquinoline, a mono alkyl substituted pyridine, a dialkyl
      substituted pyridine, a mono aralkyl substituted pyridine, a diaralkyl
      substituted pyridine, a mono alkyl substituted quinoline, a dialkyl
      substituted quinoline, a mono aralkyl substituted quinoline, a diaralkyl
      substituted quinoline, a mono alkyl substituted isoquinoline, a dialkyl
      substituted isoquinoline, a mono aralkyl substituted isoquinoline, a
      diaralkyl substituted isoquinoline and mixtures thereof.
NUM  13.
PAR  13. A solution according to claim 12 wherein said polyamide carboxylic acid
      is the reaction product of a dianhydride of an aromatic tetracarboxylic
      acid with a mononuclear or polynuclear aromatic diamine.
NUM  14.
PAR  14. A solution according to claim 13 wherein said polyamide carboxylic acid
      is the reaction product of diaminodiphenylether and pyromellitic acid
      dianhydride.
NUM  15.
PAR  15. A solution according to claim 12 wherein solvent of the solution is an
      aprotic polar organic solvent and said nitrogen compound is selected from
      the group consisting of 2-methylpyridine, 3-methylpyridine,
      4-methylpyridine, 2,4-dimethylcyridine, 2,5-dimethylpyridine,
      2,6-dimethylpyridine, 3,5-dimethylpyridine, 2,3-dimethylpyridine,
      quinoline, isoquinoline, 2-isopropylpyridine, 2-propylpyridine,
      2-butylpyridine, 4-propylpyridine, 4-isopropylpyridine, 4-butylpyridine,
      4-benzylpyridine, 2-methylquinoline and mixtures thereof.
NUM  16.
PAR  16. A process according to claim 1 wherein said nitrogen compound is
      selected from the group consisting of 2-methylpyridine, 3-methylpyridine,
      4-methylpyridine, 2,4-dimethylpyridine, 2,5-dimethylpyridine,
      2,6-dimethylpyridine, 3,5-dimethylpyridine, 2,3-dimethlpyridine,
      quinoline, isoquinoline, 2-isopropylpyridine, 2-propylpyridine,
      2-butylpyridine, 4-propylpyridine, 4-isopropylpyridine, 4-butylpyridine,
      4-benzylpyridine, 2-methlquinoline and mixtures thereof.
NUM  17.
PAR  17. A solution according to claim 15 wherein said solvent is selected from
      the group consisting of dimethylformamide, dimethylacetamide,
      N-methylpyrrolidone with or without addition of an aromatic hydrocarbon.
NUM  18.
PAR  18. In a process for the manufacture of a polyimide by the thermal
      cyclodehydration of a polyamide carboxylic acid, the improvement which
      comprises carrying out the cyclodehydration in the presence of a nitrogen
      compound selected from the group consisting of isoquinoline, monoalkyl
      substituted pyridene, dialkyl substituted pyridene, monoaralkyl
      substituted pyridene, diaralkyl substituted pyridene, monoalkyl
      substituted quinoline, dialkyl substituted quinoline, monoaralkyl
      substituted quinoline, diaralkyl substituted quinoline, monoalkyl
      substituted isoquinoline, dialkyl substituted isoquinoline, monoaralkyl,
      substituted isoquinoline and diaralkyl substituted isoquinoline and
      mixtures thereof, said process being carried out in the absence of a
      chemical dehydrating agent.
NUM  19.
PAR  19. A process for forming a polyimide article which comprises placing onto
      a surface a polyamide carboxylic acid in admixture with a nitrogen
      compound selected from the group consisting of quinoline, isoquinoline,
      monoalkyl substituted pyridene, dialkyl substituted pyridene, monoaralkyl
      substituted pyridene, diaralkyl substituted pyridene, monoalkyl
      substituted quinoline, dialkyl substituted quinoline,, monoaralkyl
      substituted quinoline, diaralkyl substituted quinoline, monoalkyl
      substituted isoquinoline, dialkyl substituted isoquinoline, monoaralkyl
      substituted isoquinoline and diaralkyl substituted isoquinoline and
      mixtures thereof and subjecting said polyamide carboxylic acid in the
      presence of said nitrogen compound to thermal cyclodehydration by heating
      the admixture at a temperature between 120.degree. and 500.degree. C, said
      process being carried out in the absence of a chemical dehydrating agent.
NUM  20.
PAR  20. A process according to claim 19 wherein said nitrogen compound is
      selected from the group consisting of isoquinoline, monoalkyl substituted
      pyridene, dialkyl substituted pyridene, monoaralkyl substituted pyridene,
      diaralkyl substituted pyridene, monoalkyl substituted quinoline, dialkyl
      substituted quinoline, monoaralkyl substituted quinoline, diaralkyl
      substituted quinoline, monoalkyl substituted isoquinoline, dialkyl
      substituted isoquinoline, monoaralkyl isoquinoline and diaralkyl
      substituted isoquinoline and mixtures thereof.
PATN
WKU  039474038
SRC  5
APN  0646458
APT  1
ART  144
APD  19700817
TTL  Polyurethane polyvinylidene chloride composition
ISD  19760330
NCL  2
ECL  1
EXP  Michl; Paul R.
INVT
NAM  McCready; John E.
CTY  Tallmadge
STA  OH
ASSG
NAM  The Goodyear Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
RLAP
COD  71
APN  671982
APD  19671002
PSC  03
CLAS
OCL  260 328N
XCL  260 324
XCL  260 336UB
XCL  260859R
EDF  2
ICL  C08L 7506
FSC  260
FSS  859 R;859 PV;32.8 R;32.8 N;33.6 UB
UREF
PNO  3357939
ISD  19671200
NAM  Reischl
OCL  260859R
UREF
PNO  3444266
ISD  19690500
NAM  Reischl
OCL  260859PV
OREF
PAL  Solomon, "The Chemistry of Organic Film-Formers," John Wiley & Sons, 1967,
      p. 205.
PAL  Skeist, "Handbook of Adhesives," 1962, Reinhold, Pub., pp. 344, 345,
      336-339, 436, 437.
LREP
FR2  Brunner; F. W.
FR2  Wolfe; J. D.
ABST
PAL  This invention relates to a composition of matter having an improved Scott
      brittle point comprising a mixture of a polyvinylidene chloride and a
      polyurethane formed by the reaction of a reactive hydrogen containing
      compound and sufficient organic polyisocyanate to give at least about 0.5
      to about 10 percent by weight of free isocyanate and reacting to set the
      mixture.
PARN
PAR  This case is a continuation of Ser. No. 671,982 filed Oct. 2, 1967 and now
      abandoned.
BSUM
PAR  This invention relates to a method of making an improved adhesive and to
      said adhesive. More particularly, this invention relates to an adhesive
      for adhering polyurethane gumstocks, cured polyurethanes and polyurethanes
      which are only partially cured to each other or to other substrates such
      as fabric, and other rubbers and polymers.
PAR  In the manufacture of laminated articles such as liquid containers, solid
      tires having metal hubs or fittings, and other assorted laminates
      utilizing polyurethanes in conjunction with another polyurethane or other
      metals or fabric, difficulty has been experienced in obtaining good
      adhesion.
PAR  It is an object of this invention to provide a new adhesive having good
      uncured tack or cohesive strength and a method of utilizing said adhesive
      which reduces the surface preparation required to obtain satisfactory
      adhesion or lamination.
PAR  In accordance with this invention an improved adhesive or cement is
      obtained by forming a solvent solution of polyurethane prepolymer and a
      polyvinylidene chloride and then this solution may be utilized to adhere a
      polyurethane, a polyurethane prepolymer or partially cured polyurethane to
      each other or to other suitable substrates by cleaning the substrate with
      a suitable solvent to remove any grease, then brushing, painting, coating,
      dipping or otherwise applying a coat of the solution of polyurethane and
      polyvinylidene chloride to the surfaces to be adhered and placing them in
      contact until the adhesive has had time to set and cure. Usually the
      polyurethane prepolymer will be present in about 50 to 125 parts by weight
      and the polyvinylidene chloride will be present in about 5 to 25 parts by
      weight for each hundred parts of the solvent. Representative of the many
      solvents that may be used are the aromatic and cycloaliphatic
      hydrocarbons, the ketones, the liquid esters, nitroparaffins and other
      resinous solvents normally utilized in paint making.
PAR  Representative of the many polyurethane propolymers that may be utilized
      are those formed by reacting a reactive hydrogen containing material
      having a molecular weight preferably of about 300 to 6000 to form a
      reaction product containing from about a half to 10 and preferably 3 to 6
      percent by weight of free NCO groups. A small amount of crosslinking
      agents may be utilized where desired, so long as the resulting prepolymer
      has free NCO.
PAR  The nature of this invention is further exemplified in the examples where
      the parts are by weight unless otherwise designated.
DETD
PAC  EXAMPLE I
PAR  A prepolymer was formed by the reaction of 6 moles of toluene diisocyanate
      with 2 moles of 80/20 ethylene propylene adipate of about 2000-3000
      molecular weight, and 1 mole of 1,4-butane diol adipate of about 2000-3000
      molecular weight. This prepolymer was taken up in methyl ethyl ketone in
      order to adjust to a desired application viscosity.
PAR  The curative, methylene bis orthochloroaniline, was also dissolved in
      methylethyl ketone for room temperature handling and viscosity reasons.
PAR  One hundred parts of the prepolymer in solution was combined with ten parts
      of the curative in solution and applied to nylon fabric. The sample thus
      prepared was allowed to react in order to provide a test construction of a
      cured polyurethane coated fabric. Adhesion test strips one inch wide and
      eight inches long were cut from the cured polyurethane coated fabric and
      cleaned with methylethyl ketone prior to being coated with the cement. A
      number of adhesive cements were made from the above polyurethane
      prepolymer solution by mixing 100 parts of the prepolymer with varying
      amounts of polyvinylidene chloride. Solutions were further adjusted with
      MEK to a proper application consistency, where MEK indicates methyl ethyl
      ketone.
PAR  The curative, methylene bis orthochloroaniline, solution was then added in
      a ratio of 10 parts curative to 100 parts prepolymer in each adhesive
      cement. A coating of each experimental adhesive was applied to the test
      strips. Adhesion peel samples were prepared by joining similarly coated
      strips in accordance with Table 1. The sample laminates were pulled apart
      at the rate of two inches per minute at about 75.degree.F. and
      160.degree.F. with the angle of pull being 180.degree.. The results of
      these pull or adhesion tests are shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Polyvinylidene                                                            
                Number  Open    Cure                                           
     Chloride in                                                               
                Brush   Time    Temperature                                    
                                         Adhesion                              
     Adhesive Parts                                                            
                Coats   Hours   .degree.F.                                     
                                         Lbs./In.                              
     ______________________________________                                    
     5          2       1        75       5                                    
     10         2       1        75       8                                    
     25         2       1        75      10                                    
     50         2       1        75      11                                    
     5          2       3       220      85                                    
     10         2       3       220      85                                    
     25         2       3       220      85                                    
     50         2       3       220      70                                    
     50         1       3       220      65                                    
     5          2       3       220       60+*                                 
     10         2       3       220       60+*                                 
     25         2       3       220       60+*                                 
     25         1       3       220       55 *                                 
     ______________________________________                                    
      *Adhesion strength determined at 160.degree.F.                           
PAC  EXAMPLE II
PAR  In the same manner as Example I, a series of test samples were prepared
      using varying parts of polyvinylidene chloride. A single brush coat of
      adhesive was applied. The samples stood one hour at room temperature
      (75.degree.F.) before lamination. The laminated samples then cured at room
      temperature (75.degree.F.) for the time shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Parts Polyvinylidene                                                      
                   Adhesion, Lbs./In.                                          
     Chloride in Cement                                                        
                   3 Days    6 Days    11 Days                                 
     ______________________________________                                    
     20            21        43                                                
     25            24        34        70                                      
     35            18        44                                                
     50            15        26        45                                      
     ______________________________________                                    
PAC  EXAMPLE III
PAR  This series of experiments were run to determine the tack life or open time
      of the cement. By open time is meant the time the cement has stood exposed
      to the atmosphere as under use conditions. The cement used comprised 125
      parts of methyl ethyl ketone, 100 parts of the polyurethane prepared in
      Example I and 25 parts of polyvinylidene chloride. The cured adhesion and
      tack adhesion on samples prepared according to the method of Example I are
      shown in Table 3 using the cement after it has been exposed for the open
      time indicated.
TBL                Table 3                                                     
     ______________________________________                                    
     Open Time                                                                 
              Adhesion Lbs./In.                                                
     Minutes  Tack    21 Hrs. at 75.degree.F.                                  
                                    3 Hrs. at 220.degree.F.                    
     ______________________________________                                    
     15       3       14                                                       
     30       3.5     15            45                                         
     45       3.5     16            45                                         
     60       3.5     15                                                       
     75       3.5     15                                                       
     90       5       16            42                                         
     120      5       15            36                                         
     150      5       15                                                       
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  A cement was made using the polyurethane prepolymer of Example I and an
      intermediate curative containing one part by weight of
      mercaptobenzothiazole for each 100 parts of polyester in addition to the
      methylene-bis-orthochloroaniline. This cement was formulated by mixing 100
      parts of the polyurethane, 25 parts of polyvinylidene chloride and 125
      parts of methyl ethyl ketone.
PAR  Table 4 shows open time for this cement and adhesion on laminates prepared
      according to the method of Example I for cure time at 75.degree.F.
TBL                Table 4                                                     
     ______________________________________                                    
     Open Time                                                                 
              Adhesion Lbs./In. for Cure Time in Hours *                       
     Minutes  Tack     19       43     72     96                               
     ______________________________________                                    
     15       2        16       20     28     40                               
     30       2        16       24     35                                      
     45       5        19       27     34     40                               
     70       5        20       28     35                                      
     90       5        17       21     28     35                               
     ______________________________________                                    
      * Cured at Room Temperature                                              
PAR  Thus, this cement has good build tack, sufficient open time to build the
      desired articles, excellent adhesion and good handling properties.
PAC  EXAMPLE V
PAR  The polyurethane (100 parts) of Example I and 10 parts of polyvinylidene
      chloride were mixed to form a blend which was used to form a Scot brittle
      point test specimen. Also, two other blends were made using 100 parts of
      polyurethane of Example I and 25 and 50 parts respectively of
      polyvinylidene chloride and used to form Scot brittle point test specimen.
      Each of these blends had a Scot brittle point of -75.degree.C.
PAC  EXAMPLE VI
PAR  A square woven nylon fabric of the 3602-N type was given two brush coatings
      of a cement and then the fabric was adhered to another square woven nylon
      fabric of the same type. After the cement had been allowed to dry
      approximately one hour, the two pieces of nylon were pressed together and
      the adhesion results for the cure time indicated are shown in Table 5. The
      cement was formed by mixing 25 parts of polyvinylidene chloride with 100
      parts of a polyesterurethane dissolved in sufficient methyl ethyl ketone
      to permit the mixture to be brush coated.
TBL                Table 5                                                     
     ______________________________________                                    
     Cure Conditions      Lbs./In. Adhesion                                    
     Hours    Temperature .degree.F.                                           
                              at Room Temperature                              
     ______________________________________                                    
     16       75              27                                               
     48       75              43                                               
     3        220             45                                               
     ______________________________________                                    
PAR  The polyurethanes useful in this invention are prepared by reacting an
      organic polyisocyanate with a reactive hydrogen containing material of
      about 300 to 5000 molecular weight and preferably about 2000 to 3000
      molecular weight to form a prepolymer having from about a half to ten
      percent free NCO content by weight.
PAR  Representative of the classes of the reactive hydrogen containing materials
      are the polyester polyols, polyether polyols and the hydrocarbon polyols.
PAR  Representative polyester polyols are those formed by reacting a
      polycarboxylic acid or its anhydride, for instance, adipic acid or azelaic
      acid with a polyol such as the glycol of ethylene, propylene or butylene.
PAR  Representative of the many polyether polyols are those formed by condensing
      an alkylene oxide of about 2 to 8 carbon atoms with a cogeneric monomer
      such as the glycols, trimethylol propane, pentaerythritol or the hexols.
      Specific representative members are the polypropylene ether polyols of
      2,3,4,5 or 6 hydroxyls and polybutylene ether polyols of 2,3,4,5 or 6
      hydroxyls.
PAR  Representative of the many organic polyisocyanates that may be used are
      those such as toluene diisocyanate, toluidine diisocyanate, methylene bis
      (phenyl isocyanate) and others such as those set forth in U.S. Pat. No.
      2,764,565.
PAR  Although the examples have exemplified this invention with prepolymers,
      other polyurethane manufacturing methods, such as the one shot method may
      be used. For instance, a polypropylene ether glycol or polytetramethylene
      ether glycol or triol may be mixed simultaneously with the polyvinylidene
      chloride, the organic polyisocyanate and crosslinker, i.e., an organic
      diamine, glycol or monomeric polyol in a suitable solvent and this mixture
      may be used as an adhesive. Similarly, a hydrocarbon polyol, such as a
      polybutadiene polyol, polyisoprene diol or polystyrene butadiene polyol,
      may be used instead of the polyester or polyether polyol.
PAR  The polyurethane reaction mixture may also contain catalysts such as the
      organic tin compounds or tertiary amines. In fact, the curative, a
      crosslinker and if desired a catalyst, can be added in an amount
      sufficient to essentially react with all the free NCO groups where the
      loss in tensile strength is not harmful. Normally, sufficient crosslinker
      is used to react with about 99 to 90 percent of the free NCO groups,
      although in some instances, where the lower tensiles are tolerable, a 1 to
      5 percent excess of crosslinker may be tolerated, especially when a
      catalyst such as mercaptobenzothiazole is present.
PAR  Representative crosslinkers are the diamines such as the aliphatic,
      cycloaliphatic or aromatic ones or the monomeric polyols, the glycols of 2
      to 20 carbon atoms, the triols and tetrols of 3 to 20 carbon atoms and
      higher hydroxyl compounds.
PAR  Thus, this invention supplies a novel compositon having improved Scott
      brittle points and useful as adhesives for metals, fabric, polyurethane
      and other resins. This composition contains about 5 to 50 percent by
      weight of polyvinylidene chloride, preferably one soluble in methyl ethyl
      ketone to the extent of 5 to 35 parts per 100 parts at 75.degree.F. and a
      polyurethane, and then the mixture is preferably reacted to set the
      polyurethane. Usually the better adhesive results are obtained when each
      100 parts of the compositon is dissolved in 5 to 100 parts of a solvent
      for polyvinylidene chloride.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive composition of matter having improved Scot brittle point
      comprising a mixture of 5 to 50 parts of a polyvinylidene chloride, which
      is soluble at 75.degree.F. to the extent of 5 to about 35 parts per
      hundred parts of methyl ethyl ketone, per hundred parts of a prepolymer
      formed by the reaction of a polyester polyol of 300 to 6000 molecular
      weight with sufficient organic polyisocyanate selected from the class
      consisting of toluene diisocyanate, methylene bis(phenyl isocyanate) and
      tolidine diisocyanate to give at least about 0.5 to about 10 percent by
      weight of free isocyanate.
NUM  2.
PAR  2. The adhesive composition of claim 1 wherein the composition contains
      about 5 to 100 parts of a solvent for polyvinylidene chloride and exhibits
      a tack strength of at least 2 pounds per inch when the adhesive
      composition is cured.
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ABST
PAL  New dihydrodigoxin derivatives of the formula
      ##SPC1##
PAL  Wherein one of R.sub.1 and R.sub.2 represents a methyl or ethyl radical and
      the other represents hydrogen, methyl, ethyl or acetyl (i.e. alkanoyl; and
      R.sub.3 is hydrogen or an acetyl group; are outstandingly effective for
      therapy of cardiac insufficiencies, particularly via peroral
      administration.
BSUM
PAR  The present invention is concerned with new dihydrodigoxin compounds and
      with therapeutic compositions containing them.
PAR  The new compounds of the invention are derivatives of dihydrodigoxin and
      have the formula:
      ##SPC2##
PAL  Wherein one of R.sub.1 and R.sub.2 represents a methyl or ethyl radical and
      the other represents hydrogen, methyl, ethyl or acetyl (i.e. alkanoyl);
      and R.sub.3 is hydrogen or an acetyl group. The acetyl (alkanoyl) radicals
      are preferably lower, i.e., containing up to 6 carbon atoms.
PAR  We have found that these new cardenolide glycoside derivatives are,
      surprisingly, resorbed more quickly and completely than dihydrodigoxin.
      They are, therefore, especially suitable for a peroral administration for
      the therapy of cardiac insufficiencies. Furthermore, the new compounds
      surprisingly show a central stimulation in doses which do not bring about
      cardiac effects which are typical for Digitalis glycosides.
PAR  The new compounds according to the present invention can be prepared, for
      example, by one of the following methods:
PAR  A. CATALYTIC HYDROGENATION OF COMPOUNDS OF THE GENERAL FORMULA:
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 have the same meanings as above; or
PAR  B. METHYLATION OR ETHYLATION OF COMPOUNDS OF THE GENERAL FORMULA:
      ##SPC4##
PAL  Wherein one of the symbols R.sub.4 and R.sub.5 represents a hydrogen atom
      and the other one represents a hydrogen atom or a methyl, ethyl or acetyl
      radical and R.sub.3 has the same meaning as above; or
PAR  C. ACETYLATION OF COMPOUNDS OF THE GENERAL FORMULA:
      ##SPC5##
PAL  Wherein one of the symbols R.sub.6 and R.sub.7 represents a methyl or ethyl
      radical and the other one represents a hydrogen atom.
PAR  The catalytic hydrogenation according to method (a) is carried out in known
      manner, preferably with the use of a noble metal catalyst, for example
      platinum oxide or colloidal platinum, in a polar solvent, for example, in
      a lower alcohol or in an ether.
PAR  For the methylation or ethylation of compounds of general formula (III),
      there can be used the appropriate diazoalkanes or reactive esters, for
      example dimethyl sulphate or diethyl sulphate. The appropriate alkyl
      iodides have also proved to be useful for this purpose. It depends upon
      the reaction conditions whether the .alpha.- or .beta.-position of the
      digitoxose residue is preponderantly alkylated. If the methylation is
      carried out in the presence of aluminum isopropylate in dimethyl formamide
      with methyl iodide, then the introduction of the methyl radical into the
      digitoxose residue takes place preponderantly in the .alpha.-position,
      whereas in the case of methylation with dimethyl sulfate in dimethyl
      formamide and an inert solvent in the presence of strontium hydroxide and
      aluminum oxide, the .beta.-position is preponderantly methylated. As inert
      solvents, there can be used all solvents which are miscible with dimethyl
      formamide and which are not attacked by dimethyl sulfate under the
      reaction conditions; the amount of solvent to be used must be determined
      from case to case but an amount equivalent to the amount of dimethyl
      formamide used has proved to be favorable. Toluene has proved to be
      especially useful for this purpose. In addition, benzene, dioxan,
      cyclohexane and chlorinated hydrocarbons, for example, ethylene chloride
      or chloroform, can also be used.
PAR  If one or two of the groups R.sub.1, R.sub.2 or R.sub.3 of the compounds of
      the general formula (I) are to be acetyl radicals, these can be introduced
      before or after the hydrogenation or alkylation in known manner. Acetyl
      radicals can be simply introduced when digoxin derivatives with free
      hydroxyl groups are reacted with one of the acetylation agents
      conventional in sugar chemistry, for example, acetic anhydride, acetyl
      imidazolide, acetyl chloride in pyridine, p-toluene-sulfochloride in
      pyridine and glacial acetic acid and the like, but care must be taken that
      not more than one hydroxyl group is esterified in te digitoxose residue.
      If the acetylation is carried out in the presence of a tertiary amine, for
      example pyridine, using acetic anhydride, then the reaction takes place at
      ambient temperature and thus especially gently.
PAR  All the derivatives of dihydrodigoxin prepared according to methods (a) to
      (c) no longer contain non-hydrogenated derivatives of digoxin, as can be
      ascertained by the negative color reaction of the unsaturated lactone ring
      with Kedde's reagent and by R.sub.F differences.
DETD
PAR  The following Examples are given for the purpose of illustrating the
      preparation of the compounds of the present invention:
PAC  EXAMPLE 1 -- Preparation of 20,22-Dihydro-4'"-O-methyl-digoxin (process a))
PAR  3 g. .beta.-Methyl-digoxin, dissolved in 270 ml. ethanol and 240 ml.
      dioxan, were, after the addition of 900 mg. platinum oxide, hydrogenated
      at ambient temperature until the take up of hydrogen ceased (after about 8
      hours). Subsequently, the catalyst was filtered off, the filtrate was
      evaporated in a vacuum and the residue was dissolved in chloroform,
      decolorized with charcoal, filtered over silica gel, evaporated and the
      residue was crystallized from acetone-ether-petroleum ether. There were
      obtained 2.74 g. 20,22-dihydro-4'"-O-methyl-digoxin
      (dihydro-.beta.-methyl-digoxin); m.p. 151.degree.-155.degree. C.; R.sub.F
      : 0.27.
PAR  The .beta.-methyl-digoxin used as starting material was prepared in the
      following manner:
PAR  10 g. digoxin were dissolved in 77 ml. dimethyl formamide and mixed with 77
      ml toluene, 12.3 g. strontium hydroxide and 7.7 g. aluminum oxide (Merck,
      according to Brockmann). 23.1 ml. dimethyl sulfate in 123 ml. toluene were
      added at ambient temperature, while stirring. Subsequently, the reaction
      mixture was further stirred for 4 hours at ambient temperature, diluted
      with 500 ml. chloroform, filtered with suction over kieselguhr, washed
      with 300 ml. chloroform, mixed with 120 ml. pyridine and evaporated in a
      vacuum until a viscous residue remains. This residue was taken up in 300
      ml. chloroform and shaken out three times with 50 ml. amounts of water.
      The collected wash water was again shaken out with chloroform and the
      combined chloroform phases, after drying over anhydrous sodium sulfate,
      were evaporated in a vacuum. The dry residue obtained (11.7 g.) was
      subjected to multiplicative partition with the phase mixture carbon
      tetrachloride-ethyl acetatemethanol-water (3:1:2:2). The aqueous phase was
      shaken out with chloroform and evaporated in a vacuum to give 9.4 g. crude
      product which, for further purification, was dissolved in chloroform
      containing 2% methanol, and then filtered over 90 g. aluminum oxide
      (Brockmann). After evaporation of the chloroform/methanol solution, the
      residue obtained was crystallized from acetone. There were obtained 7.3 g.
      4'"-O-methyl-digoxin (.beta.-methyl-digoxin); m.p. 226.degree.-229.degree.
      C.; R.sub.F : 0.19.
PAC  EXAMPLE 2 -- Preparation of 20,22-Dihydro-4'"-O-methyl-digoxin (process b))
PAR  1 g. 20,22-dihydrodigoxin was dissolved in 10 ml. dimethyl formamide and 10
      ml. toluene and mixed with 1.2 g. strontium hydroxide and 0.7 g. aluminum
      oxide. 2.3 ml. dimethyl sulfate in 12 ml. toluene were added, while
      stirring, at ambient temperature. Subsequently, the reaction mixture was
      stirred for 4 hours at ambient temperature and thereafter worked up as
      described in Example 1. The crude product obtained (0.93 g.) was subjected
      to multiplicative partition with the phase mixture chloroform-carbon
      tetrachloride-methanol-water (1:1:1:1). The residue (about 600 mg.)
      obtained after evaporation of the organic phase was fractionated over
      silica gel with carbon tetrachloride-ethyl  acetate (50-95%). The
      fractions obtained with 90% ethyl acetate give, after evaporation and
      crystallization of the residue from acetone-ether-petroleum ether, 450 mg.
      20,22-dihydro-4'"-O-methyl-digoxin (dihydro-.beta.-methyl-digoxin); m.p.
      149.degree.-153.degree. C.; R.sub.F : 0.27.
PAC  EXAMPLE 3 -- Preparation of 20,22-Dihydro-3'"-O-methyl-digoxin
PAR  1 g. .alpha.-methyl-digoxin, dissolved in 45 ml. ethanol and 40 ml. dioxan,
      was, after the addition of 300 mg. platinum oxide, hydrogenated at ambient
      temperature until the take up of hydrogen ceases (about 7 hours).
      Subsequently, the catalyst was filtered off, the filtrate was evaporated
      in a vacuum and the residue was dissolved in chloroform-methanol (1:1),
      decolorized with charcoal, filtered over silica gel and the filtrate was
      evaporated and the residue crystallized from acetone-ether-petroleum
      ether. There were obtained 850 mg. 20,22-dihydro-3'"-O-methyl-digoxin
      (dihydro-.alpha.-methyl-digoxin); m.p. 129.degree.-132.degree. C.; R.sub.F
      : 0.27.
PAR  The .alpha.-methyl-digoxin used as starting material was prepared in the
      following manner:
PAR  4 g. digoxin were dissolved in 40 ml. dimethyl formamide, mixed with 8 g.
      aluminum isopropylate and 7 ml. methyl iodide and stirred for 65 hours at
      ambient temperature. Subsequently, 200 ml. methanol and 200 ml. 1N
      hydrochloric acid were added to the reaction mixture and then immediately
      shaken out 6 times with 40 ml. amounts of chloroform phases were shaken
      out twice with 60 ml. amounts of 5% aqueous sodium bicarbonate solution
      and the chloroform phase was dried over anhydrous sodium sulfate, filtered
      and evaporated in a vacuum. The residue was subjected to multiplicative
      partition with the phase mixture chloroform-carbon
      tetrachloride-methanol-water (1:1:1:1). After evaporation of the organic
      phase, the residue obtained was crystallized from methanol. There were
      obtained 2.2 g. 3'"-O-methyl-digoxin (.alpha.-methyl-digoxin); m.p.
      215.degree.-217.degree. C.; R.sub.F : 0.19.
PAC  EXAMPLE 4 -- Preparation of 20,22-Dihydro-3'",4'"-dimethyl-digoxin
PAR  200 mg. 3'", 4'"-dimethyldigoxin were dissolved in 9 ml. ethanol and 8 ml.
      dioxan and, after the addition of 60 mg. platinum oxide, hydrogenated at
      ambient temperature until the take up of hydrogen ceases (about 4 hours).
      Thereafter, the catalyst was filtered off, the filtrate was evaporated in
      a vacuum and the residue was dissolved in chloroform-methanol (1:1),
      decolorized with charcoal, filtered over silica gel, evaporated and the
      residue crystallized from acetone-ether-petroleum ether. There were
      obtained 170 mg. 20,22-dihydro-3'",4'"-dimethyldigoxin; m.p.
      232.degree.-234.degree. C.; R.sub.F : 0.68.
PAR  The 3'",4'"-dimethyldigoxin used as starting material was prepared in the
      following manner:
PAR  4 g. digoxin were dissolved in 30 ml. dimethyl formamide and 30 ml.
      toluene, and mixed with 2 g. zinc hydroxide and 3 g. aluminum oxide. 9.25
      ml. dimethyl sulfate in 49 ml. toluene were added thereto, with stirring,
      at ambient temperature. Subsequently, the reaction mixture was stirred for
      18 hours at ambient temperature and, after the addition of chloroform,
      worked up in the manner described in Example 1. The crude product obtained
      was subjected to multiplicative partition with the phase mixture carbon
      tetrachloride-ethyl acetate-methanol-water (3:1:2:2). The organic phase
      was evaporated and, for further purification, the residue obtained was
      subjected to a multiplicative partition with the phase mixture carbon
      tetrachloride-ethyl acetate-methanol-water (9:1:6:4). After shaking out
      the aqueous phase with chloroform, evaporating in a vacuum and
      crystallizing from acetone-ether, there were obtained 2.5 g.
      3'",4'"-dimethyldigoxin; m.p. 191.degree.-196.degree. C.; R.sub.F : 0.58.
PAC  EXAMPLE 5 -- Preparation of 20,22-Dihydro-.beta.-ethyl-digoxin.
PAR  400 mg. .beta.-ethyl-digoxin were dissolved in 20 ml. ethanol and 16 ml.
      dioxan and, after the addition of 120 ml. platinum oxide, hydrogenated at
      ambient temperature until the take up of hydrogen ceases (about 4 hours).
      Subsequently, the catalyst was filtered off and the filtrate was
      evaporated. The residue was crystallized from chloroform-ether-petroleum
      ether. There were obtained 320 mg. 20,22-dihydro-.beta.-ethyl-digoxin;
      m.p. 132.degree.-135.degree. C.: R.sub.F : 0.52 (.beta.-ethyl-digoxin
      0.44).
PAR  The preparation of the .beta.-ethyl-digoxin used as starting material was
      carried out analogously to the method described in Example 1.
PAC  EXAMPLE 6 -- Preparation of
      20,22-Dihydro-12-O-acetyl-.beta.-methyl-digoxin.
PAR  100 mg. 12-O-acetyl-.beta.-methyl-digoxin were dissolved in 4.5 ml. ethanol
      and 4 ml. dioxan and, after the addition of 30 mg. platinum oxide,
      hydrogenated at ambient temperature until the take up of hydrogen ceases
      (about 4 hours). Thereafter, the catalyst was filtered off, the filtrate
      was evaporated in a vacuum and the residue was crystallized from
      chloroform-ether-petroleum ether. There were obtained 70 mg.
      20,22-dihydro-12-O-acetyl-.beta.-methyl-digoxin; m.p.
      137.degree.-140.degree. C.; R.sub.F : 0.70.
PAR  The 12-O-acetyl-.beta.-methyl-digoxin used as starting material was
      prepared in the following manner:
PAR  1. g. .beta.-methyl-digoxin was dissolved in 5 ml. pyridine, mixed with 130
      mg. acetic anhydride and left to stand at ambient temperature for 24
      hours. Subsequently, the reaction mixture was diluted with water, shaken
      out with chloroform, the chloroform phase was washed with 2N sulfuric acid
      and with water, dried over anhydrous sodium sulfate and evaporated in a
      vacuum. The crude product thus obtained was subjected to a multiplicative
      partition with the phase mixture carbon tetrachloride-ethyl
      acetate-methanol-water (3:1:2:2). After evaporation of the organic phase
      and crystallization from acetone-ether-petroleum ether, there were
      obtained 520 mg. 12-O-acetyl-.beta.-methyl-digoxin; m.p.
      151.degree.-154.degree. C.; R.sub.F : 0.60.
PAR  The R.sub.F values given in the above Examples were all determined on Merck
      kieselguhr plates. In the case of Examples 1 to 5, the eluent was
      chloroform-heptane (3:2) and in the case of Example 6, was
      chloroform-heptane (1:1).
PAR  The compounds of this invention are useful in the preparation of medicinal
      agents because of their cardio-pharmacodynamic actions.
PAR  The new compounds of general formula (I) according to the present invention
      can be administered enterally and parenterally, in admixture with a liquid
      or solid pharmaceutical diluent or carrier. As injection medium, it is
      preferred to use water which contains the conventional additives for
      injection solutions, for example, stabilizing agents, solubilizing agents
      and buffers. Additives of this kind include, for example, tartrate and
      citrate buffers, ethanol, complex-forming agents (for example
      ethylenediamine-tetraacetic acid and the non-toxic salts thereof) and high
      molecular weight polymers (for example liquid polyethylene oxide) for
      viscosity regulation. Solid carrier materials include, for example,
      starch, lactose, mannitol, methyl cellulose, talc, highly-dispersed
      silicic acids, high molecular weight fatty acids (for example, stearic
      acid), gelatine, agar-agar, calcium phosphate, magnesium stearate, animal
      and vegetable fats and solid high molecular weight polymers (for example
      polyethylene glycols); compositions suitable for oral administration can,
      if desired, contain flavoring and/or sweetening agents.
PAR  The amount of dihydrodigoxin compound present in such preparations may, of
      course, vary. It is necessary that the active ingredient be contained
      therein in such an amount that a suitable dosage will be ensured.
      Ordinarily, the preparations should not contain less than about 0.1 mg of
      the active dihydro-digoxins. The preferred amount in orally administered
      preparations such as tablets, pills and the like, is between about 0.2 mg
      and 1.0 mg per day.
PAR  The doses to be administered vary according to the type of action desired,
      i.e., whether said action is to be digitalization or maintenance. It is,
      of course, understood that the physician will determine the proper amounts
      to be given to a patient depending upon the symptoms to be alleviated and
      the patient's condition and that the doses given above are by no means
      limiting the new dihydrodigoxin compounds to such dosages.
PAR  Digoxin is a well known agent for use in the treatment of cardiac
      disturbances, i.e., cardiac failure, atrial fibrillation and flutter,
      paroxysmal tachycardia, cardial insufficiency, etc. It has the advantage
      as compared to digitoxin that its onset of action is more rapid and is of
      shorter duration. In this connection it has the further advantage that in
      the event of an overdose, the symptoms associated therewith are more
      quickly dissipated. However, it is not as completely absorbed from the
      G.I. tract as digitoxin. Digoxin is absorbed only to the extent of 60-70%.
PAR  In order to establish the effectiveness of the compounds of the invention,
      i.e., their improved absorption rate, the compounds of the invention and
      digoxin as comparison compound were administered both intravenously and
      via the oral route and the absorption determined coincident with the
      determination of the pharmacological activity.
PAR  The criterion which was selected for measuring the effectiveness of the
      compound was the length of the period of time elapsing following
      intraduodenal and intravenous injection of the tested compounds in the
      guinea pig before ventricular extrasystoles and cardiac arrest occurred.
PAR  In the guinea pig, a cardiac insufficiency can be produced by application
      of the known anaesthetic Barbital-Na, which results in a decrease of blood
      pressure and heart minute volume (SCHAUMANN, W., "Kreislaufwirkungen von
      g-Strophanthin am normalen und herzinsuffizienten Meerschweinchen";
      Naunyn-Schmiedeberg's Arch. exp. Path. u. Pharmak. 247, 229-242 (1964)).
      The easiest way to determine therapeutic action is by way of the
      re-increase of the blood pressure.
PAR  The first toxic actions of heart glycosides in the guinea pig are in
      arrhysmia. This corresponds to the toxicity in the human heart. The
      arrhysmia can be read from the EKG and from the irregularities on the
      blood pressure curve.
PAC  METHOD
PAR  Guinea pigs were anaesthetized with 1 g/kg Barbital-Na [5,5-diethyl
      barbituric acid ("Veronal")] i.p. in 10 ml/kg liquid. Canulas were
      inserted for intravenous and intraduodenal injection. Under artifical
      respiration, blood pressure was continuously recorded. After stabilization
      of the blood pressure, 10 mg/kg of the test compound,
      dihydro-.beta.-methyl-digoxin, or 2.5 mg/kg of .beta.-methyl-digoxin (for
      comparison; see U.S. Pat. No. 3,538,078) were intraduodenally injected and
      the blood pressure was recorded during the next thirty minutes. Systolic
      and diastolic blood pressure as well as the amplitude of the pulse were
      measured prior to, as well as 10, 20 and 30 minutes after, the injection.
      The mean value as well as their mean errors were calculated in accordance
      with the method of the smallest square deviation.
PAR  The results are set forth in Tables 2 and 3 below. The results show that
      the respective dosages of the two compounds used, viz.,
PAR  10 mg/kg dihydro-.beta.-methyl-digoxin and
PAR  2.5 mg/kg .beta.-methyl-digoxin resulted in the same effect in guinea pigs
      under Barbital anesthesia.
PAR  In the experiments with .beta.-methyl-digoxin, arrhysmia occurred in all
      animals after 20 .+-. 3 minutes. However, all animals tolerated 10 mg/kg
      of dihydro-.beta.-methyl digoxin.
PAR  In further experiments, both glycosides were intraduodenally injected in
      urethane-anesthetized guinea pigs for determining toxicity and the periods
      until arrhysmia and cardiac arrest occurred were measured. The results are
      summarized in the following Tables:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Glycoside  mg/kg   Arrhysmia    Cardiac Arrest                            
                  %    min.      %      min                                    
     ______________________________________                                    
                2,5     100    11(10-12)                                       
                                       100            24(22-26)                
     .beta.-Methyl-Digoxin                                                     
                2,0     100    18(17-19)                                       
                                        80            30(25-35)                
                1,5      80    20(19-21)                                       
                                        50            67                       
     Dihydro-   10      0      &gt;120    0              &gt;120                     
     .beta.-Methyl-Digoxin                                                     
                20      0      &gt;120    0              &gt;120                     
     ______________________________________                                    
PAR  Urethane has less of a cardiac action than Barbital. Therefore, all animals
      in urethane-anaesthesia are more sensitive to cardiac glycosides, which is
      evident from the shorter time of an average of 11 minutes until occurrence
      of arrhysmia after 2.5 mg/kg .beta.-methyl-digoxin. However, even 20 mg/kg
      dihydro-.beta.-methyl-digoxin were not toxic.
PAR  It is a characteristic of all known cardiac-active glycosides that, in case
      of intravenous infusion or after intraduodenal injection, they result in
      arrhysmia and cardiac arrest. Although dihydro-.beta.-methyl-digoxin in a
      higher dosage has the same therapeutic action as .beta.-methyl-digoxin
      (see above), it was surprisingly observed that no rhythm disturbances
      occurred; however, above all, dihydro-.beta.-methyl-digoxin has a
      centrally stimulating action, which is not characteristic of cardiac
      glycosides. The animals became restless and threatened to wake up from the
      anaesthesia. Such an effect has so far only been observed with centrally
      stimulating compounds.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Effect of 2.5 mg/kg .beta.-Methyl-Digoxin on the blood pressure of        
     guinea pigs with cardiac insufficiency under "Barbital" anes-             
     thesia (each value is the average of values from 5 test animals)          
            Blood Pressure in mm HG                                            
            Initial Level       Increase after                                 
                     10     20       30 min.                                   
     ______________________________________                                    
     Systolic                                                                  
     blood    35 .+-. 2    13 .+-. 2                                           
                                    23 .+-. 4                                  
                                           17 .+-. 3                           
     pressure                                                                  
     Diastolic                                                                 
     blood    20 .+-. 2    9 .+-. 2 11 .+-. 3                                  
                                           8 .+-. 3                            
     pressure                                                                  
     Pulse                                                                     
     amplitude                                                                 
              15 .+-. 1    4 .+-. 1 12 .+-. 1                                  
                                           8 .+-. 3                            
     ______________________________________                                    
TBL                TABLE 3                                                     
     ______________________________________                                    
     Effect of 10 mg/kg Dihydro-.beta.-Methyl-Digoxin on the blood pressure    
     of guinea pigs with cardiac insufficiency under "Barbital" anes-          
     thesia (each value is the average of values from 5 test animals)          
            Blood Pressure in mm HG                                            
            Initial Level       Increase after                                 
                     10     20       30 min.                                   
     ______________________________________                                    
     Systolic                                                                  
     blood    37 .+-. 1    14 .+-. 2                                           
                                    19 .+-. 2                                  
                                           12 .+-. 2                           
     pressure                                                                  
     Diastolic                                                                 
     blood    21 .+-. 1    7 .+-. 1 10 .+-. 1                                  
                                           7 .+-. 1                            
     pressure                                                                  
     Pulse                                                                     
     amplitude                                                                 
              16 .+-. 1    7 .+-. 1  9 .+-. 2                                  
                                           5 .+-. 2                            
     ______________________________________                                    
PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Dihydrodigoxin compound of the formula
      ##SPC6##
PAL  wherein one of R.sub.1 and R.sub.2 represents a methyl or ethyl radical and
      the other represents hydrogen, methyl, ethyl or acetyl; and R.sub.3 is
      hydrogen or an acetyl group.
NUM  2.
PAR  2. Dihydrodigoxin compound as claimed in claim 1 wherein R.sub.1 is methyl
      or ethyl.
NUM  3.
PAR  3. Dihydrodigoxin compound as claimed in claim 1 wherein R.sub.2 is methyl
      or ethyl.
NUM  4.
PAR  4. Dihydrodigoxin compound as claimed in claim 2 wherein R.sub.2 is
      hydrogen.
NUM  5.
PAR  5. Dihydrodigoxin compound as claimed in claim 3 wherein R.sub.1 is
      hydrogen.
NUM  6.
PAR  6. Dihydrodigoxin compound as claimed in claim 2 wherein R.sub.2 is methyl
      or ethyl.
NUM  7.
PAR  7. Dihydrodigoxin compound as claimed in claim 3 wherein R.sub.1 is methyl
      or ethyl.
NUM  8.
PAR  8. Dihydrodigoxin compound as claimed in claim 2 wherein R.sub.2 is acetyl.
NUM  9.
PAR  9. Dihydrodigoxin compound as claimed in claim 3 wherein R.sub.1 is acetyl.
NUM  10.
PAR  10. Dihydrodigoxin compound as claimed in claim 1 designated
      20,22-Dihydro-4'"-O-methyl-digoxin.
PATN
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APD  19741218
TTL  Process for making neohesperidine dihydrochalcone
ISD  19760330
NCL  8
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EXP  Brown; Johnnie R.
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NAM  Wild; Jost
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ABST
PAL  The known sweetening agent, neohesperidin dihydrochalcone is manufactured
      by reacting phloroacetophenone-4'-.beta.-neohesperidoside with isovanillin
      in the presence of a secondary amine and an organic acid in solution to
      give neohesperidin or its chalcone and then hydrogenating the reaction
      product in a manner known per se.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the field of sweetening agents.
PAC  SUMMARY OF THE INVENTION
PAR  The known sweetening agent, neohesperidin dihydrochalcone is manufactured
      by reacting phloroacetophenone-4'-.beta.-neohesperidoside with isovanillin
      in the presence of a secondary amine and an organic acid in solution to
      give neohesperidin or its chalcone and then hydrogenating the reaction
      product in a manner known per se.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Examples of secondary amines which can be used in the present process are
      aliphatic amines such as di(lower alkyl)amines (e.g. dimethylamine,
      diethylamine, diisopropylamine etc), aliphatic-aromatic amines such as
      lower alkylarylamines (e.g. methylphenylamine), diaromatic amines (e.g.
      diphenylamine etc), alkanolamines (e.g. diethanolamine etc) and,
      especially, cyclic amines (e.g. morpholine, piperidine, pyrrolidine and
      piperazine). Pyrrolidine is preferred.
PAR  As the organic acid there is preferably used a carboxylic acid such as a
      lower alkanecarboxylic acid (e.g. acetic acid, propionic acid etc), formic
      acid or an aromatic carboxylic acid (e.g. benzoic acid etc). Acetic acid
      is preferably used.
PAR  Whether the reaction of phloroacetophenone-4'-.beta.-neohesperidoside
      (neohesperidosylacetylphloroglucinol, acetylphloroglucinol
      neohesperidoside) of the formula
      ##SPC1##
PAL  Wherein Neo represents the .beta.-neohesperidosyl group, i.e. the
      2-O-.alpha.-L-rhamnopyranosyl-.beta.-D-glucopyranosyl group of the formula
      ##SPC2##
PAL  With isovanillin yields mainly neohesperidin (II) or its chal cone (III)
      ##SPC3##
PAL  depends on the ratio of secondary amine to organic acid used in the
      process. When this ratio is 1:1, i.e. the reaction medium is neutral (or
      weakly acid), neohesperidin (II) is mainly or almost exclusively obtained.
      When the reaction medium is basic, i.e. the secondary amine is present in
      excess, the chalcone (III), which represents the primary reaction product
      of the compound of formula I with isovanillin, is mainly obtained. The
      duration of the reaction also has an influence on the ratio of
      neohesperidin (II) to chalcone (III) obtained. The longer the duration,
      the more of neohesperidin (II) is obtained.
PAR  The ratio of the compound of formula I to isovanillin is preferably 1:1,
      but a slight excess (e.g. 5%) of the individual reaction components does
      not give rise to any disadvantages. The reaction is carried out in
      solution. The secondary amine, as long as it is liquid under the reaction
      conditions, or a polar organic solvent can be used as the solvent.
      Examples of such solvents which can be used are: alcohols such as alkanols
      (e.g. methanol, ethanol etc), polyalcohols (e.g. glycols or glycerine),
      ethers (e.g. dioxane, methylal etc), polyethyleneglycol ethers [e.g.
      diethyleneglycol ethers such as mono- and diglyme (diethyleneglycol
      monomethyl or dimethyl ether)], tertiary amines (e.g. pyridine,
      triethylamine etc), dimethylformamide, dimethyl sulphoxide,
      N-methylpyrrolidone, hexamethylphosphoric acid triamide and the like.
      Ethanol and isopropanol are preferred solvents.
PAR  The ratio of secondary amine to compound of Formula I can be varied within
      a wide range; for example, between 100:1 and 1:100 (equivalent). However,
      the ratio preferably lies within a range of 5:1 and 1:20.
PAR  The temperature at which the reaction is carried out can be varied within
      wide limits; for example, the reaction can be carried out at a temperature
      between room temperature and the boiling point of the reaction mixture. A
      temperature of 40.degree.-100.degree.C is preferred.
PAR  The reaction is preferably carried out in an inert atmosphere (e.g. under
      nitrogen, argon etc).
PAR  In order to obtain good yields, the reaction is, moreover, advantageously
      carried out with the exclusion of moisture.
PAR  When the reaction is carried out under practically neutral conditions (i.e.
      when the ratio of secondary amine to organic acid amounts to approximately
      1:1) -- which represents the preferred embodiment of the process --
      racemic neohesperidin precipitates from the reaction mixture in
      crystalline form and, after filtration, can be used directly in the
      hydrogenation stage. When the reaction is carried out under basic
      conditions, the excess secondary amine is first distilled off from the
      reaction mixture and the residue remaining is then used in the
      hydrogenation stage.
PAR  The catalytic hydrogenation to give hesperidin dihydrochalcone of the
      formula
      ##SPC4##
PAL  can be carried out in a manner known per se. A suitable catalyst is, for
      example, Raney-nickel. The catalytic hydrogenation is expediently carried
      out in a solvent (e.g. water or an alkanol such as methanol) and at room
      temperature.
DETD
PAR  The following Examples illustrate the present invention:
PAC  EXAMPLE 1
PAR  2.4 g (0.005 mol) of acetylphloroglucinol neohesperidoside, 25 ml of
      absolute ethanol, 1.07 g (0.015 mol) of pyrrolidine, 0.23 g of acetic acid
      and 0.76 g (0.005 mol) of isovanillin are heated at reflux for 1 hour
      under an argon atmosphere. The mixture is then carefully concentrated on a
      rotary evaporator and the residual pyrrolidine removed under a high
      vacuum. The deep-red crystal mass obtained is taken up in 20 ml of 1-N
      sodium hydroxide, the solution washed three times with 20 ml of methylene
      chloride each time, purified with active carbon and filtration over Celite
      (rinsing with water) and 0.5 g of wet Raney-nickel is added to the
      filtrate. The mixture is hydrogenated for 12 hours, during which time
      approximately 1 equivalent of hydrogen is taken up. The catalyst is
      filtered off over Celite and the filtrate adjusted to pH 5 with 4 ml of
      5-N hydrochloric acid while cooling. The excess isovanillin is removed by
      washing with two 20  ml portions of ether. The aqueous phase is extracted
      for 21 hours in a Kutscher-Steudel extractor using ethyl acetate/ethanol
      (80:20). The extract is concentrated and dried in a high vacuum. The yield
      is 2.5 g (82% of theory). The product shows a single spot on a polyamide
      thin-layer plate [eluant: nitromethane/methanol/water (60:37:3)] which
      corresponds to neohesperidin dihydrochalcone.
PAC  EXAMPLE 2
PAR  24 g (0.050 mol) of dried acetylphloroglycinol neohesperidoside are
      suspended in 250 ml of 99.8% ethanol and the suspension is treated with
      3.55 g (0.005 mol) of pyrrolidine and 3 g (0.05 mol) of acetic acid. 7.6 g
      (0.050 mol) of isovanillin are added to the resulting mixture. The mixture
      is then maintained at reflux under an argon atmosphere with vigorous
      stirring for 12 hours. After cooling, the crystalline neohesperidin is
      filtered off under a vacuum and washed with 250 ml of ethanol. After
      drying in a high vacuum, 26.1 g (85% yield) of product of melting point
      230.degree.-240.degree.C are obtained.
PAR  18.9 g (0.030 mol) of neohesperidin are dissolved in 90 ml of 2-N sodium
      hydroxide and treated with 1.2 g of Raney-nickel. The mixture is
      hydrogenated under normal pressure for 15 hours. The hydrogen uptake
      corresponds to 30 mmol. The solution is filtered and adjusted to pH 6 with
      36 ml of 5-N hydrochloric acid while cooling with ice and stirring. The
      resulting clear yellow solution is left in a refrigerator for 48 hours and
      then filtered under suction. The white residue is washed with cold water
      and dried overnight in a high vacuum. There are obtained 17.4 g (95%
      yield) of neohesperidin dihydrochalcone of melting point 150.degree.C.
PAC  EXAMPLE 3
PAR  When the procedure described in Example 2 is carried out using an
      equivalent amount of benzoic acid in place of the acetic acid, the same
      results are obtained.
PAC  EXAMPLE 4
PAR  47.6 g (0.10 mol) of dried acetylphloroglucinol neohesperidoside are
      suspended in 500 ml of isopropanol and treated with 7.1 g (0.10 mol) of
      pyrrolidine and 6 g (0.10 mol) of acetic acid. 15.2 g (0.10 mol) of
      isovanillin are added to the resulting mixture. The mixture thus obtained
      is maintained at reflux for 15 hours with vigorous stirring. After
      cooling, the crystal line neohesperidin is filtered off under suction and
      washed with 300 ml of ethanol. After drying in a vacuum, there are
      obtained 53 g (87% yield) of product of melting point
      236.degree.-238.degree.C. The purity amounts to 92% according to high
      pressure liquid chromatography.
PAR  18.9 g (0.030 mol) of neohesperidin are dissolved in 90 ml of 2-N sodium
      hydroxide and treated with 1.2 g of Raney-nickel. The mixture is
      hydrogenated for 15 hours under normal pressure. The hydrogen uptake
      corresponds to 30 mmol. The solution is filtered and adjusted to pH 6 with
      36 ml of 5-N hydrochloric acid while cooling with ice and stirring. The
      clear yellow solution is left in a refrigerator for 48 hours and then
      filtered under suction. The white residue is washed with cold water and
      dried overnight in a high vacuum. There are obtained 17.4 g (95% yield) of
      neohesperidin dihydrochalcone of melting point 150.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of neohesperidin dihydrochalcone, which
      process comprises reacting phloroacetophenone-4'-.beta.-neohesperidoside
      with isovanillin in the presence of a secondary amine and an organic acid
      in solution to give neohesperidin or its chalcone and thereafter
      hydrogenating the reaction product, wherein the secondary amine is a
      member of the group selected from aliphatic amines such as di(lower alkyl)
      amines (e.g. dimethylamine, diethylamine, diisopropylamine etc),
      aliphatic-aromatic amines such as lower alkylarylamines (e.g.
      methylphenylamine), diaromatic amines (e.g. diphenylamine etc),
      alkanolamines (e.g. diethanolamine etc) and, cyclic amines (e.g.
      morpholine, piperidine, pyrrolidine and piperazine) and wherein the
      organic acid is a member of the group selected from a carboxylic acid such
      as a lower alkanecarboxylic acid (e.g. acetic acid, propionic acid etc),
      formic acid or an aromatic carboxylic acid (e.g. benzoic acid etc).
NUM  2.
PAR  2. A process according to claim 1, wherein the molar ratio of reactants
      phloroacetophenone -4'-.beta.-neohesperidoside and isovanillin is about
      1:1.
NUM  3.
PAR  3. A process according to claim 1, wherein the molar ratio of secondary
      amine to organic acid lies within a range of about 5:1 and about 1:20.
NUM  4.
PAR  4. A process according to claim 1, wherein the reaction between
      phloroacetophenone 4'-.beta.-neohesperidoside and isovanillin is carried
      out at a temperature within the range from about 40.degree.C. to about
      100.degree.C.
NUM  5.
PAR  5. A process according to claim 1, wherein pyrrolidine is used as the
      secondary amine and acetic acid is used as the organic acid.
NUM  6.
PAR  6. A process according to claim 1, wherein about 2.4 parts of
      phloroacetophenone 4'-.beta.-neohesperiodoside about 0.76 parts of
      isovanillin, about 1.07 parts of pyrrolidine and about 0.23 parts of
      acetic acid are employed in ethanol as solvent and the reaction is
      conducted under reflux, the parts all being by weight, and using
      Raney-nickel as hydrogenation catalyst.
NUM  7.
PAR  7. A process according to claim 1, wherein about 24 parts of
      phloroacetophenone 4'-neohesperidoside about 7.6 parts of isovanillin,
      about 3.55 parts of pyrrolidine and about 3 parts of acetic acid are
      employed in ethanol as solvent and the reaction is conducted under reflux,
      the parts being by weight, and using Raney-nickel as hydrogenation
      catalyst.
NUM  8.
PAR  8. A process according to claim 1, wherein about 47.6 parts of
      phloroacetophenone -4'-.beta.-neohesperidoside about 15.2 parts of
      isovanillin, about 7.1 parts of pyrrolidine and about 6 parts of acetic
      acid are employed in isopropanol as solvent, and the reaction is conducted
      under reflux, the parts being by weight, and using Raney-nickel as
      hydrogenation catalyst.
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ABST
PAL  Compounds of formula
      ##EQU1##
      where X,X' are divalent aliphatic radicals which may be the same or
      different are heated to decompose them to lactams.
BSUM
PAR  The present invention relates to a process for the production of lactams.
      Lactams may be polymerised to give useful polymers, e.g. caprolactam may
      be polymerised to give nylon-6.
PAR  According to the present invention the process for the production of
      lactams comprises heating in the liquid phase a compound of formula
      ##EQU2##
      where X, X' are divalent aliphatic radicals, which may be the same or
      different, to decompose it to lactam.
PAR  Compounds of formula (IV) comprise the class of compounds having the
      structural unit:
      ##EQU3##
PAR  A wide range of atoms and groups may be attached to the free valencies in
      the structure (I)
PAR  Examples of groups which may be attached to the free valencies in structure
      (I) are hydrogen, alkyl and aryl groups. One, or both, of the carbon atoms
      in structure (I) may form part of a ring or rings into which they are
      bonded by their free valencies. Examples of suitable rings are those
      containing from 5 to 7 carbon atoms or more in the ring, and this ring may
      be joined to other rings.
PAR  It is found that compounds in which one or more of the free valencies are
      linked to hydrogen atoms may tend to be unstable and decompose. If
      therefore it is desired to store a compound of structure (I) for any
      length of time it should preferably not contain any hydrogen atoms bound
      to the free valencies.
PAR  Where neither of the carbon atoms in structure (I) forms part of a ring, it
      is preferred that at least one alkyl group be bonded to each carbon atom
      in the structure (I) the two remaining free valencies in structure (I)
      being satisfied by hydrogen, alkyl or aryl groups, to give compounds of
      formula
      ##EQU4##
      where R.sub.1 and R.sub.3 are alkyl and R.sub.2 and R.sub.4 are hydrogen,
      alkyl or aryl. The alkyl groups which may be the same or different are
      preferably lower alkyl groups e.g. having from 1 to 10 carbon atoms, in
      particular those having 1 to 5 carbon atoms.
PAR  Specific examples of compounds of formula (II) are:
PA1  2,2'-peroxy-diprop-2-ylamine
      ##EQU5##
      B.P. 40.degree.-42.degree.C at 12 m.m. Hg. 2,2'-PEROXY-DIBUT-2-YLAMINE
      ##EQU6##
      B.P. 66.degree.-68.degree.C at 12 m.m. Hg. 1,1'-PEROXY-DIBUT-1-YLAMINE
      ##EQU7##
      b.p. 50.degree.C at 0.1 m.m. Hg.
PAR  As indicated above one of the carbon atoms in the structural unit (I) may
      form part of a ring into which it is bonded by the free valencies shown in
      the structure (I). Examples of such compounds are the compounds containing
      the structural unit
      ##SPC1##
PAL  where R.sub.5 to R.sub.14 are hydrogen or alkyl groups, R.sub.15 is alkyl
      and R.sub.16 is hydrogen, alkyl or aryl. The alkyl group R.sub.15, and
      R.sub.16 when an alkyl group, are preferably lower alkyl groups for
      example those having less than 10, preferably less than 5 carbon atoms.
PAR  R.sub.5 to R.sub.14 may be hydrogen or alkyl and examples of suitable alkyl
      groups are the lower alkyl groups e.g. those having 1 to 5 carbon atoms in
      particular methyl, ethyl and propyl groups although longer alkyl chains
      may be also be used. Examples of compounds of formula (III) are those in
      which at least one of R.sub.5 to R.sub.14 is an alkyl group, in particular
      at least one of R.sub.7 to R.sub.12 is an alkyl group while R.sub.5,
      R.sub.6, R.sub.13 and R.sub.14 are hydrogen. An example of a particularly
      suitable pattern of substituents is that in which R.sub.7 and R.sub.8 are
      both methyl, while one of R.sub.11 and R.sub.12 is methyl the remaining
      R.sub.5 to R.sub.14 being hydrogen.
PAR  Both carbon atoms in the structural unit (I) may form part of rings into
      which they are bonded by the free valencies shown in the structure (I) and
      examples of such compounds are those of formula
      ##EQU8##
      where X,X' are divalent aliphatic radicals which may be the same or
      different.
PAR  In radicals X, X' the number of carbon atoms which are in the ring may for
      example vary from 4 to 11; i.e. the total number of carbon atoms in the
      ring may be between 5 and 12. Carbon atoms may be the only atoms in the
      ring. Examples of compounds of formula (IV) are those compounds where X is
      a radical having 4 to 6 carbon atoms in the ring. Examples of such
      compounds are:
      ##SPC2##
PAL  where R.sub.17 to R.sub.76 are alkyl groups or hydrogen.
PAR  The preferred compounds are those in which R.sub.17 to R.sub.76 is hydrogen
      or lower alkyl, e.g. methyl, ethyl, propyl although the compounds may have
      longer chains.
PAR  Specific examples of compounds according to the present invention are:
      ##SPC3##
PAR  1,1'-peroxydicyolopentylamine which is a white solid with a melting point
      of 22.degree.-23.degree.C.
      ##SPC4##
PAR  4,4'-dimethyl-1,1'-peroxydicyclohexylamine which is a white solid with
      melting point 119.degree.-121.degree.C.
      ##SPC5##
PAR  3,3,3',3',5,5'-hexamethyl-1,1'-peroxydicyclohexylamine which boils at
      124.degree.-126.degree.C at a pressure of 0.4 mm.Hg.
      ##SPC6##
PAR  1,1'-peroxydicycloheptylamine which boils in the range
      120.degree.-130.degree.C at a pressure of 0.8 mm.Hg.
      ##SPC7##
PAR  1,1'-peroxy-3,3,5-trimethylcyclohexyl cyclopentylamine which boils at
      92.degree.-96.degree.C at 0.3 mm.Hg.
      ##SPC8##
PAR  1,1'-peroxy-3,3,5-trimethylcyclohexyl cyclohexylamine
      ##SPC9##
PA1  b.p. 136.degree.-141.degree.C at 0.3 mm.Hg.
      ##SPC10##
PAR  1,1'-peroxydicyclohexylamine which is a white solid insoluble in water but
      soluble in ethanol, which melts at 40.degree.-41.5.degree.C and distills
      at 94.degree.-97.degree.C at a pressure of 0.4 mm.Hg. and at
      138.degree.-140.degree.C at a pressure of 12 mm.Hg.
PAR  Compounds having the essential skeletal structure (I) may be made by
      reacting together at least one compound having the essential skeletal
      structure:
EQU  &gt;G = O                                                     (IX)
PAL  with hydrogen peroxide and ammonia.
PAR  The free valencies of the carbon atom in the structure (IX) may be
      satisfied by any group which will be inert under the reaction conditions
      i.e. will not enter into reaction with ammonia or hydrogen peroxide.
PAR  The carbonyl compound may be acyclic or cyclio. Where the carbonyl compound
      is acyclic examples of suitable groups which may be bound to the free
      valencies are hydrogen and alkyl preferably lower alkyl. It is preferred
      that at least one alkyl group is bound to a free valency of the carbon
      atom of structure (IX) the other group being hydrogen or alkyl, to give
      compounds of formula
EQU  R.sub.77 R.sub.78 CO                                       (X)
PAL  where R.sub.77 is alkyl and R.sub.78 is hydrogen or alkyl. Preferably alkyl
      groups are bound to both free valencies. Specific examples of carbonyl
      compounds which may be used are acetone, ethyl methyl ketone, and
      n-butyraldehyde.
PAR  The compounds formed by reaction of a compound of formula (X) with hydrogen
      peroxide and ammonia are those of formula (II)
PAR  In place of acyclic carbonyl compounds, at least one compound of formula
      ##EQU9##
      where X is a divalent radical may be used. Carbon atoms may be the only
      atoms in the ring. The cyclic ketone may be for example a ketone with
      between 5 and 12 carbon atoms in the ring; would then have 4 - 11 carbon
      atoms forming part of the ring.
PAR  Examples of suitable ketones are those of formulae
      ##SPC11##
      ##SPC12##
PAL  where R.sub.79 to R.sub.108 are alkyl groups or hydrogen.
PAR  The preferred compounds are those where R.sub.79 to R.sub.108 are hydrogen
      or lower alkyl e.g. methyl, ethyl, propyl, but compounds with longer alkyl
      chains can also be used. Examples of compounds of the above formulae which
      may be used are those in which not more than one alkyl group is joined to
      each carbon atom in the ring. Compounds in which two alkyl groups are
      joined to a single carbon atom may be used, however. When the ring is a 6
      carbon atom ring, then any gem-dialkyl groups are preferably substituted
      in positions 3,4 or 5 on the ring.
PAR  Examples of ketones which may be used are cyclopentanone,
      2-methylcyclohexanone, 3-methylcyclohexanone, 4-methylcyclohexanone,
      3,3,5-trimethylcyclohexanone (dihydroisophorone), and cycloheptanone.
PAR  The compounds produced by reaction of a compound of formula (XI) with
      hydrogen peroxide and ammonia are those of formula (IV). Where only one
      compound of formula (XI) is used, and the radical X is inert under the
      reaction conditions the radicals X and X' in the compound of formula (IV)
      will be the same although the compound of formula (IV) may exist in a
      number of different stereoisomers.
PAR  It is possible that formation of compounds having the structural unit (I)
      from carbonyl compounds having the structure (IX) by reaction with ammonia
      and hydrogen peroxide proceeds by way of compounds containing the
      structural unit
      ##EQU10##
      and
      ##EQU11##
      and where compounds of formula (XV) and (XVI) exist they may be reacted
      with ammonia to give compounds containing the structural unit (I). Thus
      the formation of compounds containing the structural unit (IV) by reaction
      of compounds of formula (XI), hydrogen peroxide and ammonia may proceed by
      way of compounds of formula
      ##EQU12##
      and
      ##EQU13##
      where X is a divalent aliphatic radical, and where peroxides of the above
      formula can be formed e.g. by oxidation of cyclic alcohols with molecular
      oxygen or by reaction of cyclic ketones with hydrogen peroxide, these
      peroxides may be reacted with ammonia to give compounds of formula (IV)
PAR  Thus 1,1'-dihydroxydicyclohexyl peroxide
      ##SPC13##
PAL  can be reacted with ammonia to give 1,1'-peroxydicyclohexylamine.
PAR  In the same way the formation of compounds of formula (II) from compounds
      of formula (X), hydrogen peroxide and ammonia may proceed by way of
      compounds of formula
      ##EQU14##
      or
      ##EQU15##
      where R.sub.109,R.sub.111 and R.sub.113 have the same meaning as R.sub.77
      in formula (X) while R.sub.110,R.sub.112 and R.sub.114 have the same
      meaning as R.sub.78 in formula (X) and where these exist they may be
      reacted with ammonia to give compounds of formula (II).
PAR  It is possible that the formation of the compounds of formula (IV) from
      compounds of formula (XI), hydrogen peroxide and ammonia may proceed by
      way of an intermediate of formula
      ##EQU16##
      which then reacts further. Where compounds of formula (XXI) can be
      isolated they may be reacted with compounds (IX) to give compounds of
      formula (I). Thus compounds containing the structural unit (I) may be
      prepared by reacting a compound of formula
      ##SPC14##
PAL  with a compound containing the structural unit
EQU  O = C &lt;                                                    (IX)
PAL  r.sub.115 to R.sub.124 have the same meaning as R.sub.5 to R.sub.14 in
      structure (III) and the remarks made concerning R.sub.5 to R.sub.14 in
      connection with structure (III) apply also to R.sub.115 to R.sub.124 in
      the compound of formula (XXII). Before proceeding with the discussion of
      the reaction of (XXII) and (IX) it will be necessary to discuss the
      preparation of (XXII). Compounds of structure (XXII) may be prepared by
      reacting together a cyclic ketone of formula
      ##SPC15##
PAL  with ammonia and hydrogen peroxide where R.sub.125 to R.sub.134 have the
      same meaning as R.sub.5 to R.sub.14 in formula (III) and the remarks made
      concerning R.sub.5 to R.sub.14 in connection with (III) apply also to
      R.sub.125 to R.sub.134 in (XXIII). A particularly preferred compound of
      formula (XXIII) is 3,3,5-trimethylcyclohexanone, as the compound of
      formula (XXII) namely 1-amino-3,3,5-trimethylcyclohexyl hydroperoxide is
      readily isolated from the reaction mixture before further reaction takes
      place.
PAR  A compound of formula (XXII) which may be produced by the process described
      above is 1-amino-3,3,5-trimethylcyclohexyl hydroperoxide. This compound
      whose structure was established by nuclear magnetic resonance and
      infra-red spectroscopy, and by elemental analysis is unstable if kept at
      temperatures much above 0.degree.C and melts with decomposition at
      67.degree. - 67.5.degree.C. The compound may be made by the process of the
      present invention using dihydroisophorone as the cyclic ketone
      ##SPC16##
PAR  1-amino-4-methylcyclohexyl hydroperoxide may be made by using
      4-methylcyclohexanone as starting material.
      ##SPC17##
PAR  Other compounds of formula (XXII) are 1-aminocyclohexylperoxide
      ##SPC18##
PAL  which has m.p. 57.degree. - 58.degree.C (rapid heating), 47.degree.C with
      decomposition (slow Heating), and 1-amino-cyclododecyl hydroperoxide which
      has m.p. of 72.degree. - 73.degree.C.
PAR  Having discussed the formation of the compounds of formula (XXII) I will
      return to the reaction of these compounds with compounds of formula (IX).
      The comments made concerning the groups which may be on the free valencies
      of the compound containing the structural unit (IX) in connection with the
      preparation of compounds containing the structural unit (I) apply also to
      the reaction of (XXII) and (IX). Thus compounds of formula (X) may be
      used, to give products of formula (II) while compounds of formula (XI)
      give products of formula (IV)
PAR  Examples of specific carbonyl compounds which may be used are formaldehyde,
      acetaldehyde, n-butyraldehyde, acetone, ethyl methyl ketone,
      diethylketone, acetophenone, cyclopentanone, cycloheptanone, and
      3,5,5-trimethylcyclohexanone.
PAR  All the reactions described above can be carried out without a catalyst,
      although catalysts can be used, by bringing the reactants into contact.
      This may be done by mixing the reactants in the liquid phase. Where the
      reactants are all liquids or gases as may often be the case when carbonyl
      compounds of structure (IX), hydrogen peroxide and ammonia are being
      reacted together, simple mixing of the reactants may be sufficient. Where
      one of the reactants is a solid it may be dissolved in a solvent, which
      should preferably be miscible with the other constituents of the reaction
      mixture. Thus when reacting carbonyl compounds with hydrogen peroxide and
      ammonia the solvent used should be miscible, preferably completely, with
      hydrogen peroxide and water. Even if the reactants are all liquids or
      gases it may be desirable to add a solvent to ensure adequate contact
      between the reactants. Thus when reacting carbonyl compounds, hydrogen
      peroxide and ammonia together it may be desirable to add a liquid which is
      a solvent for the carbonyl compound and is miscible preferably completely
      with hydrogen peroxide and water. It may often be convenient to use a
      solvent in which the reactants are soluble and the desired reaction
      product insoluble so that the reaction product can be separated from the
      reaction mixture by filtration. This may be particularly useful when
      dealing with the less stable products, as the need to carry out
      distillations or solvent extractions which can cause considerable losses
      of product is thereby avoided. Examples of solvents which may be used are
      methanol, ethanol, light petroleum, ether, dioxan, dimethylformamide.
PAR  When bringing reactants into contact to carry out the reaction it is not
      essential that all the reactants should be entirely in the liquid phase
      and it may be desirable to mix the reactants together in the presence of a
      solvent for one of the reactants and the reaction product.
PAR  Where hydrogen peroxide is a reactant it will generally be in the form of
      an aqueous solution. The strength of this solution may vary between
      moderately wide limits. Examples of suitable hydrogen peroxide solutions
      are those containing between 5 and 100% by weight of the total solution of
      hydrogen peroxide. Thus commeroially available solutions containing about
      28-30% by weight of hydrogen peroxide are satisfactory. The reaction
      mixture may contain a hydrogen peroxide stabiliser e.g. sodium ethylene
      diamine tetraacetate (EDTA).
PAR  The concentration of hydrogen peroxide in the reaction mixture in which it
      is used will depend not only on the strength of the hydrogen peroxide
      solution added but on the quantities of other reactants and solvents
      present. The quantity of hydrogen peroxide in the reaction mixture may
      vary over a wide range. Examples of suitable concentrations of hydrogen
      peroxide in the reaction mixture are those in the range 5-40% by weight,
      particularly suitable concentrations being those in the range 10-20% by
      weight.
PAR  In the reaction of carbonyl compound (IX) with hydrogen peroxide and
      ammonia the molar ratio of ketone and hydrogen peroxide reacted together
      may vary over a moderately wide range for example between 4:1 and 0.5:1
      but when preparing compounds having the structural unit (I) it is
      preferred to use at least two moles of ketone for one mole of hydrogen
      peroxide the stoichiometric ratio being 2:1. When it is desired to prepare
      compounds of formula (XXII) it is preferred to use a molar ratio of ketone
      to hydrogen peroxide of about 1:1, this being the stoichiometric ratio for
      the reaction.
PAR  Where ammonia is a reactant it may be fed into the reaction mixture in the
      form of a gas or as a solution in for example water. The concentration of
      the ammonia solution may vary over moderately wide limits and 0.880
      ammonia i.e. an aqueous solution having a relative density of 0.880, is
      suitable. If desired the reaction may be started with the ammonia added to
      the other reactants as a solution and may be continued by passing gaseous
      ammonia into the reaction mixture. Where ammonia is a reactant it is
      preferred to use a slight excess over the stoichiometric quantity but the
      quantity of ammonia is not critical.
PAR  The temperatures at which the reactions described above may be carried out
      will depend upon the thermal stability of the reactants and products as
      the use of temperatures sufficiently high to decompose the reactants and
      products must be avoided.
PAR  When preparing compounds of structure (I) in which the free valencies of
      both carbon atoms do not bond the carbon atoms into a ring e.g. when
      preparing compounds of formulae: (II) or (III). Examples of temperatures
      which may be used are temperatures in the range -20.degree.C to
      +20.degree.C, in particular -10.degree.C to +10.degree.C. When reacting
      compounds of formula (XI) with hydrogen peroxide and ammonia or compounds
      of formula (XVII) or (XVIII) with ammonia it may be possible to use a
      somewhat wider range of temperatures, for example temperatures in the
      range -20.degree.C to +60.degree.C, preferably those in the range
      0.degree.C to 50.degree.C. Temperatures of about 40.degree.C are often
      particularly suitable. In the preparation of compounds of formula (XXII)
      and in the reaction of those compounds with compounds (IX) it is preferred
      to use temperatures in the range -20.degree.C to +20.degree.C, for example
      temperatures in the range -10.degree.C to +10.degree.C in particular
      temperatures below 0.degree.C. The duration of the reaction when preparing
      compounds containing the structural unit (I) will depend upon the
      temperature and the particular reactants used and may vary over a wide
      range. The reaction may be complete in 2 to 3 hours but longer times may
      sometimes be desirable.
PAR  When preparing amino-hydroperoxides of formula (XXII) it may be necessary
      to control the reaction time carefully to prevent the compound (XXII),
      reacting further. The optimum time for this reaction can be determined by
      the man skilled in the art and may for example range from one-half to 7
      hours. The pressure in the reactions described above may vary over a
      moderately wide range, atmospheric pressure or pressures close to
      atmospheric pressure generally being most convenient. When carrying out
      reaction in which ammonia is a reactant pressures below atmospheric
      pressure will cause a reduction in the ammonia concentration in the
      reaction system which may lead to reduced yields and it may be desirable
      to use pressures above atmospheric pressure to obtain a high concentration
      of ammonia.
PAR  The reactions described above can be carried out batchwise or continuously.
PAR  The peroxide (I) and (XXII) may be recovered in any suitable manner or may
      be used, without recovery, in further reactions. Where the reaction is
      carried out in aqueous solution the peroxide of formula (I) will generally
      separate out as a solid or in a liquid layer from the aqueous solution.
      Where the peroxide (I) is to be reacted further, this product rich in
      peroxide (I) can be separated from the reaction mixture and used without
      further purification. Alternatively the peroxide (I) may be extracted from
      the reaction using a suitable organic solvent e.g. chloroform, ether,
      light petroleum, benzene, or ethyl acetate. The peroxide (I) may then be
      separated from the extract by distillation, if necessary under reduced
      pressure, provided that the distillation temperature is not so high as to
      decompose the peroxide. Alternatively, it may be possible to precipitate
      the peroxide from the extract by addition of water. It may also be
      possible to obtain the solid crystalline peroxide directly by filtration
      from the reaction mixture.
PAR  The 1-amino-hydroperoxides (XXII) will often precipitate from the reaction
      mixture and can be separated by filtration from the reactants. Where other
      products are obtained which are insoluble in the reaction mixture it may
      often be possible to dissolve these other products with hydrophobic
      solvents e.g. light petroleum.
PAR  It should be noted that the compounds are not restricted to those made from
      carbonyl compounds (IX) carrying groups which are inert under the reaction
      conditions. The groups bonded to the free valencies shown in structure (I)
      may well differ from those found in the compounds from which the compound
      of structure (I) is prepared. Thus when ammonia and hydrogen peroxide are
      reacted together with a carbonyl compound which contains groups which
      react with ammonia and/or hydrogen peroxide it may often still be possible
      to obtain compounds containing the structural unit (I) but the groups
      bonded to the free valencies in the structure (I) will not necessarily
      then be the same as those bonded to the carbonyl group in the starting
      material.
DETD
PAR  The compounds (I) are also illustrated by the following Examples. The
      perchloric acid equivalents substances given in the examples were
      determined by titrating an anhydrous N/10 solution of perchloric acid in
      acetic acid with a solution in acetic acid of a weighed sample of the
      substance whose equivalent is being determined. The peroxide or active
      oxygen equivalents of substances given in the examples were determined by
      adding a saturated solution of potassium iodide (containing a quantity of
      potassium iodide in excess of that required to react with all the peroxide
      groups in the substance under investigation), to acetic acid to which a
      small quantity of sodium bicarbonate is added to generate carbon dioxide.
      A weighed sample of the substance under investigation is then added, the
      mixture heated on a boiling water bath for 5 minutes, and then cooled. A
      little water is then added and the mixture titrated with N/10 sodium
      thiosulphate solution.
PAC  EXAMPLE 1
PAR  Acetone (58 g.), 30% hydrogen peroxide (70 c.c.) and the sodium salt of
      E.D.T.A. (1.0 g.) were mixed and saturated with gaseous ammonia at about
      0.degree.C, and the solution stored overnight at 0.degree.C. The solution
      was extracted with ether and the ethereal extract dried and evaporated.
      Distillation of the residue gave a fraction (21.1 g.), b.p. 55.degree./12
      m.m., which on redistillation gave a product b.p. 40.degree. - 42.degree.C
      at 12 m.m.Hg. This product on analysis was shown on the basis of elemental
      analysis, nuclear magnetic resonance, and infra-red spectroscopy to be
      2,2'-peroxy-diprop-2-ylamine
      ##EQU17##
PAR  The peroxide equivalent was 135 and the perchloric acid equivalent was 147.
      The elemental analysis gave C, 55.05%; H, 10.1%; N, 10.2%.
PAC  EXAMPLE 2
PAR  Ethyl methyl ketone (72 g.), 30% hydrogen peroxide (70 c.c.), ammonium
      acetate (8 g.) and sodium salt of E.D.T.A. (1.- g.) were mixed and treated
      with gaseous ammonia as in Example 1. The solution was stored at
      0.degree.C overnight and then extracted with ether. Distillation of the
      ethereal extract gave a fraction (46.7 g.), b.p. 66.degree.- 68.degree. at
      12 m.m.Hg. pressure. The peroxide equivalent was 157, the perchloric acid
      equivalent was 161 and the elemental analysis was C,59.4%; H,10.85%;
      N,8.4%.
PAR  This was identified as 2,2'-peroxy-dibut-2-ylamine
      ##EQU18##
PAC  EXAMPLE 3
PAR  A mixture of n-butyraldehyde (72 g.), 30% hydrogen peroxide (70 c.c.),
      methanol (45 c.c.), ammonium acetate (8 g.) and sodium salt of E.D.T.A. (1
      g.) was cooled to about 0.degree.C and saturated with gaseous ammonia. The
      solution was stored at 0.degree.C overnight and extracted with ether. The
      ethereal extract was evaporated to leave a residue (74.5 g.) having a
      peroxide equivalent of 171. A small portion of this residue was distilled
      to give a fraction b.p. 50.degree.C at 0.1 m.m.Hg., with peroxide
      equivalent of 165 and a perchloric acid equivalent of 188, and elemental
      analysis C,60.5%; H,10.95% and N,8.9%.
PAR  This product was identified as 1,1'-peroxy-dibut-
      ##EQU19##
PAC  EXAMPLE 4
PAR  A mixture of isophorone (41.4 g.), 30% hydrogen peroxide (45.2 c.c.),
      methanol (350 c.c.), 0.880 ammonia (80 c.c.), and sodium salt of E.D.T.A.
      (1.0 g.) was cooled to temperatures at or below 0.degree.C and saturated
      with gaseous ammonia, then stored at 0.degree.C for several days. A solid
      (0.8 g.) was filtered off, rinsed with cold ethanol and refiltered, to
      give material with m.p. 74.degree. - 81.degree., perchloric acid
      equivalent 1.79. Elemental analysis gave C, 56.2%; H, 9.2%; N, 7.1%.
      Spectroscopic evidence showed this to be the 1-amino-1-hydroperoxide of
      epoxyisophorone
      ##SPC19##
PAL  The filtrate was extracted with ether and the ethereal extract evaporated
      and distilled to give a fraction (27.7 g.) b.p. 54.degree.C at 0.3 mm. Hg;
      consisting mainly of isophorone epoxide with some isophorone, and a
      fraction (3.4 g.) b.p. 136.degree. - 141.degree.C at 0.3 mm. Hg, with
      perchloric acid equivalent of 340 and active oxygen equivalent of 199.
      Elemental analysis gave C, 69.4%, H, 9.2%, N, 5.3%.
PAR  This peroxide
      ##SPC20##
PAL  was of the type according to the present invention and this example
      illustrates the production of compounds according to the present invention
      from carbonyl compounds in which the groups bound to the carbonyl group
      are not inert.
PAC  EXAMPLE 5
PAR  1-Amino-3,3,5-trimethylcyclohexyl hydroperoxide (34.6 g.) was added with
      stirring to acetaldehyde (12 g.) in petrol (light petroleum spirit (b.p.
      40.degree. - 60.degree.C))(60 c.c.) with the temperature kept at below
      0.degree.C. When the peroxide had dissolved, the aqueous layer was
      separated, and the organic phase treated with concentrated sulphuric acid
      (6 drops) and magnesium sulphate and left at room temperature. The
      solution was then filtered, washed with water, dried, and distilled. In
      addition to dihydro-isophorone a product (32.0 g.) was obtained which
      boiled at 70.degree. - 78.degree.C at 0.5 mm. Hg. pressure, and had a
      peroxide equivalent of 221. Elemental analysis gave C, 66.3%; H, 10.6%; N,
      7.0%. This was identified as:
      ##SPC21##
PAC  EXAMPLE 6
PAR  1-Amino-3,3,5-trimethylcyclohexyl hydroperoxide (17.3 g; 78% pure) was
      added with stirring to acetaldehyde (12 g.) in light petroleum (b.p.
      40.degree. - 60.degree.C) 50 c.c.) with cooling to below 0.degree.C. When
      the hydroperoxide had dissolved, the organic layer was separated, treated
      with solid magnesium sulphate and stored at 0.degree.C overnight. The
      solution was then filtered, washed and distilled as in Example 1 and gave,
      in addition to dihydroisophorone, the same product (13.0 g.) as Example 1.
PAC  EXAMPLE 7
PAR  The process of Example 1 was repeated but using 17.3 g. of 78% pure
      1-amino-3,3,5-trimethyl-cyclohexyl hydroperoxide, 30 c.c. of light
      petroleum and 3 drops of sulpuric acid. The reaction mixture was allowed
      to stand at 0.degree.C for 4 hours and then worked up as in Example 1 to
      give the same peroxide product as in Example 1 (15.4 g.).
PAR  This product on redistillation had a b.p. of 68.degree. - 74.degree.C at
      0.5 mm.Hg. pressure. On analysis the redistilled product gave C, 66.3%;
      H,10.6%; N, 7.0%. The calculated values were C, 66.3%; H, 10.55%; N, 7.0%.
PAC  EXAMPLE 8
PAR  Butyraldehyde (14.4 g.) was mixed with petrol (b.p. 40.degree. -
      60.degree.) (50 c.c.) and to the stirred solution at &lt;0.degree. was added
      1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (17.3 g.; 89% pure). The
      peroxide dissolved within a few minutes. To the solution were added
      magnesium sulphate and concentrated sulphuric acid (6 drops) and the
      mixture stored at 0.degree. overnight. The solution was filtered, the
      filtrate washed with water, dried and distilled to give unreacted
      butyraldehyde, dihydroisophorone and a product (11.1 g.), b.p. 85.degree.
      - 110.degree./1.0mm. with a peroxide equivalent of 231, and a perchloric
      equivalent of 233. The elemental analysis gave C, 68.6%; H, 11.:5%; N,
      6.6%. The product was identified as:
      ##SPC22##
PAC  EXAMPLE 9
PAR  Butyraldehyde (28.8 g.) in petrol (100 c.c.) was cooled to below 0.degree.
      and with stirring treated with
      1-amino-1-hydroperoxy-3,3,5-trimethylcyclohexane (33 g.; 93% pure). When
      the solid had dissolved the aqueous phase was removed and the petrol
      solution dried with magnesium sulphate overnight at 0.degree.. The working
      up as in Example 4 gave butyraldehyde, dihydroisophorone and the same
      peroxide (33.0 g.) b.p. 96.degree. - 98.degree./0.6 mm. as in Example 4.
PAC  EXAMPLE 10
PAR  Formaldehyde (17.2 g. of 35% aqueous solution) was stirred in ether (50
      c.c.), together with sodium bicarbonate (2 g.) at below 0.degree. (and
      1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (16.5 g.; 96% pure) added.
      When the solid had dissolved the aqueous layer was removed and magnesium
      sulphate added to the ethereal solution, which was stored at 0.degree.C
      for 2 hours. The solution was filtered and the filtrate evaporated at 15
      mm.; the residue was then heated to 54.degree.C at 0.6 mm. Hg. pressure
      and the fresh residue (9.0 g.), with a peroxide equivalent of 312, was
      shown, by mass spectrometry, to contain the peroxide
      ##SPC23##
PAL  together with higher moleculer weight material.
PAC  EXAMPLE 11
PAR  Acetone (11.6 g.) in ethanol (50 c.c.) was stirred at below 0.degree.C and
      1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (17.3 g.; 80% pure) added.
      After stirring for ca. 1 hour the solid had dissolved. To the solution was
      added magnesium sulphate and it was stored at 0.degree. overnight.
      Filtration and distillation gave acetone and dihydroisophorone (probably
      containing some symmetrical amino-peroxide
      ##EQU20##
      and a product (2.2 g.), b.p. 75.degree. - 78.degree./1.0 mm, had a
      peroxide equivalent 239.4 and gave N, 6.3% an elemental analysis.
PAR  This was identified as the peroxide
      ##SPC24##
PAR  Redistillation of the peroxide gave a sample of the peroxide with a
      peroxide equivalent of 222, perchloric acid equivalent 235.
PAC  EXAMPLE 12
PAR  To a stirred mixture of ethyl methyl ketone (57.6 g.) and ethanol (200
      cc.), containing ammonium acetate (6.4 g.) and kept at or below 0.degree.C
      was added 1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (69.2 g; pure).
      After the solid had dissolved the solution was stored at 0.degree.C
      overnight. The product was worked up as in the previous Examples to give,
      on distillation, unreacted ethyl methyl ketone, a fraction (59.4 g.), b.p.
      40.degree. - 50.degree./0.4 mm, having a peroxide equivalent of 303 and
      shown by mass spectroscopy to be a mixture of dihydroisophorone and the
      symmetrical peroxide
      ##EQU21##
      and a fraction (22 g.), b.p. 74.degree. - 78.degree./0.4 mm., with a
      perchloric acid equivalent of 231 and perchloric acid equivalent of 227.
      The elemental analysis gave C, 69.0%; H, 11.2%; N, 5.8% which was
      identified as being the peroxide
      ##SPC25##
PAC  EXAMPLE 13
PAR  To a stirred solution of acetophenone (24.3 g.) in ethanol (50 c.c.)
      containing ammonium acetate (1.6 g.) and kept at or below 0.degree.C, was
      added 1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (17.3 g.; pure). The
      solution was kept at 0.degree.C overnight and then worked up as in the
      previous Examples to give unreacted acetophenone and dihydroisophorone,
      and a fraction (4.8 g.), b.p. 126.degree. - 130.degree./0.5 mm. with a
      peroxide equivalent of 407, shown by mass spectroscopy to contain the
      peroxide
      ##SPC26##
PAL  together with some of the symmetrical peroxide
      ##SPC27##
PAC  EXAMPLE 14
PAR  To a stirred mixture of cyclopentanone (33.8 g.) and ethanol (100 c.c.)
      containing ammonium acetate (3.2 g.) and kept at or below 0.degree., was
      added 1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (44.6 g., 68% pure).
      After storing at 0.degree.C overnight the reaction mixture was worked up
      as in the previous Examples to give unreacted cyclopentanone and
      dihydroisophorone together with a fraction (20.0 g.) b.p. 82.degree. -
      86.degree./0.5 mm. This last fraction was redistilled to give: material
      b.p. 74.degree. - 76.degree.C/0.3 mm.Hg., peroxide equivalent 202, shown
      by mass spectroscopy to be a mixture of the peroxide
      ##SPC28##
PAL  with the symmetrical peroxide
      ##SPC29##
PAL  and material b.p. 92.degree. - 96.degree./0.3 mm, peroxide equivalent 232,
      shown to be the unsymmetrical component of the mixture referred to above.
      On analysis the elements found were: C, 69.2%; H, 10.4%; N, 6.1%.
PAC  EXAMPLE 15
PAR  To a stirred mixture of cycloheptanone (73.2 g.) and ethanol (200 cc.),
      containing ammonium acetate (6.4 g.) and kept at or below 0.degree.C was
      added 1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (69.2 g.; 76% pure).
      After the solid had dissolved (5 hours) the solution was stored at
      0.degree.C overnight and the product worked up as in the previous
      Examples. There were obtained unreacted cycloheptanone, and
      dihydroisophorone, and fractions (57.5 g.) b.p. 124.degree. -
      130.degree./0.3 mm.Hg., peroxide equivalent 283, perchloric acid
      equivalent 278 shown by mass spectroscopy to contain the peroxide
      ##SPC30##
PAL  The elemental analysis gave C, 70.9%; H, 10.9%; N, 5.05% in agreement with
      formula (A).
PAC  EXAMPLE 16
PAR  To a stirred mixture of dihydroisophorone (28 g.) and ethanol (50 cc.),
      containing ammonium acetate (1.6 g.) kept at or below 0.degree.C was added
      1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (17.3 g.; pure). The
      mixture was stored at 0.degree.C for 4 days and then worked up as in the
      preceding Examples to give dihydroisophorone and a fraction (12.0 g.) b.p.
      126.degree. - 128.degree. at 0.4 mm.Hg; peroxide equivalent 322. The
      elemental analysis gave C, 73.3%; H, 11.1%; N, 5.0%.
PAR  The product was identified as
      1,1'-peroxy-3,3,5,3',3',5'-hexamethyl-dicyclohexylamine
      ##SPC31##
PAC  EXAMPLE 17
PAR  To a stirred mixture of cyclohexanone (19.6 g.) and ethanol (50 c.c.), kept
      at or below 0.degree.C, was added 1-amino-3,3,5-trimethylcyclohexyl
      hydroperoxide (17.3 g., 78% pure); solution was complete in ca. 10 min. To
      the solution was added conc. sulphuric acid (3 drops) and magnesium
      sulphate and the mixture was stored at 0.degree.C for 3 days. The solid
      was filtered off, the filtrate washed with water, dried and distilled, to
      give cyclohexanone, dihydroisophorone and a fraction (11.5 g.), b.p.
      90.degree. - 100.degree. at 0.02 mm.Hg., peroxide equivalent 179. By mass
      spectroscopy the product was shown to contain the unsymmetrical peroxide
      ##SPC32##
PAL  and the symmetrical peroxide 1,1'-peroxydicyclohexylamine in the ratio 1:9.
PAC  EXAMPLE 18
PAR  To a stirred solution of cyclohexanone (19.6 g.) in ethanol (50 cc),
      containing ammonium acetate (1.6 g.) and kept at or below 0.degree., was
      added 1-amino-3,3,5-trimethylcyclohexyl hydroperoxide (17.3 g.; 78% pure).
      The solid dissolved in 5 - 10 min., then to the solution was added
      magnesium sulphate and the mixture stored at 0.degree. overnight. Working
      up as in the previous Examples led to isolation of a peroxide fraction
      (13.1 g.) b.p. 98.degree. - 104.degree./0.3 mm., with ratio of
      unsymmetrical to symmetrical peroxides of 1:9:8.
PAC  EXAMPLE 19
PAR  The reaction of Example 14 was repeated with the stirring carried out at
      -30.degree.C, and overnight storage at -10.degree.C. There was obtained
      peroxide (10.5 g.) having a ratio of unsymmetrical to symmetrical peroxide
      of 1:8.
PAC  EXAMPLE 20
PAR  To a stirred solution of cyclohexanone (19.6 g.) in dioxan (30 c.c.) kept
      at or below 0.degree., was added 1-amino-3,3,5-trimethylcyclohexanone
      (17.3 g.; 78% pure). After the solid had dissolved magnesium sulphate was
      added and the solution stored overnight at 0.degree.C. Working up as in
      the previous Examples gave peroxide (4.5 g.) with a ratio of unsymmetrical
      to symmetrical compounds 1:12:1.
PAC  EXAMPLE 21
PAR  The process of Example 16 was repeated, but replacing the dioxan by
      dimethylformamide. There was obtained peroxide (10.5 g.) with a ratio of
      unsymmetrical to symmetrical peroxide of 1:8:6.
PAC  EXAMPLE 22
PAR  2-Methylcyclohexanone (51 g.), methanol (60 cc)., 0.880 ammonia (35 c.c.),
      30% hydrogen peroxide (35 cc.) and EDTA (0.5 g.) were mixed together at
      room temperature and the solution saturated with gaseous ammonia. After
      standing together for one week, the product was extracted with ether, the
      extract dried with magnesium sulphate, the solvent evaporated,
      2-methylcyclohexanone (21.3 g.) removed at 0.3 mm., and the residue
      treated with petrol. Some petrol-insoluble material, m.p. 77.degree. -
      79.degree., was separated, and petrol-soluble portion evaporated and
      residue distilled to give the required peroxide (7.9 g.), b.p.
      107.degree./0.4 mm., and residue (0.6 g.). Redistillation of the peroxide
      gave material (b.p. 97.degree. - 100.degree./0.7 mm.) having an active
      oxygen equivalent of 247, and a perchloric acid equivalent of 244.
      Elemental analysis gave C, 70.4%; H, 10.3%; N, 8.4%. The structure of the
      peroxide was confirmed by I.R. and N.M.R. spectroscopy as
      1,1'-peroxy-2,2'-dimethyl-dicyclohexylamine
      ##SPC33##
PAC  EXAMPLE 23
PAR  3-Methylcyclohexanone (50 g.), methanol (60 cc.), 0.880 ammonia (35 cc.),
      30% hydrogen peroxide (35 cc.) and EDTA (0.5 g.) were mixed together at
      room temperature and saturated with gaseous ammonia. After standing for
      one week the product was extracted with ether. Distillation of the extract
      yielded 3-methylcyclohexanone and a product (27.1 g.), b.p.
      105.degree./0.2 mm., and a residue (1.0 g.). The product was identified as
      1,1'-peroxy-3,3'-dimethyl-dicyclohexylamine
      ##SPC34##
PAL  The peroxide equivalent was 235 and the perchloric acid equivalent was 256.
      The structure was confirmed by I.R. and N.M.R. spectroscopy.
PAC  EXAMPLE 24
PAR  4-Methylcyclohexanone (50 g.), methanol (120 cc.), 0.880 ammonia (135 cc.),
      30% hydrogen peroxide (35 cc.), and EDTA (0.5 g.) were mixed at room
      temperature and the solution saturated with gaseous ammonia. The mixture
      was stored for one week during which time a solid product had separated.
      The product was extracted with light petrol (b.p. 40.degree. - 60.degree.)
      to give some insoluble material (6.8 g.), m.p. 79.degree. - 80.degree.
      (dec.), the 1-amino-4-methylcyclohexyl hydroperoxide; peroxide equivalent
      (active oxygen), 147.5; perchloric acid equivalent 165. The petrol-soluble
      material was obtained as solid (26.4 g.) m.p. 119.degree. - 121.degree.;
      active oxygen equivalent 224; perchloric acid equivalent, 235. The
      elemental analysis gave C, 70.1%; H, 10.5%; N, 6.0%. The I.R. and N.M.R.
      spectra were in agreement with this product being the desired
      4,4'-dimethyl-1,1'-peroxy-dicyclohexylamine. The non-crystalline material
      (9.0 g.) contained 4-methyl-cyclohexanone together with further peroxide.
PAC  EXAMPLE 25
PAR  Dihydroisophorone (128 g.), 0.880 ammonia (240 cc.), 30% hydrogen peroxide
      (120 cc.), and EDTA (sodium salt) (2 g.) were mixed and methanol (450 cc.)
      added in sufficient quantity to give a homogeneous solution. The mixture
      was stirred at ca. 0.degree. in a stream of ammonia and after a short time
      solid began to appear. When the solution became thick with solid it was
      filtered and the filtrate retreated with ammonia to yield further solid.
PAR  Distillation of the mother liquors from the reaction product from which the
      solid had been separated, yielded a small amount of the symmetrical
      peroxide 1,1'-peroxy-3,3,5,3',3',5'-hexamethyl dicyclohexylamine
      ##SPC35##
PAL  b.p. 115.degree.C at 0.2 mm Hg. Elemental analysis gave C, 73.3%; H, 11.1%;
      N, 5.0%. The structure was confirmed by I.R. and mass spectrometry.
PAC  EXAMPLE 26
PAR  Cyclopentanone (77.5 g.), 0.880 ammonia (50 cc.), water (20 cc.), methanol
      (45 cc.), E.D.T.A. (sodium salt) (1.0 g.) and ammonia acetate (8.0 g.)
      were stirred together, and 30% hydrogen peroxide (70 cc.) added with
      cooling. After storing the mixture for two days at 0.degree. the solution
      was extracted with ether. The ether extract, on distillation, yielded a
      low-boiling fraction (56 g.) b.p. 71.degree./0.1 mm. This product had a
      peroxide equivalent of 172, and perchloric acid equivalent of 195.
      Elemental analysis gave C, 4.7%; H, 8.9%; N, 7.6%. It solidified on
      storage and, when crystallised from cold petrol, had m.p. 22.degree. -
      23.degree.C. This product was identified as
      1,1'-peroxy-dicyclopentylamine.
PAC  EXAMPLE 27
PAR  Cycloheptanone (50 g.), methanol (60 cc.), 0.880 ammonia (35 cc.), 30%
      hydrogen peroxide (35 cc.) and E.D.T.A. (0.5 g.) were mixed at room
      temperature, saturated with gaseous ammonia and stored for one week.
      Extraction with ether, followed by distillation of the extract yielded
      cycloheptanone (44 g.), and a product (5.5 g.), b.p. 120.degree. -
      130.degree./0.8 mm., which had peroxide equivalent 331 and perchloric
      equivalent 306. This was identified as
      ##SPC36##
PAL  1,1'-peroxy-dicycloheptylamine and a residue (1.6 g.).
PAC  EXAMPLE 28
PAR  Cyclohexanone (90 g.) ammonia (50 cc.), water (20 cc.), methanol (45 cc.)
      and E.D.T.A. (1 g.) were stirred together and 30% hydrogen peroxide (70
      cc.) gradually added with the reaction temperature kept at -35.degree..
      The mixture was stored at room temperature overnight, the product extract
      with ether, and the extract evaporated and the residue distilled to give
      cyclohexanone (22 g.) and a product which was identified as
      1,1'-peroxy-dicyclohexylamine (64.4 g.), and leave a residue (2.0 g.). The
      peroxide distils at 94.degree. - 97.degree./0.4 mm., 138.degree. -
      140.degree./12 mm, and has a melting point of 40.degree. - 41.5.degree..
PAC  EXAMPLE 29
PAR  The same conditions were used as in Example 28 except that after the period
      of storage the bottom oily layer was separated, dissolved in ethanol, and
      the ethanolic solution added, with stirring, to water (2 liters). The
      1,1'-peroxy-dicyclohexylamine separated as solid and filtered off. The
      yield of slightly wet product was 82 g., redistillation giving 72.6 g. of
      pure peroxide.
PAC  EXAMPLE 30
PAR  Cyclohexanone (90 g.), 0.880 ammonia (32 cc.), water (20 cc.), methanol (45
      cc.) and E.D.T.A. (0.2 g.) were stirred together and 30% hydrogen peroxide
      (70 cc.) gradually added with the reaction temperature kept at
      -35.degree.. The mixture was stored at room temperature overnight, the
      oily layer separated, diluted with an equal volume of methanol and the
      methanolic solution added, with stirring, to cold water (2 liters). Solid
      was filtered off and on distillation gave the peroxide
      1,1'-peroxy-dicyclohexylamine (71.5 g.).
PAC  EXAMPLE 31
PAR  Cyclohexanone (90 g.), 0.880 ammonia (50 cc.), water (20 cc.), methanol (45
      cc.) and E.D.T.A. (1.0 g.) were stirred together, and 30% hydrogen
      peroxide (70 cc.), added, with the reaction temperature kept at
      -35.degree.. The temperature was kept at 35.degree. for 4 hours and
      gaseous ammonia slowly passed into the solution. The mixture was stored
      overnight at room temperature; the peroxide crystallised out from the
      solution on addition of water and was filtered off. Distillation gave
      cyclohexanone (3.5 g.) and 1,1'-peroxy-dicyclohexylamine (77.8 g.). The
      aqueous phase was extracted with ether and provided cyclohexanone (4.8 g.)
      and no peroxide.
PAC  EXAMPLE 32
PAR  1,1'-Dihydroxydicyclohexyl peroxide (26.5 g.) 0.880 ammonia (12.5 cc.),
      water (35 cc.), methanol (12 cc.) and E.D.T.A. (0.2 g.) were stirred
      together until the solid peroxide had dissolved and the mixture left at
      room temperature overnight. The product was extracted with ether and the
      ethered extract on distillation, gave cyclohexanone (&lt;1 g.) and
      1,1'-peroxy-dicyclohexylamine (17.6 g.).
PAR  The 1,1'-peroxydicyclohexylamine may also be made by reacting the
      autoxidate of cyclohexanol i.e. the product of oxidation of cyclohexanol
      with molecular oxygen, with ammonia.
PAC  EXAMPLE 33
PAR  A mixture of dihydroisophorone (44.9 g.; 0.31 mole), 0.880 ammonia (110
      cc.), ethanol (150 cc.), and E.D.T.A. (sodium salt) (0.5 g.) was cooled
      and ca. 30% hydrogen peroxide (40 cc.; 0.375 mole) added. The stirred
      mixture was kept at below 0.degree.C and ammonia gas passed in. After 6
      hours the solid produced was filtered off and the filtrate cooled and
      retreated with ammonia. Two further crops of solid were obtained. The
      solid had perchloric acid equivalent of 181 and peroxide equivalent of 164
      and elemental analysis gave C, 65.2%; H, 10.9%; N, 7.8%, was washed with
      water, cold alcohol, then petrol, and dried in vacuo: yield, 33.4 g. (0.19
      mole). The product was identified as 1-amino-3,3,5'-trimethylcyclohexyl
      hydroperoxide.
PAR  The filtrate and washings were found to contain 0.15 mole unreacted
      hydrogen peroxide and 0.115 mole dihydroisophorone.
PAC  EXAMPLE 34
PAR  Dihydroisophrone (44.9 g.; 0.31 mole), 0.880 ammonia (60 cc.), methanol
      (150 cc.), and E.D.T.A. (sodium salt) (0.5 g.) were mixed and cooled; ca.
      30% hydrogen peroxide (40 cc.; 0.375 mole) was added, and the stirred,
      cooled mixture treated with ammonia as above.
PAR  There were obtained 1-amino-3,3,5'-trimethylcyclohexyl hydroperoxide (48.9
      g.; 0.275 mole), dihydroisophorone (4.3 g.; 0.31 mole), and there was
      present in the filtrate and washings 0.1 mole unreacted hydrogen peroxide.
PAC  EXAMPLE 35
PAR  4-Methylcyclohexanone (50 g.), methanol (120 cc.), 0.880 ammonia (135 cc.),
      30% hydrogen peroxide (35 cc.) and E.D.T.A. (0.5 g.) were mixed at room
      temperature (ca. 20.degree.C) and the solution saturated with gaseous
      ammonia. The mixture was stored for one week, during which time a solid
      product separated. The product was extracted with light petrol (b.p.
      40.degree. - 60.degree.C). Insoluble material (6.8 g.) remained after the
      extraction. This material had m.p. 79.degree. - 80.degree. (dec.) peroxide
      equivalent 147.5 and perchloric acid equivalent 165 and was identified as
      1-amino-4-methylcyclohexyl hydroperoxide.
PAC  EXAMPLE 36
PAR  Cyclododecanone (60.6 g.) was mixed with ethanol (450 cc.), 86% hydrogen
      peroxide (13.4 g.), 0.880 ammonia solution (20 cc.) ammonia acetate (3 g.)
      and E.D.T.A. (sodium salt; 1 g.), the solution saturated with gaseous
      ammonia and stored at ca. 0.degree. for 3 days. The solid
      aminohydroperoxide (57.6 g) was filtered off. A portion recrystallised
      from benzene had m.p. 72.degree. - 73.degree., a peroxide equivalent of
      210, and perchloric acid equivalent of 215 (calc. 215). The I.R. and
      N.M.R. spectra were in agreement with the proposed structure, and it had
      an elementary analysis of C, 66.3; H, 11.5; N, 6.1%. Calc. for C.sub.12
      H.sub.25 NO.sub.2 : C, 66.9; H, 11.6; N, 6.5%.
PAC  EXAMPLE 37
PAR  30% Hydrogen peroxide (70 cc.) was added rapidly to a stirred solution of
      cyclohexanone (49 h.) and E.D.T.A. (sodium salt) (0.5 g.) in methanol (30
      cc.) and 0.880 ammonia (55 cc.). The temperature rose to ca. 30.degree.,
      but rapid cooling reduced this to 0.degree. - 15.degree.; storage for 1
      hour at &lt;0.degree. ceased crystallisation. The product was filtered off,
      washed well with ice-cold water, then petrol, and dried on a porous plate;
      this product (57 g.), had m.p. 57.degree. - 58.degree. (rapid heating),
      47.degree. (slow heating) (With decomposition) and had a peroxide
      equivalent of 140 and perchloric acid equivalent of 135 (calc 131). Found:
      C, 55.1; H, 9.85; N, 10.9; calc for C.sub.6 H.sub.13 NO.sub.2 ; C, 55.0;
      H, 9.95; N, 10.7%.
PAC  EXAMPLE 38
PAR  1-Aminocyclohexyl hydroperoxide (13.1 g.), cyclohexanone (9.8 g.) methanol
      (25 cc.) and ammonia acetate (1.0 g.) were mixed and stored at 0.degree.
      overnight. Next day the product was diluted with water, extracted with
      ether and the ethereal extract distilled to give unreacted cyclohexanone
      and 1,1'-peroxydicyclohexylamine (12.5 g.), which recrystallised from
      petrol had m.p. 39.5.degree. - 40.5.degree., undepressed on admixture with
      authentic peroxide.
PAC  EXAMPLE 39
PAR  1-Aminocyclohexyl hydroperoxide (13.1 g.), dihydroisophorone (14 g.),
      methanol (25 cc.) and ammonia acetate (1.0 g.) were mixed, stored at
      0.degree.C overnight and worked up as in the previous Example.
      Distillation gave cyclohexanone and dihydroisophorone (9.0 g.), an
      intermediate fraction (3.2 g.), b.p. below 100.degree.C/0.7 mm., Hg., a
      fraction (8.1 g.), b.p. 110.degree. - 114.degree. 10.7 mm. of
      3,3,5'-trimethyl-1,1'-peroxy-dicyclohexylamine (peroxide equivalent, 234;
      perchloric acid equivalent, 245; and residue (1.5 g.).
PAC  EXAMPLE 40
PAR  1-Aminocyclohexyl hydroperoxide (13.1 g.), butyraldehyde (7.2 g.), methanol
      (25 cc.) and ammonia acetate (1.0 g.) were mixed and stored at 0.degree.C
      overnight. Working up as in Example 39 gave cyclohexanone and
      butyraldehyde, and a product (8.4 g.), b.p. 89.degree./0.3 mm. (peroxide
      equivalent, 204; pechloric acid equivalent, 206; which was identified as
      ##SPC37##
PAR  The number of carbon atoms in each of the radicals X and X' which form part
      of the rings shown in Formula (IV) may for example vary from 4 to 11, i.e.
      there may be from 5 to 12 carbon atoms in each ring. In particular 4 to 6
      of the carbon atoms in each of X and X' may form part of the rings.
      Examples of such compounds are
PAL  a.
      ##SPC38##
PAL  and b.
      ##SPC39##
PAL  and c.
      ##SPC40##
PAL  where R is alkyl or hydrogen.
PAR  The preferred compounds are those in which R is hydrogen or lower alkyl,
      e.g. having 1 to 10 carbon atoms in the chain, in particular those having
      from 1 to 5 carbon atoms in the chain e.g. methyl, ethyl, propyl.
PAR  Specific examples of compounds which can be used in the process of the
      present invention are:
      ##SPC41##
PAR  1,1'-peroxydicyclopentylamine.
      ##SPC42##
PAR  3,3'-dimethyl-1,1'-peroxydicyclohexylamine.
      ##SPC43##
PAR  4,4'-dimethyl-1,1'-peroxydicyclohexylamine
      ##SPC44##
PAR  1,1'-peroxydicyclohexylamine
      ##SPC45##
PAR  3,3,3',3',5,5'-hexamethyl-1,1'-peroxydicyclohexylamine
      ##SPC46##
PAR  1,1'-peroxydicycloheptylamine.
PAR  The relationship between the structure of the lactam produced according to
      the present invention and the structure of the compound (IV) from which it
      is produced will now be discussed. In this discussion reference will be
      made to the radicals X and X', as it is convenient to do so to show which
      lactams are produced. It is not intended to imply, however, that the
      radical X necessarily exists as a free radical in the reaction mixture or
      to put forward any theory of the mechanism of the reaction.
PAR  The nature of the lactam produced will depend upon the nature of the rings,
      of which the radicals X, X' form part, in the compound of formula (IV).
      The lactam will have the same number of carbon atoms in the lactam ring as
      in the carbocyclic ring from which it is derived, and any substitutents on
      the carbon atoms of the lactam ring will correspond to the substituents on
      the ring from which it is derived. The radical X remains intact and two
      lactam isomers may result as the conversion of the compound (IV) to the
      lactam involves a rearrangement in which the imino group may be introduced
      on either side of the carbon atom originally linked to the peroxy group.
      The lactams thus produced are
      ##EQU22##
      Thus, 3,3'-dimethyl-1,1'-peroxy-dicyclohexylamine
      ##SPC47##
PAL  (which may be produced, probably as a mixture of stereoisomers, by reaction
      of 3-methylcyclohexanone with hydrogen peroxide and ammonia) can be
      decomposed to give 3-methyl caprolactam and 5-methyl caprolactam.
      ##SPC48##
PAR  When the compound of formula (IV) is unsubstituted (or substituted
      symmetrically relative to the linkage to the 1,2,4-dioxazolidine ring) the
      same lactam may be produced no matter to which valency of radical X the
      imono group bonds, and in that case only one isomer is produced. Thus the
      lactam yielded by the decomposition of 1,1'-peroxydicyclohexylamine is
      solely caprolactam, and that from the decomposition of
      4,4'-dimethyl-1,1,'-peroxy dicyclohexyl amine is solely 4-methyl
      caprolactam.
PAR  If X and X' are different and unsubstituted (or symmetrically substituted)
      only two lactams could be formed, e.g.
      ##SPC49##
PAR  If X is unsubstituted (or symmetrically substituted) and X' is
      unsymmetrically substituted three lactams are possible, e.g.
      ##SPC50##
PAR  If X and X' are both unsymmetrically substituted then four lactams are
      possible, but of course it is possible that particular isomers might be
      favored by the reaction conditions chosen.
PAR  The peroxyamine fed to the thermal decomposition reaction may be in the
      form of the pure compound separated from the reaction mixture in which the
      peroxyamine is formed. Peroxyamine-rich products which can be readily
      separated from the reaction in which peroxyamine is produced may be used
      however without further purification. Thus in the production of
      peroxyamines by reaction of cyclic ketones, hydrogen peroxide and ammonia,
      the peroxyamine often separates as an oil layer, containing also unchanged
      ketone, from the aqueous reaction medium. This oil layer can be fed to the
      thermal decomposition reaction without isolation of the peroxyamine.
PAR  The compound (IV) may be heated in the liquid phase in any convenient
      manner. Thus the molten compound (IV) may be heated, or alternatively the
      compound (IV) may be heated dissolved in a solvent. Where the compound
      (IV) is dissolved in a solvent the concentration of the compound of
      formula (IV) in the solution may vary over a wide range. The quantity of
      solvent used may be only that sufficient to give a liquid product. Thus
      the crude product from the production of compounds of formula (IV) is
      often liquid even when the pure compound (IV) is solid, because the crude
      product contains cyclic ketone, up to about 10% by weight of the total
      crude product. The quantity of solvent present can of course be much
      larger than this and examples of concentrations of (IV) which can be used
      are those in the range 5% to 75% by weight/weight.
PAR  The maximum concentration that can be used will of course depend upon the
      solubility of compound (IV) in the solvent.
PAR  Examples of solvents which may be used as aromatic amines such as pyridine
      and .beta.-picoline, and those solvents commonly known as polar or
      ionizing solvents such as lower aliphatic alcohols, amines, amides,
      sulphoxides, and nitriles. Specific examples of such solvents include
      methanol, ethanol, ethylene diamine, dimethyl formamide, dimethyl
      sulphoxide, and acetonitrile. Other solvents include ketones such as
      cyclohexanone and n-amyl methyl ketone, and lactams, e.g. the lactam
      product itself.
PAR  The decomposition of the compound (IV) to lactams may be carried out in the
      presence of a catalyst. Thus both the molten compound (IV) or a solution
      of (IV) in a solvent may be heated with a catalyst.
PAR  Examples of catalysts which may be used in the liquid phase reaction are
      alkoxides, aryloxides, and mixtures of akali metal hydroxides with
      alkanols or hydroxy-substituted aryl compounds.
PAR  The term "aryloxides" as used in this specification means compounds formed
      by the replacement of hydrogen by a metal in a hydroxy group linked
      directly to an aromatic nucleus. An example of a suitable aryloxide is
      sodium phenoxide
      ##SPC51##
PAL  but other phenoxides with substituents other than hydroxy groups may be
      used. The preferred aryloxides are those derived from the benzene nucleus.
      The term "hydroxyaryl componds" as used in this specification means the
      compounds in which the hydroxy group is linked directly to an aromatic
      nucleus. Examples of suitable hydroxyaryl compounds are those from which
      the "aryloxides"  referred to above may be derived.
PAR  The alkali metal alkoxide, aryloxide or hydroxide may be an alkoxide,
      aryloxide or hydroxide of any of the alkali metals, e.g. lithium, sodium
      or potassium. Sodium is particularly preferred.
PAR  Examples of suitable alkoxides are the lower alkoxides, e.g. ethoxide or
      methoxide, methoxides being preferred. Butoxides, in particular
      n-butoxides, are suitable and the use of n-butoxides is particularly
      advantageous, as they can be isolated from the reaction of n-butanol and
      alkali metal hydroxides. It is not necessary however to isolate the
      alkoxide which may be formed in situ in the reaction mixture. If alkali
      metal hydroxides are combined with alkanols and hydroxyaryl compounds with
      elimination of water, alkoxides or aryloxides will be produced, and the
      mixtures of alkali metal hydroxides with alkanols or hydroxyaryl compounds
      will often contain alkoxides or aryloxides in equilibrium with the
      hydroxide. The presence of the water produced by the reaction of the
      alkanol or hydroxy aryl compound with the alkali metal hydroxide may
      however give rise to side-reactions which do not take place when the
      reaction is carried out using alkoxides or aryloxides prepared by methods
      which do not involve the production of water. Where mixtures of alkali
      metal hydroxide and alkanols are used examples of suitable alkanols are
      the lower alkanols, e.g. methanol, ethanol and butanol. The quantity of
      alkanol used is preferably in excess of 1 mole of alkanol per mole of
      alkali metal hydroxide.
PAR  Where a mixture of alkali metal alkoxide and alkanol is used, the alkanol
      will also act as a solvent. The compound (IV) and the mixture of hydroxide
      and alkanol are preferably brought together in the absence of added water
      e.g. in solution in a substantially anhydrous alkanol. It may be
      adantageous to carry out the reaction in the presence of a drying agent
      e.g. CaO, MgSO.sub.4, Na.sub.2 SO.sub.4.
PAR  Where the compound (IV) is heated with an alkali metal alkoxide, aryloxide,
      or a mixture of alkali metal hydroxide and an alkanol or hydroxy-aryl
      compound in solution examples of solvents which may be used are aromatic
      hydrocarbons, e.g. benzene, phenols and/or alkanols e.g. ethanol or
      methanol. Solvents of high dielectric constant lead to high rates of
      reaction although the yield of lactam may be reduced. The preferred
      solvents are alkanols and when an alkoxide is used, the alkanol is
      preferably the alkanol corresponding to the alkoxide, thus when using a
      methoxide the reactants are preferably dissolved in methanol and when
      using an ethoxide the reactants are preferably dissolved in ethanol.
      However, when using higher alkoxides and aryloxides the lower alkanols are
      the most suitable solvents. Thus, when using n-butoxide, or a phenoxide,
      the most satisfactory results are obtained if the reaction with
      1,1'-peroxydicyclohexylamine or other peroxyamines is carried out in
      methanol.
PAR  Examples of suitable ratios of the number of moles of the alkali metal
      compound (whether alkoxide, aryloxide or hydroxide) to the number of moles
      of peroxyamine (IV) are 0.2 to 2. When the reaction is being carried out
      in solution the concentration of the reactants may vary within moderately
      wide limits.
PAR  The optimum temperature for decomposing compound (IV) to lactam will depend
      upon the compound (IV) and the reaction conditions, and upon the nature of
      any catalyst and/or solvent used. Temperatures between 40.degree.C and
      200.degree.C e.g. 50.degree. - 200.degree.C are generally best. Where the
      compound (IV) molten, or in solution, is heated without a catalyst optimum
      temperatures will generally be obtained at temperatures in the range
      60.degree.C - 120.degree.C. Where the compound (IV), molten in solution is
      heated with a catalyst good results may often be obtained at temperatures
      which are lower than those which are the best when no catalyst is present.
      Thus where compound (IV) is heated with alkali metal alkoxide or aryloxide
      without a solvent the best results are obtained with temperatures in the
      range 30.degree. to 150.degree.C, e.g. 40.degree.-150.degree.C. Where
      solutions of compound (IV) are heated with alkali metal alkoxide,
      aryloxide, or mixtures of alkali metal hydroxide with alkanols or
      hydroxy-aryl compounds examples of temperatures which may be used are
      those in the range 40.degree. C-160.degree.C in particular 50.degree.C to
      100.degree.C.
PAR  The duration of the reaction will depend upon the reaction conditions.
      Examples of suitable times are those in the range 0.1 to 10 hours. The
      reaction is complete when no more peroxide can be detected in the reaction
      mixture. The presence of unreacted peroxide may be detected by reacting
      the reaction mixture with an excess quantity of potassium iodide in acetic
      acid. Any peroxide present liberates iodine which can be estimated by
      titration with sodium thiosulphate.
PAR  The reaction may be carried out at sub-atmospheric and super-atmospheric
      pressure as well as at atmospheric pressure. The reaction may be carried
      out under conditions of temperature and pressure such that any solvent is
      under reflux so helping to maintain a constant reaction temperature.
PAR  The lactam may be recovered from the reaction mixture by any convenient
      method. Thus it may be possible to distil the lactam from the reaction
      mixture, provided there is nothing present e.g. a solvent which has a
      boiling point very close to that of the lactam. In an alternative method
      which may be applied to reaction mixtures containing alkali metal
      hydroxides, alkoxides, or aryloxides the reaction mixture is diluted with
      water, followed by extraction of the mixture with a liquid which is
      immiscible with water and is a solvent for the lactam produced. Examples
      of suitable liquids are aromatic compounds, e.g. benzene, xylene, and
      chlorinated hydrocarbons especially the chlorinated lower aliphatic
      hydrocarbons, e.g. methylene chloride, chloroform, dichloroethane. Ethers,
      e.g. diethyl ether, may also be used. Acid may optionally be added to the
      reaction mixture after addition of water. The quantity of acid is suitable
      such as to make the reaction mixture just acid to Congo red indicator. If
      desired, the solvent used to dissolve the reactants may be removed before
      the dilution with water. The liquid used to extract the lactam is then
      distilled from the extract to leave the lactam and cyclic ketone which may
      be separated e.g. by distillation.
PAR  The invention will now be illustrated by the following examples in which
      all temperatures are in celsius degrees and all pressures in millimeters
      of mercury.
PAC  EXAMPLE 41
PAR  Sodium (2 g.) was dissolved in methanol (30 c.c.) and
      1,1'-peroxydicyclohexylamine (10 g.), dissolved in methanol (10 c.c.)
      added. The mixture was heated under reflux for 11/2 hrs when no peroxide
      remained. Water (ca. 30 c.c.) was added to the reaction mixture and the
      solution made just acid to Congo red with hydrochloric acid; extraction
      with chloroform followed by evaporation of the solvent and distillation at
      15 mm. gave cyclohexanone (4.7 g.) and a caprolactam fraction (4.2 g.)
      containing 93% by weight of caprolactam (by infra-red spectroscopy).
PAC  EXAMPLE 42
PAR  The same procedure was used as in Example 1 but at the end of the reflux
      period the bulk of the methanol was evaporated at 15 mm., the residue
      diluted with water, neutralised with acid and extracted with chloroform.
      Distillation gave cyclohexanone (4.1 g.) and a caprolactam fraction (4.5
      g.), 87% pure by infra-red spectroscopy.
PAC  EXAMPLE 43
PAR  The same procedure was used as in Example 1 but replacing methanol by
      ethanol. Heating time one-half hour. Distillation gave cyclohexanone (2.3
      g.), a caprolactam fraction (3.7 g.), a higher boiling fraction (2.4 g.)
      and residue (0.7 g.). The caprolactam fraction contained 70% by weight of
      caprolactam by infra-red spectroscopy.
PAC  EXAMPLE 44
PAR  Sodium (1.2 g.) was dissolved in ethanol (50 c.c) and
      1,1'-peroxydicyclohexylamine (10 g.) in ethanol (40 c.c) added. The
      resulting solution was refluxed for 4 hours, the bulk of the ethanol
      removed on the water pump and the residue treated as in Example 1. There
      were obtained cyclohexanone (2.5 g.)., caprolactam fraction (4.0 g.)
      containing 76% by weight of caprolactam, a higher-boiling fraction (1.2
      g.) containing 10-15% caprolactam, and a residue (0.5 g.).
PAC  EXAMPLE 45
PAR  Potassium (3.4 g.) dissolved in methanol (30 c.c.) was treated with
      1,1'-peroxydicyclohexylamine (10 g.) in methanol (10 c.c.) and the mixture
      refluxed for 2 hours. The reaction mixture was treated as in Example 1 and
      gave cyclohexanone (3.6 g.), a caprolactam fraction (3.8 g.) containing
      83% caprolactam by weight, and a residue (0.5 g.).
PAC  EXAMPLE 46
PAR  Lithium (0.8 g) dissolved in methanol (40 c.c.) and
      1,1'-peroxydicyclohexylamine (10 g.) in methanol (10 c.c.) were mixed and
      refluxed for 101/2 hours. The reaction mixture was treated as in Example 1
      and gave cyclohexanone (3.8 g.), a caprolactam fraction, (2.7 g.),
      containing 5% caprolactam by weight, a higher-boiling fraction (1.0 g.)
      containing 30% caprolactam by weight, and residue (0.5 g.).
PAC  EXAMPLE 47
PAR  Sodium (2 g.) was dissolved in methanol (25 c.c.) and
      1,1'-peroxydicyclohexylamine (10 g.) added, the mixture was refluxed for 1
      hour. The reaction product was then diluted with water, and then extracted
      with chloroform without acidification to give cyclohexanone (2.9 g.), a
      caprolactam fraction (4.8 g.), containing 65% caprolactam by weight, a
      higher-boiling fraction (0.3 g.), containing 37% caprolactam by weight and
      a residue (0.2 g.).
PAC  EXAMPLE 48
PAR  Sodium hydroxide (3.5 g.) was dissolved in methanol (30 c.c.) and
      1,1'-peroxydicyclohexylamine (10 g.) dissolved in methanol (10 c.c.) was
      added and the mixture heated to reflux for 21/2 hours. After heating the
      solution was diluted with water and extracted with chloroform.
      Distillation gave a cyclohexanone fraction (4.0 g.), a caprolactam
      fraction (4.4g.) containing 75% lactam by I.R.), and residue (0.1 g.).
PAC  EXAMPLE 49
PAR  The same reactants heated to reflux were used as in Example 8 with the
      addition of magnesium sulphate monohydrate (1.5 g.) to the refluxing
      solution. Heating was continued for 51/4 hours. Treatment of the reaction
      mixture as in Example 8 gave a cyclohexanone fraction (2.8 g.), a
      caprolactam fraction (4.1 g. containing 81% lactam by I.R.), and residue
      (0.2 g). Further caprolactam (0.2 g.) was obtained by acidification of the
      aqueous phase followed by extraction with chloroform.
PAC  EXAMPLE 50
PAR  The same reactants were refluxed together as in Example 8 with the addition
      of calcium oxide (2 g.) to the refluxing solution. Heating was continued
      for 21/4 hours. Treatment of the reaction mixture as in Example 8 gave a
      cyclohexanone fraction (3.7 g.), a caprolactam fraction (4.2 g. containing
      85% lactam by I.R.), and residue (0.2 g.).
PAC  EXAMPLE 51
PAR  The same reactants were refluxed together as in Example 8 with the addition
      of water (2 c.c.) to the refluxing solution. Heating was continued for 3
      hours. Treatment of the reaction mixture as in Example 8 gave a
      cyclohexanone fraction (3.3. g.), a caprolactam fraction (4.5 g.
      containing 65% lactam by I.R.) and residue (0.2 g.).
PAC  EXAMPLE 52
PAR  Potassium hydroxide (4.9 g.), methanol (40 c.c.) and
      1,1'-peroxydicycohexylamine (10 g.) were heated together under reflux for
      23/4 hours. Treatment of the reaction mixture as in Example 8 gave a
      cyclohexanone fraction (1.9 g.), a caprolactam fraction (4.4 g. containing
      80% by lactam by I.R.), and a higher-boiling fraction (0.4 g. containing
      55% lactam I.R.).
PAC  EXAMPLE 53
PAR  Sodium hydroxide (3.5 g.), ethanol (70 c.c.) and
      1,1'-peroxydicyclohexylamine (10 g.) were heated under reflux for 23/4
      hours. Treatment of the reaction mixture as in Example 8 gave a
      low-boiling fraction (1.7 g.), a caprolacta fraction (4.2 g. containing
      75% lactam by I.R.), a higher boiling fraction (0.9 g.), and residue (0.4
      g.).
PAC  EXAMPLE 54
PAR  Sodium hydroxide (3.5 g.), ethanol (40 c.c), and
      1,1'-peroxydicyclohexylamine (10 g.) were heated under reflux for 13/4
      hours. Treatment of the reaction mixture as in Example 8 gave a
      low-boiling fraction (3.2 g., largely cyclohexanol by I.R.), a caprolactam
      fraction (3.9 g. containing 60% lactam by I.R.), a higher-boiling fraction
      (1.2 g.) and residue (0.5 g.).
PAC  EXAMPLE 55
PAR  Sodium n-butoxide (from 2 g. of sodium) was dissolved in methanol (25 c.c.)
      and 1,1'-peroxydicyclohexylamine (10 g.) in methanol (10 c.c.) added. The
      solution was heated under reflux for 11/2 hours; the methanol was
      evaporated off under reduced pressure, water added to the residue and the
      solution extracted with chloroform. Distillation gave a fraction
      containing n-butanol and cyclohexanone (2.2. g. of the ketone by
      estimation with hydroxylamine hydrochloride), a caprolactam fraction (5.1
      g. containing 87% lactam by I.R.) and a residue (0.3 g.).
PAC  EXAMPLE 56
PAR  Sodium phenoxide (11.0 g.) in methanol (30 c.c) was mixed with
      1,1'-peroxydicyclohexylamine (10 g.) in methanol (10 c.c.) and heated
      under refluxed for 61/4 hours. The product was diluted with water, the
      solution extracted with chloroform and the extract distilled to give
      cyclohexanone (1.8 g), a caprolactam fraction (4.3 g. containing 70%
      lactam by I.R.) and residue (0.15 g.).
PAC  EXAMPLE 57
PAR  3,3'-Dimethyl-1,1'-peroxydicyclohexylamine (10 g.) derived from
      3-methylcyclohexanone, hydrogen peroxide and ammonia, and probably a
      mixture of stereoisomers was added to a solution of sodium methoxide in
      methanol (2 g. sodium in 40 c.c. methanol) and the mixture heated under
      reflux for 2 hours; only a small amount of peroxide remained unreacted.
      The solution was cooled, diluted with water, neutralised with hydrochloric
      acid and extracted with chloroform. Distillation of the chloroform extract
      gave 3-methylcyclohexanone (4.7 g.), methylcaprolactam (4.1 g), b.p.
      145.degree.-150.degree./15 mm., and residue (0.5 g.). Examination of the
      methylcaprolactam fraction by N.M.R. spectroscopy showed it to be a
      mixture of 3- and 5-methyl-caprolactam; on storage this fraction
      crystallized and several recrystallisations yielded the
      3-methylcaprolactam, m.p. 87.degree.-100.degree..
PAC  EXAMPLE 58
PAR  4,4' -Dimethyl-1,1'-peroxydicyclohexylamine (5 g.) derived from the
      reaction of 4-methylcyclohexanone, hydrogen peroxide and ammonia) was
      added to a solution of sodium methoxide in methanol (1 g. of sodium in 20
      c.c. methanol) and the mixture heated under reflux for 2 hours when very
      little peroxide remained unreacted. The product was worked up as in
      Example 17 to give, on distillation, 4-methylcyclohexanone (2.2 g.),
      4-methyl-caprolactam (2.2 g.), b.p. 145.degree.-150.degree./15 mm, and
      residue (0.3 g.). The structure of the lactam was confirmed by I.R. and
      N.M.R. spectra.
PAC  EXAMPLE 59
PAR  3,3,3',3',5,5'-Hexamethyl-1,1'-peroxydicyclohexylamine (75 g.) (derived
      from the reaction of dihydroisophorone, ammonia and hydrogen peroxide)
      probably a mixture of stereoisomers, was added to a solution of sodium
      methoxide in methanol (1.5 g. of sodium in 30 c.c. methanol) and the
      mixture heated under reflux for 2 hours when very little peroxide remained
      unreacted. The product was worked up as in Example 17 to give, on
      distillation, dihydroisophorone (4.1 g.) trimethyl caprolactam (3.1 g.),
      and residue (0.1 g.). The structure of the lactam was confirmed by I.R.
      and N.M.R. spectra; the N.M.R. spectrum showed that both
      ##SPC52##
PAL  were present, the latter being the major component.
PAC  EXAMPLE 60
PAR  1,1'-Peroxydicyclopentylamine (10 g.) derived from the reaction of
      cyclopentanone, ammonia and hydrogen peroxide, was heated to reflux with
      sodium (2 g.) in methanol (40 c.c.). After reflux for one-fourth hour the
      product was worked up as in Example 17 and valerolactam obtained.
PAR  Valerolactam was also obtained when the experiment was repeated using 5 g.
      of the peroxide, 0.65 g. of sodium and a reflux time of 21/2 hours.
PAC  EXAMPLE 61
PAR  1,1'-Peroxydicyclohexylamine (8 g.) in pyridine (50 g.) containing Triton B
      (Triton B is benzyl trimethylammonium hydroxide) (0.1 c.c. of a 40%
      aqueous solution) was heated under reflux at atmospheric pressure for
      121/2 hours. Distillation of the mixture, which still contained 20%
      unreacted peroxide gave, in addition to pyridine and cyclohexanone, a
      fraction (2.0 g.), b.p. 125.degree.-155.degree./15 mm., containing 40%
      caprolactam together with the peroxide and a fraction (2.5 g.), b.p.
      155.degree.-270.degree./15 mm., containing a small amount of caprolactam
      but consisting mainly of the C.sub.12 acid-amide, 11-carbamoylundecanoic
      acid.
PAC  EXAMPLE 62
PAR  1,1'-Peroxydicyclohexylamine (8 g.) in .beta.-picoline (10 g.) was added
      during 11/4 hour, to boiling .beta.-picoline (10 g.) (bath temperature
      175.degree.-180.degree.C); refluxing at atmospheric pressure was continued
      for a further 11/4 hours to decompose the remainder of the peroxide.
      Distillation gave in addition to .beta.-picoline and cyclohexanone,
      fractions (1.6 g.) consisting largely of caprolactam, and a fraction (2.2
      g.), b.p. 250.degree.-260.degree. C at 15 mm.Hg., from which were isolated
      the C.sub.12 diamide, 11-carbamoylundeconoamide m.p.
      187.degree.-190.5.degree., and the C.sub.12 acid amide,
      11-carbamoylundecanoic acid, m.p. 132.degree.-134.degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process for the production of lactams which comprises heating in the
      liquid phase a compound of formula
      ##EQU23##
      wherein X and X' are divalent aliphatic moieties of 4 to 11 carbon atoms
      which may be the same or different, to a temperature in the range of from
      40.degree.C to 200.degree. C to decompose it to a lactam.
NUM  2.
PAR  2. The process according to claim 1 wherein the number of carbon atoms in
      each of X and X' which form part of the ring shown in formula (IV) is from
      4 to 6 carbon atoms.
NUM  3.
PAR  3. The process according to claim 2 wherein compound (IV) has the formula
      ##SPC53##
PAL  where R is alkyl or hydrogen.
NUM  4.
PAR  4. The process according to claim 2 wherein (VI) has the formula
      ##SPC54##
PAL  wherein R is alkyl or hydrogen.
NUM  5.
PAR  5. The process according to claim 2 wherein the compound (IV) has the
      formula
      ##SPC55##
PAL  where R is alkyl or hydrogen.
NUM  6.
PAR  6. The process according to claim 3 wherein compound (VI) is
      1,1'-peroxydicyclopentylamine
      ##SPC56##
NUM  7.
PAR  7. The process according to claim 4 wherein compound (IV) is
      1,1'-peroxydicyclohexylamine
      ##SPC57##
NUM  8.
PAR  8. The process according to claim 4 wherein compound (IV) is
      4,4'-dimethyl-1,1'-peroxydicyclohexylamine
      ##SPC58##
NUM  9.
PAR  9. The process according to claim 4 wherein compound (IV) is
      3,3'-dimethyl-1,1'-peroxydicyclohexylamine.
NUM  10.
PAR  10. The process according to claim 1 wherein the molten compound (IV) is
      heated.
NUM  11.
PAR  11. The process according to claim 1 wherein compound (IV), dissolved in a
      solvent, is heated.
NUM  12.
PAR  12. The process according to claim 10 wherein compound (IV) is heated with
      a catalyst.
NUM  13.
PAR  13. The process according to claim 1 wherein compound (IV) is heated with
      an alkoxide, aryloxide, or with a mixture of alkali metal hydroxide with
      alkanol or hydroxyaryl compound.
NUM  14.
PAR  14. The process according to claim 1 wherein 1,1'-peroxydicyclohexylamine
      is heated with an alkali metal alkoxide.
NUM  15.
PAR  15. The process according to claim 1 wherein 1,1'-peroxydicyclohexylamine
      is heated with a mixture of an alkali metal hydroxide and alkanol.
NUM  16.
PAR  16. The process according to claim 1 wherein 1,1'-peroxydicyclohexylamine
      is heated with an aryloxide or a mixture of an alkali metal hydroxide and
      a hydroxyaryl compound.
NUM  17.
PAR  17. The process according to claim 12 wherein compound (IV) is heated with
      the mixture of alkali metal hydroxide and alkanol in the absence of water.
NUM  18.
PAR  18. The process according to claim 13 wherein compound (IV) is heated with
      a mixture of alkali metal hydroxide and methanol, ethanol or propanol.
NUM  19.
PAR  19. The process according to claim 15 wherein 1,1'-peroxydicyclohexylamine
      is heated with a mixture of alkali metal hydroxide and methanol, ethanol
      and propanol.
NUM  20.
PAR  20. The process according to claim 1 wherein compound (IV) dissolved in an
      aromatic hydrocarbon, a phenol or an alkanol, is heated with the alkali
      metal alkoxide, aryloxide, or mixture of alkali metal hydroxide and
      alkanol or hydroxyaryl compound.
NUM  21.
PAR  21. The process according to claim 20 wherein compound (IV) is dissolved in
      methanol.
NUM  22.
PAR  22. The process according to claim 13 wherein the alkali metal hydroxide,
      alkoxide or aryloxide, is a hydroxide, alkoxide or aryloxide of sodium or
      potassium.
NUM  23.
PAR  23. The process according to claim 13 wherein the alkoxide is a methoxide
      or ethoxide.
NUM  24.
PAR  24. The process according to claim 13 wherein the molar ratio of alkali
      metal hydroxide, alkoxide or aryloxide to compound (IV) is from 0.2 to 2.
NUM  25.
PAR  25. The process according to claim 1 wherein compound (IV) is heated to a
      temperature in the range of from 50.degree.C to 200.degree.C.
NUM  26.
PAR  26. The process according to claim 25 wherein the temperature is in the
      range of from 60.degree.C to 120.degree.C.
NUM  27.
PAR  27. The process according to claim 11 wherein molten compound (IV) is
      heated with an alkali metal alkoxide or aryloxide to temperatures in the
      range of from 40.degree.C to 150.degree.C.
NUM  28.
PAR  28. The process according to claim 13 wherein a solution of compound (IV)
      is heated to a temperature in the range of from 40.degree.C to
      160.degree.C.
NUM  29.
PAR  29. The process according to claim 28 wherein the temperature is in the
      range of from 50.degree.C to 100.degree.C.
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ABST
PAL  The invention relates to reactive dyestuffs containing as reactive group a
      radical of the formula
      ##EQU1##
       wherein R.sub.1 is hydrogen, C.sub.1 -C.sub.5 -alkyl, C.sub.1 -C.sub.5
      -alkyl substituted by chlorine, bromine, cyano, hydroxy, C.sub.1 -C.sub.4
      -alkoxy, C.sub.1 -C.sub.4 -alkoxcarbonylamino, di-C.sub.1 -C.sub.4
      -alkylamino, sulfo, phenyl or phenyl substituted by C.sub.1 -C.sub.4
      -alkyl, sulfo or C.sub.1 -C.sub.4 -alkoxycarbonyl and R.sub.2, R.sub.3 and
      R.sub.4 are hydrogen or C.sub.1 -C.sub.5 -alkyl.
PARN
PAR  This is a continuation-in-part application of our copending application
      Ser. No. 201,547 now abandoned, filed Nov. 23, 1971.
BSUM
PAR  The invention relates to new dyestuffs which contain a reactive aziridine
      radical of the formula
      ##EQU2##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 represent substituents.
      Examples of the substituents represented by R.sub.1 to R.sub.4 are
      hydrogen or halogen atoms, cyano, nitro, carboxy, amino, acylamino,
      alkylsulphonyl, acyl, acyloxy, alkoxycarbonyl, alkoxy, aryloxy, aryl and
      alkyl groups.
PAR  As substituents the alkyl groups may contain halogen atoms, cyano, hydroxy,
      or alkoxy groups or the like. The substituents R.sub.2, R.sub.3 and
      R.sub.4 are preferably low molecular alkyl groups or especially hydrogen
      atoms and R.sub.1 is a hydrogen atom or an alkyl radical such, for
      example, as a methyl, ethyl, propyl, isopropyl, butyl, amyl,
      .beta.-chloro- or .beta.-bromethyl, .beta.-cyanoethyl,
      .beta.-hydroxyethyl, .gamma.-hydroxypropyl, methoxy-methyl, .beta.-methoxy
      ethyl, .gamma.-methoxypropyl, ethoxymethyl, .beta.-ethoxyethyl,
      .gamma.-ethoxypropyl, or .gamma.-isopropoxypropyl radical. The new
      compounds may also contain more than one radical of the formula (1), thus
      for example two or three etc.
PAR  The radicals of the formula (1) are reactive radicals. By reactive radicals
      are meant those radicals that are capable of reacting with the hydroxyl
      groups of the cellulose or with the amino groups of polyamides to form a
      covalent chemical bond.
PAR  The radicals of the formula (1) can be bonded directly, or via a bridge
      member, to the remaining part of the compound. Exemplary of such bridge
      members are: --O--, --S--, CO--, --SO.sub.2 --, --NH--, --N(alkyl)--,
      --N(aryl)--, CONH--, --SO.sub.2 NH-- and --SO.sub.2 N(alkyl)--. Preferably
      the radical of the formula (1) is bonded to the remaining part of the
      compound via an --N(R)--CO--group, wherein R represents a low molecular
      alkyl radical or especially a hydrogen atom.
PAR  As examples of the substituted or unsubstituted alkyl radicals defined by R
      there may be cited: low molecular alkyl radicals, such as methyl, ethyl,
      propyl and butyl, which may contain substituents such as methoxy, ethoxy
      and hydroxy groups.
PAR  Preferred compounds are therefore those that contain a reactive aziridine
      radical of the formula
      ##EQU3##
      wherein R, R.sub.2, R.sub.3 and R.sub.4 represent low molecular alkyl or
      especially hydrogen atoms, and wherein R.sub.1 is a hydrogen atom or
      especially an alkyl radical.
PAR  Compounds which are above all preferred are those that contain a radical of
      the formula (2), in which R.sub.1 is a substituted alkyl radical,
      especially compounds that contain a radical of the formula
      ##EQU4##
      wherein n and p represent positive integers, including 0, and m is 0 or 1.
PAR  Suitable compounds which contain a reactive aziridine radical of the
      formula (I) are all compounds belonging to groups of substances in whose
      use the formation of a particularly firm bond to a substrate, in
      particular a fibre material, is necessary or desirable. As such groups of
      substances there may be mentioned textile auxiliaries such, for example,
      as impregnating agents for giving a permanent finish to cellulose fibres
      (improving the resistance to creasing and shrinking), for "easy case" and
      the anti-felt finishing of wool, for imparting water- repellent and
      oil-repellent characteristics, for preventing fibres from becoming
      electrically charged (anti-static agents), for flameproofing, for
      preservation (fungicides and insecticides) or for lessening soil
      retention. Particularly important groups of substances which may be
      mentioned are fluorescent agents, optical brighteners and, above all,
      dyestuffs or compounds which are suitable as fixing components for
      dyestuffs free from reactive groups for the subsequent build up of
      dyestuffs on the fibre, for example for coupling.
PAR  The dyestuffs may be of any known class of dyestuffs and belong preferably
      to the mono- or polyazo series or to the nitro, anthraquinone or
      phthalocyanine series. They contain preferably at least one
      water-solubilising group, in particular a carboxylic acid or sulphonic
      acid group. If desired, the dyestuffs may also contain coodinatively
      bonded metal, for example coordinatively bonded copper, chromium or
      cobalt. In addition, basic dyestuffs are also suitable.
PAR  The azo compound of the formula
      ##SPC1##
PAL  may be cited as an example of a dyestuff of the kind according to the
      invention.
PAR  The invention relates furthermore to a process for the manufacture of
      compounds which contain a radical of the formula (1). The process consists
      in condensing compounds which contain a radical of the formula
      ##EQU5##
      in which each X represents a halogen atom, or a radical of the formula
      ##EQU6##
      in which one Y represents a halogen atom and the other Y a hydrogen or
      halogen atom, with primary amines of the formula H.sub.2 N-R.sub.1, in
      which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the meanings given above.
PAR  Examples of radicals of the formulae (5) and (6) are in particular
      halogenated ethyl or ethenyl (vinyl) radicals which are bonded via an
      -NH-CO-group, i.e., halogenated propionyl or acrylamino radicals such, for
      example, as .alpha.,.beta.-dichloro- or .alpha.,.beta.-dibromopropionyl,
      .alpha.- or .beta.-chloro- or bromacrylamino or .alpha.,.beta.-dichloro-
      or .alpha.,.beta.-dibromacrylamino radicals.
PAR  The compounds containing a radical of the formula (5) or (6) which are used
      as starting materials are manufactured in known manner, for example by
      condensing a compound which contains an amino group of the formula -NHR,
      in which R has the meaning given above, with halides or anhydrides of
      corresponding halogenated aliphatic carboxylic acids. As example of such
      halides or anhydrides there may be cited: .alpha.,.beta.-dichloro- or
      dibromopropionyl chloride, .alpha.-chloro- or .alpha.-bromacrylic
      chloride, .beta.-chloro- or bromacrylic chloride, .alpha.,.beta.-dichloro-
      or dibromacrylic chloride, trichloroacrylic chloride, chlorocrotonyl
      chloride, and chloromaleic anhydride.
PAR  The condensation with the acid halides or anhydrides is carried out
      advantageously in the presence of acid acceptors such, for example, as
      sodium carbonate, and in an organic solvent or at relatively low
      temperature in an aqueous medium.
PAR  Thhe .alpha.-bromacrylic acid derivatives can likewise be obtained from the
      corresponding .alpha.,.beta.-dibromopropionic acid derivatives by
      splitting of hydrogen bromide. Thus a compound which contains an
      .alpha.,.beta.-dibromopropionyl radical can be treated with alkaline
      agents, for example alkali metal hydroxides, preferably at room
      temperature. The corresponding-.alpha.-bromacrylic derivative is formed
      which is isolated by conventional methods.
PAR  The dyestuff compounds of the azo series used as starting products and
      which contain at least one -NHR group can be obtained by various
      processes. One process consists in diazotising an aromatic primary amine
      and coupling the resulting diazonium compound with a coupling component
      containing an -NHR group. As examples of aromatic primary amines which may
      be used in this manner to obtain the aminoazo compounds there may be
      mentioned aniline, o-, m- and p-toluidines, o-, m- and p-anisidines, o-, m
      and p-chloroanilines, 2:5-dichloroaniline, .alpha.- and
      .beta.-naphthylamine, 2:5-dimethylaniline, 5-nitro-2-aminoanisole,
      4-aminodiphenyl, aniline-2-, 3- and 4-carboxylic acids,
      2-aminodiphenylether, 2-, 3- or 4-aminobenzene sulphonamide or
      sulphomonomethyl- or ethylamides or sulphondimethyl- or
      sulphondiethylamides, dehydrothio-p-toluidine monosulphonic acid or
      dehydrothio-p-toluidine disulphonic acid, aniline-2-, -3- and -4-
      sulphonic acids, aniline-2:5-disulphonic acid,
      2:4-dimethylaniline-6-sulphonic acid, 3-aminobenzotrifluoride-4-sulphonic
      acid, 4-chloro-5-methylaniline-2-sulphonic acid,
      5-chloro-4-methylaniline-2-sulphonic acid,
      3-acetylaminoaniline-6-sulphonic acid, 4-acetylaminoaniline-2-sulphonic
      acid, 4-chloroaniline-2-sulphonic acid, 3:4-dichloroaniline-6-sulphonic
      acid, 4-methylaniline-2-sulphonic acid, 3-methylaniline-6-sulphonic acid,
      2:4-dimethoxyaniline-6-sulphonic acid, 4-methoxyaniline-2-sulphonic acid,
      and 5-methoxyaniline-2-sulphonic acid, 2:5-dichloroaniline-4-sulphonic
      acid, 2-naphthylamine-4:8- and 6:8-disulphonic acids, 1-naphthylamine-2-,
      4-, 5-, 6- or 7-monosulphonic acid, 1-naphthylamine-3:6-disulphonic acid,
      2-naphthylamine-3:6- and 5:7-disulphonic acids,
      2-naphthylamine-3:6:8-trisulphonic acid, m- and p-nitroaniline,
      4-nitroaniline-2-sulphonic acid, 3-nitroaniline-6-sulphonic acid, m- or
      p-aminoacetanilide and 4-amino-2-acetylamino-toluene-5 -sulphonic acid.
PAR  As example of coupling components which can be used there may be mentioned
      2-amino- and 2-methylamino-5-naphthol-7-sulphonic acids, 2-amino and
      2-methylamino-8-naphthol-6-sulphonic acids, 1-amino and
      1-ethylamino-8-naphthol-6-sulphonic acids and corresponding 3:6- and
      4:6-disulphonic acids, 1-(3'-or 4'-aminobenzoylamino)-8-naphthol-3:6- and
      4:6-disulphonic acids, aniline, o- and m- anisidines, o- and m-toluidines,
      2:5-dimethylaniline, 3-amino-4-methoxytoluene, 2:5-dimethoxyaniline,
      N-methylaniline, N-ethyl-o-toluidine, N-methyl-n-anisidine,
      3-methylamino-4-methoxytoluene, 1-(3.sup.1 -aminophenyl)-3-methyl-,
      carboxy-, and -carboethoxy-5-pyrazolone, 1-(4.sup.1
      -aminophenyl)-3-methyl-, -carboxy-, and -carboethoxy-5-pyrazolones and
      1-(4.sup.1 -amino-3.sup.1 -carboxyphenyl)-3-methyl-5-pyrazolone.
PAR  The aminoazo compounds which are to be used in the process of the invention
      are not restricted to compounds containing only one azo group. Disazo
      compounds which may be used may be obtained for example by tetrazotisation
      of an aromatic diamine containing two primary amino groups and coupling
      the tretrazo compound so obtained with 2 molecular proportions of one of
      the above-defined coupling components, or with 1 molecular proportion of
      each of two of the above-defined coupling components, or with 1 molecular
      proportion of one of the above defined coupling components and with 1
      molecular proportion of a coupling component not containing an amino
      group. As examples of such aromatic diamines there may be mentioned
      benzidine, 3:3.sup.1 -dimenthoxybenzidine, benzidine-2:2.sup.1
      -disulphonic acid, benzidine-3:3.sup.1 -dicarboxylic acid,
      benzidine-3:3.sup.1 -diglycollic acid and 4:4.sup.1
      -diaminostilbene-2:2.sup.1 -disulphonic acid. Alternatively disazo or
      polyazo compounds may be obtained by the use of primary aromatic amines or
      diamines containing azo groups. As examples of such primary aromatic
      amines or diamines containing azo groups which may be used there may be
      mentioned 4-aminobenzene-4.sup.1 -sulphonic acid, 4.sup.1 -amino-2.sup.1
      -methylphenylazo-2-naphthalene-4:8-disulphonic acid and
      4-amino-5-methoxy-2-methyl-4.sup.1 -nitro-2.sup.1 -sulphoazobenzene.
PAR  Instead of starting from amines which are free from -NHR groups, it is also
      possible to couple a coupling component which optionally contains an -NHR
      group with a diazonium compound which contains an -NHR group. Such
      diazonium compounds may be obtained by methods known from the art, by the
      diazotisation of aromatic primary amines containing a second amino group
      or containing a mono-substituted amino group. As examples of such aromatic
      primary amines there may be mentioned p-phenylenediamine,
      1:4-phenylenediamine-2-sulphonic acid, 1:4-phenylenediamine-2-carboxylic
      acid and 1:4-diaminophthalene-2-suphonic acid. As examples of coupling
      components which may be used in this manner there may be mentioned the
      coupling components listed above and also .beta.-naphthol, 2-naphthol-6-
      or -7-sulphonic acid, 2-naphthol-3:6- or 6:8-disulphonic acid,
      1-naphthol-4-sulphonic acid, 1-phenyl-3-methyl-5-pyrazolone, 1-(4.sup.1
      -sulphophenyl)-3-methyl-5-pyrazolone, 1-(2.sup.1 :5.sup.1
      -dichloro-4.sup.1 -sulphophenyl)-3-methyl-5-pyrazolone,
      2-benzoylamino-5-naphthol-7-sulphonic acid, 1-benzoylamino-8-naphthol-3:6-
      or 4:6-disulphonic acid, phenol, p-cresol, acetoacetanilide and
      acetoacet-2-methoxy-aniline-5-sulphonic acid.
PAR  Further processes for the manufacture of the dyestuff compounds of the azo
      series containing an -NHR group and which may be used in the process
      according to the invention, consist in reducing a dyestuff which contains
      nitro groups or treating an azo or polyazo compound containing at least
      one acylamino group with aqueous acid or aqueous alkali in order to cause
      hydrolysis of the acylamino group or groups. Such azo or polyazo compounds
      may be obtained from aromatic primary amines and/or coupling components
      containing acylamino groups. As examples of such aromatic primary amines
      there may be mentioned monoacetylbenzidine,
      4-amino-1-acetylaminonaphthalene-6-sulphonic acid, 4-amino-4.sup.1
      -acetylaminodiphenyl-3-sulphonic acid, 4-amino-3-sulphoacetanilide,
      3-amino-4-sulphoacetanilide and 4-amino-4.sup.1
      -acetylamino-stilbene-2:2.sup.1 -disulphonic acid, and as examples of such
      coupling components there may be mentioned
      2-acetylamino-5-naphthol-7-sulphonic acid,
      2-N-acetyl-N-methylamino-5-naphthol-7-sulphonic acid, 2-acetylamino-and
      2-N-acetyl-N-methylamino-8-naphthol-6-sulphonic acids and
      1-acetylamino-8-naphthol-3:6- and 4:6-disulphonic acids.
PAR  An interesting group of azo dyestuffs that can be obtained as described
      above are those of the formula
      ##EQU7##
      wherein m is 1 or 2 R is hydrogen or C.sub.1 - C.sub.5 - alkyl R.sub.2,
      R.sub.3 and R.sub.4 are hydrogen or C.sub.1 - C.sub.5 - alkyl, R.sub.1 is
      hydrogen, C.sub.1 -C.sub.5 -alkyl, C.sub.1 -C.sub.5 -alkyl substituted by
      chlorine, bromine, cyano, hydroxy, C.sub.1 -C.sub.4 -alkoxy, C.sub.1
      -C.sub.4 -alkoxycarbonylamino, di-C.sub.1 -C.sub.4 -alkylamino, sulfo,
      phenyl or phenyl substituted by C.sub.1 -C.sub.4 -alkyl, sulfo or C.sub.1
      -C.sub.4 -alkoxycarbonyl and D.sub.1 is phenyl or naphthyl optionally
      substituted by sulfo, sulfonamido, N-mono-or N,N-di-C.sub.1 -C.sub.4
      -alkylsulfonamido, C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy,
      chloro, bromo, cyano, nitro, trifluoromethyl, carboxy, phenyl, phenoxy,
      phenylazo, C.sub.1 -C.sub.4 -alkanoylamino, benzoylamino or C.sub.1
      -C.sub.4 -alkoxycarbonylamino and A.sub.1 is o-hydroxynaphthyl optionally
      substituted by 1 or 2 sulfonic acid groups, or A.sub.1 is phenyl
      optionally substituted by chloro, bromo, C.sub.1 -C.sub.4 -alkyl, C.sub.1
      -C.sub.4 -alkoxy, carboxy, C.sub.1 -C.sub.4 -alkynoylamino, benzoylamino,
      C.sub.1 -C.sub. 4 -alkoxycarbonylamino or N,N-di-C.sub.1 -C.sub.4
      -alkylamino.
PAR  Interesting azo dyestuffs with heterocyclic coupling components are those
      of the formula
      ##EQU8##
      wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4 and D.sub.1 have the manings
      given above, n is 1 or 2 and A.sub.2 is a residue of the formula
      ##EQU9##
      wherein R.sub.5 is phenyl or phenyl substituted by chloro, bromo, sulfo,
      C.sub.1 -C.sub.4 -alkyl, or nitro, R.sub.6 is methyl, carboxy or
      carbathoxy and R.sub.7 is phenyl or phenyl substituted by chloro, bromo,
      C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy, nitro and wherein the
      aziridine groups are attached to D.sub.1 and/or to R.sub.5 or R.sub.7.
PAR  As examples of dyestuff compounds of the anthraquinone series which may be
      used in the process of the invention there may be mentioned anthraquinone
      compounds containing a group of the formula -NHR as herein-before defined,
      attached to an alkylamino or an arylamino group which is itself attached
      to an alpha-position of the anthraquinone nucleus. As examples of such
      anthraquinone compounds there may be mentioned
      1-amino-4-(4'-aminoanilino-)anthraquinone-2:3'-disulphonic acid and the
      corresponding 2:3' :5- and 2:3:6 -trisulphonic acids,
      1-amino-4-(4"-amino-4'-benzoylaminoanilino)-anthraquinone-2:3-disulphonic
      acid and the corresponding-2:3':5-trisulphonic acid,
      1-amino-4-[4'-(4"-aminophenylazo-)anilino-]anthraquinone-2:2":5-trisulphon
     ic acid,
      1-amino-4-(4'-amino-3'-carboxyanilino-)anthraquinone-2:5-disulphonic acid
      1, amino-4-(3.sup.1 -aminoanilino-)anthraquinone-2:4':5-trisulphonic acid
      and the corresponding 2:4'-disulphonic acid, 1-amino-4'-[4"
      -aminophenyl-)anilino-]-anthraquinone-2:3" :5-trisulphonic acid,
      1-amino-4-(4'-methylamino)anilinoanthraquinone-2:3'-disulphonic acid and
      the corresponding 2:3':5-trisulphonic acid,
      1-amino-4-(4'-n-butylamino)-anilinoanthraquinone-2:3'-disulphonic acid.
      1-amino-4-(4'-methylamino-3'-carboxyanilino-) anthraquinone-2-sulphonic
      acid,
      1-amino-4-(3'-betahydroxyethylamino-)anilinoanthraquinone-2:5-disulphonic
      acid, 1-(4'-aminoanilino)-anthraquinone-2:3'-disulphonic acid and
      1-amino-4-(4'-amino-2'-methoxy anilino)anthraquinone-2:3'-disulphonic
      acid.
PAR  Such dyestuff compounds of the anthraquinone series may themselves be
      obtained from anthraquinone compounds, containing a halogen atom or a
      nitro group attached to the appropriate alpha-position of the
      anthraquinone nucleus, or from the leuco derivative of a 1:4-dihydroxy,
      -diamino- or -aminohydroxy- anthraquinone, by reacting the appropriate
      anthraquinone compound with at least one molecular proportion of an
      aliphatic or an aromatic diamine.
PAR  Dyestuff compounds of the phthalocyanine series which may be used in the
      process of the invention are preferably metal-containing phthalocyanines,
      such as copper phthalocyanines, containing at least one water-solubilising
      group such as a sulphonic acid group, and at least one group of the
      formula -NHR as hereinbefore defined. The -NHR group or groups may be
      attached directly to the benz-rings of the phthalocyanine nucleus or they
      may be attached thereto through a divalent bridging radical for example
      -phenylene-, --CO-phenylene, --SO.sub.2 --phenylene, --NH--phenylene,
      --S--phenylene, --O--phenylene, --CH.sub.2 S--phenylene--, --CH.sub.2
      O-phenylene, --CH.sub.2 --phenylene-, --SCH.sub.2 --phenylene, --SO.sub.2
      CH.sub.2 --phenylene--, --SO.sub.2 NR.sub.1 --phenylene--CH.sub.2 -,
      --SO.sub.2 NR.sub.1 -arylene-, --NR.sub.1 CO.sub.1 --phenylene, --NR.sub.1
      SO.sub.2 -phenylene, --SO.sub.2 O-phenylene-, --CH.sub.2 -, --CH.sub.2
      NR.sub.1 -phenylene, --CH.sub.2 NH.CO-phenylene-, --SO.sub.2 NR.sub.1
      -alkylene-, --CH.sub.2 NR.sub.1 -alkylene-, --CONR.sub.1
      -phenylene-CH.sub.2 -, --CONR.sub.1 -arylene-, --SO.sub.2 -- and --CO-- .
      In the above divalent bridging radicals, R.sub.1 stands for hydrogen,
      alkyl or cycloalkyl, arylene stands for an aromatic divalent bridging
      radical wherein the terminal valence bonds may be attached to the same or
      different nuclei, and alkylene stands for an aliphatic divalent radical
      which may include hetero-atoms such as nitrogen as well as carbon in the
      chain of atoms, for example it may stand for the radical.
EQU  --CH.sub.2 CH.sub.2 --NH--CH.sub.2 CH.sub.2 --,
PAL  and the phenylene groups may be substituted for example by halogen, alkyl
      and alkoxy.
PAR  As examples of aromatic divalent bridging radicals denoted by arylene there
      may be mentioned aromatic nuclei, for example a benzene nucleus, a
      naphthalene nucleus, an acridine nucleus and a carbazole nucleus, which
      nuclei may bear further substituents, and radicals of the formula
      ##SPC2##
PAL  wherein the benzene rings may bear further substituents and wherein --D--
      stands for a bridging group, for example --CH=CH--, --NH--, --S--, --O--,
      --SO.sub.2 --, --NO=N--, --N=N--, --NH.CO.NH--, --CO.NH--, --O.CH.sub.2
      CH.sub.2 O-- and
      ##EQU10##
PAR  As specific examples of dyestuff compounds of the phthalocyanine series
      which may be used in the process of the invention there may be mentioned
      copper phthalocyanine-4-N-(4-amino-3-sulphenyl-)-sulphonamide-4.sup.1
      :4.sup.11 :4.sup.111 -trisulphonic acid, cobalt phthalocyanine-4:4.sup.1
      -di-N-(3.sup.1 -amino-4.sup.1 -sulphophenyl-) -carbonamide-4.sup.11
      :4.sup.111 -dicarboxylic acid and copper-4-(4.sup.1 -amino-3.sup.1
      -sulphobenzoyl-)phthalocyanine.
PAR  There may also be used mixtures of amino-phthalocyanines, for example there
      may be used a mixture of approximately equal parts of copper
      phthalocyanine-N-(4-amino-3-sulphophenyl-)sulphonamide trisulphonic acid
      and copper phthalocyanine di-N-(4-amino-3-sulphophenyl-)sulphonamide
      disulphonic acid.
PAR  The aminophthalocyanines which contain a sulphonic acid can be obtained
      either by the sulphonation of known phthalocyanines containing primary or
      secondary amino groups or by synthesis from mixtures of phthalic acid
      derivatives and sulphonated phthalic acid derivatives. Oleum, for example,
      is used as sulphonating agent e.g. a 20 percent solution of sulphur
      trioxide in sulphuric acid. They can also be obtained by heating together
      suitable derivatives of sulphonated phthalic acid and substituted phthalic
      acids by means of generally known methods, for example by heating together
      a mixture of 4-sulphophthalic anhydride and 4-p-nitrobenzoylphthalic
      anhydride, urea, cupric chloride and ammonium molybdate in
      o-dichlorobenzene at about 150.degree. C. Phthalocyanines which are used
      as starting products can also be obtained by sulphonating the
      corresponding primary and secondary amines or by reacting a primary (or
      secondary N-alkyl or cycloalkyl)-nitroaniline with a phthalocyanine which
      contains chloromethyl and sulphonic acid or carboxylic acid groups. Such
      aminophthalocyanines can also be obtained by reacting a phthalocyanine
      containing chlorosulphonyl groups with a monoacetyl alkylene diamine in
      the presence of water, and treating the product so obtained (which
      contains both sulphonamide and sulphonic acid groups) with aqueous alkali
      to hydrolyse the acetylamino group: or by reacting a phthalocyanine
      containing chloromethyl and sulphonic or carboxylic acid groups with a
      monoacetyl alkylene diamine and treating the product so obtained with
      aqueous alkali to hydrolyse the acetylamino groups. They can furthermore
      be obtained by directly sulphonating or heating together a mixture of
      suitable carboxy or sulphophthalic acid derivatives with substituted
      phthalic acid derivatives, for example by heating the anhydrides with urea
      and a catalyst in an organic solvent and reducing the nitrophthalocyanine
      sulphonic or carboxalic acid or hydrolising the acylaminophthalocyanine
      sulphonic or carboxylic acid so obtained or by reacting a phthalocyanine
      compound containing carboxylic acid chloride groups with a diaminobenzene
      sulphonic acid or carboxylic acid or with an aminobenzene sulphonic acid
      or an aminobenzoic acid which also contains a nitro group and reducing the
      nitro compound so obtained; or finally by reacting a phthalocyanine
      compound containing carboxylic acid chloride groups with an
      N-aminobenyzl-) acetamide and subsequently hydrolising the product so
      obtained with aqueous alkali.
PAR  Dyestuff compounds of the nitro series which may be used in the process of
      the invention are preferably those of the formula:-
      ##EQU11##
      wherein D stands for a naphthalene or benzene nucleus which may be further
      substituted, the nitrogen atom N is in the ortho position to the nitro
      group, Z stands for hydrogen or for a hydrocarbon radical which may be
      substituted, Q stands for hydrogen or for an organic radical attached to
      the nitrogen through a carbon atom, provided that Q and Z are not both
      hydrogen, and wherein Q may be connected to Z when Z is a hydrocarbon
      radical or to D, in the ortho position to the nitrogen atom N, to form a
      heterocyclic ring, and which contain at least one group of the formula
      --NHR, as hereinbefore defined.
PAR  As specific examples of dyestuff compounds containing at least one --NHR
      group, as hereinbefore defined, which may be used in the process of the
      invention, there may be mentioned the compounds of the following classes
      without, however, limiting the classes to those specifically described. 1.
      Monoazo compounds of the formula:
      ##SPC3##
PAL  wherein D.sub.1 represents an at most di-cyclic aryl radical which is free
      from azo groups and NHR groups, the --NHR group is preferably attached to
      the 6-, 7- or 8-position of the naphthalene nucleus, and which may contain
      a sulphonic acid group in the 5- or 6- position of the naphthalene
      nucleus.
PAR  D.sub.1 may represent a radical of the naphthalene or benzene series which
      is free from azo substituents, for example a stilbene, diphenyl,
      benzthiazolylphenyl or diphenylamine radical. Also in this case are to be
      considered the related dyestuffs in which the NHR group, instead of being
      attached to the naphthalene nucleus, is attached to a benzoylamino or
      anilino group which is attached to the 6-, 7- or 8-position of the
      naphthalene nucleus.
PAR  Particularly valuable dyestuffs are obtained from those wherein D.sub.1
      represents a sulphonated phenyl or naphthyl radical, especially those
      which contain a --SO.sub.3 H group in ortho position to the azo link; the
      phenyl radical may be further substituted for example, by halogen atoms
      such as chlorine, alkyl radicals such as methyl, acylamino groups such as
      acetylamino and alkoxy radicals such as methoxy.
PAR  2. Disazo compounds of formula IV, wherein D.sub.1 stands for a radical of
      the azobenzene, azonaphthalene or phenylazonaphthalene series and the
      naphtalene nucleus is substituted by the NHR group, and optionally by
      sulphonic acid as in class 1.
PAR  3. Monoazo compounds of the formula:
      ##SPC4##
PAL  wherein D.sub.1 stands for an at most dicyclic aryl radical as described
      for class 1 and is preferably a disulphonaphthyl or a stilbene radical,
      and the benzene nucleus may contain further substituents such as halogen
      atoms, or alkyl, alkoxy, carboxylic, acid and acylamino groups.
PAR  4. Mono- or dis-azo compounds of the formula:
      ##EQU12##
      wherein D.sub.1 represents an arylene radical such as a radical of the
      azobenzene, azonaphthalene or phenylazonaphthalene series, or preferably,
      an at most dicyclic arylene radical of the benzene or naphthalene series,
      and K represents the radical of a naphthol sulphonic acid or the radical
      of an enolised or enolisable keto-methylene compound (such as an
      acetoacetarylide or a 5-pyrazolone) having the OH group o- to the azo
      group. D.sub.1 preferably represents a radical of the benzene series
      containing a sulphonic acid group.
PAR  5. Mono or dis-azo compounds of the formula:
EQU  D.sub.1 --N=N--K.sub.2 --NHR                               VII
PAL  wherein D.sub.1 represents a radical of the types defined for D.sub.1 in
      classes 1 and 2 above and K.sub.2 represents the radical of an enolisable
      ketomethylene compound (such as an acetoacetarylide or a 5-pyrazolone)
      having the --OH group in .alpha.-position to the azo group.
PAR  6. The metal complex, e.g. the copper, chromium and cobalt complex
      compounds of those dyes of formulae (7), (8) IV, VI and VII (wherein
      D.sub.1, K and K.sub.2 have all the respective meanings stated) which
      contain a metallisable (for example, a hydroxyl, lower alkoxy or
      carboxylic acid) group ortho to the azo group in D.sub.1.
PAR  7. Anthraquinone compounds of the formula:
      ##SPC5##
PAL  wherein the anthraquinone nucleus may contain an additionally sulphonic
      acid group in the 5-, 6-, 7- or 8-position and Z.sup.1 represents a
      bridging group which is preferably a divalent radical of the benzene
      series, for example phenylene diphenylene, or 4,4'-divalent stilbene or
      azobenzene radicals. It is preferred that Z' should contain one sulphonic
      acid group for each benzene ring present.
PAR  An interesting group of dyestuffs are e.g. anthraquinone dyestuffs of the
      formula
      ##SPC6##
PAL  wherein
PAL  n is 1 or 2
PAL  R is hydrogen or C.sub.1 -C.sub.5 -alkyl,
PAL  R.sub.2, r.sub.3 and R.sub.4 are hydrogen or C.sub.1 -C.sub.5 -alkyl,
PAL  R.sub.1 is hydrogen, C.sub.1 -C.sub.5 -alkyl,
PAL  C.sub.1 -c.sub.5 -alkyl substituted by chlorine, bromine, cyano, hydroxy,
PAL  C.sub.1 -c.sub.4 -alkoxy, C.sub.1 -C.sub.4 -alkoxycarbonylamino, di-C.sub.1
      -C.sub.4 -alkylamino,
PAL  sulfo, phenyl or phenyl substituted by C.sub.1 -C.sub.4 -alkyl, sulfo or
      C.sub.1 -C.sub.4 -alkoxycarbonyl and
PAL  Z' is phenyl, phenyl substituted by sulfo, carboxy or methoxy,
      phenylazophenyl substituted by sulfo or diphenyl substituted by sulfo.
PAR  8. Phthalocyanine compounds of the formula:
      ##EQU13##
      wherein Pc represents the nucleus of copper or nickel phthalocyanine,
      .omega. represents --OH and/or --NH.sub.2, Z' represents a bridging group,
      preferably an aliphatic, e.g. a C.sub.1 -C.sub.4 -alkylene group or a
      cycloaliphatic or aromatic bridging group, such as the phenylene or
      sulfophenylen or phenylenmethylen group, n and m each represent 1,2 or 3
      and may be the same or different provided that n+m, is not greater than 4.
PAR  9. Nitro dyestuffs of the formula:
      ##EQU14##
      wherein V and B represent monocyclic aryl nuclei, the nitro group in V
      being ortho to the NH group.
PA0  In class 1
PA1  6-amino-1-hydroxy-2-(2.sup.1 -sulfophenylazo)naphthalene-3-sulphonic acid,
PA1  6-methylamino-1-hydroxy-2-(4.sup.1 -acetylamino-2.sup.1
      -sulphophenylazo)naphthalene-3-sulphonic acid.
PA1  8-amino-1-hydroxy-2-(2.sup.1 -sulphophenylazo)naphthalene-3:6-disulphonic
      acid,
PA1  8-amino-1-hydroxy-2-(4.sup.1 -chloro-2.sup.1
      -sulphophenylazo)-naphthalene-3:5-disulphonic acid,
PA1  7-amino-2(2.sup.1 :5.sup.1
      disulphophenylazo)-1-hydroxynaphthalene-3-sulphonic acid,
PA1  7-methylamino-2-(2.sup.1 -sulphophenylazo)-1-hydroxynaphthalene-3-sulphonic
      acid,
PA1  7-methylamino-2-(4.sup.1 -methoxy-2.sup.1
      -sulphophenylazo)-1-hydroxynaphthalene-3-sulphonic acid,
PA1  8-(3.sup.1 -aminobenzoylamino)1-hydroxy-2-(2.sup.1 -sulphophenylazo)
      naphthalene-3:6-disulphonic acid,
PA1  8-amino-1-hydroxy-2:2.sup.1 -azonaphthalene-1.sup.1 :3:5.sup.1
      :6-tetrasulphonic acid,
PA1  8-amino-1-hydroxy-2:2.sup.1 -azonaphthalene-1.sup.1 :3:5.sup.1
      -trisulphonic acid,
PA1  6-amino-1-hydroxy-2:2.sup.1 -azonaphthalene-1.sup.1,3,5.sup.1 -trisulphonic
      acid,
PA1  6-methylamino-1-hydroxy-2:2.sup.1 -azonaphthalene-1.sup.1,3,5.sup.1
      -trisulphonic acid,
PA1  7-amino-1-hydroxy-2,2.sup.1 -azonaphthalene-1.sup.1,3-diisulphonic acid,
PA1  8-amino-1-hydroxy-2-(4.sup.1 -hydroxy-3.sup.1
      -carboxyphenylazo)-naphthalene-3,6-disulphonic acid,
PA1  6-amino-1-hydroxy-2-(4.sup.1 -hydroxy-3.sup.1
      -carboxyphenylazo)-naphthalene-3,5-disulphonic acid.
PA0  In class 2
PA1  8-amino-1-hydroxy-2-[4.sup.1 -(2.sup.11 -sulphophenylazo)-2.sup.1
      -methoxy-5.sup.1 -methylphenylazo]naphthalene-3,6-disulphonic acid,
PA1  8-amino-1-hydroxy-2-[4.sup.1 -(4.sup.11 -methoxyphenylazo)-2.sup.1
      -carboxyphenylazo]naphthalene-3,6-disulphonic acid,
PA1  8-amino-1-hydroxy-2-[4.sup.1 -(2.sup.11 -hydroxy-3.sup.11,6.sup.11
      -disulpho-1.sup.11 -naphthylazo)-2.sup.1
      -carboxyphenylazo]naphthalene-3,6-disulphonic acid,
PA1  4,4.sup.1 -bis(8.sup.11 -amino-1.sup.11 -hydroxy-3.sup.11,6.sup.11
      -disulpho-2.sup.11 -naphthylazo)-3,3.sup.1 -dimethoxydiphenyl,
PA1  6-amino-1-hydroxy-2-[4.sup.1 -(2.sup.11 -sulphophenylazo)-2.sup.1
      -methoxy-5.sup.1 -methylphenylazo]naphtahlene-3,5-disulphonic acid.
PA0  In class 3
PA1  2-(4.sup.1 -amino-2.sup.1 -methylphenylazo)-naphthalene-4:8-disulphonic
      acid,
PA1  2-(4.sup.1 -amino-2.sup.1 -acetylaminophenylazo)naphthalene-5:7-disulphonic
      acid,
PA1  4-nitro-4.sup.1 -(4.sup.11 -methylaminophenylazo)stilbene-2,2.sup.1
      -disulphonic acid,
PA1  4-nitro-4.sup.1 -(4.sup.1 -amino-2.sup.11 -methyl-5.sup.11
      -methoxyphenylazo)-stilbene-2,2.sup.1 -disulphonic acid,
PA1  4-amino-4.sup.1 -(4.sup.11 -methoxyphenylazo)-stilbene-2,2.sup.1
      -disulphonic acid,
PA1  4-amino-2-methylazobenzene-2.sup.1 :5.sup.1 -disulphonic acid.
PA0  In class 4
PA1  1-(2.sup.1,5.sup.1 -dichloro-4.sup.1 -sulphophenyl)-3-methyl-4-(3.sup.11
      -amino-4.sup.11 -sulphophenylazo)-5-pyrazolone,
PA1  1-(4-sulphophenyl)-3-carboxy-4-(4.sup.11 -amino-3.sup.11 -sulphophenyl
      azo)-5-pyrazolone,
PA1  1-(2.sup.1 -methyl-5.sup.1 -sulphophenyl)-3-methyl-4-(4.sup.11
      -amino-3.sup.11 -sulphophenylazo)-5-pyrazolone,
PA1  1-(2.sup.1 -sulphophenyl)-3-methyl-4-(3.sup.11 -amino-4.sup.11
      -sulphophenyl-azo)-5-pyrazolone,
PA1  4-amino-4.sup.1 -(3.sup.11 -methyl-1.sup.11 -phenyl-4.sup.11
      -pyrazol-5.sup.11 -onyl-azo)stilbene-2,2.sup.1 -disulphonic acid,
PA1  4-amino-4.sup.1 -(2.sup.11 -hydroxy-3.sup.11,6.sup.11 -disulpho-1.sup.11
      -naphthylazo)-stilbene-2,2.sup.1 -disulphonic acid,
PA1  8-acetylamino-1-hydroxy-2-(3.sup.1 -amino-4.sup.1 -sulphophenylazo)
      naphthalene-3,6-disulphonic acid,
PA1  7-(3.sup.1 -sulphophenylamino)-1-hydroxy-2-(4.sup.1 -amino-2.sup.1
      -carboxyphenylazo)-naphthalene-3-sulphonic acid,
PA1  8-phenylamino-1-hydroxy-2-(4.sup.1 -amino-2.sup.1 -sulphonylazo)
      naphthalene-3,6-disulphonic acid,
PA1  6-acetylamino-1-hydroxy-2-(5.sup.1 -amino-2.sup.1 -sulphophenylazo)
      naphthalene-3-sulphonic acid.
PA0  In class 5
PA1  1-(3.sup.1 -aminophenyl)-3-methyl-4-(2.sup.1 :5.sup.1
      -disulphophenylazo)-5-pyrazolone, 1-(3.sup.1
      -aminophenyl)-3-carboxy-4-(2.sup.1 -carboxy-4.sup.5 -sulphophenylazo)-5
      -pyrazolone,
PA1  4-amino-4.sup.1 -[3.sup.11 -methyl-4.sup.11 -(2.sup.111,5.sup.111
      -disulphophenylazo)-1.sup.11 -pyrazol-5.sup.11 -onyl]stilbene-2,2.sup.1
      -disulphonic acid,
PA1  1-(3-aminophenyl)-3-carboxy-4-[4.sup.11 -(2.sup.111,5.sup.111
      -disulphophenylazo)-2.sup.11 -methoxy-5.sup.11
      -methylphenylazo]-5-pyrazolone.
PA0  In class 6
PA1  The copper complex of 8-amino-1-hydroxy-2-(2.sup.1 -hydroxy-5.sup.11
      -sulphophenylazo)naphthalene-3:6-disulphonic acid,
PA1  The copper complex of 6-amino-1-hydroxy-2-(2.sup.1 -hydroxy-5.sup.1
      -sulphophenylazo)-naphthalene-3-sulphonic acid,
PA1  The copper complex of 6-amino-1-hydroxy-2-(2.sup.1 -hydroxy-5.sup.1
      -sulphophenylazo)-naphthalene-3,5-disulphonic acid,
PA1  The copper complex of 8-amino-1-hydroxy-2-(2.sup.1 -hydroxy-3.sup.1
      -chloro-5.sup.1 -sulphophenylazo)naphthalene-3,6-disulphonic acid,
PA1  The copper complex of 6-methylamino-1-hydroxy-2-(2.sup.1 -carboxy-5.sup.1
      -sulphophenylazo)naphthalene-3-sulphonic acid,
PA1  The copper complex of 8-amino-1-hydroxy-2-[4.sup.1 -(2.sup.11
      -sulphophenylazo)-2.sup.1 -methoxy-5.sup.1
      -methylphenylazo]-naphthalene-3,6-disulphonic acid,
PA1  The copper complex of 6-amino-1-hydroxy-2-[4.sup.1 -(2.sup.11,5.sup.11
      -disulphophenylazo)-2.sup.1 methoxy-5.sup.1
      -methylphenylazo]-naphthalene-3,5-disulphonic acid,
PA1  The copper complex of 1-(3.sup.1 -amino-4.sup.1
      -sulphophenyl)-3-methyl-4-[4.sup.11 -(2.sup.111,5.sup.111
      -disulphophenylazo)-2.sup.11 -methoxy-5.sup.11
      -methylphenylazo]-5-pyrazolone,
PA1  The copper complex of 7-)4.sup.1 -amino-3.sup.1
      -sulphoanilino)-1-hydroxy-2-[4.sup.11 -(2.sup.111,5.sup.111
      -disulphophenylazo)-2.sup.11 -methoxy-5.sup.11
      -methylphenylazo]naphthalene-3-sulphonic acid,
PA1  The copper complex of 6-(4.sup.1 -amino-3.sup.1
      -sulphoanilino)-1-hydroxy-2-(2.sup.11
      -carboxyphenylazo)naphthalene-3-sulphonic, acid,
PA1  The 1:2-chromium complex of 7-amino-6.sup.1 -nitro-1,2.sup.1
      -dihydroxy-2:1.sup.1 -azonaphthalene-3,4.sup.1 -disulphonic acid,
PA1  The 1:2-chromium complex of 6-amino-1-hydroxy-2-(2.sup.1
      -carboxyphenylazo)-naphthalene-3-sulphonic acid,
PA1  The 1:2-chromium complex of 8-amino-1-hydroxy-2-(4.sup.1 -nitro-2.sup.1
      -hydroxy-phenylazo)naphthalene-3,6-disulphonic acid,
PA1  The 1:2-cobalt complex of 6-(4.sup.1 -amino-3.sup.1
      -sulphoanilino-1-hydroxy-2-(5.sup.11 -chloro-2.sup.11
      -hydroxyphenylazo)-naphthalene-3-sulphonic acid,
PA1  The 1:2-chromium complex of 1-(3.sup.1 -amino-4.sup.1
      -sulphophenyl)-3-methyl-4-(2.sup.11 -hydroxy-4.sup.11 -sulpho-1.sup.11
      -naphthylazo)-5-pyrazolone,
PA1  The 1:2-chromium complex of 7-(4.sup.1
      -sulphoanilino)-1-hydroxy-2-(4.sup.11 -amino-2.sup.11
      -carboxyphenylazo)naphthalene-3-sulphonic acid,
PA1  The 1:2-chromium complex of 1-(3.sup.1 -amino-phenyl)-3-methyl-4-(4.sup.11
      -nitro-2.sup.11 -carboxyphenylazo)-5-pyrazolone.
PA0  In class 7
PA1  1-amino-4-(3.sup.1 -amino-4.sup.1 -sulphoanilino)anthraquinone-2-sulphonic
      acid, 1-amino-4-(4.sup.1 -amino-3.sup.1 -sulphoanilino)
      anthraquinone-2,5-disulphonic acid,
PA1  1-amino-4-[4.sup.1 -(4.sup.11 -amino-3.sup.1
      -sulphophenyl)anilino]anthraquinone-2:5-disulphonic acid
PA1  1-amino-4-[4.sup.1 -(.sup.11 -amino-2.sup.11
      -sulphophenylazo)anilino]-anthraquinone-2:5-disulphonic acid,
PA1  1-amino-4-(4.sup.1 -methylamino-3.sup.1
      -sulphoanilino)anthraquinone-2-sulphonic acid.
PA0  In class 8
PA1  3-(3.sup.1 -amino-4.sup.1 -sulphophenyl)sulphamyl copper
      phthalocyanine-tri-3-sulphonic acid,
PA1  Di-4-(3.sup.1 -amino-4.sup.1 -sulphophenyl)-sulphamyl copper
      phthalocyanine-di-4-sulphonic acid,
PA1  3-(3.sup.1 -aminophenylsulphamyl)-3-sulphamyl-copper
      phthalocyanine-di-3-sulphonic acid.
PA0  In class 9
PA1  4-amino-2.sup.1 -nitro-diphenylamine 3,4.sup.1 -disulphonic acid.
PAR  As amines of the formula H.sub.2 N-R.sub.1 the primary amines which
      correspond to the substitutes R.sub.1 hereinabove described are used, that
      is to say, for example, alkylamine, such as methylamine, ethylamine,
      propylamine, isopropylamine, butylamine, amylamine, .beta.-chloro- or
      .beta.-bromethylamine, .beta.-cyanoethylamine, .beta.-hydroxyethylamine
      .gamma.-hydroxypropylamine, methoxymethylamine, .beta.-methoxymethylamine,
      .beta.-methoxypropylamine, ethoxymethylamine, .beta.-ethoxypropylamine,
      .gamma.-isopropoxypropylamine, benzylamine, or ammonia itself.
PAR  The condensation according to the invention of the compounds which contain
      a radical of the formula (5) or (6) with the primary amines of the formula
      H.sub.2 N-R.sub.1 takes place likewise in organic solvents or in aqueous
      solution at normal or slightly elevated temperature, for example at
      50.degree. to 80.degree. C. Addition of an acid acceptor is superfluous if
      the amine is present in excess.
PAR  According to a further feature of the invention there is provided a
      modified process for the manufacture of the new dyestuffs which is
      applicable for the manufacture of azo dyestuffs.
PAR  This process consists in coupling a diazotisable primary aromatic amine
      with a coupling component, the primary aromatic amine and the coupling
      component together having to contain at least one group of the formula
      (1).
PAR  This modified process of the invention may be conveniently brought about by
      adding sodium nitrite to a solution or suspension of the primary amine,
      which may be aminoazo compound, in a dilute aqueous solution of
      hydrochloric acid, adding the diazo solution or suspension so obtained to
      an aqueous solution of the coupling component and filtering off the
      dyestuff which is precipitated. If necessary sodium chloride can be added
      to ensure complete precipitation of all the azo dyestuff.
PAR  Those primary amines and coupling components which contain at least one
      group of Formula I may be obtained by condensing the corresponding primary
      amine or coupling component containing at least one amino group of the
      formula -NHR with a halide or anhydride as hereinbefore described.
PAR  If desired the new dyestuffs, as hereinbefore defined, can be isolated from
      the medium in which they have been formed and/or subsequently dried in the
      presence of a buffering agent. As examples of buffering agents which can
      be used for this purpose there may be mentioned buffering agents derived
      from phosphates such as sodium dihydrogen phosphate and disodium hydrogen
      phosphate, citrates such as sodium citrate, borates, and alkali metal
      salts of dialkylmetanilic acid such as sodium diethylmetanilate, which are
      preferably used in conjunction with sodium hydrogen sulphate.
PAR  The dyestuffs according to the invention which contain a reactive aziridine
      radical of the formula (1) can undergo ring opening when acted upon by
      acids and polymerise analogous to the known formation of polyethylene
      imines from aziridines. The resulting polymer dyestuff consists of a
      polyethylene imine chain to which dyestuff radicals are chemically bonded
      in regular intervals. If the acid catalyst polyreaction is carried out in
      the presence of diamines or dicarboxylic acids, these latter are
      incorporated into the resulting reaction product and diamino or diester
      compounds are obtained which are to both amino or ester groups at each
      dyestuff ethyleneamine radical.
PAR  The dyestuffs according to the invention are suitable for dyeing textile
      materials, in particular those made from nitrogen-containing fibres.
PAR  The dyestuffs can be applied to nitrogen-containing textile materials, such
      as wool and polyamide textile materials, from a weakly alkaline, neutral
      or acid dyebath. The dyeing process can be carried out at a constant or
      basically constant pH, or, if desired, the pH of the dyebath can be
      altered at any step of the dyeing process by adding acids or acid salts,
      or alkalis or alkaline salts.
PAR  Alternatively the new dyestuffs as hereinbefore defined, can be applied to
      textile materials, which are preferably cellulose textile materials, in
      conjunction with a resinforming composition and an acid catalyst,
      optionally drying the so-treated textile material, and thereafter baking
      the textile material at a temperature above 100.degree. C., preferably at
      a temperature between 130.degree. and 170.degree. C.
PAR  After the drying or printing it is advisable to remove non-fixed dyestuff
      as completely as possible. To this end the dyeings and prints are
      toroughly rinsed with warm and cold water and subjected to a soaping
      treatment in the presence of non-ionic dispersing and/or wetting agents.
PAR  Those new dyestuffs that do not contain any water-solubilising groups, for
      example sulphonic acid, carboxylic acid, sulphonamide and acylsulphonamide
      groups are as a rule applied to the textile materials in the form of an
      aqueous dispersion which can be obtained by grinding the dyestuff with
      water in the presence of a dispersing agent. If desired, the so obtained
      aqueous dyestuff paste can be dried to form a redispersable powder which
      may be converted to a non-dusting powder by any of the processes known for
      forming non-dusting powders.
PAR  The dyestuffs according to the invention are especially suitable for
      application according to the process of solvent dyeing. The application
      according to this method may be effected in conventional manner by
      dispersing the dyestuffs in organic solvents such, for example, as
      perchloroethane, tetrachloroethane, trichloroethylene and in particular
      perchloroethylene, optionally with the addition of a dispersant such, for
      example, as ethyl cellulose, and treating the polyamide material to be
      dyed in the thus obtained dyebath at the boiling temperature of the
      solvent, for example for 1 hour. Subsequently the dyed fabric is rinsed in
      the conventional way with a solvent for the dyestuff used, for example
      acetone, methyl, ethyl ketone dioxan or chloroform.
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  6.5 Parts of
      1-amino-4-((4'-dibromo-propionylaminophenylamino)-anthraquinone-[2-sulphon
     ic acid are dissolved in 200 parts of water with heating. Upon addition of
      5 parts of ethylamine (100 percent) the mixture is heated to 80.degree. C.
      If no more starting dyestuff can be detected after about 5 minutes the
      solution is allowed to cool, treated with 2.5 percent sodium chloride,
      whereupon the dyestuff separates out in the form of an oil, and the
      solution is decanted. The residue is reprecipitated from 50 parts of water
      with 3 percent sodium chloride, the solution is then decanted and the
      precipitated product is dried in vacuo at about 40.degree. C. The
      resulting dyestuff of the formula
      ##SPC7##
PAL  dyes wool or polyamide in blue shades.
PAR  If instead of ethylamine the same amount of methoxypropylamine is used and
      the process as described above is carried out, a similar dyestuff is
      obtained which likewise dyes wool in blue shades.
PAR  If
      1-amino-4-(4'-dibromo-propionylamino-2'-sulphophenylamino)-anthraquinone-2
     -sulphonic acid and ammonia, ethylamine or ethanolamine are used as
      starting materials, and the process as described above is basically
      carried out in analogous fashion, dyestuffs are obtained which dye wool in
      blue shades.
PAC  EXAMPLE 2
PAR  10 Parts of 1-(3'-dibromo-propionylamino-6-sulphophenylazo)-
      2-aminophthalene-6-sulphonic acid are dissolved in 150 parts of water at
      50.degree. C. Upon addition of 10 parts of ammonia (25 percent) the
      solution is heated to 80.degree. C and then treated with a further 10
      parts of ammonia. The solution is kept for about 5 minutes at 80.degree. C
      and then cooled to room temperature. The product is precipitated by
      addition of 10 percent sodium chloride. The crystalline precipitate is
      filtered off, washed with 50 parts of 10 percent saline solution and dried
      at 40.degree. C in vacuo.
PAR  The resulting dyestuff of the formula
      ##SPC8##
PAL  dyes wool or polyamide in orange shades
PAR  If instead of ammonia corresponding amounts of ethylamine or ethanolamine
      are used and the process as described above is carried out in similar
      fashion, dyestuffs are likewise obtained which dye wool in orange shades.
PAC  EXAMPLE 3
PAR  16 Parts of 4'-chloro-4-dimethylamino-2-dibromopropionylamino-azobenzene
      are dissolved hot in a mixture of 80 parts of ethanol and 100 parts of
      chloro-form. The solution is then mixed with 9 parts of methoxypropylamine
      and the mixture heated to 60.degree. C. The reaction is completed after 5
      minutes. Thereafter the solution is evaporated in vacuo at 50.degree. C
      and the oily residue is rinsed with water. After standing for several
      hours the residue has crystallised out and is processed in the usual way
      to a 5 percent dispersion using a dispersing agent.
PAR  The resulting dyestuff of the formula
      ##SPC9##
PAL  dyes wool or polyamide in yellow shades. Similar dyestuffs are obtained in
      corresponding manner using ethanolamine or ethylamine instead of
      methoxypropylamine.
PAC  EXAMPLE 4
PAR  4.8 Parts of
      4'-oxaethylsulphamido-4'-chloro-4-dimethylamino-2-bromacrylamino-azobenzen
     e are dissolved in a mixture of 40 parts of choloform and 20 parts of
      ethanol and to the resulting solution are added 5 parts of
      methoxypropylamine. The reaction is completed after 20 minutes at
      25.degree. C. The organic solvents are removed in vacuo in a bath of
      40.degree. C and the residue is dissolved in 10 parts of chloroform. The
      chloroform solution is washed with 100 parts of water, dried and the
      dyestuff is precipicipated by addition or 50 parts of ether. The filtered
      dyestuff is dispersed with alkyl cellulose in perchloroethylene. The
      resulting dispersion of the dyestuff of the formula
      ##SPC10##
PAL  dyes polyamide from a perchloroethylene bath in orange red shades. A
      dyestuff with similar properties is obtained if ethylamine is used instead
      of methoxy-propylamine.
PAC  EXAMPLE 5
PAR  6.5 Parts of
      4'-dibromo-propionamino-4-dimethylamino-2-bromacrylamino-azo-benzene are
      dissolved in a mixture or 40 parts of chloroform and 20 parts of ethanol
      and to the solution are added 5 parts of ethylamine in the form of a 70
      percent aqueous solution. The reaction is completed after 20 minutes at
      25.degree. C. The organic solvents and excess ethylamine are removed in
      vacuo in a bath of 40.degree. C. The oily residue is stirred with ice,
      solidifies in the process, is filtered off, washed with water and dried in
      vacuo at 30.degree. C. The dyestuff is processed in the usual manner to a
      5 percent dispersion using a dispersing agent.
PAR  The resulting dyestuff of the formula
      ##SPC11##
      dyes polyamide in orange shades. A dyestuff possessing similar properties
      is obtained if methoxypropylamine is used instead of ethylamine
PAC  EXAMPLE 6
PAR  4 Parts of
      4'-oxaethylsulphamido-2'-nitro-4'dimethylamino-2'-bromoacrylamino-azobenze
     ne are dissolved in a mixture of 40 parts of chloroform and 20 parts of
      ethanol and to the resulting solution are added 5 parts of ethanol amine.
      The reaction is completed after 20 minutes at 25.degree. C. The organic
      solvents are removed in vacuo in a bath of 40.degree. C and the residue is
      dissolved in 20 ml of chloroform. The chloroform solution is washed with
      100 parts of water, dried, and the dyestuff is precipitated by addition of
      50 parts of ether. The filtered dyestuff is dispersed with ethyl cellulose
      in perchloroethylene.
PAR  The resulting dispersion of the dyestuff of the formula
      ##SPC12##
PAL  dyes polyamide from a perchloroethylene bath in bluish red shades.
PAR  Dyestuffs possessing similar properties are obtained if methoxypropylamine
      or ethylamine is used instead of ethanolamine.
PAC  EXAMPLE 7
PAR  20 Parts of 4,4'-bis-dibromo-propionamino-stilbene-2,2'-disulphonic acid
      are dissolved in 100 ml of water while heating to 50.degree. C and to the
      solution are added 20 parts of methylamine. The temperature rises
      spontaneously to 61.degree. C and after 5 minutes no more starting
      material can be detected. Upon cooling, the product precipitates
      partially. The precipitation is brought to completion by addition of 25
      parts of sodium chloride and the product of the formula
      ##SPC13##
PAL  is filtered off at 25.degree. C.
PAR  From an aqueous dyebath the product is absorbed by wool and polyamide. In
      the succeeding dyeing with acid reactive or non-reactive dyestuffs the so
      treated substrate is more or less resisted depending on the amount of the
      above product used.
PAR  If in corresponding manner the dyestuffs indicated in the first column of
      following Table, wherein Ac denotes the radical -CO-CHBr-CH.sub.2 Br, are
      condensed with the amines listed in the second column, dyestuffs of the
      kind according to the invention are likewise obtained which dye wool or
      polyamide in the shades indicated in the third column.
TBL  __________________________________________________________________________
     Dyestuff                    Amine                      Shade              
     __________________________________________________________________________
                       NH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3 H             
                                                            Yellow             
     do.                                                    do.                
                       O                                                       
                       .parallel.                                              
                       NH.sub.2 --CH.sub.2 --CH.sub.2 --NH--C--OC.sub.2        
                       H.sub.5                              orange             
                       CH.sub.3                                                
     do.               NH.sub.2 --CH.sub.2 --CH.sub.2 --N.angle.               
                                                            do.                
                       CH.sub.3                                                
                       NH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3 H             
                                                            bluish red         
     do.                                                    do.                
     do.                                                    do.                
                       NH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --O--CH.sub.3 
                                                            Yellow             
     do.                                                    do.                
     do.               NH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3 H             
                                                            do.                
     do.                                                    do.                
                       NH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3 H             
                                                            blue               
     do.                                                    do.                
     do.                                                    green              
     do.                                                    do.                
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  4.5 Parts (0.005 moles) of
      CuPc-[(4'-methoxy-3'-dibrom-propinoylamino-sulfamilid) (tris-sulfonic
      acid)] are dissolved by heating to 80.degree. in 50 parts of water. The
      solution is cooled to 30.degree. and 1.7 parts by volume (0.02 moles) of
      aqueous ethylamine are added with rapid stirring. The mixture is heated to
      60.degree. , kept there for 2 minutes and then allowed to cool to
      40.degree. . Stirring is continued all the time. 12.5 Parts of sodium
      chloride are added. The precipitated dyestuff is filtered off and washed
      with 20 parts by volume of brine (containig 20 percent of NaCl).
PAR  The resulting dyestuff of the formula
      ##SPC14##
PAL  dyes wool from weakly acid bath in brilliant greenish-blue shades.
PAR  The starting material is obtained as follows: Cu
      Pc-(trissulfochloride-mono-sulfonic acid) is prepared in known manner by
      chlorosulfonation of Cu Pc -pigment at 110.degree. -115.degree. . The
      sulfochloride is reacted with 1 equivalent of 2-acetamino-4-aminoanisol,
      and the excess sulfochloride groups are saponified by treatment with
      alkali at 80.degree. . The Cu
      Pc-3-acetamino-4-methoxy-sulfanilide-tris-sulfonic acid thus obtained is
      saponified by boiling with 2,5 N hydrochloric acid and the resulting amine
      is acylated with dibromopropionylchloride.
PAC  DYEING INSTRUCTION
PAR  2 Parts of the dyestuff obtained to Example 1 are dissolved in 4000 parts
      of watee, 10 parts of sodium sulphate are added to the solution and 100
      parts of well wetted wool are put into the resulting dyebath at 40.degree.
      -50.degree.C. The bath is brought to the boil within 1/2 hour, dyeing is
      carried out for 1/4 hour at the boil, then 2 parts of crystalline citric
      acid are added and dyestuff is carried out for a further 3/4 hour at the
      boil. The dyed wool is initially rinsed with warm and then with cold water
      and dried. The wool is dyed in blue shades which are fast to washing.
PAR  A dispersion containing 2 parts of dyestuff according to Example 3 is
      charged into 4,000 parts of water. 4 Parts of crystalline sodium acetate
      are added to the turbid dye liquor and then 2 parts of acetic acid (80
      percent) are added. 100 Parts polyamide fabric are previously wetted and
      put into the dyebath at 40.degree. -50.degree. C. The bath is brought to
      the boil within 1/2 hour and dyeing is carried out for 1 hour at the boil.
      The dyed polyamide fabric is boiled in a fresh bath for 10 minutes with 2
      f/liter of soda and 0.5 g/litre of soap, then rinsed with warm and finally
      cold water and dried. The polyamide fabric is dyed in yellow shades
      possessing good fastness to wet treatments.
PAR  2 Parts of the dyestuff according to Example 2 are dissolved in 100 ml of
      water. 10 Parts of woolen fabric are impregnated with the solution and
      squeezed out to 75 percent retention of liquor. The moist fabric is wound
      on a spool and the spool kept for 8 hours at 80.degree. C while rotating
      very gently. The fabric is boiled initially for 10 minutes at 80.degree. C
      in a bath which contains 10 g/litre citric acid (crystalline) then rinsed
      in cold water and dried. The woolen fabric is dyed in orange shades
      possessing good fastness to wet treatments.
PAR  A dispersion in perchloroethylene containing 1 part of the dyestuff
      according to Example 6 is diluted with 100 ml of perchloroethylene and 10
      parts of polyamide fabric are introduced into this dyebath. The bath is
      heated for 1 hour to reflux temperature (121.degree. C) while keeping the
      fabric constantly in motion and the fabric is then rinsed with acetone at
      20.degree. C. The polyamide fabric is dyed in orange shades possessing
      good fastness to wet treatments.
CLMS
STM  We claim:
NUM  1.
PAR  1. An anthraquinone dyestuff of the formula
      ##SPC15##
PAL  wherein
PA1  n is 1 or 2,
PA1  R is hydrogen,
PA1  R.sub.1 is hydrogen; C.sub.1 -C.sub.5 -alkyl; C.sub.1 -C.sub.5 -alkyl
      substituted by chlorine, bromine, cyano, hydroxy, C.sub.1 -C.sub.4 -alkoxy
      C.sub.1 -C.sub.4 -alkoxycarbonylamino, di-C.sub.1 -C.sub.4 -alkylamino,
      sulfo, phenyl or phenyl substituted by C.sub.1 -C.sub.4 -alkyl, sulfo or
      C.sub.1 -C.sub.4 -alkoxycarbonyl and
PA1  Z' is phenylene, phenylene substituted by sulfo, carboxy or methoxy or
      diphenylene substituted by sulfo.
PATN
WKU  039474089
SRC  5
APN  494657&
APT  1
ART  121
APD  19740805
TTL  Pyrrolo-benzodiazepines, method of preparation and method of use
ISD  19760330
NCL  6
ECL  1
EXA  Bond; Robert T.
EXP  Ford; John M.
INVT
NAM  Wright, Jr.; William Blythe
CTY  Woodcliff Lake
STA  NJ
ASSG
NAM  American Cyanamid Company
CTY  Stamford
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XCL  2602393P
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ISD  19670600
NAM  Doebel et al.
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NAM  Doebel et al.
OCL  260239.3T
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PNO  3732212
ISD  19730500
NAM  Carabateas
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FR2  Polyn; Denis A.
ABST
PAL  Derivatives of
      1,2,3,5,10,11a-hexahydro-11H-pyrrolo[2,1-c][1,4]benzodiazepin-11-one in
      the form of their racemic mixtures, optical isomers and salts, their
      method of preparation and method of use are described. The compounds are
      useful in treating anxiety in warm-blooded animals.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to new racemic compounds, optical isomers, salts,
      method of preparation and method of use of
      1,2,3,5,10,11a-hexahydro-11H-pyrrolo[2,1-c][1,4]benzodiazepin-11-ones.
PAR  The racemic compounds and optical isomers of the present invention may be
      illustrated by the following formula:
      ##SPC1##
PAL  Wherein R is lower alkyl, allyl, propargyl, trifluoroethyl,
      cycloalkylmethyl, hydroxyethyl, and lower alkoxyethyl. R.sub.1 and R.sub.2
      are hydrogen, lower alkyl, chloro, fluoro, bromo, cyano, nitro, amino,
      trifluoromethyl, methoxy, and hydroxy, and R.sub.1 and R.sub.2 taken
      together on adjacent carbon atoms may be methylenedioxy and a
      pharmaceutically acceptable salt thereof. The term "lower alkyl" and lower
      alkoxy" includes those having 1 to 4 carbon atoms and cycloalkyl those
      having 3 to 6 carbon atoms.
PAR  The free bases of the racemic compounds or optical isomers of this
      invention, in general, may be either liquids or solids at room
      temperature. The free bases are, in general, relatively insoluble in
      water, but soluble in most organic solvents such as lower alkyl alcohols,
      benzene, acetone, chloroform or the like. These compounds form acid
      addition salts with strong acids, such as hydrochloric acid, sulfuric
      acid, phosphoric acid, and the like. The compounds also form salts with
      organic acids, as for example, fumaric and maleic acid. These salts, in
      general, are soluble in water, methanol, and ethanol, but relatively
      insoluble in benzene, ether, petroleum ether and the like.
PAR  The compounds of this invention can be prepared by one of the following
      methods of which the first method has been found most advantageous.
PAC  FIRST METHOD
PAR  A derivative of 1,2,3,11a-tetrahydro-5H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (prepared as described in my copending
      application, Ser. No. 464,424, filed Apr. 26, 1974) is treated with a
      solution of borane in tetrahydrofuran or other suitable solvent, and the
      derivative of 1,2,3,5,10,11a-hexahydro-11H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-11-one is recovered from the reaction mixture. The following
      equation describes the reaction which takes place:
      ##SPC2##
PAL  Where R.sub.3 is lower alkyl, trifluoroethyl, cycloalkylmethyl,
      hydroxyethyl, and lower alkoxyethyl, and R.sub.1 and R.sub.2 are as
      described hereinbefore.
PAR  The reaction is usually carried out at room temperature or at room
      temperature followed by a short period at reflux temperature.
PAC  SECOND METHOD
PAR  The following equations illustrate the second method:
      ##SPC3##
PAL  Wherein R, R.sub.1 and R.sub.2 are as described hereinabove, X is halogen
      and R.sub.4 is hydrogen, lower alkyl or benzyl.
PAR  An o-nitrobenzyl halide is treated with proline or an ester of proline and
      the resulting o-nitrobenzylproline derivative is reduced (chemically or
      catalytically) to the o-amino derivative and cyclized by heating as is or
      in the presence of acid or base. The resulting 1,2,3,5,10,11a-hexa-
      hydro-11H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one (prepared by this or
      any other method) is alkylated, preferably in the presence of an alkaline
      catalyst such as sodium, sodium methylate or sodium hydride, to the
      desired compounds.
PAC  THIRD METHOD
PAR  A third method can be illustrated as follows:
      ##SPC4##
PAL  wherein R and R.sub.1 are as hereinbefore defined and R.sub.5 is hydroxyl,
      chloro, bromo, fluoro, methoxy or cyano.
PAR  A nitro substituted 1,2,3,5,10,11a-hexahydro-11 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-11-one is reduced catalytically or chemically to the amino
      derivative. This compound is then diazotized and decomposed to give the
      hydroxy derivative, or in the presence of cuprous salts to give the cyano
      or halo derivative (Sandmeyer Reaction) or in the presence of methanol to
      give the methoxy derivative.
PAC  FOURTH METHOD
PAR  This method can be illustrated as follows:
      ##SPC5##
PAL  wherein R and R.sub.1 are as defined hereinbefore and R.sub.6 is benzyl.
PAR  A benzyloxy substituted 1,2,3,5,10,11 a-hexahydro-11 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-11-one is hydrogenated in the presence of a catalyst such as
      palladium oxide or palladium-on-carbon to yield the corresponding hydroxy
      analog.
PAC  FIFTH METHOD
PAR  This method may be illustrated as follows:
      ##SPC6##
      ##SPC7##
PAL  wherein R, R.sub.1 and R.sub.2 are as defined above, X is halogen or other
      displaceable group and R.sub.7 is hydrogen or a group such as benzyl or
      carbobenzoxy which can be removed before cyclization.
PAR  In this method, an o-aminobenzyl halide is condensed with proline or an
      N-substituted proline derivative. Such reagents as thionyl chloride,
      phosphorus pentachloride, carboxyl diimidazole, dicyclohexylcarbodiimide
      are desirable condensing agents. The resulting amide is cyclized by
      heating alone or in a solvent (50.degree. - 200.degree.C.) or is first
      freed of the R.sub.7 substituent and then cyclized.
PAR  In carrying out the preparation of the present compounds, combinations of
      the above methods may be used.
PAR  The compounds of the present invention possess central nervous system
      activity at non-toxic doses, and as such, are useful as anxiolytic agents.
      The compounds have been tested pharmacologically and found to have
      properties which show a desirable wide spread between doses producing
      anxiolytic activity and toxic symptoms.
PAR  The anti-anxiety properties of the compounds of the present invention have
      been established in a test which indicates anxiolytic activity by a
      measure of protection from convulsions resulting from the administration
      of pentylenetetrazole. Graded dose levels of the compounds of this
      invention are administered orally, in a 2% starch vehicle, to groups of at
      least 5 rats. At the estimated time of peak effect, the rats are treated
      intravenously with pentylenetetrazole at a dose of 21 to 23 mg./kg. of
      body weight. This dose is estimated to cause clonic seizures in 99% of
      unprotected rats. The effective dose of the test compound for protection
      of 50% of the animals is calculated by the method of D. H. Finney in
      Statistical Methods in Biological Assay, Second Edition, Hafner Publishing
      Co., New York, 1964, pp.  456- 457. Representative results are given in
      the table which follows in comparison with Librium (chlordiazepoxide) or
      Valium (diazepam), all of which were tested in exactly the same manner. It
      has been reported [R. T. Hill and D. H. Tedeschi, "Animal Testing and
      Screening Procedures in Evaluating Psychotropic Drugs" in An Introduction
      to Psychopharmacology, Eds. R. R. Rech and K. E. Moore, Raven Press, New
      York, pp. 237-288 (1971)] that there is a high degree of correlation
      between antagonism of pentylenetetrazole seizures in rats and antianxiety
      effects in higher warm-blooded animals.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PROTECTION AGAINST CLONIC SEIZURES CAUSED BY PENTYLENETETRAZOLE           
     IN RATS                                                                   
     __________________________________________________________________________
                                 MEDIAN EFFECTIVE ORAL DOSE                    
             Compound            (mg./kg.) ED.sub.50                           
     __________________________________________________________________________
       Dextro 1,2,3,5,10,11a-hexahydro-10-                                     
                                 15                                            
       methyl-11H-pyrrolo[2,1-c][1,4]-benzodiazepin-                           
       11-one hydrochloride                                                    
       Racemic 1,2,3,5,10,11a-hexahydro-10-methyl-                             
                                 66                                            
       11H-pyrrolo[2,1-c][1,4]benzodiazepin-11-one                             
       hydrochloride                                                           
       Dextro 7-chloro-1,2,3,5,10,11a-hexahydro-10-                            
                                 80                                            
       methyl-11H-pyrrolo[2,1-c][1,4]benzodiazepin-                            
       11-one hydrochloride                                                    
       Racemic 7-chloro-1,2,3,5,10,11a-hexahydro-10-                           
                                 91                                            
       methyl-11H-pyrrolo[2,1-c][1,4]benzodiazepin-11-                         
       one hydrochloride                                                       
       Dextro 7,10-dimethyl-1,2,3,5,10,11a-hexahydro-                          
                                 32                                            
       11H-pyrrolo[2,1-c][1,4]benzodiazepin-11-one                             
       hydrochloride                                                           
       Librium (chlordiazepoxide)                                              
                                 2.5                                           
       Valium (diazepam)         1.8                                           
     __________________________________________________________________________
PAR  The compounds of the present invention may be administered to warm-blooded
      animals, in either their racemic or optical isomeric forms, orally, or
      parenterally if desired, and when so administered, may be considered as
      tranquilizing agents for therapeutically desirable treatment of anxiety in
      warm-blooded animals. The dosage regimen can be adjusted to provide
      optimum therapeutic response. Thus, for example, several doses may be
      administered daily, or the dose may be reduced proportinately as indicated
      by the requirements of the particular therapeutic situation.
PAR  For therapeutic administration the compounds of this invention may be
      incorporated with pharmaceutical carriers such as excipients and used, for
      example, in the form of tablets, dragees, capsules, liquids, elixirs,
      emulsions, suspensions, syrups, chocolate candy, wafers, chewing gum or
      the like for oral administration.
PAR  Parenteral solutions and suspensions may be prepared for intramuscular or
      subcutaneous administration, and suppositories may be prepared for rectal
      administration. Such compositions and preparations should contain at least
      0.1% of active component. The percentage of the compositions and
      preparations may, of course, be varied, and may conveniently be between 2
      and 60% or more of the weight of the unit. The amount of active component
      in such therapeutically useful compositions or preparations is such that a
      suitable dosage of from about 1.0 to about 25.0 mg./kg./day will be
      obtained. Preferred compositions or preparations according to the present
      invention are prepared so that a dosage unit form contains between about
      20 and about 400 mg. of the therapeutically active component.
PAR  The compositions of this invention are physiologically active as anxiolytic
      agents. As such, they can be incorporated in various pharmaceutical forms
      such as set forth immediately above, for immediate or sustained release,
      by combining with suitable pharmaceutical carriers. They may be in the
      form of dosage units for a single therapeutic dose or in small units for
      multiple dosages or in larger units for division into single doses.
      Obviously, in addition to the therapeutic tranquilizing compound there may
      be present excipients, binders, fillers and other therapeutically inert
      ingredients necessary in the formulation of the desired pharmaceutical
      preparation.
PAC  SPECIFIC DISCLOSURE
PAR  The following specific examples illustrate the preparation of the racemic
      compounds and optical isomers of the present invention along with
      formulations of the active components.
DETD
PAC  EXAMPLE 1
PAC  Preparation of Dextrorotatory 1,2,3,5,10,11a-Hexahydro-10
      -methyl-11H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  A mixture of 17.7 g. of N-methylisatoic anhydride, 12.3 g. of L-proline and
      100 ml. of dimethylsulfoxide is heated on a steam bath for 6 hours, cooled
      and diluted with 300 ml. of water. The mixture is extracted with benzene
      to remove the desired product. The benzene layer is washed twice with
      water and concentrated to remove the solvent. The residue is triturated
      with ether. The crystals which form are collected by filtration and
      recrystallized from ethyl acetate yielding the pure
      (+)-1,2,3,11a-tetrahydro-10 -methyl-5H-pyrrolo [2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione, melting point 120.degree. -122.degree.C.,
      [.alpha.].sub.D.sup. 25  +  486.degree. (1%, methanol).
PAR  A solution of 18.4 g. of (+)-1,2,3,11 a-tetrahydro-10-methyl-5
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-5,11(10H)-dione (prepared immediately
      above) in 140 ml. of tetrahydrofuran is added dropwise over 5-10 minutes
      to 160 ml. of 1M borane in tetrahydrofuran. The reaction mixture is
      stirred at room temperature for one hour and then heated at reflux
      temperature for 11/2 hours. The mixture is cooled and 45 ml. of 6N HCl is
      added dropwise. The solvent is distilled off at atmospheric pressure and
      the residue is cooled in an ice bath while adding 100 ml. of water and 33
      g. of sodium hydroxide pellets. The desired product is extracted into
      benzene and the benzene layer is concentrated to recover the crude
      product. Further purification by partition chromatography on a
      diatomaceous earth column using a heptane/methyl cellosolve solvent system
      results in pure (+)-1,2,3,5,10,11 a-hexahydro-10-methyl-11
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one obtained as an oil, IR (C=0
      6.02.mu.). This is treated with ether and ethanolic hydrochloric acid and
      the HCl salt, melting point 256.degree.-258.degree.C. [.alpha.].sub.D.sup.
      25  +  415.degree. (1.3% methanol) is obtained.
PAC  EXAMPLE 2
PAC  Preparation of Racemic 1,2,3,5,10,11a-Hexahydro-10-methyl-11
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  The above compound, melting point 80.degree.-82.degree.C., is obtained when
      racemic 1,2,3,11a-tetrahydro-10-methyl-5 2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (prepared from N-methylisotoic anhydride and
      DL-proline) is treated with borane in tetrahydrofuran as described in
      Example 1. The hydrochloride salt melts at 229.degree.-231.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of levorotatory-1,2,3,5,10,11a-Hexahydro-10
      -methyl-11H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  The above compound is obtained when (-)-1,2,3,11
      a-tetrahydro-10-methyl-5H-pyrrolo[2,1-c] [1,4] benzodiazepin-
      5,11(10H)-dione, melting point 120-122.degree.C. [.alpha.].sub.D.sup. 25 -
      477.degree., (1.24%, methanol) and (prepared from N-methylisatoic
      anhydride and D-proline as described in Example 1) is treated with borane
      in tetrahydrofuran as described in Example 1.
PAC  EXAMPLE 4
PAC  Preparation of Dextrorotatory 10-Ethyl-1,2,3,5,10,11
      a-hexahydro-11H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  When (+) 10-ethyl-1,2,3,11a-tetrahydro-5 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione, melting point 138.degree. -140.degree.C.,
      (prepared as described above by reacting N-ethylisatoic anhydride with
      L-proline) is substituted for (+)-1,2,3,11
      a-tetrahydro-10-methyl-[5H-pyrrolo [2,1-c] [1,4] benzodiazepin-5,11
      -(10H)-dione in the procedure of Example 1, the above compound is
      obtained. The hydrochloride salt melts at 233.degree.-235.degree.C.,
      [.alpha.].sub.D.sup. 25 +  415.degree. (0.9% in methanol).
PAC  EXAMPLE 5
PAC  Preparation of Racemic 7-Chloro-1,2,3,5,10,11a-hexahydro-10  -methyl-11
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  If 7-chloro-1,2,3,11a-tetrahydro-10-methyl-5 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (prepared as described in Example 1 from
      DL-proline and 5 -chloro-N-methylisatoic anhydride) is treated with 1M
      borane in tetrahydrofuran as described in Example 1, the above compound is
      obtained. The hydrochloride salt melts at 243.degree.-245.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of Dextrorotatory 7-Chloro-1,2,3,5,10,11
      a-hexahydro-10-methyl-11 H-pyrrolo[2,1-c] [1,4] benzodiazepin-11 -one
PAR  The above compound is obtained when (+)-7
      -chloro-1,2,3,11a-tetrahydro-10-methyl-5 H-pyrrolo[2,1-c] [1,4]
      -benzodiazepin-5,11(10H)-dione (melting point 155.degree.-157.degree.C. is
      prepared from L-proline and 5-chloro-N-methylisatoic acid as described in
      Example 1) is treated with 1M borane in tetrahydrofuran as described in
      Example 1. The hydrochloride salt melts at 270.degree.-272.degree.C.,
      [.alpha.].sub.D.sup. 25 + 377.degree. (1.03%) methanol).
PAC  EXAMPLE 7
PAC  Preparation of Dextrorotatory 7,10-Dimethyl-1,2,3,5,10,11
      a-hexahydro-11H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  When (+)-7,10-dimethyl-1,2,3,11a-tetrahydro-5 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (melting point 137.degree.-139.degree.C.,
      prepared from L-proline and N,5-dimethylisatoic anhydride as described in
      Example 1) is treated with 1M borane in tetrahydrofuran as described in
      Example 1, the above compound, melting point 80.degree.-82.degree. is
      obtained. The hydrochloride salt melts at 213.degree.-215.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of Dextrorotatory
      8-Chloro-1,2,3,5,10,11a-hexahydro-10-methyl-11 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-11- one
PAR  This compound is obtained when (+)-8-chloro-1,2,3,11
      a-tetrahydro-10-methyl-5 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (melting point 191.degree. -194.degree.C.
      prepared from L-proline and 4-chloro-N-methylisatoic anhydride is
      described in Example 1) is substituted for (+) 1,2,3,11a-tetrahydro-10
      -methyl-5 H-pyrrolo[2,1-c] [1,4] benzodiazepin-5,11(10H)-dione in the
      process of Example 1.
PAC  EXAMPLE 9
PAC  Preparation of 7,9-Dichloro-1,2,3,5,10,11a-hexahydro-10 -methyl-11
      H-pyrrolo-[2,1-c] [1,4] benzodiazepin-11-one
PAR  If 7,9-dichloro-1,2,3,11a-tetrahydro-10-methyl-5 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (prepared by reaction of proline and
      3,5-dichloro-N-methylisatoic anhydride as described in Example 1) is
      treated with borane as described in Example 1, the above compound is
      obtained.
PAC  EXAMPLE 10
PAC  Preparation of 7-Bromo-1,2,3,5,10,11a-hexahydro-10-methyl-11
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  The above compound is prepared when 7-bromo-1,2,3,11
      a-tetrahydro-10-methyl-5 H-pyrrolo[2,1-c] [1,4]
      -benzodiazepin-5,11(10H)dione (prepared by reaction of proline and 5-
      bromo N-methylisatoic anhydride as described in Example 1) is treated with
      1M borane in tetrahydrofuran as described in Example 1.
PAC  EXAMPLE 11
PAC  Preparation of 7-Fluoro-1,2,3,5,10,11a-hexahydro-10 -methyl-11
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  When 7-fluoro-1,2,3,11a-tetrahydro-10-methyl-5 H-pyrrolo [2,1-c] [1,4]
      benzodiazepin- 5,11(10H)-dione (prepared from proline and 5-fluoro
      N-methylisatoic anhydride as described in Example 1) and borane are
      reacted as described in Example 1, the above compound is obtained.
PAC  EXAMPLE 12
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-methyl-7 -trifluoromethyl-11
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-11-one
PAR  If 1,2,3,11a-tetrahydro-10-methyl-7 -trifluoromethyl-5 H-pyrrolo[2,1-c]
      [1,4] benzodiazepin-5,11(10H)-dione (prepared from proline and
      5-trifluoromethyl N-methylisatoic anhydride as described in Example 1) is
      treated with 1M borane in tetrahydrofuran as described in Example 1, the
      above compound is obtained.
PAC  EXAMPLE 13
PAC  Preparation of 9-Chloro-1,2,3,5,10,11a-hexahydro-7 -methoxy-10-methyl-11
      H-pyrrolo[2,1-c] [1,4] benzodiazepin-11 -one
PAR  This compound is obtained when a mixture of 1M borane in tetrahydrofuran
      and 9-chloro-1,2,3,11 a-tetrahydro-7-methoxy-10-methyl-5 H-pyrrolo[2,1-c]
      [1,4] benzodiazepin-5,11 -(10H)-dione (prepared from proline and
      3-chloro-5 -methoxy-N-(methylisatoic anhydride as described in Example 1)
      are allowed to react as described in Example 1.
PAC  EXAMPLE 14
PAC  Preparation of 7,8-Dimethoxy11,2,3,5,10,11a-hexahydro-10
      -methyl-11H-pyrrolo [2,1 -c] [1,4] benzodiazepin-11-one
PAR  The above compound is prepared when 7,8
      -dimethoxy-1,2,3,11a-tetrahydro-10-methyl-5 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10)-dione (prepared from proline and
      4,5-dimethoxy-N-methylisatoic anhyride as described in Example 1) is
      treated with 1M borane in tetrahydrofuran as described in Example 1.
PAC  EXAMPLE 15
PAC  Preparation of 7,8-Methylenedioxy-1,2,3,5,10,11 a-hexahydro-10-methyl-11
      H-pyrrolo2,1-c] [1,4] benzodiazepin-11-one
PAR  When 1M borane in tetrahydrofuran and 7,8-methylenedioxy-
      1,2,3,11a-tetrahydro-10-methyl-5 H-pyrrolo[2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (prepared from proline and
      4,5-methylenedioxy-N-methylisatoic anhydride by the procedure of Example
      1) are allowed to react as described in Example 1, the above compound is
      obtained.
PAC  EXAMPLE 16
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-11H-pyrrolo [2,1-c] [1,4]
      benzodiazepin-11-one
PAR  The above compound, melting point 174.degree.-176.degree.c., is obtained
      when 1,2,3,11a-tetrahydro-5H-pyrrolo [2,1-c] [1,4]
      benzodiazepin-5,11(10H)-dione (prepared from proline and isatoic anhydride
      by the procedure of Example 1) is treated with 1M borane in
      tetrahydrofuran as described in the procedure of Example 1.
PAC  EXAMPLE 17
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-11H-pyrrolo [2,1-c] [1,4]
      benzodiazepin-11-one
PAR  The above compound may also be prepared by the following procedure.
PAR  A solution of 17,1 g. of o-nitrobenzyl chloride in 80 ml. of toluene is
      added dropwise to a mixture of 16.0 g. of potassium carbonate, 14,3 g. of
      ethyl pyrrolidine-2-carboxylate and 80ml. of toluene. The reaction mixture
      is heated at reflux temperature for 10 hours, cooled and treated with an
      excess of dilute hydrochloric acid. The layers are separated and the
      toluene layer is extracted once more with 2N hydrochloric acid. The
      aqueous layers are washed once with toluene and then alkalized with sodium
      hydroxide to pH 10. The crude ethyl
      1-(o-nitrobenzyl)pyrrolidine-2-carboxylate is extracted into chloroform
      and further purified by distillation under reduced pressure.
PAR  A solution of 18.9 g. of ethyl 1-(o-nitrobenzyl)- pyrrolidine-2-carboxylate
      in 250 ml. of ethanol is hydrogenated over Raney nickel at room
      temperature and atmospheric pressure. The catalyst is filtered off and the
      mother liquor concentrated to recover the ethyl
      1-(o-aminobenzyl)pyrrolidine- 2-carboxylate.
PAR  A mixture of 17.4 g. of ethyl 1-(o-aminobenzyl)- pyrrolidine-2-carboxylate
      and 350 ml. of 3 N hydrochloric acid is heated at reflux temperature for 6
      hours. The reaction mixture is cooled, 5 N sodium hydroxide is added to pH
      10, and the crude product is extracted into methylene chloride. The
      extract is washed with water, dried over sodium sulfate and concentrated.
      The crude semi-crystalline residue is recrystallized from ethyl acetate or
      ethanol to recover pure 1,2,3,5,10,11a-hexahydro-11H-pyrrolo[2,1-c]
      [1,4]benzodiazepin- 11-one, melting point 174.degree.-176.degree.C.
PAC  EXAMPLE 18
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-methyl-11H-pyrrolo- [2,1-c]
      [1,4]benzodiazepin-11-one
PAR  A mixture of 10.1 g. of 1,2,3,5,10,11a-hexahydro- 11H-pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one, 6.0 g. sodium methylate, and 200 ml. of ethanol
      is stirred at room temperature for 3 hours and 10 ml. of methyl iodide is
      added. Stirring is continued for 48 hours and the reaction mixture is
      concentrated under reduced pressure. The residue is treated with benzene
      and water and the layers are separated. The benzene layer is washed with
      water, dried over magnesium sulfate and concentrated. The residue is
      treated with ethanolic HCl and
      1,2,3,5,10,11a-hexahydro-10-methyl-11H-pyrrolo[2,1-c]-
      [1,4]benzodiazepin-11-one hydrochloride is obtained. The melting point
      after recrystallization from ethanol and ether is
      229.degree.-231.degree.C.
PAC  EXAMPLE 19
PAC  Preparation of 7-Chloro-1,2,3,5,10,11a-hexahydro-11H-pyrrolo- [2,1-c]
      [1,4]benzodiazepin-11-one
PAR  The above compound, melting point 157-159.degree.C., is obtained when
      7-chloro-1,2,3,11a-tetrahydro-5H-pyrrolo[2,1-c]-
      [1,4]benzodiazepin-5,11(10H)-dione and 1 M borane in tetrahydrofuran are
      reacted by the procedure of Example 1.
PAC  EXAMPLE 20
PAC  Preparation of 7-Chloro-1,2,3,5,10,11a-hexahydro-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  This compound, melting point 97-99.degree.C., is obtained when
      7-chloro-1,2,3,5,10,11a-hexahydro-11H-pyrrolo[2,1-c] [1,4]-
      benzodiazepin-11-one is methylated as described in the procedure of
      Example 18.
PAC  EXAMPLE 21
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-trifluoroethyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  The above compound is obtained when 1,2,3,5,10,11 a-hexahydro-2,1-c]
      [1,4]benzodiazepin-11-one and trifluoroethyliodide react as described in
      Example 18.
PAC  EXAMPLE 22
PAC  Preparation of 10-Butyl-1,2,3,5,10,11a-hexahydro-11H-pyrrolo- [2,1-c]
      [1,4]benzodiazepin-11-one
PAR  When butylbromide is substituted for methyliodide in the procedure of
      Example 18, this compound is obtained.
PAC  EXAMPLE 23
PAC  Preparation of 10-Allyl-7-chloro-1,2,3,5,10,11a-hexahydro-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  This compound is obtained when allyl bromide and
      7-chloro-1,2,3,5,10,11a-hexahydro-11H-pyrrolo[2,1-c] [1,4]-
      benzodiazepin-11-one are allowed to react as described in Example 18.
PAC  EXAMPLE 24
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-propargyl-11H- pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one
PAR  When propargyl bromide is substituted for methyliodide in the procedure of
      Example 18, the above compound is obtained.
PAC  EXAMPLE 25
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-hydroxyethyl-11H- pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one
PAR  This compound is obtained when 2-iodoethanol is substituted for
      methyliodide in the procedure of Example 18.
PAC  EXAMPLE 26
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-methoxyethyl-11H- pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one
PAR  When 2-methoxyethyl bromide is substituted for methyliodide in the
      procedure of Example 18, the above compound is obtained.
PAC  EXAMPLE 27
PAC  Preparation of 10-Cyclopropylmethyl-1,2,3,5,10,11a-hexahydro-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  The above compound is obtained when methyliodide is replaced by
      cyclopropylmethylbromide in the procedure of Example 18.
PAC  EXAMPLE 28
PAC  Preparation of 7-Chloro-10-cyclobutylmethyl-1,2,3,5,10,11a-
      hexahydro-11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11- one
PAR  If 7-chloro-1,2,3,5,10,11a-hexahydro-11H-pyrrolo- [2,1-c]
      [1,4]benzodiazepin-11-one is treated with cyclobutylmethylbromide by the
      procedure of Example 18, the above product is obtained.
PAC  EXAMPLE 29
PAC  Preparation of 7-Benzyloxy-1,2,3,5,10,11a-hexahydro-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  The above compound is obtained when 7-benzyloxy-
      1,2,3,11a-tetrahydro-10-methyl-5H-pyrrolo[2,1-c] [1,4]benzodiazepin-
      5,11(10H)-dione (prepared from proline and 5-benzyloxy-N-methylisatoic
      anhydride by the procedure of Example 1) is treated with 1 M borane in
      tetrahydrofuran by the procedures of Example 1.
PAC  EXAMPLE 30
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-7-hydroxy-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  A mixture of 6.44 g. of 7-benzyloxy-1,2,3,5,10,11a-
      hexahydro-10-methyl-11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11- one, 200 ml.
      of ethanol and 1.0 g. of 10% palladium-on-carbon catalyst is shaken in a
      Parr hydrogenator under about 3 atmospheric of hydrogen pressure until the
      theoretical amount of hydrogen is absorbed. The catalyst is filtered off
      and the mother liquor is concentrated to remove the solvent. The residue
      is purified by partition chromatography on a diatomaceous earth column
      using a heptane/methyl cellosolve solvent system to yield pure
      1,2,3,5,10,11a-hexahydro-7-hydroxy- 10-methyl-11H-pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one.
PAC  EXAMPLE 31
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-methyl-7-nitro-11H-
      pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  This compound is obtained when 1,2,3,11a-tetrahydro-
      10-methyl-7-nitro-11H-pyrrolo[2,1-c] [1,4]benzodiazepin-5,11- (10H]-dione
      (prepared from proline and 5-nitro-N-methylisatoic anhydride by the
      procedure of Example 1) is treated with 1 M borane in tetrahydrofuran by
      the procedure of Example 1.
PAC  EXAMPLE 32
PAC  Preparation of 7-Amino-1,2,3,5,10,11a-hexahydro-10-methyl-11H-
      pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  A mixture of 5.0 g. of 1,2,3,5,10,11a-hexahydro-10-
      methyl-7-nitro-11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one, 200 ml. of
      ethanol and 1.0 g. of 10% palladium-on-carbon catalyst is shaken in a Parr
      hydrogenator under about 3 atmospheres of hydrogen pressure until the
      theoretical amount of hydrogen is absorbed. The catalyst is filtered off
      and the mother liquor is concentrated to remove the solvent. The residue
      is purified by partition chromatography on a diatomaceous earth column
      using a heptane/methyl cellosolve solvent system to yield pure 7
      -amino-1,2,3,5,10,11a-hexahydro-10-methyl-11H-pyrrolo[2,1-c]-
      [1,4]benzodiazepin-11-one.
PAC  EXAMPLE 33
PAC  Preparation of 1,2,3,5,10,11 a-Hexahydro-7-hydroxy-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  A solution of 3.5 g. of sodium nitrite in 30 ml. of water is added over a
      30 minute period at 90.degree.-95.degree.C. to a rapidly stirred solution
      of 11.5 g. of 7-amino-1,2,3,5,10,11a-
      hexahydro-10-methyl-11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11- one in 600
      ml. of 0.05N hydrochloric acid. The solution is held at this temperature
      for 20 minutes longer, cooled, treated with an excess of sodium carbonate
      and the crude product is extracted into benzene. The benzene solution is
      concentrated to remove the solvent and the residue is purified by
      partition chromatography in order to obtain the pure 1,2,3,5,10,11a-
      hexahydro-7-hydroxy-10-methyl-11H-pyrrolo[2,1-c] [1,4]benzodiazepin-
      11-one.
PAC  EXAMPLE 34
PAC  Preparation of 7-Bromo-1,2,3,5,10,11a-Hexahydro-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11 -one.
PAR  A solution of 3.9 g. of sodium nitrate in 30 ml. of water is added with
      stirring over a 5 minute period to a cooled (-5.degree. to 0.degree.C.)
      mixture of 11.9 g. of 7-amino-1,2,3,5,10,11
      a-hexahydro-10-methyl-11H-pyrrolo[2,1c] [1,4]benzodiazepin- 11-one, 200
      ml. of water and 25 ml. of 40% hydrobromic acid. The reaction mixture is
      held at this temperature for ten more minutes and then poured into a cold
      mixture of 8.8 g. of cuprous bromide, 35 ml. of 40% hydrobromic acid and
      20 ml. of water. After 19 hours, hydrogen sulfide is passed in and the
      dark precipitate is filtered off. The filtrate is treated with activated
      carbon and carefully alkalized with sodium carbonate. The mixture is
      extracted with benzene and the benzene solution is washed with water and
      concentrated. The residue is purified by partition chromatography in order
      to obtain pure 7-bromo-1,2,3,5,10,11a-hexahydro-10-methyl- 11H-pyrrolo[
      2,1-c] [1,4]benzodiazepin-11-one.
PAC  EXAMPLE 35
PAC  Preparation of 7-Chloro-1,2,3,5,10,11a-Hexahydro-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11- one
PAR  A solution of 3,9 g. of sodium nitrite in 30 ml. of water is added over 10
      minutes with stirring to a cooled (-10.degree.to 0.degree.C.) mixture of
      11.5 g. of 7-amino-1,2,3,5,10,11a- hexahydro-10-methyl-11H-pyrrolo[2,1-c]
      [1,4]benzodiazepin-11- one, 13 g. of CuSO.sub.4. 5H.sub.2 O, 60 ml. of
      concentrated hydrochloric acid and 40 ml. of water. The mixture is stirred
      for one hour without cooling, poured into 80 ml. of concentrated ammonium
      hydroxide and extracted with benzene. The benzene layer is washed with
      water and concentrated to remove the solvent. The residue is purified by
      partition chromatography in order to obtain the pure
      7-chloro-1,2,3,5,10,11a-hexahydro- 10-methyl-11H-pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one, which melts at 97.degree.-99.degree.C. The
      hydrochloride salt melts at 244.degree.-246.degree.C.
PAC  EXAMPLE 36
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-7-methoxy-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  A solution of 3.5 g. of sodium nitrite in 30 ml. of water is added over 1
      hour at 48.degree.-50.degree.C. to a solution of 11.5 g. of
      7-amino-1,2,3,5,10,11a-hexahydro-10-methyl-11H- pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one in 20 ml. of concentrated hydrochloric acid and
      500 ml. of methanol. The reaction mixture is held at this temperature for
      1 hour longer, diluted with an equal volume of water, neutralized with
      sodium carbonate and concentrated under reduced pressure to remove the
      methanol. The aqueous residue is extracted with benzene and the benzene
      layer is concentrated to remove the crude
      1,2,3,5,10,11a-hexahydro-7-methoxy-10-methyl-11H- pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one. Further purification is by partition
      chromatography on a diatomaceous earth column using a heptane/methyl
      cellosolve solvent system.
PAC  EXAMPLE 37
PAC  Preparation of 7-Cyano-1,2,3,5,10,11a-hexahydro-10-methyl-
      11H-pyrrolo[2,1-c] [1,4]benzodiazepin-11-one
PAR  A mixture of 28.0 g. of 7-amino-1,2,3,5,10,11a-hexahydro-
      10-methyl-11-pyrrolo[2,1-c]  1,4]benzodiazepin-11-one, 25 ml. of 28%
      hydrochloric acid and 100 g. of cracked ice is stirred and a solution of
      7.0 g. of sodium nitrite in 20 ml. of water is added over about 15 minutes
      with stirring. Ice is added as necessary to keep the temperature at
      0.degree.-5.degree.. The mixture is neutralized (litmus paper) by adding
      of dry sodium carbonate and again cooled to 0.5.degree.C. A solution of
      cuprous cyanide (prepared by adding 16.3 g. of sodium cyanide in 25 ml. of
      water to a suspension of 12.5 g. of cuprous chloride in 50 ml. of cold
      water) is cooled to 0.degree.-9.degree.C. by addition of ice and 25 ml. of
      benzene is poured on the surface. This mixture is vigorously stirred and
      the cold diazonium solution is added over about 30 minutes while
      maintaining the temperature at 0.degree.-5.degree.C. during the addition
      and for an additional 30 minutes. The temperature is allowed to rise over
      3 hours to room temperature and then slowly warmed to 50.degree.C. The
      mixture is again cooled, extracted with benzene. The benzene extracts are
      washed with water and concentrated to remove the solvent. The residue is
      purified by partition chromatography on a diatomaceous earth column using
      a heptane/methyl/cellosolve solvent system in order to obtain the pure
      7-cyano-1,2,3,5,10,11 a-hexahydro-10-methyl-11H-pyrrolo[2,1-c]
      [1,4]benzodiazepin- 11-one.
PAC  EXAMPLE 38
PAC  Preparation of 1,2,3,5,10,11a-Hexahydro-10-methyl-11H-pyrrolo- [2,1-c]
      [1,4]benzodiazepin-11-one
PAR  A mixture of 2.5 g. of N-carbobenzoxyproline, 1.7 g. of
      N,N'-carbonyldiimidazole and 25 ml. of tetrahydrofuran is stirred for 1
      hour at room temperature and 2.2 g. of o-(benzyloxymethyl)-N-methylaniline
      is added. The mixture is heated at reflux temperature for 4 hours and
      concentrated to remove the solvent. The residue is mixed with 200 ml. of
      ethanol and 2 g. of 10% palladium-on-carbon catalyst and shaken in a Parr
      hydrogenator under about 3 atmospheres of hydrogen pressure until uptake
      is complete. The catalyst is filtered off and the mother liquor is
      concentrated to remove volatile materials. The residue is extracted into
      methylene chloride. This solution is washed twice with water, dried over
      magnesium sulfate, and heated at reflux temperature for 6 hours with 5 ml.
      of thionyl chloride. The reaction mixture is washed twice with sodium
      carbonate solution, once with water and concentrated. The residue is
      purified by partition chromatography on a diatomaceous earth column using
      a heptane/ methyl cellosolve solvent system and 1,2,3,5,10,11a-hexahydro-
      10-methyl-11H-pyrrolo[2,1-c]  [1,4]benzodiazepin-11-one is obtained.
PAC  EXAMPLE 39
PAR  The following formulation can be used for administering the compounds of
      this invention as a tablet.
TBL  ______________________________________                                    
                               Grams                                           
     dextro-1,2,3,5,10,11a-hexahydro-                                          
                               150.0                                           
     10-methyl-11H-pyrrolo[2,1-c][1,4]-                                        
     benzodiazepin-11-one hydrochloride                                        
     Talc                      150.0                                           
     Magnesium stearate         5.0                                            
     ______________________________________                                    
PAR  The ingredients are mixed, screened and tableted to give 1000 tablets
      containing 150 mg. each of the therapeutic agent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A racemic benzodiazepine or an optical isomer thereof of the formula:
      ##SPC8##
PAL  wherein R is lower alkyl, allyl, propargyl, trifluoroethyl,
      cycloalkylmethyl, hydroxyethyl and lower alkoxyethyl; R.sub.1 and R.sub.2
      are hydrogen, lower alkyl, chloro, fluoro, bromo, cyano, nitro, amino,
      trifluoromethyl, methoxy, hydroxy and R.sub.1 and R.sub.2 taken together
      on adjacent carbon atoms is methylenedioxy and a pharmaceutically
      acceptable salt thereof.
NUM  2.
PAR  2. The benzodiazepine in accordance with Claim 1, dextro
      1,2,3,5,10,11a-hexahydro-10-methyl-11H-pyrrolo[2,1-c]
      [1,4]benzodiazepin-11-one hydrochloride.
NUM  3.
PAR  3. The benzodiazepine in accordanace with claim 1, racemic
      1,2,3,5,10,11a-hexahydro-10-methyl-11H-pyrrolo[2,1-c]-
      [1,4]benzodiazepin-11-one hydrochloride.
NUM  4.
PAR  4. The benzodiazepine in accordance with Claim 1, dextro
      7-chloro-1,2,3,5,10,11a-hexahydro-10-methyl-11H-pyrrolo[ 2,1-c]
      [1,4-benzodiazepin-11-one hydrochloride.
NUM  5.
PAR  5. The benzodiazepine in accordance with Claim 1, racemic
      7-chloro-1,2,3,5,10,11a-hexahydro-10-methyl-11H-pyrrolo- [2,1-c]
      [1,4]benzodiazepin-11-one hydrochloride.
NUM  6.
PAR  6. The benzodiazepine in accordance with Claim 1, dextro
      7,10-dimethyl-1,2,3,5,10,11a-hexahydro-11H-pyrrolo[2,1-c]-
      [1,4]-benzodiazepin-11-one.
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ABST
PAL  The invention disclosed herein relates to processes and intermediates
      useful in the preparation of certain 16-lower alkyl-1,4-pregnadiene
      compounds. It is particularly concerned with novel methods of preparing
      16-lower
      alkyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-1,4-pregndiene-3,20
     -dione and esters thereof, and with novel intermediates useful in these
      novel methods. It is further concerned with 16-lower
      alkyl-1,4,9(11)-pregnatriene-17.alpha.,21-diol-3,20-diones and their
      21-lower alkanoates which, in addition to being valuable as intermediates,
      are valuable diuretic agents useful in the treatment of edema.
PARN
PAR  This is a continuation of application Ser. No. 106,591, filed Jan. 14,
      1971, which in turn is a streamlined continuation of 669,254, filed Sept.
      20, 1967 (now abandoned), which in turn is a continuation-in-part of
      261,812, filed Feb. 28, 1963 (now abandoned), which in turn is a
      continuation-in-part of 742,993, filed June 19, 1958 (now abandoned).
BSUM
PAR  Since the initial discovery that cortisone was effective in the treatment
      of rheumatoid arthritis, a number of other related compounds have been
      prepared having similar anti-inflammatory activity. It has been found that
      16 (.alpha. and
      .beta.)-methyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-1,4-pregna
     diene-3,20-dione possess extremely high anti-inflammatory activity and, in
      addition, are non-salt retaining. This increased activity permits
      administration of these compounds in extremely low dosages thereby
      minimizing undesired side effects.
PAR  It is an object of the present invention to provide a new method of
      preparing these highly active steroids, the 16 (.alpha. and
      .beta.)-methyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-1,4-pregna
     diene-3,20-diones, as well as other 16-lower alkyl analogues thereof.
      Another object is to provide novel intermediates useful in the synthesis
      of said highly active steroids as, for example, 16-lower
      alkyl-1,4,9(11)-pregnatriene-17.alpha.,21-diol-3,20-diones and 21-lower
      alkanoates thereof, which possess useful diuretic activity, and are
      valuable in the control of edematous conditions. Other objects will be
      apparent from the detailed description of my invention as hereinafter
      provided.
PAR  In accordance with one embodiment of the present invention, it is now found
      that 21-acylates of
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne can be converted to the corresponding 9.alpha.-fluoro compound by
      procedures which may be depicted structurally as follows:
      ##SPC1##
PAL  Wherein R represents a carboxylic acid radical and X is chlorine or
      bromine.
PAR  In the foregoing process the starting compound,
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne-21-acylate (I) is first reacted with a dehydrating agent to obtain the
      corresponding triene,
      16.alpha.-methyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione-
     21 acylate (II). The reaction of this compound with hypochlorous or
      hypobromus acid produces the corresponding 9.alpha.-halo compound, namely,
      16.alpha.-methyl-9.alpha.-halo-11.beta.,17.alpha.,21-trihydroxy-1,4-pregna
     diene-3,20-dione-21-acylate (III). When this 9.alpha.-halo compound is
      reacted with an alkali the 9,11-oxido compound (IV) is obtained. Since the
      treatment with alkali also partly cleaves the 21-acylate the reaction
      product is acylated by reaction with the appropriate acylating agent to
      produce the 21-acyloxy compound (V). Reaction of the latter compound with
      hydrogen fluoride affords
      16.alpha.-methyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-1,4-preg
     nadiene-3,20-dione-21-acylate (VI) which upon hydrolysis is converted to
      the corresponding free alcohol (VII).
PAR  In the first step of the above-described process, the starting compound is
      reacted with a suitable dehydrating agent to form the correspondng triene.
      Suitable dehydrating agents for this reaction that might be mentioned are
      methyl chlorosulfinate, methanesulfonyl chloride and the like.
      Alternatively, in accordance with a preferred embodiment of this
      invention, the dehydration is effected by intimately contacting the
      starting material with N-bromoacetamide and then treating the resulting
      reaction product with sulfur dioxide. In carrying out the dehydration in
      accordance with another embodiment of this invention, the
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne-21-acylate is intimately contacted with the methanesulfonyl chloride in
      the presence of pyridine. If desired, the reaction can be carried out in a
      suitable solvent for the reactants such as dimethyl-formamide and the
      like. The reaction is preferably carried out at a temperature of above
      50.degree.C. since at such temperatures the reaction is complete in a
      short time. For example, the reaction is effected by heating the reaction
      mixture at 80-85.degree.C. for about 1 hour. After completion of the
      reaction, methanol and water are added to the reaction mixture, whereupon
      the desired product precipitates and can be recovered by filtration.
PAR  The second step of the process is effected by reacting the triene or
      anhydro (II) compound with a hypohalous acid wherein the halogen has an
      atomic weight between 35-80, namely, bromine or chlorine. This reaction is
      most conveniently effected by reacting a suspension of the triene compound
      in a suitable watermiscible solvent such as acetone with an aqueous
      solution of the hypohalous acid. The hypohalous acid solution is
      conveniently prepared in situ by reacting the appropriate
      N-halosuccinimide with perchloric acid. For example, the reaction is very
      conveniently effected by adding an aqueous perchloric acid to a mixture
      consisting of a suspension of the anhydro compound in acetone and
      N-bromosuccinimide. After completion of the reaction, any excess of the
      oxidizing agent is destroyed, for example, by reaction with allyl alcohol,
      and water is added to the resulting reaction mixture. The halohydrin is
      then recovered by filtration.
PAR  In the following step of my process the halohydrin (III) is reacted with
      alkaline reagents to form the correspondng 9,11-oxide compound. Although
      various alkalis can be used for carrying out this reaction, I prefer to
      use an alkali metal alcoholate, for example, sodium methylate which is
      inexpensive and readily available. Thus, the reaction is readily effected
      by dissolving the halohydrin in a suitable solvent such as tetrahydrofuran
      and methanol and adding a solution of sodium methoxide to the resulting
      solution. The reaction is complete after a few minutes at room temperature
      after which any excess base is neutralized and the solvents are removed by
      evaporation under reduced pressure. The crystalline residue containing the
      9,11-oxido compound (IV) can then be purified by crystallization from
      suitable solvents or solvent mixtures. The reaction with the alkali also
      results in partial methanolysis of the 21-acyloxy substituent and it is
      desirable to reacylate the product with a suitable acylating agent to
      produce the corresponding 21-acylate (V). For example, this is
      conveniently accomplished by reaction of 9,11-oxido compound (IV) obtained
      after treatment with alkali with acetic anhydride in the presence of
      pyridine to produce the 21-acetate.
PAR  The next step of my process is carried out by reacting the 9,11-oxide
      compound (V) with hydrogen fluoride. This reaction is preferably carried
      out in the presence of a suitable solvent, such as tetrahydrofuran or a
      mixture of tetrahydrofuran and chloroform. For the obtainment of maximum
      yields, I find that it is desirable to carry out the reaction at
      temperatures of about 0.degree.C. For example, the reaction is effected by
      adding a solution of the 9,11-oxido compound in chloroform to a mixture of
      hydrogen fluoride and tetrahydrofuran at a temperature of -60.degree.C.
      and then aging the mixture at a temperature of about 0.degree.C. for an
      additional 4 to 5 hours. The reaction mixture is then quenched by adding a
      mixture of chloroform, ice and aqueous potassium carbonate. The chloroform
      layer is then separated and concentrated down to a small volume and
      benzene is added, whereupon the desired 9.alpha.-fluoro compound
      crystallizes and can be recovered by filtration.
PAR  The 9.alpha.-fluoro-21-acetate (VI) so obtained is readily hydrolyzed by
      reaction with an alkali to produce the correspondng free alcohol (VII).
      For example, this reaction is effected by treating a solution of the ester
      in methanol with a solution of sodium methoxide. The reaction is complete
      after a few minutes. After neutralizing the reaction mixture, adding water
      to the neutralized solution, and evaporating to a small volume the free
      alcohol (VII) precipitates and can be separated by filtration.
PAR  In the above-described reaction procedures, the 21-hydroxy-substituent can
      be protected by being converted to a suitable acylate. Although various
      acylated derivatives are useful in the processes of this invention, it is
      preferred to use the derivatives of hydrocarbon carboxylic acids having
      from 1-9 carbon atoms. For example, esters of acids such as acetic acid,
      propionic acid, butyric acid, and the like, esters of aryl carboxylic
      acids, such as benzoic acid and the like, or esters of aralkyl carboxylic
      acids such as phenyl acetic acid, and the like are suitable in carrying
      out the processes of the present invention. These acylated derivatives are
      conveniently prepared from the corresponding free alcohol by reaction with
      the appropriate carboxylic acid anhydride.
DETD
PAR  The following examples are presented to illustrate the processes for
      carrying out the present invention.
PAC  EXAMPLE 1
PAC  16.alpha.-Methyl-17.alpha.,21-Dihydroxy-1,4,9(11)-Pregnatriene-3,20-Dione-2
     1-Acetate
PAR  About 11.7 g. of
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne-21-acetate is dissolved in a mixture of 65 ml. of dimethylformamide and
      11 cc. of pyridine in a dry 2 liter, 3 necked flask fitted with a stirrer.
      To the resulting solution is added 5.55 ml. of methanesulfonyl chloride
      and the reaction mixture maintained at 80.degree.-85.degree.C. for about 1
      hour. The resulting red solution is cooled in an ice bath and treated
      successively with 110 ml. of methanol, 480 cc. of 5% aqueous sodium
      bicarbonate and finally with 360 ml. of water. The resulting reaction
      mixture is then allowed to stand at room temperature overnight after which
      the precipitated product is removed by filtration, washed repeatedly with
      water and dried to a constant weight in air at about 50.degree.C. The
      16.alpha.-methyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione-
     21-acetate so obtained melts at 206.degree.-211.degree.C. with previous
      softening, giving a red melt. On paper stripping, this product is a single
      spot material in the methanol-formamide (2:1) benzene system. (rf=0.74).
PAR  Hydrolysis of the acetate ester with a base, for example, sodium methoxide
      in methanol, affords the free alcohol,
      16.alpha.-methyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione.
PAR  The starting material employed in the foregoing process is prepared as
      follows:
PAR  A mixture of 15.51 grams of
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne in 43 mls. of pyridine and 10 ml. of acetic anhydride is heated at
      52.degree.C. for 11/4 hours in a nitrogen atmosphere. The steroid
      dissolves immediately on heating. The mixture is cooled to 40.degree.C.
      and 280 ml. of water is added with constant stirrng over a 30 minute
      interval while keeping the temperature at 40.degree.C. The reaction
      mixture is then aged at 0.degree.C. for about 1 hour and the precipitated
      product removed by filtration, washed free of pyridine and acetic acid
      with water and dried at about 47.degree.-48.degree.C. in air to constant
      weight. The
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne-21-acetate melts at 140.degree.-147.degree.C. and is a single spot
      material, rf=0.86, in the methanol-formamide (2:1) chloroform system.
PAC  EXAMPLE 2
PAC  16.alpha.-Methyl-9.alpha.-Bromo-11.beta.,17.alpha.,21-Trihydroxy-1,4-Pregna
     diene-3,20-Dione-21-Acetate
PAR  To a suspension of 9.03 grams of
      16.alpha.-methyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione-
     21-acetate in 114 ml. of acetone is added at 0.degree.C. with stirring 5.93
      grams of N-bromosuccinimide and then 20.4 ml. of a perchloric acid
      solution prepared by dissolving 0.548 ml. of 70% perchloric acid in 33 ml.
      of water. The resulting reaction mixture is stirred at 0.degree.C. for
      about 43/4 hours. The excess of N-bromosuccinimide is destroyed by the
      addition of about 40 drops of allyl alcohol and 500 ml. of water is then
      added with stirring. This mixture is held at 0.degree.C. for about 1 hour.
      The precipitated
      16.alpha.-methyl-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-1,4-pregn
     adiene-3,20-dione-21 acetate is recovered by filtration, washed repeatedly
      with water and dried in a desiccator over sulfuric acid at 0.1 mm.
      overnight.
PAR  A solution of 250 mg. of the bromohydrin in 5 ml. of 0.25 N perchloric acid
      in methanol is stirred for about 18 hours at room temperature to produce
      16.alpha.-methyl-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-1,4-pregn
     adiene-3,20-dione which is recovered by adding water to the reaction
      mixture and allowing the product to crystallize.
PAC  EXAMPLE 3
PAC  16.alpha.-Methyl-9.alpha.-Chloro-11.beta.,17.alpha.,21-Trihydroxy-1,4-Pregn
     adiene-3,20-Dione-21-Acetate
PAR  When the process of Example 2 is repeated using N-chlorosuccinimide in
      place of N-bromosuccinimide,
      16.alpha.-methyl-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-1,4-preg
     nadiene-3,20-dione-21-acetate is obtained.
PAC  EXAMPLE 4
PAC  16.alpha.-Methyl-9,11-Oxido-17.alpha.,21-Dihydroxy-1,4-Pregnadiene-3,20-Dio
     ne and
      16.alpha.-Methyl-9,11-Oxido-17.alpha.,21-Dihydroxy-1,4-Pregnadiene-3,20-di
     one-21-acetate
PAR  10.48 Grams of
      16.alpha.-methyl-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-1,4-pregn
     adiene-3,20-dione 21-acetate is dissolved in a 76.5 ml. of tetrahydrofuran
      and 38 ml. of methanol. This mixture is treated with 25.8 ml. of 0.91 N
      sodium methoxide in methanol in a nitrogen atmosphere at about
      24.degree.C. for 5 minutes. The excess base is neutralized by the addition
      of an excess (1.58 ml.) of glacial acetic acid which results in a color
      change from red to dark yellow. The solution is evaporated in vacuo at
      45.degree.-48.degree.C. bath temperature. The resulting crystalline
      residue is flushed with chloroform and then with petroleum ether. The pale
      brown residue, a mixture of
      16.alpha.-methyl-9,11-oxido-17.alpha.,21-dihydroxy-1,4-pregnadiene-3,20-di
     one and the 21-acetate derivative is suspended in 48 ml. of pyridine and 24
      ml. of acetic anhydride and heated under nitrogen at about 65.degree.C.
      for 11/3 hours. After removal of the solvents in vacuo, in a water bath up
      to 70.degree.C., the solid residue is flushed with petroleum ether. About
      80 ml. of water is added and the resulting acetate ester is filtered off
      and washed thoroughly with water. The crude produce is dissolved in 88 ml.
      of acetone giving a turbid, reddish-brown solution which is treated with 1
      g. of activated charcoal and filtered. The activated charcoal is removed
      by filtration and washed free of steroid with acetone. The clear, reddish
      brown filtrate is concentrated to a volume of about 8 ml. on a steam bath
      in a current of nitrogen and 80 ml. of petroleum ether addd. The
      precipitate,
      16.alpha.-methyl-9,11-oxido-17.alpha.,21-dihydroxy-1,4-pregnadiene-3,20-di
     one-21-acetate, is filtered, washed with acetone: petroleum ether (1:10) to
      yield a yellow to pale brown solid melting at 181.degree.-187.degree.C.
      (inserted at 165.degree.C.).
PAR  Hydrolysis of the acetate ester with a base, for example, sodium methoxide
      in methanol affords the free alcohol,
      16.alpha.-methyl-9,11-oxido-17.alpha.,21-dihydroxy-1,4-pregnadiene-3,20-di
     one.
PAC  EXAMPLE 5
PAC  16.alpha.-Methyl-9,11-Oxido-17.alpha.,21-Dihydroxy-1,4-Pregnadiene-3,20-Dio
     ne-21-acetate
PAR  When the process of Example 4 is repeated using
      16.alpha.-methyl-1,4-pregnadiene-9.alpha.-chloro-11.beta.,17.alpha.,21-tri
     ol-3,20-dione-21-acetate as the starting material
      16.alpha.-methyl-9,11-oxido-17.alpha.,21-dihydroxy-1,4-pregnadiene-3,20-di
     one-21-acetate is obtained.
PAC  EXAMPLE 6
PAC  16.alpha.-Methyl-9.alpha.-Fluoro-11.beta.,17.alpha.,21-Trihydroxy-1,4-Pregn
     adiene-3,20-Dione-21-Acetate
PAR  A mixture of 18.9 ml. of a hydrogen fluoride in tetrahydrofuran mixture
      (2:1 by weight), 9.7 ml. of chloroform and 12.5 ml. of tetrahydrofuran is
      chilled in an acetone-Dry Ice bath, and a solution of 7.62 grams of
      16.alpha.-methyl-9,11-oxido-17.alpha.,21-dihydroxy-1,4-pregnadiene-3,20-di
     one-21-acetate in 67 ml. of chloroform (cooled to -60.degree.C.) is added.
      The mixture is held at 0.degree.C. for about 41/4 hours, again chilled to
      -60.degree.C. and quenched into a mixture of 105 ml. of chloroform, 50
      grams of ice and about 55 grams of potassium carbonate in 45 ml. of water.
      Solid potassium carbonate is added to keep the final pH at about 7-8. The
      layers are separated and the aqueous phase is backextracted twice with
      chloroform. The combined organic layers are washed twice with water and
      once with a saturated solution of sodium chloride. After drying over
      magnesium sulfate, the solution is concentrated to a volume of about  25
      ml. After some crystallization of product has occurred, about 63 ml. of
      benzene is added. The product is allowed to crystallize overnight. The
      product,
      16.alpha.-methyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-1,4-preg
     nadiene-3,20-dione-21 acetate, is isolated by filtration and washed with
      benzene. The product has .lambda..sub.max. CH.sub.3 OH 238 m.mu. (E% 319).
PAC  EXAMPLE 7
PAC  16.alpha.-Methyl-9.alpha.-Fluoro-11.beta.,17.alpha.,21-Trihydroxy-1,4-Pregn
     adiene-3,20-Dione
PAR  A 5.270 g. aliquot of the product obtained in Example 6 is dissolved in 200
      ml. of methanol. The resulting solution is treated with 12.3 ml. of 0.91 N
      sodium methoxide in a nitrogen atmosphere. The mixture is stirred at
      24.degree.C. for 7 minutes and 1.76 ml. of glacial acetic acid is added.
      The resulting solution is treated with about 400 mg. of activated carbon
      which is removed by filtration after stirring for about 10 minutes. After
      washing the activated carbon free of steroid, the filtrate is diluted with
      200 ml. of water and then concentrated to a volume of about 140 ml. The
      product
      16.alpha.-methyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-triol-1,4-pregnadie
     ne-3,20-dione is recovered by filtration, washed with water and dried. The
      product so obtained melts at about 263.degree.C. (dec.) when inserted at
      245.degree., .lambda..sub.max CH.sub.3 OH 238 m.mu. (E% 390);
      .lambda..sub.max H.sub.2 SO4--15 min. (after removal of CH.sub.3 OH)
      308m.mu. (341), 258 m.mu. (492); .lambda..sub.max H.sub.2 SO4--2 hrs.
      (after removal of CH.sub.3 OH) 306 m.mu. (375), 258 m.mu. (592).
PAR  An aliquot is dried at 100.degree. for 1 hour (0.1 mm) and shows
      .lambda..sub.max CH.sub.3 OH 238 m.mu. (E% 397); .lambda..sub.max H.sub.2
      SO4--2 hrs. (after removal of CH.sub.3 OH) 397 m.mu. (351), 262 m.mu.
      (446); .lambda..sub.max H.sub.2 SO4--2 hrs. (on solid) 307 m.mu. (360),
      262 m.mu. (442). Anal. Calc'd. for C.sub.22 H.sub.29 O.sub.5 F: C, 67.33;
      H, 7.45. Found: C, 67.53; H, 7.22.
PAC  EXAMPLE 8
PAR  To a solution of 6.78 g. of 16.alpha.-methylprednisolone acetate (16.3
      millimoles) in 10 ml. of pyridine is added 24.8 millimols of
      N-bromoacetamie. The mixture is stirred at 10.degree. C. for 15 minutes in
      a nitrogen atmosphere. The mixture is cooled to 0.degree.-2.degree.C. with
      an acetone-Dry Ice bath and anhydrous sulfur dioxide is passed over the
      reaction mixture for about 1-2 minutes at such a rate that the temperature
      -- with external cooling -- does not rise above 15.degree.C. The reaction
      mixture -- a thick slurry which gives a negative starch potassium iodide
      test -- is allowed to come to 12.degree. C. At this temperature much of
      the solid redissolves and the mixture is added slowly with stirring over a
      15-minute interval to ice-water. The mixture is aged at 5.degree.C. for
      1/2 hour, filtered and the product is washed with water. The olefin is
      dried at 50.degree.C. overnight. The product, which still contains
      pyridine, weighs 8.71  g., .lambda..sub.max MeOH 240 m.mu. (E% 272). Paper
      strip in benzene shows the olefin to be single spot material except for
      the origin impurity (neg. TZ test, .lambda..sub.max 6.35 .mu., also
      present in the starting material). The olefin is dissolved in chloroform,
      and washed three times with 2.5 N hydrochloric acid and with water. The
      combined water washes are back-extracted with chloroform and the combined
      organic layers are filtered and taken to dryness. The residue is flushed
      with petroleum ether and dried to constant weight to obtain 5.91 g. of
      16.alpha.-methyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione-
     21-acetate, .lambda..sub.max MeOH 240 m.mu. (E% 370).
PAC  EXAMPLE 9
PAR  In accordance with the procedure described in Example 1,
      16.alpha.-ethyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dion
     e 21-acetate is treated with methanesulfonyl chloride in dimethylformamide
      and pyridine to produce
      16.alpha.-ethyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione-2
     1-acetate which, upon hydrolysis with sodium methoxide in methanol, forms
      16.alpha.-ethyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione.
      Similarly, starting with
      16.alpha.-butyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dion
     e-21-acetate, there are obtained
      16.alpha.-butyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione
      and its 21-acetate.
PAC  EXAMPLE 10
PAC  16.beta.-Methyl-17.alpha.,21-Dihydroxy-1,4,9(11)-Pregnatriene-3,20-Dione
      and its 21-Acetate
PAR  About 11.7 g. of
      16.beta.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dion
     e 21-acetate is dissolved in a mixture of 65 ml. of dimethylformamide and
      11 cc. of pyridine in a dry 2 liter, 3 necked flask fitted with a stirrer.
      To the resultng solution is added 5.55 ml. of methanesulfonyl chloride and
      the reaction mixture maintained at 80.degree.-85.degree.C. for about 1
      hour. The resulting red solution is cooled in an ice bath and treated
      successively with 110 ml. of methanol, 480 cc. of 5% aqueous sodium
      bicarbonate and finally with 360 ml. of water. The resulting reaction
      mixture is then allowed to stand at room temperature over night after
      which the precipitated product is removed by filtration, washed repeatedly
      with water and dried to a constant weight in air at about 50.degree.C. to
      give
      16.beta.-methyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione
      21-acetate. Hydrolysis of the acetate ester with a base, for example,
      sodium methoxide in methanol, affords the free alcohol,
      16.beta.-methyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione.
PAC  EXAMPLE 11
PAR  In accordance with the procedure described in Example 1,
      16.beta.-ethyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate is treated with methanesulfonyl chloride in dimethylformamide
      and pyridine to produce
      16.beta.-ethyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione 21
      -acetate which, upon hydrolysis with sodium methoxide in methanol, forms
      16.beta.-ethyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione.
      Similarly, starting with
      16.beta.-butyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate, there is obtained
      16.beta.-butyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dione
      and its 21-acetate. Similarly, starting with
      16.beta.-isopropyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-d
     ione 21-acetate and
      16.beta.-amyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate, there are obtained respectively,
      16.beta.-isopropyl-17.alpha.,21-dihydroxy-1,4,9(11)-pregnatriene-3,20-dion
     e and 16.beta.-amyl-17.alpha.,21-hydroxy-1,4,9(11)-pregnatriene-3,20-dione,
      and their 21-acetates.
PAR  The
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne-21-acetate used as the starting material in Example 1 can be prepared as
      follows:
PAR  3.alpha.-Acetoxy-16-pregnene-11,20-dione is reacted with methyl magnesium
      iodide in the presence of cuprous chloride thereby forming
      16.alpha.-methyl-3.alpha.-hydroxy-pregnane-11,20-dione 3-acetate, which is
      reacted with aqueous methanolic hydrochloric acid to form
      16.alpha.-methyl-3.alpha.-hydroxy-pregnane-11,20-dione. The latter
      compound, which is a potent anesthetic, is reacted with acetic anhydride
      in the presence of p-toluene sulfonic acid catalyst to form a mixture of
      enol acetate containing
      16.alpha.-methyl-3.alpha.,20-dihydroxy-17,20-pregnene-11-one,
      3,20-diacetate; this mixture, after chromatographic purification over acid
      washed alumina to remove any unchanged starting material, is reacted with
      perbenzoic acid and the resulting
      16.alpha.-methyl-17.alpha.,20-epoxy-3.alpha.,20-dihydroxy-pregnane-11-one
      3,20-diacetate is hydrolyzed with methanolic potassium bicarbonate to
      produce
      16.alpha.-methyl-3.alpha.,17.alpha.-dihydroxy-pregnane-11,20-dione. The
      latter compound is reacted with bromine in chloroform to form
      21-bromo-16.alpha.-methyl-3.alpha.,17.alpha.-dihydroxy-pregnane-11,20-dion
     e which is reacted with sodium iodide in acetone to produce
      21-iodo-16.alpha.-methyl-3.alpha.,17.alpha.-dihydroxy-pregnane-11,20-dione
      which is converted without isolation to
      16.alpha.-methyl-3.alpha.,17.alpha.,21-trihydroxy-pregnane-11,20-dione-21-
     acetate by reaction with anhydrous potassium acetate; this compound is
      reacted with chromium trioxide in pyridine to form
      16.alpha.-methyl-17.alpha.,21-dihydroxy pregnane-3,11,20-trione
      21-acetate. The
      16.alpha.-methyl-16.alpha.,21-dihydroxy-pregnane-3,11,20-trione 21-acetate
      is reacted with bromine in glacial acetic acid-chloroform to produce
      4-bromo-16.alpha.-methyl-17.alpha.,21-dihydroxy-pregnane-3,11,20-trione,
      which is then reacted with semicarbazide to form
      16.alpha.-methyl-17.alpha.,21-dihydroxy-4-pregnene-3,11,20-trione
      3,20-bissemicarbazone 21-acetate. This 3,20-bissemicarbazone is reacted
      with sodium borohydride to form
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-4-pregnene-3,20-dione
      3,20-bissemicarbazone which is hydrolyzed under acid conditions to form
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-4-pregnene-3,20-dione.
      This latter compound is then converted to the corresponding
      1,4-pregnadiene compound by contacting it with the dehydrogenating
      activity of microorganisms of the Class Schizomycetes, for example,
      Bacillus sphaericus (ATCC-245) or Nocardia asteroides (ATCC 9970). The
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne so obtained is then reacted with acetic anhydride in the presence of
      pyridine to produce the corresponding
      16.alpha.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne-21-acetate.
PAR  Similarly, but using other lower alkyl magnesium iodides such as ethyl
      magnesium iodide, butyl magnesium iodide, and the like, in the
      above-described reaction with 3.alpha.-acetoxy-16-pregnene-11,20-dione,
      there is obtained the correspondng 16.alpha.-lower
      alkyl-3.alpha.-acetoxy-pregnane-11,20-dione which, upon treatment in
      accordance with reaction sequence employed hereinabove, is converted to
      the corresponding 16.alpha.-lower
      alkyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate, such as
      16.alpha.-ethyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dion
     e 21-acetate,
      16.alpha.-propyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dio
     ne 21-acetate, and the like.
PAR  In the same way, other 21-acylates, in particular those in which the acyl
      substituent is a radical of a hydrocarbon carboxylic acid having from one
      to nine carbon atoms, which are especially suitable starting materials for
      the processes of the present invention, are obtained. Thus, upon
      intimately contacting the 16.alpha.-methyl-(or other 16.alpha.-lower
      alkyl)-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione with
      benzoic acid anhydride, butyric acid anhydride, phenylacetic acid
      anhydride, succinic acid anhydride, and the like, the corresponding
      21-acylate is obtained.
PAR  Instead of using 16.alpha.-lower
      alkyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate as starting material, the 16.beta.-lower alkyl epimer may be
      employed. For example, the
      16.beta.-methyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dion
     e 21-acetate starting material may be prepared as follows:
PAR  Diazomethane is generated by warming the generation flask to
      40.degree.-45.degree.C. and cautiously adding the
      N-methyl-N-nitrosotosylamide-ether from the dropping funnel. Nitrogen is
      utilized to sweep the diazomethane into a solution of 20 g. of
      3.alpha.-acetoxy-16-pregnene-11,20-dione in 100 ml. of tetrahydrofuran and
      120 ml. of ether. The process is continued until the steroid solution
      remains yellow for several hours. The product,
      3.alpha.-acetoxy-16.alpha.,17.alpha.-methyleneazopregnane-11,20-dione
      largely precipitates from the reaction mixture. After 16 hours, the
      mixture is filtered, washed with ether and dried in air. Yield about 14
      grams.
PAR  37.4 g. of
      3.alpha.-acetoxy-16.alpha.,17.alpha.-methyleneazopregnane-11,20-dione is
      placed in a 500 ml. round-bottom flask and heated by an oil bath in vacuo
      (pressure 0.6 mm.). A manometer and 12-liter surge flask are in the line
      between the reaction flask and pump trap. When the bath temperature
      reaches 180.degree.C. the
      3.alpha.-acetoxy-16.alpha.,17.alpha.-methyleneazo-pregnane-11,20-dione
      begins to melt with evolution of nitrogen. The maximum pressure reached is
      83 mm. After 10 minutes at 180.degree.-182.degree.C. the melt is cooled.
      It has .lambda..sub.max CH.sub.3 OH 249 E percent 191, and is taken up in
      about 150 ml. of acetone, filtered through diatomaceous earth,
      concentrated to about 110 ml., and ether is slowly added to the boiling
      solution until crystallization occurs. These crystals of
      3.alpha.-acetoxy-16-methyl-16-pregnene-11,20-dione weigh about 19.0 g.
PAR  A solution of 20.0 g. of 3.alpha.-acetoxy-16-methyl-16-pregnene-11,20-dione
      dissolved in 600 ml. of methanol, is cooled to 18.degree.C., and 80 ml. of
      30% hydrogen peroxide followed by 80 ml. of 2.5 N sodiim hydroxide are
      added. Considerable material precipitates from solution, but all
      redissolves on stirring the reaction mixture at 25.degree.-30.degree.C.
      for 40 minutes. The solution is kept at 15.degree.-20.degree.C. for 18
      hours at which time the ultraviolet maximum at 249 has completely
      disappeared. Then 600 ml. of saturated salt water is slowly added, the
      crystalline precipitate is filtered, washed with water, and dried in air
      and in vacuum. The
      16.alpha.,17.alpha.-epoxy-3.alpha.-hydroxy-16.beta.-methyl-pregnane-11,20-
     dione thus formed weighs about 17 g.
PAR  To a solution of 2.69 g. of
      16.alpha.,17.alpha.-epoxy-3.alpha.-hydroxy-16.beta.-methyl-pregnane-11,20-
     dione in 55 ml. dioxane is added 27 ml. of 2 M aqueous perchloric acid. The
      clear solution is kept at 25.degree.-30.degree.C. for 65 hours. Cold water
      (175 ml.) is added, the slurry chilled to 8.degree.C. and filtered after
      30 minutes. The precipitate, containing a mixture of
      3.alpha.,17.alpha.-dihydroxy-16-methyl-15-pregnene-11,20-dione and
      3.alpha.,17.alpha.-dihydroxy-16methylene-pregnane-11,20-dione is washed
      with water, and dried in air and finally at 50.degree.C. in vacuum. Yield:
      approximately 2 g.; the relative proportion of
      3.alpha.,17.alpha.-dihydroxy-16-methyl-15-pregnene-11,20 -dione and
      3.alpha.,17.alpha.-hydroxy-16-methylene-pregnane-11,20-dione is estimated
      to be of the order of 1:1.
PAR  A solution 3.05 g. (8.47 millimols) of the olefin mixture of
      3.alpha.,17.alpha.-dihydroxy-16-methyl-15-pregnene-11,20-dione and
      3.alpha.,17.alpha.-dihydroxy-16-methylene-pregnane-11,20-dione in 80 ml.
      of methanol is reduced in hydrogen at 1 atmosphere and 25.degree.C. in the
      presence of 2.0 g. of 25% palladium-calcium carbonate catalyst.
      Modification of the hydrogen conditions, pH, solvent, catalyst, etc.
      alters the isomer ratio significantly. Uptake of the calculated amount of
      hydrogen is complete in 45 minutes. The mixture is stirred an additional
      30 minutes and filtered through diatomaceous earth. The colorless filtrate
      is taken to dryness and crystallized from ether; a mixture of
      3.alpha.,17.alpha.-dihydroxy-16.alpha.-methyl-pregnane-11,20-dione and
      3.alpha.,17.alpha.-dihydroxy-16.alpha.-methyl-pregnane-11,20-dione is
      obtained; weight about 3 g. The product consists of
      3.alpha.,17.alpha.-dihydroxy-16.alpha.-methyl-pregnane-11,20-dione and
      3.alpha.,17.alpha.-dihydroxy-16.beta.-methyl-pregnane-11,20-dione in the
      ratio ca. 7:3 as determined by the amounts of end product isolated below.
PAR  One gram of this hydrogenation product containing
      3.alpha.,17.alpha.-dihydroxy-16.alpha.-methyl-pregnane-11,20-dione and
      3.alpha.,17.alpha.-dihydroxy 16.beta.-methyl-pregnane-11,20-dione, is
      chromatographed on 100 g. of activated magnesium silicate. The 100%
      chloroform eluates give
      3.alpha.,17.alpha.-dihydroxy-16.alpha.-methyl-pregnane-11,20-dione, M.P.
      188.degree.-191.degree.C: the 5% methanol-chloroform eluates give
      3.alpha.,17.alpha.-dihydroxy-16.beta.-methyl-pregnane-11,20-dione,
      hexagonal plates from benzene-ethyl-acetate; M.P.
      192.degree.-197.degree.C.
PAR  A solution of 3.50 g. (9.7 millimols) of
      3.alpha.,17.alpha.-dihydroxy-16.beta.-methyl-pregnane-11,20-dione in 40
      mg. of chloroform is warmed to 40.degree.-45.degree.C. A solution of 1.76
      g. (11 millimols) of bromine in 25 ml. of chloroform is added dropwise to
      the stirred solution such that the color is not darker than pale yellow
      (ca. 2 drops/sec., total time--1 hour). The nearly colorless solution is
      cooled to 20.degree.C. and 200 ml. of ether is added. The mixture is
      extracted with excess cold 5% potassium bicarbonate solution, sodium
      bisulfite solution, and water, and dried over magnesium sulfate. The
      colorless residue after removal of solvent,
      21-bromo-3.alpha.,17.alpha.-dihydroxy-16.beta.-methyl-pregnane-11,20-dione
      (about 4 grams) gives a positive tetrazolium test.
PAR  To 4.30 g. of
      21-bromo-3.alpha.,17.alpha.-dihydroxy-16.beta.-methyl-pregnane-11,20-dione
      in 90 ml. of acetone and 0.01 ml. of acetic acid is added 4.83 g. of
      anhydrous potassium acetate and 3.85 g. of potassium iodide. The stirred
      mixture is refluxed for 18 hours and concentrated on the water pump to a
      small volume. Water is added, the product extracted into ethyl acetate,
      and the organic extract dried over magnesium sulfate to give about 4 grams
      of a colorless foam that partly crystallizes from acetone-ether to give
      3.alpha.,17.alpha.,21-trihydroxy-16.beta.-methyl-pregnane-11,20-dione
      21-acetate.
PAR  To a solution of
      3.alpha.,17.alpha.,21-trihydroxy-16.beta.-methyl-pregnane-11,20-dione
      21-acetate (4.9 g.) in 100 ml. t-butanol and 20 ml. of water cooled to
      10.degree.-15.degree.C., is added 3.5 g. N-bromo-succinimide. The
      suspension is stirred at 15.degree.C. until all the N-bromosuccinimide has
      dissolved (90 minutes). The reaction mixture is kept at 2.degree. C. for
      about sixteen hours and at 25.degree.C. for 2 hours. Sodium sulfite
      solution is added to destroy bromine and the mixture concentrated on the
      water pump to a low volume. A granular precipitate forms; water is added,
      the precipitate filtered and washed with water; chromatography on neutral
      alumina and elution with mixtures of chloroform and benzene gives
      17.alpha. ,21-dihydroxy-16.beta.-methyl-pregnane-3,11,20-trione 21acetate.
PAR  To a stirred solution of 585 mg. of
      17.alpha.,21-dihydroxy-16.beta.-methyl-pregnane-3,11,20-trione 21-acetate
      in 10 ml. of acetic acid and 8 ml. of chloroform kept at -10.degree.C. is
      added slowly 230 mg. of bromine in 6 ml. of chloroform. After addition is
      complete, 1.2 g. of sodium acetate in 7 ml. of cold water is added and the
      mixture is extracted with chloroform. The chloroform extract is washed
      with dilute potassium bicarbonate, water and dried over sodium sulfate.
      The residue is triturated with ether to give 480 mg. of crystalline
      4-bromo-17.alpha.,21-dihydroxy-16.beta.-methyl-pregnane-3,11,20-trione
      21-acetate.
PAR  To 583 mg. of
      4-bromo-17.alpha.,21-dihydroxy-16.beta.-methyl-pregnane-3,11,20-trione
      21-acetate in 20 ml. of acetonitrile under nitrogen is added a slurry of
      600 mg. of semicarbizide hydrochloride and 410 mg. sodium bicarbonate in 4
      ml. of water. After 2 hours, the acetonitrile is removed in vacuo, water
      is added and about 540 mg. of crystalline 3-semicarbazone of
      17.alpha.,21-dihydroxy-16.beta.-methyl-4-pregnene-3,11,20-triene 21acetate
      filtered, washed with water and dried.
PAR  540 mg. of the 3-semicarbazone of
      17.alpha.,21-dihydroxy-16.beta.-methyl-4-pregnene-3,11,20-trione
      21-acetate is dissolved in 20 mg. of acetic acid, 1.5 ml. of pyruvic acid
      and 5 ml. of water. After 18 hours at 25.degree.C., water is added and the
      mixture extracted with chloroform. The chloroform extract is washed with
      aqueous potassium bicarbonate, water and dried over sodium sulfate.
      Removal of solvent gives crude
      17.alpha.,21-dihydroxy-16.beta.-methyl-4-pregnene-3,11,20-trione
      21-acetate which is purified by chromatography on neutral alumina and
      crystallization from acetone-ether (hexagonal plates).
PAR  To a stirred solution of 500 mg. of
      17.alpha.,21-dihydroxy-16.beta.-methyl-4-pregnene-3,11,20-trione
      21-acetate in 12.5 ml. of methanol and 3 ml. of dimethylformamide kept
      under nitrogen is added a slurry of 680 mg. of semicarbazide hydrochloride
      and 370 mg. of sodium bicarbonate in 1 ml. of water. The stirred mixture
      is refluxed 31/2 hours and maintained at 45.degree.C. for 17 hours. It is
      then cooled to 20.degree.C. and 50 ml. of 50% saturated aqueous sodium
      chloride is added. After 2 hours at 0.degree.C. the precipitate of
      3,20-bis-semicarbazido-17.alpha.,21-dihydroxy-16.beta.-methyl-4-pregnene-3
     ,11,20-trione 21-acetate is filtered, washed with water until free of
      chloride ion and dried in air.
PAR  To a stirred solution of 600 mg. of
      3,20-bis-semicarbazido-17.alpha.,21-dihydroxy-16.beta.-methyl-4-pregnene-3
     ,11,20-trione 21-acetate in 30 ml. of tetrahydrofuran and 11 ml. of water
      under nitrogen is added 200 mg. powdered sodium borohydride. The stirred
      suspension is refluxed 45 minutes and then cooled to 15.degree.C. Aqueous
      acetate acid (3 ml. of 30%) is added cautiously and most of the
      tetrahydrofuran is removed in vacuum. Addition of 5 ml. of methanol and 5
      ml. of water induces the product to crystallize. Following addition of 10
      ml. of a saturated sodium chloride solution and aging at 0.degree.C. the
      product
      3,20-bis-semicarbazido-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-4-
     pregnene-3,20-dione is filtered, washed with water, and dried in air.
PAR  To a solution of 510 mg. of reduced
      3,20-bis-semicarbazido-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-4-
     pregnene-3,20-dione in 5 ml. of acetic acid is added 1.20 ml. of water and
      0.50 ml. of pyruvic acid. The solution is kept at 25.degree.C. for 18
      hours. Water (20 ml.) is added, and the mixture is extracted thoroughly
      with chloroform. The chloroform extract is dried over magnesium sulfate
      and taken to dryness. The residue is crystallized from acetone-ether to
      give pure
      11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-4-pregnene-3,20-dione.
PAR  A solution of 100 mg. of
      11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-4-pregnene-3,20-dione in
      1.0 ml. of pyridine and 0.5 ml. of acetic anhydride is prepared. After 18
      hours at 25.degree.C., the solution is taken to dryness in vacuo and the
      solid residue purified by crystallization from acetone-ether to give
      11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-4-pregnene-3,20-dione
      21-acetate.
PAR  To 100 mg.
      11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-4-pregnene-3,20-dione
      21-acetate in 5 ml. of acetic acid is added 50 mg. of selenium dioxide.
      The mixture is refluxed under nitrogen 18 hours, 50 mg. of selenium
      dioxide is added and the mixture refluxed in additional 24 hours. The
      mixture is filtered, and the filtrate taken to dryness. The residue is
      taken up in ethyl acetate and washed successively with aqueous sodium
      bicarbonate, ammonium sulfide, dilute ammonia water, water, dilute
      hydrochloric acid and water and dried over magnesium sulfate. It is then
      treated with activated charcoal and concentrated to dryness.
      Crystallization of the residue from acetone-ether gives pure
      11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-1,4-pregnadiene-3,20-dion
     e 21-acetate.
PAR  Similarly, but using other diazo-lower alkanes such as diazoethane,
      diazopropane, and the like, in the above-described reaction with
      3.alpha.-acetoxy-16-pregnene-11,20-dione, there is obtained the
      corresponding
      3.alpha.-acetoxy-16.alpha.,17.alpha.-alkyleneazo-pregnene-11,20-dione
      which, upon treatment in accordance with reaction sequence employed
      hereinabove, is converted to the corresponding 16.beta.-lower
      alkyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate, such as
      16.beta.-ethyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate,
      16.beta.-propyl-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dion
     e 21-acetate, and the like.
PAR  In the same way, other 21-acylates, in particular those in which the acyl
      substituent is a radical of a hydrocarbon carboxylic acid having from one
      to nine carbon atoms, which are especially suitable starting materials for
      the processes of the present invention, are obtained. Thus, upon
      intimately contacting the 16.beta.-methyl(or other 16.beta.-lower
      alkyl)-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione with
      benzoic acid anhydride, butyric acid anhydride, phenylacetic acid
      anhydride, succinic acid anhydride, and the like, the corresponding
      21-acylate is obtained.
PAR  Various changes and modifications may be made in carrying out the present
      invention without departing from the spirit and scope thereof. Insofar as
      these changes and modifications are within the purivew of the annexed
      claims, they are to be considered as part of my invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 16.alpha.-methyl-1,4-pregnadiene compound of the formula:
      ##SPC2##
PAL  wherein R is from the group consisting of hydrogen and a hydrocarbon
      carboxylic acid radical having from one to nine carbon atoms.
NUM  2.
PAR  2. A compound as defined in claim 1 having the chemical name
      16.alpha.-methyl-9,11-oxido-17.alpha.,21-dihydroxy-1,4-pregnadiene-3,20-di
     one.
NUM  3.
PAR  3. A compound as defined in claim 1 having the chemical name
      16.alpha.-methyl-9,11-oxido-17.alpha.-dihydroxy-1,4-pregnadiene-3,20-dione
      21-acetate.
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ABST
PAL  The present invention provides new bis-oxadiazole compounds of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.1 ' independently of one another represent
      hydrogen, an optionally non-chromophorically substituted aliphatic,
      cycloaliphatic or araliphatic radical with up to 18 carbon atoms or an
      optionally non-chromophorically substituted, at most binuclear,
      carbocyclic or heterocyclic aromatic radical and Q represents a radical
      ##SPC1##
PAL  Wherein a  represents hydrogen, halogen, alkyl with 1 to 4 carbon atoms,
      alkoxy with 1 to 4 carbon atoms, sulpho groups or their salts or an
      optionally substituted sulphamoyl group or both radicals a together with
      the diphenylene radical represent a 9,10-dihydrophenanthrene ring and the
      benzene ring A can optionally be substituted by halogen, alkyl with 1 to 4
      carbon atoms, sulpho groups or their salts or an optionally substituted
      sulphamoyl group or can possess a fused-on six-membered ring.
PAL  The new compounds are useful optical brighteners for high-molecular organic
      materials.
BSUM
PAR  The present invention relates to new bis-oxadiazole compounds, processes
      for the manufacture of these compounds and their use as optical
      brighteners for organic materials.
PAR  The new bis-oxadiazoles according to the present invention are compounds of
      the formula (1)
      ##EQU2##
      wherein R.sub.1 and R.sub.1 ' independently of one another represent
      hydrogen, an optionally non-chromophorically substituted aliphatic,
      cycloaliphatic or araliphatic radical with up to 18 carbon atoms or an
      optionally non-chromophorically substituted, at most binuclear,
      carbocyclic or heterocyclic aromatic radical and Q represents a radical
      ##SPC2##
PAL  Wherein a represents hydrogen, halogen, alkyl with 1 to 4 carbon atoms,
      alkoxy with 1 to 4 carbon atoms, sulpho groups or their salts or an
      optionally substituted sulphamoyl group or both radicals a together with
      the diphenylene radical represent a 9,10-dihydrophenanthrene ring and the
      benzene ring A can optionally be substituted by halogen, alkyl with 1 to 4
      carbon atoms, sulpho groups or their salts or an optionally substituted
      sulphamoyl group or can possess a fused-on six-membered ring.
PAR  Possible aliphatic radicals R.sub.1 and R.sub.2 ' are either saturated or
      unsaturated acyclic hydrocarbon radicals which are optionally bonded via
      an oxygen atom or interrupted by oxygen atoms or hetero-groups, possible
      cycloaliphatic radicals are predominantly optionally methyl-substituted
      cycloalkyl radicals with 5 or 6 ring members, and possible araliphatic
      radicals are aralykl and aralkenyl radicals, preferably styryl radicals.
      Examples of such substituents R.sub.1 and R.sub.1 ' which may be mentioned
      are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec.butyl,
      isobutyl, tert.butyl, methoxyethyl, acetoxyethyl, n-pentyl, sec.pentyl,
      isopentyl, neopentyl, 1-ethyl-propyl, vinyl, allyl methallyl, crotyl,
      chloromethyl, chloroethyl, cyclohexyl, cyclopentyl, benzyl, piperonyl,
      phenylethyl, 2-, 3- or 4-chlorobenzyl and 2-, 3- or 4-methylbenzyl. If
      R.sub.1 and R.sub.1 ' denote carbocyclic aromatic radicals, they are, for
      example, radicals of the naphthalene series or especially radicals of the
      benzene series such as phenyl and diphenylyl. Possible hetero-aromatic
      radicals are above all pyridine, quinoline, furyl and thienyl radicals.
      All these radicals R.sub.1 and R.sub.1 ' can be non-chromophorically
      substituted.
PAR  Non-chromophoric substituents can be either monovalent or divalent
      radicals, and the latter as a rule form a carbocyclic or heterocyclic ring
      fused onto a benzene ring. An optionally substituted sulphamoyl group is
      to be understood as an unsubstituted, monosubstituted and disubstituted
      sulphonic acid amide group of which the possible substituents are alkyl
      radicals with 1 to 6 carbon atoms or phenyl groups or can, with the
      nitrogen atom connecting them, form a heterocyclic structure which can
      contain yet further hetero-atoms. Such heterocyclic structures can be, for
      example, optionally methyl-substituted piperidino, morpholino, pyrrolidino
      or piperazino.
PAR  The sulphonic acid groups present in the form of salts are mostly their
      alkali metal, alkaline earth metal, ammonium or amine salts. The sodium
      salts and potassium salts are preferred.
PAR  Examples of compounds which lie within the compass of the formula (1) are
      the bis-oxadiazole compounds of the formula (2)
      ##EQU3##
      wherein R.sub.2 denotes hydrogen, alkyl with 1 to 6 carbon atoms, which
      can have halogen, nitrile or alkoxy with 1 to 4 carbon atoms or phenoxy as
      substituents, alkenyl with 2 to 4 carbon atoms, cyclohexyl which is
      optionally substituted by methyl groups, alkoxy with 1 to 4 carbon atoms,
      phenylalkyl with 1 to 3 carbon atoms in the alkyl part, which is
      optionally substituted in the benzene nucleus by halogen, alkyl with 1 to
      4 carbon atoms, alkoxy with 1 to 4 carbon atoms, methylenedioxy or
      phenoxy, or optionally non-chromophorically substituted phenyl, phenoxy,
      styryl, diphenylyl, naphthyl, pyridyl, quinolyl, thienyl-2 or furyl-2 and
      Q.sub.1 denotes a radical
      ##SPC3##
PAL  wherein a.sub.1 has the meaning indicated for a under the formula (1) and
      the remarks made with regard to the benzene ring under formula (1) apply
      here also.
PAR  Compounds to be particularly singled out are those of the formula (3)
      ##EQU4##
      wherein R.sub.3 denotes styryl, phenyl, diphenylyl, naphthyl, pyridyl,
      quinolyl, thienyl-2, 5-phenyl-thienyl-2, furyl-2 or phenyl substituted by
      halogen, such as fluorine, chlorine or bromine, alkyl with 1 to 5 carbon
      atoms, cycloalkyl with 5 or 6 carbon atoms, alkoxy with 1 to 4 carbon
      atoms, phenoxy, carboxyl or its salts, carbalkoxy with 2 to 9 carbon
      atoms, nitrile, methylenedioxy, sulpho groups or their salts, carbamoyl or
      sulphamoyl optionally substituted at the nitrogen by alkyl with 1 to 6
      carbon atoms or phenyl, alkylsulphonyl or alkoxysulphonyl with 1 to 6
      carbon atoms, phenylsulphonyl or phenoxysulphonyl optionally substituted
      by halogen or alkyl with 1 to 4 carbon atoms, amino, alkanoylamino with 2
      to 4 carbon atoms or alkanoyloxy with 2 to 4 carbon atoms and Q.sub.2
      denotes a radical
      ##SPC4##
PAL  wherein the benzene ring B can optionally be substituted by halogen, alkoxy
      with 1 to 4 carbon atoms, a sulpho group or its salts, or sulphamoyl
      optionally substituted at the nitrogen by alkyl with 1 to 6 carbon atoms
      or phenyl.
PAR  Compounds to be mentioned especially are those of the formula (4)
      ##EQU5##
      wherein R.sub.4 denotes alkyl with 1 to 4 carbon atoms, diphenylyl,
      naphthyl, pyridyl, quinolyl, thienyl-2, 5-phenyl-thienyl-2 or a radical
      ##SPC5##
PAL  wherein X.sub.1 represents hydrogen, halogen, alkyl with 1 to 4 carbon
      atoms, alkoxy with 1 to 4 carbon atoms, carbalkoxy with 2 to 5 carbon
      atoms or the sulpho group or its salts and X.sub.2 represents hydrogen,
      halogen, alkyl with 1 to 4 carbon atoms or alkoxy with 1 to 4 carbon atoms
      or X.sub.1 and X.sub.2 together represent methylenedioxy and Q.sub.3
      denotes a radical
      ##SPC6##
PAL  wherein Y and Y' independently of one another represent hydrogen, halogen
      or the sulpho group or its salts.
PAR  Compounds of particular practical interest are those of the formula (1)
      which have a symmetrical structure and correspond to the formula (5)
      ##SPC7##
PAL  wherein X.sub.3 denotes hydrogen, halogen, especially chlorine or bromine,
      alkyl with 1 to 5 carbon atoms, alkoxy with 1 to 4  carbon atoms, phenyl,
      phenoxy, carboxyl or its salts, carbalkoxy with 2 to 5 carbon atoms,
      nitrile, sulpho groups or their salts, X.sub.4 and X.sub.5 independently
      of one another denote hydrogen, chlorine, alkyl with 1 to 5 carbon atoms
      or alkoxy with 1 to 4 carbon atoms or two of the X-symbols X.sub.3,
      X.sub.4 and X.sub.5 denote methylenedioxy and Q.sub.4 denotes a radical
      ##SPC8##
PAL  wherein the benzene ring D can optionally be substituted by chlorine,
      alkoxy with 1 to 4 carbon atoms or the sulpho group or its salts, and, in
      particular, compounds of the formula (6)
      ##SPC9##
PAL  wherein X.sub.6 denotes hydrogen, chlorine, alkyl with 1 to 4 carbon atoms,
      alkoxy with 1 to 4 carbon atoms or phenyl, X.sub.7 denotes hydrogen,
      chlorine or alkyl with 1 to 4 carbon atoms and Q.sub.5 denotes
      4,4'-diphenylylene or 1,4-phenylene.
PAR  Amongst the compounds of the formula (6), the bis-oxadiazole compounds of
      the formulae (7) and (8) shown below
      ##SPC10##
PAL  are preferred, in which X.sub.6 denotes hydrogen, chlorine, alkyl with 1 to
      4 carbon atoms, alkoxy with 1 to 4 carbon atoms or phenyl and X.sub.8
      denotes hydrogen, chlorine, alkyl with 1 to 4 carbon atoms or alkoxy with
      1 to 4 carbon atoms.
PAR  As regards the formulae (2) to (8) it should be noted generally that --
      unless further details are stated -- halogen is preferably chlorine and
      alkyl is to be understood as either straight-chain or branched alkyl. In
      the case of the carbamoyl or sulphamoyl group substituted at the nitrogen
      by alkyl with 1 to 6 carbon atoms -- as provided, for example, under the
      formula (3) -- the alkyl substituents of the carbamoyl or sulphamoyl group
      can also form, with the corresponding nitrogen atom, a hetero-ring which
      can contain further hetero-atoms and can optionally be substituted by
      alkyl groups with 1 to 4 carbon atoms. Morpholino, piperidino, piperazino
      and N-methylpiperazino may here be mentioned as examples of such
      hetero-rings. Examples of possible salts of carboxyl and sulpho groups are
      the alkali metal, alkaline earth metal, ammonium and amine salts. In this
      case, again, the sodium salts and potassium salts are preferred.
PAR  The bis-oxadiazole compounds of the formula (1) or of the subordinate
      formulae can be manufactured analogously to processes which are in
      themselves known. An advantageous procedure to follow is to react,
      simultaneously or successively, one mol of a compound of the formula (9)
EQU  Y.sub.1 --CH=CH--Q--CH=CH--Y.sub.1                         ( 9)
PAL  with one mol each of the compounds of the formulae (10) and (11)
EQU  R.sub.1 --Y.sub.2                                          ( 10)
PAL  and
EQU  R.sub.1 ' -- Y.sub.2                                       ( 11)
PAL  wherein R.sub.1, R.sub.1 ' and Q have the abovementioned meaning and one of
      the symbols Y.sub.1 and Y.sub.2 denotes a carboxyl group or a functionally
      modified carboxyl group and the other denotes a hydrazide group, to give a
      diacylhydrazine compound of the formula (12)
      ##EQU6##
      and subjecting this compound to cyclisation to give the bis-oxadiazole
      compound. Functionally modified carboxyl groups can be, for example,
      carboxylic acid halides, such as chlorides and bromides, carboxylic acid
      amide, carboxylic acid alkyl esters with 2 to 5 carbon atoms and nitrile
      groups. Carboxylic acid chlorides are preferred.
PAR  The reaction between the particular components of the formulae (9) and (10)
      or (11) can be carried out with or without isolation of the initially
      produced intermediate stage of the formula (12) by heating to temperatures
      above 100.degree.C, appropriately to 120.degree. - 300.degree.C,
      advantageously in the presence of an inert organic solvent such as
      toluene, xylenes, chlorobenzene, dichlorobenzenes, trichlorobenzene or
      nitrobenzene or, if acid chlorides are used, preferably in the presence of
      a catalytically active or acid-binding agent, for example in pyridine
      bases, such as picolines or pyridine, or further tertiary amines such as
      triethylamine. The conversion into the oxdiazolyl compound is as a rule
      effected by treating the diacylhydrazine compound of the formula (12) with
      agents which split off water, such as phosphorus oxychloride, phosphorus
      trichloride, phosphorus pentachloride, phosphorus pentoxide,
      polyphosphoric acid, sulphuric acid, sulphuryl chloride,
      oleum-dimethylformamide, zinc chloride, aluminium chloride or
      p-toluenesulphonic acid or, preferably, thionyl chloride, at temperatures
      between 100.degree. and 250.degree.C. If desired, high-boiling organic
      solvents such as, for example, dimethylformamide, dichlorobenzene,
      trichlorobenzene, nitrobenzene, pyridine and aliphatic, optionally
      etherified, hydroxy compounds, for example propylene glycol, ethylene
      glycol monoethyl ether, diethylene glycol diethyl ether or diethylene
      glycol dibutyl ether, can also be used conjointly.
PAR  A particularly advantageous embodiment for the manufacture of compounds of
      the formula (2) consists, for example, of first reacting a dicarboxylic
      acid dihalide of the formula (13)
EQU  Hal--CO--CH=CH--Q.sub.1 --CH=CH--CO-Hal                    (13)
PAL  with 2 mols of a hydrazide of the formula (14)
EQU  R.sub.2 --CONHNH.sub.2                                     ( 14)
PAL  preferably in the presence of a catalytically active agent or agent which
      binds hydrogen halide, and subjecting the resulting acylhydrazine compound
      to an oxadiazole cyclisation reaction by treatment with agents which split
      off water, for example thionyl chloride at between 120.degree. and
      200.degree.C. In the above formulae, Hal denotes chlorine or bromine,
      whilst Q.sub.1 and R.sub.2 have the meaning indicated earlier.
PAR  Another manufacturing process for compounds of the formula (1) which is
      advantageous in many cases consists of simultaneously or successively
      reacting one mol of a compound of the formula (15)
EQU  Z.sub.1 -- Q -- Z.sub.1                                    ( 15)
PAL  with one mol of a compound of the formula (16)
      ##EQU7##
      and one mol of a compound of the formula (17)
      ##EQU8##
      if appropriate with subsequent saponification and decarboxylation of the
      carboxylic acid derivatives first produced in the condensation; in these
      formulae, the remarks made earlier apply to Q, R.sub.1 and R.sub.1 ', and
      of Z.sub.1 and Z.sub.2 one denotes a HOC group and the other denotes
      methyl, the --CH.sub.2 COOH grouping or its functional acid derivatives or
      one of the groupings of the formulae
      ##EQU9##
      wherein R represents alkyl with 1 to 5 carbon atoms or phenyl. Possible
      functional derivatives of the HOOC--CH.sub.2 -- group are here, for
      example, --CH.sub.2 CN, --CH.sub.2 CONH.sub.2, CH.sub.2 COCl or --CH.sub.2
      COOR', wherein R' denotes an alkyl radical with 1 to 4 carbon atoms.
PAR  The modification of possible carboxyl groups in the substituents R.sub.1
      and R.sub.1 ' is effected, after having formed the bis-oxadiazole compound
      according to the above manufacturing process, by converting compounds
      according to the formula (1) or subordinate formulae, possessing free
      carboxyl groups or their salts, into corresponding acid halides and
      manufacturing the corresponding esters or amides from these according to
      methods which are in themselves known.
PAR  In accordance with the reaction principle explained above it is possible,
      for example, to react dialdehydes of the formula (22)
EQU  OHC -- Q -- CHO                                            (22)
PAL  with monofunctional compounds of the formulae
      ##EQU10##
      or to react monoaldehydes of the formulae
      ##EQU11##
      with bifunctional compounds of the formula (27)
EQU  V -- Q -- V                                                (27)
PAL  wherein V denotes methyl, the --CH.sub.2 COOH grouping or its functional
      acid derivatives or one of the phosphorus-containing substituents of the
      formulae (18), (19), (20) or (21) and Q, R.sub.1 and R.sub.1 ' have the
      meaning indicated under the formulae (15), (16) and (17).
PAR  A possible preferred method of manufacture for producing compounds
      according to the formula (2) is the process variant, amongst those
      mentioned above, according to which one mol of a compound of the formula
      (28)
EQU  OHC -- Q.sub.1 -- CHO                                      (28)
PAL  is reacted with two mols of a compound of the formula (29)
      ##EQU12##
      wherein Q.sub.1 and R.sub.2 have the meaning indicated under the formula
      (2).
PAR  The condensation of a compound of the formula (15) with the compounds of
      the formulae (16) and (17) can be carried out in the melt, preferably in
      an inert solvent, at temperatures between 20.degree. and 150.degree.C, if
      necessary in the presence of a catalyst. Examples of possible solvents are
      hydrocarbons, such as toluene and xylene, or alcohols such as methanol,
      ethanol, isopropanol, butanol, glycol, glycol ethers such as
      2-methoxyethanol, hexanols, cyclohexanol and cyclooctanol, and also
      ethers, such as diisopropyl ether, tetrahydrofuran and dioxane. Polar
      organic solvents such as dimethylformamide, N-methylpyrrolidone and
      dimethylsulphoxide are particularly suitable. Some of the reactions can
      also be carried out in aqueous solution. Examples of suitable catalysts
      are tertiary amines such as pyridine, picoline, triethylamine piperidine,
      zinc chloride, boric acid, boric anhydride, acetic anhydride,
      p-toluenesulphonic acid and alkali metal acetates, alkali metal hydroxides
      or alkaline earth metal hydroxides, alkali metal alcoholates,
      phthalimide-potassium and potassium carbonate.
PAR  The new compounds defined above display a more or less pronounced
      fluorescences fluorescence the dissolved or finely divided state. They can
      be used for the optical brightening of the most diverse synthetic,
      semi-synthetic or natural organic materials or substances which contain
      such organic materials.
PAR  The following groups of organic materials, where optical brightening hereof
      is relevant, may be mentioned as examples of the above, without the survey
      given below being intended to express any restriction thereto
PA0  I. synthetic organic high molecular materials:
PAR  a. Polymerisation products based on organic compounds containing at least
      one polymerisable carbon-carbon double bond, that is to say their
      homopolymers or copolymers as well as their after-treatment products such
      as, for example, crosslinking, grafting or degradation products, polymer
      blends or products obtained by modification of reactive groups, for
      example polymers based on .alpha.,.beta.-unsaturated carboxylic acids or
      derivatives of such carboxylic acids, especially on acrylic compounds
      (such as, for example, acrylic esters, acrylic acid, acrylonitrile,
      acrylamides and their derivatives or their methacryl analogues), on
      olefine hydrocarbons (such as, for example, ethylene, propylene, styrenes
      or dienes and also so-called ABS polymers), and polymers based on vinyl
      and vinylidene compounds (such as, for example, vinyl chloride, vinyl
      alcohol and vinylidene chloride),
PAR  b. Polymerisation products such as are obtainable by ring opening, for
      example, polyamides of the polycaprolactam type and also polymers which
      are obtainable both via polyaddition and via polycondensation, such as
      polyethers or polyacetals.
PAR  c. Polycondensation proucts or precondensates based on bifunctional or
      polyfunctional compounds possessing condensable groups, their
      homocondensation and co-condensation products, and after-treatment
      products, such as, for example, polyesters, especially saturated (for
      example ethylene glycol terephthalic acid polyester) or unsaturated (for
      example maleic acid-dialcohol polycondensates as well as their
      crosslinking products with copolymerisable vinyl monomers), unbranched and
      branched (also including those based on polyhydric alcohols such as, for
      example alkyd resins) polyesters, polyamides (for example
      hexamethylenediamine adipate), maleate resins, malamine resins, their
      precondensates and analogues, polycarbonates and silicones,
PAR  d. Polyaddition products such as polyurethanes (cross-linked and
      non-crosslinked) and epoxide resins.
PAL  Ii. semi-synthetic organic materials, for examples, cellulose esters of
      varying degrees of esterification (so-called 21/2 acetate or triacetate)
      or cellulose ethers, regenerated cellulose (viscose or cuprammonium
      cellulose), or their after-treatment products, and casein plastics.
PAL  Iii. natural organic materials of animal or vegetable origin, for example
      based on cellulose or proteins, such as cotton, wool, linen, silk, natural
      lacquer resins, starch and casein.
PAR  The organic materials to be optically brightened can be in the most diverse
      states of processing (raw materials, semi-finished goods or finished
      goods). On the other hand, they can be in the form of structures of the
      most diverse shapes, say for example predominantly three-dimensional
      bodies such as sheets, profiles, injection mouldings, various machined
      articles, chips, granules or foams, and also as predominantly
      two-dimensional bodies such as films, foils, lacquers, coatings,
      impregnations and coatings, or as predominantly one-dimensional bodies
      such as filaments, fibres, flocks and wires. The said materials can, on
      the other hand, also be in an unshaped state, in the most diverse
      homogeneous or inhomogeneous forms of division, such as, for example, in
      the form of powders, solutions, emulsions dispersions, latices, pastes or
      waxes.
PAR  Fibre materials can, for example, be in the form of endless filaments
      (stretched or unstretched), staple fibres, flocks, hanks, textile
      filaments, yarns, threads, fibre fleeces, felts, waddings, flocked
      structures or woven textile fabrics, textile laminates, knitted fabrics
      and paper, cardboards or paper compositions.
PAR  The compounds to be used according to the invention are of importance,
      inter alia, for the treatment of organic textile materials, especially
      woven textile fabrics. Where fibres, which can be in the form of staple
      fibres or endless filaments or in the form of hanks, woven fabrics,
      knitted fabrics, fleeces, flocked substrates or laminates, are to be
      optically brightened according to the invention, this is advantageously
      effected in an aqueous medium, wherein the compounds in question are
      present in a finely divided form (suspensions, so-called microdispersions
      or possibly solutions). If desired, dispersing agents, stabilisers,
      wetting agents and further auxiliaries can be added during the treatment.
PAR  Depending on the type of brightener compound used, it may prove
      advantageous to carry out the treatment in a neutral or alkaline or acid
      bath. The treatment is usually carried out at a temperatures of about
      20.degree. to 140.degree.C, for example at the boiling point of the bath
      or near it (about 90.degree.C). Solutions or emulsions in organic solvents
      can also be used for the finishing according to the invention, of textile
      substrates, as is practised in the dyeing trade in so-called solvent
      dyeing (pad-thermofix application, or exhaustion dyeing process in dyeing
      machines).
PAR  The new optical brighteners according to the present invention can further
      be added to, or incorporated in, the materials before or during their
      shaping. Thus they can, for example, be added to the compression moulding
      composition or injection moulding composition during the manufacture of
      films, sheets (for example, hot milling into polyvinyl chloride) or
      mouldings.
PAR  Where fully synthetic or semi-synthetic organic materials are being shaped
      by spinning processes or via spinning compositions, the optical
      brighteners can be applied in accordance with the following processes:
PAR  addition to the starting substances (for example monomers) or intermediates
      (for example precondensates or prepolymers), that is to say before or
      during the polymerisation, polycondensation or polyaddition,
PAR  powdering onto polymer chips or granules for spinning compositions,
PAR  bath dyeing of polymer chips or granules for spinning compositions,
PAR  metered addition to spinning melts or spinning solutions, and
PAR  Application to the tow before stretching.
PAR  The new optical brighteners according to the present invention can, for
      example, also be employed in the following use forms:
PAR  Mixed with dyestuffs (shading) or pigments (coloured pigments or
      especially, for example, white pigments), or as an additive to dye baths,
      printing pastes, discharge pastes or reserve pastes, or for the
      after-treatment of dyeings, prints or discharge prints.
PAR  b. Mixed with so-called "carriers," wetting agents, plasticisers, swelling
      agents, anti-oxidants, light protection agents, heat stabilisers and
      chemical bleaching agents (chlorite bleach or bleaching bath additives).
PAR  c. Mixed with crosslinking agents or finishing agents (for example starch
      or synthetic finishes), and in combination with the most diverse textile
      finishing processes, especially synthetic resin finishes (for example
      creaseproof finishes such as "wash-and-wear", "Permanent-press" or
      "no-iron"), as well as flameproof finishes, soft handle finishes,
      anti-soiling finishes or antti-static finishes, or antimicrobial finishes.
PAR  d. Incorporation of the optical brighteners into polymeric carriers
      (polymerisation, polycondensation or polyaddition products), in a
      dissolved or dispersed form, for use, for example, in coating agents,
      impregnating agents or binders (solutions, dispersions and emulsions) for
      textiles, fleeces, paper and leather.
PAR  e. As additives to so-called "master batches."
PAR  f. As additives to the most diverse industrial products in order to render
      these more marketable (for example improving the appearance of soaps,
      detergents, pigments),
PAR  g. In combination with other optically brightening substances,
PAR  h. In spinning bath preparations, that is to say as additives to spinning
      baths such as are used for improving the slip for the further processing
      of synthetic fibres, or from a special bath before the stretching of the
      fibre.
PAR  i. As scintillators for various purposes of a photographic nature, such as,
      for example, for electrophotographic reproduction or supersensitisation,
      and for the optical brightening of photographic layers, optionally in
      combination with white pigments such as, for example, TiO.sub.2.
PAR  If the brightening process is combined with textile treatment methods or
      finishing methods, the combined treatment can in many cases advantageously
      be carried out with the aid of appropriate stable preparations, which
      contain the optically brightening compounds in such concentration that the
      desired brightening effect is achieved.
PAR  In certain cases, the brighteners are made fully effective by an
      after-treatment. This can, for example, represent a chemical treatment
      (for example acid treatment), a thermal treatment (for example heat) or a
      combined chemical/thermal treatment. Thus, for example, the appropriate
      procedure to follow in optically brightening a series of fibre substrates,
      for example of polyester fibres, with the brighteners according to the
      invention is to impregnate these fibres with the aqueous dispersions (or
      optionally also solutions) of the brighteners at temperatures below
      75.degree.C, for example at room temperature, and to subject them to a dry
      heat treatment at temperatures above 100.degree.C, it being generally
      advisable additionally to dry the fibre material beforehand at a
      moderately elevated temperature, for example at not less than 60.degree.C
      and up to about 130.degree.C. The heat treatment in the dry state is then
      advantageously carried out at temperatures between 120.degree. and
      255.degree.C, for example by heating in a drying chamber, by ironing
      within the specified temperature range or by treatment with dry,
      superheated steam. The drying and dry heat treatment can also be carried
      out in immediate succession or be combined in a single process stage.
PAR  The amount of the new optical brighteners to be used according to the
      invention, relative to the material to be optically brightened, can vary
      within wide limits. A distinct and durable effect is already achievable
      with very small amounts, in certain cases, for example, amounts of 0.0001
      per cent by weight. However, amounts of up to about 0.8 per cent by weight
      and optionally of up to about 2 per cent by eight can be employed. For
      most practical purposes, amounts between 0.0005 and 0.5 per cent by weight
      are of preferred interest.
PAR  The new optical brightening agents -- insofar as they contain groups which
      confer solubility in water -- are also particularly suitable for use as
      additives for wash liquors or industrial and domestic washing agents, to
      which they can be added in various ways. They are appropriately added to
      wash liquors in the form of their solutions in water or organic solvents
      or in a finely divided form, as aqueous dispersions. They are
      advantageously added to domestic or industrial washing agents in any stage
      of the manufacturing process of the washing agents, for example to the
      so-called "slurry" before spray-drying to the washing powder, or during
      the preparation of liquid washing agent combinations. They can be added
      either in the form of a solution or dispersion in water or other solvents
      or, without auxiliaries, as a dry brightening powder. For example, the
      brightening agents can be mixed, kneaded or ground with the detergent
      substances and, in this form, admixed to the finished washing powder.
      However, they can also be sprayed in a dissolved or pre-dispersed form
      onto the finished washing agent.
PAR  Possible washing agents are the known mixtures of detergent substances such
      as, for example, soap in the form of chips and powders, synthetics,
      soluble salts or sulphonic acid half esters of higher fatty alcohols,
      arylsulphonic acids with higher and/or multiple alkyl substituents,
      sulphocarboxylic acid esters of medium to higher alcohols, fatty acid
      acylaminoalkyl- or acylaminoaryl-glycerinesulphonates, phosphoric acid
      esters of fatty alcohols and the like. Possible so-called "builders" which
      can be used are, for example, alkali metal polyphosphates and
      polymetaphosphates, alkali metal pyrophosphates, alkali metal salts of
      carboxymethylcellulose and other "soil redeposition inhibitors", and also
      alkali metal silicates, alkali metal carbonates, alkali metal borates,
      alkali metal perborates, nitrilotriacetic acid, ethylenediaminotetraacetic
      acid, and foam stabilisers such as alkanolamides of higher fatty acids.
      The washing agents can further contain for example: antistatic agents,
      skin protection agents which restore fat, such as lanolin, enzymes,
      anti-microbial agents, perfumes and dyestuffs.
PAR  The new optical brighteners have the particular advantage that they are
      also active in the presence of active chlorine donors such as, for
      example, hypochlorite, and can be used without significant loss of the
      effects in wash liquors containing non-ionic washing agents, for example
      alkylphenol polyglycol ethers.
PAR  The compounds according to the invention are added in amounts of 0.005-1%
      or more, relative to the weight of the liquid or pulverulent finished
      washing agent. Wash liquors which contain the indicated amounts of the
      optical brighteners claimed impart a brilliant appearance in daylight when
      used to wash textiles of cellulose fibres, polyamide fibres, cellulose
      fibers with a high quality finish, polyester fibres, wool and the like.
PAR  The washing treatment is carried out as follows, for example:
PAR  The textiles indicated are treated for 1 to 30 minutes at 20.degree. to
      100.degree.C in a wash liquor which contains 1 to 10 g/kg of a built-up
      composite washing agent and 0.05 to 1%, relative to the weight of the
      washing agent, of the claimed brightening agents. The liquor ratio can be
      1:3 to 1:50. After washing, the textiles are rinsed and dried in the usual
      manner. The wash liquor can contain 0.2 g/l of active chlorine (for
      example as hypochlorite) or 0.1 to 2 g/l of sodium perborate as a
      bleaching additive.
DETD
PAR  In the examples the parts, unless otherwise stated, are always parts by
      weight and the percentages are always percentages by weight. Unless
      otherwise noted melting points and boiling points are uncorrected.
PAC  EXAMPLE 1
PAR  A mixture of 10.5 g of biphenyl-4,4'-dialdehyde, 12.0 g of malonic acid,
      0.1 ml of piperidine and 30 ml of pyridine is stirred for 2 hours at
      45.degree.-50.degree.C and 3 hours at 100.degree.C. After cooling, 50 ml
      of water and 30 ml of concentrated hydrochloric acid are added to the
      suspension and the mixture is filtered. The residue is repeatedly washed
      with water, dried and extracted by boiling with 50 ml of dioxane, and 13.2
      g of the dicarboxylic acid of the formula (30)
      ##SPC11##
PAL  are obtained as a sparingly soluble pale yellow powder of melting point
      330.degree.C.
PAR  Analysis: (After high vacuum sublimation at approx. 300.degree.C): C.sub.18
      H.sub.14 O.sub.4 (294.29): Calculated: C 73, 46%; H 4.80%; Found: C
      73.73%; H 4.74%
PAR  A mixture of 14.7 g of dicarboxylic acid of the formula (30 ), 21.8 g of
      phosphorus pentachloride and 50 ml of chlorobenzene is heated under reflux
      for one-fourth hour, in the course of which complete solution occurs. The
      product which crystallises out on cooling is filtered off and dried in
      vacuo at 70.degree.C. 8.0 g of the acid chloride of the formula (31)
      ##SPC12##
PAL  are obtained in the form of light yellow crystals of melting point
      239.degree.C.
PAR  4.8 g of the dicarboxylic acid dichloride of the formula (31) and 41. g of
      benzhydrazide are stirred in 90 ml of anhydrous dichlorobenzene and 0.1 ml
      of pyridine for 1 hour under reflux. 6.5 ml of thionyl chloride are added
      dropwise at the boil, over the course of one-fourth hour, to the resulting
      suspension of the dihydrazide of the formula (32)
      ##SPC13##
     after which the dihydrazide dissolves. After completion of the evolution of
      hydrogen chloride, the mixture is cooled and the product which has
      precipitated is filtered off, repeatedly washed with ethanol and dried.
      3.7 g of the compound of the formula (33)
      ##SPC14##
PAL  are obtained, the compound being in the form of light yellow crystals of
      melting point 271.degree.C after recrystallisation from dodecylbenzene and
      dimethylformamide.
PAR  If instead of benzhydrazide m-toluic acid hydrazide is used, the compound
      of the formula (34)
      ##SPC15##
PAL  is obtained, melting point 271.degree.C (after recrystallisation from
      dodecylbenzene and dimethylformamide).
PAR  The compounds of the general formula (35)
      ##SPC16##
PAL  listed in the Table I which follows are obtained in a similar manner.
TBL                Table I                                                     
     ______________________________________                                    
     Formula No. R.sub.5           Melting                                     
                                   point                                       
     ______________________________________                                    
     (36)                          259.degree.                                 
     (37)                          225.degree.                                 
     (38)                          233.degree.                                 
     (39)                          296.degree.                                 
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  12.7 g of powdered potassium hydroxide (88% strength) are introduced in
      portions, with vigorous stirring into a solution of 12.8 g of
      2-methyl-5-phenyl-1,3,4-oxadiazole and 8.4 g of biphenyl-4,4'-dialdehyde
      in 100 ml of dimethylformamide. The mixture is stirred for 16 hours at
      50.degree.-55.degree.C, during which time it assumes a dark colouration.
      After cooling to room temperature, 25 ml of water are added to the
      reaction mixture and the precipitated is filtered off and washed with 10
      ml of dimethylformamide and repeatedly with methanol and water. The dried
      residue (15.3 g) is recrystallised from 220 ml of dimethylformamide with
      the aid of active charcoal and fuller's earth. 9.1 g of the compound of
      the formula (33) are obtained in the form of pale yellow crystals of
      melting point 274.degree.C.
PAR  If instead of potassium hydroxide the equivalent amount of potassium
      tert.-butylate is used and an analogous procedure is followed, the
      compound of the formula (33) is again obtained. Instead of
      dimethylformamide, the condensation can also be carried out in
      dimethylsulphoxide or N-methylpyrrolidone.
PAC  EXAMPLE 3
PAR  Bis-oxadiazole compounds of the formula (40)
      ##SPC17##
     85/12
PAL  wherein R.sub.5 and a.sub.2 have the meaning indicated in Table II below,
      are manufactured in a similar manner to that described in Example 1 or 2.
TBL                Table II                                                    
     ______________________________________                                    
     Formula No. R.sub.6           a.sub.2                                     
     ______________________________________                                    
     (41)                          H                                           
     (42)                          H                                           
     (43)                          H                                           
     (44)                          H                                           
     (45)        CH.sub.3          H                                           
                 CH.sub.3 ----C                                                
                 CH.sub.3                                                      
     (46)                          CH.sub.3                                    
     (47)                          OCH.sub.3                                   
     (48)                          Cl                                          
     (49)                          H                                           
     (50)                          H                                           
     (51)                          H                                           
     (52)                          H                                           
     (53)                          H                                           
     (54)                          H                                           
     (55)                          H                                           
     (56)                          H                                           
     (57)                          H                                           
     (58)                          H                                           
     (59)                          H                                           
     (60)                          H                                           
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A mixture of 23.5 g of dicarboxylic acid of the formula (30), 33.3 g of
      phosphorus pentachloride and 70 ml of perchloroethylene is heated for 30
      minutes at the reflux temperature and the solvent is then stripped off in
      vacuo. The resulting acid chloride of the formula (31) is stirred with
      19.1 g of nicotinic acid hydrazide in 200 ml of anhydrous pyridine for 1
      hour at the reflux temperature and the suspension is filtered at room
      temperature. After washing the residue with pyridine and water and
      subsequent drying, 8.5 g of dihydrazide of melting point 291.degree.C
      (decomposition) are obtained.
PAR  This dihydrazide is stirred in 40 ml of o-dichlorobenzene, 8 ml of pyridine
      and 4.5 ml of phosphorus oxychloride for 30 minutes at the reflux
      temperature, in the course of which it dissolves. The solution is cooled,
      20 ml of methanol are added, and the precipitate is filtered off,
      repeatedly washed with methanol and dried. 7.6 g of the dioxadiazole of
      the formula
      ##SPC18##
PAL  are obtained, melting at 313.degree.C after recrystallisation from
      dodecylbenzene and dichlorobenzene.
PAC  EXAMPLE 5
PAR  10.9 g of benzhydrazide and 10.2 g of p-phenylenediacrylic acid dichloride
      [P. Ruggli and W. Theilheimer, Helv. Chim. Acta 24 (1941) 899-918] in 100
      ml of anhydrous pyridine are stirred for one quarter hour at 50.degree.C
      and one half hour at the reflux temperature. The resulting suspension is
      cooled and filtered. The residue is washed with ethanol and dried. 12.1 g
      of the dihydrazide of the formula (62)
      ##SPC19##
PAL  of melting point 325.degree.C (after recrystallisation of a sample from
      diethylene glycol) are obtained.
PAR  11.0 g of the crude dihydrazide of the formula (62) in 50 ml of
      o-dichlorobenzene and 0.1 ml of pyridine are stirred under reflux whilst
      adding 5.3 ml of thionyl chloride dropwise. The dihydrazide gradually
      dissolves. After the evolution of hydrogen chloride has ceased, the
      solution is cooled. The product which has crystallised off is filtered
      off, washed with dimethylformamide and dried. 7.3 g of the dioxadiazole of
      the formula (63)
      ##SPC20##
PAL  of melting point 276.degree.C (after recrystallisation from
      dimethylformamide and o-dichlorobenzene, with the aid of aluminium oxide
      for decolourisation) are obtained.
PAC  EXAMPLE 6
PAR  A solution of 9.8 g of 2-chloromethyl-5-phenyl-1,3,4-oxadiazole (Belgian
      Patent No. 773,033) and 20 mg of zinc chloride in 26.2 g of triethyl
      phosphite is slowly heated to the reflux temperature and kept for 1 hour
      at 170.degree.-180.degree.C. After the elimination of ethyl chloride has
      ceased, the excess triethyl phosphite is evaporated off in vacuo and the
      residue is cooled to room temperature.
PAR  The resinous residue, which contains the phosphonate of the formula (64)
      ##SPC21##
PAL  together with 2.7 g of terephthalaldehyde are dissolved in 50 ml of
      dimethylformamide and 4.3 g of sodium methylate are introduced in small
      portions over the course of one quarter hour, whilst stirring. The
      reaction mixture is stirred for a further 3 hours at
      45.degree.-50.degree.C, cooled and mixed with 40 ml of water. The product
      which has crystallised out is filtered off, repeatedly washed with
      methanol and water and dried. 2.7 g of a yellow compound of the formula
      (63), which melts at 276.degree.C after recrystallisation from
      dimethylformamide, are obtained.
PAC  EXAMPLE 7
PAR  15.9 g of powdered potassium hydroxide (88% strength) are introduced into a
      solution of 16.0 g of 2-methyl-5-phenyl-1,3,4-oxadiazole and 6.7 g of
      terephthalaldehyde in 100 ml of dimethylformamide, whilst stirring
      vigorously. The mixture is stirred for 16 hours at 50.degree.-55.degree.C,
      during which it assumes a dark colour. After cooling to room temperature,
      20 ml of water and 5 ml of glacial acetic acid are added to the reaction
      mixture. The resulting precipitate is filtered off and repeatedly washed
      with methanol and water. The dried residue (6.8 g) is then boiled up in 30
      ml of dimethylformamide, the suspension is cooled and filtered and the
      residue is washed with dimethylformamide. 5.6 g of the compound of the
      formula (63) are obtained in the form of pale greenish-yellow crystals of
      melting point 276.degree.C.
PAR  If instead of potassium hydroxide 28.0 g of potassium tert.-butylate are
      used, and an analogous procedure is followed, 5.6 g of the compound of the
      formula (63) are again obtained.
PAR  Instead of dimethylformamide, the condensation can also be carried out in
      dimethylsulphoxide or N-methylpyrrolidone.
PAC  EXAMPLE 8
PAR  A mixture of 17.0 g of p-phenyl-benzhydrazide, 10.2 g of
      p-phenylene-diacrylic acid dichloride, 0.2 ml of pyridine and 200 ml of
      anhydrous trichlorobenzene is slowly heated to the boil whilst stirring
      and is kept under reflux for 1 hour. After adding 0.2 ml of pyridine, 8.8
      ml of thionyl chloride are added dropwise over the course of one hour, in
      the course of which the intermediate product which has precipitated
      redissolves.
PAR  Afer the evolution of hydrogen chloride has ceased, the solution is cooled
      and the product obtained is filtered off. It is washed with
      dimethylformamide and ethanol and dried. 18.3 g of the compound of the
      formula (65)
      ##SPC22##
PAL  are obtained, melting at 331.degree.C after recrystallisation from
      N-methylpyrrolidone and trichlorobenzene.
PAR  The compounds of the general formula (66)
      ##SPC23##
PAL  listed in Table III are obtained in a similar manner but using
      o-dichlorobenzene instead of trichlorobenzene.
TBL                Table III                                                   
     ______________________________________                                    
     Formula No. R.sub.7           Melting                                     
                                   point                                       
     ______________________________________                                    
     (67)                          304.degree.                                 
     (68)                          210.degree.                                 
     (69)                          247.degree.                                 
     (70)                          340.degree.                                 
     (71)                          228.degree.                                 
     (72)                          287.degree.                                 
     (73)                          280.degree.                                 
     (74)                          193.degree.                                 
     (75)                          340.degree.                                 
     (76)        CH.sub.3 --       252.degree.                                 
     (77)                          311.degree.                                 
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  A solution of 1.34 g of terephthalaldehyde and 4.64 g of the oxadiazole of
      the formula (78)
      ##SPC24##
PAL  (Ann.Chim. 2 (1967) 169-181) in 100 ml of toluene and 0.2 ml of piperidine
      is boiled for 23 hours under reflux whilst azeotropically distilling the
      water formed. The reaction product is completely concentrated by
      evaporation in vacuo and the residue is recrystallised from 20 ml of
      ethylene glycol monomethyl ether. 1.6 g of the compound of the formula
      (79)
      ##SPC25##
PAL  are obtained. Light yellow, felted small needles of melting point
      176.degree.C are obtained after recrystallisation from perchloroethylene
      and n-butanol.
PAR  2.4 g of the compound of the formula (79) are stirred with 1.2 g of
      potassium tert.-butylate in 50 ml of absolute ethanol for 2 hours at the
      reflux temperature. The reaction product is evaporated in vacuo, the
      residue is boiled up in 10 ml of water and after cooling to room
      temperature 3 ml of concentrated hydrochloric acid are added. The
      resulting free dicarboxylic acid is filtered off, washed with water until
      neutral, dried in vacuo and heated for 2 hours to 230.degree.C whilst
      excluding atmospheric oxygen. The residue is taken up in boiling
      dimethylformamide and the solution is clarified by filtering it while hot
      and is allowed to cool. The product which has precipitated is filtered
      off, washed with dimethylformamide and dried in vacuo at 100.degree.C. The
      compound of the formula (63), of melting point 269.degree.-276.degree.C,
      is obtained.
PAC  EXAMPLE 10
PAR  25.5 g of p-phenylene-diacrylic acid dichloride are introduced over the
      course of half an hour into a solution of 80.0 g of hydrazine hydrate and
      200 ml of ethanol, whilst stirring and cooling, in such a way that the
      temperature does not rise above 40.degree.C. The mixture is then heated to
      70.degree.C for 1 hour and for one quarter hour to the refluxing
      temperature. After cooling to room temperature, the reaction mixture is
      filtered and the residue is washed with methanol and dried (18.5 g).
PAR  This product is stirred in 100 ml of dimethylformamide and 20 ml of
      pyridine at the reflux temperature. 16.3 ml of benzoyl chloride are then
      added dropwise to the suspension over the course of 10 minutes. After a
      further 2 hours the mixture is cooled, 30 ml of water are added, the whole
      is filtered and the residue is washed with methanol and dried (16.0 g).
PAR  This product is stirred in 80 ml of o-dichlorobenzene under reflux after
      having adding 0.15 ml of pyridine, and 12.6 ml of thionyl chloride are
      introduced dropwise. After the evolution of hydrogen chloride has ceased,
      the mixture is cooled and filtered and the residue is washed with
      dimethylformamide and dried (8.3 g). After recrystallisation from
      dimethylformamide, dodecylbenzene and o-dichlorobenzene, the compound of
      the formula (63) of melting point 272.degree.-276.degree.C, is obtained.
PAC  EXAMPLE 11
PAR  6.9 g of nicotinic acid hydrazide and 6.4 g of p-phenylenediacrylic acid
      chloride in 100 ml of anhydrous pyridine are stirred for one hour at the
      reflux temperature. The suspension is cooled and filtered and the residue
      is washed with pyridine and water and dried. 8.6 g of the dihydrazide of
      the formula (80)
      ##SPC26##
PAL  melting at approx. 325.degree.C are obtained.
PAR  This compound is then stirred in 40 ml of o-dichlorobenzene, 8 ml of
      pyridine and 4.5 ml of phosphorus oxychloride for one hour at the reflux
      temperature. A further 10 ml of pyridine are added, the mixture is cooled
      and filtered and the residue is washed with methanol and dried. 5.1 g of
      the dioxadiazole of the formula (81)
      ##SPC27##
PAL  are obtained, pale yellow crystals of melting point 298.degree.C after
      recrystallisation from dodecylbenzene and dimethylformamide.
PAC  EXAMPLE 12
PAR  10.4 g of terephthalic acid ethyl ester hydrazide and 6.4 g of
      p-phenylene-diacrylic acid dichloride in 80 ml of anhydrous pyridine are
      stirred for 1 hour at the reflux temperature. The resulting suspension is
      cooled and filtered. The residue is washed with methanol and dried, and
      11.3 g of dihydrazide of melting point 332.degree.C (decomposition) are
      obtained. This product is stirred in 120 ml of o-dichlorobenzene, 0.1 ml
      of pyridine and 4.5 ml of phosphorus oxychloride for 1 1/2 hours at the
      reflux temperature. After the evolution of hydrogen chloride has ceased,
      the mixture is cooled and filtered and the residue is repeatedly washed
      with alcohol and dried. 9.9 g of the dioxadiazole of the formula (82)
      ##SPC28##
PAL  are obtained, melting point 320.degree.C (after recrystallisation from
      N-methylpyrrolidone and o-dichlorobenzene).
PAC  EXAMPLE 13
PAR  Bis-oxadiazole compounds of the formula (83)
      ##SPC29##
PAL  wherein R.sub.8, a.sub.3 and a.sub.4 have the meanings indicated in Table
      IV below, are manufactured in a similar manner to that described in
      Examples 5, 7, 8 or 11.
TBL                Table IV                                                    
     ______________________________________                                    
     Formula No. R.sub.8          a.sub.3 a.sub.4                              
     ______________________________________                                    
     (84)                         H       H                                    
     (85)                         Cl      Cl                                   
     (86)                         Cl      H                                    
     (87)                         H       H                                    
     (88)                         H       H                                    
     (89)                         H       H                                    
     (90)                         H       H                                    
     (91)                         H       H                                    
     (92)                         H       H                                    
     (93)                         H       H                                    
     (94)                         H       H                                    
     (95)                         H       H                                    
     (96)                         H       H                                    
     (97)                         H       H                                    
     (98)                         H       H                                    
     (99)                         H       H                                    
     (100)                        H       H                                    
     (101)                        H       H                                    
     (102)                        H       H                                    
     (103)                        H       H                                    
     (104)                        H       H                                    
     (105)                        H       H                                    
     (106)                        H       H                                    
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  A solution of 2.1 g of the compound of the formula (63) in 10 ml of
      chlorosulphonic acid is warmed to 70.degree.C for 30 minutes, cooled and
      poured out onto ice, whereupon a yellow product precipitates. This is
      filtered off, repeatedly washed with ice water and dried in vacuo over
      calcium chloride 2.6 g of the monosulphochloride of the formula (107)
      ##SPC30##
PAL  are obtained, melting point 206.degree.C (decomposition), after
      recrystallisation from xylene and chlorobenzene in the presence of a
      little thionyl chloride.
PAR  0.5 g of this compound is dissolved in 15 ml of hot pyridine, 2 ml of water
      are added and the mixture is heated for 15 minutes under reflux. It is
      evaporated to dryness on a rotary evaporator and the residue is
      crystallised from 10 ml of n-butanol. 0.3 g of crude pyridinium salt of
      the corresponding sulphonic acid
      ##SPC31##
PAL  is obtained, melting point approx. 260.degree.C (after recrystallisation
      from methylcellosolve-water).
PAC  EXAMPLE 15
PAR  4.7 g of the compound of the formula (63) are introduced into 25 ml of
      oleum (25% strength) at room temperature, whilst stirring. After 2 hours,
      the solution is poured onto 50 g of ice, which does not result in the
      precipitation of a solid product. The mixture is neutralised to pH 6-7
      with crystalline sodium acetate, whilst hot, and is cooled, the salts
      which have precipitated are filtered off and the filtrate is evaporated to
      dryness on a rotary evaporator. 23.2 g of a yellow, readily water-soluble
      sulphonation product
      ##SPC32##
PAL  are obtained, which still contains a large amount of sodium sulphate and
      sodium acetate. The product can be used, without further purification, for
      the brightening of polyamide and cellulose.
PAC  EXAMPLE 16
PAR  A polyester fabric based on terephthalic acid/ethylene glycol (for example
      "Dacron") is padded at room temperature with an aqueous dispersion with
      contains, per liter, 2 g of the compound of the formula (27) and 1 g of an
      addition product of about 8 mols of ethylene oxide to 1 mol of
      p-tert.octylphenol, and is dried at about 100.degree.C. The dry material
      is subsequently briefly subjected to a heat treatment at 220.degree.C. The
      material treated in this way displays a strong brightening effect, with
      good fastness to light.
PAR  If instead of the compound of the formula (63) a compound of the formula
      (33), (34), (38), (69), (71), (72) or (81) is employed, similar results
      are obtained.
PAR  If instead of the polyester fabric described above, a fabric of a polyester
      produced by co-condensation with 2 to 5 mol% of the (sulphonate) sodium
      salt of isophthalic acid-5-sulphonic acid (Dacron 64) is used, the
      abovementioned compounds again give a strong brightening of good fastness
      to light.
PAC  EXAMPLE 17
PAR  100 parts of granules of a terephthalic acid/ethylene glycol polyester are
      intimately mixed with 0.05 part of one of the compounds of the formulae
      (33), (37), (39), (63), (68), (71), (72) or (75) and the mixture is fused
      at 285.degree.C, whilst stirring. After spinning the spinning composition
      through customary spinnerets, brightened polyester fibres of good fastness
      to light are obtained.
PAC  EXAMPLE 18
PAR  1,000 parts of granular polyamide-6 are mixed for 12 hours in a tumbler
      vessel with 3 parts of titanium dioxide (rutile modification) and 1 part
      of one of the compounds of the formulae (33), (34), (63) or (75). The
      mixture is fused with exclusion of atmospheric oxygen and the melt is spun
      in the usual manner. The resulting filaments are strongly brightened.
PAC  EXAMPLE 19
PAR  An intimate mixture of 100 parts of polyvinyl chloride, 3 parts of
      stabiliser (Advastat BD 100: Ba/Cd complex), 2 parts of titanium dioxide,
      59 parts of dioctyl phthalate and 0.01 to 0.2 part of one of the compounds
      of the formulae (33), (34), (38), (63), (68), (71), (72), (74) or (75) is
      milled on a calender at 150 to 155.degree.C to give a film. The opaque
      polyvinyl chloride film thus obtained has a substantially higher degree of
      whiteness than a film which does not contain the optical brightener.
PAC  EXAMPLE 20
PAR  A casting composition of 10 g of polyacrylonitrile, 0.2 g of titanium
      dioxide (anatase modification) as a delustering agent and 40 ml of
      dimethylformamide, which contains 5 mg of one of the compounds of the
      formulae (33), (63), (68), (72) or (75), is poured onto a glass plate and
      spread by means of a metal rod to give a thin film. After drying, the film
      is strongly brightened.
PAC  EXAMPLE 21
PAR  A 15% strength casting composition of acetylcellulose in acetone which
      contains -- relative to the dry weight of plastic -- 2% of anatase
      (titanium dioxide) as delustering agent, and 0.04% of one of the compounds
      of the formulae (68) or (74), is poured on a glass plate and spread by
      means of a metal rod to give a thin film. After drying, the film shows a
      substantially higher degree of whiteness than a film produced in the same
      way which does not contain an optical brightener.
PAC  EXAMPLE 22
PAR  100 parts of polystyrene and 0.1 part of one of the compounds of the
      formulae (68), (72) or (75) are fused, with exclusion of air, in a tube of
      1 cm diameter for 20 minutes at 210.degree.C. After cooling, an optically
      brightened polystyrene composition of good fastness to light is obtained.
PAC  EXAMPLE 23
PAR  A polyester fabric is treated in an autoclave, using a liquor ratio of
      1:25, in a bath of the following composition: 0.16% (relative to the fibre
      weight of the fabric to be brightened) of the compound (66) in a finely
      dispersed form, 1.0 g of an ethoxylated stearyl alcohol and 1,000 ml of
      softened water.
PAR  The bath is heated from 40.degree.C to 120.degree.C over the course of 30
      minutes, left at 120.degree.C for a further 30 minutes and cooled, and the
      fabric is rinsed and dried. A strongly brightened polyester fabric of good
      fastness to light is thus obtained.
PAR  Similar effects are also obtained with compounds of the formulae (63),
      (68), (74) or (81) on a fabric of a polyester which has been produced by
      co-condensation with 2 to 5 mol% of the (sulphonate) sodium salt of
      isophthalic acid-5-sulphonic acid (Dacron 64).
PAC  EXAMPLE 24
PAR  A polyamide fibre fabric (Perlon) is introduced, using a liquor ratio of
      1:40, into a bath at 60.degree.C which contains (relative to the fabric
      weight) 0.1% of the brightener of the formula (109) and, per liter, 1 g of
      80% strength acetic acid and 0.25 g of an addition product of 30 to 35
      mols of ethylene oxide to one mol of technical stearyl alcohol. The
      mixture is warmed to the boil over the course of 30 minutes and is kept at
      the boil for 30 minutes. After rinsing and drying, a strong brightening
      effect of excellent fastness to light is obtained. If instead of the
      polyamide-6 fabric a polyamide-66 (nylon) fabric is used, similarly good
      brightening effects are obtained.
PAR  Finally, it is also possible to carry out the treatment under HT
      conditions, for example for 30 minutes at 130.degree.C. For this type of
      use, it is advisable to add 3 g/l of hydrosulphite to the liquor.
PAR  Similar effects are obtained with the compound of the formula (108).
PAC  EXAMPLE 25
PAR  A bleached cotton fabric is introduced, using a liquor ratio of 1:25, into
      a bath at 20.degree.C which contains (relative to the fabric weight) 0.1
      to 0.2% of the brightener of the formula (109). The bath is heated to
      50.degree.C over the course of 15 minutes and 5 g of crystalline sodium
      sulphate are then added per liter of liquor. After a further 15 minutes,
      the fabric is rinsed briefly and is then dried. The cotton treated in this
      way is whiter than the untreated fabric.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A bis-oxadiazole corresponding to the formula (3)
      ##EQU13##
      wherein R.sub.3 is styryl, phenyl, diphenylyl, naphthyl, pyridyl,
      quinolyl, thienyl-2, furyl-2, 5-phenyl-thienyl-2 or phenyl substituted by
      halogen, alkyl with 1 to 5 carbon atoms, cycloalkyl with 5 or 6 carbon
      atoms, alkoxy with 1 to 4 carbon atoms, phenoxy, carboxyl or its salts,
      carbalkoxy with 2 to 9 carbon atoms, nitrile, methylenedioxy, sulpho
      groups or their salts, carbamoyl or sulphamoyl which is unsubstituted or
      substituted at the nitrogen by alkyl with 1 to 6 carbon atoms or phenyl,
      alkylsulphonyl or alkoxysulphonyl with 1 to 6 carbon atoms,
      phenylsulphonyl or phenoxysulphonyl unsubstituted or substituted by
      halogen or alkyl with 1 to 4 carbon atoms, amino, alkanoylamino with 2 to
      4 carbon atoms or alkanoyloxy with 2 to 4 carbon atoms; and Q.sub.2 is a
      radical
      ##SPC33##
PAL  wherein the benzene ring is unsubstituted or substituted by halogen, alkoxy
      with 1 to 4 carbon atoms, a sulpho group or its salts, or sulphamoyl
      unsubstituted or substituted at the nitrogen by alkyl with 1 to 4 carbon
      atoms or phenyl.
NUM  2.
PAR  2. A bis-oxadiazole according to claim 1, corresponding to the formula (4)
      ##EQU14##
      wherein R.sub.4 is alkyl with 1 to 4 carbon atoms, diphenylyl, naphthyl,
      pyridyl, quinolyl, thienyl-2, 5-phenyl-thienyl-2 or a radical
      ##SPC34##
PAL  wherein X.sub.1 represents hydrogen, halogen, alkyl with 1 to 4 carbon
      atoms, alkoxy with 1 to 4 carbon atoms, carbalkoxy with 2 to 5 carbon
      atoms or the sulpho group or its salts and X.sub.2 represents hydrogen,
      halogen, alkyl with 1 to 4 carbon atoms or alkoxy with 1 to 4 carbon atoms
      or X.sub.1 and X.sub.2 together represent methylenedioxy and Q.sub.3 is a
      radical
      ##SPC35##
PAL  wherein Y and Y' independently of one another represent hydrogen, halogen
      or the sulpho group or its salts.
NUM  3.
PAR  3. A bis-oxadiazole according to claim 1, corresponding to the formula (5)
      ##SPC36##
PAL  wherein X.sub.3 is hydrogen, halogen, alkyl with 1 to 5 carbon atoms,
      alkoxy with 1 to 4 carbon atoms, phenyl, phenoxy, carboxyl or its salts,
      carbalkoxy with 2 to 5 carbon atoms, nitrile, sulpho groups or their
      salts, X.sub.4 and X.sub.5 independently of one another are hydrogen,
      chlorine, alkyl with 1 to 5 carbon atoms or alkoxy with 1 to 4 carbon
      atoms or two of the X-symbols X.sub.3, X.sub.4 and X.sub.5 bound together
      are methylenedioxy and Q.sub.4 denotes a radical
      ##SPC37##
PAL  wherein the benzene ring D is unsubstituted or substituted by chlorine,
      alkoxy with 1 to 4 carbon atoms or the sulpho group or its salts.
NUM  4.
PAR  4. A bis-oxadiazole according to claim 1, corresponding to the formula (6)
      ##SPC38##
PAL  wherein X.sub.6 is hydrogen, chlorine, alkyl with 1 to 4 carbon atoms,
      alkoxy with 1 to 4 carbon atoms or phenyl, X.sub.7 is hydrogen, chlorine,
      or alkyl with 1 to 4 carbon atoms and Q.sub.5 is 4,4'-diphenylylene or
      1,4-phenylene.
NUM  5.
PAR  5. A bis-oxadiazole according to claim 1, corresponding to the formula (7)
      ##SPC39##
PAL  wherein X.sub.6 is hydrogen, chlorine, alkyl with 1 to 4 carbon atoms,
      alkoxy with 1 to 4 carbon atoms or phenyl.
NUM  6.
PAR  6. A bis-oxadiazole according to claim 1, corresponding to the formula (8)
      ##SPC40##
PAL  wherein X.sub.8 is hydrogen, chlorine, alkyl with 1 to 4 carbon atoms or
      alkoxy with 1 to 4 carbon atoms.
PATN
WKU  039474119
SRC  5
APN  398513&
APT  1
ART  117
APD  19730918
TTL  Novel
      1-aryl-2-arylalkyl-3-or-4-[4'-(substituted-alkyl)piperazino-1']butanols-
     2-or-butenes-1, and methods of manufacture thereof
ISD  19760330
NCL  83
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Vigelius; Wolf-Dieter
CTY  Denzlingen
CNT  DT
INVT
NAM  Marinis; Spyridon
CTY  Emmendingen
CNT  DT
ASSG
NAM  Warner-Lambert Company
CTY  Morris Plains
STA  NJ
COD  02
PRIR
CNT  DT
APD  19720921
APN  2246279
CLAS
OCL  260240R
XCL  260240K
XCL  260268H
XCL  260268PH
XCL  260268R
XCL  424248
XCL  424250
EDF  2
ICL  C07D40306
ICL  C07D24106
FSC  260
FSS  240 K;240 R;268 H;268 R;268 PH;247;247.7 A
UREF
PNO  3487469
ISD  19691200
NAM  Marxer
OCL  260468R
UREF
PNO  3553225
ISD  19710100
NAM  Kaiser et al.
OCL  260240K
UREF
PNO  3625965
ISD  19711200
NAM  Irikura et al.
OCL  260240K
UREF
PNO  3631043
ISD  19711200
NAM  Regnier et al.
OCL  260268H
UREF
PNO  3732229
ISD  19730500
NAM  Bysouth et al.
OCL  260268PH
OREF
PAL  Hamlin, et al., J. Am. Chem. Soc., 71, (1949), pp. 2734-2736.
PAL  Kimura et al., Chem. Abstracts 61, (1964) Col. 5668H.
PAL  Lespagnol et al., Chem. Abstracts 78, (1973), No. 37874.
PAL  Boniface et al., Chem. Abstracts 79, (1973), No. 133054.
PAL  Natova et al., Chem. Abstracts 77, (1972), No. 126566.
LREP
FR2  Graddis; Albert H.
FR2  Chow; Frank S.
FR2  Yahwak; George M.
ABST
PAL  The present invention relates to novel
      1-(aryl)-2-(arylalkyl)-3-(or-4-)-[4'-(substituted
      alkyl-)-piperazino-1']-butanols-2, and butenes-1 showing antimicrobial
      action, to their pharmaceutically acceptable salts, and to the process of
      manufacture thereof.
BSUM
PAR  Recent developments in epidemiology and histopathologic techniques and the
      introduction of the polyene antibiotic amphotericin B as an effective
      antimycotic drug have led to an increased awareness of the medical problem
      of systemic fungal disease. The fact that infection occurs with fungi that
      are free-living forms in soil, decaying vegetation and bird excreta
      provides a safe speculation that systemic mycoses will continue to be an
      increasing cause of human disease.
PAR  Among the most prevalent of the mycotic diseases are the diseases
      aspergillosis and candidosis.
PAR  Aspergillosis is world-wide in distribution and appears as an infection of
      the lung, from where it may disseminate to bone, meninges, heart, or other
      organs. The genus Aspergillus is the pathogen which produces this invasive
      disease, and although all species within the genes are potentially
      pathogenic, the organism A. fumigatus is the most common pathogen.
PAR  Candidosis, or thrush, is an acute or chronic fungal disease involving the
      superficial tissues of skin or mucous membrane or less frequently
      producing systemic disease, especially in kidneys, heart, and brain.
      Thrush was first described by Underwood in 1784; the organism C. albicans
      was discovered in 1839 by von Langenbeck, and that this organism was the
      cause of thrush was demonstrated two years later by Berg.
PAR  It has now been found that novel 1-aryl-2-arylalkyl-3-or-4-[4'-(substituted
      alkyl)-piperazino-1']-butanols-2 or butenes-2 of the general formula:
      ##SPC1##
PAL  Wherein R is a radical selected from the group consisting of:
      ##SPC2##
PAL  Wherein Y is I, Cl, Br, or F; wherein R.sub.1 is -OH, with the proviso that
      R.sub.1 exists only when R is:
      ##SPC3##
PAL  Wherein R.sub.2 is a radical selected from the group consisting of:
      ##SPC4##
PAL  Wherein Y has the meaning given above; wherein R.sub.3 is a radical
      selected from the group consisting of:
EQU  --CH.sub.2 -- ,
EQU  --ch.sub.2 --ch.sub.2 -- ,
      ##EQU1##
      and
      ##EQU2##
      wherein R.sub.4 is a radical selected from the group consisting of:
      ##SPC5##
PAL  Wherein n is an interger from zero to eight; wherein R.sub.5 is a radical
      selected from the group consisting of:
      ##SPC6##
PAL  wherein Y has the meaning given above, and wherein Z is selected from the
      group consisting of:
      ##SPC7##
PAR  --H, and combinations thereof; show antimicrobial activity against among
      others the organisms implicated in these two diseases.
PAR  Accordingly, it is the object of this invention to disclose a series of
      novel compounds, and methods for their production, which show
      antimicrobial action, especially against Aspergillus and Candida.
PAR  For the base compound from which the specific compounds of this invention
      are manufactured, the methods described below may be used:
PA1  1. 1-phenyl-2-benzyl-3-[4'-basically substituted
      alkyl-piperazino-1']-butanols-2   A - D
PA1  2. 1-phenyl-2-benzyl-3-[4'-basically substituted
      alkyl-piperazino-1']-butenes-1   E - F
PA1  3. 1-phenyl-2-benzyl-3-[4'-alkyl substituted piperazino-1']-butanols-2   G
PA1  4.
      .alpha.,.alpha.'-diphenyl-.alpha."-alkyl-.alpha."-(4-alkyl-piperazino-1)-t
     -butanols   I
PA1  5. 1-phenyl-2-benzyl-4-[4'-(alkylic-basically
      substituted-alkyl)-piperazino-1']-butanols-2   H
PAC  METHOD A
PAR  I. Benzyl piperazine is reacted in a solvent, (such as an alcohol, ether or
      benzene) preferably ethanol, with an equimolar quantity of an ester of an
      .alpha.-halogeno-propionic acid, preferably the methyl or ethyl ester of
      .alpha.-bromopropionic acid, in the presence of an inorganic or organic
      hydrohalide captor, preferably potassium carbonate, at temperatures
      between 20.degree. and 120.degree.C, preferably at the boiling point of
      the respective solvent; freed of inorganic salts by filtration; the
      filtrate is evaporated and the residue dissolved in diluted acid aqueous
      solution such as diluted hydrochloric acid; freed from non-reacted
      halogeno-propionic acid ester by extraction, e.g. with diethylether; made
      alkaline and the resulting free base extracted with diethylether,
      evaporated and purified by distillation.
PAR  II. The .alpha.-(-4-benzyl piperazino)-propionic acid ester obtained is
      reacted with the corresponding benzyl magnesium halide in diethylether
      under conditions which are usual for Grignard reactions and the obtained
      base is transformed into a suitable salt (e.g. the hydrochloride) for
      purification.
PAR  III. The salt of the correspondingly substituted
      1-phenyl-2-benzyl-3-(4'-benzylpiperazino-1')-butanol-2 so obtained is
      debenzylized with hydrogen in a suitable solvent mixture, e.g. 50%
      methanol, and with a suitable catalyst such as palladium animal charcoal.
PAR  IV. The salt of the respectively substituted 1-phenyl-2-benzyl-3
      -piperazino-butanol-2 obtained is transformed into the free base and
      metallized under nitrogen in dry toluene or other suitable solvent with
      the aid of a suitable organometallic compound, such as phenyl lithium, and
      reacted with the corresponding aminoalkyl halide. (Refluxing for several
      hours while stirring has a favorable influence on the reaction).
PAC  METHOD B
PAR  I. Piperazine (anhydrous or hexahydrate) is reacted in a suitable solvent,
      preferably ethanol, with one half of the stoichiometric quantity of the
      respective alkyl halogenohydrine at temperatures between 20.degree. and
      120.degree.C preferably at the boiling point of the solvent, for 1 to 20
      hours. The solvent is evaporated and the reaction product purified by
      vacuum distillation.
PAR  II. The piperazino-alkanol obtained is reacted in a suitable solvent, such
      as ethanol, with an equimolar quantity of and .alpha.-halogeno-propionic
      acid ester, preferably .alpha.-bromopropionic acid ethyl ester, with
      stirring and boiling for 2 to 20 hours. After evaporation of the solvent,
      the crude possibly viscous oily hydrohalide is collected.
PAR  III. The crude hydrohalide of the
      .alpha.-[4-(hydroxy-alkyl)-piperazino-1]-propionic acid ester obtained is
      refluxed, with stirring, in a suitable solvent, such as chloroform, with a
      suitable halogenation agent, preferably thionylchloride, for 1 to 10 hours
      and purified by crystallization after evaporation of the solvent.
PAR  IV. The base set free from the
      .alpha.-[4-(halogeno-alkyl)-piperazino-1]-propionic acid ester hydrohalide
      obtained is, as described in Method A II, transformed into the respective
      1-phenyl-2-benzyl-3-[4'-(halogenoalkyl)piperazino-1']-butanol-2-hydrohalid
     e.
PAR  V. The salt obtained in refluxed in an excess of the respective amine for 2
      to 20 hours or, in the case of an amine with low boiling point, heated in
      a suitable solvent such as ethanol, in an autoclave at a temperature
      between 60.degree. and 130.degree.C for the same time. After having
      removed the excessive starting amine and its salt by evaporation or
      filtration, the reaction product is transformed, in a suitable solvent,
      preferably diethylether, into a salt for purification.
PAC  METHOD C
PAR  I. The hydrohalide of the .alpha.-4-(halogeno-alkyl-piperazino-1) propionic
      acid ester, obtained according to Method B III is reacted as described in
      Method B V.
PAR  II. The .alpha.-[4-(substituted-amino-alkyl)-piperazino-1]-propionic acid
      ester obtained is reacted to the respective
      1-phenyl-2-benzyl-3-[4'-(substituted-amino-alkyl)-piperazino-1']-butanol,
      according to the Grignard reaction described in Method A II.
PAC  METHOD D
PAR  I. The piperazino-alkanol (described in Method B I) is transformed into its
      hydrohalide and converted into the corresponding halogeno-alkyl-piperazine
      salt according to Method B III.
PAR  II. The halogeno-alkyl-piperazine salt is reacted with the respective amine
      according to Method B V.
PAR  III. The substituted-amino-alkyl-piperazine obtained is processed further
      according to the Methods A I and A II, respectively.
PAC  METHOD E
PAR  I. The hydrohalide of the
      .alpha.-[4-(hydroxy-alkyl)-piperazino-1]-propionic acid ester obtained
      according to Method B II is transformed into the base and subjected to the
      Grignard reaction according to Method A II.
PAR  II. The hydrohalide of the
      1-phenyl-2-benzyl-3-[4'-(hydroxy-alkyl)-piperazino-1']-butanol-2 obtained
      is refluxed in a halogenation agent, preferably thionylchloride, for 1 to
      10 hours. The resultant product is cooled, filtered, and purified by
      crystallization.
PAR  III. The hydrohalide of the
      1-phenyl-2-benzyl-3-[4'-(halogeno-alkyl)-piperazino-1']-butene-1 obtained
      is reacted with the corresponding amine, according to Method B V, to the
      corresponding
      1-phenyl-2-benzyl-3-[4'-(substituted-aminoalkyl)-piperazino-1']-butene-1.
PAC  METHOD F
PAR  The 1-phenyl-2-benzyl-3-[4'-(halogeno-alkyl)-piperazino-1']-butanol-2
      hydrohalide, obtained according to Method B IV, is reacted according to
      Method E II and Method E III to 1-phenyl-2-benzyl-3-[4'-(substituted
      amino-alkyl)-piperazino-1']-butene-1.
PAC  METHOD G
PAR  The respective mono-substituted piperazine is reacted according to Method A
      I and Method A II, to the hydrohalide of
      1-phenyl-2-benzyl-3-(4'-alkyl-piperazino-1')-butanol.
PAC  METHOD H
PAR  I. The corresponding mono-substituted piperazine or the piperazine obtained
      according to Method B I or Method D II, is added to an equimolar quantity
      of acrylic acid ester, preferably the ethyl ester, at temperatures between
      -10.degree. and +10.degree.C, and allowed to stand at temperatures between
      10.degree. and 30.degree.C for 3 to 8 days. The resulting reaction product
      is collected by vacuum distillation or by transformation of the product
      into a suitable salt. Products whose starting piperazines were produced
      according to Method B I can further be reacted into
      .beta.-[4'-(halogeno-alkyl)-piperazino-1']-propionic acid esters according
      to Method B III.
PAR  II. The .beta.-(4'-substituted-piperazino-1')-propionic acid ester obtained
      is reacted according to Method A II to the salt of the respective
      1-phenyl-2-benzyl-4-(4'-substituted-piperazino-1')-butanol-2.
PAR  III. The 1-phenyl-2-benzyl-4-[4'-(halogeno-alkyl)-piperazino-1']-butanol-2
      salt obtained is reacted to the corresponding
      1-phenyl-2-benzyl-4-[4'-(substituted-amino-alkyl)-piperazino-1']-butanol-2
      according to Method B V.
PAC  METHOD I
PAR  I. The corresponding mono-substituted piperazine or the piperazine obtained
      according to the Methods B I or D II, is reacted according to Method A I
      with a correspondingly substituted .alpha.-halogeno acetic acid ester,
      such as .alpha.-bromo-acetic acid ethyl ester or .alpha.-bromo-butyric
      acid ethyl ester, to the corresponding 4-substituted-piperazino-1-acetic
      (or butyric) acid esters. Those products whose starting piperazines were
      produced according to Method B I, can further be reacted into
      .beta.-[4'-(halogeno-alkyl)-piperazino-1']-acetic (or butyric) acid esters
      according to Method B III.
PAR  II. The esters obtained are further reacted as described in Method H II,
      into the salts of
      .beta.,.beta.'-diphenyl-.beta."-(4'-substituted-piperazino-1')-t-butanols
      or 1-phenyl-2-benzyl-3-(4'-substituted-piperazino-1')-4-methyl-butanols-2,
      respectively.
PAR  III. The salts thus obtained are reacted to the corresponding
      .beta.,.beta.'-diphenyl-.beta."-[4'-(substituted-amino-alkyl)-piperazino-1
     ']-t-butanols, and
      1-phenyl-2-benzyl-3-[4'-(substituted-amino-alkyl)-piperazino-1']-4-methyl-
     butanol-2, respectively according to Method B V.
PAR  The physiologically harmless and pharmaceutically acceptable salts for the
      above bases are manufactured in the usual way by dissolving the respective
      base in ether and precipitating the salt either by introducing a gaseous
      dried acid such as hydrogen chloride, or by adding a dried solution of the
      acid in ether or in other suitable solvents. The quaternary salts are also
      produced in the usual way be dissolving the tertiary base in a suitable
      solvent, e.g. alcohol, and by adding the respective alkyl-halide, e.g.
      n-octylbromide. (Examples for the manufacture of the salts are included in
      the examples for the manufacture of the bases).
PAR  The following list contains examples of those compounds which are made
      according to the methods disclosed. (The individual compounds are
      identified by elementary analyses and infrared spectra, by ultra-violet or
      nuclear resonance spectra, if necessary.) Individual melting points and
      solubilities (in water) are also given as is the method by which each
      compound is prepared.
PAR  I
      1-phenyl-2-benzyl-3-[4'-(.beta.-dimethylamino-ethyl)-piperazino-1']-butano
     l-2; m.p. 263.degree. - 264.degree.C, sol. 10% (method C)
PAR  II
      1-phenyl-2-benzyl-3-[4'-(.beta.-diethylaminoethyl)-piperazino-1']-butanol-
     2; m.p. 225.degree. - 227.degree.C, sol. 5% (method A)
PAR  III
      1-phenyl-2-benzyl-3-[4'-(.beta.-pyrrolidino-ethyl)-piperazino-1']-butanol-
     2; m.p. 246.degree. - 247.degree.C, sol. 5% (method A)
PAR  IV
      1-phenyl-2-benzyl-3-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-butanol-2
     ; m.p. 240.degree. - 242.degree.C, sol. 5%, (method A)
PAR  V
      1-phenyl-2-benzyl-3-[4'-(.beta.-morpholino-ethyl)-piperazino-1']-butanol-2
     ; m.p. 245.degree. - 247.degree.C, sol. 5% (method D)
PAR  VI
      1-phenyl-2-benzyl-3-{4'-[.beta.-(2"-methyl-morpholino)-ethyl]-piperazino-1
     '}-butanol-2; m.p. 242.degree. - 243.5.degree.C, sol. 10% (method A)
PAR  VII
      1-phenyl-2-benzyl-3-{4'-[.beta.-(2"-methyl-piperidino)-ethyl]-piperazino-1
     '}-butanol-2; m.p. 234.degree. - 236.degree.C, sol. 5%, (method A)
PAR  VIII
      1-phenyl-2-benzyl-3-{4'-[.beta.-(3"-methyl-piperidino)-ethyl]-piperazino-1
     '}butanol-2; m.p. 248.degree. - 250.degree.C, sol. 5%, (method A)
PAR  IX
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methyl-piperidino)-ethyl]-piperazino-1
     '}-butanol-2; m.p. 255.degree. - 256.degree.C, sol. 5% (method C)
PAR  X
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methyl-piperazino-1")-ehtyl]-piperazin
     o-1'}-butanol-2; m.p. 253.degree. - 254.degree.C, sol. 10%, (method C)
PAR  XI
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-phenyl-piperazino-1")-ethyl]-piperazin
     o-1'}-butanol-2; m.p. 257.degree. - 257.5.degree.C, sol. 5%, (method C)
PAR  XII
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-benzyl-piperazino-1")-ethyl]-piperazin
     o-1'}-butanol-2; m.p. 248.degree. - 249.degree.C, sol. 10%, (method C)
PAR  XIII
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-.alpha.-phenethyl-piperazino-1")-ethyl
     ]-piperazino-1'}-butanol-2; m.p. 261.degree. - 262.degree.C, sol. 10%,
      (method C)
PAR  XIV
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-.beta.-phenethyl-piperazino-1")-ethyl]
     -piperazino-1'}-butanol-2; m.p. 265.degree. - 266.degree.C, sol. 10%,
      (method C)
PAR  XV
      1-phenyl-2-benzyl-3-[4'-(.beta.-N-methyl-N-benzylamino-ethyl)-piperazino-1
     ']-butanol-2; m.p. 230.degree.-231.degree.C, sol. 10%, (method C)
PAR  XVI
      1-phenyl-2-benzyl-3-[4'-(.beta.-dibenzylamino-ethyl)-piperazino-1']-butano
     l-2; m.p. 207.degree.-207.5.degree.C, sol. 5%, (method C)
PAR  XVII 1-phenyl-2-benzyl-3-[4'-(.beta.-N-ethyl-N-benzyl-amino
      ethyl)-piperazino-1']-butanol-2; m.p. 85.degree. - 90.degree.C, sol, 10%,
      (method C)
PAR  XVIII
      1-phenyl-2-benzyl-3-[4'-(.beta.-N-phenyl-N-methyl-aminoethyl)-piperazino-1
     ']-butanol-2; m.p. 218.degree. - 219.degree.C, sol. 1%, (method C)
PAR  XIX
      1-phenyl-2-benzyl-3-[4'-(.gamma.-piperidinopropyl)-piperazino-1']-butanol-
     2; m.p. 239.degree. - 241.degree.C, sol. 10%, (method A)
PAR  XX 1-phenyl-2-benzyl-3-[4'-(w-piperidino-n-hexyl)-piperazino-1']-butanol-2;
      m.p. 242.degree.C, sol. 10%, (method B)
PAR  XXI
      1-m-tolyl-2-m-methylbenzyl-3-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-
     butanol-2; m.p. 244.degree. - 245.degree.C, sol. 10%, (method D)
PAR  XXII 1-phenyl-2-benzyl-3-[4'-(2"-pyridylmethyl)-piperazino-1']-butanol-2;
      m.p. 220.degree.C, sol. 5%, (method A)
PAR  XXIII 1-phenyl-2-benzyl-3-[4'-(3"-pyridylmethyl)-piperazino-1']-butanol-2;
      m.p. 235.degree. - 236.degree.C, sol. 5%, (method A)
PAR  XXIV 1-phenyl-2-benzyl-3-[4'-(4"-pyridylmethyl)-piperazino-1']-butanol-2;
      m.p. 205.degree. - 207.degree.C, sol. 10%, (method A)
PAR  XXV
      1-phenyl-2-benzyl-3-[4'-(.beta.-methylamino-ethyl)-piperazino-1']-butene-1
     ; m.p. 222.degree. - 223.degree.C, sol. 10%, (method E)
PAR  XXVI
      1-phenyl-2-benzyl-3-[4'-(.beta.-dimethylamino-ethyl)-piperazino-1']-butene
     -1; m.p. 236.degree. - 237.degree.C, sol. 10%, (method E)
PAR  XXVII
      1-phenyl-2-benzyl-3-[4'-(.beta.-diethylamino-ethyl)-piperazino-1']-butene-
     1; m.p. 187.degree. - 188.degree.C, sol. 10%, (method E)
PAR  XXVIII
      1-phenyl-2-benzyl-3-[4'-(.beta.-diisopropylamino-ethyl)-piperazino-1']-but
     ene-1; m.p. 140.degree.-141.degree.C, sol. 1%, (method E)
PAR  XXIX
      1-phenyl-2-benzyl-3-[4'-(.beta.-pyrrolidino-ethyl)-piperazino-1']-butene-1
     ; m.p. 251.degree. - 252.degree.C, sol. 10%, (method E)
PAR  XXX
      1-phenyl-2-benzyl-3-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-butene-1;
      m.p. 265.degree. - 266.degree.C, sol. 1%, (method E)
PAR  XXXI
      1-phenyl-2-benzyl-3-[4'-(.beta.-morpholino-ethyl)-piperazino-1']-butene-1;
      m.p. 266.degree. - 267.degree.C, sol. 10%, (method E)
PAR  XXXII
      1-phenyl-2-benzyl-3-{4'-[.beta.-(2-methylmorpholino)-ethyl]-piperazino-1'}
     -butene-1; m.p. 251.degree. - 252.degree.C, sol. 10%, (method E)
PAR  XXXIII
      1-phenyl-2-benzyl-3-[4'-(.beta.-2"-methyl-piperidinoethyl)-piperazino-1']-
     butene-1; m.p. 236.5.degree.C, sol. 10%, (method E)
PAR  XXXIV
      1-phenyl-2-benzyl-3-{4'-[.beta.-(3"-methylpiperidino)-ethyl]-piperazino-1'
     }-butene-1; m.p. 233.degree.C, sol. 2.5%, (method E)
PAR  XXXV
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methylpiperidino)-ethyl]-piperazino-1'
     }-butene-1; m.p. 272.degree.C, sol. 1%, (method E)
PAR  XXXVI
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methylpiperazino-1")-ethyl]-piperazino
     -1'}-butene-1; m.p. 218.degree.C, sol. &lt; 1%, (method E)
PAR  XXXVII
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-benzylpiperazino-1")-ethyl]-piperazino
     -1'}-butene-1; m.p. 254.degree.C, sol. 5%, (method E)
PAR  XXXVIII
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-.alpha.-phenethyl-piperazino-1")-ethyl
     ]-piperazino-1'}-butene-1; m.p. 244.degree.C, sol. 10%, (method E)
PAR  XXXIX
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-.beta.-phenethylpiperazino-1")-ethyl]-
     piperazino-1'}-butene-1; m.p. 272.degree.C, sol. 5%, (method E)
PAR  XL
      1-phenyl-2-benzyl-3-[4'-(w-n-octyl-amino-n-hexyl)piperazino-1']-butene-1;
     m.p. 256.degree.C, sol. 1%, (method F)
PAR  XLI
      1-phenyl-2-benzyl-3-[4'-(w-methyl-amino-n-hexyl)piperazino-1']-butene-1; m
     .p. 202.degree. - 204.degree.C, sol. 10%, (method F)
PAR  XLII
      1-p-chloro-phenyl-2-p-chloro-benzyl-3-{4'-[.beta.-(4"-methyl-piperazino-1"
     )-ethyl]-piperazino-1'}-butene-1; m.p. 245.degree.C, sol. 10%, (method E)
PAR  XLIII
      Dimethyl-n-octyl-.beta.-[4-(1'-phenyl-2'-benzylbutene-1'-yl-3')-piperazino
     -1]-ethyl-ammoniumbromide; m.p. 111.degree. - 112.degree.C, sol. &lt;1%,
      (method C)
PAR  XLIV 1-phenyl-2-benzyl-3-(4'-.beta.-chloro-ethyl-piperazino-1')-butene-1;
      m.p. 267.degree. - 268.degree.C, sol. 1%, (method F)
PAR  XLV 1-phenyl-2-benzyl-3-[4'-(.beta.-chloro-ethyl)-piperazino-1']-butanol-2;
      m.p. 263.degree. - 264.degree.C, sol. 2.5%, (method B)
PAR  XLVI
      1-phenyl-2-benzyl-3-[4'-(.beta.-hydroxyethyl)-piperazino-1']-butanol-2; m.
     p. 234.5.degree.C, sol. 10%, (method E)
PAR  XLVII
      1-(p-Chloro-phenyl)-2-(p-chloro-benzyl)-3-[4'-(.beta.-hydroxyethyl)-pipera
     zino-1']-butanol-2; m.p. 251.degree.C, sol. 10%, (method B)
PAR  XLVIII
      1-p-chlorophenyl-2-p-chlorobenzyl-3-(4'-methyl-piperazino-1')-butanol-2;
      m.p. 236.degree. - 237.degree.C, sol. 5%, (method G)
PAR  IL 1-m-tolyl-2-(m-methyl-benzyl)-3-(4'-methyl-piperazino-1')-butanol-2;
      m.p. 240.degree.C, sol. 5%, (method G)
PAR  L 1-phenyl-2-benzyl-3-piperazino-butanol-2; m.p. 221.degree. -
      223.degree.C, sol. 1%, (method A)
PAR  LI 1-phenyl-2-benzyl-3-[1'-methyl-piperazino-4'-]-butanol-2; m.p.
      245.degree. - 245.5.degree.C. sol, 20%, (method G)
PAR  LII 1-phenyl-2-benzyl-3-(4'-phenyl-piperazino-1')-butanol-2; m.p.
      239.degree. - 240.degree.C, sol. &lt; 1%, (method G)
PAR  LIII 1-phenyl-2-benzyl-3-(4'-benzyl-piperazino-1')-butanol-2; m.p.
      234.degree.C, sol. 1%, (method G)
PAR  LIV 1-phenyl-2-benzyl-3-(4'-m-methyl-benzyl-piperazino-1')-butanol-2; m.p.
      215.degree. - 217.degree.C, sol. 1%, (method G)
PAR  LV 1-phenyl-2-benzyl-3-(4'-methyl-piperazino-1')-propanol-2; m.p.
      246.degree. - 247.degree.C, sol. &lt;1%, (method I)
PAR  LVI 1-phenyl-2-benzyl-4-(4'-methyl-piperazino- 1')-butanol-2; m.p.
      229.degree.C, sol. 1%, (method H)
PAR  LVII 1-phenyl-2-benzyl-4-(4'-phenyl-piperazino-1')-butanol-2; m.p.
      205.degree.-206.degree.C, sol. &lt;1%, (method H)
PAR  LVIII 1-phenyl-2-benzyl-3-(4'-methyl-piperazino-1')-pentanol-2; m.p.
      244.degree. - 246.degree.C, sol. &lt;1%, (method I)
PAR  LIX .beta.,.beta.
      '-diphenyl-.beta."-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-t-butanol;
      m.p. 244.degree. - 246.degree.C, sol. 10%, (method I)
PAR  LX
      1-phenyl-2-benzyl-4-[4'-(.beta.-piperidinoethyl)-piperazino-1']-butanol-2;
      m.p. 258.degree. - 262.degree.C, sol. 10%, (method H)
PAR  LXI
      1-phenyl-2-benzyl-4-{4'-[w-(4"-methyl-piperazino-1")-n-hexyl]-piperazino-1
     '}-butanol-2; m.p. 288.degree. - 290.degree.C, sol. 10%, (method B)
PAR  LXII
      1-phenyl-2-benzyl-3-[4'-w-(4"-n-octyl-piperazino-1")-n-hexyl-piperazino-1'
     ]-butene-1; m.p. 260.degree. - 262.degree.C, sol. 2.5%, (method F)
PAR  LXIII
      1-(p-chloro-phenyl)-2-(p-chlorobenzyl)-4-[4'-(.beta.-piperidino-ethyl)-pip
     erazino-1']-butene-1; m.p. 217.6.degree.C, sol. &lt;1%, (method H)
PAR  LXIV
      1-phenyl-2-benzyl-4-[4'-.beta.-piperidino-ethyl)-piperazino-1']-butene-1;
      m.p. 239.degree. - 241.degree.C, sol. 10 %, (method H)
PAR  LXV
      1-phenyl-2-benzyl-4-[4'-w-(4"-methyl-piperazino-1")-n-hexyl-piperazino-1']
     -butene-1; m.p. 308.degree. - 310.degree.C, [D], sol. 10%, (method H)
PAR  LXVI
      1-(o-chlorophenyl)-2-(o-chloro-benzyl)-3-]4'-.beta.-(4"-methyl-piperazino-
     1")-ethyl-piperazino-1']-butene-1; m.p. 257.degree. - 258.degree.C [D],
      sol. 10%, (method H)
PAR  LXVII
      hexahydro-azepinium-1-spiro-1'-piperazinium-4'-(3-benzyl-4-phenyl-but-3-en
     -2-yl)-chloride; m.p. 245.degree.C, sol. 1%, (method F)
PAR  The melting points and solubilities are given for the Hydrochlorides I -
      XVI; XVIII - XXVII; XXIX - XXXV; XXXVII - XLII; XLIV - LXII; LXIV - LXVII,
      and the Oxalates XVII; XVIII; XXXVI; LXIII.
DETD
PAR  Exemplary of the specific protocols used in making the novel compounds of
      this invention are the following examples:
PAC  EXAMPLE 1 (Method A)
PAC  1-Phenyl-2-benzyl-3-{(4'-[.beta.-(2"-methyl-piperidino)-ethyl]-piperazino-1
     '}-butanol-2 [VII]
PAR  I. 52 g (0.3 M) of benzyl piperazine, 52 g (0.3 M) of K.sub.2 CO.sub.3 and
      56.3 g (0.3 M) of ethyl .alpha.-bromopropionate are refluxed in 200 ml of
      alcohol for 16 hours. After separation of the inorganic salts by
      filtration, the alcoholic solution is evaporated and the residue dissolved
      in 1 1 of water. The solution is acidified with HCl, extracted with 100 ml
      of ether, made alkaline and extracted with 3 portions of 250 ml of ether.
      The combined dried etheric solutions are evaporated and the residue is
      collected. Analysis of the residue shows: Yield: 67.7 g (82% of
      theoretical),b.p. (0.4 mm Hg) 138.degree. - 141.degree.C.
PAR  II. 15.6 g (0.65 gA) of magnesium are reacted with 75.9 g (0.6M) of benzyl
      chloride in 450 ml of absolute ether according to Grignard, refluxed for a
      quarter of an hour, cooled with ice water, and a solution of 67 g (0.25M)
      of ethyl .alpha.-(4-benzyl-piperazine-1)-propionate in 500 ml of absolute
      ether ia added and the mixture boiled for 6 hours. After cooling with ice
      water the Mg salt is decomposed with about 100 ml of ammonium chloride
      solution and the separated ether phase evaporated after drying. The
      residue is trituratied with 50 ml of alcohol and crystallized from 500 ml
      of alcohol. Analysis of the
      1-phenyl-2-benzyl-3-(4'-benzyl-piperazino-1')-butanol-2 crystals shows:
      Yield: 85 g (82% of theoretical), m.p. 106.degree.-107.degree.C. This is
      then dissolved in 1 1 of ether and dry hydrogen chloride is passed through
      the solution until precipitation ceases. The hydrochloride is filtered off
      and crystallized from 300 ml of alcohol. Analysis of the product shows:
      Yield: 85.6 g (87% of theoretical), m.p. 254.degree.C (decomp.).
PAR  III. 78 g (0.16M) of
      1-phenyl-2-benzyl-3-(4'-benzyl-piperazino-1')-butanol-2 . 2HCl are
      dissolved in 1.5 l of 50% methanol and hydrogenated over 8 g of 10%
      Pd-animal charcoal at a pressure of 30 atm. and a temperature of
      20.degree.C for 4 hours. After filtration of the catalyst the filtrate is
      evaporated to dryness and the residue crystallized from 0.5 l of alcohol.
      Analysis shows a yield of 44.5 g of the crude product. The product is
      dissolved in 0.5 l of water, the solution is made alkaline with NaOH, and
      the resulting precipitated base extracted with a total of 2 l of ether.
      The ether solution is dried and evaporated, and the residue crystallized
      from 250 ml of hexane. Analysis of the crystal base shows: Yield: 32.5 g
      (62.5% of theoretical), m.p. 106.degree.-107.degree.C.
PAR  IV. 0.7 g (0.1 gA) of Li are added to a solution of 23.4 g (0.15M) of
      bromobenzene in 400 ml of absolute ether, and the solution is stirred
      under nitrogen gas until dissolved. The solution, filtered free of LiBr,
      is added to a solution of 16.3 g (0.05M) of
      1-phenyl-2-benzyl-3-piperazino-butanol-2  in 100 ml of absolute toluene.
      The ether is distilled off (until the b.p. of toluene is reached at
      108.degree.) at which time the solution is diluted with 300 ml of absolute
      toluene. 8.08g(0.05M) of 2-methyl-piperidino ethyl-chloride are added, as
      droplets, to this solution with boiling and the solution refluxed for 8
      hours. After filtration of the formed LiCl, toluene is removed in vacuo
      and the residue extracted several times with a total of 1 l of ether. The
      etheric solution is saturated with dry hydrogen chloride, the
      hydrochloride salt filtered off and crystallized from about 400 ml of
      isopropanol. Analysis of the crystals show: Yield:  5.4 g (18% of
      theoretical), m.p. 234.degree.-236.degree.C.
PAC  EXAMPLE 2 (Method B)
PAC  1-Phenyl-2-benzyl-3-[4'-w-piperidino-n-hexyl)-piperazino-1']-butanol-2 [XX]
PAR  I. To 172 g (2M) of piperazine (anhydrous) is added over 1 hour a solution
      of 136.5 g (1M) of 6-chlorohexanol-1 in 400 ml of ethanol at 75.degree.C,
      and the mixture is refluxed for 15 hours. After evaporation the residue is
      fractionated, and analysis of the product shows: Yield: 80 g (43% of
      theoretical), b.p. (0.2 mm Hg) 124.degree.-126.degree.C.
PAR  II. To 77 g (0.41M) of 6-piperazino-hexanol-1, dissolved in 250 ml of
      ethanol is added, dropwise, a solution of 63 g (0.41M) of ethyl
      .alpha.-bromo-propionate in 100 ml of ethanol. The mixture is boiled,
      stirred, and refluxed for 16 hours with continuous stirring. After
      evaporation s syrupy residue is obtained. Analysis of this residue shows:
      Yield: (crude) 135 g (97.5% of theoretical).
PAR  III. To 135 g (0.4M) of crude ethyl
      .alpha.-[4-(w-hydroxy-n-hexyl)-piperazino]-propionate. HBr in 250 ml of
      chloroform is added, dropwise, with stirring 100 ml (1.3M) of
      thionylchloride at room temperature. The mixture is refluxed with stirring
      for 8 hours, evaporated, and the residue is stirred with 1 l of ether. The
      crystalline product is filtered off and crystallized from 500 ml of
      isopropanol. Analysis shows: Yield: 84 g (55% of theoretical) m.p.:
      185.degree.C.
PAR  IV. 60 g (0.2M) of ethyl
      .alpha.-[4-(w-chloro-n-hexyl)-piperazino]-propionate, obtained from 84 g
      (0.22M) of the hydrochloride salt dissolved in 1 l of dried ether, are
      added dropwise to a Grignard solution of 36.5 g (1.5 gA) of magnesium and
      190 g (1.5M) of benzyl chloride in 300 ml of dried ether and the solution
      is refluxed for 16 hours with stirring. While cooling with ice a saturated
      ammonium chloride solution is added (about 250 ml) until a granulated
      precipitate is obtained. After filtration and washing with ether the
      combined etheric phases are dried and saturated with dry hydrogen
      chloride. The hydrochloride is filtered off and crystallized from 1 l of
      ethanol. Analysis of the crystalline product shows: Yield: 60 g (58% of
      theoretical) m.p.: 244.degree.-246.degree.C. 20 g (0.04m) of
      1-phenyl-2-benzyl-3-[4'-(w-chloro-n-hexyl)-piperazino]-butanol-2 . 2 HCl
      are refluxed in 200 ml of piperidine for 16 hours with stirring. After
      cooling and filtering from the piperidine-HCl the filtrate is evaporated
      in vacuo, the residue dissolved in 500 ml of ether, filtered, and
      saturated with dry hydrogen chloride. The hydrochloride is filtered off
      and crystallized twice from portions of 250 ml and once from 150 ml of
      n-propanol. Analysis of the resulting product shows: Yield: 10.5 g (42.5%
      of theoretical), m.p.: 243.degree.C.
PAC  EXAMPLE 3 (Method C)
PAR  1-Phenyl-2-benzyl-3-[1'-(.beta.-dimethylamino-ethyl)-piperazino-4']-butanol
     -2 [I]
PAR  I. 65.2 g (0.2 M) of ethyl
      .alpha.-[4-(.beta.-chloro-ethyl)-piperazine-1]-propionate dihydrochloride
      are heated with 250 ml of condensed dimethylamine to 80.degree.C for 8
      hours in a 500-ml glass autoclave. After evaporation of excessive
      dimethylamine the residue is mixed with 1 l of ether, filtered off from
      dimethylamine hydrochloride and the filtrate saturated with dry hydrogen
      chloride. It is then filtered and crystallized from 800 ml of a 1 : l
      mixture of ethanol/ethyl acetate. Analysis shows: Yield: 62 g (83.5% of
      theoretical), m.p. 213.degree. - 214.degree.C (Decomp.)
PAR  II. 24.3 g (0.1 gA) of magnesium chips are reacted with 126.6 g (1 M) of
      benzyl chloride in 1 l of absolute ether according to Grignard, and 33 g
      (0.128 M) of ethyl
      .alpha.-[4-(.beta.-dimethylamino-ethyl)-piperazino-1]-propionate (released
      from the dihydrochloride salt with potassium hydrogen carbonate dissolved
      in 1.2 l of dried ether) are added dropwise. After having refluxed for 8
      hours, the mixture is cooled with stirring and about 200 ml of saturated
      ammonium chloride solution are carefully added until the finely
      crystalline precipitate has completely changed into a coarse precipitate.
      The precipitate is filtered off, washed with 200 ml of ether and the
      combined etheric phases are dried and saturated with dry hydrogen
      chloride. For removing the starting ester which has not reacted, the
      filtered hydrochloride is refluxed in a solution of 112 g of KOH in 500 ml
      of methanol, evaporated, triturated with 150 ml of water and extracted
      with 1.5 l of ether. The dried etheric phase is saturated with dry
      hydrogen chloride and the filtered hydrochloride crystallized twice from
      portions of 700 ml of ethanol. Analysis shows: Yield: 14 g (21.5% of
      theoretical), m.p. 263.degree. - 264.degree.C.
PAC  EXAMPLE 4 (Method D)
PAC  1-Phenyl-2-benzyl-3-[4'-(.beta.-morpholino ethyl)-piperazino-1']-butanol-2
      [V]
PAR  I. 250 g (1.6 M) of N-(.beta.-hydroxyethyl)-piperazine are dissolved in 1 l
      of ethanol and precipitated as the dihydrochloride salt by passing into
      the solution dry hydrogen chloride gas. Analysis shows: Yield: 380 g (99%
      of theoretical) of crude product. 380 g (1.6 M) of crude
      N-(.beta.-hydroxyethyl)-piperazine dihydrochloride are refluxed with
      stirring in 2.5 l of thionylchloride for 6 hours. After evaporating the
      thionylchloride on a steam bath in vacuo the residue is extracted with 4 l
      of boiling ethanol, cooled, and filtered. Analysis shows: Yield: 365 g
      (92% of theoretical), m.p. 229.degree. - 231.degree.C. (By crystallization
      from about 1% etheric solution the m.p. increases to 231.degree. -
      232.degree.C.).
PAR  II. 28.8 g (0.13 M) of N-piperazino ethyl-chloride dihydrochloride are
      refluxed in 150 ml of morpholine for 6 hours, and the non-reacted
      morpholine evaporated on a steam bath in vacuo. The residue is taken up in
      500 ml of ether, filtered from the morpholine hydrochloride and the
      filtrate evaporated. The syrupy residue is then fractionated in high
      vacuum. Analysis of the residue shows: Yield: 12 g (46% of theoretical),
      b.p. (0.5 mm Hg) 92.degree..
PAR  III. 59.8 g (0.3 M) of .beta.-morpholino ethyl-piperazine are refluxed with
      54.3 g (0.3 M) of ethyl .alpha.-bromopropionate in 100 ml of ethanol for
      20 hours. The product is then evaporated and an oily residue is extracted
      with 2 l of boiling ethylacetate. The extracted crystalline product is
      filtered and crystallized from 2 l of a 1 : l mixture of ethyl
      acetate/ethanol. Analysis of this product shows: Yield: 60 g (52.5% of
      theoretical), m.p. 227.degree. - 228.degree.C. 60 g (0.158 M) of
      N-(.beta.-morpholino ethyl)-N'-(.alpha.-carbethoxy-ethyl)-piperazine
      hydrobromide are dissolved in 150 ml of water, mixed with 50 g of sodium
      hydrogencarbonate. The released base is extracted with 3 l of ether, dried
      and the solvent evaporated. Analysis of the product shows: Yield: 39.5 g
      (83.6% of theoretical) of oily product.
PAR  IV. A solution of 39.5 g (0.132 M) of crude ethyl
      .alpha.-[4-(.beta.'-morpholino ethyl)-piperazino-1]-propionate in 700 ml
      of absolute ether is added dropwise to a Grignard solution of 18.2 g (0.75
      gA) of magnesium chips and 95 g (0.75 M) of benzyl chloride in 500 ml of
      absolute ether. The mixture is refluxed for 6 hours with stirring. After
      cooling in an ice bath, a saturated ammonium chloride solution is added
      (about 190 ml) until the microcrystalline precipitate has changed into a
      grained precipitate. The solution is filtered, the residue washed with 200
      ml of ether, and the combined dried ether phases are saturated with dry
      hydrogen chloride. The hydrochloride salt formed is filtered and
      crystallized first from 1.2 l, then from 600 ml of ethanol. Analysis of
      the resultant product shows: Yield: 27 g (39.5% of theoretical), m.p.:
      246.5.degree.C.
PAC  EXAMPLE 5 (Method E)
PAC  1-Phenyl-2-benzyl-3-[4'-(.beta.-diethylamino-ethyl)-piperazino-1']-butene-1
      [XXVII]
PAR  I. 39 g (0.17 M) of ethyl
      .alpha.-(4-.beta.-hydroxyethyl-piperazino-1-)-propionate (produced from
      53.9 g of the hydrobromide salt by sodium hydrogen carbonate) in 700 ml of
      absolute ether, are added dropwise to the Grignard solution of 18.25 g
      (0.7 gA) of magnesium and 88.5 g (0.7 M) of benzyl chloride in 300 ml of
      absolute ether. After refluxing for 3 hours, the mixture is cooled, a
      saturated ammonium chloride solution added until an aqueous phase is
      observed (about 200 ml), filtered from the precipitate and saturated with
      dry hydrogen chloride. The filtered hydrochloride is crystallized from 500
      ml of a 4 : l mixture of ethanol/isopropanol. Analysis of the product
      shows: Yield: 35.1 g (47% of theoretical), m.p.: 230.degree.C.
PAR  II. 44 g (0.1 M) of
      1-phenyl-2-benzyl-3-[4'-(.beta.-hydroxyethyl)-piperazino-1']-butanol-2 .
      2HCl are refluxed in 500 ml of thionylchloride for 4 hours. The insoluble
      product is filtered after cooling and crystallized from 500 ml of ethanol.
      Analysis of the crystallized product shows: Yield: 8.8 g (20% of
      theoretical), m.p. 267.degree. - 268.degree.C (decomp.)
PAR  III. 20.7 g (0.045 M) of
      1-phenyl-2-benzyl-3-(4'-.beta.-chloroethyl-piperazino)-butene-1
      dihydrochloride are refluxed for 10 hours with stirring in 200 ml of
      methanol with 18.3 g (0.25 M) of diethylamine. After evaporation of the
      methanol, the mixture is triturated with 1 l of ether, filtered from
      diethylamine hydrochloride and the etheric filtrate is saturated with dry
      hydrogen chloride. The filtered hydrochloride is crystallized twice from 1
      l of a 1 : 4 mixture of ethanol/ethyl acetate. Analysis of the final
      product shows: Yield: 13.7 g (56% of theoretical) m.p. 187.degree. -
      188.degree.C.
PAC  EXAMPLE 6 (Method F)
PAC  1-Phenyl-2-benzyl-3-[4'-(w-n-octyl-amino-n-hexyl)piperazino-1']-butene-1
      [XL]
PAR  I. 40 g (0.08 M) of
      1-phenyl-2-benzyl-3-[4'-(w-chloro-n-hexyl)-piperazino-1']-butanol-2 . 2HCl
      are added to a mixture of 100 ml of thionylchloride and 100 ml of
      CCl.sub.4 and refluxed with stirring for 3 hours. After evaporating not
      quite to dryness, 100 ml of CCl.sub.4 are added, and evaporated again.
      This operation is repeated twice. The residue is collected by suction,
      dissolved in 300 ml of ethanol, and evaporated as before. The residue is
      then mixed with 300 ml of ether and collected. Yield: 35 g (crude)
PAR  II. 45 g (0.09 M) of crude
      1-phenyl-2-benzyl-3-[4'-(.omega.-chloro-n-hexyl)-piperazino-1']-butene-1 .
      2 HCl are suspended in 250 ml of n-propanol containing 1 g of potassium
      iodide and 45 g (0.36 M) of n-octylamine and refluxed with stirring for 16
      hours. After evaporation the residue is extracted with 500 ml of ether,
      filtered from octylamine HCl and saturated with dry hydrogen chloride. The
      filtered hydrochloride is boiled twice with 200 ml of ethyl acetate,
      filtered and crystallized from a 1 : 2 mixture of ethanol/ethyl acetate.
      Analysis of the final product shows: Yield: 6.4 g (11% of theoretical),
      m.p. 256.degree.C.
PAC  EXAMPLE 7 (Method G)
PAC  1-p-Chlorophenyl-2-p-chlorobenzyl-3-(4'-methyl-piperazino-1')-butanol-2
      [XLVIII]
PAR  I. 50 g (0.5M) of N-methyl-piperazine are heated on a steam bath and 45 g
      (0.25 M) of ethyl .alpha.-bromo-propionate are added dropwise while
      stirring vigorously. Stirring is continued for about a quarter of an hour
      while heating. The mixture is cooled and allowed to stand overnight. It is
      then triturated several times with a total of 1.5 l of ether and
      resuspended in and filtered from methyl-piperazine . HBr. The ether is
      evaporated and the residue fractioned in high vacuum. Analysis of the
      intermediate product shows: Yield: 36 g (71% of theoretical), b.p. (0.1 -
      0.3 mm Hg) 73.degree.-73.5.degree.C.
PAR  II. 7.2 g (0.3 gA) of magnesium are reacted with 48 g (0.3 M) of
      p-chlorobenzylchloride in 350 ml of absolute ether, according to Grignard,
      and refluxed for a quarter of an hour. While cooling with ice a solution
      of 20 g (0.1 M) of ethyl .alpha.-(methyl-piperazino-1)-propionate in 500
      ml of absolute ether is added dropwise to the primary mixture above and
      refluxed for 10 hours. While the secondary mixture is cooling with ice the
      magnesium salt is decomposed with 80 ml of saturated ammonium chloride
      solution and the separated dried ether phase is treated with charcoal and
      saturated with dry hydrogen chloride. The supernatant ether is decanted
      from the oily hydrochloride. The oil is crystallized by trituration with
      20 ml. of ethanol, filtered and crystallized twice from two 150 ml
      solutions of ethanol. Analysis of the final product shows: Yield: 13 g
      (26% of theoretical) m.p. 236.degree. - 237.degree.C.
PAC  EXAMPLE 8 (Method H)
PAC  1-Phenyl-2-benzyl-4-(4'-methyl-piperazino-1')-butanol-2 [LVII]
PAR  I. 12.5 g (0.125 M) of N-methylpiperazine are added while cooling with ice
      to 12.5 g (0.125 M) of ethyl acrylate and allowed to stand for 120 hours
      at room temperature. Then the mixture is fractionated in vacuo. Results of
      the analysis of this product show: Yield: 23.4 g (93.5% of theoretical)
      b.p. (12 mm Hg) 127.degree. - 130.degree.C.
PAR  II. 9.6 g (0.4 gA) of magnesium chips are reacted with 44.1 g (0.35 M) of
      benzyl chloride in 400 ml. of absolute ether according to Grignard, and
      the mixture refluxed for a quarter of an hour. After cooling with ice a
      solution of 20 g (0.1 M) of ethyl .beta.-(4-methylpiperazino-1)-propionate
      in 400 ml of absolute ether is added dropwise and refluxed for 10 hours.
      While cooling the resultant product with ice, the magnesium salt is
      decomposed with 70 ml of saturated ammonium chloride solution, and the
      separated dried ether phase is saturated with dry hydrogen chloride and
      filtered. The resulting hydrochloride is crystallized twice from two 750
      ml solutions of absolute ethanol. Analysis of the final product shows:
      Yield: 20 g (48.5% of theoretical) m.p. 229.degree.C (decomp.)
PAC  EXAMPLE 9 (Method I)
PAC  1-Phenyl-2-benzyl-3-(4'-methyl-piperazino-1')-pentanol-2 [LVIII]
PAR  I. 50 g (0.5 M) of N-methylpiperazine, 98 g (0.5 M) of ethyl
      .alpha.-bromo-butyrate and 40 g (0.29 M) of potassium carbonate
      (anhydrous) are refluxed and stirred overnight in 250 ml of ethanol. After
      cooling, the mixture is filtered and the solvent evaporated in vacuo. The
      residue is mixed with 1 l of water and extracted with ether. After drying
      the separated ether phase over sodium sulfate, the solvent is evaporated
      and the residue column-fractionated. Analysis of the product shows: Yield:
      43 g (40% of theoretical), b.p. (12 mm Hg) 127.degree. - 128.degree.C.
PAR  II. 38 g (0.3 M) of benzyl chloride are reacted with 8 g (0.35 gA) of Mg in
      150 ml of absolute ether. While this is cooling with ice, a solution of
      21.4 g (0.1 M) of ethyl .alpha.-(4-methylpiperazino-1)-butyrate in 500 ml
      of absolute ether is added and the mixture is refluxed for 20 hours. While
      cooling the mixture, the magnesium salt is decomposed with about 75 ml of
      saturated ammonium chloride solution and the ether solution is decanted
      from the precipitate. The dried ether solution is saturated with dry
      hydrogen chloride and filtered. The resulting hydrochloride is
      crystallized twice from two 250 ml solutions of ethanol. Analysis of the
      product so obtained shows: Yield: 29 g (68.4% of theoretical), m.p.
      244.degree. - 246.degree.C.
PAC  EXAMPLE 10 (Method C)
PAC  Dimethyl-n-octyl-.beta.-[4-(1'-phenyl-2-benzyl-butene-1'-yl-3')-piperazino-
     1]-ethyl ammonium-bromide [XLIII]
PAR  28 g (0.057 m) of
      1-phenyl-2-benzyl-3-[4'-(.beta.-dimethylaminoethyl)-piperazino-1']-butene-
     1 . 3HCl are dissolved in 500 ml of water, about 50 g of potassium
      bicarbonate are added and the mixture is extracted with 1 l of ether. The
      etheric solution is dried and evaporated. The residue [21 g, (0.055 M)] is
      dissolved in 200 ml of absolute ethanol containing 10.5 g (0.055 M) of
      octylbromide and refluxed for 5 hours. The solvent is evaporated and the
      residue allowed to crystallize overnight. Recrystallization from 200 ml of
      ethyl acetate is done to obtain a purified product which upon analysis
      shows: Yield: 13 g (41.5% of theoretical), m.p. 111.degree. -
      112.degree.C.
PAC  EXAMPLE 11 (Method E)
PAR  1-Phenyl-2-benzyl-3-{4'-]4"-methyl-piperazino-1"-ethyl]-piperazino-1'}-bute
     ne-1 [XXXVI]
PAR  40.6 (0.092 M) of
      1-phenyl-2-benzyl-3-[4'-(.beta.-chloro-ethyl)-piperazino-1']-butene-1 (see
      Example 5/II) are refluxed in a 200 ml of ethanol solution containing 18 g
      (0.18 M) of N-methyl-piperazine for 5 hours with stirring. After
      evaporation of the ethanol, the residue is triturated with 1 l of
      diethyl-ether, filtered, and to the ether filtrate is added a saturated
      and dried solution of oxalic acid in diethyl-ether until precipitation is
      completed. The filtered product is crystallized twice from 1.2 l of water
      each time. Analysis of the product shows: Yield: 15 g (20% of
      theoretical), m.p. 118.degree.-119.degree.C.
PAC  EXAMPLE 12 (Method H)
PAC  1-Phenyl-2-benzyl-4-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-butanol-2
      [LX]
PAR  I 110.8 g (0.5 M) of N-piperazino-ethyl-chloride dihydrochloride are
      refluxed with stirring in a 600 ml piperidine solution containing 0.1 g of
      potassium iodide for 10 hours. After cooling, the piperidine hydrochloride
      is filtered and the filtrate evaporated in vacuo. The residue is taken up
      in 500 ml of ether, filtered, the filtrate evaporated, and the residue is
      fractionated in high vacuum. (b.p. (0.1 mm HG) 82.degree. - 84.degree.C)
PAR  II 50 g (0.25 M) of N-(.beta.-piperidino-ethyl)-piperazine are added (with
      cooling by ice) to 25.3 g (0.25 M) of ethyl acrylate. After standing at
      room temperature for 130 hours the mixture is fractionated in high vacuum.
      (b.p. (0.6 mm HG) 140.degree. - 150.degree. C)
PAR  III 65.6 g (0.22 M) ethyl
      .beta.-[4-(.beta.-piperidino-ethyl)-piperazino-1]-propionate in 500 ml of
      absolute diethylether are added dropwise (while cooling with ice) to a
      Grignard solution of 32.1 g (1.32 gA) of magnesium and 167.2 g (1.32 M) of
      benzyl chloride in 300 ml of absolute ether. After refluxing and stirring
      for 18 hours the mixture is cooled by ice and a saturated ammonium
      chloride solution is added dropwise until an aqueous phase is observed
      (about 300 ml). The etheric phase is filtered from the precipitate and
      saturated with dry hydrogen chloride. The filtered hydrochloride salt is
      refluxed in 600 ml of 10% methanolic potassium hydroxide for one hour, the
      solvent evaporated, and the residue dissolved in 200 ml of water. The
      aqueous solution is extracted several times with a total of 1 l of ether.
      The combined etheric phases are dried and saturated with dry hydrogen
      chloride. The filtered hydrochloride salt is first crystallized from a
      mixture of 440 ml of isopropanol and 400 ml of methanol and then twice
      more from 220 ml of ethanol. Analysis of the product shows: Yield: 17.6 g
      (15% of theoretical), m.p. 258.degree. - 262.degree.C.
PAC  EXAMPLE 13 (Method H)
PAC  1-Phenyl-2-benzyl-4-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-butene-1
      [LXIV]
PAR  30 g (0.055 M) of
      1-phenyl-2-benzyl-4-[4'-(.beta.-piperidinoethyl)-piperazino-1']-butanol-2
      (Example 12) are added in small portions to 150 ml of thionyl-chloride and
      refluxed with stirring for 5 hours. Half the amount of the
      thionyl-chloride is evaporated and 150 ml of carbon tetrachloride are
      added to the residue and evaporated with stirring. This operation is
      repeated three times. After evaporating to dryness, the residue is
      recrystallized twice, once from 700 ml of ethanol and then from 400 ml of
      ethanol. Analysis of the product show: Yield: 9.7 g (32.7% of
      theoretical), m.p. 270.degree. - 272.degree.C.
PAC  EXAMPLE 14 (Method B)
PAC  1-Phenyl-2-benzyl-4-[4'-w-(4"-methyl-piperazino-1")-n-hexyl-piperazino-1']-
     butanol-2 [LXI]
PAR  I To 56 g (0.3 M) of 6-piperazino-hexanol-1 are slowly added, with shaking
      and cooling with ice, 30 g (0.3 M) of ethyl acrylate. After standing at
      room temperature for 145 hours the mixture is fractionated in high vacuum.
      Analysis of the intermediate product shows: Yield: 69.5 g (93% of
      theoretical), b.p. 0.01 160.degree. - 180.degree.C.
PAR  II 69 g (0.27 M) of ethyl
      .beta.-(4-w-hydroxy-hexyl-piperazino-1)-propionate are dissolved in 500 ml
      of chloroform and the solution saturated with hydrogen chloride to
      precipiate the salt. To this suspension, 100 ml of thionyl chloride are
      added and the mixture is refluxed, with stirring, for 2 hours. To this
      solution is added 200 ml of carbon tetrachloride and the solvent
      containing the thionyl chloride is evaporated. This operation is repeated
      twice. The residue is finally suspended in 300 ml of carbon tetrachloride,
      filtered, and washed with 100 ml of carbon tetrachloride and 100 ml of
      ether. Analysis of the material shows: 87 g (85.5% of theoretical), m.p.
      218.degree.C.
PAR  III 64 g (0.21 M) of the crude ethyl
      .beta.-(4-w-chlorohexyl-piperazino-1)-propionate in 800 ml of dry
      diethylether are added slowly with cooling by ice to a Grignard solution
      of 73 g (3 gA) magnesium and 380 g (3 M) benzyl chloride in 1 l of dry
      ether, and the mixture is then refluxed with stirring for 20 hours. While
      cooling with ice a saturated ammonium chloride solution is added dropwise
      to the mixture until a granulated precipitate is obtained (about 650 ml).
      After filtering and washing with ether, the combined etheric phases are
      dried and saturated with dry hydrogen chloride. The filtered hydrochloride
      salt is recrystallized from 1.1 l of isopropanol.
PAR  IV 59 g (0.115 M) of
      1-phenyl-2-benzyl-4-[4'-w-chlorohexyl-piperazino-1']-butanol-2.2 HCl are
      added in small portions with stirring to 250 ml of N-methyl-piperazine and
      the mixture is refluxed with stirring for 40 hours. After cooling, the
      N-methyl-piperazine.sup.. HCl is filtered off and the filtrate evaporated.
      The residue is then triturated with 3 l of ether and filtered from the
      remaining N-methyl-piperazine.sup.. HCl The filtrate is saturated with dry
      hydrogen chloride, filtered, and recrystallized from 1.5 l of 90% ethanol.
      Analysis of the final product shows: Yield: 31.8 g (42% of theoretical),
      m.p. 228.degree. - 290.degree.C (decomp.)
PAC  EXAMPLE 15 (Method H)
PAC  1-Phenyl-2-benzyl-4-[4'-w-(4"-methyl-piperazino-1")-n-hexyl-piperazino-1']-
     butene-1 [LXV]
PAR  23 g (0.035 M) of
      1-phenyl-2-benzyl-4-[4'-w-(4"-methyl-piperazino-1")-n-hexyl-piperazino-1']
     -butanol-2 (Example 14) are added to 160 ml of thionylchloride, and the
      mixture is refluxed for 4.5 hours.
PAR  After evaporating the thionylchloride, the residue is triturated with 200
      ml of carbon tetrachloride. The solvent is evaporated and this operation
      is repeated. The residue is triturated with 250 ml of boiling ethanol,
      cooled, and the crystallized product is filtered and recrystallized from
      650 ml of ethyleneglycol monomethyl ether. Analysis of the final product
      shows: Yield: 14.5 g (63.5% of theoretical) m.p. 308.degree. -
      310.degree.C (decomp.)
PAC  EXAMPLE 16 (Method F)
PAC  1-Phenyl-2-benzyl-3-[4'-(w-methyl-amino-n-hexyl)-piperazino-1']-butene-1
      [XLI]
PAR  25 g (0.05 M) of crude
      1-phenyl-2-benzyl-3-[4'-(3-chloro-n-hexyl)-piperazino-1']-butene-1 are
      added in small portions to 100 ml of condensed methyl amine at
      temperatures between -30.degree. to -20.degree.C in a glass autoclave.
      After closing of the autoclave the mixture is heated to 80.degree.C for 16
      hours. After cooling to -10.degree.C the autoclave is opened and the
      methylamine is evaporated at room temperature. The residue is triturated
      with 200 ml of diethylether and filtered from the methylamine
      hydrochloride. The filtrate is saturated with dry hydrogen chloride and
      the filtered hydrochloride salt is recrystallized from a 1 : 1 mixture of
      ethanol and ethyl acetate. Analysis of the final product shows: Yield: 5.3
      g (20% of theoretical), m.p. 202.degree. - 204.degree.C.
PAR  The following list contains further examples of those compounds which are
      made according to the methods disclosed:
PAR  1-o-Chloro-phenyl-2-o-chloro-benzyl-4-[4'-(w-n-octyl-amino-n-hexyl)-piperaz
     ino-1'-]-butene-1;
      1-p-hydroxy-phenyl-2-p-hydroxybenzyl-4-[4'-(w-n-octyl-amino-n-hexyl)-piper
     azino-1']-butene-1;
      1-(m-N,N-diethyl-anilino)-2-(m-diethylamino-benzyl)-4-[4'-(w-n-octyl-amino
     -n-hexyl)-piperazino-1']-butene-1;
      1-(p-n-butyl-phenyl)-2-(p-n-butyl-benzyl)-4-[4'-(w-n-octyl-amino-n-hexyl)-
     piperazino-1']-butene-1;
      1-(p-n-butoxy-phenyl)-2-(p-n-butoxybenzyl)-3-[4'-(w-n-octyl-amino-n-hexyl)
     -piperazino-1']-butene-1;
      1-(p-but-2'-en-1'-yl-phenyl)-2-(p-but-2'-en-1'-yl-benzyl)-4-[4'-(w-n-octyl
     -amino-n-hexyl)-piperazino-1']-butene-1 ;
      1-(m-but-3'-in-1'-oxy-phenyl)-2-(m-but-3'-in-1'-oxy-benzyl)-3-[4'-(w-n-oct
     yl-amino-n-hexyl)-piperazino-1']-butene-1 ;
      1-(o-ethyl-mercapto-phenyl)-2-(o-ethyl-mercapto-benzyl)-4-[4'-(w-n-octylam
     ino-hexyl)-piperazino-1']-butene-1;
      1-(p-w-hydroxy-butyl-phenyl)-2-(p-w-hydroxy-butyl-benzyl)-4-[4'-(w-n-octyl
     -amino-n-hexyl)-piperazino-1']-butene-1;
      1-(p-w-amino-propyl-phenyl)-2-(p-w-amino-propyl-benzyl)-4-[4'-(w-n-octyl-a
     mino-n-hexyl)-piperazino-1']-butene-1;
      1-(m-.beta.-chloro-ethyl-phenyl)-2-(m-.beta.-chloroethyl-benzyl)-4-[4'-(w-
     n-octyl-amino-n-hexyl)-piperazino-1']-butene-1 ; 1-(2'-pyridyl)-2
      -(2'-picolyl)-4-[4'-(w-n-octyl-amino-n-hexyl)-piperazino-1']-butene-1 ;
      1-(6'-pyrimidyl)-2-(6'-pyrimidyl-methyl)-4-[4'-(w-n-octyl-amino-n-hexyl)-p
     iperazino-1']-butene-1 ;
      1-(2'-furyl)-2-(2'-furfuryl)-3-[4'-(w-n-octyl-amino-n-hexyl)-piperazino-1'
     ]-butanol-2 ;
      1-(2'-thienyl)-2-(2'-thenyl)-4-[4'-(w-n-octyl-amino-n-hexyl)-piperazino-1'
     ]-butanol-2 ;
      1-methyl-1-phenyl-2-.alpha.-phenethyl-3-[4'-(w-methylamino-n-hexyl)-pipera
     zino-1']-butanol-2;
      1-n-butyl-1-phenyl-2-(.alpha.-phenyl-n-butyl)-4-[4'-(.beta.-piperidinoethy
     l)-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-3-[4'-(w-n-octyl-amino-n-hexyl)-piperazino-1']-butane;
      1-phenyl-2-benzyl-4-[4'-(.beta.-dimethyl-amino-ethyl)-piperazino-1']-butyl
     -2-ethylether;
      1-phenyl-2-benzyl-3-[4'-(w-methyl-amino-n-hexyl)-piperazino-1']-butyl-2
      n-butyrate;
      1-phenyl-2-benzyl-3-methyl-3-[4'-(w-n-octyl-amino-n-hexyl)-piperazino-1']-
     butanol-2; 1-phenyl-2-benzyl-4-[4'-(w-methyl-amino-n-hexyl)-2', 3', 5',
      6'-tetra-methyl-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-4-[4'-(.beta.-morpholino-ethyl)-2',
      3'-pentamethylen-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-3-[4'-(w-methyl-amino-deca-5",
      8"-dienyl)-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-3-[4'-(3"-ethyl-4"-n-octyl-amino)-piperazino-1']-butene-
     1;
      1-phenyl-2-benzyl-4-[4'-(.beta.-p-N-methyl-anilino-ethyl)-piperazino-1']-b
     utanol-2; 1-phenyl-2-benzyl-3-{4' -[
      4"-(n-octyl-amino)-cyclohexyl-1"]-piperazino-1'{-butene-1;
      1-phenyl-2-benzyl-4-[4'-(.beta.-ethoxy-ethyl)-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-3-[4'-(.beta.-propionoxy-ethyl)-piperazino-1']-butanol-2
     ; 1-phenyl-2-benzyl-4-[4'-(w-3"-ethyl-dodeca-2"-en-1"-yl-amino-n-hexyl)-pip
     erazino-1']-butene-1;
      1-phenyl-2-benzyl-4-[4'-(w-cyclohexylamino-hexyl)-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-4-[4'-(.beta.-phenethyl-amino)-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-3-(4'-p-hydroxy-phenyl-piperazino-1']-butanol-2;
      1-phenyl-2-benzyl-3-[4'-(.beta.-p-N,N-dimethyl-anilino-ethyl)-piperazino-1
     ']-butene-1;
      1-phenyl-2-benzyl-3-{4'-[w-(4"-methyl-piperazino-1"-n-hexyl-amino)-n-hexyl
     ]-piperazino-1'}-butene-1;
      1-phenyl-2-benzyl-3-[4'-.beta.-(.beta.'-chloro-ethyl-azo)-ethyl-piperazino
     -1']-butene-1;
      1-phenyl-2-benzyl-4-[4'-w-(w'-ethoxy-n-hexyl-N'-hydrazino-N)-hexyl-piperaz
     ino-1']-butene-1; 1-phenyl-2-benzyl-4-[4'-.beta.-(w"-phenoxy-hexyliden-
      1"-imino)-ethyl-piperazino-1']-butene-1;
      1-phenyl-2-benzyl-3-[4'-.beta.-(4"-phenyl-piperazino-1")-ethyl-piperazino-
     1"]-butene-1;
      1-phenyl-2-benzyl-4-[4'-w-(4"-.beta.-phenethyl-piperidino-1")-n-hexyl-pipe
     razino-1']-butene-1;
      1-phenyl-2-benzyl-4-[4'-w-(5"-n-octyl-biguanidyl-1")-n-hexyl-piperazino-1'
     ]-butene-1.
PAR  The results of the antimicrobial activity tests of representative compounds
      of the invention are illustrated by the following examples:
PAC  EXAMPLE 17
PAR  The efficacy of the compounds against Mycobacteria was tested in the
      following way:
PAR  A Tb-broth according to DUBOS (DUBOS, R.J., Proc. Soc. Exp. Biol. Med. 58:
      531 (1945)) was supplemented by adding 10% of bovine serum and used in the
      preparation of a standard dilution series of the compounds to be tested.
      The dilution series was inoculated with a photometrically adjusted
      standard suspension of Mycobacterium tuberculosis II 37 RV (typus humanus)
      and incubated a 37.degree. for 21 days.
PAR  Concentrations were reported as minimum inhibitory concentrations (MIC),
      that is those concentrations which inhibited visible growth of the
      bacteria after 21 days.
PAR  The MIC in micrograms per ml of a representative number of compounds of
      this invention are found in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Compound                                                                  
            Minimum Inhibitory                                                 
                           Compound Minimum Inhibitory                         
      No.   Concentration in                                                   
                            No.     Concentration in                           
            .mu.g/ml                .mu.g/ml                                   
     ______________________________________                                    
     III     50            XXV       10                                        
     IV      100           XXVII     10                                        
     V       100           XXIX      10                                        
     VI      100           XXX       50                                        
     VII     10            XXXII     50                                        
     VIII    100           XXXIII    20                                        
     IX      100           XLV      100                                        
     XII     100           IL       100                                        
     XIX     100           L        500                                        
     XXII    500           LVIII    100                                        
     XXIII  1000                                                               
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  The efficacy of the compounds against fungi was tested as follows:
PAR  Using a suitable solvent for the respective compound but non toxic to
      fungi, preferably a 1/15M phosphate buffer having a pH of 7.2, solutions
      were prepared containing 10.0 mg, 1.0 mg and 0.1 mg per ml of the compound
      to be tested. The test organisms, in this case the blastomycete Candida
      albicans and the mold Aspergillus niger, were inoculated onto Sabouraud
      agar plates by pouring a photometrically adjusted standard suspension of
      organisms on the plate. After inoculation, wells with a diameter of 5.0 mm
      were punched in the agar, and filled with 50 ul of the compound solution
      mentioned before. The quantity of compound applied thus amounted to 500
      .mu.g, 50 .mu.g and 5 .mu.g. After incubation at 28.degree. for 48 hours,
      the quantity of compound was determined at which an inhibition of the
      organism's growth, in form of an inhibition zone around the corresponding
      well, was present.
PAR  The concentrations at which zones of inhibition occurred for all of the
      compounds of this invention are found in Table II:
TBL                                    TABLE II                                
     __________________________________________________________________________
     Compound                                                                  
           Inhibition Area at .mu.g                                            
                        Compound                                               
                             Inhibition Area at n .mu.g                        
      No.   Cand. Asp.   No.  Cand.  Asp.                                      
            albicans                                                           
                  niger       albicans                                         
                                     niger                                     
     __________________________________________________________________________
     I       50    50   XV     50     50                                       
     II      50    50   XVI   &gt;500   &gt;500                                      
     III     50    50   XVII   500    500                                      
     IV      50   500   XVIII &gt;500   &gt;500                                      
     V       50    50   XIX     5      5                                       
     VI     500   500   XX     50      5                                       
     VII     50   500   XXI    50      5                                       
     VIII    50   500   XXII   500    500                                      
     IX      50    50   XXIII  500   &gt;500                                      
     X       50    50   XXIV  &gt;500   &gt;500                                      
     XI      50   500   XXV     5      5                                       
     XII     5     50   XXVI    5      5                                       
     XIII   500   500   XXVII   5      5                                       
     XIV     50    50   XXVIII                                                 
                               50     50                                       
     XXIX    50    50   XLVII   5      5                                       
     XXX     50    5    XLVIII                                                 
                               50     50                                       
     XXXI   500    50   IL     50     50                                       
     XXXII  500    50   L      50     50                                       
     XXXIII  5     50   LI     50     50                                       
     XXXIV   50    50   LII   &gt;500   &gt;500                                      
     XXXV    50    50   LIII  &gt;500   &gt;500                                      
     XXXVI   50    50   LIV   &gt;500   &gt;500                                      
     XXXVII  5     5    LV    &gt;500   &gt;500                                      
     XXXVIII                                                                   
            500   500   LVI    500    500                                      
     XXXIX   5     5    LVII  &gt;500   &gt;500                                      
     XL      5     5    LVIII  50     50                                       
     XLI     5     5    LIX    500     5                                       
     XLII    5     5    LX     500    50                                       
     XLIII   5     5    LXI   &gt;500   &gt;500                                      
     XLIV    50    50   LXII    5     50                                       
     XLV     50   500   LXIII   5     50                                       
     XLVI   500   500   LXIV   50      5                                       
                        LXV     5      5                                       
                        LXVI    5      5                                       
                        LXVII  50     50                                       
     __________________________________________________________________________
PAC  EXAMPLE 19
PAR  The efficacy of the compounds against bacteria was tested as follows:
PAR  Solutions of the compounds were prepared as in Example 18. The test
      organisms, in this case Staphylococcus aureus and Escherichia coli, were
      inoculated on nutrient agar as described in Example 12, wells were
      punched, and the solutions of the compounds were transferred to fill the
      wells. The quantity of compound in the wells amounted again to 500 .mu.g,
      50 .mu.g and 5 .mu.g.
PAR  After incubation a 37.degree. for 24 hours the quantity of compound was
      determined at which an inhibition of the organism's growth, in the form of
      an inhibition zone around the corresponding well, occurred.
PAR  The concentrations at which zones of inhibition occurred for all of the
      compounds of this invention are reported in Table III:
TBL                                    TABLE III                               
     __________________________________________________________________________
     Compound                                                                  
           Inhibition Area at .mu.g                                            
                        Compound                                               
                             Inhibition Area at .mu.g                          
      No.   Staph.                                                             
                  E. coli                                                      
                         No.  Staph.                                           
                                    E. coli                                    
            aureus            aureus                                           
     __________________________________________________________________________
     I      500   500   X     500   500                                        
     II     500   500   XI    50    &gt;500                                       
     III    50    500   XII   50    500                                        
     IV     500   &gt;500  XIII  5     500                                        
     V      50    500   XIV   50    500                                        
     VI     &gt;500  &gt;500  XV    50    50                                         
     VII    500   &gt;500  XVI   &gt;500  &gt;500                                       
     VIII   50    &gt;500  XVII  &gt;500  &gt;500                                       
     IX     500   500   XVIII &gt;500  &gt;500                                       
     XIX    500   500   XLIV  500   500                                        
     XX     50    500   XLV   50    500                                        
     XXI    5     &gt;500  XLVI  500   &gt;500                                       
     XXII   50    &gt;500  XLVII 5     500                                        
     XXIII  500   &gt;500  XLVIII                                                 
                              50    50                                         
     XXIV   &gt;500  &gt;500  IL    50    500                                        
     XXV    5     50    L     500   500                                        
     XXVI   50    50    LI    500   500                                        
     XXVII  50    500   LII   &gt;500  &gt;500                                       
     XXVIII 50    500   LIII  &gt;500  &gt;500                                       
     XXIX   50    500   LIV   &gt;500  &gt;500                                       
     XXX    50    500   LV    &gt;500  &gt;500                                       
     XXXI   50    &gt;500  LVI   500   500                                        
     XXXII  50    &gt;500  LVII  &gt;500  500                                        
     XXXIII 50    500   LVIII 50    500                                        
     XXXIV  50    500   LIX   50    500                                        
     XXXV   50    500   LX    500   500                                        
     XXXVI  500   &gt;500  LXI   &gt;500  &gt;500                                       
     XXXVII 5     500   LXII  5     50                                         
     XXXVIII                                                                   
            5     500   LXIII 5     5                                          
     XXXIX  5     50    LXIV  5     5                                          
     XL     5     5     LXV   500   500                                        
     XLI    50    50    LXVI  5     50                                         
     XLII   5     5     LXVII 50    500                                        
     XLIII  5     5                                                            
     __________________________________________________________________________
PAC  EXAMPLE 20
PAR  The minimum inhibitory concentration for fungi of the compounds showing an
      inhibition of the organism's growth at 50 .mu.g or less in Example 18 was
      determined according to the following method:
PAR  A tube dilution series of the respective compound in Sabouraud nutrient
      broth, whose individual tubes contained concentrations of 1024 .mu.g, 512
      .mu.g, 256 .mu.g, 128 .mu.g, 64 .mu.g, 32 .mu.g, 16 .mu.g, 8 .mu.g, 4
      .mu.g, 2 .mu.g, 1.1 .mu.g and 0.5 .mu.g/ml, was prepared and inoculated
      with a photometrically standardized suspension of the test organisms or
      the spores thereof. After incubation at 28.degree.C for 48 hours the
      lowest concentration was determined at which the organisms still failed to
      grow. The results are contained in the following Table IV:
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Compound                                                                  
          Minimum Inhibitory                                                   
                      Compound                                                 
                           Minimum Inhibitory                                  
      No. Concentration In                                                     
                       No. Concentration In .mu.g/ml                           
          .mu.g/ml                                                             
          C. albicans                                                          
                 A. niger  C. albicans                                         
                                  A. niger                                     
     __________________________________________________________________________
     I    64     128  VIII 16     --                                           
     II    1024  512  IX   16     128                                          
     III  32      64  X    16     16                                           
     IV   32     --   XI   &gt;1024  --                                           
     V    &gt;1024   64  XII  64     16                                           
     VII  32     --   XIV  32     16                                           
     XV   16     128  XL    &lt;0,5   &lt;0,5                                        
     XIX  16      32  XLI  2      1                                            
     XX   64      4   XLII  &lt;0,5   &lt;0,5                                        
     XXI  8       4   XLIII                                                    
                            &lt;0,5   &lt;0,5                                        
     XXV  64      8   XLIV &gt;1024  &gt;1024                                        
     XXVI 8       4   XLV  &gt;1024  --                                           
     XXVII                                                                     
          256    128  XLVII                                                    
                           32     32                                           
     XXVIII                                                                    
          64      32  XLVIII                                                   
                           8      4                                            
     XXIX 8       16  IL   32     32                                           
     XXX  16      32  LI   256    256                                          
     XXXI --      64  LVIII                                                    
                           256    128                                          
     XXXII                                                                     
          --     128  LIX  --     64                                           
     XXXIII                                                                    
          256    256  LX   --     64                                           
     XXXIV                                                                     
          16      32  LXII 2       &lt;0,5                                        
     XXXV 8       8   LXIII                                                    
                           32      &lt;0,5                                        
     XXXVI                                                                     
          4       2   LXIV 8      8                                            
     XXXVII                                                                    
          8      128  LXV  32     8                                            
     XXXIX                                                                     
          4       32  LXVI 4       &lt;0,5                                        
                      LXVII                                                    
                           128    128                                          
     __________________________________________________________________________
PAC  EXAMPLE 21
PAR  The minimum inhibitory concentration of the compounds was determined for
      all compounds showing an inhibition of the bacterial growth at 50 .mu.g or
      less in Example 18 according to the following method:
PAR  A tube dilution series of the respective compound in nutrient broth whose
      individual tubes contained concentrations of 1024 .mu.g, 512 .mu.g, 256
      .mu.g, 128 .mu.g, 64 .mu.g, 32 .mu.g, 1 .mu.g, 8 .mu.g, 4 .mu.g, 2 .mu.g,
      1.1 .mu.g and 0.5 .mu.g/ml was prepared and inoculated with a
      photometrically standardized suspension of the test organisms. After
      incubation, at 37.degree.C for 48 hours the lowest concentration was
      determined at which the bacteria still failed to grow. The results are
      contained in the following Table V:
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Compound                                                                  
           Minimum Inhibitory                                                  
                      Compound                                                 
                           Minimum Inhibitory                                  
      No.  Concentration In                                                    
                       No. Concentration In                                    
           .mu.g/ml        .mu.g/ml                                            
           Staph.                                                              
                 E. coli   Staph.                                              
                                E. coli                                        
           aureus          aureus                                              
     __________________________________________________________________________
     III   512   --   XXV  64   64                                             
     V     512   --   XXVI  128 128                                            
     VIII  512   --   XXVII                                                    
                            256 --                                             
     XI    &gt;1024 --   XXVIII                                                   
                           64   --                                             
     XII   64    --   XXIX  128 --                                             
     XIII  32    --   XXX   128 --                                             
     XIV   32    --   XXXI  128 --                                             
     XV    &gt;1024 &gt;1024                                                         
                      XXXII                                                    
                            128 --                                             
     XX    128   --   XXXIII                                                   
                            128 --                                             
     XXI   64    --   XXXIV                                                    
                            128 --                                             
     XXII  &gt;1024 --   XXXV  256 --                                             
     XXXVII                                                                    
           16    --   XLVIII                                                   
                            128 &gt;1024                                          
     XXXVIII                                                                   
           128   --   IL    128 --                                             
     XXXIX 32    &gt;1024                                                         
                      LVIII                                                    
                            256 --                                             
     XL     &lt; 0,5                                                              
                 32   LIX  1024 --                                             
     XLI   32    32   LXII 16    1024                                          
     XLII  32    32   LXIII                                                    
                            8   64                                             
     XLIII  &lt;0,5 1    LXIV  8   256                                            
     XLV   &gt;1024 --   LXVI 32   128                                            
     XLVII 4     --   LXVII                                                    
                            8   --                                             
     __________________________________________________________________________
PAC  EXAMPLE 22
PAR  The minimun inhbitory concentration of the compounds according to the
      invention in presence of serum was determined for all compounds showing an
      inhibition in the growth of fungi a 64 .mu.g/ml or less in Example 20
      according to the following method.
PAR  A tube dilution series of the respective compound in a Sabouraud nutrient
      broth was enriched by adding 10% of bovine serum. The individual tubes in
      the series contained the compound in concentrations of 1024 .mu.g, 512
      .mu.g, 256 .mu.g, 128 .mu.g, 64 .mu.g, 32 .mu.g, 16 .mu.g, 8 .mu.g, 4
      .mu.g, 2 .mu.g, 1.1 .mu.g and 0.5 .mu.g/ml. Each tube was inoculated with
      a photometrically standardized suspension of the test organisms or spores
      thereof.
PAR  After incubation at 28.degree.C for 48 hours the lowest concentration was
      determined at which the fungi still failed to grow. The results are
      contained in the following Table VI:
TBL                TABLE VI                                                    
     ______________________________________                                    
            Minimum                 Minimum                                    
     Compound                                                                  
            Inhibitory    Compound  Inhibitory                                 
      No.   Concentration In                                                   
                           No.      Concentration In                           
            .mu.g/ml                .mu.g/ml                                   
            C.       A. niger         C.     A. niger                          
            albicans                  albicans                                 
     ______________________________________                                    
     I      64       --       XXVIII  256    &gt;1024                             
     III    64       128      XXIX    128    32                                
     IV     32       --       XXX     256    32                                
     V      --       256      XXI     256    128                               
     VII    32       --       XXII    512    --                                
     VIII   16       --       XXIV    128    128                               
     IX     32       --       XXXV    32     128                               
     X      16       16       XXXVI   32     8                                 
     XII    256      &gt;1024    XXXVII  512    --                                
     XIII   513      256      XXXVIII &gt;1024  &gt;1024                             
     XIV    128      64       XXXIX   64     128                               
     XV     512      --       XL      64     2                                 
     XIX    16       32       XLI     128    8                                 
     XX     128      8        XLII    256    32                                
     XXI    256      128      XLIII   128    64                                
     XXV    256      64       XLVII   256    64                                
     XXVI   16       32       XLVIII  &gt;1024  256                               
     IL     256      128      LXIII   128    32                                
     L      512      --       LXIV    128    8                                 
     LIX    --       64       LXV     32     8                                 
     LX     --       8        LXVI     1024  128                               
     LXII   1024     512      LXVII   64     128                               
     ______________________________________                                    
PAC  EXAMPLE 23
PAR  The minimum inhibitory concentration of the compounds according to the
      invention in presence of serum was determined for all compounds showing an
      inhibition of bacteria growth at 64 .mu.g/ml or less in Example 21
      according to the following method.
PAR  A tube dilution series of the respective compound in a nutrient broth was
      enriched by adding 10% of serum. The individual tubes in the series
      contained the compound in concentrations of 1024 .mu.g, 512 .mu.g, 256
      .mu.g, 128 .mu.g, 64 .mu.g, 32 .mu.g, 16 .mu.g, 8 .mu.g, 4 .mu.g, 2 1.1
      .mu.g and 0.5 .mu.g/ml. Each tube was prepared and inoculated with a
      photometrically standardized suspension of the test organisms.
PAR  After incubation at 37.degree.C for 48 hours the lowest concentration was
      determined at which the bacteria still failed to grow. The results are
      contained in the following Table VII:
TBL                TABLE VII                                                   
     ______________________________________                                    
            Minimum                                                            
     Compound                                                                  
            Inhibitory    Compound Minimum Inhibitory                          
      No.   Concentration In                                                   
                           No.     Concentration In                            
            .mu.g/ml               .mu.g/ml                                    
     Staph.      E. coli           Staph. E. coli                              
     aureus                        aureus                                      
     ______________________________________                                    
     XII     1024    --       XL     64     1024                               
     XIII    1024    --       XLI     128   512                                
     XIV    256      --       XLII    256   1024                               
     XXI    512      --       XLIII  16     128                                
     XXV    256      512      XLVII   256   &gt;1024                              
     XXVIII  1024    --       LXII   1024   --                                 
     XXXVI  256      --       LXIII   256   1024                               
     XXXVII  1024    --       LXIV   1024   --                                 
     XXXIX  &gt;1024    --       LXVI   16     --                                 
                              LXVII   8     --                                 
     ______________________________________                                    
PAR  As is clearly demonstrated by the test results shown in the above tables,
      the compounds of this invention have the definite ability to inhibit both
      pathogenic bacterial and fungal growth.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC8##
PAL  wherein R is a radical selected from the group consisting of:
      ##SPC9##
PAL  wherein Y is I, Cl, Br, or F; wherein R.sub.1 is --OH, with the proviso
      that R.sub.1 exists only when R is:
      ##SPC10##
PAL  wherein R.sub.2 is a radical selected from the group consisting of:
      ##SPC11##
PAL  wherein Y has the meaning given above; wherein R.sub.3 is a radical
      selected from the group consisting of:
EQU  --CH.sub.2 -- ,
EQU  --ch.sub.2 --ch.sub.2 -- ,
      ##EQU3##
      and
      ##EQU4##
      wherein R.sub.4 is a radial selected from the group consisting of:
      ##SPC12##
PAL  wherein n is an integer from zero to eight; wherein R.sub.5 is a radical
      selected from the group consisting of:
      ##SPC13##
PAL  wherein Y has the meaning given above, and wherein Z is selected from the
      group consisting of:
      ##SPC14##
PAL  combinations thereof.
NUM  2.
PAR  2. A compound of the formula:
      ##SPC15##
PAL  wherein R is a radical selected from the group consisting of:
      ##SPC16##
PAL  wherein Y is a halogen atom; wherein R.sub.1 is selected from the group
      consisting of:
      ##SPC17##
PAL  wherein Y is a halogen atom; wherein R.sub.2 is selected from the group
      consisting of:
      ##EQU5##
      or
EQU  --CH.sub.2 --CH.sub.2 --;
PAL  wherein R.sub.3 is selected from the group consisting of
EQU  --(CH.sub.2).sub.N --
PAL  wherein n is an integer from two to eight; wherein R.sub.4 is selected from
      the group consisting of:
      ##SPC18##
NUM  3.
PAR  3. A compound of claim 2 wherein R is selected from the group consisting
      of:
      ##SPC19##
NUM  4.
PAR  4. The compound of claim 3 which is
      1-p-chloro-phenyl-2-p-chloro-benzyl-3-{4'-[.beta.-(4"-methyl-piperazino-1"
     )-ethyl]-piperazino-1'}-butene-1.
NUM  5.
PAR  5. The compound of claim 3 which is
      1-(p-chloro-phenyl)-2-(p-chlorobenzyl)-4-[4'-(.beta.-piperidino-ethyl)-pip
     erazino-1']-butene-1.
NUM  6.
PAR  6. The compound of claim 3 which is
      1-(o-chlorophenyl)-2-(o-chloro-benzyl)-3-[4'-.beta.-(4"-methyl-piperazino-
     1")-ethyl-piperazino-1']-butene-1.
NUM  7.
PAR  7. A compound according to claim 2 wherein R is
      ##SPC20##
PAL  wherein R.sub.1 is
      ##SPC21##
PAL  wherein R.sub.2 is
      ##EQU6##
      and wherein R.sub.3 is
EQU  --CH.sub.2 --CH.sub.2 --.
NUM  8.
PAR  8. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-2"-methyl-piperidino-ethyl)-piperazino-1']
     -butene-1.
NUM  9.
PAR  9. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-{4'[.beta.-(3"-methylpiperidino)-ethyl]-piperazino-1'}
     -butene-1.
NUM  10.
PAR  10. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methylpiperidino)-ethyl]-piperazino-1'
     }-butene-1.
NUM  11.
PAR  11. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-(4'-.beta.-chloro-ethyl-piperazino-1')-butene-1.
NUM  12.
PAR  12. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-morpholino-ethyl)-piperazino-1']-butene-1.
NUM  13.
PAR  13. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(2-methylmorpholino)-ethyl]-piperazino-1'}
     -butene-1.
NUM  14.
PAR  14. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-methylamino-ethyl)-piperazino-1']-butene-1
NUM  15.
PAR  15. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-dimethlamino-ethyl)-piperazino-1']-butene-
NUM  16.
PAR  16. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-diethylamino-ethyl)-piperazino-1']-butene-
NUM  17.
PAR  17. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-diisopropylamino-ethyl)-piperazino-1']-but
     ene-1.
NUM  18.
PAR  18. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-pyrrolidino-ethyl)-piperazino-1']-butene-1
     .
NUM  19.
PAR  19. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-.beta.-phenethyl-piperazino-1")-ethyl]
     -piperazino-1}-butene-1.
NUM  20.
PAR  20. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-.alpha.-phenethyl-piperazino-1")-ethyl
     ]-piperazino-1'}-butene-1.
NUM  21.
PAR  21. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-benzylpiperazino-1")-ethyl]-piperazino
     -1'}-butene-1.
NUM  22.
PAR  22. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methylpiperazino-1")-ethyl]-piperazino
     -1'}-butene-1.
NUM  23.
PAR  23. A compound according to claim 2 wherein R is
      ##SPC22##
PAL  wherein R.sub.1 is
      ##SPC23##
PAL  wherein R2 is
      ##EQU7##
      and wherein R.sub.3 is
EQU  --CH.sub.2 --(CH.sub.2).sub.4 --CH.sub.2 --.
NUM  24.
PAR  24. The compound of claim 23 which is
      1-phenyl-2-benzyl-3-[4'-(w-methyl-amino-n-hexyl)-piperazino-1']-butene-1.
NUM  25.
PAR  25. The compound of claim 23 which is
      1-phenyl-2-benzyl-3-[4'-w-(4"-n-octyl-piperazino-1")-n-hexyl-piperazino-1'
     ]-butene-1.
NUM  26.
PAR  26. The compound of claim 23 which is
      1-phenyl-2-benzyl-3-[4'-(w-n-octyl-amino-n-hexyl)-piperazino-1']-butene-1.
NUM  27.
PAR  27. A compound according to claim 2 wherein R is
      ##SPC24##
PAL  wherein R.sub.1 is
      ##SPC25##
PAL  wherein R.sub.2 is
EQU  --CH.sub.2 --CH.sub.2 --,
PAL  and
PAL  wherein R.sub.3 is
EQU  --(CH.sub.2).sub.m --
PAL  wherein m is 2 or 8.
NUM  28.
PAR  28. The compound of claim 27 which is
      1-phenyl-2-benzyl-4-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-butene-1.
NUM  29.
PAR  29. The compound of claim 27 which is
      1-phenyl-2-benzyl-4-[4'-w-(4"-methyl-piperazino-1")-n-hexyl-piperazino-1']
     -butene-1.
NUM  30.
PAR  30. The compound of claim 7 which is
      1-phenyl-2-benzyl-3-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-butene-1.
NUM  31.
PAR  31. The compound of claim 1 wherein R is selected from the group consisting
      of:
      ##SPC26##
NUM  32.
PAR  32. Wherein the compound of claim 31 is
      1-m-tolyl-2-m-methylbenzyl-3-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-
     butanol-2.
NUM  33.
PAR  33. Wherein the compound of claim 31 is
      1-(p-Chloro-phenyl)-2-(p-Chloro-benzyl)-3-[4'-(.beta.-hydroxyethyl)-pipera
     zino-1']-butanol-2.
NUM  34.
PAR  34. Wherein the compound of claim 31 is
      1-m-tolyl-2-(m-methylbenzyl)-3-(4'-methyl-piperazino-1')-butanol-2.
NUM  35.
PAR  35. The compound of claim 1 wherein R is selected from the group consisting
      of:
      ##SPC27##
NUM  36.
PAR  36. The compound of claim 35 wherein R.sub.3 is selected from the group
      consisting of:
EQU  --CH.sub.2 --,
PAL  and
EQU  CH.sub.3 --CH.sub.2 --CH--
NUM  37.
PAR  37. Wherein the compound of claim 36 is
      1-phenyl-2-benzyl-3-(4'-methyl-piperazino-1')-propanol-2.
NUM  38.
PAR  38. Wherein the compound of claim 36 is
      1-phenyl-2-benzyl-3-(4'-methyl-piperazino-1')-pentanol-2.
NUM  39.
PAR  39. Wherein the compound of claim 36 is
      .beta.,.beta.'-diphenyl-.beta."-[4'-(.beta.-piperazino-ethyl)-piperazino-1
     ']-t-butanol.
NUM  40.
PAR  40. The compound of claim 35 wherein R.sub.5 is
      ##SPC28##
NUM  41.
PAR  41. Wherein the compound of claim 40 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(2"-methyl-piperidino)-ethyl]-piperazino-1
     '}-butanol-2.
NUM  42.
PAR  42. Wherein the compound of claim 40 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(3"-methyl-piperidino)-ethyl]-piperazino-1
     '}butanol-2.
NUM  43.
PAR  43. Wherein the compound of claim 40 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methyl-piperidino)-ethyl-piperazino-1'
     }-butanol-2.
NUM  44.
PAR  44. The compound of claim 35 wherein R.sub.5 is selected from the group
      consisting of:
EQU  --OH, --Cl, --Br, --F, --I,
PAL  and --H
NUM  45.
PAR  45. Wherein the compound of claim 44 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-hydroxyethyl)-piperazino-1']-butanol-2.
NUM  46.
PAR  46. Wherein the compound of claim 44 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-chloro-ethyl)-piperazino-1']-butanol-2.
NUM  47.
PAR  47. Wherein the compound of claim 44 is
      1-p-chlorophenyl-2-p-chlorobenzyl-3-(4'-methyl-piperazino-1')-butanol-2.
NUM  48.
PAR  48. Wherein the compound of claim 44 is
      1-phenyl-2-benzyl-3-[1'-methyl-piperazino-4'-]-butanol-2.
NUM  49.
PAR  49. Wherein the compound of claim 44 is
      1-phenyl-2-benzyl-4-(4'-methyl-piperazino-1')-butanol-2.
NUM  50.
PAR  50. The compound of claim 35 wherein R.sub.5 is selected from the group
      consisting of:
      ##SPC29##
NUM  51.
PAR  51. Wherein the compound of claim 50 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-morpholino-ethyl)-piperazino-1']-butanol-2
     .
NUM  52.
PAR  52. Wherein the compound of claim 50 is
      1-phenyl-2-Benzyl-3-{4'-[.beta.-(2"-methyl-morpholino)-ethyl]-piperazino-1
     '}-butanol-2.
NUM  53.
PAR  53. The compound of claim 35 wherein R.sub.5 is
      ##EQU8##
      and Z is a radical selected from the group consisting of:
      ##SPC30##
PAL  mixtures of said radicals.
NUM  54.
PAR  54. Wherein the compound of claim 53 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-dimethylamino-ethyl)-piperazino-1']-butano
     l-2.
NUM  55.
PAR  55. Wherein the compound of claim 53 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-diethylaminoethyl)-piperazino-1']-butanol-
NUM  56.
PAR  56. Wherein the compound of claim 53 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-N-methyl-N-benzylamino-ethyl)-piperazino-1
     ']-butanol-2.
NUM  57.
PAR  57. Wherein the compound of claim 53 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-dibenzylamino-ethyl)-piperazino-1']-butano
     l-2.
NUM  58.
PAR  58. Wherein the compound of claim 53 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-N-ethyl-N-benzyl-amino-ethyl)-piperazino-1
     ']-butanol-2.
NUM  59.
PAR  59. Wherein the compound of claim 53 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-N-phenyl-N-methyl-amino-ethyl)-piperazino-
     1']-butanol-2.
NUM  60.
PAR  60. The compound of claim 35 wherein R.sub.5 is selected from the group
      consisting of:
      ##SPC31##
NUM  61.
PAR  61. Wherein the compound of claim 60 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-pyrrolidino-ethyl)-piperazino-1']-butanol-
NUM  62.
PAR  62. Wherein the compound of claim 60 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-phenethyl-piperazino-1")-ethyl]-pipera
     zino-1'}-butanol-2.
NUM  63.
PAR  63. Wherein the compound of claim 60 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-.alpha.-phenethyl-piperazino-1")-ethyl
     ]-piperazino-1'}-butanol-2.
NUM  64.
PAR  64. The compound of claim 35 wherein R.sub.5 is selected from the group
      consisting of:
      ##SPC32##
NUM  65.
PAR  65. Wherein the compound of claim 64 is
      1-phenyl-2-benzyl-3-[4'-(2"-pyridylmethyl)-piperazino-1']-butanol-2.
NUM  66.
PAR  66. Wherein the compound of claim 64 is
      1-phenyl-2-benzyl-3-[4'-(3"-pyridylmethyl)-piperazino-1']-butanol-2.
NUM  67.
PAR  67. Wherein the compound of claim 64 is
      1-phenyl-2-benzyl-3-[4'-(4"-pyridylmethyl)-piperazino-1']-butanol-2.
NUM  68.
PAR  68. Wherein the compound of claim 64 is
      1-phenyl-2-benzyl-3-(4'-m-methyl-benzyl-piperazino-1')-butanol-2.
NUM  69.
PAR  69. The compound of claim 35 wherein R.sub.5 is selected from the group
      consisting of:
      ##SPC33##
NUM  70.
PAR  70. Wherein the compound of claim 69 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-phenyl-piperazino-1")-ethyl]-piperazin
     o-1'}-butanol-2.
NUM  71.
PAR  71. Wherein the compound of claim 69 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-benzyl-piperazino-1")-ethyl]-piperazin
     o-1'}-butanol-2.
NUM  72.
PAR  72. The compound of claim 35 wherein R.sub.5 is selected from the group
      consisting of:
      ##SPC34##
NUM  73.
PAR  73. Wherein the compound of claim 72 is
      1-phenyl-2-benzyl-3-[4'-(w-piperidino-n-hexyl)-piperazino-1']-butanol-2.
NUM  74.
PAR  74. Wherein the compound of claim 72 is
      1-phenyl-2-benzyl-4-[4'-(.beta.-piperidinoethyl)-piperazino-1']-butanol-2.
NUM  75.
PAR  75. Wherein the compound of claim 72 is
      1-phenyl-2-benzyl-4-{4'-[w-(4"-methyl-piperazino-1")-n-hexyl]-piperazino-1
     '-butanol-2.
NUM  76.
PAR  76. Wherein the compound of claim 72 is
      1-phenyl-2-benzyl-3-{4'-[.beta.-(4"-methyl-piperazino-1")-ethyl]-piperazin
     o-1'}-butanol-2.
NUM  77.
PAR  77. Wherein the compound of claim 72 is
      1-phenyl-2-benzyl-3-[4'-(.gamma.-piperidinopropyl)-piperazino-1']-butanol-
NUM  78.
PAR  78. Wherein the compound of claim 72 is
      1-phenyl-2-benzyl-3-(4-benzyl-piperazino-1')-butanol-2.
NUM  79.
PAR  79. Wherein the compound of claim 72 is
      1-phenyl-2-benzyl-3-[4'-(.beta.-piperidino-ethyl)-piperazino-1']-butanol-2
     .
NUM  80.
PAR  80. The compound of claim 1 wherein R is:
      ##SPC35##
PAL  and wherein R.sub.4 is selected from the group consisting of:
      ##SPC36##
NUM  81.
PAR  81. Wherein the compound of claim 80 is
      1-phenyl-2-benzyl-3-piperazino-butanol-2.
NUM  82.
PAR  82. Wherein the compound of clain 80 is
      1-phenyl-2-benzyl-3-(4'-phenyl-piperazino-1')-butanol-2.
NUM  83.
PAR  83. Wherein the compound of claim 80 is
      1-phenyl-2-benzyl-4-(4'-phenyl-piperazino-1')-butanol-2.
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PAL  Vic-triazoles are obtained in almost quantitative yield and high purity
      when .alpha.-oximino-arylhydrazones of the formula
      ##EQU1##
      IN WHICH Ar represents an aromatic-carbocyclic or aromatic heterocyclic
      radical, R.sub.1 denotes an aliphatic or aromatic radical, R.sub.2 denotes
      hydrogen or an aliphatic or aromatic radical and n denotes the numbers 1
      or 2, are reacted with at least 1 mol equivalent of a cyclising agent in
      the presence of heavy metals or of their ions.
BSUM
PAR  It is known to prepare 2-aryl-vic-triazoles by cyclisation of
      .alpha.-oximinoarylhydrazones (Chem. Reviews 46, 1-68 (1950). These
      cyclisations with, for example, phosphorus pentachloride, take place with
      low yields, up to at most 50% of theory. Obtaining the triazole formed
      from the reaction mixture in a pure form is hampered considerably by
      by-products which are in part resinous and coloured.
PAR  Attempts have been made to avoid this difficulty by cyclisation in a melt
      of urea (German Offenlegungsschrift (German Published Specification) No.
      1,670,914). This process produces better yields which in most cases are
      between 60 and 70% of theory and in some cases even reach 85% of theory.
      The disadvantage of this method is that the scope for varying the reaction
      conditions is slight, so that only relatively few compounds can be
      manufactured by this method. The method fails, in particular, in the case
      of the cyclisation of oximinohydrazones derived from diketones.
PAR  It has now been found, surprisingly, that the vic-aryl-triazoles are
      obtained in almost quantitative yield and high purity when
      .alpha.-oximino-arylhydroazones of the general formula I
      ##EQU2##
      IN WHICH Ar represents an aromatic-carbocyclic or aromatic heterocyclic
      radical,
PA1  R.sub.1 denotes an aliphatic or aromatic radical,
PA1  R.sub.2 denotes hydrogen or an aliphatic or aromatic radical and
PA1  n denotes the numbers 1 or 2,
PAL  Are reacted with at least 1 mol equivalent of a cyclising agent in the
      presence of heavy metals or of their ions.
PAR  Suitable aromatic-carbocyclic and aromatic-heterocyclic radicals are those
      of the benzene, naphthalene, diphenyl, diphenylmethane, diphenylethane,
      stilbene, tolane, pyridine, triazole, imidazole, pyrazole, coumarin or
      carbostyril series, which can optionally contain further substituents, for
      example halogen atoms or alkyl, alkoxy, hydroxyl, nitrile, carboxyl,
      carbonamido, sulpho, alkylcarbonyl, alkoxycarbonyl, alkylsulphonyl or
      arylsulphonyl groups, alkyl and alkoxy groups preferably being understood
      as groups with 1-4 atoms. Suitable arylsulphonyl groups are
      phenylsulphonyl and tolylsulphonyl. Compounds of the formula I are known,
      for example, from German Offenlegungsschriften (German Published
      Specifications) Nos. 1,670,969, 1,670,999, 1,594,845, 1,962,353,
      2,037,854, 2,040,189 and 1,917,740 and from British patent specifications
      Nos. 1,215,507, 1,108,416, 1,154,995 and 1,155,229.
PAR  A particularly distinct effect is found in the case of compounds in which
PA1  Ar represents the radical of a coumarin system,
PA1  R.sub.1 represents an alkyl group and
PA1  R.sub.2 represents an aryl group.
PAR  By the term heavy metals there are here preferably to be understood the
      transition metals, that is to say the elements of sub-group 1 and 8 of the
      periodic system of the elements. Of these, metallic copper and copper ions
      are particularly active.
PAR  By cyclising agents there are understood compounds which produce direct
      acylation and compounds which form an acylating agent under the reaction
      conditions.
PAR  The group of the direct acylating agents includes, for examples, acid
      anhydrides, isocyanates and acyl halides. Examples of compounds which only
      form an acylating agent under the reaction conditions are ureas and salts
      of cyanic acid and isocyanic acid.
PAR  Suitable acid anhydrides are those of the formula
      ##EQU3##
      wherein R.sub.3 and R.sub.4 independently of one another represent an
      optionally substituted C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy
      or phenyl radical.
PAR  Suitable isocyanates are those of the formula
EQU  R.sub.5 --N = C = O
PAL  wherein R.sub.5 denotes hydrogen, C.sub.1 -C.sub.6 -alkyl, C.sub.5 -C.sub.7
      -cycloalkyl, phenyl, phenylcarbonyl or phenylsulphonyl, it being possible
      for the individual groups to be substituted by halogen or C.sub.1 -C.sub.4
      -alkyl, C.sub.1 -C.sub.4 -alkoxy or nitro groups.
PAR  Suitable acyl halides are those of the formula
      ##EQU4##
      wherein R.sub.6 represents an optionally substituted C.sub.1 -C.sub.6
      -alkyl or phenyl radical or a C.sub.1 -C.sub.6 -alkylamino or phenyl-amino
      radical, it being possible for the phenyl radical to be substituted by
      C.sub.1 -C.sub.4 -alkyl or C.sub.1 -C.sub.4 -alkoxy groups or halogen
      atoms. Suitable ureas are those of the formula
      ##EQU5##
      wherein R.sub.7, R.sub.8 and R.sub.9 independently of one another
      represent hydrogen or optionally substituted C.sub.1 -C.sub.4 -alkyl or
      phenyl radicals.
PAR  Suitable salts of isocyanic acid and cyanic acid are the alkali metal
      salts.
PAR  Particularly preferred cyclising agents are isocyanic acid, methyl
      isocyanate, ethyl isocyanate, methoxymethyl isocyanate, cyclohexyl
      isocyanate, phenyl isocyanate, tolyl isocyanate, nitrophenyl isocyanate,
      benzoyl isocyanate, phenyl-sulphonyl isocyanate, toluylene diisocyanate,
      pyrocarbonic acid methyl ester, pyrocarbonic acid ethyl ester, acetic
      anhydride, N,N'-diphenylurea, N,N'-dimethylurea, N,N-dimethyl-urea,
      monomethylurea and urea.
PAR  In carrying out the process according to the invention in practice, an
      appropriate procedure to follow is to add to the solution or suspension of
      the .alpha.-oximino-arylhydrazones of the formula I 0.01 to 5 mols,
      preferably 0.01 to 0.5 mol, of a transition metal or of a transition metal
      salt, relative to 1 mol of oximinohydrazone, and subsequently to add the
      cyclising agent in an amount of at least 1 mol, preferably 2 mols. The
      reaction can be carried out at temperatures between 0.degree. and
      150.degree.C.
PAR  Examples of suitable solvents for the isocyanate or carbamide-acid halide
      variant are: formamide, dimethylformamide, dimethylacetamide,
      N-methylpyrrolidone, .epsilon.-caprolactam, pyridine, picolines,
      quinoline, triethylamine, dimethylbenzylamine and methoxypropionitrile.
PAR  When using the remaining cyclising agents it is also possible to employ
      other polar solvents, apart from the solvents mentioned, for example
      water, alcohols, glycols and their ethers as well as hydrocarbons, ethers,
      halogenated hydrocarbons and ketones. Xylene, chlorobenzene,
      dichlorobenzene, glycol monomethyl ether, cyclohexanone and glycol
      monomethyl ether acetate may be mentioned as examples.
PAR  The reaction velocity and the yield can be accelerated by addition of small
      amounts of alkaline compounds. For this purpose it is in particular
      possible to use the alkali metal hydroxides and alkali metal carbonates,
      which are employed in amounts of, preferably, 0.01 to 0.1 mol equivalent
      per mol of .alpha.-oximinoarylhydrazone of the formula I.
PAR  The 2-aryl-v-triazoles obtainable according to the process of the
      invention, which correspond to the formula
      ##SPC1##
PAL  in which
PAR  Ar, R.sub.1, R.sub.2 and n have the abovementioned meaning are mostly known
      and are valuable optical brighteners, UV absorbers and intermediate
      products for brighteners and dye-stuffs.
PAR  Thus, for example, compounds of the formula (II), in which
PAR  Ar represents a stilbene, coumarin, naphthalimide and
      dibenzenethiophenedioxide radical are excellent optical brighteners
      (British patent specifications Nos. 1,108,416, 1,155,229, 1,154,995,
      1,113,918 and 1,201,579 and U.S. Pat. specification 3,459,744).
PAR  Compounds in which Ar represents a p-tolyl radical (n = 1) or
      diphenyl-ethane radical (n = 2) can be converted into stilbene brighteners
      according to known processes (see, for example, U.S. Pat. No. 3,351,592
      and French Pat. No. 1,480,699).
PAR  Aryltriazoles of the formula (II) which contain nitro groups can be
      converted according to processes which are in themselves known into
      corresponding aminoaryltriazoles which are valuable starting materials for
      the manufacture of azo dyestuffs (French Pat. No. 1,391,676 and
      1,398,366).
PAR  2-Phenyl-4-methyl-v-triazole is an effective UV absorber (Chem. Abstr. 57,
      8100 d).
DETD
PAC  EXAMPLE 1
PAR  158 g of N-(3-phenyl-coumarinyl-7)-.alpha.-oximinopropiophenonehydrazone
      are suspended in 800 ml of glycol monomethyl ether, 5 g of copper
      sulphate. 5 H.sub.2 O and 100 g of urea are added and the mixture is
      heated for 15 hours at the reflux temperature (125.degree.-130.degree.C).
      The solid gradually dissolves, with slow evolution of ammonia and carbon
      dioxide. The mixture is then cooled to room temperature and the
      3-phenyl-7-[2-(4-phenyl, 5-methyl)-1,2,3-triazolyl]-coumarin which has
      precipitated is filtered off, washed with methanol and dried. 146 g of
      crystals, corresponding to 96% of theory, are obtained, which after
      crystallisation from glycol monomethyl ether yield 114 g.
PAC  EXAMPLE 2
PAR  168 g of N-(3-phenyl-coumarinyl-7)-.alpha.-oximinopropiophenonehydrazone,
      of 95.8% purity, and 5 g of CuSO.sub.4 .6H.sub.2 O are suspended in 100 ml
      of pyridine. The mixture is warmed to 70.degree.-80.degree.C and 48 g of
      methyl isocyanate are added dropwise. The reaction mixture dissolves, with
      an exothermic reaction and vigorous evolution of CO.sub.2 (about 10 liters
      of gas being evolved). The solvent is removed by steam distillation and
      the residue is crystallised from glycol monomethyl ether. The yield
      exceeds 95% of theory.
PAC  EXAMPLE 3
PAR  44 g of
      N-[3-(4-chloropyrazolyl-)coumarinyl-7]-.alpha.-oximinopropiophenonehydrazo
     ne are suspended in 100 ml of DMF and are heated under reflux with 170 ml
      of acetic anhydride and 10 g of sodium acetate in the presence of 20 g of
      CuSO.sub.4 . 5 H.sub.2 O for 3 hours. After cooling, the contents of the
      flask are diluted with an equal volume of water and the crystals which
      have precipitated are filtered off. After recrystallisation from glycol
      monomethyl ether, 3-(4-chloro-pyrazolyl-)7 -[
      2-(4-phenyl-5-methyl-)1,2,3-triazolyl]-coumarin is obtained in 80% yield
      in the form of pale yellow crystals.
PAR  Similar results are obtained on using
      N-(3-phenyl-coumarinyl-7)-.alpha.-oximino-(4-phenyl)-propiophenonehydrazon
     e instead of the hydrazone mentioned in Example 3.
PAC  EXAMPLE 4
PAR  18 g of pyrocarbonic acid diethyl ester are added dropwise to a suspension
      of 41 g of N-(3-phenyl-coumarinyl-7)-.alpha.-oximinopropiophenonehydrazone
      and 3 g of CuSO.sub.4 . 5H.sub.2 O in 100 ml of DMF at
      70.degree.-80.degree.C. The starting compound dissolves, with vigorous
      evolution of CO.sub.2. After cooling, and diluting with an equal volume of
      water, 35 g of pale yellow crystals, representing 95% of theory,
      crystallise.
PAC  EXAMPLE 5
PAR  41 g of N-(3-phenyl-coumarinyl-7)-.alpha.-oximinopropiophenonehydrazone
      (95.8%) in 100 ml of pyridine are heated with 3 g of copper powder to
      70.degree.C. 13.5 g of methyl isocyanate are dropped into the suspension
      and react exothermically with evolution of CO.sub.2, which at times is
      vigorous. As soon as the material has dissolved, the excess copper is
      filtered off hot and the mother liquor is stirred until cold. The crystals
      which have precipitated are filtered off and washed with methanol on the
      filter. 32 g of
      3-phenyl-7-[2-(4-phenyl-5-methyl)-1,2,3-triazolyl]-coumarin are obtained
      as pale yellow crystals, representing 85% of theory.
PAC  EXAMPLE 6
PAR  397 g of the hydrazone from 3-phenyl-7-hydrazino-coumarin and
      .alpha.-oximinopropiophenone are suspended in 200 ml of glycol monomethyl
      ether and warmed with 20 g of potassium carbonate, 10 g of Cu powder and
      250 g of urea to 125.degree.-130.degree.C. After boiling under reflux for
      2-21/2 hours, the contents of the flask dissolve and after refluxing for 4
      hours they are cooled to 5.degree.C. The crystals which have precipitated
      out are filtered off and washed with methanol, and after recrystallisation
      from glycol monomethyl ether, 285 g of
      3-phenyl-7-[2-(4-phenyl-5-methyl)-1,2,3-triazolyl]-coumarin are obtained
      in the form of pale yellow crystals.
PAC  EXAMPLE 7
PAR  70.6 g of the disodium salt of
      4,4'-bis-(.alpha.-oximinoacetophenonehydrazono)-stilbene-2,2'-disulphonic
      acid in 500 ml of diethylene glycol are heated with 100 g of urea and 2 g
      of Cu powder. The exothermic reaction commences at approx. 80.degree.C and
      rapidly rises to 110.degree.C. After 30 minutes, the evolution of gas has
      ceased. The mixture is stirred for a further hour at 110.degree.C and is
      poured out onto 2 l of water and filtered. The crude paste is purified by
      dissolving it in 1,800 ml of boiling water and adding 100 ml of 40%
      strength sodium hydroxide solution, whereupon the sodium salt of
      4,4'-bis-(4-phenyl-vic-triazolyl)-stilbene-2,2'-disulphonic acid is
      obtained as light yellow crystals. After drying, 65 g of cyclisation
      product are obtained; this gives a clear solution in water, having a light
      blue daylight fluorescence.
PAC  EXAMPLE 8
PAR  39.7 g of N-3-(phenyl-coumarinyl-7-)-.alpha.-oximinopropiophenonehydrazone
      are heated with 1 g of Cu powder and 20 g of urea in 100 ml of
      methoxypropionitrile. The substance dissolves in approx. 20 minutes at
      between 130.degree. and 150.degree.C, with the evolution of gas. The
      undissolved copper is filtered off hot and the filtrate is diluted with
      200 ml of methanol; the precipitate is isolated, washed with methanol
      until the filtrate issues clear, and subsequently dried. 29.7 g of crude
      product are obtained, which after recrystallisation from 83% strength
      sulphuric acid give 29.4 g of pure
      3-phenyl-7-[(4-methyl-5-phenyl-)1,2,3-triazolyl-(2)-]-coumarin.
PAR  If the procedure indicated in the preceding example is followed and instead
      of the Cu powder the catalysts indicated in column 1 are used, the yields
      shown in column 3 are obtained if no base is added, whilst column 2 shows
      the yields if 0.075 mol of (anhydrous) potassium carbonate is added per
      mol of hydrazone.
TBL  __________________________________________________________________________
              1           2        3                                           
     __________________________________________________________________________
     Catalyst   Amount in mol per                                              
                          Yield, % Yield, %                                    
                mol of hydrazone                                               
                          Crude                                                
                              Pure Crude                                       
                                        Pure                                   
     __________________________________________________________________________
     None       --        81  54   50   41                                     
     CuSO.sub.4 . 5H.sub.2 O                                                   
                0.04      93  83.5 91   79                                     
     CuCl       0.10      89  78   86   74                                     
     CuCN       0.12      89  66   92   81                                     
     Cu powder  0.16      95  72.5 78.5 78                                     
     Cu powder   0.016    81  66   --   --                                     
     Cu + CuSO.sub.4 . 5H.sub.2 O                                              
                0.08 + 0.02                                                    
                          93  77   93   82                                     
     NiCl.sub.2 . 6H.sub.2 O                                                   
                0.04      87  71   82   69                                     
     Cu + NiCl.sub.2 . 6H.sub.2 O                                              
                0.016 + 0.001                                                  
                          87  59   --   --                                     
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  920 ml of glycol monomethyl ether, 46 g of anhydrous sodium acetate, 128 g
      of oximinopropiophenone of 70.1% purity and 182 g of
      3-phenyl-7-hydrazinocoumarin of 69.2% purity are introduced into a 2 l
      sulphonation beaker and warmed to 95.degree.C for 2 hours. 30 g of K.sub.2
      CO.sub.3 and 500 ml of glycol monomethyl ether are then added and 800 ml
      of solvent are distilled off. For cyclisation, 140 g of urea and an
      approx. 1 mm thick Cu sheet weighing 162.3 g are added to the batch, which
      is now anhydrous, and the whole is heated to 126.degree.-131.degree.C.
      When solution has occurred, the batch is cooled and diluted with 500 ml of
      methanol and the precipitate is filtered off and washed with methanol and
      with hot water. 115 g of 3-phenyl-7-[(
     4-methyl-5-phenyl)-1,2,3-triazolyl(2)-]-coumarin are obtained. The decrease
      in weight of the Cu sheet is 0.6 g.
PAC  EXAMPLE 10
PAR  16.7 g of dimethylbenzylamine, 0.2 g of Cu powder and 70 g of
      N-(3-phenyl-coumarinyl-7)-.alpha.-oximinopropiophenone-hydrazone in 140 ml
      of glycol monomethyl ether acetate are treated dropwise, at 85.degree.C,
      with 36 g of acetic anhydride, and the mixture is kept for 3 hours at this
      temperature, clarified with fuller's earth and cooled. After filtration
      and washing with methanol and water, 54 g of crystals are obtained. The
      same experiment without addition of Cu gives a yield of only 38 g.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for the manufacture of 2-aryl-vic-triazoles which comprises
      reacting in the presence of copper or an ion of copper an
      .alpha.-oximino-arylhydrazone with a cyclizing agent wherein said aryl is
      a radical of the benzene, naphthalene, diphenyl, diphenylmethane,
      diphenylethane, stilbene, tolane, pyridine, triazole, imidazole, pyrazole,
      coumarin or carbostyril series and said cyclizing agent is selected from
      the group consisting of:
PA0  a. acid anhydride of the formula
      ##EQU6##
      wherein R.sub.3 and R.sub.4, independently of each other are C.sub.1
      -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy, or phenyl;
PA0  b. isocyanate of the formula
EQU  R.sub.5 -N=C=O
PA0  wherein R.sub.5 is hydrogen, C.sub.1 -C.sub.6 -alkyl, C.sub.5 -C.sub.7
      -cycloalkyl, phenyl, phenylcarbonyl, phenylsulphonyl, C.sub.1 -C.sub.6
      -alkyl substituted by C.sub.1 -C.sub.4 -alkoxy, or phenyl substituted by
      C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy, or nitro;
PA0  c. acyl halide of the formula
      ##EQU7##
      wherein R.sub.6 is C.sub.1 -C.sub.6 -alkyl, phenyl, C.sub.1 -C.sub.6
      -alkylamino, phenylamino, substituted phenyl, where the substituent is
      C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy, or halogen;
PA0  d. urea of the formula
      ##EQU8##
      wherein R.sub.7, R.sub.8, and R.sub.9, independently of each other are
      hydrogen, C.sub.1 -C.sub.4 -alkyl, or phenyl;
PA0  e. alkali metal salts of cyanic acid; and
PA0  f. alkali metal salts of isocyanic acid.
NUM  2.
PAR  2. Process of claim 1 wherein said cyclizing agent is isocyanic acid,
      methyl isocyanate, ethyl isocyanate, methoxymethyl isocyanate, cyclohexyl
      isocyanate, phenyl isocyanate, tolyl isocyanate, nitrophenyl isocyanate,
      benzoyl isocyanate, phenylsulphonyl isocyanate, toluylene diisocyanate,
      pyrocarbonic acid methyl ester, pyrocarbonic acid ethyl ester, acetic
      anhydride, N,N'-diphenylurea, N,N'-dimethylurea, monomethylurea, or urea.
NUM  3.
PAR  3. Process of claim 1 employing 0.01 to 5 mols of
      .alpha.-oximinoarylhydrazone, 0.01 to 0.5 mols of copper, or an ion of
      copper per mol of .alpha.-oximino-arylhydrazone, and at least 1 mol of
      said cyclizing agent, at a reaction temperature of 0.degree.-150.degree.C.
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ABST
PAL  Novel cephalosporin compounds having a 3'-.alpha.-methyl, a 3-aryl or
      3-heterocycle substituent are prepared by total synthesis. The novel
      cephalosporin compounds are active against gram-negative and gram-positive
      microorganisms.
PARN
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      314,485, filed Dec. 12, 1972, now abandoned and U.S. application Ser. No.
      306,064, filed Nov. 13, 1972, now abandoned.
BSUM
PAR  The cephalosporins are valuable antibiotic substances useful in the
      treatment of pathogenic infections in humans and animals in addition to
      possessing utility for a variety of industrial applications. These produts
      can be prepared from cephalosporins such as cephalosporin C and
      .alpha.-methoxy-7.beta.-(D-5-carboxy-5-aminovaleramido)-3-carbamoyloxymeth
     yl -3-cephem-4-carboxylic acid which are recovered from fermentation broths
      produced by growing suitable strains of micro-organisms. For example,
      cephalothin can be prepared from cephalosporin C by replacing the
      aminoadipoyl side chain with a 2-thienylacetyl group. However, processes
      for the preparation of cephalosporins suffer from several disadvantages.
      In the first place, the yields of cephalosporins obtained by fermentation
      are low, and the replacement of the aminoadipoyl group involves a number
      of steps which are difficult to carry out on a commercial scale. Other
      processes for preparing cephalosporins starting with the penicillin
      nucleus and synthetic methods are also known in the art. However, these
      processes likewise are difficult to carry out on a commercial scale and
      result in obtaining only low yields of the desired products. Accordingly,
      other methods suitable for the preparation of cephalosporin compounds on a
      large scale have been sought by many workers in this art.
PAR  It is an object of this invention to provide a new method for the total
      synthesis of cephalosporins. Another object is to provide novel compounds
      which are useful as intermediates for the preparation of novel
      cephalosporin compounds.
PAR  The invention further relates to novel cephalosporin compounds which
      possess antibiotic properties. These new cephalosporin compounds and
      particularly the salts and labile esters thereof are valuable new
      antibiotic substances which are effective against various gram-negative
      and gram-positive pathogens.
PAR  The new 3-cephem compounds of this invention can be represented by the
      structural formula
      ##SPC1##
PAL  Wherein
PA1  Y represents
      ##EQU1##
      or R'; R' represents aromatic, a heterocyclic group, or a substituted
      aromatic or heterocyclic group;
PA1  R.sub.5 represents a C.sub.1 -C.sub.3 straight or branched chain alkyl
      group.
PAR  The substituent A can be hydrogen, hydroxy, halo, mercapto, acyloxy,
      acylthio, substituted hydroxy, substituted mercapto, a quaternary ammonium
      group, azido, cyano, amino or a N-substituted amino group. When A is
      hydroxy the cephem compound can also exist as the lactone which is formed
      by internal esterification with the carboxy group.
PA1  R.sub.4 represents hydrogen or an acyl group, preferably a carboxylic acid
      acyl group.
PA1  B represents hydrogen, methyl, methoxy, or -SR wherein R is alkyl or aryl.
PA1  Included within the scope of the invention are non-toxic pharmaceutically
      salts and esters thereof conventionally employed in the penicillin and
      cephalosporin art.
PA1  The acyl radical represented by R.sub.4 can be a substituted or
      unsubstituted aliphatic, aromatic or heterocyclic, araliphatic or
      heterocyclylaliphatic carboxylic acid radical or a cabothioic acid radical
      such as the acyl radicals of the known cephalosporins and penicillins.
      These acyl radicals can be represented by the general formula
      ##EQU2##
      where R.sub.2 is a radical of the group defined below, m and n represent
      0-4 and R.sub.3 represents R" or ZR", which are defined below.
PAR  One group of acyl radicals can be represented by the general formula
      ##EQU3##
      wherein R" represents a substituted or unsubstituted straight or branched
      chain alkyl, alkenyl, or alkynyl group; aryl, aralkyl; cycloalkyl; or a
      heteroaryl or heteroaralkyl group. These groups can be unsubstituted or
      can be substituted by radicals such as OH, SH, SR (R is alkyl or aryl),
      alkyl, alkoxy, halo, cyano, carboxy, sulfoamino, carbamoyl, sulfonyl,
      azido, amino, substituted amino, haloalkyl, carboxyakyl, carbamoyakyl,
      N-substituted carbamoyalkyl, guanidino, N-substituted guanidino,
      guanidinoalkyl, and the like. Representative examples of such acyl groups
      that might be mentioned are those wherein R" is benzyl, p-hydroxybenzyl,
      4-amino-4-carboxybutyl, methyl, cyanomethyl, 2-pentenyl, n-amyl, n-heptyl,
      ethyl, 3- or 4-nitrobenzyl, phenethyl, .beta.,.beta.-diphenylethyl,
      methyldiphenylmethyl, triphenylmethyl, 2-methoxyphenyl,
      2,6-dimethoxyphenyl, 2,4,6-trimethoxyphenyl, 3,5-dimethyl-4-isoxazolyl,
      3-butyl-5-methyl-4-isoxazolyl, 5-methyl-3-phenyl-4-isoxazolyl,
      3-(2-chlorophenyl)-5-methyl-4-isoxazolyl,
      3-(2,6-dichlorophenyl)-5-methyl-4-isoxazolyl, D-4-amino-4-carboxybutyl,
      D-4-N-benzoylamino-4-carboxy-n-butyl, p-amino- benzyl, o-aminobenzyl,
      m-aminobenzyl, (3-pyridyl)methyl, 2-ethoxy-1-napthyl,
      3-carboxy-2-quinoxalinyl, 3-(2,6-dichlorophenyl)-5-(2-furyl)-4-isoxazolyl,
      3-phenyl-4-isoxazolyl, 5-methyl-3-(4-quanidinophenyl)-4-isoxazolyl,
      4-guanidinomethylphenyl, 4-guanidinomethylbenzyl, 4-quanidinobenzyl,
      4-guanidinophenyl, 2,6-dimethoxy-4-guanidinophenyl, o-sulfobenzyl,
      p-carboxymethylbenzyl, p-carbamoylmethylbenzyl, m-fluorobenzyl,
      m-bromobenzyl, p-chlorobenzyl, p-methoxybenzyl, 1-naphthylmethyl,
      3-isothiazolylmethyly, 4-isothiazolylmethyl, 5-isothizolylmethyl,
      4-pyridylmethyl, 5-isoxazolylmethyl, 4-methoxy-5-isoxazolylmethyl,
      4-methyl-5-isoxazolylmethyl, 1-imidazolylmethyl, 2-benzofuranylmethyl,
      2-indolylmethyl, 2-phenylvinyl, 2-phenylethynyl, 2-(5-nitrofuranyl)vinyl,
      phenyl, o-methoxyphenyl, o-chlorophenyl, o-phenylphenyl,
      p-aminomethylbenzyl, 1-(5-cyanotriazolyl)methyl, difluoromethyl,
      dichloromethyl, dibromomethyl, 1-(3-methylimidazolyl)methyl, 2- or
      3-(5-carboxymethylthienyl)methyl, 2- or 3-(4-carbamoylthienyl)methyl, 2-
      or 3-(5-metylthienyl) methyl, 2- or 3-(5-methoxythienyl)methyl, 2- or
      3-(4-chlorothienyl)-methyl, 2- or 3-(5-sulfothienyl)methyl, 2- or
      3-(5-carboxythienyl)methyl, 3-(1,2,5-thiadiazolyl) methyl,
      3-(4-methoxy-1,2,5-thiadiazolyl)methyl, 2-furylmethyl,
      2-(5-nitrofuryl)methyl, 3-furylmethyl, 2-thienylmethyl, 3-thienylmethyl,
      and tetrazolylmethyl.
PAR  The acyl group can also be a radical of the formula
      ##EQU4##
      wherein n is 0-4, Z represents oxygen or sulfur, and R" is defined as
      above. Representative members of the substituent
EQU  --(CH.sub.2).sub.n ZR" that might be mentioned are allylthiomethyl,
      phenylthiomethyl, butylmercaptomethyl, .alpha.-chlorocrotylmercaptomethyl,
      phenoxymethyl, phenoxyethyl, phenoxybutyl, phenoxbenzyl, diphenoxymethyl,
      dimethylmethoxymethyl, dimethylbutoxymethyl, dimethylphenoxymethyl,
      4-guanidinophenoxymethyl, 4-pyridyl-thiomethyl,
      p-(carboxymethyl)phenoxymethyl, p-(carboxymethyl)-phenylthiomethyl,
      2-thiazolylthiomethyl, p-(sulfo) phenoxymethyl,
      p-(carboxy)phenylthiomethyl, p-(carboxymethyl)phenoxymethyl,
      p-(carboxymethyl)phenylthiomethyl, 2-pyrimidinylthiomethyl,
      phenethylthiomethyl, 1-(5,6,7,8-tetrahydronaphthyl)oxomethyl,
      6,8-bis(methylthio)octanoyl.
PAR  Alternatively, the acyl group can be a radical of the formula
      ##EQU5##
      wherein R" is defined as above and R"' is a radical such as amino,
      hydroxy, azido, carbamoyl, guanidino, acyloxy, halo, sulfamino,
      tetrazolyl, sulfo, carboxy, carbalkoxy, and the like.
PAR  Also of interest is the following acyl moiety:
      ##EQU6##
PAR  Representative members of the substituent
      ##EQU7##
      that might be mentioned are .alpha.-aminobenzyl, .alpha.-amino-2-thienyl,
      .alpha.-methylaminobenzyl, .alpha.-amino-methylmercaptopropyl,
      .alpha.-amino-3- or 4-chlorobenzyl, .alpha.-amino-3 or 4-hydroxybenzyl,
      .alpha.-amino-2,4-dichlorobenzyl, .alpha.-amino-3,4-dichlorobenzyl,
      .beta.(-)-.alpha.-hydroxybenzyl, .alpha.-carboxybenzyl,
      .alpha.-amino-3-thienyl, .alpha.-amino-2-thienyl,
      D-(-)-.alpha.-amino-3-chloro-4-hydroxybenzyl,
      D(-)-.alpha.-amino-3-thienyl, 1-aminocyclohexyl,
      .alpha.-(5-tetrazolyl)-benzyl, 2-(.alpha.-carboxy)thienylmethyl,
      3-(.alpha.-carboxy)-thienylmethyl, 2-(.alpha.-carboxy)furylmethyl,
      .beta.-(.alpha.-carboxy)-furylmethyl, .alpha.-sulfaminobenzyl,
      .alpha.-sulfamino-3-thienyl, .alpha.-(N-methylsulfamino)benzyl,
      D(-)-.alpha.-guanidino-2-thienyl, D(-)-.alpha.-guanidinobenzyl,
      .alpha.-guanylureidobenzyl, .alpha.-hydroxybenzyl, .alpha.-azidobenzyl,
      .alpha.-fluorobenzyl,
      4-(5-methoxy-1,3-oxadiazolylaminomethyl,4-(51,3-oxadiazolyl)-hydroxymethyl
     , 4-(5-methoxy-1,3-oxadiazolyl)-carboxymethyl,
      4-(5-methoxy-1,3-sulfadiazolyl)-aminomethyl,
      4-(5-methoxy-1,3-sulfadiazolyl)-hydroxymethyl,
      4-(5-methoxy-1,3-sulfadiazolyl)-carboxymethyl,
      2-(5-chlorothienyl)-aminomethyl, 2-(5-chlorothienyl)-hydroxymethyl,
      2-(5-chlorothienyl)-carboxymethyl, 31,2-thiazolyl)-aminomethyl,
      3-(1,2-thiazolyl)-hydroxymethyl, 3-(1,2-thiazolyl)-carboxymethyl,
      2-(1,4-thiazolyl)-aminomethyl, 2-(1,4-thiazolyl)-hydroxymethyl,
      2-(1,4-thiazolyl)-carboxymethyl, 2-benzothienylaminomethyl,
      2-benzothienylhydroxymethyl, 2-benzothienylcarboxymethyl,
      .alpha.-sulfobenzyl, .alpha.-phosphonobenzyl, .alpha.-diethylphosphono,
      and .alpha.-monoethylphosphono.
PAR  Alternatively, the group
      ##EQU8##
      can be a sulfonamido group such as phenylsulfonamido, ethylsulfonamdio,
      benzylsulfonamdio, 2,5-dimethylsulfonamido, 4-chlorosulfonamido,
      4-chlorophenylsulfonamido, 4-methoxysulfonamido, and the like.
PAR  The acyl substituents of the general formula
EQU  R.sub.11 R.sub.10 CHCO
PAL  wherein R.sub.10 and R.sub.11 are as defined below represent a preferred
      group of substituents because of their generally useful antibiotic
      activity. R.sub.10 represents hydrogen, halo, amino, guanidino, phosphono,
      hydroxy, tetrazolyl, carboxy, sulfo, or sulfamino. R.sub.11 represents
      phenyl, substituted phenyl, a monocyclic heterocyclic 5- or 6-membered
      ring containing one or more oxygen, sulfur or nitrogen atoms in the ring,
      substituted heterocycles, phenylthio, heterocyclic or substituted
      heterocyclic thio groups; or cyano. The substituents can be halo,
      carboxymethyl, guanidino.
PAR  Pursuant to a preferred embodiment of this invention, R.sub.4 is
      represented by the formula
      ##EQU9##
      wherein X is hydrogen, halogen, amino, guanidino, phosphono, hydroxy,
      tetrazolyl, carboxy, sulfo, or sulfamino; R.sub.3 is phenyl, substituted
      phenyl, a monocyclic heterocyclic 5-or 6-membered ring containing one or
      more oxygen, sulfur or nitrogen atoms in the ring, substituted
      heterocycles, phenylthio, phenyloxy, heterocyclic or substituted
      heterocyclic thio groups, lower alkyl (1-6 carbon atoms), or cyano; the
      substituents on the R.sub.3 group being halo, carboxymethyl, guanidino,
      guanidinomethyl, carboxyamidomethyl, aminomethyl, nitro, methoxy or
      methyl. Particularly preferred are acyl groups where X is hydrogen,
      hydroxy, amino or carboxy and R.sub.3 is phenyl, lower alkyl or a 5- or
      6-membered heterocyclic ring having one or two sulfur, oxygen or nitrogen
      hetero atoms. Thus, specific R.sub.3 substituents that might be mentioned
      as preferred substituents are tetrazolyl, thienyl, furyl and phenyl.
PAR  With respect to the term "A"; A can be a halo such as chloro, bromo or
      fluoro.
PAR  When A is substituted hydroxy or substituted mercapto group, it can be
      shown by the formula
EQU  --ZR.sub.X
PAL  where Z is oxygen or sulfur, and R.sub.X is an acyl group, a straight chain
      or branched chain loweralkyl (1-6C), alkenyl (1-6C) or alkynyl group
      (1-6C); an aryl group; an aralkyl group; or a heterocyclic group such as
      heteroaryl or heteroalkyl. The heterocylic group is preferable a 5- or
      6-membered ring containing one or more sulfur, nitrogen or oxygen atoms.
      These groups can be unsubstituted or can be substituted by radicals such
      as alkyl (1-6 carbons), alkoxy (1-6 carbon atoms), halo, cyano, carboxy,
      carbamoyl, azido, sulfo, amino, substituted amino, haloalkyl,
      carboxyalkyl, carbamoylalkyl, N-substituted amino, haloalkyl,
      carboxyalkyl, carbamoylalkyl, N-substituted carbamoylalkyl, guanidino,
      N-substituted guanidino, guanidinoalkyl, sulfamyl, substituted sulfamyl,
      and the like.
PAR  Representative of the groups --ZR.sub.x thus presented that might be
      mentioned are isoxazolylthio, pyrolidenylthio, 1,3,4-thiadiazolylthio,
      1-oxidopyridylthio, furazanylthio, tetrazolylthio, thienylthio,
      thiazolylthio, furylthio, pyranylthio, pyrrolylthio, imidazolylthio,
      pyrazolylthio, pyrridylthio, pyrazinylthio, pyridminylthio,
      pyridazinylthio, isothiazolylthio, methoxy, n-propoxy, methylthio,
      acetoxy, propionyloxy, benzoyloxy, (p-chlorobenzoyl)oxy,
      (p-methylbenzoyl)oxy, pivalolyoxy, (1-adamantyl)carboxy, butanoyloxy,
      carbamoyloxy, (N-methylcarbamoyl)oxy, N-ethlcarbamoyl)oxy,
      [N-(2-chloroethyl)carbamoyl]oxy, (N-phenylcarbamoyl)oxy,
      (N-p-sulfophenylcarbamoyl)oxy, p-carboxymethylphenylcarbamoyloxy,
      methoxycarbonyloxy, isobutanoyloxy, cyclobutylcarbonyloxy, carbamoylthio,
      (ethoxythiocarbonyl)thio, (N-propoxythiocarbonyl)thio,
      (cyclopentanoxythiocarbonyl)thio, methylthio,
      N,N-diethylthiocarbamoylthio, N-methylpiperazinium-1-thiocarbonylthio,
      N,N-dimethylpiperazinium-1-thiocarbonylthio, 2-furoylthio, isothiouronium,
      (5-methyl-1,3,4-thiadiazol-2yl)thio, p-tolylsulfonylthio, mesyloxy,
      1-mesyloxy, 1-methyl-1,2,3,4-tetrazolyl-5-thio, tosyloxy, sulfamoyloxy,
      1-naphthoyloxy, 2-furylacetoxy, cinnamoyloxy, p-hydroxycinnamoyloxy,
      p-sulfocinnamoyloxy and 1R:2S-epoxypropylphosphonyloxy.
PAR  Alternatively, when A is hydroxy, the cephalosporin can also exist as the
      lactone which is formed by internal esterification with the carboxy group.
PAR  The substituent A can also be a group of the general formula
EQU  -Y.sub.1
PAL  wherein Y.sub.1 represents amino or substituted amino including nitrogen
      heterocycles and substituted heterocyclic groups. Examples of such groups
      that might be mentioned are amino, acetamido, carbamoylamino,
      N,N-dimethylamino, N-(2-chloroethyl)amino, 5-cyanotriazol-1-yl,
      4-methoxycarbonyltriazol-1-yl.
PAR  When A is amino the cephalosporin compound can also exist as the lactam
      formed by loss of water with the adjacent carboxy group.
PAR  Representative of the quaternary ammonium groups representing A that might
      be mentioned are pyridinium, 3-methylpyridinium, 4-methylpyridinium,
      3-chloropyridinium, 3-bromopyridinium, 3-iodopyridinium,
      4-carbamoylpyridinium, 4-(N-hydroxymethylcarbamoyl)pyridinium,
      4-(N-carbomethoxycarbamoyl)pyridinium, 4(N-cyanocarbamoyl)pyridinium,
      4-(carboxymethyl)pyridinium, 4-(hydroxymethyl)pyridinium,
      4-(trifluoromethyl)pyridinium, quinolinium, picolinium and lutidinium.
PAR  The preferred groups representing A are hydrogen, halo, azido, cyano,
      hydroxy, alkoxy, aryloxy, aralkyloxy, heterocycleoxy, mercapto, alkylthio,
      arylthio, aralkylthio, heterocyclethio, amino, alkylamino, alkanoylamoino,
      hydroxyphenyl, acylthio, acyloxy, isothiouronium, sulfamoyloxy, quaternary
      ammonium, a heterocyclic tertiary amine, alkylsulfonyloxy and
      (cis-1,2-epoxypropyl)phosphono. The heterocycles can be a 5 or 6-membered
      hetero ring containing one or more nitrogen, oxygen or sulfur atoms. The
      acyl group can be a loweralkanoyl group of 2-6 carbon atoms, carbamoyl, or
      thiocarbomyl and N-alkyl or N,N-dialkyl derivatives thereof. The alkyl
      group of the foregoing substituents contains 1-6 carbon atoms and may be
      further substituted by radicals such as alkoxy, halo, amino, cyano,
      carboxy, sulfo, and the like.
PAR  The novel 3-cephem compounds of the invention may be prepared by the
      processes shown in the following flowsheet:
      ##SPC2##
PAR  The starting material in this process is an .alpha.-thioformamido
      phosphonoacetate ester shown in formula I. Various esters of the starting
      material shown in formula I above can be utilized as starting materials in
      the aboveshown process. Thus, various phosphono esters, for example the
      dilower alkyl esters, or the diaryl esters, are suitable for use in this
      process. Representative of the esters that may be employed include those
      wherein R may be the same or different, and is, for example, methyl,
      ethyl, propyl, butyl, pentyl, phenyl, benzyl and the like.
PAR  The carboxy group of phosphono starting material may be blocked or
      protected, preferably by the use of a group (R.sub.1) which can be
      ultimately removed to obtain the free acid form of the cephalosporin
      without disruption of the .beta.-lactam moiety. Protecting groups suitable
      for this purpose are indeed well known in this art. Examples of suitable
      protecting ester groups that might be mentioned are those of alcohols,
      phenols, and the like. R.sub.1 is preferably an alkyl or aralkyl group
      containing from 1 to about 20 carbon atoms. Thus, R.sub.1 can be a lower
      alkyl group such as methyl, ethyl or tertiary butyl, a substituted alkyl
      such as phthalimidomethyl, succinimidomethyl, phenacyl, substituted
      phenacyl such as p-bromophenacyl, a .beta.-substituted ethyl group such as
      2,2,2-trichloroethyl, 2-methylthioethyl or 2-(p-methylphenyl)-ethyl, an
      alkenyl group such as 3-buten-1-yl, propenyl, allyl, etc., an alkoxyalkyl
      group such as methoxymethyl, an aryloxyalkyl such as
      p-methoxyphenoxymethyl, an aralkyloxyalkyl group such as benzyloxymethyl,
      benzyl or a substituted benzyl group such as p-nitrobenzyl,
      p-methoxybenzyl, 3,5-dinitrobenzyl, 2,4,6-trimethylbenzyl or
      3,5-dichloro-4-hydroxybenzyl, benzhydryl or a substituted benzhydryl group
      such as p-methoxybenzhydryl, and the like. Preferred blocking groups are
      methyl, tertiary butyl, phenacyl, p-bromophenacyl, p-nitrobenzyl,
      2,2,2-trichloroethyl, p-methoxybenzyl, benzhydryl, methoxymethyl and
      p-methoxyphenoxymethyl.
PAR  Examples of representative starting materials (I) that might be mentioned
      are trichloroethyl .alpha.-thioformamido-diethylphosphonoacetate,
      trichloroethyl .alpha.-thioformamido-diphenylphosphonoacetate, phenyl
      .alpha.-thioformamido-dimethylphosphonoacetate, p-methoxybenzyl
      .alpha.-thioformamido-diethylphosphonoacetate, benzhydryl
      .alpha.-thioformamido-diphenylphosphonoacetate, t-butyl
      .alpha.-thioformamido-dimethylphosphonoacetate, t-butyl
      .alpha.-thioformamido-dipropylphosphonoacetate, methyl
      .alpha.-thioformamido-diphenylphosphonoacetate, phenacyl or
      p-bromophenacyl .alpha.-thioformamido-diethylphosphonoacetate,
      methoxymethyl .alpha.-thioformamido-dimethylphosphonoacetate,
      p-methoxyphenoxymethyl .alpha.-thioformamido-dimethylphosphonoacetate, and
      p-nitrobenzyl .alpha.-thioformamido-dimethylphosphonoacetate.
PAR  The first step of the process shown above is carried out by reacting the
      thioformamido ester (I) with a substituted acetone of the formula II
      wherein X represents a leaving group such as a sulfonate, for example
      p-toluene sulfonate, methyl sulfonate, a benzoate group, for example
      p-nitrobenzoate, a halogen, particularly chlorine or bromine; or
      trifluoromethylsulfonyloxy.
PAR  Y represents phenyl, a heterocyclic group, or a substituted phenyl or
      heterocyclic group. The heterocyclic group is preferably a 5- or
      6-membered ring containing one or more sulfur, nitrogen or oxygen atoms
      such as furyl, thienyl, thiazolyl, thiadiazolyl, pyridyl, pyrazolyl,
      tetrazolyl and the lke. The substituents on the phenyl or heterocyclic
      group can be lower alkyl (C.sub.1 - C.sub.6), lower alkoxy (C.sub.1
      -C.sub.6), halo, cyano, carbolower alkoxy, acylamino, dialkylamino, and
      the like. Y further represents
      ##EQU10##
      wherein R.sub.5 is a C.sub.1 -C.sub.3 straight or branched chain alkyl
      group; and A is as defined above. The reaction may be carried out at
      temperatures varying from 0.degree.C. to 50.degree.C. in the presence of
      an acid scavenger to produce the corresponding S-substituted
      thioformimidate compound (III). Thus, the reaction is conveniently carried
      out by reacting the intermediate product I with the substituted acetone II
      in the presence of about one equivalent of an inorganic base such as an
      alkali metal carbonate, for example, potassium carbonate or
      non-nucleophilic organic bases such as diazobicyclononane and
      bis-1,8-(dimethylamino)naphthlene, and di-isopropylethylamine at room
      temperature. After the reaction is complete, the product is conveniently
      isolated by filtering the reaction mixture and evaporating the filtrate to
      dryness.
PAR  Representative examples of substituted acetones that may be employed in the
      practice of the invention include 1-chloro-3-acetoxy-butan-2-one,
      1-bromo-3-propionyloxy-butan-2-one, 1-bromo-3-butryloxy-butan-2-one,
      1-chloro-3-propionyloxy-hexane-2-one, 1-bromo-3-acetoxybutan-2-one,
      1-chloro-3-propionyloxy-butan-2-one, 1-chloro-3-butyryloxy-butan-2-one,
      1-chloro-3-acetoxypentan-2-one, 1-bromo-3-propionyloxy-hexan-2-one and the
      like. Further illustrative of the members that may be employed are
      phenacyl chloride, p-chlorophenacyl chloride, p-cyanophenacyl chloride,
      p-carbomethoxyphenacyl chloride, 4-chloroacetylpyridine,
      2-chloroacetylfuran and 2-chloroacetyl-5-methylfuran,
      2-chloroacetyl-thiophene, 2-bromoacetylthiazole,
      2-chloroacetylthiadiazole, 4-bromoacetyl-pyrazole, 5-bromotetrazole and
      the like.
PAR  The intermediate S-substituted thioformimidate compound (III) upon reaction
      with a base such as an alkali metal carbonate or hydride or an organo
      lithium compound such as phenyllithium is converted to the corresponding
      thiazine compound (IV). Alternatively, the thiazine may be produced by the
      condensation of the thioformamido derivative (I) and the substituted
      acetone (II) in the presence of more than about one equivalent of the
      base. Thus, the thiazine is produced almost exclusively when two or more
      equivalents of potassium carbonate are used in the condensation reaction.
PAR  The intermediate thiazine compound IV or the mixture of this product with
      the acetonyl compound III is then reacted with an azidoacetyl reagent in
      the presence of an acid scavenger and preferably in a solvent medium at
      temperatures varying from -78.degree.C. to 30.degree.C. to afford the
      7-azido compound (V).
PAR  The azidoacetyl reactants of particular interest have the following
      formula:
      ##EQU11##
      wherein B is hydrogen, methyl, methylthio or methoxy and X is halogen,
      OSO.sub.2 CF.sub.3 or OSO.sub.2 CH.sub.3. The reaction is preferably
      carried out at low temperatures, for example at about 0.degree.C., and in
      the presence of a sufficient amount of base such as a tertiary amine which
      serves as an acid scavenger and, in addition, catalyzes the cyclization of
      the intermediate thiazine compound. Thus, the reaction is conveniently
      carried out adding a solution of the azide in methylene chloride to a cool
      solution of the thiazine and a tertiary amine such as triethylamine in the
      same solvent; the amine being present in molar equivalent amount. The
      reaction mixture is stirred in the cold until the formation of the desired
      7-azido cephalosporin compound is complete. Azidoacetyl halide and
      2-azido-2-methylacetyl halide are well known and may be prepared in
      accordance with procedures taught in the art. The preparation of
      2-azido-2-methoxyacetyl halide and the azido acetyl sulfonates are
      described below.
PAR  Examples of representative thiazine compounds (IV) that might be mentioned
      are
TBL           S                                                                
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PAR  Further illustrative of the thiazines that may be employed are the
      following: p-methoxybenzyl-5-phenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-p-chlorophenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-p-cyanophenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-p-carbomethoxyphenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-(4-pyridyl)-6(H)1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-(2-furyl)-6(H)-1,3-thiazine-4-carboxylate and
      p-methoxybenzyl-5-(5-methyl-2-furyl)-6(H)-1,3-thiazine-4-carboxylate.
PAR  Alternatively, the desired 7-azido compound (V) is obtained by reacting a
      mixture of the acyclic compound (III) and the cyclic thiazine compound
      (IV) or the acyclic compound (III) per se with the azido-acetyl reagent
      under the described conditions. When the acyclic compound (III) per se is
      reacted with the azido-acetyl halide it is postulated that a cyclic
      intermediate compound of the structure
      ##EQU12##
      is formed, and that this product is then cyclized under the reaction
      conditions to the desired 7-azido compound (V).
PAR  In the reactions I-IV above, the phosphonate group is used as an activating
      group and is finally cleaved in the preparation of the thiazine
      intermediate. Other starting compounds having activating groups such as
      methyl sulfinyl and dimethylsulfonium can be similarly used in the
      described reactions.
PAR  In the next step of this reaction sequence the 7 .alpha.-azido compound (V)
      is reduced to obtain the corresponding 7 .alpha.-amino compound (VI). For
      example, this reduction is conveniently effected with hydrogen in the
      presence of a noble metal catalyst such as platinum oxide in accordance
      with methods known in this art. Other reductive methods that may be
      employed include H.sub.2 S-Et.sub.3 N, NH.sub.4 HS, NaHS, Al/Hg-THF, or
      Cu/phenylmercaptan. The carboxy blocking group is readily removed to
      afford the 7 .alpha.-amino-3-Y-3-cephem-4-carboxylic acids in accordance
      with processes known in this art. For example, the benzhydryl, tertiary
      butyl, p-methoxybenzyl and p-methoxyphenoxymethyl groups are cleaved with
      an acid such as trifluoroacetic acid and the 2,2,2-trichloroethyl and
      phenacyl groups are cleaved by reaction with zinc and acetic acid.
PAR  It should be noted that when B=Me, OMe or SR (compound V), a mixture of
      7.alpha. and 7.beta. isomers are obtained of which the 7.beta. is the
      major isomer. Accordingly the 7.beta. compound may be reduced directly to
      the 7.beta.-amino (compound IX) using procedures well known in the art and
      as described herein.
PAR  The 7.alpha.-azido and 7.alpha.-aminocephalosporin compounds produced by
      the above-described process are obtained as mixtures of the d and 1
      enantiomers which can be resolved in accordance with methods known in this
      art to obtain the optically-active forms. The dl 7.alpha.-amino compounds,
      or the enantiomers thereof, can be converted to the corresponding
      7.beta.-aminocephalosporin compounds and these .beta.-substituted
      compounds can be acylated to produce cephalosporins having valuable
      antibiotic properties.
PAR  The epimerization process for the conversion of the 7.alpha.-amino-3-cephem
      compounds to the corresponding 7.beta.-amino-3-cephem are described and
      claimed in the copending application of Raymond A. Firestone Ser. No.
      306,066 filed 11-13-72 (Attorney's Docket No. Case 15314).
PAR  The epimerization process proceeds as follows: (B=H)
PAR  The 7.alpha.-amino cephalosporin (VI) is reacted with an aromatic aldehyde
      to form an imino adduct (VII) wherein R.sub.2 represents an aromatic
      substituent. The aromatic aldehyde is preferably benzaldehyde or a
      substituted benzaldehyde having in the ortho or para position a
      substituent such as nitro, methyl, halo, sulfonyl, carboxyl, derivatives
      such as esters or amides, cyano and the like. The preferred aromatic
      aldehydes are benzaldehyde, p-nitrobenzaldehyde, p-chlorobenzaldehyde, and
      salicylaldehyde.
PAR  Other carbonyl containing compounds, e.g., aldehydes and ketones such as
      acetone, hexafluoroacetone or chloral which will form stable imino
      derivatives will also be operable in this invention. Also, polycyclic
      aromatic aldehydes can be used, i.e., having 2-3 fused ring nuclei.
PAR  The 7.alpha.-amino cephalosporin (VI) and the aromatic aldehyde are mixed
      together in approximately equimolar amounts in an inert solvent. Suitable
      solvents are ethanol, dioxane, acetonitrile, dimethylformamide,
      dimethylsulfoxide, benzene, toluene, methylene chloride, chloroform, and
      the like. The reaction proceeds readily at temperatures ranging from
      ambient to reflux temperature of the solvent. Since this condensation is
      an equilibrium reaction and since water is one of the products of the
      reaction, water is removed from active participation in further reactions
      by any of a number of usual methods, including azeotropic distillation,
      molecular sieves, chemical entrapment using potassium carbonate, magnesium
      sulfate, etc., or borate esters. The particular method is dependent upon
      the exact parameters of the reaction. The reaction is terminated by
      evaporation of the solvent. The 7.alpha.-imino derivative II is then
      recovered and used in the next step.
PAR  The 7.alpha.-imino derivative VII is then dissolved in an inert aprotic
      solvent. A particularly suitable solvent is tetrahydrofuran. Then an
      equivalent or more of a strong base is added. The strong base functions as
      an "activating agent" and can be either organic or inorganic. Most
      suitable are lithium alkyls and lithium aryls, such as lithium alkyls
      having 1-4 carbon atoms, e.g., t-butyl lithium, n-butyl lithium, or phenyl
      lithium. Sodium hydride is also suitable as is lithium diisopropylamide.
PAR  The activating agent is added to the solution of compound VII at a low
      temperature (-11.degree. to 0.degree.C. and preferably -100.degree. to
      -60.degree.C.), preferably under an inert atmosphere. The amount of
      activating agent employed is from 1-3 equivalent weights.
PAR  Following addition of the strong base (phenyl lithium is particularly
      preferred), a co-solvent, which is a dipolar aprotic solvent, is added to
      the mixture. By the term "dipolar aprotic solvent" I mean a strongly
      dipolar solvent having no acidic protons. Suitable solvents are many, and
      this usage is well known in the art. Preferred solvents include
      dimethylformamide, dimethylsulfoxide, hexamethylphosphoramide, N-methyl
      pyrrolidone, or dimethylacetamide.
PAR  The solvent and the co-solvent are preferably employed sequentially, as
      described, although this is not critical; the solvent, co-solvent, and
      strong base can operably be added in any order to the 7.alpha.-imino
      compound.
PAR  Following the addition of the solvent, base, and co-solvent to the
      7.alpha.-imino compound, a molecular excess) from 1-5 equivalents) of an
      acid is added in one addition as quickly as possible. The acid employed
      can be any organic or inorganic acid; the only limitation is that it not
      affect the cephalosporin ring. Preferably, a lower carboxylic acid is
      employed having 1-5 carbon atoms; most preferably, acetic acid is used
      when a carboxylic acid is used; it can be added as a tetrahydrofuran
      solution or in the presence of water. The acid serves as a source of
      protons which exist as solvated protons in the reaction solution.
PAR  After the acid has been added, the compound VIII, the 7.beta.-imino
      compound, is present in the reaction mixture. This can be isolated using
      standard purification techniques.
PAR  The 7.beta.-imino compound VIII can then be regenerated to the
      7.beta.-amino compound IX. This process utilizes the reaction of VIII with
      an amine in the presence of an acid catalyst. The amine employed can be
      aniline, hydrazine, or hydrazine derivatives such as phenylhydrazine,
      2,4-dinitrophenylhydrazine, and the like. The acid catalyst can be any
      commonly used strong organic or inorganic acid such as hydrochloric acid
      or p-toluene sulfonic acid. One preferable combination utilizes aniline
      hydrochloride, which serves as both acid and amine. Another preferred
      combination is 2,4-dinitrophenyl hydrazine and p-toluene sulfonic acid.
      The reaction conditions of the regeneration are chosen such that no
      undesired hydrolysis or ring damage occurs, and is preferably carried out
      in a lower alkanol medium (1-5 carbon atoms), such as methanol, ethanol,
      and the like, although other solvents including dimethoxyethane
      tetrahydrofuran or dimethylformamide may also be used. The temperature is
      that of the surroundings. The relative amounts of acid and amine employed
      depends on the specific aldehyde and amine used, since the regeneration
      involves an equilibrium. The choice of amounts of the reagents is within
      the skill of one in the art.
PAR  The above reaction conditions are suitable for removal of difficult
      hydrolyzable Schiff's bases, such as those with strong electronegative
      groups. When the Schiff's base was formed, e.g., with benzaldehyde, the
      following methods can also be used to regenerate the amine.
PAR  The 7.beta.-imino compound can be dissolved in ether, and then added slowly
      to an ether solution of p-toluene sulfonic acid. No additonal amine is
      needed. The formed salt will either crystallize or oil out of solution.
      Following removal of the ether by decanting or the like, the tosylate salt
      is treated with aqueous pH 8 solution and extracted to recover the desired
      7.beta.-amino compound.
PAR  An alternate route involves treatment of the 7.beta.-imino compound with pH
      2-2.5 buffer for 5-15 minutes, extracting with ether to remove the free
      aldehyde, then neutralizing to pH 8 and extracting to recover the
      7.beta.-amino compound.
PAR  All the compounds described in the above Flow Sheet, since they result from
      a total synthesis procedure, are racemic mixtures of both d- and l-forms.
      The separation of the two optically active components can be conveniently
      done at the end of the synthesis indicated, i.e., when the compound of
      Formula IX is obtained. Alternatively, the compound of Formula IX can be
      acylated to yield d,l-7.beta.-acylamino cephalosporins, and then separated
      using readily available processes. For example, resolution can be
      accomplished by reaction with an optically active base, separation of the
      resulting diastereomers, and reconversion of the diastereomers to the free
      acid or a salt thereof.
PAR  The dl-7.beta.-aminocephalosporin compounds (IX) prepared as described
      above are acylated to obtain new dl cephalosporin compounds of the formula
      X and deblocked resulting in the corresponding free acid (XI).
PAR  In accordance with a further embodiment of the invention, when B is
      hydrogen, dl-7.alpha.-azido compound (XII) is reduced to obtain the
      corresponding novel dl-7.alpha.-amino compound (XIII) as follows:
      ##SPC3##
PAR  For example, reduction to the amino is conveniently effected with hydrogen
      in the presence of a noble metal catalyst such as platinum oxide, aluminum
      amalgam, zinc and acetic acid or copper and thiophenol in accordance with
      the methods known in this art. The carboxy blocking group may be readily
      removed to afford the 7.alpha.-amino-3-Y-3-cephem-4-carboxylic acids in
      accordance with processes known in this art. For example, the benzhydryl,
      tertiary butyl, p-methoxybenzyl and p-methoxyphenoxymethyl groups are
      cleaved with an acid such as trifluoroacetic acid and the
      2,2,2-trichloroethyl and phenacyl groups are cleaved by reaction with zinc
      and acetic acid. The term "blocking group" as utilized herein is employed
      in the same manner and in accordance with the teaching of U.S. Pat. No.
      3,697,515; the contents therein with respect to said blocking group being
      incorporated herein by reference.
PAR  The novel 7.alpha.-azido and 7.alpha.-aminocephalosporin compounds obtained
      therefrom (wherein B is hydrogen) are obtained as mixtures of the d and l
      enantiomers which can be resolved in accordance with methods known in this
      art to obtain the optically-active forms. The novel dl 7.alpha.-amino
      compounds or the enantiomers thereof can be converted to the corresponding
      novel dl 7.beta.-aminocephalosporin compounds by procedures hereinafter
      described and these 7.beta.-substituted compounds can be acylated to
      produce novel dl cephalosporins having valuable antibiotic properties.
      Alternatively, as is hereinafter shown, the dl 7.alpha.-azido compounds
      can be converted to obtain antibiotically active 7-substituted, for
      example 7-methoxy, or 7-methyl, cephalosporins.
PAR  A method by which the dl 7-.alpha.-azido compounds can be converted to
      obtain antibiotically active 7-methoxy, 7-SR or 7-methyl cephalosporins is
      as follows:
      ##SPC4##
PAR  A convenient and well-known procedure for resolution of the
      dl-cephalosporin compounds includes reaction with an optically active
      base, separation of the resulting diastereomers, and reconversion of the
      diastereomers to the free acid or a salt thereof.
PAR  The process can be summarized briefly as having three major steps: the
      first is the preparation of the imino derivative of the 7-amino
      cephalosporin. This imino derivative is then substituted with the chosen
      reactant supplying the B group desired (CH.sub.3, -SR or OCH.sub.3). The
      specific reactant depends on the identity of the B group. The third step
      is then the regeneration of the amino group.
PAR  The dl 7-.alpha.-azido starting material is reduced via methods known to
      the art to the dl 7-.alpha.-amino cephalosporin. The reactant XIV employed
      in the reaction with the 7.alpha.-amino is an aromatic aldehyde,
      optionally having at least one o- or p-electronegative substituent. In
      other words, at least one of J, G, and K may be a substituent selected
      from the group consisting of nitro, halo, sulfonyl, carboxyl derivatives
      such as esters or amides, cyano, and the like. The other two of J, G, and
      K can either be one of the above electronegative substituents, or
      hydrogen. The preferred reactants are p-nitrobenzaldehyde, where K=nitro,
      and G and J-hydrogen, and benzaldehyde.
PAR  Other carbonyl containing compounds, e.g., aldehydes and ketones such as
      acetone, hexafluoroacetone or chloral which will form stable imino
      derivatives will also be operable in this invention. Also, polycyclic
      aromatic aldehydes can be used, i.e., having 2-3 fused ring nuclei.
PAR  The dl 7.alpha.-amino cephalosporin XIII and the aromatic aldehyde XIV are
      mixed together in approximately equimolar amounts in an inert solvent.
      Suitable solvents are ethanol, dioxane, acetonitrile, dimethylformamide,
      tetrahydrofuran, dimethylsulfoxide, benzene, toluene, methylene chloride,
      chloroform, and the like. The reaction proceeds readily at temperatures
      ranging from ambient to reflux temperature of the solvent. Since this
      condensation is an equilibrium reaction and since water is one of the
      products of the reaction, water is removed from active participation in
      further reactions by any of a number of usual methods, including
      azeotropic distillation, molecular sieves, chemical entrapment using
      potassium carbonate, magnesium sulfate, etc., or borate esters. The
      particular method is dependent upon the exact parameters of the reaction.
      The reaction is terminated by evaporation of the solvent. The imino
      derivative XV is then recovered and used in the next step.
PAR  The latter involves the substitution of the B group at the carbon atom
      adjacent to the imino nitrogen. This reaction takes place in the presence
      of an inert solvent, such as those listed above, and in the additional
      presence of an activating agent which is an organic or inorganic base.
PAR  The activating agent can be any of a number of organic or inorganic bases.
      Tertiary (loweralkyl) amines are suitable, such as triethylamine,
      diisopropyl ethylamine; lower alkyl is used as having 1-4 carbon atoms and
      can be the same or different. Pyridine is also used. Lithium alkyls and
      lithium aryls, such as lithium alkyls having 1-4 carbon atoms, e.g.,
      t-butyl lithium or phenyl lithium, could be used. Sodium hydride, lithium
      amides such as lithium diisopropylamide, and potassium t-butoxide are also
      suitable.
PAR  The activating agent is added to the solution of compound XV at a low
      temperature (-100 to 0.degree. C. and preferably -100 to -60.degree.C.)
      and under an inert atmosphere.
PAR  The activated compound XV is not isolated, but the next reagent is added
      directly to the reaction mixture.
PAR  The specific reagent which is employed in the reaction with the activated
      compound XV to result in the substitution of the chosen B group obviously
      depends on the B group desired.
PAR  In the case of B = OCH.sub.3 the reagent can be dimethyl peroxide, methyl
      t-butyl peroxide, methylphenylsulfenate, o-methyldimethyl sulfoxonium
      methosulfate, or N-methoxy pyridinium methosulfate. It may be noted that
      an alternative method for the introduction of the OCH.sub.3 group involves
      reaction of activated XV with a halogenating agent such as
      N-bromosuccinimide followed by methanolysis. Where B = CH.sub.3 the
      following reagents may be employed: methyl sulfate, methyl chloride,
      methyl bromide and methyl iodide.
PAR  Once the compounds XVI have been prepared, the imino moiety is converted to
      the amino moiety of compound XVII.
PAR  The regeneration of XVII and XVI takes place by the reaction of XVI with an
      amine in the presence of an acid catalyst. The amine employed can be
      aniline, hydrazine, or hydrazine derivatives such as phenylhydrazine,
      2,4-dinitrophenyl hydrazine, and the like. The acid catalyst can be any
      commonly used strong organic or inorganic acid such as hydrochloric acid
      or p-toluene sulfonic acid. One preferable combination utilizes aniline
      hydrochloride, which serves as both acid and amine. Another preferred
      combination is 2,4-dinitrophenyl hydrazine and p-toluene sulfonic acid.
      The reaction conditions of the regeneration are chosen such that no
      undesired hydrolysis or ring damage occurs, and is preferably carried out
      in a lower alkanol medium (1-5 carbon atoms), such as methanol, ethanol,
      and the like, although other solvents including dimethoxyethane or
      dimethyl formamide may also be used. The temperature is that of the
      surroundings. The relative amounts of acid and amine employed depends on
      the specific aldehyde XIV and amine used, since the regeneration involves
      an equilibrium. The choice of amounts of the reagents is within the skill
      of one in the art. XVI can be hydrolyzed with PdCl.sub.2 in the presence
      of H.sub.2 O.
PAR  Compounds XV and XVI prepared in the reaction can be used to prepare
      valuable antibacterial agents useful against gram-positive and
      gram-negative bacteria. When the amino group of compound XVII is acylated
      as illustrated on the next page the resulting products have activity
      against gram-negative organisms.
PAR  An alternative procedure by which the novel dl-7-azido compounds may be
      converted to useful antibiotically active 7-methoxy cephalosporins is as
      follows:
      ##SPC5##
PAL  where the substituents are as defined above.
PAR  In the above process the novel dl 7-azido compound XII is reduced to the
      7-amino cephalosporin XIII. The 7-amino compound is converted to the
      corresponding 7-diazocephalosporin acid ester by reaction with nitrite. It
      should be noted that although the 7.alpha.-amino compound is illustrated
      in the above flowsheet, it will be appreciated that the
      7.beta.-cephalosporin formed by epimerization of the 7.alpha.-amino
      compound can also be employed in the above sequence of reactions leading
      to antibiotically active 7-methoxy cephalosporins. The
      7-diazocephalosporanic acid ester XVIII is then reacted with a halo azide
      from the group consisting of bromine, chlorine or iodine azide, preferably
      in the presence of a tertiary amine azide, to produce the intermediate
      7-halo-7-azidocephalosporanic acid ester XIX which on reaction with a
      suitable nucleophilic reagent is converted to the desired 7-OCH.sub.3
      -7-azidocephalosporanic acid ester XX. This intermediate product is
      reduced and acylated in one step to form the substituted cephalosporanic
      ester XXII which can then be cleaved to remove the blocking group and
      obtain the cephalosporanic acid or a salt thereof XXIII. Alternatively, as
      shown in the flowsheet, the 7-OCH.sub.3 -7-azidocephalosporanic acid ester
      XX is reduced to the 7-OCH.sub.3 -7-aminocephalosporanic acid ester XXI
      which can be acylated to produce the 7-OCH .sub.3
      -7-acylaminocephalosporanic acid ester XXII. Alternatively, the ester
      group of compound XXI can be cleaved to obtain the free acid XIV which can
      be acylated to form the desired substituted cephalosporin or a salt
      thereof. The step of cleaving the blocking group is readily effected in
      accordance with methods known in this art. For example, an aralkyl group
      such as the benzyl ester is removed by reduction, a silyl ester can be
      removed by hydrolysis to form the free acid or a salt thereof and a
      benzhydryl group is readily cleaved by reaction with trifluoroacetic acid
      in the presence of anisole. In this process other esters which are readily
      cleaved to form the free acid such as trichloroethyl, phthalimidomethyl,
      succinimidomethyl, p-methoxybenzyl, p-nitrobenzyl, phenacyl and t-butyl
      and the like can be used. Also, as is discussed above, the 3-substituent
      on the .DELTA..sup.3 - cepham nucleus can be varied following the
      procedures known in this art to obtain the useful cephalosporins.
PAR  The diazotization of the 7-amino ester is carried out in accordance with
      processes well known in this art. Thus, it is conveniently effected in
      aqueous or aqueous-organic solvent medium, for example by reaction with
      sodium nitrite in the presence of an acid or by reaction with an organic
      nitrite. Organic solvents suitable for carrying out this reaction are
      those which do not contain an active hydrogen. Examples of such solvents
      that might be mentioned are methylene chloride, ether, benzene, toluene,
      chloroform, and the like. The reaction is preferably carried out at
      temperatures between about 0 and 50.degree.C.; usually it is most
      conveniently effected at room temperature. The isolation of the desired
      diazo compound is readily accomplished in accordance with methods known in
      the art.
PAR  The step of producing the halo azide intermediate is carried out by
      reacting the diazo compound with a halo azide at a temperature between
      about -25.degree. and 50.degree.C. for sufficient time to complete the
      formation of the desired compound. The reaction is preferably carried out
      in a suitable organic solvent medium which is inert to the reactants.
      Various solvents which do not contain an active hydrogen such as methylene
      chloride, chloroform, benzene, toluene, ether and the like, or mixtures
      thereof provide suitable mediums for carrying out the reaction. Generally,
      it is preferred to effect the reaction in the presence of a second azide
      such as lithium azide or a tertiary ammonium azide, for example
      triethylammonium azide, since under these conditions the formation of the
      undesired 7-dibromo compound is avoided. The halo azide is used in an
      amount in slight excess of stoichemetric requirements. The amount of
      second azide is not critical and it is generally desirable to use an
      excess in order to obtain maximum yields of the desired halo azido
      compound under optimum conditions. After completion of the formation of
      the halo azide the product is recovered and can be purified further, for
      example by chromatography, in accordance with processes well known in this
      art.
PAR  The next step of the process comprising the replacement of the halo
      substituent by a methoxyl group is effected by reacting the halo azide
      with a substance capable of furnishing an OCH.sub.3 group to replace the
      halo. This reaction is preferably carried out in the presence of a
      suitable non-reactant solvent such as methylene chloride, chloroform,
      benzene, toluene, ether, petroleum ether and the like; again it is
      desirable to avoid using any solvents containing an active hydrogen. Thus,
      the nucleophilic displacement reagent can be methanol which results in the
      displacement of the halo group and the introduction of a methoxy group.
      The reaction is preferably carried out in the presence of a heavy metal
      cation such as a silver salt.
PAR  In the next step of the above-described process the 7-azido-7-OCH.sub.3
      compound is then reduced to afford the corresponding 7-amino-7-OCH.sub.3
      compound. Various methods of carrying out this reduction can be employed,
      but it is generally preferred to carry out the reduction of the azido to
      the amino group by catalytic hydrogenation employing a noble metal
      catalyst such as platinum, palladium or oxides thereof. These processes
      are carried out in accordance with procedures well known in this art.
      Alternatively, the reduction can be effected in the presence of a suitable
      acylating agent to produce the desired 7-acylamido-7- OCH.sub.3 compound.
      The 7-amino compound can be reacted with suitable acylating agents using
      procedures well known in this art as described hereinafter to obtain the
      desired 7-acylamido compounds.
PAR  In accordance with a further embodiment of this invention the novel dl
      7.beta.-aminocephalosporin compounds of the invention may be acylated to
      obtain the corresponding novel dl 7.beta.-acylamido cephalosporin
      compounds which are active against pathogenic gram-negative and
      gram-positive bacteria. Acylation of the novel dl7.alpha.-amino
      cephalosporins results in the preparation of novel dl 7.alpha.-acylamido
      compouns which may be converted by known methods to novel antibiotically
      active dl-7.beta.-acylamido cephalosporins. The novel dl 7-acylamido
      cephalosporins may be resolved into the respective d- and l-isomer
      utilizing resolution techniques well known to the art. As indicated above,
      the novel dl 7.alpha.-azido or dl7.alpha.-amino cephalosporin compounds
      may be resolved to produce the corresponding d- or l- isomer which may be
      converted to known useful cephalosporins employing techniques well known
      in the art.
PAR  The novel dl 7.alpha.- or 7.beta.-cephalosporins of the invention have the
      following formula:
      ##EQU13##
      and salts and esters thereof wherein Y is as defined above; and R.sub.4 is
      an acyl group, for example an acyl group such as those of useful
      penicillins and cephalosporins known in this art. Pursuant to a preferred
      embodiment R.sub.4 is represented by the formula
      ##EQU14##
      where X is hydrogen, halogen, amino, guanidine, phosphono, hydroxy,
      tetrazolyl, carboxy, sulfo, or sulfamino; R.sub.3 is hydrogen, phenyl,
      substituted phenyl, an N-substituted acetimidoyl amino such as
      N-(phenylacetimidoyl)amino, a monocyclic heterocyclic 5- or 6-membered
      ring containing one or more oxygen, sulfur or nitrogen atoms in the ring,
      substituted heterocycles, phenylthio, phenyloxy, heterocyclic of
      substituted heterocyclic thio groups, lower alkyl (1-6 carbon atoms), or
      cyano; the substituents on the R.sub.3 group being halo, carboxymethyl,
      guanidino, guanidinomethyl carboxamidomethyl, aminomethyl, nitro, methoxy
      or methyl. Particularly preferred are acyl groups where X is hydrogen,
      hydroxy, amino or carboxy and R.sub.3 is phenyl, lower alkyl or a 5- or
      6-membered heterocyclic ring having one to four sulfur, oxygen or nitrogen
      hetero atoms. Thus, specific R.sub.3 substituents that might be mentioned
      as preferred substituents are thiazolyl, thienyl, furyl,
      N-(phenylacetimidoyl)amino and phenyl.
PAR  In accordance with this invention, it is now found that novel dl
      7.beta.-azido-7-methyl (or 7-methoxy or 7-SR) cephalosporin compounds are
      prepared by reacting a 5-substituted-6H-1,3-thiazine-4-carboxylic acid
      ester with a 2-azido-2-methoxyacetyl halide or a 2-azido-2-methylacetyl
      halide as shown in the following equation:
      ##EQU15##
      wherein R.sub.1, Y and X are as set forth above and B is -CH.sub.3, -SR or
      -OCH.sub.3.
PAR  Pursuant to a further embodiment of our invention, the novel
      dl-7.beta.-azido-7-methoxy and dl-7.beta.-azido-7-methyl cephalosporin
      compounds of this invention are reduced, for example by hydrogenation in
      the presence of a catalyst, preferably a noble metal catalyst such as
      platinum oxide, to produce the corresponding dl-7.beta.-amino-7-methoxy
      and dl-7.beta.-amino-7-methyl cephalosporin compounds. The racemic
      7.beta.-azido compounds of this invention can be resolved to obtain the
      individual isomers in accordance with methods known in the art for the
      resolution  of racemates. Alternatively, the dl-cephalosporin compounds
      obtained by acylation of the dl-7.beta.-amino compounds obtained by
      acylation of the dl-7.beta.-amino compounds can be resolved.
PAR  The novel dl-7.beta.-azido-7-methoxycephalosporin and
      dl-7.beta.-azido-7-methyl (or 7-SR) cephalosporin compounds of the present
      invention can be converted to novel racemic 7.beta.-acylamido-7-methoxy or
      7-methyl cephalosporin compounds. This involves reducing the azide to the
      corresponding 7.beta.-amino compound and acylating this intermediate
      product to obtain the corresponding novel dl
      7.beta.-acylamido-7-methoxycephalosporin ester or
      7.beta.-acylamido-7-methyl (or 7-SR) cephalosporin ester which is then
      deblocked to obtain the free acid and salts thereof. Thus, the new racemic
      compounds of this invention can be used to prepare racemic cephalosporins
      such as 7-methyl-7.beta.-(2-thienylacetamido)-3-Y-cephem-4-carboxylic
      acid, and 7-methoxy-7.beta.-(2-thienylacetamido)-3-Y-cephem-4-carboxylic
      acid and their salts. These products are antibiotics which are active
      against various gram-negative and gram-positive pathogens. These racemates
      can also be resolved by procedures known in the art to obtain the
      individual isomers.
PAR  Thus, in accordance with a further embodiment of this invention, the novel
      dl-7.beta.-aminocephalosporin compounds can be acylated to obtain new dl
      cephalosporin compounds of the formula:
      ##SPC6##
      and salts and esters thereof wherein Y is as defined above, B is
      --CH.sub.3, --SR or --OCH.sub.3, and R.sub.4 is an acyl group as defined
      above, such as those of penicillins and cephalosporins known in this art.
      The above dl-cephalosporin compounds are active against gram-negative and
      gram-positive bacteria. It should be noted that the racemates of the
      invention which have approximately one-half the activity of the particular
      isomer of interest may be resolved to obtain the active enantiomer in
      accordance with techniques well known to the art.
PAR  Thus, the novel dl cephalosporins of this invention are prepared by the
      acylation of the corrresponding substituted novel dl
      7-aminocephalosporanic acid compounds. This embodiment of the present
      invention can be illustrated by the following reactions:
      ##SPC7##
PAL  wherein B is H, --SR, OCH.sub.3 or CH.sub.3, M represents hydrogen, a metal
      cation or an amine, Y and R.sub.4 are the same as defined above and
      R.sub.1 represents a blocking group. In accordance with the foregoing
      flowsheet, the dl 7.alpha.- or 7.beta.-aminocephalosporanate IX is
      acylated to form the corresponding cephalosporin derivative X which is
      deblocked to form the desired cephalosporin X' or a salt thereof.
      Alternatively, the amino-cephalosporin can first be deblocked to produce
      the corresponding acid or a salt thereof IX' and this intermediate can
      then be acylated to obtain the desired cephalosporin or a salt thereof.
PAR  The acylation of the 7-amino-cephalosporanic acid compound is readily
      effected by reaction with an acylating agent such as an acyl halide
      (chloride or bromide) or a functional equivalent thereof such as an acid
      anhydride, a mixed acid anhydride with other carboxylic acids and
      particularly lower aliphatic esters of carboxylic acid, a carboxylic acid
      in the presence of a carbodiimide such as 1,3-dicyclohexylcarbodiimide, an
      activated ester and the like, or enzymatic acylation pursuant to acylation
      methods used for the preparation of cephalosporins which are well known in
      this art.
PAR  As discussed above, the 7-substituted-7-amino-cephalosporanic acid compound
      acylated can be a suitably blocked ester, such as the benzhydryl,
      p-methoxybenzyl, trichloroethyl, trimethylsilyl, phenacyl or methoxymethyl
      ester which is removed in accordance with the procedures known in the art
      to produce the desired cephalosporin or a salt thereof. Thus for example,
      when the blocking group is benzhydryl, it can be readily removed by
      reaction with trifluoroacetic acid in the presence of anisole.
      Alternatively, the 7-amino-cephalosporanic acid ester can first be
      converted to the free acid by this procedure and the salt of the free acid
      by this procedure and the salt of the free acid such as the sodium salt or
      an amine salt can be acylated pursuant to procedures well known in the art
      which are used for the conversion of 6-amino-penicillanic acid and
      7-aminocephalosporanic acid to produce various penicillins and
      cephalosporins.
PAR  It may be noted that the substituent at the 3-position of the cephalosporin
      nucleus may be converted to or readily replaced by other Y substituents
      pursuant to methods well known in this art. For example, upon treating the
      3-acetoxyethyl substituted cephalosporanates of this invention with a
      suitable reagent or combination of reagents, it is possible to substitute
      various substituents for acetoxy at the 3-position of the cephalosporin
      nucleus. Suitable reagents include, for example, phosgene and a secondary
      amine, isocyanates, alkali metal toluenesulfinates, alkali metal azide,
      polyhydroxybenzene, N-loweralkyl indole, thiourea, mercaptans, phosphorus
      pentachloride, thiocyanates, heterocyclic thiols, cycloalkyl xanthates,
      pyridine, thiobenzoic acid, N-alkyl and N,N-dialkylthioureas or alkali
      metal N-alkyl and N,N-dialkylthiocarbamates and the like.
PAR  Thus by reaction with a heterocyclic thiol, for example
      1-methyl-1,2,3,4-tetrazole-5-thiol or 5-methyl-1,3,4-thiadiazole-2-thiol,
      the 3-acetoxy cephalosporin is converted to the corresponding
      heterothioethyl compound.
PAR  Also, by reaction with a quaternary ammonium compound, for example
      pyridine, the 3-acetoxy cephalosporin is converted to the corresponding
      3-pyridinoethyl compound. Alternatively, the 3-acetoxy cephalosporins upon
      treatment with citrus acetylesterase are converted to the corresponding
      3-hydroxyethyl compounds which can be acylated to produce other
      3-acyloxyethyl including carbamoyloxyethyl, or acylthioethyl compounds.
      Similarly, other 3-substituted cephalosporin compounds are prepared
      following procedures well known in this art.
PAR  One method for the introduction of an N,N-diloweralkylcarbamoyloxyethyl or
      heterocyclic aminocarbonyloxyethyl moiety at position 3 of the instant
      products consists in treating a 3-hydroxyethyl analog such as a
      3-hydroxyethyl-7-methoxy-7-(2-thienylacetamido)cephalosporanic acid with
      phosgene and a diloweralkylamine in the presence of a base. In this manner
      the following products can be obtained: sodium
      dl-3-(N,N-dimethylcarbamoyloxyethyl)-7-methoxy-7-(2-thienylacetamido)decep
     halosporanate and sodium dl-3-(pyrrolidinylcarbonyloxyethyl)-7-methoxy-7-(
      2-thienylacetamido)decephalosporanate.
PAR  The N-mono substituted carbamoyloxyethylcephalosporin products are obtained
      by treating a 3-hydroxyethyl-7-amidodecephalosporanate with a suitable
      isocyanate. In this manner sodium
      dl-3-(N-methylcarbamoyloxyethyl)-7-methoxy-7-(2-thienylacetamido)decephalo
     sporanate with methylisocyanate in the presence of sodium bicarbonate.
PAR  The unsubstituted carbamoyloxyethyl may be obtained by cleaving an N mono-
      or di-substituted carbamoyloxyethyl material such as
      N,N-di-p-methoxybenzyl-carbamoyloxyethyl or N-2,2,2-trichloroethyl
      carbamoyloxyethyl. An alternative method for obtaining the
      carbamoyloxyethyl group at the 3-position involves treating the
      3-hydroxyethyl analog with trichloroacetylisocyanate or
      chlorosulfonylisocyanate, followed by hydrolysis.
PAR  Thus the new cephalosporins of the formula
      ##SPC8##
PAL  and the esters and salts thereof wherein R.sub.4 represents an acyl group
      and B, R' and R.sub.5 are as defined above, prepared as described above,
      are converted to the corresponding compounds having a 3-substituent of the
      formula
      ##EQU16##
      wherein A' represents a substituent other than lower alkanoyloxy using
      procedures known in the cephalosporin art for replacing the acetoxy group
      with other substituents. Thus, the acetoxy group of such compounds can be
      cleaved to produce the corresponding 3-(1-hydroxy)-alkyl compound by
      enzymatic hydrolysis with acetylesterase. The resulting hydroxy group may
      be then reacted to form other substituents at the 3-position. For example,
      the 3-hydroxy group may be re-esterified with a lower alkanoic acid group
      or with an aryl acid group by employing acylating agents such as a lower
      alkyl or aryl carboxylic acid halide or anhydride, a substituted carbamoyl
      halide or a lower alkyl isocyanate.
PAR  The 3-acetoxy group may also be converted to other analogs by replacing the
      acetoxy group of I with nitrogen or sulfur nucleophiles. Many nitrogen and
      sulfur nucleophiles are well known in the cephalosporin art and the
      following examples are merely illustrative of the type of compound which
      may be employed; for example, a tertiary amine such as pyridine and the
      like, a 5-membered heterocyclic thiol such as
      5-methyl-1,3,4-thiadiazolyl-2-thiol,  N-methyl-tetrazolylthiol and the
      like. Alternatively, the 3-acetoxy group can be cleaved by catalytic
      hydrogenation to afford the 3-(C.sub.2 -C.sub.4) alkyl compounds.
PAR  Thus, by the foregoing processes, the following new 3-cephem compounds are
      obtained:
      3-(1-carbamoyloxyethyl)-7-(2-thienylacetamido)-3-cephem-4-carboxylic acid,
      3-(1-pyridiniumethyl)-7-(2-furylacetamido)-3-cephem-4-carboxylic acid,
      3-[1-(5-methyl-1,3,4-thiadiazol-2-yl)-ethyl]-7-(1-tetrazolylacetamido)-3-c
     ephem-4-carboxylic acid,
      3-(1-propyl)-7-(D-phenylglycylamido)-3-cephem-4-carboxylic acid, and the
      like.
PAR  It should be noted that when B is hydrogen, the reaction involving the
      azido-acetyl reagent results in the production of a 7-.alpha.-azido
      cephalosporin whereas when B is CH.sub.3, SR, OCH.sub.3, the reaction of
      the azidomethoxyacetyl halide or azidomethylacetyl halide produces a
      7-.beta.-azido compound.
PAR  As indicated above, the acyclic precursor of the thiazine, or a mixture of
      the acyclic and thiazine compounds, may be used to produce the 7-azido
      cephalosporin. However, it is generally preferred to react the azidoacetyl
      reagent with the thiazine since maximum yields of the desired
      cephalosporin compounds are obtained under such conditions.
PAR  In the above described series of reactions the phosphonate group is used as
      an activating group and is finally cleaved in the preparation of the
      thiazine intermediate. Other starting compounds having activating groups
      such as
      ##EQU17##
      wherein R is lower alkyl (preferably methyl) or aryl (e.g., phenyl, etc.)
      may be employed as the starting material (I) in reaction with a
      thionoformate ester and ultimately cleaved in the preparation of the
      thiazine intermediate.
PAR  The .alpha.-aminophosphonoacetate ester (I) used as the starting material
      in the process described above is obtained by the processes shown in the
      following flowsheet:
      ##EQU18##
      wherein R and R.sub.1 are as defined above. In accordance with the
      above-depicted reactions, benzylamine is first reacted with formaldehyde
      to obtain the 1,3,5-tribenzyl-sym-hexahydrotriazine XXV. The latter
      compound on reaction with a di-substituted phosphite is converted to the
      phosphonate XXVI. This reaction is conveniently effected by heating a
      mixture of the di-substituted phosphite with the triazine at 100.degree.C.
      for sufficient time to complete the formation of the desired intermediate
      product which is conveniently isolated as an acid salt, such as the
      hydrochloride. Reduction of the intermediate
      N-benzylaminomethylphosphonate acid salt in the presence of palladium on
      carbon affords the salt of the corresponding amino compound XXVII. The
      acid salt is converted to the amine by reacting it with ammonia in a
      suitable solvent medium such as chloroform. After removing the
      precipitated ammonium salt, the desired product is readily recovered by
      evaporating the solvent to obtain the aminomethylphosphonate ester XXVIII.
      Alternatively, the acid salt XXVII is neutralized with aqueous K.sub.2
      HPO.sub.4 and the free amine XXVIII is extracted into an organic solvent
      such as CH.sub.2 Cl.sub.2. This latter product on reaction with an
      aldehyde such as benzaldehyde is converted to the corresponding Schiff
      base XXIX, which on reaction with a strong base e.g. an organolithium
      compound such as phenyllithium and then a haloformate ester is converted
      to the imine XXX. Treatment of this imine with 2,4-dinitrophenyl hydrazine
      in the presence of p-toluenesulfonic acid monohydrate or with
      p-toluenesulfonic acid hydrate in ether followed by neutralization of the
      amine acid salt affords the desired .alpha.-aminophosphonoacetate ester
      XXXI which is converted to .alpha.-thioformamido-phosphonoacetate ester
      (I) employing
      ##EQU19##
      in CCl.sub.4.
PAR  Representative of the novel cephalosporins that may be prepared in
      accordance with the processes of the invention are the following:
      ##SPC9##
      ##SPC10##
DETD
PAC  EXAMPLE 1
PAC  p-Methoxybenzyl
      .alpha.-[S-(.alpha.-acetoxy)-propionylmethylthioimidato]-diethylphosphonoa
     cetate
PAR  A mixture of 77 mg. p-methoxybenzyl .alpha.-thioformamido
      diethylphosphonoacetate, 35 mg. of 1-chloro-3-acetoxy-butan-2-one, 29 mg.
      powdered potassium carbonate and 2 ml. acetone is stirred 18 hours at room
      temperature under nitrogen. The mixture is filtered and evaporated,
      affording 92% yield of crude p-methoxybenzyl
      .alpha.-[S-(.alpha.-acetoxy)-propionylmethylthioimidato]-diethylphosphonoa
     cetate.
PAR  The 1-chloro-3-acetoxy-butan-2-one used as the starting material in this
      example is prepared as follows:
PAR  A solution of 2-acetoxy-propionoyl chloride (10.0 g.) in anhydrous ether is
      added dropwise over 45 min. to an ice-cold, stirring solution of
      diazomethane (2.82 g.) and triethylamine (6.7 g.) in anhydrous ether. The
      mixture is stirred an additional 3 hours in the cold, then filtered
      through a pad of magnesium sulfate. The etheral filtrate of crude
      diazoketone is cooled in an ice bath, and a stream of anhydrous
      hydrochloric acid is bubbled through the solution for 10 min. The
      resulting mixture is washed with ice-cold water and ice-cold 5% aqueous
      sodium bicarbonate, dried over magnesium sulfate, filtered and evaporated
      under reduced pressure. Distillation of the residue affords
      1-chloro-3-acetoxy-butan-2-one in 52% yield.
PAR  This product has the following physical properties:
PAL  B.p. 43.degree.-44.degree.c./0.18 mm.
PAL  Mass Spectrum M.sup.+ at m/e 164
PAL  Ir (neat) 5.65, 5.75, 8.02, 9.1, 9.6, 10.5, 11.45, 12.8.mu.
PAL  Nmr (cdcl.sub.3) .tau. 8.5 (d, 3, J=8 Hz, CHCH.sub.3), 7.7 (s, 3,
PAL  Ch.sub.3 co), 5.89 (s, 2, ClCH.sub.2 CO), 4.6 (q, 1, J=8 Hz, CHCH.sub.3)
PAC  EXAMPLE 2
PAC  p-Methoxybenzyl 5-(1-actoxyethyl)-6(H)-1,3-thiazine-4-carboxylate
PAR  p-Methoxybenzyl
      .alpha.-[S-(.alpha.-acetoxy)-propionylmethylthioimidato]-diethylphosphonoa
     cetate, prepared as described in Example 1, is flushed 3 times with
      tetrahydrofuran, evaporated, dissolved in 1 ml. of 1,2-dimethoxyethane,
      and treated with 5 mg. of oil-free sodium hydride suspended in 1 ml. of
      1,2-dimethoxyethane. After stirring 5 minutes, benzene is added and the
      solution is washed with water, dried with magnesium sulfate, filtered and
      evaporated to afford p-methoxybenzyl
      5-(1-acetoxyethyl)-6(H)-1,3-thiazine-4-carboxylate. The product so
      obtained has the following physical properties:
PAL  Mass Spectrum M.sup.+ -60 at m/e 289
PAL  Nmr(cdcl.sub.3) .tau. 8.5 (d, 3, J=8 Hz, CHCH.sub.3), 8.0 (s, 3, CH.sub.3
      CO),
PAL  6.85 (m, 2, SCH.sub.2), 6.2 (s, 3, OCH.sub.3), 4.85 (s, 2, CH.sub.2 Ar),
PAL  3.85 (q, 1, J=8 Hz, CHCH.sub.3), 2.95 (ABq, 4, ArH), 1.6 (s, 1, N=CH).
PAL  Ir (chcl.sub.3) 3.45, 5.78, 5.82, 6.21, 6.31, 6.62, 6.90, 7.30, 7.69, 8.2,
      8.5, 8.85, 9.12, 9.45, 9.65, 9.85, 10.5, 12.05.mu..
PAC  EXAMPLE 3
PAC  p-Methoxybenzyl 5-(1-acetoxyethyl)-6(H)-1,3-thiazine-4-carboxylate
PAR  A mixture of p-methoxybenzyl .alpha.-thioformamido-diethylphosphonoacetate
      (1.73 g.), powdered potassium carbonate (1.83 g.),
      1-chloro-3-acetoxy-butan-2-one (0.82 g.), and acetone (30 ml.) is stirred
      for 5 hours under a nitrogen atmosphere. The reaction mixture is filtered
      and the filtrate evaporated under reduced pressure. The residue is
      dissolved in carbon tetrachloride, washed with pH 9 phosphate buffer and
      water, dried over magnesium sulfate, filtered, and evaporated in vacuo to
      yield crude p-methoxybenzyl
      5-(1-acetoxyethyl)-6(H)-1,3-thiazine-4-carboxylate in 92% yield. The
      product so obtained has the following physical properties: IR (CHCl.sub.3)
      5.74, 5.84, 6.2, 6.3, 6.65, 6.9, 7.3, 7.69, 8.0, 8.5, 9.12, 9.95, 10.5,
      12.05.mu..
PAC  EXAMPLE 4
PAC  p-Methoxybenzyl dl-3-(1-acetoxyethyl)-7.alpha.-azido-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl 5-(1-acetoxyethyl)-6(H)-1,3-thiazine-4-carboxylate,
      prepared as described in Example 2 from 462 mg. (1.23 mmole) of
      p-methoxybenzyl .alpha.-thioformamido-diethylphosphonoacetate, is
      dissolved in 12 ml. of methylene chloride. Triethylamine (0.834 ml.) is
      added, followed at 0.degree.C. under nitrogen over 4 hours by 0.214 ml.
      azidoacetyl chloride in 12 ml. of methylene chloride. The mixture is
      allowed to warm to room temperature, diluted with 180 ml. benzene, washed
      3 times with water (at pH 3, 7, 8), dired with MgSO.sub.3, filtered and
      evaporated, affording p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.alpha.-azido-3-cephem-4-carboxylate (containing
      some .DELTA..sup.2 isomer). After chromatography on silica gel using 30
      parts of gel per part of product and elution with ethyl acetate-benzene
      (5:95), the pure product was recovered in 13% yield. Properties: Mass
      Spectrum M.sup.+ at m/e 432 IR (CHCl.sub.3) 4.7, 5.55, 5.75, 6.18, 8.04,
      9.64.mu. NMR (CDCl.sub.3) .tau.8.6 (d, 3, J=8 Hz, CHCH.sub.3), 8.0 (s, 3,
      CH.sub.3 CO), 6.5 (s, 2, SCH.sub.2), 6.2 (s, 3, OCH.sub.3), 5.58 (d, 1,
      J=1.5 Hz, H6 or H7), 5.52 (d, 1, J=1.5 Hz, H7 or H6), 4.8 (s, 2, CH.sub.2
      Ar), 4.04, (q, 1,  J=8 Hz, CHCH.sub.3), 2.8 )ABq, 4, ArH).
PAC  EXAMPLE 5
PAC  p-Methoxybenzyl dl-3-(1-acetoxyethyl)-7.alpha.-amino-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl dl-3-(1-acetoxyethyl)-7.alpha.-azido-3-cephem-4-carboxylate
      (170 mg.) and 170 mg. PtO.sub.2 in 25 ml. benzene are treated with
      hydrogen for 45 minutes at 40 psi. After filtration and evaporation of the
      solvent, p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.alpha.-amino-3-cephem-4-carboxylate is obtained in
      97% yield. Properties: IR (CHCl.sub.3) 2.91, 3.35, 5.65, 5.78, 6.2, 6.3,
      6.75, 6.85, 7.19, 7.30, 7.69, 8.2, 8.5, 9.0, 9.85, 10.55, 10.98,
      12.05.mu.. nmr (CDCl.sub.3) .tau.8.85 (d, 3, J=8H.sub.2, CHCH.sub.3), 8.18
      (br s, 2, NH.sub.2), 8.0 (s, 3, CH.sub.3 CO), 6.6 (s, 2, SCH.sub.2), 6.2
      (s, 3, OCH.sub.3), 5.90 (d, 1, J=1.2Hz, H6 or H7), 5.58 (d, 1, J=1.2 Hz,
      H7or H6), 4.82  (s, 2, CH.sub.2 Ar), 2.85 (ABq, 4, ArH).
PAR  The 7.alpha.-amino compound prepared in Example 5 is empimerized to the
      corresponding 7.beta.-amino compound as follows:
PAC  Preparation 1
PAC  p-Methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxy
     late
PAR  p-Methoxybenzyl dl-3-(1-acetoxyethyl)-7.alpha.-amino-3-cephem-4-carboxylate
      (101 mg.) is treated with 36 mg. p-nitrobenzaldehyde and 0.7 g. of
      magnesium sulfate in 5 ml. of methylene chloride with stirring for 13
      hours. The solution is filtered and evaporated to afford p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxy
     late in 80% yield. Properties:
PAL  Ir (chcl.sub.3) 3.45, 5.62, 5.78, 5.81, 6.1, 6.23, 6.68, 6.89,
PAL  7.3, 7.42, 8.2, 8.5 8.9, 11.0, 11.65, 12.05.mu..
PAL  Nmr (cdcl.sub.3) .tau. 8.56 (d, 3, J=8 Hz, CHCH.sub.3), 8.0 (s, 3,
PAL  Ch.sub.3 co), 6.5 (s, 2, SCH.sub.2), 6.18 (s, 3, OCH.sub.3), 5.15 (d, 1,
PAL  J=1.2 hz, H6 or H7), 5.07 (d, 1, J=1.2 Hz, H7 or H6),
PAL  4.75 (s, 2, ArCH.sub.2), 4.0 (q, 1, J=8 Hz, CHCH.sub.3), 2,82 (ABq,
PAL  4, ArH), 2.0 (ABq, 4, ArH), 1.42 (s, 1, CH=N).
PAC  Preparation 2
PAC  p-Methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxyl
     ate
PAR  p-Methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxyl
     ate (130 mg.) is dissolved in 4 ml. tetrahydrofuran. At -78.degree.C, under
      nitrogen, 0.163 ml. 2.3 M phenyllithium is added, forming the 7-lithium
      derivative of p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxy
     late. Dimethylformamide (5ml.) is added, and then a mixture of 3 ml.
      tetrahydrofuran, 0.063 ml. of acetic acid and 0.020 ml. of water. The
      reaction mixture is warmed to room temperature, diluted with 50 ml.
      benzene and washed 6 times with water. Wash no. 2 contains pH 2 phosphate
      buffer, and wash no. 5 pH 8 phosphate buffer. After drying with magnesium
      sulfate, filtration and evaporation of the solvent, a mixture of
      p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxyl
     ate and p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.alpha.(p-nitrobenzylideneamino-3-cephem-4-carboxyl
     ate in 85% yield is obtained. The normal isomer shows new bands in the nmr
      spectrum at .tau.4.9 and 4.5 (H6and H7) and .tau.1.2 (CH=N).
PAC  Preparation 3
PAC  p-Methoxybenzyl dl-3-(1acetoxyethyl)-7.beta.-amino-3-cephem-4-carboxylate
PAR  A mixture of p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxyl
     ate and its 7.alpha.-epimer (180 mg.) is treated with 163 mg. of 2,4
      dinitrophenyl hydrazine tosylate in 6 ml. of ethanol. The mixture is
      stirred 30 minutes, filtered, evaporated, treated with pH 8 aqueous buffer
      and extracted 3 times with ether. The combined ether extracts are dried
      with MgSO.sub.4, filtered and evaporated, leaving a mixture of
      p-methoxybenzyl dl-3-(1-acetoxyethyl)-7.beta.-amino-3-cephem-4-carboxylate
      and its 7.alpha.-epimer in 97% yield. Properties of 7.beta.-amino
      derivative: NMR (CDCl.sub.3) .tau.8.72 (d, 3, J=8 Hz, CHCH.sub.3), 8.0 (s,
      3, CH.sub.3 CO), 7.5 (brs, 2, NH.sub.2), 6.6 (s, 2, SCH.sub.2), 6.3 (s, 3,
      OCH.sub.3), 5.4 (d, 1, J=4.5 Hz, H6 or H7 ), 5.17 (d, 1, J=4.5 Hz, H7 or
      H6), 4.8 (s, 2, CH.sub.2 Ar), 4.0 (8, 1, J=8 Hz, CHCH.sub.3), 2.95 (ABq,
      4, ArH).
PAR  Purification by silica gel column chromatography or silica gel preparative
      thin layer chromatography affords pure p-methoxybenzyl d,
      1-3-(1-acetoxyethyl)-7.beta.-amino-3-cephem-4-carboxylate.
PAC  EXAMPLE 6
PAC  p-Methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
PAR  To a solution of 140 mg. of a mixture of p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.-amino-3-cephem-4-carboxylate and its
      7.alpha.-epimer in 10 ml. of methylene chloride is added successively 0.14
      ml. pyridine and a solution of 57 mg. 2-thienylacetyl chloride in 4 ml. of
      methylene chloride. After 5 minutes stirring at room temperature, the
      solvent is evaporated and replaced with benzene. The solution is washed
      with pH 2 phosphate buffer, water, and pH 8 phosphate buffer. After drying
      with magnesium sulfate, filtration and evaporation of the solvent,
      p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7-(2-thienylacetamido)-3-cephem-4-carboxylate is
      obtained. It is purified by chromatography on silica gel, which affords
      p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
      in 17% yield.
PAL  Properties: Mass Spectrum M.sup.+  at m/e 530
PAL  Ir(chcl.sub.3) 5.60, 5.79, 6.20, 6.64, 8.3, 9.66.mu.
PAL  Nmr (cdcl.sub.3) 8.62 (d, 3, J=7Hz, CHCH.sub.3), 8.00 (s, 3,
PAL  Ch.sub.3 co), 6.63 (s, 2, SCH.sub.2), 6.20 (s, 3, OCH.sub.3), 6.18 (s, 2,
PAL  ArCH.sub.2 CO), 5.12 (d, 1, J=5 Hz, H6), 4.80 (s, 2, ArCH.sub.2 O),
PAL  4.26 (dd, 1, J=5 Hz and J=9 Hz, H7), 3.98 (q, 1, J=7 Hz,
PAL  Chch.sub.3), 3.55 (d, 1, J=9 Hz, NH), and 3.2-2.5 (m, 7, ArH).
PAR  The p-methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.alpha.-(2-thienylacetamido)-3-cephem-4-carboxylate
      recovered has the following properties:
PAL  Mass Spectrum M.sup.+ at m/e 530
PAL  Ir (chcl.sub.3) 5.60, 5.78, 5.92, 6.19, 6.62, 8.31.mu.
PAL  Nmr (cdcl.sub.3) 8.63 (d, 3, J=7Hz, CHCH.sub.3), 8.03 (s, 3, CH.sub.3 CO),
PAL  6.65 (s, 2, SCH.sub.2), 6.20 (s, 5, OCH.sub.3 and ArCH.sub.2 CO), 5.45
PAL  (d, 1, J=2 Hz, H6), 5.10 (dd, 1, J=2 Hz and J=7 Hz, H7),
PAL  4.76 (s, 2, ArCH.sub.2 O), 4.10 (q, 1, J=7 Hz, CHCH.sub.3), 3.33 (d,
PAL  1, J=7 Hz, NH), and 3.25-2.5 (m, 7, ArH).
PAC  EXAMPLE 7
PAC  Sodium
      dl-3-(1-acetoxyethyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl
      dl-3-(1-acetoxyethyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
      (24 mg.) is dissolved in 0.5 ml. anisole and treated with 2.5 ml.
      trifluoroacetic acid for 5 minutes at 0.degree.C. The trifluoroacetic acid
      is pumped off in vacuo at 0.degree.C. and the anisole at ca.
      30.degree.C./0.1 mm. More anisole (2 ml.) is added and pumped off. The
      dl-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylic
      acid has the following properties: IR (CHCl.sub.3) 5.60, 5.78, 5.94, 6.64,
      8.32.mu.
PAL  Nmr (cdcl.sub. 3) 8.58 (d, 3, J=7 Hz, CHCH.sub.3), 7.97 (s, 3,
PAL  Ch.sub.3 co), 6.60 (s, 2, SCH.sub.2), 6.12 (s, 2, ArCH.sub.2), 5.02
PAL  (d, 1, J=5 Hz, H6), 4.14 (dd, 1, J=5 Hz and J=9 Hz, H7),
PAL  3.85 (q, 1, J=7 Hz, CHCH.sub.3), 3.51 (d, 1, J=9 Hz, NH), and
PAL  3.05--2.45 (m, 3, ArH).
PAR  The acid is taken up in 5 ml. water containing 3 equivalents of sodium
      bicarbonate and washed with methylene chloride 3 times. The water layer is
      acidified to pH 2 with phosphate buffer and extracted with ethyl acetate.
      The ethyl acetate is then extracted with water containing 3 mg. sodium
      bicarbonate and the water lyophilized, affording crystalline sodium
      dl-3-(1-acetoxyethyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
      which has antibacterial activity.
PAR  In similar manner but employing other acyloxy compounds such as
      1-bromo-3-acetoxy-butan-2-one, 1 -chloro-3-propionyloxy-butan-2-one,
      1-chloro-3-butyryloxy-butan-2 -one, 1-chloro-3-acetoxy-pentan-2-one,
      1-bromo-3-propionyloxy-hexan-2-one and the like as starting materials in
      place of 1-chloro-3-acetoxy-butan-2-one, the corresponding
      3-(1-acyloxy)lower alkyl compounds are obtained.
PAC  EXAMPLE 8
PAC  p-Methoxybenzyl .alpha.-(S-phenacylthioimidato)-diethylphosphonoacetate
      High
PAR  A mixture of 77 mg. p-methoxybenzyl
      N-thioformamido-.alpha.-amino-diethylphosphonoacetate, 32 mg. phenacyl
      chloride, 29 mg. powdered potassium carbonate and 2 ml. acetone is stirred
      18 hours at room temperature under nitrogen. The mixture is filtered and
      evaporated, affording 111 mg. crude p-methoxybenzyl
      .alpha.-(S-phenacylthioimidato)-diethylphosphonoacetate. IR: 5.72.mu.
      (ester), 5.93.mu. (CO.phi.), 6.20, 6.28.mu. (Ar, C=N). NMR (.delta.,
      CDCl.sub.3): 1.08, 1.20, 1.32, 3.82, 3.95, 4.08, 4.20, 4.33 [P(OEt).sub.2
      ]; 3.79 (OMe); 4.56 (COCH.sub.2 S), 5.16 (OCH.sub.2 .phi.); 8.45, 8.51
      (SCH=N); other peaks correct.
PAR  When p-chlorophenacyl chloride, p-cyanophenacyl chloride,
      p-carbomethoxyphenacyl chloride, 4-chloroacetylpyridine,
      2-chloroacetylfuran and 2-chloroacetyl-5-methylfuran are used in place of
      phenacyl chloride in the above-described process, p-methoxybenzyl
      .alpha.-(S-p-chlorophenacyl thioimidato)-diethylphosphonoacetate,
      p-methoxybenzyl
      .alpha.-(S-p-cyanophenacylthioimidato)-diethylphosphonoacetate,
      p-Methoxybenzyl
      .alpha.-(S-p-carbomethoxyphenacylthioimidato)-diethylphosphonoacetate,
      p-methoxybenzyl
      .alpha.-[S-(4-pyridylcarbonylmethyl)thioimidato]-diethylphosphonoacetate,
      p-methoxybenzyl -60 -(S-2-furoylmethylthioimidato)-diethylphosphonoacetate
      and p-methoxybenzyl
      .alpha.-[S-(5-methyl-2-furoyl-methyl)thioimidato]-diethylphosphonoacetate
      are obtained.
PAR  Thus, the p-methoxybenzyl
      .alpha.-(S-p-carbomethoxyphenacylthioimidato)-diethylphosphonoacetate so
      obtained has the following IR and NMR. IR (.mu.): 5.70 (ester), 5.9
      (COAr), 6.20, 6.28 (Ar, C=N). NMR (.delta., CDCl.sub.3): 3.76
      (ArOCH.sub.3), 3.94 (COOCH.sub.3), 4.53 (COCH.sub.2 S), 5.12 (OCH.sub.2
      Ar), 8.43, 8.50 (SCH=N), other peaks correct.
PAC  EXAMPLE 9
PAC  p-Methoxybenzyl-5-phenyl-6(H)-1,3-thiazine-4-carboxylate
PAR  p-Methoxybenzyl .alpha.-(S-phenacylthioimidato)-diethylphosphonoacetate,
      prepared as described in Example 1, is flushed 3 times with
      tetrahydrofuran, evaporated, dissolved in 1 ml. of 1,2-dimethoxyethane,
      and treated with 5 mg. of oil-free sodium hydride suspended in 1 ml. of
      1,2-dimethoxyethane. After stiring 5 minutes, benzene is added and the
      solution is washed with water, dried with magnesium sulfate, filtered and
      evaporated to afford
      p-methoxybenzyl-5-phenyl-6(H)-1,3-thiazine-4-carboxylate. NMR (.delta.,
      CDCl.sub.3): 3.40, 3.59, 3.78, 3.97 (SCH.sub.2); 3.8 (OCH.sub.3); 5.0
      (OCH.sub.2 .phi.); 8.3 (SCH=N); other peaks correct. MS 339, 307, 294,
      203, 175, 137, 121.
PAR  When p-methoxybenzyl
      .alpha.-(S-p-chlorophenacylthioimidato)-diethylphosphonoacetate,
      p-methoxybenzyl
      .alpha.-(S-p-cyanophenacylthioimidato)-diethylphosphonoacetate,
      p-methoxybenzyl
      .alpha.-(S-p-carbomethoxyphenacylthioimidato)-diethylphosphonoacetate,
      p-methoxybenzyl
      .alpha.-[S-(4-pyridylcarbonylmethyl)thioimidato]-diethylphosphonoacetate,
      p-methoxybenzyl
      .alpha.-(S-2-furoylmethylthioimidato)-diethylphosphonoacetate and
      p-methoxybenzyl
      .alpha.-[S-(5-methyl-2-furoylmethyl)thioimidato]-diethylphosphonoacetate
      are used in place of
      p-methoxybenzyl-.alpha.-(S-phenacylthioimidato)-diethylphosphonoacetate in
      the above-described process,
      p-methoxybenzyl-5-chlorophenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-p-cyanophenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-p-carbomethoxyphenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-(4-pyridyl)-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-(2-furyl)-6(H)-1,3-thiazine-4-carboxylate and
      p-methoxybenzyl-5-(5-methyl-2-furyl)-6(H)-1,3-thiazine-4-carboxylate are
      obtained.
PAR  The p-methoxybenzyl-5-p-carbomethoxyphenyl-6(H)-1,3-thiazine-4-carboxylate
      prepared in this way melts at 144.degree.C. and has the following
      characteristics. NMR (.delta., CDCl.sub.3): 3.61 (SCH.sub.2), 3.81
      (ArOCH.sub.3), 3.97 (COOCH.sub.3), 4.98 (OCH.sub.2 Ar), 8.43 (SCH=N),
      other peaks correct. MS: 397, 353, 277, 261, 233, 232, 188, 135, 121.
PAC  EXAMPLE 10
PAC  p-Methoxybenzyl dl-3-phenyl-7.alpha.-azido-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl-5-phenyl-6(H)-1,3-thiazine-4-carboxylate, prepared as
      described above from 462 mg. (1.23 mmole) of p-methoxybenzyl
      N-thioformamido-.alpha.-amino-diethylphosphonoacetate, is dissolved in 12
      ml. of methylenechloride. Triethylamine (0.834 ml.) is added, followed at
      0.degree.C. under nitrogen over 4 hours by 0.214 ml. azidoacetyl chloride
      in 12 ml. of methylene chloride. The mixture is allowed to warm to room
      temperature, diluted with 180 ml. benzene, washed 3 times with water (at
      pH 3, 7, 8) dried with MgSO.sub.4, filtered and evaporated, affording 450
      mg. of p-methoxybenzyl dl-3-phenyl-7.alpha.-azido-3-cephem-4-carboxylate.
      Chromatography on 20 g. of silica gel and elution with 10:1
      chloroform-ethyl acetate gives p-methoxybenzyl
      dl-3-phenyl-7.alpha.-azido-3-cephem-4-carboxylate (containing some
      .DELTA..sup.2 isomer), 170 mg. IR (.mu.): 4.72 (azide), 5.59 (lactam),
      5.72 (ester). NMR (.delta., CDCl.sub.3): 4.6d, J=1.5 Hz; 4.7d, J=1.5 Hz
      (H-6, H-7); other peaks correct. MS: 422, 394, 229, 203, 175.
PAR  When p-methoxybenzyl-5-p-chlorophenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-p-cyanophenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-p-carbomethoxyphenyl-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-(4-pyridyl)-6(H)-1,3-thiazine-4-carboxylate,
      p-methoxybenzyl-5-(2-furyl-6(H)-1,3-thiazine-4-carboxylate and
      p-methoxybenzyl-5-(5-methyl-2-furyl)-6(H)-1,3-thiazine-4-carboxylate are
      used in place of p-methoxybenzyl-5-phenyl-6(H)-1,3-thiazine-4-carboxylate
      in the abovedescribed process, p-methoxybenzyl
      dl-3-p-chlorophenyl-7.alpha.-azido-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.alpha.-azido-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.alpha.-azido-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(4-pyridyl)-7.alpha.-azido-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(2-furyl)-7.alpha.-azido-3-cephem-4-carboxylate and
      p-methoxy benzyl
      dl-3(5-methyl-2-furyl)-7.alpha.-azido-3-cephem-4-carboxylate are obtained.
PAR  The p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.alpha.-azido-3-cephem-4-carboxylate obtained
      in this way has the following characteristics. IR (.mu.): 4.72 (azide),
      5.61 (lactam), 5.80 (ester). NMR (.delta., CDCl.sub.3): 3.61 (CH.sub.2 S),
      4.61d, 4.70d, J=1.5 Hz (H-6, H-7), other peaks correct. MS: 480, 452, 316,
      287, 121.
PAC  EXAMPLE 11
PAC  p-Methoxybenzyl dl-3-phenyl-7.alpha.-amino-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl dl-3-phenyl-7.alpha.-azido-3-cephem-4-carboxylate (170 mg.
      PtO.sub.2 in 25 ml. benzene are treated with hydrogen for 45 minutes at 40
      psi. After filtration and evaporation of the solvent, 101 mg. of
      p-methozybenzyl dl-3-phenyl-7.alpha.-amino-3-cephem-4-carboxylate are
      obtained. NMR (.delta., CDCl.sub.3): 4.16d, 4.52d, J=1.5 Hz (H-6, H-7);
      2.0 broad (NH.sub.2); other peaks correct. IR (.mu.): 5.62 (lactam), 5.72
      (ester).
PAR  When p-methoxybenzyl
      dl-3-p-chlorophenyl-7.alpha.-azido-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.alpha.-azido-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.alpha.-azido-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(4-pyridyl)-7.alpha.-azido-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(2-furyl)-7.alpha.-azido-3-cephem-4-carboxylate and
      p-methoxybenzyl
      dl-3-(5-methyl-2-furyl)-7.alpha.-azido-3-cephem-4-carboxylate are used in
      place of p-methoxybenzyl dl-3-phenyl-7.alpha.-azido-3-cephem-4-carboxylate
      in the above-described process, p-methoxybenzyl
      dl-3-p-chlorophenyl-7.alpha.-amino-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.alpha.-amino-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.alpha.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(4-pyridyl)-7.alpha.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(2-furyl)-7.alpha.-amino-3-cephem-4-carboxylate and
      p-methoxybenzyl
      dl-3-(5-methyl-2-furyl)-7.alpha.-amino-3-cephem-4-carboxylate are
      obtained.
PAR  The p-methoxybenzyl
      dl-3-p-carbomethoxyphehyl-7.alpha.-amino-3-cephem-4-carboxylate obtained
      in this way exhibits the following characteristics. IR (.mu.): 3.0 (NH),
      5.62 (lactam), 5.79 (ester). NMR (.delta., CDCl.sub.3): 4.24d, 4.58d, J=2
      Hz (H-6, H-7), 2.3 broad (NH.sub.2), other peaks correct. MS: 454, 398,
      332, 232, 121.
PAR  The 7.alpha.-amino compounds are epimerized to the corresponding
      7.beta.-amino compounds as follows:
PAC  Preparation 1
PAC  p-Methoxybenzyl
      dl-3-phenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl dl-3-phenyl-7.alpha.-amino- 3-cephem-4-carboxylate (101
      mg.) is treated with 36 mg. p-nitrobenzaldehyde and 0.7 g. of magnesium
      sulfate in 5 ml. of methylene chloride with stirring for 2 hours. The
      solution is filtered and evaporated to afford 133 mg. p-methoxybenzyl
      dl-3-phenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate. NMR
      (CDCl.sub.3): CH=N at 8.55.delta..
PAR  When p-methoxybenzyl
      dl-3-p-chlorophenyl-7.alpha.-amino-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.alpha.-amino-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.alpha.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(4-pyridyl)-7.alpha.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(2-furyl)-7.alpha.-amino-3-cephem-4-carboxylate and
      p-methoxybenzyl
      dl-3-(5-methyl-2-furyl)-7.alpha.-amino-3-cephem-4-carboxylate are used in
      place of p-methoxybenzyl dl-3-phenyl-7.alpha.-amino-3-cephem-4-carboxylate
      in the above-described process, p-methoxybenzyl
      dl-3-p-chlorophenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxyla
     te, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylat
     e, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-car
     boxylate, p-methoxybenzyl
      dl-3-(4-pyridyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-(2-furyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate
      and p-methoxybenzyl
      dl-3-(5-methyl-2-furyl)-7.alpha.(p-nitobenzylideneamino)-3-cephem-4-carbox
     ylate are obtained.
PAR  The p-methoxybenzyl
      dl-3-carbomethoxyphenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carbo
     xylate prepared by this process has the following characteristics. NMR
      (.delta., CDCl.sub.3): 8.60 (CH=N), other peaks correct.
PAC  Preparation 2
PAC  p-Methoxybenzyl
      dl-3-phenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl
      dl-3-phenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate (130
      mg.) is dissolved in 4 ml. tetrahydrofuran. At -78.degree.C. under
      nitrogen, 0.163 ml. 2.3 M phenyllithium is added, forming the 7-lithium
      derivative of p-methoxybenzyl
      dl-3-phenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate.
      Dimethylformamide (5 ml.) is added, and then a mixture of 3 ml.
      tetrahydrofuran, 0.063 ml. of acetic acid and 0.020 ml. of water. The
      reaction mixture is warmed to room temperature, diluted with 50 ml.
      benzene and washed 6 times with ater. Wash no. 2 contains pH 2 phosphate
      buffer, and wash no. 5 pH 8 phosphate buffer. After drying with magnesium
      sulfate, filtration and evaporation of the solvent, a 2:1 mixture of
      p-methoxybenzyl
      dl-3-phenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate and
      p-methoxybenzyl
      dl-3-phenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate are
      obtained in substantially quantitative yield. The NMR of p-methoxybenzyl
      dl-3-phenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate shows
      CH=N at 8.70 .delta..
PAR  When p-methoxybenzyl
      dl-3-p-chlorophenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4
      -carboxylate, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylat
     e, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-car
     boxylate, p-methoxybenzyl
      dl-3-(4-pyridyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3
      -(2-furyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate and
      p-methoxybenzyl dl-3
      -(5-methyl-2-furyl)-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxyla
     te are used in place of p-methoxybenzyl
      dl-3-phenyl-7.alpha.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate in
      the above-described process, p-methoxybenzyl
      dl-3-p-chlorophenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylat
     e, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.beta.-(p-nitrobenzylideneamino)-3-cephem-4-carboxylat
     e, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carb
     oxylate, p-methoxybenzyl
      dl-3-(4-pyridyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-(2-furyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate and
      p-methoxybenzyl dl-3-(5-methyl-
      2-furyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate are
      obtained.
PAR  The p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carb
     oxylate prepared in this manner has the following characteristics. NMR
      (.delta., CDCl.sub.3): 8.73 (CH=N), other peaks correct.
PAC  Preparation 3
PAC  p-Methoxybenzyl dl-3-phenyl-7.beta.-amino-3 -cephem-4-carboxylate
PAR  p-Methoxybenzyl dl-3-phenyl-7.beta.(p-nitrobenzylideneamino)-3 -cephem-4
      -carboxylate (180 mg.) is treated with 163 mg. of
      2,4-dinitrophenylhydrazine tosylate in 6 ml. of ethanol. The mixture is
      stirred 30 minutes, filtered, evaporated, treated with pH 8 aqueous buffer
      and extracted 3 times with ether. The combined ether extracts are dried
      with MgSO.sub.4, filtered and evaporated, leaving 140 mg. of
      p-methoxybenzyl dl-3-phenyl-7.beta.-amino-3 -cephem-4 -carboxylate. IR
      (.mu.): 3.0 (NH.sub.2), 5.64 (lactam), 5.74 (ester).
PAR  When p-methoxybenzyl
      dl-3-p-chlorophenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylat
     e, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate
     , p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carb
     oxylate, p-methoxybenzyl
      dl-3-(4-pyridyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-(2-furyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate and
      p-methoxybenzyl dl-3-(5-methyl-2
      -furyl)-7.beta.(p-nitrobenzylideneamino)-3-cephem-4-carboxylate are used
      in place of p-methoxybenzyl dl-3-phenyl-7.beta.(p-nitrobenzylideneamino)-3
      -cephem-4 -carboxylate in the above-described process, p-methoxybenzyl
      dl-3-p-chlorophenyl-7.beta.-amino-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.beta.-amino-3 -cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.beta.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(4-pyridyl)-7.beta.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(2-furyl)-7.beta.-amino-3-cephem-4-carboxylate and
      p-methoxybenzyl dl-3-(5-methyl-2
      -furyl)-7.beta.-amino-3-cephem-4-carboxylate are obtained.
PAC  EXAPLE 12
PAC  p-Methoxybenzyl dl-3
      -phenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
PAR  To a solution of 140 mg. p-methoxybenzyl
      dl-3-phenyl-7.beta.-amino-3-cephem-4-carboxylate in 10 ml. of methylene
      chloride is added successively 0.14 ml. pyridine and a solution of 57 mg.
      2-thienylacetyl chloride in 4 ml. of methylene chloride. After 5 minues
      stirring at room temperature, the slvent is evaporated and replaced with
      benzene. The solution is washed with pH 2 phosphate buffer, water, and pH
      8 phosphate buffer. After drying with magnesium sulfate, filtration and
      evaporation of the solvent, p-methoxybenzyl
      dl-3-phenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate is
      obtained. It is purified by chromatography on 6 g. silica gel, eluting
      with 10:1 chloroform-ethyl acetate, which affords 27 mg. p-methoxybenzyl
      dl-3-phenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate. IR (.mu.):
      3.06 (NH), 5.63 (lactam), 5.77 (ester), 5.97 (amide). NMR (.delta.,
      CDCl.sub.3): 3.14, 3.59, 3.82, 4.17 (SCH.sub.2); 3.78 (CH.sub.2 CO); 4.9m
      (OCH.sub.2 , 6-H); 5.76, 5.83, 5.90, 5.97 (7.alpha.-H). MS: 520, 355, 339,
      181.
PAR  When p-methoxybenzyl
      dl-3-p-chlorophenyl-7.beta.-amino-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-cyanophenyl-7.beta.-amino-3-cephem-4-carboxylate, p-methoxybenzyl
      dl-3-p-carbomethoxyphenyl-7.beta.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(4-pyridyl)-7.beta.-amino-3-cephem-4-carboxylate,
      p-methoxybenzyl dl-3-(2-furyl)-7.beta.-amino-3-cephem-4-carboxylate and
      p-methoxybenzyl
      dl-3-(5-methyl-2-furyl)-7.beta.-amino-3-cephem-4-carboxylate are used in
      place of p-methoxybenzyl dl-3-phenyl-7.beta.-amino-3-cephem-4-carboxylate
      in the above-described process, p-methoxybenzyl
      dl-3-p-chlorophenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-p-cyanophenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      p-methoxybenzyl-dl-3-p-carbomethoxyphenyl-7.beta.(2-thienylacetamido)-3-ce
     phem-4-carboxylate, p-methoxybenzyl
      dl-3-(4-pyridyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-(2-furyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate and
      p-methoxyphenyl
      dl-3-(5-methyl-2-furyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
      are obtained.
PAR  The p-methoxybenzl
      dl-3-p-carboxymethylphenyl-7.beta.(2thienylacetamido)-3-cephem-4-carboxyla
     te so obtained has the fllowing characteristics. IR (.mu.): 3.0 (NH), 5.61
      (lactam), 5.78 (ester), 5.94 (amide). NMR (.delta., CDCl.sub.3): 3.58,
      3.85m (SCH.sub.2, CH.sub. 2 CO), 3.79 (ArOcH.sub.3), 3.93 (COOCH.sub.3),
      4.91m (OCH.sub.2, 6-H), 5.76, 5.83, 5.91, 5.99 (7.alpha.-H), other peaks
      correct. MS: 578, 457, 397, 261, 232.
PAC  EXAMPLE 13
PAC  Sodium dl-3-phenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
PAR  p-Methoxybenzyl
      dl-3-phenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate (24 mg.) is
      dissolved in 0.5 ml. anisole and treated with 2.5 ml. trifluoroacetic acid
      for 5 minutes at 0.degree.C. The trifluoroacetic acid is pumped off in
      vacuo at 25.degree.C. and the anisole at ca. 30.degree.C/0.1 mm. More
      anisole (2 ml.) is added and pumped off. The sample is taken up in 5 ml.
      water containing 3 equivalents of sodium bicarbonate and washed with
      methylene chloride 3 times. The water layer is acidified to pH 2 with
      phosphate buffer and extracted with ethyl acetate. The ethyl acetate is
      then extracted with water containing 3 mg. sodium bicarbonate and the
      water lyophilized, affording crystalline sodium
      dl-3-phenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate (13 l mg.)
      which has antibacterial activity. ZR (acid form): 5.60.mu. (lactam). NMR
      (Na salt, D.sub.2 O,.delta.): 3.92 (SCH2), (CH.sub.2 CO), (HDO), 5.38d,
      5.90d, J=4.5 Hz (H-6, H-7). high solution MS of methyl ester (from acid
      form and CH.sub.2 N.sub.2): 414.0713; calc. for C.sub.20 H.sub.18 N.sub.2
      O.sub.4 S.sub.2, 414.0707.
PAR  When p-methoxybenzyl
      dl-3-p-chlorophenyl-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-p-cyanophenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-p-carbomethoxy1phenyl7.beta.(2-thienvlacetamidol)-3-cephem-4-carboxyl
     ate, p-methoxybenzyl
      dl-3-(4-pyridyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      p-methoxybenzyl
      dl-3-(2-furyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylate and
      p-methoxybenzyl
      dl-3-(5-methyl-2-furyl)-7-.beta.(2-thienylacetamido)-3-cephem-4-carboxylat
     e are used in place of p-methoxybenzyl
      dl-3-phenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate in the
      above-described process, sodium
      dl-3-p-chlorophenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      sodium
      dl-3-p-cyanophenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      sodium
      dl-3-p-carbomethoxyphenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxyla
     te, sodium
      dl-3-(4-pyridyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      sodium dl-3-(2-furyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate
      and sodium
      dl-3-(5-methyl-2-furyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylat
     e are obtained.
PAR  The sodium
      dl-3-p-carbomethoxyphenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxyla
     te so obtained has the following characteristics. NMR (.delta., D.sub.2 O):
      3.68 (SCH.sub.2), 3.88 (CH.sub.2 CO), 4.68 (HDO), 5.16d, 5.67d, J=5 Hz
      (H-6, H-7), other peaks correct. MS of methyl ester (from sodium
      dl-3-p-carbomethoxyphenyl-7.beta.(2-thienylacetamido)-3-cephem-4-carboxyla
     te an diazomethane): 472.0714; calc. for C.sub.22 H.sub.20 N.sub.2 O.sub.6
      S.sub.2, 472.0763.
PAC  EXAMPLE 14
PAC  p-Methoxybenzyl .alpha.-(S-4-pyridacylthiomidato)-diethylphosphonoacetate
PAR  A mixture of 1.75 g N-thioformamido-.alpha.-aminodiethylphosphonoacetate,
      1.80 g. 4-pyridyl chloromethyl ketone, 2.58 g. K.sub.2 CO.sub.3
      (pulverized) and 40 ml acetone is stirred for 30 minutes at room
      temperature under N.sub.2, filtered and evaporated, affording
      p-Methoxybenzyl .alpha.-(S-4-pyridacylthioimidato)-diethylphosphonoacetate
      NMR (.delta., CDCl.sub.3): 1.2m, 4.0m, P(OEt).sub.2 ; 3.80s, OMe; 4.49s,
      COCH.sub.2 S; 5.20s OCH.sub.2 .phi.; 8.44, 8.50, SCH=N; 6.80, 6.95, 7.26,
      7.41, C.sub.6 H.sub.4 ; 7.8m, 8.8m, pyridyl.
PAC  EXAMPLE 15
PAC  p-Methoxybenzyl-5-(4-pyridyl)-6-(H)-1,3-thiazine-4-carboxylate
PAR  p-Methoxybenzyl .alpha.-(S-4-pyridacylthioimidato)-diethylphosphonoacetate
      is flushed with benzene, dissolved in 40 ml glyme and treated with 115 mg.
      oil-free NaH in 25 ml. glyme for 5 minutes. Benzene is added and the
      solution is washed with water, dried with MgSO.sub.4, filtered and
      evaporated to yield 2.56 g
      p-methoxybenzyl-5-(4-pyridyl)-6(H)-1,3-thiazine-4-carboxylate. NMR:
      (.delta., CDCl.sub.3) 3.58s, SCH.sub.2 ; 4.98s, OCH.sub.2 .phi.; 8.27 s,
      SCH=N; other peaks correct.
PAC  EXAMPLE 16
PAC  p-Methoxybenzyl 3-(4-pyridyl)-7.alpha.-azido decephalosporanate
PAR  To 2.56 g of p-methoxybenzyl-5-(4-pyridyl)-6(H)-1,3-thiazine-4-carboxylate
      in 100 ml CH.sub.2 Cl.sub.2 at 0.degree. is added dropwise a solution of
      2.5 ml triethylamine in 100 ml CH.sub.2 Cl.sub.2, followed by 1.32 g
      azidoacetyl chloride in 100 ml CH.sub.2 Cl.sub.2, all under nitrogen.
      After 5 minutes a 25.degree., the reaction mixture is diluted with
      benzene, washed with water, dried with MgSO.sub.4, filtered and
      evaporated, yielding 1.56 g crude p-methoxybenzyl 3-(4
      -pyridyl)-7.alpha.-azido decephalosporanate, which is purified by
      chromatography on 30 g silica gel, eluting with ethyl acetate. NMR
      (.delta., CDCl.sub.3): 3.62s, SCH.sub.2 ; 3.80s, OCH.sub.3 ; 4.66d, 4.70d,
      J=2 Hz, H-6 and H-7; 5.00s, OCH.sub.2 .phi.; other peaks correct. IR
      (.mu., film): 4.73, azide; 5.61, .beta.-lactam; 5.78, ester. MS: 423, 395,
      230, 175, 194, 121, 104.
PAC  EXAMPLE 17
PAC  p-Methoxybenzyl 3-(4-pyridyl)-7.alpha.-amino decephalosporanate
PAR  p-Methoxybenzyl 3-(4-pyridyl)-7.alpha.-azido decephalosporanate, 117 mg. is
      hydrogenated in 10 ml benzene 1 hour at 40 psi with 100 mg PtO.sub.2,
      repeating twice more with fresh catalyst. After filtration and
      evaporation, p-methoxybenzyl 3-(4-pyridyl)-7.alpha.-amino
      decaphalosporanate is obtained. IR (.mu., film): 3.0, NH.sub.2 ; 5.63
      .beta.-lactam; 5.76, ester. MS: 397, 356, 341, 218, 175, 121.
PAC  EXAMPLE 18
PAC  p-Methoxybenzyl 3-(4-pyridyl)-7.alpha.(p-nitrobenzylideneamino)
      decephalosporanate
PAR  p-Methoxybenzyl 3-(4-pyridyl)-7.alpha.-amino decephalosporanate, 50 mg, is
      treated with 99 mg p-nitrobenzaldehyde in 10 ml CH.sub.2 Cl.sub.2
      containing 1 g MgSO.sub.4 for 2 hours. Filtration and evaporation afford
      p-methoxybenzyl 3-(4-pyridyl)-7.alpha.(p-nitrobenzylideneamino)
      decephalosporanate.
PAC  EXAMPLE 19
PAC  p-Methoxybenzyl 3-(4-pyridyl)-7.beta.(p-nitrobenzylideneamino)
      decephalosporanate
PAR  p-Methoxybenzyl 3-(4-pyridyl)-7.alpha.(p-nitrobenzylideneamino)
      decephalosporanate, 120 mg, in 20 ml THF, is added a -78.degree. under
      N.sub.2 to a solution of 130 .lambda.2.3M .phi.Li in 6 ml THF. DMF, 15 ml,
      is added, followed by 0.3 ml AcOH in 2 ml THF. The reaction mixture is
      warmed to 25.degree., diluted with benzene and washed 6 times with water.
      Wash No. 5, has pH 8 phosphate buffer. After drying with MgSO.sub.4,
      filtration and evaporation, p-methoxybenzyl
      3-(4-pyridyl)-7.beta.(p-nitrobenzylideneamino) decephalosporanate is
      obtained in a 1:1 mixture with p-methoxybenzyl
      3-(4-pyridyl)-7.alpha.(p-nitrobenzylideniamino) decephalosporanate.
PAC  EXAMPLE 20
PAC  p-Methoxybenzyl 3-(4-pyridyl)-7.beta.-aminodecephalosporanate
PAR  p-Methoxybenzyl 3-(4-pyridyl)-7.beta.(p-nitrobenzylideneamino)
      decephalosporanate, 120 mg, in 1/2 ml CH.sub.2 Cl.sub.2, is added to 88 mg
      2,4-dinitrophenylhydrazine tosylate in 5 ml EtOH an stirred 30 minutes,
      filtered and evaporated. The residue is treated with pH 8 aqueous
      phosphate, extracted 3 .times. with ether, dried with MgSO.sub.4, filtered
      and evaporated, affording p-methoxybenzyl
      3-(4-pyridyl-7.beta.-aminodecephalosporanate.
PAC  EXAMPLE 21
PAC  p-Methoxybenzyl 3-(4pyridyl)-7.beta.(2-thienylacetamido) decephalosporanate
PAR  p-Methoxybenzyl 3-(4-pyridyl-7.beta.aminodecephalosporanate, 52 mg, is
      treated with 50 ml pyridine and 25 mg 2-thienylacetyl chloride in 10 ml
      CH.sub.2 Cl.sub.2 15 minutes, diluted with benzene, washed with water,
      dried with MgSO.sub.4, filtered and evaporated, giving p-methoxybenzyl
      3-(4-pyridyl)-7.beta.-(2-thienylacetamido) decephalosporanate, which is
      purified chromatography on silica gel with EtOAc.
PAC  EXAMPLE 22
PAC  Sodium 3-(4-pyridyl)-7.beta.(2-thienylacetamido) decephalosporanate
PAR  Pure p-methoxybenzyl 3-(4-pyridyl)-7.beta.(2-thienylacetamido)
      decephalosporanate, 20 mg, is treated 5 minutes with 0.5 ml anisole and
      2.5 ml TFA, pumped at high vacuum flushed with anisole, taken into 5 ml
      water with 20 mg NaHCO.sub.3, washed with EtOAc, acidified to pH 2 and
      extracted into EtOAc. Sodium 3-(4-pyridyl)-7.beta.(2-thienylacetamido)
      decephalosporanate is extracted back into 2 ml water containing 3 mg
      NaHCO.sub.3 and isolated by lyophilization.
PAC  EXAMPLE 23
PAC  Thiazole-4-carbonyl chloride
PAR  Thiazole-4-carboxylic acid, 0.97 g, is refluxed 1 1/2 hours with 10 ml
      thionyl chloride, evaporated, flushed with benzene and recrystallized from
      50 ml hexane to yield thiazole-4-carbonyl chloride, m.p. 85.degree.. IR
      (.mu., CHCl.sub.3): 5.64. NMR (.delta., CDCl.sub.3): 9.01d, 8.59d, J=2.
PAC  EXAMPLE 24
PAC  4-Thiazolyl diazomethyl ketone
PAR  Thiazole-4-carbonyl chloride, 4.01 g, is treated with 680 ml 0.1 N CH.sub.2
      N.sub.2 in ether for 30 minutes at 0.degree. and 30 minutes at 25.degree..
      Evaporation of the solvent leaves a yellow solid 4-thiazolyl
      diazomethylketone which is recrystallized twice from ether, m.p.
      82.degree.. NMR (.delta., CDCl.sub.3): 6.49s, COCHN.sub.2 ; 8.27d, 8.85d,
      J=2 Hz, H-2 and H-5. IR (CDCl.sub.3, .mu.): 4.72, C=N=N; 6.17, carbonyl.
PAC  EXAMPLE 25
PAC  4-Thiazolyl chloromethyl ketone
PAR  4-Thiazolyl diazomethyl ketone, 0.1 g, is treated in 1 ml ethanol at
      0.degree. with HCl gas for a few seconds. Dilution with ether and
      scratching produces a copious white ppt which is filtreed and washed 3x
      with ether, taken up in water, the pH made to 7 with K.sub.2 HPO.sub.4,
      and extracted 3x with ether. The ether solution is dried with MgSO.sub.4,
      filtered and evaporated, affording 77 mg 4-thiazolyl chloromethyl ketone.
      IR (CHCl.sub.3), 5.85.mu.. NMR (.delta., CDCl.sub.3): 4.95d, J=1, CH.sub.2
      Cl; 8.4m, 8.95m, J=1, H-2 and H-5.
PAC  EXAMPLE 26
PAC  p-Methoxybenzyl .alpha.-(S-2-oxo-2[4-thiazolyl]ethyl
      thioimidato)diethylphosphonoacetate
PAR  A mixture of 2.55 g of N-thioformamido-.alpha.-aminodiethylphosphonoacetate
      1.10 g 4-thiazolyl chloromethyl ketone, 2.82 g K.sub.2 CO.sub.3 and 65 ml
      acetone is stirred 1 hour under N.sub.2, filtered, evaporated and
      chromatographed on 170 g silica gel, eluting with 4:1 ether-acetone,
      affording 1.24 g pure p-methoxybenzyl .alpha.-(S-2-oxo-2[4-thiazolyl]ethyl
      thioimidato)-diethylphosphonoacetate IR (.delta., CHCl.sub.3): 5.74,
      ester; 5.90, ketone. NMR (.delta., CDCl.sub.3): 1.3t, 4.1m, J=5,
      P(OEt).sub.2 ; 3.81s, OCH.sub.3 ; 4.64s, SCH.sub.2 ; 5.15s, OCH.sub.2 ;
      6.78, 6.95, 7.13, 7.27, C.sub.6 H.sub.4 ; 8.45, 8.51, SCH=N; 8.3m, 8.9m,
      J=1, thiazole H-2 and H-5.
PAC  EXAMPLE 27
PAC  p-Methoxybenzyl-5-(4-thiazolyl)-6(H)-1,3-thiazine-4-carboxylate
PAR  p-Methoxybenzyl .alpha.-(S-2-oxo-2[4-thiazolyl]ethyl
      thioimidato)diethylphosphonoacetate was carried out through to
      p-methoxybenzyl-5-(4-thiazolyl)-(H)-1,3-thiazine-4-carboxylate without
      chromatographic purification. It was flushed twice with dry benzene and
      treated with 57 mg oil-free NaH in 35 ml glyme 5 minutes, diluted with
      benzene, washed with water, dried with MgSO.sub.4, filtered and evaporated
      to give 1.105 g oil which crystallized. The crystals were washed with
      benzene-cyclohexane and recrystallized from the same solvent to produce
      pure p-methoxybenzyl-5-(4-thiazolyl)-6(H)-1,3-thiazene-4-carboxylate, m.p.
      134.degree.. NMR (.delta., CDCl.sub.3): 3.84s, OCH.sub.3 ; 5.22s,
      OCH.sub.2 ; 8.43 s, thiazine SCH=N; other peaks correct. MS: 346, 301,
      210, 182, 137, 121.
PAC  EXAMPLE 28
PAC  p-Methoxybenzyl 3-(4-thiazolyl)-7.alpha.-azido decephalosporanate
PAR  To 87 mg p-methoxybenzyl-5-(4-thiazolyl)-6(H)-1,3-thiazine-4-carboxylate in
      3 ml CH.sub.2 Cl.sub.2 at 0.degree. under N.sub.2 is added 87 .lambda.
      triethylamine in 3 ml CH.sub.2 Cl.sub.2 and then 33.lambda. azidoacetyl
      chloride in 3 ml CH.sub.2 Cl.sub.2. The reaction is stirred 5 more
      minutes, diluted with benzene, washed with aqueous pH 3 phosphate, water
      and pH 8 phosphate, dried with MgSO.sub.4, filtered and evaporated to
      afford 71 mg p-methoxybenzyl 3-(4-thiazolyl)-7.alpha.-azido
      decephalosporanate. NMR (.delta., CDCl.sub.3): 4.68d, 4.72d, J=2 Hz, H-6
      and H-7; 5.19s OCH.sub.2 ; other peaks correct. IR (.mu., film): 4.72,
      azide; 5.61, .beta.-lactam; 5.77, ester. MS: 429, 401, 265, 236.
PAC  EXAMPLE 29
PAC  p-Methoxybenzyl 3-(4-thiazolyl)-7-.alpha.amino decephalosporanate
PAR  p-Methoxybenzyl 3-(4thiazolyl)-7.alpha.-azido decephalosporanate, 485 mg,
      is hydrogenated at 40 psi in 50 ml benzene using 400 mg PtO.sub.2 for 2
      hours, then 30 minutes with an additional 400 mg catalyst. The catalyst is
      filtered throgh 1:1 supercel-silica gel and washed with ethyl acetate. On
      evaporation of the fltrate, 254 mg p-methoxybenzyl
      3-(4-thiazolyl)-7.alpha.-amino decephalosporanate is obtained. IR (.mu.,
      film): 5.64, .beta.-lactam; 5.76, ester. NMR (.delta., CDCl.sub.3): 2.25,
      NH.sub.2 ; 4.30d, 4.60d, J=2, H-6 and H-7; other peaks correct. MS: 403,
      347, 210, 181, 121.
PAC  EXAMPLE 30
PAC  p-Methoxybenzyl 3-(4-thiazolyl)-7.alpha.(p-nitrobenzylideneamino)
      decephalosporanate
PAR  p-Methoxybenzyl 3-(4-thiazolyl)-7.alpha.amino decephalosporanate, 380 mg,
      is treated with 750 mg p-nitrobenzaldehyde in 60 ml CH.sub.2 Cl.sub.2
      containing 2 g MgSO.sub.4 for 2 hours. Filtraton and evaporation afford
      420 mg crude crystalline material which gives 220 mg pure p-methoxybenzyl
      3-(4-thiazolyl)-7.alpha.-(p-nitrobenzylideneamino) decephalosporanate
      after recrystallization from benzene-cyclohexane. IR (.mu., Nujol): 5.58,
      .beta.-lactam; 5.76, ester. NMR (.delta., CDCl.sub.3): 5.03d, 5.06d, J=2,
      H-6 and H-7; 5.26s, OCH.sub.2 ; 8.58 O.sub.2 NC.sub.6 H.sub.4 CH=N; other
      peaks correct.
PAC  EXAMPLE 31
PAC  p-Methoxybenzyl 3-(4-thiazolyl)-7.beta.(p-nitrobenzylieneamino)
      decephalosporanate
PAR  p-Methoxybenzyl 3-(4-thiazolyl)-7.alpha.(p-nitrobenzylideneamino)
      decephalosporanate, 40 mg, in 7 ml THF, is added at -78.degree. under
      N.sub.2 to a solution of 10 .lambda. Et.sub.3 N and 33.lambda. 2.3M.phi.
      Li in 2 ml THF. DMF, 5 ml, is added, followed by 0.1 ml AcOH in 0.5 ml
      THF. The reaction mixture is warmed to 25.degree., diluted with benzene
      and washed 6x with water; wash No. 2 has pH 3 phosphate and wash No. 5, pH
      8. After drying with MgSO.sub.4 and evaporation, a 1:1 mixture of
      p-methoxybenzyl 3-(4-thiazolyl)- 7.beta.(p-nitrobenzylideneamino)
      decephalosporanate and p-methoxybenzyl
      3-(4-thiazolyl)-7.alpha.(p-nitrobenzylideneamino) decephalosporanate is
      obtained. IR is like p-methoxybenzyl
      3-(4-thiazolyl)7.alpha.(nitrobenzylideneamino) decephalosporanate, NMR
      (.delta., CDCl.sub.3) shows p-methoxybenzyl
      3-(4-thiazolyl)-7.alpha.(p-nitrobenzylideneamino) decephalosporanate and
      p-methoxybenzyl 3-(4-thiazolyl)-7.beta.(p-nitrobenzylideneamino)
      decephalosporanate:5.15d, J= 5, 6-H; 5.55q, J=5, 1.5, 7-H; 8.72, O.sub.2
      NC.sub.6 H.sub.4 CH=N; other peaks correct.
PAC  EXAMPLE 32
PAC  p-Methoxybenzyl 3-(4-thiazolyl)-7.beta.-amino decephalosporanate
PAR  180 mg p-Methoxybenzyl 3-(4-thiazolyl)-7.beta.(p-nitrobenzylideneamino)
      decephalesporanate in 1/2 ml CH.sub.2 Cl.sub.2 is added to 131 mg
      2,4-dinitrophenylhydrazine tosylate in 5 ml EtOH and stirred 10 minutes,
      filtered and evaporated. The residue is treated with pH 8 aqueous
      phosphate, extracted 3x with ether, dried with MgSO.sub.4, filtered and
      evaporated, leaving p-methxybenzyl 3-(4-thiazolyl)-7.beta.-amino
      decephalosporanate. IR (.mu., film): 3.0, NH.sub.2 ; 5.65, .beta.-lactam;
      5.80, ester. NMR (.delta., CDCl.sub.3): 4.73d, 4.98d, J=5, H-6 and H-7;
      other peaks correct.
PAC  EXAMPLE 33
PAC  p-Methoxybenzyl 3-(4-thiazolyl) 7.beta.(2-thienylacetamido)
      decephalosporanate
PAR  p-Methoxybenzyl 3-(4thiazolyl)-7.beta.-amino decephalosporanate is treated
      with 35 .lambda. pyridine and 17 mg 2-thienyl acetyl chloride in 5 ml
      CH.sub.2 Cl.sub.2 for 15 minutes, diluted with benzene, washed with
      aqueous pH 3 phosphate, water and aqueous pH 8 phosphate, dried with
      MgSO.sub.4, filtered and evaporated, affording 39 mg crude P-methoxybenzyl
      3-(4-thiazolyl) 7.beta.(2-thienylacetamido) decephalosporanate. Pure
      p-methoxybenzyl 3-(4-thiazolyl) 7.beta.(2-thienylacetamido)
      decephalosporanate is obtained by chromatography on 2 g silica gel,
      eluting with 10:1 CHCl.sub.3 -EtOAc. IR (.mu., film): 3.0, NH; 5.62,
      .beta.-lactam; 5.80, ester; 5.95, amide. NMR (.delta., CDCl.sub.3): 3.90s,
      CH.sub.2 CONH; 5.08d, J=5, 6-H; 5.89d of d, J=5, 10, 7-H; 6.38d, J=10, NH;
      other peaks correct. MS: 527.
PAC  EXAMPLE 34
PAC  Sodium 3-(4-thiazolyl)-7.beta.(2-thienylacetamido) decephalosporanate
PAR  p-Methoxybenzyl 3-(4-thiazolyl) 7.beta.(2-thienylacetamido)
      decephalosporanate in 0.5 ml anisole, is treated with 2.5 ml
      trifluoroacetic acid at 0.degree. for 4 minutes. The reaction is pumped at
      high vacuum at 30.degree., more anisole is added and the pumping repeated.
      The residue is treated with a few ml water containing 15 mg NaHCO.sub.3
      and extracted twice with EtOAc. The aqueous portion is then acidified with
      phosphoric acid to pH 2 and extracted with EtOAc. The latter EtOAc extract
      is then washed with water containing 4 mg NaHCO.sub.3. The aqueous extract
      is lyophilized, affording 22 mg sodium
      3-(4-thiazolyl)-7.beta.(2-thienylacetamido) decephalosporanate. MS of
      methyl ester (from CH.sub.2 N.sub.2): 421.
PAC  EXAMPLE 35
PAC  Potassium
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylate
PAR  A solution of sodium
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylate
      (0.43 g) in aqueous citrus acetyl esterase (13 ml) is placed in a
      thermostated 30.degree. bath and stirred at that temperature. The pH of
      the solution is adjusted to 6.7 and is maintained at 6.7 .+-. 0.1 by
      addition of 1N sodium hydroxide. When the addition of base becomes very
      slow, the reaction is stopped. The mixture is brought to room temperature,
      treated with powdered sodium chloride (4.5 g), and stirred. The resulting
      thin suspension is overlaid with ethyl acetate (20 ml) and acidified to pH
      2.3 with 6N hydrochloric acid. The layers are separated and the aqueous
      portion is extracted with more ethyl acetate (5 ml.). The combined ethyl
      acetate solution is layered with water (50 ml) and brought to pH 5.4 with
      6N potassium hydroxide and rapid stirring. The aqueous phase is separated,
      pumped under high vacuum, and lyophilized to afford potassium
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylate
PAC  EXAMPLE 36
PAC  d,1-3-(1Carbamoyloxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxyl
     ic acid
PAR  A solution of potassium
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylate
      (0.33 g) in 0.05M pH 7 phosphate buffer (10 ml) is mixed with ethyl
      acetate (10 ml) and cooled in an ice-bath. The pH of the aqueous layer is
      adjusted to 2.2 with 2.5 N hydrochloric acid. The aqueous layer is
      separated and extracted with more ethyl acetate (2 .times. 10 ml). The
      combined ethyl acetate solution is washed with saturated brine, dried with
      sodium sulfate, filtered, and evaporated in vacuo to afford
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carboxylic
      acid.
PAR  The above free acid is dissolved in anhydrous tetrahydrofuran (15 ml) and
      the solution is cooled to -40.degree.uner nitrogen. Chlorosulfonyl
      isocyanate (0.09 ml) is added. The resulting solution is stirred for 4
      hours at -40.degree., and then treated with 0.1 M pH 7 phosphate buffer
      (1.5 ml) at that temperature. The tetrahydrofuran is removed in vacuo and
      the wet residue is treated with 0.01 M pH 7 phosphate buffer (10 ml) and
      ethyl acetate (10 ml). After stirring for 1 hour at room temperature, the
      mixture is brought to pH 8 with 2.5 N sodium hydroxide and trisodium
      phosphate. The organic portion is separated and extracted with 0.1 M pH 7
      phosphate buffer (10 ml). The combined aqueous solution is acidified to pH
      2.3 with 2.5N hydrochloric acid and extracted with ethyl acetate (2
      .times. 20 ml). The organic extracts are washed with saturated brine,
      dried over sodium sulate, filtered, and evaporated in vacuo to yield
      d,1-3-(1-carbamoyloxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carbox
     ylic acid.
PAR  A portion of the above acid is dissolved in water containing 1.05
      equivalents of sodium bicarbonate. The resulting solution is washed once
      with ethyl acetate, pumped under vacuum to remove dissolved ethyl acetate,
      and lyophilized to afford sodium
      d,1-3-(1-carbamoyloxyethyl)-7.beta.-(2-thienylacetamido)-3-cephem-4-carbox
     ylate.
PAC  EXAMPLE 37
PAC  d,1-3-(1-Acetoxyethyl)-7.beta.-amino-3-cephem-4carboxylic acid
PAR  p-Methoxybenzyl d,1-3-(1-acetoxyethyl)-7.beta.-amino-3-cephem-4-carboxylate
      (0.60 g) is dissolved in anisole (2 ml) and the solution is cooled to
      0.degree.. Ice-cold trifluoroacetic acid (10 ml) is then added and the
      resulting solution is kept at 0.degree. for 10 minutes. The
      trifluoroacetic acid is removed in vacuo at 0.degree. followed by warming
      to 30.degree. in vacuo to remove excess anisole. The resulting gum is
      partitioned between water and ethyl acetate. The aqueous portion is
      separated and brought to pH 4 to precipitate
      d,1-3-(1-acetoxyethyl)-7.beta.-amino-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 38
PAC  d,1-7.beta.-Amino-3-ethyl-3-cephem-4-carboxylic acid
PAR  A solution of d,1-3-(1-acetoxyethyl)-7.beta.-amino-3-cephem-4-carboxylic
      acid (0.23 g) in water (3.5 ml) containing sodium bicarbonate (0.14 g) is
      hydrogenated at 40 psi over 5% palladium on barium sulfate (0.88 g). The
      catalyst is removed by suction filration and washed with 5% aqueous sodium
      bicarbonate (0.5 ml). The combined filtrate and wash is diluted with 6N
      hydrochloric acid (2 ml), treated with charcoal (0.3 g), and filtered. The
      clear filtrate is cooled in an ice-bath and brought to pH 3.8 with 2N
      sodium hydroxide to precipitate
      d,1-7.beta.-amino-3-ethyl-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 39
PAC  d,1-7.beta.-(D-2-t-butoxycarboxamido-2-phenylacetamido)-3-ethyl-3-cephem-4-
     carboxylic acid
PAR  A solution of D-2-t-butoxycarboxamido-2-phenylacetic acid (126 mg) and
      triethylamine (70 .mu.l.) in anhydrous tetrahydrofuran (2 ml) is stirred
      at -10.degree. under a nitrogen atmosphere. Isobutyl chloroformate (65
      .mu.l) is added, and the mixture is stirred at -10.degree. for 15 minutes.
      During this period, a solution of triethylammonium
      d,1-7.beta.-amino-3-ethyl-3-cephem-4-carboxylate is prepared by added
      triethylamine (70 .mu.l) to an ice-cold, stirring suspension of
      d,7.beta.-amino-3-ethyl-3-cephem-4-carboxylic acid (114 mg) in 50% aqueous
      tetrahydrofuran (2 ml). The cold salt solution is added to the mixed
      anhydride solution with stirring. The resulting mixture is stirred at
      0.degree. for 1 hour and at room temperature for 1 hour. Evaporation of
      the tetrahydrofuran in vacuo leaves a residue which is partitioned between
      water (3 ml) and ethyl acetate (1 ml). The aqueous portion is separated,
      cooled in an ice-bath, layered with ethyl acetate (3 ml), and acidified to
      pH 3 with 2.5 N hydrochloric acid. The layers are separated and the
      aqueous portion extracted with more ethyl acetate (2 ml). The combined
      ethyl acetate extracts are washed with water and brine, dried over
      magnesium sulfate, filtered and evaporated in vacuo to yield
      d,1-7.beta.-(D-2-t-butoxycarboxamido-2-phenylacetamido)-3-ethyl-3-cephem-4
     -carboxylic acid.
PAC  EXAMPLE 40
PAC  d,1-7.beta.(D-2-Amino-2-phenylacetamido)-3-ethyl-3-cephem-4-carboxylic acid
PAR  d,1-7.beta.-(D-2-t-butoxycarboxamido-2-phenylacetamido)-3-ethyl-3-cephem-4-
     carboxylic acid (100 mg) is dissolved in ice-cold trifluoroacetic acid (1
      ml). The solution is stirred at 5.degree. until gas evolution ceases, and
      then poured into anhydrous ether to precipitate the trifluoroacetate salt
      of the title compound. The salt is dissolved in water (0.5 ml) and treated
      with a 25% solution of Amberlite LA-1 (acetate form) in methyl isobutyl
      ketone (1 ml). After stirring and cooling for 1 hour, the precipitate of
      d,1-7.beta.-(D-2-amino-2-phenylacetamido)-3-ethyl-3-cephem-4-carboxylic
      acid is collected, washed with water and methyl isobutyl ketone, and dried
      in vacuo.
PAC  EXAMPLE 41
PAC  p-Methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-(p-nitrobenzylideneamino)-7-methylthio-3-ce
     phem-4-carboxylate
PAR  A solution of p-methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.alpha.-(p-nitrobenzylideneamino)-3-cephem-4-carbo
     xylate (1.08 g) in anhydrous tetrahydrofuran (30 ml) is stirred and cooled
      to -78.degree. under a nitrogen atmosphere. Phenyllithium (0.87 ml of a
      2.3 M solution in 7:3 benzene-ether) is added to give the deep blue anion.
      After stirring one more minute, anhydrous dimethylformamide (35 ml) is
      added dropwise over 4 minutes. Freshly prepared methylsulfenyl chloride
      (0.17 g) in tetrahydrofuran (5 ml) is then added dropwise over one minute.
      The reaction mixture is stirred for 2 more minutes at -78.degree., and
      then it is allowed to warm to room temperature over 15 minutes. Benzene
      (500 ml) is added and the resulting orange solution is washed with water
      (6 .times. 300 ml) and saturated brine. The second wash is acidified with
      1 M pH 3 phosphate buffer and the fifth is basified with 1 M dipotassium
      hydrogen phosphate. The benzene solution is dried with magnesium sulfate,
      filtered, and evaporated in vacuo to an oil. Chromatography of this
      material on silica gel (35 g), using 5% ethyl acetate in chloroform as
      eluting solvent, affords p-methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-(p-nitrobenzylideneamino)-7-methylthio-3-ce
     phem-4-carboxylate.
PAC  EXAMPLE 42
PAC  p-Methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-amino-7-methylthio-3-cephem-4-carboxylate
PAR  A mixture of 2,4-dinitrophenylhydrazine (0.23 g) and p-toluenesulfonic acid
      monohydrate (0.22 g) in tetrahydrofuran (5ml) is stirred at room
      temperature for 30 minutes. A solution of p-methoxybenzyll
      d,1-3-(1-acetoxyethyl)-7.beta.-(p-nitrobenzylideneamino)-7-methylthio-3-ce
     phem-4-carboxylate (0.67 g) in tetrahydrofuran (5 ml) is added and the
      resulting mixture is stirred for 60 minutes at room temperature. The
      mixture is filtered and the filtrate is concentrated in vacuo. The residue
      is diluted with 1 M dipotassium hydrogen phosphate (2.5 ml) and water
      (17.5 ml) and extracted with ether (3 .times. 20 ml). The combined
      extracts are washed with water and saturated brine, dried over magnesium
      sulfate, filtered, and evaporated in vacuo to yield p-methoxybenzl
      d,1-3-(1-acetoxyethyl)-7.beta.-amino-7-methylthio-3-cephem-4-carboxylate
      as an orange oil.
PAC  EXAMPLE 43
PAC  p-Methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methylthio-3-cephem-
     4-carboxylate
PAR  Pyridine (0.45 ml) and 2-thienylacetyl chloride (0.18 g) are added to an
      ice-cold, stirring solution of p-methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-amino-7-methylthio-3-cephem-4-carboxylate
      (0.51 g) in dry methylene chloride (15 ml). The resulting solution is
      stirred in the cold for 15 minutes and then it is diluted with benzene
      (100 ml). The benzene solution is washed with two portions of pH 2
      phosphate buffer, water, pH 9 phosphate buffer, water, and saturated
      brine, dried with magnesium sulfate, filtered, and evaporated in vacuo to
      an oil. The crude product is purified by column chromatography on silica
      gel (20 g). Elution with 20% ethyl acetate in benzene affords
      p-methoxybenzyl d-1-3-(1-acetoxyethyl)-
      7.beta.-(2-thienylacetamido)-7-methylthio-3-cephem-4-carboxylate.
PAC  EXAMPLE 44
PAC  p-Methoxybenzyl
      d,1-3(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-ca
     rboxylate
PAR  p-Methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methylthio-3-cephem-
     4-carboxylate (0.52 g) is dissolved in methanol (10 ml) and the solution is
      stirred at room temperature. Thallium (III) nitrate trihydrate (0.40 g) in
      methanol (5 ml) is added, and the resulting mixture is stirred for 10
      minutes at room temperature. Sodium bicarbonate (0.23 g) is then added and
      stirring continued for 2 more minutes. The mixture is filtered and the
      filtrate is concentrated under reduced pressure. The residue is taken up
      in methylene chloride and filtered to remove salts. The filtrate is washed
      with water, dilute aqueous dipotassium hydrogen phosphate, water, and
      brine, dried with magnesium sulfate, filtered, and evaporated in vacuo to
      an oil. The crude product is chromatographed on silica gel (15 g) using
      20% ethylacetate in benzene as eluting solvent to afford p-methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylate.
PAC  EXAMPLE 45
PAC  d,1-3-(1-Acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-ca
     rboxylic acid
PAR  Ice-cold trifluoroacetic acid (6.5 ml) is added to a cold mixture of
      p-methoxybenzyl
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylate (292 mg) and anisole (1.3 ml). The mixture is swirled to make
      homogeneous, and then kept at 0.degree. for 5 minutes. The trifluoroacetic
      acid is removed in vacuo at 0.degree. and the residue allowed to warm to
      room temperature in vacuo. The resulting gum is taken up in water (40 ml)
      containing sodium bicarbonate (0.44g) and extracted with methylene
      chloride (2 .times. 20 ml). The aqueous phase is acidified to pH 2.6 with
      1 M pH 2 phosphate buffer and extracted with ethyl acetate (3 .times. 20
      ml). The combined ethyl acetate extracts are dried over magnesium sulfate,
      filtered, and evaporated in vacuo to yield
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylic acid.
PAR  The above free acid is stirred with sodium bicarbonate (48 mg) in water (15
      ml) for 10 minutes. After washing with ethyl acetate (2 .times. 5 ml), the
      aqueous solution is lyophilized to afford sodium
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylate as an off-white powder.
PAC  EXAMPLE 46
PAC  Potassium
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylate
PAR  To a 1-dram vial equipped with a magnetic stirrer is added sodium
      d,1-3-(1-acetoxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylate (95 mg.) and citrus acetyl esterase (2.6 ml.). The resulting
      solution is placed in a thermostated 30.degree. bath and stirred at that
      temperature. The pH of the reaction mixture is maintained at 6.7 .+-. 0.1
      by addition of 1N sodium hydroxide. After 15 hours, the rate of base
      addition is very slow and the reaction is stopped. The reaction mixture is
      brought to room temperature, treated with powdered sodium chloride (900
      Mg.), and stirred. The resulting suspension is overlaid with ethylacetate
      (4 ml.) and, with vigorous stirring, the pH is adjusted to 2.1 with 6N
      hydrochloric acid. The layers are separated and the aqueous portion
      extracted with more ethyl acetate (2 .times. 1 ml.). The combined ethyl
      acetate solution is back-washed with water (2 .times. 2 ml.), then layered
      with water (12.5 ml.) and stirred vigorously while 6N potassium hydroxide
      is added to pH 5.4. The aqueous phase is separated, pumped under vacuum to
      remove dissolved ethyl acetate, and lyophilized to yield potassium
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylate.
PAC  EXAMPLE 47
PAC  d,1-3-(1-carbamoyloxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem
     -4-carboxylic acid
PAR  Potassium
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephem-4-c
     arboxylate (61 mg.) is dissolved in 0.05M pH7phosphate buffer (2 ml.) and
      the solution is layered with ethyl acetate (2 ml.). The mixture is stirred
      in an ice-bath and the pH is adjusted to 2.2 with 2.5N hydrochloric acid.
      The organic layer is separated and the organic portion extracted with
      ethyl acetate (2.times.2 ml.). The combined ethyl acetate solution is
      washed with saturated brine, dried over sodium sulfate, filtered, and
      evaporated in vacuo to yield
      d,1-3-(1-hydroxyethyl)-7.beta.-(2-thienylacetamide)-7-methoxy-3-cephem-4-c
     arboxylic acid.
PAR  The above free acid is dissolved in anhydrous tetrahydrofuran (3 ml.) and
      the solution is cooled to -40.degree. under nitrogen. Chlorosulfonyl
      isocyanate (15.mu.l.) is added and the resulting solution is stirred at
      -40.degree. for 4 hours. The reaction mixture is treated with 0.1M pH7
      phosphate buffer (0.3 ml.) at -40.degree., and the tetrahydrofuran is
      removed in vacuo. The wet residue is treated with 0.1M pH7 phosphate
      buffer (2 ml.) and ethyl acetate (2 ml.). The mixture is stirred rapidly
      for 1 hour at room temperature. The pH of the mixture is brought to 8 by
      addition of 5% aqueous trisodium phosphate and 2.5N sodium hydroxide. The
      organic layer is separated and washed with 0.1M pH7 phosphate (2 ml.). The
      combined aqueous layers are acidified to pH 2.2 with 2.5N hydrochloric
      acid and extracted with ethyl acetate (2.times.5 ml.). The combined ethyl
      acetate extracts are washed with saturated brine, dried over sodium
      sulfate, filtered, and evaporated in vacuo to give
      d,1-3-(1-carbamoyloxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephe
     m-4-carboxylic acid.
PAR  A portion of the above free acid is stirred with water containing 1.05
      equivalents of sodium bicarbonate. The resulting solution is washed with
      ethyl acetate and lyophilized, affording sodium
      d,1-3-(1-carbamoyloxyethyl)-7.beta.-(2-thienylacetamido)-7-methoxy-3-cephe
     m-4-carboxylate.
PAC  EXAMPLE 48
PAC  d,1-7.beta.-(2-thienylacetamido)-3-(1-pyridiniumethyl)-3cephem-4-carboxylat
     e
PAR  A solution of
      d,1-7.beta.-(2-thienylacetamido)-3-(1-acetoxyethyl)-3-cephem-4-carboxylic
      acid (0.20 g.), potassium thiocyanate (0.10 g.), and pyridine (0.10 ml.)
      in water (0.50 ml.) is acidified to pH 6.5 with 85% phosphoric acid and
      stirred in a thermostated 60.degree. bath for 4 hours. After cooling to
      room temperature, the solution is extracted with 25% Amberlite LA-1
      (acetate form) in methyl isobutyl ketone (6.times.1 ml.) and washed with
      methyl isobutyl ketone (1 ml.). The aqueous solution on cooling overnight
      at 5.degree. yields a precipitate of
      d,1-7.beta.-(2-thienylacetamido)-3-(1-pyridinium
      ethyl)-3-cephem-4-carboxylate.
PAC  EXAMPLE 49
PAC  d,1-7.beta.-amino-3-[1-(1-methyl-1,2,3,4-tetrazol-5-yl)thioethyl]-3-cephem-
     4-carboxylic acid
PAR  A saturated solution of sodium bicarbonate is added with stirring to a
      mixture of d,1-7.beta.-amino-3-(1-acetoxyethyl)-3-cephem-4-carboxylic acid
      (286 mg.) in water (2 ml.) and acetone (1 ml.) until the pH is 7.9. The
      resulting solution is placed in a thermostated 60.degree. bath and treated
      with a solution of 1-methyl-1,2,3,4 -tetrazole-5-thiol (174 mg.) in
      acetone (1 ml.). The mixture is heated in the bath at 60.degree. for 3
      hours and then cooled in an ice-bath, whereupon the pH is adjusted to 4
      with 6N hydrochloric acid. The cold mixture is stirred for 30 minutes, and
      the precipitate is collected, washed with acetone, and dried in vacuo to
      afford
      d,1-7.beta.-amino-3-[1-(1-methyl-1,2,3,4-tetrazol-5-yl)thioethyl]-3-cephem
     -4-carboxylic acid.
PAC  EXAMPLE 50
PAC  d,1-7.beta.-(D-2-formyloxy-2-phenylacetamido)-3-[1-(1-methyl-1,2,3,4-tetraz
     ol-5-yl)thioethyl]-3-cephem-4-carboxylic acid
PAR  A solution of D-2-formyloxy-2-phenylacetyl chloride (199 mg.) in acetone (2
      ml.) is added to an icecold solution of
      d,1-7.beta.-amino-3-[1-(1-methyl-1,2,3,4-tetrazol-5-yl)thioethyl]-3-cephem
     -4-carboxylic acid (171 mg.) and sodium bicarbonate (250 mg.) in water (5
      ml.) and acetone (5ml.). The resulting mixture is stirred in the cold for
      1 hour and for 1 more hour at room temperature. The acetone is evaporated
      in vacuo. The aqueous residue is diluted with water (5 ml.), layered with
      ethyl acetate (10 ml.), cooled in an ice-bath, and acidified with stirring
      to pH2 with 6N hydrochloric acid. The ethyl acetate portion is separated,
      washed with water, dried over magnesium sulfate, filtered, and evaporated
      in vacuo to give crude
      d,1-7.beta.-(D-2-formyloxy-2-phenylacetamido)-3-[1-(1-methyl-1,2,3,4-tetra
     zol-5-yl)thioethyl]-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 51
PAC  d,1-7.beta.-(D-2-hydroxy-
      2-phenylacetamido)-3-[1-(1-methyl-1,2,3,4-tetrazol-5yl)thioethyl]-3-cephem
     -4-carboxylic acid
PAR  A solution of
      d,1-7.beta.-(D-2-formyloxy-2-phenylacetamido)-3-[1-(1-methyl-1,2,3,4-tetra
     zol-5-yl)thioethyl]-3-cephem-4-carboxylic acid (246 mg.) in water (3 ml.)
      containing sodium bicarbonate (250 mg.) is stirred at room temperature for
      3 hours. The solution is diluted with water (5 ml.), layered with
      ethylacetate (5 ml.), cooled in an ice-bath, stirred, and acidified to pH2
      with 6N hydrochloric acid. The ethyl acetate phase is separated, washed
      with water, dried over magnesium sulfate, filtered, and evaporated in
      vacuo to afford
      d,1-7.beta.-(D-2-hydroxy-2-phenylacetamido)-3-[1-(1-methyl-1,2,3,4-tetrazo
     l-5-yl)thioethyl]-3-cephem-4-carboxylic acid.
PAR  A sample of the free acid in ethanol is treated with 1 equivalent of 1N
      methanolic sodium acetate. Stirring and cooling gives a percipitate of
      sodium
      d,1-7.beta.-(D-2-hydroxy-2-phenylacetamido)-3-[1-(1-methyl-1,2,3,4-tetrazo
     l-5-yl)thioethyl]-3-cephem-4-carboxylate.
PAC  EXAMPLE 52
PAC  d,1-7.beta.-[1-(1-H)-tetrazolylacetamido]-3-(1-acetoxyethyl)-3-cephem-4-car
     boxylic acid
PAR  To an ice-cold solution of
      d,1-7.beta.-amino-3-(1-acetoxyethyl0-3-cephem-4-carboxylic acid (0.29 g.)
      and sodium bicarbonate (0.27 g.) in water (5 ml.) and acetone (3.5 ml.) is
      added dropwise with stirring a solution of 1-(1H)-tetrazolylacetyl
      chloride (0.22 g.) in acetone (1.8 ml.). The reaction mixture is stirred
      for 1 hour at 5.degree. and for 2 more hours at room temperature. The pH
      is maintained at 7.5 .+-. 0.5 by addition of saturated sodium bicarbonate
      solution. The acetone is evaporated in vacuo. The aqueous residue is
      acidified to pH 1 with 6N hydrochloric acid and extracted with ethyl
      acetate. The ethyl acetate portion is evaporated in vacuo, leaving
      d,1-7.beta.-[1-(1H)-tetrazolylacetamido]-3-(1-acetoxyethyl)-3-cephem-4-car
     boxylic acid.
PAC  EXAMPLE 53
PAC  d,1-7.beta.-[1-(1H)-tetrazolylacetamido]-3-[1-(5-methyl-1,3,4-thiadiazol-2-
     yl)thioethyl]-3-cephem-4-carboxylic acid
PAR  A solution of
      d,1-7.beta.-[1-(1-H)-tetrazolylacelamido]-3-(1-acetoxyethyl-3-cephem-4-car
     boxylic acid (100 mg.), sodium bicarbonate (20 mg.), and
      2-mercapto-5-methyl-1,3,4-thiadiazole (38 mg.) in pH6.4 phosphate buffer
      (2ml.) is stirred for 3 hours at 60.degree.. After cooling to room
      temperature, the reaction mixture is acidified to pH2 with 6N hydrochloric
      acid and extracted with ethyl acetate. The organic layer is separated,
      washed with brine, dried with magnesium sulfate, filtered, and evaporated
      in vacuo to afford
      d,1-7.beta.-[1-(1H)-tetrazolylacetamido]-3-[1-(5-methyl-1,3,4-thiadiazol-2
     -yl) thioethyl]-3-cephem- 4-carboxylic acid.
PAR  A sample of the above free acid (45 mg.) in water (0.1 ml.) containing
      sodium bicarbonate (9 mg.) is diluted with ethanol (0.5 ml.). The solution
      is left in a refrigerator overnight, and the precipitate of sodium
      d,1-7.beta.-[1-(1H)-tetrazolylacetamido]-3-[1-(5-methyl-1,3,4-thiadiazol-2
     -yl)thioethyl]-3-cephem-4-carboxylate is collected and dried in vacuo.
PAR  In similar manner following the procedures of the above examples but using
      heterocyclic substituted compounds of the general formula
EQU  ZCOCH.sub.2 X
PAL  where X is a halogen such as bromine or chlorine and Z is a heterocyclic
      group such as furyl, thienyl, thiazolyl, thiadiazolyl, pyridyl, pyrazolyl,
      tetrazolyl and the like or a substituted heterocyclic group having one or
      more alkyl, alkoxy, halo, cyano, carboalkoxy or other substituents in
      place of the phenacyl chloride, the corresponding 3-heterocyclic cephem
      compound is obtained.
PAR  The new dl cephem compounds prepared as described above can be resolved by
      methods known in the art to obtain the enantiomers. Thus, for example, the
      esters can be cleaved to produce the free acids which can be reacted with
      optically active bases, the resulting diastereomeric salts can be
      separated by fractional crystallization, and the optically active salts
      can be converted to other salts such as amine and metal salts which are
      suitable for therapeutic use.
PAR  The dl cephem compounds and the active enantiomers are valuable
      antimicrobial substances which are active against various gram-positive
      and gram-negative pathogens such as Bacillus subtilis, Salmonella
      schottmuelleri and Proteus vulgaris. Thus, the free acid and especially
      the salts thereof such as amine and metal salts, particularly the alkali
      metal and alkaline earth metal salts, are useful bactericides and can be
      used for removing susceptible pathogens from dental and medical equipment,
      for separating microorganisms, and for therapeutic use in humans and
      animals. For this latter purpose pharmacologically acceptable salts with
      inorganic and organic bases such as those known in the art and used for
      the administration of penicillins and cephalosporins can be utilized. For
      example, salts such as alkali metal and alkaline earth metal salts, and
      primary, secondary and tertiary amine salts can be used for this purpose.
      These salts can be combined with pharmaceutically acceptable liquid and
      solid vehicles to form suitable dosage unit forms such as pills, tablets,
      capsules, suppositories, syrups, elixers and the like which can be
      prepared in accordance with procedures well known in this art.
PAR  In the foregoing examples, the carboxy group is blocked or protected by
      forming a p-methoxybenzyl ester which is later removed to obtain the free
      acid. In place of the p-methoxybenzyl ester, other esters, for example
      lower alkyl esters such as methyl, ethyl or tertiary butyl, substituted
      alkyl esters such as phthalimidomethyl, succinimidoethyl alkloxyalkyl
      esters such as methoxymethyl, phenacyl, substituted phenacyl esters such
      as p-bromo phenacyl, an aryloxy alkyl ester such as
      p-methoxyphenoxymethyl, an aralkyloxy alkyl ester such as benzyloxymethy,
      a substituted benzyl ester such as p-nitrobenzyl, 3,5-dinitrobenzyl,
      2,4,6-trimethylbenzyl, or 3,5-dichloro-4-hydroxybenzyl, benzhydryl or a
      substituted benzhydryl ester such as p-methoxybenzhydryl or
      .beta.-substituted ethyl esters such as CH.sub.2 CCl.sub.3 and CH.sub.2
      CH.sub.2 SCH.sub.3 and the like can be used. Thus, examples of other
      suitable starting materials that might be mentioned are the
      trichloroethyl, benzhydryl, t-butyl, methyl, phenacyl, p-bromophenacyl,
      methoxymethyl, and p-methoxyphenoxyethyl esters of
      .alpha.-thioformamido-diethylphosphonoacetic acid.
PAR  The p-methoxybenzyl .alpha.-thioformamido-diethylphosphonoacetate used as
      the starting material in the foregoing examples can be prepared as
      follows:
PAR  To a solution of benzylamine in absolute alcohol is added a molar
      equivalent of 37% aqueous formaldehyde and the reaction mixture is allowed
      to stir at room temperature for 2 hours. The
      1,3,5-tribenzyl-sym-hexahydrotriazine found in the reaction is recovered
      by extraction with petroleum ether which, after evaporation, yields a
      product melting at 48.degree.-50.degree.C. The latter product is heated
      with about 3 molar equivalents of diethyl phosphite at 100.degree.C. for 6
      hours, and the resulting reaction product is chromatographed on silica gel
      using 3% methanol in methylene chloride as the eluting solvent.
      Evaporation of the solvent affords diethyl N-benzylaminomethylphosphonate
      as a pale yellow mobile liquid. Hydrogenation of this product is absolute
      alcohol containing a small amount of HCl in the presence of palladium on
      carbon catalyst affords diethyl aminomethylphosphonate hydrochloride which
      is recovered by evaporating the filtered hydrogenation mixture. Reaction
      of this product in chloroform with ammonia and evaporation of the
      resulting filtered solution yields diethyl aminomethylphosphonate.
      Benzaldehyde is added to this product in an ice bath to produce diethyl
      N-benzylidene-aminomethylphosphonate which is recovered by diluting the
      reaction mixture with absolute alcohol and evaporating the filtered
      solution. The product is further purified by solution in dry benzene and
      evaporation of the solvent to afford the product as a pale yellow oil. To
      a solution of the diethyl N-benzylidene-aminomethylphosphonate in dry
      tetrahydrofuran is then added phenyllithium solution followed by the slow
      addition of p-methoxybenzyl chloroformate. After about 20 minutes, the
      solvent is removed under reduced pressure and the oily residue is
      partitioned between ethyl ether and pH 3 phosphate buffer. Evaporation of
      the ethyl ether affords p-methoxybenzyl
      N-benzylidene-.alpha.-amino-diethylphosphonoacetate which is purified by
      chromatography over silica gel using 1:3 ethyl acetateethyl ether as the
      eluting solvent. The product so obtained is reacted with p-toluenesulfonic
      acid in ethyl ether solution and cyclohexane is added to the reaction
      mixture. The solvent layer is decanted and the resulting oily layer is
      again washed with 2:1 ethyl ether-cyclohexane. Solution of the oily
      residue in aqueous dipotassium phosphate to pH about 7 and extraction of
      the solution with methylene chloride affords a solvent solution of the
      product which is evaporated to produce p-methoxybenzyl
      .alpha.-amino-diethylphosphonoacetate. Reaction of this product with ethyl
      thioformate in the presence of liquid hydrogen sulfide at low temperatures
      produces crude p-methoxybenzyl
      .alpha.-thioformamido-diethylphosphonoacetate. The latter product is
      purified over silica gel using ethyl acetate to elute the product.
PAR  As will be apparent to those skilled in this art, other esters of the
      starting material can be prepared in the same way using the appropriate
      ester of chloroformic acid in this synthesis.
PAR  Pharmaceutically acceptable salts which may be formed using procedures well
      known to the art from the compounds of the invention include (a) inorganic
      base salts such as alkali metal, e.g. sodium and potassium, alkaline earth
      e.g. calcium, and organic base salts, e.g. procaine and dibenzylethylene
      diamine salts and (b) acid addition salts e.g. with hydrochloric,
      hydrobromic, sulphuric, nitric, phosphoric, toluene-p-sulphonic and
      methanesulphonic acids. In addition to salts, the novel cephalosporins of
      the invention may be administered in the form of esters, including those
      discussed above. Examples of esters that might be mentioned are esters of
      alcohols, phenols, mercaptans, and thiophenols of the general formula
      -COXR.sub.4 wherein R.sub.4 represents the radical of an alcohol or a
      thiol such as methyl, ethyl, tertiary butyl, a substituted alkyl such as
      phthalimidomethyl, succinimidomethyl, phenacyl, a substituted phenacyl for
      exaple p-bromophenacyl, a .beta.-substituted ethyl group such as
      2,2,2-trichloroethyl, 2-(p-methylphenyl)ethyl,
      2-(p-methylphenyl)sulfonylethyl, 2-methylaminoethyl, 2-chloro(or
      bromo)ethyl, benzyl, a substituted benzyl group such as p-nitrobenzyl,
      p-methoxybenzyl, 3,5-dinitrobenzyl, 2,4,6-trimethylbenzyl,
      3,5-dichloro-4-hydroxybenzyl, and the like, a benzhydryl or substituted
      benzhydryl group such as p-methoxybenzhydryl, an acyloxy alkyl group such
      as acetoxymethyl, pivaloyloxymethyl, and alkoxy group such as
      methoxymethyl, or a monocyclic aryl group for example phenyl or
      substituted phenyl such as p-nitrophenyl or 3,5-dinitrophenyl of interest
      are the alkenyl esters (e.g. 3-buten-1-yl). These esters are readily
      prepared in accordance with processes well known in this art.
PAR  The novel cephalosporins are valuable antibiotics active against various
      gram-positive and gram-negative bacteria and, accordingly, find utility in
      human and veterinary medicine. The compounds of this invention can
      therefore be used an antibacterial drugs for treating infections caused by
      gram-positive or gram-negative bacteria, for example agaist Staphylococcus
      aureus (penicillin resistant), Escherichia coli, Klebsiella pneumoniae,
      Salmonella typhosa, Pseudomonas and Bacterium proteus. The antibacterial
      cephalosporins of the invention may further be utilized as additives to
      animal feedingstuffs, for preserving foodstuffs and as disinfectants. For
      example, they may be employed in aqueous compositions in compositions in
      concentrations ranging from 0.1 to 100 parts of antibiotic per million
      parts of solution in order to destroy and inhibit the growth of harmful
      bacteria on medical and dental equipment and as bactericides in industrial
      applications, for example in waterbased paints and in the white water of
      paper mills to inhibit the growth of harmful bacteria.
PAR  The products of this invention may be used alone or in combinaton as the
      active ingredient in any one of a variety of pharmaceutical preparations.
      These antibiotics and their corresponding salts may be employed in capsule
      form or as tablets, powders or liquid solutions or as suspensions or
      elixirs. They may be administered orally, intravenously or
      intramuscularly.
PAR  The compositions are preferably presented in a form suitable for absorption
      by the gastro-intestinal tract. Tablets and capsules for oral
      administration may be in unit dose presentation form, and may contain
      conventional excipients such as binding agents, for example, syrup,
      acacia, gelatin, sorbitol, tragacanth, or polyvinylpyrrolidone; fillers,
      for example, lactose, sugar, maize-starch, calcium phosphate, sorbitol or
      glycine; lubricants, for example, magnesium stearate, talc, polyethylene
      glycol, silica; disintegrants, for example, potato starch or acceptable
      wetting agents such as sodium lauryl sulphate. The tablets may be coated
      according to methods well known in the art. Oral liquid preparations may
      be in the form of aqueous or oily suspension, solution, emulsions, syrups,
      elixirs, etc. or may be presented as a dry product, for reconstitution
      with water or other suitable vehicle before use. Such liquid preparations
      may contain conventional additives such as suspending agents, for example,
      sorbitol syrup, methyl cellulose, glucose/sugar syrup, gelatin,
      hydroxyethylcellulose, carboxymethyl cellulose aluminum stearate gel or
      hydrogenated edible fats; emulsifying agents, for example lecithin,
      sorbitan monooleate or acacia; non-aqueous vehicles which may include
      edible oils, for example, almond oil, fractionated coconut oil, oily
      esters, propylene glycol, or ethyl alcohols; preservatives, for example
      methyl or propyl p-hydroxybenzoates or sorbic acid. Suppositories will
      contain conventional suppository bases, e.g. cocoa butter or other
      glyceride.
PAR  Compositions for injection may be presented in unit dose form in ampules,
      or in multidose containers with an added preservative. The compositions
      may take such forms as suspensions, solutions, emulsions in oily or
      aqueous vehicles, and may contain formulatory agents such as suspending,
      stabilizing and/or dispersing agents. Alternatively, the active ingredient
      may be in powder form for reconstitution with a suitable vehicle, e.g.
      sterile, pyrogen-free water, before use.
PAR  The compositions may also be prepared in suitable forms for absorption
      through the mucous membranes of the nose and throat or bronchial tissues
      and may conveniently take the form of powder or liquid sprays or
      inhalants, lozenges, throat paints, etc. For medication of the eyes or
      ears, the preparations may be presented as individual capsules, in liquid
      or semi-solid form, or may be used as drops etc. Typical applications may
      be formulated in hydrophobic or hydrophilic bases as ointments, creams,
      lotions, paints, powders, etc.
PAR  Also, in addition to a carrier, the instant compositions may include other
      ingredients such as stabilizers, binders, antioxidants, preservatives,
      lubricators, suspending agents, viscosity agents or flavoring agents and
      the like. In additon, there may also be included in the composition other
      active ingredients to provide a broader spectrum of antibiotic activity.
PAR  For veterinary medicine the composition may, for example, be formulated as
      an intramammary preparation in either long acting or quick-release bases.
PAR  The dosage to be administered depends to a large extent upon the condition
      of the subject being treated and the weight of the host, the route and
      frequency of administration, the parenteral route being preferred for
      generalized infections and the oral route for intestinal infections. In
      general, a daily oral dosage consists of from about 15 to about 600 mg. of
      active ingredient per kg. of body weight of the subject in one or more
      applications per day. A preferred daily dosage for adult humans lies in
      the range of from about 80 to 120 mg. of active ingredient per kg. of body
      weight. The preferred daily dosage for the compounds of the invention
      range from about 80 to 120 mg. of active ingredient per kg. of body
      weight.
PAR  The instant compositions may be administered in several unit dosage forms
      as, for example, in solid or liquid orally ingestible dosage form. The
      compositions per unit dosage, whether liquid or solid may contain from
      0.1% to 99% of active material, the preferred range being from about 10 -
      60%. The composition will generally contain from about 15 mg. to about
      1500 mg. by weight of the active ingredient based upon the total weight of
      the composition; however, in general, it is preferable to employ a dosage
      amount in the range of from about 250 mg. to 1000 mg. In parenteral
      administration the unit dosage is usually the pure compound in a slightly
      acidified sterile water solution or in the form of a soluble powder
      intended for solution. Typical formulations of specific products are
      described below.
PAR  One such unit dosage form consists in mixing 120 mg. of
      sodium-3-(1-acetoxyethyl)-7B(2-thienylacetamido)-3-cephem-4-carboxylate
      with 20 mg. of lactose and 5 mg. of magnesium stearate and placing the 145
      mg. mixture into a No. 3 gelatin capsule. Similarly, by employing more of
      the active ingredient and less lactose, other dosage forms can be put up
      in No. 3 gelatin capsules and should it be necessary to mix more than 145
      mg. of ingredients together, larger capsules such as compressed tablets
      and pills can also be prepared. The following examples are illustrative of
      the preparation of pharmaceutical formulations:
TBL  TABLET                  PER TABLET                                        
     ______________________________________                                    
     Sodium dl-3-phenyl-7B(2-thienylacet-                                      
     amido)-3-cephem-4-carbotylate                                             
                             125. mg.                                          
     Cornstarch, U.S.P.       6. mg.                                           
     Dicalcium Phosphate     192. mg.                                          
     Lactose, U.S.P.         190. mg.                                          
     ______________________________________                                    
PAR  The active ingredient is blended with the dicalcium phosphate, lactose and
      about half of the cornstarch. The mixture is then granulated with a 15%
      cornstarch paste (6 mg) and rough-screened. It is dried at 45.degree.C.
      and screened again through No. 16 screens. The balance of the cornstarch
      and the magnesium stearate is added and the mixture is compressed into
      tablets, approximately 0.5 inch in diameter each weighing 800 mg.
TBL  ______________________________________                                    
     PARENTERAL SOLUTION                                                       
     Ampoule:                                                                  
     Sodium-3-(4-pyridyl)-7B(2-thienylacet-                                    
                             500 mg.                                           
     amido)-decephalosporanate                                                 
     Ampoule:                                                                  
     Diluent: Sterile Water for Injection                                      
                              2 cc.                                            
     ______________________________________                                    
PAR  By substituting an equivalent amount of sodium
      3-(4-thiazolyl)-7B(2-thienylacetamido)decephalosporanate for the 500 mg.
      of material utilized in the foregoing example there is also obtained a
      formulation suitable for parenteral administration.
TBL  ______________________________________                                    
     OPTHALMIC SOLUTION                                                        
     3-(1-carbamoyloxythyl)-7B-(2-theny-                                       
     lacetamido)-3-cephem-4-carboxylic acid                                    
                             100 mg.                                           
     Hydroxypropylmethyl Cellulose                                             
                             5 mg.                                             
     Sterile Water           to  1 ml.                                         
     OTIC SOLUTION                                                             
     7B(D-2-amino-2-phenylacetamido-                                           
     3 ethyl-3-cephem-4-carboxylic acid                                        
                             100 mg.                                           
     Benzalkonium Chloride   0.1 mg.                                           
     Sterile Water           to  1 ml.                                         
     TOPICAL OINTMENT                                                          
     3-(1-carbamoyloxyethyl)-7B-(2-thieny-                                     
     lactamido)-7-methoxy-3-cephem-4-carb-                                     
     oxylic acid             100 mg.                                           
     Polyethylene Glycol 4000 U.S.P.                                           
                             400 mg.                                           
     Polyethylene Glycol 400 U.S.P.                                            
                             1.0 gram                                          
     ______________________________________                                    
PAR  The active ingredient in the above formulations may be administered alone
      or in combination with other biologically active ingredients as, for
      example with other antibacterial agents such as lincomycin, a penicillin,
      streptomycin, novobiocin, gentamicin, neomycin, colistin and kanamycin, or
      with other therapeutic agents such as probenecid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC11##
PAL  and the non-toxic pharmaceutically acceptable salts and benzyl ester or
      alkyl esters of up to 4 carbons thereof wherein R.sup.3 is hydrogen, amino
      or carboxy, R.sup.4 is phenyl or thienyl and B is hydrogen or methoxy.
NUM  2.
PAR  2. Sodium
      dl-3-(1-acetoxyethyl)-7.beta.(2-thienylacetamido)-3-cephem-4-carboxylate,
      according to claim 1.
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ABST
PAL  A novel crystalline derivative comprising the sodium salt of cefamandole,
      1,4-dioxane, and water is herein defined. This derivative can be used to
      purify impure amorphous cefamandole sodium by the steps of preparing the
      crystalline derivative, isolating it from the mixture, and regenerating
      cefamandole sodium therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cefamandole is a generic term used to identify a chemical compound,
      7-(D-.alpha.-hydroxyphenylacetamido)-3-(1-methyl-1H-tetrazol-5-ylthio)
      methyl-3-cephem-4-carboxylic acid, having the formula
      ##SPC1##
PAR  This compound is active as a broad spectrum antibiotic effective in
      controlling diseases caused by a wide variety of Gram-positive and
      Gram-negative microorganisms.
PAR  Cefamandole is one of the semi-synthetically produced cephalosporins. It
      can be prepared, for example, by treating 7-aminocephalosporanic acid,
      commonly known as 7-ACA, suitably protected in the 7-position, for
      example, by a formyl group, with 1-methyl-1H-tetrazole-5-thiol or an
      alkali metal, alkaline earth meatl, or ammonium salt thereof to produce
      the corresponding 7-formamido-3-(1-methyl-1H-tetrazol-5-ylthio)-
      methyl-3-cephem-4-carboxylic acid. This product then can be cleaved in
      accordance with known techniques to produce the corresponding
      7-amino-3-(1-methyl-1H-tetrazol-5-ylthio) methyl-3-cephem-4-carboxylic
      acid, and the resulting cleaved product then can be acylated, for example,
      employing anhydro-O-carboxy-mandelic acid, to produce the desired
      cefamandole. The aforementioned sequence is typical of several methods
      which are available in the preparation of cefamandole. For example, the
      aforementioned acylation step can be carried out employing a mixed
      anhydride form of D-mandelic acid in which the hydroxyl group has been
      protected by a suitable blocking group, for example, a formyl or an acetyl
      group. The mixed anhydride then can be used as acylating agent for the
      7-aminocephalosporin compound to form the hydroxy-protected cefamandole
      which then is cleaved to produce the desired cefamandole product.
      Alternative methods for effecting the acylation of 7-amino group are well
      known to those of ordinary skill in the art.
PAR  The source of the 7-formamido derivative of 7-ACA employed in the foregoing
      sequence is 7-ACA itself, and the latter can be obtained from
      cephalosporin C, more precisely known as
      7-(5-aminoadipamido)cephalosporanic acid, which can be prepared by
      cultivating a cephalosporin C-producing organism in a suitable nutrient
      medium. The cephalosporin C can then be readily converted to the
      corresponding nucleus compound, 7-ACA, by cleaving the 5-aminoadipamyl
      side chain by known procedures.
PAR  A highly preferred form of cefamandole is its sodium salt derivative which
      has the following formula:
      ##SPC2##
PAL  This form of cefamandole, however, does not exist in crystalline form, or
      at least a crystalline form has not as yet been discovered. As a result of
      this fact, two deficiencies have been noted. First, cefamandole sodium has
      been found to be purifiable to the extent necessary for administration
      only by very difficult and cumbersome techniques. Secondly, amorphous
      cefamandole sodium does not exhibit the degree of stability that one would
      desire, and certainly not such as one would expect from a corresponding
      crystalline structure.
PAR  In this context, therefore, it has become desirable to develop a
      crystalline form of cefamandole sodium, which form would be useful in
      purifying cefamandole sodium itself. This purification sequence then would
      comprise preparation of a crystalline derivative of cefamandole sodium
      from an impure or relatively impure lot of cefamandole sodium. The
      crystalline derivative then could be isolated from the impure mixture
      leaving impurities behind. Any such desirable crystalline derivative then
      would be usable as such or would exhibit properties which would permit its
      ready decomposition with regeneration of cefamandole sodium itself in
      purified form.
PAR  Such a derivative would permit purification of impure amorphous cefamandole
      sodium; additionally, it would permit the retention of cefamandole sodium
      in a highly stable form, which form could be decomposed with regeneration
      of the cefamandole sodium at some point prior to packaging of the
      cefamandole sodium in a unit suitable for ultimate administration.
PAR  Such a discovery forms the basis of this invention. It is an object,
      therefore, of this invention to provide a novel composition of matter
      comprising a stable, crystalline derivative of cefamandole sodium.
PAR  It is a further object of this invention to provide a method for purifying
      cefamandole sodium by preparing and recovering a defined crystalline
      derivative thereof and subsequently decomposing the derivative to recover
      cefamandole sodium itself.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, one aspect of this invention is a crystalline composition of matter
      comprising a complex of the sodium salt of cefamandole, 1,4-dioxane, and
      water.
PAR  In another aspect of this invention there is provided a process for
      purifying the sodium salt of cefamandole which comprises converting said
      salt containing impurities to a crystalline complex comprising cefamandole
      sodium, 1,4-dioxane, and water, separating said crystalline complex from
      said impurities, and decomposing said crystalline complex to recover
      purified cefamandole sodium.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As indicated hereinabove, this invention relates to a novel composition of
      matter as well as to a process for purifying the sodium salt of
      cefamandole.
PAR  The novel composition of matter of this invention comprises cefamandole
      sodium, 1,4-dioxane, and water. Relative to the cefamandole sodium, the
      ratio on a molar basis of the 1,4-dioxane present in the composition of
      this invention is from 0.5 to 1.0. Additionally, the water which is
      present in the crystalline complex can range on a molar basis up to about
      1.0, and generally from about 0.5 to about 1.0, based on the cefamandole
      sodium.
PAR  Crystal structure studies have established that a single 1,4-dioxane
      molecule accomodates two cefamandole molecules by a hydrogen bonding
      arrangement. A hydrogen bond exists between each of the oxygens of the
      1,4-dioxane molecule and the amide hydrogen in the 7-position of each of
      two cefamandole molecules. Effectively, therefore, a single 1,4-dioxane
      molecule binds two cefamandole molecules, one at each of the two oxygens
      of its structure. This accounts for one 1,4-dioxane molecule for each two
      cefamandole sodium molecules. The relative locations of the three
      molecules which comprise this unit give rise to a spatial arrangement
      which includes a gap between this unit and similar units of three
      molecules nearby. This gap is of such size and location as to readily
      accommodate an additional 1,4-dioxane molecule as well as sufficient water
      to account for up to about 1 mole of water per mole of cefamandole.
      However, the latter 1,4-dioxane and any water are held primarily by the
      physical dimensions of the crystalline structure. Any bonding forces
      attributable to the latter 1,4-dioxane molecule and the water are, at
      most, minimal. For this reason, it is possible for the crystalline complex
      of this invention to contain either one or two molecules of 1,4-dioxane
      per each two molecules of cefamandole and to have moisture present in the
      range representative of up to one molecule of water per each molecule of
      cefamandole.
PAR  Employing the method described herein for preparing the composition of
      matter of this invention will result in formation of the crystalline
      product which contains an equimolar quantity of cefamandole sodium and
      1,4-dioxane, and water in an amount approximately equimolar to the
      cefamandole sodium. This latter composition constitutes a preferred
      embodiment of this invention.
PAR  A composition containing reduced amounts of 1,4-dioxane and of water can be
      prepared by treating the firstmentioned composition under conditions
      conducive to remove onehalf of the 1,4-dioxane and the water, neither of
      which participates in the bonding influences which go to establish the
      core crystalline structure. These conditions include, for example, heating
      the composition, preferably at a temperature of from about 25.degree.C. to
      about 50.degree.C., or subjecting the composition to vacuum conditions, or
      both.
PAR  The 1,4-dioxane and water removal is sufficient to remove an equivalent of
      one molecule of 1,4-dioxane per each two molecules of cefamandole sodium
      and to remove substantially all water from the composition. It has been
      discovered that in the removal conditions of temperature and/or vacuum,
      water is substantially entirely removed from the composition prior to any
      removal of the unbonded 1,4-dioxane. However, because of the rapidity of
      removal it is difficult to selectively remove only the water with
      retention of the unbonded 1,4-dioxane in the resultant composition.
PAR  Another preferred composition of this invention, therefore, is one which
      comprises, on a molar basis, a 2:1 ratio of cefamandole sodium and
      1,4-dioxane.
PAR  The novel crystalline form provided by this invention has the following
      unique X-ray powder diffraction characteristics at .lambda. = 1.5405 using
      a Cu:Ni 45 kv. 20 ma. source.
TBL  Spacing d        Relative intersities I/I.sub.1                           
     ______________________________________                                    
     17.90            .30                                                      
     12.10            .60                                                      
     10.00            .30                                                      
     8.52             .60                                                      
     7.16             .10                                                      
     6.30             1.00                                                     
     6.16             .30                                                      
     5.57             .30                                                      
     5.25             .60                                                      
     4.99             .40                                                      
     4.33             .30                                                      
     4.19             1.00                                                     
     3.95             .70                                                      
     3.80             .30                                                      
     3.59             .60                                                      
     3.32             .20                                                      
     3.16             .10                                                      
     3.04             .15                                                      
     2.90             .10                                                      
     2.82             .10                                                      
     2.68             .20                                                      
     2.59             .05                                                      
     2.43             .05                                                      
     2.31             .05                                                      
     2.18             .15                                                      
     2.11             .05                                                      
     2.04             .05                                                      
     1.98             .15                                                      
     1.88             .10                                                      
     1.73             .05                                                      
     ______________________________________                                    
PAR  The above X-ray powder diffraction pattern is representative of any of the
      aforedescribed compositions since it is a measure of the fixed bonding
      arrangements. Any additional 1,4-dioxane and water is only loosely held
      and does not therefore alter the resultant X-ray powder diffraction
      pattern to any significant degree.
PAR  This is also true of the lattice parameters obtained by X-ray of a single
      crystal. These parameters are as follows:
TBL  Space group      P2.sub.1                                                 
     ______________________________________                                    
     a = 12.67A                                                                
     b = 37.84A       .beta. = 89.79.degree.                                   
     c = 11.75A                                                                
     ______________________________________                                    
PAR  The novel crystalline form provided by this invention is almost cubic in
      appearance. More often one dimension is much less than the other two,
      giving rise to a square disc appearance. It is apparent, however, that the
      crystalline habit is not an essential characteristic of the crystalline
      complex of this invention.
PAR  The process aspect of this invention provides a method for purification of
      the sodium salt of cefamandole by the sequence of preparing the novel
      crystalline complex of this invention, separating the crystalline complex
      from the preparation medium, and decomposing the crystalline complex to
      regenerate the sodium salt of cefamandole in purified form.
PAR  Depending upon the conditions employed in the initial preparation of the
      crystalline complex of this invention, the preparation can be quite rapid,
      being completed in a matter of a few hours, or it can take an extended
      period of time, sometimes from about 4 to about 8 weeks. However, once an
      initial preparation of the complex has been accomplished, the time
      required for subsequent preparations can be substantially reduced merely
      by the availability of crystals from the first preparation, which crystals
      can be employed to seed the medium in subsequent preparations. The
      important factor in determining the length of preparation time is the
      concentration of the solution in which the complex is generated and from
      which it is isolated. The solution must be at least saturated; however,
      the preparation time, even without seeding, can be greatly diminished when
      the conditions of preparation are such that the complex is derived from a
      highly supersaturated solution.
PAR  Preparation of the crystalline complex of this invention is accomplished by
      dissolving the sodium salt of cefamandole in a mixture of 1,4-dioxane and
      water containing from about 40 mole percent to about 70 mole percent
      1,4-dioxane relative to the solvent mixture. Sufficient cefamandole sodium
      is dissolved in the mixture to obtain at least a saturated solution
      thereof. The mixture is maintained at a temperature of from about
      0.degree.C. to about 20.degree.C., preferably from about 3.degree.C. to
      about 16.degree.C., for a time sufficient to produce crystallization of
      the crystalline complex of this invention. As indicated hereinabove, this
      time period may extend to several weeks. As also indicated hereinabove,
      the time for crystallization can be greatly reduced by incorporating into
      the saturated solution seeds of the crystalline complex obtained from a
      previous preparation or by carrying out the preparation under
      supersaturated conditions.
PAR  After the solution has been maintained at the requisite temperature for a
      period sufficient to accomplish the extent of crystal growth which is
      desired, the crystals can be harvested from the mixture by filtration.
      Residual amounts of the mother liquor, containing undesirable impurities,
      can be removed from the harvested crystals by washing the crystals with
      1,4-dioxane or a mixture of water and 1,4-dioxane. Preferably, any such
      washing is carried out using a cold (about 4.degree.C. to about
      8.degree.C.) mixture of water and 1,4-dioxane in which the 1,4-dioxane is
      present in an amount relative to the water at least as great as that
      employed in the preparation of the complex. It is highly preferred to
      initially wash the complex with a 90:10 mixture of 1,4-dioxane and water
      and subsequently to wash the complex with 1,4-dioxane itself.
PAR  The resulting crystals then can be stored at room temperature or below for
      extended periods with little or no decomposition. Alternatively, the
      crystals can be decomposed to regenerate the cefamandole sodium in
      purified form.
PAR  Decomposition of the crystalline complex with regeneration of cefamandole
      sodium can be accomplished by dissolving the crystals in a quantity of
      water sufficient to prepare a clear solution and then evaporating the
      solvent from the mixture to obtain the purified sodium salt of
      cefamandole. Preferably, the desired purified amorphous sodium salt of
      cefamandole is regenerated by lyophilizing the aqueous solution in a dry
      ice-acetone bath. The dioxane and water which are present in the
      crystalline complex are readily removed under evaporative conditions since
      the dioxane which is present azeotropes with the water during its removal
      such that the resulting product is both anhydrous and dioxane-free.
PAR  The resulting amorphous sodium salt of cefamandole is pure and ready for
      use as an active anti-bacterial agent.
PAR  The following examples are provided to illustrate the teaching of this
      invention. They are not intended to be limiting upon the general scope
      thereof.
PAC  EXAMPLE 1 -- Slow Preparation of a Crystalline Complex of Cefamandole
      Sodium, 1,4-Dioxane, and Water
PAR  On Day 1, 500 mg. of the sodium salt of cefamandole were weighed into a 2
      ml. vial. The vial was filled at 15.degree.C. with a mixture of 55 mole
      percent of 1,4-dioxane in water. The color of the resulting mixture was
      quite dark, the cefamandole sodium being relatively impure. The mixture,
      maintained at 15.90.degree.C., was examined on Day 3; solution was as yet
      not complete. On Day 6, with the temperature maintained at about
      15.7.degree.C., the appearance of the mixture was about the same as
      before. On Day 14, the mixture was fairly clear but quite dark in color.
PAR  On Day 22, the mixture contained one or two large crystals floating in the
      solution; however, there was yet much very small undissolved material in
      the mixture. The temperature of the mixture was 15.32.degree.C. The
      temperature was lowered to 11.5.degree.C., and on Day 24 there was little
      if any change in appearance, the one or two crystals remaining visible in
      the mixture. On Day 27, the temperature of the mixture was
      10.40.degree.C., and some crystalline material was present. However, it
      could not be determined whether this crystalline material represented an
      increased amount. On Day 28, the mixture, maintained at 8.80.degree.C.,
      appeared to exhibit some growth of crystals. The crystals were again
      apparent on Day 29, the temperature of the mixture being 7.25.degree.C.
PAR  On Day 37, wiht the temperature at 4.32.degree.C., the vial contained
      myriads of what looked like crystals. On Day 38, the mixture, at
      3.75.degree.C., still contained crystals. The solvent had not frozen,
      indicating that the crystals which had formed should not be crystals of
      solvent.
PAR  On Day 41, crystals in the mixture were sampled by pipette, placed on a
      slide, and the liquid blotted from the crystals by filter paper. The
      crystals were found to be very sticky due to the presence of the mother
      liquor. Their initial appearance, however, appeared quite good, albeit
      fairly small single crystals.
PAR  Another sample of the crystals was removed from the mixture. This samples
      was washed with cold dioxane, and the resulting crystalline residue was
      found to be much easier to handle. Infrared analysis was run on the washed
      crystals. The analysis indicated the presence both of dioxane and
      cefamandole sodium.
PAR  A thin-layer chromatogram was run and compared with that of cefamandole
      sodium itself. The two substances had identical R.sub.f values.
PAC  EXAMPLE 2 -- Preparation of the Crystalline Complex by Seeding
PAR  A solution of 20 grams of the sodium salt of cefamandole in 40 ml. of a
      mixture containing 60 mole percent 1,4dioxane and 40 mole percent of water
      was prepared. When dissolution was complete at about 15.degree.C., the
      solution was filtered, and the filtrate was seeded with a large single
      crystal of the previously prepared crystalline complex of cefamandole
      sodium, 1,4-dioxane, and water. The temperature of the mixture then was
      rapidly lowered to 5.degree.C. and maintained thereat overnight. On the
      next day, the solution contained many crystals so as to be almost a
      slurry. The mixture was refrigerated at about -1.degree.C. for several
      hours, the mixture then was filtered, and the filtered product was washed
      with a mixture containing 80 mole percent dioxane and 20 mole percent
      water.
PAR  The filtered, washed crystals were air-dried for about one hour and then
      were transferred to a flask and dried under moderately reduced pressure to
      obtain a yield of 10 g. of a dried crystalline complex of cefamandole
      sodium, 1,4-dioxane, and water.
PAC  EXAMPLE 3 -- Rapid Preparation of a Crystalline Complex of Cefamandole
      Sodium, 1,4-Dioxane, and Water
PAR  To a round bottom flask maintained at 15.degree.C. were added 150 g. of
      cefamandole sodium, 263 ml. of 1,4-dioxane, and 37 ml. of water. The
      resulting mixture was stirred overnight to effect dissolution.
PAR  On the following day crystals of the complex spontaneously appeared. The
      temperature of the mixture was lowered to 10.degree.C. and maintained
      thereat overnight. On the following morning the temperature was lowered to
      and maintained at 5.degree.C. until afternoon at which time the
      temperature was further lowered to about 1.degree.C. The mixture was
      maintained at the lowered temperature overnight. The mixture then was
      filtered, and the collected crystalline solid was washed with a mixture
      comprising a 90:10 molar ratio of 1,4-dioxane and water. The crystals then
      were spread on a large filter paper and allowed to air dry; the crystals
      then were transferred to a round bottom flask and dried at moderately
      reduced pressure to obtain the crystalline complex of cefamandole sodium,
      1,4-dioxane, and water.
PAC  EXAMPLE 4 -- Regeneration of Cefamandole Sodium
PAR  To about 15 ml. of water were added 5.0 g. of the crystals obtained in
      Example 2. The resulting solution was clear and water-white. The mixture
      was frozen by rotation in a round bottom flask in dry ice-acetone and was
      lyophilized overnight to obtain a highly pure, amorphous cefamandole
      sodium.
CLMS
STM  I claim:
NUM  1.
PAR  1. A crystalline complex comprising the sodium salt of cefamandole,
      1,4-dioxane, and water.
NUM  2.
PAR  2. Composition of claim 1, in which 1,4-dioxane and the sodium salt of
      cefamandole are present in approximately an equimolar ratio and water is
      present in a molar ratio of from about 0.5 to about 1.0 based upon the
      cefamandole sodium.
NUM  3.
PAR  3. A crystalline complex comprising a 2:1 molar ratio of the sodium salt of
      cefamandole and 1,4-dioxane.
NUM  4.
PAR  4. Process for purifying the sodium salt of cefamandole, which comprises
      converting said salt containing impurities to the crystalline complex of
      cefamandole sodium, 1,4-dioxane, and water, separating said crystalline
      complex from said impurities, and decomposing said crystalline complex to
      recover purified cefamandole sodium.
NUM  5.
PAR  5. Process of claim 4, in which the crystalline complex is prepared from at
      least a saturated solution of the sodium salt of cefamandole in a mixture
      of 1,4-dioxane and water containing from about 40 mole percent to about 70
      mole percent 1,4-dioxane relative to the solvent mixture.
NUM  6.
PAR  6. Process of claim 5, in which the solution is maintained at a temperature
      of from about 0.degree.C. to about 20.degree.C. for a time sufficient to
      produce crystallization of the crystalline complex.
NUM  7.
PAR  7. Process of claim 6, in which the crystalline complex is decomposed to
      the sodium salt of cefamandole by dissolving the separated crystals in
      water and evaporating the solvent from the solution.
NUM  8.
PAR  8. Process of claim 7, in which the sodium salt is recovered from the
      aqueous solution by lyophilization.
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ABST
PAL  A novel crystalline derivative comprising the sodium salt of cefamandole
      and L(-) ethyl lactate is herein defined. This derivative can be used to
      purify impure amorphous cefamandole sodium by the steps of preparing the
      crystalline derivative, isolating it from the mixture, and regenerating
      cefamandole sodium therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cefamandole is a generic term used to identify a chemical compound,
      7-(D-.alpha.-hydroxyphenylacetamido)-3-(1-methyl-1H-tetrazol-5-ylthio)meth
     yl-3-cephem-4-carboxylic acid, having the formula
      ##SPC1##
PAR  This compound is active as a broad spectrum antibiotic effective in
      controlling diseases caused by a wide variety of Gram-positive and
      Gram-negative microorganisms.
PAR  Cefamandole is one of the semi-synthetically produced cephalosporins. It
      can be prepared, for example, by treating 7-aminocephalosporanic acid,
      commonly known as 7-ACA, suitably protected in the 7-position, for
      example, by a formyl group, with 1-methyl-1H-tetrazole-5-thiol, or an
      alkali metal, alkaline earth metal, or ammonium salt thereof, to produce
      the corresponding
      7-formamido-3-(1-methyl-1H-tetrazol-5-ylthio)-methyl-3-cephem-4-carboxylic
      acid. This product then can be cleaved in accordance with known techniques
      to produce the corresponding
      7-amino-3-(1-methyl-1H-tetrazol-5-ylthio)methyl-3-cephem-4-carboxylic
      acid, and the resulting cleaved product then can be acylated, for example,
      employing anhydro-O-carboxy-mandelic acid, to produce the desired
      cefamandole. The aforementioned sequence is typical of several methods
      which are available in the preparation of cefamandole. For example, the
      aforementioned acylation step can be carried out employing a mixed
      anhydride form of D-mandelic acid in which the hydroxyl group has been
      protected by a suitable blocking group, for example, a formyl or an acetyl
      group. The mixed anhydride then can be used as acylating agent for the
      7-aminocephalosporin compound to form the hydroxy-protected cefamandole
      which then is cleaved to produce the desired cefamandole product.
      Alternative methods for effecting acylation of the 7-amino group are well
      known to those of ordinary skill in the art.
PAR  The source of the 7-formamido derivative of 7-ACA employed in the foregoing
      sequence is 7-ACA itself, and the latter can be obtained from
      cephalosporin C, more precisely known as
      7-(5-aminoadipamido)cephalosporanic acid, which can be prepared by
      cultivating a cephalosporin C-producing organism in a suitable nutrient
      medium. The cephalosporin C can then be readily converted to the
      corresponding nucleus compound, 7-ACA, by cleaving the 5-aminoadipamyl
      side chain by known procedures.
PAR  A highly preferred form of cefamandole is its sodium salt derivative which
      has the following formula:
      ##SPC2##
PAL  This form of cefamandole, however, does not exist in crystalline form, or
      at least a crystalline form has not as yet been discovered. As a result of
      this fact, two deficiencies have been noted. First, cefamandole sodium has
      been found to be purifiable to the extent necessary for administration
      only by very difficult and cumbersome techniques. Secondly, amorphous
      cefamandole sodium does not exhibit the degree of stability that one would
      desire, and certainly not such as one would expect from a corresponding
      crystalline structure.
PAR  In this context, therefore, it has become desirable to develop a
      crystalline form of cefamandole sodium, which form would be useful in
      purifying cefamandole sodium itself. This purification sequence then would
      comprise preparation of a crystalline derivative of cefamandole sodium
      from an impure or relatively impure lot of cefamandole sodium. The
      crystalline derivative then could be isolated from the impure mixture
      leaving impurities behind. Any such desirable crystalline derivative then
      would be usable as such or would exhibit properties which would permit its
      ready decomposition with regeneration of cefamandole sodium itself in
      purified form.
PAR  Such a derivative would permit purification of impure amorphous cefamandole
      sodium; additionally, it would permit the retention of cefamandole sodium
      in a highly stable form, which form could be decomposed with regeneration
      of the cefamandole sodium at some point prior to packaging of the
      cefamandole sodium in a unit suitable for ultimate administration.
PAR  Such a discovery forms the basis of this invention. It is an object,
      therefore, of this invention to provide a novel composition of matter
      comprising a stable, crystalline derivative of cefamandole sodium.
PAR  It is a further object of this invention to provide a method for purifying
      cefamandole sodium by preparing and recovering a defined crystalline
      derivative thereof and subsequently decomposing the derivative to recover
      cefamandole sodium itself.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, one aspect of this invention is a crystalline composition of matter
      comprising a complex of the sodium salt of cefamandole and L(-) ethyl
      lactate.
PAR  In another aspect of this invention there is provided a process for
      purifying the sodium salt of cefamandole which comprises converting said
      salt containing impurities to a crystalline complex comprising cefamandole
      sodium and L(-) ethyl lactate, separating said crystalline complex from
      said impurities, and decomposing said crystalline complex to recover
      purified cefamandole sodium.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As indicated hereinabove, this invention relates to a novel composition of
      matter as well as to a process for purifying the sodium salt of
      cefamandole.
PAR  The novel composition of matter of this invention comprises cefamandole
      sodium and L(-) ethyl lactate. The ratio on a molar basis of the L(-)
      ethyl lactate to the cefamandole sodium present in the composition of this
      invention is 1:1. As will be developed in more depth hereinafter, the
      novel composition of matter of this invention can be prepared from the
      dl-ethyl lactate racemic mixture or from the optically active L(-) ethyl
      lactate.
PAR  The novel crystalline form provided by this invention has the following
      unique X-ray powder diffraction characteristics at .lambda. = 1.5405 using
      a Cu:Ni 45 kv. 20 ma. source.
TBL  ______________________________________                                    
     spacing d    Relative intersities I/I.sub.1                               
     ______________________________________                                    
     15.20        1.00                                                         
     9.40         .50                                                          
     8.75         .10                                                          
     7.39         .15                                                          
     5.86         .20                                                          
     5.60         .40                                                          
     5.37         .15                                                          
     4.81         1.00                                                         
     4.37         .80                                                          
     3.93         .90                                                          
     3.72         1.00                                                         
     3.42         .20                                                          
     3.18         .50                                                          
     3.03         .05                                                          
     2.93         .30                                                          
     2.84         .20                                                          
     2.71         .10                                                          
     2.53         .02                                                          
     2.49         .05                                                          
     2.38         .05                                                          
     2.25         .02                                                          
     2.19         .05                                                          
     2.01         .05                                                          
     1.87         .05                                                          
     ______________________________________                                    
PAR  The above X-ray powder diffraction pattern is representative of the
      aforedescribed composition whether it has been prepared from the dl-ethyl
      lactate racemic mixture or whether its source is the optically active L(-)
      ethyl acetate.
PAR  The process aspect of this invention provides a method for purification of
      the sodium salt of cefamandole by the sequence of preparing the novel
      crystalline complex of this invention, separating the crystalline complex
      from the preparation medium, and decomposing the crystalline complex to
      regenerate the sodium salt of cefamandole in purified form.
PAR  It has been discovered that the sodium salt of cefamandole combines
      exclusively with the L(-) optical isomer of ethyl lactate. Thus, L(-)
      ethyl lactate, of course, can itself be employed in preparation of the
      crystalline complex of this invention. However, the racemic mixture,
      dl-ethyl lactate, can also be employed since it has been discovered that
      the cefamandole sodium, in effect, functions as a resolving agent,
      selectively reacting with the L(-) ethyl lactate which is present in the
      racemic mixture and excluding the D(+) ethyl lactate.
PAR  Depending upon the conditions employed in the initial preparation of the
      crystalline complex of this invention, the preparation can be quite rapid,
      being completed in a matter of a few hours, or it can take an extended
      period of time, sometimes up to several days. However, once an initial
      preparation of the complex has been accomplished, the time required for
      subsequent preparations can be substantially reduced merely by the
      availability of crystals from the first preparation, which crystals can be
      employed to seed the medium in subsequent preparations. An important
      factor in determining the length of preparation time is the concentration
      of the solution in which the complex is generated and from which it is
      isolated. As a minimum, the solution must be saturated. However, it is
      preferred that the preparation be carried out at supersaturated conditions
      since the preparation time, even without seeding, is generally inversely
      dependent upon the degree of concentration beyond saturation.
PAR  Preparation of the crystalline complex of this invention is accomplished by
      dissolving the sodium salt of cefamandole in L(-) or dl-ethyl lactate in
      an amount sufficient to produce at least a saturated solution thereof.
      Solubility of the amorphous sodium salt of cefamandole in ethyl lactate is
      about 200-350 mg./ml. at room temperature. Dissolution can be encouraged
      by any of several techniques, including stirring, mechanical shaking,
      ultrasonification, moderate warming to about 30.degree.C., and the like.
      Upon completion of solution, the mixture is maintained at a temperature of
      from about -20.degree.C. to about +30.degree.C. for a time sufficient to
      produce crystallization of the crystalline complex of this invention.
      Preferably, the mixture is maintained at a temperature of from about
      -10.degree.C. to about +10.degree.C. The solubility of the complex in
      ethyl lactate appears to be relatively independent of temperature.
      However, it is advisable to maintain the crystallizating solution at the
      lower portion of the temperature range to minimize decomposition of the
      cefamandole. As indicated hereinabove, the time for crystallization can be
      greatly reduced by incorporating into the saturated or supersaturated
      solution seeds of the crystalline complex obtained from a previous
      preparation or by carrying out the preparation under greatly
      supersaturated conditions.
PAR  After the solution has been maintained at the requisite temperature for a
      period sufficient to accomplish the extent of crystal growth which is
      desired, the crystals can be harvested from the mixture by filtration.
      Residual amounts of the mother liquor, containing undesirable impurities,
      can be removed from the harvested crystals by washing the crystals with
      cold (about -5.degree.C. to about +5.degree.C.) ethyl lactate or with
      ethyl ether, the latter being a non-solvent of the crystalline complex, or
      with a mixture of ethyl lactate and ethyl ether. Other non-polar solvents
      can be employed; those which have a high vapor pressure are especially
      preferred since they are easily removable by drying.
PAR  The resulting crystals then can be stored at room temperature or below for
      extended periods with little or no decomposition. Alternatively, the
      crystals can be decomposed to regenerate the cefamandole sodium in
      purified form.
PAR  Decomposition of the crystalline complex with regeneration of cefamandole
      sodium can be accomplished by placing the crystals in an excess of
      ethanol. The ethanol apparently preferentially extracts the ethyl lactate
      from the complex leaving a purified amorphous sodium salt of cefamandole.
      The desired purified amorphous sodium salt of cefamandole can be recovered
      by filtration and washed with water to remove residual amounts of ethanol
      and ethyl lactate. Methanol, since it dissolves both the cefamandole and
      the ethyl lactate, is not a particularly useful regenerating solvent.
      However, those solvents which have a polarity similar to ethanol, such as,
      for example, isopropyl alcohol, methyl acetate, and the like, are useful
      to release the ethyl lactate from the complex with regeneration and
      recovery of the amorphous cefamandole. Ethanol, however, is the preferred
      regenerating solvent.
PAR  The resulting amorphous sodium salt of cefamandole is pure and ready for
      use as an active anti-bacterial agent.
PAR  The following examples are provided to illustrate the teaching of this
      invention. They are not intended to be limiting upon the general scope
      thereof.
PAC  EXAMPLE 1 -- Crystalline Complex Prepared from L(-) Ethyl Lactate.
PAR  To 5.00 ml. of L(-)ethyl lactate were added 1.7 g. of the sodium salt of
      cefamandole. Most of the sodium cefamandole dissolved readily; however, to
      facilitate complete dissolution, the mixture was subjected to
      ultrasonification. Within minutes after solution was effected, the mixture
      became cloudy and then became too viscous to be poured. Microscopic
      examination of the white mass showed extremely large numbers of very tiny
      needles. No amorphous material could be seen. Since the mass was too
      viscous to handle and the crystals were too small to use, an additional
      0.5 ml. of L(-)ethyl lactate was added, and the mixture was maintained
      overnight at about 2.degree.C. Examination of the mixture indicated no
      discernible change; however, the mass no longer was so viscous as to be
      cream-like in consistency.
PAR  The mixture was maintained for an additional day, and then was filtered.
      Filtration was carried out using a small glass frit funnel. The funnel was
      filled with the mixture, and vacuum then was applied with removal of the
      mother liquor from the mixture. The resulting mass of crystals which was
      collected was washed twice with cold dl-ethyl lactate and then with ethyl
      ether. Ethyl ether served well as a non-solvent, and the crystals were
      washed five or six times with ethyl ether by the sequence of discontinuing
      the vacuum suction, adding ethyl ether, stirring the crystals suspended in
      ethyl ether, and removing the ether by vacuum suction. The ultimate
      resultant mass was air-dried and stored as a white, free-flowing
      crystalline material.
PAR  An nmr analysis in D.sub.2 O indicated the product to be a 1:1 complex of
      ethyl lactate and sodium cefamandole. The X-ray powder pattern is
      identical with that provided hereinabove.
PAC  EXAMPLE 2 -- Crystalline Complex Prepared from d,l-Ethyl Lactate.
PAR  To 5.00 ml. of dl-ethyl lactate were added 1.30 g. of the sodium salt of
      cephamandole. The solid material wetted readily and began dissolving
      rapidly. Ultrasonification was employed toward the end of dissolution;
      however, residual amounts of amorphous sodium cefamandole did not
      dissolve. Microscopic examination of the mixture showed the liquid to
      contain many small amorphous particles in suspension. The mixture was
      maintained at room temperature. Microscopic examination of the mixture
      after about 3-4 hours showed crystals beginning to form. The rate of
      crystal formation from the d,l-ethyl lactate was considerably slower than
      from the L(-) ethyl lactate of Example 1. A microscopic examination after
      an additional period of time indicated an increasing number of crystals
      with accompanying cloudiness of the solution. All amorphous material was
      gone. After another period of time, the liquid had turned to a somewhat
      viscous mass. Microscopic examination showed the presence of two
      crystalline habits. One of the habits was needle-like crystals, either
      singly or in groups, whereas the other was a more 2-dimensional plate,
      greater in length than width but substantially wider than the needle-like
      crystals.
PAR  The mixture was stored overnight at about 2.degree.C. The mixture then was
      prepared for filtering and was filtered in accordance with the technique
      employed in Example 1.
PAR  The resulting dry, free-flowing crystals were shown by nmr analysis to
      contain a 1:1 ratio of ethyl lactate and sodium cefamandole. The X-ray
      powder pattern of this substance was identical in all respects to that
      described hereinabove and to the product from Example 1. From this
      information it is evident that the L(-) ethyl lactate compound of the dl
      mixture is the active component in forming the crystalline complex of this
      invention.
PAC  EXAMPLE 3 -- Crystalline Complex Prepared in Large Scale
PAR  To 125 ml. of d,l-ethyl lactate were added 32.5 g. of sodium salt of
      cefamandole. The mixture, maintained at room temperature, was shaken and
      periodically subjected to ultrasonification over 3-4 hours. At the end of
      this time, amorphous material still remained undissolved, and there was
      indication that some crystallization was beginning. The mixture then was
      maintained at 11.5.degree.C. for 3 days.
PAR  At the end of this period, large amounts of crystalline material were
      present; however, some amorphous material was also visible. The mixture
      was sonified and then was placed on a mechanical shaker. The temperature
      rose rapidly to 35.degree.C. with apparent dissolution of all amorphous
      material; however, a mercaptan-like odor was evident.
PAR  A sample for microscopic analysis was removed, and the mixture then was
      cooled to 11.5.degree.C. Microscopic analysis of the sample indicated
      excellent crystalline material and the absence of amorphous material. The
      mixture was maintained at 11.5.degree.C. for several hours and then was
      cooled to -6.degree.C. and maintained at this temperature for about 2
      days.
PAR  The crystals were harvested using a 60 ml. frit suction funnel. The
      crystals were filtered under suction to separate the mother liquor. The
      crystals then were washed twice with 15 ml. of portions of cold d,l-ethyl
      lactate. The crystals then were washed clear of ethyl lactate using four
      30 ml. portions of ethyl ether. The product, a crystalline complex of L(-)
      ethyl lactate and sodium cefamandole, was dried by pulling air through the
      crystalline mass.
PAC  EXAMPLE 4 -- Regeneration of Cefamandole Sodium
PAR  To 5 ml. of ethanol are added 100 mg. of the crystalline complex of L(-)
      ethyl lactate and sodium cefamandole. The mixture is shaken at room
      temperature for about 10 minutes. The resulting mixture then is filtered
      to obtain a highly pure, amorphous cefamandole sodium.
CLMS
STM  I claim:
NUM  1.
PAR  1. A crystalline complex comprising the sodium salt of cefamandole and L(-)
      ethyl lactate.
NUM  2.
PAR  2. Process for purifying the sodium salt of cefamandole, which comprises
      converting said salt containing impurities to the crystalline complex of
      cefamandole sodium and L(-) ethyl lactate, separating said crystalline
      complex from said impurities, and decomposing said crystalline complex to
      recover purified cefamandole sodium.
NUM  3.
PAR  3. Process of claim 2, in which the crystalline complex is prepared from at
      least a saturated solution of the sodium salt of cefamandole in a
      d,l-ethyl lactate racemic mixture.
NUM  4.
PAR  4. Process of claim 2, in which the crystalline complex is prepared from at
      least a saturated solution of the sodium salt of cefamandole in L(-) ethyl
      lactate.
NUM  5.
PAR  5. Process of claim 3, in which the solution is maintained at a temperature
      of from about -20.degree.C. to about +30.degree.C. for a time sufficient
      to produce crystallization of the crystalline complex.
NUM  6.
PAR  6. Process of claim 2, in which the crystalline complex is decomposed to
      the sodium salt of cefamandole by adding the separated crystals to an
      excess of ethanol and filtering the resulting mixture.
NUM  7.
PAR  7. Process of claim 4, in which the solution is maintained at a temperature
      of from about -20.degree.C. to about +30.degree.C. for a time sufficient
      to produce crystallization of the crystalline complex.
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PAL  A method for producing heterocyclic acid anhydrides and pyrimidinediones
      from the corresponding acids, dicarboxamides, 2,3-and
      3,4-pyridinedicarboxamides, and N-monosubstituted 2,3-and
      3,4-pyridinedicarboxamides, in which the aforesaid compounds are reacted
      with lead tetra-acetate in the presence of a suitable anhydrous inert
      solvent.
PARN
PAR  This is a division, of application Ser. No. 878,552 filed Nov. 20, 1969 now
      U.S. PAT. No. 3,887,550.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In recent years considerable interest in isatoic anhydride has developed
      because of the facility with which it and its ring substituted analogues
      can be used as intermediates in the production of pharmaceuticals*,
      agricultural chemicals**, and anthranilic acid esters which are used as
      perfume essences and flavoring materials. Such interest has stimulated a
      search for new, less expensive and non-hazardous methods of production of
      isatoic anhydride and its substituted analogues.
TBL  *     U.S. Pat. No. 3,170,955 (1965)                                      
           U.S. Pat. No. 3,162,684 (1964)                                      
           U.S. Pat. No. 3,163,646 (1964)                                      
           U.S. Pat. No. 3,120,523 (1964)                                      
           Neth. Apl. 6,407,857 (1965)                                         
           U.S. Pat. No. 3,252,986 (1966)                                      
           U.S. Pat. No. 3,274,194 (1966)                                      
     **    British 894,435 (1962)                                              
           British 865,735 (1961)                                              
           U.S. Pat. No. 3,244,503 (1966)                                      
           Germany 1,210,242 (1966)                                            
PAR  Many of the pyrimidinediones and ring substituted analogues formed by the
      method of the invention are useful as agricultural chemicals, in
      particular as herbicides. Specifically, many of the compounds have been
      found to have utility as plant growth regulators, total herbicides,
      selective weed killers, and defoliating agents.
PAR  In recent years increased crop yields have been made possible by the
      development and use of chemicals which are specifically toxic to weeds,
      yet do not damage crops around which they are applied. In general, the
      currently available chemicals which are most desired for their selectivity
      and as total herbicides are sufficiently expensive that cost is a
      significant factor in their use. Therefore, new compounds and inexpensive
      methods for producing such compounds are constantly being sought. The use
      of 3-substituted pyrimidine-diones is disclosed in application Ser. No.
      740,090 filed June 26, 1968, now abandoned.
PAR  In addition, while many compounds presently on the market are effective
      against certain species of weeds, they are ineffective against others, or
      against certain strains or weeds. Apparently, resistant strains develop by
      a phenomenon which can be likened to "natural selection". Thus new
      herbicides which have broad spectrum effectiveness against a wide variety
      of weeds are continually being sought.
PAR  It is an object of the present invention to provide an improved method for
      producing heterocyclic acid anhydrides and pyrimidinediones.
PAR  It is a further object to provide a method for the production of
      heterocyclic acid anhydrides and pyrimidinediones which is non-hazardous
      and simple, and which does not require exotic or expensive starting
      materials or complicated apparatus.
PAR  It is a further object of the invention to provide an easy one-step method
      for the production of compounds having the following formulas:
      ##SPC1##
PAL  Wherein each of W, X, Y and Z is N or CH and, in the acid anhydride, not
      more than one of X, y and Z is N, while, in the pyrimidinediones, not more
      than two of W, X, Y and Z can be N, and R is hydrogen or an alkyl group
      having not more than 8 carbon atoms.*
FNT  * Alkyl group is used in the ordinary sense of the word to indicate a
      straight-chain alkyl group.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The method of the instant invention comprises reaction in an inert
      anhydrous solvent (1) substantially equivalent amounts of lead
      tetra-acetate with (2) a compound having the formula
      ##SPC2##
PAL  wherein each of A and A' is OH or NHR and W, X, Y, Z and R have the
      meanings set forth above, with the proviso that not more than one of A and
      A' is OH and when either of A and A' is OH, R is hydrogen, W is CH and not
      more than one of X, Y and Z is N, agitating the reaction mixture at a
      temperature sufficiently high that reaction occurs and recovering the acid
      anhydride or pyrimidinedione.
PAC  PREPARATION OF STARTING MATERIALS
PAR  Compounds represented by the foregoing formula, when either A and A' is OH,
      are phthalamic acid and ringsubstituted nitrogen analogues, named as
      carbamylnicotinic acids, which constitute the starting materials for the
      preparation of the acid anhydrides, they can be prepared as described in
      the references cited in Examples I through VI.
PAR  Pyridine-2,3-and 3,4-dicarboxamides and N-monosubstituted 2,3- and
      3,4-pyridinedicarboxamides which constitute the starting materials for the
      preparation of pyrimidinediones, can be made from corresponding
      dicarboxylic acids according to the method outlined below, through the
      imide, which is then reacted with NH.sub.3 or a suitable amine. The
      preparation of N.sup.2 -n-butyl-2,3-pyridinedicarboxamide is used as an
      example.
PAC  EXAMPLE A
PAR  A 2-liter, 3-necked flask equipped with a stirrer and a thermometer, and
      partially immersed in an oil bath was charged with 400 g. of
      2,3-pyridinedicarboxylic acid, 400 g. acetamide and 400 ml. acetic
      anhydride. Agitation was begun and continued throughout the reaction. The
      reaction mixture was then heated rapidly to a temperature of 136.degree.*
      and held at that temperature for 2 hours. During this period the acetic
      acid which was produced was distilled off. At the end of this time, the
      mixture was cooled, the solids removed by filtration, and the filtrate set
      aside. The solids were washed with cold methanol, dried, and weighed. The
      yield was 251.6 g. light tan material having a melting point of
      239.degree.-240.degree.. The filtrate, which had been set aside, was
      reduced in volume and a further yield of 9.2 g. of imide having a melting
      point of 239.degree.-240.degree. obtained. The total yield was 260.8 g.
      2,3-pyridinedicarboximide. The 2,3-pyridinedicarboximide was used to
      prepare N.sup.2 -n-butyl-2,3-pyridinedicarboxamide in the following
      manner.
FNT  * All temperatures reported herein and in the attached claims are in
      degrees Centigrade. A 500 ml. flask equipped with a stirrer, condenser,
      thermometer, bubbler, and addition funnel, and partially immersed in an
      ice bath, was charged with 16.5 g. pyridinedicarboximide and 100 ml.
      benzene. Agitation of the flask contents was begun and continued
      throughout the duration of the reaction. An addition of 11.0 g.
      n-butylamine was then commenced and charged over a 2 minute period. After
      the charging, the reaction mixture was stirred for an additional two hours
      and 30 minutes, during which time the temperature of the reaction mixture
      reached a high of 45.degree.. At the end of this time, the thick slurry
      which had formed was cooled to about 10.degree., the solids were removed
      by filtration, and the filtrate was set aside. The solids were then washed
      with cold benzene and dried. The yield was 21.4 g. product which had a
      melting point of 87.degree.-95.degree., and was identified by infrared
      spectroscopy as a mixture consisting predominately of N.sup.2
      -n-butyl-2,3-pyridinedicarboxamide with a small amount of N.sup.3
      -n-butyl-2,3-pyridinedicarboxamide.
PAR  The unsubstituted 2,3- and 3,4-dicarboxamides of pyridine and the other
      N-monosubstituted 2,3- and 3,4-dicarboxamides of pyridine can be produced
      in the same manner by reaction of the corresponding imide with the
      appropriate amine or NH.sub.3. The reaction can be illustrated as follows:
DETD
PAR  This invention can be more clearly understood by reference to the following
      examples.
PAC  EXAMPLE I
PAC  Preparation of Isatoic Anhydride
PAR  A 250 ml. flask was charged with 2.0 g. phthalamic acid* suspended in 100
      ml. dry benzene, and heated to boiling. A 5.4 g. portion of lead
      tetra-acetate was added to the boiling suspension, and the reaction
      mixture was heated under reflux, with stirring, for 48 hours. The reaction
      mixture was then cooled and solids were separated therefrom by filtration.
      The residue was washed 2 times with water; isatoic anhydride was
      recrystallized from dioxane, and dried in vacuo for 2 hours. The final
      yield of isatoic anhydride amounted to 0.87 g. tan solids, melting point
      243.degree., and represented 44 percent of theory based on the phthalamic
      acid. The structure was confirmed by infrared spectroscopy.
FNT  * E. Chapman and H. Stephen, J. Chem. Soc., 1925, 127, 1791
PAC  EXAMPLE II
PAC  Preparation of Isatoic Anhydride
PAR  A 100 ml. flask was charged with 2.0 g. phthalamic acid suspended in 20 ml.
      dimethylformamide at room temperature. A 5.4 g. portion of lead
      tetra-acetate was added to the suspension, and the reaction mixture was
      held at room temperature for 40 minutes. The reaction mixture was poured
      into 30 ml. water. Isatoic anhydride was filtered from the water,
      recrystallized from dioxane, and dried in vacuo for 2 hours. The final
      yield of isatoic anhydride amounted to 1.07 g. tan solids, melting point
      243.degree., and represented 54 percent of theory based on the phthalamic
      acid.
PAC  EXAMPLE III
PAC  Preparation of 3-Azaisatoic Anhydride
PAR  A 100 ml. flask was charged with 2.0 g. 2-carbamylnicotinic acid* suspended
      in 20 ml. dimethylformamide. A 5.5 g. portion of lead tetra-acetate was
      added to the suspension, and the mixture was stirred at
      50.degree.-60.degree. for 1 hour. The reaction mixture was poured into 20
      ml. water; solids were separated by filtration, and 3-azaisatoic anhydride
      was recrystallized from dioxane, and dried in vacuo for 2 hours. The final
      yield of 3-azaisatoic anhydride amounted to 1.48 g., melting point
      217.degree.-219.degree., and represented 75 percent of theory. The
      structure was confirmed by elemental analysis and infrared spectroscopy.
FNT  * F. G. Mann and J. A. Reid, J. Chem. Soc., 1952, 2057.
PAC  EXAMPLE IV
PAC  Preparation of 4-Azaisatoic Anhydride
PAR  A 50 ml. flask was charged with 0.94 g. 3-carbamylisonicotinic acid
      suspended in 8 ml. dimethylformamide. A 2.5 g. portion of lead
      tetra-acetate was added to the suspension, and the reaction mixture was
      stirred at 20.degree. for 10 minutes. The reaction mixture was then warmed
      to 45.degree. and stirred for 10 minutes. The cooled mixture was poured
      onto 30 grams crushed ice and the pale yellow solids were collected by
      filtration and dried in vacuo. Extensive decomposition of the product
      occurred upon attempted recrystallization from organic solvents. The final
      yield of 4-azaisatoic anhydride amounted to 0.65 g., melting point
      218.degree., with decomposition, and represented 70 percent of theory. The
      structure was identified by elemental analysis, infrared spectroscopy and
      mass spectrometry.
PAC  EXAMPLE V
PAC  Preparation of 5-Azaisatoic Anhydride
PAR  A 50 ml. flask was charged with 2.6 g. lead tetra-acetate suspended in 10
      ml. dimethylformamide and stirred while a solution of 0.96 g. of
      4-carbamylnicotinic acid in 5 ml. dimethylformamide was added dropwise
      during 10 minutes. The mixture was stirred for 10 minutes after completion
      of the addition, then poured onto 40 g. crushed ice. A precipitate of
      cream solids was collected by filtration, washed with water and dried in
      vacuo. The yield of 5-azaisatoic anhydride amounted to 0.68 g., melting
      point 180.degree. with decomposition, and represented 72 percent of
      theory. On attempted purification by crystallization from organic
      solvents, extensive decomposition occurred. The structure was confirmed by
      elemental analysis, infra-red spectroscopy and mass spectrometry.
PAC  EXAMPLE VI
PAC  Preparation of Pyrazino [2,3-d]Pyrimidine- 2,4(1H,3H)-Dione
PAR  A 50 ml. flask was charged with 0.90 g. pyrazine-2,3-dicarboxamide
      dissolved in 16 ml. dimethylformamide. A 2.4 g. portion of lead
      tetra-acetate was added to the solution and the reaction mixture was
      stirred at 40.degree. for 15 minutes. The reaction mixture was cooled, 30
      g. of ice was added and after 1 hour the mixture was filtered.
      Crystallization of the residue from water gave, after drying in vacuo, a
      yield of 0.64 g. of pyrazino[2,3-d]pyrimidine-2,4(1H,3H)-dione, melting
      point 364.degree.-365.degree., which represented 71 percent of theory. The
      structure was confirmed by infra-red spectroscopy.
PAC  EXAMPLE VII
PAC  Preparation of 2,4(1H,3H)-Quinazolinedione
PAR  A 50 ml. flask was charged with 1.0 g. phthalamide suspended in 10 ml.
      dimethylformamide. A 2.7 g. portion of lead tetra-acetate was added to the
      suspension, and the reaction mixture was stirred at 50.degree.-60.degree.
      for 1 hour. The reaction mixture was cooled, diluted with 15 ml. water,
      and filtered. Sublimation of the residue at 200.degree. at an absolute
      pressure of 0.01 mm Hg gave a yield of 0.80 g. of
      2,4(1H,3H)-quinazolinedione, melting point 351.degree.-352.degree., and
      represented 81 percent of theory based on the phthalamide. The structure
      was confirmed by elemental analysis and infrared spectroscopy.
PAC  EXAMPLE VIII
PAC  Preparation of Pyrido[2,3-d]Pyrimidine 2,4(1H,3H)-Dione
PAR  A 50 ml. flask was charged with 0.9 g. pyridine-2,3-dicarboxamide suspended
      in 10 ml. dimethylformamide. A 2.4 g. portion of lead tetra-acetate was
      added to the suspension, and the reaction mixture was stirred at
      50.degree.-60.degree. for 20 minutes and filtered. Sublimation of the
      residue at 200.degree. at an absolute pressure of 0.01 mm. Hg gave a yield
      of 0.8 g. pyrido[2,3-d]pyrimidine-2,4 (1H,3H)-dione, melting point
      360.degree., and represented 90 percent of theory based on the
      pyridine-2,3-dicarboxamide. The structure was confirmed by infrared
      spectroscopy.
PAC  EXAMPLE IX
PAC  Preparation of Pyrido[3,4-d]Pyrimidine-2,4 (1H,3H)-Dione
PAR  A 50 ml. flask was charged with 1.0 g. pyridine-3,4-dicarboxamide suspended
      in 10 ml. dimethylformamide. A 2.4 g. portion of lead tetra-acetate was
      added to the suspension, the reaction mixture stirred at
      50.degree.-60.degree. for 1 hour, cooled and filtered. Sublimation of the
      residue at 210.degree./0.01 mm. gave a yield of 1.0 g. of
      pyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione, melting point 365.degree.,
      representing 100 percent theory based on the pyridine-3,4-dicarboxamide.
      The structure was confirmed by elemental analysis and infrared
      spectroscopy.
PAC  EXAMPLE X
PAC  Preparation of 3-Methyl-2,4(1H,3H)- Quinazolinedione
PAR  A 50 ml. flask was charged with 1.0 g. N-methylphthalamide suspended in 11
      ml. dimethylformamide. A 2.6 g. portion of lead tetra-acetate was added to
      the suspension, and the reaction mixture stirred at 40.degree.-50.degree.
      for 2 hours. The reaction mixture was diluted with 15 ml. water, cooled
      and filtered. The yield amounted to 0.89 g., melting point
      230.degree.-232.degree., representing 88 percent of theory based on the
      N-methylphthalamide. The structure was confirmed by infrared spectroscopy.
PAC  EXAMPLE XI
PAC  Preparation of 3-n-Butyl-Pyrido[3,2-d] Pyrimidine-2,4(1H,3H)-Dione
PAR  A 100 ml. flask was charged with 9.0 g. of a mixture of N.sup.2
      -n-butyl-2,3-pyridine-dicarboxamide and N.sup.3
      -n-butyl-2,3-pyridine-dicarboxamide suspended in 70 g. dimethylformamide.
      An 18.0 g. portion of lead tetra-acetate was added, and the reaction
      mixture stirred at 60.degree. for 2 hours. The reaction mixture was poured
      into 200 ml. water. The precipitate was filtered from the water,
      recrystallized from dioxane, and dried at 100.degree., for about 1 hour.
      The final yield of 3-n-butyl-pyrido[3,2-d] and
      3-n-butyl-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione amounted to 8.4 g.,
      melting point 200.degree.-210.degree., and represented 93 percent of
      theory based on the dicarboxamide starting material. The structure was
      determined by nuclear magnetic resonance spectroscopy to consist of 78
      percent of the [3,2-d]isomer and 22 percent of the [2,3-d]isomer.
PAC  EXAMPLE XII
PAC  Preparation of 3-Methyl Pyrazino[2,3-d] Pyrimidine-2,4(1H,3H)-Dione
PAR  A 50 ml. flask was charged with 0.90 g. N-methylpyrazine-2,3-dicarboxamide
      dissolved in 16 ml. dimethylformamide. A 2.4 g. portion of lead
      tetraacetate was added to the solution and the reaction mixture was
      stirred at 25.degree. for 15 minutes. The reaction mixture was cooled, 30
      g. of ice was added and after 1 hour the mixture was filtered.
      Crystallization of the residue from a mixture of water and
      dimethylformamide gave, after drying in vacuo, a yield of 0.76 g. of
      3-methylpyrazine[2,3-d]pyrimidine-2,4(1H,3H)-dione, melting point
      342.degree.-343.degree., which represented 86 percent of theory. The
      structure was confirmed by elemental analysis, infra-red spectroscopy and
      mass spectrometry.
PAC  DISCUSSION OF THE REACTION MEDIUM
PAR  The improved method of the invention can be carried out in various inert,
      anhydrous solvents and combinations of such solvents. Although the
      reaction proceeds in a non-polar solvent such as benzene, as illustrated
      in Example II, dipolar aprotic solvents are the preferred reaction medium.
      The presence of a "dipole moment (u)" in such a dipolar aprotic solvent
      molecule contributes to the ease of solubility of the reacting compounds
      and to an improved reaction which takes place more readily than in a
      non-polar reaction medium. The reactions in dipolar aprotic solvents can
      be carried out at a lower temperature and will proceed at a much faster
      rate than reactions carried out in non-polar solvents. The preferred
      dipolar aprotic solvents of the method of the invention are:
      dimethylformamide, diethylformamide, dimethylacetamide, diethylacetamide,
      and dimethylsulfoxide. Aromatic solvents which are operable as reaction
      media are benzene, ethylbenzene, xylene, toluene, and pyridine.
      Combinations of dipolar solvents and combinations of dipolar and aromatic
      solvents are also operable as reaction media.
PAR  In addition to being useful as discussed above, acid anhydrides produced by
      the method of the invention are useful as intermediates for the production
      of pyrimidine diones which can be used as herbicides. For example,
      3-azaisatoic anhydride can be dissolved in dimethylformamide and reacted
      with a substantially stoiciometric amount of isopropyl amine to produce
      2-amino-N-isopropylnicotinamide. The reaction is conveniently conducted at
      a temperature of about 45.degree.-50.degree. until carbon dioxide
      evolution ceases. The 2-amino-N-isopropylnicotinamide can then be reacted
      with phosgene to produce 3-isopropyl pyrido[2,3-d]pyrimidine-2,4
      (1H,3H)-dione. This reaction can be conducted under ambient pressure in
      p-dioxane as a solvent, preferably in the presence of triethylamine as an
      HCl absorber, at a temperature in the vicinity of 100.degree..
PAR  The 3-isopropyl pyrido[2,3-d]pyrimidine-2,4 (1H,3H)-dione for which
      3-azaisatoic anhydride is an intermediate, as discussed above, can be used
      as a herbicide, dissolved in acetone, by spraying onto soil which has been
      prepared for planting. A light working of the soil after spray application
      is desirable, e.g., by dragging or disking to work the 3-isopropyl pyrido
      [2,3-d]pyrimidine-2,4(1H,3H)-dione into the soil. The soil can then be
      planted in a conventional manner. The 3-isopropyl
      pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione, applied at a rate of 16 pounds
      per acre, is innocuous to alfalfa, but shows herbicidal activity against
      volunteer corn, wild oats, cheat grass, foxtail, barnyard, crab grass, nut
      grass, Johnson grass, volunteer snap beans, soybeans, pig weed,
      lambsquarter and marigold and, at higher application rates, can be used as
      a total herbicide.
PAR  The 2-amino-N-isopropylnicotinamide for which 3-azaisotoic anhydride is an
      intermediate, as also discussed above, can also be dissolved in acetone
      and used as described in the preceding paragraph hereof at an application
      rate of 16 pounds per acre as a preemergence herbicide for the control of
      wild oats.
PAR  The 4-azaisatoic anhydride and the 5-azaisatoic anhydride, produced as
      described above according to the method of the invention, are believed to
      be new compounds, all attempts at their production by an aqueous Hoffman
      reaction which has been used to produce 3-azaisatoic anhydride having
      failed. The 4- and 5-azaisatoic anhydrides are also useful as chemical
      intermediates. They undergo reactions analogous to those discussed above
      with isopropyl and other amines to produce the isomeric N-substituted
      amides, from which the isomeric pyrimidine diones can likewise be produced
      by reaction with phosgene.
PAR  Some of the pyrimidine diones produced by the method of the invention are
      useful as herbicides. For example, 3-n-butyl
      pyrido[3,2-d]pyrimidine-2,4(1H,3H)-dione, applied as described above at a
      rate of 16 lbs. per acre, was found to provide 100 percent control of
      alfalfa, corn, wild oats, cheatgrass, foxtail, barnyardgrass, nutgrass,
      Johnsongrass, snapbeans, yellow rocket, chickweed, cucumber, pigweed and
      velvetleaf, 70 percent control of lambsquarters and 90 percent control of
      crabgrass.
PAR  The pyrimidine diones produced by the method of the invention which are not
      particularly useful as herbicides are unexpectedly useful because of their
      close similarity, from a structural chemical standpoint, to compounds
      having extremely high orders of activity. For example, 3-n-butyl
      pyrazino[2,3-d]pyrimidine-2,4 (1H,3H)-dione was a considerably lower order
      of herbicidal activity than does 3-n-butyl pyrido[3,2-d]
      pyrimidine-2,4(1H,3H)-dione, and members of other families of pyrimidine
      diones produced by the method of the invention are substantially inert as
      herbicides. The close structural similarities among these several
      compounds, coupled with the fact reported herein of the significant
      difference in order of herbicidal activity provides the basis for an
      orderly investigation, on the basis of molecular models, of the
      relationship between chemical structure and herbicidal activity, the
      development of a theory explaining this relationship, and consequent
      significant advance in the useful arts on the basis of intelligent
      application of the theoretical explanation by skilled workers in the art.
PAR  The corrosion inhibiting characteristics of the pyrimidine diones produced
      by the method of the invention have been demonstrated by immersing
      carefully cleaned, dried and weighed 1010 steel coupons in 5 percent
      sulfuric acid to which a minor amount of the pyrimidine dione has been
      added for a period of 4 hours at 75.degree. and then again carefully
      cleaning, washing, drying and weighing the coupons. The percentage weight
      loss, which is 100 times the weight loss in grams divided by the weight of
      the coupon, inhibited versus uninhibited 5 percent sulfuric acid,
      indicates that the pyrimidine diones produced by the method of the
      invention are useful as corrosion inhibitors.
PAR  The acid anhydrides produced by the method of the invention, as has been
      indicated above, can be converted to pyrimidine diones by reaction with an
      appropriate amine and ring-closure with phosgene. The corresponding sulfur
      analogues can also be produced by ring-closure with thiophosgene
      ##EQU1##
      these analogues are preferred as corrosion inhibitors because equilibrium
      favors the CSH form rather than the favored C=O form of the diones.
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ABST
PAL  Compounds of the formula:
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are the same or different and each stands for
      hydrogen atom or alkyl group which may be substituted by hydroxy or/and
      alkoxy group; R.sup.1 and R.sup.2 may, taken together with the adjacent
      nitrogen atom, form a heterocyclic ring; R.sup.3 stands for hydrogen atom
      or lower alkyl group; Q stands for ethylene or trimethylene group which
      may be substituted by lower alkyl group; Y stands for --O--, --S-- or
      --NH--; and rings A and B are unsubstituted or substituted by halogen
      atom, nitro, alkyl, trifluoromethyl or/and alkoxy group, and
      pharmaceutically acceptable salts thereof, are useful as tranquilizers,
      muscle relaxants, sedatives, anticonvulsants, sleep inducers, etc.
BSUM
PAC  TRIAZOLOBENZODIAZEPINE DERIVATIVES
PAR  The present invention relates to novel benzodiazepine derivatives of the
      following general formula (I):
      ##SPC2##
PAL  (wherein R.sup.1 and R.sup.2 are the same or different and each stands for
      hydrogen atom or alkyl group which may be substituted by hydroxy or/and
      alkoxy group, R.sup.1 and R.sup.2 may, taken together with the adjacent
      nitrogen atom, form a heterocyclic ring; R.sup.3 stands for hydrogen atom
      or lower alkyl group; Q stands for ethylene or trimethylene group which
      may be substituted by lower alkyl group; Y stands for --O--, --S-- or
      --NH--; and rings A and B are unsubstituted or substituted by halogen
      atom, nitro, alkyl, trifluoromethylene or/and alkoxy group) and their
      pharmaceutically acceptable salts.
PAR  The present inventors have made extensive study about a series of
      benzodiazepine derivatives and succeeded in synthesizing the novel
      derivatives of the above formula (I), and have found out that the above
      benzodiazepine derivatives have an effective tranquilizing effect, etc.
PAR  The present invention has been accomplished on the basis of this finding.
PAR  The principal object of this invention is to provide novel benzodiazepine
      derivatives useful as a tranquilizer, etc. Another object of this
      invention is to provide a method for the production of these novel
      compounds. Further objects will become apparent from the description of
      this specification as well as of the claims.
PAR  The following is a detailed explanation of this invention.
PAR  Referring to the above general formula (I), the alkyl groups denoted by
      R.sup.1 and R.sup.2 are preferably straight-chain, branched or cyclic
      lower alkyl groups of 1 to 6 carbon atoms, such as methyl, ethyl, propyl,
      isopropyl, butyl, pentyl, cyclopentyl, hexyl, cyclohexyl, etc. When the
      alkyl R.sup.1 or R.sup.2 is substituted by hydroxy or alkoxy, the alkyl
      group may be substituted in optional positions by an optional number of
      hydroxy group(s) or/and lower alkoxy group(s) of about 1 to 4 carbon atoms
      (for example, methoxy, ethoxy, propoxy, isoproxy, butoxy, etc.). Such
      substituted alkyls are exemplified by 2-hydroxyethyl, 2-hydroxypropyl,
      3-hydroxypropyl, 2-methoxyethyl, 2-ethoxyethyl, 2,2-dimethoxyethyl,
      2,2-diethoxyethyl, 3-methoxypropyl, 3-ethoxypropyl, 2-methoxypropyl,
      2-ethoxypropyl, etc. The heterocyclic group which may be formed by R.sup.1
      and R.sup.2 as taken together with the adjacent nitrogen atom is
      preferably a five- to seven-membered ring including, as one hetero-atom or
      hetero-atoms, 1 to 2 nitrogen, oxygen, sulfur atom(s). The heterocyclic
      ring may be substituted in optional positions by alkyl, hydroxyalkyl
      or/and alkoxyalkyl groups same with those mentioned for R.sup.1 and
      R.sup.2. Examples of such heterocyclic ring are pyrrolidine, piperidine,
      homopiperazine, homopiperidine, morpholine, piperazine, N-mono-substituted
      piperazine (e.g. N-methyl-, N-ethyl-, N-propyl, N-(2-hydroxyethyl)- and
      N-(2-methoxyethyl)-piperazines), etc.
PAR  The lower alkyl group denoted by R.sup.3 is preferably a straight-chain or
      branched lower alkyl group of 1 to 4 carbon atoms, i.e. methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl. The lower alkyl
      groups which may be substituted on Q, the ethylene or trimethylene group,
      may be alkyl groups same with those mentioned for R.sup.3.
PAR  When ring A or/and ring B are substituted, the substituent(s) may be one or
      more, the same or different, in optional substitutable positions.
PAR  The halogen which may be substituent on rings A and B may for example be
      fluorine, chlorine, bromine or iodine, the alkyl which may be substituent
      on rings A and B may be lower alkyl groups same with those mentioned for
      R.sup.3 and the alkoxy which may be substituent on rings A and B may be
      lower alkoxy groups of 1 to 4 carbon atoms just as mentioned in the
      definition of alkoxy which may be substituent on alkyls R.sup.1 and
      R.sup.2.
PAR  The pharmaceutically acceptable salts of the compounds (I) are acid
      addition salts exemplified by inorganic acid salts, such as hydrochloride,
      sulfate and hydrobromide, and organic acid salts such as acetate, oxalate,
      malonate, succinate, tartarate, maleate, furmarate and palmitate.
PAR  The benzodiazepine derivatives of the above general formula (I) and their
      pharmaceutically acceptable salts show a tranquilizing effect, a muscle
      relaxing effect, an anticonvulsive effect, a sedative effect, a
      sleep-inducing effect, etc., and furthermore, these compounds show low
      toxicity and less side effect. Taking advantage of these properties, these
      compounds can be safely used as tranquilizers, muscle relaxants,
      sedatives, anticonvulsants, sleep inducers, etc. When a compound (I) is
      used as such a medicine, it can be administered, either as it is or in
      admixture with a pharmaceutically acceptable vehicle, excipient or/and
      dilutent, orally or parenterally in various dosage forms such as powders,
      granules, tablets, capsules, suppositories and injections. While the
      dosage varies with the type and symptoms of disorder or ailment to be
      dealt with, usual oral dosage is about 0.1 mg. to about 30 mg. daily for
      human adults.
PAR  The object compound of this invention can be prepared by reacting a
      compound of the general formula (II):
      ##SPC3##
PAL  (wherein X stands for halogen atom and all other symbols and rings A and B
      have the respective meanings given above) or a reactive derivative at the
      carboxyl function thereof with a compound of the general formula (III):
      ##EQU1##
      (wherein R.sup.1 and R.sup.2 have the respective meanings given above) to
      obtain a compound of the general formula (IV):
      ##SPC4##
PAL  (wherein all the symbols and rings A and B have the respective meanings
      given above) (step A) and, then, reacting the compound (IV) with a
      compound of the general formula (V):
EQU  H.sub.2 N -- Q -- YH                                       (V)
PAL  (wherein symbols Q and Y have the respective meanings given above) (step
      B).
PAR  The halogen represented by X includes fluorine, chlorine, bromine and
      iodine.
PAR  The reactive derivative at carboxyl function of compound (II), in the
      context of this invention, includes the esters with lower alkyls of about
      1 to 4 carbon atoms (e.g. methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, or tert-butyl), active esters (e.g.
      2,4-dinitrophenyl, pentachlorophenyl, N-hydroxysuccinimido and other
      esters), acid halides (e.g. acid chloride, acid bromide, etc.) and mixed
      acid anhydrides (e.g. mixed acid anhydrides with monomethyl carbonate,
      monoethyl carbonate, etc.).
PAR  The above-mentioned alkyl esters can be produced by treating a compound
      (II) with an alcohol corresponding to the alkyl moiety of the ester in the
      presence of an acid catalyst (e.g. hydrochloric acid, sulfuric acid,
      p-toluenesulfonic acid, etc.) at a temperature ranging from room
      temperature to the boiling point of the alcohol used. The active esters
      can easily be produced by condensing a compound (II) with a phenol or a
      hydroxyl-containing compound corresponding to the ester residue (e.g.
      N-hydroxysuccinimide, 2,4-dinitrophenol, pentachlorophenol, etc.) in the
      presence of DCC (dicyclohexylcarbodiimide). The acid halides can easily be
      produced by reacting compound (II), for example with a chloride or an
      oxychloride of phosphorus (e.g. phosphorus trichloride, phosphorus
      tribromide, phosphorus pentachloride, phosphorus oxychloride, etc.) or
      thionyl chloride, if necessary in a suitable solvent (e.g. benzene,
      toluene, xylene, chloroform, dichloromethane, tetrahydrofuran) at a
      temperature ranging from about -10.degree.C to about the boiling point of
      the solvent used. The mixed acid anhydride can easily be prepared in the
      routine manner, too, for example by reacting compound (II) with about one
      equivalent of a chlorocarbonic ester in a solvent (e.g. tetrahydrofuran,
      dioxane, dimethylformamide, etc.) in the presence of about one equivalent
      of a base (e.g. triethylamine) under cooling.
PAR  While the reactive derivative at carboxyl function of compound (II) thus
      produced can be isolated and purified if desired, it is also recommended
      in the reactions of this invention to use directly the reaction mixture as
      such or the residue after removing off the solvent from the reaction
      mixture.
PAR  The reaction in step A of this invention is performed by reacting a
      compound (II) or a reactive derivative at carboxyl function thereof with a
      compound (III). The reaction proceeds even in the absence of a solvent
      because one of reactants (III) may function as a solvent as well, but the
      reaction can proceed smoothly by employment of a solvent. While this
      reaction does not necessarily require a condensing agent, particularly
      when the free carboxylic acid of the general formula (II) as such is used
      as one of the reactants, the reaction is more desirably conducted in the
      presence of a condensing agent. The solvent to be used in the present
      reaction is exemplified by ethyl acetate and others as well as the
      solvents which are usable in the preparation of said reactive derivative
      at carboxyl function of compound (II), insofar the solvent will not
      adversely affect the reaction. The condensing agent which may be employed
      includes DCC (dicyclohexylcarbodiimide), carbonyldiimidazole, etc. The
      proportions of starting compounds in this reaction are ordinarily about 1
      to 10 moles of compound (III) for every mole of compound (II) and, when a
      condensing agent is employed, about 1 to 1.5 mole of (III) to each mole of
      compound (II). In this connection, when the compound of general formula
      (III) is ammonia, it can be used in optional forms such as liquid ammonia,
      aqueous ammonia, etc. Further, the reaction may at times be accelerated
      and provide better results when a basic substance (e.g. triethylamine,
      N-methylpiperidine and other tertiary organic amines) is allowed to be
      present in the reaction system. The proportion of the basic substance for
      this purpose is generally speaking, about 1  to 3 moles to each mole of
      compound (II). This reaction may be carried out ordinarily under cooling
      to around room temperature.
PAR  The reaction in step B of this invention is performed by reacting a
      compound (IV) with a compound (V). The molar ratio of compound
      (V)/compound (IV) is ordinarily about 1/1 to 1/10. While the reaction
      proceeds even in the absence of a solvent, the reaction can proceed
      smoothly by employing a solvent. The solvent may usually be selected from
      among alcohols (e.g. methanol, ethanol, propanol, butanol, etc.),
      aliphatic and aromatic hydrocarbons and halogenated hydrocarbons (e.g.
      hexane, benzene, toluene, xylene, chloroform, dichloromethane, etc.),
      dialkylformamide (e.g. dimethyl-, diethyl- and other formamides), phenol,
      etc. The reaction temperature may be optionally selected from the range
      between room temperature and 200.degree.C and, when a solvent is used, the
      reaction is generally conducted under heating at a temperature around the
      boiling point of the solvent. In conducting the reaction of step B, more
      satisfactory results are sometimes obtained when a metal iodide (e.g.
      potassium iodide, sodium iodide, etc.) is added to the reaction system or
      when compound (IV) is previously treated with an iodide. It should further
      be understood that where compound (III) and compound (V) are identical,
      the contemplated compound (I) can be produced by conducting the two steps
      of this invention, namely step (A) and step (B), continuously without
      isolating the intermediate compound (IV).
PAR  The end product compound (I) thus produced can be obtained in optional
      purity by separation and purification procedures known per se, such as
      recrystallization, chromatography, etc.
PAR  The compound of the general formula (II), one of the starting compounds in
      the method of this invention, can be prepared from 2-aminobenzophenone
      derivatives by the route shown below.
      ##SPC5##
PAL  (wherein R.sup.4 stands for lower alkyl group same with that mentioned for
      R.sup.3 ; X.sup.1 stands for halogen atom same with that mentioned for X;
      and all the other symbols and rings A and B are as previously defined)
PAR  Thus, 2-aminobenzophenones of formula [1] are known compounds which have
      already been described in the literature, for example,
      2-amino-5-chlorobenzophenone [Journal of Chemical Society 85, 344 (1904)],
      2-amino-2',5-dichlorobenzophenone [Journal of Organic Chemistry 26, 4488
      (1961)], etc.
PAR  The compound [1] gives a diazonium salt [2] by diazotation reaction which
      is known per se. Then, this diazonium salt [2] is coupled with an
      acetoacetic acid ester, usually in the presence of an acid acceptor (e.g.
      sodium acetate, potassium acetate, etc.), using 1 to 1.5 mole, preferably
      1.1 to 1.3 mole of said ester to diazonium salt [2] prepared from one mole
      of compound [1], whereupon the corresponding
      (2-benzoylphenylazo)acetoacetic acid ester [3] is obtained. Then, using
      about 1 to 3 moles of halogen, e.g. bromine, to each mole of compound [3],
      the latter compound [3] is treated in a solvent inert to the halogen (e.g.
      acetic acid), whereupon the acetyl group is replaced selectively by the
      halogen to give the compound [4]. This compound is treated with ammonia to
      obtain compound [5] and then treated with an .alpha.-halogenated acyl
      halide to produce compound [6]. Compound [6], upon treatment under acidic
      conditions, for example, with acetic acid or monochloroacetic acid, is
      readily cyclized to give a triazolyl derivative [7]. Cyclization of [6] to
      [7] is also performed with a basic substance such as imidazole and
      2-methylimidazole. Compound [7] can per se be used as a starting material
      in the method of this invention, but it may be converted to compound (II)
      by routine hydrolytic means, e.g. by treatment with alkali hydroxide. Of
      course, by the procedure described in this specification, compound (II)
      can be made into reactive derivative at carboxyl function of (II) which is
      also a starting material according to this invention.
PAR  Compound [5], an intermediate for the preparation of the starting compound
      (II), can also be prepared by the following alternate route;
      ##SPC6##
PAL  (wherein R.sup.4 and rings A and B are as previously defined)
PAR  Compound [8] is obtained by coupling of [2] with 2-chloroacetoacetic acid
      ester under conditions similar to those used in the coupling of [2] with
      acetoacetic acid ester which is described previously. Reaction of [8] with
      ammonia is also carried out in a similar manner to that used in reaction
      of [4] with ammonia.
PAR  In the present specification, positions of the substituents of compound (I)
      are designated according to the following numbering of the ring system:
      ##SPC7##
PAR  In the following examples and reference examples, "part(s)" is on the basis
      of weight unless otherwise stated, and the relationship between "weight
      part" and "volume part" is the same as between "gram" and "milliliter".
DETD
PAC  EXAMPLE 1
PAR  Under cooling with ice and stirring, to a solution of 7.5 parts of
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylic
      acid and 2.8 volume parts of triethylamine in 100 volume parts of dry
      tetrahydrofuran, 2.0 volume parts of ethyl chlorocarbonate is added
      dropwise. The solution is then added dropwise to 200 volume parts of
      ice-cooled concentrated aqueous ammonia (28 %). After stirring for 10
      minutes, the mixture is diluted with water and extracted with ethyl
      acetate. The ethyl acetate layer is washed with water and the solvent is
      distilled off. The residue is treated with ether to obtain
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxamid
     e as crystals. Recrystallization from ethanol gives colorless crystals
      melting at 122.degree.-124.degree.C (this product includes 1/2 ethanol of
      crystallization).
PAR  Elemental analysis (C.sub.17 H.sub.12 Cl.sub.2 N.sub.4 O.sub.2. 1/2C.sub.2
      H.sub.5 OH): Calcd. C, 54.28; H, 3,80; N, 14.07. Found C, 54.36; H, 3.78;
      N, 13.85.
PAR  After a manner similar to that described above, the following compounds are
      prepared:
PA1  1-(2-Benzoyl-4-methylphenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxamide
     ; melting point 157.degree.-158.degree.C (recrystallization from ethanol).
PA1  1-[4-Chloro-2-(2-chlorobenzoyl)phenyl]-5-chloromethyl-1H-1,2,4-triazole-3-c
     arboxamide; melting point 165.degree.-166.degree.C (recrystallization from
      ethanol).
PAC  EXAMPLE 2
PAR  To a solution of 0.375 part of
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxamid
     e in 4 volume parts of ethanol is added 0.2 volume part of ethanolamine.
      The mixture is refluxed for 7 hours and, then, the solvent is distilled
      off. Water is added to the residue and the precipitate is collected by
      filtration. The procedure yields
      2-chloro-13a-phenyl-11,12-dihydro-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a]
     benzodiazepine-7-carboxamide as crystals. Recrystallization from
      ethanol-methanol gives colorless prisms melting at
      242.degree.-243.degree.C.
PAR  Elemental analysis (C.sub.19 H.sub.16 ClN.sub.5 O.sub.2): Calcd. C, 59.76;
      H, 4.22; N, 18.34. Found C, 59.70; H, 4.10; N, 17.94.
PAR  After a manner similar to that described above, the following compounds are
      prepared:
PA1  11,12-Dihydro-2-methyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a][
     1,4]benzodiazepine-7-carboxamide; melting point 260.degree.-261.degree.C
      (recrystallization from methanol).
PA1  2-Chloro-13a-(2-chorophenyl)-11,12-dihydro-9H,13aH-oxazolo-[3,2-d]-s-triazo
     lo[1,5-a][1,4]benzodiazepine-7-carboxamide; melting point
      232.degree.-233.degree.C (recrystallization from methanol).
PAC  EXAMPLE 3
PAR  To a stirred solution of 3.76 parts of
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylic
      acid and 1.4 volume part of triethylamine in 60 volume parts of dry
      tetrahydrofuran, 1.0 volume part of ethyl chlorocarbonate is added
      dropwise under cooling with ice-salt. After 5 minutes, a solution of 1.2
      volume part of ethanolamine in 10 volume parts of dry tetrahydrofuran is
      added dropwise to the mixture. After evaporation of the solvent below
      40.degree.C under reduced pressure, the residue is diluted with water.
      This procedure yields
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-N-(2-hydroxyethyl)-1H-1,2,4-tr
     iazole-3-carboxamide as crystals. Recrystallization from ethanol gives
      colorless prisms melting at 170.degree.-171.degree.C.
PAR  Elemental analysis (C.sub.19 H.sub.16 Cl.sub.2 N.sub.4 O.sub.3): Calcd. C,
      54.43; H, 3.85; N, 13.36. Found C, 54.21; H, 3.79; N, 13.17.
PAC  EXAMPLE 4
PAR  A mixture of 0.82 part of
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-N-(2-hydroxyethyl)-1H-1,2,4-tr
     iazole-3-carboxamide, 0.6 volume part of ethanolamine and 12 volume parts
      of ethanol is refluxed for 17 hours. The mixture is diluted with water and
      extracted with chloroform. The chloroform layer is washed with water and
      dried over sodium sulfate. Evaporation of the solvent followed by
      treatment of the residue with ethanol yields
      2-chloro-11,12-dihydro-N-(2-hydroxyethyl)-13a-phenyl-9H,13aH-oxazolo[3,2-d
     ]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide as crystals.
      Recrystallization from ethanol-ethyl acetate gives colorless fine crystals
      melting at 168.degree.-169.degree.C.
PAR  Elemental analysis (C.sub.21 H.sub.20 ClN.sub.5 O.sub.3): Calcd. C, 59.22;
      H, 4.73; N, 16.45. Found C, 59.29; H, 4.58; N, 16.31.
PAC  EXAMPLE 5
PAR  A mixture of 0.355 part of
      1-(2-benzoyl-4-methylphenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxamid
     e, 0.4 volume part of isopropanolamine and 6 volume parts of ethanol is
      refluxed for 20  hours. After evaporation of the solvent, water is added
      to the residue to yield
      11,12-dihydro-2,12-dimethyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1
     ,5-a][1,4]benzodiazepine-7-carboxamide as crystals. Recrystallization from
      methanol gives colorless prisms melting at 245.degree.-249.degree.C.
PAC  EXAMPLE 6
PAR  A mixture of 0.355 part of
      1-(2-benzoyl-4-methylphenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxamid
     e, 0.4 volume part of 3-aminopropanol and 6 volume parts of ethanol is
      refluxed for 63 hours, and the solvent is evaporated. To the residue water
      is added and the mixture is extracted with ethyl acetate. The ethyl
      acetate layer is washed with water and the solvent is evaporated. The
      residue is treated with ethanol to yield
      11,12-dihydro-2-methyl-14a-phenyl-9H,13H,14aH-[1,3]oxazino[3,2-d]-s-triazo
     lo[1,5-a]-[1,4]benzodiazepine-7-carboxamide as crystals. Recrystallization
      from aqueous ethanol gives colorless prisms melting at
      207.degree.-209.degree.C.
PAC  EXAMPLE 7
PAR  After a manner similar to that described in Example 1 except the use of 60
      volume parts of 40 % aqueous dimethylamine instead of 200 volume parts of
      concentrated aqueous ammonia,
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-N,N-dimethyl-1H-1,2,4-triazole
     -3-carboxamide is obtained as crystals. Recrystallization from ethanol
      gives colorless prisms melting at 158.degree.-160.degree.C.
PAR  Elemental analysis (C.sub.19 H.sub.16 Cl.sub.2 N.sub.4 O.sub.2): Calcd. C,
      56.59; H, 4.00; N, 13.89. Found C, 56.46; H, 3.75; N, 13.88.
PAC  EXAMPLE 8
PAR  Under conditions similar to those described in Example 2, treatment of
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-N,N-dimethyl-1H-1,2,4-triazole
     -3-carboxamide with ethanolamine gives
      2-chloro-11,12-dihydro-N,N-dimethyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-tr
     iazolo[1,5-a][1,4]benzodiazepine-7-carboxamide as crystals.
      Recrystallization from ethanol yields colorless needles melting at
      194.degree.-195.degree.C.
PAR  Elemental analysis (C.sub.21 H.sub.20 ClN.sub.5 O.sub.2): Calcd. C 61.53, H
      4.92, N 17.09. Found C 61.40, H 4.79, N 16.76.
PAC  EXAMPLE 9
PAR  To a stirred suspension of 5.07 parts of
      1-[4-chloro-2-(4-methoxybenzoyl)phenyl]-5-chloromethyl-1H-1,2,4-triazole-3
     -carboxylic acid triethylammonium salt in 60 volume parts of dry
      tetrahydrofuran, 1.0 volume part of ethyl chlorocarbonate is added under
      cooling with ice-salt. After 5 minutes a solution of 2.6 volume parts of
      morpholine in 3 volume parts of dry tetrahydrofuran is added to the
      mixture. After stirring for an additional 5 minutes the reaction mixture
      is diluted with water and concentrated under reduced pressure. The
      concentrate is extracted with ethyl acetate and the ethyl acetate layer is
      washed with water. After evaporation of the solvent the residue is treated
      with ethanol-ether to yield
      1-[4-chloro-2-(4-methoxybenzoyl)phenyl]-5-chloromethyl-3-morpholinocarbony
     l-1H-1,2,4-triazole as crystals. Recrystallization from aqueous ethanol
      gives colorless prisms melting at 180.degree.-181.degree.C. The crystals
      are hemihydrate.
PAR  Elemental analysis (C.sub.22 H.sub.20 Cl.sub.2 N.sub.4 O.sub.4.1/2 H.sub.2
      O): Calcd. C, 54.55; H, 4.37; N, 11.57. Found C, 54.73; H, 4.16; N, 11.53.
PAC  EXAMPLE 10
PAR  A mixture of 0.475 part of
      1-[4-chloro-2-(4-methoxybenzoyl]-phenyl)-5-chloromethyl-3-morpholinocarbon
     yl-1H-1,2,4-triazole (hemihydrate), 0.3 volume part of ethanolamine and 6
      volume parts of ethanol is refluxed for 17 hours. After dilution with
      water the mixture is extracted with ethyl acetate. The ethyl acetate layer
      is washed with water and dried over sodium sulfate. The solvent is
      evaporated and the residue treated with ethanol-ether to give
      4-{2-chloro-11,12-dihydro-13a-(4-methoxyphenyl)-9H,13aH-oxazolo[3,2-d]-s-t
     riazolo[1,5-a][1,4]benzodiazepin-7-yl} carbonylmorpholine as crystals.
      Recrystallization from ethanol gives colorless needles melting at
      134.degree.-135.degree.C.
PAR  Elemental analysis (C.sub.24 H.sub.24 ClN.sub.5 O.sub.4): Calcd. C, 59.81;
      H, 5.02; N, 14.53. Found C, 59.48; H, 4.92; N, 14.38.
PAC  EXAMPLE 11
PAR  To a stirred solution of 3.41 parts of
      1-(2-benzoylphenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylic acid and
      1.4 volume part of triethylamine in 60 volume parts of dry
      tetrahydrofuran, 1.0 volume part of ethyl chlorocarbonate is added
      dropwise under cooling with ice-salt. After 10 minutes, a solution of 2.0
      parts of N-methylpiperazine in 10 volume parts of dry tetrahydrofuran is
      added dropwise to the mixture. After stirring for an additional 10 minutes
      the reaction mixture is diluted with water and extracted with ethyl
      acetate. The ethyl acetate layer is washed with water. Evaporation of the
      solvent yields crude
      1-(2-benzoylphenyl)-5-chloromethyl-3-(4-methyl-piperazinyl)carbonyl-1H-1,2
     ,4-triazole. To this is then added 60 volume parts of ethanol and 3 volume
      parts of ethanolamine, and the mixture is refluxed for 17 hours. The
      reaction mixture is diluted with water and extracted with ethyl acetate.
      The ethyl acetate layer is washed with water and evaporated to remove the
      solvent. The residue is treated with ethanol-ether to yield
      1-{11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a][1,4]
      benzodiazepine-7-yl} carbonyl-4 -methylpiperazine as crystals.
      Recrystallization from acetone gives colorless needles melting at
      190.degree.-191.degree.C.
PAR  Elemental analysis (C.sub.24 H.sub.26 N.sub.6 O.sub.2): Calcd. C, 66.95; H,
      6.09; N, 19.52. Found C, 66.85; H, 6.05; N, 19.34.
PAR  After a similar manner to the above, the following compounds can be
      prepared.
PA1  1.
      2-Chloro-11,12-dihydro-N-methyl-13a-phenyl-9H,13aH-oxazolo-[3,2-d]-s-triaz
     olo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  2.
      2-Chloro-11,12-dihydro-N,N-dimethyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-tr
     iazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  3.
      2-Chloro-N,N-diethyl-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-tri
     azolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  4.
      2-Chloro-N-ethyl-11,12-dihydro-N-methyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-
     s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  5.
      2-Chloro-N-ethyl-11,12-dihydro-13a-phenyl-N-propyl-9H,13aH-oxazolo[3,2-d]-
     s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  6.
      1-[(2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,
     5-a][1,4]benzodiazepin-7-yl)carbonyl]pyrrolidine,
PA1  7.
      1-[(2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,
     5-a][1,4]benzodiazepin-7-yl)carbonyl]piperidine,
PA1  8.
      4-[(2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,
     5-a][1,4]benzodiazepin-7-yl)carbonyl]morpholine,
PA1  9.
      1-[(2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,
     5-a][1,4]benzodiazepin-7-yl)carbonyl]-4-methylpiperazine,
PA1  10.
      1-[(2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,
     5-a][1,4]benzodiazepin-7-yl)carbonyl]-4-ethylpiperazine,
PA1  11.
      1-[(2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,
     5-a][1,4]benzodiazepin-7-yl)carbonyl]-4-(2-hydroxyethyl)piperazine,
PA1  12.
      1-[(2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,
     5-a][1,4]benzodiazepin-7-yl)carbony)]-4-(2-methoxyethyl)piperazine,
PA1  13.
      2-Chloro-11,12-dihydro-11-methyl-13a-phenyl-9H,13aH-oxazolo-[3,2-d]-s-tria
     zolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  14.
      2-Chloro-11,12-dihydro-12-methyl-13a-phenyl-9H,13aH-oxazolo-[3,2-d]-s-tria
     zolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  15.
      2-Chloro-N,N-diethyl-11,12-dihydro-12-methyl-13a-phenyl-9H,13aH-oxazolo[3,
     2-d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  16.
      2-Chloro-11,12-dihydro-14a-phenyl-9H,13H,14aH[1,3]oxazino-[3,2-d]-s-triazo
     lo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  17.
      2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-imidazo[1,2-d]-s-triazolo[1,5-a]
     [1,4]benzodiazepine-7-carboxamide,
PA1  18.
      2-Chloro-N,N-diethyl-11,12-dihydro-13a-phenyl-9H,13aH-imidazo[1,2-d]-s-tri
     azolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  19.
      2-Chloro-11,12-dihydro-13a-phenyl-9H,13aH-thiazolo[3,2-d]-s-triazolo[1,5-a
     ][1,4]benzodiazepine-7-carboxamide,
PA1  20.
      2-Chloro-11,12-dihydro-9-methyl-13a-phenyl-9H,13aH-oxazolo-[3,2-d]-s-triaz
     olo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  21.
      2-Chloro-13a-(2-chlorophenyl)-11,12-dihydro-N-methyl-9H,13aH-oxazolo[3,2-d
     ]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  22.
      2-Chloro-13a-(2-chlorophenyl)-11,12-dihydro-N,N-dimethyl-9H,13aH-oxazolo[3
     ,2-d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  23.
      2-Chloro-13a-(2-chlorophenyl)-N,N-diethyl-11,12-dihydro-9H,13aH-oxazolo[3,
     2-d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  24.
      4-[(2-Chloro-13a-(2-chlorophenyl)-11,12-dihydro-9H,13aH-oxazolo[3,2-d]-s-t
     riazolo[1,5-a][1,4]benzodiazepin-7-yl)carbonyl]-morpholine,
PA1  25.
      2-Chloro-13a-(2-chlorophenyl)-11,12-dihydro-12-methyl-9H,13aH-oxazolo[3,2-
     d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  26.
      2-Chloro-14a-(2-chlorophenyl)-11,12-dihydro-9H,13H,14aH-[1,3]oxazino[3,2-d
     ]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  27.
      2-Chloro-11,12-dihydro-13a-(2-fluorophenyl)-9H,13aH-oxazolo[3,2-d]-s-triaz
     olo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  28.
      2-Chloro-13a-(2,6-difluorophenyl)-11,12-dihydro-9H,13aH-oxazolo[3,2-d]-s-t
     riazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  29.
      2-Chloro-N,N-diethyl-13a-(2,6-difluorophenyl)-11,12-dihydro-12-methyl-9H,1
     3aH-oxazolo[3,2-d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  30.
      2-Chloro-11,12-dihydro-13a-(4-methoxyphenyl)-9H,13aH-oxazolo-[3,2-d]-s-tri
     azolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  31.
      2-Chloro-11,12-dihydro-13a-(4-methoxyphenyl)-12-methyl-9H,13aH-oxazolo[3,2
     -d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  32.
      11,12-Dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo-[1,5-a][1,4]ben
     zodiazepine-7-carboxamide,
PA1  33.
      13a-(2-Chlorophenyl)-11,12-dihydro-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a
     ][1,4]benzodiazepine-7-carboxamide,
PA1  34. 13a-(2-Chlorophenyl)-N,N-diethyl-11,12-dihydro-12-methyl-9H,13aH-
      oxazolo [3,2-d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  35.
      11,12-Dihydro-2-nitro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a][
     1,4]benzodiazepine-7-carboxamide,
PA1  36.
      11,12-Dihydro-2-methoxy-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a
     ][1,4]benzodiazepine-7-carboxamide,
PA1  37.
      11,12-Dihydro-2,3-dimethoxy-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1
     ,5-a][1,4]benzodiazepine-7-carboxamide,
PA1  38.
      11,12-Dihydro-13a-phenyl-2-trifluoromethyl-9H,13aH-oxazolo-[3,2-d]-s-triaz
     olo[1,5-a][1,4]benzodiazepine-7-carboxamide, and
PA1  39.
      N,N-Diethyl-11,12-dihydro-12-methyl-13a-phenyl-2-trifluoromethyl-9H,13aH-o
     xazolo[3,2-d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide.
PAC  REFERENCE EXAMPLE 1
PAR  To a stirred solution of 11.5 parts of 2-amino-5-chlorobenzophenone in 50
      volume parts of acetic acid and 15 volume parts of concentrated
      hydrochloric acid, a solution of 3.5 parts of sodium nitrite in 20 volume
      parts of water is added dropwise under cooling with ice for about 30
      minutes. To the mixture is added a solution of 13.5 parts of zinc chloride
      in 60 volume parts of water and the precipitated diazonium salt is
      collected by filtration.
PAR  The diazonium salt is then added to a stirred solution of 7.8 parts of
      ethyl acetoacetate and 20 parts of potassium acetate in 200 volume parts
      of 50 % ethanol. After stirring the mixture for 1 hour, the precipitate
      which separated is collected by filtration, washed with water and ethanol,
      and dried. The procedure gives ethyl
      (2-benzoyl-4-chlorophenylazo)acetoacetate as crystals. Recrystallization
      from ethanol yields yellow needles melting at 132.degree.-133.degree.C.
PA1  Elemental analysis (C.sub.19 H.sub.17 ClN.sub.4 O.sub.4): Calcd. C, 61.21;
      H, 4.00; N, 7.52. Found C, 61.26; H, 4.17; N, 7.29.
PAR  After a manner similar to that described above, the following compounds are
      prepared:
PA1  Ethyl (2-benzoyl-4-methylphenylazo)acetoacetate; melting point
      130.degree.-131.degree.C (recrystallization from ethanol);
PA1  Ethyl [4-chloro-2-(2-chlorobenzoyl)phenylazo]acetoacetate; melting point
      144.degree.-145.degree.C (recrystallization from ethanol);
PA1  Ethyl [4-chloro-2-(4-methoxybenzoyl)phenylazo]acetoacetate; melting point
      144.degree.-145.degree.C (recrystallization from ethanol);
PAC  REFERENCE EXAMPLE 2
PAR  To a solution of 3.7 parts of ethyl
      (2-benzoyl-4-chlorophenylazo)acetoacetate in 100 volume parts of acetic
      acid are added 4.1 parts of sodium acetate and 1.5 volume part of bromine.
      The mixture is stirred at room temperature overnight and the acetic acid
      is distilled off under reduced pressure. The residue is diluted with
      ice-water and extracted with ethyl acetate. The ethyl acetate layer is
      washed with water and dried over sodium sulfate. The solvent is distilled
      off and the residue is treated with ethanol, whereupon ethyl
      (2-benzoyl-4-chlorophenylazo)-bromoacetate is obtained as yellow crystals.
      Recrystallization from ether yields yellow needles melting at
      138.degree.-139.degree.C.
PAR  Elemental analysis (C.sub.17 H.sub.14 BrClN.sub.2 O.sub.3): Calcd. C,
      49.84; H, 3.44; N, 6.84. Found C, 49.62; H, 3.25; N, 6.81.
PAR  After a manner similar to that described above, the following compounds are
      prepared:
PAR  Ethyl (2-benzoyl-4-methylphenylazo)bromoacetate; melting point
      109.degree.-110.degree.C (recrystallization from ethanol);
PA1  Ethyl [4-chloro-2-(2-chlorobenzoyl)phenylazo]bromoacetate; melting point
      144.degree.-145.degree.C (recrystallization from ethanol);
PA1  Ethyl [4-chloro-2-(4-methoxybenzoyl)phenylazo]bromoacetate; melting point
      138.degree.-139.degree.C (recrystallization from chloroform-ethanol).
PAC  REFERENCE EXAMPLE 3
PAR  To a solution of 8.1 parts of ethyl
      (2-benzoyl-4-chlorophenylazo)bromoacetate in 16 volume parts of ether is
      added 160 volume parts of concentrated aqueous ammonia. After stirring the
      mixture for 1 hour at room temperature, the ether layer is separated,
      washed with water and evaporated to remove the solvent. The crystalline
      residue is collected by filtration, washed with ethanol and dried. The
      procedure gives ethyl (2-benzoyl-4-chlorophenylazo)-aminoacetate.
      Recrystallization from ethanol gives yellowish orange needles melting at
      126.degree.-127.degree.C.
PAR  Elemental analysis (C.sub.17 H.sub.16 ClN.sub.3 O.sub.3): Calcd. C, 59.05;
      H, 4.66; N, 12.15. Found C, 59.25; H, 4.73; N, 11.89.
PAR  After a manner similar to that described above, the following compounds are
      prepared:
PA1  Ethyl (2-benzoyl-4-methylphenylazo)aminoacetate; melting point
      135.degree.-136.degree.C (recrystallization from ethanol).
PA1  Ethyl [4-chloro-2-(2-chlorobenzoyl)phenylazo]aminoacetate; oil (this
      material is used in the next reaction step).
PA1  Ethyl [4-chloro-2-(4-methoxybenzoyl)phenylazo]aminoacetate; melting point
      174.degree.-176.degree.C (recrystallization from ethanol).
PAC  REFERENCE EXAMPLE 4
PAR  To a stirred mixture of 3.4 parts of ethyl
      (2-benzoyl-4-chlorophenylazo)aminoacetate, 2.8 parts of potassium
      carbonate and 100 volume parts of benzene is added 1.5 volume part of
      chloroacetyl chloride dropwise. The mixture is stirred for 2 hours and,
      then, heated under reflux for 30 minutes. After cooling, the mixture is
      shaken with water and the benzene layer is separated, washed with water
      and dried over sodium sulfate. The solvent is then distilled off and the
      crystalline residue is collected by filtration, washed with water and
      dried. The procedure yields ethyl
      (2-benzoyl-4-chlorophenylazo)chloroacetylaminoacetate. Recrystallization
      from methanol gives yellow needles melting at 179.degree.-180.degree.C.
PAR  Elemental analysis (C.sub.19 H.sub.17 Cl.sub.2 N.sub.3 O.sub.4): Calcd. C,
      54.04; H, 4.06; N, 9.95. Found C, 54.06; H, 4.21; N, 10.26.
PAR  After a manner similar to that described above, the following compounds are
      prepared:
PA1  Ethyl (2-benzoyl-4-methylphenylazo)chloroacetylaminoacetate; melting point
      172.degree.-175.degree.C (recrystallization from ethanol).
PA1  Ethyl [4-chloro-2-(2-chlorobenzoyl)phenylazo]chloroacetylaminoacetate;
      melting point 196.degree.-198.degree.C (recrystallization from ethyl
      acetate)
PA1  Ethyl [4-chloro-2-(4-methoxybenzoyl)phenylazo]chloroacetylaminoacetate;
      melting point 124.degree.-126.degree.C (recrystallization from ethanol)
PAC  REFERENCE EXAMPLE 5
PAR  A solution of 1.5 part of ethyl
      (2-benzoyl-4-chlorophenylazo)-chloroacetylaminoacetate in 30 volume parts
      of acetic acid is refluxed for 10 minutes, and then the acetic acid is
      distilled off under reduced pressure. The residue is neutralized with a
      saturated aqueous solution of sodium bicarbonate and, then, extracted with
      ethyl acetate. The ethyl acetate layer is washed with water and dried over
      sodium sulfate. After evaporation of the solvent, the residue is treated
      with n-hexane to obtain ethyl
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylat
     e as crystals.
PAR  Recrystallized from ethanol gives colorless needles melting at
      119.degree.-120.degree.C.
PAR  Elemental analysis (C.sub.19 H.sub.15 Cl.sub.2 N.sub.3 O.sub.3): Calcd. C,
      56.45; H, 3.74; N, 10.40. Found C, 56.59; H, 3.40; N, 10.35.
PAR  After a manner similar to that described above the following compounds are
      prepared:
PA1  Ethyl
      1-(2-benzoyl-4-methylphenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylat
     e; melting point 97.degree.-98.degree.C (recrystallization from ethanol);
PA1  Ethyl
      1-[4-chloro-2-(2-chlorobenzoyl)phenyl]-5-chloromethyl-1H-1,2,4-triazole-3-
     carboxylate; melting point 114.degree.-115.degree.C (recrystallization from
      ethanol);
PA1  Ethyl
      1-[4-chloro-2-(4-methoxybenzoyl)phenyl]-5-chloromethyl-1H-1,2,4-triazole-3
     -carboxylate; oil (this material is used in the next reaction step)
PAC  REFERENCE EXAMPLE 6
PAR  To a solution of 6.0 parts of ethyl
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylat
     e in 70 volume parts of methanol is added 16.5 volume parts of 1N sodium
      hydroxide dropwise. The hydrolysis is completed after about 15 minutes.
      Then, acetic acid is added to the reaction mixture to make acidic and the
      solvent is distilled off under reduced pressure. To the residue is added
      water and the precipitate is collected by filtration. The procedure gives
      1-(2-benzoyl-4-chlorophenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylic
      acid as crystals. Recrystallization from ether gives colorless prisms
      melting at 176.degree.-177.degree.C.
PAR  Elemental analysis (C.sub.17 H.sub.11 Cl.sub.2 N.sub.3 O.sub.3): Calcd. C,
      54.27; H, 20.95; N, 11.17. Found C, 54.61; H, 2.84; N, 11.16.
PAR  After a manner similar to that described above, the following compounds are
      prepared:
PA1  1-(2-benzoyl-4-methylphenyl)-5-chloromethyl-1H-1,2,4-triazole-3-carboxylic
      acid; melting point 164.degree.-165.degree.C (recrystallization from
      ethanol-n-hexane);
PA1  1-[4-chloro-2-(2-chlorobenzoyl)phenyl]-5-chloromethyl-1H-1,2,4-triazole-3-c
     arboxylic acid; (ethanol solvate) melting point 89.degree.-91.degree.C
      (recrystallization from ethanol);
PA1  1-[4-chloro-2-(4-methoxybenzoyl)-phenyl]-5-chloromethyl-1H-1,2,4-triazole-3
     -carboxylic acid; triethylammonium salt melting point
      139.degree.-140.degree.C (recrystallization from acetone-ethyl acetate).
PAC  REFERENCE EXAMPLE 7
PAR  To a mixture of 15.0 parts of 2-aminobenzophenone, 45 volume parts of
      acetic acid and 2 volume parts of concentrated hydrochloric acid, a
      solution of 5.6 parts of sodium nitrite in 16 volume parts of water is
      added dropwise under ice-cooling and stirring. The mixture is then added
      dropwise to a solution of 15.0 parts of ethyl .beta.-chloroacetoacetate
      and 20 parts of potassium acetate in a mixture of 160 volume parts of
      ethanol and 35 volume parts of water. After 15 minutes precipitated
      crystals are collected to yield ethyl (2-benzoylphenyl)azochloroacetate as
      crystals. Recrystallization from ethanol gives yellow needles melting at
      119.degree.-120.degree.C.
PAC  REFERENCE EXAMPLE 8
PAR  Treatment of ethyl (2-benzoylphenyl)azochloroacetate with concentrated
      aqueous ammonia in ethyl acetate gives ethyl
      (2-benzoylphenyl)azoaminoacetate as an oil. Then the oil is
      chloroacetylated with chloroacetyl chloride in benzene to give ethyl
      (2-benzoylphenyl)azochloroacetylaminoacetate as crystals.
      Recrystallization from acetone gives yellow needles melting at
      164.degree.-166.degree.C.
PAR  Cyclization of ethyl (2-benzoylphenyl)azochloroacetylaminoacetate in
      boiling acetic acid gives ethyl
      1-(2-benzoylphenyl)-3-chloromethyl-1H-1,2,4-triazole-3-carboxylate as
      crystals. Recrystallization from ethanol gives colorless prisms melting at
      123.degree.-124.degree.C.
PAR  Hydrolysis of ethyl
      1-(2-benzoylphenyl)-3-chloromethyl-1H-1,2,4-triazole-3-carboxylate gives
      1-(2-benzoylphenyl)-3-chloromethyl-1H-1,2,4-triazole-3-carboxylic acid as
      crystals melting at 90.degree.-93.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC8##
PAL  wherein R.sup.1 and R.sup.2 are the same or different and each stands for
      hydrogen or C.sub.1 to C.sub.6 alkyl which is unsubstituted or is
      substituted by hydroxy; or R.sup.1 and R.sup.2 when taken together with
      the adjacent nitrogen atom, form a morpholino or N-methylpiperazino ring;
      R.sup.3 stands for hydrogen; Q stands for ethylene or trimethylene which
      is unsubstituted or is substituted by C.sub.1 to C.sub.4 alkyl; Y stands
      for --O--; and rings A and B are unsubstituted or substituted by halo,
      nitro, C.sub.1 to C.sub.4 alkyl, trifluoromethyl or C.sub.1 to C.sub.4
      alkoxy or a pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. A compound claimed in claim 1, wherein Q is ethylene.
NUM  3.
PAR  3. A compound claimed in claim 1, wherein Q is trimethylene.
NUM  4.
PAR  4. A compound claimed in claim 1, wherein Q is
      ##EQU2##
NUM  5.
PAR  5. A compound claimed in claim 1, wherein the compound is
      11,12-dihydro-2-methyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a]
     [1,4]benzodiazepine-7-carboxamide.
NUM  6.
PAR  6. A compound claimed in claim 1, wherein the compound is
      2-chloro-13a-(2-chlorophenyl)-11,12-dihydro-9H,13aH-oxazolo[3,2-d]-s-triaz
     olo[1,5-a][1,4]benzodiazepine-7-carboxamide.
NUM  7.
PAR  7. A compound claimed in claim 1, wherein the compound is
      2-chloro-11,12-dihydro-N-(2-hydroxyethyl)-13a-phenyl-9H,13aH-oxazolo-[3,2-
     d]-s-triazolo[1,5-a][1,4]benzodiazepine-7-carboxamide.
NUM  8.
PAR  8. A compound claimed in claim 1, wherein the compound is
      11,12-dihydro-2,12-dimethyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo-[
     1,5-a][1,4]benzodiazepine-7-carboxamide.
NUM  9.
PAR  9. A compound claimed in claim 1, wherein the compound is
      11,12-dihydro-2-methyl-14a-phenyl-9H,13H,14aH-[1,3]oxazino[3,2-d]-s-triazo
     lo[1,5-a][1,4]benzodiazepine-7-carboxamide.
NUM  10.
PAR  10. A compound claimed in claim 1, wherein the compound is
      4-{2-chloro-11,12-dihydro-13a-(4-methoxyphenyl)-9H,13aH-oxazolo[3,2-d]-s-t
     riazolo[1,5-a][1,4]benzodiazepin-7-yl}carbonylmorpholine.
NUM  11.
PAR  11. A compound claimed in claim 1, wherein the compound is
      1-{11,12-dihydro-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-triazolo[1,5-a][1,4]-
     benzodiazepin-7-yl}carbonyl-4-methylpiperazine.
NUM  12.
PAR  12. A compound claimed in claim 1, wherein the compound is
      2-chloro-13a-phenyl-11,12-dihydro-9H,13aH-oxazolo[3,2-d]-s-triazolo-[1,5-a
     ][1,4]benzodiazepine-7-carboxamide.
NUM  13.
PAR  13. A compound claimed in claim 1, wherein the compound is
      2-chloro-11,12-dihydro-N,N-dimethyl-13a-phenyl-9H,13aH-oxazolo[3,2-d]-s-tr
     iazolo[1,5-a][1,4]benzodiazepine-7-carboxamide.
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ABST
PAL  Heterocyclic nitrogen-containing peroxides are prepared by reacting a
      tertiary alkyl hydroperoxide with a nitrogen heterocycle substituted by
      cycloalkene such as 1-(4-morpholinyl)cyclohexene. The products are useful
      initiators of vinyl polymerization where a peroxide initiator of
      relatively high thermal stability is desirable.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional of my application Ser. No. 385,914 filed
      Aug. 6, 1973, now U.S. Pat. No. 3,890,316, granted June 17, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new chemical compounds and it relates
      particularly to new heterocyclic nitrogen containing organic peroxides
      having enhanced thermal stability.
PAR  Peroxides containing heterocyclic nitrogen substituents have been made
      before and are known to be capable of initiating vinyl polymerization.
      Compounds of the classes represented by 4-morpholinylmethyl
      .alpha.,.alpha.-dimethyl-benzyl peroxide and
      bis(1-(1-piperidinyl)cyclopentyl) peroxide are disclosed by Rieche et al.,
      Chem. Ber. 92, 1206-9 (1959), see also German Pat. No. 1,098,513. These
      compounds are capable of initiating the polymerization of styrene, for
      example, upon heating. However, the relatively low decomposition
      temperature of these peroxides limits their utility in this application.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that considerably greater thermal stability and
      consequently broader utility in vinyl polymerization processes are
      obtained in nitrogen heterocyclic substituted peroxides having one of the
      formulas:
EQU  (I) (R' -- O -- O -- R).sub.n Y
PAL  wherein
PA0  R is a cycloalkylidene radical of 5-7 carbon atoms,
PA0  R' is .alpha.,.alpha.-dimethylbenzyl, lower
      alkyl-.alpha.,.alpha.-dimethyl-benzyl, or a tertiary alkyl group of 4-8
      carbon atoms,
PA0  Y is a nitrogen-bonded heterocyclic radical of the group
PA1  4-morpholinyl,
PA1  1-piperidinyl,
PA1  1-pyrrolidinyl,
PA1  1,4-piperazinediyl, and the lower alkyl derivatives thereof, and n is the
      valence of Y, i.e., 1 or 2.
EQU  (II) R"--O--O--R--4').sub.2
PAL  wherein
PA0  R" is one of the divalent radicals 1,1,4,4-tetra-methyltetramethylene and
      phenylenediisopropylidene.
PA0  R is as previously defined, and
PA0  Y' is one of the monovalent heterocyclic radicals
PA1  4-morpholinyl,
PA1  1-piperidinyl, and
PA1  1-pyrrolidinyl.
PAR  These compounds are easily prepared by reacting an appropriate
      hydroperoxide with an olefinic compound under moderate conditions whereby
      a simple addition reaction takes place. Most conveniently, the
      hydroperoxide R'OOH is reacted with the substituted cycloolefin
      represented by YA.sub.n or Y'A wherein A is a 1-cycloalkenyl radical.
DETD
PAC  DETAILED DESCRIPTION
PAR  The family of compounds of this invention can be classified into two
      principal groups, those where the heterocyclic radical Y is monovalent and
      those where it is the divalent 1,4-piperazinediyl radical. The first group
      is composed of monoperoxides with the general formula
      ##EQU1##
      and diperoxides with the general formula
      ##EQU2##
      where A is an alkylene or oxydialkylene radical of 4 to about 10 carbon
      atoms and B is an alkylene radical of 4-6 carbon atoms. The second group,
      of course, is the corresponding diperoxide with the peroxycycloalkyl
      substituent on each nitrogen atom of the piperazine molecule. These
      compounds have the general formula
      ##EQU3##
      where R' and B have the values previously defined.
PAR  As noted above, all the above compounds are preferably prepared by reacting
      the hydroperoxide R'OOH or HOOR"OOH with the appropriate cycloolefinic
      compound. The reaction is normally accomplished by merely mixing the
      hydroperoxide, preferably in excess, with the olefin at ambient
      temperature, preferably in an inert solvent reaction medium such as ether
      or low boiling aliphatic hydrocarbon from which the product is
      conveniently isolated by filtration or by evaporating the solvent and
      excess hydroperoxide. The peroxide products are white crystalline solids
      melting without decomposition at low to moderate temperatures.
PAR  Typical hydroperoxides useful in the above method for making the new
      compounds include tert-butyl hydroperoxide, tert-amyl hydroperoxide,
      1,1-dimethylbutyl hydroperoxide, 1,1,3,3-tetramethylbutyl hydroperoxide,
      p,.alpha.,.alpha.-trimethylbenzyl hydroperoxide, cumene hydroperoxide,
      .alpha.-ethyl-.alpha.-methylbenzyl hydroperoxide,
      p-tert-butyl-.alpha.,.alpha.-dimethylbenzyl hydroperoxide, and
      1,1,2,2-tetramethylpropyl hydroperoxide.
PAR  Dihydroperoxides useful for making compounds of formula II are
      1,1,4,4-tetramethyltetramethylenedihydroperoxide and
      phenylenediisopropylidene dihydroperoxide.
PAR  N-Cycloalkenyl heterocycles which are suitable coreactants include
PA0  4-(1-cyclohexenyl)morpholine,
PA0  1-(1-cyclopentenyl)piperidine,
PA0  1-(1-cycloheptenyl)pyrrolidine,
PA0  4-(3-methyl-1-cyclopentenyl)morpholine,
PA0  1,4-bis(1-cyclohexenyl)-2,5-diethylpiperazine,
PA0  1-(4-methyl-1-cyclohexenyl)-2-isopropylpyrrolidine,
PA0  1-(1-cyclopentenyl)-3-methylmorpholine,
PA0  1,4-bis(1-cyclohexenyl)piperazine, and
PA0  1-(1-cyclohhexenyl)-3-ethylpiperidine.
PAR  These reactants are readily prepared from the nitrogen heterocycle and the
      appropriate cycloalkanone by conventional procedures.
PAR  Theoretically, a polymeric polyperoxide would be produced by reacting a
      dihydroperoxide such as defined here with a
      1,4-bis(1-cycloalkenyl)piperazine. However, the product actually obtained
      from this reaction is a gummy, resinous material of poor solubility which,
      although it contains some peroxide groups, has little practical utility.
PAC  Example 1
PAR  A solution of 4.5 g. of tert-butyl hydroperoxide in 30 ml. of ether was
      made up and 1.67 g. of 4-(1-cyclohexenyl)morpholine was added at room
      temperature. The reaction mixture was stirred for one hour and then was
      washed with cold 2% aqueous NaOH. The organic layer was dried over
      anhydrous sodium sulfate and the ether was evaporated to leave a residue
      of 2 g. of white crystalline solid, m.p. 43.degree.-46.degree.C. This was
      identified as tert-butyl 1-(4-morpholinyl)cyclohexyl peroxide with the
      structure
      ##SPC1##
PAL  Identification was by warming a sample in aqueous sodium iodide and
      titrating the liberated iodine with standard thiosulfate solution.
PAC  Example 2
PAR  A quantity of 1,4-bis(1-cyclohexenyl)piperazine was added to a solution of
      20 g. of cumene hydroperoxide in 100 ml. of ether at room temperature. A
      white precipitate formed after stirring for 30 seconds. After another 15
      minutes, the reaction mixture was filtered to obtain 5.5 g. of a white
      solid, m.p. 104.degree.-105.degree.C. This was identified as before as
      (1,4-piperazinediyldicyclohexylidene) bis (.alpha.,.alpha.-dimethylbenzyl
      peroxide) having the structure
      ##SPC2##
PAC  Example 3
PAR  The procedure of Example 2 was repeated using 10 g. of tert-butyl
      hydroperoxide in 75 ml. of ether as the peroxide reactant. The product was
      3.5 g. of white solid, m.p. 102.degree.-104.degree.C. This was identified
      as before as the expected
      (1,4-piperazinediyldicyclohexylidene)bis-(tert-butyl peroxide) which has
      the structure
      ##SPC3##
PAC  Example 4
PAR  A solution of 13 g. of 70% aqueous 1,1,4,4-tetramethyltetramethylene
      dihydroperoxide in 100 ml. of ether was dried over anhydrous sodium
      sulfate. The dry ethereal solution was then combined with 16.8 g. of
      4-(1-cyclohexenyl)morpholine and the mixture was stirred at
      10.degree.-20.degree.C. for 30 minutes. At this point, 200 ml. of cold 5%
      aqueous NaOH was added and stirring was continued for another five
      minutes. The ether layer was separated, dried as before, and the ether
      evaporated to obtain 21 g. of white solid. This was identified as
      1,1,4,4-tetramethyltetramethylenebis(1-(4-morpholinyl) cyclohexyl)
      diperoxide having the structure
      ##SPC4##
PAR  Following the general procedure of the above examples, tert-amyl
      hydroperoxide is reacted with 1-(1-cyclopentenyl)piperidine to make
      tert-amyl 1-(1-piperidinyl)cyclopentyl peroxide, 1,1-dimethylpentyl
      hydroperoxide is reacted with 1-(1-cycloheptenyl)pyrrolidine to make
      1,1-dimethylpentyl 1-(1-pyrrolidinyl)cycloheptyl peroxide,
      1,1,3,3-tetramethylbutyl hydroperoxide is reacted with
      4-(3-methyl-1-cyclopentenyl)morpholine to produce 1,1,3,3-tetramethylbutyl
      3-methyl-1-(4-morpholinyl)cyclopentyl peroxide, and
      p-tert-butyl-.alpha.,.alpha.-dimethylbenzyl hydroperoxide is reacted with
      1,4-bis(1-cyclopentenyl)piperazine to make
      (1,4-piperazinediyldicyclopentylidene)
      bis(p-tert-butyl-.alpha.,.alpha.-dimethylbenzyl peroxide). Similarly,
      p,.alpha.,.alpha.-trimethylbenzyl hydroperoxide is reacted with
      4-(1-cyclohexenyl)morpholine to make p,.alpha.,.alpha.-trimethylbenzyl
      1-(4-morpholinyl)cyclohexyl peroxide, .alpha.-ethyl-.alpha.-methylbenzyl
      hydroperoxide is reacted with 1-(1-cyclopentenyl)pyrrolidine to make
      .alpha.-ethyl-.alpha.-methylbenzyl 1-(1-pyrrolidinylcyclopentyl peroxide),
      and 1,1-dimethylhexyl hydroperoxide is reacted with
      1,4-bis(3-methyl-1-cyclohexenyl)piperazine to make
      1,4-piperazinediylbis(3-methylcyclohexylidene)bis(1,1-dimethylhexyl
      peroxide).
PAR  In the same way, 1,1,4,4-tetramethyltetramethylene dihydroperoxide is
      reacted with 1-(1-cyclohexenyl)piperidine to make
      1,1,4,4-tetramethyl-tetramethylenebis(1-(1-piperidinyl)cyclohexyl
      diperoxide and phenylenediisopropylidene dihydroperoxide is reacted with
      1(1-cyclopentenyl)pyrrolidine or with 4(1-cyclohexenyl)morpholine to make
      respectively phenylenediisopropylidenebis(1-(1-pyrrolidinyl)cyclopentyl)
      diperoxide or phenylenediisopropylidenebis(1-(4-morpholinyl)cyclohexyl)
      diperoxide. These examples are similar in appearance and have properties
      similar to those of the products of Examples 1-4.
PAC  Example 5
PAR  A solution of 0.103 g. of the product of Example 3 in 50 g. of styrene was
      prepared and about 5 ml. portions of this solution were sealed in glass
      ampules for polymerization tests. The filled ampules were heated at
      111.degree.C. and the contents of each were analyzed for solids content at
      different times to follow the progress of the polymerization. The
      molecular weight and molecular weight distribution were determined for the
      last sample of polystyrene.
TBL  ______________________________________                                    
           Time,                                                               
     Sample                                                                    
           Hrs.     % Solids M.sub.w *                                         
                                     M.sub.n **                                
                                             M.sub.w /M.sub.n                  
     ______________________________________                                    
     A     1        19.03    --      --      --                                
     B     2        32.34    --      --      --                                
     C     3.17     43.76    --      --      --                                
     D     3.63     48.80    230,713 103,533 2.23                              
     ______________________________________                                    
      *M.sub.w is a weight average molecular weight.                           
      **M.sub.n is a number average molecular weight.                          
      The ratio M.sub.w /M.sub.n is a measure of the width of the molecular    
      weight distribution curve.                                               
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
EQU  R"-- O-- O-- R-- y').sub.2
PAL  wherein R" is phenylene diisopropylidene,
PA1  R is a cycloalkylidene radical of 5-7 carbon atoms,
PA1  Y' is a monovalent heterocyclic radical of the group 4-morpholinyl,
PA1  1-piperdinyl, and
PA1  1-pyrrolidinyl.
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ABST
PAL  An improved process and apparatus for preparing cyanuric chloride by
      trimerizing cyanogen chloride in the presence of chlorine. The cyanogen
      chloride is produced by electrolytically reacting a solution of hydrogen
      cyanide or a salt thereof with chloride ion in an anode chamber of an
      electrolytic cell at a pH of less than 4.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a process and apparatus for the preparation
      of cyanuric chloride by trimerizing cyanogen chloride in the presence of
      chlorine. A known process for the preparation of cyanuric chloride is
      described in Netherlands Pat. application No. 7101929. Generally, the
      starting mixture of cyanogen chloride and chlorine is prepared by having
      an excess quantity of chlorine react with hydrogen cyanide. Methods for
      preparing such starting mixtures are described in Netherlands Pat.
      application No. 6900350. This process however, suffers from the drawback
      that the mixture of cyanogen chloride and chlorine also contains hydrogen
      chloride, which can only be removed from the mixture with great
      difficulty. Moreover, hydrogen chloride is an undesirable by-product.
PAR  Methods are also known whereby cyanogen chloride may be prepared
      electro-chemically from halide ion and hydrogen cyanide as shown by U.S.
      Pat. No. 3,105,023. However, the cyanogen chloride produced according to
      this known process cannot be used for trimerization into cyanuric chloride
      without further refinement. The cyanogen chloride obtained according to
      the process of U.S. Pat. No. 3,105,023 contains contaminants which cannot
      be removed without great difficulty. Such contaminants would accumulate in
      a reaction mixture flow circulating over the trimerization reactor. This
      would result in a strong reduction of the reaction volume available in the
      trimerization reactor as well as a possible poisoning of the trimerization
      catalyst and probably necessitating the application of a large discharge
      out of the circulating flow, the latter being attended, of course, by
      serious losses of valuable products.
PAR  Accordingly, it is the primary object of the present invention to eliminate
      the drawbacks associated with such prior art processes.
PAR  It is a further object of the present invention to provide a continuous
      process for the production of cyanuric chloride.
PAC  SUMMARY OF THE INVENTION
PAR  Cyanuric chloride is prepared according to the present invention by
      reacting chloride ion and hydrogen cyanide or a salt thereof in the anode
      chamber of an electrolytic cell having separate cathode and anode
      chambers. The reaction is carried out through the use of an electric
      current and the solution in the anode chamber is maintained at a pH value
      below 4. Cyanogen chloride which is produced within the anode chamber is
      separated off from the electrolyzed solution, and subsequently the
      cyanogen chloride, mixed with chlorine, is fed to a trimerization zone
      wherein the cyanogen chloride is caused to trimerize. It is preferred that
      the electrolysis reaction of hydrogen cyanide or salt thereof with
      chloride ion takes place under such conditions that chlorine-containing
      cyanogen chloride is formed. Under conditons such as this no additional
      chlorine need be added to the cyanogen chloride prior to being fed to the
      trimerization zone.
PAR  The mixture of cyanogen chloride and chlorine leaving the electrolytic cell
      is free of hydrogen chloride and of other contaminants which would be
      detrimental during trimerization and may be directly fed to the
      trimerization zone, preferably after having been dried.
PAR  The process according to the present invention is thus an improved means
      for producing cyanuric chloride by trimerizing cyanogen chloride in the
      presence of chlorine by:
PA0  a. electrolytically reacting a solution of hydrogen cyanide or a salt
      thereof with chloride ion in the anode chamber of an electrolytic cell
      having separate cathode and anode chambers, the pH in said anode chamber
      being kept below 4 to form cyanogen chloride;
PA0  b. separating said cyanogen chloride from the electrolyzed solution;
PA0  c. preparing a mixture of said cyanogen chloride with chlorine; and
PA0  d. feeding the mixture of cyanogen chloride and chlorine to a trimerization
      zone wherein said cyanogen chloride is trimerized.
PAR  A further aspect of this invention includes apparatus for continuously
      performing the above noted process which includes:
PA0  a. an electrolytic cell having separate cathode and anode chambers;
PA0  b. feed lines in communication with said cathode and anode chambers for
      supply of catholyte and anolyte respectively thereto;
PA0  c. discharge lines connected to said cathode and anode chambers for removal
      of reaction products therefrom;
PA0  d. a separator in communication with said anode chamber for separating the
      mixture leaving the anode chamber(s) into a gas phase and a liquid phase;
PA0  e. a drier in communication with said separator to dry said gas phase;
PA0  f. a means for trimerizing cyanogen chloride, said means being in
      communication with said drier; and
PA0  g. recovery means connected to said means for trimerizing in order to
      recover cyanuric chloride.
PAR  As noted above, the reaction of hydrogen cyanide or a salt thereof with
      chloride ion in the anode chamber to produce cyanogen chloride is carried
      out at a pH of less than 4, and preferably in the range of from about 0.5
      to 2. By effecting the electrolytic reaction of hydrogen cyanide and
      chloride ion at such a low pH, the formation of contaminants as noted
      hereinbefore is effectively suppressed. The desired pH level may be set
      and maintained by supplying acid to the anode chamber. A preferred acid is
      hydrochloric acid. Alternatively, the desired pH value in the anode
      chamber can be obtained without the addition of acid to the chamber by
      choosing a suitable membrane in conjunction with the temperature and
      electrolytic concentration. The membrane must be a cation-permeable
      membrane and the use thereof results in the formation of free acid in the
      anode chamber according to the anodic reaction
EQU  Cl.sup.- + HCN.fwdarw.ClCN + H.sup.+ + 2 e.sup.-
PAL  Hydroxyl ions which form in the cathode chamber are prevented from
      diffusing into the anode chamber by use of a selective cation-permeable
      membrane. In the absence of such a selective membrane, the hydroxyl ions
      formed in the cathode chamber would neutralize the acid formed in the
      anode chamber.
PAR  Generally, however, protons formed in the anode chamber will rapidly
      diffuse through the membrane to the cathode chamber where the protons are
      consumed through discharge. It is preferred, therefore, that the membrane
      have a relatively low permeability to protons, in order to maintain a
      concentration gradient of protons over the membrane such that the pH in
      the anode chamber is maintained at a level below 4. Certainly, however,
      the permeability of the membrane should not be so low as to cause the
      electro-chemical cell to exhibit a prohibitively high internal resistance.
PAR  Membranes which meet the requirements noted above are well known and
      commercially available such that one of ordinary skill in the art can
      readily choose on the basis of membrane specifications available. As
      previously noted, the selection of membrane will be influenced by the
      required reaction temperature and electrolyte concentration. Suitable
      membranes are e.g. thermoplastic fluorocarbon polymer films to which
      cation-exchanging materials are attached. Such membranes can be prepared
      by graft polymerizing styrene in the fluorocarbon polymer film, followed
      by sulfonization. One suitable selective cation-permeable membrane is
      commercially available under the name of AMF-C 311 from the American
      Machine And Foundry Company.
PAR  In a preferred embodiment of the present invention, the anode chamber is
      separated from the other chamber(s) in the electro-chemical cell by
      suitable semi-permeable membranes, and in particular by a selective
      cation-permeable membrane. The cathode chamber may be directly adjacent to
      the anode chamber or an intermediate chamber may be present which is
      separated from the cathode chamber by selective anion-permeable membrane.
PAR  The chloride ion supplied to the anode chamber is provided by a suitable
      chloride salt. Such salts include alkali metal chlorides, alkaline-earth
      metal chlorides or ammonium chlorides (the ammonium ion being
      non-substituted or substituted with one or more alkyl-, cycloalkyl-,
      aryl-, alkaryl- and/or aralkyl-groups having at the most 10 carbon atoms
      in the chain). Thus, the electro-chemical cell will in addition to the
      hydrogen ion present in the anode compartment also contain either alkali
      metal ion, alkaline-earth metal ion or ammonium ion.
PAR  From the cathode chamber one recovers a metal hydroxide or substituted
      ammonium hydroxide as by-product, therefore, it is preferred to employ
      alkali metal chloride, in particular potassium chloride or sodium
      chloride, as starting materials rather than hydrogen chloride,
      alkaline-earth metal chloride or ammonium chloride. Alkaline-earth metal
      hydroxides have little value as by-products and, due to their low
      solubility may create clogging and scaling in the cathode chamber. Ammonia
      is not a particularly valuable by-product either.
PAR  In order that one may obtain the maximum quantity of hydroxide or ammonia
      from the cathode chamber, it is preferred to only supply sufficient acid
      to the electro-chemical cell to set and maintain the pH value below 4 in
      the anode chamber. A further advantage of restricting the amount of acid
      added to the electro-chemical cell is the reduction of the heat production
      in the cell to be achieved thereby. Since it is difficult to discharge
      heat produced from the electrolytic cell, the limiting of this heat
      production results in substantial technological advantages.
PAR  Thus, the quantity of acid formed in the anode chamber of the
      electro-chemical cell is, by preference, not larger than is necessary for
      maintaining the desired low pH value. The quantity of acid formed in the
      anode chamber can be lowered by starting from a salt of hydrocyanic acid
      or a mixture of hydrocyanic acid and its salt rather than from pure
      hydrogen cyanide. As the cation component of the salt of hydrocyanic acid
      the same considerations apply as for oppositely charged ion of the
      chloride ion. Thus alkali metal cyanide is preferred.
PAR  It is not necessary that the catholyte contain any salt, and thus both
      chloride and cyanide may be absent. However, in the technical embodiment
      of the invention process, the catholyte consists of a solution of the
      metal hydroxide formed as a by-product in the manner noted above.
PAR  It has been found that the suitable concentration of reactants in the
      anolyte ranges from between about 1 and 10 percent by weight of the
      cyanide (calculated as cyanide ion), and from about 3 to 20 percent by
      weight of the halide (calculated as halide ion).
PAR  It is preferred that the temperature of the electro-chemical cell be
      maintained between 20.degree. and 75.degree.C. At higher temperatures, the
      current efficiency decreases. The pressure is not critical, and thus
      atmospheric pressure may be applied. Higher or lower pressures, for
      instance between 0.5 and 10 atmospheres are also suitable.
PAR  The current density of the anode may range preferably between 300 and 5000
      A/m.sup.2. The terminal voltage results from the selected current density,
      cell structure and other reaction conditions. Materials which are suitable
      for use as the anode include graphite and platinum. Also, such metals as
      titanium, tantalum, vanadium and the like, covered with a protective
      conductive coating consisting of a noble metal such as platinum or iridium
      or a mixture of noble metals, or of a mixed oxide such as titanium
      ruthenium oxide, titanium niobium oxide, vanadium ruthenium oxide and the
      like.
PAR  The electric charge passed through the anode chamber per gram-equivalent of
      cyanide must be sufficient to form a mixture of cyanogen chloride and
      chlorine. Generally between 2 and 3 Faradays per gram-equivalent of
      cyanide is sufficient to form cyanogen chloride and chlorine. The amount
      of chlorine found in the mixture of cyanogen chloride and chlorine removed
      from the electrolysis zone ranges by preference from 0.1-25 percent by
      weight based on the cyanogen chloride.
PAR  Cyanogen chloride is trimerized into cyanuric chloride in the present
      invention according to conventional means, preferably in the gas phase. A
      wide range of catalysts for the trimerization reaction are known as set
      forth in Netherlands Pat. application No. 7101929, the contents of which
      are incorporated herein by reference. A preferred catalyst is active
      carbon. Trimerization is carried out at a temperature from between
      220.degree. and 500.degree.C and preferably between 300.degree. and
      450.degree.C. It is preferred that the gas to be trimerized be dried prior
      to entering the trimerization zone.
PAR  After trimerization, cyanuric chloride may be separated from the reaction
      mixture in a number of conventional ways. For instance, the cyanuric
      chloride may be separated in the form of a solid after desublimation.
      Alternatively, the chloride may be separated as a solution after the
      reaction mixture has been washed out with a suitable solvent. The most
      suitable solvent is carbon tetrachloride, but other solvents including
      benzene, chloroform, dioxane, acetone or acetonitrile can be used.
      However, it is preferred to remove the cyanuric chloride in liquid form
      after condensation. In this latter method, the major portion of residual
      gases which still contain cyanuric chloride and unconverted cyanogen
      chloride, chlorine and by-products is mixed with a mixture of fresh
      cyanogen chloride and chlorine and recycled back to the trimerization zone
      while the remainder is discharged. If desired, cyanuric chloride, cyanogen
      chloride and/or chlorine can be recovered from the gas mixture discharged.
      Of course recycle of the residual gases is not essential. However, when
      such residual gases are not recycled, it is preferred that the reaction
      conditions be such that the highest degree of conversion of cyanogen
      chloride to cyanuric chloride is reached in one passage.
DRWD
PAR  In order to more fully explain the process and apparatus of the present
      invention, reference is made to the accompanying drawing which is a
      schematic representation of the process according to the present
      invention. In an apparatus described according to this figure, the process
      according to the present invention can be effected in a continuous manner.
DETD
PAR  Solid sodium chloride is supplied via line 1 to solution vessel 2 whereby
      it is dissolved by a return-flow supplied through line 10. A 25.7 percent
      by weight aqueous sodium chloride solution flows through line 3 to
      absorber 4, into which gaseous hydrogen cyanide is fed via line 5. Line 43
      is not in use. In 4, the hydrogen cyanide is dissolved in the sodium
      chloride solution to form a solution which contains 3 percent by weight of
      hydrogen cyanide. This solution flows through line 6 to the anode chambers
      a of the electro-chemical cells 7 (four of which have been drawn). Each
      anode a compartment is separated from the corresponding cathode chamber b
      by a selective cation-permeable membrane (commercially available under the
      name of AMF-C 311 from the American Machine & Foundry Company). The anode
      consists of carbon, and the cathode of steel wool. The pH in the anode
      chamber is set and maintained at approximately 1. The current density at
      the anode amounts to 1500 A/m.sup.2 ; the bath voltage is about 4 Volts.
      The temperature in the electro-chemical cell is kept at approximately
      20.degree.C. The pressure amounts to 1 atmosphere. 2.05 Faradays of
      electric charge per gram-equivalent of cyanide passing through the anode
      chamber are passed through.
PAR  A gas/liquid mixture leaves the anode chamber a via 8 and is separated in
      separator 9 into a liquid phase and a gas phase. The liquid phase consists
      mainly of an aqueous sodium chloride solution which is returned to the
      solution vessel 2 through line 10. The gas phase flows through line 11 to
      a gas drier 12 wherein the gas is stripped of water vapour with the aid of
      a desiccant, namely calcium chloride. The gas upon drying consists of
      cyanogen chloride, containing 0.3 percent by weight of chlorine. The gas
      flows then through line 13, through heat exchanger 14, and on through line
      15 to the trimerization reactor 16 while simultaneously being mixed with a
      return-flow supplied via line 22. The mixture fed to the trimerization
      reactor contains 70 percent by weight cyanogen chloride, 24 percent by
      weight cyanuric chloride, and 4 percent by weight of chlorine. Carbon is
      employed as a catalyst for the trimerization reaction. The temperature in
      reactor 16 is maintained at 430.degree.C and the product mixture is
      withdrawn from the reactor through 17 and exchanges heat in the exchanger
      14 with the reaction mixture flowing to reactor 16. Subsequently, the
      reaction product is cooled with water to 150.degree.C in a cooler 18
      thereby producing steam and resulting in the condensation of cyanuric
      chloride. The product then flows to separator 20 wherein the liquid
      cyanuric chloride is separated from the gas phase. 97 percent of the gas
      phase withdrawn from separator 20 is passed through line 22 and returned
      to the trimerization reactor through lines 24 and 15. The remaining 3
      percent of the gas phase is discharged through line 23.
PAR  The cyanuric chloride product is removed from the apparatus through line
      21. In the above example, approximately 0.27 kg of cyanuric chloride is
      obtained per kilowatt hour of electricity employed.
PAR  A gas/liquid mixture flows from the cathode chambers b to separator 32
      through line 31. Here the gas (hydrogen) is separated off and subsequently
      discharged at 33 as a by-product. The liquid phase consists of a
      practically saturated solution of sodium hydroxide. A portion of this
      solution corresponding with the production of sodium hydroxide in the
      electro-chemical cell is recovered through line 34 as a by-product. The
      remainder is diluted as necessary in mixer 36 with water supplied via line
      37, and returned through line 38, cooler 39, and line 40 to the cathode
      compartments of the electro-chemical cells. A part may also be supplied to
      absorber 4 through line 41, cooler 42, and line 43, in order to facilitate
      the absorption of hydrogen cyanide. This is advantageous in that the
      neutralization heat is liberated outside the electro-chemical cell and, if
      desired, can be removed in line 6 in a simple manner, for instance with
      the aid of a non-drawn cooler. This provides important technological
      advantages, since the heat produced in the electro-chemical cell can only
      be removed from the cell with much difficulty.
PAR  The invention in its broader aspect is not limited to the specific details
      shown and described, but departures may be made from such details within
      the scope of the accompanying claims without departing from the principles
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the preparation of cyanuric chloride wherein cyanogen
      chloride is trimerized in the presence of chlorine, the improvement which
      comprises:
PA1  a. electrolytically reacting a solution of hydrogen cyanide or a salt
      thereof with chloride ion in the anode chamber of an electrolytic cell
      having separate cathode and anode chambers, the pH in said anode chamber
      being kept below 4 to form cyanogen chloride;
PA1  b. separating said cyanogen chloride from the electrolyzed solution;
PA1  c. preparing a mixture of said separated cyanogen chloride with chlorine;
      and
PA1  d. feeding the mixture of cyanogen chloride and chlorine to a trimerization
      zone wherein said cyanogen chloride is trimerized.
NUM  2.
PAR  2. The process according to claim 1, wherein step (a) is effected under
      such conditions whereby chlorine-containing cyanogen chloride is formed
      and said chlorine-containing cyanogen chloride is fed to the trimerization
      zone without added chlorine.
NUM  3.
PAR  3. The process of claim 2, wherein from 2-3 Faradays of electric charge per
      gram-equivalent of cyanide are passed through the anode chamber.
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PAL  A method for producing cores and foundry moulds.
PAL  The method is characterized in that foundry sand, a binder, and a low
      temperature reaction agent are mixed in a controlled atmosphere, and in
      that the mixture is maintained under these low temperature and controlled
      atmosphere conditions until it is introduced into the core box, the
      temperature and atmospheric control are then eliminated and the
      temperature raised slightly if necessary.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 343,821, filed Mar. 22, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for producing foundry cores and
      moulds as well as moulds and cores thereby obtained.
PAR  Various methods for making foundry moulds and cores are already known.
      These methods are divided into two categories: so-called "hot box" methods
      and so-called "cold box" methods.
PAR  The hot box method relates particularly to a process in which a mixture of
      sand and a liquid thermo-hardening resin is used. Under the influence of
      heat (treatment at a temperature between 100.degree.C and 300.degree.C for
      a certain period), the hardening of a core or a mould is effected.
PAR  Another hot box method is the so-called "Croning" or "Shell Molding"
      method.
PAR  According to this method the sand is first enrobed with a novolac resin and
      a reticulation agent such as hexamethylenetetramine. Thermal treatment at
      200.degree.C to 300.degree.C during a certain time hardens the mixture.
PAR  The main disadvantages of the hot box methods are, on one hand, the high
      calorie expenditure required to raise the temperature of the box to the
      levels indicated above for a certain time and, on the other hand, the
      difficulties which result from the manipulation of the boxes.
PAR  Among the cold box methods, the method that has been known for a long time
      is the so-called "silicate-CO.sub.2 " method.
PAR  According to this method, the foundry sand is mixed with a silicate and the
      core is hardened by passing carbon dioxide through the mixture of sand and
      silicate which causes the hardening of the binder and fixes the form of
      the product that is being made.
PAR  Another cold box method is the so-called ASHLAND method. The moulding
      method consists essentially of foundry sand to which has been added a
      resin which can be polymerized by the action of a catalyst, such as
      triethylamine or dimethylethylamine. When the mixture is introduced into
      the moulding cavity, a gas such as carbon dioxide to which a catalyst has
      been added is injected into it causing the rapid hardening of the
      polymerizable resin incorporated in the mixture.
PAR  This method has many advantages (the temperature need not be raised, fast
      production rates can be achieved) but it also has some serious
      disadvantages in that the catalysts used have a disagreeable odor and even
      a certain toxicity which makes it necessary to take measures to prevent
      the hardening gas from spreading into the atmosphere, and also in that it
      is necessary to provide moulding tools to insure a good distribution of
      the hardening gas, which complicates the construction of these tools.
      Still in the category of cold box methods, there are also known so-called
      "self-hardening" methods. These methods consist in mixing a binder with
      the foundry sand, the binder generally being a synthetic resin, and a
      reagent which causes the hardening of the binder by simple contact.
PAR  These self-hardening methods are called "slow setting" methods, when the
      nature of the binder used and the nature or the concentration of the
      reagent cause hardening to take place slowly, or else they are called
      "rapid setting" methods, when the binder as well as the reagent cause
      hardening to take place rapidly.
PAR  The slow setting methods can only be used for very large components for
      which fast production rates cannot be envisaged.
PAR  The rapid setting methods, on the other hand, can be used for small
      components which have to be produced at a rapid rate, but unfortunately
      the duration of the life of the prepared mixture is extremely short (a few
      seconds) so that there is a risk of premature hardening taking place in
      the core and thus requiring complete emptying of the core box after each
      filling operation. These constraints considerably limit the applications
      of rapid setting or self-hardening methods.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to overcome these disadvantages of the known
      methods and in particular to provide a rapid self-hardening cold box
      method, in which the duration of the life of the mixture is considerably
      increased by comparison with known methods, so that it can be used in mass
      production on an industrial scale by making it possible to produce cores,
      however complex they might be or however numerous they might be, in the
      same box, this method in addition retaining all the advantages of the
      self-hardening methods, compared with the hot box or hardening gas
      methods.
PAR  To this end, the invention relates to a method for producing foundry cores
      and moulds, which method is characterized in that the foundry sand, the
      binder and a reagent are mixed at a low temperature and in a controlled
      atmosphere, and that this mixture is maintained under these conditions of
      low temperature and controlled atmosphere until it is introduced into the
      core box, whereupon the air conditioning and the control of the atmosphere
      are stopped and the temperature, if necessary, is slightly raised.
PAR  The purpose of raising the temperature after introducing the mixture into
      the box is to reduce the setting time of the mixture. The temperature is
      raised only if this is required therefore to achieve the required
      production rate and such raising of the temperature will, in general, be
      small.
PAR  The control of the atmosphere in general consists of eliminating all risks
      of the mixture oxidizing. For example, it is possible to use
      air-conditioning equipment to introduce an inert gas into the
      air-conditioned chamber. It is possible also to introduce solid carbon
      dioxide into the chamber in which the mixture is prepared and stored which
      will simultaneously produce the two conditions required, namely, cold and
      a controlled atmosphere.
PAR  According to another characteristic feature of the invention, the
      preparation and storage temperature of the mixture is of the order of
      4.degree.C to 5.degree.C.
PAR  According to another characteristic feature of the invention, the binder is
      a synthetic resin such as a phenolic resin, an amino resin, a polyester, a
      furanic resin or a mixture of such resins.
PAR  Still another characteristic feature of the invention is that the reagent
      is a hardener and that this hardener is a compound which has an acid,
      organic or inorganic, or an organo-inorganic function.
PAR  According to yet another characteristic feature of the invention, the
      reagent is a catalyst and this catalyst is an amine.
DETD
PAR  The invention is illustrated hereafter by two examples of a mixture which
      is suitable for the application of the method:
PAC  EXAMPLE No. 1
PAR  A mixture is made comprising 100 parts by weight of silicious white sand,
      0.8 to 3.3 parts by weight synthetic resin binder, and a hardener whose
      weight is 5 to 30 percent that of the binder. The resin may comprise a
      phenol-formol resin of the resol type, a phenol-formol resin of the resol
      type modified by furfurylic alcohol (either by condensation or addition),
      a phenol-formol resin of the resol type also condensed with urea (i.e., a
      urea phenol-formol resin), or an aminoplast resin of the urea-formol type.
      The reaction agent (i.e., the hardener) may comprise an organic acid such
      as sulfuric acid, a mineral acid such as boric acid or phosphoric acid, or
      a mineral salt likely to release an acid, such as ammonium chloride.
PAR  The preparation of the mixture and its storage up to the moment of its use
      is effected at a temperature below 5.degree.C and in a neutral atmosphere,
      for example, in an atmosphere of nitrogen.
PAR  The mixture is introduced into the core box, the temperature of which is
      maintained at about 45.degree.C.
PAR  One minute after the introduction of the mixture into the box, the core can
      be released from the mould and it will then have the desired hardness
      properties and the desired strength.
PAC  EXAMPLE No. 2
PAR  A mixture is made of 100 parts by weight silicious white sand, 0.4 to 1.5
      parts by weight synthetic resin binder, 0.4 to 1.5 parts by weight of a
      hardener, and a catalyst. In this case, the synthetic resin binder
      comprises a formol-phenol resin with the ratio of the weight of the formol
      to phenol being 1 to 1 and rich in hydroxyl radicals, or a resin of the
      polyester type. The hardener used is a polyisocyanate. To this is added a
      catalyst comprising a gaseous liquid amine, such as triethylamine or
      dimethylethylamine.
PAR  During its preparation and storage, the mixture is maintained at a
      temperature below 5.degree.C and in an inert atmosphere; it is then
      introduced into the core box which has been raised to a temperature of the
      order of 45.degree.C. The required hardening is attained three minutes
      after filling the box.
PAR  It is obvious, that the invention is not limited to the examples of its
      embodiment herein above described. Other methods and forms of its
      embodiment can be envisaged without departing from the scope of the
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for producing cores and foundry moulds comprising:
PA1  mixing foundry sand, a binder and a low temperature reaction agent in a
      non-oxidizing atmosphere at a temperature below about 5.degree.C so as to
      avoid oxidation,
PA1  maintaining the mixture in said non-oxidizing atmosphere at said low
      temperature until it is introduced into a core box,
PA1  then introducing said mixture into a core box in the atmosphere to permit
      oxidation while permitting its temperature to rise above 5.degree.C, and
PA1  maintaining the mixture in the core box at a temperature above 5.degree.C
      in the oxidizing atmosphere to obtain the desired hardness properties and
      strength before release of the hardened mixture from the core box.
NUM  2.
PAR  2. The method according to claim 1, in which said non-oxidizing atmosphere
      comprises an inert gas atmosphere.
NUM  3.
PAR  3. The method according to claim 1, in which said binder is selected from
      the group consisting of a synthetic resin of the resol type, a synthetic
      resin of the resol type modified by furfurylic alcohol, a synthetic resin
      of the resol type condensed with urea, an aminoplast resin of the
      urea-formol type, a synthetic resin in which the phenol and formol
      constituents are present in the ratio of 1 to 1, and a resin of the
      polyester type.
NUM  4.
PAR  4. The method according to claim 3, wherein said reaction agent is selected
      from the group consisting of an organic acid, a mineral acid, a mineral
      salt capable of forming an acid, and a gaseous amine.
NUM  5.
PAR  5. The method according to claim 1 wherein said binder comprises a
      synthetic resin with the ratio of the weight of the formol to phenol being
      1 to 1 and rich in hydroxyl radicals, and said reaction agent comprises
      polyisocyanate.
NUM  6.
PAR  6. The method of claim 5 including the step of adding to said mixture a
      catalyst comprising a gaseous liquid amine selected from the group
      consisting of triethylamine and dimethylethylamine.
NUM  7.
PAR  7. A method according to claim 1 wherein said binder comprises a resin of
      the polyester type and said reaction agent comprises polyisocyanate.
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ABST
PAL  Self-extinguishing molding compositions based on polybutylene terephthalate
      which do not drip flaming particles on exposure to a flame and which
      contain a compound containing halogen, which is stable under the
      conditions required for processing the melt, and a synergistically active
      metal compound, are obtained by incorporation of a magnesium silicate of
      the chrysotile type into the polycondensate.
BSUM
PAR  The invention relates to self-extinguishing polyester molding compositions,
      based on polybutylene terephthalate, which do not drip flaming particles
      on exposure to a flame.
PAR  Polybutylene terephthalate has substantial advantages, as an injection
      molding composition, over other polyesters which can be processed by
      thermoplastic methods such as, for examples, polyethylene terephthalate.
      In particular, polybutylene terephthalate is substantially simpler to
      injection-mold than is polyethylene terephthalate. In addition, injection
      moldings produced from polybutylene terephthalate have outstanding
      mechanical properties, such as toughness, stiffness and surface hardness.
PAR  However, it is a disadvantage of polybutylene terephthalate moldings that
      on contact with a flame they burn very sootily. On exposure to an open
      flame the material melts with decomposition and flaming particles are
      dripped, which can cause the fire to spread. The test specimen itself
      sometimes continues to burn after removal of the flame.
PAR  In particular, this is true if the molding contains reinforcing materials
      such as glass fibers or mineral fillers such as chalk, asbestos or talc.
PAR  However, in numerous fields, the possible applications of moldings are
      essentially determined by the flammability rating of the particular
      material. Thus it is demanded that after removing the flame moldings
      should not continue to burn but should become extinguished and resist the
      spread of a fire. The use of polybutylene terephthalate moldings in
      numerous fields such as, say, electrical engineering or household
      appliances is thus closely linked to the problem of fire hazard. As a
      result, there exists a need to manufacture polybutylene terephthalate
      moldings of which the flammability rating does not imply the disadvantages
      mentioned.
PAR  It is the object of the present invention to modify polybutylene
      terephthalate or provide it with flame-retardant additives, so that the
      moldings produced therefrom are self-extinguishing and "non-dripping."
      Self-extinguishing in the present context means that immediately after, or
      shortly after, taking away the flame with which the test specimens have
      been heated and ignited, the specimens do not continue to burn and the
      flame does not spread. "Non-dripping" means, in the present context, that
      during or after exposure of a vertically fixed test specimen to the flame,
      no molten polyester particles are released.
PAR  It is particularly this requirement which is important in assessing the
      flammability of thermoplastics.
PAR  We have found, surprisingly, that the object of providing polybutylene
      terephthalate molding compositions which are self-extinguishing and do not
      drip flaming particles on exposure to a flame is achieved if the molding
      compositions contain, based on the amount of polyester,
PAR  3 to 25 per cent by weight of a compound containing halogen, which is
      stable under the conditions of processing the melt,
PAR  3 to 15 per cent by weight of synergistically active metal compound and
PAR  1 to 15 per cent by weight, preferably 3 to 8 per cent by weight, of a
      magnesium silicate of the chrysotile type.
PAR  It is extremely surprising that the molding compositions obtainable
      according to the invention display the desired properties since
      experiments have shown that even if large quantities of organic halogen
      compounds in combination with synergistically active metal compounds are
      added, but without the magnesium of the chrysotile type which is to be
      employed according to the invention, polybutylene terephthalate moldings
      which are both self-extinguishing and do not drip flaming particles are
      not obtained (comparative Experiment A).
PAR  Hence, these molding compositions do not conform to the stipulations of the
      flammability tests, since they drip flaming or hot polyester particles and
      therefore do not effectively prevent the spread of a fire. The effect
      achieved according to the invention is also surprising since the addition
      of reinforcing agents such as glass fibers or mineral fillers such as
      chalk, asbestos and talc to polybutylene terephthalate substantially
      increases the rate of burning of molding compositions provided with this
      additive, as compared to unmodified polybutylene terephthalate moldings.
      Furthermore, this effect is also surprising since the presence of other
      magnesium silicates instead of chrysotile, which is to be used according
      to the invention, does not give molding compositions having the
      advantageous properties which have been mentioned (comparative Experiments
      C and D). The use of small quantities of chrysotile furthermore has the
      effect that the amount of flame-retardant additives required for an
      effective flame-retardant modification of polybutylene terephthalate
      moldings can be reduced considerably.
PAR  Halogen compounds which can be used for flameproofing are above all
      compounds containing chlorine or bromine which are heat-stable at the
      temperatures at which the polybutylene terephthalate is processed and
      which only decompose at the scorching temperatures of polybutylene
      terephthalate. The following compounds have proved particularly suitable
      for the purpose of the present invention and are therefore preferred:
PAR  1. Chlorinated and brominated diphenyls and triphenyls containing 40 to
      approx. 85% by weight of halogen, such as hexachlorodiphenyl,
      decachlorodiphenyl, hexabromodiphenyl, octabromodiphenyl.
PAR  2. Chlorinated and brominated diphenyl ethers such as pentabromodiphenyl
      ether, octabromodiphenyl ether and decabromodiphenyl ether.
PAR  The following halogen compounds are also suitable:
PAR  1. Tetrachloro- and tetrabromo-phthalic anhydride. 2. Diels-Alder adducts
      of 2 moles of hexachlorocyclopentadiene and 1 mole of cyclopentadiene,
      furan, dicyclopentadiene and cyclooctadiene-1,5 and adduct of 1 mole of
      hexachlorocyclopentadiene and 1 mole of tetrabromostyrene.
PAR  3. Chlorinated or brominated bisphenol A and bisphenol S and
      tetrabromo-bisphenol A and their functional derivatives.
PAR  4. Brominated and chlorinated aromatics such as, say, hexabromobenzene and
      pentabromotoluene.
PAR  Synergistically active metal compounds which can be used are above all
      antimony compounds, preferably antimony trioxide, and also compounds of
      tin, iron, lead, zinc, bismuth and copper, preferably in the form of the
      oxides.
PAR  The polyester molding compositions according to the invention contain
      polybutylene terephthalate which can be modified with up to 20 mole% of
      other dicarboxylic acids or alcohols. Possible modifiers are, for example,
      aliphatic dicarboxylic acids of up to 20 C and cycloaliphatic or aromatic
      dicarboxylic acids with 1 or 2 aromatic rings. Examples of these are
      adipic acid, sebacic acid, cyclohexanedicarboxylic acid, isophthalic acid,
      2,6-naphthalenedicarboxylic acid and 2,7-naphthalenedicarboxylic acid.
PAR  Possible alcoholic modifiers are in particular aliphatic and cycloaliphatic
      glycols of 2 to 10 C, such as ethylene glycol, propylene glycol,
      hexanediol-1,6, neopentyl glycol, diethylene glycol and
      1,4-bis-hydroxymethylcyclohexane.
PAR  To improve the properties it can also be desirable to co-condense small
      quantities of trifunctional and polyfunctional crosslinking substances
      such as trimethylolpropane or trimesic acid into the polybutylene
      terephthalate.
PAR  In addition to the additives according to the invention, the
      self-extinguishing polyester molding compositions can contain further
      additives such as dyes, pigments, stabilizers against thermal,
      thermo-oxidative and ultra-violet degradation, antistatic agents,
      lubricants and processing auxiliaries which ensure trouble-free extrusion
      and injection molding, provided these additives do not influence the flame
      retardancy.
PAR  The polybutylene terephthalate employed for the manufacture of the molding
      compositions according to the invention usually has a relative viscosity
      of 1.3 to 1.8, preferably 1.5 to 1.7. The relative viscosity was
      determined in 0.5% strength solution in a phenol/o-dichlorobenzene mixture
      (3:2), using an Ubbelohde viscometer.
PAR  The molding compositions according to the invention possess good processing
      properties and excellent mechanical properties, such as toughness and
      stiffness and surface hardness, and are suitable for the manufacture of
      moldings used, for example, in electrical engineering, in mechanical
      engineering and instrumentmaking and for domestic appliances.
PAR  The additives according to the invention are incorporated into the
      polybutylene terephthalate by conventional processes for mixing solid
      constituents with thermoplastics, using an extruder, an injection molding
      machine and the like. Preferably, the self-extinguishing polybutylene
      terephthalate moldings are manufactured by mixing granular polybutylene
      terephthalate with the additives mentioned, subsequently melting and
      homogenizing the mixture in an extruder, extruding it into a water bath,
      and granulating and drying it.
PAR  An alternative method is to introduce the additives into the condensation
      apparatus immediately after completion of the polycondensation.
PAR  The burning characteristics were tested on groups of 10 barshaped injection
      moldings in the as-received condition and after 7 days' storage at
      70.degree.C. Essential features, if the specimen is to withstand the tests
      and achieve classification SE 0 or SE 1, are not only that the burning
      times should be as short as possible but also that during and after
      exposure to the flame the test bar should not drip flaming particles. With
      regard to the classifications, compare H. Reymer's "New flammability
      indexes: what they are, what they means", Modern Plastics, October 1970,
      Pages 92 et seq.).
PAR  The burning test was carried out on moldings 12.7 cm long, 1.2 cm wide and
      0.16 cm thick. The test specimens are fixed vertically in a clamp and were
      ignited by means of a 2 cm high nonluminous Bunsen burner flame which as
      located immediately below the test specimen, the distance between the
      lower edge of the test specimen and the upper end of the Bunsen burner
      tube being 1 cm. After exposure to the flame for 10 seconds, the Bunsen
      burner was removed and the duration of glowing combustion was measured.
      After the specimen had become extinguished, it was again ignited for 10
      seconds and the period of glowing combustion was measured with a
      stop-watch. Observations were also made as to whether the polyester test
      bar dripped flaming particles.
PAR  The burning times were obtained as the mean value from the 20 flame
      exposures carried out on 10 test bars; for classification SE 0 the burning
      time must be less than 5 seconds and the burning after a single ignition
      must not last longer than 10 seconds, whilst for classification SE 1 the
      burning time must be between 25 seconds and a maximum of 30 seconds in the
      case of a single ignition. In addition, the specimen must not drip flaming
      polyester particles.
DETD
PAC  EXPERIMENTS AND COMPARATIVE EXPERIMENTS
PAC  EXAMPLE 1
PAR  3.5 kg of granular polybutylene terephthalate having a relative viscosity
      of 1.65 were thoroughly mixed with 350 g of octabromodiphenyl, 175 g of
      antimony trioxide and 140 g of chrysotile (composition: 40.1% SiO.sub.2 ;
      40.8% MgO; 0.6% Al.sub.2 O.sub.3 ; 0.2% CaO; 1.7% total iron) the mixture
      was fused and homogenized in an extruder, and the extruded material was
      granulated after passing through a water bath. The test specimens required
      for the flammability testing were then produced on an injection molding
      machine.
TBL  ______________________________________                                    
     Flammability test                                                         
     (as-received condition):                                                  
     Burning time:           2.2 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     Flammability test                                                         
     (after 7 days' storage at 70.degree.C):                                   
     Burning time:           1.0 second                                        
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     ______________________________________                                    
PAC  COMPARATIVE EXPERIMENT A
PAR  3.5 kg of polybutylene terephthalate (relative viscosity = 1.65), 525 g of
      octabromodiphenyl and 350 g of antimony trioxide were mixed, extruded and
      converted into test specimens, as described in Example 1. It was not
      possible to test the flammability by the method described above since the
      samples, both in the as-received condition and after heat treatment (7
      days/70.degree.C) in every case dripped flaming particles of polyester
      melt whilst the test specimens were being ignited.
PAC  COMPARATIVE EXPERIMENTS B - D
PAR  Polybutylene terephthalate granules (3.0 kg; relative viscosity = 1.65)
      were mixed with 300 g of octabromodiphenyl, 180 g of antimony trioxide and
      150 b of a magnesium silicate, using a chrysotile of the composition
      described in Example 1 for Experiment B, a magnesium silicate of the
      composition 45.5% SiO.sub.2, 18.7 MgO, 10.1% Al.sub.2 O.sub.3, 7.0% CaO
      and 7.4% (total) Fe for Experiment C, and a magnesium silicate with 62.5%
      SiO.sub.2, 31.5% MgO and 0.3% CaO for Experiment D. These mixtures were
      extruded and after granulation and drying test specimens were molded.
TBL  ______________________________________                                    
     Experiment B                                                              
     Flammability test                                                         
     (as-received condition):                                                  
     Burning time:           4.9 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     Flammability test                                                         
     (after 7 days' storage at 70.degree.C):                                   
     Burning time:           4.4 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     Experiment C                                                              
     Flammability test                                                         
     (as-received condition):                                                  
     Burning time:           2.7 seconds                                       
     Dripping of flaming particles:                                            
                             yes                                               
     Classification:         SE 2                                              
     Experiment D                                                              
     Flammability test                                                         
     (as-received condition):                                                  
     Burning time:           7 seconds                                         
     Dripping of flaming particles:                                            
                             yes                                               
     Classification:         SE 2                                              
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A mixture of 3.5 kg of polybutylene terephthalate granules, 437 g of an
      adduct of hexachlorocyclopentadiene and cyclooctadiene-1,5, 245 g of
      antimony trioxide and 262 g of chrysotile containing 40.1% SiO.sub.2 and
      40.8% MgO was extruded and used to injection-mold test bars, as described
      in Example 1.
TBL  ______________________________________                                    
     Flammability test                                                         
     (as-received condition):                                                  
     Burning time:           7.9 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 1                                              
     Flammability test                                                         
     (after 7 days' storage at 70.degree.C):                                   
     Burning time:           3.6 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  3.5 kg of polybutylene terephthalate, relative viscosity = 1.65, 315 g of
      decabromodiphenyl, 175 g of antimony trioxide and 175 g of chrysotile (for
      composition, see Example 1) were thoroughly mixed and extruded, and test
      specimens were injected-molded.
TBL  ______________________________________                                    
     Flammability test                                                         
     (as-received condition):                                                  
     Burning time:           2.3 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     Flammability test                                                         
     (after 7 days' storage at 70.degree.C):                                   
     Burning time:           1.8 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A mixture of 3.5 kg of polybutylene terephthalate, relative viscosity =
      1.65, 420 g of octabromodphenyl ether, 175 of antimony trioxide and 175 g
      of chrysotile (composition as in Example 1) was extruded and used to
      injection-mold test specimens.
TBL  ______________________________________                                    
     Flammability test                                                         
     (as-received condition):                                                  
     Burning time:           0.8 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     Flammability test                                                         
     (after 7 days' storage at 70.degree.C):                                   
     Burning time:           4.7 seconds                                       
     Dripping of flaming particles:                                            
                             none                                              
     Classification:         SE 0                                              
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. Self-extinguishing molding compositions based on polybutylene
      terephthalate, which do not drip flaming particles on exposure to a flame,
      and which consists essentially of:
PA1  A. 3 to 25 percent by weight of a compound containing halogen, which is
      stable under the conditions of processing the melt;
PA1  B. 3 to 15 percent by weight of a synergistically active metal compound;
      and
PA1  C. 1 to 15 percent by weight of a magnesium silicate of the chrysotile type
      having the composition: 40.1% Slo.sub.2 ; 40.8% MgO; 0.6% Al.sub.2 O.sub.3
      ; 0.2% CaO; 1.7% total iron;
PAL  the percentages by weight of components A, B and C being based on the
      amount of polycondensate used.
NUM  2.
PAR  2. A self-extinguishing molding composition based on polybutylene
      terephthalate, which does not drip flaming particles on exposure to a
      flame and which consists essentially of a mixture consisting of a mixture
      consisting of:
PA1  A. 3 to 25 percent by weight of a compound containing halogen, which is
      stable under the conditions of processing the melt;
PA1  B. 3 to 15 percent by weight of a synergistically active metal compound;
      and
PA1  C. 1 to 15 percent by weight of a magnesium silicate of the chrysotile type
      having the composition: 40.1% Sl0.sub.2 ; 40.8% MgO; 0.6% Al.sub.2 O.sub.3
      ; 0.2% CaO; 1.7% total iron;
PAL  the percentages by weight of components A, B and C being based on the
      amount of polycondensate used.
NUM  3.
PAR  3. Molding compositions as claimed in claim 1, wherein the compounds
      containing halogen which are stable under the conditions of processing the
      melt consist of chlorinated and brominated diphenyls and triphenyls
      containing from 40 to approx. 80 percent by weight of halogen, or
      chlorinated and brominated diphenyl ethers.
NUM  4.
PAR  4. Molding compositions as claimed in claim 1, wherein the synergistically
      active metal compound is antimony trioxide.
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ABST
PAL  Better wet-out of glass fiber, lower viscosity of the resin mix which
      allows for higher filler loadings and better stability are the
      improvements of this invention. The compositions are prepared by an
      improved process which comprises mixing a vinyl ester resin having pendant
      half ester groups and a copolymerizable monomer with a polymeric low
      profile additive, glass fiber reinforcing material, CaCO.sub.3 filler and
      a viscosity reducing agent comprising a copolymer of a maleic acid half
      ester of a polyethylene glycol having a molecular weight of about 1450 to
      6000 and a monoalkenyl aromatic monomer. A chemical thickening agent such
      as magnesium oxide may also be added.
BSUM
PAC  BACKGROUND
PAR  Thermosettable molding compounds containing low profile (also called low
      shrink) additives have greatly stimulated the reinforced plastics
      industry. However, the preparation of low profile bulk and sheet molding
      compounds is troublesome in that high viscosity of the resin mix results
      in mechanical handling problems, poor wet-out of the reinforcing fibers
      and product stability problems. Further, in many cases the viscosity of
      the resin mix limits the amount of filler which can be incorporated
      therein. Higher filler loadings are desirable both from the ultimate
      properties imparted to the molded part and from the economic standpoint.
      The process of this invention overcomes the above problems.
PAC  SUMMARY
PAR  The improved process of this invention for preparing low profile molding
      compounds unexpectedly produces lower resin mix viscosity which improves
      fiber wet-out and properties of the molded article. Higher loadings of
      fillers can be tolerated because of the lower resin mix viscosities, and
      more stable molding compounds are produced.
PAR  The compositions are prepared by an improved process which comprises
      combining about 100 parts of a mixture of a terminally unsaturated vinyl
      ester resin having pendant half ester groups and a copolymerizable
      monomer, about 0.1 to 5 parts of a viscosity reducing agent, about 5 to 25
      parts of a polymeric low profile additive and about 10 to 150 parts of
      CaCO.sub.3. The composition prepared in this manner has a lower resin mix
      viscosity which allows for higher levels of CaCO.sub.3 and easier blending
      with up to 150 parts of reinforcing glass fibers. Better fiber wet-out is
      also obtained. Sheet molding compounds and the like may be readily
      obtained by the addition of a chemical thickening agent such as magnesium
      oxide.
PAR  Essential to obtaining the lower viscosity in the resin mix is the
      viscosity reducing agent which is a copolymer of a maleic acid half ester
      of a polyethylene glycol and a monoalkenyl aromatic monomer. The copolymer
      comprises about 0.5 to 2 moles of the half ester per 100 moles of the
      aromatic monomer. The glycol has an average molecular weight between about
      1450 and 6000.
PAC  DESCRIPTION
PAR  Basically a bulk molding compound (BMC) or a sheet molding compound (SMC)
      is a chemically thickened premix resin. Since this definition is commonly
      employed it will be used herein. A premix resin is simply a mixture of the
      resin and monomer with an inert filler, glass fiber and a catalyst. The
      catalyst is included since the resins usually are thermally cured. Other
      materials such as low profile additives, cure accelerators or promoters,
      mold release agents and the like may be added. Premix resins are soft,
      moldable, putty-like solids.
PAR  BMC and SMC are generally harder and less tacky than a premix and are more
      easily handled without changing shape. For convenience, a plastic cover
      film, e.g. polyethylene, is frequently used with SMC so that layers may be
      stacked on top of each other, rolled up, etc.
PAR  Both the vinyl ester resins of this invention and the method of thickening
      them to prepare a BMC or SMC are disclosed in U.S. Pat. No. 3,466,259
      which is incorporated herein by reference. Since very small amounts of
      water are needed to activate the thickening reaction only a sufficient
      amount of an alkaline earth oxide or hydroxide to cause thickening need be
      added to the compositions of this invention because sufficient water for
      this purpose is present as a part of the components, e.g. the CaCO.sub.3
      filler.
PAR  In general the amount of said oxides and hydroxides varies from about 1 or
      2 parts per 100 parts of resin up to 10 parts and higher. On an equivalent
      basis about 0.75 to 1 equivalent per equivalent of --COOH up to about 5/1
      may be used. Higher amounts, while not usually necessary for thickening,
      may be added since they merely act as a filler. Preferably the thickening
      is provided by the addition of magnesium oxide.
PAR  Reference is made to two articles to show the state of the art: "Smooth
      Surface Premix and Sheet Molding Compound Technology" by H. W. Nussbaum et
      al., SPI, 1970 Technical Conferences, Section 6-E pp. 1-5 and "Thickeners
      and Low Shrink Additives for Premix and SMC Systems" by F. Fekete, SPI,
      1970 Technical Conference, Section 6-D, pp. 1-6.
PAR  The molding compounds may be readily cured by exposure to ionizing
      radiation or by admixture with free radical yielding catalysts such as
      peroxides, persulfates and the like. With catalysts the cure may be
      accelerated by heating up to about 200.degree.F or higher. The molding
      compounds are frequently cured by heating under pressure in a suitable
      mold.
PAR  Reduction in viscosity of the resin mix is important to the attainment of
      the benefits and advantages of this invention, i.e. improved wet-out of
      the reinforcing fibers and attainment of higher filler loadings. Essential
      to the improved process and compositions of this invention is the addition
      of a copolymer of a maleic acid half ester of a polyethylene glycol and a
      monoalkenyl aromatic monomer. The average molecular weight of the glycol
      may vary between about 1450 and 6000 and preferably is about 4000.
      Monoalkenyl aromatic monomers are well known and include styrene, vinyl
      toluene, t-butyl styrene, .alpha.-methyl styrene and the like. Preferably,
      the aromatic monomer is styrene.
PAR  The copolymers comprise about 0.5 to 2 moles of the maleic acid half ester
      per 100 moles of the aromatic monomer. Molecular weight can be varied by
      changing the catalyst level (molecular weight decreases as catalyst level
      increases) and/or by changing the polymerization temperature (increasing
      the temperature decreases the molecular weight). The copolymer should have
      an weight average molecular weight of at least about 15,000 and can be as
      high as 50,000. A preferred molecular weight range is about 18,000 to
      25,000.
PAR  In the preparation of the molding compounds, the viscosity of the resin mix
      which is combined with the glass fibers is the important factor from the
      standpoint of fiber wet-out and ease of mechanical handling. A very
      viscous resin mix causes mixing and handling problems and results in poor
      fiber wet-out. Accordingly, the value of this invention is shown by the
      reduction in viscosity of the resin mix obtained by the addition of the
      block copolymer. Surprisingly, the block copolymer viscosity reducing
      agent is effective in amounts of about 0.1 to 5 parts per 100 parts of
      resin-monomer, whereas comparable amounts of well known emulsifiers of
      surfactants are ineffective. Larger amounts may be used but are not
      usually necessary.
PAR  The molding compounds may be prepared by combining the components in any
      convenient order. Generally, it is preferable to add the viscosity
      reducing copolymer in the initial mixing stages and before the glass
      fiber, but the advantages of this invention may be obtained if, for
      example, all components are simultaneously mixed together. With certain
      forms of glass fiber such as continuous mats the resin mix is first
      prepared before impregnating the mat. A skilled worker would be readily
      able to determine the most convenient order of mixing for his purposes and
      with his equipment utilizing the disclosure of this invention.
PAR  The resins of this invention are terminally unsaturated vinyl ester resins
      which have been modified to have pendant half ester groups. This half
      ester provides a free carboxylic acid group, --COOH, which is available
      for chemical thickening reactions with magnesium oxide and the like.
      Generally the resins are mixed with styrene for thermally cured reinforced
      articles but for radiation cure other monomers are more preferable such as
      the hydroxyalkyl acrylates. Resin-monomer mixtures generally comprise
      about 25 to 70 weight percent resin and 30 to 75 percent monomer.
PAR  Terminally unsaturated vinyl ester resins are first prepared by reacting
      about equivalent proportions of a polyepoxide resin and an unsaturated
      monocarboxylic acid wherein
      ##EQU1##
      linkages are formed and the resulting resin has terminal, polymerizable
      unsaturated groups. For example, two equivalents of methacrylic acid may
      be reacted with two equivalents of a polyepoxide resin to produce a vinyl
      ester resin.
PAR  Vinyl ester resins are described in U.S. Pat. No. 3,367,992 to Bearden
      wherein dicarboxylic acid half esters of hydroxyalkyl acrylates or
      methacrylate are reacted with polyepoxide resins. Bowen in U.S. Pat. Nos.
      3,006,112 and 3,179,623 describes the preparation of vinyl ester resins
      from monocarboxylic acids such as acrylic and methacrylic acid. Bowen also
      describes an alternate method of preparation wherein a glycidyl
      methacrylate or acrylate is reacted with the sodium salt of a dihydric
      phenol such as bisphenol A. Vinyl ester resins based on epoxy novolac
      resins are described in U.S. Pat. No. 3,301,743 to Fekete et al. Fekete et
      al. also describe in U.S. Pat. No. 3,256,226 vinyl ester resins wherein
      the molecular weight of the polyepoxide is increased by reacting a
      dicarboxylic acid with the polyepoxide resin as well as acrylic acid, etc.
      Other difunctional compounds containing a group which is reactive with an
      epoxide group, such as an amine, mercaptan and the like may be utilized in
      place of the dicarboxylic acid. All of the above-described resins which
      contain the characteristic linkages
      ##EQU2##
      and terminal, polymerizable unsaturated groups, are classified herein as
      vinyl ester resins. The preparation of vinyl ester resins is fully
      disclosed in the above patents.
PAR  The vinyl ester resin for use herein is modified to have pendant half ester
      groups by reacting the secondary hydroxyl group as shown in the linkage
      group above with a dicarboxylic acid anhydride. A variety of saturated and
      unsaturated anhydrides may be used for this modification, for example
      maleic, citraconic, aconitic, itaconic, phthalic, terephthalic,
      tetrabromophthalic, chlorendic and like anhydrides. Proportions of
      anhydride may range from about 0.1 mole per hydroxyl group up to an amount
      sufficient to react with each hydroxyl. a reaction temperature from about
      25.degree. to 150.degree.C. is suitable and any of the well known vinyl
      polymerization inhibitors may be added to prevent polymerization during
      the reaction. Such resins are fully disclosed in U.S. 3,564,074 which is
      incorporated herein by reference.
PAR  Briefly, any of the known polyepoxides may be employed in the preparation
      of the vinyl ester resins of this invention. Useful polyepoxides are
      glycidyl polyethers of both polyhydric alcohols and polyhydric phenols,
      flame retardant epoxy resins based on tetrabromo bisphenol A, epoxy
      novolacs, epoxidized fatty acids or drying oil acids, epoxidized
      diolefins, epoxidized di-unsaturated acid esters as well as epoxidized
      unsaturated polyesters, so long as they contain more than one oxirane
      group per molecule. The polyepoxides may be monomeric or polymeric.
PAR  Preferred polyepoxides are glycidyl polyethers of polyhydric alcohols or
      polyhydric phenols having weights per epoxide group of about 150 to 2,000.
      These polyepoxides are usually made by reacting at least about 2 moles of
      an epihalohydrin or glycerol dihalohydrin with 1 mole of the polyhydric
      alcohol or polyhydric phenol, and a sufficient amount of a caustic alkali
      to combine with the halogen of the halohydrin. The products are
      characterized by the presence of more than one epoxide group per molecule,
      i.e., a 1,2-epoxy equivalency greater than one.
PAR  Unsaturated monocarboxylic acids include acrylic acid, methacrylic acid,
      halogenated acrylic or methacrylic acids, cinnamic acid and the like and
      mixtures thereof, and hydroxyalkyl acrylate or methacrylate half esters of
      dicarboxylic acids as described in U.S. Pat. No. 3,367,992 wherein the
      hydroxyalkyl group preferably has from two to six carbon atoms.
PAR  A variety of copolymerizable monomers are available and suitable and
      include alkenyl aromatic monomers, alkyl esters of acrylic and methacrylic
      acid, vinyl acetate, acrylonitrile, diallyl maleate, diallyl phthalate,
      acrylic and methacrylic acid, and the like and mixtures thereof. Preferred
      are the alkenyl aromatic monomers such as styrene, .alpha.-methyl styrene,
      vinyl toluene, alkyl substituted styrenes such as t-butyl styrene, etc.,
      halogen substituted styrenes such as chlorostyrene, dichlorostyrene and
      the like.
PAR  Very smooth (low profile) surfaces are provided by this invention. For this
      purpose known polymeric additives may be employed. One group of low
      profile additives which may be employed is the polyalkenyl aromatic
      thermoplastics. Typical alkenyl aromatic monomers include styrene, vinyl
      toluene, t-butyl styrene, .alpha.-methyl styrene and the like. Mixtures of
      said monomers mmay be used in preparing the polymerized thermoplastic and
      it is intended herein that the term "polyalkenyl aromatic thermoplastic"
      include such polymerized mixtures. Polystyrene is a preferred low profile
      additive.
PAR  A second group of low profile additives, which also impart impact
      resistance, include polydiene rubbers which contain in polymerized form
      about 30 to 100 weight percent of a conjugated diene or mixtures thereof
      and correspondingly from 0 to about 70 percent of a monoalkenyl aromatic
      monomer of the type hereinbefore described. Said polydiene rubbers may be
      random, graft or block copolymers all of which and their preparation are
      well known. Many different polydiene rubbers are available commercially.
      Typical polydiene rubbers are fully disclosed in U.S. Pat. No. 3,674,893
      and are incorporated herein by reference. A preferred additive is a
      styrene-butadiene block copolymer and mixtures of same with polystyrene.
PAR  Conjugated diene monomers include butadiene, isoprene, chloroprene and like
      monomers, preferably those having 4 to 8 carbon atoms. Butadiene is a
      preferred monomer, and styrene is a preferred comonomer. Polybutadiene and
      styrene-butadiene copolymers, especially the block copolymers, are
      preferred low profile additives.
PAR  A third group of low profile additives include the polyalkyl acrylate or
      methacrylate thermoplastics. Preferably the alkyl group contains from 1 to
      about 6 carbon atoms. The most commonly used polyalkyl methacrylate is
      polymethyl methacrylate which is preferred herein. It is understood that
      mixtures of various alkyl acylate or methacrylate monomers may be used to
      prepare the thermoplastic polymers.
PAR  Other known polymeric low profile additives include polyolefins such as
      polyethylene, polyvinyl acetates, polycaprolactones, cellulose acetate
      butyrates and numerous other thermoplastic organic polymeric materials.
      Mixtures of low profile additives may also be used, e.g., a mixture of
      polystyrene and a polydiene rubber is a particularly beneficial mixture.
PAR  To obtain smooth surfaces it is only necessary to add to the resin-monomer
      mixture about 5 to 20 parts of said low profile additive per 100 parts of
      resin-monomer. The amount of the viscosity reducing agent ranges from
      about 0.1 to 5 parts per 100 parts of resin-monomer and will vary
      depending on the amount of low profile additive present.
PAR  In addition to the low profile additive and viscosity reducing agent about
      10 to 150 parts of CaCO.sub.3 is added as an inert filler. For making
      reinforced plastics up to about 150 parts of glass fiber may be added.
      With most thermosettable resin systems the addition of filler results in a
      significant viscosity increase which make admixture and wet-out of the
      glass fiber difficult. However, by the use of the viscosity reducing agent
      of this invention significantly lower viscosities are obtained which
      improve the mechanical handling, stability and fiber wet out. After the
      admixture of filler and glass fiber the composition may then be readily
      thickened by the addition of magnesium oxide and the like to make a sheet
      molding compound. Preferably the CaCO.sub.3 is present in about 60 to 150
      parts per 100 parts of resin-monomer.
PAR  Other additives may also be present such as free radical catalysts, e.g.,
      t-butyl perbenzoate, benzoyl peroxide and the like; accelerators such as
      cobalt naphthanate, N,N-dimethyl toluidine and the like; mold release
      agents such as metal stearates, fatty alcohol phosphates (Zelec UN) and
      the like; colorants, etc.
DETD
PAR  The following non-limiting examples will further illustrate the process of
      the present invention. All parts and percentages are by weight unless
      otherwise specified.
PAC  EXAMPLE 1
PAR  A vinyl ester resin was prepared by first reacting 1.9 parts of bisphenol A
      with 14 parts of glycidyl polyether of bisphenol A having an epoxide
      equivalent weight (EEW) of 186-192 (D.E.R. 331) in the presence of a
      catalytic amount of tetrabutyl phosphonium acetate.acetic acid complex as
      a 70% solution in methanol to form a higher molecular weight polyepoxide
      having an EEW of about 275. The latter was then combined with 24.2 parts
      of an epoxy novolac having an EEW of 175-182 (D.E.N. 438) and 16.6. parts
      of methacrylic acid. A vinyl polymerization inhibitor and more catalyst
      was added. The mixture was then heated and reacted until the residual acid
      content was about 1% or less. The product was a terminally unsaturated
      vinyl ester.
PAR  Modification of the vinyl ester to have pendant half ester groups was
      obtained by adding 5.5 parts of maleic anhydride and heating the mixture
      until the acid content was about 5% as --COOH. The modified vinyl ester
      resin was then cooled and mixed with 31.2 parts of styrene. Phenothiazine
      was added as an inhibitor.
PAC  EXAMPLE 2
PAR  This example illustrates one method for preparing the viscosity reducing
      copolymer of this invention. The maleic acid half ester was prepared by
      reacting one mole of maleic anhydride with one mole of a polyglycol having
      an average molecular weight of about 4000 (E-4000). The glycol was first
      dried by azeotroping off the water using toluene. The reaction is
      conducted under a nitrogen pad for 1.5 to 3 hours at
      100.degree.-110.degree.C. When the acid content ceases to decline the half
      ester preparation is complete. The resultant half ester is a 50% solution
      in toluene.
PAR  The copolymer was prepared in a suitable reactor by charging 82 gms of the
      half ester solution, 208.3 gms of styrene and 208.3 gms of toluene. After
      heating to 100.degree.C, 2.1 gms of benzoyl peroxide (98%) was added and
      heating continued and controlled at between 110.degree.C and 115.degree.C
      for about 1 hour. Then an additional 82 gms of half ester solution was
      added and digested for another 30 minutes at this temperature. The toluene
      was then stripped off by an air purge which also helped stop any further
      polymerization. When the reactor temperature reached 140.degree.C the air
      purge was stopped and a vacuum applied to remove traces of toluene, etc.
      The temperature dropped to 120.degree.C at which time the copolymer was
      diluted with 677 gms of styrene (inhibitor added) for subsequent addition
      to the vinyl ester resin. The copolymer produced was prepared from a total
      of about 0.02 moles of the half ester and 2 moles of styrene and has a
      weight average molecular weight of about 29,000.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was followed except that the polymerization step
      was conducted with a higher catalyst level of 11/2% based on styrene vs.
      about 1% in the previous example. The weight average molecular weight was
      about 23,000.
PAC  EXAMPLE 4
PAR  Another similar copolymer was prepared at a 2% benzoyl peroxide catalyst
      level. The weight average molecular weight was about 18,000.
PAC  EXAMPLE 5
PAR  Similar copolymers may be made by polymerizing from 1 to 2 moles of the
      half ester per 150 to 300 moles of styrene.
PAC  EXAMPLE 6
PAR  The effectiveness of the above copolymers in reducing the viscosity of the
      resin mix is shown by the following example. A formulation for preparing
      sheet molding compounds was prepared by combining 976 gms of the
      resin-monomer solution of Example 1, 1.0 part of the above copolymers from
      Examples 2 and 3 per 100 parts of resin-monomer (abbreviated phr), 15 gms
      Luperox 118 catalyst (2,5-bis-benzol peroxide), 1.5 gms of USP 245
      catalyst (2,5-dimethyl hexane-2,5-diper-2-ethylhexoate), 4.5 gms of
      additional styrene, 2250 gms of CaCO.sub.3 filler (Camel White), 52.5 gms
      of zinc stearate as a mold release agent and 524 gms of a low profile
      additive solution. The latter comprised a solution in 62.5 parts of
      styrene, 25 parts of a styrenebutadiene (40:60) block copolymer and 12.5
      parts of polystyrene.
PAR  Without any viscosity reducing agent the resin mix had a viscosity of
      69,000 cps.
PAR  With the copolymer of Example 2 added to the resin mix at 1 phr, its
      viscosity was reduced to 32,000 cps (over a 50% reduction).
PAR  With the copolymer of Example 3 added to the resin mix in the same amount,
      its viscosity was reduced to 36,000 cps (slightly less than a 50%
      reduction).
PAC  EXAMPLE 7
PAR  A sheet molding mixture was prepared by blending the following:
PA1  6.5 lbs of a resin prepared as in Example 1,
PA1  3.5 lbs of a low profile additive solution (62.5 parts of styrene, 25 parts
      of a styrene-butadiene (40/60) block copolymer and 12.5 parts of
      polystyrene,
PA1  98.5 grams of an emulsifier prepared as in Example 3,
PA1  45 grams of tertiarybutyl perbenzoate,
PA1  4.5 grams of USP 245 catalyst,
PA1  182 grams of zinc stearate,
PA1  15 lbs of calcium carbonate filler (Camel White),
PA1  0.58 lbs of magnesium oxide slurry (60% by weight in Derakane 411-45).
PAR  The mix viscosity at 90.degree.F measured 2 hours after mixing was 25,900
      cps.
PAR  A sheet molding matt was prepared from 75% by weight of the above mixture
      and 25% OCF 951 - 16 oz continuous strand glass roving chopped to lengths
      of about one-half inch. The resultant matt had a surface which was
      slightly moist and a light fuzz when polyethylene film is stripped
      therefrom.
PAC  EXAMPLE 8
PAR  The above results can be compared with those obtained in tests with a
      similar resin and several commercial emulsifiers at 0.5 phr.
TBL  ______________________________________                                    
     Emulsifier          Viscosity, cps                                        
     ______________________________________                                    
     none                76,800                                                
     Pluronic L62        66,400                                                
     Ethoquad C/25       80,800                                                
     Tween 85            64,800                                                
     Triton X-100        75,300                                                
     Pluronic L64        70,500                                                
     Dowfax 2A1          70,400                                                
     ______________________________________                                    
PAR  The best of these six commercial surfactants reduced the viscosity only
      about 15% and in one case the viscosity was actually increased. All the
      surfactants are identified in McCutcheon's "Detergents and Emulsifiers".
PAC  EXAMPLE 9
PAR  The effect of the molecular weight of the polyethylene glycol used to
      prepare the maleic acid half esters was evaluated by preparing a series of
      copolymers in which the glycol molecular weight was respectively 600,
      1000, 1450, 2000, 4000 and 6,000. A copolymer where the glycol was a
      polypropylene glycol having a molecular weight of about 2000 was also
      prepared.
TBL  ______________________________________                                    
     Glycol   Moles Half Ester                                                 
                              Reduction in                                     
     M.W.     to Styrene      Viscosity                                        
     ______________________________________                                    
      600.sup.1                                                                
              2.5/100         ineffective                                      
     1000.sup.1                                                                
              2.0/100         ineffective                                      
     1450.sup.1                                                                
              1.5/100         effective                                        
     2000.sup.1                                                                
               1/100          effective                                        
     4000.sup.1                                                                
               1/100          effective                                        
     6000.sup.1                                                                
              1.5/100         effective                                        
     2000.sup.2                                                                
               4/100          ineffective                                      
     ______________________________________                                    
      .sup.1 polyethylene glycol                                               
      .sup.2 polypropylene glycol                                              
PAR  Copolymers with a 4000 molecular weight polyglycol appears to be optimum
      within the claimed range. Polypropylene glycol is not an effective
      replacement for polyethylene glycol.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reduced viscosity low profile molding composition comprising in
      combination about 100 parts of a mixture of a terminally unsaturated vinyl
      ester resin having pendant half ester groups and a copolymerizable
      monomer, about 0.1 to 5 parts of a viscosity reducing agent, about 5 to 25
      parts of a polymeric low profile additive and about 10 to 150 parts of an
      inert filler; wherein said viscosity reducing agent is a copolymer of a
      maleic acid half ester of a polyethylene glycol having a weight average
      molecular weight of about 1450 to 6000 and a monoalkenyl aromatic monomer,
      said copolymer comprising about 0.5 to 2 moles of the half ester per 100
      moles of the aromatic monomer and said copolymer having a weight average
      molecular weight of from about 15,000 to about 50,000; and wherein said
      vinyl ester resin is prepared by reacting about equivalent amounts of a
      polyepoxide and an unsaturated monocarboxylic acid and forming pendant
      half ester groups by further reaction with a dicarboxylic acid anhydride.
NUM  2.
PAR  2. The composition of claim 1 further comprising a sufficient amount of an
      alkaline earth oxide or hydride to thicken the composition.
NUM  3.
PAR  3. The composition of claim 2 further comprising up to 150 parts of a
      fibrous reinforcing material.
NUM  4.
PAR  4. The composition of claim 1 wherein said polyglycol has a weight average
      molecular weight of about 4000.
NUM  5.
PAR  5. The composition of claim 1 wherein said copolymer is a copolymer of
      styrene and the half ester.
NUM  6.
PAR  6. The composition of claim 1 wherein said copolymer is a copolymer of
      styrene and a maleic acid half ester of a polyethylene glycol having a
      molecular weight of about 4000, and said copolymer having a weight average
      molecular weight of from about 18,000 to about 25,000.
NUM  7.
PAR  7. The composition of claim 6 wherein said low profile additive is a
      polydiene rubber containing in polymerized form about 30 to 100 weight
      percent of a conjugated diene and the balance to make 100 percent of a
      monoalkenyl aromatic monomer.
NUM  8.
PAR  8. The composition of claim 6 wherein said low profile additive is
      polystyrene, polybutadiene or a styrene-butadiene block copolymer.
NUM  9.
PAR  9. The composition of claim 6 wherein said low profile additive is a
      mixture of polystyrene and a styrene-butadiene block copolymer.
NUM  10.
PAR  10. An improved process for making glass fiber reinforced sheet molding
      compounds which comprises combining in any convenient order about 100
      parts of a mixture of a terminally unsaturated vinyl ester resin having
      pendant half ester groups and a copolymerizable monomer, about 0.1 to 5
      parts of a viscosity reducing agent, about 5 to 25 parts of a polymeric
      low profile additive, about 10 to 150 parts of an inert filler and up to
      about 150 parts of reinforcing glass fiber, wherein said viscosity
      reducing agent is a copolymer of a maleic acid half ester of a
      polyethylene glycol having an average molecular weight of about 1450 to
      6000 and a monoalkenyl aromatic monomer, said copolymer comprising about
      0.5 to 2 moles of the half ester per 100 moles of the aromatic monomer,
      and wherein said vinyl ester resin is prepared by reacting about
      equivalent amounts of a polyepoxide and an unsaturated monocarboxylic acid
      and forming pendant half ester groups by further reaction with a
      dicarboxylic acid anhydride.
NUM  11.
PAR  11. The process of claim 10 further comprising the addition of a sufficient
      amount of an alkaline earth oxide or hydroxide to thicken the composition.
NUM  12.
PAR  12. The process of claim 11 wherein said filler is CaCO.sub.3.
NUM  13.
PAR  13. The composition of claim 1 wherein said filler is CaCO.sub.3.
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ABST
PAL  A novel compound,
      bis((1-oxo-2,6,7-trioxa-1-phosphabicyclo[2.2.2]oct-4-yl)methyl)
      2,5-dibromoterephthalate, which is a highly effective flame-retardant
      additive for polyesters, and flame-retardant polyester compositions
      containing it.
PARN
PAR  This is a division of application Ser. No. 368,732, filed June 11, 1973,
      now U.S. Pat. No. 3,849,522.
BSUM
PAR  This invention relates to flame-retardant polyester compositions. More
      particularly, the invention relates to flame-retardant polyester fibers,
      films and molded articles wherein the flame-retardant additive is a novel
      phosphate-containing ester of 2,5-dibromoterephthalic acid.
PAR  Polyester compositions containing organic phosphorus and organic halogen
      compounds are known and are disclosed, for example, in U.S. Pat. Nos.
      3,356,631, issued Dec. 5, 1971, to Jackson et al.; 3,645,962, issued Feb.
      29, 1972, to Schwarz; 3,681,281, issued Aug. 1, 1972, to Juelke et al.;
      3,688,001, issued Aug. 29, 1972, to Exner et al.; 3,708,328, issued Jan.
      2, 1973, to Kelkheim et al.; and West German Pat. No. 2,001,125 (1970) to
      Caldwell et al. (Eastman Kodak Company). The aforesaid patents deal with
      methods and additives for imparting flame retardance to polyesters.
PAR  However, it has always been desirable to provide more efficient flame
      retardants which are thermally stable and which can be incorporated into
      molten polyester prior to formation of fibers, film or molded articles.
PAR  According to the present invention, there has been discovered a novel
      compound, bis(( 1-oxo-2,6,7-trioxa-1-phosphabicyclo[
      2.2.2]oct-4-yl)methyl) 2,5-dibromoterephthalate, which is a highly
      effective flame retardant for polyesters and is particularly suited for
      use in connection with polyester fibers.
PAR  The novel compound of the present invention is represented by the following
      formula:
      ##SPC1##
PAL  And may be prepared by reacting
      4-hydroxymethyl-2,6,7-trioxa-1-phosphabicyclo[ 2.2.2]octane and
      2,5-dibromo-terephthaloyl chloride in acetonitrile solvent utilizing
      pyridine as a catalyst.
PAR  A further embodiment of the present invention resides in polyester fibers,
      films and molded articles containing from about 5 to 25% by weight, based
      on the combined weight of polyester and flame retardant, of the novel
      compound of the present invention.
PAR  The polyesters which are rendered flame-retardant in accordance with the
      present invention include both the fiber- and film-forming linear
      saturated polyesters derived from saturated aliphatic and aromatic
      dicarboxylic acids and saturated diols and linear unsaturated polyesters
      which are principally employed for casting and molding applications.
PAR  The fiber- and film-forming saturated polyesters are prepared from
      dicarboxylic acids such as terephthalic acid, isophthalic acid, adipic
      acid, diphenyl-4,4'-dicarboxylic acid (bibenzoic acid),
      4,4'-di(carboxyphenyl)methane, 2,6-naphthalene-dicarboxylic acid,
      1,3-cyclopentanedicarboxylic acid, 1,3-cyclohexane-dicarboxylic acid and
      the like. Diols generally employed to prepare the fiber- and film-forming
      polyesters are the saturated aliphatic, saturated cycloaliphatic or
      aromatic diols, preferably the lower alkane diols such as ethylene glycol,
      propylene glycol and butylene glycol. Other exemplary diols include
      ethylene diglycol, dimethylolcyclohexane, 1,6-hexanediol, p-xylylenediol
      and the like. Particularly preferred are fiber- and film-forming
      polyesters prepared from ethylene glycol and terephthalic acid. These
      fiber- and film-forming polyesters generally have an average molecular
      weight of at least about 10,000.
PAR  Unsaturated polyesters are characterized in that they are based on
      macromolecules with a polyester backbone in which both a saturated acid,
      e.g., phthalic, isophthalic or adipic acid, and an unsaturated acid such
      as maleic or fumaric acid are condensed with a diol. A three dimensional
      structure is obtained by cross-linking the linear polyester backbone
      through the unsaturated acid component with a vinyl monomer, which is
      usually styrene. Conventional peroxide initiators are employed, such as
      benzoyl peroxide or cumene hydroperoxide. The cross-linking monomers also
      may act as solvents for the polyester so as to produce a liquid, low
      viscosity polyester-monomer system which is useful for casting and molding
      applications. Before addition of the vinyl monomer, the polyester backbone
      usually has a molecular weight of about 1,000 to 5,000.
PAR  A particularly preferred embodiment of the present invention resides in
      providing flame-retardant spun polyester fibers such as polyethylene
      terephthalate, poly(1,4-cyclohexylenedimethylene)terephthalate or
      polyethylene 2,6-naphthalenedicarboxylate spun fibers having significantly
      improved flame-retardant characteristics.
PAR  As is known in the art, polyester fibers are conventionally prepared by the
      so-called melt spinning technique. In this method, the molten polyester is
      extruded under pressure through a spinneret plate having a plurality of
      small circular openings about 0.009 inch in diameter. The spinning is
      carried out at a temperature of from about 260.degree. to 300.degree.C for
      polyethylene terephthalate fibers. The polymeric polyester has been
      previously prepared either by the batch method or by the continuous
      polymerization technique.
PAR  Thus, in view of the conditions employed in the melt spinning process,
      there are a significant number of problems to be overcome in successfully
      incorporating an effective flame retardant during melt spinning. The flame
      retardant must be thermally stable, it must be both unreactive with and
      soluble in the molten polyester. In addition, the flame retardant must
      have a low volatility at spinning temperatures and should not in any way
      interfere with the operation of the spinneret. The flame retardant should
      also have no substantial adverse effect upon the physical properties of
      the spun fiber.
PAR  The novel flame-retardant compound of the present invention,
      bis((1-oxo-2,6,7-trioxa-1-phosphabicyclo[ 2.2.2]oct-4-yl)methyl)
      2,5-dibromoterephthalate meets all these important criteria and is
      particularly suitable for use in connection with the melt spinning process
      for producing polyester fibers.
PAR  Generally speaking, from about 5 to 25% of the novel flame-retardant
      compound of the present invention is employed based on the combined weight
      of polyester and additive, i.e., 5 to 25 parts by weight of flame
      retardant and 75 to 95 parts by weight of polyester. Preferably about 10
      to 22% by weight of the novel flame-retardant additive is employed.
PAR  Flame-retardant polyester fibers prepared in accordance with the present
      invention may be used as such or may be blended with other fibrous
      materials such as cotton, rayon, nylon, acetate, acrylics and the like,
      and such blends are well known to those in the textile art.
PAR  Polyesters useful for molding compositions will generally contain inorganic
      reinforcing fillers such as mineral silicates, silica gel, asbestos, clay,
      talc, and the like which improve the physical properties of the molding
      compounds, with glass fibers being a preferred reinforcing additive for
      such compositions at concentrations of about 10 to 50% by weight of the
      total molding composition.
PAR  Of course, flame-retardant polyester fibers, films and molded articles
      prepared in accordance with the present invention may contain a wide
      variety of additional ingredients such as plasticizers, dyes, heat and
      color stabilizers, pigments, antioxidants, antistatic agents and various
      other special purpose additives employed in the processing of polyester
      compositions.
DETD
PAR  The invention is further illustrated by the following examples which are
      not to be considered as limitative of its scope. All parts and percentages
      are by weight of (based on) the total weight of the composition and
      temperatures are in degrees centigrade, unless otherwise stated.
PAC  EXAMPLE I
PAR  A mixture of 72 g (0.4 mole) of
      4-hydroxymethyl-2,6,7-trioxa-1-phosphabicyclo[ 2.2.2]octane and 72 g (0.2
      mole) 2,5-dibromoterephthaloyl choride and 400 ml of acetonitrile
      containing 7 drops of pyridine was placed in a 1 liter flask equipped with
      a magnetic stirrer, reflux condenser and drying tube, and was heated under
      a gentle reflux until the evolution of hydrochloride gas stopped. A solid
      precipitated from the reaction mixture as the reaction proceeded. The
      mixture was filtered and 127 g of white solid was collected. The solid was
      washed several times with 10% sodium carbonate solution, then with
      distilled water and dried to give 103.3 g of white solid identified as
      bis((1-oxo-2,6,7-trioxa-1-phosphabicyclo[ 2.2.2]oct-4-yl)methyl)
      2,5-dibromoterephthalate having a melting point &gt;310.degree.C.
PAC  EXAMPLE II
PAR  The flame retardancies of polyethylene terephthalate (PET) plaques
      containing the compound prepared in Example I were determined by measuring
      the Limiting Oxygen Index (LOI) of the plaques.
PAR  The plaques were first prepared as follows:
PAR  One brass plate (6.times.6 inches chrome plated) is placed on the bottom
      (chrome side up), a 6.times.6.times.1/4 inch spacer (1/32 inch stainless
      steel) is placed on a 61/2.times.61/2 inch sheet of aluminum foil and the
      edges are folded over and pressed into place. This is then placed on the
      brass plate. A 6 gram 10-mesh screened sample of ground polymer
      (containing the flame-retardant additive) is spread evenly on the foil in
      the 51/2.times.51/2 inch square framed by the spacer. A fiberglass fabric
      (51/2.times.51/2 inch) is placed over the polymer. A second 6 gram portion
      of the polymer-additive composition is spread evenly over the fiberglass
      fabric. A 6.times.6 inch sheet of aluminum foil is placed over the polymer
      and a second chrome plated brass plate is put on top (chrome side in). The
      mold assembly is placed in a hydraulic press previously heated to
      275.degree.C, the plates are closed gently and to allow melting (about 3
      minutes) then the pressure is increased rapidly to 10,000-12,000 pounds.
      After one minute the pressure is released and the mold quenched in a cold
      water bath. The foil is removed and the composite cut out. The 51/2 inch
      square plastic composite of PET resin and glass fabric is cut into
      31/2.times.1/2 inch strips which are dried at 100.degree.C for one hour.
PAR  The LOI test is made by supporting the 31/2.times.1/2 inch sample strip in
      a U-shaped frame which is mounted in a cylindrical open chamber.
      Controlled mixtures of oxygen and nitrogen gases are admitted into the
      base of the chamber and allowed to displace the normal atmosphere. When an
      equilibrium atmosphere in the chamber is obtained, the sample is ignited
      with a butane gas flame by contacting the flame to the top edge of the
      sample. If it fails to ignite, the oxygen ratio of the atmosphere is
      increased to a level where the flame will just propagate. Conversely, if
      the sample strip ignites and the flame propagates, the oxygen ratio of the
      atmosphere is reduced to a level where flame propagation is virtually
      zero. The LOI is the minimum percentage concentration of the oxygen
      atmosphere in which the test sample will ignite and permit flame
      propagation.
PAR  The LOI test was introduced in 1966 (Fennimore et al., Modern Plastics, 43,
      141 (1966) and is the basis for ASTM-D-2863-70. The apparatus used was the
      Oxygen Index Flammability Tester (Model JD14) manufactured by MKM Machine
      Tool Co., Inc.
PAR  The LOI results for PET plaques containing various amounts of the novel
      additive prepared in Example I are set forth in the table below:
TBL                TABLE I                                                     
     ______________________________________                                    
     Flammability Data                                                         
                % Additive                                                     
     Sample     of Example I     LOI                                           
     ______________________________________                                    
     1          none             21.0                                          
     2          10.5             29.2                                          
     3          21.0             37.2                                          
     ______________________________________                                    
PAC  EXAMPLE III
PAR  Twenty parts of the novel compound of Example I was mix-melted with 80
      parts of polyethylene terephthalate under N.sub.2 and the admixture was
      observed using a hot stage microscope. The sample melted without
      decomposition at 249.degree.-252.degree.C and became fluid; decomposition
      did not take place. The temperature was raised to 285.degree.C and held
      there for 10 minutes, and then to 290.degree.C and maintained at
      290.degree.C for an additional 10 minutes. No visible increase in
      viscosity was observed nor was there observed any darkening or other
      evidence of decomposition. This example demonstrates the thermal stability
      of the blend.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame-retardant polyester composition comprising a linear saturated,
      fiber-forming polyester and from 5 to 25% by weight of
      bis-((1-oxo-2,6,7-trioxa-1-phosphabicyclo[2.2.2]-oct-4-yl)methyl)2,5-dibro
     moterephthalate as the flame retardant additive, based on the combined
      weight of polyester and said flame-retardant additive.
NUM  2.
PAR  2. The composition of claim 1 where there is present from 10 to 22% by
      weight of the flame-retardant additive, based on the combined weight of
      said polyester and said flame-retardant additive.
NUM  3.
PAR  3. A fiber formed from the composition of claim 1.
NUM  4.
PAR  4. The composition of claim 3 wherein the polyester is a member of the
      group consisting of polyethylene terephthalate,
      poly(1,4-cyclohexylenedimethylene)terephthalate and polyethylene
      2,6-naphthalenedicarboxylate.
NUM  5.
PAR  5. A process for preparing the flame-retardant polyester fiber of claim 4
      which comprises admixing the flame-retardant additive with molten
      polyester and thereafter extruding the admixture at elevated temperatures
      through a spinneret plate whereby a spun, flame-retardant polyester fiber
      is produced.
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ABST
PAL  In a process for the preparation of fiber-forming polyamides in the
      presence of a phenylphosphinate where copper from a cupric salt employed
      in the process tends to precipitate from the system, such copper loss is
      substantially reduced by using a mol ratio of KBr:KI of greater than 0.33
      with 0.7 to 9 mols KI at a total potassium halide concentration of from
      7.5 to 26 mols per million grams of polymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns a process for the preparation of synthetic, linear,
      fiber-forming polyamides in the presence of a phenylphosphinate, a cupric
      salt and a specified ratio of KBr and KI.
PAR  The stabilization of polyamides against embrittlement by preparing them in
      the presence of certain phosphorous, copper and halogen compounds is
      disclosed in U.S. Pat. No. 2,705,227 to Stamatoff. However, under normal
      conditions, e.g., continuous polymerization including a flasher stage,
      this combination of additives results in the formation of metallic copper
      during the polymerization, resulting in processing difficulties and a
      reduced copper concentration in the final polymer.
PAR  An object of this invention is to reduce the amount of copper loss under
      such conditions, thus minimizing the problems associated therewith while
      otherwise retaining the beneficial properties of the resulting products
      and improving the process economics.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is an improvement in the process for the preparation of a
      synthetic, linear, fiber-forming polyamide by the melt-polymerization of
      an aqueous, polyamide-forming solution of a salt of an aliphatic diamine
      and a dicarboxylic acid, which solution further contains a
      phenylphosphinate, cupric salt and an alkali metal halide. The function of
      the phenylphosphinate is that of a catalyst which accelerates the
      polymerization process. The cupric salt, after partial reduction, supplies
      cuprous ion to the polymer and serves as an antioxidant therein. The
      halide is usually added in chemical excess and is believed to form a
      complex with the cuprous ion, stabilizing the latter and inhibiting its
      reduction to metallic copper in the polymerization so that it will become
      incorporated into the polymer without loss.
PAR  According to the present invention, the polyamide-forming solution contains
      (1) a cupric salt in amounts sufficient to provide from 30 to 100 ppm. of
      copper by weight in the final polymer, (2) from 0.03 to 0.5% by weight of
      polymer of phenylphosphinic acid (present as a salt), and (3, 4) a
      specific ratio of potassium bromide:potassium iodide. As to the latter,
      there is an optimum combination of bromide and iodide which minimizes the
      amount of reduced copper dispersed in the polymerization vessel or
      filtered out in the spinning pack, vis. (3) from about 3.0, preferably
      4.5, to about 17 mols potassium bromide per million grams of polymer and
      (4) from about 0.7 to about 9 mols potassium iodide per million grams of
      polymer, the potassium bromide and potassium iodide being present in a
      KBr:KI ratio of from about 0.33 to about 24, and at a total concentration
      of about 7.5 to about 26 mols total halide per million grams polymer,
      preferably from about 7.5 to about 21 mols total halide per million grams
      of polymer.
PAR  Usually, the polyamidation process is conducted in a continuous manner
      including a step with the reactants at polymerization temperature and
      under autogenous pressure being discharged through a flasher tube having
      successive lengths of increasing diameter wherein the reaction temperature
      is mtainained while the pressure is gradually reduced to substantially
      that of the atmosphere.
PAR  Preferably, the cupric salt is selected from the group consisting of cupric
      acetate and cupric nitrate.
PAR  Preferred salts of phenylphosphinic acid are the potassium salt and
      alkylene diammonium salts, e.g., hexamethylene diammonium
      phenylphosphinate. The salt may be added directly to the solution or
      generated in situ by addition of the acid to the alkylene
      diammonium-dicarboxylate, polyamide-forming salt solution.
PAR  In addition to the phosphinate, the solution can contain catalytic amounts
      of phenylphosphonic acid and salts thereof, particularly an alkylene
      diammonium salt.
DETD
PAC  EXAMPLE I
PAR  This example demonstrates the critical effect which the substitution of
      potassium bromide for potassium iodide has on the loss of copper during
      the continuous polymerization of a polyamide containing a cupric
      salt/alkali halide stabilizer in the presence of a phenylphosphinate
      employed as a catalyst.
PAR  A 51% by weight solution of hexamethylene diammonium adipate (6-6 nylon
      salt) in water in polymerized in a continuous polymerization system of the
      type described in U.S. Pat. No. 3,113,843 using an apparatus as
      schematically illustrated in FIGS. 1, 3 and 4 therein. The nylon salt
      solution also contains 0.19% (all percents based on weight of final
      polymer unless otherwise indicated) of potassium phenylphosphinate and
      0.023% of cupric acetate monohydrate, calculated to provide about 73 ppm.
      copper on polymer weight. The reaction system consists sequentially of a
      reactor stage, a flasher stage, a steam/polymer separator stage and a
      vacuum finishing stage. The reaction conditions are regulated to provide a
      polymer of poly(hexamethylene adipamide) having a relative viscosity of 70
      as measured in an 8.4% by weight solution of polymer in 90% by weight
      formic acid at 25.degree.C. The resulting polymer is spun into filaments
      and drawn providing a high tenacity industrial yarn of 1260 denier,
      containing 210 filaments.
PAR  A series of polymerization runs are made under substantially identical
      conditions except for employing various combinations and concentrations of
      potassium iodide and potassium bromide in addition to the above-mentioned
      ingredients. The amount of copper lost in the polymerization system is
      determined by analysis of copper in the final yarn as compared to the
      amount introduced into the system. The results are shown in the following
      table.
PAR  The individual test items are run over periods of time from about 3 to 8
      days each. For copper loss measurements, samples of feed nylon salt and
      spun yarn are taken about every 8 hours throughout the test period. In
      this manner, copper loss levels are developed by averaging from 7 to 24
      independent determinations per item. The items are run consecutively and
      in random order to minimize effect of time trends in the polymerization
      process. Items A through J are run without interruption. Item K is added
      after interruption of one week. Statistical analysis of the copper loss
      data by Student's t-test at 95% level of confidence establishes that Items
      C, D, E and F are significantly lower in copper loss than Items A, B, G, H
      and J. Items D, E and F comprise a preferred range of KBr:KI ratios
      (greater than 1.2) and concentrations (at least 13.5 mols total halide).
TBL                                    TABLE                                   
     __________________________________________________________________________
     Mols Per 10.sup.6 gms Polymer                                             
                       Mol Ratio       Average Copper                          
     Item                                                                      
        KBr  KI  KBr + KI                                                      
                       KBr/KI % KBr                                            
                                   % KI                                        
                                       Loss, PPM*                              
     __________________________________________________________________________
     A  0.0  13.9                                                              
                 13.9  0.0     0.0000                                          
                                   0.23                                        
                                       10.6                                    
     B  3.4  3.5  6.9  1.0    0.04 0.06                                        
                                       12.8                                    
     C  3.4  6.9 10.3  0.5    0.04 0.12                                        
                                       8.8                                     
     D  10.4 3.5 13.9  3.0    0.12 0.06                                        
                                       7.3                                     
     E  10.4 6.9 17.3  1.5    0.12 0.12                                        
                                       7.6                                     
     F  12.5 1.4 13.9  9.1    0.15 0.02                                        
                                       7.8                                     
     G  17.4 3.5 20.9  5.0    0.21 0.06                                        
                                       11.3                                    
     H  17.4 6.9 24.3  2.5    0.21 0.12                                        
                                       10.0                                    
      J**                                                                      
        13.9 0.0 13.9  --     0.17 0.00                                        
                                       29.0                                    
     K  7.0  6.9 13.9  1.0    0.08 0.12                                        
                                       11.1                                    
     __________________________________________________________________________
       *parts per million on polymer weight                                    
      **unacceptably short spin pack life from pluggage by particles of metalli
      copper                                                                   
PAR  From additional inspection of the data, it is seen that the loss of copper
      from polymer deposition in the polymerization system increases slightly
      versus that from the use of potassium iodide as the total halide content
      falls below 7.5 mols per million grams of polymer and increases
      drastically when potassium iodide is totally replaced by potassium bromide
      (Item J). The remaining items are at least equivalent and generally
      superior regarding copper loss versus potassium iodide alone (Item A),
      thus providing an economic advantage versus Item A from a reduced
      ingredients cost (potassium bromide is less expensive than potassium
      iodide) with no significant increase in copper loss and the problems and
      poorer economics associated therewith. For better economics, the mol ratio
      of KBr:KI should be greater than 0.33 at a total halide concentration of
      7.5 to 26 mols per million grams of polymer; also, KI content should be
      from 0.7 to 9 mols per million grams of polymer, and KBr content should be
      from 3.0 to 17.0 mols per million grams of polymer (Items C, D, E, F and
      K). However, it is economically preferred that mol ratio of KBr:KI be
      greater than 1.2, total halide content be at least 13.5 but less than 21
      mols per million grams of polymer and KBr content be at least 4.5 mols per
      million grams of polymer (Items D, E and F).
PAR  As shown in the table, copper loss was found to be a definite minimum when
      KBr was at intermediate levels. This was not at all expected. The lowest
      copper loss was expected at the maximum total halide content. It may be
      that the presence of phenylphosphinate catalyst in the process stream
      presents a hostile environment that tends to reduce copper to metallic
      form but that KBr and KI coordinate to form copper complexes resistant to
      this attack. In any event, the specified combination of KBr and KI
      provides improved economics and processing.
PAC  EXAMPLE II
PAR  This example confirms the improvement shown for Item D over Item A in
      Example I.
PAR  Items A and D are substantially repeated to produce Items L and M except
      that:
PA0  a. 0.15% phenylphosphinic acid is used instead of 0.19% potassium
      phenylphosphinate, and
PA0  b. polymer production rate is increased.
PAL  Copper loss is significantly reduced by the KBr/KI combination as
      demonstrated by the following data:
     Mols per 10.sup.6 gms Polymer                                             
                      Mol Ratio       Copper                                   
     Item                                                                      
        KBr KI  KBr + KI                                                       
                      KBr/KI % KBr                                             
                                  %KI Loss, PPM                                
     __________________________________________________________________________
     L  0   13.5                                                               
                13.5  0.0    0    0.22                                         
                                      6.3                                      
     M  10.0                                                                   
             3.4                                                               
                13.4  3.0    0.12 0.06                                         
                                      2.8                                      
     __________________________________________________________________________
PAR  Other embodiments and applications of the invention will occur to those
      skilled in the art without departing from the spirit of my invention which
      accordingly is intended to be limited only by the scope of the appended
      claims.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. In a process for the preparation of a synthetic linear fiber-forming
      polyamide by the melt-polymerization of an aqueous solution of a
      polyamide-forming salt of an aliphatic diamine and a dicarboxylic acid,
      the preliminary step of adding to said solution (1) a cupric salt
      sufficient to provide from 30 to 100 ppm. of copper by weight in the final
      polymer, (2) from 0.03 to 0.5%, by weight of polymer, of phenylphosphinic
      acid as a salt, (3) from about 3.5 to about 17 mols potassium bromide per
      million grams of polymer, and (4) from about 0.7 to 9 mols potassium
      iodide per million grams of polymer, components (3) and (4) being present
      in a KBr/KI mol ratio of greater than 0.33 and at a total concentration of
      7.5 to 26 mols total halide per million grams of polymer to be produced.
NUM  2.
PAR  2. The process of claim 1, wherein the cupric salt is cupric acetate.
NUM  3.
PAR  3. The process of claim 1, wherein the salt of phenylphosphinic acid is
      selected from the group consisting of the potassium salt and an alkylene
      diammonium salt.
NUM  4.
PAR  4. The process of claim 3, wherein said polyamide-forming salt is
      hexamethylene diammonium adipate and said KBr/KI mol ratio is greater than
      one.
NUM  5.
PAR  5. The process of claim 1 wherein from 10.4-12.5 moles of KBr and 1.4-6.9
      moles of KI are added to the solution at a mol ratio KBr/KI of 1.5-9.1.
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ABST
PAL  Described herein are hydrophilic resin products having particular utility
      in rapid curing adhesives for wood and other materials. Processes for
      producing these resins and hydrophilic adhesives produced therefrom are
      also described. The resins are prepared by reacting an aldehyde
      condensation polymer, such as a phenol-formaldehyde condensation polymer,
      with a strong mineral acid salt, i.e., a hydrochloric, nitric, or sulfuric
      acid salt, of m-hydroxy aniline, 2,6-diaminopyridine or
      4,4'-diaminodiphenylmethane. When these resins are blended with an
      appropriate curing agent, such as an aldehyde, the resulting adhesives
      cure very rapidly at ambient temperatures. While uncured, these adhesives
      are hydrophilic and thus water washable, but when cured, they are
      insoluble in water and common organic solvents.
PARN
PAR  This is a division of application Ser. No. 256,709, filed May 25, 1972, and
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to rapid curing resin compositions, to adhesives
      prepared therefrom, and to methods of making and using such resins and
      adhesives.
PAR  U.S. Pat. No. 3,518,159; U.S. application Ser. No. 174,942, filed Aug. 25,
      1971; (now U.S. Pat. No. 3,784,515) U.S. application Ser. No. 147,186,
      filed May 26, 1971; (now U.S. Pat. No. 3,784,514) and U.S. application
      Ser. No. 148,905, filed June 1, 1971; (now U.S. Pat. No. 3,784,516) each
      of which is assigned to the assignee of this application, collectively
      disclose resin products produced by reacting an aldehyde condensation
      polymer with a primary aromatic amine, heterocyclic amine or bis-aryl
      amine or acid salts of such amines. Upon blending of an appropriate
      hardening agent, such as formaldehyde, with the amine-modified polymers so
      produced, adhesives are obtained which cure very rapidly at ambient
      temperatures. These adhesives have particular utility as rapid-curing
      adhesives for wood and other materials. The amine-modified polymers
      specifically disclosed in the aforementioned patent and applications are
      organophilic as are most commercially employed construction adhesives.
      This is an undesirable attribute inasmuch as organic solvents must be
      employed to effect washing and clean-up of equipment and personnel, the
      use of organic solvents causing problems of flammability, toxicity,
      pollution and increased material costs. Because of their organophilic
      character, such adhesives often do not provide optimum bonding strengths
      on hydrophilic substrates such as wood and paper. When wood members bonded
      with these adhesives are to be used in high moisture environments, priming
      of the wood members prior to application of the adhesives is generally
      required to obtain superior bonding.
PAR  This invention is based on the discovery that hydrophilic resins can be
      produced by reacting an aldehyde condensation polymer, such as a
      phenol-formaldehyde condensation polymer, with a strong mineral acid salt
      of selected amines disclosed in the aforementiond patent and applications.
      Adhesives, which cure rapidly at ambient temperatures, can be prepared by
      combining these resins with a curing agent such as formaldehyde. The
      resins and uncured adhesives of this invention can be easily diluted and
      washed with water, and most of the resins and adhesives of this invention
      also wet hydrophilic substrates such as wood extremely well. However, once
      they have cured, the adhesives of this invention are waterproof and
      generally insoluble in common organic solvents.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to rapid curing, hydrophilic resin compositions
      comprising the reaction product of an aldehyde condensation polymer and a
      hydrochloric, nitric or sulfuric acid salt of m-hydroxy aniline (also
      "m-aminophenol"), 2,6-diaminopyridine or 4,4'-diaminodiphenylmethane or a
      mixture of such salts (which salts are in some instances hereinafter
      referred to collectively as "amine salts"); to adhesives comprising
      mixtures of such resin compositions with a curing agent; and to methods of
      making and using such resins and adhesives.
DETD
PAC  DESCRIPTION OF THE PREFERRRED EMBODIMENTS
PAR  "Polymers," as used herein, refers to resinous mixtures that ordinarily do
      not crystallize or have sharp melting points. "Condensation" is used
      herein to mean a polymerization reaction in which a molecule, such as
      water, is eliminated and is to be distinguished from "addition" in which
      no by-product is formed. "Reactive alkylol groups" are alkylol groups
      capable of reacting with the amine salts used in this invention to modify
      the aldehyde condensation polymers. The aldehyde condensation polymers
      used in this invention exclude those having dominant amide-forming
      substituents.
PAR  Two classes of aldehyde condensation polymers are preferred for use in this
      invention. These are phenoplasts and ketonealdehyde condensation polymers.
      Attempts to modify aminoplasts, such as urea-formaldehyde resins, with
      m-hydroxy aniline hydrochloride have not been successful. The aldehyde
      condensation polymers employed in the methods of this invention are
      preferably prepared so as to contain reactive alkylol groups which provide
      sites for further reaction with the amine salts. It is also preferred that
      the resins to be reacted with an amine salt not contain substantial
      amounts of free formaldehyde, i.e., not more than 0.5% by weight;
      otherwise, gelation can occur upon admixing of the amine salt with the
      resin.
PAR  Phenoplasts useful in the methods and compositions of this invention
      include condensation polymers of an aldehyde, such as formaldehyde,
      paraformaldehyde, polyoxymethylene, trioxane and aliphatic or cyclic
      aldehydes such as glyoxal and furfuraldehyde, with a phenolic-type
      material having at least two positions ortho and/or para to the hydroxyl
      group available for reaction, e.g., phenol, phenol-resorcinol, xylenol,
      cresol, resorcinol, and their derivatives. Ketone-aldehyde condensation
      polymers useful in this invention are exemplified by acetone-formaldehyde,
      methyl ethyl ketone-formaldehyde, and methyl isobutyl ketone-formaldehyde
      polymers such polymers further reacted with a polyhydroxy aromatic
      compound such as resorcinol.
PAR  One class of resins useful in this invention is orthocondensed
      phenol-formaldehyde resoles made by condensing 0.7 to 1.0 moles
      formaldehyde with 1 mole phenol in the presence of an orthodirecting
      catalyst such as calcium acetate. Such resins are disclosed in U.S. Pat.
      No. Re. 26,881. These phenolic resins may be modified by incorporating
      into them predetermind amounts of other monohydric phenols or dihydric
      phenols such as resorcinol, or other polyhydroxy aromatic compounds.
PAR  A preferred class of resins for use in this invention are base- or weak
      acid-catalyzed phenol-formaldehyde resoles, preferably contaning an excess
      of free formaldehyde, further reacted with at least sufficient resorcinol
      to react with substantially all free formaldehyde. These resoles are
      preferably prepared using formaldehyde:phenol molar ratios of from 0.7:1
      to 5:1 and resorcinol:phenol molar ratios of from 0.5:1 to 8:1.
      Base-catalyzed phenol-formaldehyde resoles are preferred.
PAR  Another preferred class of resins is prepared by reacting an aldehyde and a
      ketone, typically under mildly alkaline conditions, and then further
      reacting the resulting resin (or "prepolymer") with a polyhydroxy aromatic
      compound (see Example 1 herein). The aldehyde:ketone mole ratios in these
      products are generally from 1.5:1 to 6:1, preferably from 2.5:1 to 4.5:1
      and most preferably from 3:1 to 4:1. It is preferred that these
      prepolymers contain a substantial excess of free aldehyde, e.g., 15% by
      weight. The amount of polyhydroxy aromatic compound reacted with the
      ketone-aldehyde prepolymer should be such that the resulting resin
      contains substantially no free aldehyde, i.e., less than 0.5% by weight.
      The molar ratio of polyhydroxy aromatic to aldehyde in the ketone-aldehyde
      resin is generally from 0.2:1 to 5:1, preferably from 0.3:1 to 2:1 and
      most preferably from 0.75:1 to 1.25:1. Exemplary of aldehydes useful in
      these resins are formaldehyde, paraformaldehyde, trioxane, aldol,
      acetaldehyde and glyoxal. Useful ketones include acetone, methyl ethyl
      ketone and methyl isobutyl ketone. The polyhydroxy aromatic can be, for
      example, resorcinol, phloroglucinol, quebracho or a polyhydric,
      polynuclear aromatic prepared by reacting monochlorophenols with alkali
      metal hydroxides as described in Canadian Pat. Nos. 771,746 and 828,791.
      Acetone-formaldehyde resins further reacted or modified with resorcinol
      are preferred.
PAR  Of the amine salts useful in this invention, the hydrochloride salts and
      particularly m-hydroxy aniline hydrochloride (sometimes referred to
      hereinafter as "m-HA.HCl") are presently preferred. The amine salts are
      generally employed in aqueous solutions prepared by reacting at least 0.75
      equivalent of acid per mole of amine. If this ratio is lower than 0.75,
      the hydrophilicity of the resins produced may be diminished to an
      unacceptable degree.
PAR  As indicated previously, polymers modified with the amine salts employed in
      this invention are hydrophilic whereas polymers modified with the
      corresponding free amines are organophilic. This difference is thought to
      result from the presence of more pendant, hydrophilic amino groups in the
      amine salt-modified polymers. This in turn is thought to result from a
      lower reactivity of amino groups in the amine salt during the modification
      reaction.
PAR  In order to produce products which cure rapidly (i.e., in less than 15
      minutes) at low temperatures, it is desirable first to produce the
      aldehyde condensation polymer and then subsequently modify that polymer by
      reaction with one of the amine salts used in the compositions and methods
      of this invention. Simultaneous reaction of all the reactants, e.g.,
      phenol, formaldehye and amine salt, generally produces an inferior,
      heterogeneous mass. The amount of amine salt reacted with the aldehyde
      condensation polymer generally ranges from about 0.05 to about 2.0 parts,
      preferably 0.1 to about 1.0 parts, by weight of the amine salt to each
      part of polymer. More than about 2.0 parts by weight of the amine salt to
      each part of the polymer can be used, but there is usually litttle
      advantage in doing so. The minimum amount of amine salt necessary to yield
      a product exhibiting the desired cure speed can be readily determined by
      experimentation.
PAR  Most of the amine salts disclosed react with aldehyde condensation polymers
      at room temperature, but to obtain more rapid reaction, the mixtures are
      usually heated to reflux. The reactions are usually exothermic in nature
      and cooling is required to control the reaction. This exothermic nature of
      the reaction can in some instances be controlled by slow addition of the
      amine salt to the polymer. It may be desirable under some circumstances,
      however, to add the polymer to a solution of the amine salt. Although it
      is generally desirable to heat the mixtures of aldehyde condensation
      polymer and amine salt (or "cook in" in the amine salt), it is frequently
      possible to produce a very useful hydrophilic adhesive merely by adding
      the amine salt at ambient temperatures and at the time of use adding a
      hardener, such as formaldehyde. For example, it has been found that when a
      resorcinol-modified acetone-formaldehyde resin of the type described above
      is admixed at ambient temperature with an amine salt and the resulting
      reaction product is later combined with a formaldehyde-containing
      hardener, an excellent adhesive is produced, e.g., see Examples 1(d) and
      1(e) herein. Upon addition of the hardener, a mild exotherm occurs and the
      adhesive thereafter transforms from liquid to solid almost instantaneously
      to provide a "snap cure." The cure is accompanied by a noticeable color
      change.
PAR  The amine salt-modified aldehyde condensation polymers make the first
      component of the adhesives of this invention. The first component is
      prepared so as to have a relatively long storage life so it can be shipped
      and stored for fairly long periods of time without gelation. The second
      component of the adhesives of this invention is a curing agent or hardener
      which is an alkylene donating compound such as formaldehyde, a
      formaldehyde-forming compound (e.g., polyoxymethylene, trioxane and
      paraformaldehyde), and water soluble resinous condensation products
      containing excess free formaldehyde. In some instances, diioscyanates,
      hydrophilic epoxides, and hydrophilic epoxide-aldehyde mixtures also can
      be used (e.g., see Example 7 herein).
PAR  The adhesives of this invention are generally prepared immediately prior to
      use by blending together the amine salt-modified aldehyde condensation
      polymer and the hardener, preferably using automatic
      metering-mixing-dispensing apparatus. To achieve rapid, uniform blending,
      the two components desirably have similar viscosities. Reaction between
      the modified polymer and hardener generally takes place at ambient
      temperatures and the blended mixture gels rapidly to an insoluble,
      infusible state. The preferred adhesives of this invention set to an
      insoluble, infusible state within a few minutes. (By "insoluble" is meant
      not soluble in common solvents such as water, alcohols, ketones
      hydrocarbons, esters, glycols, and the like.) Optionally, heat may be
      applied if desired to further decrease the required cure time. Sufficient
      hardener is added to the first component to form an insoluble, infusible
      product. The amount will generally range, for example, from 0.05 to 2.0
      parts by weight per part of amine salt-modified polymer. The cure rate of
      the adhesives of this invention depends in part on the choice of hardener
      and in part on the amount of hardener employed. Thus, the use of a
      formaldehyde solution rather than an equivalent amount of powdered
      paraformaldehyde, for example, will yield a faster curing adhesive, and up
      to a point, cure rate will increase with increasing amounts of hardener.
      It should be noted that in general the adhesives of this invention are
      mass sensitive, meaning that they cure somewhat more rapidly when in large
      volumes than they do when in the form of thin films.
PAR  The adhesives of this invention generally cure most rapidly and give
      superior bonds when cured at low pH, i.e., less than 3.0. However, as is
      well known, the use of adhesives having such a low pH to bond wood members
      can result in gradual degradation of wood along the cured glue line when
      the adhesive is exposed to hydrolytic conditions, e.g., if the wood has a
      high moisture content at the time the adhesive is applied or if the bonded
      structure is subsequently exposed to a moist environment for a prolonged
      period. Such degradation apparently results from gradual leaching of acid
      from the cured adhesive and consequent hydrolysis of the wood. When bonded
      structues are sheared along the glue line, such degradation usually is
      evidenced by very low shear strengths coupled with shallow wood failure
      over a large percentage of the area adjacent the glue line.
PAR  Experience indicates that a glue line pH of 3.5 is a common "safe" minimum
      for long-term wood stability. (ASTM D2559-66T-6.1 specifies that wood
      adhesives shall have a pH of no less than 2.5, while Military
      Specifications for Wood Adhesives, Mil.-A-397B-3.7, specifies a minimum pH
      of 3.5.) However, where bonded wood structures are likely to be subject to
      conditions of high temperature and high humidity, even higher pH's may be
      necessary to prevent degradation completely. In the U.S. application of G.
      T. Tiedeman and M. F. Gillern, Ser. No. 256,708 now U.S. Pat. No.
      3,872,051 entitled "Adhesives Containing Metal Powders," filed
      concurrently herewith (which application is incorporated herein by
      reference), there is disclosed and claimed an invention which enables
      curing of an adhesive at low pH, e.g., less than 3.0 and yet will result
      in a cured adhesive which, when subjected to hydrolytic conditions, will
      cause little or no wood degradation and which will exhibit a pH well above
      the safe minimum of 3.5 referred to above. The Tiedeman et al. invention
      involves incorporating into the adhesive a powdered metal, e.g., aluminum
      or iron. The powdered metal, which survives curing conditions, apparently
      functions as a "latent" acid scavenger to react with and consume hydrogen
      ions liberated when the adhesive is subjected to hydrolytic conditions,
      i.e., exposed to moisture.
PAR  The metal powder can be incorporated into the adhesives of this invention
      in a variety of ways. For example, the metal can be added directly to the
      remainder of the adhesive components or, where an adhesive is prepared by
      combining a resin with a hardening agent which has a pH of about 7 or
      above, the metal powder can be conveniently incorporated into the adhesive
      via the hardener. Generally, the metal should not be added to an acidic
      resin or hardener until it is ready to be used. Because of its low
      equivalent weight, good reactivity with acids and relative softness
      (important when bonded wood structures are to be sawed), aluminum is the
      preferred metal for use in the methods and compositions of this invention.
PAR  A well-recognized method for determining the pH of cured adhesives and
      bonded assemblies is Fed. Test Method Std. No. 175 -- Method 4011 (1956),
      which is incorporated herein by reference. According to this method, an
      adhesive is cast on glass as a thin film and the film is cured, dried and
      ground to (-) 40 mesh. Two grams of the powder are suspended in 10 ml. of
      distilled water and the pH of the resulting suspension is measured after
      15 min. and again every 24 hours until the values are constant within 0.05
      pH unit, the stable value being taken as the pH of the adhesive. When
      reference is made herein to the pH of or exhibited by a cured adhesive,
      the pH has been or is to be determined according to this method. The
      amount of metal powder necessary to produce an adhesive which, when cured
      will exhibit a given pH upon exposure to hydrolytic conditions, e.g., at
      least the safe value of 3.5 referred to previously, can be readily
      determined by the just-described method.
PAR  The amount of metal necessary to prevent degradation of wood members bonded
      with the adhesives of this invention (or to reduce such degradation to an
      acceptable level) can also be determined by experimentation by varying the
      amount of metal employed, subjecting the bonded structures to hydrolytic
      conditions and observing the effect of such variations on the shear
      strength and wood failure along the glue line. Low shear strength (e.g.,
      50 p.s.i.) coupled with high, shallow wood failure along the glue line
      (e.g., 100 percent) is generally indicative of wood degradation.
      Accelerated "aging" of test specimens can be effected by boiling. The
      amount of metal necessary to prevent wood degradation or reduce it to an
      acceptable level will depend upon various factors including the pH at
      which the adhesive is cured, the fineness, shape and uniformity of
      distribution of the metal particles, the equivalent weight of the metal
      and the temperature and humidity conditions to which the bonded structures
      are to be exposed. Generally, it will be desirable to use an amount of
      metal which will cause the adhesive to have a pH under hydrolytic
      conditions of at least 3.0 and preferably at least 3.5. It has been found
      that 1.7 equivalents of aluminum powder per equivalent of available acid
      in the adhesive is generally more than adequate to provide a cured
      adhesive having a pH of at least 3.5 under hydrolytic conditions.
PAR  The particle size of the metal should be small in order to minimize the
      amount needed to prevent wood degradation. Spheroidal particles of less
      than 40 mesh or flaked particles of comparable surface area are preferred.
      Upon storage of liquid resins and hardeners containing metal powders
      having very high surface areas (e.g., atomized aluminum powders of less
      than 100 mesh), problems can ensue due to reaction between the highly
      reactive metal powder and trace amounts of water present in the resin or
      hardener. The consequent evolution of hydrogen gas and foaming of the
      resin of hardener usually can be avoided by employing sizes and shapes of
      metal particles selected so that the metal-water reaction will proceed
      slowly enough to permit dissipation of the reaction by-products and heat.
PAR  The following examples are provided by way of illustration only and are not
      intended to be limiting of the invention. All parts and percentages are by
      weight unless otherwise indicated. The "water washability" of selected
      resins of the following examples was determined as follows: at room
      temperature, a metal spatula was immersed into a resin to a depth of one
      to two inches. The spatula was withdrawn with liquid resin adhering
      thereto and placed under a stream of cold (60.degree.-70.degree.F.) water.
      The resin was observed visually and tactily to determine whether it was
      miscible with water, water washable and cleanly rinsable from the spatula.
      Resins that are not water washable precipitate, become milky in color and
      gummy to the touch and adhere to the spatula.
PAR  In the following examples the results of "Block Shear Tests" on adhesives
      of this invention are reported in terms of "shear strength" and "% wood
      failure." The followng procedures were employed in these tests. A liquid
      adhesive was spread on the face of one of a pair of matched,
      longitudinally-grained Douglas fir strips (3/4 in. .times. 21/2 in.
      .times. 12 in.). The two strips were then superimposed fact-to-face and
      clamped together at a selected pressure and for a selected time
      72.degree.F. The resulting laminate was sawed transversely to produce five
      specimens which were trimmed to dimensions of 11/2 in. .times. 2 in.
      .times. 2 in. Each of these specimens was then sawed across the grain to
      remove one 1/4 in. .times. 3/4 in. .times. 2 in. strip from each lamina
      (the strips being removed from opposite ends of the specimen). The laminae
      in the resulting specimens were thus offset by 1/4 in., the remaining glue
      line having an area of 3.0 sq. in. (1.5 in. .times. 2.0 in.). Two
      specimens were "dry" conditioned at about 70.degree.F. and 50% relative
      humidity for 48 hours, and three were subjected to "wet," cyclic
      conditioning according to the following modification of ASTM D1101-59
      (1965). The three wet specimens were placed in an autoclave filled with
      water (65.degree. to 80.degree.F.) so that the specimens were completely
      submerged. A vacuum (20 in.-25 in. of mercury) was then applied and held
      for about 30 min. The vacuum was then released and air pressure of about
      75 p.s.i. was immediately applied and held for about 120 min. The
      specimens were then placed in a forced-air drier at 150.degree.F. and 8-10
      percent relative humidity until they had returned to within 15 percent of
      original weight (about 20 to 22 hrs.). All conditioned specimens were
      sheared at 0.05 in./min. load rate (applied to one of the offset ends),
      the maximum (breaking) load (p.s.i.) for each specimen was determined and
      separately averaged for dry and wet specimens, and the "shear strengths"
      were then calculated (shear strength (p.s.i.) = max. load (lbs.)/3.0
      in..sup.2). The percent wood failure along the glue line was estimated for
      each specimen and averaged for dry and wet specimens.
PAR  The metal powders used in the following examples were "purified " grades
      and consisted of spherical particles of less than 40 mesh.
PAC  EXAMPLE 1
PAR  (a) m-HA.HCl (48.5%) utilized in the procedures of this and subsequent
      examples herein was prepared according to the following procedure unless
      otherwise indicated. To 31.7 parts water were added 32.0 parts
      hydrochloric acid (38%) and to the resulting solution was added 36.3 parts
      m-hydroxy aniline with stirring. Stirring was continued until all the
      m-hydroxy aniline was dissolved. There resulted a 48.5% aqueous solution
      of m-HA.HCl.
PAR  b. A 5-gallon reactor was charged with the following:
PA1  17,180.5 g. formaldehyde (49.9%)
PA1  1,236.1 g. water
PA1  4.173.1 g. acetone
PAL  The temperature of the reaction mixture was raised to 40.degree.C. and 45.2
      g. sodium hydroxide (49.7%) was added with stirring. The solution was then
      cooled to 30.degree.C. and an additional 45.2 g. sodium hydroxide (49.7%)
      was added with continued stirring. The temperature of the reaction mixture
      was then raised to 65.degree.C. in 60 min. at a uniform rate. No heating
      was required above 36.degree.C.; occasional cooling was applied to control
      the exotherm. The reaction mixture was mantained at
      65.degree.-70.degree.C. for 20 min. and was then cooled to 25.degree.C.
      The acetone-formaldehyde resin so produced had a free formaldehyde content
      of 16%.
PAR  (c) A one-liter reactor was charged with 346.9 g. of acetone-formaldehyde
      resin produced according to Example 1(b). The resin was agitated and
      heated to 60.degree.C. whereupon there was added 462.8 g. resorcinol.
      Heating was reapplied as needed to bring the temperature from 35.degree.C.
      to reflux (106.degree.C.) in about 15 to 20 min. At about 80.degree.C., an
      easily controlled exotherm was noted;  intermittent cooling was applied to
      achieve the 15 to 20 min. heat-up period. A mild exotherm continued and
      maintained reflux for approximately 5 min. After the exotherm subsided,
      the mixture was cooled to 100.degree.C. and 190.3 g. m-HA.HCl (48.5%) was
      added. The resulting mixture was heated from 86.degree.C. to reflux
      (106.degree.C.), held there for 2 hrs., and then cooled to 25.degree.C.
      The resulting resin was water washable, had a pH of 2.4 and a Gardner
      viscosity of "C" at 25.degree.C. Ten grams of the resin and five grams of
      "Methyl Formcel" (a 55% formaldehyde solution in methanol and water
      available from Celanese Corp.) were stirred together at 25.degree.C. in a
      small beaker usng a wooden tongue depressor. Stirring was continued until
      hardening of the resulting adhesive occurred. The elapsed time from
      initial mixing to hardening ("Pot Life") was 4 min., 20 sec. This method
      was employed to determine the Pot Lives of adhesives reported in
      subsequent examples; in some instances, where indicated, 30 g. of resin
      was combined with 15 g. of hardener.
PAR  (d) A one-liter reactor was charged with 428.4 g. of the
      acetone-formaldehyde resin of Example 1(b). The resin was agitated and
      heated to 60.degree.C. whereupon 571.6 g. resorcinol was added. Heating
      was immediately reapplied and continued as needed to raise the temperature
      of the reaction mixture from 34.degree.C. to 106.degree.C. (reflux) in 20
      min. At about 80.degree.C., an easily controlled exotherm was noted;
      intermittent cooling was applied to achieve the 20 min. heat-up scheduled.
      A mild exotherm continued for approximately 5 min. after reaching reflux.
      Reflux was maintained for a total of two hours and the resulting
      resorcinol-modified acetone-formaldehyde resin was cooled to room
      temperature. The resin had a pH of 2.4 and a Gardner viscosity of "GH"
      (i.e., between "G" and "H") at 25.degree.C. At room temperature, 19.03
      parts m-HA.HCL (48.5%) was added to 80.97 parts of the resin and the
      resulting mixture was stirred until homogeneous. The resulting resin was
      water washable, had a pH of 2.5 and a Pot Life of 5 min., 4 sec., at
      23.degree.C.
PAR  (e) Two parts of each of the resin products of Example 1(c) and Example
      1(d) were individually combined with one part of a hardener consisting of
      Methyl Formcel thickened with sufficient hydroxyalkyl cellulose ("Klucel
      M" obtained from Hercules Inc.) to yield a final Gardner viscosity of "U".
      The Pot Life and Block Shear Test results for each of the resulting
      hydrophilic adhesives are provided in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
                       Block Shear Tests**                                     
                       Shear Strength (psi)/Wood Failure %                     
     Resin   Pot Life* Dry        Wet                                          
     __________________________________________________________________________
     Example 1(c)                                                              
             2 min., 38 sec.                                                   
                       1230/90    310/97                                       
     Example 1(d)                                                              
             3 min., 10 sec.                                                   
                       1310/85    650/85                                       
     __________________________________________________________________________
       *Thirty grams of resin and fifteen grams of hardener.                   
      **Specimens were clamped at 150 p.s.i. for 20 min. at room temperature.  
PAC  EXAMPLE 2
PAR  a. A 4-liter reactor was charged with the following:
PA1  1.266.2 g. phenol (91.4%)
PA1  428.9 g. water
PA1  1,185.0 g. formaldehyde (49.8%)
PA1  97.8 g. methanol
PAL  The temperature of the reaction mixture was adjusted to and maintained at
      40.degree.C. while 75.5 g. sodium hydroxide (49.7%) was added. The
      reaction mixture was then heated from 40.degree.C. to 65.degree.C. in 70
      min. at a uniform rate. No external heating was required above about
      45.degree.C.; intermittent cooling was applied. The reaction mixture was
      maintained at 65.degree.C. for 105 min. The pH of the reaction mixture was
      then adjusted to 8.3 with 90% formic acid (15.5 g). The reaction mixture
      was then maintained at 65.degree.C. for 3 hrs. There was then added
      1,365.6 g. formaldehyde (49.8%) with mixing. The resulting resin had a
      Gardner viscosity of "A.sub.4 A.sub.3 " at 25.degree.C. and a free
      formaldehyde content of about 15percent.
PAR  b. A one-liter reactor was charged with 273.5 g. of the phenol-formaldehyde
      resin of Example 2(a). Heating and agitation were applied, bringing the
      temperature of the reaction to 60.degree.C. whereupon there was added
      364.8 g. resorcinol. Heating was immediately reapplied bringing the
      temperature from 39.degree.C. to 80.degree.C., at which point a mild
      exotherm was noted. No external heating was used from 80.degree.C. to
      100.degree.C. where the exotherm subsided. Heating was reapplied and the
      mixture was brought to reflux (107.degree.C.) and held for 1 hr. The
      heat-up time from 39.degree.C. to 107.degree.C. was approximately 15 min.
      The reaction mixture was then cooled slightly to 100.degree.C. and 361.7
      g. m-HA.HCl (48.5%) was added. The reaction mixture was then heated from
      74.degree.C. to reflux (105.degree.C.), was held at reflux for 3 hrs. and
      then cooled to 25.degree.C. The resulting hydrophilic resin had a pH of
      2.75, a Gardner viscosity of "IJ" at 25.degree.C., and free formaldehyde
      content of about 0.3 percent.
PAR  c. The procedure of Example 2(b) was repeated with the modification that,
      after the addition of m-HA.HCl, reflux was held for 2 hrs. rather than for
      3 hrs. as in Example 2(b). The resulting hydrophilic resin had a pH of
      2.55 and a Gardner viscosity of "EF" at 25.degree.C.
PAR  d. Two parts of the resins of parts (b) and (c) of this example were
      individually combined with one part of selected hardeners of Table 2,
      which were prepared by mixing together the indicated ingredients in the
      order recited. Pot Lives for each of the resulting hydrophilic adhesives
      and results of Block Shear Tests are set forth in Table 3.
TBL                                    Table 2                                 
     __________________________________________________________________________
                     Hardeners (Weight Percent)                                
     Ingredients     I   II  III IV  V                                         
     __________________________________________________________________________
     "U.F. 85"*      98.71                                                     
                         49.02                                                 
                             71.80                                             
                                 71.80                                         
                                     100.00                                    
     Resin of Example 2(a)                                                     
                         49.02                                                 
     Ethanol                 15.38                                             
                                 15.38                                         
     Calcium Carbonate                                                         
                     .30 .50 .51                                               
     Portland Cement             .51                                           
     Walnut Shell Flour      7.18                                              
                                 7.18                                          
     Pyrogenic Silica**      5.13                                              
                                 5.13                                          
     Refined Chrysotile Asbestos                                               
                     .99 1.46                                                  
     __________________________________________________________________________
       *A concentrated urea-formaldehyde resin precursor containing an excess o
      free formaldehyde and about 15% water available from Allied Chemical Corp
      **"Cab-O-Sil M-5" -- a powdered pyrogenic silica available from Cabot    
      Corporation; the pyrogenic silica renders the hardener thixotropic.      
TBL                Table 3                                                     
     ______________________________________                                    
                              Block Shear Tests* --                            
     Adhesive                 Shear Strength (psi)/                            
              Hardener   Pot Life Wood Failure (%)                             
     Resin    (Table 2)  (seconds)                                             
                                  Dry       Wet                                
     ______________________________________                                    
     Example 2(b)                                                              
              III        62       1560/92   380/95                             
       "      V          53       1730/95   330/95                             
     Example 2(c)                                                              
              I          70       1530/92   940/92                             
       "      II         70       1730/82   430/52                             
       "      III        63       1590/98   500/85                             
       "      IV         47        1680/100 770/90                             
     ______________________________________                                    
      *Specimens were clamped at 75 p.s.i. for 15 min. at room temperature.    
PAC  EXAMPLE 3
PAR  a. A 5-gallon reactor was charged with the following:
PA1  6,569.7 g. phenol (90.4%)
PA1  2,238.6 g. water
PA1  6,034.3 g. formaldehyde (50.2%)
PA1  500.2 g. methanol
PAL  The temperature was adjusted to 35.degree.C. whereupon there was added
      383.9 g. sodium hydroxide (50.1%). The temperature of the reaction mixture
      was allowed to rise from 41.degree.C. to 65.degree.C. in 70 min. at a
      uniform rate; no external heating was required during the heat-up. The
      reaction mixture was maintained at 65.degree.C. for 105 min. and was then
      adjusted to pH 8.4 with 124.0 g. formic acid (90.7%). The reaction mixture
      was maintained at 65.degree. until 3 hrs. had elapsed from the start of pH
      adjustment. There was then added 6,952.2 g. formaldehyde (50.2%) and the
      reaction mixture was mixed thoroughly while cooling to 25.degree.C. The
      resulting phenol-formaldehyde resin had a final viscosity of A.sub.4
      A.sub.3.
PAR  b. A 100 ml. reactor was charged with 26.49 g. of the phenol-formaldehyde
      resin of Example 3(a). Heating was applied bringing the temperature from
      22.degree.C. to 60.degree.C. whereupon 35.33 g. resorcinol was added.
      Heating was reapplied bringing the temperature from 38.degree.C. to
      61.degree.C. at which point a mild exotherm was noted. No external heating
      was applied from 61.degree.C. to reflux (105.degree.C.). The exotherm
      ceased after 5 min. at reflux, and the reaction mixture was then cooled to
      100.degree.C. A solution of 21.23 g. 2,6-diaminopyridine hydrochloride
      (0.75 moles HCl per mole of 2,6-diaminopyridine) in 22.54 g. water was
      added to the reaction mixture. From 79.degree.C., the mixture was again
      heated to reflux (106.degree.C.) which was maintained for 2 hrs. The
      reaction mixture was then cooled to 25.degree.C. The resulting resin was
      clear, infinitely water soluble, had a pH of 4.2 and a Gardner viscosity
      of "CD" at 25.degree.C. After being removed from the reactor, 3.15 g.
      "Cab-O-Sil M-5" pyrogenic silica was added to the reaction mixture.
PAR  c. Example 3(b) was repeated substituting for 2,6-diaminopyridine
      hydrochloride solution a solution of 4,4'-diaminodiphenylmethane
      hydrochloride (prepared by dissolving 23.11 g. 4.4'-diaminodiphenylmethane
      in a solution of 22.39 g. HCl (38%) in 19.70 g. water). The reaction
      mixture was then heated from 90.degree.C. to reflux (106.degree.C.),
      maintained at reflux for 2 hrs. and then cooled to 25.degree.C. The
      resulting resin exhibited good water washability (slight cloudiness during
      wash-up) and had a pH of 2.3 and a Gardner viscosity of "EF" at
      25.degree.C. After being removed from the reactor, 3.15 g. Cab-O-Sil
      M-5pyrogenic silica was added to the reaction mixture.
PAR  d. The following ingredients were combined in the order recited with
      agitation and mixing until a homogeneous composition was obtained:
TBL  Ingredients           Weight %                                            
     ______________________________________                                    
     "U.F. 85"             64.42                                               
     Ethanol-formaldehyde Solution (50%)                                       
                           21.21                                               
     Calcium Carbonate     1.00                                                
     Aluminum Powder       3.50                                                
     Walnut Shell Flour    5.92                                                
     "Cab-O-Sil M-5" Pyrogenic Silica                                          
                           3.95                                                
                           100.00                                              
     ______________________________________                                    
PAL  One part of this hardener (VI) was mixed with two parts of the resin of
      Example 3(b) and the resulting hydrophilic adhesive was subjected to the
      Block Shear Test. The shear strength (p.s.i.)/% wood failure values for
      dry- and wet-conditioned specimens were 1400/92 and 350/80, respectively.
      The adhesive had a Pot Life of 4min., 35 sec. One part of hardener VI was
      also mixed with two parts of the resin of Example 3(c) and the resulting
      hydrophilic adhesive was subjected to the Block Shear Test. The shear
      strength (p.s.i.)/% wood failure values for dry-conditioned specimens were
      1210/60. Wet-conditioned specimens delaminated during conditioning
      indicating that priming of the wood prior to application of this adhesive
      may be advisable (see second note to Table 5 hereinafter). This adhesive
      had a Pot Life of 1 min., 58 sec.
PAC  EXAMPLE 4
PAR  a. A 4-liter reactor was charged with the following:
PA1  1,690.0 g. phenol (90.4%)
PA1  401.6 g. paraformaldehyde flakes (94%)
PA1  10.8 g. water
PA1  16.8 g. calcium acetate
PAL  The temperature was adjusted to 25.degree.C. Heating and agitation were
      then applied bringing the mixture to reflux (110.degree.C.) uniformly over
      a 60 min. period. The reflux was maintained for 2 hrs., and the mixture
      was cooled slightly to 100.degree.C., whereupon there was added 1,880.8 g.
      m-HA.HCl (48.5%). From 68.degree.C. the mixture was heated to reflux
      (105.degree.C.), the reflux was maintained for 2.5 hrs. and the resulting
      resin was then cooled to 25.degree.C. The resin was water washable, had a
      pH of 2.3 and a Gardner viscosity of "WX" at 25.degree.C. Varying the pH
      of this resin substantially can cause some precipitation to occur.
      Therefore, it should be used with a neutral or, preferably, acidic
      hardener. (It is anticipated that by combining this resin with a hardener
      of substantially the same pH, a good "primerless" adhesive will be
      produced; see the second note to Table 5 hereinafter.)
PAR  b. A 5-gallon reactor was charged with 6,007.9 g. of phenol-formaldehyde
      resin prepared as described in Example 3(a). The temperature was raised
      from 25.degree.C. to 60.degree.C. whereupon 8,013 g. resorcinol was added.
      Heating was immediately reapplied bringing the temperature from
      44.degree.C. to 71.degree.C. in 5 min. at which point a mild exotherm was
      noted. No external heating was applied from 71.degree.C. to 104.degree.C.
      where the exotherm subsided. Heating was again applied and the reaction
      mixture was heated to reflux (105.degree.C.) and maintained there for 5
      min. The mixture was cooled to 100.degree.C., and 7,944.8 g. m-HA.HCl
      (48.5%) was added. From 76.degree.C. the mixture was heated to reflux
      (105.degree.C.), and the reflux was held for 2 hrs. The resin was then
      cooled to 45.degree.C., and 714.4 g. of pyrogenic silica (Cab-O-Sil M-5)
      was added with mixing. The resulting mixture was water washable and had a
      pH of 2.60.
PAR  c. The procedure of Example 4(b) was repeated with the following
      modifications. The amounts of base resin, resorcinol and m-HA.HCl employed
      were 271.2 g., 361.7 g. and 358.6 g. respectively. After the addition of
      the m-HA.HCl, the reaction mixture was stirred thoroughly at 75.degree.C.
      and thickened by adding 8.5 g. of the hydroxyethyl cellulose described in
      Example 5(a) hereinafter; no pyrogenic silica was added. The reaction
      mixture was heated from 75.degree.C. to reflux with vigorous agitation to
      avoid lumping of the hydroxyethyl cellulose. The reflux temperature
      (104.degree.C.) was maintained for 2 hrs. and the resin was then cooled to
      25.degree.C. The resulting hydrophilic resin had a pH of 2.60 and a
      Gardner viscosity of "MN" at 25.degree.C.
PAR  d. Liquid hardener formulations containing varying amounts of aluminum
      powder were prepared by mixing together the ingredients shown in Table 4
      in the order recited. One part of the hardeners was individually combined
      with two parts of the final resins of Examples 4(a), (b) and (c). Films of
      the resulting adhesives were cast, and the pH values of powders of the
      resulting films were determined as described above; the results are shown
      in Table 5 as are the results of Block Shear Tests on the adhesives.
TBL                Table 4                                                     
     ______________________________________                                    
                     Hardener (Weight Percent)                                 
     Ingredients       VII      VIII     IX                                    
     ______________________________________                                    
     "U.F. 85"         60.0     60.0     56.0                                  
     Water             7.5      7.5      7.5                                   
     "Dow Latex 612"*  25.0     24.0     23.5                                  
     Calcium Carbonate**                                                       
                       1.0      1.0      1.0                                   
     Aluminum Powder   3.5      5.0      10.0                                  
     Pyrogenic Silica ("Cab-O-                                                 
      Sil M-5"         3.0      2.5      2.0                                   
                       100.0    100.0    100.0                                 
     ______________________________________                                    
       *A styrene-butadiene polymer available from The Dow Chemical Co.; the   
      polymer was added to enhance the impact strength of adhesives into which 
      the hardeners are incorporated.                                          
      **Calcium carbonate causes evolution of CO.sub.2 giving a desirable      
      gap-filling quality to the adhesives.                                    
TBL                                    Table 5                                 
     __________________________________________________________________________
                             Block Shear Tests* --                             
     Adhesive                Shear Strength (psi)/                             
             Hardener                                                          
                    pH of    % Wood Failure                                    
     Resin   (Table 4)                                                         
                    Cured Adhesive                                             
                             Dry    Wet                                        
     __________________________________________________________________________
     Example 4(a)                                                              
              VII   4.30     1280/55                                           
                                      0/0**                                    
       "      IX    4.41     1760/25                                           
                                      0/0**                                    
     Example 4(b)                                                              
              VII   4.15     1300/95                                           
                                    790/85                                     
       "      VIII  4.20     2020/82                                           
                                    320/23                                     
       "      IX    4.35     1970/92                                           
                                    370/52                                     
     Example 4(c)                                                              
              VII   4.28     1550/82                                           
                                    650/67                                     
       "      VIII  4.35      1500/100                                         
                                    460/80                                     
       "      IX    4.49     1550/90                                           
                                    860/43                                     
     __________________________________________________________________________
       *Specimens were clamped at 75 p.s.i. for 30 min. at room temperature.   
      **These specimens delaminated upon wet-conditioning; this is believed to 
      be due to inadequate wetting of the wood by the adhesive. These two      
      adhesives give excellent bonding if the wood is first primed, for example
      with a phenol-formaldehyde resin modified with resorcinol (see U.S. Paten
      Re. 26,881) diluted with methanol and cured with a 55% formaldehyde      
      solution in methanol and water ("Methyl Formcel" -- available from       
      Celanese Corporation) as described in U.S. application Serial No. 822,009
      filed May 5, 1969, which is incorporated herein by reference.            
PAC  EXAMPLE 5
PAR  a. To a reactor equipped with an agitator, thermometer and means of heating
      and cooling was added 30.67 parts water and 30.96 parts hydrochloric acid
      (38%). With agitation, there was then added 35.12 parts m-hydroxy aniline.
      Mixing was continued until the m-hydroxy aniline was dissolved. A mild
      exotherm occurred. The reaction mixture was then cooled to 25.degree.C.,
      and then thickened by adding with vigorous agitation 3.25 parts of a
      hydroxyethyl cellulose having a 0.9 to 1.0 degree of substitution and a
      1.6 to 2.0 molar substitution of ethylene oxide, and a 2% solution LVT
      Brookfield viscosity of 70 to 110 cps. at 25.degree.C. in the L range
      ("Cellosize QP 40 high" -- Union Carbide Corp.). When the thickened
      solution was lump-free, it was heated to 40.degree.C., held there for 30
      min., and then cooled to 25.degree.C. The solution had a pH of 2.65 and a
      Gardner viscosity of "Z.sub.3 Z.sub.4 " at 25.degree.C.
PAR  b. A reactor equipped with an agitator, thermometer and means of heating
      and cooling was charged with 26.08 parts phenol, 12.37 parts water, 26.61
      parts formaldehyde (50%) and 2.20 parts methanol. The temperature of the
      reaction mixture was adjusted to 40.degree.C. and 1.69 parts sodium
      hydroxide (50%) was added. The temperature of the reaction mixture was
      raised from 40.degree. to 60.degree.C. in 70 min. at a uniform rate; a
      mild exotherm occurred above 45.degree.C. The reaction mixture was
      maintained at 65.degree.C. for 105 min. The pH of the reaction mixture was
      then adjusted to 8.3 by incremental additions of approximately 0.39 parts
      formic acid (90%). The reaction mixture was held at 65.degree. for 3 hrs.
      from the beginning of the pH adjustment period. There was then added 30.66
      parts formaldehyde (50%) and after thorough mixing, the reaction mixture
      was cooled to 25.degree.C.
PAR  c. To a reactor equipped with an agitator, thermometer and means of heating
      and cooling was added 25.94 parts of the resin of Example 5(b). The resin
      was heated to 60.degree.C., whereupon 34.58 parts resorcinol was added.
      The resulting mixture was heated from about 40.degree.C. to reflux
      (104.degree.C.) uniformly in 20 min. An exotherm occurred about
      62.degree.C. and became strong above 70.degree.C. Cooling was used to
      control the up-heat curve. The reaction mixture was refluxed for 5 min.
      and then cooled to 100.degree.C., whereupon 35.44 parts of the thickened
      m-HA.HCl solution of Example 5(a) was added. The reaction mixture was then
      heated to reflux (105.degree.C.) and maintained there for 2 hrs. The
      reaction mixture was then cooled to 45.degree.C. and 4.04 parts of
      pyrogenic silica (Cab-O-Sil M-5) was added with thorough mixing. The
      resulting mixture was then cooled to 35.degree.C.
PAR  d. A liquid hardener formulation (X) was prepared by mixing together the
      following ingredients in the order recited:
     Ingredients          Weight %                                             
     ______________________________________                                    
     "U.F. 85"            60.64                                                
     Water                7.59                                                 
     "Dow Latex 612"      25.27                                                
     Calcium Carbonate    1.00                                                 
     Aluminum Powder      3.50                                                 
     Pyrogenic Silica ("Cab-O-Sil M-5")                                        
                          2.00                                                 
                          100.00                                               
     ______________________________________                                    
PAL  One part of hardener VI (Example 3(d)) and one part of hardener X were
      individually combined with two parts of the resin of Example 5(c). The Pot
      Life of each of the resulting adhesives at temperatures from 50.degree. to
      80.degree.F. is shown in Table 6, as are the Block Shear Test results for
      the two adhesives. Both of the liquid adhesives were hydrophilic and
      readily washable with water.
TBL                                    Table 6                                 
     __________________________________________________________________________
                                  Block Shear Tests --                         
     Adhesive     Pot Life (sec.)*                                             
                                  Shear Strength (psi)/                        
                                  % Wood Failure**                             
     Resin   Hardener                                                          
                  50.degree.F                                                  
                      60.degree.F                                              
                          70.degree.F                                          
                              80.degree.F                                      
                                  Dry    Wet                                   
     __________________________________________________________________________
     Example 5(c)                                                              
             VI    96  72 32  28  1324/92                                      
                                         390/77                                
       "      X   162 101 54  47  1695/93                                      
                                         440/93                                
     __________________________________________________________________________
       *Thirty grams resin and 15 grams hardener.                              
      **Specimens were clamped at 75 p.s.i. for 15 min. at room temperature.   
PAC  EXAMPLE 6
PAR  a. To a solution of 286.0 g. nitric acid (70-71%) in 330.3 g. water was
      added with mixing 351.2 g. m-hydroxy aniline. Mixing was continued until a
      clear solution developed. The solution was cooled from 51.degree.C. to
      25.degree.C. whereupon there was added 32.5 g. of the hydroxyethyl
      cellulose described in Example 5(a). Vigorous agitation was used until all
      the hydroxyethyl cellulose had wetted. The mixture was then heated to and
      maintained at 40.degree.C. for 30 min. The product had a pH of 2.65 and a
      Gardner viscosity of "Z.sub.3 Z.sub.4 " at 25.degree.C.
PAR  b. A one-liter reactor was charged with 259.4 g. of phenol-formaldehyde
      resin prepared as described in Example 3(a). The resin was heated to
      60.degree.C. with agitation and 345.8 g. resorcinol was then added.
      Heating was immediately reapplied bringing the temperature from
      40.degree.C. to 62.degree.C. in 4 min. At 61.degree.C. a mild exotherm was
      noted. No external heating was applied from 61.degree.C. to 105.degree.C.
      (reflux). Heat-up time from 40.degree. to 105.degree.C. was approximately
      10 min. After 5 min. at reflux, the reaction mixture was cooled to
      100.degree.C. and 354.4 g. of the m-hydroxy aniline nitrate solution of
      Example 6(a) was added. From 81.degree.C., the reaction mixture was heated
      to reflux (105.degree.C.) and was maintained at reflux for 2 hrs. The
      resin was then cooled to 40.degree.C. and 40.4 g. Cab-O-Sil M-5 pyrogenic
      silica was added. After thorough mixing, the resin was cooled to
      25.degree.C. The resin was water washable, had a pH of 2.50 and a Gardner
      viscosity of "RS" at 25.degree.C.
PAR  c. Two parts of this resin were mixed with one part of hardener VI (Example
      3(d)) and the resulting hydrophilic adhesive was immediately spread on
      Douglas fir sheets (6 in. .times. 8 in. .times. 1/4 in.) and pairs of the
      sheets were then clamped together at 150 p.s.i. for 3 hrs. to produce 2
      billets (6 in. .times. 8 in. .times. 1/2 in.). Each of the billets was
      then sawed to form six specimens, each being approximately 1 in. .times.
      31/2 in. .times. 1/2 in. One set of specimens was dry conditioned and one
      set was wet conditioned, as described previously, and the specimens were
      then sheared. The shear strength (p.s.i.)/% wood failure values for dry-
      and wet-conditioned billets were 536/96 and 465/97 respectively. A sample
      of adhesive prepared from 30 g. of resin and 15 g. of hardener VI had a
      Pot Life of 40 seconds.
PAC  EXAMPLE 7
PAR  Hardener formulations XI-XIII were prepared by mixing together the
      ingredients shown in Table 7 in the order recited. Hydrophilic adhesives
      were then prepared by combining one part of each of the hardeners with two
      parts of the resin of Example 5(c). Pot Lives for each of the adhesives
      are shown in Table 8 as are the pH's of the cured adhesives determined as
      described previously. Billets were prepared, conditioned and sheared as
      described in Example 7(c); the shear strength (p.s.i.)/% wood failure
      values for dry and wet conditioned billets are recorded in Table 8. It
      should be noted that the water-soluble epoxy resin functions as an acid
      scavenger under hydrolytic conditions as evidenced by the fact that the
      pH' s of the three adhesives increased with increasing amounts of the
      epoxy resin. The water-soluble epoxy resin also increases the toughness of
      the cured adhesive.
TBL                                    Table 7                                 
     __________________________________________________________________________
                         Hardener (Weight Percent)                             
     Ingredient          XI   XII  XIII                                        
     __________________________________________________________________________
     "U.F. 85"           64.37                                                 
                              49.89                                            
                                   31.97                                       
     Water               --   7.48 --                                          
     Water-soluble Epoxy Resin*                                                
                         --   19.70                                            
                                   31.97                                       
     Ethanol-formaldehyde Solution (50%)                                       
                         21.18                                                 
                              --   21.05                                       
     "Dow Latex 612"     --   15.04                                            
                                   --                                          
     Calcium Carbonate   1.00 .99  1.00                                        
     Aluminum Powder     3.50 3.45 3.47                                        
     Walnut Shell Flour  5.95 --   5.88                                        
     Pyrogenic Silica    3.00 2.96 3.67                                        
     "Advawet 43"**      1.00 .49  .99                                         
     __________________________________________________________________________
       *Comprised of glycidyl ethers of polyhydric alcohols having two or more 
      epoxy groups per molecule.                                               
      **Non-ionic emulsifying agent available from Cincinnati Milacron         
      Chemicals.                                                               
TBL                                    Table 8                                 
     __________________________________________________________________________
                             Billet Shear Test --                              
     Adhesive           pH of                                                  
                             Shear Strength (psi)/                             
     Hardener    Pot Life*                                                     
                        Cured                                                  
                             % Wood Failure                                    
     Resin                                                                     
          (Table 7)                                                            
                 (seconds)                                                     
                        Adhesive                                               
                             Dry   Wet                                         
     __________________________________________________________________________
     Example                                                                   
           XI    48     3.89 523/99                                            
                                   438/98                                      
     5(c)                                                                      
     Example                                                                   
           XII   38     3.99 436/96                                            
                                   465/97                                      
     5(c)                                                                      
     Example                                                                   
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CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydrophilic resin composition comprising the reaction product of (a) a
      resin produced by reacting a ketone-aldehyde prepolymer with a polyhydroxy
      aromatic compound, the aldehyde:ketone mole ratio in said resin being from
      1.5:1 to 6:1 and the polyhydroxy aromatic compound:aldehyde mole ratio in
      said resin being from 0.2:1 to 5:1, said resin containing substantially no
      free aldehyde and being free of dominant amide-forming substituents; with
      (b) an amine salt selection from the hydrochloric, nitric and sulfuric
      acid salts of m-hydroxy aniline and 2,6-diaminopyridine, the amount of the
      amine salt being from 0.05 to 2.0 parts by weight per part of said resin.
NUM  2.
PAR  2. The composition of claim 1 wherein the aldehyde is formaldehyde and the
      ketone is acetone, methyl ethyl ketone or methyl isobutyl ketone.
NUM  3.
PAR  3. The composition of claim 2 wherein the polyhydroxy aromatic compound is
      resorcinol.
NUM  4.
PAR  4. The composition of claim 1 wherein the aldehyde is formaldehyde and the
      ketone is acetone.
NUM  5.
PAR  5. The composition of claim 4 wherein the polyhydroxy aromatic compound is
      resorcinol.
NUM  6.
PAR  6. The composition of claim 5 wherein the acetone: formaldehyde mole ratio
      is from 2.5:1 to 4.5:1 and the resorcinol:formaldehyde ratio is from 0.3:1
      to 2:1.
NUM  7.
PAR  7. The composition of claim 6 wherein the amine salt is m-hydroxy aniline
      hydrochloride and the amount thereof is from 0.1 to 1.0 part by weight per
      part by weight of said resin.
NUM  8.
PAR  8. The composition of claim 5 wherein the acetone:formaldehyde mole ratio
      is from 3:1 to 4:1 and the resorcinol:formaldehyde mole ratio is from
      0.75:1 to 1.25:1.
NUM  9.
PAR  9. The composition of claim 8 wherein the amine salt is m-hydroxy aniline
      hydrochloride and the amount thereof is from 0.1 to 1.0 part by weight of
      said resin.
NUM  10.
PAR  10. The composition of claim 1 wherein the salt is m-hydroxy aniline
      hydrochloride.
NUM  11.
PAR  11. The composition of claim 1 wherein the amount of the amine salt is from
      0.1 to 1.0 part by weight per part by weight of said resin.
NUM  12.
PAR  12. The composition of claim 11 wherein the salt is m-hydroxy aniline
      hydrochloride.
NUM  13.
PAR  13. A rapid curing, hydrophilic adhesive composition comprising:
PA1  1. a hydrophilic resin composition comprising the reaction product of (a) a
      resin produced by reacting a ketone-aldehyde prepolymer with a polyhydroxy
      aromatic compound, the aldehyde:ketone mole ratio in said resin being from
      1.5:1 to 6:1 and the polyhydroxy aromatic compound-aldehyde mole ratio in
      said resin being from 0.2:1 to 5:1, said resin containing substantially no
      free aldehyde and being free of dominant amide-forming substituents; with
      (b) an amine salt selected from the hydrochloric, nitric and sulfuric acid
      salts of m-hydroxy aniline and 2,6-diaminopyridine, the amount of the
      amine salt being from 0.5 to 2.0 parts by weight per part of said resin;
      and
PA1  2. a curing agent reactable with said reaction product at ambient
      temperature, the amount of said curing agent being sufficient to cause
      said composition to become insoluble and infusible.
NUM  14.
PAR  14. The composition of claim 13 wherein the curing agent comprises an
      alkylene-donating compound.
NUM  15.
PAR  15. The composition of claim 13 wherein the curing agent comprises
      formaldehyde or a formaldehyde-donating compound.
NUM  16.
PAR  16. The composition of claim 13 wherein the aldehyde is formaldehyde and
      the ketone is acetone, methyl ethyl ketone or methyl isobutyl ketone.
NUM  17.
PAR  17. The composition of claim 16 wherein the polyhydroxy aromatic compound
      is resorcinol.
NUM  18.
PAR  18. The composition of claim 17 wherein the amine salt is m-hydroxy aniline
      hydrochloride and the amount thereof is from 0.1 to 1.0 part by weight per
      part by weight of said resin.
NUM  19.
PAR  19. The composition of claim 13 wherein the ketone:aldehyde mole ratio is
      from 2.5:1 to 4.5:1 and the polyhydroxy aromatic compound:aldehyde mole
      ratio is from 0.2:1 to 5:1.
NUM  20.
PAR  20. The composition of claim 13 wherein the ketone:aldehyde mole ratio is
      from 3:1 to 4:1 and the polyhydroxy aromatic compound:aldehyde mole ratio
      is from 0.75:1 to 1.25:1.
NUM  21.
PAR  21. The composition of claim 1 wherein the amount of the amine salt is from
      0.1 to 1.0 part by weight per part by weight of said resin.
NUM  22.
PAR  22. The composition of claim 21 wherein the aldehyde is formaldehyde, the
      ketone is acetone, and the polyhydroxy aromatic compound is resorcinol.
NUM  23.
PAR  23. The composition of claim 22 wherein the acetone:formaldehyde mole ratio
      is from 2.5:1 to 4.5:1 and the resorcinol:formaldehyde mole ratio is from
      0.3:1 to 2:1.
NUM  24.
PAR  24. The composition of claim 22 wherein the acetone:formaldehyde mole ratio
      is from 3:1 to 4:1 and the resorcinol:formaldehyde mole ratio is from
      0.75:1 to 1.25:1.
NUM  25.
PAR  25. The composition of claim 28 wherein the salt is m-hydroxy aniline
      hydrochloride.
NUM  26.
PAR  26. A process for producing a hydrophilic resin composition comprising
      reacting (a) a resin produced by reacting a ketone-aldehyde prepolymer
      with a polyhydroxy aromatic compound, the aldehyde:ketone mole ratio in
      said resin being from 1.5:1 to 6:1 and the polyhydroxy aromatic
      compound:aldehyde mole ratio in said resin being from 0.2:1 to 5:1, said
      resin containing substantially no free formaldehyde and being free of
      dominant amide-forming substituents; with (b) an amine salt selected from
      the hydrochloric, nitric and sulfuric acid salts of m-hydroxy aniline and
      2,6-diaminopyridine, the amount of the amine salt being from 0.1 to 1.0
      parts by weight per part of said resin.
NUM  27.
PAR  27. The process of claim 26 wherein the aldehyde is formaldehyde and the
      ketone is acetone, methy ethyl ketone or methyl isobutyl ketone.
NUM  28.
PAR  28. The process of claim 27 wherein the ketone:formaldehyde mole ratio is
      from 2.5:1 to 4.5:1 and the polyhydroxy aromatic compound:formaldehyde
      mole ratio is from 0.3:1 to 2:1.
NUM  29.
PAR  29. The process of claim 28 wherein the polyhydroxy aromatic compound is
      resorcinol.
NUM  30.
PAR  30. The process of claim 27 wherein the ketone:aldehyde mole ratio is from
      3:1 to 4:1 and the polyhydroxy aromatic compound:aldehyde mole ratio is
      from 0.75:1 to 1.25:1.
NUM  31.
PAR  31. The process of claim 30 wherein the polyhydroxy aromatic compound is
      resorcinol.
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ABST
PAL  Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material containing blocked isocyanate groups wherein the
      blocked isocyanate groups making up said polymeric material comprise only
      a portion of the total isocyanate groups to produce said polymeric
      material, such as extrudable, thermosettable powdered blocked polyurethane
      (PBP) has been prepared. This material is useful per se for the
      manufacture of articles and may be added in combination with other
      materials, such as thermoplastic resins, e.g. polyethylene, polyvinyl
      chloride, for improving the usefulness, versatility and physical and/or
      chemical properties thereof. The polymeric material, such as PBP, is
      useful as a coating on metal and non-metallic surfaces, e.g. glass or
      fibrous surfaces, either as a protective coating or for the purpose of
      laminating such surfaces to another surface. The polymeric material, such
      as PBP, may be manufactured by reacting a liquid reaction admixture
      comprising a partially blocked polyurethane prepolymer with a chain
      extending reactant under conditions such that the reaction admixture is
      reacted in dispersed form with the result that the reaction product is
      recoverable in solid particle-form as said PBP.
BSUM
PAR  This invention relates to solid particle-form, polymerizable or
      cross-linkable, multi-functional polymeric material. More particularly,
      this invention relates to a polymerizable polyurethane material useful for
      the manufacture of polyurethane articles, as a coating material or as a
      material useful for improving the utility, versatility and physical and/or
      chemical properties of other materials, such as polyethylene, polyvinyl
      chloride, polystyrene, for improving the adhesiveness of such other
      materials to a substrate, such as a glass substrate.
PAR  The manufacture of polyurethane is well known, as is the preparation of
      blocked polyurethane, see U.S. Pat. Nos. 2,886,555, 2,935,487, 2,953,489,
      2,953,839, 2,968,575, 3,398,043, 3,438,922, 3,567,695, 3,658,763,
      3,705,119, 3,721,647, 3,745,138, 3,758,334 and 3,773,729. The disclosures
      of these patents are herein incorporated and made part of this disclosure.
PAR  It is an object of this invention to provide a solid, particulate,
      polymerizable or cross-linkable, multi-functional polymeric material which
      is extrudable and thermo-settable and which can be employed for the
      manufacture of articles.
PAR  It is another object of this invention to produce a stable, polymerizable
      polyurethane material particularly useful as a coating or as an additive
      to other thermoplastic resins, such as polyethylene or polyvinyl chloride,
      to yield a material which, after processing, possesses improved utility
      and/or chemical and/or physical properties.
PAR  It is another object of this invention to provide a process for the
      manufacture of particulate, polymerizable or cross-linkable polymeric
      material.
DRWD
PAR  How these and other objects of this invention are accomplished will become
      apparent in the light of the accompanying disclosure and drawings wherein:
PAR  FIG. 1 illustrates one example of the chemical reactions involved in the
      preparation of the special polymerizable polyurethane materials in
      accordance with this invention and one method of preparing the same; and
      wherein
PAR  FIG. 2 illustrates schematically how the polymerizable polyurethane
      materials in accordance with this invention may be processed to produce a
      finished polyurethane material.
DETD
PAR  In at least one embodiment of the practices of this invention at least one
      of the foregoing objects will be achieved.
PAR  In accordance with this invention solid particle-form, polymerizable or
      cross-linkable, multi-functional material containing blocked isocyanate
      groups, such as powdered blocked polyurethane (PBP), has been produced.
      The polymeric material, such as PBP, of this invention is a solid
      particle-form temperature sensitive polymerizable or multi-functional
      blocked polyurethane wherein the blocked isocyanate groups making up the
      polymerizable blocked polyurethane comprise only a portion of the total
      isocyanate groups employed to produce said polymerizable blocked
      polyurethane.
PAR  The special polymeric material produced in accordance with this invention,
      e.g. the powdered blocked polyurethane (PBP), is stable under normal
      conditions of temperature, pressure and humidity, possesses functional
      sites reactive at elevated temperatures, such as the temperatures at which
      the blocked isocyanate groups thereof are unblocked. Desirably, the
      polymeric material upon cross-linking, polymerization, reaction or fusion
      does not evolve gaseous products unless a foamed reaction product or
      polymerizate is desired.
PAR  The particulate polymeric material, such as PBP, may be cross-linked or
      reacted in a number of ways in addition to the cross-linking or
      polymerization of a mass thereof which would occur upon unblocking of the
      blocked isocyanate groups which would then react with other unblocked
      isocyanates and the functional groups carried by the polymeric material,
      such as OH, NH.sub.2 and/or SH groups. The polymeric material might be, if
      desired, cross-linked via a peroxide cure involving a carbon-carbon
      linkage or by a sulfur cure involving a carbon-sulfur-carbon linkage.
      Desirably, the polymeric material should possess a high molecular weight
      providing sufficient internal cross-linking to insure maximum or desired
      physical properties when ultimately cured or polymerized. Also, the
      polymeric material should comprise finely divided solid particles,
      preferably of a size in the micron and sub-micron range, such as in the
      sub-micron range from about 0.01 to 0.9 micron, e.g. about 0.1 micron,
      and/or in the micron range from about 1 to about 2000 microns, e.g.
      100-500 microns, to insure a particle surface area providing a sufficient
      number of reactive groups (unblocked isocyanate and other functional
      groups) for rapid reactivity when the polymeric material is heated to a
      temperature above the unblocking temperature of the blocked isocyanate
      groups.
PAR  Various techniques may be employed for the preparation of the particulate
      polymeric material in accordance with this invention. In accordance with
      one technique for the preparation of PBP as illustrated in FIG. 1, a
      liquid prepolymer material I and Ia terminated with isocyanate and blocked
      isocyanate groups, a chain extending reactant, such as a polyol, capable
      of reacting with the isocyanate groups and optionally a catalyst are
      combined to form a reaction mixture and the mixture then sprayed into a
      reaction zone for reaction therein to yield the resulting powdered blocked
      polymeric material, powdered blocked polyurethane (PBP).
PAR  Referring now to FIG. 1 of the drawings, prepolymer formation is carried
      out by reacting a polyol, such as a diol, with polyisocyanate, such as an
      alkyl diisocyanate, e.g. 1-6-hexamethylene diisocyanate, in the presence
      of a blocking agent, such as a phenol, e.g. m-cresol. When the polyol, the
      diisocyanate and phenol blocking agent are employed in the molar ratio
      1:2:0.1 there would be produced a prepolymer made up of isocyanate
      prepolymer and blocked isocyanate prepolymer in the molar ratio about
      0.9:0.1, as indicated in accompanying FIG. 1.
PAR  This prepolymer mixture made up of isocyanate terminated and blocked
      isocyanate terminated prepolymers would be reacted with a chain extending
      reactant, such as a polyol, a polyamine, an alkanol amine, a polythiol and
      the like. Usefully, in the reaction between the isocyanate prepolymers and
      the chain extending reactant a catalyst is present to improve the rate of
      reaction.
PAR  As indicated in FIG. 1, the atomized mixture of isocyanate prepolymer and
      chain extending reactant, such as a polyol, e.g. a diol, are allowed to
      react in the reaction chamber for a suitable period of time and at a
      suitable temperature with the resultant production of PBP. The reaction
      between the isocyanate prepolymers and the chain extending reactant
      results in the production of PBP made up of an isocyanate polymer portion
      or segment. A particle of the resulting produced PBP is shown in greatly
      enlarged scale in FIG. 1. This particle would comprise, in addition to an
      isocyanate polymer segment, a blocked isocyanate polymer segement
      including reactive functional groups, such as hydroxyl groups, as
      graphically illustrated in FIG. 1.
PAR  To effect polymerization or cross-linking of a number of such particles, a
      number of such particles or a mass thereof, as illustrated in accompanying
      FIG. 2, would be subjected to pressure and heat to effect unblocking of
      the blocked isocyanate groups of the blocked isocyanate polymer portion or
      segment thereof with the resulting cross-linking or reaction of the
      unblocked ioscyanate groups with the other reactive functional groups
      already provided on the particles, such as the hydroxyl groups, all as
      graphically and schematically illustrated in FIG. 2.
PAR  Various techniques similar to the techniques for producing PBP illustrated
      in FIG. 1 or radically different therefrom may be employed for the
      preparation of PBP in accordance with this invention. For example, by
      employing the technique illustrated in FIG. 1, the atomized particles
      could be given an electrostatic charge and the walls of the reactor an
      electrostatic charge of the same sign with the result that the
      thus-charged particles would not coalesce on the wall but would react with
      the eventual production of PBP.
PAR  The reaction would be promoted by preheating the components or the mixture
      to a desired reaction temperature, such as above about
      50.degree.-100.degree.C., more or less, depending upon the character of
      the reactants including the blocking agent making up the blocked
      isocyanate prepolymer present in the isocyanate prepolymer stream. By
      providing a large reaction chamber the coalesced reactants in droplet form
      or incipient solid particle form would tend to fall downwardly within the
      reaction chamber and be collected at the bottom thereof. The time required
      for the reactant droplets or particles to travel to the bottom of the
      reaction chamber is desirably sufficient to substantially complete the
      reaction for the production of the PBP. By flowing an inert gas
      countercurrent to the downwardly falling reactant droplets or particles
      the time of fall could be increased or decreased to control the reaction.
      Alternatively, a fast moving stream of inert gas could transport the
      formative PBP droplets or particles from the reaction chamber to a
      suitable collection or separation chamber, the time of travel or transport
      of the formative PBP droplets or particles being sufficient to complete
      the reaction with the formation of the production PBP. If an additional
      curing time should be required for the formative PBP particles to complete
      the reaction or curing this addition time could be provided by causing the
      incipient or formative PBP particles to be collected in a pool of liquid,
      such as warm water, at the bottom of the reaction chamber, with continuous
      stirring and permitting the PBP particles to remain in the pool until such
      time as the reaction and curing has been completed, then recovering the
      thus-formed PBP particles as product.
PAR  Instead of mixing the prepolymer and chain extending reactant prior to
      spraying, one can spray or atomize each component separately, giving them
      an opposite charge and causing them to impinge on one another. The
      droplets containing the prepolymer and the chain extender undergo reaction
      in the reaction chamber with eventual production and recover of PBP as
      described hereinabove.
PAR  Another technique for the production of PBP would involve supplying a well
      mixed single stream containing the prepolymer and chain extending reactant
      to a vigorously stirred or agitated bath of liquid, such as into the
      vortex thereof, the liquid, such as water, being a non-solvent and
      preferably non-wettable or immiscible with respect to the reactants and
      the production PBP. Upon which contact with the liquid bath the reaction
      admixture stream would be dispersed therein to fine droplets or incipient
      PBP particle size. The reaction mixture would be maintained dispersed,
      such as by stirring, for a sufficient period of time to effect completion
      of the reaction with the resulting production of PBP which then would be
      recovered, with drying if necessary, as product.
PAR  Still another technique useful for the production of PBP would involve
      forming a reaction admixture comprising isocyanate prepolymer including
      blocked isocyanate prepolymer, together with a chain extending reactant
      and a volatile liquid or diluent. The thus-formed reaction admixture would
      then be flowed or disposed in film form or as a coating onto a suitable
      substrate or surface and the reaction completed therein, preferably with
      agitation. Since the reaction is exothermal and is noramlly carried out
      and completed at an elevated temperature, e.g. above about 100.degree.C.,
      solvent or diluent provided in the reaction admixture would volatilize
      with resulting foaming or frothering of the reaction mixture and product
      which would then be recovered and comminuted to a desired particle size,
      thereby providing a technique for the production of PBP having a wide
      range of particle size distribution and which would be capable of being
      further treated, such as screening, to yield a PBP product of a selective
      or definite or narrow particle size range.
PAR  Yet another technique for the production of PBP would involve reacting a
      suitable mass of the PBP reactants to completion and solidification and
      then comminuting the resulting reaction product to form the product PBP.
PAR  In the preparation of the polymeric material in accordance with this
      invention numerous polyisocyanates, including triisocyanates, but
      preferably diisocyanates, may be employed. Suitable polyisocyanates are
      the aliphatic, cycloaliphatic and aryl polyisocyanates and include:
PA1  1,6-hexamethylene diisocyanate,
PA1  triphenyl-methane triisocyanate,
PA1  naphthylene diisocyanate,
PA1  4-tert-butyl-m-phenylene diisocyanate,
PA1  4,4'-methylene di-o-tolyl isocyanate
PA1  4,4'-methylenediphenyl isocyanate,
PA1  m-phenylene diisocyanate,
PA1  4-chloro-3,3-phenylene diisocyanate,
PA1  4,4'-biphenylene diisocyanate,
PA1  1,5-naphthylene diisocyanate,
PA1  1,4-tetramethylene diisocyanate,
PA1  1,10-decamethylene diisocyanate,
PA1  1,4-cyclohexylene diisocyanate,
PA1  4,4'-methylene-bis-(cyclohexyl isocyanate),
PA1  1,5-tetrahydronaphthylene diisocyanate,
PA1  toluene-2,4-diisocyanate,
PA1  4-chloro-1,3-phenylene diisocyanate,
PA1  diphenylmethane-4,4'-diisocyanate,
PA1  ethylene diisocyanate,
PA1  ethylidene diisocyanate,
PA1  propylene-1,2-diisocyanate,
PA1  cyclohexylene-1,2-diisocyanate,
PA1  3,3'-dimethylbiphenylene-4,4'-diisocyanate,
PA1  3,3'-dimethoxybiphenylene-4,4'-diisocyanate,
PA1  3,3'-diphenylbiphenylene-4,4'-diisocyanate,
PA1  3,3'-dichlorobiphenylene-4,4'-diisocyanate,
PA1  triphenylene-p,p',p"-triisocyanate,
PA1  furfurylidene diisocyanate,
PA1  benzene triisocyanate,
PA1  hexane-1,2,6-triisocyanate,
PA1  2,2,4-trimethylhexamethylene diisocyanate,
PA1  methyl 2,6-diisocyanatocaproate,
PA1  4-methyl-1,3-diisocyanatocyclohexane,
PA1  4,4'-methylene-bis(cyclohexyl isocyanate),
PA1  methane diisocyanate,
PA1  N,n',n"-tris(6-isocyanatohexamethylene) biuret,
PA1  1-chloro-2,4-diisocyanatobenzene,
PA1  tris(4-isocyanatophenyl)methane,
PA1  naphthalene diisocyanates,
PA1  bis(2-isocyanatoethyl)benzene,
PA1  isophorone diamine diisocyanate,
PA1  triphenylsulfone triisocyanate,
PA1  trimethylbenzene-2,4,6-triisocyanate,
PA1  1-methylbenzene-2,4,6-triisocyanate,
PA1  diphenyl-2,4,4'-triisocyanate.
PAL  Di- or triisocyanates prepared by reacting an excess amount of one of the
      above-mentioned isocyanates with a low molecular diol or triol (e.g.
      ethylene glycol, propylene glycol, 1,3-butylene glycol, neopentyl glycol,
      2,2,4-trimethyl-1,3-pentandiol, hexamethylene glycol, cyclohexane
      dimethanol, trimethylol propane, hexane triol, glycerine, or polymers
      thereof, etc.), trimers or diisocyanates and other various di-or
      triisocyanates containing biuret linkages and/or allophanate linkages and
      isocyanate prepolymers prepared from the above polyisocyanates are also
      useful.
PAR  As the blocking agent, any of the known blocking agents may be used in the
      practice of this invention. Typical examples are phenol type blocking
      agents (e.g. phenol, cresol, xylenol, nitrophenol, chlorophenol, ethyl
      phenol, t-butylphenol, hydroxy benzoic acid, hydroxy benzoic acid esters,
      2,5-di-t-butyl-4-hydroxy toluene, etc.), lactam type blocking agents (e.g.
      .epsilon.-caprolactam, .delta.-valerolactam, .gamma.-butyrolactam,
      .beta.-propiolactam, etc.), active methylene type blocking agents (e.g.
      diethyl malonate, dimethyl malonate, ethyl acetoacetate, methyl
      acetoacetate, acetyl acetone, etc.), alcohol type blocking agents (e.g.
      methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol,
      t-butanol, n-amyl alcohol, t-amyl alcohol, lauryl alcohol, ethylene glycol
      monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol
      monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol
      monoethyl ether, propylene glycol monomethyl ether, methoxyethanol,
      glycolic acid, glycolic acid esters, lactic acid, lactic acid ester,
      methylol urea, methylol melamine, diacetone alcohol, ethylene
      chlorohydrine, ethylene bromhydrine, 1,3-dichloro-2-propanol,
      .omega.-hydroperfluoro alcohol, acetocyanhydrine, etc.), mercaptan type
      blocking agents (e.g. butyl mercaptan, hexyl mercaptan, t-butyl mercaptan,
      t-dodecyl mercaptan, 2-mercapto-benzothiazole, thiophenol, methyl
      thiophenol, ethyl thiophenyl, etc.), acid amide type blocking agents (e.g.
      acetoanilide, acetoanisidine amide, acrylamide, methacrylamide, acetic
      amide, stearic amide, benzamide, etc.), imide type blocking agents (e.g.
      succinimide, phthalimide, maleimide, etc.), amine type blocking agents
      (e.g. diphenylamine, phenylnaphthylamine, xylidine, N-phenyl xylidine,
      carbazole, aniline, naphthylamine, butylamine, dibutylamine, butyl
      phenylamine, etc.), imidazole type blocking agents (e.g. imidazole,
      2-ethylimidazole, etc.), urea type blocking agents (e.g. urea, thiourea,
      ethylene urea, ethylene thiourea, 1,3-diphenyl urea, etc.), carbamate type
      blocking agents (e.g. N-phenyl carbamic acid phenyl ester, 2-oxazolidone,
      etc.), imine type blocking agents (e.g. ethylene imine, etc.), oxime type
      blocking agents (e.g. formaldoxime, acetaldoximine, acetoxime, methylethyl
      ketoxime, diacetylomonoxime, benzophenoxime, cyclohexanonoxime, etc.) and
      sulfurous acid salt type blocking agents (e.g. sodium bisulfite, potassium
      bisulfite, etc.). Of these, use is preferably made of the phenol type, the
      lactam type, the active methylene type and the oxime type blocking agents.
PAR  In the selection of the blocking agent for the preparation of the blocked
      isocyanate prepolymers, it is especially desirable that the blocking agent
      be non-volatile when the blocked isocyanate polymer, i.e. the PBP, is
      heated or activated for the unblocking of the blocked isocyanate groups
      therein. It is desirable that the blocking agent be substantially
      non-volatile so that upon heating of the PBP the blocking agent does not
      volatilize into the unblocked PBP. If volatilization of the blocking agent
      should occur the resulting unblocked polymerized or cross-linked or
      reacted PBP or PBP-containing composition would tend to have bubbles
      formed therein. While it is preferred to employ phenolic compounds which
      do not volatilize in the preparation of PBP in accordance with this
      invention, other non-volatile blocking agents are useful. By the term
      "non-volatile" it is meant those blocking agents which do not volatilize
      under the conditions of use or practice of this invention, i.e. do not
      cause bubbles to form within the unblocked PBP. Another important property
      of the blocking agent is that it be compatible with the PBP before and
      after unblocking and curing. This property is important since the released
      blocking agent, after unblocking, remains in the PBP. Particularly useful
      as non-volatile blocking agents in accordance with this embodiment of the
      invention are the high molecular weight substituted phenolic compounds,
      e.g. the bisphenols, the di- and trihydroxy substituted benzenes and the
      substituted phenols where the substituent is on the aromatic nucleus, all
      the mentioned compounds having a molecular weight substantially above 100.
      Preferred blocking agents, as mentioned hereinabove, are the
      monofunctional high molecular weight substituted phenols having a
      molecular weight above 150, preferably the compound p-phenylphenol.
      Depending upon the blocking agent selected the unblocking of the
      isocyanate group occurs at varying temperatures. The choice of unblocking
      conditions usually determines the selection of the blocking agent
      employed, other conditions remaining equal. For example, the preferred
      temperature range in which the PBP materials of this invention become
      reactive and the blocked isocyanate groups thereof unblocked is in the
      range from about 110.degree.-160.degree.C. to about
      200.degree.-225.degree.C., more or less.
PAR  Although a catalyst is not necessary, it is preferred in the preparation of
      PBP in accordance with the various embodiments and techniques of this
      invention to employ a catalyst. Suitable catalysts include such tin salts
      as dibutyl tin dilaurate, stannous octoate, dibutyl tin diacetate,
      corresponding zinc salts, such as zinc octoate, iron salts, such as ferric
      acetyl acetonate. Non-metallic catalysts are also useful including the
      tertiary amine catalysts, such as triethylamine, triethylenediamine,
      tetramethylbutane diamine, N-methyl morpholine, N,N'-diethyl piperazine,
      N,N'-dimethylhexahydroanaline, tribenzylamine and the like.
PAR  The reactants or chain extending reactants suitable for reaction with the
      isocyanate prepolymers, and indeed for reaction with the polyisocyanates,
      are preferably active hydrogen-containing compounds capable of reacting
      with isocyanates. Although water is included within this definition of a
      chain extending reactant, water is not a preferred chain extending
      reactant. It is preferred to employ organic compounds containing at least
      two atoms in the molecule to which are attached active hydrogen atoms. The
      term "active hydrogen atoms" refers to hydrogens which, because of their
      position in the molecule, display activity according to the Zerewitinoff
      Test as described by Kohler in J. Am. Chem. Soc. 49, 3181 (1927). In the
      chain extending organic compounds employed in accordance with the
      practices of this invention for the production of PBP the active hydrogen
      atoms are usually attached to oxygen, nitrogen and/or sulfur atoms.
      Typical of the many organic compounds which are useful are ethylene
      glycol, hexamethylene glycol, diethylene glycol, adipic acid, terephthalic
      acid, adipamide, 1,2-ethane dithiol, hydroquinone, monoethanolamine,
      4-aminobenzoic acid, m-phenylene diamine, propylene diamine,
      4-aminobenzamide, sulfanilamide, aminopropionic acid, 1,4-cyclohexane
      disulfonamide, 1,3-propane disulfonamide, 4-hydroxybenzoic acid,
      p-aminophenol, ethylenediamine, succinic acid, succinamide,
      1,4-butanedisulfonamide, 2,4-tolylenediamine, bis(4-amino-phenyl) methane,
      beta-hydroxy-propionic acid and 1,2-ethane disulfonic acid. Suitable
      reactants include polymers having a molecular weight in the range from
      about 300 to 5000 and higher or lower having terminal hydroxyl groups or
      terminal groups with active hydrogen atoms. Such polymers may be a chain
      extending polyester made from a glycol, such as a mixture of ethylene and
      propylene glycols, and a saturated organic dicarboxylic acid, preferably
      such as adipic acid. Glycols containing 4-20 atoms and dicarboxylic acids
      containing 4-20 carbon atoms are preferred. An excess of a glycol
      component over an acid component is used in preparaing the polyester so
      that the resulting polyester contains terminal hydroxyl groups. Other
      useful polyesters are polyethylene adipate, polyethylene
      adipate-phthalate, polyneopentyl sebacate. Polyethers are also useful such
      as those polyethers possessing ether linkages separated by hydrocarbon
      chains, either alkyl or aryl in nature.
PAR  Further exemplary of the chain extending reactants useful in the
      preparation of PBP in accordance with this invention, in addition to the
      glycols mentioned hereinabove, are the acrylic polyols, hydroxyl
      terminated polyesters, poly(oxyalkylene) glycols, castor oil, diamines and
      poly(oxyalkylene) troils. Examples representative of useful polyols are
      diols such as propylene glycol, poly(oxypropylene) glycol having a
      molecular weight of between about 400 and 5000, and
      poly(oxypropylene)-poly(oxyethylene) glycols (block copolymers, which may
      be hydroxypropylene-terminated) having a molecular weight of from about
      1000 to 3000; triols such as poly(oxypropylene) adducts of glycerin or
      trimethylolpropane or of trimethylolethane having a molecular weight of
      from 400 to 5000; polyvinyl alcohol, polymers and copolymers of
      hydroxyalkyl acrylates or methacrylates with other ethylenically
      unsaturated monomers, poly(oxypropylene)-poly(oxyethylene) adducts of
      trimethylopropane having a molecular weight of 4000 to 5000; tetrols such
      as poly(oxypropylene) adducts of pentaerythritol having a molecular weight
      of 400 to 1000; and hexols such as the poly(oxypropylene) adducts of
      sorbitol, having a molecular weight of 500 to 5000, and the like.
PAR  Nitrogen-containing chain extending reactants providing active hydrogens
      useful in the preparation of PBP in accordance with this invention in
      addition to those mentioned hereinabove include the amine-containing
      resins prepared by reacting dimerized fatty acids with ethylene diamine or
      diethylene triamine, and N,N'-bis(3-hydroxypropyl) oxamide.
PAR  The preferred ratio on an equivalent basis of --N=C=O/active hydrogen in
      the preparation of PBP in accordance with this invention is about 1/1 but
      a ratio in the range from about 7.75/1 to about 1.5/1 and ratios in the
      range from about 0.5/1 to about 2-3/1 are useful.
PAR  The following examples are illustrative of the practices of this invention:
PAC  EXAMPLE NO. 1
PAC  Preparation of PBP
PAR  PBP is prepared by reacting a liquid hydroxyl-terminated homopolymer of
      butadiene supplied by Arco Chemical Co. under the tradename R-45
      characterized by the structural formula,
      ##EQU1##
      n = 55 with tolylene diisocyanate, followed by the addition of a phenol as
      blocking agent for a portion of the isocyanate groups. The resulting
      polyurethane prepolymer containing blocked polyurethane prepolymer was
      then chain extended by reaction with a polyol or diamine.
PAR  The liquid hydroxylated butadiene homopolymer is heated and degassed under
      reduced pressure and a minor amount of benzoyl chloride, about 0.03% by
      weight, added thereto. After stirring for a few minutes tolylene
      diisocyanate (TDI), a slight excess (e.g. 2:1) or at least one equivalent
      of TDI per OH group, is added over a period of a few minutes at a
      temperature in the range from about 100.degree. to about 125.degree.F. and
      the resulting reaction admixture heated with stirring to a temperature of
      about 140.degree.F., the stirring being carried out at a subatmospheric
      pressure of about 50 mm Hg absolute for a period of about 1 hour.
      Thereupon, phenol in an amount in the range from about 3 to about 10 molar
      wt. % of the free isocyanate groups is added to the reactor contents with
      stirring. The resulting formed prepolymer is filtered and admixed with
      N,N-bis(2-hydroxypropyl) aniline (Isonol C-100; Upjohn Co.), together with
      a minor amount of dibutyl tin dilaurate, as catalyst. The blocked
      prepolymer and the chain extending reactant are mixed in an amount so as
      to provide an NCO/OH ratio equal to about 1. The mixed reactants are then
      forced through an atomizing nozzle into a reaction chamber into contact
      with a countercurrent stream of warm air so that the atomized reaction
      mixture or droplets fall slowly downward within the reaction chamber.
      Desirably, the atomized droplets and the walls of the reaction chamber are
      electrically charged with like charges so as to avoid deposition on the
      reactor walls. At the bottom of the chamber desirably is provided a
      stirred pool of non-solvent liquid, such as water, into which the
      coalesced partially cured or fully cured reaction mixture droplets fall
      and collect as discrete droplets or particles. Desirably, the pool of
      liquid, such as water, in the bottom of the reaction chamber is stirred
      and maintained at an elevated temperature, such as a suitable temperature
      in the range 60.degree.-85.degree.C. to provide for the completion of the
      reaction with eventual production of PBP. The resulting produced PBP is
      recovered and after drying to remove the water or other liquid material
      therefrom is recovered as product.
PAR  In one preparation of PBP in accordance with the foregoing technique the
      parts by weight of the reactants employed would be about 100 parts by
      weight hydroxyl terminated polybutadiene, 0.5 part by weight dibutyl tin
      dilaurate catalyst and 21.3 parts by weight Isonol C-100. The aforesaid
      reactants in parts by weight would provide an NCO/OH ratio of 1. Instead
      of effecting chain extension of the isocyanate prepolymer with a diol the
      chain extension of the isocyanate prepolymer, including the blocked
      isocyanate prepolymer, could be effected with a glycol, such as
      2-ethyl-1,3-hexane diol, or by a diamine or a polyester.
PAC  EXAMPLE NO. 2
PAC  Preparation of 50% Blocked Isocyanate Prepolymer
PAR  Crystalline phenol in the amount of 20.9 grams (0.2225 mol) was added with
      stirring to 100 grams of an isocyanate terminated polycaprolactone
      prepolymer, Isonate No. 225 supplied by Upjohn Co., having an NCO content
      of about 18.8% by weight (0.45 mol NCO per 100 grams) at a temperature of
      80.degree.C. The resulting reaction admixture was stirred for 10 minutes,
      permitting the temperature to tise to about 95.degree.C. There was
      produced a 50% blocked isocyanate prepolymer of the general formula:
      ##SPC1##
PAR  By following the same procedure a 25% NCO blocked isocyanate prepolymer was
      prepared by the addition of half the amount of phenol, 10.45 grams (0.1125
      mol).
PAC  EXAMPLE NO. 3
PAC  Chain Extension of Blocked Isocyanate Prepolymer with Ethylenediamine
PAR  To a stirred mass of 98% ethylenediamine there was added by dripping a
      stream of the 50% blocked isocyanate prepolymer of Example No. 2 at a
      temperature of about 70.degree.C. The added propolymer gelled upon contact
      with the ethylenediamine. The resulting precipitated particles were washed
      with water and dried to yield PBP. The reactions carried out in this
      example and the resulting reaction product are indicated in the
      accompanying equation:
      ##SPC2##
PAC  EXAMPLE NO. 4
PAC  Reaction of Partially Phenol Blocked Isocyanate Prepolymer with a Diol
PAR  25 Grams of a 50% phenol blocked isocyanate prepolymer, prepared in
      accordance with Example No. 2, at a temperature of about 40.degree.C. was
      reacted with a mixture of 4 grams of 1,4-butanediol and 0.25 gram of
      dibutyl tin dilaurate at a temperature of 27.degree.C. to produce a foamed
      rubber like product of good integrity.
PAR  In a similar manner 22.5 grams of a 25% phenol blocked isocyanate
      prepolymer produced in accordance with Example No. 2 was reacted with
      1,4-butanediol and dibutyl tin dilaurate to produce a foamed rubber
      product of good integrity.
PAR  When a portion of the rubber like product prepared from the 25% blocked
      isocyanate prepolymer and measuring 11/2 inch in diameter and one-fourth
      inch thick was placed between aluminum foil compressed between heated
      platens at a pressure of about 1000 psi and at a temperature of
      160.degree.-165.degree.C. for 2 minutes the polymer material exhibited
      definite thermoplastic behavior and due to plastic flow the diameter
      increased to 21/2 inch and the thickness decreased to one-sixteenth inch.
      The resulting polymer was translucent, had a mirror finish and was
      rubbery. Evidence of unblocking of the partially blocked prepolymer was
      indicated by a phenol odor liberated during heating and compression.
PAC  EXAMPLE NO. 5
PAC  Chain Extension of Partially Blocked Isocyanate Prepolymer
PAR  To 15 grams of 25% phenol blocked isocyanate terminated prepolymer prepared
      in accordance with Example No. 2 was added 0.1 gram of dibutyl tin
      dilaurate and 6.7 grams of N,N'-bis(2-hydroxypropyl) aniline (Isonol C-100
      manufactured by Upjohn Co.). The resulting reaction was carried out at a
      temperature of about 70.degree.C. and was highly exothermic and was
      completed within about 1 minute. 5 Grams of the resulting product were
      placed in an aluminum foil pan on a hot plate having a surface temperature
      of about 200.degree.-250.degree.C. When the polymer material started to
      melt a flat-bottom glass container was placed thereon and pressed onto the
      polymer and held for about 31/2 minutes. Upon heating to a temperature
      sufficient to cause unblocking, the polymer became transparent and almost
      colorless. It was then removed from the hot plate, cooled and the aluminum
      pan removed. It was found that the polymer had fused and tenaciously
      adhered to the glass surface.
PAC  EXAMPLE NO. 6
PAC  Preparation of PBP
PAR  9.5 Grams of phenol was added to 108 grams (0.5 mol NCO) of NCO terminated
      polycaprolactone containing about 18.8% NCO by weight (Isonate No. 225
      sold by the Upjohn Co.). The resulting admixture was heated with stirring
      ot 70.degree.C., then held at room temperature for about 24 hours. To the
      resulting reaction admixture containing the blocked prepolymer there was
      added 21.8 grams of 1,4-butanediol containing 0.05 gram of dibutyl tin
      dilaurate as catalyst. The resulting liquid mixture was then poured slowly
      as a thin stream into the vortex of a stirred, hot, oil bath maintained at
      a temperature of 140.degree.C. After the liquid mixture had been poured
      into the oil bath the oil bath was permitted to cool but was continuously
      stirred for another 15 minutes. During this 15 minute post-cure period the
      oil bath temperature dropped to about 90.degree.C. Stirring was then
      stopped, the resulting PBP was permitted to settle and the oil decanted
      leaving PBP at the bottom of the container. The oil was washed from the
      PBP with ethylene dichloride, and the PBP separated by filtration. The
      recovered solvent-free PBP was white in color and had an average diameter
      in the range from 300-600 microns. When an amount of the PBP was placed on
      a hot surface at a temperature of about 300.degree.C. the PBP fused and
      adhered thereto as a colorless transparent film.
PAC  EXAMPLE NO. 7
PAC  Preparation of PBP
PAR  PBP was prepared by adding 4.36 grams of 1,4-butanediol to 23.48 grams of a
      20% blocked prepolymer, as prepared in Example No. 6, to yield a reaction
      admixture having an NCO/OH ratio of 1 wherein the NCO includes both the
      free and the blocked isocyanate groups. After about 7 minutes the
      resulting mixture was warm to the touch. Thereupon, the liquid reaction
      mixture was added as a thin stream to the vortex of a stirred heated oil
      bath at a temperature of about 140.degree.C. The resulting PBP was
      recovered from the oil bath by filtering and washed to remove the oil. The
      particle-size of the PBP recovered on the filter was about 100 microns but
      particles smaller than about 75 microns in diameter were observed to pass
      through the filter.
PAC  EXAMPLE NO. 8
PAC  Preparation of PBP
PAR  A liquid mixture containing 80.5 grams of a 15% blocked isocyanate
      prepolymer prepared by reacting 108 grams of Isonate No. 225 (Upjohn Co.)
      and 7.05 grams of phenol was admixed with 15.26 grams of 1,4-butanediol
      and 0.15 gram of dibutyl tin dilaurate. The resulting liquid admixture was
      then added as a thin stream to a stirred oil bath maintained at a
      temperature in the range 108.degree.-115.degree.C. Repeated additions of
      the liquid reaction mixture resulted in the production of PBP which was
      recovered from the oil bath. The resulting produced PBP had a
      particle-size in the range from about 100 microns to about 600 microns,
      depending upon the vigor with which the oil bath was stirred and the rate
      of addition of the liquid reaction admixture. Small particle-size PBP in
      the submicron range and larger particle-size PBP in the range about 10-100
      microns could be prepared by this method by controlling the rate of
      addition of the liquid reaction admixture and the vigor (degree of
      agitation) with which the oil bath is stirred.
PAC  EXAMPLE NO. 9
PAC  Preparation of PBP
PAR  There was prepared an admixture containing 2 grams motor oil as
      plasticizer, 56 grams of a 25% phenol blocked isocyanate prepolymer
      prepared from 1742 grams of isocyanate terminated prepolymer, Isonate No.
      226 supplied by the Upjohn Co., and 174.6 grams of crystalline phenol. To
      this admixture was added 10.75 grams of 1,4-butanediol admixed with
      dibutyl tin dilaurate in the amount of 0.25 gram/100 grams of the diol.
      The resulting liquid admixture was then added as a thin stream to a
      stirred water bath maintained at a temperature of about 48.degree.C. and
      containing a water softener (Calgon) and an anionic surfactant, Triton
      QS9. The admixture of prepolymer and diol was added to the water bath by
      pouring a thin stream thereof into the vortex created in the water bath by
      a two-blade stirrer. The resulting admixture in the water bath was stirred
      for an additional period of 15 minutes, upon completion of the addition of
      the liquid admixture thereto. The contents were filtered through a 44
      micron filter and washed with water. About 80% of the resulting produced
      finely divided PBP was maintained on the filter and the smaller
      particle-size PBP, i.e. smaller than 44 microns, passed through the filter
      with the bath water. The PBP retained on the filter was of uniform
      particle-size and after drying, upon being heated exhibited
      thermoplasticity, cross-linking and adhesion.
PAR  Substantially the same procedure was carried out employing dibutyl
      phthalate as the plasticizer in place of the motor oil and the resulting
      produced PBP exhibited equivalent properties. Instead of dibutyl phthalate
      other known plasticizers and mixtures thereof may be employed, including
      the non-reactive and reactive plasticizers such as the glycerol
      dimethacrylate and the allyl plasticizers.
PAC  EXAMPLE NO. 10
PAC  Preparation of PBP
PAR  232 Grams of a 40% blocked prepolymer prepared by reacting 200 grams of an
      MDI-terminated polyester containing about 18.8% NCO (Isonate No. 226
      supplied by Upjohn Co.) and 32 grams of phenol were admixed with 40 grams
      of technical grade 1,4-butanediol and the resulting admixture placed into
      a pressurized container at a temperature of about 40.degree.C. The
      container was pressurized with nitrogen to 40 psig. The container was
      provided with an outlet and a tubing connected thereto. The other end of
      the tubing was provided with an orifice having an opening of about 0.045
      inch diameter. The contents of the pressurized container was discharged
      through the tubing and orifice as a fine mist onto a stirred heated water
      bath maintained at a temperature of about 80.degree.C. The bath container
      a water softener (Calgon) and an anionic surfactant (Abex VA-40, supplied
      by Alcolac Corp.). There was produced and recovered from the water bath by
      filtration micro-size particles of PBP of approximately colloidal
      dimension.
PAC  EXAMPLE NO. 11
PAC  Preparation of PBP
PAR  55 Grams of 25% blocked prepolymer prepared by reacting 50 grams of MDI
      terminated polyester prepolymer (Isonate No. 226 supplied by Upjohn Co.)
      and 5 grams of phenol were reacted with 7.5 grams of 1,4-butanediol. The
      resulting admixture was then introduced as a thin stream into the vortex
      of a vigorously stirred water bath maintained at a temperature of about
      48.degree.C. The water bath contained 6 grams of a water softener, Calgon,
      and 15 grams of an anionic surfactant (Abex VA-40 supplied by Alcolac
      Corp.) in 1400 ml of water. The reaction admixture and resulting formed
      particles or droplets, representing the formative PBP, were maintained and
      stirred in the water bath for an additional 30 minutes and the water bath
      and its contents then filtered through an 88 micron filter for the
      recovery of the PBP. After filtration the PBP was dried. It was observed
      that the recovered PBP when heated was thermoplastic and the fused PBP was
      found to adhere strongly to glass and aluminum surfaces.
PAC  EXAMPLE NO. 12
PAC  Polyethylene-PBP Blends
PAR  Powdered polyethylene SDP 640 supplied by Sinclair-Koppers having a
      particle-size of about 5 microns and in the amount of 10 grams was admixed
      with 2.5 grams PBP prepared in accordance with Example No. 11 having a
      particle-size of about 100 microns. The resulting powdery admixture of
      polyethylene and PBP containing 20% by weight PBP was spread evenly onto a
      5 inch diameter aluminum surface and fused into a film by infrared
      radiation thereon, the surface temperature of the applied powdery
      admixture being maintained below 150.degree.C. There was produced a
      uniform film of polyethylene and PBP containing 20% by weight PBP. This
      film, when placed between two glass surfaces and heated with pressure,
      served to strongly adhere and attach together the glass surfaces.
PAR  In a similar manner, a blend containing 10 parts by weight polyethylene and
      1.25 parts by weight PBP having a particle-size of less than 175 microns
      was prepared and the resulting blend containing 12.5% PBP was fused to
      form a film. This film was placed between two glass surfaces and upon the
      application of pressure and heat to unblock the PBP, the glass surfaces
      were joined together and could not be pulled apart.
PAR  In a similar manner a blend of polyethylene and PBP containing 5% PBP was
      prepared and the resulting blend of 5% PBP when prepared in film form was
      found to permanently adhere opposed glass surfaces upon the application of
      heat and pressure.
PAC  EXAMPLE NO. 13
PAC  PBP-Polyethylene Film
PAR  10 Parts by weight of powdered polyethylene were admixed with 10 parts by
      weight PBP and the resulting admixture fused into a sheet of about
      one-eighth inch thick by spreading the admixture onto a surface and
      melting the polyethylene. After fusion of polyethylene, entrapping the
      admixed PBP therein, the resulting films were tested. In one test, two
      flat glass surfaces were heated to above the unblocking temperature of the
      PBP. A film containing the PBP dispersed in polyethylene was placed
      between the heated bottom surfaces of two glass jars, pressed therebetween
      and heated above the unblocking temperature of the PBP. The film
      containing the PBP fused and upon cooling the two glass jars were found to
      be strongly and firmly bound together. In another test ordinary
      polyethylene gilm was similarly treated but it was found that the opposed
      glass surfaces readily separated from the polyethylene and were not bound
      together.
PAR  Polyethylene-PBP films containing as much as 25% by weight PBP and as
      little as 2.5% by weight PBP all exhibited a strong bond and adhesion to
      glass surfaces when pressed between glass surfaces and heated to a
      temperature above the unblocking temperature of PBP. In addition to
      improving the adhesiveness of the polyethylene to glass surfaces, and
      indeed to metal surfaces, such as aluminum surfaces, the PBP containing
      polyethylene films and the like exhibit increased hardness, flex modulus
      and softening temperature.
PAR  PBP when dispersed in a film of thermoplastic resin, even when present in
      minor amounts as low as from about 0.5% and as much as 25-40% by weight
      imparts improved physical properties and strong adhesive properties to the
      resulting compositions. Thermoplastic resins which are improved,
      particularly with respect to their ability to adhere to glass and metal
      surfaces by incorporating PBP therein include, in addition to
      polyethylene, polyvinyl chloride, polystyrene and other thermoplastic
      resins. Instead of incorporating the PBP in association with a
      thermoplastic resin and employing the resulting thermoplastic resin and
      PBP in film form, a powdery admixture of the thermoplastic resin and the
      PBP can be formed and applied directly to a surface to be coated. Upon
      heating of the applied powdery admixture thereon a film or coating
      containing the PBP would be formed. If the heating is sufficient to
      unblock the blocked isocyanate groups the resulting formed film would be
      strongly adhered to the coated surface or substrate and the resulting
      formed film would exhibit improved chemical and/or physical properties.
PAC  EXAMPLE NO. 14
PAC  Preparation of PBP
PAR  Into a 4-liter beaker provided with a two-blade stirrer, the beaker
      containing 3600 ml of water at a temperature of about
      48.degree.-51.degree.C. and having Calgon water softener in the amount of
      15 grams and Abex VA-40 anionic surfactant in the amount of 54 grams
      dissolved therein, there were separately added four liquid reaction
      admixtures prepared from 108 grams of a 20% blocked isocyanate prepolymer
      and 15 grams of 1,4-butanediol. The 20% blocked prepolymer was prepared by
      reacting Isoante No. 226 supplied by Upjohn and phenol in the amounts
      providing 8 mols NCO and 1.6 mol phenol, respectively. The four liquid
      reaction admixtures were poured one at a time into the side of the vortex
      created by the stirrer within the water bath. The resulting formed and
      emulsified droplets of the reaction admixture, formative PBP, were
      maintained with stirring in a water bath for a period of about 1 hour.
      Thereafter, the resulting PBP was filtered from the water bath through an
      88 micron sieve and oven dried at a temperature of about 40.degree.C.
PAC  EXAMPLE NO. 15
PAC  Preparation of PBP
PAR  A liquid reaction admixture made up of 1380 parts by weight of 25% blocked
      isocyanate prepolymer, 150 parts by weight 1,4-butanediol and 0.10 part by
      weight dibutyl tin dilaurate catalyst and containing a volatile diluent
      (benzene) was prepared and stirred. The 25% blocked isocyanate prepolymer
      was obtained by reacting Isonate No. 226 supplied by the Upjohn Co. and
      containing 18.8% NCO derived from MDI terminated prepolymer with phenol.
      The resulting reaction admixture was prepared in a 5-gallon plastic
      bucket. After approximately 3 minutes the temperature of the reaction
      admixture approached the boiling point of the benzene which was present in
      the reaction admixture. As the benzene boiled from the reaction admixture
      the reaction admixture was stirred and a froth was created. Eventually the
      bucket was filled with a solid foam. The foam was broken up and separated
      into portions of varying particle-size to provide PBP of a desired or
      selected particle-size. The thus-produced PBP was found to exhibit
      thermoplasticity and adhesive properties when applied to metal or glass,
      particularly when heated thereon under pressure and at a temperature above
      the unblocking temperature of the blocked isocyanate groups.
PAC  EXAMPLE NO. 16
PAC  Preparation of PBP
PAR  125 Grams of a 25% blocked, plasticized prepolymer was prepared by reacting
      100 grams of an MDI-terminated polyester -Isonate 226; Upjohn Co.), 10
      grams of phenol and 0.11 grams of trimethylamine for 1 hour at
      90.degree.-105.degree.C. under a blanket of nitrogen and then plasticizing
      with 16 grams of dibutylphthalate.
PAR  The 25% blocked, plasticized prepolymer was admixed with 18.0 grams of
      1,4-butanediol and 0.25 gram of dibutyl tin dilaurate and poured into a
      blander of approximately 1 liter capacity (Osterizer Co.), operating at
      maximum speed and containing 450 ml of distilled water, 3 grams of an
      anionic surfactant (Abex VA-40; Alcolac Chem. Co.) and 3 grams of
      Calgonite-211, (Calgon Corp.) at a temperature of 50.degree.C. After three
      minutes the contents of the blender were transferred to an aging bath
      consisting of 600 ml H.sub.2 O at 50.degree.C. and stirred for 1 hour.
PAR  The PBP particles were filtered, washed with water and dried. The particles
      were of a uniform size, .about.25 .mu. in diameter. They exhibited
      thermoplastic properties when heated, could be fused into elastomeric
      material and displayed tenacious adhesion to surfaces containing "active"
      hydrogen when unblocking was achieved.
PAR  The PBP produced in accordance with this invention is useful for the
      preparation of PBP-containing films, castings or extrudates and may be
      compounded a stable cured in the manner of rubber. The PBP provides stable
      high molecular weight thermoplastic, elastoplastic resin which requires no
      mixing or milling. The PBP can be processed directly in conventional high
      speed injection molding machines. Cross-linking of the PBP during
      processing can be achieved by simply compressing the PBP above its
      deblocking temperature. The small particle-size of the PBP permits flow of
      the PBP through the narrow channels, sprues and orifices of the injection
      and extrusion machines. The reactivity of the functional groups at the
      deblocking temperature of PBP is proportional to the surface area of the
      PBP. Accordingly, smaller particle-size PBP is more active. Should
      additional cross-linking be desired in the PBP, it could be achieved by
      incorporating therein a peroxide. Peroxide vulcanization of polyurethane
      is known and would be particularly useful in the vulcanization of
      cross-linking of PBP.
PAR  PBP can be admixed with a number of thermoplastic resins containing
      functional groups, such as unsaturated groups. The PBP above the
      deblocking temperature is reactive with such diverse resins as phenol
      formaldehyde resins, alkyd resins, cellulose nitrate, cellulose acetate
      and the various vinyl resins. When PBP is incorporated in such resins even
      in minor amounts in the range form about 0.5-2.0% to 20-25% by weight the
      resulting product after having been heated above the deblocking
      temperature of the PBP has improved hardnes, reduced thermoplasticity and
      other improved chemical and physical properties. The PBP when incorporated
      in brittle polymeric materials also improves the impact resistance of such
      materials.
PAR  The PBP prepared in accordance with this invention is particularly useful
      when incorporated in natural or synthetic elastomers to improve the
      adhesive properties thereof. PBP is also useful as a material for coating
      or laminating a wide variety of substrates, such as metal and non-metal
      substrates, including glass, paper, mineral and ceramic substrates. Since
      PBP is a powder and is thermally activated, it is particularly useful in
      electrostatic powder coating operations and other operations wherein
      particulate material is applied to a surface for the eventual formation of
      a coating thereon. Further, as indicated hereinabove, the PBP is
      especially useful in the manufacture of laminated products, wherein two
      opposed surfaces are joined by a layer or film containing PBP. Upon
      heating and activation or unblocking of the PBP, the PBP would promote the
      formation of a tough, adherent coating on the opposed substrate surfaces
      and form a strong bond therebetween. By employing PBP having blocked NCO
      groups which unblock at different temperatures depending on the blocking
      agents employed, the versatility and utility of PBP as a coating or
      laminating material or for other uses is increased.
PAR  Since PBP is thermoplastic, at least up to the unblocking temperature, and
      is in finely divided powder form, the PBP is especially useful for the
      production of long continuous shapes, such as tubing, rods, sheets and the
      like. These shapes can be produced, for example, by forcing the PBP or a
      thermoplastic resin mix containing PBP through a die or through a nip of
      calendar rolls under conditions of temperature and pressure such that the
      PBP is unblocked and the unblocked PBP activated and thermoset or
      polymerized or reacted with the surrounding matrix material.
PAR  As will be apparent to those skilled in the art in the light of the
      foregoing disclosure, many modifications, alterations and substitutions
      are possible in the practice of this invention without departing from the
      spirit or scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. Solid thermoplastic, polymerizable or cross-linkable, multi-functional
      polymeric material containing blocked isocyanate groups together with urea
      and/or urethane linkages and wherein the blocked isocyanate groups making
      up said polymeric material comprise only a portion of the total isocyanate
      groups employed to produce said polymeric material, said polymeric
      material upon increase in temperature sufficient to unblock said blocked
      isocyanate groups being capable of undergoing polymerization or
      cross-linking.
NUM  2.
PAR  2. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 1 wherein said polymeric
      material exhibits thermoplastic behavior at the temperature at which the
      blocked isocyanate groups making up said polymeric material become
      unblocked.
NUM  3.
PAR  3. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 1 wherein said polymeric
      material exhibits thermoplastic behavior at a temperature above the
      temperature at which the blocked isocyanate groups making up said
      polymeric material become unblocked.
NUM  4.
PAR  4. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 1 wherein said polymeric
      material exhibits thermoplastic behavior at a temperature below the
      temperature at which the blocked isocyanate groups making up said
      polymeric material become unblocked.
NUM  5.
PAR  5. Solid particle-form, polymerizable or cross-linkable polymeric material
      in accordance with claim 1 wherein said polymeric material is a
      polyurethane polymeric material.
NUM  6.
PAR  6. Solid particle-form polymeric material in accordance with claim 1
      wherein said blocked isocyanate groups comprise a minor amount of the
      total isocyanate groups employed to produce said polymeric material.
NUM  7.
PAR  7. Solid particle-form polymeric material in accordance with claim 1
      wherein said blocked isocyanate groups comprise from about 1 to about 75%
      of the total isocyanate groups employed to produce said polymeric
      material.
NUM  8.
PAR  8. Solid particle-form polymeric material in accordance with claim 1 having
      a particle size in the range from about 0.1 micron to about 2000 microns.
NUM  9.
PAR  9. Solid particle-form, polymeric material in accordance with claim 1
      wherein said blocked isocyanate groups thereof become unblocked and the
      resulting polymeric material becomes capable of undergoing polymerization
      at a temperature in the range 20.degree.-250.degree.C.
NUM  10.
PAR  10. Solid particle-form, polymeric material in accordance with claim 9
      wherein said polymeric material or said resulting polymeric material
      exhibits thermoplastic behavior at a temperature in the range
      20.degree.-150.degree.C.
NUM  11.
PAR  11. Solid particle-form, polymeric material in accordance with claim 1
      wherein said blocked isocyanate groups thereof become unblocked at a
      temperature below about 150.degree.C.
NUM  12.
PAR  12. Solid particle-form polymeric material in accordacne with claim 1
      wherein said blocked isocyanate groups thereof become unblocked at a
      temperature above about 150.degree.C.
NUM  13.
PAR  13. Solid particle-form, polymeric material in accordance with claim 1
      wherein groups chemically reactive with isocyanate are provided by said
      polymeric material for reaction with the isocyanate groups of said blocked
      isocyanate groups of said polymeric material after said blocked isocyanate
      groups are unblocked by heating said polymeric material to an elevated
      temperature sufficient to unblock said blocked isocyanate groups.
NUM  14.
PAR  14. Solid particle-form, polymeric material in accordance with claim 13
      wherein said groups chemically reactive with said isocyanate groups are
      selected from --OH, --NH--, --NH.sub.2 and --SH groups.
NUM  15.
PAR  15. Solid particle-form, polymeric material in accordance with claim 1
      wherein hydroxyl groups are provided by said polymeric material for
      reaction with the isocyanate groups of said blocked isocyanate groups of
      said polymeric material after said blocked isocyanate groups are unblocked
      by heating said polymeric material to an elevated temperature sufficient
      to unblock said blocked isocyanate groups.
NUM  16.
PAR  16. Solid particle-form, polymeric material in accordance with claim 1
      wherein said blocked isocyanate groups are blocked by a phenol.
NUM  17.
PAR  17. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional polymeric material in accordance with claim 16 wherein
      said poly-functional compound is ethanolamine.
NUM  18.
PAR  18. Solid particle-form, polymeric material in accordance with claim 1
      wherein said blocked isocyanate groups are blocked by a lactam.
NUM  19.
PAR  19. Solid particle-form, polymeric material in accordance with claim 18
      wherein said lactam is the compound .epsilon.-caprolactam.
NUM  20.
PAR  20. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 1 wherein said polymeric
      material is derived from a polyisocyanate and a polyfunctional compound
      reactive therewith.
NUM  21.
PAR  21. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 20 wherein said polyisocyanate
      is formed by the reaction of a polyisocyanate with a polyfunctional
      compound selected from the group consisting of polyhydroxy, hydroxyamino,
      polythiol and polyamino compounds.
NUM  22.
PAR  22. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 20 wherein said polyfunctional
      compound is a compound containing at least two functional groups selected
      from hydroxy, amino and thiol groups.
NUM  23.
PAR  23. Solid particle-form, polymeric material in accordance with claim 1
      wherein said polymeric material is derived from a polyisocyanate.
NUM  24.
PAR  24. Solid particle-form, polymeric material in accordance with claim 23
      wherein said polyisocyanate is a diisocyanate.
NUM  25.
PAR  25. Solid particle-form, polymeric material in accordance with claim 23
      wherein said polyisocyanate is a triisocyanate.
NUM  26.
PAR  26. Solid particle-form, polymeric material in accordance with claim 23
      wherein said polyisocyanate is tolylene diisocyanate.
NUM  27.
PAR  27. Solid particle-form, polymeric material in accordance with claim 23
      wherein said polyisocyanate is 4,4'-methylenediphenyl isocyanate.
NUM  28.
PAR  28. Solid particle-form, polymeric material in accordance with claim 23
      wherein said polyisocyanate is hexamethylene diisocyanate.
NUM  29.
PAR  29. An article of manufacture comprising a polymerizate or thermoset
      reaction product of the solid particle-form, polymeric material of claim
      1.
NUM  30.
PAR  30. An article of manufacture in accordance with claim 29 wherein said
      article of manufacture is a tire.
NUM  31.
PAR  31. An article of manufacture in accordance with claim 29 wherein said
      article of manufacture is in the form of a sheet or film.
NUM  32.
PAR  32. An article of manufacture in accordance with claim 29 wherein said
      article of manufacture is in the form of a tube.
NUM  33.
PAR  33. An article of manufacture in accordance with claim 29 wherein said
      article of manufacture is in the form of a strip.
NUM  34.
PAR  34. An article of manufacture in accordance with claim 29 wherein said
      article of manufacture is in the form of a filament.
NUM  35.
PAR  35. A palpable mass of solid particle-form polymeric material in accordance
      with claim 1.
NUM  36.
PAR  36. A palpable mass of solid particle-form polymeric material in accordance
      with claim 1 wherein particles of said polymeric material making up said
      palpable mass have a particle size in the range from about 0.1 micron to
      about 1000 microns.
NUM  37.
PAR  37. Solid particle-form, polymeric material in accordance with claim 1
      wherein the isocyanate groups of said blocked isocyanate groups comprise
      about one-half of the functional groups of said polymeric material.
NUM  38.
PAR  38. Solid particle-form, polymeric material in accordance with claim 1
      wherein the isocyanate groups of said blocked isocyanate groups comprise a
      major amount of the functional groups of said polymeric material.
NUM  39.
PAR  39. Solid particle-form, polymeric material in accordance with claim 1
      wherein the isocyanate groups of said blocked isocyanate groups comprise a
      minor amount of the functional groups of said polymeric material.
NUM  40.
PAR  40. Solid particle-form, polymeric material in accordance with claim 1
      wherein said polymeric material has an average molecular weight above
      about 5000.
NUM  41.
PAR  41. Solid particle-form, polymeric material in accordance with claim 1
      wherein said polymeric material has an average molecular weight in the
      range from about 2000 to about 200,000.
NUM  42.
PAR  42. A method of preparing solid particle-form, polymeric material
      comprising reacting a partially blocked polyisocyanate with a chain
      extending reactant, introducing the resulting reaction admixture as a
      stream into a liquid bath of a non-solvent for said reaction admixture
      while vigorously agitating the bath so that as said reaction admixture
      stream is introduced thereinto said reaction admixture is dispersed as
      finely divided droplets within said bath, completing the reaction of said
      reaction admixture within said bath and recovering the resulting finely
      divided solid particle-form, polymeric material reaction product.
NUM  43.
PAR  43. A method in accordance with claim 42 wherein the liquid of said liquid
      bath comprises water.
NUM  44.
PAR  44. A method of preparing solid particle-form, polymeric material
      comprising reacting a partially blocked isocyanate with a chain extending
      reactant in the presence of a volatilizable liquid, permitting the
      reaction between said partially blocked isocyanate and said chain
      extending reactant to take place with increase in temperature of the
      reaction admixture, the reaction taking place under conditions such that
      the heat of reaction is sufficient to volatilize said solvent with
      resulting foaming or frothing of the reaction admixture but insufficient
      to increase the temperature of the reaction admixture above the
      temperature at which the blocked isocyanate groups of said partially
      blocked isocyanate are unblocked and comminuting the resulting reaction
      admixture upon completion of the reaction to produce said solid
      particle-form, polymeric material.
NUM  45.
PAR  45. A method in accordance with claim 44 wherein the reaction between said
      partially blocked isocyanate and said chain extending reactant is carried
      out while agitating the resulting reaction admixture.
NUM  46.
PAR  46. A method in accordance with claim 44 wherein said resulting reaction
      admixture during the reaction between said partially blocked polyurethane
      prepolymer and said chain extending reactant therein is in the form of a
      film or layer.
NUM  47.
PAR  47. A method of preparing solid particle-form, polymeric material
      comprising forming a reaction admixture consisting essentially of a
      partially blocked polyisocyanate and a chain extending reactant,
      dispersing the resulting formed reaction admixture as droplets into a
      reaction zone, permitting the reaction between said partially blocked
      polyisocyanate and said chain extending reactant in said droplets to take
      place in droplet form within said reaction zone and recovering from the
      reaction zone resulting produced solid particle-form, polymeric material.
NUM  48.
PAR  48. A method in accordance with claim 47 wherein the droplets of said
      reaction admixture are formed by contact of dispersed streams, one stream
      consisting essentially of said partially blocked polyisocyanate and
      another stream consisting essentially of said chain extending reactant.
NUM  49.
PAR  49. A method in accordance with claim 47 wherein said droplets move through
      said reaction zone in counter-current contact with an inert gas flowing
      therethrough before the resulting produced solid particle-form, polymeric
      material is recovered therefrom.
NUM  50.
PAR  50. A method in accordance with claim 47 wherein said droplets are
      maintained in said reaction zone as a fluidized mass before the resulting
      produced solid particle-form, polymeric material is recovered therefrom.
NUM  51.
PAR  51. A method in accordance with claim 47 wherein said droplets move through
      said reaction zone in concurrent contact with an inert gas flowing
      therethrough before the resulting produced solid particle-form, polymeric
      material is recovered therefrom.
NUM  52.
PAR  52. A method in accordance with claim 47 wherein said droplets fall into
      and said solid particle-form, polymeric material is recovered from a
      liquid bath provided in the bottom of said reaction zone.
NUM  53.
PAR  53. A method in accordance with claim 52 wherein said liquid bath is an
      aqueous liquid bath maintained at a temperature in the range from about
      20.degree. to about 80.degree.C.
NUM  54.
PAR  54. A method of preparing solid particle-form, polymeric material which
      comprises reacting a partially blocked polyisocyanate with a chain
      extending reactant, carrying out the aforesaid reaction at a temperature
      below the temperature at which the blocked isocyanate groups are
      unblocked, recovering the resulting reaction admixture and comminuting the
      resulting recovered reaction admixture to produce said solid
      particle-form, polymeric material.
NUM  55.
PAR  55. A method in accordance with claim 54 wherein the reaction is carried
      out such that the reaction temperature does not exceed about 150.degree.C.
NUM  56.
PAR  56. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional, polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said blocked isocyanate groups being capable of undergoing
      polymerization or cross-linking, said polymeric material providing amino
      groups for reaction with blocked isocyanate groups after said isocyanate
      groups are unblocked by heating said polymeric material to an elevated
      temperature sufficient to unblock said isocyanate groups.
NUM  57.
PAR  57. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional, polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said blocked isocyanate groups being capable of undergoing
      polymerization of cross-linking and wherein said blocked isocyanate groups
      are blocked by more than one blocking group and which unblock at different
      temperatures.
NUM  58.
PAR  58. Solid particle-form thermoplastic, polymerizable or cross-linkable,
      multi-functional, polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said isocyanate groups being capable of undergoing
      polymerization or cross-linking and wherein said blocked isocyanate groups
      are blocked by a secondary amine.
NUM  59.
PAR  59. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said isocyanate groups being capable of undergoing
      polymerization or cross-linking and wherein said blocked isocyanate groups
      are blocked by an imide.
NUM  60.
PAR  60. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said isocyanate groups being capable of undergoing
      polymerization or cross-linking and wherein said blocked isocyanate groups
      are blocked by ethyl malonate.
NUM  61.
PAR  61. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said isocyanate groups being capable of undergoing
      polymerization or cross-linking and wherein said blocked isocyanate groups
      are blocked by acetylacetone.
NUM  62.
PAR  62. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional, polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said blocked isocyanate groups being capable of undergoing
      polymerization or cross-linking wherein said polymeric material is derived
      from a polyisocyanate reacted with a hydroxy-terminated polyester.
NUM  63.
PAR  63. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said blocked isocyanate groups being capable of undergoing
      polymerization or cross-linking wherein said polymeric material is derived
      from a polyisocyanate reacted with a hydroxy-terminated polybutadiene.
NUM  64.
PAR  64. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional, polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said blocked isocyanate groups being capable of undergoing
      polymerization or cross-linking wherein said polymeric material is derived
      from a polyisocyanate reacted with hydroxy-terminated polyether.
NUM  65.
PAR  65. Solid particle-form, thermoplastic, polymerizable or cross-linkable,
      multi-functional polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said blocked isocyanate groups being capable of undergoing
      polymerization or cross-linking, said polymeric material being derived by
      reacting a polyisocyanate with a dihydroxy compound.
NUM  66.
PAR  66. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 65 wherein said dihydroxy
      compound is 1,4-butanediol.
NUM  67.
PAR  67. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 65 wherein said dihydroxy
      compound is ethylene glycol.
NUM  68.
PAR  68. Solid particle-form thermoplastic, polymerizable or cross-linkable,
      multi-functional polymeric material containing blocked isocyanate groups
      together with urea and/or urethane linkages and wherein the blocked
      isocyanate groups making up said polymeric material comprise only a
      portion of the total isocyanate groups employed to produce said polymeric
      material, said polymeric material upon increase in temperature sufficient
      to unblock said blocked isocyanate groups being capable of undergoing
      polymerization or cross-linking and wherein said polymeric material is
      formed by the reaction of a polyisocyanate with a poly-functional compound
      reacted therewith.
NUM  69.
PAR  69. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 68 wherein said polyfunctional
      compound is ethylenediamine.
NUM  70.
PAR  70. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 68 wherein said polyfunctional
      compound is polyvinyl alcohol.
NUM  71.
PAR  71. Solid particle-form, polymerizable or cross-linkable, multi-functional
      polymeric material in accordance with claim 68 wherein said polyfunctional
      compound is a dihydroxy substituted cyclohexane.
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ABST
PAL  2-(Isothiocyanatomethyl)-1,3-butadiene is a novel compound which is
      represented by the formula
      ##EQU1##
      It can be homopolymerized or interpolymerized with other vinyl monomers to
      form many useful addition polymers.
PARN
PAR  This is a division of application Ser. No. 303,647 filed Nov. 3, 1972 now
      abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered the compound 2-(isothiocyanatomethyl)-1,3-butadiene and
      vinyl addition polymers thereof.
PAR  The novel compound is represented by the formula
      ##EQU2##
      It is a water-insoluble liquid which has a density of 1.0174 and a
      refractive index of 1.5660 at 25.degree.C. It is conveniently prepared by
      contacting 2-chloromethylbutadiene with ammonium thiocyanate in t-butanol
      at a temperature of from about 50.degree. to about 80.degree.C until the
      product is formed and thereafter recovering the product by distillation
      (b.p. 55.degree.C at 4 mm Hg).
PAR  The novel compound is a difunctional monomer which can be homopolymerized
      or interpolymerized with other ethylenically unsaturated monomers to form
      new and useful vinyl addition polymers. Such polymers contain at least 0.5
      mole percent of I in interpolymerized form as a unit of the formula
      ##EQU3##
      The polymers are prepared via conventional techniques as shown, for
      example, in "Polymer Processes" by C. E. Schildknecht, Interscience
      Publishers, Inc., N.Y. (1956), Volume X of the "High Polymers" series; the
      disclosure of which is herein incorporated by reference.
PAR  The novel polymers can be cured by reaction with a polyfunctional curing
      agent(s) bearing a plurality of groups which are reactive with the pendant
      isothiocyanato groups on the polymer. Suitable such compounds include
      polyols (such as ethylene glycol, polyethylene glycol, bisphenol A, etc.),
      polyamines (such as ethylene diamine, diethylenetriamine,
      polyethylenimine, etc.) and other such polyfunctional materials. When the
      reactant is a glycol a catalyst is required. Preferable catalysts are a
      tertiary amine or a tin compound such as stannous octoate.
PAR  Alternatively, the polymers of I can be used as cross-linking agents for
      polymers bearing groups reactive with the isothiocyano group. E.g.,
      polymers of I can be used to cross-link an acrylamide copolymer containing
      an amino group (primary or secondary), a hydroxyl or a free carboxyl.
      Reaction with a carboxyl requires heating, preferably to 150.degree.C or
      higher. E.g. copolymers of acrylamide with hydroxyethylacrylate,
      amino-ethylmethacrylate or vinylbenzylamine can be cross-linked using
      polymers of I.
PAR  The addition polymers of I vary in length from oligomers on up to high
      molecular weight polymers having a molecular weight of several thousand or
      more. It is well known to those skilled in the art how to obtain vinyl
      addition polymers within a particular molecular weight range; e.g. by
      choice of reaction temperature, time, concentration and type of initiator,
      etc.
PAR  Vinyl monomers which are polymerizable in such addition polymerization
      reactions form a known class of compounds. Any monomer from this known
      group may be interpolymerized with I to form a useful polymer which can be
      formed into a useful article.
PAR  Suitable such vinyl monomers include vinyl aromatic monomers (e.g. styrene,
      .alpha.-methylstyrene, vinyl-toluene, ar-t-butylstyrene, ar-chlorostyrene,
      ar,ar-dichlorostyrene, ar-bromostyrene, vinylnaphthalene, and the like);
      conjugated diolefins (e.g. butadiene, 2-chloro-methylbutadiene,
      chloroprene, isoprene, 2,3-dimethyl-1,3-butadiene, and the like); alkyl,
      hydroxyalkyl and protonated amino-alkyl esters of
      .alpha.,.beta.-ethylenically unsaturated carboxylic acids (e.g. the
      methyl, ethyl, propyl, butyl, hydroxyethyl, 2-hydroxypropyl,
      2-hydroxybutyl, 2-aminoethyl and 2-aminopropyl acrylates, methacrylates,
      maleates, itaconates and fumarates, and the like);
      .alpha.,.beta.-ethylenically unsaturated carboxamides (e.g. acrylamide,
      N-methylolacrylamide, methacrylamide, and the like);
      .alpha.,.beta.-ethylenically unsaturated nitriles (e.g. acrylonitrile,
      methacrylonitrile, fumaronitrile, and the like); and other such vinyl
      monomers. Preferred vinyl monomers are of course styrene, butadiene,
      isoprene, lower alkyl (1-4 carbon atoms) acrylates and methacrylates, and
      acrylonitrile, based on current commercial availability and economics.
DETD
PAR  The following examples further illustrate the invention.
PAC  PREPARATION OF (I)
PAR  Equimolar amounts of 2-chloromethyl-1,3-butadiene and ammonium thiocyanate
      were dissolved in t-butanol and warmed at 50.degree.-60.degree.C for
      approximately 5 hours with continuous stirring and in the presence of 100
      ppm catechol (a polymerization inhibitor). Vapor phase chromatography
      (vpc) analysis of the mixture indicated at least 85% conversion of
      reactants. The reaction produced I and its thermodynamically less stable
      isomer 2-(thiocyanatomethyl)-1,3-butadiene which rearranged to I upon
      distillation at 7 mm pressure or higher. The desired product, I, was
      recovered by distillation under vacuum (head temperature 65.degree.C at 7
      mm Hg) at a 5:1 reflux ratio using an 18 inch Oldershaw column. Elemental
      analysis for C.sub.6 H.sub.7 NS showed 11.22% N and 25.09% S (theoretical
      is 11.19% N and 25.61% S). The structure of the product was further
      confirmed by infrared and nuclear magnetic resonance spectra.
PAC  VINYL ADDITION POLYMERS OF (I)
PAR  I was homopolymerized by contacting a solution of I in t-butanol with a
      catalytic amount of azo-bis-isobutyronitrile (AIBN) for 5 hours. The
      solvent and other volatiles were removed under vacuum leaving a solid,
      chloroform-soluble homopolymer of I. The homopolymer was highly effective
      in removing mercury ions from aqueous solution by merely contacting the
      homopolymer with the mercury polluted solution for a few hours. The
      thiourea and thiocarbazide derivatives of said homopolymer were prepared
      by contacting the polymer with ammonia and hydrazine vapors, respectively.
      These derivatives were likewise useful in chelating mercury ions.
PAR  In like manner, a water-soluble tan solid interpolymer was prepared by
      contacting for 5 hours 1 mole of I and 0.7 mole of ar-vinylbenzyltrimethyl
      ammonium chloride dissolved in t-butanol with a catalytic amount of AIBN.
      The polymer was essentially equimolar in each monomer. Aqueous solutions
      of this interpolymer were blended with aqueous solution of partially
      hydrolyzed polyacrylamide or
      poly(2-(2-hydroxyethylaminomethyl)-1,3-butadiene). A clear stiff gell
      formed rapidly in each instance. The interpolymer is thus useful as a
      cross-linking agent for polymers bearing reactive hydroxyl, amino and/or
      coacervating groups (e.g. carboxyl groups).
PAR  A water-soluble interpolymer having similar reactivity was obtained when a
      mixture of acrylamide (10 g.) and I (0.95 g.) dissolved in t-butanol (90
      g.) was warmed for 4 hours at 60.degree.C in the presence of
      o-dichlorobenzene (0.05 g.) and AIBN (0.04 g.). The o-dichlorobenzene was
      added as an internal standard for vpc analysis of the product.
PAR  Other vinyl addition interpolymers of I can be similarly prepared by using
      the above illustrated solution technique or by using emulsion
      polymerization techniques. Emulsion polymerization techniques are
      particularly suitable when the comonomer is a water-insoluble vinyl
      monomer (such as styrene, butadiene, isoprene, etc.).
CLMS
STM  I claim:
NUM  1.
PAR  1. A vinyl addition polymer comprising in interpolymerized form at least
      0.5 mole percent of 2-(isothiocyanatomethyl)-1,3-butadiene as a unit of
      the formula
      ##EQU4##
NUM  2.
PAR  2. The polymer defined by claim 1 wherein said polymer is an interpolymer
      of
PA1  A. 2-(isothiocyanatomethyl)-1,3-butadiene, and
PA1  B. a monomer selected from the group consisting of: vinyl aromatic
      monomers; conjugated diolefins; alkyl-, hydroxyalkyl-, and protonated
      aminoalkyl esters of .alpha.,.beta.-ethylenically unsaturated carboxylic
      acids; .alpha.,.beta.-ethylenically unsaturated carboxamides; and
      .alpha.,.beta.-ethylenically unsaturated nitriles.
NUM  3.
PAR  3. The polymer defined by claim 2 wherein (B) is styrene, butadiene,
      isoprene, a lower alkyl acrylate or methacrylate, or acrylonitrile.
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ABST
PAL  A polymer of .omega.-lactam is prepared by heating a mixture of at least
      one kind of .omega.-lactam, an anionic catalyst comprising the reaction
      product of a strong base and a .omega.-lactam, and an N-substituted
      ethyleneimine derivative represented by the general formula
      ##EQU1##
      wherein R represents an organic group as hereafter defined, and n is 2 or
      3.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part application of U.S. Ser. No. 262,847, filed
      June 14, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an anionic polymerization
      process of .omega.-lactum and, more particularly, it relates to an anionic
      polymerization process of .omega.-lactum using as a promotor an
      N-substituted ethyleneimine derivative having the general formula
      ##EQU2##
      WHEREIN R represents an organic group as hereafter defined, and n is 2 or
      3.
PAR  2. Description of the Prior Art
PAR  As a polymerization process for lactam, a process in which a lactam is
      polymerized by heating it to a high temperature for a along period of time
      in the presence of water, a mineral acid, a fatty acid, or an amine is
      well-known. Furthermore, an anionic polymerization process wherein a
      strong basic material is employed as the catalyst is also well-known.
PAR  It is known that alkali metals; alkaline earth metals; the hydroxides,
      hydrides, carbonates, or organic compounds of those metals; organoaluminum
      compounds such as triethylaluminum and lithium aluminum hydride; and
      organomagnesium compounds such as a Grignard reagent; are effective as the
      catalyst for the aforesaid anionic polymerization.
PAR  However, in the case of using the above-described catalyst individually in
      the ring-opening polymerization of lactam as described above, it is
      required in polymerizing the lactam to heat the reaction system to high
      temperatures above 200.degree. C for a few hours and also it is further
      required in obtaining the polymer of lactam having a higher polymerization
      degree with a higher polymerization yield to heat the reaction system to a
      higher temperature for a longer period of time than above.
PAR  It is, however, possible to obtain a polymer or a polyamide having a higher
      polymerization degree with a higher polymerization yield at low
      temperatures below 200.degree. C in quite a short period of time by using
      a proper polymerization promotor together with the catalyst and thus it is
      quite effective for the anionic polymerization of lactam to use the
      promotor together with the catalyst as described above.
PAR  As such a promotor, acyl chlorides, acyl anhydrides, acylimides,
      carbodiimides, organic isocyanates, and other various acylating agents and
      acyl compounds are well-known. However, these known promotors tend to be
      deteriorated by moisture in the air to lose their activity and thus these
      compounds must be handled carefully. Moreover, the use of isocyanate
      compounds requires various precautions due to the toxicity thereof. Also,
      an acid chloride tends to react with water to form hydrochloric acid and
      an organic acid, which results in reducing the activity of the acid
      chloride as a promotor as well as adversely influences the polymerization
      of lactam.
PAR  Furthermore, when a lactam is polymerized using such a known promotor, a
      polymer having an undesirable color is frequently produced, for example,
      when an organic carboxylic acid anhydride is used as the promotor in the
      polymerization of lactam, only dark brown polymers are obtained.
PAC  SUMMARY OF THE INVENTION
PAR  As the results of the inventors' investigations on promotors having an
      activity at least equal to the aforesaid known promotors but not having
      the disadvantages described above, it has been discovered that an
      N-substituted ethyleneimine derivative having the general formula shown
      below possesses excellent activity as a promotor and is unaccompanied by
      the aforesaid disadvantages.
PAR  Thus, the lactam polymerization process of this invention comprises heating
      a mixture of at least one kind of .omega.-lactam, an anionic catalyst
      comprising a reaction product of a strong base and a .omega.-lactam, and
      as a promotor, an N-substituted ethyleneimine derivative having the
      general formula
      ##EQU3##
      wherein R represents an organic group as hereinafter defined, and n is 2
      or 3. According to the process of this invention, a .omega.-lactam can be
      polymerized very quickly at low temperatures below 200.degree. C.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term organic group is intended to encompass divalent and trivalent
      organic groups, providing N-substituted ethyleneimine derivatives wherein
      n is 2 and 3, respectively, in the above formula, e.g., a nuclear
      substituted or unsubstituted aromatic hydrocarbon group(s) or a group
      having an aromatic hydrocarbon group(s) interrupted by a heteroatom or a
      heteroatomic group (examples of suitable nuclear substituents are an alkyl
      group or an alkoxy group having from 1 to 20 carbon atoms), an alkylene
      group having from 1 to 20 carbon atoms such as an ethylene group, a
      tetramethylene group, a heptamethylene group, and a hexamethylene group, a
      ##EQU4##
      group, and a
      ##SPC1##
PAL  group. Examples of the
PAL  aromatic hydrocarbon group include arylene groups such as a phenylene
      group, a diphenylene group, a tolylene group, a xylyene group, a
      naphthylene group, and the halogen (e.g., chlorine, bromine and iodine)
      substituted derivatives thereof, such as chloro-m-phenylene group, a
      ##SPC2##
PAL  Preferred examples of the N-substituted ethyleneimine derivatives used in
      this invention are
PA1  Diphenylmethane-4,4'-bis-ethylene Urea,
PA1  Diphenylethane-4,4'-bis-ethylene Urea,
PA1  N,n'-hexamethylene-bis-ethylene Urea,
PA1  m-Tolylene-bis-ethylene Urea,
PA1  p(m)-Phenylene-bis-ethylene Urea,
PA1  Diphenyl-4,4'-bis-ethylene Urea,
PA1  3,3'-Dimethoxydiphenyl-4,4'-bis-ethylene Urea,
PA1  3,3'-Dimethyldiphenyl-4,4'-bis-ethylene Urea,
PA1  m(p)-Xylylene-bis-ethylene Urea
PA1  1-Chloro-m-phenylene-bis-ethylene Urea,
PA1  3,3'-Dimethyldiphenylmethane-4,4'-bis-ethylene Urea,
PA1  N,n'-tetramethylene-bis-ethylene Urea,
PA1  N,n'-pentamethylene-bis-ethylene Urea,
PA1  N,n'-heptamethylene-bis-ethylene Urea, and
PA1  N,n'-octamethylene-bis-ethylene Urea.
PAR  In describing the groups suitable for the organic group R, the meaning of
      the term "a group not obstructing the polymerization of .omega.-lactam"
      will be explained below. In general, the promotor for an anionic
      polymerization of a lactam combines with the lactam to be polymerized to
      form, first, an N-substituted lactam and by the activation action of the
      N-substituted lactam, the polymerization of the lactam is promoted.
      However, when the N-substituted lactam contains therein an active hydrogen
      having a higher activity than that of the hydrogen of the &gt;N--H of the
      lactam to be polymerized, the presence of such an N-substituted lactam on
      the contrary obstructs the polymerization of the lactam. Accordingly, the
      term "a group not obstructing the polymerization of .omega.-lactam" is
      intended to mean a group having no active hydrogen with an activity higher
      than the hydrogen of &gt;N--H of the lactam to be polymerized.
PAR  The strong basic materials as a raw material for preparing the anionic
      catalysts used in this invention may include any materials used
      conventionally for the preparation of the anionic polymerization catalysts
      of lactams.
PAR  As the examples of the strong-basic materials, there are alkali metals;
      alkaline earth metals; the strong-basic derivatives of those metals such
      as hydroxides, hydrides, and carbonates of the aforesaid metals;
      fluorohydrides; and organometal compounds such as alkylmetal compounds,
      amidometal compounds, and Grignard reagents. Typical examples of materials
      used as strong bases for preparing the anionic catalysts include lithium,
      sodium, potassium, calcium, barium, lithium hydride, sodium hydride,
      sodium methoxide, sodium ethoxide, sodium phenoxide, naphthylsodium,
      sodium amide, diethylzinc, triethylaluminum, sodium hydroxide, potassium
      hydroxide, lithium hydroxide, magnesium hydroxide, potassium hydroxide,
      strontium hydroxide, sodium aluminate, and the like.
PAR  The anionic catalyst used in the process of this invention is prepared by
      the reaction of the aforesaid strong-basic material and a .omega.-lactam.
      The .omega.-lactam used for the preparation of the anionic catalyst in
      this invention is generally the same lactam as the lactam to be
      polymerized in the process of this invention but this is not always a
      necessary factor in this invention, that is, it is possible in this
      invention to prepare the anionic catalyst from a .omega.-lactam having 3
      to 12 carbon atoms andd use the anionic catalyst thus prepared for the
      polymerization of another .omega.-lactam having 3 to 12 carbon atoms.
PAR  The anionic catalyst is prepared by heating a lactam and the strong base as
      described above to temperatures of about 25.degree. to 200.degree. C for
      several minutes. As the case may be, the strong base may be added to the
      entire amount of the .omega.-lactam to be polymerized or preferably added
      to a part of the .omega.-lactam to be polymerized to provide a dense
      solution of the anionic catalyst. In this case the lactam solution
      containing the anionic catalyst may be added to a large amount of the
      lactam containing the aforesaid promotor.
PAR  It is preferable that the lactam to be used for the preparation of the
      anionic catalyst be substantially anhydrous and also the strong base to be
      added to the lactam for the preparation of the anionic catalyst be
      anhydrous. The content of the base to be used is generally in the range of
      about 0.05 mol percent to about 10 mol percent to the amount of the lactam
      to be polymerized. However, if the concentration of the strong base is
      high, a polyamide having a low molecular weight is formed and thus for
      most purposes the optimum content of the strong base is preferably in the
      range of from 0.1 to 2 mol percent.
PAR  It is desirable to remove the volatile materials from the mixture of the
      strong base and the lactam and at the same time to prevent the lactam from
      being oxidized by passing nitrogen or another inert gas through the molten
      lactam at the beginning of the reaction of the strong base and the lactam.
      Alternatively, the reaction of the strong base and the lactam may be
      conducted under a reduced pressure, whereby the volatile matter is
      distilled away together with a part of the lactam.
PAR  The .omega.-lactam used in this invention is generally one having 3 to 12
      carbon atoms in the ring. Examples of such .omega.-lactams are
      pyrrolidone, piperidone, .epsilon.-caprolactam, .omega.-enantholactam,
      .omega.-capryliclactam, .omega.-lauryllactam, .omega.-pelargonolactam,
      .omega.-decanolactam, and .omega.-undecanolactam.
PAR  In general, the anionic polymerization reaction of this invention may be
      carried out at temperatures higher than the melting point of the lactam as
      a monomer and lower than the melting point of the polyamide prepared. The
      reaction temperature depends upon the specific lactam to be employed but
      in general the temperature is in the range of about 25.degree. C to about
      200.degree. C. Furthermore, when the lactam has less than 6 carbon atoms,
      it is preferable to conduct the polymerization at temperatures lower than
      150.degree. C.
PAR  According to the process of this invention, .epsilon.-caprolactam is easily
      polymerized at temperatures of about 100.degree. to 200.degree. C,
      preferably at 120.degree. to 140.degree. C. The preferred polymerization
      temperatures for lauryllactam range from about 153.degree. C to about
      180.degree. C. In the case of the copolymerization of
      .epsilon.-caprolactam and lauryl-lactam, the copolymerization temperature
      depends upon the copolymerization ratio of the two monomers but the
      optimum copolymerization temperature generally ranges from about
      120.degree. C to 180.degree. C. Pyrrolidone or piperidone is polymerized
      generally at about 20.degree. to 80.degree. C, preferably at about
      30.degree. to 60.degree. C. Furthermore, .omega.-enatholactam,
      .omega.-capryliclactam, .omega.-pelargonolactam, .omega.-decanolactam, or
      .omega.-undecanolactam is polymerized generally at temperatures ranging
      from the melting point of the corresponding lactam to 200.degree. C,
      preferably at 160.degree. to 180.degree. C. The reaction period of time
      for the polymerization depends, of course, on the nature of the lactam to
      be polymerized and the reaction temperatures but is generally in the range
      of from 0.5 to 200 minutes.
PAR  The amount of the N-substituted ethyleneimine derivative used in this
      polymerization process of this invention as the promotor generally is
      ordinarily about 0.01 to about 5 mol percent to the amount of the lactam
      to be polymerized but the use of a large amount of the promotor is
      undesirable from the standpoint of the molecular weight and the properties
      of the polymer obtained and thus it is usually preferable to use the
      promotor in an amount of less than half the amount of the basic catalyst
      on a mol percent basis. Accordingly, it is more preferred to use the
      promotor in an amount of about 0.05 to about 1.0 mol percent to the amount
      of the lactam to be polymerized.
PAR  As described above, the promotor may be added to the lactam containing the
      strong-basic catalyst prepared by the reaction of the lactam and the
      strong base. Alternatively, the promotor may be dissolved in another
      lactam and the solution may be mixed with the lactam containing the
      strong-basic catalyst on polymerization.
PAR  The N-substituted ethyleneimine derivative which is a novel promotor used
      in the process of this invention has various advantages in comparison with
      conventional promotors. That is, as described before, known promotors such
      as isocyanate compounds, acid chlorides, acid anhydrides, carbodiimide,
      etc., tend to chemically react with moisture in the air to lose their
      activity and thus they must be handled with care. On the other hand, the
      N-substituted ethyleneimine derivative used in the process of this
      invention has the advantages that it is stable not only to moisture in air
      but also to water and further the toxicity of the N-substituted
      ethyleneimine derivative to the human body is quite low in comparison with
      that of the aforesaid known promotors. Moreover, the promotor of this
      invention does not tend to color the polymer produced to the extent of
      prior art promotors. Furthermore, the activity of the promotor is markedly
      higher than that of the conventional promotors and hence the
      polymerization of the lactam can be conducted rapidly at a comparatively
      low temperature by employing the promotor of this invention.
PAR  The process of this invention can give rise, in particular, to various
      advantages when the process is applied as it is to the production of
      moldings in a metallic mold. For example, when the conventional
      high-temperature basic polymerization process for a lactam is applied to a
      pour molding, the mold must be cooled sufficiently until the molten or
      semi-molten mold article is solidified so that it can be withdrawn safely
      therefrom. Therefore, a long period of time is required to finish the pour
      molding, which results in an economically disadvantageous molding
      procedure. On the other hand, because the feeding temperature and the
      temperature of the metallic mold in the polymerization are low in the
      process of this invention, the voids caused by the shrinking of the mold
      article hardly form and thus a mold article having no defects therein can
      be obtained by employing the process of this invention. That is, according
      to the process of this invention, even a large polyamide molded article
      can be produced economically and quickly in a metallic mold and
      furthermore the article thus obtained is composed of a polyamide having a
      high molecular weight and has a high toughness.
DETD
PAR  The process of this invention will be illustrated in greater detail by
      reference to the following examples but these examples are included merely
      for the purpose of illustration and are not intended to limit the scope of
      this invention.
PAC  EXAMPLE 1
PAR  2.66 mols of anhydrous .epsilon.-caprolactam was melted by heating in a dry
      nitrogen atmosphere and while maintaining the molten lactam at 130.degree.
      C. Sodium hydride (50%, oily) was added thereto with stirring in the
      amount shown in Table 1 and dissolved therein completely. On the other
      hand, 95.4g of diphenylmethane-4,4'-bis-ethylene urea was dissolved in
      320g of .epsilon.-caprolactam melted at 100.degree. C to provide a 10 mol%
      solution thereof and the solution was added to the lactam containing the
      strong base prepared above followed by stirring so that the concentration
      of the promotor as shown in Table 1 was obtained. Then, the vessel was
      closed and the mixture was heated to 180.degree. C in an oven, whereby the
      lactam solution lost its fluidity within about 30 minutes. By heating the
      mixture in the vessel to 180.degree. C for an additional 30 minutes in the
      oven a substantially white beautiful solid polymer was obtained. About 10g
      of the polymer thus obtained was cut into pellets of 5 mm in diameter
      using a saw and pellets of the polymer were heated in hot water of
      90.degree. C to 100.degree. for 6 hours and then dried. From the weight
      loss of the sample, the amount of soluble components in the hot water was
      calculated. Furthermore, a 0.250g slice of the polymer was dissolved in
      25.0 ml of concentrated sulfuric acid having a concentration of above 97%
      and the relatively viscosity thereof at 25.0.degree. C was measured by
      using an Ostwald viscometer. The results obtained are shown in the
      following table.
TBL                TABLE 1                                                     
     ______________________________________                                    
     (Example of the polymerization of .epsilon.-caprolactam when              
     diphenyl-methane-4,4'-bis-ethylene urea                                   
     was used as the promoter.)                                                
     Sample                                                                    
     No.    (A)     (B)      (C)   (D)   (E)   (F)                             
            (mol%)  (mol%)   (.degree.C)                                       
                                   (min)       (%)                             
     ______________________________________                                    
      1     0.2     0.1      130   &lt;30   8.05  0.37                            
      2     "       0.2      "     "     8.10  0.10                            
      3     "       0.3      "     "     4.75  0.50                            
      4     "       0.4      "     "     3.98  0.47                            
      5     0.2     0.5      "     "     4.23  0.51                            
      6     0.5     0.1      "     "     5.01  0.68                            
      7-a   "       0.2      130   "     6.69  0.12                            
      7-b   "       "        160   &lt; 5   8.94  2.51                            
      8     "       0.3      130   &lt;30   4.20  0.20                            
      9     "       0.4      "     "     3.50  0.41                            
     10-a   "       0.5      130   "     3.76  0.49                            
     10-b   "       "        160   &lt;15   3.19  0.78                            
     ______________________________________                                    
      NOTE:                                                                    
      (A) Sodium hydride (50%),                                                
      (B) Diphenylmethane-4,4'-bis-ethylene-urea,                              
      (C) Initial polymerization temperature,                                  
       (D) Period of time for loss of the fluidity of the reaction system,     
      (E) Relative viscosity, and                                              
      (F) Components soluble in hot water.                                     
PAR  In addition, the .epsilon.-caprolactam content was 2.66 mols, the
      temperature in the oven was 180.degree. C and the heating time was 60
      minutes throughout all of the experiments shown in the above table.
PAR  Furthermore, when no promotor of this invention was employed in Sample Nos.
      1 - 10, the lactam solution did not become viscous after 60 minutes even
      though 0.5 mol% of sodium hydride was used.
PAR  The structural formula of diphenylmethane-4,4'-bis-ethylene urea is as
      follows.
      ##SPC3##
PAC  EXAMPLE 2
PAR  In this example, lithium hydride was used as the catalyst. After dissolving
      0.2 mol% of lithium hydride in a melt of 2.66 mols of anhydrous
      .epsilon.-caprolactam at 150.degree. C, the lactam solution was cooled to
      130.degree. C and 0.1 mol% of diphenylmethane-4,4'-bis-ethylene urea was
      added to the solution followed by polymerization in an oven at 175.degree.
      C. After 100 minutes an opaque solid polymer having an extremely slight
      yellow color was obtained. The relative viscosity of the polymer was 3.18
      and the content of the hot water soluble components was 9.35%.
PAR  Also, when the same procedure as above was followed using 0.5 mol% of the
      promotor, the relative viscosity of the polymer obtained was 2.55 and the
      content of the hot-water soluble components was 1.35%.
PAC  EXAMPLE 3
PAR  In this example, .omega.-lauryllactam was polymerized using
      diphenylmethane-4,4'-bis-ethylene urea as the promotor.
PAR  After melting 1.52 mols of .omega.-lauryllactam at 182.degree. C, .02 mol%
      of sodium hydride and 0.1 mol% of diphenylmethane-4,4'-bis-ethylene urea
      were added to the melt and then the polymerization of the lactam was
      conducted at 180.degree. C in an oven, whereby the lactam solution lost
      its fluidity after about 10 minutes. When the reaction product was heated
      at 180.degree. C in the oven for an additional 15 minutes and then allowed
      to cool, an opaque solid polymer having an extremely slight yellow color
      was obtained. The relative viscosity of the polymer was 2.19 and the
      content of the hot water soluble components was 2.92%.
PAC  EXAMPLE 4
PAR  In these examples the copolymerization of .epsilon.-caprolactam and
      .omega.-lauryllactam was illustrated.
PAR  That is, .epsilon.-caprolactam was mixed with .omega.-lauryllactam in a
      nitrogen atmosphere in the mol ratio as shown in Table 2 and the mixture
      was melted by heating. While maintaining the molten mixture at the
      temperature as shown in Table 2, 0.2 mol% of sodium hydride (50%, oily)
      was dissolved therein and then the promotor was added to the mixture
      followed by stirring. The vessel containing the reaction mixture was
      closed and the mixture was heated to 180.degree. C in an oven.
PAR  In Example 4 in which diphenylmethane-4,4'-bis-ethylene urea was used as
      the promotor, the reaction system lost its fluidity within 60 minutes and
      when the reaction product was allowed to cool, an opaque solid polymer
      having an extremely slight yellow color was obtained.
PAR  The polymerization conditions, the properties of the polymers obtained,
      etc., are shown in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     (Example of copolymerization of .epsilon.-caprolactam and                 
     .omega.-lauryllactam)                                                     
     Example                                                                   
     No.  (A) (B) (C) (D) (E)                                                  
                             (F)                                               
                                (G) (H) (I)                                    
                                           (J)                                 
          (mol)                                                                
              (mol)                                                            
                  (mol%)                                                       
                      (mol%)                                                   
                          (.degree.C)                                          
                             (.degree.C)                                       
                                (min)                                          
                                    (min)  (%)                                 
     __________________________________________________________________________
     4-1  2.83                                                                 
              0.41                                                             
                  0.2 0.1 128                                                  
                             180                                               
                                60  &lt;60 2.68                                   
                                           39.2                                
     4-2  1.42                                                                 
              1.22                                                             
                  0.2 0.1 154                                                  
                             180                                               
                                60  &lt;60 1.51                                   
                                           28.0                                
     __________________________________________________________________________
      NOTE:                                                                    
      (A) .epsilon.-caprolactam,                                               
      (B) .omega.-lauryllactam,                                                
      (C) Sodium hydride,                                                      
      (D) Diphenylmethane-4,4'-bis-ethylene urea,                              
      (E) Initial polymerization temperature,                                  
      (F) Temperature in oven,                                                 
      (G) Heating time,                                                        
      (H) Period of time for the reaction system to lose its fluidity,         
      (I) Relative viscosity, and                                              
      (J) Hot water soluble components.                                        
PAC  EXAMPLE 5
PAR  After melting 2.66 mols of .epsilon.-caprolactam at 128.degree. C, 0.4 mol%
      of sodium hydride and 0.5 mol% of N,N'-hexamethylene-bis-ethylene urea
      were added to the melt and the mixture was heated to 186.degree. C in an
      oven, whereby the reaction system lost its fluidity after 30 minutes.
      After 60 minutes, a white turbidity was observed near the wall of the
      reaction vessel.
PAR  The polymer thus formed was allowed to cool and the relative viscosity of
      the polymer and the content of the hot water soluble components of the
      polymer were measured in the same manner as described in Example 1. The
      relative viscosity was 2.95 and the content of the hot water soluble
      components was 4.48%.
PAR  Also, the same procedure as described above was followed except that
      .epsilon.-caprolactam was melted at 125.5.degree. C, 0.2 mol% of
      N,N'-hexamethylene-bis-ethylene urea was used, and the temperature in the
      oven was 185.degree. C, whereby the reaction system lost its fluidity
      after 30 minutes and after 90 minutes a white turbidity was observed near
      the wall of the reaction vessel.
PAR  The polymer was allowed to cool and the content of the hot water soluble
      components of the polymer measured in the same manner as described above
      was 0.13 %.
PAR  The structural formula of N,N'-hexamethylene-bis-ethylene urea is as
      follows.
      ##EQU5##
PAC  EXAMPLE 6
PAR  In 180g of acetone was dissolved 34.4g of 2,4-tolylene diisocyanate and
      while stirring the solution at 5.degree. - 10.degree. C, 76g of an acetone
      solution containing 18.1g of ethyleneimine was added dropwise to the
      solution over a period of 60 minutes, whereby white precipitates were
      formed after about 30 minutes. After conducting the reaction for 60
      minutes additionally, the product was filtered, washed with a small amount
      of acetone, and dried at normal temperatures to provide 43.5g of
      m-tolylene-bis-ethylene urea.
PAR  After melting 2.66 mols of .epsilon.-caprolactam at 127.degree. C, 0.5 mol%
      of sodium hydride (oily, 50%) was added to the melt and dissolved therein.
      Then, 0.2 mol% of the m-tolylene-bis-ethylene urea prepared above was
      added to the melt and the mixture was heated to 185.degree. C in an oven,
      whereby the reaction system lost its fluidity after 30 minutes. When the
      reaction system was heated further for 60 minutes to 185.degree. C in the
      oven and then allowed to cool, an opaque white polymer was obtained.
PAR  The relative viscosity of the polymer and the content of the hot water
      soluble components of the polymer measured in the same manner as described
      in Example 1 were 3.04 and 0.1%, respectively.
PAR  The melting point of the polymer measured using differential thermal
      analysis was 221.degree. C.
PAR  The structural formula of m-tolylene-bis-ethylene urea is as follows.
      ##SPC4##
PAC  EXAMPLE 7
PAR  After melting 300g of .epsilon.-caprolactam at 125.degree. C, sodium
      hydride (50%, oily) was added thereto in an amount of 0.5 mol% to the
      lactam and dissolved therein followed by reaction. Then, 0.2 mol% of
      3,3'-dimethyl-diphenyl-4,4'-bis-ethylene urea was added to the reaction
      mixture, whereby the mixture gelled after 45 minutes. By continuing the
      reaction for an additional 180 minutes under heating and allowing the
      reaction product to cool, a white polymer was obtained. The relative
      viscosity of the polymer and the content of the hot water soluble
      components of the polymer were 4.4 and 21.9%, respectively.
PAR  The structural formula of 3,3'-dimethyl-diphenyl-4,4'-bis-ethylene urea is
      as follows.
      ##SPC5##
PAC  EXAMPLE 8
PAR  The same procedure as described in Example 7 was followed except that 0.2
      mol% of N,N'-xylylene-bis-ethylene urea (a mixture of m-xylylene and
      p-xylylene of 70-75/30-25 by weight ratio) was used in place of
      3,3'-dimethyldiphenyl-4,4'-bis-ethylene urea. After 100 minutes the lactam
      liquid gelled and then by continuing the reaction additionally for 180
      minutes under heating and allowing the reaction product to cool, a white
      polymer was obtained. The relative viscosity of the polymer and the
      content of the hot water soluble components of the polymer were 3.4 and
      10.5%, respectively.
PAR  The structural formula of N,N'-xylylene-bis-ethylene urea is as follows.
      ##SPC6##
PAL  (meta compound) and
      ##SPC7##
PAL  (para compound)
PAR  While the invention has been described in detail and in terms of specific
      embodiments thereof, it will be apparent to one skilled in the art that
      various changes and modifications can be made therein without departing
      from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for polymerizing .omega.-lactams to high molecular weight
      polyamides by heating a mixture of at least one kind of .omega.-lactam, an
      anionic catalyst comprising the reaction product of a strong base and an
      .omega.-lactam, and an N-substituted ethyleneimine derivative of the
      general formula
      ##EQU6##
      wherein n is 2 or 3 and R represents a divalent or trivalent organic group
      which has no active hydrogen with an activity higher than the hydrogen of
      &gt;N--H of the lactam to be polymerized, said N-substituted ethyleneimine
      derivative being present in an amount of from about 0.01 to about 5.0 mol
      percent to the amount of said .omega.-lactam to be polymerized.
NUM  2.
PAR  2. The process of claim 1 where R is divalent.
NUM  3.
PAR  3. The process of claim 1 where R is trivalent.
NUM  4.
PAR  4. The process of claim 1 where R is selected from the group consisting of:
PA1  a. an alkylene group having 1 to 20 carbon atoms; and
PA1  b. an aromatic hydrocarbon group which may be interrupted by a heteroatom
      or a heteroatomic group.
NUM  5.
PAR  5. The process of claim 1 where R is an alkylene group having 1 to 20
      carbon atoms.
NUM  6.
PAR  6. The process of claim 1 where R is an aromatic hydrocarbon group which
      may be interrupted by a heteroatom or a heteroatomic group.
NUM  7.
PAR  7. The process of claim 6 where R is selected from the group consisting of
      a phenylene group, a diphenylene group, a tolylene group, a xylylene
      group, a naphthylene group, and a halogen substituted derivative thereof
      ##SPC8##
NUM  8.
PAR  8. The process of claim 7 where R is selected from the group consisting of
      a phenylene group, a diphenylene group, a tolylene group, a xylylene
      group, a naphthylene group, and a halogen substituted derivative thereof.
NUM  9.
PAR  9. The process of claim 7 where R is selected from the group consisting of
      ##SPC9##
NUM  10.
PAR  10. The process of claim 1 where R is an alkylene group of 1 to 20 carbon
      atoms selected from the group consisting of an ethylene group, a
      tetramethylene group, a heptamethylene group, and a hexamethylene group, a
      ##EQU7##
      group,
      ##SPC10##
NUM  11.
PAR  11. The polymerization process as claimed in claim 1, wherein said
      N-substituted ethyleneimine derivative is
      diphenylmethane-4,4'-bis-ethylene urea.
NUM  12.
PAR  12. The polymerization process as claimed in claim 1, wherein said
      N-substituted ethyleneimine derivative is N,N'-hexamethylene-bis-ethylene
      urea.
NUM  13.
PAR  13. The polymerization process as claimed in claimed in claim 1, wherein
      said N-substituted ethyleneimine derivative is m-toluylene-bis-ethylene
      urea.
NUM  14.
PAR  14. The polymerization process as claimed in claim 1, wherein said
      N-substituted ethyleneimine derivative is
      3,3'-dimethyldiphenyl-4,4'-bis-ethylene urea.
NUM  15.
PAR  15. The polymerization process as claimed in claim 1, wherein said
      N-substituted ethyleneimine derivative is present at a level of about 0.05
      to about 1 mol percent to the amount of said .omega.-lactam to be
      polymerized.
NUM  16.
PAR  16. The polymerization process as claimed in claim 1, wherein said strong
      base is an alkali metal, an alkaline earth metal, a strong-basic
      derivative of said alkali metal or said alkaline earth metal.
NUM  17.
PAR  17. The polymerization process as claimed in claim 1, wherein said strong
      base of said reaction product is present at a level of about 0.05 to about
      10 mol percent to the amount of said .omega.-lactam to be polymerized.
NUM  18.
PAR  18. The polymerization process as claimed in claim 1, wherein said
      .omega.-lactam is pyrrolidone, piperidone, .epsilon.-caprolactam,
      .omega.-enantholactam, .omega.-caprylactam, .omega.-lauryllactam,
      .omega.-pelargonolactam, .omega.-decanolactam, or .omega.-undecanolactam.
NUM  19.
PAR  19. The polymerization process as claimed in claim 1, wherein said heating
      is at temperatures of from about 25.degree. C to about 200.degree. C for
      about 0.5 to 200 minutes.
NUM  20.
PAR  20. The polymerization process as claimed in claim 1, wherein said
      .omega.-lactam to be polymerized is .epsilon.-caprolactam and said heating
      is at temperatures of from about 120.degree. to 140.degree. C.
NUM  21.
PAR  21. The polymerization process as claimed in claim 1, wherein said
      .omega.-lactam to be polymerized is .omega.-lauryllactam and said heating
      is at temperatures of from about 153.degree. to 180.degree. C.
NUM  22.
PAR  22. The polymerization process as claimed in claim 1, wherein said
      .omega.-lactam to be polymerized is a mixture of .epsilon.-caprolactam and
      .omega.-lauryllactam and said heating is at temperatures of from about
      120.degree. to 180.degree. C.
NUM  23.
PAR  23. The polymerization process as claimed in claim 1, wherein said
      .omega.-lactam to be polymerized is pyrrolidone or piperidone and said
      heating is at temperatures of from about 30 to 60.degree. C.
NUM  24.
PAR  24. The polymerization process as claimed in claim 1, wherein said
      .omega.-lactam to be polymerized is .omega.-enatholactam,
      .omega.capryliclactam, .omega.pelargonolactam, .omega.-decanolactam, or
      .omega.-undecanolactam and said heating is at temperatures of from about
      160.degree. to 180.degree. C.
NUM  25.
PAR  25. The polymerization process as claimed in claim 1, wherein said strong
      base is sodium hydride.
NUM  26.
PAR  26. The polymerization process as claimed in claim 1, wherein said strong
      base is sodium.
NUM  27.
PAR  27. The polymerization process as claimed in claim 1, wherein said strong
      base is lithium hydride.
NUM  28.
PAR  28. The polymerization process as claimed in claim 1, wherein said
      .omega.-lactam to be polymerized is a mixture of .omega.-lactams.
NUM  29.
PAR  29. The polymerization process as claimed in claim 1, wherein said
      N-substituted ethyleneimine derivative is a mixture of N-substituted
      ethyleneimine derivatives.
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PAL  The premature vulcanization of rubber materials is substantially inhibited
      by incorporating therein a sulfenamide of the formula:
      ##SPC1##
PAL  Wherein R, which may be the same or different, is alkyl of 1 to 8 carbon
      atoms. The preferred sulfenamide is N-phenythio-3,5-lupetidine. Said
      sulfenamide is incorporated into the rubber with or without a conventional
      vulcanization accelerator and is preferably employed in the form of a
      powder preparation adsorbed in an inorganic carrier.
PARN
PAR  This application is a continuation-in-part of copending application Serial
      No. 205,368, filed on Dec. 6, 1971 abandoned.
BSUM
PAR  The present invention relates to a method for inhibiting the premature
      vulcanization of rubber materials. More particularly, it relates to an
      improved method for inhibiting the premature vulcanization of synthetic
      rubber materials and also accelerating the vulcanization rate of the said
      rubber materials. Even more particularly, the invention is concerned with
      certain compounds which possess an excellent premature vulcanization
      inhibitory property.
PAR  In the manufacture of vulcanized rubber products, the occurrence of local
      vulcanization as is encountered in some steps for processing unvulcanized
      rubber materials such as kneading, extruding and calendering is called
      "premature vulcanization". The prevention of this unfavorable phenomenon
      is quite important for the manufacture of vulcanized rubber products.
PAR  In order to inhibit the premature vulcanization of rubber materials, there
      has heretofore been proposed the use of a delayed action vulcanization
      accelerator and/or a premature vulcanization inhibitor. On the other hand,
      the operations for rubber processing are nowadays performed at an elevated
      temperature with a high speed, and the appearance of a method for
      attaining the prevention of premature vulcanization much more effectively
      and accelerating the vulcanization with a higher rate has thus been
      desired.
PAR  Some sulfenamide compounds have heretofore been employed as late effective
      vulcanization accelerators but are not satisfactory with respect to scorch
      time and vulcanization rate. Even when employed together with known
      premature vulcanization inhibitors such as N-nitrosodiphenylamines and
      phthalic anhydrides, the prevention of premature vulcanization is
      insufficient. In addition, this combined use results disadvantageously in
      the depression of the vulcanization rate and the modulus of the vulcanized
      rubber product.
PAR  As premature vulcanization inhibitors, there have been recently proposed
      N-(organothio)substituted imides [South African patent 663,072],
      N-(organothio)benzimidazolinone compounds [U.S. Pat. No. 3,427,319] and
      N-(organothio)substituted amines [U.S. Pat. No. 3,382,219; Japanese Pat.
      No. 29902/1970]. These are satisfactory as to their effect in inhibiting
      premature vulcanization but still have some defects, such as providing an
      insufficient vulcanization rate, causing a depression of the modulus in
      the vulcanized goods, becoming decomposed within a relatively short period
      of time and the like.
PAR  It has now been found certain compounds are quite useful as premature
      vulcanization inhibitors and, when used with or without conventional
      vulcanization accelerators, produce a remarkable premature vulcanization
      inhibition. Particularly notable in the present invention is the fact that
      the combined use of the said premature vulcanization inhibitor and a
      conventional vulcanization accelerator shows a higher initial rate of
      vulcanization than does the sole use of the conventional vulcanization
      accelerator. In addition, the modulus of the vulcanized rubber product is
      advantageously increased by the use of the premature vulcanization
      inhibitors of this invention.
PAR  The premature vulcanization inhibitors of this invention comprise
      sulfenamides having the formula:
      ##SPC2##
PAL  wherein R is alkyl. The two R's may be the same or different.
PAR  The term "alkyl" herein is intended to mean an alkyl group having 1 to 8
      carbon atoms which may be straight or branched. Thus, specific examples of
      "alkyl" are methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl,
      octyl, etc.
PAR  The preferred sulfenamide to be employed in connection with this invention
      is N-phenylthio-3,5-lupetidine. This compound and the related compounds
      falling within the scope of formula [I] may be produced, for example, by
      reacting a piperidine compound of the formula:
      ##SPC3##
PAL  wherein R is alkyl with a mercaptan compound of the formula:
      ##SPC4##
PAL  wherein X is halogen (e.g., chlorine or bromine) in the presence of an
      auxiliary agent (e.g., pyridine, dimethylamine, trimethylamine, sodium
      carbonate or sodium hydroxide) or an excess amount of the said piperidine
      compound in an inert organic solvent at a temperature of from 20.degree.
      to 80.degree.C.
PAR  According to the present invention, the sulfenamides [I] are used as
      premature vulcanization inhibitors for diene rubber materials. The
      sulfenamides [I] are equally applicable to all rubber materials and exert
      an excellent premature vulcanization inhibiting effect particularly in
      synthetic rubbers such as styrenebutadiene rubber (SBR).
PAR  The sulfenamides [I] are mostly liquid and can be incorporated as such into
      rubber materials. As seen with conventional liquid premature vulcanization
      inhibitors such as N-phenylthiomorpholine and N-phenylthio-t-butylamine,
      however, the incorporation of the sulfenamides [I] in a liquid form is not
      favorable because the liquid form causes the rubber materials to slip
      during processing, thus requiring a long time for completion of the
      uniform admixture thereof. Thus, the incorporation in powder form is much
      more preferred. Advantageously, the sulfenamide [I] can be converted with
      ease into a powdery form, for instance, by admixing with an inorganic
      solid carrier useful as an inorganic filler such as silica, magnesium
      carbonate, calcium carbonate or carbon black. As the inorganic solid
      carrier, the use of one having a smaller particle size and being capable
      of adsorbing a larger amount of the sulfenamide [I] is preferable. A
      higher mixing ratio of the sulfenamide [I] to the inorganic solid carrier
      is preferred but the content of the sulfenamide [I] in the mixture usually
      does not exceed 50 to 60% by weight.
PAR  The amount of the sulfenamide [I] to be incorporated into a rubber material
      can be varied in a conventional manner with the kind of rubber material,
      the conditions used for vulcanization, the intended use of the vulcanized
      product and so on and may usually be from about 0.05 to about 5 parts by
      weight per 100 parts by weight of the rubber material.
PAR  The amounts of sulfur and inorganic filler such as carbon black can also be
      varied in a known manner depending on the utilization field of the
      vulcanized product and, in the case of a conventional tire tread, the use
      of 45 to 55 parts by weight of carbon black and 1 to 4 parts by weight of
      sulfur is appropriate.
PAR  Since the sulfenamide [I] itself possesses a certain vulcanization
      accelerating effect, it may be used alone in vulcanization processing. It
      is, however, quite feasible and advantageous to use the sulfenamide [I]
      together with any vulcanization accelerator, of which preferred examples
      include N-oxydiethylenebenzothiazole-2-sulfenamide,
      N-t-butylbenzothiazole-2-sulfenamide,
      N-cyclohexylbenzothiazole-2-sulfenamide, etc.
PAR  The vulcanization temperature may be appropriately selected depending on
      the kind of rubber material to be processed and is usually from
      100.degree. to 150.degree.C.
PAR  The sulfenamide [I] produces a prolongation of the scorch time of rubber
      materials. Even when processed under harsh conditions such as heat
      treatment, mixing, extruding and calendering, it is effective. The
      compounds of the invention exert their advantageous effects and properties
      even when employed with certain amines which are useful as aging
      inhibitors for shortening the scorch time.
DETD
PAR  Some embodiments of this invention are illustratively shown in the
      following Examples wherein parts are by weight.
PAC  EXAMPLE 1
PAC  Preparation of N-phenylthio-3,5-lupetidine:
PAR  In a flask, 3,5-lupetidine (22.9 parts), triethylamine (20.4 parts) and
      ether (200 parts) are charged, and phenylsulfenyl chloride (27.7 parts) is
      dropwise added thereto. The resultant mixture is stirred at 30.degree.C
      for 6 hours. The reaction mixture is filtered to separate the precipitate
      and the filtrate is distilled to give N-phenylthio-3,5-lupetidine (36
      parts by weight). B.P.; 134.degree.C/4 mmHg. n.sub.D.sup.25 1.5511.
PAC  EXAMPLE 2
PAC  Preparation of a powdery composition containing
      N-phenylthio-3,5-lupetidine:
PAR  N-Phenylthio-3,5-lupetidine (50 parts) is mixed uniformly with hydrous
      silicic acid (50 parts) having a particle size of 16 m.mu. and an oil
      adsorption of 230 g/100 ml by the aid of a mixer to give a powdery
      composition containing N-phenylthio-3,5-lupetidine.
PAR  In a similar manner, other sulfenamides [I] are produced and formulated
      into a powdery composition.
PAR  The effect for preventing the premature vulcanization of rubber materials
      was tested as follows:
PAR  The 50% powdery composition of the sulfenamide [I] prepared as in Examples
      1 and 2 was incorporated into styrene-butadiene rubber (SBR), and the
      resultant mixture was subjected to a conventional standard vulcanization
      test. The measured premature vulcanization inhibiting properties are shown
      in Table 1 wherein t.sub.90 indicates the necessary time (min.) in which
      the torque value decreases from its maximum value to a value less than
      1/10 of R.sub.max - R.sub.min) in the rheometer curve, t.sub.10 indicates
      the necessary time (min.) in which the torque value increases from its
      minimum value to a value greater than 1/10 of (R.sub.max - R.sub.min) in
      the rheometer curve and (t.sub.90 - t.sub.10) represents the necessary
      time from the beginning to the end of the vulcanization, i.e., the initial
      rate of vulcanization, R.sub.max and R.sub.min being respectively the
      maximum torque value and the minimum torque value measured.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Composition No.    1    2    3    4    5    6                             
     __________________________________________________________________________
     SBR No. 1500       100  100  100  100  100  100                           
     HAF carbon black   50   50   50   50   50   50                            
     Process oil        9    9    9    9    9    9                             
     Stearic acid       3    3    3    3    3    3                             
     Zinc flowers (ZnO) 5    5    5    5    5    5                             
     Sulfur             2    2    2    2    2    2                             
     N-t-Butylbenzothiazole-2-                                                 
     sulfenamide        1    1    1    1    1    1                             
     __________________________________________________________________________
     Prema-                                                                    
          I (50% pulverized)                                                   
                        --   1.0  --   --   --   --                            
     ture                                                                      
     vulca-                                                                    
          II (do.)      --   --   1.0  --   --   --                            
     niza-                                                                     
          III (do.)     --   --   --   1.0  --   --                            
     tion                                                                      
     inhibi-                                                                   
          IV (liquid)   --   --   --   --   0.5  --                            
     tor No.                                                                   
          V (Santogard PVI)                                                    
                        --   --   --   --   --   1.0                           
     __________________________________________________________________________
     Test Scorch test by Mooney                                                
     results                                                                   
          plastometer (135.degree.C,                                           
     ML.sub.5) (min.)                                                          
           21           31   34   28.5 32   41                                 
     Rheometer  Maximum                                                        
     test       torque                                                         
     (150.degree.C)                                                            
                value   48   47   47   48   46   54                            
                (kg.cm)                                                        
                Vulcaniza-                                                     
                tion time                                                      
                to 90 % 29   28   33   28   29   30                            
                (t.sub.90) (min.)                                              
                Initial                                                        
                rate (t.sub.90 .sub.-                                          
                        16   9    9.5  9    11   12.0                          
                t.sub.10) (min.)                                               
     __________________________________________________________________________
PAL  Note: Premature vulcanization inhibitor I,
      N-phenylthio-3,5-dimethylpiperidine; premature vulcanization inhibitor II,
      N-cyclohexylthio-3,5-dimethylpiperidine; premature vulcanization inhibitor
      III, N-(p-chlorophenylthio)-2-methylpiperidine; premature vulcanization
      inhibitor IV, N-phenylthiomorpholine (disclosed in U.S. Pat. No.
      3,382,219); premature vulcanization inhibitor V, Santogard PVI (trademark
      of Monsanto Chemical) having the formula,
      ##SPC5##
     disclosed in South African Pat. No. 663,072).
PAR  The unexpected and advantageous premature vulcanization inhibiting
      properties of N-phenylthio-3,5-dimethylpiperidine as compared with closely
      related prior art compounds are shown in the following Tables. The tests
      were conducted in the same manner as indicated above and t.sub.90,
      t.sub.10, (t.sub.90 - t.sub.10), R.sub.max and R.sub.min all have the same
      meanings as recited above. Each test compound was incorporated into a
      styrene-butadiene synthetic rubber (SBR No. 1500), and the resultant
      composition was subjected to a conventional standard vulcanization test.
      ##SPC6##
PAL  The results were as follows:
TBL                                    Table 2                                 
     __________________________________________________________________________
     Composition No.     1  2  3  4  5  6  7  8                                
     __________________________________________________________________________
     SBR No. 1500        100                                                   
                            100                                                
                               100                                             
                                  100                                          
                                     100                                       
                                        100                                    
                                           100                                 
                                              100                              
     HAF carbon black    50 50 50 50 50 50 50 50                               
     Process oil         9  9  9  9  9  9  9  9                                
     Stearic acid        3  3  3  3  3  3  3  3                                
     Zinc flowers (ZnO)  5  5  5  5  5  5  5  5                                
     Sulfur              2  2  2  2  2  2  2  2                                
     N-t-butylbenzothiazole-                                                   
     2-sulfenamide       1  1  1  1  1  1  1  1                                
     __________________________________________________________________________
     Prema-                                                                    
           1             -- 1.0                                                
                               -- -- -- -- -- --                               
     ture  2             -- -- 1.0                                             
                                  -- -- -- -- --                               
     vulca-                                                                    
     nization                                                                  
           3             -- -- -- 1.0                                          
                                     -- -- -- --                               
     inhibitor,                                                                
           4             -- -- -- -- 1.0                                       
                                        -- -- --                               
     Compound                                                                  
     No.   5             -- -- -- -- -- 1.0                                    
                                           -- --                               
           6             -- -- -- -- -- -- 1.0                                 
                                              --                               
           7             -- -- -- -- -- -- -- 1.0                              
     __________________________________________________________________________
     Test  Scorch test by                                                      
     results                                                                   
           Mooney plasto-                                                      
                         21 31 25 26 25 28 27 24                               
           mer (135.degree.C, ML.sub.5)                                        
           (min.)                                                              
     Rheo-       Maximum                                                       
     meter       torque  48 47 48 48 47 46 47 24                               
     test        value                                                         
     (150.degree.C)                                                            
                 (kg.cm)                                                       
                 Vulcaniza-                                                    
                 tion time                                                     
                         29 28 30 30 29 29 31 27                               
                 to 90%                                                        
                 (t.sub.90) (min.)                                             
                 Initial                                                       
                 rate    16 9  14 14 15 12 13 10                               
                 t.sub.90 -T.sub.10)                                           
                 (min.)                                                        
     __________________________________________________________________________
PAR  From these tests it can be seen that Compound No. 1 has a much superior
      premature vulcanization inhibiting property as compared to the
      structurally related compounds 2-7.
PAR  Additional tests conducted in the same manner with the following compounds
      gave results shown in Table 3.
      ##SPC7##
TBL                                    Table 3                                 
     __________________________________________________________________________
     SBR No. 1500     100  100  100  100  100  100                             
     HAF carbon black 50   50   50   50   50   50                              
     Process oil      9    9    9    9    9    9                               
     Stearic acid     3    3    3    3    3    3                               
     Zinc flowers (ZnO)                                                        
                      5    5    5    5    5    5                               
     Sulfur           2    2    2    2    2    2                               
     N-t-butylbenzothiazole-                                                   
                      1    1    1    1    1    1                               
     2-sulfenamide                                                             
     __________________________________________________________________________
     Premature                                                                 
              1       --   1.0  --   --   --   --                              
     vulcanization                                                             
              8       --   --   1.0  --   --   --                              
     inhibitor,                                                                
              9       --   --   --   1.0  --   --                              
     Compound No.                                                              
             10       --   --   --   --   1.0  --                              
             11       --   --   --   --   --   1.0                             
     __________________________________________________________________________
     Test                                                                      
     Results                                                                   
          Scorch test by                                                       
          Mooney plastomer                                                     
                      20.5 32   28   28   28   27                              
          (135.degree.C, ML.sub.5) (min.)                                      
     Rheo-       Maximum                                                       
     meter      torque                                                         
                      48   47   48   47   48   48                              
     test       value                                                          
     (150.degree.C)                                                            
                (kg.cm)                                                        
                Vulcaniza-                                                     
                tion time                                                      
                to 90%                                                         
                      29   28   28   29   28   30                              
                (t.sub.90) (min.)                                              
                Initial                                                        
                rate  16.5 8.5  12   12   12.5 13                              
                (t.sub.90 -t.sub.10)                                           
                (min)                                                          
     __________________________________________________________________________
PAR  From these results it is clear that N-phenylthio-3,5-dimethylpiperidine
      (N-phenylthio-3,5-lupetidine), i.e., Compound No. 1, shows an unexpectedly
      larger scorch delay effect and a higher initial rate of vulcanization and,
      therefore, is a much more valuable premature vulcanization inhibitor than
      the closely related cyclohexyl sulfenamides of the prior art.
PAR  These conclusions are drawn from the above results and the following facts.
      As noted above, the main purpose of a premature vulcanization inhibitor is
      to prevent the occurrence of local vulcanization in the course of
      processing unvulcanized rubber materials. This prevention effect is
      represented by the scorch time. From a practical viewpoint, the scorch
      time should be about 20 minutes or more. If the scorch time is less than
      this amount of time, the processing safety is inferior, and such a
      compound is not practically utilizable as a premature vulcanization
      inhibitor. On the other hand, it is desired that, if and when
      vulcanization is once started, it proceed as quickly as possible. Hence, a
      higher initial rate of vulcanization is preferred.
PAR  These two desirable properites are somewhat inconsistent, and most
      conventional premature vulcanization inhibitors having a larger scorch
      delay effect show a lower initial rate of vulcanization. In Table 3 the
      increase of the scorch time of the compound of the present invention
      (Compound No. 1) with respect to the control is 56%, whereas that of
      compounds 8-11 is 31-36%. Thus, a considerable difference is seen in the
      improvement of the scorch time between the compounds of the present
      invention and very closely related prior art compounds, constituting a
      novel and unexpected result. Furthermore, a remarkable difference is seen
      in the improvement of the initial rate of vulcanization wherein the
      elevation of the initial rate of the inventive compound with respect to
      the control is 48%, whereas that of the related prior art compounds is
      only 21-27%. Thus, it should be particularly noted that, contrary to the
      general tendency known in the art, the compounds of the invention exhibit
      the longest scorch time and the highest initial rate of vulcanization.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vulcanizable composition comprising a diene rubber and
      N-phenylthio-3,5-lupetidine.
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PAL  A process for the preparation of new copolymers of olefins or olefins and
      non-conjugated dienes with unsaturated furan and/or thiophene derivatives,
      by co-ordination catalysis is disclosed.
PAL  The copolymers of present invention are characterized by the fact that the
      monomers derived from furan or thiophene have the formula
PAL  Where X represents oxygen or sulphur, p equals 0 or 1, and R.sub.1
      represents, when p equals 0, a vinyl radical or
PAL  m being an integer from 0 to 12, and, when p equals 1, an alkenyl radical
      of from 2 to 20 carbon atoms.
PAL  These copolymers can replace polyolefins or copolymers of olefins or
      olefins and dienes, in cases where resistance to ultra-violet radiation is
      needed.
PARN
PAR  This is a continuation of application Ser. No. 142,368, filed May 11, 1971,
      now abandoned.
BSUM
PAR  The present invention concerns new olefin copolymers, in particular
      copolymers of alpha-olefins, or of olefins and non-conjugated dienes, with
      unsaturated furan or thiophene derivatives.
PAR  It also concerns a process to prepare these copolymers, and where they are
      elastomeric in character, it also concerns their vulcanization, and the
      vulcanized elastomers obtained.
PAR  It is known that olefins, and particulary alpha-olefins, can be polymerized
      and copolymerized at low pressures, using co-ordination catalytic systems
      formed by the association of compounds of elements in the sub-groups IV to
      VIII of the Periodic Table with organo-metallic compounds of the elements
      in groups I to III of this Table.
PAR  These catalytic systems are also known to promote the copolymerization of
      alpha-olefins with certain ethers or thioethers possessing an alkenyl
      substitution preferably unsaturated in the .omega. position.
PAR  The applicants have discovered that useful copolymers could be obtained by
      copolymerizing, by means of these catalytic systems, olefins, particularly
      alpha-olefins, or olefins and non-conjugated dienes with certain
      unsaturated derivatives of furan and/or thiophene.
PAR  Copolymers according to the invention are prepared by placing in contact
      one or more olefins and optionally one or more non-conjugated dienes with
      one or more unsaturated furan or thiophene compounds of the general
      formula
      ##SPC1##
PAL  Where X represents oxygen or sulfur, p equals 0 or 1, and R.sub.1
      represents, when p equals 0 a vinyl radical or
      ##SPC2##
PAL  m being an integer from 0 to 12, and, when  p equals 1, an alkenyl radical
      with from 2 to 20 carbon atoms, in the presence of a co-ordination
      catalysis system containing an organo-metallic compound (A) of one or more
      metals in groups I, II or III of the Periodic Table, and a compound (B) of
      a transition metal belonging to one of groups IV to VIII in this Table.
PAR  The olefins that can be copolymerized by the process according to the
      present invention may contain between 2 and 18 carbon atoms. These are, in
      particular, alpha-olefins with the general formula R -- CH = CH.sub.2,
      where R represents hydrogen or an cycloalkyl, cycloalkyl or cycloalkyl
      radical, and in particular, linear alpha-olefins such as ethylene,
      propene, 1-butene, 1-hexene, or 1-octene, the commonest being ethylene,
      propene and 1-butene.
PAR  The non-conjugated dienes that can be copolymerized by the process
      according to the invention are linear or cyclic. They include in
      particular 1,4-hexadiene, dicyclopentadiene, tricycopentadiene,
      1,5-cyclo-octadiene, 5-methylene 2-norbonene, 5-ethylidene 2-norbonene,
      etc.
PAR  Compounds derived from furan or thiophene that can be copolymerized with
      olefins or olefins and non-conjugated dienes include vinylfuran, the
      adduct of vinylfuran with cyclopentadiene, vinylthiophene and its adduct
      with cyclopentadiene, furfuryl undecylenate, furfuryl dodecenoate,
      furfuryl octadecenoate, etc. In addition to the unsaturated radical, the
      heterocycle may contain one or more substituents e.g. cycloalky,
      cycloalkyl, alkoxy, aryloxy or dialkylamino radicals having 1 to 16 carbon
      atoms in the alkyl chain, or halogen.
PAR  The copolymers obtained by the process according to the present invention
      have a high enough molecular weight to remain solid at ordinary
      temperatures. They are substantially linear, and may be heat-plastic or
      elastomeric, depending on the type and proportions of the monomers used in
      preparing them. These polymers are extremely resistant to deterioration
      under the effect of ultra-violet light and to thermo-oxidizing
      deterioration.
PAR  Heat-plastic copolymers are suitable for use in shaping operations in the
      heat-plastic state, to provide films, sheets, sections, etc.
      Ethylene-based copolymers, for instance, can be used in electric wiring,
      to provide insulating sheaths.
PAR  Elastomer copolymers can be vulcanized with free-radical generators such as
      peroxides or with sulphur, when they contain diene-derived groups. The
      vulcanized copolymers obtained have excellent mechanical properties,
      combined with high resistance to deterioration under the effect of
      ultra-violet radiation and thermo-oxidizing deterioration, and can be
      used, for instance, to make sealing joints for the building industry,
      conveyor belts, etc.
PAR  Copolymers according to the invention contain from 99.9 to 75 %, and
      preferably 99.5 to 85 % by weight of olefinic and optionally dienic
      non-polar groups, and from 0.1 to 25 % and preferably 0.5 to 15 % by
      weight of polar groups derived from furan and/or thiophene derivatives.
PAR  When the invention is applied to the preparation of elastomers containing
      ethylene, the lower limit of the ethylene content is not a determining
      factor, but the upper limit should preferably be 75 % by weight of the
      copolymer, to avoid polyethylene-type crystalline structure. The
      proportion of the second olefin, particularly an alpha-olefin such as
      propene or 1-butene, or of the second olefin and non-conjugated diene, can
      range from 5 to 75 % by weight of the copolymer; the non-conjugated diene
      content can range from 0 to 20 % by weight, and the polar monomer content
      from 0.1 to 25 %, and preferably 0.5 to 15 % by weight.
PAR  Catalytic systems that are particularly suitable for the preparation of
      copolymers, in accordance with the invention, are formed from the
      association or organic aluminium compounds with titanium, vanadium,
      tungsten, zirconium, etc. derivatives, for instance halogenides,
      oxy-halogenides, compounds in which at least one valency of the transition
      metal is saturated by a hetero-atom, inparticular, oxygen or nitrogen,
      linked with an organic grouping, such as acetylacetonates,
      benzylacetonates, alcoholates, and the like. In certain cases, it may be
      an advantage to use a complex of the transition metal derivative with a
      ligand selected from aliphatic ethers such as diethylic and dipropyl
      ethers or diethoxyethane, cyclic ethers such as tetrahydrofuran or
      dioxane, thioethers, phosphines, arsines, tertiary amines such as
      trimethylamine, or methyldiethylamine, heterocyclic nitrogen bases such as
      pyridine or quinoline, or other suitable substances such as
      .beta.-diketones, cetoesters, hydroxyaldehydes, aminoaldehydes,
      aminoalcohols, etc.
PAR  Excellent results are obtained whenever the catalytic system contains an
      organo-aluminic of the formula AlCl(.sub.3.sub.-n) Yn, where n is a number
      that can equal 1, 1.5, 2 or 3, and Y is a lower alkyl radical such as
      ethyl, propyl or isobutyl, associated with a titanium halogenide such as
      titanium trichloride or tetrachloride, or a vanadium halogenide or
      oxyhalogenide such an vanadium trichloride, tetrachloride or
      oxytrichloride, these titanium or vanadium halogenides possibly being made
      complex by tetrahydrofuran, an aliphatic ether, tertiary amine, pyridine
      or quinoline.
PAR  The catalyst may suitably be deposited on a carrier or can be linked to
      this carrier chemically. The carrier may be either an organic or inorganic
      material.
PAR  The catalytic system may also include a certain percentage of an activator,
      and in particular an alkoxyalkyl halogensulphate or halogensulphite, as
      ethoxyethyl chlorosulphate or chlorosulphite, a halogensulphinyl or
      halogenosulphonylthiophene such as di-2,4-(chlorosulphonyl)-thiophene, or
      a dichloroarylphosphine such as dichlorophenylphosphine.
PAR  In preparing the catalytic system, the compounds (A) and (B) may or may not
      be mixed before being put into the reactor. For instance, the catalyst may
      be preformed and possibly "aged", and then fed into the mixture for
      continuously or intermittently.
PAR  The activator, if present, may be mixed with the catalyst before being
      added to the reaction mixture, or it may be added directly to the mixture
      during polymerization, continuously or in fractions; another method is to
      mix it first with the transition metal or metals compound or compounds.
PAR  The catalytic system contains quantities of compounds A and B such that the
      ratio between the number of metal atoms of compound A and the number of
      transition metal atoms of compound B is between 1 and 50, and suitably
      between 3 and 30.
PAR  The quantity of activator, if any, can vary widely: from 0.5 to 25 moles of
      activator per atom of transition metal may be used, but the reaction
      mixture must contain more of compound A, expressed in metal atoms, than
      activator.
PAR  Copolymerization is effected in a suitable solvent, suitably consisting of
      an aliphatic, aromatic or cycloalkane hydrocarbon; as heptane,
      cyclohexane, benzene or mixtures of such solvents. Halogenated
      hydrocarbons that are inert in relation to the catalyst may also be used,
      as chloroform, chlorobenzene, tetrachlorethylene, etc. The olefins
      themselves can act as a solvent, and copolymerization can be performed,
      for instance, in the olefin or olefins to be copolymerized, taken in the
      liquid state.
PAR  Copolymerization may be performed at temperatures ranging from -80.degree.
      to +110.degree.C, and suitably at between -30.degree. and +60.degree.C.
PAR  The pressures normally applied during polymerization range from 1 to 10
      atmospheres, but it is possible to operate at higher pressures.
PAR  The proportion of polar monomer placed in contact with the olefins is
      chosen so that the final copolymer will contain from 0.1 to 25 % by weight
      of groups derived from it.
PAR  The whole of the polar monomer is usually put into the reactor before the
      catalytic system is added. However, all or part of the monomer may be
      added continuously or intermittently, during polymerization.
PAR  In certain cases, it may be an advantage for the polar monomer to be
      present in the polymerization mixture in the form of a complex with a
      Lewis acid, for example a trialkyl aluminium, alkylaluminium dihalogenide,
      aluminium halogenide, zinc dichloride or tin tetrachloride. This complex
      may be prepared in situ in the reaction mixture, or preformed before being
      placed in the polymerization zone.
PAR  Copolymerization may be performed on a continuous basis, in which case the
      solvent, monomers and catalytic system are fed continuously into the
      polymerization zone at rates that will ensure that they remain long enough
      in the zone to obtain the required concentration of copolymer in the
      reaction mixture.
PAR  During copolymerization, the reactive mixture is deprived of free oxygen by
      the passage of an inert gas such as nitrogen or argon, before
      polymerization takes place.
PAR  The duration of copolymerization usually varies depending on operating
      conditions. It generally lasts between 30 minutes and 3 hours.
PAR  At the end of the operation, the catalyst is destroyed by some method known
      in the prior art. The copolymer is then separated from the solvent by
      coagulation using an alcohol, by drawing off with the solvent vapour, or
      by any other method allowing the polymer to be isolated from solutions
      containing it.
PAR  The examples below will illustrate the invention, but, these Examples are
      not to be considered as limitive.
DETD
PAC  EXAMPLE 1
PAR  Copolymerization is effected in a cylindrical glass reactor with an inside
      diameter of 10 cm and a capacity of 1000 millilitres, equipped with a
      stirrer, a funnel through which the heterocyclic monomer is fed in, two
      funnels through which the catalyst components are fed in, and a gas-inlet
      and a gas-outlet tubes. The temperature of the reactor is kept at
      +10.degree.C by means of a thermostatically controlled bath in which the
      reactor is submerged.
PAR  The funnels on top of the reactor are drained and a nitrogen atmosphere
      maintained inside them. 60 millimoles of vinylfuran are placed in the
      heterocyclic monomer funnel. 1 millimole of vanadyl trichloride VOCl.sub.3
      in 50 ml of anhydrous n-heptane is placed in one of the funnels for the
      catalytic system, and 30 millimoles of diethylaluminium monochloride
      Al(C.sub.2 H.sub.5).sub.2 Cl in the same quantity of n-heptane in the
      other.
PAR  750 ml of n-heptane, from which humidity and gas have previously been
      extracted, are fed into the reactor, which has a nitrogen atmosphere
      maintained inside it. The supply of nitrogen is stopped, and a mixture of
      ethylene and hydrogen injected by the gas-inlet tube, in a molar ratio of
      ethylene to hydrogen of 3; this mixture circulates at a rate of 100 normal
      liters an hour throughout the duration of copolymerization. Twenty minutes
      after the start of injection of the gaseous mixture, the vinylfuran and
      catalytic system components are added drop by drop, the operation being
      completed in 60 minutes.
PAR  After injection of the catalysts, polymerization is halted by adding 20 ml
      of ethanol. The copolymer solution is poured into ethanol to precipitate
      the copolymer, which is washed with ethanol, then dried in a drier in a
      vacuum, at a temperature of 50.degree. to 60.degree.C approximately.
PAR  23 grams of a crystalline substance are obtained, with a viscometric
      molecular mass of approximately 51000, a melting point of 133.degree.C,
      and melt index of 0.1.
PAR  This ethylene and vinylfuran copolymer contains 97.8 % weight of ethylene
      and 2.2 % weight of vinylfuran.
PAC  EXAMPLE 2
PAR  The process of Example 1 is repeated, except that the heptane is replaced
      by benzene, the vanadyl trichloride by 1.5 millimoles of vanadium
      trichloride forming a complex with tetrahydrofuran VOCl.sub.3.
      3(tetrahydrofuran), and 45 millimoles of diethylaluminium monochloride are
      used.
PAR  33 grams of a crystalline ethylene and vinylfuran copolymer are obtained;
      this substance has a molecular mass of 49000, a melt index of 0.2 and a
      melting point of 134.degree.C. It contains 2.4 % weight of vinylfuran.
PAC  EXAMPLE 3
PAR  Operating in the same way as in Example 2, the vinylfuran is replaced by 25
      millimoles of the cyclopentadiene-vinylfuran adduct
      ##SPC3##
PAL  which is all injected together; the molar ratio of ethylene to hydrogen is
      altered to 1.5, and 1 millimole of the complex V
      Cl.sub.3.3(tetrahydrofuran) and 30 millimoles of diethylaluminium
      monochloride are used as catalysts, being injected over a 40-minute
      period.
PAR  25 grams of a crystalline copolymer are obtained, containing 97.5 % by
      weight of ethylene and 2.5 % cyclopentadiene-vinylfuran adduct.
PAC  EXAMPLE 4
PAR  The operation is repeated in the same way as in Example 3, by replacement
      of the ethylene and hydrogen mixture by a mixture of propene and ethylene
      in a molar ratio of propene to ethylene of 1.2, and 2 millimoles of
      vanadyl trichloride VO Cl.sub.3 and 10 millimoles of diethylaluminium
      monochloride are used as catalysts.
PAR  After drying, 13 grams of a solid substance with the appearance of a
      non-vulcanized elastomer are obtained. This copolymer contains 41 % by
      weight of ethylene, 56.1 % propene and 2.9 % cyclopentadiene-vinylfuran
      adduct.
PAR  Vulcanization
PAR  100 parts weight of copolymer are mixed in a roller mixer with 60 parts HAF
      carbon black, 5 parts zinc oxide, 0.32 parts sulphur, and 6.75 parts 40 %
      dicumyl peroxide.
PAR  The mixture is heated to 160.degree.C for 1 hour in a press.
PAR  Mechanical properties of the vulcanized substance
     Tensile strength      210 kg/sq.cm                                        
     Breaking elongation   320 %                                               
     Modulus of elasticity at                                                  
     300 % elongation      190 kg/sq.cm                                        
     Shore A hardness      74                                                  
     Rebound               62 %                                                
PAC  EXAMPLE 5
PAR  The operation is repeated in the same way as in Example 1, replacing the
      vinylfuran by 25 millimoles of furfuryl octadecenoate
      ##SPC4##
PAL  altering the molar ratio of ethylene to hydrogen in the gaseous mixture to
      5.25, and using 2 millimoles of the complex V Cl.sub.3.3(tetrahydrofuran)
      and 60 millimoles of diethylaluminium monochloride as catalysts.
PAR  54.7 grams of a copolymer crystalline in X-rays are obtained, with a
      viscosimetric moleculr mass of 82000, a melt index of 0.66 and a melting
      point of 132.degree.C. This copolymer contains 96.8 % by weight of
      ethylene and 3.2 % by weight of furfuryl octadecenoate.
PAC  EXAMPLE 6
PAR  750 ml of a mixture of benzene and n-heptane, containing 50 % volume of
      benzene, are fed into a reactor similar to the one used in Example 1, kept
      at a temperature of 20.degree.C and with a nitrogen atmosphere maintained
      inside it.
PAR  50 millimoles of vinylthiophene
      ##SPC5##
PAL  are placed in the polar monomer funnel, 3 millimoles of vanadyl trichloride
      VO Cl.sub.3 in 50 ml of a benzene/heptane mixture in one of the
      catalyst-injection funnels, and 15 millimoles of diethylaluminium
      monochloride in the same quantity of the same mixture in the other funnel.
PAR  The supply of nitrogen is then stopped, and a mixture of ethylene and
      hydrogen is injected by the gas-inlet tube, with a molar ratio of ethylene
      to hydrogen of 3; this mixture circulates at an hourly rate of 140 normal
      liters.
PAR  Ten minutes after the start of injection of the gaseous mixture, the
      vinylfuran and catalysts are injected in a single operation.
PAR  Polymerization is halted 60 minutes after the start of injection of the
      catalysts, by the addition of 20 ml of ethanol to the reaction mixture;
      the copolymer is then separated from the mixture, and dried as described
      in Example 1.
PAR  31.8 grams of a crystalline copolymer of ethylene and vinylthiophene are
      obtained, with a viscosimetric molecular mass of 109000 containing 1.6 %
      by weight of sulphur.
PAC  EXAMPLE 7
PAR  750 ml of benzene and 25 millimoles of vinylthiophene are fed into a
      reactor similar to the one described in Example 1, with a nitrogen
      atmosphere maintained inside it and held at a temperature of 20.degree.C.
PAR  The supply of nitrogen is stopped, and a mixture of propene and ethylene
      injected by the gas-inlet tube, with a molar ratio of propene to ethylene
      of 2; this mixture circulates at a rate of 99 normal liters an hour.
      Twenty minutes after the start of injection of this gas mixture, the molar
      ratio of propene to etylene is changed to 1, and 2 millimoles of vanadium
      tetrachloride V Cl.sub.4 in 60 ml of benzene and 16 millimoles of
      etylaluminium sesquichloride 1/2 [Cl.sub.3 Al.sub.2 (C.sub.2
      H.sub.5).sub.3 ] in the same quantity of benzene are added by the
      catalyst-injection funnels.
PAR  The catalysts are injcted over a 30-minute period, and polymerization is
      halted 40 minutes after the start of injection of these catalysts by the
      addition of 30 ml of ethanol. Separation and drying of the copolymer are
      carried out as described in example 1.
PAR  29.5 grams of a substance with the appearance of a non-vulcanized elastomer
      is obtained. This ethylene/propene/vinylthiophene copolymer is amorphous
      in X-rays, and possesses a viscosimetric molecular mass of 68000. It
      contains 48 % by weight of ethylene and 0.7 % by weight of sulphur, namely
      2.4 % weight of vinylthiophene.
PAR  After vulcanization, as described in Example 4, the vulcanized copolymer
      has the following mechanical properties:
TBL  tensile strength      195 kg/sq.cm                                        
     breaking elongation   440 %                                               
     modulus of elasticity at                                                  
     300 % elongation      120 kg/sq.cm                                        
     Shore A hardness      67                                                  
     rebound               65 %                                                
PAC  EXAMPLE 8
PAR  The same operation is carried out as in Example 7, but replacing the
      vinylthiophene with the adduct of vinylthiophene and cyclopentadiene
      ##SPC6##
      and the benzene with a mixture of benzene and n-heptane containing 50 % by
      volume of benzene, carrying out the polymerization at 0.degree.C, and
      using 2 millimoles of vanadyl trichloride and 10 millimoles of
      diethylaluminium chloride Al Cl (C.sub.2 H.sub.5).sub.2 as catalysts, each
      catalytic component being diluted in 60 ml of benzene.
PAR  56 grams of an ethylene/propene/adduct copolymer is obtained, with the
      appearance of a non-vulcanized elastomer. This copolymer is amorphous in
      X-rays, and contains 0.7 % by weight of sulphur.
PAR  After vulcanization, using the method described in Example 4, the
      vulcanized copolymer possesses the following mechanical properties:
TBL  tensile strength      200 kg/sq.cm                                        
     breaking elongation   390 %                                               
     modulus of elasticity at                                                  
     300 % elongation      130 kg/sq.cm                                        
     Shore A hardness      68                                                  
     rebound               65 %                                                
PAC  EXAMPLE 9
PAR  The operation is carried out in the same way as in Example 7, replacing the
      propene by 1-butene and the vinylthiophene by 50 millimoles of vinylfuran.
PAR  During the saturation phase, the molar ratio of butene to ethylene is 3,
      and it is then changed to 2, at which level it is held during the reaction
      phase. The other operating conditions are the same as in Example 7.
PAR  18 grams of a solid substance with the appearance of a non-vulcanized
      elastomer is obtained. This ethylene/1-butene/vinylfuran copolymer is
      amorphous in X-rays. It has a viscosimetric molecular mass of 130000 and
      contains 37 % by weight of ethylene and 2.3 % of vinylfuran.
PAC  EXAMPLE 10
PAR  A reactor similar to the one in Example 1 is used, but with an extra funnel
      for a diene monomer. The reactor is submerged in a thermostatic bath,
      keeping it at a temperature of 20.degree.C.
PAR  The funnels on top of the reactor are drained and a nitrogen atmosphere
      maintained inside them. 25 millimoles of dicyclopentadiene in 60 ml of
      benzene are placed in the funnel for the diene monomer, 25 millimoles of
      vinylthiophene in 60 ml of benzene in the funnel for the polar monomer, 2
      millimoles of V Cl.sub.4 in 60 ml of benzene in one of the funnels for the
      catalytic system components, and 16 millimoles of etylaluminium
      sesquichloride, in the same volume of benzene, in the other.
PAR  750 ml of benzene are placed in the reactor, inside which a nitrogen
      atmosphere is maintained. The supply of nitrogen is then stopped, and a
      mixture of propene and ethylene injected by the gas-inlet tube, with a
      molar ratio of propene to ethylene of 2; this mixture circulates at a rate
      of 100 normal liters an hour. When it has been circulating for 20 minutes,
      the molar ratio of propene to ethylene is changed to 1, and the diene,
      polar monomer and two catalyst components are added drop by drop, each
      over a 30-minute period.
PAR  Polymerization is halted 40 minutes after the start of injection of the
      catalysts, by adding 30 ml of ethanol. The copolymer is separated and
      dried as described in example 1.
PAR  26 grams of a substance with the appearance of a non-vulcanized elastomer
      is obtained. This ethylene/propene/dicyclopentadiene/vinylthiophene
      copolymer contains 50 % by weight of ethylene and 2.4 % vinylthiophene,
      and 5.2 non-aromatic double bonds, determined by the iodine index method,
      per 1000 carbon atoms.
PAR  Vulcanization
PAR  100 parts weight of copolymer are mixed in a roller mixer with 50 part HAF
      carbon black, 5 parts zinc oxide, 2 parts sulphur, 1 part
      mercaptobenzothiazole and 2 parts tetramethylthiurame disulphide.
PAR  The mixture is heated to 160.degree.C for 1 hour in a press.
PAR  Properties of the vulcanized substance
TBL  Tensile strength      150 kg/sq.cm                                        
     Breaking elongation   320 %                                               
     Modulus of elasticity                                                     
     at 300 % elongation   130 kg/sq.cm                                        
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A substantially linear high-molecular weight copolymer consisting of
      non-polar groups derived from at least one alpha-olefin selected from the
      group consisting of ethylene, propene and 1-butene, and mixtures of
      ethylene and propene and polar groups derived from at least one member
      selected from the group consisting of vinyl furan, vinyl thiophene and a
      compound of the formula
      ##SPC7##
PAL  wherein X is selected from the group consisting of oxygen and sulphur and m
      is a integer from 0 to 12, or a halogenated or alkylated derivative of
      said member, said copolymer containing from 99.9 to 75% by weight of said
      non-polar groups and from 0.1 to 25% by weight of said polar group.
NUM  2.
PAR  2. A copolymer according to claim 1, wherein said non-polar groups are
      derived from ethylene and propene or ethylene and butene, the percentage
      of propene-or butene-derived groups ranging from 5 to 75% of the weight of
      the copolymer, the ethylene content being not more than 75% of the weight
      of said copolymer.
NUM  3.
PAR  3. A copolymer according to claim 1, wherein said polar groups are derived
      from a compound of the formula
      ##SPC8##
PAL  wherein X is selected from the group consisting of oxygen and sulphur and m
      is an integer from 0 to 12.
NUM  4.
PAR  4. A copolymer according to claim 3, wherein said polar groups are derived
      from a compound of the formula
      ##SPC9##
PAL  wherein X is selected from the group consisting of oxygen and sulphur.
NUM  5.
PAR  5. A copolymer according to claim 1, wherein said polar group is a member
      selected from a group consisting of vinyl furan, the adduct of vinyl furan
      with cyclopentadiene, vinylthiophene and its adduct with cyclopentadiene,
      furfurylundcylenate, furfuryldodecenoate, furfuryloctadecenoate,
      dicylopentadiene, 1,4-hexadiene and 1,5-cyclooctadiene.
NUM  6.
PAR  6. A copolymer according to claim 1, wherein said polar groups are derived
      from a member selected from a group consisting of adducts of vinyl furan
      with cyclopentadiene and adducts of vinylthiophene with cyclopentadiene.
NUM  7.
PAR  7. A vulcanized composition containing a substantially linear
      high-molecular weight copolymer consisting of non-polar groups derived
      from at least one alpha-olefin selected from the group consisting of
      ethylene, propene and 1-butene, and mixtures of ethylene and propene and
      polar groups derived from at least one member selected from the group
      consisting of vinyl furan, vinyl thiophene and and a compound of the
      formula
      ##SPC10##
PAL  wherein X is selected from the group consisting of oxygen and sulphur and m
      is an integer from 0 to 12, or a halogenated or alkylated derivative of
      said member, said copolymer containing from 99.9 to 75 % by weight of said
      non-polar groups and from 0.1 to 25% by weight of said polar group,
      sulphur and at least one peroxide compound.
NUM  8.
PAR  8. A copolymer according to claim 1, which is a copolymer of
      ethylene/propene and the adduct of dicyclopentadiene/vinylthiophene or
      vinyl furan.
NUM  9.
PAR  9. A copolymer according to claim 1 which is a copolymer of
      ethylene/propene and the adduct of 1,4-hexadiene/vinylthiophene.
NUM  10.
PAR  10. A copolymer according to claim 1, which is a copolymer of
      ethylene/1butene and the adduct of 1,4-hexadiene/vinylthiophene.
NUM  11.
PAR  11. A copolymer according to claim 1, which is a copolymer of
      ethylene/1-butene and the adduct of dicyclopentadiene/vinylthiophene.
NUM  12.
PAR  12. A copolymer according to claim 1, which is a copolymer of 97.8% by
      weight of ethylene and 2.2% by weight of vinylfuran.
NUM  13.
PAR  13. A copolymer according to claim 1, which is a copolymer of
      ethylene/propene/vinylthiophene.
NUM  14.
PAR  14. A copolymer according to claim 1, which is a copolymer of
      ethylene/1-butene/vinylfuran.
NUM  15.
PAR  15. A copolymer according to claim 1 which is a copolymer of ethylene and
      vinyl furan.
NUM  16.
PAR  16. A copolymer according to claim 1 which is a copolymer of ethylene and
      the adductive cyclopentadiene - vinyl furan.
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ABST
PAL  A method for compounding a nitrile polymer with a formaldehyde compound in
      order to reduce the extractable HCN content of the nitrile polymer which
      process comprises blending a formaldehyde compound and a particulate
      nitrile polymer at a temperature in the range of from 125.degree.F. to
      300.degree.F. (52.degree.C. to 149.degree.C.) and then purging the blend.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved process for compounding
      nitrile polymers with a formaldehyde compound in order to reduce the
      extractable HCN content of packaging materials made from the nitrile
      polymer.
PAR  2. Description of the Prior Art
PAR  In recent years it has been discovered that certain polymeric nitrile
      resins are especially suitable for packaging applications because of their
      excellent water and oxygen barrier properties. Such polymers are described
      at length in U.S. Pat. Nos. 3,451,538 and 3,615,710, among others. Even
      more recently it has been discovered that although such nitrile polymers
      have excellent barrier properties they may be unsuitable for certain
      packaging applications because they contain trace, though detectable,
      amounts of hydrogen cyanide (HCN) which may be extracted by and impart a
      taste to the contents of the package.
PAR  The amount of HCN in such nitrile polymers will vary with the nitrile
      monomer, the total nitrile content of the polymer, the polymerization
      method used to prepare the polymer, the processing and thermal history of
      the polymer and other factors. Moreover, it has been found that the amount
      of extractable HCN in nitrile polymers may be increased after the polymer
      has been subjected to forming operations wherein the polymer has been
      heated in order to soften and/or melt the polymer prior to forming it into
      shaped articles.
PAR  The trace amount of extractable HCN present in such nitrile packaging
      materials is very low and presents no known health or safety problems. In
      fact, the amount of extractable HCN in such nitrile polymers is lower than
      that found in many foods. In this regard it should be noted that HCN is a
      natural component in many foods and many other foods such as cereals,
      cocoa, ham, bacon and sausage, which are fumigated with HCN (prussic
      acid), are permitted to contain from 50 to 200 parts per million of HCN.
      (See the Food Additive Regulations of the FDA (page 3, Subpart D,
      Paragraph 121, 1072) as published in the Federal Register: Dec. 23, 1965;
      30 F.R. 0.15912 and the 1962 Public Health Service Publication 956
      "Drinking Water Standards".).
PAR  However, as stated above, the HCN in certain nitrile packaging materials
      may, in certain instances, be extracted and impart a taste to the contents
      of the package. The problem of HCN extraction as it affects taste, is of
      concern in the packaging of beverages which are in prolonged intimate
      contact with the container. In these packaging applications the
      probability of HCN extraction is very high.
PAR  Recently, it has been discovered that the extractable HCN content of
      packaging materials prepared from high nitrile polymers can be reduced by
      compounding the nitrile polymer with a formaldehyde compound prior to the
      fabrication of the packaging material as is disclosed in U.S. Pat.
      application Ser. No. 323,771, filed Jan. 15, 1973 and now U.S. Pat. No.
      3,870,802 . However, even more recently it has been discovered that in
      certain instances excess formaldehyde may remain in the packaging
      material. For certain food packaging applications, it may be desirable to
      reduce the level of extractable formaldehyde to less than 200 parts per
      billion.
PAR  The present invention discloses an improved method for compounding a high
      nitrile polymer with a formaldehyde compound in order to reduce the
      extractable HCN content of packaging materials prepared from the nitrile
      polymer, while maintaining the extractable formaldehyde content below
      certain levels.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for compounding a nitrile polymer
      with a formaldehyde compound, which method comprises (a) blending a
      particulate nitrile polymer and a formaldehyde compound in a closed
      apparatus at temperatures in the range of from 125.degree.F. to
      300.degree.F. (52.degree.C. to 149.degree.C.) for a time sufficient to
      obtain an intimate blend, (b) then venting the blender in order to remove
      any free or uncombined formaldehyde, such that the extractable HCN content
      of packaging materials prepared from the compounded nitrile polymer is
      less than 50 and preferably less than 20 parts per billion (PPB), as
      determined using a 3.0% acetic acid solution as an extracting liquid and
      an extraction time of 5 days at 120.degree.F. (49.degree.C.) and the
      extractable formaldehyde content is less than 200 and preferably less than
      100 PPB.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plot of HCN extraction versus the level of paratoluene
      sulfonamide formaldehyde (PTSF) condensate added to an
      acrylonitrile/styrene polymer containing 70% acrylonitrile and 30%
      sturene.
PAR  FIG. 2 is a plot of formaldehyde extraction versus the level of paratoluene
      sulfonamide formaldehyde (PTSF) condensate added to an
      acrylonitrile/styrene polymer containing 70% acrylonitrile and 30% styrene
     .
DETD
PAC  PREFERRED EMBODIMENTS
PAR  It is preferred in the practice of the processes of this invention to
      employ nitrile polymers, as defined herein, having an extractable HCN
      content in excess of 50 PPB and to reduce such HCN content below 50 PPB.
      More preferably, one would employ nitrile polymers having an extractable
      HCN content in excess of 20 PPB and reduce such HCN content below 20 PPB.
      The extractable HCN content, as referred to in the preceding sentences, is
      the HCN extracted from the polymer after heating and shaping the polymer
      per se, e.g., in the absence of a formaldehyde compound, using an
      extraction period of 5 days and 120.degree.F. (49.degree.C.) in accordance
      with the test procedures hereinafter described. However, it is also
      possible to employ nitrile polymers containing 50 PPB or less of
      extractable HCN and reduce such HCN content to lower levels by the
      practice of this invention.
PAR  The high nitrile packaging materials used in the present invention contain
      from 55% to 85% by weight of a nitrile monomer unit, based on the total
      polymer weight, wherein the weight percent of nitrile monomer is
      calculated as acrylonitrile. The nitrile monomers include acrylonitrile,
      methacrylonitrile, ethacrylonitrile, propacrylonitrile, glutaronitrile,
      methylene-glutaronitrile, fumaronitrile, etc., as well as mixtures of
      these monomers. The preferred monomers which are interpolymerized with the
      nitrile monomers include aromatic monomers such as styrene and
      alpha-methylstyrene; lower alpha-olefins containing 2 to 6 carbon atoms
      such as ethylene, propylene, butylene, isobutylene, etc.; acrylic acid and
      methacrylic acid and the corresponding acrylate and methacrylate esters
      containing 1 to 4 carbon atoms such as methyl acrylate, ethyl acrylate,
      propyl acrylate, butyl acrylate and the corresponding methacrylates; vinyl
      esters such as vinyl acetate; alkyl vinyl ethers wherein the alkyl group
      contains from 1 to 4 carbon atoms such as methyl vinyl ether, ethyl vinyl
      ether, etc., and mixtures of the foregoing.
PAR  Optionally, the high nitrile packaging materials may contain from 0-25% by
      weight of a synthetic or natural rubber component such as polybutadiene,
      isoprene, neoprene, nitrile rubbers, acrylate rubbers, natural rubbers,
      acrylo-nitrile-butadiene copolymers, ethylene-propylene copolymers,
      chlorinated rubbers, etc., which is used to strengthen or toughen the high
      nitrile packaging materials. This rubbery component may be incorporated
      into the polymeric packaging material by any of the methods which are well
      known to those skilled in the art, e.g., direct polymerization of
      monomers, grafting the nitrile monomer onto the rubbery backbone,
      polyblend of a rubber graft polymer with a matrix polymer, etc.
PAR  The preferred nitrile polymers for those packaging applications requiring
      excellent oxygen and water vapor barrier properties in the packaging
      materials, are those nitrile polymers containing from 55 to 85% by weight,
      based on the total polymer weight, of nitrile monomer unit selected from
      the group consisting of acrylonitrile and mixtures of acrylonitrile and
      methacrylonitrile wherein the methacrylonitrile is present in amounts up
      to 16% by weight based on the total polymer weight. When acrylonitrile is
      used as the sole nitrile monomer the preferred range is from 60 to 83% by
      weight. The preferred comonomers are styrene and alpha-methylstyrene. Also
      preferred are interpolymers such as
      acrylonitrile/methacrylonitrile/styrene; acrylonitrile/styrene/methyl
      vinyl ether and acrylonitrile/styrene/ethyl vinyl ether.
PAR  Formaldehyde compounds used in the present invention include free or
      unreacted formaldehyde, homopolymers of formaldehyde, or other compounds
      which yield formaldehyde upon heating to the temperature used in the
      blending steps described herein or else behave as formaldehyde or
      formaldehyde donors in the presence of the nitrile polymer.
PAR  Examples of homopolymers of formaldehyde suitable for use in the present
      invention include the cyclic polymers such as trioxane and tetraoxane as
      well as the linear polymers of formaldehyde which comprise the
      polyoxymethylene glycols and their derivatives. These polymers have the
      general formula HO (CH.sub.2 O).sub.n H where n is an integer of at least
      2. The upper limit for n may be as high as 5000 for certain derivatives of
      the polyoxymethylene glycols. These polymers are described at length in
      Walker, J. Frederic, FORMALDEHYDE, 3rd Edition, 2nd Printing, Reinhold
      Publishing Corp., New York (1967).
PAR  Preferred linear homopolymers are those where n has a value in the range of
      from 8 to 300. Especially preferred homopolymers are those where n has a
      value in the range of from 8 to 100. These latter polymers are sold
      commercially as paraformaldehyde. The commercially available
      paraformaldehyde usually contains 90 to 99% formaldehyde with a minimum of
      95% formaldehyde by weight being preferred.
PAR  Formaldehyde compounds which yield formaldehyde include alkali metal
      formaldehyde bisulfites, alkali metal formaldehyde sulfoxylates, etc. such
      as sodium formaldehyde bisulfite, potassium formaldehyde bisulfite, sodium
      formaldehyde sulfoxylate, potassium formaldehyde sulfoxylate, monomethylol
      hydantoin, dimethylol hydantoin, etc.
PAR  Other compounds considered here as formaldehyde compounds, which yield
      formaldehyde upon heating or processing or else behave as formaldehyde or
      formaldehyde donors include hexamethylenetetramine,
      2-nitro-2-methyl-1,3-propanediol, tris(hydroxymethyl)nitromethane as well
      as addition products of formaldehyde and at least one other compound and
      condensates prepared therefrom. Examples of these addition products and
      condensates include phenol-formaldehyde; urea-formaldehyde condensates
      including dimethylol ureas and the cyclic derivatives thereof such as
      ethylene urea-formaldehyde condensates and the uron resins; formaldehyde
      adducts of saccharides such as those described in U.S. Pat. No. 3,705,146;
      triazine compounds such as melamine-formaldehyde,
      benzoguanamine-formaldehyde, etc.; amide-formaldehyde condensates, e.g.,
      such as paratoluene sulfonamide-formaldehyde, methylolacetamide,
      methylolformamide and methylolacrylamide.
PAR  Other suitable formaldehyde compounds which yield formaldehyde or behave as
      formaldehyde or formaldehyde donors are well known to those skilled in the
      art and will become apparent upon reading the above.
PAR  The preferred formaldehyde compounds are formaldehyde, paraformaldehyde,
      and resinous condensates of formaldehyde with other compounds especially
      paratoluene sulfonamide formaldehyde condensate.
PAR  The amount of formaldehyde compound used in the present invention is
      calculated so as to reduce the extractable HCN content of the polymer so
      that less than 50 parts per billion and preferably less than 20 PPB of HCN
      is extracted by food or beverages packaged in the container. Stated
      differently, the amount of such compounds used should be sufficient to
      provide a container having an acceptably low level of extractable HCN,
      e.g., below 50 PPB.
PAR  The amount of formaldehyde compound employed also should be sufficient to
      provide a nitrile packaging material having an extractable HCN content
      below 50 PPB, preferably below 20 PPB, but insufficient to impart a
      formaldehyde taste or odor to the food or beverage packaged therein.
      Preferably, the extractable formaldehyde content of the packaging material
      is below 200 PPB and more preferably below 100 PPB. In the most preferred
      embodiment the extractable formaldehyde content is below 50 PPB. In
      general, the amount of formaldehyde required to achieve this reduction in
      extractable HCN content will be in the range of from 0.005 to 1.0 % by
      weight based on the weight on the nitrile polymer. In most applications,
      the amount of formaldehyde will be in the range of from 0.01 to 0.1% by
      weight. When using a formaldehyde compound which yields formaldehyde or
      else behaves as formaldehyde or a formaldehyde donor, the amount of such
      formaldehyde compound is calculated so as to provide an amount of
      formaldehyde within the above range.
PAR  The actual measurement of the amount of HCN and formaldehyde extracted by
      the extraction liquid is not considered to be a part of this invention. In
      this regard, any method capable of detecting amounts of HCN as low as 20
      PPB and amounts of formaldehyde as low as 50 PPB can be used to measure
      the amount of extracted HCN and formaldehyde respectively. These methods,
      which are well known to those skilled in the art, include colorimetric,
      polargraphic, fluorimetric, gas chromatographic and electrochemical
      methods.
PAR  Tests to determine the amount of extractable HCN and formaldehyde in
      packaging material prepared from nitrile polymers are run on 10 ounce (296
      cc.) beverage bottles. The extraction tests are run for 5 days at
      49.degree.C. using a 3% acetic acid solution (an FDA simulant for acid
      type foods) as the extracting liquid. This illustrates one of the more
      difficult packaging applications where there is a high probability of
      extracting HCN and formaldehyde.
PAR  In many instances it is more convenient to run HCN extraction tests on
      molded test samples such as tensile bars or other convenient shapes rather
      than on bottles or other packaging material. In this event, the ratio of
      the area of the test sample to extracting liquid should be in the range of
      0.13/l to 0.15/l in order to simulate extraction tests for most packaging
      applications.
PAR  The compounding operation of the present invention is carried out in a
      mixing apparatus which is capable of being closed to prevent the
      uncontrolled release of gaseous formaldehyde. Preferably, the mixing
      apparatus is equipped with heating means, entry ports for charging the
      particulate polymer and the formaldehyde compound, which may be in
      gaseous, liquid or solid form, and with venting and purging means for the
      controlled release of any free or unreacted formaldehyde which may be
      present in the apparatus after the blending operation. Preferably, the
      apparatus is equipped with high speed or high shear blending means in
      order to insure maximum contact between the nitrile polymer and the
      formaldehyde compound in the shortest possible time.
PAR  Examples of apparatus suitable for use in the present invention include the
      commercially available ribbon blenders, dry blenders, plow blenders,
      turbulent mixers, high intensity mixers, etc., which are well known to
      those skilled in the art.
PAR  Preferred blending apparatus are the hurling and whirling type where
      axially mounted mixing means are used in combination with one or more
      impellers or mixers mounted at right angles to the axially mounted mixing
      means. One such preferred type is described in U.S. Pat. No. 3,162,428 to
      W. Lodige et al., which is incorporated herein by reference, wherein the
      spray elements are replaced by impellers or mixers. In this apparatus
      continuously rotating plows force portions of the particles upwardly along
      and in contact with the heated surface of the blender in a converging
      mixing pattern while other portions of the particles are diverted out of
      such a pattern by means of mixers mounted at right angles to the walls of
      the blender. These mixers rotate with the plows so as to increase the
      exposed surface area of individual particles.
PAR  Especially preferred blending apparatus are those described in U.S. patent
      application Ser. No. 197,766, filed Nov. 11, 1971 to Gomez et al. and now
      U.S. Pat. No. 3,831,290 which patent application is incorporated herein by
      reference.
PAR  The particulate nitrile polymer used in the present invention has an
      average particle size such that it passes through a No. 3 U.S. Standard
      Sieve and at least 80% of the material is retained on a No. 200 sieve.
      Preferably, the particle size is such that the particulate polymer will
      pass through a No. 8 sieve and at least 80% will be retained on a No. 120
      sieve. The moisture content of the polymer is preferably less than 1%,
      more preferably, less than 0.1% by weight, based on the weight of the
      nitrile polymer. The polymer may be dried to the desired moisture content
      prior to adding it to the blending apparatus or it may be dried in the
      blending apparatus when such apparatus is equipped with heating means.
      Alternately, the compounded polymer may be dried before being fabricated
      into articles. Preferably, the polymer is dried before it is blended with
      the formaldehyde compound.
PAR  When using solid formaldehyde compounds it is preferred to use finely
      ground material. Preferably, the solid formaldehyde compound will pass
      through a No. 8 U.S. Standard Sieve and more preferably, it will pass
      through a No. 50 sieve.
PAR  The blending temperatures used in the present process are in the range of
      from 125.degree.F. to 300.degree.F. (52.degree.C. to 149.degree.C.) which
      temperatures are below the normal melting or flow extrusion temperature
      for the high nitrile polymers. Preferably, the temperatures used are in
      the range of from 150.degree.F. to 250.degree.F. (66.degree.C. to
      121.degree.C.) with temperatures in the range of 180.degree.F. to
      240.degree.F. (82.degree.C. to 116.degree.C.) being especially preferred
      when using the preferred formaldehyde compounds. When using temperatures
      higher than 250.degree.F. (121.degree.C.) it may be necessary to add an
      anti-caking agent to prevent sticking or agglomeration of the resin
      particles.
PAR  Preferably, the blending action is maintained during the heating step.
      However, the blending action may be intermittent provided that it is
      efficient enough to produce an intimate blend of the polymer and
      formaldehyde compound when the blend means are activated.
PAR  The blending times will vary with the HCN content of the polymers, the
      formaldehyde compound used, the blending temperatures and the efficiency
      of the blender. When using lower temperatures, much longer reaction times
      may be required in order to obtain the desired reduction in the HCN
      content of the polymer. Preferably, the formaldehyde compounds are added
      when the temperature of the nitrile polymer is within the range set forth
      as the effectiveness of the formaldehyde compound is increased at these
      temperatures over that observed at room temperature. In general, the
      blending time will range from 2 minutes to 5 hours. When using
      temperatures in the range of from 180.degree.F. to 240.degree.F.
      (93.degree.C. to 116.degree.C.) and the preferred formaldehyde compounds,
      the blending times normally will be in the range of from 5 to 50 minutes.
PAR  After the blending operation the blender is vented and purged with a gas to
      remove substantially all of the free or uncombined formaldehyde. In
      certain instances, it may be desirable to have a small amount of
      formaldehyde, e.g., 50 to 100 PPB remaining in the blend in order to
      reduce any HCN which may be generated in the polymer during the
      fabrication of the packaging material, e.g., in the extrusion or molding
      steps wherein the polymer is heated to the melt temperature. Examples of
      gases which could be used to purge the blender include air, oxygen, carbon
      dioxide, nitrogen and inert gases such as helium, neon and argon. The
      preferred gases are air and nitrogen. Preferably, the gases used to purge
      the blend are dry, i.e., less than 1% of moisture, preferably less than
      0.1% moisture in order to avoid the necessity for drying the blend prior
      to fabricating it into packaging materials. The length of the purging
      cycle is determined by the reactor used, the flow rates of the purging
      gases, the amount of blend to be purged, the amount of free formaldehyde
      to be removed, etc. In general, the purging time will be from 5 minutes to
      2 hours. Purging can be carried out while running the blender or with the
      blending means shut off. Preferably, the blending means are in operation
      during the purging step.
PAR  The compounding or blending operations of the present invention may also be
      carried out using additive master batch techniques wherein all of the
      formaldehyde compound to be used is blended with a small portion of
      nitrile polymer. The resulting master batch is then blended with the
      remaining portion of polymer and fabricated into packaging materials.
      Additives such as pigments, stabilizers, plasticizers, etc., which are
      conventionally used in packaging materials may be added to the master
      batch along with the formaldehyde compounds. Alternately, they may be
      added after the compounding of the nitrile polymer with the formaldehyde
      compound and prior to the molding operation to prepare the packaging
      materials.
PAR  Preferably, a dispersing agent is used in the blending operation in order
      to increase the efficiency and dispersibility of the formaldehyde
      compounds. The preferred dispersing agent is a combination of (1) a
      C.sub.12 to C.sub.28 saturated aliphatic fatty acid ester of glyerol or
      sorbitan; and (2) a polyoxyethylene sorbitan ester.
PAR  The glycerol and sorbitan esters used are the full or partial
      esterification products of either glycerol or sorbitan and a saturated
      fatty acid containing from 12 to 28 carbon atoms such as lauric,
      tridecylic, myristic, pentadecylic, palmitic, margaric, stearic
      nondecylic, arachidic, behenic, lignoceric, cerotic, and montanic acids.
PAR  The preferred esters are the mono esters of glycerol and sorbitan wherein
      the saturated aliphatic fatty acid contains from 16 to 20 carbon atoms
      with glycerol monostearate and sorbitan monostearate being especially
      preferred.
PAR  The polyoxyethylene sorbitan esters used are polyoxyethylene sorbitan
      esters of a saturated aliphatic fatty acid containing from 12 to 28 carbon
      atoms such as those listed above. The polyoxyethylene segment contains
      from 4 to 30 oxyethylene units with 16 to 24 units being preferred. The
      sorbitan segment used in both components is a monohydrosorbital having the
      general formula C.sub.6 H.sub.8 O(OH).sub.4. These materials, which are
      well known in the art, are derived from sorbitol by the removal of one
      molecule of water.
PAR  The weight ratio of the glyceryl ester or sorbitan ester to the
      polyoxyethylene ester used in the present invention is in the range of
      from 80/20 to 20/80 with a weight ratio of 70/30 to 30/70 being preferred.
PAR  The total amount of (1) the glyceryl ester or sorbitan ester, and (2)
      polyoxyethylene ester used in the present invention is in the range of
      from 0.01 to 1.0% by weight based on the weight of the nitrile polymer.
      Preferred amounts are in the range of from 0.01 to 0.5% by weight based on
      the weight of the nitrile polymer with from 0.01 to 0.1% being especially
      preferred.
PAR  The following examples are set forth in illustration of the present
      invention and should not be construed as limitations thereof. All parts
      and percentages of nitrile polymer and formaldehyde compound are by weight
      unless otherwise specified. The amount of formaldehyde compound used is
      expressed by weight based on the total weight of the nitrile polymer in
      the resulting packaging material. The PPB values for extracted HCN refers
      to nanograms of HCN per gram of extracting liquid.
PAC  EXAMPLES 1 to 12
PAR  These examples illustrate the use of various formaldehyde compounds in the
      process of the present invention. The polymer used contains 70% by weight
      of acrylonitrile and 30% by weight of styrene. The polymer, in particulate
      form, is charged to a horizontal blender of the type described in U.S.
      patent application Ser. No. 197,766, filed Nov. 11, 1971 to Gomez et al.
      which is referred to above. The blender is equipped with entry and outlet
      means and variable speed blending means. Dry air having a temperature of
      about 220.degree.F. (104.degree.C.) is swept through the blender while
      maintaining blending action in order to reduce the moisture content of the
      polymer to less than 0.1% by weight. Then the air inlet and outlet ports
      are closed and the formaldehyde compound, in a finely ground state, is
      charged to the blender along with a conventional antioxidant, conventional
      pigments and a dispersing agent which is a mixture of a
      polyoxyethylene(20) sorbitan tristearate and glycerol monostearate (40:60
      weight ratio). Then all entry and outlet ports are closed and high speed
      blending agitation is continued for 15 minutes while maintaining the
      temperature of the blender at about 200.degree.F. (93.degree.C.). At the
      end of this time the blender is then vented but not purged.
PAR  The compounded nitrile polymer is then molded into 10 ounce (296 cc.)
      beverage bottles. The amounts of extractable HCN and formaldehyde are
      measured using a 3% acetic acid solution as the extracting agent and 5
      days at 120.degree.F. (49.degree.C.) extracting conditions. In Examples 1
      to 5, 11 and 12 the formaldehyde extraction tests are carried out using
      water as the extracting liquid. In Examples 6 to 10 the formaldehyde
      extraction tests are carried out using 3% acetic acid as the extracting
      liquid. The extraction test results are tabulated in Table I below wherein
      the abbreviation HCHO is used to denote the extractable formaldehyde.
TBL                TABLE I                                                     
     ______________________________________                                    
     SUMMARY OF EXAMPLES 1-12                                                  
     HCN EXTRACTION TESTS                                                      
                           Extractables                                        
                           (PPB)                                               
     Ex.  Formaldehyde Compound - Amount (1)                                   
                                 HCN     HCHO                                  
     ______________________________________                                    
      1   Control         None       71    &lt;50                                 
      2   paraformaldehyde                                                     
                          0.005      46    &lt;50                                 
      3   do.             0.015      42    &lt;50                                 
      4   do.             0.02       23    &lt;50                                 
      5   do.             0.03       &lt;20   150                                 
      6   toluene sulfonamide/                                                 
           formaldehyde (2)                                                    
                          0.02       46    &lt;50                                 
      7   do.             0.04       23    &lt;50                                 
      8   do.             0.06       &lt;20   &lt;50                                 
      9   do.             0.075      &lt;20   80                                  
     10   do.             0.085      &lt;20   90                                  
     11   dimethylol urea 0.03       &lt;20   &lt;50                                 
     12   do.             0.05       &lt;20   &lt;50                                 
     ______________________________________                                    
      (1) % by weight of formaldehyde compound based on the total weight of the
      acrylonitrile polymer in the bottle.                                     
      (2) Commercially available from Monsanto Company as Santolite MHP -- a   
      condensate of paratoluene sulfonamide and formaldehyde (1.1 to 1.0 mole  
      ratio) having a molecular weight of about 600.                           
PAR  The data in the foregoing table indicates the significant reduction in the
      amount of extractable HCN that is obtained when using the processes of the
      present invention. The reduction achieved in Examples 6 to 10 is even more
      remarkable when one considers that the paratoluene sulfonamide condensate
      contains only about 14-15% by weight of formaldehyde.
PAR  The data from Example 6 to 10 are plotted out in FIGS. 1 and 2. FIG. 1 is a
      plot of the level of extractable HCN (PPB) in the acrylonitrile polymer
      versus the amount (% by weight) of formaldehyde compound (paratoluene
      sulfonamide formaldehyde condensate). This figure shows the dramatic
      decrease in extractable HCN with increasing formaldehyde content. FIG. 2
      is a plot of extractable formaldehyde (PPB) in the acrylonitrile polymer
      versus the amount (% by weight) of formaldehyde which is compounded with
      the polymer in order to reduce the level of extractable HCN. The amount of
      extractable formaldehyde content increases with increasing amounts of
      formaldehyde compounded with the polymer.
PAC  EXAMPLES 13 to 16
PAR  The following examples illustrate the significant lowering of extractable
      formaldehyde content that is achieved by purging the blend of polymer and
      formaldehyde compound after the blending cycle. The general heating and
      blending procedures used in Examples 1 to 12 above are followed here using
      paratoluene sulfonamide formaldehyde condensate in combination with the
      acrylonitrile/styrene polymer used in Examples 1 to 12. In Examples 13 and
      15 the resulting blend is purged at the end of the blending cycle with hot
      dry air (105.degree.C./less than 0.1% moisture) for 10 minutes while no
      purging step is used in Examples 14 and 16.
PAR  The HCN and formaldehyde extraction results for these tests are listed in
      Table II below.
TBL                TABLE II                                                    
     ______________________________________                                    
     SUMMARY OF EXAMPLES 13 to 16                                              
                     Purging  HCN       Formaldehyde                           
     Ex.  Amount (1) Step     Extraction PPB                                   
                                        Extraction PPB                         
     ______________________________________                                    
     13    0.085      Yes     &lt;20       &lt;50                                    
     14    0.085      No      &lt;20        90                                    
     15    0.10       Yes     &lt;20       &lt;50                                    
     16    0.10       No      &lt;20        100                                   
     ______________________________________                                    
      (1) % by weight of formaldehyde compound based on the total weight of the
      acrylonitrile polymer in the bottle.                                     
PAR  The above results show that the extractable formaldehyde content of the
      polymer is reduced significantly by the use of a purging step in
      accordance with the practice of the present invention.
PAR  In like fashion, one skilled in the art can readily determine the
      appropriate amount of formaldehyde compound to use for any given packaging
      application.
PAR  Similar tests run in the absence of the dispersing agent require slightly
      larger amounts of formaldehyde compound in order to obtain an equivalent
      amount of extractable HCN. Similar tests run at room temperature (about
      25.degree.C.) using toluene sulfonamide formaldehyde condensate indicate
      that at the lower temperatures more of the formaldehyde condensate and/or
      longer blending times are required to achieve a comparable reduction in
      the HCN level of the polymer.
PAC  TASTE TESTS
PAR  Taste tests are conducted using 10 ounce bottles which were formed as
      outlined above from various acrylonitrile/styrene copolymers containing
      70% by weight acrylonitrile and 30% by weight styrene. The nitrile
      polymers are blended with various amounts of paraformaldehyde, paratoluene
      sulfonamide formaldehyde condensate or dimethylol urea and the resulting
      blends are formed into 10 ounce bottles of the type conventionally used
      for soft drinks using the procedure outlined above. The bottles are filled
      with 10 ounces of a well-known commercially available cola beverage
      (Coca-Cola) and placed in an oven for 7 days at 100.degree.F.
      (38.degree.C.) along with the same beverage in a glass bottle. At the end
      of this period, the contents of the plastic bottles are poured into each
      of 10 unmarked vessels and the contents of the glass bottles are poured
      into each of 20 unmarked vessels. Five persons previously trained in
      taste-test techniques and sensitive to detecting taste due to extracted
      HCN are chosen to act as a taste panel. Each member of the panel is given
      two sets of two of the vessels containing the cola beverage from the glass
      bottle and one vessel containing the cola beverage from the plastic
      bottle. The tasters do not know which one of the three vessels contain the
      beverage from the plastic bottle and are asked to determine whether one of
      the three samples has a taste/odor different from that of the other two,
      and, if so, to designate which one. This is known as a "Triangle Taste
      Test". If a panel detects a taste difference due to HCN in the beverage
      packaged in a plastic bottle, the plastic bottle is deemed to "fail" the
      taste test.
PAR  The results of these tests are summarized in Table II below.
TBL                                    TABLE II                                
     __________________________________________________________________________
     SUMMARY OF TASTE TESTS ON 10 OUNCE BOTTLES                                
                           Amount of                                           
                                 Amount of                                     
                           Aldehyde                                            
                                 Extractable                                   
     Ex.                                                                       
        Formaldehyde Compound                                                  
                            (1)  HCN (PPB)                                     
                                        Taste Test Results                     
     __________________________________________________________________________
     13 Control            None    71   HCN detected                           
                                                   Fail                        
     14 paraformaldehyde   0.005   46   HCN detected                           
                                                   do.                         
     15 do.                0.015   42   Slight HCN detected                    
                                                   do.                         
     16 do.                0.02    23   No HCN detectable                      
                                                   Pass                        
     17 do.                0.03  &lt; 20   No HCN detectable                      
                                                   do.                         
     18 toluene sulfonamide/formaldehyde(2)                                    
                           0.01    46   HCN detected                           
                                                   Fail                        
     19 do.                0.040   23   No HCN detectable                      
                                                   Pass                        
     20 do.                0.06  &lt; 20   No HCN detectable                      
                                                   do.                         
     21 do.                0.075 &lt; 20   No HCN detectable                      
                                                   do.                         
     22 do.                0.085 &lt; 20   No HCN detectable                      
                                                   do.                         
     23 dimethylol urea    0.03  &lt; 20   No HCn detectable                      
                                                   do.                         
     24 do.                0.05  &lt; 20   No HCN detectable                      
                                                   do.                         
     __________________________________________________________________________
      (1) by weight of formaldehyde compound based on the total weight of the  
      acrylonitrile polymer in the bottle.                                     
PAR  The data in Table II clearly show the improvements in HCN taste properties
      that are obtained when the extractable HCN content of the packaging
      material is reduced to less than 20 PPB using a formaldehyde compound in
      accordance with the teachings of the present invention. Similar tests show
      that extractable formaldehyde levels below 200 PPB do not normally impart
      a readily detectable taste to cola beverages.
PAR  The present invention also contemplates the use of other additives and
      ingredients in the polymeric composition which do not adversely effect the
      taste properties of the resulting packaging materials. Examples of these
      ingredients include thermal stabilizers, light stabilizers, dyes,
      pigments, plasticizers, fillers, antioxidants, lubricants, extrusion aids,
      etc.
PAR  It is obvious that many variations may be made in the products and
      processes set forth above without departing from the spirit and scope of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method for compounding a high nitrile polymer containing from 55
      to 85% by weight of a nitrile monomer unit based on the total polymer
      weight and wherein the weight percent of nitrile monomer is calculated as
      acrylonitrile, with a formaldehyde compound in order to prepare packaging
      materials with reduced levels of extractable HCN, the improvement which
      comprises blending said nitrile polymer with said formaldehyde compound
      and then purging the blend with a gas having less than 1% of moisture
      content to reduce the extractable formaldehyde content of packaging
      material prepared from the blend to below 200 parts per billion.
NUM  2.
PAR  2. The improved method of claim 1 wherein said nitrile monomer is
      acrylonitrile.
NUM  3.
PAR  3. The improved method of claim 2 wherein said nitrile polymer contains
      from 60 to 83% by weight of acrylonitrile.
NUM  4.
PAR  4. The improved method of claim 2 wherein said nitrile polymer includes a
      styrene comonomer.
NUM  5.
PAR  5. The improved method of claim 4 wherein the nitrile polymer further
      contains a rubber component.
NUM  6.
PAR  6. The improved method of claim 1 wherein air is used to purge the blend.
NUM  7.
PAR  7. The improved method of claim 1 wherein nitrogen is used to purge the
      blend.
NUM  8.
PAR  8. In the method for compounding a high nitrile polymer containing from 55
      to 85% by weight of a nitrile monomer unit based on the total polymer
      weight and wherein the weight percent of nitrile monomer is calculated as
      acrylonitrile with a formaldehyde compound in order to prepare packaging
      materials with a level of extractable HCN, the improvement which
      comprises:
PA1  A. blending the nitrile polymer and the formaldehyde compound in a closed
      blending apparatus using high intensity mixing at temperatures in the
      range of from 125.degree.F. to 300.degree.F. (52.degree.C. to
      149.degree.C.) for a time ranging from 2 minutes to 5 hours; and then
PA1  B. purging the resulting blend with a gas having less than 1% moisture
      content in order to reduce the extractable formaldehyde content of
      packaging material prepared from the blend to a level below 100 parts per
      billion (PPB).
NUM  9.
PAR  9. The improved method of claim 8 wherein the formaldehyde compound is
      selected from the group consisting of paraformaldehyde, dimethylol urea
      and paratoluene sulfonamide formaldehyde condensates.
NUM  10.
PAR  10. The improved method of claim 8 wherein the temperatures used are in the
      range of from 180.degree.F. to 240.degree.F. (82.degree.C. to
      116.degree.C.).
NUM  11.
PAR  11. The improved method of claim 8 wherein dry air is used to purge the
      blend.
NUM  12.
PAR  12. The improved method of claim 8 wherein nitrogen is used to purge the
      blend.
NUM  13.
PAR  13. In the method for compounding an acrylonitrile/styrene polymer which
      contains from 55 to 85% by weight, based on the total polymer weight, of
      acrylonitrile with from 0.005 to 1.0% by weight, based on the weight of
      the polymer, of a formaldehyde compound, in order to prepare packaging
      materials with a reduced level of extractable HCN, the improvement which
      comprises:
PA1  A. blending the polymer and the formaldehyde compound in a closed blending
      apparatus using high intensity mixing at temperatures in the range of from
      180.degree.F. to 240.degree.F. (82.degree.C. to 116.degree.C.) for a time
      ranging from 2 minutes to 5 hours; and then
PA1  B. purging the blending apparatus with a gas having less than 1% moisture
      content to remove uncombined formaldehyde.
NUM  14.
PAR  14. The improved method of claim 13 wherein the formaldehyde compound is
      selected from the group consisting of paraformaldehyde, dimethylol urea
      and paratoluene sulfonamide formaldehyde condensate.
NUM  15.
PAR  15. The improved method of claim 14 wherein the blending time ranges from 5
      to 50 minutes.
NUM  16.
PAR  16. The improved method of claim 14 wherein a dispersing agent is used to
      facilitate blending the nitrile polymer and the formaldehyde compound.
NUM  17.
PAR  17. The improved method of claim 14 wherein the amount of formaldehyde
      compound used is in the range of from 0.01 to 0.1% by weight based on the
      weight of the polymer.
NUM  18.
PAR  18. The improved method of claim 13 wherein dry air is used to purge the
      blend.
NUM  19.
PAR  19. The improved method of claim 13 wherein nitrogen is used to purge the
      blend.
PATN
WKU  039474321
SRC  5
APN  4781023
APT  1
ART  144
APD  19740610
TTL  Process for the preparation of novel high chlorinated butyl rubber and
      vulcanizable composition thereof
ISD  19760330
NCL  8
ECL  1
EXP  Hamrock; William F.
NDR  3
NFG  5
INVT
NAM  Tsuchiya; Shozo
CTY  Kawasaki
CNT  JA
INVT
NAM  Murai; Yoshikazu
CTY  Tamagawa
CNT  JA
INVT
NAM  Matubara; Saburo
CTY  Yokohama
CNT  JA
ASSG
NAM  Nippon Oil Company
CTY  Tokyo
CNT  JA
COD  03
RLAP
COD  71
APN  257865
APD  19720530
PSC  04
CLAS
OCL  260 793R
XCL  260 336A
XCL  260 853H
XCL  260 947HA
XCL  260 96HA
ICL  C08d  504
FSC  260
FSS  85.3 H;96 HA;94.7 HA;33.6 A;79.3 R
UREF
PNO  3779979
ISD  19731200
NAM  Tsuchiya
XCL  260 85.3H
FREF
PNO  1,150,815
ISD  19630600
CNT  DT
OCL  260 85.3
LREP
FRM  Sherman & Shalloway
ABST
PAL  A process for preparation of a highly chlorinated isobutylene-multiolefin
      copolymer, such as butyl rubber, containing more than one but not
      exceeding two chlorine atoms per double bond of the copolymer by
      chlorinating such copolymer in the presence of an aliphatic diamine
      derivative, such as ethylene diamine, propylene diamine, piperazine,
      triethylene diamine or bis-N,N-ethylene-ethylene diamine. A vulcanizable
      composition containing such chlorinated copolymer has has improved rate of
      vulcanization, covulcanizability with highly unsaturated rubber and
      adhesiveness.
PARN
PAR  This is a continuation, of application Ser. No. 257,865, filed May 30, 1972
     .
BSUM
PAR  This invention relates to a process for preparing novel high chlorinated
      butyl rubbers which comprises the chlorination of isobutylene-multiolefin
      copolymers, particularly isobutylene-isoprene copolymers (which are
      normally collectively referred to as butyl rubber) in the presence of a
      diamine derivative, and also to the novel vulcanizable compositions
      containing such high chlorinated butyl rubbers.
PAR  More particularly, the invention relates to a process for the preparation
      of novel chlorinated butyl rubber of high chlorine content (high
      chlorinated butyl rubber) which comprises the chlorination of a copolymer
      of isobutylene and minor amount of a multiolefin (butyl rubber) in the
      presence of a diamine derivative, thereby introducing into the rubber more
      than one but not exceeding two chlorine atoms per each double bond
      contained in the copolymer. The invention also relates to high chlorinated
      butyl rubber-containing vulcanizable compositions having improved
      adhesiveness and co-vulcanization property, which is composed on a weight
      basis of 100 parts of the above novel high chlorinated butyl rubber, 1 -
      100 parts of a divalent metal oxide, 0 - 150 parts of carbon black, 0 - 5
      parts of stearic acid, 0 - 10 parts of sulfur, and 0 - 5 parts of a
      vulcanization accelerator.
PAR  This invention is directed to a process for preparing highly chlorinated
      butyl rubber of improved adhesiveness and co-vulcanization property as
      compared with the known low chlorinated butyl rubber containing at most
      one chlorine atom per each double bond, such as that described in Japanese
      Official Patent Gazette, Publication No. 13,223/60, as well as to
      vulcanizable compositions containing such novel high chlorinated butyl
      rubber; the foregoing improvement being achieved by the chlorination of a
      hydrocarbon type rubber composed chiefly of isobutylene, in the presence
      of a minor amount of a diamine derivative, thereby introducing into the
      rubber more than one but not exceeding two atoms of chlorine per each
      double bond contained in the starting polymer.
PAR  As the hydrocarbon type rubber composed chiefly of isobutylene, butyl
      rubber has been known for a long time. Butyl rubber is one of the
      copolymers obtained by copolymerizing, as the monomers, approximately 70 -
      99.5 mol percent of isobutylene with approximately 30 - 0.5 mol percent of
      a multiolefin, and is normally composed of approximately 80 - 99.5 mol
      percent of isobutylene units and approximately 20 - 0.5 mole percent of
      isoprene units, more typically of approximately 90 - 99.5 mol percent of
      isobutylene units and approximately 10 - 0.5 mol percent of isoprene
      units. The copolymerization is normally performed at low temperatures, in
      the presence of cationic catalyst. Such a butyl rubber is vulcanizable,
      and the vulcanized product has high tensile strength, excellent resistance
      to thermal aging, ozone, and chemicals, high electrical insulation
      property, and extremely low gas permeability. Because of these favorable
      properties, the vulcanized product has been used widely as inner tubes of
      automobile tires, tire curing bags, insulative material for electrical
      wires and cables, heat-resistant conveyer belts, etc.
PAR  On the other hand, butyl rubber is subject to such deficiencies as inferior
      co-vulcanizability with a highly unsaturated rubber such as natural rubber
      due to its low degree of unsaturation, and its low adhesiveness. To
      eliminate these deficiencies, it is known to introduce a minor amount of
      chlorine into the butyl rubber. This is known as chlorinated butyl rubber
      and in practice is prepared by the chlorination of the ordinary butyl
      rubber obtained from isobutylene and a minor amount of isoprene. The
      product exhibits improved vulcanizability, co-vulcanizability, heat
      stability and adhesiveness, as compared with butyl rubber and is used as
      tubeless tires for automobiles, etc., when blended with natural rubber and
      the like.
PAR  However, during the chlorination of butyl rubber, molecular weight
      reduction takes place concurrently as the foregoing properties are
      improved by the increased introduction of the chlorine. Particularly when
      the chlorine content exceeds one atom per each double bond contained in
      the starting butyl rubber, the molecular weight reduction is aggravated in
      proportion as the amount of chlorine introduced is increased. Also,
      side-reactions such as gelation take place. Furthermore, a pronounced
      discoloration of the product takes place. Thus, there is a limit to the
      amount of chlorine that can be introduced from a practical standpoint.
      Accordingly, in spite of the possibility of further improvements in
      above-noted properties, the introduction of more than one chlorine atom
      per each double bond contained in the starting butyl rubber has been held
      to be impracticable.
PAR  The object of the present invention is to provide a process for the
      preparation of high chlorinated butyl rubber which exhibits still more
      improved vulcanization speed, co-vulcanizability with the high unsaturated
      rubber, and adhesiveness, imparted by the introduction of chlorine, and
      also to provide vulcanizable compositions of such a high chlorinated butyl
      rubber. The objects of the invention are achieved by the use of a novel,
      high chlorinated butyl rubber of high chlorine content, which was desired
      but impossible in the past i.e., one in which more than one chlorine atom
      is contained per each double bond contained in the starting butyl rubber,
      and furthermore one whose molecular weight is in the high range, showing
      little molecular weight reduction during the chlorination.
PAR  Extensive research has been conducted into such technical problems as the
      molecular weight reduction which occur during chlorination of butyl
      rubber, side-reactions such as gelation, increased ratio of chlorine
      introduction within the practically allowable molecular weight range, and
      improvement in adhesiveness accompanying the increase in the amount of the
      chlorine introduced. Prior to the present invention practically no
      instance was known of success ever having been achieved in attempting to
      solve the foregoing technical problem by introducing more than one
      chlorine atom per each double bond while avoiding the objectionable
      molecular weight reduction during the chlorination of butyl rubber.
PAR  It has now been discovered that, by performing the chlorination of butyl
      rubber in the concurrent presence of a minor amount of a diamine
      derivative, more than one but not exceeding two atoms per each double bond
      contained in the starting butyl rubber of chlorine can be introduced
      without reducing the molecular weight of the rubber, and within such
      chlorine content range, a high chlorinated butyl rubber having a molecular
      weight adequate for practical use can be obtained. It has been further
      discovered that such a high chlorinated butyl rubber exhibits still more
      improved vulcanization speed, co-vulcanizability with high unsaturated
      rubber and adhesiveness, as compared with the conventional low chlorinated
      butyl rubber in which at most one chlorine atom per each double bond
      contained in the starting butyl rubber is introduced. The present
      invention was thus perfected.
PAR  Accordingly, the invention provides a process for the preparation of novel,
      high chlorinated butyl rubber in which more than one but not exceeding two
      chlorine atoms have been incorporated per each double bond contained in
      the starting butyl rubber, which comprises chlorinating butyl rubber in
      the presence of a minor amount of a diamine derivative. The invention also
      provides a novel, vulcanizable composition containing such a high
      chlorinated butyl rubber, the composition being made up on a weight basis
      of 100 parts of the high chlorinated butyl rubber, 1 - 100 parts of a
      divalent metal oxide, 0 - 150 parts of carbon black, 0 - 5 parts of
      stearic acid, 0 - 10 parts of sulfur, and 0 - 5 parts of a vulcanization
      accelerator.
PAR  It is essential for the high chlorinated butyl rubber of this invention to
      contain more than one but not more than two chlorine atoms per each double
      bond contained in the starting butyl rubber. Particularly favorable
      vulcanization speed, co-vulcanizability with high unsaturated rubbers such
      as SBR and natural rubber, and adhesiveness are obtained when 1.5 - 1.9
      chlorine atoms per each double bond contained in the starting butyl rubber
      is introduced.
DRWD
PAR  The foregoing summary of the invention and other features and advantages of
      the invention will be apparent from the following more particular
      description of the preferred embodiments of the invention, taken together
      with the following figures in which:
PAR  FIG. 1 is a graph illustrating the relationship between the molecular
      weight and the chlorine content of polymers obtained by carrying out the
      chlorination reaction by adding either piperazine, tetramethylene diamine
      or ethylene diamine to an n-hexane solution of butyl rubber;
PAR  FIG. 2 is a graph showing the relationship between the molecular weight and
      the chlorine content of polymers obtained by carrying out the chlorination
      reaction of butyl rubber in an n-hexane solution;
PAR  FIGS. 3 and 4 are graphs illustrating the results obtained by measurement
      of the behaviors of the co-vulcanization of chlorinated butyl rubber and
      SBR with a curelastometer; and
PAR  FIG. 5 is a graph showing the results obtained by measurement of the
      behaviors of the co-vulcanization of chlorinated butyl rubber and Alfin
      rubber with a curelastometer.
DETD
PAR  The starting butyl rubbers employed in the invention are the copolymers
      composed of approximately 80 - 99.5 mol percent of isobutylene units and
      approximately 2 - 0.5 mol percent of multiolefin units, and preferably
      those composed of approximately 90 - 99.5 mol percent of isobutylene units
      and 10 - 0.5 mol percent of multiolefin units. The term "multiolefin", as
      used herein, normally includes olefins of 4 - 16 carbon atoms, such as
      butadiene, cyclopentadiene, piperylene, isoprene, and
      1,3-dimethylbutadiene, isoprene being the most preferred.
PAR  An effective additive for the preparation of the invention high chlorinated
      butyl rubber is a compound having the following formula (1):
      ##EQU1##
      wherein X is an aliphatic hydrocarbon residue of 2 - 6 carbon atoms, and
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each hydrogen or an alkyl group
      of 1 - 3 carbon atoms; any of the two of which R.sub.1, R.sub.2, R.sub.3
      and R.sub.4 taken together may form an aliphatic hydrocarbon residue of 2
      - 6 carbon atoms.
PAR  The amount of the diamine derivative suitably employed for the preparation
      of the high chlorinated butyl rubber of this invention ranges on a weight
      basis from 0.01 - 10 parts, preferably 0.05 - 2 parts, per 100 parts of
      the starting butyl rubber.
PAR  The additive of the foregoing formula (1) used in the invention will be
      more fully described below. This additive may be any of those having the
      following formulas (1 - a), (1 - b) and (1 - c):
      ##EQU2##
      wherein X is an aliphatic hydrocarbon residue of 2 - 6 carbon atoms, and
      R.sub.1 ', R.sub.2 ', R.sub.3 ' and R.sub.4 ' are each either hydrogen or
      a monovalent aliphatic hydrocarbon residue of 1 - 3 carbon atoms, which
      may be the same or different.
      ##EQU3##
      wherein X is as defined above, X' is an aliphatic hydrocarbon residue of 2
      - 6 carbon atoms, and R.sub.2 ' and R.sub.4 ' are each either hydrogen or
      a monovalent aliphatic hydrocarbon residue of 1 - 3 carbon atoms, which
      may be the same or different.
      ##EQU4##
      wherein, X, X' and X" are each an aliphatic hydrocarbon residue of 2 - 6
      carbon atoms.
PAR  As examples of the additive of the above formula (1 - a), mention can be
      made of such compounds as ethylene diamine, propylene diamine,
      hexamethylene diamine, tetramethyl- or tetraethylethylene diamine and
      tetramethyl- or tetraethylhexamethylene diamine.
PAR  Examples of the additives of the aforesaid formula (1-b) include such as
      piperazine, dimethylpiperazine and diethylpiperazine.
PAR  On the other hand, the additives of the foregoing formula (1-c) are
      exemplified by such as triethylene diamine, tripropylene diamine and
      trihexamethylene diamine.
PAR  Further, the additive of the foregoing formula (1) may also be one having
      the following formula (1-d):
      ##EQU5##
      wherein X is as defined in connection with the foregoing formula (1-a),
      and Y and Y' are each a divalent aliphatic hydrocarbon residue of 2 - 6
      carbon atoms. As such an additive, mention can be made of such, for
      example, as bis-N,N-ethylene ethylene diamine and
      bis-N,N-ethylene-hexamethylene diamine.
PAR  Preferred for use in the present invention are particularly the compounds
      of the formula (1-a), and those of formula (1-b) wherein the X and X' are
      the same divalent aliphatic hydrocarbon residue, or the compounds of the
      formula (1-c) wherein the X, X' and X" are the same divalent aliphatic
      hydrocarbon residue.
PAR  As the chlorinating agent to be used for the preparation of the invention
      chlorinated butyl rubber, the usual chlorinating agents will do. For
      example, conveniently useable are such as gaseous chlorine or sulfuryl
      chloride.
PAR  The chlorination is effectively performed within a period of about one
      minute to several hours at 0.degree. to 100.degree.C., preferably
      20.degree. to 80.degree.C. The temperature and time are controlled so that
      more than one but not exceeding two chlorine atoms are introduced per
      double bond of the starting butyl rubber. The amount of chlorine to be
      introduced is controlled within this range and so as to achieve the
      desired object of improving the properties, such as adhesiveness, of the
      rubber. For Example, the amount of chlorine can be controlled at a
      temperature of 20.degree. to 80.degree.C. with a time of 5 minutes to
      several hours. When the conditions adopted are such that a low temperature
      chlorination is to be carried out for a prolonged period of time the
      adjustment of temperature and time can be accomplished more effectively.
      If the chlorination temperature is below 0.degree.C., the chlorination
      speed becomes objectionally low. On the other hand, temperatures higher
      than 100.degree.C. cause decomposition of the starting butyl rubber, and
      therefore should be avoided.
PAR  The improvement in such properties as adhesiveness of butyl rubber brought
      about by the introduction of chlorine is still insufficient when the rate
      of introduction is one or less chlorine atom per double bond contained in
      the rubber. One the other hand, introduction of two or more chlorine atoms
      per double bond invites reduction in elasticity of the product rubber.
      Thus the adjustment of chlorine introduction within the already specified
      range is critical.
PAR  The chlorination in accordance with the invention can be practiced in
      various manner. One method consists in the addition of chlorine or other
      chlorination agents, preferably in the form of a solution in alkyl
      chloride, carbon tetrachloride, etc., to the solution of the starting
      butyl rubber and a minor amount of diamine derivative in a suitable inert
      liquid organic solvent, for example, an inert hydrocarbon or a halogenated
      derivative of a saturated hydrocarbon such as hexane, heptane, naphtha,
      mineral spirit, benzene, toluene, chlorobenzene, chloroform,
      trichloroethane, carbon tetrachloride, etc. Another method comprises
      contacting the gaseous chlorinating agent with a solution of starting
      butyl rubber and a minor amount of a diamine derivative. Either of the
      above methods can be satisfactorily practiced at atmospheric pressure, but
      higher or lower pressures may also be employed. The pressure is suitably
      varied during the reaction in correlation with the aforesaid chlorination
      temperature and time, within the range of, for example, 1/10 to 30
      atmospheres.
PAR  The chlorination with gaseous chlorine is normally performed at around
      0.degree. - 80.degree.C., advantageously at approximately 0.degree. -
      65.degree.C., and preferably at 20.degree. - 50.degree.C., for
      approximately 1 minute to several hours. An advantageous pressure range is
      approximately from 1/20 to 20 atmospheres, atmospheric pressure being
      quite satisfactory. Specific chlorination conditions are selected to
      achieve the chlorination of the starting butyl rubber to within the
      hereinbefore specified range.
PAR  The butyl rubber to be chlorinated is advantageously first dissolved in any
      of the aforesaid solutions, particularly in a saturated hydrocarbon or a
      completely chlorinated hydrocarbon.
PAR  Preferred solvents when the gaseous chlorine is to be used in its dissolved
      form are carbon tetrachloride, chloroform, cyclohexane, cyclopentane,
      toluene, and particularly hexane, heptane, benzene, or their mixtures.
PAR  The butyl rubber concentration in the solvent will vary depending upon the
      type of reactor, preparation system, and molecular weight of the rubber,
      but the invention process can be carried out with a concentration in the
      range of 1 - 30 wt percent, preferably 5 - 20 wt percent. The chlorination
      can be effected batchwise or continuously, with stirring. After
      termination of the chlorination the product can be recovered, refined and
      dried by any of the various procedures. Conventional operation means and
      conditions are well applicable to these procedures. The so prepared highly
      chlorinated butyl rubber normally has a viscosity average molecular weight
      within the range 300,000 - 800,000, and the degree of unsaturation ranging
      approximately 0.5 - 10.0, preferably 1.0 - 5.0 mol %. As already mentioned
      repeatedly, the so obtained rubber contains more than one but not
      exceeding two chlorine atoms per each double bond contained in the
      starting butyl rubber.
PAR  This high chlorinated butyl rubber can be blended with other known
      substances as in the case with the conventional low chlorinated butyl
      rubber to form vulcanizable compositions. That is, this rubber is
      crosslinkable by the action of sulfur and/or such divalent metal oxide,
      such as hereinafter given, in the presence or absence of a vulcanization
      accelerator such as thiuram polysulfides, or other derivatives of
      thiocarbamic acid. The vulcanization (crosslinking) can be performed,
      using such vulcanizing agents and/or vulcanization accelerators as, for
      example, (1) zinc oxide, (2) zinc oxide and sulfur, (3) zinc oxide and
      tetramethylthiuram disulfide, (4) sulfur and zinc
      dialkylpolythiocarbamate, (5) tetramethylthiuram disulfide, (6) tellurium
      diethyldithiocarbamate and (7) lead oxide and p-quinonedioxane and/or
      sulfur.
PAR  It is advantageous to form the vulcanizable compositions by blending the
      vulcanizing agent, accelerator, and filler, etc., at the following
      quantitative ratios, per 100 parts by weight of the high chlorinated butyl
      rubber of the present invention.
TBL  ______________________________________                                    
                  Usable Range  Preferred Range                                
     Ingredient   (parts by weight)                                            
                                (parts by weight)                              
     ______________________________________                                    
     Carbon black   0 - 150     27 - 75                                        
     Zinc oxide     1 - 100      2 - 30                                        
     Parting agent                                                             
     (e.g., stearic acid)                                                      
                    0 - 5       0 - 2                                          
     Sulfur         0 - 10      0 - 5                                          
     Accelerator                                                               
     (e.g., tetramethyl-                                                       
     thiuram disulfide)                                                        
                    0 - 5       0 - 2                                          
     Antioxidant                                                               
     (e.g., N-lauryl                                                           
     p-aminophenol) 0 - 5       0 - 2                                          
     ______________________________________                                    
PAR  In using the invention vulcanizable composition the vulcanizing operation
      when the invention high chlorinated butyl rubber is used alone or the
      co-vulcanization of it when blended with other rubbery materials can be
      performed at approximately 95.degree. - 230.degree.C., and preferably
      120.degree. - 180.degree.C., in approximately several seconds to several
      tens of hours. Normally, the vulcanization or co-vulcanization is
      practiced, for example, at 95.degree.C., for approximately 10 minutes to
      20 hours, or at 200.degree.C., for 1/2 to 20 minutes. Specific
      vulcanization conditions can be suitably selected according to the
      intended utility of the vulcanization product, and properties and
      quantities of the high chlorinated butyl rubber of this invention and of
      the rubber additives to be vulcanized therewith. Generally speaking, the
      optimum results are obtained by carrying out the vulcanization at
      approximately 120.degree. - 200.degree.C. for about 30 minutes to 5 hours.
      It is also permissible to blend the conventionally employed process oil
      with the compositions of this invention.
PAR  The novel high chlorinated butyl rubber compositions of the invention as
      above-described are vulcanizable by a still wider varieties of shaping
      processes and vulcanizing procedures, according to the end desired. The
      invention compositions allow the preparation of valuable rubber products
      of remarkably improved properties such as adhesiveness with the operation
      being carried out more advantageously economically as well as with greater
      commercial ease than the case of a similar vulcanizable composition using
      the conventional low clorinated butyl rubber.
PAR  The following examples are given for illustrating more specifically the
      unique features of the present invention. In the examples the parts are on
      a weight basis, unless otherwise specified.
PAC  EXAMPLE I
PAR  95 Parts of isobutylene and 5 parts of isoprene were dissolved in methyl
      chloride. To this solution 0.2 parts of aluminum secondary butoxide and
      0.5 part of boron trifluoride were added per 100 parts of the monomer,
      after which the polymerization was carried out at -100.degree.C. Next, the
      solvent was stripped and the reaction product was water-washed, and the
      catalyst was decomposed to obtain butyl rubber (A) having a degree of
      unsaturation of 1.47 mol percent and a viscosity average molecular weight
      of 450,000. Four lots (Nos. 1, 2, 3 and 4) of 10 percent n-hexane
      solutions of this butyl rubber were then prepared. To solutions 1, 2 and 3
      1.0 part of anhydrous piperazine, tetramethylene diamine and ethylene
      diamine was added, respectively, based on the butyl rubber. On the other
      hand, for purpose of comparison, no additive was added to solution No. 4
      Chlorine gas was then blown into these solutions while holding their
      temperature at 50.degree.C. During the progress of the reaction, a small
      quantity of the polymeric solution was withdrawn and, after thorough
      washing, was dropped into methanol, from which the polymer was separated
      by filtration and dried under reduced pressure. This operation was
      repeated with solution Nos. 1, 2, 3 and 4. The relationship between the
      molecular weight and the chlorine content of the resulting polymers was
      individually measured with the results shown in FIGS. 1 and 2. As is
      apparent from FIGS. 1 and 2, in the case of the systems including
      piperazine (No. 1), tetramethyleneethylene diamine (No. 2) and ethylene
      diamine (No. 3) there is practically no decline in the molecular weight of
      the polymer even though 2 atoms of chlorine are introduced per each double
      bond of the starting rubber (See FIG. 1). On the other hand, in the case
      of the system which does not have an additive incorporated therein (No.
      4), the molecular weight of the polymer declines abruptly when the
      chlorine content exceeds one atom per each double bond of the starting
      butyl rubber to form a low molecular weight material which is of no
      practical use as rubber (See FIG. 2). Thus, it is seen that in the case of
      the conventional method in which the chlorination is carried out by
      passing chlorine gas through a butyl rubber solution the molecular weight
      of the polymer demonstrates an abrupt drop when the chlorine introduced
      into the polymer exceeds one atom per each double bond of the starting
      butyl rubber to render the polymer of no practical use as rubber, but in
      the case where the chlorination is carried out by adding a small amount of
      a specific diamine derivative to the butyl rubber solution in accordance
      with the present invention practically no decline in the molecular weight
      of the polymer takes place even though up to two atoms of chlorine are
      introduced per each double bond contained in the starting butyl rubber.
PAC  EXAMPLE II
PAR  For the purpose of comparing the chlorinated butyl rubber of low chlorine
      content obtained by the conventional method with the high
      chlorine-containing chlorinated butyl rubber obtained in accordance with
      the invention process, the high chlorine-containing chlorinated rubber No.
      1-3 (containing 1.50 chlorine atoms per double bond), No. 2-4 (containing
      1.70 chlorine atoms per double bond) and No. 3-4 (containing 1.60 chlorine
      atoms per double bond), obtained in Example I in accordance with the
      invention process, and as controls a low chlorinated butyl rubber No. 4-3
      (containing 0.96 chlorine atom per double bond) and No. 4-6 (containing
      1.50 chlorine atoms per double bond), obtained by the conventional method
      were each compounded in the vulcanization system shown in Table 1 and
      vulcanized for 30 minutes at 150.degree.C. A tensile test of the so
      obtained products was conducted with the results shown in Table 2.
TBL                Table 1                                                     
     ______________________________________                                    
     Ingredient                 Parts                                          
     ______________________________________                                    
     Rubber                     100                                            
     HAF black                  50                                             
     Zinc flower                5                                              
     Sulfur                     2                                              
     Mercaptobenzothiazole      1.5                                            
     Tetramethylthiuram disulfide                                              
                                0.15                                           
     Stearic acid               1                                              
     N-phenyl .beta.-naphthylamine                                             
                                1                                              
     ______________________________________                                    
TBL                                    Table 2                                 
     __________________________________________________________________________
               Chlorine                                                        
                    Molecular                                                  
                          Tensile                                              
                                Modulus                                        
                                       Elonga-                                 
           Sample                                                              
               Content                                                         
                    Weight                                                     
                          strength                                             
                                at 300 %                                       
                                       tion                                    
     Experiment                                                                
           No. (Cl/F)*                                                         
                    (10.sup.4)                                                 
                          (Kg/cm.sup.2)                                        
                                (Kg/cm.sup.2)                                  
                                       (%)                                     
     __________________________________________________________________________
     Control                                                                   
           4-3 0.96 44    190   110    550                                     
                                not                                            
     do.   4-6 1.50 18    --    vulcanizable                                   
                                       --                                      
     Invention                                                                 
     example                                                                   
           1-3 1.50 44    200   170    350                                     
     do.   2-4 1.70 44    195   180    350                                     
     do.   3-4 1.60 44    210   190    400                                     
     __________________________________________________________________________
      *Cl/F denotes the number of chlorine atoms introduced per each double bon
      of the starting butyl rubber.                                            
PAR  It is apparent from the foregoing Table 2 that the high chlorinated butyl
      rubber in accordance with the invention (Nos. 1-3, 2-4 and 3-4) has much
      greater modulus than that of the conventional chlorinated butyl rubber
      (No. 4-3). Further, in the case of the chlorinated polymer No. 4-6 in
      which a large amount of chlorine was introduced by means of the
      conventional chlorination method the molecular weight was extremely low,
      and since it was not vulcanizable, it could not be used as rubber.
PAR  It is thus seen that the process of the present invention makes it possible
      to synthesize a high chlorinated butyl rubber containing above one
      chlorine atom per each double bond of the starting butyl rubber and that
      this rubber is superior in its vulcanizability to the conventional low
      chlorinated butyl rubber containing less than one chlorine atom per each
      double bond of the starting butyl rubber.
PAC  EXAMPLE III
PAR  The high chlorinated butyl rubber No. 1-3 (containing 1.50 atoms of
      chlorine per each double bond of the starting butyl rubber and of a
      viscosity average molecular weight of 44.times.10.sup.4) obtained by the
      synthesis in Example I by its chlorination with the
      piperazine-incorporated system was compounded as shown in the following
      Table 3 and then vulcanized for 40 minutes at 150.degree.C., followed by
      conducting a tensile test of the resulting product. As a control, the
      conventional low chlorinated butyl rubber No. 4-3 (containing 0.96 atom of
      chlorine per each double bond of the starting butyl rubber and of a
      viscosity average molecular weight of 44.times.10.sup.4) synthesized in
      Example I was also compounded, vulcanized and tested. The results obtained
      are shown in Table 4.
TBL                                    Table 3                                 
     __________________________________________________________________________
              Composition                                                      
                      Composition                                              
                             Composition                                       
                                    Composition                                
              1 (Invention                                                     
                      2      3 (invention                                      
                                    4                                          
     Ingredient                                                                
              example)                                                         
                      (Control)                                                
                             example)                                          
                                    (Control)                                  
     __________________________________________________________________________
     Chlorinated                                                               
     rubber No. 1-3                                                            
              100 parts                                                        
                      --     100 parts                                         
                                    --                                         
     Chlorinated                                                               
     rubber No. 4-3                                                            
              --      100 parts                                                
                             --     100 parts                                  
     HAF black                                                                 
               50 parts                                                        
                       50 parts                                                
                              50 parts                                         
                                     50 parts                                  
     Zinc flower                                                               
               5 parts                                                         
                       5 parts                                                 
                              5 parts                                          
                                     5 parts                                   
     Tetramethyl-                                                              
     thiuram                                                                   
     disulfide                                                                 
               1 part  1 part                                                  
                             --     --                                         
     Mercaptobenzo-                                                            
     thiazole  1 part  1 part                                                  
                             --     --                                         
     Stearic acid                                                              
               1 part  1 part                                                  
                              1 part                                           
                                     1 part                                    
     __________________________________________________________________________
TBL                Table 4                                                     
     ______________________________________                                    
     Compo-                                                                    
           Tensile strength                                                    
                         Modulus at 300%                                       
                                       Elongation                              
     sition                                                                    
           (Kg/cm.sup.2) (Kg/cm.sup.2) (%)                                     
     ______________________________________                                    
     1     195           160           400                                     
     2     180           100           500                                     
     3     130           90            500                                     
     4     130           70            500                                     
     ______________________________________                                    
PAR  The foregoing results demonstrate that the invention high chlorinated butyl
      rubber can be vulcanized with a vulcanization system which does not use
      sulfur, and especially that it can be vulcanized by the use of zinc flower
      alone. Further, it is apparent from the foregoing Table 4 that the
      invention high chlorinated butyl rubber gives vulcanized products having a
      modulus greater than that of the conventional low chlorinated butyl rubber
      regardless of the vulcanization system used.
PAC  EXAMPLE IV
PAR  The high chlorinated butyl rubber No. 1-3 obtained in Example I was
      compounded as shown in the following Table 5 with SBR and co-vulcanized
      therewith. As a control, a similar co-vulcanization operation was carried
      out using the conventional low chlorinated butyl rubber No. 4-3. After a
      vulcanization for 30 minutes at 150.degree.C., a tensile test was
      conducted with the results shown in Table 6.
TBL                                    Table 5                                 
     __________________________________________________________________________
             Composition                                                       
                      Composition                                              
                              Composition 7                                    
                                       Composition                             
             (Invention                                                        
                      6 (Control)                                              
                              (Invention                                       
                                       8 (Control)                             
             example)         example)                                         
     __________________________________________________________________________
     Chlorinated                                                               
     rubber No. 1-3                                                            
             75       --      50       --                                      
     Chlorinated                                                               
     rubber No. 4-3                                                            
             --       75      --       50                                      
     SBR - 1500                                                                
             25       25      50       50                                      
     Zinc flower                                                               
             5        5       5        5                                       
     Sulfur  2        2       2        2                                       
     Mercaptobenzo-                                                            
     thiazole                                                                  
             1.5      1.5     1.5      1.5                                     
     Tetrathiuram                                                              
     disulfide                                                                 
             0.15     0.15    0.15     0.15                                    
     Stearic acid                                                              
             1        1       1        1                                       
     N-phenyl-.beta.-                                                          
     naphthylamine                                                             
             1        1       1        1                                       
     HAF black                                                                 
             50       50      50       50                                      
     __________________________________________________________________________
TBL                Table 6                                                     
     ______________________________________                                    
     Compo- Tensile strength                                                   
                         Modulus at 300%                                       
                                       Elongation                              
     sition (Kg/cm.sup.2)                                                      
                         (Kg/cm.sup.2) (%)                                     
     ______________________________________                                    
     5      150          120           350                                     
     6      130          90            300                                     
     7      180          160           350                                     
     8      170          120           300                                     
     ______________________________________                                    
PAR  As is apparent from the results given in the foregoing Table 6, it is seen
      that in the case of the co-vulcanized product of the invention high
      chlorinated butyl rubber No. 1-3, the modulus and tensile strength are
      much greater than those of the case of the conventional low chlorinated
      butyl rubber No. 4-3.
PAR  Further, the composition shown in Table 5 were measured for their
      vulcanization speed at 150.degree.C., using a cureleastometer
      (manufactured by Nippon Synthetic Rubber Co.). The results obtained are
      shown in FIGS. 3 and 4. It is apparent from FIGS. 3 and 4 that the
      vulcanization speed of the compositions 5 and 7, which used the invention
      high chlorinated butyl rubber No. 1-3, is much faster than that of the
      compositions 6 and 8, which used the conventional low chlorinated butyl
      rubber.
PAR  Thus, this example shows that a marked improvement occurs in the
      co-vulcanizability of the invention high chlorinated butyl rubber when
      used with SBR, as compared with that of the conventional low chlorinated
      butyl rubber.
PAC  EXAMPLE V
PAR  A methyl chloride solution of 0.2 part of aluminum chloride in 100 parts of
      the monomer was added to a solution in methyl chloride of 93 parts of
      isobutylene and 7 parts of isoprene, following which the polymerization
      reaction was carried out at -100.degree.C. The reaction product was then
      stripped of the solvent and the catalyst was decomposed by water-washing
      to obtain a rubbery copolymer (butyl rubber [B]). This copolymer was then
      dissolved in carbon tetrachloride to obtain a 15 percent by weight
      solution, after which 0.5 percent by weight of ethylene diamine was added
      thereto in accordance with the invention. While holding this solution at
      40.degree.C., chlorine gas was blown in to synthesize the chlorinated
      rubber No. 5-1 shown in the following Table 7. As a control, a rubber
      obtained by carrying out the conventional chlorination method without
      adding ethylene diamine is shown in the following Table 7 as chlorinated
      rubber No. 5-2.
PAR  The chlorinated rubbers Nos. 5-1 and 5-2 were used, and after being
      compounded with Alfin rubber (Alfin 1530, produced by Japan Alfin Rubber
      Co.) as in the following Table 8, were co-vulcanized therewith.
PAR  The compositions shown in Table 8 were vulcanized for 30 minutes at
      150.degree.C. with the results shown in Table 9.
PAR  From the results given in Table 9, it is apparent that the tensile strength
      and modulus are much greater when the invention high chlorinated butyl
      rubber No. 5-1 has been co-vulcanized with Alfin rubber, as compared with
      the case where the conventional low chlorinated butyl rubber No. 5-2 has
      been co-vulcanized.
PAR  Further, the vulcanization speed of the compositions 9 and 10 at
      150.degree.C. was measured with a curelastometer. The results are shown in
      FIG. 5. It is apparent from FIG. 5 that the vulcanization speed of
      composition 9, which used the invention high chlorinated butyl rubber No.
      5-1, was exceedingly great as compared with that of composition 10, which
      used the conventional low chlorinated butyl rubber No. 5-2.
PAR  Thus, this example shows that in its co-vulcanization with Alfin rubber the
      invention high chlorinated butyl rubber demonstrates a marked improvement
      in its co-vulcanizability, as compared with the case of the conventional
      low chlorinated butyl rubber.
TBL                Table 7                                                     
     ______________________________________                                    
                        Number of chlo-                                        
                                     Viscosity average                         
                        rine atoms per                                         
                                     molecular weight                          
     Experiment                                                                
             Rubber used                                                       
                        double bond  (.times. 10.sup.4)                        
     ______________________________________                                    
     Invention                                                                 
             Chlorinated                                                       
     example rubber                                                            
             No. 5-1    1.59         39                                        
     Control do. No. 5-2                                                       
                        0.93         39                                        
     ______________________________________                                    
TBL                Table 8                                                     
     ______________________________________                                    
                      Composition 9                                            
                                   Composition                                 
     Ingredient       (invention   10 (control)                                
                      example)                                                 
     ______________________________________                                    
     Chlorinated rubber No. 5-1                                                
                      50     parts     --                                      
     Chlorinated rubber No. 5-2                                                
                      --               50    parts                             
     Alfin 1530       50               50                                      
     Zinc flower      5                5                                       
     Sulfur           2                2                                       
     Tellurium diethyl                                                         
     dithiocarbamate  1                1                                       
     Stearic acid     1                1                                       
     N-phenyl-.beta.-naphthylamine                                             
                      1                1                                       
     HAF black        50               50                                      
     ______________________________________                                    
TBL                Table 9                                                     
     ______________________________________                                    
     Composition                                                               
              Tensile strength                                                 
                           Modulus at 300%                                     
                                        Elongation                             
              (Kg/cm.sup.2)                                                    
                           (Kg/cm.sup.2)                                       
                                        (%)                                    
     ______________________________________                                    
      9       160          140          350                                    
     10       140          110          350                                    
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  The high chlorinated butyl rubbers Nos. 1-4, 1-6, 2-4, 2-5, 2-6, 3-5 and
      3-6 obtained in Example I were compounded as in the following Table 10 and
      then vulcanized for 25 minutes at 160.degree.C. with the results shown in
      Table 11.
PAR  The results of Table 11 show that in the case of the chlorinated butyl
      rubbers Nos. 1-6, 2-6, and 3-6 where the chlorine introduced into the
      polymer exceeded 2 atoms per each double bond of the starting butyl rubber
      there was in all instances a slight decline in the molecular weight as
      well as a marked decline in the physical properties of the vulcanized
      product, thus indicating that the introduction of chlorine in excess of 2
      atoms per each double bond of the starting butyl rubber was undesirable
      from the standpoint of achieving the object of the invention, i.e., the
      obtainment of chlorinated butyl rubber having good vulcanizability.
TBL                Table 10                                                    
     ______________________________________                                    
     Ingredient             Parts                                              
     ______________________________________                                    
     Rubber                 100                                                
     HAF black              50                                                 
     Zinc flower            5                                                  
     Sulfur                 2                                                  
     Mercaptobenzothiazole  1                                                  
     Tetramethylthiuram disulfide                                              
                            0.5                                                
     Stearic acid           1                                                  
     N-phenyl-.beta.-naphtylamine                                              
                            1                                                  
     ______________________________________                                    
TBL                                    Table 11                                
     __________________________________________________________________________
                 Polymer used in composition                                   
                                      Results of the terminal test             
                                      of the vulcanized product                
                 Chlorine                                                      
                      Molecular                                                
                            Additive for chlo-                                 
                                      Tensile                                  
                                           Modulus at                          
                                                 Elongation                    
                 content                                                       
                      weight                                                   
                            rination reaction                                  
                                      strength                                 
                                           300 %                               
                 (Cl/F)*                                                       
                      (.times.10.sup.4)                                        
                                      (Kg/cm.sup.2)                            
                                           (Kg/cm.sup.2)                       
                                                 (%)                           
     __________________________________________________________________________
     Invention                                                                 
           No. 1-4                                                             
                 1.77 44    Piperazine-added                                   
                                      200  170   350                           
     example                system                                             
     Control                                                                   
           No. 1-6                                                             
                 2.40 38              120  --    200                           
     Invention                                                                 
           No. 2-4                                                             
                 1.70 44    Tetramethylethy-                                   
                                      210  180   400                           
     example                lene diamine-                                      
                            added system                                       
     Invention                                                                 
           No. 2-5                                                             
                 1.94 44              200  180   400                           
     example                                                                   
     Control                                                                   
           No. 2-6                                                             
                 2.23 39              140  --    175                           
     Invention                                                                 
           No. 3-5                                                             
                 1.91 43    Ethylene diamine-                                  
                                      195  170   450                           
     example                added system                                       
     Control                                                                   
           No. 3-6                                                             
                 2.21 38              120  --    200                           
     __________________________________________________________________________
      *Cl/F denotes the number of chlorine atoms introduced per each double bon
      of the starting butyl rubber.                                            
PAC  EXAMPLE VII
PAR  The high chlorinated butyl rubber No. 5-1 according to the present
      invention and the conventional low chlorinated butyl rubber No. 5-2
      synthesized in Example V, and SBR - 1500 and natural rubber RSS - 1 were
      compounded as in Table 12.
PAR  Sheets 1 mm in thickness were prepared from each of the compositions shown
      in Table 12. Next, compositions 11 and 13 and compositions 12 and 13 were
      adhered, following which the two assemblies were vulcanized for 40 minutes
      at 150.degree.C. The strength of adhesion of the adhered surfaces of the
      vulcanized products was then measured in accordance with JIS-K-6301 with
      the results shown in Table 13. The results of the foregoing Table 13 show
      that the adhesiveness to such polyunsaturated rubbers as blends of SBR and
      natural rubber is much better in the case of the invention high
      chlorinated butyl rubber No. 5-1 than the conventional low butyl rubber
      No. 5-2.
TBL                Table 12                                                    
     ______________________________________                                    
                 Composition                                                   
                            Composition                                        
                                       Composition                             
     Ingredient  11         12         13                                      
     ______________________________________                                    
     Chlorinated rubber                                                        
     No. 5-1     100        --         --                                      
     Chlorinated rubber                                                        
     No. 5-2     --         100        --                                      
     SBR-15000   --         --         50                                      
     RSS-1       --         --         50                                      
     Zinc flower 5          5          5                                       
     Sulfur      2          2          2                                       
     Tellurium diethyl-                                                        
     dithiocarbamate                                                           
                 1          1          1                                       
     Stearic acid                                                              
                 1          1          1                                       
     N-phenyl-.beta.-                                                          
     naphthylamine                                                             
                 1          1          1                                       
     HAF black   50         50         50                                      
     ______________________________________                                    
TBL                Table 13                                                    
     ______________________________________                                    
     Experiment                                                                
              Combination      Strength of adhesion                            
                               (Kg/cm)                                         
     ______________________________________                                    
     Invention                                                                 
              Compositions 11 and 13                                           
                               1.54                                            
     example                                                                   
     Control  Compositions 12 and 13                                           
                               1.04                                            
     ______________________________________                                    
PAC  EXAMPLE VIII
PAR  Using the butyl rubber [A], the chlorination reaction was carried out under
      varied conditions as shown in the following Table 14.
PAR  Next, the several rubbers of the Table 14 (Nos. 6-1 - 6-6) were compounded
      in accordance with the compounding system in Table 10 and then vulcanized
      for 40 minutes at 150.degree.C. The results obtained are shown in Table
      15.
PAR  The results of Tables 14 and 15 show that the process of the present
      invention makes it possible to introduce more than one chlorine atom per
      double bond under various reaction conditions without causing a decline in
      the molecular weight of the polymer and, in addition, that chlorinated
      rubber having good physical properties such as satisfactory tensile
      strength and modulus can be obtained regardless of the conditions under
      which the polymer is synthesized.
PAR  As controls also shown in Tables 14 and 15 are instances where amine
      compounds not used in the invention as additives have been incorporated
      (Nos. 6-7 to 6-10).
PAR  The results obtained in the case of these controls clearly indicate that
      good results are not demonstrated by the use of the amine compounds that
      are not the diamine derivatives specified by the present invention.
TBL                                    Table 14                                
     __________________________________________________________________________
                 Additive used in                                              
     Chlorinated the chlorination                                              
                            Class of   Polymer                                 
                                            Tempera-                           
                                                 Resulting polymer             
     rubber      reaction   chlorina-                                          
                                  Solvent                                      
                                       concent-                                
                                            ture      Molecular                
                  Class Amount                                                 
                            ting       ration    Chlorine                      
                                                      weight                   
                        (wt %)                                                 
                            agent      (wt %)    content                       
                                                      (.times. 10.sup.4)       
     __________________________________________________________________________
          No. 6-1                                                              
                 tetraethyl-                                                   
     Inven-      ethylene                                                      
                        1.0 Cl.sub.2 gas                                       
                                  n-   10   40.degree.C.                       
                                                 1.50 43                       
     tion        diamine          hexane                                       
     ex-  No. 6-2                                                              
                   do.  0.5 SO.sub.2 Cl.sub.2                                  
                                  benzene                                      
                                        5   30.degree.C.                       
                                                 1.30 44                       
     ample                                                                     
          No. 6-3                                                              
                 ethylene                                                      
                        1.5 SO.sub.2 Cl.sub.2                                  
                                  carbon                                       
                                       20   60.degree.C.                       
                                                 1.70 42                       
                 diamine          tetra-                                       
                                  chloride                                     
          No. 6-4                                                              
                 hexamethy-                                                    
                        0.7 Cl.sub.2 gas                                       
                                  chloro-                                      
                                       15   50.degree.C.                       
                                                 1.85 42                       
                 lene             form                                         
                 diamine                                                       
          No. 6-5                                                              
                 piperazine                                                    
                        1.5 SO.sub.2 Cl.sub.2                                  
                                  isooc-                                       
                                       20   70.degree.C.                       
                                                 1.63 41                       
                                  tane                                         
          No. 6-6                                                              
                 triethylene                                                   
                        3.0 Cl.sub.2 gas                                       
                                  carbon                                       
                                       20   50.degree.C.                       
                                                 1.55 44                       
                 diamine          tetra-                                       
                                  chloride                                     
          No. 6-7                                                              
                 triethyl-                                                     
                        0.5 SO.sub.2 Cl.sub.2                                  
                                  n-hexane                                     
                                       15   50.degree.C.                       
                                                 1.54 19                       
                 amine                                                         
     Control                                                                   
          No. 6-8                                                              
                 diphenyl-        carbon                                       
                 amine  0.5 Cl.sub.2 gas                                       
                                  tetra-                                       
                                       15   50.degree.C.                       
                                                 1.58 13                       
                                  chloride                                     
          No. 6-9                                                              
                 diethyl-                                                      
                        1.0 Cl.sub.2 gas                                       
                                  carbon                                       
                                       10   55.degree.C.                       
                                                 1.61 16                       
                 amine            tetra-                                       
                                  chloride                                     
          No. 6-10                                                             
                 n-hexyl-                                                      
                        1.5 SO.sub.2 Cl.sub.2                                  
                                  isooc-                                       
                                       20   50.degree.C.                       
                                                 1.52 20                       
                 amine            tane                                         
     __________________________________________________________________________
      Cl/F denotes the number of chlorine atoms introduced per each double bond
      of the starting butyl rubber.                                            
TBL                Table 15                                                    
     ______________________________________                                    
     Chlorinated   Tensile  Modulus at  Elongation                             
     rubber        strength 300 %                                              
                   (Kg/cm.sup.2)                                               
                            (Kg/cm.sup.2)                                      
     ______________________________________                                    
            No. 6-1    210      180       350                                  
     Inven- No. 6-2    190      160       450                                  
     tion                                                                      
            No. 6-3    200      170       350                                  
     ex-    No. 6-4    195      180       350                                  
     ample                                                                     
            No. 6-5    205      175       400                                  
            No. 6-6    190      180       350                                  
     Control                                                                   
            No. 6-7             unvulcanizable                                 
            No. 6-8             unvulcanizable                                 
            No. 6-9             unvulcanizable                                 
            No. 6-10   100      --        150                                  
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a chlorinated isobutylene-multiolefin
      copolymer having a multiolefin unit containing 4 to 6 carbon atoms, which
      comprises contacting a chlorinating agent with a solution of an
      isobutylene-multiolefin copolymer composed of 80 to 99.5 mol percent of
      isobutylene units and 20 to 0.5 mol percent of the multiolefin units in an
      inert organic solvent at a temperature of 0.degree. to 100.degree.C. and
      in the presence of 0.01 to 10 parts by weight per 100 parts by weight of
      the copolymer of an aliphatic diamine derivative of the formula
      ##EQU6##
      wherein X is an aliphatic hydrocarbon residue of 2 - 6 carbon atoms, and
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each a member selected from the
      group of hydrogen and an alkyl group of 1 - 3 carbon atoms, any two of
      which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 taken together may form an
      aliphatic hydrocarbon residue of 2 - 6 carbon atoms, said chlorination
      reaction being carried out to such an extent that from 1.5 to 1.9 chlorine
      atoms per double bond contained in the copoloymer are introduced into the
      copolymer.
NUM  2.
PAR  2. The process of claim 1, wherein said copolymer comprises 90 to 99.5 mol
      percent of isobutylene units and 10 to 0.5 mol percent of isoprene units.
NUM  3.
PAR  3. The process of claim 1, wherein the amount of said aliphatic diamine
      derivative is 0.05 to 2 parts by weight per 100 parts by weight of said
      copolymer.
NUM  4.
PAR  4. The process of claim 1, wherein said diamine derivative is expressed by
      the following formula (1-a)
      ##EQU7##
      wherein X is an aliphatic hydrocarbon residue having 2 to 6 carbon atoms,
      each of R.sub.1 ', R.sub.2 ', R.sub.3 '  and R.sub.4 '  is a hydrogen atom
      or a monovalent aliphatic hydrocarbon residue of 1 to 3 carbon atoms, and
      these groups may be the same or different.
NUM  5.
PAR  5. The process one of claim 1 wherein said diamine derivative is expressed
      by the following formula (1-b)
      ##EQU8##
      wherein X and X' each represent an aliphatic hydrocarbon residue of 2 to 6
      carbon atoms and may be the same or different, and R.sub.2 '  and R.sub.4
      '  each represent a hydrogen atom or a monovalent hydrocarbon residue of 1
      to 3 carbon atoms and may be the same or different.
NUM  6.
PAR  6. The process one of claim 1 wherein said diamine derivative is expressed
      by the following formula (1-c)
      ##EQU9##
      wherein each of X, X' and X" is a divalent aliphatic hydrocarbon residue
      having 2 to 6 carbon atoms and these groups may be the same or different.
NUM  7.
PAR  7. The process of claim 1, wherein said organic solvent is selected from
      the group consisting of inert hydrocarbons and inert halogenated
      hydrocarbons.
NUM  8.
PAR  8. The process of claim 1 wherein the chlorination is carried out at
      20.degree. to 80.degree.C.
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ABST
PAL  Olefin polymers are made using a supported chromium oxide catalyst which is
      treated with a mixture of an organoboron compound and a hydrocarbyl
      aluminum hydrocarbyl oxide. This catalyst is capable of producing high
      shear response polymer and is of particular utility in the production of
      such polymer in a particle-form process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to modified supported chromium oxide olefin
      polymerization catalysts.
PAR  Supported chromium oxide catalysts can be used to prepare molding grade
      olefin polymers in a hydrocarbon solution to give a product having
      excellent characteristics from many standpoints. Such polymer generally
      has inherently high shear response, for instance. Supported chromium oxide
      catalysts can also be used to prepare molding grade olefin polymers in a
      slurry system wherein the polymer is produced in the form of small
      particles of solid material suspended in the diluent. This process,
      frequently referred to as a particle-form process, has the advantage of
      being less complex, but does not produce polymers which are exactly
      comparable to solution polymers in all rheological properties. There are
      certain applications where it is necessary to have properties such as high
      shear response associated with polymers made in a particle-form process.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method for producing high
      shear response polymer in a particle-form process; it is a further object
      of this invention to provide polymer produced by a particle-form process
      which has characteristics associated with solution polymerized polymers;
      and it is still yet a further object of this invention to provide improved
      olefin polymerization catalysts.
PAR  In accordance with this invention, a supported chromium oxide catalyst is
      treated with an organoboron compound and a hydrocarbyl aluminum
      hydrocarbyl oxide.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is primarily concerned with the preparation of polymers in a
      particle-form process. The polymers which are produced with the catalyst
      made in accordance with this invention are polymers of at least one
      polymerizable olefin, preferably normally solid homopolymers of ethylene
      or copolymers of ethylene with another 1-olefin containing 3-8 carbon
      atoms per molecule. As an example, the olefin polymer can be produced from
      at least one aliphatic mono-1-olefin having 2-8 carbon atoms per molecule.
      Exemplary copolymers include those of ethylene/propylene,
      ethylene/1-butene, ethylene/1-hexene, ethylene/1-octene and the like. The
      major portion of said copolymers is derived from ethylene and generally
      consists of about 95-99 mole percent of ethylene. These polymers are well
      suited for extrusion, blow molding, injection molding, and the like.
PAR  Suitable supports for the chromium oxide include silica, silica-alumina,
      silica-titania, and the like. The supports are particulate in nature and
      they can be prepared by precipitation and coprecipitation techniques or by
      mixing silica with other refractory materials. For example, sodium
      silicate can be added to an acid such as sulfuric acid (or an acid salt),
      the resulting precipitate aged for at least one hour, the water-soluble
      salts removed, and then the water removed by azeotropic distillaton with a
      material such as ethyl acetate. The mixing of the silicate into the acid
      (or vice versa) is preferably done slowly and with vigorous stirring so
      that, for instance, 0.5 to 15, preferably 1 to 5 percent of the silicate
      is added per minute. Silica constitutes a major portion of the support
      with the other metal compound or compounds when used making up from 0.1 to
      about 20 weight percent of the finished catalyst. This support can also be
      impregnated with a promoter metal compound such as a titanium compound
      prior to activation. Alternatively, it can be coprecipitated with a
      titanium compound. The support is admixed with 0.1 to about 10 weight
      percent chromium compound prior to activation.
PAR  The chromium compound can be a water-soluble compound such as chromium
      nitrate, chromium acetate, chromium trioxide, and the like, or an organic
      chromium compound such as tert-butyl chromate, chromium acetylacetonate,
      and the like. The organochromium compound can be dissolved in a
      non-aqueous solvent such as pentane, hexane, benzene, and the like, and
      the solution is added to the support which is preferably substantially
      dry. The resulting mixture is dried and activated in dry air at an
      elevated temperature generally within the range of 500.degree. to
      2,000.degree.F, preferably 750.degree. to 1,400.degree.F for about
      one-half hour to 50 hours, more preferably 2 to 10 hours. At least the
      substantial portion of the chromium in low valence states is converted to
      the hexavalent form.
PAR  After activation, the catalyst is cooled and treated with an organoboron
      compound and a hydrocarbyl aluminum hydrocarbyloxide.
PAR  The organoboron compound used in combination with the hydrocarbyl aluminum
      hydrocarbyloxide can be generically expressed as BR.sub.3 wherein the R is
      individually selected from the group consisting of hydrogen, alkyl,
      cycloalkyl and aryl and combinations of these such as alkaryl, aralkyl,
      alkylcycloalkyl, etc., at least one R in each compound being a hydrocarbon
      radical in which the number of carbon atoms can range from 1 to 12, the
      total number of carbon atoms in each compound, however, not exceeding 30.
      Exemplary compounds include trimethylboron, triethylboron,
      triisobutylboron, tri-n-octylboron, tricyclohexylboron,
      trimethylcyclopentylboron, triphenylboron, tribenzylboron, tritolylborons,
      tri(2-ethylphenyl) boron, and the like. Also suitable are mixed
      alkylborons such as methyldiethylboron, diethylisopropylboron,
      n-propyldi-n-hexylboron, and the like. The term organoboron is also meant
      to encompass boron compounds such as diborane which form an organoboron
      compound in situ on contact with olefin monomer. The trialkylborons are
      generally used, however, because of their availability and ease of
      handling. The amount of boron compound used is in the range of 0.5 to 10
      weight percent based on the weight of the supported chromium oxide
      catalyst, preferably about 0.5 to 5 weight percent (0.005-0.05 moles)
      based on the weight of 100 grams of the supported chromium oxide catalyst.
PAR  The hydrocarbyl aluminum hydrocarbyloxides used in conjunction with the
      organoboron compound are those represented by the formula
EQU  AlR.sub.a (OR').sub.b
PAL  wherein R and R' are the same or different and are alkyl, aryl, or
      cycloalkyl radicals or combinations thereof such as alkaryl, aralkyl,
      cycloalkyl, etc., each radical containing from 1 to about 10 carbon atoms,
      preferably 1 to 6, and wherein a and b are integers of 1 or 2, and a + b =
      3. The hydrocarbyl aluminum hydrocarbyloxide is used in the range of 0.5
      to 10 weight percent based on the weight of the supported chromium oxide
      catalyst. Exemplary compounds include diphenylaluminum phenoxide,
      p-tolylaluminum dibutoxide, di-n-propylaluminum methylcyclohexoxide,
      isobutylaluminum diisobutoxide, dimethylaluminum methoxide,
      diethylaluminum ethoxide, diethylaluminum n-propoxide, diethylaluminum
      t-butoxide, diisobutylaluminum isobutoxide, di-n-propylaluminum
      n-propoxide, di-2-methylpentylaluminum ethoxide, dimethylaluminum
      decanoxide, diethylaluminum phenoxide, dibenzylaluminum ethoxide and the
      like. Presently preferred are the dialkylaluminum alkoxides. The
      hydrocarbyl aluminum hydrocarbyloxides can be prepared by reacting a
      hydrocarbon solution of a trihydrocarbyl aluminum with a hydrocarbon
      solution of an alcohol at about a 1:1 to 1:2 molar ratio. After the
      reaction is completed, the required amount of solution is used to treat
      the catalyst. The solvent is preferably the same as that used as the
      diluent in the polymerization, i.e., isobutane, pentane, or the like, but
      can also be different.
PAR  The aluminum hydrocarbyloxide and organoboron compounds are preferably
      contacted with the catalyst prior to introduction of the monomer. They can
      be added to the polymerization reactor, in the case of a batch reactor,
      prior to addition of the monomer and raising of the temperature to
      polymerization conditions. Alternatively they can be premixed with the
      chromium oxide catalyst but in such a case it is preferred to contact the
      treated catalyst with the monomer or mixture of monomers within several
      minutes since otherwise the activity of the catalyst appears to decrease.
PAR  In either event, it is preferred that the hydrocarbyloxide solution be
      added slowly to a slurry of the catalyst with vigorous mixing by stirring,
      for instance, since it reacts quickly with the catalyst and thus if the
      hydrocarbyloxide is simply poured over the catalyst or into a slurry of
      catalyst in a diluent, the first portion of the catalyst to be contacted
      with incorporate a large percentage of the hydrocarbyloxide and the rest
      will get less or none. The mixing should continue for a short time after
      the last of the hydrocarbyloxide is added. The organoboron compound can be
      added by a separate stream to the catalyst at the same time, or the
      organoboron and hydrocarbyloxide streams can be combined just prior to
      addition to the catalyst. It is also possible to first add all of one
      component and thereafter add all of the other (with vigorous mixing in
      both cases) although it is preferred to add the two together either in
      separate streams into a vessel containing a slurry of the catalyst or by
      combining separate streams in a mixing T and introducing a combined stream
      into the vessel. The catalyst is preferably added in a separate stream to
      insure better mixing than would be obtained if initial contact between the
      catalyst and adjuvants were in a mixing T.
PAR  Good results have been obtained when the organoboron to aluminum
      hydrocarbyloxide mole ratio is within the range of about 0.5:1 to about
      2:1.
PAR  The temperature during the initial contact with the hydrocarbyloxide and
      organoboron compound with the catalyst can vary from 0.degree. to
      130.degree.F. and is preferably about 0.degree. to 90.degree.F.
PAR  The particle-form process in which the catalyst of this invention is of
      particular applicability is a process in which at least one olefin is
      polymerized at a temperature in the range of about 150.degree. to
      230.degree.F. The catalyst is maintained in suspension and is contacted
      with the olefin or mixture of olefins in an organic medium at pressures
      sufficient to maintain the medium and at least a portion of the olefins in
      the liquid phase. The medium and temperatures are such that the polymer
      produced is insoluble in the medium and is recovered in the form of solid
      particles. The organic medium (diluent) is generally a paraffin and/or
      cycloparaffin having from 3 to 12 carbon atoms per molecule. Representive
      examples include propane, butane, isobutane, pentane, isopentane,
      cyclohexane, n-dodecane, methylcyclohexane, and the like. Pressures can
      range from about 100 to 700 psig or higher, and catalyst concentrations
      can range from about 0.001 to about 1 weight percent based on the weight
      of the reactor contents. Hydrogen can be used to modify the molecular
      weight of the polymers produced in the process if desired. The process for
      preparing the polymers in particle-form is broadly disclosed in British
      Pat. No. 853,414, complete specification published Nov. 9, 1960, and later
      variations are disclosed in Norwood et al., U.S. Pat. No. 3,644,323 issued
      Feb. 22, 1972, the disclosures of which are hereby incorporated by
      reference. The catalyst of the invention could also be used in solution
      polymerizations or gas phase polymerizations, but he unexpected advantage
      afforded by the catalyst of the invention relates primarily to
      particle-form polymerizations.
PAR  The contacting of monomer or monomers with catalyst can be effected by any
      of the techniques known in the art for solid catalysts. A convenient
      method is to suspend the chromium oxide catalyst in the liquid diluent and
      to agitate the reaction mixture, thus maintaining the catalyst as a solid
      suspension in the liquid diluent. Other known catalytic contacting methods
      such as fixed bed, fluidized bed, gravitating bed, etc., can also be used.
PAR  Polymers produced with the catalyst of the instant invention are readily
      processed in conventional plastics fabrication equipment. One measure of
      the processability is the melt index of the polymers, those having high
      melt indices being more easily handled than those having low melt indices.
      The melt indices of the polymers produced in the instant invention can
      range from about 0.05 to about 20 or even higher.
PAR  Broad molecular weight distribution polymers are produced with the catalyst
      of this invention. One indication of breadth of molecular weight
      distribution is given by the ratio between high load melt index (HLMI)
      determined according to ASTM D1238-57T, Cond. F, and melt index (MI)
      determined according to ASTM D1238-57T, Cond. E. Similarly, the ratio
      between a "CIL" flow rate and a melt index can be determined by measuring
      the "CIL" flow rate in a plastometer manufactured by Canadian Industries
      Ltd. (CIL). In this method, the flow rate of the polymer is determined at
      1500 psig gas pressure through a capillary tube 0.176 inches long and
      0.01925 inches inner diameter at 190.degree.C. Polymers with broad
      molecular weight distributions are more shear sensitive and therefore
      exhibit higher HLMI/MI or CIL/MI ratios than polymers with narrow
      molecular weight distributions. Broad molecular weight distribution
      polymers, particularly those having a melt index of about 0.1 to 1,
      preferably 0.1 to 0.3 are quite useful in blow molding containers and the
      like since they exhibit good melt flow properties and the molded articles
      have good resistance to environmental stress cracking. The polymers made
      using the catalyst of this invention have higher shear response compared
      with polymers made with catalyst utilizing no adjuvant or catalysts
      utilizing only one of the adjuvants. Because of their improved shear
      response due to broader molecular weight distribution, the polymers
      produced with the catalyst of this invention having a melt index up to 20
      or higher are particularly suitable candidates for injection molding and
      rotational molding applications.
DETD
PAC  EXAMPLE I
PAR  A series of runs was made in a 2 liter stirred reactor with isobutane as
      the diluent and a commercial polymerization catalyst comprising
      microspheroidal silica impregnated with nominally 2 weight percent
      chromium oxide. The catalysts were activated by calcination in dry air at
      the temperatures indicated in the Table. Hydrocarbon solutions of the
      organometal compound or compounds used were passed to the reaction zone
      separately as required to give the weight percent based on catalyst weight
      shown in the Table. Unless otherwise indicated all runs were conducted at
      a reactor temperature of 220.degree.F, a reactor pressure of 500 psig and
      a run length of 120 minutes. Copolymers of ethylene and 1-hexene were made
      in all instances. The data are presented in the Table. Molar concentration
      of adjuvants is based on 100 grams of catalyst.
PAR  Catalyst and diluent were charged to the reactor at about 80.degree.F and
      each organic compound in hydrocarbon solution added separately to the
      stirred catalyst/diluent slurry at about 80.degree.F and mixed for several
      minutes. The reactor and its contents were then brought up to the reaction
      temperature and the monomers charged.
TBL                                    Table I                                 
     __________________________________________________________________________
          Catalyst      Weight %      Polymer.sup.(d)  Polymer                 
     Run  Activation                                                           
                Weight %.sup.(a)                                               
                        Metal Compound                                         
                                      Yield  Melt  HLMI                        
                                                       Density                 
     No.  Temp .degree.F                                                       
                1-hexene                                                       
                        TEB.sup.(b)                                            
                               DEALE.sup.(c)                                   
                                      g/g    Index MI  g/cc                    
     __________________________________________________________________________
     1    900   8.24    2      0      3045   0.083 140 0.9460                  
     2    900   8.86    4.6.sup.(e)                                            
                               0      3635   0.087 124 0.9470                  
     3    900   8.36    0      6.1.sup.(e)                                     
                                      3640   1.37  120 0.9587                  
     4    900   8.38    4      3.5    2515   0.10  172 0.9522                  
       5.sup.(f)                                                               
          900   5.2     0      3.5    5000   0.14  133 0.9472                  
     6    900   5.65    2      3.5    4380   0.12  206 0.9478                  
       7.sup.(g)                                                               
          900   6.64    2      3.5    3460   0.19  205 0.9496                  
     8    1100  6.25    0      3.5    4340   0.29  113 0.9466                  
     9    1100  6.76    2      3.5    3410   0.095 174 0.9476                  
     10   1100  6.34    1      3.5    3250   0.067 218 0.9386                  
       11.sup.(h)                                                              
          1200  5.42    0      3.5    5260   0.307 109 0.9460                  
     12   1200  6.02    2      3.5    4240   0.111 147 0.9460                  
     13   1320  2.0     0      0      .about.5000                              
                                             0.50   80 0.950                   
     __________________________________________________________________________
      .sup.(a) Weight percent based on total monomer stream.                   
      .sup.(b) Triethylboron.                                                  
      .sup.(c) Diethylaluminum ethoxide.                                       
      .sup.(d) Yield in terms of grams polymer per gram of catalyst.           
      .sup.(e) Equivalent on a mole basis to 2 weight percent TEB + 3.5 weight 
      percent DEALE.                                                           
      .sup.(f) Run length was 113 minutes.                                     
      .sup.(g) Reactor pressure was 450 psig.                                  
      .sup.(h) Run length was 114 minutes.                                     
PAR  Inspection of the data in the Table shows that polymer made in the absence
      of either of the organometal catalyst adjuvants has a HLMI/MI ratio of 80
      (control run 13). However, when either TEB or DEALE is used as catalyst
      adjuvant (runs 1, 2 and 3, 5, 8, 11 respectively) the HLMI/MI ratio is
      increased with values ranging from 109 to 140. It is apparent that either
      adjuvant has the capability to broaden the molecular weight distribution
      of polymer made with the supported chromium oxide catalyst. When both
      adjuvants are used simultaneously (runs 4, 6, 7, 9, 10, 12) the results
      unexpectedly show HLMI/MI values ranging from 147 to 218, more generally
      in the area of about 170 to about 205. The data suggest the increased
      effect of using both adjuvants together diminishes when the supported
      chromium oxide catalyst is activated at higher temperatures as a
      comparison between runs 9 (1,100.degree.F activation temperature, HLMI/MI
      value of 174) and 12 (1,200.degree.F activation temperature, HLMI/MI value
      of 147) demonstrates. The results of runs  6, 7 (900.degree.F activation
      temperature, HLMI/MI values of 206 and 205, respectively) further support
      the conclusion that the unexpected broadening of the molecular weight
      distribution of polymer made over the supported chromium oxide in the
      presence of both adjuvants is enhanced when the oxide catalyst is
      activated at lower temperatures. In runs 6, 7, 9 and 12 the concentrations
      of catalyst adjuvants were the same in each instance. In terms of moles, 2
      weight percent TEB based on the weight of the supported chromium oxide
      catalyst is equivalent to a value of 0.020 and 3.5 weight percent DEALE is
      equivalent to 0.027. Total moles of catalyst adjuvant thus is 0.047. In
      these runs the molar ratio of TEB to DEALE is about 0.8 to 1. In run 2
      wherein 4.6 weight percent TEB based on the weight of the supported
      chromium oxide is used, the equivalent value in terms of moles is 0.047.
      In run 3 wherein 6.1 weight percent DEALE based on the weight of the
      supported chromium oxide is used, the equivalent value in terms of moles
      is 0.047. Thus the total molar concentration of catalyst adjuvants in runs
      2 and 3 is equivalent to the total molar concentrations of catalyst
      adjuvants in runs 6, 7, 9 and 12 and the unexpected increase in the
      HLMI/MI ratios observed is significantly greater than the expected
      additive effect.
PAC  EXAMPLE II
PAR  Another series of runs was made in a manner essentially identical to that
      of Example I except the catalyst was a silica cogelled with 2.5 weight
      percent titanium based on the total weight of the silica and titanium
      after drying. The thus formed hydrogel was impregnated with a chromium
      compound sufficient to give 2 weight percent chromium oxide based on the
      total weight of the catalyst after calcining. The water was then removed
      and the catalyst activated by calcination in dry air at the temperatures
      indicated in the Table. The 220.degree.F reactor temperature, 500 psig
      reaction pressure, and other conditions were identical to those of Example
      I. The results were as follows:
TBL                                    TABLE II                                
     __________________________________________________________________________
     Catalyst         Wt. % Metal                                              
                               Polymer      Polymer                            
     Activation  Wt. %                                                         
                      Compound Yield,                                          
                                    Melt                                       
                                        HLMI                                   
                                            Density,                           
     Run No.                                                                   
           Temp. Hexane                                                        
                      TEB DEALE                                                
                               g/g  Index                                      
                                        MI  g/cc                               
     __________________________________________________________________________
     14    900   8.0  6   3.5  4260 0.28                                       
                                        192 .9496                              
     15    900   9.4  --  3.5  2660 0.54                                       
                                        106 .9530                              
     16    900   9.48 --  3.5  3930 0.48                                       
                                        124 .9488                              
     __________________________________________________________________________
PAR  This table shows that the same high HLMI/MI ratio is obtained when the
      catalyst is a silica cogelled with titanium.
PAR  While this invention has been described in detail for the purpose of
      illustration, it is not to be construed as limited thereby but is intended
      to cover all changes and modifications within the spirit and scope thereof
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing a catalyst comprising: activating a supported
      chromium oxide at a temperature within the range of
      500.degree.-2,000.degree.F; thereafter treating said thus-activated
      supported chromium oxide with from 0.5 to 10 weight percent, based on the
      weight of said supported chromium oxide, of a hydrocarbyl aluminum
      hydrocarbyloxide and from 0.5 to 10 weight percent, based on the weight of
      said supported chromium oxide of an organoboron compound.
NUM  2.
PAR  2. A method according to claim 1 wherein said supported chromium oxide is
      treated at a temperature within the range of 0.degree. to 130.degree.F.
NUM  3.
PAR  3. A method according to claim 1 wherein said hydrocarbyl aluminum
      hydrocarbyl oxide and said organoboron compound are in a hydrocarbon
      solvent and are added slowly to a slurry of said catalyst in a hydrocarbon
      diluent while subjecting said slurry to vigorous mixing.
NUM  4.
PAR  4. A method according to claim 1 wherein said hydrocarbyl aluminum
      hydrocarbyloxide is a dialkylaluminum alkoxide and said organoboron
      compound is a trialkylboron.
NUM  5.
PAR  5. A method according to claim 4 wherein said hydrocarbyl aluminum
      hydrocarbyl oxide is diethylaluminum ethoxide and said organoboron
      compound is triethylboron.
NUM  6.
PAR  6. A method according to claim 1 wherein said chromium oxide is supported
      on a precipitated silica.
NUM  7.
PAR  7. A method according to claim 6 wherein said chromium oxide is supported
      on silica coprecipitated with a titanium compound.
NUM  8.
PAR  8. A method according to claim 1 wherein a mole ratio of said organoboron
      to said hydrocarbyl aluminum hydrocarbyloxide is within the range of 0.5:1
      to 2:1.
NUM  9.
PAR  9. A method according to claim 8 wherein said catalyst is treated at a
      temperature within the range of 0.degree. to 90.degree.F, said
      hydrocarbyloxide is in a hydrocarbon solvent and said organoboron compound
      is in a hydrocarbon solvent and said hydrocarbyloxide and organoboron
      compound are slowly added to a slurry of said catalyst in a hydrocarbon
      diluent while subjecting said slurry to vigorous mixing, and wherein said
      hydrocarbyloxide is diethylaluminum ethoxide and said organoboron compound
      is triethylboron, and wherein said chromium oxide is supported on silica
      coprecipitated with a titanium compound.
NUM  10.
PAR  10. A catalyst prepared by the method of claim 1.
NUM  11.
PAR  11. A process which comprises contacting, in a liquid diluent at a
      temperature such that at least a substantial part of the polymer produced
      is insoluble in said diluent, at least one polymerizable olefin under
      polymerization conditions with a catalyst which catalyst is produced by
      activating a supported chromium oxide at a temperature within the range of
      500.degree.-2,000.degree.F, thereafter treating said thus-activated
      supported chromium oxide with from 0.05 to 10 weight percent based on the
      weight of said supported chromium oxide of a hydrocarbyl aluminum
      hydrocarbyloxide and from 0.5 to 10 weight percent based on the weight of
      said supported chromium oxide of an organoboron compound.
NUM  12.
PAR  12. A method according to claim 11 wherein said olefin is at least one
      aliphatic mono-1-olefin having 2 to 8 carbon atoms per molecule.
NUM  13.
PAR  13. A method according to claim 11 wherein said olefin is ethylene and
      another 1-olefin, and said polymer consists of 95 to 99 mole percent
      ethylene.
NUM  14.
PAR  14. A method according to claim 11 wherein said contacting is carried out
      at a temperature within the range of 150.degree.-230.degree.F and
      substantially all of said polymer is in particle-form.
NUM  15.
PAR  15. A method according to claim 11 wherein said diluent is a paraffin or
      cycloparaffin, or mixture thereof, having from 3 to 12 carbon atoms per
      molecule.
NUM  16.
PAR  16. A method according to claim 11 wherein said diluent is isobutane.
NUM  17.
PAR  17. A method according to claim 11 wherein said hydrocarbyl aluminum
      hydrocarbyloxide is diethylaluminum ethoxide and said organoboron compound
      is triethylboron.
NUM  18.
PAR  18. A method according to claim 11 wherein said chromium oxide is supported
      on a silica coprecipitated with a titanium compound.
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ABST
PAL  A series of 9-(substituted amino)imidazo[4,5-f]quinolines are effective
      anthelmintic agents; particularly in respect to the tapeworm Hymenolepis
      nana.
PARN
PAR  This is a division of application Ser. No. 367,501, filed June 6, 1973,
      now U.S. Pat. No. 3,919,238, issued Nov. 11, 1975.
BSUM
PAR  This invention relates to chemical compounds; particularly a series of
      9(substituted amino)imidazo[4,5-f] quinolines of the formula:
      ##SPC1##
PAL  Wherein X is hydrogen, methyl, phenyl or hydroxy;
PAR  Z is methyl, ethyl, hydrogen or phenyl;
PAR  W is
      2-piperidino-5-pyridylamino,[6-(4-methyl-1-piperazinyl)-3-pyridyl]amino,
      (4-methoxybenzyl)amino, 2-methoxy-5-pyridylamino, .beta.-naphthylamino,
      cyclohexylamino, .alpha.-naphthylamino, anilino or-HN-
      ##SPC2##
PAL  wherein R is 4-methyl, 2-chloro-5-methyl, 4-butyl, 3-chloro-4-methyl, 4sec.
      butyl, 3-trifluoromethyl, 3-trifluoromethyl-4-chloro, 2-phenyl, 4-phenyl,
      2-methyl-3-chloro, 4-isopropyl, 3,4-dichloro, 4-bromo, 4-iodo,
      4-dimethylamino, 4-diethylamino, 3-chloro-4-dimethylamino, 4-piperidino,
      4-(4-methylpiperazinyl), 3-dimethylamino, 3-chloro-4 -piperidino,
      3-chloro-4-(4-methyl)piperazinyl, 3chloro-4-(4-benxyl) piperazinyl,
      4-methoxy, 4-ethoxy, 2-methoxy, 3-chloro-4-ethoxy, 4-butoxy, 3-methoxy,
      4-phenoxy, 4-methylthio, 4-benzyloxy, 2-methylthio, 3-methylthio,
      3,4-dimethoxy, 3,4-diethoxy, 3,4-diisopropoxy, 3,4diisobutoxy,
      3,4-dibutoxy, 3,4-disec. amyloxy, 2,5-diethoxy, 2,5-dimethoxy,
      2,5-dimethoxy-4-chloro, 2-ethoxy-5-methoxy, 2-methoxy-5-ethoxy,
      2,5-diethoxy-4-chloro, 2,4-dimethoxy-5-chloro, 3,4,5-trimethoxy,
      2,4,5-triethoxy, 4-acetyl, 3-acetyl, 4-propionyl, 4-butyryl,
      2-methyl-4-chloro, 3-nitro-4-methyl, 3-chloro-4-ethyl, 3-chloro-4-butyl,
      3-chloro-4fluro, 3-chloro-4-pyrrolidino, 4-phenylazo, 2-methoxy-4-chloro,
      3,4-methylenedioxy, 3,4-diamyloxy, 3,4-diisoamyloxy,
      4-chloro-2,5-dibutoxy, or 4-(2-diethylamino)ethoxy.
PAR  The members of this series of 9-(substitued amino)imidazo[4,5-f] quinolines
      are effective anthelmintic agents. When administered perorally to mice
      harboring the intestinal tapeworm, Hymenolepis nana, as an aqueous
      suspension, conveniently, if desired, prepared using a suspending agent
      such as sodium alginate, clearance of from 40-100% of that intestinal
      parasite is accomplished. Hymenolepis nana is frequently found in the
      human intestine.
PAR  The methods by which members of the series of this invention are prepared
      are illustrated in the following examples in which the compounds are
      usually obtained as the hydrochloride salt. These methods consist in
      reacting a 9-chloroimidazo[4,5-f] quinoline with a pyridylamine,
      naphthylamine, benzylamine, cyclohexylamine or an aniline.
DETD
PAC  Example I
PAC  9-Anilino-7methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A. Ethyl 3-(5-Benzimidazolylamino)crotonate
PAR  An 82 g. (0.5 mole) sample of 5-nitrobenzimidazole in 900 ml of ethanol was
      reduced over 4 g. of 5% Pd/C catalyst containing 50% H.sub.2 O. After a
      pressure drop of 108 lb. (calcd. 106 lb.), the reduction stopped. After
      filtration of the catalyst, 65 g. (0.5 mole) of ethyl acetoacetate, 20 g.
      of anhydrous calcium sulfate, and 0.5 ml of HOAc was added. After
      filtration of the anhydrous calcium sulfate the solution was concentrated
      in vacuo till till a solid remained. The product was filtered and washed
      with fresh ethanol and air-dried. The yield was 84 g. (69%), m.p.
      160.degree.-162.degree.C.
PAR  B. 7-Methyl-9-imidazo[4,5-f]quinolinol
PAR  40 g. of A. was added to 800 ml. of boiling Dowtherm and the boiling was
      continued for 6 minutes. The product separated upon cooling. The product
      was filtered, washed with Dowtherm and then acetone and air-dried. The
      yield was 29 g. (91%), m.p. 345.degree.-347.degree.C.
PAR  C. 9-Chloro-7-methyl-1H-imidazo[4,5-f]quinoline
PAR  A suspension of 4.0 g. of B. in 100 ml. of phosphorus oxychloride was
      heated under reflux for 45 min. and then allowed to cool. The solid was
      filtered, washed with benzene, air-dried briefly and then dissolved in 100
      ml. of water. The cloudy solution was filtered and, after addition of
      crushed ice, was made alkaline with ammonium hydroxide. The oily product
      which separated began to crystallize in a short time. It was filtered,
      washed with water and dried in the 60.degree. oven, giving 3.8 g.
      Recrystallization from aqueous ethanol gave white needles, unmelted aboove
      300.degree..
PAR  Anal Calcd. for C.sub.11 H.sub.8 N.sub.3 Cl: C, 60.70; H, 3.70; N, 19.31;
      Cl, 16.29. Found: C, 60.68; H, 4.01; N, 18.79; Cl, 16.30
PAR  D. 9-Anilino-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 11 g. (0.05 mole) of C. and 5 g. (0.05 mole) of aniline in 600
      ml. of ethanol was refluxed for 6 hr. The solvent was removed in vacuo and
      the residue was slurried with ether. The crude product was collected by
      filtration as tan needles and was recrystallized from ethanol. The product
      was collected as tan needles melting at 350.degree.-355.degree. in a yield
      of 6.2 g. (40%). Recrystallization from ethanol raised the melting point
      to 368.degree.-370.degree. (corr.).
PAR  Anal. Calcd. for C.sub.17 H.sub.14 N.sub.4.HCl: C, 65.38; H, 5.00; N,
      17.80. Found: C, 65.35; H, 4.99;N, 17.71.
PAC  Example II
PAC  9-(.beta.-Naphthylamino)-7-methyl-1H-imidazo[4,5-f]quinoline  MeOH,
PAR  A mixture of 27 g. (0.124 m.) of the compound of Example I, C. and 17.8 g.
      (0.124 m.) of .beta.-naphthylamine in 200 ml. of ethanol was stirred and
      refluxed overnight. The reaction solution was concentrated in vacuo to
      give 43 g. m.p. 377.degree.-380.degree. with decomposition. After
      dissolving the crude product in 3000 ml. of MeOH, with charcoal, the
      filtrate was concentrated to a volume of 500 ml. then chilled. The yield
      after oven-drying (100.degree.) was 30 g., m.p. 384.degree.-386.degree..
PAR  Anal. Calcd. for C.sub.21 H.sub.16 N.sub.4 .HCl: C, 69.90; H, 4.75; N,
      15.53 Cl 9.83. Found: C, 69.56; H, 4.68; N, 15.44; Cl, 10.03.
PAC  Example III
PAC  9-Methylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 30 g. (0.138 m.) of the compound of Example I, C., 14.81 g.
      (0.138 m.) of p-toluidine and 600 ml. of ethanol was refluxed with
      stirring overnight. The reaction mixture was concentrated to dryness in
      vacuo, and the residue dissolved in 3000 ml. of ethanol. The insolubles
      were removed by filtration and the ethanol filtrate concentrated in vacuo
      to give 21 g. m.p. 388.degree.-390.degree.. The crude product was
      recrystallized from 500 ml. of dimethylformamide to yield 15 g. m.p. &gt;
      400.degree..
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.4.HCl: C, 66.56: H, 5.28; N,
      17.25; Cl, 10.92. Found: C, 66.40; H, 5.14; N, 17.31; Cl, 10.91.
PAC  Example IV
PAC  9-(2-Chloro-5-methylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 40 g. (0.184 m.) of the compound of Example I, C., 26.1 g.
      (0.184 m.) of 2-chloro-5-methylaniline and 500 ml. of ethanol was refluxed
      with stirring overnight. The reaction mixture was concentrated to dryness
      in vacuo, and the residue dissolved in 700 m. of MeOH. The insolubles were
      removed by filtration and the MeOh filtrate concentrated in vacuo to give
      24 g. m.p. decomposes 315.degree.-400.degree.C. The crude product was
      triturated in 500 ml. of MeOH, then oven-dried (100.degree.C) to give m.p.
      332.degree.-335.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.4.HCl: C, 60.17; H, 4.49; N,
      15.60; Cl, 19.74. Found: C, 59.79; H, 4.36; N, 15.53; Cl, 19.61.
PAC  Example V
PAC  9-(p-n-Butylanilino-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of the compound of Example I, C. (21.7 g., 0.1 mole) and
      p-n-butylaniline (14.9 g., 0.1 mole) in ethanol (200 ml.) was stirred and
      refluxed overnight. The reaction solution was concentrated to dryness by
      rotary evaporator and the residue was collected and dried at 100.degree.C
      to yield 36.5 g. (99.7%) yellow crystals, m.p. 296.degree.-303.degree.C. A
      small sample (5.0 g.) was recrystallized from nitromethane (750 ml.) and
      dried to yield 1.9 g. yellow crystals, m.p. 287.degree.-302.degree.C. A
      repeated recrystallization gave m.p. 303.degree.-306.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.22 N.sub.4.HCl: C, 68.74; H, 6.32; N,
      15.27. Found: C, 68.50; H, 6.26; N, 15.36.
PAC  Example VI
PAC  9-(3Chloro-4-methylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser, and
      thermometer was charged with a mixture of the compound of Example I, C.
      (21.7 g., 0.1 mole), 3-chloro-4-methylaniline (14.2 g., 0.1 mole) and
      ethanol (300 ml.). The mixture was heated at reflux, while stirring,
      overnight. The near solution was concentrated to dryness by rotary
      evaporator and the residue was collected and dried to yield 35 g. (97.5%),
      m.p. 352.degree.-364.degree.C (dec). A 10 g. sample was dissolved in
      methanol (200 ml.), treated with charcoal and filtered while hot. Ether
      (ca 750 ml.) was added until the filtrate remained turbid and was then
      chilled. The crystals were collected by filtration and dried to yield 3.4
      g. yellow crystals, m.p. 362.degree.-370.degree.C (dec). After two
      recrystallizations a m.p. 368.degree.-372.degree.C (dec) was obtained.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.4.HCl: C, 60.17; H, 4.49; N,
      15.60. Found: C, 59.76; H, 4.43; N, 15.30.
PAC  Example VII
PAC  7-Methyl-9-(3-trifluoromethylanilino)-1H-imidazo-[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 16 g. (0.1 m.) of m-trifluoromethylaniline, 22 g. of the
      compound of Example I, C. and 200 ml. of dimethylformamide was heated
      overnight on the steam bath, then heated under reflux for 11/2 hours and
      allowed to cool. the crystalline product was filtered, washed with a
      little dimethylformamide, air-dried briefly and recrystallized from 350
      ml. of ethanol to give 25 g. as white needles, m.p.
      300.degree.-307.degree..
PAR  Anal. Calcd. for C.sub.18 H.sub.13 F.sub.3 N.sub.4.HCl.1/2 H.sub.2 O: C,
      55.75; H, 3.90; N, 14.45. Found: C, 55.69; H, 4.10; N, 14.39.
PAC  Example VIII
PAC  9-(.alpha.-Naphthylamino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Tetartohydrate
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with the compound of Example I, C. (16.3 g., 0.075
      mole), .alpha.-naphthylamine (10.7 g., 0.076 mole) and dimethylformamide
      (300 ml). The mixture was stirred overnight while heating at reflux. The
      reaction mixture was then concentrated to dryness by rotary evaporator.
      The residue was collected by filtration, washed with ether and dried at
      60.degree. to yield 20.5 g. (76%) yellowish crystals, m.p.
      351.degree.-357.degree.. The product was dissolved in methanol (2000 ml.),
      was treated with charcoal, filtered while hot and left standing overnight.
      The crystals were collected by filtration and dried at 100.degree.C to
      yield 11.3 g. yellow crystals m.p. 355.degree.-361.degree.C. The filtrate
      was concentrated to 900 ml. by rotary evaporator and chilled. The crystals
      were collected by filtration and dried to yield 3.9 g. light yellow
      crystals, m.p. 351.degree. -355.degree.C. The two crops were combined.
PAR  Anal. Calcd. for C.sub.21 H.sub.18 N.sub.4.HCl.1/4H.sub.2 O: C, 69.03; H,
      4.63; N, 15.34. Found: C, 68.63; H, 4.75; N, 15.27.
PAC  Example IX
PAC  9-(p-sec-Butylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Tetartohydrate
PAR  A. Preparation of p-sec-butylaniline:
PAR  A 500 ml. reduction bottle charged with a mixture of
      p-nitro-sec-butylbenzene (17.9 g., 0.1 mole) and ethanol (200 ml.) was
      shaken with hydrogen over 1/2 teaspoon Raney active nickel catalyst in
      water. A hydrogen uptake of 25 psi was recorded (calcd. 25.9 psi). The
      catalyst was removed by filtration and the filtrate was used in part B.
PAR  B. Preparation of title compound:
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and thermometer
      was charged with the filtrate from part A plus the compound of Example I,
      C. (21.7 g. 0.1 mole) and was stirred overnight while heating at reflux.
      The reaction mixture was concentrated to dryness by rotary evaporator. The
      residue was collected and dried to yield 36 g. (98%) yellow crystals,
      softens 75.degree.-80.degree.C, melts 210.degree.-225.degree.C. The crude
      product was dissolved in methanol (400 ml.), treated with charcoal and
      filtered while hot. The filtrate was diluted with ether (3000 ml.) with
      scratching and chilled. The crystals were collected by filtration and
      dried to yield 22.1 g. yellow crystals, m.p. 234.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.22 N.sub.4.HCl.1/4H.sub.2 O: C, 67.91; H,
      6.38; N, 15.09. Found: C, 67.67; H, 6.51; N, 15.14.
PAC  Example X
PAC  9-[4-Chloro-3-(trifluoromethyl)anilino]-7-methyl-1H-imidazo[4,5-f]
      quinoline Hydrochloride Hydrate
PAR  A stirred mixture of the compound of Example I, C. (22 g. 0.1 mole) and
      5-amino-2-chlorobenzotrifluoride (20 g. 0.1 mole) in 200 ml. of
      dimethylformamide, was refluxed for 6 hours. The reaction solution was
      stripped in vacuo to give 35 g. (82%) of tan product.
PAR  Anal. Calcd. for C.sub.18 H.sub.12 ClF.sub.3 N.sub.2.HCl.3/4H.sub.2 O: C,
      50.66; H, 3.42; N, 13.13 Found: C, 51.04; H, 3.69; N, 12.84.
PAC  Example XI
PAC  9-(o-Phenylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Tetartohydrate
PAR  A stirred mixture of the compound of Example I, C. (22 g., 0.1 mole) and
      2-aminobiphenyl (17 g. 0.1 mole) in 200 ml. of dimethylformamide was
      refluxed for 6 hours. The reaction solution was stripped in vacuo to yield
      a semisolid. The semisolid was recrystallized from methanol/ether to give
      23 g. (59%) of tan product, m.p. 270.degree.-272.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.18 N.sub.4.HCl.1/4H.sub.2 O: C, 70.58; H,
      5.02; N, 14.32. Found C, 70.66; H, 4.87; N, 14.53.
PAC  Example XII
PAC  9-(3-Chloro-2-methylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Monohydrate
PAR  A stirred reaction mixture of the compound of Example I, C. (22 g., 0.1
      mole) and 3-chloro-2-methylaniline (14 g., 0.1 mole) in 200 ml. of
      dimethylformamide was refluxed for 6 hours. The reaction mixture was
      stripped in vacuo to yield a tar. Upon standing the tar solidified to give
      a yellow semisolid. The yellow product was recrystallized twice from
      methanol/ether to yield 14 g. (37%).
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.4.HCl.H.sub.2 O: C, 58.30; H,
      4.81; N, 14.85 Found: C, 56.98; H, 4.69; N, 14.69.
PAC  Example XIII
PAC  9-(p-Isopropylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Hemihydrate
PAR  A mixture of the compound of Example I, C. (32.1 g., 0.148 mole),
      p-isopropylaniline (20 g., 0.148 mole) and ethanol (300 ml.) was stirred
      while heating at reflux for 4 hours. The mixture was chilled and the
      crystals were collected by filtration and dried at 60.degree.C to yield
      3.6 g. off-white crystals, m.p. 215.degree.-230.degree.C. The filtrate was
      concentrated to 150 ml. by rotary evaporator and chilled. The solid was
      collected and dried to yield 29.7 g. off white crystals, m.p.
      249.degree.-256.degree.C. A third crop was collected and dried to yield
      7.1 g. off white crystals, m.p. 249.degree.-256.degree.C. Crop I was
      dissolved in isopropanol (900 ml.), treated with charcoal and filtered
      while hot. The filtrate was concentrated to 50 ml. The grayish mixture was
      chilled for several hours and the crystals were collected and dried to
      yield 0.1 g. gray crystals, m.p. 224.degree.-232.degree.C - discarded. A
      second crop was collected and dried to yield 0.3 g. yellow crystals, m.p.
      248.degree.-254.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.20 N.sub.4.HCl.1/2H.sub.2 O: C, 66.38; H,
      6.13; N, 15.48. Found: C, 66.71; H, 6.08; N, 15.45.
PAC  Example XIV
PAC  9-(3,4-Dichloroanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Hemihydrate
PAR  A solution of the compound of Example I, C. (22 g., 0.1 mole) and
      3,4-dichloroaniline (16.2 g., 0.1 mole) in ethyl alcohol (1200 ml.) was
      refluxed for six hours. At the end of this period the solution was
      filtered and the solvent reduced in volume by evaporation. Addition of
      ether to the concentrated solution precipitated a crystalline product
      which was isolated and dried at 60.degree. to give 19 g. of crude
      compound. This was combined with 44 g. from another run and recrystallized
      twice from ethyl alcohol, combined with 23 g. from a third run and
      recrystallized from methanol to give 33 g. (17%).
PAR  Anal. Calcd. for C.sub.17 H.sub.12 Cl.sub.2 N.sub.4.HCl.1/2 H.sub.2 O: C,
      52.63; H, 3.63; N, 14.42. Found: C, 52.35; H, 3.85; N, 14.39.
PAC  Example XV
PAC  9-(p-Bromoanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 37.9 g. (0.174 m.) of the compound of Example I, C., 30 g.
      (0.174 ml.) of p-bromoaniline and 500 ml. of ethanol was stirred and
      refluxed overnight. After concentrating in vacuo the residue was
      recrystallized from 500 m. of MeOH to give 55 g. m.p.
      347.degree.-349.degree. .
PAR  Anal. Calcd. for C.sub.17 H.sub.13 BrN.sub.4.HCl: C, 52.39; H, 3.62; N,
      14.38; Cl, 9.10. Found C, 52.07; H, 3.75; N, 14.25; Cl, 9.01.
PAC  Example XVI
PAC  9-(4-Iodoanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with the compound of Example I, C. (24.8 g., 0.114
      mole), 4-iodoaniline (25 g., 0.114 mole) and ethanol (300 ml.). The
      mixture was stirred and heated overnight. The mixture was concentrated to
      dryness by rotary evaporator and the residue was collected and dried at
      100.degree.C to yield 49 g. (97.7%) brown crystals, m.p.
      296.degree.-305.degree.C. Recrystallization from ethanol gave m.p.
      313.degree.-315.degree.C.
PAR  Anal. Calcd. for C.sub.17 H.sub.13 IN.sub.4.HCl: C, 46.76; H, 3.23; N,
      12.83. Found: C, 46.45; H, 3.38; N, 12.62.
PAC  Example XVII
PAC  9-(p-Dimethylaminoanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Sesquihydrate
PAR  A mixture of 33 g. (0.15 mole) of the compound of Example I, C. and 21 g.
      (0.15 mole) of p-dimethylaminoaniline in 1800 ml. of ethanol was refluxed
      overnight. The solvent was removed by evaporation in vacuo. The residue
      was recrystallized from ethanol to give 32 g. of yellow solid. The solid
      was dissolved methyl alcohol and was acidified with a saturated
      etherhydrogen chloride solution. The product was collected as a cream
      colored solid and was recrystallized from methyl alcohol to give a yellow
      solid melting at 210.degree.-215.degree. in a yield of 22 g. (42%).
      Recrystallization from methyl alcohol raised the melting point to
      215.degree.-217.degree..
PAR  Anal. Calcd. for C.sub.19 H.sub.19 N.sub.5.HCl.1/2H.sub.2 O: C, 59.91; H,
      6.09; N, 18.39. Found: C, 60.29; H, 5.93; N, 18.37.
PAC  EXAMPLE XVIII
PAC  9-(p-Diethylamino-anilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 26.4 g. (0.122 m.) of the compound of Example I, C. 20 g.
      (0.122 m.) of N,N-diethyl-p-phenylenediamine and 200 ml. of ethanol was
      stirred and heated at reflux overnight. The solution was concentrated in
      vacuo to give 43 g. m.p. 293.degree.-295.degree.. The crude product was
      recrystallized from 500 ml. of MeOH and precipitated with the addition of
      500 ml. of ether. The yield after oven-drying (100.degree.) was 33 g. m.p.
      297.degree.-299.degree..
PAR  Anal. Calcd. for C.sub.21 H.sub.23 N.sub.5.HCl: C, 66.04; H, 6.33; N,
      18.34; Cl, 9.28. Found: C, 66.08; H, 6.34; N, 18.34; Cl, 9.17.
PAC  EXAMPLE XIX
PAC  9-[3,Chloro-4-(dimethylamino)anilino]-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A. 2-Chloro-N,N-dimethyl-4-nitroaniline
PAR  A solution of 52 g. (0.27 m.) of 1,2-dichloro-4-nitrobenzene, 122 g. (1.08
      m.) of 40% methylamine in H.sub.2 O and 300 ml. of ethanol was refluxed
      overnight. After chilling, the bright yellow precipitate was collected by
      filtration and airdried to give 52 g. m.p. 71.degree.-73.degree..
PAR  B.
      9-[3-Chloro-4-(dimethylamino)anilino]-7-methyl-1H-imidazo[4,5-f]qunioline
     Hydrochloride
PAR  A mixture of 52 g. (0.25 m.) of 2-chloro-N,N-dimethyl-4-nitroaniline (part
      A) and 500 ml. of ethanol was subjected to hydrogenation over one teaspoon
      of Raney active nickel catalyst in water. The hydrogen uptake was 53 psi.
      (calcd. 52.2 psi.). The catalyst was removed by filtration and 56.5 g.
      (0.26 m.) of the compound of Example I, C. added to the ethanol filtrate.
      The reaction solution was stirred and refluxed overnight and then
      concentrated to dryness in vacuo. The residue was recrystallized from 1000
      ml. of ethanol, then concentrated to a volume of 300 ml. A second
      recrystallization from 1000 ml. of ethanol gave 25 g. m.p.
      338.degree.-340.degree..
PAR  Anal. Calcd. for C.sub.19 H.sub.18 ClN.sub.5.HCl: C, 58.77; H, 4.93; N,
      18.04; Cl, 18.26. Found: C, 58.80; H, 4.97; N, 18.01; Cl, 17.48.
PAC  EXAMPLE XX
PAC  9-(4-Piperidinonanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A. Preparation of 1-Piperidino-4-nitrobenzene:
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with p-nitrochlorobenzene (40 g., 0.255 mole) and
      piperidine (42.5 g., 49.4 ml., 0.5 mole). The mixture was heated, with
      stirring, at steam bath temperature for 21/2 hr. At the end of this time,
      the reaction mixture was diluted with water (100 ml.) and stirred
      thoroughly. The precipitate was removed by filtration - after cooling to
      about 30.degree.C and recrystallized from ethanol (300 ml.) and filtered
      while hot. The filtrate was chilled and the crystals were collected by
      filtration and dried at 60.degree.C to yield 35.7 g (67.8%) gold crystals,
      m.p. 96.degree.-99.degree.C.
PAR  B. Preparation of title compound:
PAR  1. The 1-piperidino-4-nitrobenzene (35.7 g., 0.173 mole) was placed in a
      500 ml. reduction bottle with ethanol (200 ml.). The compound was reduced
      with hydrogen over one-half teaspoon of Raney active nickel catalyst in
      water. A hydrogen uptake of 40 psi was recorded (calcd. 51.6 psi). The
      catalyst was removed by filtration.
PAR  2. A 500 ml., 3-neck, r.b. flask fitted with condenser, stirrer and
      thermometer was charged with the compound of Example I, C. (37.5 g., 0.173
      mole). The above filtrate (1) was added to the compound of Example I, C.
      and the mixture was stirred and refluxed overnight. The reaction mixture
      was concentrated to dryness by rotary evaporator and the residue was
      collected and dried to yield 68.5 g. (101%) greenish-yellow crystals, m.p.
      328.degree.-338.degree.C. A portion (10 g.) of the crude material was
      dissolved in anhydrous methanol (100 ml.), treated with charcoal and
      filtered while hot. The filtrate was concentrated to about 20 ml. and
      chilled. The crystals were collected by filtration and dried at
      100.degree.C to yield 1.3 g. yellow crystals, m.p.
      338.degree.-350.degree.C.
PAR  Anal. Calcd. for C.sub.22 H.sub.23 N.sub.5. HCl: C, 67.08; H, 6.14; N,
      17.78. Found: C, 66.72; H, 6.15; N, 17.64.
PAC  Example XXI
PAC  9-[4-(4-Methylpiperazino)anilino]-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Hydrate
PAR  A. Preparation of 4-(4-Methylpiperazino)nitrobenzene:
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and thermometer
      was charged with p-nitrochlorobenzene (39.3 g., 0.25 mole) and
      N-methylpiperazine (50 g., 0.5 mole) and heated at about 130.degree.,
      while stirring, for 4 hours. The reaction mixture was ground in a mortar
      with about 300 ml. of water. The solid was removed by filtration, washed
      with water and the product was then recrystallized from ethanol (80 ml.),
      treated with charcoal, filtered while hot and chilled. The crystals were
      collected by filtration and dried at 60.degree.C to yield 35.2 g. (63.7%)
      reddish-yellow crystals, m.p. 98.degree.-101.degree.C.
PAR  B. Preparation of title compound:
PAR  1. The 4-(4-methylpiperazino)nitrobenzene (35.2 g., 0.159 mole) and ethanol
      (200 ml.) were placed in a 500 ml. reduction bottle. The compound was
      reduced with hydrogen over one-half teaspoon of Raney active nickel
      catalyst in water. A hydrogen uptake of 41 psi was recorded (calcd. 42.3
      psi). The catalyst was removed by filtration.
PAR  2. A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with the compound of Example I, C. (34.5 g. 0.159
      mole). The above filtrate (1) was added to the compound of Example I, C.
      and the mixture was stirred and refluxed overnight. The reaction mixture
      was concentrated to dryness by rotary evaporator and the residue was
      collected and dried at 100.degree.C to yield 64.6 g. (92,3%) green
      crystals, m.p. 296.degree.-314.degree. (dec.). The crude product (54 g.)
      was dissolved in anhydrous methanol (ca. 1500 ml.), treated with charcoal
      and filtered while hot. Ether (ca. 1500 ml.) was added until the filtrate
      became turbid and the mixture was chilled. The crystals were collected by
      filtration and dried at 100.degree.C to yield 24.5 g. green crystals, m.p.
      317.degree.-319.degree. (dec.).
PAR  Anal. Calcd. for C.sub.22 H.sub.24 N.sub.6.HCl.13/4H.sub.2 O: C, 59.99; H,
      6.52; N, 19.08. Found: C, 60.06; H, 6.42; N, 18.87.
PAC  Example XXII
PAC  9-(M-Dimethylamino)anilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A. Preparation of N,N-Dimethyl-m-phenylenediamine:
PAR  N,N-Dimethyl-m-nitroaniline (25 g., 0.15 mole) was placed in a 500 ml.
      reduction bottle with ethanol (200 ml.). The mixture was shaken with
      hydrogen over 1/2 teaspoon of Raney active nickel catalyst in water. A
      hydrogen uptake of 45 psi was recorded (calcd. 38.8 psi). The catalyst was
      removed by filtration and the filtrate was concentrated to dryness by
      rotary evaporator. The product, which is a deep reddish oily liquid, was
      identified by I.R.
PAR  B. Preparation of title compound:
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with the compound of Example I, C. (30.4 g., 0.14
      mole), N,N-dimethyl-m-phenylenediamine (19 g., 0.14 mole) and ethanol (300
      ml.) and the whole was heated at reflux while stirring overnight. The
      reaction mixture was concentrated to dryness by rotary evaporator. The
      residue was collected and dried to yield 50.6 g. (102%) yellow-brown
      crystals, m.p. 304.degree.-311.degree.C (dec.). Recrystallization from
      methanol gave m.p. 313.degree.-317.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.19 N.sub.5. HCl: C, 64.49; H, 5.70; N,
      19.79. Found: C, 64.65; H, 5.59; N, 19.66.
PAC  Example XXIII
PAC  9-(3-Chloro-4-piperidinoanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Tetartohydrate
PAR  A. Preparation of 2-chloro-1-piperidino-4-nitrobenzene:
PAR  A 250 ml., 3-neck, r.b. flask, fitted with stirrer, condenser and
      thermometer was charged with 1,2-dichloro-4-nitrobenzene (19.2 g., 0.1
      mole) and piperidine (17 g., 19.8 ml., 0.2 mole). The mixture was stirred
      for 31/2 hr. while heating at 95.degree.C. The reaction mixture was then
      diluted with water (ca. 300 ml.) and stirring continued as the mixture
      cooled. The solid was collected by filtration and recrystallized from
      ethanol (70 ml.) to yield 15.8 g. (65.8%) yellow crystals, m.p.
      36.degree.-41.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.13 ClN.sub.2 O.sub.2 : C, 54.89; H, 5.44;
      N, 11.64. Found : C, 55.14; H, 5.42; N, 11.48.
PAR  B. Preparation of 3-chloro-4-piperidinoaniline:
PAR  2-Chloro-1-piperidino-4-nitrobenzene (14.4 g., 0.06 mole) was placed in a
      500 ml. reduction bottle with ethanol (200 ml.). The mixture was shaken
      with hydrogen over 1/2 teaspoon Raney active nickel catalyst in water. A
      hydrogen uptake of 14 psi was recorded (calcd. 15.5 psi). The catalyst was
      removed by filtration and the filtrate was concentrated to dryness by
      rotary evaporator. The 12 g. (95.3%) of oily liquid was identified by I.R.
PAR  C. Preparation of title compound:
PAR  A 500 ml. 3-neck, r.b. flask fitted with condenser, thermometer and stirrer
      was charged with the compound of Example I, C. (12.4 g 0.0572 mole),
      3-chloro-4-piperidinoaniline (12 g. 0.0572 mole) and ethanol (300 ml.) and
      the mixture was stirred overnight while heating at reflux. The reaction
      solution was concentrated to dryness by rotary evaporator. The residue was
      collected and dried to yield 23.9 g. (97.9%) yellow crystals which soften
      198.degree.-205.degree.C and melt 225.degree.-240.degree.C. The crude
      product (21.9 g.) was dissolved in methanol (250 ml.), treated with
      charcoal and filtered while hot. The filtrate was diluted with ether (ca.
      150 ml.) until the filtrate remained turbid and was then chilled. The
      crystals were collected by filtration and dried to yield 12.3 g. yellow
      crystals m.p. 265.degree.-273.degree.C.
PAR  Anal. Calcd. for C.sub.22 H.sub.22 ClN.sub.5.HCL.1/4 H.sub.2 O: C, 61.04;
      H, 5.47; N, 16.18. Found: C, 60.81; H, 5.29; N, 16.07.
PAC  Example XXIV
PAC  9-[3-Chloro-4-(N-methylpiperazinoanilino)]-7-methyl-1H-imidazo[4,5-f]-quino
     line Dihydrochloride Hydrate
PAR  A. Preparation of 2-chloro-1-(N-methylpiperazino)-4-nitrobenzene:
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser, and
      thermometer was charged with 1,2-dichloro-4-nitrobenzene (48 g., 0.25
      mole) and N-methylpiperazine (50 g. 0.5 mole) and the mixture was stirred
      for 31/2 hour while heating at 130.degree.-140.degree.C. The reaction
      solution was cooled to about 100.degree.C and diluted with water (ca. 400
      ml.). The product was collected by filtration and recrystallized from
      ethanol (175 ml.) to yield 49.4 g. yellow crystals m.p.
      99.degree.-100.degree.C. The filtrate was concentrated to 50 ml. by rotary
      evaporator and chilled. The crystals were collected and dried to yield 3.8
      g. yellow crystals, m.p. 93.degree.-96.degree.C. Total yield 53.2 g.
      (85.2%)
PAR  B. Preparation of 4-(1-methylpiperazino)-3-chloroaniline:
PAR  2-Chloro-1-(N-methylpiperazino)-4-nitrobenzene (36.4 g., 0.143 mole) was
      placed in a 500 ml. reduction bottle with ethanol (200 ml.). The compound
      was shaken with hydrogen over 1/2 teaspoon of Raney active nickel catalyst
      in water. A hydrogen uptake of 33 psi was recorded (calcd. 36.98 psi). The
      catalyst was removed by filtration and the filtrate was concentrated to 70
      ml. by rotary evaporator and chilled. The crystals were collected by
      filtration and dried at 60.degree.C to yield 24.8 g. (77%) gray crystals,
      m.p. 123.degree.-126.degree.C.
PAR  C. Preparation of title compound:
PAR  A 1000 ml. 3-neck, r.b. flask fitted with stirrer, condenser, and
      thermometer was charged with the compound of Example I, C. (42.7 g. 0.197
      mole), 4-(1-methylpiperazino)-3-chloroaniline (44.3 g 0.197 mole) and
      dimethylformamide (800 ml.). The mixture was stirred overnight while
      heating at 120-130.degree.C. The reaction solution was concentrated to
      dryness by rotary evaporator. The residue was taken up in methanol (ca.
      600 ml.) and filtered while hot. The filtrate was concentrated to 300 ml.
      by rotary evaporator and then slowly diluted with ether (1200 ml.) and
      chilled. The crystals were collected by filtration and dried at
      100.degree.C.
PAR  Anal. Calcd. for C.sub.22 H.sub.23 ClN.sub.6.2HCL.31/2H.sub.2 O: C, 48.67;
      H, 5.94; N, 15.48. Found : C, 48.66; H, 5.67; N, 15.17.
PAC  Example XXV
PAC  9-(2-Piperidino-5-aminopyridine)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Tetartohydrate
PAR  A. Preparation of 2-piperidino-5-nitropyridine:
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, thermometer, condenser,
      and dropping funnel was charged with a mixture of 2-chloro-5-nitropyridine
      (23.7 g. 0.15 mole) in ethanol (100 ml.). To the mixture was added,
      dropwise with stirring, a solution of piperidine (25.5 g., 29.6 ml. 0.3
      mole) in ethanol (200 ml.) and the mixture was heated at reflux, while
      stirring, for 3 hr. The solution was treated with charcoal and filtered
      while hot. The filtrate was chilled and the crystals were collected by
      filtration and dried at 60.degree.C to yield 24.6 g. (79.4%) yellow
      crystals, softening 74.degree.-79.degree.C, melts
      198.degree.-205.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.13 N.sub.3 O.sub.2 : C, 57.96; H, 6.32; N,
      20.28. Found : C, 57.97; H, 6.24; N, 20.02.
PAR  B. Preparation of 2-piperidino-5-aminopyridine:
PAR  A mixture of 2-piperidino-5-nitropyridine (22.6 g. 0.109 mole) and ethanol
      (200 ml.) was shaken in a 500 ml. reduction bottle with hydrogen over 1/2
      teaspoon Raney active nickel catalyst in water. A hydrogen uptake of 21
      psi was recorded (calcd. 27.9 psi). The catalyst was removed by filtration
      and the filtrate was concentrated to dryness by rotary evaporator to yield
      18 g. dark red syrup identified by I.R.
PAR  C. Preparation of title compound:
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with 2-piperidino-5-aminopyridine (18 g., 0.102
      mole), the compound of Example I, C. (22.2 g., 0.102 mole) and ethanol
      (300 ml.). The mixture was heated at reflux overnight while stirring. The
      reaction mixture was cooled to room temperature and ether (200 ml.) was
      added and the mixture was chilled in an ice bath. The dark green mixture
      was added and the mixture was chilled in an ice bath. The dark green
      mixture was filtered and the crystals dried to yield 14.1 g. (35%), m.p.
      358.degree.-368.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.22 N.sub.6.HCl.1/2H.sub.2 O: C, 63.15; H,
      5.93; N, 21.04. Found : C, 63.20; H, 5.85; N, 20.85.
PAC  Example XXVI
PAC  9-[4-(4-Benzylpiperazino)-3-chloroanilino]-7-methyl-1H-imidazo[4,5-f]-quino
     line Hydrochloride
PAR  A. Preparation of 1-(1-benzylpiperazino)-2-chloro-4-nitrobenzene:
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and thermometer
      was charged with 1,2-dichloro-4-nitrobenzene (19.2 g., 0.1 mole),
      1-benzylpiperazine (35.2 g., 0.2 mole) and dimethylformamide (200 ml.) and
      the mixture was stirred for 2-1/1 hour while heating at reflux. The
      reaction solution was transferred to a 2000 ml. separatory funnel
      containing water (500 ml.) and shaken thoroughly. The mixture was then
      extracted with ether (500 ml.). The organic layer was separated and dried
      over magnesium sulfate overnight. The salt was removed by filtration and
      the filtrate was concentrated to dryness by rotary evaporator. The residue
      was dissolved in ethanol (125 ml.) and filtered while hot. The filtrate
      was chilled and the crystals collected by filtration and dried at
      60.degree.C to yield 22.5 g. yellow crystals, m.p. 92.degree.-95.degree.C.
      An additional recrystallization gave a sample m.p. 93.degree.-95.degree.C.
PAR  Anal. Calcd. for C.sub.17 H.sub.18 ClN.sub.3 O.sub.2 : C, 61.54; H, 5.47;
      N, 12.67. Found : C, 61.54; H, 5.34; N, 12.79.
PAR  B. Preparation of 4-(4-benzylpiperazino)-3-chloroaniline:
PAR  A 500 ml. reduction bottle was charged with a mixture of
      1-(1-benzylpiperazino)-2-chloro-4-nitrobenzene (22.5 g. 0.068 mole) and
      dimethylformamide (200 ml.). The mixture was shaken with hydrogen over 1/2
      teaspoon Raney active nickel catalyst in water. A hydrogen uptake of 16
      psi was recorded (calcd. 17.6 psi). The catalyst was removed by filtration
      and the filtrate used in part C.
PAR  C. Preparation of title compound:
PAR  A 500 ml., 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with the filtrate from part B, the compound of
      Example I, C. (14.8 g., 0.068 mole) plus an additional 100 ml.
      dimethylformamide. The mixture was stirred overnight while heating at
      reflux. The solution was chilled and the crystals were collected by
      filtration and dried at 100.degree.C to yield 21.4 g. (50.6%), m.p.
      216.degree.-226.degree.C.
PAR  Anal. Calcd. for C.sub.28 H.sub.27 ClN.sub.6.HCL: C, 64.74; H, 5.43; N,
      16.18. Found : C, 64.47; H, 5.46; N, 16.16.
PAC  Example XXVII
PAC  7-Methyl-9[6-(4-methyl-1-piperazinyl)-3-pyridyl]amino)-1H-imidazo[4,5-f]qui
     noline Hydrochloride Hydrate
PAR  A. Preparation of 2-(N-methylpiperazino)-5-nitropyridine
PAR  A 500 ml. 3-neck, r.b. flask fitted with y-tube and condenser and
      thermometer, stirrer and addition funnel was charged with a mixture of
      2-chloro-5-nitropyridine (15.8 g. 0.1 mole) in ethanol (300 ml.). To this
      was added N-methylpiperazine (20 g. 0.2 mole) dropwise while stirring.
      After the addition (ca. 5 min.), the mixture was heated at reflux for 3
      hr. while stirring continued. The solution was chilled to 5.degree.C and
      the crystals were collected by filtration and dried at 60.degree.C to
      yield 12 g. yellow crystals, m.p. 94.degree.-96.degree.C.
PAR  Anal. Calcd. For C.sub.10 H.sub.14 N.sub.4 O.sub.2 : C, 54.04; H, 6.35; N,
      25.21. Found : C, 53.83; H, 6.17, N, 25.15.
PAR  B. Preparation of 2-(N-methylpiperazino)-5-aminopyridine:
PAR  A 500 ml. reduction bottle was charged with 2-(N-methylpiperazino)
      -5-nitropyridine (13.5 g., 0.0695 mole) and ethanol (200 ml.). The mixture
      was shaken with hydrogen over 1/2 teaspoon Raney active nickel catalyst in
      water. A hydrogen uptake of 14 psi was recorded (calcd. 18 psi). The
      catalyst was removed by filtration and the filtrate was used in part C.
PAR  C. Preparation of title compound:
PAR  A 1000 ml. flask fitted with stirrer, condenser and thermometer was charged
      with the filtrate from part B. To this was added the compound of Example
      1, C. (20.1 g. 0.0927 mole) and an additional 400 ml. ethanol plus 215 ml.
      ethanolic HCl. The mixture was stirred overnight while heating at reflux.
      The mixture was chilled and the crystals were collected by filtration and
      dried at 60.degree.C. to yield 24.7 g. m. p. 244.degree.-250.degree.C. The
      product was dissolved in methanol (300 ml.), treated with charcoal and
      filtered while hot. The filtrate was chilled and the crystals were
      collected and dried at 100.degree.C. to yield 6.2 g. green crystals, m.p.
      242.degree.-262.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.23 N.sub.7.21/2HCl.H.sub.2 O: C, 52.26; H,
      5.74; N, 20.32; Cl, 18.37; H.sub.2 O, 3.73. Found : C, 52.46; H, 5.84; N,
      20.39; Cl, 18.55; 18.41; H.sub.2 O, 3.81.
PAC  Example XXVIII
PAC  9-p-Anisidino-7-methyl-1H(or 3H)-imidazo[4,5-f]quinoline Hydrochloride
PAR  A solution of 2.17 g. (0.01 m) of the compound of Example I, C. and 1.23
      g.(0.01 m) of p-anisidine in 100 ml. of ethanol was heated under reflux
      for 6 hr. and then concentrated in vacuo to a sticky, clear residue.
      Addition of ether and scratching caused a yellow solid to separate. This
      was filtered, washed with ether and air-dried to give 2.55 g., m.p. ca.
      175.degree.-200.degree..
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.4 O.HCl.1/2H.sub.2 O: C, 61.80; H,
      5.19; Cl, 10.15. Found: C, 61.81; H, 5.36; Cl, 10.03.
PAC  Example XXIX 9-(p-Phenetidino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 33 g. (0.15 mole) of the compound of Example I, C. and 23 g.
      (0.15 mole) of p-phenetidine in 1800 ml. of ethanol was refluxed for 6 hr.
      The solvent was removed by evaporation in vacuo and the residue was
      slurried with ether. The crude solid was collected by filtration and was
      recrystallized from ethanol. The product was collected as yellow needles
      melting at 229.degree.-230.degree.  in a yield of 19 g. (36%).
      Recrystallization from ethanol raised the melting point to
      330.degree.-331.degree..
PAR  Anal. Calcd. for C.sub.19 H.sub.18 N.sub.4 O.HCl: C, 64.31; H, 5.40; N,
      15.79. Found: C, 64.11; H, 5.47; N, 15.64.
PAC  Example XXX
PAC  9(o-Anisidino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 30 g. (0.138 m.) of the compound of Example I, C. 17 g. (15.6
      ml. 0.138 m.) of o-anisidine and 200 ml. of ethanol was stirred and heated
      at reflux overnight. The solution was concentrated in vacuo to give 45 g.
      m.p. 271.degree.-275.degree.. The crude product was recrystallized from
      350 ml. of MeOH. The yield after oven-drying (100.degree.) was 29 g. m.p.
      300.degree.-301.degree..
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.4 O.HCl: C, 63.43; H, 5.03; N,
      16.44; Cl, 10.40. Found: C, 63.47; H, 4.98; N, 16.34; Cl, 10.33.
PAC  Example XXXI
      9-(3-Chloro-4-ethoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 20 g. (0.100 m.) of 3-chloro-4-ethoxynitrobenzene and 200 ml.
      of ethanol was subjected to hydrogenation over one-half teaspoon of Raney
      active nickel catalyst in water. A hydrogen uptake of 25 psi. was recorded
      (calcd. 25.8 psi.). The catalyst was removed by filtration and the
      filtrate stirred and refluxed overnight with 21.7 g. (0.100 m.) of the
      compound of Example I, C. The solution was concentrated in vacuo to give
      36 g. m.p. 300.degree.-307.degree. with decomposition. After
      recrystallization from 300 ml. of MeOH, a yield of 23 g. m.p.
      306.degree.-309.degree. with decomposition, was obtained.
PAR  Anal. Calcd. for C.sub.19 H.sub.17 ClN.sub.4 O.HCl: C, 58.62; H, 4.66; N,
      14.39; Cl, 18.22. Found : C, 58.80; H, 4.56; N, 14.59; Cl 17.82, 17.82.
PAC  Example XXXII
PAC  9-(p-Butoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A. p-(n-Butoxy)nitrobenzene
PAR  To a solution of p-nitrophenol (56.0 g. 0.4 mole) in acetone (400 ml.) was
      added n-butyl bromide (60.0 g., 0.44 mole) and potassium carbonate
      (anhydrous, 56.0 g., 0.4 mole). The mixture was heated on the steam bath
      for 48.0 hours. The acetone was removed from the reaction mixture in
      vacuo. Then, water (400 ml.) was added to the residue, which was extracted
      twice with benzene (200 ml. portions). The benzene layers were washed
      thrice with 10% sodium hydroxide solution (150 ml. portions). The washed
      layers of benzene were then dried over anhydrous potassium carbonate and
      the solvent was removed in vacuo. The product obtained after evaporation
      of the solvent was a crude yellow liquid (63.0 g. 79%). This was used in
      Part B without further purification.
PAR  B. 9-(p-Butoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline hydrochloride
PAR  A mixture of 49 g. (0.25 m.) of p-butoxynitrobenzene and 600 ml. of ethanol
      was reduced with hydrogen over one teaspoon of Raney active nickel
      catalyst in water. A hydrogen uptake of 49 psi. was recorded (calcd. 50.5
      psi). The catalyst was removed by filtration and the filtrate refluxed
      overnight with 54.5 g.(0.25 m.) of the compound of Example I, C. The
      solution was concentrated in vacuo to give 88 g. m.p.
      284.degree.-300.degree. with decomposition. Recrystallization of ethanol,
      with charcoal and concentration of the filtrate gave 64 g. m.p.
      317.degree.-318.degree..
PAR  Anal. Calcd. for C.sub.21 H.sub.22 N.sub.4 O. HCl: C, 65.87; H, 5.05; N,
      14.64; Cl, 9.26. Found : C, 65.59; H, 6.07; N, 14.51; Cl, 9.23.
PAC  Example XXXIII
PAC  9-(m-Anisidino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 40 g. (0.184m.) of the compound of Example I, C. 22.7 g.(20.7
      ml., 0.184 m.) of m-anisidine and 500 ml. of ethanol was stirred and
      heated at reflux overnight. The solution was concentrated in vacuo to give
      43 g. of crude product. It was then recrystallized from 2000 ml. of MeOH
      to give 35 g., m.p. 318.degree.-322.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.4 O. HCl: C, 63.43; H, 5.03; N,
      16.44; Cl, 10.40. Found : C, 63.29; H, 5.07; N, 16.53; Cl, 10.39; 10.43.
PAC  Example XXXIV
PAC  9-(p-Phenoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 293 g. (0.135 m.) of the compound of Example I, C., 25 g.
      (0.135 m.) of p-phenoxyaniline and 500 ml. of ethanol was refluxed with
      stirring overnight. The reaction solution was chilled and the crude
      product collected by filtration, washed with ether and air-dried to give
      47 g., m.p. 399.degree.-341.degree.C. It was then recrystallized from 2000
      ml. of MeOH to yield 32 g., m.p. 342.degree.-345.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.18 N.sub.4 O. HCl: C, 68.57; H, 4.75; N,
      13.91; Cl, 8.80. Found : C, 68.17; H, 4.74; N, 13.86; Cl, 8.81.
PAC  EXAMPLE XXXV
PAC  9-(p-Methylmercaptoanilino)-7-methyl-1H-imidazo[4,5f]quinoline
      Hydrochloride Hydrate
PAR  A mixture of 26.4 g. (0.12 m.) of the compound of Example 1, C., 16.7 g.
      (0.12 m.) of 4-methylmercaptoaniline and 500 ml. of ethanol was refluxed
      with stirring overnight. It was then concentrated in vacuo to give 50 g.
      m.p. 317.degree.-320.degree.C. The crude product was recrystallized from
      500 ml. MeOH to yield 27 g., m.p. 318.degree.-321.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.4 S.HCl.H.sub.2 O: C, 57,68: H,
      5,11; N, 14.95; Cl, 9.46. Found: C, 58.03; H, 4.91; N, 15.13; Cl, 9.68;
      9.79.
PAC  EXAMPLE XXXVI
PAC  9-(p-Benzyloxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Tetartohydrate
PAR  A stirred mixture of the compound of Example I, C. (11 g. .05 mole),
      p-benzyloxyaniline hydrochloride (11.6 g. .0.5 mole), and triethylamine (5
      g. .05 mole) in 200 ml. of ethanol was refluxed for 12 hours. The reaction
      solution was allowed to stand at room temperature for one day to give a
      precipitate. The solid was collected by filtration and discarded. The
      filtrate was stripped to dryness in vacuo to yield 21 g (100%) of product.
PAR  Anal. Calcd. for C.sub.24 H.sub.19 N.sub.4 O.HCL.1/2 H.sub.2 O: C, 68.56;
      H, 4.91; N, 13.32. Found: C, 68.79; H, 4.94; N, 13.27.
PAC  EXAMPLE XXXVII
PAC  9-(2-Methylthioanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Hemihydrate
PAR  A stirred mixture of the compound of Example I, C. (22 g. 0.1 mole) and
      2-methylmercaptoaniline (14 g. 0.1 mole) in 200 ml. of dimethylformamide
      was refluxed for 4 hr. The reaction solution was left standing at room
      temperature overnight. A yellow precipitate was filtered to yield 40 g.
      (100%).
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.4 S.HCl.1/2 H.sub.2 O: C, 59.09;
      H, 4.96; N, 15.32. Found: C, 59.16; H, 4.85; N, 15.46.
PAC  EXAMPLE XXXVIII
PAC  9-(3-Methylthioanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 21.7 g. (0.1 m.) of the compound of Example I, C., 13.9 g.
      (0.1 m.) of 3-methylmercaptoaniline and 250 ml. of dimethylformamide was
      refluxed overnight with stirring. It was chilled, filtered, washed with
      ether and air-dried to give 29 g. m.p. 310.degree.-313.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.4 S.HCl: C, 60.59; H, 4.80; N,
      15.70. Found: C, 60.38; H, 4.76; N, 15.57.
PAC  EXAMPLE XXXIX
PAC  9-[(6-Methoxy-3-pyridyl)amino]-7-methyl-1H-imidazo[4,5-f] quinoline
PAR  A stirred mixture of the compound of Example I, C. (22 g. 0.1 mole) and
      5-amino-2-methoxypyridine (12 g., 0.1 mole) in 200 ml. of
      dimethylformamide, was refluxed for 6 hours. The reaction mixture, after
      standing at room temperature overnight, was filtered to give a tan solid.
      The solid was treated with dilute NH.sub.4 OH and then filtered to yield
      30 g. (98%) of tan product.
PAR  Anal. Calcd. for C.sub.17 H.sub.15 N.sub.5 O: C, 66.87; H, 4.95; N, 22.94.
      Found: C, 67.14; H, 4.91; N, 23.00.
PAC  EXAMPLE XL
PAC  9-(3,4-Dimethoxyanilino)-7-methyl-1H-imidazo[4,5-f] quinoline Hydrochloride
PAR  A mixture of 20 g. (0.10 m.) of 4-nitroveratrole and 200 ml. of ethanol was
      reduced with hydrogen over one-half teaspoon of No. 28 Raney active nickel
      catalyst in water. A hydrogen uptake of 28.1 psi was observed (calcd. 28.5
      psi). The catalyst was removed by filtration and the filtrate refluxed
      overnight with 23.7 g. (0.109 m.) of the compound of Example I, C. The
      solution was concentrated in vacuo to give 44g. m.p.
      269.degree.-274.degree.. The product was recrystallized from 850 ml. of
      MeOH. The yield after overdrying (100.degree.) was 25 g.,
      m.p.271.degree.-274.degree.. Recrystallization from MeOH gave m.p.
      278.degree.-280.degree..
PAR  Anal. Calcd. for C.sub.19 H.sub.18 N.sub.4 O.sub.2.HCl: C, 61.53; H, 5.16;
      N, 15.11; Cl, 9.56. Found: C, 60.99; H, 5.23; N, 14.97; Cl, 9.46.
PAC  EXAMPLE XLI
PAC  9-(3,4-Diethoxyanilino)-7-methyl-1H-imidazo[4,5-f quinoline Hydrochloride
PAR  A mixture containing 40 g. (0.184 m.) of the compound of Example I, C.,
      33.4 g. (0.184 m.) of 3,4-diethoxyaniline and 500 ml. of ethanol was
      refluxed with stirring overnight. The mixture was chilled, and the
      crystalline solid collected by filtration, washed with ether and air-dried
      to give 72 g. m.p.278.degree.-280.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.22 N.sub.4 O.sub.2.HCl: C, 63.23; H, 5.81;
      N, 14.25; CL, 8.89. Found : C, 62.79; H, 5.82; N, 13.99; Cl, 8.72.
PAC  EXAMPLE XLII
PAC  9-(3,4-Diisopropoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 25 g. (0.105 m) of 3,4-diisopropoxynitrobenzene and 200 ml. of
      ethanol was reduced with hydrogen over one-half teaspoon of Raney active
      nickel catalyst in water. A hydrogen uptake of 25 psi. was observed
      (calcd. 27 psi.). The catalyst was removed by filtration and the filtrate
      refluxed overnight with 22.7 g. (0.105 m.) of the compound of Example I,
      C. The solution was concentrated in vacuo to give 31 g. of yellow solid.
      The product was recrystallized from 150 ml. of ethanol and precipitated
      with ether to give 24.2 g., m.p. 279.degree.-281.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.26 N.sub.4 O.sub.2.HCl: C, 64.70; H, 6.37;
      N, 13.13; Cl, 8.31. Found : C, 63.94; H, 6.60; N, 12.92; Cl, 8.13.
PAC  EXAMPLE XLIII
PAC  9-(3,4-Diisobutoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 26.3 g. (0.1 m.) of dimethallyloxynitrobenzene and 200 ml. of
      ethanol was shaken with hydrogen over one-half teaspoon of Raney active
      nickel catalyst in water. A pressure drop of 42 psi. was recorded (calcd.
      43 psi.). The catalyst was removed by filtration and the ethanol filtrate
      refluxed overnight with21.7 g. (0.1 m.) of the compound of Example I, C.
      The solution was concentrated in vacuo and the product recrystallized from
      ethanol. The yield after oven-drying (100.degree.C) was 22 g.,
      m.p.273.degree.-277.degree.C.
PAR  Anal. Calcd. for C.sub.25 H.sub.30 N.sub.4 O.sub.2.HCl: C, 65.59; H, 6.87;
      N, 12.32; Cl, 7.79. Found : C, 65.53; H, 6.74; N, 12.37; Cl, 7.79.
PAC  EXAMPLE XLIV
PAC  9-(3,4-Dibutoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 26.7 g. (0.1 m.) of 3,4-dibutoxynitrobenzene and 400 ml. of
      ethanol was shaken with hydrogen over one-half teaspoon of Raney active
      nickel catalyst in water. A pressure drop of 25.5 psi. was recorded
      (calcd. 25.8 psi.). The catalyst was removed by filtration and the
      filtrate refluxed overnight with 21.7 g. (0.1 m.) of the compound of
      Example I, C. The reaction solution was concentrated in vacuo to give 34
      g., m.p. 242.degree.-246.degree.C. The product was dissolved in 500 ml. of
      MeOH and filtered hot. The filtrate was reduced to a volume of 300 ml.
      then chilled. The product was collected by filtration, washed with ether
      and oven-dried (110.degree.C) to yield 22 g. m.p.
      252.degree.-254.degree.C.
PAR  Anal. Calcd. for C.sub.25 H.sub.30 N.sub.4 O.sub.2.HCl: C, 65.99; H, 6.87;
      N, 12.32. Found : C, 65.88; H, 6.85; N, 12.28.
PAC  EXAMPLE XLV
PAC  9-[3,4-di(2-pentyloxy)anilino]-7-methyl-1-H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A. o-Di(sec-amyloxy)benzene
PAR  A mixture of 55 g. (0.5 m ) of catechol, 220 g. of anhydrous K.sub.2
      CO.sub.3 and 100 ml. of dimethylformamide was heated 60 minutes on a steam
      bath with stirring. Then 151 g. (1.0 m.) of sec-amyl bromide was added and
      the reaction mixture refluxed overnight. After cooling, the mixture was
      poured into 2000 ml. of ice water, then acidified with conc. HCl to pH
      5.0. The acid solution was extracted four times using a total of 3200 ml.
      of benzene. The benzene extract was washed with 4 .times. 500 ml. of 10%
      NaOH, followed by a wash with 4 .times. 500 ml. of H.sub.2 O. After drying
      over anhydrous MgSO.sub.4, the benzene solution was concentrated to
      dryness in vacuo to yield a dark red oil weighing 90 g.
PAR  B. 3,4-di(sec-amyloxy)nitrobenzene
PAR  To a mixture of 300 ml. of conc. HNO.sub.3 and 300 ml. of H.sub.2 O was
      added dropwise 80 g. (0.32 m.) of o-di(sec-amyloxy)benzene (part A) while
      maintaining a temperature of 10.degree.C. Stirring was continued for an
      additional 60 minutes at 10.degree.C, then the solution was poured into
      2000 ml. addition was poured into 2000 ml. of ice. The aqueous layer was
      decanted, and the red oil was dissolved in benzene, dried over anhydrous
      MgSO.sub.4 and concentrated to dryness in vacuo. A chromatographic column
      32 inches long with O.D. 3/4 inch, was packed with 20 inches of neutral
      alumina. The crude product was dissolved in a 250 ml. mixture of 50/50
      CHCl.sub.3 and CCl.sub.4. After the solution was placed on the column, it
      was washed several times with the same solvent mixture. The first fraction
      was collected and concentrated to dryness in vacuo to yield 10 g. of
      amber-colored oil.
PAR  C. 9-[(3,4-Di(sec-amyloxy)anilino]-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 10 g. (0.035 m.) of 3,4-di(sec-amyloxy)nitrobenzene (part B)
      and 100 ml. of ethanol was reduced with hydrogen over one-quarter teaspoon
      of Raney active nickel catalyst in water. A hydrogen uptake of 7.0 psi.
      was recorded (calcd. 9.0 psi.). The catalyst was removed by filtration and
      the filtrate refluxed overnight with 7.6 g. (0.035 m.) of the compound of
      Example I, C. After concentrating to dryness in vacuo the yellow residue
      was recrystallized from 100 ml. of MeOH to give 19 g. Another
      recrystallization from 500 ml. of nitromethane gave 8.83 g. m.p.
      249.degree.-252.degree.C.
PAR  Anal. Calcd. for C.sub.27 H.sub.34 N.sub.4 O.sub.2.HCl: C, 67.13; H, 7.30;
      N, 11.60. Found: C, 67.39; H, 7.22; N, 11.91.
PAC  EXAMPLE XLVI
PAC  9-(2,5-Diethoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 30 g. (0.142 m.) of 2,5-diethoxynitrobenzene and 200 ml. of
      ethanol was reduced with hydrogen over one-half teaspoon of Raney active
      nickel catalyst in water. A hydrogen uptake of 37 psi. was recorded
      (calcd. 35.7 psi.). The catalyst was removed by filtration. After adding
      30.8 g. (0.142 m.) of the compound of Example I, C. to the filtrate, the
      reaction mixture was stirred and refluxed overnight. The solution was
      concentrated in vacuo to give 41 g. m.p. 266.degree.-268.degree.C. A yield
      of 36 g., m.p. 276.degree.-278.degree. with decomposition, was obtained
      following a recrystallization from 800 ml. of MeOH.
PAR  Another recrystallization from MeOH gave m.p. 273.degree.-275.degree..
PAR  Anal. Calcd for C.sub.21 N.sub.22 N.sub.4 O.sub.2.HCl: C, 63.23; H, 5.81;
      N, 14.05; Cl, 8.89. Found : C, 62.76; H, 5.83; N, 13.79; Cl, 8.59.
PAC  EXAMPLE XLVII
PAC  9-(2,5-Dimethoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Hemihydrate
PAR  A mixture of 40 g. (0.184 m.) of the compound of Example I, C., 282 g.
      (0.184 m.) of 2,5-dimethoxyaniline and 500 ml. of ethanol was heated at
      reflux with stirring overnight. The reaction was concentrated to dryness
      in vacuo. The product was recrystallized from 800 ml. of MeOH, to give 28
      m.p. 258.degree.-293.degree.C. A second recrystallization from 1000 ml. of
      MeOH gave m.p. 257.degree.-260.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.18 N.sub.4 O.sub.2.HCl.1/2H.sub.2 O: C,
      60.08; H, 5.31; N, 14.75; Cl, 9.33. Found : C, 59.67; H, 5.45; N, 14.80;
      Cl, 9.44.
PAC  EXAMPLE XLVIII
PAC  9-(4-Chloro-4,5-dimethoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 18.5 (0.085 m.) of the compound of Example I, C., 16 g. (0.085
      m.) of 4-chloro-2,5-dimethoxyaniline and 250 ml. of ethanol was refluxed
      with stirring overnight. The solution was concentrated to dryness in
      vacuo. The crude product was recrystallized from 1000 ml. of MeOH to give
      21.5 g., m.p. 274.degree.-277.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.17 ClN.sub.4 O.sub.2.HCl: C, 56.30; H,
      4.48; N, 13.83; Cl, 17.50. Found : C, 55.97; H, 4.44; N, 13.82; Cl, 17.32,
      17.38.
PAC  EXAMPLE XLIX
PAC  9-(2-Ethoxy-5-methoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Hydrate
PAR  A. 2-Nitro-4-methoxyphenol
PAR  A mixture of 168 g. (0.93 m.) of 3-nitro-p-anisidine, 130 g. of KOH and
      1500 ml. of H.sub.2 O was refluxed with stirring overnight. The solution
      was acidified with conc. HCl, keeping the temperature below 20.degree.C.
      The crude product was collected by filtration washed with H.sub.2 O and
      air-dried to give 279 g. m.p. 74.degree.-76.degree.C. A recrystallization
      from 2000 ml. of ethanol yields 106 g. m.p.76.degree.-78.degree.C.
PAR  B. 2-Ethoxy-5-methoxynitrobenzene
PAR  A mixture of 84.5 g. (0.5 m.) of 2-nitro-4-methoxyphenol (part A), 338 g.
      of K.sub.2 CO.sub.3 and 1200 ml. of dimethylformamide was heated on a
      steam bath for 60 minutes, then there was added dropwise, 76.7 ml. (108.98
      g. 1.0 m.) of ethyl bromide. The mixture was heated and stirred overnight,
      then poured into 5 liters of ice water. The product was collected by
      filtration, washed with H.sub.2 O and air-dried to give 92 g. m.p.
      37.degree.-39.degree.C.
PAC  C. 9-(2-Ethoxy-5-methoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Hydrate
PAR  A mixture of 19.72 g. (0.1 m.) of 2-ethoxy-5-methoxynitrobenzene (part B)
      and 200 ml. of ethanol was reduced with hydrogen over one-half teaspoon of
      Raney active nickel catalyst in water. A hydrogen uptake of 18.5 psi. was
      recorded (calcd. 20.1 psi.). The catalyst was removed by filtration and
      the filtrate refluxed overnight with 21.7 g. (0.1 m.) of the compound of
      Example I, C. The solution was concentrated in vacuo and the yellow
      residue recrystallized from ethanol to yield 13 g. m.p.
      260.degree.-270.degree..
PAR  Anal. Calcd. for C.sub.20 H.sub.20 N.sub.4 O.sub.2.HCl.H.sub.2 O: C, 59.62;
      H, 5.75; N, 13.91; Cl, 8.80. Found: C, 59.40; H, 5.49; N, 13.72; Cl, 9.07.
PAC  EXAMPLE L
PAC  9-(5-Ethoxy-2-methoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A. p-Methoxyphenyl acetate
PAR  To 1500 ml. of acetic anhydride was added portionwise 248 g. (2.0 m) of
      p-methoxyphenol. Following the addition, the solution was heated on a
      steam bath for 3 hours, then poured into 5 liters of ice water. The
      solvents were removed by distillation to give an amber colored liquid
      weighing 273 g.
PAR  B. 4-Methoxy-3-nitrophenyl acetate
PAR  To a mixture of 270 g. (1.62 m.) of p-methoxyphenyl acetate (part A) and
      772 ml. of HOAc was added dropwise 77.5 ml. of fuming HNO.sub.3
      maintaining a temperature of 5.degree. to 10.degree.C. Stirring was
      continued for 60 minutes at 5.degree. to 10.degree.C following the
      addition, then the solution was poured into 6 liters of ice. The orange
      semi-solid was collected by filtration and washed with cold water. The
      crude product was recrystallized from 1000 ml. of ethanol to give 61 g.,
      m.p. 93.degree.-97.degree.C.
PAR  C. 4-Methoxy-3-nitrophenol
PAR  A mixture of 61 g. (0.29 m.) of 4-methoxy-3-nitrophenyl acetate (part B)
      and 34.68 g. (0.87 g. (0.87 m.) of NaOH in 500 ml. of H.sub.2 O was
      stirred and heated on a steam bath for 2 hours. The reaction solution was
      acidified with 87 ml. of conc. HCl, keeping the temperature below
      20.degree.C. The acid solution was extracted three times using a total of
      1500 ml. of benzene. The combined benzene extracts were dried over
      anhydrous MgSO.sub.4, filtered and concentrated in vacuo to give 33 g.
      m.p. 78.degree.-80.degree..
PAR  D. 2-Nitro-4-ethoxyanisole
PAR  A mixture of 16.9 g. (0.1 m.) of 4-methoxy-3-nitrophenol (part C), 68 g. of
      K.sub.2 CO.sub.3 and 240 ml. dimethylformamide was heated 60 minutes on a
      steam bath with stirring. Then 15.2 ml. (21.8 g. 0.2 m.) of ethyl bromide
      was added dropwise and the reaction mixture was further heated with
      stirring overnight. After cooling the mixture was poured into ice water.
      The brown solid was collected by filtration, washed with water and
      air-dried to give 19 g. m.p. 33.degree.-36.degree.C. The crude product was
      recrystallized from 700 ml. of MeOH to give 17g. m.p.
      34.degree.-37.degree.C.
PAR  E. 9-(5-Ethoxy-2-methoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 19 g. (0.096 m.) of 2-nitro-4-ethoxyanisole (part D) and 250
      ml. of ethanol was shaken with hydrogen over one-half teaspoon of Raney
      active nickel catalyst in water. A pressure drop of 24 psi. was recorded
      (calcd. 25.7 psi.). The catalyst was removed by filtration and the
      filtrate refluxed overnight with 209 g. (0.098 m.) of the compound of
      Example I, C. The reaction solution was chilled and the solid collected by
      filtration, washed with ether and air-dried to give 24 g. m.p.
      265.degree.-267.degree.C. The crude product was recrystallized from 800
      ml. of MeOH to yield 18 g. m.p. 278.degree.-279.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.20 N.sub.4 O.sub.2.HCl: C, 62.41; H, 5.50;
      N, 14.56; Cl, 9.21. Found: C, 62.47; H, 5.52; N, 14.65; Cl, 9.15.
PAC  EXAMPLE LI
PAC  9-(4-Chloro-2,5-diethoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 24.6 g. (0.1 m.) of 4-chloro-2,5-diethoxynitrobenzene and 250
      ml. of ethanol was reduced with hydrogen using one-half teaspoon of Raney
      active nickel catalyst in water. The hydrogen uptake was 24 psi. (calc.
      25.8 psi.). The catalyst was removed by filtration and the filtrate
      refluxed and stirred overnight with 21.7 g. (0.1 m.) of the compound of
      Example I, C. The reaction mixture was concentrated in vacuo to give 46 g.
      The product was recrystallized from 1500 ml. of MeOH then the filtrate was
      concentrated to 750 ml. and chilled. The product was filtered, washed with
      ether and oven-dried (100.degree.C) to yield 35 g. m.p. 280-282.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.21 CLN.sub.4 02.HCl: C, 58.20; H, 5.12; N,
      12.93; Cl, 16.36. Found : C, 57.78; H, 5.21; N, 12.84; Cl, 16.10.
PAC  EXAMPLE LII
PAC  9-(5-Chloro-2,4-dimethoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Hydrate
PAR  A mixture of 40 g. (0.184 m.) of the compound of Example I, C., 346 g.
      (0.184 m.) of 5-chloro-2,4-dimethoxyaniline and 500 ml. of ethanol was
      refluxed with stirring overnight. The solvents were removed by
      distillation and the crude product dissolved in 3000 ml. of MeOH. The MeOH
      filtrate was concentrated to one-half its volume, chilled and filtered to
      yield 13 g. m.p. 400.degree..
PAR  Anal. Calc. for C.sub.19 H.sub.17 ClN.sub.4 O.sub.2.HCl.H.sub.2 O: C,
      53.91; H, 4.76; N, 13.24; Cl, 16.76. Found : C, 53.75; H, 4.52; N, 13.17;
      Cl,17.16.
PAC  EXAMPLE LIII
PAC  9-(3,4-5-Trimethoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 12.5 g. (0.068 m.) of 3,4,5-trimetoxyaniline, 14.8 g. (0.068
      m.) of the compound of Example I, C. and 250 ml. of ethanol was refluxed
      with stirring overnight. The reaction mixture was concentrated in vacuo to
      give 27.5 g. m.p. 287.degree.-289.degree.C. The product was dissolved in
      1500 ml. of MeOH, charcoal added, then filtered. The MeOH filtrate was
      concentrated to a volume of 500 ml and chilled. The product was collected
      by filtration, washed with ether and oven-dried (100.degree.C) to yield
      16.5 g.m.p. 288.degree.-289.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.20 N.sub.4 O.sub.3.HCl: C, 59.92; H, 5.28;
      N, 13.98; Cl, 8.85. Found: C, 60.13; H, 5.21; N, 13.98; Cl, 8.76.
PAC  EXAMPLE LIV
PAC  7-Methyl-9-(2,4,5-triethoxyanilino)imidazo[4,5-f]quinoline Hydrochloride
PAR  A solution of 12.7 g. (0.05 m.) of 2,4,5-triethoxynitrobenzene in 200 ml.
      of ethanol was shaken with H.sub.2 over 1 g. of 5% Pd/C containing 50%
      H.sub.2 O. A pressure drop of 13 psi. (calcd. 13 psi.) in one hr. was
      recorded. The catalyst was filtered and 10.8 g. (0.05 m.) of the compound
      of Example I, C. was added to the filtrate. This solution was heated under
      reflux for 18hr. then cooled in an ice bath. The crystalline product was
      filtered and recrystallized from 300 ml. of ethanol to given 9.0 g. of
      yellow needles, m.p. 158.degree.-170.degree. with elimination of water
      (after drying at 100.degree. in vacuo).
PAR  Anal. Calcd. for C.sub.23 H.sub.26 N.sub.4 O.sub.3.HCl.1 1/2 H.sub.2 O: C,
      58.78; H, 6.43; N, 11.92. Found : C, 58.50; H, 6.37; N, 11.78.
PAC  EXAMPLE LV
PAC  9-(p-Acetylanilino)-7-methyl-1H-imadazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 40 g. (0.184 m.) of the compound of Example I, C., 24.9 g.
      (0.184 m.) of p-aminoacetophenone and 500 ml. of ethanol was refluxed,
      with stirring overnight. The solution was concentrated to dryness in
      vacuo. The crude product was dissolved in 2500 ml. of MeOH, charcoal
      added, then filtered. The MeOH filtrate was concentrated to a volume of
      1000 ml. then chilled. The product was collected by filtration, washed
      with ether and oven-dried (100.degree.C) to give 47.5 g. m.p.
      333.degree.-336.degree.C. A second recrystallization from 1500 ml. of
      MeOH, followed by concentration of the filtrate yielded 34 g. m.p.
      338.degree.-340.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.16 N.sub.4 O.HCl: C, 64.68; H, 4.86; N,
      15.88; Cl, 10.05. Found : C, 64.34; H, 4.60; N, 15.77; Cl, 9.86.
PAC  EXAMPLE LVI
PAC  9-(m-Acetylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Hemihydrate
PAR  A mixture of 13.5 g. (0.1 m.) of 3-aminoacetophenone, 21.7 g. (0.1 m.) of
      the compound of Example I, C. and 500 ml. of ethanol was heated at reflux
      overnight with stirring. The solution was concentrated in vacuo to give 30
      g. m.p. 156.degree.-223.degree.C. The crude product was recrystallized
      from 1000 ml. of MeOH, followed by concentration of the filtrate to the
      cloud point. The product was oven-dried (100.degree.C) to yield 24 g. m.p.
      225.degree. -228.degree., completely 251.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.16 N.sub.4 O.HCl.1/2H.sub.2 O: C, 63.07; H,
      5.01; N, 15.49; Cl, 9.80. Found : C, 63.51; H, 4.81; N, 15.45;Cl, 10.56.
PAC  EXAMPLE LVII
PAC  9-(p-Propionylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture containing 14.9 g. (0.1 m) of p-aminopropiophenone 21.7 g. (0.1
      m.) of the compound of Example I, C. and 500 ml. of ethanol was refluxed
      with stirring overnight. It was then concentrated in vacuo to give 34 g.
      m.p. 287.degree.-289.degree., complete 320.degree.C. The crude product was
      recrystallized from 1000 ml. of MeOH to yield 27 g.m.p. softens
      318.degree., melts 328.degree.-330.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.18 N.sub.4 O.HCl: C, 65.48; H, 5.22; N,
      15.28; Cl, 9.67. Found: C, 65.55; H, 5.35; N, 15.32; Cl, 9.33.
PAC  EXAMPLE LVIII
PAC  9-(p-Butyrylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Hemihydrate
PAR  A mixture of 16.3 g. (0.1 m) of 4-aminobutyrophenone, 21.7 g. (0.1 m) of
      the compound of Example I, C. and 500 ml. of ethanol was refluxed
      overnight. The solution was concentrated in vacuo to dryness. The soft,
      yellow solid was dissolved in 300 ml. of MeOH and filtered. The MeOH
      filtrate was evaporated to a volume of 50 ml. then chilled. The product
      was filtered, washed with ether and oven-dried (110.degree.C) to give 24
      g. m.p. 209.degree.-230.degree.C. A second recrystallization from MeOH
      yielded 22 g., m.p. 205.degree.-235.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.20 N.sub.4 O.HCl.1/2H.sub.2 O: C, 64.69; H,
      5.69; N, 14.37. Found: C, 64.94; H, 5.59; N, 14.79.
PAC  EXAMPLE LIX
PAC  9-(p-Anisidino)-7-methyl-2-phenyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Hemihydrate
PAR  A. 2,4-Dinitrophenylbenzamide
PAR  To a solution of 73.2 g. (0.4 m.) of 2,4-dinitroaniline in 400 ml. of
      pyridine with stirring and slight warming was added 56.2 g. (0.4 m.) of
      benzoyl chloride in about 10 min.; the temperature rose from 40.degree. to
      50.degree.. Then the dark solution was heated at reflux for 21/2 hours.
      After standing overnight, the yellow solid was collected, washed with
      H.sub.2 O until no pyridine odor was detectable. This 90 g. of crude
      product was recrystallized from about 2.1 of CH.sub.3 CN to yield 44 g.
      (38%) of yellow product melting at 201.degree.-205.degree..
PAR  B. 2-Phenyl-5-aminobenzimidazole
PAR  A mixture of 44 g. (0.153 m.) of 2,4-dinitrophenylbenzamide in 800 ml. of
      ethanol together with 6 g. of 5% Pd/C containing 50% H.sub.2 O was
      subjected to reduction. Absorption stopped after 60.5 lb. of uptake of
      hydrogen (theory = 61.5 lb.) in 21/2 hour. The reduction mixture was
      warmed on steam bath with the addition of about 21/2 l of ethanol. The
      mixture was then filtered hot and crystalline needles separated from the
      filtrate. This product was collected, washed with ethanol, ether and
      airdried; m.p. 218.degree.-220.degree.. Concentration of the filtrate
      yielded more solid. The solids were combined and suspended in 250 ml. of
      H.sub.2 O with the addition of 25 ml. of conc. HCl. The mixture was then
      heated on the steam bath for 11/2 hours. After cooling, the reaction
      mixture was diluted with H.sub.2 O to give a dark solution which, upon
      neutralization with conc. NH.sub.4 OH, yielded 30 g. (94%) of tan solid
      after washing with H.sub.2 O and drying at 100.degree.. It decomposed at
      235.degree.-250.degree..
PAC  C. Ethyl 3-[5-(2-phenylbenzimidazoylamino)]crotonate
PAR  A mixture of 275 g. (1.32 m.) of 2-phenyl-5-aminobenzimidazole, 171 g.
      (1.32 m.) of ethyl acetoacetate, 200 g. of anhydrous calcium sulfate, 13
      ml. of glacial HOAc and 3000 ml. of ethanol was refluxed overnight. After
      filtration the solution was concentrated in vacuo until a solid remained.
      Another run was made in the same manner and the products combined to give
      a total yield of 861 g.
PAR  D. 7-Methyl-2-phenyl-9-imidazo[4,5-f]quinolinol
PAR  To 8000 ml. of boiling Dowtherm .sup.(R) was added 430 g. (1.34 m.) of
      ethyl 3-[5-(2-phenylbenzimidazoylamino)]crotonate. The reaction was heated
      at reflux for 90 min. then allowed to cool to room temperature. The
      crystalline solid was triturated in acetone, filtered and air-dried to
      give 745 g. m.p. 147.degree.-172.degree.. The crude product was
      recrystallized from 3000 ml. of dimethylformamide. The yield after
      oven-drying (100.degree.) was 69 g., m.p. 332.degree.-335.degree. with
      decomposition. By diluting the dimethylformamide filtrate with H.sub.2 O,
      another 188 g. was obtained, m.p. 197.degree.-230.degree. with
      decomposition, which was recrystallized from 700 ml. of dimethylformamide
      to yield 50 g. m.p. 332.degree.-336.degree. with decomposition.
PAR  Anal. Calcd. for C.sub.17 H.sub.13 N.sub.3 O: C, 74.16; H, 4.76; N, 15.27.
      Found: C, 73.79; H, 4.68; N, 15.27.
PAR  E. 9-Chloro-7-methyl-2-phenylimidazo[4,5-f]quinoline
PAR  To a mixture of 88 g. (0.32 m.) of D. and 293 ml. (481 g. 3.2 m.) of
      POCl.sub.3 was added slowly 586 ml. of dimethylformamide. Following the
      completion of the addition, stirring was continued overnight at room
      temperature. It was then poured into 4 liters of ice. The crude product
      was precipitated by the addition of 1200 ml. NH.sub.4 Oh to pH 8.0. It was
      collected by filtration, washed with H.sub.2 O and air-dried to give 154
      g. m.p. 136.degree.-250.degree.C, slow decomposition. After dissolving the
      crude product in 5 liters of MeOH, the MeOH filtrate was concentrated to a
      volume of 750 ml. and chilled. The yield after oven-drying (100.degree.C)
      was 41 g. A second recrystallization from 2000 ml. of MeOh and followed by
      concentration to one-half its volume yielded 28 g.
PAR  Anal. Calcd. for C.sub.17 H.sub.12 ClN.sub.3 : C, 69.51; H, 4.12; N, 14.31;
      Cl, 12.07. Found: C, 69.38; H, 4.27; N, 14.32; Cl, 12.22.
PAR  F. 9-(p-Anisidino)-7-methyl-2-phenyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Hemihydrate
PAR  A mixture of 17.5 g. (0.06 m.) of E., 7.4 g. (0.06 m.) of p-anisidine and
      250 ml. of dimethylformamide was refluxed with stirring overnight. The
      reaction mixture was chilled, filtered, washed with ether and air-dried to
      give 23 g. m.p. 215.degree.-315.degree.C. The crude product was
      recrystallized from 1000 ml. of ethanol to yield 17 g.
PAR  Anal. Calcd. for C.sub.24 H.sub.20 N.sub.4 O.HCl.1/2 H.sub.2 O: C, 67.58;
      H, 5.21; N, 13.16; Cl, 8.33. Found: C, 67.40; H, 5.53; N, 13.21; Cl, 8.00.
PAC  EXAMPLE LX
PAC  9-(p-Anisidino)-7-ethyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A. Ethyl 3-(5-Benzimidazolyamino)-2-ethylcrotonate
PAR  A mixture of 34 g. (0.208 m.) of 5-nitrobenzimidazole and 450 ml. of
      ethanol was shaken with hydrogen over one-half teaspoon of Raney active
      nickel catalyst in water. A pressure drop of 40 psi was recorded (calcd.
      41.7 psi). The catalyst was removed by filtration and the filtrate
      refluxed overnight with 30 g. (0.208 m.) of ethyl propionylacetate, 100 g.
      of anhydrous calcium sulfate and 0.2 ml. of HOAc. The anhydrous calcium
      sulfate was filtered off, and the ethanol filtrate concentrated in vacuo
      to dryness. The residual oil was recrystallized from ethanol, followed by
      concentration to one-half its volume to yield 38 g. m.p.
      161.degree.-167.degree.C.
PAR  B. 7-Ethyl-9-imidazo[4,5-f]quinolinol
PAR  To 500 ml. of boiling Dowtherm .sup.(R) was added 38 g. (0.15 m.) of ethyl
      3-(5-benzimidazolylamino)-2-ethylcrotonate. The reaction was heated at
      reflux for another 60 minutes, then allowed to cool to room temperature.
      The solid was collected by filtration, washed with Dowtherm .sup.(R),
      acetone, then air-dried to give 35 g., m.p. 309.degree.-317.degree.C. The
      crude product was recrystallized from 200 ml. of dimethylformamide, with
      charcoal, to yield 27 g. m.p. 334.degree.-335.degree.C.
PAR  C. 9-Chloro-7-ethylimidazo[4,5-f]quinoline
PAR  To a mixture of 27 g. (0.127 m.) of 7-ethyl-9-imidazo[4,5-f]quinoline and
      116.4 ml. (195 g. 1.27 m.) of POCl.sub.3 was added dropwise 232 ml. of
      dimethylformamide. The brown mixture was allowed to stir overnight at room
      temperature then poured into 1000 ml. of ice. The solution was basified to
      pH 8 using 1000 ml. of conc. NH.sub.4 OH, keeping the temperature below
      20.degree.C. It was then filtered, washed with H.sub.2 O and airdried to
      give 25 g. The crude product was recrystallized from 400 ml. of ethanol,
      filtering hot to remove the insolubles, and concentrated in vacuo to give
      13.4 g.
PAR  D. 9-(p-Anisidino)-7-ethyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 13 g. (0.058 m.) of 9-chloro-7-ethylimidazo[4,5-f]quinoline
      (part C), 14.3 g. (0.12 m.) of p-anisidine and 250 ml. of ethanol was
      refluxed with stirring overnight. The solution was concentrated to dryness
      in vacuo. The crude product was dissolved in 100 ml. of ethanol. The
      ethanol filtrate was concentrated to a volume of 200 ml. then chilled. The
      product was collected by filtration, washed with ether and oven dried
      (100.degree.C) to yield 13 g. m.p. 307.degree.-310.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.18 N.sub.4 C.HCl: C, 64.31; H, 5.40; N,
      15.79; Cl, 9.99. Found: C, 63.92; H, 5.46; N, 15.48; Cl, 9.56.
PAC  EXAMPLE LXI
PAC  9-(p-Anisidino)-7-phenyl-1H-imidazo[4,5-f]qunioline Hydrochloride
PAR  A. Ethyl 3-(5-Benzimidazolylamino)cinnimite
PAR  A solution of 900 ml. of ethanol and 82 g. (0.5 mole) of
      5-nitrobenzimidazole with 4 g. of 5% Pd/C, 50% H.sub.2 O catalyst was
      reduced on the Parr Apparatus. A pressure drop of 104 psi. was observed
      (calcd. 100). After the reduction stopped, the bottom was removed from the
      apparatus, and the catalyst filtered. Then 96 g. (0.5 mole) of ethyl
      benzoylacetate, 20 g. of anhydrous calcium sulfate and 0.5 ml. of HOAc
      were added to the filtrate. The solution was refluxed for 2 hours and
      filtered. The filtrate was concentrated to a dark sticky resin.
      Crystallization was induced by scratching. The product after cooling was
      filtered, washed with ethanol and air-dried. The product weighed 55 g.
      m.p. 188.degree.-190.degree.C.
PAR  B. 7-Phenyl-1H-imidazo[4,5-f]quinolin-9-ol
PAR  Into a 1000 ml. three-necked flask equipped with a thermometer and heated
      with a mantle, 300 ml. of Dowtherm .sup.(R) was heated to boiling, then 30
      g. of A. was added. The solution was boiled for 10 minutes. The flask was
      removed from the mantle and allowed to cool. The product was filtered and
      washed with fresh Dowtherm .sup.(R), then acetone, and air-dried. The
      product weighed 10 g. m.p. &gt;300.degree.C. Four more runs were made. All
      five runs combined into one large sample containing 58 g. This sample was
      recrystallized from dimethylformamide. The product weighed 43 g. m.p.
      318.degree.-320.degree.C.
PAR  C. 9-Chloro-7-phenylimidazo[4,5-f]quinoline
PAR  To a mixture of 121 g. (0.46 m.) of B. and 424 ml. (712 g. 4.6 m.) of
      POCl.sub.3 was added dropwise over 3 hr., 848 ml. of dimethylformamide.
      The yellow mixture was allowed to stir overnight then poured into 5 liters
      of ice. The yellow precipitate was collected by filtration, washed with
      cold H.sub.2 O and air-dried to give 161 g. Following a trituration in 500
      ml. of 2N NaOH solution, the product was filtered, washed with H.sub.2 O
      and oven-dried (100.degree.C) to yield 118 g. m.p.
      229.degree.-400.degree.C, slow decomposition.
PAR  Anal. Calcd. for C.sub.16 H.sub.10 ClN.sub.3 : C, 68.70; H, 3.60; N, 15.02;
      Cl, 12.68. Found: C, 69.04; H, 3.63; N, 15.07; Cl, 12.59.
PAR  D. 9-(p-Anisidino)-7-phenyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 27.98 g. (0.1 m.) of C., 12.3 g. (0.1 m.) of p-anisidine and
      200 ml. of dimethylformamide was refluxed with stirring overnight. The
      reaction mixture was chilled, filtered and air-dried to give 49 g. The
      crude product as recrystallized from 1000 ml. of ethanol, with charcoal,
      then concentrated to one-half its volume and chilled. A second
      recrystallization from 250 ml. of dimethylformamide yielded 19 g. It was
      then stirred in hot water, filtered and oven-dried (100.degree.C) to give
      17 g.
PAR  Anal. Calcd. for C.sub.23 H.sub.18 N.sub.4 O.HCl: C, 68.57; H, 4.75; N,
      13.91; Cl, 8.60. Found: C, 68.81; H, 4.72; N, 13.97; Cl, 7.24.
PAC  EXAMPLE LXII
PAC  9-(p-Anisidino)-2,7-dimethyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A. Ethyl 3-[5-(2-Methylbenzimidazolyl)amino]crotonate
PAR  To a mixture of 90 g. (0.49 m.) of 5-amino-2-methylbenzimidazole
      hydrochloride in 1500 ml. of MeOH and 50 ml. of H.sub.2 O was added
      portionwise 150 g. of NaHCo.sub.3. The mixture was refluxed for 60
      minutes, then cooled and filtered. The filtrate was heated on a steam bath
      until the MeOH had boiled off then cooled and filtered to remove the solid
      (mostly NaCl). After the addition of ethanol to the filtrate, the mixture
      was again heated on a steam bath to a low volume, cooled and filtered. The
      filtrate was concentrated in vacuo to give a dark, glassy solid. After
      adding 300 ml. of benzene, 200 ml. of ethanol, 65 g. (0.5 m.) of ethyl
      acetoacetate and a quantity of anhydrous calcium sulfate, the mixture was
      refluxed 3 hours. It was then filtered hot and concentrated in vacuo to a
      dark gummy residue. The crude product was dissolved in 200 ml. of ethanol
      and precipitated with 300 ml. of H.sub.2 O to yield 54 g., m.p.
      140.degree.-144.degree.C of white needles.
PAR  B. 2,7Dimethyl-1H-imidazo[4,5-f]quinolin-9-ol
PAR  To 1500 ml. of boiling Dowtherm was added portionwise 105 g. (0.406 m.) of
      ethyl 3-[5-(2-methylbenzimidazolyl)amino]crotonate. The reaction mixture
      was heated at reflux for 30 minutes, then allowed to cool to room
      temperature. The brown solid was collected by filtration, washed with
      Dowtherm, acetone and then air-dried to give 70 g, m.p. &gt;400.degree.C. The
      crude product was recrystallized from 2500 ml. of dimethylformamide to
      yield 37.5 g. m.p. &gt;400.degree.C.
PAR  C. 9-Chloro-2,7-dimethylimidazo[4,5-f]qunioline
PAR  To a mixture of 31 g. (0.146 m.) of
      2,7-dimethyl-1H-imidazo[4,5-f]-quinolin-9-ol and 1336 ml. (223 g. 1455 m.)
      of POCl.sub.3 was added dropwise 267.2 ml. of dimethylformamide. The
      mixture was stirred overnight at room temperature, then poured into 1000
      ml. of ice. The solution was basified to pH 8.0 using conc. NH.sub.4 OH,
      keeping the temperature below 20.degree.C. It was then filtered, washed
      with H.sub.2 O and air-dried. The crude product was recrystallized from
      2000 ml. of MeOH, and concentrated in vacuo to yield 338 g. m.p.
      314.degree.-330.degree.C.
PAR  D. 9-(p-Anisidino)-2,7-dimethyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A mixture of 18.5 g. (0.08 m.) of 9-chloro-2,7-dimethylimidazo
      [4,5-f]-quinoline, 9.85 g. (0.08 m.) of p-anisidine and 300 ml. of ethanol
      was refluxed, with stirring, overnight. The solution was concentrated in
      vacuo to give 27 g. m.p. 307.degree.-311.degree.C. Recrystallization from
      300 ml. of MeOH yielded 13 g. m.p. 317.degree.-318.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.18 N.sub.4 O.HCl: C, 64.31; H, 5.40; N,
      15.79; Cl, 9.99. Found: C, 64.46; H, 5.47; N, 15.77; Cl, 9.92.
PAC  EXAMPLE LXIII
PAC  9-(p-Anisidino)-7-methyl-1H-imidazo[4,5-f]quinoline-2-one Hydrochloride
PAR  A. 5(or 6)-Nitro-2-benzimidazolinone
PAR  A solution of 153 g. (1.0 mole) of 4-nitro-o-phenylenediamine and 70 g.
      (1.2 mole) of urea in 1 1. of dimethylformamide was heated carefully to
      boiling; evolution of ammonia began as the boiling point was approached.
      The solution was refluxed for 33/4 hours, at which time the condenser
      became plugged with sublimed urea. Charcoal was added, the solution was
      boiled 5 minutes and filtered. Two liters of hot water was added with
      stirring. After cooling in ice the brown crystalline product was filtered,
      washed with cold water, then with 1N Hcl until the washings were
      colorless, then with water and dried in the 60.degree. oven to yield 169
      g. (95%), m.p. 315.degree.-322.degree..
PAR  B. Ethyl 3-(2-oxobenzimidazolyl)crotonate
PAR  A mixture of 90 g. (0.5 m.) of A. and 1000 ml. of ethanol was shaken with
      hydrogen over one teaspoon of Raney active nickel catalyst in water. A
      pressure drop of 94 psi. was recorded (calcd. 100.5 psi.). The catalyst
      was removed by filtration and the filtrate was refluxed overnight with 65
      g. (0.5 m.) of ethyl acetoacetate, 150 g. of anhydrous calcium sulfate and
      0.5 ml. of HOAc. The calcium sulfate was removed by filtration and the
      filtrate concentrated in vacuo to give 92 g. The crude product was
      triturated in 4000 ml. of MeOH, filtered hot and oven-dried (100.degree.C)
      to yield 32 g. m.p. darkens 264.degree., melts &gt;400.degree.C.
PAR  C. 9-Hydroxy-7-methylimidazo[4,5-f]quinolin-2-one Hydrate
PAR  To 500 ml. of boiling Dowtherm .sup.(R) was added portionwise, 27 g. (0.104
      m) of ethyl 3-(2-oxobenzimidazolyl)crotonate. The reaction mixture was
      heated at reflux for 60 minutes, then allowed to cool to room temperature.
      The solid was collected by filtration, washed with Dowtherm, acetone and
      then air-dried. The crude product was triturated in hot dimethylformamide,
      followed by a tituration in hot water to yield 19 g. m.p. melts
      &gt;400.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.9 N.sub.3 O.sub.2.H.sub.2 O: C, 56.65; H,
      4.75; N, 18.02. Found: C, 56.53; H, 4.54; N, 17.59.
PAR  D. 9-Chloro-7-methylimidazo[4,5-f]quinolin-2-one Tetartohydrate
PAR  To a mixture of 88 g. (0.378 m.) of C. and 347 ml. (5.79 g. 3.78 m.) of
      POCl.sub.3 was added 694 ml. of dimethylformamide. Stirring was continued
      overnight at room temperature, then the mixture was poured into 3000 ml.
      of ice. The mixture was basified to pH 6 using 28% NH.sub.4 OH, keeping
      the temperature less than 20.degree.C. The brown precipitate was collected
      by filtration, washed with H.sub.2 O and oven-dried (110.degree.C) to give
      338 g. m.p. &gt;400.degree.C. The crude product was recrystallized from 6000
      ml. of dimethylformamide, with charcoal. The dimethylformamide filtrates
      were concentrated in vacuo to near dryness. The residue was triturated in
      ethanol to yield 73 g. m.p. &gt;400.degree.C.
PAR  E. 9-(p-Anisidino)-7-methylimidazo[4,5-f]quinoline-2-one Hydrochloride
PAR  A mixture of 23.8 g. (0.1 m.) of
      9-chloro-7-methylimidazo[4,5-f]quinolin-2-one tetartohydrate, 12.3 g. (0.1
      m.) of p-anisidine and 500 ml. of ethanol was refluxed overnight. The
      reaction mixture was concentrated to dryness in vacuo. The residue was
      dissolved in 2500 ml. of MeOH, then filtered. The MeOH filtrate was
      concentrated to dryness in vacuo, then the residue was triturated with
      ether. Recrystallization from MeOH yielded 10 g. m.p.
      275.degree.-400.degree.C.
PAR  Anal. Calcd. for C.sub.18 N.sub.16 N.sub.4 O.sub.2.HCl: C, 60.59; H, 4.80;
      N, 15.70. Found: C, 60.68; H, 4.92; N, 15.42.
PAC  EXAMPLE LXIV
PAC  9-[(p-Methoxybenzyl)amino]-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride hydrate
PAR  A stirred mixture of the compound of Example I, C. (22 g. 0.1 mole) and
      p-methoxy-benzylamine (14 g. 0.1 mole) in 200 ml. of dimethylformamide was
      refluxed for 6 hours. The reaction solution was stripped in vacuo to give
      35 g. (98%) of pale yellow solid. Recrystallization from CH.sub.3 OH/ether
      gave m.p. 250.degree.-255.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.18 N.sub.4 O.HCl.1/4H.sub.2 O: C, 61.95; H,
      5.61; N, 15.21. Found: C, 61.70; H, 5.83; N, 15.38.
PAC  EXAMPLE LXV
PAC  9-Cyclohexylamino-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A solution of 22 g. (0.1 m.) of the compound of Example I, C., and 10 g.
      (0.1 m.) cyclohexylamine in 200 ml. of dimethylformamide was heated under
      reflux for 18 hours and filtered hot. The crystalline product which
      separated on cooling was filtered, washed with a little cold
      dimethylformamide then ether and air-dried to give 17 g. Recrystallization
      from 300 ml. of ethanol and 300 ml. of ether gave an analytical sample as
      white needles, m.p. 174.degree.-178.degree..
PAR  Anal. Calcd. for C.sub.17 H.sub.20 N.sub.4.HCl.H.sub.2 O: C, 60.97; H,
      6.92; N, 16.73. Found: C, 60.54; H, 7.08; N, 16.73.
PAC  EXAMPLE LXVI
PAC  9-(p-Phenylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Tetartohydrate
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and thermometer
      was charged with the compound of Example I, C. (21.7 g. 0.1 mole),
      4-biphenylamine (16.9 g. 0.1 mole) and ethanol (300 ml.). The mixture was
      stirred while heating at reflux overnight. The reaction mixture was
      concentrated to dryness by rotary evaporator and the residue was collected
      and dried to yield 47.9 g. (124%) tan crystals, m.p.
      338.degree.-355.degree.C. A portion (37 g.) of the crude product was
      dissolved in methanol (800 ml.), treated with charcoal and filtered while
      hot. Ether was added until the filtrate became turbid and then chilled.
      The crystals were collected by filtration and dried to yield 19.6 g.
      yellow crystals, m.p. 335.degree.-352.degree.C (dec.). Recrystallization
      from methanol gave m.p. 343.degree.-357.degree.C (dec.).
PAR  Anal. Calcd. for C.sub.23 H.sub.18 N.sub.4.HCl.1/2H.sub.2 O: C, 70.58; H,
      5.02; N, 14.32. Found: C, 70.61; H, 5.00; N, 14.29.
PAC  EXAMPLE LXVII
PAC  9-(4-Methyl-3-nitroanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 10.85 g. (0.05 m.) of the compound of Example I, C., 7.6 g.
      (0.05 m.) of 4-methyl-3-nitroaniline and 500 ml. of ethanol was refluxed
      overnight. The reaction mixture was concentrated in vacuo to give 38 g. of
      crude product. It was then dissolved in 6000 ml. of MeOH and filtered hot.
      The MeOH filtrate was concentrated in vacuo to yield 27 g., m.p.
      344.degree.-345.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 N.sub.5 O.sub.2.HCl: C, 58.46; H, 4.36;
      N, 18.94. Found: C, 57.98; H, 4.46; N, 18.60.
PAC  EXAMPLE LXVIII
PAC  9-(4-Chloro-2-methylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A solution of 22 g. (0.1 m.) of the compound of Example I, C. and 14 g.
      (0.1 m.) of 4-chloro-2-methylaniline in 200 ml. of dimethylformamide was
      heated under reflux for 17 hours and filtered hot. The crystalline product
      which separated on cooling was filtered, washed with cold
      dimethylformamide, then ether and air-dried, giving 22 g. of straw-colored
      product. Recrystallization from 550 ml. of ethanol gave 14 g. m.p.
      199.degree.-206.degree..
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.4.HCl: C, 60.17; H, 4.49; N,
      15.60. Found: C, 59.82; H, 4.46; N, 15.53.
PAC  EXAMPLE LXIX
PAC  9-(3-Chloro-4-ethylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A. Preparation of 3-Chloro-4-ethylaniline:
PAR  A 500 ml. reduction bottle was charged with 3-chloro-4-ethylnitrobenzene
      (41 g. 0.222 mole) and dimethylformamide (200 ml.). The mixture was shaken
      with hydrogen over 1 teaspoon Raney active nickel catalyst in water. A
      hydrogen uptake of 53 psi. was recorded (calcd. 57.6 psi.). The catalyst
      was removed from the warm mixture by filtration and the filtrate was used
      in Part B.
PAR  B. Preparation of title compound
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and thermometer
      was charged with the filtrate from Part A, the compound of Example I, C.
      (44.3 g. 0.204 mole) and an additional 100 ml. dimethylformamide and the
      mixture was heated at reflux overnight while stirring. The near solution
      was chilled and the crystals were collected by filtration. The solid was
      washed with ether (ca. 300 ml.). Crop I was dried at 60.degree.C to yield
      46.8 g. straw colored crystals, m.p. 258.degree.-272.degree.C. The ether
      filtrate was concentrated to near dryness and chilled. Crop II was
      collected and dried to yield 7.2 g. tan crystals, m.p.
      256.degree.-270.degree.C. The reaction filtrate was concentrated to about
      200 ml. diluted with ether (100 ml.) and chilled. Crop III was collected
      and dried to yield 6.8 g. tan crystals, m.p. 120.degree.-130.degree.C. The
      crude product (Crops, I, II and III) was dissolved in isopropanol (ca.
      2800 ml.) and filtered while hot. The filtrate was chilled and the
      crystals collected by filtration and dried at 60.degree.C to yield 25.3 g.
      light yellow crystals, m.p. 283.degree.-287.degree. C. The filtrae was
      concentrated to 1400 ml. by rotary evaporator and chilled. The crystals
      were collected and dried to yield 8.9 g. light yellow crystals, m.p.
      282.degree.-287.degree.C.
PAR  Anal. Calcd. for C.sub.19 H.sub.17 ClN.sub.4.HCl: C, 61.13; H, 4.86; N,
      15.01. Found: C, 61.06; H, 4.88; N, 14.98.
PAC  EXAMPLE LXX
PAC  9-(3-Chloro-4-n-butylanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Hemihydrate
PAR  A. Preparation of 3-chloro-4-n-butylaniline:
PAR  A 500 ml. reduction bottle was charged with a
      2-chloro-4-nitro-n-butyl-benzene (24 g. 0.113 mole) and dimethylformamide
      (200 ml.). The mixture was shaken with hydrogen over 1 teaspoon Raney
      active nickel catalyst in water. A hydrogen uptake of 25 psi. was recorded
      (calcd. 30.6 psi.). The catalyst was removed by filtration and a small
      portion of the filtrate was diluted with water (25 ml.) and transferred to
      a separatory funnel. The oil was extracted with benzene and the organics
      were dried over magnesium sulfate. The salt was removed by filtration and
      the filtrate was concentrated to dryness. The aniline was identified by
      IR.
PAR  B. A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and
      thermometer was charged with the remainder of the filtrate from part A,
      the compound of Example I, C.(20.9 g. 0.0962 mole) and an additional 100
      ml. dimethylformamide. The mixture was stirred overnight while heating at
      110.degree.C. The solution was chilled and the crystals were collected by
      filtration and dried at 60.degree.C to yield 23 g. off white crystals,
      m.p. 260.degree.- 268.degree.C. The filtrate was concentrated to 150 ml.
      by rotary evapaorator and chilled. Crop II was collected and dried to
      yield 3.9 g. light yellow crystals, m.p. 238.degree.-251.degree.C. Both
      crops were dissolved in isopropanol (600 ml.) and filtered while hot. The
      filtrate was chilled and the crystals were collected and dried at
      60.degree.C to yield 13.2 g. light yellow crystals, m.p.
      273.degree.-276.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.21 ClN.sub.4.HCl.1/2H.sub.2 O: C, 61.46; H,
      5.65; N, 13.66. Found: C, 61.43; H, 5.34; N, 13.55.
PAC  EXAMPLE LXXI
PAC  9-(3-Chloro-4-fluoroanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 14.5 g. (0.1 m.) of 3-chloro-4-fluoroaniline, 21.7 g. (0.1 m.)
      of the compound of Example I, C. and 500 ml. of ethanol was refluxed
      overnight with stirring. It was then chilled, filtered and the product
      washed with ether and air-dried to give 25 g. The crude product was
      recrystallized from 1500 ml. of MeOH to yield 17 g.
PAR  Anal. Calcd. for C.sub.17 H.sub.12 ClFN.sub.4.HCl: C, 56.21; H, 3.61; N,
      15.40. Found: C, 56.76; H, 3.50; N, 15.20.
PAC  EXAMPLE LXXII
PAC  9-[3-Chloro-4-(1-pyrrolidinyl)anilino]-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Hemihydrate
PAR  A. Preparation of 3-Chloro-4-(1-pyrrolidinyl)nitrobenzene:
PAR  A mixture of 3,4-dichloronitrobenzene (38.4 g. 0.2 mole) and pyrrolidine
      (28.4 g. 0.4 mole) was heated at 100.degree.-115.degree.C in a 250 ml.
      glass lined pressure bottle for 9 hours. The reaction product was ground
      in a mortar with water (ca. 250 ml.) and filtered. The dark
      brownish-yellow solid was dissolved in ethanol (450 ml.) and filtered
      while hot. The filtrate was chilled and the crystals collected by
      filtration and dried to yield 36 g. (79.7%) dark yellow crystals, m.p.
      87.degree.-92.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.11 ClN.sub.2 O.sub.2 : C, 52.99; H, 4.89;
      N, 12.36. Found: C, 52.92; H, 4.93; N, 12.66.
PAR  B. Preparation of 3-chloro-4-(1-pyrrolidinyl)aniline:
PAR  A 500 ml. reduction bottle was charged with
      3-chloro-4-(1-pyrrolidinyl)nitrobenzene (35 g. 0.155 mole) and ethanol
      (200 ml). The mixture was shaken with hydrogen over 1/2 teaspoon Raney
      active nickel catalyst in water. A hydrogen uptake of 37 psi. was recorded
      (calcd. 39.9 psi.).The catalyst was removed by filtration and the filtrate
      was concentrated to dryness to obtain 20 g. dark brown liquid which was
      used in part C.
PAR  C. Preparation of title compound:
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and thermometer
      was charged with 3-chloro-4-(1-pyrrolidinyl)aniline (20 g. 0.102 mole),
      the compound of Example I, C. (22.2 g. 0.102 mole) and ethanol (350 ml.)
      and the mixture was stirred overnight while heating at reflux. The
      reaction mixture was concentrated to dryness by rotary evaporator. The
      residue was collected and partially dried at 100.degree.C. A small sample
      (2.0 g.) was dissolved in methanol (100 ml.), treated with charcoal and
      filtered while hot. Ether (400 ml.) was added until the filtrate remained
      turbid and was then chilled. The crystals were collected by filtration and
      dried to yield 1.0 g. m.p. 331.degree.-332.degree.C. Recrystallization
      gave m.p. 318.degree.-320.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.20 ClN.sub.5.HCl.1/2H.sub.2 O: C, 59.58; H,
      5.24; N, 16.54 Found: C, 59.51; H, 5.16; N, 16.66
PAC  EXAMPLE LXXIII
PAR  9-(p-Phenylazoanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A solution of 11.7 g. (0.05 m.) of p-phenylazoaniline hydrochloride in 500
      ml. of ethanol was adjusted to pH 7.0 with 28% NH.sub.4 OH. After the
      addition of 11 g. (0.05 m.) of the compound of Example I, C., the mixture
      was refluxed overnight. It was chilled, filtered, washed with ether and
      airdried to give 22 g. The crude product was recrystalled from MeOH to
      yield 17 g.
PAR  Anal. Calcd. for C.sub.23 H.sub.18 N.sub.6.HCl: C, 66.58; H, 4.62; N,
      20.26. Found: C, 66.53; H, 4.64; N, 20.34.
PAC  EXAMPLE LXXIV
PAR  9-(4-Chloro-2-Methoxyaniline)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 15.76 g. (0.1 m.) of 4-chloro-2-anisidine, 21.7 g. (0.1 m.) of
      the compound of Example I, C. and 500 ml. of ethanol was refluxed
      overnight. The solution was chilled, filtered, washed with ether and
      air-dried to give 29 g. Another recrystallization from 500 ml. of
      dimethylformamide, filtering hot, yielded 20 g. m.p. darkens 285.degree.,
      melts 295.degree.-297.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.4 O.HCl: 57.61; H, 4.30; N,
      14.93. Found: C, 57.33; H, 4.28; N, 14.82.
PAC  EXAMPLE LXXV
PAC  9-(3,4-Methylenedioxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 10 g. (0.06 m.) of 3,4-methylenedioxynitrobenzene and 200 ml.
      of ethanol was reduced with hydrogen over one-half teaspoon of Raney
      active nickel catalyst in water. A hydrogen uptake of 11.5 psi. was
      recorded (calcd. 15.5 psi.). The catalyst was removed by filtration and
      the filtrate refluxed overnight with 13 g. (0.06 m.) of the compound of
      Example I, C. The solution was reduced to a volume of 200 ml., then
      chilled, filtered, washed with ether and air-dried to give 20 g. The crude
      product was dissolved in 1500 ml. of MeOH, charcoal added, then filtered.
      The MeOH filtrate was concentrated to a volume of 300 ml. then chilled,
      filtered, and oven-dried to yield 15 g. m.p. slow decomposition
      357.degree.-400.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.14 N.sub.4 O.sub.2.HCl: C, 60.93; H, 4.26;
      N, 15.79. Found: C, 60.65; H, 4.25; H, 15.78.
PAC  EXAMPLE LXXVI
PAC  9-(3,4-Dipentoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline Hydrochloride
      Tetartohydrate
PAR  Ten grams (0.033 m.) of 3,4-dipentoxyaniline hydrochloride was dissolved in
      500 ml. of ethanol, then neutralized with 28% NH.sub.4 OH. After adding
      7.2 g. (0.033 m.) of the compound of Example I, C., the mixture was
      refluxed with stirring overnight. Concentration in vacuo gave 17 g. The
      crude product was recrystallized from 300 ml. of MeOH to yield 16 g. m.p.
      236.degree.-238.degree.C.
PAR  Anal. Calcd. for C.sub.27 H.sub.34 N.sub.4 O.sub.2.HCl.1/2H.sub.2 O: C,
      66.51; H, 7.34; N, 11.60. Found: C, 66.63; H, 7.24; N, 11.57.
PAC  EXAMPLE LXXVII
PAC  9-(3,4-Diisoamyloxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Tetartohydrate
PAR  A. 3,4-Diisoamyloxynitrobenzene
PAR  To a mixture of 300 ml. of conc. HNO.sub.3 and 300 ml. of H.sub.2 O was
      added dropwise 90 g. (0.36 m.) of o-diisoamyloxybenzene while maintaining
      a temperature of 19.degree.-21.degree.C. Stirring was continued for an
      additional 60 minutes at 19.degree.-21.degree.C, then the solution was
      poured into 3 liters of ice. The crude product was collected by
      filtration, washed with cold H.sub.2 O and airdried to give 90 g. It was
      recrystallized from 300 ml. of MeOH to give 25.5 g. A chromatographic
      column, 32 inches long with O.D. 3/4 inch, was packed with 20 inches of
      neutral alumina. The 25 g. of crude product was dissolved in a 250 ml.
      mixture of 50/50 CHCl.sub.3 and CCl.sub.4. After the mixture was placed on
      the column, it was washed several times with the same solvent mixture. The
      first fraction, very light yellow in color, was collected and concentrated
      to dryness in vacuo to yield 15 g. m.p. 44.degree.-47.degree.C.
PAR  B. 9-(3,4-Diisoamyloxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride Tetarthydrate
PAR  A mixture of 15 g. (0.05 m.) of 3,4-diisoamylnitrobenzene and 100 ml. of
      ethanol was shaken with hydrogen over one-quarter teaspoon of Raney active
      nickel catalyst in water. A hydrogen uptake of 13.5 psi. was recorded
      (calcd. 12.9 psi.). The catalyst was removed by filtration and the
      filtrate refluxed overnight with 11 g. (0.05 m.) of the compound of
      Example I, C. The solution was chilled, filtered, washed with ether and
      air-dried to give 25 g. m.p. 258.degree.-261.degree.C. The crude product
      was recrystallized from 250 ml. of ethanol to yield 15 g. m.p.
      265.degree.-266.degree.C.
PAR  Anal. Calcd. for C.sub.27 H.sub.34 N.sub.4 O.sub.2.HCl.1/2H.sub.2 O: C,
      66.51; H, 7.34; N, 11.49 Found; C, 66.56; H, 7.31; N, 11.69.
PAC  EXAMPLE LXXVIII
PAC  9-(4-Chloro-2,5-dibutoxyanilino)-7-methyl-1H-imidazo[4,5-f]quinoline
      Hydrochloride
PAR  A mixture of 30 g. (0.1 m.) of 4-chloro-2,6-dibutoxy-1-nitrobenzene and 250
      ml. of ethanol was shaken with hydrogen over one-half teaspoon of Raney
      active nickel catalyst in water. A pressure drop of 22 psi. was recorded
      (calcd. 25.8 psi.). The catalyst was removed by filtration and the ethanol
      filtrate refluxed overnight with 22 g. (0.1 m.) of the compound of
      Example, I, C. The solution was concentrated in vacuo to give 63 g. The
      crude product was recrystallized from 300 ml. of MeOH to yield 40 g. m.p.
      241.degree.-243.degree.C.
PAR  Anal. Calcd. for C.sub.25 H.sub.29 ClN.sub.4 O.sub.2.HCl: C, 61.35; H,
      6.18; N, 11.45. Found: C, 61.32; H, 6.12; N, 11.51.
PAC  EXAMPLE LXXIX
PAC  9-[p-(2-Diethylaminoethoxy)anilino]-7-methyl-1H-imidazo[4,5-f]quinoline
      Trihydrochloride Monohydrate
PAR  A. 2-Diethylaminoethyl-p-nitrophenyl Ether Hydrochloride
PAR  To 118 g. (0.74 mole) of sodium p-nitrophenylate in 750 ml. of
      dimethylformamide was added 100 g. (0.74 mole) of 2-diethylaminoethyl
      chloride and the mixture was heated on a steam bath with stirring for 3
      hours. The solution was cooled and diluted with 500 ml. of anhydrous ether
      and was treated with an ether-hydrogen chloride solution to pH 3. The
      product was collected by filtration and was washed with ether to give a
      white solid melting at 163.degree.-165.degree. (corr.) in a yield of 171
      g. (98%).
PAR  Anal. Calcd. for C.sub.12 H.sub.18 N.sub.2 O.sub.3.HCl: C, 52.45; H, 6.97;
      N, 10.20. Found: C, 52.29; H, 7.00; N, 10.38.
PAR  B. 2-Diethylaminoethyl p-Aminophenyl Ether Dihydrochloride
PAR  A mixture of 168 g. (0.7 mole) of A., and 30 g. of 5% palladium on carbon
      (50% wet), in 1 l of ethanol was hydrogenated on a Parr apparatus in a 2 l
      bottle. The theoretical amount of hydrogen was taken up in 2 hours and the
      catalyst was removed by filtration. The filtrate was treated with an
      ether-hydrogen chloride solution to pH 3. The mixture was cooled and the
      product was collected as pale yellow needles melting at
      206.degree.-208.degree. in a yield of 147 g. (86%). Recrystallization from
      ethanol raised the melting point to 210.degree.-211.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.20 N.sub.2 O.2HCl: C, 51.25; H, 7.89; N,
      9.96. Found: C, 51.09; H, 8.09; N, 9.62.
PAR  C. 9-[p-(2-Diethylaminoethoxy)anilino]-7-methyl-1H-imidazo
      [4,5-f]quiinoline Trihydrochloride Monohydrate.
PAR  A stirred mixture of the compound of Example I, C. (22 g. 0.1 mole) and the
      free base of B. (42 g. 0.2 mole) in 200 ml. of dimethylformamide was
      refluxed for 6 hours. The reaction mixture was stripped in vacuo to give a
      tar. The tar was recrystallized twice from ethanolic HCl/ether to yield 33
      g. (64%), m.p. 206.degree.C.
PAR  Anal.Calcd. for C.sub.23 H.sub.27 N.sub.5 O.3HCl.H.sub.2 O: C, 53.44; H,
      6.24; N, 13.55; Cl, 20.58. Found: C, 53.38; H, 6.30; N, 13.55; Cl, 21.73.
PAC  EXAMPLE LXXX
PAC  9-(p-n-Butylanilino)-7-phenyl-1H-imidazo[4,5-f]quinoline Hydrochloride
PAR  A 500 ml. 3-neck, r.b. flask fitted with stirrer, condenser and thermometer
      was charged with the compound of Example LXI, C. (13.95 g. 0.05 mole),
      p-n-butylaniline (7.45 g. 0.05 mole) and dimethylformamide (300 ml.). The
      mixture was stirred overnight while heating at 100.degree.C. The reaction
      solution was concentrated to dryness by rotary evapaorator and the residue
      was collected and dried at 100.degree.C to yield 19.9 g. (93%) dark brown
      crystals, m.p. 305.degree.-330.degree.C. A small sample (2.0 g.) was
      dissolved in methanol (50 ml.) and filtered while hot. Ether (ca. 250 ml.)
      was added until the solution became turbid and it was then chilled. The
      crystals were collected by filtration and dried at 100.degree.C overnight
      to yield 1.0 g. white crystals, m.p. 318.degree.-325.degree.C.
      Recrystallization yielded a m.p. 324.degree.-326.degree.C.
PAR  Anal. Calcd. for C.sub.26 H.sub.24 N.sub.4.HCl: C, 72.80; H, 5.87; N,
      13.06. Found: C, 72.53; H, 5.84; N, 13.07.
PAC  EXAMPLE LXXXI
PAC  9-(p-Anisidino)-1H-imidazo[4,5-f]quinoline Hydrochloride Tetartohydrate
PAR  A. Ethyl 9-Hydroxy-1H-imidazo[4,5-f]quinoline-9-carboxylate
PAR  An 82 g. portion (0.5 mole) of 5-nitrobenzimidazole in 1 l of ethanol was
      reduced over 5 g. of 5% palladium-charcoal catalyst containing 50% water.
      The reduction stopped after a pressure drop of 97 psig. (97%) in 75 min.
      The catalyst was filtered, 108 g. (0.5 mole) of diethoxymethylenemalonate
      was added to the filtrate and the solution was boiled in an open flask
      until about one-half of the solvent had boiled away (ca. 2 hr.). The
      product set to a solid cake upon cooling. Ethanol containing a little
      water was added to assist in breaking up the cake and the product was
      filtered, washed with cold ethanol-H.sub.2 O (3:1) and air-dried; yield,
      125 g. (83%). A 50 g. portion of this anil was added to 500 ml. of boiling
      Dowtherm over a 3-4 min. period and boiling was continued 4 min. longer.
      After cooling to room temperature the product was filtered, washed with
      Dowtherm, then benzene and air-dried; 44 g. of crude product was obtained.
      Extraction of this material with 500 ml. of boiling ethanol gave 22 g.,
      m.p. 315.degree.-316.degree.C.
PAR  B. 9-Hydroxyimidazo[4,5-f]quinoline-8-carboxylic Acid
PAR  A mixture of 356 g. (1.384 mole) of A. and 3000 ml. of 2N NaOH solution was
      heated at reflux for 3 hours. The solution was stirred for 1 hour with
      charcoal, filtered, and acidified with 509 ml. of concentrated HCl. The
      crude product was collected by filtration, washed with H.sub.2 O, then
      acetone, and air-dried to give 380 g. m.p. 304.degree.-308.degree..
PAR  After dissolving 40 g. of the crude product in 3000 ml. of
      dimethylformamide, with charcoal, the filtrate was diluted with 3000 ml.
      of H.sub.2 O. It was then filtered, washed with acetone and oven-dried
      (100.degree.) to give 35.5 g. A second recrystallization from 3000 ml. of
      dimethylformamide, with charcoal and concentration of the filtrate to a
      volume of 500 ml. yielded 29 g. m.p. 358.degree.-360.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.7 N.sub.3 O.sub.3 : C, 57.64; H, 3.08; N,
      18.34. Found: C, 57.65; H, 3.05; N, 18.12.
PAR  C. 9-Imidazo[4,5-f]quinolinol
PAR  A mixture of 254 g. (1.108 mole) of B. and 1400 ml. of quinaldine was
      heated at reflux for 9 hours while passing nitrogen into the mixture. The
      brown solid was collected by filtration, washed with benzene and airdried
      to give 183 g. It was then suspended in 3000 ml. of H.sub.2 O, and 150 ml.
      of conc. HCl added to pH 2.5. After stirring for 60 min. the solution was
      filtered. The filtrate was chilled to 20.degree.C, and conc. NH.sub.4 OH
      added to a pH 8-pH 9. The brown precipitate was collected by filtration,
      washed with H.sub.2 O and oven-dried (100.degree.C) to yield 182 g. m.p.
      366.degree.-368.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.7 N.sub.3 O: C, 64.86; H, 3.81; N, 22.69.
      Found: C, 64.88; H, 3.82; N, 22.69.
PAR  D. 9-Chloroimidazo [4,5-f] quinoline
PAR  To a mixture of 150 g. (0.813 mole) of C. and 743 ml. (1244 g. 8,13 mole)
      of POCl.sub.3 was added dropwise over 5 hours, 1486 ml. of
      dimethylformamide. The brown mixture was allowed to stir overnight at room
      temperature then slowly poured into 5 liters of ice. The solution was
      basified to pH 8 using 2800 ml. of conc. NH.sub.4 OH. It was then
      filtered, washed with water and air-dried to give 304 g. The crude product
      was dissolved in 16 liters of MeOH filtered hot to remove the insolubles,
      and the MeOH filtrate concentrated in vacuo to give 141 g. A second
      recrystallization from 4000 ml. of MeOH, with charcoal, yielded 82.5 g.
PAR  Anal. Calcd. for C.sub.10 H.sub.5 ClN.sub.3 : C, 59.27; H, 2.49; N, 20.74;
      Cl, 17.50.  Found: C, 58.99; H, 2.99; N, 20.69; Cl, 17.09.
PAR  E. 9-(p-Anisidino)-1H-imidazo [4,5-f] quinoline Hydrochloride
      Tetratohydrate
PAR  A mixture of 20.3 g. (0.1 mole) of D., 12.3 g. (0.1 mole) of p-anisidine
      and 250 ml. of ethanol was refluxed with stirring for 10 hours. The
      reaction solution was chilled and the solid collected by filtration,
      washed with ether and air-dried. The crude product was recrystallized from
      4000 ml. of ethanol with charcoal to yield 19 g.
PAR  Anal. Calcd. for C.sub.17 H.sub.14 N.sub.4 O.HCl.1/4 H.sub.2 O; C, 61.63;
      H, 4.72; N, 16.91; Cl, 10.70.  Found: C, 61.83; H, 5.08; N, 16.91; Cl,
      10.91.
PAR  The anthelminitic efficacy of members of the series of compounds of this
      invention was determined by a method which involves artificially infecting
      mice with Hymenolepis nana. A compound of formula (1) was administered to
      one group of mice while another group serves as a control. At the end of
      the treatment period each group was sacrificed, autopsied, and the number
      of worms in each is counted. The number of worms in the treated group as
      compared to the number of worms in the untreated group represents the
      percentage clearance effected by the compound. The results secured for the
      compounds of this invention are set forth in this fashion: Compound of
      Example (Dose per os in mg/kg. b.i.d. for three days) (% clearance): I
      (100) (41); II (100) (72); III (300) (100); IV (300) (98); V (300) (100);
      VI (50) (90); VII (300) (100); VIII (100) (100); IX (100) (100); X (100)
      (84); XI (300 ) (100); XII (100) (100); XIII (50) (53); XIV (100) (65); XV
      (100) (61); XVI (100) (84); XVII (100) (100); XVIII (100) (75); XIX (100)
      (71); XX (50) (62); XXI (300) (80); XXII (50) (87); XIII (100) (100); XXIV
      (300)(100); XXV (300) (100); XXVI (25) (77); XXVII (300) (84); XXVII (100)
      (64); XXIV (100) (100); XXX (100) (66); XXXI (100) (100); XXXII (300)
      (100); XXXIII (100) (73); XXXIV (100) (100); XXXV (50) (62); XXXVI (100)
      (81); XXXVII (300) (93); XXXVIII (100) (100); XXXIX (50) (90); XL (100)
      (73); XLI (50) (84); XLII (50) (94); XLIII (25) (77); XLIV (50) (95); XLV
      (50) (100); XLVI (50) (100); XLVII (100) (100); XLVIII (100) (72); XLIX
      (100) (100); L (100) (100); LI (50) (100); LII (100) (85); LIII (100)
      (70); LIV (100) (89); LV (50) (100); LVI (100) (96); LVII (300) (100);
      VLIII (300) (100); LIX (100) (94); LX (300) (100); LXI (100) (66); LXII
      (300) (100); LXIII (100) (66); LXIV (300) (60); LXV (300) (81); LXVI (50)
      (84); LXVII (300) (83); LXVIII (100) (100); LXIX (50) (93); LXX (50)
      (100); LXXI (100) (82); LXXII (100) (100); LXXIII (100) (100); LXXIV (300)
      (100); LXXV (300) (100); LXXVI (300) (100); LXXVII (50) (100); LXXVIII(50)
      (84); LXXIX (300) (100); LXXX (300) (69) and LXXXI (100) (100).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound 9-(p-phenylazoanilino)-7-methyl-1H-imidazo[4,5-f]quinoline.
PATN
WKU  039474356
SRC  5
APN  4154746
APT  1
ART  117
APD  19731113
TTL  Disazo acid compounds containing one sulphonic acid group and one
      phosphonic or methyl-phosphinic acid group
ISD  19760330
NCL  7
ECL  1
EXP  Warren; Charles F.
INVT
NAM  Pechmeze; Jacques Pierre Edmond
CTY  Paris
CNT  FR
INVT
NAM  Sureau; Robert Frederic Michel
CTY  Enghien les Bains
CNT  FR
INVT
NAM  Brouard; Claude Marie Henri Emile
CTY  Sotteville les Rouen
CNT  FR
ASSG
NAM  Produits Chimiques Ugine Kuhlmann
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19721113
APN  72.40114
CLAS
OCL  260190
XCL  260174
XCL  260171
XCL  260185
XCL  260191
XCL  260196
XCL  2605025
EDF  2
ICL  C09B 3104
FSC  260
FSS  174;177;185;190;191
UREF
PNO  2277243
ISD  19420300
NAM  Manz
OCL  260205
UREF
PNO  2861067
ISD  19581100
NAM  Andrew et al.
XCL  260177
UREF
PNO  3580901
ISD  19710500
NAM  Feeman
OCL  260191
UREF
PNO  3814749
ISD  19740600
NAM  Feeman
OCL  260190
OREF
PAL  Colour Index, 3rd Ed., The Society of Dyers & Colourists; England, 1971,
      Vol. IV, pp. 4230-4231, (C. I. Nos. 26360, 26361 & 26400).
PAL  IBID., p. 4228, (C. I. Nos. 26207 & 26210).
LREP
FRM  Beveridge, DeGrandi, Kline & Lunsford
ABST
PAL  The disazo compounds of the formula:
      ##SPC1##
PAL  In which X is fixed in position 3 or 4 and represents
      ##EQU1##
      Y represents hydrogen, chlorine, methoxy or nitro and E represents the
      residue N-ethyl-N-(m or p-sulphobenzyl)-4-amino-phenyl or
      4-phenyl-amino-5-sulpho-naphthyl(1).
PAL  Process for the preparation of the disazo compounds claimed in claim 1
      wherein .alpha.-naphthylamine is coupled with the diazo derivative of an
      amine of the formula:
      ##SPC2##
PAL  In which X and Y have the same significance as in claim 1, the monoazo
      dyestuff thus obtained of the formula:
      ##SPC3##
PAL  Is diazotised and the diazo-monoazo derivative is coupled with
      N-ethyl-N-(m- or p-sulphobenzyl)aniline or
      1-phenyl-amino-naphthalene-8-sulphonic acid.
BSUM
PAR  The invention relates to new disazo acid dyestuffs which may be used for
      the colouration of fibres based on polyamides.
PAR  Disazo disulphonic acid dyestuffs are already used for the colouration of
      natural polyamide fibres, especially wool. A number of these dyestuffs
      have also been recommended for the colouration of synthetic polyamide
      fibres; the disazo dyestuffs corresponding to the two structures (I) and
      (II) have been proposed for this purpose:
      ##SPC4##
PAR  In the nucleus A the sulphonic group can occupy any position. The nucleus A
      can also carry non-solubilising substituents. In the nucleus B the
      sulphonic group is in the meta or para position with respect to the
      methylene group.
PAR  The present invention relates to new acid disazo dyestuffs corresponding to
      the general formula:
      ##SPC5##
PAL  In which X is fixed in the position 3 or 4 and represents
      ##EQU2##
      Y represents hydrogen, chlorine, methoxy or nitro and E represents the
      residue N-ethyl-N-(m- or p-sulphobenzyl)-4-amino-phenyl or
      4-phenylamino-5-sulpho-naphthyl(1).
PAR  The new compounds of formula (III) may be prepared, for example, by
      coupling .alpha.-naphthylamine with the diazo derivative of an amine of
      the general formula:
      ##SPC6##
PAL  In which X and Y have the same significance as above, diazotising the
      monoazo compound thus obtained of the formula:
      ##SPC7##
      and coupling the diazo-monoazo derivative with N-ethyl-N-(m- or
      p-sulphobenzyl)aniline or 1-phenylamino-naphthalene-8-sulphonic acid.
PAR  The new compounds of formula (III) are taken up very well on natural or
      synthetic polyamide fibres, on which they may be applied by dyeing,
      foularding or printing and give uniform shades, which are particularly
      fast to light and washing.
PAR  The dyeing may be effected for example in acid, neutral or slightly
      alkaline aqueous medium at a temperature ranging from 70.degree.C. to
      100.degree.C., preferably at the boiling temperature of the dyebath. By
      "slightly alkaline" we mean, for example, up to a pH of 8.
PAR  Compared with their sulphonated homologues of formulae I or II, the
      phosphonic dyestuffs of formula III are generally distinguished by better
      fastness, an increased tinctorial power, a higher saturation, and a better
      covering of bars.
DETD
PAR  In the following Examples, which are purely illustrative, the parts and the
      percentages are by weight unless the contrary is indicated.
PAC  EXAMPLE I
PAR  A solution of 17.8 parts of meta-amino-phenyl-phosphonic acid in 100 parts
      of water containing also 11 parts of sodium carbonate and 6.9 parts of
      sodium nitrite is added drop by drop at a temperature between 0.degree.C.
      and 5.degree.C. to a mixture of 15 parts of concentrated sulphuric acid
      and 80 parts of ice. Then 20 parts of crystalline sodium acetate are
      added. The diazo solution obtained is run into a suspension of 14.3 parts
      of .alpha.-naphthylamine in 500 parts of water and 12 parts of 30%
      hydrochloric acid while maintaining the temperature between 0.degree.C.
      and 10.degree.C. The mixture is stirred for an hour and filtered.
PAR  The monoazo dyestuff obtained is dissolved in 1500 parts of water and 27
      parts of a 30% solution of sodium hydroxide. 5.5 parts of sodium nitrite
      are added and this solution is run on to 36 parts of 30% hydrochloric acid
      and 50 parts of water while maintaining the temperature between
      15.degree.C. and 20.degree.C. The excess of nitrous acid is then destroyed
      by the addition of sulphamic acid.
PAR  The diazo solution thus obtained is introduced, without the temperature
      being allowed to exceed 10.degree.C., into a solution prepared beforehand
      by dissolving 29.1 parts of N-ethyl-N-(sulphobenzyl)aniline in 100 parts
      of water and 10 parts of crystalline sodium acetate and addition of 13
      parts of 30% sodium hydroxide. When the coupling is ended, the disazo
      dyestuff is salted out by the addition of sodium chloride, filtered off
      and dried. It dyes polyamide fibres a fast bordeaux shade.
PAR  The N-ethyl-N-(sulphobenzyl) aniline can be obtained by sulphonation of
      N-ethyl-N-benzyl-aniline.
PAC  EXAMPLE 2
PAR  29.9 parts of 1-phenylamino-naphthalene-8-sulphonic acid are dissolved in
      400 parts of water by the addition of 22 parts of a 30% solution of sodium
      hydroxide. 15 parts of 40% acetic acid are then slowly added, with
      vigorous agitation, and then 10 parts of crystalline sodium acetate. A
      diazo solution obtained by operating as indicated in the first two
      paragraphs of Example 1 from 17.8 parts of m-amino-phenylphosphonic acid
      and 14.3 parts of .alpha.-naphthylamine is run into the suspension
      obtained above at a temperature between 5.degree.C. and 10.degree.C. When
      the coupling is ended, the pH is adjusted to 11.5 by the addition of a 30%
      solution of sodium hydroxide and the disazo dyestuff is salted out by the
      addition of sodium chloride, filtered off and dried. It dyes polyamide
      fibres a deep blue shade, which is full-bodied and fast.
PAR  The following Table lists other Examples of compounds of formula (III),
      prepared according to the instructions given in Examples 1 and 2.
TBL  __________________________________________________________________________
     Example                                                                   
            X       Y      E       Shade on                                    
          (position)                                                           
                    (position)     polyamides                                  
     __________________________________________________________________________
          OH               N-ethyl-N-                                          
     3    --P.angle.O (3)                                                      
                    H      (sulphobenzyl)-                                     
                                   bordeaux                                    
          CH.sub.3         4-amino-phenyl                                      
     4      "       "      4-phenylamino-                                      
                                   deep blue                                   
                           5-sulpho-                                           
                           naphthyl (1)                                        
     5    --PO.sub.3 H.sub.2 (3)                                               
                    Cl (6) "       "                                           
     6      "       methoxy (6)                                                
                           "       "                                           
     7    --CH.sub.2 --PO.sub.3 H.sub.2 (4)                                    
                    "      "       "                                           
     __________________________________________________________________________
PAR  The 3-amino-4-methoxy-phenylphosphonic acid used for the preparation of the
      disazo dyestuff of Example 6 is a new product. It may be prepared by
      operating as follows:
PAR  300 parts of 66.degree.Be concentrated sulphuric acid and 188 parts of
      4-methoxy-phenylphosphonic acid obtained according to the process
      described by H. Z. Lecher, R. A. Greenwood, K. C. Whitehouse and T. H.
      Chao, J. Amer.Chem.Soc., 1956, 78, 5020,  and 65 parts of fuming nitric
      acid (d=1.52) are introduced into an apparatus provided with a stirring
      device, while maintaining the temperature below or equal to 0.degree.C.
      When all the nitric acid has been introduced, the temperature is allowed
      to return to the ambient temperature and the mixture is stirred for a
      further hour. The reaction mass is then poured on to 1000 parts of crushed
      ice. The precipitate is filtered off, washed with distilled water until
      the sulphuric acid is completely eliminated, and finally recrystallised
      from 1000 parts of distilled water. 170 parts of
      3-nitro-4-methoxy-phenylphosphonic acid crystallising with one molecule of
      water are obtained.
TBL  ______________________________________                                    
     Analysis      C %      H %     N %   P %                                  
     Found:        33.56    3.71    5.50  12.45                                
     Calculated for                                                            
     C.sub.7 H.sub.8 NO.sub.6 P + H.sub.2 O                                    
                   33.46    3.98    5.58  12.35                                
     ______________________________________                                    
PAR  50 parts of 3-nitro-4-methoxy-phenylphosphonic acid and 300 parts of
      distilled water are introduced into an apparatus provided with a stirring
      device and the pH is adjusted to 9 by the addition of a 30% aqueous
      solution of sodium hydroxide. Then a solution of 160 parts of crystalline
      sodium sulphide in 350 parts of distilled water is introduced with
      stirring. The mixture is heated at the boil for 2 hours, then acidified by
      the addition of 250 parts by volume of concentrated hydrochloric acid (d =
      1.18) and filtered to remove the precipitated sulphur. The filtrate is
      concentrated to a final volume of about 400 parts by volume, then
      neutralised until a feeble acid reaction to Congo red is obtained by the
      addition of a 30% aqueous solution of sodium hydroxide. The precipitate
      formed is filtered off, washed with distilled water until the mineral
      salts are completely eliminated, and dried. 35.4 parts of
      3-amino-4-methoxy-phenylphosphonic acid crystallising with 0.5 molecule of
      water are thus obtained.
TBL  ______________________________________                                    
     Analysis:     C%       H%      N%    P%                                   
     Found         40.29    5.16    6.60  14.67                                
     Calculated for                                                            
                   39.62    5.19    6.60  14.62                                
     C.sub.7 H.sub.10 NO.sub.4 P + 1/2H.sub.2 O                                
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A disazo compound of the formula:
      ##SPC8##
PAL  in which X is fixed in position 3 or 4 and represents
      ##EQU3##
      Y represents hydrogen, chlorine, methoxy or nitro and E is N-ethyl-N-(m or
      p-sulphobenzyl)-4-amino-phenyl or 4-phenyl-amino-5-sulpho-naphthyl(1).
NUM  2.
PAR  2. A disazo compound of the formula:
      ##SPC9##
PAL  in which X is fixed in position 3 or 4 and represents
      ##EQU4##
      Y represents hydrogen, chlorine, methoxy or nitro and E is N-ethyl-N-(m or
      p-sulphobenzyl)-4-amino-phenyl or 4-phenyl-amino-5-sulpho-naphthyl(1).
NUM  3.
PAR  3. A disazo compound of the formula:
      ##SPC10##
PAL  in which X is fixed in position 3 or 4 and represents --CH.sub.2 -PO.sub.3
      H.sub.2, Y represents hydrogen, chlorine, methoxy or nitro and E is
      N-ethyl-N-(m or p-sulphobenzyl)-4-amino-phenyl or
      4-phenyl-amino-5-sulpho-naphthyl(1).
NUM  4.
PAR  4. The 3-{4-[N-ethyl-N-(sulphobenzyl)-4-aminophenylazo]-naphthyl (1)
      azo}-phenylphosphonic acid.
NUM  5.
PAR  5. The 3-{4-[4-phenylamino-5-sulpho-naphthyl(1) azo]naphthyl(1)
      azo}-phenylphosphonic acid.
NUM  6.
PAR  6. The 3-{4-[N-ethyl-N-(sulphobenzyl)-4-aminophenylazo]naphthyl (1)
      azo}-phenyl-methyl-phosphinic acid.
NUM  7.
PAR  7. The 3-{4-[4-phenylamino-5 sulpho-naphthyl (1) azo]naphthyl(1)
      azo}-phenyl-methyl-phosphinic acid.
PATN
WKU  039474364
SRC  5
APN  4512901
APT  1
ART  121
APD  19740314
TTL  Sulfur containing organo-organooxysilane
ISD  19760330
NCL  14
ECL  1
EXP  Ford; John M.
INVT
NAM  Rocktaschel; Gottfried
CTY  Grossauheim
CNT  DT
INVT
NAM  Thurn; Friedrich
CTY  Grossauheim
CNT  DT
INVT
NAM  Fleischhauer; Horst
CTY  Grossauheim
CNT  DT
INVT
NAM  Schwarze; Werner
CTY  Frankfurt am Main
CNT  DT
INVT
NAM  Westlinning; Hermann
CTY  Kleinostheim
CNT  DT
ASSG
NAM  Deutsche Gold- und Silber-Scheideanstalt vormals Roessler
CNT  DT
COD  03
PRIR
CNT  DT
APD  19700718
APN  2035778
RLAP
COD  72
APN  163467
APD  19710716
PSC  01
PNO  3798196
CLAS
OCL  2602495
XCL  260248CS
XCL  260302SD
XCL  260 4215
EDF  2
ICL  C07D25146
ICL  C07D25138
FSC  260
FSS  248 CS;249.5
UREF
PNO  3328451
ISD  19670600
NAM  Bulbenko
OCL  260448.8
UREF
PNO  3388144
ISD  19680600
NAM  Musolf
OCL  260448.8
UREF
PNO  3445496
ISD  19690500
NAM  Ryan
OCL  260448.8
UREF
PNO  3781291
ISD  19731200
NAM  Sulzbach et al.
XCL  260248
FREF
PNO  684,993
ISD  19521200
CNT  UK
FREF
PNO  778,272
ISD  19570700
CNT  UK
FREF
PNO  869,844
ISD  19610600
CNT  UK
FREF
PNO  970,598
ISD  19640900
CNT  UK
FREF
PNO  1,018,311
ISD  19660100
CNT  UK
FREF
PNO  1,113,228
ISD  19680500
CNT  UK
FREF
PNO  1,549,723
ISD  19681100
CNT  FR
FREF
PNO  1,173,898
ISD  19640700
CNT  DT
FREF
PNO  2,031,473
ISD  19710100
CNT  DT
FREF
PNO  357,972
ISD  19730700
CNT  SW
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  There are prepared sulfur containing organoorganooxysilanes of the formula
      A-X-Z where A is R-S--, where R is a triazine or thiodiazole residue, X is
      a divalent organic residue, Z is -SiR" (OR').sub.2 ; -Si(OR').sub.3 ;
      -Si(OR').sub.2 -O-Si(OR').sub.3 ; -Si(OR').sub.2 -O-Si(OR').sub.2 -X-A;
      where R' and R" are alkyl groups of 1 to 12 carbon atoms. The compounds
      are useful as additives to cross-linkable mixtures containing organic
      polymers.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 163,467,
      filed July 16, 1971 now U.S. Pat. No. 3,798,196, the entire disclosure of
      which is hereby incorporated by reference.
BSUM
PAR  The invention relates to useful sulfur containing organo-organooxysilanes
      exerting two important functions and their use in rubber mixtures.
PAR  The addition reaction of silicon compounds containing at least one hydrogen
      atom bound to silicon to nonaromatic carbon to carbon double and triple
      bonds is known in the literature. This addition reaction proceeds, for
      example, from trichlorosilane and a double bond containing substance
      according to the following formula:
      ##EQU1##
PAR  As catalysts for this reaction platinum compounds have many advantages, for
      example there can be used dichloroplatinum (IV) acetyl acetonate (see
      German Auslegeschrift 1,271,712 and corresponding Knorre et al U.S. Pat.
      3,470,225 the entire disclosures of which are hereby incorporated by
      reference).
PAR  If there are used for example as the unsaturated organic starting compounds
      the industrially easily available allyl halides the addition of
      trichlorosilane using the above named special platinum containing
      catalysts proceeds according to the following equation to form
      3-halogenpropyl trichlorosilanes
EQU  Hal-CH.sub.2 -CH=CH.sub.2 + HSiCl.sub.3 .fwdarw.Hal-CH.sub.2 -CH.sub.2
      -CH.sub.2 -SiCl.sub.3
PAL  Where Hal is Cl, Br, I.
PAR  The halogenorgano halosilanes formed can be reacted with various alcohols.
      There are formed halogenorgano organooxysilanes, for example using the
      above mentioned 3-halogenpropyltrichlorosilanes a reaction occurs
      according to the following equation
EQU  Hal=(CH.sub.2).sub.3 -SiCl.sub.3 + 3 R.sup.i OH
      .fwdarw.Hal-(CH.sub.2).sub.3 -Si(OR.sup.i).sub.3 + 3 H-Hal
PAL  Where R.sup.i is an organic group attached to the alcoholic hydroxyl group.
      There are formed accordingly 3-halogenpropyltrialkoxysilanes. The
      alkoxysilanes are also designated as oxysilanes (see Ullmanns Enzyklopadie
      der Technischen Chemie, Vol. 15 (1964) page 762).
PAR  The halogenorgano-organooxysilanes can also be formed from the reaction
      product of silicochloroform and a preferably lower monovalent alcohol
      which can be added to unsaturated halohydrocarbons according to the
      equation
EQU  Hal-CH.sub.2 -CH=CH.sub.2 + HSi(OR.sup.i).sub.3
      .fwdarw.Hal-(CH.sub.2).sub.3 -Si(OR.sup.i).sub.3
PAL  In this reaction also platinum compounds are required as catalysts.
PAR  The sulfur containing organo-organooxysilanes of the invention are prepared
      by reaction of halogenorgano-organooxysilanes with organic sulfur
      compounds, preferably with metal or ammonium salts. The reaction proceeds
      according to the general equation
EQU  A-Me + Hal-X-Z .fwdarw.A-X-Z + Me-Hal                      (I)
PAR  Reaction I is preferably carried out in solution, e.g. in an inert organic
      solvent. The solvent is preferably chosen so that the salt A-Me is soluble
      therein while on the contrary the salt Me-Hal formed in the reaction is
      slightly soluble or insoluble therein. The precipitated salt Me-Hal is
      filtered off and the sulfur containing organo-organooxysilane remains
      behind after removal of the solvent or it is recovered in pure form by
      vacuum distillation if it is not decomposed.
PAR  If the metal or ammonium salts of the starting compounds in special cases
      are not available the transformation can be carried out in the presence of
      hydrogen halide acceptors according to the following general equation
EQU  A-H + Hal-X-Z + Acceptor .fwdarw.A-X-Z + H-Hal.Acceptor    (II)
PAR  (Examples of acceptors are tertiary amines such as triethylamine,
      tripropylamine, etc.)
PAR  In the general equations (I) and (II) the terms have the following
      significance.
PAR  Me: ammonium, hydrocarbon substituted ammonium, e.g. tetramethyl ammonium,
      triethyl ammonium, diethyl ammonium, a metal of the alkali or alkaline
      earth metal group, e.g. sodium, potassium, rubidium, cesium, barium,
      calcium, strontium or magnesium, as well as manganese, iron, cobalt,
      nickel, zinc, cadmium or copper in equivalence to A, e.g. NaA or
      Ca(A.sub.2). Preferably Me signifies ammonium, sodium or potassium.
PAR  Hal: a halogen of the group of Cl, Br and I (i.e. halogen of atomic weight
      35, 80 resp. 127); preferably chlorine or bromine (halogen of atomic
      weight 35 resp. 80).
PAR  X is a divalent hydrocarbon group, saturated or unsaturated, branched or
      straight chain, however, having at least 3 carbon atoms in the main chain,
      acyclic, cyclic with 3 to 18 carbon atoms whose hydrogen atoms in a given
      case can be substituted by fluorine, pseudohalogen (see Rompps Chemisches
      Worterbuch (1969) page 707, e.g. thiocyanate), phenyl, halophenyl (e.g.
      chlorophenyl or bromophenyl), alkyl or dialkylphenyl (in which the alkyl
      contains 1 to 3 carbon atoms), and in which the organic residue X can be
      interrupted by one or up to four heteroatoms (oxygen, nitrogen, sulfur
      and/or phosphorus) or can form a heterocyclic group with these hetero
      atoms; preferably X is -CH.sub.2 -(CH.sub.2).sub.n -CH.sub.2 - (n is 1 to
      15, preferably 1 to 3).
PAL  A is
PA1  a. N.tbd.C-S-
PA1  b. R-S-
PA1  c. RO-CS-S-
PA1  d. RS-CS-S-
PA1  e. R.sub.1 -CS-S-
PAR  In the formulae (b) to (d) R indicates a univalent hydrocarbon group,
      saturated or unsaturated, branched or straight chain, acyclic or cyclic; a
      heterocyclic or heteroaromatic group; all these respectively with 1 to 15
      carbon atoms and 1 to 5 heteroatoms from the group of nitrogen, oxygen and
      sulfur. In the formula (e) furthermore R.sub.1 means
      ##EQU2##
      wherein R.sup.2 and R.sup.3 (the same or different) are hydrogen, alkyl of
      1 to 5 carbon atoms, benzyl, cycloalkyl with 5 to 7 carbon atoms or both
      together with the nitrogen atom form a ring having 5 to 8 atoms with up to
      one further nitrogen or oxygen or sulfur atom. Preferably R means
      hydrocarbon groups, saturated or unsaturated, e.g. ethylenically
      unsaturated, branched or straight chain with 1 to 8 carbon atoms or
      heterocyclic groups with up to 3 nitrogen atoms and in a given case having
      a side chain thereon a sulfur atom as well as in a given case a mercapto
      and/or amino group, which in the latter case can be substituted with lower
      alkyl groups, i.e. alkyl of 1 to 8 carbon atoms.
PAL  Z:
PA1  --siR" (OR').sub.2 ; --Si(OR').sub.3 ;
PA1  --si(OR').sub.2 -O--Si(OR').sub.3 ; --Si(OR').sub.2 --NH--Si(OR').sub.3 ;
PA1  --si(OR').sub.2 --O--Si(OR').sub.2 --X--A;
PA1  --si(OR').sub.2 --NH--Si(OR').sub.2 --X--A.
PAL  wherein R' and R"  are the same or different and have the following
      significance:
      ##EQU3##
PAR  Preferably in the A portion of the molecule A-X-Z the group R signifies
      --CH.sub.3 ; --CH.sub.2 CH.sub.3 ; --CH.sub.2 CH.sub.2 CH.sub.3 ;
      --CH(CH.sub.3).sub.2 ; --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.3 ; --CH.sub.2
      --CH=CH.sub.2 ;
      ##SPC1##
PAL  where R.sub.4 and R.sub.5 are hydrogen or lower alkyl, e.g. alkyl of 1 to 8
      carbon atoms or phenyl.
PAR  For the group R.sub.1 there are named H.sub.2 C=CH--CH.sub.2 --NH--;
      (H.sub.2 C=CH--CH.sub.2).sub.2 N-;
      ##SPC2##
PAL  The first two named groups for R.sub.1 are particularly advantageous.
PAR  The various sulfur containing organo-organooxysilane compounds of the
      invention in general can be obtained according to equations (I) and (II)
      by variation of the compound A-Me or the compound A-H without requiring a
      special synthesis for each new compound. The sulfur containing
      organo-organooxysilanes can be made industrially in a very favorable
      manner from inexpensive starting materials. The industrial applications of
      these compounds are therefore in a wide extent and in manyfold ways
      possible.
PAR  The sulfur containing organo-organooxysilanes are used advantageously as
      vulcanizing agents in the crosslinking of elastomers and as binding agents
      between inorganic fillers and organic polymers. Examples of elastomers
      include polyisoprene such as natural rubber, polyisoprene, polybutadiene,
      butadiene-styrene copolymer, butadiene-acrylonitrile copolymer,
      terpolymers such as polymers of ethylene-propylene-cyclooctadiene,
      ethylene-propylene-norbornadiene, ethylene-propylene-dicyclopentadiene,
      ethylene-propylene-cyclododecatriene, furthermore butyl rubber etc.
PAR  Examples of compounds within the present invention include
      3-thiocyanatopropyl triethoxy silane, 3-thiocyanatopropyl trimethoxy
      silane, 3-thiocyanatopropyl tripropoxy silane, 3-thiocyanatopropyl
      diethoxy methyl silane, 3-thiocyanatopropyl tributoxy silane,
      4-thiocyanatobutyl triethoxy silane, 6-thiocyanatohexyl triisopropoxy
      silane, 18-thiocyanatooctadecyl trimethoxy silane,
      1,3-(3-thiocyanatopropyl)-1,1,3,3-tetramethoxy disiloxane,
      1,3-(3-thiocyanatopropyl)-1,1,3,3-tetraethoxy disiloxane,
      2-diethylamino-4-mercapto-6-(3-triethoxysilyl propyl)-thiotriazine,
      2-dimethylamino-4-mercapto-6-(4-triisopropoxysilyl butyl)-thiotriazine,
      2-amino-4-mercapto-6-(3-trimethoxysilyl propyl)-thiotriazine,
      2-diphenylamino-4-mercapto-6-(5-tributoxysilyl amyl)-thiotriazine,
      2-phenylamino-4-mercapto-6-(3-triethoxysilyl propyl)-thiotriazine,
      2-butylamino-4-mercapto-6-(18-triethoxysilyl octadecyl)-thiotriazine,
      allylthiopropyl trimethoxy silane, pentadecenylthiopropyl trimethoxy
      silane, 2,4-dimercapto-6-(3-triethoxysilylpropyl)-thiotriazine,
      2-mercapto-4-(3-triethoxysilyl propyl)-thiotriazine,
      2-mercapto-4-(3-tripropoxysilyl propyl)-thiotriazine,
      2-methyl-4-mercapto-6-(3-tributoxysilyl propyl)-thiotriazine,
      2-mercapto-5-(3-triethoxysilyl propyl)-thio-1,3,4-thiadiazole,
      3-triethoxysilylpropyl-ethyl-xanthogenate,
      3-trimethoxysilylpropyl-ethyl-xanthogenate,
      3-tripropoxysilylpropyl-ethyl-xanthogenate,
      3-triisopropoxysilylpropyl-ethyl-xanthogenate,
      3-tributoxysilylpropyl-ethyl-xanthogenate,
      3-triethoxysilylpropyl-methyl-xanthogenate,
      3-trimethoxysilylpropyl-propyl-xanthogenate,
      3-trimethoxysilylpropyl-isodecyl-xanthogenate,
      3-triethoxysilylpropyl-2'-ethyl hexyl-xanthogenate,
      3-triethoxysilylpropyl-pentadecyl-xanthogenate,
      3-triethoxysilylpropyl-allyl-xanthogenate,
      4-tributoxysilylbutyl-ethyl-xanthogenate,
      18-triethoxysilyloctadecyl-methyl-xanthogenate,
      1,3-(3-S-thiocarbomethoxypropyl)-9-1,1,3,3-tetramethoxy disiloxane,
      1,3-(3-S-thiocarboethoxypropyl)-1,1,3,3-tetraethoxy disiloxane,
      3-triethoxysilylpropyl-ethyl-thioxanthogenate,
      3-tripropoxysilylpropyl-methyl-thioxanthogenate,
      3-triethoxysilylpropyl-isobutyl-thioxanthogenate,
      3-triethoxysilylpropyl-allyl-thioxanthogenate,
      1,3-(3-S-thiocarbomethylmercapto propyl)-1,1,3,3-tetramethoxy disiloxane,
      3-triethoxysilyl-propyl-N-methyl-dithiocarbaminate,
      3-trimethoxysilyl-propyl-N-ethyl-dithiocarbaminate,
      3-tributoxysilyl-propyl-N-hexyl-dithiocarbaminate,
      4-triisopropoxysilyl-butyl-N-octyl-dithiocarbaminate,
      3-triethoxysilyl-propyl-N-allyl-dithiocarbaminate,
      3-dipropoxymethylsilyl-propyl-N-allyl-dithiocarbaminate,
      3-trimethoxysilyl-propyl-N-allyl-dithiocarbaminate,
      3-triethoxysilyl-propyl-N,N-diallyl-dithiocarbaminate,
      4-trimethoxysilyl-butyl-N,N-diallyl-dithiocarbaminate,
      3-triethoxysilyl-propyl-N-cyclohexyl-dithiocarbaminate,
      4-tripropoxysilyl-butyl-N,N-dicyclohexyl-dithiocarbaminate,
      3-trimethoxysilyl-propyl-piperidino-dithiocarbaminate,
      3-triethoxysilyl-propyl-morpholino-dithiocarbaminate,
      3-triethoxysilyl-propyl-N,N-dibenzyl-dithiocarbaminate,
      3-triethoxysilyl-propyl-N-cyclohexyl-N-ethyl-dithiocarbaminate,
      1,3-(3-N,N-diallyl dithiocarbaminato propyl)-1,1,3,3-tetraisopropoxy
      disiloxane.
PAR  The new sulfur containing organo-organooxysilanes can be prepared in the
      manner disclosed below.
DETD
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  3-thiocyanatopropyl triethoxy silane
PAR  272 grams of water free potassium thiocyanate were dissolved in 1500 ml. of
      dimethylformamide and heated to boiling. Then in th course of about 2
      hours there were added dropwise 674 grams of 3-chloropropyl triethoxy
      silane. After a further 30 minutes heating the reaction according to the
      equation
     NCS--K + Cl--(CH.sub.2).sub.3 --Si(OC.sub.2 H.sub.5).sub.3                
     .fwdarw. NCS--(CH.sub.2).sub.3 --Si(OC.sub.2 H.sub.5).sub.3 + KCl         
PAL  was ended. After cooling the separated potassium chloride was filtered off
      over a Seitz filter and after removing the solvent the 3-thiocyanatopropyl
      triethoxy silane was finally recovered by vacuum distillation. B.P..sub.
      0.12 97.degree.-98.degree. C., yield about 85% based on the weight of the
      3-chloropropyl triethoxy silane. The yield can be further increased by
      optimizing reaction conditions.
TBL  ______________________________________                                    
     Analysis  C        H       Si     N     S                                 
     ______________________________________                                    
     Calculated (%)                                                            
               44.70    7.98    10.68  5.31  12.18                             
     Found (%) 44.80    7.93    10.30  5.35  12.20                             
     ______________________________________                                    
PAR  The 3-thiocyanatopropyl triethoxy silane was further defined by its
      IR-spectra characteristics.
PAC  EXAMPLE 2
PAR  3-triethoxysilylpropyl-ethyl-xanthogenate
PAR  80 grams of potassium ethyl xanthogenate were dissolved in 500 ml. of
      acetone and 120 grams of 3-chloropropyl triethoxy silane were added
      dropwise to this solution. The mixture was stirred for 5 days at room
      temperature. After this time the reaction according to the equation
TBL  H.sub.5 C.sub.2 O--CS--SK + Cl--(CH.sub.2).sub.3 --Si(OC.sub.2 H.sub.5).su
     b.3                                                                       
      .fwdarw. H.sub.5 C.sub.2 O--CS--S--(CH.sub.2).sub.3 --Si(OC.sub.2        
     H.sub.5).sub.3 + KCl                                                      
PAL  was practically completed. The potassium chloride which precipitated was
      filtered off and the solvent removed by distillation. The yellow liquid
      remaining behind could not be distilled in vacuum without decomposition.
      Yield 82% based on the weight of the 3-chloropropyl triethoxy silane.
TBL  ______________________________________                                    
     Analysis   C        H       Si    Cl    S                                 
     ______________________________________                                    
     Calculated (%)                                                            
                44.12    8.03    8.60  --    19.64                             
     Found (%)  43.85    8.23    8.40  0.6   18.65                             
     ______________________________________                                    
PAR  The reaction can also be carried out in ethanol as the reaction medium. In
      this case the sodium ethyl xanthogenate is advantageously produced in
      situ:
PAR  In 400 ml. of ethanol there were dissolved 23 grams of sodium metal,
      subsequently at 50.degree. C. there were added 76 grams of carbon
      disulfide. After a short post reaction time there were added dropwise 241
      grams of 3-chloropropyl triethoxy silane. After the end of the reaction
      the precipitated sodium chloride was filtered off and the mixture worked
      up as described above.
PAC  EXAMPLE 3
PAR  3-thiocyanatopropyl tri-n-butoxy silane
TBL  NCS--K + Cl(CH.sub.2).sub.3 --Si(OC.sub.4 H.sub.9).sub.3                  
      .fwdarw. NCS--(CH.sub.2).sub.3 --Si(OC.sub.4 H.sub.9).sub.3 + KCl        
PAR  24.3 grams of potassium thiocyanate were dissolved in 900 ml. of n-butanol
      and the solution heated to boiling. Then there were added dropwise in
      about 30 minutes 81.3 grams of 3-chloropropyl tri-n-butoxy silane. After a
      further 20 hours of boiling at reflux temperature the precipitated
      potassium chloride was separated off with a Seitz filter. The solvent was
      distilled off from the filtrate and the 3-thiocyanatopropyl tri-n-butoxy
      silane distilled in vacuo. B.P..sub. 0.1 128.degree.-129.degree. C., yield
      85% based on the weight of the 3-chloropropyl tri-n-butoxy silane.
TBL  ______________________________________                                    
     Analysis   C        H       Si    N     S                                 
     ______________________________________                                    
     Calculated (%)                                                            
                55.50    9.49    8.20  4.01  9.20                              
     Found (%)  54.61    9.26    7.90  3.90  9.00                              
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  2-diethylamino-4-mercapto-6-(3-triethoxysilylpropyl)-thiotriazine
PAR  27.1 grams of 2-diethylamino-4,6-dimercapto triazine were dissolved in 350
      ml. of acetone and 15 grams of triethylamin were added as an HCl acceptor.
      Then the mixture was heated to boiling and in the course of 20 minutes
      there were added dropwise 30.1 grams of 3-chloropropyl triethoxy silane.
      After a further 20 hours the precipitated triethylammonium chloride was
      filtered off over a Seitz filter. The solvent was separated by
      distillation with the help of a vacuum. The reaction product is a
      crystalline mass which cannot be distilled even in high vacuum. Yield 94%
      based on the weight of the 3-chloropropyl triethoxy silane. The reaction
      product is apparantly a mixture of several triazine compounds with 0, 1
      and 2 mercapto groups.
TBL  ______________________________________                                    
     Analysis  C        H       Si    N      S                                 
     ______________________________________                                    
     Calculated (%)                                                            
               44.15    7.84    6.88  13.74  15.71                             
     Found (%) 45.18    8.20    6.45  13.06  15.26                             
     ______________________________________                                    
PAC  EXAMPLE 4 a
PAR  1,3-(3-thiocyanatopropyl)-1,1,3,3-tetramethoxy disiloxane
TBL  2 NCS--Na + Cl(CH.sub.2).sub.3 --Si(OCH.sub.3).sub.2 --O--Si(OCH.sub.3).su
     b.2 --(CH.sub.2).sub.3 --Cl                                               
     .fwdarw.NCS--(CH.sub.2).sub.3 --Si(OCH.sub.3).sub.2 --O--Si(OCH.sub.3).sub
     .2 --(CH.sub.2).sub.3 --SCN + 2 NaCl                                      
PAR  45.2 grams of sodium thiocyanate were dissolved in 300 ml. of
      dimethylformamide and the solution heated to 140.degree. C. Then there
      were added in about 60 minutes 98 grams of
      1,3-(3-chloropropyl)-1,1,3,3-tetramethoxy disiloxane. After a further 30
      minutes heating the reaction was practically completed. After cooling the
      separated sodium chloride was filtered off over a Seitz filter and the
      solvent removed by vacuum distillation. The liquid remaining behind was
      1,3-(3-thiocyanatopropyl)-1,1,3,3-tetramethoxy disiloxane. Yield 95% based
      on the weight of the 1,3-(3-chloropropyl)-1,1,3,3-tetramethoxy disiloxane.
TBL  ______________________________________                                    
     Analysis  C        H       Si     N     S                                 
     ______________________________________                                    
     Calculated (%)                                                            
               36.34    6.10    14.16  7.06  16.12                             
     Found (%) 36.20    6.02    13.97  7.10  15.95                             
     ______________________________________                                    
PAR  The 1,3-(3-thiocyanatopropyl)-1,1,3,3-tetramethoxy disiloxane was further
      defined by its IR-, NMR- and mass-spectra.
PAR  It is already known that 3-mercaptopropyl trimethoxy silane when used in
      natural rubber-silica mixtures reduces the strength of the crude mixture
      and raises the modulus values of the vulcanizates considerably as well as
      their rebound and shore hardness.
PAR  On the contrary the working properties of the mixtures are
      disadvantageously influenced, for example, the scorch time is greatly
      shortened. This means a reduction of the working safety. Further the Defo
      elasticity (see following Table I) is greatly increased which indicates an
      increase in the elastic rubber portion in the crude mixture and results in
      increased difficulties in their further working, for example, in extruding
      processes.
PAR  On the contrary it has now been found that the compounds of the invention
      on the one hand extensively produce the advantages of 3-mercaptopropyl
      trimethoxy silane but on the other hand more favorably influence the
      working properties of the rubber-filler mixtures. Furthermore, many of the
      compounds of the invention are accessible in a very economical manner
      because of their simple process of production with good yields and the
      ready availability of the starting materials and in addition are excellent
      for industrial duty.
PAR  A process is already known for the production of organosilicon sulfides
      wherein, among others, halogen-ethyl alkoxysilanes are reacted with alkali
      metal or alkaline earth metals salts of organic sulfides or sulfidic
      compounds (German Offenlegungsschrift No. 1,911,227). The compounds
      produced in this manner can be used as adhesive means or as intermediates
      for the production of water repellant agents or oxidation inhibitors.
PAR  The sulfur containing organo-organooxysilanes can be added directly, for
      example, to the rubber mixture. In this connection it is not necessary to
      hydrolyze the organo-organooxysilanes before the addition. Apparently, the
      moisture present in the mixture causes a partial hydrolysis which, for
      example, is necessary in the presence of silica containing compounds or
      silica fillers to produce siloxane bridges or in the presence of other
      inorganic materials in the starting mixture for building other bonds, for
      example, oxygen bridges through the splitting out of water from hydroxyl
      groups.
PAR  The sulfur containing organo-organooxysilanes can, however, with advantage
      must not be used coated on inorganic materials, for example, as fillers
      which means a process advantage.
PAR  Advantageously the inorganic filler material can be a mixture of at least
      two different rubber reinforcing fillers, e.g. silica and carbon black.
      The inorganic filler material may be introduced into the composition per
      se or pretreated with the said sulfur containing organo-organooxysilanes,
      e.g. coated with the sulfur containing organo-organooxysilanes or the
      filler material may be sprayed or dusted with said sulfur containing
      organo-organooxysilanes.
TBL                                    EXAMPLES V to VIII                      
     __________________________________________________________________________
     (Amounts in Parts by Weight)                                              
     TABLE I                                                                   
     Test Mixture  1   2   5   6   7   8                                       
     __________________________________________________________________________
     styrene-butadiene                                                         
                   100 100 100 100 100 100                                     
     rubber (Type 1500)                                                        
     precipitated silica                                                       
                   40  40  40  40  40  40                                      
     (ULTRASIL VN3)                                                            
     zinc oxide    4   4   4   4   4   4                                       
     stearic acid  2   2   2   2   2   2                                       
     dibenzothiazyl-                                                           
                   1.5 1.5 1.5 1.5 1.5 1.5                                     
     disulfide                                                                 
     diphenylguanidine                                                         
                   1.5 1.5 1.5 1.5 1.5 1.5                                     
     sulfur        2.75                                                        
                       2.75                                                    
                           2.75                                                
                               2.75                                            
                                   2.75                                        
                                       2.75                                    
     3-mercaptopropyl                                                          
                   --  1.5 --  --  --  --                                      
     trimethoxy silane                                                         
     (according to the state                                                   
     of the art)                                                               
     Example V     --  --  1.5 --  --  --                                      
     3-thiocyanatopropyl                                                       
     triethoxy silane                                                          
     Example VI    --  --  --  1.5 --  --                                      
     3-thiocyanatopropyl                                                       
     tri-n-butoxy silane                                                       
     Example VII   --  --  --  --  1.5 --                                      
     3-triethoxysilyl-                                                         
     propyl-ethyl-                                                             
     xanthogenate                                                              
     Example VIII  --  --  --  --  --  1.5                                     
     2-diethylamino-                                                           
     4-mercapto-6-                                                             
     (3-triethoxysilyl-                                                        
     propyl)-thio-                                                             
     triazine                                                                  
     __________________________________________________________________________
PAR  The vulcanization of the mixture took place at 160.degree. C. and the
      vulcanization time was 40 minutes.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TEST RESULTS                                                              
     Test Mixture  1   2   5   6   7   8                                       
     __________________________________________________________________________
     Defo hardness.sup.2 (g)                                                   
                   3050                                                        
                       2200                                                    
                           1950                                                
                               2250                                            
                                   1900                                        
                                       2300                                    
     Defo elasticity.sup.2 (%)                                                 
                   16  33  21  22  29  23                                      
     Mooney-Scorch time.sup.3                                                  
                   25  5   17  20  11  13                                      
     (min.)                                                                    
     Mooney-Cure time.sup.3                                                    
                   33  6   21  25  15  17                                      
     (min.)                                                                    
     Tensile strength.sup.4                                                    
                   154 152 156 149 158 151                                     
     (kp/cm.sup.2)                                                             
     Modulus 300%.sup.4                                                        
                   55  134 120 117 130 118                                     
     (kp/cm.sup.2)                                                             
     Elongation at 530 365 330 350 345 310                                     
     break.sup.4 (%)                                                           
     Rebound.sup.5 (%)                                                         
                   43  47  47  46  47  44                                      
     Shore hardness.sup.6                                                      
                   71  74  74  74  73  73                                      
     Permanent Extension.sup.7                                                 
                   14  8   7   7   7   7                                       
     (%)                                                                       
     __________________________________________________________________________
      .sup.2 determined according to German Industry Standarts (DIN) 53514     
      .sup.3 determined according to DIN 53524 (the Mooney scorch time is also 
      designated as pre-vulcanization time t.sub.5 and the Mooney cure time as 
      pre-vulcanization time t.sub.35)                                         
      .sup.4 determined according to DIN 53504                                 
      .sup.5 determined according to DIN 53512                                 
      .sup.6 determined according to DIN 53505                                 
      .sup.7 measured one hour after tearing the ring (ring tearing method; see
      DIN 53504)                                                               
PAR  The reduction of the Defo hardness of the test mixtures 5 to 8 (Table I) is
      about one third as compared to mixture 1 and points to their easier
      workability.
PAR  The increase in modulus to more than double that of the blank is related to
      a high degree of crosslinking.
PAR  The increase in rebound compared to the blank indicates more favorable
      dynamic properties. The increase of the shore hardness compared to the
      blank can otherwise frequently only be attained by increase in the portion
      of filler in the mixture.
PAR  Finally, the reduction of the permanent extension compared to the blank is
      interpreted as an important improvement of the performance properties.
PAR  Compared to test mixtures No. 2 (state of the art) there is shown a
      definitely more favorable relation with regard to the Defo elasticity and
      pre-vulcanization time t.sub.5 as well as t.sub.35 which makes it
      substantially easier or first makes it possible to handle such a mixture
      in the plant.
PAC  EXAMPLE IX
PAR  It is known that zinc oxide and stearic acid are not absolutely required to
      vulcanize rubber-silica mixtures. The action of 3-thiocyanatopropyl
      trimethoxy silane in a mixture free of zinc oxide and stearic acid is
      shown in the following.
TBL                TABLE II                                                    
     ______________________________________                                    
     Test Mixture           9       10                                         
     ______________________________________                                    
     styrene-butadiene rubber (Type 1500)                                      
                            100     100                                        
     precipitated silica (ULTRASIL VN3)                                        
                            40      60                                         
     dibenzothiazyldisulfide                                                   
                            1.5     1.5                                        
     diphenylguanidine      1.5     1.5                                        
     sulfur                 2.75    2.75                                       
     3-thiocyanatopropyl trimethoxy silane                                     
                            --      1.5                                        
     ______________________________________                                    
PAR  The vulcanization was carried out at 160.degree. C. and the vulcanization
      time was 60 minutes.
TBL                TEST RESULTS                                                
     ______________________________________                                    
     Test Mixture         9       10                                           
     ______________________________________                                    
     Defo hardness (g)    2900    2000                                         
     Defo elasticity (%)  25      22                                           
     Mooney-Scorch time (min.)                                                 
                          11      11                                           
     Mooney-Cure time (min.)                                                   
                          15      15                                           
     Tensile strength (kp/cm.sup.2)                                            
                          153     168                                          
     Modulus 300% (kp/cm.sup.2)                                                
                          73      144                                          
     Elongation at break (%)                                                   
                          425     330                                          
     Rebound (%)          42      44                                           
     Shore hardness       72      75                                           
     Permanent extension (%)                                                   
                          12      7                                            
     ______________________________________                                    
PAR  The measurements were made as in examples V to VIII (Table I). The
      advantages of test mixture 10 are essentially equal to those in the
      previous examples.
PAC  EXAMPLE X
PAR  To determine wether the sulfur containing organo-organooxysilanes of the
      invention are also suited for use after they have previously been
      contacted with the filler 3-thiocyanatopropyl triethoxy silane as a test
      substance was dissolved in ethyl alcohol, then the ULTRASIL VN3 was
      introduced into the solution and finally the solvent was removed. The
      proportions were so chosen that exactly 40 parts of ULTRASIL VN3 and 1.5
      parts of 3-thiocyanatopropyl triethoxy silane were present in both
      mixtures. The test took place with the same mixture 5 and in the same
      manner as is given in Table I.
PAR  In the test mixture 11, however, the ULTRASIL VN3 and the
      3-thiocyanatopropyl triethoxy silane were mixed in separately, in the test
      mixture 12 on the contrary there was used ULTRASIL VN3 loaded with the
      3-thiocyanatopropyl triethoxy silane (produced as set forth above).
TBL                TABLE III                                                   
     ______________________________________                                    
     (Test Results)                                                            
     Test Mixture         11      12                                           
     ______________________________________                                    
     Defo hardness (g)    2150    2200                                         
     Defo elasticity (%)  23      20                                           
     Mooney-Scorch time (min.)                                                 
                          17      17                                           
     Mooney-Cure time (min.)                                                   
                          20      21                                           
     Tensile strength (kp/cm.sup.2)                                            
                          144     152                                          
     Modulus 300% (kp/cm.sup.2)                                                
                          116     115                                          
     Elongation at break (%)                                                   
                          340     365                                          
     Rebound (%)          45      44                                           
     Shore hardness       72      73                                           
     Permanent extension (%)                                                   
                          7       9                                            
     ______________________________________                                    
PAR  From these values it is evident that there can be employed with success the
      previous coating of a silica filler with 3-thiocyanatopropyl triethoxy
      silane.
PAR  This method of operation has important industrial uses as a consequence.
      The sulfur containing organo-organooxysilanes can be precipitated from
      aqueous or nonaqueous solution on the particles of the inorganic material,
      for example, material consisting of silica or SiO.sub.2 or material
      containing these or silicious materials or silicates of natural or
      synthetic origin or also silicate glass products. The materials so
      prepared are used, for example, as fillers strengthening agents or
      additive materials in polymers, preferably in elastomers or in mixtures
      containing these before carrying out the crosslinking. Especially well
      suited for this purpose are the water soluble 3-thiocyanatopropyl
      trimethoxy silane and 3-thiocyanatopropyl triethoxy silane.
PAC  EXAMPLE XI
PAR  The activity of 3-thiocyanatopropyl tri-n-propoxy silane is shown in the
      following natural rubber mixture containing AEROSIL, i.e. pyrogenic
      silica. The amounts are given in parts by weight. The measurements were
      made in the same manner as in Table I.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Test Mixture            13      14                                        
     ______________________________________                                    
     ribbed smoked sheets I  100     100                                       
     AEROSIL (130 m.sup.2 /g BET surface)                                      
                             40      40                                        
     zinc oxide              4       4                                         
     stearic acid            2       2                                         
     dibenzothiazyldisulfide 1.5     1.5                                       
     diphenylguanidine       1.5     1.5                                       
     sulfur                  2.75    2.75                                      
     3-thiocyanatopropyl tri-n-propoxy silane                                  
                             --      1.5                                       
     ______________________________________                                    
PAR  The vulcanization time was accomplished at 145.degree. C. and the
      vulcanization time was 20 minutes.
TBL  ______________________________________                                    
     TEST RESULTS                                                              
     Test Mixture         13      14                                           
     ______________________________________                                    
     Defo hardness (g)    2300    1650                                         
     Defo elasticity (%)  29      24                                           
     Mooney-Scorch time (min.)                                                 
                          18      13                                           
     Mooney-Cure time (min.)                                                   
                          21      15                                           
     Tensile strength (kp/cm.sup.2)                                            
                          264     284                                          
     Modulus 300% (kp/cm.sup.2)                                                
                          670     600                                          
     Rebound (%)          52      56                                           
     Shore hardness       64      66                                           
     ______________________________________                                    
PAR  There was obtained with natural rubber and a pyrogenic silica in principle
      the same advantageous activity as with precipitated silica in
      styrene-butadiene rubber.
PAR  The following example shows that a normal vulcanization process and
      customary industrial rubber data can be produced with the compounds of the
      present invention without addition of conventional accelerators and/or
      activators.
PAC  EXAMPLE XII
PAR  The starting mixture (Test Mixture 15) was composed of the following
      constitutents (in parts by weight).
TBL  ______________________________________                                    
     styrene-butadiene rubber (Type 1500)                                      
                              100                                              
     ULTRASIL VN3             40                                               
     zinc oxide               4                                                
     stearic acid             2                                                
     3-thiocyanatopropyl triethoxy silane                                      
                              3                                                
     sulfur                   2.75                                             
     ______________________________________                                    
PAR  The vulcanization was carried out at 160.degree. C. the vulcanization time
      was 60 minutes and the following test results were obtained.
TBL  ______________________________________                                    
     Tensile strength (kp/cm.sup.2)                                            
                           206                                                 
     Modulus 300% (kp/cm.sup.2)                                                
                           56                                                  
     Modulus 500% (kp/cm.sup.2)                                                
                           124                                                 
     Elongation at break (%)                                                   
                           670                                                 
     Rebound (%)           40                                                  
     Shore hardness        66                                                  
     ______________________________________                                    
PAR  The new sulfur containing organo-organooxysilanes, as stated, in the widest
      sense are outstandingly useful in crosslinkable or vulcanizable mixtures
      of organic polymers, inorganic materials and suitable crosslinking or
      vulcanizing agents or systems. As organic polymers there are especially
      employed the known elastomers, and of these first of all natural and
      synthetic rubbers. To these crosslinkable mixture of organic polymers,
      inorganic materials and crosslinking agents there can be added in a given
      case known reaction accelerators and furthermore in a given case one or
      more compounds of the group of antioxidants (antiagers), processing aids,
      plasticizers and heat or light stabilizers which are known in plastic
      technology. For vulcanization there are added to the mixture vulcanization
      agents, especially sulfur and/or sulfur liberating compounds, e.g.
      N,N'-dithiobis morpholine, dipentamethylene thiuramtetrasulfide,
      N,N'-dithiobis hexahydro-2H-azepinone-(2), 2-benzthiazyl
      dithio-N-morpholide etc. and in a given case vulcanization accelerators;
      additionally there can be included and homogeneously distributed in these
      mixtures one or more compounds of the group of rubber antioxidants,
      processing aids, pigments and stearic acid as well as zinc oxide which all
      are known and used in the rubber art. The sulfur containing
      organo-organooxysilane manifestly acts in the crosslinking or
      vulcanization reaction.
PAR  It is evident to those skilled in the art that compounds of the class A (b)
      which contain the thioether group must contain one or more additional
      vulcanization active groups as for example the
      2,4-dimercapto-1,3,5-triazinyl group and/or one or more additional
      vulcanizable groups as for instance the allyl group or other groups having
      nonbenzoid carbon to carbon unsaturation.
PAR  The named inorganic materials can be added as fillers, pigments, fibers or
      the like. Of especial advantage in this regard there are preferably added
      as inorganic filler materials substances which are designated in the
      rubber industry as reinforcing fillers. These preferred additives are
      especially based on silica of various origin or such silica (silicon
      dioxide) containing oxide mixtures and mixed oxides, namely oxide
      compounds of metals such as aluminium, magnesium, calcium, barium, zinc,
      iron, zirconium or titanium, e.g. alumina, magnesium oxide, calcium oxide,
      barium oxide, zinc oxide, ferric oxide, zirconia, titania, aluminium
      silicate, talc, asbestos etc. including oxides (mixed oxides) of two or
      more of said metals.
PAR  Those oxide compounds which are also designated as highly dispersed or
      finely divided materials are preferably produced in the gas phase by
      oxydative or hydrolytic decompostion, namely emanating from volatile metal
      or metalloid halogenides. Also well suited are those obtained by
      precipitation of a soluble compound of the above named elements, e.g. of a
      soluble silicate. In a given case there also can be employed as the
      inorganic materials natural silicates or silicates produced chemically
      such as asbestos, wollastonite, kaoline, talc as well as quartz, sand,
      clay, carbon black or the like or glass in the form of fibers, mats,
      fabrics or other fiber products or structures as well as compact varieties
      or metal fibers, e.g. aluminium or steel fibers.
PAR  The new sulfur containing organo-organooxysilanes have valuable properties;
      they possess in the sense of the present invention bifunctional activity.
      The new oxysilanes promote, for example, the vulcanization or crosslinking
      of elastomer or rubber mixtures. Even without addition of conventional
      accelerators or activators there are obtained with the compounds of the
      invention at the customary crosslinking or vulcanization temperatures and
      times vulcanizates with normal use and test data. They also act as
      coupling agents. The binding (coupling) capacity, for example, to silica
      or silicate surfaces occurs through the trialkoxysilane group by chemical
      reaction forming Si- O- Si bridges or by chemisorption. This binding
      property is also true of the compounds of group A (b) of the invention.
PAR  The activity of the sulfur containing organo-organooxysilanes is especially
      advantageous in rubber mixtures for the production of tires which contain
      the so-called light reinforcing fillers, also they develop valuable
      properties in tire production using glass fibers, yarn, cloth, fiber quilt
      or similar structures, wherein there are employed, for example,
      styrene-butadiene rubber, butadiene rubber, natural rubber, cis-isoprene
      rubber or the like elastomers. Thus it is possible for example to produce
      white or colored tires or tire treads with the help of the new compounds
      from rubber and light reinforcing fillers. Among the usable types of
      rubbers there should also be included the usual known diene rubbers,
      nitrile rubbers, terpolymers, for example, of ethylene, propylene and
      dienes or trienes etc.
PAR  The sulfur containing organo-organooxysilanes can be added in an amount of
      0.1 to 20%, preferably 0.5 to 10% based on the weight of the organic
      polymer.
PAR  For the vulcanization of the rubbery polymers there can be added sulfur
      and/or sulfur liberating compounds in an amount of 0.2 to 4 weight parts
      per 100 weight parts of the rubbery polymer of the types mentioned above.
PAR  The inorganic filler material can be added to the mixtures (compositions)
      in an amount of 5 to 100 parts by weight (preferably 10 to 90 parts by
      weight) per 100 parts by weight of said rubbery polymers. These
      compositions may include 2 to 5 parts by weight of zinc oxide and 0.5 to 3
      parts by weight of an accelerator.
PAC  EXAMPLE XIII
PAR  The procedure of Example 4 was repeated replacing the 3-chloropropyl
      triethoxy silane by an equimolar amount of 3-chloropropyl trimethoxy
      silane to produce
      2-diethylamino-4-mercapto-6-(3-trimethoxysilylpropyl)-thiotriazine. The
      structure was confirmed by elemental analysis.
PAR  The 2-diethylamino-4-mercapto-6-(3-trimethoxysilylpropyl)-thiotriazine was
      employed in an amount of 1.5 parts in the same basic styrene-butadiene
      rubber formulation as Example VIII in Table I in place of the
      2-diethylamino-4-mercapto-6-(3-triethoxysilylpropyl)-thiotriazine. The
      rubber mixture was produced on the roller mill and vulcanization was
      carried out under the same conditions as with the Table I formulations,
      namely 160.degree.C. for 40 minutes. The results were as follows:
TBL  Defo hardness (g)     2400                                                
     Defo elasticity (%)   30                                                  
     Mooney-Scorch time (min.)                                                 
                           13                                                  
     Mooney-Cure time (min.)                                                   
                           17                                                  
     Tensile strength (kp/cm.sup.2)                                            
                           127                                                 
     Modulus 300% (kp/cm.sup.2)                                                
                           123                                                 
     Shore hardness        73                                                  
     Permanent Extension (%)                                                   
                           5                                                   
PAR  The commercial material, gamma mercaptopropyltrimethoxysilane (available
      commercially as A-189 from Union Carbide Corp.) has the values set forth
      in Table I Test Mixture 2.
PAR  The following observations may be noted. The Permanent Extension (Permanent
      Elongation) for the product of Example XIII is practically the same as for
      the mercaptopropyltrimethoxy silane. The Permanent Extension is an
      indication for the degree of cross-linking. In comparison to the product
      of Example XIII, the Mooney-Scorch and Mooney-Cure times of 5 and 6
      minutes using A-189 are so short that this silane cannot be used in
      practice within a very limited area. Also in practice the mixture
      containing A-189 tends to be vulcanized on the rolls. In contrast the
      mixture containing the silane of the invention has sufficient working
      safety. The Mooney-Scorch and Mooney-cure times are more than double as
      long as those for A-189. This is a substantial advantage over A-189.
PAR  It has been found that a preferred group of compounds within the invention
      have the formula R-S-X-Z where R is
      ##EQU4##
      where R.sub.9 is hydrogen
      ##EQU5##
      and R.sub.2 and R.sub.3 are hydrogen or a lower alkyl, preferably hydrogen
      or alkyl of 1 to 5 carbon atoms, X is either (1) a divalent acyclic or
      cyclic hydrocarbon group having at least 3 carbon atoms in the main chain
      and when cyclic not over 18 carbon atoms or (2) such a cyclic hydrocarbon
      group having a hydrogen replaced by fluorine, pseudohalogen, phenyl,
      halophenyl, monoalkyl or dialkyl phenyl in which the alkyl group contains
      1 to 3 carbon atoms and Z is Si R"  (OR').sub.2 -Si(OR').sub.3 ;
      -Si(OR').sub.2 -O-Si(OR').sub.3 ; or -Si(OR').sub.2 -O-Si(OR').sub.2 -X-R
      where R' and R"  are alkyl of 1 to 12 carbon atoms.
PAR  More preferably X is a straight or branched chain hydrocarbon group having
      3 to 18 carbon atoms (CnH.sub.2n where n is 3 to 18). Still more
      preferably X is (CH.sub.2).sub.n and most preferably n is 3, i.e., X is
      trimethylene or propylene.
PAR  Z is preferably -SiR"  (OR').sub.2 or -Si(OR').sub.3 wherein R"  and R' are
      alkyl of 1 to 4 carbon atoms.
PAR  In addition to the compounds set forth above within the invention there can
      be mentioned 2-mercapto-5-(3-trimethoxysilyl
      propyl)-thio-1,3,4-thiodiazole; 2-mercapto-5-(18-trimethoxysilyl
      propyl)-thiodiazole; 2-diamylamino-4-mercapto-6-(3-triisopropoxysilyl
      propyl)-thiotriazine; 2-diethylamino-4-mercapto-6-(3-diethoxy methylsilyl
      propyl)-thiotriazine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula R-S-X-Z where R is the heterocyclic group
      ##EQU6##
      where R.sub.9 is hydrogen,
      ##EQU7##
      and R.sub.2 and R.sub.3 are hydrogen or a lower alkyl, X is an alkylene
      group having at least 3 carbon atoms in the main chain and not over 18
      carbon atoms and Z is SiR"(OR').sub.2 ; Si(OR').sub.3 ; -Si(OR').sub.2
      -O-Si(OR').sub.3 ; or Si(OR').sub.2 -O-Si(OR').sub.2 -X-R where R' and R"
      are alkyl of 1 to 12 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein X is alkylene of 3 to 18 carbon
      atoms and Z is Si R"  (OR').sub.2 ; or Si(OR').sub.3.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sub.2 and R.sub.3 both are
      alkyl of 1 to 5 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 2 wherein R.sub.2 and R.sub.3 are both
      hydrogen.
NUM  5.
PAR  5. A compound according to claim 1 wherein R.sub.2 is hydrogen and R.sub.3
      is alkyl of 1 to 5 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 1 wherein X is alkylene of 3 to 5 carbon
      atoms, Z is Si(OR').sub.3 and R' is alkyl of 1 to 4 carbon atoms.
NUM  7.
PAR  7. A compound according to claim 6 wherein X is alkylene of 3 carbon atoms.
NUM  8.
PAR  8. A compound according to claim 1 which is
      2-diethylamino-4-mercapto-6-(3-triethoxysilylpropyl)-thiotriazine.
NUM  9.
PAR  9. A compound according to claim 1 which is
      2-diethylamino-4-mercapto-6-(3-trimethoxysilylpropyl)-thiotrizine.
NUM  10.
PAR  10. A compound according to claim 1 wherein R.sub.9 is
      ##EQU8##
NUM  11.
PAR  11. A compound according to claim 10 wherein Z is SiR"(OR').sub.2 or
      Si(OR').sub.3.
NUM  12.
PAR  12. A compound according to claim 11 wherein R.sub.2 and R.sub.3 are both
      alkyl of 1 to 5 carbon atoms.
NUM  13.
PAR  13. A compound according to claim 12 wherein X is alkylene of 3 to 5 carbon
      atoms, Z is Si(OR').sub.3 and R' is alkyl of 1 to 4 carbon atoms.
NUM  14.
PAR  14. A compound according to claim 13 wherein X is alkylene of 3 carbon
      atoms.
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PAL  Disclosed are novel substituted pyridazinyloxy(thio)phenyl ureas and
      derivatives thereof. The compounds of the instant invention are useful as
      herbicides and can be formulated to provide herbicidal compositions.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to substituted pyridazinyloxy(thio)phenyl
      ureas and derivatives thereof corresponding to the formula:
      ##SPC1##
PAL  Wherein:
PA1  T is
      ##EQU1##
      r represents an integer of 4 or 5; Q REPRESENTS AN INTEGER OF 0 TO 2,
      INCLUSIVE;
PA1  p represents an integer of 0 or 1;
PA1  Each X independently represents bromo, chloro, iodo, or fluoro;
PA1  m represents an integer of 0 to 3, inclusive;
PA1  Each Y independently represents cyano, nitro, ZR.sup.3,-- C(X').sub.3 or
      ##EQU2##
      n represents an integer of 0 to 2, inclusive, the sum of m + n being from
      0 to 3, inclusive;
PA1  Each Z independently represents oxygen or sulfur;
PA1  Each X' independently represents hydrogen or halo;
PA1  Q represents methyl, ethyl, halo, nitro, cyano or trifluoromethyl;
PA1  Each R independently represents hydrogen or an alkyl group of from about 1
      to about 3 carbon atoms;
PA1  R.sup.1 represents hydrogen, an alkyl group of from about 1 to about 4
      carbon atoms or an alkoxy group of from about 1 to about 4 carbon atoms;
PA1  R.sup.2 represents an alkyl group of from about 1 to about 3 carbon atoms
      or
      ##SPC2##
PA1  R.sup.3 represents an alkyl group of from about 1 to about 3 carbon atoms;
PA1  R.sup.4 and R.sup.5 each independently represent hydrogen or an alkyl group
      of from about 1 to about 4 carbon atoms; and
PA1  Each R.sup.6 represents halo or an alkyl group of from about 1 to about 3
      carbon atoms.
PAR  For the sake of brevity and simplicity, the term "active ingredient" is
      used hereinafter in this specification to broadly describe the compounds
      of the present invention. In the reaction sequences set forth below, all
      substituents, unless otherwise expressly indicated, are the same as set
      forth above.
PAR  The active ingredients of the present invention are normally crystalline
      solids and are soluble in the usual organic solvents, as well as having
      some solubility in water. The active ingredients are useful as plant
      growth regulants, and especially as herbicides when applied either as a
      preemergence or post-emergence treatment and may be formulated with the
      usual herbicide carriers for use in controlling unwanted plants.
PAC  DETAILED DESCRIPTION
PAR  The active ingredients of the present invention are useful as herbicides
      and certain of the active ingredients of the present invention have been
      found suitable in post-emergence applications for controlling unwanted
      plants among crops such as, for example, corn, wheat, rice, without
      injuring the crops. As used in the present specification and claims, the
      term "herbicide" means an active ingredient which, when used in a growth
      controlling amount, controls or modifies the growth of plants. By a
      "growth controlling amount" is meant an amount of compound which causes a
      modifying effect upon the growth of plants. Such modifying effects include
      all deviations from natural development, for example, killing,
      retardation, defoliation, desiccation, regulation, stunting, tillering,
      and the like. By "plants" it is meant germinant seeds, emerging seedlings,
      and established vegetation, including the roots and aboveground portions.
PAR  The term "alkyl" is used herein and in the appended claims to designate a
      straight or branched chain alkyl radical containing from 1 to about 4
      carbon atoms, such as, for example, methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl and tert-butyl. The term "alkoxy" as employed designates a
      straight or a branched-chain radical containing from 1 to about 4 carbon
      atoms, such as, for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
      isobutoxy and tert-butoxy.
PAR  The terms "halo" and "halogen" are employed herein to represent chlorine,
      fluorine and bromine.
PAR  Preferred compounds of the present invention are those compounds wherein n
      is 0 and m is at least 1. In a further preferred embodiment, m is 0 and n
      is at least 1. In another embodiment, those compounds wherein the sum of m
      + n is at least two are preferred. Another class of preferred compounds
      includes those wherein T is --NR.sup.1 R.sup.2. A further class of
      preferred compounds includes those wherein T is --NR.sup.1 R.sup.2 and
      R.sup.1 and R.sup.2 each represent alkyl. Still another preferred class of
      compounds includes those wherein T is --NR.sup.1 R.sup.2, R.sup.1 is
      alkoxy and R.sup.2 is alkyl. In still another preferred embodiment, T is
      ##EQU3##
PAR  The active ingredients of the present invention wherein T is --NR.sup.1
      R.sup.2 and wherein R.sup.1 and R.sup.2 is hydrogen or alkyl, conveniently
      hereinafter referred to as "pyridazinyl urea" compounds, can readily be
      prepared by reacting a selected substituted halopyridazine reactant with a
      salt of a selected substituted urea(thio)phenol reactant as illustrated in
      the following representative reaction sequence:
      ##SPC3##
PAC  REACTION I
PAR  The reaction proceeds readily under ambient atmospheric pressure and at
      temperatures of from about 50.degree. to about 100.degree.C. In carrying
      out the reaction a solution of the sodium urea(thio)phenate reactant in
      methanol is added, ordinarily portionwise, to a solution of the
      substituted halopyrimidine reactant in an inert solvent carrier such as,
      for example, dimethylsulfoxide, n-formylmorpholine or the like.
      Stoichiometric proportions of the reactants are usually employed.
PAR  The substituted urea(thio)phenate solution is prepared by rapidly adding
      stoichiometric proportions of the substituted urea(thio)phenol reactant to
      a solution of sodium metal in methanol. The sodium urea(thio)phenate
      solution is usually mixed with the halopyridazine reactant in a solvent
      carrier such as previously mentioned. The resulting reaction mixture is
      maintained at temperatures between about 50.degree. and 100.degree.C.,
      preferably between about 60.degree. and 90.degree.C., for a period of from
      about 1 to about 3 hours. Following the substantial completion of the
      reaction, the reaction mixture is cooled to about 50.degree.C., mixed with
      ice water and the resulting precipitate recovered by filtration, washed
      with water and dried. The reaction product thus obtained can be employed
      as is or further purified by recrystallization from a solvent or solvent
      mixture such as, for example, acetonitrile, methylene chloride or the
      like.
PAR  The substituted urea(thio)phenol reactants are readily prepared by first
      reacting one molecular proportion of a selected substituted
      amino(thio)phenol reactant with two molecular proportions of a selected
      substituted carbamoyl halide reactant in the presence of an inert solvent
      carrier, such as pyridine or the like and then converting the resultant
      thiolocarbamate moiety back to the thiol group with base. The reaction is
      ordinarily carried out at ambient temperatures and pressure conditions
      over a period of from about 10 to about 25 hours. Following the
      substantial completion of the reaction, the desired urea(thio)phenol
      reactant is recovered in procedures analogous to those set forth above.
PAR  In alternative procedures, the pyridazinylurea compounds of the present
      invention can likewise be prepared by first preparing selected substituted
      pyrimidinyl nitrobenzene reactant, converting the same to a corresponding
      pyridazinylbenzenamine, which is subsequently reacted with a selected
      substituted carbamoyl halide reactant. Such reaction sequence is
      illustrated as follows:
      ##SPC4##
PAC  REACTION II
PAR  The reaction in Step (a) above proceeds readily under ambient atmospheric
      pressure at reaction temperatures of from about 100.degree. to about
      160.degree.C. for a period of from about 3 to about 5 hours. In such
      operations, the salt of the substituted nitrophenol or nitrothiophenol is
      mixed with the selected halopyridazine reactant in the presence of an
      inert solvent, such as previously mentioned with respect to Reaction I,
      and the resulting reaction mixture heated at a temperature within the
      above indicated ranges. Following the substantial completion of the
      reaction, the reaction mixture is cooled and mixed with cold water. The
      resulting product precipitate is recovered by filtration and
      recrystallized according to conventional techniques from a solvent such as
      previously mentioned.
PAR  The product thus obtained from step (a) of Reaction II is mixed, in the
      presence of an aqueous alcohol solution, with a reducing agent, such as,
      for example, iron powder. The resulting reaction mixture is heated to the
      reflux temperature thereof with vigorous stirring and an alcohol solution
      of concentrated hydrochloric acid is added thereto, portionwise, over a 10
      to 30 minute period. The reaction mixture is heated at the reflux
      temperature for a period of from about 2 to about 4 hours and filtered
      while hot. The solid product thus obtained is washed with an aqueous
      alkanol solution, such as 50-95% ethanol, and the filtrate portions
      combined and extracted with a solvent such as benzene, methylene chloride
      or the like. The extract is then dried, treated with activated charcoal,
      such as Norite, filtered and evaporated to dryness to obtain the desired
      pyridazinylbenzenamine reactant which is then reacted with a selected
      carbamoyl halide reactant according to the procedures set forth above with
      respect to the preparation of the urea(thio)phenol reactants.
PAR  The pyrrolidine and piperidine derivatives of the present invention, i.e.,
      wherein T is
      ##EQU4##
      are prepared by reacting the amine intermediates of the present invention
      (prepared in step (b) of Reaction II) with phosgene or thiophosgene in the
      presence of toluene to form a corresponding novel
      pyridazinyloxy(thio)phenyl iso- or isothio- cyanate intermediate,
      hereinafter referred to as "isocyanate" intermediates, which can then be
      reacted with a selected pyrrolidine or piperidine reactant to obtain the
      desired product. The essential steps of the reaction sequence can be
      schematically illustrated as follows:
      ##SPC5##
PAC  REACTION III
PAR  The isocyanate intermediates are readily prepared according to step (a)
      above by first preparing a solution of phosgene or thiophosgene in a
      solvent such as, for example, water, toluene or the like, and then rapidly
      adding, with stirring, a solution of the benzenamine starting material in
      toluene. The benzenamine addition is regulated so as to maintain the
      temperature of the mixture at about 5.degree.C. or less, with additional
      quantities of solvent being added if necessary. Following the completion
      of the benzenamine addition, the reaction mixture is agitated and heated
      gradually until a temperature of from about 70.degree. to about
      100.degree.C. is reached. The solvent carrier is then removed from the
      reaction mixture by evaporation under reduced pressure and the remaining
      residue taken up in hexane which is then cooled to crystallize the desired
      product. An excess of phosgene or thiophosgene, in a ratio of from about 3
      to about 4 moles thereof per mole of benzenamine reactant, is preferably
      employed in the reaction. During the reaction, excess phosgene can be
      removed by purging the reaction mixture with an inert gas, such as
      nitrogen.
PAR  In step (b) of Reaction III, the isocyanate intermediate is reacted with
      the selected pyrrolidine or piperidine reactant under reaction conditions
      generally the same as for the hereinbefore described procedures in step
      (c) of Reaction II. Stoichiometric quantities of the reactants are usually
      employed.
PAR  The isocyanate intermediates prepared in step (a) of Reaction IV are also
      employed in the preparation of compounds of the instant invention wherein
      T is
      ##EQU5##
      and R.sup.1  is alkoxy and R.sup.2 is alkyl. Other pyridazinylurea
      compounds of the present invention can also be prepared from the
      isocyanate intermediates. In such operations, the isocyanate intermediates
      are reacted with an appropriately substituted hydroxyl amine salt reactant
      in the presence of an inert solvent, such as, for example, pyridine
      according to the following illustrative reaction sequence:
      ##SPC6##
PAC  REACTION IV
PAR  The reaction is conducted under ambient atmospheric pressure at
      temperatures of from about 50.degree. to about 100.degree.C. Preferably,
      an actuating agent is employed to increase the reaction rate.
      Representative actuating agents that can be employed include, for example,
      tertiary amines such as triethylamine and the like. The reactants are
      usually employed in stoichiometric proportions while an excess of the
      actuating agent is employed.
PAR  In carrying out the reaction, the isocyanate and substituted hydroxylamine
      reactants are contacted in the presence of a dry inert solvent containing
      the actuating agent. Representative solvents include, for example,
      pyridine, toluene or the like. The resulting reaction mixture is heated
      with stirring at a temperature within the above described range for a
      period of from about one-half to about 2 or more hours. The reaction
      mixture is then stirred at ambient temperatures for a period of from about
      1 to about 12 hours and then cooled and mixed with cold water. The
      resulting product precipitate is recovered and purified in typical
      procedures previously set forth.
DETD
PAR  The following example illustrates the present invention and the manner by
      which it can be practiced but, as such, should not be construed as a
      limitation upon the overall scope of the same.
PAC  EXAMPLE 1
PAC  N'-(4-((6-chloro-3-pyridazinyl)oxy)phenyl)-N,N-dimethylurea
PAR  4-Hydroxyphenyl-N,N-dimethylurea (13.5 grams; 0.075 mole) was mixed with a
      solution of sodium methylate (1.73 grams; 0.075 mole sodium metal in 70
      milliliters (ml) of methanol) and the resulting sodium salt solution of
      4-hydroxyphenyl-N,N-dimethylurea was added portionwise over a period of
      about one hour to a solution of 3,6-dichloropyridazine (11.2 grams; 0.075
      mole) in 50 ml. of dimethylsulfoxide. During the addition and for a period
      of about one hour following the completion of the addition, the reaction
      mixture temperature was maintained between about 90.degree. and about
      95.degree.C. Following the reaction period, the methanol was removed from
      the reaction mixture by evaporation and the reaction mixture extracted
      with methylene chloride. The methylene chloride extract was evaporated in
      vacuo and the waxy residue obtained dissolved in hot toluene. The
      resulting solution was treated with activated charcoal, cooled and hexane
      added thereto. The solid yellow crystalline material formed upon addition
      of the hexane was recovered by filtration and recrystallized from
      acetonitrile. As a result of these operations, the desired title compound
      was obtained as a white crystalline material having a melting point of
      173.degree.-174.degree.C.
PAR  Other pyridazinyl urea compounds and derivatives are similarly prepared
      from selected substituted benzenamine or isocyanate intermediates in
      accordance with the procedures of the foregoing Example and the foregoing
      teachings of the specification. Such other compounds include, inter alia,
      the following:
PA1  N'-(4-((4,5,6-trichloro-3-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((6-methoxy-3-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N-butyl-N'-(4-((6-fluoro-3-pyridazinyl)oxy)phenyl)-N-methylurea;
PAR  N'-(4-((6-bromo-3-pyridazinyl)oxy)phenyl)-N-methyl-N-methoxyurea;
PAR  N'-(4-((6-iodo-3-pyridazinyl)thio)-3-chlorophenyl)-N-methyl-N-butoxyurea;
PAR  N-butoxy-N-propyl-N'-(4-((4,5,6-trichloro-3-pyridazinyl)oxy)-3-methylphenyl
     )urea;
PAR  N-(4-((6-chloro-3-pyridazinyl)thio)-3-cyanophenyl)-1-pyrrolidinecarboxyamid
     e;
PAR  N-(4-((6-trifluoromethyl)-3-pyridazinyl)thio)-3-nitrophenyl-1-piperidinecar
     boxamide;
PAR  N-(4-((5-chloro-6-(trifluoromethyl)-3-pyridazinyl)oxy)-3-(trifluoromethyl)p
     henyl))-2,5-dimethyl-1-pyrrolidinecarboxamide;
PAR  N-((4-chlorophenyl)thio)-N'-(4-((6-chloro-3-pyridazinyl)oxy)phenyl)-N-methy
     lurea;
PAR  N'-((4-(6-cyano-3-pyridazinyl)thio)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((4,5-dichloro-6-fluoro-3-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((2,6-bis(trifluoromethyl)-4-pyridazinyl)oxy)phenyl)-N,N-dimethylthio
     urea;
PAR  N'-(3-((4-pyridazinyl)thio)phenyl)-N,N-dimethylthiourea;
PAR  N,N-dimethyl-N'-(4-((3-pyridazinyl)oxy)phenyl)urea;
PAR  N,N-dimethyl-N'-(4-((3-nitro-4-pyridazinyl)oxy)phenyl)urea;
PAR  N,N-dimethyl-N'-(4-((5-amino-6-(methylthio)-3-pyridazinyl)oxy)phenyl)urea;
PAR  N'-(4-((5-chloro-4-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((5-chloro-3,6-dimethyl-4-pyridazinyl)oxy)phenyl)-N,N-dimethylthioure
     a;
PAR  N,N-dimethyl-N'-(4-((3-methyl-6-cyano-4-pyridazinyl)oxy)phenyl)urea;
PAR  N'-(4-((6-chloro-5-cyano-3-pyridazinyl)thio)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((5-chloro-6-cyano-3-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((6-chloro-5-(trifluoromethyl)-3-pyridazinyl)oxy)phenyl)-N-methoxy-N-
     methylurea;
PAR  N'-(4-((5-cyano-4-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N,N-dimethyl-N'-(4-((4-nitro-6-(propylthio)-3-pyridazinyl)oxy)phenyl)urea;
PAR  N'-(4-((6-chloro-3-pyridazinyl)oxy)-3-(trifluoromethyl)phenyl)-N,N-dimethyl
     urea;
PAR  N,N-dimethyl-N'-(4-((5-cyano-6-isopropoxy)-3-pyridazinyl-oxy)phenyl)urea;
PAR  N-(4-((6-chloro-3-pyridazinyl)oxy)phenyl)-2,5-dimethyl-1-pyrrolidinecarboxa
     mide;
PAR  N,N-dimethyl-N'-(4-(3-methoxy-6-methyl-4-pyridazinyl)oxy)phenyl)thiourea;
PAR  N'-(4-((5-chloro-6-(chlorodifluoromethyl)-3-pyridazinyl)oxy)phenyl)-N,N-dim
     ethylurea;
PAR  N-((3,4,5-tribromophenyl)thio)-N'-(3-((5-chloro-6-amino-3-pyridazinyl)oxy)p
     henyl)-N-methylurea;
PAR  N'-(3-((3,6-dicyano-4-pyridazinyl)oxy)-4-ethylphenyl)-N-methoxy-N-methylure
     a;
PAR  N'-(4-((6-(trifluoromethyl)-4-pyridazinyl)thio)-3-cyanophenyl)-N,N-ethylure
     a;
PAR  N'-(4-((5-bromo-6-methylamino-3-pyridazinyl)thio)-3-bromophenyl)-N-butyl-N-
     methylthiourea;
PAR  N-butoxy-N'-(3-((5-dichloromethyl)-4-pyridazinyl)oxy)-4-cyanophenyl)-N-prop
     ylurea;
PAR  N'-(4-((5-methyl-6-isopropylthio-3-pyridazinyl)thio)-3-methylphenyl)-N,N-di
     methylurea;
PAR  N'-(4-((4,5-dimethyl-6-chloro-3-pyridazinyl)oxy)-3-fluorophenyl)-N-methyl-N
     -methoxythiourea;
PAR  N-(4-((3,6-dinitro-4-pyridazinyl)oxy)phenyl)-3-propyl-1-piperidinecarboxami
     de;
PAR  N-(4-((5-chloro-3,6-dimethoxy-4-pyridazinyl)oxy)-3-chlorophenyl)-2,6-dimeth
     yl-1-piperidinethiocarboxamide;
PAR  N'-(5-((6-bromo-5-n-butylamino-3-pyridazinyl)thio)-3-(trifluoromethyl)pheny
     l)-N-ethoxy-N-methylthiourea;
PAR  N'-(3-((6-di-n-butylamino-3-methyl-4-pyridazinyl)oxy)phenyl)-N,N-dimethylur
     ea;
PAR  N-(4-((4,6-dichloro-5-cyano-3-pyridazinyl)thio)-2-chlorophenyl)-1-pyrrolidi
     necarboxamide;
PAR  N'-(4-((3,6-diamino-5-chloro-4-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(5-((6-chloro-4,5-dinitro-3-pyridazinyl)thio)-3-methylphenyl)-N,N-di-n-p
     ropylurea;
PAR  N-((3,5-di-i-propylphenyl)oxy)-N'-(4-((3,6-bis(trifluoromethyl)-4-pyridazin
     yl)oxy)-N-methylthiourea;
PAR  N'-(4-((4-chloro-6-methyl-5-methylamino)-3-pyridazinyl)oxy)phenyl)-N,N-dime
     thylurea;
PAR  N'-(4-((3,6-di-(dimethylamino)-4-pyridazinyl)thio)phenyl)-N-methoxy-N-methy
     lthiourea;
PAR  N'-(4-((4-cyano-6-(trifluoromethyl)-3-pyridazinyl)thio)phenyl)-N,N-dimethyl
     thiourea;
PAR  N-(4-((3-methyl-6-(trifluoromethyl)-4-pyridazinyl)thio)phenyl)-1-piperidine
     carboxamide;
PAR  N-(4-((4-methyl-6-nitro-3-pyridazinyl)oxy)-3-chlorophenyl)-1-pyrrolidinecar
     boxamide;
PAR  N'-(4-((4-cyano-6-nitro-3-pyridazinyl)phenyl)-N-methyl-N-methoxyurea;
PAR  N'-(4-((5-cyano-6-methylamino-3-pyridazinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((4-nitro-5-(trifluoromethyl)-3-pyridazinyl)thio)phenyl)-N-methoxy-N-
     methylurea;
PAR  N'-(4-((6-amino-4-(trifluoromethyl)-3-pyridazinyl)oxy)-3-methylphenyl)-N,N-
     dimethylurea and
PAR  N'-(3-((6-propylthio-5-(trifluoromethyl)-3-pyridazinyl)oxy)phenyl)-N,N-dime
     thylurea.
PAR  The amine and isocyanate intermediates are readily apparent in view of the
      foregoing enumerated compounds. Such amine intermediates employed in
      alternative methods of preparing the pyridazinylurea compounds are of the
      formula represented in Reaction Sequences II and III of the specification
      and are prepared in accordance with the teachings of the specification.
      The nomenclature for such amine intermediates, for example, the
      corresponding amine intermediate to the compound of Example 1, would be
      N'-(4-((6-chloro-3-pyridazinyl)oxy)phenyl)benzenamine. The isocyanate
      intermediates employed to prepare the pyridazinylcarboxamide compounds, as
      well as other of the above-enumerated compounds, are likewise readily
      apparent in view of the foregoing compounds. Such isocyanate intermediates
      correspond to the general formula represented in reaction sequences III
      and IV set forth hereinbefore and are prepared according to the teachings
      set forth in the specification. The isocyanate compound employed for the
      preparation of the compound of Example 1, or other carboxamide compounds,
      would be N'-(4-((6-chloro-3-pyridazinyl)oxy)phenyl)isocyanate. Other amine
      and isocyanate intermediates are similarly prepared and named.
PAR  The compounds of the present invention have been found to be suitable for
      use in methods for the pre- and post-emergent control of weeds or other
      unwanted vegetation. Certain of the active ingredients of the present
      invention have been found to be active against undesired vegetation in the
      presence of desired crop plants while producing only a negligible effect
      on the crop plants. For all such uses, unmodified active ingredients of
      the present invention can be employed. However, the present invention
      embraces the use of a herbicidally-effective amount of the active
      ingredients in composition form with a material known in the art as an
      adjuvant or carrier in solid or liquid form. Thus, for example, an active
      ingredient can be dispersed on a finely divided solid and employed therein
      as a dust. Also, the active ingredients, as liquid concentrates or solid
      compositions comprising one or more of the active ingredients, can be
      dispersed in water, typically with the aid of a wetting agent, and the
      resulting aqueous dispersion employed as a spray. In other procedures, the
      active ingredient can be employed as a constituent of organic liquid
      compositions, oil-in-water and water-in-oil emulsions, or water
      dispersions, with or without the addition of wetting, dispersing, or
      emulsifying agents.
PAR  Suitable adjuvants of the foregoing type are well known to those skilled in
      the art. The methods of applying the solid or liquid herbicidal
      formulations similarly are well known to the skilled artisan.
PAR  As organic solvents used as extending agents there can be employed
      hydrocarbons, e.g. benzene, toluene, xylene, kerosene, diesel fuel, fuel
      oil, and petroleum naphtha, ketones such as acetone, methyl ethyl ketone
      and cyclohexanone, chlorinated hydrocarbons such as carbon tetrachloride,
      chloroform, trichloroethylene, and perchloroethylene, esters such as ethyl
      acetate, amyl acetate and butyl acetate, ethers, e.g., ethylene glycol
      monomethyl ether and diethylene glycol monomethyl ether, alcohols, e.g.,
      methanol, ethanol, isopropanol, amyl alcohol, ethylene glycol, propylene
      glycol, butyl Carbitol acetate and glycerine. Mixtures of water and
      organic solvents, either as solutions or emulsions, can be employed.
PAR  The active ingredients can also be applied as aerosols, e.g., by dispersing
      them in air by means of a compressed gas such as dichlorodifluoromethane
      or trichlorofluoromethane and other Freons and Genetrons, for example.
PAR  The active ingredients of the present invention can also be applied with
      adjuvants or carriers such as talc, pyrophyllite, synthetic fine silica,
      attapulgus clay, keiselguhr, chalk, diatomaceous earth, lime, calcium
      carbonate, bentonite, fuller's earth, cottonseed hulls, wheat flour,
      soybean flour, pumice, tripoli, wood flour, walnut shell flour, redwood
      flour and lignin.
PAR  As stated, it is frequently desirable to incorporate a surface active agent
      in the compositions of the present invention. Such surface active or
      wetting agents are advantageously employed in both the solid and liquid
      compositions. The surface active agent can be anionic, cationic or
      nonionic in character.
PAR  Typical classes of surface active agents include alkyl sulfonate salts,
      alkylaryl sulfonate salts, alkylaryl polyether alcohols, fatty acid esters
      of polyhydric alcohols and the alkylene oxide addition products of such
      esters, and addition products of long chain mercaptans and alkylene
      oxides. Typical examples of such surface active agents include the sodium
      alkylbenzene sulfonates having 10 to 18 carbon atoms in the alkyl group,
      alkylphenyl ethylene oxide condensation products, e.g., p-isooctylphenyl
      condensed with 10 ethylene oxide units, soaps, e.g., sodium stearate and
      potassium oleate, sodium salt of propylnaphthalene sulfonic acid,
      di(2-ethylhexyl)ester of sodium sulfosuccinic acid, sodium lauryl sulfate,
      sodium decane sulfonate, sodium salt of the sulfonated monoglyceride of
      coconut fatty acids, sorbitan sesquioleate, lauryl trimethyl ammonium
      chloride, octadecyl trimethyl ammonium chloride, polyethylene glycol
      lauryl ether, polyethylene glycol esters of fatty acids and rosin acids,
      e.g., Ethofat 7 and 13, sodium N-methyl-N-oleyl taurate, Turkey Red Oil,
      sodium dibutyl naphthalene sulfonate, sodium lignin sulfonate,
      polyethylene glycol stearate, sodium dodecylbenzene sulfonate, tertiary
      dodecyl polyethylene glycol thioether (nonionic 218), long chain ethylene
      oxidepropylene oxide condensation products, e.g., Pluronic 61 (molecular
      weight 1000), polyethylene glycol ester of tall oil acids, sodium octyl
      phenoxyethoxyethyl sulfate, tris(polyoxyethylene)sorbitan monostearate
      (Tween 60), and sodium dihexyl sulfosuccinate.
PAR  The concentration of the active ingredients in liquid compositions
      generally is from about 0.003 to about 95 percent by weight or more.
      Concentrations of from about 0.003 to about 50 weight percent are often
      employed. In dusts or dry formulations, the concentration of the active
      ingredient can be from about 0.003 to about 95 weight percent or more;
      concentrations of from about 0.003 to about 50 weight percent are often
      conveniently employed. In compositions to be employed as concentrates, the
      active ingredient can be present in a concentration of from about 5 to
      about 98 weight percent. The active ingredient compositions can also
      contain other compatible additaments, for example, phytotoxicants, plant
      growth regulants, pesticides and the like and can be formulated with solid
      particulate fertilizer carriers such as ammonium nitrate, urea and the
      like.
PAR  The present compositions can be applied by the use of power-dusters, boom
      and hand sprayers, spray-dusters, by addition to irrigation water, and by
      other conventional means. The compositions can also be applied from
      airplanes as a dust or a spray because they are effective in very low
      dosages.
PAR  The exact dosage to be applied is dependent not only upon the specific
      active ingredient being employed, but also upon the particular plant
      species to be modified and the stage of growth thereof, as well as the
      part of the plant to be contacted with the toxic active ingredient. Thus,
      it is to be understood that all of the active ingredients of the invention
      and compositions containing the same may not be equally effective at
      similar concentrations or against the same plant species. In non-selective
      pre-emergence and foliage treatments the compositions of this invention
      are usually applied at an approximate rate of from about 1 to about 25
      lbs. per acre, but lower or higher rates may be appropriate in some cases.
      In selective post-emergence operations to foliage, rates of from about
      0.16 to about 1.5 pounds per acre are usually employed. In some instances,
      lower rates may be utilized while higher rates may be necessary in other
      instances. In view of the foregoing and following disclosures, one skilled
      in the art can readily determine the optimum rate to be applied in any
      particular case.
PAR  So as to illustrate the general and selective phytotoxic properties of the
      active ingredients of the present invention, a group of controlled
      greenhouse experiments is described below.
PAR  In pre-emergence operations, seeds of selected species are planted in
      seedbeds and, while exposed, sprayed with a given volume of a solution
      containing a predetermined amount of the candidate active ingredient to
      provide the dosage rate desired. Such compositions are prepared by mixing
      the selected active ingredient and an emulsifier or dispersant with water.
      The seeds are then covered with a layer of soil and maintained under
      conditions conducive to growth. A portion of the planted seedbeds are left
      untreated to provide controls for comparative purposes. All seedbeds are
      watered as needed. About 14 days after seeding and treating, the effect of
      each test ingredient on the seeds is evaluated by a comparison with the
      control seedbeds.
PAR  In post-emergence operations, various species of plants are seeded in beds
      of good agricultural soil. After the plants have emerged and grown to a
      height of from about 2 to about 6 inches, certain of the plants are
      sprayed to run-off with a given volume of a composition prepared as set
      forth above. Other plants are left untreated to provide comparative
      controls. All plants are maintained as above for a period of about 14 days
      and then evaluated to determine the effect of the test ingredient.
PAR  In representative pre-emergence operations, the
      N'-(4-((6-chloro-3-pyrazinyl)oxy)phenyl)-N,N-dimethylurea compound was
      found to give substantial (70%) to complete (100%) control of the growth
      of the seeds of German millett, barnyard grass, crabgrass, Johnson grass,
      pigweed, bindweed, velvet leaf and annual morning glory when applied at an
      application rate of four pounds per acre.
PAR  In representative post-emergence operations, the
      N'-(4-((6-chloro-3-pyrazinyl)oxy)phenyl)-N,N-dimethylurea compound was
      found to give from substantial to complete control of German millett,
      barnyard grass, crabgrass, wild oats, pigweed, bindweed, velvet leaf and
      annual morning glory plants when applied at an application rate of about
      five pounds per acre.
PAR  In selective post-emergence operations, the
      N'-(4-((6-chloro-3-pyrazinyl)oxy)phenyl)-N,N-dimethylurea compound was
      found to give substantial to complete control of pigweed, bindweed, velvet
      leaf and annual morning glory plants when applied at a dosage rate of
      about 0.32 pounds per acre while causing little or no effect on the growth
      of corn, rice, wheat and sorghum plants.
PAR  The substituted halopyridazine, urea(thio)phenol, nitro(thio)phenol,
      carbamoyl halide, hydroxylamine, pyrrolidine and piperidine reactants
      employed in the preparation of the compounds of the present invention are
      either readily available or can be prepared by those skilled in the art
      according to procedures which are known or are analogous to those set
      forth in the open literature.
PAR  Although the invention is described with respect to specific embodiments
      and modifications, the details thereof are not to be construed as
      limitations except to the extent indicated in the following claims.
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PAL  Designated 2-formylquinoxaline 1,4-dioxides are decarbonylated by the
      action of an unhindered secondary amine having a pK.sub.a greater than
      about 8 to produce the corresponding decarbonylated product.
BSUM
PAR  The present invention relates to decarbonylation, more particularly to the
      decarbonylating of aldehydes having the 2-formylquinoxaline 1,4-dioxide
      structure.
PAR  Among the objects of the present invention is the provision of a novel
      decarbonylating process that is simple to carry out and yet quite
      effective.
PAR  These as well as additional objects of the present invention will be more
      fully understood from the following description of several of its
      exemplifications.
PAR  The decarbonylation of the present invention is carried out by subjecting
      an aldehyde having the formula
      ##SPC1##
PAL  In liquid condition to the action of at least an equivalent amount of an
      unhindered secondary amine having a pK.sub.a greater than about 8 at a
      temperature of from about 30.degree. to about 150.degree.C., to
      decarbonylate the CHO group and form the corresponding decarbonylated
      product.
PAR  In the above formula R is in either of the indicated (6- and 7-) positions,
      and it is hydrogen, hydrocarbyl having up to four carbons, alkylthio
      having up to four carbons, alkylsulfinyl having up to four carbons,
      alkylsulfonyl having up to four carbons, fluoro, chloro, bromo, iodo,
      cyano, trifluoromethyl, alkanoyl having up to four carbons, CONR.sup.1
      R.sup.2 or SO.sub.2 NR.sup.1 R.sup.2, R.sup.1 and R.sup.2 being separately
      selected from the class consisting of hydrogen and alkyl having up to
      three carbons.
PAR  The foregoing 2-formylquinoxaline 1,4-dioxides are either known compounds
      or they are readily prepared by standard methods, well-known to those
      skilled in the art. For example, the compounds wherein R is hydrogen,
      hydrocarbyl, alkoxy, alkylthio, fluoro, chloro, bromo, iodo,
      trifluoromethyl, alkanoyl, CONR.sup.1 R.sup.2 or SO.sub.2 NR.sup.1 R.sup.2
      are prepared by reaction of the appropriate benzofurazan 1-oxide with
      pyruvaldehyde dimethyl acetal, followed by hydrolysis of the acetal
      grouping, according to the methods described in Example XXXIX of British
      Pat. Spec. No. 1,215,815. The compounds wherein R is alkylsulfinyl or
      alkylsulfonyl are prepared by reaction of the appropriate
      alkylthio-substituted benzofurazan 1-oxide with pyruvaldehyde dimethyl
      acetal, followed by oxidation of the alkylthio moiety either to an
      alkylsulfinyl or an alkylsulfonyl group, followed by hydrolysis of the
      acetal grouping. A convenient reagent useful for the latter oxidation step
      is a peracid, such as m-chloroperbenzoic acid.
PAR  The above-mentioned benzofurazan 1-oxides appear to exist as dynamic
      tautomeric mixtures, containing both the 5- and 6-isomers. When these
      compounds are converted into quinoxaline 1,4-dioxides, the latter appear
      to be a mixture of the 6- and 7-isomers, and for this reason the
      parenthetical "7" is included in the names of these compounds. In the
      decarbonylated products, the 6- and 7- positions are identical, and only a
      single product is formed.
PAR  The secondary amines that effect the decarbonylation have their amine
      nitrogen bonded to two different carbon atoms and to a hydrogen. They are
      also unhindered in that the two carbon atoms to which the foregoing
      nitrogen is bonded each have no more than one substituent larger than
      hydrogen. Preferably each of those carbons carries two hydrogens and an
      additional alkyl with one to three carbons. These alkyl can also be bonded
      to each other to form an alkylene or similar bridge from one of the
      nitrogen-bonded carbons to the other.
PAR  Amines that are not strongly nucleophilic are not desirable reactants, and
      as a class they should have a pK.sub.a greater than about 8. Typical
      preferred amines are piperidine, diethylamine, dimethylamine,
      di-n-propylamine, morpholine, thiomorpholine, N-methylbenzylamines and
      1,2,3,4-tetrahydroisoquinoline. An aromatic ring such as benzene ring,
      when bonded to the amine nitrogen diminishes the nucleophilic character
      too much, as does a heavy inactive structure such as alkyl of over twenty
      carbons. Various other substituents can be present in the amine including
      hydroxy groups or other secondary or tertiary amine functions. Typical
      examples of these latter types are N-methylethanolamine, diethanolamine,
      N,N'-dimethylethylenediamine, N,N',N'-trimethylethylenediamine and
      N-methylpiperazine.
PAR  As is well known by those skilled in the art, the pK.sub.a value of an
      amine is a measure of the acidity of its conjugate acid, i.e., its
      protonated form. Lists of such values, as well as techniques for
      determining them, are well documented. See, for example, "Constants of
      Organic Compounds," Munio Kotake editor, Asakura Publishing Company, Ltd.,
      Osaka, Japan, 1963, page 584 et seq; and "Handbook of Chemistry and
      Physics," 51st edition, 1970-1971, Robert C. Weast editor, The Chemical
      Rubber Co., Cleveland, Ohio, pages D117 to D119.
PAR  The decarbonylation of the present invention proceeds too slowly or stops
      altogether, at temperatures below 30.degree.C. Temperatures above
      150.degree.C are not desired because they tend to excessively reduce the
      yields. Preferred temperatures are from about 50.degree. to 100.degree.C.
PAR  Subjecting the above-mentioned aldehydes to the decarbonylating action of
      the designated secondary amines is not very effective when either or both
      of these reactants are in solid form. The reaction is however quite
      efficient when both are in liquid form. The designated secondary amines
      are generally liquid at temperatures of 50.degree.C or higher, and some
      are gaseous but can be kept in liquid condition by holding them under
      pressure and/or dissolving them in a higher boiling solvent. The
      designated amines can be used alone, without the addition of a further
      diluent, but the solubilities are generally so small that a large excess
      of amine would be needed to completely dissolve the aldehyde even at
      100.degree.C.
PAR  The decarbonylation reaction seems to be of non-catalytic nature, and
      equimolar amounts of the reactants react to provide yields as high as 70%
      after a few hours at 65.degree.C. A molar proportion of the designated
      secondary amine at least half that of the aldehyde gives good results, and
      if desired the reaction can be carried out in stages with the reacting
      amine added in successive portions at spaced intervals. An excess of 100
      or 200% of the reacting amine can also be used very efficiently, but the
      excess is then little more than added solvent, and it is generally
      preferred that the solvent be a low viscosity liquid in which the
      decarbonylated product is not very soluble and from which it can be
      readily filtered and washed. A low boiling solvent such as methanol is
      also advantageous in that not only is it of low viscosity, but the
      reaction can be readily conducted in it at reflux with a minimum of
      attention, and it can be readily removed by vacuum stripping or the like.
      The reacting aldehyde is generally much more costly than the reacting
      amine so that it is preferred to have at least an equimolar amount of the
      amine and thus make sure there is no significant waste of the aldehyde.
PAR  Mixtures of solvents are also very effective, and a little water can be
      present in the solvents so long as it does not render the reactants too
      insoluble. A perfect solution is not needed for effective decarbonylation,
      and aldehyde can remain undissolved, if it is in finely divided form,
      without significantly detracting from the reaction effectiveness.
PAR  The time course of the reaction varies according to a number of factors,
      such as the reactivity and concentration of the reactants, and the
      reaction temperature. As will be appreciated by one skilled in the art,
      the reaction proceeds faster at higher temperatures and relatively short
      reaction times are used; whereas at lower temperatures the reaction
      proceeds more slowly and longer reaction times are required, in order to
      obtain a good yield of product. Having full regard for these factors, when
      working at the preferred temperature, reaction times of several hours, for
      example from about one hour to about twenty-four hours are typically used.
      With the more nucleophilic of the reacting amines there will generally be
      some reaction product formed within the first few minutes of reaction, and
      such product will also generally precipitate and can be removed from the
      reaction mixture as it is formed, with or without interruption of the
      reaction. It is not desirable to have so much solvent that the aldehyde
      content is initially below about 1% in concentration, by weight.
PAR  The decarbonylated product is generally much less soluble in the reaction
      mixture than the starting aldehyde, and in many cases will spontaneously
      precipitate during the course of the reaction or after the reaction is
      completed and the reaction mixture cooled to room temperature.
PAR  Recovery of the decarbonylated product is readily effected. For example, in
      those instances where the product precipitates during the course of the
      reaction, it can be recovered simply by filtration. Alternatively, when
      the product does not precipitate spontaneously, it can often be induced to
      precipitate at the end of the reaction by dilution of the reaction medium
      with a non-solvent, such as hexane or water. A further method of product
      recovery involves removal of the solvents by evaporation followed by
      acidification of the crude product and extraction with water. Where the
      reacting amine is water-soluble it can also be removed by partitioning the
      crude product, with or without a stripping, between water and a
      water-immiscible organic solvent. After separation of the two phases, the
      product-containing organic phase is evaporated to yield the product.
PAR  The following examples are typical of the decarbonylation of the present
      invention.
DETD
PAC  EXAMPLE I
PAC  Decarbonylation of 2-Formylquinoxaline 1,4-Dioxide with Piperidine
PAR  To a stirred slurry of 10.0 g. (0.053 mole) of 2-formylquinoxaline
      1,4-dioxide in 100 ml. of methanol is added 4.5 g. (0.053 mole) of
      piperidine. This causes the mixture to warm up and form an almost complete
      solution containing a little suspended solid, following which a yellow
      precipitate begins to form. The mixture is then heated under reflux (about
      70.degree.C.) for 3 hours. At this point, examination of the reaction
      mixture by thin-layer chromatography still reveals the presence of a
      little starting aldehyde. A further 2.25g. (0.027 mole) of piperidine is
      added and the reaction mixture is heated under reflux for a further 2.5
      hours at which time only a trace of starting aldehyde is shown by
      thin-layer chromatography. The mixture is then cooled to ambient
      temperature and the solid which precipitates is filtered off. This affords
      6.0g. (70% yield) of quinoxaline 1,4-dioxide, mp 245.degree.-247.degree.C.
      The nuclear magnetic resonance spectrum of the product shows absorptions
      at 9.05 ppm (singlet, 2H), 8.85 ppm (multiplet, 2H) and 8.20 ppm
      (multiplet, 2H), downfield from tetramethylsilane.
PAR  The thin-layer chromatography works well when using a mixture of 5 parts
      chloroform to 1 part ethanol, by volume.
PAC  EXAMPLE II
PAC  Decarbonylation of 6(7)-Methyl-2-formylquinoxaline 1,4-Dioxide with
      Piperidine
PAR  To a stirred suspension of 1.0g. (0.0049 mole) of
      6(7)-methyl-2-formylquinoxaline 1,4-dioxide in 10 ml. of methanol is added
      0.733 ml. (0.00735 mole) of piperidine and then the mixture is heated
      slowly to reflux. During this heat-up all of the suspended material
      dissolves. The reaction mixture is maintained at reflux temperature for an
      additional 2 hours, and then it is cooled to ambient temperature. The
      solid which precipitates is filtered off, giving 0.55g. (64% yield) of
      6-methylquinoxaline, mp. 215.degree.-216.degree.C. The nuclear magnetic
      resonance spectrum of the product shows absorptions at 8.5 - 7.4 ppm
      (multiplet, 5H) and 2.6 ppm (singlet, 3H), downfield from
      tetramethylsilane; the infrared spectrum of the product confirms the
      absence of a carbonyl group; the product shows a single spot when examined
      by thin-layer chromatography; and its C H and N analyses confirm it as
      C.sub.9 H.sub.8 O.sub.2 N.sub.2.
PAR  A second crop (0.125g.) of product is obtained by heating the filtered
      reaction mixture for an additional 3 hours, bringing the total yield to
      0.675g. (79% yield).
PAC  EXAMPLE III
PAR  The procedure of Example II is repeated except that the
      6(7)-methyl-2-formylquinoxaline 1,4-dioxide used therein is replaced by an
      equimolar amount of
PA1  6(7)-ethyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-isopropyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-n-butyl-2-formylquinoxaline 1,4-dioxide,
PA1  6,7-dimethyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-methoxy-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-isobutoxy-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-methylthio-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-n-butylthio-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-methylsulfinyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-isopropylsulfinyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-methylsulfonyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-isobutylsulfonyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-cyano-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-bromo-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-chloro-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-fluoro-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-trifluoromethyl-2-formylquinoxaline 1,4-dioxide,
PA1  6(7)-[N-propylsulfonamido]-2-formylquinoxaline 1,4-dioxide and
PA1  6(7)-[N,N-dimethylsulfonamide]-2-formylquinoxaline 1,4-dioxide,
PAL  respectively. There is recovered from these reactions
PA1  6-ethylquinoxaline 1,4-dioxide,
PA1  6-isopropylquinoxaline 1,4-dioxide,
PA1  6-n-butylquinoxaline 1,4-dioxide,
PA1  6,7-dimethylquinoxaline 1,4-dioxide
PA1  6-methoxyquinoxaline 1,4-dioxide,
PA1  6-isobutoxyquinoxaline 1,4-dioxide,
PA1  6-methylthioquinoxaline 1,4-dioxide,
PA1  6-n-butylthioquinoxaline 1,4-dioxide,
PA1  6-methylsulfinylquinoxaline 1,4-dioxide,
PA1  6-isopropylsulfinylquinoxaline 1,4-dioxide,
PA1  6-methylsulfonylquinoxaline 1,4-dioxide,
PA1  6-isobutylsulfonyl
PA1  6-cyanoquinoxaline 1,4-dioxide,
PA1  6-bromoquinoxaline 1,4-dioxide,
PA1  6-chloroquinoxaline 1,4-dioxide,
PA1  6-fluoroquinoxaline 1,4-dioxide,
PA1  6-trifluoromethylquinoxaline 1,4-dioxide,
PA1  6-[N-propylsulfonamide]quinoxaline 1,4-dioxide, and
PA1  6-[N,N-dimethylsulfonamide] quinoxaline 1,4-dioxide,
PAL  respectively.
PAR  Mixtures of the foregoing aldehydes are also decarbonylated in accordance
      with the present invention, including mixtures having two different "R"
      substituents. It is likewise unnecessary for the aldehydes to be in highly
      purified form, and the same is true for the amines.
PAC  EXAMPLE IV
PAC  Decarbonylation of 6(7)-Methoxy-2-formylquinoxaline 1,4-Dioxide with
      N-Methyl-N-(2-hydroxyethyl)amine
PAR  A mixture of 2.20g. of 6(7)-methoxy-2-formylquinoxaline 1,4-dioxide and 750
      mg. of N-methyl-N-(2-hydroxyethyl)amine in 30 ml. of ethanol is heated
      under reflux for 4 hours, and the mixture then cooled to 25.degree.C. The
      solvent is removed from the resulting mixture by evaporation in vacuo, and
      the residue washed with ether and dried, to yield crude
      6-methoxyquinoxaline 1,4-dioxide, which can be purified further by
      recrystallization from chloroform, if desired.
PAC  EXAMPLE V
PAR  The procedure of Example IV is repeated, except that the
      N-methyl-N-(2-hydroxyethyl)amine used therein is replaced by an equimolar
      amount of:
PA1  Pyrrolidine
PA1  N,n-di(n-butyl)amine,
PA1  N-isopentyl-N-methylamine,
PA1  N-ethyl-N-n-octylamine,
PA1  N-n-decyl-N-methylamine,
PA1  N,n-diallylamine,
PA1  N-cyclohexyl-N-(3-methyl-2-butenyl)amine,
PA1  N-methyl-N-(2-octenyl)amine,
PA1  N-methyl-N-(2-decenyl)amine,
PA1  N-benzyl-N-(3-hydroxypropyl)amine,
PA1  N-methyl-N-4-hydroxybutyl)amine,
PA1  N-(2-butoxyethyl)-N-methylamine,
PA1  N-(4 -methoxybutyl)-N-ethylamine,
PA1  N,n'-dimethylethylenediamine,
PA1  N-(3-[ethylamino]propyl)-N-n-propylamine.
PA1  N-(5-[ethylamino]pentyl)-N-benzylamine,
PA1  N,n,n'-trimethylethylenediamine,
PA1  N,n,n,'-triethylethylenediamine,
PA1  N-(5-[diethylamino]pentyl)-N-ethylamine,
PA1  morpholine,
PA1  thiomorpholine,
PA1  piperazine,
PA1  N-methylpiperazine,
PA1  N-n-propylpiperazine,
PA1  N-(methoxycarbonyl)piperazine, and
PA1  N-(isopropoxycarbonyl)piperazine,
PAL  respectively. The product in each case is 6-methoxyquinoxaline 1,4-dioxide.
      This product is also correspondingly formed when dioxane or 2-methyl
      imidazole is used as solvent in place of the ethanol in each of the
      foregoing Example IV modifications.
PAC  EXAMPLE VI
PAC  5-Cyanobenzofurazan 1-Oxide
PAR  A stirred solution of 48.0 g. (0.263 mole) of 4-chloro-3-nitrobenzonitrile
      (Le Fevre and Turner, J. Chem. Soc., London,1113[1927]) in 360 ml. of
      dimethyl sulfoxide is treated portionwise, at ambient temperature, with
      17.0 g. (0.263 mole) of sodium azide. The resulting solution is stirred
      overnight at ambient temperature, and then it is poured into 2,400 ml. of
      water. The aqueous solution thus obtained is extracted with 1,000 ml. of
      ethyl acetate, and the organic extract is washed with water and then dried
      using anhydrous sodium sulfate. The dried solution is concentrated to
      about half volume, in vacuo, and then it is heated under reflux for 3
      hours. At this point, the ethyl acetate solution is cooled to ambient
      temperature. Removal of the remaining solvent by evaporation in vacuo
      affords 41.2 g. (97% yield) of 5-cyanobenzofurazan 1-oxide, m.p.
      73.degree.-76.degree.C.
PAR  Analysis-Calc'd for C.sub.7 H.sub.3 N.sub.3 O.sub.2 (percent): C, 52.2; H,
      1.9; N, 26.1. Found (percent): C, 52.1; H, 2.3; N, 25.8.
PAR  The other benzofurazan 1-oxides used to form the aldehydes decarbonylated
      in accordance with the present invention are either known compounds, or
      they are prepared by well-known methods. See, for instance, Organic
      Syntheses, Collective Volume IV, John Wiley & Sons, Inc. New York-London,
      1963, pages 74 to 78.
PAR  The quinoxaline dioxides produced by the decarbonylation of the present
      invention can be recovered in yields that are better and purer than
      available through other routes such as described in U.S. Pat. No.
      3,660,398 or by direct oxidation of the corresponding quinoxaline. The
      final products are useful as antibacterial agents, as antiviral agents,
      and as animal growth promoters. Details of some uses in these respects are
      given by King et al in Journal of the Chemical Society, London, beginning
      at page 3012 of the 1949 volume, by Hurst et al in British Journal of
      Pharmacology Volume 8, beginning at page 297 (1953), and by British Patent
      Specifications Nos. 1,215,815, 1,223,720 and 1,308,370.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A process which comprises subjecting an aldehyde having the formula
      ##SPC2##
PAL  where
PA1  R is in either of the indicated positions and is hydrogen, alkyl, having up
      to four carbons, alkoxy having up to four carbons, alkylthio having up to
      four carbons, alkylsulfinyl having up to four carbons, alkylsulfonyl
      having up to four carbons, fluoro, chloro, bromo, cyano, trifluoromethyl,
      alkanoyl having two to four carbons, CONR.sup.1 R.sup.2 or SO.sub.2
      NR.sup.1 R.sup.2, R.sup.1 and R.sup.2 being separately selected from the
      class consisting of hydrogen and alkyl having up to three carbons,
PAL  in liquid condition to the action of at least 0.5 molar equivalents of an
      unhindered secondary amine having a pK.sub.a greater than about 8, at a
      temperature of from about 30.degree. to about 150.degree.C., to
      decarbonylate the CHO group and form the corresponding decarbonylated
      product.
NUM  2.
PAR  2. The process of claim 1 in which the action is effected at from about
      50.degree. to about 100.degree.C.
NUM  3.
PAR  3. The process of claim 1 in which the secondary amine is piperidine.
NUM  4.
PAR  4. The process of claim 1 in which R is hydrogen.
NUM  5.
PAR  5. The process of claim 1 in which the action is effected in a solvent in
      which the aldehyde is dissolved.
NUM  6.
PAR  6. The process of claim 1 in which at least one molar equivalent of amine
      is used.
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PAL  Noller, Chemistry of Organic Compounds, W. B. Saunders Co., Philadelphia
      (1965), p. 858.
LREP
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ABST
PAL  Compounds of the formula:
      ##SPC1##
PAL  Wherein R is hydrogen, lower alkyl, halogen, nitro, trifluoromethyl, or
      lower alkoxy; and n is 2, 3, or 4; and the non-toxic pharmaceutically
      acceptable acid addition salts thereof; have CNS-depressant activity.
PARN
PAR  This is a continuation-in-part of application Ser. No. 346,495, filed Mar.
      30, 1973, and now abandoned.
BSUM
PAR  The invention sought to be patented comprises chemical compounds having the
      structural formula:
      ##SPC2##
PAL  Wherein R is hydrogen, lower alkyl, halogen, nitro, trifluoromethyl, or
      lower alkoxy; and n is 2, 3, or 4; and the non-toxic pharmaceutically
      acceptable acid addition salts thereof.
PAR  As used herein the term "lower alkyl" or "lower alkoxy" means a substituent
      having an alkyl moiety of from one to four carbons. The term "halogen"
      means a chloro, bromo, or iodo substituent.
PAR  The compounds of Formula I, where R and n are hereinbefore defined, exert a
      depressant action on the central nervous system as demonstrated by
      evaluation in standard pharmacological test procedures. In addition to
      their CNS-depressant effects, the compounds of Formula I, wherein R is
      chloro, n is 3 or 4, antagonize reserpine-induced ptosis in mice,
      evidencing moodelevating activity.
PAR  The compounds of Formula I are prepared by the reaction of a compound of
      Formula II:
      ##SPC3##
PAL  where n is 2, 3, or 4; with a compound of Formula III:
      ##SPC4##
PAL  where R has the meaning as defined in Formula I.
PAR  The reaction is carried out in acetic anhydride or in glacial acetic acid
      in the presence of acetic anhydride. The reaction is performed at an
      elevated temperature, such as at steam bath temperatures. The reaction
      product is isolated as the hydrobromide salt. If desired, the salt can be
      neutralized with a suitable base to give the free base, or it can be
      converted to other non-toxic, pharmaceutically acceptable salts by
      conventional procedures, such as by treating the base with an appropriate
      acid.
PAR  The starting materials employed in the aforedescribed method of preparation
      are either known compounds or can be prepared from known compounds by
      conventional methods. The hydroxy acids corresponding to the lactones of
      Formula I are described in U.S. patent application Ser. No. 363,455, P.
      Wei and S. Bell, filed on May 24, 1973 now U.S. Pat. No. 3,853,872.
PAR  When the compounds of the invention are employed pharmacologically, they
      may be administered alone or in combination with pharmaceutically
      acceptable carriers, the proportion of which is determined by the
      solubility and chemical nature of the compound, chosen route of
      administration, and standard pharmaceutical practice. For example, they
      may be administered orally in the form of tablets or capsules containing
      such exipients as starch, lactose, magnesium stearate, and so forth. They
      may be administered orally in the form of solution or they may be injected
      parenterally, e.g. intramuscularly. For parenteral administration, they
      may be used in the form of a sterile solution or suspensions containing
      other solutes, for example, enough saline or glucose to make the solution
      isotonic.
PAR  The dosage of the present pharmacologically active agents will vary with
      the form of administration and the particular compound chosen.
      Furthermore, it will vary with the particular subject under treatment.
      Generally, treatment is initiated with small dosages substantially less
      than the optimum dose of the compound. Thereafter, the dosage is increased
      by small increments until the optimum effect under the circumstances is
      reached. It will generally be found that when the composition is
      administered orally, larger quantities of the active agent will be
      required to produce the same effect as a smaller quantity given
      parenterally. In general, the compounds of this invention are most
      desirably administered at a dosage level that will generally afford
      effective results without causing any harmful or deleterious side effects.
DETD
PAR  The manner and process for making and using the invention are illustrated
      in the following examples, where all temperatures are given in degrees
      Centigrade.
PAC  EXAMPLE I
PAC  3-(p-Chlorophenyl)-2,3,5,6,7,8-Hexahydro-3-Hydroxy-thiazolo
      [3,2-a][1,3]Diazepin-2-Acetic Acid .gamma.-Lactone, Hydrobromide
PAR  3-Bromo-3-p-chlorobenzoylpropionic acid (5.8 g, 0.02 m) and
      3,4,5,6-tetrahydro-2-mercapto-1,3-diazepine (2.6 g, 0.02 m) are dissolved
      in 50 ml of acetic anhydride. The solution is heated on a steam bath for
      one-half hour and then cooled. Anhydrous ether (150 ml) is added to
      precipitate a heavy oil residue. After the solvent is decanted, the oily
      residue is treated with cold acetonitrile and collected. The crude
      material (3.7 g) is recrystallized by dissolving it in acetonitrile at
      room temperature and then concentrating the solution to a small volume.
      The solid is collected and washed with a small amount of acetonitrile to
      give the title compound, m.p. 183.degree.-185.degree..
PAR  Analysis for: C.sub.15 H.sub.15 N.sub.2 O.sub.2 ClS.HBr.
PAR  Calculated: C, 44.62; H, 4.00; N, 6.94 %.
PAR  Found: C, 44.88; H, 3.91; N, 6.81.
PAR  IR (KBr): lactone 5.5 .mu.; NMR (CDCl.sub.3): .delta.7.7 (m, 4, aromatic);
      5.0 (t, l, methine); 3.7 (m, 6, NCH.sub.2 CCH.sub.2 N); 2.1 (m, 3,
      CCH.sub.2 C); also exchangeable upfield.
PAC  EXAMPLE II
PAC  3-(p-chlorophenyl-2,3,6,7,-Tetrahydro-3-Hydroxy-5H-Thiazolo[3,2-a]Pyrimidin
     e-2-Acetic Acid .gamma.-Lactone, Hydrobromide
PAR  3-Bromo-3-(p-chlorobenzoyl)propionic acid (11.64 g, 0.04 m) and
      2-mercapto-3,4,5,6-tetrahydropyrimidine (4.64 g, 0.04 m) are dissolved in
      100 ml of glacial acetic acid containing 25 ml of acetic anhydride. The
      solution is heated on a steam bath for 15 minutes and then treated with
      Darco. The mixture is filtered, and the filtrate evaporated to give a
      residual solid which is treated with ether, dimethoxyethane, and
      acetonitrile. Recrystallization from acetonitrile gives the title
      compound, m.p. 200.degree.-202.degree..
PAR  Analysis for: C.sub.14 H.sub.13 ClN.sub.2 O.sub.2 S.HBr
PAR  Calculated: C, 43.15; H, 3.62; N, 7.19; Cl, 9.10; S, 8.23 %.
PAR  Found: C, 42.81; H, 3.65; N, 7.26; Cl, 8.78; S, 8.22.
PAR  IR (KBr): Amine HBr, 3.5 .mu.; .gamma.-lactone, 5.55 .mu.; C=N, 6.1 .mu.
PAC  EXAMPLE III
PAR  The CNS-effects of the compounds of Formula I are elicited and demonstrated
      by the following test procedure:
PAR  A compound of Formula I is administered orally (P.O.) or intraperitoneally
      (I.P.) to each of three mice. The animals are observed for signs of
      CNS-depressant activity, such as decreased motor activity, sedation,
      ataxia, loss of righting reflex, and decreased respiration. When tested as
      above-described,
      3-(p-chlorophenyl-2,3,5,6,7,8-hexahydro-3-hydroxy-thiazolo[3,2-a]-8
      1,3]diazepin-2-acetic acid .gamma. -lactone, hydrobromide showed decreased
      motor activity and decreased respiration at 40 mg/kg (I.P.); and
      3-(p-chlorophenyl-2,3,6,7-tetrahydro-3-hydroxy-5H-thiazolo[3,2-a]
      pyrimidine-2-acetic acid .gamma. -lactone, hydrobromide showed decreased
      motor activity and decreased respiration at 40 mg/kg (P.O.) and ataxia and
      loss of righting reflex at 127 mg/kg (P.O.).
PAR  The ability of
      3-(p-chlorophenyl-2,3,5,6,7,8-hexahydro-3-hydroxy-thiazolo[3,2-a][1,3]diaz
     epin-2-acetic acid .gamma.-lactone, hydrobromide and
      3-(p-chlorophenyl-2,3,6,7-tetrahydro-3-hydroxy-5H-thiazolo[3,2-a]
      pyrimidine-2-acetic acid .gamma. -lactone, hydrobromide to antagonize
      reserpine-induced ptosis is demonstrated as follows:
PAR  The compound is administered orally at graded dose levels to groups of six
      mice (3 males and 3 females) at a number of dose levels. One hour later
      the animals are challenged with reserpine, 2.5 mg/kg, I.P. The degree of
      ptosis for each eye is determined at 1 hour and 2 hours post-treatment.
      Prevention of ptosis is determined for each time period by comparison with
      controls run simultaneously. The percent antagonism is calculated as
      ##EQU1##
PAR  When tested as above,
      3-(p-chlorophenyl)-2,3,5,6,7,8-hexahydro-3-hydroxy-thiazolo[3,2-a][1,3]dia
     zepin-2acetic acid .gamma. -lactone, hydrobromide produces 50% antagonism
      at a dose of 27 mg/kg, while
      3-(p-chlorophenyl-2,3,6,7-tetrahydro-3-hydroxy-5H-thiazolo[3,2-a]
      pyrimidine-2-acetic acid .gamma. -lactone, hydrobromide produces 50%
      antagonism at a dose of 0.54 mg/kg.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein R is hydrogen, chloro, bromo, iodo, nitro, trifluoromethyl, or
      alkoxy, said alkyl or alkoxy groups having from 1 to 4 carbons; and n is
      2, 3, or 4; and the non-toxic pharmaceutically acceptable acid addition
      salts thereof.
NUM  2.
PAR  2. The compound as defined in claim 1, which is:
      3-(p-chlorophenyl)-2,3,5,6,7,8-hexahydro-3-hydroxy-thiazolo[3,2-a]
      -[1,3]diazepin-2-acetic acid .gamma. -lactone.
NUM  3.
PAR  3. The compound as defined in claim 1, which is:
      3-(p-chlorophenyl-2,3,6,7-tetrahydro-3-hydroxy-5H-thiazolo[3,2-a]
      -pyrimidine-2-acetic acid .gamma. -lactone.
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NCL  8
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PAL  Reaction of a 2-amino-, 2-alkylamino- or
      2-dialkylamino-4-hydroxypyrimidine, preferably also containing a methyl
      group at the 6 position, with an aldehyde R--CHO in presence of hydrogen
      and a hydrogenation catalyst introduces an alkyl group R--CH.sub.2 -- into
      the 5 position. The reaction is preferably carried out under
      superatmospheric pressure at a temperature between 80.degree. and
      180.degree.C and is aided by metal salts, acids, amines, amine salts or
      basic ion-exchange resins.
BSUM
PAR  This invention relates to a process for the manufacture of pyrimidines and
      more particularly of 2-amino- and 2-alkylamino-4-hydroxypyrimidines having
      a 5-alkyl substituent.
PAR  2-Amino-, 2-alkylamino- and 2-dialkylamino-4-hydroxy-5-alkyl-pyrimidines
      are of importance as fungicides and intermediates for insecticides and
      fungicides. These compounds have hitherto been prepared from
      alkylguanidines and C-alkylacylacetic esters which are difficult of
      access. The present invention provides a method for the manufacture of
      these compounds in good yields utilising intermediates prepared from
      alkylguanidines and readily available acylacetic esters.
PAR  According to the invention there is provided a process for the manufacutre
      of 2-amino-, 2-alkylamino- or 2-dialkylamino-4-hydroxy-5- (optionally
      substituted)alkylpyrimidines which comprises reacting a 2-amino-,
      2-alkylamino- or 2-dialkylamino-4-hydroxypyrimidine with an aldehyde of
      the formula R.CHO wherein R is a hydrogen atom or an optionally
      substituted alkyl, alkenyl, phenyl or heterocyclic group in presence of
      hydrogen and a hydrogenation catalyst.
PAR  As aldehydes there may be used any aldehyde of the formula R.CHO wherein R
      is a hydrogen atom or an optionally substituted alkyl, alkenyl, phenyl or
      heterocyclic group, but particularly suitable aldehydes are formaldehyde
      and those in which R is an alkyl group containing not more than five
      carbon atoms, for example acetaldehyde, n-propionaldehyde, n-butyraldehyde
      and isobutyraldehyde. Other aldehydes which may be used include
      crotonaldehyde, benzaldehyde, tolualdehyde, furfural and
      pyridine-3-carboxaldehyde. Precursors of aldehydes, e.g. paraform,
      trioxane and acetals such as acetaldehyde diethyl acetal may be used
      instead of the aldehydes if desired.
PAR  As hydrogenation catalyst there are mentioned for example Raney nickel and
      metals such as platinum and palladium alone or supported on a carrier such
      as carbon or alumina, and other conventional hydrogenation catalysts.
PAR  Suitable amounts of catalysts are for example in the case of carbon carring
      3% of palladium from 1 to 20%, and preferably from 2 to 10% of the weight
      of alkylaminohydroxy pyrimidine.
PAR  As examples of 2-amino-, 2-alkylamino- and
      2-dialkylamino-4-hydroxypyrimidines which may be used in the process of
      the invention there are preferred those in which the alkyl group or
      groups, if any, on the amino groups contain not more than six carbon atoms
      and those in which the 6 positions in the pyrimidine ring is substituted
      by a methyl group, but others for example with the 6-position
      unsubstituted or having a phenyl group may also be used. Specific examples
      of such pyrimidines include 2-amino-, 2-methylamino-, 2-ethylamino-,
      2-propylamino- and 2-n-butylamino-4-hydroxy-6-methylpyrimidines,
      2-dimethylamino-, 2-diethylamino-, 2-dipropylamino-, and
      2-di-n-butylamino-4-hydroxy-6-methylpyrimidines, 2-methylamino-,
      2-ethylamino, 2-propylamino-, 2-n-butylamino- and
      2-dimethylamino-4-hydroxypyrimidines and the corresponding pyrimidines in
      which the 6 position has a phenyl group.
PAR  Examples of 2-amino-, 2-alkylamino- and
      2-dialkylamino-4-hydroxy-5-alkylpyrimidines which may be prepared by the
      process of the invention include the 5-methyl, 5-ethyl, 5-propyl and
      5-n-butyl derivatives of the 2-amino-, 2-alkylamino- and
      2-dialkylamino-4-hydroxypyrimidines listed as starting materials above.
PAR  It is preferred to carry out the process in presence of a condensation
      catalyst such as metal salts such as zinc acetate and chloride, magnesium
      acetate, aluminium acetate, lithium acetate, nickel chloride, nickel
      acetate thallium acetate, acids such as acetic, formic and sulphuric
      acids, salts of amines such as piperidine, diethylamine, and pyridine with
      acids and acidic salts such as ammonium chloride.
PAR  The process is preferably carried out in solution in an organic solvent
      such as acetic acid, alcohols such as ethanol and n-butanol, or other
      water-soluble solvents such as dioxan, and mixtures of one or more of the
      above and with water. Water-miscible solvents are preferred, but
      wataer-immiscible solvents such as ethyl acetate may be used.
PAR  The reaction temperatures may be from 80.degree. to 180.degree. C., and
      preferably from 100.degree. to 140.degree. C. In presence of a
      condensation catalyst lower temperatures, from 80.degree. to 120.degree.
      C., are preferred. It is preferred to carry out this process in a
      pressure-vessel, the hydrogen being added at a pressure of above
      atmospheric. The reaction may be conveniently be carried out at pressures
      up to 5 bar, but higher pressures may be used if desired.
PAR  The reactants may for example be mixed and stirred in presence of the
      hydrogen and the temperature then adjusted to the desired reaction
      temperature but it is preferred to mix the reactants other than the
      aldehyde and add the hydrogen, previously or subsequently raising the
      temperature to the reaction temperature, and then to add the aldehyde
      gradually with stirring. The amount of aldehyde is preferably from 1 to 2
      molar proportions of the amount of the pyrimidine. More may be used but
      may be wasteful of aldehyde while less results in incomplete alkylation.
PAR  The product may be isolated from the reaction mixture by any conventional
      procedure, for example removal of the catalyst by filtration, removal of
      solvent by distillation under reduced pressure, and precipitation by
      water. The product may be purified by solution in aqueous sodium
      hydroxide, removal of any insoluble material by filtration, and
      regeneration of the product by neutralisation with acid to a pH of about
      6-7.
PAR  In the case of 2-amino-4-hydroxypyrimidines the products obtained contain
      small amounts of 2-alkylamino-5-alkyl-4-hydroxypyrimidines derived by
      reductive alkylation of the 2-amino group, usually together with a little
      unchanged starting material and its N-alkyl derivative. The relative
      proportions of these will depend upon the reaction conditions, increase in
      pressure causing some increase in N-alkylation. Condensation catalysts in
      general reduce the amount of N-alkylation.
PAR  The invention is illustrated but not limited by the following Examples in
      which all parts and percentages are by weight unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  76.5 Parts of 2-dimethylamino-4-hydroxy-6-methylpyrimidine, 10 parts of
      zinc acetate and 7 parts of a 50% aqueous paste of a 3% palladium on
      carbon catalyst are stirred in 250 parts of acetic acid and 250 parts of
      water in a closed container. Hydrogen is then passed into the reaction
      vessel to a pressure of 3 bar. The temperature is raised to 100.degree. C
      and 46 parts of butyraldehyde are added over 4 hours maintaining a
      hydrogen pressure of 3 bar and temperature 98.degree.-100.degree. C. The
      reaction mixture is stirred under these conditions for 16 hours and then
      cooled and the palladium on carbon catalyst removed by screening. The
      filtrates are distilled under reduced pressure to remove water and acetic
      acid and the residue drowned into 700 parts of water. A white solid
      separates, which is collected by filtration and dried in a desiccator to
      yield 63.8 parts of crude 5-butyl-2-dimethylamino-4-hydroxy-6-methyl
      pyrimidine. The crude product is dissolved in aqueous caustic soda
      solution and the solution adjusted to pH 6.4 with hydrochloric acid to
      yield 54 parts of 5-butyl-2-dimethylamino-4-hydroxy-6-methylpyrimidine
      analysing at 96% strength.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated but replacing the zinc acetate by 10
      parts of a basic ion-exchange resin commercially available under the trade
      name Amberlite 1R-45(OH) to yield 54.8 parts of product, analysing at 88%
      strength.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated but replacing the zinc acetate by 1
      part of piperidine and reducing the butyraldehyde usage to 41 parts to
      yield 30.1 parts of product, analysing at 89% strength.
PAC  EXAMPLE 4
PAR  382.5 Parts of 2-dimethylamino-4-hydroxy-6-methylpyrimidine, 50 parts of
      zinc acetate and 35 parts of a 50% aqueous paste of a 3% palladium on
      carbon catalyst are stirred in 2500 parts of acetic acid and 1000 parts of
      water in a closed container. Hydrogen is then passed into the reaction
      vessel to a pressure of 3 bar and the temperature is raised to 100.degree.
      C. 285 parts of 36% formaldehyde diluted with 500 parts of water are added
      over 6 hours, maintaining a hydrogen pressure of 3 bar and temperature of
      98.degree.- 100.degree. C., followed by the addition of 1075 parts of
      water. The reaction mixture is stirred under these conditions for a
      further 17 hours, and then cooled and the palladium on carbon catalyst is
      removed by filtration. The filtrates are distilled under reduced pressure
      to remove water and acetic acid and to the residue 2500 parts of water and
      150 parts of 32% sodium hydroxide solution are added. The suspension is
      heated to 60.degree. C. and filtered, the filter cake washed with 22 parts
      of 32% sodium hydroxide solution diluted with 1000 parts of water. The
      combined filtrates and washes are adjusted to pH 6 with 100 parts of 35%
      hydrochloric acid and extracted with chloroform. The chloroform is removed
      by distillation to yield 283 parts of
      2-dimethylamino-4,5-dimethyl-6-hydroxypyrimidine, analysing at 95%
      strength.
PAC  EXAMPLE 5
PAR  76.5 Parts of 2-dimethylamino-4-hydroxy-6-methylpyrimidine and 7 parts of a
      50% aqueous paste of 3% palladium on carbon are stirred in 250 parts of
      water and 250 parts of acetic acid in a closed container. Hydrogen is
      passed into the reaction vessel to a pressure of 3 bar and the temperature
      is raised to 100.degree. C. 57 Parts of 36% w/w formaldehyde containing
      1.1 part of piperidine and 2.5 parts of acetic acid are added over 41/2
      hours, maintaining a hydrogen pressure of 3 bar and the temperature at
      100.degree.-102.degree. C. The reaction mixture is stirred under these
      conditions for a further 6 hours and then cooled and the palladium on
      carbon catalyst removed by filtration. The filtrates are distilled under
      pressure to remove water and acetic acid and the residue dissolved in 250
      parts IN hydrochloric acid. The solution is adjusted to pH 6.4 by the
      addition of sodium hydroxide solution and extracted with chloroform. The
      chloroform is removed by distillation to yield 43 parts of
      2-dimethylamino-4,5-diemthyl-6-hydroxypyrimidine, analysing as 90%
      strength.
PAC  EXAMPLE 6
PAR  38.3 Parts of 2-ethylamino-4-hdroxy-6-methylpyrimidine, 5 parts of zinc
      acetate and 7 parts of a 50% aqueous paste of 3% palladium on carbon are
      stirred in 250 parts of acetic acid in a closed container. Hydrogen is
      passed into the reaction vessel to a pressure of 3 bar and the temperature
      is raised to 100.degree. C. 20.4 Parts of n-butyraldehyde are added over
      31/2 hours maintaining a hydrogen pressure of 3 bar and temperature
      96.degree.- 100.degree. C. The reaction mixture is stirred under these
      conditions for a further 20 hours, and then cooled and the palladium on
      carbon catalyst removed by filtration. The filtrates are distilled under
      reduced pressure to remove water and acetic acid. The residue is stirred
      in 200 parts of water at 65.degree.- 70.degree. C and extracted with 200
      parts of chloroform. The chloroform solution is extracted with 100 parts
      of water containing 22.5 parts of 35 % hydrochloric acid. The chloroform
      solution is evaporated to yield 14.6 parts of
      5-butyl-2-ethylamino-4-hydroxy-6-methylpyrimidine, analysing at 77%
      strength.
PAC  EXAMPLE 7
PAR  76.25 Parts of 2-ethylamino-4-hydroxy-6-methylpyrimidine, 41 parts of
      n-butyraldehyde and 7 parts of a 50% aqueous paste of 3% palladium on
      carbon catalyst are stirred in 400 parts of n-butanol in a closed
      container. Hydrogen is passed into the reaction vessel to a pressure of 3
      bar and the temperature is raised to 100.degree. C. The reaction mixture
      is stirred under a hydrogen pressure of 3 bar and a temperature of
      95.degree.- 100.degree. C for 18 hours, and then cooled and the palladium
      on carbon catalyst removed by filtration. The filtrates are distilled
      under reduced pressure to rermove butanol. The residue is stirred in 200
      parts of water and the pH adjusted to 12 with sodium hydroxide solution.
      The suspension is filtered and the filtrates adjusted to pH 6.9 with
      hydrochloric acid. The suspension is filtered and the filter cake dried to
      yield 37.0 parts of crude
      5-butyl-2-ethylamino-4-hydroxy-6-methylpyrimidine.
PAC  EXAMPLE 8
PAR  38.25 Parts of 2-ethylamino-4-hydroxy-6-methylpyrimidine, 21.6 parts of
      n-butyraldehyde and 7 parts of a 50% aqueous paste of 3% palladium on
      carbon catalyst are stirred in 200 parts of n-butanol in a closed
      container. Hydrogen is passed into the reaction vessel and the temperature
      is raised to 135.degree. C. The reaction mixture is stirred at
      120-135.degree. C under 10 to 12 bar hydrogen pressure for 24 hours and
      then cooled and the palladium on carbon catalyst removed by filtration to
      yield a butanol solution containing 8 parts of
      5-butyl-2-ethylamino-4-hydroxy-6-methylpyrimidine.
PAC  EXAMPLE 9
PAR  The procedure of Example 8 is repeated but in the presence of 0.43 parts of
      piperidine acetate to yield a butanol solution containing 11.3 parts of
      product.
PAC  EXAMPLE 10
PAR  38.25 Parts of 2-methylamino-4-6-methylpyrimidine, 5 parts of zinc acetate,
      7 parts of a 50% aqueous paste of 3% palladium on carbon and 22 parts of
      n-butyraldehyde are stirred in250 parts of 50% aqueous acetic acid in a
      closed container. Hydrogen is passed into the reaction vessel and the
      temperature is raised to 120.degree. C. The reaction mixture is stirred at
      100.degree.-120.degree. C under 10 to 12 bar hydrogen pressure for 5
      hours, and then washed and the palladium on carbon catalyst removed by
      filtration. The filtrates are distilled under reduced pressure to remove
      water and acetic acid. The residue is stirred in 340 parts of water and 35
      parts of 35% hydrochloric acid, filtered from extraneous matter and
      neutralised with sodium hydroxide liquor to yield a tacky precipitate
      which is extracted with 300 parts of chloroform and the water layer
      extracted twice more with 150 parts of chloroform. The combined chloroform
      extracts are distilled to yield 31.4 parts of a glass-like solid. 90 Parts
      by volume of acetone and 10 parts of water are added and refluxed for 1
      hour. After the suspension is filtered and dired to yield  22.2 parts of
      5-n-butyl-2-ethylamino-4-hydroxy-6-methyl pyrimidine analysing at 91%
      strength.
PAC  EXAMPLE 11
PAR  38.25 Parts of 2-ethylamino-4-hydroxy16-methylpyrimidine, 5 parts of zinc
      acetate, 22 parts of butyraldehyde and 7 parts of a 50% aqueous paste of
      3% palladium on carbon are stirred in 125 parts of acetic acid and 125
      parts of ethyl acetate in a closed container. Hydrogen is passed into the
      reaction vessel and the temperature is raised to 112.degree. C. The
      reaction mixture is stirred at 100.degree.-112.degree. C under 10 - 12 bar
      hydrogen pressure for 6 hours and then cooled and the palladium on carbon
      catalyst removed by filtration. The filtrates are distilled under reduced
      pressure to remove ethyl acetate and acetic acid. The residue is stirred
      at 30.degree. C with 575 parts of 50% sodium hdyroxide solution, filtered
      from extraneous matter and neutralised with hydrochloric acid to pH 7. The
      suspension is filtered and the filter cake dried to yield 34.6 parts of
      crude product containing 16.4 parts of
      5-n-butyl-2-ethylamino-4-hydroxy-6-methyl pyrimidine.
PAC  EXAMPLE 12
PAR  38.25 Parts of 2-dimethylamino-4-hydroxy-6-methylpyrimmidine, 5 parts of
      zinc acetate; 7 parts of a 50% aqueous paste of a 3% palladium on carbon
      catalyst and 22 parts of n-butyraldehyde are stirred in 125 parts of
      acetic acid and 125 parts of water in a closed container. Hydrogen is then
      passed into the reaction vessel and the temperature is raised to
      108.degree. C. The reaction mixture is stirred at 99.degree.-114.degree. C
      under 6-11 bar hydrogen pressure for 4 hours and then cooled and the
      palladium on carbon catalyst removed by filtration. The filtrates are
      distilled under reduced pressure to removed water and acetic acid. The
      residue is drowned into 200 parts of water. The resultant slurry is
      filtered, washed with water and dried to yield 38.7 parts of
      5-n-butyl-2-dimethylamino-4-hydroxy-6-methylpyrimidine analysing at 96.0%
      strength.
PAC  EXAMPLE 13
PAR  38.25 Parts of 2-dimethylamino-4-hydroxy-6-methyl pyrimidine, 5 parts of
      zinc acetate and 7 parts of a 50% aqueous paste of 3% palladium on carbon
      catalyst are stirred in 180 parts of acetic acid and 180 parts of water in
      a closed container. Hydrogen is then passed into the reactor to a pressure
      of 1.5 bar. The temperature is raised to 103.degree. C and the hydrogen
      pressure to 2.3 bar and 50 parts by volume of an 18% solution of
      formaldehyde in water are added at a uniform rate over 5 hours to the
      reaction mixture at 103.degree.-110.degree. C under 2 - 2.3 bar hydrogen
      pressure. After 11/2 hours the reaction mixture is cooled and the
      palladium on carbon catalyst removed by filtration. The filtrates are
      distilled under reduced pressure to remove water and acetic acid. The
      residue is dissolved in 325 parts of 3% aqueous sodium hydroxide,
      filtered, neutralised with hydrochloric acid and extracted three times
      with 150 parts of chloroform. The chloroform solution is evaporated to
      dryness to yield 33 parts of pure 2-dimethylamino-4,5-dimethyl-6-hydroxy
      pyrimidine.
PAC  EXAMPLE 14
PAR  19.125 Parts of 2-dimethylamino-4-hydroxy-6-methylpyrimidine, 5 parts of
      zinc acetate and 7 parts of a 50% aqueous paste of 3% palladium on carbon
      catalyst are stirred in 320 parts of water and 37.5 parts of sulphuric
      acid in a closed container. Hydrogen is then passed into the reactor to a
      pressure of 1.5 bar. The temperature is raised to 94.degree. C and the
      hydrogen presssure to 3 bar. 23 Parts of an 18% solution of formaldehyde
      in water are added at a uniform rate over 41/2 hours at
      93.degree.-100.degree. C under 2.7 - 3 bar hydrogen pressure. After a
      further 11/2 hours the reaction mixture is cooled and the palladium carbon
      catalyst removed by filtration. The filtrates are neutralised with sodium
      hydroxide solution and extracted with 330 parts of chloroform. After
      screening, the chloroform layer is evaporated to yield 10.9 parts of
      2-dimethylamine-4,5-dimethyl-6-hydroxy pyrimidine analysing at 90%
      strength.
PAC  EXAMPLE 15
PAR  19.15 Parts of 2-dimethylamine-4-hydroxy-6-methyl pyrimidine, 5 parts of
      hydrated magnesium acetate and 7 parts of a 50% aqueous paste of 3%
      palladium on carbon catalyst are stirred in 15.5 parts of acetic acid and
      155 parts of water in a closed container. Hydrogen is then passed into the
      reactor to a pressure of 1.5 bar. The temperature is raised to 98.degree.
      C and the hydrogen pressure to 3 bar. 22.5 Parts of an 18% solution is
      formaldehyde in water are added at a uniform rate over 41/2 hours at
      94.degree.-100.degree. C under 2.7 - 3 bar hydrogen pressure. After a
      further 11/2 hours the reaction mixture is cooled and the palladium on
      carbon catalyst removed by filtration. The filtrates are distilled under
      reduced pressure to remove water and acetic acid, the residue extracted
      with 400 parts of 4% sodium hydroxide solution. After filtering the
      filtrates are neutralised with hydrochloric acid and extracted with
      chloroform. The chloroform extracts are distilled, finally under reduced
      pressure, to yield 8.1 parts of
      2-dimethylamino-4,5-dimethyl-6-hydroxypyrimidine analysing at 98.9%
      strength.
PAC  EXAMPLE 16
PAR  The procedure of Example 13 is repeated but replacing the hydrated
      magnesium acetate by 5 parts of basic aluminium acetate to yield 7.7 parts
      of product analysing at 96.7% strength.
PAC  EXAMPLE 17
PAR  31.25 Parts of 2-amino-4-hydroxy-6-methylpyrimidine, 5 parts of zinc
      acetate, 39.6 parts of acetaldehyde and 7 parts of a 50% aqueous paste of
      3% palladium on carbon catalyst are stirred in 66 parts of acetic acid and
      180 parts of water and hydrogenated at 95.degree.-100.degree. C under 3
      bar pressure for 6 hours. The reaction mixture is cooled and filtered to
      remove the palladium on carbon. The filtrates are distilled under reduced
      pressure to remove acetic acid and water and the residue dissolved in 100
      parts of 4% hydrochloric acid. The solution is neutralised with sodium
      hydroxide and the precipitate collected by filtration and washed with
      water and 300 parts of chloroform to give 33.6 parts of product containing
      43% of 2-amino-5-ethyl-4-hydroxy-6-methylpyrimidine and 7.5% of
      2-amino-4-hydroxy-6-methylpyrimidine. The chloroform washings on
      evaporation yield 0.6 parts of a product of which the major component is
      5-ethyl-2-ethylamino-4-hydroxy-6-methylpyrimidine.
PAC  EXAMPLE 18
PAR  The procedure of Example 17 is repeated but using 13.2 parts of
      acetaldehyde at a temperature of 100 - 102 under a pressure of 10 - 13
      bar. Neutralisation of the hydrochloric acid solution afforded immediately
      16.9 parts of product and, on standing, a further 4.6 parts of product.
      The first product contained 33% of
      2-amino-5-ethyl-4-hydroxy-6-methylpyrimidine, and in lesser proportion
      2-amino-4-hydroxy-6-methylpyrimidine and
      5-ethyl-2-ethylamino-4-hydroxy-6-methylpyrimidine. The second product
      contained as major component 2-amino-5-ethyl-4-hydroxy-6-methylpyrimidine.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of 2-amino-2-alkylamino- or
      2-dialkylamino-4-hydroxy-5-alkylpyrimidines comprising the step of
      reacting 2-amino-, 2-alkylamino- or 2-dialkylamino-4-hydroxy-pyrimidine
      wherein the alkyl group or groups on the 2-amino group have not more than
      six carbon atoms with an aldehyde of the formula R.CHO wherein R is a
      hydrogen atom, alkyl having not more than five carbon atoms, alkenyl of 2
      to 4 carbon atoms or phenyl in presence of hydrogen and a supported
      palladium hydrogenation cataylst.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the 6- position in the
      pyrimidine ring is substituded by a methyl group.
NUM  3.
PAR  3. A process as claimed in claim 1 in which there is additionally present a
      metal salt selected from the group consisting of zinc acetate, zinc
      chloride, magnesium acetate, aluminum acetate, lithium acetate, nickel
      chloride, nickel acetate and thallium acetate, or an acid selected from
      the group consisting of acetic acid, formic acid and sulphuric acid, or an
      acetate salt of an amine selected from the group consisting of piperidine,
      diethylamine and pyridine.
NUM  4.
PAR  4. A process as claimed in claim 1 which is carried out in a water-miscible
      solvent.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the process is carried out at a
      temperature from 80.degree. to 120.degree. C.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the hydrogenation is at
      superatmospheric pressure.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the aldehyde is added gradually
      to the other reactants at reaction temperature.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the amount of aldehyde is from 1
      to 2 molar proportions of the amount of the pyrimidine.
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ABST
PAL  Cpmpounds of the class of 5-substituted and 5,6-disubstituted
      2-amino-4-(hydroxyamino) and 2,4-bis-(hydroxyamino)pyrimidines and their
      pharmaceutically acceptable acid addition salts possess valuable
      biological properties, in particular antibacterial and antimalarial
      activity and potentiate the action of antibacterial sulphanilamide
      derivatives. Specific embodiments are
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine, and
      2-amino-4-(hydroxyamino)-5-(p-chlorophenyl)-6-ethyl pyrimidine and its
      hydrochloride.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention relates to new pyrimidine derivatives having valuable
      biological properties, and to the pharmaceutical preparations and
      combinations of pharmaceutical preparations containing the new compounds.
PAR  The new pyrimidine derivatives of the invention correspond to the formula I
      ##SPC1##
PAL  wherein
PA0  R.sub.1 represents hydroxy or protected hydroxy,
PA0  R.sub.2 represents amino, hydroxy, hydroxyamino or protected hydroxyamino,
PA0  R.sub.3 represents aryl or aralkyl which are unsubstituted or substituted
      and are at most binuclear, and
PA0  R.sub.4 represents hydrogen or a lower alkyl group.
PAR  The invention relates likewise to the addition salts of compounds of the
      general formula I whith inorganic and organic acids, in particular to the
      pharmaceutically acceptable acid addition salts.
PAR  In the new pyrimidine derivatives, a protected hydroxy group R.sub.1, as
      well as a protected hydroxy group optionally present in R.sub.2, is, for
      example, a group that can be split in an acid medium, e.g. a tertiary
      alkoxy group, such as the 1,1,2,2-tetramethylpropoxy group or the
      tert.butoxy group, a lower 1-alkoxyalkoxy group, or an analogous cyclic
      group i.e. a cyclic group likewise having two oxygen atoms bound to the
      same carbon atom, e.g. a 1-ethoxyethoxy group or 1-butoxyethoxy group, or
      a 4-methoxytetrahydropyran-4yloxy group,
      4-methoxytetrahydrothiopyran-4-yloxy group or
      1,1-dioxo-4-methoxytetrahydrothiopyran-4-yloxy group, a
      tetrahydrofuran-2-yloxy group and, in particular, a
      tetrahydropyran-2-yloxy group, or a group that can be split in a weakly
      basic medium, such as the methoxyacetoxy group.
PAR  Furthermore, a protected hydroxy group R.sub.1, as well as a protected
      hydroxy group optionally present in R.sub.2, can also be a group that can
      be split by hydrogenolysis, such as a monoarylmethoxy group or
      diarylmethoxy group, e.g. the benzyloxy group, or a benzyloxy group
      carrying inert substituents, or the diphenylmethoxy group. Inert
      substituents of a benzyloxy group particular, 1 are, in paraticular, lower
      alkyl and lower alkoxy groups, such as the methyl group and the methoxy
      group.
PAR  The symbol R.sub.3 denotes, for example, a 1-naphthyl, 2-naphthyl,
      phenethyl, .alpha.-methylphenethyl, 3-phenylpropyl, 4-phenylbutyl,
      (1-naphthylmethyl) or (2-naphthylmethyl) group and, in particular, a
      phenyl or benzyl group. These groups, especially the two last-mentioned
      groups, can be substituted by, for example, one to four substituents from
      the series of halogen atoms up to atomic number 35, alkyl, alkoxy or
      1-hydroxyalkyl groups each having at most 4 carbon atoms, hydroxy groups,
      trifluoromethyl groups and methylenedioxy groups, whereby preferably at
      most two hydroxy groups or trifluoromethyl groups, or at most one
      methylenedioxy group, are present, on their own or in addition to any of
      the other above-mentioned substituents. Halogen atoms up to atomic number
      35 are fluorine, bromine and, in particular, chlorine atoms, alkyl, alkoxy
      and 1-hydroxyalkyl groups having at most 4 carbon atoms are, e.g. ethyl,
      isopropyl, tert.butyl, ethoxy, propoxy, isopropoxy, butoxy, 1-hydroxyethyl
      or 1-hydroxybutyl groups, and especially methyl, methoxy or hydroxymethyl
      groups. There may be mentioned as an example of a monosubstituted radial
      R.sub.3 the p-chlorophenyl group, of a di-substituted radical R.sub.3 the
      3,4-dimethoxybenzyl group, of a tri-substituted radical R.sub.3 the
      3,4,5-trimethoxybenzyl group, and of a tetra-substituted radical R.sub.3
      the 2,3,4,5-tetramethoxybenzyl group; but radicals R.sub.3 can equally
      well be other aryl or aralkyl groups that are at most binuclear,
      particularly phenyl or benzyl groups, which carry one or more, preferably
      up to three, of the above-mentioned substituents, the carried substituents
      being either identical or different. As a lower alkyl group, R.sub.4 is
      one having at most 6 carbon atoms, preferably at most 4 carbon atoms, for
      example, a propyl or butyl group and especially a methyl or ethyl group.
PAR  The compounds of the general formula I and their acid addition salts are
      prepared according to the invention by a process wherein a compound of the
      general formula II
      ##SPC2##
PAL  wherein
PA0  one of the symbols X and Y represents an exchangeable radical, and the
      other an exchangeable radical or an amino or hydroxy group,
PA0  and R.sub.3 and R.sub.4 have the meaning given under formula I,
PAL  is reacted with a compound of the general formula III
EQU  r.sub.1 -- nh.sub.2                                        (iii),
PAL  wherein R.sub.1 has the meaning given under formula I, in an amount
      sufficient for the replacement of at least one of the exchangeable
      radicals X and Y, and a reaction product, in which there is still an
      exchangeable radical X or Y present, is again reacted with a compound of
      the general formula III, or is converted by reaction with ammonia, or by
      partial hydrolysis, into a compound of the general formula I having an
      amino group or hydroxy group R.sub.2, and, optionally, in a compound of
      the general formula I wherein R.sub.1 is a protected hydroxy group and,
      optionally, R.sub.2 is a protected hydroxyamino group, while R.sub.3 and
      R.sub.4 have the meaning given under formula I, the hydroxy group and,
      where the case applies, the hydroxyamino group are liberated, and/or,
      optionally, a resulting compound of the general formula I is converted
      into an addition salt with an inorganic or organic acid.
PAR  In the starting materials of the general formula II, exchangeable radicals
      X and/or Y are, for example, halogen atoms, such as bromine and
      particularly chlorine, or lower alkylthio and alkylsulphonyl groups such
      as the methylthio group and methylsulphonyl group. A protected hydroxy
      group R.sub.1 of the compound of the general formula III is, for example,
      one of the groups mentioned in the foregoing.
PAR  The reaction according to the invention of compounds of the general formula
      II with compounds of the general formula III is performed, for example, at
      a temperature of between about 20.degree. and 150.degree. C in an inert
      organic solvent, and if necessary in a closed vessel. As solvents for
      reactions with compounds of the general formula III of which the hydroxy
      group is protected, it is possible to use, for example, nitriles such as
      acetonitrile, amides substituted in the amide group(s), such as
      N,N-dimethylformamide or N,N,N',N',N",N"-hexamethylphosphoric acid
      triamide, hydrocarbons such as benzene or toluene, halogenated
      hydrocarbons such as methylene chloride or chloroform, ethereal solvents
      such as tetrahydrofuran or dioxane, or sulphoxides such as
      dimethylsulphoxide; and as solvents for reactions with the hydroxylamine
      embraced by the general formula III, it is possible to use in addition, in
      particular, lower alkanols such as methanol or ethanol. Within the
      above-mentioned temperature range, the reaction temperature for reactions
      with hydroxylamine is preferably in the lower to medium range, i.e.
      between about 20.degree. and 90.degree. C, and especially between
      35.degree. and 65.degree. C, and the reaction temperature for the
      reactions with the other compounds of the general formula I is preferably
      in the medium range of about 50.degree.-120.degree.C, especially about
      65.degree.-105.degree. C, and particularly at the boiling temperature of
      the employed solvent, if this temperature is in the last-mentioned range.
PAR  Partial reactions of compounds of the general formula II wherein X and Y
      are exchangeable radicals with the approximately equimolar amount of a
      compound of the general formula III are performed likewise in the
      above-stated solvents and temperature ranges, but if necessary nearer to
      the lower limites thereof. If X and Y are identical, then Y reacts first.
      The choice between a slight deficiency or excess of the compound to be
      reacted of the general formula III, relative to the compound of the
      general formula II, is governed by, inter alia, the reactivity of the
      starting materials, as well as by the possibilities of separation of
      starting materials, partial and complete reaction products, or the
      products resulting from these in a consequent reaction according to the
      invention.
PAR  The reaction of reaction products, following, if necessary, the main
      reaction according to the invention, in which reaction products one of the
      radicals X and Y, preferably X, is still an exchangeable group, such as a
      halogen atom, particularly chlorine, or a lower alkylthio or
      alkylsulphonyl group, especially the methylthio group or methylsulphonyl
      group, with a compound of the general formula III can be performed under
      the above-stated conditions of the main reactions. The reaction with
      ammonia to give corresponding compounds of the general formula I having an
      amino group R.sub.2 is performed, for example, at temperatures of between
      about 130.degree. and 200.degree. C, preferably between 140.degree. and
      180.degree. C, in an inert organic solvent, such as ethanol or methanol,
      and if necessary, that is, in most cases, in a closed vessel.
PAR  The hydrolysis of reaction products, likewise subsequent to the main
      reaction, in which products one of the radicals X and Y, preferably X, is
      still an exchangeable group, particularly a halogen atom, especially
      chlorine, to give corresponding compounds having a hydroxy group R.sub.2,
      is performed, for example, at a temperature of between about 20 and
      100.degree. C in an alkaline medium, or, optionally, in an acid medium if
      R.sub.1 is a hydroxy group or is to be in the final product. The
      hydrolysis is preferably carried out in a lower-alkanolic-aqueous alkali
      hydroxide solution, e.g. in a methanolic-aqueous or ethanolic-aqueous
      alkali hydroxide solution, or in an aqueous alkali hydroxide solution,
      particularly in a sodium or potassium hydroxide solution, at the boiling
      temperature thereof.
PAR  The liberation of a protected hydroxy group R.sub.1 and of an optionally
      present, protected hydroxyamino group R.sub.2, which follows, if required,
      the main reaction and, optionally, one of the aforementioned consequent
      reactions, is governed by the nature of the protective groups. Compounds
      of the general formula I which contain one or two protective groups that
      can be split in acid medium are treated, e.g. with highly diluted
      hydrochloric acid, e.g. with 0.5 to 2N, preferably with 1N, hydrochloric
      acid, at a temperature of between about 0.degree. and 50.degree. C,
      preferably at room temperature. Certain protected hydroxy groups can be
      quantitatively split also by treatment with aqueous acetic acid, e.g.
      1-lower-alkoxy-ethoxy groups with 5% acetic acid at about 20.degree. C and
      the 1,1,2,2-tetramethylpropyloxy group with 80% acetic acid on a boiling
      water bath, while the tert.butoxy group can be split, for example, with
      trifluoroacetic acid.
PAR  As a protected hydroxy group that can be split in a basic medium, the
      methoxyacetoxy group, for example, can be split with diluted aqueous
      ammonia solution at room temperature. This reaction may also be performed
      together with the aforementioned exchange of a group X or Y for ammonia,
      which requires more energetic conditions.
PAR  The hydrogenolysis of groups suitable for the purpose, particularly of
      monoarylmethoxy groups, such as the benzyloxy group, or of diarylmethoxy
      groups such as the diphenylmethoxy group, can be performed in the presence
      of the usual hydrogenation catalysts, for example, noble metal catalysts
      such as palladium on charcoal or platinum oxide, or in the presence of
      alloy-skeleton catalysts such as Raney nickel, in an inert organic
      solvent, such as dimethylformamide, methanol, ethanol or dioxane, at room
      temperature and normal pressure, or at moderately elevated temperatures
      and pressures, whereby the compound to be split can be used as such or as
      an acid addition salt, especially as hydrochloride.
PAR  Of the starting materials of the general formula II, some are known: see,
      e.g. U.S. Pat. No. 1,242,834 and German Auslegeschrift 1,103,931, as well
      as Dutch Patent Application 65,14743 (Chem. Abstr. 65, 10597e). Further
      compounds of the general formula II are obtainable by processes analogous
      to those for preparing known compounds, or by other processes known per
      se; e.g. compounds having a methylthio or methylsulphonyl group X and/or Y
      are prepared, for example, by reaction of corresponding chlorine compounds
      with metal-alkylmercaptides, particularly sodium or potassium
      alkylmercaptides, especially sodium methylmercaptide, in methanol or
      ethanol, at room temperature or at slightly elevated temperature, and,
      optionally, oxidation of the resulting alkylthio compounds, e.g.
      methylthio compounds, to methylsulphonyl compounds, for example, by means
      of peroxyacetic acid. Compounds of the general formula II having a lower
      alkylthio group, especially the methylthio group, as radical X can also be
      obtained by use of S-alkyl-isothioureas, particularly
      S-methyl-isothiourea, in ring-closure reactions as known per se.
PAR  A known starting material of the general formula III having a protected
      hydroxy group R.sub.1 is O-(tetrahydropyran-2-yl-hydroxylamine (see
      `Angew. Chem.` 78, 491 (1966). Further compounds of the general formula
      III can be prepared, for example, by causing N-hydroxyphthalimide, as the
      starting material, to undergo an addition reaction with vinyl ethers, or
      with analogous cyclic compounds such as ethyl vinyl ether, butyl vinyl
      ether, 4-methoxy-5,6-dihydro-2H-pyrane, -2H-thiopyrane or
      -2H-thiopyrane-1,1-dioxide; or by reaction of N-hydroxyphthalimide with
      1,1,2,2-tetramethylpropyl chloride, or acylation thereof with
      methoxyacetic acid anhydride; and, in all cases, subsequent hydrazinolysis
      of the resulting O-derivative of N-hydroxyphthalimide.
PAR  The present invention relates also to such modifications of the process of
      the invention, of consequent reactions of the process and of preliminary
      stages thereof, whereby the process is interrupted at some stage, or
      whereby a compound occurring as intermediate at some stage is used as
      starting material and the uncompleted steps are performed, or whereby a
      starting material is formed under the reaction conditions, or, optionally,
      is used in the form of a salt. If the required starting materials are
      optically active, then both the racemate and the isolated antipodes can be
      used. Also such starting materials can optionally be used in the form of
      salts. If final materials are obtained as racemates or mixtures of
      racemates, then these can, within the scope of the present invention, be
      optionally separated and split up into their antipodes.
PAR  Depending on the conditions of the process and the starting materials, the
      products of the process are obtained in the free form or as hydrates, or
      in the form of their acid addition salts which is likewise embraced by the
      invention, or optionally also as hydrates of the last-mentioned. The acid
      addition salts of the new compounds of the general formula I can be
      converted, in a manner known per se, into the free bases, e.g. with basic
      agents, such as alkalies or ion exchangers. Alternatively, the compounds
      of the general formula I obtained according to the invention can
      optionally be converted, in the usual manner, into their addition salts
      with inorganic or organic acids. For example, the acid desired as salt
      component is added to a solution of a compound of the general formula I in
      an organic solvent. The organic solvents preferably chosen for the
      reaction are those in which the resulting salt is difficultly soluble, so
      that it can be separated by filtration. Such solvents are, for example,
      ethyl acetate, methanol, ether, acetone, methyl ethyl ketone,
      acetone/ether, acetone/ethanol, methanol/ether or ethanol/ether.
PAR  Instead of free bases, pharmaceutically acceptable acid addition salts can
      be used as pharmaceutical active substances, that is to say, salts with
      such acids of which the anions are not toxic in the dosage amounts
      concerned. Furthermore, it is advantageous if the salts to be used as
      pharmaceutical active substances crystallise well and are not, or only
      slightly, hygroscopic. For salt formation with compounds of the general
      formula I, it is possible to use, for example, hydrochloric acid,
      hydrobromic acid, sulphuric acid, phosphoric acid, methane-sulphonic acid,
      ethanesulphonic acid, 2-hydroxyethane-sulphonic acid, acetic acid, lactic
      acid, succinic acid, fumaric acid, maleic acid, malic acid, tartaric acid,
      citric acid, benzoic acid, salicyclic acid, phenylacetic acid, mandelic
      acid and embonic acid.
PAR  The new pyrimidine derivatives of the general formula I and their acid
      addition salts possess valuable biological properties; they are, in
      particular, antibacterially effective and they potentiate the
      antibacterial action of derivatives of sulphanilamide. The antibacterial
      effectiveness of compounds of the general formula I and of their
      pharmaceutically acceptable acid addition salts, e.g. of
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine, can be
      demonstrated, for example, by oral administration of doses of 100-250
      mg/kg daily to mice infected with Escherichia coli. Likewise identifiable
      is a distinct synergism with sulphanilamide derivatives. The pyrimidine
      derivatives of the general formula I can be used on their own or, in
      particular, in combination with sulphanilamide derivatives, such as
      sulphadiazine, sulphamerazine, sulphisomidine, sulphaphenazole,
      sulphachloropyridazine, sulphaperine, sulphadimethoxine, sulphadoxine,
      sulphalene, sulphamethoxydiazine, sulphamethoxazole, N.sup.1
      -(6-cyclopropyl)-4-pyrimidinyl)-sulphanilamide, N.sup.1
      -(6-cyclopropyl-5-methoxy-4-pyrimidinyl)-sulphanilamide and N.sup.1
      -[2-(methoxymethyl)-6-methoxy-4-pyrimidinyl)]-sulphanilamide for the
      treatment of bacterial infectious diseases in warm-blooded animals,
      preferably by oral administration. The mixture ratio of pyrimidine
      derivative of the general formula I to sulphanilamide derivative is
      preferably between about 1:2 and about 1:10,  depending on intensity and
      duration of action of the sulphanilamide derivative used, and in
      particular it is about 1:5. In the case of larger mammals, the daily dose
      is, after a higher initial dose if necessary, preferably 2-10 mg/kg of
      pyrimidine derivative of the general formula I, and 4-40 mg/kg of
      sulphanilamide derivative or 6-48 mg/kg of a synergistic mixture.
PAR  In addition, the compounds of the general formula I and their acid addition
      salts have an antimalarial action according to tests on mice infected with
      Plasmodium berghei, and on monkeys infected with P. cynomolgi or P.
      knowlesi. Thus, for example, in the case of mice infected with P. berghei,
      the ED.sub.50 of
      2-amino-4-(hydroxyamino)-5-(p-chlorophenyl)-6-ethyl-pyrimidine-hydrochlori
     de is 4 .times. 0.25 mg/kg orally and subcutaneously, and the curative
      dosage amount of the same compound is 4 .times. 1 to 3 mg/kg orally and
      subcutaneously. At the same time, the compounds of the general formula I
      and their pharmaceutically acceptable acid addition salts, such as the
      aforementioned hydrochloride, have a low toxicity.
PAR  Also in the case of plasmodia, the compounds of the general formula I, such
      as the aforementioned hydrochloride, potentiate the action of
      sulphanilamide derivatives, for example of the active substances
      specifically mentioned in the foregoing. The compounds of the general
      formula I and their pharmaceutically acceptable acid addition salts can be
      used on their own as well as in combination with sulphanilamide
      derivatives, e.g. with the aforementioned, as antimalarial active
      substances, particularly for the prophylaxis of malaria, and also for the
      treatment of toxoplasmosis. The doses are preferably between 0.2 and 1.0
      mg/kg per day; with administration of the active substances for the
      prophylaxis of malaria being effected at intervals of several days,
      particularly once weekly. The compounds of the general formula I and their
      acid addition salts are orally administered on their own or together with
      other antimalarial active substances, especially together with
      approximately the 2- to 10-fold, preferably 5-fold, amount of one of the
      aforementioned sulphanilamide derivatives, either in combined or in
      separate dosage units.
PAR  The invention relates particularly to pyrimidine derivatives of the general
      formula I wherein R.sub.1, R.sub.2 and R.sub.4 have the meanings given
      under formula I, and R.sub.3 denotes a phenyl radical or a phenylalkyl
      radical having at most 4 carbon atoms in the alkyl moiety, which radicals
      are at most tri-substituted by substituents from the series of halogen
      atoms up to atomic number 35, alkyl, alkoxy or 1-hydroxyalkyl groups
      having at most 4 carbon atoms, hydroxy groups, trifluoromethyl groups and
      methylenedioxy groups. The invention relates more particularly to
      pyrimidine derivatives of the general formula I wherein R.sub.1 represents
      the hydroxy or tetrahydropyran-2-yloxy group, R.sub.2 represents the
      amino, hydroxyamino [[(tetrahydropyran-2-yloxy)-amino] group, R.sub.3
      represents a phenyl or benzyl group at most trisubstituted by substituents
      from the series of halogen atoms up to atomic number 35, alkyl, alkoxy or
      1-hydroxyalkyl groups having at most 4 carbon atoms, hydroxy groups,
      trifluoromethyl groups and methylenedioxy groups, whereby at most two
      hydroxy groups or trifluoromethyl groups, or at most one methylenedioxy
      group, are present, on their own or in addition to any of the other
      above-mentioned substituents, and R.sub.4 represents hydrogen or a methyl
      or ethyl group.
PAR  The invention relates above all to pyrimidine derivatives of the general
      formula I wherein R.sub.1 represents the tetrahydropyran-2-yloxy group or
      benzyloxy group and especially the hydroxy group, R.sub.2 represents the
      [(tetrahydropyran-2-yloxy)-amino] group and, in particular, the amino or
      hydroxyamino group, R.sub.3 represents a phenyl or benzyl group at most
      tri-substituted by substituents from the series of chlorine atoms, methoxy
      and hydroxy groups, wherein, however, at most two hydroxy groups are
      present, on their own or together with other substituents, and R.sub.4
      represents hydrogen or a methyl or ethyl group. The invention relates
      first of all to compounds of the general formula I wherein R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 have the meanings defined immediately above,
      the group R.sub.1 -NH is in the 4-position and the group R.sub.2 is in the
      2-position.
PAR  The invention relates especially to the pyrimidine derivatives of the
      general formula I which are mentioned in the Examples, particularly
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine and
      2-amino-4-(hydroxyamino)-5-(p-chlorophenyl)-6-ethyl-pyrimidine, and to
      their pharmaceutically acceptable acid addition salts, such as the
      hydrochlorides.
PAR  The pyrimidine derivatives of the general formula I and their
      pharmaceutically acceptable acid addition salts are administered, on their
      own or in combination with antibacterial sulphanilamide derivatives,
      preferably orally or optionally rectally, either as dosage units, such as
      tablets, dragees, capsules or suppositories, or as preparations not
      divided into dosage units, particularly in the form of syrups. The
      preparations mentioned can contain the usual diluting agents and/or
      carriers, and are prepared in a manner known per se. Dosage units for oral
      administration contain, for example, 20 to 100 mg of a pyrimidine
      derivative of the general formula I and 50 to 500 mg of a sulphanilamide
      derivative. Syrups contain, for example, the same amounts or half the
      amounts of the two active substances in 5 ml.
PAR  The following examples further illustrate the preparation of tablets:
PAL  a. 2000 g of sulphadiazine, 400 g of
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl-pyrimidine, 260 g of
      maize starch and 260 g of lactose are thoroughly mixed. The resulting
      mixture is further mixed with 60 g of glycerin and a solution of 100 g of
      gelatine in distilled water and the whole is kneaded for 20 minutes. The
      moist mixture, now homogeneous, is granulated through a 25-mesh (per
      cm.sup.2) sieve and then dried. The dried granulate is passed through a
      60-mesh (per cm.sup.2) sieve, and subsequently mixed for one hour with 150
      g of potato starch, 150 g of talcum and 20 g of magnesium stearate. The
      resulting mixture is pressed to obtain 10,000 tablets each weighing 340 mg
      and each containing 200 mg of sulphadiazine and 40 mg of
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine.
PAR  Instead of sulphadoazine, it is possible to use, for example, the same
      amount of sulphamethoxazole.
PAL  b. 250 g of
      2-amino-4-(hydroxyamino)-5-(p-chlorophenyl)-6-ethyl-pyrimidine-hydrochlori
     de is mixed with 175.80 g of lactose and 169.70 g of potato starch; the
      mixture is moistened with an alcoholic solution of 10 g of stearic acid,
      and granulated through a sieve. The resulting granulate is dried and there
      are then added to it 160 g of potato starch, 200 g of talcum, 2.50 g of
      magnesium stearate and 32 g of colloidal silicon dioxide; the mixture is
      pressed to obtain 10,000 tablets each weighing 100 mg and each containing
      25 mg of active substance.
DETD
PAR  The following examples illustrate the preparation of pyrimidine derivatives
      of the general formula I; the examples are however not intended in any way
      to limit the scope of the invention. Temperatures are given in degrees
      Centigrade.
PAC  EXAMPLE 1
PAR  7.6 g of 2-amino-4-chloro-5-(3,4,5trimethoxybenzyl)-pyrimidine and 6.5 g of
      0-(tetrahydropyran-2-yl)-hydroxylamine are refluxed for 12 hours in 170 ml
      of acetonitrile. A slight precipitate is removed by filitration with
      suction and the acetonitrile is distilled off. The residue is purified by
      chromatography on neutral aluminium oxide with the use of methylene
      chloride as solvent and eluant. The resulting
      2-amino-4-[(tetrahydropyran-2-yloxy)-amino]-5-(3,4,5-trimethoxybenzyl)-pyr
     imidine-hydrate melts at 75.degree.-80.degree..
PAC  EXAMPLE 2
PAR  6 g of
      2-amino-4-[(tetrahydropyran-2-yloxy)-amino]-5-(3,4,5-trimethoxybenzyl)-pyr
     imidine-hydrate is stirred in 40 ml of 1N hydrochloric acid for 15 minutes
      at room temperature. The pH-value is then adjusted to 7 with 1N sodium
      hydroxide solution. The precipitated
      2-amino-4-(hydroxyamino)-5-(3,4,5trimethoxybenzyl)-pyrimidine is filtered
      off under suction and recrystallised from butanol, M.P.
      208.degree.-210.degree..
PAC  EXAMPLE 3
PAR  6 g of 2,4-dichloro-5-(3,4,5-trimethoxybenzyl)-pyrimidine and 11.7 g of
      0-(tetrahydropyran-2-yl)-hydroxylamine are refluxed for 12 hours in 50 ml
      of acetonitrile. After cooling, the reaction mixture is filtered off with
      suction from a slight precipitate; the filtrate is concentrated in vacuo
      and the residue is taken up in methylene chloride, washed with water and
      dried. The methylene chloride phase is absorbed onto neutral aluminium
      oxide as the adsorbent. Eluting with methylene chloride yields, after
      first runnings containing unreacted chlorine compound,
      2,4-bis-[(tetrahydropyran-2-yloxy)-amino]-5-(3,4,5-trimethoxybenzyl)-pyrim
     idine, which does not crystallise.
PAC  EXAMPLE 4
PAR  3.8 g of
      2,4-bis-[(tetrahydropyran-2-yloxy)-amino]-5-(3,4,5-trimethoxybenzyl)-pyrim
     idine is stirred in 30 ml of 1N hydrochloric acid for 10 minutes at room
      temperature. The reaction mixture is then neutralised with 1N sodium
      hydroxide solution and the precipitating oil is taken up in methylene
      chloride. Chromatography on silica gel with the use of methylene chloride
      as eluant yields
      2-[(tetrahydropyran-2-yloxy)-amino]-4-(hydroxyamino)-5-(3,4,5-trimethoxybe
     nzyl)-pyrimidine, M.P. 190.degree.-192.degree..
PAC  EXAMPLE 5
PAR  3 g of 2-amino-4-chloro-5-(3,4,5-trimethoxybenzyl)-pyrimidine is added to a
      methanolic hydroxylamine solution prepared from 1.4 g of
      hydroxylamine-hydrochloride, 0.46 g of sodium and 50 ml of absolute
      methanol. The mixture is stirred for 48 hours at 40.degree.; it is
      subsequently concentrated in vacuo and the residue is recrystallised from
      butanol to obtain
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine, M.P.
      208.degree.-210.degree., which is identical to the product described in
      Example 2.
PAC  EXAMPLE 6
PAR  7.6 g of 2-amino-4-chloro-5-(3,4,5-trimethoxybenzyl)-pyrimidine and 6.7 g
      of 0-benzyl-hydroxylamine are refluxed in 100 ml of acetonitrile for 12
      hours. The reaction mixture is cooled and
      2-amino-4-(benzyloxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine-hydrochlo
     ride precipitates. It is separated by filtration under suction and melts at
      272.degree. after recrystallisation from dimethylformamide.
PAC  EXAMPLE 7
PAR  1 g of
      2-amino-4-(benzyloxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine-hydrochlo
     ride is dissolved in 100 ml of warm dimethylformamide, and hydrogenated
      under hydrogen at normal pressure, at room temperature, in the presence of
      100 mg of 5% palladium charcoal catalyst. The catalyst is then filtered
      off and the filtrate is concentrated in vacuo. The residue is suspended in
      1N sodium hydroxide solution, whereupon
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine
      precipitates in crystalline form. It is filtered off with suction and
      recrystallised from butanol, M.P. 208.degree.-210.degree.. It is identical
      to the product described in Example 2.
PAC  EXAMPLE 8
PAR  17.5 g of 2-amino-4-chloro-5-(p-chlorophenyl)-6-ethyl-pyrimidine and 18.6 g
      of 0-(tetrahydropyran-2-yl)-hydroxylamine is refluxed in 400 ml of
      acetonitrile for 12 hours. The reaction mixture is filtered and the
      filtrate is concentrated in vacuo. The oily residue is taken up in ether,
      whereupon
      2-amino-4-[(tetrahydropyran-2-yloxy)-amino]-5-(p-chlorophenyl)-6-ethyl-pyr
     imidine-hydrochloride crystallises out. For conversion into the free base,
      5.0 g of crude hydrochloride is distributed between dilute sodium
      hydroxide solution and chloroform. The chloroform phase is washed with
      water, dried by means of magnesium sulphate and concentrated in vacuo.
      After recrystallisation from ethanol, the resulting
      2-amino-4-[(tetrahydropyran-2-yloxy)-amino]-5-(p-chlorophenyl)-6-ethyl-pyr
     imidine melts at 200.degree.-202.degree..
PAC  EXAMPLE 9
PAR  12 g of crude
      2-amino-4-[(tetrahydropyran-2-yloxy)-amino]-5-(p-chlorophenyl)-6-ethyl-pyr
     imidine-hydrochloride is stirred in 100 ml of 1N hydrochloric acid for 5
      minutes at 40.degree. and for one hour at room temperature. The
      precipitated product is filtered off, washed with water and dried in a
      stream of air. After recrystallisation from ethanol/ether, the resulting
      2-amino-4-(hydroxyamino)-5-(p-chlorophenyl)-6-ethyl-pyrimidine-hydrochlori
     de melts at 294.degree. with decomposition.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pyrimidine of the formula I
      ##SPC3##
PAL  wherein
PA1  R.sub.1 represents hydroxy, benzyloxy or tetrahydropyran-2-yloxy,
PA1  R.sub.2 represents amino or,
PA1  R.sub.3 represents phenyl, benzyl, phenyl or benzyl which are mono-or
      trisubstituted by a member selected from the group consisting of chlorine
      and methoxy,
PA1  R.sub.4 represents hydrogen, methyl, or ethyl and their pharmaceutically
      acceptable addition salts with inorganic and organic acids.
NUM  2.
PAR  2. A compound according to claim 1, which is
      2-amino-4-(hydroxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine.
NUM  3.
PAR  3. A compound according to claim 1, which is
      2-amino-4-[(tetrahydropyran-2-yloxy)-amino]-5-(3,4,5-trimethoxybenzyl)-pyr
     imidine and its hydrate.
NUM  4.
PAR  4. A compound according to claim 1, which is
      2,4-bis-[(tetrahydropyran-2-yloxy)-amino]-5-(3,4,5-trimethoxybenzyl)-pyrim
     idine.
NUM  5.
PAR  5. A compound according to claim 1, which is
      2-[(tetrahydropyran-2-yloxy)-amino]-4-(hydroxyamino)-5-(3,4,5-trimethoxybe
     nzyl)-pyrimidine.
NUM  6.
PAR  6. A compound according to claim 1, which is
      2-amino-4-(benzyloxyamino)-5-(3,4,5-trimethoxybenzyl)-pyrimidine and its
      hydrochloride.
NUM  7.
PAR  7. A compound according to claim 1, which is
      2-amino-4-(hydroxyamino)-5-(p-chlorophenyl)-6-ethyl-pyrimidine and its
      hydrochloride.
NUM  8.
PAR  8. A compound according to claim 1, which is
      2-amino-4-[tetrahydropyran-2-yloxy)-amino]-5-(p-chlorophenyl)-6-ethyl-pyri
     midine and its hydrochloride.
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ABST
PAL  A method for producing heterocyclic acid anhydrides and pyrimidinediones
      from the corresponding acids, dicarboxamides, 2,3-and
      3,4-pyridinedicarboxamides, and N-monosubstituted 2,3-and
      3,4-pyridinedicarboxamides, in which the aforesaid compounds are reacted
      with lead tetra-acetate in the presence of a suitable anhydrous inert
      solvent.
PARN
PAR  This is a division of application Ser. No. 878,552 filed Nov. 20, 1969, now
      U.S. Pat. No. 3,887,550 issued June 13, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In recent years considerable interest in isatoic anhydride has developed
      because of the facility with which it and its ring substituted analogues
      can be used as intermediates in the production of pharmaceuticals*,
      agricultural chemicals**, and anthranilic acid esters which are used as
      perfume essences and flavoring materials. Such interest has stimulated a
      search for new, less expensive and non-hazardous methods of production of
      isatoic anhydride and its substituted analogues.
FNT  * U.S. Pat. Nos. 3,170,955 (1965); 3,162,684 (1964); 3,163,646 (1964);
      3,120,523 (1964); Neth. Apl. 6,407,857 (1965) U.S. Pat. Nos. 3,252,986
      (1966); 3,274,194 (1966);
FNT  ** British 894,435 (1962); British 865,735 (1961); U.S. Pat. No. 3,244,503
      (1966); Germany 1,210,242 (1966).
PAR  Many of the pyrimidinediones and ring substituted analogues formed by the
      method of the invention are useful as agricultural chemicals, in
      particular as herbicides. Specifically, many of the compounds have been
      found to have utility as plant growth regulators, total herbicides,
      selective weed killers, and defoliating agents.
PAR  In recent years increased crop yields have been made possible by the
      development and use of chemicals which are specifically toxic to weeds,
      yet do not damage crops around which they are applied. In general, the
      currently available chemicals which are most desired for their selectivity
      and as total herbicides are sufficiently expensive that cost is a
      significant factor in their use. Therefore, new compounds and inexpensive
      methods for producing such compounds are constantly being sought. The use
      of 3-substituted pyrimidine-diones is disclosed in application Ser. No.
      740,090 filed June 26, 1968, now abandoned.
PAR  In addition, while many compounds presently on the market are effective
      against certain species of weeds, they are ineffective against others, or
      against certain strains of weeds. Apparently, resistant strains develop by
      a phenomenon which can be likened to "natural selection". Thus new
      herbicides which have broad spectrum effectiveness against a wide variety
      of weeds are continually being sought.
PAR  It is an object of the present invention to provide an improved method for
      producing heterocyclic acid anhydrides and pyrimidinediones.
PAR  It is a further object to provide a method for the production of
      heterocyclic acid anhydrides and pyrimidinediones which is non-hazardous
      and simple, and which does not require exotic or expensive starting
      materials or complicated apparatus.
PAR  It is a further object of the invention to provide an easy one-step method
      for the production of compounds having the following formulas:
      ##SPC1##
PAL  Wherein each of W, X, Y and Z is N or CH and, in the acid anhydride, not
      more than one of X, Y and Z is N, while, in the pyrimidinediones, not more
      than two of W, X, Y and Z can be N, and R is hydrogen or an alkyl group
      having not more than 8 carbon atoms.*
FNT  * Alkyl group is used in the ordinary sense of the word to indicate a
      straight-chain alkyl group.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The method of the instant invention comprises reaction in an inert
      anhydrous solvent (1) substantially equivalent amounts of lead
      tetra-acetate with (2) a compound having the formula
      ##SPC2##
PAL  wherein each of A and A' is OH or NHR and W, X, Y, Z and R have the
      meanings set forth above, with the proviso that not more than one of A and
      A' is OH and when either of A and A' is OH, R is hydrogen, W is CH and not
      more than one of X, Y and Z is N, agitating the reaction mixture at a
      temperature sufficiently high that reaction occurs and recovering the acid
      anhydride or pyrimidinedione.
PAC  PREPARATION OF STARTING MATERIALS
PAR  Compounds represented by the foregoing formula, when either of A and A' is
      OH, are phthalamic acid and ring-substituted nitrogen analogues, named as
      carbamylnicotinic acids, which constitute the starting materials for the
      preparation of the acid anhydrides, they can be prepared as described in
      the reference cited in Examples I through VI.
PAR  Pyridine-2,3-and 3,4-dicarboxamides and N-monosubstituted 2,3- and
      3,4-pyridinedicarboxamides which constitute the starting materials for the
      preparation of pyrimidinediones, can be made from corresponding
      dicarboxylic acids according to the method outlined below, through the
      imide, which is then reacted with NH.sub.3 or a suitable amine. The
      preparation of N.sup.2 -n-butyl-2,3-pyridinedicarboxamide is used as an
      example.
PAC  EXAMPLE A
PAR  A 2-liter, 3-necked flask equipped with a stirrer and a thermometer, and
      partially immersed in an oil bath was charged with 400 g. of
      2,3-pyridinedicarboxylic acid, 400 g. acetamide, and 400 ml. acetic
      anhydride. Agitation was begun and continued throughout the reaction. The
      reaction mixture was then heated rapidly to a temperature of 136.degree.*
      and held at that temperature for 2 hours. During this period the acetic
      acid which was produced was distilled off. At the end of this time, the
      mixture was cooled, the solids removed by filtration, and the filtrate set
      aside. The solids were washed with cold methanol, dried, and weighed. The
      yield was 251.6 g. light tan material having a melting point of
      239.degree.-240.degree.. The filtrate, which had been set aside, was
      reduced in volume and a further yield of 9.2 g. of imide having a melting
      point of 239.degree.-240.degree. obtained. The total yield was 260.8 g.
      2,3-pyridinedicarboximide. The 2,3-pyridinedicarboximide was used to
      prepare N.sup.2 -n-butyl-2,3 -pyridinedicarboxamide in the following
      manner.
FNT  * All temperatures reported herein and in the attached claims are in
      degrees Centigrade.
PAR  A 500 ml. flask equipped with a stirrer, condenser, thermometer, bubbler,
      and addition funnel, and partially immersed in an ice bath, was charged
      with 16.5 g. pyridinedicarboximide and 100 ml. benzene. Agitation of the
      flask contents was begun and continued throughout the duration of the
      reaction. An addition of 11.0 g. n-butylamine was then commenced and
      charged over a 2 minute period. After the charging, the reaction mixture
      was stirred for an additional two hours and 30 minutes, during which time
      the temperature of the reaction mixture reached a high of 45.degree.. At
      the end of this time, the thick slurry which had formed was cooled to
      about 10.degree., the solids were removed by filtration, and the filtrate
      was set aside. The solids were then washed with cold benzene and dried.
      The yield was 21.4 g. product which had a melting point of 87-95.degree.,
      and was identified by infrared spectroscopy as a mixture consisting
      predominately of N.sup.2 -n-butyl-2,3-pyridinedicarboxamide with a small
      amount of N.sup.3 -n-butyl-2,3-pyridinedicarboxamide.
PAR  The unsubstituted 2,3- and 3,4-dicarboxamides of pyridine and the other
      N-monosubstituted 2,3- and 3,4-dicarboxamides of pyridine can be produced
      in the same manner by reaction of the corresponding imide with the
      appropriate amine or NH.sub.3. The reaction can be illustrated as follows:
      ##SPC3##
PAR  This invention can be more clearly understood by reference to the following
      examples.
DETD
PAC  EXAMPLE I
PAC  PREPARATION OF ISATOIC ANHYDRIDE
PAR  A 250 ml. flask was charged with 2.0 g. phthalamic acid* suspended in 100
      ml. dry benzene, and heated to boiling. A 5.4 g. portion of lead
      tetra-acetate was added to the boiling suspension, and the reaction
      mixture was heated under reflux, with stirring, for 48 hours. The reaction
      mixture was then cooled and solids were separated therefrom by filtration.
      The residue was washed 2 times with water; isatoic anhydride was
      recrystallized from dioxane, and dried in vacuo for 2 hours. The final
      yield of isatoic anhydride amounted to 0.87 g. tan solids, melting point
      243.degree., and represented 44 percent of theory based on the phthalamic
      acid. The structure was confirmed by infrared spectroscopy.
FNT  * E. Chapman and H. Stephen, J. Chem. Soc., 1925, 127,1791
PAC  EXAMPLE II
PAC  PREPARATION OF ISATOIC ANHYDRIDE
PAR  A 100 ml. flask was charged with 2.0 g. phthalamic acid suspended in 20 ml.
      dimethylformamide at room temperature. A 5.4 g. portion of lead
      tetra-acetate was added to the suspension, and the reaction mixture was
      held at room temperature for 40 minutes. The reaction mixture was poured
      into 30 ml. water. Isatoic anhydride was filtered from the water,
      recrystallized from dioxane, and dried in vacuo for 2 hours. The final
      yield of isatoic anhydride amounted to 1.07 g. tan solids, melting point
      243.degree., and represented 54 percent of theory based on the phthalamic
      acid.
PAC  EXAMPLE III
PAC  PREPARATION OF 3-AZAISATOIC ANHYDRIDE
PAR  A 100 ml. flask was charged with 2.0 g. 2-carbamylnicotinic acid* suspended
      in 20 ml. dimethylformamide. A 5.5 g. portion of lead tetra-acetate was
      added to the suspension, and the mixture was stirred at
      50.degree.-60.degree. for 1 hour. The reaction mixture was poured into 20
      ml. water; solids were separated by filtration, and 3-azaisatoic anhydride
      was recrystallized from dioxane, and dried in vacuo for 2 hours. The final
      yield of 3-azaisatoic anhydride amounted to 1.48 g., melting point
      217.degree.-219.degree., and represented 75 percent of theory. The
      structure was confirmed by elemental analysis and infrared spectroscopy.
FNT  * F. G. Mann and J. A. Reid, J. Chem. Soc., 1952, 2057.
PAC  EXAMPLE IV
PAC  PREPARATION OF 4-AZAISATOIC ANHYDRIDE
PAR  A 50 ml. flask was charged with 0.94 g. 3-carbamylisonicotinic acid
      suspended in 8 ml. dimethylformamide. A 2.5 g. portion of lead
      tetra-acetate was added to the suspension, and the reaction mixture was
      stirred at 20.degree. for 10 minutes. The reaction mixture was then warmed
      to 45.degree. and stirred for 10 minutes. The cooled mixture was poured
      onto 30 grams crushed ice and the pale yellow solids were collected by
      filtration and dried in vacuo. Extensive decomposition of the product
      occurred upon attempted recrystallization from organic solvents. The final
      yield of 4-azaisatoic anhydride amounted to 0.65 g., melting point
      218.degree., with decomposition, and represented 70 percent of theory. The
      structure was identified by elemental analysis, infrared spectroscopy and
      mass spectrometry.
PAC  EXAMPLE V
PAC  PREPARATION OF 5-AZAISATOIC ANHYDRIDE
PAR  A 50 ml. flask was charged with 2.6 g. lead tetra-acetate suspended in 10
      ml. dimethylformamide and stirred while a solution of 0.96 g. of
      4-carbamylnicotinic acid in 5 ml. dimethylformamide was added dropwise
      during 10 minutes. The mixture was stirred for 10 minutes after completion
      of the addition, then poured onto 40 g. crushed ice. A precipitate of
      cream solids was collected by filtration, washed with water and dried in
      vacuo. The yield of 5-azaisatoic anhydride amounted to 0.68 g., melting
      point 180.degree. with decomposition, and represented 72 percent of
      theory. On attempted purification by crystallization from organic
      solvents, extensive decomposition occurred. The structure was confirmed by
      elemental analysis, infra-red spectroscopy and mass spectrometry.
PAC  EXAMPLE VI
PAC  PREPARATION OF PYRAZINO[2,3-d]PYRIMIDINE-2,4(1H,3H)-DIONE
PAR  A 50 ml. flask was charged with 0.90 g. pyrazine-2,3-dicarboxamide
      dissolved in 16 ml. dimethylformamide. A 2.4 g. portion of lead
      tetra-acetate was added to the solution and the reaction mixture was
      stirred at 40.degree. for 15 minutes. The reaction mixture was cooled, 30
      g. of ice was added and after 1 hour the mixture was filtered.
      Crystallization of the residue from water gave, after drying in vacuo, a
      yield of 0.64 g. of pyrazino[2,3-d]pyrimidine-2,4(1H,3H)-dione, melting
      point 364.degree.-365.degree., which represented 71 percent of theory. The
      structure was confirmed by infra-red spectroscopy.
PAC  EXAMPLE VII
PAC  PREPARATION OF 2,4(1H,3H)-QUINAZOLINEDIONE
PAR  A 50 ml. flask was charged with 1.0 g. phthalamide suspended in 10 ml. of
      dimethylformamide. A 2.7 g. portion of lead tetra-acetate was added to the
      suspension, and the reaction mixture was stirred at 50.degree.-60.degree.
      for 1 hour. The reaction mixture was cooled, diluted with 15 ml. water,
      and filtered. Sublimation of the residue at 200.degree. at an absolute
      pressure of 0.01 mm Hg gave a yield of 0.80 g. of
      2,4(1H,3H)-quinazolinedione, melting point 351.degree.-352.degree., and
      represented 81 percent of theory based on the phthalamide. The structure
      was confirmed by elemental analysis and infrared spectroscopy.
PAC  EXAMPLE VIII
PAC  PREPARATION OF PYRIDO[2,3-d]PYRIMIDINE-2,4(1H,3H)-DIONE
PAR  A 50 ml. flask was charged with 0.9 g. pyridine-2,3-dicarboxamide suspended
      in 10 ml. dimethylformamide. A 2.4 g. portion of lead tetra-acetate was
      added to the suspension, and the reaction mixture was stirred at
      50.degree.-60.degree. for 20 minutes and filtered. Sublimation of the
      residue at 200.degree. at an absolute pressure of 0.01 mm. Hg gave a yield
      of 0.8 g. pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione, melting point
      360.degree., and represented 90 percent of theory based on the
      pyridine-2,3-dicarboxamide. The structure was confirmed by infrared
      spectroscopy.
PAC  EXAMPLE IX
PAC  PREPARATION OF PYRIDO[3,4-d]PYRIMIDINE-2,4(1H,3H)-DIONE
PAR  A 50 ml. flask was charged with 1.0 g. pyridine-3,4-dicarboxamide suspended
      in 10 ml. dimethylformamide. A 2.4 g. portion of lead tetra-acetate was
      added to the suspension, the reaction mixture stirred at
      50.degree.-60.degree. for 1 hour, cooled and filtered. Sublimation of the
      residue at 210.degree./0.01 mm. gave a yield of 1.0 g. of
      pyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione, melting point 365.degree.,
      representing 100 percent of theory based on the
      pyridine-3,4-dicarboxamide. The structure was confirmed by elemental
      analysis and infrared spectroscopy.
PAC  EXAMPLE X
PAC  PREPARATION OF 3-METHYL-2,4(1H,3H)-QUINAZOLINEDIONE
PAR  A 50 ml. flask was charged with 1.0 g. N-methylphthalamide suspended in 11
      ml. dimethylformamide. A 2.6 g. portion of lead tetra-acetate was added to
      the suspension, and the reaction mixture stirred at 40.degree.-50.degree.
      for 2 hours. The reaction mixture was diluted with 15 ml. water, cooled
      and filtered. The yield amounted to 0.89 g., melting point
      230.degree.-232.degree., representing 88 percent of theory based on the
      N-methylphthalamide. The structure was confirmed by infrared spectroscopy.
PAC  EXAMPLE XI
PAC  PREPARATION OF 3-n-BUTYL-PYRIDO[3,2-d]PYRIMIDINE-2,4(1H,3H)-DIONE
PAR  A 100 ml. flask was charged with 9.0 g. of a mixture of N.sup.2
      -n-butyl-2,3-pyridine-dicarboxamide and N.sup.3
      -n-butyl-2,3-pyridine-dicarboxamide suspended in 70 g. dimethylformamide.
      An 18.0 g. portion of lead tetra-acetate was added, and the reaction
      mixture stirred at 60.degree. for 2 hours. The reaction mixture was poured
      into 200 ml. water. The precipitate was filtered from the water,
      recrystallized from dioxane, and dried at 100.degree., for about 1 hour.
      The final yield of 3-n-butyl-pyrido[3,2-d] and
      3-n-butyl-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione amounted to 8.4 g.,
      melting point 200.degree.-210.degree., and represented 93 percent of
      theory based on the dicarboxamide starting material. The structure was
      determined by nuclear magnetic resonance spectroscopy to consist of 78
      percent of the [3,2-d]isomer and 22 percent of the [2,3-d]isomer.
PAC  EXAMPLE XII
PAC  PREPARATION OF 3-METHYL PYRAZINO [2,3-d] PYRIMIDINE-2,4(1H,3H)-DIONE
PAR  A 50 ml. flask was charged with 0.90 g. N-methylpyrazine-2,3-dicarboxamide
      dissolved in 16 ml. dimethylformamide. A 2.4 g. portion of lead
      tetra-acetate was added to the solution and the reaction mixture was
      stirred at 25.degree. for 15 minutes. The reaction mixture was cooled, 30
      g. of ice was added and after 1 hour the mixture was filtered.
      Crystallization of the residue from a mixture of water and
      dimethylformamide gave, after drying in vacuo, a yield of 0.76 g. of
      3-methylpyrazine[2,3-d]pyrimidine-2,4(1H,3H)-dione, melting point
      342.degree.-343.degree., which represented 86 percent of theory. The
      structure was confirmed by elemental analysis, infra-red spectroscopy and
      mass spectrometry.
PAC  DISCUSSION OF THE REACTION MEDIUM
PAR  The improved method of the invention can be carried out in various inert,
      anhydrous solvents and combinations of such solvents. Although the
      reaction proceeds in a non-polar solvent such as benzene, as illustrated
      in Example II, dipolar aprotic solvents are the preferred reaction medium.
      The presence of a "dipole moment (u)" in such a dipolar aprotic solvent
      molecule contributes to the ease of solubility of the reacting compounds
      and to an improved reaction which takes place more readily than in a
      non-polar reaction medium. The reaction in dipolar aprotic solvents can be
      carried out at a lower temperature and will proceed at a much faster rate
      than reactions carried out in non-polar solvents. The preferred dipolar
      aprotic solvents of the method of the invention are: dimethylformamide,
      diethylformamide, dimethylacetamide, diethylacetamide, and
      dimethylsulfoxide. Aromatic solvents which are operable as reaction media
      are benzene, ethylbenzene, xylene, toluene, and pyridine. Combinations of
      dipolar solvents and combinations of dipolar and aromatic solvents are
      also operable as reaction media.
PAR  In addition to being useful as discussed above, acid anhydrides produced by
      the method of the invention are useful as intermediates for the production
      of pyrimidine diones which can be used as herbicides. For example,
      3-azaisatoic anhydride can be dissolved in dimethylformamide and reacted
      with a substantially stoichiometric amount of isopropyl amine to produce
      2-amino-N-isopropylnicotinamide. The reaction is conveniently conducted at
      a temperature of about 45.degree.-50.degree. until carbon dioxide
      evolution ceases. The 2-amino-N-isopropylnicotinamide can then be reacted
      with phosgene to produce 3-isopropyl
      pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione. This reaction can be conducted
      under ambient pressure in p-dioxane as a solvent, preferably in the
      presence of triethylamine as an HCl absorber, at a temperature in the
      vicinity of 100.degree..
PAR  The 3-isopropyl pyrido[2,3-d]pyrimidine-2,4(1H, 3H)-dione for which
      3-azaisatoic anhydride is an intermediate, as discussed above, can be used
      as a herbicide, dissolved in acetone, by spraying onto soil which has been
      prepared for planting. A light working of the soil after spray application
      is desirable, e.g., by dragging or disking to work the 3-isopropyl pyrido
      [2,3-d]pyrimidine-2,4(1H,3H)-dione into the soil. The soil can then be
      planted in a conventional manner. The 3-isopropyl
      pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione, applied at a rate of 16 pounds
      per acre, is innocuous to alfalfa, but shows herbicidal activity against
      volunteer corn, wild oats, cheat grass, foxtail, barnyard, crab grass, nut
      grass, Johnson grass, volunteer snap beans, soybeans, pig weed,
      lambsquarter and marigold and, at higher application rates, can be used as
      a total herbicide.
PAR  The 2-amino-N-isopropylnicotinamide for which 3-azaisotoic anhydride is an
      intermediate, as also discussed above, can also be dissolved in acetone
      and used as described in the preceding paragraph hereof at an application
      rate of 16 pounds per acre as a preemergence herbicide for the control of
      wild oats.
PAR  The 4-azaisatoic anhydride and the 5-azaisatoic anhydride, produced as
      described above according to the method of the invention, are believed to
      be new compounds, all attempts at their production by an aqueous Hoffman
      reaction which has been used to produce 3-azaisatoic anhydride having
      failed. The 4- and 5-azaisatoic anhydrides are also useful as chemical
      intermediates. They undergo reactions analogous to those discussed above
      with isopropyl and other amines to produce the isomeric N-substituted
      amides, from which the isomeric pyrimidine diones can likewise be produced
      by reaction with phosgene.
PAR  Some of the pyrimidine diones produced by the method of the invention are
      useful as herbicides. For example, 3-n-butyl
      pyrido[3,2-d]pyrimidine-2,4(1H,3H)-dione, applied as described above at a
      rate of 16 lbs. per acre, was found to provide 100 percent control of
      alfalfa, corn, wild oats, cheatgrass, foxtail, barnyardgrass, nutgrass,
      Johnsongrass, snapbeans, yellow rocket, chickweed, cucumber, pigweed and
      velvetleaf, 70 percent control of lambsquarters and 90 percent control of
      crabgrass.
PAR  The pyrimidine diones produced by the method of the invention which are not
      particularly useful as herbicides are unexpectedly useful because of their
      close similarity, from a structural chemical standpoint, to compounds
      having extremely high orders of activity. For example, 3-n-butyl
      pyrazino[2,3-d]pyrimidine-2,4(1H,3H)-dione has a considerably lower order
      of herbicidal activity than does 3-n-butyl pyrido[3,2-d]
      pyrimidine-2,4(1H,3H)-dione, and members of other families of pyrimidine
      diones produced by the method of the invention are substantially inert as
      herbicides. The close structural similarities among these several
      compounds, coupled with the fact reported herein of the significant
      difference in order of herbicidal activity provides the basis for an
      orderly investigation, on the basis of molecular models, of the
      relationship between chemical structure and herbicidal activity, the
      development of a theory explaining this relationship, and consequent
      significant advance in the useful arts on the basis of intelligent
      application of the theoretical explanation by skilled workers in the art.
PAR  The pyrimidine diones produced by the method of the invention are also
      useful as ingredients of suntan lotions, because they absorb ultraviolet
      radiation in the burning spectrum, being substantial equivalents for the
      commercially used salicylates for which they can be substituted in
      commercial lotions. In addition, they are corrosion inhibitors, useful in
      pickling baths and the like. The corrosion inhibiting characteristics of
      the pyrimidine diones produced by the method of the invention have been
      demonstrated by immersing carefully cleaned, dried and weighed 1010 steel
      coupons in 5 percent sulfuric acid to which a minor amount of the
      pyrimidine dione has been added for a period of 4 hours at 75.degree. and
      then again carefully cleaning, washing, drying and weighing the coupons.
      The percentage weight loss, which is 100 times the weight loss in grams
      divided by the weight of the coupon, inhibited versus uninhibited 5
      percent sulfuric acid, indicates that the pyrimidine diones produced by
      the method of the invention are useful as corrosion inhibitors.
PAR  The acid anhydrides produced by the method of the invention, as has been
      indicated above, can be converted to pyrimidine diones by reaction with an
      appropriate amine and ring-closure with phosgene. The corresponding sulfur
      analogues can also be produced by ring-closure with thiophosgene
      ##EQU1##
      these analogues are preferred as corrosion inhibitors because equilibrium
      favors the CSH form rather than the favored C=O form of the diones.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for producing a pyrimidinedione having the formula,
      ##SPC4##
PAL  wherein each of W, X, Y and Z is N or CH and, not more than two of W, X, Y
      and Z can be N, and R is hydrogen or an alkyl group having not more than 8
      carbon atoms, said method comprising dissolving in an inert anhydrous
      solvent substantially equivalent amounts of lead tetraacetate and a
      compound having the formula
      ##SPC5##
PAL  wherein each of W, X, Y and Z is N or CH and, not more than two of W, X, Y
      and Z can be N, and one R is hydrogen while the other R has the meaning
      set forth above, agitating the reaction mixture at a temperature
      sufficiently high that reaction occurs and recovering the pyrimidinedione.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the second named reactant is
      phthalamide.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the second named reactant is
      pyridine-2,3-dicarboxamide.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the second named reactant is
      pyrazine-2,3-dicarboxamide.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the second named reactant is a
      N-monosubstituted 2,3-pyridinedicarboxamide.
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ABST
PAL  1,3-Bis(halomethyl)phenobarbitals are prepared by reacting phenobarbital
      with formaldehyde and a chlorine source or a bromine source at a
      temperature of -10.degree. to 200.degree.C in the presence of a Lewis acid
      catalyst, the formaldehyde and bromine or chlorine source being employed
      in at least approximately twice the molar amounts of phenobarbital. These
      compounds are useful anticonvulsant agents.
BSUM
PAR  This invention relates to a process for preparing
      1,3-bis(halomethyl)phenobarbitals and particularly to a process for
      preparing 1,3-bis(chloromethyl)phenobarbital and
      1,3-bis(bromomethyl)phenobarbital.
PAR  The 1,3-bis(halomethyl)phenobarbitals prepared according to the process of
      this invention are useful as anticonvulsant agents for treating
      convulsions and seizures in warm-blooded animals.
PAR  These 1,3-bis(halomethyl)phenobarbitals have been previously prepared by
      first synthesizing 1,3-bis(methoxymethyl)phenobarbital, then reacting it
      with an acyl halide such as acetyl chloride, acetyl bromide, benzoyl
      chloride, etc. This procedure is fully described in U.S. Pat. No.
      3,711,607. While providing the desired 1,3-bis(halomethyl)phenobarbital
      compounds, the aforementioned process is commercially unattractive in view
      of the fact that the bismethoxy compound must first be prepared from
      phenobarbital.
PAR  Now it has been found in accordance with this invention that
      1,3-bis(halomethyl)phenobarbitals can be readily and economically provided
      by reacting phenobarbital with formaldehyde and a halogen source under
      selected reaction conditions.
PAR  The preparation of 1,3-bis(halomethyl)phenobarbitals according to the
      process of this invention is particularly surprising and unexpected since
      U.S. Pat. No. 3,767,798 teaches that 1,3-bis(methoxymethyl)phenobarbital
      may be made by reacting phenobarbital in methanol or dioxane with
      formaldehyde in the presence of catalytic amounts of hydrochloric acid.
      Now it has been found that by employing specified molar amounts of a
      halogen source, the bis-halomethyl phenobarbital compounds are obtained
      directly from phenobarbital, obviating the necessity of first preparing
      1,3-bis(methoxymethyl)phenobarbital.
PAR  More in detail, the process of this invention comprises reacting
      phenobarbital with at least two molar proportions of formaldehyde and at
      least two molar proportions of a chlorine source or a bromine source at a
      temperature of -10.degree. to 200.degree.C in the presence of a Lewis acid
      catalyst.
PAR  The halogen sources include hydrochloric acid and hydrobromic acid in the
      gaseous form; acyl halides such as acetyl chloride, acetyl bromide,
      propionyl chloride, butyryl chloride, chloroacetyl chloride, benzoyl
      chloride, phthaloyl chloride; mixtures of any of the above compounds, etc.
      Preferred are the acids, acetyl bromide and acetyl chloride.
PAR  The formaldehyde can be employed in any of its conventional forms such as
      formaldehyde, paraformaldehyde, trioxymethylene, etc. Preferably,
      paraformaldehyde is used in this process.
PAR  As previously mentioned, the reaction proceeds in the presence of a Lewis
      acid catalyst. Any Lewis acid catalyst can be employed, but preferred
      catalysts include stannic chloride, aluminum chloride, zinc chloride,
      stannic bromide, etc. While the reaction proceeds at temperatures ranging
      from -10.degree. to 200.degree.C, preferably temperatures from 25.degree.
      to 100.degree.C are employed.
PAR  Where the halogen source is a liquid, no solvent is required. However,
      diluents such as acetic acid and acetonitrile can be employed in the
      process of this invention, even in those cases where liquid halogen
      sources are utilized.
PAR  The desired bishalomethyl phenobarbitals are obtained in high yield and
      excellent purity and are readily isolated by conventional techniques.
PAR  The following examples will serve to illustrate the practice of this
      invention.
DETD
PAC  EXAMPLE 1
PAR  Acetic acid (40 ml.) was placed in a 500 ml. three-necked flask equipped
      with an overhead stirrer, a dropping funnel, a reflux condenser, and an
      inlet for gas introduction. To the acetic acid, acetyl chloride (20 ml.;
      0.28 mole) was added, followed by the addition, with stirring, of
      phenobarbital (23.2 g.; 0.1 mole). Then paraformaldehyde (12.0 g.; 0.40
      mole) was added to the resulting suspension, with stirring. The reaction
      mixture was maintained at room temperature, and saturated with gaseous
      hydrochloric acid. Then 5.0 g. of fused zinc chloride was added to the
      reaction mixture. After the addition of the zinc chloride had been
      completed, the reaction mixture was heated, with stirring, to
      60.degree.-70.degree.C; upon heating at this temperature for 2 to 4 hours,
      a homogeneous solution was obtained. The solution was kept, with stirring,
      at 60.degree.-70.degree.C for a period of 50 hours. Then the reaction
      solution was cooled to room temperature, resulting in the precipitation of
      a solid material, poured into ice (about 200 g.) and the solid material
      filtered, washed with water and dried. The resulting crude product was
      purified by dissolving it in a boiling solvent mixture of acetone and
      absolute ethanol (1:1 by volume, 250 ml.), adding activated carbon (1 g.)
      to the boiling solution, filtering the boiling solution through a
      compacted layer of diatomeceous silica, and evaporating the acetone while
      replacing it with absolute ethanol. The total volume of the resulting
      solution was about 150 ml. Upon cooling, crystals separated from the
      solution. The flask was allowed to stand overnight, the crystals removed
      by filtration, washed with ethanol and dried in a vacuum dessiccator at
      50.degree.C to provide 25 g. (76% yield) of
      1,3-bis(chloromethyl)phenobarbital, m.p. 150.degree.-151.degree.C. The
      ethanolic mother liquor was evaporated to provide an additional quantity
      of 1,3-bis(chloromethyl)phenobarbital (5 g.), m.p.
      151.degree.-152.degree.C, resulting in a total yield of 30 g. of
      1,3-bis-(chloromethyl)phenobarbital (90.5% yield). Thin layer
      chromatography (in 100% benzene) resulted in an R.sub.f of 0.8 (with a
      very slight impurity at 0.4).
PAR  Analysis--Calc'd for C.sub.14 H.sub.24 O.sub.3 N.sub.2 Cl.sub.2 : C, 51.08;
      H, 4.29; Cl, 21.54; N, 8.51; Found: C, 51.26; H, 4.27; Cl, 21.44; N, 8.64
PAC  EXAMPLE 2
PAR  Following the general procedure and employing the equipment described in
      Example 1, phenobarbital (23.2 g.; 0.1 mole) was reacted with acetyl
      chloride (50ml.; 0.7 mole) and paraformaldehyde (20 g.; 0.67 mole) in the
      presence of 5 ml. of stannic chloride. The only deviation from the
      procedure of Example 1 was that the reaction solution was heated at
      60.degree.-70.degree.C for 72 hours, and neither gaseous hydrochloric acid
      nor acetic acid was employed. After purification, 29.2 g. (88% yield) of
      1,3-bis(chloromethyl)phenobarbital, m.p. 151.degree.-152.degree.C was
      obtained.
PAR  The mixed melting point of the products of Examples 1 and 2 was not
      depressed. The R.sub.f obtained from a thin layer chromatography of the
      product of Example 2 was identical to that obtained in Example 1, further
      corroborating that 1,3-bis(choromethyl)phenobarbital )chloromethyl) had
      been obtained.
PAC  EXAMPLE 3
PAR  Example 1 was repeated with the following exceptions: 10.0 g. (0.33 mole)
      of formaldehyde; 50 ml. of acetic acid and 5 g. of anhydrous zinc chloride
      were employed. The amount of 26.3 g. (80% yield) of
      1,3-bis(chloromethyl)phenobarbital, m.p. 151.degree.-152.degree.C was
      obtained. Thin layer chromatography and a mixed melting point with the
      product of Example 1 confirmed the identification of the product as
      1,3-bis(chloromethyl)phenobarbita.
PAC  EXAMPLE 4
PAR  Acetyl bromide (100 g.; 0.81 mole) was placed in a 500 ml. three-necked
      flask equipped with an overhead stirrer, a dropping funnel and a reflux
      condenser. To the acetyl bromide, phenobarbital (23.2 g.; 0.1 mole) was
      added, followed by the addition, with stirring, of paraformaldehyde (15.0
      g.; 0.5 mole). Then anhydrous stannic bromide (10 g.) was added. The
      resulting solution was cooled to 0.degree.C and maintained at that
      temperature while adding dropwise, over a period of 30 minutes, 20.0 g. of
      a 48% aqueous hydrogen bromide solution (corresponding to 9.6 g.; 0.11
      mole of hydrogen bromide). Then the solution was heated to reflux and kept
      at reflux for 20 hours. The reaction solution was cooled to room
      temperature, resulting in the precipitation of a solid material, and then
      poured into ice (about 200 g.) and stirred for a period of 6 hours. The
      solid material was filtered, washed with water and dried to provide
      1,3-bis(bromomethyl)phenobarbital (40 g., 95.5%  yield), m.p.
      160.degree.-161.degree.C.
PAR  The product was recrystallized from chloroform (300 ml.) to yield purified
      1,3-bis(bromomethyl)phenobarbital, (38 g., 91% yield), m.p.
      160.degree.-161.5.degree.C.
PAR  Analysis--Calc'd for C.sub.14 H.sub.24 Br.sub.2 N.sub.2 O.sub.3 : C, 40.22;
      H, 3.37; Br. 38.23; N, 6.70 ; Found: C, 40.09; H, 3.33; Br, 38.41; N, 6.80
PAR  Both the product initially obtained and the recrystallized material gave
      only one detectable spot on a thin layer chromatogram (in 100% benzene
      R.sub.f 32   0.85).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing 1,3-bis(chloromethyl) phenobarbital or
      1,3bis-(bromomethyl) phenobarbital comprising the step of reacting
      phenobarbital with formaldehyde and a chlorine source or a bromine source
      selected from the group consisting of hydrochloric acid, hydrobromic acid,
      and acyl chlorides and bromides selected from the group consisting of
      acetyl chloride, acetyl bromide, propionyl chloride, butyryl chloride,
      chloroacetyl chloride, benzoyl chloride, phthaloyl chloride and mixtures
      of any of the above compounds at a temperature of -10.degree. to
      200.degree.C in the presence of a Lewis acid catalyst, the formaldehyde
      and bromine or chlorine source being employed in at least approximately
      twice the molar amounts of phenobarbital.
NUM  2.
PAR  2. The process of claim 1 wherein a temperature of 25.degree. to
      100.degree.C is employed.
NUM  3.
PAR  3. The process of claim 2 wherein a chlorine source is employed.
NUM  4.
PAR  4. The process of claim 3 wherein hydrochloric acid is employed as the
      chlorine source.
NUM  5.
PAR  5. The process of claim 3 wherein acetyl chloride is employed as the
      chlorine source.
NUM  6.
PAR  6. The process of claim 2 wherein a bromine source is employed.
NUM  7.
PAR  7. The process of claim 6 wherein acetyl bromide is employed as the bromine
      source.
NUM  8.
PAR  8. The process of claim 1 wherein the Lewis acid catalyst is selected from
      the group consisting of stannic chloride, stannic bromide, aluminum
      chloride and zinc chloride.
PATN
WKU  039474445
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APN  3724190
APT  1
ART  122
APD  19730621
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PAL  Gaylord, Reduction with Complex Metal Hydrides, Interscience Publishers
      Inc., N.Y., 1956, pp. 593, 594, 634, 635, & 760.
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A process for producing N.sub.1 -(dihydroxyalkyl)-5-substituted uracils of
      the formula:
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is hydrogen, methyl, a trihalomethyl, a halogen,
PA1  R.sub.2 is
      1,4-dihydroxybutyl-2,1,4-dihydroxypentyl-2,2,5-dihydroxypentyl-1,
PAL  Characterized by reducing N.sub.1 -(butyrolactone)uracils of the formula:
      ##SPC2##
PAL  Wherein
PA1  R.sub.1 is hydrogen, methyl, a trihalomethyl, a halogen,
PA1  A is:
      ##SPC3##
PAL  With an alkali metal boron hydride in an aqueous or aquo-alcoholic solution
      at a temperature ranging from 15.degree. to 50.degree.C.
BSUM
PAR  The present invention relates to a process for producing nucleoside
      analogues and, more specifically, to a process for producing N.sub.1
      -(dihydroxyalkyl)-5-substituted uracils corresponding to the generic
      formula:
      ##SPC4##
PAL  Wherein
PA1  R.sub.1 is hydrogen, methyl, a trihalomethyl or a halogen;
PA1  R.sub.2 is 1,4-dihydroxybutyl-2,  1,4-dihydroxypentyl-2,
      2,5-dihydroxypentyl-1.
PAR  Said compounds are analogues of pyrimidine-nucleosides, wherein a sugar
      residue is replaced by a dihydroxyalkyl group. Such compounds are
      particularly interesting as possible inhibitors of nucleic exchange and
      may be useful for the production of analogues of mono-, oligo-nucleotides
      and nucleic acids.
PAR  Known in the art is a process for producing N.sub.1
      -(2,3-dihydroxypropyl-1)-uracil by alkylation of uracil or
      4-ethoxy-2-keto-1,2-dihydropyrimidine with glycidol in a dimethylformamide
      medium in the presence of anhydrous potassium carbonate (cf. N. Ueda, T.
      Kawabata, K. Takemoto, L. Heterocyclic Chem., 1971, 8, 827).
PAR  Also known in the art is a process for producing N.sub.1
      -(3',5'-dihydroxypentyl-1)-uracil (cf. B. R. Baker, T. J. Shawan, J. Med.
      Chem., 1966, 9, 73) by condensing uracil with
      1-chloro-3,5-diacetoxypentane, followed by hydrolysis of acetyl groups
      with butylamine.
PAR  None of said prior-art processes can be applied for the synthesis of other
      N.sub.1 -dihydroxyalkyluracils.
PAR  It is an object of the present invention to provide a process for producing
      N.sub.1 -(dihydroxyalkyl)-5-substituted uracil derivatives which would
      enable the production of all the compounds corresponding to the generic
      formula given hereinabove.
PAR  This object is accomplished by the process for producing N.sub.1
      -(dihydroxyalkyl)-5-substituted uracils of the formula:
      ##SPC5##
PAL  Wherein
PA1  R.sub.1 is hydrogen, methyl, a trihalomethyl or a halogen,
PA1  R.sub.2 is 1,4-hydroxybutyl-2, 1,4-dihydroxypentyl-2,2,5-dihydroxypentyl-1,
PAL  Which, according to the present invention, comprises reducing N.sub.1
      -(butyrolactone)uracils of the formula:
      ##SPC6##
PAL  Wherein R.sub.1 is hydrogen, methyl, a trihalomethyl or a halogen, and A is
      ##SPC7##
PAL  With an alkali metal boron hydride in an aqueous or aquo-alcoholic solution
      at a temperature ranging from 15.degree. to 50.degree.C. The reaction of
      interaction of the components proceeds according to schemes I, II, III:
      ##SPC8##
PAR  The process for producing said N.sub.1 -(dihydroxyalkyl)-uracils is
      performed in the following manner.
PAR  A suspension of a N.sub.1 -(butyrolactone)-5-substituted uracil in water is
      gradually added, with stirring, to an aqueous or alcoholic solution of an
      alkali metal boron hydride such as sodium boron hydride at room
      temperature. 20-30 minutes after the addition of the total amount of the
      N.sub.1 -(butyrolactone)-uracil, its complete dissolution in the reaction
      mixture is observed.
PAR  The reaction mixture is allowed to stand for 2-3 hours, whereafter it is
      acidified with acetic acid to pH = 5 decompose the excess of said boron
      hydride, passed through a column filled with a cationite
      "Amberlite-IR-120", and eluted with water. The eluate is passed through a
      column with an anionite "Dowex-3", eluted with water and then with a 0.5N
      aqueous ammonia solution.
PAR  The aqueous eluate, after evaporation, gives N.sub.1
      -(dihydroxyalkyl)-5-substituted uracil derivatives. The ammoniacal liquor
      contains a by-product of the reaction, viz. an ammonium salt of a
      corresponding hydroxy-acid.
DETD
PAR  For better understanding of the present invention, the following Examples
      illustrating the production of N.sub.1 -(dihydroxyalkyl)-5-substituted
      uracil derivatives are given hereinbelow.
PAC  EXAMPLE 1: PRODUCTION OF N.sub.1 -(1,4-DIHYDROXYBUTYL-2)-URACIL
PAR  To a solution of 0.8 g (0.022 mol) of sodium boron hydride in 40 ml of
      water there is added, under stirring, a suspension of 3 g (0.015 mol) of
      N.sub.1 -(.alpha.-butyrolactone)uracil in 40 ml of water. The reaction
      mixture is stirred for 2-3 hours at room temperature. Then, the excess
      sodium boron hydride is decomposed with acetic acid, passed through a
      column with a cationite such as "Amberlite IR-120", and eluted with water.
      The eluate is passed through a column with "Dowex-3" anionite, eluted with
      water and then with a 0.5M ammonia solution. After evaporation, the
      aqueous eluate gives 1.7 g (57% of the theoretical amount) of N.sub.1
      -(1,4-dihydroxybutyl-2)uracil in the form of white crystals which are then
      recrystallized from ethanol. Melting point 108.degree.-110.degree.C.
PAR  UV-spectrum, pH = 2,.lambda..sub.max 266(.epsilon.9.630);  pH
      =12.lambda..sub.max 265(.epsilon.7.100);
PAR  IR-spectrum 1,060 cm.sup.-.sup.1 (.sup..fwdarw..sub.C-OH), 3,300-3,450
      cm.sup.-.sup.1 ; (.nu..sub.OH)  1,680, 1,720 cm.sup.-.sup.1 (.nu..sub.CO).
PAR  Analysis. Found, %: C, 48.25; H, 6.20; N, 14.12.   C.sub.8 H.sub.12 N.sub.2
      O.sub.4.  Calculated, %: C, 47.99; H, 6.04; N, 13.99.
PAC  EXAMPLE 2: PRODUCTION OF N.sub.1 -(1,4-DIHYDROXYBUTYL-2)-5-FLUOROURACIL
PAR  The reaction is conducted as described in Example 1. Using 3 g (0.014 mol)
      of N.sub.1 -(.alpha.-butyrolactone)-5-fluorouracil and 0.8 g (0.022 mol)
      of sodium boron hydride, there is obtained 1 g (33% of the theoretical
      amount) of N.sub.1 -(1,4-dihydroxybutyl-2)-5-fluorouracil in the form of a
      white crystalline substance. The desired product is recrystallized from
      ethanol. Melting point 181.degree.-182.degree.C.
PAR  UV-spectrum pH = 2.lambda..sub.max 276(.epsilon.8,540),  pH =
      12.lambda..sub.max 276(.epsilon.6,420)
PAR  IR-spectrum 1,670; 1,720 cm.sup.-.sup.1 (.nu..sub.CO), 3,200-3,400
      (.nu..sub.OH),  1,050 (.nu..sub.C-OH).
PAR  Analysis. Found, %: C, 44.49; H, 5.10; N, 12.93; F, 8.16. C.sub.8 H.sub.11
      N.sub.2 O.sub.4 F.  Calculated, %: C, 44.04; H, 5.08; N, 12.84; F, 8.70.
PAC  EXAMPLE 3: PRODUCTION OF N.sub.1 -(1,4-DIHYDROXYPENTYL-2)-5-METHYLURACIL
PAR  The reaction is conducted as described in Example 1. Using 3.3 g (0.015
      mol) of N.sub.1 -(.gamma.-methyl-.alpha.-butyrolactone)-5-methyluracil and
      0.8 g (0.022 mol) of sodium boron hydride, there is obtained 1.2 g (53% of
      the theoretical amount) of N.sub.1 -(1,4-dihydroxypentyl-2)-5-methyluracil
      which is then recrystallized from ethanol. Melting point
      166.degree.-168.degree.C.
PAR  UV-spectrum pH = 2.lambda..sub.max 273(.epsilon.9.200),  pH =
      12.lambda..sub.max 273(.epsilon.7,100).
PAR  IR-spectrum 1,680; 1,700 cm.sup.-.sup.1 (.nu..sub.CO); 3,230-3,420
      cm.sup.-.sup.1 (.nu..sub.OH); 1,050 cm.sup.-.sup.1 (.nu..sub.C-OH).
PAR  Analysis. Found, %: C, 52.05; H, 7.28; N, 12.42. C.sub.10 H.sub.16 N.sub.2
      O.sub.4.  Calculated, %: C, 52.19; H, 7.02; N, 12.28.
PAC  EXAMPLE 4: PRODUCTION OF N.sub.1
      -(2,5-DIHYDROXYPENTYL-1)-5-TRIFLUOROMETHYLURACIL
PAR  The reaction is conducted as described in Example 1. Using 4.2 g (0.015
      mol) of N.sub.1 -(butyrolactone-.gamma.-methylene)-5-trifluoromethyluracil
      and 0.8 g (0.022 mol) of sodium boron hydride, there is obtained 0.8 g
      (28% of the theoretical amount) of N.sub.1
      -(2,5-dihydroxypentyl-1)-5-trifluoromethyluracil. The product is
      recrystallized from ethanol. Melting point is 195.degree.-197.degree.C.
PAR  UV-spectrum pH = 2 .lambda..sub.max 262(.epsilon.9.940)  pH =
      12.lambda..sub.max 261(.epsilon.6.720);
PAR  IR-spectrum 1,680; 1,700 cm.sup.-.sup.1 (.nu..sub.CO); 3,200-3,400
      cm.sup.-.sup.1 (.nu..sub.OH), 1,050; 1,090 cm.sup.-.sup.1 (.nu..sub.C-OH).
PAR  Analysis. Found, %: C, 42.85; H, 4.60; N, 9.99; F, 19.73. C.sub.10 H.sub.13
      N.sub.2 O.sub.4 F.sub.3.  Calculated, %: C, 42.55; H, 4.64; N, 9.79; F,
      20.20.
CLMS
NUM  1.
PAR  1.  A process for producing N.sub.1 -(dihydroxyalkyl)-5-substituted uracils
      of the formula:
      ##SPC9##
PAL  where R.sub.1 is selected from the group consisting of hydrogen, methyl,
      trifluoromethyl and fluorine; R.sub.2 is selected from the group
      consisting of 1,4-dihydroxybutyl-2,1,4-dihydroxypentyl-2, and
      2,5-dihydroxypentyl-1, comprising reducing N.sub.1 -(butyrolactone)
      uracils of the formula:
      ##SPC10##
PAL  wherein R.sub.1 is selected from the group consisting of hydrogen, methyl,
      trifluoromethyl and fluorine; and A is selected from the group consisting
      of
      ##SPC11##
PAL  with an alkali metal boron hydride in an aqueous or aqua-alcoholic solution
      at a temperature ranging from 15.degree. to 50.degree.C.
NUM  2.
PAR  2. A process according to claim 1 wherein R.sub.1 is hydrogen and A is
      ##SPC12##
NUM  3.
PAR  3. A process according to claim 1 wherein R.sub.1 is fluorine and A is
      ##SPC13##
NUM  4.
PAR  4. A process according to claim 1 wherein R.sub.1 is methyl, and A is
      ##SPC14##
NUM  5.
PAR  5. A process according to claim 1 wherein R.sub.1 is trifluoromethyl and A
      is
      ##SPC15##
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PAL  adel Ayad Mikhail Chemical Abstracts Vol. 68, 12953 e, (1968).
LREP
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ABST
PAL  Twelve analogs of diethylcarbamazine as prepared by acylation of 3- and
      8-methyl-3,8-diazabicyclo[3.2.1]octane,
      2-methyl-2,5-diazabicyclo[2.2.2]octane, and 2-methyl-2,5-diazabicyclo
      [2.2.1]heptane with diethylcarbamyl chloride, ethyl chloroformate, ethyl
      isocyanate, and cyclohexanecarbonyl chloride. These compounds are formally
      derived from diethylcarbamazine in possessing two- or one-carbon bridges
      over the piperazine ring. The compounds have utility as antifilarial
      agents and as bronchodilators.
GOVT
PAC  ORIGIN OF INVENTION
PAR  The invention described herein was made in the course of work under a grant
      or award from the Department of Health, Education and Welfare.
PARN
PAR  This is a division of application Ser. No. 468,370 filed May 9, 1974, now
      U.S. Pat. No. 3,905,979.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates to the provision of twelve analogs of
      diethycarbamazine, said compounds having one or another of the structural
      formulae given below, where the roman numeral presents in connection with
      each "R" substituent group refers to the corresponding example in which
      the preparation of the indicated compound is described:
      ##SPC1##
PAL  Wherein R.sup.1 represents --CON(C.sub.2 H.sub.5).sub.2 (I), --COOC.sub.2
      H.sub.5 (II), --CONHC.sub.2 H.sub.5 (III), or
      ##SPC2##
PAL  R.sup.2 represents --CON(C.sub.2 H.sub.5).sub.2 (V), --COOC.sub.2 H.sub.5
      (VI), or --CONHC.sub.2 H.sub.5 (VII); R.sup.3 represents --CON(C.sub.2
      H.sub.5).sub.2 (VIII), --COOC.sub.2 H.sub.5 (IX), or --CONHC.sub.2 H.sub.5
      (X); and R.sup.4 represents --CON(C.sub.2 H.sub.5).sub.2 (XI) or
      --COOC.sub.2 H.sub.5 (XII).
PAR  Also included within the scope of the invention are pharmaceutically
      acceptable salts of these compounds, the salts being acid addition salts
      and water soluble.
PAR  The foregoing compounds can be designated as follows:
PAR  I. 3-Diethylcarbamyl-8-methyl-3,8-diazabicyclo[3.2.1]octane.
PAR  II. 3-Carbethoxy-8-methyl-3,8-diazabicyclo[3.2.1]octane.
PAR  III. 3-(N-Ethylcarbamyl)-8-methyl-3,8-diazabicyclo[3.2.1]octane.
PAR  IV. 3-Cyclohexanecarbonyl-8-methyl-3,8-diazabicyclo[3.2.1]octane.
PAR  V. 8-(N,N-Diethylcarbamyl)-3-methyl-3,8-diazabicyclo[ 3.2.1]octane.
PAR  VI. 8-Carbethoxy-3-methyl-3,8-diazabicyclo[3.2.1]octane.
PAR  VII. 8-(N-Ethylcarbamyl)-3-methyl-3,8-diazabicyclo[ 3.2.1]octane.
PAR  VIII. 2-(N,N-Diethylcarbamyl)-5-methyl-2,5-diazabicyclo[ 2.2.2]octane.
PAR  IX. 2-Carbethoxy-5-methyl-2,5-diazabicyclo[2.2.2]octane.
PAR  X. 2-(N-Ethylcarbamyl)-5-methyl-2,5-diazabicyclo[ 2.2.2]octane.
PAR  XI. 2-(N,N-Diethylcarbamyl)-5-methyl-2,5-diazabicyclo[ 2.2.1]heptane.
PAR  XII. 2-Carbethoxy-5-methyl-2,5-diazabicyclo[2.2.1]heptane.
PAR  A method for preparing each of the foregoing compounds is presented in the
      following examples:
PAC  EXAMPLE 1
PAC  3-Diethylcarbamyl-8-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  The captioned compound was prepared using the method and precursor
      compounds as follows:
PAR  Diethyl cis-1-methylpyrrolidine-2,5-dicarboxylate
PAR  To liquid methylamine (3.5 g, 0.113 mole), collected in the chilled glass
      liner of a 500-ml stainless steel bomb, was added a solution of 12.0 g
      (0.0334 mole) diethyl meso-.alpha.,.alpha.'-dibromoadipate; prepared
      according to the procedure of P. C. Guha and D. K. Sankaran in "Organic
      Syntheses", Collective Volume III, p 623, 1955, published by Wiley, New
      York, N.Y.; in benzene (40 ml). The sealed bomb was then heated at
      90.degree.C overnight. After cooling, the bomb was opened, the white solid
      methylamine hydrobromide was collected and the filtrate evaporated in
      vacuo to a yellow oil. Fractionation through a Vigreux column yielded the
      product, 4.6 g (61%) boiling point 73.degree.-76.degree.C (0.2 mm).
PAR  An elemental analysis gave these results: Analysis -- calculated for
      C.sub.11 H.sub.19 NO.sub.4 (percent): C, 57.6; H, 8.35; N, 6.11. Found
      (percent): C, 57.0; H, 8.39; N, 6.29.
PAR  Ethyl cis-5-(N-benzylcarbamyl)-1-methylpyrrolidine-2-carboxylate
PAR  A solution of diethyl cis-1-methylpyrrolidine-2,5-dicarboxylate (10.95 g,
      0.0478 mole) and benzylamine (5.2 ml, 0.048 mole) in 30 ml xylene was
      refluxed 72 hours at 140.degree.C. After evaporation of the xylene in
      vacuo, the oily residue was fractionated on a Vigreux column. After an
      initial fraction of the starting compound (0.49 g), the product was
      collected: 7.11 g (boiling point 160.degree.C, 0.25 mm).
PAR  An elemental analysis gave these results: Analysis -- calculated for
      C.sub.16 H.sub.22 N.sub.2 O.sub.3 (percent): C, 66.2; H, 7.64; N, 9.65.
      Found (percent): C, 65.9; H, 7.43; N, 9.85.
PAR  3-Benzyl-8-methyl-3,8-diazabicyclo[3.2.1]octane-2,3-dione
PAR  Ethyl cis-5-(N-benzylcarbamyl)-1-methyl pyrrolidine-2-carboxylate (59.0 g,
      0.203 mole) in 622 ml 1N sodium hydroxide (in 75% aqueous ethanol) was
      stirred at room temperature for 30 minutes. The reaction was neutralized
      with dry hydrogen chloride to a phenolphthalein endpoint, and the white
      solid (sodium chloride) was collected by filtration. The filtrate was
      evaporated in vacuo, redissolved in absolute ethanol, and reevaporated to
      a foamy glass. This crude intermediate,
      cis-5-(N-benzylcarbamyl)-1-methyl-pyrrolidine-2-carboxylic acid, was
      heated in acetic anhydride (565 ml) at 110.degree.C for 2 hours. The
      cooled, dark amber reaction mixture was filtered to remove precipitated
      inorganic salts (22 g). The filtrate was evaporated in vacuo to leave a
      dark brown crystalline solid (52.7 g). Recrystallization from
      chloroform-diethyl ether gave 38 g of brown solid, melting point
      92.degree.-95.degree.C. Filtration of this in chloroform solution through
      400 g of alumina afforded, after removal of solvent, 32.8 g (66%) of
      colorless product, melting point 98.degree.-102.degree. C, which was
      suitable for subsequent reactions. An earlier reaction provided the
      analytical sample, melting point 105.5.degree.-108.degree.C.
PAR  An elemental analysis gave these results: Analysis -- calculated for
      C.sub.14 H.sub.16 N.sub.2 O.sub.2 (percent): C, 68.8; H, 6.60; N, 11.5.
      Found (percent): C, 69.0; H, 6.71; N, 11.4.
PAR  3-Benzyl-8-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  A solution of 3-benzyl-8-methyl-3,8-diazabicyclo[3.2.1]octane-2,4-dione
      (32.8 g, 0.135 mole) in dioxane (500 ml) was rapidly added dropwise to
      suspension of lithium aluminum hydride (20.5 g, 0.54 mole) in dioxane (500
      ml). The reaction was refluxed 18 hours, cooled, and worked up by slow and
      careful dropwise addition of water with stirring until the grey suspension
      turned white. The mixture was filtered, the inorganic salts washed with
      dioxane and the combined filtrate and washing evaporated in vacuo to leave
      a pale yellow oil (24.9 g). Chromatography on 370 g of alumina in
      chloroform provided 17.7 g of pure oily free base. Treatment of the free
      base dissolved in diethyl ether with three equivalents of anhydrous
      ethanolic hydrogen chloride gave 19.1 g (41%) of the dihydrochloride salt
      which analyzed as the monohydrate after drying in vacuo (0.2 mm) at
      100.degree.C for 18 hours. It melted at approximately 110.degree.C,
      resolidified and remelted at 210.degree.-219.degree. C.
PAR  An elemental analysis gave these results: Analysis -- calculated for
      C.sub.14 H.sub.20 N.sub.2.sup.. 2HCl.sup.. H.sub.2 O (percent): C, 54.7;
      H, 7.87; N, 9.12. Found (percent): C, 54.6, H, 7.84; N, 9.05.
PAR  8-Methyl-3,8-diazabicyclo[3.2.1]octane
PAR  A mixture of 3-benzyl-8-methyl-3,8-diazabicyclo[3.2.1]octane
      dihydrochloride monohydrate (18.1 g, 0.059 mole) in absolute ethanol (200
      ml) and 10% palladium on charcoal (3.0 g) was hydrogenated for 2 hours at
      atmospheric pressure. Sufficient water was added to dissolve the insoluble
      hydrochloride salt that had formed, and the reaction was filtered. The
      filtrate was evaporated in vacuo, the residue was triturated in hot
      absolute ethanol, and the mixture was filtered to yield 8.98 g of
      8-methyl-3,8-diazabicyclo[3.2.1]octane dihydrochloride, melting point
      315.degree.C (dec.). The mother liquor was treated with ethanolic dry
      hydrogen chloride to afford an additional 2.28 g. Yield: 12.26 g (96%).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.7 H.sub.14 N.sub.2.sup.. 2HCl (percent): C, 42.2; H, 8.10; N,
      14.1. Found (percent): C, 42.4; H, 7.98; N, 14.1.
PAR  3-(N,N-Diethylcarbamyl)-8-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  8-Methyl-3,8-diazabicyclo[3.2.1]octane dihydrochloride (2.5 g, 0.0126 mole)
      was stirred vigorously in a 2-phase system of 20 ml aqueous 10% sodium
      hydroxide and 50 ml chloroform for 1/2 hour at room temperature. Then at
      0.degree.C, 2.56 g (0.0189 mole) diethylcarbamyl chloride was added and
      the reaction was stirred 18 hours at room temperature. Hot water (50 ml)
      was added. The solution was extracted twice with chloroform and the
      extract dried with sodium sulfate. After evaporation, a solution of the
      oily free base in diethyl ether was treated with ethanolic hydrogen
      chloride to yield 2.92 g (89% yield) 3-(N,N-diethylcarbamyl)-8
      -methyl-3,8-diazabicyclo [3.2.1]octane monohydrochloride, a white solid
      melting at 202.degree.-205.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.12 H.sub.23 N.sub.3 O.sup.. HCl (percent): c, 55.1; H, 9.24; N,
      16.1. Found (percent): C, 55.3; H, 9.37; N, 16.1.
PAC  EXAMPLE 2
PAC  3-Carbethoxy-8-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  The captioned compound was prepared as follows:
PAR  8-Methyl-3,8-diazabicyclo[3.2.1]octane dihydrochloride (2.5 g, 0.0126
      mole), prepared as described in Example 1, was reacted with 1.51 ml
      (0.0189 mole) ethyl chloroformate according to the procedure described
      above for 3-(N,N-diethylcarbamyl)-8-methyl-3,8-diazabicyclo[3.2.1]octane
      in Example 1. A white monohydrochloride, melting point
      200.degree.-205.degree.C, was obtained in 73% yield: 2.16 g.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.10 H.sub.18 N.sub.2 O.sub.2.sup.. HCl (percent): C, 51.2; H,
      8.16; N, 11.9. Found (percent): C, 51.2; H, 8.03; N, 11.9.
PAC  EXAMPLE 3
PAR  3-(N-Ethylcarbamyl)-8-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  The captioned compound was prepared as follows:
PAR  8-Methyl-3,8-diazabicyclo[3.2.1]octane dihydrochloride (2.5 g, 0.0126
      mole), prepared as described in Example 1,  was reacted with 2.0 ml
      (0.0253 mole) ethyl isocyanate according to the procedure described above
      for 3-(N,N-diethylcarbamyl)-8-methyl-3,8-diazabicyclo[3.2.1]octane in
      Example 1. A white monohydrochloride, melting point
      246.degree.-250.degree.C (dec.) was obtained in 79% yield: 2.33 g.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.10 H.sub.19 N.sub.3 O.sup.. HCl (percent): C, 51.4; H, 8.62; N,
      18.0. Found (percent): C, 51.5; H, 8.59; N, 18.0.
PAC  EXAMPLE 4
PAR  3-Cyclohexanecarbonyl-8-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  The captioned compound was prepared as follows:
PAR  Cyclohexane carboxylic acid (1.29 g, 0.010 mole) and 1.2 g (0.010 mole)
      thionyl chloride were heated in a dry atmosphere at 90.degree.C for 1
      hour. To this cyclohexane carboxylic acid chloride, at 0.degree.C, was
      added a mixture of 2.0 g (0.010 mole)
      8-methyl-3,8-diazabicyclo[3.2.1]octane dihydrochloride (prepared as
      described in Example 1), 1.6 g sodium hydroxide dissolved in 16 ml water,
      and 16 ml chloroform which had been stirred vigouously at room temperature
      and then chilled to 0.degree.C. The reaction was stirred at 0.degree.C for
      1 hour. The crude product was isolated as a yellow oil by extraction of
      the aqueous phase with chloroform. Purification by chromatography on
      alumina followed by treatment with ethanolic hydrogen chloride yielded
      1.58 g (58% yield) of the desired product as a white monohydrochloride,
      melting point 263.degree.-268.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.14 H.sub.24 N.sub.2 O.sup.. HCl (percent): C, 61.6; H, 9.24; N,
      10.3. Found (percent): C, 61.8; H, 9.22; N, 10.4
PAC  EXAMPLE 5
PAC  8-(N,N-Diethylcarbamyl)-3-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  The captioned compound was prepared as follows:
PAR  Cis-N-benzylpyrrolidine-2,5-dicarboxylic acid
PAR  The first step in the preparation of this compound was to prepare diethyl
      cis-N-benzylpyrrolidine-2,5-dicarboxylate from diethyl meso-.alpha.,
      .alpha.'-dibromoadipate (see Example 1) as described by G. Cignarella and
      G. Nathansohn in J. Org. Chem., 26, p 1500, 1961. Diethyl
      cis-N-benzylpyrrolidine-2,5-dicarboxylate (103.5 g, 0.340 mole) was then
      heated in 1 liter concentrated hydrochloric acid at 100.degree.C for 2
      hours. Upon cooling, a crystalline solid precipitated. It was isolated by
      filtration, triturated with acetone-diethyl ether, and recrystallized from
      ethanol-water to give 41.3 g (49%) of partially hydrated product, melting
      point 254.degree.-258.degree.C. An infrared spectrum analysis gave
      .lambda..sub.max..sup.Nujol = 2.95 .mu. (O--H).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.13 H.sub.15 NO.sub.4.sup.. 0.33 H.sub.2 O (percent): C, 61.3; H,
      6.18;  N, 5.49. Found (percent): C, 61.6; H, 6.30; N, 5.56.
PAR  The anhydrous product failed to produce the subsequent cyclic anhydride
      when submitted to the same conditions as the hydrated form.
PAR  Cis-5-(N-methylcarbamyl)-1-benzylpyrrolidine-2-carboxylic acid
PAR  Cis-N-benzylpyrrolidine-2,5-dicarboxylic acid (41.3 g, 0.166 mole) and
      acetic anhydride (206.5 ml) were heated carefully together to
      100.degree.C; the solid gradually dissolved, and the mixture assumed a
      dark brown color. In typical experiments, solution was complete in 10-30
      minutes, depending on the state of subdivision of the starting material.
      Heating time was minimized. Just before the last solid dissolved, the
      excess acetic anhydride was removed in vacuo, and the brown oily residue
      of crude cis-N-benzylpyrrolidine-2,5-dicarboxylic acid anhydride was taken
      up in 400 ml benzene. Anhydrous methylamine (0.33 mole as 9.9% solution in
      benzene) was added in two portions, and the mixture was heated on the
      steam bath for 45 minutes. After cooling, the crude
      cis-5-(N-methylcarbamyl)-1-benzylpyrrolidine-2-carboxylic acid (35.8 g)
      was collected by filtration, washed with benzene and recrystallized from
      ethanol. Yield: 31.4 g (72%), melting point 190.degree.-192.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.14 H.sub.18 N.sub.2 O.sub.3 (percent): C, 64.1; H, 6.92; N,
      10.7. Found (percent): C, 64.0; H, 6.91; N, 10.4.
PAR  8-Benzyl-3-methyl-3,8-diazabicyclo[3.2.1]octane-2,4-dione
PAR  Cis-5-(N-methylcarbamyl)-1-benzylpyrrolidine-2-carboxylic acid (32.3 g,
      0.123 mole) and acetic anhydride (160 ml) were heated together at
      100.degree.C for 45 minutes after all of the solid had dissolved. Removal
      of solvent in vacuo left a red-brown oil that was dissolved in a minimum
      amount of benzene. After removal of 2.0 g of unreacted
      cis-5-(N-methylcarbamyl)-1-benzylpyrrolidine-2-carboxylic acid by
      filtration, the solution of desired product was chromatographed on 900 g
      alumina with benzene elution to give 13.2 g (44%) of pure, oily
      8-benzyl-3-methyl-3,8-diazabicyclo[3.2.1]octane-2,4-dione. Treatment of a
      sample with excess ethanolic hydrogen chloride in diethyl ether solution
      produced a hydrochloride salt, melting point 140.degree.-170.degree.C. A
      sample of the free base, melting point 73.degree.-75.degree.C, was
      subsequently obtained by slow crystallization from benzene.
PAR  An elemental analysis of the hydrochloride salt gave the following results:
      Analysis -- Calculated for C.sub.14 H.sub.16 N.sub.2 O.sub.2.sup.. HCl
      (percent): C, 59.9, H, 6.10, N, 9.98. Found (percent): C, 59.7; H, 6.17;
      N, 9.82.
PAR  8-Benzyl-3-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  Reduction of 9.6 g (0.039 mole) of 8-benzyl-3-methyl-3,8-diazabicyclo
      [3.2.1]octane-2,4-dione with lithium aluminum hydride in tetrahydrofuran
      by the procedure used for the preparation of
      3-benzyl-8-methyl-3,8-diazabicyclo[3.2.1]octane, as described in Example
      1, gave 8.3 g of crude desired product. Chromatography on 124 g alumina
      with chloroform elution gave 6.9 g (81%) of pure, oil
      8-benzyl-3-methyl-3,8-diazabicyclo[3.2.1]octane. The hydrochloride salt,
      formed in diethyl ether by addition of three equivalents of ethanolic
      hydrogen chloride, melted at 263.5.degree.-272.degree.C (dec.) with
      sublimation above 180.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.14 H.sub.20 N.sub.2.sup.. 2HCl (percent): C, 58.1; H, 7.66; N,
      9.68. Found (percent): C, 58.0; H, 7.72; N, 9.74.
PAR  The free base 8-benzyl-3-methyl-3,8-diazabicyclo[3.2.1]octane is a known
      compound having been prepared by G. Cignarella and G. Nathansohn as
      related in J. Org. Chem., 26, p 1500, 1961.
PAR  3-Methyl-3,8-diazabicyclo[3.2.1]octane
PAR  A solution of 8.2 g (0.038 mole) 8-benzyl-3-methyl-3,8-diazabicyclo
      [3.2.1]octane in 80 ml absolute ethanol containing 0.11 mole dry hydrogen
      chloride was hydrogenated in the presence of 1.5 g 10% palladium on
      charcoal at ambient temperature and pressure for 20 hours. The
      precipitated hydrochloride salt of the desired product was dissolved by
      addition of a little water, and, after filtration, the solvent was removed
      carefully in vacuo. The crystalline residue (6.9 g) was triturated with
      ethanol-diethyl ether containing dry hydrogen chloride to insure complete
      formation of the somewhat unstable dihydrochloride salt. Filtration gave
      6.0 g (79%) of pure product, melting point 272.degree.-280.degree.C (dec.)
      with sublimation above 200.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.7 H.sub.14 N.sub.2.sup.. 2HCl (percent): C, 42.2; H, 8.10; N,
      14.1. Found (percent): C, 42.1; H, 8.29, N, 13.8.
PAR  The free base 3-methyl-3,8-diazabicyclo[3.2.1]octane is a known compound
      having been prepared by G. Cignarella and G. Nathansohn as related in J.
      Org. Chem., 26, p 1500, 1961.
PAR  8-(N,N-Diethylcarbamyl)-3-methyl-3,8-diazabicyclo]3.2.1]octane
PAR  A solution of 1.17 g (0.0093 mole) of 3-methyl-3,8 diazabicyclo
      [3.2.1]octane (free base) in 15 ml tertiary butanol was treated with 1.94
      ml (0.014 mole) triethylamine and 1.9 g (0.014 mole) diethylcarbamyl
      chloride. The mixture was stirred at ambient temperature for 4 hours. Hot
      water (30 ml) was added and stirring was continued for 30 minutes;
      extraction with chloroform following by drying of the combined extracts
      with sodium sulfate and thorough removal of volatiles in vacuo gave 1.86 g
      of crude product. This was dissolved in diethyl ether and treated with one
      equivalent of maleic acid dissolved in minimum absolute ethanol. The
      colorless precipitate of
      8-(N,N-Diethylcarbamyl)-3-methyl-3,8-diazabicyclo[3.2.1]octane maleate
      (2.58 g, 82%) was collected by filtration.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.12 H.sub.23 N.sub.3 O.sup.. C.sub.4 H.sub.4 O.sub.4 (percent):
      C, 56.3; H, 7.97; N, 12.3. Found (percent): C, 56.4; H, 8.04; N, 12.4.
PAC  EXAMPLE 6
PAR  8-Carbethoxy-3-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  The captioned compound was prepared as follows:
PAR  A two phase mixture of 3.0 g (0.0151 mole)
      3-methyl-3,8-diazabicyclo[3.2.1]octane dihydrochloride, prepared as
      described in Example 5, in 50 ml CHCl.sub.3 and 25 ml of 10% aqueous
      sodium hydroxide was stirred vigorously for 1/2 hour at room temperature.
      Then, at 0.degree.C, 1.8 ml (0.0227 mole) ethyl chloroformate was added.
      The reaction was stirred at room temperature for 18 hours. The two phases
      were separated; the aqueous phase was extracted with chloroform and the
      combined extracts were washed with water followed by evaporation to
      dryness. An hydrochloride salt was made by treating a solution of the pale
      yellow oil in diethyl ether with ethanolic hydrogen chloride and filtering
      to collect 3.22 g (91% yield) white solid with melting point
      209.degree.-210.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.10 H.sub.18 N.sub.2 O.sub.2.sup.. HCl (percent): C, 51.2; H,
      8.16; N, 11.9. Found (percent): C, 51.3; H, 8.28; N, 12.0.
PAC  EXAMPLE 7
PAC  8-(N-Ethylcarbamyl)-3-methyl-3,8-diazabicyclo[3.2.1]octane
PAR  The captioned compound was prepared as follows:
      3-Methyl-3,8-diazabicyclo[3.2.1]octane dihydrochloride (3.0 g, 0.0151
      mole), prepared as described in Example 5, was reacted with 1.21 ml
      (0.0151 mole) ethyl isocyanate in a procedure as described for
      8-carbethoxy-3-methyl-3,8-diazabicyclo[3.2.1]octane in Example 6. The
      crude desired product, as the free base, was purified by chromatography on
      alumina with chloroform elution. An hydrochloride salt was made by
      treatment of a solution of the free base in diethyl ether with ethanolic
      hydrogen chloride and filtering to collect 1.0 g (28% yield) white solid
      exhibiting a dual melting point of 100.degree.-140.degree.C and
      191.degree.-202.degree.C until dried 2 hours at 126.degree.C in vacuo
      after which the desired product hydrochloride salt melted at
      205.degree.-215.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.10 H.sub.19 N.sub.3 O.sup.. HCl (percent): C, 51,4; H, 8.64; N,
      18.0. Found (percent): C, 51.2; H, 8.90; N, 18.0.
PAC  EXAMPLE 8
PAR  2-(N,N-Diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.2]octane
PAR  The captioned compound was prepared as follows:
PAR  Diethyl 2,5-diphthalimidoadipate
PAR  Diethyl 2,5-diphthalimidoadipate was prepared according to a modification
      of the procedure used by Merck and Co. for the preparation of
      dimethyl-2,5-diphthalimidoadipate as described in their Netherlands Patent
      Application 6400946, 1964; Chem. Abstr., 62, 7761d, 1965.
PAR  To a cold (0.degree.C) solution of phthalmide (9.7 g, 0.0666 mole) dried at
      85.degree.C for 2 hours in dry dimethylformamide (40 ml) was added 2.85 g
      of 56.4% sodium hydride in mineral oil followed by a solution of 10.0 g
      (0.028 mole) diethyl meso-.alpha.,.alpha.'-dibromoadipate; prepared as
      described by P. C. Guha and D. K. Sankaran in "Organic Syntheses",
      Collective Volume III, p 623, 1955, published by Wiley, New York, N.Y.; in
      70 ml dry dimethylformamide. The reaction was heated at 80.degree.C for 1
      hour, cooled, and filtered to remove a small amount of white solid.
      Mineral oil was removed by pentane extraction, and the dimethylformamide
      was removed in vacuo. The residue was taken up in chloroform and extracted
      successively with water, 0.1N sodium hydroxide, and water. Removal of
      solvent in vacuo left an oil that crystallized on cooling. Trituration
      with diethyl ether left 4.5 g (33%) of product, melting point
      133.degree.-136.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.26 H.sub.24 N.sub.2 O.sub.8 (percent): C, 63.4; H, 4.91; N,
      5.69. Found (percent): C, 63.4; H, 4.75; N, 5.95.
PAR  Dimethyl 2,5-diaminoadipate
PAR  Diethyl 2,5-diphthalimidoadipate was converted to 2,5-diaminoadipic acid
      according to the procedure described in the Merck and Co. Netherlands
      Patent Application 6400946, 1964; Chem. Abstrs., 62, 7761d, 1965, in which
      dimethyl 2,5-diphthalimidoadipate was used as the starting material.
PAR  2,5-Diaminoadipic acid was then converted to dimethyl 2,5-diaminoadipate as
      described in the Merck patent which had recorded a melting point of
      201.degree.-203.degree.C for the hydrochloride salt, as opposed to a
      melting point of 230.degree.-240.degree.C (dec.) recorded by the authors
      of this patent. An elemental analysis gave the following results: Analysis
      -- calculated for C.sub.8 H.sub.16 N.sub.2 O.sub.4.sup.. 2HCl (percent):
      C, 34.7; H, 6.55; N, 10.11. Found (percent): C, 34.2; H, 6.52; N, 9.86.
PAR  2,5-Diazabicyclo[2.2.2]octane-3,6-dione
PAR  The procedure used in the preparation of 2,5
      diazabicyclo[2.2.2]octane-3,6-dione was a modification of the method
      utilized by Merck and Co. in their Netherlands Patent Application 6400946,
      1964; Chem. Abstr., 62, 7761 d, 1965. Dimethyl 2,5-diaminoadipate
      dihydrochloride (60.0 g, 0.217 mole) was combined with sodium methoxide
      (25.8 g, 0.478 mole) in 6 liters n-butanol and refluxed 5 days at which
      time the infrared spectrum of an evaporated aliquot indicated completion.
      The bulk of the n-butanol was removed by distillation and the remainder by
      evaporation in vacuo. The still wet tan solid was triturated in hot
      ethanol and chilled, and the mixture was centrifuged. The solid (49.0 g),
      a mixture of sodium chloride and desired product, was sublimed at
      210.degree.-220.degree.C and 0.3 mm; the collected material was then
      triturated in hot chloroform, cooled, and filtered to yield 17.0 g
      2,5-diazabicyclo[2.2.2]octane-3,6-dione, melting point
      275.degree.-277.degree.C. The supernatant was evaporated in vacuo and
      dissolved in chloroform, and, after several days, an additional 1.3 g of
      product was collected for an overall yield of 18.3 g (58%).
PAR  The Merck patent had recorded a melting point of 272.degree.-273.degree.C.
PAR  2,5-Dibenzyl-2,5-diazabicyclo[2.2.2]octane-3,6-dione
PAR  A hot solution of 36.6 g (0.262 mole) of
      2,5-diazabicyclo[2.2.2]octane-3,6-dione in 800 ml dry dimethylformamide
      was added rapidly from a dropping funnel to 12.5 g (0.52 mole) of oil-free
      sodium hydride. After stirring for 1 hour, the mixture was chilled and
      treated with 67.5 ml (0.59 mole) benzyl chloride during a period of a few
      minutes. After stirring at room temperature for 18 hours, 1 liter of water
      was added cautiously, and the mixture was extracted with chloroform. The
      extracts were washed with water, dried with sodium sulfate, and evaporated
      to dryness to yield a crystalline residue. Trituration in diethyl ether
      provided 77.0 g (91%) of product as colorless needles, melting point
      168.degree.-170.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.20 H.sub.20 N.sub.2 O.sub.2 (percent): C, 75.0; H, 6.29; N,
      8.74. Found (percent): C, 74.8; H, 6.37; N, 8.61.
PAR  2,5-Dibenzyl-2,5-diazabicyclo[2.2.2]octane
PAR  Reduction of 6.1 g (0.019 mole) of
      2,5-dibenzyl-2,5-diazabicyclo[2.2.2]octane-3,6-dione by the procedure
      employed to prepare 8-benzyl-3-methyl-3,8-diazabicyclo[3.2.1]octane as
      related under Example 5 gave 4.9 g (88%) of
      2,5-dibenzyl-2,5-diazabicyclo[2.2.2]octane as a colorless oil.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.20 H.sub.24 N.sub.2 (percent): C, 82.2; H, 8.27; N, 9.58. Found
      (percent): C, 82.4; H, 8.53; N, 9.64.
PAR  2,5-Diazabicyclo[2.2.2]octane
PAR  Catalytic debenzylation of 2,5-dibenzyl-2,5-diazabicyclo[2.2.2]octane (8.00
      g, 0.0274  mole) under conditions used to prepare
      3-methyl-3,8-diazabicyclo[3.2.1]octane as related in Example 5, produced
      4.15 g (82%) of pure 2,5-diazabicyclo[2.2.2]octane dihydrochloride after
      trituration of the crude with anhydrous methanol. It decomposed slowly
      from 300.degree.C, without melting, to 360.degree.C. Merck and Co.
      Netherlands Patent Application 6400946, 1964; Chem. Abstr., 62, 7761d,
      1965, had prepared this compound by another synthetic route and had
      recorded a melting point of 335.degree.C. (dec.).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.6 H.sub.12 N.sub.2.sup.. 2HCl (percent): C, 38.9; H, 7.62; N,
      15.1. Found (percent): C, 38.7; H, 7.47; H, 14.9.
PAR  2-Benzoyl-2,5-diazabicyclo[2.2.2]octane
PAR  This compound was prepared as described by Merck and Co. in their
      Netherlands Patent Application 6400946, 1964; Chem. Abstr., 62, 7761 d,
      1965. Optimum recovery of the desired product required a highly baxic
      medium and repeated chloroform extraction. Final purification was achieved
      by chromatography on alumina with chloroform elution. A melting point of
      119.degree.-121.degree.C was recorded in contrast to a melting point of
      109.degree.-111.degree.C recorded by the Merck patent.
PAR  An elemental analysis on the hydrochloride salt of
      2-benzoyl-2,5-diazabicyclo[2.2.2]octane gave the following results:
PAR  Analysis -- calculated for C.sub.13 H.sub.16 N.sub.2 O.sup.. HCl (percent):
      C, 61.8; H, 6.78; N, 11.1. Found (percent): C, 61.5; H, 6.92, N, 10.9.
PAR  2-Benzoyl-5-methyl-2,5-diazabicyclo[2.2.2]octane
PAR  To 7.4 ml of 88% formic acid (0.17 mole) was added 14.6 g (0.0675 mole) of
      2-benzoyl-2,5-diazabicyclo[2.2.2]octane with stirring at 0.degree.C. A 36%
      aqueous solution of formaldehyde (6.0 ml, 0.078 mole) was added, and,
      after visible gas evolution had ceased, the mixture was heated at
      80.degree.C until renewed gas evolution has stopped (1 hour). After 3
      hours at 90.degree.-100.degree.C, volatiles were removed in vacuo. The
      residue was dissolved in water, made alkaline with 20% aqueous sodium
      hydroxide, and extracted with chloroform. After drying with sodium
      sulfate, the extracts yielded 15.6 g (100%) of colorless oily 2-benzoyl-
      5-methyl-2,5-diazabicyclo[2.2.2]octane that was homogeneous by thin layer
      chromatography. It was characterized as the oxalate salt, melting point
      167.degree.-169.degree. (dec.).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.14 H.sub.18 N.sub.2 O.sup.. H.sub.2 C.sub.2 O.sub.4 (percent):
      C, 60.0; H, 6.29; N, 8.74. Found (percent): C, 59.8; H, 6.26; N, 8.87.
PAR  2-Methyl-2,5-diazabicyclo[2.2.2]octane
PAR  A solution of 2-benzoyl-5-methyl-2,5-diazabicyclo[2.2.2]octane (17.2 g,
      0.074 mole) in concentrated hydrochloric acid (172 ml) was refluxed 48
      hours. The solution was evaporated to dryness in vacuo and the residue
      triturated with diethyl ether. The supernatant, after centrifugation, was
      decanted, and the procedure was repeated using absolute ethanol. The
      hygroscopic residue of 2-methyl-2,5-diazabicyclo[2.2.2]octane .sup.. 2HCl
      (12.1 g, 81.5%) was dried in vacuo. It slowly decomposed above
      300.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.7 H.sub.14 N.sub.2.sup.. 2HCl (percent): C, 42.2; H, 8.10, N,
      14.1. Found (percent): C, 42.0; H, 8.21; N, 13.8.
PAR  2-(N,N-Diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.2]octane
PAR  A mixture of 2.5 g (0.0126 mole) 2-methyl-2,5-diazabicyclo[2.2.2]octane
      dihydrochloride, 20 ml of 10% aqueous sodium hydroxide and 50 ml
      chloroform were stirred vigorously for 1/2 hour at room temperature. Then,
      at 0.degree.C, 2.56 g (0.189 mole) diethylcarbamyl chloride was added and
      the reaction was stirred at room temperature for 18 hours. Thereafter, the
      two phases were separated and the aqueous phase was extracted with
      chloroform. The combined extracts were dried over sodium sulfate and
      evaporated to dryness to yield 2.9 g (100%) yellow oil. This crude free
      base failed to yield either crystalline hydrochloride or maleic acid
      salts. It was therefore chromatographed on acid-washed alumina with first
      diethyl ether elution and then chloroform elution. The recovered free base
      in diethyl ether solution when treated with 2 equivalents of ethanolic
      hydrogen chloride yielded 2.24 g (60%)
      2-(N,N-diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.2]octane
      dihydrochloride, melting point 144.degree.-157.degree.C. This salt was
      moderatly hygroscopic and slowly lost hydrogen chloride.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.12 H.sub.23 N.sub.3 O.sup.. 2HCl (percent): C, 48.3; H, 8.45; N,
      14.1. Found (percent): C, 48.1; H, 8.65; N, 14.2.
PAC  EXAMPLE 9
PAC  2-Carbethoxy-5-methyl-2,5-diazabicyclo[2.2.2]octane
PAR  The captioned compound was prepared as follows:
PAR  2-Methyl-2,5-diazabicyclo[2.2.2]octane dihydrochloride, prepared as
      described in Example 8, (2.5 g, 0.0126 mole) was reacted with 1.5 ml
      (0.016 mole) ethyl chloroformate according to the procedure described for
      2-(N,N-diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.2]octane
      dihydrochloride in Example 8. Filtration of the crude free base as a
      solution in chloroform through a pad a acid-washed alumina gave a material
      which formed 1.7 g of a crystalline hydrochloride salt when treated with
      ethanolic hydrogen chloride. The salt was moderatly hygroscopic and melted
      at 149.degree.-155.degree.C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.10 H.sub.18 N.sub.2 O.sub.2.sup.. HCl (percent): C, 51.2; H,
      8.16; N, 11.9. Found (percent): C, 51.3; H, 8.36; N, 11.9.
PAC  EXAMPLE 10
PAC  2-(N-Ethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.2]octane
PAR  The captioned compound was prepared as follows:
PAR  2-Methyl-2,5-diazabicyclo[2.2.2]octane dihydrochloride prepared as
      described in Example 8 (2.5 g, 0.0126 mole) was reacted with 1.5 ml
      (0.0189 mole) ethyl isocyanate according to the procedure described for
      2-(N,N-diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.2]octane
      dihydrochloride in Example 8. The crude oily product (1.65 g -- 65%) in
      diethyl ether solution was treated with ethanolic hydrogen chloride to
      afford 1.55 g (52%) of a crystalline white hydrochloride salt, melting
      point 220.degree.-228.degree.C (dec.).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.10 H.sub.19 N.sub.3 O.sup.. HCl (percent): C, 51.39; H, 8.62; N,
      17.98. Found (percent): C, 51.62; H, 8.83; N, 18.09.
PAC  EXAMPLE 11
PAR  2-(N,N-Diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.2]heptane
PAR  The captioned compound was prepared as follows:
PAR  N-tosylhydroxy-L-prolinol
PAR  A solution of 182.6 g (0.642 mole) N-tosylhydroxy-L-proline, made according
      to the procedure of P. S. Portoghese and A. A. Mikhail as reported in J.
      Org. Chem., 31, p 1059, 1966, in 800 ml dry THF was added over a 3 hour
      period to 1300 ml of 0.5 m diborane in tetrahydrofuran with stirring at
      0.degree.C. The reaction mixture solidified into a white opaque gel. This
      was broken up by hand, 800 ml of tetrahydrofuran was added, and the
      mixture was refluxed 2.5 hours with mechanical stirring. During this time,
      most of the solid redissolved. After 18 hours at ambient temperature, the
      reaction mixture was chilled, and 6N hydrochloric acid was carefully added
      until gas evolution ceased. One liter of water was added, and the
      homogeneous solution was diluted with chloroform until two phases formed.
      The aqueous phase was separated and extracted with additional chloroform.
      The combined organic phases were washed with water, dried with sodium
      sulfate, and evaporated in vacuo to leave a semi-solid residue (159.6 g)
      that gave 80.0 g (50.5%, melting point 130.degree.-132.degree. C), of
      N-tosylhydroxy-L-prolinol upon crystallization from ethyl acetate.
      Portoghese and Mikkail reported a melting point of 131.degree.-133.degree.
      C for the same compound made via the methyl ester of
      N-tosylhydroxy-L-lproline.
PAR  2-Benzyl-5-(N,N-diethylcarbamyl)-2,5-diazabicyclo[2.2.1]heptane
PAR  N-Tosylhydroxy-L-prolinol was converted to
      2-tosyl-5-benzyl-2,5-diazabicyclo[2.2.1]heptane which in turn was cyclized
      to N-benzyl-2,5-diazabicyclo[2.2.1]heptane dihydriodide all according to
      the procedures reported by P. S. Portoghese and A. A. Mikhail in J. Org.
      Chem., 31, p 1059, 1966. A two-phase mixture of 6.0 g (0.0135 mole)
      2-benzyl-2,5-diazabicyclo[2.2.1]heptane dihydroiodide, 27 ml 20% aqueous
      sodium hydroxide, and 50 ml chloroform was stirred 1 hour at 0.degree. C.
      Diethylcarbamyl chloride (2.75 g, 0.0202 mole) in 5 ml chloroform was
      added and the mixture stirred at 0.degree. C for 1 hour. After 68 hours at
      ambient temperature, 50 ml hot water was added, and 30 minutes later the
      organic phase was isolated. One chloroform extract of the aqueous phase
      was combined with the original organic phase, and the solution was dried
      with sodium sulfate. Evaporation to dryness in vacuo left 4.87 g of oily
      crude product that was chromatographed on alumina with chloroform elution.
      The purified product in 100 ml diethyl ether was converted to the salt by
      addition of dry 5.9M ethanolic hydrogen chloride. The tacky precipitate
      was triturated with diethyl ether-acetone to give pure
      2-benzyl-5-(N,N-diethyl-carbamyl)2,5-diazabicyclo[2.2.1]heptane
      hydrochloride (3.2 g, 80% yield, melting point 147.degree.-149.degree. C).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.17 H.sub.25 N.sub.3 O .sup.. HCl (percent): C, 63.0; H, 8.09; N,
      13.0. Found (percent): C, 63.0; H, 7.94; N, 13.0.
PAR  2-(N,N-Diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.1]heptane
PAR  2-Benzyl-5-(N,N-diethylcarbamyl)-2,5-diazabicyclo[2.2.1]heptane
      hydrochloride (3.2 g, 0.0099 mole) in 50 ml 95% ethanol was hydrogenated
      at ambient temperature and pressure in the presence of 0.5 g 10% palladium
      on charcoal. When the debenzylation was complete after 2 hours, the
      mixture was filtered, and volatiles were removed in vacuo. Diethyl ether
      was added to the residue followed by ethanolic 5.9M hydrogen chloride
      until further additions induced no more cloudiness. Chilling at 0.degree.
      C effected crystallization of the oily precipitate of
      2-(N,N-Diethylcarbamyl)-2,5-diazabicyclo[2.2.1]heptane hydrochloride. Upon
      isolation by filtration, this proved to be very hygroscopic, and the oily
      free base was regenerated by chloroform extraction of an alkaline solution
      of the salt. The free base (1.85 g) was mixed at 0.degree. C with 1.02 ml
      88% formic acid (0.024 mole) and 0.80 ml 33% aqueous formaldehyde (0.01
      mole) and heated 30 minutes on the steam bath until gas evolution ceased.
      After heating a further 18 hours at 90.degree. C, the reaction mixture was
      chilled, made basic with 20% sodium hydroxide and extracted with
      chloroform. Evaporation of the extract left 1.3 g (66%) of oily product
      that was homogeneous by thin layer chromatography on alumina with
      chloroform. The maleic acid salt was obtained from diethyl ether solution
      by addition of 0.605 g of maleic acid dissolved in a small volume of
      ethanol. The slightly hygroscopic salt was recrystallized from
      acetone-diethyl ether to afford 1.24 g (40%) of pure
      2-(N,N-Diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.1]heptane maleate,
      melting point 82.degree.-84.degree. C.
PAR  An elemental analysis gave the following analysis: Analysis -- calculated
      for C.sub.11 H.sub.21 N.sub.3 O.sup.. C.sub.4 H.sub.4 O.sub.4 (percent):
      C, 55.0; H, 7.70; N, 12.8. Found (percent): C, 55.0; H, 7.45; N, 12.6.
PAC  EXAMPLE 12
PAC  2-Carbethoxy-5-methyl-2,5-diazabicyclo[2.2.1]heptane
PAR  The captioned compound was prepared as follows:
PAR  2-Benzyl-5-carbethoxy-2,5-diazabicyclo[2.2.1]heptane
PAR  Using the procedure for preparation of
      2-benzyl-5-(N,N-diethylcarbamyl)-2,5-diazabicyclo[2.2.1]heptane
      hydrochloride as related in Example 11, 29.0 g of
      2-benzyl-2,5-diazabicyclo[2.2.1]heptane dihydroiodide, prepared according
      to the procedure given in Example 11, was treated with 1.5 equivalents of
      ethyl chloroformate to yield crude product. Dry column chromatography, a
      technique described by B. Loev and M. M. Goodman in Chem. Ind. (London), p
      2026, 1967, on 1700 g alumina using chloroform development provided 11.6 g
      (68%) of pure product, characterized as the maleate salt, melting point
      124.degree.-128.degree. C.
PAR  An element analysis gave the following results: Analysis -- calculated for
      C.sub.15 H.sub.20 N.sub.2 O.sub.2.sup.. C.sub.4 H.sub.4 O.sub.4 (percent):
      C, 60.6; H, 6.43; N, 7.44. Found (percent): C, 60.6; H, 6.57; N, 7.56.
PAR  2-Benzyl-5-methyl-2,5-diazabicyclo[2.2.1]heptane
PAR  A solution of 11.6 g (0.045 mole) of
      2-benzyl-5-carbethoxy-2,5-diazabicyclo[2.2.1]heptane in 400 ml dry
      tetrahydrofuran was added dropwise rapidly to a stirred suspension of 6.77
      g (0.178 mole) lithium aluminum hydride in 100 ml dry tetrahydrofuran at
      0.degree. C. The mixture was refluxed 18 hours, cooled, and cautiously
      treated with water to decompose excess lithium aluminum hydride. The
      mixture was filtered, and the solvents were removed in vacuo. The oily
      residue (6.5 g) was dissolved in diethyl ether, and the solution was
      filtered and treated with 11 ml of 5.9M ethanolic hydrogen chloride. The
      precipitate was collected and partitioned between diethyl ether and water;
      the aqueous phase was made basic with 40% aqueous sodium hydroxide and
      extracted with diethyl ether. The combined extracts were dried with sodium
      sulfate and evaporated to leave 4.78 g of oily product that was
      homogeneous by thin layer chromatography on alumina developed with
      chloroform. This was reconverted to the dihydrochloride salt (6.03 g,
      47.5% yield, melting point 80.degree.-200.degree. C dec.).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.13 H.sub.18 N.sub.2.sup.. 2HCl 0.5H.sub.2 O (percent): C, 54.9;
      H, 7.45; N, 9.86. Found (percent): C, 54.9; H, 7.42; N, 9.96.
PAR  2-Methyl-2,5-diazabicyclo[2.2.1]heptane
PAR  Catalytic hydrogenolysis of 6.03 g (0.0219 mole) of
      2-benzyl-5-methyl-2,5-diazabicyclo[2.2.1]heptane dihydrochloride
      hemihydrate in 95% ethanol using 0.90 g 10% palladium on charcoal at
      atmospheric pressure was complete in 0.5 hours. Filtration, followed by
      evaporation of the solvent and trituration of the residue with absolute
      ethanol, gave 2.0 g light yellow solid product, melting point 264.degree.
      C (dec.). Drying at 100.degree. C at 1 mm for 18 hours removed persistent
      water of hydration. An additional 1.3 g of
      2-methyl-2,5-diazabicyclo[2.2.1] was obtained by treating the ethanol
      supernatant with additional ethanolic hydrogen chloride. Total yield: 3.3
      g (81.5%).
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.6 H.sub.12 N.sub.2.sup.. 2HCl (percent): C, 38.9; H, 7.62; N,
      15.1. Found (percent): C, 38.7; H, 7.80; N, 15.1.
PAR  2-Carbethoxy-5-methyl-2,5-diazabicyclo[2.2.1]heptane
PAR  2-Methyl-2,5-diazabicyclo[2.2.1]heptane dihydrochloride (3.3 g, 0.0178
      mole) was stirred with 35 ml each of 10% aqueous sodium hydroxide and
      chloroform at 0.degree. C for 1/2 hour. Ethyl chloroformate (2.56 ml,
      0.0267 mole) was added and the reaction stirred at room temperature for
      11/2 hours. The 2 phases were separated and the aqueous layer was
      extracted once with chloroform. The combined chloroform extracts were
      washed with water, dried with sodium sulfate and evaporated to dryness to
      yield 3.34 g oil homogeneous on thin-layer chromatography on alumina
      developed with chloroform. A solution of the oil in absolute ehtanol was
      combined with an equivalent of maleic acid dissolved in ethanol and
      treated with diethyl ether to incipient turbidity. A moderately
      hygroscopic maleic acid salt was isolated in 75% yield with melting point
      78.degree.-82.degree. C.
PAR  An elemental analysis gave the following results: Analysis -- calculated
      for C.sub.9 H.sub.16 N.sub.2 O.sub.2.sup.. C.sub.4 H.sub.4 O.sub.4
      (percent): C, 52.0; H, 6.71; N, 9.33. Found (percent): C, 52.2; H, 6.75;
      N, 9.45.
PAR  When evaluated against Litomosoides carinii in the gerbil all the compounds
      hereof strongly suppressed blood microfilaremia levels but did not effect
      the adult worms. Several compounds were nearly equivalent to
      diethylcarbamazine in activity.
PAR  The compounds of the present invention also have utility as
      bronchodilators. This was determined by orally dosing guinea pigs with one
      or another of the compounds, and then placing the pigs in a closed chamber
      for exposure to an aerosol spray containing histamine diphosphate
      solution. Observations were made as to the time elapsing to prostration of
      the pigs in this environment. The periods so recorded were significantly
      longer than those observed for the control animals which received no
      dosage of the chemicals.
PAR  The compounds of the present invention have been described in the examples
      in the form of acid addition salts, such salts being water soluble and
      therefore of somewhat greater utility than the compounds would be without
      the inclusion of the acid component. In preparing the compounds as salts,
      any pharmaceutically acceptable acid material may be employed, e.g.,
      hydrochloride acid, sulfuric acid, citric acid, or acetic acid, for
      example. The pure compounds can be prepared in non-salt form by treating
      the salt with alkali in aqueous solution, the compound being extracted
      from the aqueous reaction system with a solvent such as diethyl ether or
      chloroform. The evaporation of the solvent then leaves the compound,
      usually in the form of an oil.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. A compound having the structure
      ##SPC3##
PAL  wherein R.sup.4 represents --CON(C.sub.2 H.sub.5).sub.2 or --COOC.sub.2
      H.sub.5 ; together with the acid addition salts of said compounds.
NUM  2.
PAR  2. The compound of claim 1 which is
      2-(N,N-diethylcarbamyl)-5-methyl-2,5-diazabicyclo[2.2.1]heptane; together
      with the acid addition salts of said compound.
NUM  3.
PAR  3. The compound of claim 1 which is
      2-carbethoxy-5-methyl-2,5-diazabicyclo[2.2.1]heptane; together with the
      acid addition salts of said compound.
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PAL  1-[3-(5,6,7,8-TETRAHYDRONAPHTH-1-YLOXY)-PROPYL]-PIPERAZINE DERIVATIVES OF
      THE FORMULA
      ##SPC1##
PAL  Wherein
PA1  A is hydrogen or hydroxyl;
PA1  X is hydrogen or halogen or alkyl, alkoxy, alkylthio, trifluoromethyl,
      hydroxyl, nitro, amino, acylamino (i.e., alkanoylamino) or
      alkylsulfonylamino; and
PA1  n is 0, 1 or 2;
PAL  And the pharmacologically compatible salts thereof; exhibit outstanding
      blood pressure depressing activity, i.e., possess antihypertensive
      properties.
BSUM
PAR  The present invention is concerned with
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-propyl]-piperazine compounds and
      with the therapeutic compositions containing them.
PAR  The 1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-propyl]-piperazine derivatives
      according to the present invention are compounds of the formula:
      ##SPC2##
PAL  Wherein
PA1  A is hydrogen or hydroxyl;
PA1  X is hydrogen or halogen or alkyl, alkoxy, alkylthio, trifluoromethyl,
      hydroxyl, nitro, amino, acylamino (i.e., alkanoylamino) or
      alkylsulfonylamino; and
PA1  n is 0, 1 or 2;
PAL  And the pharmacologically compatible salts thereof.
PAR  The new compounds according to the present invention possess an outstanding
      blood pressure-sinking action and thus have anti-hypertensive properties.
      Furthermore, in rats they inhibit the anaphylactoid reactions released by
      dextran.
PAR  The alkyl, alkoxy, alkylthio, acylamino and alkylsulfonylamino radicals in
      the new compounds of general formula (I) generally contain up to 6 carbon
      atoms and preferably contain up to 3 carbon atoms.
PAR  The new compounds according to the present invention can be prepared, for
      example, by one of the following methods:
PAR  A. REACTION OF A COMPOUND OF THE GENERAL FORMULA:
      ##EQU1##
      wherein A has the same meaning as above and Y and Z are reactive groups,
      which can be the same or different, with 5,6,7,8-tetrahydro-1-naphthol and
      a piperazine of the general formula:
      ##SPC3##
PAL  Wherein X and n have the same meanings as above, optionally with
      intermediate protection of the group A; or
PAR  B. WHEN A is a hydroxyl group, reaction of a compound of the general
      formula:
      ##SPC4##
PAL  Wherein R.sub.1 is a hydrogen atom and R.sub.2 is a halogen atom or R.sub.1
      and R.sub.2 together represent a valency bond, with a piperazine of
      general formula (III), whereafter, if desired, the residue X is
      subsequently converted into a different residue X and the compounds
      obtained are, if desired, converted into pharmacologically compatible
      salts.
PAR  In the case of method (a), all 3 components can, if desired, be reacted
      together simultaneously. Preferably, however, the reaction is carried out
      in two steps: first, 5,6,7,8-tetrahydro-1-naphthol is reacted with a
      compound (II) and the condensation product obtained is then condensed with
      the compound (III) or the compounds (II) and (III) are first condensed and
      the product obtained subsequently reacted with 5,6,7,8-
      tetrahydro-1-naphthol.
PAR  These condensation reactions are carried out in the presence of an
      acid-binding agent, for example of a tertiary amine, such as
      triethylamine, or of an alkali metal carbonate or bicarbonate, or there is
      used the sodium or potassium salt of 5,6,7,8-tetrahydro-1-naphthol, which
      can be obtained in known manner. As solvent, there can be used, for
      example, a lower ketone, for example methyl ethyl ketone, or a lower
      alcohol, for example isopropanol, or tetrahydrofuran. When A signifies a
      hydroxyl group, it is preferable temporarily to block this by a protective
      group which can easily be split off, for example an acyl radical or a
      benzyl, triphenyl-methyl or tetrahydropyranyl-( 2) radical. These
      protective groups can subsequently be again removed by acidic or alkaline
      hydrolysis or hydrogenolytically.
PAR  The reactive groups Y and Z in the compounds of general formula (II) are
      preferably acid residues, for example of hydrohalic or sulfonic acids.
PAR  The reaction according to method (b) can be carried out by mixing molar
      amounts of the reaction components and leaving the mixture to stand at
      ambient temperature; by briefly heating, optionally in a pressure vessel,
      the reaction can be accelerated and, if desired, a solvent, for example a
      lower alcohol, can be added thereto.
PAR  If desired, the residues X can, after the condensation according to method
      (a) or (b), be converted into a different residue X; for example, a nitro
      group can be reduced to an amino group or an amino group can be acylated.
PAR  For the preparation of salts, the compounds (I) according to the present
      invention are reacted with pharmacologically compatible organic or
      inorganic acids, for example with hydrochloric acid, sulfuric acid,
      phosphoric acid, lactic acid, citric acid or an alkyl-sulfonic acid.
DETD
PAR  The following Examples are given for the purpose of illustrating the
      preparation of compounds of the present invention:
PAC  EXAMPLE 1
PAC  Preparation of
      4-(4-Chlorophenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-pipe
     razine
PAR  53.2 g. (0.385 mole) powdered, dry potassium carbonate were added, with
      stirring, over the course of 3 hours to a boiling mixture of 51.8 g. (0.35
      mole) 5,6,7,8-tetrahydro-1-naphthol, 350 ml. anhydrous methyl ethyl ketone
      and 212.0 g. (1.05 mole) 1,3-dibromopropane. Subsequently, the reaction
      mixture was boiled under reflux for a further 6 hours, then filtered with
      suction and the filter cake washed with acetone. The combined organic
      filtrates were evaporated in a vacuum, the evaporation residue was taken
      up in chloroform and the chloroform solution was extracted several times
      with a dilute aqueous solution of sodium hydroxide, then washed neutral
      with water and dried. The chloroform was evaporated off and the residue,
      which was an oil of low viscosity, was distilled at oil pump vacuum.
      Between 125.degree. and 135.degree.C./0.05 mm.Hg., there were obtained
      33.1 g. of 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-3-bromopropane. The yield
      was 35% of theory, which corresponded to a yield of 77.5%, calculated from
      the amount of reacted tetrahydro-1-naphthol; n.sub.D.sup.20 = 1.5626.
PAR  A mixture of 8.9 g. (33 mMole)
      1-(5,6,7,8-tetrahydronaphth-1-yloxy)-3-bromopropane, 6.5 g. (33 mMole)
      1-(4-chlorophenyl)-piperazine, 4.20 g. (50 mMole) sodium bicarbonate and
      35 ml. anhydrous alcohol were heated under reflux for 18 hours and the
      reaction mixture then evaporated in a vacuum. The evaporation residue was
      stirred with 1N aqueous sodium hydroxide solution and the undissolved
      material was filtered off with suction, washed with water, dried and
      recrystallized from alcohol, with the addition of charcoal. There were
      obtained 7.1 g. (56% of theory) colorless
      4-(4-chlorophenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-pipe
     razine, which has a melting point of 97.degree.C. The dihydrochloride
      obtained herefrom in the usual manner melts, with decomposition, at
      200.degree.-203.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of
      4-(2-Chlorophenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-pipe
     razine
PAR  A mixture of 10.7 g. (40 mMole)
      1-(5,6,7,8-tetrahydronaphth-1-yloxy)-3-bromopropane (prepared in the
      manner described in Example 1), 7.9 g. (40 mMole)
      2-chlorophenyl-piperazine, 8.1 g. (80 mMole) anhydrous triethylamine and
      40 ml. anhydrous tetrahydrofuran was stirred at reflux temperature for 24
      hours. After cooling, the reaction mixture was filtered with suction, the
      precipitate was washed with tetrahydrofuran and the combined filtrates
      obtained were evaporated in a vacuum. The evaporation residue was taken up
      in chloroform, washed twice with 0.5N aqueous sodium hydroxide solution
      and twice with an aqueous solution of sodium chloride and then dried over
      anhydrous sodium sulfate. After evaporation in a vacuum, there was
      obtained a non-crystallizing oil which was dissolved in warm isopropanol.
      After filtering, hydrogen chloride-containing dioxan was added to the
      filtrate to precipitate out 13.4 g. (80% of theory)
      4-(2-chlorophenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1
      -yl]-piperazine hydrochloride, which has a melting point of
      228.degree.-230.degree.C.
PAR  The following compounds were obtained in an analogous manner:
PAR  4-(2-methylthiophenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-p
     iperazine from 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-3-bromopropane and
      1-(2-methylthiophenyl)-piperazine; yield 64% of theory; m.p. of the
      hydrochloride 224.degree.-225.degree.C. decomp.);
      4-(3-trifluoromethylphenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1
     -yl]-piperazine from 1-(5,6,7,8-tetrahydro-napth-1-yloxy)-3-bromopropane
      and 1-(3-trifluoromethylphenyl)-piperazine; yield 84% of theory; m.p. of
      the dihydrochloride: 182.degree.-183.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of
      4-(2-Methylphenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-pipe
     razine
PAR  40.4 g. (0.4 mole) triethylamine and 31.5 g. (0.2 mole)
      1-chloro-3-bromopropane were added to a solution of 35.3 g. (0.2 mole)
      1-(2-methylphenyl)-piperazine in 100 ml. anhydrous tetrahydrofuran and the
      reaction mixture then heated under reflux for 14 hours. After cooling, the
      reaction mixture was mixed with 10 ml. anhydrous ether, the crystals which
      separate out were filtered off with suction and the filtrate was
      evaporated in a vacuum. 46.2 g. of an oily substance remained behind which
      consisted of crude 4-(2-methylphenyl)-1-(3-chloropropyl)-piperazine; the
      corresponding hydrochloride decomposes between 185.degree. and
      210.degree.C.
PAR  A mixture of 8.15 g. (55 mMole) 5,6,7,8-tetrahydro-1-naphthol, 7.60 g. (55
      mMole) powdered dry potassium carbonate and 100 ml. anhydrous methyl ethyl
      ketone was heated under reflux for 2 hours and then cooled somewhat. 0.2
      g. potassium iodide were added thereto and a solution of 12.64 g. (50
      mMole) 4-(2-methylphenyl)-1-(3-chloropropyl)-piperazine in 50 ml.
      anhydrous methyl ethyl ketone then added dropwise, whereafter the reaction
      mixture was heated under reflux for a further 16 hours. After filtering
      with suction, the filter cake obtained was washed with acetone. The
      combined organic filtrates were evaporated in a vacuum, the oily
      evaporation residue was taken up in chloroform and the chloroform solution
      was extracted several times with a dilute aqueous solution of sodium
      hydroxide and then with distilled water. After drying and evaporating in a
      vacuum, there was obtained an oily product which was dissolved in ether
      and treated with dry hydrogen chloride. The precipitated
      4-(2-methylphenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop1
      -yl]-piperazine hydrochloride thus obtained was filtered off with suction,
      washed with some ether and finally with alcohol to which some concentrated
      hydrochloric acid had been added. The yield was 72% of theory and the
      product has a melting point of 243.degree.-244.degree.C.
PAR  The following compounds were obtained in an analogous manner:
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-propyl]-4-phenyl-piperazine from
      5,6,7,8-tetrahydro-1-naphthol and 1-(3-chloropropyl)-4-phenyl-piperazine;
      yield 72% of theory; m.p. of the dihydrochloride 210.degree.-211.degree.C.
      (decomp.);
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-propyl]-4-(2-methoxyphenyl)-piperaz
     ine from 5,6,7,8-tetrahydro-1-naphthol and
      1-(3-chloropropyl)-4-(2-methoxyphenyl)-piperazine; yield 48% of theory;
      m.p. of the dihydrochloride 202.degree.-203.degree.C. (decomp.).
PAC  EXAMPLE 4
PAR  Preparation of
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methoxyph
     enyl)-piperazine
PAR  A mixture of 11.24 g. (55 mMole)
      1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane and 9.62 g. (50
      mMole) 1-(2-methoxyphenyl)-piperazine was stirred for 5 hours in an oil
      bath at a bath temperature of 120.degree.C. Subsequently, the reaction
      mixture was dissolved in 350 ml. hot isopropanol, cooled and the
      precipitated crystals filtered off with suction. After repeated
      recrystallization from isopropanol, there were obtained 12.8 g. (64% of
      theory) pure
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methoxyph
     enyl)-piperazine, which has a melting point of 123.degree.-124.degree.C.
      The dihydrochloride melted, with decomposition, at
      212.degree.-213.degree.C.
PAR  The epoxide used as starting material was prepared in the following manner:
PAR  A solution of 10.0 g. (0.25 mole) sodium hydroxide in 34 ml. water was
      added dropwise to a mixture, heated to 72.degree.C., of 37.1 g. (0.25
      mole) 5,6,7,8-tetrahydro-1-naphthol and 46.2 g. (0.5 mole) epichlorhydrin,
      the temperature being maintained between 72.degree. and 75.degree.C. by
      occasional cooling. Subsequently, the reaction mixture was maintained for
      2.5 hours at 75.degree. C. After cooling and the addition of 50 ml. water,
      it was extracted several times with chloroform and the combined chloroform
      extracts were washed with distilled water, dried over anhydrous sodium
      sulfate and then freed from chloroform in a vacuum. The oily residue
      obtained was distilled. Between 124.degree. and 128.degree.C./0.3 mm.Hg.,
      there were obtained 40.4 g. (79% of theory)
      1-(5,6,7,8-tetrahydronaphth-1-yloxy-2,3-epoxypropane.
PAR  The following compounds were obtained in an analogous manner:
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-phenyl-pipera
     zine from 1-(5,6,7,8-tetrahydronaphth1-yloxy)-2,3-epoxypropane and
      1-phenyl-piperazine; yield 68% of theory; m.p. of the dihydrochloride
      213.degree.-214.degree.C. (decomp.);
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methylphen
     yl)-piperazine from 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane
      and 1-(2-methyl-phenyl)-piperazine; yield 73% of theory; m.p. of the
      dihydrochloride 202.degree.-204.degree.C.;
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-chlorophen
     yl)-piperazine from 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane
      and 1-(2-chlorophenyl)-piperazine; yield 87% of theory; m.p.
      90.degree.-91.degree.C. (recrystallized from isopropanol); m.p. of the
      hydrochloride 132.degree.-133.degree.C.;
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(3-methoxyphe
     nyl)-piperazine from 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane
      and 1-(3-methoxyphenyl)-piperazine; yield 76% of theory; m.p. of the
      dihydrochloride 208.degree.C. (decomp.);
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(4-methoxyphe
     nyl)-piperazine from 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane
      and 1-(4-(methoxyphenyl)-piperazine; yield 72% of theory; m.p.
      83.degree.-84.degree.C. (recrystallized from isopropanol); m.p. of the
      dihydrochloride 230.degree.-231.degree.C. (decomp.).
PAC  EXAMPLE 5
PAC  Preparation of
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methylthi
     ophenyl)-piperazine.
PAR  A mixture of 10.2 g. (50 mMole)
      1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane and 10.4 g. (50
      mMole) 1-(2-methylthiophenyl)-piperazine was left to stand for 24 hours in
      a closed vessel and then brought to crystallization by the addition of
      ligroin. After filtering off with suction, there were obtained 19.8 g.
      (96% of theory)
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methylthi
     ophenylpiperazine which was recrystallized from 300 ml. of a mixture of
      ligroin and ethyl acetate (4:6 v/v). The yield was 15.6 g. (76% of
      theory); m.p. 120.degree.-121.degree.C.
PAR  The following compounds were obtained in an analogous manner:
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4(3-trifluorome
     thylphenyl)-piperazine from
      1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane and
      1-(3-trifluoromethylphenyl)piperazine; yielded 74% of theory; m.p.
      104.degree.-105.degree.C. (recrystallized from ligroin and ethyl acetate
      (8:2 v/v));
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(4-chlorophen
     yl)-piperazine from 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane
      and 1-(4-chlorophenyl)-piperazine; yielded 67% of theory; m.p.
      94.degree.C. (recrystallized from ethyl acetate and ligroin (2:8 v/v));
PAR  1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-benzyl-pipera
     zine from 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane and
      1-benzyl-piperazine; yield 64% of theory; m.p. of the hydrochloride
      236.degree.-237.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yloxy)-prop-1-yl]-4-(2-nitrophenyl)-piper
     azine
PAR  A mixture of 75.0 g. (0.29 mole)
      1-(5,6,7,8-tetrahydronaphth-1-yloxy)-3-bromopropane (prepared in the
      manner described in Example 1), 60.0 g. (0.29 mole)
      1-(o-nitrophenyl)-piperazine, 59 g. (0.58 mole) anhydrous triethylamine
      and 250 ml. anhydrous tetrahydrofuran was stirred for 28 hours under
      reflux, then cooled and the precipitated triethylamine hydrobromide was
      filtered off with suction. The filtrate was evaporated in a vacuum, a
      viscous, deep red oil remaining behind. For purification, this crude
      product was dissolved in dioxan, converted into the hydrochloride by
      passing in gaseous hydrogen chloride and the hydrochloride thus obtained
      was recrystallized from ethanol. In this manner there was obtained
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-4-(2-nitrophenyl)-piper
     azine hydrochloride in a yield of 73% of theory; m.p.
      214.degree.-215.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yloxy)-prop-1-yl]-4-(2-aminophenyl)-piper
     azine
PAR  22.7 g. (57.5 mMole)
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-4-(2-nitrophenyl)-piper
     zzine (obtained by the liberation of the base from the hydrochloride
      obtained according to Example 6 by means of a concentrated aqueous
      solution of sodium hydroxide) were dissolved in 150 ml. anhydrous
      tetrahydrofuran, about 20 g. Raney nickle were added thereto, followed by
      hydrogenation at atmospheric pressure on a shaking device until the
      theoretical amount of hydrogen had been taken up. After filtering off the
      catalyst, the filtrate obtained was freed from tetrahydrofuran in a vacuum
      and the oily residue converted into the hydrochloride by treatment with
      gaseous hydrogen chloride. In this manner, there was obtained
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-4-(2-aminophenyl)-piper
     azine dihydrochloride in a yield of 20.4 g. (89% of theory); m.p.
      256.degree.-258.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yloxy)-prop-1-yloxy)-prop-1-yl]-4-(2-acet
     aminophenyl)-piperazine
PAR  6.1 g. (60 mMole) acetic anhydride were added, with stirring, to a solution
      of 18.3 g. (50 mMole)
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-4-(amino-phenyl)-pipera
     zine (obtained by liberation of the base from the dihydrochloride prepared
      according to Example 7 by means of a concentrated aqueous solution of
      sodium hydroxide) in 100 ml. anhydrous pyridine, whereafter the reaction
      mixture was heated for 1 hour on a steambath. Thereafter, the reaction
      mixture was substantially evaporated in a vacuum, some water was added to
      the evaporation residue and then it was left to stand for 1 hour at
      30.degree.-35.degree.C. Subsequently, the reaction mixture was extracted
      several times with ether, the combined ethereal phases were dried over
      anhydrous sodium sulfate and the ether was finally distilled off. The oily
      evaporation residue was brought to crystallization by stirring with a very
      small amount of ether. There were obtained 16.4 g. (80% of theory)
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-4-(2-acetaminophenyl)-p
     iperazine, which has a melting point of 100.degree.-101.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yloxy)-2-hydroxy-prop-1-yl]-4-(2-nitrophe
     nyl)-piperazine
PAR  54.4 g. (268 (mMole) 1-(5,6,7,8-tetrahydronaphth-1-yloxy)-2,3-epoxypropane
      (prepared in the manner described in Example 4) were mixed with 55.5 g.
      (268 (mMole) 1-(o-nitrophenyl)-piperazine and left to stand in a closed
      vessel for a day. The product was brought to crystallization by the
      addition of some isopropanol. After recrystallization from 500 ml.
      isopropanol, there were obtained 88.9 g. (81% of theory) pure
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-nitrophen
     yl)-piperazine, which has a melting point of 88.degree.-89.degree.C. The
      hydrochloride thereof, prepared in the usual manner, has a melting point
      of 186.degree.-187.degree.C.
PAC  EXAMPLE 10
PAC  Preparation of
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yloxy)-2-hydroxy-prop-1-yl]-4-(2-aminophe
     nyl)-piperazine
PAR  20.6 g. (50 mMole)
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxy-prop-1-yl]-4-(2-nitrophe
     nyl)-piperazine (prepared in the manner described in Example 9) were
      hydrogenated in tetrahydrofuran, in the presence of Raney nickel in a
      manner analogous to that described in Example 7. There were thus obtained
      19.4 g. (85% of theory)
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxy-prop-1-yl]-4-(2-aminophe
     nyl)-piperazine dihydrochloride, which has a melting point of
      268.degree.-271.degree.C. The free base obtained herefrom in the usual
      manner melts at 103.degree.-104.degree.C.
PAC  EXAMPLE 11
PAC  Preparation of
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yloxy)-2-hydroxy-prop-1-yl]-4-(2-acetamin
     ophenyl)-piperazine
PAR  9.5 g. (25 mMole)
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxy-prop-1-yl]-4-(2-aminophe
     nyl)-piperazine (prepared in the manner described in Example 10) in 50 ml.
      anhydrous pyridine were acetylated by the addition of 5.1 g. (50 mMole)
      acetic anhydride and, after treatment with hydrogen chloride, there were
      obtained 11.6 g. (93% of theory) of a very deliquescent product which
      commenced to decompose at 70.degree.C. A solution of 11 g. of this
      hydrochloride in 100 ml. methanol was mixed dropwise with 30 ml. 2N
      aqueous potassium hydroxide solution, the temperature being kept at
      20.degree.C. After leaving to stand overnight, the methanol was distilled
      off in a vacuum. The residue was mixed with some water, dilute
      hydrochloric acid was added thereto until the pH was 5 and the oily phase
      was taken up in isopropanol. By the addition of hydrogen
      chloridecontaining ether,
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(
     2-acetaminophenyl)-piperazine dihydrochloride precipitates out; the yield
      was 76% of theory; m.p. 179.degree.-183.degree.C. (decomp.)
PAR  For the preparation of pharmaceutical compositions, the compounds (I) are
      mixed in the usual manner with solid or liquid pharmaceutical diluents or
      carriers and optionally also with odoriferous, flavoring and coloring
      materials and then shaped into, for example, tablets of dragees or, by the
      addition of appropriate adjuvants, suspended or dissolved in water or oil,
      for example in olive oil.
PAR  The compounds of the invention constitute potent antihypertensive agents.
      The compounds have proved particularly effective in the treatment of
      patients with severe or sustained elevation of blood pressure,
      particularly diastolic pressure. The compounds are suitable for use in
      almost all forms of fixed and progressive hypertensive disease, including
      that in which blood pressure is moderately elevated. The compounds have
      also proved effective in renal hypertension, including hypertension
      secondary to pyelonephritis, glomerulonephritis and renal amyloidosis.
PAR  The compounds can be administered orally, as pills, tablets, capsules,
      powders and the like. The preferred form of oral administration is as a
      tablet containing 1 to 20 mg of active compound.
PAR  The compounds can also be administered parenterally. Injection solutions
      containing 10 mg/ml of injection solution are preferred.
PAR  The dosage schedule is entirely dependent on the condition of the patient,
      his response to the treatment and whether or not he is ambulatory or
      hospitalized. The treatment should be begun with small doses (1 mg) and
      increased gradually depending upon the patient's response. The dosage can
      be increased at 5 to 7 day intervals until an average daily dose of 1 to
      20 mg is reached. Only one dose a day is usually required.
PAR  In order to establish the effectiveness of the aminoguanidine compounds of
      the invention as agents for reducing blood pressure, a series of tests as
      follows were carried out.
PAR  The blood-pressure lowering action of the test compounds was determined in
      dogs 30 minutes after intravenous injection of 2.5 mg/kg of the compound.
      The animals were awake, and had been implanted with arterial and venous
      catheters for blood pressure recording or substance application and the
      blood pressure was measured 30 minutes after injection. The values set
      forth in the Table, below, are average values for two to six experiments
      per test compound.
PAR  The following compounds were used in the tests:
PAR  A.
      4-(2-Chlorphenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yl-oxy)-prop-1-yl]-pipe
     razine
PAR  B.
      4-(2-Methylmercapto-phenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yl-oxy)-prop-
     1-yl]-piperazine
PAR  C.
      4-(2-Methylphenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yl-oxy)-prop-1-yl]-pip
     erazine
PAR  D. 1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-propyl]-4-phenylpiperazine
PAR  E.
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-propyl]-4-(2-methoxy-phenyl)piper
     azine
PAR  F.
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-2-hydroxy-prop-1-yl]-4-(2-methoxy
     phenyl)-piperazine
PAR  G.
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-2-hydroxy-prop-1-yl]-4-phenyl-pip
     erazine
PAR  H.
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-2-hydroxy-prop-1-yl]-4-(2-methyl-
     phenyl)-piperazine
PAR  I.
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-2-hydroxy-prop-1-yl]-4-(2-chlorph
     enyl)-piperazine
PAR  J.
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-2-hydroxy-prop-1-yl]-4-(2-methylm
     ercaptophenyl)-piperazine
PAR  K.
      1-[3-(5,6,7,8-Tetrahydronaphth-1-yl-oxy)-2-hydroxy-prop-1-yl]-4-(4-chlorph
     enyl)-piperazine
PAR  The results of the experiment are set out in the Table which follows:
TBL                TABLE                                                       
     ______________________________________                                    
     BLOOD PRESSURE DECREASE                                                   
             DOSE IN       MAXIMAL DECREASE                                    
     COM-    MG/KG         IN AVERAGE ARTERIAL                                 
     POUND   INTRAVENOUS   BLOOD PRESSURE IN                                   
     INJECTION         mm Hg                                                   
     ______________________________________                                    
     A       2.5           5                                                   
     B       2.5           11                                                  
     C       2.5           15                                                  
     D       2.5           11                                                  
     E       2.5           22                                                  
     F       2.5           25                                                  
     G       2.5           4                                                   
     H       2.5           18                                                  
     I       2.5           13                                                  
     J       2.5           24                                                  
     K       2.5           5                                                   
     1-Phenyl-4-                                                               
             2.5           .+-. 0                                              
     [3-(1-naphtyloxy)-                                                        
     2-hydroxy-propyl]-                                                        
     piperazine*                                                               
     (Comparison Compound)                                                     
     ______________________________________                                    
       *Pollard, C. B., J. Org. Chem. 23, 1935 (1958)                          
PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 1-[3-(5,6,7,8-Tetrahydronaphth-1-yloxy)-propyl]-piperazine compound of
      the formula
      ##SPC5##
PAL  wherein
PA1  A is hydrogen or hydroxyl;
PA1  X is hydrogen, chlorine, alkyl, alkoxy, alkylthio, trifluoromethyl, nitro,
      amino or alkanoylamino; wherein the alkyl moieties in X contain up to 6
      carbon atoms; and
PA1  n is 0 or 1;
PAL  or the pharmacologically compatible acid addition salts thereof.
NUM  2.
PAR  2. Compound as claimed in claim 1 wherein A is hydrogen.
NUM  3.
PAR  3. Compound as claimed in claim 1 wherein A is hydroxyl.
NUM  4.
PAR  4. Compound as claimed in claim 1 wherein X is hydrogen.
NUM  5.
PAR  5. Compound as claimed in claim 1 wherein X is chlorine.
NUM  6.
PAR  6. Compound as claimed in claim 1 wherein X is alkyl.
NUM  7.
PAR  7. Compound as claimed in claim 1 wherein X is alkoxy or alkylthio.
NUM  8.
PAR  8. Compound as claimed in claim 1 wherein X is trifluoromethyl, nitro or
      amino.
NUM  9.
PAR  9. Compound as claimed in claim 1 wherein X is alkanoylamino.
NUM  10.
PAR  10. Compound as claimed in claim 1 wherein n is 0.
NUM  11.
PAR  11. Compound as claimed in claim 1 wherein n is 1.
NUM  12.
PAR  12. Compound as claimed in claim 1 designated
      4-(2-methylphenyl)-1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-prop-1-yl]-pipe
     razine.
NUM  13.
PAR  13. Compound as claimed in claim 1 designated
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-propyl]-4-(2-methoxyphenyl)-pipera
     zine.
NUM  14.
PAR  14. Compound as claimed in claim 1 designated
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methoxyph
     enyl)-piperazine.
NUM  15.
PAR  15. Compound as claimed in claim 1 designated
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methylphe
     nyl)-piperazine.
NUM  16.
PAR  16. Compound as claimed in claim 1 designated
      1-[3-(5,6,7,8-tetrahydronaphth-1-yloxy)-2-hydroxyprop-1-yl]-4-(2-methylthi
     ophenyl)-piperazine.
PATN
WKU  039474470
SRC  5
APN  4718909
APT  1
ART  122
APD  19740520
TTL  5H-aminoacetamido-10,11-dihydrodibenz-[b,f]azepines and immediate
      precursors
ISD  19760330
NCL  7
ECL  1
EXA  Springer; D. B.
EXP  Gallagher; R.
INVT
NAM  Glamkowski; Edward J.
CTY  Warren
STA  NJ
ASSG
NAM  American Hoechst Corporation
CTY  Bridgewater
STA  NJ
COD  02
CLAS
OCL  260268TR
XCL  260239D
XCL  26029359
XCL  424244
XCL  424250
XCL  425267
EDF  2
ICL  C07D22318
ICL  C07D29506
FSC  260
FSS  268 TR
UREF
PNO  2981736
ISD  19610400
NAM  Gailliot et al.
OCL  260268TR
UREF
PNO  3016373
ISD  19620100
NAM  Saggionio et al.
OCL  260268TR
UREF
PNO  3125576
ISD  19640300
NAM  Biel
OCL  260268TR
UREF
PNO  3133068
ISD  19640500
NAM  Schindler
OCL  260268TR
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  5H-Aminoacetamido-10,11-dihydrodibenz[b,f]azepines and their
      physiologically tolerable acid addition salts are disclosed to be useful
      as central nervous system depressant agents with anticonvulsant and muscle
      relaxing activity and as antihypertensive agents. A process for their
      preparation and for the preparation of their novel precursors is also
      described.
BSUM
PAR  This invention relates to
      5H-aminoacetamido-10,11-dihydrodibenz[b,f]azepines and their utility as
      central nervous system depressant agents with anticonvulsant and muscle
      relaxing activity and as antihypertension agents; their immediate
      precursors and a process for the preparation thereof.
PAR  To the best of our knowledge, the compounds of this invention have not
      heretofore been described. Hydrazide derivatives of
      5-amino-10,11-dihydrodibenz[b,f]azepines are reported [R. W. Woodward et
      al., J. Med. Chem., 14, 1131 (1971)] as having antimalarial and
      antimicrobial activity.
PAR  The compounds of the invention conform to the formulae:
      ##SPC1##
PAL  Wherein X represents halogen, R.sub.1 is hydrogen or alkyl of from 1 to 3
      carbon atoms, R.sub.2 is alkyl of from 1 to 3 carbon atoms or phenyl, and
      R.sub.1 and R.sub.2 together with the nitrogen atom to which they are
      attached are piperidinyl, piperazinyl or piperazinyl substituted in the
      4-position by alkyl of from 1 to 4 carbon atoms, hydroxyalkyl of from 1 to
      4 carbon atoms, alkoxyalkyl of from 2 to 5 carbon atoms, phenylalkyl of
      from 7 to 9 carbon atoms, acyloxyalkyl of from 3 to 5 carbon atoms,
      phenyl, chlorophenyl, methoxyphenyl or trifluoromethylphenyl. The
      physiologically tolerable acid addition salts thereof are included within
      the scope of the invention. The compounds of Formula II are preferred.
PAR  In accordance with the process of the invention, the compounds are prepared
      by acylating 5H-amino-10,11-dihydrodibenz[b,f]azepine (reported in British
      Pat. No. 1,035,449 and Chemical Abstracts, Vol, 65, 12180) with a halogen
      acetylhalide in the presence or absence of a suitable organic solvent,
      such as benzene, tetrahydrofuran and the like, to yield the precursor
      compounds of the invention as shown in the equation:
      ##SPC2##
PAR  The precursor compounds of Formula I are reacted with a suitable amine in
      the presence or absence of a solvent for several minutes to 24 hours at a
      temperature of from 0.degree. to 120.degree.C. to prepare the compounds of
      Formula II. In a preferred embodiment, the reaction is carried out in
      boiling methanol as the reaction medium.
PAR  When R.sub.1 and R.sub.2 together with the nitrogen to which they are
      attached are a 4-(hydroxyalkyl)-piperazinyl group, the hydroxy group can
      be acylated with a suitable aliphatic acid or derivative thereof in an
      organic solvent to convert it into the corresponding acyloxyalkyl
      piperazine group. In a preferred method, the aliphatic acid derivative is
      an anhydride and the organic solvent is benzene.
PAR  The anticonvulsant activity of the compounds of the invention was tested by
      the methods of J. W. Bastian et al. [J.W. Bastian, W.E. Krause, S.A.
      Ridlon, and N. Ercoli, J. Pharmacol. Exptl. Therap., 127, 75 (1959)], and
      Swinyard et al. [H.A. Swinyard, W.C. Brown, and L.S. Goodman, ibid., 106,
      319 (1952)]. Male COBS mice were challenged with electroshock and
      strychnine and the intraperitoneal dose protecting 50% of the mice
      (PD.sub.50) against the extensor tonic phase induced by electroshock and
      strychnine injection are shown in Table I for some of the compounds of the
      invention.
TBL                Table I                                                     
     ______________________________________                                    
                       Electroshock                                            
                                   strychnine                                  
     Compound          PD.sub.50, mg/kg.                                       
                                   PD.sub.50, mg/kg.                           
     5H-(4-methyl-1-piperazinyl)-                                              
     acetamido-10,11-dihydrodibenz-                                            
     [b,f]azepine       37         54                                          
     5H-(4-n-propyl-1-piperazinyl)-                                            
     acetamido-10,11-dihydrodibenz-                                            
     [b,f]azepine       88         75                                          
     5H-(4-.beta.-hydroxyethyl-1-pipera-                                       
     zinyl)acetamido-10,11-dihydro-                                            
     dibenz[b,f]azepine --         25                                          
     ______________________________________                                    
PAR  The compounds of the invention are also useful as tranquilizers because of
      their depressant effects on the central nervous system. The depressant
      effects on the central nervous system were evaluated according to the
      mouse observation procedure of S. Irwin, Psychopharmacologia, 13, 222
      (1968). Male COBS mice are dosed with the drug, and its effects on
      behavior and reflex depression together with muscle relaxation are
      determined by the degree of deviation from control scores, with activity
      expressed in terms of minimum effective dose (MED) in milligrams per
      kilogram of body weight. For example, 5H-(4-.beta.
      -acetoxyethyl-1-piperazinyl)-acetamido-10,11-dihydrodibenz[b,f]azepine
      shows a MED of 40.
PAR  The muscle relaxation ability of the compounds of the invention was
      illustrated according to the procedure of N.W. Dunham and T.S. Miya, J.
      Amer. Pharm. Assoc., 46, 208, (1957). Male COBS mice that had exhibited an
      ability to remain on a wooden rod, 1.5 inches in diameter, rotating at 8.7
      r.p.m. for 1 minute were dosed with the drug, and its muscle relaxation
      effects determined by the degree of deviation from control scores, with
      activity expressed in terms of that dose (ED.sub.50 in mg/kg.) causing 50%
      of the group of mice to fall off the rod. For example,
      5H-(4-.beta.-hydroxyethyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]
     -azepine shows an ED.sub.50 of 24.
PAR  The compounds of the invention are also useful as antihypertensive agents.
      This activity of the compounds is demonstrated by their ability to lower
      blood pressure when tested in the spontaneous hypertensive rat by the
      indirect tail cuff method described in "Methods of Pharmacology," Vol. 1,
      edited by A. Schwartz, Appleton-Century-Crofts, New York, N.Y., p. 135
      (1971). For example, at a dose of 100 mg/kg. of body weight,
      5H-(4-n-propyl-1-piperazinyl)-acetamido-10,11-dihydrodibenz[b,f]azepine
      exhibits a 35 mm of Hg drop in blood pressure on the 3rd day.
PAR  The compounds of the invention may be administered to a patient by any
      convenient route such as orally, intramuscularly, intravenously,
      subcutaneously, or intraperitoneally. The preferred route of
      administration is oral, for example, with an inert diluent, with an edible
      carrier, in gelatin capsules, or tablets.
PAR  For the purpose of oral therapeutic administration, the active compounds of
      this invention may be incorporated with excipients and used in the form of
      tablets, troches, capsules, elixirs, suspensions, syrups, and the like.
      These preparations should contain at least 0.5% of the active compound,
      but may be varied depending upon the particular form and may conveniently
      be between 7% to about 70% by weight of the unit. The amount of active
      compound in such compositions is such that a suitable dosage will be
      obtained. Preferred compositions and preparations according to the present
      invention are prepared so that an oral dosage unit form contains between
      0.5 and 200 milligrams of active compound.
PAR  The tablets, pills, capsules, troches, and the like may also contain the
      following ingredients: a binder such as gum tragacanth or gelatin; an
      excipient such as starch or lactose, a disintegrating agent such as
      alginic acid, potato starch and the like; a lubricant such as magnesium
      stearate; and a sweetening agent such as sucrose or saccharin may be added
      or a flavoring agent such as peppermint, methyl salicylate, or orange
      flavoring. When the dosage unit form is a capsule, it may contain, in
      addition to materials of the above type, a liquid carrier such as a fatty
      oil. Other dosage unit forms may contain other various materials which
      modify the physical form of the dosage unit, for example, as coatings.
      Thus, tablets or pills may be coated with sugar, shellac, or both. A syrup
      may contain, in addition to the active compounds sucrose as a sweetening
      agent, and certain preservatives, dyes and colorings, and flavors.
      Materials used in preparing these various compositions must be
      pharmaceutically pure and nontoxic in the amounts utilized.
PAR  Acids useful for preparing the pharmaceutically acceptable acid addition
      salts of the invention include inorganic acids such as hydrochloric,
      hydrobromic, sulfuric, nitric, phosphoric and perchloric acids, as well as
      organic acids such as oxalic, tartaric, citric, acetic, succinic, maleic
      and ethane disulfonic acids.
DETD
PAC  EXAMPLE 1
PAR  11.4 ml. of chloracetyl chloride in 50 ml. of benzene are added to a well
      stirred solution of 21.0 g of 5H-amino-10,11-dihydrodibenz[b,f]azepine in
      300 ml. of benzene. The resulting mixture is refluxed for one hour, during
      which time a gelatinous precipitate changes to feathery crystals. This
      mixture is cooled to 20.degree. with exclusion of moisture, filtered,
      washed with benzene, then with ether and dried. The crystalline material
      is recrystallized from ethanol to give pure white silken needles, m.p.
      221.degree.-222.degree., of 5H-chloroacetamido-10,11-dihydrodibenz[b,f]
      azepine.
PAR  Analysis: Calc. for C.sub.16 H.sub.15 ClN.sub.2 O: 67.02% C; 5.27% H; 9.77%
      N Found :66.75% C; 5.21% H; 9.69% N.
PAC  EXAMPLE 2
PAR  24.2 g. of bromoacetyl bromide are added to a stirred solution of 18.9 g of
      5H-amino-10,11-dihydrodibenz-[b,f] azepine in 350 ml. of methylene
      chloride with exclusion of moisture. After 1.5 hours, the thick mixture is
      dissolved in 1.5 l. of methylene chloride and the solution is extracted
      with 250 ml of 10% sodium hydroxide, then with dilute aqueous sodium
      chloride solution. The organic layer is dried over sodium sulfate and
      concentrated to a crystalline solid. This is recrystallized from anhydrous
      ethyl alcohol to give 5H-bromoacetamido-10,11-dihydrodibenz [b,f]azepine,
      m.p. 207.degree.-209.degree.C.
PAR  Analysis: Calc. for C.sub.16 H.sub.15 BrN.sub.2 O : 58.02% C; 4.56% H;
      8.46% N. Found: 57.95% C; 4.60% H; 8.39% N.
PAC  EXAMPLE 3
PAR  A stirred mixture of 4.30 g of
      5H-chloroacetamido-10,11-dihydrodibenz[b,f]azepine (Example 1) in 43 ml.
      of methanol is immersed in a 100.degree.C. oil bath. 5 ml. of piperidine
      are added to the boiling mixture. After 5 minutes a solution results and
      after another 5 minutes the product begins to separate. After a total of
      15 minutes in the hot bath, 30 ml. of water are added dropwise over a 5
      minute period. The mixture is removed from the hot bath and stirred until
      it reaches ambient temperature. The mixture is filtered, the filter cake
      is washed with water and dried to yield a white solid. This is
      recrystallized from an isopropanol benzene mixture to give silken needles,
      m.p. 207.5.degree.-209.degree.C., of
      5H-(1-piperidinyl)acetamido-10,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.21 H.sub.25 N.sub.3 O : 75.19% C; 7.51% H; 12.53%
      N. Found: 75.18% C; 7.59% H; 12.57% N.
PAC  EXAMPLE 4
PAR  A stirred slurry of 4.30 g of
      5H-chloroacetamido-10,11-dihydrodibenz[b,f]azepine (Example 1) in 43 ml.
      of methanol is immersed in a 100.degree.C. oil bath. 10 ml. of a 40%
      aqueous solution of dimethylamine are added to the boiling mixture. The
      mixture is allowed to boil for 30 minutes, and then water is added
      dropwise over a 5 minute period. The mixture is removed from the hot bath
      and stirred until it reaches ambient temperature. The mixture is filtered,
      the cake washed with water and dried to give an off-white product. The
      product is recrystallized from isopropanol and then from a benzene hexane
      mixture to give white flakes, m.p. 188.degree.-190.degree.C., of
      5H-dimethylaminoacetamido-10,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.18 H.sub.21 N.sub.3 O : 73.19% C; 7.17% H; 14.23%
      N. Found: 73.12% C; 7.20% H; 14.22% N.
PAR  Following the same general procedure with dipropylamine instead of
      dimethylamine results in the preparation of
      5H-dipropylaminoacetamido-10,11-dihydrodibenz[b,f]azepine.
PAC  EXAMPLE 5
PAR  A stirred slurry of 4.30 g of
      5H-chloroacetamido-10,11-dihydrodibenz[b,f]azepine (Example 1) in 43 ml.
      of methanol is treated with 5 ml. of N-methylpiperazine by the
      manipulative procedure described above in Example 4 to give white flates,
      m.p. 202.degree.-204.degree.C., of
      5H-(4-methyl-1-piperazinyl)-acetamido-10,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.21 H.sub.26 N.sub.4 O : 71.97% C; 7.48% H; 15.99%
      N. Found: 72.11% C; 7.65%H; 15.90% N.
PAC  EXAMPLE 6
PAR  A stirred slurry of 7.17 g of
      5H-chloroacetamido-10,11-dihydrodibenz[b,f]azepine (Example 1) in 50 ml.
      of methanol is immersed in a 100.degree.C. oil bath, and a solution of
      9.77 g of N-.beta.-hydroxyethylpiperazine in 25 ml. of methanol is added
      in one portion. After 45 minutes, 75 ml. of water are added in portions to
      precipitate the product. The mixture is removed from the heating bath and
      stirred until the mixture reaches ambient temperature. The mixture is
      filtered, the cake is washed with water and dried to give off-white
      crystals. The crystals are recrystallized twice from ethanol and once from
      acetone to give white flakes, m.p. 194.degree.-196.degree.C., of
      5H-(4-.beta.-hydroxyethyl-1-piperazinyl)-acetamido-10,11-dihydrodibenz[b,f
     ]azepine.
PAR  Analysis: Calc. for C.sub.22 H.sub.28 N.sub.4 O.sub.2 : 69.45% C; 7.42% H;
      14.72% N. Found: 69.34% C; 7.39% H; 14.78% N.
PAR  By reacting with N-.gamma.-hydroxypropylpiperazine and
      N-.beta.-propoxyethylpiperazine instead of
      N-.beta.-hydroxyethylpiperazine, 5H-(4-.gamma.-hydroxypropyl-1-piperazinyl
     )acetamido-10,11-dihydrodibenz[b,f]azepine and 5H-(4-.beta.-propoxyethyl
      1-piperazinyl)-acetamido-10,11-dihydrodibenz[b,f]azepine, respectively are
      formed.
PAC  EXAMPLE 7
PAR  A stirred mixture of 7.17 g of
      5H-chloroacetamido-10,11-dihydrodibenz[b,f]azepine in 100 ml. of
      tetrahydrofuran is warmed briefly on a steam bath to effect solution. To
      this is added, in one portion, 10 ml. of a 40% aqueous solution of
      methylamine and the solution is stirred at ambient temperature for one
      hour, then at reflux for one hour. 500 ml. of water are added to the hot
      solution to precipitate the product. The mixture is filtered, the cake is
      washed with water and dried to give an almost white solid. The solid is
      recrystallized three times from a benzene cyclohexane mixture to give
      white micro-crystals, m.p. 160.degree.-162.degree.C., of
      5H-methylaminoacetamido-10,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.17 H.sub.19 N.sub.3 O : 72.57% C; 6.81% H; 14.93%
      N. Found: 72.63% C; 6.93% H; 15.02% N.
PAR  By reacting with aniline instead of methylamine,
      5H-phenylaminoacetamido-10,11-dihydrodibenz[b,f]azepine is formed.
PAC  EXAMPLE 8
PAR  a. A sample of 17.4 g of 4-n-propylpiperazine.2HBr is partitioned between
      150 ml. of methylene chloride and 100 ml of 3N-sodium hydroxide. The
      organic layer is separated and 100 ml. of saturated sodium chloride
      solution are added to the aqueous layer. The aqueous phase is extracted
      further with (2.times.50 ml.) of methylene chloride, and the combined
      organic phases are back-extracted with 100 ml. of saturated sodium
      chloride solution. The organic layer is dried and concentrated to a
      crystalline solid of 4-n-propylpiperazine.
PAR  b. A stirred slurry of 8.60 g of
      5H-chloroacetamido-10,11-dihydrodibenz[b,f]azepine (Example 1) in 50 ml.
      of tetrahydrofuran is warmed briefly to effect solution. To this is added
      a solution of the 4-n-propylpiperazine, as obtained in Part a), in 50 ml.
      of tetrahydrofuran. The solution is refluxed for one hour, and then 250
      ml. of water are added portionwise to precipitate a gummy semi-solid. The
      mixture is cooled and filtered. The cake is triturated on the funnel with
      water to give a fine white solid which is filtered and dried. The solid is
      recrystallized twice from absolute ethanol to give white crystals, m.p.
      197.degree.-200.degree.C., of
      5H-(4-n-propyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.23 H.sub.30 N.sub.4 O : 72.98% C; 7.99% H; 14.80%
      N. Found: 73.08% C; 7.92% H; 15.02% N.
PAC  EXAMPLE 9
PAR  5 ml. of acetic anhydride are added to a stirred slurry of 3.81 g of
      5H-(4-.beta.-hydroxyethyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]
     azepine (Example 6) in 25 ml. of refluxing benzene. The mixture is refluxed
      for 30 minutes and 100 ml. of hexane are added to the hot solution. The
      product crystallizes and the mixture is cooled to 10.degree.C., filtered,
      and the cake is washed with hexane and dried to give a tan crystalline
      solid. The solid is recrystallized twice from absolute ethanol to give the
      white ester, m.p. 164.degree.-165.degree.C.,
      5H-(4-.beta.-acetoxyethyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]
     azepine.
PAR  Analysis: Calc. for C.sub.24 H.sub.30 N.sub.4 O : 68.22% C; 7.16% H; 13.26%
      N. Found: 68.44% C; 7.21% H; 13.44% N.
PAC  EXAMPLE 10
PAR  A solution of 7.30 g of N-phenylpiperazine in 25 ml. of ethanol is added to
      a stirred mixture of 4.97 g of
      5H-bromoacetamido-10,11-dihydrodibenz[b,f]azepine (Example 2) in 125 ml.
      of ethanol immersed in a 100.degree.C. oil bath. After a few minutes, a
      solution results followed shortly by heavy precipitation of the product.
      After 1 hour at 100.degree.C., 100 ml. of water are added in portions to
      complete the precipitation, and the mixture is stirred at ambient
      temperature for 30 minutes. The mixture is filtered, the cake washed with
      water, and dried to give a white solid. The solid is recrystallized twice
      from dimethylformamide to give white crystals, m.p.
      236.degree.-238.degree.C., of
      5H-(4-phenyl-1-piperazinyl)-acetamido-10,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.26 H.sub.28 N.sub.4 O : 75.70% C; 6.84% H; 13.58%
      N. Found: 75.47% C; 6.87% H; 13.61% N.
PAC  EXAMPLE 11
PAR  A solution of 10.4 g of
      4-.alpha.,.alpha.,.alpha.-trifluoro-m-tolylpiperazine in 25 ml. of
      tetrahydrofuran is added to a stirred solution of 4.97 g of
      5H-bromoacetamido-10,11-dihydrodibenz[b,f]azepine (Example 2) in 75 ml. of
      tetrahydrofuran. Within a few minutes the product begins to crystallize
      voluminously and the stirred mixture is then immersed in a 100.degree.C.
      oil bath for 30 minutes to complete the reaction. Water is added and the
      stirred mixture is allowed to cool to ambient temperature. The mixture is
      filtered, the cake washed well with water and dried to give a solid. The
      solid is recrystallized twice from dimethylformamide to give white
      crystals, m.p. 264.degree.266.degree.C., of
      5H-(4-.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl-1-piperazinyl)acetamido-10
     ,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.27 H.sub.27 F.sub.3 N.sub.4 O : 67.49% C; 5.66%
      H; 11.66% N. Found: 67.22% C; 5.64% H; 11.47% N.
PAC  EXAMPLE 12
PAR  A stirred solution of 4.97 g of
      5H-bromoacetamido-10,11-dihydrodibenz[b,f]azepine (Example 2) in 100 ml.
      of tetrahydrofuran is reacted with N-benzylpiperazine in 25 ml. of
      tetrahydrofuran by the manipulative procedure described above in Example
      11 to give white crystals. The crystals are recrystallized twice from a
      chloroform and ether mixture to give crystals, m.p.
      199.degree.-201.degree.C., of
      5H-(4-benzyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]azepine.
PAR  Analysis: Calc. for C.sub.27 H.sub.30 N.sub.4 O : 76.03% C; 7.09% H; 13.13%
      N. Found: 75.83% C; 7.08% H; 13.16% N.
PAC  EXAMPLE 13
PAR  a. The free base, 4(p-chlorophenyl)piperazine, is obtained from 10.8 g of
      4-(p-chlorophenyl)piperazine.2HCl by the manipulative procedure described
      in Example 8 (a).
PAR  b. A solution of the 4-(p-chlorophenyl)piperazine, as liberated in Part
      (a), in 150 ml. of tetrahydrofuran is added to a stirred solution of 6.62
      g of 5H-bromoacetamido-10,11-dihydrodibenz[b,f]azepine (Example 2) in 100
      ml. of tetrahydrofuran. A mild exothermic reaction ensues and then the
      product begins to separate voluminously from the initial solution within a
      few minutes. The mixture is stirred at ambient temperature for 15 minutes,
      and then at reflux for 30 minutes. Then 300 ml. of water are added
      portionwise and the mixture is filtered. The cake is washed with water,
      and dried. The product is recrystallized twice from dimethylformamide to
      give white crystals, m.p. 259.degree.-261.degree.C., of
      5H-[4-(p-chlorophenyl)-1-piperazinyl]acetamido-10,11-dihydrodibenz-[b,f]az
     epine.
PAR  Analysis: Calc. for C.sub.26 H.sub.27 ClN.sub.4 O : 69.87% C; 6.09% H;
      12.53% N. Found: 69.94% C; 6.24% H; 12.70% N.
PAC  EXAMPLE 14
PAR  a. The free base 4-(p-methoxyphenyl)piperazine is liberated from 10.6 g of
      4-(p-methoxyphenyl)piperazine.2HCl by the manipulative procedure described
      above in Example 8 (a).
PAR  b. A warm stirred solution of 6.62 g of
      5H-bromoacetamido-10,11-dihydrodibenz[b,f]azepine in 100 ml. of
      tetrahydrofuran is treated with the 4-(p-methoxyphenyl)-piperzine
      liberated in Part (a) by the manipulative procedure described in Example
      13 (b) to give white crystals, m.p. 220.degree.-224.degree.C., dec., of
      5H-[4-(p-methoxyphenyl)-1-
      piperazinyl]-acetamido-10,11-dihydrodibenz[b,f]azepine, m.p.
      220.degree.-224.degree.C.
PAR  Analysis: Calc. for C.sub.27 H.sub.30 N.sub.4 O.sub.2 : 73.28% C; 6.83% H;
      12.66% N. Found : 73.36% C; 6.90% H; 12.84% N.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein R is hydrogen, alkyl having 1 to 4 carbon atoms, hydroxyalkyl
      having 1 to 4 carbon atoms, alkoxyalkyl having 2 to 5 carbon atoms,
      phenylalkyl having 7 to 9 carbon atoms, acetoxyalkyl having 3 to 5 carbon
      atoms, phenyl, chlorophenyl, methoxyphenyl, or trifluoromethylphenyl; and
      the physiologically tolerable acid addition salts thereof.
NUM  2.
PAR  2. The compound defined in claim 1 which is
      5H-(4-methyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]-azepine; and
      the physiologically tolerable acid addition salts thereof.
NUM  3.
PAR  3. The compound defined in claim 1, which is
      5H-(4-.beta.-hydroxyethyl-1-piperazinyl)acetamido-10,11-dihydrodibenz-[b,f
     ]azepine; and the physiologically tolerable acid addition salts thereof.
NUM  4.
PAR  4. The compound defined in claim 1, which is
      5H-(4-benzyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]-azepine; and
      the physiologically tolerable acid addition salts thereof.
NUM  5.
PAR  5. The compound defined in claim 1, which is
      5H-(4-.beta.-acetoxyethyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]
     azepine; and the physiologically tolerable acid addition salts thereof.
NUM  6.
PAR  6. The compound defined in claim 1, which is
      5H-(4-n-propyl-1-piperazinyl)acetamido-10,11-dihydrodibenz[b,f]-azepine;
      and the physiologically tolerable acid addition salts thereof.
NUM  7.
PAR  7. A compound as in claim 1 wherein R is alkyl having 1 to 3 carbon atoms,
      hydroxyethyl, hydroxypropyl, propoxyethyl, benzyl, acetoxyethyl, phenyl,
      p-methoxyphenyl, p-chlorophenyl, or m-trifluoromethylphenyl; and the
      physiologically tolerable acid addition salts thereof.
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ABST
PAL  Salts of p-dihydroxy benzene disulfonic acids having the general formula:
      ##SPC1##
PAL  Wherein B is an alkali metal or an equivalent of an alkaline-earth metal,
      or BH is the cation of ammonia or a nitrogen containing basic organic
      compound, are useful for reducing the average bleeding time and for
      combating capillary fragility.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 359,771 filed May 14, 1973, now abandoned.
BSUM
PAR  This invention concerns novel salts of p-dihydroxy benzene disulfonic acid,
      and a process for preparing said salts.
PAR  The compounds of the invention have the general formula:
      ##SPC2##
PAL  Wherein B indicates an alkali metal, particularly lithium, or an equivalent
      of an alkaline-earth metal, particularly calcium, or BH is the cation of a
      nitrogen-containing basic compound such as ammonia, alkyl, alkanol, aryl,
      alkylaryl amines, cyclo-amines, and generally all the nitrogen-containing
      basic compounds capable of forming salts with p-dihydroxy benzene
      disulfonic acid.
PAR  The compounds of the invention are useful as hemostatic agents, and for
      protecting capillary fragility.
PAR  The activity for the hemostatic action is determined in vivo, by ROSKAM's
      method, as modified by LAPORTE, on the rabbit's ear, and the protective
      action on the capillaries by the method of BEACH and STEINETZ. The
      therapeutical index (ratio between LD.sub.50 and TE.sub.50) is very
      favorable, in view of the high activity and low toxicity.
PAR  The process of preparation according to this invention is characterized in
      that a p-dihydroxy benzene disulfonic acid is neutralized with a base of
      the cation of formula B, or in that an exchange reaction is effected
      between a metal salt of p-dihydroxy benzene disulfonic acid, and a salt of
      the B cation with another acid. Preferably, the starting p-dihydroxy
      benzene disulfonic acid is free from impurities such as small amounts of
      metal elements. In order to obtain this condition, one has studied a novel
      method for preparing it, which is part of this invention, from salts of
      p-dihydroxy benzene monosulfonic acid. To do so, it is necessary to first
      dehydrate said salt by heating it with liquids forming an azeotrope with
      water, and by distilling the amount of liquid required to obtain the
      anhydrous mixture of the salt and solvents. Susequently, sulfonation is
      carried out by treating the mixuture with the sulfonating acid, so that
      the sulfate of the salt formed, e.g. potassium sulfate or calcium sulfate,
      can be separated from the mixture when the reaction is completed. From the
      aqueous, alcoholic, or a solution, of the p-dihydroxy benzene disulfonic
      acid in any other solvent, thus formed and separated from the insoluble
      salt, the salts of said acid can be obtained either by neutralization or
      by a salt exchange reaction.
DETD
PAR  With the appropriate salt, whatever it may be, the following Examples
      illustrate the preparation of the compounds of this invention.
PAC  EXAMPLE 1
PAC  bis(methylamine) p-dihydroxy benzene disulfonate
PAR  A. Preparation of p-dihydroxy benzene disulfonic acid:
PAR  190 G OF P-DIHYDROXY BENZENE MONOSULFONIC ACID, 100 ML OF DIOXANE AND 100
      ML OF PERCHLOROETHYLENE ARE MIXED IN A FLASK PROVIDED WITH A REFLUX
      CONDENSER. The flask is heated in an oil bath to the reflux temperature
      (140.degree.C in the oil bath). It is refluxed for half an hour, and then
      it is left to cool a little to set the condenser for distillation. Two
      layers are formed in the flask: a colourless lower layer, and a coloured
      upper layer in which the acid is dissolved. The flask is then heated
      again, and 100 ml of the mixture of solvents are distilled. In the mixture
      collected, two layers are formed; the upper one, which is moderate is
      aqueous. To the flask provided with a reflux condenser, 98 g of sulfuric
      acid containing 20 % of SO.sub.3 are added, and it is heated again, at a
      lower temperature, so that the reflux is barely noticeable (temperature of
      the bath: 130.degree.C), for four hours. The liquids which accompany the
      acid are removed by reduced pressure distillation, the residue is
      dissolved in a little water, 2 g of active charcoal are added, it is
      filtered. The aqueous solution can be used as such for obtaining the
      respective salts.
PAR  b. Preparation of the methylamine salt:
PAR  By adding a methylamine solution to the aqueous solution of the acid
      prepared as indicated, the methylamine salt is obtained in solution. This
      solution is treated with active charcoal, filtered, and
      vacuum-concentrated, so as to obtain a crystalline residue of bis
      (methylamine) p-dihydroxy benzene disulfonate which, after recrystallizing
      in water, provides 167 g of pure product, having a melting point of
      288.degree.C.
PAC  EXAMPLE 2
PAC  bis (ethanolamine) p-dihydroxy benzene disulfonate
PAR  Neutralization of the acid resulting from the previous operation with 122 g
      of ethanolamine, followed by filtration and recrystallization, provides
      211 g of bis (ethanolamine) p-dihydroxy benzene disulfonate, having a
      melting point of 182.degree.C.
PAC  EXAMPLE 3
PAC  bis (phenylamine) p-dihydroxy benzene disulfonate
PAR  a. Preparation of potassium p-dihydroxy benzene disulfonate:
PAR  Neutralization of p-dihydroxy benzene disulfonic acid, obtained as
      indicated in Example 1, with an aqueous solution of potassium hydroxide,
      gives the potassium salt of said acid. This salt crystallizes and can
      easily be purified to give an extremely pure product: C.sub.6 H.sub.4
      O.sub.8 K.sub.2 S.sub.2 M.W. = 346, without water of crystallization,
      which decomposes above 270.degree.C.
PAR  b. Preparation of the phenylamine salt:
PAR  346 g of the potassium salt, prepared as described above, are dissolved in
      warm water. Since the solubility of this salt is not high, a liter of
      distilled water, kept at a temperature of 80.degree.-90.degree.C must be
      used. On the other hand, in order to prepare the corresponding bitartrate,
      a solution of 300 g of anhydrous tartaric acid is neutralized with the
      required amount of aniline, i.e. 186 g of freshly distilled product. The
      latter solution is poured onto the potassium salt solution, heating and
      stirring being maintained for 15 minutes. It is left aside to cool, and is
      left overnight in a refrigerator, the following day the precipitate of
      potassium bitartrate is filtered off, and the solution is concentrated
      until it begins to crystallize. After vacuum filtering the solid portion,
      the product is recrystallized until pure, melting point above 300.degree.C
      (dec).
PAC  EXAMPLE 4
PAC  bis (piperazine) p-dihydroxy benzene disulfonate
PAR  a. Preparation of the potassium salt solution:
PAR  As in the preceding Example, 346 g of the potassium salt of p-dihydroxy
      benzene disulfonic acid are dissolved in 1 liter of distilled water, and
      the solution is kept warm to prevent crystallization.
PAR  b. Preparation of piperazine perchlorate:
PAR  To an aqueous solution of perchloric acid, containing 200 g of said acid in
      500 ml of water 40 % solution, the amount of aqueous solution of
      piperazine hexahydrate required for neutralization is added. The required
      amount of piperazine hexahydrate is 388.46 g (C.sub.4 H.sub.10
      N.sub.2.6H.sub.2 O) dissolved in 500 ml of water. Preferably the pH of the
      neutralizing solution is controlled to a pH close to 6. The piperazine
      perchlorate solution is mixed with the warm solution of p-dihydroxy
      benzene disulfonic acid potassium salt, and is stirred until a copious
      precipitate of potassium perchlorate is formed, which then increases when
      the solution is left to cool for several hours. After filtering off the
      potassium perchlorate, the solution of a piperazine p-dihydroxy benzene
      disulfonate is concentrated in a rotary evaporator, under vacuum, at
      60.degree.C, until crystals begin to form, and it is then left in a
      refrigerator. The product is filtered and recrystallized in water to give
      388 g of bis (piperazine) p-dihydroxy benzene disulfonate, having a
      melting point of 270.degree.C.
PAC  EXAMPLE 5
PAC  lithium p-dihydroxy benzene disulfonate
PAR  a. Preparation of p-dihydroxy benzene disulfonic acid:
PAR  190 g of p-dihydroxy benzene monosulfonic acid, 100 ml of dioxane, and 100
      ml of perchloroethylene are mixed in a flask provided with a reflux
      condenser. The flask is heated in an oil bath to the reflux temperature
      (in the oil bath at 140.degree.C). It is refluxed for half an hour, and
      then is left to cool a little to set the coolant for distillation. In the
      flask, two layers are formed: a colourless lower layer, and a coloured
      upper layer in which the acid is dissolved. The flask is heated again and
      100 ml of the solvent mixture are distilled. In the mixture collected, two
      layers form, the upper, moderate, is aqueous. To the flask provided with a
      reflux condenser, 98 g of sulfuric acid containing 20 % of SO.sub.3 are
      added, and it is heated again, to a lower temperature, so that the reflux
      is barely noticeable (bath temperature: 130.degree.C), for four hours. The
      liquids accompanying the acid are removed by distilling at reduced
      pressure, the residue is dissolved in a little water, 2 g of active
      charcoal are added, and it is filtered. The solution is concentrated,
      cooled, and is precipitated by adding five volumes of acetone. The
      precipate is filtered, and 189 g of p-dihydroxy benzene disulfonic acid,
      with a melting point of 166.degree. - 169.degree.C are obtained.
PAR  b. Preparation of the lithium salt:
PAR  270 g of acid obtained according to (a) are dissolved in 2 liters of boiled
      and oxygen-free distilled water, and the solution is carefully neutralized
      with 65 g of pure lithium carbonate, the pH being maintained between 6 and
      6.5. After filtering the solution is concentrated with the precautions
      described in paragraph (a), and it is poured into a crystallising dish as
      soon as the first crystals appear. After cooling, and separating the
      mother liquors, 300 g of product are obtained which are recrystallized in
      water. 270 g of lithium p-dihydroxy benzene disulfonate are obtained,
      having a melting point above 260.degree.C (dec). The infrared spectrum
      recorded in a KBr pellet gives maxima at the following frequencies: 3480,
      3360, 3210, 1690, 1425, 1260, 1205, 1165, 1110, 1035, 885, 825, and 670
      cm.sup..sup.-1.
PAC  EXAMPLE 6
PAC  calcium p-dihydroxy benzene disulfonate
PAR  a. Preparation of p-dihydroxy benzene disulfonic acid:
PAR  41.6 g diethylamine p-dihydroxy benzene disulfonate (obtained by a known
      method, but particularly according to Example 1 of Swiss patent
      application Ser. No. 7326/72), are dissolved in 500 ml of air-free
      distilled water. The solution thus obtained is passed through a column of
      cation exchange resin (Amberlite IRC-50) containing 60 g of resin prepared
      in acid form and washed. The liquids are collected in a flask protected
      from the air (nitrogen atmosphere), and the resin is washed until the
      eluant no longer gives the reaction of phenols with the ferric chloride
      solution, then the washings are combined with the main solution. The
      combined liquids are concentrated in a rotary evaporator, under vacuum,
      until the solution becomes cloudy, i.e. until the total volume is about 80
      ml. When the solution is cold, and before the product crystallizes, 200 ml
      of pure acetone are added; a crystalline mass is formed which is collected
      in a Buchner funnel under slight vacuum. After recrystallization in water,
      27 g of extremely pure acid are obtained, having a melting point of
      166.degree. - 169.degree. C.
PAR  b. Preparation of the calcium salt:
PAR  270 g of the acid obtained according to part (a) are dissolved in 2 liters
      of boiled, oxygen-free distilled water, and the solution is carefully
      neutralized with 100 g of pure calcium carbonate, the pH being maintained
      between 6 and 6.5. The solution is filtered, vacuum concentrated, and left
      to cool. A crystalline residue of calcium p-dihydroxy benzene disulfonate
      is obtained which is filtered and washed successively with distilled
      water, alcohol, and finally with diethyl ether, giving 157 g of pure
      product having a melting point above 300.degree.C (dec). the infrared
      spectrum recorded in a KBr pellet gives maxima at the following
      frequencies: 3500, 1625, 1420, 1340, 1220, 1175, 1110, 1025, 885, and 810
      cm.sup..sup.-1.
PAC  EXAMPLE 7
PAC  bis (ammonium)-p-dihydroxy benzene disulfonate
PAR  The aqueous solution of p-dihydroxy benzene disulfonic acid, obtained
      according to example 1, is made colorless by filtering after addition of 2
      g of charcoal, and then concentrated by evaporation under reduced
      pressure, until a granular paste is obtained. 100 ml of ether added, and
      the thus formed suspension is filtered through a Buchner funnel by
      suction. The paste obtained is dissolved in 200 ml of distilled water, the
      solution is filtered and neutralized with concentrated ammonia. After each
      addition of a portion of ammonia, the pH of the solution is checked, and
      ammonia addition is stopped at a pH of 6.5. The solution then becomes
      unclear, and the ammonium salt begins to precipitate.
PAR  Without removing the solid particles, the solution is heated to boiling, 1
      g of charcoal is added, and the hot solution is filtered through a paper
      filter. The filtrate is cooled down during several hours, and the
      precipitated ammonium salt is removed by filtering. After several
      recristallizations from water, one obtains 92 g of bis (ammonium)
      p-dihydroxy benzene sulfonate, in the form of a white cristalline powder.
PAR  The mother liquids are concentrated, and after recristallization as above
      described, one obtains 9 g of the same ammonium salt, having a melting
      point above 320.degree.C. The IR-spectrum measured in KBr gives at 1530,
      1410, 1210, 1115, 1020, 890, 820 and 660 cm.sup..sup.-1.
PAC  OTHER PRODUCTS OBTAINED BY THE PROCESS DESCRIBED
TBL  ______________________________________                                    
     bis (dimethylamine) p-dihydroxy                                           
                          M.P.      199.degree.C                               
     benzene disulfonate                                                       
     bis (diethylamine) p-dihydroxy                                            
                          M.P.     198-220.degree.C                            
     benzene disulfonate                                                       
     bis (trimethylamine) p-dihydroxy                                          
                          M.P.     260.degree.C                                
     benzene disulfonate                                                       
     bis (pyrrolidine) p-dihydroxy                                             
                          M.P.     272.degree.C                                
     benzene disulfonate                                                       
     ______________________________________                                    
PAR  The compounds of the invention are interesting as hemostatic agents, for
      their protective action on the capillaries, and as antilipedemic agents.
PAR  The pharmacodynamical properties of the products which are the object of
      this patent are typified by those of
      bis-diethylamine-p-dihydroxy-benzene-disulfonate.
PAR  1. Acute toxicity in the mouse and the rat
PA1  18 to 25 g albino mice
PA1  100 to 150 g Sprague-Dawley rats
PAR  The LD.sub.50 was determined according to the method of Reed and Muench.
TBL                TABLE I                                                     
     ______________________________________                                    
     Administra-           LD.sub.50                                           
     tion      Species     (mg/kg)  Fiducial limits                            
     method                         (for p = 0,95)                             
     ______________________________________                                    
     I.V.      mouse (male)                                                    
                           1,016     (831 - 1,525)                             
     I.V.      mouse (female)                                                  
                           1,016     (831 - 1,525)                             
     Oral      mouse (male)                                                    
                           6,292    (5,330 - 7,423)                            
     Oral      mouse (female)                                                  
                           5,878    (5,286 - 6,532)                            
     I.P.      rat (male)  2,650    (2,307 - 3,041)                            
     I.P.      rat (female)                                                    
                           2,442    (2,127 -2,804)                             
     Oral      rat (male)  5,837    (4,425 - 7,692)                            
     Oral      rat (female)                                                    
                           4,678    (3,978 - 5,493)                            
     ______________________________________                                    
PAR  2. Action on the average bleeding time
PAR  bis-diethylamine p-dihydroxy benzene disulfonate produces a decrease of the
      bleeding time in the rabbit, determined by the method of ROSKAM, modified
      by LAPORTE (Chemotherapia, 3, 62, 1961). The results obtained one hour
      after administering the product are given in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                      Effect                                                   
     Dose             Percentage decrease of                                   
     micromoles/kg    average bleeding time                                    
     ______________________________________                                    
     0.625             8.5 %                                                   
     1.25             19.5 %                                                   
     2.5              32.0 %                                                   
     5.0              43.0 %                                                   
     7.05             51.0 %                                                   
     10.0             50.0 %                                                   
     ______________________________________                                    
PAR  3. Activity: time ratio
PAR  The effect of bis-diethylamine p-dihydroxy benzene disulfonate at a dose of
      5 micromoles/kg is long lasting, as can be seen from the results given in
      Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Time              Effect                                                  
     hours after i.v.  % decrease of average                                   
     administration    bleeding time                                           
     ______________________________________                                    
     1                 43.0 %                                                  
     2                 46.8 %                                                  
     4                 42.0 %                                                  
     8                 33.5 %                                                  
     16                32.0 %                                                  
     24                21.0 %                                                  
     ______________________________________                                    
PAR  4. Protective action on capillaries
PAR  The action of bis diethylamine p-dihydroxy benzene disulfonate on the
      capillary permeability for the mouse was determined by the modified method
      of BEACH-STEINITZ (J. Pharmacol. Exp. Ther. 131 (1), 400, 1961). The
      product, administered i.p., causes a decrease of the capillary
      permeability which appears after 8 micromoles/kg, and higher doses, and
      the maximum effect is attained at a dose of 200 micromoles/kg.
      Intermediate doses produce effects proportional to the logarithm of the
      dose.
PAR  5. Hypolipedemic action in the rat
PAR  Bis-diethylamine-p-dihydroxy-benzene disulfonate significantly inhibits the
      increase of the plasma cholesterol, triglyceride, and total lipids levels
      in Sprague-Dawley rats treated with Triton WR-1339 (Friedmann M. and Byers
      S.O., J. Exptl. Med., 97, 117, 1953). The results obtained are given in
      Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                                  TRITON + BIS                                 
                        TRITON    DIETHYLAMINE P-                              
                                  DIHYDROXY BENZENE                            
                                  DISULFONATE                                  
     __________________________________________________________________________
     TOTAL CHOLESTEROL mg % (plasma)                                           
                        238.4 .+-. 6.5                                         
                                  223.0 .+-. 15.1                              
     .DELTA. % with respect to Triton                                          
                                  - 6 %                                        
     P                            0.15&lt;P&lt;0.20                                  
     FREE CHOLESTEROL mg % (plasma)                                            
                        60.5 .+-. 2.5                                          
                                  54.4 .+-. 3.9                                
     .DELTA. % with respect to Triton                                          
                                  - 10 %                                       
     P                            0.05&lt;P&lt;0.10                                  
     TRIGLYCERIDES mg % (plasma)                                               
                        773.5 .+-. 59.1                                        
                                  589.5 .+-. 57.9                              
     .DELTA. % with respect to Triton                                          
                                  - 24 %                                       
     P                            0.0125&lt;P&lt;0.025                               
     TOTAL LIPIDS mg % (plasma)                                                
                        2466.9.+-. 141.2                                       
                                  2001.9 .+-. 193.7                            
     .DELTA. % with respect to Triton                                          
                                  - 19 %                                       
     P                            0.025&lt;P&lt;0.05                                 
     __________________________________________________________________________
PAR  The following table gives the values for DL.sub.50 and DE.sub.50, as well
      as proposed doses of some compounds according to the present invention.
TBL  __________________________________________________________________________
                      DL.sub.50                                                
                           DE.sub.50                                           
                                  Proposed dose in g/day                       
                      (mg/kg)                                                  
                           (.mu.moles/kg)                                      
                                  Rectal                                       
                                       Oral Parenteral                         
     __________________________________________________________________________
     bis (piperazine) p-dihydroxy-                                             
                      &gt;2000                                                    
                           1,25   1 - 2                                        
                                       1 - 2                                   
                                            0,25 - 1                           
      benzene disulfonate                                                      
                      (p.o.)                                                   
     lithium p-dihydroxybenzene-                                               
                      2186 0,90   1 - 2                                        
                                       1 - 2                                   
                                            0,25 - 1                           
      disulfonate     (i.v.)                                                   
     calcium p-dihydroxybenzene-                                               
                      &gt;6880                                                    
                           0,98   1 - 2                                        
                                       1 - 2                                   
                                            0,25 - 1                           
      disulfonate     (p.o.)                                                   
     bis (diethylamine) p-dihydroxy-                                           
                      1016 2,25   1 - 2                                        
                                       1 - 2                                   
                                            0,25 - 1                           
      benzene disulfonate                                                      
                      (i.v.)                                                   
     bis (ammonium) p-dihydroxy-                                               
                      1209 2,45   1 - 2                                        
                                       1 - 2                                   
                                            0,25 - 1                           
      benzene disulfonate                                                      
     __________________________________________________________________________
TBL  Example of formulation per tablet (500 mg dose)                           
     bis diethylamine p-dihydroxy benzene disulfonate                          
                                 0.500 g                                       
     Rice starch                 0.100 g                                       
     Lactose                     0.100 g                                       
     Polyvinylpyrrolidone        0.020 g                                       
     Magnesium stearate          0.003 g                                       
     Weight of tablet            0.723 g                                       
     Example of formulation per capsule (250 mg dose)                          
     bis diethylamine p-dihydroxy benzene disulfonate                          
                                 0.250 g                                       
     Lactose                     0.050 g                                       
     Aerosil                     0.001 g                                       
     Magnesium stearate          0.002 g                                       
     Weight of capsule           0.303 g                                       
     Example of formulation for suppositories                                  
     (500 mg dose)                                                             
     bis diethylamine p-dihydroxy benzene disulfonate                          
                                 0.500 g                                       
     Citric acid                 0.0036 g                                      
     Sodium metabisulfite        0.0002 g                                      
     Monolene                    1.650 g                                       
     Weight of suppository       2.15  g                                       
     Example of formulation per injectable phial                               
     (250 mg dose)                                                             
     bis diethylamine p-dihydroxy benzene disulfonate                          
                                 0.250 g                                       
     Sodium metabisulfite        0.002 g                                       
     Twice distilled water        2 ml                                         
PAR  For the other products of the series, the doses are within the values given
      above.
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      diseases.
BSUM
PAR  The present invention provides tetrahydroacridones of the general formula I
      and their salts with physiologically tolerated acids and bases
      ##SPC1##
PAL  In which
PA1  R.sup.1 represents oxygen or the hydrazone radical =N--NH.sub.2,
PA1  R.sup.2 to R.sup.7, which may be identical or different, represent
      hydrogen, a straight or branched, saturated or unsaturated lower alkyl
      radical, a phenyl group which may be substituted once, twice or thrice by
      fluorine, chlorine, bromine, iodine, trifluoromethyl, nitro, cyano,
      carbamyl, sulfamyl, acetyl, lower alkyl-sulfoxy and phenyl-sulfoxy, lower
      alkyl-sulfonyl and phenyl-sulfonyl, lower alkoxy, or methylene-dioxy, with
      the limitation that only one of the radicals R.sup.2 to R.sup.7 represents
      an aromatic radical,
PA1  R.sup.8 to R.sup.11, which may be identical or different, represent
      hydrogen, fluorine, chlorine, bromine, iodine, trifluoromethyl, cyano,
      lower alkyl, lower alkoxy,
PA1  R.sup.12 represents hydrogen, a hydroxyl group, or a straight or branched
      lower acyloxy group.
PAR  The term "lower" used hereinbefore and hereinafter with reference to
      radicals denotes such radicals which contain 1 to 6 carbon atoms,
      preferably radicals which contain 1 to 4 carbon atoms.
PAR  The invention also relates to a process for preparing the compounds of the
      formula I, which comprises reacting the compounds of the formulae II and
      III
      ##SPC2##
PAL  in which the radicals R.sup.2 to R.sup.11 have the meanings given above, in
      a water-miscible organic solvent and in the presence of a mineral acid,
      preferably concentrated hydrochloric or hydrobromic acid, at a temperature
      in the range of from 20 to 120.degree. C, preferably 80.degree. to
      100.degree. C, to form a compound of the formula IV
      ##SPC3##
PAL  and, if R.sup.1 in formula I represents a hydrazone radical, condensing
      this compound with hydrazine,
PAL  Or, if R.sup.12 in formula I represents hydrogen, reducing this compound
      with phosphorus trichloride,
PAL  Or, if R.sup.12 in formula I represents a straight or branched lower
      acyloxy group, reacting this compound with an acid halide or acid
      anhydride of the formula V or VI
EQU  r.sup.13 --cocl                                            V
EQU  r.sup.13 --co--o--co--r.sup.13                             vi.
PAL  in which R.sup.13 represents a straight or branched lower alkyl radical.
PAR  The 2-nitrobenzaldehydes of the formula II used as starting substances are
      obtained starting from toluene derivatives which are nitrated in
      2-position, halogenated in the methyl group and which are subsequently
      converted into the aldehydes of the formula II according to the method of
      F. Krohnke (Ber. 69, 2006 (1936)). The following compounds are cited by
      way of example as starting materials:
PAR  2-NITROBENZALDEHYDE, 3-CHLORO-2-NITROBENZALDEHYDE,
      4-CHLORO-2-NITROBENZALDEHYDE, 6-CHLORO-2-NITROBENZALDEHYDE,
      4-FLUORO-2-NITROBENZALDEHYDE, 5-FLUORO-2-NITROBENZALDEHYDE,
      4-BROMO-2-NITROBENZALDEHYDE, 4-TRIFLUOROMETHYL-2-NITROBENZALDEHYDE,
      5-TRIFLUOROMETHYL-2-NITROBENZALDEHYDE,
      6-TRIFLUOROMETHYL-2-NITROBENZALDEHYDE, 4-METHOXY-2-NITRO-BENZALDEHYDE,
      5-ETHOXY-2-NITROBENZALDEHYDE, 4-BUTOXY-2-NITROBENZALDEHYDE,
      3-METHYL-2-NITROBENZALDEHYDE, 4-HEXYL-2-NITROBENZALDEHYDE.
PAR  The 1,3-cyclohexane-dione derivatives of the formula III are obtained
      either by catalytic hydrogenation of correspondingly substituted
      resorcinal derivatives in the presence of bases (Organikum, 4th Edition,
      1964, page 257), or by cyclization reactions as those described, for
      example, for dimedone (Org. Synth. Coll. Vol. II, page 200),
      5-o-chlorophenyl-1,3-cyclohexanedione (L. H. Hinkel, E. E. Ayling, J. F.
      J. Dippy, J. Chem. Soc., London, 1935, page 539) and
      4-hydroxyphenyl-1,3-cyclohexanedione (Ph. E. Papadakis, J. Am. Chem. Soc.
      67, page 1799, (1945)).
PAR  As examples, there may be mentioned: 1,3-cyclohexane-dione,
      4-methyl-1,3-cyclohexane-dione, 4-ethyl-1,3-cyclohexane-dione,
      4-tert.-butyl-1,3-cyclohexane-dione, 4-phenyl-1,3-cyclohexane-dione,
      4-(4-chlorophenyl)-1,3-cyclohexane-dione,
      4-(4-fluorophenyl)-1,3-cyclohexane-dione,
      4-(3,4-dichlorophenyl)-1,3-cyclohexane-dione,
      4-(4-trifluoromethylphenyl)-1,3-cyclohexane-dione,
      5-methyl-1,3-cyclohexane-dione, 5-ethyl-1,3-cyclohexane-dione,
      5-propyl-1,3-cyclohexane-dione, 5-iso-propyl-1,3-cyclohexanedione,
      5-butyl-1,3-cyclohexane-dione, 5-hexyl-1,3-cyclohexanedione,
      5-(2-hydroxyethyl)-1,3-cyclohexane-dione,
      5-cyclopentyl-1,3-cyclohexane-dione, 5-cyclohexyl-1,3-cyclohexane-dione,
      5-(3-hydroxypropyl)-1,3-cyclohexane-dione, 5-phenyl-1,3-cyclohexanedione,
      5-p-chlorophenyl-1,3-cyclohexane-dione,
      5-p-fluorophenyl-1,3-cyclohexane-dione,
      5-p-bromophenyl-1,3-cyclohexane-dione,
      5-p-trifluoromethylphenyl-1,3-cyclohexane-dione,
      5-p-methoxyphenyl-1,3-cyclohexane-dione, 5-p-tolyl-1,3-cyclohexane-dione,
      5-p-cyanophenyl-1,3-cyclohexane-dione,
      5-p-sulfamylphenyl-1,3-cyclohexane-dione,
      5-(4-methylsulfonylphenyl)-1,3-cyclohexanedione,
      5-(4-carbamylphenyl)-1,3-cyclohexane-dione,
      5-(4-iodophenyl)-1,3-cyclohexane-dione,
      5-(4-acetylphenyll)-1,3-cyclohexane-dione,
      5-(4-phenoxyphenyl)-1,3-cyclohexane-dione,
      5-(3,4-methylenedioxyphenyl)-1,3-cyclohexane-dione,
      5-(3-chlorophenyl)-1,3-cyclohexane-dione,
      5-(3-fluorophenyl)-1,3-cyclohexane-dione,
      5-(3-bromophenyl)-1,3-cyclohexane-dione,
      5-(3-trifluorophenyl)-1,3-cyclohexane-dione,
      5-(3-cyanophenyl)-1,3-cyclohexane-dione,
      5-(3-sulfonylmethylphenyl)-1,3-cyclohexane-dione,
      5-m-nitrophenyl-1,3-cyclohexane-dione,
      5-(3-sulfamylphenyl)-1,3-cyclohexane-dione,
      5-(3-methylsulfoxyphenyl)-1,3-cyclohexane-dione,
      5-(3-ethoxyphenyl)-1,3-cyclohexane-dione,
      5-(2-fluorophenyl)-1,3-cyclohexane-dione,
      5-(2-chlorophenyl)-1,3-cyclohexane-dione,
      5-(2-trifluoromethylphenyl)-1,3-cyclohexane-dione,
      5-(2-bromophenyl)-1,3-cyclohexane-dione, 5(2-tolyl)-1,3-cyclohexane-dione,
      5-(2-cyanophenyl)-1,3-cyclohexanedione,
      5-(2-acetylphenyl)-1,3-cyclohexane-dione,
      5-(2,3-dichlorophenyl)-1,3-cyclohexane-dione,
      5-(2,4-dichlorophenyl)-1,3-cyclohexane-dione,
      5-(2,5-dichlorophenyl)-1,3-cyclohexane-dione,
      5-(3,4-dichlorophenyl)-1,3-cyclohexane-dione,
      5-(2-chloro-4-fluorophenyl)-1,3-cyclohexane-dione,
      5-(3-chloro-4-fluorophenyl)-1,3-cyclohexane-dione,
      5-(2-chloro-4-trifluoromethylphenyl)-1,3-cyclohexane-dione,
      5-(3-chloro-4-trifluoromethylphenyl)-1,3-cyclohexane-dione,
      5-(2-bromo-5-trifluoromethylphenyl)-1,3-cyclohexane-dione,
      5-(2-chloro-4-iodophenyl)-1,3-cyclohexane-dione,
      5-(3-methyl-4-fluorophenyl)-1,3-cyclohexane-dione,
      5-(2-methoxy-4-chlorophenyl)-1,3-cyclohexanedione,
      5-(2-chloro-4-cyanophenyl)-1,3-cyclohexane-dione,
      5-(2-methyl-5-trifluoromethylphenyl)-1,3-cyclohexane-dione,
      5-(3-chloro-5-sulfonylmethylphenyl- 1,3-cyclohexane-dione,
      5-(2-chloro-6-methoxyphenyl)-1,3-cyclohexane-dione,
      5-(3-chloro-4-butylphenyl)-1,3-cyclohexane-dione,
      5-(2-chloro-4-sulfonylphenyl)-1,3-cyclohexane-dione,
      5-(2-ethyl-5-sulfonylmethylphenyl)-1,3-cyclohexane-dione,
      4,4-dimethyl-1,3-cyclohexane-dione, 5,5-dimethyl-1,3-cyclohexane-dione,
      4,6-dimethyl-1,3-cyclohexane-dione,
      4-methyl-6-ethyl-1,3-cyclohexane-dione, 4-tert.-butyl-6-methyl-1,3-cyclohe
     xane-dione, 5,5-diethyl-1,3-cyclohexane-dione,
      5-methyl-5-phenyl-1,3-cyclohexane-dione,
      5-methyl-5-p-chlorophenyl-1,3-cyclohexane-dione,
      5-methyl-5-p-fluorophenyl-1,3-cyclohexanedione,
      5-methyl-5-p-trifluorophenyl-1,3-cyclohexane-dione,
      4-methyl-5-p-chlorophenyl-1,3-cyclohexane-dione,
      4,6-dimethyl-5-p-chlorophenyl-1,3-cyclohexane-dione,
      4-methyl-5-(3,4-dichlorophenyl)-1,3-cyclohexane-dione,
      5-methyl-5-(m-methylsulfonylphenyl)-1,3-cyclohexane-dione,
      4-methyl-5-(m-fluorophenyl)-1,3-cyclohexane-dione.
PAR  The compounds of the formula IV are prepared preferably by heating one mole
      of an aldehyde of the formula II and one mole of a cyclohexanedione of the
      formula III in a mixture of glacial acetic acid and concentrated
      hydrochloric acid for 1 to 2 hours to 80.degree. - 100.degree. C and
      subsequently precipitating the reaction product by the addition of water.
      The quantity of glacial acetic acid depends on the solubility of the
      starting components and can be varied within wide limits. Instead of
      glacial acetic acid, also other water-miscible solvents such as formic
      acid, propionic acid, tetrahydrofurane, dioxane, glycol dimethyl ether,
      glycol monomethyl ether, alcohols, etc. are suitable.
PAR  The quantity of hydrochloric acid, too, can be varied within wide limits,
      but should not be lower than 1 mole because the yields would then
      decrease. The aqueous hydrochloric acid can be replaced by gaseous
      hydrogen chloride which may be introduced into the reaction solution.
PAR  The reaction temperature depends on the reactivity and stability of the
      components. With well soluble starting substances, heating is not
      absolutely necessary. It is sufficient to allow the reaction mixture to
      stand for several days, if necessary up to one week, at room temperature
      and then to concentrate or to precipitate with water.
PAR  A peculiarity of the reaction consists in the fact that when using
      2-nitrobenzaldehydes which are unsubstituted in the 5-position, a chlorine
      atom is introduced into the 7-position of the reaction product
      (substituent R.sup.10). If, instead of hydrochloric acid, concentrated
      hydrobromic acid, hydrogen bromide gas or hydrogen bromide/glacial acetic
      acid is used, a bromine atom can be introduced at the same place. If,
      however, the 5-position of the 2-nitrobenzaldehyde is already substituted,
      for example by chlorine, bromine, fluorine or alkoxy, and if no further
      halogen atom is to be introduced, it is of advantage to add to the batch
      at least one mole of a reducing agent, for example hydroquinone,
      pyrogallol, oxyhydroquinone or ascorbic acid.
PAR  The compounds of the formula IV can be converted into a monohydrazone by
      heating with an excess (2 to 20 moles) of an aqueous hydrazine solution.
      The sparingly soluble hydrazone is first treated with acid, for example
      hydrochloric acid, sulfuric acid, acetic acid, or phosphoric acid, in
      order to separate the excess of hydrazine and the aqueous suspension of
      the hydrazone salt so obtained is then combined with a base until the
      pH-value of the solution is between 7 and 8.
PAR  When heated with acid anhydrides which when used in excess simultaneously
      serve as solvent, the compounds of the formula IV react to monoacyl
      derivatives. These compounds crystallize directly or may be obtained after
      destruction of the excess anhydride. Instead of the acid anhydrides, acid
      halides may also be used for the acylation, for example acetyl chloride,
      chloroacetyl chloride, propionic acid chloride or butyric acid bromide.
PAR  The tetrahydroacridones of the formula I prepared according to the
      invention constitute colorless to weakly yellow crystalline compounds
      which are sparingly soluble in water and in most of the organic solvents
      at room temperature and which in most cases melt at temperatures above
      200.degree. C with decomposition.
PAR  They can be recrystallized from polar solvents, for example formic acid,
      glacial acetic acid, dimethylformamide, glycol monomethyl ether. Because
      of their amphoteric nature, they form salts with acids and bases. Thus,
      for example, the hydrochlorides or hydrobromides which hydrolyze easily in
      water can be prepared with hydrochloric acid or hydrobromic acid in
      alcohols. The salts of sulfuric acid show a similar behaviour.
PAR  The salts with bases are more soluble in water than the free compounds.
      They are obtained, for example by dissovling 1 mole of tetrahydroacridone
      of the formula IV with 1 mole of a strong base in water or alcohols and
      carefully concentrating this solution or lyophilizing it. When working in
      alcohols, they may also be precipitated by the addition of non-polar
      solvents, for example ether or ethyl acetate. As bases, there may be used
      all strong bases the cations of which are physiologically tolerated, for
      example sodium hydroxide, potassium hydroxide, calcium hydroxide or
      tetramethylammonium hydroxide.
PAR  The compounds of the formula I prepared according to the invention
      constitute a novel class of chemical compounds and are valuable
      chemotherapeutic agents which are particularly suitable for the control of
      infections by protozoa. They are distinguished, for example by a high
      activity against the pathogens of malaria, especially against such strains
      which do not sufficiently respond to the conventional drugs, for example
      chloroquin and related compounds. The number of therapy resistant cases
      has considerably increased in the malaria infested areas of the world.
      Therefore, there is an urgent need for novel antimalarial drugs which have
      no crossresistance to known drugs.
PAR  Furthermore, the compounds of the invention are also active against the
      pathogens of coccidiosis (for example, coccidiosis of fowl, turkeys,
      rabbits, cattle and pigs).
PAR  In the present day mass management of animals for slaughter, coccidiosis is
      a real problem during the rearing and fattening period, because it may
      cause considerable economical losses. Therefore, the availability of
      highly active, well tolerated coccidiostatics is of highest interest.
PAR  The compounds of the formula I may be administered perorally or
      parenterally in doses ranging from 2.5 to 100 mg/kg of body weight. As
      antimalarial drugs, dosage unit forms such as dragees or capsules for oral
      administration or solutions and suspensions, respectively, for injections,
      each containing 100 to 400 mg of active substance are preferred. Such
      dosage units are administered once to three times daily depending on the
      condition of the patient.
PAR  For oral administration, there may be used in particular tablets, dragees,
      capsules, powders or granules which contain the active substances together
      with the usual excipients and adjuvants such as starch, cellulose powder,
      talcum, magnesium stearate, sugar, gelatin, calcium carbonate, finely
      divided silicic acid, carboxymethyl-cellulose or similar substances.
PAR  For parenteral administration, in particular for intramuscular injections,
      there may be used sterile suspensions, for example oily suspensions
      prepared with the use of sesame oil, castor oil or synthetic
      triglycerides, optionally with simultaneous use of surface-active
      substances such as sorbitan fatty acid esters. Furthermore, there may also
      be used aqueous suspensions prepared, for example with the use of
      ethoxylated sorbitan fatty acid esters, optionally with addition of
      thickeners such as polyethylene glycol or carboxymethyl-cellulose.
PAR  In addition, the compounds of the formula I may also be administered in
      admixture with suitable feedstuffs.
PAR  For use as veterinary drugs, the concentration of the active substances of
      the invention in the preparations produced with them is preferably in the
      range of from 2 and 30 % by weight; for use as medicaments for humans, the
      concentration of the active substances is preferably in the range of from
      20 to 80 % by weight.
PAR  The compounds of the formula I may also be used in combination with other
      active substances.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLES:
PAR  A 1:
      7-Chloro-3-(2-chloro-4-trifluoromethylphenyl)-10-hydroxy-1-oxo-1,2,3,4-tet
     rahydro-9(10H)-acridone
PAR  15.1 g (0.1 mole) of 2-nitrobenzaldehyde and 29 g (0.1 mole) of
      5-(2-chloro-4-trifluoromethylphenyl)-1,3-cyclohexane-dione were heated,
      while stirring, for 1 hour, to 80.degree. C, in a mixture of 100 ml of
      glacial acetic acid and 100 ml of concentrated hydrochloric acid. The
      reaction solution was poured into 1.5 liters of water, the precipitate
      that had formed was filtered off and washed with water until it was free
      from chlorine ions. The still wet filter cake was boiled with 500 ml of
      methanol for 20 minutes under reflux and with stirring, filtered off again
      and washed with methanol and ether. After drying, 32.4 g of the
      above-specified compound were obtained (73.2 % of yield); decomposition
      point 260.degree. C.
PAR  C.sub.20 H.sub.12 Cl.sub.2 F.sub.3 NO.sub.3 (442.2); Calc.: C 54.3; H 2.75;
      N 3.15; Cl 16.0 %; Found: C 54.0; H 3.1; N 3.2; Cl 16.0 %.
PAR  In analogous manner, there were obtained from the correspondingly
      substituted 2-nitrobenzaldehydes and 1,3-cyclohexanediones the following
      compounds:
PAR  A 2: 7-chloro-10-hydroxy-1-oxo-3-phenyl-1,2,3,4,tetrahydro-9(10H)-acridone
PAR  Decomposition point: 245.degree.-250.degree. C
PAR  A 3:
      7-chloro-3-(4-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acr
     idone
PAR  Decomposition point from 270.degree. C onwards
PAR  A 4: 7-chloro-3-(2-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 238.degree. to 243.degree. C
PAR  A 5: 7-bromo-3-(4-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 6:
      7-chloro-10-hydroxy-1-oxo-3-(4-trifluoromethylphenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 330.degree. C onwards
PAR  A 7:
      7-fluoro-10-hydroxy-1-oxo-3-(4-trifluoromethylphenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 8: 7-fluoro-10-hydroxy-1-oxo-3-(4-chlorophenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 9: 7-fluoro-10-hydroxy-1-oxo-3-(4-fluorophenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 10: 7-chloro-3-(2,4-dichlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 283.degree. to 285.degree. C
PAR  A 11: 7-chloro-3-(3-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 248.degree. to 250.degree. C
PAR  A 12: 7-chloro-3-(4-fluorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 257.degree. to 258.degree. C
PAR  A 13:
      7-chloro-10-hydroxy-1-oxo-3-(2-trifluoromethylphenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decompositon point 260.degree. C
PAR  A 14: 7-chloro-3-(2,6-dichlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 239.degree. to 240.degree. C
PAR  A 15:
      6-chloro-10-hydroxy-1-oxo-3-(4-trifluoromethylphenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 16: 7-chloro-(3,4-dichlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point 275.degree. C
PAR  A 17: 5-fluoro-3-(4-fluorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 18: 7-chloro-10-hydroxy-3-(4-nitrophenyl)-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 340.degree. C onwards
PAR  A 19:
      7-chloro-10-hydroxy-3-(3,4-methylenedioxyphenyl)-1-oxo-1,2,3,4-tetrahydro-
     9 (10H)-acridone
PAR  Decomposition point 245.degree. C
PAR  A 20: 7-chloro-10-hydroxy-3-(4-methoxyphenyl)-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 268.degree. to 270.degree. C
PAR  A 21: 7-chloro-10-hydroxy-3-(2-methoxyphenyl)-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 205.degree. to 210.degree. C
PAR  A 22: 6-chloro-3-(4-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 23: 7-chloro-10-hydroxy-3-i-propyl-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 251.degree. to 252.degree. C
PAR  A 24: 7-chloro-10-hydroxy-2-methyl-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 240.degree. C onwards
PAR  A 25: 7-chloro-2,2-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 234.degree. to 235.degree. C
PAR  A 26: 7-chloro-2,4-di-tert.-butyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 248 to 249.degree. C
PAR  A 27: 7-chloro-10-hydroxy-1-oxo-2-tert. butyl-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 220.degree. to 222.degree. C
PAR  A 28:
      6,7-dichloro-10-hydroxy-1-oxo-3-(4-chloro-phenyl)-1,2,3,4-tetrahydro-9 (10
     H)-acridone
PAR  A 29:
      6,7-dichloro-10-hydroxy-1-oxo-3-(3-trifluoromethylphenyl)-1,2,3,4-tetrahyd
     ro-9 (10H)-acridone
PAR  A 30: 3,3-dimethyl-7-fluoro-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 31: 3-n-butyl-7-fluoro-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 32: 7-chloro-10-hydroxy-6-methoxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 33: 7-n-butoxy-3-(4-fluorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 34:
      7-chloro-3-(4-chlorophenyl)-10-hydroxy-5-methyl-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 35: 7-chloro-10-hydroxy-1-oxo-3-(4-sulfamylphenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 36: 7-chloro-3-(4-cyanophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 37:
      7-chloro-3-(4-chloro-3-hexylphenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  A 38: 6,7-dichloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 251.degree. to 254.degree. C
PAR  A 39:
      7-chloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  Decomposition point 236.degree. C
PAR  A 40:
      7-bromo-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  Decomposition point 230.degree. C
PAR  A 41:
      7-chloro-3,3-dimethyl-10-hydroxy-6-methoxy-1-oxo-1,2,3,4-tetrahydro-9(10H)
     -acridone
PAR  Decomposition point 277.degree. C
PAR  A 42:
      3,3-dimethyl-10-hydroxy-7-methoxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  Decomposition point from 233.degree. to 235.degree. C
PAR  A 43:
      3,3-dimethyl-7-fluoro-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  Decomposition point from 208.degree. to 210.degree. C
PAR  A 44:
      7-chloro-2-(4-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acr
     idone
PAR  A 45:
      7-chloro-2-(4-fluorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acr
     idone
PAR  B 1: 3,3-Dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  15.1 g (0.1 mole) of 2-nitrobenzaldehyde, 14.1 g (0.1 mole) of dimedone and
      22 g (0.2 mole) of hydroquinone were dissolved in 200 ml of glacial acetic
      acid. Hydrogen chloride gas was vigourously introduced during 3 hours at
      80.degree. to 90.degree. C, the whole was allowed to stand overnight and
      the glacial acetic acid was removed under reduced pressure. The
      crystalline residue (25 g) yielded upon dissolution and recrystallization
      from 125 ml of ethanol 19.5 g of
      3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
      hydrochloride. The compound was dissolved in water whereupon the free base
      precipitated after a short time. After recrystallization from methanol,
      there were obtained 15 g (58 % of the theory) of the above-specified
      compound which had a decomposition point from 200.degree. to 202.degree.
      C.
PAR  C.sub.15 H.sub.15 NO.sub.3 (257.3); Calc.: C 70.0; H 5.9; N 5.4 %; Found: C
      69.8; H 5.8; N 5.3 %.
PAR  In analogous manner, there were obtained with the use of the
      correspondingly substituted 2-nitrobenzaldehydes and
      1,3-cyclohexane-diones the following compounds:
PAR  B 2: 8-chloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone-hydrochloride
PAR  Decomposition point from 198.degree. to 200.degree. C
PAR  B 3: 8-chloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone Decomposition point 293.degree. C
PAR  B 4: 10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9 (10H)-acridone
PAR  Decomposition point from 203.degree. to 205.degree. C
PAR  B 5: 6-chloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point from 209.degree. to 210.degree. C
PAR  B 6: 3,3-dimethyl-10-hydroxy-6-methoxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  Decomposition point 250.degree. C
PAR  B 7: 3-n-hexyl-10-hydroxy-6-fluoro-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  B 8: 2-n-butyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9 (10H)-acridone
PAR  B 9: 6,8-dichloro-2,4-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone
PAR  B 10: 6-fluoro-3-(4-fluorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10)-acridone
PAR  C 1:
      7,8-Dichloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acrid
     one
PAR  18.6 g (0.1 mole) of 6-chloro-2-nitrobenzaldehyde and 14 g (0.1 mole) of
      dimedone were dissolved in 260 ml of glacial acetic acid and a strong
      stream of hydrogen chloride gas was introduced at 80.degree. C. After
      about 6 hours, the whole was heated under reflux and HCl gas was
      introduced for further 4 hours. The solution was filtered until clear,
      concentrated under reduced pressure, the residue was triturated with 50 ml
      of methanol and allowed to stand overnight in a refrigerator. After
      separation by suction-filtration and dissolution and recrystallization
      from a mixture of glacial acetic acid and water, there were obtained 2.7 g
      (8 %) of the above-specified compound having a decomposition point of
      272.degree. C.
PAR  C.sub.15 H.sub.13 Cl.sub.2 NO.sub.3 (326.2); Calc: C 55.2; H 4.0; N 4.3 %;
      Found: C 55.2; H 4.1; N 4.6 %.
PAR  C 2: 3-(4-Chlorophenyl)-7,8-dichloro-10
      -hydroxy-1oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  D 1: 7-Chloro-10-hydroxy-3-methyl-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  30.2 g (0.2 mole) of 2-nitrobezaldehyde and 25.2 g (0.2 mole) of
      5-methyl-1,3-cyclohexane-dione were dissolved in 300 ml of
      tetrahydrofurane, the solution was saturated at 18.degree. C with hydrogen
      chloride and allowed to stand for 4 days at room temperature. Water was
      added, the oily layer was separated and stirred with methanol. The
      crystals that had formed were filtered off, washed with methanol and
      dissolved and recrystallized from glacial acetic acid. 9.5 g (17 % of the
      theory) of
      7-chloro-3-methyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
      having a decomposition point of 255.degree. C were obtained.
PAR  The compound was obtained with a higher yield when using the reaction
      conditions described in Example A 1.
PAR  C.sub.14 H.sub.12 ClNO.sub.3 (277.7); Calc.: C 60.5; H 4.4; N 5.0; Cl 12.8
      %; Found: C 61.1; H 4.5; N 5.1; Cl 12.8 %.
PAR  In analogous manner, there were obtained from 2-nitrobenzaldehyde and
      correspondingly substituted 1,3-cyclohexanediones the following compounds:
PAR  D 2: 7-Chloro-3-n-propyl-10-hydroxy-1oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  D 3: 2-i.-Butyl-7-chloro-10-hydroxy-1oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  E 1: 7-Chloro-3,3-dimethyl-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  20 g (0.066 mole) of
      7-chloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
      were suspended in 320 ml of chloroform and, after heating on a steam bath,
      combined dropwise with 11.3 ml (0.13 mole) of phosphorus trichloride. Upon
      cooling, 16 g of
      7-chloro-3,3-dimethyl-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
      crystallized in the form of the hydrochloride. This compound was dissolved
      in a mixture of 300 ml of methanol and 50 ml of binormal sodium hydroxide
      solution, the solution was filtered, the filtrate was concentrated under
      reduced pressure and the base that had crystallized was filtered off with
      suction. 13.5 g (74 % ) of
      7-chloro-3,3-dimethyl-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone were
      obtained. Decomposition point 300.degree. C.
PAR  C.sub.15 H.sub.14 ClNO.sub.2 (275.7); Calc.: C 65.4; H 5.1; N 5.1; Cl 12.9
      %; Found: C 65.6 ; H 5.2; N 5.8; Cl 12.5 %.
PAR  F 1:
      10-Acetoxy-7-chloro-3,3-dimethyl-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
PAR  29.1 g (0.1 mole) of
      7-chloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
      were heated with 100 ml of acetanhydride for 90 minutes on the steam bath.
      Upon cooling, 17.5 g of the above-specified compound crystallized
      directly; further 1.9 g were obtained upon concentration of the mother
      liquor. Decomposition point 207.degree. C.
PAR  C.sub.17 H.sub.16 ClNO.sub.4 (333.8); Calc.: C 61.2; H 4.8; N 4.2; Cl 10.6
      %; Found: C 61.1; H 4.7; N 4.5; Cl 10.9 %.
PAR  G 1:
      7-Chloro-3,3-dimethyl-1-hydrazono-10-hydroxy-1,2,3,4-tetrahydro-9(10H)-acr
     idone
PAR  16.4 g (0.05 mole) of
      7-chloro-3,3-dimethyl-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9(10H)-acridone
      were boiled for 90 minutes under reflux in a mixture of 30 ml of hydrazine
      hydrate (80% strength) and 150 ml of water. The precipitate was filtered
      off with suction, washed with water and treated with 150 ml of
      concentrated hydrochloric acid. A hydrochloride was formed which was
      filtered off after addition of a small amount of water. For conversion
      into the free base, the hydrochloride was suspended in 300 ml of water and
      binormal sodium hydroxide solution was added until the pH-value was 8.
      After suction-filtration, washing with water and drying, 13 g (85 %) of
      7-chloro-3,3-dimethyl-1-hydrazono-10-hydroxy-1,2,3,4-tetrahydro-9(10H)-acr
     idone were obtained which was found to decompose from 160.degree. C
      onwards.
PAR  C.sub.15 H.sub.16 ClN.sub.3 O.sub.2 (305.8); Calc.: C 58.9; H 5.3; N 13.7;
      Cl 11.6 %; Found: C 57.6; H 5.5; N 13.5; Cl 11.9 %.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tetrahydroacridone of the formula
      ##SPC4##
PAL  and salts thereof with physiologically tolerated acids and bases, wherein
      R.sup.1 is oxygen; R.sup.2 - R.sup.7, which may be the same or different
      are hydrogen, straight-chain or branched lower alkyl having 1 to 4 carbon
      atoms, phenyl, or phenyl mono- or di-substituted with fluorine, chlorine,
      or trifluoromethyl, except that only one of R.sup.2 - R.sup.7 is phenyl or
      substituted phenyl; R.sup.8, R.sup.9, and R.sup.11, which may be the same
      or different, are hydrogen, fluorine, chlorine, or trifluoromethyl;
      R.sup.10 is chlorine; and R.sup.12 is hydrogen or hydroxy.
NUM  2.
PAR  2. 7-chloro-3-(2-chloro-4-trifluoromethylphenyl)-10-hydroxy
     -1-oxo-1,2,3,4-tetrahydro-9 (10H)-acridone.
NUM  3.
PAR  3. 7-chloro-10-hydroxy-1-oxo-3-phenyl-1,2,3,4-tetrahydro-9 (10H)-acridone.
NUM  4.
PAR  4. 7-chloro-3-(4-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  5.
PAR  5. 7-chloro-3-(2-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  6.
PAR  6. 7-chloro-10-h
     ydroxy-1-oxo-3-(4-trifluoromethylphenyl)-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  7.
PAR  7. 7-chloro-3-(2,4-dichlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  8.
PAR  8. 7-chloro-3-(3-chlorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  9.
PAR  9. 7-chloro-3-(4-fluorophenyl)-10-hydroxy-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  10.
PAR  10. 7-chloro-10-hydroxy-3-(4-nitrophenyl)-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  11.
PAR  11. 7-chloro-10-hydroxy-3-(2-methoxyphenyl)-1-oxo-1,2,3,4-tetrahydro-9
      (10H)-acridone.
NUM  12.
PAR  12. 6,7-dichloro
     -10-hydroxy-1-oxo-3-(3-trifluorophenyl)-1,2,3,4-tetrahydro-9 (10H)-acridone
     .
NUM  13.
PAR  13. A method for making a tetrahydroacridone of the formula
      ##SPC5##
PAL  wherein R.sup.2 - R.sup.7, which may be the same or different, are
      hydrogen, straight-chain or branched lower alkyl having 1 to 4 carbon
      atoms, phenyl, nitrophenyl, lower alkoxy phenyl having 1 to 4 carbon atoms
      in the alkoxy, methylenedioxy phenyl, sulfamyl phenyl, or phenyl mono- or
      di-substituted with fluoro, chloro, or trifluoromethyl, except that only
      one of R.sup.2 - R.sup.7 is phenyl or substituted phenyl; and R.sup.8 -
      R.sup.11, which may be the same or different, are hydrogen, fluorine,
      chlorine, bromine, lower alkyl having 1 to 4 carbon atoms, lower alkoxy
      having 1 to 4 carbon atoms, or trifluoromethyl, except that R.sup.10 is
      other than hydrogen; which comprises reacting a compound of the formula
      ##SPC6##
PAL  with a compound of the formula
      ##SPC7##
PAL  in a water-miscible solvent and in the presence of a mineral acid.
NUM  14.
PAR  14. A method as in claim 13 wherein said tetrahydroacridone is subsequently
      reacted with hydrazine to replace the 1-oxygen atom by 1-hydrazono.
NUM  15.
PAR  15. A method as in claim 13 wherein said tetrahydroacridone is subsequently
      reacted with phosphorus trichloride to reduce the 10-hydroxy group to
      hydrogen.
NUM  16.
PAR  16. A method as in claim 13 wherein said tetrahydroacridone is subsequently
      reacted with an acid chloride or acid anhydride of the formula
EQU  R.sup.13 --COCl
PAL  or
EQU  R.sup.13 --CO--O--CO--R.sup.13 ,
PAL  wherein R.sup.13 is lower alkyl having 1 to 4 carbon atoms, to esterify the
      10-hydroxy group.
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ABST
PAL  Benzoxanthene- and benzothioxanthene-dicarboxylic acid imide dyestuffs of
      the general formula
      ##SPC1##
PAL  Wherein
PA1  X is oxygen or sulfur,
PA1  R is amino which is substituted by one or two members of the group of
      alkyl, cyclohexyl, benzyl, acyl, phenyl, .beta.-cyanoethyl,
      .beta.-hydroxyethyl, sulfamidophenyl, benzoyl, dichlorobenzoyl,
      sulfamidobenzoyl, carboxamidophenyl, phenylsulfonyl
      sulfamidodichlorobenzoyl, chlorophenyl, phenoxyacetyl lower
      alkylsulfamidobenzoyl and benzimidazdyl,
PA1  R.sub.1 and R.sub.2 are hydrogen chlorine, bromine, cyano, lower
      carbalkoxy, lower alkyl, lower alkoxy and phenyl,
PA1  R.sub.3 and R.sub.4 are hydrogen, lower alkoxy and lower hydroxy alkoxy.
PARN
PAR  This application is a continuation-in-part application of co-pending
      application Ser. No. 328,770 now abandoned filed Feb. 1, 1973 which is a
      divisional application of application Ser. No. 133,755 filed Apr. 13,
      1971, now U.S. Pat. No. 3,748,330.
BSUM
PAR  The present invention relates to valuable novel benzoxanthene and
      benzothioxanthene dicarboxylic acid imide dyestuffs of the general formula
      ##SPC2##
PAL  Wherein X is O or S, R.sub.1 and R.sub.2 each is hydrogen, chlorine,
      bromine, cyano, lower alkyl, lower alkoxy, lower carbalkoxy or phenyl,
      R.sub.3 and R.sub.4 each is hydrogen, lower alkoxy or hydroxy lower
      alkoxy, and R.sub.5 and R.sub.6 each is hydrogen, alkyl, cyclohexyl,
      benzyl, alkanoyl, phenyl lower alkanoyl, phenoxy lower alkanoyl, cyano
      lower alkyl, hydroxy lower alkyl, phenyl sulfonyl, benzoyl,
      dichlorobenzoyl, sulfamido-benzoyl, carbonamido-benzoyl,
      sulfamido-dichlorobenzoyl, lower alkyl-sulfamido-benzoyl or
      benzimidazolyl.
PAR  The novel dyestuffs of the above formula (1) are obtained by condensing
      benzoxanthene or benzothioxanthene-3,4-dicarboxylic acid anhydrides of the
      general formula
      ##SPC3##
PAL  With a compound of the general formula
EQU  H.sub.2 N -- R                                             (3).
PAL  in which formulae (2) and (3) X, R, R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      are defined as above, at a temperature within the range of from
      100.degree. to 280.degree.C. The dyestuffs, in which R of the general
      formula (1) stands for an optionally substituted acylamino group, may also
      be obtained by reacting benzoxanthene or
      benzothiexanthene-3,4-dicarboxylic acid hydrazides of the general formula
      ##SPC4##
PAL  At a temperature within the range of from about 50.degree. to about
      200.degree.C with carboxylic acid halides or anhydrides of the general
      formula
EQU  R'COY                                                      5.
PAL  or
EQU  (R'CO).sub.2 O                                             6.
PAL  or sulfonic acid halides of the general formula
EQU  R'SO.sub.2 Y                                               7.
PAL  x, r.sub.1, r.sub.2, r.sub.3 and R.sub.4 of the cited formula (4) being as
      defined above, R' of the cited formulae (5), (6) and (7) representing an
      optionally substituted alkyl, cycloalkyl, aralkyl or aryl group and Y of
      the cited formulae (5) and (7), representing a halogen atom, for example a
      chlorine or bromine atom.
PAR  In the case where R of the cited formula (3) stands for a substituted amino
      group, the benzoxanthene or benzothioxanthene-3,4-dicarboxylic acid
      anhydrides of the formula (2) are advantageously heated, optionally under
      pressure, preferably at 120.degree.- 220.degree.C, with at least
      equimolar, preferably excess, amounts of the corresponding compound of the
      formula (3), optionally in an inert solvent and/or diluent, for example
      water, ethanol, ethylene-glycol monoalkyl ethers or dimethylformamide,
      furthermore in higher-boiling aromatic hydrocarbons, for example chloro-,
      dichloro- or trichlorobenzene, .alpha.-chloronaphthalene, or in quinoline
      or pyridine, for a prolonged period.
PAR  Advantageously, acid condensation agents, for example, zinc chloride, zinc
      acetate or the corresponding cadmium salts, as well as acetic acid,
      toluene-sulfonic acid, hydrochloric acid, sulfuric acid or phosphoric
      acid, are added, the condensation agent chosen depends on the solvent or
      diluent used.
PAR  The dyestuffs formed precipitate from the reaction mixture and may be
      isolated in known manner.
PAR  In the case where R of the cited formula (3) stands for a substituted
      1,3,5-triazinyl radical, condensation with the anhydride of formula (2) is
      advantageously carried out, preferably at a temperature within the range
      of from 180.degree. to 240.degree.C, in a high-boiling solvent, such as
      quinoline or nitrobenzene in the presence of acid condensation agents, for
      example, zinc chloride, zinc acetate or zinc tosylate or the corresponding
      cadmium salts.
PAR  The dyestuffs isolated in known manner may optionally be freed from
      unreacted amino triazine or anhydride by treating them with dilute acid or
      dilute alkaline solution.
PAR  Acylation of the benzoxanthene or benzothioxanthene-3,4-dicarboxylic acid
      hydrazides of the formula (4) may be carried out with equimolar or excess
      amounts of the acid halides or anhydrides of formulae (5) - (7), whereupon
      mono- or diacyl hydrazides or mixtures thereof are obtained.
PAR  The hydrazides (4) are advantageously heated, optionally under pressure,
      preferably at 70.degree. to 150.degree.C, with the acylation agents of
      formulae (5) to (7) optionally in an inert solvent and/or diluent, for
      example dimethyl-formamide, N-methyl-pyrrolidone, chloro- or
      dichlorobenzene, pyridine or quinoline.
PAR  Suitable hydrazines of formula (3) for the condensation with benzoxanthene
      or benzothioxanthene-3,4-dicarboxylic acid anhydrides are, for example,
      .beta.-cyano-ethyl hydrazine, .beta.-hydroxy-ethyl hydrazine, phenyl
      hydrazine, 4-chloro-phenyl hydrazine, 2,4-dichloro-phenyl hydrazine,
      p-tolyl hydrazine, 3-methoxy-phenyl hydrazine, 4-hydrazino-benzamide, 3-
      and 4-hydrazinobenzene-sulfonamide,
      2-hydrazino-5-sulfonamidobenzimidazole, 2-hydrazino-benzothiazole,
      2-hydrazino-pyridine; furthermore the hydrazides of stearic acid,
      phenylacetic acid, phenoxy-acetic acid, benzoic acid, 2,4-dichlorobenzoic
      acid, 3-sulfonamido-benzoic acid, 2-hydroxy-5-sulfonamido-benzoic acid,
      2,4-dichloro-5-sulfonamido-benzoic acid, 3-methylsulfonyl-benzoic acid,
      2-hydroxy-4- methyl-benzoic acid, 3-hydroxy-diphenylene-oxide-2-carboxylic
      acid, benzenesulfonic acid, 2,5-dichlorobenzene-sulfonic acid,
      p-toluenesulfonic acid.
PAR  For the acylation of the hydrazides of formula (4) there may also be used,
      in addition to the acid chlorides or acid bromides (formula (5) or the
      carboxylic acid anhydrides (formula 6) already mentioned with the acyl
      hydrazides, for example, also those of acetic acid or lauric acid,
      4-sulfonamido-benzoic acid and the acid chlorides or bromides (formula 7)
      of ethanesulfonic acid, benzene-sulfonic acid,
      2,5-dichlorobenzene-sulfonic acid, p-toluene-sulfonic acid,
      2-bromobenzene-sulfonic acid, 2,4,5-trimethyl-benzene-sulfonic acid and
      4-hydroxybenzene-sulfonic acid.
PAR  The benzoxanthene-3,4-dicarboxylic acid anhydrides or hydrazides of the
      formulae (2) or (4) used as starting compounds may be obtained by heating
      the diazonium salts of the correspondingly substituted
      4-(2'-aminophenoxy)-naphthalic acid ornaphthalic acid anhydrides in the
      presence of metallic copper powder or copper salts. Consequently the
      compounds having the benzothioxanthene ring are prepared in the same way
      by cyclisizing the corresponding 4-(2'-aminophenylmercapto)-naphthalic
      acids or -naphthalic acid anhydrides. Preparation of these compounds is
      described in Italien Patent 863.081, German Patent 1.297.259 and British
      Patent 1.112.726.
PAR  The term "lower" whenever used in this specification means those groups
      which have 1 to 4 carbon atoms.
PAR  The novel compounds according to the invention are valuable, greenish
      yellow to orange fluorescent dyestuffs which are particularly suitable for
      the dyeing of condensate resins and synthetic polymers, such as polyvinyl
      chloride, polystyrene and polymethacrylate. They are also excellently
      suitable for dyeing synthetic materials, eg.,
      polyethyleneglycol-terephthalate, polyamides or cellulose acetate. They
      yield brilliant shades showing very good fastness properties, especially
      very good fastnesses to light, to wetting and to thermofixation.
PAR  The most important dyestuffs according to the present invention are those
      of formula (1) in which X stands for an oxygen atom. On the materials
      mentioned above they produce greenish yellow to orange dyeings of
      intensely blue-green to yellow fluorescence, which are distinguished by a
      very good fastness to light and some of them, by high reflectance values.
DETD
PAR  The following Examples serve to illustrate the invention:
PAC  EXAMPLE 1
PAR  31.8 g of 10-methoxy-benzoxanthene-3,4-dicarboxylic acid anhydride, 24.2 g
      of phenyl hydrazine and 5.0 g of glacial acetic acid were refluxed for 7
      hours. The dyestuff of the formula
      ##SPC5##
PAL  which precipitated in brilliant yellow crystals, was suction-filtered,
      washed with methanol and dried. It dyes polystyrene and polymethacrylate
      materials yellow with shades of intense green fluorescence and a good
      fastness to light. If, instead of phenyl hydrazine, equivalent amounts of
      2,4-di-chloro-, p-tolyl-, 3-methoxyphenyl hydrazine or 2-hydrazinopyridine
      were used, dyestuffs of similar properties were obtained.
PAC  EXAMPLE 2
PAR  A mixture of 14.4 g of benzoxanthene-3,4-dicarboxylic acid anhydride, 5.0 g
      of .beta.-cyanoethyl hydrazine and 180 ml of methyl-glycol were kept
      boiling for 6 hours. After the reaction had been terminated the reaction
      mixture was cooled and the yellow dyestuff of the formula
      ##SPC6##
PAL  was isolated as indicated in Example 1. The compound produces brilliant
      greenish-yellow shades having a very good fastness to light on
      unplasticized polyvinyl chloride.
PAC  EXAMPLE 3
PAR  16.9 g of 6-methoxybenzoxanthene-3,4-dicarboxylic acid anhydride were
      reacted at 135.degree. to 140.degree.C for 6 hours in the autoclave in 380
      ml of ethanol with 4.5 g of .beta.-hydroxyethyl hydrazine. The reaction
      product of the formula
      ##SPC7##
PAL  isolated in usual manner dyes polystyrene and polymethacrylate materials
      with yellow shades of yellow green fluorescence and a good fastness to
      light.
PAC  EXAMPLE 4
PAR  A mixture of 15.1 g of 9-methylbenzoxanthene-3,4-dicarboxylic acid
      anhydride and 12.8 g of 3-hydrazinobenzenesulfonamido hydrochloride was
      stirred at 190.degree. to 200.degree.C for 4 hours in 85 g of quinoline
      while a slight nitrogen current was passed through. After cooling, the
      reaction mixture was diluted with 250 ml of methanol, stirring was
      continued for several hours, and the precipitated dyestuff of formula
      ##SPC8##
PAL  was suction-filtered. It was washed with methanol and then with a large
      amount of boiling water and dried. This dyestuff can be used for dyeing
      condensate resins, for example on the basis of melamine formaldehyde,
      yellowshades of an intense green fluorescence and a good fastness to
      light, and a very good fastness to bleeding.
PAC  EXAMPLE 5
PAR  8.4 g of 9-chloro-10-methylbenzoxanthene-3,4-dicarboxylic acid anhydride
      were refluxed for 6 hours with 4.0 g of benzoic acid hydrazide in 80 g of
      o-dichlorobenzene and 8.0 g of quinoline in the presence of 0.5 g of zinc
      chloride. After cooling, the reaction mixture was diluted with 100 g of
      ethanol and the dyestuff of formula
      ##SPC9##
PAL  was isolated in known manner. It dyes condensate resins, for example
      alcohol- modified melamine-formaldehyde resin materials in yellow shades
      of a green fluorescence and a good fastness to light.
PAC  EXAMPLE 6
PAR  36.0 g of benzoxanthene-3,4-dicarboxylic acid anhydride, 31.5 g of
      2,4,6-triaminotriazine and 12.5 g of zinc acetate were introduced into 400
      g of quinoline. Then the mixture was heated at 220.degree. to
      235.degree.C, while a slight nitrogen current was passed through, and it
      was maintained at this temperature for 3 hours. The yellow condensation
      product was subsequently suction-filtered at room temperature, washed with
      a small amount of quinoline, then with ethanol and water. The moist filter
      cake was subsequently treated for 30 minutes each with 300 ml of boiling
      5% hydrochloric acid and then with 300 ml of boiling 2% potassium
      carbonate solution and worked up as usual. The dyestuff of formula
      ##SPC10##
PAL  was obtained in the form of a yellow powder. On commercial condensate
      resins, for example urea-formaldehyde resins this dyestuff produces yellow
      shades of an intense green fluorescence and a good fastness to bleeding.
PAC  EXAMPLE 7
PAR  15.9 g of 9-methoxybenzoxanthene-3,4-dicarboxylic acid anhydride were kept
      boiling for 5 hours with 18.7 g of 2,4-diamino-6-phenyltriazine in 160 g
      of nitrobenzene while adding 5.0 g of zinc acetate. The reaction mixture
      was diluted with 150 ml of ethanol after cooling and the dyestuff of
      formula
      ##SPC11##
PAL  was worked up as described in Example6.
PAR  On condensate resins which are suitable for moulding compositions, for
      example urea-formaldehyde resins in powder form, shades of a green
      fluorescence and good fastness properties are obtained.
PAC  EXAMPLE 8
PAR  5 g of 9,10-dimethyl-benzothioxanthene-3,4-dicarboxylic acid hydrazide were
      refluxed for 3 hours in 250 ml of acetic acid anhydride. The
      orange-colored diacetyl compound of formula
      ##SPC12##
PAL  which crystallized while cooling dyes polymethacrylate materials in golden
      yellow shades of a green-yellow fluorescence and a very good fastness to
      light.
PAC  EXAMPLE 9
PAR  4.3 g of 2,4-dichlorobenzoic acid chloride were introduced into a
      suspension of 7.2 g of 6,10-dimethoxybenzoxanthene-3,4-dicarboxylic acid
      hydrazide in 60 g of quinoline and the mixture was stirred at 180.degree.
      to 190.degree. C for 3 hours. The yellow reaction product of formula
      ##SPC13##
PAL  isolated in known manner is very suitable for dyeing polyvinyl chloride
      brilliant yellow shades.
PAR  The following Table shows further fluorescent greenish yellow to orange
      dyestuffs which are obtained according to the methods described in the
      above Examples.
TBL  Example                                                                   
          X R                 R.sub.1'                                         
                                     R.sub.2'                                  
                                          R.sub.3'                             
                                             R.sub.4'                          
                                                R.sub.5'                       
                                                     Shade                     
     __________________________________________________________________________
     10   O                   H      H    H  H  OCH.sub.3                      
                                                     yellow                    
     11   O  "                OCH.sub.3                                        
                                     H    H  CH.sub.3                          
                                                H    golden                    
                                                     yellow                    
     12   O  "                H      H    H  CH.sub.3                          
                                                CH.sub.3                       
                                                     yellow                    
     13   O                   H      H    H  H  H    yellow-                   
                                                     green                     
     14   O  "                OCH.sub.3                                        
                                     H    H  Br H    yellow                    
     15   O                   OCH.sub.3                                        
                                     H    H  H  OCH.sub.3                      
                                                     orange-                   
                                                     yellow                    
     16   O  "                OCH.sub.3                                        
                                     OCH.sub.3                                 
                                          H  H  H    orange-                   
                                                     yellow                    
     17   O                   H      H    H  Cl H    yellow-                   
                                                     green                     
     18   O                   H      H    CH.sub.3                             
                                             H  H    yellow-                   
                                                     green                     
     19   O                   H      H    CH.sub.3                             
                                             CH.sub.3                          
                                                H    yellow                    
                                                     green                     
     20   O                   OCH.sub.3                                        
                                     H    H  Cl CH.sub.3                       
                                                     yellow                    
     21   O                   H      H    Cl H  H    yellow                    
                                                     green                     
     22   O                   H      H    H  H  H    yellow                    
                                                     green                     
     23   O                   H      H    H  H  H    yellow                    
                                                     green                     
     24   O                   OCH.sub.3                                        
                                     H    H  CH.sub.3                          
                                                H    yellow                    
     25   O                   H      H    H  H  OCF.sub.3                      
                                                     green-                    
                                                     yellow                    
     26   O                   H      H    H  H  H    yellow-                   
                                                     green                     
     27   O --NHOCCH.sub.2 CH.sub.2 CH.sub.3                                   
                              OCH.sub.3                                        
                                     OCH.sub.3                                 
                                          H  H  H    yellow                    
     28   O                   H      H    CH.sub.3                             
                                             H  H    yellow                    
                                                     green                     
     29   O                   OCH.sub.3                                        
                                     H    H  Br H    yellow                    
     30   O                   H      H    H  Br H    yellow-                   
                                                     green                     
     31   O                   OCH.sub.2 CH.sub.2 OH                            
                                     H    H  Cl H    yellow                    
     32   S                   H      H    H  H  H    yellow                    
     33   S                   H      H    H  Br H    yellow                    
     34   S --NHOC(CH.sub.2).sub.17 CH.sub.3                                   
                              H      H    H  CH.sub.3                          
                                                CH.sub.3                       
                                                     yellow                    
     35   S                   C.sub.2 CH.sub.5                                 
                                     O.sub.2 CH.sub.3                          
                                          H  H  H    orange                    
     36   S                   H      H    H  H  COOCH.sub.3                    
                                                     yellow                    
     37   S                   OCH.sub.3                                        
                                     H    CH.sub.3                             
                                             H  H    orange-                   
                                                     yellow                    
     38   S                   H      H    H  Cl CH.sub.3                       
                                                     yellow                    
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A benzoxanthene- or benzothioxanthene- dicarboxylic acid amino-imide
      dyestuff of the formula
      ##SPC14##
PAL  wherein X is O or S, R.sub.1 is hydrogen, chlorine, bromine, lower alkyl or
      lower alkoxy, R.sub.2 is hydrogen, chlorine, bromine, lower alkyl, lower
      alkoxy, lower carbalkoxy or phenyl, R.sub.1 and R.sub.2 not being adjacent
      t.butyl groups, R.sub.3 and R.sub.4 each is hydrogen, lower alkoxy or
      hydroxy lower alkoxy, R.sub.5 is hydrogen or, when R.sub.6 is acetyl,
      acetyl and R.sub.6 is cyclohexyl, lower alkanoyl, phenyl lower alkanoyl,
      phenoxy lower alkanoyl, cyano lower alkyl, hydroxy lower alkyl, phenyl
      sulfonyl, benzoyl, dichlorobenzoyl, sulfonamido-benzoyl,
      carbonamido-benzoyl, sulfonamido-dichlorobenzoyl, lower
      alkyl-sulfonamidobenzoyl or sulfonamido-benzimidazolyl.
NUM  2.
PAR  2. A dyestuff to claim 1 wherein X is O.
NUM  3.
PAR  3. A dyestuff according to claim 1 wherein X is S.
NUM  4.
PAR  4. A dyestuff according to claim 1 wherein X is O R.sub.1, R.sub.2, R.sub.4
      and R.sub.5 each is hydrogen, R.sub.3 is methoxy, and R.sub.6 is
      .beta.-hydroxy-ethyl.
NUM  5.
PAR  5. A dyestuff according to claim 1 wherein X is S, R.sub.1 and R.sub.2 are
      bonded respectively to the 10 and 9 positions and each is methyl, R.sub.3
      and R.sub.4 each is hydrogen, and R.sub.5 and R.sub.6 each is acetyl.
NUM  6.
PAR  6. A dyestuff according to claim 1 wherein X is O, R, and R.sub.2 are
      bonded respectively to the 10 and 9 positions, R.sub.1 and R.sub.3 each is
      methoxy, R.sub.2, R.sub.4 and R.sub.5 each is hydrogen and R.sub.6 is
      2,4-dichlorobenzoyl.
NUM  7.
PAR  7. A dyestuff according to claim 1 wherein X is S, R.sub.1 and R.sub.2 are
      bonded respectively to the 10 and 9 positions and each is methyl, R.sub.3,
      R.sub.4, and R.sub.5 each are hydrogen, and R.sub.6 is n-nonadecanoyl.
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PAL  New pharmacodynamically active nitrogen containing heterocyclic compounds
      of the general formula
      ##SPC1##
PAL  As well as methods of preparing the same; and
PAL  Pharmacodynamical compositions containing the same, preferrably for
      treating psychiatric and psychosomatic diseases.
BSUM
PAR  The present invention relates to new pharmacodynamically active nitrogen
      containing heterocyclic compounds of the general formula
      ##SPC2##
PAL  As well as to methods of preparing the same; in formula I
PA1  m and n are 0 or 1 and chosen in such a way that m + n .gtoreq.1,
PA1  A is an ethylene or trimethylene radical, which may be substituted by a
      methyl group, or A signifies a possibly .alpha.-alkylated acetyl group,
      which is in an amidelike manner connected to
      ##EQU1##
      and contains up to 4 carbon atoms in the alkyl radical, R.sup.1 is
      hydrogen, halogen or a nitro group
PA1  R.sup.2 and R.sup.3 are saturated or unsaturated aliphatic hydrocarbon
      residues of up to 6 carbon atoms, which taken together with the carbon
      atom to which they are bonded may form a ring, which may be substituted by
      an oxo or a hydroxy group, R.sup.4 and R.sup.5 are hydrogen or alkyl
      radicals of at most 6 carbon atoms or R.sup.4 and R.sup.5 together with
      the nitrogen form a pyrrolidine, a piperidine, a morpholine, a piperazine,
      an N.sup.4 -lower alkylpiperazine or an N.sup.4
      -.beta.-hydroxyethylpiperazine ring,
PAL  In case A does not signify a possibly alkylated acetyl radical, the
      invention also comprises the corresponding amine oxides and quarternary
      ammonium compounds as well as salts of the basic compounds with
      physiologically acceptable acids.
PAR  In those cases where the compounds of formula I may occur as pairs of
      optical antipodes, the invention comprises the racemic mixture as well as
      each of the antipodes separately.
PAR  The new compounds can be prepared by reactions known per se, and the
      combination of the steps of synthesis in the particular synthetical route
      is dependent on the groups R.sup.1 -R.sup.5 as well as on m and n.
PAR  In a preferred embodiment, a compound of formula
      ##SPC3##
PAL  In which R.sup.1, R.sup.2 and R.sup.3, m and n are as defined above and X
      signifies NH, preferably in the form of a salt with a suitable cation, for
      instance alkali metal ions or quarternary ammonium ions, is reacted with a
      compound of formula
EQU  Y -- Z                                                     III
PAL  in which Y signifies a reactive group, which together with the hydrogen or
      the cation at the imide respectively the lactame nitrogen can be split off
      while forming a compound of formula
      ##SPC4##
PAR  IN WHICH R.sup.1, R.sup.2, R.sup.3, m and n are as defined above and Z has
      the same meaning as
      ##EQU2##
      in formula I or signifies a residue, which may be converted into said
      group, whereafter IV if necessary, is converted into compounds of formula
      I. As examples of suitable reactive groups Y halogen atoms and
      arylsulphonyloxy groups can be mentioned.
PAR  Examples of groups Z, convertable into the structure
      ##EQU3##
      are N-benzyl, N-sulphonyl or N-acyl derivatives of this structure,
      cyanoalkyl groups, which by hydrogenation after the linking may be
      transformed into amines or by the addition of water into amides
      corresponding to formula I, further halogenalkyl, hydroxyalkyl,
      carboxyalkyl or alkoxykarbonylalkyl radicals, which can be converted into
      amines respectively amides corresponding to structure I in conventional
      manner.
PAR  Further examples are oxoalkyl radicals, which by reductive amination or via
      their oxime or hydrazone derivatives can be converted into amines of
      formula I. If m = n = 1, X may also be an oxygen atom, in which case Y in
      formula III must be a primary amino group. In this case also the
      corresponding dicarbonic acids can be used instead of the compounds II
      with X = O.
PAR  When m = 1, the compounds aimed at can also be obtained by converting a
      compound of formula
      ##SPC5##
PAL  into the desired products by means of dialkylation or cycloalkylation in
      4-position.
PAR  Alternatively the alkylation may be carried out on a compound of formula VI
      ##SPC6##
PAL  in which R.sup.1, Z and n are as defined above, and the product of formula
      IV obtained is converted into a compound corresponding to formula I as
      described above.
PAR  A further alternative for the preparation of compounds of formula I, in
      which n = 1, is to oxidize a compound of formula
      ##SPC7##
PAL  in which R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, A and m are as
      defined above.
PAR  The reactions may, of course, also be carried out so as to firstly prepare
      a lower alkylated amine derivative, a primary amine or a secondary amine,
      which may then be alkylated in conventional manner to the desired
      secondary or tertiary amine or quarternary ammonium compound. Similarly, a
      higher alkylated product can be dealkylated.
PAR  Finally, if R.sup.1 signifies nitro or halogen, this group can either be
      present in the starting material or be introduced into the prepared amine
      of formula I (R.sup.1 = H) or at a suitable stage of the reaction series
      in conventional manner by nitration or halogenation reactions.
PAR  The compounds formed can finally, provided that A is not a possibly
      .alpha.-alkylated acetyl group, if desired be converted into salts with
      physiologically acceptable acids, and the tertiary amines into the
      corresponding amine oxides.
PAR  Starting materials or end products, which are isomer mixtures, may be split
      into the pure optical antipodes in a manner known per se, for instance by
      fractionated crystallization of diasterisomeric salts.
PAR  The compounds according to the invention have in animal tests proved to
      possess valuable pharmacological effects, especially on the central
      nervous system, which are especially manifested as an ability to
      counteract the effect of reserpine, an effect which in pharmacology is
      used as a measure of the suitability of a compound as a drug against
      depressions. The compounds altogether have a low toxicity. Examples of the
      antireserpine effect of the compounds are given in table I. Certain ones
      of the compounds at the same time show other effects on the central
      nervous system, such as a sedative effect as well as antagonism against
      electroshock.
PAR  All experiments were carried out on albino mice, 18 - 25 g. The animals had
      free access to water except during the test period, but were not allowed
      to eat 4 - 5 hours before the experiment. The tested substances were
      administered orally to mice in groups of 6, at 4 dosage levels (12.7; 40;
      127 and 400 mg/kg). A control group of 6 mice receiving water was observed
      simultaneously.
PAR  After 1 hour the mice were injected intraperitoneally with 2,5 mg/kg
      reserpine, which had been solubilized with a few drops of glacial acetic
      acid. 0.5; 1; and 2 hours after the treatment with reserpine the ptosis
      was measured; 0 in score is is given for no closure of the eye, 1 for 1/4,
      2 for 1/2, 3 for 3/4 and 4 for complete closure. The score varies between
      0 and 8 for each mouse (the sum of score for 2 eyes). The maximum value
      for 6 mice is thus 48.
PAR  The percentage of antagonism for each compound after 0.5; 1; or 2 hours for
      each dosage group was obtained by comparision with the score of the
      simultaneously observed control group. The table indicates the percentage
      of antagonism after 60 minutes, which is the optimal time for measuring
      antireserpine effect in this test system.
TBL                                    Table I                                 
     __________________________________________________________________________
                                                        Antagonism %           
                                                        Dosage mg/kg p.o.      
     R.sup.1                                                                   
        R.sup.2                                                                
               R.sup.3 m n A         R.sup.4                                   
                                          R.sup.5                              
                                               Salt     12,7                   
                                                           40 127              
                                                                 400           
     __________________________________________________________________________
     H  CH.sub.3                                                               
               CH.sub.3                                                        
                       1 1 --CH.sub.2 CO--                                     
                                     H    H    --          75 96 79            
     H  "      "       1 1 --CH(C.sub.2 H.sub.5 CO--                           
                                     H    H    --        8 46 58 38            
     H  "      "       1 1 --CH.sub.2 CH.sub.2 --                              
                                     H    CH.sub.3                             
                                               fumarate    78 94               
     H  "      "       1 1 --CH.sub.2 CH.sub.2 CH.sub.2 --                     
                                     H    CH.sub.3                             
                                               "        17 17 92               
     H  "      "       1 1 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               methylsulphate                  
                                                           14 85 55            
     H  "      "       1 1 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               perchlorate                     
                                                        20 10 70               
     H  "      "       1 1 --CH.sub.2 CH.sub.2 --                              
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               hydrochloride                   
                                                        46 92 100              
     H  C.sub.2 H.sub.5                                                        
               C.sub.2 H.sub.5                                                 
                       0 1 --CH.sub.2 CH.sub.2 CH.sub.2 --                     
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               oxalate     9  27 45            
     H  CH=CHCH.sub.2  1 1 --CH.sub.2 CO--                                     
                                     H    H    --          10 40               
               CH.sub.2 =CHCH.sub.2                                            
                       --                                                      
     H  --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --                               
                       1 1 --CH.sub.2 CH.sub.2 --                              
                                     H    CH.sub.3                             
                                               fumarate    40 50               
     H  "              1 1 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               sulphate 75 38 100              
     H  "              1 1 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               methylsulphate                  
                                                        32 53 61 100           
     H  "              1 1 "                   hydrochloride                   
                                                        38 38 35 91            
     H  "              1 1 "                   diperchlorate                   
                                                         0 -- 100              
     H  "              1 1 "         C.sub.2 H.sub.5                           
                                          C.sub.2 H.sub.5                      
                                               perchlorate                     
                                                        36 45 51               
     H  "              1 1 --CH(CH.sub.3)CH.sub.2                              
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               "              47 84            
     H  "              1 1 --CH.sub.2 CH.sub.2 --                              
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               N-oxide     23 69 85            
     H  "              1 0 "         CH.sub.2                                  
                                          CH.sub.2                             
                                               oxalate  52 100                 
                                                              100              
     7-Cl                                                                      
        --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --                               
                       1 1 --CH.sub.2 CH.sub.2 --                              
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               fumarate 27 27 50 45            
     H  "              1 1 --CH.sub.2 CH.sub.2 CH.sub.2 --                     
                                     H    CH.sub.3                             
                                               hydrochloride  100              
                                                                 100           
     H  "              1 1 --CH.sub.2 CO--                                     
                                     H    H    --          30    43            
     H  "              1 1 --CH.sub.2 CH.sub.2 CH.sub.2 --                     
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               perchlorate                     
                                                        25 33 42 100           
     H  "              1 1 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               N-oxide  42 42 25 83            
     H  "              0 1 "                   dihydrochloride                 
                                                        25 44 44 69            
     H  "              1 0 "                   "        47 47 66 75            
     H  --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --                      
                       1 1 "         H    CH.sub.3                             
                                               fumarate 36 45 100              
     H  "              1 0 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               hydrochloride                   
                                                           25 67 96            
     H  "              1 1 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               perchlorate                     
                                                        42 58 67 90            
     H  "              0 1 --CH.sub.2 CH.sub.2 --                              
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               hydrochloride                   
                                                        20 40 95               
     H  "              1 1 "                   free base                       
                                                        18  9 45 77            
     H  "              1 1 "         CH.sub.3                                  
                                          CH.sub.3                             
                                               hydrochloride                   
                                                           22 72               
     H  --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --                               
                       1 0 --CH.sub.2 CH.sub.2 CH.sub.2 --                     
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               hydrochloride                   
                                                        27 18 63 63            
     __________________________________________________________________________
DETD
PAR  The following Examples further illustrate the invention.
PAC  EXAMPLE 1
PAC  4,4-Diallyl-2-(.beta.-dimethylaminoethyl)isoquinoline-1,3-dione
PAR  4,4-Diallylhomophtalimide (24.1 g) and N.N-Dimethylaminoethylchloride
      hydrochloride (14.4 g) in 500 ml of anhydrous dimethylformamide is in
      portions under agitation mixed with sodium hydride (4.8 g). The mixture is
      stirred for 3 hours on a boiling water bath, cooled to room temperature
      and poured on ice. The base formed is extracted with ether. The ether
      solution is washed with water, dried with anhydrous potassium carbonate
      and evaporated. 9.4 g of amine are obtained as an oil. This oil is
      dissolved in anhydrous ether, whereafter a small excess of perchloric acid
      is added. The precipitated perchlorate is sucked off and crystallized from
      2-propanol, after which it forms colour less crystals, m.p.
      142.degree.-145.degree.C.
PAR  An identical product is obtained if in this example the dimethylformamide
      is replaced by ethanol and the sodium hydride by potassium carbonate.
PAR  In an analogous manner there is obtained:
PAR  4,4-Diallyl-2-(.gamma.-dimethylaminopropyl)isoquinoline-1,3-dione,
      perchlorate, m.p. 126.degree.-128.degree.C.
PAC  EXAMPLE 2
PAC  2-(4,4-Diallylisoquinoline-1,3-dione)acetamide
PAR  4,4-Diallylhomophtalimide (24,1 g) in 500 ml of dimethylformamide is
      treated with sodium hydride (2,4 g) followed by chloroacetamide (9,3 g)
      under agitation on a water bath. After 3 hours it is poured on ice and the
      precipitated solid product is sucked off and crystallized from 2-propanol.
      M.p. 152.5.degree.-154.5.degree.C. Yield about 80 %.
PAC  EXAMPLE 3
PAC  3,3-Diethyl-2-.beta.-dimethylaminoethylisoindoline-1-one
PAR  a. 3,3-Diethylisoindoline-1-one
PAR  4,4-Diethylhomophtalimide (13 g) in 180 ml of N sodium hydroxide solution
      is heated for 60 hours at 60.degree.C, cooled to about 5.degree.C and
      treated with 65 ml of 1.05 N-sodiumhypochlorite solution. Efter 2 hours it
      is heated until 60.degree.C for a short while, whereafter the solution is
      cooled and the precipitated crystalline product is suctioned off. Efter
      crystallisation from ethanol the product melts at 167.degree.C.
PA1  b. 3,3-Diethyl-2-.beta.-dimethylaminoethylisoindoline-1-one
PAR  3,3-Diethylisoindoline-1-one (7.55 g), dimethylaminoethylchloride
      hydrochloride (7.0 g), sodium hydride (2.15 g) and dimethylformamide (150
      ml) are heated on a boiling water bath for 4 hours, cooled and poured into
      water. The separated oil is taken up in ether and dried with solid
      potassium hydroxide. To the solution obtained an excess of oxalic acid
      dissolved in ether is added, and crystalline oxalate is precipitated. The
      salt containing 1 mole of oxalic acid per mole of amine is recrystallized
      from ethanol and then melts at 159.degree.C. If the ethersolution of the
      free base is treated with an excess of dimethyl sulphate in ether solution
      instead of oxalic acid,
      .beta.-2-(3,3-Diethyl-1-oxoisoindolinyl)ethyl-trimethylammoniummethylsulph
     ate crystallizes, which after crystallization from acetone melts at
      180.degree.-185.degree.C.
PAR  In an analogous manner there are prepared:
PA1  3,3-Diethyl-2-.gamma.-dimethylaminopropylisoindoline-1-one, oxalate, m.p.
      137.degree.C after crystallization from acetone.
PAR  .gamma.-2-(3,3-Diethyl-1-oxoisoindolinyl)propyltrimethylammoniummethylsulph
     ate, m.p. 161.degree.C.
PAC  EXAMPLE 4
PAC  2'-[.beta.-Dimethylaminoethylspiro(cyclopentane-1,4'-isoquinoline)]-1,3-dio
     ne
PAR  1-(2-carboxyphenyl)cyclopentane carbonic acid (23.4 g; 0.100 mole) or the
      corresponding anhydride (21.6 g) are mixed with
      .beta.-dimethylaminoethylamine (9.25 g; 0.105 mole) and heated over an
      open flame until no additional water is removed, after which the product
      is allowed to cool. The free amine is obtained as an oil. The neutral
      sulphate containing 2 moles of amine per mole of sulphuric acid
      crystallizes with one crystal water if the calculated amount of sulphuric
      acid is added to a solution of the amine in ether and the crude product is
      isolated and recrystallized from 2-propanol. The salt decomposes at
      76.degree. - 86.degree.C.
PAR  The perchlorate is obtained in an analogous manner and is crystallized from
      ethanol, after which it melts at 135.degree. - 137.degree.C.
PAR  In an analogous manner there are prepared from the respective dicarboxylic
      acid or anhydride and a suitable amine component:
PAR  4,4-Dimethyl-2-.beta.-methylaminoethylisoquinoline-1,3-dione, monoamine
      salt with fumaric acid, m.p. 189.5.degree.C.
PAR  4,4-Dimethyl-2-.beta.-dimethyl-aminoethylisoquinoline-1,3-dione,
      hydrochloride, m.p. 176.degree. - 179.degree.C.
PAR  4,4-Dimethyl-2-.gamma.-methylaminopropylisoquinoline-1,3-dione, monoamine
      salt with fumaric acid, m.p. 144.degree. - 147.degree.C.
PAR  4,4-Dimethyl-2-.gamma.-dimethylaminopropylisoquinoline-1,3-dione,
      perchlorate, m.p. 119.degree. - 121.degree.C.
PAR  2'-.beta.-Methylaminoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dione
     , monoamine salt with fumaric acid, m.p. 182.degree.C.
PAR  2'-.beta.-Dimethylaminoisopropylspiro(cyclopentane-1,4'-isoquinoline)-1',3'
     -dione, perchlorate, m.p. 117.5.degree. - 120.degree.C.
PAR  2'-.beta.-Diethylaminoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dion
     e, perchlorate, m.p. 152.5 - 155.degree.C.
PAR  2'-.beta.-Morpholinoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dione,
      hydrochloride with one crystal water, m.p. 106.degree. - 115.degree.C.
PAR  2'-.beta.-Pyrrolidinoethylspiro(cyclopentane-1,4'-isoquinoline)-1'
      ,3'-dione, perchlorate, m.p. 162.degree. - 164.5.degree.C.
PAR  2'-
      (.beta.-1-Piperazinyl)spiro(cyclopentane-1,4'-isoquinoline)-1',3'-dione, d
     iperchlorate, m.p. 237.degree. - 241.degree.C.
PAR  2'-(.beta.-4-Methyl-1-piperazinylethyl)spiro(cyclopentane-1,4'-isoquinoline
     )-1',3'-dione, salt with 2 moles fumaric acid, m.p. 198.degree. -
      202.degree.C.
PAR  2'-.gamma.-Methylaminopropylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dio
     ne, hydrochloride, m.p. 143.5.degree. - 145.5.degree.C.
PAR  2'-.gamma.-Dimethylaminopropylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-d
     ione, perchlorate, m.p. 110.degree. - 117.degree.C.
PAR  2'-.gamma.-Diethylaminopropylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-di
     one, perchlorate, m.p. 137.5.degree. - 140.degree.C.
PAR  2'-.gamma.-Cyclohexylaminopropylspiro(cyclopentane-1,4'-isoquinoline)-1',3'
     -dione, hydrochloride, m.p. 182.degree. - 187.degree.C.
PAR  2'-(.gamma.-4-Methyl-1-piperazinylpropyl)spiro(cyclopentane-1,4'-isoquinoli
     ne)-1',3'-dione, monoamine salt with 2 moles fumaric acid, m.p.
      209.5.degree. - 214.5.degree.C.
PAR  2'-.beta.-Dimethylaminoethyl-7'-nitrospiro(cyclopentane-1,4'-isoquinoline)-
     1',3'-dione, free base, m.p. 113.degree. - 114.degree.C.
PAR  2'-.gamma.-Dimethylaminopropyl-7'-nitrospiro(cyclopentane-1,4'-isoquinoline
     )-1',3'-dione, diamine salt with 1 mole fumaric acid, m.p. 182.degree. -
      184.5.degree.C.
PAR  2'-.beta.-Dimethylaminoethyl-7'-chlorospiro(cyclopentane-1,4'-isoquinoline)
     -1',3'-dione, salt with 1 mole fumaric acid, m.p. 159.5.degree. -
      164.5.degree.C.
PAR  2'-.gamma.-Dimethylaminopropyl-7'-chlorospiro(cyclopentane-1,4'-isoquinolin
     e)-1,3'-dione, salt with 1 mole fumaric acid, m.p. 204.5.degree. -
      205.5.degree.C.
PAR  2'-.gamma.-Morpholinopropylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dion
     e, hydrochloride, m.p. 211.degree. - 212.degree.C.
PAR  2'-.beta.-Methylaminoethylspiro(cycohexane-1,4'-isoquinoline)-1',3'-dione,
      monoaminesalt with fumaric acid, m.p. 173.5.degree.C.
PAR  2'-.beta.-Dimethylaminoethylspiro(cyclohexane-1,4'
      -isoquinoline)-1',3'-dione, hydrochloride, m.p. 225.5.degree. -
      228.degree.C.
PAR  2'-.beta.-Morpholinoethylspiro(cyclohexane-1,4'-isoquinoline)-1',3'-dione,
      free base, m.p. 82.degree. - 83.degree.C.
PAR  2'-.gamma.-Methylaminopropylspiro(cyclohexane-1,4'-isoquinoline)-1',3'-dion
     e, diaminesalt with 1 mole fumaric acid, m.p. 174.5.degree. - 175.degree.C.
PAR  2'-.gamma.-Dimethylaminopropylspiro(cyclohexane-1,4'-isoquinoline)-1',3'-di
     one, picrate, m.p. 186.degree. - 187.degree.C, perchlorate, m.p.
      147.degree. - 152.degree.C.
PAR  2'-(.gamma.-4-Methyl-1-piperazinylpropyl)spiro(cyclohexane-1,4'-isoquinolin
     e)-1',3'-dione, monoaminesalt with 2 moles fumaric acid, m.p. 212.degree. -
      218.degree.C.
PAR  2'-.beta.-Dimethylaminoethyl-7'-fluorospiro(cyclopentane-1,4'-isoquinoline)
     -1',3'-dione. Oil. The perchlorate melts at 174.5.degree. - 182.degree.C.
PAR  2'-.gamma.-Dimethylaminopropyl-7'-fluorospiro(cyclopentane-1,4'-isoquinolin
     e)-1',3'-dione. Oil. The perchlorate melts at 96.degree.C.
PAC  EXAMPLE 5
PAC  2-.beta.-Dimethylaminoethyl-4,4-diethylisoquinoline-1,3-dione
PAR  a. N-(.beta.-Dimethylaminoethyl)-.alpha.-ethyl-.alpha.-phenylbutyramide
PAR  .alpha.-Ethyl-.alpha.-phenylbutyric acid (38.4 g; 0.2 moles) is refluxed
      for 3 hours with thionyl chloride (100 ml), whereafter the excess of
      thionyl chloride is distilled off in vacuum. The oil obtained is dissolved
      in 100 ml of dioxane and dropwise added to .beta.-Dimethylaminoethylamine
      (19.4 g; 0.22 moles) in dioxane (300 ml) under agitation. The mixture is
      allowed to stand for about 12 hours and is diluted with 200 ml of water,
      whereafter dioxane and water are distilled off in vacuum on a boiling
      water bath. The mass obtained is dissolved in 2 N hydrochloric acid and
      washed with ether. The water phase is made alkaline with a 40 % solution
      of sodium hydroxide and the free base is extracted with ether. After
      drying with anhydrous potassium carbonate the ether is evaporated and the
      amine is obtained as a nearly colourless oil in a yield of more than 80 %.
      The base crystallizes slowly, and a sample recrystallized from
      diisopropylether melts at 64.degree. - 65.degree.C. In an analogous manner
      the following intermediates are prepared:
PAR  N-(.gamma.-Dimethylaminopropyl)-.alpha.-ethyl-.alpha.-phenylbutyramide,
      oil, monoaminesalt with 1 mole fumaric acid, m.p. 127.degree. -
      130.degree.C.
PAR  N-(.beta.-Dimethylaminoethyl)-.alpha.-butyl-.alpha.-phenylcapronamide, oil.
      Hydrochloride, m.p. 193.degree. - 196.degree.C.
PAR  N-(.gamma.-Dimethylaminopropyl)-.alpha.-butyl-.alpha.-phenylcapronamide,
      oil. Perchlorate, m.p. 125.degree. - 128.degree.C.
PAR  N-(.beta.-Dimethylaminoethyl)-1-phenylcyclopentanecarboxamide, oil.
PAR  N-(.gamma.-Dimethylaminopropyl)-1-phenylcyclopentanecarboxamide, oil.
PAR  N-(.beta.-Dimethylaminoisopropyl)-1-phenylcyclopentanecarboxamide, oil.
PAR  N-(.beta.-Dimethylaminoethyl)-1-phenylcyclohexanecarboxamide, oil.
PAR  N-(.gamma.-Dimethylaminopropyl)-1-phenylcyclohexanecarboxamide, oil.
PAR  N-[.gamma.-(4-Methyl-1-piperazinyl)-propyl]-1-phenylcyclohexanecarboxamide,
      oil.
PAR  b.
      2-.beta.-Dimethylaminoethyl-4,4-diethyl-3-oxo-1,2,3,4tetrahydroisoquinolin
PAR  A mixture of conc. acetic acid (125 ml), conc. sulphuric acid (25 ml) and
      paraformaldehyde (7.5 g) are stirred at 50.degree.C until a clear solution
      is obtained, which is cooled to room temperature. The solution is added to
      N-.beta.-Dimethylaminoethyl-.alpha.-ethyl-.alpha.-phenyl-butyramide (32.7
      g; 0.125 moles) in portions and heated at 80.degree.C over night, after
      which it is poured on ice. The solution is washed with ether and the water
      phase is made alkaliline with a 40 % sodium hydroxide solution. The base
      is extracted with ether and dried with potassium carbonate, after which
      the ether is evaporated. The amine is obtained as a light yellow oil in an
      almost quantitative yield. The perchlorate melts at 153.5.degree. -
      156.degree.C.
PAR  In an analogous manner, the following intermediates are prepared:
PAR  2-.gamma.-Dimethylaminopropyl-4,4-diethyl-3-oxo-1,2,3,4-tetrahydroisoquinol
     ine, oil. Monoamine salt with 1 mole citric acid, m.p. 113.5.degree. -
      120.degree.C under decomposition.
PAR  2-.beta.-Dimethylaminoethyl-4,4-dibutyl-3-oxo-1,2,3,4-tetrahydroisoquinolin
     e, oil. Hydrochloride, m.p. 199.5.degree. - 202.degree.C.
PAR  2-.gamma.-Dimethylaminopropyl-4,4-dibutyl-3-oxo-1,2,3,4-tetrahydroisoquinol
     ine, oil. Monoaminesalt with fumaric acid, m.p. 161.degree. -
      164.5.degree.C.
PAR  2'-.beta.-Dimethylaminoethyl-3'-oxo-1',2',3',4'-tetrahydrospiro(cyclopentan
     e-1,4'-isoquinoline), oil. Boiling point 160.degree. - 165.degree.C/0.2 mm
      Hg, n.sub.D.sup.25 = 1.5462. Perchlorate, m.p. 126.degree. - 130.degree.C.
PAR  2'-.beta.-Dimethylaminoisopropyl-3'-oxo-1',2',3',4'-tetrahydrospiro(cyclope
     ntane-1,4'-isoquinoline), oil. Boiling point 166.degree. - 169.degree.C/0.1
      mm Hg, n.sub.D.sup.25 = 1.5444. Perchlorate, m.p. 126.degree. -
      130.degree.C.
PAR  2'-.gamma.-Dimethylaminopropyl-3'-oxo-1',2',3',4'-tetrahydrospiro(cyclopent
     ane-1,4'-isoquinoline), oil. Boiling point 166.degree. - 170.degree.C/0.1
      mm Hg, n.sub.D.sup.25 = 1.5430. Perchlorate, m.p. 126.degree. -
      130.degree.C.
PAR  2'-.beta.-Dimethylaminoethyl-3'-oxo-1',2',3',4'-tetrahydrospiro(cyclohexane
     -1,4'-isoquinoline), boiling point 167.degree. - 170.degree.C/0.1 mm Hg,
      m.p. 80.5.degree. - 84.degree.C.
PAR  2'-.gamma.-Dimethylaminopropyl-3'-oxo-1',2',3',4'-tetrahydrospiro(cyclohexa
     ne-1,4'-isoquinoline), oil. Boiling point 176.degree. - 180.degree.C/0.1 mm
      Hg, n.sub.D.sup.25 = 1.5424.
PAR  2'-.gamma.-(4-Methyl-1-piperazinyl)propyl-3'-oxo-1',2',3',4'-tetrahydrospir
     o(cyclohexane-1,4'-isoquinoline), oil. Monoamine salt with 2 moles fumaric
      acid, m.p. 214.5.degree. - 216.degree.C.
PAR  c. 2-.beta.-Dimethylaminoethyl-4,4-diethylisoquinoline-1,3-dione
PAR  To a solution of
      2-.beta.-Dimethylaminoethyl-4,4-diethyl-3-oxo-1,2,3,4-tetrahydroisoquinoli
     ne (26.5 g; 0.097 moles) in conc. acetic acid (300 ml) a solution of
      chromium trioxide (14.5 g) in a mixture of water (30 ml) and conc. acetic
      acid (180 ml) is added in portions at about 70.degree. - 75.degree.C under
      agitation. The mixture is kept at this temperature for 4 hours and is
      allowed to cool over night, after which it is poured on ice and made
      alkaline with a 40 % solution of sodium hydroxide. The amine is extracted
      with ether, after which the extract is dried with potassium carbonate and
      the ether is distilled off. The product is obtained as an almost
      colourless oil in a yield of more than 90 %. The perchlorate melts at
      162.degree. - 164.5.degree.C.
PAR  In an analogous manner there are prepared from the above described
      intermediates:
PAR  2-.gamma.-Dimethylaminopropyl-4,4-diethylisoquinoline-1,3-dione, oil.
      Perchlorate, m.p. 132.degree. - 135.degree.C.
PAR  2-.beta.-Dimethylaminoethyl-4,4-dibutylisoquinoline-1,3-dione, oil.
      Monoamine salt with fumaric acid, m.p. 179.5.degree. - 184.5.degree.C.
PAR  2-.gamma.-Dimethylaminopropyl-4,4-dibutylisoquinoline-1,3-dione, oil.
      Monoamine salt with 1 mole fumaric acid, m.p. 175.degree. - 180.degree.C.
PAR  2'-.beta.-Dimethylaminoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dio
     ne, oil. Perchlorate, m.p. 135.degree. - 137.degree.C.
PAR  2'-.beta.-Dimethylaminoisopropylspiro(cyclopentane-1,4'-isoquinoline)-1,3'-
     dione, oil. Perchlorate, m.p. 117.5.degree. - 120.degree.C.
PAR  2'-.gamma.-Dimethylaminopropylspiro
      (cyclopentane-1,4'-isoquinoline)-1,3'-dione, oil. Perchlorate, m.p.
      110.degree. - 117.degree.C.
PAR  2'-.beta.-Dimethylaminoethylspiro(cyclohexane-1,4'-isoquinoline)-1',3'-dion
     e. Oil. Hydrochloride, m.p. 225.5.degree. - 228.degree.C.
PAR  2'-.gamma.-Dimethylaminopropylspiro(cyclohexane-1,4'-isoquinoline)-1',3'-di
     one, oil. Perchlorate, m.p. 147.degree. - 152.degree.C.
PAR  2'-(.gamma.-4-Methyl-1-piperazinylpropyl)spiro(cycklohexane-1,4'-isoquinoli
     ne)-1',3'-dione, oil. Monoamine salt with 2 moles fumaric acid, m.p.
      212.degree. - 218.degree.C.
PAC  EXAMPLE 6
PAC  2-4,4-Diallylisoquinoline-1,3-dionacetamide
PAR  2-Isoquinoline-1,3-dionacetamide(21.8 g; 0.1 mole) in methanol (200 ml) is
      stirred with anhydrous potassium carbonate (20 g) under reflux boiling
      while allyl chloride (16.1 g; 0.21 moles) is added dropwise for 30
      minutes. The boiling is continued for another 4 hours, after which the
      major part of the methanol is distilled off. The residue in the flask is
      treated with water, and a solid product is obtained, which is crystallized
      from 2-propanol. Colourless crystals of m.p. 152.4.degree. -
      154.5.degree.C, identical with the product obtained according to example
      2.
PAR  In an analogous manner there is obtained with 1,4 - Dibromobutane:
PAR  2'-Spiro(cyclopentane-1,4'-isoquinoline)-1',3'-dioneacetamide, m.p.
      158.degree. - 161.degree.C.
PAC  EXAMPLE 7
PAC  2'-.beta.-Dimethylaminoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dio
     ne
PAR  a. 2'-.beta.-Hydroxyethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dione
PAR  A mixture of spirocyclopentane-1,4'-homophtalic acid anhydride (21.6 g;
      0.10 moles) and ethanolamine (6.7 g; 0.11 moles) is heated at about
      190.degree.C until the development of water steam ceases, after which the
      product is allowed to cool. Recrystallization from diisopropylic ether
      yields 24.1 g (93 %) of colourless crystals of m.p. 76.degree. -
      77.degree.C.
PAR  b.
      2'-.beta.-p-Toluenesulfonyloxyethylspiro(cyclopentane-1,4'-isoquinoline)-1
     ,3'-dione
PAR  The alcohol from (a) (24.1 g; 0.092 moles) is dissolved in pyridine (30 ml)
      and p-Toluenesulfonylchloride (19.4 g; 0.102 moles) are under agitation
      added in portions at 10.degree.C for about 30 minutes. The agitation is
      continued for another 3 hours, after which the mixture is poured on a
      mixture of 185 g ice and 55.7 ml of conc. hydrochloric acid. The
      crystalline precipitate is sucked off and washed with ice water, methanol
      and ether. After drying, 38 g (98 %) are obtained. A sample is
      recrystallized from methanol and melts at 98.degree. - 103.degree.C.
PAR  c.
      2'-.beta.-Dimethylaminoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-di
     one
PAR  The tosyl compound from (b) (30 g) is added to a saturated solution of
      dimethylamine in ethanol (200 ml), after which the solution is kept at
      room temperature for 7 days in an autoclave. The excess of amine as well
      as the ethanol are distilled off and the reaction product is treated with
      water and 1 N sodium hydroxide. The released amine is extracted with
      ether. After drying with anhydrous potassium carbonate the ether is
      distilled off and the amine is transformed into crystalline perchlorate of
      m.p. 135.degree. - 137.degree.C.
PAC  EXAMPLE 8
PAC  1'-2'-Oxospiro(cyclopentane-1,3'-indoline)acetamide
PAR  a. 1'-2'-Oxospiro(cyclopentane-1,3'-indoline)acetonitrile
PAR  2'-Oxospiro(cyclopentane-1,3'-indoline) (9.4 g; 0.05 moles) is stirred in
      dimethylformamide (200 ml) with sodium hydride (1.35 g) and chloro
      acetonitrile (4.4 ml) on a boiling water bath for 4 hours. The mixture is
      allowed to cool to room temperature, filtered and evaporated to dryness in
      vacuum. The residue from the evaporation is triturated with water and the
      product is obtained in a crystalline form in a yield of about 90 %.
      Crystallization from methanol yields a colourless product of m.p.
      109.degree.C.
PAR  b. 1'-2'-Oxospiro(cyclopentane-1,3'-indoline)acetamide
PAR  The corresponding nitrile (2.0 g) is added to 10 ml of ice-cold 93 %
      sulphuric acid. The mixture is kept at 0.degree.C for 4 hours and poured
      on ice, upon which the amide crystallizes. Recrystallization from aceton
      with ether yields a colourless product of m.p. 119.degree. - 121.degree.C.
PAC  EXAMPLE 9
PAC  2'-.beta.-Aminoethylspiro(cyclopentane-1,4'-isoquinoline)-1,3'-dione
PAR  a.
      2'-.alpha.-Diethoxymethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dione
PAR  To spiro(cyclpentane-1,4'-isoquinoline)-1',3'-dione (43 g; 0.2 moles) in
      500 ml of dimethylformamide there is added under agitation sodium hydride
      (50 % suspension in oil; 11.5 g; 0.24 moles). After the vivid development
      of hydrogen gas has ceased chloroacetaldehyde diethylacetal (36.5 g; 0.24
      moles) is added and the mixtures are refluxed for 3 days and cooled. After
      dilution with 500 ml of water the acetal formed is extracted with ether.
      After drying with potassium carbonate and evaporation of the ether there
      are obtained 58.1 g of an oil, which soon crystallizes. Yield 87.5 %. A
      sample is recrystallized from n-hexane and melts already at 65.5.degree. -
      67.degree.C.
PAR  b. 2'-.alpha.-Formylmethylspiro(cyclopentane-1,4'-isoquinoline)
      -1',3'-dione
PAR  The above acetal (48 g; 0.145 moles) is refluxed for 12 hours with 400 mls
      of 2 N hydrochloric acid and cooled. The crystalline product is sucked
      off, washed with water and crystallized from n-hexane. Yield 35.9 g (96.2
      %). M.p. 75.5.degree. - 77.5.degree.C.
PAR  c. 2'-.beta.-Oximinoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dione
PAR  The above aldehyde (12.85 g; 0.05 moles), 2 N sodium hydroxide solution
      (37.5 mls), hydroxylamine hydrochloride (5.2 g; 0.075 moles) and ethanol
      (100 mls) are refluxed for 12 hours. The ethanol is distilled off and
      water is added to the oil suspension obtained. Upon cooling the oxime
      crystallizes, is sucked off and washed with water. Yield 13.5 g (98.5 %).
      After crystallization from diisopropylether the product melts at
      111.degree. - 115.degree.C.
PAR  d. 2'-.beta.-Aminoethylspiro(cyclopentane-1,4'-isoquinoline)-1',3'-dione
PAR  The oxime (6.4 g; 0.024 moles) in 350 mls of ethanol containing 10 g of
      hydrogen chloride is reduced at atmospheric pressure and room temperature
      with 400 mg of platina oxyde as a catalyst. The reaction is completed
      after about 3 hours. The catalyst is filtered off and the solution is
      concentrated in vacuum on a water bath of 30.degree.C. The hydrochloride
      is obtained as an oil, which soon crystallizes. Crystallization from
      2-propanol yields 3.5 g of hydrochloride having the m.p. 203.degree. -
      207.degree.C.
PAR  In an analogous manner there is produced:
PAR  2'-.gamma.-Aminopropylspiro)cyclopentane-1,4'-isoquinoline)-1',3'-dione
      with the melting point 64.degree. - 67.5.degree.C. The perchlorate melts
      at 254.5.degree. - 256.5.degree.C.
PAC  EXAMPLE 10
PAC  2'-Spiro(cyclopentane-1,4'-isoquinoline)-1',3'-dioneacetamide
PAR  a. 2'-Spiro(cyclopentane-1,4'-isoquinoline)-1',3'-dioneacetonitrile
PAR  Spirocyclopentanehomophtalic acid anhydride (11.7 g) in ether (50 ml) is
      added to a solution of aminoacetonitrile (5.6 g) in ether (400 ml). The
      ether is distilled off and the evaporation residue is heated over an open
      flame until no more water is removed. The temperature in the melt is then
      about 190.degree.C. The product is crystallized from diisopropylether and
      melts thereafter at 87.5.degree. - 89.5.degree.C. Yield about 80 %.
PAR  b. 2-Spiro(cyclopentane-1,4'-isoquinoline)-1',3'dioneacetamide
PAR  This compound is obtained if the nitrile is treated with sulphuric acid as
      described in example 8. After crystallization from 2-propanol the product
      melts at 158.degree. - 161.degree.C.
PAC  EXAMPLE 11
PAC  2-.beta.-Dimethylaminoethyl-4,4-dipropargylisoquinoline-1,3-dione
PAR  a. 4,4-Dipropargylhomophtalimide
PAR  Propargyl bromide (172 g; 1.44 ml) is under agitation dropped to a solution
      of homophtalimide (116.3 g; 0.72 moles) in water (150 ml) containing
      sodium hydroxide (57.6 g). The mixture is triturated over water in a
      boiling water bath. After cooling to room temperature the product is
      sucked off and crystallized from acetic acid. M.p. 219.5.degree. -
      220.degree.C.
PAR  b. 2-.beta.-Dimethylaminoethyl-4,4-dipropargylisoquinoline-1,3-dione
PAR  Sodium hydride, 50 % suspension in oil (9.6 g) is added in portions under
      agitation to a mixture of 4,4-Dipropargylhomophtalimide (23.7 g; 0.1
      moles), .beta.-dimethylaminoethylchloride hydrochloride (14.4 g; 0.1
      moles) and dimethylformamide (500 ml) at room temperature. The mixture is
      triturated with water in a boiling water bath, cooled and poured into ice
      water. The amine is extracted with ether. The ether phase is washed with
      water and extracted three times with 2 N hydrochloric acid. The
      hydrochloric acid phase is washed with ether and made strongly alkaline,
      after which the released amine is taken up in ether and dried with solid
      sodium carbonate. Evaporation of the compound yields an oil (24.0 g; 78 %
      yield). The perchlorate is obtained if an excess of perchloric acid is
      added to a solution of the amine in ether. After crystallization from
      2-propanol the product melts at 160.degree.C.
PAC  EXAMPLE 12
PAC  2'-Spiro(cyclopentane-1,4'-isoquinoline)-1',3'-dioneacetamide
PAR  Spirocyclopentanehomophtalimide (21.5 g; 0.1 mole) is stirred in
      dimethylformamide (150 ml) with sodium hydride (2.4 g) until the
      development of hydrogen ceases. A solution of .alpha.-hydroxyacetamide
      p-toluene sulphonic acid ether (23 g; 0.1 mole) is added and the mixture
      is stirred on a water bath for 6 hours. The major part of the solvent is
      distilled off in vacuum and the residue in the flask is treated with
      water, upon which the amide crystallizes slowly. The product is identical
      with the one obtained according to example 10.
PAC  EXAMPLE 13
PAC  1'-.beta.-Aminoethylspiro)cyclopentane-1,3'-indoline)-2'-one
PAR  1'-2'-Oxospiro(cyclopentane-1,3'-indoline)acetonitrile (7.5 g) in ethanol
      (100 ml) and conc. ammonia solution (25 ml) are hydrogenated at 3
      kg/cm.sup.2 for 5 hours with a Raney-nickel catalyst. The catalyst is
      filtered off and the filtrate evaporated in vacuum, the amine being
      obtained as a colourless oil. This gives a crystalline oxalate which
      decomposes at 160.degree.C.
PAC  EXAMPLE 14
PAC  1'-.beta.-Methylaminoethylspiro(cyclopentane-1,3'-indoline)-2'-one
PAR  a.
      1'-.beta.-p-Toluenesulphonamidoethylspiro(cyclopentane-1,3'-indoline)-2'-o
     ne
PAR  The free amine (7.0 g), p-toluenesulphochloride (6.9 g) and a solution of 2
      N sodium hydroxide (37 ml) are mixed and stirred for about 30 minutes on a
      water bath under moderate heating. The mixture is kept at room temperature
      for about 18 hours. The solid mass is triturated and the crystalline
      product is sucked off, washed and crystallized from ethanol, upon which 10
      g (85 %) of a crystalline product of m.p. 60.degree.C is obtained.
PAR  b.
      1'-.beta.-N-Methyl-N-p-toluenesulphonylamidoethylspiro(cyclopentane-1,3'-i
     ndoline)-2'-one
PAR  The tosyl derivative from example 14(a) (9.8 g) is stirred with sodium
      hydride (0.7 g), anhydrous benzene (100 ml) and dimethylformamide (25 ml).
      Methyliodide (19 ml) is added drop-wise under heating on a water bath for
      2 hours. The solution is evaporated in vacuum and the evaporation residue
      is treated with water and ether. The ether extract is washed with a
      diluted solution of sodium hydroxide and evaporated. The solid product
      crystallizes from ethanol and then melts at 107.degree.C.
PAR  c. 1'-.beta.-N-Methylaminoethylspiro(cyclopentane-1,3'-isoindoline)-2'-one
      -N-Methylaminoethylspiro(cyclopentane-1,3
PAR  The tosyl derivative from example 14 (b) (3.2 g is refluxed for 72 hours
      with a mixture of conc. hydrochloric acid (15 ml) and conc. acetic acid
      (20 ml). The solution is evaporated and the oil thus obtained is
      triturated with ethanol and petroleum ether, upon which a crystalline
      product is obtained. Recrysallization from ethanol-ether yields a
      colourless hydrochloride of m.p. 236.degree.C.
PAC  EXAMPLE 15
PAC  1'-l -.beta.-N-Methylaminoethylpiro(cyclopentane-1,3l '-indoline)- 2'-one
PAR  a.
      1'-.beta.-N-Benzyl-N-methylaminoethylspiro(cyclopentane1,3'-indoline)-2'-o
     ne
PAR  A mixture of spirocyclopentane indoline-2-one (4.7 g), sodium hydride (1.35
      g), .beta.-N-Benzyl-N-methylaminoethylchloride (6.6 g) and
      dimethylformamide (100 ml) is stirred on a water bath for 3.5 hours, after
      which the solvent is distilled off in vacuum. The remaining mass is
      triturated with water and the oily product is extracted with ether. After
      drying with potassium carbonate the ether is removed, and 6.8 g (81.5 %)
      of an oil is obtained. A sample is converted into the oxalate, which after
      reprecipitation from ethanol with ether forms colourless crystals,
      containing 1 mole of crystal water and decomposing at 90.degree. -
      100.degree.C.
PAR  b. 1'-.beta.-N-Methylaminoethylspiro(cyclopentane-1,3'-isoindoline)-2'-one
PAR  The benzyl derivative from example 15(a) (2.5 g) in acetic acid(25 ml) is
      hydrogenated at 4 kg/cm.sup.2 for 30 hours at room temperature with 10 %
      palladium on coal as a catalyst (0.5 g). The catalyst is filtered off and
      the filtrate is evaporated in vacuum. The product is treated with ether
      and hydrogen chloride and the salt crystallizes from ethanol. The
      hydrochloride melts at 236.degree.C and is identical with the product
      obtained according to example 14.
PAC  EXAMPLE 16
PAC  2'-(.beta.-4-Methyl-1-piperazinylethyl)spiro(cyclopentane-1,4'
      isoquinoline)-1',3'-dione
PAR  2'-(.beta.-piperazinylethyl)spiro(cyclopentane-1,4'-isoquinoline)-1',
      3'-dione (32.1 g), formic acid (25 g) and a 37 % formaldehyde solution
      (22.5 ml) are mixed and refluxed for 8 hours. After cooling a mixture of
      conc. hydrochloric acid (50 ml) and water (50 ml) is added, after which
      the solution is evaporated to dryness in vacuum on a water bath. The salt
      residue is dissolved in a small amount of water and made alkaline with a
      50 % solution of sodium hydroxide. The free base is extracted with ether,
      dried with potassium carbonate and evaporated, upon which 12.6 g of an oil
      are obtained. The salt with 2 moles fumaric acid melts at 198.degree. -
      202.degree.C.
PAC  EXAMPLE 17
PAC  2-(4,4-Dimethylisoquinoline-1,3-dione)-.alpha.-ethylacetamide
PAR  a. 2-(4,4-Dimethylisoquinoline-1,3-dione)-.alpha.-ethylacetic acid
PAR  4,4-Dimethylhomophtalic anhydride (41.6 g; 0.2 moles), .alpha.-Aminobutyric
      acid (20.6 g; 0.2 moles) are mixed intimately and heated until no more
      water is removed. The melt is allowed to cool, and the product is
      crystallized from acetic acid - water Yield 77 %, m.p. 107 - 110.degree.C.
PAR  In an analogous manner there is prepared
PAR  2-(4,4-Dimethylisoquinoline-1,3-dione)acetic acid, melting point
      146.degree. - 149.degree.C.
PAR  b. 2-(4,4-Dimethyl-.alpha.-isoquinoline-1,3-dione)-.alpha.-ethylacetamide
PAR  The acid from example 17 (a) (22.1 g 0.08 moles), thionyl chloride (11.9 g;
      0.10 moles), methylene chloride (50 ml) and a drop of dimethylformamide
      are refluxed for 0.5 hours and evaporated in vacuum, after which the
      product is again dissolved in methylene chloride and poured under
      agitation to a mixture of a solution of conc. ammonia and ice. After 1
      hour the product is sucked off, washed and crystallized from diluted
      ethanol. M.p. 138.degree. - 140.degree.C.
PAR  In an analogous manner there are prepared:
PAR  2-(4,4-Dimethylisoquinoline- 1,3-dione)acetamide, m.p. 174 - 177.degree.C.
PAR  2'-[7'-Chlorospiro(cyclopentane-1',4'-isoquinoline)-1',3'-dione]-acetamide.
      Crystals from ethanol. M.p. 167.degree. - 172.degree.C.
PAC  EXAMPLE 18
PAC  2'-Spiro(cyclopentane-1,4'-isoquinoline)-1',3'-dioneacetamide
PAR  Spirocyclopentane homophtalic acid (23.4 g; 0.1 mole) and glycine (7.5 g;
      0.1 mole) are mixed intimately and heated to about 190.degree.C until the
      removal of water ceases. After cooling, thionyl chloride (100 ml) is added
      and the mixture is refluxed for 1 hour, after which the excess of thionyl
      chloride is distilled off. The crude acid chloride is dissolved in 100 ml
      of dioxane and under agitation dropwise added to a solution of 250 ml of
      conc. ammonia under cooling with ice. The product is sucked off and
      crystallized from 2-propanol. M.p. 158.degree. - 161.degree.C.
PAR  In an analogous manner there are produced:
PAR  7'-Nitrospiro(cyclopentane-1,4'-isoquinoline)-1',3'-dioneacetamide, m.p.
      208.5.degree. - 211.degree.C.
      7'-Chlorospiro(cyclopentane-1,4'-isoquinoline)-1',3'-dioneacetamide, m.p.
      167.degree. - 172.degree.C.
PAC  EXAMPLE 19
PAC  1'-Spiro(cyclopentane-1,3'-indoline)-2'-oneacetamide
PAR  a. 1-Spiro(cyclopentane-1,3'-indoline)-2'-oneacetic acid ethylester
PAR  Spirocyclopentane indoline-2-one (7.5 g), sodium hydride (1.0 g) and
      dimethylformamide (200 ml) are stirred on a water bath for 0.5 hours,
      after which ethylchloroacetate (13 g) is added. The mixture is heated and
      stirred for another 5 hours, whereafter the major part of the solvent is
      distilled off in vacuum and the residue in the flask is treated with
      water. The oil thus obtained crystallizes when triturated. The product is
      recrystallized from aceton and melts at 89.degree.C. Yield 85 %.
PAR  In an analogous manner there is obtained from
      2'-Spiro-(cyclopentane-1,3'-isoindoline)-1'-one:
PAR  2'-Spiro(cyclopentane-1,3'-isoindoline)-1'-oneacetic acid ethyl ester, as
      an oil.
PAR  b. 1'-Spiro(cyclopentane-1,3'-indoline)-2'-oneacetamide
PAR  The ethyl ester from example 19 (a) (7.9 g) in 50 ml methanol is added to
      40 ml of liquid ammonia and the mixture is kept at room temperature for 5
      days in an autoclave. The ammonia is allowed to evaporate and water is
      added to the methanolic solution thus obtained, upon which the product
      crystallizes. Recrystallization from a mixture of 15 ml aceton, 10 ml
      ether and 5 ml petroleum ether yields 3.5 g of a colourless product of
      m.p. 119.degree. - 121.degree.C.
PAR  In an analogous manner there is obtained:
PAR  2'-Spiro(cyclopentane-1,3'-isoindoline)-1'-oneacetamide of m.p. 144.degree.
      -150.degree.C.
PAC  EXAMPLE 20
PAR  2'-Spiro(cyclopentane-1,3'-isoindoline)-1'-oneacetamide
PAR  Spirocyclopentane isoindoline-2'-one (9.5 g; 0.05 moles), sodium hydride
      (1.3 g), dimethylformamide (200 ml) and chloroacetamide (5.6 g; 0.06
      moles) are stirred at room temperature over night and evaporated to
      dryness in vacuum. The evaporation residue is treated with acetone,
      unsolved salt is filtered off and the acetone is driven off from the
      filtrate. An oil is obtained which crystallizes when triturated. The
      product is identical with the material obtained according to example 19.
PAC  EXAMPLE 21
PAC  1'-.gamma.-Dimethylaminopropylspiro(cyclopentane-1,3'-indoline)-2'-one
PAR  a. 1'-.gamma.-Chloropropylspiro(cyclopentane-1,3'-indoline)-2'-one
PAR  Sprio(cyclopentane-1,3'-indoline)- 2'-one (7.5 g), sodium hydride (1.2 g),
      dimethylformamide (200 ml) are stirred at room temperature until the
      hydride has been consumed. The solution obtained is added drop-wise
      under-agitation to a solution of 1-bromo-3-chloro-propane (12.1 g) in 25
      ml of dimethylformamide. The mixture is stirred for about 18 hours on a
      water bath, after which the solvent is distilled off in vacuum. The
      residue from the distillation is treated with water and the oil obtained
      is extracted with ether and dried with potassium carbonate, whereafter the
      ether is driven off. The chloride is obtained as a brown oil.
PAR  b. 1'-.gamma.-Dimethylaminopropylspiro(cyclopentane-1,3'-indoline)-2'-one
PAR  The crude chloride from a) is heated at 120.degree.C with a solution of
      dimethylamine (20 g) in toluene (100 ml) for 4 hours. The excess of
      dimethylamine is distilled off and the toluene solution obtained is
      extracted with 2 N hydrochloric acid. The hydrochloric acid extract is
      washed with ether, made alkaline and again extracted with ether. The ether
      phase is dried over solid potassium hydroxide and a solution of gaseous
      hydrogen chloride in ether is added as long as precipitation occurs. The
      product crystallizes upon triturated, is sucked off and recrystallized
      from a mixture of ethanol and ether. M.p. 173.degree.C.
PAR  In an analogous manner there are obtained:
PAR  1'-.gamma.-Methylaminopropylspiro(cyclopentane-1,3'-indoline)- 2'-one. Oil.
      Monoamine salt with 1 mole oxalic acid, m.p. 179 .degree.C.
PAR  3,3-Diallyl-1-.beta. -dimethylaminoethylindoline-2-one, salt with 1 mole
      oxalic acid and 1 mole of hydrate water. M.p. 133.degree. - 137.degree.C.
PAR  3,3-Diallyl-1-.gamma.-dimethylaminopropylindoline-2-one, salt with 1 mole
      of oxalic acid, m.p. 130.degree.C.
PAR  3,3-Diallyl-2-.beta.-dimethylaminoethylisoindoline-1-one, salt with 1 mole
      of oxalic acid, m.p. 149.degree. - 151.degree.C.
PAR  3,3-Diallyl-2-.gamma.-dimethylaminopropylisoindoline-1-one, salt with 1
      mole of oxalic acid, m.p. 166.degree.C.
PAR  1'-.gamma.-Dimethylaminopropyl-6'-chlorospiro(cyclopentane-1,3'-indoline)-2
     '-one, salt with 1 mole of oxalic acid, m.p. 173.degree. - 176.degree.C.
PAR  1'-.beta.-Dimethylaminoethylspiro(cyclohexane-1,3'-indoline)-2'-one, salt
      with 1 mole of oxalic acid, m.p. 165.degree. - 166.degree.C.
PAR  1'-.beta.-Dimethylaminoethyl-6'-nitrospiro(cyclopentane-
      1,3'-indoline)-2'-one. Free base. M.p. 74.degree. - 75.degree.C.
PAR  1'-.gamma.-Dimethylaminopropyl-6'-nitrospiro(cyclopentane
      -1,3'-indoline)-2'-one, salt with 1 mole of oxalic acid. M.p. 172.degree.
      - 174.degree.C.
      1'-.beta.-Dimethylaminoethyl-6'-fluorospiro(cyclopentane-1,3'indoline)-2'-
     one, salt with 1 mole of oxalic acid. M.p. 169.degree. - 171.degree.C.
PAR  1'-.gamma.-Dimethylaminopropyl-6'-fluorospiro(cyclopentane-1,3'-indoline)-2
     '-one, salt wih 1 mole oxalic acid. M.p. 169.degree. - 170.degree.C.
PAC  EXAMPLE 22
PAC  2'-.beta.-Dimethylaminoethylspiro(cyclopentane-1,3'-isoindoline) -1'-one
PAR  a. Spiro(cyclopentane-1,3'-isoindoline)- 1'-one
PAR  Spiro(cyclopentane- 1,4'-homophtalimide) (6.5 g) in 60 ml 2 N solution of
      sodium hydroxyd is kept at room temperature for 20 days. A 1.08 molar
      solution of sodium hypochlorite (32 ml) is added. After 2 hours there is
      heated to 60.degree.C for 15 minutes and cooled, after which the
      crystalline product is filtered off and crystallized from ethanol-water.
      The product melts at 177.degree.C.
PAR  b. 2'-.beta.-Dimethylaminoethylspiro(cyclopentane-1,3'-isoindoline)-1'-one
PAR  Spiro(cyclopentane-1,3'-isoindoline)-1'-one (9.4 g; 0.05 moles), sodium
      hydride (2.65 g; 0.11 moles), .beta.-Dimethylaminoethylchloride
      hydrochloride (8.7 g; 0.06 moles) and dimethylformamide (200 ml) is
      stirred under heating on a water bath for 18 hours. The major part of the
      solvent is distilled off in vacuum and water is added to the distillation
      residue. The solution is washed with ether and made strongly alkaline with
      a solution of sodium hydroxide, after which the free base is extracted
      with ether. The extract is dried with solid potassium hydroxide and
      evaporated, and the base is obtained as an oil. The latter (2.2 g) is
      dissolved in 50 ml of ether, whereafter a solution of oxalic acid (1.1 g)
      in 2.5 ml of methanol and 7.5 ml ether is added. White crystals (3.0 g) of
      m.p. 138.degree.C are obtained The salt is a sesquioxalate with 1.5 moles
      of oxalic acid/mole of base.
PAR  In an analogous manner there are obtained:
PAR  2'-.gamma.-Dimethylaminopropylspiro(cyclopentane-1,3'-isoindoline)-1'-one,
      salt with 1 mole of oxalic acid, m.p. 117.degree.C.
PAR  2'-(.gamma.-Dimethylamino-.beta.-methylpropyl)spiro(cyclopentane-1,3'-isoin
     doline)-1'-one, salt with 1 mole of oxalic acid, m.p. 139.degree.C.
PAR  2'-.gamma.-(4-Methyl-1-piperazinyl)propylspiro(cyclopentane-1,3'-isoindolin
     e)-1'-one, dihydrochloride, m.p. about 205.degree.C under decomposition.
PAR  2'-.beta.-Dimethylaminopropylspiro(cyclopentane-1,3'-isoindoline)-1'-one,
      sesquioxalate, m.p. 138.degree.C.
PAR  2'-.beta.-N-Benzyl-N-methylaminoethylspiro(cyclopentane-1,3'-isoindoline)-1
     '-one, oxalate with 1 mole of crystal water, m.p. 155.degree. -
      158.degree.C.
PAC  EXAMPLE 23
PAR  2'-.beta.-Methylaminoethylspiro(cyclopentane-1,3'-isoindoline)-1'-one
PAR  The N-benzyl derivative from example 22 (6.5 g) in acetic acid (50 ml) is
      hydrogenated for 24 hours at room temperature at about 4 kg/cm.sup.2 with
      hydrogen in the presence of 1.0 g of 10 % palladium-coal catalyst. After
      filtration the acetic acid is evaporated in vacuum, the product is poured
      into water, made alkaline and taken up in chloroform. After drying with
      sodium sulphate the solution is evaporated, upon which 4.3 g of the amine
      are obtained as an oil. The latter is dissolved in somewhat acetone and
      treated with the solution of 1.53 g oxalic acid in ether. The
      sesquioxalate crystallizes as colourless crystals, which after
      recrystallization from acetone melt at 155.degree. - 160.degree.C.
PAC  EXAMPLE 24
PAR  2'-.beta.-Dimethylaminoethylspiro(cyclohexane-1,3'-isoindoline)-1'-one
PAR  a. Spiro(cyclohexane-1,1'-isoquinoline)-3'-4'-dione
PAR  Spiro(cyclohexane-1,1'-isoquinoline)-3'-one (12.9 g; 0.06 moles) in acetic
      acid anhydride (20 ml) is oxidized with selenium dioxide (10 g; 0.09
      moles) under reflux for 3 hours. After dilution with acetic acid (20 ml)
      the precipitated selenium is filtered off the boiling hot solution and the
      filtrate is cooled. The crystalline product is filtered off and washed
      with acetic acid and water. Yield 6.8 g of pale yellow crystals of m.p.
      180.degree.C. Recrystallization from ethanol increases the melting point
      to 189.degree. - 192.degree.C.
PAR  b. Spiro(cyclohexane-1,3'-isoindoline)-1'-one
PAR  The product from example 24 (a) (11.5 g; 0.05 moles) is dissolved in hot
      ethanol (100 ml.) A solution of sodium hydroxide (10 ml), 40 %, is added,
      followed under agitation by 30 % hydrogenperoxide (50 ml) in portions for
      about 20 minutes. The light yellow solution is heated and stirred for
      another 20 minutes and allowed to cool, after which the crystalline
      product is filtered off and recrystallized from ethanol. Yield 4.0 g, m.p.
      232.degree. - 234.degree.C.
PAR  c. 2'-.beta.-Dimethylaminoethylspiro(cyclohexane-1,3'-isoindoline)-1'-one
PAR  This product is obtained when the spirocyclohexane isoindolinone from
      example 24 (b) is treated analogously with example 22. The hydrochloride
      melts at 245.degree.C.
PAR  In an analogous manner there is obtained:
PAR  2'-.gamma.-Dimethylaminopropylspiro(cyclohexane-1,3'-isoindoline)-1'-one.
      Monoamine salt with 1 mole of oxalic acid and 1 mole of crystal water,
      m.p. 150.degree. - 160.degree.C.
PAC  EXAMPLE 25
PAC  .beta.-2-(4,4-Dimethyl-1,3-dioxo-1,2,3,4-tetrahydroisoquinolinyl)-ethyltrim
     ethylammoniummethylsulphate
PAR  To the corresponding tertiary amine (6.5 g) in ether (250 ml)
      dimethylsulphate (6.5 ml) is added. The crystalline product is filtered
      off and recrystallized from ethanol, m.p. 208.5.degree. - 211.degree.C.
PAR  In an analogous manner there are obtained:
PAR  .gamma.-2-(4,4-Dimethyl-1,3-dioxo-1,2,3,4-tetrahydroisoquinolinyl)propyltri
     methylammoniummethylsulphate, m.p. 175.degree. -178.degree.C.
PAR  .beta.-2'-[1',3'-Dioxo-1',2',3',4'-tetrahydrospiro(cyclohexane-1,4'-isoquin
     olinyl)]-ethyltrimethylammoniummethylsulphate, m.p. 192.degree.C.
PAR  .gamma.-2'-[1',3'-Dioxo-1',2',3',4'-tetrahydrospiro(cyclopentane
      -1,4'-isoquinolinyl)]-propyltrimethylammoniummethylsulphate, m.p.
      212.degree. - 214.degree.C.
PAR  .beta.-2'-[1',3'-Dioxo-1',2',3',4'-tetrahydrospiro(cyclopentane-1,4'-isoqui
     nolinyl)]-ethyltrimethylammoniummethylsulphate, m.p. 198.degree. -
      201.degree.C.
PAR  N-.beta.-2'-[1',3'-Dioxo-1',2',3',4'-tetrahydrospiro(cyclopentane-1,4'-isoq
     uinolinyl)]-ethyl-N,N-diethyl-N-methylammoniummethylsulfate m.p.
      155.degree. - 158.5.degree.C.
PAR  N-.beta.-2'-[1',3'-Dioxo-1',2',3',4'-tetrahydrospiro(cyclopentane-1,4'-isoq
     uinolinyl)]-ethyl-N-methylmorpholiniummethylsulphate, m.p. 171.degree. -
      180.degree.C.
PAR  .beta.-2'-[1'-Oxospiro(cyclopentane-1,3'-isoindolinyl)]-ethyltrimethylammon
     iummethylsulphate. Decomposes vaguely at about 158.degree.C.
PAR  .gamma.-2'-[1'-Oxospiro(cyclopentane-1,3'-isoindolinyl)]propyltrimethylammo
     niummethylsulphate, m.p. 168.degree.C.
PAR  .beta.-2'-[1'-Oxospiro(cyclohexane-1',3'-isoindolinyl)]ethyltrimethylammoni
     ummethylsulphate, m.p. 230.degree. - 240.degree.C.
PAR  .gamma.-2'-[1'-Oxospiro(cyclohexane-1,3'-isoindolinyl)]propyltrimmethylammo
     niummethylsulphate, m.p. 226.degree.C.
PAR  .beta.-1'-[2'-Oxospiro(cyclopentane-1,3'-indolinyl)]ethyltrimethylammoniumm
     ethylsulphate, m.p. 166.degree.C.
PAR  .gamma.-1'-[2'-Oxospiro(cyclopentane-1,3'-indolinyl)]propyltrimethylammoniu
     mmethylsulphate, m.p. 210.degree.C.
PAR  .beta.-1-(3,3-Dimethyl-2-oxoindolinyl)ethyltrimethylammoniummethylsulphate,
      m.p. 158.degree.C.
PAR  .gamma.-1-(3,3-Dimethyl-2-oxoindolinyl)propyltrimethylammoniummethylsulphat
     e, m.p. 170.degree.C.
PAR  N-.gamma.-2'-[1',3'-Dioxo-1',2',3',4'-tetrahydrospiro(cyclohexane-1,4'-isoq
     uinolinyl)]-propyl-trimethylammoniummethylsulphate, m.p. 150.degree..
PAC  EXAMPLE 26
PAR  N-N-Dimethyl-2'-[1',3'-dioxo-1',2',3'
      ,4'-tetrahydrospiro-(cyclopentane-1,4'-isoquinolinyl)]ethylamine oxide
PAR  N,N-Dimethyl-2'-[1',3'-Dioxo-1',2',3',4'-tetrahydrospiro-(cyclopentane-1,4'
     -isoquinolinyl)]-ethylamine (6 g; 0.021 moles) is dissolved in 10 ml of
      ethanol, after which 30 % hydrogen peroxide (2.14 ml) are added. After 2
      days at room temperature the methanol is distilled off in vacuum on a
      water bath and the product is crystallized from acetone with an addition
      of diisopropylic ether. Yield 90 %, m.p. 56.degree. - 58.degree.C.
PAR  In an analogous manner there are obtained from the respective tertiary
      amines:
PAR  N,N-Dimethyl-2'-[1',3'-dioxo-1',2',3',4'-tetrahydrospiro-(cyclopentane-1,4'
     -isoquinolinyl)]propylamine oxide. Crystals with 3 moles of crystal water,
      m.p. 137.5.degree. - 139.degree.C.
PAR  N,N-Dimethyl-1'-[2'-oxospiro(cyclopentane-1,3'-indolinyl)] ethylamine
      oxide. Crystals with 1 mole of crystal water, decompose at 100.degree.  -
      110.degree.C.
PAR  N,N-Dimethyl-1'-[2'-oxospiro(cyclopentane-1,3'-indolinyl)] propylamine
      oxide. Viscous oil.
PAC  EXAMPLE 27
PAC  1-.beta.-Dimethylaminoethyl-3,3-dimethylindoline-2-one
PAR  3,3-Dimethylindoline-2-one (8,1 g; 0.05 moles) in 200 ml of
      dimethylformamide is treated with sodium hydride (2.65 g; 0.11 moles) and
      dimethylamino ethylchloride hydrochloride (8.7 g; 0.06 moles) under
      agitation on a water bath for 18 hours. The major part of the solvent is
      distilled off in vacuum and the distillation residue is dissolved in
      water, washed with ether, made strongly alkaline with a solution of sodium
      hydroxide and extracted with ether. The extracts are dried with solid
      potassium hydroxide and evaporated, after which the amine is obtained in
      the form of an oil. This is dissolved in ether and treated with oxalic
      acid dissolved in ether, upon which the monoamine salt with 1 mole of
      oxalic acid crystallizes. After recrystallization from a mixture of
      acetone-methanol the product melts at 175.degree.C.
PAR  In an analogous manner there are prepared:
PAR  1-.gamma.-Dimethylaminopropyl-3,3-dimethylindoline-2-one. Monoamine salt
      with 1 mole of oxalic acid, m.p. 139.degree.  - 141.5.degree.C.
PAR  1'-.beta.-Dimethylaminoethyl-2'-oxospiro(cyclopentane-1,3'-indoline). Salt
      with 1 mole of oxalic acid, m.p. 168.degree.C.
PAR  1'-.gamma.-Dimethylaminopropyl-2'-oxospiro(cyclopentane-1,3'-indoline).
      Hydrochloride, m.p. 173.degree.C.
PAR  1'-.beta.-Dimethylaminopropyl-2'-oxospiro(cyclopentane-1,3'-indoline).
      Hydrochloride, m.p. 175.degree. - 180.degree.C.
PAR  1'-(.gamma.-Dimethylamino-.beta.-methylpropyl-2'-oxospiro(cyclopentane-1,3'
     -indoline). Monoamine salt with oxalic acid, m.p. 140.degree. -
      145.degree.C.
PAR  1'-.gamma.-(4-Methyl-1-piperazinyl)propyl-2'-oxospiro(cyclopentane-1,3'-ind
     oline). Dihydrochloride, m.p. 210.degree.C.
PAR  1'-.gamma.-Dimethylaminopropyl-2'-oxospiro(cyclohexane-1,3'-indoline).
      Hydrochloride, m.p. 181.degree.C.
PAC  EXAMPLE 28
PAC  1'-.beta.-Dimethylaminoethyl-6'-chloro-2'-oxospiro(cyclopentane-1,3'-indoli
     ne)
PAR  is obtained if in ex 27 the spirocyclopentane indolinone is replaced by
      6'-chlorospiro(cyclopentane-1,3'-indoline)-2'-one. The amine is obtained
      as an oil. The hydrochloride is obtained if a solution of the amine in
      ether is treated with anhydrous hydrogenchloride. Crystallization from
      aceton yields colourless crystals of m.p. 249.degree.C. The
      chloroindolinone used as starting material forms dimorphous crystals of
      m.p. 128.degree.C and 144.degree.C.
PAC  EXAMPLE 29
PAC  1'-Dimethylaminoethyl-5'-chlorospiro(cyclopentane-1,3'-indoline)-2'-one
PAR  a. 5'-Chlorospiro(cyclopentane-1,3'-indoline)-2-one
PAR  Spiro(cyclopentane-1,3'-indoline)-2'-one (18,7 g; 0.10 moles) is dissolved
      in acetic acid (50 ml) containing 100 mg of ferricloride hexahydrate,
      cooled in ice-water and drop-wise treated under agitation with a solution
      of clorine in acetic acid (82 ml of a solution containing 7,8 g per 100
      ml). After the addition air is blown through the solution to eliminate a
      possible excess of clorine as well as hydrogen cloride. The crystallized
      product (8.7 g) is sucked off and the filtrate is concentrated in vacuum,
      upon which an additional product quantity (7.3 g) is obtained. After
      recrystallization from ethanol the substance melts at 201.degree. -
      202.degree.C.
PAR  If an excess of clorine is used in this example there is obtained
      5',7'-Dichlorospiro(cyclopentane-1,3'-indoline)-2'-one of m.p. 175.degree.
      - 176.degree.C.
PAR  b.
      1'-.beta.-Dimethylaminoethyl-5'-chlorospiro(cyclopentane-1,3'-indoline)-2'
     -one
PAR  5'-Chlorospiro(cyclopentane-1,3'-indoline)-2'-one is reacted with
      .beta.-Dimethylaminoethylchloride as described in example 1. The free base
      melts at 69.degree. - 70.degree.C.
PAR  In an analogous manner there are prepared
PAR  1'-.gamma.-Dimethylaminopropyl-5'-chlorospiro(cyclopentane-1,3'-indoline)-2
     '-one. Salt with 1 mole of oxalic acid, m.p. 158.degree. - 159.degree.C.
PAR  1'-.beta.-Dimethylaminoethyl-5',7'-dichlorospiro(cyclopentane-1,3'-indoline
     )-2'-one. Salt with 1 mole of oxalic acid, m.p. 163.degree. - 164.degree.C.
PAR  1'-.gamma.-Dimethylaminopropyl-5'-7'-dichlorospiro(cyclopentane-1,3'-indoli
     ne)-2'-one. Hydrochloride m.p. 253.degree. - 254.degree.C.
PAC  EXAMPLE 30
PAC  2'-.beta.-Dimethylaminoethyl-4-oxospiro(cyclohexane-1,4'-isoquinoline)-1',3
     '-dione.
PAR  Homophtalicacid anhydride (137 g; 0.85 mole),
      .beta.-dimethylaminoethylamine (76,5 g; 0.87 mole) and xylene (400 ml) are
      boiled with continued separation of the water formed until a homogeneous
      solution is obtained and no additional water is formed. The xylene is
      distilled off in vacuum on a waterbath and the oil obtained is dissolved
      in 2 l of ether. Unsolved solid material is filtered off and the ether is
      distilled off. 175 g of crude 2-.beta.-Dimethylaminoethylhomophtalimide is
      then obtained. Finely divided potassium carbonate (262 g; 1,9 mole) is
      added to the crude product (110 g 0.474 mole) in 2 1 of dimethylformamide
      and the mixture is heated to 110.degree.C. 1,5-Dichloropentane-3-one (73.5
      g; 0.474 mole) is added drop drop-wise under vigorous agitation. After
      this addition which lasts for 1.5 hours, the mixture is heated for another
      2 hours and then poured into 6 l of water. The solution is extracted three
      times with chloroform. The combined chloroform extracts are washed with
      water and dried with sodium sulfate. Evaporation of the solution yields a
      half crystalline mass, which is boiled with ether (4 .times. 1000 ml).
      Unsolved product is disposed and the ether solutions are evaporated after
      filtration. An oil is obtained which soon crystallizes. Yield 86.0 g (58
      %). Crystallization from chloroform yields the pure amine of m.p.
      94.5.degree. - 103.degree.C. The hydrochloride is precipitated with
      hydrogene chloride from an ethanol solution. Crystallization from ethanol
      gives m.p.  239.5.degree.C.
PAC  Example 31
PAC  2'-.beta.-Dimethylaminoethyl-4-hydroxyspiro(cyclohexane-1,4'-isoquinoline)-
     1',3' -dione
PAR  To the ketone from example 30 (3.14 g; 0.01 mole) in 100 ml of ethanol
      there is added sodium borohydride (0.19 g; 0.005 mole) under agitation.
      After 1.5 hours the mixture is acidified with 1 ml conc. hydrochloric
      acid. The ethanol is distilled off in vacuum and the obtained distillation
      residue is treated with saturated bicarbonate solution. The crystaline
      product is sucked off and crystallized from water. Yield 2.5 g (79 %).
      m.p. 140.degree. - 143.5.degree.C.
PAR  In one experiment a product of the same analysis as above but of m.p.
      111.5.degree. - 114.degree.C was obtained. The two products are probably
      the trans- resp. cis-forms of the hydroxy compound.
PAC  EXAMPLE 32
PAC  2'-.gamma.-Dimethylaminopropyl-4
      -hydroxyspiro(cyclohexane-1,4'-isoquinoline)-1',3'-dione
PAR  To 4-hydroxyspiro(cyclohexane-1,4'-isoquinoline)-1' ,3'-dione (4.9 g; 0.02
      mole) och .gamma.-dimethylaminopropylchloride hydrochloride (3.16 g; 0.02
      mole) in dimethylformamide (100 ml) there is added sodium hydride (50 %
      suspension in oil; 1.92 g; 0.04 mole) in portions under agitation. The
      mixture is stirred for 72 hours at 100.degree.C, cooled to room
      temperature and poured on ice-water (500 ml). The product is extracted
      with ether. The combined ether extracts are shaken with 2 N hydrochloric
      acid. The hydrochloric acid solutions are cooled with ice and made
      alkaline with 40 % sodium hydroxide solution. The oil obtained is taken
      upp in ether, dried with potassium carbonate, filtered and released from
      the solvent. The free amine is obtained as an oil (5.2 g; 78 %) which
      crystallizes slowly. Crystallization from water yields a product of m.p.
      119.degree. - 121.5.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  in which
PA1  m and n are each one, A is an ethylene or trimethylene group or such a
      group having a methyl substituent or A signifies an acetyl group or such a
      group having an .alpha.-alkyl substituent having 1-4 carbon atoms,
      connected to the group
      ##EQU4##
      by the carbonyl CO linkage, R.sup.1 is hydrogen, halogen or a nitro group,
PA1  R.sup.2 and R.sup.3 are saturated normal alkyl groups of up to 6 carbon
      atoms, or allyl or propargyl or taken together with the carbon atom to
      which they are bonded form a lower saturated carbocyclic ring, R.sup.4 and
      R.sup.5 are hydrogen or alkyl groups of at most 6 carbon atoms, or R.sup.4
      and R.sup.5 together with the nitrogen form a pyrrolidine or a piperidine
      ring,
PA1  and, in case A is such an ethylene or trimethylene group, the corresponding
      amine oxides and quarternary lower alkyl ammonium compounds,
PA1  as well as salts of the basic compounds with non-toxic physiologically
      acceptable acids.
NUM  2.
PAR  2. A compound of the formula
      ##SPC9##
PAL  in which
PA1  m and n are each one, A is an ethylene or trimethylene group or such a
      group having a methyl substituent or A signifies an acetyl group or such a
      group having an .alpha.-alkyl substituent containing 1-4 carbon atoms,
      connected to the group
      ##EQU5##
      by the carbonyl CO linkage, R.sup.1 is hydrogen, halogen or a nitro group,
PA1  R.sup.2 and R.sup.3 are saturated normal alkyl groups of up to 6 carbon
      atoms, or allyl or propargyl or taken together with the carbon atom to
      which they are bonded form a lower saturated carbocyclic ring, R.sup.4 and
      R.sup.5 are hydrogen or alkyl groups of at most 6 carbon atoms,
PA1  and, in case A is such an ethylene or trimethylene group, the corresponding
      amine oxides and quarternary alkyl ammonium compounds,
PA1  as well as salts of the basic compounds with non-toxic physiologically
      acceptable acids.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sup.2 and R.sup.3 are
      saturated normal alkyl groups of up to 6 carbon atoms or allyl or
      propargyl.
NUM  4.
PAR  4. A compound according to claim 1, in which R.sup.2 and R.sup.3 signify
      methyl groups.
NUM  5.
PAR  5. A compound according to claim 1, in which R.sup.2 and R.sup.3 together
      form a divalent tetramethylene or a divalent pentamethylene group.
NUM  6.
PAR  6. A compound according to claim 1, in which A signifies a divalent
      ethylene or trimethylene group.
NUM  7.
PAR  7. A compound according to claim 1, in which R.sup.4 signifies a methyl
      group and R.sup.5 signifies hydrogen or a methyl group.
NUM  8.
PAR  8. The compound according to claim 1:
      4,4-Dimethyl-2-.beta.-methylaminoethylisoquinoline-1,3-dione.
NUM  9.
PAR  9. The compound according to claim 1: 2-.beta.-Dimethylaminoethyl-4,4l
      -dimethylisoquinoline-1,3-dione.
NUM  10.
PAR  10. The compound according to claim 1:
      4,4-Dimethyl-2-.gamma.-methylaminopropylisoquinoline-1,3-dione.
NUM  11.
PAR  11. The compound according to claim 1:
      2-.gamma.-Dimethylaminopropyl-4,4-dimethylisoquinoline-1,3-dione.
NUM  12.
PAR  12. The compound according to claim 1: 2'-.beta.-Methylaminoethylspiro
      (cyclopentane-1,4'-isoquinoline)-1',3'-dione.
NUM  13.
PAR  13. The compound according to claim 1: 2'-.beta.-Dimethylaminoethylspiro
      (cyclopentane-1,4'-isoquinoline)-1',3'-dione.
NUM  14.
PAR  14. The compound according to claim 1: 2'-.gamma.-Methylaminopropylspiro
      (cyclopentane-1,4'-isoquinoline)-1',3'-dione.
NUM  15.
PAR  15. The compound according to claim 1: 2'-.gamma.-Dimethylaminopropylspiro
      (cyclopentane-1,4'-isoquinoline)-1',3'-dione.
NUM  16.
PAR  16. The compound according to claim 1: 2'-.beta.-Methylaminoethylspiro
      (cyclohexane-1,4'-isoquinoline)-1',3'-dione.
NUM  17.
PAR  17. The compound according to claim 1: 2'-.beta.-Dimethylaminoethylspiro
      (cyclohexane-1,4'-isoquinoline)-1' ,3'-dione.
NUM  18.
PAR  18. The compound according to claim 1: 2'-.gamma.-Methylaminopropylspiro
      (cyclohexane-1,4'-isoquinoline)-1',3'-dione.
NUM  19.
PAR  19. The compound according to claim 1: 2'-.gamma.-Dimethylaminopropylspiro
      (cyclohexane-1,4'-isoquinoline)-1' ,3'-dione.
NUM  20.
PAR  20. Quarternary addition products of the compounds according to claim 1
      with dimethyl sulphate and lower alkyl halides with 1 to 3 carbon atoms.
NUM  21.
PAR  21. A compound according to claim 1:
      2-(4,4-dimethylisoquinoline-1,3-dione)-acetamide and salts thereof with
      physiologically acceptable acids.
NUM  22.
PAR  22. A compound according to claim 1: 2'-spiro
      (cyclopentane-1,4'-isoquinoline)-1' ,3'-dione-acetamide and salts with
      physiologically acceptable acids.
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ABST
PAL  Compounds of the following formula and their acid addition salts
      ##SPC1##
PAL  Wherein R.sup.1, R.sup.2, R.sup.3, and R.sup.4 are independently selected
      from hydrogen, halogen, lower alkyl, lower alkoxy, lower alkylthio, nitro,
      cyano, amino and trifluoromethyl; A is a straight or branched chain
      alkylene of 1 to 8 carbons; and m is 1 or 2 are disclosed. These compounds
      exhibit antidepressant and anti-anxiety activity. In addition these
      compounds are useful as antiinflammatory agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various naphthalimide compounds have been developed for use as dyes and
      optical brightening agents. Kimura et al., for example, at Chem. Abst.,
      Vol. 62, 11950c, disclose
      N-[2-piperidinoethyl]-4-methoxy-1,8-naphthalimide (i.e.
      6-methoxy-2-[2-(1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
      under the current Chem. Abst. nomenclature) as an optical brightening
      agent. Noguchi et al. in U.S. Pat. No. 3,625,947 disclose 2-[2-(2 or
      4-pyridyl)ethyl]-1H-benz[de]isouqinoline-1,3(2H)-diones as fluorescent
      whitening agents.
PAR  Schenker et al. in U.S. Pat. No. 3,247,208 disclose that
      1H-benz[de]isoquinoline-1,3(2H)-diones having a
      (1-substituted-4-piperidinyl) group in the 2-position possess anesthetic
      properties. Carron et al. in French Pat. No. 2,167,355 disclose that
      (4-phenyl)piperidine-2,6-diones having an alkylheteroalkyl substituent at
      the 1-position possess antidepressant activity. Imides having a
      nitroimidazolyethyl group as an N-substituent and possessing
      anti-bacterial and anti-protozoal activity are disclosed in U.S. Pat. Nos.
      3,642,836 and 3,770,763 to Cusic et al. Certain imido dicarboxylic acid
      imides possessing various pharmacological properties are disclosed in U.S.
      Pat. No. 3,560,495 to Frankus et al.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to new 2-[(dihydroisoquinolinyl or
      dihydroisoindol-2-yl)alkyl]-1H-benz[de]isoquinoline-1,3(2H)-diones and
      their acid addition salts of the formula
      ##SPC2##
PAR  The symbols have the following meaning in formula I and throughout this
      specification.
PAR  R.sup.1, R.sup.2, R.sup.3, and R.sup.4 are each independently selected from
      hydrogen, halogen (preferably Br, Cl, or F), CF.sub.3, lower alkyl, lower
      alkoxy, lower alkylthio, nitro, amino and cyano.
PAR  A is straight or branched chain alkylene of 1 to 8 carbons.
PAR  M IS 1 OR 2.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups referred to throughout this specification include
      straight or branched chain hydrocarbon groups containing 1 to 4 carbons.
      Examples of the type of groups contemplated are methyl, ethyl, propyl,
      isopropyl, butyl, etc. The lower alkoxy groups include such lower alkyl
      groups attached to an oxygen, e.g., methoxy, ethoxy, propoxy, etc. The
      lower alkylthio groups include such lower alkyl groups attached to a
      sulfur, e.g., methylthio, ethylthio, etc.
PAR  Straight or branched chain alkylene of 1 to 8 carbons is intended to
      include groups such as --(CH.sub.2).sub.n -- wherein n is 1 to 8,
      ##EQU1##
PAR  Preferred embodiments of this invention are as follows:
PAR  R.sup.3 is hydrogen, Cl, F, Br, CH.sub.3 or OCH.sub.3.
PAR  R.sup.4 is hydrogen.
PAR  At least one of R.sup.1 or R.sup.2 is hydrogen and the other is hydrogen,
      Cl, F, Br, CH.sub.3 or OCH.sub.3.
PAR  A is straight or branched chain alkylene of 1 to 6 carbon atoms.
PAR  The most preferred compounds are:
PAR  R.sup.1, R.sup.2, R.sup.3, and R.sup.4 are hydrogen.
PAR  A is --(CH.sub.2).sub.n -- wherein n is an integer from 2 to 6.
PAR  The new compounds of this invention are prepared by the following reactions
      where A is straight or branched chain alkylene of 2 to 8 carbons.
PAR  The substituted naphthalic anhydride of formula II
      ##SPC3##
PAL  is reacted with an alkanolamine of formula III
EQU  h.sub.2 n--a--oh                                           (iii)
PAL  to yield the alcohol of formula IV
      ##SPC4##
PAR  The alcohol of formula IV is converted to the intermediate of formula V
      ##SPC5##
PAL  where Y is a leaving group such as tosylate, methanesulfonate or halogen by
      treating the alcohol with p-toluenesulfonyl chloride, methanesulfonyl
      chloride, thionyl chloride, thionyl bromide or hydrogen iodide.
PAR  The intermediate of formula V is then converted to the final products of
      formula I by reactions with compounds of the formula VI
      ##SPC6##
PAR  The substituted naphthalic anhydride of formula II can be converted
      directly to the final products of formula I by reacting the anhydride with
      compounds of formula VII
      ##SPC7##
PAR  The following schematic summarizes the reactions described above.
      ##SPC8##
PAR  Also, the intermediate of formula V can be prepared by combining a
      substituted naphthalimide of formula VIII
      ##SPC9##
PAL  in an organic solvent with a polar organic solvent solution of a base, as
      for example an alcohol solution of potassium hydroxide, followed by the
      addition of a solution of the compound of formula IX,
EQU  y'--a--y                                                   (ix)
PAL  wherein Y' and Y are the same or different and are leaving groups selected
      from tosylate, methanesulfonate, or halogen and A is a straight or
      branched chain alkylene of 2 to 8 carbons.
PAR  Alternatively, the compounds of formula I wherein A is straight or branched
      alkylene of 2 to 8 carbons can be prepared by combining the anion of the
      substituted naphthalimide of formula VIII, described above, with a
      solution of the compound of formula X,
      ##SPC10##
PAL  wherein Y is a leaving group as previously defined.
PAR  Compounds of formula I where A is --CH.sub.2 -- are prepared by reacting
      the substituted naphthalimide of formula VIII suspended in a polar organic
      solvent such as dimethylformamide (DMF) with compounds of the formula VI
      and a source of formaldehyde such as aqueous formaldehyde or
      paraformaldehyde.
PAR  The various starting materials such as the substituted anhydrides of
      formula II and the alcohols of formula IV and the substituted
      naphthalimides of formula VIII are known in the art or are readily
      obtainable by known procedures. Further process details are also provided
      in the illustrative examples.
PAR  The compounds of formula I wherein any or all of R.sup.1, R.sup.2, R.sup.3,
      and R.sup.4 are amine are prepared by reducing the corresponding nitro
      substituted compound with a reducing agent such as hydrogen over a
      palladium catalyst or a suitable chemical reducing agent. This is
      preferably done as the last stage in the reaction procedures described
      above.
PAR  Depending on the reaction conditions and the starting materials used, the
      new compounds are obtained in the free form in the form of their acid
      addition salts. The salts thereof can be converted into the free compounds
      in a known manner such as by reaction with a basic agent. Free bases which
      may be obtained can be converted into pharmaceutically acceptable acid
      addition salts by reaction with a variety of acids. Acids useful for
      preparing these acid-addition salts include, inter alia, inorganic acids,
      such as the hydrohalic acids (e.g. hydrochloric and hydrobromic acid),
      sulfuric acid, nitric acid, and phosphoric acid, and organic acids such as
      maleic, fumaric, tartaric, citric, acetic, benzoic, 2-acetoxybenzoic,
      salicyclic, succinic, nicotinic, methanesulfonic or cyclohexanesulfamic.
PAR  The new compounds of the present invention including the acid addition
      salts are capable of modifying the central nervous system. When
      administered to mice, cats, rats, dogs, and other mammalian species in
      amounts ranging from about 0.5 mg. to about 100 mg. per kg. of body weight
      per day, these compounds in particular exhibit anti-depressant and
      anti-anxiety activity. A preferred dosage regimen for optimum results
      would be from about 1 mg. to about 5 mg. per kg. of body weight per day,
      and such dosage units are employed so that a total of from about 35 mg. to
      about 3 g. of active ingredient in single or divided doses are
      administered in a 24 hour period.
PAR  Compounds of formula I when administered to rats within the above stated
      preferred dosage range produced a significant anti-anxiety effect as
      demonstrated by increases in behavior which were formerly suppressed by
      punishment in a conflict test procedure [cf. J. R. Vogel, B. Beer, D.
      Clody, Psychopharmacologist, 21, 1 (1970)].
PAR  The antidepressant activity of the compounds of formula I is demonstrated
      by their ability to antagonize tetrabenazine-induced ptosis according to
      the procedure of Vernier et al. ("The Pharmacodynamics of Amitriptyline",
      Psychosomatic Medicine, (1962), pages 683-690) and also by their ability
      to block the reuptake of monoamines in vitro according to the procedure of
      Horn et al. (Molecular Pharmacology, 7th Ed., (1971), page 66).
PAR  The compounds of formula I are also useful as anti-inflammatory agents and
      may be used, for example, in a manner similar to phenylbutazone or
      indomethacin. They may be used to decrease joint swelling, tenderness,
      pain and stiffness in mammalian species, e.g., in conditions such as
      rheumatoid arthritis. The quantity administered ranges from about 1 mg. to
      about 15 mg. per kg. of body weight per day.
PAR  For any of these pharmaceutical purposes a compound or mixture of compounds
      of formula I or their pharmaceutically acceptable acid addition salts may
      be administered orally or parenterally in a conventional dosage form such
      as tablet, capsule, injectable or the like. These may be conventionally
      formulated in an oral or parenteral dosage form by compounding with a
      conventional vehicle, excipient, binder, preservative, stabilizer, flavor
      or the like as called for by accepted pharmaceutical practice.
DETD
PAR  The following examples are illustrative of the invention and represent
      preferred embodiments. Other modifications may be readily produced by
      suitable variations of the reactions. All temperatures are on the
      centrigrade scale.
PAC  EXAMPLE 1
PAC  2-[2-(3,4-Dihydro-2(1H)-isoquinolinyl)ethyl]-1H-benz[de]-isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1)
PAC  a. 2-(2-Hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  50 g. (0.252 mole) of naphthalic anhydride and 16 g. (0.262 mole) of
      ethanolamine are refluxed for three hours in 200 ml. of water (the
      solution is never complete). After cooling to 25.degree. the water is
      decanted off and the residue recrystallized from 95% ethanol to yield 47.8
      g. of 2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      172.degree.-173.degree..
PAC  b. 2-(2-Hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  52 g. (0.216 mole) of the
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione and 100 g. (0.525
      mole) of p-toluenesulfonyl chloride are added to 600 ml. of pyridine
      previously cooled to 5.degree.. The mixture is shaken briefly then allowed
      to stand overnight at 5.degree.. The mixture is then poured into 3000 ml.
      of ice and water, stirred for 15 minutes and filtered. The insoluble
      material is stirred with fresh water, filtered off again and dried
      overnight at 25.degree. (0.1 mm.) yielding 83 g. of
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAC  c.
      2-[2-(3,4-Dihydro-2(1H)-isoquinolinyl)ethyl]-1H-benz[de]-isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1)
PAR  10.3 g. (0.025 mole) of the ester from part (b) and 7.6 g. (0.05 mole) of
      1,2,3,4-tetrahydroisoquinoline are refluxed in 300 ml. of toluene for one
      hour. The mixture is then cooled to 25.degree. for three hours and the
      resulting precipitate is removed by filtration. The filtrate is shaken
      with excess 10% aqueous HCl producing a gum which is insoluble in both
      layers. After several minutes the gum crystallizes and is filtered from
      the two liquid phases. Recrystallization from absolute ethanol and drying
      at 80.degree. (0.1 mm.) for ten hours yields 5 g. of
      2-[2-(3,4-dihydro-2(1H)-isoquinolinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1); m.p. 259.degree.-261.degree. (dec.).
PAC  EXAMPLES 2-12
PAR  Following the procedure of example 1 but substituting the alkanolamine
      shown in Col. I for the ethanolamine the following products are obtained
      wherein A is the radical shown in Col. II.
      ##SPC11##
TBL  Ex.   Col. I             Col. II                                          
     ______________________________________                                    
     2     H.sub.2 N--(CH.sub.2).sub.3 --OH                                    
                              --(CH.sub.2).sub.3 --                            
     3     H.sub.2 N--(CH.sub.2).sub.4 --OH                                    
                              --(CH.sub.2).sub.4 --                            
     4     H.sub.2 N--(CH.sub.2).sub.5 --OH                                    
                              --(CH.sub.2).sub.5 --                            
     5     H.sub.2 N--(CH.sub.2).sub.6 --OH                                    
                              --(CH.sub.2).sub.6 --                            
     6     H.sub.2 N--(CH.sub.2).sub.7 --OH                                    
                              --(CH.sub.2).sub.7 --                            
     7     H.sub.2 N--(CH.sub.2).sub.8 --OH                                    
                              --(CH.sub.2).sub.8 --                            
     8     H.sub.2 N--CH.sub.2 --CH--CH.sub.2 --OH                             
                              --CH.sub.2 --CH--CH.sub.2 --                     
           .vertline.         .vertline.                                       
           CH.sub.3           CH.sub.3                                         
     9     H.sub.2 N--CH--(CH.sub.2).sub.3 --OH                                
                              --CH--(CH.sub.2).sub.3 --                        
           .vertline.         .vertline.                                       
           CH.sub.3           CH.sub.3                                         
     10    H.sub.2 N--(CH.sub.2).sub.3 --CH--OH                                
                              --(CH.sub.2).sub.3 -- CH--                       
           .vertline.         .vertline.                                       
           CH.sub.3           CH.sub.3                                         
     11    H.sub.2 N--CH.sub.2 --CH--(CH.sub.2).sub.2 --OH                     
                              --CH.sub.2 --CH--(CH.sub.2).sub.2 --             
           .vertline.         .vertline.                                       
           C.sub.3 H.sub.7    C.sub.3 H.sub.7                                  
     12    H.sub.2 N--CH--CH.sub.2 --CH--OH                                    
                              --CH--CH.sub.2 --CH--                            
           .vertline..vertline.                                                
                              .vertline..vertline.                             
           CH.sub.3 CH.sub.3  CH.sub.3 CH.sub.3                                
     ______________________________________                                    
PAC  EXAMPLE 13
PAC  2-[2-(1,3-Dihydro-2H-isoindol-2-yl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-d
     ione, hydrochloride
PAR  Following the procedure of example 1 but substituting an equimolar amount
      of 2,3-dihydro-1H-isoindole for the 1,2,3,4-tetrahydroisoquinoline in part
      (c), one obtains
      2-[2-(1,3-dihydro-2H-isoindol-2-yl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-
     dione, hydrochloride.
PAR  Similarly by employing the alkanolamines of examples 2 to 12 in the above
      procedure other compounds within the scope of the invention are prepared.
PAC  EXAMPLES 14-38
PAR  Following the procedure of example 1 but substituting for the
      1,2,3,4-tetrahydroisoquinoline in part (c) the compounds shown below in
      Col. I one obtains the products shown in Col. II.
      ##SPC12##
TBL  Ex.  m     R.sup.3 and R.sup.4                                            
     a             b         c         d                                       
     ______________________________________                                    
     14   2     H          CH.sub.3                                            
                                   H       H                                   
     15   1     H          H       CH.sub.3                                    
                                           H                                   
     16   2     H          H       H       C.sub.2 H.sub.5                     
     17   2      CN        H       H       H                                   
     18   1     H           CN     H       H                                   
     19   2     OCH.sub.3  H       H       H                                   
     20   1     H          H       OC.sub.3 H.sub.7                            
                                           H                                   
     21   2     H           Cl     H       H                                   
     22   2      Cl        H       H       H                                   
     23   1     H          H        Cl     H                                   
     24   1     H           Br     H       H                                   
     25   2     H          H       F       H                                   
     26   2     H           NO.sub.2                                           
                                   H       H                                   
     27   1     H          H        NO.sub.2                                   
                                           H                                   
     28   2     H           CF.sub.3                                           
                                   H       H                                   
     29   1     H          H        CF.sub.3                                   
                                           H                                   
     30   2     H          NH.sub.2                                            
                                   H       H                                   
     31   1     H          H       NH.sub.2                                    
                                           H                                   
     32   2     SC.sub.3 H.sub.7                                               
                           H       H       H                                   
     33   1     H          SCH.sub.3                                           
                                   H       H                                   
     34   2     H           Cl     H        Cl                                 
     35   1     H           Br     H        Br                                 
     36   2      Cl        H       H        Cl                                 
     37   2     H          OCH.sub.3                                           
                                   OCH.sub.3                                   
                                           H                                   
     38   1     H          H        Cl      CF.sub.3                           
     ______________________________________                                    
PAC  EXAMPLE 39
PAC  2-[4-(3,4-Dihydro-2(1H)-isoquinolinyl)butyl-1H-benz[de]-isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1)
PAC  a. 2-(4-Bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  100 g. (0.5 mole) of 1,8-naphthalimide is suspended in 2100 ml. of
      dimethylformamide and the mixture is heated to 90.degree. to form a
      complete solution. A solution of 36.3 g. (0.55 mole) of potassium
      hydroxide (85%) in 100 ml. of methanol is added resulting in the immediate
      formation of a yellow precipitate. The resulting mixture is stirred for
      one hour at 90.degree. and cooled to 25.degree.. 245 g. (1.0 mole) of
      1,4-dibromobutane is added and the mixture is again heated to 90.degree.
      and stirred for an additional hour. A precipitate remains in the mixture
      but is more granular than the initial material. The reaction mixture is
      cooled and the precipitate filtered off. The solvent is removed under
      vacuum and the residue is diluted with 500 ml. of hexane immediately
      precipitating crude
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione. The precipitate is
      filtered off, washed with fresh hexane and dried for 2 hours at 50.degree.
       (0.1 mm.) to yield
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione. An analytically
      pure sample is prepared by dissolving the above product in hot 95% ethanol
      and recrystallizing by allowing the solution to cool to 25.degree.. The
      resulting precipitate is dried for two hours at 50.degree. (0.1 mm.) to
      yield pure 2-(4-bromobutyl-1H-benz[de]isoquinoline-1,3(2H)-dione, m.p.
      113.degree.-115.degree..
PAC  b.
      2-[4-(3,4-Dihydro-2(1H)-isoquinolinyl)butyl]-1H-benz[de]-isoquinoline-1,3(
     2H)-dione; hydrochloride (1:1)
PAR  10 g. (0.03 mole) of 2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
      from part (a), 4.4 g. of (0.033 mole) of 1,2,3,4-tetrahydroisoquinoline,
      and 15 g. of sodium carbonate are combined in 200 ml. of toluene and
      refluxed for 24 hours. After cooling to 25.degree., 100 ml. of water is
      added and the resulting mixture is shaken. Some insoluble gum is filtered
      off and the two layers of the filtrate are separated. The organic layer is
      washed with water and shaken with excess 10% aqueous HCl. The oil that
      separates from both layers crystallizes after several hours. This material
      is partitioned between 10% NaOH chloroform. The chloroform layer is dried
      (Na.sub.2 SO.sub.4) and the solvent removed under vacuum. The residue is
      crystallized from 95% ethanol to yield 8.4 g. of
      2-[4-(3,4-dihydro-2(1H)-isoquinolinyl)butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione; m.p. 113.degree.-115.degree..
PAR  The free base is dissolved in 200 ml. of warm absolute ethanol and treated
      with a 10% excess of ethereal.HCl. After two hours at 5.degree., the
      resulting precipitate is filtered off and dried at 70.degree. (0.1 mm.)
      for three hours to yield 8.5 g. of
      2-[4-(3,4-dihydro-2(1H)-isoquinolinyl)butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1); m.p. 263.degree.-266.degree..
PAC  EXAMPLE 40
PAC  2-[5-(3,4-Dihydro-2(1H)-isoquinolinyl)pentyl]-1H-benz[de]-isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1)
PAC  a. 2-(5-Bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of part (a) of example 39 but substituting
      1,5-dibromopentane for the 1,4-dibromobutane, one obtains
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      113.degree.-115.degree..
PAC  b.
      2-[5-(3,4-Dihydro-2(1H)-isoquinolinyl)pentyl]-1H-benz[de]-isoquinoline-1,3
     (2 H)-dione, hydrochloride (1:1)
PAR  Following the procedure of part (b) of example 39 but substituting
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione for the
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, one obtains
      2-[5-(3,4-dihydro)-2(1H)-isoquinolinyl)-pentyl]-1H-benz[de]isoquinoline-1,
     3(2H)-dione, hydrochloride (1:1).
PAC  EXAMPLE 41
PAC  2-[6-(3,4-Dihydro)-2(1H)-isoquinolinyl)hexyl]-1H-benz[de]-isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1)
PAC  a. 2-(6-Bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of part (a) of example 39 but substituting
      1,6-dibromohexane for the 1,4-dibromobutane, one obtains
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      95.degree.-96.degree..
PAC  b.
      2-[6-(3,4-Dihydro)-2(1H)-isoquinolinyl)hexyl]-1H-benz[de]-isoquinoline-1,3
     (2H)-dione, hydrochloride (1:1)
PAR  Following the procedure of part (b) of example 39 but substituting
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione for the
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3-(2H)-dione, one obtains
      2-[6-(3,4-dihydro-2(1H)-isoquinolinyl)-hexyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1).
PAR  Alternatively, the procedure of examples 39-41 can be employed to prepare
      the compounds of examples 1-38.
PAC  EXAMPLE 42
PAC  2-[(3,4-Dihydro-2(1H)-isoquinolinyl)methyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione
PAR  An equimolar mixture of 1,2,3,4-tetrahydroisoquinoline, aqueous
      formaldehyde, and 1,8-naphthalimide is suspended in a small amount of
      dimethylformamide and the mixture is heated until dissolution is complete.
      The solution is allowed to stand at room temperature and the resulting
      precipitate is filtered off and dried to yield
      2-[(3,4-dihydro-2(1H)-isoquinolinylmethyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione.
PAR  Similarly, by substituting for the 1,2,3,4-tetrahydroisoquinoline in the
      above procedure the 2,3-dihydro-1H-isoindole from example 13 or the
      compounds from Col. I of examples 14 to 38, other compounds within the
      scope of the invention are obtained.
PAC  EXAMPLES 43-68
PAR  Following the procedure of example 1 but substituting for the
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester the ester shown in Col. I one obtains the
      product shown in Col. II.
      ##SPC13##
TBL  Ex.   X.sup.1 X.sup.2  X.sup.3                                            
                                   X.sup.4                                     
                                         X.sup.5                               
                                               X.sup.6                         
     ______________________________________                                    
     43    H       H        Br     H     H     H                               
     44    H       Cl       H      H     H     H                               
     45    H       Br       H      H     H     H                               
     46    H       F        H      H     H     H                               
     47    H       I        H      H     H     H                               
     48    H       Cl       H      H      Cl   H                               
     49     Br     H        H      H     H     H                               
     50    H       H        Cl     Cl    H     H                               
     51    H       H        CH.sub.3                                           
                                   H     H     H                               
     52    H       H        C.sub.2 H.sub.5                                    
                                   H     H     H                               
     53    H       H        i-C.sub.3 H.sub.7                                  
                                   H     H     H                               
     54    H       H        CH.sub.3                                           
                                   CH.sub.3                                    
                                         H     H                               
     55    H       H        OCH.sub.3                                          
                                   H     H     H                               
     56    H       H        OC.sub.2 H.sub.5                                   
                                   H     H     H                               
     57    H       H        OC.sub.3 H.sub.7                                   
                                   H     H     H                               
     58    H       H        OCH.sub.3                                          
                                   OCH.sub.3                                   
                                         H     H                               
     59    H       NO.sub.2 H      H     H     H                               
     60    H       H        NO.sub.2                                           
                                   H     H     H                               
     61    H       CF.sub.3 H      H     H     H                               
     62    H       H        CF.sub.3                                           
                                   H     H     H                               
     63    H       CN       H      H     H     H                               
     64    H       H        CN     H     H     H                               
     65    H       H        NH.sub.2                                           
                                   H     H     H                               
     66    H       NH.sub.2 H      H     H     H                               
     67    H       SC.sub.3 H.sub.7                                            
                            H      H     H     H                               
     68    H       H        SCH.sub.3                                          
                                   H     H     H                               
     ______________________________________                                    
PAR  Similarly, by employing the ester of Col. I of examples 43-68 in the
      procedure of Example 13 to 38, other compounds within the scope of this
      invention are prepared.
PAR  Similarly, by following the procedure of examples 2-12, but employing a
      substituted 1,8-naphthalic anhydride of formula II wherein the
      substituents are those listed under the headings X.sup.1, X.sup.2,
      X.sup.3, X.sup.4, X.sup.5, and X.sup.6 in examples 43-68, other compounds
      within the scope of the invention are prepared. Also, by following the
      procedures of example 39 or 42 but employing a substituted
      1,8-naphthalimide of formula VIII wherein the substituents are those
      listed under the headings X.sup.1, X.sup.2, X.sup.3, X.sup.4, X.sup.5, and
      X.sup.6 in examples 43 to 68, other compounds within the scope of this
      invention are prepared.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC14##
      wherein R.sup.1, R.sup.2, R.sup.3, and R.sup.4 are each independently
      selected from the group consisting of hydrogen, halogen, lower alkyl of 1
      to 4 carabons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4
      carbons, nitro, cyano, amino, and trifluoromethyl; A is a straight or
      branched chain alkylene of 1 to 8 carbons; and m is 1 or 2; and a
      pharmaceutically acceptable acid addition salt therof.
NUM  2.
PAR  2. The compound of claim 1 wherein at least one of R.sup.1 and R.sup.2 is
      hydrogen and the other is selected from the group consisting of hydrogen,
      Cl, Br, F, methyl and methoxy; R.sup.3 is selected from the group
      consisting of hydrogen, Cl, Br, F, methyl, and methoxy; R.sup.4 is
      hydrogen; A is a straight or branched chain alkylene of 1 to 6 carbons;
      and m is 2.
NUM  3.
PAR  3. The compound of claim 2 wherein R.sup.1, R.sup.2, and R.sup.3 are
      hydrogen; and A is a straight chain alkylene of 2 to 6 carbons.
NUM  4.
PAR  4. The compound of claim 3 wherein A is --(CH.sub.2).sub.2 --.
NUM  5.
PAR  5. The compound of claim 4 having the name
      2-[2-(3,4-dihydro-2(1H)-isoquinolinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1).
NUM  6.
PAR  6. The compound of claim 3 wherein A is --(CH.sub.2).sub.3 --.
NUM  7.
PAR  7. The compound of claim 3 wherein A is --(CH.sub.2).sub.4 --.
NUM  8.
PAR  8. The compound of claim 7 having the name
      2-[4-(3,4-dihydro-2(1H)-isoquinolinyl)butyl]-1H-benz[de]isoquinoline-1,3-(
     2H)-dione, hydrochloride (1:1).
NUM  9.
PAR  9. The compound of claim 3 wherein A is --(CH.sub.2).sub.5 --.
NUM  10.
PAR  10. The compound of claim 3 wherein A is --(CH.sub.2).sub.6 --.
NUM  11.
PAR  11. The compound of claim 1 wherein at least one of R.sup.1 and R.sup.2 is
      hydrogen and the other is selected from the group consisting of hydrogen,
      Cl, Br, F, methyl and methoxy; R.sup.3 is selected from the group
      consisting of hydrogen, Cl, Br, F, methyl and methoxy; R.sup.4 is
      hydrogen; A is a straight or branched chain alkylene of 1 to 6 carbons;
      and m is 1.
NUM  12.
PAR  12. The compound of claim 11 wherein R.sup.1, R.sup.2 and R.sup.3 are
      hydrogen; and A is a straight chain alkylene of 2 to 6 carbons.
NUM  13.
PAR  13. The compound of claim 12 wherein A is --(CH.sub.2).sub.2 --.
NUM  14.
PAR  14. The compound of claim 12 wherein A is --(CH.sub.2).sub.3 --.
NUM  15.
PAR  15. The compound of claim 12 wherein A is --(CH.sub.2).sub.4 --.
NUM  16.
PAR  16. The compound of claim 12 wherein A is --(CH.sub.2).sub.5 --.
NUM  17.
PAR  17. The compound of claim 12 wherein A is --(CH.sub.2).sub.6 --.
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ABST
PAL  Side chain modification of 24-hydroxyimino-14a-aza-D-homo-cholesta-8(9),
      14(14a)-dienes provides novel azasteroids having antifungal activities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Infections having fungal origins constitute a large portion of human
      diseases caused by microorganisms. Several naturally occurring antibiotics
      and numerous synthetic compounds are currently available for treating
      fungal infections. Nystatin, a polyene antibiotic whose structural formula
      is not yet fully elucidated, in a commonly used antifungal agent which has
      met with good success. Even with the currently available antifungal agents
      however, there are still several diseases of fungal origin which are not
      easily controllable. Additionally, certain antifungal agents become
      ineffective with continued use due to the patient's sensitization to the
      particular drug. Consequently, the search for new antifungal agents and
      the therapy of fungal infections is the object of much laboratory and
      clinical investigation.
PAR  The isolation and characterization of novel
      24-methylene-14a-aza-D-homo-cholestadienes which show good antifungal
      activity has recently been accomplished from cultures of a strain of
      Geotrichum flavo-brunneum. This organism is described in detail by Miller
      et al., Mycologia 49, 779-808, 1957. The preparation and isolation of
      these novel azasteroids is the subject of co-pending U.S. patent
      application Ser. No. 327,171, filed Feb. 2, 1973, entitled ANTIBIOTIC
      A-25822 AND PROCESS FOR PREPARATION THEREOF, now U.S. Pat. No. 3,845,203.
PAR  The compounds provided by the present invention are in general prepared by
      modifying derivatives of the abovementioned naturally occurring
      24-methylene-14a-aza-D-homo-cholestadienes. The compounds provided herein
      are useful as antifungal agents.
PAC  SUMMARY OF THE INVENTION
PAR  The compounds of this invention have the formula:
      ##SPC1##
PAL  In which R.sub.1 and R.sub.2 are both hydrogen or both methyl; R.sub.3 is
      hydrogen or C.sub.1 -C.sub.4 alkanoyl; and X is NR.sub.4 R.sub.5,
      OR.sub.6, or halogen, wherein R.sub.4 and R.sub.5 independently are
      hydrogen or C.sub.1 -C.sub.4 alkyl, and R.sub.6 is hydrogen, C.sub.1
      -C.sub.4 alkyl, or an alkali metal cation. The pharmaceutically acceptable
      salts of the steroid-like compounds of this invention are included herein.
PAR  One object of the present invention is to provide new steroid-like
      compounds which are useful pharmacological agents, particularly for
      controlling diseases of fungal origin.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention provides new organic acids, esters, and amides, which
      compounds have the general structural formula shown hereinabove.
PAR  As used herein, the term "C.sub.1 -C.sub.4 alkanoyl" refers to carboxylic
      acid residues such as formyl, acetyl, propionyl, butyryl and isobutyryl.
      The term "C.sub.1 -C.sub.4 alkyl" includes methyl, ethyl, isopropyl,
      butyl, isobutyl, and related groups. "Halogen" refers to fluorine,
      chlorine, bromine, and iodine.
PAR  The organic bases of this invention generally form pharamceutically
      acceptable salts with a variety of inorganic and strong organic acids. The
      particular acid used to form a salt with the bases of the invention is not
      critical; however, the salt formed should be substantially non-toxic to
      animal organisms. Typical acids commonly used in salt formation include
      hydrohalic acids such as hydrobromic, hydrochloric and hydroiodic acid, as
      well as acids such as sulfuric, phosphoric, sulfamic, acetic, formic,
      succinic, benzoic, ascorbic, maleic, and related acids. The organic bases
      of the invention additionally form quaternary immonium salts with any of a
      number of alkylating agents such as alkyl halides, sulfate and aromatic
      sulfonates. Examples of such agents include methyl chloride, ethyl iodide,
      dimethyl sulfate, methyl toluenesulfonate, and the like.
PAR  When X in the foregoing formula is OR.sub.6 and R.sub.6 is hydrogen, the
      new steroid-like compound is an acid. Such acids can be converted to the
      corresponding alkali metal salt when desired.
PAR  In general, the compounds of this invention can be prepared by acidic
      rearrangement of a hydroxyimino-aza-steroid of the formula
      ##SPC2##
PAL  in which R.sub.1 and R.sub.2 are as defined hereinabove.
PAR  The new compounds of the present invention are named systematically as
      cholestane derivatives by following the numbering system shown in the
      above formula. A preferred starting material, wherein R.sub.1 and R.sub.2
      in the above formula are both hydrogen, is named accordingly as
      3.beta.-hydroxy-24-hydroxyimino-14a-aza-D-homo-5.alpha.-cholesta-8(9),
      14(14a)-diene. It will be understood that all of the compounds provided
      herein will have the same basic stereochemical configuration as the
      starting material. For example, the compounds described hereinbelow will
      have a 3-hydroxy group, or a 3-alkanoyloxy group, in the
      .beta.-configuration as indicated by a solid bonding line between the
      carbon and oxygen atoms at C.sub.3. Additionally, all of the compounds
      will have a hydrogen at C.sub.5 in the .alpha.-configuration. By way of
      simplification, the terms .alpha. and .beta. will be omitted from the
      systematic names used hereinafter throughout this application. For
      example, the preferred starting material named above will hereinafter be
      named 3-hydroxy-24-hydroxyimino-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene.
PAR  In one aspect of this invention, the oxime of the above formula is
      subjected to strong acidic reaction conditions, thereby effecting a
      rearrangement to the corresponding amide. More specifically, treatment of
      the oxime with a suitable acid effects a Beckmann rearrangement to the
      corresponding isopropylamide, namely a 24-oxo-14a,
      24a-diaza-D-homo-cholestadiene derivative. Suitable acids which are most
      commonly used to effect the rearrangement of the oxime include mineral
      acids such as hydrochloric, sulfuric, hydrobromic, phosphoric, nitric, or
      related acids; or organic acids such as formic acid, acetic acid,
      trichloroacetic acid, and the like. Agents such as phosphorus
      pentachloride can be incorporated if desired. The reaction can best be
      carried out in a solvent. Generally, the particular acid selected for the
      rearrangement is used in quantities sufficient to serve as the solvent for
      the reaction; however, co-solvents such as acetic anhydride, formic-acetic
      anhydride, dimethylformamide, dimethylsulfoxide, dioxane, or the like, can
      be utilized. In practice, the reaction is most conveniently carried out by
      stirring the oxime in an appropriate acid, such as formic acid or acetic
      acid for instance, without additional solvents. The rearrangement to the
      corresponding amide is normally complete after about 1  to 8 hours when
      the reaction is carried out at a temperature of about 25.degree. to
      125.degree.C. The product is readily isolated by removal of the acidic
      solvent, for example by evaporation, and further purification can be
      accomplished by normal procedures, such as chromatography or
      crystallization for example, if needed. The product amide normally exists
      as the acylated derivative of the 3-hydroxy group, especially when an acid
      anhydride, such as acetic anhydride for example, was used as a solvent or
      co-solvent in the reaction mixture. When desired, such a 3-alkanoyloxy
      derivative can readily be converted to the corresponding 3-hydroxy
      derivative by mild basic hydrolysis, for example with aqueous sodium or
      potassium hydroxide. The 3-alkanoyloxy compound is generally treated with
      about a 1 molar amount of an aqueous base for about 1/2 to 1 hour at
      20.degree. to 30.degree.C., thereby effecting hydrolysis to the
      corresponding 3-hydroxy derivative.
PAR  The amides of the invention are useful not only as antifungal agents but
      also as intermediates leading to a variety of other useful compounds. For
      example, an amide of this invention can be alkylated or acylated at the
      amide nitrogen, or alternatively the amide can be hydrolyzed to the
      corresponding acid with strong basic hydrolysis conditions. In particular,
      the amide provided by the rearrangement of the corresponding oxime is
      commingled with a strong base in a suitable solvent and stirred at a
      temperature of about 50.degree. to 150.degree.C. for a period of time of
      about 4 to 20 hours, thereby effecting cleavage of the amide group to the
      corresponding carboxylic acid derivative. Typical strong bases commonly
      used in the reaction include alkali metal hydroxides such as sodium
      hydroxide, potassium hydroxide, lithium hydroxide, and the like.
      Generally, the base is used in excess of the amide starting material, for
      example from about 2 to about 50 molar excess, or even more can be
      incorporated if desired. Suitable solvents for the reaction include ethers
      such as dioxane or diglyme, and alcohols such as ethanol or ethylene
      glycol for instance. The product can be isolated as the alkali metal salt
      of the acid by removal of the solvent and recrystallization, or
      alternatively, the free acid can be isolated by adding water to the
      reaction mixture and acidifying the aqueous reaction mixture with an acid
      such as hydrochloric acid, and extracting the product acid therefrom with
      a water immiscible solvent such as diethyl ether or ethyl acetate. If
      desired, the acid product can be converted to an acid addition salt of the
      14a-aza group by the proper adjustment of the pH, or alternatively the
      acid product can be converted back to a salt of the acid, for example by
      the addition of a base such as sodium hydroxide, potassium bicarbonate,
      ammonia, triethylamine, or the like. The acids so formed are
      systematically named herein as
      25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene-24-oic acid
      derivatives.
PAR  Like the amides described hereinabove, the new organic acid derivatives of
      this invention are valuable as antifungal agents and additionally as
      intermediates for the preparation of the acid halides and esters of the
      invention. In particular, the carboxylic acid group can be esterified by
      treating the acid with essentially any alcohol, normally in the presence
      of a proton source such as a mineral acid for example. The preferred ester
      derivatives are those prepared with lower C.sub.1 -C.sub.4 alkyl alcohols.
      Examples of commonly used alcohols for the esterification reaction include
      methanol, ethanol, isopropanol, n-butanol, and the like. The reaction
      generally is carried out by stirring the
      trisnor-14a-aza-D-homo-cholestadieneoic acid in an appropriate alcohol,
      such as methanol for example, and in the presence of an acid such as
      concentrated sulfuric acid or hydrochloric acid. The reaction is best
      carried out at a temperature of about 20.degree. to about 100.degree.C.,
      and is normally complete after about 10 to 30 hours. The product, a lower
      alkyl 25,26,27-trisnor-14a-aza-D-homo-cholestadiene-24-oate, is
      conveniently isolated by removal of the solvent. Further purification can
      be accomplished if needed by standard methods such as chromatography or
      crystallization for instance.
PAR  The lower alkyl 25,26,27-trisnor-14a-aza-D-homo-cholestadiene-24-oates can
      alternatively be prepared by careful ozonolysis of the above-mentioned
      24-methylene-14a-aza-D-homo-cholestadienes in the presence of an alcohol,
      such as methanol for example. More specifically, a
      24-methylene-14a-aza-D-homo-cholestadiene is treated with 1 molar
      equivalent of ozone, with the appropriate alcohol serving as the reaction
      solvent and in the presence of an acid, such as a mineral acid for
      example. The ozonolysis is best carried out at a temperature below about
      -50.degree.C., preferably at about -70.degree. to -80.degree.C. The
      reaction is substantially complete after about 5 to 25 minutes. Any
      unreacted ozone is generally decomposed by the addition of an agent such
      as sulfur dioxide to the reaction mixture, and the product ester, a lower
      alkyl 25,26,27-trisnor-14a-aza-D-homo-cholestadiene-24-oate, is normally
      isolated by removal of the solvent.
PAR  The 25,26,27-trisnor-14a-aza-D-homo-cholestadiene-24-oic acids can be
      converted to the corresponding acid halide by reaction with an agent such
      as an oxalyl halide, phosphorus halide, thionyl halide, and the like.
      Generally, the acid halides are formed by commingling the acid, or an
      alkali metal salt of the acid, with an excess of the appropriate
      halogenating agent. The reaction is normally carried out in a solvent such
      as benzene or dichloromethane, and at a temperature of about 20.degree. to
      50.degree.C. The acid halides are especially useful as intermediates
      leading to the steroid-like antifungal agents of this invention. For
      example, the acid halides can be treated with an alcohol, such as methanol
      or isopropanol for example, thereby forming the corresponding ester.
      Additionally, the acid halide can be treated with an amine, such as
      ammonia, dimethylamine, isopropylamine, or the like, thereby providing the
      corresponding amide.
PAR  Examples of typical steroid-like compounds provided by this invention
      include:
PAR  3-Hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oic acid;
PAR  3-Hydroxy-25,26,27-trisnor-14a-aza-D-homo-4,4-dimethylcholesta-8(9),
      14(14a)-diene-24-oic acid;
PAR  Isopropyl 3-Hydroxy-25,26,27-trisnor-14a-aza-D-homocholesta-8(9),
      14(14a)-diene-24-oate;
PAR  Methyl
      3-formyloxy-25,26,27-trisnor-14a-azonia-14a-methyl-D-homo-cholesta-8(9),
      14(14a)-diene-24-oate iodide;
PAR  Butyl 3-isobutyroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oate;
PAR  3-Propanoyloxy-24-oxo-14a,24a-diaza-D-homo-cholesta-8(9), 14(14a)-diene;
PAR  3-Hydroxy-24-oxo-14a, 24a-diaza-24a-N-methyl-D-homo-cholesta-8(9),
      14(14a)-diene;
PAR  3-Hydroxy-25,26,27-trisnor-24-oxo-14a,24a-diaza-D-homo-4,4-dimethyl-cholest
     a-8(9), 14(14a)-diene;
PAR  3-Hydroxy-25,26,27-trisnor-24-oxo-14a,24a-diaza 4,4,24a,24a,
      tetramethyl-D-homo-cholesta-8(9), 14(14a)-diene-14a-ium chloride;
PAR  3-Acetoxy-24-oxo-14a,24a-diaza-D-homo-cholesta-8(9), 14(14a)-diene-14a-ium
      acetate;
PAR  Sodium 3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oate;
PAR  3-Butyryloxy-25,26,27-trisnor-14a,24a-diaza-24a-butyl-24a-ethyl-D-homo-chol
     esta-8(9), 14(14a)-diene-14a-ium bromide;
PAR  Potassium
      3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-4,4-dimethyl-cholesta-8(9),
      14(14a)-diene-24-oate; and the like.
PAR  The starting materials generally required for preparing the compounds of
      this invention are 3-hydroxy-24-hydroxyimino-14a-aza-D-homo-cholesta-8(9),
      14(14a)-dienes. These compounds can be prepared by oxidizing a naturally
      occurring 3-hydroxy-24-methylene-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene to the corresponding 24-oxo derivative, and converting the
      ketone so formed to the oxime by reaction with hydroxylamine. The
      oxidation of the 24-methylene starting material is generally accomplished
      by reaction with osmium tetroxide to form what is believed to be the
      corresponding glycol, and further oxidizing the glycol to a ketone with an
      agent such as sodium periodate or potassium permanganate for example. A
      typical oxidation, for instance, comprises reacting
      3-hydroxy-24-methylene-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene with
      from about 0.1 to 1.0 molar amounts of osmium tetroxide. The reaction is
      generally carried out in a solvent, such as formic or acetic acid for
      example. The oxidation product is normally completely formed after about 5
      to 10 minutes when the reaction is carried out at a temperature of about
      20.degree. to 30.degree.C. The oxidation product so formed is normally not
      isolated, but is further oxidized to the desired ketone by reaction with
      an oxidizing agent such as sodium periodate. Typically, the oxidizing
      agent is added directly to the reaction mixture, generally in about 1 to 4
      molar amounts. Oxidation to the desired ketone is usually complete after
      about 24 to 100 hours when the reaction is conducted at about 20.degree.
      to 30.degree.C. The product, a
      3-hydroxy-24-oxo-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene, is generally
      isolated by removal of any excess oxidizing agent and solvent, for example
      by filtration and evaporation, and further purification can be
      accomplished if desired by general methods such as chromatography,
      crystallization, and the like.
PAR  The starting material required to prepare the 24-oxo-derivative is a
      24-methylene-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene derivative and is
      obtained by culturing a strain of Geotrichum flavo-brunneum, NRRL 3862,
      which strain is in the permanent culture collection of the Agricultural
      Research Service, Northern Utilization Research and Development Division,
      Department of Agriculture, Peoria, Ill. The organism which is cultured was
      isolated by the standard serial dilution procedure from a soil sample
      collected in the Grand Teton National Park region of Wyoming. The organism
      is described in detail by Miller, et al., Mycologia, 49, 779-808, 1957.
      The preparation and isolation of the starting material used in the present
      invention is the subject of co-pending U.S. patent application Ser. No.
      327,171, now U.S. Pat. No. 3,845,203 filed Feb. 2, 1973, and is carried
      out as described hereinbelow.
PAR  A culture of Geotrichum flavo-brunneum is grown under submerged aerobic
      conditions in a fermentation medium comprising carbohydrates, amino acids,
      and nutrient inorganic salts. The organism is grown for about three days
      at a temperature of about 20.degree. to 35.degree.C. After the
      fermentation is complete, the fermentation mycelium is extracted with a
      suitable organic solvent, such as ethyl acetate or amyl acetate for
      instance. Evaporation of the solvent from the combined organic extracts
      provides a mixture of compounds. The starting materials for the present
      invention are separated from the mixture by chromatography and
      crystallization.
PAR  The new compounds of the present invention are useful chemotherapeutic
      agents particularly because of their antifungal properties against
      microorganisms such as Candida tropicalis and Candida albicans for
      example. The compounds inhibit fungal growth when applied to environmental
      surfaces such as shower stalls, foot baths, exterior surfaces of wood,
      concrete, brick, or the like, as well as to skin surfaces affected by
      fungal growth. The compounds are most conveniently formulated for use as a
      solution or suspension with a suitable diluent, excipient, or carrier.
      Typical diluents and carriers include water, alcohol, glycols, and the
      like. Additionally, the compound can be formulated as a cream or ointment
      with suitable carriers such as hydrocarbon waxes, polyethylene glycol, or
      a cold cream base for example, thereby being suitably formulated for
      topical application to infected skin surfaces.
DETD
PAR  The preparation of the compounds provided herein is more fully described in
      the following detailed preparations and examples. It is to be understood,
      however, that the examples are provided to serve only as illustration of
      particular aspects of the invention, and are not to be construed as
      limiting the invention to the particular compounds or methods specifically
      described. The compounds described hereinbelow are characterized by
      typical nuclear magnetic resonance (nmr) absorptions, given in delta
      (.delta.) values, mass spectral (m/e) parent molecular ion absorption
      (M+), and by melting point, and by characteristic infrared absorptions.
PAC  PREPARATION 1
PAR  The production of the starting materials required for the present invention
      is illustrated by the following procedures.
PAR  Spores of Geotrichum flavo-brunneum strain NRRL 3862 were inoculated on a
      nutrient agar slant having the following composition:
TBL  Agar Slant Medium                                                         
     ______________________________________                                    
                           Weight Volume                                       
     Ingredient            (g./l.)                                             
     ______________________________________                                    
     Glucose               20                                                  
     Peptone               5                                                   
     Potassium Dihydrogen Phosphate                                            
                           0.5                                                 
     Magnesium Sulfate     0.02                                                
     Ferrous Sulfate       0.01                                                
     Agar                  20                                                  
     ______________________________________                                    
PAR  The above cultures were incubated at a temperature of 25.degree.C. for 7
      days. A loop of spores from the slant culture was transferred to a
      vegetative inoculum having the following composition:
TBL  Vegetative Medium                                                         
     ______________________________________                                    
                           Weight Volume                                       
     Ingredient            (g./l.)                                             
     ______________________________________                                    
     Sucrose               25                                                  
     Edible Molasses       36                                                  
     Corn Steep            6                                                   
     Potassium Dihydrogen phosphate                                            
                           2                                                   
     NZ Case.sup.1         2                                                   
     Tap Water                                                                 
     ______________________________________                                    
      .sup.1 Enzymatic digest of casein, Scheffield Chemical Co., Norwich, N.Y.
PAR  The inoculated vegetative medium was shaken on a rotary shaker at 250
      r.p.m. for about 24 to 48 hours at a temperature of about 25.degree.C.
      Five percent of the volume of the vegetative inoculum containing viable
      vegetative growth was employed to inoculate a fermentation medium having
      the following composition:
TBL  Fermentation Medium                                                       
     ______________________________________                                    
                           Weight/Volume                                       
     Ingredient            (g./l.)                                             
     ______________________________________                                    
     Glucose               25                                                  
     Corn Starch           10                                                  
     Peptone (meat)        10                                                  
     NZ Amine A.sup.1      4                                                   
     Molasses              5                                                   
     Magnesium Sulfate Heptahydrate                                            
                           5                                                   
     Calcium Carbonate     2                                                   
     Tap Water                                                                 
     ______________________________________                                    
      .sup.1 Pancreatic hydrolysate of casein, Scheffield Chemical Company,    
      Norwich, N.Y.                                                            
PAR  The inoculated fermentation medium was agitated continuously for 72 hours
      at a temperature of 25.degree.C. Throughout the fermentation, sterile air
      was passed through the fermentation medium at a rate of one half volume of
      air per volume of fermentation medium per minute.
PAR  Upon completion of the fermentation, the fermentation broth was extracted
      several times with ethyl acetate. The combined ethyl acetate extracts were
      concentrated to an oil residue. The residue was dissolved in a 20 percent
      acetone solution in n-hexane. Additional hexane was added to the mixture,
      and the solution was cooled to -20.degree.C. whereupon
      3-hydroxy-24-methylene-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene
      crystallized. The crystals were collected by filtration and air dried,
      m.p. 115.degree.-118.degree.C. The filtrate was concentrated to dryness,
      providing an oily residue which was dissolved in a mixture of ethyl
      acetate-hexane-distilled water (80:16:4). The solution was passed over a
      column packed with basic alumina (Woelm grade W200, Water Associates,
      Inc., Framingham, Mass.). The column was eluted with the same solvent
      mixture, and eluate fractions of 1 liter volume each were collected.
      Eluate fractions 9 through 23 were combined and the solvent was removed
      therefrom under reduced pressure to provide a residue which was
      crystallized from acetone. The crystals were collected by filtration and
      identified as
      3-hydroxy-24-methylene-14a-aza-D-homo-4,4-dimethyl-cholesta-8(9),
      14(14a)-diene, m.p. 147.degree.C.
PAC  PREPARATION 2
PAC  3-Hydroxy-24-oxo-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene
PAR  A solution of 2 g. of 3-hydroxy-24-methylene-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene in 80 cc. of an 80 percent aqueous acetic acid solution was
      stirred at 25.degree.C. while 25 mg. of osmium tetroxide was added in one
      portion. The reaction mixture was stirred for five minutes, and 2.07 g. of
      sodium periodate was added to the reaction mixture. After stirring the
      reaction mixture at 25.degree.C. for 72 hours, it was filtered and the
      solvent was removed from the filtrate, providing an oily residue. The
      residue was dissolved in 100 cc. of ethyl acetate and washed successively
      with aqueous sodium bicarbonate solution and with water, and dried. The
      solvent was removed under reduced pressure affording 1.5 g. of a crude
      product. The product was further purified by chromatography over a one
      inch by eight inch aluminum oxide column, eluting with ethyl acetate. The
      solvent was removed from the appropriate fractions affording 1.3 g. of
      3-hydroxy-24-oxo-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene as a
      crystalline solid. M.P. 70.degree.-71.degree.C., m/e: M+ 413
PA1  nmr (CDCl.sub.3):
PA2  .delta.1.02, 3H, C-18 CH.sub.3
PA2  .delta.1.00, 3h, c-19 ch.sub.3
PA2  .delta.0.91, 3h, c-21 ch.sub.3
PA2  .delta.1.08, 6h, c-26,27 ch.sub.3
PAC  preparation 3
PAC  3-hydroxy-24-hydroxyimino-14a-aza-D-homo-cholesta-8(9),14(14a)-diene
PAR  A solution of 1.4 g. of 3-hydroxy-24-oxo-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene in 25 cc. of pyridine containing 1.3 g. of hydroxylamine
      hydrochloride was stirred and heated at 100.degree.C. for 24 hours. The
      reaction mixture was concentrated to dryness under reduced pressure
      providing a residue which was dissolved in 100 cc. of ethyl acetate,
      washed with water and dried. The solvent was removed under reduced
      pressure affording 1 g. of
      3-hydroxy-24-hydroxyimino-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene. m/e
      M+ 428.
PA1  nmr (CDCl.sub.3):
PA2  .delta.1.02, 3H, C-18 CH.sub.3
PA2  .delta.0.96, 3h, c-19 ch.sub.3
PA2  .delta.0.99, 3h, c-21 ch.sub.3
PA2  .delta.1.08, 6h, c-26,27 ch.sub.3
PAC  example 1
PAC  3-formyloxy-24-oxo-14a,24a-diaza-D-homo-cholesta-8(9), 14(14a)-diene
PAR  A solution of 520 mg. of
      3-hydroxy-24-hydroxyimino-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene in
      30 cc. of 98 percent formic acid was stirred and heated at reflux under a
      nitrogen atmosphere for four hours. The reaction mixture was cooled to
      room temperature and the solvent was removed under reduced pressure
      providing a brown residue. The residue was dissolved in 100 cc. of
      methylene chloride and washed successively with aqueous sodium bicarbonate
      solution and dried. Removal of the solvent under reduced pressure provided
      3-formyloxy-24-oxo-14a,24-a-diaza-D-homo-cholesta-8(9), 14(14a)-diene.
      m/e: M+ 428.
PA1  nmr (CDCl.sub.3):
PA2  .delta.1.04, 3H, C-18 CH.sub.3
PA2  .delta.1.01, 3h, c-19 ch.sub.3
PA2  .delta.0.95, 3h, c-21 ch.sub.3
PA2  .delta.1.16, 6h, c-26,27 ch.sub.3
PA2  .delta.5.4, 1h, 24a-NH
PAC  EXAMPLE 2
PAC  3-Hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oic acid
PAR  A suspension of 100 mg. of
      3-formyloxy-24-oxo-14a,24a-diaza-D-homo-cholesta-8(9), 14(14a)-diene in 1
      cc. of ethylene glycol was stirred at room temperature while 200 mg. of
      powdered potassium hydroxide was added in one portion. The reaction
      mixture was heated at reflux for 12 hours. The reaction mixture was cooled
      to about 25.degree.C. and 50 cc. of water was added. The aqueous reaction
      mixture was extracted with diethyl ether and then acidified to pH 2 by the
      addition of 1N hydrochloric acid. The acidic aqueous solution was
      extracted with three 25 cc. portions of chloroform which had been warmed
      to about 35.degree.C. The organic extracts were combined and dried and the
      solvent was removed under reduced pressure, providing
      3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oic acid, as the hydrochloride salt m/e: M+ 387.
PAR  IR (KBr): 1700-1720 cm .sup.-.sup.1
PAC  EXAMPLE 3
PAC  Methyl 3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oate
PAR  A solution of 43 mg. of
      3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oic acid in 20 cc. of methanol containing about 3 percent
      gaseous hydrogen chloride was stirred at 25.degree.C. for 16 hours. The
      reaction mixture was filtered through 2 g. of sodium bicarbonate and the
      solvent was removed from the filtrate under reduced pressure to provide
      methyl 3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oate. m/e: M+ 401. IR (CHCl.sub.3): 1745 cm .sup.-.sup.1
PA1  nmr (CDCl.sub.3):
PA2  .delta.1.00, 3H, C-19 CH.sub.3
PA2  .delta.1.02, 3h, c-18 ch.sub.3
PA2  .delta.3.70, 3h, --cooch.sub.3
PAC  example 4
PAC  methyl 3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oate
PAR  A solution of 206 mg. of
      3-hydroxy-24-methylene-14a-aza-D-homo-cholesta-8(9), 14(14a)-diene in 150
      cc. of methanol was stirred and cooled to -78.degree.C. in a dry
      ice-acetone bath. To the cold reaction solution was added 0.5 cc. of 1N
      hydrochloric acid and 0.5 millimoles of ozone gas. The reaction mixture
      was stirred for 10 minutes at -78.degree.C., after which time sufficient
      sulfur dioxide was added to decompose any excess ozone remaining in the
      reaction mixture. The solvent was removed under reduced pressure, leaving
      an oily residue which was dissolved in 100 cc. of ethyl acetate and
      filtered through 2 g. of sodium carbonate. The solvent was removed from
      the filtrate under reduced pressure to afford 150 mg. of methyl
      3-hydroxy-25,26,27-trisnor-14a-aza-D-homo-cholesta-8(9),
      14(14a)-diene-24-oate as a pale yellow foam. m/e: M+ 401.
CLMS
STM  I claim:
NUM  1.
PAR  1. The compound of the formula
      ##SPC3##
PAL  wherein:
PA1  R.sub.1 and R.sub.2 are both hydrogen or both methyl:
PA1  R.sub.3 is hydrogen or C.sub.1 -C.sub.4 alkanoyl;
PA1  X is halogen, NR.sub.4 R.sub.5, or OR.sub.6, wherein R.sub.4 and R.sub.5
      independently are hydrogen or C.sub.1 -C.sub.4 alkyl; R.sub.6 is hydrogen,
      C.sub.1 -C.sub.4 alkyl, or an alkali metal cation;
PA1  and the pharmaceutically acceptable salts thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein R.sub.1 and R.sub.2 are both hydrogen.
NUM  3.
PAR  3. The compound of claim 2 wherein R.sub.3 is hydrogen.
NUM  4.
PAR  4. The compound of claim 3 wherein X is NR.sub.4 R.sub.5.
NUM  5.
PAR  5. The compound of claim 4 wherein R.sub.4 is hydrogen.
NUM  6.
PAR  6. The compound of claim 5 wherein R.sub.5 is isopropyl.
NUM  7.
PAR  7. The compound of claim 3 wherein X is OR.sub.6.
NUM  8.
PAR  8. The compound of claim 7 wherein R.sub.6 is hydrogen.
NUM  9.
PAR  9. The compound of claim 7 wherein R.sub.6 is methyl.
NUM  10.
PAR  10. The compound of claim 1 wherein R.sub.3 is other than hydrogen and X is
      NR.sub.4 R.sub.5.
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ABST
PAL  5 OR 1'-Hydroxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines
      and esters of the formulas
      ##SPC1##
PAL  Wherein R is a lower alkyl having 1 to 6 carbon atoms, R.sub.1 is hydrogen,
      a lower alkyl group, an alkanoyl, benzoyl or aralkanoyl group, R.sub.2 is
      a lower alkyl group and R.sub.3 is hydrogen, benzoyl, an alkanoyl group or
      an aralkanoyl group, and acid addition salts and quaternary ammonium salts
      thereof. The compounds are useful in pharmaceutical compositions for
      lowering blood pressure in animals.
PAL  Wherein R is a lower alkyl having 1 to 6 carbon atoms, R.sub.1 is hydrogen,
      a lower alkyl group, an alkaoyl, benzoyl or aralkanoyl group, R.sub.2 is a
      lower alkyl group and R.sub.3 is hydrogen, benzoyl, an alkanoyl group or
      an aralkanoyl group, and acid addition salts and quaternary ammonium salts
      thereof. The compounds are useful in pharmaceutical compositions for
      lowering blood pressure in animals.
BSUM
PAR  This invention relates to novel chemical compounds and their production.
      More particularly, this invention provides novel tetrahydroisoquinolines
      processes for producing the compounds, novel intermediates useful in
      making the compounds, and novel pharmaceutical compositions containing the
      compounds useful for effecting desirable pharmacological activity in
      animals.
PAR  According to one aspect of the subject invention there is provided novel 5
      or 1'-hydroxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines
      and esters thereof of the formulas
      ##SPC2##
PAL  Wherein R is a lower alkyl having 1 to 6 carbon atoms such as methyl,
      ethyl, isopropyl, butyl and n-hexyl, R.sub.1 is hydrogen, a lower alkyl
      group such as defined for R, an alkanoyl group such as formyl, acetyl,
      propionyl, butyryl and octoyl, benzoyl and aralkanoyl groups such as
      phenylacetyl and phenylpropionyl, R.sub.2 is a lower alkyl group such as
      defined for R, and R.sub.3 is hydrogen, benzoyl or an alkanoyl or
      aralkanoyl group such as defined for R.sub.1, and acid addition and
      quaternary ammonium salts thereof.
PAR  The compounds of Formula 1 are prepared by chemically reducing
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-one
     s to
      1'-hydroxy-5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquino
     lines, hydrogenolyzing the said compounds to
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines, then
      cleaving the ether group to form the corresponding
      5-hydroxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines and
      then esterifying the compounds. This process can be represented as
      follows:
      ##SPC3##
PAL  Wherein R has the significance previously assigned, R.sub.4 is a lower
      alkyl as defined for R, and R.sub.5 is an alkanoyl, benzoyl or aralkanoyl
      group as defined for R.sub.1.
PAR  Some of the
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-one
     s which can be used as starting materials in this invention are
      5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-o
     ne,
      5-ethoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4,-tetrahydroisoquinoline-1'-on
     e,
      5-propoxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-o
     ne and
      5-methoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-on
     e.
PAR  The
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-one
     s can be readily reduced by use of lithium aluminum hydride in an inert
      liquid reaction medium, such as diethyl ether, at an elevated temperature,
      such as the reflux temperature. After the reaction is terminated, water
      can be added to the reaction mixture to decompose any excess hydride. The
      desired reaction product can be recovered by conventional methods.
PAR  Among the
      1'-hydroxy-5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquino
     lines which can be produced as described are
      1'-hydroxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoqui
     noline,
      1'-hydroxy-5-ethoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquino
     line,
      1'-hydroxy-5-propoxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoqui
     noline and
      1'-hydroxy-5-methoxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoqui
     noline.
PAR  In the second step of the process the
      1'-hydroxy-5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquino
     line is subjected to hydrogenolysis in a concentrated aqueous acid
      solution, such as concentrated hydrochloric acid, by contacting it with
      hydrogen at a moderately elevated pressure, such as in the range of 40 to
      100 psig, in the presence of a suitable catalyst, such as palladium.
      Following termination of the reaction, sodium hydroxide or some other
      suitable base can be added to the reaction mixture until it is basic,
      after which the product can be extracted by use of a water insoluble
      solvent such as diethyl ether. The product can be separated from the
      solvent by evaporation of the solvent.
PAR  Representative of the
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines which
      can be produced by the second step of the reaction are
      5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline,
      5-ethoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline,
      5-propoxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline and
      5-methoxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline.
PAR  Conversion of the
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines to
      the corresponding 5-hydroxy compounds is effected by cleavage of the ether
      group using concentrated aqueous hydrobromic acid or hydriodic acid at
      reflux temperature. Following the reaction the desired product can be
      recovered by standard isolation techniques.
PAR  Some of the
      5-hydroxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines
      which are obtained as just described from the appropriate starting
      material are
      5-hydroxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline,
      5-hydroxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline,
      5-hydroxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline and
      5-hydroxy-2-butyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline.
PAR  Esterification of the
      5-hydroxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines can
      be effected by contacting the hydroxy-containing compound with an alkanoic
      acid, benzoic acid or an aralkanoic acid in a suitable liquid reaction
      medium in the presence of N,N-carbonyldiimidazole. The reaction proceeds
      quickly at reflux temperature. Following termination of the reaction the
      product can be separated by standard procedures.
PAR  Some of the esters which can be produced, by use of the appropriate acid,
      are
      5-(D,L-.alpha.-methylbutyryloxy)-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetr
     ahydroisoquinoline,
      5-formyloxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline,
      5-acetoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline,
      5-propionyloxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline
     , 5-benzoyloxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline
      and
      5-phenylacetoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline
     .
PAR  Esters of the 1'-hydroxy compounds of Formula 2 can be readily prepared by
      esterification of the
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinolines using
      the procedures just previously described for making esters. Some of the
      novel esters which can be produced from the appropriate acids and
      1'-hydroxy compounds are
      1'-cD,L-.alpha.-methylbutyryloxy)-5-methoxy-2-methyl-7,8-cyclopentano[h]-1
     ,2,3,4-tetrahydroisoquinoline,
      1'-formyloxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoq
     uinoline,
      1'-acetoxy-5-ethoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquino
     line,
      1'-propionyloxy-5-propoxy-2-propyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroi
     soquinoline,
      1'-benzoyloxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroiso
     quinoline and
      1'-phenylacetoxy-5-ethoxy-2-ethyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydrois
     oquinoline.
PAR  The compounds of this invention, being tertiary amines, can be converted to
      acid addition salts by contacting the amines with a suitable inorganic
      acid such as hydrochloric acid, sulfuric acid, phosphoric acid and
      hydrobromic acid or an organic acid such as citric acid, acetic acid,
      formic acid, malic acid, fumaric acid, succinic acid, benzoic acid and
      tartaric acid.
PAR  Quaternary ammonium salts of the compounds are readily prepared by
      contacting the compounds with an alkyl halide, alkyl sulfate, aralkyl
      halide or aralkyl sulfate such as methyl chloride, ethyl bromide, propyl
      iodide, benzyl chloride, benzyl sulfate and methyl sulfate as well as
      other compounds known to form quaternary ammonium salts with tertiary
      amines.
PAR  Since the compounds provided by this invention are amines they are useful
      as neutralizing agents since they form salts with acids. The amines can
      also be used in the isolation and purification of penicillin with which
      they form salts.
PAR  The compounds of this invention, particularly in the form of the free bases
      and the nontoxic acid addition salts, are also useful pharmaceutically.
      These compounds when administered to animals intraperitoneally or orally
      exert an anti-hypertensive effect. The compounds thus can be used to
      reduce blood pressure.
PAR  1'-Hydroxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquin
     oline has an ALD.sub.50 in mice of 16 mg./kg. i.p. when administered in
      solution prepared with the acid of dilute acid. When administered as the
      base at 4 mg./kg. i.p. in solution, prepared with the aid of dilute acid,
      to hypertensive rats the following percent change in systolic blood
      pressure was observed:
     1 Hour        -3.1 .+-. 1.0                                               
     2 Hours       -2.3 .+-. 1.2                                               
     4 Hours       -4.9 .+-. 1.4                                               
     24 Hours      -0.4 .+-. 1.4                                               
PAR  5-Methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline as
      the base has an ALD.sub.50 in mice of 100-150 mg./kg. i.p. when
      administered in distilled water. When administered as the base in
      distilled water at 50 mg./kg. i.p. to hypertensive rats the following
      percent change in systolic blood pressure was observed:
TBL  1 Hour        -3.0 .+-. 5.5                                               
     2 Hours       -2.9 .+-. 2.4                                               
     4 Hours       -6.3 .+-. 2.2                                               
     24 Hours      -4.6 .+-. 2.7                                               
PAR  5-Hydroxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline as
      the base administered as a solution in distilled water has an ALD.sub.50
      in mice of 100-150 mg./kg. i.p. When administered as the base, as a
      solution in distilled water, at 50 mg./kg. i.p. to hypertensive rats the
      following change in systolic blood pressure was observed:
TBL  1 Hour        -18.9 .+-. 2.8                                              
     2 Hours       -13.6 .+-. 3.6                                              
     4 Hours       -11.2 .+-. 2.6                                              
     24 Hours      - 4.7 .+-. 4.0                                              
PAR  5-(D,L-.alpha.-Methylproionyloxy)-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetr
     ahydroisoquinoline as the base administered as a solution in distilled
      water has an ALD.sub.50 in mice of 100-150 mg./kg. i.p. When administered
      as the base, as a solution in distilled water, at 25 mg./kg. i.p. to
      hypertensive rats the following change in systolic blood pressure was
      observed:
TBL  1 Hour        -15.3 .+-. 1.8                                              
     2 Hours       -13.6 .+-. 2.5                                              
     4 Hours       -15.4 .+-. 4.9                                              
     24 Hours      -10.8 .+-. 2.4                                              
PAL  At a dose of 50 mg./kg. i.p. the same compound reduced the systolic blood
      pressure in hypertensive rats as follows:
TBL  1 Hour        -23.5 .+-. 4.3                                              
     2 Hours       -26.2 .+-. 1.6                                              
     4 Hours       -15.8 .+-. 1.9                                              
     24 Hours      -10.2 .+-. 2.6                                              
PAR  The amount of active ingredient administered may be varied; however, it is
      necessary that the amount of active ingredient be such that a suitable
      dosage is given. The selected dosage depends upon the desired therapeutic
      effect and on the duration of treatment. Dosages of from 0.1 to 25 mg./kg.
      of body weight daily, preferably in divided doses, i.e., three to four
      times daily, can be administered.
PAR  The active agents of this invention can be administered to animals,
      including humans, as pure compounds. It is advisable, however, to first
      combine one or more of the compounds with a suitable pharmaceutical
      carrier to attain a satisfactory size to dosage relationship and thereby
      obtain a pharmaceutical composition.
PAR  Pharmaceutical carriers which are liquid or solid can be used. Solid
      carriers such as starch, sugar, talc and the like can be used to form
      powders. The powders can be used for direct administration or they may be
      used to make tablets or to fill gelatin capsules. Suitable lubricants like
      magnesium stearate, binders such as gelatin, and disintegrating agents
      like sodium carbonate in combination with citric acid can be used to form
      tablets. Sweetening and flavoring agents can also be included.
PAR  Unit dosage forms such as tablets and capsules can contain any suitable
      predetermined amount of one or more of the active agents, and they may be
      administered one or more at a time at regular intervals. Such unit dosage
      forms, however, should generally contain a concentration of 0.1 to 50
      percent by weight of one or more of the active compounds. Unit dosage
      forms, such as tablets and capsules, can contain about 2 to 300 mg. of
      active agent.
PAR  A typical tablet can have the composition:
TBL                   Mg                                                       
     ______________________________________                                    
     Active agent (1)   100                                                    
     Starch U.S.P.      57                                                     
     Lactose U.S.P.     73                                                     
     Talc. U.S.P.       9                                                      
     Stearic acid       12                                                     
     ______________________________________                                    
      (1) 5-Hydroxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline
                                                                               
PAR  Since the compounds exhibit both oral and parenteral activity they can be
      formulated in dosage forms for either oral or parenteral administration to
      a patient.
PAR  Solid dosage forms for oral administration include capsules, tablets,
      pills, powders, granules and the like.
PAR  Liquid dosage forms for oral administration include emulsions, solutions,
      suspensions, syrups and the like, containing diluents commonly used in the
      art, such as water. Besides inert diluents, such preparations can also
      include adjuvants such as wetting agents, emulsifying and suspending
      agents and sweetening, flavoring and perfuming agents.
PAR  Preparations for parenteral administration include sterile aqueous or
      non-aqueous solutions. Examples of non-aqueous solvents or vehicles are
      propylene glycol, polyethylene glycol, vegetable oils such as olive oil
      and injectable organic esters such as ethyl oleate. The parenteral
      preparations are sterilized by conventional methods.
PAR  The
      5-alkoxy-2-alkyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-one
     s used as starting materials in this invention can be produced by
      converting a 5-alkoxy-2-alkyl-1,2,3,4-tetrahydroisoquinoline by means of a
      Friedel-Crafts reaction to a
      5-alkoxy-2-alkyl-1,2,3,4-tetrahydroisoquinoline-8-carboxaldehyde, reacting
      the aldehyde with malonic acid to form a
      .beta.-(5-alkoxy-2-alkyl-1,2,3,4-tetrahydroisoquinoline-8)propenoic acid,
      catalytically reducing the propenoic acid compound to form the
      .beta.-(5-alkoxy-2-alkyl-1,2,3,4-tetrahydroisoquinoline-8)propanoic acid
      and then effecting ring closure of such compound, such as by means of
      polyphosphoric acid. This process can be represented as follows:
      ##SPC4##
PAL  wherein R and R.sub.4 are the same or different lower alkyl groups having 1
      to 6 carbon atoms. Durand et al., Bull. Soc. Chem. France, 270 (1961)
      discloses the preparation of
      5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline. Other such compounds
      can be prepared by the same process from the appropriate reactants. In
      addition, the preparation of the starting materials is well within the
      ordinary skill of an organic chemist. Examples 6 to 9 illustrate
      specifically the preparation of one such starting material by the
      described process.
DETD
PAC  EXAMPLE 1
PAC  1'-Hydroxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquin
     oline
PAR  Into a flask (1 liter) equipped with a mechanical stirrer, an equilibrium
      addition funnel (500 ml.), and a condenser fitted with a calcium chloride
      drying tube was placed lithium aluminum hydride (0.72 g., 0.0190 mole)
      which was covered with anhydrous diethyl ether (150 ml.). The contents of
      the flask were cooled to 0.degree.C. and stirred while an anhydrous
      diethyl ether solution (300 ml.) of
      5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-o
     ne (2.20 g., 0.0095 mole) was added dropwise rapidly. When the addition was
      complete, the reaction mixture was allowed to warm to room temperature,
      then refluxed for 5 hrs. To destroy excess hydride, the following steps
      were taken: the contents of the flask were cooled to 0.degree.C.,
      diatomaceous earth filter-aid (1.5 g.) was added, and ice cold water was
      added very slowly until the reaction mixture lost its gray color. The
      ether solution was then decanted and dried over sodium sulfate. Removal of
      the ether afforded the crude product
      1'-hydroxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoqui
     noline which was recrystallized from diethyl ether, m.p.
      112.5.degree.-113.5.degree.C. (1.95 g., 84%).
PAC  EXAMPLE 2
PAC  5-Methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline
PAR  Into an hydrogenation bottle (500 ml.) filled with nitrogen were placed 5%
      palladium on charcoal (0.4 g.) and a solution consisting of
      1'-hydroxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoqui
     noline (1.4 g., 0.0061 mole) and ethanol (200 ml.) to which had previously
      been added concentrated hydrochloric acid (2 ml.). Hydrogenolysis occurred
      during a 48 hr. period in contact with hydrogen in a low pressure
      hydrogenation apparatus. After collection of the catalyst by filtration,
      the filtrate was made basic with sodium hydroxide (10%). The precipitated
      sodium chloride was collected by filtration and the filtrate was poured
      into a flask (500 ml.) from which the solvent was removed on an
      evaporator. Diethyl ether (200 ml.) was added to the cooled residue. After
      thorough agitation of the residue in the ether, the undissolved sodium
      chloride was collected by filtration and the filtrate was dried over
      sodium sulfate. Removal of the ether afforded the product
      5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline,
      m.p. 78.degree.-80.degree.C. (1.30  g., 98%). The product was further
      purified by preparing its hydrobromide salt, which was recrystallized from
      ethanol, m.p. 244.degree.-245.degree.C.
PAC  EXAMPLE 3
PAC  5-Hydroxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline
      hydrobromide
PAR  A suspension of the hydrobromide of
      5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline (2.0
      g., 0.0066 mole) in hydrobromic acid (48%, 25 ml.) was gently refluxed for
      3 hours. The excess HBr was removed on a solvent evaporator and the
      residue was recrystallized from acetonitrile affording the pure product
      5-hydroxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline HBr,
      m.p. 265.degree.-267.degree.C. (1.1 g., 58%).
PAC  EXAMPLE 4
PAC  5-(D,L-.alpha.-Methylbutyryloxy)-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetra
     hydroisoquinoline hydrobromide
PAR  D,L-.alpha.-methylbutyric acid was prepared by basic hydrolysis of the
      corresponding acid chloride, acidification of the reaction mixture,
      isolation by ether extraction, and purification by vacumm distillation
      (b.p. 82.degree.-84.degree.C./20 mm.).
PAR  N,N-Carbonyldiimidazole (0.28 g., 0.00172 mole), D,L-.alpha.-methylbutyric
      acid (0.18 g., 0.0019 mole), and tetrahydrofuran (65 ml.) were placed in a
      flask and the solution was refluxed for 15 min. After cooling,
      5-hydroxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline
      (0.35 g., 0.00172 mole) was added and the solution was refluxed for 2 hrs.
      The solvent was removed and the residue was dissolved in chloroform and
      extracted twice with sodium bicarbonate (2%, 200 ml. portions) and twice
      with water (200 ml.). The chloroform layer was dried over sodium sulfate,
      the chloroform was removed, and the residue was dissolved in ether.
      Hydrogen bromide gas was bubbled into the stirred ether solution and the
      product
      5-(D,L-.alpha.-methylbutyryloxy)-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetr
     ahydroisoquinoline hydrobromide was collected by filtration and purified by
      recrystallization from ethyl acetate, m.p. 184.degree.-195.degree.C. (0.46
      g., 71%).
PAC  EXAMPLE 5
PAC  1'-(D,L-.alpha.-methylbutyryloxy)-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,
     2,3,4-tetrahydroisoquinoline
PAR  Into a flask were placed N,N-carbonyldiimidazole (0.69 g., 0.0042 mole),
      D,L-.alpha.-methylbutyric acid (0.46 g., 0.0045 mole) and tetrahydrofuran
      (60 ml.) and the solution was refluxed for 15 min. After cooling,
      1'-hydroxy-5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoqui
     noline (1.0 g., 0.0042 mole) was added and the solution was refluxed for 2
      hrs. The solvent was removed and the residue was dissolved in chloroform
      and extracted twice with sodium bicarbonate (2%, 200 ml. portions) and
      water (200 ml.). The chloroform layer was dried over sodium sulfate, the
      solvent was removed, and the residue was dissolved in ethanol (3 ml.) and
      chromatographed on silica gel (13 in. .times. 1 in. column) with ethanol.
      The purified product was a thick viscous oil (0.57 g., 42%) which
      partially solidified (m.p. 62.degree.-64.degree.C.) after standing under
      nitrogen for 10 days.
PAC  EXAMPLE 6
PAC  5-Methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8-carboxaldehyde
PAR  Into a flask equipped with a mechanical stirrer, an equilibrium addition
      funnel, and a condenser fitted with a calcium chloride drying tube, were
      placed methylene chloride (150 ml.) and
      5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline (15.0 g., 0.085 mole).
      The solution was cooled to 0.degree.C. and stirred. Titanium tetrachloride
      (51.6 g., 0.272 mole) was added gradually, followed by the rapid dropwise
      addition of .alpha.,.alpha.-dichloromethyl methyl ether (9.8 g., 0.085
      mole). After the reaction mixture was allowed to warm to room temperature,
      it was refluxed for 7 hrs. The titanium chloride complex of the product
      was decomposed with water and ice, and the resulting solution kept cool as
      it was made basic with excess sodium hydroxide (20%). The resulting
      suspension was extracted with chloroform. The extract was dried over
      sodium sulfate and the solvent removed, affording the crude product which
      was vacuum distilled (b.p. 122.degree.C./0.1 mm.) to yield 13.0 g. (74%)
      of 5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8-carboxaldehyde. The
      hydrochloride salt melted at 244.degree.-245.degree.C. after
      recrystallization from absolute ethanol.
PAC  EXAMPLE 7
PAC  .beta.-(5-Methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8)propenoic acid
      hydrochloride
PAR  Into a flask (100 ml.) were placed malonic acid (12.0 g., 0.116 mole) and
      dry pyridine (25 ml.). The contents of the flask were heated until
      solution occurred. After the solution had cooled to room temperature,
      5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8-carboxaldehyde (12.0
      g., 0.058 mole) was added. Piperidine (25 drops) was added as a catalyst.
      The reaction mixture was warmed for 30 min. at 80.degree.C. followed by a
      21/2 hr. refluxing. After the solution had cooled, it was poured into cold
      water (200 ml.). and the precipitate was collected by filtration and dried
      (4 hrs., 110.degree.C.); it was then ground and further dried (2 hrs.,
      110.degree.C.) in a vacuum oven. The filtrate was successively
      concentrated and cooled until no additional product precipitated. The
      .beta.-(5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8)propenoic acid
      hydrochloride, m.p. 260.degree.-265.degree.C. (11.5 g., 70%) was not
      purified.
PAC  EXAMPLE 8
PAC  .beta.-(5-Methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8)propanoic acid
      hydrochloride
PAR  Into a hydrogenation bottle (500 ml.) were placed 5% palladium on charcoal
      (0.5 g.) and a suspension of
      .beta.-(5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8)propenoic acid
      HCl (5.7 g., 0.028 mole) in dilute (1%) hydrochloric acid (250 ml.). The
      compound was reduced with hydrogen during a 20 hr. period in a low
      pressure hydrogenation apparatus. After removal of the catalyst by
      filtration, the filtrate was successively concentrated and cooled until no
      further product precipitated. The portions of the product
      .beta.-(5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8)propanic acid
      hydrochloride were collected by filtration and dried (4 hrs.,
      110.degree.C.) in a vacuum oven. If the dry product (4.8 g., 84%) had a
      melting point less than 210.degree.C., it was recrystallized from water
      (m.p. 212.degree.C.).
PAC  EXAMPLE 9
PAC  5-Methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-on
PAR  Into a flask (500 ml.) which was heated to 55.degree.C. with an oil bath
      and equipped with a mechanical stirrer, calcium chloride drying tube, and
      a thermometer, were placed preheated (steam bath) polyphosphoric acid
      (PPA) (100 g.) and
      .beta.-(5-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline-8)propanoic acid
      (7.4 g., 0.026 mole). The mixture was stirred as the temperature of the
      oil bath was gradually raised. At an internal temperature of 60.degree.C.
      the reaction commenced, as evidenced by a light green color. The internal
      temperature was raised to 78.degree.C. over a 15 min. period and
      maintained there for a further 20 min. The reaction mixture became dark
      green during this time. The PPA complex formed was then decomposed with
      ice and water after the contents of the flask had cooled to room
      temperature. The solution was kept at room temperature or cooler during
      basification with sodium hydroxide (20%) by the addition of large amounts
      of ice. The resulting suspension was extracted with diethyl ether and the
      extract was dried over sodium sulfate. Removal of the ether afforded the
      crude product
      5-methoxy-2-methyl-7,8-cyclopentano[h]-1,2,3,4-tetrahydroisoquinoline-1'-o
     ne which was recrystallized (m.p. 151.degree.-152.degree.C.) from diethyl
      ether (3.9 g., 65%).
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formulas
      ##SPC5##
PAL  wherein R is a lower alkyl having 1 to 6 carbon atoms, R.sub.1 is hydrogen,
      a lower alkyl having 1 to 6 carbon atoms, an alkanoyl having 1 to 8 carbon
      atoms, benzoyl or a phenyl-lower alkanoyl in which the alkanoyl has 1 to 8
      carbon atoms, R.sub.2 is a lower alkyl group having 1 to 6 carbon atoms
      and R.sub.3 is hydrogen, benzoyl, an alkanoyl having 1 to 8 carbon atoms
      or a phenyl-lower alkanoyl in which the alkanoyl has 1 to 8 carbon atoms,
      and non-toxic acid addition salts thereof.
NUM  2.
PAR  2. A compound according to formula I of claim 1 in which R.sub.1 is alkyl.
NUM  3.
PAR  3. A compound according to formula I of claim 1 in which R.sub.1 is
      alkanoyl.
NUM  4.
PAR  4. A compound according to claim 3 in which R is methyl and R.sub.1 is
      .alpha.-methylbutyryl.
NUM  5.
PAR  5. A compound according to claim 2 in which R is methyl and R.sub.1 is
      methyl.
NUM  6.
PAR  6. A compound according to formula I of claim 1 in which R.sub.1 is
      hydrogen.
NUM  7.
PAR  7. A compound according to claim 6 in which R is methyl.
NUM  8.
PAR  8. A compound according to formula II of claim 1 in which R.sub.3 is
      hydrogen.
NUM  9.
PAR  9. A compound according to claim 8 in which R and R.sub.2 are each methyl.
NUM  10.
PAR  10. A compound according to formula II of claim 1 in which R.sub.3 is
      alkanoyl.
NUM  11.
PAR  11. A compound according to claim 10 in which R and R.sub.2 are each methyl
      and R.sub.3 is .alpha.-methylbutyryl.
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ABST
PAL  A novel aromatic guanidine compound having the formula:
      ##SPC1##
PAL  Is found to have biological activity. This guanidine compound and its salts
      are shown to be active as vasoconstrictor agents and create useful
      pharmaceutical preparations when deployed with a pharmaceutically
      acceptable carrier for administration to a host, e.g., man, requiring
      vasoconstrictive therapy.
PARN
PAR  This application is a continuation in part of out copending U.S.
      application Ser. No. 460,815 filed on Apr. 15, 1974, now U.S. Pat. No.
      3,908,013, issued Sept. 23, 1975, which, in turn, is a divisional from
      U.S. application Ser. No. 73,244 filed on Sept. 17, 1970, now abandoned.
BSUM
PAC  DESCRIPTION OF INVENTION
PAR  This invention relates to a novel chemical compound and methods of using it
      to realize the benefits of its novel biological properties and more
      particularly to a novel aromatic guanidine compound and its corresponding
      non-toxic acid addition salts which possess vasoconstrictor properties and
      hence are useful as vasoconstrictor agents.
PAR  The compound embraced within the present invention and for which this
      patent is sought is represented by the structural notation:
      ##SPC2##
PAL  The non-toxic acid addition salts of the guanidine compound are also
      biologically active. All of the aforesaid compounds and salts are active
      vasoconstrictor agents.
PAR  Representative of compounds suitable for practice of this invention are:
      5'-(8'-hydroxyquinolyl)guanidine; 5'-(8'-hydroxyquinolyl)guanidine
      hydrochloride; 5'-(8'-hydroxyquinolyl)guanidine citrate and like non-toxic
      acid addition salts.
PAR  The term "vasoconstrictor agents", are used herein to define the utility of
      the new compounds of this invention, means those agents which are useful
      to effect the amelioration of congestive states of the eye and nose, and
      in treatment of shock and other hypotensive states.
PAR  Compounds known previously as vasoconstrictor agents, and the basis of
      current commercial efforts by the pharmaceutical industry are methoxamine,
      ephedrine, epinephrine, oxymetazoline, phenylephrine, levartenenol,
      naphazoline and tuaminoheptane.
PAR  While these compounds have been successful in providing the desired
      vasoconstrictor action, they have also been the cause of severe adverse
      reactions such as cardiac arrhythmias and excessive elevation of blood
      pressure. Further, such compounds, when employed in topical formulations
      are known to cause stinging, burning, and the sensation of intense
      dryness.
PAR  The present invention is predicated upon the discovery of a new aromatic
      guanidine compound and its corresponding non-toxic acid addition salts
      shown above, which possess remarkably unexpected properties as
      vasoconstrictor agents and obtain vasoconstrictor activity without any
      significant changes in the cardiac rate of the host to whom such agents
      are administered. Further, as will appear, the compounds of this invention
      may be administered by oral, parenteral and topical routes with but
      minimal effects on the cardiac rate of the host animal, including man.
PAR  Accordingly, one of the prime objects of the present invention is to
      provide a new chemical compound which is useful and has biological
      activity and is useful as vasoconstrictor agents.
PAR  A further object of the present invention is to provide new aromatic
      guanidine compounds which, per se, and in the form of the corresponding
      non-toxic acid addition salts can be employed as vasoconstrictor agents
      and are free from significant effects on the cardiac rate of the host to
      whom it is administered.
PAR  Still another object of the present invention is to provide new aromatic
      guanidine compounds and methods of using them which are useful
      pharmaceuticals in the treatment of hypotensive states, and as nasal and
      ocular decongestants.
PAR  These and still further objects as shall hereinafter appear are fulfilled
      by the present invention in a remarkably unobvious fashion as will be
      discerned from the following detailed description and examples of
      embodiments of this invention.
PAR  The aromatic guanidine compounds of the present invention can be prepared
      by any of several procedures, for example, the addition of hydrogen
      cyanamide to an aromatic amine (or its mineral acid addition salt).
PAR  The guanidines may be converted to their acid addition salts by reacting
      the guanidine with an appropriate mineral or organic acid such, for
      example, as hydrochloric acid, sulfuric acid, nitric acid, hydrobromic
      acid, hydroiodic acid, maleic acid, citric acid, acetic acid, tartaric
      acid, benzoic acid, propionic acid, carbonic acid, and like acids which
      are well known to form pharmaceutically acceptable salts so do not need to
      be belabored here.
PAR  One such procedure for preparing the guanidines comprises the mixture of
      the appropriate aromatic amine mineral acid addition salt (or the aromatic
      amine with one molar equivalent of the appropriate mineral acid), aqueous
      50% cyanamide solution and ethyl alcohol which is then heated at reflux
      for 3 to 20 hours. For optimum yield the molar ratio of aromatic amine
      salt, cyanamide, and ethyl alcohol was 1.0:1.5:15 respectively. The
      products, i.e., the aromatic guanidine mineral acid addition salts, are
      isolated from the reaction mixtures and purified by recrystallization from
      an appropriate solvent, i.e., water or aliphatic alcohols.
PAR  The guanidine compound of this invention may be employed as free base or in
      the form of its non-toxic pharmaceutically acceptable salts. Thus, for
      example, organic and inorganic acid addition salts may be employed, such
      as the salts of hydrochloric, sulfuric nitric, phosphoric, citric, acetic,
      lactic, tartaric, sulfamic, succinic, fumaric, maleic, ethanedisulfonic,
      hydrobromic, benzoic and similar non-toxic acids. The salts may be
      prepared by reacting the guanidine base with an excess of acid in a
      suitable solvent, such as ethanol, acetone, water, or mixture thereof. The
      mixture is heated to effect solution, and the salts crystallize on
      cooling.
PAR  The guanidine and its salts are administered in therapeutically effective
      amounts to animals, including man, and in appropriate ways. Thus, dosages
      of about 1 milligram to 5 milligrams per kilogram of host body weight, may
      be provided to man by systemic administration, e.g., orally or
      parenterally. The compounds may be administered systemically to animals
      other than man in dosages of up to about 5 milligrams per kilogram of body
      weight. The foregoing and other dosage levels herein are based on the
      content of guanidine base. The compounds have excellent vasoconstriction,
      a low order of toxicity, and relatively few observed side effects.
PAR  In the preferred embodiments of the invention, an aromatic guanidine or a
      salt thereof is administered in a pharmaceutical composition which
      includes the guanidine compound and a pharmaceutical carrier. The carrier
      is a non-toxic pharmaceutical grade substance, which may be either solid
      or liquid. Suitable solid carriers include lactose, magnesium stearate,
      starch, sucrose, mannitol, sorbitol, cellulose powder, dicalcium
      phosphate, talc, stearic acid, gelatin, agar pectin, acacia and the like.
      Suitable liquid carriers include glycols, polyglycols, dimethylsulfoxide,
      peanut oil, olive oil, sesame oil, alcohols, water and the like. If
      desired, the carrier may include a time delay material such as glycerol
      mono-stearate, or glycerol di-stearate, alone or with a wax.
PAR  The composition preferably is provided in unit dosage form for accuracy and
      convenience in administration. Where appropriate, oral administration is
      effective and preferred, and dosage units suitable for oral administration
      are provided. Examples of such dosage units employing solid carriers
      include tablets, filled capsules, packets and the like, and lozenges. The
      amount of solid carrier per dosage unit may vary widely, preferably from
      about 25 milligrams to 5 gram.
PAR  The guanidine and its salts may be compounded with semi-solid and liquid
      carriers in solutions, suspensions, emulsions, ointments, suppositories
      and soft gelatin capsules, for example. Such compositions may be
      administered pancavally, i.e., via natural and artificial openings in the
      body, such as the mouth, the anus, the vagina, the nares, and the stoma of
      colostomy patients, intravenously or intramuscularly, employing the
      appropriate composition having a suitable concentration of active
      ingredient according to the desired route of administration.
PAR  The foregoing dosage forms are prepared by conventional procedures of
      mixing, granulating, compressing, suspending and/or dissolving, as is
      suitable to prepare the desired dosage form.
PAR  The vasoconstriction of a host animal, including man, which has a condition
      requiring such treatment is readily obtained by administering to the
      afflicted host the aromatic guanidine or a pharmaceutically acceptable
      acid addition salt thereof in an amount sufficient to alleviate the
      symptoms of the condition. The usual symptoms requiring treatment are low
      blood pressure, ocular and nasal congestion, and the like.
PAR  The compound preferably is administered at the dosage level described above
      and preferably in a pharmaceutical carrier. The dosage level and frequency
      of administration are to a certain extent subjective, attention being
      given to the degree of vasoconstriction of decongestion, the case history,
      the reaction of the subject, and the like.
PAR  The daily dosage can be administered in one or more parts and the
      administration can be accomplished pancavally or parenterally or
      topically. Administration for the provision of systemic vasoconstriction
      is preferably oral and is most conveniently accomplished by means of a
      tablet containing one of the active compounds and a pharmaceutical
      carrier. For local vasoconstriction, that is, eyes, nose, etc., topical
      administration is preferred.
PAR  We have obtained especially good results when administering to the animal
      organism the 5'-(8'-hydroxyquinolyl)guanidine and its non-toxic acid
      addition salts to obtain vasoconstriction therein. The non-toxic acid
      addition salts so used are 5'-(8'-hydroxyquinolyl)guanidine hydrochloride
      and 5'-(8'-hydroxyquinolyl)guanidine citrate.
PAR  The onset of activity after oral administration in the animal organism is
      rapid, results being observed within one-half hour, and the activity is
      sustained. Thus, the activity levels remain high for two or more hours,
      and activity persists over a 24-hour period. After topical or intravenous
      administration the onset of action is rapid and persists for one or more
      hours.
PAR  Of the aromatic guanidines which may be employed to produce
      vasoconstriction or decongestion, those having meta and/or para
      substitution appear to provide most desirable results.
DETD
PAR  The following examples are illustrative of the preparation of the novel
      guanidines of the invention, new pharmaceutical compositions embodying
      said guanidine and its non-toxic acid addition salts, the treatment of the
      animal organism in accordance with the invention, and the activities
      exhibited in such treatment.
PAC  EXAMPLE I
PAR  5'-(8'-hydroxyquinolyl)guanidine hydrochloride was prepared from a mixture
      of 16.0 gm (0.1 mole) of 5'-amino-8'-hydroxyquinoline, 10 gm of
      concentrated hydrochloric acid (equivalent to 0.1 mole of hydrogen
      chloride), 12.6 gm of a 50 percent aqueous cyanamide solution (equivalent
      to 0.15 mole of cyanamide), and 100 percent of ethyl alcohol. The mixture
      was heated at reflux for 3 hours. The reaction mixture was evaporated to a
      dark brown residue and this residue was dissolved in hot methyl alcohol
      and the solution cooled at 0.degree.C for 5 hours. The solid obtained
      after filtration was recrystallized from methyl alcohol. The purified
      product was a white crystalline solid melting at 310.degree.-2.degree.C.
      The infrared spectrum was consistent with the assigned structure.
PAR  Analysis: Calcd. for C.sub.10 H.sub.11 ClN.sub.4 O: C, 50.32; H, 4.65; Cl,
      14.85; N, 23.47. Found: C, 50.22; H, 4.60; Cl, 14.82; N, 23.42.
PAC  EXAMPLE II
PAR  The following are examples of several dosage forms useful for the practice
      of the present invention using oral administration.
TBL  ______________________________________                                    
     FORMULATION "A"                                                           
     Ingredient          Parts                                                 
     ______________________________________                                    
     Guanidine Compound  60 - 300                                              
     Calcium Carbonate   300                                                   
     Citric Acid (Anhydrous)                                                   
                         290                                                   
     Magnesium Carbonate 129                                                   
     FORMULATION "B"                                                           
     Ingredient          Parts                                                 
     ______________________________________                                    
     Guanidine Compound  60 - 300                                              
     Citric Acid (Anhydrous)                                                   
                         1000                                                  
     Sodium Bicarbonate  2000                                                  
     Monocalcium Phosphate                                                     
                          200                                                  
     FORMULATION "C"                                                           
     Ingredient          Parts                                                 
     ______________________________________                                    
     Guanidine Compound  60 - 300                                              
     Corn Starch         25 - 50                                               
     Lactose              25 - 2000                                            
     Magnesium Stearate  1 - 5                                                 
     FORMULATION "D"                                                           
     Ingredient          Parts                                                 
     ______________________________________                                    
     Guanidine Compound  60 - 300                                              
     Corn Starch         25 - 50                                               
     Lactose             25 - 200                                              
     Talc                10 - 50                                               
     Silica (Powdered)   0.1 - 2                                               
     FORMULATION "E"                                                           
     Ingredient          Parts                                                 
     ______________________________________                                    
     Guanidine Compound  60 - 30                                               
     Lactose             65 - 190                                              
     Cellulose           10 - 135                                              
     Magnesium Stearate  0.1 - 5                                               
     FORMULATION "F"                                                           
     Ingredient          Parts                                                 
     ______________________________________                                    
     Guanidine Compound  60 - 300                                              
     Cellulose           15 - 200                                              
     Corn Starch         10 - 50                                               
     Gelatin             5 - 35                                                
     Stearic Acid        15                                                    
     FORMULATION "G"                                                           
     Ingredient          Parts                                                 
     ______________________________________                                    
     Guanidine Compound  60 - 300                                              
     Tricalcium Phosphate                                                      
                         50 - 150                                              
     Corn Starch         10 - 50                                               
     Acacia              5 - 25                                                
     Magnesium Stearate  1 - 5                                                 
     ______________________________________                                    
PAR  In each instance, the ingredients in the proportions indicated are milled
      to a uniform powder, sized, mixed with binder and compressed into tablets.
PAC  EXAMPLE III
PAR  Suppositories melting at about 60.degree.F and each having the following
      composition are produced by compounding the ingredients in the relative
      proportions indicated and heating the ingredients to about 60.degree.F to
      effect a solution. The solution is then poured into cooled molds and
      allowed to cool and solidify.
TBL  ______________________________________                                    
     Ingredient           Amount                                               
     ______________________________________                                    
     Guanidine Compound   0.1 to 1.0 mg                                        
     Base of lactose, polyethylene                                             
     glycol, polyethylene glycol                                               
     400, polyethylene glycol 4000,                                            
     polysorbate 80 and glycerine                                              
                          1 gram                                               
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  A glosset for sublingual administration was prepared using 60 to 300 mg of
      guanidine compound disposed in a rapidly disintegrating base formed of
      starch, lactose, sodium saccharin and talcum.
PAC  EXAMPLE V
PAR  The ingredients of the following compositions were compounded to provide a
      solution suitable for intravenous administration. In each instance, the
      ingredients were mixed and warmed to about 50.degree.-60.degree.C with
      stirring to effect solution. The solution was then sterile filtered,
      cooled to room temperature, and packaged in sterile vials.
TBL  ______________________________________                                    
     FORMULATION "H"                                                           
     Ingredient       Amount                                                   
     ______________________________________                                    
     Guanidine Compound                                                        
                      10 - 500      mg                                         
     Sodium Chloride  890           mg                                         
     Water            99            g                                          
     FORMULATION "I"                                                           
     Ingredient       Amount                                                   
     ______________________________________                                    
     Guanidine Compound                                                        
                      10 - 500      mg                                         
     Glucose          5             g                                          
     Water            95            g                                          
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  The ingredients of the following compositions were compounded to provide a
      solution suitable for intramuscular and subcutaneous formulations
      administration. In each instance, the ingredients were mixed and warmed to
      about 50.degree.-60.degree.C with stirring to effect solution. The
      solution was then sterile filtered, cooled to room temperature, and
      packaged in sterile vials.
TBL  ______________________________________                                    
     FORMULATION "J"                                                           
     Ingredient          Amount                                                
     ______________________________________                                    
     Guanidine Compound  10 - 500     mg                                       
     16% Aqueous Gelatin                                                       
     Containing 0.5% Phenol                                                    
                         100          g                                        
     FORMULATION "K"                                                           
     Ingredient          Amount                                                
     ______________________________________                                    
     Guanidine Compound  10 - 500     mg                                       
     Sodium Chloride     890          g                                        
     Water               99           g                                        
     FORMULATION "L"                                                           
     Ingredient          Amount                                                
     ______________________________________                                    
     Guanidine Compound  10 - 500     mg                                       
     Glucose             5            g                                        
     Water               95           g                                        
     FORMULATION "M"                                                           
     Ingredient          Amount                                                
     ______________________________________                                    
     Guanidine Compound  10 - 500     mg                                       
     10-90% Aqueous Polyethylene                                               
     Glycol 400          100          g                                        
     ______________________________________                                    
PAC  EXAMPLE VII
PAR  The guanidine compound is dispersed in a cream vehicle consisting of a
      water-miscible base of stearic acid, propylene glycol, sorbitol
      monostearate and mono-oleate, polyoxyethylene sorbitan monostearate with
      citric acid and methyl and propyl parabens as preservatives. Concentration
      of the guanidine compound is 0.1 to 50 mg per gram of vehicle.
PAR  Alternately, the guanidine compound may be dispersed in corn oil, sesame
      oil, cotton seed oil, peanut oil, or polyethylene glycols with the
      addition of appropriate preservatives.
PAC  EXAMPLE VIII
PAR  The vasoconstrictor properties of 5'-(8'-hydroxyquinolyl) guanidine
      hydrochloride of this invention was determined pharmacologically using
      accepted methodology. The heart rate changes in anesthetized dogs who
      received an intravenous dosage of a guanidine compound as indicated.
      Throughout the procedure, host blood pressure was monitored by means of an
      indwelling arterial catheter connected to a pressure transducer, host
      heart rate was determined from the limb electrocardiogram, and carotid
      arterial blood flow was continuously monitored with a flow probe around
      the artery which probe was connected to an electromagnetic flow meter. It
      will be noted that three standard vasoconstrictors, all current commercial
      products, were also assayed in this manner and provide a reference base.
      The results are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Heart Rate Changes in Anesthetized Dogs                                   
                  Dose (mg/Kg.i.v.)                                            
     Test Compound  0.01        0.1     1.0                                    
     ______________________________________                                    
     N              -           -       -                                      
     Naphazoline    -           -       +                                      
     Phenylephrine  -           +       +                                      
     Phenylpropanolamine                                                       
                    0           +-      -                                      
     ______________________________________                                    
      Rating Scale:                                                            
      + Decrease in heart rate                                                 
      O No change in heart rate                                                
      + Increase in heart rate                                                 
PAC  EXAMPLE IX
PAR  Additional data was obtained for 5'-(8'-hydroxyquinolyl) guanidine
      hydrochloride by measuring the rise in mean arterial blood pressure after
      intravenous administration to an anesthetized dog.
PAR  The scale employed to evaluate the results is shown in Table II and the
      test data is recorded in Table III.
TBL                TABLE II                                                    
     ______________________________________                                    
     Activity     Pressure Rise                                                
     Rating       in mm Hg                                                     
     ______________________________________                                    
     0            0 - 3                                                        
     1             4 - 10                                                      
     2            11 - 25                                                      
     3            26 - 50                                                      
     4            51 - 75                                                      
     5            &gt;75                                                          
     ______________________________________                                    
TBL                TABLE III                                                   
     ______________________________________                                    
     Activity Rating for Test Compounds                                        
                  Dose (mg/Kg.i.v.)                                            
     Test Compound  0.0.        0.1     1.0                                    
     ______________________________________                                    
     N              1           4       5                                      
     Naphazoline    3           4       4                                      
     Phenylephrine  3           5       5                                      
     Phenylpropanolamine                                                       
                    0           3       5                                      
     ______________________________________                                    
PAC  EXAMPLE X
PAR  An aqueous solution was prepared containing
      5'-(8'-hydroxyquinolyl)guanidine hydrochloride and suitable for use with
      the nose and eyes to effect decongestion of the mucous membranes of these
      organs. The solution was stable, physiologically isotonic and had a pH in
      the range of 6 to 7.
PAR  The formulation is shown below. The sodium phosphate salts comprise a
      buffer system to maintain the pH at about 6.5 and sodium bisulfite is used
      as an antioxidant. Sodium chloride provides the desired isotonicity and
      Thimerosal as a preservative which protects the solution from bacterial
      and mold contamination.
TBL  ______________________________________                                    
     FORMULATION "N"                                                           
     Ingredient             Wt. %                                              
     ______________________________________                                    
     5'-(8'-hydroxyquinolyl)                                                   
     guanidine hydrochloride                                                   
                            2.00                                               
     Monbasic Sodium Phosphate                                                 
                            0.10                                               
     Dibasic Sodium Phosphate                                                  
                            0.12                                               
     Sodium Bisulfite       0.20                                               
     Sodium Chloride        0.15                                               
     Merthiolate Sodium (Thimerosal)                                           
                            0.01                                               
     Water                  97.42                                              
     ______________________________________                                    
PAR  From the foregoing, it becomes apparent that the invention herein described
      and illustrated fulfills all of our objectives, express and implied, in a
      remarkably unexpected fashion and that we have developed new and useful
      compounds, pharmaceutical compositions and therapeutic methods for
      providing vasoconstriction in hosts requiring such therapy.
CLMS
STM  What is claimed is:
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PAR  1. Aromatic guanidine compound having the formula
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ABST
PAL  4-Phenyl isoquinolines wherein the 4-phenyl ring is substituted with a
      halogen or nitro group and processes for their preparation are described.
      The end products are useful as antidepressant agents.
PARN
PAC  RELATED APPLICATIONS
PAR  The present application is a divisional application of copending
      application Ser. No. 102,551 filed Dec. 29, 1970, now abandoned in the
      name of Dr. Rheiner.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel 1,2,3,4-tetrahydro-4-phenyl-isoquinolines
      and processes of making the foregoing.
PAR  The novel 1,2,3,4-tetrahydro-4-phenyl-isoquinolines to which the invention
      relates are selected from the group consisting of compounds of the formula
      ##SPC1##
PA1  Wherein R signifies hydroxy or lower alkoxy, R.sub.1 signifies hydrogen,
      hydroxy or lower alkoxy, or R and R.sub.1 taken together signify
      methylenedioxy; R.sub.2 signifies hydrogen or lower alkyl; R.sub.3
      signifies lower alkyl or aryl-lower alkyl; R.sub.4 signifies halogen,
      nitro, mono-lower alkylamino, di-lower alkylamino or amino and n is an
      integer from 1 to 2
PAL  And the pharmaceutically acceptable acid addition salts thereof.
PAR  As used herein, the term "lower alkyl" denotes a hydrocarbon group
      containing from 1 to 4 carbon atoms such as, for example, methyl, ethyl,
      propyl, isopropyl, butyl and the like, with methyl being preferred. The
      term "lower alkoxy" denotes a lower alkyl-ether group in which the lower
      alkyl moiety is as described above such as methoxy, ethoxy, propoxy and
      the like, with methoxy being preferred. As used herein the term "halogen"
      denotes all four forms thereof, i.e. fluorine, chlorine, bromine and
      iodine unless specified otherwise. The expression "acyl" denotes the
      residue of an organic acid obtained by removal of a hydroxy group; the
      preferred acyl groups are lower alkanoyl groups. The term "aryl-lower
      alkyl" denotes straight-chain or branched-chain saturated hydrocarbon
      residues with 1-4 carbon atoms which are substituted by a phenyl residue,
      such as, for example, benzyl, 2-phenylethyl and the like. The term "lower
      alkanoyl" denotes the residue of an aliphatic saturated carboxylic acid
      with at most 4 carbon atoms such as acetyl, propionyl and the like.
PAR  Preferred among the compounds of formula I are those wherein the R.sub.1
      substituent is hydrogen, that is, those compounds wherein the A-phenyl
      ring is mono-substituted. Further preferred are those compounds wherein
      R.sub.1 is hydrogen and R is a methoxy group.
PAR  A further preferred group of compounds falling within the scope of formula
      I are those in which the two ortho positions of the B-phenyl ring are
      unsubstituted; that is, those compounds which display a substituent or
      substituents denoted as R.sub.4 in the para and/or in the meta positions
      of said phenyl ring. This preferred group of compounds may be
      characterized by the following formula:
      ##SPC2##
PA1  Wherein R, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as described above, o,
      p and q are the integers 0 or 1, and one or two of the characters o, p or
      q is the integer 0.
PAL  and the pharmaceutically acceptable acid addition salts of these compounds.
PAR  A particularly preferred group of compounds are those falling within the
      scope of formula Ia wherein R.sub.4 signifies halogen, preferably
      chlorine, p is the integer 1 and q is the integer 0, i.e. compounds of the
      formula
      ##SPC3##
PA1  wherein R, R.sub.1, R.sub.2, R.sub.3 and o are as described above and
      R.sub.4 ' signifies halogen, preferably chlorine,
PAL  and the pharmaceutically acceptable acid addition salts thereof.
PAR  A further preferred group of compounds within the scope of the present
      invention are the compounds of formula I wherein the R.sub.3 substituent
      in the 2-position of the isoquinoline molecule is a methyl or an ethyl
      group. Likewise, the compounds of formula I wherein the R.sub.2
      substituent in the 1-position of the isoquinoline molecule is hydrogen are
      preferred.
PAR  The most preferred of the compounds of the present invention falling within
      the scope of formula I are:
PA1  4-(4-chlorophenyl)-1,2,3,4-tetrahydro-7-hydroxy-2-methylisoquinoline;
PA1  4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-hydroxy-2-methylisoquinoline;
PA1  4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline;
PA1  4-(4-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline.
PAR  The compounds of formula I above are basic in nature and may be obtained in
      the form of their acid addition salts. In a most preferred embodiment
      these salts are formed with pharmaceutically acceptable acid groups. These
      salts may be prepared from the free base form of the
      1,2,3,4-tetrahydro-4-phenylisoquinolines by methods well known in the art.
      Examples of such pharmaceutically acceptable acid groups include those of
      inorganic and organic acids such as hydrochloric acid, hydrobromic acid,
      sulfuric acid, acetic acid, succinic acid, maleic acid, methane-, benzene-
      or para-toluene sulfonic acid and the like. In addition,
      non-pharmaceutically acceptable acid salts of the above
      4-phenylisoquinoline compounds are useful as intermediates in the
      preparation of pharmaceutically acceptable acid addition salts of said
      compounds by salt exchange methods or by conversion of the non-acceptable
      salt to the free base followed by formation of the salt using the
      pharmaceutically acceptable acid. Both such methods of converting the
      pharmaceutically non-acceptable salt to pharmaceutically acceptable form
      utilize procedures well known in the art.
PAR  The compounds of formula I above may be prepared following a variety of
      synthetic routes.
PAR  A. In one process aspect of the present invention, the compounds of formula
      I above and their acid addition salts may be prepared by cyclizing a
      compound of the formula
      ##SPC4##
PA1  wherein R, R.sub.1 -R.sub.4 and n are as described above and X signifies
      hydroxy, acyloxy or a halogen atom.
PAR  The cyclization of a compound of formula II above to form the desired
      compounds of formula I is effected in the presence of an acidic
      cyclization agent. Suitable acidic cyclization agents for the purposes of
      this process aspect include hydrochloric acid, sulfuric acid, phosphoric
      acid, polyphosphoric acid, boron trifluoride, aluminum chloride, tin
      tetrachloride and the like. The choice of the acidic cyclization agent
      utilized depends upon the nature of the X substituent in the compounds of
      formula II. It should be noted that, depending upon the reaction
      conditions employed, any lower alkoxy groups present as the R and/or
      R.sub.1 substituent can be converted by ether-cleavage into hydroxy groups
      or can be retained as alkoxy groups. The cyclization of a compound of
      formula II can also be effected in the presence of an inert organic
      solvent. Although temperature and pressure are not critical to the
      successful performance of this process aspect, this reaction is
      expediently effected using temperatures in a range of from about
      10.degree. to about 150.degree..
PAR  B. In a further process aspect of the present invention, the novel
      compounds of formula I wherein R.sub.4 signifies halogen, nitro or
      di-lower alkylamino may be prepared by alkylating a compound of the
      general formula
      ##SPC5##
PA1  wherein R, R.sub.1, R.sub.2 and n are as described above and R.sub.4 "
      signifies halogen, nitro or di-lower alkylamino.
PAR  The alkylation of the compound of formula III above which effects
      introduction of a lower alkyl group or an aryl-lower alkyl group into the
      2-position of the isoquinoline molecule may be effected following
      conventional alkylation techniques, for example by reacting the starting
      materials of formula III with an alkylating agent. Examples of suitable
      alkylating agents for this purpose include lower alkyl or aryl-lower alkyl
      halides, such as methyl iodide, ethyl iodide, methyl bromide, benzyl
      bromide and the like; suitable sulfates such as dimethyl sulfate; or
      sulfonic acid methyl ester, para-toluene sulfonic acid benzyl ester and
      the like.
PAR  Alternatively, it is also possible to introduce the lower alkyl or
      aryl-lower alkyl group into the 2-position by first introducing a formyl,
      alkanoyl, benzoyl or phenylalkanoyl group into the 2-position of the
      isoquinoline molecule, for example, by means of reacting the compound of
      formula III with acetic anhydride, acetyl chloride, benzoylchloride and
      the like reagents. The end product obtained from this reaction is then
      reduced by means of lithium aluminum hydride treatment to yield the
      corresponding compound bearing a lower alkyl or aryl-lower alkyl
      substituent in the 2-position. In another alternative procedure, a methyl
      group can be introduced into the 2-position of the isoquinoline molecule
      by treating the compound of formula III above with formaldehyde in formic
      acid or with formaldehyde and subsequently with catalytically activated
      hydrogen. The choice of the alkylation procedure to be employed is
      obviously governed by the nature of the lower alkyl or aryl-lower alkyl
      substituent to be introduced and by the nature of the various other
      substituents found in the starting material of formula III. Thus, for
      example, the reaction conditions can be varied following known procedures
      in order to effect or to avoid alkylation of any hydroxy substituent found
      in the 6- or 7-positions, while at the same time effecting introduction of
      the lower alkyl or aryl-lower alkyl substituent into the 2-position.
PAR  C. In still another process aspect of the present invention, the compounds
      of formula I wherein R.sub.4 signifies halogen or di-lower alkylamino, R
      and R.sub.1 are other than hydroxy and R.sub.3 is other than benzyl may be
      prepared by reducing under acidic conditions a compound of the general
      formula
      ##SPC6##
PA1  wherein R' signifies lower alkoxy, R.sub.1 ' signifies hydrogen or lower
      alkoxy or R' and R.sub.1 ' taken together signify methylenedioxy, R.sub.3
      ' signifies lower alkyl or aryl-lower alkyl other than benzyl, R.sub.4 "
      signifies halogen or di-lower alkylamino, and R.sub.2 and n are as
      described above.
PAR  The reduction of the compounds of formula IV above is effected under acidic
      conditions. For example, reduction may be effected in the presence of
      glacial acetic acid, hydrochloric acid of various concentrations,
      alcoholic hydrogen chloride and the like. Catalytically activated hydrogen
      is used as the reducing agent. Suitable catalysts for this purpose include
      platinum oxide, mixtures of platinum oxide and platinum black, rodium on
      charcoal or on aluminum oxide, and palladium on charcoal, with palladium
      on charcoal being the preferred catalyst. Under the acidic conditions
      employed for this reduction dehydration of the formula IV compound may
      occur resulting in the formation of the dihydroisoquinoline intermediate
      of formula V.
PAR  D. In a further process aspect of the present invention, compounds of
      formula I above wherein R.sub.4 signifies halogen or di-lower alkylamino,
      R and R.sub.1 are other than hydroxy and R.sub.3 is other than benzyl may
      be prepared by the reduction of a compound of the formula
      ##SPC7##
PA1  wherein R', R.sub.1 ', R.sub.2, R.sub.3 ', R.sub.4 " and n are as described
      above.
PAR  The reduction of compounds of formula V above to yield the desired
      compounds of formula I is accomplished utilizing catalytically activated
      hydrogen. Under acidic conditions compounds of formula V easily
      disproportionate to compounds of formula I and isoquinolinium salt
      intermediates, which are not separated. These intermediates can be reduced
      with complex metal hydrides such as alkali metal hydrides, preferably
      sodium borohydride, or with catalytically activated hydrogen. Suitable
      catalysts for this purpose are the same as discussed for process aspect C.
PAR  E. In a further process aspect of the present invention, compounds of
      formula I wherein R.sub.4 signifies halogen or di-lower alkyl-amino and
      R.sub.1 is other than hydrogen may be prepared by reducing a quaternary
      compound of the formula
      ##SPC8##
PA1  wherein R.sub.1 " is hydroxy or lower alkoxy, or R.sub.1 " and R together
      are methylenedioxy, R, R.sub.2, R.sub.3, R.sub.4 " and n are as described
      above and Y is an acid anion.
PAR  The compounds of formula VI above may be converted to the corresponding
      compounds of formula I by treatment with a suitable reducing agent.
      Examples of such suitable reducing agents include nascent or catalytically
      activated hydrogen and complex alkali metal hydrides, such as sodium
      borohydride or lithium aluminum hydride, and the like. If catalytically
      activated hydrogen is used as the reducing agent, suitable catalysts
      include platinum oxide, mixtures of platinum oxide and platinum black,
      rodium on charcoal or on aluminum oxide and palladium on charcoal, with
      palladium on charcoal being the preferred catalyst. The choice of the
      specific reducing agent employed is influenced by and depends upon the
      nature of the substituents present in the starting material of formula VI.
      Thus, where R.sub.3 in the starting material represents a benzyl group and
      it is desired to retain such group in the end product, sodium borohydride
      should be used at the reducing agent.
PAR  In effecting the reductions described in process aspects D and E above, the
      reaction is expediently effected in the presence of an inert organic
      solvent. Suitable solvents for this purpose include alcohols, such as
      methanol, ethanol and the like.
PAR  F. In a further process aspect of the present invention, compounds of
      formula I wherein R.sub.4 signifies halogen, amino, mono-lower alkyl-amino
      or di-lower alkylamino and R.sub.3 is other than benzyl may be prepared by
      reducing a compound of the formula
      ##SPC9##
PA1  wherein R, R.sub.1, R.sub.2, R.sub.3 ', R.sub.4 and n are as described
      above.
PAR  The reduction of the compounds of formula VII above to the desired
      corresponding compounds of formula I is accomplished by employing lithium
      aluminum hydride as the reducing agent. The reaction is effected in the
      presence of any inert organic solvent conventionally used in lithium
      aluminum hydride reductions. Examples of suitable inert organic solvents
      include open chain or cyclic ethers such as diethyl ether,
      tetrahydrofuran, dioxane and the like. It will be appreciated that in this
      reduction any nitro group as the R.sub.4 substituent will not be retained
      but will be converted into an amino group.
PAR  G. In a further process aspect of the present invention, compounds of
      formula I wherein R and/or R.sub.1 signifies a hydroxy group may be
      prepared by subjecting the corresponding compound of formula I wherein R
      and/or R.sub.1 signify a lower alkoxy group to an acidic ether cleavage.
      The ether cleavage may be carried out employing conventional techniques as
      for example by heating the compound in about a 48 percent hydrogen bromide
      solution. A suitable temperature range for this reaction is from about
      80.degree. C to the boiling point of the reaction mixture, with a
      temperature of about 125.degree. C being preferred.
PAR  H. In a further process aspect, compounds of formula I wherein R.sub.4
      signifies an amino group and R.sub.3 is other than benzyl may be prepared
      by reducing corresponding compounds of formula I wherein R.sub.4 signifies
      nitro. The reduction of the nitro group at R.sub.4 to the amino group may
      be accomplished following conventional techniques, for example by
      employing a reducing agent such as nascent or catalytically activated
      hydrogen, lithium aluminum hydride and the like. If catalytically
      activated hydrogen is employed as the reducing agent, the catalysts that
      can be employed are the same as those discussed in process aspect C above.
PAR  I. In a further process aspect, the compounds of formula I wherein R.sub.4
      represents mono-lower alkylamino or di-lower alkylamino may be prepared by
      monoalkylating the corresponding formula I compound wherein R.sub.4
      signifies amino or mono-lower alkylamino. This mono-alkylation is carried
      out according to generally known methods. The choice of the alkylation
      procedure to be employed is governed primarily by the nature of the other
      substituents on the molecule. Thus, for example, it is possible to so
      choose the alkylation conditions so that any hydroxy groups present are
      not attacked.
PAR  J. In a further process aspect, the compounds of formula I wherein at least
      one of R and R.sub.1 represents hydroxy, R.sub.3 is other than benzyl and
      R.sub.4 is other than nitro may be prepared by hydrolytically
      debenzylating the corresponding compound of formula I wherein at least one
      of R and R.sub.1 represents a benzyloxy group. This catalytic
      debenzylation can be accomplished following conventional techniques.
PAR  A number of compounds embraced by formula I above are optically active
      since the carbon atom in the 4-position of the isoquinoline molecule is a
      center of asymmetry. These optically active
      1,2,3,4-tetrahydro-4-phenylisoquinolines may be prepared by the resolution
      of the racemic mixture. This resolution of the racemate into the optically
      active antipodes is effected following conventional techniques, for
      example, by reaction of the racemate with a suitable optically active
      acid, followed by the separation of the two diastereomeric salts obtained,
      for example by fractional crystallization and subsequent freeing of the
      optically uniform base. Suitable optically active acids for this purpose
      include (-)di-O-isopropylidene-2-keto-L-gulonic aicd hydrate (DAG) and
      O,O-dibenzoyl -d-or-l-tartaric acid (d or L - DBT). Compounds of formula I
      which display more than one center of asymmetry, for instance those
      compounds wherein R.sub.2 is other than hydrogen, can occur in different
      diastereomeric forms. Mixtures of such diastereomers can be separated by
      separation techniques which are generally known in the art. By such
      methods, these mixtures can be separated into the individual racemic
      mixtures, which can, in turn, be split into their optically active
      components as discussed above.
PAR  A further possibility of the manufacture of an optically uniform compound
      of formula I consists in using an optically uniform starting material. It
      is preferred to use an optically uniform starting material of formula III
      as such can be separated in accordance with usual procedures.
PAR  The compounds employed as starting materials in the processes discussed
      above can be obtained following known procedures. Representative examples
      for the preparation of such starting materials are presented in the
      following reaction schemes. Obviously these synthetic routes must be
      appropriately modified for the preparation of differently substituted
      compounds.
PAC  REACTION SCHEME A
      ##SPC10##
PAC  REACTION SCHEME B
      ##SPC11##
PAC  REACTION SCHEME C
      ##SPC12##
PAC  REACTION SCHEME D
      ##SPC13##
PAR  The compounds of formula I above and their pharmaceutically acceptable
      salts are extremely effective and active as anti-depressant agents. Their
      useful anti-depressant activity is shown in warm-blooded animals utilizing
      standard test procedures. Thus to demonstrate this anti-depressant
      activity, the preparation to be tested was applied in three doses each of
      50 mg/kg p.o. (twice on the day before, once on the day of the experiment)
      to groups of 5 rats each. Six hours after the last administration the
      animals received 20 mg/kg of
      2-ethyl-2-hydroxy-3-isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-ben
     zo (a) quinolizine hydrochloride injected subcutaneously. The same dosage
      was administered to a group of 5-non-pretreated rats. The evaluation
      includes central and peripheral symptoms such as are characteristic for
      anti-depressants (See Annals of the New York Academy of Science, Vol. 96,
      page 279, 1962). Especially observed were the motility (climbing),
      sensitivity to stimulus, seeking behavior as well as the suppression of
      ptosis. These changes were expressed in numbers according to an evaluation
      scheme.
PAR  Following the test procedures described above, the compounds set out in
      Table I hereinafter displayed a strong anti-depressant action which
      manifested itself in strongly increased, characteristic motility,
      sensitivity to stimulus, seeking behavior as well as complete suppression
      of ptosis. The percentage numbers stated relate to the value obtained with
      amitriptyline (amitriptyline = 100 percent).
PAR  The low toxicity of the compounds of formula I is also illustrated by the
      acute toxicity (LD.sub.50) of the compounds set out in Table I. The
      figures set forth in Table I as to acute toxicity refer to toxicity tests
      performed in mice and are the 24 hour values.
TBL                                    Table 1                                 
     __________________________________________________________________________
                 Activity in                                                   
                 % of the                                                      
                         LD.sub.50 in mg/kg                                    
                 activity of                                                   
     Compound    amitriptyline                                                 
                         i.v.  s.c.   p.o.                                     
     __________________________________________________________________________
     4-(3,4-                                                                   
     dichlorophenyl)-                                                          
     1,2,3,4-tetrahydro-                                                       
                 about 128                                                     
                         125-250                                               
                                500-1000                                       
                                      1000-2000                                
     7-methoxy-2-                                                              
     methylisoquinoline                                                        
     4-(3,4-                                                                   
     dichlorophenyl)-                                                          
     1,2,3,4-tetrahydro-                                                       
                 about 158                                                     
                         30-60 250-500                                         
                                       500-1000                                
     2-methyl-7-                                                               
     isoquinolinol                                                             
     4-(4-chlorophenyl)-                                                       
     1,2,3,4-tetrahydro-                                                       
                 about 114                                                     
                         30-60  500-1000                                       
                                      1000-2000                                
     2-methyl-7-                                                               
     isoquinolinol                                                             
     __________________________________________________________________________
PAR  The compounds of formula I can be used in the form of conventional
      pharmaceutical preparations. For example, said compounds or their
      pharmaceutically acceptable salts can be mixed with a pharmaceutical,
      organic or inorganic inert carrier material which is suitable for enteral
      (e.g. oral) or parenteral application -- such as, for example, water,
      gelatin, lactose, starches, magnesium stearate, talc, vegetable oils, gum
      arabic, polyalkylene glycols, Vaseline, etc. The pharmaceutical
      preparations can be submitted in solid form (e.g. as tablets, dragees,
      suppositories, capsules) or in liquid form (e.g. as solutions, suspensions
      or emulsions). They may be sterilized and/or contain additives such as
      preserving, stabilizing, wetting or emulsifying agents, salts for varying
      the osmotic preessure or buffers. They can also contain yet other
      therapeutically valuable substances.
PAR  Expedient pharmaceutical dosage forms contain about 1 to 200 mg of a
      compound of formula I. Expedient oral dosage ranges for mammals lie at
      about 0.1 mg/kg per day to about 5 mg/kg per day. Expedient parenteral
      dosage ranges for mammals lie at about 0.1 mg/kg per day to about 1.0
      mg/kg per day. However, the ranges mentioned can be extended upwards or
      downwards according to individual requirement and directions of the
      specialist.
DETD
PAR  The following examples further illustrate the invention. All temperatures
      are in degrees centigrade unless otherwise mentioned.
PAC  EXAMPLE 1
PAR  The free base isolated from 1.55 g. of rac.-
      4-(4-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline hydrochloride
      is shaken with 1.1 ml. of a 35% formaldehyde solution and the mixture is
      allowed to stand at room temperature for 2 hours. It is hydrogenated over
      1 g. of Raney nickel, filtered from the catalyst, the filtrate is
      evaporated and the residue is crystallized with ethanolic hydrogen
      chloride, methanol and ether. Recrystallization from methanol-ether gives
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, m.p. 244.degree.-146.degree..
PAR  The starting material can, for example, be manufactured as follows:
PAR  4-Chlorobenzaldehyde is converted into the cyanohydrin and this is reduced
      by means of lithium aluminum hydride to
      rac.-.alpha.-(aminomethyl)-4-chlorobenzyl alcohol.
PAR  The free base is prepared from 41.6 g. of
      rac.-.alpha.-(aminomethyl)-4-chlorobenzyl alcohol hydrochloride, and taken
      up in 400 ml. of benzene, 30 g. of 3-methoxybenzaldehyde are added and the
      mixture is heated at reflux using a water-separator until all water has
      been removed. The mixture is thereupon evaporated, the residue is
      dissolved in 400 ml. of methanol, 15 g. of sodium borohydride are added in
      small portions with ice-cooling and the mixture is stirred at room
      temperature for 6 hours. Evaporation, solvent extraction crystallization
      with ethanolic hydrogen chloride, methanol and ether and recrystallization
      from methanol-ether gives 49.5 g. of
      rac.-4-chloro-.alpha.-{[(3-methoxybenzyl)amino]methyl}benzyl alcohol
      hydrochloride, m.p. 198.degree.-199.degree.. After recrystallization from
      ether-petroleum ether the free base displays a m.p. of
      88.degree.-90.degree..
PAR  91.0 G. of rac.-4-chloro-.alpha.-{[(3-methoxybenzyl)amino]methyl} benzyl
      alcohol hydrochloride are stirred under argon for one hour at 100.degree.
      with 1450 ml. of a mixture of 1 part by volume of sulfuric acid (d = 1.84)
      and 1 part by volume of water. After cooling, the mixture is poured onto
      about 10 kg. of ice and 1.1 kg. of sodium hydroxide and extracted with
      methylene chloride. The extracts, washed with saturated sodium chloride
      solution, yield, after drying and evaporation, about 78 g. of a
      dark-yellow oil.
PAR  Chromatography of this oil on 7 kg. of silica gel yields 2 main fractions.
      After treatment with ethanolic hydrogen chloride, crystallization with
      ethyl acetate and ether and recrystallization from methanol-ether, the
      first fraction yields 22.0 g. of
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-5-methoxyisoquinoline
      hydrochloride, m.p. 236.degree.-238.degree.. The second fraction yields,
      after analogous treatment, 43.6 g. of
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride, m.p. 200.degree.-202.degree..
PAC  EXAMPLE 2
PAR  The free base prepared from 12.2 g. of
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride is stirred at reflux with 150 ml. of 48% hydrobromic acid
      solution for 2 hours at a bath temperature of 160.degree.. After
      evaporation and recrystallization from methanol-ether there is obtained
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol
      hydrobromide of m.p. 292.degree.-293.degree.. The free base of this
      compound displays a m.p. of 189.degree.-190.degree. after
      recrystallization from ether, the hydrochloride after recrystallization
      from methanol-ether melts at 295.degree.-297.degree..
PAC  EXAMPLE 3
PAR  The free base isolated from 8.0 g. of
      rac.-4-(3-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride is taken up in 150 ml. of methanol, 6 ml. of a 35%
      formaldehyde solution are added and the mixture is shaken until the
      precipitate formed again completely dissolves. The mixture is thereupon
      hydrogenated over 6 g. of Raney nickel, filtered and, after acidification
      with ethanolic hydrogen chloride, crystallized. Recrystallization from
      methanol-ether gives
      rac.-4-(3-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, m.p. 250.degree.-251.degree..
PAR  The starting material can be manufactured as follows:
PAR  3-Chlorobenzaldehyde is converted into the cyanohydrin and this is reduced
      by means of lithium aluminum hydride to
      rac.-.alpha.-(aminomethyl)-3-chlorobenzyl alcohol.
PAR  The free base is prepared from 18.5 g. of
      rac.-.alpha.-(aminomethyl)-3-chlorobenzyl alcohol hydrochloride and is
      taken up in 200 ml. of benzene, 13.4 g. of 3-methoxybenzaldehyde are added
      and the mixture is heated at reflux using a water-separator until all
      water has been removed. It is thereupon evaporated, the residue is
      dissolved in 300 ml. of methanol, 8 g. of sodium borohydride are added
      with ice-cooling, the mixture is allowed to stand for 18 hours and it is
      then evaporated. After solvent extraction acidification with ethanolic
      hydrogen chloride and recrystallization from methanol-ether, there are
      obtained 23.2 g. of
      rac.-3-chloro-.alpha.-{[(3-methoxybenzyl)amino]methyl}benzyl alcohol
      hydrochloride, m.p. 174.degree.-175.degree.. After recrystallization from
      ether-petroleum ether, the free base displays a m.p. of
      98.degree.-100.degree..
PAR  30.0 G. of rac.-3-chloro-.alpha.-{[(3-methoxybenzyl)amino]methyl}benzyl
      alcohol hydrochloride are stirred for 2 hours at 100.degree. in a mixture
      of equal parts of concentrated sulfuric acid and water. The cooled
      solution is poured onto a mixture of ice and sodium hydroxide (excess of
      alkali) and extracted with methylene chloride. By chromatography on silica
      gel, two uniform substances are separated from each other which
      crystallize after acidification with ethanolic hydrogen chloride and
      treatment with ether. Recrystallization of the first substance from
      methanol-ether gives 7.2 g. of
      rac.-4-(3-chlorophenyl)-1,2,3,4-tetrahydro-5-methoxyisoquinoline
      hydrochloride, m.p. 230.degree.-232.degree.. The base manufactured
      therefrom displays a m.p. of 93.degree.-95.degree. after recrystallization
      from ether-petroleum ether. After analogous working up, the other
      substance yields 14.1 g. of
      rac.-4-(3-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride, m.p. 217.degree.-219.degree..
PAC  EXAMPLE 4
PAR  The free base isolated from 4.00 g. of
      rac.-4-(3-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride is heated for an hour at 150.degree. (bath temperature) with
      80 ml. of 48% hydrobromic acid. After concentration, it is extracted with
      ethyl acetate and sodium bicarbonate solution. By acidification of the
      ethyl acetate extract with ethanolic hydrogen chloride and by
      crystallization and recrystallization from methanol-ether there is
      obtained rac.-4-(3-chlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolin
     ol hydrochloride, m.p. 258.degree.-259.degree.. The base released therefrom
      displays a m.p. of 196.degree.-197.degree. after recrystallization from
      ether-petroleum ether.
PAC  EXAMPLE 5
PAR  The free base prepared from 19 g. of
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline
      hydrochloride is taken up with 300 ml. of methanol and 15 ml. of 35%
      formalin solution and allowed to stand at room temperature for 2 hours.
      After hydrogenation over Raney nickel, treatment with ethanolic hydrogen
      chloride and recrystallization from methanol-ether, there are obtained
      18.7 g. of
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoquinol
     ine hydrochloride, m.p. 190.degree.-220.degree.. The free base crystallizes
      from ether-petroleum ether, m.p. 101.degree.-102.degree..
PAR  The starting material can be manufactured as follows:
PAR  4-Chlorobenzaldehyde is converted into the cyanohydrin and this is reduced
      with lithium aluminum hydride to rac.-.alpha.-(aminomethyl)-4-chlorobenzyl
      alcohol.
PAR  The free base prepared from 6.0 g. of
      rac.-.alpha.-(aminomethyl)-4-chlorobenzyl alcohol hydrochloride is taken
      up in 200 ml of benzene and boiled at reflux with 5.3 g. of veratraldehyde
      for one hour using a water separator. The residue obtained after
      concentration is taken up in 200 ml. of methanol and reduced at 5.degree.
      with 2.5 g. of sodium borohydride. After evaporation, solvent extraction,
      acidification with ethanolic hydrogen chloride and recrystallization from
      methanol-ether, there are obtained 9.6 g. of
      rac.-4-chloro-.alpha.-{[(3,4-dimethoxybenzyl)amino]methyl}benzyl alcohol
      hydrochloride, m.p. 220.degree.-221.degree.. The free base displays a m.p.
      of 93.degree.-94.degree. after recrystallization from etherpetroleum
      ether.
PAR  At room temperature with stirring, 7.12 g. of
      rac.-4-chloro-.alpha.-{[(3,4-dimethoxybenzyl)amino]methyl}benzyl alcohol
      hydrochloride are introduced into 100 ml. of a mixture of equal parts by
      volume of conc. sulfuric acid and water and heated of 80.degree. for 30
      minutes. After rendering alkaline, extraction of the base with methylene
      chloride, acidification with ethanolic hydrogen chloride and
      recrystallization from ethanol-ether there is obtained
      rac.-4-(4-chlorphenyl)-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline
      hydrochloride of m.p. 186.degree.-187.degree.. The free base displays a
      m.p. of 118.degree.-119.degree. after recrystallization from ether.
PAC  EXAMPLE 6
PAR  The free base isolated from 1.80 g. of
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoquinol
     ine hydrochloride is stirred for 3 hours with 30 ml. of 48% hydrogen
      bromide solution at 150.degree. (bath temperature). After concentration
      and recrystallization from methanol-ether, there is obtained
      rac.-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-2-methyl-6,7-isoquinolinediol
      hydrobromide, m.p. 280.degree.-281.degree..
PAC  EXAMPLE 7
PAR  The free base prepared from 5.20 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride is stirred at room temperature with 75 ml. of methanol and
      3.8 ml. of 35% formaldehyde solution for 2 hours and thereupon
      hydrogenated over 2 g. of Raney nickel. After filtering off, evaporation,
      acidification with ethanolic hydrogen chloride, crystallization and
      recrystallization from methanol-ether, there is obtained
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinol
     ine hydrochloride, m.p. 273.degree.-275.degree..
PAR  The starting material can be manufactured as follows:
PAR  3,4-Dichlorobenzaldehyde is converted into the cyanohydrin and this is
      reduced with lithium aluminum hydride, or
      .alpha.-chloro-3,4-dichloroacetophenone is reduced with sodium borohydride
      and the chlorohydrin obtained is reacted with ammonia,
      rac.-.alpha.-(aminomethyl)-3,4-dichlorobenzyl alcohol being obtained in
      both cases.
PAR  The free base obtained from 70.0 g. of
      rac.-.alpha.-(aminomethyl)-3,4-dichlorobenzyl alcohol hydrochloride is
      heated at reflux in 1 l. of benzene with 40.8 g. of 3-methoxybenzaldehyde
      using a water-separator for 2 hours until no more water is released. After
      concentration and dissolving in 1 l. of methanol, the product is reduced
      with 30 g. of sodium borohydride below 5.degree., evaporated and extracted
      with methylene chloride and water. The methylene chloride extract,
      acidified with ethanolic hydrogen chloride, crystallizes with ethyl
      acetate and, after recrystallization from methanol-ether, yields
      rac.-3,4-dichloro-.alpha.-{[(3-methoxybenzyl)amino]methyl}benzyl alcohol
      hydrochloride, m.p. 198.degree.-200.degree.. The free base recrystallized
      from methanol-petroleum ether has a m.p. of 94.degree.-95.degree..
PAR  100 G. of rac.-3,4-dichloro-.alpha.-{[(3-methoxybenzyl)amino]-methyl}benzyl
      alcohol hydrochloride are introduced with stirring into 1 l. of a mixture
      of 1 part by volume of sulfuric acid (d = 1.84) and 1 part by volume of
      water and heated for 8 hours in a bath of 100.degree.. After cooling, the
      mixture is poured into a cooled solution of 1 kg. of sodium hydroxide in
      ice-water and extracted with methylene chloride. Chromatography of the
      extract (80 g. of crude product) on 4 kg. of silica gel yields two main
      fractions which are uniform according to thin layer chromatography.
      Acidification with ethanolic HCl, crystallization with ethyl acetate and
      recrystallization from methanol-ether gave 19.8 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-5-methoxyisoquinoline
      hydrochloride, m.p. 255.degree.-256.degree. and 45.1 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride, m.p. 243.degree.-244.degree..
PAC  EXAMPLE 8
PAR  The free base obtained from 2.00 g of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinol
     ine hydrochloride is heated at reflux for one hour with 48% hydrogen
      bromide solution at a bath temperature of 160.degree.. After evaporation
      and recrystallization from methanol-ether, there are obtained 2.0 g of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol
      hydrobromide, m.p. 284.degree.-285.degree.. The free base recrystallized
      from ether-petroleum ether has the m.p. 212.degree.-215.5.degree.; the
      hydrochloride after recrystallization from methanol-ether melts at
      287.degree.-288.degree. (decomposition, softening at 280.degree.).
PAC  EXAMPLE 9
PAR  The free base obtained from 11.6 g of
      rac.-1,2,3,4-tetrahydro-7-methoxy-4-(4-nitrophenyl)-isoquinoline
      hydrochloride is heated at reflux for one hour with 14 ml of formic acid
      and 14 ml of 35% formaldehyde solution. After evaporation in vacuum,
      extraction between methylene chloride and sodium bicarbonate solution,
      treatment of the organic phase with ethanolic hydrogen chloride and
      recrystallization from methanol-ether, there are obtained 10.2 g. of
      almost white
      rac.-1,2,3,4-tetrahydro-7-methoxy-2-methyl-4-(4-nitrophenyl)-isoquinoline
      hydrochloride, m.p. 250.degree.-251.degree. (dec.).
PAR  The starting material can be manufactured as follows:
PAR  4-Nitroacetophenone is brominated in the .alpha.-position, the product
      obtained is redcuced by means of sodium borohydride to the corresponding
      bromohydrin and this is treated with ammonia.
      Rac.-.alpha.-(aminomethyl)-4-nitrobenzyl alcohol, m.p.
      138.degree.-139.degree. (from ethyl acetate) is obtained.
PAR  4 G. of rac.-.alpha.-(aminomethyl)-4-nitrobenzyl alcohol are boiled at
      reflux in 50 ml. of benzene with 3.4 g. of 3-methoxybenzaldehyde using a
      water-separator until no more water comes out. After evaporation, the
      product is reduced in 200 ml. of methanol with ice-cooling with a total of
      2g. of sodium borohydride and stirred at room temperature for 1 hour.
      After concentration, extraction with methylene chloride and water,
      acidification with ethanolic hydrogen chloride and recrystallization from
      methanol-ether, there are obtained 6.9 g. of
      rac.-.alpha.-{[(3-methoxybenzyl)amino]methyl}-4-nitrobenzyl alcohol
      hydrochloride, m.p. 248.degree.-249.degree.. The free base displays a m.p.
      of 117.degree.-119.degree. after recrystallization from ether-petroleum
      ether.
PAR  51 G. of rac.-.alpha.-{[(3-methoxybenzyl)amino]methyl}-4-nitrobenzyl
      alcohol hydrochloride are heated to 100.degree. for half an hour with 125
      ml. of polyphosphoric acid. After treatment with ice and making alkaline
      with sodium carbonate, extraction with methylene chloride and evaporation
      of the organic phase, there are obtained 43 g. of a red-brown oil.
      Chromatography on 3.5 kg. of silica gel with
      ether-cyclohexane-diethylamine 40:10:1 yields two pure main fractions
      which crystallize after treatment with ethanolic hydrogen chloride and
      ethyl acetate. After recrystallization from methanol-ether, there are
      obtained 9.9 g. of slightly yellowish
      rac.-1,2,3,4-tetrahydro-5-methoxy-4-(4-nitrophenyl)isoquinoline
      hydrochloride, m.p. 260.degree.-261.degree. and 12.5 g. of slightly
      yellowish rac.-1,2,3,4-tetrahydro-7-methoxy-4-(4-nitrophenyl)isoquinoline
      hydrochloride, m.p. 225.degree.-226.degree..
PAC  EXAMPLE 10
PAR  The free base obtained from 2.0 g. of
      rac.-1,2,3,4-tetrahydro-7-methoxy-2-methyl-4-(4-nitrophenyl)isoquinoline
      hydrochloride is hydrogenated in 200 ml. of methanol with 200 mg. of
      platinum oxide at room temperature and atmospheric pressure. After
      treatment with ethanolic hydrogen chloride and recrystallization from
      methanol-ether, there are obtained 2.1 g. of
      rac.-4-(4-aminophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      dihydrochloride, m.p. 250.degree.-255.degree. (softening at 210.degree.).
PAC  EXAMPLE 11
PAR  The free base prepared from 4.5 g. of
      rac.-1,2,3,4-tetrahydro-7-methoxy-2-methyl-4-(4-nitrophenyl)isoquinoline
      hydrochloride is stirred with 60 ml. of 48% hydrogen bromide solution for
      1-1/2 hours at 150.degree. (bath temperature). After concentration,
      extraction with ethyl acetate and sodium bicarbonate solution,
      acidification with ethanolic hydrogen chloride and recrystallization from
      methanol-ether, there are obtained 4.2 g. of almost colorless
      rac.-1,2,3,4-tetrahydro-2-methyl-4-(4-nitrophenyl)-7-isoquinolinol
      hydrochloride, m.p. 263.degree.-265.degree. (dec.).
PAC  EXAMPLE 12
PAR  The free base obtained from 13.5 g. of
      rac.-1,2,3,4-tetrahydro-7-methoxy-4-(3-nitrophenyl)isoquinoline
      hydrochloride is heated for 1 hour at 120.degree. (bath temperature) with
      15.9 ml. of formic acid and 16.7 ml. of 35% formaldehyde solution. After
      concentration, extraction with methylene chloride and sodium bicarbonate
      solution, acidification with ethanolic hydrogen chloride, crystallization
      and recrystallization from methanolether, there are obtained 9.5 g. of
      yellow-grey
      rac.-1,2,3,4-tetrahydro-7-methoxy-2-methyl-4-(3-nitrophenyl)isoquinoline
      hydrochloride, m.p. 247.degree.-248.degree. (softening at 238.degree.).
PAR  The starting material can be manufactured as follows:
PAR  3-Nitroacetophenone is brominated in the .alpha.-position, the bromination
      product is reduced by means of sodium borohydride to the corresponding
      bromohydride and this is treated with ammonia. There is obtained
      rac.-.alpha.-(aminomethyl)-3-nitrobenzyl alcohol which melts at
      107.degree.-108.degree. (softening from 105.degree.) after crystallization
      from ethyl acetate-ether.
PAR  38.3 G. of rac.-.alpha.-(aminomethyl)-3-nitrobenzyl alcohol are boiled at
      reflux with 32.5 g. of 3-methoxybenzaldehyde in 500 ml. of benzene using a
      water-separator until no more water is formed. After concentration, the
      mixture is taken up in 1.5 l. of methanol, 20 g. of sodium borohydride are
      gradually added with stirring and ice-cooling and the mixture is stirred
      at room temperature for a further 3 hours. Extraction with methylene
      chloride-water, acidification with ethanolic hydrogen chloride and
      crystallization and recrystallization from methanol-ether gives 63.8 g. of
      rac.-.alpha.-{[(3-methoxybenzyl)amino]methyl}-3-nitrobenzyl alcohol
      hydrochloride, m.p. 193.degree.-195.degree. (softening at 186.degree.).
PAR  55 G. of rac.-.alpha.-{[(3-methoxybenzyl)amino]methyl}-3-nitrobenzyl
      alcohol hydrochloride and 165 g. of polyphosphoric acid (84.1% P.sub.2
      O.sub.5) are heated to 100.degree. for 45 minutes. After the addition of a
      little ice and ethyl acetate the mixture is made alkaline with sodium
      carbonate and extracted. The ethyl acetate extract (46 g.) is
      chromatographed on 3.7 kg. of silica gel. With ether-acetone-diethylamine
      19:1:1 there are eluted two uniform main fractions of 7.0 g. and 22.2 g.
      After acidification with ethanolic hydrochloric acid, crystallization and
      recrystallization from methanol-ether, from the first fraction there is
      obtained rac.-1,2,3,4-tetrahydro-5-methoxy-4-(3-nitrophenyl)isoquinoline
      hydrochloride, m.p. 217.degree.-219.degree. and from the second
      rac.-1,2,3,4-tetrahydro-7-methoxy-4-(3-nitrophenyl)isoquinoline
      hydrochloride, m.p. 253.degree.-255.degree..
PAC  EXAMPLE 13
PAR  The free base obtained from 2.5 g. of
      rac.-1,2,3,4-tetrahydro-7-methoxy-2-methyl-4-(3-nitrophenyl)isoquinoline
      hydrochloride is dissolved in 250 ml. of methanol and hydrogenated with
      250 mg. of platinum oxide for half an hour. After acidification with
      ethanolic hydrogen chloride, crystallization with ether and
      recrystallization from methanol-ether, there are obtained 2.1 g. of
      rac.-4-(3-aminophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      dihydrochloride, m.p. 250.degree.-251.degree..
PAC  EXAMPLE 14
PAR  The free base obtained from 4.0 g. of
      rac.-1,2,3,4-tetrahydro-7-methoxy-2-methyl-4-(3-nitrophenyl)isoquinoline
      hydrochloride is heated to 150.degree.C. (bath-temperature) for 1.5 hours
      with 60 ml. of 48% hydrogen bromide solution. After concentration and
      partitioning between sodium bicarbonate solution and ethyl acetate,
      acidification with ethanolic hydrogen chloride, crystallization with ether
      and recrystallization from methanol-ether, there is obtained colorless
      rac.-1,2,3,4-tetrahydro-2-methyl-4-(3-nitrophenyl)-7-isoquinolinol
      hydrochloride of melting point 257.degree.-258.degree.C. (dec.).
PAC  EXAMPLE 15
PAR  The free base obtained from 20.0 g. of
      rac.-.alpha.-(aminomethyl)-3,4-dichlorobenzyl alcohol hydrochloride is
      held at reflux for 1.5 hours in 500 ml. of benzene with 13.7 g. of
      isovanillin (3-hydroxy-4-methoxybenzaldehyde), the water which separates
      out being collected by means of a water-separator. After a short time, the
      resulting imine (m.p. 149.degree.-150.degree.C.) crystallizes out. After
      evaporation of the benzene, the imine is reduced in 500 ml. of methanol
      with 10 g. of sodium borohydride at 10.degree.C. After concentration,
      extraction with methylene chloride and water, acidification with ethanolic
      hydrogen chloride, crystallization and recrystallization from methanol,
      there are obtained 24.1 g. of pure
      rac.-3,4-dichloro-.alpha.-{[(3-hydroxy-4-methoxybenzyl)amino]methyl}benzyl
      alcohol hydrochloride of melting point 230.degree.-231.degree.C. The free
      base melts at 119.degree.-120.degree.C. after recrystallization from
      ether-petroleum ether.
PAR  40 ml. of concentrated sulfuric acid are added with cooling in an ice bath
      to 14 g. of
      rac.-3,4-dichloro-.alpha.-{[(3-hydroxy-4-methoxybenzyl)amino]methyl}benzyl
      alcohol hydrochloride and the mixture is shaken for 5 minutes. The clear
      solution is then treated with ice, made alkaline with sodium bicarbonate
      and extracted with methylene chloride. After acidification with ethanolic
      hydrogen chloride, there crystallizes a still non-uniform substance which
      is once more shaken out with ethyl acetate and sodium bicarbonate
      solution. After acidification and recrystallization from methanol-ether,
      there are obtained 5.5 g. of pure
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-6-methoxy-7-isoquinolinol
      hydrochloride of melting point 257.degree.-258.degree.C.
PAR  The free base prepared from 3.7 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-6-methoxy-7-isoquinolinol
      hydrochloride is treated with 100 ml. of methanol and 5 ml. of 35%
      formaldehyde solution and, after standing at room temperature for 2 hours,
      hydrogenated with 5 g. of Raney nickel. After filtration, evaporation and
      acidification with ethanolic hydrogen chloride, a crystallized product is
      obtained. Recrystallization from methanol-ether gives
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-6-methoxy-2-methyl-7-isoqui
     nolinol hydrochloride, m.p. 253.degree.-254.degree.C.
PAC  EXAMPLE 16
PAR  The free base is prepared from 7.0 g. of
      rac.-.alpha.-(aminomethyl)-3,4-dichlorobenzyl alcohol hydrochloride, taken
      up in 100 ml. of benzene and boiled for an hour with 5.8 g. of
      veratraldehyde using a water separator. The residue obtained after
      concentration is taken up in 100 ml. of methanol and reduced at
      5.degree.C. with 3 g. of sodium borohydride. After evaporation, solvent
      extraction, acidification with ethanolic hydrogen chloride and
      recrystallization from methanol-ether, there are obtained 10.6 g. of
      rac.-3,4-dichloro-.alpha.-{[(3,4-dimethoxybenzyl)amino]methyl}benzyl
      alcohol hydrochloride, m.p. 209.degree.-210.degree.C. The free base melts
      at 126.degree.-127.degree.C. after recrystallization from ether-petroleum
      ether.
PAR  At room temperature and with stirring, 9.5 g. of
      rac.-3,4-dichloro-.alpha.-{[(3,4-dimethoxybenzyl)amino]methyl}benzyl
      alcohol hydrocholoride are introduced into 100 ml. of a mixture of equal
      volumes of concentrated sulfuric acid and water and the mixture is heated
      at 100.degree.C. for 1 hour. After making alkaline, extracting the base
      with methylene chloride, acidification with ethanolic hydrogen chloride
      and recrystallization from methanolethyl acetate, there are obtained 6.5
      g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline
      hydrochloride, m.p. 247.degree.-248.degree.C. (softening at
      240.degree.C.).
PAR  The free base released from 6.5 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline
      hydrochloride is heated at 120.degree.C. (bath temperature) for 1 hour
      with 10 ml. of formic acid and 10 ml. of 35% formalin solution. After
      evaporation, extraction with sodium carbonate solution and methylene
      chloride and acidification with ethanolic hydrogen chloride, there is
      obtained
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoqu
     inoline hydrochloride which is recrystallized from methanol-ether and then
      melts at 243.degree.-246.degree.C. (softening at 238.degree.C). The free
      base melts at 115.degree.-116.degree.C. after recrystallization from
      ether-petroleum ether.
PAC  EXAMPLE 17
PAR  The free bases are prepared from 5.4 g of a mixture of the two
      diastereoisomers of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-1-methylisoquinol
     ine hydrochloride (ratio about 3:2), dissolved in 100 ml. of methanol,
      allowed to stand at room temperature for 3 hours with 3.6 ml. of 35%
      formaldehyde solution and thereupon hydrogenated over about 3 g. of Raney
      nickel. There are obtained 5.4 g. of a yellow oil which is chromatographed
      on silica gel, two main fractions being eluted with
      cyclohexane-ether-diethylamine 50:50:1. The first crystallizes with
      ethanolic hydrogen chloride and either and gives 2.3 g. of the
      hydrochloride of one of the two diastereomeric
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-1,2-dimethylisoqu
     inolines, m.p. 253.degree.-255.degree. . The second fraction crystallizes
      after treatment with citric acid in methanol and yields, after
      recrystallization from methanol, 2.3 g. of the citrate of the other of the
      two diastereomeric rac.-
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-1,2-dimethylisoquinoli
     nes, m.p. 175.degree.-176.degree.. By extraction of the base from the said
      citrate, acidification with ethanolic hydrogen chloride and
      recrystallization from methanol-ether there is obtained the corresponding
      hydrochloride, m.p. 206.degree.-207.degree..
PAR  The starting material can be manufactured as follows:
PAR  The free base obtained from 35.0 g. of rac.-.alpha.
      -(aminomethyl)-3,4-dichlorobenzyl alcohol hydrochloride is heated at
      reflux for 16 hours with 22.5 g. of 3-methoxyacetophenone in 500 ml. of
      toluene, water which separates off being collected by means of a water
      separator. After evaporation, the residue is treated with 400 ml. of
      methanol, reduced with a total of 10 g. of sodium borohydride with ice
      cooling and stirred for a further 3 hours at about 15.degree.. After
      concentration, extraction with methylene chloride and water, treatment
      with ethanolic hydrogen chloride, crystallization from ethyl
      acetate-petroleum ether and repeated recrystallization from
      methanol-ether, there are obtained 18 g. of the hydrochloride of one of
      the two diastereomeric racemic 3,4-dichloro-.alpha.
      -{[(3-methoxy-.alpha.-methylbenzyl)amino]methyl} benzyl alcohols, m.p.
      183.degree.-184.degree.. After extraction with methylene chloride and
      sodium hydroxide solution and treatment with ether, from the mother liquor
      there crystallize 13.1 g. of the other diastereomer as the free base, m.p.
      80.degree.-81.degree.. Its hydrochloride melts at 130.degree.-131.degree.
      after recrystallization from methanol-ether.
PAR  10.4 G. of
      rac.-3,4-dichloro-.alpha.-{[(3-methoxy-.alpha.-methylbenzyl)amino]
      methyl}benzyl alcohol (diastereomer, m.p. 80.degree.-81.degree.) are
      heated to 100.degree. under nitrogen for 30 minutes in 55 ml. of
      polyphosphoric acid. The reaction mixture is thereupon poured onto ice and
      extracted with methylene chloride and 3-N sodium hydroxide. There are
      obtained 9.9g. of an oily base which is chromatographed on 560 g. of
      silica gel. Two main fractions are eluted with
      cyclohexane-ether-diethylamine 25:25:1. After acidification with ethanolic
      hydrogen chloride, crystallization and recrystallization from
      methanol-ether, there are obtained  2.5 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-5-methoxy-1-methylisoquinol
     ine hydrochloride, m.p. 243.degree.-244.degree. and 6.0 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-1-methylisoquinol
     ine hydrochloride, m.p. 179.degree.-180.degree.. The base derived from the
      first product, i.e.,
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-5-methoxy-1-methylisoquinol
     ine, displays a m.p. of 70.degree.-71.degree. after recrystallization from
      ether-petroleum ether.
PAR  According to the nuclear resonance spectrum, the first product consists of
      a mixture of equal parts of two diastereomers and the second product of a
      diastereomer mixture in the ratio of about 3:2.
PAC  EXAMPLE 18
PAR  1.00 G. of the hydrochloride of one of the two diastereomeric
      rac.-3,4-dichloro-.alpha.-{[(3-methoxy-.alpha.-methylbenzyl)amino]
      methyl}benzyl alcohols (m.p. 193.degree.-194.degree.) is heated to
      100.degree. for half an hour with 5 ml. of polyphosphoric acid. After
      preparing a basic solution with dilute sodium hydroxide, the product is
      extracted with methylene chloride, evaporated, dissolved in 20 ml of
      methanol and allowed to stand for 2 hours with 1 ml of 35% formalin
      solution. By hydrogenation over 1 g. of Raney nickel there are obtained
      950 mg. of an almost colorless oil which, according to thin layer
      chromatography, consists of two main products and two by-products.
      Chromatography on 360 g. of silica gel with cyclohexane-ether-diethylamine
      50:50:1 yields as a third substance an oil from which, by acidification
      with ethanolic hydrogen chloride and crystallization with methanol-ether,
      there are obtained 450 mg. of the hydrochloride of one of the two
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-1,2-dimethylisoqu
     inolines, m.p. 218.degree.-220.degree.. By dissolving in methanol-ether and
      seeding with the hydrochloride of m.p. 253.degree.-255.degree. obtained in
      accordance with Example 17 there is obtained another crystal modification,
      m.p. 253.degree.-255.degree..
PAC  EXAMPLE 19
PAR  a. The free base prepared from 1.25 g. of the
      rac.-4-(3,4,-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-1,2-dimethylisoq
     uinoline hydrochloride, m.p. 253.degree.-255.degree. (obtained in Example
      17) is heated to 150.degree. (bath temperature) for 6 hours with 30 ml. of
      48% hydrogen bromide solution. After evaporation and rendering alkaline
      with sodium bicarbonate extraction with methylene chloride, acidification
      with ethanolic hydrogen chloride, crystallization with ethyl acetate and
      recrystallization from methanol-ether, there are obtained 1.1 g. of the
      hydrochloride of one of the two diastereomeric
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1,2-dimethyl-7-isoquinolino
     ls, m.p. 254.degree.-255.degree.. Extraction with sodium bicarbonate and
      methylene chloride yields the corresponding free base, m.p. 180.degree. .
PAR  b. The free base prepared from 750 mg. of the
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-1,2-dimethylisoqu
     inoline hydrochloride, m.p. 206.degree.-207.degree. (obtained in Example
      17) is heated to 150.degree. (bath temperature) for an hour with 10 ml. of
      48% hydrogen bromide solution. After evaporation, extraction with
      methylene chloride and saturated sodium bicarbonate solution, evaporation,
      acidification with ethanolic hydrochloric acid, crystallization with ethyl
      acetate and recrystallization from methanol-ether, there are obtained 710
      mg. of the hydrochloride of the other of the two diastereomeric
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1,2-dimethyl-7-isoquinolino
     ls, m.p. 254.degree.-255.degree.. The free base obtained by extraction with
      methylene chloride and sodium bicarbonate displays a m.p. of
      219.degree.-220.degree. after recrystallization from ether-petroleum
      ether.
PAC  EXAMPLE 20
PAR  The free base obtained from 3.1 g. of
      rac.-4-(3,4,-dichlorophenyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoq
     uinoline hydrochloride by partitioning between methylene chloride and
      sodium hydroxide solution is heated at reflux in 100 ml. of 48%
      hydrobromic acid at a bath temperature of 160.degree. C. for 2 hours.
      Crystallization, accompanied by strong foaming, begins after half an hour.
      After cooling, the resulting mixture is treated with about 80 ml. of water
      and the solid is filtered off and recrystallized from methanol-ether to
      yield 2.6 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-2-methyl-6,7-isoquinolinedi
     ol hydrobromide, m.p. 285.degree.-286.degree. C.
PAC  EXAMPLE 21
PAR  4.5 g. of rac.-3,4-dichloro-.alpha.-{[(3-methoxybenzyl)amino] methyl}benzyl
      alcohol in 100 ml. of methanol and 2.5 ml. of 35% formaldehyde solution
      are allowed to stand at room temperature for 1 hour and thereafter
      hydrogenated with Raney nickel. Catalyst is subsequently filtered off with
      the aid of diatomaceous earth and the filtrate concentrated in vacuo. The
      residue is dissolved in ether and the solution dried over sodium sulfate
      and concentrated. The residue is treated with ethanolic hydrochloric acid
      and crystallized and recrystallized from methanol-ether to yield 5.1 g. of
      colorless
      rac.-3,4-dichloro-.alpha.-{[(m-methoxybenzyl)methylamino]methyl}benzyl
      alcohol hydrochloride, m.p. 166.degree.-167.degree. C.
PAR  1.50 g. of
      rac.-3,4-dichloro-.alpha.-{[(3-methoxybenzyl)methylamino]methyl}benzyl
      alcohol hydrochloride are dissolved with swirling in 20 ml. of a mixture
      of 1 part by volume of concentrated sulfuric acid and 1 part by volume of
      water and the solution is heated for 1.5 hours at a bath temperature of
      100.degree. C., then basified with 3N sodium hydroxide solution while
      cooling with ice and extracted with chloroform. The extract is dried over
      sodium sulfate and evaporated in vacuo. The residual base mixture is
      chromatographed on 60 g. of silica gel (0.05-0.20 mm) in
      chloroform-diethylamine 99:1. There are successively eluted two thin layer
      chromatographically uniform substances which crystallize in ethyl acetate
      after acidification with ethanolic hydrochloric acid. After
      recrystallization from methanol-ether there are obtained colorless
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-5-methoxy-2-methylisoquinol
     ine hydrochloride, m.p. 264.degree.-265.degree. C. and colorless
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinol
     ine hydrochloride, m.p. 273.degree.-275.degree. C
PAC  EXAMPLE 22
PAR  500 mg. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride are heated at reflux in 10 ml. of 48% hydrogen bromide
      solution for 2 hours under nitrogen at a bath temperature of 150.degree..
      The resulting mixture is evaporated in vacuo and the residue partitioned
      between chloroform-ethyl acetate 9:1 and saturated sodium bicarbonate
      solution. The organic phase is dried and concentrated to yield 300 mg. of
      colorless rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-isoquinolinol,
      m.p. 243.degree.-244.degree. C. By acidification with ethanolic hydrogen
      chloride and crystallization and recrystallization from methanol-ether
      there is obtained the corresponding hydrochloride, m.p.
      270.degree.-272.degree. C.
PAR  The free base is isolated from 500 mg. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-isoquinolinol
      hydrochloride by partitioning between chloroform-ethyl acetate 9:1 and
      sodium bicarbonate solution. The base is dissolved in 15 ml. of methanol
      and the solution is treated with 0.75 ml. of 35% formaldehyde solution,
      allowed to stand at room temperature for 2 hours and hydrogenated with 1
      g. of Raney nickel. Catalyst is subsequently filtered off and the filtrate
      is evaporated. The residue is acidified with ethanolic hydrogen chloride
      and crystallized and recrystallized from methanol-ether to give colorless
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol
      hydrochloride, m.p. 287.degree.-288.degree. C. (with decomposition,
      sintering at 280.degree. C.).
PAC  EXAMPLE 23
PAR  10.0 g. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride are treated with 100 ml. of ethanol aand heated at reflux
      for 3 hours at a bath temperature of 100.degree. C. with 4 g. of solid
      sodium hydroxide and 12 g. of ethyl bromide. The resulting mixture is
      concentrated in vacuo and the residue is partitioned between methylene
      chloride and 3N sodium hydroxide solution. The organic layer is dried over
      sodium sulfate and concentrated. The residual base is treated with
      ethanolic hydrochloric acid and crystallized and recrystallized from
      methanol to yield 9.5 g. of colorless
      rac.-4-(3,4-dichlorophenyl)-2-ethyl-1,2,3,4-tetrahydro-7-methoxyisoquinoli
     ne hydrochloride, m.p. 269.degree.-270.degree. C. (sintering at 267.degree.
      C.).
PAC  EXAMPLE 24
PAR  The free base is isolated from 4.50 g. of
      rac.-4-(3,4-dichlorophenyl)-2-ethyl-1,2,3,4-tetrahydro-7-methoxyisoquinoli
     ne hydrochloride by partitioning between chloroform and saturated sodium
      bicarbonate solution. After the addition of 100 ml. of 48% hydrobromic
      acid (a precipitate of the hydrobromide immediately forms), the mixture is
      heated at reflux with stirring for 4 hours at a bath temperature of
      160.degree. C. The resulting mixture is partitioned between 500 ml. of
      chloroform and 300 ml. of saturated sodium bicarbonate solution. This
      organic phase is separated off, dried over sodium sulfate and evaporated
      in vacuo. The residue is acidified with ethanolic hydrochloric acid,
      crystallized with ethanol-ether and recrystallized from methanol to yield
      3.0 g. of colorless
      rac.-4-(3,4-dichlorophenyl)-2-ethyl-1,2,3,4-tetrahydro-7-isoquinolinol
      hydrochloride, m.p. 305.degree.-307.degree. C. (sintering at 260.degree.
      C.).
PAC  EXAMPLE 25
PAR  The free base is isolated from 500 mg. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride by partitioning between chloroform and saturated sodium
      bicarbonate solution. It is heated at 150.degree. C. for 3 hours in an
      autoclave together with 5 ml. of isopropyl bromide and 200 mg. of finely
      ground sodium carbonate. The resulting mixture is concentrated and the
      residue is partitioned between chloroform and 3N sodium hydroxide
      solution. The organic phase is separated off, dried and evaporated. The
      residue is acidified with dilute hydrochloric acid and crystallized and
      recrystallized from methanol to yield 300 mg. of colorless
      rac.-4-(3,4-dichlorophenyl)-2-isopropyl-1,2,3,4-tetrahydro-7-methoxyisoqui
     noline hydrochloride, m.p. 240.degree.-241.degree. C.
PAC  EXAMPLE 26
PAR  500 mg. of
      rac.-4-(3,4-dichlorophenyl)-2-isopropyl-1,2,3,4-tetrahydro-7-methoxyisoqui
     noline hydrochloride in 10 ml. of 48% hydrobromic acid are heated under
      reflux under nitrogen for 2 hours at a bath temperature of 160.degree. C.
      The resulting mixture is evaporated in vacuo and the residue is
      partitioned between chloroform and sodium carbonate solution. The organic
      layer is separated off and evaporated. The residue is crystallized with
      petroleum ether and recrystallized from ether-petroleum ether to yield 300
      mg. of colorless
      rac.-4-(3,4-dichlorophenyl)-2-isopropyl-1,2,3,4-tetrahydro-7-isoquinolinol
     , m.p. 155.degree.-156.degree. C. Acidification with dilute hydrochloric
      acid, crystallization and recrystallization from methanol-ether yield the
      corresponding hydrochloride as colorless crystals, m.p.
      274.degree.-277.degree. C. (dec.).
PAC  EXAMPLE 27
PAR  500 mg. of
      rac.-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinoline
      hydrochloride in 20 ml. of ethanol are shaken at room temperature for 0.75
      hour with 200 mg. of solid sodium hydroxide and 5 ml. of benzyl bromide.
      The resulting mixture is concentrated in vacuo and the residue is
      partitioned between chloroform and 3N sodium hydroxide solution. The
      organic phase is separated off, dried and evaporated. The residue is
      acidified with ethanolic hydrogen chloride and the resulting salt is
      crystallized from chloroform-ether to yield colorless crystals which are
      recrystallized from ethanol to give 400 mg. of
      rac.-2-benzyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxyisoquinol
     ine hydrochloride of melting point 263.degree.-264.degree. C. (sintering at
      245.degree. c.).
PAC  EXAMPLE 28
PAR  Tablets each containing 25.0 mg. of
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, 139.0 mg. of corn starch, 35.0 mg. of lactose and 1.0 mg.
      of magnesium stearate and each having a total weight of 200.0 mg. are
      prepared by granulating a mixture of the
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride and the lactose with a paste prepared from part of the corn
      starch, drying, adding a mixture of the remainder of the corn starch and
      the magnesium stearate, and compressing the resulting mixture on a
      tabletting machine at a tablet weight of 200 mg. The resulting tablets can
      be subsequently coated with ethylcellulose and polyethylene glycol.
PAR  Tablets each containing 10.0 mg. of
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, 136.0 mg. of corn starch, 50.0 mg. of lactose, 3.4 mg. of
      talc and 0.6 mg. of magnesium stearate and each having a total weight of
      200.0 mg. are prepared in a similar manner, the talc being added at the
      same time as the corn starch/magnesium stearate mixture.
PAC  EXAMPLE 29
PAR  Suppositories each containing 0.010 g. of
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, 1.245 g. of cocoa butter (m.p. = 36.degree.-37.degree. C.)
      and 0.045 g. of carnauba wax and each having a total weight of 1.3 g. are
      prepared by melting cocoa butter and carnauba wax in a glass or steel
      vessel of suitable size, thoroughly mixing, cooling, adding
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, stirring until complete and uniform dispersion is obtained
      and pouring the mixture into suppository molds which give suppositories
      each weighing 1.3 g. After cooling, the suppositories are taken from the
      molds and individually wrapped in waxed paper or metal foil.
PAC  EXAMPLE 30
PAR  Capsules each containing 10 mg. of
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methylisoquinoline
      hydrochloride, 165mg. of lactose, 30 mg. of corn starch and 5 mg. of talc
      and each having a total net weight of 210 mg. are prepared by mixing
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, lactose and corn starch, firstly in a mixer then in a
      comminuting machine, returning the mixed powder to the mixer, adding talc,
      mixing thoroughly and filling the mixture into hard gelatin capsules on a
      capsulating machine.
PAC  EXAMPLE 31
PAR  10,000 ml. of an injection solution containing, per ml., 25.0 mg. of
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride, 0.4 ml. of propylene glycol, 0.015 ml. of benzaldehyde-free
      benzyl alcohol, 0.10 ml. of 95% ethanol, 48.8 mg. of sodium benzoate, 1.2
      mg. of benzoic acid and water for injection q.s. to 1 ml. are prepared by
      dissolving 250 mg. of
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride in 150 ml. of benzyl alcohol, adding 4,000 ml. of propylene
      glycol and 1,000 ml. of ethanol, dissolving 12 g. of benzoic acid in the
      resulting mixture, adding a solution of 488 g. of sodium benzoate in 3,000
      ml. of water and making up to a volume of 10,000 ml. with water. The
      resulting solution is filtered and filled into ampules of a suitable size.
      The unfilled space in the ampules is fitted with nitrogen, then the
      ampules are sealed and sterilized in an autoclave at 0.7 atm. for 0.5
      hour.
PAC  EXAMPLE 32
PAR  Tablets, suppositories, capsules or injection solutions are prepared in
      accordance with the data of Example 28, 29, 30, or 31, respectively, but
      instead of
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline
      hydrochloride there is used
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol
      hydrochloride or
      4-(4-chlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol
      hydrochloride.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC14##
PA1  wherein R signifies hydroxy or lower alkoxy, R.sub.1 signifies hydrogen,
      R.sub.2 signifies hydrogen, R.sub.3 signifies lower alkyl, R.sub.4
      signifies chlorine and o, p and q are the integers 0 or 1, wherein one or
      two of the characters o, p or q is the integer 0.
NUM  2.
PAR  2. A compound of claim 1 wherein R signifies hydroxy, R.sub.1 and R.sub.2
      signify hydrogen, R.sub.3 signifies methyl and R.sub.4 signifies chlorine.
NUM  3.
PAR  3. The compound of claim 2 wherein q and o are 0 and p is 1, i.e., a
      compound of the formula
      4-(4-chlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol.
NUM  4.
PAR  4. The compound wherein q is 0 and p and o are 1, i.e., a compound of the
      formula
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol.
NUM  5.
PAR  5. The compound of claim 2 wherein q and p are 0 and o is 1, i.e., a
      compound of the formula
      4-(3-chlorophenyl)-1,2,3,4-tetrahydro-2-methyl-7-isoquinolinol.
NUM  6.
PAR  6. A compound of claim 1 wherein R signifies methoxy, R.sub.1 and R.sub.2
      signify hydrogen, R.sub.3 signifies methyl and R.sub.4 signifies chlorine
NUM  7.
PAR  7. The compound of claim 6 wherein q and o are 0 and p is 1, i.e., a
      compound of the formula 4-(4-chlorophenyl)-1,2,3,4-tetrahydro
      7-methoxy-2-methylisoquinoline.
NUM  8.
PAR  8. The compound wherein q is 0 and p and o are 1, i.e., a compound of the
      formula
      4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline.
NUM  9.
PAR  9. The compound of claim 6 wherein q and p are 0 and o is 1, i.e., a
      compound of the formula
      4-(3-chlorophenyl)-1,2,3,4-tetrahydro-7-methoxy-2-methylisoquinoline.
NUM  10.
PAR  10. A compound of claim 1 wherein R.sub.1 and R.sub.2 are hydrogen and
      R.sub.3 is lower alkyl.
NUM  11.
PAR  11. The compound wherein R is methoxy, the lower alkyl group as R.sub.3 is
      ethyl, R.sub.4 is chlorine and q is 0 and p and o are 1, i.e., a compound
      of the formula
      4-(3,4-dichlorophenyl)-2-ethyl-1,2,3,4-tetrahydro-7-methoxyisoquinoline.
NUM  12.
PAR  12. The compound wherein R is hydroxy, the lower alkyl group as R.sub.3 is
      ethyl, R.sub.4 is chlorine and q is 0 and p and o are 1, i.e., a compound
      of the formula
      4-(3,4-dichlorophenyl)-2-ethyl-1,2,3,4-tetrahydro-7-isoquinolinol.
NUM  13.
PAR  13. The compound wherein R is methoxy, the lower alkyl group as R.sub.3 is
      isopropyl, R.sub.4 is chlorine and q is 0 and p and o are 1, i.e., a
      compound of the formula
      4-(3,4-dichlorophenyl)-2-isopropyl-1,2,3,4-tetrahydro-7-methoxyisoquinolin
     e.
NUM  14.
PAR  14. The compound wherein R is hydroxy, the lower alkyl group as R.sub.3
      isopropyl, R.sub.4 is chlorine and q is 0 and p and o are 1, i.e., a
      compound of the formula
      4-(3,4-dichlorophenyl)-2-isopropyl-1,2,3,4-tetrahydro-7-isoquinolinol.
PATN
WKU  039474577
SRC  5
APN  5370558
APT  1
ART  121
APD  19741227
TTL  Method for preparing 2,5-dihalo- and 2,5,6-trihalopyridines
ISD  19760330
NCL  11
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  McGregor; Stanley D.
CTY  Midland
STA  MI
INVT
NAM  Senkbeil; Herman O.
CTY  Midland
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  260290HL
XCL  260296R
EDF  2
ICL  C07D21302
FSC  260
FSS  290;650
OREF
PAL  collins et al., J. Chem. Soc., pp. 167-174 (1971) Sec. C.
LREP
FR2  Jones; S. Preston
ABST
PAL  A method for preparing 2,5-dihalo- and 2,5,6-trihalopyridines corresponding
      to the formula
      ##SPC1##
PAL  Wherein each X independently represents chloro, fluoro or bromo and R
      represents hydrogen, chloro, fluoro or bromo which comprises reacting a
      halohydrazinopyridine of one of the formulas
      ##SPC2##
PAL  With an excess of an aqueous alkali metal hydroxide in the presence of a
      reaction medium from the group consisting of loweralkanols of 1 to 4
      carbon atoms and loweralkylglycols of 2 to 4 carbon atoms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dihalo- and trihalopyridines and especially 2,5-dihalo- and
      2,5,6-trihalopyridines are well known bacterials, fungicides and
      pesticides and in addition these compounds are useful as intermediates in
      the preparation of other pesticides and antiviral and antibacterial
      agents. Such uses are taught in many patents including U.S. Pat. Nos.
      3,244,586, 1,778,784 and 3,420,833.
PAR  These compounds can be prepared by a number of methods including halogen
      exchange, and high pressure chlorination and bromination processes. Many
      of the presently employed methods for the preparation of these compounds
      use pyridine as a starting material and are expensive, or time consuming,
      or give undesirably low yields. It has become apparent that a method for
      preparing the 2,5-dihalo and 2,5,6-trihalopyridines from the more readily
      available tetrahalo- and pentahalopyridines would be advantageous.
PAR  Collins et al, J. Chem. Soc., (c); pages 167-174 (1971) teach that halogens
      ortho and para to the ring nitrogen in pentahalopyridines are reactive
      with hydrazine hydrate. This reference further teaches the formation of
      tetrahalo-4-hydroxypyridines from the action of aqueous sodium hydroxide
      on tetrahalo-4-hydrazino pyridines.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that 2,5-dihalo- and 2,5,6-trihalopyridines
      corresponding to the formula
      ##SPC3##
PAL  Wherein each X independently represents chloro, fluoro or bromo and R
      represents hydrogen, chloro or bromo; and more specifically 2,5-dihalo-
      and 2,5,6-trihalopyridines corresponding to one of the formulas
      ##SPC4##
PAL  Can be prepared in a process which comprises reacting a trihalo-2- or
      4-hydrazinopyridine or tetrahalo-4-hydrazinopyridine, respectively with an
      aqueous alkali metal hydroxide in the presence of a reaction medium from
      the group consisting of loweralkanols of 1 to 4 carbon atoms and
      loweralkylglycols of 2 to 4 carbon atoms.
PAR  The term "halo" as employed in the present specification and claims
      designates chloro, bromo and fluoro.
PAR  The method of preparation of the present invention can be exemplified by
      the following reaction schemes:
      ##SPC5##
      ##SPC6##
PAL  In the above reaction schemes, X is as hereinbefore set forth and M is
      sodium, potassium, lithium, cesium or rubidium.
PAR  As can be seen from the above reaction schemes, during the treatment
      (reaction) with the alkali metal hydroxide, not only is the hydrazino
      group removed from the pyridine ring but a halogen atom is also
      unexpectedly removed.
PAR  Representative halopyridine compounds which can be prepared by the method
      of the present invention include:
PAL  2,5-dichloropyridine; 2,5-difluoropyridine; 2,5-dibromopyridine;
      2-chloro-5-bromopyridine; 2-chloro-5-fluoropyridine;
      2-fluoro-5-chloropyridine; 2-fluoro-5-bromopyridine;
      2-bromo-5-chloropyridine; 2-bromo-5-fluoropyridine;
      2,5,6-trichloropyridine; 2,5,6-tribromopyridine; 2,5,6-trifluoropyridine;
      2,5-dichloro-6-fluoropyridine; 2,5-dichloro-6-bromopyridine;
      2,6-dichloro-5-fluoropyridine; 2,6-dichloro-5-bromopyridine;
      2,6-difluoro-5-chloropyridine; 2,6-dibromo-5-chloropyridine and
      2,6-difluoro-5-bromopyridine.
PAR  In carrying out the above reactions, the trihalo-2- or 4-hydrazinopyridine
      or tetrahalo-4-hydrazinopyridine reactant is mixed with the loweralkanol
      or loweralkylglycol reaction medium and alkali metal hydroxide in any
      suitable fashion and in any order. For example, the pyridine reactant can
      be first admixed with the reaction medium and this mixture slowly added to
      the aqueous alkali metal hydroxide or, the pyridine compound reactant can
      be first admixed with the aqueous alkali metal hydroxide and this mixture
      added to the reaction medium. The mixture is thereafter heated at a
      temperature of from about 50.degree.C up to the reflux temperature of the
      mixture until the reaction is complete. The reaction is usually complete
      in from about 30 minutes to about 3 hours depending upon the specific
      halopyridine compound reactant and reaction medium being employed. Upon
      completion of the reaction, the reaction mixture is cooled and diluted
      with water and the crude product removed by solvent extraction with a
      solvent such as methylene chloride, benzene, toluene, chloroform or
      perchloroethylene. The solvent-crude product mixture is further washed
      with water, dried and the solvent removed by evaporation. The product can
      be further purified if desired by conventional techniques including,
      sublimation, distillation or solvent recrystallization.
PAR  Representative trihalo-2- and 4-hydrazino- and
      tetrahalo-4-hydrazinopyridines which may be employed in the practice of
      the method of the present invention include among others,
      3,5,6-trichloro-2-hydrazinopyridine, 3,5,6-tribromo-2-hydrazinopyridine,
      3,5,6-trifluoro-2-hydrazinopyridine,
      3,5-dichloro-6-fluoro-2-hydrazinopyridine,
      3,5-dichloro-6-bromo-2-hydrazinopyridine,
      3,5-difluoro-6-chloro-2-hydrazinopyridine,
      2,3,5-trichloro-4-hydrazinopyridine, 2,3,5-trifluoro-4-hydrazinopyridine,
      2,3,5-tribromo-4-hydrazinopyridine,
      3,5-dichloro-6-fluoro-4-hydrazinopyridine,
      3,5-dichloro-6-bromo-4-hydrazinopyridine,
      2,3,5,6-tetrachloro-4-hydrazinopyridine,
      2,3,5,6-tetrabromo-4-hydrazinopyridine and
      2,3,5,6-tetrafluoro-4-hydrazinopyridine.
PAR  Representative reaction mediums, i.e. solvents for carrying out the
      reaction include the loweralkanols such as, for example, methanol,
      ethanol, propanol, isopropanol, n-butanol, secondary butanol and tertiary
      butanol and the loweralkyl glycols such as, for example, ethylene glycol,
      propylene glycol and butylene glycol. The specific reaction medium
      employed is somewhat dependent on the specific compound being prepared.
      For example, it has been found that 2,5,6-trichloropyridine is produced in
      higher yields when isopropanol is employed as the solvent even though the
      rate of reaction is slow when compared with solvents such as ethanol. On
      the other hand, ethanol has been found to give high yields and a product
      of high purity when 2,5-dichloropyridine is produced from
      2,3,5-trichloro-4-hydrazinopyridine. While the desired product is produced
      when either of the above solvents is employed, ethanol is preferred for
      the production of 2,5-dichloropyridine and isopropanol is preferred for
      the production of 2,5,6 -trichloropyridine.
PAR  The amount of reactants employed to carry out this reaction is not critical
      as some of the product will be formed when employing any proportions. The
      reaction consumes the reactants, however, in the ratio of one molar
      equivalent of the alkali metal hydroxide per molar equivalent of the
      hydrazinopyridine. It is preferred, however, to employ a excess of the
      alkali metal hydroxide to ensure the complete reaction of the
      hydrazinopyridine reactant.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  The following examples illustrate the present invention and the manner by
      which it can be practiced but, as such, should not be construed as
      limitations upon the overall scope of the same.
PAC  EXAMPLE I -- 2,5-DICHLOROPYRIDINE PREPARATION
PAR  A mixture consisting of 5 grams (23.5 millimoles) of
      2,3,5-trichloro-4-hydrazinopyridine, 10 milliliters (50 millimoles) of 5
      Normal (5N) sodium hydroxide and 25 milliliters of ethanol was heated on a
      stream bath at .about. 75.degree.C. for about 1.25 hours. The reaction
      mixture was cooled and the mixture separated into an organic and a water
      phase. To this mixture was added 100 milliliters of water and the organic
      phase was separated by extraction with methylene chloride. The organic
      phase was washed with water and dried over magnesium sulfate. The solvent
      was removed by evaporation under reduced pressure leaving 3.6 grams of a
      residue. The residue was subjected to sublimation and 2.9 grams of pure
      white 2,5-dichloropyridine product was recovered (83.3 percent yield of
      purified material).
PAR  Substantially the same procedure was carried out employing
      3,5,6-trichloro-2-hydrazinopyridine as the starting pyridine reactant.
      From the sublimation step, there was obtained 1.9 grams of pure
      2,5-dichloropyridine product. The actual yield of the product was .about.
      60 percent.
PAR  By following the above procedures, and employing the appropriate starting
      pyridine compounds, the following compounds are prepared:
PAR  2,5-Difluoropyridine; 2,5-dibromopyridine; 2-chloro-5-bromopyridine;
      2-chloro-5-fluoropyridine; 2-fluoro-5-chloropyridine;
      2-bromo-5-chloropyridine; and 2-bromo-5-fluoropyridine.
PAC  EXAMPLE II -- 2,5,6-TRICHLOROPYRIDINE PREPARATION
PAR  To a 10 milliliter solution of 5 Normal sodium hydroxide was added a
      mixture of 5 grams of tetrachloro-4-hydrazinopyridine in 25 milliliters of
      isopropanol. The mixture was heated at its boiling point with rapid
      stirring for 2 hours. The mixture was mixed with 100 milliliters of water
      and the organic material extracted with methylene chloride. The organic
      phase was water washed and subjected to sublimation. The
      2,5,6-trichloropyridine product was recovered in a yield of 1.85 grams
      (.about. 51 percent of theoretical).
PAR  By following the above procedures and employing the appropriate
      tetrahalo-4-hydrazinopyridine starting material the following compounds
      are prepared:
PAR  2,5,6-tribromopyridine; 2,5,6-trifluoropyridine;
      2,5-dichloro-6-fluoropyridine; 2,5-dichloro-6-bromopyridine;
      2,6-dichloro-5-fluoropyridine; 2,6-dichloro-5-bromopyridine;
      2,6-difluoro-5-chloropyridine; 2,6-dibromo-5-chloropyridine and
      2,6-difluoro-5-bromopyridine.
PAC  PREPARATION OF STARTING MATERIALS
PAR  The trihalo-2- or 4-hydrazinopyridines and tetrahalo-4-hydrazinopyridines
      can be prepared as taught by Collins et al, cited hereinabove or by the
      reaction, under reflux conditions, of one mole of
      2,3,5,6-tetrahalopyridine, 2,3,4,5-tetrahalopyridine or pentahalopyridine
      with 2 moles of hydrazin hydrate in the presence of a loweralkanol. After
      completion of the reaction (.about. 2 hours) the reaction mixture is
      diluted with water and the solid product, as a crude, is separated by
      filtration. The product is usually purified by recrystallization from a
      solvent such as methanol, pyridine, benzene, hexane or the like.
PAR  While the presently claimed invention is directed to preparation of
      2,5-dihalo- and 2,5,6-trihalopyridines from previously prepared
      trihalo-2-or 4-hydrazinopyridines or tetrahalo-4-hydrazinopyridines, one
      skilled in the art would recognize the ease with which this process could
      be commercially adapted to produce a one-step process for the production
      of the desired compounds from the halopyridine starting material. While no
      claim is being made for this combined one-step operation, it does
      illustrate one possible commercial application of the present invention.
PAR  In carrying out the above process substantially equimolar amounts of the
      starting halopyridine compound and a tertiary amine (hydrogen halide
      acceptor) such as pyridine, triethylamine, trimethylamine or the like and
      about 1 molar equivalent of hydrazine hydrate in a loweralkanol are
      refluxed together for about 1-4 hours. To this mixture, while it is still
      under reflux, is slowly added about 2-3 moles of an alkali metal hydroxide
      over a period of from 1-4 hours. The mixture is cooled, poured into water
      and extracted with methylene chloride. The extract is water washed, dried
      and the solvent removed. The product can be further purified by
      distillation under reduced pressure. Such a procedure is exemplified
      below.
PAC  EXAMPLE III -- 2,5-DICHLOROPYRIDINE
PAR  To a reaction flask was added 217 grams (1.0 mole) of
      2,3,4,5-tetrachloropyridine, 102 grams (1.0 mole) of triethylamine, 38
      grams (0.11 mole) of 95 percent hydrazine and 800 milliliters of ethanol.
      The mixture was heated under reflux for 3 hours and while still under
      reflux, 500 milliliters (2.5 moles) of 5 Normal sodium hydroxide was added
      thereto over a 3 hour period. At the end of this period, the mixture was
      cooled and poured into 4 liters of water. This mixture was thereafter
      extracted with four 300 milliliter portions of methylene chloride. The
      combined methylene chloride extracts were washed with brine, dried over
      sodium sulfate and the methylene chloride removed by evaporation under
      reduced pressure. Vacuum distillation of the residue gave a center cut of
      135 grams of 2,5-dichloropyridine at a boiling point range of
      98.degree.-99.degree.C. at 35 millimeters of mercury. Analysis of the
      product showed it to be pure 2,5-dichloropyridine melting at
      60.degree.-61.degree.C. The overall yield achieved by the process was 91
      percent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing 2,5-dihalopyridine corresponding to the formula:
      ##SPC7##
PAL  wherein each X independently represents chloro, fluoro or bromo which
      comprises reacting at a temperature of from about 50.degree.C to the
      reflux temperature a halohydrazinopyridine of one of the formulas
      ##SPC8##
PAL  with an aqueous alkali metal hydroxide in the presence of a reaction medium
      selected from the group consisting of lower-alkanols of 1 to 4 carbon
      atoms and loweralkylglycols of 1 to 4 carbon atoms.
NUM  2.
PAR  2. The method of claim 1 wherein each X represents chloro.
NUM  3.
PAR  3. The method of claim 1 wherein each X represents fluoro.
NUM  4.
PAR  4. The method of claim 1 wherein each X represents bromo.
NUM  5.
PAR  5. The method of claim 1 wherein the halohydrazinopyridine is
      2,3,5-trichloro-4-hydrazinopyridine, the alkali metal hydroxide is sodium
      hydroxide, the reaction medium is ethanol and the 2,5-dihalopyridine is
      2,5-dichloropyridine.
NUM  6.
PAR  6. The method of claim 1 wherein the halohydrazinopyridine is
      3,5,6-trichloro-2-hydrazinopyridine, the alkali metal hydroxide is sodium
      hydroxide, the reaction medium is ethanol and the 2,5-dihalopyridine is
      2,5-dichloropyridine.
NUM  7.
PAR  7. A method for preparing 2,5,6-trihalopyridine corresponding to the
      formula:
      ##SPC9##
PAL  wherein each X independently represents chloro, fluoro or bromo which
      comprises reacting at a temperature of from about 50.degree.C to the
      reflux temperature a halohydrazinopyridine of the formula
      ##SPC10##
PAL  with an aqueous alkali metal hydroxide in the presence of a reaction medium
      selected from the group consisting of loweralkanols of 1 to 4 carbon atoms
      and loweralkylglycols of 1 to 4 carbon atoms.
NUM  8.
PAR  8. The method of claim 7 wherein each X represents chloro.
NUM  9.
PAR  9. The method of claim 7 wherein each X represents bromo.
NUM  10.
PAR  10. The method of claim 7 wherein each X represents fluoro.
NUM  11.
PAR  11. The method of claim 7 wherein the halohydrazinopyridine is
      tetrachloro-4-hydrazinopyridine, the alkali metal hydroxide is sodium
      hydroxide, the reaction medium is isopropanol and the
      2,5,6-trihalopyridine is 2,5,6-trichloropyridine.
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ABST
PAL  Amines are prepared by reacting ammonia, a primary amine or a secondary
      amine with an olefin, carbon monoxide and water in the presence of a
      rhodium catalyst which is rhodium oxide or a rhodium compound capable of
      forming a rhodium carbonyl and iron carbonyl.
PARN
PAR  The present patent application is a continuation of Ser. No. 207,629 filed
      Dec. 13, 1971, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of amines. In a particular
      aspect, this invention relates to the preparation of amines by reacting
      ammonia, a primary amine or a secondary amine with an olefin, carbon
      monoxide and water. In a more particular aspect, this invention relates to
      the preparation of amines by carrying out the said reaction in the
      presence of catalyst which is (a) rhodium oxide or a rhodium compound
      capable of forming a rhodium carbonyl and (b) iron carbonyl.
PAR  2. Description of the Prior Art
PAR  The preparation of amines by reacting an olefin with ammonia, a primary
      amine or a secondary amine, carbon monoxide and water, in the presence of
      a metal carbonyl hydride at elevated temperatures and pressures is known
      (for example from German Patent No. 839,800 (May 5, 1952). It has also
      been known to replace the carbon monoxide by ammonium formiates (German
      Patent No. 909,937). It has further been known to use ammonia or amines in
      the form of salts of phosphorus acid, sulfuric acid or carboxylic acids
      having more than one carbon atom, in order to avoid formation of ammonium
      carbonate or amine carbonates which, owing to their volatility, evolve
      from the liquid reaction mixture and clog the reactor pipings, (See German
      Patent No. 931,948). Cumbersome separation and recycling steps are
      necessary when the above-described methods are employed in a continuous
      process.
PAR  Iron pentacarbonyl has been most widely employed as the catalyst in the
      above-referred-to procedures. Other catalysts such as cobalt, nickel,
      ruthenium, iron, and copper, their compounds and alloys, moreover, fused
      coppersilica, cobalt chromite, cobalt-substituted amines, cobalt salts of
      organic carboxylic acids, nickel carbonyl and cobalt carbonyl, have also
      been proposed as catalysts for the aminomethylation of olefins.
      Copper-containing substances have been stated to be among the most active
      catalysts (see U.S. Pat. No. 2,497,310).
PAR  It has further been known to use amino carboxylic acids, their esters, or
      salts, containing at least one hydrogen atom on the amino group, as an
      amine reactant in the aminomethylation of ethylene and propylene (British
      Patent No. 803,778, filed 22.11.1956, and issued 29.10.1958).
PAR  The aminomethylation reaction for the preparation of amines has also been
      catalyzed by metal carbonyls or metal carbonyl hydrides, particularly iron
      carbonyl hydride. In the work reported by W. Reppe et al illustrating the
      reaction, iron carbonyl and its hydride have been exclusively as
      catalysts. In contrast to the known Oxo synthesis or hydroformylation,
      rather large quantities of the toxic iron pentacarbonyl are required, a
      substantial portion of which is consumed because of a release of carbon
      monoxide and conversion to ionic divalent iron which precipitates in the
      presence of carbon dioxide in the form of catalytically inactive
      carbonates, and oxides. The iron carbonyl thus simultaneously acts as a
      source of carbon monoxide. When ammonia or amines are used as reactants,
      the carbon dioxide formed during the reaction has to be removed
      continuously from the reaction gases, in order to maintain an optimum
      carbon monoxide pressure and thus to minimize the loss of catalyst through
      carbonate formation. Prolonged reaction periods are necessary for somewhat
      satisfactory yields.
PAR  In the procedure referred to above, only the aminomethylation of ethylene
      and propylene has been reduced to actual practice. The overall yields of
      alkylated amines in general have not exceeded 50%, when calculated on the
      amount of ammonia or amine originally used in the reaction. Substantial
      quantities of by-products such as amine carbonates, amine formiates,
      heterocyclic amines, amides, alcohols, aldehydes, dimers and polymers of
      olefin, saturated hydrocarbons, iron carbonate, iron (II) oxide and iron
      (III) oxide, are commonly obtained by these previous methods.
PAR  It has been suggested also that higher olefins and cyclic olefins can be
      brought to reaction by the above-referred-to to procedures. My attempts to
      extend the known iron carbonyl catalyzed synthesis to such olefinic
      substrates met with little success. My experimentation indicates that iron
      pentacarbonyl fails to catalyze to any essential extent the reaction with
      higher olefins.
PAR  It is also known that aminomethylation of C.sub.10 to C.sub.13 olefins can
      be performed with secondary alkyl amines in the presence of a cobalt
      carbonyl hydrocarbyl phosphine complex as catalyst. However, hydrogen has
      been used instead of water (U.S. Pat. No. 3,234,283). The yields of
      tertiary amines did not exceed 50%, based upon the olefin. Substantial
      quantities of the corresponding alcohol (oxo product), and also of
      formamide (from carbonylation of amine), aldehyde (intermediate) and
      saturated hydrocarbon (from hydrogenation of olefin) are indicated as
      having been formed as by-products.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that rhodium oxide when used in accordance with
      the present invention exhibits far superior catalytic properties in the
      aminomethylation of olefins, using water as a source of hydrogen, when
      compared with iron pentacarbonyl. It has been further found in accordance
      with the present invention that iron pentacarbonyl displays a strong
      synergistic action upon rhodium oxide to increase the selectivity and
      yield of the desired amine. In accordance with the present invention, a
      highly active catalyst for the aminomethylation of olefins is formed by
      mixing iron pentacarbonyl with rhodium oxide. Substantially smaller
      quantities of iron carbonyl fit the process, when compared with the old
      procedures.
PAR  Iron carbonyl concentrations as low as e.g., 0.5-5 mol %, based upon
      olefin, can be employed with success, and very small amounts of rhodium
      oxide such as e.g., 0.01-0.5 mol %, based upon olefin, are sufficient for
      the herein disclosed aminomethylation procedure. The ratio of iron
      pentacarbonyl to rhodium compound is preferably in the range of from 10:1
      and 100:1. This reduces to a great extent the hazards involved in handling
      large amounts of toxic iron carbonyl. These results are superior to those
      obtained with either iron pentacarbonyl or rhodium oxide individually.
PAC  DETAILED DESCRIPTION
PAR  The total amount of the organic base employed in the process exerts a
      profound influence upon the yield of the endproducts in the
      aminomethylation reaction. On using strongly basic amines, however, a
      portion is lost not only in transiently absorbing the carbon dioxide
      formed, but also by reaction with carbon monoxide to the corresponding
      formamides. I have now found that for the best catalytic effect, a minimum
      basicity requirement of the reaction medium has to be fulfilled. This is
      achieved, in accordance with the present invention, by replacing a part of
      excess amine to be reacted with a strongly basic tertiary amine, which is
      liquid at the reaction temperature. The loss of the amine reactant can
      thus be avoided or greatly reduced and the tertiary amine, acting as a
      solvent and remaining unattached during the reaction, may be recovered and
      recycled. The use of the tertiary amine also permits the aminomethylation
      reaction with less basic amines.
PAR  The term "olefin" as herein used means any organic compound having at least
      one ethylenic unsaturation capable of undergoing aminomethylation. Olefins
      which are suited for the process are known to the art.
PAR  The expression "strongly basic teritary amine" includes any inert tertiary
      amine having a dissociation constant in aqueous solution of at least
      pK.sub.a = 10 such as, for example, triethyl amine,
      N,N-dimethylbutylamine, N-methylpyrrolidine, N,N-dimethylpiperazine,
      N-ethylpiperidine, tetraethylurea, pentamethylguandine and the like.
PAR  Suitable starting amines having at least one reactive nitrogen-hydrogen
      bond able to undergo the aminomethylation reaction are known to the art.
PAR  The term "catalyst" used in connection with the presented iron carbonyl and
      rhodium oxide is intended to include any modification which the original
      catalyst or catalyst combination will pass through in the reaction
      environment. Therefore, denoting herein iron carbonyl as synergistic or
      co-catalyst and rhodium oxide as catalyst, signifies that catalytic
      aminomethylation of olefins can be performed in simpler manner by using
      these starting metal compounds rather than the true catalytic species
      which may be formed in the presence of olefin, amine, carbon monoxide and
      water. Those skilled in the art will understand that the possibly modified
      catalyst could also be isolated from the reaction mixture by methods known
      in metal complex chemistry and be used as well. However, the catalyst
      formation "in situ" is more convenient and preferred. I have found that
      any rhodium compound which can be converted to the carbonyl or carbonyl
      hydride under the reaction conditions, can also be used instead of the
      oxide. The catalyst is employed in catalytically effective amounts.
PAR  Numerous improvements known to the art for carrying out catalytic
      aminomethylations using olefins, amines, carbon monoxide and water may be
      employed if desired in the present invention. This improved method is also
      applicable to the aminomethylations, where hydrogen has been used instead
      of water.
PAR  The amines which are obtained in accordance with the present invention are
      highly valuable per se. The amines having a C.sub.8 and C.sub.18 alkyl
      find application in the detergent field. Other utilities of primary,
      secondary and tertiary amines are known to the art.
PAR  Thus, the present invention broadly contemplates the aminomethylation of
      olefins to produce primary, secondary and tertiary amines. In its more
      limited scope, the method is applied to the aminomethylation of alicyclic,
      (up to 10 C atoms), and C.sub.4 to C.sub.24 alkyl olefins, especially
      C.sub.8 to C.sub.18 alkyl olefins, which method is characterized by its
      simplicity, versatility and use of a relatively small amount of catalyst
      combinations to obtain tertiary amines in yields of 90%, calculated on the
      olefin originally employed. No decomposition of the catalyst to inactive
      species takes place during the reaction, the shorter reaction periods lead
      to higher yields of desired endproducts.
PAR  The present invention provides an improved process for producing primary,
      secondary and tertiary amines from a wide range of aliphatic and alicyclic
      olefins.
PAR  In order to illustrate the widely differing catalytic properties of iron
      pentacarbonyl and rhodium oxide and combination thereof, some
      characteristic results obtained with cyclohexene, dodecenes, and
      tetradecenes, and with pyrrolidine and dimethylamine, have been selected
      among numerous experiments carried out with olefins and amines. These
      results are compiled in the Table 1-3.
PAR  The aminomethylation was carried out in a 0.5 liter stainless steel rocking
      autoclave containing the reaction mixture consisting of 0.25 mol olefin,
      0.5 mol secondary amine, 0.5 mol water, the indicated amount of catalyst
      and possibly 60 ml N-methylpyrrolidine. The mixture was heated under an
      initial carbon monoxide pressure of 140 atmospheres at 170.degree.C for 3
      hours. The various products formed were identified by micro analysis and,
      where possible, by gaschromatographic and spectroscopic comparison with
      authentic samples. In some instances, the amines were also determined by
      non-aqueous titration.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     CATALYTIC AMINOMETHYLATION OF OLEFINS                                     
     __________________________________________________________________________
     Olefin Sec. Amine                                                         
                    Aminomethylation                                           
                                   Yield[% calc'd on olefin] of aminome-       
                      Product      thylation products in the presence of       
                                   Fe(CO) Rh.sub.2 O.sub.3                     
                                                 Fe(CO).sub.5 +Rh.sub.2        
                                                 O.sub.3                       
                                   0.025 mol                                   
                                          0.0005 mol                           
     __________________________________________________________________________
     Cyclohexene                                                               
            Pyrrolidine            6.0.sup.a                                   
                                          80.0.sup.b                           
                                                 93.5.sup.a                    
     Cyclohexene                                                               
            Dimethylamine          Traces.sup.a                                
                                          51.0.sup.c                           
                                                 91.0.sup.a                    
     Dodecenes                                                                 
            Dimethylamine                                                      
                    N.N-Dimethylami-                                           
                                   1.8    50.0.sup.d                           
                                                 90.0                          
                    nomethyldodecanes                                          
     Tetradecenes                                                              
            Dimethylamine                                                      
                    N.N-Dimethylamino-                                         
                                   1.5    55.0.sup.d                           
                                                 92.0                          
                    methyltetradecanes                                         
     __________________________________________________________________________
      inclusive                                                                
      .sup.a 1-2% of hexahydrobenzyl alcohol                                   
      .sup.b 6-11% of N-hexahydrobenzoyl pyrrolidine and 3-4% of hexahydrobenzy
      alcohol                                                                  
      .sup.c 5-9% of N-hexahydrobenzoyl dimethylamine and 4-5% of oxo products 
      .sup.d 4-8% of oxo products                                              
TBL                TABLE 2                                                     
     ______________________________________                                    
     AMINOMETHYLATION OF TETRADECENES IN THE PRESENCE OF RHODIUM OXIDE         
     AND VARYING QUANTITIES OF Fe(CO).sub.5.                                   
     ______________________________________                                    
     Catalyst Concn. (mol%,                                                    
                    N.N-dimethylaminomethyltetradecanes                        
     calculated on olefin)                                                     
                    (% yield, calculated on olefin)                            
     Rh.sub.2 O.sub.3                                                          
             Fe(CO).sub.5                                                      
     ______________________________________                                    
     0.2     10         92.0                                                   
     0.2     5          90.8                                                   
     0.2     2          89.0                                                   
     0.2     1          88.0                                                   
     0.2     0          55.0                                                   
     ______________________________________                                    
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     EFFECT OF THE AMINE CONCENTRATION IN THE AMINOMETHYLATION OF OLEFINS      
     (AMINE = PYRROLIDINE; OLEFIN = CYCLOHEXENE, CATALYST = Rh/Fe              
     COMBINATION)                                                              
     __________________________________________________________________________
     Pyrrolidine Concen.               Residue                                 
     (mol % based on olefin)           (g)                                     
                  (Yield, % calc'd on olefin)                                  
     __________________________________________________________________________
     100          46.5      1.0        3                                       
     125          60.0      &lt;1         3                                       
     150          78.0      1          1.5                                     
     200          90.0      1.0        0.5                                     
      100*        71.0      3.5        3.2                                     
      125*        88.0      1.6        1.2                                     
     __________________________________________________________________________
      Rh.sub.2 O.sub.3 = 0.0005 mol                                            
      Fe(CO).sub.5 = 0.0125 mol                                                
      *100 mol % (based on olefin) of N-Methylpyrrolidine used additionally as 
      solvent in these experiments.                                            
PAR  As can be seen from Table I, iron pentacarbonyl affords poor yields of the
      desired tertiary amines from both, aliphatic and alicyclic olefins. The
      yields are lying in the range of from 1 to 6%, based upon the olefin.
PAR  On the whole, much more improved results are obtained by replacing the iron
      pentacarbonyl by rhodium oxide. Fairly high yields of tertiary amines,
      ranging from 50 to 80%, based on olefin, are obtained. The olefin
      conversions are lying, on average, between 60 and 90%. However, in
      contrast to the iron pentacarbonyl catalyzed reaction, when working with
      rhodium oxide, competing reactions leads to considerable formation of by
      products, such as carboxamides and hydroxymethyl derivatives. Thus, iron
      carbonyl gave no N-hexahydrobenzoylpyrrolidine from cyclohexene and
      pyrrolidine, whereas as high as 11% of carboxamide, based on feed
      cyclohexene, is formed in the presence of rhodium oxide. I have found that
      the extent of the carboxamide formation in the rhodium catalyzed synthesis
      is dependent upon the nature of the reaction components and parameters
      employed.
PAR  It is further evident from Table 1, that iron pentacarbonyl in conjunction
      with rhodium oxide not only suppressed the undesirable side reactions
      mentioned above, but also raised the yield of the aminomethylated products
      to over 90%. In the majority of the cases, the addition of iron
      pentacarbonyl to rhodium oxide raised the yields of the aminomethylated
      products to over 90%. In the majority of the cases, the addition of iron
      pentacarbonyl to rhodium oxide raised the yields of the endproducts by
      approximately 35-40%. It is further apparent that heterocyclic amines are
      particularly suited to the rhodium catalyzed aminomethylation of olefins.
PAR  As also conspicuously illustrated by the results compiled in Table 2, iron
      pentacarbonyl concentrations as low as 1 to 2 mol %, based on olefin, can
      be employed with success as co-catalyst. This reduces to a great extent
      the hazards involved in handling large amounts of toxic iron
      pentacarbonyl.
PAR  I further found that strongly basic amines react best in the
      aminomethylation and that loss of amine reactant through carbonate and
      formamide formation can be avoided, when a strongly basic tertiary amine
      is substituted for a part of the excess amine reactant, as is obvious from
      Table 3, on comparing the first two runs with the last two runs.
DETD
PAC  EXAMPLE 1
PAC  Aminomethylation of cyclohexene, using pyrrolidine
PAR  A stainless steel rocking autoclave was charged with the required amounts
      of cyclohexene, pyrrolidine, N-methylpyrrolidine (Fluka, pract.), and
      water and pressurized by carbon monoxide to 140 atm. It was then heated to
      170.degree.C (approximately 45 minutes) and the contents of the autoclave
      shaken at this temperature for another 2 hours. On completion of the
      reaction period the pressure vessel was cooled and the gases vented. The
      reaction mixture was removed and scrubbed with water, in order to remove
      the unreacted secondary amines, correspondingly their N-formyl derivatives
      (formed in a side reaction), and the N-methylpyrrolidine solvent, all of
      which are water-soluble. The aqueous phase was extracted once with
      pentane. The organic phase, together with the pentane extract were dried
      over sodium sulfate and fractionally distilled.
PAR  Beside the starting olefin, with rhodium oxide catalyst two fractions (b.p.
      86.degree.-90.degree.C/11 torr and 140.degree.-145.degree.C/10 torr
      respectively) were obtained with iron carbonyl or iron carbonyl/rhodium
      oxide combination only the lower boiling fraction (b.p.
      86.degree.-90.degree.c/ 11 torr) were obtained. The fraction boiling
      between 86.degree.-90.degree.C/11 torr was shown by gaschromatographic and
      i.r. spectroscopic comparisons with authentic samples to contain
      hydroxymethylcyclohexane and N-hexahydrobenzylpyrrolidine. Amine yields
      are determined by non-aqueous titration with perchloric acid, as well as
      by separating the tertiary amines as hydrochlorides and recovering the
      free base by treatment with sodium hydroxide.
TBL  ______________________________________                                    
                    b.p. 89-90.degree.C/11 torr                                
               C      H        N        Mol. Wt.                               
     ______________________________________                                    
     Calc'd (C.sub.11 H.sub.21 N)                                              
                 78.90    12.65    8.37   167.3                                
     Found       78.09    12.65    8.50   170                                  
     ______________________________________                                    
PAL  The higher boiling fraction, which solidified in the cooler, was identified
      as N-hexahydrobenzolypyrrolidine by micro analysis, as well as by mixed
      melting point measurement and spectroscopic comparison with an authentic
      sample.
TBL  ______________________________________                                    
               b.p. 140-145.degree.C/10 torr                                   
               m.p. 71.degree.C (from hexane)                                  
               C      H        N        Mol. Wt.                               
     ______________________________________                                    
     Calc'd (C.sub.11 H.sub.19 ON)                                             
                 72.88    10.56    7.73   181.3                                
     Found       73.48    10.62    7.54   188                                  
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Aminomethylation of cyclohexene using dimethylamine
PAR  The reaction of cyclohexene with dimethylamine in the presence of carbon
      monoxide and water and the subsequent processing of the resulting products
      were carried out following the general procedures of Example 1. Likewise,
      depending on the nature of the catalyst employed, either one or two
      product fractions were obtained on distillation. The lower boiling
      fraction consisted of N.N-dimethylaminomethyl cyclohexane, its identity
      being confirmed by micro analysis, gaschromatographic and spectroscopic
      comparison with an authentic sample.
TBL  ______________________________________                                    
                      b.p. 55-56.degree.C/11 torr                              
               C        H          N                                           
     ______________________________________                                    
     Calc'd (C.sub.9 H.sub.19 N)                                               
                 76.53      13.56      9.92                                    
     Found       76.65      13.49      10.09                                   
     ______________________________________                                    
PAL  The higher boiling fraction (88.degree.-118.degree.C/11 torr) also obtained
      particularly when working with rhodium oxide, was analyzed
      gaschromatographically and found to be composed of formyl-, as well as
      hydroxymethyl- and N.N-dimethylcarbamoylcyclohexane [C.sub.6 H.sub.11
      CON(CH.sub.3).sub.2 ].
PAC  EXAMPLE 3
PAC  Aminomethylation of n-dodecenes and n-tetradecenes by dimethylamine
PAR  These reactions were preformed in the general manner of the previous
      examples. The mixtures resulting from n-dodecenes or n-tetradecenes were
      distilled and the fractions boiling between 90.degree.-140.degree.C/10
      torr, correspondingly 90.degree.-140.degree.C/4 torr were collected. As
      previously mentioned, the amounts of the aminomethylated products in these
      fractions were determined either by separation of the tertiary amines as
      hydrochloride and recovery by treatment with alkali, or via titration with
      perchloric acid.
TBL  ______________________________________                                    
     X- N.N-Dimethylaminomethyl-                                               
     dodecane [X = 1-6]                                                        
                      b.p. 120-140.degree.C/10 torr                            
               C      H        N        Mol. Wt.                               
     ______________________________________                                    
     Calc'd (C.sub.15 H.sub.33 N)                                              
                 79.21    14.62    6.16   227                                  
     Found       79.83    14.81    5.48   234                                  
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A solution of cyclohexane (0.25 mole), piperidine (0.5 mole), water (0.5
      mole) and Fe(CO).sub.5 (0.025 mole) in 60 ml N-methylpyrrolidine and
      rhodium hydroxide [Rh(OH).sub.3 ] (5.times.10.sup.-.sup.3 mole) were
      charged into a stainless steel rocking autoclave of 0.5 liter capacity.
      The reaction chamber was pressurized by carbon monoxide at 140 atm and
      heated at 170.degree. for 3 hours. On completion of the reaction period,
      the pressure vessel was allowed to cool and the gases vented. The reaction
      mixture was taken out and scrubbed 2-3 times with water in order to remove
      the unreacted secondary amine, its N-formyl derivative (formed in a side
      reaction), and the solvent, all of which are water-soluble. The aqueous
      phase was extracted once with pentane. The organic phase and the pentane
      extract were combined and dried over sodium sulfate and fractionally
      distilled to yield N-hexahydrobenzylpiperidine (ca. 80% yield), the
      product being unequivocally identified by gas-liquid chromatographic and
      spectroscopic (ir, nmr) comparison with an authentic sample.
PAC  EXAMPLE 5
PAR  In place of rhodium hydroxide of Example 4, there was used rhodium acetate
      [Rh(OAc).sub. 2 ].sub.2 as catalyst. The yield of
      N-hexahydrobenzylpiperidine was ca. 85%.
PAC  EXAMPLE 6
PAR  By using Rh.sub.6 (CO).sub.16 as catalyst, 1.2-bis-(dimethylamino)-ethane
      as solvent, pyrrolidine as amine component, and otherwise following the
      procedure of Example 4 ca. 80% conversion of cyclohexene to
      N-hexahydrobenzylpyrrolidine was obtained.
PAC  EXAMPLE 7
PAR  In place of rhodium hydroxide of Example 4 there was used
      ClRh(PPh.sub.3).sub.3 as catalyst. A conversion of ca. 80% of cyclohexene
      to N-hexahydrobenzylpiperidine was obtained.
PAC  EXAMPLE 8
PAR  By a procedure similar to that of Example 4, using Rh.sub.4 (CO).sub.12 and
      dimethyl amine under somewhat milder conditions (140.degree.C, 100 atm)
      norbornene was converted to
      exo-3-dimethylaminomethyl-bicyclo-[2.2.1]-heptane (ca. 30% yield).
PAC  EXAMPLE 9
PAR  A 0.5 1 stainless steel rocking autoclave was charged with cyclohexene (0.1
      mole), ammonium formate (0.2 mole), water (0.1 mole), Rh.sub.6 (CO).sub.16
      (5.times.10.sup.-.sup.4 mole), Fe(CO).sub.5 (0.5 ml), pyridine (50 ml) and
      pressurized by carbon monoxide to 75 atm. It was then heated to
      160.degree.C -- this required in general ca. 35 minutes -- and the
      contents of the autoclave shaken at said temperatures for 12 hours. On
      completion of the reaction period the pressure vessel was cooled and the
      gases vented. The reaction mixture was filtered to yield 5.6 g of a white
      crystalline compound (m.p. 89.degree.-90.degree.C). On removal of solvent
      from the filtrate there was obtained a second crop of crystals (0.4 g,
      m.p. 86.degree.-89.degree.C). The two solid products (total yield ca. 60%)
      were found to be identical and unequivocally characterized as
      tris-(cyclohexylmethyl)-amine (ir, nmr).
PAC  EXAMPLE 10
PAR  By the procedure of Example 9, however in the absence of water, only ca.
      40% of tris-(cyclohexylmethyl)-amine was obtained. At the same time
      considerable amounts of N-(cyclohexylmethyl)-formamide and
      N.N.-di(cyclohexylmethyl)-formamide were formed.
PAC  EXAMPLE 11
PAR  In place of ammonium formate of Example 7, there was used an equivalent
      amount of gaseous ammonia. A total conversion of ca. 80% of cyclohexene
      was obtained. The mixture of products mainly consisted of
      tris-(cyclohexylmethyl)-amine and the N-formyl derivatives of
      aminomethylcyclohexene and N.N-di(cyclohexylmethyl)amine.
PAC  EXAMPLE 12
PAR  A solution of n-octene-1(0.05 mole), dimethylamine (10 ml), water (0.1
      mole), iron pentacarbonyl (0.5 ml) and RhCl.sub.3.3H.sub.2 O
      (5.times.10.sup.-.sup.4 mole) in 25 ml triethylamine was charged into a
      stainless steel rocking autoclave of 0.5 1 capacity. The autoclave was
      pressurized by carbon monoxide to 100 atm and heated at 140.degree.C for 8
      hours. On completion of the reaction period, the pressure vessel was
      allowed to cool and the reaction gases were vented. The reaction mixture
      was removed and scrubbed 2-3 times with water in order to eliminate the
      unreacted secondary amine, its N-formyl derivative (formed in a side
      reaction) and the solvent. The aqueous phase was extracted once with
      pentane. The organic phase, together with the pentane extract were dried
      over sodium sulfate and fractionally distilled to yield all the four
      possible (N.N-dimethylaminomethyl)-octanes (ca. 85% yield based on olefin)
      with the following approximate isomeric distribution (gas-liquid
      chromatography):
TBL  CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2   
     --N(CH.sub.3).sub.2      65%                                              
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CHCH.sub.3          
                              30%                                              
     .vertline.                                                                
     N(CH.sub.3).sub.2                                                         
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, CHCH.sub.2 CH.sub.3         
                              3.3%                                             
     .vertline.                                                                
     N(CH.sub.3).sub.2                                                         
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CHCH.sub.2 CH.sub.2 CH.sub.3          
                              1.7%                                             
     .vertline.                                                                
     N(CH.sub.3).sub.2                                                         
PAC  EXAMPLE 13
PAR  In place of RhCl.sub.3 .3H.sub.2 O of Example 12 there was used
      [Rh(CO).sub.2 Cl].sub.2. A ca. 80% conversion of n-octene-1 to the four
      isomeric N.N.-dimethylaminomethyl)-octanes was obtained.
PAC  EXAMPLE 14
PAR  In place of RhCl.sub.3 .3H.sub.2 O of Example 12 there was used Rh.sub.4
      (CO).sub.12. The yield of (N.N-dimethylaminomethyl)-octanes amounted to
      ca. 85%.
PAC  EXAMPLE 15
PAR  The findings of Example 12 were essentially unaltered on substituting
      N-methylpiperidine for triethylamine as solvent.
PAC  EXAMPLE 16
PAR  In place of piperidine of Example 4, there was used aminomethylcyclohexane.
      Work up of the mixture according to the procedure outlined in Example 9
      yielded ca. 70% of tris-(cyclohexylmethyl)amine, besides small amounts of
      the formyl derivative of N.N-di(cyclohexylmethyl)-amine.
PAC  EXAMPLE 17
PAR  In place of n-octene-1 and dimethylamine of Example 12 there were used
      ethylene and cyclohexylamine, respectively. The major product formed
      consisted of cyclohexyl-di-n-propylamine (ca. 70%), besides the N-formyl
      derivative of propylcyclohexylamine.
PAC  EXAMPLE 18
PAR  In place of piperidine of Example 4, there was used methylamine as the
      amine reactant. Ca. 70% of cyclohexene was converted to
      methyl-di-(cyclohexylmethyl)-amine. N-formyl derivative of
      N-(cyclohexylmethyl)-methylamine was also isolated as a further product.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an improved process for the preparation of amine by the catalytic
      reaction of (1) a nitrogen compound selected from the group consisting of
      ammonia, ammonium formate, N-methylprrolidine, pyrrolidine, methylamine,
      dimethylamine, piperidine, N-methylpiperidine, aminomethylcyclohexane,
      cyclohexylamine, and pyridine, (2) olefin selected from the group
      consisting of ethylene, cyclohexene, octene dodecene, norbornene and
      tetradecene, (3) carbon monoxide and (4) water, the improvement which
      comprises the step of effecting the reaction in the presence of iron
      pentacarbonyl and a rhodium compound selected from the group consisting of
      rhodium oxide, rhodium hydroxide, rhodium acetate, rhodium carbonyl,
      rhodium chloride, tris(triphenylphosphine)rhodium chloride, and rhodium
      carbonyl chloride, the iron pentacarbonyl being present at 0.5-5 mol %
      based on the olefin, and the ratio of iron pentacarbonyl to rhodium
      compound being from 10:1 to 100:1.
NUM  2.
PAR  2. The process of claim 1 in which the reaction is conducted in the
      presence of a strongly basic tertiary amine having a dissociation constant
      in aqueous solution of at least pK.sub.a =  10, and being liquid under the
      reaction condition.
NUM  3.
PAR  3. The process of claim 1 in which said olefin is an aliphatic olefin
      having 4 to 24 carbon atoms.
NUM  4.
PAR  4. The process of claim 1 in which said olefin is an alicyclic olefin
      having up to 10 carbon atoms.
NUM  5.
PAR  5. In am improved process for the preparation of
      N-hexahydrobenzylpyrrolidine by the catalytic reaction of (1) pyrrolidine,
      (2) cyclohexene, (3) carbon monoxide and (4) water, the improvement which
      comprises the step of effecting the reaction in the presence of iron
      pentacarbonyl and rhodium oxide, the molar ratio of iron carbonyl to
      rhodium oxide being in the range of from about 10:1 to about 100:1.
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ABST
PAL  This invention relates to an improved process for preparing
      thiazolesulfenamides from aqueous chloramines and alkali metal salts of
      mercaptothiazoles, in water. The chloramine mixture can be prepared from
      amines or aqueous amine salt solutions.
BSUM
PAR  The present invention relates to thiazolesulfenamides and to an improved
      process for their preparation in water.
PAR  These sulfenamides are known to be good accelerators in the vulcanization
      of natural and synthetic rubbers. These materials do not exhibit early
      vulcanization, known in the art as scorch, and complete vulcanization
      quickly once the vulcanization temperature has been reached.
PAR  Aqueous preparation of these sulfenamides from sodium mercaptobenzothiazole
      solutions have been reported. Canadian Pat. No. 890,433 discusses the
      preparation of 2-(3-methylpiperidinothio)-benzothiazole using bleach
      oxidation of an aqueous mixture of 3-methylpiperidine and sodium
      mercaptobenzothiazole. This process was carried out in water and various
      organic solvents, and required temperatures of 70.degree. C., reaction
      times of about 3 hours and purification of the product by extraction and
      distillation. Preparations using other amines such as t-butylamine often
      require addition of a mineral acid to maintain a satisfactory pH during
      reaction.
PAR  Sulfenamide preparations from chloramines are also well known in the art.
      Generally the chloramine is first formed in an aqueous medium and isolated
      before use in sulfenamide preparation.
PAR  It is an object of the present invention to provide an improved process for
      the aqueous preparation of sulfenamides from alkali metal salts of
      mercaptothiazoles and amine or amine salt starting materials. Other
      objects will become apparent to those skilled in this art as the
      description proceeds.
PAR  It has been discovered in accordance with the present invention that
      certain thiazolesulfenamides can be prepared in aqueous media in high
      yields by utilizing a novel method of combining the reactants. Isolation
      of the chloramine or addition of acid is not necessary. The reaction is
      rapid and extensive product purification is unnecessary. The process
      comprises
PAR  1. COMBINING AN AMINE AND AQUEOUS NaOCl at about 0.degree. C. to 25.degree.
      C. forming an aqueous chloramine mixture,
PAR  2. ADDING A CONCENTRATED AQUEOUS SOLUTION OF AN ALKALI METAL SALT OF A
      MERCAPTOTHIAZOLE TO THE CHLORAMINE MIXTURE,
PAR  3. ALLOWING THE RESULTING EXOTHERM TO REACH ABOUT 25.degree. TO 50.degree.
      C.,
PAR  4. agitating the mixture for from 5 to 30 minutes,
PAR  5. COOLING THE MIXTURE TO 25.degree. C. or less, wherein the product
      solidifies, before,
PAR  6. SEPARATING AND WATER-WASHING THE PRODUCT.
PAR  The reaction is carried out in water. Maximum reaction time to obtain the
      final product is around one hour, contrasted with the three or more hours
      of the prior art. The reaction is exothermic compared to the prior art
      requirement of heating to a temperature of 70.degree. C. or more. The
      product requires no purification; simple filtration and water washing
      yields the final product in contrast to the prior art processes which
      often require extraction and distillation. An aqueous mixture of
      chloramine can be used in place of the purified chloramine taught to be
      necessary in the prior art.
PAR  The amine source can be either pure amine or an amine salt solution. When
      amine salt solutions are used, they can be neutralized in situ during the
      chloramine formation, using the base generated from the reduction of the
      hypochlorite. Supplementation of an additional equivalent of base has been
      found to be necessary to maintain a satisfactory pH during the sulfenamide
      formation. Use of amine salt solutions is of particular advantage in the
      cases of sulfenamides derived from alkylpiperidines. A convenient source
      of alkylpiperidines is the reduction of alkylpyridinium salts in aqueous
      media, to the corresponding alkylpiperidinium salts, which can be used
      directly to produce sulfenamide accelerators. No isolation or purification
      of the amine is necessary.
PAR  The amine salt solutions can be preneutralized before use in the
      sulfenamide preparation yielding a crude aqueous amine. The crude aqueous
      amine derived from the preneutralization can be used in the process
      without further purification.
PAR  Representative examples of amines useful in the practice of the present
      invention are t-butylamine, isopropylamine, cyclohexylamine,
      hexamethyleneimine and alkyl substituted piperidines and pyrrolidines
      substituted in the 3 and 4 positions wherein the alkyl groups contain from
      1 to 4 carbon atoms. Representative examples of such substituted
      piperidines and pyrrolidines are 3-n-butylpiperidine, 3-methylpiperidine,
      4-methylpiperidine and 3-methylpyrrolidine.
PAR  Representative examples of sulfenamide products produced using the process
      of the present invention are 2-(3-methylpiperidinothio)-benzothiazole,
      2-(4-methylpiperidinothio)-benzothiazole, 2-t-butylaminothiobenzothiazole,
      2-isopropylaminothiobenzothiazole, 2-cyclohexylaminothiobenzothiazole and
      2-hexamethyleneiminothiobenzothiazole.
PAR  Representative examples of alkali metal salts of mercaptothiazoles useful
      in the practice of the present invention are the alkali metal salts of
PAR  2-mercaptothiazole,
PAR  2-mercapto-4-methylthiazole,
PAR  4-ethyl-2-mercaptothiazole,
PAR  2-mercapto-4-n-propylthiazole,
PAR  4-n-butyl-2-mercaptothiazole,
PAR  2-mercapto-4,5-dimethylthiazole,
PAR  4,5-diethyl-2-mercaptothiazole,
PAR  2-mercapto-4,5-n-propylthiazole,
PAR  4,5-di-n-butyl-2-mercaptothiazole,
PAR  2-mercapto-4-phenylthiazole,
PAR  2-mercaptobenzothiazole,
PAR  2-mercapto-4-phenylbenzothiazole,
PAR  2-mercapto-6-phenylbenzothiazole,
PAR  2-mercaptotetrahydrobenzothiazole,
PAR  2-mercaptonaphthothiazole,
PAR  4-chloro-2-mercaptobenzothiazole,
PAR  5-acetyl-2-mercapto-4-methylthiazole, and
PAR  5-carbethoxy-2-mercapto-4-methylthiazole.
PAR  Representative examples of useful alkali metals are sodium and potassium.
PAR  Preferred sulfenamide products are those having a melting point at or above
      40.degree. C., such as 2-(3-methylpiperidinothio)-benzothiazole,
      2-(4-methylpiperidinothio)-benzothiazole, 2-t-butylaminothiobenzothiazole,
      2-cyclohexylaminothiabenzothiazole, 2-hexamethyleneiminothiobenzothiazole,
      5-carbethoxy-4-methyl-2-(3-methylpiperidinothio)-thiazole.
PAR  Preferred amounts of reactants are from 15 to 25  percent excess of amine,
      and from 15 to 25 percent excess of bleach, based on the weight of the
      benzothiazole. Excess of amine or bleach is not necessary, although
      decreased yields may be realized at low excesses.
PAR  Preferred temperature range for the sulfenamide formation is from
      20.degree. to 60.degree. C., but from 25.degree. to 40.degree. C. is most
      preferred. The preferred temperature range for chloramine formation is
      from 0.degree. to 25.degree. C. The concentration of the aqueous alkali
      mercaptothiazole should be at least 20 weight percent theoretical
      mercaptothiazole.
PAR  Preferred concentrations of the aqueous solution of alkali metal salt of a
      mercaptothiazole range from 30 to 50 weight percent theoretical
      mercaptothiazole.
PAR  Preferred bases for the in situ neutralization of amine salts are sodium
      hydroxide, potassium hydroxide, and sodium carbonate.
PAR  The invention is more concretely described with reference to the examples
      below, wherein all parts and percentages are by weight unless otherwise
      indicated. Example 1 shows the preparation of
      2-(3-methylpiperidinothio)-benzothiazole from 3-methylpiperidine and
      sodium mercaptobenzothiazole. Example 2 illustrates the preparation of
      2-(4-methylpiperidinothio)-benzothiazole from 4-methylpiperidinium
      sulfate. Example 3 illustrates the preparation of
      2-t-butylaminothiobenzothiazole.
DETD
PAC  EXAMPLE 1
PAR  A 250 milliliter, three-neck, round bottom flask was fitted with a
      mechanical stirrer, thermometer, addition funnel and an outlet to the
      atmosphere. The flask was charged with 99.3 milliliters (0.24 m) cold
      bleach (2.42 M, 9.36 grams NaOH/liter). The amine, 3-methylpiperidine,
      (23.78 grams, 0.24 m), was added dropwise while cooling the flask to keep
      the temperature below 25.degree. C. Two liquid phases result, the upper
      phase being the chloramine. Sodium mercaptobenzothiazole solution (70.74
      grams, 47.3% theoretical mercaptobenzothiazole) was added to the
      chloramine mixture dropwise over a two minute period. The temperature
      ranged from 25.degree. to 38.degree. C. without external temperature
      control while a milky-white emulsion formed. The emulsion was stirred at
      48.degree. to 31.degree. C. for 25 minutes during which time the product
      solidified. The mixture was cooled to 22.degree. C. and filtered. The
      filter cake was thoroughly water washed and dried at 40.degree. C. The
      product was obtained as an off-white granular material in 98.2%
      theoretical yield with a melting point of 59.5.degree. to 62.degree. C.
      The purity was rated at 97.2% by reduction of the sulfenamide followed by
      titration of the liberated amine.
PAC  EXAMPLE 2
PAR  A flask equipped as described in Example 1 was charged with 25.6
      milliliters bleach (0.065 m, 2.39 M, 9.49 grams NaOH/liter) and cooled to
      maintain the temperature below 25.degree. C. Dropwise addition of 18.5
      grams (0.06 m) of 4-methylpiperidinium sulfate solution, (32.1%
      theoretical amine content) was made, followed by the addition of 2.4 grams
      (0.06 m) of NaOH in 10 milliliters of water. Addition of 17.6 grams (0.05
      m) of a solution of sodium mercaptobenzothiazole (47.3% theoretical
      mercaptobenzothiazole) was added dropwise over 5 minutes, allowing the
      temperature to range from 15.degree. to 36.degree. C. The mixture was
      stirred for 15 minutes at 30.degree. to 36.degree. C. The mixture was
      cooled to 10.degree. C., whereupon the product solidified and was
      separated from solution. The off-white, solid product was washed
      thoroughly with water and dried at 40.degree. C. The yield was 87.5% of
      2-(4-methylpiperidinothio)-benzothiazole with a melting point of
      46.degree. to 49.5.degree. C. The purity was rated at 98.7% using the
      reduction-titration method described in Example 1.
PAC  EXAMPLE 3
PAR  A 500 milliliter flask equipped as described above was charged with 105.2
      milliliters bleach (0.24 m, 2.28 M, 9.33 grams NaOH/liter). The bleach was
      cooled in an ice water bath while 17.52 grams (0.24 m) of t-butylamine was
      added dropwise at 10.degree. to 15.degree. C., followed by 70.6 grams
      (0.20 m) sodium mercaptobenzothiazole solution, (47.3% theoretical
      mercaptobenzothiazole) added dropwise at 15.degree. C. to 23.degree. C.
      over a 15 to 20 minute period. A milky-white emulsion formed. The product
      solidified after stirring the emulsion for 25 minutes. The mixture was
      suction filtered. The filter cake was water washed and dried at 40.degree.
      C. The off-white powdery product was 2-t-butylaminothiobenzothiazole, 89.5
      percent of theoretical yield, having a melting point of 103.degree. to
      105.degree. C.
PAR  Examples 4 through 7 were carried out in the same manner and using the same
      mole ratios described in Example 3. The various amines tested and the
      results obtained are shown in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
                                Melting                                        
                            Yield                                              
                                Point                                          
     Ex.                                                                       
         Amine    Sulfenamide                                                  
                            (%) (.degree.C.)                                   
                                      Purity                                   
     __________________________________________________________________________
     4  t-butylamine                                                           
                2-t-butylaminothio-                                            
                 benzothiazole                                                 
                            85.0                                               
                                100-104                                        
                                      95.6                                     
     5  isopropyl-                                                             
                2-isopropylamino-                                              
        amine    thiobenzothiazole                                             
                            70.6                                               
                                87-91 --                                       
     6  cyclohexyl-                                                            
                2-cyclohexylamino-                                             
        amine    thiobenzothiazole                                             
                            93.8                                               
                                90-95 92.8                                     
     7  hexamethylene-                                                         
                2-hexamethyleneimino-                                          
        imine    thiobenzothiazole                                             
                            98.4                                               
                                89-94 92.7                                     
     __________________________________________________________________________
PAR  The sulfenamides can be readily prepared via neutralization of the amine
      salt in situ as shown in Example 2, but preneutralization is also possible
      and provides the advantage of lessening the total reaction solution
      volume. When using preneutralization, the crude amine is used as shown in
      the method of Example 1.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved process for the preparation of sulfenamides by combining an
      aqueous solution of an alkali metal salt of a mercaptothiazole with an
      amine and bleach and reacting the mixture, the improvement comprising
PA1  a. adding an amine to bleach to form a chloramine mixture,
PA1  b. adding the aqueous solution of an alkali metal salt of a
      mercaptothiazole to the chloramine mixture,
PA1  c. allowing the reaction to take place, and
PA1  d. separating and water-washing the sulfenamide.
NUM  2.
PAR  2. A process as described in claim 1 wherein the amine and bleach are in a
      15 to 25 percent excess based on the mercaptothiazole.
NUM  3.
PAR  3. A process as described in claim 1 wherein the aqueous solution of an
      alkali metal salt of a mercaptothiazole is in a concentration of from 30
      to 50 weight percent of theoretical mercaptothiazole.
NUM  4.
PAR  4. A process as described in claim 1 wherein the mercaptothiazole is
      mercaptobenzothiazole.
NUM  5.
PAR  5. A process as described in claim 3 wherein the chloramine is cooled to a
      temperature at or below 25.degree. C. before the aqueous solution of
      alkali metal salt of mercaptothiazole is added.
NUM  6.
PAR  6. A process as described in claim 3 wherein the sulfenamide product is
      dried at 40.degree. C. after water washing.
NUM  7.
PAR  7. A process as described in claim 3 wherein the amine is t-butylamine,
      3-methylpiperidine and 4-methylpiperidine, and the thiazole is
      mercaptobenzothiazole.
NUM  8.
PAR  8. A process as described in claim 3 wherein the amine is cyclohexylamine.
NUM  9.
PAR  9. A process as described in claim 3 wherein the amine is
      hexamethyleneimine.
NUM  10.
PAR  10. A process as described in claim 3 wherein the amine is
      3-methylpiperidine.
NUM  11.
PAR  11. A process as described in claim 3 wherein the amine is
      4-methylpiperidine.
NUM  12.
PAR  12. A process as described in claim 3 wherein the amine is selected from
      the group consisting of isopropylamine, 3-methylpyrrolidine, and
      3-n-butylpyrrolidine.
NUM  13.
PAR  13. A process as described in claim 1 wherein the alkali metal salt of a
      mercaptothiazole is selected from the group consisting of the sodium or
      potassium salt of
PA1  2-mercaptothiazole,
PA1  2-mercapto-4-methylthiazole,
PA1  4-ethyl-2-mercaptothiazole,
PA1  2-mercapto-4-n-propylthiazole,
PA1  4-n-butyl-2-mercaptothiazole,
PA1  2-mercapto-4,5-dimethylthiazole,
PA1  4,5-diethyl-2-mercaptothiazole,
PA1  2-mercapto-4,5-di-n-propylthiazole,
PA1  4,5-di-n-butyl-2-mercaptothiazole,
PA1  2-mercapto-4-phenylthiazole,
PA1  2-mercaptobenzothiazole,
PA1  2-mercapto-4-phenylbenzothiazole,
PA1  2-mercapto-6-phenylbenzothiazole,
PA1  2-mercaptotetrahydrobenzothiazole,
PA1  2-mercaptonaphthothiazole,
PA1  4-chloro-2-mercaptobenzothiazole,
PA1  5-acetyl-2-mercapto-4-methylthiazole, and
PA1  5-carbethoxy-2-mercapto-4-methylthiazole.
NUM  14.
PAR  14. A process for the preparation of sulfenamides comprising
PA1  a. adding an amine salt solution to bleach to form a chloramine mixture,
PA1  b. adding a base to the chloramine mixture,
PA1  c. adding an aqueous alkali sodium or potassium mercaptobenzothiazole to
      the chloramine mixture,
PA1  d. allowing the reaction to take place, and
PA1  e. separating and water washing the sulfenamide.
NUM  15.
PAR  15. A process as described in claim 14 wherein the amine salt and bleach
      are in a 15 to 25 percent excess based on the mercaptothiazole.
NUM  16.
PAR  16. A process as described in claim 14 wherein the aqueous solution of an
      alkali metal salt of a mercaptothiazole is in a concentration of from 30
      to 50 weight percent theoretical mercaptothiazole.
NUM  17.
PAR  17. A process as described in claim 14 wherein the mercaptothiazole is
      selected from the group consisting of alkali metal salts of
PA1  2-mercaptothiazole,
PA1  2-mercapto-4-methylthiazole,
PA1  4-ethyl-2-mercaptothiazole,
PA1  2-mercapto-4-n-propylthiazole,
PA1  4-n-butyl-2-mercaptothiazole,
PA1  2-mercapto-4,5-dimethylthiazole,
PA1  4,5-diethyl-2-mercaptothiazole,
PA1  2-mercapto-4,5-di-n-propylthiazole,
PA1  4,5-di-n-butyl-2-mercaptothiazole,
PA1  2-mercapto-4-phenylthiazole,
PA1  2-mercaptobenzothiazole,
PA1  2-mercapto-4-phenylbenzothiazole,
PA1  2-mercapto-6-phenylbenzothiazole,
PA1  2-mercaptotetrahydrobenzothiazole,
PA1  2-mercaptonaphthothiazole,
PA1  4-chloro-2-mercaptobenzothiazole,
PA1  5-acetyl-2-mercapto-4-methylthiazole, and
PA1  5-carbethoxy-2-mercapto-4-methylthiazole.
NUM  18.
PAR  18. A process as described in claim 14 wherein the mercaptothiazole is
      mercaptobenzothiazole.
NUM  19.
PAR  19. A process as described in claim 18 wherein the chloramine is cooled to
      a temperature at or below 25.degree. C. before the aqueous alkali
      mercaptothiazole is added.
NUM  20.
PAR  20. A process as described in claim 18 wherein the sulfenamide product is
      dried at 40.degree. C. after water washing.
NUM  21.
PAR  21. A process as described in claim 18 wherein the amine salt is selected
      from the group consisting of 3-methylpiperidinium sulfate,
      3-methylpiperidinium acetate, 3-methylpiperidinium chloride and
      3-methylpiperidinium phosphate.
NUM  22.
PAR  22. A process as described in claim 18 wherein the amine salt is selected
      from the group consisting of 4-methylpiperidinium sulfate,
      3-methylpiperidinium acetate, 4-methylpiperidinium chloride, and
      4-methylpiperidinium phosphate.
NUM  23.
PAR  23. A process as described in claim 14 wherein the base is selected from
      the group consisting of sodium hydroxide, potassium hydroxide and sodium
      carbonate.
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PAL  5-hydroxy-5-substituted phenyl-pyrrolidones and piperidinones, 3.g.,
      5-hydroxy-1-methyl-5-(m-trifluoromethylphenyl)pyrrolidone, are useful as
      sedative-hypnotic agents and minor tranquilizers.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 483,552 now abandoned, filed June 27, 1974, which in turn is a
      continuation-in-part of copending application Ser. No. 468,377 now
      abandoned, filed May 9, 1974, which in turn is a continuation-in-part of
      copending application Ser. No. 417,374, filed Nov. 19, 1973 now abandoned.
BSUM
PAR  This invention relates to pyrrolidone and piperidinone derivatives which
      exhibit sedative-hypnotic and minor tranquilizer activity. In particular,
      it relates to 5-hydroxy-5-substituted phenyl-pyrrolidones and
      piperidinones, their preparation and intermediates thereof.
PAR  The compounds of this invention may be represented by the following
      structural formula
      ##SPC1##
PAL  Where
PA1  R is hydrogen or lower alkyl, i.e., lower alkyl having 1 to 4 carbon atoms,
      e.g., methyl, ethyl, isopropyl and the like,
PA1  R.sub.1 is hydrogen or halo having an atomic weight of about 19 to 36,
PA1  R.sub.2 is methyl or trifluoromethyl, and
PA1  N is 0 or 1.
PAR  The compounds of formula (I) may be prepared according to the following
      reaction scheme A:
      ##SPC2##
PAL  where
PA1  X represents halo having an atomic weight of about 35 to 80, and
PA1  R, r.sub.1, r.sub.2 and n are as defined above.
PAR  The compounds of formula (I) are prepared by reacting a compound of the
      formula (II) with a Grignard reagent of the formula (III) in the presence
      of an inert organic solvent. Although the particular solvent used is not
      critical, the preferred solvents are the ethers, such as diethylether,
      tetrahydrofuran and the like, alkanes having 6 to 12 carbon atoms, e.g.,
      hexane, heptane and the like, or the aromatic hydrocarbons such as
      benzene, toluene, xylene and the like, preferably benzene. The temperature
      of the reaction is not critical but it is preferred that the reaction be
      carried out at a temperature between about 35.degree. to 150.degree.C.,
      preferably the reflux temperature of the solvent. The reaction may be run
      from about 2 to 10 hours, preferably from about 4 to 6 hours. The product
      is recovered using conventional techniques, e.g., crystallization.
PAR  The compounds of formula (I) may also be prepared according to the
      following reaction scheme B:
      ##SPC3##
PAL  where
PA1  R.sub.3 is lower alkyl as defined above, and
PA1  R, r.sub.1, r.sub.2 and n are as defined above.
PAR  The compounds of formula (I) are prepared by reacting a compound of the
      formula (IV) with a substituted amine of the formula (V) in the presence
      of an inert organic solvent. Although the particular solvent used is not
      critical, the preferred solvents are the ethers such as diethylether,
      tetrahydrofuran, dioxane and the like, the aromatic hydrocarbons, e.g.,
      benzene, toluene and the like, or the halogenated hydrocarbons such as
      chloroform, the latter being especially preferred. The temperature of the
      reaction is not critical, but it is preferred that the reaction be carried
      out at a temperature between about -20.degree. to 100.degree.C.,
      preferably between about -10.degree. to 50.degree.C. The reaction may be
      run from about 10 to 48 hours, preferably from about 16 to 24 hours. The
      product is recovered using conventional techniques, e.g., crystallization.
PAR  The compounds of formula (IV) are prepared according to the following
      reaction scheme:
      ##SPC4##
PAL  where
PA1  R, r.sub.1, r.sub.2, r.sub.3 and n are as defined above.
PAR  The compounds of formula (IV) are prepared by reacting a compound of the
      formula (VI) with an alkyl chloroformate of the formula (VII) in the
      presence of an acid binding agent and an inert organic solvent. The acid
      binding agents which can be employed in this particular reaction include
      the trialkylamines such as trimethylamine, triethylamine and the like, or
      pyridine, preferably triethylamine. Although the particular solvent used
      is not critical, the preferred solvents are the ethers such as
      diethylether, tetrahydrofuran, dioxane and the like, the aromatic
      hydrocarbons such as benzene or toluene, or halogenated hydrocarbons such
      as chloroform, the latter being especially preferred. The temperature of
      the reaction is not critical, but it is preferred that the reaction be
      carried out at a temperature between about -20.degree. to 100.degree.C.,
      preferably between about -10.degree. to 50.degree.C. The reaction may be
      run from about 1 to 8 hours, preferably 2 to 3 hours. The product is
      recovered using conventional techniques, e.g., crystallization.
PAR  The compounds of formula (I) may also exist in the form of their tautomeric
      equivalents such as represented by the following structural formula:
      ##SPC5##
PAL  where
PA1  R, r.sub.1, r.sub.2 and n are as defined above.
PAR  The predominant tautomer is believed to depend on the nature of R. When R
      is branched chain lower alkyl, e.g., isopropyl or t-butyl, then the
      tautomeric form of formula (Ia) will predominate. When R is straight chain
      lower alkyl, then the tautomeric form of compound (I) will predominate. It
      is to be noted that both tautomeric forms, i.e., the compounds of formulae
      (I) and (Ia), are included within the scope of this invention.
PAR  Many of the compounds of formulae (II), (III), (V), (VI), and (VII) are
      known and may be prepared by methods described in the literature. The
      compounds of formulae (II), (III), (V), (VI) and (VII) not specifically
      disclosed may be prepared by analogous methods from known starting
      materials.
PAR  The compounds of formulae (I) and (Ia) possess pharmacological activity. In
      particular, the compounds are useful as central nervous system
      depressants, especially as sedative-hypnotics and minor tranquilizers as
      indicated by (1) their ability to produce docility in behavior tests in
      mice given 25 to 200 mg/kg of animal body weight, i.p. of the test
      compound according to the 30-word adjective check sheet system basically
      as described by Irwin S. (Gordon Research Conference, Medicinal Chemistry,
      1959) and Chen (Symposium on Sedative and Hypnotic Drugs, Williams and
      Wilkins, 1954); (2) by their ability to antagonize chronic convulsions and
      death in mice given 50 to 250 mg/kg i.p. of N-sulfamoylazepine; (3) by the
      hexobarbital reinduction method of (Winter, J. Pharmacol and Exp. Therap.,
      94, 7-11, 1948) in which the reinduction of anesthesia after recovery from
      hexobarbital induced anesthesia is used to determine sedative-hypnotic
      activity in mice given 70 mg/kg of animal body weight, i.p. of
      hexobarbital followed immediately after the mice regain their righting
      reflexes by 25 to 200 mg/kg of animal body weight, i.p. of the test
      compound; (4) by their ability to reduce conflicts as defined in the
      Geller Conflict test (Irving Geller, Psychopharmacologia, Volumne I, Pages
      42-492, 1960); and (5) as indicated in Cebus monkey using chlonically
      implanted electrodes. Brain readings are obtained via a ten or sixteen
      channel electroencephalograph. For the recording sessions, the monkeys are
      restrained by neck and waist plates in chairs in full side observation
      cages at the same time every night for thirteen and one half hours Monday
      through Thursday. Gross behavior is monitored via closed circuit
      television and video tape recordings. The compounds of formula (I) and
      (Ia) are administered p.o. at a dosage of from about 1.8 to about 30 mg/kg
      immediately on placing the monkey in the observation cages with at least
      seven days intervening between drug administration. Physiological saline
      is administered via a similar route and at the same times on all control
      runs. Control data are collected at least three days per week and
      accumulated to give control data for fifteen sessions per monkey. Data
      from each session are statistically compared via computer analysis to the
      previous 5-15 control sessions for the particular animal, with particular
      emphasis given to the following phases of the sleep-wakefulness cycle:
      resting awake, light sleep, deep sleep, paradoxical (REM) sleep, "pseudo-"
      paradoxical sleep, latency to onset of deep sleep, and latency to onset of
      first epoch of paradoxical sleep.
PAR  For such usage, the compounds of formula (I) and (Ia) may be administered
      orally or parenterally as such or admixed with conventional pharmaceutical
      carriers. They may be administered orally in such forms as tablets,
      dispersible powders, granules, capsules, syrups and elixirs, and
      parenterally as solutions, e.g., a sterile injectable aqueous solution.
      The compositions for oral use may contain one or more conventional
      adjuvants, such as sweetening agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutically acceptable excipients, e.g.,
      inert diluents, such as calcium carbonate, sodium carbonate, lactose, and
      talc, granulating and disintegrating agents, e.g., starch and alginic
      acid, binding agents, e.g., starch, gelatin and acacia, and lubricating
      agents, e.g, magnesium stearate, stearic acid and talc. The tablets may be
      uncoated or coated by known techniques to delay disintegration and
      absorption in the gastrointestinal tract and thereby provide a sustained
      action over a longer period. Similarly, suspensions, syrups, and elixirs,
      may contain the active ingredient in admixture with any of the
      conventional excipients utilized for the preparation of such compositions,
      e.g., suspending agents (lecithin, polyoxyethylene stearate and
      polyoxyethylene sorbitan monooleate) and preservatives
      (ethyl-p-hydroxybenzoate). Capsules may contain the active ingredient
      alone or admixed with an inert solid diluent, e.g., calcium carbonate,
      calcium phosphate and kaolin. The injectable compositions are formulated
      as known in the art. All these pharmaceutical preparations may contain up
      to about 90% of the active ingredient in combination with the carrier or
      adjuvant.
PAR  For the above-indicated use as a minor tranquilizer, the dosage of
      compounds (I) and (Ia) will vary depending upon the mode of administration
      utilized and the particular compound employed. However, in general,
      satisfactory results are obtained when the compounds are administered at a
      daily dosage of from about 1 milligram to about 100 milligrams per
      kilogram of animal body weight p.o. This daily dosage is preferably given
      in divided doses, e.g., 2 to 4 times per day, or in sustained release
      form. For most large mammals, the total daily dosage is from about 75
      milligrams to 1500 milligrams and dosage forms suitable for internal
      administration comprise from about 18 milligrams to about 750 milligrams
      of the compound in admixture with a solid or liquid pharmaceutical carrier
      or diluent.
PAR  The sedative-hypnotic effective dosage of the compounds of formulae (I) and
      (Ia) will vary depending on the particular compound employed. However, in
      general, satisfactory results are obtained when the compounds are
      administered orally at a daily dosage of from about 2 milligrams to about
      200 milligrams per kilogram of animal body weight p.o., typically given in
      a single dose at bedtime. For most large mammals, the total daily dosage
      is from about 150 milligrams to about 1500 milligrams, preferably in a
      single dose at bedtime.
PAR  Tablets and capsules containing the ingredients below may be prepared by
      conventional techniques and are useful as central nervous system
      depressants at a dose of one tablet or capsule 2 to 4 times a day.
TBL  ______________________________________                                    
     Ingredient                Weight (mg.)                                    
     ______________________________________                                    
     5-hydroxy-1-methyl-5-(m-                                                  
     trifluoromethylphenyl)pyrrolidone                                         
                               100                                             
     inert solid diluent (starch,                                              
     lactose, kaolin)          200                                             
     ______________________________________                                    
DETD
PAC  EXAMPLE 1
PAC  5-Hydroxy-1-methyl-5-(m-trifluoromethylphenyl)pyrrolidone.
PAR  To a Grignard prepared from 37 g. (0.16 mole) of 3-bromobenzotrifluoride
      and 3.7 g. (0.16 mole) of magnesium turnings in 100 ml. of dry
      diethylether, there is added dropwise over a period of about 10 minutes
      12.2 g. (0.11 mole) of N-methylsuccinimide in 100 ml. of dry benzene. The
      resulting mixture is stirred and refluxed for about 4 hours and then
      allowed to stand overnight at room temperature. Stirring is resumed and 40
      ml. of 50% sulfuric acid is added dropwise at such a rate to maintain a
      gentle reflux. After an additional 0.5 hours, the water layer is separated
      and washed twice with 50 ml. of benzene. The organic layers are combined
      and washed with 50 ml. of sodium carbonate and then twice more with 50 ml.
      of water. The resulting layer is dried over anhydrous magnesium sulfate,
      filtered and evaporated in vacuo. The resulting residue is crystallized
      from methylene chloride/hexane to give
      5-hydroxy-1-methyl-5-(m-trifluoromethylphenyl)pyrrolidone; m.p.
      137.degree.- 139.degree.C.
PAR  Following the above procedure and using in place of
      3-bromo-benzotrifluoride an equivalent amount of
PAR  a 2-chloro-5-bromobenzotrifluoride, or
PAR  b 2-fluoro-5-bromobenzotrifluoride,
PAL  there is obtained
PAR  a 5-hydroxy-1-methyl-5-(4-chloro-m-trifluoromethylphenyl) pyrrolidone, or
PAR  b 5-hydroxy-1-methyl-5-(4-fluoro-m-trifluoromethylphenyl) pyrrolidone.
PAR  Again following the above procedure and using in place of N-methyl
      succinimide, an equivalent amount of
PAR  c N-ethylsuccinimide,
PAR  d succinimide,
PAR  e N-methylglutarimide, or
PAR  f glutarimide,
PAL  there is obtained
PAR  c 5-hydroxy-1-ethyl-5-(m-trifluoromethylphenyl)pyrrolidone,
PAR  d 5-hydroxy-5-(m-trifluoromethylphenyl)pyrrolidone,
PAR  e 6-hydroxy-1-methyl-6-(m-trifluoromethylphenyl)piperidinone,
PAL  or
PAR  f 6-hydroxy-6-(m-trifluoromethylphenyl)piperidinone, respectively.
PAC  EXAMPLE 2
PAC  5-Hydroxy-1-methyl-5-(m-tolyl)pyrrolidone.
PAR  To a Grignard prepared from 27.3g (0.16 mole) of 3-bromotoluene and 3.7 g.
      (0.16 mole) of magnesium turnings in 100 ml. of dry diethylether, there is
      added dropwise over a period of about 10 minutes 12.2 g. (0.11 mole) of
      N-methylsuccinimide in 100 ml. of dry benzene. The resulting mixture is
      stirred and refluxed for about 4 hours and then allowed to stand overnight
      at room temperature. Stirring is resumed and 40 ml. of 50% sulfuric acid
      is added dropwise at such a rate to maintain a gentle reflux. After an
      additional 0.5 hours, the water layer is separated and washed twice with
      50 ml. of benzene. The organic layers are combined and washed with 50 ml.
      of sodium carbonate and then twice more with 50 ml. of water. The
      resulting layer is dried over anhydrous magnesium sulfate, filtered and
      evaporated in vacuo. The resulting residue is crystallized from methylene
      chloride/hexane to give 5-hydroxy-1-methyl-5-(m-tolyl) pyrrolidone; m.p.
      128.degree.-130.degree.C.
PAR  Following the above procedure and using in place of 3-bromotoluene an
      equivalent amount of
PAR  a 2-chloro-5-bromotoluene, or
PAR  b 2-fluoro-5-bromotoluene,
PAL  there is obtained
PAR  a 5-hydroxy-1-methyl-5-(4-chloro-m-tolyl)pyrrolidone, or
PAR  b 5-hydroxy-1-methyl-5-(4-fluoro-m-tolyl)pyrrolidone.
PAR  Again following the above procedure and using in place of
      N-methylsuccinimide, an equivalent amount of
PAR  c N-ethylsuccinimide,
PAR  d N-methylglutarimide, or
PAR  e N-ethylglutarimide,
PAL  there is obtained
PAR  c 5-hydroxy-1-ethyl-5-(m-tolyl)pyrrolidone,
PAR  d 6-hydroxy-1-methyl-6-(m-tolyl)piperidinone, or
PAR  e 6-hydroxy-1-ethyl-(m-tolyl)piperidinone, respectively.
PAC  EXAMPLE 3
PAC  5-Hydroxy-1-methyl-5-(m-trifluoromethylphenyl)pyrrolidone.
PAR  To a mixture of 24.5 g. 3-(m-trifluoromethylbenzoyl) propionic acid (0.10
      mole) and 10.1 g. triethylamine (0.10 mole) in 250 ml. of chloroform
      cooled to 0.degree.C., there is added dropwise 10.8 g. (0.10 mole) of
      ethyl chloroformate at such a rate that the critical temperature does not
      exceed 10.degree.C. The reaction is stirred for 2 1/2 hours to obtain the
      mixed anhydride of 3-benzoylpropionic acid which is then treated with 3.1
      g. of methylamine (0.10 mole) in 100 ml. of chloroform. The cooling
      apparatus is removed and the reaction is stirred for about 20 hours. The
      chloroform layer is then washed with 50 ml. of water, 100 ml. 1N
      hydrochloric acid, 100 ml. saturated sodium chloride solution, dried over
      anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The
      resulting residue is crystallized from methylene chloride/hexane to give
      5-hydroxy-1-methyl-5-(m-trifluoromethylphenyl)pyrrolidone; m.p.
      137.degree.-139.degree.C.
PAR  Following the above procedure and using in place of
      3-(m-trifluoromethylbenzoyl)propionic acid an equivalent amount of
PAR  a. 3-(4-chloro-m-trifluoromethylbenzoyl)propionic acid,
PAR  b. 3-(4-fluoro-m-trifluoromethylbenzoyl)propionic acid, or
PAR  c. 3-(m-trifluoromethylbenzoyl)butyric acid,
PAL  there is obtained
PAR  a 5-hydroxy-1-methyl-5-(4-chloro-m-trifluoromethylphenyl) pyrrolidone,
PAR  b 5-hydroxy-1-methyl-5-(4-fluoro-m-trifluoromethylphenyl) pyrrolidone, or
PAR  c 5-hydroxy-1-methyl-5-(m-trifluoromethylphenyl)piperidinone.
PAR  Again following the above procedure but using in place of methylamine an
      equivalent amount of
PAR  d ammonia, or
PAR  e ethylamine,
PAL  there is obtained
PAR  d. 5-hydroxy-5-(m-trifluoromethylphenyl)pyrrolidone, or
PAR  e. 5-hydroxy-1-ethyl-5-(m-trifluoromethylphenyl)pyrrolidone, respectively.
PAC  EXAMPLE 4
PAC  5-Hydroxy-1-methyl-5-(m-tolyl)pyrrolidone.
PAR  To a mixture of 24.5 g. 3-(m-toluoyl)propionic acid (0.10 mole) and 10.1 g.
      triethylamine (0.10 mole) in 250 ml. of chloroform cooled to 0.degree.C.,
      there is added dropwise 10.8 g. (0.10 mole) of ethyl chloroformate at such
      a rate that the critical temperature does not exceed 10.degree.C. The
      reaction is stirred for 2 1/2 hours to obtain the mixed anhydride of
      3-benzoylpropionic acid which is then treated with 3.1 g. of methylamine
      (0.10 mole) in 100 ml. of chloroform. The cooling apparatus is removed and
      the reaction is stirred for about 20 hours. The chloroform layer is then
      washed with 50 ml. of water, 100 ml. 1N hydrochloric acid, 100 ml.
      saturated sodium chloride solution, dried over anhydrous magnesium
      sulfate, filtered, and concentrated in vacuo. The resulting residue is
      crystallized from methylene chloride/hexane to give
      5-hydroxy-1-methyl-5-(m-tolyl) pyrrolidone; m.p. 128.degree.-130.degree.C.
PAR  Following the above procedure and using in place of
      3-(m-trifluoromethylbenzoyl)propionic acid an equivalent amount of
PAR  a 3-(4-chloro-m-toluoyl)propionic acid,
PAR  b 3-(4-fluoro-m-toluoyl)propionic acid, or
PAR  c 3-(m-toluoyl)butyric acid,
PAL  there is obtained
PAR  a 5-hydroxy-1-methyl-5-(4-chloro-m-tolyl)pyrrolidone,
PAR  b 5-hydroxy-1-methyl-5-(4-fluoro-m-tolyl)pyrrolidone, or
PAR  c 5-hydroxy-1-methyl-5-(m-tolyl)piperidinone.
PAR  Again following the above procedure but using in place of methylamine an
      equivalent amount of
PAR  d. ammonia, or
PAR  e. ethylamine
PAL  there is obtained
PAR  d. 5-hydroxy-5-(m-tolyl)pyrrolidone, or
PAR  e. 5-hydroxy-1-ethyl-5-(m-tolyl)pyrrolidone, respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PAL  where
PA1  R is hydrogen or lower alkyl having 1 to 4 carbon atoms,
PA1  R.sub.1 is hydrogen or halo having an atomic weight of about 19 to 36, and
PA1  n is 0 or 1.
NUM  2.
PAR  2. A compound according to claim 1 in which R represents lower alkyl,
      R.sub.1 represents hydrogen and n is 0.
NUM  3.
PAR  3. The compound of claim 1 which is
      5-hydroxy-1-methyl-5-(m-trifluoromethylphenyl)pyrrolidone.
NUM  4.
PAR  4. The compound of claim 1 which is
      5-hydroxy-1-ethyl-5-(m-trifluoromethylphenyl)pyrrolidone.
NUM  5.
PAR  5. The compound of claim 1 which is
      5-hydroxy-5-(m-trifluoromethylphenyl)pyrrolidone.
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ABST
PAL  A composition of matter is described herein which has insecticidal and
      miticidal activity and methods of use. The composition may be defined by
      the following generic formula
      ##EQU1##
      wherein R.sub.1 is lower alkyl having 1 to 4 carbon atoms, and R.sub.2 can
      be selected from alkylketoximino, piperidyl, cycloalkylketoximino,
      alkylaldoximino, alkylcarbamylalkoxy, hexamethyleneimino,
      alkyloxazolidine, and
      ##EQU2##
      wherein R.sub.3 and R.sub.4 can be the same or different and can be
      selected from hydrogen, alkyl having 1 to 15 carbon atoms, alkoxyalkyl,
      alkenyl, benzyl, cyanoalkyl, alkanol, phenyl, alkylphenyl,
      sulfonamidophenyl, thiazolinyl, alkoxycarbamyl, halobenzyl, furfuryl,
      provided that when R.sub.3 is hydrogen, R.sub.4 is other than hydrogen.
PARN
PAR  This is a division of application Ser. No. 304,871 filed Oct. 19, 1972, now
      U.S. Pat. No. 3,832,370.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Among the many insecticidal and miticidal compounds available, the
      organotin compounds have reached a relatively high degree of commercial
      success. Specifically, the organotins described in U.S. Pat. Nos.
      3,264,177, 3,591,614 and 3,591,615 are widely used. These compounds,
      however, suffer from considerable unstability due to the presence of an
      ester linkage to the tin atom. Thus, these compounds are quite susceptible
      to hydrolysis on use. Additionally, the organotin compounds described in
      U.S. Pat. Nos. 3,321,361 and 3,321,365 are useful as insecticides.
      However, these compounds are quite toxic to vegetation and thus have
      extremely limited use.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It has been discovered that certain organotin compounds have relatively low
      phytotoxicity properties and are relatively stable. These organotin
      compounds may be defined by the following generic formula
      ##EQU3##
      wherein R.sub.1 is lower alkyl having 1 to 4 carbon atoms, and R.sub.2 can
      be selected from alkylketoximino, piperidyl, cycloalkylketoximino,
      alkylaldoximino, alkylcarbamylalkoxy, hexamethyleneimino,
      alkyloxazolidine, and
      ##EQU4##
      wherein R.sub.3 and R.sub.4 can be the same or different and can be
      selected from hydrogen, alkyl having 1 to 15 carbon atoms, alkoxyalkyl,
      alkenyl, benzyl, cyanoalkyl, alkanol, phenyl, alkylphenyl,
      sulfonamidophenyl, thiazolinyl, alkoxycarbamyl, halobenzyl, furfuryl,
      provided that when R.sub.3 is hydrogen, R.sub.4 is other than hydrogen.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the practice of the present invention, the compounds of the present
      invention are manufactured by reacting an alkylthiophosphine sulfide with
      an appropriate amine in a neutral solvent to form an intermediate
      compound. The intermediate compound is then reacted with an alkyl tin
      halide to form the end product. The halide moiety in the alkyl tin halide
      can be selected from the group consisting of chlorine, bromine and iodine.
      After the compounds of the present invention are formed, they can be
      applied to the habitat in an effective amount to control respective mites
      and insects.
DETD
PAR  The following examples illustrate the merits of the present invention:
PAC  EXAMPLE 1
      ##EQU5##
PAR  A mixture was formed containing 2.2 grams (0.009 mole) of
      ethylthiophosphine sulfide, 50 ml. of tetrahydrofuran, 2.8 grams (0.015
      mole) of dodecylamine and 7.0 ml. of triethylamine. This mixture was
      allowed to stand for 1 hour wherein 6.1 grams (0.015 mole) of
      tricyclohexyl tin chloride was added and the mixture was allowed to stand
      for 24 hours. Then, the mixture was heated to boiling for a few minutes,
      then diluted with 100 ml. of chloroform, washed with 100 ml. of water and
      50 ml. of sodium bicarbonate solution, dried over magnesium sulfate and
      evaporated in vacuo to yield 6.5 grams of product.
PAC  EXAMPLE 2
      ##EQU6##
PAR  A mixture was formed containing 2.2 grams (0.009 mole) of
      ethylthiophosphine sulfide, 50 ml. tetrahydrofuran, and 3.0 grams (0.04
      mole) of methoxyethylamine. The mixture was allowed to stand for 1 hour,
      wherein 6.1 grams (0.015 mole) of tricyclohexyl tin chloride was added.
      The mixture was allowed to stand for 24 hours. Then, the mixture was
      heated to boiling for a few minutes, diluted with 100 ml. of chloroform,
      washed with 100 ml. of water and a 50 ml. solution of sodium bicarbonate,
      dried over magnesium sulfate and evaporated in vacuo to yield 6.5 grams of
      product, m.p. 56.degree.-59.degree.C.
PAC  EXAMPLE 3
      ##EQU7##
PAR  A mixture was formed containing 2.2 grams (0.009 mole) of
      ethylthiophosphine sulfide, 50 ml. of ethyl ether and 4.1 ml. (0.04 mole)
      of diethylamine. This mixture was allowed to stand for 1 hour. Then, 6.1
      grams (0.015 mole) of tricyclohexyl tin chloride and 50 ml.
      tetrahydrofuran was added and the mixture was allowed to stand for 24
      hours. Then, the mixture was boiled for a few minutes, diluted with 50 ml.
      of ethyl ether and then washed with 100 ml. of water, 50 ml. of a
      saturated solution of sodium bicarbonate, dried over magnesium sulfate and
      evaporated in vacuo to yield 7.0 grams of product.
PAC  EXAMPLE 4
      ##EQU8##
PAR  A mixture was formed containing 2.2 grams (0.009 mole) of
      ethylthiophosphine sulfide, 50 ml. tetrahydrofuran, 1.70 grams (0.015
      mole) of cyclohexanoneoxime and 7.0 ml. of triethylamine. This mixture
      reacted exothermically with the addition of triethylamine. After 1 hour,
      6.0 grams (0.015 mole) of tricyclohexyl tin chloride was added and allowed
      to stand for 2 days. The mixture was diluted with 100 ml. of chloroform.
      The mixture was then washed with 100 ml. of water, 50 ml. of saturated
      sodium bicarbonate solution, dried over magnesium sulfate and evaporated
      in vacuo to yield an oil that was triturated with methanol to yield 7.2 g.
      of crystals, m.p. 76.degree.-79.degree.C.
PAC  EXAMPLE 5
      ##EQU9##
PAR  The procedure of Example 4 was repeated in its entirety except 1.8 grams
      (0.019 mole) of aniline was substituted for the 1.70 grams of
      cyclohexanoneoxime. The yield was 6.0 grams of product, m.p.
      88.degree.-90.degree.C.
PAC  EXAMPLE 6
      ##EQU10##
PAR  The procedure of Example 4 was repeated in its entirety except 1.37 grams
      (0.015 mole) of methylhydrazinocarboxylate was substituted for the 1.70
      grams of cyclohexanoneoxime and only a 24 hour reaction period was used
      instead of 2 days. The yield was 5.0 grams of product, m.p.
      83.degree.-86.degree.C.
PAC  EXAMPLE 7
      ##EQU11##
PAR  A mixture was formed containing 2.2 grams (0.009 mole) of
      ethylthiophosphine sulfide, 50 ml. tetrahydrofuran, 2.0 ml. (0.02 mole)
      n-butylamine, and 7.0 ml. of triethylamine. After standing at room
      temperature for 1 hour, 5.0 grams (0.0124 mole) of tricyclohexyl tin
      chloride was added in one portion and the mixture was allowed to stand
      until the next morning. The mixture was diluted with 100 ml. of chloroform
      and then washed with 100 ml. of water, 50 ml. of 1N HCl, 50 ml. of
      saturated sodium bicarbonate solution and then dried over magnesium
      sulfate and evaporated in vacuo to give an oil that was crystallized from
      50 ml. of methyl alcohol to yield 6.0 grams of product, m.p.
      58.degree.-60.degree.C.
PAC  EXAMPLE 8
      ##EQU12##
PAR  The procedure of Example 7 was repeated in its entirety except 1.1 grams of
      methylamine gas was substituted for the n-butylamine. The product yield
      was 3.8 grams, m.p. 81.degree.-83.degree.C.
PAR  Other compounds were made in a similar manner using appropriate starting
      materials. The compounds are listed in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 9            SnSP.angle.                                          
                          NHCH.sub.2 CH.sub.2 CH.sub.3                         
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 10           SnSP.angle.CH.sub.3                                  
                          ON=C.angle.                                          
                          CH.sub.3                                             
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 11           SnSP.angle.                                          
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 12           SnSP.angle.CH.sub.2 CH=CH.sub.2                      
                          N.angle.                                             
                          CH.sub.2 CH=CH.sub.2                                 
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 13           SnSP.angle.C.sub.2 H.sub.5                           
                          N.angle.                                             
                          CH.sub.2                                             
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 14           SnSP.angle.                                          
                          NHCH.sub.2                                           
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 15           SnSP.angle.CH.sub.2 CH.sub.2 CN                      
                          N.angle.                                             
                          CH.sub. 2 CH.sub.2 CN                                
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 16           SnSP.angle.                                          
                          NHCH.sub.2 CH.sub.2 OH                               
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 17           SnSP.angle.CH.sub.2 CH.sub.2 OCH.sub.3               
                          N.angle.                                             
                          CH.sub.2 CH.sub.2 OCH.sub.3                          
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 18           SnSP.angle.                                          
                          NH--                                                 
                          SC.sub.2 H.sub.5 CH.sub.3                            
                          .parallel.                                           
     Example 19           SnSP.angle.CH.angle.                                 
                          N.angle.CH.sub.3                                     
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 20           SnSP.angle.CH.sub.2 CH=CH.sub.2                      
                          N                                                    
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 21           SnSP.angle.                                          
                          NH--                                                 
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 22           SnSP.angle.S                                         
                          NH--.angle.                                          
                          N                                                    
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 23           SnSP.angle.                                          
                          O--N=CHCH.sub.3                                      
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 24           SnSP.angle.                                          
                          NHCH.sub.2 CH.sub.2 CH.sub.2 OH                      
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 25           SnSP.angle.O                                         
                          .parallel.                                           
                          OCH.sub.2 CH.sub.2 NHCCH.sub.3                       
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 26           SnSP.angle.CH.sub.3                                  
                          .vertline.                                           
                          NHCH--C--CH.sub.3                                    
                          .vertline..vertline.                                 
                          CH.sub.3 CH.sub.3                                    
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 27           SnSP.angle.CH.sub.3                                  
                          NHCH.sub.2 CH.sub.2 CH.angle.                        
                          CH.sub.3                                             
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 28           SnSP.angle.C.sub.2 H.sub.5                           
                          NHCH.angle.                                          
                          C.sub.2 H.sub.5                                      
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 29           SnSP.angle.                                          
                          NHCH.sub.2 --                                        
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 30           SnSP.angle.                                          
                          NCH--CH.sub.2 CH.sub.3                               
                          .vertline.                                           
                          CH.sub.3 .sub.2                                      
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 31           SnSP.angle.                                          
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 32           SnSP.angle.                                          
                          NHCH.sub.2                                           
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 33           SnSP.angle.                                          
                          N                                                    
                          .vertline.                                           
                          CH.sub.3 ------O                                     
                          .vertline.                                           
                          CH.sub.3                                             
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 34           SnSP.angle.CH.sub.3                                  
                          NHCH.angle.                                          
                          CH.sub.3                                             
                          SC.sub.2 H.sub.5                                     
                          .parallel.                                           
     Example 35           SnSP.angle.                                          
                          NHCH.sub.2 CH=CH.sub.2                               
     __________________________________________________________________________
PAC  Insecticidal Evaluation Tests
PAR  The following insect species are subjected to evaluation tests for
      insecticidal activity.
PAR  1. Housefly (HF) -- Musca domestica (Linn.)
PAR  2. Lygus Bug (LB) -- Lygus hesperus (Knight)
PAR  3. Bean Aphid (BA) -- Aphis fabae (Scop.)
PAR  4. Two-spotted Mite (2-SM) -- Tetranychus urticae (Koch)
PAR  5. Salt-Marsh Caterpillar (SMC) -- Estigmene acrea (Drury)
PAR  6. Beet armyworm (BAW) -- Spodoptera exigua (Hubner)
PAR  7. Tobacco budworm (TBW) -- Heliothis virescens (Fabricius)
PAR  Aliquots of the toxicants, dissolved in an appropriate solvent, are diluted
      in water containing 0.018% of a wetting agent, Sponto 221 (a polyoxyether
      of alkylated phenols blended with organic sulfonates). Test concentrations
      range from 0.1% downward to that at which 50% mortality is obtained. In
      the tests, for these species, ten 1-month old nymphs of the Lygus Bug are
      placed in a circular cardboard cage sealed on one end with cellophane and
      covered by a cloth netting on the other. Test concentrations for the Lygus
      Bug ranged from 0.05% downward to that at which 50% mortality was
      obtained. Each of the aqueous suspensions of the candidate compounds are
      sprayed onto the insects through the cloth netting by means of a hand
      spray gun. Percent mortality in each case is recorded after 72 hours, and
      the LD.sub.50 value expressed as percent of toxicant in the aqueous spray
      is recorded. The results are in Table II under Column LB.
PAR  The following procedure is used to test houseflies: A stock solution
      containing 0.1 percent by weight of the toxicant in an appropriate solvent
      is prepared. Aliquots of this solution are combined with 1 milliliter of
      an acetone-peanut oil solution in a 60 mm O.D. aluminum pan and allowed to
      dry. The aliquots are selected to achieve desired toxicant concentration
      ranging from 100 .mu.g per aluminum pan to that at which 50% mortality was
      attained. The aluminum pans are placed in a circular cardboard cage,
      closed on the bottom with cellophane and covered on top with cloth
      netting. Twenty-five female houseflies are introduced into the cage and
      the per cent mortality is recorded after 48 hours. The LD.sub.50 values
      are expressed in terms of .mu.g per 25 female flies. LD.sub.50 values
      obtained in the above-mentioned housefly test are found in Table II under
      Column HF.
PAR  The compound is dissolved in the appropriate solvent and diluted to a
      concentration of 0.1 percent with water containing 0.018% Sponto 221. A
      portion of the leaf from a bitter dock (Rumex obtusifolius) plant is
      immersed in the test solution for 10 seconds and allowed to dry. When dry,
      the leaf is placed in a Petri dish containing a 9 cm disc of moistened
      filter paper. Five 3rd-instar saltmarsh caterpillar larvae are placed on
      the treated leaf. Mortality is recorded after 72 hours. Test
      concentrations range from 0.1 percent to that at which 50% mortality is
      obtained. This latter concentration is recorded as the LD.sub.50 value for
      the test compound.
PAR  The test method for the cotton bollworm, beet armyworm and tobacco budworm
      is identical to the above except that Romaine lettuce (Lactuca sativa) is
      used as the test plant rather than bitter dock.
PAR  The compounds are also active against two-spotted mite (2-SM) Tetranychus
      urticae (Koch). Pinto bean plants (Phaseolus sp.) are utilized as the host
      plant and infested with 50 to 75  mites of various ages. Twenty-four hours
      after infestation, they are sprayed to the point of run off with aqueous
      suspension of the toxicant. Test concentrations range from 0.05% to that
      at which 50% mortality is obtained. The values obtained in this test are
      found in Table II under the Columns 2SM-PE and 2SM-Eggs.
PAR  The compounds are also active against bean aphid (Aphis fabae (Scop.)) as a
      contact toxicant. The same test procedure as given for the two-spotted
      mite above is used for the bean aphid except nasturtium (Tropaeolum Sp.)
      plants approximately 2 to 3 inches tall are used as the host plant. The
      LD.sub.50 values obtained for the compounds of this invention are found in
      Table II under Column BA.
TBL                                    TABLE II                                
     __________________________________________________________________________
     2-SM                                                                      
     Example                                                                   
     No.  HF  LB BA   PE  Eggs                                                 
                              SMC BAW TBW                                      
     __________________________________________________________________________
      1   80  &gt;.05                                                             
                 0.01 .0003                                                    
                          .0008                                                
                              .03 .03 .1                                       
      2   50  &gt;.05                                                             
                 &gt;.05 .0003                                                    
                          .0008                                                
                              .01 .01 .1                                       
      3   75  &gt;.05                                                             
                 .01  .0001                                                    
                          .003                                                 
                              .03 .01 &gt;.1                                      
      4   65  &gt;.05                                                             
                 .003 .0003                                                    
                          .003                                                 
                              &gt;.1 .03 &gt;.1                                      
      5   65  &gt;.05                                                             
                 .008 .003                                                     
                          .003                                                 
                              &gt;.1 .01 &gt;.1                                      
      6   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .003                                                 
                              .1  .08 &gt;.1                                      
      7   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .0008                                                
                              .03 .008                                         
                                      .1                                       
      8   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .0008                                                
                              .05 .008                                         
                                      &gt;.1                                      
      9   40  .05                                                              
                 .05  .0003                                                    
                          .003                                                 
                              --  --  &gt;.1                                      
     10   50  .05                                                              
                 .03  .0001                                                    
                          .003                                                 
                              --  --  &gt;.1                                      
     11   80  .02                                                              
                 .03  .0003                                                    
                          .003                                                 
                              --  --  &gt;.1                                      
     12   55  .05                                                              
                 .01  .0005                                                    
                          .003                                                 
                              .01 .03 .1                                       
     13   60  .05                                                              
                 .01  .0003                                                    
                          .003                                                 
                              .1  .03 &gt;.1                                      
     14   80  .05                                                              
                 .01  .0003                                                    
                          .0008                                                
                              .1  .01 &gt;.1                                      
     15   80  &gt;.05                                                             
                 .05  .0003                                                    
                          .003                                                 
                              .05 .01 &gt;.1                                      
     16   &gt;100                                                                 
              &gt;.05                                                             
                 &gt;.05 .003                                                     
                          .03 &gt;.1 --  --                                       
     17   80  .05                                                              
                 .03  .0003                                                    
                          .0008                                                
                              &gt;.1 .01 &gt;.1                                      
     18   90  .05                                                              
                 .03  .001                                                     
                          .008                                                 
                              &gt;.1 .01 &gt;.1                                      
     19   90  .05                                                              
                 .008 .0005                                                    
                          .008                                                 
                              .1  .01 .1                                       
     20   &gt;100                                                                 
              &gt;.05                                                             
                 .03  .001                                                     
                          .008                                                 
                              &gt;.1 .01 &gt;.1                                      
     21   65  &gt;.05                                                             
                 .01  .0003                                                    
                          .003                                                 
                              .1  .1  &gt;.1                                      
     22   65  &gt;.05                                                             
                 .05  .0003                                                    
                          .003                                                 
                              .1  .1  &gt;.1                                      
     23   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .003                                                 
                              &gt;.1 .05 &gt;.1                                      
     24   65  &gt;.05                                                             
                 .01  .0003                                                    
                          .003                                                 
                              .1  .05 &gt;.1                                      
     25   65  &gt;.05                                                             
                 .005 .0003                                                    
                          .003                                                 
                              &gt;.1 .05 &gt;.1                                      
     26   65  .05                                                              
                 .008 .0001                                                    
                          .0008                                                
                              .05 .005                                         
                                      .08                                      
     27   65  &gt;.05                                                             
                 .005 .0003                                                    
                          .003                                                 
                              .05 .01 &gt;.1                                      
     28   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .0008                                                
                              &gt;.05                                             
                                  .01 &gt;.1                                      
     29   65  &gt;.05                                                             
                 .008 .0005                                                    
                          .0008                                                
                              .03 .005                                         
                                      &gt;.1                                      
     30   65  .05                                                              
                 .008 .0003                                                    
                          .003                                                 
                              .05 .005                                         
                                      &gt;.1                                      
     31   80  &gt;.05                                                             
                 .03  .0003                                                    
                          .0008                                                
                              .05 .005                                         
                                      &gt;.1                                      
     32   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .0008                                                
                              &gt;.1 .005                                         
                                      &gt;.1                                      
     33   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .0008                                                
                              .1  .005                                         
                                      .08                                      
     34   65  &gt;.05                                                             
                 .03  .0003                                                    
                          .0008                                                
                              &gt;.1 .01 .05                                      
     35   65  &gt;.05                                                             
                 .03  .0001                                                    
                          .003                                                 
                              .1  .005                                         
                                      .1                                       
     __________________________________________________________________________
PAR  The compounds of this invention are generally embodied into a form suitable
      for convenient application. For example, the compounds can be embodied
      into pesticidal compositions which are provided in the form of emulsions,
      suspensions, solutions, dusts and aerosol sprays. In general, such
      compositions will contain, in addition to the active compound, the
      adjuvants which are found normally in pesticide preparations. In these
      compositions, the active compounds of this invention can be employed as
      the sole pesticide component or they can be used in admixture with other
      compounds having similar utility. The pesticide compositions of this
      invention can contain, as adjuvants, organic solvents, such as sesame oil,
      xylene range solvents, heavy petroleum, etc.; water; emulsifying agents;
      surface active agents; talc; pyrophyllite; diatomite; gypsum; clays;
      propellants, such as dichlorodifluoromethane, etc. If desired, however,
      the active compounds can be applied directly to feedstuffs, seeds, etc.
      upon which the pests feed. When applied in such a manner, it will be
      advantageous to use a compound which is not volatile. In connection with
      the activity of the presently disclosed pesticidal compounds, it should be
      fully understood that it is not necessary that they be active as such. The
      purposes of this invention will be fully served if the compound is
      rendered active by external influences, such as light or by some
      physiological action which occurs when the compound is ingested into the
      body of the pest.
PAR  The precise manner in which the pesticidal compositions of this invention
      are used in any particular instance will be readily apparent to a person
      skilled in the art. Generally, the active pesticide compound will be
      embodied in the form of a liquid composition; for example, an emulsion,
      suspension, or aerosol spray. While the concentration of the active
      pesticide in the present compositions can vary within rather wide limits,
      ordinarily the pesticide compound will comprise not more than about 50.0%
      by weight of the composition. Preferably, however, the pesticide
      compositions of this invention will be in the form of spray tank solutions
      or suspensions containing about 0.1 to 1.0% by weight of the active
      pesticide compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula:
      ##EQU13##
NUM  2.
PAR  2. A compound having the formula:
      ##EQU14##
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ABST
PAL  2,4,7-Substituted 5-hydroxy benzopyrans and dihydrobenzopyrans and their
      esters represented by the formulae
      ##SPC1##
PAL  Wherein each R.sub.1 is loweralkyl, and R.sub.2 is hydrogen, loweralkanoyl
      or
      ##SPC2##
PAL  With Y being a straight or branched chain alkylene group having from 1-8
      carbon atoms; a is an integer from 1-4; b is an integer from 1-4; X is
      CH.sub.2, O, S, or NR.sub.5 with R.sub.5 being hydrogen or loweralkyl,
      with the limitation that when X is O, S, or NR.sub.5, the sum of a and b
      is 3 or 4 and R.sub.4 is hydrogen or loweralkyl; and R.sub.3 is
      ##SPC3##
PAL  With Y' being a straight or branched chain alkylene group having from 1-10
      carbon atoms; and each R.sub.7, R.sub.8 and R.sub.9 are the same or
      different members of the group consisting of hydrogen, halo,
      trifluoromethyl or loweralkyl and the pharmaceutically acceptable salts
      thereof.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel 2,4,7-substituted 5-hydroxy benzopyrans and
      esters and to pharmaceutical compositions containing the compounds for
      pharmacological and medicinal purposes.
PAR  According to one aspect of the invention, compounds are provided which can
      be represented by the formula
      ##SPC4##
PAL  Wherein each R.sub.1 is loweralkyl, and R.sub.2 is hydrogen, lower-alkanoyl
      or
      ##SPC5##
PAL  With Y being a straight or branched chain alkylene group having from 1-8
      carbon atoms; a is an integer from 1-4; b is an integer from 1-4; X is
      CH.sub.2, O, S, or NR.sub.5 with R.sub.5 being hydrogen or loweralkyl,
      with the limitation that when X is O, S, or NR.sub.5, the sum of a and b
      is 3 or 4 and R.sub.4 is hydrogen or loweralkyl; and R.sub.3 is
      ##SPC6##
PAL  With Y'  being a straight or branched chain alkylene group having from 1-10
      carbon atoms; and each R.sub.7, R.sub.8 and R.sub.9 are the same or
      different members of the group consisting of hydrogen, halo,
      trifluoromethyl or loweralkyl and the pharmaceutically acceptable salts
      thereof.
PAR  The term "loweralkyl" as used herein, refers to C.sub.1 -C.sub.6 straight
      or branched chain alkyl groups containing methyl, ethyl, n-propyl,
      iso-propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl,
      neo-pentyl, n-hexyl and the like.
PAR  The term "loweralkanoyl" as used herein, refers to saturated monovalent,
      aliphatic radicals derived from a monocarboxylic acid, including straight
      or branched chain radicals of from 1-6 carbon atoms including the formyl,
      acetyl, propionyl, .alpha.-methylpropionyl, butyryl, hexanoyl and the like
      radicals.
PAR  The term "pharmaceutically acceptable salts" refers to those such as
      sodium, potassium, calcium, barium, aluminum, ammonium and substituted
      ammonium salts, such as methyl ammonium, benzyl ammonium, triethanol
      ammonium salts and the like. The term includes both cationic salts which
      are well known in the art and are considered "pharmaceutically
      acceptable".
PAR  The term "pharmaceutically acceptable acid addition salts" refers to acid
      addition salts which are those salts prepared for example, by reacting the
      basic esters with an organic or inorganic acid, or by reacting the
      benzopyrans with an acid addition salt of the desired acid. Representative
      salts include the hydrochloride, hydrobromide, sulfate, bisulfate,
      acetate, valerate, oleate, laurate, borate, benzoate, lactate, phosphate,
      tosylate, citrate, maleate, succinate, tartrate and the like.
PAR  Intermediate pyrones useful in making the compounds of Formulae I and II
      are represented by Formulae III and IV:
      ##SPC7##
PAR  In producing the intermediate resorcinols, an appropriate arylalkyl halide
      is converted to a Grignard reagent and then reacted with 3,5-dimethoxy
      acetophenone (or higher homolog). The resulting alcohol is hydrogenated
      and then the methoxy groups are converted into hydroxy groups with HBr.
PAR  Alternatively, the arylalkyl halide is reacted with 3,5-dimethoxy
      propiophenone (or higher homolog) in the presence of sodium hydride (or
      other appropriate base) and the resulting ketone is treated with an alkyl
      magnesium halide. The resulting alcohol is hydrogenated and converted into
      the resorcinol with HBr.
PAR  The substituted resorcinol is reacted with a keto ester containing the
      desired R.sub.1 group to form a coumarin. The coumarin is then reacted
      with CH.sub.3 MgBr to give the benzopyran, which can be hydrogenated to
      the dihydro benzopyran.
PAR  Alternatively, the resorcinol can be reacted with methyl crotonic acid
      according to the method of Fahrenholtz [J. Am. Chem. Soc. 89 5934 (1967)]
      to give the benzopyran-4-one which in turn is reacted with a Grignard or
      other organometallic compound to give the desired benzopyran.
PAR  The benzopyran or dihydro benzopyran is then esterified with either an acid
      or acid chloride containing the R.sub.2 group to form the final product.
PAR  Instead of proceeding from the pyrone to the pyran to achieve the
      dihydropyran one may reduce the pyrone to the dihydropyrone, and then
      effect a Grignard reaction to prepare the dihydropyran.
PAR  The following flow diagrams illustrate these methods of preparation:
      ##SPC8##
      ##SPC9##
      ##SPC10##
      ##SPC11##
PAR  Compounds of Formula I are useful as analgesic agents when administered to
      an animal either orally or parenterally at dosages of from 0.4 to 40
      mg./kg. of body weight daily, preferably in divided dosages of from 2 to 4
      times daily. The analgesic activity was first established in the mouse
      writhing test by the method of B. A. Whittle (Brit. J. Pharmacol., 1964,
      22:246) and is modified by eliminating the intravenous dye injection and
      assay; and reducing the pre-treatment time to one hour prior to acid
      injection, using groups of five mice.
PAR  The presently preferred compounds of Formula I are those wherein each
      R.sub.1 is methyl, R.sub.2 is H or COCH.sub.3 and R.sub.4 is
      4-fluorophenyl-2-pentyl. The presently preferred compounds have ED.sub.50
      's of 4.1 and 10.3 respectively.
PAR  In addition to their analgesic activity, the compounds of Formula I are
      mild tranquilizing agents at dosages of from 0.5 to 50 mg./kg. of body
      weight daily by oral or parenteral administration. The tranquilizing
      activity was first established in the mouse fighting test by the method of
      Tedeshi et al., [J. Pharmacol. Exp. Ther. 125 28 (1959)]. Since pain is
      generally accompanied by anxiety, the compounds of this invention are
      especially useful for treating patients suffering from pain.
PAR  Some of the compounds of Formula I, for example, when each R.sub.1 is
      methyl, R.sub.2 is COCH.sub.3 and R.sub.4 is 4-fluorophenyl-2-pentyl,
      additionally exhibit antidepressant activity at dosages of from 0.5 to 200
      mg./kg. of body weight daily and these are useful as anti-anxiety agents
      because of the combination of their tranquilizing effect without
      stimulating overtones. The antidepressant activity was first established
      in the modified dopa test, according to the method of G. M. Everett,
      Antidepressant Drugs, Proc. Int. Symp. 1, 194 (1967).
PAR  The compounds of Formula II are useful as antidepressant agents at oral and
      parenteral dosages of from 0.5 to 200 mg./kg. of body weight daily. The
      antidepressant activity was first established in the modified dopa test
      and confirmed in the reserpine reversal test according to the method of R.
      Domenjoz and W. Theobold, Arch. Int. Pharmacodyn 120 458 (1959).
PAR  Compounds of Formulae III and IV are intermediates useful in the
      preparation of the compounds of Formulae I and II.
PAR  Compounds of Formulae I and II wherein R.sub.2 is
      ##SPC12##
PAL  the heterocyclic esters, have the advantage of increasing solubility and
      therefore, lend themselves to ease of administration.
PAR  The following examples further illustrate this invention without, however,
      limiting it thereto.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 2-(3,5-Dimethoxyphenyl)-5-(4-Fluorophenyl)Pentane
PAR  A solution of 77 g. of 3-(4-fluorophenyl)propylbromide in 300 ml. of ether
      was added dropwise over a two hour period to a refluxing solution of 10 g.
      of magnesium in 100 ml. of ether. The reaction mixture was refluxed for an
      additional 30 minutes after the addition was completed. A solution of 68
      g. of 3,5-dimethoxyacetophenone in 100 ml. of ether was then added
      dropwise to the reaction and the reaction mixture was refluxed for 11/2
      hours. To the reaction was added 300 ml. of a saturated ammonium chloride
      solution dropwise with stirring. The layers were separated and the aqueous
      layer extracted with ether. The ether extract was dried over magnesium
      sulfate and the ether removed in vacuo to give an oil. An additional 111.7
      g. of 3(4-fluorophenyl)propylbromide was reacted with
      3,5-dimethoxyacetophenone in the above manner. The products from both runs
      were hydrogenated in ethanol-HCl using palladium as the catalyst. The
      solvents and catalyst were removed and the crude material distilled to
      yield  169.0 g. of 2-(3,5-dimethoxyphenyl)-5-(4-fluorophenyl)pentane, b.p.
      145-155/0.05 mm Hg.
PAR  Analysis Calcd. for C.sub.19 H.sub.23 O.sub.2 F: C, 75.60; H, 7.69.  Found:
      C, 75.87; H, 7.98.
PAC  EXAMPLE 2
PAC  5-Hydroxy-7-[5-(4-Fluorophenyl)-2-Pentyl]-4-(4-Pyridyl)Coumarin
PAR  20 g. of the dimethyl ether of Example 1 was reacted with 200 ml. of acetic
      acid, 80 ml. of 48% hydrobromic acid and 32 g. of dry hydrogen bromide gas
      at 85.degree. for 16 hours to prepare the resorcinol (Compound B).
      Compound B was then reacted with 15.25 g. (0.079 mole) of ethyl
      isonicotinoyl acetate, in the presence of 27 g. of POCl.sub.3 and 41 ml.
      of H.sub.2 SO.sub.4. The ester was added to the resorcinol and cooling
      effected by means of an ice bath. The reaction was stirred for
      approximately 64 hours and allowed, during this time, to warm up to room
      temperature. Water and chloroform were then added to the reaction mass,
      the chloroform layer separated and washed with water, and then neutralized
      with potassium bicarbonate solution. The chloroform layer was then dried
      over magnesium sulfate, filtered and evaporated to obtain an oil. The oil
      was crystallized from ethyl acetate, and then recrystallized from ethyl
      acetate to obtain a product having a m.p. of 205.degree.-206.degree. C.
      NMR confirmed the structure.
PAC  EXAMPLE 3
PAC  2,2-Dimethyl-5-Hydroxy-7
      -[5-(4-Fluorophenyl)-2-Pentyl]-4-(4-Pyridyl)-2H-1-Benzopyran
PAR  9.28 g. (0.023 mole) of the coumarin (compound A) of Example 2 was
      suspended in 40 ml. of dry benzene. Ninety ml. (0.27 mole) of
      methylmagnesium bromide (3 molar) in 75 ml. of dry ether were placed in a
      flask under a nitrogen atmosphere. Compound A was then added to the
      Grignard-ether solution over a period of 15 minutes. Thereafter, the
      reaction mixture was allowed to stir at room temperature for sixteen
      hours. The Grignard reaction was then decomposed over 13/4  hours with a
      saturated ammoniium chloride solution to obtain two layers. The ether
      layer was separated, dried over magnesium sulfate and evaporated.
      Thereafter, the product was taken up in 70 ml. of acetic acid. After
      heating under reflux for two hours, the product was cooled and neutralized
      with sodium bicarbonate after stripping off the acetic acid. Ethyl ether
      was then used to extract the organic layer, the ether extract washed and
      then evaporated. The product crystallized from the ether solution and
      after recrystallization has a m.p. of 174.degree.-175.degree. C. After
      drying in a vacuum oven for two days, the product had a m.p. of
      168.degree.-169.degree. C. NMR confirmed the desired product structure.
PAR  Analysis Calcd. for C.sub.27 H.sub.28 FNO.sub.2 : C, 77.67; H, 6.76; N,
      3.35. Found: C, 77.69; H, 6.93; N, 326.
PAC  EXAMPLE 4
PAC  3,4-Dihydro-2,2-Dimethyl-5-Hydroxy-7-[5-(4-Fluorophenyl)-2-Pentyl]-4-(4-Pyr
     idyl)-2H-1-Benzopyran
PAR  3.0 g. (0.0072 mole) of the compound of Example 3 was hydrogenated in 100
      ml. of ethanol at 3 atmospheres employing 0.7 g. of 5% Pd/C. After the
      reaction was completed the ethanol was stripped off, the obtained white
      glass dissolved in ether and a white solid isolated which, after
      recrystallization from acetonitrile, gave a m.p. of
      162.degree.-164.degree. C. The structure was confirmed by NMR.
PAR  Analysis Calcd. for C.sub.27 H.sub.30 FNO.sub.2 : C, 77.30; H, 7.21; N,
      3.34 Found: C, 77.56; H, 7.28; N, 3.37.
PAC  EXAMPLE 5
PAC  5-Acetoxy-2,2-Dimethyl-7-[5-(4-Fluorophenyl)-2-Pentyl]-4-(4Pyridyl)-2H-1-Be
     nzopyran
PAR  4.17 g. (0.01 mole) of the hydroxy compound of Example 3 was dissolved in 8
      ml. of dry pyridine to which was added 1.22 g. (0.012 mole) of acetic
      anhydride. The reaction was stirred at room temperature overnight,
      evaporated, treated with benzene and evaporated again. The residue was
      taken up in ether, washed with water, dried over magnesium sulfate and
      evaporated. The compound was then purified on a Florosil activated
      aluminum magnesium silicate column using methanolbenzene as an eluting
      solvent to obtain a glass residue. IR and Raman spectra confirmed the
      structure.
PAR  Analysis Calcd. for C, 75.79; H, 6.58; N, 3.05. Found: C, 76.11; H, 6.64;
      N, 2.84;
PAC  EXAMPLE 6
PAC  7[5-(4-Fluorophenyl)-2-Pentyl]-2,2-Dimethyl-5-Hydroxy-2,3-Dihydro-4-Oxo-4H-
     1-Benzopyran
PAR  80 g. of 2(3,5-dimethoxyphenyl)-5-(4-fluorophenyl) pentane was converted
      into the resorcinol by treating with 670 ml. of acetic acid, 270 ml. 48%
      HBr, 105 g. HBr gas at 85.degree. for 16 hours.
PAR  To this resorcinol was added 31.2 g. of 3-methyl crotonic acid and the
      mixture was heated to 110.degree. C. Then 62 ml. boron fluoride etherate
      was added and the mixture kept at 120.degree. for 16 hours. The solution
      was cooled, then treated with 90 ml. water and 350 ml. 6N NaOH and boiled
      for 5 minutes on a steambath. After cooling and acidifying with 6N HCl,
      the mixture was extracted with ether. The ether layer was extracted with 3
      portions of 1N NaOH, followed by 1 portion of 5% HCl. The ether layer was
      dried over MgSO.sub.4 and concentrated. The product was chromatographed on
      a Florisil activated aluminum magnesium silicate column eluting with 3%
      ether and 97% hexane. Yield 46.8 g. of the desired product as a colorless
      oil; 50% yield.
PAR  Analysis Calcd. for C.sub.22 H.sub.25 FO.sub.3 : C, 74.13; H, 7.09. Found:
      C, 74.16; H, 7.38.
PAC  EXAMPLE 7
PAC  2,2-Dimethyl-5-Hydroxy-7-[5-(4-Fluoropphenyl)-2-Pentyl]-4-(4-Pyridyl)-2H-Be
     nzo[1]Pyran
PAR  13.3 g. 4-bromopyridine is converted to 4-pyridyllithium by reaction with
      butyl lithium in ether at -45.degree. C. Then 5.00 g. of
      [5-(4-fluorophenyl)-2-pentyl]-2,2-dimethyl-5-hydroxy
      2,3-dihydro-4-oxo-4H-1-benzopyran (Example 6) is added and the solution
      kept at -15.degree. C. for 20 minutes. The reaction mixture is worked up
      with sulfuric and water giving the intermediate
      4,5-dihydroxy-2,2-dimethyl-7-[5-(4-fluorophenyl)-2-pentyl]-4-(4-pyridyl)ch
     roman, and this is heated in vacuum at 190.degree. for 45 minutes givng the
      product identical to the product of Example 3.
PAC  EXAMPLE 8
PAC  5-Hydroxy-7-[5-(4-Fluorophenyl)-2-Pentyl]-4-(4-Pyridyl)-3,4-Dihydro
      Coumarin
PAR  The coumarin of Example 2 (2.2 g) was hydrogenated in ethanol using 5%
      palladium on carbon as a catalyst. The resulting oil was purified on a
      Florisil column, eluting with chloroform to give the desired product.
PAC  EXAMPLE 9
PAC  5[4-(1-Piperidino)Butyryloxy]-2,2-Dimethyl-7-[5-(4-Fluorophenyl)-2-Pentyl]-
     4-(4-Pyridyl) Chroman
PAR  The hydroxy compound of Example 4 (2.80 g.) was reacted with 1.39 g. of
      4-piperidino butyric acid HCl [Cruickshank and Sheehan, J. Am. Chem. Soc.,
      83, 2891 (1961)] and 1.48 g. dicyclohexyl carbodiimide (DCC) in 125 ml.
      dry methylene chloride. After stirring 16 hours, the dicyclohexylurea
      formed was filtered and the filtrate was concentrated to a gummy residue
      which was the desired product. Nmr analysis was consistent with the
      desired structure.
PAR  Analysis Calcd. for C.sub.36 H.sub.46 ClFN.sub.2 O.sub.3 : C, 70.98; H,
      7.61; N, 4.60. Found: C, 70.30; H, 7.75; N, 4.68.
PAC  EXAMPLE 10
PAC  5-[4-(4-Morpholino)Butyryloxy]-2,2-Dimethyl-7-[5-(4-Fluorophenyl)-2-Pentyl]
     -4-(4-Pyridyl)Chroman
PAR  The hydroxy compound of Example 4 (2.80 g.) was reacted with 1.40 g. of
      4-morpholino butyric acid [J. Am. Chem. Soc. 83, 2891 (1961)] and 1.48 g.
      DCC as described above (Example 9). The product was crystallized from
      CH.sub.2 Cl.sub.2 ether and had a m.p. of 118.degree.-120.degree..
PAR  Analysis Calcd. for C.sub.35 H.sub.49 ClFN.sub.2 O.sub.4 : C, 68.78; H,
      7.26; N, 4.58. Found: C, 67.95; H, 7.19; N, 4.73.
PAC  EXAMPLE 11
PAC  .gamma.-Homopiperidinobutyric Acid Hydrochloride
PAR  23.0 g. (0.1 mmole) of methyl-.gamma.-iodoburyrate [F. F. Blicke, W. B.
      Wright and M. F. Zienty, J. Amer. Chem. Soc., 63, 2488 (1941)] was
      combined with 25.0 g. (0.4 mole) of homopiperidine (Aldrich) and heated at
      70.degree. for three hours. The precipitate of amine hydroiodide was
      removed by filtration and the filtrate was concentrated to an orange oil.
      The methyl .gamma.-homopiperidinobutyrate distilled as 14.0 g. of
      colorless liquid at 0.5 mm., b.p. 70.degree.-71.degree.. This material was
      dissolved in 75 ml. of aqueous 18% hydrochloric acid solution and heated
      at reflux for 16 hours. The solution was concentrated under reduced
      pressure to give a semisolid residue which was triturated with acetone and
      filtered. Recrystallization from acetic acid/acetone gave 10.0 g. (45%) of
      product as colorless crystals, m.p. 178.degree.-179.degree.. The infra red
      and nmr spectra are consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.10 H.sub.20 ClNO.sub.2 : C, 54.20; H, 9.09; N,
      6.32. Found: C, 54.21; H, 8.92; N, 6.26.
PAC  EXAMPLE 12
PAC  5(4-Homopiperidino Butyryloxy)-2,2-Dimethyl-7-[5
      -(4-Fluorophenyl)-2-Pentyl]-4-(4-Pyridyl)-2H-1-Benzopyran
PAR  The hydroxy compound of Example 3 and the acid of Example 11 in equimolar
      quantities are treated with a 10% excess of dicyclohexylcarbodiimide in
      CH.sub.2 Cl.sub.2 solvent, as described in Example 9 to give the desired
      product.
PAR  The present invention includes within its scope pharmaceutical compositions
      comprising as an active ingredient, at least one of the compounds of this
      invention in association with a pharmaceutically acceptable carrier or
      diluent. The compounds of this invention exhibit both oral and parenteral
      activity and can be formulated in dosage forms for oral, parenteral or
      rectal administration. In preparing unit dosage compositions, from 0.5 mg.
      to 600 mg. of active ingredient is incorporated into the appropriate form.
PAR  Solid dosage forms for oral administration include capsules, tablets,
      pills, powders and granules. In such solid dosage forms, the active
      compound is admixed with at least one inert diluent such as sucrose,
      lactose or starch. Such dosage forms may also comprise, as is normal
      practice, additional substances other than inert diluents, e.g.,
      lubricating agents such as magnesium stearate, and sweetening and
      flavoring agents. Tablets and pills can additionally be prepared with
      enteric coatings.
PAR  Liquid dosage forms for oral administration include pharmaceutically
      acceptable emulsions, solutions, suspensions, syrups and elixirs
      containing inert diluents commonly used in the art, such as water. Besides
      inert diluents, such compositions can also include adjuvants, such as
      wetting agents, emulsifying and suspending agents and sweetening,
      flavoring and perfuming agents.
PAR  Preparations according to this invention for parenteral administration
      include sterile aqueous or nonaqueous solutions, suspensions or emulsions.
      Examples of nonaqueous solvents or vehicles are propylene glycol,
      polyethylene glycol, vegetable oils, such as olive oil, and injectable
      organic esters such as ethyl oleate. Such dosage forms may also contain
      adjuvants such as preserving, wetting, emulsifying and dispersing agents.
      They may be sterilized by, for example, filtration through a
      bacteria-retaining filter, by incorporating sterilizing agents into the
      compositions, by irradiating the compositions, or by heating the
      compositions. They can also be manufactured in the form of sterile solid
      compositions which can be dissolved in sterile water, or some other
      sterile injectable medium immediately before use.
PAR  Compositions for rectal administration are suppositories which may contain,
      in addition to the active substance, excipients such as cocoa butter or a
      suppository wax.
PAR  The following example further illustrates the pharmaceutical compositions
      which are a feature of this invention.
PAC  EXAMPLE 13
PAC  2-2-Dimethyl-5-Hydroxy-7-[5-(4-Fluorophenyl)-2-Pentyl]-4-(4-Pyridyl)Chroman
PAR  Tablets weighing 100 mg. and having the following composition are prepared
      by standard tableting procedures:
TBL         Ingredient           Mg.                                           
     ______________________________________                                    
     2,2-Dimethyl-5-hydroxy-7-[5-(4-                                           
     fluorophenyl)-2-pentyl]-4-(4-                                             
     pyridyl)chroman             50                                            
     Starch                      46                                            
     Colloidal silica             3                                            
     Magnesium stearate           1                                            
     ______________________________________                                    
PAR  It will be understood by those skilled in the art that the above
      composition can contain any of the compounds of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC13##
PAL  wherein each R.sub.1 is loweralkyl, R.sub.2 is hydrogen or loweralkanoyl
      and R.sub.3 is
      ##SPC14##
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein R.sub.1 is methyl and
      R.sub.2 is hydrogen.
NUM  3.
PAR  3. A compound in accordance with claim 2:
      2,2-dimethyl-5-hydroxy-7-[5-(4-fluorophenyl)-2-pentyl]-4-(4-pyridyl)-2H-1-
     benzopyran.
NUM  4.
PAR  4. A compound in accordance with claim 1 wherein R.sub.1 is methyl and
      R.sub.2 is
      ##EQU1##
NUM  5.
PAR  5. A compound in accordance with claim 4:
      5-acetoxy-2,2-dimethyl-7-[5-(4-fluorophenyl)-2-pentyl]-4-(4-pyridyl)-2H-1-
     benzopyran.
PATN
WKU  039474631
SRC  5
APN  5215307
APT  1
ART  121
APD  19741106
TTL  Certain 2-amino-nicotinonitrile derivatives
ISD  19760330
NCL  14
ECL  1
EXP  Rotman; Alan L.
INVT
NAM  Fleckenstein; Erwin
CTY  Hofheim, Taunus
CNT  DT
INVT
NAM  Heinrich; Ernst
CTY  Frankfurt am Main-Fechenheim
CNT  DT
INVT
NAM  Mohr; Reinhard
CTY  Offenbach-Rumpenheim
CNT  DT
ASSG
NAM  Cassella Farbwerke Mainkur AG
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720622
APN  2230392
RLAP
COD  74
APN  372024
APD  19730621
PSC  04
CLAS
OCL  2602948G
XCL  2602471M
XCL  260268H
XCL  26029369
XCL  2602948D
XCL  2602948C
XCL  2602949
XCL  2602948F
XCL    8 41C
EDF  2
ICL  C07D21357
FSC  260
FSS  294.9;294.8 F;294.8 G
UREF
PNO  3853895
ISD  19741200
NAM  Lamm et al.
OCL  260294.9
LREP
FRM  Connolly and Hutz
ABST
PAL  Compounds of the formula
PAL  Wherein X is aliphatic, cycloaliphatic, aromatic, aralkyl, hetaryl,
      hetarylalkyl or hydrogen; Y is aliphatic, aromatic, aralkyl, --COOR.sub.1,
      --COR.sub.2,
      ##EQU1##
      --SO.sub.2 R.sub.2,
      ##EQU2##
      --CN, --NH.sub.2, --NO, --NO.sub.2 or hydrogen with the proviso that when
      Y is hydrogen, X is other than hydrogen; Z.sub.1 is cyano,
      ##EQU3##
      --NH--OR.sub.10,
      ##EQU4##
      --OR.sub.12, --SR.sub.12 or --SO.sub.2 R.sub.12 and Z.sub.2 is chlorine,
      bromine, cyano, hydroxy, mercapto, --OR.sub.12, --SR.sub.12,
      ##EQU5##
      --NH--OR.sub.10 or
      ##EQU6##
      R.sub.1 is aliphatic; R.sub.2 is aliphatic, cycloaliphatic, aromatic,
      aralkyl or heterocyclic; R.sub.1 and R.sub.4 when taken separately are
      hydrogen, aliphatic, cycloaliphatic, aromatic or aralkyl; R.sub.3 and
      R.sub.4 when taken together with the nitrogen atom to which they are
      attached form a heterocyclic moiety; R.sub.5 and R.sub.6 when taken
      separately are aliphatic, aromatic, aralkyl, heterocyclic or hydrogen;
      R.sub.5 and R.sub.6 when taken together with the nitrogen atom to which
      they are attached are heterocyclic; R.sub.7 is hydrogen, aliphatic or
      aromatic; R.sub.8 and R.sub.9 are aliphatic or aromatic, R.sub.10 is
      hydrogen, aliphatic or aralkyl, R.sub.11 is aliphatic and R.sub.12 is
      aliphatic, aromatic or aralkyl; R.sub.10 and R.sub.11 when taken together
      with the nitrogen atom to which they are attached are heterocyclic.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 372,024 filed June
      21, 1973.
BSUM
PAR  This invention relates to compounds of the formula
      ##SPC1##
PAL  Wherein X is alkyl having 1 to 6 carbon atoms, alkenyl having 2 to 6 carbon
      atoms, cycloalkyl having 3 to 8 carbon atoms, heteroaryl having 4 to 7
      carbon atoms and containing one or two heteroatoms selected from the group
      of O, N and S, phenyl, benzyl, phenethyl, one of said radicals substituted
      as hereinafter defined or hydrogen; Y is alkyl having 1 to 6 carbon atoms,
      alkenyl having 2 to 6 carbon atoms, cycloalkyl having 3 to 8 carbon atoms,
      phenyl, benzyl, phenethyl, one of said radicals substituted as hereinafter
      defined, --COOR.sub.1, --COR.sub.2,
      ##EQU7##
      --SO.sub.2 R.sub.2,
      ##EQU8##
      --CN, --NH.sub.2, --NO, --NO.sub.2 or hydrogen with the proviso that when
      Y is hydrogen, X is other than hydrogen; Z.sub.1 is cyano,
      ##EQU9##
      --OR.sub.12, --SR.sub.12 or --SO.sub.2 R.sub.12 and Z.sub.2 is chlorine,
      bromine, cyano, hydroxy, mercapto, --OR.sub.12, --SR.sub. 12, --SO.sub.2
      R.sub.12,
      ##EQU10##
      --NH--OR.sub.10 or
      ##EQU11##
      R.sub.1 is alkyl having 1 to 6 carbon atoms, alkenyl having 2 to 6 carbon
      atoms or one of said radicals substituted as hereinafter defined; R.sub.2
      is alkyl having 1 to 6 carbon atoms, alkenyl having 2 to 6 carbon atoms,
      cycloalkyl having 3 to 8 carbon atoms, phenyl, benzyl, phenethyl, pyridyl,
      thiazolyl, benzothiazolyl, imidazolyl, benzimidazolyl, thienyl, furyl or
      pyrrolyl, one of said radicals substituted as hereinafter defined; R.sub.3
      and R.sub.4, when taken separately, are alkyl having 1 to 6 carbon atoms,
      cycloalkyl having 3 to 8 carbon atoms, phenyl, benzyl, phenethyl, one of
      said radicals substituted as hereinafter defined or hydrogen; R.sub.3 and
      R.sub.4, when taken together with the nitrogen atom to which they are
      attached, form a piperidino, piperazino, morpholino, or ethyleneimino
      radical; R.sub.5 and R.sub.6, when taken separately, are alkyl having 1 to
      6 carbon atoms, cycloalkyl having 3 to 8  carbon atoms, phenyl benzyl,
      phenethyl, pyridyl, thi-azolyl, benzothiazolyl, imidazolyl,
      bemzimidazolyl, pyrrolyl, one of said radicals substituted as hereinafter
      defined or hydrogen; R.sub.5 and R.sub.6 when taken together with the
      nitrogen atom to which they are attached, form a piperidino, piperazino,
      morpholino or ethyleneimino radical; R.sub.7 is hydrogen, alkyl having 1
      to 6 carbon atoms, phenyl or phenyl substituted as hereinafter defined;
      R.sub.8 and R.sub.9 are alkyl having 1 to 6 carbon atoms, phenyl or phenyl
      substituted as hereinafter defined; R.sub.10 is alkyl having 1 to 6 carbon
      atoms, benzyl, phenethyl, one of said groups substituted as hereinafter
      defined or hydrogen; R.sub.11 is alkyl having 1 to 6 carbon atoms or said
      alkyl substituted as hereinafter defined; R.sub.12 is alkyl having 1 to 6
      carbon atoms, alkenyl having 2 to 6 carbon atoms, cycloalkyl having 3 to 8
      carbon atoms, phenyl, benzyl, phenethyl or one of said radicals
      substituted as hereinafter defined; the substituents for substituted alkyl
      or alkenyl radicals specified hereinabove being selected from the group
      consisting of cyano, hydroxy, acetoxy, phenoxyacetoxy, alkoxy having 1 to
      2 carbon atoms, phenoxy, monoalkylamino having 1 to 4 carbon atoms,
      dialkylamino having 1 to 4 carbon atoms in each alkyl moiety,
      N-ethylcarbamoyloxy, N-methylcarbamoyloxy, N-phenylcarbamoyloxy,
      acetylamino, benzoylamino, heteroaryl having 4 to 7 carbon atoms and
      containing one or two heteratoms selected from the group of O, N and S,
      and
      ##EQU12##
      wherein Z constitutes the atoms completing a morpholino, piperidino,
      piperazino, N-methyl-piperazino or cyclopentamethyleneimino group and the
      substituents for the substituted cycloalkyl, phenyl, benzyl, phenethyl and
      heterocyclic radicals specified hereinabove being selected from the group
      consisting of bromine, chlorine, cyano, alkyl having 1 to 3 carbon atoms
      and alkoxy having 1 to 2 carbon atoms. The above-mentioned heteroaryl
      residues having 4 to 7 carbon atoms may be pyridyl, thiazolyl,
      benzthiazolyl, imidazolyl, benzimidazolyl, thienyl, furyl or pyrrolyl
      groups.
PAR  The starting materials for the preparation of the novel compounds of
      formula I are 2,6-dihydroxypyridine derivatives of the formula:
      ##SPC2##
PAL  wherein X and Y have the above-stated meaning. These starting compounds may
      be prepared in a known manner analogous to the method described by Bobbitt
      and Scola, Journ. of Org. Chem. 25, 560, by the condensation of
      correspondingly substituted acetic acid amides with correspondingly
      substituted .beta.-ketocarboxylic acid esters. They may also be prepared
      in accordance with various other processes, as described for example in
      the monograph "Heterocyclic Compounds Pyridine and its Derivatives Part.
      3" by Klingsberg. This monograph has appeared in the frame of the series
      published by Arnold Weissberger "The Chemistry of Heterocyclic
      Components", Interscience Publishers. The 2,6-dihydroxypyridine
      derivatives of formula II, according to Bobbitt and Scola, ibid., are
      converted by means of phosphoroxychloride or analogously by means of
      phosphoroxybromide at 180.degree.C. into the corresponding 2,6-dichloro or
      2,6-dibromopyridine derivatives of formula III:
      ##SPC3##
PAL  wherein X and Y have the above-stated meanings and Hal is bromine or
      preferably chlorine.
PAR  For the preparation of compounds of formula I, wherein Z.sub.2 stands for
      chlorine or bromine and to which formula Ia then pertains, a compound of
      formula III is reacted with a compound of formula IV in accordance with
      the reaction:
      ##SPC4##
PAL  Q in this instance is hydrogen or a metal, preferably an alkali metal such
      as sodium or potassium. In the event that Z.sub.1 stands for --SO.sub.2
      R.sub.12, zinc is especially preferred.
PAR  Reaction (1) is carried out in equimolar ratio at temperatures of
      20.degree.-100.degree.C. in a suitable inert solvent. The exchange of the
      chlorine or bromine atom in the 6-position is ascertained by analysis of
      the NMR absorption of the obtained compounds of formula Ia.
PAR  To the extent that in formula IV, Z.sub.1 stands for the radicals:
      ##EQU13##
      --NH--OR.sub.10 or
      ##EQU14##
      hydrogen is appropriately selected for Q, i.e., in the reaction equation
      (1) formula IV then stands for the compounds
      ##EQU15##
      H.sub.2 NOR.sub.10 or
      ##EQU16##
      In this instance, the reaction is carried out in accordance with reaction
      equation (1), preferably in the temperature range of 20.degree. to
      50.degree.C. and as suitable inert solvents, alkanols with a chain length
      of 1 to 4 carbon atoms are preferably used. In those instances where the
      physical properties are appropriate, an excess of one of the reaction
      constituents may also serve as the solvent.
PAR  To the extent that in formula IV, Z.sub.1 stands for cyano or for
      --SO.sub.2 R.sub.12, a metal is appropriately selected for Q, preferably
      an alkali metal such as sodium or potassium and in the event that Z.sub.1
      is SO.sub.2 R.sub.12, zinc is particularly preferred. In reaction equation
      (1), formula IV then stands for the compounds NaCN, KCN and Zn(SO.sub.2
      R.sub.12).sub.2. In this instance, the reaction in accordance with
      reaction equation (1) is carried out preferably in the temperature range
      of 60.degree.-80.degree.C. in a suitable organic solvent such as an
      alcohol, ether, ester, carboxylic acid amide, N-substituted carboxylic
      acid amide such as dimethylformamide, dialkylsulfoxide such as
      dimethylsulfoxide or dialkylsulfone, all of these preferably having not
      more than 6 carbon atoms. In the reaction of sulfinates, the addition of a
      copper-I-salt is advantageous.
PAR  To the extent that in formula IV, Z.sub.1 stands for the radicals
      --OR.sub.12 or --SR.sub.12, a metal atom is selected for Q, preferably an
      alkali metal atom such as sodium or potassium. In reaction equation (1),
      formula IV then stands for the compounds NaOR.sub.12, NaSR.sub.12,
      KOR.sub.12 and KSR.sub.12. In this instance, the reaction is conducted in
      accordance with reaction equation (1), preferably in the temperature range
      of 60.degree.-100.degree.C., in an inert organic solvent, e.g., an
      aromatic hydrocarbon such as benzene, toluene or xylene, or in an excess
      of the reaction constituent HOR.sub.12 or HSR.sub.12 as the solvent.
PAR  The compounds of formula Ia may be further reacted in accordance with the
      reaction:
      ##SPC5##
PAL  This reaction is carried out at temperatures of 20.degree.-200.degree.C. in
      a suitable solvent. The molar ratio of reactants is 1:1.
PAR  When Z.sub.2 is OH in the compound of formula V, there is used a suitable
      alkali metal hydroxide such as sodium hydroxide or potassium hydroxide in
      an aqueous or aqueous-alcoholic medium. However, sodium carbonate,
      potassium hydroxide or similar compounds which release hydroxyl ions in an
      aqueous medium may also be used. The solvents may be alkanols having 1 to
      4 carbon atoms. The preferred temperature range is
      70.degree.-150.degree.C.
PAR  If Z.sub.2 is --SH in the compound of formula V, an alkali metal
      hydrosulfide preferably NaSH or KSH, is used and the reaction is carried
      out in an aqueous medium, preferably at temperatures of
      100.degree.-150.degree.C.
PAR  In the event Z.sub.2 stands for --OR.sub.12 or --SR.sub.12, an alkali
      metal, preferably sodium or potassium, is selected for Q in formula V and
      the reaction constituents are reacted at temperatures of
      60.degree.-150.degree.C., preferably at 60.degree.-100.degree.C., in a
      suitable inert solvent, e.g., an aromatic hydrocarbon such as benzene,
      toluene or xylene, or in an excess of the reaction constituent HOR.sub.12
      or HSR.sub.12 as solvent.
PAR  In the event Z.sub.2 is cyano or --SO.sub.2 R.sub.12 in formula V, a metal
      is selected for Q, preferably an alkali metal such as sodium or potassium
      or when Z.sub.2 is --SO.sub.2 R.sub.12, zinc is also useful. The reaction
      between these compounds of formulae Ia and V is carried out in a suitable
      organic solvent at temperatures of 20.degree.-100.degree.C. and preferably
      60.degree.-80.degree.C. Suitable organic solvents, for example, include
      alcohols, ethers, esters, carboxylic acid amides, N-substituted carboxylic
      acid amides such as dimethylformamide, dialkylsulfoxides such as
      dimethylsulfoxide or dialkylsulfones, all having preferably not more than
      6 carbon atoms. In the use of sulfinates, the addition of a copper-I-salt
      is advantageous.
PAR  In the event
      ##EQU17##
      --NH--OR.sub.10 or
      ##EQU18##
      in formula V, hydrogen is selected for Q, and the constituents are reacted
      at 100.degree.-200.degree.C., preferably at 160.degree.-180.degree.C., in
      an inert solvent, preferably an alkanol having 1 to 4 carbon atoms or, in
      those instances where the physical properties are appropriate, an excess
      of one of the reaction constituents may be used as the solvent.
PAR  Novel compounds wherein Z.sub.2 has the same meaning as Z.sub.1 may be
      prepared in accordance with the reaction:
      ##SPC6##
     wherein a compound of formula III is reacted with a compound of formula IV
      in a molar ratio of at least 1:2 in a suitable solvent at temperatures of
      20.degree. to 200.degree.C. When Z.sub.1 is
      ##EQU19##
      --NH--OR.sub.10 or
      ##EQU20##
      in formula IV, hydrogen is selected for Q, and when Z.sub.1 is --CN,
      --OR.sub.12, --SR.sub.12 or --SO.sub.2 R.sub.12, a metal is selected for
      Q, preferably an alkali metal such as sodium or potassium. Also when
      Z.sub.1 is --SO.sub.2 R.sub.12, zinc is suitable. Suitable solvents are
      alcohols, ethers, hydrocarbons, etc. The selection of the solvent may be
      the same as described for reaction (1).
PAR  Novel compounds when Z.sub.2 is --OH may also be prepared by the reaction
      of a 2-hydroxy-6-bromo- or 2-hydroxy-6-chloropyridine derivative of
      formula VI with a compound of formula IV in a molar ratio of 1:1 in
      accordance with reaction:
      ##SPC7##
PAL  The reaction is carried out in a suitable solvent at temperatures of
      20.degree. to 100.degree.C. The data respecting the solvents and the
      meaning and selection of Q set forth above for reaction equations (1) and
      (3), apply to reaction (4).
PAR  Compounds of formula VI may be prepared by the reaction of the
      corresponding 2,6-dihydroxypyridine compounds with phosphoroxychloride or
      phosphoroxybromide at 80.degree.-100.degree.C. in an inert organic solvent
      such as benzene, tolune or xylene.
PAR  If reactions (1) through (4) are carried out at temperatures which are
      above the boiling point of a reaction constituent or of the solvent used,
      then the utilization of excess pressure is required.
PAR  Compounds of formulae Ia, Ib and Ic are preferred groups of novel
      compounds. Further preferred compounds are those wherein in formula I:
PA1  X is alkyl having 1 to 3 carbon atoms, preferably methyl,
PA1  Y is cyano,
PA1  Z.sub.1 is cyano, alkoxy having 1 to 2 carbon atoms, alkylsulfonyl having 1
      to 2 carbon atoms, amino, monoalkylamino having 1 to 3 carbon atoms or
      monoalkylamino having 1 to 3 carbon atoms and substituted by alkoxy having
      1 to 2 carbon atoms and
PA1  Z.sub.2 is cyano, hydroxyl, alkoxy having 1 to 2 carbon atoms,
      alkylsulfonyl having 1 to 2 carbon atoms, amino, monoalkylamino having 1
      to 3 carbon atoms or monoalkylamino having 1 to 3 carbon atoms and
      substituted by alkoxy having 1 to 2 carbon atoms. Such preferred compounds
      are especially the pyridine compounds of the formulae:
      ##SPC8##
PAR  It is possible that the novel compounds of formula I in part exist in
      tautomeric forms. For example, the following tautomeric formulae are
      possible.
      ##SPC9##
PAR  As used herein, formula I is also understood to embrace such possible
      tautomers.
PAR  As the reaction constituents of formula III such as 2,6-dichloro or
      2,6-dibromo pyridine derivatives are suitable, for example, which in the X
      position contain hydrogen or a methyl, ethyl, n-propyl, isopropyl, vinyl,
      .alpha.-methylvinyl, n-butyl, isobutyl, sec.-butyl, n-amyl or isoamyl,
      n-hexyl, 2-dimethylaminoethyl, 2-diethylaminoethyl, 2-morpholinoethyl,
      2-piperidinoethyl, 2-pyrrolidinoethyl, N-methyl-N'-piperazinoethyl,
      2-cyanoethyl, 2-hydroxyethyl, 2-methoxyethyl, 2-acetoxyethyl,
      2-phenoxyacetoxyethyl, N-ethylcarbamoyloxyethyl,
      N-phenylcarbamoyloxyethyl, 2-phenoxyethyl, 3-methoxypropyl, cyclohexyl,
      benzyl, 3-methylbenzyl, phenyl, 2-methylphenyl, 4-methylphenyl,
      2,4-dimethylphenyl, 2-chloro-4-methylphenyl, 2-chlorophenyl,
      4-chlorophenyl, 2-methoxyphenyl, 4-methoxyphenyl,
      2,5-dimethyl-4-chlorophenyl or the following radicals:
      ##SPC10##
PAR  The compounds of formula III may, in the Y position, contain for example
      hydrogen, cyano, amino, nitroso, nitro, methyl, ethyl, 2-hydroxyethyl,
      2-cyanoethyl, 2-acetoxyethyl, 2-benzoyloxyethyl, 2-methoxyethyl,
      2-phenoxyethyl, 2-monoethylaminoethyl, 2-monomethylaminoethyl,
      2-dimethylaminoethyl, 2-diethylaminoethyl, 2-morpholinoethyl,
      2-piperidinoethyl, 2-pyrrolidinoethyl, n-propyl, isopropyl, vinyl,
      .alpha.-methylvinyl, n-butyl, isobutyl, sec.-butyl, n-amyl, isoamyl,
      n-hexyl, cyclohexyl, benzyl, phenyl, methoxycarbonyl, ethoxycarbonyl,
      n-propyloxycarbonyl, isopropyloxycarbonyl, n-butyloxycarbonyl,
      isobutyloxycarbonyl, sec.-butyloxycarbonyl, n-amyloxycarbonyl,
      n-isoamyloxycarbonyl, n-hexyloxycarbonyl, acetyl, acryloyl, propionyl,
      capronyl, capryl, hexahydrobenzoyl, phenacetyl, benzoyl, 4-methylbenzoyl,
      2,4-dimethylbenzoyl, 4-methoxybenzoyl, 4-chlorobenzoyl, aminocarbonyl,
      monomethylaminocarbonyl, dimethylaminocarbonyl, ethyleniminocarbonyl,
      monoethylaminocarbonyl, monoisopropylaminocarbonyl, diethylaminocarbonyl,
      monooxethylaminocarbonyl, mono-.gamma.-methoxypropylaminocarbonyl,
      morpholinocarbonyl, piperidinocarbonyl, cyclohexylaminocarbonyl,
      benzylaminocarbonyl, anilinocarbonyl, 4-methylanilinocarbonyl,
      N-methylanilinocarbonyl, methylsulfonyl, ethylsulfonyl, n-propylsulfonyl,
      isopropylsulfonyl, n-butylsulfonyl, isobutylsulfonyl, sec.-butylsulfonyl,
      n-amylsulfony isoamylsulfonyl, n-hexylsulfonyl, benzylsulfonyl,
      phenylsulfonyl, 4-methylphenylsulfonyl, 2,4-dimethylphenylsulfonyl,
      4-methoxyphenylsulfonyl, 4-chlorphenylsulfonyl, aminosulfonyl,
      monomethylaminosulfonyl, dimethylaminosulfonyl, ethyleniminosulfonyl,
      monoethylaminosulfonyl, monoisopropylaminosulfonyl, diethylaminosulfonyl,
      monooxethylaminosulfonyl, mono-.gamma.-methoxypropylaminosulfonyl,
      morpholinosulfonyl, piperidinosulfonyl, cyclohexylaminosulfonyl,
      benzylaminosulfonyl, anilinosulfonyl, 4-methylanilinosulfonyl,
      N-methylanilinosulfonyl or the radicals
      ##SPC11##
PAR  Of course, suitable starting compounds of formula III are also such
      2,6-dichloro or 2,6-dibromopyridine derivatives which are identically
      substituted in the X and Y position, the preferred substituents being
      those which were indicated above for the X position.
PAR  Suitable reaction constituents
      ##EQU21##
      of formulae IV and V include, for example, the following primary and
      secondary amines and diamines:
PAL  Primary Amines
PAR  ammonia, methylamine, ethylamine, 2-hydroxyethylamine, 2-methoxyethylamine,
      3-phenoxyethylamine, 3-cyanoethylamine, n-propylamine, isopropylamine,
      3-hydroxypropylamine-(1), 3-methoxypropylamine-(1),
      3-isopropoxypropylamine-(1), 3-cyanopropylamine-(1), allylamine,
      1-methallylamine, 2-methallylamine, n-butylamine, isobutylamine,
      sec.-butylamine, tert.-butylamine, 2-amino-2-methylpropanol-(1),
      crotylamine, 3-aminopentane, n-amylamine, isoamylamine, n-hexylamine,
      cyclohexylamine, benzylamine 2-phenylethylamine, aniline, 4-methylaniline,
      4-methoxyaniline, 2,4-dimethylaniline, 1-aminonaphthaline,
      2-aminonaphthaline,
      ##SPC12##
PAL  Secondary Amines
PAR  dimethylamine, diethylamine, N-(2-cyanoethyl)-N-(2-hydroxyethyl)-amine,
      N-di-(2-hydroxyethyl)-amine, N-di-(2-cyanoethyl)-amine,
      N-methyl-(2-hydroxyethyl)-amine, N-isopropyl-(2-hydroxyethyl)-amine,
      N-n-butyl-(2-hydroxyethyl)-amine, N-cyclohexyl-(2-hydroxyethyl)-amine,
      N-benzyl-(2-hydroxyethyl)-amine, di-n-propylamine, di-isopropylamine,
      di-n-butylamine, di-isobutylamine, di-n-amylamine, di-n-hexylamine,
      morpholine, pyrrolidine, piperidine, N-methylpiperazine,
      N-methylcyclohexylamine N-ethylcyclohexylamine, N-methylbenzylamine,
      N-methyl-3-methylbenzylamine, N-methylaniline, N-ethylaniline,
      N-2-hydroxyethylaniline, N-benzylaniline, N-methyl-2-chloraniline and
      N-ethyl-2-chloraniline.
PAL  Diamines
PAR  N-methyl-N',N'-dimethylhydrazine, N,N-dimethylhydrazine,
      N,N-diethylhydrazine, N-methyl-N-phenylhydrazine, N-aminopyrrolidine,
      N-aminopiperidine, N-aminopiperazine, N-aminomorpholine,
      N,N-dimethylethylenediamine, N,N-diethylethylenediamine,
      N,N-dimethylpropylenediamine-(1,3), or N,N-diethylpropylenediamine-(1,3),
      2-morpholinoethylamine, 2-piperidinoethylamine, 2-pyrrolidinoethylamine
      and N-methyl-N'-3-amino-n-propylpiperazine of the formula:
      ##EQU22##
      Suitable reaction constituents H.sub.2 NOR.sub.10 or
      ##EQU23##
      according to the general formulae IV and V, for example, are:
      Hydroxylamines
      ##EQU24##
PAR  As the hetarylamines for Z.sub.1 and Z.sub.2, the following may, for
      example, be used:
PA1  3-aminodiphenylene oxide
PA1  3-aminodiphenylene sulfide
PA1  3-aminodiphenylene sulfone
PA1  2-aminocarbazole
PA1  3-amino-N-methylcarbazole
PA1  3=amino-N-ethylcarbazole
PA1  3-amino-N-.beta.-hydroxyethylcarbazole
PA1  3-amino-N-.beta.-cyanoethylcarbazole
PA1  3-amino-N-n-propylcarbazole
PA1  3-amino-N-isopropylcarbazole
PA1  3-amino-N-(.beta.-dimethylaminoethyl)-carbazole
PA1  3-amino-N-(.beta.-diethylaminoethyl)-carbazole
PA1  3-amino-N-(.gamma.-dimethylaminopropyl)-carbazole
      3-amino-N-(.alpha.-methyl-.beta.-dimethylaminoethyl)-carbazole
PAR  As the compounds HO-R.sub.12 or HS-R.sub.12, which after their conversion
      into the corresponding metal compounds, particularly the corresponding
      alkali metal compounds (especially the corresponding sodium and potassium
      compounds) are suitable as reaction constituents of formulae IV and V, the
      following alcohols, phenols or the corresponding mercaptans and
      thiophenols may be utilized: methanol, ethanol, 2-cyano-methanol-(1),
      ethylene glycol monomethyl ether, ethylene glycol monoethylether, ethylene
      glycol monomethyl ether, ethylene glycol mono-n-butylether, ethylene
      glycol monophenyl ether, ethylene glycol monoxylenyl ether, diethylene
      glycol monomethylether, diethylene glycol monoethylether, diethylene
      glycol mono-n-butylether, triethylene glycol monomethylether, triethylene
      glycol monoethylether, triethylene glycol mono-n-butylether, n-propanol,
      isopropanol, propene-(1)-ol-(3), 2-methylpropene-(1)-ol-(3), n-butanol,
      sec.-butanol, isobutanol, tert.-butanol, 3-methoxybutanol-(1),
      4-methoxybutanol-(1), butene-(1)-ol-(2), n-pentanol, isopentanol,
      n-hexanol, cyclohexanol, 4-methylcyclohexanol, 4-methoxycyclohexanol,
      phenylmethanol, (4-chlorophenyl)-methanol, phenylethanol,
      (4-cyanophenyl)-ethanol, phenol, 2-methylphenol, 3-methylphenol,
      4-methylphenol, 2,3-dimethylphenol, 2,4-dimethylphenol,
      2,5-dimethylphenol, 2,6-dimethylphenol, 3,4-dimethylphenol,
      3,5-dimethylphenol, 2-methoxyphenol, 3-methoxyphenol, 4-methoxyphenol,
      2-methoxy-3-methylphenol, 2-methoxy-4-methylphenol,
      2-methoxy-5-methylphenol, 2-methoxy-6-methylphenol,
      3-methoxy-5-methylphenol, 3-methoxy-6-methylphenol,
      4-methoxy-5-methylphenol, 4-methoxy-6-methylphenol, 2,3-dimethoxyphenol,
      2,4 -dimethoxyphenol, 3,5-dimethoxyphenol, 2-chlorophenol, 3-chlorophenol,
      4-chlorophenol, 2-bromophenol, 3-bromophenol, 4-bromophenol,
      2-cyanophenol, 3-cyanophenol, 4-cyanophenol, 2,3-dichlorophenol,
      2,4-dichlorophenol, 2,5-dichlorophenol, 2,6-dichlorophenol,
      3,4-dichlorophenol, 3,5-dichlorophenol, 2,3-dibromophenol,
      2,4-dibromophenol, 2,5-dibromophenol, 2,6-dibromophenol,
      3,4-dibromophenol, 3,5-dibromophenol, 2-methyl-3-chlorophenol,
      2-methyl-4-chlorophenol, 2-methyl-5-chlorophenol, 2-methyl-6-chlorophenol,
      2-methyl-3-bromophenol, 2-methyl-4-bromophenol, 2-methyl-5-bromophenol,
      2-methyl-6-bromophenol, 3-methyl-2-chlorophenol, 3-methyl-4-chlorophenol,
      3-methyl-6-chlorophenol, 3-methyl-2-bromophenol, 3-methyl-4-bromophenol,
      3-methyl-6-bromophenol, 4-methyl-5-chlorophenol, 4-methyl-6-chlorophenol,
      4-methyl-5-bromophenol, 4-methyl-6-bromophenol,
      4-chloropyrocatechol-1-methylether, 5-chloropyrocatechol-1-methylether,
      4-bromopyrocatechol-1-methylether, 5-bromopyrocatechol-1-methylether,
      4-chlororesorcinol-1-methylether, 4-chlororesorcinol-3-mthylether,
      4-bromoresorcinol-1-methylether, 4-bromoresorcinol-3-methylether,
      2-chlorohydroquinone-1-methylether, 2-chlorohydroquinone-2-methylether,
      5-chlororesorcinol-1-methylether, 1-naphthol, 2-naphthol,
      2-methyl-1-naphthol, 3-methyl-1-naphthol, 4-methyl-1-naphthol,
      7-methyl-1-naphthol, 3,6-dimethyl-1-naphthol, 3,7-dimethyl-1-naphthol,
      4,6-dimethyl-1-naphthol, 4,7-dimethyl-1-naphthol, 6,7-dimethyl-1-naphthol,
      4-methoxy-1-naphthol, 5-methoxy- 1-naphthol, 6-methoxy-1-naphthol,
      7-methoxy-1-naphthol, 8-methoxy-1-naphthol, 2-chloro-1-naphthol,
      3-chloro-1-naphthol, 4-chloro1-naphthol, 5-chloro-1-naphthol,
      7-chloro-1-naphthol, 8-chloro-1-naphthol, 2,3-dichloro-1-naphthol,
      2,4-dichloro-1-naphthol, 5,7-dichloro-1-naphthol, 5,8-dichloro-1-naphthol,
      2-chloro-4-bromo-1-naphthol, 2-bromo-1-naphthol, 3-bromo-1-naphthol,
      4-bromo-1-naphthol, 5-bromo=1-naphthol, 6-bromo-1-naphthol,
      7-bromo-1-naphthol, 8-bromo-1-naphthol, 2-ethyl-4-bromo-1-naphthol,
      2,4-dibromo-1-naphthol, 1-methyl-2-naphthol, 6-methyl-2-naphthol,
      1,4-dimethyl-2-naphthol, 3,6-dimethyl-2-naphthol, 3,7-dimethyl-2-naphthol,
      6,7-dimethyl-2-naphthol, 1-chloro-2-naphthol, 3-chloro-2-naphthol,
      4-chloro-2-naphthol, 5-chloro-2-naphthol, 6-chloro-2-naphthol,
      7-chloro-2-naphthol, 8-chloro-2-naphthol, 1,3-dichloro-2-naphthol,
      1,4-dichloro-2-naphthol, 1-bromo-2-naphthol, 3-bromo-2-naphthol,
      4-bromo-2-naphthol, 5-bromo-2-naphthol, 6-bromo-2-naphthol,
      7-bromo-2-naphthol, 8-bromo-2-naphthol, 1-methyl-6-bromo-2-naphthol,
      1-ethyl-6-bromo-2-naphthol, 1,6-dibromo-2-naphthol,
      3,6-dibromo-2-naphthol, 3,7-dibromo-2-naphthol and 4,6-dibromo-2-naphthol.
PAR  For the preparation of the novel compounds of formula I, wherein the
      substituent Z.sub.1 and/or Z.sub.2 signifies a --SO.sub.2 --R.sub.12
      radical, sulfinates are employed, preferably zinc sulfinates of the
      formula Zn (SO.sub.2 --R.sub.12).sub.2. They allow the introduction of,
      for example, the following radicals: methylsulfonyl, chloromethylsulfonyl,
      ethylsulfonyl, 2-chloroethylsulfonyl, n-propylsulfonyl, isopropylsulfonyl,
      n-butylsulfonyl, isobutylsulfonyl, sec.-butylsulfonyl, n-amylsulfonyl,
      isoamylsulfonyl, n-hexylsulfonyl, cyclohexylsulfonyl, benzylsulfonyl,
      phenylsulfonyl, 2,4-dimethylphenylsulfonyl, 4-methylphenylsulfonyl,
      4-methoxyphenylsulfonyl, 4-chlorophenylsulfonyl,
      4-chloro-3-methylphenylsulfonyl and 4-bromophenylsulfonyl.
PAR  The compounds of the present invention are valuable intermediates, in
      particular for the preparation of dyestuffs, preferably of azo dyestuffs.
      As far as these azo dyes do not contain ionogenic groups, they may be
      employed as disperse dyes for dyeing and printing synthetic hydrophobic
      fiber material, whereas those azo dyes which do contain ionogenic groups
      are suited for dyeing and printing cotton, wool, silk, polyamide and
      modified polyacrylonitrile.
PAR  Moreover, the compounds of the present invention are valuable pest control
      agents -- in particular if they are employed as insectizides --, as well
      as valuable pharmaceuticals -- above all if they are employed as
      analeptics, analgetics and diuretics.
PAR  Azo dyes containing the compounds of the present invention may be prepared,
      for instance, by diazotizing a diazotizable aromatic amine and coupling it
      with a compound of the present invention. The diazotization and the
      coupling are carried out in the usual manner. According to the respective
      initial products employed, this working method leads to the preparation,
      for instance, of disperse dyes, reactive dyes, cationic dyes or acid dyes.
      All of these azo dyes exhibit outstanding tinctorial properties, in
      particular a high coloring strength and a very good fastness to light,
      perspiration, water, sea water, alkalies and to washing. The disperse dyes
      distinguish themselves above all by an excellent fastness to dry-heat
      pleating and setting, ozone, waste-gas fading and to rubbing, by a high
      resistance when subjected to various permanent press treatments and by a
      good covering power even when applied onto textured polyester materials.
      The reactive dyes distinguish themselves in particular by an even color
      depth obtained in the different setting processes. The azo dyes mentioned
      hereinbefore are suited for dyeing and printing textile materials
      according to various known processes. The preparation of the dyes as well
      as their application for dyeing and printing are described in Examples 15
      - 19.
DETD
PAR  In the following examples, "p.b.w." means parts by weight
PAC  EXAMPLE 1
PAR  To a composition of 320 p.b.w. ethyl alcohol and 83.7 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine, which are placed in an autoclave,
      there are added 51.0 p.b.w. liquid ammonia and subsequently the reaction
      liquid is heated for 18 hours at 200.degree.C. After cooling, the ethyl
      alcohol is then distilled off, the residue agitated with 300 p.b.w. water,
      drawn off, washed with water and dried. The resulting
      2,6-diamino-3-cyano-4-methylpyridine having the formula
      ##SPC13##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.7 H.sub.8 N.sub.4 Calculated: 37.8% N Found: 37.4% N
PAC  EXAMPLE 2
PAR  A solution of 400 p.b.w. ethyl alcohol, 93.0 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine and 274.0 p.b.w. diethylamine is
      agitated 24 hours at 50.degree.C. Upon cooling of the reaction solution,
      the resulting 2-chloro-3-cyano-4-methyl-6-diethylaminopyridine of the
      formula
      ##SPC14##
PAC  EXAMPLE 4
PAR  Introduced into 200 p.b.w. methyl alcohol while cooling were 3.7 p.b.w.
      sodium. Added to this sodium methyl solution then were 33.5 p.b.w.
      2-chloro-3-cyano-4-methyl-6-di-ethylaminopyridine and subsequently the
      reaction solution was heated to the point of boiling for 24 hours. Then
      the methyl alcohol was distilled off, the residue taken up with 100 p.b.w.
      water, drawn off, washed with water and dried. The resulting
      2-methoxy-3-cyano-4-methyl-6-diethylaminopyridine of the formula
      ##SPC15##
PAL  may be purified by recrystallization from methanol.
PAR  Analysis: C.sub.12 H.sub.17 N.sub.3 O Calculated: 19.2 % N 14.2 %
      --OCH.sub.3 Found: 19.0 % N 13.8 % --OCH.sub.3
PAC  EXAMPLE 5
PAR  A composition consisting of 432 p.b.w. n-propylamine and 187 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine is agitated in an autoclave for 2
      hours at 100.degree.C. Upon cooling, the reaction liquor is decomposed in
      water, the resulting 2-chloro-3-cyano-4-methyl-6-n-propylaminopyridine
      having the formula
      ##SPC16##
      is crystallized out. The pyridine derivative is then drawn off and washed
      on the suction apparatus first with 100 p.b.w. ethyl alcohol and
      subsequently with 500 p.b.w. water. The substance is analytically pure.
      Its constitution, i.e., the exchange of the 6-position halogen atom in the
      2,6-dichloro-3-cyano-4-methylpyridine against the diethylamino group was
      assured by NMR absorption analysis.
PAR  Analysis: C.sub.11 H.sub.14 ClN.sub.3 Calculated: 18.8% N 15.7% Cl Found:
      18.5% N 15.7% Cl
PAC  EXAMPLE 3
PAR  The mixture of Example 2 is agitated in an autoclave for 12 hours at
      150.degree.C. Upon cooling, the ethyl alcohol is then distilled off and
      the residue agitated with 50 p.b.w. water and 245 p.b.w. soda lye,
      33.degree. Be. The resulting
      2,6-bis-(diethylamino)-3-cyano-4-methylpyridine of the formula
      ##SPC17##
PAL  is an oil which is isolated with ether. It may be purified by vacuum
      distillation.
PAR  Analysis: C.sub.15 H.sub.24 N.sub.4 Calculated: 21.5% N Found: 21.5% N is
      drawn off and washed with water. It may be purified by recrystallization
      from ethyl alcohol.
PAR  Analysis: C.sub.10 H.sub.12 ClN.sub.3 Calculated: 20.1% N 16.7% Cl Found:
      20.3% N 17.0% Cl
PAC  EXAMPLE 6
PAR  A composition of 100 p.b.w. 3-dimethylaminopropylamine-(1) and 41.8 p.b.w.
      2-chloro-3-cyano-4-methyl-6-n-propylaminopyridine are agitated for 2 hours
      at 140.degree.C. The reaction melt upon cooling is stirred with water, the
      residue is drawn off and washed with water. The resulting
      2-(3'-dimethylamino-n-propylamino)-3-cyano-4-methyl-6-n-propylaminopyridin
     e having the formula
      ##SPC18##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.15 H.sub.25 N.sub.5 Calculated: 25.4% N Found: 25.2% N
PAC  EXAMPLE 7
PAR  Introduced into a solution of 155 p.b.w. monomethylamine in 1,000 p.b.w.
      isopropylalcohol are 187 p.b.w. 2,6-dichloro-3-cyano-4-methylpyridine.
      Subsequently, the reaction solution is heated in an autoclave for 5 hours
      at 200.degree.C. Upon cooling to room temperature, the resulting
      2,6-bis-(monomethylamino)-3 -cyano-4-methylpyridine having the formula
      ##SPC19##
      is drawn off, first washed with isopropyl alcohol, then with water and
      dried. It may be purified by crystallization from isopropyl alcohol.
PAR  Analysis: C.sub.9 H.sub.12 N.sub.4 Calculated: 31.8% N Found: 32.0% N
PAC  EXAMPLE 8
PAR  A composition of 200 p.b.w. ethyl alcohol, 83.7 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine and 180 p.b.w.
      3-methoxypropylamine-(1) is heated in an autoclave for 18 hours at
      180.degree.C. Upon cooling, the ethyl alcohol is distilled off, the
      residue is stirred with 100 p.b.w. water with the addition of 150 p.b.w.
      soda lye, 33.degree.Be, drawn off, washed with water and dried. The
      resulting 2,6-bis-(3'-methoxy-n-propylamino)-3-cyano-4-methylpyridine
      having the formula
      ##SPC20##
PAL  may be purified by vacuum distillation.
PAR  Analysis: C.sub.15 H.sub.24 N.sub.4 O.sub.2 Calculated: 19.2% N Found:
      19.6% N
PAC  EXAMPLE 9
PAR  A composition consisting of 100 p.b.w. morpholine and 37.4 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine is heated for 30 minutes at
      130.degree.C. The reaction melt is then decomposed on ice, the residue is
      drawn off, washed with water, and dried. The resulting
      2,6-bis-(morpholino)-3-cyano-4-methylpyridine having the formula
      ##SPC21##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.15 H.sub.20 N.sub.4 O.sub.2 Calculated: 19.4% N Found:
      19.7% N
PAC  EXAMPLE 10
PAR  There are introduced 37.2 p.b.w. 2,6-dichloro-3-cyano-4-methylpyridine into
      150.0 p.b.w. aniline. This reaction solution is then heated for 24 hours
      at 150.degree.C. and subsequently decomposed in 1,000 p.b.w. ice with the
      addition of 350 p.b.w. crude hydrochloric acid (D = 1.153). The resulting
      2,6-bis-(anilino)-3-cyano-4-methylpyridine having the formula
      ##SPC22##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.19 H.sub.16 N.sub.4 Calculated: 18.7% N Found: 18.5% N
PAC  EXAMPLE 11
PAR  Introduced into 80 p.b.w. methyl alcohol are 7.6 p.b.w. sodium during
      cooling, then there are added 27.9 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine to this sodium methylate solution
      and subsequently the reaction solution is heated to the point of boiling
      for 24 hours. Then the methyl alcohol is distilled off. The residue is
      taken up with 100 p.b.w. water, drawn off, washed with water and dried.
      The resulting 2,6-dimethoxy-3-cyano-4-methylpyridine having the formula
      ##SPC23##
PAL  may be purified by recrystallization from methyl alcohol.
PAR  Analysis: C.sub.9 H.sub.10 N.sub.2 O.sub.2 Calculated: 15.7% N 34.8%
      -OCH.sub.3 Found: 15.5% N 34.2% -OCH.sub.3
PAC  EXAMPLE 12
PAR  There are introduced 27.9 p.b.w. of 2,6-dichloro-3-cyano-4-methylpyridine
      into a sodium ethylate solution, which had been prepared from 80 p.b.w.
      ethyl alcohol and 3.8 p.b.w. sodium. Subsequently, the reaction solution
      is heated to the point of boiling for 24 hours. The ethyl alcohol is then
      distilled off, the residue is stirred with 100 p.b.w. water, and the
      resulting 2-chloro-3-cyano-4-methyl-4-ethoxypyridine having the formula
      ##SPC24##
PAL  is taken up with ether. It may be purified by vacuum distillation.
PAR  Analysis: C.sub.9 H.sub.9 ClN.sub.2 O Calculated: 14.3% N 17.8% Cl Found:
      14.5% N 17.6% Cl
PAR  In the following table there are presented further pyridine compounds
      prepared in accordance with the herein described process:
      ##SPC25##
PAL  or tautomeric formulae.
TBL                                                 Empirical                  
                                                            Cal'd.             
                                                                Found          
     No.                                                                       
        Z.sub.1               Z.sub.2               Formula N%  N%             
     __________________________________________________________________________
     1. --NHCH.sub.2 CH.sub.3 --NHCH.sub.2 CH.sub.3 C.sub.11 H.sub.16 N.sub.4  
                                                            27.5               
                                                                27.5           
     2. --NHCH.sub.2 CH.sub.2 OH                                               
                              --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.11 H.sub.16 N.sub.4  
                                                    O.sub.2 23.7               
                                                                24.0           
     3. --NHCH.sub.2 CH.sub.2 OCH.sub.3                                        
                              --NHCH.sub.2 CH.sub.2 OCH.sub.3                  
                                                    C.sub.13 H.sub.20 N.sub.4  
                                                    O.sub.2 21.2               
                                                                21.0           
     4. --NHCH.sub.2 CH.sub.2 CN                                               
                              --NHCH.sub.2 CH.sub.2 CN                         
                                                    C.sub.13 H.sub.14 N.sub.6  
                                                            33.1               
                                                                33.5           
     5. --NHCH.sub.2 CH.sub.2 CH.sub.3                                         
                              --NHCH.sub.2 CH.sub.2 CH.sub.3                   
                                                    C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                24.6           
        CH.sub.3              CH.sub.3                                         
     6. --NH--CH.angle.       --NH--CH.angle.       C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                24.4           
        CH.sub.3              CH.sub.3                                         
     7. --NH--(CH.sub.2).sub.2 CH.sub.2 OCH.sub.3   C.sub.15 H.sub.24 N.sub.4  
                                                    O.sub.2 19.2               
                                                                19.0           
                              --NH--(CH.sub.2).sub. 2 CH.sub.2 OCH.sub.3       
     8. --NHCH.sub.2 CH=CH.sub.2                                               
                              --NHCH.sub.2 CH=CH.sub.2                         
                                                    C.sub.13 H.sub.16 N.sub.4  
                                                            24.6               
                                                                24.2           
     9. --NH--C.sub.4 H.sub.9 (n)                                              
                              --NH--C.sub.4 H.sub.9 (n)                        
                                                    C.sub.15 H.sub.24 N.sub.4  
                                                            21.5               
                                                                21.8           
     10.                                                                       
        --NH--C.sub.4 H.sub.9 (sec)                                            
                              --NH--C.sub.4 H.sub.9 (sec)                      
                                                    C.sub.15 H.sub.24 N.sub.4  
                                                            21.5               
                                                                21.3           
        CH.sub.2 --CH.sub.3   CH.sub.2 --CH.sub.3                              
        --NH--CH.angle.       --NH--CH.angle.       C.sub.17 H.sub.28 N.sub.4  
                                                            19.4               
                                                                19.8           
        CH.sub.2 --CH.sub.3   CH.sub.2 --CH.sub.3                              
        --NH--C.sub.5 H.sub.11 (iso)                                           
                              --NH--C.sub.5 H.sub.11 (iso)                     
                                                    C.sub.17 H.sub.28 N.sub.4  
                                                            19.4               
                                                                19.6           
        --NH--C.sub.6 H.sub.13 (n)                                             
                              --NH--C.sub.6 H.sub.13 (n)                       
                                                    C.sub.19 H.sub.34 N.sub.4  
                                                            17.7               
                                                                18.1           
     14.                                            C.sub.19 H.sub.28 N.sub.4  
                                                            17.9               
                                                                17.5           
     15.                                            C.sub.21 H.sub.20 N.sub.4  
                                                            17.1               
                                                                17.5           
     16.                                            C.sub.23 H.sub.24 N.sub.   
                                                            15.7               
                                                                15.5           
     17.                                            C.sub.27 H.sub.20 N.sub.4  
                                                            14.0               
                                                                14.3           
        HC----CN              HC----CH              C.sub.17 H.sub.16 N.sub.4  
                                                    O.sub.2 18.2               
                                                                18.5           
        .parallel..parallel.  .parallel..parallel.                             
        HCC--CH.sub.2 --NH--  HCC--CH.sub.2 --NH--                             
        .angle.               .angle.                                          
        O                     O                                                
     19.                                            C.sub.19 H.sub.18 N.sub.6  
                                                            25.5               
                                                                25.7           
     20.                                                                       
        H.sub.2 C----CH--NH-- H.sub.2 C----CH--NH-- C.sub.15 H.sub.20 N.sub.4  
                                                    O.sub.4 S.sub.2            
                                                            14.6               
                                                                15.0           
        .vertline..vertline.  .vertline..vertline.                             
        H.sub.2 CCH.sub.2     H.sub.2 CCH.sub.2                                
        .angle.               .angle.                                          
        S                     S                                                
        O.sub.2               O.sub.2                                          
     21.                                            C.sub.25 H.sub.22 N.sub.6  
                                                            20.7               
                                                                21.0           
        CH.sub.3              CH.sub.3                                         
        --N.angle.            --N.angle.            C.sub.11 H.sub.16 N.sub.4  
                                                            27.5               
                                                                27.2           
        CH.sub.3              CH.sub.3                                         
        CH.sub.2 CH.sub.2 CN  CH.sub.2 CH.sub.2 CN                             
        --N.angle.            --N.angle.            C.sub.19 H.sub.20 N.sub.8  
                                                            31.1               
                                                                36.7           
        CH.sub.2 CH.sub.2 CN  CH.sub.2 CH.sub.2 CN                             
        CH.sub.2 CH.sub.2 CN  CH.sub.2 CH.sub.2 CN                             
        --N.angle.            --N.angle.            C.sub.17 H.sub.22 N.sub.6  
                                                    O.sub.2 26.3               
                                                                26.8           
        CH.sub.2 CH.sub.2 OH  CH.sub.2 CH.sub.2 OH                             
        CH.sub.3              CH.sub.3                                         
        --N.angle.            --N.angle.            C.sub.13 H.sub.20 N.sub.4  
                                                    O.sub.2 21.2               
                                                                21.6           
        CH.sub.2 CH.sub.2 OH  CH.sub.2 CH.sub.2 OH                             
        C.sub.4 H.sub.9 (n)   C.sub.4 H.sub.9 (n)                              
        --N.angle.            --N.angle.            C.sub.19 H.sub.32 N.sub.4  
                                                    O.sub.2 16.1               
                                                                16.5           
        CH.sub.2 CH.sub.2 OH  CH.sub.2 CH.sub.2 OH                             
     27.                                            C.sub.23 H.sub.36 N.sub.4  
                                                    O.sub.2 14.0               
                                                                14.6           
     28.                                            C.sub.25 H.sub.28 N.sub.4  
                                                    O.sub.2 13.5               
                                                                13.2           
        C.sub.3 H.sub.7 (n)   C.sub.3 H.sub.7 (n)                              
        --N.angle.            --N.angle.            C.sub.19 H.sub.32 N.sub.4  
                                                            17.7               
                                                                18.2           
        C.sub.3 H.sub.7 (n)   C.sub.3 H.sub.7 (n)                              
        C.sub.4 H.sub.9 (n)   C.sub.4 H.sub.9 (n)                              
     30.                                                                       
        --N.angle.            --N.angle.            C.sub.23 H.sub.40 N.sub.4  
                                                            15.1               
                                                                15.5           
        C.sub.4 H.sub.9 (n)   C.sub.4 H.sub.9 (n)                              
        C.sub.6 H.sub.13 (n)  C.sub.6 H.sub.13 (n)                             
        --N.angle.            --N.angle.            C.sub.31 H.sub.56 N.sub.4  
                                                            11.6               
                                                                11.2           
        C.sub.6 H.sub.13 (n)  C.sub.6 H.sub.13 (n)                             
     32.                                            C.sub.15 H.sub.20 N.sub.4  
                                                    O.sub.2 19.4               
                                                                19.6           
     33.                                            C.sub.17 H.sub.24 N.sub.4  
                                                            19.7               
                                                                19.3           
     34.                                            C.sub.17 H.sub.26 N.sub.6  
                                                            26.8               
                                                                26.2           
     35.                                            C.sub.19 H.sub.20 N.sub.6  
                                                            24.6               
                                                                25.1           
     36.                                            C.sub.15 H.sub.20 N.sub.4  
                                                            21.8               
                                                                22.2           
     37.                                            C.sub.21 H.sub.22 N.sub.6  
                                                            23.5               
                                                                23.8           
        CH.sub.3              CH.sub.3                                         
        --NH--N.angle.        --NH--N.angle.        C.sub.11 H.sub.18 N.sub.6  
                                                            35.9               
                                                                35.6           
        CH.sub.3              CH.sub.3                                         
        CH.sub.3 CH.sub.3     CH.sub.3 CH.sub.3                                
        .vertline.            .vertline.                                       
        --N--N.angle.         --N--N.angle.         C.sub.13 H.sub.22 N.sub.6  
                                                            32.1               
                                                                32.5           
        CH.sub.3              CH.sub.3                                         
        C.sub.2 H.sub.5       C.sub.2 H.sub.5                                  
     40.                                                                       
        --NH--N.angle.        --NH--N.angle.        C.sub.15 H.sub.26 N.sub.6  
                                                            29.0               
                                                                29.4           
        C.sub.2 H.sub.5       C.sub.2 H.sub.5                                  
     41.                                            C.sub.23 H.sub.26 N.sub.6  
                                                            21.8               
                                                                21.5           
     42.                                            C.sub.15 H.sub.22 N.sub.6  
                                                    O.sub.2 26.4               
                                                                26.2           
        CH.sub.3              C.sub.2 H.sub.5                                  
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                              --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.17 H.sub.30 N.sub.6  
                                                            26.4               
                                                                26.0           
        CH.sub.3              C.sub.2 H.sub.5                                  
        C.sub.2 H.sub.5       C.sub.2 H.sub.5                                  
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                              --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.19 H.sub.34 N.sub.6  
                                                            24.3               
                                                                24.5           
        C.sub.2 H.sub.5       C.sub.2 H.sub.5                                  
        CH.sub.3              CH.sub.3                                         
        --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.                                
                              --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.          
                                                    C.sub.17 H.sub.30 N.sub.6  
                                                            26.4               
                                                                26.1           
     46.                                            C.sub.21 H.sub.34 N.sub.6  
                                                    O.sub.2 20.9               
                                                                20.7           
     47.                                            C.sub.23 H.sub.38 N.sub.6  
                                                            21.1               
                                                                21.5           
        --NH--OH              --NH--OH              C.sub.7 H.sub.8 N.sub.4    
                                                    O.sub.2 31.1               
                                                                31.6           
        CH.sub.3              CH.sub.3                                         
        --N.angle.            --N.angle.            C.sub.11 H.sub.16 N.sub.4  
                                                    O.sub.2 23.7               
                                                                24.2           
        OCH.sub.3             OCH.sub.3                                        
        CH.sub.2 CH.sub.2 OH  CH.sub.2 CH.sub.2 OH                             
     50.                                                                       
        --N.angle.            --N.angle.            C.sub.13 H.sub.20 N.sub.4  
                                                    O.sub.4 18.9               
                                                                19.3           
        OCH.sub.3             OCH.sub.3                                        
     51.                                            C.sub.23 H.sub.24 N.sub.4  
                                                    O.sub.2 14.4               
                                                                15.0           
        CH.sub.2 --CH.sub.3   CH.sub.2 --CH.sub.3                              
        --N.angle.            --N.angle.            C.sub.15 H.sub.24 N.sub.4  
                                                    O.sub.2 19.2               
                                                                19.6           
        O--CH.sub.2 --CH.sub.3                                                 
                              O--CH.sub.2 --CH.sub.3                           
        CH.sub.2 CH.sub.2 OH  CH.sub.2 CH.sub.2 CH                             
        --N.angle.            --N.angle.            C.sub.15 H.sub.24 N.sub.4  
                                                    O.sub.6 15.7               
                                                                16.2           
        O--CH.sub.2 CH.sub.2 OH                                                
                              O--CH.sub.2 CH.sub.2 OH                          
     54.                                            C.sub.25 H.sub.28 N.sub.4  
                                                    O.sub.4 12.5               
                                                                12.2           
        H.sub.2 C----CH.sub.2 H.sub.2 C----CH.sub.2                            
        .vertline..vertline.  .vertline..vertline.  C.sub.13 H.sub.16 N.sub.4  
                                                    O.sub.2 21.5               
                                                                21.2           
        --NCH.sub.2           --NCH.sub. 2                                     
        .angle.               .angle.                                          
        O                     O                                                
        H.sub.2               H.sub.2                                          
        C                     C                                                
        .angle.               .angle.                                          
        H.sub.2 CCH.sub.2     H.sub.2 CCH.sub.2     C.sub.15 H.sub.20 N.sub.4  
                                                    O.sub.2 19.4               
                                                                19.8           
        .vertline..vertline.  .vertline..vertline.                             
        --NCH.sub.2           --NCH.sub.2                                      
        .angle.               .angle.                                          
        O                     O                                                
        --NH.sub.2            --Cl                  C.sub.7 H.sub.6 ClN.sub.3  
                                                            25.1               
                                                                25.4           
        --NH.sub.2            --CN                  C.sub.8 H.sub.6 N.sub.4    
                                                            35.7               
                                                                35.5           
        "                     --OH                  C.sub.7 H.sub.7 N.sub.3    
                                                            28.2               
                                                                28.6           
     60.                                                                       
        "                     --OCH.sub.3           C.sub.8 H.sub.9 N.sub.3    
                                                            25.8               
                                                                25.2           
        "                                           C.sub.13 H.sub.11 N.sub.3  
                                                    O       18.7               
                                                                19.1           
        "                     --SH                  C.sub.7 H.sub.7 N.sub.3    
                                                            25.5               
                                                                25.7           
        "                     --SC.sub.2 H.sub.5    C.sub.9 H.sub.11 N.sub.3   
                                                            21.8               
                                                                22.3           
        --NH.sub.2            --SO.sub.2 --CH.sub.3 C.sub.8 H.sub.9 N.sub.3    
                                                    O.sub.2 S                  
                                                            19.9               
                                                                20.5           
        "                     --NH--CH.sub.3        C.sub.8 H.sub.10 N.sub.4   
                                                            34.6               
                                                                34.2           
        "                     --NH--C.sub.2 H.sub.5 C.sub.9 H.sub.12 N.sub.4   
                                                            31.8               
                                                                31.5           
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3         
                                                    C.sub.11 H.sub.16 N.sub.4  
                                                    O       25.5               
                                                                25.2           
        "                                           C.sub.13 H.sub.12 N.sub.4  
                                                            25.0               
                                                                25.5           
        "                                           C.sub.14 H.sub.14 N.sub.4  
                                                            23.6               
                                                                24.1           
     70.                                                                       
        "                                           C.sub.16 H.sub.14 N.sub.5  
                                                            25.4               
                                                                25.0           
                              CH.sub.3                                         
        "                     --N.angle.            C.sub.9 H.sub.12 N.sub.4   
                                                            31.8               
                                                                31.6           
                              CH.sub.3                                         
                              CH.sub.3                                         
        "                     --N.angle.            C.sub.10 H.sub.14 ON.sub.4 
                                                            27.2               
                                                                27.7           
                              CH.sub.2 CH.sub.2 OH                             
        --NH.sub.2            --N.angle.            C.sub.11 H.sub.16 O.sub.2  
                                                    N.sub.4 23.7               
                                                                24.2           
                              CH.sub.2 CH.sub.2 OH                             
        "                                           C.sub.11 H.sub.14 ON.sub.4 
                                                            25.7               
                                                                26.2           
        "                                           C.sub.12 H.sub.16 N.sub.4  
                                                            25.9               
                                                                26.3           
                              CH.sub.3                                         
        "                     --NH--N.angle.        C.sub.9 H.sub.13 N.sub.5   
                                                            36.6               
                                                                36.1           
                              CH.sub.3                                         
                              C.sub.2 H.sub.5                                  
        "                     --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.13 H.sub.21 N.sub.5  
                                                            28.3               
                                                                28.1           
                              C.sub.2 H.sub.5                                  
                              CH.sub.2                                         
        "                     --NHCH.sub.2 CH.sub.2 N.angle..vertline.         
                                                    C.sub.11 H.sub.15 N.sub.5  
                                                            32.3               
                                                                32.2           
                              CH.sub.2                                         
                              CH.sub.3                                         
        "                     --N.angle.            C.sub.9 H.sub.12 ON.sub.4  
                                                            29.2               
                                                                29.0           
                              OCH.sub.3                                        
                              C.sub.3 H.sub.7 (iso)                            
     80.                                                                       
        "                     --N.angle.            C.sub.12 H.sub.18 ON.sub.4 
                                                            23.9               
                                                                23.3           
                              O--C.sub.2 H.sub.5                               
        --NH--CH.sub.3        --Cl                  C.sub.8 H.sub.8 N.sub.3    
                                                            23.2               
                                                                23.5           
        "                     --CN                  C.sub.9 H.sub.8 N.sub.4    
                                                            32.6               
                                                                32.2           
        "                     --OH                  C.sub. 8 H.sub.9 ON.sub.3  
                                                            25.8               
                                                                26.2           
        "                     --OC.sub.2 H.sub.5    C.sub.10 H.sub.13 ON.sub.3 
                                                            22.0               
                                                                22.5           
        --NH--CH.sub.3        --SO.sub.2 --C.sub.2 H.sub.5                     
                                                    C.sub.10 H.sub.13 N.sub.3  
                                                    O.sub.2 S                  
                                                            17.6               
                                                                17.5           
        "                     --NH--C.sub.3 H.sub.7 (n)                        
                                                    C.sub.11 H.sub.16 N.sub.4  
                                                            27.5               
                                                                27.1           
        "                     --NH--C.sub.5 H.sub.11 (iso)                     
                                                    C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                23.5           
        "                                           C.sub.14 H.sub.20 N.sub.4  
                                                            23.0               
                                                                22.5           
        "                                           C.sub.15 H.sub.16 N.sub.4  
                                                            22.2               
                                                                22.0           
     90.                                                                       
        "                                           C.sub.18 H.sub.16 N.sub.4  
                                                            19.4               
                                                                19.0           
        --NH--CH.sub.3        HC----CH              C.sub.13 H.sub.15 N.sub.4  
                                                    O       23.0               
                                                                22.5           
                              .parallel..parallel.                             
                              HCCH--CH.sub.2 --NH--                            
                              .angle.                                          
                              O                                                
                              C.sub.2 H.sub.5                                  
        "                     --N.angle.            C.sub.12 H.sub.18 N.sub.4  
                                                            25.7               
                                                                26.1           
                              C.sub.2 H.sub. 5                                 
                              CH.sub.2 CH.sub.2 CN                             
        "                     --N.angle.            C.sub.13 H.sub.17 N.sub.5  
                                                    O       27.0               
                                                                26.5           
                              CH.sub.2 CH.sub.2 OH                             
        "                                           C.sub.12 H.sub.16 N.sub.4  
                                                            25.9               
                                                                26.4           
        "                                           C.sub.13 H.sub.19 N.sub.5  
                                                            28.6               
                                                                28.2           
                              C.sub.2 H.sub.5                                  
        "                     --NH--N.angle.        C.sub.12 H.sub.19 N.sub.5  
                                                            30.0               
                                                                30.6           
                              C.sub.2 H.sub.5                                  
                              CH.sub.3                                         
        --NH--CH.sub.3        --NHCH.sub.2 CH.sub.2 --N.angle.                 
                                                    C.sub.12 H.sub.19 N.sub.5  
                                                            30.0               
                                                                30.3           
                              CH.sub.3                                         
                              CH.sub.2 CH.sub.2 OH                             
        "                     --N.angle.            C.sub.12 H.sub.18 N.sub.4  
                                                    O.sub.2 22.4               
                                                                22.0           
                              O--C.sub.2 H.sub.5                               
        --NH--C.sub.2 H.sub.5 --Cl                  C.sub.9 H.sub.10 ClN.sub.3 
                                                            21.5               
                                                                21.3           
     100.                                                                      
        "                     --CN                  C.sub.10 H.sub.10 N.sub.4  
                                                            30.1               
                                                                30.5           
     101.                                                                      
        "                     --OH                  C.sub.9 H.sub.11 N.sub.3   
                                                            23.7               
                                                                23.2           
     102.                                                                      
        "                     --OC.sub.3 H.sub.7 (n)                           
                                                    C.sub.12 H.sub.17 N.sub.3  
                                                    O       19.2               
                                                                19.0           
     103.                                                                      
        "                     --SCH.sub.3           C.sub.10 H.sub.13 N.sub.3  
                                                    S       20.3               
                                                                20.7           
     104.                                                                      
        "                     --SO.sub.2 --C.sub.3 H.sub.7 (n)                 
                                                    C.sub.12 H.sub.17 N.sub.3  
                                                    O.sub.2 S                  
                                                            15.7               
                                                                15.5           
     105.                                                                      
        "                     --NH--CH.sub.3        C.sub.10 H.sub.14 N.sub.4  
                                                            29.5               
                                                                29.0           
     106.                                                                      
        "                     --NH--CH.sub.2 --CH.sub.2 --OCH.sub.3            
                                                    C.sub.12 H.sub.18 N.sub.4  
                                                    O       23.9               
                                                                23.3           
     107.                                                                      
        "                     --NH--C.sub.6 H.sub.13 (n)                       
                                                    C.sub.15 H.sub.24 N.sub.4  
                                                            21.5               
                                                                21.0           
                              CH.sub.3                                         
     108.                                                                      
        --NH--C.sub.2 H.sub.5 --N.angle.            C.sub.11 H.sub.16 N.sub.4  
                                                            27.5               
                                                                27.3           
                              CH.sub.3                                         
     109.                                                                      
        --NH--C.sub.2 H.sub.5                       C.sub.14 H.sub.20 N.sub.4  
                                                            23.0               
                                                                22.5           
                              CH.sub.3                                         
     110.                                                                      
        "                     --NH--N.angle.        C.sub.11 H.sub.17 N.sub.5  
                                                            32.0               
                                                                31.6           
                              CH.sub.3                                         
                              C.sub.2 H.sub.5                                  
     111.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.15 H.sub.25 N.sub.5  
                                                            25.5               
                                                                26.0           
                              C.sub.2 H.sub.5                                  
     112.                                                                      
        "                                           C.sub.23 H.sub.24 N.sub.4  
                                                    O       15.1               
                                                                15.5           
     113.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                              --OH                  C.sub.10 H.sub.13 N.sub.3  
                                                    O       22.0               
                                                                22.4           
     114.                                                                      
        "                     --O--C.sub.3 H.sub.7 (iso)                       
                                                    C.sub.13 H.sub.19 N.sub.3  
                                                    O       18.0               
                                                                18.5           
     115.                                                                      
        "                     --SO.sub.2 --C.sub.5 H.sub.11 (iso)              
                                                    C.sub.15 H.sub.23 N.sub.3  
                                                    O.sub.2 S                  
                                                            13.6               
                                                                13.3           
     116.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                              --NH--CH.sub.3        C.sub.11 H.sub.16 N.sub.4  
                                                            27.5               
                                                                28.0           
     117.                                                                      
        "                     --NH--C.sub.3 H.sub.7 (iso)                      
                                                    C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                24.5           
     118.                                                                      
        "                                           C.sub.16 H.sub.24 N.sub.4  
                                                            20.6               
                                                                21.0           
     119.                                                                      
        "                                           C.sub.16 H.sub.18 N.sub.4  
                                                            21.1               
                                                                21.5           
                              CH.sub.3                                         
     120.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                              --N.angle.            C.sub.12 H.sub.18 N.sub.4  
                                                            25.7               
                                                                26.0           
                              CH.sub.3                                         
     121.                                                                      
        "                                           C.sub.19 H.sub.24 N.sub.4  
                                                    O       17.3               
                                                                17.5           
     122.                                                                      
        "                                           C.sub.14 H.sub.21 N.sub.5  
                                                    O       25.5               
                                                                26.1           
                              CH.sub.3                                         
     123.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.14 H.sub.23 N.sub.5  
                                                            26.8               
                                                                26.4           
                              CH.sub.3                                         
                              CH.sub.3                                         
     124.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                              --N.angle.            C.sub.12 H.sub.18 N.sub.4  
                                                    O       23.9               
                                                                23.2           
     125.                                                                      
        --NH--C.sub.3 H.sub.7 (iso)                                            
                              --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3         
                                                    C.sub.14 H.sub.22 N.sub.4  
                                                    O       21.4               
                                                                21.0           
                              C.sub.2 H.sub.5                                  
     126.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.22 N.sub.4  
                                                            22.8               
                                                                23.0           
                              C.sub.2 H.sub.5                                  
     127.                                                                      
        --NH--C.sub.4 H.sub.9 (n)                                              
                              --Cl                  C.sub.11 H.sub.14 ClN.sub.3
                                                    5       18.8               
                                                                19.0           
     128.                                                                      
        "                     --OH                  C.sub.11 H.sub.15 N.sub.3  
                                                    O       20.5               
                                                                21.0           
     129.                                                                      
        "                     --O--C.sub.4 H.sub.9 (n)                         
                                                    C.sub.15 H.sub.23 N.sub.3  
                                                    O       16.1               
                                                                16.4           
     130.                                                                      
        "                     --NH--CH.sub.3        C.sub.12 H.sub.18 N.sub.4  
                                                            25.7               
                                                                25.0           
     131.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.13 H.sub.20 N.sub.4  
                                                    O       22.6               
                                                                23.0           
                              CH.sub.3                                         
     132.                                                                      
        --NH--C.sub.4 H.sub.9 (iso)                                            
                              --N.angle.            C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                23.8           
                              CH.sub.3                                         
     133.                                                                      
        --NH--C.sub.4 H.sub.9 (iso)                 C.sub.16 H.sub.25 N.sub.5  
                                                            24.4               
                                                                24.1           
                              C.sub.2 H.sub.5                                  
     134.                                                                      
        --NH--C.sub.4 H.sub.9 (sek)                                            
                              --N.angle.            C.sub.15 H.sub.24 N.sub.4  
                                                            21.5               
                                                                22.0           
                              C.sub.2 H.sub.5                                  
                              CH.sub.3                                         
     135.                                                                      
        "                     --NH--N.angle.        C.sub.13 H.sub.21 N.sub.5  
                                                            28.3               
                                                                28.5           
                              CH.sub.3                                         
                              CH.sub.2 CH.sub.2 OH                             
     136.                                                                      
        "                     --N.angle.            C.sub.16 H.sub.26 N.sub.4  
                                                    O.sub.2 18.3               
                                                                18.7           
                              O--CH.sub.2 CH.sub.2 CH.sub.3                    
     137.                                                                      
        --NH--C.sub.4 H.sub.9 (tert)                                           
                              --NH--C.sub.2 H.sub.5 C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                24.5           
     138.                                                                      
        "                     --NH--CH.sub.2 --CH.sub.2 --CN                   
                                                    C.sub.14 H.sub.19 N.sub.5  
                                                            27.2               
                                                                27.5           
     139.                                                                      
        --NH--C.sub.5 H.sub.11 (n)                                             
                              --NH--CH.sub.3        C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                24.5           
                              CH.sub.3                                         
     140.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.22 N.sub.4  
                                                            22.8               
                                                                23.0           
                              CH.sub.3                                         
     141.                                                                      
        --NH--C.sub.5 H.sub.11 (n)                  C.sub.18 H.sub.23 N.sub.5  
                                                            22.7               
                                                                23.2           
                              CH.sub.3                                         
     142.                                                                      
        --NH--C.sub.5 H.sub.11 (iso)                                           
                              --NH--N.angle.        C.sub.14 H.sub.23 N.sub.5  
                                                            26.8               
                                                                27.2           
                              CH.sub.3                                         
                              C.sub.2 H.sub.5                                  
     143.                                                                      
        --NH--C.sub.6 H.sub.13 (n)                                             
                              --N.angle.            C.sub.17 H.sub.28 N.sub.4  
                                                            19.4               
                                                                19.0           
                              C.sub.2 H.sub.5                                  
     144.                                                                      
        --NH--C.sub.6 H.sub.13 (n)                  C.sub.12 H.sub.26 N.sub.4  
                                                    O       18.5               
                                                                18.9           
                              CH.sub.3                                         
     145.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.17 H.sub.29 N.sub.5  
                                                            23.1               
                                                                23.3           
                              CH.sub.3                                         
     146.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                                               
                              --NH--CH.sub.3        C.sub.10 H.sub.14 N.sub.4  
                                                    O       27.2               
                                                                27.5           
     147.                                                                      
        "                     --NHCH.sub.2 CH.sub. 2 CH.sub.2 OCH.sub.3        
                                                    C.sub.13 H.sub.20 N.sub.4  
                                                    O.sub.2 21.2               
                                                                21.5           
                              CH.sub.3                                         
     148.                                                                      
        "                     --N.angle.            C.sub.11 H.sub.16 N.sub.4  
                                                    O       25.5               
                                                                26.0           
                              CH.sub.3                                         
     149.                                                                      
        "                                           C.sub.13 H.sub.18 N.sub.4  
                                                    O.sub.2 21.4               
                                                                21.7           
     150.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                    C.sub.14 H.sub.20 N.sub.4  
                                                    O       21.5               
                                                                21.8           
                              CH.sub.2                                         
     151.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 N.angle..vertline.         
                                                    C.sub.13 H.sub.19 N.sub.5  
                                                    O       26.8               
                                                                27.2           
                              CH.sub.2                                         
     152.                                                                      
        --NHCH.sub.2 CH.sub.2 OCH.sub.3                                        
                              --NE--CH.sub.3        C.sub.11 H.sub.16 N.sub.4  
                                                    O       25.5               
                                                                25.8           
                              CH.sub.3                                         
     153.                                                                      
        "                     --N.angle.            C.sub.12 H.sub.18 N.sub.4  
                                                    O       23.9               
                                                                24.3           
                              CH.sub.3                                         
                              C.sub.2 H.sub.5                                  
     154.                     --N.angle.            C.sub.19 H.sub.24 N.sub.4  
                                                    O       17.3               
                                                                17.5           
                              C.sub.2 H.sub.5                                  
     155.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 CN                                      
                              --NH--C.sub.2 H.sub.5 C.sub.13 H.sub.17 N.sub.5  
                                                            28.8               
                                                                28.2           
                              CH.sub.3                                         
     156.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 CN                                      
                              --N.angle.            C.sub.14 H.sub.19 N.sub.5  
                                                    O       25.6               
                                                                26.0           
                              CH.sub.2 CH.sub.2 OH                             
                              C.sub.2 H.sub.5                                  
     157.                                                                      
        "                     --N.angle.            C.sub.15 H.sub.21 N.sub.5  
                                                            25.8               
                                                                26.3           
                              C.sub.2 H.sub.5                                  
     158.                                                                      
        "                                           C.sub.18 H.sub.20 N.sub.6  
                                                            26.2               
                                                                27.0           
     159.                                           C.sub.27 H.sub.20 N.sub.4  
                                                            14.0               
                                                                13.5           
     160.                                                                      
        --NH--C.sub.2 H.sub.5                       C.sub.15 H.sub.22 N.sub.4  
                                                            21.7               
                                                                22.2           
     161.                                                                      
        "                                           C.sub.17 H.sub.20 N.sub.4  
                                                            20.0               
                                                                20.4           
     162.                                                                      
        "                                           C.sub.16 H.sub.18 N.sub.4  
                                                            21.1               
                                                                21.5           
     163.                                                                      
        --NH--C.sub.4 H.sub.9 (n)                   C.sub.18 H.sub.22 N.sub.4  
                                                    O       18.1               
                                                                18.6           
     164.                                           C.sub.20 H.sub.21 N.sub.5  
                                                            21.1               
                                                                21.7           
     165.                                                                      
        "                     --NH.sub.2            C.sub.13 H.sub.18          
                                                            24.3b.4            
                                                                24.5           
     166.                                                                      
        "                     --NH--CH.sub.3        C.sub.14 H.sub.20 N.sub.4  
                                                            23.0               
                                                                23.5           
     167.                     --NH--CH.sub.2 --CH=CH.sub.2                     
                                                    C.sub.16 H.sub.22 N.sub.4  
                                                            20.7               
                                                                21.0           
     168.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3         
                                                    C.sub.17 H.sub.26 N.sub.4  
                                                    O       19.2               
                                                                19.5           
                              CH.sub.3                                         
     169.                                                                      
        "                     --N.angle.            C.sub.15 H.sub.22 N.sub.4  
                                                            21.7               
                                                                22.2           
                              CH.sub.3                                         
     170.                                                                      
        "                                           C.sub.18 H.sub.28 N.sub.6  
                                                            25.6               
                                                                26.0           
                              CH.sub.3                                         
     171.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.          
                                                    C.sub.19 H.sub.29 N.sub.5  
                                                            22.2               
                                                                22.5           
                              CH.sub.3                                         
                              H.sub.2                                          
                              C                                                
                              .angle.                                          
     172.                     H.sub.2 CCH.sub.2     C.sub.17 H.sub.24 N.sub.4  
                                                    O       18.7               
                                                                19.1           
                              .vertline..vertline.                             
                              --NCH.sub.2                                      
                              .angle.                                          
                              O                                                
     173.                     --NH.sub.2            C.sub.14 H.sub.14 N.sub.4  
                                                            23.5               
                                                                24.0           
     174.                                                                      
        "                     --NH--C.sub.2 H.sub.5 C.sub.16 H.sub.18 N.sub.4  
                                                            21.2               
                                                                22.0           
                              C.sub.2 H.sub.5                                  
     175.                                                                      
        "                     --N.angle.            C.sub.18 H.sub.22 N.sub.4  
                                                            19.0               
                                                                19.3           
                              C.sub.2 H.sub.5                                  
     176.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OCH.sub.3                  
                                                    C.sub.17 H.sub.20 N.sub.4  
                                                    O       18.9               
                                                                18.4           
                              C.sub.2 H.sub.5                                  
     177.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.20 H.sub.27 N.sub.5  
                                                            20.8               
                                                                21.4           
                              C.sub.2 H.sub.5                                  
     178.                                           C.sub.21 H.sub.21 N.sub.5  
                                                            20.4               
                                                                20.6           
     179.                                           C.sub.22 H.sub.22 N.sub.4  
                                                    O       15.6               
                                                                16.0           
     180.                     --NH--CH.sub.3        C.sub.18 H.sub.18 N.sub.4  
                                                            21.1               
                                                                21.5           
                              CH.sub.3                                         
     181.                                                                      
        "                     --N.angle.            C.sub.17 H.sub.20 N.sub.4  
                                                            20.0               
                                                                20.5           
                              CH.sub.3                                         
     182.                                                                      
        "                                           C.sub.17 H.sub.23 N.sub.4  
                                                    O       18.7               
                                                                19.0           
     183.                     --NH.sub.2            C.sub.13 H.sub.12 N.sub.4  
                                                            25.0               
                                                                24.7           
     184.                                                                      
        "                     -- NH--CH.sub.3       C.sub.14 H.sub.14 N.sub.4  
                                                            23.6               
                                                                24.2           
     185.                                                                      
        "                     --NH--C.sub.3 H.sub.7 (n)                        
                                                    C.sub.16 H.sub.18 N.sub.4  
                                                            21.1               
                                                                21.3           
     186.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.15 H.sub.16 N.sub.4  
                                                    O       20.9               
                                                                21.5           
                              CH.sub.3                                         
     187.                     --N.angle.            C.sub.15 H.sub.16 N.sub.4  
                                                            22.2               
                                                                22.0           
                              CH.sub.3                                         
                              CH.sub.2 CH.sub.2 CN                             
     188.                                                                      
        "                     --N.angle.            C.sub.19 H.sub.18 N.sub.6  
                                                            25.5               
                                                                25.9           
                              CH.sub.2 CH.sub.2 CN                             
     189.                                           C.sub.17 H.sub.18 N.sub.4  
                                                    O       19.1               
                                                                19.7           
                              C.sub.2 H.sub.5                                  
     190.                                                                      
        "                     --NH--N.angle.        C.sub.17 H.sub.21 N.sub.5  
                                                            23.7               
                                                                24.3           
                              C.sub.2 H.sub.5                                  
                              CH.sub.3                                         
     191.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.          
                                                    C.sub.18 H.sub.23 N.sub.5  
                                                            22.7               
                                                                22.3           
                              CH.sub.3                                         
                              CH.sub.3                                         
     192.                                                                      
        "                     --N.angle.            C.sub.15 H.sub.16 N.sub.4  
                                                    O       20.9               
                                                                21.4           
                              O--CH.sub.3                                      
     193.                     -- NH--CH.sub.3       C.sub.14 H.sub.13 ClN.sub.4
                                                    .       20.6               
                                                                20.2           
     194.                     "                     C.sub.15 H.sub.16 N.sub.4  
                                                            22.2               
                                                                22.8           
                              CH.sub.3                                         
     195.                     --N.angle.            C.sub.17 H.sub.20 N.sub.4  
                                                            20.0               
                                                                20.5           
                              CH.sub.3                                         
     196.                     "                     C.sub.16 H.sub.18 N.sub.4  
                                                    O       19.9               
                                                                20.3           
     197.                                                                      
        HC----CH              --NH--CH.sub.3        C.sub.13 H.sub.14 N.sub.4  
                                                    O       23.1               
                                                                23.5           
        .parallel..parallel.                                                   
        --NH--CH.sub.2 --CCH                                                   
        .angle.                                                                
        O                                                                      
                              CH.sub.3                                         
     198.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.16 N.sub.4  
                                                    O       21.9               
                                                                21.5           
                              CH.sub.3                                         
                              C.sub.2 H.sub.5                                  
     199.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.          
                                                    C.sub.19 H.sub.27 N.sub.5  
                                                    O       20.5               
                                                                20.9           
                              C.sub.2 H.sub.5                                  
     200.                     --NH--CH.sub.3        C.sub.14 H.sub.15 N.sub.5  
                                                            27.7               
                                                                27.2           
     201.                     "                     "       27.7               
                                                                28.2           
     202.                     "                     C.sub.15 H.sub.17 N.sub.5  
                                                            26.2               
                                                                26.0           
     203.                     --NH--CH.sub.3        C.sub.15 H.sub.17 N.sub.5  
                                                            26.2               
                                                                26.6           
     204.                                                                      
        --NH--HC----CH.sub.2  "                     C.sub.12 H.sub.16 N.sub.4  
                                                    O.sub.2 S                  
                                                            20.0               
                                                                20.5           
        .vertline..vertline.                                                   
        H.sub.2 CCH.sub.2                                                      
        .angle.                                                                
        S                                                                      
        O.sub.2                                                                
                              CH.sub.3                                         
     205.                                                                      
        "                     --N.angle.            C.sub.13 H.sub.18 N.sub.4  
                                                    O.sub.2 S                  
                                                            19.0               
                                                                18.7           
                              CH.sub.3                                         
     206.                                                                      
        "                                           C.sub.15 H.sub.20 N.sub.4  
                                                    O.sub.3 S                  
                                                            16.7               
                                                                17.1           
                              CH.sub.3                                         
     207.                                                                      
        "                     --NH--N.angle.        C.sub.13 H.sub.19 N.sub.5  
                                                    O.sub.2 S                  
                                                            22.7               
                                                                22.2           
                              CH.sub.3                                         
     208.                     --NH--CH.sub.3        C.sub.17 H.sub.17 N.sub.5  
                                                            24.1               
                                                                24.5           
                              CH.sub.3                                         
     209.                                                                      
        "                     --N.angle.            C.sub.18 H.sub.19 N.sub.5  
                                                            23.0               
                                                                23.5           
                              CH.sub.3                                         
     210.                                                                      
        "                                           C.sub.20 H.sub. 21 N.sub.5 
                                                    O       20.2               
                                                                20.5           
     211.                     --Cl                  C.sub.13 H.sub.16 ClN.sub.3
                                                            16.9               
                                                                16.5           
     212.                                                                      
        "                     --OH                  C.sub.13 H.sub.17 N.sub.3  
                                                    O       18.2               
                                                                18.6           
     213.                                                                      
        "                     --OCH.sub.3           C.sub.14 H.sub.19 N.sub.3  
                                                    O       17.1               
                                                                17.6           
     214.                                                                      
        "                     --CN                  C.sub.14 H.sub.16 N.sub.4  
                                                            25.0               
                                                                25.3           
     215.                                                                      
        "                                           C.sub.20 H.sub.23 N.sub.3  
                                                    O.sub.2 S                  
                                                            11.4               
                                                                11.2           
     216.                     --Cl                  C.sub.14 H.sub.12 ClN.sub.3
                                                            16.3               
                                                                16.0           
     217.                                                                      
        "                     --OH                  C.sub.14 H.sub.13 N.sub.3  
                                                    O       17.6               
                                                                18.0           
     218.                                                                      
        "                     --O--CH.sub.3         C.sub.15 H.sub.15 N.sub.3  
                                                    O       16.6               
                                                                16.0           
     219.                                                                      
        "                     --S--C.sub.4 H.sub.9 (n)                         
                                                    C.sub.18 H.sub.21 N.sub.3  
                                                    S       21.5               
                                                                21.8           
     220.                     --Cl                  C.sub.13 H.sub.10 ClN.sub.3
                                                            17.3               
                                                                17.0           
     221.                     --CN                  C.sub.14 H.sub.10 N.sub.4  
                                                            23.9               
                                                                24.3           
     222.                                                                      
        "                     --OH                  C.sub.13 H.sub.11 N.sub.3  
                                                    O       18.7               
                                                                18.5           
     223.                                                                      
        "                     --OCH.sub.3           C.sub.14 H.sub.13 N.sub.3  
                                                    O       17.6               
                                                                17.3           
     224.                                                                      
        "                     --SCH.sub.3           C.sub.14 H.sub.13 N.sub.3  
                                                    S       16.5               
                                                                16.0           
        CH.sub.3                                                               
     225.                                                                      
        --N.angle.            --Cl                  C.sub.9 H.sub.10 ClN.sub.3 
                                                            21.5               
                                                                21.0           
        CH.sub.3                                                               
     226.                                                                      
        "                     --CN                  C.sub.10 H.sub.10 N.sub.4  
                                                            30.1               
                                                                30.5           
     227.                                                                      
        "                     --OH                  C.sub.9 H.sub.11 N.sub.3   
                                                            23.7               
                                                                23.4           
     228.                                                                      
        "                     --OCH.sub.3           C.sub.10 H.sub.13 N.sub.3  
                                                    O       22.0               
                                                                22.3           
     229.                                                                      
        "                     --SO.sub.2 --C.sub.2 H.sub.5                     
                                                    C.sub.11 H.sub.15 N.sub.3  
                                                    O.sub.2 S                  
                                                            16.6               
                                                                17.0           
     230.                                                                      
        "                     --NH--CH.sub.3        C.sub.10 H.sub.14 N.sub.4  
                                                            29.5               
                                                                29.1           
     231.                                                                      
        "                     --NH--C.sub.3 H.sub.7 (n)                        
                                                    C.sub.12 H.sub.18 N.sub.4  
                                                            25.7               
                                                                26.2           
     232.                                                                      
        "                     --NH--C.sub.6 H.sub.13 (n)                       
                                                    C.sub.15 H.sub.24 N.sub.4  
                                                            21.5               
                                                                21.8           
        CH.sub.3                                                               
     233.                                                                      
        --N.angle.                                  C.sub.15 H.sub.22 N.sub.4  
                                                            21.7               
                                                                21.5           
        CH.sub.3                                                               
     234.                                                                      
        "                                           C.sub.16 H.sub.18 N.sub.4  
                                                            21.1               
                                                                20.7           
     235.                                                                      
        "                                           C.sub.15 H.sub.16 N.sub.4  
                                                            22.2               
                                                                22.6           
     236.                                                                      
        "                                           C.sub.19 H.sub.18 N.sub.4  
                                                            18.5               
                                                                18.9           
     237.                                                                      
        "                     HC----CH              C.sub.14 H.sub.16 N.sub.4  
                                                    O       21.9               
                                                                21.5           
                              .parallel..parallel.                             
                              HCC--CH.sub.2 --NH--                             
                              .angle.                                          
                              O                                                
                              C.sub.2 H.sub.5                                  
     238.                                                                      
        "                     --N.angle.            C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                23.8           
                              C.sub.2 H.sub.5                                  
        CH.sub.3              CH.sub.2 CH.sub.2 CN                             
     239.                                                                      
        --N.angle.            --N.angle.            C.sub.14 H.sub.19 N.sub.5  
                                                    O       25.6               
                                                                26.0           
        CH.sub.3              CH.sub.2 CH.sub.2 OH                             
     240.                                                                      
        "                                           C.sub.13 H.sub.18 N.sub.4  
                                                            24.3               
                                                                24.5           
        CH.sub.3                                                               
     241.                                                                      
        --N.angle.                                  C.sub.14 H.sub.21 N.sub.5  
                                                            27.0               
                                                                27.4           
        CH.sub.3                                                               
                              C.sub.2 H.sub.5                                  
     242.                                                                      
        "                     --NH--N.angle.        C.sub.13 H.sub.21 N.sub.5  
                                                            28.3               
                                                                27.9           
                              C.sub. 2 H.sub.5                                 
                              CH.sub.3                                         
     243.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.          
                                                    C.sub.14 H.sub.23 N.sub.5  
                                                            26.8               
                                                                26.6           
                              CH.sub.3                                         
                              CH.sub.2 CH.sub.2 OH                             
     244.                                                                      
        "                     --N.angle.            C.sub.13 H.sub.20 N.sub.4  
                                                    O.sub.2 21.2               
                                                                21.6           
                              O--C.sub.2 H.sub.5                               
        C.sub.2 H.sub.5                                                        
     245.                                                                      
        --N.angle.            --Cl                  C.sub.11 H.sub.14 ClN.sub.3
                                                            18.8               
                                                                18.5           
        C.sub.2 H.sub.5                                                        
     246.                                                                      
        "                     --CN                  C.sub.12 H.sub.14 N.sub.4  
                                                            26.2               
                                                                26.6           
     247.                                                                      
        "                     --OH                  C.sub.11 H.sub.15 N.sub.3  
                                                    O       20.5               
                                                                21.0           
     248.                                                                      
        "                     --OCH.sub.3           C.sub.12 H.sub.17 N.sub.3  
                                                    O       19.2               
                                                                19.0           
     249.                                                                      
        "                     --SC.sub.2 H.sub.5    C.sub.13 H.sub.19 N.sub.3  
                                                    S       16.8               
                                                                17.2           
        C.sub.2 H.sub.5                                                        
     250.                                                                      
        --N.angle.            --SO.sub.2 --C.sub.4 H.sub.9 (n)                 
                                                    C.sub.15 H.sub.23 N.sub.3  
                                                    SO.sub.2                   
                                                            13.6               
                                                                13.5           
        C.sub.2 H.sub.5                                                        
        C.sub.2 H.sub.5                                                        
     251.                                                                      
        --N.angle.            --NH--CH.sub.3        C.sub. 12 H.sub.17         
                                                            25.7b.4            
                                                                25.5           
        C.sub.2 H.sub.5                                                        
     252.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3         
                                                    C.sub.15 H.sub.24 N.sub.4  
                                                    O       20.3               
                                                                20.0           
     253.                                                                      
        "                                           C.sub.17 H.sub.25 N.sub.4  
                                                            19.6               
                                                                19.5           
     254.                                                                      
        "                                           C.sub.18 H.sub.22 N.sub.4  
                                                            19.0               
                                                                19.4           
     255.                                                                      
        "                                           C.sub.17 H.sub.20 N.sub.4  
                                                            20.0               
                                                                20.2           
     256.                                                                      
        "                                           C.sub.16 H.sub.24 N.sub.4  
                                                            20.6               
                                                                21.0           
                              CH.sub.3                                         
     257.                                                                      
        "                     --NH--N.angle.        C.sub.13 H.sub.21 N.sub.5  
                                                            28.3               
                                                                28.0           
                              CH.sub.3                                         
                              CH.sub.3                                         
     258.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.          
                                                    C.sub.16 H.sub.27 N.sub.5  
                                                            24.2               
                                                                24.5           
                              CH.sub.3                                         
        C.sub.2 H.sub.5       CH.sub.3                                         
     259.                                                                      
        --N.angle.            --N.angle.            C.sub.13 H.sub.20 N.sub.4  
                                                    O       22.6               
                                                                22.2           
        C.sub.2 H.sub.5       OCH.sub.3                                        
        CH.sub.2 CH.sub.2 CN                                                   
     260.                                                                      
        --N.angle.            --OCH.sub. 3          C.sub.13 H.sub.16 N.sub.4  
                                                    O.sub.2 21.5               
                                                                21.3           
        CH.sub.2 CH.sub.2 OH                                                   
     261.                                                                      
        "                                           C.sub.16 H.sub.21 N.sub.5  
                                                    O.sub.2 22.2               
                                                                22.6           
        CH.sub.2 CH.sub.2 OH                                                   
     262.                                                                      
        --N.angle.            --NH.sub.2            C.sub.11 H.sub.16 N.sub.4  
                                                    O.sub.2 23.7               
                                                                23.4           
        CH.sub.2 CH.sub.2 OH                                                   
        CH.sub.2 CH.sub.2 OH  CH.sub.3                                         
     263.                                                                      
        --N.angle.            --N.angle.            C.sub.13 H.sub.20 N.sub.4  
                                                    O.sub.2 21.2               
                                                                21.5           
        CH.sub.2 CH.sub.2 OH  CH.sub.3                                         
     264.                                                                      
        "                                           C.sub.17 H.sub.20 N.sub.4  
                                                    O.sub.2 17.9               
                                                                18.2           
        CH.sub.2 CH.sub.2 CN                                                   
     265.                                                                      
        --N.angle.            --OCH.sub.3           C.sub.14 H.sub.15 N.sub.5  
                                                    O       26.0               
                                                                26.3           
        CH.sub.2 CH.sub.2 CN                                                   
                              CH.sub.3                                         
     266.                                                                      
        "                     --N.angle.            C.sub.15 H.sub.18 N.sub.6  
                                                            29.8               
                                                                29.5           
                              CH.sub.3                                         
        CH.sub.3                                                               
     267.                                                                      
        --N.angle.            --NH.sub.2            C.sub.10 H.sub.14 N.sub.4  
                                                    O       27.2               
                                                                27.5           
        CH.sub.2 CH.sub.2 OH                                                   
     268.                                                                      
        "                     --NH--CH.sub.3        C.sub.11 H.sub.16 N.sub.4  
                                                    O       25.5               
                                                                25.8           
     269.                                                                      
        "                                           C.sub.16 H.sub.24 N.sub.5  
                                                    O       23.2               
                                                                23.7           
     270.                                                                      
        "                                           C.sub.16 H.sub.18 N.sub.4  
                                                    O       19.9               
                                                                19.5           
                              CH.sub.3                                         
     271.                                                                      
        "                     --NH--N.angle.        C.sub.12 H.sub.19 N.sub.5  
                                                    O       28.1               
                                                                27.8           
                              CH.sub.3                                         
        C.sub.3 H.sub.7 (iso)                                                  
     272.                                                                      
        --N.angle.            --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3         
                                                    C.sub.16 H.sub.26 N.sub.4  
                                                    O.sub.2 13.8               
                                                                14.2           
        CH.sub.2 CH.sub.2 OH                                                   
        C.sub.4 H.sub.9 (n)                                                    
     273.                                                                      
        --N.angle.            --NH--CH.sub.3        C.sub.14 H.sub.22 N.sub.4  
                                                    O       21.4               
                                                                21.0           
        CH.sub.2 CH.sub.2 OH                                                   
     274.                                                                      
        C.sub.4 H.sub.9 (n)                                                    
        --N.angle.                                  C.sub.17 H.sub.26 N.sub.4  
                                                    O.sub.2 17.6               
                                                                18.0           
        CH.sub.2 CH.sub.2 OH                                                   
        C.sub.4 H.sub.9 (n)   CH.sub.3                                         
     275.                                                                      
        --N.angle.            --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.17 H.sub.29 N.sub.5  
                                                    O       21.9               
                                                                21.7           
        CH.sub.2 CH.sub.2 OH  CH.sub.3                                         
     276.                                                                      
        --N.angle.            --NH--CH.sub.3        C.sub.16 H.sub.23 N.sub.4  
                                                    O       19.4               
                                                                19.0           
        CH.sub.2 CH.sub.2 OH                                                   
     277.                                                                      
        --N.angle.                                  C.sub.21 H.sub.32 N.sub.4  
                                                    O       15.7               
                                                                16.3           
        CH.sub.2 CH.sub.2 OH                                                   
        CH.sub.2 --                                                            
     278.                                                                      
        --N.angle.            --NH.sub.2            C.sub.16 H.sub.18 N.sub.4  
                                                    O       19.9               
                                                                19.5           
        CH.sub.2 CH.sub.2 OH                                                   
        CH.sub.2 --                                                            
     279.                                                                      
        --N.angle.            --NH--CH.sub.3        C.sub.17 H.sub.20 N.sub.4  
                                                    O       18.9               
                                                                19.5           
        CH.sub.2 CH.sub.2 OH                                                   
     280.                                                                      
        "                                           C.sub.23 H.sub.26 N.sub.5  
                                                    O       18.1               
                                                                18.5           
        C.sub.3 H.sub.7 (n)                                                    
     281.                                                                      
        --N.angle.            --Cl                  C.sub.13 H.sub.18 ClN.sub.3
                                                            16.7               
                                                                16.5           
        C.sub.3 H.sub.7 (n)                                                    
     282.                                                                      
        "                     --NH.sub.2            C.sub.13 H.sub.20 N.sub.4  
                                                            24.1               
                                                                24.5           
     283.                                                                      
        "                     --CN                  C.sub.14 H.sub.18 N.sub.4  
                                                            23.1               
                                                                23.7           
        C.sub. 3 H.sub.7 (n)                                                   
     284.                                                                      
        --N.angle.            --OH                  C.sub.13 H.sub.19 N.sub.3  
                                                    O       18.0               
                                                                18.4           
        C.sub.3 H.sub.7 (n)                                                    
     285.                                                                      
        "                     --OCH.sub.3           C.sub.14 H.sub.21 N.sub.3  
                                                    O       17.0               
                                                                17.5           
     286.                                                                      
        "                     --SO.sub.2 --CH.sub.3 C.sub.14 H.sub.21 N.sub.3  
                                                    O.sub.2 S                  
                                                            14.2               
                                                                13.8           
     287.                                                                      
        "                     --NH--CH.sub.3        C.sub.14 H.sub.22 N.sub.4  
                                                            22.8               
                                                                23.2           
     288.                                                                      
        "                     --NH--C.sub.3 H.sub.7 (n)                        
                                                    C.sub.16 H.sub.26 N.sub.4  
                                                            20.5               
                                                                21.0           
     289.                                                                      
        "                                           C.sub.19 H.sub.30 N.sub.4  
                                                            17.8               
                                                                17.5           
     290.                                                                      
        "                                           C.sub.19 H.sub.24 N.sub.4  
                                                            18.2               
                                                                18.5           
                              CH.sub.3                                         
     291.                                                                      
        "                     --N.angle.            C.sub.15 H.sub.24 N.sub.4  
                                                            21.5               
                                                                20.8           
                              CH.sub.3                                         
     292.                                                                      
        "                                           C.sub.17 H.sub.27 N.sub.5  
                                                    O       22.1               
                                                                22.5           
        C.sub.3 H.sub.7 (n)   CH.sub.3                                         
     293.                                                                      
        --N.angle.            --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.17 H.sub.29 N.sub.5  
                                                            23.1               
                                                                23.6           
        C.sub.3 H.sub.7 (n)   CH.sub.3                                         
                              CH.sub.3                                         
     294.                                                                      
        "                     --N.angle.            C.sub.15 H.sub.23 N.sub.4  
                                                    O       20.3               
                                                                20.0           
                              OCH.sub.3                                        
        C.sub.3 H.sub.7 (iso)                                                  
     295.                                                                      
        --N.angle.            --NH.sub.2            C.sub.13 H.sub.20 N.sub.4  
                                                            24.2               
                                                                24.6           
        C.sub.3 H.sub.7 (iso)                                                  
     296.                                                                      
        "                     --OH                  C.sub.13 H.sub.19 N.sub.3  
                                                    O       18.0               
                                                                18.5           
        C.sub.3 H.sub.7 (iso)                                                  
     297.                                                                      
        --N.angle.            --NH--CH.sub.3        C.sub.14 H.sub.22 N.sub.4  
                                                            22.8               
                                                                22.5           
        C.sub.3 H.sub.7 (iso)                                                  
     298.                                                                      
        "                                           C.sub.18 H.sub.28 N.sub.4  
                                                            18.7               
                                                                19.1           
        C.sub.4 H.sub.9 (n)                                                    
     299.                                                                      
        --N.angle.            --Cl                  C.sub.15 H.sub.22 ClN.sub.3
                                                            15.0               
                                                                15.4           
        C.sub.4 H.sub.9 (n)                                                    
     300.                                                                      
        "                     --CN                  C.sub.16 H.sub.22 N.sub.4  
                                                            20.7               
                                                                21.0           
        C.sub.4 H.sub.9 (n)                                                    
     301.                                                                      
        --N.angle.            --OH                  C.sub.15 H.sub.23 N.sub.3  
                                                    O       16.1               
                                                                16.5           
        C.sub.4 H.sub.9 (n)                                                    
     302.                                                                      
        "                     --OCH.sub.3           C.sub.16 H.sub.25 N.sub.3  
                                                    O       15.3               
                                                                15.0           
     303.                                                                      
        "                     --NH--CH.sub.3        C.sub.16 H.sub.26 N.sub.4  
                                                            20.4               
                                                                20.8           
     304.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.17 H.sub.28 N.sub.4  
                                                    O       18.4               
                                                                18.1           
     305.                                                                      
        "                                           C.sub.21 H.sub.34 N.sub.4  
                                                            16.4               
                                                                16.8           
     306.                                                                      
        "                                           C.sub.19 H.sub.30 N.sub.4  
                                                    O       17.0               
                                                                17.3           
                              CH.sub.3                                         
     307.                                                                      
        "                     --NH--N.angle.        C.sub.17 H.sub.29 N.sub.5  
                                                            23.1               
                                                                23.5           
                              CH.sub.3                                         
     308.                                                                      
        "                                           C.sub.19 H.sub.31 N.sub.5  
                                                    O       20.3               
                                                                21.0           
        C.sub.4 H.sub.9 (iso)                                                  
     309.                                                                      
        --N.angle.            --NH.sub.2            C.sub.15 H.sub.24 N.sub.4  
                                                            21.5               
                                                                21.9           
        C.sub.4 H.sub.9 (iso)                                                  
     310.                                                                      
        "                     --NH--CH.sub.3        C.sub.16 H.sub.26 N.sub.4  
                                                            20.4               
                                                                20.6           
        C.sub.4 H.sub.9 (iso)                                                  
     311.                                                                      
        --N.angle.            --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.17 H.sub.28 N.sub.4  
                                                    O       18.4               
                                                                18.5           
        C.sub.4 H.sub.9 (iso)                                                  
        C.sub.4 H.sub.9 (iso) CH.sub.3                                         
     312.                                                                      
        --N.angle.            --NHCH.sub.2 CH.sub.2 N.angle.                   
                                                    C.sub.19 H.sub.33 N.sub.5  
                                                            21.1               
                                                                21.5           
        C.sub.4 H.sub.9 (iso) CH.sub.3                                         
        C.sub.5 H.sub.11 (n)                                                   
     313.                                                                      
        --N.angle.            --NH.sub.2            C.sub.17 H.sub.28 N.sub.4  
                                                            19.4               
                                                                20.0           
        C.sub.5 H.sub.11 (n)                                                   
     314.                                                                      
        "                     --NH--CH.sub.3        C.sub.18 H.sub.30 N.sub.4  
                                                            18.5               
                                                                18.2           
     315.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.19 H.sub.32 N.sub.4  
                                                    O       16.9               
                                                                17.5           
        C.sub.6 H.sub.13 (n)                                                   
     316.                                                                      
        --N.angle.            --NH.sub.2            C.sub.19 H.sub.32 N.sub.4  
                                                            17.7               
                                                                18.0           
        C.sub.6 H.sub.13 (n)                                                   
     317.                                                                      
        "                     --NH--CH.sub.3        C.sub.20 H.sub.34 N.sub.4  
                                                            17.0               
                                                                16.7           
     318.                                                                      
        "                                           C.sub.25 H.sub.36 N.sub.4  
                                                            14.3               
                                                                14.7           
     319.                     --NH.sub.2            C.sub.11 H.sub.14 N.sub.4  
                                                    O       25.7               
                                                                26.2           
     320.                                                                      
        "                     --OH                  C.sub.11 H.sub.13 N.sub.3  
                                                    O.sub.2 19.2               
                                                                19.5           
     321.                                                                      
        "                     --NH--CH.sub.3        C.sub.12 H.sub.16 N.sub.4  
                                                    O       24.1               
                                                                24.5           
                              C.sub.2 H.sub.5                                  
     322.                     --N.angle.            C.sub.15 H.sub.22 N.sub.4  
                                                    O       20.4               
                                                                21.0           
                              c.sub.2 H.sub.5                                  
     323.                     --NH.sub.2            C.sub.11 H.sub.14 N.sub.4  
                                                            27.7               
                                                                28.0           
     324.                                                                      
        "                     --NH--CH.sub.3        C.sub.12 H.sub.16 N.sub.4  
                                                            25.9               
                                                                25.7           
                              CH.sub.3                                         
     325.                                                                      
        "                     --N.angle.            C.sub.13 H.sub.18 N.sub.4  
                                                            24.3               
                                                                25.0           
                              CH.sub.3                                         
     326.                     --OH                  C.sub.12 H.sub.15 N.sub.3  
                                                    O       19.3               
                                                                19.5           
     327.                                                                      
        "                     --NH.sub.2            C.sub.12 H.sub.16 N.sub.4  
                                                            25.9               
                                                                25.5           
     328.                                                                      
        "                     --NH--CH.sub.3        C.sub.13 H.sub.18 N.sub.4  
                                                            24.3               
                                                                24.7           
     329.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3         
                                                    C.sub.16 H.sub.24 N.sub.4  
                                                    O       19.4               
                                                                19.5           
                              CH.sub.3                                         
     330.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.20 N.sub.4  
                                                            22.9               
                                                                23.0           
                              CH.sub.3                                         
     331.                                                                      
        "                                           C.sub.18 H.sub.26 N.sub.4  
                                                            18.8               
                                                                18.5           
     332.                                           C.sub.18 H.sub.20 N.sub.   
                                                            19.2               
                                                                19.2           
     333.                     --NH.sub.2            C.sub.12 H.sub.17 N.sub.5  
                                                            30.4               
                                                                30.6           
     334.                                                                      
        "                     --NH--CH.sub.3        C.sub.13 H.sub.19 N.sub.5  
                                                            28.5               
                                                                28.7           
                              CH.sub.3                                         
     335.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.21 N.sub.5  
                                                            27.0               
                                                                27.5           
                              CH.sub.3                                         
     336.                     --NH--CH.sub.3        "       27.0               
                                                                27.3           
        CH.sub.3 CH.sub.3                                                      
     337.                                                                      
        --N--N.angle.         --NH--CH.sub.3        C.sub.11 H.sub.17 N.sub.5  
                                                            32.0               
                                                                32.3           
        CH.sub.3                                                               
     338.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.12 H.sub.19 N.sub.5  
                                                    O       28.1               
                                                                28.0           
        CH.sub.3                                                               
     339.                                                                      
        --NH--N.angle.        --NH.sub.2            C.sub.9 H.sub.13 N.sub.5   
                                                            36.7               
                                                                37.0           
        CH.sub.3                                                               
     340.                                                                      
        "                     --NH--CH.sub.3        C.sub.10 H.sub.15 N.sub.5  
                                                            34.1               
                                                                34.5           
        C.sub.2 H.sub.5       CH.sub.3                                         
     341.                                                                      
        --NH--N.angle.        --N.angle.            C.sub.13 H.sub.21 N.sub.5  
                                                            28.4               
                                                                29.0           
        C.sub.2 H.sub.5       CH.sub.3                                         
                              CH.sub.3                                         
     342.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.23 N.sub.5  
                                                    O       25.3               
                                                                25.5           
                              CH.sub.2 CH.sub.2 OH                             
     343.                                                                      
        "                                           C.sub.17 H.sub.21 N.sub.5  
                                                            23.8               
                                                                24.0           
        CH.sub.3                                                               
     344.                                                                      
        --NH--N.angle.        --NH--CH.sub.3        C.sub.15 H.sub.17 N.sub.5  
                                                            26.2               
                                                                26.6           
                              CH.sub.3                                         
     345.                                                                      
        "                     --N.angle.            C.sub.16 H.sub.19 N.sub.5  
                                                            24.9               
                                                                25.5           
                              CH.sub.3                                         
     346.                     --NH--CH.sub.3        C.sub.13 H.sub.17 N.sub.5  
                                                            28.9               
                                                                29.0           
                              CH.sub.3                                         
     347.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.19 N.sub.5  
                                                            27.3               
                                                                27.5           
                              CH.sub.3                                         
     348.                     --NH.sub.2            C.sub.12 H.sub.17 N.sub.5  
                                                            30.3               
                                                                31.6           
     349.                                                                      
        "                     --NH--CH.sub.3        C.sub.13 H.sub.19 N.sub.5  
                                                            28.6               
                                                                29.0           
                              CH.sub.3                                         
     350.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.21 N.sub.5  
                                                            27.1               
                                                                26.8           
                              CH.sub.3                                         
     351.                     --NH--CH.sub.3        C.sub.12 H.sub.17 N.sub.5  
                                                    O       28.4               
                                                                28.6           
                              CH.sub.3                                         
     352.                                                                      
        "                     --N.angle.            C.sub.13 H.sub.19 N.sub.5  
                                                    O       26.8               
                                                                27.0           
                              CH.sub.3                                         
        CH.sub.3                                                               
     353.                                                                      
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                              --NH--CH.sub.3        C.sub.12 H.sub.19 N.sub.5  
                                                            30.1               
                                                                29.5           
        CH.sub.3                                                               
        C.sub.2 H.sub.5                                                        
     354.                                                                      
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                              --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.15 H.sub.25 N.sub.5  
                                                    O       24.1               
                                                                24.6           
        C.sub.2 H.sub.5                                                        
        CH.sub.3                                                               
     355.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.                                
                              --NH--CH.sub.3        C.sub.13 H.sub.21 N.sub.5  
                                                            28.4               
                                                                29.0           
        CH.sub.3                                                               
     356.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.14 H.sub.23 N.sub.5  
                                                    O       25.3               
                                                                25.5           
        C.sub.2 H.sub.5                                                        
     357.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.                                
                              --NH--CH.sub.3        C.sub.15 H.sub.25 N.sub.5  
                                                            25.5               
                                                                26.0           
        C.sub.2 H.sub.5                                                        
     358.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 --                                      
                              "                     C.sub.15 H.sub.23 N.sub.5  
                                                    O       24.1               
                                                                23.7           
     359.                                                                      
        --NHCH.sub.2 CH.sub. 2 CH.sub.2                                        
                              "                     C.sub.16 H.sub.25 N.sub.5  
                                                            24.3               
                                                                25.0           
     360.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 --                                      
                              "                     C.sub.15 H.sub.23 N.sub.5  
                                                            25.7               
                                                                26.0           
     361.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2                                         
                              --NH--CH.sub.3        C.sub.16 H.sub.26 N.sub.6  
                                                            27.8               
                                                                27.5           
     362.                                                                      
        --NH--OH              "                     C.sub.8 H.sub.10 N.sub.4   
                                                            31.5               
                                                                31.9           
        CH.sub.3                                                               
     363.                                                                      
        --N.angle.            "                     C.sub.10 H.sub.14 N.sub.4  
                                                    O       27.2               
                                                                27.7           
        OCH.sub.3                                                              
        CH.sub.2 CH.sub.2 OH                                                   
     364.                                                                      
        --N.angle.            --NH--CH.sub.3        C.sub.11 H.sub.16 N.sub.4  
                                                    O       25.5               
                                                                25.1           
        OCH.sub.3                                                              
        CH.sub.2 --                                                            
     365.                                                                      
        --N.angle.            "                     C.sub.16 H.sub.18 N.sub.4  
                                                    O       19.8               
                                                                19.2           
        OCH.sub.3                                                              
        CH.sub.3                                                               
     366.                                                                      
        CH.angle.                                                              
        CH.sub.3              "                     C.sub.13 H.sub.20 N.sub.4  
                                                    O       22.6               
                                                                23.0           
        --N.angle.                                                             
        OCH.sub.2 CH.sub.3                                                     
        H.sub.2 C                                                              
        .vertline.CH.sub.2                                                     
     367.                                                                      
        --N.angle..vertline.  "                     C.sub.11 H.sub.14 N.sub.4  
                                                    O       25.6               
                                                                25.6           
        CH.sub.2                                                               
        O.vertline.                                                            
        H.sub.2 C----CH.sub.2                                                  
     368.                                                                      
        --N.angle..angle.CH.sub.2                                              
                              "                     C.sub.12 H.sub.16 N.sub.4  
                                                    O       24.1               
                                                                24.5           
        O----CH.sub.2                                                          
     369.                                                                      
        --CN                  --Cl                  C.sub.8 H.sub.4 ClN.sub.3  
                                                            23.7               
                                                                24.2           
     370.                                                                      
        --CN                  --CN                  C.sub.9 H.sub.4 N.sub.4    
                                                            33.3               
                                                                33.8           
     371.                                                                      
        "                     --OH                  C.sub.8 H.sub.5 N.sub.3    
                                                            26.4               
                                                                27.0           
     372.                                                                      
        "                     --OCH.sub.3           C.sub.9 H.sub.7 N.sub.3    
                                                            24.3               
                                                                24.0           
     373.                                                                      
        "                     --NH.sub.2            C.sub.8 H.sub.6 N.sub.4    
                                                            35.4               
                                                                35.8           
     374.                                                                      
        "                     --NH--CH.sub.3        C.sub.9 H.sub.8 N.sub.4    
                                                            32.6               
                                                                33.0           
                              CH.sub.3                                         
     375.                                                                      
        "                     --N.angle.            C.sub.10 H.sub.10 N.sub.4  
                                                            30.1               
                                                                30.5           
                              CH.sub.3                                         
                              CH.sub.3                                         
     376.                                                                      
        "                     --N.angle.            C.sub.11 H.sub.12 N.sub.4  
                                                    O       25.9               
                                                                26.4           
                              CH.sub.2 CH.sub.2 OH                             
     377.                                                                      
        --CN                                        C.sub.13 H.sub.14 N.sub.4  
                                                            24.8               
                                                                25.2           
                              CH.sub.3                                         
     378.                                                                      
        "                     --NH--N.angle.        C.sub.10 H.sub.11 N.sub.5  
                                                            34.8               
                                                                35.2           
                              CH.sub.3                                         
     379.                                                                      
        "                     --NH--OCH.sub.3       C.sub.9 H.sub.8 N.sub.4    
                                                            29.8               
                                                                29.5           
     380.                                                                      
        --OCH.sub.3           --Cl                  C.sub.8 H.sub.7 ClN.sub.2  
                                                    O       15.4               
                                                                15.0           
     381.                                                                      
        --OC.sub.2 H.sub.5    --Cl                  C.sub.9 H.sub.9 ClN.sub.2  
                                                    O       14.3               
                                                                14.7           
     382.                                                                      
        --OC.sub.4 H.sub.9 (n)                                                 
                              "                     C.sub.11 H.sub.13 ClN.sub.2
                                                     O      12.5               
                                                                12.8           
     383.                                                                      
        --OCH.sub.2 CH.sub.2 OCH.sub.3                                         
                              "                     C.sub.10 H.sub.11 ClN.sub.2
                                                     O      12.4               
                                                                12.0           
     384.                                                                      
        --OCH.sub.3           --OCH.sub.3           C.sub.9 H.sub.10 N.sub.2   
                                                    O.sub.2 15.7               
                                                                16.0           
     385.                                                                      
        "                     --OC.sub.2 H.sub.5    C.sub.10 H.sub.12 N.sub.2  
                                                    O.sub.2 14.6               
                                                                14.8           
     386.                                                                      
        --OC.sub.2 H.sub.5    "                     C.sub.11 H.sub.14 N.sub.2  
                                                    O.sub.2 13.6               
                                                                13.9           
     387.                                                                      
        --OCH.sub.3           --OCH.sub.2 CH.sub.2 OCH.sub.3                   
                                                    C.sub.11 H.sub.14 N.sub.2  
                                                    O.sub.3 12.6               
                                                                12.2           
     388.                                                                      
        --OCH.sub.2 CH.sub.2 OCH.sub.3                                         
                              --OCH.sub.3           "       12.6               
                                                                13.0           
     389.                                                                      
        --OCH.sub.3                                 C.sub.14 H.sub.12 N.sub.2  
                                                    O.sub.2 11.7               
                                                                11.9           
     390.                                                                      
        "                     --SC.sub.4 H.sub.9 (n)                           
                                                    C.sub.12 H.sub.16 N.sub.2  
                                                    OS      11.9               
                                                                12.1           
     391.                                                                      
        --OC.sub.2 H.sub.5    --SC.sub.2 H.sub.5    C.sub.11 H.sub.16 N.sub.2  
                                                    OS      12.6               
                                                                13.0           
     392.                                                                      
        --OCH.sub.3                                 C.sub.14 H.sub.12 N.sub.2  
                                                    OS      10.9               
                                                                12.1           
     393.                                                                      
        --OCH.sub.3                                 C.sub.15 H.sub.14 N.sub.2  
                                                    O.sub.2 11.0               
                                                                11.5           
     394.                                                                      
        "                     --NH--CH.sub.3        C.sub.9 H.sub.11 N.sub.3   
                                                            23.7               
                                                                23.5           
     395.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.10 H.sub.13 N.sub.3  
                                                    O.sub.2 20.8               
                                                                21.2           
     396.                                                                      
        --OC.sub.2 H.sub.5    --NH--(CH.sub.2).sub.3 --OCH.sub.3               
                                                    C.sub.13 H.sub.19 N.sub.3  
                                                    O.sub.2 16.9               
                                                                17.3           
     397.                                                                      
        --OCH.sub.2 CH.sub.2 OCH.sub.3              C.sub.16 H.sub.17 N.sub.3  
                                                    O.sub.2 14.8               
                                                                15.0           
                              CH.sub.3                                         
     398.                                                                      
        --OC.sub.4 H.sub.9 (n)                                                 
                              --NH--(CH.sub.2).sub.3 --N.angle.                
                                                    C.sub.16 H.sub.26 N.sub.4  
                                                    O       19.3               
                                                                19.5           
                              CH.sub.3                                         
                              CH.sub.3                                         
     399.                                                                      
        --OCH.sub.3           --N.angle.            C.sub.11 H.sub.15 N.sub.3  
                                                    O.sub.2 19.0               
                                                                19.3           
                              CH.sub.2 CH.sub.2 OH                             
     400.                                                                      
        --OC.sub.2 H.sub.5                          C.sub.13 H.sub.16 N.sub.3  
                                                    O.sub.2 17.1               
                                                                17.5           
     401.                                                                      
        --SCH.sub.3           --Cl                  C.sub.8 H.sub.7 ClN.sub.2  
                                                    S       14.1               
                                                                14.5           
     402.                                                                      
        --SC.sub.2 H.sub.5    "                     C.sub.9 H.sub.9 ClN.sub.2  
                                                    S       13.2               
                                                                13.0           
     403.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                              "                     C.sub.11 H.sub.13 ClN.sub.2
                                                     S      11.7               
                                                                12.1           
     404.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                              --OCH.sub.3           C.sub.12 H.sub.16 N.sub.2  
                                                    OS      11.9               
                                                                12.3           
     405.                                                                      
        --SC.sub.2 H.sub.5                          C.sub.15 H.sub.14 N.sub.2  
                                                    OS      10.4               
                                                                11.0           
     406.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                              --SC.sub.4 H.sub.9 (n)                           
                                                    C.sub.15 H.sub.22 N.sub.2  
                                                    S.sub.2  9.5               
                                                                10.0           
     407.                                                                      
        --SCH.sub.3           --NH--CH.sub.3        C.sub.9 H.sub.11 N.sub.3   
                                                            21.7               
                                                                22.0           
     408.                                                                      
        --SC.sub.2 H.sub.5    --NH--(CH.sub.2).sub. 3 --OCH.sub.3              
                                                    C.sub.13 H.sub.19 N.sub.3  
                                                    OS      15.8               
                                                                16.0           
     409.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                              --NHCH.sub.2 CH.sub.2 OH                         
                                                    "       15.8               
                                                                16.2           
     410.                                                                      
        "                     --NH                  C.sub.17 H.sub.19 N.sub.3  
                                                    S       14.1               
                                                                14.5           
                              CH.sub.3                                         
     411.                                                                      
        "                     --NH--(CH.sub.2).sub.3 --N.angle.                
                                                    C.sub.16 H.sub.26 N.sub.4  
                                                    S       18.3               
                                                                18.5           
                              CH.sub.3                                         
                              CH.sub.3                                         
     412.                                                                      
        "                     --N.angle.            C.sub.14 H.sub.21 N.sub.3  
                                                    OS      15.0               
                                                                15.5           
                              CH.sub.2 CH.sub.2 OH                             
     413.                                                                      
        "                                           C.sub.15 H.sub.21 N.sub.3  
                                                    OS      14.4               
                                                                15.0           
     414.                                                                      
        --SO.sub.2 --CH.sub.3 --Cl                  C.sub.10 H.sub.10 ClN.sub.3
                                                     O.sub.2 S                 
                                                            15.5               
                                                                15.0           
     415.                                                                      
        --SO.sub.2 --C.sub.4 H.sub.9 (n)                                       
                              --Cl                  C.sub.13 H.sub.16 ClN.sub.3
                                                     O.sub.2 S                 
                                                            13.4               
                                                                13.8           
     416.                     "                     C.sub.15 H.sub.12 ClN.sub.3
                                                     O.sub.2 S                 
                                                            12.6               
                                                                12.5           
     417.                                                                      
        --SO.sub.2 --CH.sub.3 --CN                  C.sub.11 H.sub.10 N.sub.4  
                                                    O.sub.2 S                  
                                                            21.4               
                                                                21.0           
     418.                                                                      
        "                     --OH                  C.sub.10 H.sub.11 N.sub.3  
                                                    O.sub.3 S                  
                                                            16.6               
                                                                17.2           
     419.                                                                      
        "                     --OCH.sub.3           C.sub.11 H.sub.13 N.sub.3  
                                                    O.sub.3 S                  
                                                            15.7               
                                                                15.3           
     420.                                                                      
        "                     --SCH.sub.3           C.sub.11 H.sub.13 N.sub.3  
                                                    O.sub.2 S.sub.2            
                                                            14.8               
                                                                15.4           
     421.                                                                      
        "                     --SO.sub.2 --CH.sub.3 C.sub.11 H.sub.13 N.sub.3  
                                                    O.sub.4 S.sub.2            
                                                            13.3               
                                                                12.9           
     422.                                                                      
        "                     --NH.sub.2            C.sub.10 H.sub.12 N.sub.4  
                                                    O.sub.2 S                  
                                                            22.2               
                                                                22.6           
                              CH.sub.3                                         
     423.                                                                      
        --SO.sub.2 --C.sub.2 H.sub.5                                           
                              --N.angle.            C.sub.13 H.sub.18 N.sub.4  
                                                    O.sub.2 S                  
                                                            19.1               
                                                                18.5           
                              CH.sub.3                                         
     424.                                                                      
        "                     --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.13 H.sub.18 N.sub.4  
                                                    O.sub.3 S                  
                                                            18.1               
                                                                18.7           
                              CH.sub.3                                         
     425.                                                                      
        --SO.sub.2 --CH.sub.3 --N.angle.            "       18.1               
                                                                18.3           
                              CH.sub.2 CH.sub.2 OH                             
     426.                                                                      
        --SO.sub.2 --Ch.sub.3                       C.sub.14 H.sub.18 N.sub.4  
                                                    O.sub.3 S                  
                                                            17.4               
                                                                17.6           
                              CH.sub.3                                         
     427.                                                                      
        -- SO.sub.2 --C.sub.2 H.sub.5                                          
                              --NH--(CH.sub.2).sub.2 --N.angle.                
                                                    C.sub.15 H.sub.23 N.sub.5  
                                                    O.sub.2 S                  
                                                            20.8               
                                                                20.1           
                              CH.sub.3                                         
     428.                                                                      
        --SO.sub.2 --C.sub.4 H.sub.9 (n)                                       
                              --NHCH.sub.2 CH.sub.2 OH                         
                                                    C.sub.15 H.sub.22 N.sub.4  
                                                    O.sub.2 S                  
                                                            17.4               
                                                                17.8           
     429.                     --NH--CH.sub.3        C.sub.17 H.sub.18 N.sub.4  
                                                    O.sub.2 S                  
                                                            16.4               
                                                                16.0           
     430.                     "                     C.sub.16 H.sub.16 N.sub.4  
                                                    O.sub.2 S                  
                                                            17.1               
                                                                17.8           
     431.                                           C.sub.33 H.sub.25 N.sub.7  
                                                            18.9               
                                                                18.5           
     432.                     --Cl                  C.sub.23 H.sub.20 ClN.sub.5
                                                            17.5               
                                                                17.9           
     433.                     --OCH.sub.3           C.sub.24 H.sub.23 N.sub.5  
                                                    O       17.6               
                                                                17.0           
                              CH.sub.3                                         
     434.                     --N.angle.            C.sub.25 H.sub.26 N.sub.6  
                                                            20.5               
                                                                21.2           
                              CH.sub.3                                         
     435.                                                                      
        "                                           C.sub.37 H.sub.33 N.sub.7  
                                                            17.0               
                                                                17.2           
     436.                                           C.sub.39 H.sub.37 N.sub.7  
                                                            16.3               
                                                                16.6           
     437.                     --OCH.sub.3           C.sub.26 H.sub.28 N.sub.6  
                                                    O       19.1               
                                                                19.8           
     438.                                                                      
        "                     --NH--CH.sub.3        C.sub.26 H.sub.29 N.sub.7  
                                                            22.3               
                                                                22.5           
     439.                                                                      
        "                                           C.sub.41 H.sub.43 N.sub.9  
                                                            19.1               
                                                                19.8           
     440.                                           C.sub.33 H.sub.25 N.sub.7  
                                                            18.9               
                                                                18.1           
     441.                     --Cl                  C.sub.21 H.sub.15 ClN.sub.4
                                                     O      15.0               
                                                                15.4           
     442.                                                                      
        "                     --OC.sub.2 H.sub.5    C.sub.23 H.sub.20 N.sub.4  
                                                    O.sub.2 14.5               
                                                                15.0           
     443.                                                                      
        "                                           C.sub.33 H.sub.23 N.sub.5  
                                                    O.sub.2 13.4               
                                                                13.7           
     444.                                           C.sub.33 H.sub.23 N.sub.5  
                                                    S.sub.2 12.7               
                                                                12.5           
     __________________________________________________________________________
PAR  In the following table are presented further pyridine compounds prepared in
      accordance with the process of this invention.
      ##SPC26##
PAL  or tautomeric forms.
TBL                                               Empirical                    
                                                          Cal'd.               
                                                               Found           
     No. Y            Z.sub.1        Z.sub.2      Formula N%   N%              
     __________________________________________________________________________
     445.                                                                      
         --H          --NH.sub.2     --Cl         C.sub.6 H.sub.7 N.sub.2      
                                                          20.1 20.7            
     446.                                                                      
         "            "              --NH.sub.2   C.sub.6 H.sub.9 N.sub.3      
                                                          34.1 33.6            
     447.                                                                      
         "            "              --OH         C.sub.6 H.sub.8 N.sub.2      
                                                          22.6 22.8            
     448.                                                                      
         "            "              --OCH.sub.3  C.sub.7 H.sub.10 N.sub.2     
                                                          20.3 20.1            
     449.                                                                      
         "            "              --SC.sub.2 H.sub.5                        
                                                  C.sub.8 H.sub.12 N.sub.2     
                                                          16.6 17.1            
     450.                                                                      
         "            "              --SO.sub.2 --CH.sub.3                     
                                                  C.sub.7 H.sub.10 N.sub.2     
                                                  O.sub.2 S                    
                                                          15.0 15.2            
     451.                                                                      
         "            "              --NH--CH.sub.3                            
                                                  C.sub.7 H.sub.11 N.sub.3     
                                                          30.6 31.0            
     452.                                                                      
         "            --NH--CH.sub.3 "            C.sub.8 H.sub.13 N.sub.3     
                                                          27.8 28.2            
     453.                                                                      
         "            --NHCH.sub.2 CH.sub.2 OH                                 
                                     --NHCH.sub.2 CH.sub.2 OH                  
                                                  C.sub.10 H.sub.17 N.sub.3    
                                                  O.sub.2 19.9 20.2            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     454.                                                                      
         "            --N.angle.     --N.angle.   C.sub.14 H.sub.25 N.sub.3    
                                                          17.9 17.3            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     455.                                                                      
         "                                        C.sub.14 H.sub.21 N.sub.3    
                                                  O.sub.2 16.0 16.3            
                                     CH.sub.3                                  
     456.                                                                      
         "            --NHCH.sub.2 CH.sub.2 CH.sub.3                           
                                     --NHCH.sub.2 CH.sub.2 N.angle.            
                                                  C.sub.13 H.sub.23 N.sub.4    
                                                          23.8 23.2            
                                     CH.sub.3                                  
     457.                                                                      
         --NH.sub.2   --NH.sub.2     --NH.sub.2   C.sub.6 H.sub.10 N.sub.4     
                                                          40.6 40.8            
     458.                                                                      
         "            --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.8 H.sub.14 N.sub.4     
                                                          33.7 33.2            
                      CH.sub.3       CH.sub.3                                  
     459.                                                                      
         "            --N.angle.     --N.angle.   C.sub.10 H.sub.18 N.sub.4    
                                                          28.9 28.7            
                      CH.sub.3       CH.sub.3                                  
     460.                                                                      
         "            --NHCH.sub.2 CH.sub.2 OH                                 
                                     --NHCH.sub.2 CH.sub.2 OH                  
                                                  C.sub.10 H.sub.18 N.sub.4    
                                                  O.sub.2 24.8 25.1            
     461.                                                                      
         --NO         --NH--CH.sub.3 --NH-- CH.sub.3                           
                                                  C.sub.8 H.sub.12 N.sub.4     
                                                          31.1 31.0            
                      CH.sub.3       CH.sub.3                                  
     462.                                                                      
         "            --N.angle.     --N.angle.   C.sub.10 H.sub.16 N.sub.4    
                                                          26.9 26.7            
                      CH.sub.3       CH.sub.3                                  
     463.                                                                      
         "                                        C.sub.14 H.sub.20 N.sub.4    
                                                  O.sub.3 19.2 19.5            
     464.                                                                      
         --NO.sub.2   --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.8 H.sub.12 N.sub.4     
                                                  O.sub.2 28.5 28.5            
                      CH.sub.3       CH.sub.3                                  
     465.                                                                      
         "            --N.angle.     --N.angle.   C.sub.10 H.sub.16 N.sub.4    
                                                  O.sub.2 25.0 25.3            
                      CH.sub.3       CH.sub.3                                  
     466.                                                                      
         "                                        C.sub.14 H.sub.20 N.sub.4    
                                                  O.sub.4 18.2 18.5            
     467.                                                                      
         --CH.sub.3   --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.9 H.sub.15 N.sub.3     
                                                          25.4 26.0            
     468.                                                                      
         --CH.sub.2 --CH.sub.3                                                 
                      --NH--CH.sub.3 --NH--CH.sub.2 --CH.sub.3                 
                                                  C.sub.11 H.sub.19 N.sub.3    
                                                          21.7 22.0            
     469.                                                                      
         --CH.sub.2 CH.sub.2 CN                                                
                      --NH.sub.2     --NH.sub.2   C.sub. 9 H.sub.12 N.sub.4    
                                                          31.8 32.0            
     470.             "              "            C.sub.15 H.sub.17 N.sub.3    
                                                          16.5 17.0            
         OC--                                                                  
         .vertline.                                                            
     471.                                                                      
         --CH.sub.2 CH.sub.2 N--C.sub.2 H.sub.5                                
                      --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.19 H.sub.26 N.sub.4    
                                                          17.2 17.5            
         C.sub.2 H.sub.5                                                       
     472.                                                                      
         --CH.sub.2 CH.sub.2 N.angle.                                          
                      "              --OCH.sub.2 CH.sub.2 =CH.sub.2            
                                                  C.sub.16 H.sub.27 N.sub.3    
                                                          15.2 15.3            
         C.sub.2 H.sub.5                                                       
     473.                                                                      
         --CH.sub.2 --CH=CH.sub.2                                              
                      "              --NH--CH.sub.3                            
                                                  C.sub.11 H.sub.17 N.sub.3    
                                                          22.0 22.4            
         CH.sub.3                                                              
         .vertline.                                                            
     474.                                                                      
         --CH.sub.2 --C=CH.sub.2                                               
                      "              --SO.sub.2 CH.sub.2 CH=CH.sub.2           
                                                  C.sub.14 H.sub.20 N.sub.2    
                                                  O.sub.2 S                    
                                                          10.0 9.8             
     475.                                                                      
         --C.sub.3 H.sub.7 (n)                                                 
                      --NHCH.sub.2 CH.sub.2 CH.sub.3                           
                                                  C.sub.15 H.sub.27 N.sub.3    
                                                          16.8 16.5            
     476.                                                                      
         --C.sub.4 H.sub.9 (n)                                                 
                      --NH--CH.sub.3              C.sub. 17 H.sub.28 N.sub.2   
                                                          10.1 9.7             
     477.                                                                      
         --C.sub.4 H.sub.9 (iso)                                               
                      "                           C.sub.18 H.sub.24 N.sub.2    
                                                          9.9  10.2            
     478.                                                                      
         --C.sub.6 H.sub.13 (n)                                                
                      --NH--CH.sub.3              C.sub.18 H.sub.24 N.sub.2    
                                                          9.9  10.4            
     479.             --NH--C.sub.3 H.sub.7 (iso)                              
                                     --OCH.sub.2 CH.sub.2 OCH.sub.3            
                                                  C.sub.19 H.sub.32 N.sub.2    
                                                          9.4  9.5             
                                     CH.sub.3                                  
     480.             --NH--CH.sub.3 --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.   
                                                  C.sub.19 H.sub.27 N.sub.4    
                                                          18.0 18.3            
                                     CH.sub.3                                  
                                     CH.sub.3                                  
                                     .vertline.                                
     481.             --Nh.sub.2     --O--CH.sub.2 --C=CH.sub.2                
                                                  C.sub.16 H.sub.18 N.sub.2    
                                                          11.0 10.5            
                                     CH.sub.3                                  
     482.             "              --S--CH.angle.                            
                                                  C.sub.16 H.sub.20 N.sub.2    
                                                          9.7  9.5             
                                     CH.sub.3                                  
     483.             -- NH--CH.sub.3             C.sub.20 H.sub.19 ClN.sub.2  
                                                  S       7.9  8.3             
     484.             "                           C.sub.21 H.sub.20 Cl.sub.2   
                                                  N.sub.2 S                    
                                                          6.9  6.8             
     485.             --NH.sub.2     --NH.sub.2   C.sub.12 H.sub.20 N.sub.4    
                                                          23.7 23.9            
                      CH.sub.3       CH.sub.3                                  
     486.                                                                      
         "            --N.angle.     --N.angle.   C.sub.16 H.sub.28 N.sub.4    
                                                          19.2 19.7            
                      CH.sub.3       CH.sub.3                                  
     487.             --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.15 H.sub.26 N.sub.4    
                                                          21.4 21.6            
     488.             "              "            C.sub.14 H.sub.24 N.sub.4    
                                                          22.6 22.2            
     489.                                                                      
         --COOCH.sub.3                                                         
                      "              "            C.sub.10 H.sub.15 N.sub.3    
                                                  O.sub.2 20.1 20.3            
     490.                                                                      
         --COOC.sub.2 H.sub.5                                                  
                      "              "            C.sub.11 H.sub.17 N.sub.3    
                                                  O.sub.2 18.8 18.5            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     491.                                                                      
         "            --N.angle.     --N.angle.   C.sub.17 H.sub.29 N.sub.3    
                                                  O.sub.2 13.7 14.0            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     492.                                                                      
         "                           --NH--CH.sub.3                            
                                                  C.sub.14 H.sub.21 N.sub.3    
                                                  O.sub.3 15.0 14.8            
     493.                                                                      
         --COOC.sub.4 H.sub.9 (n)                                              
                      --NHCH.sub.2 CH.sub.2 OH    C.sub.15 H.sub.25 N.sub.3    
                                                  O.sub.4 13.5 13.8            
                                     CH.sub.3                                  
     494.                                                                      
         --COOC.sub.6 H.sub.13 (n)                                             
                      --NHCH.sub.2 CH.sub.2 CH.sub.3                           
                                     --NHCH.sub.2 CH.sub.2 N.angle.            
                                                  C.sub.20 H.sub.36 N.sub.4    
                                                  O.sub.2 15.4 15.0            
                                     CH.sub.3                                  
     495.                                                                      
         --COCH.sub.3 --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.10 H.sub.15 N.sub.3    
                                                          21.7 21.5            
     496.                                                                      
         --CO--CH=CH.sub.2                                                     
                      "              "            C.sub.11 H.sub.15 N.sub.3    
                                                          20.5 20.7            
                                     CH.sub.3                                  
     497.                                                                      
         --CO--C.sub.6 H.sub.13 (n)                                            
                      --NH--CH.sub.3 --N.angle.   C.sub.16 H.sub.27 N.sub.3    
                                                          15.2 15.3            
                                     CH.sub.3                                  
     498.             "              "            C.sub.16 H.sub.25 N.sub.3    
                                                          15.3 15.5            
     499.             "              -- NH--CH.sub.3                           
                                                  C.sub.16 H.sub.19 N.sub.3    
                                                          15.6 15.8            
     500.             --NH.sub.2     --NH.sub.2   C.sub.13 H.sub.13 N.sub.3    
                                                          18.5 18.3            
     501.                                                                      
         "            --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.15 H.sub.17 N.sub.3    
                                                          16.5 16.7            
                      CH.sub.3       CH.sub.3                                  
     502.                                                                      
         "            --N.angle.     --N.angle.   C.sub.17 H.sub.21 N.sub.3    
                                                          14.8 14.6            
                      CH.sub.3       CH.sub.3                                  
     503.                                                                      
         "            --NH--CH.sub.3              C.sub.18 H.sub.21 N.sub.3    
                                                  O.sub.2 13.5 13.2            
     504.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2     --Cl         C.sub.7 H.sub.8 ClN.sub.3    
                                                          22.6 22.8            
     505.                                                                      
         "            "              --NH.sub.2   C.sub.7 H.sub.10 N.sub.4     
                                                          33.8 34.2            
     506.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2     --OH         C.sub.7 H.sub.9 N.sub.3      
                                                  O.sub.2 25.1 24.7            
     507.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2     --OC.sub.2 H.sub.5                        
                                                  C.sub.9 H.sub.13 N.sub.3     
                                                  O.sub.2 21.5 22.1            
     508.                                                                      
         "            "              --SC.sub.2 H.sub.5                        
                                                  C.sub.9 H.sub.13 N.sub.3     
                                                          19.9 19.6            
     509.                                                                      
         "            "              --SO.sub.2 C.sub.2 H.sub.5                
                                                  C.sub.9 H.sub.13 N.sub.3     
                                                  O.sub.3 S                    
                                                          17.3 17.5            
     510.                                                                      
         "            --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.9 H.sub.14 N.sub.4     
                                                          28.9 28.7            
     511.                                                                      
         "            --NHCH.sub.2 CH.sub.2 OCH.sub.3                          
                                                  C.sub.13 H.sub.22 N.sub.4    
                                                  O.sub.3 19.9 19.6            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     512.                                                                      
         "            --N.angle.     --N.angle.   C.sub.15 H.sub.26 N.sub.4    
                                                          20.1 20.5            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     513.                                                                      
         "            --NHCH.sub.2 CH.sub.3       C.sub.13 H.sub.20 N.sub.4    
                                                  O.sub.2 21.2 21.4            
                                     CH.sub.3                                  
     514.                                                                      
         "            "              --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.   
                                                  C.sub.14 H.sub.25 N.sub.5    
                                                          25.1 25.3            
                                     CH.sub.3                                  
     515.                                                                      
         --CO--NH--CH.sub.3                                                    
                      --NH.sub.2     --NH.sub.2   C.sub.8 H.sub.12 N.sub.4     
                                                          31.1 31.0            
     516.                                                                      
         --CONHCH.sub.2 CH.sub.2 OH                                            
                      --NH.sub.2     -- S--CH.sub.2 --CH=CH.sub.2              
                                                  C.sub.12 H.sub.17 N.sub.3    
                                                  O.sub.3 16.7 17.0            
     517.                                                                      
         --CONHC.sub.4 H.sub.9 (n)                                             
                      --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.13 H.sub.22 N.sub.4    
                                                          22.4 22.1            
         CH.sub.2                                                              
     518.                                                                      
         --CO--N.angle..vertline.                                              
                      --NHCH.sub.2 CH.sub.2 OCH.sub.3                          
                                     --NHCH.sub.2 CH.sub.2 OCH.sub.3           
                                                  C.sub.15 H.sub.24 N.sub.4    
                                                  O.sub.3 18.2 18.6            
         CH.sub.2                                                              
         C.sub.2 H.sub.5                                                       
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     519.                                                                      
         --CO--N.angle.                                                        
                      --N.angle.     --N.angle.   C.sub.19 H.sub.34 N.sub.4    
                                                          16.8 17.1            
         C.sub.2 H.sub.5                                                       
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     520.             --NH--CH.sub.3 --NH--C.sub.3 H.sub.7 (iso)               
                                                  C.sub.15 H.sub.24 N.sub.4    
                                                  O.sub.2 19.2 19.1            
     521.             --NH.sub.2     --NH.sub.2   C.sub.13 H.sub.14 N.sub.4    
                                                          23.2 23.6            
     522.                                                                      
         "            --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.15 H.sub.18 N.sub.4    
                                                          20.7 20.9            
     523.             --NHCH.sub.2 CH.sub.2 OH                                 
                                     --NHCH.sub.2 CH.sub.2 OH                  
                                                  C.sub.19 H.sub.26 N.sub.4    
                                                  O.sub.3 15.7 16.2            
     524.             --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.16 H.sub.20 N.sub.4    
                                                          19.7 19.5            
     525.                                                                      
         --SO.sub.2 --CH.sub.2 --CH.sub.3                                      
                      "              --NH--CH.sub.2 --CH.sub.3                 
                                                  C.sub.11 H.sub.19 N.sub.3    
                                                  O.sub.3 S                    
                                                          15.4 15.2            
     526.                                                                      
         --SO.sub.2 --C.sub.3 H.sub.7 (n)                                      
                      --NH--C.sub.3 H.sub.7 (n)   C.sub.15 H.sub.27 N.sub.3    
                                                  O.sub.3 S                    
                                                          12.8 13.1            
     527.                                                                      
         --SO.sub.2 --C.sub.4 H.sub.9 (n)                                      
                      --NH.sub.2     --NH.sub.2   C.sub.10 H.sub.17 N.sub.3    
                                                  O.sub.2 S                    
                                                          17.3 17.6            
     528.                                                                      
         --SO.sub.2 --C.sub.4 H.sub.9 (iso)                                    
                      "              "            "       17.3 17.4            
                                     CH.sub.3                                  
     529.                                                                      
         --SO.sub.2 --C.sub.5 H.sub.11 (iso)                                   
                      --NH--CH.sub.3 --N.angle.   C.sub.14 H.sub.25 N.sub.3    
                                                  O.sub.2 S                    
                                                          14.0 14.3            
                                     CH.sub.3                                  
     530.             "              "            C.sub.15 H.sub.25 N.sub.3    
                                                  O.sub.2 S                    
                                                          13.5 14.0            
     531.             "              --NH--CH.sub.3                            
                                                  C.sub.14 H.sub.17 N.sub.3    
                                                  O.sub.2 S                    
                                                          14.4 14.2            
     532.             --NHCH.sub.2 CH.sub.2 OH                                 
                                     --NH--CH.sub.3                            
                                                  C.sub.15 H.sub.18 ClN.sub.3  
                                                  O.sub.3 S                    
                                                          11.8 12.2            
     533.                            "            C.sub.19 H.sub.25 N.sub.3    
                                                  O.sub.3 S                    
                                                          11.2 11.4            
     534.                                                                      
         --SO.sub.2 --NH.sub.2                                                 
                      --NH.sub.2     --NH.sub.2   C.sub.6 H.sub.10 N.sub.4     
                                                  O.sub.2 S                    
                                                          27.7 27.5            
     535.                                                                      
         --SO.sub.2 --NH.sub.2                                                 
                      --NH.sub.2                  C.sub.12 H.sub.13 N.sub.3    
                                                  O.sub.4 S.sub.2              
                                                          12.8 13.2            
     536.                                                                      
         "            --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.8 H.sub.14 N.sub.4     
                                                  O.sub.2 S                    
                                                          24.4 24.2            
     537.                                                                      
         "            --NHCH.sub.2 CH.sub.2 OH                                 
                                     --NHCH.sub.2 CH.sub.2 OH                  
                                                  C.sub.10 H.sub.18 N.sub.4    
                                                  O.sub.4 S                    
                                                          19.3 19.5            
         CH.sub.3                                                              
     538.                                                                      
         --SO.sub.2 --N.angle.                    C.sub. 20 H.sub.22 N.sub.4   
                                                  O.sub.2 S                    
                                                          14.7 15.2            
         CH.sub.3                                                              
     539.                                                                      
         --SO.sub.2 NHC.sub.2 H.sub.5                                          
                      --NH--CH.sub.3              C.sub.15 H.sub.25 N.sub.3    
                                                  O.sub.2 S.sub.2              
                                                          12.2 12.4            
                                     CH.sub.3                                  
     540.                                                                      
         --SO.sub.2 NH(CH.sub.2).sub.3 OCH.sub.3                               
                      --NH.sub.2     --NH--N.angle.                            
                                                  C.sub.12 H.sub.23 N.sub.5    
                                                  O.sub.3 S                    
                                                          22.1 22.5            
                                     CH.sub.3                                  
     541.             "              --NH.sub.2   C.sub.10 H.sub.16 N.sub.4    
                                                  O.sub.3 S                    
                                                          20.6 21.1            
     542.                                                                      
         "            --NH--CH.sub.3              C.sub.15 H.sub.24 N.sub.4    
                                                  O.sub.4 S                    
                                                          15.7 16.0            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     543.                                                                      
         "            --N.angle.     --N.angle.   C.sub.18 H.sub.32 N.sub.4    
                                                  O.sub.3 S                    
                                                          14.6 14.8            
                      C.sub.2 H.sub.5                                          
                                     C.sub.2 H.sub.5                           
     544.             --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.13 H.sub.22 N.sub.4    
                                                  O.sub.2 S                    
                                                          18.8 18.5            
     545.                                                                      
         "            "                           C.sub. 19 H.sub.25 N.sub.3   
                                                  O.sub.2 S.sub.2              
                                                          10.7 11.2            
     546.             "              --NH--CH.sub.3                            
                                                  C.sub.12 H.sub.23 N.sub.5    
                                                  O.sub.2 S                    
                                                          23.2 23.0            
     547.             "              "            C.sub.14 H.sub.24 N.sub.4    
                                                  O.sub.2 S                    
                                                          17.9 18.2            
     548.                                                                      
         "            "                           C.sub.19 H.sub.31 N.sub.3    
                                                  O.sub.4 S.sub.2              
                                                          9.8  10.2            
     549.                            --NHCH.sub.2 CH.sub.2 OH                  
                                                  C.sub.19 H.sub.26 N.sub.4    
                                                  O.sub.4 S                    
                                                          13.8 13.5            
     550.             --NH.sub.2     --NH.sub.2   C.sub.12 H.sub.14 N.sub.4    
                                                  O.sub.2 S                    
                                                          20.1 20.3            
     551.                                                                      
         "                                        C.sub.24 H.sub.34 N.sub.4    
                                                  O.sub.2 S                    
                                                          12.7 12.5            
     552.                                                                      
         "                                        C.sub.26 H.sub.26 N.sub.4    
                                                  O.sub.2 S                    
                                                          12.2 12.5            
     553.                                         C.sub.24 H.sub.22 N.sub.4    
                                                  O.sub.2 S                    
                                                          13.0 13.2            
     554.                                                                      
         "                                        C.sub.32 H.sub.26 N.sub.4    
                                                  O.sub.2 S                    
                                                          10.6 10.2            
                                     CH.sub.3                                  
                                     .vertline.                                
     555.                                                                      
         HC----CH     --NH--CH.sub.3 --OCH.sub.2 C=CH.sub.2                    
                                                  C.sub.16 H.sub.18 N.sub.2    
                                                  O.sub.3 9.8  9.5             
         .parallel..parallel.                                                  
         --OC--CCH                                                             
         .angle.                                                               
         O                                                                     
                                     CH.sub.3                                  
     556.                                                                      
         "            "              --NH(CH.sub.2).sub.3 --N.angle.           
                                                  C.sub.17 H.sub.24 N.sub.4    
                                                  O.sub.2 17.8 18.2            
                                     CH.sub.3                                  
     557.                                                                      
         HC----CH     "                           C.sub.19 H.sub.24 N.sub.2    
                                                  O.sub.3 8.5  9.0             
         .parallel..parallel.                                                  
         --OC--CCH                                                             
         .angle.                                                               
         S                                                                     
     558.             --NH.sub.2     --NH.sub.2   C.sub.12 H.sub.12 N.sub.4    
                                                          24.5 25.0            
     559.                                                                      
         "            --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.14 H.sub.16 N.sub.4    
                                                          21.8 22.2            
                      CH.sub.3       CH.sub.3                                  
     560.                                                                      
         "            --N.angle.     --N.angle.   C.sub.16 H.sub.20 N.sub.4    
                                                          19.7 20.1            
                      CH.sub.3       CH.sub.3                                  
     561.             --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.16 H.sub.17 N.sub.5    
                                                          23.7 23.5            
                      CH.sub.3       CH.sub.3                                  
     562.                                                                      
         "            --N.angle.     --N.angle.   C.sub.18 H.sub.21 N.sub.5    
                                                          21.7 21.5            
                      CH.sub.3       CH.sub.3                                  
     563.             --NH--CH.sub.3 --NH--CH.sub.3                            
                                                  C.sub.16 H.sub.16 N.sub.4    
                                                          17.9 18.2            
                      CH.sub.3       CH.sub.3                                  
     564.             --N.angle.     --N.angle.   C.sub.19 H.sub.22 N.sub.4    
                                                  O.sub.2 S                    
                                                          15.1 15.5            
                      CH.sub.3       CH.sub.3                                  
     565.                                                                      
         HC----C--CH.sub.3                                                     
                      --NH--CH.sub.3                                           
         .vertline..parallel.                                                  
         --OC--CCH                                C.sub.20 H.sub.19 ClN.sub.2  
                                                  O.sub.2 S                    
                                                          7.3  7.0             
         .angle.                                                               
         S                                                                     
     566.             --NH--CH.sub.3 --NH--Ch.sub.3                            
                                                  C.sub.14 H.sub.18 N.sub.4    
                                                          23.1 23.5            
     567.             "              "            "       23.1 23.3            
     568.             "              "            C.sub.15 H.sub.20 N.sub.4    
                                                          21.9 21.7            
                                     CH.sub.3                                  
     569.                                                                      
         --C.sub.4 H.sub.9 (n)                                                 
                      --CN           --N.angle.   C.sub.13 H.sub.19 N.sub.5    
                                                          19.4 19.0            
                                     CH.sub.3                                  
     570.                                                                      
         --CO--NH.sub.2                                                        
                      --OCH.sub.3    --OCH.sub.3  C.sub.9 H.sub.12 N.sub.2     
                                                  O.sub.3 14.3 14.7            
     571.                                                                      
         --CO--CH.sub.3                                                        
                      --OC.sub.2 H.sub.5                                       
                                     --OC.sub.2 H.sub.5                        
                                                  C.sub.12 H.sub.17 NO.sub.3   
                                                          6.7  6.5             
     __________________________________________________________________________
PAR  In the following table are presented further pyridine compounds prepared in
      accordance with the method of this invention:
      ##SPC27##
PAL  or tautomeric forms.
TBL                                                 Empirical                  
                                                          Cal'd.               
                                                               Found           
     No. Y                Z.sub.1      Z.sub.2     Formula                     
                                                          N%   N%              
     __________________________________________________________________________
     572.                                                                      
         --H              --NH--CH.sub.3                                       
                                       --NH--CH.sub.3                          
                                                   C.sub.8 H.sub.10 N.sub.4    
                                                          34.6 25.0            
     573.                                                                      
         "                --NH--CH.sub.2 --CH.sub.2 --OH                       
                                                   C.sub.10 H.sub.14 N.sub.4   
                                                   O.sub.2                     
                                                          25.2 25.0            
                                       CH.sub.3                                
     574.                                                                      
         --C.sub.3 H.sub.7 (n)                                                 
                          --NHCH.sub.2 CH.sub.2 CH.sub.3                       
                                       --NH(CH.sub.2).sub.3 N.angle.           
                                                   C.sub.17 H.sub.29 N.sub.5   
                                                          23.1 23.3            
                                       CH.sub.3                                
                                       CH.sub.3                                
     575.                                                                      
         --C.sub.3 H.sub.7 (iso)                                               
                          --NHCH.sub.2 CH.sub.2 CH.sub.3                       
                                       --NH(CH.sub.2).sub.3 N.angle.           
                                                   C.sub.17 H.sub.29 N.sub.5   
                                                          23.1 22.8            
                                       CH.sub.3                                
     576.                                                                      
         --C.sub.6 H.sub.13 (n)                                                
                          --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3             
                                                   C.sub.20 H.sub.34 N.sub.4   
                                                   O.sub.2                     
                                                          15.5 16.0            
         CH.sub.3                                                              
     577.                                                                      
         --CH.sub.2 CH.sub.2 N.angle.                                          
                          --NH--CH.sub.3                                       
                                       --NH--CH.sub.3                          
                                                   C.sub.12 H.sub.19 N.sub.5   
                                                          30.0 30.3            
         CH.sub.3                                                              
         CO--CH.sub.3                                                          
     578.                                                                      
         --CH.sub.2 CH.sub.2 N.angle.                                          
                          "            "           C.sub.13 H.sub.19 N.sub.5   
                                                          26.8 27.0            
         CH.sub.3                                                              
     579.                 --NH.sub.2   --NH.sub.2  C.sub.12 H.sub.17 N.sub.5   
                                                          28.3 28.8            
     580.                 "            "           C.sub.12 H.sub.17 N.sub.5   
                                                          30.3 30.5            
     581.                                                                      
         --CH.sub.2 CH.sub.2 OH                                                
                          --NH--CH.sub.3                                       
                                       --NH--CH.sub.3                          
                                                   C.sub.10 H.sub.14 N.sub.4   
                                                          27.2 27.5            
     582.                                                                      
         --CH.sub.2 CH.sub.2 O--COCH.sub.3                                     
                          --NHCH.sub.2 CH.sub.2 CH.sub.2 OH                    
                                                   C.sub.16 H.sub.24 N.sub.4   
                                                   O.sub.4                     
                                                          16.7 17.0            
     583.                                                                      
         --(CH.sub.2).sub.2 O--CONHC.sub.2 H.sub.5                             
                          --NH--CH.sub.3                                       
                                       --NH--CH.sub.3                          
                                                   C.sub.13 H.sub.19 N.sub.5   
                                                   O.sub.2                     
                                                          25.3 25.1            
     584.                 --NH(CH.sub. 2).sub.3 O--C.sub.3 H.sub.7 (iso)       
                                                   C.sub.26 H.sub.38 N.sub.4   
                                                   O.sub.3                     
                                                          12.3 12.7            
     585.                 --NH.sub.2   --NH.sub.2  C.sub.12 H.sub.16 N.sub.4   
                                                          25.9 25.5            
     586.                 "            "           C.sub.13 H.sub.12 N.sub.4   
                                                          25.0 25.3            
     587.                              --NH--CH.sub.3                          
                                                   C.sub.17 H.sub.18 N.sub.4   
                                                          20.1 20.7            
     588.                 --NH--CH.sub.3                                       
                                       --NH--CH.sub.3                          
                                                   C.sub.14 H.sub.13 N.sub.4   
                                                   Cl     20.6 21.0            
     589.                 "            "           C.sub.16 H.sub.18 N.sub.4   
                                                          21.0 20.4            
     590.                                                                      
         HC----CH         --NH--CH.sub.3                                       
                                       --NH--CH.sub.3                          
                                                   C.sub.12 H.sub.12 N.sub.4   
                                                          24.5 24.7            
         .parallel..parallel.                                                  
         --CCH                                                                 
         .angle.                                                               
         O                                                                     
     591.                                                                      
         HC----CH         "            "           C.sub.12 H.sub.12 N.sub.4   
                                                          22.9 22.5            
         .parallel..parallel.                                                  
         --CCH                                                                 
         .angle.                                                               
         S                                                                     
     592.                                                                      
         N----CH          "            "           C.sub.11 H.sub.11 N.sub.5   
                                                          28.6 28.5            
         .parallel..parallel.                                                  
         --CCH                                                                 
         .angle.                                                               
         S                                                                     
     593.                 "            "           C.sub.14 H.sub.15 N.sub.5   
                                                          27.7 28.2            
     594.                 "            "           C.sub.13 H.sub.13 N.sub.5   
                                                          28.3 28.7            
     595.                 "            "           C.sub.15 H.sub.14 N.sub.6   
                                                          30.2 29.6            
         N--CH                                                                 
     596.                                                                      
         --H.sub.2 C--C.angle..parallel.                                       
                          "            "           C.sub.12 H.sub.13 N.sub.5   
                                                          27.0 27.3            
         S--CH                                                                 
     597.                 --NH--C.sub.2 H.sub.5                                
                                       --NH--C.sub.2 H.sub.5                   
                                                   C.sub.17 H.sub.18 N.sub.6   
                                                          27.5 27.7            
     598.                                                                      
         --C.sub.3 H.sub.7 (n)                                                 
                          --CN         --N.angle.  C.sub.12 H.sub.14 N.sub.4   
                                                          26.2 26.5            
                                       CH.sub.3                                
     599.                                                                      
         "                --SCH.sub.3  --OCH.sub.3 C.sub.11 H.sub.14 N.sub.2   
                                                   OS     12.6 13.0            
     __________________________________________________________________________
PAR  In the following table are presented further pyridine compounds prepared in
      accordance with the method of this invention:
      ##SPC28##
PAL  or tautomeric forms
TBL                                                  Empirical                 
                                                            Cal'd.             
                                                                Found          
     No.                                                                       
             X             Y         Z.sub.1                                   
                                               Z.sub.2                         
                                                     Formula                   
                                                            N%  N%             
     __________________________________________________________________________
                                          CH.sub.3                             
     600.                                                                      
        --C.sub.3 H.sub.7 (n)                                                  
                      --C.sub.4 H.sub.9 (n)                                    
                                --CN      --N.angle. C.sub.15 H.sub.23         
                                                            17.1b.3            
                                                                17.5           
                                          CH.sub.3                             
     601.                                                                      
        "             --CN      --OCH.sub.3                                    
                                          "          C.sub.12 H.sub.17 N.sub.3 
                                                     O      18.7               
                                                                19.2           
     602.                                                                      
        "             --C.sub.3 H.sub.7 (n)                                    
                                --SCH.sub.3                                    
                                          --SCH.sub.3                          
                                                     C.sub.13 H.sub.21         
                                                     NS.sub.2                  
                                                            5.5 5.8            
     603.                                                                      
        H             --CH.sub.3                                               
                                --NH.sub.2                                     
                                          --NH.sub.2 C.sub.6 H.sub.9 N.sub.3   
                                                            34.1               
                                                                34.5           
     604.                                                                      
        "                       --NH--CH.sub.3                                 
                                          --NH--CH.sub.3                       
                                                     C.sub.13 H.sub.16         
                                                            24.5b.4            
                                                                24.2           
                                CH.sub.3  CH.sub.3                             
     605.                                                                      
        "             --CO--NH.sub. 2                                          
                                --N.angle.                                     
                                          --N.angle. C.sub.10 H.sub.16 N.sub.4 
                                                     O      26.9               
                                                                27.3           
                                CH.sub.3  CH.sub.3                             
                                          CH.sub.3                             
                                          .vertline.                           
     606.                                                                      
        --C.sub.2 H.sub.5                                                      
                      --NH.sub.2                                               
                                --NH--CH.sub.3                                 
                                          --OCH.sub.2 C=CH.sub.2               
                                                     C.sub.12 H.sub.19 N.sub.3 
                                                     O      19.0               
                                                                19.2           
     607.                                                                      
        "             --H       --NHCH.sub.2 CH.sub.2 OH                       
                                                     C.sub.13 H.sub.21 N.sub.3 
                                                     O      17.9               
                                                                18.2           
     608.                                                                      
        --C.sub.4 H.sub.9 (n)                                                  
                      --NO      --NH--CH.sub.3                                 
                                          --NH--CH.sub.3                       
                                                     C.sub.11 H.sub.18 N.sub.4 
                                                     O      25.2               
                                                                25.0           
     609.                                                                      
        "             --NO.sub.2                                               
                                "         "          C.sub.11 H.sub.18 N.sub.4 
                                                     O.sub.2                   
                                                            23.5               
                                                                23.2           
     610.                                                                      
        --C.sub.4 H.sub.9 (n)                                                  
                      --C.sub.4 H.sub.9 (n)                                    
                                --NH.sub.2           C.sub.20 H.sub.28 N.sub.2 
                                                     O.sub.2                   
                                                            8.5 8.2            
     611.                                                                      
        --C.sub.4 H.sub.9 (sec) --NH--C.sub.2 H.sub.5                          
                                                     C.sub.19 H.sub.28         
                                                     N.sub.4                   
                                                            17.9               
                                                                17.6           
                      N----CH   C.sub.2 H.sub.5                                
                                          C.sub.2 H.sub.5                      
                      .parallel..parallel.                                     
     612.                                                                      
        "             --CCH     --N.angle.                                     
                                          --N.angle. C.sub.20 H.sub.32 N.sub.4 
                                                     S      15.5               
                                                                16.1           
                      .angle.                                                  
                      S         C.sub.2 H.sub.5                                
                                          C.sub.2 H.sub.5                      
     613.                                                                      
        --C.sub.4 H.sub.9 (iso) --NHCH.sub.2 CH.sub.2 OCH.sub.3                
                                                     C.sub.21 H.sub.30 N.sub.4 
                                                     O.sub.3                   
                                                            14.5               
                                                                14.2           
     614.                                                                      
        --C.sub.4 H.sub.9 (tert)                                               
                      --CO--NH.sub.2                                           
                                --NH--CH.sub.3                                 
                                          --SO.sub.2 CH.sub.2 CH.sub.2         
                                          OCH.sub.3  C.sub.14 H.sub.23 N.sub.3 
                                                     O.sub.4 S                 
                                                            12.8               
                                                                12.2           
     615.                                                                      
        --C.sub.5 H.sub.11 (iso)                                               
                      "         "                    C.sub.19 H.sub.22 N.sub.4 
                                                     O.sub.3 S                 
                                                            14.5               
                                                                14.3           
                                          CH.sub.3                             
     616.                                                                      
        --CH=CH.sub.2 --COOC.sub.2 H.sub.5                                     
                                          --N.angle. C.sub.16 H.sub.23 N.sub.3 
                                                     O.sub.3                   
                                                            13.8               
                                                                14.2           
                                          CH.sub.3                             
     617.                                                                      
        --CH=CH--CH.sub.3                                                      
                      --SO.sub.2 --NH.sub.2          C.sub.20 H.sub.20 N.sub.4 
                                                     O.sub.2 S                 
                                                            14.7               
                                                                15.2           
        C.sub.2 H.sub.5                                                        
     618.                                                                      
        --CH.sub.2 CH.sub.2 N.angle.                                           
                      --CH.sub.3                                               
                                --NH--CH.sub.3                                 
                                          --NH--CH.sub.3                       
                                                     C.sub.14 H.sub.26         
                                                            22.4b.4            
                                                                22.8           
        C.sub.2 H.sub.5                                                        
                      CH.sub.3                                                 
     619                                                                       
        --CH.sub.2 CH.sub.2 CN                                                 
                      --CH.sub.2 CH.sub.2 N.angle.                             
                                          --NH--CH.sub.3                       
                                                     C.sub.17 H.sub.27 N.sub.5 
                                                     O      22.1               
                                                                22.5           
                      CH.sub.3                                                 
     620.                                                                      
        --CH.sub.2 CH.sub.2 OCH.sub.3                                          
                      --CO--CH.sub.3                                           
                                --NHCH.sub.2 CH.sub.2 CH.sub.3                 
                                          --SCH.sub.2 CH.sub.2 OCH.sub.3       
                                                     C.sub.16 H.sub.26 N.sub.2 
                                                     O.sub.3 S                 
                                                            8.6 8.9            
     621.             --H       --NH(CH.sub.2).sub.3 --OCH.sub.3               
                                          --NH(CH.sub.2).sub.3 --OCH.sub.3     
                                                     C.sub.20 H.sub.36 N.sub.4 
                                                     O.sub.2                   
                                                            15.4               
                                                                15.6           
                                          C.sub.2 H.sub.5                      
     622.             --CO-- NH.sub.2     --N.angle. C.sub.21 H.sub.37 N.sub.5 
                                                     O      18.7               
                                                                18.5           
                                          C.sub.2 H.sub.5                      
     623.             --CH.sub.2 --OCH.sub.3                                   
                                --NH.sub.2                                     
                                          --NH.sub.2 C.sub.13 H.sub.21 N.sub.3 
                                                     O      17.9               
                                                                17.6           
     624.             --H                            C.sub.23 H.sub.19         
                                                            12.5b.3            
                                                                12.7           
                                CH.sub.3                                       
     625.                                                                      
        "             --CO--NH.sub.2                                           
                                --N.angle.           C.sub.22 H.sub.23 N.sub.3 
                                                     O.sub.3 S                 
                                                            10.3               
                                                                10.7           
                                CH.sub.3                                       
     626.                                                                      
        "             --CO--CH.sub.3                                           
                                "                    C.sub.23 H.sub.21 N.sub.3 
                                                     O.sub.2 S                 
                                                            10.4               
                                                                10.6           
     627.             --H       --NH--CH.sub.3                                 
                                          --NH--CH.sub.3                       
                                                     C.sub.12 H.sub.14         
                                                            26.2b.4            
                                                                26.8           
                                CH.sub.3  CH.sub.3                             
     628.                                                                      
        "             --CO--NH.sub.2                                           
                                --N.angle.                                     
                                          --N.angle. C.sub.15 H.sub.19 N.sub.5 
                                                     O      24.6               
                                                                25.0           
                                CH.sub.3  CH.sub.3                             
     629.                                                                      
        N----CH       --CO--NH.sub.2                                           
                                --NHCH.sub.2 CH.sub.2 OCH.sub.3                
                                                     C.sub.15 H.sub.21 N.sub.5 
                                                     O.sub.3 S                 
                                                            20.0               
                                                                20.3           
        .parallel..parallel.                                                   
        --CCH                                                                  
        .angle.                                                                
        S                                                                      
     630.             "         --NH.sub.2                                     
                                          --OH       C.sub.13 H.sub.10 N.sub.4 
                                                     O.sub.2 S                 
                                                            19.6               
                                                                19.4           
     __________________________________________________________________________
PAR  In those instances in the foregoing tables where only one value is
      presented for Z.sub.1 and Z.sub.2, this means that Z.sub.1 and Z.sub.2 are
      equal.
PAC  EXAMPLE 13
PAR  There are allowed to run 100 p.b.w. 3-methoxypropylamine into a suspension
      of 93.0 p.b.w. of 2,6-dichloro-3-cyano-4-methylpyridine in 200 p.b.w.
      ethyl alcohol for 2 hours at 20.degree.C. This product is then agitated at
      room temperature for 18 hours. Then the resulting
      2-chloro-3-cyano-4-methyl-6-(3'-methoxypropylamino)-pyridine of the
      formula
      ##SPC29##
PAL  is drawn off, washed on the suction apparatus first with 120 p.b.w. ethyl
      alcohol and subsequently with water. The substance is analytically pure.
PAR  Analysis: C.sub.11 H.sub.14 ClN.sub.3 O Calculated: 17.6% N 14.6% Cl Found:
      17.9% N 14.4% Cl
PAC  EXAMPLE 14
PAR  Introduced into 1000 parts by weight methyl alcohol during cooling are 25.3
      p.b.w. sodium. Added to this sodium methylate solution are 215 p.b.w.
      2-chloro-3-cyano-4-methyl-6-(3'-methoxypropylamino)-pyridine, and
      subsequently the reaction solution is heated to the point of boiling for
      24 hours under reflux. Then the methyl alcohol is distilled off and the
      residue stirred with water. The resulting
      2-methoxy-3-cyano-4-methyl-6-(3'-methoxypropylamino)-pyridine of the
      formula
      ##SPC30##
PAL  is an oil, which is isolated with ether. It may be purified by vacuum
      distillation.
PAR  Analysis: C.sub.12 H.sub.17 N.sub.3 O.sub.2 Calculated: 17.9% N 26.4%
      --OCH.sub.3 Found: 18.1% N 26.1% --OCH.sub.3
PAC  EXAMPLE 15
PAR  a. 13.8 p.b.w. 4-nitraniline are diazotized at 0.degree. to +5.degree.C. in
      300 p.b.w. of water to which 36.0 p.b.w. hydrochloric acid of 30 % have
      been added, with a solution consisting of 7.7 p.b.w. sodium nitrite in 50
      p.b.w. of water. The filtered diazo solution is allowed to run into a
      solution of 500 p.b.w. of water, 25.0 p.b.w. hydrochloric acid of 30 % and
      32.2 p.b.w. 2.6-bis-(3'-methoxy-n.propylamino)-3-cyano-4-methyl-pyridine,
      whereby the reaction temperature is maintained during the coupling at
      0.degree. to +5.degree.C. by the addition of 500 parts of ice. The pH
      value of the batch is neutralized by the introduction of a solution of
      65.2 p.b.w. sodium acetate in 200 p.b.w. of water, whereupon the coupling
      is quickly completed. The dyestuff being formed is then sucked off, washed
      with water until neutral and dried.
PAR  b. 1.0 g.. of the dyestuff thus obtained which has the following formula
      ##SPC31##
PAL  is finely dispersed and introduced while stirring into 2000 g. of water.
      This reaction mixture is adjusted to a pH value of 5 - 6 by the addition
      of acetic acid and then admixed with 4 g. ammonium sulfate and 2 g. of a
      commercial dispersing agent on the basis of a naphthalenesulfonic
      acid/formaldehyde condensation product. 100 g. of a polyester fabric on
      the basis of polyethylene glycolterephthalate are introduced into the dye
      liquor thus obtained and dyed for 11/2  hours at 130.degree.C. After
      subsequent rinsing, reductive aftertreatment with an alkaline sodium
      dithionite solution of 0.2 % during 15 minutes at 60.degree.-70.degree.C.,
      rinsing and drying, one obtains a deep reddish orange dyeing which shows
      very good fastness properties.
PAC  EXAMPLE 16
PAR  a. 16.3 p.b.w. 2-cyano-4-nitraniline are diazotized at 15.degree.C. in 100
      p.b.w. glacial acetic acid, with 34.2 p.b.w. nitrosylsulfuric acid of 41.3
      %. The limpid diazo solution is then allowed to run into a suspension of
      25.8 p.b.w. 2-methoxy-3-cyano-4-methyl-6-(3'-methoxy-propylamino)-pyridine
      and 66.0 g. sodium acetate in 160 p.b.w. ethanol. During the coupling the
      reaction temperature is maintained at 0.degree. to +5.degree.C. by cooling
      from the outside. When the coupling is completed, the dyestuff being
      formed is sucked off, washed first with ethanol, then with water and
      dried.
PAR  b. 30 p.b.w. of the dyestuff thus obtained (related to 1,000 p.b.w. of the
      printing paste) which has the formula
      ##SPC32##
PAL  are incorporated in a finely dispersed form into a printing paste
      containing 45.0 p.b.w. carob bean meal, 6.0 p.b.w. 3-nitrobenzenesulfonic
      acid sodium and 3.0 p.b.w. citric acid. When this printing paste is
      applied onto a polyester fabric one obtains after printing, drying and
      setting on the thermosetting stenter during 45 seconds at 215.degree.C.,
      rinsing and working up as described in the above Example 15 b), a full
      reddish orange print which has very good fastness properties.
PAR  The dyestuff yields when printed onto a triacete fabric and if it is
      employed in the form of the above printing paste and the printed fabric,
      after drying, is steamed for 10 minutes at a pressure of 2.5 atmospheres,
      rinsed, soaped, rinsed again and dried, a full reddish orange print having
      also very good fastness properties.
PAC  EXAMPLE 17
PAR  a. 29.7 g. 4-.beta.-sulfatoethylsulfonyl-aniline-2-sulfonic acid are pasted
      up with 400 c.c. water, admixed with 25 c.c. 10 normal hydrochloric acid
      and diazotized by the addition of 100 c.c. 4 normal sodium dithionite
      solution. The reaction temperature is maintained at 0.degree. to
      +3.degree.C. by the addition of about 400 g. ice. The excess sodium, if
      any, is destroyed with little amidosulfonic acid and the diazo compound is
      added to a suspension of 14.8 g. 2.6-diamino-3-cyano-4-methyl-pyridine in
      200 c.c. water to which 12.5 g. sodium bicarbonate have been added. The
      precipitated dyestuff is sucked off, and dried in vacuo. The reactive dye
      thus obtained has the following formula:
      ##SPC33##
PAR  b. A mixture of mercerized or alkalized cotton is printed with the
      following printing paste:
PA1  50 g. of the above dyestuff
PAR  100 g. urea
PAR  370 g. hot water
PAR  450 g. alginate thickener
PA1  20 g. sodium bicarbonate
PA1  10 g. sodium salt of the m-nitrobenzenesulfonic acid
PAL  1,000 g.
PAR  The print may be fixed either by steaming at 103.degree. to 105.degree.C.
      or by drying heating. In both cases the fabric is subsequently rinsed and
      soaped. The full greenish yellow print thus obtained has very good
      fastness properties.
PAR  Cationic azo dyes suited for dyeing and printing polyacrylonitrile and
      modified polyester fibers may be prepared according to the following
      Example:
PAC  EXAMPLE 18
PAR  a. 4.57 p.b.w. 4'aminophenacyltrimethyl-ammonium chloride are dissolved in
      20 p.b.w. of water and 7 p.b.w. concentrated hydrochloric acid, and
      diazotized at 0.degree. - 5.degree.C. with 4 p.b.w. 5 normal sodium
      nitrite solution. When the diazotization is completed, 3.52 p.b.w.
      3-cyano-4-methyl-2.6-bis-methylamino-pyridine, dissolved in 10 p.b.w.
      glacial acetic acid, are added to the diazo solution and the reaction
      mixture is stirred at a pH value of 3 - 5 until the coupling is completed.
PAR  The dyestuff is precipitated by the addition of sodium chloride of 10 %,
      sucked off and dried. It has the following formula:
      ##SPC34##
PAR  b. 1 g. of this dyestuff is pasted up with 2.5 g. acetic acid of 50 % and
      dissolved in 6 l. of water. To this dye liquor 1 g. sodium acetate and 10
      g. sodium sulfate are added. Subsequently, 100 g. of a pre-washed
      polyacrylonitrile staple fiber yarn are introduced into the dye liquor
      which has a temperature of 60.degree.C. This temperature is slowly raised
      to 100.degree.C. and dyeing is carried out during 1 hour at boiling
      temperature. Subsequently, the temperature is lowered down to
      70.degree.C., the treated fabric is rinsed and dried. One obtains a clear
      deep orange dyeing with a very good fastness to light and to wetting, and
      a high absorbtion capacity.
PAR  c. 1 g. of the dyestuff is pasted up with 2 g. acetic acid of 50 % and
      dissolved in 5 l. of water which contains 1 g. sodium acetate, 100 g. of a
      pre-washed fabric of acid modified polyester fiber are then introduced at
      60.degree.C., the temperature is slowly raised and dyeing is carried out
      during 1 hour at 115.degree.C. The temperature is then lowered down to
      70.degree.C. and the fabric is rinsed and dried. Obtained is a deep orange
      dyeing having a very good fastness to light and wetting.
PAR  Acid azo dyes which are suited for dyeing wool, silk and polyamide may be
      prepared according to the following Example:
PAC  EXAMPLE 19
PAR  a. 27.7 p.b.w. 4'-amino-azobenzene-4-sulfonic acid are diazotized in the
      usual manner and coupled in a slightly acid pH range with 23.6 p.b.w.
      2.6-(.beta.-hydroxyethylamino)-3-cyano-4-methyl-pyridine. The dyestuff
      being formed is salted out by the addition of sodium chloride of 10 %,
      sucked off and dried at 60.degree.C. in vacuo. In the form of its free
      acid it corresponds to the following formula:
      ##SPC35##
PAR  b. 1 g. of the above dyestuff is pasted up with 25 g. cold distilled water
      and dissolved in 975 g. boiling distilled water. The dyestuff solution is
      admixed with 2 g. acetic acid of 50 % and the reaction temperature is
      maintained at 60.degree.C. At this temperature 100 g. of a pre-washed
      fabric of wool, silk or polyamide are introduced and the temperature is
      slowly raised to 100.degree.C. and then maintained for 1 hour at boiling
      temperature. Subsequently, the temperature is lowered down to 70.degree.C.
      and the fabric is rinsed and dried. Obtained is a deep yellowish red
      dyeing of high brilliancy and showing a very good fastness to light and to
      wetting.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC36##
PAL  wherein X is alkyl having 1 to 6 carbon atoms, alkenyl having 2 to 6 carbon
      atoms, cycloalkyl having 3 to 8 carbon atoms, phenyl, benzyl, phenethyl,
      one of said radicals substituted as hereinafter defined or hydrogen;
      Z.sub.1 is
      ##EQU25##
      --NH--OR.sub.10 or
      ##EQU26##
      and Z.sub.2 is mercapto, --SR.sub.12 or --SO.sub.2 R.sub.12 ; R.sub.5 and
      R.sub.6, are alkyl having 1 to 6 carbon atoms, cycloalkyl having 3 to 8
      carbon atoms, phenyl, benzyl, phenethyl, one of said radicals substituted
      as hereinafter defined or hydrogen; R.sub.10 is alkyl having 1 to 6 carbon
      atoms, benzyl, phenethyl, one of said groups substituted as hereinafter
      defined or hydrogen; R.sub.11 is alkyl having 1 to 6 carbon atoms or said
      alkyl substituted as hereinafter defined; R.sub.12 is alkyl having 1 to 6
      carbon atoms, alkenyl having 2 to 6 carbon atoms, cycloalkyl having 3 to 8
      carbon atoms, phenyl, benzyl, phenethyl or one of said radicals
      substituted as hereinafter defined, the substituents for the substituted
      alkyl or alkenyl radicals specified hereinabove being selected from the
      group consisting of cyano, hydroxy, acetoxy, alkoxy having 1 to 2 carbon
      atoms, phenoxy and phenoxyacetoxy and the substituents for the substituted
      cycloalkyl, phenyl, benzyl and phenethyl radicals specified hereinabove
      being selected from the group consisting of bromine, chlorine, cyano,
      alkyl having 1 to 3 carbon atoms and alkoxy having 1 to 2 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is --NH.sub.2
      and Z.sub.2 is --SC.sub.2 H.sub.5.
NUM  3.
PAR  3. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is --NHCH.sub.2
      C.sub.6 H.sub.5 and Z.sub.2 is --SC.sub.4 H.sub.9(n).
NUM  4.
PAR  4. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is --NHC.sub.6
      H.sub.5 and Z.sub.2 is --SCH.sub.3.
NUM  5.
PAR  5. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is
      ##EQU27##
      and Z.sub.2 is --SC.sub.2 H.sub.5.
NUM  6.
PAR  6. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is --NH.sub.2
      and Z.sub.2 is --SO.sub.2 --CH.sub.3.
NUM  7.
PAR  7. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is
      --NH--CH.sub.3 and Z.sub.2 is --SO.sub.2 --C.sub.2 H.sub.5.
NUM  8.
PAR  8. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is
      --NH--C.sub.2 H.sub.5 and Z.sub.1 is --SCH.sub.3.
NUM  9.
PAR  9. The compound of claim 1 wherein X is --CH.sub.3. Z.sub.1 is
      --NH--C.sub.2 H.sub.5 and Z.sub.2 is --SO.sub.2 --nC.sub.3 H.sub.7.
NUM  10.
PAR  10. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is
      --NH--CH.sub.2 CH.sub.2 CH.sub.3 and Z.sub.2 is --SO.sub.2 --isoC.sub.5
      H.sub.11.
NUM  11.
PAR  11. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is
      ##SPC37##
PAL  and Z.sub.2 is --SO.sub.2 --CH.sub.2 --C.sub.6 H.sub.5.
NUM  12.
PAR  12. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is
      ##EQU28##
      and Z.sub.2 is --SO.sub.2 --C.sub.2 H.sub.5.
NUM  13.
PAR  13. The compound of claim 1 wherein X is -CH.sub.3, Z.sub.1 is
      ##EQU29##
      and Z.sub.2 is --SO.sub.2 --nC.sub.4 H.sub.9.
NUM  14.
PAR  14. The compound of claim 1 wherein X is --CH.sub.3, Z.sub.1 is
      ##EQU30##
      and Z.sub.2 is --SO.sub.2 --CH.sub.3.
PATN
WKU  039474640
SRC  5
APN  4194489
APT  1
ART  122
APD  19731127
TTL  Salts of phenylpropanolamine with thiazolidine carboxylic acids
ISD  19760330
NCL  7
ECL  1
EXA  Tighe; Anne Marie T.
EXP  Gallagher; Richard J.
INVT
NAM  Asinger; Friedrich
CTY  Rott
CNT  DT
INVT
NAM  Offermanns; Heribert
CTY  Grossauheim
CNT  DT
ASSG
NAM  Deutsche Gold- und Silber-Scheideanstalt vormals Roessler
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721129
APN  2258410
RLAP
COD  72
APN  276236
APD  19720728
PSC  03
CLAS
OCL  2603067C
EDF  2
ICL  C07D27704
FSC  260
FSS  306.7 C;534 S
UREF
PNO  2450784
ISD  19481000
NAM  Duffin et al.
OCL  260306.7C
UREF
PNO  3290325
ISD  19661200
NAM  Betrand
OCL  260306.7C
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  The d,l-phenylpropanolamine racemate is split with optically active
      thiazolidine-4-carboxylic acids of the formula:
      ##EQU1##
      where R.sub.1 R.sub.2 are hydrogen, alkyl of 1 to 8 carbon atoms,
      cycloalkyl, aryl or alkylene of at least 2 carbon atoms or R.sub.1 and
      R.sub.2 together form a ring of alkyl or alkylene with 4 to 12 carbon
      atoms and AC is acyl, especially benzoyl, tosyl, nitrophenylsulfenyl,
      acetyl or preferably formyl.
PARN
PAR  The present application is a continuation-in-part of application Ser. No.
      276,236, filed July 28, 1972, now abandoned, the entire disclosure of
      which is hereby incorporated by reference.
BSUM
PAR   L-Phenylpropanolamine is an important starting material for the synthesis
      of medicines. It is recovered from molasses by fermentation processes.
      However, it is also known to produce l-phenylpropanolamine by racemate
      splitting of d,l-phenylpropanolamine with the help of optically active
      tartaric acid (Liebigs Annalen der Chemie, Vol. 470, pages 157-182). This
      process is not very satisfactory since the solubility differences of the
      diastereomer salts are too slight as a result of which multiple
      recrystallizations of the salts are necessary. As a result the yields are
      very unsatisfactory.
PAR  It has now been found that there can be obtained optically active
      phenylpropanolamine (norephedrine) and especially l-phenylpropanolamine
      (l-norephedrine) in high yields and in high purity by splitting the
      racemate of d,l-phenylpropanolamine (d,l-norephedrine) with optically
      active acids if there is used as the optically active acid an optically
      active thiazolidine-4-carboxylic acid of the general formula:
      ##EQU2##
      in which R.sub.1 and R.sub.2 are the same or different and are hydrogen,
      alkyl of 1 to 8 carbon atoms, cycloalkyl, aryl, or alkylene of at least 2
      carbon atoms, e.g. 4 to 5 carbon atoms, i.e. carbocyclic aryl, or R.sub.1
      and R.sub.2 together form a ring of alkyl or alkylene with 4 to 12 carbon
      atoms and Ac is an acyl group, especially benzoyl, tosyl,
      nitrophenylsulfenyl, lower alkanoyl, e.g. acetyl or preferably formyl.
PAR  The preferred optically active acid is
      3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid.
      Correspondingly to recover l-phenylpropanolamine there is employed
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid.
PAR  Other optically active acids which can be used and which are within formula
      I include D-3-acetyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      L-3-acetyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      D-3-propionyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      D-3-benzoyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid, L-3
      -benzoyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      D-3-p-toluenesulfonyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      L-3-tosyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      D-3-p-nitrophenylsulfenyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic
      acid, D-3-formyl-2,2-diethyl-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      L-3 -formyl-2,2-diethyl-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      D-N-formyl-2,2-pentamethylene-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      D-3-formyl-2,2-dioctyl-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      L-N-formyl-2,2-pentamethylene-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      D-3-formyl-2,2-dibutyl-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      L-3-formyl-2,2-dicyclohexyl-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      D-N-formyl-2,2-tetramethylene-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      D-3-formyl-2,2-diphenyl-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      L-3-formyl-2,2-di o-tolyl-5,5-dimethyl-thiazolidine-4 -carboxylic acid,
      D-3-acetyl-2,2-dihexyl-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      D-3-tosyl-2-phenyl-2-p-tolyl-5,5-dimethyl-thiazolidine-4-carboxylic acid.
PAR  As organic solvents for the reaction there can be used alcohols,
      halogenated aliphatic hydrocarbon, ethers, ketones, esters, aromatic
      hydrocarbons, etc. There are preferably used benzene, toluene,
      isopropanol, dioxane and lower carboxylic acid esters, e.g. ethyl acetate.
PAR  Specific examples of additionally suitable solvents include methanol,
      ethanol, butanol, isooctyl alcohol, isodecyl alcohol, dodecyl alcohol,
      chloroform, carbon tetrachloride, dichloroethylene,
      1,1,2,2-tetrachloroethane, dibromoethylene, acetone, methyl ethyl ketone,
      methyl butyl ketone, diethyl ketone, diethyl ether, dimethyl ether,
      dipropyl ether, dibutyl ether, ethyl formate, ethyl propionate, methyl
      formate, ethyl formate, ethyl propionate, ethyl butyrate, propyl acetate,
      ethyl propionate.
PAR  In carrying out the process of the invention suitably
      d,l-phenyl-propanolamine is dissolved in water or more preferably in an
      organic solvent such as those set forth above and this solution, in a
      given case with heating, treated with the optically active
      thiazolidine-4-carboxylic acid of formula I, in a given case dissolved in
      an organic solvent, e.g. any of the organic solvents set forth above.
      Thereupon frequently immediately, on occasion, however, only after long
      standing, in a given case at low temperatures and after inoculation
      (seeding), the difficultly soluble salt of the optically active amine and
      the optically active thiazolidine-4-carboxylic acid of general formula I
      precipitates. The diastereoisomeric salt, the optical antipode, remaining
      optically active adjuvant acid or racemic mixture or mixtures thereof
      remain in the mother liquor.
PAR  However, the reverse can occur and the solution of the optically active
      thiazolidine-4-carboxylic acid of general formula I in water or more
      preferably in an organic solvent be treated with the racemic mixture of
      phenylpropanolamine which preferably is dissolved in an organic solvent,
      e.g. any of those set forth supra.
PAR  According to the process of the invention there can be used 0.1 to 3 moles,
      preferably 0.5 to 1.1 moles of the optically active
      thiazolidine-4-carboxylic acid of general formula I per mole of racemate.
      In all ranges the more difficultly soluble salt of the optically active
      phenylpropanolamine and optically active thiazolidine-4-carbozylic acid
      precipitates out. This precipitation is nearly quantitative if the amounts
      of reactants are kept nearly stoichiometric. By the use of less than 0.5
      mole of the thiazolidine-4-carboxylic acid per mole of
      phenyl-propanolamine racemate there remains in the mother liquor the
      racemate and optical antipode. If there is used per mole of racemate 0.5
      to &lt; 1 mole of optically active thiazolidine-4-carboxylic acid, the mother
      liquor contains besides the optical antipode diastereoisomeric salt. If
      there is added per mole of racemate more than 1 mole of
      thiazolidine-4-carboxylic acid, there remains in the mother liquor in
      addition to the diastereoisomeric salt optically active
      thiazolidine-4-carboxylic acid.
PAR  The salt of the optically active phenylpropanolamine and the optically
      active thiazolidine-4-carboxylic acid of formula I resulting from the
      conversion can be recovered in pure form in known manner, because of its
      very favorable solubility differentiations, for example by filtration,
      evaporation of the mother liquor, purification by recrystallization. The
      splitting of the salt can be carried out in known manner by treating with
      preferably aqueous mineral acids, for example hydrochloric acid,
      hydrobromic acid, sulfuric acid, phosphoric acid, whereby the mineral acid
      salt of the optically active base is formed and the optically active
      thiazolidine-4-carboxylic acid can be recovered in high yields.
PAR  If there are used non stoichiometric amounts of the optically active
      thiazolidine-4-carboxylic acid, it is possible to separate the difficultly
      soluble salt of the optically active amine and optically active
      thiazolidine-4-carboxylic acid from the diastereoisomeric salt, the
      racemic amine mixture and the optical antipode or their mixture because of
      the favorable solubility differentiation likewise in manner known in
      itself.
PAR  The process of the invention is especially suitable for the recovery of
      l-phenylpropanolamine using D-thiazolidine-4-carboxylic acids of formula
      I. The optically pure thiazolidine- 4-carboxylic acids can be recovered
      from the racemic acid mixture in known manner, for example using brucine
      (in the manner described in Duffin U.S. Pat. No. 2,450,784 or British
      patent 585,413), preferably, however, using for example
      l-phenylpropanolamine produced by fermentation.
PAR  The thiazolidine-4-carboxylic acid of formula I can be produced for example
      by the process described in Belgian patent 738,520.
DETD
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  21.7 gram (0.1 mole) of
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid were
      dissolved in 150 ml of ethyl acetate with heating and mixed at about
      70.degree.C. with a solution of 15.1 grams (0.1 mole) of
      d,l-phenylpropanolamine in 45 ml. of ethyl acetate. After a short time the
      salt of l-phenylpropanolamine and
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid precipitated
      out. After 30 minutes heating at reflux and cooling to room temperature
      the product was filtered off with strong suction and washed with 20 ml of
      ethyl acetate. After drying at 45.degree.C. under reduced pressure there
      were obtained 17.5 grams (95%) of the salt melting at
      198.degree.-199.degree.C.; [.alpha.].sub.D.sup.20 + 36.degree.. The salt
      was treated at room temperature with 80 ml of dilute hydrochloric acid
      (1:10). There were obtained after filtering with suction 9.7 grams (90%)
      of D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid with
      [.alpha. ].sub.D.sup.20 + 51.degree. as the constituent insoluble in the
      dilute hydrochloric acid. From the mother liquor there were obtained 9.2
      grams (98%) of l-phenylpropanolamine.HCl which after a single
      recrystallization from isopropyl alcohol melted at 165.degree.C.;
      [.alpha.].sub.D.sup.20 - 36.degree.. After evaporation of the mother
      liquor of racemic splitting to dryness there were obtained 18  grams (96%)
      of the salt of d-phenylpropanolamine and
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid. By
      splitting of the salt which was carried out in a manner analogous to that
      described, there was obtained 6.2 grams (66.5%) of
      d-phenylpropanolamine.HCl, that after recrystallization from isopropyl
      alcohol melted at 158.degree.C.; [.alpha.].sub.D.sup.20 + 35.4.degree..
PAC  EXAMPLE 2
PAR  21.7 grams (0.1 mole) of
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid were
      dissolved in 150 ml of ethyl acetate with heating to 50.degree.C. and
      mixed with a solution of 30.2 grams (0.2 mole) of d,l-phenylpropanolamine
      in 150 ml of ethyl acetate at this temperature. After heating for 20
      minutes under reflux and subsequently cooling to room temperature the
      product was filtered off with strong suction and subsequently washed with
      30 ml of ethyl acetate. There were obtained 34.7 grams (95%) of the salt
      of l-phenylpropanolamine and
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid melting at
      193.degree.C.; [.alpha.].sub.D.sup.20 + 35.8.degree..
PAR  The splitting of the salt which was carried out as described in example 1
      resulted in 15.4 grams (71%) of
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid as well as
      15 grams (82%) of l-phenylpropanolamine.HCl having the melting point
      165.degree.C.; [.alpha.].sub.D.sup.20 - 32.degree.. From the mother liquor
      of the racemate splitting there were obtained after evaporation to dryness
      and treatment with isopropanolic HCl 12 grams (65%) of
      d-phenylpropanolamine. HCl having [.alpha.].sub.D.sup.20 + 35.5.degree..
PAC  EXAMPLE 3
PAR  60.4 grams (0.4 mole) of d,l-phenylpropanolamine were dissolved in 500 ml
      of ethyl acetate with heating. To this solution there were added dropwise
      inside 20 minutes a solution of 43.4 grams (0.2 mole) of
      L-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid in 100 ml of
      ethyl acetate. After 30 minutes heating under reflux and cooling to room
      temperature the product was filtered off with strong suction and there
      were obtained 70 grams (95%) of the salt of d-phenylpropanolamine and
      L-3-formyl-2,2,5,5-tetramethyl-thiazolidine- 4-carboxylic acid that after
      a single recrystallization from isopropanol melted at 203.degree.C.;
      [.alpha.].sub.D.sup.20 - 34.3.degree..
PAR  61 grams of this salt were split in a manner analogous to that described in
      example 1. There were obtained 33 grams of
      L-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid melting at
      179.degree. - 180.degree.C.; [.alpha.].sub.D.sup.20 - 54.4.degree. as well
      as 26.5 grams of d-phenylpropanolamine.HCl melting point 173.degree.C.;
      [.alpha.].sub.D.sup.20 + 33.degree.. From the mother liquor of the
      racemate splitting by evaporation to dryness and treatment with
      isopropanolic HCl there were obtained 28 grams (77%) of
      l-phenylpropanolamine.HCl, melting point 179.degree.C.;
      [.alpha.].sub.D.sup.20 - 31.4.degree..
PAC  EXAMPLE 4
PAR  The procedure of example 1 was employed except that acetone was used as the
      solvent for the splitting of the racemate. There was obtained the salt of
      l-phenylpropanolamine and
      D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid in a yield
      of 84%, melting point 210.degree.C.; [.alpha.].sub.D.sup.20 +
      32.8.degree..
PAC  EXAMPLE 5
PAR  The procedure of example 1 was employed except that isopropyl alcohol was
      used as the solvent. There was obtained the salt of l-phenylpropanolamine
      and D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid in a
      yield of 81%. Melting point 201.degree.C.; [.alpha.].sub.D.sup.20 +
      34.1.degree..
PAC  EXAMPLE 6
PAR  The procedure of example 1 was employed except that dioxane was used as the
      solvent. There was obtained the salt of l-phenylpropanolamine and
      D-3-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic aicd in a yield of
      72%. Melting point 197.degree.C.; [.alpha.].sub.D.sup.20 + 32.8.degree..
PAC  EXAMPLE 7
PAR  43.5 grams (0.2 mole) of
      D,L-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid were
      dissolved in 300 ml of ethyl acetate with heating and mixed with a
      solution of 33.3 grams (0.22 mole) of l-phenylpropanolamine (recovered
      from molasses by fermentation) dissolved in 100 ml of ethyl acetate. After
      heating for 30 minutes under reflux the mixture was cooled, filtered off
      with strong suction and subsequently washed with 100 ml of ethyl acetate.
      There were obtained 34.6 grams (94%) of the salt of l-phenyl-propanolamine
      and D-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid melting
      at 197.degree.-200.degree.C.; [.alpha.].sub.D.sup.20 + 30.degree.. The
      splitting of this salt was carried out in a manner analogous to example 1
      and resulted in the formation of 19.4 grams (89%) of
      D-3-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid melting at
      179.degree.-181.degree.C.; [.alpha.].sub.D.sup.20 + 54.degree.. The
      l-phenyl-propanolamine can be recovered from the mother liquor of the
      splitting of the salt. After evaporation to dryness of the mother liquor
      from the splitting of the racemate and treating the residue obtained
      thereby with isopropyl alcohol there were obtained 35.3 grams (96%) of the
      salt of L-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid and
      l-phenylpropanolamine which was split in an analogous manner to the
      diastereomeric salt. There were recovered 20.4 grams (97%) of
      L-3-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid melting at
      179.degree.-180.degree.C.; [.alpha.].sub.D.sup.20 - 54.degree..
PAR  The above is the specification of our parent application with modification
      to specifically mention that R.sub.1 and R.sub.2 can be joined together to
      form an alkylene group, together with illustrative compounds.
PAR  It has now been found that it is especially advantageous to add the
      d,l-phenylpropanolamine (d,l-norephedrine) as a salt rather than as the
      free base as set forth in the parent case.
PAR  d,l-phenylpropanolamine (d,l-norephedrine) is also called
      d,l-1-phenyl-1-hydroxy-2-aminopropane and is generally produced in the
      form of its salts. When these salts are subjected directly to racemate
      splitting there is saved the production of the free base of
      d,l-phenylpropanolamine.
PAR  As salts of d,l-phenylpropanolamine (d,l-norephedrine) there are chiefly
      employed salts of organic acids, preferably with sulfonic acids and even
      more preferably with carboxylic acids. As sulfonic acids there can be used
      for example aliphatic sulfonic acids, e.g. alkane sulfonic acids such as
      methane sulfonic acid, methane trisulfonic acid, propan-2-sulfonic acid,
      ethane sulfonic acid, propan-1-sulfonic acid, butan-1-sulfonic acid,
      decane-1-sulfonic acid, octadecan-1-sulfonic acid; or aromatic sulfonic
      acids, e.g. aryl sulfonic acids such as p-toluene sulfonic,
      beta-naphthalene sulfonic acid, alpha-naphthalene sulfonic acid and
      especially benzene sulfonic acid. As carboxylic acids there can be used
      saturated or unsaturated aliphatic mono or poly carboxylic acids, in a
      given case substituted by --OH, H.sub.2 N--, NHR--,
      ##EQU3##
      --OR, --SH, --SR or halogen where R for example is an alkyl group. The
      preferred acids are aliphatic acids having 1 to 6 carbon atoms, especially
      alkanoic acids having 1 to 6 carbon atoms, most preferably having 1 to 3
      carbon atoms. There are also useful araliphatic carboxylic acids,
      especially phenylalkanoic acids or aromatic carboxylic acids, or
      heteroaromatic carboxylic acids (i.e. heterocyclic carboxylic acids).
      Suitable carboxylic acids include isobutyric acid, n-valeric acid, include
      isobutyric acid, trimethyl acetic acid, lactic acid, oxalic acid, sebacic
      acid, maleic acid, adipic acid, malonic acid, tartaric acid, succinic
      acid, fumaric acid, tricarballylic acid, citric acid, crotonic acid,
      6-hydroxy hexanoic acid, chloroacetic acid, p-chlorobenzoic acid,
      bromoacetic acid, fluoroacetic acid, butyric acid, caproic acid, alpha
      naphthoic acid, beta-chloropropionic acid, methoxyacetic acid,
      thioglycolic acid, methylmercaptoacetic acid, beta mercaptopropionic acid,
      acetic acid, propionic acid, formic acid, octanoic acid, phenyl acetic
      acid, phenyl propionic acid, phenoxyacetic acid, 2,4-dichlorophenoxy
      acetic acid, 2,4,5-trichlorophenoxyacetic acid, mandelic acid, cinnamic
      acid, toluic acid, phthalic acid, isophthalic acid, terephthalic acid,
      4-chlorophthalic acid, benzoic acid, salicylic acid,
      thiophene-2-carboxylic acid, thiophene-3-carboxylic acid,
      thiazole-4-carboxylic acid, furan-2 -carboxylic acid, 2-pyridinecarboxylic
      acid (picolinic acid), 3-pyridinecarboxylic acid (nicotinic acid),
      4-pyridinecarboxylic acid (isonicotinic acid), 3-indoleacetic acid,
      2,3-pyridinedicarboxylic acid.
PAR  Less preferably there are employed salts of inorganic acids such as
      sulfuric acid, hydrochloric acid, hydrobromic acid, nitric acid,
      phosphoric acid.
PAR  Preferably there is employed as the optically active
      thiazolidine-4-carboxylic acid the
      N-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid or the
      N-formyl-2,2-pentamethylene-5,5-dimethylthiazolidine-4-carboxylic acid,
      especially the D forms of these compounds.
PAR  As organic solvents for the reaction employing the salts of
      d,l-norephedrine there can be used those mentioned above as well as
      aliphatic hydrocarbons, e.g. decane or heptane. Preferably there are
      employed benzene or toluene (aromatic hydrocarbons), isopropanol, dioxane
      and lower alkyl alkanoates, e.g. ethyl acetate. Less preferably there can
      be used water.
PAR  The process of the invention using the salts of d,l-norephedrine is carried
      out using the same molar proportions as with the free base except that
      when salts of polybasic acids with norephedrine are employed, it should be
      noted that 1 mole of ephedrine is available for each acid group, e.g. 1
      mole of norephedrine citrate is equivalent to 3 moles of norephedrine.
PAR  The recovery of the optically active phenylpropanolamine (norephedrine) and
      the optically active thiazolidine-4-carboxylic acid of formula I takes
      place in exactly the same manner as when the free base is employed.
PAR  In the following examples the rotatory power of the materials is always
      given as specific rotation [.alpha.].sub.D.sup.20 in degrees .times.
      cm.sup.3 /decimeter .times. grams. Percents are always weight percents.
PAC  EXAMPLE 8
PAR  To a suspension of 19.7 grams (0.1 mole) of d,l-phenylpropanolamine formate
      (d,l-norephedrine formate) in 100 ml of n-butyl acetate there were added
      21.7 grams (0.1 mole) of
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid at
      70.degree.C. The mixture was stirred for 30 minutes at 70.degree. to
      90.degree.C and for a further 60 minutes at room temperature. Thereby
      there separated out the adduct of l-phenylpropanolamine (l-norephedrine)
      and D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid. The
      adduct was filtered off, washed with 20 ml of n-butyl acetate and finally
      dried under reduced pressure at 50.degree.C. It had a specific rotation of
      +31.degree. and a melting point of 199.degree. to 201.degree.C. The yield
      was 14.5 grams, corresponding to 79% based on the d,l-phenylpropanolamine
      formate added.
PAR  The adduct recovered was suspended in 50 ml of water and the suspension
      adjusted to a pH of 1 with concentrated hydrochloric acid at room
      temperature. In a short time there separated the
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid. This was
      filtered off with suction and then dried under reduced pressure. There
      were obtained 7.8 grams of this acid.
PAR  The filtrate remaining after the separation of the
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid was adjusted
      to a pH of 10 with sodium hydroxide and then extracted with methylene
      chloride. After removal of the extraction agent under reduced pressure,
      there remained in the extract 5.2 grams of 1-phenylpropanolamine,
      corresponding to a yield of 69% based on the d,l-phenylpropanolamine
      formate employed. The l-phenylpropanolamine (l-norephedrine) recovered had
      a specific rotation of -13.degree. and a melting point of 48.degree. to
      50.degree.C.
PAR  The filtrate remaining after separation of the adduct of
      l-phenylpropanolamine and
      D-N-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid was brought
      to dryness. There accumulated the adduct of d-phenylpropanolamine
      (d-norephedrine) and
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid in addition
      to the diastereomeric adduct of l-phenylpropanolamine l-norephedrine) and
      D-N-formyl-2,2,5,5,-tetramethyl-thiazolidine-4-carboxylic acid. The
      mixture was suspended in water and the suspension adjusted to a pH of 1
      with hydrochloric acid.
      D-N-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid separated
      out. This was filtered off with suction and then dried under reduced
      pressure. There were obtained 7 grams of the free
      thiazolidine-4-carboxylic acid.
PAR  The filtrate remaining after the separation of the
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid was adjusted
      to a pH of 10 with sodium hydroxide and then extracted with methylene
      chloride. After removal of the extraction agent under reduced pressure,
      there remained in the extract 6.0 grams of d-phenylpropanolamine
      (d-norephedrine) corresponding to a yield of 80% based on the
      d,l-phenylpropanolamine formate added. The d-phenylpropanolamine obtained
      had a specific rotation of +10.degree. and a melting point of 47 to
      50.degree.C., after recrystallization from diisopropyl ether it had a
      specific rotation of +11.9.degree. and a melting point of 49 to
      52.degree.C.
PAC  EXAMPLE 9
PAR  The procedure of example 8 followed but a solution of 21.7 gram (0.1 mole)
      of D-N-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid in 100 ml
      of ethyl acetate was treated with 21.1 grams (0.1 mole) of
      d,l-phenylpropanolamine acetate (d,l-norephedrine acetate). First there
      were recovered 13.8 grams of the adduct of l-phenylpropanolamine and
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      corresponding to a yield of 75%. The adduct had a specific rotation of
      +33.degree. and a melting point of 198.degree. to 199.degree.C.
      Subsequently there were recovered 5.7 grams of l-phenylpropanolamine
      (l-norephedrine) corresponding to a 76% yield, specific rotation
      -12.8.degree., melting point 49.degree. to 51.degree.C., and 5.2 grams of
      d-phenylpropanolamine (d-norephedrine), corresponding to a 70% yield,
      specific rotation +12.1.degree., melting point 50.degree. to 52.degree.C.
      and also 16.3 grams of
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid.
PAC  EXAMPLE 10
PAR  The procedure of example 8 was followed but there were reacted 22.5 grams
      (0.1 mole) of d,l-phenylpropanolamine propionate (d,l-norephedrine
      propionate) with 21.7 grams (0.1 mole) of
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid. There was
      recovered 14.7 grams of the adduct of l-phenylpropanolamine and
      D-N-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid,
      corresponding to a yield of 80%. The adduct had a specific rotation of
      +32.degree. and a melting point of 197.degree. to 199.degree.C.
PAC  EXAMPLE 11
PAR  The procedure of example 8 was followed but there were reacted 30.2 grams
      (0.1 mole) of d,l-phenylpropanolamine-3-phenylpropionate
      (d,l-norephedrine-3-phenylpropionate) with 21.7 grams (0.1 mole) of
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid. There were
      recovered 12.5 grams of the adduct of 1-phenylpropanolamine and
      D-N-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid,
      corresponding to a 68% yield. The adduct had a specific rotation of
      +30.degree. and a melting point of 198.degree. to 200.degree.C.
PAC  EXAMPLE 12
PAR  The procedure of example 8 was followed but there were reacted 19.7 grams
      (0.1 mole) of d,l-phenylpropanolamine formate (d,l-norephedrine formate)
      with 25.7 grams (0.1 mole) of
      D-N-formyl-2,2-pentamethylene-5,5-dimethyl-thiazolidine-4-carboxylic acid.
      There were recovered 16.0 grams of the adduct of l-phenylpropanolamine and
      D-N-formyl-2,2-pentamethylene-5,5l -dimethyl-thiazolidine-4-carboxylic
      acid. The adduct had a specific rotation of +24.8.degree. and a melting
      point of 190.degree. to 191.degree.C. There were recovered from the adduct
      5.3 grams of l-phenylpropanolamine, corresponding to a yield of 90%. The
      l-phenylpropanolamine had a specific rotation of -13.degree. and a melting
      point of 49.degree. to 51.degree.C.
PAC  EXAMPLE 13
PAR  The procedure of example 8 was followed but there were reacted 20.9 grams
      (0.05 mole) of d,l-phenylpropanolaminemaleate (d,l-norephedrine maleate)
      with 25.7 grams (0.1 mole) of
      D-N-formyl-2,2-pentamethylene-5,5-dimethyl-thiazolidine-4-carboxylic acid.
      There were recovered 14 grams of the adduct of 1-phenylpropanolamine and
      D-N-formyl-2,2-pentamethylene-5,5-dimethyl-thiazolidine-4-carboxylic acid,
      corresponding to a 69% yield. The adduct had a specific rotation of
      +25.7.degree. and a melting point of 189.degree. to 191.degree.C.
PAC  EXAMPLE 14
PAR  The procedure of example 1 was followed but there were reacted 30 grams
      (0.1 mole) of d,l-phenylpropanolaminebenzene sulfonate (d,l-norephedrine
      benzene sulfonate) with 21.7 grams (0.1 mole) of
      D-N-formyl-2,2,5,5-tetramethylthiazolidine-4-carboxylic acid. There were
      recovered 13.7 grams of the adduct of l-phenylpropanolamine and
      D-N-formyl-2,2,5,5-tetramethyl-thiazolidine-4-carboxylic acid,
      corresponding to a 75% yield. The adduct had a specific rotation of
      +33.degree. and a melting point of 198.degree. to 200.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The salt of phenylpropanolamine with a thiazolidine-4-carboxylic acid of
      the formula
      ##EQU4##
      where R.sub.1 and R.sub.2 together are pentamethylene and Ac is benzoyl,
      tosyl, nitrophenyl sulfenyl, formyl or acetyl.
NUM  2.
PAR  2. The salt of claim 1 wherein Ac is formyl or acetyl.
NUM  3.
PAR  3. The salt of claim 2 wherein Ac is formyl.
NUM  4.
PAR  4. The salt of an optically active isomer of norephedrine with an optically
      active form of a thiazolidine carboxylic acid of the formula
      ##EQU5##
      where R.sub.1 and R.sub.2 together are pentamethylene and Ac is benzoyl,
      tosyl, nitrophenylsulfenyl, formyl or acetyl.
NUM  5.
PAR  5. The salt of claim 4 wherein Ac is formyl.
NUM  6.
PAR  6. The salt of claim 5 which is the salt of l-norephedrine and the D form
      of the thiazolidine-4-carboxylic acid.
NUM  7.
PAR  7. The salt of claim 5 which is the salt of d-norephedrine and the L-form
      of the thiazolidine-4-carboxylic acid.
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PAL  Silylating agents, such as 3-alkylsilyl-2-oxazolidinones, are useful for
      the preparation of penicillins and cephalosporins at low temperatures and
      in a short time. The process for preparing these compounds comprises
      reacting 2-oxazolidinone or 5-methyl-2-oxazolidinone with
      trimethylchlorosilane, dimethylchlorosilane or triethylchlorosilane, in
      the presence of an organic tertiary base acting as a hydrogen chloride
      removal agent.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a group of compounds of the following
      general formula:
      ##EQU1##
      where R.sub.1 and R.sub.2 are hydrogen, lower alkyls or aryls and R.sub.3,
      R.sub.4 and R.sub.5 are lower alkyls or one of them is chlorine; and in
      particular 3-trimethylsilyl-2-oxazolidinone and other similar compounds to
      a process for preparing them, and to a process for preparing penicillins
      or cephalosporins using such compounds.
PAR  These compounds are particularly valuable in the production of
      6(acylamido)penicillanic, 7(acylamido) cephalosporanic and 7(acylamido)
      desacetoxycephalosporanic acids, which are of interest in view of their
      value as therapeutic agents in medicine, as supplements in animal feeds
      and as industrial intermediates.
PAC  DESCRIPTION OF PRIOR ART
PAR  The use of certain specific silylating agents are reactants for the
      preparation of penicillins and cephalosporins have been described in the
      literature. These include hexamethyldisilazan, by Birkofer (Chem. Abstr.
      59, 2826, 1963), and N-trimethylsilyldiethylamine, by Ruhlman. The main
      disadvantage of these agents lies in the relatively high temperatures to
      which the 6-APA is subjected, which is necessary to remove the basic
      compounds which are formed during the reaction, such as ammonia and
      dialkylamines, which react intensely with acylating agents. This
      circumstance also obliges the isolation of the silyl ester of 6-APA. The
      fact that temperatures of up to 150.degree.C are necessary also imposes a
      limitation with respect to the use of solvents in the silylation reaction.
      Accordingly, an excess of the silylating agent is employed as the reaction
      medium followed by dissolution in a suitable solvent. The
      trialkylchlorosilane reactants have disadvantage similar to the N,N'
      alkylsilyldiphenylureas, in that they produce precipitates which are
      deposited on the silyl ester, thus reducing the active reaction which
      extends the reaction times. With respect to the quality and purity of the
      solutions, the hydrochloride of the tertiary base resulting from the
      action of the chlorosilane on 6-APA in the presence of, for example,
      triethylamine, gives rise to coloured compounds, according to the
      operating temperature and time. 7-aminocephalosporanic acid (7-ACA) and
      particularly 7-aminodesacetoxycephalosporanic acid (7-ADCA), which is
      practically insoluble in all the usual organic solvents in the presence of
      an excess of organic bases when in a state of high purity, also react in a
      similar manner with these silylating agents.
PAC  SUMMARY OF THE INVENTION
PAR  The abovementioned difficulties and disadvantages have been overcome by the
      use of the 3-alkylsilyl-2-oxazolidinones now discovered which enable the
      preparation, under moderate conditions, of silyl esters of 6-APA, 7-ACA
      and 7-ADCA in a large variety of organic solvents, both protides and
      aprotides, and of low dielectric constant.
PAR  The process for preparing the silylating agents represented by the
      foregoing general formula consists of reacting a 2-oxazolidinone with a
      trimethylchlorosilane in the presence of tertiary organic bases. The
      general method representing the process is defined in the particular case
      of 3-trimethylsilyl-2-oxazolidinone, which compound is represented by the
      initials TMSO, whilst the trimethylsilyl group is represented by TMS.
PAR  TMSO is produced through the reaction of 2-oxazolidinone (a),
      trimethylchlorosilane (b) or dimethyldichlorosilane in the presence of
      tertiary bases such as triethylamine, n-ethylpiperidine, quinoline and
      picolines as typical examples, which fix the acid forming the
      corresponding hydrochlorides, in accordance with the following reaction
      diagram:
      ##EQU2##
      performed in a suitable medium, constituted by an organic solvent
      preferably characterized by the lower solubility of the hydrochloride of
      the tertiary base and in which the components (a) and (b) and the silyl
      derivative (I) are readily soluble. In the preparation of these new
      silylating agents there are used cheap, widely produced raw materials such
      as trimethylchlorosilane and dimethyldichlorosilane, 2-oxazolidinone which
      may be conveniently obtained from monoethanolamine and urea and, likewise
      the tertiary amines which are readily recoverable from the hydrochlories
      and reused in the process.
PAR  The reaction between oxazolidinone and a halotrialkylsilane, for example,
      trimethylchlorosilane, is performed under moderate conditions from room
      temperature to 40.degree.C, low temperatures being preferred in the case
      of dimethyldichlorosilane, the halogen being removed with a tertiary base.
      For this purpose, a solution of 2-oxazolidinone and trimethylchlorosilane
      is prepared, for example, in 1,2-dichlorethane and minimum quantities of
      triethylamine are added, defined by the stoichiometry of the reaction. The
      hydrochloride of the tertiary base precipitates almost immediately and is
      removed by filtration.
PAR  Both 3-trimethylsilyl-2-oxazolidinone (TMSO) and
      3-chlorodimethylsilyl-2-oxazolidinone (CMSO) have turned out to be
      excellent agents for the production of silyl esters of 6-APA, 7-ACA and
      7-ADCA, the reaction of formation of esters, by basic catalysis,
      proceeding in accordance with the following diagram:
      ##EQU3##
      where R is the penam, cepham or cephem structural fraction to designate
      the bicyclic skeleton present in penicillins and cephalosporina according
      to the trivial nomenclature indicated by Bose and Manas (Synthesis of
      Penicillin Cephalosporin C and Analogues; Marcel Dekker, Inc., New York,
      1969, p.2).
PAR  An important advantage which characterizes these new silylating agents in
      comparison with the known ones is the release in the reaction medium of a
      compound, 2-oxazolidinone which, unlike the usual agents, not only does
      not interfere, since it remains in solution without affecting the balance,
      but also has been proved to proceed favorably in the acylation process of
      II to obtain III, improving the quality and yield of conversion in IV by
      later treatment with water:
      ##EQU4##
PAR  The use of these silylating agents is characterized by the release of a
      2-oxazolidinone in the reaction medium, which product is also released if
      the agent is treated with water. This circumstance enables these agents to
      be easily characterised. The advantage of this intermediate, for example
      2-oxazolidinone when using TMSO is its easy conversion into active
      intermediate, the 3-acyl-2-oxazolidinones, when they are used as acylating
      agents, the acid anhydrides, acid chlorides or other active forms of the
      carboxyl group, the reaction proceeding in accordance with the following
      simplified diagram:
      ##EQU5##
      where (V) is 2-oxazolidinone and (VI) is intermediate
      3-acyl-2-oxazolidinone and X is a carboxylic acid activator group. The
      removal of the hydrogen chloride released to form (VI) is performed by the
      tertiary organic bases or, in their absence, by agents having a regulating
      effect, such as triethylamine pivalate, normally used in the processes of
      preparation of penicillins and cephalosporins. The presence of these
      intermediates is described in some examples to show the particular
      advantages of the 2-oxazolidinone released by these new silylating agents
      which potentiate the process of preparation of the above mentioned
      antibiotics.
PAR  The particularly advantageous action of these silylating agents, for
      example TMSO, is shown in the capacity to form silyl esters in the
      presence of catalytic amounts of a tertiary base. Thus, when using 7-ADCA
      in methylene chloride and with heating to reflux (approximately
      40.degree.C) a result is obtained in 30 minutes, whilst its equivalent
      with hexamethyldisilazan is produced in 24 to 48 hours. TMSO with 6-APA in
      methylene chloride gives rise to the formation of the ester in 5 minutes
      at the above temperature.
PAR  Under the above conditions, these new silylating agents do not cause the
      epimerization of penicillins and cephalosporins either. This is a very
      important fact since the epimers of these antibiotics described in the
      literature have no biological activity and thus cause a low yield of
      biologically active product. This happens with
      N,N-bis-(trimethylsilyl)acetamide, as has been shown by Gutowski
      (Tetrahedron Letters, 1779; 1970) and vanderhaeghe et al. (Tetrahedron
      Letters, 285, 1972). Epimerization and secondary decomposition reactions
      are also produced when tertiary organic bases are used to activate the
      reaction by effect of heat and when the silylating agent is
      trimethylchlorosilane, hexamethyldisilazan or trimethylsilyldiethylamine.
PAR  The advantages offered by TMSO and is special behavior enable the results
      obtained with this silylating agent to be considered as surprising.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  EXAMPLE I. 3-trimethylsilyl-2-oxazolidinone (TMSO)
PAR  Triethylamine (60 ml; 0.42 mol) is added to a solution of 2-oxazolidinone
      (30.5 g; 0.35 mol) in methyl ethyl ketone (500 ml). The solution is
      chilled with stirring an ice-water bath. Over a period of 15 minutes
      trimethylchlorosilane (60 ml; 0.44 mol) is poured in gradually whilst the
      temperature is controlled to between 35.degree. and 40.degree.C. The
      reaction proceeds without cooling but with stirring and the temperature is
      allowed to drop. After 45 minutes the reaction liquid is filtered to
      separate the triethylamine hydrochloride which is washed with a further
      amount of methyl ethyl ketone. The liquors are brought together, the
      solvent is evaporated at low pressure with heating in a hot water bath
      (40.degree.C) to give a more or less light brown fluid oil which is mixed
      with n-heptane (50 ml) and filtered to remove the triethylamine
      hydrochloride residue. The yield in crude product is virtually
      quantitative.
PAR  The lower organic phase is decanted, first distilled at a moderately low
      pressure, the n-heptane is dissolved (.apprxeq.25%) and thereafter the
      vacuum is intensified. This gives a colorless liquid corresponding to TMSO
      (52.2 g; Yield = 93.7%), with density = 1.040 (20.degree.) and boiling
      point = 97.degree. (3.5 mm).
PAR  Alcoholysis with methanol in methylene chloride, with evaporation of the
      solvent, gives 1.593 g of TMSO and 0.871 g of 2-oxazolidinone.
      2-oxazolidinone calculated: 54.67%; found: 54.6%.
PAC  EXAMPLE 2. 3-triethylsilyl-2-oxazolidinone (TMSO)
PAR  Following the previous example, but replacing the trimethylchlorosilane
      with triethylchlorosilane (63.3 g; 0.42 mol) and operating under similar
      conditions, the result is the compound of the above heading; a colorless
      fluid liquid, obtained with a similar yield. 2-oxazolidinone, calculated:
      42.82%; found; 42.70%. Distills at 100.degree.C between 2 and 4 mm.
PAC  EXAMPLE 3. 3-trimethylsilyl-5-methyl-2-oxazolidinone
PAR  Following example 1, but replacing the 2-oxazolidinone by
      5-methyl-2-oxazolidinone (35.43 g; 0.35 mol) and operating in a similar
      way, the result is the crude product of the above heading, with a
      virtually quantitative yield. A light brown fluid liquid. Methanolysis in
      methylene chloride gives 5-methyl-2-oxazolidinone. Calculated: 58.37%;
      found 58.25%.
PAC  EXAMPLE 4. 5-phenyl-3-triethylsilyl-2-oxazolidinone
PAR  This example is performed in a similar way to example 1, with the
      2-oxazolidinone and the trimethylchlorosilane being replaced by
      5-phenyl-2-oxazolidinone (57.11 g; 0.35 mol) and triethylchlorosilane
      (63.3 g; 0.42 mol) respectively. Once the solvent has been evaporated off,
      the result is crude 5-phenyl-3-triethylsilyl-2-oxazolidinone with a
      virtually quantitative yield. By methanolysis 5-phenyl-2-oxazolidinone is
      obtained. Calculated: 69.33%; found: 69.05%.
PAC  EXAMPLE 5. 6(D(-).alpha.-azido-phenylacetamido) penicillanic acid
PA0  A. 3-trimethylsilyl-2-oxazolidinone, (TMSO), I.
PAR  Stir and cool in an ice water bath a solution of 2-oxazolidinone (52.20 g;
      0.6 mol) in 1,2-dichlorethane (650 ml). Then first add
      trimethylchlorosilane (107.0 ml; 0.8 mol) and then a further solution of
      triethylamine (105.0 ml; 0.75 mol) in 1,2-dichlorethane (100 ml). The
      reaction is moderately exothermic and the temperature is controlled to
      25.degree. to 30.degree.C. Stir well for 60 minutes and maintain the
      operation protected from the ambient humidity. Thereafter the
      triethylamine hydrochloride precipitate is filtered and the solvent is
      evaporated from the filtrate at reduced pressure and at 40.degree.C. Add
      ethyl acetate to the concentrate and then filter to separate residues of
      the base hydrochloride. Finally, the solvent is eliminated to give 98.30 g
      of a golden yellow liquid with a practically quantitative yield.
PAR  Distillation at reduced pressure gives 95 g of
      trimethylsilyl-2-oxazolidinone, a colorless liquid with d = 1.03
      (18.degree.) and bp = 97.degree. at 3.5 mm. Insoluble in water and
      n-heptane, soluble in the majority of usual solvents.
PAR  Triethylamine hydrochloride (93.0 g) is isolated with a practically
      quantitative yield. Treatment with sodium hydroxide enables the organic
      base to be recovered integrally and it is recycled into the process.
PA0  B. trimethylsilyl ester of 6-APA, II.
PAR  6-APA (42.80 g; 0.2 mol) is suspended in methylene chloride (500 ml) and
      TMSO (41.2 ml; 0.26 mol), quinoline (23.5 ml; 0.2 mol) and triethylamine
      (10 ml) are added with vigorous stirring. The mixture is protected from
      ambient humidity and the temperature is controlled to 35.degree.C. The
      result is a practically colorless solution after 15 minutes. Stirring is
      continued until the temperature reaches 20.degree.C.
PA0  C. trimethylsilyl ester of 6(D(-).alpha.-azido-phenylacetamido)
      penicillanic acid, III
PAR  A mixture of D(-).alpha.-azidophenylacetic acid (0.2 mol) activated with
      CSDF (0.2 mol) in methylene chloride, according to the method described in
      the literature (A.L. Palomo, "Afinidad", No. 284, 151, 1971), is added
      slowly over a period of 30 mins to solution 5B chilled to -15.degree.C, to
      which quinoline (23.5 ml) had previously been added. The mixture is then
      stirred for 120 mins at 0.degree.C to give a solution of III.
PA0  D. 6-(d(-).alpha.-azidophenylacetamido) penicillanic acid, IV
PAR  150 ml of water are poured with stirring into the above solution, which is
      turbid with the hydrochloride of the tertiary base, the pH is adjusted to
      from 2.1 to 2.4 with hydrochloric acid and the organic phase is decanted
      off. After washing with water and drying with anhydrous sodium sulphate, a
      solution of the compound given in the heading is obtained. Thereafter
      there is added a solution of sodium 2-ethylhexanoate in methyl isobutyl
      ketone (90 ml, 47%), the mixture is diluted with n-heptane. Immediately
      the sodium salt of IV precipitates and is isolated by filtration to give
      the pure product (75 g, 98%), confirmed by IR spectrum, optical activity
      and bio test (990 .mu.g/mg).
PAC  EXAMPLE 6. 7(D(-).alpha.-azido-phenylacetamido) desacetoxycephalosporanic
      acid
PA0  A. 3-trimethylsilyl-2-oxazolidinone, (TMSO), I.
PAR  A solution of trimethylchlorosilane (214.0 ml; 1.6 mol) in
      1,2-dimethoxyethane (200 ml) is added to a solution of 2-oxazolidinone
      (104.40 g; 1.2 mol) and trietylamine (210 ml; 1.5 mol) in
      1,2-dimethoxyethane, stirred and chilled in an ice-water bath. The mixture
      is then vigorously stirred for 60 minutes, protected from the ambient
      humidity. After removing the base hydrochloride (185.0 g) by filtration,
      the solvent is evaporated off at reduced pressure to give 196.5 of I,
      whicn is distilled under vacuum to give a practically colorless liquid.
PA0  B. trimethylsilyl ester of 7-ADCA, II
PAR  7-ADCA (42.80 g; 0.2 mol) is suspended in methylene chloride (500 ml),
      quinoline (46.0 ml; 0.4 mol), TMSO (41.2 ml; 0.26 mol) and triethylamine
      (10 ml) are added. The operation is performed in a dry atmosphere and the
      temperature is controlled to 35.degree.C. Thorough stirring is maintained
      and a solution is prepared in 30 minutes. According to the purity and
      crystalline state of the 7-ADCA, if the reaction is held at ambient
      temperature, a solution is achieved after between 60 and 120 minutes.
PA0  C. trimethylsilyl ester of 7(D(-).alpha.-azido-phenylacetamido)
      desacetoxycephalosporanic acid, III
PAR  A mixture of D(-) .alpha.-azidophenylacetic acid, activated as in example
      5C, is added slowly over a period of 30 mins to solution 6B at 0.degree.C.
      The mixture is then stirred for 120 mins at ambient temperature to give a
      solution of III.
PA0  D. 7(d(-).alpha.-azidophenylacetamido) desacetoxycephalosporanic acid, IV.
PAR  The above solution is treated in a similar way to Example 5D and gives 75 g
      of sodium salt (98%) confirmed by IR spectrum (beta-lactam nucleus and
      azido function) and bio test (993 .mu.g/mg)
PAC  EXAMPLE 7. 7(D(-).alpha.-amino-phenylacetamid) desacetoxycephalosporanic
      acid
PA0  A. 3-trimethylsilyl-2-oxazolidinone, (TMSO), I.
PAR  Prepare a solution of 2-oxazolidinone according to the amounts expressed in
      example 5A and add thereto first triethylamine and then
      trimethylchlorosilane diluted in 1,2-dichlorethane. Continue as described
      in example 5A to isolate by distillation at reduced pressure 95.2 g of I.
PA0  B. trimethylsilyl ester of 7-ADCA, II
PAR  A suspension of 7-ADCA (21.4 g; 0.1 mol) in methylene chloride (150 ml),
      triethylamine (5 ml) and TMSO (25 ml) is stirred at ambient temperature,
      protected from humidity, to give a solution of II. If a larger amount of
      triethylamine is used, the preparation time of the solution is shortened.
PA0  C. derivative of the trimethylsilyl ester of
      7(D(-).alpha.-amino-phenylacetamido) desacetoxycephalosporanic acid, III.
PAR  The previous solution is poured slowly over a mixed anhydride solution
      prepared in methylene chloride with the potassium salt of N(1-methyl-2
      -ethoxy-vinyl)D(-).alpha.-a-minophenyl acetic acid (37.24 g; 0.12 mol) and
      ethyl chloroformate (11.75 g; 0.12 mol) at 0.degree.C. The mixture is then
      stirred for 90 mins to give a solution of III.
PA0  D. 7(d(-).alpha.-amino-phenylacetamido) desacetoxycephalosporanic acid, IV.
PAR  To the above solution there is added 150 ml of water and hydrochloric acid
      to a stable pH of 1.5-2.0. The water phase is decanted off, the pH is
      adjusted to 4.2 by way of a sodium hydroxide solution and the product is
      separated by filtration, washed with acetone and dried to give 30.4 g
      (83%) of the compound of the title; confirmed by IR spectrum,
      iodometrically determined purity (990 .mu.g/mg) and optical activity.
PAR  [.alpha.].sub.D.sup.20 = + 143.7.degree. (c = 1,0%, ClH 0,5N).
PAC  EXAMPLE 8. 6(3,0-chlorophenyl,5-methyl-4-isoxazolylcarboxamide)
      penicillanic acid
PA0  A. 3-trimethylsilyl-2-oxazolidinone, (TMSO), I.
PAR  Oxazolidinone (52.20 g; 0.6 mol) is dissolved in 1,2-dimethoxyethane (300
      ml) and after dilution with ethyl acetate (500 ml) there is first added
      trimethylchlorosilane (107.0 ml; 0.8 mol) and, thereafter,
      N-ethylpiperidine (79.2 g; 0.7 mol) with good stirring and temperature
      control to 30.degree. by cooling. After 60 mins, the base hydrochloride is
      filtered and the ethyl acetate is distilled at reduced pressure to give
      395 g of solution of I. Distillation of the solvent gives 97.65 g of
      silylating agent (TMSO).
PA0  B. trimethylsilyl ester of 6-APA, II.
PAR  6-APA (42.80 g; 0.2 mol) is suspended in the solution of I in
      1,2-dimethoxyethane (200 g, 24%) with good stirring. Triethylamine (10 ml)
      is added. After 60  mins at ambient temperature, the result is a solution
      of II.
PA0  C. trimethylsilyl ester of 6
      (3,0-chlorophenyl,5-methyl-4-isoxazolycarboxamido) penicillanic acid, III.
PAR  A further solution of 3(2-0-chlorophenyl)-5-methyl-4-isoxazolylcarboxylic
      acid (0.2 mol) activated according to the method described in the
      literature (A.L. Palomo and E. Torrens, "Afinidad" No. 290, page 993,
      1971) and triethylamine to remove the hydrochloric acid is added slowly to
      the foregoing solution. The pH is controlled to 5 to 6 and after 60 mins
      stirring a 0.degree.C, the result is a solution of III, turbid as a result
      of the precipitated hydrochloride.
PA0  D. 6(3,0-chlorophenyl-5-methyl-4-isoxazolylcarboxamido) penicillanic acid,
      IV.
PAR  Methylisobutyl ketone (250 ml) is added to the above preparation, the
      precipitate is separated by filtration and is washed with water (10 ml).
      After stirring for 15 mins, there is added a 45% solution of sodium
      2-ethylhexanoate in n-butanol and the mixture is allowed to stand for 120
      mins. The sodium salt is filtered and washed with n-heptane to give the
      compound of the title (93.9 g) with a yield of 98.7%. Confirmed by IR
      spectrum and iodometric evaluation (953 .mu.g/mg).
PAR  In a similar way, the sodium salt of
      3(2,6-dichlorophenyl-5-methyl-4-isoxazolylcarboxyamido) penicillanic acid
      is prepared.
PAC  EXAMPLE 9. 6(2,6-dimethoxybenzamido) penicillanic acid
PA0  A. 3-chlorodimethylsilyl-2-oxazolidinone, (CMSO), I.
PAR  To a solution of 2-oxazolidinone (104.40 g; 1.2 mol) in 1,2-dimethoxyethane
      (500 ml) diluted with ethyl acetate (500 ml), stirred and chilled in a
      cooling bath, there is added a further solution of dichlorodimethylsilane
      (156.7 ml; 1.3 mol) in ethyl acetate (500 ml) and thereafter tributylamine
      (222.4 g; 1.2 mol) whilst the temperature is controlled to 0.degree.C.
      After stirring for 30 min, the tributylamine hydrochloride is filtered and
      the most volatile solvent is evaporated off at reduced pressure. The
      resulting liquid is diluted with n-heptane (2000 ml) and after standing
      for 15 mins, the lower phase is decanted off to give 215.0 g of I, in the
      form of a yellowish liquid with a practically quantitative yield.
      Distillation at reduced pressure gives an almost colorless liquid.
PA0  B. chlorodimethylsilyl ester of 6-APA, II
PAR  Operating as in Example 5B, but replacing the TMSO by the silylating agent
      CMSO prepared above, a solution of II is obtained.
PA0  C. chlorodimethylsilyl ester of 6(2,6-dimethoxybenzamido penicillanic acid.
PAR  2,6-dimethoxybenzoic acid is activated in a similar way to that described
      in Example 5C and as presented in that example, is added to a solution of
      the ester prepared as per 9B, to give a colorless solution of III.
PA0  D. 6(2,6-dimethoxybenzamido) penicillanic acid, IV.
PAR  Operating as in 5B, the sodium salt is obtained of the compound of the
      title, with a similar yield. Confirmed by IR spectrum and iodometric
      evaluation.
PAC  EXAMPLE 10. 6 (C(-).alpha.-amino-p-hydroxyphenylacetamido) penicillanic
      acid
PA0  A. 3-trimethylsilyl-2-oxazolidinone, (TMSO), I.
PAR  Prepared as per example 5A but replacing the triethylamine by the
      equivalent amount of quinoline. The result is compound I.
PA0  B. trimethylsilyl ester of 6-APA, II.
PAR  Using the above agent and operating in a similar way to example 5B, the
      result is a solution of II.
PA0  C. derivative of the trimethylsilyl ester of 6
      (D(-).alpha.-amino-p-hydroxyphenylacetamido) penicillanic acid.
PAR  The above solution is added to a further solution of mixed anhydride
      prepared with D(-).alpha.-amino-hydroxyphenyl acetic acid, ethyl
      acetylacetate and pivaloyl chloride following a method similar to the one
      described in the literature (E. Dane and T. Dockner, Ber. 98, 789, 1965)
      and following the procedure given in example 7C, the result is a solution
      of compound III.
PA0  D. 6 (d(-).alpha.-amino-p-hydroxyphenylacetamido) penicillanic acid, IV.
PAR  In a similar way to the one described in example 7D, the compound of the
      title is isolated, confirmed by IR spectrum, iodometric evaluation and bio
      test (975 .mu.g/mg).
PAR  If the same process is followed with D,L.alpha.
      -amino-p-hydroxyphenylacetic acid, the result is the mixture of the epimer
      of the compound of the title.
PAC  EXAMPLE 11. 7(.alpha.-hexamin-phenylacetamido) desacetoxycephalosporanic
      acid
PA0  A. 3-trimethylsilyl-2-oxazolidinone, (TMSO), I.
PAR  Operating in the same way as in Example 8A, but replacing the
      n-ethylpiperidine with the equivalent amount of tripropylamine and then
      continuing as in Example 1 gives an identical yield of compound I.
PA0  B. trimethylsilyl ester of 7-ADCA, II.
PAR  Operating as described in Example 6B and using the above silylating agent,
      a solution of II is obtained.
PA0  C. trimethylsilyl ester of 7(.alpha.-hexamin-phenylacetamido)
      desacetoxycephalosporanic acid.
PAR  .alpha.-hexamin (urotropine) phenylacetic acid was prepared by the
      substitution of .alpha.-chlorophenylacetic acid by its silyl ester
      prepared from the acid and TMSO in the presence of triethylamine and
      treatment with urotropine, the ester then being split by isopropanol.
PAR  .alpha.-hexaminphenylacetic acid (31.07 g; 0.1 mol) is added to methylene
      chloride (300 ml) and cooled to 0.degree.C. Under stirring
      dimethylformiminium N,chloride-chlorosulphite (0.1 mol) is slowly added.
      After standing for 120 mins, this mixture is slowly poured over a solution
      of II, prepared from 21.4 g of 7-ADCA, at a temperature of 0.degree.C and
      in a similar way to example 6C, to give a solution of III.
PA0  D. 7(.alpha.-hexamin-phenylacetamido) desacetoxycephalosporanic acid
PAR  The solution obtained in C) above is filtered and there is then added
      isopropanol (100 ml). The solution is stirred for 30 mins at 0.degree.C.
      The precipitate, washed with n-heptane and dried at low temperature, gives
      the compound of the title (45 g; 90%), confirmed by IR spectrum and
      iodometric evaluation.
PAR  Operating as in example 5D, and adding hydrochloric acid to a stable pH of
      from 1.5 to 2.0, the aqueous solution is decanted off, the pH is adjusted
      to 4.2 and 7(.alpha.-amino-phenylacetamido) desacetoxycephalosporanic acid
      (29.2 g; 82%) precipitates.
PAR  In a similar way and using the enanthiomers of .alpha.-chlorophenylacetic
      acid, the epimers are obtained after washing either with methanol and
      acid, or with water and acid of the compound of example 11D.
PAC  EXAMPLE 12. 6(benzamido) penicillanic acid
PA0  E. 3-benzoyl-2-oxazolidinone, VI
PAR  To a solution of 2-oxazolidinone (4.68 g; 0.05 mol) in 1,2-dichlorethane
      (60 ml), there is added benzoyl chloride (5.6 ml, 0.05 mol) and
      triethylamine (7.0 ml; 0.05 mol), with stirring at ambient temperature for
      30 mins. The solution is then concentrated at reduced pressure and ethyl
      acetate is added, thereafter it is filtered to remove the base
      hydrochloride; the filtrate is partly evaporated and diluted with
      n-heptane and the precipitated solid is removed by filtration. After
      washing with water and drying, it gives 3-benzoyl-2-oxazolidinone (5.94 g;
      90%). From absolute ethanol it crystallizes in nacar scales with m.p. =
      166.degree.-170.degree.C. A portion of the substance in ethanol, with a
      catalytic amount of sodium ethoxide at room temperature immediately gives
      ethyl benzoate and, with aniline, benzanilide.
PA0  C. trimethylsilyl ester of 6(benzamido) penicillanic acid, III
PAR  A solution of trimethylsilyl ester of 6-APA is prepared according to
      example 5B (1/8th solution) and 3-benzoyl-2-oxazolidinone (3.3 g; 0.025
      mol) is added with stirring at ambient temperature for 30 mins. A solution
      of III is obtained.
PA0  D. 6(benzamido) penicillanic acid, IV
PAR  The above solution is mixed with water and stirred, the pH is adjusted to
      2.0 with hydrochloric acid. The organic phase is decanted off and after
      being dried with anhydrous sodium sulphate, there is added thereto sodium
      2-ethyl-hexanoate, the mixture is diluted with n-heptane (250 ml) and the
      sodium salt of IV precipitates. Was confirmed by IR spectrum and
      iodometric evaluation (988 .mu.g/mg) giving 8.07 g with a yield of 95%.
PAC  EXAMPLE 13 7(p-methoxy-benzamido) desacetoxycephalosporanic acid
PA0  E. 3-(p-methoxybenzoyl)-2-oxazolidinone, VI.
PAR  p-methoxybenzoyl chloride (8.53 g; 0.05 mol) is added to a solution of
      2-oxazolidinone (4.35 g; 0.05 mol) in 1,2-dimethoxyethane (35 ml), the
      solution is chilled to 0.degree.C and beta-picoline (4 ml) and
      n-ethylpiperidine (5.66 g) are added. After stirring the mixture for 60
      mins at the same temperature, it is diluted in n-heptane (250 ml) and the
      precipitate is removed by filtration; the solid, washed in water and dried
      gives 10.50 g(95%). Crystallized from ethanol, m.p. =
      152.degree.-4.degree.C.
PA0  C. trimethylsilyl ester of 7(p-methoxy-benzamido) desacetoxycephalosporanic
      acid, III.
PAR  To a solution of trimethylsilyl ester of 7-ADCA in methylene chloride
      (containing 0.025 mol) there is added compound 13E (0.025 mol) and the
      solution is stirred for 60 mins at a temperature of 30.degree.C to give a
      solution of III.
PA0  D. 7(p-methoxybenzamido) desacetoxycephalosporanic acid, IV.
PAR  The above solution is treated in a similar way to Example 7D and gives the
      sodium salt of the compound of the title. Confirmed by IR spectrum.
PAC  EXAMPLE 14. 7(p-chloro-benzamido) cephalosporanic acid
PA0  E. 3-(p-chlorobenzoyl)-2-oxazolidinone, VI.
PAR  Operating as in Example 13E, but replacing the 1,2-dimethoxyethane by
      methylene chloride, the p-methoxybenzoyl chloride by p-chlorobenzoyl
      chloride (8.75 g; 0.05 mol) and the beta-picoline by quinoline, compound
      14E is given (10.5 g; 93.6%). Crystallized from ethanol, m.p. =
      162.degree.-5.degree.C.
PA0  C. trimethylsilyl ester of 7(p-chloro-benzamido) cephalosporanic acid, III.
PAR  To a solution of trimethylsilyl ester of 7-ACA in methylene chloride
      (containing 0.025 mol) there is added compound 14E (0.025 mol) and the
      mixture is stirred for 60 mins at a temperature of 20.degree.C to give a
      solution of III.
PA0  D. 7(p-chlorobenzamide) cephalosporanic acid, IV.
PAR  The above solution 14C is treated in a similar way to that of Example 5D
      and gives the sodium salt of the compound of the title. Confirmed by IR
      spectrum.
PAC  EXAMPLE 15. 6(p-nitro-benzamido) penicillanic acid.
PA0  E. 3-(p-nitrobenzoyl-2-oxazolidinone, VI.
PAR  Operating as per Example 13E, but replacing the p-methoxybenzoyl chloride
      by p-nitrobenzoyl chloride (9.27 g; 0.05 mol), compound 15E is given
      (10.71 g; 90.3%). Crystallized from ethanol, m.p. =
      233.degree.-5.degree.C.
PA0  C. trimethylsilyl ester of 6(p-nitrobenzamido) penicillanic acid, III.
PAR  Compound 15E (0.025 mol) is added to a solution of trimethylsilyl ester of
      6-APA (containing 0.025 mol) and the solution is stirred for 120 mins at
      ambient temperature to give a solution of III.
PA0  D. 6-(p-nitrobenzamido) penicillanic acid, IV.
PAR  The above solution 15C is treated in a similar way to Example 5D and gives
      the sodium salt of the compound of the title. Confirmed by IR spectrum and
      iodometric evaluation.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A 3-alkylsilyl-2-oxazolidinone of the formula
      ##EQU6##
      where R.sub.1 and R.sub.2 are each selected from the group consisting of
      hydrogen, phenyl, and alkyl having one to three carbon atoms, R.sub.3 and
      R.sub.4 are each alkyl having one to three carbon atoms and R.sub.5 is an
      element selected from the group consisting of alkyl having one to three
      carbon atoms and chlorine.
NUM  2.
PAR  2. 3-trimethylsilyl-2-oxazolidinone.
NUM  3.
PAR  3. 3-triethylsilyl-2-oxazolidinone.
NUM  4.
PAR  4. 3-trimethylsilyl-5-methyl-2-oxazolidinone.
NUM  5.
PAR  5. 5-phenyl-3-triethylsilyl-2-oxazolidinone.
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ABST
PAL  A multi-step process for the preparation of 1-[(amino - or substituted
      amino)methyl]-6-phenyl-4H-s-triazolo-[4,3-a][1,4]benzodiazepines of the
      formula VI:
      ##SPC1##
PAL  wherein R' is hydrogen or alkyl of 1 to 3 carbon atoms, inclusive, and
      wherein the rings A and B are unsubstituted or substituted by one or two
      substituents selected from the group consisting of chloro, fluoro, bromo,
      nitro, and trifluoromethyl, which comprises: treating a compound of the
      formula I:
      ##SPC2##
PAL  wherein rings A and B are defined as above, with acetic anhydride and
      formic acid to obtain compound II:
      ##SPC3##
PAL  wherein A and B rings have the significance as above, treating compound II
      with sufficient formaldehyde to produce compound III, the
      3,5-bis(hydroxymethyl)derivative of II; treating III with phthalimide,
      triphenylphosphine and diethyl azodicarboxylate to give compound IV, the
      3,5-bis(phthalimidomethyl) derivative of II; and treating IV with
      hydrazine hydrate to obtain a compound of formula V
      ##SPC4##
PAL  wherein rings A and B are defined, as herein above. Compound V can then be
      alkylated in known manner to give those compounds of formula VIa which
      corresponds to formula VI when R' is desired to be alkyl.
PAL  The compounds of formula VI have antidepressant and antianxiety effects in
      mammals and birds.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation in part of application Ser. No. 332,293,
      filed Feb. 14, 1973 now U.S. Pat. No. 3,842,090.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention is directed to a new process for organic compounds and is
      particularly concerned with a process for the production of 1-[(amino or
      substituted
      amino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepines as well as
      with the new intermediates III and IV in this process.
PAR  The process of production and the novel intermediates can be illustratively
      represented as follows:
      ##SPC5##
      ##SPC6##
      ##SPC7##
PAL  Wherein R'.sub.o is alkyl; and wherein the rings A and B are unsubstituted
      or substituted by one or two substituents selected from the group
      consisting of chloro, fluoro, bromo, nitro, and trifluoromethyl.
PAR  The more important intermediates have the formulae IIIA and IVA below:
      ##SPC8##
PAL  And
      ##SPC9##
PAL  Wherein R.sub.1 is hydrogen, chloro or fluoro; wherein R.sub.2 is hydrogen,
      or fluoro when R.sub.1 is fluoro; and wherein R.sub.3 is hydrogen, chloro,
      fluoro, or trifluoromethyl.
PAR  The most important intermediates are of the formula IIIB and IVB below.
      ##SPC10##
PAL  And
      ##SPC11##
PAL  Wherein R'.sub.1 and R'.sub.3 are hydrogen or chlorine.
PAR  The process of this invention comprises: reacting a compound of formula I
      with formic acid and acetic anhydride at 0.degree. to 25.degree. to obtain
      compound II; and then warming the resulting mixture at 90.degree. to
      118.degree.; heating a compound of formula II with paraformaldehyde in an
      inert organic solvent between 118.degree. and 150.degree. C. to obtain
      compound III; treating compound III with phthalimide, triphenylphosphine,
      and diethyl azodicarboxylate between 0.degree. to 35.degree. C, to obtain
      compound IV; treating IV with hydrazine hydrate at 60.degree. -
      100.degree. C. in an alkanol of 1 to 3 carbon atoms, inclusive, to obtain
      compound V; and alkylating compound V with a carboxaldehyde of 1 to 3
      carbon atoms inclusive, sodium cyanoborohydride and acetic acid to obtain
      a compound of formula VI above.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Lower alkyl groups of 1 to 3 carbon atoms, inclusive, are exemplified by
      methyl, ethyl, and propyl.
PAR  The products of formula VI are compounds having sedative, tranquilizing and
      antianxiety effects. They are even more important for their antidepressant
      activity. Such compounds (VI) are useful in the treatment of mammals and
      birds; for example the sedation and antianxiety effect are particularly
      suitable in the treatment of animals in transit or animals kept in
      shelters, while their owners are absent.
PAR  The activity of compounds of formula VI has been determined by standard
      tests e.g.:
      (8-chloro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benz
     odiazepine is the test compound)
PA0  Chimney test: [Med. Exp. 4, 145 (1961)]: The effective intraperitoneal
      dosage for 50% of mice (ED.sub.50) is 2.3 mg./kg. The test determines the
      ability of mice to back up and out of a vertical glass cylinder within 30
      seconds. At the effective dosage, 50% of the mice failed doing it.
PA0  Dish test: Mice in Petri dishes (10 cm. diameter, 5 cm. high, partially
      embedded in wood shavings), climb out in a very short time, when not
      treated. Mice remaining in the dish for more than 3 minutes indicates
      tranquilization. ED.sub.50 equals the dose of the test compound at which
      50% of the mice remain in the dish. The ED.sub.50 (intraperitoneal
      administration) in this test was 0.28 mg./kg.
PA0  Pedestal Test: The untreated mouse leaves the pedestal in less than a
      minute to climb back to the floor of the standard mouse box. Tranquilized
      mice will stay on the pedestal for more than 1 minute. The ED.sub.50
      (intraperitoneal administration) was 0.8 mg./kg.
PA0  Nicotine antagonism test: Mice in a group of 6 are injected with the test
      compound,
      8-chloro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine. Thirty minutes later the mice, including control (untreated)
      mice, are injected with nicotine salicylate (2 mg./kg.). The control mice
      show overstimulation, i.e., (1) running convulsions (2) tonic extensor
      fits; followed by (3) death. An intraperitoneal dosage of .11 mg./kg. of
      the test compound protected 50% of the animals against (3).
PA0  Antagonism to strychine (as sulfate): The effective dosage ED.sub.50 of
      8-chloro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine is 50 mg./kg. orally in mice. The test consists in orally
      administering into groups of 6 mice the test compound, and 30 minutes
      later 3 mg./kg. strychnine sulfate intraperitoneally. The survivors after
      4 hours reflect the activity of the compound as a muscle relaxant and
      antispasmodic. A dosage of 3 mg./kg. of strychnine sulfate is routinely
      fatal to all the control mice.
PAR  The following compounds have (by intraperitoneal injection) ED.sub.50
      values as shown in the table I below:
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPOUND         ED.sub.50 (in mg./kg.)                                   
                    Ch    D       P       Ni                                   
     ______________________________________                                    
     8-chloro-1-[(dimethylamino)-                                              
     methyl]-6-(o-chlorophenyl)-4H-                                            
     s-triazolo[4,3-a][1,4]benzo-                                              
     diazepine        0.2     0.36    0.36  0.63                               
     1-[(dimethylamino)methyl]-6-                                              
     (o-chlorophenyl)-4H-s-triazolo-                                           
     [4,3-a][1,4]benzodiazepine                                                
                      0.35    0.8     22    0.15                               
     8-chloro-1-[(diethylamino)-                                               
     methyl]-6-(o-chlorophenyl)-                                               
     4H-s-triazolo[4,3-a][1,4]-                                                
     benzodiazepine   0.63    0.11    0.4   0.08                               
     ______________________________________                                    
PAR  The compounds of formula VI and pharmacologically acceptable acid addition
      salts and N-oxides thereof have also antidepressant activity and are thus
      useful for the treatment of depression in mammals or birds.
PAR  The main function of an anti-depressant is to return the depressed
      individual to normal functioning. This should be carefully differentiated
      from psychic stimulants such as the amphetamines which produce
      overstimulation in the normal individual.
PAR  Many different methods have been and are used to evaluate antidepressant
      activity. In general these methods involve antagonism to a depressant such
      as reserpine or tetrabenazine or a synergistic increase of the toxicity of
      certain compounds (i.e. yohimbine or 3,4-dihydroxyphenylalanine) and
      comparison of the drug action of the new compound with other known
      antidepressants. No single test alone can determine whether or not a new
      compound is an antidepressant or not, but the profile evidenced by various
      tests will establish the anti-depressant action if present. A number of
      such tests are described below.
PAR  Hypothermic tests with oxotremorine:
      [1-(4-pyrrolidino-2-butynyl)-2-pyrrolidinone].
PAR  Oxotremorine (as well as apomorphine and tetrabenazine) produces
      hypothermic responses in mice. This response is blocked by
      anitcholinergics and anti-depressants such as atropine and imipramine
      respectively.
PAR  Oxotremorine produces a very pronounced hypothermia.
PAR  At a dose of 0.6 mg./kg. the body temperature of a mouse is decreased about
      13.degree. F. (when the mouse is kept at room temperature). This
      temperature decrease is antagonized by anti-depressants e.g. desipramine,
      imipramine, doxepine, and others.
PAR  The present compounds were tested as follows. Four male mice of 18-22 g.
      (Strain CF=Carworth Farms) were injected intraperitoneally with 1 mg. of
      oxotremorine. The lowering of the body temperature was measured rectally
      with an electronic thermometer, before and 30 minutes after drug
      administration. After the drug administration the mice were kept at
      19.degree. C. in cages. A 4.degree. difference between the control mice
      (oxotremorine alone) and the treated mice (oxotremorine and test compound)
      was used to indicate the antagonistic action of the test compound.
PAR  The test results are tabulated below.
PAR  The ED.sub.50 is the dosage of the test compound at which half the mice had
      a temperature of at least 4.degree. C. higher than the control mice.
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPOUNDS                ED.sub.50 (mg./kg.)                              
     ______________________________________                                    
     8-chloro-1-[(dimethylamino)methyl]-6-                                     
     phenyl-4H-s-triazolo[4,3-a][1,4]-                                         
     benzodiazepine           5.3                                              
     8-chloro-1-[(diethylamino)methyl]-6-                                      
     phenyl-4H-s-triazolo[4,3-a][1,4]-                                         
     benzodiazepine           50                                               
     Iprindole                &gt;50                                              
     Doxepine                 14.9                                             
     Imipramine               5.3                                              
     ______________________________________                                    
PAR  Potentiation of yohimbine aggregation toxicity: the LD.sub.50 of yohimbine
      hydrochloride in mice is 45 mg./kg. i.p. Administration of 30 mg./kg. of
      yohimbine hydrochloride was non-lethal. If an antidepressant is
      administered prior to the yohimbine hydrochloride (30 mg.) the lethality
      of the yohimbine hydrochloride is increased.
PAR  Ten male CF mice, 18-22 g., were injected with the anti-depressant and 30
      minutes later with 30 mg. of yohimbine hydrochloride (YCl) in saline
      solution. After two hours, the LD.sub.50 were determined. No mice or only
      one mouse is killed by 30 mg. of (YCl). If (YCl) is administered in the
      presence of an anti-depressant an increase of the toxicity of (YCl) is
      observed. The ED.sub.50 values of the new compounds and standard
      medicament which causes 50% of the mice to die is shown in TABLE II.
TBL                TABLE II                                                    
     ______________________________________                                    
     [YCl] (30 mg.) control   ED.sub.50 (mg./kg.)                              
                              no death                                         
     ______________________________________                                    
     [YCl] and 8-chloro-1-[(dimethyl-                                          
     amino)-methyl]-6-phenyl-4H-s-                                             
     triazolo[4,3-a][1,4]benzodiazepine                                        
                              12.5                                             
     [YCl] and 8-chloro-1-[(diethylamino)-                                     
     methyl]-6-phenyl-4H-s-triazolo[4,3-a]-                                    
     [1,4]benzodiazepine      42                                               
     [YCl] and Iprindole      20                                               
     [YCl] and Imipramine     4.4                                              
     [YCl] and Doxepine       17.7                                             
     ______________________________________                                    
PAR  Potentiation of apomorphine gnawing: a group of 4 mice (male, CF, 18-22 g.)
      are administered the test compound intraperitoneally one hour prior to the
      subcutaneous injection of apomorphine hydrochloride 10 mg./kg. The mice
      are then placed in a plastic box (6 .times. 11 .times. 5 inches) lined at
      the bottom with a cellophane-backed, absorbent paper. The degree of damage
      to the paper at the end of 30 minutes is scored from zero to 4. The scores
      3 and 4 indicate that the compound is a potentiator of apomorphine in this
      test (ED.sub.50). The results are in TABLE III.
TBL                TABLE III                                                   
     ______________________________________                                    
     COMPOUND                 ED.sub.50 (mg./kg.)                              
     ______________________________________                                    
     8-chloro-1-[(dimethylamino)methyl]-                                       
     6-phenyl-4H-s-triazolo[4,3-a][1,4]-                                       
     benzodiazepine           5.3                                              
     8-chloro-1-[(diethylamino)methyl]-6-                                      
     phenyl-4H-s-triazolo[4,3-a][1,4]-                                         
     benzodiazepine           14.9                                             
     Iprindole                &gt;50                                              
     Imipramine               17.7                                             
     Doxepine                 17.7                                             
     ______________________________________                                    
PAL  The LD.sub.50 values in mice for these compounds are listed in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     COMPOUND                 LD.sub.50 (mg./kg.)                              
     ______________________________________                                    
     8-chloro-1-[(dimethylamino)methyl]-                                       
     6-phenyl-4H-s-triazolo[4,3-a][1,4]-                                       
     benzodiazepine           476                                              
     8-chloro-1-[(diethylamino)methyl]-                                        
     6-phenyl-4H-s-triazolo[4,3-a][1,4]-                                       
     benzodiazepine           &gt;100                                             
     Iprindole                450                                              
     Imipramine               178                                              
     Doxepin                  126                                              
     ______________________________________                                    
PAR  The ED.sub.50 and LD.sub.50 values for the new compounds thus compare
      favorably with standard antidepressant compounds on the market.
PAR  Other compounds of formula V are anti-depressants as shown by Table V:
TBL                TABLE V                                                     
     ______________________________________                                    
                    YO    Oxo     Ap      LD.sub.50                            
     ______________________________________                                    
     8-chloro-1-(aminomethyl)-6-                                               
     phenyl-4H-s-triazolo[4,3-a]-                                              
     [1,4]benzodiazepine                                                       
                      35.4    29.7    2.6   &gt;100                               
     8-chloro-1-[(dimethylamino)-                                              
     methyl]-6-(o-chlorophenyl)-4H-                                            
     s-triazolo[4,3-a][1,4]benzo-                                              
     diazepine        &gt;30     &gt;30     17.8  &gt;100                               
     1-[(dimethylamino)methyl]-6-                                              
     (o-chlorophenyl)-4H-s-triazolo-                                           
     [4,3-a][1,4]benzodiazepine                                                
                      &gt;30     &gt;30     &gt;30   &gt;100                               
     ______________________________________                                    
      YO = Yohimbine test                                                      
      Oxo = Oxotremorine test?                                                 
      Ap = Apomorphine test                                                    
PAR  The pharmaceutical forms contemplated by this invention include
      pharmaceutical compositions suited for oral, parenteral, and rectal use,
      e.g., tablets, powder packets, cachets, dragees, capsules, solutions,
      suspension, sterile injectable forms, suppositories, bougies, and the
      like. Suitable diluents or carriers such as carbohydrates (lactose),
      proteins, lipids, calcium phosphate, cornstarch, stearic acid,
      methylcellulose and the like may be used as carriers or for coating
      purposes. Water or oils, e.g., coconut oil, sesame oil, safflower oil,
      cottonseed oil, peanut oil may be used for preparing solutions or
      suspensions of the active drug. Sweetening, coloring, and flavoring agents
      may be added.
PAR  For mammals and birds, food premixes with starch, oatmeal, dried fishmeat,
      fishmeal, flour, and the like can be prepared.
PAR  As tranquilizers the compounds of formula VI can be used in unit dosages of
      0.02 mg. to 1 mg./kg. in oral or injectable preparations, as described
      above, to alleviate tension and anxiety in mammals, or birds, such as
      e.g., occurs when animals are in travel.
PAR  The starting compounds of this invention can be produced as shown in the
      preparations.
PAR  In carrying out the process of the present invention a compound of formula
      I is treated with an equimolar mixture of formic acid and acetic
      anhydride. In the preferred embodiment of this invention the compound of
      formula I is added to the solution of formic acid and acetic anhydride at
      a temperature between 0.degree. and 25.degree. and the mixture is kept
      with stirring at this temperature for 6 to 18 hours. Thereafter the
      reaction is completed by heating the mixture to reflux for one-half to 3
      hours and the product II is recovered by conventional procedures, e.g.
      evaporation of the residual formic and acetic acids, dilution with water,
      neutralization with alkaline solution, and extraction e.g. with
      chloroform, methylene chloride or the like. The product II is purified by
      crystallization and/or chromatography.
PAR  The thus-obtained compound of formula II is heated with formaldehyde or
      paraformaldehyde in an inert organic solvent. When formaldehyde is used,
      the temperature can be 80.degree. to 150.degree. C or even higher if a
      pressure vessel is used. When paraformaldehyde is used, a temperature near
      the sublimation point of paraformaldehyde (120.degree. C. at sea level) is
      used. Thus, in the preferred embodiment temperatures between 118.degree.
      and 125.degree. C., a nitrogen atmosphere, paraformaldehyde and a suitably
      high boiling inert organic solvent, e.g. xylenes (o-,m-,p- and mixtures
      thereof) can be used. With formaldehyde gas, toluene, heptane, Skellysolve
      B hexanes or C heptanes, cydoheptane, cydohexane and the like may be used.
      The reaction period is usually from one-half to 3 hours. After the
      reaction is terminated, the product III, a
      2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone, is recovered
      by conventional methods, e.g. evaporation of the solvent in vacuo, and
      purification by crystallization of the product from methanol, ethanol,
      methylene chloride, ethyl acetate, mixtures thereof and the like.
PAR  Compound III, dissolved in an inert organic solvent, admixed with
      phthalimide and triphenylphosphine is reacted with diethyl
      azodicarboxylate at a temperature between 0.degree. and 35.degree. C. In
      the preferred embodiment of the invention phthalimide, triphenylphosphine,
      and diethyl azodicarboxylate are used in a ratio of 2 to 21/2 mole
      equivalents for one mole equivalent of compound III. As solvent, dioxane,
      tetrahydrofuran, dipropyl ether or the like can be used. Since the
      reaction is slightly exothermic provisions for cooling (ice-water bath)
      should be made. The reaction is generally completed in 6-18 hours.
PAR  At the termination of the reaction, the reaction product IV, a
      2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone is
      obtained by conventional procedures such as evaporation of the solvent,
      extraction, chromatography and crystallization.
PAR  Compound IV is then heated with hydrazine hydrate in a lower alkanol
      between 60.degree. and 100.degree. C. As alkanols methanol, ethanol, 1- or
      2-propanol are generally used with ethanol preferred. With ethanol, the
      time of heating is between 1 to 4 hours at about the reflux temperature.
      At the termination of the reaction the product V is recovered by
      evaporating the solvent in vacuo and the product V, a
      1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine can be
      purified by extraction, chromatography or crystallization; however it can
      be alkylated in the next step without purification.
PAR  In general compound V is alkylated in a solvent such as tetrahydrofuran, a
      lower alkanol such as methanol or ethanol or preferably acetonitrile by
      adding a carboxaldehyde and sodium cyanoborohydride and treating the
      resulting mixture with an organic acid, e.g. acetic or propionic acid
      slowly during 30 minutes to 2 hours so that the temperature of the
      reaction mixture does not exceed 30.degree.-40.degree. C., and the pH of
      the mixture becomes 6.2 to 7 at the end of the reaction. The product VI, a
      1-[(dialkylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
      is recovered by conventional procedures, such as concentration of the
      reaction mixture, extraction, washing the extracts, chromatography,
      crystallization and the like.
DETD
PAR  The following preparations and examples are illustrative of the process and
      products of the present invention but are not to be construed as limiting.
PAC  Preparation 1: 2'-benzoyl-4'-chloroformanilide 2-Amino-5-chlorobenzophenone
      (50g) is reacted with formic acid (300 ml) at the reflux temperature of
      the mixture for 20 hours. At the end of the reaction the mixture is
      evaporated in vacuo and the crude product is crystallized from methylene
      chloride-hexane to give 2'-benzoyl-4'-chloroformanilide of melting point
      90.degree. to 91.degree. C.
PAC  Preparation 2: 3-Amino-6-chloro-3,4-dihydro-4-hydroxy-4-phenylquinazoline
PAR  A mixture of 0.1 mole of 2'-benzoyl-4'-chloroformanilide and 0.15 mole of
      hydrazine are stirred at room temperature in ethanol. Stirring is
      continued for 20 hours. The reaction mixture is chilled, and the
      precipitate filtered. The solid is washed and recrystallized from
      dimethylformamide to give
      3-amino-6-chloro-3,4-dihydro-4-hydroxy-4-phenylquinazoline.
PAC  Example 1: 5-Chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone
PAR  A stirred solution of acetic anhydride (25.3 ml) and 97% formic acid (10.6
      ml) is kep at ambient temperature (25.degree.) for 30 minutes, cooled in
      an ice bath and treated with
      3-amino-6-chloro-3,4-dihydro-4-hydroxy-4-phenylquinazoline (12.24 g,
      0.0447 mole). The solution is kept at ambient temperature for 18 hours,
      diluted with acetic acid (25 ml), warmed to the reflux temperature during
      1 hour and refluxed for 1.5 hours. The solution is concentrated in vacuo,
      and the residue is mixed with cold water, made alkaline with sodium
      hydroxide and extracted with chloroform. The extract is washed with brine,
      dried over anhydrous sodium sulfate and concentrated. The residue is
      crystallized from ethylacetate to give 7.76 g of
      5-chloro-2-(4H-1,2,4-triazol-4-yl)-benzophenone of melting point
      184.degree.-186.degree. C., 0.971 g of melting point
      182.5.degree.-184.degree. C., and 0.144 of melting point
      181.degree.-182.degree. C.
PAR  Crystallization of the mother liquor from the above crystallizations yields
      additional product which is contaminated by an impurity, insoluble in
      methylene chloride. Extraction of this solid with methylene chloride
      dissolves the product which was then crystallized from ethylacetate to
      give 0.565 g of additional 5-chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone
      of melting point 183.5.degree.-184.degree. C.
PAR  In the same manner given in Preparations 1 and 2 and Example 1, other
      substituted 2-amino-benzophenones may be used to produce the corresponding
      2-(4H-1,2,4-triazol-4-yl)benzophenones. Thus, in the manner given in
      Preparation 1, the following other benzophenones can be utilized:
PA0  4-chloro-2-aminobenzophenone;
PA0  2'5-dichloro-2-aminobenzophenone;
PA0  2'6'-difluoro-5-chloro-2-aminobenzophenone;
PA0  5-nitro-2-aminobenzophenone;
PA0  2'-chloro-5-nitro-2-aminobenzophenone;
PA0  5-trifluororomethyl-2-aminobenzophenone;
PA0  3-trifluororomethyl-2-aminobenzophenone;
PA0  2'-chloro-5-trifluoromethyl-2-aminobenzophenone;
PA0  3'-chloro-6-trifluoromethyl-2-aminobenzophenone;
PA0  2'-chloro-6-trifluoromethyl-2-aminobenzophenone;
PA0  4'-fluoro-5-trifluoromethyl-2-aminobenzophenone;
PA0  5-chloro-2'-fluoro-2-aminobenzophenone;
PA0  5-fluoro-2'-chloro-2-aminobenzophenone;
PA0  5-fluoro-2-aminobenzophenone;
PA0  6-nitro-2-aminobenzophenone;
PA0  5-bromo-2-aminobenzophenone;
PA0  5-bromo-2'-fluoro-2-aminobenzophenone;
PA0  6-bromo-2-aminobenzophenone;
PA0  2-aminobenzophenone; and the like.
PAR  From these benzophenones are then obtained (by the methods of Preparations
      1 and 2 and Example 1) 2-(4H-1,2,4-triazol-4-yl)benzophenones II such as:
PA0  2',5-dichloro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2'-chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2'-chloro-5-nitro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2'-fluoro-5-nitro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2',6'-difluoro-5-chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2'-chloro-5-(trifluoromethyl)-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  3,4'-dichloro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  5-nitro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  5-fluoro-2'-chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2'-fluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  5-fluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  3'-chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  4-chloro-2'-fluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2'-chloro-3-(trifluoromethyl)-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  3-(trifluoromethyl)-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  4-chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  6-nitro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  3'-chloro-6-trifluoromethyl-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  4'-fluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2'-fluoro-5-trifluoromethyl-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  5-bromo-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  5-bromo-2'-fluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  6-bromo-2-(4H-1,2,4-triazol-4-yl)benzophenone;
PA0  2-(4H-1,2,4-triazol-4-yl)benzophenone; and the like.
PAC  Example 2:
      5-Chloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  A stirred mixture of 5-chloro-2-(4H-1,2,4-triazol-4-yl)benzophenone (2.84
      g, 0.01 mole), paraformaldehyde (3.0 g) and xylene (100 ml) is warmed,
      under nitrogen, in an oil bath at 118.degree.-124.degree. C for 1 hour 20
      minutes and concentrated in vacuo. The residue is dissolved in methylene
      chloride, filtered and the filtrate concentrated and crystallized from
      ethanol-ethyl acetate to give: 0.916 g of an ethyl acetate solvate of
      5-chloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone of
      melting point 199.degree.-200.5.degree. C., and additionally 1.642 g of
      melting point 200.degree.-200.5.degree. C and 0.452 g of melting point
      200.5.degree.-201.5.degree. C. The analytical sample had melting point of
      201.5.degree.-202.5.degree. C.
PAR  Anal. calcd for C.sub.17 H.sub.14 ClN.sub.3 O.sub.3 : C, 59.40; H, 4.10;
      Cl, 10.31; N, 12.22.
PAR  Found: C, 59.49; H, 4.47; Cl, 9.76; N, 11.59; Ethyl acetate, 6.07. When
      corrected for 6.07% ethyl acetate, the analysis is: C, 59.83; H, 4.18; Cl,
      10.39; N, 12.34.
PAC  Example 3:
      2',5-Dichloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  In the manner given in Example 2,
      2',5-dichloro-2-(4H-1,2,4-triazol-4-yl)benzophenone in xylene is heated
      with paraformaldehyde to 118.degree.-124.degree. C to give
      2',5-dichloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAC  Example 4:
      2'-chloro-5-fluoro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzoph
     enone
PAR  In the manner given in Example 2,
      2'-chloro-5-fluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone in xylene is
      heated with paraformaldehyde to 118.degree.-124.degree. C to give
      2'-chloro-5-fluoro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzoph
     enone.
PAC  Example 5:
      2'-Chloro-5-trifluoromethyl-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-y
     l]benzophenone
PAR  In the manner given in Example 2,
      2'-Chloro-5-trifluoromethyl-2-(4H-1,2,4-triazol-4-yl)benzophenone in
      xylene is heated with paraformaldehyde to 118.degree.-124.degree. C to
      give 2'-chloro-5-trifluoromethyl-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazo
     l-4-yl]benzophenone.
PAC  Example 6:
      5-Chloro-2',6'-difluoro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]be
     nzophenone
PAR  In the manner given in Example 2,
      5-chloro-2',6'-difluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone in xylene is
      heated with paraformaldehyde to 118.degree.-124.degree. C to give
      5-chloro-2',6'-difluoro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]be
     nzophenone.
PAC  Example 7:
      5-Nitro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  In the manner given in Example 2, 5-nitro-2l
      -(4H-1,2,4-triazol-4-yl)benzophenone in xylene is heated with
      paraformaldehyde to 118.degree.-124.degree. C to give
      5-nitro-2-[3,5-bis-(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
PAC  Example 8:
      2'-Chloro-5-nitro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none
PAR  In the manner given in Example 2,
      2'-chloro-5-nitro-2-(4H-1,2,4-triazol-4-yl)benzophenone in xylene is
      heated with paraformaldehyde to 118.degree.-124.degree. C to give
      2'-chloro-5-nitro-2-]3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none.
PAC  Example 9:
      5-Bromo-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  In the manner given in Example 2,
      5-bromo-2-(4H-1,2,4-triazol-4-yl)benzophenone in xylene is heated with
      paraformaldehyde to 118.degree.-124.degree. C to give
      5-bromo-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
PAC  Example 10:
      5-Bromo-2'-fluoro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none
PAR  In the manner given in Example 2,
      5-bromo-2'-fluoro-2-(4H-1,2,4-triazol-4-yl)benzophenone in xylene is
      heated with paraformaldehyde to 118.degree.-124.degree. C to give
      5-bromo-2'-fluoro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none.
PAC  Example 11: 2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  In the manner given in Example 2, 2-(4H-1,2,4-triazol-4-yl)benzophenone in
      xylene is heated with paraformaldehyde to 118.degree.-124.degree. C to
      give 2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
PAC  Example 12:
      5-Chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  A stirred mixture of
      5-chloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
      (2.06g, 0.006 mole), phthalimide (1.94 g, 0.0132 mole) and
      triphenylphosphine (3.46 g, 0.0132 mole) in dry tetrahydrofuran (60 ml),
      under nitrogen, is treated during 10 minutes with diethyl azodicarboxylate
      (2.30 g, 0.0132 mole). (A slight exothermic reaction occurs during the
      addition and is moderated with an ice-water bath.) The suspended solid
      dissolves; the solution is allowed to stand at ambient temperature for 18
      hours. It is concentrated in vacuo and the residue is mixed with water and
      extracted with chloroform. The extract is washed with brine, dried over
      anhydrous sodium sulfate and concentrated. The residue is chromatographed
      on silica gel (200 g) with 2% methanol-98% chloroform. The resulting
      product is crystallized from methanolmethylene chloride to give: 0.935 g
      of 5-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzopheno
     ne of melting point 251.5.degree.-253.5.degree.C; and 0.580 g of melting
      point 250.5.degree.-252.degree.C; 0.872 g of melting point
      251.degree.-253.degree. and 0.201 g of melting point
      250.degree.-251.degree. (71.6% yield). The analytical sample has melting
      point 250.5.degree.-252.5.degree. C.
PAR  Anal. Calcd for C.sub.33 H.sub.20 ClN.sub.5 O.sub.5 : C, 65.84; H, 3.35;
      Cl, 5.89; N, 11.63. Found: C, 66.02; H, 3.34; Cl, 5.95; N, 11.62.
PAC  Example 13:
      2',5-dichloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none
PAR  In the manner given in Example 12,
      2',5-dichloro-2-[3,5-bis(hydroxymethyl)-4-H-1,2,4-triazol-4-yl]benzophenon
     e, phthalimide, and triphenylphosphine in tetrahydrofuran is reacted with
      diethyl azodicarboxylate to give
      2',5-dichloro-2-[3,5-bis(phthalimidomethyl)-4-H-1,2,4-triazol-4-yl]benzoph
     enone.
PAC  Example 14:
      5-Nitro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  In the manner given in Example 12,
      5-nitro-2-[3,5-bis(hydroxymethyl)-4-H-1,2,4-triazol-4-yl]benzophenone,
      phthalimide, and triphenylphosphine in tetrahydrofuran is reacted with
      diethyl azodicarboxylate to give
      5-nitro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
PAC  Example 15:
      2'-Chloro-5-fluoro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]ben
     zophenone
PAR  In the manner given in Example 12,
      2'-chloro-5-fluoro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzoph
     enone, phthalimide, and triphenylphosphine in tetrahydrofuran is reacted
      with diethyl azodicarboxylate to give
      2'-chloro-5-fluoro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]-be
     nzophenone.
PAC  Example 16:
      2'-Chloro-5-trifluoromethyl-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol
     -4-yl]benzophenone
PAR  In the manner given in Example 12,
      2'-chloro-5-trifluoromethyl-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-y
     l]benzophenone, phthalimide, and triphenylphosphine in tetrahydrofuran is
      reacted with diethyl azodicarboxylate to give
      2'-chloro-5-trifluoromethyl-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol
     -4-yl]benzophenone.
PAC  Example 17:
      2',6'-Difluoro-5-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-y
     l]benzophenone
PAR  In the manner given in Example 12,
      2',6'-difluoro-5-chloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]be
     nzophenone, phthalimide, and triphenylphosphine in tetrahydrofuran is
      reacted with diethyl azodicarboxylate to give
      2',6'-difluoro-5-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-y
     l]benzophenone.
PAC  Example 18:
      2'-Chloro-5-nitro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benz
     ophenone.
PAR  In the manner given in Example 12,
      2'-chloro-5-nitro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none, phthalimide, and triphenylphosphine in tetrahydrofuran is reacted
      with diethyl azodicarboxylate to give
      2'-chloro-5-nitro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benz
     ophenone.
PAC  Example 19:
      5-Bromo-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  In the manner given in Example 12,
      5-bromo-2-[3,5-bis-(hydroxymethyl-4H-1,2,4-triazol-4-yl]benzophenone,
      phthalimide, and triphenylphosphine in tetrahydrofuran is reacted with
      diethyl azodicarboxylate to give
      5-bromo-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
PAC  Example 20:
      5-Bromo-2'-fluoro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benz
     ophenone
PAR  In the manner given in Example 12,
      5-bromo-2-[3,5-bis-(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone,
      phthalimide and triphenylphosphine in tetrahydrofuran is reacted with
      diethyl azodicarboxylate to give
      5-bromo-2'-fluoro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benz
     ophenone.
PAC  Example 21:
      2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone
PAR  In the manner given in Example 12,
      2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone, phthalimide
      and triphenylphosphine in tetrahydrofuran is reacted with diethyl
      azodicarboxylate to give
      2-[3,5-bis(phthalimidomethyl)4H-1,2,4-triazol-4-yl]benzophenone.
PAC  Example 22:
      8-Chloro-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
PAR  A stirred mixture of
      5-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone
      (1.81 g, 0.003 mole) and absolute ethanol (30 ml) is treated with
      hydrazine hydrate (0.437 ml, 0.009 mole) and kept in an oil bath at
      72.degree.-76.degree.C for two hours and 20 minutes. During this period
      the phthalimide dissolves and a second solid forms. The mixture is cooled
      in an ice bath and filtered. The solid is washed with ethanol and
      methylene chloride. The filtrate is concentrated in vacuo. This residue is
      mixed with cold water and extracted with chloroform. The extract is washed
      (brine), dried over anhydrous sodium sulfate and concentrated in vacuo to
      give
      8-chloro-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
      as a crude oil.
PAC  Example 23:
      8-Chloro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine
PAR  A solution of the crude
      8-chloro-1-[(aminomethyl)]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepin
     e in acetonitrile is treated successively with 37% formalin (1.5 ml) and
      sodium cyanoborohydride (0.375 g). During the next 1 hour 20 minutes, 2
      ml. of a 10% (v/v) solution of acetic acid in acetonitrile is added
      periodically, dropwise in such a manner that the temperature of the
      mixture remains between 25.degree.-30.degree. without external cooling.
      When the reaction is complete, the pH of the solution is about 6.8 and no
      further rise in temperature is noted after the addition of acid. The
      mixture is stirred for an additional 25 minutes and concentrated in vacuo.
      The residue is dissolved in methanol and concentrated. This residue is
      dissolved in methanol (30 ml), treated with 25% aqueous ethylenediamine
      (15 ml) and refluxed for 45 minutes. The mixture is cooled, diluted with
      water, saturated with sodium chloride and extracted with chloroform. The
      extract is washed (brine), dried over anhydrous sodium sulfate and
      concentrated. The residue is chromatographed on silica gel (100 g) with 2%
      methanol-98% chloroform. The resulting product is crystallized from ethyl
      acetate-Skellysolve B hexanes to give
      8-chloro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine in 2 crops: 330 mg. of melting point 170.degree.-172.5.degree.C;
      67 mg. of melting point 168.degree.-171.degree.C (total yield 37.6%).
PAC  Example 24:
      8-Chloro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine In the manner given in Example 22,
      2',5-dichloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none in ethanol is heated with hydrazine hydrate to give
      8-chloro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazol[4,3-a][1,4]benzod
     iazepine.
PAC  Example 25:
      8-Chloro-1-[(dimethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a]
     [1,4]benzodiazepine
PAR  In the manner given in Example 23 a solution of
      8-chloro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine in acetonitrile is treated with formalin, sodium cyanoborohydride
      and acetic acid to give
      8-chloro-1-[(dimethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a]
     [1,4]benzodiazepine.
PAC  Example 26:
      8-Nitro-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
PAR  In the manner given in Example 22,
      5-nitro-2-[3,5-bis-(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone
      in ethanol is heated with hydrazine hydrate to give
      8-nitro-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
PAC  Example 27:
      8-Nitro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine
PAR  In the manner given in Example 23, a solution of
      8-nitro-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
      in acetonitrile is treated with formalin, sodium cyanoborohydride and
      acetic acid to give
      8-nitro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine.
PAC  Example 28:
      8-Nitro-1-(aminomethyl)-6-(o-chlorophenyl)4H-s-triazolo[4,3-a][1,4]benzodi
     azepine
PAR  In the manner given in Example 22,
      5-nitro-2'-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benz
     ophenone in ethanol is heated with hydrazine hydrate to give
      8-nitro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]enzodi
     azepine.
PAC  Example 29:
      8-nitro-1-[(dimethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][
     1,4]benzodiazepine
PAR  In the manner given in Example 23 a solution of
      8-nitro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine in acetonitrile is treated with formalin, sodium cyanoborohydride
      and propionic acid to give 8-nitro-1-[
      (dimethylamino)methyl]-6-(o-chlorophenyl)4H-s-triazolo[4,3-a][1,4]benzodia
     zepine.
PAC  Example 30:
      8-Chloro-1-(aminomethyl)-6-(2,6-difluorophenyl-4H-s-triazolo[4,3-a][1,4]be
     nzodiazepine
PAR  In the manner given in Example 22,
      5-chloro-2',6'-difluoro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-y
     l]benzophenone in ethanol is heated with hydrazine hydrate to give
      8-chloro-1-(aminomethyl)-6-(2,6-difluorophenyl)-4H-s-triazolo[4,3-a][1,4]b
     enzodiazepine.
PAC  Example 31:
      8-Chloro-1-[(dimethylamino)methyl]-6-(2,6-difluorophenyl)-4H-s-triazolo[4,
     3-a][1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-chloro-1-(aminomethyl)-6-(2,6-difluorophenyl)-4H-s-triazolo[4,3-a][1,4]b
     enzodiazepine in acetonitrile is treated with formalin, sodium
      cyanoborohydride and acetic acid to give
      8-chloro-1-[(dimethylamino)methyl]-6-(2,6-difluorophenyl)-4H-s-triazolo[4,
     3-a][1,4]benzodiazepine.
PAC  Example 32:
      8-Fluoro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine
PAR  In the manner given in Example 22,
      5-fluoro-2'-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]ben
     zophenone in ethanol is heated with hydrazine hydrate to give
      8-fluoro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine.
PAC  Example 33:
      8-Fluoro-1-[(dimethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a]
     [1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-fluoro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine in acetonitrile is treated with formalin, sodium cyanoborohydride
      and acetic acid to give
      8-fluoro-1-[(dimethylamino)methyl]-6-(o-chlorophenyl)4H-s-triazolo[4,3-a][
     1,4]benzodiazepine.
PAC  Example 34:
      8-Trifluoromethyl-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][
     1,4]benzodiazepine
PAR  In the manner given in Example 22,
      5-trifluoromethyl-2'-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol
     4-yl]benzophenone in ethanol is heated with hydrazine hydrate to give
      8-trifluoromethyl-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][
     1,4]benzodiazepine.
PAC  Example 35:
      8-Trifluoromethyl-1-[(dimethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazo
     lo[4,3-a][1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-trifluoromethyl-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][
     1,4]benzodiazepine in acetonitrile is treated with formalin, sodium
      cyanoborohydride and acetic acid to give
      8-trifluoromethyl-1-[(dimethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazo
     lo[4,3-a][1,4]benzodiazepine.
PAC  Example 36:
      8-Bromo-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
PAR  In the manner given in Example 22,
      5-bromo-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone
      in ethanol is heated with hydrazine hydrate to give
      8-bromo-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
PAC  Example 37:
      8-Bromo-1-[(dimethylamino)methyl]-6-phenyl-4-H-s-triazolo[4,3-a][1,4]benzo
     diazepine
PAR  In the manner given in Example 23, a solution of
      8-bromo-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
      in acetonitrile is treated with formalin, sodium cyanoborohydride and
      acetic acid to give
      8-bromo-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine.
PAC  Example 38:
      8-Bromo-1-(aminomethyl)-6-(o-flurophenyl)-4H-s-triazolo[4,3-a][1,4]benzodi
     azepine
PAR  In the manner given in Example 22,
      5-bromo-2'-fluoro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benz
     ophenone in ethanol is heated with hydrazine hydrate to give
      8-bromo-1-(aminomethyl)-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine.
PAC  Example 39:
      8-Bromo-1-[(dimethylamino)methyl]-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][
     1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-bromo-1-(aminomethyl)-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine in acetonitrile is treated with formalin, sodium cyanoborohydride
      and acetic acid to give 8-bromo-1-[
      (dimethylamino)methyl]-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][1,4]benzodi
     azepine.
PAC  Example 40:
      1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
PAR  In the manner given in Example 22,
      2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone in
      ethanol is heated with hydrazine hydrate to give
      1-(aminomethyl)6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
PAC  Example 41:
      1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine in
      acetonitrile is treated with formalin, sodium cyanoborohydride and acetic
      acid to give
      1-[(dimethylamino)methyl]6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
PAC  Example 42:
      8-Chloro-1-[(diethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine
PAR  In the manner given in Example 23, a solution of
      8-chloro-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
      in acetonitrile is treated with acetaldehyde, sodium cyanoborohidride and
      acetic acid to give
      8-chloro-1-[(diethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine.
PAC  Example 43:
      8-chloro-1-[(dipropylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a]
     [1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-chloro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine in acetonitrile is treated with propionaldehyde, sodium
      cyanoborohydride and acetic acid to give
      8-chloro-1-[(dipropylamino)methyl]-6-(o-chlrophenyl)4-H-s-triazolo[4,3-a][
     1,4]benzodiazepine.
PAC  Example 44:
      8-Chloro-1-[(diethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][
     1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-chloro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-traizolo[4,3-a][1,4]benzo
     diazepine in acetonitrile is treated with acetaldehyde, sodium
      cyanoborohydride and acetic acid to give
      8-chloro-1-[(diethylamino)methyl]-6-(o-chlorophenyl)4H-s-triazolo[4,3-a][1
     ,4]benzodiazepine.
PAC  Example 45:
      8-Chloro-1-[(dipropylamino)methyl]-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a]
     [1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-chloro-1-(aminomethyl)-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][
      1,4]benzodiazepine in acetonitrile is treated with propionaldehyde, sodium
      cyanoborohydride and acetic acid to give
      8-chloro-1-[(dipropylamino)methyl]-6-(o-fluorophenyl)-4H-s-traizolo[4,3-a]
     [1,4]benzodiazepine.
PAC  Example 46:
      8-Chloro-1-[(dimethylamino)methyl]-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a]
     [1,4]benzodiazepine
PAR  In the manner given in Example 23, a solution of
      8-chloro-1-(aminomethyl)-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][1,4]benzo
     diazepine in acetonitrile is treated with formalin, sodium cyanoborohydride
      and acetic acid to give
      8-chloro-1-[(dimetnylamino)methyl]-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a]
     [1,4]benzodiazepine.
PAR  In the manner illustrated by the preceeding examples other 1-(substituted
      or unsubstituted
      aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepines can be
      prepared. Representative compounds thus obtained include:
PA0  8-nitro-1-[(diethylamino)methyl)]-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][1
     ,4]benzodiazepine;
PA0  8-chloro-1-[(diethylamino)methyl)]-6-(2,6-difluorophenyl)-4H-s-triazolo[4,3
     -a][1,4]benzodiazepine;
      8-fluoro-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-1][1,4]benzodiazepine;
PA0  9-chloro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]
      benzodiazepine;
PA0  9-chloro-1-[(diethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1
     ,4]benzodiazepine;
PA0  7-trifluoromethyl-1-(aminomethyl)-6-(m-chlorophenyl)-4H-s-triazolo[4,3-a][1
     ,4]benzodiazepine;
PA0  9-fluoro-1-[(dimethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine;
PA0  7-trifluoromethyl-1-[(dimethylamino)methyl]-6-(m-chlorophenyl)-4H-s-triazol
     o[4,3-a][1,4]benzodiazepine;
PA0  10-trifluoromethyl-1-(aminomethyl)-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzod
     iazepine;
PA0  10-chloro-1-[(diethylamino)methyl]-6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][
     1,4]benzodiazepine;
PA0  10-chloro-1-(aminomethyl)-6-(o-chlorophenyl)-4H-s-triazolo[
      4,3-a][1,4]benzodiazepine;
PA0  8-bromo-1-[(diethylamino)methyl]-6-phenyl-4H-s-trizolo[4,3-a][1,4]benzodiaz
     epine;
PA0  8-bromo-1-[(dipropylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodi
     azepine;
PA0  8-bromo-1-[(diethylamino)methyl]-6-(o-fluorophenyl)-4H-s-triazolo[4,3a][1,4
     ]benzodiazepine;
PA0  8-bromo-1-[(dipropylamino)methyl]-6-(o-fluorophenyl)-4H-s-triazolo[4,3-a][1
     ,4]benzodiazepine;
PA0  1-[(diethylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine;
PAR  1-[(dipropylamino)methyl]-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine;
PAL  and the like.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a compound of the formula V:
      ##SPC12##
PAL  wherein the rings A and B are unsubstituted or substituted by chloro,
      fluoro, bromo, nitro or trifluoromethyl, which comprises:
PA1  1. reacting a compound of formula I
      ##SPC13##
PA1  wherein a and B are defined as above, with an equimolar mixture of formic
      acid and acetic anhydride at 0.degree. to 25.degree.C and then warming the
      mixture at 90.degree.-118.degree. to obtain the corresponding compound of
      formula II:
      ##SPC14##
PA1  wherein rings A and B are defined as above;
PA1  2. heating in an inert organic solvent a compound of formula II with
      paraformaldehyde to between 118.degree. and 150.degree.C., to obtain the
      corresponding compound III:
      ##SPC15##
PA1  wherein rings A and B are defined as above;
PA1  3. treating compound III, dissolved in an inert organic solvent, with
      phthalimide, triphenylphosphine and diethyl azodicarboxylate at a
      temperature between 0.degree. and 35.degree.C., to obtain the
      corresponding compound IV:
      ##SPC16##
PA1  wherein rings A and B are defined as above;
PA1  4. treating the compound of formula IV with hydrazine hydrate at 60.degree.
      to 100.degree.C in an alkanol of 1 to 3 carbon atoms, inclusive, to obtain
      the compound of formula V as defined above.
NUM  2.
PAR  2. A process for the production of a compound of the formula VIA:
      ##SPC17##
PAL  wherein R'.sub.o is alkyl of 1 to 3 carbon atoms inclusive and wherein the
      rings A and B are unsubstituted or substituted by chloro, fluoro, bromo,
      nitro, and trifluoromethyl, which comprises:
PA1  1. reacting a compound of formula I:
      ##SPC18##
PA1  wherein A and B are defined as above, with an equimolar mixture of formic
      acid and acetic anhydride at 0.degree. to 25.degree.C and warming the
      mixture at 90.degree.-118.degree. to obtain the corresponding compound of
      formula II:
      ##SPC19##
PA1  wherein rings A and B are defined as above;
PA1  2. heating in an inert organic solvent a compound of formula II with
      paraformaldehyde to between 118.degree. and 150.degree., to obtain the
      corresponding compound III:
      ##SPC20##
PA1  wherein rings A and B are defined as above;
PA1  3. treating compound III, dissolved in an inert organic solvent, with
      phthalimide, triphenylphosphine and diethyl azodicarboxylate at a
      temperature between 0.degree. and 35.degree.C., to obtain the
      corresponding compound IV:
      ##SPC21##
PA1  wherein rings A and B are defined as above:
PA1  4. treating the compound of formula IV with hydrazine hydrate at 60.degree.
      to 100.degree.C in an alkanol of 1 to 3 carbon atoms inclusive to obtain
      the corresponding compound of formula V:
      ##SPC22##
PA1  wherein rings A and B are defined as above; and
PA1  5. alkylating compound V with carboxaldeyhyde of 1 to 3 carbon atoms,
      inclusive, sodium cyanoborohydride and acetic acid to obtain the
      corresponding compound VIA as defined above.
NUM  3.
PAR  3. The process of claim 1 wherein in step 4 the alcohol is ethanol.
NUM  4.
PAR  4. The process of claim 2 wherein the step 4 the alkanol is ethanol and
      wherein in step 5 the aldehyde is formaldehyde.
NUM  5.
PAR  5. The proccess of claim 1 wherein the starting compounds of formula I are:
PA1  3-amino-3,4-dihydro-4-hydroxy-4-phenylquinazoline,
PA1  3-amino-6-chloro-3,4-dihydro-4-hydroxy-4-phenylquinazoline or
PA1  3-amino-6-chloro-3,4-dihydro-4-hydroxy-4-(o-chlorophenyl)quinazoline.
NUM  6.
PAR  6. A compound of the formula III:
      ##SPC23##
PAL  wherein the rings A and B are unsubstituted or substituted by one or two
      substituents selected from the group consisting of chloro, fluoro, bromo,
      nitro, and trifluoromethyl.
NUM  7.
PAR  7. A compound according to claim 6 of the formula IIIA:
      ##SPC24##
PAL  wherein R.sub.1 is hydrogen, chloro or fluoro; wherein R.sub.2 is hydrogen,
      or fluoro when R.sub.1 is fluoro; and wherein R.sub.3 is hydrogen, chloro,
      fluoro, or trifluoromethyl.
NUM  8.
PAR  8. A compound according to claim 6 of the formula IIIB:
      ##SPC25##
PAL  wherein R'.sub.1 and R'.sub.3 are hydrogen or chloro.
NUM  9.
PAR  9. A compound according to claim 8 wherein R'.sub.1 hydrogen and wherein
      R'.sub.3 is chloro and the compound is therefore
      5-chloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]-benzophenone.
NUM  10.
PAR  10. A compound according to claim 8 wherein R'.sub.1 is chlorine and
      R'.sub.3 is chloro and the compound is therefore
      2',5-dichloro-2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone
     .
NUM  11.
PAR  11. A compound according to claim 8 wherein R'.sub.1 and R'.sub.3 are
      hydrogen and the compound is therefore
      2-[3,5-bis(hydroxymethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
NUM  12.
PAR  12. A compound of the formula IV:
      ##SPC26##
PAL  wherein the rings A and B are unsubstituted or substituted by one or two
      substituents selected from the group consisting of chloro, fluoro, bromo,
      nitro, and trifluoromethyl.
NUM  13.
PAR  13. A compound according to claim 12 of the formula IVA:
      ##SPC27##
PAL  wherein R.sub.1 is hydrogen, chloro or fluoro; wherein R.sub.2 is hydrogen,
      or fluoro when R.sub.1 is fluoro; wherein R.sub.3 is hydrogen, chloro,
      fluoro, or trifluoromethyl.
NUM  14.
PAR  14. A compound according to claim 12 of the formula IVB:
      ##SPC28##
PAL  wherein R'.sub.1 and R'.sub.3 are hydrogen or chlorine.
NUM  15.
PAR  15. A compound according to claim 14 wherein R'.sub.1 is hydrogen and
      R'.sub.3 is chloro and the compound is therefore
      5-chloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
NUM  16.
PAR  16. A compound according to claim 14 wherein R'.sub.1 and R'.sub.3 are
      chloro and the compound is therefore
      2',5-dichloro-2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophe
     none.
NUM  17.
PAR  17. A compound according to claim 14 wherein R'.sub.1 and R'.sub.3 are
      hydrogen and the compound is therefore
      2-[3,5-bis(phthalimidomethyl)-4H-1,2,4-triazol-4-yl]benzophenone.
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ABST
PAL  There are disclosed novel 3-(5-nitro-2-imidazolyl)-pyrazoles exhibiting
      utility as antibacterial, antiprotozoal, and antifungal agents, making the
      compounds useful particularly in veterinary medicine, especially in
      controlling bacterial and protozoal infections of poultry and swine. The
      compounds are also active as growth promoters in chickens.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 385,136, filed Aug. 2, 1973 now abandoned.
BSUM
PAR  CBACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A great deal of research has been conducted to develop agents for the
      control of bacterial and protozoal infections of poultry, swine and
      cattle. Thus, compounds and methods for controlling Escherichia coli,
      Pasteurella multocida, Salmonella typhimurium, and coccidiosis in
      chickens, as well as Treponema  hyodysenteriae in swine have been the
      subject of extended research for many years.
PAR  2. Description of the Prior Art
PAR  In the prior art, Belgian Pat. No. 751,453 (June 4, 1970), teaches
      substituted 5-nitrofuran compounds, including
      5-amino-4-cyano-1-methyl-3-(5-nitro-2-furyl)pyrazole, methods for
      preparation of the compounds, and medicaments containing the substituded
      nitrofurans as the active ingredient. The compounds are taught as
      possessing activity as antimicrobial, anthelmintic and antiprotozoal
      agents, and as also being active as coccidiostats, trypanocides, and
      antimalarial agents.
PAR  Also in the prior art is Belgian Pat. No. 728,851 (Aug. 28, 1972), which
      teaches 2-(5nitro-2-imidazolyl)-pyrimidines, and methods for their
      preparation. The compounds are taught as being active as trichomonacides,
      bactericides, and antifungals, as well as being useful for the treatment
      of vaginal infections.
PAR  Tomcufcik et al., U.S. Pat. No. 3,452,034 (June 24, 1969), teach
      substituted 2-(1,3,4-thiadiazol-2-yl)-4-(5)-nitroimidazoles and the
      preparation thereof. The compounds are taught as being useful as
      antibacterials, amoebicides, trichomonacides, and coccidiostats.
PAR  Papaioannou, U.S. Pat. No. 3,682,942 (Aug. 8, 1972), teaches methods of
      preparing
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-substituted-5-nitroimidazoles. The
      products are taught as being useful for the control of bacterial,
      parasitic, and protozoal infections in poultry and animals. In particular,
      the compounds are said to be effective against Trichomonas vaginalis  and
      Salmonella gallinarum infections in poultry and animals, as described by
      Berkelhammer et al., U.S. Pat. No. 3,452,035 (june 24, 1969).
PAR  In addition, a series of 5-nitroimidazoles, substituted in the 2-position
      by heterocyclic ring systems, is disclosed by Rufer et al., Progr.
      Antimicrob. Anti-cancer Chemother., Proc. Int. Congr. Chemother., 6th 1969
      (Pub. 1970), 1, 145-8. (Univ. Park Press: Baltimore, Maryland); Chem.
      Abstr. 74, 141632x (1971). These authors teach the compounds as being
      active against Trichomonas vaginalis in vitro.
PAR  Also in the prior art is Howarth et al., U.S. Pat. No. 3,682,953 (Aug. 8,
      1972), directed to substituted 3-(5-nitro-2-furyl)pyrazoles and
      pharmaceutically acceptable acid addition salts thereof, and to
      pharmaceutical and feedstuff compositions containing the compounds, as
      well as to methods for the treatment of microbial infections in mammals
      and to methods of protecting organic material against microbial attack
      using the claimed compounds. The compounds are alleged to have
      antibacterial, anthelmintic, antiprotozoal, coccidiostatic, trypanocidal,
      and antimalarial activity.
PAR  Another patent, Howarth et al., U.S. Pat. No. 3,682,956 (Aug. 8, 1972), is
      directed to 5-amino-4-carbamoyl-3-(5-nitro-2-furyl)pyrazoles taught as
      having antimicrobial activity. The compounds are taught as being used in
      the same manner as described by Howarth et al., U.S. Pat. No. 3,682,953,
      supra.
PAR  Also in the prior art is Howarth, U.S. Pat. No. 3,716,555 (Feb. 13, 1973),
      directed to derivatives of 3-(5-nitro-2-furyl)pyrazole, which compounds
      are taught as having antimicrobial properties and to be used in the same
      manner as described in the above two Howarth et al. patents.
PAR  Sarett at al., U.S. Pat. No. 3,719,759 (Mar. 6, 1973), is directed to
      antiprotozoal compositions containing nitroimidazoles. The nitroimidazole
      compounds taught include 1-substituted-2-aryl-5-nitroimidazoles, wherein
      aryl represents phenyl or napthyl, substituted or unsubstituted, and the
      1-substituent can be lower alkyl. The compounds are taught as being
      effective against protozoal infections such as histomoniasis,
      trichomoniasis, amoebiasis, and trypanosomiasis; as well as against
      helminths such as Heterakis and Ascarid species; bacteria such as
      Salmonella sp., Streptococcus sp., and Escherichia col. ; and pleuro
      pneumonia-like organisms (PPLO).
PAR  In addition, Sarett et al., U.S. pat. No. 3,399,211 (Aug. 27, 1968) teach
      methods for preparing the compounds utilized in the antiprotozoal
      compositions of U.S. Pat. No. 3,719,759, discussed supra.
PAR  Another prior art reference is Japanese Pat. No. 7339935, also identified
      by Derwent No. 74115U, directed to 2-(5-nitro-2-furyl)pyrazole
      derivatives, taught as being useful as fungicides, antiseptics, and food
      additives.
PAR  The compounds described in the prior art set forth above differ
      significantly structurewise from those of the instant application.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to novel substituted
      3-(5-nitro-2-imidazolyl)pyrazoles which are active as antibacterial,
      antifungal, and antiprotozoal agents, and to methods for the preparation
      of the compounds. The novel compounds are active in vivo against E. coli,
      P. multocida, S. typhimurium, and coccidiosis in poultry and in mice, and
      also act as growth promoters when administered in chicks. The compounds
      also are active against T. hyodysenteriae in swine.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention relates to novel substituted pyrazole compounds. More
      particularly, it relates to novel substituted
      3-(5-nitro-2-imidazolyl)pyrazoles of the formula:
      ##SPC1##
PAL  wherein
PAR  R is C.sub.1 -C.sub.3 alkyl, halo(C.sub.1 -C.sub.3)alkyl, or
      hydroxy-(C.sub.1 -C.sub.3)alkyl;
      ##EQU1##
PAR  R.sup.2 is hydrogen, cyano, carboxyl, or
      ##EQU2##
PAR  R.sup.3 and R.sup.4 are the same or different and are hydrogen, C.sub.1
      -C.sub.3 alkyl, -SO.sub.2 N(CH.sub.3).sub.2, or C.sub.1 -C.sub.4 alkanoyl;
PAR  R.sup.5 is hydrogen or C.sub.1 -C.sub.3 alkyl;
PAR  X is OR.sup.7, phenyl, -CH=CHCH.sub.3 , -CH=CHC.sub.6 H.sub.5, -CCl.sub.3,
      2-furyl, 3-pyridyl, 3,4-methylenedioxyphenyl, -NHNH(C.sub.1
      -C.sub.4)alkyl, or
      ##EQU3##
PAR  R.sup.6 is hydrogen or C.sub.1 -C.sub.4 alkanoyl
PAR  R.sup.7 is C.sub.1 -C.sub.8 alkyl, C.sub.2 -C.sub.5 alkenyl, or
      halo(C.sub.1-C.sub.3)alkyl, and
PAR  R.sup.8 and R.sup.9 are the same or different and are C.sub.1 -C.sub.3
      alkyl.
PAR  C.sub.1 14 C.sub.8 alkyl represents a straight or branched chain saturated
      hydrocarbon radical such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
      sec.-butyl, isobutyl, t-butyl, n-amyl, isoamyl, sec.-amyl, t-amyl,
      n-hexyl, isohexyl, sec.-hexyl, n-heptyl, isoheptyl, n-octyl, or isooctyl,
      and the like.
PAR  C.sub.2 -C.sub.5 alkenyl represents a straight or branched chain
      unsaturated hydrocarbon such as vinyl, allyl, crotyl, methallyl,
      1-pentenyl, 1-methylbutenyl, 2-pentenyl, and the like.
PAR  Halo(C.sub.1 -C.sub.3)alkyl represents a halogenated straight or branched
      chain saturated hydrocarbon such as halomethyl, 2-haloethyl, 3-halopropyl,
      2-halopropyl, and the like, wherein halo is bromo, chloro, iodo, or
      fluoro.
PAR  Hydroxy(C.sub.1 -C.sub.3)alkyl represents hydroxymethyl,
      .beta.-hydroxyethyl, and .gamma.-hydroxypropyl.
PAR  The novel compounds coming within the scope of the generic formula, supra,
      have demonstrated in vitro activity against the following group of
      microorganisms, many of which are important animal pathogens:
PA1  Escherichia coli
PA1  Salmonella dublin
PA1  Arizona paracolon
PA1  Pseudomonas
PA1  Pasteurella multocida
PA1  (bovine isolate)
PA1  (avain isolate)
PA1  (swine isolate)
PA1  Pasteurella hemolytica
PA1  Streptococcus (Mastitis)
PA1  Staphylococcus (Mastitis)
PA1  Group E streptococcus
PA1  Spherophorus necrophorus
PA1  Bordetella bronchiseptica
PA1  Erysipelothrix rhusiopathiae
PA1  Mycoplasma gallisepticum
PA1  Mycoplasma synoviae
PA1  Mycoplasma hyopneumoniae
PA1  Mycoplasma hyosynoviae
PA1  Mycoplasma hyorhinis
PA1  T-strain Mycoplasma (bovine)
PA1  Bacteroides fragilis
PAR  The novel compounds coming within the scope of the generic formula, supra,
      have also been found to possess in vivo activity. Thus, they have been
      found useful in controlling a number of infections in animals, such as
      Escherichia coli in poultry, Pasteurella multocida in chickens, turkeys,
      and mice, and Salmonella typhimurium in chickens. The control of these
      organisms is accomplished by administering an effective amount of the
      compound to the poultry or mice either by injection, or orally such as in
      the feed. The compounds have also been found effective as growth promoters
      when administered to chicks.
PAR  The novel compounds of this invention have also been found to possess in
      vitro and in vivo activity against Treponema hyodysenteriae, the causative
      agent of swine dysentery. Swine dysentery is a contagious infectious
      disease characterized by a mucohemorrhagic diarrhea. The disease is
      economically significant due to the losses it causes from reduced rate of
      gain and feed efficiency and from mortality. The disease incidence is high
      both in the United States and in those foreign countries wherein swine are
      raised intensively.
PAR  In addition, the novel compounds have shown in vitro activity against a
      number of anaerobic bacteria, as listed below:
PA1  Actinomyces bovis 13684
PA1  Clostridium inocuum 1373
PA1  Clostridium perfringens 81
PA1  Clostridium ramosum 1313
PA1  Clostridium septicum 1128
PA1  Clostridium septicum bovine
PA1  Eubacterium aerofaciens 1235
PA1  Peptococcus anaerobius 1428
PA1  Peptostreptococcus intermedius 1264
PA1  Propionibacterium acnes 44
PA1  Propionibacterium acnes 79
PA1  Bacteroides fragilis sp. fragilis 1877
PA1  Bacteroides fragilis sp. fragilis 1936B
PA1  bacteroides fragilis sp. thetaiotaomicron 1438
PA1  Bacteroides fragilis sp. vulgatus 1563
PA1  Bacteroides fragilis sp. vulgatus 1211
PA1  Fusobacterium symbiosum 1470
PA1  Fusobacterium necrophorum 13859
PA1  Veillonella alcalescens 1
PAR  The novel compounds coming within the scope of the generic formula, supra,
      are readily synthesized starting with commercially available
      2-methyl-5-nitroimidazole. This starting compound is allowed to react with
      a suitable alkylating agent, such as dimethyl sulfate, in a suitable
      solvent, for example benzene, to yield the comopound identified as
      1,2-dimethyl-5-nitroimidazole. This latter compound is in turn allowed to
      react with benzaldehyde in the presence of a base, for example sodium
      ethoxide in absolute ethanol, to yield 1-methyl-5-nitro-2-styrylimidazole.
PAR  The next step in the synthesis of the novel compounds of this invention is
      the oxidation of the styryl linkage of 1-methyl-5-nitro-2-styrylimidazole.
      This oxidation can be accomplished by any one of a number of oxidants
      suitable for oxidizing this type of linkage to the aldehyde (formyl)
      group.
PAR  According to one process, the oxidation can be accomplished by treating the
      1-methyl-5-nitro-2-styrylimidazole, suspended in a suitable solvent, with
      ozone at about room temperature. Suitable solvents include methanol,
      methanol andn water mixture, or a mixture of methanol, methylene
      dichloride, and water, and the like.
PAR  Another method for oxidizing the styryl compound is taught by Henry et al.,
      U.S. Pat. No. 3,472,864 (Oct. 14, 1969). These authors teach the use of an
      oxidizing system comprising as alkali metal periodate and osmium tetroxide
      in a suitable aqueous solvent medium, preferably water and
      1,2-dimethoxyethane, at a temperature of from about 20.degree. to
      35.degree. C., for a period of about 10 to 20 hours.
PAR  The 1-methyl-5-nitroimidazole-2-carboxaldehyde obtained by either of the
      two oxidation processes set forth above is the foundation stone, the basic
      starting material, for the preparation of the novel compounds disclosed in
      this invention.
PAR  The next step in the preparation of the novel compounds involves allowing
      the 1-methyl-5-nitroimidazole-2-carboxaldehyde, prepared as described
      supra, to react with a substituted hydrazine of the formula H.sub.2 N-NHR,
      wherein R represents C.sub.1 -C.sub.3 alkyl or hydroxy(C.sub.1
      -C.sub.3)alkyl. The reaction is carried out in a suitable solvent such as
      chloroform, at reflux temperature, to yield a
      1-methyl-5-nitroimidazole-2-carboxaldehyde alkyl or hydroxy alkyl
      hydrazone. Suitable substituted hydrazines for use in this reaction
      include methyl hydrazine, ethyl hydrazine, n-propyl hydrazine, isopropyl
      hydrazine, 2-hydroxyethyl hydrazine, and the like. The reaction conditions
      are the same for all the hydrazines. Thus, for example, when methyl
      hydrazine is allowed to react with
      1-methyl-5-nitroimidazole-2-carboxaldehyde in chloroform solvent, there is
      obtained 1-methyl-5-nitroimidazole-2-carboxaldenyde methyl hydrazone.
PAR  The hydrazones formed in this manner are in turn allowed to react with
      N-bromosuccinimide at about room temperature in a suitable solvent, such
      as chloroform, to yield 1-methyl-5-nitroimidazole-2-carbonyl bromide alkyl
      or hydroxy-alkyl hydrazones. The reaction with N-bromosuccinimide is
      applicable to any of the substituted hydrazones to yield the
      bromo-substituted hydrazones. As a specific example, when
      1-methyl-5-nitroimidazole-2-carboxaldehyde methyl hydrazone is allowed to
      react with N-bromosuccinimide at room temperature ini chloroform solvent,
      there is obtained 1 -methyl-5-nitroimidazole-2-carbonyl bromide methyl
      hydrazone.
PAR  This bromo-substituted hydrazone is unstable and has vesicant and
      lachrimatory properties. It is therefore used immediately without
      isolation or extensive purification. The bromo-substituted hydrazone is
      suspended in a suitable solvent, for example absolute methanol, and
      malononitrile is added thereto. To the mixture thus formed is added
      triethylamine dissolved in absolute methanol, while the temperature of the
      reaction mixture is maintained at about 10.degree.-20.degree. C. by
      suitable cooling means. This reaction is slightly exothermic and some
      cooling is required to maintain the desired temperature. As the reaction
      proceeds, the initial yellow suspension dissolves and is replaced by
      another suspension during a period of about 1 to about 2 hours. The solid
      material in this second suspension is the desired product, and is filtered
      off, washed with methanol and then with water, and dried. For example,
      when 1-methyl-5-nitroimidazole-2-carbonyl bromide methyl hydrazone is
      used, this solid material is identified by elemental analyses and NMR
      spectrum as
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile.
      The homologous 5-amino-1-(alkyl or
      hydroxy-alkyl)-3-(methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitriles can
      be prepared from the corresponding bromo-substituted alkyl or
      hydroxy-alkyl hydrazones by following the same general procedure for
      reaction with malononitrile.
PAR  The preparation of a
      5-amino-1-(haloalkyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonit
     rile is accomplished by reacting the corresponding hydroxy-alkyl compound
      with a halogenating agent such as phosphorus trichloride, phosphorus
      tribromide, phosphorus trifluoride, thionyl chloride and the like. Thus,
      5-amino-1-(.beta.-hydroxyethyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-
     4-carbonitrile, is allowed to react with thionyl chloride in an inert
      solvent, such as benzene, in the presence of a small amount of
      dimethyl-formamide to yield
      5-amino-1-(.beta.-chloroethyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4
     -carbonitrile.
PAR  The 5-amino group of the carbonitriles synthesized as disclosed hereinabove
      readily lends itself to the preparation of derivatives. Thus, the 5-amino
      substituent readily reacts with an alkanoyl halide in the presence of a
      tertiary amine using an inert solvent such as dimethylformamide. Suitable
      alkanoyl halides include acetyl chloride, propionyl chloride, butyryl
      chloride and the like. Suitable tertiary amines include pyridine,
      triethylamine and the like. The reaction is exothermic, and the products
      obtained depend on control of the reaction during the addition of the
      alkanoyl halide to the 5-amino compound in dimethylformamide as solvent.
      Thus, illustratively, acetyl chloride is added slowly to a mixture of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazole-4-carbonitrile
      and dimethylformamide, with little or no control of the exothermic
      reaction which occurs, followed by refluxing the reaction mixture for
      about two hours. The reaction product mixture is worked up by cooling and
      adding ice water thereto. The precipitate that forms is filtered off,
      recrystallized, and identified by elemental analyses as
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazol-5-yl]acetami
     de.
PAR  Using the same reactants, but changing the procedure, yields different
      substituents on the 5-amino group. Thus, the acetyl chloride is added at
      such a rate that the exothermic reaction is avoided, followed by refluxing
      the reaction product mixture for about two hours. The reaction product
      mixture is worked up by adding water and filtering off the solid which
      precipitates. The solid is subjected to thin-layer chromatography. Two
      spots appear, one slow and one fast. The slow spot is identified as the
      monoacetyl compound described, supra. The fast spot is crystallized by
      fractional crystallization using a suitable solvent, such as commercial
      absolute ethanol. This product is identified by elemental analyses as
      5-[[(dimethylamino)methylene]amino]-1-methyl-3-(1-methyl-5-nitro-2-imidazo
     lyl)-pyrazole-4-carbonitrile. This product comes about from the
      interreaction of the solvent dimethylformamide with the two principal
      reactants, the acetyl chloride and the 5-amino compound.
PAR  In addition, derivatives of the 5-amino substituent can readily be obtained
      by reaction with organic acid anhydrides such as acetic anhydride,
      propionic anhydride, trifluoroacetic anhydride, and the like. The product
      obtained by this procedure is the 5-dialkanoylamino derivative, with the
      4-cyano group of the molecule intact. The reaction also may be run in the
      presence of a small amount of p-toluenesulfonic acid. In this reaction,
      not only are substitutions on the 5-amino group effected, but
      derivatization of the 4-carbonitrile substituent is brought about. Thus,
      for example, when
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      is allowed to react with acetic anhydride in the presence of a small
      amount of p-toluenesulfonic acid monohydrate for about 2 hours, two
      products are obtained, which are identified as
      N-[4-(acetylcarbamoyl)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazol-
     5-yl]diacetamide, and
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carboxylic
      acid, respectively.
PAR  Mono- or dialkyl derivatives of the 5-amino group can be readily obtained
      by methods well known in the art, for example by following the procedure
      taught in South African Pat. No. 7,002,206 (1971), as well as the
      corresponding Canadian Pat. No. 905,409 (Derwent No. 48907T), for the
      alkylation of 5-amino-4-cyano-3-(5'-nitrofur-2'-yl)isoxazoles. According
      to that general procedure, the alkylation of the 5-amino group can be
      accomplished by allowing the 5-amino group to react with sodium hydride in
      dry tetrahydrofuran in an atmosphere of dry nitrogen to yield the sodium
      salt of the amino group. To the sodium salt thus formed is added a
      suitable alkyl halide, and the reaction proceeds to yield the alkylamine
      derivative. The reaction can also be carried out stepwise so that the
      alkyl substituents may be the same or different.
PAR  Another method of preparing alkyl derivatives of the 5-amino group involves
      heating to refluxing a mixture of a 5-amino carbonitrile, concentrated
      sulfuric acid, and absolute alkanol for a period of time. At the end of
      the heating period, usually about 2 hours, the reaction product mixture is
      added to water, the mixture cooled and made basic with, for example,
      concentrated ammonium hydroxide. The dark solid which precipitates is
      filtered off. The solid is chromatographed over silica gel using a
      suitable solvent such as ethyl acetate. There are obtained two products,
      identified as the 5-dialkylamino and the 5-monoalkylamino compounds,
      respectively. Thus, when
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      is allowed to react with concentrated sulfuric acid and absolute ethanol
      as set forth above, the products obtained are identified as
      5-(ethylamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazole, and
      5-(diethylamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole,
      respectively. The process by which these compounds are prepared also
      serves to completely remove the carbonitrile group.
PAR  Formimidates, acetimidates, propionimidates, or butyrimidates are obtained
      from the 5-amino group by reaction with ortho esters such as triethyl
      orthoacetate, tri(n-propyl) orthoacetate, triethyl orthopropionate,
      triethyl orthoformate, trimethyl orthobutyrate, tri(n-butyl) orthoformate,
      or the like, in the presence of a small amount of acetic anhydride. Thus,
      for example, when the reactants are
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      triethyl orthoacetate, and a small amount of acetic anhydride, the product
      obtained is ethyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]acetimid
     ate. Other ortho esters which can be reacted with any of the
      5-aminopyrazole-4-carbonitriles include triallyl orthoformate,
      tri(2-chloroethyl) orthoformate, tributyl orthoacetate, triisobutyl
      orthoformate, tri(2-ethylhexyl) orthoformate, triallyl orthoacetate,
      tributyl orthopropionate, tripropyl orthobutyrate, and the like.
PAR  An unexpected and unique variation occurs in the reaction between tricrotyl
      orthoformate and
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      in the presence of acetic anhydride. There is obtained a product having a
      melting point of about 187.degree.-190.degree. C., and identified by
      elemental analyses and NMR spectrum as
      5-(2-butenylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole
     -4-carbonitrile.
PAR  Other alkylideneamino or arylideneamino derivatives are obtained by heating
      an alkyl or aryl aldehyde with
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      in the presence of acetic anhydride for a period of time. At the end of
      The heating period, usually about 16 to about 24 hours, the reaction
      product mixture is cooled, and the solid which separates is filtered off.
      The solid is recrystallized from a suitable solvent, for example,
      dimethylformamide, to yield the product, which is identified by elemental
      analysis and NMR spectrum. Thus, a mixture of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      furfural, and acetic anhydride is refluxed overnight. The reaction product
      mixture is cooled. The solid which separates is filtered off, and
      recrystallized from dimethylformamide to yield a crystalline product
      having a melting point of about 238.degree.-242.degree. C. This product is
      identified by elemental analyses and NMR spectrum as
      5-(2-furfurylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazo
     le-4-carbonitrile.
PAR  Another grouping present in these novel compounds, namely the
      4-carbonitrile group, can also be utilized to prepare derivatives. This
      carbonitrile group can be readily hydrolyzed to the 4-carboxamido grouping
      by allowing the carbonitrile to react with concentrated sulfuric acid in
      absolute ethanol. Illustratively, when
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      is allowed to react with concentrated sulfuric acid in absolute ethanol at
      steam bath temperature for about one hour, there is obtained
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazole-4-carboxamide.
PAR  The 4-carbonitrile can also be completely removed by refluxing the
      carbonitrile under acidic conditions, for example, in equal volumes of
      concentrated sulfuric acid and water, for a period of about 24 hours.
      Thus, when
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      and a mixture of equal volumes of concentrated sulfuric acid and water are
      refluxed for 24 hours, there is obtained
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole.
PAR  Hydrolysis of the 4-carbonitrile group to the carboxyl group occurs under
      the milder reaction conditions present when
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      is allowed to react with acetic anhydride and a small amount of
      p-toluenesulfonic acid for about 8 hours at reflux temperature.
      Simultaneous acetylation of the 5-amino group and hydrolysis of the
      4-carbonitrile group occurs, and there is obtained
      5-acetamido-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carboxyli
     c acid. It is identified by elemental analyses and NMR spectrum.
PAR  The following preparation and examples more fully illustrate the synthesis
      of the novel compounds of this invention. These examples are not intended
      to limit the scope of the invention in any way.
PAC  PREPARATION
PAC  1-Methyl-5-nitroimidazole-2-carboxaldehyde
PAR  To a solution of 5g. (0.0394 mole) of 2-methyl-5-nitroimidazole in 100 ml.
      of refluxing benzene, there was added, dropwise, a solution of 5 g.
      (0.0394 mole) of dimethyl sulfate in 10 ml. of benzene. The reaction
      mixture was allowed to reflux overnight. It was then cooled and there was
      added dropwise a solution of 6 g. of potassium carbonate in 6 ml. of
      water. The mixture was stirred for one hour and filtered. The organic and
      aqueous layers of the filtrate were separated and the aqueous layer was
      washed with 2 .times. 50 ml. portions of benzene. The benzene extract was
      combined with the original organic layer and dried over anhydrous
      magnesium sulfate. The drying agent was filtered off. The filtrate was
      concentrated in vacuo to yield product having a melting point of about
      135.degree.-138.degree. C. It was identified as
      1,2-dimethyl-5-nitroimidazole. Weight = 4 g.
PAR  In a 10-liter round-bottom flask equipped with mechanical stirrer, reflux
      condenser, and dropping funnel, there was placed 705 g. (5.0 mole) of
      1,2-dimethyl-5-nitroimidazole and 3.75 liters of absolute ethanol.
      Solution was accomplished with stirring. To the solution thus prepared,
      685 g. (6.5 mole) of benzaldehyde was added rapidly. To this mixture was
      rapidly added 150 g. of sodium dissolved in 2.5 1. of methanol, the
      addition being carried out at room temperature. The reaction mixture was
      stirred and heated to about 70.degree. C. for a period of about 90
      minutes. At a temperature of 40.degree. C., the color changed to dark
      brown. At the end of the 90 minutes, the reaction product mixture was
      allowed to cool for 90 minutes by immersing the reaction vessel in an ice
      water bath. A precipitate formed. The brown mixture was filtered. The
      crystalline product was washed four times with a mixture of ice, water,
      and ethanol, in a 1:1:1 ratio using one liter of the mixture. The
      crystalline product was air dried at 100.degree. C. It was identified as
      1-methyl-5-nitro-2-styrylimidazole. It had a melting point of about
      191.degree.-192.degree. C. Weight = 582 g.
PAR  In a three-neck, round-bottom, 5-liter flask equipped with a stirrer and
      gas introduction tube, there was prepared a solution of 454 g. (2.0 mole)
      of 1-methyl-5-nitro-2-styrylimidazole in a mixture of 2.5 liters of
      methanol, 1.5 liters of dichloromethane, and 200 ml. of water. The flask
      was maintained at room temperature by means of a water bath. A mixture of
      ozone and oxygen (3percent O.sub.3 at 1.1 liters per minute) was passed
      through the solution. The formation of the ozonide was monitored at
      intervals by gas-liquid chromatography (GLC) and thin-layer chromatography
      (TLC). The total ozonolysis time was about 25 hours, at the end of which
      time the solution had turned a pale yellow color.
PAR  A solution of 594 g. of sodium iodide in 2 liters of water and 400 ml. of
      acetic acid was stirred in a round-bottom, 10-liter flask while the
      ozonolysis solution was poured in fairly rapidly, keeping the temperature
      below 40.degree. C. by means of an ice water bath. After stirring the
      mixture for about 10 minutes, a solution of sodium metabisulfite (192 g.
      in 2 liters of water) was added to remove the free iodine and cause the
      resultant solution to turn yellow. The mixture was stirred for about
      another hour. The mixture was then filtered and the yellow crystals
      discarded. The filtrate was concentrated in vacuo to about one-third its
      volume and neutralized to a pH of 6.5 by the addition of solid soldium
      bicarbonate with stirring. This required about 300 g. of the sodium
      bicarbonate. The mixture was extracted with 4 .times. 700 ml. portions of
      ethyl acetate. The combined ethyl acetate extracts were dried over
      anhydrous magnesium sulfate for about one-half hour. The drying agent was
      filtered off and the filtrate concentrated in vacuo to yield a sticky
      solid. This solid was taken up in about 2.5 liters of n-hexane and the
      mixture refluxed for about 15 minutes. The residual brown solid was
      removed by filtration. On cooling, the filtrate deposited yellow crystals
      which were filtered off and dried in vacuo at 40.degree. C. The filtrate
      was repeatedly used to reflux the residual brown solid from above in the
      same manner as before until four such extractions were carried out. There
      was obtained a total of about 146 g. of product having a melting point of
      about 81.degree.-83.degree. C., and identified as
      1-methyl-5-nitroimidazole-2-carboxaldehyde.
DETD
PAC  EXAMPLE 1
PAC  5-Amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
PAR  A mixture of 23.5 g. (0.152 mole) of
      1-methyl-5-nitroimidazole-2-carboxaldehyde and 7.0 g. (0.152 mole) of
      methyl hydrazine in 300 ml. of chloroform was boiled under reflux for
      about 2 hours. The reaction product mixture was evaporated to dryness to
      yield a bright yellow solid weighing about 25.5 g. The small sample
      crystallized from ethanol had a melting point of about 175.degree. C. It
      was identified as 1-methyl-5-nitroimidazole-2-carboxaldehyde methyl
      hydrazone.
PAR  To a stirred solution of 23.5 g. (0.128 mole) of
      1-methyl-5-nitroimidazole-2-carboxaldehyde methyl hydrazone in 200 ml. of
      chloroform, there was added slowly, at room temperature, 22.9 g. (0.128
      mole) of N-bromosuccinimide. The reaction was slightly exothermic and the
      internal temperature was kept below 30.degree. C. by occasional external
      cooling. After stirring for about 2 hours, the solvent chloroform was
      removed in vacuo and the residue extracted with 5 .times. 100 ml. of hot
      carbon tetrachloride. The insoluble residue was discarded and the combined
      carbon tetrachloride extracts were concentrated to give a bright yellow
      solid, identified as 1-methyl-5-nitroimidazole-2-carbonyl bromide methyl
      hydrazone. Thin-layer chromatography showed the compound was almost pure.
      Yield 31.0 g.
PAR  This compound is unstable and has vesicant and lachrimatory properties. It
      was used immediately in the next step of preparation.
PAR  The bromo hydrazone thus prepared, 31.0 g. (0.118 mole), was suspended in
      250 ml. of absolute methanol, and 7.80 g. (0.118 mole) of redistilled
      malononitrile was added, To the mixture was added dropwise a solution of
      12 g. (0.118 mole) of triethylamine in 25 ml. of methanol while
      maintaining the reaction mixture at a temperature of about
      10.degree.-20.degree. C. The reaction was slightly exothermic.
PAR  The initial yellow suspension dissolved and was replaced by another
      suspension during a period of about 1 to 2 hours. At the end of that time,
      the reaction product mixture was filtered and the solid material
      collected. The solid was washed with methanol, and then with water, and
      dried. This solid product had a melting point greater than 300.degree. C.,
      and weighed about 23 g. It was identified at
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile.
      The product was analytically pure as isolated.
PAC  EXAMPLE 2
PAC  5-Amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carboxamide
PAR  To a mixture of 3 ml. of concentrated sulfuric acid and 2 ml. of absolute
      ethanol was added 1.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile.
      The mixture was heated on the steam bath for about 1 hour and then 10 ml.
      of water was added and the reaction mixture was allowed to stand overnight
      at ambient room temperature. A precipitate formed which was filtered off.
      The precipitate was recrystallized from commercial absolute ethanol to
      yield a solid having a melting point of about 255.degree.-256.degree. C.
      The solid was identified by elemental analyses and NMR spectrum as
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole- 4-carboxamide.
PAC  EXAMPLE 3
PAC  5-Amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole
PAR  A mixture of 1.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      10 ml. of water, and 10 ml. of concentrated sulfuric acid was refluxed for
      24 hours. The reaction product mixture was cooled and 50 ml. of ether
      added. The pH of the mixture was adjusted to about pH 8 with concentrated
      ammonium hydroxide. The ether layer was separated and filtered to give a
      gold colored solid. The solid was chromatographed over a silica gel
      column, using acetone as solvent. A faster moving impurity (m.p. &gt;
      360.degree. C.) was first eluted. Subsequently, a yellow solid, melting at
      about 221.degree.-226.degree. C., was isolated and identified by IR and
      NMR spectra as 5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole.
PAC  EXAMPLE 4
PAC  Ethyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate
PAR  A mixture consisting of 1 ml. of acetic anhydride, 12 ml. of triethyl
      orthoformate, and 1 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      was refluxed for about 5 hours. The reaction product mixture was allowed
      to cool to room temperature overnight. The precipitate which formed was
      filtered off and recrystallized from commercial absolute ethanol to yield
      product having a melting point of about 147.degree.-149.degree. C., with
      decomposition. The product was identified by elemental analyses and NMR
      spectrum as ethyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]-formimi
     date.
PAC  EXAMPLE 5
PAC  N-[4-Cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]diacetami
     de
PAR  A mixture of 25 ml. of acetic anhydride and 1 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      was refluxed overnight. The reaction product mixture was concentrated in
      vacuo and the residue was recrystallized from commercial absolute ethanol.
      Brown needles were obtained having a melting point of about
      178.degree.-180.degree. C. The product was identified by elemental
      analyses and NMR spectrum as
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]-diaceta
     mide.
PAC  EXAMPLE 6
PAC  Methyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate
PAR  A mixture of 1 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      12 ml. of trimethyl orthoformate, and 1 ml. of acetic anhydride was
      refluxed for about 24 hours. The reaction product mixture was filtered.
      The solid material which was filtered off was recrystallized from
      commercial absolute ethanol to yield product having a melting point of
      about 184.degree.-185.degree. C. The product was identified by elemental
      analyses and NMR spectrum as methyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]-formimi
     date.
PAC  EXAMPLE 7
PAC  Butyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate
PAR  A mixture of 1 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      12 ml. of tri-n-butyl orthoformate, and 1 ml. of acetic anhydride was
      refluxed for 24 hours and then cooled. The reaction product mixture was
      filtered. The solid material which was isolated was recrystallized from
      commercial absolute ethanol to yield a product having a melting point of
      about 120.degree.-121.degree. C. The product was identified by elemental
      analyses and NMR spectrum as butyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate.
PAC  EXAMPLE 8
PAC  N-[4-Cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]acetamide
PAR  A mixture of 1 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      8 ml. of dimethylformamide, and 8 ml. of dry pyridine was prepared. To
      this mixture at room temperature was added very slowly 0.9 g. of acetyl
      chloride. After the addition was complete, the reaction mixture was
      refluxed for about 2 hours, cooled, and 25 ml. of ice water was added. The
      precipitate which formed was filtered off. It was recrystallized from
      commercial absolute ethanol to yield a product having a melting point of
      about 241.degree.-242.degree. C. dec. The product was identified by
      elemental analyses as
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]acetamid
     e.
PAC  EXAMPLE 9
PAC  5-[[Dimethylamino)methylene]amino]-1-methyl-3-(1-methyl-5-nitro-2-imidazoly
     l)pyrazole-4-carbonitrile
PAR  The procedure of Example 8 was repeated using the same quantities of
      reactants but the addition of the acetyl chloride was carried out much
      more slowly to avoid the exothermic reaction previously experienced. The
      reaction mixture was refluxed for about 2 hours. At the end of the
      reaction period, water was added to the reaction product mixture. The
      precipitate which formed was filtered off. Acidification of the mother
      liquor gave no additional precipitate.
PAR  The solid was subjected to thin-layer chromatography which showed a slow
      spot and a fast spot. The slow spot was identified as the monoacetyl
      compound described in Example 8. The fast spot was crystallized by
      fractional crystallization from commercial absolute ethanol to yield
      material having a melting point of about 231.degree.-233.degree. C. This
      material was identified by elemental analyses as
      5-[[(dimethylamino)methylene]amino]-1-methyl-3-(1-methyl-5-nitro-2-imidazo
     lyl)pyrazole-4-carbonitrile.
PAC  EXAMPLE 10
PAC  5-Amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carboxylic
      acid and
PAC  N-[4-(acetylcarbamoyl)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-
     yl]diacetamide
PAR  A mixture of 1 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      0.4 g. of p-toluenesulfonic acid monohydrate, and 30 ml. of acetic
      anhydride was refluxed for about 2 hours. The reaction product mixture was
      concentrated in vacuo and the partially crystalline residue was
      recrystallized from commercial absolute ethanol to give two products, A
      and B.
PAR  Product A, which was insoluble in the commercial absolute ethanol, was
      recrystallized from dimethylformamide to yield material having a melting
      point of about 250.degree.-251.degree. C., dec. This product was
      identified by elemental analyses and NMR and IR spectra as
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carboxylic
      acid.
PAR  Product B was recrystallized again from commercial absolute ethanol to
      yield material having a melting point of about 200.degree.-202.degree. C.
      The material was identified by elemental analyses as
      N-[4-(acetylcarbamoyl)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5
     -yl]diacetamide.
PAC  EXAMPLE 11
PAC  5-(Ethylamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole and
PAC  5-(Diethylamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole
PAR  A mixture of 10 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      30 ml. of concentrated sulfuric acid, and 20 ml. of absolute ethanol was
      refluxed for about 1 hour. To the reaction product mixture thus obtained
      was added 100 ml. of water and the dark mixture was cooled to room
      temperature. The mixture was made basic with concentrated ammonium
      hydroxide and filtered to recover a dark solid. This solid was
      chromatographed over silica gel using ethyl acetate as solvent and eluate
      and there were obtained two compounds, A and B.
PAR  Compound A had a melting point of about 154.degree.-157.degree. C., and was
      identified by elemental analyses as
      5-(ethylamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole.
PAR  Compound B had a melting point of about 81.degree.-82.degree.C., and was
      identified by NMR and IR spectra and elemental analyses as
      5-(diethylamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole.
PAC  EXAMPLE 12
PAC  5-Acetamido-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carboxylic
      acid
PAR  A mixture of 1.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      0.4 g. of p-toluenesulfonic acid and 30 ml. of acetic anhydride was
      refluxed for about 8 hours. The reaction product mixture was cooled and
      poured into a mixture of ice and water. A white solid separated which was
      filtered off and recrystallized from dimethylformamide to yield product
      having a melting point of about 270.degree.-271.degree. C. The product was
      identified by elemental analyses and NMR and IR spectra as
      5-acetamido-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carboxyli
     c acid.
PAC  EXAMPLE 13
PAC  Ethyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]acetimid
     ate
PAR  A mixture of 1.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      12 ml. of triethyl orthoacetate, and 1 ml. of acetic anhydride was
      refluxed for about 26 hours and then allowed to cool overnight. The
      reaction product mixture was filtered and the solid was recrystallized
      from commercial absolute ethanol to yield product having a melting point
      of about 167.degree.-168.degree. C. The product was identified by
      elemental analyses and NMR spectrum as ethyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]acetimid
     ate.
PAR  Following the same general procedure as set forth in Example 13 and using
      appropriate starting materials, the following additional compounds were
      prepared:
PAR  A. Allyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate, having a melting point of about 131.degree.-133.degree. C. Identified
      by elemental analyses and NMR spectrum.
PAR  B. 2-Chloroethyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate, having a melting point of about 169.degree.-171.degree. C. Identified
      by elemental analyses.
PAR  C. Isobutyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate, having a melting point of about 134.degree.-136.degree. C. Identified
      by elemental analyses.
PAR  D. 2-Ethylhexyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate, having a melting point of about 93.degree.-94.degree. C. Identified by
      elemental analyses.
PAC  EXAMPLE 14
PAC  5-Amino-1-(2-hydroxyethyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carb
     onitrile
PAR  A mixture of 15.5 g. (0.1 mole) of
      1-methyl-5-nitro-2-imidazolecarboxaldehyde and 7.6 g. (0.1 mole) of
      2-hydroxyethyl hydrazine in 300 ml. of chloroform was refluxed for about 2
      hours. The reaction product mixture was evaporated to dryness under vacuum
      to yield product weighing 21.3 g. and having a melting point of about
      122.degree.-129.degree. C. A small sample recrystallized from water had a
      melting point of about 136.degree.-140.degree. C.
PAR  To a stirred solution of 21.3 g. (0.1 mole) of
      1-methyl-5-nitro-2-imidazolecarboxaldehyde 2-hydroxyethyl hydrazone
      (prepared above) in 200 ml. of chloroform, there was added, in small
      portions, while keeping the temperature below 30.degree. C., 17.8 g. (0.1
      mole) of N-bromosuccinimide. The reaction mixture was stirred for about 3
      hours at about 25.degree. C. The reaction product mixture was concentrated
      in vacuo and the residue was extracted eight times with 500 ml. portions
      of hot carbon tetrachloride. The combined carbon tetrachloride extracts
      were concentrated in vacuo to yield a bright yellow solid, identified as
      1-methyl-5-nitroimidazole-2-carbonyl bromide 2-hydroxyethyl hydrazone. The
      product had a melting point of about 85.degree.-94.degree. C., and weighed
      20.7 g.
PAR  The bromo hydrazone thus prepared, 20.7 g. (0.071 mole), was suspended in
      150 ml. of anhydrous methanol and 4.7 g. (0.071 mole) of malononitrile was
      added. To the mixture was added dropwise a solution of 7.3 g. of
      triethylamine in 15 ml. of absolute methanol, while maintaining the
      reaction temperature at about 10.degree.-20.degree. C. with an ice water
      bath.
PAR  A dense precipitate formed which was filtered off after about 1 hour and
      washed with a small amount of commercial absolute ethanol. The material
      had a melting point of about 242.degree.-243.degree. C. and was identified
      by elemental analyses and NMR spectrum as
      5-amino-1-(2-hydroxyethyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-car
     bonitrile.
PAC  EXAMPLE 15
PAC  5-Amino-1-(2-chloroethyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbo
     nitrile
PAR  A mixture of 1 g. of
      5-amino-1-(2-hydroxyethyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-car
     bonitrile, 25 ml. of thionyl chloride, two drops of dimethylformamide, and
      5 ml. of benzene was heated to refluxing for about 24 hours. The reaction
      product mixture was concentrated in vacuo to yield a red gum as a residue.
      This residue was triturated with commercial absolute ethanol to give a
      yellow solid weighing about 0.7 g. and having a melting point of about
      226.degree.-228.degree. C. It was identified by elemental analyses and NMR
      spectrum as
      5-amino-1-(2-chloroethyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carb
     onitrile.
PAC  EXAMPLE 16
PAC  5-Amino-1-ethyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
PAR  A mixture of 5.0 g. (0.0322 mole) of
      1-methyl-5-nitroimidazole-2-carboxaldehyde, 3.4 g. (0.0322 mole) of ethyl
      hydrazine oxalate, and 3.3 g. (0.0322 mole) of triethylamine, in 100 ml.
      of chloroform was refluxed for about 24 hours. The reaction product
      mixture was cooled, slurried with about 25 ml. of water and the mixture
      filtered to yield a yellow solid. Thin-layer chromatography of a sample of
      the yellow solid, using ethyl acetate-benzene in 1:1 ratio, showed one
      main yellow spot plus two faster moving trace impurities. The product,
      1-methyl-5-nitroimidazole-2-carboxaldehyde ethyl hydrazone, was used
      without further purification.
PAR  To a stirred mixture of 6.8 g. (0.0322 mole) of
      1-methyl-5-nitroimidazole-2-carboxaldehyde ethyl hydrazone and 100 ml. of
      chloroform was added portionwise 5.8 g. (0.0322 mole) of
      N-bromosuccinimide, while keeping the temperature of the reaction mixture
      at less than 30.degree. C. After stirring at ambient room temperature for
      about 3 hours, the reaction product mixture was concentrated in vacuo. The
      residue which was obtained was extracted three times with 250 ml. portions
      of hot carbon tetrachloride. The combined carbon tetrachloride extracts
      were concentrated in vacuo to yield a yellow solid which weighed 6.3 g.
      This compound, 1-methyl-5-nitroimidazole-2-carbonyl bromide ethyl
      hydrazone, was used without purification in the next step of the
      preparation.
PAR  The bromo hydrazone thus prepared, 6.3 g. (0.0228 mole), was suspended in
      75 ml. of absolute methanol and 1.5 g. (0.0228 mole) of malononitrile was
      added portionwise. The temperature was maintained at about
      10.degree.-20.degree. C. using an ice water bath. After addition was
      complete, the reaction product mixture was stirred for about 1 hour at
      ambient room temperature. The reaction product mixture was filtered. The
      solid material which was recovered was recrystallized from
      dimethylformamide to yield a yellow solid weighing 2.3 g., having a
      melting point of about 284.degree.-285.degree. C., and identified by
      elemental analyses and NMR spectrum as
      5-amino-1-ethyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile.
PAC  EXAMPLE 17
PAC  N-[1-Methyl-3-(1-methyl-5-nitro-2-imidazolyl)-4-(propionylcarbamoyl)pyrazol
     -5-yl]dipropionamide and
PAC  1-Methyl-3-(1-methyl-5-nitro-2-imidazolyl)-5-propionamido-N-propionylpyrazo
     le-4-carboxamide
PAR  A mixture of 1 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      5 ml. of propionic anhydride, and 10 drops of concentrated sulfuric acid
      was refluxed for about 15 minutes and then the reaction product mixture
      was poured onto ice and the mixture made basic with concentrated ammonium
      hydroxide. The aqueous mixture was filtered to yield a solid which turned
      orange on standing. The solid was fractionally crystallized from
      commercial absolute ethanol to yield two products, A And B.
PAR  Product A had a melting point of about 211.degree.-212.degree. C., and was
      identified by NMR and infrared spectra as
      N-(1-methyl-3-[1-methyl-5-nitro-2-imidazolyl)-4-(propionylcarbamoyl)-pyraz
     ol-5-yl]dipropionamide.
PAR  Product B had a melting point of about 184.degree.-185.degree. C., and was
      identified by NMR and infrared spectra as
      1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-5-propionamido-N-propionylpyraz
     ole-4-carboxamide.
PAC  EXAMPLE 18
PAC  5-(2-Butenylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-
     4-carbonitrile
PAR  A mixture of 1.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      12 ml. of tricrotyl orthoformate, and 1 ml of acetic anhydride was
      refluxed for about 24 hours, cooled and filtered. The solid obtained
      thereby was recrystallized two times from commercial absolute ethanol to
      yield product having a melting point of about 187.degree.-190.degree. C.
      The product was identified by elemental analyses and NMR spectrum as
      5-(2-butenylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole
     -4-carbonitrile.
PAC  EXAMPLE 19
PAC  5-(2-Furfurylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole
     -4-carbonitrile
PAR  A mixture of 2.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      2 ml of acetic anhydride, and 25 ml. of furfural was refluxed overnight.
      The reaction product mixture was cooled and the precipitate which formed
      was filtered off. The solid thus obtained was recrystallized from
      dimethylformamide and washed with cold commercial absolute ethanol. The
      crystalline product, having a melting point of about
      238.degree.-242.degree. C., was identified by elemental analyses and NMR
      spectrum as
      5-(2-furfurylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol
     e-4-carbonitrile.
PAR  Following the same general procedure as set forth in Example 19 and using
      appropriate starting materials, the following additional compounds were
      prepared:
PAR  A.
      5-(3-Pyridylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole
     -4-carbonitrile, having a melting point of about 257.degree.-262.degree. C.
      Identified by elemental analyses and NMR spectrum.
PAR  B.
      5-(Benzylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-
     carbonitrile, having a melting point of about 236.degree.-241.degree. C.
      Identified by elemental analyses and NMR spectrum.
PAR  C.
      5-(Cinnamylideneamino)-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-
     4-carbonitrile, having a melting point of about 234.degree.-241.degree. C.
      Identified by elemental analyses and NMR spectrum.
PAR  D.
      5-[(2,2,2-Trichloroethylidene)amino]-1-methyl-3-(1-methyl-5-nitro-2-imidaz
     olyl)pyrazole-4-carbonitrile, having a melting point of about
      184.degree.-187.degree. C. Identified by elemental analyses and NMR
      spectrum.
PAC  EXAMPLE 20
PAC  N'-[4-Cyano-1-methyl-3-(1-methyl-5-nitroimidazol-2-yl)pyrazol-2-yl]-N,N-dim
     ethylsulfamide
PAR  A mixture of 1.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      0.9 g. of sodium hydride, and 30 ml. of tetrahydrofuran was stirred at
      room temperature for about 30 minutes. To the mixture was then added 0.6
      g. of dimethylsulfamoyl chloride at room temperature, and the mixture
      stirred for about 2 hours at room temperature. The reaction product
      mixture was concentrated in vacuo to remove the solvents. Water was added
      cautiously, followed by 2N aqueous hydrochloric acid until the mixture was
      adjusted to pH 4. The mixture was filtered. The solid material which was
      obtained was recrystallized from commercial absolute ethanol to yield dark
      crystals having a melting point of about 246.degree.-249.degree. C. These
      crystals were recrystallized again using a mixture of dimethylformamide
      and water to yield product having a melting point of about
      250.degree.-251.degree. C. dec. The product was identified by elemental
      analyses as
      N'-[4-cyano-1-methyl-3-(1-methyl-5-nitroimidazol-2-yl)pyrazol-2-yl]-N,N-di
     methylsulfamide.
PAC  EXAMPLE 21
PAC  N-[4-Cyano-1-methyl-3-(1-methyl-5-nitroimidazol-2-yl)pyrazol-5-yl]formimidi
     c acid, 2-methyl hydrazide
PAR  A mixture of 1.0 g. of methyl
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazol-5-yl]formimid
     ate, 1 ml. of methyl hydrazine, and 10 ml. of ethanol was stirred at
      ambient room temperature for about 1 hour. The reaction product mixture
      was filtered. The solid which was recovered was recrystallized from
      ethanol to yield product in the form of yellow needles having a melting
      point of about 232.degree.-234.degree. C. The product was identified by
      NMR spectrum and elemental analyses as
      N-[4-cyano-1-methyl-3-(1-methyl-5-nitroimidazol-2-yl)pyrazol-5-yl]formimid
     ic acid, 2-methyl hydrazine.
PAC  EXAMPLE 22
PAC  5-Amino-1-(n-propyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitri
     le
PAR  A mixture of 5 g. (0.0322 mole) of
      1-methyl-5-nitro-imidazole-2-carboxaldehyde, 3.8 g. (32.2 mmol.) of propyl
      hydrazine oxalate, 100 ml. of chloroform, and 3.3 g. (32.2 mmol.) of
      triethylamine was refluxed for about 3.5 hours. The reaction mixture was
      cooled and concentrated in vacuo. The residue was extracted three times
      with 250 ml. portions of hot chloroform. The chloroform extracts were
      combined and concentrated in vacuo to yield 5.3 g. of crude hydrazone,
      identified as 1-methyl-5-nitro-2-imidazolecarboxaldehyde n-propyl
      hydrazone, which was used without further purification.
PAR  To a stirred suspension of 5.3 g. (0.0251 mole) of the hydrazone prepared
      above in 100 ml. of chloroform, there was added 4.6 g. (0.0251 mole) of
      N-bromosuccinimide. The addition was carried out portionwise, keeping the
      temperature of the mixture at below 30.degree. C. by use of an ice water
      bath. The reaction mixture was then stirred at room temperature for about
      3 hours. The reaction product mixture was concentrated in vacuo to remove
      the solvents and the residue was extracted three times with 250 ml.
      portions of hot carbon tetrachloride. The carbon tetrachloride extracts
      were combined and concentrated in vacuo to leave behind a crude bromo
      hydrazone identified as 1-methyl-5-nitroimidazole-2-carbonyl bromide
      n-propyl hydrazone. This crude hydrazone was used as is without further
      purification.
PAR  The bromo hydrazone thus prepared was suspended in 75 ml. of anhydrous
      methanol, and 1.6 g. (0.025 mole) of malononitrile was added as a solid in
      portions. To the mixture was added dropwise 3.8 g. of triethylamine while
      maintaining the temperature of the mixture at about 10.degree. to
      20.degree. C. by use of an ice bath. The reaction product mixture was
      stirred for about 1 hour at ambient room temperature. The reaction product
      mixture was then filtered and the solid which was thus isolated was
      recrystallized from dimethylformamide to yield product having a melting
      point of about 215.degree.-216.degree. C. The product was identified by
      NMR spectrum and elemental analyses as
      5-amino-1-(n-propyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitr
     ile.
PAC  EXAMPLE 23
PAC  1-Methyl-5-[[3,4-(methylenedioxy)benzylidene]amino]-3-(1-methyl-5-nitroimid
     azol-2-yl)pyrazole- 4-carbonitrile
PAR  A mixture of 1.0 g. of
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      0.7 g. of piperonal, and 1 ml. of acetic anhydride in 15 ml. of
      dimethylformamide was refluxed overnight. The reaction product mixture was
      cooled, and the precipitate which formed was filtered off. This solid was
      recrystallized from dimethylformamide to yield product having a melting
      point of about 173.degree.-175.degree. C. The product was identified by
      elemental analyses and NMR spectrum as
      1-methyl-5-[[3,4-(methylenedioxy)benzylidene]amino]-3-(1-methyl-5-nitroimi
     dazol-2-yl)pyrazole-4-carbonitrile.
PAR  The novel compounds of this invention have important antimicrobial
      properties, in particular antibacterial, antifungal, and antiprotozoal
      activity, useful in veterinary medicine. The compounds are particularly
      valuable in the treatment of infection of poultry caused by Escherichia
      coli, Pasteurella multocida, and Salmonella typhimurium. The compounds are
      also active as growth promoters in chicks.
PAR  Thus, for the treatment of E. coli-caused infection in chicks, the
      administration in the feed of a compound coming within the scope of the
      generic formula, supra, at a rate of from about 50 g. to about 200 g. per
      ton of feed is effective.
PAR  In chickens and turkeys, control of infections caused by P. multocida is
      effected by administration of one of the novel compounds in the feed at a
      rate of about 100 g. per ton.
PAR  Also in chickens, control of infections caused by S. typhimurium can be
      accomplished by the oral administration of one of the novel compounds at
      the rate of from about 25 to about 100 g. of compound per ton of feed.
      Thus, infections in chickens and turkeys caused by E. coli, P. multocida,
      and S. typhimurium are controlled by the oral administration of one of the
      novel compounds in the feed at rates of from about 25 g. to about 200 g.
      per ton of feed.
PAR  Control of the infections caused by S. typhimurium in chickens can also be
      accomplished by administration of the novel compounds subcutaneously at a
      dosage of from about 3 mg. to about 60 mg. per kilogram of body weight.
PAR  Infections in mice caused by P. multocida can be controlled by
      administration by intraperitoneal injection of as little as 2.5 mg. of
      compound per kilogram of mouse body weight. P. multocida infections in
      mice can also be controlled by the oral administration of about 100 g. of
      compound per ton of feed.
PAR  5-Amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazole-4-carbonitrile,
      exemplary of the novel compounds of the genus, has been tested and found
      to be effective as a growth promoter when administered orally to chicks at
      the rate of about 50 g. per ton of feed.
PAR  The above-described antimicrobial activity of the compounds has been
      demonstrated in a variety of tests as described hereinbelow.
PAC  EXPERIMENT 1
PAR  The efficiency of the novel compounds against Pasteurella multocida
      infections in mice when administered by injection was studied.
PAR  Female Swiss mice weighing from 15 to about 20 g. were used. The test
      compound, 5.0 mg., was weighed out and dissolved in 0.5 ml. of dimethyl
      sulfoxide, and their solution was added to 9.5 ml. of sodium
      carboxymethylcellulose suspension. Groups of five mice each were injected
      intraperitoneally with 0.1 ml. each of the above-prepared test
      composition. This preparation gave a test rate of 2.5 mg. per kilo of body
      weight of mouse. The compounds were tested at 2.5, 5.0, or 7.5 mg. per
      kilo of body weight of mouse, and the test preparations for rates of 5.0
      and 7.5 mg./kg. were prepared in a similar manner. Immediately after
      receiving the test compound, the mice were challenged using log.sub.10
      dilutions of 10.sup..sup.-4, 10.sup..sup.-5, 10.sup..sup.-6, and
      10.sup..sup.-7 of a 16 to 20-hour tryptose broth culture of Pasteurella
      multocida at 0.1 ml. per mouse subcutaneously. Similar groups of
      nontreated control mice were also challenged, the challenge being
      administered subcutaneously. The groups of mice were observed daily for
      mortality and the total mortality in treated groups compared with that
      which occurred in the nonmedicated control groups. The results are set
      forth in Chart 1, which follows. Each test compound is identified by the
      number of the example describing its preparation.
PAR  In the chart, column 1 lists the test compound; column 2, the dosage of
      test compound in mg./kg. of mouse body weight; column 3, the dilution of
      the challenge organism; and column 4, the ratio of the number of mice
      surviving the test at each dosage and challenge dilution to the number of
      mice tested at each dosage and challenge dilution, called the survival
      ratio.
TBL                Chart                                                       
     ______________________________________                                    
                Dose       Challenge   Survival                                
     Cpd.       mg./kg.    Dilution    Ratio                                   
     ______________________________________                                    
      1         7.5        10.sup.-.sup.4                                      
                                       7/10                                    
                           10.sup.-.sup.5                                      
                                       9/10                                    
                           10.sup.-.sup.6                                      
                                       10/10                                   
                5.0        10.sup.-.sup.4                                      
                                       3/10                                    
                           10.sup.-.sup.5                                      
                                       9/10                                    
                           10.sup.-.sup.6                                      
                                       18/20                                   
                           10.sup.-.sup.7                                      
                                       10/10                                   
                2.5        10.sup.-.sup.4                                      
                                       1/10                                    
                           10.sup.-.sup.5                                      
                                       8/20                                    
                           10.sup.-.sup.6                                      
                                       24/30                                   
                           10.sup.-.sup.7                                      
                                       19/20                                   
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       1/10                                    
                           10.sup.-.sup.5                                      
                                       1/20                                    
                           10.sup.-.sup.6                                      
                                       8/30                                    
                           10.sup.-.sup.7                                      
                                       15/20                                   
      2         2.5        10.sup.-.sup.4                                      
                                       5/10                                    
                           10.sup.-.sup.5                                      
                                       9/10                                    
                           10.sup.-.sup.6                                      
                                       10/10                                   
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       0/10                                    
                           10.sup.-.sup.5                                      
                                       2/10                                    
                           10.sup.-.sup.6                                      
                                       8/10                                    
      5         2.5        10.sup.-.sup.4                                      
                                       10/10                                   
                           10.sup.-.sup.5                                      
                                       9/10                                    
                           10.sup.-.sup.6                                      
                                       10/10                                   
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       0/10                                    
                           10.sup.-.sup.5                                      
                                       2/10                                    
                           10.sup.-.sup.6                                      
                                       8/10                                    
       6        7.5        10.sup.-.sup.4                                      
                                       9/10                                    
                           10.sup.-.sup.5                                      
                                       9/10                                    
                           10.sup.-.sup.6                                      
                                       10/10                                   
                5.0        10.sup.-.sup.4                                      
                                       8/10                                    
                           10.sup.-.sup.5                                      
                                       9/10                                    
                           10.sup.-.sup.6                                      
                                       10/10                                   
                2.5        10.sup.-.sup.4                                      
                                       9/10                                    
                           10.sup.-.sup.5                                      
                                       10/20                                   
                           10.sup.-.sup.6                                      
                                       18/20                                   
                           10.sup.-.sup.7                                      
                                       10/10                                   
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       1/10                                    
                           10.sup.-.sup.5                                      
                                       1/20                                    
                           10.sup.-.sup.6                                      
                                       5/20                                    
                           10.sup.-.sup.7                                      
                                       8/10                                    
      7         7.5        10.sup.-.sup.4                                      
                                       5/10                                    
                           10.sup.-.sup.5                                      
                                       7/10                                    
                           10.sup.-.sup.6                                      
                                       10/10                                   
                5.0        10.sup.-.sup.4                                      
                                       6/20                                    
                           10.sup.-.sup.5                                      
                                       9/20                                    
                           10.sup.-.sup.6                                      
                                       15/20                                   
                2.5        10.sup.-.sup.4                                      
                                       3/20                                    
                           10.sup.-.sup.5                                      
                                       7/20                                    
                           10.sup.-.sup.6                                      
                                       14/20                                   
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       2/30                                    
                           10.sup.-.sup.5                                      
                                       6/30                                    
                           10.sup.-.sup.6                                      
                                       12/30                                   
     12         5.0        10.sup.-.sup.4                                      
                                       0/10                                    
                           10.sup.-.sup.5                                      
                                       3/10                                    
                           10.sup.-.sup.6                                      
                                       7/10                                    
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       0/10                                    
                           10.sup.-.sup. 5                                     
                                       1/10                                    
                           10.sup.-.sup.6                                      
                                       1/10                                    
     13A        5.0        10.sup.-.sup.4                                      
                                       3/ 5                                    
                           10.sup.-.sup.5                                      
                                       4/ 5                                    
                           10.sup.-.sup.6                                      
                                       5/ 5                                    
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       0/ 5                                    
                           10.sup.-.sup.5                                      
                                       1/ 5                                    
                           10.sup.-.sup.6                                      
                                       1/ 5                                    
     13B        5.0        10.sup.-.sup.4                                      
                                       9/10                                    
                           10.sup.-.sup.5                                      
                                       7/10                                    
                           10.sup.-.sup.6                                      
                                       8/10                                    
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       0/10                                    
                           10.sup.-.sup.5                                      
                                       1/10                                    
                           10.sup.-.sup.6                                      
                                       1/10                                    
     13C        7.5        10.sup.-.sup.4                                      
                                       8/10                                    
                           10.sup.-.sup.5                                      
                                       10/10                                   
                           10.sup.-.sup.6                                      
                                       10/10                                   
                5.0        10.sup.-.sup.4                                      
                                       8/20                                    
                           10.sup.-.sup.5                                      
                                       16/20                                   
                           10.sup.-.sup.6                                      
                                       18/20                                   
                2.5        10.sup.-.sup.4                                      
                                       4/10                                    
                           10.sup.-.sup.5                                      
                                       3/10                                    
                           10.sup.-.sup.6                                      
                                       7/10                                    
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       1/20                                    
                           10.sup.-.sup.5                                      
                                       2/20                                    
                           10.sup.-.sup.6                                      
                                       4/20                                    
     13D        7.5        10.sup.-.sup.4                                      
                                       10/10                                   
                           10.sup.-.sup.5                                      
                                       10/10                                   
                           10.sup.-.sup.6                                      
                                       10/10                                   
                5.0        10.sup.-.sup.4                                      
                                       9/10                                    
                           10.sup.-.sup.5                                      
                                       10/10                                   
                           10.sup.-.sup.6                                      
                                       10/10                                   
                2.5        10.sup.-.sup.4                                      
                                       3/10                                    
                           10.sup.-.sup.5                                      
                                       7/10                                    
                           10.sup.-.sup.6                                      
                                       9/10                                    
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       1/10                                    
                           10.sup.-.sup.5                                      
                                       1/10                                    
                           10.sup.-.sup.6                                      
                                       3/10                                    
     14         5.0        10.sup.-.sup.4                                      
                                       2/10                                    
                           10.sup.-.sup.5                                      
                                       8/10                                    
                           10.sup.-.sup.6                                      
                                       9/10                                    
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       3/10                                    
                           10.sup.-.sup.5                                      
                                       5/10                                    
                           10.sup.-.sup.6                                      
                                       1/10                                    
     18         5.0        10.sup.-.sup.4                                      
                                       7/10                                    
                           10.sup.-.sup.5                                      
                                       9/10                                    
                           10.sup.-.sup.6                                      
                                       10/10                                   
     Infected                                                                  
     Controls   --         10.sup.-.sup.4                                      
                                       1/10                                    
                           10.sup.-.sup.5                                      
                                       1/10                                    
                           10.sup.-.sup.6                                      
                                       3/10                                    
     ______________________________________                                    
PAC  EXPERIMENT 2
PAR  The efficiency of the novel compounds in the control of infections caused
      by Salmonella typhimurium in chickens was evaluated in the following
      manner.
PAR  The test was carried out using day-old chicks weighing approximately 35 g.
      each. The chicks were divided into groups of 5 chicks each per dosage
      level. A portion of the chicks received the test compound which was
      suspended in 0.2 ml. of polyethylene glycol 200 and administered
      subcutaneously in the neck. A control group of chicks did not receive the
      compound. All the chicks were challenged with a 1:200 dilution of a
      culture of the organism, 0.1 ml. of the dilution being injected into each
      chick in the leg intramuscularly. The chicks were observed for 6 days; the
      number of deaths occurring in the control group was compared within the
      number of deaths occurring in the chicks which received the test compound.
      The results are set forth in Chart 2 which follows. The test compounds are
      identified in the same manner as set forth in Experiment 1.
PAR  In the chart, column 1 lists the compounds tested; column 2, the dosage of
      test compound in mg./kg.; and column 3, the survival ratio.
TBL                Chart 2                                                     
     ______________________________________                                    
                     Dosage       Survival                                     
     Cpd.            mg./kg.      Ratio                                        
     ______________________________________                                    
      1              60           47/70                                        
                     30           27/50                                        
                     15           36/50                                        
                     7.5          22/35                                        
                     3.75         11/25                                        
      2              60           7/15                                         
                     30           11/25                                        
                     15           6/15                                         
                     7.5          0/10                                         
      5              60           9/20                                         
                     30           8/20                                         
                     15           0/10                                         
                     7.5          0/10                                         
      6              60           7/15                                         
                     30           10/20                                        
                     15           5/10                                         
                     7.5          9/10                                         
                     3.75         4/ 5                                         
      7              60           11/20                                        
                     30           8/20                                         
                     15           11/20                                        
                     7.5          0/ 5                                         
      8              60           6/10                                         
                     30           1/ 5                                         
                     15           0/ 5                                         
     13              60           13/20                                        
                     30           11/20                                        
                     15           8/20                                         
                     7.5          8/15                                         
     13A             60           5/10                                         
                     30           5/15                                         
                     15           8/15                                         
                     7.5          7/15                                         
                     3.75         4/10                                         
     13B             60           14/20                                        
                     30           10/20                                        
                     15           13/20                                        
                     7.5          1/10                                         
     13C             60           10/15                                        
                     30           8/15                                         
                     15           7/15                                         
                     7.5          0/ 5                                         
     13D             60           5/15                                         
                     30           1/10                                         
                     15           1/10                                         
     14              60           14/15                                        
                     30           6/15                                         
                     15           1/15                                         
                     7.5          1/ 5                                         
     18              60           10/15                                        
                     30           10/15                                        
                     15           8/15                                         
                     7.5          0/ 5                                         
     Infected                                                                  
     Controls        --           9/50                                         
     ______________________________________                                    
PAC  EXPERIMENT 3
PAR  The oral activity of the novel compounds coming within the scope of the
      generic formula supra, against Pasteurella multocida, bovine strain, in
      mice as the host animal was demonstrated in the following manner.
PAR  White Swiss female mice weighing 15-20 g. each were used in the test. Seven
      groups of ten mice each were treated at a level of 100 g. of test compound
      per ton of feed. The animals received the medication in the feed for 2
      days prior to challenge and for 7 days post challenge. Similar groups of
      mice on a ration without the antimicrobial agent were used as controls.
      Both the treated mice and the control groups of mice were challenged with
      log.sub.10 dilutions ranging from 10.sup..sup.-2 through 10.sup..sup.-8 of
      a 16 to 20-hour culture of Pasteurella multocida, bovine strain, at 0.1
      ml. per mouse, administered subcutaneously. The mice were observed for 7
      days, then the LD.sub.50 for the various treated groups of mice and the
      LD.sub.50 for the control group of mice were calculated. By subtracting
      the LD.sub.50 of each of the treated groups from that of the control group
      of mice, there was obtained a figure called the protective index. The
      higher the protective index in value, the more active the compound was
      against the infection.
PAR  The results of this test for three of the most active compounds are shown
      in the following Chart 3. In the chart, column 1 lists the test compounds,
      identified in the same manner s set forth in Experiment 1; and column 2
      lists the protective index.
TBL                Chart 3                                                     
     ______________________________________                                    
     Cpd.             Protective Index                                         
     ______________________________________                                    
     1                &gt; 5.6                                                    
     6                4.3                                                      
     7                3.4                                                      
     ______________________________________                                    
PAC  EXPERIMENT 4
PAR  The activity of certain of the nitroimidazoles against Salmonella
      typhimurium in chicks when administered in the feed was determined.
PAR  One-day-old chicks, divided into groups of 12, were given compounds 1, 6,
      or 7, in the feed at levels of 100 g. per ton, 50 g. per ton, 25 g. per
      ton, and 10 g. per ton continuously throughout the experiments. Several
      replicates of nonmedicated infected control groups were included. Later on
      day 1, all replicates were given 50 ml. of a tryptose broth culture of S.
      typhimurium as their initial liquid for drinking. This was placed in the
      cage waterer and served as the challenge.
PAR  Daily records of mortality were maintained and survivors were weighed on
      the tenth day of the experiment, the day of termination. The results are
      set forth in Chart 4, which follows. The compounds tested are identified
      by the numbers 1, 6, and 7 as set forth hereinabove. In the chart, column
      1 lists the test compound; column 2, the dosage level of test compound in
      grams per ton of feed; column 3 lists the number of replicates run on each
      compound at each dosage level; column 4 lists the survival ratio; and
      column 5, the final average chicken weight.
TBL                Chart 4                                                     
     ______________________________________                                    
     Control of S. typhimurium in Chickens (Oral)                              
            Dosage   No. of     Survival                                       
                                        Final Avg.                             
     Cpd.   g./ton   Replicates Ratio   Chicken Wt.                            
     ______________________________________                                    
     1      100     3           35/36   105    g.                              
     6      100     3           33/36   101                                    
     7      100     3           33/36   102                                    
     Infected                                                                  
     Controls                                                                  
            --      6           24/72   85                                     
     1      50      3           36/36   116                                    
     6      50      3           35/36   126                                    
     7      50      3           36/36   121                                    
     Infected                                                                  
     Controls                                                                  
            --      6           45/72   94                                     
     1      25      3           36/36   121                                    
     6      25      3           36/36   119                                    
     7      25      3           34/36   117                                    
     Infected                                                                  
     Controls                                                                  
            --      6           47/72   98                                     
     1      10      3           28/36   97                                     
     6      10      3           33/36   110                                    
     7      10      3           25/36   100                                    
     Infected                                                                  
     Controls                                                                  
            --      6           59/72   98                                     
     ______________________________________                                    
PAC  EXPERIMENT 5
PAR  A. Selected examples of the novel compounds were evaluated for their oral
      activity against Pasteurella multocida caused infection in chickens.
PAR  Four to five-week-old chickens were divided into groups of eight, and the
      compounds administered thereto in the feed. Two replicates were run for
      each compound. Twenty-four hours after the chickens began receiving the
      compound in their feed, the treated groups, as well as the nontreated
      control groups, were challenged intravenously with a broth culture of P.
      multocida. Each chicken received 0.5 ml. of 10.sup..sup.-2 dilution of a
      12-hour tryptose broth culture. The chicks were observed during 7 days
      following the challenge and the mortality in the treated groups was
      compared to that of the control group. The heart and liver were removed
      from each chicken which died during the test and cultured to determine the
      presence of P. multocida. At the termination of the test, all surviving
      chickens were sacrificed, the heart and liver removed from each chicken
      and cultured to determine the presence of P. multocida.
PAR  The results of the test are set forth in Chart 5 which follows. In the
      chart, column 1 identifies the compound tested; column 2, the dosage rate;
      column 3, the replicate number; column 4, the culture isolation of P.
      multocida; column 5, the survival ratio.
TBL                Chart 5                                                     
     ______________________________________                                    
              Control of P. multocida in Chickens                              
            Dosage            Culture isolation                                
                                           Survival                            
     Cpd.   g./ton  Replicate P. multocida Ratio                               
     ______________________________________                                    
     1      100     1                0/ 8    8/ 8                              
                    2                1/ 8    8/ 8                              
                              Total  1/16    16/16                             
     6      100     1                0/ 8    8/ 8                              
                    2                0/ 8    8/ 8                              
                              Total  0/16    16/16                             
     7      100     1                2/ 8    6/ 8                              
                    2                2/ 8    8/ 8                              
                              Total  4/16    14/16                             
     Infected                                                                  
     Controls                                                                  
            --      1                8/ 8    0/ 8                              
                    2                8/ 8    2/ 8                              
                              Total  16/16   2/16                              
     ______________________________________                                    
PAR  B. This same test was run in turkeys. Eight-week-old turkeys were utilized,
      the test compounds were administered to the turkeys in the feed and 24
      hours after the start of the feed medication, the turkeys were challenged
      with 0.5 ml. of a 10.sup..sup.-4 dilution of a broth culture of P.
      multocida. The experiment continued for seven days after challenge. The
      number of turkeys which died in the treated groups was compared with the
      number which died in the control group. As in the test with chickens, the
      heart and liver were removed from the turkeys which died during the test,
      and cultured for P. multocida. The turkeys which survived the test were
      sacrificed, the livers and hearts removed and cultured.
PAR  The results are recorded in Chart 6 which follows. In the chart, column 1
      lists the test compound; column 2, the dosage of test compound in grams
      per ton of feed; column 3, the ratio of the number of turkeys from which
      P. multocida was cultured to the number of turkeys tested; and column 4,
      the survival ratio.
TBL                Chart 6                                                     
     ______________________________________                                    
     Control of P. multocida in Turkeys                                        
             Dosage    Culture Isolation                                       
                                     Survival                                  
     Cpd.    g./ton    P. multocida  Ratio                                     
     ______________________________________                                    
     1       100       0/5              5/5                                    
     6       100       0/5              5/5                                    
     7       100       0/5              5/5                                    
     Infected                                                                  
     Controls                                                                  
             --        4/5              1/5                                    
     ______________________________________                                    
PAC  EXPERIMENT 6
PAR  The evaluation of the effectiveness of selected nitroimidazoles for their
      oral activity against E. coli infection in chickens was accomplished as
      follows.
PAR  Broiler type, five-week-old chickens were wing-banded and individually
      weighed. Replicates of eight chickens, each replicate having the same
      average chicken weight, were formed. Three replicates were run for each
      treatment. Treatment was initiated via the feed 24 hours prior to
      challenge. The E. coli challenge strain was No. 2-1-8. The challenge
      inoculum consisted of 0.5 ml. of 10.sup..sup.-1 dilution of a 15-18 hour
      tryptose broth culture administered into the right thoracic air sac of
      each chicken. Eight to ten days following challenge, all surviving
      chickens were weighed and examined for lesions. Any chicken that died
      during the experiment was also examined for lesions such as air sac
      lesions, pericarditis lesions, and perihepatitis lesions, and a culture
      made. The pre-treatment average weight per bird was 790 g. The test
      compounds were the same as before, identified as 1, 6, and 7.
PAR  The results are shown in Chart 7 which follows. Column 1 lists the test
      compound; column 2, the dosage rate; column 3, the ratio of the number of
      chickens with lesions to the number of chickens tested; column 4, the
      average weight per chicken; and column 5, the survival ratio.
TBL                Chart 7                                                     
     ______________________________________                                    
                    No. chickens                                               
            Dosage  with lesions/                                              
                                 Avg. Wt./                                     
                                          Survival                             
     Cpd.   g./ton  No. in group Chicken  Ratio                                
     ______________________________________                                    
     1      300      1/24        1014   g.  24/24                              
            200      8/24        1104       24/24                              
            100     16/24        1058       24/24                              
     6      300      6/24        1055       24/24                              
            200      1/24        1059       24/24                              
            100     11/24        1098       24/24                              
     7      300      6/24        1132       24/24                              
            200     23/24        1033       24/24                              
            100     15/24        1023       24/24                              
     Infected                                                                  
     Controls                                                                  
             0      25/28        907        28/32                              
     Normal                                                                    
     Controls                                                                  
             0       0/16        1094       16/16                              
     ______________________________________                                    
PAC  EXPERIMENT 7
PAR  5-Amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile,
      compound 1, was fed to broiler chicks to evaluate its growth promotion
      efficacy.
PAR  The compound was fed at a level of 50 g./ton of a typical broiler ration
      (set forth below) to a total of 8 replicates of 8 birds each in a time
      replicated study.
TBL                Broiler Ration                                              
     ______________________________________                                    
     Ingredients        Percent    Lbs./ton                                    
     ______________________________________                                    
     Corn, yellow, ground                                                      
                        50.0       1000                                        
     Soybean oil meal, solvent                                                 
     extracted dehulled (50%)                                                  
                        30.9       618                                         
     Animal fat         6.5        130                                         
     Fish meal with                                                            
     solubles (60%)     5.0        100                                         
     Corn distillers dried                                                     
     solubles           4.0         8                                          
     Dicalcium phosphate,                                                      
     feed grade         1.8        36                                          
     Calcium carbonate                                                         
     (ground limestone) 0.8        16                                          
     Vitamin premix TK-01                                                      
     (1.03).sup.1       0.5        10                                          
     Salt (NaCl)        0.3         6                                          
     Trace mineral premix                                                      
     TK-01 (1.02).sup.2 0.1         2                                          
     Methionine hydroxy                                                        
     analog             0.1         2                                          
                        100.0      2000                                        
     ______________________________________                                    
      .sup.1 Vitamin premix provides 3000 IU of Vitamin A, 900 ICU of Vitamin D
      40 mg. of Vitamin E, 0.7 mg. of Vitamin K, 1000 mg. of choline, 70 mg. of
      niacin, 4 mg. of pantothenic acid, 4 mg. of riboflavin, 0.10 mg. of      
      Vitamin B.sub.12, 0.10 mg. of biotin and 125 mg. of ethoxyquin per kg. of
      complete feed.                                                           
      .sup.2 Trace mineral premix provides 75 mg. of manganese, 50 mg. of zinc,
      25 mg. of iron and 1 mg. of iodine per kg. of complete feed.             
PAR  All the birds in the tests were pre-brooded for seven days in floor pens
      before being placed on treatment. The treatment period extended for 21
      days in starter batteries. Feed and water were provided ad libitum at all
      times. A nontreated feed was fed during the pre-brood period.
PAR  The results of the study are presented in Chart 8. In the chart, column 1
      gives the identification of the test compound; column 2, the level of
      administration of the test compound in the feed; column 3, the average
      weight gain in grams; column 4, the percent improvement in weight gain;
      column 5, the feed conversion, which is the ratio of the feed consumed (F)
      to the weight gained (G); and column 6, the percent improvement in feed
      conversion.
TBL                Chart B                                                     
     ______________________________________                                    
             Level of  Avg.                                                    
             Admin.    Wt.      %            %                                 
     Compound                                                                  
             g./ton    Gain     Impr. F/G    Impr.                             
     ______________________________________                                    
     1       50        564 g.   6.21  1.582  6.28                              
     Control --        531      --    1.688  --                                
     ______________________________________                                    
PAC  EXPERIMENT 8
PAR  A number of representative compounds, namely, 1, 5, 6, 7, 12, 13D, 14, and
      18, were tested for their in vitro activity against Treponema
      hyodysenteriae. The treponema were propagated on blood agar plates. Each
      plate which was prepared contained 20 ml. of trypticase soy agar
      (Baltimore Biological Laboratory [BBL]) with 5.0 g./l. of yeast extract
      (Difco) and 5 percent sterile defibrinated horse blood. The plates were
      sterile plastic 15 .times. 100 mm. petri plates. Incubation was carried
      out at 37.degree. C. for 4 days under anaerobic conditions using the BBL
      Gas Pak system.
PAR  The concentrations of test compounds in this initial test were prepared in
      dilutions ranging from 2000 mcg./ml. to 7.8 mcg./ml. The test procedure
      was carried out in the following manner. Five ml. of a twenty-fold
      concentration in tryptose broth (Difco) of each filter-sterilized test
      compound dilution was mixed in a series of flasks containing 90 ml. of
      melted trypticase soy agar with yeast extract. Five ml. of horse blood was
      then added per flask. The contents of these flasks were then used to
      prepare a series of blood agar plates in doubling decreasing dilutions
      ranging from 100 mcg./ml. to 0.39 mcg./ml.
PAR  The treponema for inoculation of these plates were obtained by adding 3.0
      ml. of sterile tryptose broth to the surface of a plate on which the
      treponema had been propagated. A sterile cotton-tipped swab was used to
      loosen the treponema from the agar. This suspension was then diluted
      100-fold and each of the plates containing the test compounds was
      inoculated with 0.01 ml. along with the control plates which did not
      contain test compounds. The inoculum was spread so that it covered the
      surface of each plate, a bent sterile plastic pipette being used for this
      purpose for each plate. The plates were incubated at about 36.degree. C.
      for about 4 days and then examined for growth of the treponema. The
      minimum inhibitory concentration (MIC) of each test compound was the
      concentration that prevented growth of treponema.
PAR  These representative compounds all inhibited growth of the treponema at
      each of the levels tested, and the MIC for these compounds was
      .ltoreq.0.39 mcg./ml.
PAR  The test was repeated using compound 1 in doubling decreasing dilutions
      ranging from 100 mcg./ml. to 0.048 mcg./ml. The MIC for compound 1 was
      found in this test to be 0.097 mcg./ml.
PAC  EXPERIMENT 9
PAR  The in vivo activity of compound 1 against Treponema hyodysenteriae was
      determined in the following manner.
PAR  The pigs for the in vivo experiment were purchased as healthy feeder pigs.
      Twenty-four pigs were brought to the research facility where they were
      weighed individually and identified by ear tag. Four groups of six pigs
      each were formed so that each group had essentially the same mean pig
      weight. On the sixth day, after the pigs had adjusted to their new
      grouping and facilities, two of the groups were given
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile
      (compound 1) in their feed at a level of 100 g./ton. This feed had the
      following composition:
TBL  Ingredient         Percent lbs./ton                                       
     ______________________________________                                    
     Corn, yellow, ground                                                      
                        73.20   1464                                           
     Soybean oil meal,                                                         
     solvent extracted,                                                        
     dehulled, 50%      12.30   246                                            
     Alfalfa meal,                                                             
     dehydrated, 17%    2.50    50                                             
     Meat scraps, 55%   2.50    50                                             
     Fish meal          2.50    50                                             
     Distillers dried                                                          
     solubles (corn)    2.50    50                                             
     Animal fat         2.00    40                                             
     Calcium carbonate  0.70    14                                             
     Dicalcium phosphate,                                                      
     feed grade         0.50    10                                             
     Salt (NaCl)        0.50    10                                             
     Swine vitamin premix                                                      
     SW-03.sup.1        0.50    10                                             
     Methionine hydroxy                                                        
     analog, 93%        0.20     4                                             
     Trace mineral                                                             
     premix, AN-03.sup.2                                                       
                        0.10     2                                             
     Total              100.00  2000                                           
     ______________________________________                                    
      .sup.1 Each kg. of premix contains the following: 77,161 USP units Vitami
      D.sub.2 ; 2,205 Int. units Vitamin E; 441 mg. riboflavin; 1,620 mg.      
      pantothenic acid; 2,205 mg. niacin; 4.4 mg. Vitamin B.sub.12 ; 441 mg.   
      Vitamin K; 19,180 mg. choline; 110 mg. folic acid; 165 mg. pyridoxine; 11
      mg. thiamine; 22 mg. biotin.                                             
      .sup.2 Each kg. of premix contains the following: 50 g. of manganese as  
      manganese sulfate; 100 g. of zinc as zinc carbonate; 50 g. of iron as    
      ferrous sulfate; 5 g. of copper as copper oxide; 1.5 g. of iodine as     
      potassium iodide and 150 g. maximum and 130 g. minimum calcium as calcium
      carbonate.                                                               
PAR  The other two groups of pigs were continued on an identical ration which
      did not contain the test compound.
PAR  On the eighth day of the experiment (2 days after initiation of treatment
      with the test compound), all of the pigs, that is, the 12 treated pigs and
      the 12 nonmedicated control pigs, were challenged orally with a swine
      dysentery inoculum. The inoculum for the trial originated from a swine
      dysentery infected colon. Using this infected colon and following the
      procedure of Harris et al., Swine Dysentery: A Review, Iowa State
      University Veterinarian, No. 1, 4-11 (1971). the necessary inoculum was
      prepared. Each pig in the trial was given 10 ml. of the inoculum orally.
PAR  The two groups of pigs medicated with the test compound received the
      compound ad libitum in their feed for a total of 20 consecutive days. On
      the second day after the feed treatment was terminated (19 days
      post-challenge), one group of pigs receiving the test compound and one
      group of infected control pigs was sacrificed and examined for lesions of
      swine dysentery. The other group which had received the test compound and
      the remaining infected control group each was administered the
      nonmedicated feed and held for another eight days, and observed for
      recurrence of swine dysentery, a phenomenon that often occurs with this
      disease. At the end of this time (28 days post-challenge), all remaining
      pigs were killed and examined for lesions.
PAR  Mortality records were kept on a daily basis throughout the trial. The
      consistency of the feces and the presence of blood and/or mucus were
      recorded daily throughout the trial on a pen basis. The pigs were weighed
      individually at the time of challenge, and on days 7, 14, 19, 21 and 28 of
      the trial.
PAR  The weight gain and mortality data and the total days in which diarrhea or
      mucohemorrhagic stools were observed in the various pens have been
      recorded in Chart 9, which follows. The average gain for the group of pigs
      receiving compound 1, and killed at 19 days post-challenge, was 22.0 lb.,
      compared to an average gain of only 4.8 lb. for the infected nonmedicated
      controls killed at the same time. The average weight gain of the pigs in
      the medicated group killed 28 days post-challenge was 35.9 lb., while the
      infected, nonmedicated controls killed 28 days post-challenge had an
      average weight gain of 21.8 lb. None of the pigs receiving the test
      compound died during the trial, whereas four of the infected control pigs
      died. Diarrhea was not detected in the pigs receiving the test compound,
      but was seen for a total of 23 days in the nonmedicated control pigs.
PAR  The first signs of mucus and blood typical of swine dysentery appeared in
      the nonmedicated control pigs approximately one week following the
      challenge, and were noted for a total of 17 days. Mucus and blood were not
      observed at any time during the trial in the groups of pigs receiving the
      test compound. Recurrence of swine dysentery was not observed in the group
      of pigs receiving the test compound and continued on the basal ration
      without medication from day 17 until day 28 (replicate 2), whereas swine
      dysentery did continue in the nonmedicated pigs which were continued on
      the basal ration from day 17 until day 28.
PAR  There was a marked difference in the lesions found at necropsy of the
      medicated pigs and the infected nonmedicated control pigs. The colons of
      three of the four control pigs which died were hemorrhagic. Five of the
      eight surviving infected controls were found, at necropsy, to have
      mucohemorrhagic colons. Blood and/or mucus were not found in the colon of
      any pig receiving the test compound. Slight areas of hemorrhage in the
      colon and/or stomach were seen in most of the pigs receiving the test
      compound. This type of lesion has been observed on occasion in other
      groups of pigs not receiving this test compound and is not considered
      related to swine dysentery.
PAR  The test compound was shown to be highly effective in the control of
      induced swine dysentery based upon prevention of death, maintenance of
      weight gain, prevention of diarrhea and mucohemorrhagic stools, and
      prevention of colon lesions typical of swine dysentery.
PAR  The results of the in vivo test are shown in the table which follows.
TBL  Chart 9                                                                   
     __________________________________________________________________________
     Efficacy of Compound 1                                                    
     Against Swine Dysentery                                                   
                                       Avg. Gain      Fecal Observations       
                 Initial  Avg. Wt. of Pigs                                     
                                       (Survivors)    Days with                
                                                            Days with          
     Treat-  Group                                                             
                 Wt..sup.1                                                     
                          Survivors (Days)                                     
                                       From Day                                
                                               Mortality                       
                                                      Diarrhea                 
                                                            Blood and          
     ment    No. (All pigs)                                                    
                       7  14 19  21 28 Of Challenge                            
                                               (No. Died)                      
                                                      in Pen                   
                                                            Mucus in           
     __________________________________________________________________________
                                                            Pen                
     Cpd. 1                                                                    
     100 g./ton.sup.2                                                          
             1   35.3  43.3                                                    
                          51.0                                                 
                             57.3                                              
                                 -- -- 22.0    0       0    0                  
     Infected                                                                  
     Control 1   35.7  41.0                                                    
                          41.0                                                 
                             40.5                                              
                                 -- -- 4.8     2       10   9                  
     Cpd. 1                                                                    
     100 g./ton.sup.2                                                          
             2   35.3  42.1                                                    
                          50.0                                                 
                             --  59.7                                          
                                    71.2                                       
                                       35.9    0       0    0                  
     Infected                                                                  
     Control 2   35.2  41.6                                                    
                          43.6                                                 
                             --  46.2                                          
                                    56.0                                       
                                       21.8    2       13   8                  
     __________________________________________________________________________
      .sup.1 Weight at time of challenge                                       
      .sup.2 Treatment was continuous from two days before challenge through 20
      consecutive days                                                         
      NOTE: Pigs in Group 1, both medicated and nonmedicated, were necropsied 1
      days post-challenge                                                      
PAC  EXPERIMENT 10
PAR  The susceptibility of anaerobic bacteria, both gram positive and gram
      negative, to a representative number of the novel compounds of this
      application was determined using the agar dilution method. The bacteria
      used were isolated from patients hospitalized at the Indiana University
      Medical Center. The isolates were identified in the anaerobe laboratory of
      the Medical Center by the criteria established by Dowell et al.,
      Laboratory Methods in Anaerobic Bacteriology. Public Health Serv. Publ.
      No. 1803 (1968). [Center for Disease Control, Atlanta, Ga.]; and by Smith
      et al., The Pathogenic Anaerobic Bacteria, pages 96-136 (1968) [Charles C.
      Thomas, Publisher, Springfield, Ill.]. All the organisms were maintained
      in chopped meat glucose medium (Scott Labs) at room temperature.
PAR  The method used for the agar dilution tests was based on the studies of
      Sutter et al., Antimicrob. Ag. Chemother. 3, 188-193 (1973). The strains
      of anaerobic bacteria were grown in 16 .times. 120 mm. tubes for 16 to 18
      hours in Thioglycolate medium without indicator--135C (Becton, Dickinson
      and Co.), to which was added 5 mcg. of hemin per milliliter prior to
      autoclaving, plus 1 mg. of sodium bicarbonate and 0.1 mcg. of
      filter-sterilized menadione per milliliter after autoclaving. The growth
      tubes for the bacteria Veillonella alcalescens were additionally
      supplemented with 5 mg. of sodium lactate per milliliter. The strains were
      adjusted to the turbidity of the No. 1 McFarland standard in Thioglycolate
      medium without indicator--135C containing an additional 0.13 percent
      Bacto-agar (Difco). Each strain was then applied to the surface of the
      petri plate (100 mm. .times. 15 mm.) by means of a replicator.
PAR  For the agar dilution studies, two-fold dilutions of the test compounds
      were prepared in deionized water to which was then added laked sheep blood
      and filter-sterilized menadione so the concentrations after the agar
      dilution were 5 percent and 10 mcg./ml. respectively. An equal volume of
      double strength Brucella agar (Becton, Dickinson and Co.) was mixed with
      each dilution in a water bath held at 50.degree. C. and then poured onto
      the petri plates.
PAR  All of the procedures were done inside a plastic glove box, except for the
      incubation of the growth tubes and the pouring of the plates. After the
      plates hardened, they were put inside the glove box for a minimum of two
      hours before they were inoculated. Generally, the glove box procedures of
      Aranki et al., Applied Microbiology 17, 568-576 (1969), were followed, but
      the following modifications were used. Dry materials were introduced into
      the glove box by evacuating the lock to 28 inches of mercury and filling
      once with nitrogen gas, followed by evacuating in the same manner and
      filling with an 80 percent nitrogen plus 10 percent CO.sub.2 plus 10
      percent hydrogen gas mixture. Liquid media and agar plates were introduced
      into the glove box by evacuating the lock to 10 inches of mercury and
      filling with gas four times. The nitrogen gas was used to fill the lock
      for the first two cycles of evacuation, with the gas mixture described
      above used for the final two fillings.
PAR  All the plates were incubated at 37.degree. C. in Gas Pak jars (Becton,
      Dickinson and Co.) containing palladium-coated alumina catalysts
      (reactivated after each use). The results of the agar dilution tests were
      read after about 24 hours of incubation. The minimum inhibitory
      concentration (MIC) was recorded as the lowest concentration of test
      compound at which there was no growth.
PAR  The results of these in vitro tests are recorded in Charts 10 and 11 which
      follow. The test compounds are identified in the same manner as in the
      previous experiments. The antibiotics cephalothin and erythromycin were
      also run simultaneously with the novel compounds of this application, for
      comparison purposes, and the results are included in Charts 10 and 11
      below.
TBL  Chart 10                                                                  
     Susceptibility of Anaerobic Bacterial Isolates                            
     24 Hr. Minimum Inhibitory Concentration (mcg./ml.)                        
          Actino-                                  Pepto-                      
                                                         Peptostrep-           
                                                               Propioni-       
          myces                                                                
              Clostridium                                                      
                    Clostridium                                                
                          Clostridium                                          
                                Clostridium                                    
                                      Clostridium                              
                                            Eubacterium                        
                                                   coccus                      
                                                         tococcus              
                                                               bac-            
          bovis                                                                
              inocuum                                                          
                    perfringens                                                
                          ramosum                                              
                                septicum                                       
                                      septicum                                 
                                            aerofaciens                        
                                                   anaerobius                  
                                                         intermedius           
                                                               terium          
     Compound                                                                  
          13684                                                                
              1373  81    1313  1128  bovine                                   
                                            1235   1428  1264  acnes           
     __________________________________________________________________________
                                                               44              
     1    &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         0.5   &gt;32             
     2    &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         1.0   0.5             
     3    &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          4     &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         16    0.5             
     4    &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         16    &gt;32             
     6    &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt; 0.125                                  
                                            &lt;0.125 &lt;0.125                      
                                                         1.0   &gt;32             
     7    &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         2     &gt;32             
     8      4.0                                                                
              1.0   1.0   0.25  0.25  1.0   0.125  1.0   4     &gt;8              
     9    &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         &gt;32   &gt;32             
     10A  4   0.5   0.5   4     1.0   1.0   &lt;0.5   8     16    &gt;32             
     11A  2   0.125 0.03  0.5   0.06  0.06  &lt;0.03  1.0   8     8               
     12   0.5 8     8     4     4     8     1.0    8     32    &gt;32             
     13A  0.5 1.0   1.0   4     0.5   0.5   &lt;0.125 2     16    &gt;128            
     13D  1.0 1.0   1.0   1.0   2     4     2      2     16    16              
     14   &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         1.0   &gt;32             
     15   1.0 &lt;0.125                                                           
                    &lt;0.125                                                     
                          0.5   0.25  &lt;0.125                                   
                                            &lt;0.125 1.0   8     &gt;32             
     16   &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 1.0   2     &gt;32             
     18   &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt; 0.125                                        
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         0.25  &gt;32             
     20   2   16    8     4     8     8     8      1.0   32    &gt;32             
     21   &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         0.5   32              
     22   &lt;0.125                                                               
              &lt;0.125                                                           
                    &lt;0.125                                                     
                          &lt;0.125                                               
                                &lt;0.125                                         
                                      &lt;0.125                                   
                                            &lt;0.125 &lt;0.125                      
                                                         1.0   &gt;32             
     Erythro-                                                                  
     mycin                                                                     
          1.0 &gt;128  &lt;0.5  &gt;128  1.0   &lt;0.5  1.0    1.0   8     &lt;0.5            
     Cephalo-                                                                  
     thin 2   8     2     8     1.0   4     2      2     1.0   2               
     __________________________________________________________________________
TBL                                    Chart 11                                
     __________________________________________________________________________
     Susceptibility of Anaerobic Bacterial Isolates                            
     24 Hr. Minimum Inhibitory Concentration (mcg./ml.)                        
                              Bacteroides                       Veill-         
                Bacteroides                                                    
                       Bacteroides                                             
                              fragilis                                         
                                     Bacteroides                               
                                            Bacteroides                        
                                                   Fuso- Fuso   onella         
          Propioni-                                                            
                fragilis                                                       
                       fragilis                                                
                              sp. thetaio-                                     
                                     fragilis                                  
                                            fragilis                           
                                                   bacterium                   
                                                         bacterium             
                                                                alcal-         
          bacterium                                                            
                sp. fragilis                                                   
                       sp. fragilis                                            
                              taomicron                                        
                                     sp. vulgatus                              
                                            sp. vulgatus                       
                                                   symbiosum                   
                                                         necrophorum           
                                                                escens         
     Compound                                                                  
          acnes 79                                                             
                1877   1936B  1438   1563   1211   1470  13859  1              
     __________________________________________________________________________
     1    &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     2    &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     3    &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     4    &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     6    &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     7    &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     8    0.03  0.25   0.25   0.5    0.25   0.25   0.03  0.06    0.03          
     9    &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 0.25   &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     10A  0.5   0.5    8      0.25   0.25   0.25   &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     11A  &lt;0.03 0.06   2      0.06   &lt;0.03  &lt;0.03  &lt;0.03 &lt;0.03   1.0           
     12   1.0   4      16     2      1.0    2      &lt;0.125                      
                                                         &lt;0.125  0.5           
     13A  &lt;0.125                                                               
                0.5    2      0.25   0.25   &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     13D  2     2      0.5    1.0    0.5    1.0    1.0   &lt;0.125  0.25          
     14   &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     15   &lt;0.125                                                               
                &lt;0.125 0.5    &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     16   &lt;0.125                                                               
                &lt;0.125 0.25   &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     18   &lt;0.125                                                               
                &lt; 0.125                                                        
                       &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     20   1.0   4      2      4      1.0    2      4     1.0     1.0           
     21   &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     22   &lt;0.125                                                               
                &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125 &lt;0.125                      
                                                         &lt;0.125 &lt;0.125         
     Erythro-                                                                  
     mycin                                                                     
          &lt;0.5  4      4      4      2      2      &lt;0.5  2       1             
     Cephalo-                                                                  
     thin 1.0   &gt;128   &gt;128   64     8      4      64    &lt;0.5   &lt;0.5           
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC2##
PAL  wherein
PA1  R is C.sub.1 -C.sub.3 alkyl, halo(C.sub.1 -C.sub.3)alkyl, or
      hydroxy(C.sub.1 -C.sub.3)alkyl;
PA1  R.sup.1 is
      ##EQU4##
      R.sup.2 is cyano; and R.sup.3 and R.sup.4 are the same or different and
      are hydrogen or C.sub.1 -C.sub.3 alkyl.
NUM  2.
PAR  2. A compound as in claim 1, said compound being
      5-amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile.
NUM  3.
PAR  3. A compound as in claim 1, said compound being
      5-amino-1-ethyl-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitrile.
NUM  4.
PAR  4. A compound as in claim 1, said compound being
      5-amino-1-(2-hydroxyethyl)-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazole-4-ca
     rbonitrile.
NUM  5.
PAR  5. A compound as in claim 1, said compound being
      5-amino-1-(2-chloroethyl)-3-(1-methyl-5-nitro-2-imidazolyl)-pyrazole-4-car
     bonitrile.
NUM  6.
PAR  6. A compound as in claim 1, said compound being
      5-amino-1-(n-propyl)-3-(1-methyl-5-nitro-2-imidazolyl)pyrazole-4-carbonitr
     ile.
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ABST
PAL  Phenols and thiophenols having an ortho-phenyl substituent react with most
      aldehydes and ketones in very strongly acidic liquid media to form a
      dibenzopyran or dibenzothiopyran. The dibenzopyrans, but not the
      dibenzothiopyrans, can be isomerized to their corresponding fluorenols.
      The pyran or thiopyran ring can be cleaved chemically or electrochemically
      to produce phenols and thiophenols which have an ortho substituent in the
      ortho position of the phenyl substituent of the starting phenol or
      thiophenol which is characteristic of the aldehyde or ketone reactant.
      These products as well as the fluorenols, being phenolic bodies, are
      useful as stabilizers and antioxidants.
PARN
PAR  This application is a continuation-in-part of our formerly copending
      application, Ser. No. 147,163, filed May 26, 1971, now abandoned, and
      assigned to the same assignee as the present invention.
BSUM
PAR  This invention relates to a process for making dibenzopyrans, their
      isomeric fluorenols, mixtures of said dibenzopyrans and fluorenols or
      dibenzothiopyrans by reaction of either a ketone or aldehyde with a
      benzenoid compound having at least one phenolic hydroxyl or mercaptan
      substituent and at least one
      ##SPC1##
PAL  Substituent ortho to the phenolic hydroxyl or mercaptan group. In this
      reaction, the pyran or thiopyran ring is formed by bridging the oxygen of
      the phenolic hydroxyl group or the sulfur of the mercaptan group to the
      ortho position of the o-phenyl substituent by means of the carbon atom of
      the carbonyl group of the aldehyde or ketone. This ring closing reaction
      is effected in a very strongly acidic liquid phase. Under the reaction
      conditions, the dibenzopyrans, but not the dibenzothiopyrans, can be
      isomerized, if desired, to their corresponding fluorenols, if the meta
      position involved in the isomerization, has a displaceable substituent,
      generally hydrogen.
PAR  In our studies of the chemistry of 2,6-diphenylphenol, we found that this
      phenol, unlike almost all other phenol, did not react with aldehydes or
      ketones in the presence of the usual mineral acid catalysts to form
      bisphenols. This confirms the finding of J. Kahovec and J. Popisil, "Coll.
      Czechoslov. Chem. Comm." 34, 2483 (1969) that this phenol does not react
      with acetone in the presence of the usual acid catalysts. Generally, no
      useful reaction occurs unless an inert medium is used whose acid strength,
      as measured on the Hammett H.sub.o scale, is at least as strong as
      undiluted or neat trifluoroacetic acid. Under these very strong
      conditions, the particular product is dependent on the acid strength, the
      duration of the reaction, the temperature, the solubility of the product,
      the aldehyde or ketone and whether the phenol is 2,6-diphenylphenol or its
      isologue 2,6-diphenylthiophenol. Although 2-phenylphenol will react with
      aldehydes and ketones in the presence of the usual mineral acid catalysts
      to form bisphenols, the yield is generally quite low. When we studied this
      phenol under our very strong acid conditions, we found that it usually
      gave dibenzopyrans. We further found that this was true of any phenol
      including thiophenols having a phenyl substituent in at least one of the
      two positions ortho to the phenolic hydroxyl or mercapto group. A few
      aldehydes and ketones did produce bisphenols with 2,6-diphenylphenol.
      Under the very strongly acid conditions, alkyl groups having a tertiary
      .alpha.-carbon atom, i.e., there is no hydrogen on the carbon atom
      adjacent to the phenyl nucleus, tend to either migrate to the para or
      4-position or dealkylate, but this does not interfere with the main
      reaction leading to the formation of the pyran or thiopyran ring. The
      various products obtained and the conditions to obtain them are more fully
      discussed in the following applications filed together with the parent
      application and assigned to the same assignee as the present invention and
      which are hereby incorporated by reference.
PAR  Unlike other aldehydes and ketones, formaldehyde and acetaldehyde,
      preferably as their polymeric modifications, react in the presence of
      formic acid and trifluoroacetaldehyde, preferably as its hydrate,
      1,1,1-trifluoroacetone, hexafluoroacetone and glyoxylic acid react under
      the above stronger acidic conditions with 2,6-diphenylphenol to form very
      good yields of the corresponding bisphenols. These bisphenols are
      disclosed and claimed in our formerly copending application, Ser. No.
      147,165, filed May 26, 1971 now U.S. Pat. No. 3,739,035.
PAR  These same aldehydes and ketones did not give bisphenols with
      2,6-diphenylthiophenols. Instead, the products were bisthioethers
      (thioacetals) except in the case of glyoxylic acid where the product was a
      dibenzothiopyran. Both 2,6-diphenylphenol and its thio isologue yield
      dibenzopyrans or dibenzothiopyrans with other aldehydes and ketones except
      for completely aromatic ketones which do not react at all. These
      dibenzopyrans, dibenzothiopyrans and the isomeric fluorenols of the
      dibenzopyrans are new chemical compounds and are disclosed and claimed in
      our formerly copending application, Ser. No. 147,164, filed May 26, 1971,
      now U.S. Pat. No. 3,728,465.
PAR  Diketones in which there is at least one alkyl group attached to each
      ketonic carbonyl group, will react under these same conditions to form
      bis(dibenzopyrans) which can be isomerized to their corresponding
      bisfluorenols. These are new chemical compounds and are disclosed and
      claimed in our formerly copending application, Ser. No. 147,162, filed May
      26, 1971, now U.S. Pat. No. 3,821,317.
PAR  In addition to producing the above-described new compounds, our reaction,
      which is the subject of the present invention, can be used to prepare a
      much wider range of dibenzopyrans, dibenzothiopyrans and fluorenols, many
      of which are known in the art, but are very difficult to prepare or
      require exotic starting materials which are difficult to obtain. For
      example, R. S. Cahn in a study on the structure of cannabinol, desired to
      make what he called 2:2-dimethyldibenzopyran, but which, by present
      nomenclature is called 6,6-dimethyl-6H-dibenzo[b,d]pyran having the
      formula:
      ##SPC2##
PAL  He reports in J. Chem. Soc., 1933, 1400, that to synthesize this compound,
      he first had to prepare the .delta.-lactone of
      2'-hydroxy-2-biphenylenecarboxylic acid. His initial attempts to prepare
      this lactone by reaction of magnesium with o-bromophenyl-o-bromobenzoate
      or by diazotization of phenyl anthranilate failed. He was able to make it
      in 22 percent yield by reaction of phenol with anthranilic acid diazonium
      sulfate. The lactone was reacted with an excess of methyl magnesium iodide
      to give an almost quantitative yield of 2'-hydroxy-2-biphenylisopropanol,
      also known as o-(o-hydroxyphenyl)-.alpha.,.alpha.-dimethylbenzyl alcohol.
      This latter compound was dehydrated in about 90 percent yield to the
      desired pyran. He also made the 2-methyl homologue of the pyran by using
      p-cresol in place of phenol. M. Anchel and A. H. Blatt reported in J. Am.
      Chem. Soc., 63, 1948 (1941), that Cahn was mistaken when he reported that
      the 2,6,6-trimethyl-6H-dibenzo[b,d]-pyran, when heated with a mixture of
      hydrochloric and acetic acids, underwent opening of the pyran ring and
      loss of acetone to form 2-hydroxy-5-methylbiphenyl. The showed that
      instead the product was 1,9,9-trimethyl-4-fluorenol, the fluorenol isomer
      of the above trimethyldibenzopyran. They also showed that the fluorenol
      could be obtained directly from the
      2'-hydroxy-5'-methyl-2-biphenylisopropanol by heating it with the mixture
      of hydrochloric and acetic acids in a sealed tube at 200.degree.. The
      yield increased and then decreased with time being 35, 71, 68 and 51
      percent after 8, 24, 31 and 48 hours, respectively. If the heating was
      stopped at the end of 30 minutes, an 80 percent yield of the pyran was
      obtained.
PAR  In marked contrast to the above involved procedures, our process can make
      the same pyrans or fluorenols from acetone and o-phenylphenol or
      4-methyl-2-phenylphenol. The pyrans are obtained in greater than 90
      percent yield by a single step reaction at reflux temperature for 48 hours
      using trifluoroacetic acid as the liquid reaction medium. The fluorenols
      are obtained in greater than 90 percent yield by a single step reaction
      (no isolation of pyran intermediate) at room temperature for 1.5 hours
      using liquid hydrogen fluoride as the reaction medium. They can also be
      obtained from the isolated pyran by heating in the strongly acidic medium
      or by using a Lewis acid, for example, AlCl.sub.3, BF.sub.3 in
      trifluoroacetic acid, etc.
PAR  Using the above reaction of o-phenylphenol and acetone as illustrative of
      our reaction in its simplest aspects, it can be illustrated by the general
      equation:
      ##SPC3##
PAR  When the initial benzenoid compound has a phenyl substituent having an
      unsubstituted ortho position in each of the two positions ortho to the
      phenolic hydroxyl group, either phenyl substituent can be involved in the
      initial reaction to form the benzopyran ring. After isomerization of the
      dibenzopyran to the corresponding fluorenol, the second phenyl substituent
      is again ortho to the hydroxyl group and can now be further reacted with
      an aldehyde or ketone to produce another pyran ring forming an
      indenodibenzopyran (alternatively known as a benzopyranofluorene and as a
      benzofluorenopyran) which, in turn, can be isomerized to the corresponding
      indenofluorenol, which itself can be formed directly without isolation of
      the pyran, as described above.
PAR  This further reaction is illustrated by the following equation, using
      2,6-diphenylphenol and acetone as illustrative examples, and assuming that
      the above-illustrated reaction of acetone with 2,6-diphenylphenol to first
      form 9,9-dimethyl-3-phenyl-4-fluorenol has been effected:
      ##SPC4##
      If an excess of acetone is used with 2,6-diphenylphenol, all four possible
      products can be found in the reaction mixture with the amount of each
      being dependent on the acidity of the reaction medium, time of reaction
      and temperature of reaction.
PAR  It is also possible to have a benzenoid compound having up to four hydroxyl
      or mercaptan groups each having at least one phenyl substituent ortho to
      it, i.e., on the ring carbon atom adjacent to the carbon atom bearing the
      phenolic hydroxyl or mercapto group. It is also possible to have a
      hydroxyl substituent on the phenyl substituent of the phenol so that each
      phenyl ring is ortho to a phenolic hydroxyl group, e.g., o,o'-biphenol,
      etc. Likewise, it is possible to have an aldehyde with more than one
      formyl group, a ketone with more than one ketonic carbonyl group or a
      mixed aldehyde-ketone having at least one formyl group and at least one
      ketonic carbonyl group. When such reactants are used in our reaction, all
      of the possible products, for example, bis(dibenzopyrans),
      bis(dibenzothiopyrans), bis(fluorenols), bis(indenodibenzopyrans),
      bis(indenofluorenols), tris(dibenzopyrans), tetrakis(dibenzopyrans),
      benzopyranobenzopyrans, quaterpyrano-p-terphenyl, etc., including
      polymers, can be made. As will be readily appreciated, as the number of
      phenyl substituents ortho to one or more phenolic hydroxyl or mercaptan
      groups increases or as the number of phenolic hydroxyl or mercaptan groups
      ortho to one or more phenyl substituents increases, the number of reactive
      sites (i.e., sites involved in a ring formation producing either a
      benzopyrano or indeno derivative of the benzenoid compound) increases and
      consequently the number of products increases, some being isomers. This
      greatly increases the separation problem unless the desired product is
      that obtained by reaction of all of the active sites and by driving the
      reaction to completion. Even this becomes more difficult as the number of
      reactive sites increases and, in some cases a single product is not
      possible. No steric hinderance has been found. The most sterically
      hindered phenolic hydroxyl group would be that found in
      2,6-diphenylphenol, yet as Example 1 illustrates the four possible
      products are present and can be separated and isolated as individual
      products. Where these further reactions are not desired, they can be
      suppressed by techniques well-known in the art, for example, by using an
      excess of the carbonyl compound, less acidic reaction conditions, lower
      temperature, shorter reaction time, etc. See also, Examples 18, et seq.
PAR  When it is desired to prepare the higher condensation products, for example
      the fluorenols (except for those that will not condense further),
      indenodibenzopyrans, indenofluorenols, etc., in highest yields and purity,
      we prefer to first form a dibenzopyran precursor and isolate it from the
      reaction mixture and then isomerize it to the fluorenol in the absence of
      the aldehyde or ketone reactant. The isolated fluorenol, if it has a
      phenyl substituent ortho to the hydroxyl group, can then be reacted to the
      higher condensed products if desired. It is obvious that no isomerization
      of the dibenzopyran to the fluorenol can occur when the initial phenol has
      a nondisplaceable substituent in the meta position involved in the
      isomerization. For example, 2,3-diphenylphenol and
      2,3-diphenylhydroquinone will only yield the dibenzopyran products, but
      the other diphenylphenols or diphenylhydroquinones yield both dibenzopyran
      and fluorenol products.
PAR  The benzenoid compounds which we prefer to use for our reaction are those
      benzenoid compounds having at least one -XH substituent on the benzene
      ring which is ortho to at least one
      ##SPC5##
PAL  substituent, any other substituents for the hydrogen on the ring carbons of
      the benzenoid compound being lower alkyl, C.sub.4-8 -cycloalkyl, phenyl,
      lower alkyl substituted phenyl, C.sub.4-8 -cycloalkyl substituted phenyl,
      halogen, -XR,
      ##SPC6##
      the two free valences of the last two substituents being connected to
      adjacent ring carbon atoms of said benzenoid compound with the proviso
      that the free valence attached to the ring carbon atom of the last
      substituent be connected to a ring carbon atom ortho to an -OH substituent
      on the ring of said benzenoid compound, where X is oxygen or sulfur, R is
      hydrogen, lower alkyl, C.sub.4-8 -cycloalkyl or phenyl, R' and R", taken
      together with the carbon atom to which both are attached, is cyclohexyl or
      lower alkyl substituted cyclohexyl, and, individually, R' is hydrogen,
      lower alkyl or C.sub.4-8 -cycloalkyl, lower haloalkyl or C.sub.4-8
      -halocycloalkyl, wherein the .alpha.-carbon atom of said substituents,
      other than the hydrogen, has at least one hydrogen and no more than one
      halogen and R" is alkyl, cycloalkyl, haloalkyl or halocycloalkyl, as
      defined for R'  and, in addition, phenyl or substituted phenyl wherein the
      substituents are lower alkyl, C.sub.4-8 -cycloalkyl, halo or nitro, there
      being no more than one nitro group on any one phenyl ring. The maximum
      number of -XH substituents is five which means that there would be only
      one
      ##SPC7##
PAL  (R-phenyl) substituent, but if both of its ortho positions were
      unsubstituted they could both be involved in the pyran ring forming
      reaction with the two -XH substituents ortho to the R-phenyl substituent.
      The maximum number of -XH substituents that can be ortho to an R-phenyl
      substituent is four and requires two R-phenyl substituents which would be
      in the para position with respect to each other. For a fluorenol to be
      formed, the maximum number of -OH or R-phenyl substituents is four of
      either and their total can not be greater than 5. In view of the
      complexity of the reaction and the mixture of products obtained as the
      number of reactive sites increases, we prefer those benzenoid compounds
      having one or two -XH substituents and one or two R-phenyl substituents
      ortho to at least one of the -XH substituents, preferably one or two
      R-phenyl substituents ortho to each said -XH substituent, i.e., there can
      be one to two -XH substituents and one to four R-phenyl substituents where
      X and R are as defined previously.
PAR  For the benzenoid compound to form a dibenzopyran which can isomerize to a
      fluorenol, it must have at least one R-phenyl substituent with an -OH
      substituent ortho to it and the other position, which is ortho to it and
      meta to the -OH, must have a substituent which is replaceable under the
      strongly acidic reaction conditions, for example, a tertiary alkyl group
      which migrates or dealkylates. Preferably the replaceable substituent is
      hydrogen, i.e., the position is unsubstituted. It will be apparent from
      the structures involved that two is the maximum number of benzopyrano
      substituents on the benzenoid compound that can isomerize, e.g., the
      starting material for our reaction could be 2,6-diphenylphenol, which
      could have any of the various other substituents in the 4 position,
      3,6-diphenylcatechol, 2,4-diphenylresorcinol, 2,5-diphenylhydroquinone,
      etc. In this regard, see equation II and Examples 1, 4-6 and 30.
PAR  Of the above preferred benzenoid compounds, we prefer to use as starting
      materials for our reaction the simple phenols, either the monohydric
      phenols or thiophenols having the formula,
      ##SPC8##
PAL  or the dihydric phenols, thiophenols or mixed phenol-thiophenols having the
      formula,
      ##SPC9##
PAL  where R and X are as previously defined and n is 0 or 1.
PAR  These can be described as benzenoid compounds having one or two -XH
      substituents and one or two
      ##SPC10##
PAL  substituents ortho to at least one of said -XH substituents where R and X
      are as previously defined.
PAR  The aldehydes and ketones or mixed aldehyde-ketones which we prefer to use
      are those mono- or dicarbonyl compounds having no more than 20 carbon
      atoms, each carbonyl moiety being either ketonic directly attached to no
      more than one aromatic carbon atom (i.e., is not a completely aromatic
      ketone), or aldehydic, there being at least two carbon atoms between each
      carbonyl moiety of said dicarbonyl compound, each remaining moiety, which
      is attached directly to the carbon atom of said carbonyl moiety, being (a)
      saturated, monovalent or divalent, aliphatic hydrocarbon (i.e., alkyl,
      cycloalkyl, alkylene or cycloalkylene) or halohydrocarbon (i.e.,
      haloalkyl, halocycloalkyl, haloalkylene, or halocycloalkylene) in which
      each carbon atom that is attached to the carbon atom of said carbonyl
      moiety has at least one hydrogen and no more than one halogen attached
      thereto, (b) phenyl, phenylene, substituted phenyl or substituted
      phenylene wherein the phenyl and phenylene substituents are lower alkyl,
      C.sub.4-8 cycloalkyl, halogen or nitro, there being no more than one nitro
      group on any one phenyl ring or (c) combinations of (a) and (b). In
      addition, glyoxylic acid can be the carbonyl compound when X of the
      benzenoid compound is sulfur.
PAR  The alkylene and haloalkylene moieties can join two carbonyl groups to form
      acyclic aldehydes, acyclic ketones or cyclic ketones, i.e., have one of
      the formula
      ##EQU1##
      where R.sup.a is the same as previously defined for R" and, in addition
      hydrogren, R.sup.b is lower alkylene or lower haloalkylene and each has at
      least two carbon atoms between the two carbonyl groups.
PAR  From the above discussion, it is thus seen that the mono- and dicarbonyl
      compounds can also be described as a mono- or dicarbonyl compound having
      no more than 20 carbon atoms, each carbonyl group being ketonic or formyl,
      there being at least two carbon atoms between each carbonyl moiety of said
      dicarbonyl compound, said mono- or dicarbonyl compound: (a) being
      glyoxylic acid, but only when the -XH group of the compound of A is -SH,
      or (b) having one of the formulae:
      ##EQU2##
      where R' and R" are as defined above, R.sup.a is the same as R" and, in
      addition, hydrogen, R.sup.b is (1) lower alkylene, (2) lower haloalkylene,
      both (1) and (2) having at least one hydrogen and no more than one halogen
      on the carbon atom alpha to the carbonyl groups, and R.sup.c is the same
      as R.sup.b and, in addition, when R.sup.a is other than phenyl or
      substituted phenyl, phenylene or substituted phenylene wherein the
      substituents are lower alkyl, C.sub.4-8 -cycloalkyl, halogen or nitro,
      there being no more than one nitro group on any one phenyl ring.
PAR  From what has been said above and the above definitions off R' and R", it
      is obvious that the above benzenoid compounds having R' and R" in their
      formulae, are actually initial dibenzopyran or fluorenol products of our
      reaction which are being further condensed to the higher condensed
      products described above.
PAR  Typical examples of lower alkyl and C.sub.4-8 -cycloalkyl substituents
      which can be present on the benzenoid compound or as the -R group on the
      phenyl and -X- substituents of the benzenoid compound are: methyl, ethyl,
      propyl, isopropyl, the various acyclic and cyclic butyl groups, i.e.,
      n-butyl, sec-butyl, 2-methylpropyl, tert-butyl, cyclobutyl, etc., the
      various acyclic and cyclic pentyl groups, the various acyclic and cyclic
      hexyl groups, the various acyclic and cyclic heptyl groups, the various
      acyclic and cyclic octyl groups, etc. Typical examples of the lower alkyl,
      C.sub.4-8 -cycloalkyl, lower haloalkyl and C.sub.4-8 -halocycloalkyl
      substituents R' and R" are the same as those alkyl and cycloalkyl groups
      above, except those having a tertiary .alpha.-carbon atom, i.e., not
      having a hydrogen on the .alpha.-carbon atom and, in the case of the
      haloalkyl and halocycloalkyl substituents, one or more halogen
      substituents on the carbon atoms of these alkyl groups, but not more than
      one halogen on the .alpha.-carbon atom, e.g. chloromethyl,
      1,2-dichloroethyl, 1,2-, 1,3-, 2,3-, 2,2-, 3,3-dichloropropyl,
      fluoromethyl, 1,2-dibromoethyl, etc.
PAR  R' and R", together with the carbon to which they are attached can be a
      cyclohexyl ring including a lower alkyl substituted cyclohexyl ring, i.e.,
      the ketone used is a cyclohexanone as contrasted to a cyclohexyl ketone or
      aldehyde which would result in either R' or R" or both each being a
      cyclohexyl group, which can be substituted with one to five preferably one
      or two lower alkyl groups, i.e., the lower alkyl groups disclosed above.
      In addition, R" but not R' can be phenyl or phenyl with one to five
      substituents preferably one to two lower alkyl groups, i.e., the lower
      alkyl groups previously disclosed and, when 2,6-diphenylthiophenol is
      used, and R' is hydrogen, R" can be caboxyl, i.e., the carbonyl reactant
      is glyoxylic acid.
PAR  Typical but not limiting examples of some of the more readily available
      phenols and thiophenols falling within the above disclosure of the
      benzenoid compounds are: o-phenylphenol, 2,4- or 2,6-diphenylphenol,
      2,4,6-triphenylphenol, 2-methyl-6-phenylphenol,
      2-isopropyl-6-phenylphenol, 2-cyclohexyl-6-phenylphenol,
      2-(2-biphenylyl)phenol, 2-(4-methylphenyl)phenol, phenylhydroquinone,
      2-phenylresorcinol, 2,5-diphenylhydroquinone, etc., and the thio isologues
      of these phenols, e.g., o-phenylthiophenol, 2,6-diphenylthiophenol,
      phenylthiohydroquinone, etc.
PAR  Typical, but not limiting examples of some of the more readily available
      ketones and aldehydes falling within the above disclosure of the carbonyl
      compounds are: acetone, chloroacetone, acetaldehyde, methyl ethyl ketone,
      propionaldehyde, methyl octyl ketone, levulinic aldehyde (4-oxopentanal),
      octaldehyde (octanal), methyl cyclohexyl ketone, cyclobutanone,
      6-bromo-2-hexanone, dicyclohexyl ketone, cyclohexanaldehyde,
      2,3-dibromo-2-methylbutanal, 2-methyl-2,3-dichloropentanal, pentadecanal,
      cyclohexanone, 1,3- and 1,4-cyclohexadione, 2-ethylcyclohexanone,
      p-chlorobenzyl methyl ketone, acetophenone, benzaldehyde,
      diphenylacetaldehyde, 2,5-undecandione, .alpha.-, o-, m- and
      p-chloroacetophenones, 1,4-dibenzoylbutane, o-, m- and p-diacetylbenzenes,
      o-, m- and p-niroacetophenones, o-, m- and p-chlorobenzaldehydes,
      m-bromobenzaldehyde, p-iodobenzaldehyde, o-, m- and p-fluorobenzaldehydes,
      terephthalaldehyde, adipicdialdehyde, 4,4-dicyclohexanone
      ([bicyclohexyl]-4,4' -dione), p-acetylbenzaldehyde,
      4,4'-isopropylidenedicyclohexanone, etc.
PAR  Our process comprises reacting the desired benzenoid compound with the
      desired carbonyl compound in an acidic liquid phase in which the reactants
      are soluble and which is nonreactive with the other components, contains
      no more than 5 percent water and whose acid strength, as measured on the
      Hammett H.sub.o scale, is at least as strong as neat trifluoroacetic acid.
      On the Hammett H.sub.o scale, the values are called Hammett H.sub.o
      acidity functions and range from positive to negative numbers. The more
      negative the value, the stronger the acid. For a more complete discussion
      of the Hammett H.sub.o acidity functions, reference is made to the book
      "Acidity Functions" by Colin H. Rochester, Academic Press, New York
      (1970). This book and its references are hereby incorporated by reference
      for a teaching concerning acidity functions of various acids and the
      factors which govern acidity functions of various systems in which the
      acids are dissolved. The liquid phase can be either the neat acid having
      the required acid strength or it can be an inert organic liquid in which
      the acid is dissolved in sufficient quantity to give the desired acid
      strength.
PAR  Preferably, the liquid phase should be a solvent in which the amount of
      both reactants used are completely soluble. However, this is not a
      requisite, and heterogeneous reaction mixtures can be used when the
      reactants are sufficiently soluble in the liquid phase to give a
      reasonable reaction rate.
PAR  Typical but not limiting examples of acids that are readily available which
      we can use to provide the required acidity are: hydrogen fluoride,
      trifluoracetic acid, mono-, di- and hexafluorophosphoric acids, fluoboric
      acid, methanesulfonic acid, trifluoromethanesulfonic acid, etc. Mixtures
      of these acids can be used but generally offer no advantage over the use
      of a single acid. Acids such as formic acid, acetic acid, the chloroacetic
      acids, are too weak to provide the required Hammett H.sub.o acidity
      function.
PAR  If desired, the acids, especially those having a very high negative Hammett
      H.sub.o activity function, can be diluted with a wide variety of organic
      liquids to provide the liquid phase still having the requisite acidity. By
      this means, the acidity of the reaction medium can be adjusted over a wide
      range to provide a particular value that is most suitable for producing
      the desired product under the optimum acidity condition. As is
      self-evident, the diluent should not be reactive with either the acid or
      reactants and must be miscible with the acid. Preferably, but not
      necessarily, the diluent should increase the solubility of the reactants
      in sthe liquid phase. Preferably, any inert organic liquid used as a
      diluent and solvent for the acid should be aprotic and should have a high
      dielectric constant since such a solution will have a higher negative
      Hammett H.sub.o activity function for a given acid than a solvent having a
      lower dielectric constant. Typical, but not limiting examples of readily
      available organic liquids we can use are: nitromethane, sulfolane,
      chloroform, chlorobenzene, o- or m-dichlorobenzene, the chlorotoluenes,
      nitorbenzene, etc. The particular solvent is not critical and its choice
      is dependent on the desires of the operator.
PAR  The rate of reaction of the carbonyl compound with the benzenoid compound
      is governed by the acidity of the organic reaction medium. The stronger
      the acidity, the faster the reaction. Likewise, heating will also speed up
      the rate of reaction. In the case of benzenoid compounds that can produce
      both dibenzopyrans and fluorenols, the initial product is the
      dibenzopyran. Longer reaction times, higher temperatures and increased
      acidity of the reaction medium, all favor the isomerization of the
      dibenzopyran to the corresponding fluorenol, providing the former is
      sufficiently soluble to permit isomerization to the latter. Example 30
      illustrates the making of a dibenzopyran product under highly acidic
      conditions which would normally produce the fluorenol product. In this
      case, the dibenzopyran product was too insoluble in the reaction mixture
      to be isomerized. Thus, this is another technique to be used to control
      the type of product obtained.
PAR  When reacting benzenoid compounds that can produce both products, and
      dibenzopyrans are the desired product, in order to suppress isomerization
      to the fluorenol when heating the reaction mixture, we prefer to use
      trifluoroacetic acid, or one of the stronger acids which can be diluted
      with an inert solvent to about the same Hammett H.sub.o activity function,
      as the solvent medium. Such media have the minimum required acidity and
      minimize the formation of the other reaction products. Methanesulfonic
      acid is a good acid to use for reactions run at room temperature to
      produce dibenzopyrans.
PAR  In order to prepare the fluorenol compounds of this invention in highest
      yields and purity, except from monohydric phenols having only one phenyl
      or substituted phenyl substituent ortho to the phenolic hydroxyl group, we
      prefer to first form the dibenzopyran precursor and isolate it from the
      reaction mixture and then isomerize it in the absence of the carbonyl
      compound using any of the acidic media previously described, or Lewis
      acids, for example AlCl.sub.3, BF.sub.3 in trifluoroacetic acid, etc., can
      be used for the isomerization. In this way, the dibenzopyran can be
      converted completely into the desired fluorenol without causing any
      production of the higher condensed products. The above-excepted phenols
      will produce no product beyond the fluorenol in our reaction. Therefore,
      they can be prepared directly from the initial reactants using a very
      highly acidic liquid phase, for example, liquid anhydrous HF at room
      temperature.
PAR  Monitoring the reaction by vpc (vapor phase chromatograph), tlc (thin layer
      chromatography) and nmr (nuclear magnetic resonance spectrometry) will
      permit determining the optimum conditions to stop the reaction for maximum
      conversion of the reactant to the dibenzopyran and minimum formation of
      the fluorenol.
PAR  Surprisingly enough, the dibenzothiopyrans of this invention do not
      isomerize to the corresponding fluorenthiols. With these compounds, we
      therefore can use reaction media having higher acidity than
      trifluoroacetic acid with no danger of isomerization occurring. However,
      the thiophenols react quite rapidly with the carbonyl compounds and
      therefore trifluoroacetic acid is generally a convenient material to use
      as both acid and solvent. However, as will be illustrated in the examples,
      other acidic media having a higher acidity for example methanesulfonic
      acid alone or diluted with an inert solvent such as chlorobenzene,
      chloroform, etc., can be used.
PAR  Yields based on consumed reactants are very high for the dibenzopyrans,
      dibenzothiopyrans and fluorenols, and the unused reactants are readily
      recovered for reuse since our reaction is exceptionally free of side
      reactions. Where higher condensed products are produced they can be
      isolated as useful compounds.
PAR  Table I gives representative values of Hammett H.sub.o acidity functions of
      typical acids covering a wide range of values we can use and demonstrate
      the effect of dilution with water, a typical protolytic solvent, and
      nitromethane, a typical aprotic solvent. Percentages are by volume unless
      otherwise stated. The values of H.sub.o are not capable of being
      determined with extreme accuracy and are probably accurate to within
      .+-.0.5 units.
TBL                TABLE I                                                     
     ______________________________________                                    
                               Hammett                                         
                               H.sub.o Acidity                                 
              Acid System      Function                                        
     ______________________________________                                    
     Formic acid (ca. 2% by wt water)                                          
                               -1.9                                            
     Trifluoroacetic acid      -3.3                                            
     Trifluoroacetic acid 5% water                                             
                               -3.3                                            
     Trifluoroacetic acid 10% water                                            
                               -3.2                                            
     Trifluoroacetic acid 15% water                                            
                               -2.8                                            
     Trifluoroacetic acid 30% water                                            
                               -1.6                                            
     Methanesulfonic acid (ca 2% by wt water)                                  
                               -7.6                                            
     Methanesulfonic acid 30% water                                            
                               -3.6                                            
     Methanesulfonic acid in 90% nitromethane                                  
                               ca -7.0                                         
     Difluorophosphoric acid   -8.9                                            
     Difluorophosphoric acid in 95% nitromethane                               
                               -7.4                                            
     Difluorophosphoric acid in 80% nitromethane                               
                               -8.8                                            
     Hydrogen fluoride         -11.9                                           
     Hydrogen fluoride with BF.sub.3                                           
                               ca -15                                          
     Hydrogen fluoride with SbF.sub.5                                          
                               ca -17                                          
     Trifluoromethanesulfonic acid                                             
                               -14.0                                           
     ______________________________________                                    
PAR  In addition to the above effect of water, water also is a product of the
      dibenzopyran and dibenzothiopyran forming reaction. Therefore, the
      reaction is aided by using anhydrous liquid phase initially or at least
      limiting the amount of water present initially to no more than 5 percent
      by volume. Azeotropic distillation, use of inert desicants, etc., can also
      be used to remove the water of reaction but generally we have not found it
      necessary to remove the water of reaction.
PAR  In order that those skilled in the art may better understand our invention,
      the following examples are given by way of illustration and not by way of
      limitation. In all the examples, parts are by weight and temperatures are
      in degrees Centigrade unless otherwise specifically noted. Where elemental
      analyses are given for a named compound, the theoretical values calculated
      for this compound, are given in parentheses after the analytically
      determined values. The following abbreviations are used: tlc -- thin layer
      chromatography, vpc -- vapor phase chromatography, nmr -- nuclear magnetic
      resonance (spectrometry).
PAR  The simpler dibenzopyrans and dibenzothiopyrans prepared in the following
      examples can be represented by the formula:
      ##SPC11##
PAL  and the fluorenol isomers of the dibenzopyrans by the formula:
      ##SPC12##
PAL  where X is oxygen or sulfur, R.sub.1 and R.sub.2, taken together, form a
      cyclohexyl ring, including lower alkyl substituted cyclohexyl ring with
      the carbon atom to which both are attached and, in addition, separately, R
      is hydrogen or lower alkyl free of a tertiary .alpha.-carbon atom and
      R.sub.2 is lower alkyl free of a tertiary .alpha.-carbon atom, phenyl,
      lower alkyl substituted phenyl and, when X is sulfur and R.sub. 1 is
      hydrogen, carboxyl.
PAC  EXAMPLE 1
PAR  A mixture of 5.0 g. of 2,6-diphenylphenol, 10.0 ml. of acetone and 50.0 ml
      of trifluoroacetic acid was placed in a 250 ml ground bottom flask closed
      with a ground glass stopper and heated on a steam bath. Initially, the
      diphenylphenol was not completely soluble but did dissolve in the solution
      upon heating. At the end of 47.5 hours, the reaction mixture was poured
      into water, then extracted with chloroform. The organic layer was washed
      with a saturated aqueous sodium bicarbonate solution and dried with
      anhydrous sodium sulfate. After concentration of the organic layer, tlc
      and vpc showed no 2,6-diphenylphenol remaining and that there were four
      products present. After adding 2,6-diphenylphenol as a reference point,
      the vapor phase chromatograph obtained, showed that the four products, the
      simple dibenzopyran and fluroenol products shown in Equation I, and the
      more complex indenodibenzopyran and indenofluorenol products shown in
      Equation II, were present in the relative percentages of 54 percent, 5
      percent, 23 percent and 18 percent respectively. Extraction of the
      reaction mixture with claisen's alkali extracts the two fluorenol products
      from the two dibenzopyran products. Distillation of the organic layer
      through an 18" spinning band column at less than 1 millimeter pressure
      permits the more complex dibenzopyran product of Equation II to be
      separated from the simpler dibenzopyran product of Equation I. The former
      is a white solid having a melting point of 112.degree.-113.degree., whose
      structure, as shown in Equation II, was confirmed by nmr and mass
      spectrometry. Elemental analysis showed: C, 88.2 (88.3); H, 6.9 (6.8). All
      four of these products are better otained in reactions in which each is
      essentially the only product as will be illustrated in further examples.
PAR  In order to study the effect of acidity on the above reaction, various
      acidic media were used in the reaction of 2,6-diphenylphenol with
      representative carbonyl compounds. The various reaction mixtures were
      monitored for evidence of pyran formation with the following results: no
      pyran formation was noted for the reaction of 2,6-diphenylphenol with
      acetone in acetic acid saturated with hydrogen chloride, formic acid or
      formic acid saturated with hydrogen chloride. Some pyran formation was
      obtained when the acidic medium was an equal volume mixture of formic acid
      and trifluoroacetic acid. This system has a Hammett H.sub.o acidity
      function of approximately -2 and appears to represent the minimum or
      borderline acidity required for our reaction to proceed at all, and in
      order to have reasonable reaction rates it should be at least -3. As the
      ratio of trifluoroacetic acid to formic acid is increased, the rate of
      pyran formation is increased. Pyran formation was very evident in
      reactions of 2,6-diphenylphenol with acetone, benzaldehyde and
      cyclohexanone in acid systems such as 80 percent trifluoroacetic acid
      diluted with 20 percent chloroform, neat trifluoroacetic acid. 10 percent
      solution of difluorophosphoric acid in nitromethane and neat methane
      sulfonic acid. These percentages are by volume.
PAR  In another series of reactions involving the reaction of acetone and
      2,6-diphenylphenol in trifluoroacetic acid, the effect of water in the
      initial reaction medium was studied. It was found that 2 percent by water
      caused a noticeable reduction in the rate and at 6 percent completely
      inhibited the reaction. On the other hand, trifluoroacetic anhydride which
      would react with the water formed in the reaction to form trifluoroacetic
      acid caused progressive enhancement of the rate of reaction up to about 5
      volume percent with no further increase in the range of 5-10 percent.
PAR  In a series of reactions of paraldehyde and 2,6-diphenylphenol in
      trifluoroacetic acid, up to 3 percent water in the initial reaction
      mixture had no detectable effect. At the 6 percent water level, although
      the pyran reaction was not inhibited, it was very retarded and in this
      case some methylene-4,4'-bis(2,6-diphenylphenol) was produced.
PAR  In order to more closely study the effect of acidity on the rate of
      reaction, the following example was carried out:
PAC  EXAMPLE 2
PAR  To each of a series of 15 ml culture tubes having polytetrafluoroethylene
      lined screw caps was added 0.1000 g. of 2,6-diphenylphenol and 50 .mu.l of
      cyclohexanone. Subsequently, 1.000 ml of nitromethane containing serially
      increasing amounts of difluorophosphoric acid was added. Each tube
      received a different concentration of acid as shown in Table II. Each tube
      was sealed, heated for 1 hr at 80.degree. and quenched by addition of 10
      ml of 0.1 percent aqueous KOH. 1 ml of nitromethane containing 50 mg/ml of
      m-terphenyl as a vpc standard was added to each tube. The tubes were
      shaken and the water layers removed. The remaining nitromethane solutions
      of products were washed with 0.1 percent KOH, distilled water, dried
      (Na.sub.2 SO.sub.4) and placed in vials for vpc analysis. The results are
      shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
             Vol.                                                              
     Tube No.                                                                  
             % HPO.sub.2 F.sub.2                                               
                         H.sub.o  % Pyran                                      
                                         % Fluorenol                           
     ______________________________________                                    
     1       0.99        -2.4     0      0                                     
     2       1.96        -3.3     7.5    0                                     
     3       2.91        -4.2     17.6   0                                     
     4       3.85        -4.9     30.7   0                                     
     5       4.76        -5.5     48.1   0                                     
     6       5.66        -6.0     62.7   0                                     
     7       6.54        -6.5     72.5   0                                     
     8       7.40        -6.7     83.9   0                                     
     9       8.26        -7.1     89.1   0                                     
     10      9.09        -7.3     92.5   0                                     
     11      20.00       -8.8     60.2   39.8                                  
     12      30.00       (a).about.                                            
                                  50.2   49.8                                  
     13      40.00         .about.                                             
                                  61.2   35.4                                  
     14      50.00         .about.                                             
                                  75.2   14.9                                  
     ______________________________________                                    
      (a)nitromethane-difluorophosphoric acid forms a two-phase system above   
      .about.25% difluorophosphoric acid.                                      
PAR  From the data of Table II, it is evident that the threshold H.sub.o value
      for the pyran-forming reaction is approximately -3.0 and that the rate of
      the reaction increases almost linearly with more negative H.sub.o values.
      It can also be noted from Table II that the pyran reaction can be carried
      to essential completion in a rapid reaction with essentially no
      isomerization to the fluorenol by using acidic liquid media having a
      Hammett H.sub.o acidity function of about -7.5 or less and that negative
      values greater than this favor isomerization. The choice of temperature,
      time and acid concentration permits considerable control over the reaction
      of our carbonyl compounds with our benzenoid compounds. Difluorophosphoric
      acid is soluble in nitromethane to the extent of about 25%. The
      experiments in Table II carried out with 40 and 50 percent
      difluorophosphoric acid show a slightly decreased yield of products. This
      is thought to be due to unequal partitioning of the reactants between the
      two unstirred phases present in these experiments.
PAC  EXAMPLE 3
PAR  This example illustrates the faster reaction obtained by increasing the
      molar ratio of carbonyl compound to the benzenoid compound. In a series of
      eight reactions, 3.7 g. of 2,6-diphenylphenol was dissolved in 25 ml of
      refluxing trifluoroacetic acid. Sufficient acetone was added to these
      solutions to obtain molar ratios of acetone to phenol of 2:1, 3:1, 4:1,
      6:1, 8:1 and 10:1, and 12:1. Samples were removed from the reactions at
      given times and analyzed by vpc. The amount of pyran in the reaction
      mixture, expressed as a mole fraction of the mixture was determined.
PAR  It was found that the amount of pyran produced after 30 minutes had
      approximately doubled, from 0.27 to 0.48, when the ratio of acetone to
      2,6-diphenylphenol was doubled from 2:1 to 4:1 indicating a first order
      dependence on acetone concentration. From the same study, it was found
      that the rate of condensation could be increased by increasing acetone to
      2,6-diphenylphenol ratio up to a ratio of approximately 6:1 and that above
      this ratio, the rate was retarded. The rate retardation occurring at the
      higher acetone concentrations is probably due to a buffering effect or
      reduction of the solution's acidity by the acetone. In these studies, the
      reaction to form the dibenzopyran was essentially complete in five hours
      when the ratio of acetone to 2,6-diphenylphenol was 6:1.
PAC  EXAMPLE 4
PAR  A solution of 370 g. of 2,6-diphenylphenol in 2 l. of trifluoroacetic acid
      was heated to reflux and 174 g. of acetone was added over a 10 minute
      period. After refluxing for 5.5 hours an additional 87 g. of acetone was
      added and reflux continued for an additional 0.5 hour. On cooling to room
      temperature, the crude 4-phenyl-6,6-dimethyl-6H-dibenzo[b,d]pyran,
      corresponding to formula A where X is oxygen, R.sub.1 and R.sub.2 are each
      methyl, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen and R.sub.6 is
      phenyl, precipitated as a crystalline material which was filtered, washed
      with water and air dried. The product was dissolved in 1 l. of heptane
      containing 150 ml of toluene. The solution was extracted 3 times with 300
      ml portions of Claisen's alkali to remove any phenolic bodies. After
      washing with water and drying over anhydrous magnesium sulfate, the
      solvent was removed under vacuum from the extracted heptane-toluene
      solution leaving a solid residue which was recrystallized from methanol to
      yield 281 g. of the purified dibenzopyran as white crystals having a
      melting point of 79.degree., whose structure was confirmed by infrared,
      nmr and mass spectrometry. Elemental analysis: C, 87.8 (88.1); H, 6.5
      (6.3).
PAR  The mother liquors from the recrystallization of the above dibenzopyran
      always contain a second alkali insoluble material which could be separated
      from the above dibenzopyran by distillation at reduced pressure. A pure
      sample of this higher condensed product, the indenodibenzopyran whose
      structure is:
      ##SPC13##
PAL  was obtained by fractional distillation under reduced pressure of less than
      1 millimeter using an 18" spinning band column. This product was obtained
      as a white solid having a melting point of 112.degree.-113.degree.. Its
      structure was confirmed by nmr and mass spectrometry. Elemental analysis
      showed: C, 88.2 (88.3); H, 6.9 (6.8).
PAC  EXAMPLE 5
PAR  A solution of 260 g. of the dibenzopyran produced in Example 4 dissolved in
      1 l. of trifluoroacetic acid was heated at reflux for 11 days. After
      cooling to room temperature, 500 ml of water and 500 ml of heptane were
      added, causing a precipitate to form. Filtration yielded 46 g. of
      crystalline 9,9-dimethyl-3-phenyl-4-fluorenol, corresponding to formula B
      where R.sub.1 and R.sub.2 are each methyl, R.sub.4 and R.sub.5 are each
      hydrogen and R.sub.6 is phenyl, which was washed with water and dried
      under vacuum. The heptane layer was extracted 3 times with Claisen's
      alkali and the alkali extracts combined and neutralized with aqueous
      hydrochloric acid to cause additional amount of the fluorenol to
      precipitate. It was recovered by filtration, washed with water and dried
      in a vacuum to yield an additional 71 g. of the above-named fluorenol. The
      total yield was 117 g. having a melting point of 106.degree.-107.degree.,
      and whose structure was confirmed by infrared, nmr and mass spectrometry.
      Elemental analysis showed: C, 88.2 (88.1); H, 6.1 (6.3).
PAR  Isomerization of the dibenzopyran to the fluorenol was also effected by
      heating a solution of 1 g. of the dibenzopyran of Example 4 in 15 ml of
      chlorobenzene at 80.degree. for 17 hours in the presence of 40 mg of
      aluminum chloride to yield 0.87 g. of the fluorenol. Isomerization could
      also be effected with other very strongly acidic media, for example
      methanesulfonic acid, liquid anhydrous HF, etc., or other Lewis acids, for
      example BF.sub.3 in trifluoroacetic acid, etc. The fluorenol could also be
      isolated from the Claisen's alkali extraction layer of Example 4 by
      neutralization as described above in this example.
PAC  EXAMPLE 6
PAR  A solution of 2.8 g. of the fluorenol of Example 5 in 300 ml of
      trifluoroacetic acid was heated to reflux and 11.6 g. of acetone added
      over a 10 minute period. Analysis of the reaction mixture after a 2.5 hour
      period by vpc showed that the major component of the reaction mixture was
      the same indenodibenzopyran which was isolated in Example 4 from the
      mother liquors of the recrystallization step.
PAR  The reaction was allowed to proceed for a total of 14 hours by which time
      analysis by vpc showed that over 90 percent of the product was the
      indenofluorenol of Equation II. The acid was removed under vacuum and the
      solid residue dissolved in diethyl ether, washed 3 times with water and
      dried over anhydrous magnesium sulfate. After removal of the solvent under
      vacuum, the solid product was recrystallized from cyclohexane to yield
      16.6 g. of the fluorenol having the structure:
      ##SPC14##
     as white crystals having a melting point of 210.degree.-211.degree.. Its
      structure was confirmed by infrared, nmr and mass spectrometry. Elemental
      analysis showed: C, 88.5 (88.3); H, 6.9 (6.8).
PAC  EXAMPLE 7
PAR  A solution of 246 g. of 2,6-diphenylphenol in 1,250 ml of trifluoroacetic
      acid was heated to reflux and 200 g. of cyclohexanone added. After only 30
      minutes of reaction at reflux there was a copious precipitate of
      spiro{cyclohexane-1',6-(4-phenyl-6H-dibenzo[b,d]pyran)}, also known as
      4-phenyl-6H-dibenzo[ b,d]pyran-6-spiro-1'-cyclohexane, which was isolated
      by filtration of the hot reaction mixture and washed 3 times with water
      and dried in vacuum. After recrystallization from isopropanol, there was
      obtained 200 g. of the dibenzopyran as a white crystalline product having
      a melting point of 124.degree.-125.degree., whose structure (corresponding
      to formula A where X is oxygen, R.sub.1 and R.sub.2 together with the
      carbon atom to which they are commonly attached, forms the cyclohexyl
      group, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen and R.sub.6 is
      phenyl) was confirmed by infrared, nmr and mass spectrometry. Elemental
      analysis showed: C, 88.1 (88.3); H, 6.8 ( 6.8).
PAR  The dibenzopyran of this example was isomerized to its corresponding
      fluorenol by heating a solution of the dibenzopyran in chlorobenzene in
      the presence of AlCl.sub.3 for 10 minutes. A 5 g. portion of this
      fluorenol was reacted with 3 g. of cyclohexanone in 50 ml of
      trifluoracetic acid and 5.6 g. of trifluoroacetic anhydride to produce the
      complex dibenzopyranofluorene having the formula:
      ##SPC15##
PAC  EXAMPLE 8
PAR  A solution of 150.1 g. of 2,6 -diphenylphenol in 1 l. of trifluoroacetic
      acid was heated to reflux and 26.7 g. of paraldehyde added over a 15
      minute interval. After refluxing for 1 hour, the solution was cooled,
      quenched with water and extracted with chloroform. The chloroform solution
      was washed with water, dried over anhydrous sodium sulfate and filtered.
      After removal of the chloroform under vacuum, the crude
      6-methyl-4-phenyl-6H-dibenzo[b,d]pyran, corresponding to the formula A
      where X is oxygen, R.sub.1, R.sub.3, R.sub.4 and R.sub.5 are each
      hydrogen, R.sub.2 is methyl, and R.sub.6 is phenyl, was obtained as a
      brown oil. The oil was dissolved in a minimum amount of benzene and hexane
      added. The solution was extracted 5 times with 100 ml portions of
      Claisen's alkali after which the benzene-hexane solution was washed with
      water, dried and filtered. Removal of the solvent under vacuum, yielded
      143.6 g. of the product as a clear brown oil which was found by vpc to be
      81.3 percent of the desired dibenzopyran and 18.7 percent of a second
      product. The pure dibenzopyran was isolated by fractional distillation in
      an 18 inch spinning band column at less than 1 millimeter pressure. The
      liquid fraction collected at 180.degree.-190.degree. when treated with
      hexane produced white crystals of the pure product having a melting point
      of 61.degree.-62.degree.C., whose structure was confirmed by infrared and
      nmr spectroscopy. An elemental analysis showed: C, 88.0 (88.3); H, 6.0
      (6.0). Molecular weight: 286 (272).
PAC  EXAMPLE 9
PAR  A solution of 100 g. of 2,6 -diphenylphenol and 135 g. of benzaldehyde in
      125 ml of chloroform and 500 ml of trifluoroacetic acid was maintained at
      30.degree. for 65 hours. During this time, 4,6
      -diphenyl-6H-dibenzo[b,d]pyran, corresponding to formula A where X is
      oxygen, R.sub.1, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen and
      R.sub.2 and R.sub.6 are each phenyl, precipitated from the reaction
      mixture. It was washed 2 times with trifluoroacetic acid, 3 times with
      water and air dried. After recrystallization from ethanol, there was
      obtained 51.5 g. of the dibenzopyran as a white crystalline solid having a
      melting point of 102.degree.-103.degree., whose structure was confirmed by
      infrared and nmr spectroscopy. Elemental analysis showed: C, 89.6 (89.8);
      H, 5.4 (5.4).
PAC  EXAMPLE 10
PAR  A suspension of 15 g. of 2,6-diphenylphenol in 150 ml of trifluoroacetic
      acid was heated to 50.degree. and 7.07 g. of propanol (propionaldehyde)
      added. After 1 hour reaction at this temperature, the reaction mixture was
      quenched with water and extracted with benzene. The benzene layer was
      washed with water, diluted with hexane and extracted 3 times with 100 ml
      portions of Claisen's alkali. After washing with water and drying over
      anhydrous sodium sulfate and filtering, the solvent was removed from the
      benzene-hexane layer yielding 13.33 g. of
      6-ethyl-4-phenyl-6H-dibenzo[b,d]pyran, corresponding to formula A where X
      is oxygen, R.sub.1, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen,
      R.sub.2 is ethyl and R.sub.6 is phenyl, as a yellow oil which was shown by
      vpc to be 78 percent of the desired dibenzopyran. Preparative vpc was used
      to isolate the pure product as a yellow liquid whose structure was
      confirmed by infrared, nmr and ultraviolet spectrometry. Elemental
      analysis showed: C, 88.5 (88.1); H, 6.4 (6.3).
PAC  EXAMPLE 11
PAR  A suspension of 5.0 g. of 2,6-diphenylthiophenol and 140 ml of
      trifluoroacetic acid was heated to reflux and 5.8 g. of acetone added. The
      reaction mixture became pink and homogeneous after 2 minutes and after 5
      minutes a clear oil had formed. After a total reaction time of 35 minutes,
      the mixture was cooled to room temperature and the solids which had
      precipitated, were filtered, washed several times with water and dried
      under vacuum at 50.degree.. The crude product,
      6,6-dimethyl-4-phenyl-6H-dibenzo[b,d]thiopyran, corresponding to formula A
      where X is sulfur, R.sub.1 and R.sub.2 are both methyl, R.sub.3, R.sub.4
      and R.sub.5 are each hydrogen and R.sub.6 is phenyl, weighed 5.64 g. and
      was found by vpc to be greater than a 99 percent pure. Recrystallization
      from ethanol yielded white prisms of the product having a melting point of
      124.degree.-125.degree. whose structure was confirmed by infrared, nmr and
      mass spectrometry. Elemental analysis showed: C, 83.2 (83.4); H, 6.1
      (6.0).
PAC  EXAMPLE 12
PAR  A suspension of 5.0 g. of 2,6-diphenylthiophenol in 140 ml of
      trifluoroacetic acid was heated to reflux and 5.9 g. of cyclohexanone was
      added. The reaction mixture became homogeneous in 2 minutes. After
      refluxing for 2 hours and cooling to room temperature, the precipitate of
      the spiro{cyclohexane-1',6-(4-phenyl-6H-dibenzo[b,d]thiopyran)}, also
      known as 4-phenyl-6H-dibenzo[b,d]thiopyran-6-spiro-1'-cyclohexane,
      corresponding to formula A where X is sulfur, R.sub.1 and R.sub.2,
      together with the carbon atom to which both are attached, form the
      cyclohexyl group, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen and
      R.sub.6 is phenyl, was isolated by filtration, washed several times with
      water and vacuum dried at 50.degree., yield 6.1 g. After recrystallization
      from benzene-isopropanol the product was obtained as white prisms having a
      melting point of 177.degree.-178.degree. whose structure was confirmed by
      infrared and nmr spectrometry. Elemental analysis showed; C, 84.2 (84.2);
      H, 6.6 (6.5). Molecular weight: 341 (342).
PAC  EXAMPLE 13
PAR  A solution of 3.0 g. of 2,6-diphenylthiophenol in 63 ml of trifluoroacetic
      acid was heated to reflux and 0.896 g. of glyoxylic acid added in small
      portions over a period of 5.5 hours. The reaction mixture was diluted with
      200 ml of chloroform, washed 4 times with water and dried over anhydrous
      sodium sulfate and filtered. The solvent was evaporated to yield 3.73 g.
      of crude 6-carboxy-4-phenyl-6H-dibenzo[b,d]thiopyran, corresponding to
      formula A where X is sulfur, R.sub.1, R.sub.3, R.sub.4 and R.sub.5 are
      each hydrogen, R.sub.2 is carboxyl and R.sub.6 is phenyl. It was
      recrystallized from toluene to yield 0.557 g. of white crystals having a
      melting point of 201.degree.-203.degree. whose structure was confirmed by
      infrared and nmr spectrometry. Elemental analysis showed: C, 75.7 (75.5);
      H, 4.7 (4,4); S, 9.7 (10.0 ).
PAC  EXAMPLE 14
PAR  A mixture of 3.0 g. of 2,6-diphenylthiophenol and 2.0 g. of benzaldehyde in
      10 ml of methanesulfonic acid and 20 ml of chlorobenzene was shaken
      vigorously for 15 minutes at room temperature. Analysis by vpc showed the
      reaction was complete in this short time. The acid and chlorobenzene
      layers were separated and the acid layer extracted with chloroform. The
      chloroform layer was combined with a chlorobenzene layer washed several
      times with water and the solvents removed by heating under vacuum. The
      solid residue weighing 3.8 g. was found by vpc and tlc to be essentially
      pure 4,6-diphenyl-6H-dibenzo[b,d]thiopyran, corresponding to formula A
      where X is sulfur, R.sub.1, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen
      and R.sub.2 and R.sub.6 are each phenyl. After recrystallization from
      acetonitrile, this product was obtained as yellow crystals having a
      melting point of 162.degree.-162.5.degree. whose structure was confirmed
      by infrared, nmr and mass spectrometry. Elemental analysis showed: C, 85.6
      (85.7); H, 5.3 (5.2).
PAC  EXAMPLE 15
PAR  A mixture of 1.0 g. of 2,6-diphenylthiophenol and 1.0 g. acetophenone in
      5.0 ml of methanesulfonic acid and 6.0 ml of chlorobenzene was shaken
      vigorously for 5 hours at room temperature. After separating the acid
      layer from the chlorobenzene layer, it was extracted with 5 ml of
      chlorobenzene and the two chlorobenzene layers combined. After washing
      with water, the chlorobenzene was removed under vacuum giving 1.35 g. of
      essentially pure 6-methyl-4,6-diphenyl-6H-dibenzo[b,d]thiopyran which,
      after recrystallization from methanol, was a white crystalline solid
      having a melting point of 139.degree.-139.5.degree. whose structure,
      corresponding to formula A where X is sulfur, R.sub.1 is methyl, R.sub.2
      and R.sub.6 are each phenyl, and R.sub.3, R.sub.4 and R.sub.5 are each
      hydrogen, was confirmed by infrared, nmr and mass spectrometry. Elemental
      analysis showed: C, 85.6 (85.7); H, 5.6 (5.5).
PAC  EXAMPLE 16
PAR  Although 2,4-diphenylphenol has 2 phenyl substituents, only 1 of them is
      ortho to the phenolic hydroxyl group. Therefore, it can form only the
      simple dibenzopyran and fluorenol since after the dibenzopyran has
      rearranged to the fluorenol, the phenyl substituent remaining is not ortho
      to the phenolic hydroxyl group of the fluorenol. A solution of 10.0 g. of
      2,4-diphenylphenol in 100 ml of trifluoroacetic acid was heated to reflux
      and 2.36 g. of acetone added. After 220 minutes, another 2.36 g. of
      acetone was added and heating at reflux continued for an additional 130
      minutes. The reaction mixture was cooled, quenched with water and
      extracted with benzene. After washing with water, the benzene layer was
      extracted 3 times with Claisen's alkali, washed with water and dried over
      anhydrous sodium sulfate. After evaporation of the benzene under vacuum,
      there was obtained 3.91 g. of 6,6-dimethyl-2-phenyldibenzo[b,d]pyran,
      corresponding to formula A where X is oxygen, R.sub.1 and R.sub.2 are each
      methyl, R.sub.3, R.sub.5 and R.sub.6 are each hydrogen and R.sub.4 is
      phenyl as a clear yellow oil which was shown to be greater than 99 percent
      pure by vpc and tlc. Its structure was confirmed by infrared and nmr
      spectroscopy. Elemental analysis showed: C, 88.0 (88.1); H, 6.4 (6.3).
      This pyran is readily isomerized to its corresponding fluorenol by further
      heating in trifluoroacetic acid.
PAC  EXAMPLE 17
PAR  2,3-diphenylphenol is a typical example of a phenol which will form a
      dibenzopyran but cannot isomerize to the fluorenol because the meta
      position involved in the isomerization reaction is already substituted
      with a phenyl group. A solution of 1.0 g. of 2,3-diphenylphenol, 1.0 g. of
      acetone, 25 ml of trifluoroacetic acid and 1.5 ml of trifluoroacetic
      anhydride were heated at reflux in dry air for 3.25 hours by which time a
      sample which was worked up with hexane in water to remove the acidic
      materials was shown by vpc to be free of the starting phenol.
      Approximately 98 percent of the material was insoluble in Claisen's alkali
      and 2 percent of the material was soluble in Claisen's alkali. Apparently
      the latter was the trifluoroacetic of 2,3-diphenylphenol. Heating of the
      reaction mixture at reflux was continued for 18 hours, but caused no
      detectable change in the reaction mixture. Extraction with hexane and
      washing with water of the reaction mixture and evaporation of the solvent
      isolated 0.99 g. of 1-phenyl-6,6-dimethyl- 6H-dibenzo[b,d]pyran,
      corresponding to formula A where X is oxygen, R.sub.1 and R.sub.2 are each
      methyl, R.sub.3 is phenyl and R.sub.4, R.sub.5 and R.sub.6 are each
      hydrogen, as a viscous liquid which on standing in hexane for several days
      was isolated as a white crystalline compound. Its structure was confirmed
      by nmr spectroscopy. A sample of this material dissolved in anhydrous
      trifluoroacetic acid and refluxed for 23 hours did not produce any
      rearranged product. The phenyl substituent in the meta position of the
      initial phenyl had effectively prevented any rearrangement of the
      dibenzopyran to the fluorenol.
PAR  The simplest phenol which can participate in our reaction is
      2-phenylphenol, also known as o-phenylphenol. It can only form the simple
      dibenzopyran or the simple fluorenol. The following several examples
      illustrate how the acidity of the reaction mixture can be used to control
      the reaction so that it either goes essentially completely to the
      formation of the dibenzopyran without formation of the fluorenol or goes
      completely to the fluorenol.
PAC  EXAMPLE 18
PAR  A solution of 15.0 g. of 2-phenylphenol and 10.3 g. of acetone in 100 g. of
      trifluoroacetic acid was heated at reflux for 48 hours. The reaction
      mixture was diluted with 300 ml of water and extracted with 150 ml of
      n-heptane. After washing several times with water the organic layer was
      extracted twice with Claisen's alkali, washed with water and dried over
      anhydrous sodium sulfate and passed through a column of alumina.
      Evaporation of the heptane yielded 12.4 g. of
      6,6-dimethyl-6H-dibenzo[b,d]pyran corresponding to formula A where X is
      oxygen, R.sub.1 and R.sub.2 are each methyl and R.sub.3, R.sub.4, R.sub.5
      and R.sub.6 are each hydrogen. It was obtained as a colorless oil whose
      structure was confirmed by infrared, nmr and mass spectrometry. Elemental
      analysis showed: C, 85.2 (85.7); H, 6.8 (6.7).
PAC  EXAMPLE 19
PAR  A solution of 10.0 g. of the above pyran in 36 ml of trifluoroacetic acid
      and 2.58 ml of water was heated at reflux for 130 hours. The reaction
      mixture was diluted with water and extracted with hexane. The organic
      layer was washed with water and extracted with Claisen's alkali. After
      neutralizing the aqueous alkaline solution, the oil which separated was
      diluted with hexane. After separating the hexane solution and drying over
      anhydrous magnesium sulfate, the solvent was removed on a rotary
      evaporator to yield 6.93 g. of 9,9-dimethyl-4-fluorenol having the
      structure of formula B wherein R.sub.1 and R.sub.2 are each methyl and
      R.sub.4, R.sub.5 and R.sub.6 are each hydrogen. After recrystallization
      from hexane, the product melted at 87.degree.-89.degree. and its structure
      was confirmed by infrared and nmr spectrometry. Elemental analysis showed:
      C, 85.7 (85.7); H, 7.0 (6.7). Molecular weight: 217.+-.11 (210).
PAC  EXAMPLE 20
PAR  The above fluorenol was prepared directly from 2-phenylphenol as follows: A
      mixture of 50.0 g. of 2-phenylphenol and 25.5 g. of acetone in a
      polyethylene reactor was cooled in an ice bath and approximately 450 ml of
      anhydrous hydrogen fluoride added. The reaction vessel was closed and the
      reaction mixture allowed to warm to room temperature. After only 20
      minutes, analysis by vpc showed that all of the starting phenol had been
      consumed and that the product was essentially 1/3 of the dibenzopyran and
      2/3 of the fluorenol. The reaction mixture was allowed to continue for 1.5
      hours and quenched by pouring the reaction mixture onto ice. After
      extraction with chloroform, the organic layer was washed twice with water
      and dried over anhydrous sodium sulfate. After filtration, the solvent was
      evaporated yielding 60,4 g. of 9,9-dimethyl-4-fluorenol having the same
      structure as that obtained in the previous example, as a clear oil which
      crystallized upon standing. After recrystallization it had a melting point
      of 88.degree. and its structure was confirmed by infrared, ultraviolet and
      mass spectrometry. Elemental analysis showed: C, 85.2 (85.7); H, 6.8
      (6.7).
PAC  EXAMPLE 21
PAR  A mixture of 68 g. of 2-phenylphenol and 36.8 g. of chloroacetone was
      placed in a polytetrafluoroethylene bottle and cooled in an ice bath,
      after which 400 ml of anhydrous liquid hydrogen fluoride was added. After
      capping the bottle, it was allowed to warm to room temperature while
      stirring magnetically. After 2 hours, the reaction mixture was cautiously
      added to ice and the oily layer dissolved in chloroform. The organic layer
      was washed free of acid with water after which the solvent was evaporated
      under vacuum leaving 95 g. of
      6-methyl-6-6-chloromethyl-6H-dibenzo[b,d]-pyran as an oil whose formula
      corresponds to that of formula A where X is oxygen, R.sub.1 is methyl,
      R.sub.2 is chloromethyl and R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are each
      hydrogen. An attempt to extract a benzene-hexane solution of the product
      with Claisen's alkali proved unsuccessful due to difficulties in
      separating the aqueous from the organic layer, necessitating reclamation
      of the product from this mixture. The reclaimed product was fractionally
      distilled at a reduced pressure of 2 mm to yield 29 g. of the product as a
      clear oil distilling at 150.+-.2.degree.. Its structure was confirmed by
      ultraviolet, nmr and mass spectrometry. Elemental analysis showed: C, 73.0
      (73.6); H, 5.3 (5.4).
PAC  EXAMPLE 22
PAR  After adding 0.98 g. of cyclohexanone to a solution of 1.71 g. of
      2-phenylphenol in 15 ml of trifluoroacetic acid, the reaction mixture was
      heated at 66.degree. for 3.5 hours. The reaction mixture was diluted with
      100 ml of water and extracted with chloroform. After washing the organic
      layer twice with water, once with saturated aqueous sodium bicarbonate and
      again with water, it was dried over anhydrous magnesium sulfate and the
      solvent evaporated. The residue was dissolved in n-heptane, the solution
      extracted twice with Claisen's alkali, washed twice with water and dried
      over anhydrous magnesium sulfate. After evaporation of the heptane under
      vacuum, there was obtained 1.42 g. of spiro(cyclohexane-1',
      6(6H)dibenzo[b,d]pyran), also known as
      6H-dibenzo[b,d]pyran-6-spiro-1'-cyclohexane, whose structure corresponds
      to that of formula A where X is oxygen, R.sub.1 and R.sub.2 together with
      the carbon atom to which they are commonly attached, forms the cyclohexyl
      group, and R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are each hydrogen. It was
      a white crystalline solid having a melting point of
      83.5.degree.-84.3.degree. whose structure was confirmed by infrared, nmr
      and mass spectrometry. Elemental analysis showed: C, 86.4 (86.4); H, 7.5
      (7.3).
PAR  This dibenzopyran was readily converted to its corresponding fluorenol by
      heating a solution of the dibenzopyran in chlorobenzene in the presence of
      aluminum chloride.
PAR  The next examples again illustrate the ease with which acidity is used to
      control whether a dibenzopyran or fluorenol is obtained. In these
      examples, an aryl alkyl ketone will be used.
PAC  EXAMPLE 23
PAR  A solution of 1.7 g. of 2-phenylphenol and 1.545 g. of p-chloroacetophenone
      in 45 ml of nitromethane was prepared and 45 ml of difluorophosphoric acid
      was added. The reaction was stirred at room temperature for 21 hours at
      which time analysis by vpc showed that about 90 percent of the phenol had
      been converted and that the products of the conversion were 85 percent,
      6-methyl-6-p-chlorophenyl-6H-dibenzo[b,d]pyran having the structural
      formula A where X is oxygen, R.sub.1 is methyl, R.sub.2 is p-chlorophenyl
      and R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are each hydrogen, and 15
      percent, 9-p-chlorophenyl4-fluorenol whose structure corresponds to
      formula B where R.sub.1 is methyl, R.sub.2 is p-chlorophenyl and R.sub.4,
      R.sub.5, and R.sub.6 are each hydrogen. The reaction mixture was poured
      into water and extracted with chloroform. The organic layer was washed
      with water and then evaporated to dryness. The product was dissolved in a
      minimum amount of benzene and hexane added. The solution was extracted 3
      times with 10 ml portions of Claisen's alkali. Analysis by vpc showed that
      the organic layer was free of the fluorenol which had been extracted into
      the aqueous alkaline solution. After drying the organic layer over
      anhydrous sodium sulfate and filtering, the organic solvents were
      evaporated yielding 1.6 g. of an oil which crystallized. The product was
      dissolved in methanol, treated with charcoal, filtered and cooled to
      produce white needles of the dibenzopyran having a melting point of
      97.degree. whose structure was confirmed by infrared, ultraviolet, nmr and
      mass spectrometry. Elemental analysis showed: C, 78.2 (78.3); H, 5.1
      (4.9). The fluorenol can be recovered from the alkaline aqueous solution
      by neutralization as described in Example 5.
PAR  Similar results were obtained when equivalent amounts of acetophenone,
      p-methylacetophenone and m-hydroxyacetophenone were substituted for the
      p-chloroacetophenone in the above reaction.
PAC  EXAMPLE 24
PAR  A mixture of 16.5 g. of p-nitroacetophenone and 17.3 g. of 2-phenylphenol
      in a polyethylene bottle was cooled in an ice bath and 150 ml of liquid
      anhydrous hydrogen fluoride added. After tightly capping the bottle, the
      reaction mixture was allowed to warm to room temperature while stirring
      magnetically and reaction allowed to proceed for 20 hours. The hydrogen
      fluoride was removed with a stream of nitrogen. The residual white solid
      was dissolved in chloroform and the solution washed with water and dried
      over anhydrous magnesium sulfate. Hexane was added to the solution to
      precipitate the product which was filtered and vacuum dried. There was
      obtained 29.1 g. of 9-methyl-9-pnitrophenyl-4-fluorenol having a structure
      of formula B where R.sub.1 is methyl, R.sub.2 is p-nitrophenyl and
      R.sub.4, R.sub.5 and R.sub.6 are each hydrogen. It was a white crystalline
      solid having a melting point of 185.7.degree.-186.7.degree. whose
      structure was confirmed by infrared, nmr and mass spectrometry. Its
      equivalent weight as determined by titration with tetrabutylammonium
      hydroxide in pyridine was a 310 (317). Elemental analysis showed: C, 75.8
      (75.7); H, 4.9 (4.8); N, 4.5 (4.4).
PAC  EXAMPLE 25
PAR  A mixture of 17.0 g. of 2-phenylphenol and 16.5 g. of m-nitroacetophenone
      in a polyethylene bottle was cooled in an ice bath while 150 ml of liquid
      anhydrous hydrogen fluoride was added. After capping of the bottle, it was
      allowed to warm to room temperature while the reaction mixture was
      magnetically stirred. After a 4 hour reaction period, the hydrogen
      fluoride was removed with a stream of nitrogen and 200 ml of water and 100
      ml of chloroform added. The solids which formed were filtered, washed
      several times with water and dried in a vacuum oven. There was obtained 27
      g. of 9-methyl-9-m-nitrophenyl-4-fluorenol whose structure corresponds to
      that of formula B wherein R.sub.1 is methyl, R.sub.2 is m-nitrophenyl and
      R.sub.4, R.sub.5, and R.sub.6 are each hydrogen. An additional 3 grams of
      product which were shown to be greater than 90 percent fluorenol by vpc
      was isolated from the chloroform solution. After recrystallization from
      hot chloroform the fluorenol was obtained as a slightly yellow crystalline
      solid having a melting point of 178.degree.-178.8.degree., whose structure
      was confirmed by infrared, nmr and mass spectrometry. Its equivalent
      weight as determined by titration with tetrabutylammonium hydroxide in
      pyridine was 310 (317). Elemental analysis showed: C, 75.8 (75.7); H, 4.9
      (4.8); N, 4.4 (4.4).
PAR  The nitro groups of the above two nitrophenylfluorenols can be readily
      reduced to amino groups by hydrogenation in the presence of a platinum
      oxide hydrogenation catalyst. THe hydrogenation proceeds readily under a
      hydrogen pressure of 30 psi using absolute ethanol as the solvent for the
      fluorenols. Likewise, the hydroxyl group of the fluorenol is readily
      esterified by acids to produce esters, for example, the acetate is readily
      prepared by dissolving the fluorenol in acetic anhydride and adding a
      small amount of pyridine.
PAC  EXAMPLE 26
PAR  A solution of 38 g. of 2-phenylphenol in 500 ml of trifluoroacetic acid was
      heated to reflux and 10 g. of 1,4-cyclohexanedione was added. After
      refluxing for 3 hours, the reaction mixture was cooled and filtered to
      yield 7.25 g. of the bis(dibenzopyran) having the formula,
      ##SPC16##
PAL  as a white crystalline solid having a melting point of
      292.degree.-293.degree.. After recrystallization from toluene, the melting
      point was raised to 293.degree.-294.degree.. Its structure was confirmed
      by infrared, nmr and mass spectrometry. Elemental analysis showed: C, 86.7
      (86.5); H, 5.8 (5.8 ).
PAC  EXAMPLE 27
PAR  A solution of 17.02 g. of 2-phenylphenol and 8.11 g. of m-diacetylbenzene
      in 90 ml of nitromethane was prepared and 10 ml of distilled
      difluorophosphoric acid added. After heating for 2 hours at 80.degree.,
      the reaction mixture was quenched by adding water and then diluting with
      chloroform. After separating the organic layer, it was washed 3 times with
      water and dried over anhydrous sodium sulfate. After the solvent was
      removed under vacuum, the residue was dissolved in hexane containing the
      minimum amount of chloroform to dissolve it and chromatographed on silica
      using portions of hexane-chloroform mixtures of increasing chloroform
      content as eluent. The first fraction, after evaporation of the solvent,
      weighed 3 g. and was identified by nmr, ultraviolet and mass spectrometry
      as the bis(dibenzopyran) having the formula,
      ##SPC17##
PAL  Elemental analysis showed: C, 87.9, 88.1 (87.5); H, 5.7, 5.9 (5.62).
PAR  A second material was eluted after the above bis-(dibenzopyran), whose nmr
      spectrum showed it to be 6-(4-acetylphenyl)-6-methyl-6H-dibenzopyran
      resulting from the reaction product of 1 mole of the phenol with 1 mole of
      the diketone.
PAC  EXAMPLE 28
PAR  A mixture of 20 g. of 2-phenylphenol, 8.1 g. of mdiacetylbenzene and 100 ml
      of diethylether was placed in a 500 ml polytetrafluoroethylene bottle.
      After cooling to 0.degree. 400 ml of liquid, anhydrous hydrogen fluoride
      was added, the bottle capped tightly and the contents stirred vigorously
      with a magnetic stirrer as it warmed to room temperature. Samples were
      taken periodically and analyzed by thin layer chromatography which
      indicated that after 20 hours the reaction was actually 95 percent
      complete for the conversion to the bisfluorenol. The reaction mixture was
      cooled and then poured onto ice and the organic phase diluted with
      chloroform. After separating the organic layer, washing with water and
      drying over anhydrous magnesium sulfate, the solvents were evaporated
      under vacuum to yield 23.4 g. of a tan somewhat tacky solid product which
      was shown to be greater than 99 percent of the pure bisfluorenol having
      the structure,
      ##SPC18##
PAR  The product was further purified by chromatography on a silica gel column
      using chloroform as the eluent. The product was isolated as a white
      crystalline solid having a melting point of 211.degree.-214.degree., whose
      structure was confirmed by infrared, nmr and mass spectrometry. Elemental
      analysis showed: C, 87.6 (87.5); H, 5.9 (5.6).
PAC  EXAMPLE 29
PAR  A solution of 40.0 g. of 2-chloro-6-phenylphenol in 11.35 g. of acetone and
      250 ml of trifluoroacetic acid was refluxed in dry air. After 48 hours, an
      additional 11.35 g. of acetone was added and heating at reflux continued
      for an additional 67 hours. The reaction mixture was diluted with water,
      extracted with hexane and the organic layer extracted with Claisen's
      alkali. The organic layer was then evaporated yielding 15.26 g. of
      4-chloro-6,6-dimethyl-6H-dibenzo[b,d]-pyran as a viscous liquid which was
      shown to be greater than 99 percent pure by vpc. Its structure was
      confirmed by infrared, nmr and mass spectrometry. Elemental analysis
      showed: C, 73.1 (73.6); H, 5.2 (5.4); Cl, 14.2 (14.5).
PAC  EXAMPLE 30
PAR  A solution of 1.0 g. of 2,5-diphenylhydroquinone in 5 ml of diethyl ether
      and 0.67 g. of acetone in a polytetrafluoroethylene bottle was cooled to
      15.degree. and 20 ml of anhydrous liquid hydrogen fluoride added. The
      reaction mixture was stirred at this temperature for 8 hours during which
      time the product had precipitated yielding a heterogeneous reaction
      mixture. The reaction mixture was poured onto crushed ice. After the ice
      had melted, the mixture was extracted with chloroform. The chloroform
      solution was washed 3 times with water, dried over anhydrous sodium
      sulfate and then the solvent evaporated. The residue was dissolved in
      refluxing carbon tetrachloride from which the benzopyranodibenzopyran
      product having the structural formula,
      ##SPC19##
PAL  was obtained as a white crystalline material weighing 0.52 g. having a
      melting point of 231.degree.-230.degree. whose structure was confirmed by
      infrared, nmr and mass spectrometry. Elemental analysis showed: C, 84.6
      (84.2); H, 6.3 (6.5).
PAR  This product can be isomerized to the corresponding benzopyranofluorenol
      and indenofluorendiol products by further reaction of a solution of the
      above product under the prescribed conditions or by use of a
      Friedel-Crafts catalyst as described in Example 5.
PAC  EXAMPLE 31
PAR  A solution of 1.0 g. of 2-methyl-6-phenylphenol and 1.19 g. of acetone in
      10 ml of trifluoroacetic acid was heated at 62.degree.-65.degree. for 6.25
      hours. The reaction mixture was diluted with water and extracted with
      n-heptane. The organic layer was extracted 3 times with Claisen's alkali,
      washed twice with water, dried over anhydrous magnesium sulfate and the
      solvent evaporated to yield 0.90 g. of
      4,6,6-trimethyl-6H-dibenzo[b,d]pyran as a colorless oil. Its structure was
      confirmed by infrared, nmr and mass spectrometry. Elemental analysis
      showed: C, 85.7 (85.7); H, 7.2 (7.1).
PAR  This pyran was readily converted to 3,9,9-trimethyl-4-fluorenol by heating
      a solution of 5 grams of the dibenzopyran in 84 ml of trifluoroacetic acid
      and 7 ml of water at reflux for 46 hours. It was obtained in a yield of
      4.45 g. as a viscous liquid shown to be homogeneous by vpc. Its structure
      was confirmed by nmr and infrared spectrometry. Elemental analysis showed;
      C, 85.2 (85.7); H, 7.2 (7.2).
PAC  EXAMPLE 32
PAR  A solution of 50 g. of 2-methyl-6-phenylphenol in 400 ml of trifluoroacetic
      acid was heated to reflux and 10 g. of 1,4-cyclohexanedione was added.
      After heating at reflux for 1 hour, the reaction mixture was filtered to
      yield 10.82 g. of the product having a melting point of
      300.degree.-301.degree.. The filtrate was returned to the reaction flask
      and refluxed an additional 3 hours to yield an additional 6.2 g. of
      product having a melting point of 294.degree.-298.degree.. The 2
      precipitates were combined and recrystallized from hot chloroform to yield
      13.1 g. of the bis(dibenzopyran) having the formula,
      ##SPC20##
     as a white crystalline solid having a melting point of
      302.degree.-303.degree. whose structure was confirmed by infrared,
      ultraviolet, nmr and mass spectrometry. Elemental analysis showed: C, 86.8
      (86.5); H, 6.4 (6.3).
PAC  EXAMPLE 33
PAR  A solution of 3.68 g. of 2-methyl-6-phenylphenol in 50 ml of
      trifluoroacetic acid was heated to reflux and 1.94 g. of
      4,4'-bicyclohexanone, also known as [bicyclohexyl]-4,4'-dione, was added.
      After heating at reflux for 35minutes, the reaction mixture was cooled and
      filtered, the precipitate washed with trifluoroacetic acid and then
      methanol after which it was dried. A yield of 3.1 g. of crude material was
      obtained which was recrystallized from benzene to give 2.77 g. of the
      bis(dibenzopyran) having the structure,
      ##SPC21##
PAL  having a melting point of 272.degree.-273.degree. and whose structure was
      confirmed by infrared, ultraviolet, nmr and mass spectrometry. Elemental
      analysis showed: C, 86.2 (86.6); H, 7.3 (7.3).
PAC  EXAMPLE 34
PAR  A mixture of 46.05 g. of 2-methyl-6-phenylphenol and 23.64 g. of
      4,4'-isopropylidenedicyclohexanone was prepared and 500 ml of
      trifluoroacetic acid added at room temperature. The reaction mixture was
      heated at reflux for 1.5 hours, cooled to room temperature and filtered
      yielding 54.6 g. of a white crystalline product. Recrystallization from
      hot toluene gave 38.79 g. of the bis(dibenzopyran) having the structure,
      ##SPC22##
PAL  whose melting point was 272.degree.-273.degree.. Its structure was
      confirmed by infrared, ultraviolet, nmr and mass spectrometry. Elemental
      analysis showed: C, 86.3 (86.5); H, 7.7 (7.8).
PAC  EXAMPLE 35
PAR  In addition to being able to convert a bis(dibenzopyran) of this invention
      to their corresponding bisfluorenols using the acidic conditions used in
      preparing the bis(dibenzopyrans), Lewis acids, for example, aluminum
      chloride, can also be used as shown by this example. A solution of 20 g.
      of the bis(dibenzopyran) of Example 34 in 200 ml of chlorobenzene was
      prepared and 1.5 g. of aluminum chloride was added. The reaction mixture
      was maintained at 60.degree. with stirring overnight. Analysis by tlc
      showed that the reaction was essentially complete. A saturated aqueous
      solution of ammonium chloride was added to quench the reaction. The
      organic layer was separated, washed and the solvent evaporated. The
      residue was dissolved in a minimum amount of hot toluene and allowed to
      stand. The crystalline precipitate which was isolated by filtration,
      washing and drying, weighed 4 g. and had a melting point of
      276.degree.-278.degree.. Infrared, nmr and mass spectrometry confirmed
      that it was the bisfluorenol having the formula,
      ##SPC23##
PAL  Elemental analysis showed: C, 86.7 (86.6); H, 7.9 (7.8).
PAC  EXAMPLE 36
PAR  A mixture of 5 g. of 2-cyclohexyl-6-phenylphenol and 2.34 g. of
      4,4'-isopropylidenedicyclohexanone was prepared and 75 ml of
      trifluoroacetic acid added at room temperature. The pink solution was
      heated to reflux causing a light grey precipitate to form within 7
      minutes. After heating an additional 1.4 hours at reflux, the mixture was
      cooled and filtered yielding a light grey crystalline material which was
      recrystallized from hot toluene to yield 3.8 g. of the bis(dibenzopyran)
      having the formula,
      ##SPC24##
PAL  whose melting point was 259.degree.-261.degree.. Its structure was
      confirmed by infrared, ultraviolet, nmr and mass spectrometry. Elemental
      analysis showed: C, 86.6 (86.9); H, 8.3 (8.6).
PAC  EXAMPLE 37
PAR  This example illustrates how the dibenzopyrans of this invention can be
      converted to a phenol which is the same as the phenol from which the
      dibenzopyran was formed except that it now has a substituent in the ortho
      position of the phenyl substituent which is characteristic of the carbonyl
      compound used in making the dibenzopyran. A mixture of 10.0 g. of
      spiro(cyclohexane-1',6(6H)dibenzo[b,d]pyran), prepared in Example 22 and
      0.5 g. of carbon black on which had been deposited 10 percent palladium
      was heated under a nitrogen atmosphere at about 305.degree. for 17 hours.
      Analysis of a sample by vpc at this time showed 50 percent of the starting
      dibenzopyran. Heating was continued for 7 days at which time analysis by
      vpc showed essentially only one product. After filtering the reaction
      mixture which had been dissolved in hexane, it was extracted by Claisen's
      alkali and isolated from the alkali solution by acidification. There was
      obtained 5.15 g. of a viscous liquid phenolic compound which was shown by
      vpc to be about essentially 97 percent pure o-(2-biphenylyl)phenol, also
      known as 2-hydroxy-o-terphenyl, whose structure,
      ##SPC25##
PAL  was confirmed by nmr spectroscopy. This phenol, like the other phenols of
      this invention, can likewise be reacted with carbonyl compounds to convert
      it to a dibenzopyran.
PAR  As shown above, many of the dibenzopyrans can be isomerized to the
      fluorenols or the pyran ring, like the thiopyran ring can be cleaved so
      that the dibenzopyran and dibenzothiopyrans of this invention can be
      converted to phenols having a phenol substituent in the ortho position
      which itself is substituted in its ortho position with a substituent which
      is dependent upon the carbonyl compound used initially in making the
      pyran. This cleavage can be accomplished either chemically or
      electrochemically and is preferably carried out electrochemically for the
      thiopyrans. The spirodibenzopyrans likewise can be dehydrogenated, for
      example with palladium, platinum or other dehydrogenation catalyst as
      illustrated above, which simultaneously converts the cyclohexyl group to a
      phenyl group and cleaves the pyran ring to produce phenols again having a
      phenyl substituent ortho to the phenolic hydroxyl group which itself is
      substituted with a phenyl group in its ortho position. These phenols and
      thiophenols as well as the fluorenols are phenolic bodies which can be
      used as stabilizers and antioxidants to prevent polymerization of
      polymerizable polymers as well as additives for lubricating oils to impart
      antioxidation properties to the lubricants.
PAR  The above examples have shown some of the variations which are possible
      with our invention. Other obvious variations will be apparent to those
      skilled in the art in light of the above teachings. For example, other
      compounds having ketonic and/or aldehydic carbonyl groups can be
      substituted for the particular aldehydes and ketones specifically used.
      All such variations are within the full intended scope of the invention as
      defined by the appended claims. The products in the examples using
      diketones can be one of several or a mixture of stereoisomers of the
      actual formulae given.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A process of producing a dibenzo [b,d] pyran of the formula
      ##SPC26##
PAL  where R is hydrogen, lower alkyl, C.sub.4-8 -cycloalkyl or phenyl, R.sup.1
      and R.sup.11, taken together with the carbon atom to which both are
      attached, is cyclohexyl or lower alkyl substituted cyclohexyl, and,
      individually, R.sup.1 is hydrogen, lower alkyl, C.sub.4-8 -cycloalkyl,
      lower haloalkyl or C.sub.4-8 -halocycloalkyl, wherein the .alpha.-carbon
      atom of said R and R.sup.1 substituents, other than the hydrogen, has at
      least one hydrogen and no more than one halogen, and R.sup.11 is alkyl,
      cycloalkyl, haloalkyl or halocycloalkyl as defined for R.sup.1 and, in
      addition, phenyl or substituted phenyl wherein the substituents are lower
      alkyl, C.sub.4-8 -cycloalkyl, halo or nitro, there being no more than one
      nitro group on any one phenyl ring comprising the reaction of (A) a
      benzenoid compound of the formula
      ##SPC27##
PAL  where R is as previously defined, X is oxygen, and (B) a carbonyl compound
      having no more than 20 carbon atoms, the carbonyl group being ketonic or
      formyl, said compound having the formula
      ##EQU3##
      where R.sup.1 and R.sup.11 are as defined above, subject to the proviso
      (C) that the benzenoid compound is reacted with the carbonyl compound in
      an acidic liquid phase (a) which is nonreactive with the (A) and (B)
      compounds (b) in which the (A) and (B) compounds are soluble, (c) which
      contains no more than 5% water by volume, and (d) whose acid strength, as
      measured on the Hammett H.sub.O scale is at least as strong as neat
      trifluoroacetic acid.
NUM  2.
PAR  2. The process of claim 1, wherein the benzenoid compound A is
      o-phenylphenol.
NUM  3.
PAR  3. The process of claim 1, where the benzenoid compound A is
      2-methyl-6-phenylphenol.
NUM  4.
PAR  4. The process of claim 1, where the benzenoid compound A is
      2-chloro-6-phenylphenol.
NUM  5.
PAR  5. The process of claim 1, where the benzenoid compound A is
      2,6-diphenylphenol.
NUM  6.
PAR  6. The process of claim 1, wherein the carbonyl compound B is an aldehyde
      having formula I.
NUM  7.
PAR  7. The process of claim 1, wherein the carbonyl compound B is a ketone
      having formula I.
NUM  8.
PAR  8. The process of claim 1, wherein the carbonyl compound B is a ketone
      having formula I where R' is lower alkyl and R" is phenyl.
NUM  9.
PAR  9. The process of claim 1, wherein the carbonyl compound B is a ketone
      having formula I where R' and R" are each lower alkyl.
NUM  10.
PAR  10. The process of claim 1, wherein trifluoroacetic acid is used to obtain
      the desired acidity.
NUM  11.
PAR  11. The process of claim 1, where the Hammett H.sub.O value is at least
      approximately -3.0.
NUM  12.
PAR  12. A process of producing a fluoren-4-ol of the formula
      ##SPC28##
PAL  wherein R, R', R" are as previously defined, which comprises isomerizing a
      dibenzo[b,d]pyran of claim 3, under isomerization reaction conditions.
NUM  13.
PAR  13. The process of claim 12, where the Hammett H.sub.O value is at least
      approximately -7.5.
NUM  14.
PAR  14. The process of claim 12, where the Hammett H.sub.O value is at least as
      strong as hydrogen fluoride.
NUM  15.
PAR  15. The process of claim 12, where the Hammett H.sub.O value is at least as
      strong as difluorophosphoric acid.
NUM  16.
PAR  16. A process of producing a dibenzothio[b,d]pyran of the formula
      ##SPC29##
PAL  where R' is hydrogen, R" is carboxy, R being as previously defined
      comprising the reaction of (A) a benzenoic compound of the formula
      ##SPC30##
PAL  where R being as previously defined and X is sulfur and (B) glyoxylic acid,
      subject to the proviso (C) that the benzenoid compound is reacted with the
      carbonyl compound in an acidic liquid phase (a) which is nonreactive with
      the (A) and (B) compounds, (b) in which the (A) and (B) compounds are
      soluble, (c) which contains no more than 5% water by volume, and (d) whose
      acid strength, as measured on the Hammett H.sub.O scale is at least as
      strong as neat trifluoroacetic acid.
NUM  17.
PAR  17. The process of claim 16, where the benzenoid compound A is
      2,6-diphenylthiophenol.
NUM  18.
PAR  18. A process of producing a fluoren-4-thiol of the formula
      ##SPC31##
PAL  where R, R', R" are as previously defined, which comprises isomerizing a
      dibenzothiopyran of claim 16 under isomerization reaction conditions.
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ABST
PAL  The invention relates to the stereoisomers of novel cyclopentene
      derivatives and to the preparation thereof.
PAL  The cyclopentene derivatives are obtained by cycloaddition reaction between
      cyclopentadiene and a mono-or bis-thioalkyl (or aryl) ketene and reaction
      between the obtained product and a nucleophile agent.
PAL  The compounds of the invention are intermediate products valuable for the
      preparation of different compounds, among which compounds of the
      prostaglandin type.
BSUM
PAR  The present invention relates to stereoisomers of cyclopentene derivatives
      represented by the structural formula I
      ##SPC1##
PAL  wherein
PAR  R.sub.1 and R.sub.2 represent hydrogen,
PAR  Nu is a nucleophile residue, more particularly hydroxy, lower alkoxy
      (containing from one to four carbon atoms), mono- or di-lower alkyl
      (containing from one to four carbon atoms) amino
PAR  N IS 0 OR 1
PAR  R.sub.3 and R.sub.4 are identical or different, and each of them represents
      a lower alkyl radical (containing from one to four carbon atoms) or an
      aryl radical and, when n = 1, R.sub.3 and R.sub.4 taken together may also
      represent a lower alkylene group (containing from two or three carbon
      atoms)
PAL  And the preparation thereof, as well as the new compounds represented by
      the structural formulae II and III hereafter described for the preparation
      of the derivatives of formula I and the preparation of the compounds of
      formulae II and III. According to the invention, the stereoisomers of
      cyclopentene derivatives of formula I are prepared by a cycloaddition
      reaction between an unsubstituted cyclopentadiene and a ketene derivative
      belonging to the group comprising the mono- and bis-thioalkyl (aryl)
      ketenes (each alkyl containing from one to four carbon atoms), the
      2-carbonyl-1,3-dithiolane and the 2-carbonyl-1.3-dithiane represented by
      the general formula II
      ##EQU1##
      WHEREIN R.sub.3, R.sub.4 and n are as defined in the formula I, to yield
      the corresponding spirocyclobutanone represented by the structural formula
      III
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and n are as defined in the
      formula I, said corresponding spirocyclobutanone being easily transformed
      into cyclopentene derivative of formula I by reaction with a nucleophile
      agent.
PAR  The compounds of formulae I, II and III are valuable products for the
      pharmaceutical industry as intermediates for the preparation of
      prostaglandins and prostaglandins like compounds. The compounds of formula
      I are also valuable intermediates for the cosmetic industry and the
      compounds of formula III are valuable products for the phytopharmaceutical
      industry, for example, in the preparation of pesticides. The compounds of
      formula II are new reagents for the cycloaddition reaction.
PAR  The cycloaddition to unsubstituted cyclopentadiene is already known to the
      art, for example, by U.S. Pat. No. 3,549,769 but, prior to this invention,
      the herein described ketene derivatives were not known as reagents for
      cycloaddition. The compounds of formula I obtained from said reagents
      provide more advantageous possibilities of reactivity in position 3 than
      those which are provided by the corresponding gem-dichloro derivatives
      obtained from the dihaloketene derivatives previously described for the
      cycloaddition reaction.
PAR  The thioacetal group indeed prevents competitive reactions encountered with
      gem-dihalo derivatives and, moreover, due to its easier hydrolysis, it
      provides better precursor for lateral chains.
PAR  For example, as indicated in the following scheme A, the CONu group present
      in the compounds of the formula I may be first transformed into CH.sub.2
      OH group by reduction with lithium aluminium hydride and the thioacetal
      group may be transformed into aldehyde group by hydrolysis with an aqueous
      solution of mercuric chloride (E.J. Corey et al., J. Org. Chem. 36, 3553,
      1971). The obtained product is then condensed with the sodioderivative of
      dimethyl 2-oxo heptylphosphonate and the CH.sub.2 OH group is oxidized,
      for example, with Jones reagent to aldehyde group which may undergo a
      Wittig reaction with (5-carboxypentyl) triphenyl phosphonium bromide (E.J.
      Corey et al., J. Amer. Chem. Soc. 92. 397, 1970).
PAR  The ketone group is then reduced to hydroxy group, for example, with zinc
      borohydride. By catalytic hydrogenation, the corresponding
      deoxyprostaglandin is obtained.
      ##SPC3##
PAR  In scheme B, R.sub.1, R.sub.2, R.sub.3, R.sub.4, Nu and n are as defined in
      formula I and Nu.sup.- represents a nucleophile reagent.
PAR  The process, according to the invention, consists in treating in a non
      reactive solvent, e.g. ether, cyclopentadiene with a ketene derivative of
      formula II obtained in situ by reaction between a tertiary amine and the
      corresponding acid chloride and treating the so-obtained cycloaddition
      compound with a nucleophile reagent.
PAR  Among the nucleophile agents are, for example, alkali metal hydroxides,
      alcoholates, and amides and primary aliphatic amines (containing from one
      to four carbon atoms). According to the used nucleophile reagent, the
      obtained products of formula I are provided with cis or trans
      configuration. They are autoconvertible, for example, following the
      hereunder scheme C.
      ##SPC4##
PAR  In scheme C, R.sub.1, R.sub.2, R.sub.3, R.sub.4 and n are as hereabove
      defined.
PAR  In the following examples which are presented to illustrate the invention
      further but are not be construed to limit the scope thereof, the indicated
      infra-red spectra have been determined by a PERKIN-ELMER 257 spectrometer
      and calibrated by comparison with the spectrum of polystyrene; the nuclear
      magnetic resonance spectra (NMR) have been recorded on a VARIAN T 60
      spectrograph(60 MHz) at room temperature, using tetramethylsilane as
      internal reference; the values being expressed in .delta. and the nmr
      spectra have been recorded on a VARIAN HA100 or XL100 (100 MHz) at room
      temperature, using tetramethylsilane as internal reference.
DETD
PAC  EXAMPLE 1
PAC  1,3-Dithiane-2-carboxylic acid.
PAR  In a one liter three-necked reaction flask equipped with a water-separator
      device (Dean-Stark) and a reflux condenser there are added 700 ml. of
      benzene, 54 g (0.5 mol) of 1,3-propanedithiol 46 g (0.5 mol) of
      monohydrated glyoxylic acid and 0.5 g (2.9 mmol) toluene-p-sulfonic acid.
      The mixture is heated to reflux with stirring. After 18 ml. (1 mol) water
      has been condensed, the hot solution is decanted from the precipitate
      formed on the container walls. The solvent is evaporated under reduced
      pressure and the residue is crystallized from toluene to yield
      1,3-dithiane-2-carboxylic acid.
PAR  Melting point : 114.1.degree. C.
PAR  NMR spectrum : (CDCl.sub.3)
TBL         H    .delta.   Mult.   Int.                                        
     ______________________________________                                    
            Ha-b 2 to 3.7  m       6                                           
            Hc   4.22      s       1                                           
            Hd   11.5      s       1                                           
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  1.3-Dithiane-2-carboxylic acid chloride.
PAR  In a 500 ml. reaction flask equipped with a reflux condenser connected with
      a wash-bottle containing H.sub.2 SO.sub.4, there are added 250 ml. of
      anhydrous benzene (distilled upon sodium), 42 g (0.25 mol) of
      1.3-dithiane-2-carboxylic acid (as prepared in example 1) and 28 ml. (0.4
      mol) of freshly distilled oxalyl chloride. The mixture is stirred at room
      temperature and at the end of gaseous evolution, the mixture is heated up
      to 45.degree. C to complete the gas evolution. The solvent and the excess
      of oxalyl chloride are evaporated under reduced pressure and the residue
      is crystallized from dried cyclohexane to yield 1.3-dithiane-2-carboxylic
      acid chloride.
PAR  Melting point : 51.4.degree. C.
PAR  NMR spectrum :
TBL         H    .delta.   Mult.   Int.                                        
     ______________________________________                                    
            Ha-b 1.7-3.7   m       6                                           
            Hc   4.37      s       1                                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  Spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiane)].
PAR  In a one liter three-necked reaction flask equipped with a reflux
      condenser, a cock-funnel and a mechanical stirrer, there are added 12 g
      (0.2 mol) of freshly distilled cyclopentadiene, 10.1 g (0.1 mol) of dried
      triethylamine and 200 ml. of anhydrous ether. To the solution heated to
      35.degree. C are added dropwise and within one hour 18g(0.1 mol) of
      1.3-dithiane-2-carboxylic acid chloride (as prepared in example 2). The
      mixture is stirred at 35.degree. C for 1 hour and then for 12 hours at
      room temperature. Triethylamine chlorhydrate is filtered therefrom and
      washed with ether. The filtrate is treated with an aqueous solution of 10%
      HCl and then with an aqueous solution of 10% sodium carbonate. The organic
      phase is separated, dried over anhydrous sodium sulfate, filtered and the
      solvent is evaporated under reduced pressure. The residue is sublimated at
      about 50.degree. C under 10.sup..sup.-2 mm Hg and purified by
      crystallization from methanol to yield spiro[(bicyclo[3.2.0]
      hept2-en-6-one)-7.2'-(1',3'-dithiane)].
PAR  Melting point : 71.9.degree. C.
PAR  IR spectrum(KBr)2910,1774, 1605, 1429, 1421, 1412 cm.sup..sup.-1.
PAR  NMR spectrum (CDCl.sub.3) :
TBL         H      .delta. Mult.   Int.                                        
     ______________________________________                                    
            Ha     2.02    m       2                                           
            Hb+Hb' 2.75    m       3                                           
            Hc     3.3     m       4                                           
            Hd     4.37    ddd     1                                           
            He     5.93    m       2                                           
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Cis-3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylic acid.
PAR  In a 50 ml. reaction flask equipped with a reflux condenser there are added
      1.06 g (5 mmol) of
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2-(1',3'dithiane)] (as prepared in
      example 3), 200 mg (5 mmol) of sodium hydroxide and 30 ml. of distilled
      water. The mixture is heated for 3 hours at 70.degree. C with stirring,
      cooled, acidified with 10% HCl and extracted with ether. The ethereal
      layer is dried over anhydrous sodium sulfate, filtered and evaporated
      under reduced pressure. The residue is crystallized from a mixture of
      cyclohexane : carbon tetrachloride (9:1) to yield
      cis-3-(1.3-dithian2-yl)-4-cyclopentene-2-carboxylic acid.
PAR  Melting point : 106.5.degree.-106.6.degree. C.
PAR  IR spectrum : (KBr) : 3045, 2900, 1701, 1605, 1422, 1412 cm.sup..sup.-1.
PAR  NMR spectrum : (CDCl.sub.3)
TBL             H      .delta.                                                 
     ______________________________________                                    
                2 Ha   2.0                                                     
               4Hb+2Hc 2.83                                                    
                2 Hd   3.4                                                     
                 He    4.65                                                    
                2 Hf   5.93                                                    
                 Hg    11.4                                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAC  Cis-methyl-3-(1,3-dithian-2yl)-4-cyclopentene-2-carboxylate.
PAR  214 mg (0.93 mmole) of cis-3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylic
      acid (as prepared in example 4) are dissolved in 3 ml. of dried methanol.
      To the cooled mixture (0.degree. C), there is added an ethereal solution
      of diazomethane up to persistente yellow colour. The solution is stirred
      for 3 hours at room temperature, the solvent is evaporated under reduced
      pressure and the oily residue is purified by column chromatography (eluant
      C.sub.6 H.sub.6 /CH.sub.3 CO.sub.2 C.sub.2 H.sub.5 : 80/20) to yield
      cis-methyl-3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylate.
PAR  IR spectrum : (film) : 2910, 1730, 1617, 1430 cm.sup..sup.-1.
PAR  NMR spectrum : (CDCl.sub.3) : H.sub.7 = 4.55 .delta.
PAC  EXAMPLE 6
PAC  Trans-methyl-3-(1.3-dithian-2-yl)-4-cyclopentene-2-carboxylate.
PAR  In a 50 ml. reaction flask equipped with a reflux condenser there are added
      1.06 g (5 mmol) of spiro
      [(bicyclo[3.2.0]hept-2-en-6-one)-7.2-(1',3'-dithiane)] (as prepared in
      example 3) and 270 mg (5 mmol) of sodium methylate dissolved in 30 ml. of
      dried methanol. The mixture is stirred for 15 hours at room temperature
      and the methanol is evaporated under reduced pressure. The residue is
      taken up in 25 ml. of distilled water and the solution is extracted with
      50 ml. of ether. The ethereal layer is dried over anhydrous sodium sulfate
      and filtered. The filtrate is evaporated under reduced pressure and the
      oily residue is purified by column chromatography (eluant : C.sub.6
      H.sub.6 /CH.sub.3 COOC.sub.2 H.sub.5 : 80/20) to yield
      trans-methyl-3-(1.3-dithian2-yl)-4-cyclopentene-2-carboxylate.
PAR  IR spectrum : (film) : 1735, 1602, 1442 cm.sup..sup.-1.
PAR  NMR spectrum : (CDCl.sub.3) : H.sub.7 = 4.2 .delta.
PAC  EXAMPLE 7
PAC  Trans-3-(1.3-dithian-2-yl)-4-cyclopentene-2-carboxylic acid.
PAR  In a 10 ml. reaction flask equipped with a reflux condenser, there are
      added 226 mg (0.93 mmol) of
      trans-methyl-3-(1.3-dithian-2-yl)-4-cyclopentene-2-carboxylate (as
      prepared in example 6) dissolved in 5 ml. of distilled water and a few mg
      of sodium hydroxide dissolved in one ml. of distilled water. The mixture
      is heated to 80.degree. C for 3 hours, then cooled and neutralized by 5%
      HCl. The solution is extracted with ether and the ethereal layer is dried
      over anhydrous sodium sulfate, filtered and evaporated under reduced
      pressure to yield trans-3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylic
      acid.
PAR  Melting point : 112.9.degree. C.
PAR  NMR spectrum : (CDCl.sub.3) :
TBL         H      .delta. Mult.   Int.                                        
     ______________________________________                                    
            Ha     2.1     m       2                                           
            Hb+Hc  2.9     m       6                                           
            Hd+He  3.4     m       2                                           
            Hf     4.2     d       1                                           
            Hg     5.8      .about.s                                           
                                   2                                           
     ______________________________________                                    
PAC  EXAMPLE 8
PAC  Trans-2-methyl-3-(1.3-dithian-2-yl)-4-cyclopentenecarboxylate.
PAR  To cis-methyl-3-(1.3-dithian-2-yl)-4-cyclopentene-2-carboxylate dissolved
      in deuterated methanol there are added two or three drops of sodium
      methylate dissolved in deuterated methanol. The reaction is followed by
      NMR method. After a 16 hour reaction, the whole cis isomer is transformed
      into the corresponding trans isomer. Deuterated methanol is evaporated,
      the obtained residue is dissolved in 1 ml. of ether and quickly washed
      with a 3% HCl solution. The organic layer is dried over MgSO.sub.4,
      filtered and the filtrate is evaporated to yield a product with the same
      characteristics as those of the trans derivative prepared in example 6.
PAC  EXAMPLE 9
PAC  3-(1.3-Dithian-2-yl)-4-cyclopentene-N,N-dimethyl-2-carboxamide.
PAR  In a 50 ml. three-necked reaction flask and to 20 ml. of dimethylamine
      condensed at a temperature inferior to 40.degree. C, there is added with a
      syringue 4 ml. of butyllithium dissolved in hexane (1.62 N). The
      temperature of the medium is allowed to rise -20.degree. C. In the
      meantime, in 5 ml. of dimethylamine condensed in a cooling cock-funnel
      (CO.sub.2 -iC.sub.3 H.sub.7 OH), there is dissolved 1.1 g (5 mmol) of
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiane)](as prepared
      in example 3). This mixture is added dropwise to the amide as prepared
      hereinabove in the reaction flask. The medium is allowed to react at
      -10.degree. C for 2 hours, 20 ml. of ether is added and the solution is
      allowed to react at room temperature for 12 hours. Water (20 ml.) is then
      added and the solution is extracted with 3 .times. 15 ml. of ether. The
      ethereal layer is dried over CaSO.sub.4, filtered, evaporated under
      reduced pressure and the residue is crystallized from a mixture of carbon
      tetrachloride and cyclohexane to yield
      3-(1.3-dithian-2-yl)-4-cyclopentene-N,N-dimethyl-2-carboxamide.
PAR  Melting point: 87.3.degree. C.
PAR  NMR spectrum: (CDCl.sub.3):
TBL  H              .delta. Mult.   Int.                                       
     ______________________________________                                    
     Ha            2.15     m       2                                          
     Hb+Hc         2.2-3    m       14                                         
     Hd+He                                                                     
     Hf            4.35     d       1                                          
     Hg            5.9      m       2                                          
     ______________________________________                                    
PAC  EXAMPLE 10
PAC  3-(1.3-Dithian-2-yl)-4-cyclopentene-N-butyl-2-carboxamide.
PAR  In a 50 ml. reaction flask equipped with a reflux condenser there are added
      1.06 g (5 mmol) of spiro[(bicyclo
      [3.2.0]helt-2-en-6-one)-7.2'-(1',3'-dithiane)](as prepared in example 3),
      0.73 g (10 mmol) of n-butylamine and 30 ml. of anhydrous benzene. The
      mixture is refluxed with stirring for 14 hours. The solvent and the
      unreacted amine are removed by evaporation and the residue is crystallized
      from a mixture of pentane and carbon tetrachloride (8/2) to yield
      3-(1.3-dithian-2-yl)-4-cyclopentene-N-butyl-2-carboxamide.
PAR  NMR spectrum: (CDCl.sub.3):
TBL         H   .delta.    Mult.   Int.                                        
     ______________________________________                                    
            Ha  1.53-1.74  2 s     6                                           
            Hb  2.07       m       2                                           
            Hc  2.5        s       6                                           
            Hd  2.6 - 3.6  m       4                                           
            He  4.3        s       1                                           
     ______________________________________                                    
PAC  EXAMPLE 11
PAC  1.3-Dithiolane-2-carboxylic acid.
PAR  In a 500 ml. reaction flask equipped with a reflux condenser, there are
      added 16.5 g (0.175 mol) of 1.2-ethanedithiol, 16 g (0.173 mol) of
      monohydrated glyoxylic acid, 250 ml. of benzene and 25 ml. of
      ethylfluoboroetherate. The mixture is stirred under reflux for 4 hours and
      then cooled. Distilled water (100 ml.) is added thereto, the solution is
      decanted and the aqueous phase is extracted with ether. The ethereal
      layers are dried over anhydrous sodium sulfate, filtered and evaporated
      under reduced pressure and the residue is crystallized from toluene to
      yield 1.3-dithiolane-2-carboxylic acid.
PAR  Melting point: 107.degree.-8.degree. C.
PAR  IR spectrum: (KBr): 3050, 2915, 1710, 1410 cm.sup.-.sup.1.
PAR  NMR spectrum : (CDCl.sub.3):
TBL         H   .delta.    Mult.   Int.                                        
     ______________________________________                                    
            Ha  3.43       m       4                                           
            Hb  4.88       s       1                                           
            Hc  11.68      s       1                                           
     ______________________________________                                    
PAC  EXAMPLE 12
PAC  1.3-dithiolane-2-carboxylic acid chloride.
PAR  In a 500 ml. reaction flask equipped with a reflux condenser connected with
      a wash-bottle containing H.sub.2 SO.sub.4, there are added 21.8 g (0.145
      mol) of 1.3-dithiolane-2-carboxylic acid (as prepared in example 11), 300
      ml. of anhydrous benzene (distilled on sodium) and 35.7 g (0.3 mole) of
      freshly distilled thionyl chloride. The mixture is stirred at room
      temperature for 12 hours and then for 2 hours at 45.degree.-50.degree. C
      maximum. The solvent and the excess of thionyl chloride are removed by
      evaporation under reduced pressure and the residue is distilled at
      80.degree.-85.degree. C under 0.05 mm Hg to yield
      1.3-dithiolane-2-carboxylic acid chloride.
PAR  IR spectrum: (CHCl.sub.3): 2930, 1787, 1760, 1420.
PAR  NMR spectrum: (CDCl.sub.3)
TBL         H   .delta.    Mult.   Int.                                        
     ______________________________________                                    
            Ha  3.43       s       4                                           
            Hb  5.19       s       1                                           
     ______________________________________                                    
PAC  EXAMPLE 13
PAC  Spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiolane)].
PAR  In a 500 ml. three-necked reaction flask equipped with a reflux condenser
      connected with a calcium chloride tube, a cock funnel with pressure
      compensation and a mechanical stirrer, there are added 200 ml. of
      anhydrous ether, 7.1 g (0.07 mol) of dried triethylamine and 13.9 g (0.21
      mol) of freshly distilled cyclopentadiene. To the mixture heated to reflux
      are dropped 11.83 g (0.07 mol) of 1.3-dithiolane-2-carboxylic acid
      chloride (as prepared in example 12) dissolved in 50 ml. of anhydrous
      ether. The medium is vigorously stirred at reflux temperature for 2 hours
      and then for 12 hours at room temperature. Triethylamine chlorhydrate is
      filtered therefrom and washed with ether. The filtrate is treated with an
      aqueous solution of 5 % HCl and then with an aqueous solution of 5 %
      sodium carbonate. The ethereal layer is separated, dried over anhydrous
      sodium sulfate, filtered and the solvent is eliminated by evaporation. The
      residue is purified by chromatography on Silicagel (eluant: CHCl.sub.3)
      and then distilled under reduced pressure (110.degree. C/10.sup.-.sup.2
      mm). The condensate is further purified by sublimation to yield
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-/1'-3'-dithiolane)].
PAR  Melting point: 49.5.degree. C.
PAR  IR spectrum: (KBr): 2925, 2830, 1780, 1602, 1438, 1418 cm.sup.-.sup.1.
PAR  NMR spectrum: (CDCl.sub.3) :
TBL         H   .delta.    Mult.   Int.                                        
     ______________________________________                                    
            Ha  2.66       m       2                                           
            Hb  3.3        s       4                                           
            Hc  3.7        m       1                                           
            Hd  4.06       ddd     1                                           
            He  6.0        m       2                                           
     ______________________________________                                    
PAC  EXAMPLE 14
PAC  Cis-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylic acid.
PAR  Using the procedure described in example 4 but replacing
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiane)] by 5 mmol of
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiolane)] (as
      prepared in example 13),
      cis-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylic acid is obtained.
PAC  EXAMPLE 15
PAC  Cis-methyl-3-(1,3-dithiolan-2-yl)-4-cyclopentene-2-carboxylate.
PAR  Using the procedure described in example 5 but replacing
      cis-3-(1.3-dithian-2-yl)-4-cyclopentene-2-carboxylic acid by 0.93 mmol of
      cis-3-(1.3-dithiolan-2- yl)-4-cyclopentene-2-carboxylic acid (as prepared
      in example 14),
      cis-methyl-3-(1.3-dithiolan-2-yl)-4-cyclo-pentene-2-carboxylate is
      obtained.
PAC  EXAMPLE 16
PAC  Trans-methyl-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylate.
PAR  Using the procedure described in example 6 but replacing
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiane)] by 5 mmol of
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiolane)] (as
      prepared in example 13),
      trans-methyl-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylate is
      obtained.
PAC  EXAMPLE 17
PAC  Trans-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylic acid.
PAR  Using the procedure described in example 7 but replacing
      trans-methyl-3-(1.3-dithian-2-yl)-4-cyclopentene-2-carboxylate by 0.93
      mmol of trans-2-methyl-3-(1.3-dithiolan-2-yl)-4-cyclopentenecarboxylate
      (as prepared in example 16),
      trans-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylic acid is obtained.
PAC  EXAMPLE 18
PAC  Trans-methyl-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylate.
PAR  Using the procedure described in example 8 but replacing
      cis-methyl-3-(1.3-dithian-2-yl)-4-cyclo-pentene-2-carboxylate by
      cis-methyl-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylate (as
      prepared in example 15),
      trans-methyl-3-(1.3-dithiolan-2-yl)-4-cyclopentene-2-carboxylate is
      obtained.
PAC  EXAMPLE 19
PAC  3-(1.3-dithiolan-2-yl)-4-cyclopentene-N,N-dimethyl-2-carboxamide.
PAR  Using the procedure described in example 9 but replacing
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiane)] by 5 mmol of
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiolane)] (as
      prepared in example 13),
      3-(1.3-dithiolan-2-yl)-4-cyclopentene-N,N-dimethyl-2-carboxamide is
      obtained.
PAC  EXAMPLE 20
PAC  3-(1.3-dithiolan-2-yl)-4-cyclopentene-N-butyl-2-carboxamide.
PAR  Using the procedure described in example 10 but replacing
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiane)] by 5 mmol of
      spiro[(bicyclo[3.2.0]hept-2-en-6-one)-7.2'-(1',3'-dithiolane)] (as
      prepared in example 13),
      3-(1.3-dithiolan-2-yl)-4-cyclopentene-N-butyl-2-carboxamide is obtained.
PAC  EXAMPLE 21
PAC  2-Phenylthiopropionic acid.
PAR  In a one liter conical flask topped by a cockfunnel with pressure
      compensation and equipped with a magnetic stirrer there are added with
      stirring 71.8 g (654 mmol) of thiophenol and a solution of 57 g (1420
      mmol) of sodium hydroxide in 115 ml. of distilled water. To this mixture
      there is added slowly 100 g (654 mmol) of 2-bromopropionic acid
      neutralized by a solution of 73 g (820 mmol) sodium acetate in 140 ml. of
      distilled water. After a 45 minute reaction, the solution is brought to pH
      5 with 30 % HCl, chloroform (200 ml.) is added thereto and the solution is
      decanted. After a second extraction, the combined organic phases are
      washed with 5 % HCl and decanted. The organic layer is dried over calcium
      chloride, filtered and eliminated by evaporation. The oily residue is
      purified by distillation under reduced pressure (137.degree. C/0.7 mm) to
      yield 2-phenylthiopropionic acid.
PAC  EXAMPLE 22
PAC  2-Phenylthiopropionic acid chloride.
PAR  In a 500 ml. three-necked reaction flask containing 45 g (247 mmol) of
      2-phenylthiopropionic acid (as prepared in example 21) in 280 ml. of
      anhydrous benzene equipped with a magnetic stirrer, a reflux condenser
      connected with a wash-bottle containing H.sub.2 SO.sub.4 there are added
      carefully by a cock-funnel with pressure compensation, 32 g (270 mmol) of
      thionyl chloride. The mixture is gradually heated until reflux with
      vigorous stirring. When gas evolution is completed, the solvent is
      evaporated and the residue is purified by distillation under reduced
      pressure (106.degree. C/4 mm) to yield 2-phenylthiopropionic acid
      chloride.
PAC  EXAMPLE 23
PAC  7-Methyl-7-phenylthio bicyclo[3.2.0]hept-2-en-6-one.
PAR  In a 500 ml. three-necked reaction flask equipped with a mechanical
      stirrer, a reflux condenser adapted with a Silicagel tube and a 100 ml.
      cock-funnel with pressure compensation there are added 160 ml. of
      anhydrous ether, 6.85 g (60 mmol) of triethylamine and 13 g (147 mmol) of
      freshly distilled cyclopentadiene. To the refluxed and vigorously stirred
      mixture there is added dropwise 13.56g(74.5 mmol) of 2-phenylthiopropionic
      acid chloride (as prepared in example 22) in 90 ml. of anhydrous ether.
      The reaction medium is refluxed for two hours with stirring and maintained
      at room temperature for 3 hours. Triethylamine hydrochloride is filtered
      therefrom and the filtrate is eliminated by evaporation. The oily-brown
      residue is purified by sublimation under reduced pressure
      (40.degree.-50.degree. C/0.1 to 0.5 mm) to yield
      7-methyl-7-phenylthio-bicyclo[3.2.0]hept-2-en-6-one.
PAR  Melting point: 49.degree. C.
PAR  Analysis:
TBL               Calculated                                                   
                            found                                              
              C   73.007    73.02                                              
              H   6.127     6.26                                               
              O   6.946     7.06                                               
PAC  EXAMPLE 24
PAC  3-(1-phenylthioethyl)-4-cyclopentene-N-ethyl-2-carboxamide.
PAR  In a 100 ml. three-necked reaction flask and to 20 ml. of diethylamine
      condensed at a temperature inferior to 40.degree. C there are added under
      dry nitrogen atmosphere 45.7 mg of finely divided lithium and a trace of
      ferric nitrate. The temperature of the medium is allowed to reach
      -20.degree. C. In the meantime, in 20 ml. of dimethylamine condensed in a
      cooling cock-funnel (CO.sub.2 -acetone), there is dissolved 5 g (6.52
      mmol) of 7-methyl-7-phenylthiobicyclo[3.2.0]hept-2-2-en-6-one (as prepared
      in example 23). This mixture is dropped into the amide formed hereinabove
      in the reaction flask. The reaction medium is allowed to react at
      -10.degree. C for 2 hours and one of ammonium chloride is added thereto.
      The solvent is allowed to evaporate and the residue is taken up in 100 ml.
      of chloroform. The solution is washed several times with distilled water
      and the organic layer is decanted, dried over anhydrous sodium sulfate,
      filtered and evaporated under reduced pressure. The residue is
      crystallized from a mixture of ether and petroleum ether to yield
      3-(1-phenylthioethyl)-4-cyclopentene-N-ethyl-2-carboxamide.
PAR  Melting point: 92.degree.-93.degree. C.
PAR  Analysis:
TBL               calculated                                                   
                            found                                              
              C   69.78     69.90                                              
              H   7.69      7.59                                               
              O   5.81      5.87                                               
PAC  EXAMPLE 25
PAC  3-(1-Phenylthioethyl)-4-cyclopentene-2-carboxamide.
PAR  The procedure described in example 24 is repeated while replacing
      ethylamine for liquid ammonia. After standing for 7 hours, the mixture is
      neutralized by onegof ammonium chloride and ammonia is evaporated. The
      residue is taken up in ether and the solution is salted out with brine.
      The organic layer is dried over anhydrous sodium sulfate, filtered and the
      filtrate is evaporated under reduced pressure. The residue is crystallized
      from ether to yield 3-(1-phenylthioethyl)-4-cyclopentene-2-carboxamide.
PAR  Melting point: 109.degree. C.
PAR  Analysis:
TBL               calculated                                                   
                            found                                              
              C   67.98     67.86                                              
              H   6.93      6.73                                               
              N   5.66      5.64                                               
              S   12.96     12.82                                              
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  where Nu is hydroxy, lower alkoxy of 1 to 4 carbon
PA1  atoms, amino, lower alkylamino of 1 to 4 carbon atoms, or dilower
      alkylamino, each alkyl having 1 to 4 carbon atoms;
PA1  m is 2 or 3; and
PA1  the wavy line indicates an .alpha. or .beta.-configuration.
NUM  2.
PAR  2. A compound according to claim 1 being
      cis-3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylic acid.
NUM  3.
PAR  3. A compound according to claim 1 being cis-methyl
      3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylate.
NUM  4.
PAR  4. A compound according to claim 1 being trans-methyl
      3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylate.
NUM  5.
PAR  5. A compound according to claim 1 being
      trans-3-(1,3-dithian-2-yl)-4-cyclopentene-2-carboxylic acid.
NUM  6.
PAR  6. A compound according to claim 1 being
      3-(1,3-dithian-2-yl)-4-cyclopentene-N,N-dimethyl-2-carboxamide.
NUM  7.
PAR  7. A compound according to claim 1 being
      3-(1,3-dithian-2-yl)-4-cyclopentene-N-butyl-2-carboxamide.
NUM  8.
PAR  8. A compound according to claim 1, in which m is 2 and Nu is hydroxy or
      lower alkoxy of 1 to 4 carbon atoms.
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ABST
PAL  The compounds of this invention are substituted benzofurans and
      benzothiophenes having pharmacological activity. In particular, these
      compounds have coronary vasodilator activity and are useful in the
      treatment angina pectoris.
BSUM
PAR  This invention relates to new substituted benzofurans and benzothiophenes
      which have useful pharmacological activity. More specifically, the
      compounds of this invention have coronary vasodilator activity and are
      useful in the treatment of angina pectoris. In addition, these compounds
      may be useful as hypotensive agents.
PAR  The compounds of this invention are represented by the following structural
      formula:
      ##SPC1##
PAL  Or a pharmaceutically acceptable acid addition salt thereof, in which:
PA1  R.sub.1 is hydrogen, halo, trifluoromethyl, nitro, lower alkyl or lower
      alkoxy;
PA1  R.sub.2 and R.sub.3 are hydrogen, lower alkyl or lower alkoxy;
PA1  R.sub.4 is hydrogen or straight chain lower alkyl;
PA1  R.sub.5 is straight chain lower alkyl;
PA1  R.sub.6 is phenyl, lower alkylphenyl, di-lower alkylphenyl, tri-lower
      alkylphenyl, lower alkoxyphenyl, di-lower alkoxyphenyl, tri-lower
      alkoxyphenyl, halophenyl, dihalophenyl, trihalophenyl,
      trifluoromethylphenyl, benzyl, halobenzyl, lower alkylbenzyl, lower
      alkoxybenzyl or trifluoromethylbenzyl;
PA1  n is 2 to 4; and
PA1  Z is oxygen or sulfur.
PAR  As used herein, the terms "lower alkyl" and "lower alkoxy" denote groups
      having from one to four carbon atoms; "halo" refers to chloro, bromo and
      fluoro.
PAR  Advantageous compounds of this invention are represented by formula I in
      which the aminoalkoxy side chain is in the para position on the benzoyl
      ring; R.sub.1 is hydrogen or halo in the 5-position; R.sub.2 and R.sub.3
      are hydrogen; R.sub.4 and R.sub.5 are ethyl, n-propyl or n-butyl; and
      R.sub.6 is phenyl, tolyl, chlorophenyl, bromophenyl, methoxyphenyl,
      trifluoromethylphenyl, dimethylphenyl, dichlorophenyl, dimethoxyphenyl,
      trimethoxyphenyl, chlorobenzyl or trifluoromethylbenzyl.
PAR  Preferred compounds of this invention are represented by formula I in which
      the aminoalkoxy side chain is in the para position on the benzoyl ring;
      R.sub.1 is hydrogen or chloro in the 5-position; R.sub.2 and R.sub.3 are
      hydrogen; R.sub.4 and R.sub.5 are ethyl, n-propyl or n-butyl; R.sub.6 is
      phenyl, p-tolyl, p-chlorophenyl, p-methoxyphenyl, 3,5-dimethylphenyl,
      3,4-dichlorophenyl, 3,4-dimethoxyphenyl, 3,4,5-trimethoxyphenyl,
      p-chlorobenzyl or m-trifluoromethylbenzyl; and n is 3.
PAR  Particularly preferred are the compounds
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran,
      3-[4-(3-di-n-propylaminopropoxy)benzoyl]-2-phenylbenzofuran,
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-tolyl)benzofuran,
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-methoxyphenyl)benzofuran,
      5-chloro-3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran,
      2-[4-(3-diethylaminopropoxy)benzoyl]-3-phenylbenzofuran,
      3-(4-chlorophenyl)-2-[4-(3-diethylaminopropoxy)benzoyl]benzofuran and
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzothiophene.
PAR  The compounds of formula I are prepared as shown in the following scheme:
      ##SPC2##
PAL  where R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, n and Z are
      defined as above.
PAR  Thus, a benzofuran or benzothiophene nucleus is acylated with a
      substituted-aminoalkoxybenzoyl chloride or its corresponding salt,
      preferably hydrochloride salt, by standard procedures, for example in the
      presence of stannic chloride or aluminum chloride in a solvent such as
      methylene chloride, nitrobenzene or carbon disulfide at a temperature from
      about 0.degree.C. to ambient temperature (ca. 25.degree.C.). This method
      of preparing the compounds of formula I is particularly advantageous when
      Z is sulfur or when one or more of R.sub.1, R.sub.2 and R.sub.3 are lower
      alkoxy and/or R.sub.6 contains an alkoxy group(s).
PAR  When Z is oxygen, the benzofuran compounds of formula I are also prepared
      as shown in Scheme B:
      ##SPC3##
PAL  in which the terms R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6 and
      n are defined as above; X is halo, preferably chloro, or a leaving group
      such as tosyl or mesyl; and Y is halo, preferably chloro or bromo.
PAR  According to the above procedure, reaction of a hydroxyphenyl benzofuranyl
      ketone of formula III with a substituted-aminoalkyl halide, tosylate or
      mesylate of the formula R.sub.4 R.sub.5 N--(CH.sub.2).sub.n --X in the
      presence of a base such as potassium carbonate, sodium methoxide or sodium
      hydride in a solvent such as acetone, methanol, ethanol, toluene,
      2-butanone, 3-pentanone or dimethylsulfoxide at a temperature of about
      25.degree.C. to the reflux temperature of the solvent for from about 6 to
      about 24 hours gives compounds of formula I where Z is oxygen.
PAR  The benzofuran compounds of formula I are also prepared as shown in Scheme
      B by reaction of a hydroxyphenyl benzofuranyl ketone (III) with a
      dihaloalkane, Y--(CH.sub.2).sub.n --Y, preferably dibromo or dichloro, in
      the presence of a base such as potassium carbonate in a solvent such as
      acetone or 3-pentanone, preferably at the reflux temperature of the
      solvent followed by treatment of the product haloalkoxybenzoyl benzofuran
      with an amine of the formula R.sub.4 R.sub.5 NH.
PAR  The products of formula I are isolated and purified as such by standard
      techniques including solvent extraction, crystallization and
      chromatographic methods or as the corresponding acid addition salts which
      are also objects of this invention. The salts are formed with organic and
      inorganic acids according to methods known to the art. Thus, a solution of
      the amine in ether, chloroform or an alcohol such as methanol or ethanol
      is treated with a solution of an organic or inorganic acid in an aqueous
      miscible solvent, such as acetone or ethanol, with isolation of the salt
      by concentration and cooling or in an aqueous immiscible solvent, such as
      ether, with the desired salt separating directly. Exemplary of such
      organic salts are those with maleic, fumaric, benzoic, ascorbic, pamoic,
      succinic, hexamic, oxalic, bismethylenesalicylic, methanesulfonic,
      ethanedisulfonic, acetic, propionic, tartaric, salicylic, citric,
      gluconic, lactic, malic, mandelic, cinnamic, citraconic, aspartic,
      stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene
      sulfonic and theophylline acetic acids as well as with the
      8-halotheophyllines, for example, 8-bromotheophylline. Exemplary of such
      inorganic salts are those with hydrochloric, hydrobromic, sulfuric,
      sulfamic, phosphoric and nitric acids. Of course, these salts may also be
      prepared by the classical method of double decomposition of appropriate
      salts which is well known to the art. The salts may be purified by the
      standard methods described above.
PAR  The hydroxyphenyl benzofuranyl ketone starting materials of Scheme B are
      either known to the art or are prepared as outlined below:
      ##SPC4##
PAL  where R.sub.1, R.sub.2, R.sub.3 and R.sub.6 are defined as above.
PAR  According to Scheme C, a methoxybenzoyl chloride is used to acylate a
      benzofuran nucleus by standard procedures, for example in the presence of
      stannic chloride or aluminum chloride in a solvent such as methylene
      chloride, nitrobenzene or carbon disulfide. The methoxyphenyl benzofuranyl
      ketones are demethylated by known methods, for example by use of pyridine
      hydrochloride or boron tribromide. These and other methods are described
      by Buu-Hoi et al., J. Chem. Soc. 3693 (1955), 625 (1957), 2593 (1957), 173
      (1964) and in Japanese Pat. No. 2482/64.
PAR  Alternatively, the hydroxyphenyl benzofuranyl ketone starting materials
      having R.sub.6 in the 2-position of the benzofuran nucleus are prepared by
      addition of a methoxyphenyl magnesium halide to a 3-cyanobenzofuran
      followed by hydrolysis and subsequent demethylation as previously
      described.
PAR  The benzofuran starting materials in Schemes A and C are either known to
      the art or are prepared by one of the general methods for the synthesis of
      benzofurans described by Buu-Hoi et al., J. Chem. Soc. 3693 (1955), 625
      (1957), 2593 (1957) and 173 (1964); Tanaka, J. Amer. Chem. Soc. 73:872
      (1951); Bisagni et al., J. Chem. Soc. 3688 (1955); Grinev et al., Zhur.
      Obshchei Khim. 27:1087 (1957); Castro et al., J. Org. Chem. 28:3313
      (1963), 31:4071 (1966); Rodd, Chemistry of Carbon Compounds Vol. IV-A,
      168-191; Mustafa, The Chemistry of Heterocyclic Compounds Vol. 29,
      Benzofurans and French Pat. No. 1,537,206. Representative methods for
      preparing these starting materials are exemplified hereinafter.
PAR  The benzothiophene starting materials of Scheme A are known to the art or
      are prepared using a thiosalicylic acid and an .alpha.-bromophenyl or
      .alpha.-bromobenzyl acetic acid as starting materials according to the
      procedure described by Kucharczyk and Horak, Collect. Czech. Chem. Commun.
      33:92 (1968).
PAR  The hydroxyphenyl benzofuranyl ketone startingmaterials of Scheme B in
      which R.sub.6 is in the 3-position of the benzofuran nucleus are also
      prepared as follows:
      ##SPC5##
PAL  where R.sub.1, R.sub.2, R.sub.3 and R.sub.6 are defined as above.
PAR  Reaction of an o-hydroxyphenyl ketone with a substituted
      .alpha.-bromoacetophenone in the presence of a base, for example potassium
      carbonate, followed by demethylation as described above gives the
      hydroxyphenyl benzofuranyl ketones of formula IV.
PAR  In addition, the compounds of formula IV are prepared as shown above by
      reaction of a substituted phenol with an .alpha.-bromoacetophenone of the
      formula
      ##EQU1##
      in the presence of a base such as potassium carbonate in a solvent such as
      acetone followed by cyclization of the intermediate thus formed, for
      example with polyphosphoric acid, and subsequent acylation and
      demethylation of the resulting 3-substituted benzofuran as described
      hereinabove.
PAR  The acid chloride acylating agents are either known to the art or are
      prepared by standard methods, for example by treatment of the
      corresponding acids with thionyl chloride or phosphorus pentachloride.
PAR  The coronary vasodilator activity and hypotensive effects of the compounds
      represented by formula I are demonstrated in dogs by an increase in
      coronary blood flow with concomitant decrease of mean arterial blood
      pressure upon intravenous administration of doses of from about 0.32
      mg./kg. to about 2.5 mg./kg. These parameters are measured as follows:
PAR  Adult mongrel dogs (13-16 kg.) are pretreated with 2 mg./kg. s.c. of
      morphine sulfate followed in 1 hour by intravenous administration of 1-1.5
      ml./kg. of an aqueous solution containing 1.5% chloralose and 20%
      urethane. Supplemental doses of morphine and chloralose-urethane are given
      to maintain an adequate and uniform depth of anesthesia.
PAR  A carotid artery is catheterized and connected to a Sanborn pressure
      transducer to measure arterial blood pressure. A femoral vein is also
      catheterized for administering a solution of the test compound or its salt
      and supplemental anesthesia. A left thoractomy is made at the fourth or
      fifth intercostal space, the lung is displaced, the pericardium is opened
      and the left circumflex coronary artery is isolated for measurement of
      coronary blood flow, a "snare" being placed around the artery distally to
      obtain zero flow. Coronary blood flow is measured with a Statham
      electromagnetic flowmeter and Flo-Probe (MDS).
PAR  In addition, the particularly preferred compounds of formula I also inhibit
      or attenuate the chronotropic effect of isoproterenol-induced tachycardia
      upon administration to dogs at doses of from about 5 mg./kg. to about 10
      mg./kg. i.v. Abad et al. [Acta Pharmacol. et Toxicol. 25:85 (1967)] have
      correlated the inhibition of isoproterenol-induced tachycardia to utility
      as an anti-anginal agent.
PAR  Pharmaceutical compositions having coronary vasodilator activity comprising
      a pharmaceutical carrier and a compound of formula I and methods of
      producing coronary vasodilation by administering these compounds are also
      objects of this invention.
PAR  The pharmacologically active compounds of this invention may be
      administered orally or parenterally in an amount to produce the desired
      activity.
PAR  Preferably the compounds are administered in conventional dosage unit forms
      prepared by combining an appropriate dose of the compound with standard
      pharmaceutical carriers. The dosage units will contain the active
      ingredient in an amount of from about 100 mg. to about 600 mg., preferably
      150 mg. to 300 mg. per dosage unit.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium, stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Similarly, the carrier or diluent can include any time
      delay material well known to the art, such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg. to about 1 g. If a liquid carrier is used, the preparation
      will be in the form of a syrup, emulsion, solt gelatin capsule, sterile
      injectable liquid such as an ampule or an aqueous or nonaqueous liquid
      suspension.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing when
      necessary or variously mixing and dissolving the ingredients as
      appropriate to the desired composition.
PAR  The method of producing coronary vasodilator activity in accordance with
      this invention comprises administering internally to an animal an
      effective amount of a compound of formula I. The compound will preferably
      be administered in a dosage unit form as described above orally or
      parenterally, the oral route being preferred. Advantageously equal doses
      will be administered one to two times daily with the daily dosage regimen
      being from about 200 mg. to about 1200 mg., preferably from about 300 mg.
      to about 600 mg. When the method described above is carried out, coronary
      vasodilator activity is produced.
PAR  One skilled in the art will recognize that in determining the amounts of
      the compound needed to produce the desired pharmacological effect without
      toxic side effects, the activity of the compound as well as the size of
      the host animal must be considered.
DETD
PAR  The following examples illustrate the invention but are not to be construed
      as limiting the scope thereof. Temperatures are in degrees Centigrade
      unless otherwise stated.
PAR  When formed, acid addition salts may be converted to the corresponding free
      amines by treating a solution of the salt in a solvent such as water, a
      chloroform-water or a benzene-water mixture with a base such as 10%
      aqueous sodium hydroxide, sodium carbonate or sodium bicarbonate until
      basic followed by extraction of the amine into benzene or chloroform.
      Salts other than hydrochlorides may be converted to the corresponding
      hydrochloric acid salts by passing a solution of the salt in methanol or
      ethanol through a chloride ion exchange column.
PAC  EXAMPLE 1
PAC  3-[4-(3-Diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  To a cooled (ice bath) mixture of 7.81 g. (0.040 mol.) of
      2-phenylbenzofuran and 7.0 g. (0.041 mol.) of p-anisoyl chloride in 100
      ml. of methylene chloride is added dropwise 28.7 g. (0.11 mol.) of stannic
      chloride. The reaction mixture is allowed to warm to ambient temperature,
      then stirred for 2 hours. Water is slowly added to the mixture and it is
      stirred an additional 30 minutes. The layers are separated and the organic
      phase is washed with water until the washings are neutral, dried
      (MgSO.sub.4) and concentrated to give
      3-(4-methoxybenzoyl)-2-phenylbenzofuran.
PAR  3-(4-Methoxybenzoyl)-2-phenylbenzofuran (16.4 g., 0.05 mol.) is combined
      with 50 g. of freshly distilled pyridine hydrochloride and the mixture is
      refluxed 1 hour. The hot mixture is poured with stirring onto an
      ice-dilute hydrochloric acid mixture and the precipitate is collected to
      give 3-(4-hydroxybenzoyl)-2-phenylbenzofuran.
PAR  A mixture of 6.2 g. (19.7 mmol.) of
      3-(4-hydroxybenzoyl)-2-phenylbenzofuran, 2.95 g. (19.7 mmol.) of
      3-diethylaminopropyl chloride and 10.9 g. (0.079 mol.) of potassium
      carbonate in 300 ml. of acetone is refluxed for 12 hours. After cooling,
      the mixture is filtered and the filtrate is concentrated to give the title
      compound.
PAR  The title compound is dissolved in ether and an ethereal solution of
      hydrochloric acid is added to give the corresponding hydrochloride salt
      m.p. 148.degree.-153.degree. (ethyl acetate).
PAC  EXAMPLE 2
PAR  When 3-(4-hydroxybenzoyl)-2-phenylbenzofuran is reacted with
      3-dimethylaminopropyl chloride by the procedure described in Example 1,
      3-[4-(3-dimethylaminopropoxy)benzoyl]-2-phenylbenzofuran is obtained.
PAR  3-[4-(3-Dimethylaminopropoxy)benzoyl]-2-phenylbenzofuran is converted to
      the corresponding hydrochloride salt as described in Example 1, m.p.
      85.degree.-95.degree. (ethyl acetate).
PAR  Similarly, 3-[4-(3-di-n-propylaminopropoxy)benzoyl]-2-phenylbenzofuran is
      prepared by substitution of 3-di-n-propylaminopropyl chloride in the
      procedure of Example 1 in place of a 3-diethylaminopropyl chloride.
PAR  Treatment of 3-[4-(3-di-n-propylaminopropoxy)benzoyl]-2-phenylbenzofuran
      with ethereal hydrochloric acid as previously described gives the
      corresponding hydrochloric acid salt, m.p. 168.degree.'170.degree. (ethyl
      acetate).
PAC  EXAMPLE 3
PAC  3-[4-(3-Di-n-butylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  A mixture of 2.0 g. (6.4 mmol.) of 3-(4-hydroxybenzoyl)-2-phenylbenzofuran,
      1.3 g. (6.4 mmol.) of 3-di-n-butylaminopropyl chloride and 4.0 g. (0.04
      mol.) of anhydrous potassium carbonate in 20 ml. of dry 2-butanone is
      refluxed for 18 hours. The reaction is cooled, water and ether are added
      and the layers are separated. The organic phase is extracted with 10%
      aqueous sodium hydroxide and the aqueous layers are combined and extracted
      again with water. The combined ether extracts are concentrated under
      reduced pressure to give the title compound.
PAR  Treatment of the title compound with an ethereal solution of hydrochloric
      acid as described in Example 1 gives the corresponding hydrochloride salt,
      m.p. 150.degree.-153.degree. (ethyl acetate).
PAC  EXAMPLE 4
PAC  3-[4-(4-Diethylaminobutoxy)benzoyl]-2-phenylbenzofuran
PAR  A mixture of 3.0 g. (9.5 mmol.) of 3-(4-hydroxybenzoyl)-2-phenylbenzofuran,
      6.2 g. (0.029 mol.) of 1,4-dibromobutane and 3.9 g. (0.029 mol.) of
      potassium carbonate in 100 ml. of dry acetone is refluxed for 18 hours.
      The reaction mixture is cooled, filtered and the filtrate is concentrated
      under reduced pressure then heated on a steam bath in vacuo to remove
      excess 1,4-dibromobutane and leave
      3-[4-(4-bromobutoxy)benzoyl]-2-phenylbenzofuran as a residue.
PAR  3-[4-(4-Bromobutoxy)benzoyl]-2-phenylbenzofuran (13.0 g., 0.029 mol.) is
      dissolved in 75 ml. of ethanol containing 8 ml. of diethylamine and
      refluxed for 24 hours. The solvent is removed under reduced pressure and
      the residue is dissolved in ether. The ethereal solution is extracted with
      5% aqueous sodium hydroxide, water and saturated aqueous sodium chloride
      solution, dried (MgSO.sub.4) and concentrated to give the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt as
      described in the procedure of Example 1, m.p. 151.degree.-152.degree.
      (methanol-ether).
PAC  EXAMPLE 5
PAC  3-[4-(3-Diethylaminopropoxy)-3,5-dimethylbenzoyl]-2-phenylbenzofuran
PAR  To a cooled (ice bath) mixture of 10.5 g. (0.054 mol.) of
      2-phenylbenzofuran and 11.5 g. (0.058 mol.) of
      3,5-dimethyl-4-methoxybenzoyl chloride in 100 ml. of methylene chloride is
      added dropwise 28.7 g. (0.11 mol.) of stannic chloride. The reaction
      mixture is allowed to warm to ambient temperature, then stirred for 2
      hours. Water is slowly added to the mixture and it is stirred an
      additional 30 minutes. The layers are separated and the organic phase is
      washed with water until the washings are neutral, dried (MgSO.sub.4) and
      concentrated to give 3-(3,5-dimethyl-4-methoxybenzoyl)-2-phenylbenzofuran.
PAR  3-(3,5-Dimethyl-4-methoxybenzoyl)-2-phenylbenzofuran (17.8 g., 0.05 mol.)
      is combined with 50 g. of freshly distilled pyridine hydrochloride and the
      mixture is refluxed 1 hour. The hot mixture is poured with stirring onto
      an ice-dilute hydrochloric acid mixture and the precipitate is collected
      to give 3-(3,5-dimethyl-4-hydroxybenzoyl)-2-phenylbenzofuran.
PAR  When an equivalent amount of
      3-(3,5-dimethyl-4-hydroxybenzoyl)-2-phenylbenzofuran is substituted in the
      procedure of Example 1 for 3-(4-hydroxybenzoyl)-2-phenylbenzofuran and the
      reaction mixture is refluxed for 24 hours, the title compound is obtained.
PAR  The title compound is converted to the corresponding hydrochloride salt as
      described in Example 1.
PAC  EXAMPLE 6
PAC  3-[4-(2-Diethylaminoethoxy)benzoyl]-2-(4-methoxyphenyl)benzofuran
PAR  Hydrolysis of ethyl 4-(2-diethylaminoethoxy)benzoate hydrochloride with
      aqueous concentrated hydrochloric acid at 100.degree. for two hours gives
      4-(2-diethylaminoethoxy)benzoic acid hydrochloride, m.p.
      166.degree.-168.degree..
PAR  4-(2-Diethylaminoethoxy)benzoic acid hydrochloride is suspended in
      methylene chloride and a five-fold excess of thionyl chloride is added.
      The mixture is refluxed until the solid dissolves, then concentrated under
      reduced pressure to give 4-(2-diethylaminoethoxy)benzoyl chloride
      hydrochloride.
PAR  To a mixture of 11.2 g. (0.05 mol.) of 2-(4-methoxyphenyl)benzofuran and
      14.6 g. (0.05 mol.) of 4-(2-diethylaminoethoxy)benzoyl chloride
      hydrochloride in 100 ml. of methylene chloride is added 39.1 g. (0.15
      mol.) of stannic chloride. The reaction mixture is stirred for 1.5 hours
      at ambient temperature then poured into water. The layers are separated
      and the organic phase is washed with aqueous sodium carbonate until basic
      and water, dried (MgSO.sub.4) and concentrated to give the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt by
      the procedure described in Example 1, m.p. 143.degree.-146.degree. (ethyl
      acetate).
PAC  EXAMPLE 7
PAC  5-Chloro-3-[4-(2-diethylaminoethoxy)benzoyl]-2-phenylbenzofuran
PAR  Acylation of 5-chloro-2-phenylbenzofuran with
      4-(2-diethylaminoethoxy)benzoyl chloride hydrochloride as described in the
      procedure of Example 6 gives the title compound which is converted to the
      corresponding hydrochloride salt as described in the procedure of Example
      1, m.p. 197.degree.-199.degree. (ethyl acetate).
PAC  EXAMPLE 8
PAC  3-[2-(2-Diethylaminoethoxy)benzoyl]-2-phenylbenzofuran
PAR  2-(2-Diethylaminoethoxy)benzoic acid hydrochloride is prepared by
      hydrolysis of ethyl 2-(2-diethylaminoethoxy)-benzoate hydrochloride as
      described in Example 6, m.p. 148.degree.-150.degree..
PAR  Reaction of 2-(2-diethylaminoethoxy)benzoate hydrochloride with thionyl
      chloride as described in the procedure of Example 6 gives
      2-(2-diethylaminoethoxy)benzoyl chloride hydrochloride.
PAR  Acylation of 2-phenylbenzofuran with 2-(2-diethylaminoethoxy)benzoyl
      chloride hydrochloride by the procedure described in Example 6 gives the
      title compound.
PAR  Treatment of the title compound with an ethereal solution of hydrochloric
      acid by the procedure of Example 1 gives the corresponding hydrochloride
      sale, m.p. 132.degree.-134.degree. (ethyl acetate).
PAC  EXAMPLE 9
PAC  5-Chloro-3-[2-(2-diethylaminoethoxy)benzoyl]-2-phenylbenzofuran
PAR  Acylation of 5 -chloro-2-phenylbenzofuran with
      2-(2-diethylaminoethoxy)benzoyl chloride hydrochloride by the procedure
      described in Example 6 gives the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt as
      described in Example 1, m.p. 160.degree.-162.degree. (ethyl acetate).
PAC  EXAMPLE 10
PAC  2-(4-Chlorophenyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PAR  When 2-(p-chlorophenyl)benzofuran is acylated with
      4-(3-diethylaminopropoxy)benzoyl chloride hydrochloride by the procedure
      described in Example 6, the title compound is obtained.
PAR  Treatment of the title compound with an ethereal solution of hydrochloric
      acid gives the corresponding hydrochloride salt, m.p.
      156.degree.-160.degree. (ethyl acetate).
PAC  EXAMPLE 11
PAC  3-[4-(3-Diethylaminopropoxy)benzoyl]-2-(4-methoxyphenyl)benzofuran
PAR  Acylation of 2-(p-methoxyphenyl)benzofuran with
      4-(3-diethylaminopropoxy)benzoyl chloride hydrochloride by the procedure
      described in Example 6 gives the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt by
      treatment with an ethereal solution of hydrochloric acid as described
      above, m.p. 102.degree.-110.degree. (ethyl acetate).
PAC  EXAMPLE 12
PAC  3-[2-(3-Diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  A mixture of 15.2 g. (0.10 mol.) of methyl salicylate, 16.45 g. (0.11 mol.)
      of 3-diethylaminopropyl chloride and 27.7 g. (0.20 mol.) of potassium
      carbonate in 250 ml. of 2-butanone is refluxed for 22 hours to give
      2-(2-diethylaminopropoxy)benzoic acid which is converted to the
      corresponding hydrochloride salt by heating with 100 ml. of concentrated
      hydrochloric acid for three hours, m.p. 137.degree.-140.degree..
PAR  A mixture of 2.52 g. (8.75 mmol.) of 2-(2-diethylaminopropoxy)benzoic acid
      hydrochloride and 2.4 ml. of thionyl chloride in 75 ml. of methylene
      chloride is refluxed for 45 minutes. The mixture is concentrated under
      reduced pressure and a solution of 1.70 g. (8.75 mmol.) of
      2-phenylbenzofuran in 100 ml. of methylene chloride is added. The
      resulting solution is cooled to 0.degree., 3.0 ml. of stannic chloride is
      added and the reaction mixture is stirred for 1.25 hours at 0.degree.,
      then for 1.25 hours at ambient temperature. The mixture is poured into
      water, the layers are separated, the aqueous phase is extracted with
      methylene chloride and the organic phases are combined and washed with 5%
      aqueous sodium carbonate and water, dried (MgSO.sub.4) and concentrated to
      give the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt as
      described in Example 1, m.p. 169.degree.-173.degree..
PAC  EXAMPLE 13
PAC  5-Chloro-3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  5-Chloro-2-phenylbenzofuran is acylated with a p-anisoyl chloride according
      to the procedure described in Example 5 to give
      5-chloro-3-(4-methoxybenzoyl)-2-phenylbenzofuran.
PAR  Demethylation of 5-chloro-3-(4-methoxybenzoyl)-2-phenylbenzofuran with
      pyridine hydrochloride as described above gives
      5-chloro-3-(4-hydroxybenzoyl)-2-phenylbenzofuran.
PAR  A mixture of 3.2 g. (9.2 mmol.) of
      5-chloro-3-(4-hydroxybenzoyl)-2-phenylbenzofuran, 3.5 ml. (0.035mol.) of
      1,3-dibromopropane and 4.0 g. (0.029 mol.) of potassium carbonate in 100
      ml. of acetone is refluxed for 3 hours. After cooling, the reaction
      mixture is filtered and the filtrate is concentrated to give
      5-chloro-3-[4-(3-bromopropoxy)benzoyl]-2-phenylbenzofuran.
PAR  5-Chloro-3-[4-(3-bromopropoxy)benzoyl]-2-phenylbenzofuran (2.0 g., 4.3
      mmol.) is refluxed in 100 ml. of ethanol containing 9 ml. of diethylamine
      for 10 hours. The reaction mixture is concentrated under reduced pressure
      and the residue is dissolved in ether. The ether solution is washed with
      aqueous sodium hydroxide and water then concentrated to give the title
      compound.
PAR  The title compound is converted to the corresponding hydrochloride salt by
      the procedure described in Example 1, m.p. 143.degree.-147.degree. (ethyl
      acetate).
PAC  EXAMPLE 14
PAC  3-[4-(3-Diethylaminopropoxy)benzoyl]-2-(4-tolyl)benzofuran
PAR  3-(4-Hydroxybenzoyl)-2-(4-tolyl)benzofuran is prepared by acylation of
      2-(4-tolyl)benzofuran with p-anisoyl chloride followed by demethylation of
      the 3-(4-methoxybenzoyl)-2-(4-tolyl)benzofuran thus formed as described in
      the procedure of Example 5.
PAR  Reaction of 3-(4-hydroxybenzoyl)-2-(4-tolyl)benzofuran with
      3-diethylaminopropyl chloride by the procedure described in Example 1
      gives the title compound.
PAC  EXAMPLE 15
PAC  3-[4-(2-Diethylaminoethoxy)benzoyl]-2-(4-tolyl)benzofuran
PAR  Reaction of 3-(4-hydroxybenzoyl)-2-(4-tolyl)benzofuran with
      2-diethylaminoethyl chloride by the procedure of Example 1 gives the title
      compound.
PAR  The title compound is converted to the corresponding hydrochloride salt by
      treatment with an ethereal solution of hydrochloric acid as described
      hereabove, m.p. 148.degree.-151.degree..
PAC  EXAMPLE 16
PAC  2-(4-Chlorophenyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PAR  Acylation of 2-(4-chlorophenyl)benzofuran with p-anisoyl chloride followed
      by demethylation of the 2-(4-chlorophenyl)-3-(4-methoxybenzoyl)benzofuran
      thus formed by procedures described above gives
      2-(4-chlorophenyl)-3-(4-hydroxybenzoyl)benzofuran.
PAR  Reaction of 2-(4-chlorophenyl)-3-(4-hydroxybenzoyl)-benzofuran with
      3-diethylaminopropyl chloride according to the procedure of Example 1
      gives the title compound.
PAR  The title compound is treated with an ether solution of hydrochloric acid
      to give the corresponding hydrochloride salt, m.p.
      179.degree.-182.degree..
PAC  EXAMPLE 17
PAC  3-[4-(2-Diethylaminoethoxy)benzoyl]-2-phenylbenzofuran
PAR  Substitution of an equivalent amount of 2-diethylaminoethyl chloride in the
      procedure of Example 1 for 3-diethylaminopropyl chloride gives the title
      compound.
PAR  The title compound is converted to the corresponding hydrochloride salt by
      the procedure described in Example 1, m.p. 125.degree.-127.degree..
PAC  EXAMPLE 18
PAC  3-[4-(3-Diethylaminopropoxy)benzoyl]-2-(3,5-dimethylphenyl)-benzofuran
PAR  To a cooled (0.degree.) solution of 10.5 g. of cupric sulfate in 40 ml. of
      28% ammonium hydroxide and 160 ml. of water is added under a nitrogen
      atmosphere 5.58 g. (0.08 mol.) of hydroxylamine hydrochloride. A solution
      of 5.24 g. (0.04 mol.) of 3,5-dimethylphenylacetylene in 200 ml. of
      ethanol is then added and the reaction mixture is stirred for 15 minutes.
      The mixture is allowed to warm to ambient temperature and the precipitate
      is collected by filtration and washed with water, ethanol and ether to
      give cuprous 3,5-dimethylphenylacetylide.
PAR  A flask containing 5.42 g. (0.028 mol.) of cuprous
      3,5-dimethylphenylacetylide in 100 ml. of pyridine is thoroughly flushed
      with nitrogen. A solution of 6.19 g. (0.028 mol.) of o-iodophenol in 50
      ml. of pyridine is added under nitrogen and the reaction mixture is
      stirred and heated at 120.degree. for 22 hours. The pyridine is removed by
      distillation in vacuo, the residue is added to an ice-water mixture and
      the gummy precipitate is collected and dissolved in methylene chloride.
      The methylene chloride solution is washed with 3N hydrochloric acid and
      water and concentrated under reduced pressure to give a residue which is
      chromatographed on a silica gel "dry-column" with hexane as the eluant to
      give 2-(3,5-dimethylphenyl)benzofuran.
PAR  Substitution of an equivalent amount of 2-(3,5-dimethylphenyl)benzofuran in
      the procedure of Example 2 for 2-phenylbenzofuran followed by
      demethylation of the 2-(3,5-dimethylphenyl)-3-(4-methoxybenzoyl)benzofuran
      thus formed and reaction of the resulting product with
      3-diethylaminopropyl chloride as described therein gives the title
      compound.
PAR  The title compound is converted to the corresponding hydrochloric acid salt
      as described in Example 1, m.p. 144.degree.-149.degree. (ethyl acetate).
PAC  EXAMPLE 19
PAC  3-[4-(3-Diethylaminopropoxy)-3,5-dimethylbenzoyl]-2-(3,5-dimethylphenyl)ben
     zofuran
PAR  When an equivalent amount of 2-(3,5-dimethylphenyl)-benzofuran is used as a
      starting material in the procedure of Example 5 in place of
      2-phenylbenzofuran, the title compound is obtained as the final product.
PAC  EXAMPLE 20
PAR  Reaction of 2-(3,5-dimethylphenyl)-3-(4-hydroxybenzoyl)benzofuran with
      2-diethylaminoethyl chloride by the procedure described in Example 1 for
      2-phenyl-3-(4-hydroxybenzoyl)benzofuran and 3-diethylaminopropyl chloride
      gives
      3-[4-(2-diethylaminoethoxy)benzoyl]-2-(3,5-dimethylphenyl)-benzofuran.
PAR  In like manner,
      3-[4-(3-di-n-butylaminopropoxy)-benzoyl]-2-(3,5-dimethylphenyl)benzofuran
      is prepared by refluxing
      2-(3,5-dimethylphenyl)-3-(4-hydroxybenzoyl)benzofuran with
      3-di-n-butylaminopropyl chloride and potassium carbonate in 3-pentanone
      for 5.5 hours.
PAC  EXAMPLE 21
PAC  2-[4-(2-Diethylaminoethoxy)benzoyl]-3-phenylbenzofuran
PAR  Acylation of 3-phenylbenzofuran with p-anisoyl chloride over a 4 hour
      period as described in the procedure of Example 1 followed by
      demethylation of the 2-(4-methoxybenzoyl)-3-phenylbenzofuran thus formed
      as previously described gives 2-(4-hydroxybenzoyl)-3-phenylbenzofuran.
PAR  Reaction of 1.6 g. (0.005 mol.) of 2-(4-hydroxybenzoyl)-3-phenylbenzofuran
      with 2.7 g. (0.02 mol.) of 2-diethylaminoethyl chloride in 50 ml. of
      acetone containing 2.7 g. (0.02 mol.) of potassium carbonate for 3 hours
      according to the procedure described in Example 1 gives the title
      compound.
PAR  The title compound is converted to the corresponding hydrochloride salt as
      previously described, m.p. 155.degree.-159.degree. (ethyl acetate).
PAC  EXAMPLE 22
PAC  2-[4-(3-Diethylaminopropoxy)benzoyl]-3-phenylbenzofuran
PAR  Reaction of 2-(4-hydroxybenzoyl)-3-phenylbenzofuran with 1,3-dibromopropane
      according to the procedure of Example 4 gives
      2-[4-(3-bromopropoxy)benzoyl]-3-phenylbenzofuran.
PAR  2-[4-(3-Bromopropoxy)benzoyl]-3-phenylbenzofuran (2.5 g., 5.7 mmol.) is
      refluxed for 6 hours in 50 ml. of ethanol containing 20 ml. of
      diethylamine. The reaction mixture is concentrated under reduced pressure
      and the residue is dissolved in chloroform. The chloroform solution is
      washed with water, saturated aqueous sodium chloride solution and water,
      dried (MgSO.sub.4) and concentrated to give the title compound.
PAR  Addition of an ethereal solution of hydrochloric acid to a solution of the
      title compound in chloroform gives the correspondinig hydrochloride salt
      which is purified by chromatography on silica gel, m.p.
      122.degree.-126.degree. (ethyl acetate-ether).
PAC  EXAMPLE 23
PAC  3-(4-Chlorophenyl)-2-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PAR  A mixture of 23.3 g. (0.1 mol.) of .alpha.-bromo-p-chloroacetophenone, 10.0
      g. (0.1 mol.) of phenol and 14.5 g. (0.1 mol.) of potassium carbonate in
      65 ml. of dry acetone is refluxed for 12 hours. The reaction mixture is
      cooled, poured into 500 ml. of water and the precipitate formed is
      collected by filtration and recrystallized from ethanol to give
      .alpha.-phenoxy-p-chloroacetophenone.
PAR  .alpha.-Phenoxy-p-chloroacetophenone (11.0 g., 0.045 mol.) is added to 90
      g. of polyphosphoric acid preheated to 80.degree. and the mixture is
      stirred for 12 hours. The reaction mixture is poured into 800 ml. of water
      and the aqueous mixture is extracted 3 times with ether. The combined
      extracts are washed with water, saturated aqueous sodium bicarbonate
      solution and saturated aqueous sodium chloride solution, dried
      (MgSO.sub.4) and concentrated under reduced pressure to give
      3-(4-chlorophenyl)benzofuran, m.p. 56.degree.-57.degree..
PAR  Acylation of 3-(4-chlorophenyl)benzofuran with p-anisoyl chloride as
      described in Example 21 for 3-phenylbenzofuran followed by demethylation
      of the product formed with pyridine hydrochloride as previously described
      gives 3-(4-chlorophenyl)-2-(4-hydroxybenzoyl)benzofuran, m.p.
      220.degree.-221.degree. (ethyl acetate).
PAR  Reaction of 3.0 g. (0.009 mol.) of
      3-(4-chlorophenyl)-2-(4-hydroxybenzoyl)benzofuran with 1.4 g. (0.009 mol.)
      of 3-diethylaminopropyl chloride in 50 ml. of dry 3-pentanone containing
      5.2 g. (0.04 mol.) of potassium carbonate by the method described in
      Example 1 gives the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt as
      described hereinabove, m.p. 165.degree.-168.degree..
PAC  EXAMPLE 24
PAC  2-(4-Chlorobenzyl)-3-[4-(2-diethylaminoethoxy)benzoyl]benzofuran
PAR  To a solution of 15.3 g. (0.125 mol.) of salicylaldehyde in 100 ml. of
      acetone is added 7.0 g. (0.125 mol.) of potassium hydroxide dissolved in a
      minimum amount of water. .alpha.-Bromo-p-chloroacetophenone (29.16 g.,
      0.125 mol.) is added dropwise with stirring and cooling (ice bath). After
      addition, the reaction mixture is stirred at 25.degree. for 12 hours. The
      precipitate is collected by filtration, washed with water and combined
      with the residue remaining after concentration of the filtrate to give an
      intermediate which is immediately dehydrated by refluxing in toluene with
      0.2 g. of p-toluenesulfonic acid to yield 2-(4-chlorobenzoyl)benzofuran.
PAR  Hydrazine hydrate (28.0 g., 0.5 mol.) is added to a solution of 42.0 g.
      (0.16 mol.) of 2-(4-chlorobenzoyl)benzofuran in 400 ml. of ethanol and the
      reaction mixture is refluxed overnight. The solution is concentrated under
      reduced pressure, chloroform is added and the chloroform solution is
      washed with saturated aqueous sodium chloride, dried (MgSO.sub.4) and
      concentrated to yield the corresponding hydrazone. The hydrazone is
      dissolved in 100 ml. of dry dimethyl sulfoxide and added dropwise over a 4
      hour interval to a slurry of 36.4 g. (0.32 mol.) of potassium t-butoxide
      in 100 ml. of dry dimethyl sulfoxide. The reaction mixture is poured into
      500 ml. of water and the aqueous solution is extracted with chloroform.
      The extracts are washed with water, dried (MgSO.sub.4) and concentrated in
      vacuo to give 2-(4-chlorobenzyl)benzofuran which is purified by
      chromatography on silica gel with carbon tetrachloride as eluant.
PAR  Acylation of 2-(4-chlorobenzyl)benzofuran with p-anisoyl chloride is
      accomplished as described in Example 1. Demethylation with pyridine
      hydrochloride as previously described gives
      2-(4-chlorobenzyl)-3-(4-hydroxybenzoyl)benzofuran.
PAR  A solution of 2-(4-chlorobenzyl)-3-(4-hydroxybenzoyl)benzofuran (2.0 g.,
      5.5 mmol) of 50 ml. of toluene is added to a slurry of 0.5 g. of a 57%
      sodium hydride dispersion (0.01 mol.) in 5 ml. of toluene. The reaction
      mixture is refluxed for 10 minutes, then 0.82 g. (5.5 mmol.) of
      2-diethylaminoethyl chloride is added and the mixture is heated at
      90.degree. for 4 hours. The mixture is filtered and the filtrate
      concentrated under reduced pressure to give the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt by
      treatment with an ethereal solution of hydrochloric acid as described
      above, m.p. 148.degree.-150.degree. (chloroform-ether).
PAC  EXAMPLE 25
PAC  2-(4-Chlorobenzyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PAR  Substitution of an equivalent amount of
      2-(4-chlorobenzyl)-3-(4-hydroxybenzoyl)benzofuran in the procedure of
      Example 1 for 3-(4-hydroxybenzoyl)-2-phenylbenzofuran gives the title
      compound.
PAC  EXAMPLE 26
PAC  3-[4-(3-Diethylaminopropoxy)benzoyl]-2-(3-trifluoromethylbenzyl)benzofuran
PAR  To a solution of 24.8 g. (0.127 mol.) of m-trifluoromethylacetophenone in
      20 ml. of anhydrous ether is added with cooling and stirring 0.15 g. of
      anhydrous aluminum chloride and 20.2 g. (0.127 mol.) of bromine. The
      reaction mixture is concentrated and the residue is distilled to give
      .alpha.-bromo-m-trifluoromethylacetophenone, b.p. 135.degree.-140.degree.
      (20 mm.)
PAR  Substitution of an equivalent amount of
      .alpha.-bromo-m-trifluoromethylacetophenone in the procedure of Example 24
      for .alpha.-bromo-p-chloroacetophenone followed by treatment of the
      2-(3-trifluoromethylbenzoyl)benzofuran with hydrazine hydrate ultimately
      gives 2-(3-trifluoromethylbenzyl)benzofuran, b.p. 195.degree.-197.degree.
      (25 mm.).
PAR  Acylation of 2-(3-trifluoromethylbenzyl)benzofuran with p-anisoyl chloride
      is carried out as outlined in the procedure of Example 1 to give
      3-(4-methoxybenzoyl)-2-(3-trifluoromethylbenzyl)benzofuran.
PAR  Demethylation of 3-(4-methoxybenzoyl)-2-(3-trifluoromethylbenzyl)benzofuran
      followed by reaction of the
      3-(4-hydroxybenzoyl)-2-(3-trifluoromethylbenzyl)benzofuran thus formed
      with 3-diethylminopropyl chloride as described in the procedure of Example
      1 gives the title compound.
PAR  The title compound is converted to the corresponding hydrochloride salt as
      described in Example 1.
PAC  EXAMPLE 27
PAC  3-[3-Methyl-4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  A solution of 11.5 g. (0.07 mol.) of 3-methyl-4-methoxybenzoic acid and
      10.7 g. (0.09 mol.) of thionyl chloride in 60 ml. of methylene chloride is
      refluxed on a steam bath for two hours. Concentration under reduced
      pressure and distillation of the residue gives 3-methyl-4-methoxybenzoic
      acid chloride, m.p. 37.degree.-39.degree..
PAR  To a cooled, stirred solution of 10.8 g. (0.058 mol.) of
      3-methyl-4-methoxybenzoic acid chloride and 9.6 g. (0.054 mol.) of
      2-phenylbenzofuran in 40 ml. of carbon disulfide is added dropwise over a
      20 minute interval 28.2 g. (0.108 mol.) of stannic chloride. After
      addition, the reaction mixture is warmed to ambient temperature and
      stirred for 2 hours. The mixture is then poured onto 100 ml. of ice-water
      and stirred for 1 hour. The solvent is removed, and the product extracted
      into chloroform and the extracts are washed with water, dried (Na.sub.2
      SO.sub.4) and concentrated under reduced pressure to give
      3-(3-methyl-4-methoxybenzoyl)-2-phenylbenzofuran.
PAR  Demethylation of 3-(3-methyl-4-methoxybenzoyl)-2-phenylbenzofuran gives
      3-(3-methyl-4-hydroxybenzoyl)-2-phenylbenzofuran which, when substituted
      in the procedure of Example 1 for 3-(4-hydroxybenzoyl)-2-phenylbenzofuran
      in the reaction with 3-diethylaminopropyl chloride, gives the title
      compound.
PAC  EXAMPLE 28
PAC  3-[3-(3-Diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  Acylation of 10.5 g. (0.054 mol.) of 2-phenylbenzofuran with 9.9 g. (0.058
      mol.) of m-anisoyl chloride according to the procedure described in
      Example 1 gives 3-(3-methoxybenzoyl)-2-phenylbenzofuran.
PAR  Demethylation of 3-(3-methoxybenzoyl)-2-phenylbenzofuran followed by
      reaction of 3-(3-hydroxybenzoyl)-2-phenylbenzofuran with
      3-diethylaminopropyl chloride as described in Example 1 gives the title
      compound.
PAC  EXAMPLE 29
PAC  2-Benzyl-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PAR  When an equivalent amount of 2-benzylbenzofuran is used as a starting
      material in the procedure of Example 1 in place of 2-phenylbenzofuran, the
      title compound is ultimately prepared.
PAC  EXAMPLE 30
PAR  Substitution of an equivalent amount of 2-fluorophenylacetylene in the
      procedure of Example 18 for 3,5-dimethylphenylacetylene give cuprous
      2-fluorophenylacetylide.
PAR  Reaction of cuprous 2-fluorophenylacetylide with o-iodophenol as described
      in Example 18 gives 2-(2-fluorophenyl)benzofuran.
PAR  Substitution of an equivalent amount of 2-(2-fluorophenyl)benzofuran in the
      procedure of Example 1 for 2-phenylbenzofuran followed by demethylation of
      the 2-(2-fluorophenyl)-3-(4-methoxybenzoyl)benzofuran thus formed and
      reaction of the resulting product with 3-diethylaminopropyl chloride as
      described therein gives
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-fluorophenyl)benzofuran.
PAR  Similarly, when 2,4,6-triisopropylphenylacetylene is used as a starting
      material in the procedure of Example 18 in place of
      3,5-dimethylphenylacetylene,
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-(2,4,6-triisopropylphenyl)benzofura
     n is obtained as the final product.
PAC  EXAMPLE 31
PAC  3-[3,5-Di-t-butyl-4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  3,5-Di-t-butyl-4-hydroxybenzoic acid is refluxed with thionyl chloride as
      described in the procedure of Example 27 to give
      3,5-di-t-butyl-4-hydroxybenzoyl chloride.
PAR  Acylation of 2-phenylbenzofuran with 3,5-di-t-butyl-4-hydroxybenzoyl
      chloride as described above gives
      3-(3,5-di-t-butyl-4-hydroxybenzoyl)-2-phenylbenzofuran which, upon
      reaction with 3-diethylaminopropyl chloride and potassium hydroxide in
      ethanol according to procedures described above, gives the title compound.
PAC  EXAMPLE 32
PAC  3-[3-Methoxy-4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  A mixture of 19.4 g. (0.1 mol.) of 2-phenylbenzofuran and 19.1 g. (0.1
      mol.) of 4-acetoxy-3-methoxybenzonitrile in 20 ml. of trifluoroacetic acid
      is refluxed for 3 hours. The reaction mixture is cooled, diluted with 200
      ml. of water and the resulting aqueous solution is extracted with ether.
      The extracts are concentrated to dryness and the residue is dissolved in
      100 ml. of ethanol and heated with 20 ml. of 10% aqueous sodium carbonate
      for 2 hours. The mixture is concentrated, the residue extracted with ether
      and the extracts are dried and concentrated to give
      3-(3-methoxy-4-hydroxybenzoyl)-2-phenylbenzofuran.
PAR  Reaction of 3-(3-methoxy-4-hydroxybenzoyl)-2-phenylbenzofuran with
      3-diethylaminopropyl chloride according to the procedure of Example 1
      gives the title compound.
PAC  EXAMPLE 33
PAR  Substitution of a substituted acetophenone listed below:
PA1  .alpha.-bromo-4-methoxyacetophenone
PA1  .alpha.-bromo-2-methoxyacetophenone
PA1  .alpha.-bromo-2,5-dimethoxyacetophenone
PA1  .alpha.-bromo-4-methylacetophenone
PA1  .alpha.-bromo-4-ethylacetophenone
PA1  .alpha.-chloro-4-fluoroacetophenone
PAL  in the procedure of Example 24 for .alpha.-bromo-p-chloroacetophenone
      followed by reduction of the product benzoylbenzofuran with hydrazine
      hydrate as described therein gives the following benzylbenzofurans:
PA1  2-(4-methoxybenzyl)benzofuran
PA1  2-(2-methoxybenzyl)benzofuran
PA1  2-(2,5-dimethoxybenzyl)benzofuran
PA1  2-(4-methylbenzyl)benzofuran
PA1  2-(4-ethylbenzyl)benzofuran
PA1  2-(4-fluorobenzyl)benzofuran.
PAR  Acylation of the benzylbenzofurans listed above with
      4-(2-diethylaminoethoxy)benzoyl chloride hydrochloride as described in the
      procedure of Example 6 gives the following compounds of this invention,
      respectively:
PA1  3-[4-(2-diethylaminoethoxy)benzoyl]-2-(4-methoxybenzyl)-benzofuran
PA1  3-[4-(2-diethylaminoethoxy)benzoyl]-2-(2-methoxybenzyl)benzofuran
PA1  3-[4-(2-diethylaminoethoxy)benzoyl]-2-(2,5-dimethoxybenzyl)benzofuran
PA1  3-[4-(2-diethylaminoethoxy)benzoyl]-2-(4-methlybenzyl)benzofuran
PA1  3-[4-(2-diethylaminoethoxy)benzoyl]-2-(4-ethylbenzyl)benzofuran
PA1  3-[4-(2-diethylaminoethoxy)benzoyl]-2-(4-fluorobenzyl)benzofuran.
PAC  EXAMPLE 34
PAC  2-Benzyl-5-bromo-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PAR  A mixture of 35.5 g. (0.18 mol.) of 5-bromobenzofuran, 45.2 g. (0.18 mol.)
      of benzoic anhydride, 24.4 g. (0.20 mol.) of benzoic acid and 5 g. (0.05
      mol.) of phosphoric acid is refluxed for 4 hours then stirred at
      25.degree. for 12 hours. The reaction mixture is basicified with 10%
      aqueous sodium hydroxide, chloroform is added to the mixture and the
      layers are separated. The organic phase is washed with water, dried
      (MgSO.sub.4) and concentrated under reduced pressure to give
      2-benzoyl-5-bromobenzofuran.
PAR  A mixture of 42.2 g. (0.14 mol.) of 2-benzoyl-5-bromobenzofuran and 35 ml.
      of 98% hydrazine in 70 ml. of diethylene glycol is warmed for a few
      minutes on a steam bath. Then 23.3 g. of potassium hydroxide is added and
      the reaction mixture is refluxed for 2 hours. After cooling, water is
      added to the mixture and the resulting aqueous solution is extracted with
      benzene. The extract is washed with water, 10% aqueous hydrochloric acid
      and water, dried (MgSO.sub.4) and concentrated to yield
      2-benzyl-5-bromobenzofuran.
PAR  2-Benzyl-5-bromobenzofuran is acylated with p-anisoyl chloride as described
      above and the resulting 2-benzyl-5-bromo-3-(4-methoxybenzoyl)benzofuran is
      demethylated and the product reacted with 3-diethylaminopropyl chloride as
      previously described to give the title compound.
PAC  EXAMPLE 35
PAR  When a benzofuran listed below:
PA1  6-chlorobenzofuran
PA1  7-chlorobenzofuran
PA1  4-methylbenzofuran
PA1  5-ethylbenzofuran
PAL  is used as a starting material in the procedure of Example 34 in place of
      5-bromobenzofuran, the following compounds of this invention are obtained
      as final products:
PA1  2-benzyl-6-chloro-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PA1  2-benzyl-7-chloro-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PA1  2-benzyl-3-[4-(3-diethylaminopropoxy)benzoyl]-4-methylbenzofuran
PA1  2-benzyl-3-[4-(3-diethylaminopropoxy)benzoyl]-5-ethylbenzofuran.
PAC  EXAMPLE 36
PAR  Substitution of an equivalent amount of 4-methoxybenzofuran in the
      procedure of Example 34 for 5-bromobenzofuran followed by reduction of the
      2-benzoyl-4-methoxybenzofuran with hydrazine as described therein gives
      2-benzyl-4-methoxybenzofuran.
PAR  Acylation of 2-benzyl-4-methoxybenzofuran with
      4-(2-diethylaminoethoxy)benzoyl chloride hydrochloride as described in
      Example 6 gives
      2-benzyl-3-[4-(2-diethylaminoethoxy)benzoyl]-4-methoxybenzofuran.
PAR  In like manner, when 5-methoxybenzofuran is used as a starting material in
      the procedure of Example 34 and the resulting 2-benzyl-5-methoxybenzofuran
      is acylated with 4-(2-diethylaminoethoxy)benzoyl chloride hydrochloride,
      2-benzyl-3-[4-(2-diethylaminoethoxy)benzoyl]-5-methoxybenzofuran is
      obtained.
PAC  EXAMPLE 37
PAC  3-[4-(2-Diethylaminoethoxy)benzoyl]-2-(4-ethoxybenzyl)benzofuran
PAR  Acylation of 2-p-ethoxybenzylbensofuran with
      4-(2-diethylaminoethoxy)benzoyl chloride hydrochloride according to the
      procedure described in Example 6 gives the title compound.
PAC  EXAMPLE 38
PAC  3-[3,5-Diethyl-4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PAR  A solution of 27.2 g. (0.14 mol.) of 3,5-diethyl-4-hydroxybenzoic acid in
      200 ml. of methanol containing 2 ml. of sulfuric acid is refluxed for 12
      hours. After cooling, excess methanol is evaporated, water is added to the
      residue and it is made basic with 10% aqueous sodium hydroxide. The
      precipitate is collected, washed with water and dried in vacuo to give
      3,5-diethyl-4-hydroxybenzoic acid methyl ester.
PAR  To a cooled solution of 16.2 g. (0.078 mol.) of
      3,5-diethyl-4-hydroxybenzoic acid methyl ester and 4.0 g. (0.1 mol.) of
      sodium hydroxide in 100 ml. of water is added 9.8 g. (7.3 ml., 0.079 mol.)
      of dimethyl sulfate. The reaction mixture is refluxed for 2 hours. After
      cooling, ether is added and the layers are separated. The organic phase is
      washed with water, dilute sulfuric acid and water, dried (Na.sub.2
      SO.sub.4) and concentrated to give 3,5-diethyl-4-methoxybenzoic acid
      methyl ester.
PAR  A mixture of 11.6 g. (0.052 mol.) of 3,5-diethyl-4-methoxybenzoic acid
      methyl ester and 3.5 g. (0.09 mol.) of sodium hydroxide in 150 ml. of
      water is refluxed for 2 hours. The reaction mixture is cooled and
      acidified with 10% aqueous hydrochloric acid to give
      3,5-diethyl-4-methoxybenzoic acid. The acid is refluxed with thionyl
      chloride as described in the procedure of Example 27 to give
      3,5-diethyl-4-methoxybenzoyl chloride.
PAR  3-(3,5-Diethyl-4-methoxybenzoyl)-2-phenylbenzofuran is prepared by
      acylation of 2-phenylbenzofuran with 3,5-diethyl-4-methoxybenzoyl chloride
      as described above. The subsequent steps of demethylation and reaction
      with 3-diethyl-aminopropyl chloride to give the title compound are
      accomplished as previously described.
PAC  EXAMPLE 39
PAR  The following substituted benzoic acids:
PA1  3,5-diethoxy-4-hydroxybenzoic acid
PA1  3,5-dimethoxy-4-hydroxybenzoic acid
PA1  3-ethoxy-4-hydroxybenzoic acid
PA1  3-isopropoxy-4-hydroxybenzoic acid
PAL  are esterified with methanol according to the procedure described in
      Example 38 to give the corresponding methyl esters.
PAR  Reaction of the methyl esters with 3-diethylaminopropyl chloride with
      subsequent hydrolysis of the esters by procedures described hereinabove
      followed by reaction of the acids thus formed with thionyl chloride gives
      the substituted benzoyl chlorides listed below:
PA1  3,5-diethoxy-4-(3-diethylaminopropoxy)benzoyl chloride
PA1  4-(3-diethylaminopropoxy)-3,5-dimethoxybenzoyl chloride
PA1  4-(3-diethylaminopropoxy)-3-ethoxybenzoyl chloride
PA1  4-(3-diethylaminopropoxy)-3-isopropoxybenzoyl chloride.
PAR  Acylation of 2-phenylbenzofuran with a substituted benzoyl chloride listed
      above or its corresponding hydrochloride salt by the procedures of
      Examples 5 or 6 gives the following compounds of this invention:
PA1  3-[3,5-diethoxy-4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran
PA1  3-[4-(3-diethylaminopropoxy)-3,5-dimethoxybenzoyl]-2-phenylbenzofuran
PA1  3-[4-(3-diethylaminopropoxy)-3-ethoxybenzoyl]-2-phenylbenzofuran
PA1  3-[4-(3-diethylaminopropoxy)-3-isopropoxybenzoyl]-2-phenylbenzofuran.
PAC  EXAMPLE 40
PAR  When a substituted phenol listed below:
PA1  4-fluorophenol
PA1  3-trifluoromethylphenol
PA1  3-nitrophenol
PA1  4-n-propylphenol
PA1  4-n-butoxyphenol
PAL  is reacted with .alpha.-bromoacetophenone according to the procedure
      described in Example 23 and the resulting product is cyclized by heating
      with polyphosphoric acid at 80.degree. as described therein, the following
      benzofurans are obtained:
PA1  5-fluoro-3-phenylbenzofuran
PA1  3-phenyl-4-trifluoromethylbenzofuran
PA1  4-nitro-3-phenylbenzofuran
PA1  3-phenyl-5-n-propylbenzofuran
PA1  5-n-butoxy-3-phenylbenzofuran.
PAR  Acylation of a substituted benzofuran listed above with
      4-(2-diethylaminoethoxy)benzoyl chloride hydrochloride as described
      hereinabove gives the following compounds of this invention:
PA1  2-[4-(2-diethylaminoethoxy)benzoyl]-5-fluoro-3-phenylbenzofuran
PA1  2-[4-(2-diethylaminoethoxy)benzoyl]-3-phenyl-4-trifluoromethylbenzofuran
PA1  2-[4-(2-diethylaminoethoxy)benzoyl]-4-nitro-3-phenylbenzofuran
PA1  2-[4-(2-diethylaminoethoxy)benzoyl]-3-phenyl-5-n-propylbenzofuran
PA1  5-n-butoxy-2-[4-(2-diethylaminoethoxy)benzoyl]-3-phenylbenzofuran.
PAC  EXAMPLE 41
PAC  3-[4-(3-Diethylaminopropoxy)benzoyl]-2-(4-ethylphenyl)benzofuran
PAR  A mixture of 4.94 g. (0.015 mol.) of carbon tetrabromide, 3.90 g. (0.015
      mol.) of triphenylphosphine and 0.975 g. (0.015 g.-atom) of zinc in 25 ml.
      of carbon tetrachloride is stirred at 25.degree. for 24 hours. A solution
      of 1.0 g. (7.45 mmol.) of p-ethylbenzaldehyde in 10 ml. of methylene
      chloride is added and the reaction mixture is stirred an additional 2
      hours. Petroleum ether (140 ml.) is added to the mixture, the organic
      layer is decanted and the residue is extracted with 1:4 methylene
      chloride-petroleum ether. The combined organic solutions are concentrated
      under reduced pressure to give 1,1-dibromo-2-(4-ethylphenyl)ethylene.
PAR  1,1-Dibromo-2-(4-ethylphenyl)ethylene (1.1 g., 3.69 mmol.) is dissolved in
      20 ml. of dry tetrahydrofuran and maintained under a nitrogen atmosphere.
      The solution is cooled to -78.degree. and 3.9 ml. of a 1.9 M solution of
      butyl lithium in hexane is added with stirring. The reaction mixture is
      stirred 1 hour at -78.degree., then warmed to ambient temperature and
      stirred an additional hour. Water is added, the mixture is extracted with
      petroleum ether, the extracts are combined, dried (MgSO.sub.4) and
      concentrated to give 4-ethylphenylacetylene.
PAR  Substitution of an equivalent amount of 4-ethylphenylacetylene in the
      procedure of Example 18 for 3,5-dimethylphenylacetylene followed by
      reaction of the cuprous 4-ethylphenylacetylide thus obtained with
      o-iodophenol as described therein gives 2-(4-ethylphenyl)benzofuran.
PAR  Acylation of 2-(4-ethylphenyl)benzofuran with
      4-(3-diethylaminopropoxy)benzoyl chloride hydrochloride as described above
      gives the title compound.
PAC  EXAMPLE 42
PAR  When a substituted benzaldehyde listed below:
PA1  3-t-butylbenzaldehyde
PA1  2,4,5-trimethylbenzaldehyde
PA1  p-fluorobenzaldehyde
PA1  2,4-dibromobenzaldehyde
PA1  3,4-dichlorobenzaldehyde
PA1  3,5-dichlorobenzaldehyde
PA1  2,4,6-trichlorobenzaldehyde
PA1  o-ethoxybenzaldehyde
PA1  p-propoxybenzaldehyde
PA1  2-sec-butoxybenzaldehyde
PA1  3,4-dimethoxybenzaldehyde
PA1  2,4,6-trimethoxybenzaldehyde
PA1  3,4,5-trimethoxybenzaldehyde
PA1  .alpha.,.alpha.,.alpha.-trifluoro-p-tolualdehyde
PAL  is used as a starting material in the procedure of Example 41 in place of
      p-ethylbenzaldehyde, the product phenylacetylenes are substituted in the
      procedure of Example 18 to give the corresponding cuprous phenylacetylides
      and the cuprous phenylacetylides are reacted with o-iodophenol as
      described in Example 18, the following benzofurans are obtained,
      respectively:
PA1  2-(3-t-butylphenyl)benzofuran
PA1  2-(2,4,5-trimethylphenyl)benzofuran
PA1  2-(4-fluorophenyl)benzofuran
PA1  2-(2,4-dibromophenyl)benzofuran
PA1  2-(3,4-dichlorophenyl)benzofuran
PA1  2-(3,5-dichlorophenyl)benzofuran
PA1  2-(2,4,6-trichlorophenyl)benzofuran
PA1  2-(2-ethoxyphenyl)benzofuran
PA1  2-(4-propoxyphenyl)benzofuran
PA1  2-(2-sec-butoxyphenyl)benzofuran
PA1  2-(3,4-dimethoxyphenyl)benzofuran
PA1  2-(2,4,6-trimethoxyphenyl)benzofuran
PA1  2-(3,4,5-trimethoxyphenyl)benzofuran
PA1  2-(4-trifluoromethylphenyl)benzofuran.
PAR  Acylation of a 2-substituted benzofuran listed above with
      4-(3-diethylaminopropoxy)benzoyl chloride hydrochloride as described
      hereinabove gives the compounds of this invention listed below:
PA1  2-(3-t-butylphenyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(2,4,5-trimethylphenyl)benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-fluorophenyl)benzofuran
PA1  2-(2,4-dibromophenyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PA1  2-(3,4-dichlorophenyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PA1  2-(3,5-dichlorophenyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(2,4,6-trichlorophenyl)benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(2-ethoxyphenyl)benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-propoxyphenyl)benzofuran
PA1  2-(2-sec-butoxyphenyl)-3-[4-(3-diethylaminopropoxy)benzoyl]benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(3,4-dimethoxyphenyl)benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(2,4,6-trimethoxyphenyl)benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(3,4,5-trimethoxyphenyl)benzofuran
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-trifluoromethylphenyl)benzofuran.
PAC  EXAMPLE 43
PAR  Reaction of 3-[4-(4-bromobutoxy)benzoyl]-2-phenylbenzofuran with
      methylamine according to the procedure described in Example 4 gives
      3-[4-(4-methylaminobutoxy)benzoyl]-2-phenylbenzofuran.
PAR  Similarly, substitution of propylamine or butylamine in the procedure of
      Example 4 for diethylamine gives
      3-[4-(4-n-propylaminobutoxy)benzoyl]-2-phenylbenzofuran and
      3-[4-(4-n-butylaminobutoxy)benzoyl]-2-phenylbenzofuran, respectively.
PAC  EXAMPLE 44
PAC  5-Chloro-3-[4-(3-di-n-propylaminopropoxy)benzoyl]-2-(4-methoxyphenyl)benzof
     uran
PAR  Substitution of p-methoxyphenylacetylene in the procedure of Example 18 in
      place of 3,5-dimethylphenylacetylene gives cuprous
      p-methoxyphenylacetylide.
PAR  Reaction of cuprous p-methoxyphenylacetylide with 2-bromo-4-chlorophenyl as
      described in Example 18 gives 5-chloro-2-(4-methoxyphenyl)benzofuran which
      upon acylation with 4-(3-di-n-propylaminopropoxy)benzoyl chloride
      hydrochloride, prepared from methyl p-hydroxybenzoate and
      3-di-n-propylaminopropyl chloride as described hereinabove, gives the
      title compound.
PAC  EXAMPLE 45
PAC  3-[4-(3-Diethylaminopropoxy)benzoyl]-2-phenylbenzothiophene
PAR  To a slurry of 4.0 g. (0.03 mol.) of anhydrous aluminum chloride in 30 ml.
      of carbon disulfide under a nitrogen atmosphere at 5.degree. is added a
      mixture of 2.1 g. (0.01 mol.) of 2-phenylbenzothiophene in 40 ml. of 1:1
      carbon disulfide-methylene chloride containing 3.06 g. (0.01 mol.) of
      4-(3-diethylaminopropoxy)benzoyl chloride. After addition, the reaction
      mixture is warmed to ambient temperature and stirred for 16 hours. Dilute
      aqueous hydrochloric acid is added to the mixture and the layers are
      separated. The aqueous phase is re-extracted with chloroform and the
      organic layers are combined and concentrated to give a residue which is
      treated with ethereal hydrochloric acid and chromatographed on silica gel
      with methanol-chloroform as eluant to give the title compound as the
      corresponding hydrochloride salt.
PAC  EXAMPLE 46
PAR  When an equivalent amount of a benzothiophene listed below:
PA1  3-phenylbenzothiophene
PA1  2-benzylbenzothiophene
PA1  5-chloro-3-phenylbenzothiophene
PA1  2-(4-methoxyphenyl)benzothiophene
PAL  is used as a starting material in the procedure of Example 45 in place of
      2-phenylbenzothiophene, the following compounds of this invention are
      obtained and isolated as the corresponding hydrochloride salts:
PA1  2-[4-(3-diethylaminopropoxy)benzoyl]-3-phenylbenzothiophene
PA1  2-benzyl-3-[4-(3-diethylaminopropoxy)benzoyl]benzothiophene
PA1  5-chloro-2-[4-(3-diethylaminopropoxy)benzoyl]-3-phenylbenzothiophene
PA1  3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-methoxyphenyl)benzothiophene.
PAC  EXAMPLE 47
PAR  Addition of an ethereal solution of oxalic acid to a solution of
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran in ether gives the
      oxalate salt.
PAR  The corresponding hydrochloride salt may be prepared from the oxalate salt
      by passage of a solution of
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran oxalate in ethanol
      through an Amberlite IRA-401 chloride ion exchange column.
PAR  In a similar manner, other acid addition salts may be prepared.
PAC  EXAMPLE 48
TBL  Ingredients              Amounts                                          
     ______________________________________                                    
     3-[4-(3-Diethylaminopropoxy)benzoyl]-                                     
       2-phenylbenzofuran     100     mg.                                      
     Calcium sulfate dihydrate                                                 
                              150     mg.                                      
     Sucrose                  25      mg.                                      
     Starch                   15      mg.                                      
     Talc                     5       mg.                                      
     Stearic acid             3       mg.                                      
     ______________________________________                                    
PAL  The sucrose, calcium sulfate dihydrate and
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran are thoroughly
      mixed and granulated with 10% gelatin solution. The wet granules are
      screened, dried and then mixed with the starch, talc and stearic acid,
      screened and compressed into a tablet.
PAC  EXAMPLE 49
TBL  Ingredients              Amounts                                          
     ______________________________________                                    
     3-[4-(3-Diethylaminopropoxy)benzoyl]-                                     
       2-phenylbenzofuran     150     mg.                                      
     Magnesium stearate       5       mg.                                      
     Lactose                  100     mg.                                      
     ______________________________________                                    
PAL  The ingredients are mixed and filled into a hard gelatin capsule.
PAR  Similarly, the other substituted benzofurans disclosed herein may be
      formulated into tablets and capsules by the procedures of Examples 48 and
      49.
PAR  The compositions prepared as in Examples 48 and 49 are administered orally
      to a subject in need of coronary vasodilator activity within the dose
      ranges given hereabove.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PAL  or a pharmaceutically acceptable acid addition salt thereof, in which:
PA1  R.sub.1 is hydrogen, halo, trifluoromethyl, nitro, lower alkyl or lower
      alkoxy;
PA1  R.sub.2 and R.sub.3 are hydrogen, lower alkyl or lower alkoxy;
PA1  R.sub.4 is hydrogen or straight chain lower alkyl;
PA1  R.sub.5 is straight chain lower alkyl;
PA1  R.sub.6 is phenyl, lower alkylphenyl, di-lower alkylphenyl, tri-lower
      alkylphenyl, lower alkoxyphenyl, di-lower alkoxyphenyl, tri-lower
      alkoxyphenyl, halophenyl, dihalophenyl, trihalophenyl,
      trifluoromethylphenyl, benzyl, halobenzyl, lower alkylbenzyl, lower
      alkoxybenzyl or trifluoromethylbenzyl;
PA1  n is 2 to 4; and
PA1  Z is sulfur.
NUM  2.
PAR  2. A compound of the formula:
      ##SPC7##
PAL  or a pharmaceutically acceptable acid addition salt thereof, in which the
      aminoalkoxy side chain is in the para position of the benzoyl ring;
      R.sub.1 is hydrogen or halo in the 5-position; R.sub.2 and R.sub.3 are
      hydrogen; R.sub.4 and R.sub.5 are ethyl, n-propyl or n-butyl; R.sub.6 is
      tolyl, chlorophenyl, bromophenyl, methoxyphenyl, trifluoromethylphenyl,
      dimethylphenyl, dichlorophenyl, dimethoxyphenyl, trimethoxyphenyl,
      chlorobenzyl or trifluoromethylbenzyl; n is 2 to 4 and Z is oxygen or
      sulphur.
NUM  3.
PAR  3. A compound according to claim 2 in which R.sub.1 is hydrogen or chloro
      in the 5-position; R.sub.6 is p-tolyl, p-chlorophenyl, p-methoxyphenyl,
      3,5-dimethylphenyl, 3,4-dichlorophenyl, 3,4-dimethoxyphenyl,
      3,4,5-trimethoxyphenyl, p-chlorobenzyl or m-trifluoromethylbenzyl; and n
      is three.
NUM  4.
PAR  4. A compound according to claim 3 being the compound
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-tolyl)benzofuran.
NUM  5.
PAR  5. A compound according to claim 3 being the compound
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-methoxyphenyl)benzofuran.
NUM  6.
PAR  6. The compound 2-[4-(3-diethylaminopropoxy)benzoyl]-3-phenylbenzofuran.
NUM  7.
PAR  7. A compound according to claim 3 being the compound
      3-(4-chlorophenyl)-2-[4-(3-diethylaminopropoxy)benzoyl]benzofuran.
NUM  8.
PAR  8. A compound according to claim 1 being the compound
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzothiophene.
NUM  9.
PAR  9. A compound according to claim 1 being the compound
      5-chloro-2-[4-(3-diethylaminopropoxy)benzoyl]-3-phenylbenzothiophene.
NUM  10.
PAR  10. A compound according to claim 3 being the compound
      2-(4-chlorobenzyl)-3-[4-(3-diethylaminopropoxy)-benzoyl]benzofuran.
NUM  11.
PAR  11. A compound according to claim 3 being the compound
      3-[4-(3-diethylaminopropoxy)benzoyl]-2-(4-methoxyphenyl)benzothiophene.
NUM  12.
PAR  12. The compound 3-[2-(3-diethylaminopropoxy)benzoyl]-2-phenylbenzofuran.
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ABST
PAL  Novel benz[c]fluoran compounds such as
      2-phenylamino-8-diethylamino-benz[c]fluoran,
      2-(2',4',6'-trimethylphenylamino)-8-diethylamino-benz[c]fluoran and
      N-[8-diethylaminobenz[c]fluoran-2-yl]-N-[6-diethylaminofluoran-2-yl]amine,
      which are useful as a coloring material for record material systems such
      as pressure-sensitive copying paper or heat-sensitive copying paper,
      wherein colored images formed by an electron-donoracceptor color-forming
      reaction between coloring material and acidic material.
PARN
PAR  This is a continuation of application Ser. No. 188,544 filed Oct. 12, 1971,
      and now abandoned.
BSUM
PAR  This invention relates to a chromogenic compounds for use in recording
      sheet which develops color images by an electro donor-acceptor
      color-forming reaction between chromogenic material and acidic material
      which react upon contact to produce a color.
PAR  More particularly, the present invention relates to novel benz[c]fluorans
      represented by the following general formulas (I), which have never been
      disclosed in prior art references, methods for the preparation thereof and
      recording sheet containing the same as chromogenic materials.
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 each signify hydrogen, a lower alkyl, a lower
      alkoxyalkyl, a lower haloalkyl, benzyl, or a benzyl substituted by a lower
      alkoxy, a lower alkyl, a halogen or nitro; R.sub.3 signifyies hydrogen, a
      lower alkyl, a lower alkoxyalkyl, a lower hydroxyalkyl, a lower haloalkyl,
      a lower cyanoalkyl, carbamoyl, a lower alkenyl, a lower alkynyl or a group
      of
      ##SPC2##
PAL  (wherein R.sub.5 stands for hydrogen atom, a lower alkyl, a lower acyl, a
      lower haloalkyl, a lower alkoxy, nitro, a halogen, a lower alkoxycarbonyl,
      a lower alkanesulfonyl, benzenesulfonyl, toluenesulfonyl, a
      halobenzenesulfonyl or methoxybenzenesulfonyl;R.sub.6 represents hydrogen,
      a lower alkyl, a lower alkoxy, a halogen, nitro, amino, or an amino group
      substituted by at least one lower alkyl group; n is an integer of 1 to 7;
      R.sub.7 stands for hydrogen, a lower alkyl, a lower haloalkyl, phenyl, a
      halophenyl, tolyl, methoxyphenyl or nitrophenyl; R.sub.8 represents
      hydrogen, a lower alkyl, a lower alkenyl, a lower alkynyl, a lower
      haloalkyl or a lower alkoxyalkyl; R.sub.9 represents hydrogen, a lower
      alkyl, a lower alkoxy, a halogen or nitro; R.sub.10 stands for hydrogen, a
      lower alkyl, benzyl or phenyl; Y.sub.1 signifies hydrogen, a lower alkyl,
      a lower alkoxy, a halogen, nitro, amino or an amino substituted by at
      least one lower alkyl group; Z is hydrogen, a lower alkyl, a halogen, a
      lower alkoxy, nitro, amino, an amino substituted by at least one lower
      alkyl group or a group of
EQU  -- N = CH -- B
PAL  wherein B represents hydrogen, a lower alkyl, phenyl unsubstituted or
      substituted by a lower alkyl, a lower alkoxy, a halogen or nitro; m is an
      integer of 1 to 4; and R.sub.4 signifies a group of
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2 and m are as defined above, and Y.sub.2 signifies
      hydrogen, a lower alkyl, a lower alkoxy, a halogen, nitro, amino or an
      amino substituted by at least one lower alkyl group, and A signifies
      benzene or naphthalene nucleus.
PAR  Throughout the present specification, the term "lower" as is seen in "lower
      alkyl group" indicates that the number of carbon atoms is 1 to 4.
PAR  In the present specification, the present benz[c]-fluorans are named and
      the position substituted in the benz[c]fluoran nucleus are numbered as
      follows:
      ##SPC4##
PAR  2-(N-methyl-3'-methyl-5'-chloro-anilino)-8-dimethylamino-benz[c]fluoran
PAR  So far oil carbon paper was used for making out documents and slips as
      office work materials. It has drawbacks that it is liable to stain clothes
      and hands and it is troublesome to insert the oil carbon paper between
      documents and slips.
PAR  In order to eliminate the inefficiencies and defects of the oil carbon
      paper, pressure-sensitive copying paper or noncarbon paper, which is
      economic and handy, has recently made its debut in place of the oil carbon
      paper complying with demand for speed-up of office works.
PAR  Heretofore, leucoauramines, leucomethyleneblues, phthalides and fluorans
      are well known as color precursors. They are colorless or nearly colorless
      compounds, which may change to a certain coloring matter when they are
      brought into contact with acidic electron-acceptor as explained below.
PAR  For example, 2-methyl-6-diethylamino-fluoran having the following formula
      (II) is one of the well-known color precursors which are colorless
      compounds under ordinary condition but change to red coloring matters by
      opening their lactone ring when they are brought into contact with acidic
      electron-acceptor.
      ##SPC5##
PAR  The pressure-sensitive copying paper is usually prepared by coating a back
      side of one sheet of paper with a color precursor such as a leucoauramine
      or a fluoran, and coating a surface of another sheet of paper with an
      acidic electron-acceptor such as kaolin, bentonite, activated clay, acid
      clay, aluminum silicate, attapulgite, metal oxides, metal chlorides, metal
      sulfates, organic acids such as phenols, aliphatic acids or tannic acid,
      or phenolic resins such as p-phenylphenol-formaldehyde resin,
      p-cyclohexylphenol-formaldehyde resin, etc. The pressure-sensitive copying
      paper is used by placing the coated papers upon one another so that the
      back side of the first paper may be faced to the surface of the second
      paper, and the back side of the second paper to the surface of the third
      paper and so on. By applying pressure or impact to the papers by means of
      a pencil, a ball-point pen or a typewriter on the first paper, the
      material on the back side and the electron-acceptor substances on the
      surface of the papers are brought into contact with each other, whereby
      the colorless pressure-sensitive material moves to the electron-acceptor
      layer and undergoes color development and therefore colored images can be
      obtained.
PAR  The compound (II) has defects that, when used as color precursor for
      pressure-sensitive copying paper, it stains capsules in undesired red
      color because it is slightly soluble in water or slightly acidic or
      alkaline water.
PAR  Further, it has a relatively high vapor pressure so that it tends to
      vaporize from the capsules to form ghost images which contaminate regular
      images on the pressure-sensitive copying paper and to cause the images to
      disappear on the paper during storage for a long period of time.
PAR  The present invention has technical advance over prior arts in the
      following points:
PAR  1. These fluoran compounds represented by the general formula (I) are
      colorless and stable in air at ordinary temperature, but the compounds (I)
      change in color from white to red, blue, green or black when they are
      brought into contact with an acidic electron-acceptor explained in detail
      above.
PAR  2. These fluoran compounds (I) show all sorts of dark colors, for example,
      deep red, dark green, dark blue-green, dark greenish black, or black
      according to the number, kind and position of substituents.
PAR  These various colors are due to the same benz-[c]fluoran nucleus except the
      kind, number and position of substituents. The present benz[c]fluoran
      compounds have almost the same color developing speed and the
      pressure-sensitive copying paper obtained by mixing the present
      benz[c]fluoran compounds shows no lag of the color developing time and
      changes the color of the image.
PAR  It is also possible to use the said compounds together with other color
      precursors such as C.V.L. (crystal violet lactone), B.L.M.B. (benzoyl
      leucomethylene-blue) or 2-methyl-6-diethylaminofluoran, etc. to obtain a
      special color such as blue-black or black image on the paper without
      spoiling the other color precursers. These are significant features of the
      present invention.
PAR  3. These benz[c]fluoran compounds are well soluble under colorless
      condition in a non-volatile non-polar solvent used for preparing a
      recording sheet. Examples of the non-polar solvent are as follows:
PAR  Chlorinated benzenes such as trichlorobenzenes and tetrachlorobenzenes;
      chlorinated biphenyls such as dichlorodiphenyls, trichlorodiphenyls, and
      tetrachlorodiphenyls; alkylated benzenes; alkylated naphthalenes such as
      dimethylnaphthalene and dipropylnaphthalene; mineral oil; paraffin oil;
      olive oil; and tricresyl phosphate, etc.
PAR  Such good solubility in the above solvents is probably caused by the
      naphthalene ring in the benz-[c]fluoran nucleus represented by the general
      formula (I). Good solubility particularly in the aromatic solvents makes
      it easy to prepare the recording sheet and to obtain a deep image on the
      paper.
PAR  4. The present fluoran compounds have no solubility and good stability in
      water, acids or alkalis. For example,
      2-(`',4'-dimethylphenylamino)-8-diethylaminobenz[c]fluoran can be boiled
      with an alkali solution without being destroyed.
PAR  5. The present benz[c]fluoran compounds have good fastness to light,
      moisture and sublimation.
PAR  The obtained deep image on this recording sheet does not disappear or
      change in color by moisture or droplets of water, or by exposure to
      sun-light or by heating.
PAR  The recording sheet prepared with use of the present benz[c]fluoran
      compound endures storage for a long period of time without the
      disappearance of the image on the documents and slips.
PAR  6. The present fluoran compounds have high color-developing speed. Such
      color formation occurs just at once when the fluoran compounds in the form
      of crystals or a solution in the above-cited solvents are brought into
      contact with the acidic electron-acceptor. Then, the recording sheet
      prepared with use of the present benz[c]fluoran compounds gives vivid deep
      images on the paper at the moment when a pressure or impact is applied
      onto the paper by means of a pencil, a ball-point pen or a typewriter.
PAR  7. The images on the recording sheet prepared with a mixture of the present
      benz[c]fluoran compounds do not change in color owing to the same
      color-developing speeds caused by the same benz[c]fluoran nucleus. The
      present benz[c]fluoran compounds represented by the general formula (I)
      may be prepared by the following three methods.
PAR  In the presence of a dehydrating agent, benz[c]fluoran (I) can be prepared
      by reacting a o-(2'-hydroxy-4'-aminobenzoyl)-benzoic acid represented by
      the formula,
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2, Z and m are as defined above, with a compound
      represented by the formulas,
      ##SPC7##
PAL  wherein R.sub.3, R.sub.4, Y.sub.1, Y.sub.2 and A are as defined above and R
      and R' represent hydrogen atom or a lower alkyl group, to obtain a
      11-(o-carboxyphenyl)-2,8-diamino-benz[c]-xanthohydrol represented by the
      formulas,
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, Y.sub.1, Y.sub.2, A, Z and m
      are as defined above, and by ring-closing the resultant.
PAR  The reaction may be effected at a temperature of 0.degree. to 300.degree.C
      for several hours or sometimes for a few days in the presence of a
      dehydrating-condensing agent. Examples of the dehydrating-condensing agent
      include sulfuric acid; phosphorous pentoxide; phosphoric acid;
      polyphosphoric acid; anhydrous metal halides such as anhydrous tin
      chloride or bromide, anhydrous zinc chloride or bromide, anhydrous
      aluminum chloride or bromide, anhydrous ferric chloride or bromide;
      phosphoric pentachloride or bromide; phosphorous trichloride or bromide,
      and anhydrous hydrogen chloride or fluoride.
PAR  If necessary, carbon disulfide, chlorinated benzenes, or nitrobenzenes are
      used as a solvent for the reaction.
PAR  The resulting xanthohydrol is converted to the fluoran compound represented
      by the formula (I) by closing the ring.
PAR  After the reaction is over, the reaction mixture is poured into ice or
      water to separate solid, and if desired, the mixture is neutralized with a
      solution of an alkali such as caustic soda, potassium hydroxide and the
      like thereby to obtain the xanthohydrol.
PAR  In order to convert the resulting xanthohydrol to the fluoran compound
      represented by the formula (I) by closing the ring, the xanthohydrol may
      be dissolved and heated in a solvent and then the mixture may be cooled or
      concentrated to obtain the fluoran compound (I) as white crystals.
      ##SPC9##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, Y.sub.1, Z and m are as defined
      above.
PAR  As a solvent for the ring-closure, aromatic hydrocarbon solvents such as
      benzene, xylene, etc.; nuclear halogenated aromatic hydrocarbon solvents
      such as chlorobenzene, bromobenzene, dichlorobenzenes, trichlorobenzenes,
      etc.; alcohols such as methanol, ethanol, etc.; amide solvents such as
      dimethylformamide, diethylformamide, etc.; sulfoxide solvents such as
      dimethylsulfoxide, diethylsulfoxide, etc.; aliphatic hydrocarbon solvents
      such as n-hexane, cyclohexane, etc.; halogenated aliphatic hydrocarbon
      solvents such as chloroform, bromoform, methylchloroform, etc.; and ethers
      such as dimethyl ether, diethyl ether, etc. are useful.
PAR  The cyclization is often facilitated by the addition of an aliphatic amine
      such as dimethylamine, trimethylamine, diethylamine, triethylamine, etc.;
      an aliphatic aminoalcohol such as ethanolamine, propanolamine, etc.; or a
      heterocyclic base substance such as pyridine, picoline, etc.
PAR  White crystals, which separate on heating and cooling in any one of these
      cyclization solvents or a mixture thereof, are filtered and washed with a
      nonpolar solvent such as cyclohexane, n-hexane, diethyl ether to obtain a
      colorless compound (I). In case of a compound having a stable lactone
      ring, white crystals are often obtained merely by neutralizing a
      hydrochloric acid or sulfuric acid solution thereof with caustic soda,
      potassium hydroxide, etc.
PAR  The second method is similar to the first method. Thus, a
      2-(4'-amino-1'-hydroxy-2'-naphthoyl)-benzoic acid represented by the
      formula,
      ##SPC10##
PAL  wherein R.sub.3, R.sub.4, Y.sub.1, Z and m are as defined above, may be
      reacted with a m-aminophenol at a proper reaction temperature in the
      presence of a dehydrating agent as explained above to obtain a
      benz[c]fluoran compound represented by the general formula (I).
PAR  The reaction proceeds as follows:
      ##SPC11##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, Y.sub.1, Z and m are as
      defined above. The purification procedure after the reaction is the same
      as that in the first method.
PAR  The third method is accomplished by the use of a fluoran compound prepared
      by the first or second methods. Thus, a benz[c]fluoran represented by the
      formulas,
      ##SPC12##
PAL  wherein R.sub.1, R.sub.2, R.sub.4, Y.sub.1, A, Z and m are as defined
      above, which has at least one hydrogen atom in the amino substituent at
      2-position of the benz[c]fluoran nucleus is treated with an alkylating
      agent, an acylating agent or a sulfonylating agent as explained below in
      the presence or absence of a dehydrating agent or a dehydrohalogenating
      agent. The reaction is properly carried out at 0.degree. - 200.degree.C
      for several hours or sometimes for a few days, if desired, in the presence
      of a solvent such as benzene, toluene, xylene, chloroform,
      1,2-dichloroethane, ether, dioxane, N,N-dimethylformamide,
      dimethylsulfoxide, alcohols, etc.
PAR  The reaction proceeds as follows:
      ##SPC13##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, Y.sub.1, Y.sub.2, Z and m are
      as defined above and X signifies a residue of the alkylating, acylating or
      sulfonylating agent such as halogen atom, hydroxy group, SO.sub.4
      .sup.-.sup.-, PO.sub.3 .sup.-.sup.-.sup.-, etc.
PAR  Examples of the acylating, alkylating and sulfonylating agents which may be
      used in the above-mentioned reaction include:
PAR  1.
PAR  Acetic anhydride
PAR  Propionic anhydride
PAR  Butyric anhydride
PAR  Propiolic anhydride
PAR  Crotonic anhydride
PAR  Benzoic anhydride
PAR  m-Chlorobenzoic anhydride
PAR  o-Chlorobenzoic anhydride
PAR  m-Nitrobenzoic anhydride
PAR  p-Bromobenzoic anhydride
PAR  o-Bromobenzoic anhydride
PAR  m-Methylbenzoic anhydride
PAR  p-Methoxybenzoic anhydride
PAR  o-Methoxybenzoic anhydride
PAR  2.
PAR  Acetyl chloride
PAR  Propionyl chloride
PAR  Acryloyl chloride
PAR  Methacryloyl chloride
PAR  Crotonoyl chloride
PAR  Acetyl bromide
PAR  Butyryl bromide
PAR  Propiolyl bromide
PAR  Crotonyl bromide
PAR  Benzoyl chloride
PAR  m-Chlorobenzoyl chloride
PAR  p-Nitrobenzoyl chloride
PAR  o-Nitrobenzoyl chloride
PAR  m-Bromobenzoyl chloride
PAR  p-Methylbenzoyl chloride
PAR  o-Methylbenzoyl chloride
PAR  m-Methoxybenzoyl chloride
PAR  Benzoyl bromide
PAR  p-Chlorobenzoyl bromide
PAR  o-Chlorobenzoyl bromide
PAR  m-Nitrobenzoyl bromide
PAR  p-Bromobenzoyl bromide
PAR  o-Bromobenzoyl bromide
PAR  m-Methylbenzoyl bromide
PAR  p-Methoxybenzoyl bromide
PAR  o-Methoxybenzoyl bromide
PAR  Also, as the alkylating agent, the following compounds are preferable.
PAR  3. Esters:
PAR  Dimethyl sulfate
PAR  Diethyl sulfate
PAR  Dipropyl sulfate
PAR  Trimethyl phosphate
PAR  Triethyl phosphate
PAR  Methyl benzenesulfonate
PAR  Ethyl benzenesulfonate
PAR  Methyl p-toluenesulfonate
PAR  Propyl p-toluenesulfonate
PAR  Methoxyethyl p-toluenesulfonate
PAR  Methyl methanesulfonate
PAR  Propyl methanesulfonate
PAR  4. Lower alkyl halides:
PAR  Methyl chloride
PAR  Methyl bromide
PAR  Ethyl bromide
PAR  Propyl chloride
PAR  Butyl chloride
PAR  5. Benzyl halides:
PAR  Benzyl chloride
PAR  m-Nitrobenzyl chloride
PAR  p-Chlorobenzyl chloride
PAR  o-Chlorobenzyl chloride
PAR  m-Bromobenzyl chloride
PAR  p-Methylbenzyl chloride
PAR  o-Methylbenzyl chloride
PAR  m-Methoxybenzyl chloride
PAR  Benzyl bromide
PAR  p-Nitrobenzyl bromide
PAR  o-Nitrobenzyl bromide
PAR  m-Chlorobenzyl bromide
PAR  p-Bromobenzyl bromide
PAR  o-Bromobenzyl bromide
PAR  m-Methylbenzyl bromide
PAR  p-Methoxybenzyl bromide
PAR  o-Methoxybenzyl bromide
PAR  6. Allyl halides:
PAR  Allyl chloride
PAR  2-Methylallyl chloride
PAR  2-Ethylallyl chloride
PAR  2-Butenyl chloride
PAR  Cinnamyl chloride
PAR  7. Propargyl halide derivatives:
PAR  Propargyl chloride
PAR  2-Butynyl chloride
PAR  2-Pentynyl chloride
PAR  2-Pentynyl bromide
PAR  3-Phenyl-2-propynyl bromide
PAR  8. Dihalides:
PAR  o-Xylylene dichloride
PAR  m-Xylylene dichloride
PAR  p-Xylylene dichloride
PAR  4,5-Dimethyl-o-xylylene dichloride
PAR  3,6-Dimethyl-o-xylylene dichloride
PAR  4-Methyl-m-xylylene dichloride
PAR  2,5-Dimethyl-m-xylylene dichloride
PAR  4,6-Dimethyl-m-xylylene dichloride
PAR  4-Hydroxy-5-methyl-m-xylylene dichloride
PAR  2-Hydroxy-5-methyl-m-xylylene dichloride
PAR  4-Bromo-6-methoxy-m-xylylene dichloride
PAR  2-Bromo-5-methyl-p-xylylene dichloride
PAR  2,5-Dimethoxy-p-xylylene dichloride
PAR  4,4'-Bis-chloromethyldiphenyl
PAR  3,3'-Dimethyl-4,4'-bis-chlorodiphenyl
PAR  4,4'-Bis-chloromethyldiphenylmethane
PAR  3,3'-Dimethoxy-4,4'-bis-chloromethyldiphenylmethane
PAR  4,4'-Bis-chloromethyldiphenylethane
PAR  3,3'-Dimethoxy-4,4'-bis-chloromethyldiphenylethane
PAR  4,4'-Bis-chloromethyldiphenylether
PAR  3,3'-Dimethyl-4,4'-bis-chloromethyldiphenylether
PAR  4,4'-Bis-chloromethylstilbene
PAR  3,3'-Dimethyl-4,4'-bis-chloromethylstilbene
PAR  3,3'-Dimethoxy-4,4'-bis-chloromethylstilbene
PAR  2-Butenylene dichloride
PAR  1,4-Dimethyl-2-butenylene dichloride
PAR  1-Methyl-2-butenylene dichloride
PAR  1-Ethyl-2-butenylene dichloride
PAR  2-Butynylene dichloride
PAR  1-Methyl-2-butynylene dichloride
PAR  o-Xylylene dibromide
PAR  m-Xylene dibromide
PAR  p-Xylylene dibromide
PAR  4,5-Dimethyl-o-xylylene dibromide
PAR  4-Methyl-m-xylylene dibromide
PAR  2,5-Dimethyl-m-xylylene dibromide
PAR  4-Methoxy-m-xylylene dibromide
PAR  4-Hydroxy-5-methyl-m-xylylene dibromide
PAR  4-Chloro-6-methoxy-m-xylylene dibromide
PAR  2,5-Dimethyl-p-xylylene dibromide
PAR  2,5-Dimethoxy-p-xylylene dibromide
PAR  2-Bromo-5-methyl-p-xylylene dibromide
PAR  4,4'-Bis-bromomethyldiphenyl
PAR  3,3'-Dimethyl-4,4'-bis-bromomethyldiphenyl
PAR  3,3'-Dimethoxy-4,4'-bis-bromomethyldiphenyl
PAR  4,4'-Bis-bromomethyldiphenylmethane
PAR  3,3'-Dimethoxy-4,4'-bis-bromomethyldiphenylmethane
PAR  4,4'-Bis-bromomethyldiphenylethane
PAR  3,3'-Dimethyl-4,4'-bis-bromomethyldiphenylethane
PAR  3,3'-Dimethoxy-4,4'-bis-bromomethyldiphenylethane
PAR  4,4'-Bis-bromomethyldiphenylether
PAR  3,3'-Dimethoxy-4,4'-bis-bromomethyldiphenylether
PAR  4,4'-Bis-bromomethylstilbene
PAR  3,3'-Dimethyl-4,4'-bis-bromomethylstilbene
PAR  2-Butenylene dibromide
PAR  1,4-Dimethyl-2-butenylene dibromide
PAR  1-Methyl-2-butenylene dibromide
PAR  2-Butynylene dibromide
PAR  1-Methyl-2-butynylene dibromide
PAR  1,4-Dimethyl-2-butynylene dibromide
PAR  2,4-Hexadienylene dichloride
PAR  2,4-Hexadienylene dibromide
PAR  p-Bromomethylbenzyl chloride
PAR  9. Alcohols:
PAR  .alpha.,.alpha.'-Dihydroxy-o-xylene
PAR  .alpha.,.alpha.'-Dihydroxy-m-xylene
PAR  .alpha.,.alpha.'-Dihydroxy-p-xylene
PAR  .alpha.,.alpha.'-Dihydroxy-4-methyl-m-xylene
PAR  .alpha.,.alpha.'-Dihydroxy-2,5-dimethyl-m-xylene
PAR  .alpha.,.alpha.'-Dihydroxy-4-methoxy-m-xylene
PAR  4,4'-Bis-hydroxymethyldiphenyl
PAR  4,4'-Bis-hydroxymethyldiphenylmethane
PAR  4,4'-Bis-hydroxymethyldiphenylethane
PAR  4,4'-Bis-hydroxymethylstilbene
PAR  1,4-Dihydroxy-2-butene
PAR  1,4-Dihydroxy-2-butyne
PAL  and the like dihydroxy compounds obtained by replacing halogen in the
      dihalides as shown in (8) above by hydroxy group
PAR  10. Ethers:
PAR  .alpha.,.alpha.'-Dimethoxy-o-xylene
PAR  .alpha.,.alpha.'-Dimethoxy-m-xylene
PAR  .alpha.,.alpha.'-Diethoxy-p-xylene
PAL  and the like ether compounds obtained by replacing halogen in the dihalides
      as shown in (8) above by alkyl ether group
PAR  11. Acrylonitrile
PAR  Acrylamide
PAR  12. Sulfonylating agents:
PAR  Methanesulfonyl chloride
PAR  Ethanesulfonyl chloride
PAR  Propanesulfonyl chloride
PAR  Butanesulfonyl chloride
PAR  Benzenesulfonyl chloride
PAR  p-Toluenesulfonyl chloride
PAR  m-Toluenesulfonyl chloride
PAR  o-Toluenesulfonyl chloride
PAR  p-Chlorobenzenesulfonyl chloride
PAR  m-Chlorobenzenesulfonyl chloride
PAR  o-Chlorobenzenesulfonyl chloride
PAR  p-Nitrobenzenesulfonyl chloride
PAR  m-Nitrobenzenesulfonyl chloride
PAR  o-Nitrobenzenesulfonyl chloride
PAR  p-Methoxybenzenesulfonyl chloride
PAR  m-Methoxybenzenesulfonyl chloride
PAR  o-Methoxybenzenesulfonyl chloride
PAL  and bromides thereof such as, for example,
PAR  Methanesulfonyl bromide
PAR  Ethanesulfonyl bromide
PAR  Benzenesulfonyl bromide
PAR  p-Toluenesulfonyl bromide
PAR  p-Chlorobenzenesulfonyl bromide
PAR  p-Nitrobenzenesulfonyl bromide
PAR  p-Methoxybenzenesulfonyl bromide
PAL  As the dehydrohalogenating agent,
PAR  Sodium hydrogen carbonate
PAR  Potassium hydrogen carbonate
PAR  Sodium carbonate
PAR  Potassium carbonate
PAR  Sodium acetate
PAR  Potassium acetate
PAL  and
PAR  Caustic soda
PAL  may be used. Also, if circumstances permit, the basic substance used in the
      ring-closure, may be used.
PAR  As the solvent in the third method, aromatic hydrocarbon solvents such as
      benzene, xylene, etc.; halogenated aliphatic hydrocarbon solvents such as
      chloroform, bromoform, methylchloroform, etc.; halogenated aromatic
      hydrocarbon solvents such as chlorobenzene, bromobenzene,
      dichlorobenzenes, etc.; alcohol solvents such as methanol, ethanol,
      propanol, etc.; ether solvents such as diethyl ether, dimethylene glycol,
      dimethyl ether, diethylene glycol, etc.; sulfoxide solvents such as
      dimethyl sulfoxide, diethyl sulfoxide, etc.; and amide solvents such as
      N,N'-dimethylformamide, dimethylacetamide, N-methylpyrrolidone may be
      used.
PAR  Specific examples of the compounds of the general formula (I) produced by
      the above-mentioned methods according to the present invention which show
      excellent resistance to water, good fastness to light and rapid color
      developing speed are as follows. Shade on silica gel after development for
      each compound is also shown below.
TBL  ______________________________________                                    
                           Shade after                                         
     Compound              development                                         
     ______________________________________                                    
     2-(N-Phenylamino)-8-diethylamino                                          
                           Bluish green-black                                  
     benz[c]fluoran                                                            
     2-(N-Phenylmethanesulfonamido)-8-                                         
                           Dark red                                            
     diethylamino-benz[c]fluoran                                               
     2-(N-Phenylamino)-8-dimethylamino-                                        
                           Bluish green-black                                  
     4'-nitrobenz[c]fluoran                                                    
     2-(N-Phenyl-benzamido)-8-dibenzyl-                                        
                           Dark red                                            
     aminobenz[c]fluoran                                                       
     2-(N-Phenylamino)-3-methoxy-8-                                            
                           Bluish green-black                                  
     diethylaminobenz[c]fluoran                                                
     2-(N-.alpha.-Naphthylamino)-8-diethyl-                                    
                           Bluish green                                        
     aminobenz[c]fluoran                                                       
     2-(N-.beta.-Naphthyl-p-toluenesulfon-                                     
                           Dark red                                            
     amido)-8-dimethylamino-                                                   
     benz[c]fluoran                                                            
     2-(N-4-Methoxy-1-naphthylamino)-8-                                        
                           Bluish green-black                                  
     diethylamino-benz[c]fluoran                                               
     2-(4'-Methylphenylamino)-8-dimethyl-                                      
                           Green                                               
     amino-benz[c]fluoran                                                      
     2-(4'-Methylphenylamino)-8-diethyl-                                       
                           Green                                               
     amino-benz[c]fluoran                                                      
     2-(2'-Methoxyphenylamino)-8-                                              
                           Greenish black                                      
     dimethylamino-benz[c]fluoran                                              
     2-(2'-Methoxyphenylamino)-8-                                              
                           Greenish black                                      
     diethylamino-benz[c]fluoran                                               
     2-(2',4'-Dimethylphenylamino)-                                            
                           Green                                               
     8-dimethylamino-benz[c]fluoran                                            
     2-(2',4',6'-Trimethylphenylamino)-                                        
                           Green                                               
     8-dimethylamino-benz[c]fluoran                                            
     2-(2'-Methyl-4'-chlorophenyl-                                             
                           Green                                               
     amino)-8-dimethylamino-benz-                                              
     [c]fluoran                                                                
     2-(2'-Methyl-4'-chlorophenyl-                                             
                           Green                                               
     amino)-8-diethylamino-                                                    
     benz[c]fluoran                                                            
     2-(4'-Chlorophenylamino)-8-                                               
                           Green                                               
     dimethylamino-benz[c]fluoran                                              
     2-(4'-Chlorophenylamino)-8-                                               
                           Green                                               
     diethylamino-benz[c]fluoran                                               
     2-(2',4',6'-Trimethylphenylamino)-                                        
                           Green                                               
     8-dimethylamino-4' (or 5')-                                               
     chloro-benz[c]fluoran                                                     
     2-(2',4',6'-Trimethylphenylamino)-                                        
                           Green                                               
     8-diethylamino-4' (or 5')-                                                
     chloro-benz[c]fluoran                                                     
     2-(N-Phenylacetylamino)-8-                                                
                           Red                                                 
     diethylamino-benz[c]fluoran                                               
     2-[N-(2',4'-Dimethylphenyl)-                                              
                           Red                                                 
     acetylamino]-8-diethylamino-                                              
     benz[c]fluoran                                                            
     2-[N-(2' ,4',6'-Trimethylphenyl)-                                         
                           Red                                                 
     actylamino]-8-diethylamino-                                               
     benz[c]fluoran                                                            
     N-[8-Aminobenz[c]fluoran-2-yl]-                                           
                           Purplish blue-black                                 
     N-[6-aminofluoran-2-yl]amine                                              
     N-[8-Methylaminobenz[c]fluoran-                                           
                           Purplish blue-black                                 
     2-yl]-N-[6-methylamino-                                                   
     fluoran-2-yl]methylamine                                                  
     N-[8-Dimethylaminobenz[c]fluoran-                                         
                           Purplish blue-black                                 
     2-yl]-N-[3-methoxy-6-dimethyl-                                            
     amino-fluoran-2-yl]benzylamine                                            
     N-[8-Dimethylaminobenz[c]fluoran-                                         
                           Dark purplish blue                                  
     2-yl]-N-[6-dimethylamino-                                                 
     fluoran-2-yl]acetamide                                                    
     N-[8-Dimethylamino-3'-nitrobenz-                                          
                           Dark purplish blue                                  
     [c]fluoran-2-yl]-N-[6-dimethyl-                                           
     amino-3'-nitrofluoran-2-yl]-                                              
     benzenesulfonamide                                                        
     2-(N-.beta.-Naphthylamino)-3',6'-                                         
                           Green                                               
     dichloro-8-dimethylamino-                                                 
     benz[c]fluoran                                                            
     ______________________________________                                    
PAR  As used in mark-forming systems, marking in desired areas on support webs
      or sheets may be accomplished by effecting localized reactive contact
      between the chromogenic material and the acidic material on or in such web
      or sheet, such chromogenic material being brought thereto by transfer, or
      already present therein, the reactive contact forming a clear coloration
      in the intended image-marking areas.
PAR  There have already been known several types of recording system utilizing
      an electron donor-acceptor color-forming reaction between chromogenic
      material and acidic material.
PAR  The pressure-sensitive recording systems generally comprise color-forming
      components on and/or within one or more sheet supports, the color-forming
      components being isolated from one another by a pressurerupturable
      barrier. Where the color-forming components are disposed on separate
      sheets as disclosed in U.S. Pat. No. 2,712,507, the record material
      referred to as a "transfer" or "couplet" system. In such system, a
      solution of a chromogenic material is held in rupturable microscopic
      capsules coated onto one surface of a transfer sheet, while an adjacent
      receiving sheet is sensitized with an acidic material, i.e. an electron
      acceptor. Most common acidic materials are activated acid clay and acid
      clays, such as attapulgite, zeolite, bentonite, kaolin and silica.
      Recently, monomeric phenols or acid reactant polymeric materials, such as
      phenolic polymers, phenyl-acetylene polymers, maleic acid-rosin resins,
      have been suggested either alone or in combination with acid clays.
PAR  In the manufacturing method of such record material, for instance, a
      non-volatile oil containing a chromogenic material dissolved therein is
      protected by encapsulation with coacervate film of a water-soluble
      polymer. The resulting coating composition containing dispersed capsules
      are coated on one side of a sheet, and coating composition of said
      electron acceptors is coated on the other side of the sheet. When several
      sheets are load one over another and impressed with a pencil or the like,
      capsules are collapsed to release the oil containing chromogenic material
      which produces a duplicated image on contact with the electron-acceptor.
      In another system as disclosed in U.S. Pat. No. 2,730,457, a coating
      liquid containing both of the capsules chromogenic material and acidic
      material is applied on one side of a sheet or alternatively, a coating
      containing capsules is first applied on one side of a sheet and the second
      coating containing the electron-acceptor is applied thereon. Thus, all the
      components are disposed on a single sheet, the record material is referred
      to as "self-contained" system and develops image color when the pressure
      is applied.
PAR  As a modification of pressure-sensitive marking system, Japanese Patent No.
      511,757 (corresponds to U.S. Pat. Application Ser. No. 392,404, filed on
      Aug. 27, 1964) discloses a recording sheet, in which minute capsules
      containing liquid solvent are coated on one surface of a sheet support and
      both of the chromogenic material and the acidic polymer are coated on or
      impregnated in same sheet or other sheet in solid condition.
PAR  There is thermo-responsive record sheet as a mark-forming system utilizing
      an electron donor-acceptor color-forming reaction. For example, Japanese
      Patent No. 45-14039 (corresponds to U.S. Pat. Application Ser. No. 554,565
      filed on June 1, 1966) discloses a temperature-responsive record material
      comprising a supporting sheet material having crystal violet lactone and a
      phenolic material solid at room temperature but capable of liquefying
      and/or vaporizing at normal thermographic temperatures, said lactone and
      phenolic material being further capable of producing a mark-forming
      reaction upon reactive contact.
PAR  The novel compounds of our invention are widely used for the
      above-mentioned mark-forming systems as a colorless chromogenic compound,
      i.e. electron donor and gives many excellent advantages.
PAR  According to the present invention, the above-mentioned known techniques
      for the production of the recording sheet are utilized using the
      above-mentioned fluoran compounds as a coloring material alone or in
      admixture with various known coloring materials to obtain the recording
      sheet which can form red, green or black color.
PAR  Also, it is effective for improving the color forming property and
      fastnesses to light and moisture of developed images to use a metal or
      metallic compound together with the electron-acceptor.
PAR  Thus, metals or metallic compounds such as manganese, nickel, cobalt, iron,
      zinc, copper, cadmium, mercury, silver, platinum, etc. are effective.
      Specific examples of the metallic compounds include salts and acid salts
      such as copper sulfate, ferrous sulfate, manganese sulfate, cobalt
      sulfate, zinc sulfate, nickel acetate, etc.; basic salts such as cadmium
      hydroxide; and oxides such as zinc oxide. They show particularly good
      results.
DETD
PAR  The present invention will be further specifically explained below
      referring to the following examples which do, of course, not limit the
      scope of the present invention.
PAC  EXAMPLE 1
PAR  140 Grams of 95 % sulfuric acid was charged into a four-necked flask
      provided with a stirrer, a thermometer and a hydrogen chloride gas
      absorber. A mixture of 28.0 g of 4-(2',
      4',6'-trimethylphenylamino)1-naphthol and 31.3 g of
      o-(2'-hydroxy-4'-diethylaminobenzoyl)-benzoic acid was added for one hour
      below 25.degree.C. At that time, the hydrogen chloride gas evolved was
      absorbed in the absorber. After dissolution, the mixture was warmed to
      25.degree. to 30.degree.C for 5 hours. After cooling, the reaction mixture
      was then poured into 700 g of ice-water at 10.degree. to 20.degree.C. The
      mixture was neutralized with an aqueous caustic soda solution at the same
      temperature.
PAR  The precipitate was filtered and washed with water. The thus obtained solid
      11-(2-carboxyphenyl)-2-(2',4',6'-trimethylphenylamino)-8-diethylaminobenz[
     c]-xanthohydrol was dissolved in 400 g of chloroform and dehydrated with 50
      g of anhydrous sodium sulfate. After addition of 5 g of active charcoal,
      the chloroform solution was filtered while hot. The filtrate was
      concentrated under reduced pressure to obtain the crystals. Thus,
      2-(2',4',6'-trimethylphenylamino)-8-diethylaminobenz[c]fluoran represented
      by the formula,
      ##SPC14##
PAL  was obtained as white crystals in a yield of about 55.6 %.
PAR  Melting point: 225.degree.- 226.degree.C
PAR  Visible spectrum .lambda.max = 441 m .mu., 465.5 m.mu.  and 630 m.mu.
      (acetic acid)
PAR  The resulting compound formed dark green color on contacting with silica
      gel when used as a material for pressure-sensitive copying paper. The
      image having excellent fastnesses to light, moisture, sublimation and
      alkali was produced.
PAC  EXAMPLE 2
PAR  By use of the same procedure as in Example 1,
      2-(4'-methylphenylamino)-8-diethylamino-benz[c]fluoran represented by the
      formula,
      ##SPC15##
PAL  was prepared from 4-(4'-methylphenylamino)-1-naphthol and
      2-(2'-hydroxy-4'-diethylaminobenzoyl)-benzoic acid.
PAR  Yield: 45.6 %. This compound formed green color on silica gel with good
      fastnesses to light and moisture.
PAC  EXAMPLE 3
PAR  According to the same method as in Example 1,
      2-(2'-methoxyphenylamino)-8-diethylamino-benz[c]fluoran represented by the
      formula,
      ##SPC16##
PAL  was prepared from 4-(2'-methoxyphenylamino)-1-naphthol and
      2-(2'-hydroxy-4'-diethylaminobenzoyl)-benzoic acid. This derivative having
      a melting point of 231.degree. to 233.degree.C formed dark greenish black
      color on silica gel and had visible sepctrum .lambda..sub.max = 462.5
      m.mu. and 617.5 m.mu. (acetic acid).
PAC  EXAMPLE 4
PAR  In the same manner as in Example 1,
      4-(2',4'-dimethylphenylamino)-1-naphthol and
      2-(2'-hydroxy-4'-diethylaminobenzoyl)-benzoic acid was reacted to produce
      2-(2',4'-dimethylphenylamino)-8-diethylamino-benz[c]-fluoran in the form
      of white crystals having a melting point of 147.degree. to 148.degree.C
      and a visible spectrum .lambda..sub.max = 463.0 m.mu. and 620 m.mu.
      (acetic acid). This compound formed dark green color on silica gel and did
      not change in color during storage for a long period of time.
PAC  EXAMPLE 5
PAR  In the same manner as in Example 1, the following compounds were
      synthesized. Shade on silica gel is shown on the right hand column.
      ##SPC17##
PAC  EXAMPLE 6
PAR  8.12 Grams of 2-phenylamino-8-diethylaminobenz[c]fluoran and 21.4 g of
      benzyl bromide were maintained in 50 g of N,N-dimethylformamide at
      70.degree. to 80.degree.C in the presence of sodium carbonate for 3 hours.
      The reaction mixture was then poured into ice-water to form precipitate,
      which was filtered and extracted with chloroform. The chloroform solution
      was washed with aqueous sodium carbonate and then with water several times
      and dried over anhydrous sodium sulfate. The extract was concentrated to
      obtain a syrupy product which was then filtered.
PAR  Thus, 2-(N-phenyl-N-benzylamino)-8-diethylaminobenz[c]fluoran represented
      by the formula,
      ##SPC18##
PAL  was obtained as white crystals. Yield: 80 %. The product was recrystallized
      from a benzene-cyclohexane mixture. This compound formed red color on
      silica gel.
PAC  EXAMPLE 7
PAR  In the same manner as in Example 6, the compounds of the following formulas
      were obtained. Shade on silica gel is shown in the right hand column.
      ##SPC19##
PAC  EXAMPLE 8
PAR  10 Grams of 2-(4'-chlorophenylamino)-8diethylamino-benz[c]fluoran was
      heated at about 140.degree.C for 3 hours together with 30 g of acetic
      anhydride. After the reaction was completed, the unreacted acetic
      anhydride was removed by steam distillation to form a solid which was
      filtered. The solid was then recrystallized from chloroform. Thus,
      2-[N-(4'-chlorophenyl)-acetylamino]-8-diethylamino-benz[c]fluoran
      represented by the formula,
      ##SPC20##
PAL  was obtained in a yield of 56.0 %. This compound formed red color on silica
      gel.
PAC  EXAMPLE 9
PAR  In the same manner as in Example 8, the compounds of the following formulas
      were obtained. Shade on silica gel is shown in the right hand column.
      ##SPC21##
PAL  The procedures of the preparation of recording sheets are illustrated by
      the following examples.
PAC  EXAMPLE A
PAR  In 200 g of dichlorodiphenyl was dissolved 6 g of 2-(2',4',
      6'-trimethylphenylamino)-8-diethylaminobenz[c]fluoran represented by the
      formula,
      ##SPC22##
PAL  The resulting solution was mixed vigorously at 40.degree.C with 360 g of a
      11.0 % aqueous gelatin solution to make an emulsion. To the resulting
      emulsion, 300 g of a 10 % aqueous gum arabic solution was added. Acetic
      acid was added to the mixture at 40.degree.C with stirring to adjust the
      pH value to 5, and water was then added to effect the coacervation of the
      system, whereby oil droplets containing the above-mentioned benz[c]fluoran
      compound were coated by the coacervated liquid wall of a complex of gum
      arabic and gelatin. At 5.degree.C, the pH value of the system was further
      reduced to 4.4 and 5 g of 35 % formalin was added to harden the wall. In
      order to complete microencapsulation, 10 % sodium hydroxide was added to
      increase the pH value to 9 and the whole system was then gradually warmed
      to 50.degree.C. The coating composition containing the thus prepared
      microcapsules was applied onto paper in a conventional manner. This paper
      was faced to the second paper onto which active clay or a
      phenylphenol-formaldehyde resin had been applied together with a binder. A
      dark green image was instantly formed on the second paper by applying
      pressure by means of a pencil. The thus obtained green image did not
      change in color and showed good fastnesses to light, water and heat.
PAC  EXAMPLE B
PAR  According to a procedure similar to that of Example A, similar
      pressure-sensitive copying paper was prepared from 6 g of
      2-(N-phenyl-p-toluenesulfonylamino)-8-diethylamino-benz[c]fluoran
      represented by the formula,
      ##SPC23##
PAL  Red image was obtained by the application of pressure by handwriting. The
      thus obtained red color had good fastnesses to light, water and heat.
PAC  EXAMPLE C
PAR  By the same procedure as in Example A, similar pressure-sensitive copying
      paper was obtained from the following color precursors. The properties and
      fastnesses of the pressure-sensitive copying paper were the same as in
      Example A:
      ##SPC24##
PAC  EXAMPLE D
PAR  In the same manner as in Example A, pressure-sensitive copying paper was
      prepared using
      2-(2',4'-dimethylphenylamino)-8-dimethylamino-benz[c]fluoran as an
      electron donating color former and activated clay as an electron-acceptor.
      Copied image obtained on the electron acceptor-coated surface was dark
      green in color and showed excellent fastnesses to light and moisture like
      that of Example A.
PAC  EXAMPLE E
PAR  Pressure-sensitive copying paper was prepared in the same manner as in
      Example A except that 3 parts by weight of
      2-(2',4',6'-trimethylphenylamino)-8-diethylamino-benz[c]fluoran and 3
      parts of 2-dimethylamino-8-dipropylamino-benz[c]fluoran, which may form
      dark reddish violet color, as electron donating color formers were
      dissolved in 100 parts by weight of trichlorodiphenyl. Copied image
      obtained on the electron-acceptor surface was black in color and
      maintained the original color during storage for a long period of time.
PAC  EXAMPLE F
PAR  Pressure-sensitive copying paper which may form black color images was
      obtained in the same manner as in Example E except that 3 parts by weight
      of 2-[N-(2',4'-dimethoxyphenyl)-amino]-8-methylamino-benz[c]-fluoran and 3
      parts by weight of 2-methyl-6-diethylaminofluoran were used as electron
      donating color formers.
PAC  EXAMPLE G
PAR  In 100 parts by weight of trichlorodiphenyl, 4 parts by weight of
      2-(2'-methyl-4'-methoxyphenylamino)-8-diethylamino-benz[c]fluoran was
      dissolved at 100.degree.C. The color former-containing oil was dispersed
      in a mixture of 500 parts by weight of a 10 % gelatin solution and 500
      parts by weight of a 10 % gum arabic solution at 60.degree.C to form an
      emulsion. Then, 1,000 parts by weight of warm water at 40.degree.C was
      added to dilute the emulsion.
PAR  A 10 % acetic acid solution was gradually added dropwise at 50.degree.C
      with stirring to adjust the pH value to 4 - 4.3. The emulsion was cooled
      to a temperature below 15.degree.C. At this temperature, 500 parts by
      weight of a 20 % dispersion of titanium oxide having a particle size of
      0.2 to 0.4 .mu. was added and 100 parts by weight of a 10 % formalin was
      then added. Further, 10 % caustic soda was gradually added dropwise to
      adjust the pH value to 10 - 10.5. The thus obtained dispersion is referred
      to as "A liquid".
PAR  On the other hand, 40 parts by weight of 10 % caustic soda and 200 parts by
      weight of activated clay were dispersed in 400 parts by weight of water.
      Then, 200 parts by weight of a 10 % polyvinyl alcohol was added. The thus
      obtained dispersion was uniformly mixed with the above-mentioned A liquid
      to obtain a coating composition.
PAR  The coating composition was applied onto one side of 40 g/m.sup.2 paper in
      an amount of 7 g/cm.sup.2 on dry basis and then dried. The resulting
      pressure-sensitive copying paper is a "self-contained" type. When pressure
      was applied onto the coated surface, blackish green color was formed which
      did neither change nor disappear on exposure to light or moisture.
PAC  EXAMPLE H
PAR  The capsule-containing coating liquid as prepared in Example G was applied
      onto one side of 45 g/m.sup.2 paper in an amount of 5 g/m.sup.2 on dry
      basis and dried. Further, the electron-acceptor containing coating liquid
      as prepared in Example A was applied onto the coated surface in an amount
      of 4 g/m.sup.2 and dried. The resulting pressuresensitive copying paper is
      a "self-contained" type containing both a color former capsule-coated
      layer and an electron-acceptor-coated layer on one side of the paper.
PAR  Good pressure-sensitive copying paper can be prepared by replacing the
      electron-acceptor-containing coating liquid used in the above-mentioned
      examples by coating liquids of the following recipes:
TBL                      Parts by weight                                       
     ______________________________________                                    
     (a)     Water             100                                             
             Acid clay         100                                             
             Cadmium hydroxide 10                                              
             Styrene-butadiene latex                                           
                               20                                              
     (b)     Water             200                                             
             Acid clay         100                                             
             Manganese sulfate 5                                               
             Styrene-butadiene latex                                           
                               15                                              
     (c)     Water             200                                             
             Acid clay         100                                             
             Copper sulfate    3                                               
             Latex             10                                              
     (d)     Water             200                                             
             Acid clay         100                                             
             Ferrous sulfate   3                                               
             Latex             15                                              
     (e)     Water             200                                             
             Acid clay         100                                             
             Zinc acetate      10                                              
             Latex             20                                              
     (f)     Water             200                                             
             Acid clay         100                                             
             Cobalt sulfate    5                                               
             Latex             15                                              
     (g)     Water             200                                             
             Acid clay         100                                             
             Nickel sulfate    5                                               
             Latex             15                                              
     (h)     Water             200                                             
             Attapulgite       100                                             
             Zinc oxide        5                                               
             Latex             15                                              
     ______________________________________                                    
PAC  EXAMPLE I
PAR  In 100 parts by weight of trichlorodiphenyl, 4 parts by weight of
      2-(2',4'-dimethylphenylamino)-8-ethylamino-benz[c]fluoran was dissolved at
      100.degree.C. The color former-containing oil was dispersed in 500 parts
      by weight of a 7 % gelatin solution at 60.degree.C to form an emulsion. To
      the emulsion, 350 parts by weight of a 10 % gum arabic solution was added
      and 550 parts by weight of warm water was added. A 10 % acetic acid
      solution was gradually added dropwise at 50.degree.C with stirring to
      adjust the pH value to 4.0 - 4.3 and the emulsion was cooled to a
      temperature below 10.degree.C. 200 Parts by weight of a 50 % dispersion of
      titanium oxide having a particle size of 0.2 to 0.5 .mu. was gradually
      added at this temperature with stirring. 38 Parts by weight of 37 %
      formalin was then added and a 10 % caustic soda solution was added
      dropwise to adjust the pH value to 10.0 to 10.5. The thus obtained
      dispersion is referred to as "A liquid".
PAR  On the other hand, 20 parts by weight of zinc oxide and 40 parts by weight
      of a 28 % ammonia water was added to 400 parts by weight of water. Then,
      200 parts by weight of acid clay was dispersed in the mixture and one part
      by weight of sodium alginate was added. Further, 100 parts by weight of a
      10 % polyvinyl alcohol solution was added and the whole was well mixed.
      The resulting dispersion was mixed with the above-mentioned A liquid and
      250 parts by weight of a 10 % polyvinyl alcohol solution and 100 parts by
      weight of pulp powder to form a coating composition.
PAR  This coating composition was applied onto one side of 40 g/m.sup.2 paper in
      an amount of 10 g/m.sup.2 on dry basis and dried. The thus obtained
      pressure-sensitive copying paper is so-called "self-contained" type
      copying paper. Dark green image could be instantly formed by the
      application of pressure and the obtained image did neither change in color
      nor disappear on exposure to light or moisture.
PAC  EXAMPLE J
PAR  Similar pressure-sensitive copying paper could be prepared by replacing
      2-(2',4'-dimethylphenylamino)-8-diethylamino-benz[c]fluoran used in
      Example I by the following fluoran compounds. Shade of the image obtained
      is shown in the right hand column.
      ##SPC25##
PAC  EXAMPLE K
PAR  A thermo-responsive (or heat-sensitive) recording material is manufactured
      by the following manner. 20 Parts by weight of
      2-(2',4'-dimethoxyphenylamino)-6-diethylamino-benz[c]fluoran, 15 parts by
      weight of 3-diethylamino-6-methylfluoran, 150 parts by weight of a 10 %
      aqueous solution of polyvinyl alcohol, and 65 parts by weight of water
      were dispersed in a high shear mixer. (Component A). 35 Parts by weight of
      Bisphenol A, 150 parts by weight of the polyvinyl alcohol solution, and 65
      parts by weight of water were dispersed in a high shear mixer. (Component
      B). 3 Parts by weight of Component A and 67 parts by weight of Component B
      were combined and coated on the paper sheet at a dry weight of 5
      g/m.sup.2. The resulting sheet may be used alone as a copy-receiving sheet
      by being served with a pattern of heat from front or back, as by a
      thermographically-heated original document, by trace of hot stylus, by hot
      type, or by any other means giving a heat pattern by conduction. Developed
      image of this sheet is clear black.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound represented by the formula:
      ##SPC26##
PAL  wherein R.sub.1 and R.sub.2 each signify a lower alkyl group, R.sub.3
      signifies hydrogen, Y.sub.2 signifies hydrogen, a lower alkyl or lower
      alkoxy group, and m is an integer of 1 to 3.
NUM  2.
PAR  2. A compound represented by the formula,
      ##SPC27##
NUM  3.
PAR  3. A compound represented by the formula,
      ##SPC28##
NUM  4.
PAR  4. A compound represented by the formula,
      ##SPC29##
NUM  5.
PAR  5. A compound represented by the formula,
      ##SPC30##
NUM  6.
PAR  6. A compound represented by the formula,
      ##SPC31##
NUM  7.
PAR  7. A compound represented by the formula,
      ##SPC32##
NUM  8.
PAR  8. A compound represented by the formyla,
      ##SPC33##
NUM  9.
PAR  9. A compound represented by the formula,
      ##SPC34##
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ABST
PAL  2-(2'-Naphthyl) acetaldehyde derivatives optionally substituted at the 2
      position and/or positions C-1',4',5',7' or 8'; and/or position C-6' or
      positions C-5' and 7' exhibit anti-inflammatory, analgesic, antipyretic
      and anti-pruritic activity.
PARN
PAR  This is a division of application Ser. No. 250,733, filed May 5, 1972 now
      U.S. Pat. No. 3,852,363 which is a divisional application of application
      Ser. No. 814,855, filed Apr. 9, 1969, now U.S. Pat. No. 3,663,713, which
      in turn, was a continuation-in-part application of application Ser. No.
      741,900, filed July 2, 1968, now U.S. Pat. No. 3,626,012.
PAR  This invention pertains to novel naphthyl acetaldehydes and derivatives
      thereof; to methods of using thereof; and to processes for the preparation
      thereof.
PAR  More particularly, the present novel invention is directed to
      2-(2'-naphthyl) acetaldehydes derivatives which exhibit anti-inflammatory,
      analgesic, anti-pyretic, and anti-pruritic activity.
PAR  The 2-(2'-naphthyl) acetaldehydes derivatives are illustrated by the
      following formulas (the arabic numbers in formulas I and II designate the
      position of the 2-(2'-naphthyl) acetaldehyde nomenclature used herein):
      ##SPC1##
PAL  Wherein, R is -CHR.sup.1 R.sup.2, -CH(OH) (NH.sub.2) or -CH(OH) (SO.sub.3
      Y); wherein R.sup.1 and R.sup.2 are alkoxy, cycloalkoxy,
      cycloalkylmethoxy, 2-cycloalkylethoxy, 3-cycloalkylpropoxy, monocyclic
      arylmethoxy, 2-phenylethoxy, 3-phenylpropoxy, alkanoyloxy,
      cycloalkanoyloxy, cycloalkyl acetoxy, cycloalkylpropionyloxy, monocyclic
      arylacetoxy; or R.sup.1 and R.sup.2 taken together are =O, =NR.sup.3,
      3-hydroxypropylene-1,2-dioxy, -OCHR.sup.4 -CHR.sup.5 O- or -OCHR.sub.6
      -CR.sup.4 R.sup.5 -CHR.sub.6 O-; wherein R.sup.3 is alkyl, cycloalkyl,
      cycloalkylmethyl, 2-cycloalkyl ethyl, monocyclic arylmethyl, phenethyl,
      hydroxy, alkoxy, cycloalkoxy, cycloalkyl methoxy, 2-cycloalkylethoxy,
      benzyloxy, 2-phenylethoxy, amino or carbamoylamino; each of R.sup.4 and
      R.sup.5, independently of each other is hydrogen, alkyl, cycloalkyl,
      cycloalkylmethyl, 2-cycloalkylethyl, monocyclic arylmethyl, or monocyclic
      aryl; R.sub.6 is hydrogen, methyl; ethyl or propyl; Y is sodium or
      potassium, one of R.sup.6 and R.sup.7 is hydrogen, the other is hydrogen,
      methyl, ethyl or difluoromethyl; or R.sup.6 and R.sup.7 taken together are
      methylene, halomethylene or ethylene;
PAR  R.sup.8 (at position C-1,4 or 8) is hydrogen, alkyl, trifluoromethyl,
      fluoro, chloro, hydroxy, a conventional hydrolyzable ester, oxyether or
      thioether;
PAR  R.sup.9 (at position C-5,6 or 7) is alkyl, cycloalkyl, hydroxymethyl,
      alkoxymethyl, trifluoromethyl, vinyl, ethynyl, fluoro, chloro, hydroxy, a
      conventional hydrolyzable ester, oxyether, thioether, formyl, acetyl or
      monocyclic aryl;
PAR  EACH OF R.sup.10, R.sup.11 (at position C-1,4,7 or 8), R.sup.12 and
      R.sup.13 is alkyl, fluoro, chloro, hydroxy, a conventional hydrolyzable
      ester, oxyether or thioether, provided that when one of R.sup.10 and
      R.sup.11 or one of R.sup.12 and R.sup.13 is hydroxy, oxyether or
      thioether, the other is the identical group or alkyl, fluoro, chloro, or a
      conventional hydrolyzable ester; and R.sup.11 (at position C-5) is alkyl,
      fluoro, chloro, bromo, hydroxy, a conventional hydrolyzable ester,
      oxyether or thioether; provided when one of R.sup.10 and R.sup.11 (at
      position C-5) is hydroxy, oxyether or thioether, the other is the
      identical group or alkyl, fluoro, chloro, bromo (R.sup.11 only i.e., only
      R.sup.11 is bromo, R.sup.10 is not bromo) or a conventional hydrolyzable
      ester.
PAR  In the preferred embodiment of the present invention, R.sup.1 and R.sup.2
      are methoxy, ethoxy, propoxy, cyclopentyloxy, cyclohexyloxy, benzyloxy,
      phenethyloxy, tolyloxy, acetoxy, propionyloxy, valeryloxy, caproyloxy,
      cyclopentylcarbonyloxy, cyclohexylcarbonyloxy, phenylacetoxy or
      tolylacetoxy; or R.sup.1 and R.sup.2 taken together are =O, methylimino,
      ethylimino, isopropylimino, cyclopentylimino, cyclohexylimino,
      benzylimino, p-methylbenzylimino, phenethylimino, phenylimino, tolylimino,
      hydroxyimino, methoxyimino, ethoxyimino, i-propoxyimino,
      cyclopentyloxyimino, cyclohexyloxyimino, benzyloxyimino,
      p-methylbenzyloxyimino, phenethyloxyimino, aminoimino, carbamoylamino,
      ethylenedioxy, 1,2-propylenedioxy, 1,3-propanedioxy,
      3-hydroxypropylene-1,2-dioxy, 2,3-butanedioxy, 1,2-diphenylethylenedioxy,
      1,2-dicyclopentylethylenedioxy, 1,2-dibenzylethylenedioxy,
      2,2-dimethyl-1,3-propanedioxy or 2-phenyl-1,3-propanedioxy; Y is sodium;
      one of R.sup.6 and R.sup.7 is hydrogen, the other is hydrogen, methyl or
      difluoromethyl; or R.sup.6 and R.sup.7 taken together are methylene or
      difluoromethylene; R.sup.8 (at position C-1,4 or 8) is hydrogen, methyl,
      ethyl, isopropyl, trifluoromethyl, fluoro, chloro, methoxy,
      methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio or
      difluoromethylthio; R.sup.9 (at position C-5,6 or 7) is methyl, ethyl,
      isopropyl, cyclopropyl, trifluoromethyl, vinyl, ethynyl, fluoro, chloro,
      methoxy, methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio
      or difluoromethylthio; each of R.sup.10, R.sup.11 (at position C-1,4,7 or
      8), R.sup.12 and R.sup.13 is methyl, ethyl, isopropyl, fluoro, chloro,
      methoxy, methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio,
      or difluoromethylthio, provided that when one of R.sup.10 or R.sup.11, or
      one of R.sup.12 and R.sup.13 is methoxy, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio, the
      other is the identical group or methyl, ethyl, isopropyl, fluoro or
      chloro; and R.sup.11 (at position C-5) is methyl, ethyl, isopropyl,
      fluoro, chloro, methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio or difluoromethylthio; provided when one of R.sup.10 and
      R.sup.11 (at position C-5) is methoxy, methoxymethyloxy, difluoromethoxy,
      methylthio, methoxymethylthio, or difluoromethylthio, the other is the
      identical group or methyl, ethyl, isopropyl, fluoro, chloro or bromo
      (R.sup.11 only). R.sup.11 (at position C-5) is methyl, ethyl, isopropyl,
      fluoro, chloro, bromo, trifluoromethyl, methoxy, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio, the
      other is the identical group or methyl, ethyl, isopropyl, fluoro, chloro
      or chloro (R.sup.11 only).
PAR  By the term "alkyl" is meant branched or straight chain hydrocarbon atoms,
      such as methyl, ethyl, propyl, isopropyl, butyl, tertiarybutyl, pentyl,
      hexyl, and the like. By the term "cycloalkyl" is meant cyclic hydrocarbon
      groups of three to seven carbon atoms, such as cyclopropyl, cyclopentyl,
      cyclohexyl, and the like.
PAR  The term "monocyclic aryl" defines a phenyl group optionally substituted
      with one to two methyl, ethyl, isopropyl, methoxy, hydroxy, fluoro, or
      chloro groups. Typical monocyclic aryls include phenyl, 2-tolyl, 3-tolyl,
      4-tolyl, 2,4-dimethylphenyl, 2,6-dimethylphenyl, 3-ethylphenyl,
      4-ethylphenyl, 4-isopropylphenyl, 2-methoxyphenyl, 4-methoxyphenyl,
      2,4-dimethoxyphenyl, 3-hydroxyphenyl, 2,6-dihydroxyphenyl, 2-chlorophenyl,
      2,6-dichlorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl,
      2,3-difluorophenyl, 2,3,4-trifluorophenyl, parachlorophenyl,
      2,4-dihyroxyphenyl, 2,4-dimethoxyphenyl and the like.
PAR  The term "alkanoyloxy" defines a straight or branched saturated hydrocarbon
      carbonyloxy group of from 1 to 12 carbon atoms. Typical alkanoyloxy groups
      include acetoxy, propionyloxy, butyryloxy, 4-methylvalryloxy, caproyloxy,
      2-methylbutyryloxy, capryloxyloxy, pelargyloxy, capryloxy,
      9-methylcapryloxy, lauroyloxy, and the like.
PAR  The term "alkoxy" defined a straight or branched chain hydrocarbon ether
      group of six or less carbon atoms, including methoxy, ethoxy, 2-propoxy,
      propoxy, butoxy, 3-pentoxy, and the like. By the term "alkoxymethyloxy" is
      meant methylether groups substituted with one alkoxy group; typical
      alkoxymethyloxy groups include methoxymethyloxy, ethoxymethyloxy,
      isopropoxymethyloxy, and the like.
PAR  By the term "alkylthio" is meant straight or branched chain hydrocarbon
      thioether groups of six or less carbon atoms, including methylthio,
      ethylthio, propylthio, 2-propylthio, 2-butylthio, pentylthio, 3-hexylthio,
      and the like. By the term "alkoxymethylthio" is meant methylthio ether
      groups substituted with one alkoxy group, such as methoxymethylthio,
      ethoxymethylthio, 2-propoxymethylthio, and the like.
PAR  The term "cycloalkyloxy" defines a cyclic hydrocarbon ether group of from
      three to sever carbon atoms. Typical cycloalkyloxy include cyclopentyloxy
      and cyclohexyloxy.
PAR  By the term "monocyclic aralkyloxy" is meant an alkoxy substituent
      substituted with one monocyclic aryl group. Typical monocyclic aralkyloxy
      include: 2,6-dimethylbenzyloxy and p-chlorophenylthyloxy.
PAR  The term "alkanoyloxy" defines an alkylcarbonyloxy group. Typical
      alkanoyloxy groups include acetoxy, butyryloxy, and capryloxy. The term
      "cycloalkanoyloxy" defines a monocyclic cycloalkylcarbonyloxy group. The
      term "monocyclic aralkanoyloxy" defines an aralkyl carbonyloxy group such
      as phenylacetyloxy.
PAR  By the term "halomethylene" is meant nono- or dihalo-methylene groups
      wherein halo is fluoro or chloro. The preferred halomethylenes include
      fluoromethylene, difluoromethylene, fluorochloromethylene and
      chloromethylene.
PAR  The term "conventional hydrolyzable ester," as used herein, denotes those
      hydrolyzable ester groups conventionally employed in the art, preferably
      those derived from hydrocarbon carboxylic acids or their salts. The term
      "hydrocarbon carboxylic acid" defines both substituted and unsubstituted
      hydrocarbon carboxylic acids. These acids can be completely saturated or
      possess varying degrees of unsaturation (including aromatic), can be of
      straight chain, branched chain, or cyclic structure and preferably contain
      from one to twelve carbon atoms. Typical conventional hydrolyzable esters
      thus included within the scope of the term and the instant invention are
      acetate, propionate, 2-methyl propionate, butyrate, valerate, caproate,
      enanthate, caprylate, benzoate, phenylacetate, diethylacetate,
      trimethylacetate, t-butylacetate, cyclohexylacetate,
      cyclopentylpropionate, adamantoate, bicyclo-[2.2.2]octyl carboxylate,
      hemisuccinate, hemiadipate, hemi-.beta.,.beta.-dimethylflutarate, and the
      like.
PAR  The term "oxyether," as used herein, denotes those ether groups
      conventionally employed in the art, preferably those derived from straight
      chain, branched chain, aromatic hydrocarbons and oxo heterocyclic
      hydrocarbons. The term "hydrocarbon" defines both saturated and
      unsaturated hydrocarbons. These designated hydrocarbons are optionally
      substituted with groups such as hydroxy, alkoxy, halo, alkylthio, and the
      like. Preferably the hydrocarbons contain from one to twelve carbon atoms.
      Typical oxyethers thus include alkoxy, difluoromethoxy, alkoxymethyloxy,
      tetrahydrofuran-2'-yloxy, tetrahydropyran-2'-yloxy and
      4'-alkoxytetrahydropyran-4'-yloxy.
PAR  The term "thioether," as used herein, denotes those thio ether groups
      conventionally employed in the art, preferably those derived from straight
      chain, branched chain, cyclic and aromatic hydrocarbons. The term
      "hydrocarbon" defines both saturated and unsaturated hydrocarbons. These
      hydrocarbons are optionally substituted with groups such as hydroxy,
      alkoxy, alkylthio, halo and the like. Preferably the hydrocarbons contain
      from one to twelve carbon atoms. Typical thioethers thus include
      alkylthio, difluoromethylthio, alkoxymethylthio, and the like.
PAR  When one of R.sup.6 and R.sup.7 is hydrogen and the other is methyl, ethyl
      or difluoromethyl, the compounds of formulas I, II, III and IV exist as
      pairs of enantiomorphs. Each enantiomorph or optical isomer of the
      compounds of formulas I, II, III and IV is included within the present
      invention. In some instances, one enantiomorph exhibits greater
      anti-inflammatory, analgesic, anti-pyretic and/or anti-pruritic activity
      than the corresponding other enantiomorph. Nevertheless, the present
      compounds of formulas I, II, III and IV that exist as pairs of
      enantiomorphs can be administered as mixtures of enantiomorphs or as
      individual resolved enantiomorphs.
PAR  Preferably the individual resolved enantiomorphs or optical isomers of the
      compounds of formulas I, II, III and IV are prepared from the
      corresponding individual resolved enantiomorphs or optical isomers of the
      starting material. Alternatively, the optical isomers can be resolved by
      conventional means, such as selective biological degradation. The resolved
      enantiomorph of formulas I, II, III and IV and the corresponding resolved
      starting material will not necessarily have the same optical rotation
      although they will have the same absolute configuration.
PAR  The 2-(2-naphthyl) acetaldehydes and derivatives thereof of formulas I, II,
      III and IV exhibit anti-inflammatory, analgesic, anti-pyretic and
      anti-pruritic activity. Accordingly, these compounds are employed in the
      present method of effecting treatment of inflammation, pain, pyrexia and
      pruritus in mammals, such as mice, rats, dogs, monkeys or humans.
PAR  These compounds are useful in the treatment of inflammation of the skin,
      respiratory tract, muscular-skeletal system, joints, internal organs, and
      tissues. Accordingly, these compounds are useful in the treatment of
      conditions characterized by inflammation, such as contact dermatitis,
      allergic conditions, burns, rheumatism, contusion, arthritus, bone
      fracture, post-traumatic conditions and gout. In those cases in which the
      above conditions include pain, pyrexia and pruritus, coupled with the
      inflammation, the instant compounds are useful for relief of these
      conditions as well as the inflammation. The instant compounds are useful
      in the treatment of pain associated with post-operative conditions,
      post-traumatic conditions, post-partum conditions, dysmenorrhea, burns,
      gout, contusions, neuralgia, neuritis, headache and rheumatic fever. As
      stated above, these compounds also exhibit anti-pyretic activity;
      accordingly, these compounds are useful in the treatment of pyrexia where
      reduction of a fever is indicated, for example, in the treatment of high
      fevers associated with diseases such as rheumatic fever, bronchitis,
      pneumonia, typhoid fever, and Hodgkin's disease. The present compounds are
      also useful in the treatment of pruritus where the condition exists
      contemporaneously with inflammation, pain and/or fever. Moreover, the
      compounds are useful for treating pruritus per se.
PAR  Although the above compounds of formulas I-IV exhibit anti-inflammatory,
      analgesic, anti-pyretic and anti-pruritic activity, certain groups of the
      above compounds exhibit remarkably enhanced specific activity while
      retaining the other types of activity. For example, the compounds of
      formula II where R.sup.9 is at position C-6 exhibit enhanced
      anti-inflammatory activity together with analgesic, anti-pyretic and
      anti-pruritic activity. Accordingly, the compounds of formula II would be
      very useful in treating a condition characterized by a high degree of
      inflammation together with moderate degree of pain. The 5 and 7
      substituted compounds of formula II and the compounds of formula IV
      exhibit superior analgesic activity together with anti-inflammatory,
      anti-pyretic and anti-pruritic activity. Accordingly, the 5 and 7
      substituted compounds of formula I and the compounds of formula IV are
      very useful to treat conditions characterized by a high degree of pain
      together with a moderate degree of inflammation, fever and pruritus.
PAR  The preferred manner of oral administration provides the use of a
      convenient daily dosage regimen which can be adjusted according to the
      degree of affliction. Generally, a daily dose of from 0.01 mg. to 100 mg.
      of the active compound per kilogram of body weight of the mammal is
      employed. Most conditions respond to treatment comprising a dosage level
      in the order of 1 mg. to 5 mg. per kilogram of body weight per day. For
      such oral administration, a pharmaceutically acceptable non-toxic
      composition formed by the incorporation of any of the normally employed
      excipients. Suitable pharmaceutical excipients include starch, glucose,
      lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium
      carbonate, magnesium stearate, sodium stearate, glyceryl monostearate,
      talc, sodium chloride, dried skim milk, glycerol, propylene glycol, water,
      ethanol, and the like. These compositions take the form of solutions,
      suspensions, tablets, pills, capsules, powders, sustained release
      formulations, and the like. In addition, these compounds can be
      administered in conjunction with other medicinal agents depending upon the
      specific condition being treated.
PAR  A measure of anti-infalmmatory activity according to the carrageenin
      induced edema assay of Winter et al., Proceedings of the Soceity for
      Experimental Biology and Medicine 111, 544 (1962) shows the following:
      that 2-(6'-methoxy-2'-naphthyl) propionaldehyde to have over three times
      the activity of phenylbutazone; that the semicarbazone of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde has over three times the
      activity of phenyl butazoned; that
      1-hydroxyimino-2-(6'-methoxy-2'-naphthyl) propane has over two times the
      activity of phenylbutazone; that 1,1-dimethyl-2-(6'-methoxy-2'-naphthyl)
      propane is as active as phenylbutazone; and that the sodium bisulfite
      addition product of 2-(6'-methoxy-2'-naphthyl) propionaldehyde has about
      three times the activity of phenylbutazone.
PAR  Similar standard assays to measure anti-pyretic activities show
      2-(6'-methoxy-2'-naphthyl) propionaldehyde and the sodium bisulfite
      addition product thereof to have over fourteen and seventeen times,
      respectively, the anti-pyretic activity of aspirin.
PAR  Included within the compounds of formulas I, II, III and IV are the novel
      2-(2'-naphthyl) acetaldehyde derivatives of the following formulas:
      ##SPC2##
      ##SPC3##
PAL  wherein,
PA1  R, r.sup.6 and R.sup.7 are as defined above.
PA1  R.sup.14 (at position C-1,4 or 8) is trifluoromethyl, fluoro, chloro,
      hydroxy, a conventional hydrolyzable ester or thioether;
PA1  R.sup.15 (at position C-5 or 7) is alkyl, cycloalkyl, hydroxymethyl,
      alkoxymethyl, trifluoromethyl, vinyl, ethynyl, fluoro, chloro, hydroxy, a
      conventional hydrolyzable ester, oxyether, thioether, formyl, acetyl or
      aryl;
PA1  R.sup.16 is alkyl, cycloalkyl, hydroxymethyl, alkoxymethyl,
      trifluoromethyl, vinyl, ethynyl, fluoro, chloro, hydroxy, a conventional
      hydrolyzable ester, alkoxymethyloxy, difluoromethoxy,
      tetrahydropyran-2'-yloxy, tetrahydrofuran-2'-yloxy,
      4'-alkoxy-tetrahydropyran-4'-yloxy; thioether, formyl, acetyl or aryl; and
PA1  each of R.sup.17 and R.sup.18 (at positions C-1,4,7 or 8), R.sup.19 and
      R.sup.20 is alkyl, fluoro, chloro, hydroxy, a conventional hydrolyzable
      ester, oxyether or thioether; provided that when one of R.sup.17 or
      R.sup.18, or one of R.sup.19 or R.sup.20 is hydroxy, oxyether or thioether
      the other is the identical group or alkyl, fluoro, or chloro or a
      conventional hydrolyzable ester; and
PA1  R.sup.18 (at position C-5) is alkyl, fluoro, chloro, bromo, hydroxy, a
      conventional hydrolyzable ester, oxyether or thioether; provided when one
      of R.sup.17 and R.sup.18 (at position C-5) is hydroxy, oxyether or
      thioether the other is the identical group of alkyl, fluoro, chloro, bromo
      (R.sup.18 only), or a conventional hydrolyzable ester.
PAR  In the preferred embodiment of the novel compounds of formulas V, VI, VII,
      VIII and IX, R.sup.1 and R.sup.2 are methoxy, ethoxy, cyclopentyloxy,
      cyclohexyloxy, benzyloxy, phenethyloxy, tolyloxy, acetoxy, propionyloxy,
      valeryoxy, caproyloxy, cyclopentylcarbonyloxy, cyclohexylcarbonyloxy,
      phenylacetyloxy or tolylacetoyloxy; or R.sup.1 and R.sup.2 taken together
      are =O, methylimino, ethylimino, isopropylimino, cyclopentylimino,
      cyclohexyliminio, benzylimino, p-methylbenzylimino, phenethyliminio,
      phenylimino, tolylimino, hydroxyimino, methoxyimino, ethoxyimino,
      isopropoxyimino, cyclopentyloxyiminio, cyclohexyloxyimino, benzyloxyimino,
      p-methylbenzyloxyimino, phenethyloxyimino, asinoimino, carbamoylamino,
      ethylenedioxy, 1,2-propylenedioxy, 1,3-propanedioxy,
      3-hydroxypropylene-1,2-dioxy, 2,3-butanedioxy, 1,2-diphenylethylenedioxy,
      1,2-dicyclopentylethylenedioxy, 1,2-dibenzylethylenedioxy,
      2,2-dimethyl-1,3-propanedioxy or 2-phenyl-1,3-propanedioxy; Y is sodium;
      one of R.sup.6 and R.sup.7 is hydrogen, the other is hydrogen, methyl or
      difluoromethyl; or R.sup.6 and R.sup.7 taken together are methylene or
      difluoromethylene; R.sup.14 (at position C-1,4 or 8) is trifluoromethyl,
      fluoro, chloro, methylthio, methoxymethylthio or difluoromethylthio;
      R.sup.15 (at position C-5 or 7) is methyl, ethyl, isopropyl, cyclopropyl,
      trifluoromethyl, vinyl, ethynyl, fluoro, chloro, methoxy,
      methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio or
      difluoromethylthio; R.sup.16 is methyl, ethyl, isopropyl, cyclopropyl,
      trifluoromethyl, vinyl, ethynyl, fluoro, chloro, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio; each
      of R.sup.17, R.sup.18 (at position C-1,4,7 or 8), R.sup.19 and R.sup.20 is
      methyl, ethyl, isopropyl, fluoro, chloro, methoxy, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio;
      provided that when one of R.sup.17 or R.sup.18, or one of R.sup.19 or
      R.sup.20 is methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio, or difluoromethylthio, the other is the identical group
      or methyl, ethyl, isopropyl, fluoro or chloro; and R.sup.18 (at position
      C-5) is methyl, ethyl, isopropyl, fluoro, chloro, bromo, methoxy,
      methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio or
      difluoromethylthio; provided when one of R.sup.17 and R.sup.18 (at
      position C- 5) is methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio or difluoromethylthio, the other is the identical group
      or methyl, ethyl, isopropyl, fluoro, chloro or bromo (R.sup.18 only i.e.,
      only R.sup.18 is bromo, R.sup.17 is not bromo).
PAR  An especially preferred group of novel 2-(2'-naphthyl) acetaldehyde
      derivatives are those of formulas VI, VII, VIII and IX wherein R, R.sup.1,
      R.sup.2, R.sup.6, R.sup.7, R.sup.15 , R.sup.16, R.sup.17, R.sup.18,
      R.sup.19 and R.sup.20 are defined in the above immediate paragraph.
PAR  The present compounds of formulas I, II, III and IV (wherein R is CHO) are
      prepared from the corresponding 2-naphthyl acetic acid derivatives or
      esters thereof via a novel process which can be illustrated by the
      following reaction scheme A:
      ##SPC4##
PAL  wherein,
PA1  R.sup.6 and R.sup.7 are as defined above and R.sup.21 is hydrogen or alkyl.
      In the above scheme, the naphthyl moiety of the 2-(2'-naphthyl) acetic
      acid derivatives of formula X and of the 2-(2'-naphthyl) acetaldehyde
      derivatives of formula XI are substituted with 1) a R.sup.8 group at
      position C-1,4 or 8; 2) a R.sup.9 group at position C-5,6 or 7; 3) a
      R.sup.10 at position C-6 and a R.sup.11 at position C-1,4,5,7 or 8; or 4)
      a R.sup.12 and R.sup.13 group of positions C-5 and C-7 respectively.
PAR  The novel process of Scheme A is conducted by treating the starting
      compound of formula X, a 2-(2'-naphthyl) acetic acid derivative or ester
      thereof, with lithium aluminum hydride in an inert organic ether solvent,
      such as diethyl ether, tetrahydrofuran, and the like. If a free
      2-(2'napthyl) acetic acid derivative is used as a starting material, at
      least 0.75 molar equivalents of lithium aluminum hydride are used, and
      preferably about 1.0 to 2.5 molar equivalents are used. If an ester of a
      2-(2'-naphthyl) acetic acid derivative is used as a starting material, at
      least 0.5 molar equivalents of lithium aluminum hydride are used, and
      preferably about 0.6 to 2.0 molar equivalents are used. The reduction is
      carried out at a temperature between 0.degree. C and the boiling point of
      the solvent employed, preferably between 15.degree. C to 35.degree. C. The
      second step of the above process consists of adding ethyl acetate to the
      reaction mixture diluting the resulting mixture with water (at least 8 ml.
      of water per gram of alkali metal hydride), filtering and evaporating it.
      The resulting residue is treated with chromium trioxide in acetic acid or
      pyridine or acetone containing 8N sulfuric acid. The process is carried
      out at a temperature between 0.degree. C and 50.degree. C, preferably the
      reaction temperature is between 5.degree. and 30.degree. C. At least 2/3
      molar equivalents of chromium trioxide are used per molar equivalent of
      the acid starting material and preferably about 1.5 to about 2.5 molar
      equivalents of chromium trioxide are used.
PAR  Alternatively, the first step can be carried out by treating the compound
      of formula X with diborane in tetrahydrofuran at about room temperature.
      One to two molar equivalents of diborane per molar equivalent of the
      starting compound are usually sufficient.
PAR  Alternatively, the second step can be carried out by treating the residue
      obtained from the first step of the reaction with dicyclohexylcarbodiimide
      (DCC) and anhydrous phosphoric acid in dimethyl sulfoxide at about room
      temperature. Generally, three molar equivalents of DCC and 1/2 molar
      equivalents of anhydrous phosphoric acid are used per molar equivalent of
      the starting compound of formula X used in the first step.
PAR  At the completion of the above process, the compound of formula XI, the
      product, is isolated by conventional means. For example, the reaction
      mixture is extracted with ethyl acetate; the extract is filtered, washed
      to neturality, dried and evaporated. The product can be further purified
      by conventional techniques such as crystallization or chromatography.
PAR  Certain groups present in the starting compound of formula X are reduced by
      lithium aluminum hydride or diborane. For example, an acetyl group is
      reduced to an .alpha.-hydroxy ethyl group and a formyl group is reduced to
      a hydroxy methyl group. These reduced groups are regenerated after the
      completion of the first step of the above process via an oxidation process
      using manganese dioxide (active) in an inert organic solvent, such as
      acetone, petroleum ether, and the like, at about room temperature.
PAR  In the second step of the above process, certain groups will be oxidized.
      For example, hydroxymethyl and hydroxy groups will be oxidized. These
      groups can be advantageously protected by esterifying these groups prior
      to the oxidation step of Scheme A. The groups can be regenerated after the
      above process by hydrolysis of the esterified groups such as with an
      aqueous base, such as aqueous sodium carbonate.
PAR  The acetals of the compounds of formula XI are prepared by treating the
      aldehyde products with alcohols, such as methanol, propanol, butanol,
      isopentanol, neopentanol, hexanol, isohexanol, cyclopropanol,
      cyclobutanol, cyclopentanol, cyclobutylmethanol, cyclohexylmethanol,
      2-cyclopropylethanol, 2-cyclohexylethanol, 3-cyclopropylpropanol,
      3-cyclopentylpropanol, phenylmethanol, p-tolylmethanol,
      3-chlorophenylmethanol, 3,5-dihydroxyphenylmethanol,
      2,4-diethylphenylmethanol, 4-methoxyphenylmethanol, 2-phenylethanol,
      3-phenylpropanol, 1,2 -butandiol, 1,3-butandiol, 1,4-butandiol,
      2,3-butandiol, 1,2,4-butantriol, 2-n-butyl-2-ethyl-1,3-propanediol,
      2,2-diethyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol,
      2,2-diphenyl-1,3-propanediol, 2-ethyl-1,3-hexanediol,
      2-ethyl-2-methyl-1,3-propanediol, 2-methyl-2-propyl-1,3-propanediol,
      1,2-pentanediol, 2,3-pentanediol, 2,2-dimethyl-1,3-pentanediol,
      3-methyl-2,4-pentanediol, 2,3-hexanediol, 3,4-hexanediol,
      2-ethyl-1,3-hexanediol, 3-methyl-2,4-heptanediol, 2,3-octanediol,
      4,5-octanediol, ethyleneglycol, 1,2-propanediol, 1,2-octanediol,
      2,3-nonanediol, 4,5-nonanediol, 1,2-dodecanediol, 2,3-dodecanediol,
      6,7-dodecanediol, 1,2-decanediol, cyclopentylethyleneglycol,
      1,2-dicyclohexylethyleneglycol, 3-cyclopropyl-1,2-propanediol,
      1-cyclobutyl-2,3-hexanediol, 4-cyclopentyl-1,2-butanediol,
      1,6-dicyclopentyl-4,5-hexanediol, 1,3-dicyclopropyl-1,2-propanediol,
      1-cyclopentyl-5-cyclohexyl-2,3-pentanediol, 3-phenyl-1,2-propanediol,
      1-(4'-tolyl)-2,3-tridecanediol, 1-cyclohexyl-3-(2'
      -methoxy-henyl)-1,2-propanediol,
      1-cyclopentyl-4-(3'-chlorophenyl)-2,3-butanediol,
      1-cyclopropyl-5-(4'-hydroxyphenyl)-2,3-pentanediol,
      1,4-di(2',6'-dimethylphenyl)-2,3-butanediol, pehnylethyleneglycol,
      1-(4'-ethylphenyl)-2,3-heptanediol, 1-cyclohexyl-2-phenylethyleneglycol,
      1-cyclopentyl-3-phenyl-2,3-propanediol,
      1-cyclobutyl-4-(4'-isopropylphenyl)-3,4-butanediol,
      1,3-diphenyl-1,2-propanediol, 1,2-diphenylethyleneglycol, 1,3-propanediol,
      2-methyl-1,3-propanediol, 2-cyclohexyl-1,3-propanediol,
      2-cyclopentylmethyl-1,3-propanediol,
      2-(2'-cyclopropylethyl)-1,3-propanediol, 2-benzyl-1,3-propanediol
      2-phenyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol,
      2,2-diethyl-1,3-propanediol, 2,2-dipropyl-1,3-propanediol,
      2,2-dipentyl-1,3-propanediol, 2-methyl-2-ethyl-1,3-propanediol,
      2-methyl-2-propyl-1,3-propanediol, 2-ethyl-2-propyl-1,3-propanediol,
      2-ethyl-2-butyl-1,3-propanediol, 2,2-dicyclopentyl-1,3-propandiol,
      2,2-di(cyclohexylmethyl)-1,3-propanediol,
      2-cyclohexylethyl-2-hexyl-1,3-propanediol, 2,2-dibenzyl-1,3-propanediol,
      2,2-diphenyl-1,3-propanediol, 2-ethyl-2-(3'-tolyl)-1,3-propanediol,
      2-(4'-methylbenzyl)-2-(4'-tolyl)-1,3-propanediol, 2,4-pentanediol,
      3,5-heptanediol, 4,6-nonanediol, 2-ethyl-2-butyl-1,3-propanediol,
      2,2-diethyl-1,3-butanediol, 2-hexyl-2-cyclohexyl-1,3-butanediol,
      3-methyl-2-cyclohexyl-2,4-pentanediol,
      2,2-di(cyclopropylmethyl)-1,3-pentanediol, 3,3-dimethyl-2,4-pentanediol,
      3,3-diphenyl-2,4-pentanediol, 3,3-dihexyl-2,4-pentanediol,
      3-methyl-3-phenyl-2,4-pentanediol, 3-cyclopropyl-2,4-hexanediol,
      2-(3'-ethylphenyl)-1,3-hexanediol, 3,3-dibenzyl-2,4-hexanediol,
      3,-(4'-methoxyphenyl)-2,4-heptanediol, 4,4-diethyl-3,5-heptanediol,
      4,4-dicyclohexyl- 3,5-heptanediol,
      3,3-di(cyclohexylethyl)-2,4-heptanediol, 4-benzyl-4-phenyl-3,5-heptanediol
     , 4-cyclobutylethyl-3,5-octanediol, 4,4-dimethyl-3,5-octanediol,
      4-cyclohexylmethyl-4-benzyl-3,5-octanediol,
      5-cyclopenylmethyl-4,6-nonanediol, 5,5-dipropyl-4,6-nonanediol,
      5,5-dipentyl-4,6-nonanediol, ethanol, 2-propanol, propanol, 2-pentanol,
      ethylene glycol, 1,2-propylene gylcol, propane-1,3-diol, glycerine and the
      like, in the presence of an acid catalyst, such as p-toluenesulfonic acid,
      perchloric acid and the like.
PAR  The oxime derivatives of the compounds of formula XI are prepared by
      refluxing the aldehyde product with hydroxylamine hydrochloride or
      monosubstituted hydroxylamine hydrochloride in the presence of pyridine in
      absolute ethanol to yield the corresponding oxime or 1-monosubstituted
      oxyimino derivatives. The product is isolated by evaporating the reaction
      mixture. The product is further purified by crystallization or
      chromatography. Typical monosubstituted hydroxylamine hydrochlorides used
      in the process include the hydrochloride salts of methoxyamine,
      butoxyamine, 2-butoxyamine, pentoxyamine, 3-pentoxyamine, hexoxyamine,
      cyclopropoxyamine, cyclobutoxyamine, cyclohexoxy, cyclopentylmethoxyamine,
      cyclohexylmethoxyamine, 2-cyclopentylethoxyamine,
      2-cyclohexylethoxyethoxyamine, cyclopropylethoxyamine,
      cyclobutylmethoxyamine, benzyloxyamine, 2-phenylethoxyamine, and the like.
      The hydrazone derivatives of the compounds of formula XI are prepared by
      treating the aldehyde product with hydrazine in the presence of sulfuric
      acid or hydrochloric acid in methanol or ethanol. The semicarbazone
      derivatives of the compounds of formula XI are prepared by heating the
      aldehyde products with an unsubstituted or substituted semicarbazide
      hydrochloride salt and sodium acetate in ethanol and water. The
      semicarbozone, hydrazone and oxime derivatives of the compounds of formula
      XI can be further purified by recrystallization from ethanol-water. When
      the 2-(2'-naphthyl) acetaldehyde derivative is substituted with an acetyl
      group, only 1.1 molar equivalents of semicarbazine hydrochloride,
      hydrazone or hydroxylamine hydrochloride is employed and the product is
      purified by chromatographing on alumina or silica.
PAR  The hydroxy amino derivates of the compounds of formula XI are prepared by
      treating the aldehyde products with anhydrous ammonia gas in an anhydrous
      solvent such as diethylether. The resulting hydroxy amino derivatives are
      isolated by filtration.
PAR  The bisulfite addition derivatives of the compounds of formula XI are
      prepared by treating the aldehyde products with a saturated aqueous
      solution of sodium bisulfite. The bisulfite addition derivatives can be
      purified by crystallization.
PAR  The unsubstituted and substituted imino derivates of the compounds of
      formula XI are prepared by treating the aldehyde product with anhydrous
      ammonia or a monosubstitute amine in a halogenated hydrocarbon solvent at
      a temperature of from about -70.degree. C to about 50.degree. C,
      preferably at 0.degree. C to give the corresponding 1-(unsubstituted or
      substituted) amino-2-(2'-naphthyl) ethanol derivative. The latter is
      heated between about 30.degree. and 150.degree. C, preferably about
      50.degree. C, under reduced pressure to yield the corresponding
      1-(unsubstituted or substituted)-imino derivatives. Typical
      monosubstituted amines that are used include: methylamine, propylamine,
      hexylamine, isopentylamine, cyclopropylamine, cyclobutylmethylamine,
      cyclopentylmethylamine, 2-cyclopropylethylamine, 2-cyclohexylethylamine,
      benzylamine, 4'-methylbenzylamine, 2', 6'-difluorobenzylamine,
      phenethylamino and the like.
PAR  When a resolved optical isomer of a 2-(2'-naphthyl) acetic acid starting
      compound of formula IX is employed in the above process, the corresponding
      resolved optical isomer of the compound of formula X is obtained.
PAR  The 2-(2'-naphthyl) acetic acid starting materials of formula X are known
      and can be prepared by any one of several methods fully described in our
      co-pending U.S. Application Ser. No. 608,997,  filed Jan. 13, 1967, now
      abandoned; No. 694,771, filed Dec. 7, 1967, now abandoned and No. 741,858,
      filed July 2, 1968, now abandoned.
PAR  One method is to treat a 1-tetralone, optionally substituted at position
      C-5,6,7 or 8, or disubstituted at position C-6 and C-5,7 or 8,
      sequentially with (1) an alkyl carbonate and an alkali metal hydride, (2)
      an alkali metal hydride and an .alpha.-haloacetic acid and (3) an aqueous
      mineral acid to obtain the corresponding 2-(carboxymethyl)-1-tetralone.
      The latter is reduced with sodium borohydride to form the corresponding
      1,2,3,4-tetrahydro-1-hydroxy-2-naphthyl acetic acid; this resulting
      product is hydrogenolyzed with hydrogen in the presence of a hydrogenation
      catalyst, such as a palladium catalyst; the resulting product is
      esterified and then dehydrogenated with palladium on charcoal catalyst at
      about 180.degree. C to furnish the corresponding 2-naphthyl acetic acid
      ester derivative.
PAR  The starting compounds of formula X that are substituted at position C-1
      are prepared from the corresponding 2-(carbomethoxymethyl)-1-tetralones by
      treating the latter (1) with a phosphorous pentahalide to introduce a halo
      group at the C-1 position or (2) with alkyl magnesium bromide and then
      with aqueous mineral acid to alkylate at the C-1 position or (3) with
      trialkyl orthoformate in the presence of an acid catalyst to add an alkoxy
      group at position C-1; and then dehydrogenating the resulting halogenated
      or alkylated or alkoxylated product by refluxing with
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone. By employing
      6-substituted-2-(carbomethoxymethyl)-1-tetralones in the above processes,
      the corresponding 1-substituted-6-substituted compounds of formula IX are
      prepared.
PAR  The starting compounds of formula IX substituted at position C-4 or
      disubstituted at positions C-4 and 6 are prepared from unsubstituted and
      6-substituted 3-(carbomethoxymethyl) tetralones, respectively, via the
      processes used to prepare 1-substituted-2-naphthyl acetic acids from
      2-(carboxymethyl) tetralones. 2-(Carboxymethyl) tetralones are prepared
      via the process described in J. Chem. Soc. (London) 1922, 1717.
PAR  The 2-naphthyl acetic acid starting materials that are substituted at C-5
      or C-7 with a cycloalkyl, hydroxymethyl, alkoxymethyl, vinyl, ehtynyl,
      formyl, acetal, or monocyclicalkyl group are prepared from the
      corresponding C-5 or C-6 substituted 1-tetralones, which are prepared, by
      conventional methods or the methods described in our copending U.S.
      Application Ser. 694,771, filed on Dec. 7, 1967, now abandoned employed in
      the preparation of 1-tetralones, similarly substituted at C-6. For
      example, a 5-methyl-1-tetralone is ketalized with ethylene glycol and
      p-toluenesulfonic acid and then treated with N-bromo succinimide to yield
      the corresponding 5-bromomethyl derivative which is deketalized by acid
      hydrolysis. The 5-bromomethyl compounds are treated with potassium acetate
      in dimethylformamide, and then hydrolyzed with aqueous base to yield the
      corresponding 5-hydroxymethyl-1-tetralones. The 5-hydroxymethyl group is
      etherified by conventional means; such as treating the
      5-hydroxymethyl-1-tetralone with sodium hydride and methyl iodide to
      obtain the corresponding 5-methoxymethyl-1-tetralone. The
      5-hydroxymethyl-1-tetralone is ketalized and oxidized with manganese
      dioxide to yield the corresponding 5-formyl-1-tetralone ketal compound.
      When the latter is treated with methylmagnesium bromide the corresponding
      5-(1' -methyl-1'-hydroxymethyl)-1-tetralone ketal is obtained, which when
      dehydrated with heat in the presence of acid yields the corresponding
      5-vinyl-1-tetralone. The 5-ethynyl-1-tetralone is prepared by treating the
      corresponding 5-vinyl compound with a molar equivalent of bromine and then
      debrominating the resulting dibromo product with potassium hydroxide. The
      5-acetal-1-tetralone is prepared by oxidizing the
      5-(1'-methyl-1'-hydroxymethyl)-1-tetralone with chromium trioxide in 8N
      sulfuric acid. The 5-cycloalkyl-1-tetralone is prepared by treating the
      corresponding 5-chloro-1-tetralone with ethylene glycol and
      p-toluenesulfonic acid and then with magnesium in tetrahydrofuran to yield
      the corresponding Grignard reagent; this in turn is treated with the
      corresponding oxoalkyl, such as cyclohexanone, to obtain the corresponding
      5-(1'-hydroxycycloalkyl)-1-tetralone ketal. The latter is acid hydrolyzed
      and then hydrogenolyzed with a molar equivalent of hydrogen in the
      presence of Raney Nickel to yield the corresponding 5-cycloalkyl compound.
      The 5-aryl-1-tetralones can be prepared by treating 1-tetralon-5-yl
      magnesium chloride ketal, prepared as described above, with an
      unsubstituted or substituted cyclohexenone in tetrahydrofuran to yield the
      corresponding  5-(unsubstituted or substituted)
      cyclohexadienyl-1-tetralone ketal, which upon a mild dehydrogenation in
      the presence of 5% palladium on charcoal at about 175.degree. C and acid
      hydrolysis yields the corresponding 5-(unsubstituted or
      substituted)-phenyl-1-tetralone. Simlarly, the 7-substituted-1-tetralones
      can be prepared from 7-methyl-1-tetralone and 7-chloro- or
      7-bromo-1-tetralone by means of the above described processes.
PAR  The disubstituted 2-(2'-naphthyl) acetic acid derivatives of formula X are
      prepared by the methods disclosed in our copending U.S. Applications Ser.
      Nos. 608,997, filed Jan. 13, 1967, now abandoned, 694,771 filed Dec. 7,
      1967 now abandoned, and 741,858 filed July 2, 1968, now abandoned. For
      example, 2-(5', 6'-disubstituted-2'-naphthyl) acetic acid derivatives are
      prepared by treating methyl phenylacetate with at least 2 molar
      equivalents of a 2-substituted succinic anhydride, such as 2-methoxy
      succinic anhydride, and at least 2 molar equivalents of aluminum chloride
      in nitrobenzene or carbon disulfide to yield the corresponding methyl
      p-(3'-carboxy-3'-substituted-1'-oxopropyl) phenyl acetate and methyl
      p-(3'-carboxy-2'-substituted-1'-oxopropyl) phenyl acetate derivatives. The
      derivatives are separated by conventional means, such as by chromatography
      or distillation. The 1' oxo group of the 2'-substituted derivative is
      selectively reduced with sodium borohydride to a 1'-hydroxy group. The
      1'-hydroxy derivative is esterified by treatment with acetic anhydride in
      pyridine. The resulting 1'-acetoxy derivative is treated with thionyl
      chloride, phosphorus trichloride or phosphorus pentachloride to yield the
      corresponding methyl p-(3'-chlorocarbonyl-2'-substituted-1'-acetoxypropyl)
      phenyl acetate derivative, which when treated with at least 3 molar
      equivalents of aluminum chloride in benzene yields the corresponding
      7-carbomethoxymethyl-4-acetoxy-3-substituted-1-tetralone, which is
      selectively reduced with sodium borohydride to give the corresponding
      methyl 2-(5'-acetoxy-6'-substituted-8'-hydroxy-5', 6',
      7',8'-tetrahydro-2'-naphthyl) acetate. The latter is esterified with
      acetic anhydride and pyridine and selectively hydrogenolyzed with molar
      equivalent of hydrogen in the presence of a palladium catalyst to yield
      methyl 2-(5'-acetoxy-6'-substituted-5', 6', 7', 8'-tetrahydro-2'-naphthyl)
      acetate derivative, which is hydrolyzed with aqueous base, such as with 5%
      aqueous sodium bicarbonate solution, and esterified with diazomethane to
      yield the corresponding methyl 2-(5'-hydroxy-6'-substituted-5', 6', 7',
      8'-tetrahydro-2'-naphthyl) acetate derivative. The latter is treated with
      at least 2 molar equivalents of
      N,N-diethyl-N-(1,1,2-trifluoro-2-chloroethyl) amine in methylene chloride
      and then it is influxed with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in
      xylene to yield the corresponding methyl
      2-(5.degree.-fluoro-6'-substituted-2'-naphthyl) acetate. The 5'-hydroxy
      derivative is heated with a thioalkane in the presence of acid at about
      180.degree. C in a sealed container to yield the corresponding methyl
      2-(5'-alkylthio-6'-substituted-2'-naphthyl) acetate. The 5'-hydroxy
      derivative is oxidized with chromium trioxide in acetic acid to yield the
      corresponding methyl 2-(5'-oxo-6'-substituted-2'-naphthyl) acetate
      derivative. The 5'-oxo derivative is treated with phosphorus pentachloride
      and then refluxed in 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in xylene
      to yield the corresponding 2-(5'-chloro-6'-substituted-2'-naphthyl) acetic
      acid. The 5'-chloro derivative is refluxed with cuprous bromide in
      dimethyl sulfoxide to yield the corresponding methyl
      2-(5'-bromo-6'-substituted-2'-naphthyl) acetate derivative; by employing
      cuprous iodide in place of cuprous bromide, the corresponding 5'-iodo
      derivative is obtained. The 5'-oxo derivative is treated with at least a
      molar equivalent of an alkyl magnesium bromide, then acid hydrolyzed and
      finally heated with 5% palladium on charcoal to about 180.degree. C to
      yield the corresponding 2-(5'-alkyl-6'-substituted-2'-naphthyl) acetic
      acid. The 5'-oxo derivative is treated with trialkyl orthoformate in the
      presence of an acid catalyst, such as p-toluenesulfonic acid in an aryl
      hydrocarbon solvent, and then it is refluxed with DDQ in xylene to yield
      the corresponding methyl 2-(5'-alkoxy-6'-substituted-2'-naphthyl) acetate
      derivative. The 3'-substituted-1'-oxo derivative, prepared as described
      above, is selectively reduced with sodium borohydride, treated with
      thionyl chloride or the like, treated with aluminum chloride in benzene,
      esterified with acetyl chloride, selectively reduced with sodium
      borohydride, dehydrogenolyzed, and hydrolyzed with aqueous base, as
      described above, to yield the corresponding methyl
      2-(5'-hydroxy-7'-substituted-5', 6', 7', 8'-tetrahydro-2'-naphthyl) acetic
      derivative. The latter is treated as described above to dehydrogenate and
      introduce the C-5' fluoro, chloro, bromo, alkyl, alkoxy and alkylthio
      groups.
PAR  The compounds of formula X substituted at the 2-position are prepared from
      the corresponding 2-unsubstituted compounds of formula X by esterifying
      the latter, and treating it with ethyl formate and sodium metal to obtain
      the corresponding 2,2-hydroxymethylene derivative. The latter is treated
      with sodium hydride, then with chlorine gas, then with chromium trioxide
      in acetic acid and then heated to yield the corresponding 2-chloro
      derivative. The 2-(2-chloro-2-naphthyl) acetic acid derivative is refluxed
      in sodium hydroxide, esterified with diazomethane, oxidized with chromium
      trioxide the acetic acid and coupled by refluxing with difluoromethylene
      triphenyl phosphorane in benzene to obtain the corresponding
      2,2-difluoromethylene derivatives of formula IX.
PAR  The 2-methyl substituents are added to the 2-unsubstituted compounds of
      formula X by esterifying the latter and treating it with sodium hydride
      and alkyl halide, such as methyl iodide. The 2-difluoromethyl substituent
      is added by treating the 2-unsubstituted compounds of formula X
      successively with sodium hydride and diethyl carbonate, then with
      chlorodifluoromethane, then with aqueous 5% sodium hydroxide at 75.degree.
      C followed by acidification with aqueous mineral acid and then finally
      heating the resulting product to about 150.degree. C to yield the
      corresponding 2-difluoromethyl derivatives of formula X.
PAR  The 2,2-methylene substituents are introduced by treating the
      2-unsubstituted compounds of formula X with formaldehyde and an alkali
      metal hydroxide. The 2,2-ethylene substituents are introduced by refluxing
      the corresponding 2,2-methylene derivatives of formula X with
      diiodomethane in the presence of zinc-copper couple.
PAR  The various substituted tetralones are known and can be prepared by
      conventional methods. For example, the 5,7-disubstituted tetralones are
      prepared by treating a 1,3-disubstituted benzene derivatives with 2 or
      more molar equivalents of succinic anhydride and two or more molar
      equivalents of aluminum chloride in nitro benzene or carbon disulfide to
      obtain the corresponding 4-oxo-4-(2', 4'-disubstituted phenyl) butyric
      acids. The latter are reduced with a reducing agent such as sodium
      borohydride or one molar equivalent of hydrogen in the presence of
      platinum to reduce the 4-oxo group to a 4-hydroxy group. The resulting
      hydroxy compounds are further hydrogenalized with a molar equivalent of
      hydrogen in the presence of platinum catalyst to yield the corresponding
      4-(2', 4'-disubstituted phenyl) butyric acids. These compounds are
      cyclized by refluxing with thionyl chloride and then treated with three or
      more equivalents of aluminum chloride to yield the corresponding
      5,7-disubstituted-1'-tetralones. When the benzene starting material is
      substituted with two different groups, two tetralones are obtained. For
      example, if the starting material is 1-chloro-3-methyl benzene,
      5-chloro-7-methyl-1-tetralone and 5-methyl-7-chloro-1-tetralone are
      obtained. The compounds are separated by conventional techniques, such as
      distillation or chromotagrophy, including gas-liquid chromatography.
PAR  The 2-naphthyl acetic acids of formula X that exist as enantiomorphs can be
      resolved by preparing the alkaloid base salts of the latter, resolving the
      resulting diastero-isomer salts by fractional crystallization and cleaving
      the resolved salts. The optical rotation of a particular 2-naphthyl acetic
      acid is determined by polarimetry.
PAR  The following examples are included to further illustrate the present
      invention and are not intended as limitations of the present invention.
PAC  Preparation 1
PAR  A mixture of 1925 g. of 1-chloro-2-methoxynaphthalene, 80 g. of acetyl
      chloride, 400 g. of aluminum chloride and 2.5 liters of nitrobenzene are
      stirred for 60 hours at room temperature. The resulting mixture is then
      washed with dilute hydrochloric acid, dried over sodium sulfate and
      evaporated to yield 2-acetyl-5-chloro-6-methoxynaphthalene. The resulting
      acetyl product is added to a mixture of 39 g. of sulfur and 105 g. of
      morpholine and heated to about 150.degree. C for 3 hours. The mixture is
      then added to 1 liter of concentrated hydrochloric acid and refluxed for 3
      hours. The mixture is then cooled, diluted with 6 liters of ice-water and
      extracted with methylene chloride. The extracts are combined, washed with
      water to neutrality, dried over sodium sulfate and evaporated to yield
      2-(5'-chloro-6'-methoxy-2'-naphthyl) acetic acid.
PAR  In a similar manner,
PAR  2-(5' ,6'-dimethyl-2'-naphthyl) acetic acid,
PAR  2-(5'-bromo-6'-methoxy-2'-naphthyl) acetic acid,
PAR  2-(5'-iodo-6'-methoxy-2'-naphthyl) acetic acid,
PAR  2-(5',6'-dimethoxy-2'-naphthyl) acetic acid,
PAR  2-(5'-methylthio-6'-chloro-2'-naphthyl) acetic acid, and
PAR  2-(5'-fluoro-6'-methoxy-2'-naphthyl) acetic acid, are prepared from the
      corresponding 1,2-disubstituted naphthalenes by means of the above
      described process.
PAR  To a mixture of 50 g of 2-(5'-chloro-6'-methoxy-2'-naphthyl) acetic acid
      and 250 ml. of diethyl ether, there are added 9 g. of diazomethane in 250
      ml. of diethyl ether. The mixture is stirred for 1 hour and then flushed
      with nitrogen gas until colorless. The mixture is then evaporated to yield
      methyl 2-(5'-chloro-6'-methoxy-2'-naphthyl) acetate.
PAR  To a mixture of 4.8 g. of sodium hydride in 100 ml. of 1,2-dimethoxyethane,
      there are added 53 g. of the above methyl ester product. The mixture is
      stirred for 2 hours; then 19 g. of methylbromide in 200 ml. of
      1,2-dimethoxyethane are slowly added. The resulting mixture is stirred for
      3 hours at 25.degree. C; it is then diluted with 1 1. of ice-water and
      extracted with diethyl ether. The extracts are combined, washed with
      water, dried over sodium sulfate and evaporated to yield methyl
      2-(5'-chloro-6'-methoxy-2'-naphthyl) propionate.
PAC  EXAMPLE 1
PAR  To a mixture of 0.4 g. of lithium aluminum hydride and 100 ml. of ethyl
      ether, a mixture of 2.3 g. of d and 1 2-(6'-methoxy-2'-naphthyl) propionic
      acid and 100 ml. of ethyl ether. The mixture is stirred at 0.degree. C for
      30 minutes, then 10 ml. of ethyl acetate are added; one hour later 18.5
      ml. of water are added. The resulting mixture is filtered and evaporated
      under reduced pressure. The resulting residue is added to a mixture of 10
      g. of chromium trioxide and 1 liter of pyridine. The resulting reaction
      mixture is stirred under anhydrous conditions for 24 hours at 25.degree.
      C, then 1 liter of ethyl acetate is added. The resulting ethyl acetate
      mixture is filtered, washed with an aqueous saturated solution of sodium
      bisulfite and water to neutrality, dried over sodium sulfate and
      evaporated under reduced pressure to yield a racemic mixture of
      2-(6'-methoxy-2'-naphthyl)-propionaldehyde.
PAR  By employing a resolved 2-(2'-naphthyl) acetic acid derivative in the above
      process, the corresponding 2-(2'-naphthyl) acid aldehyde derivatives will
      be obtained. For example, if R 2-(6'-methoxy-2'-naphthyl) propionaldehyde
      is prepared from R 2-(6'-methoxy-2'-naphthyl) propionic acid and S
      2-(6'-methoxy-2'-naphthyl) propionaldehyde is prepared from S
      2-(6'-methoxy-2'-naphthyl) propionic acid [these compounds have been named
      in accordance with the Cahn-Ingold-Prelog system of naming optical
      isomers; see R. S. Cahn, C. K. Ingold and V. Prelog, "Experientia," Vol.
      12, 81-95 (1956) and Carl R. Noller, "Chemistry of Organic Compounds,"pp.
      368-370, W. B. Saunders Co., Philadelphia (1965)].
PAR  Similarly, 2-(1'-trifluoromethyl-2'-naphthyl)-propionaldehyde,
      2-(4'-fluoro-2'-naphthyl)-butanal,
      2-(5'-methoxy-2'-naphthyl)-propionaldehyde,
      2-(5'-methyl-2'-naphthyl)-acetaldehyde,
      2-(5'-chloro-2'-naphthyl)-propionaldehyde,
      2-(5'-methylthio-2'-naphthyl)-2,2-methylacetaldehyde,
      2-(6'-methylthio-2'-naphthyl)-2-difluoromethyl acetaldehyde,
      2-(6'-methoxy-2'-naphthyl)-2-difluoromethyl acetaldehyde,
      2-(6'-methyl-2'-naphthyl)-propionaldehyde,
      2-(6'-ethynyl-2'-naphthyl)-propionaldehyde,
      2-(6'-acetyl-2'-naphthyl)-2,2-methylene acetaldehyde,
      2-(6'-chloro-2'-naphthyl)-propionaldehyde,
      2-(7'-methyl-2'-naphthyl)-propionaldehyde,
      2-(7'-methoxy-2'-naphthyl)-acetaldehyde,
      2-(7'-chloro-2'-naphthyl)-propionaldehyde,
      2-(7'-methylthio-2'-naphthyl)-2,2-methylene acetaldehyde,
      2(8'-ethylthio-2'-naphthyl)-butanal,
      2-(5'-chloro-6'-methoxy-2'-naphthyl)acetaldehyde,
      2-(5'-chloro-6'-methoxy-2'-naphthyl) propionaldehyde,
      2-(5'-bromo-6'-methoxy-2'-naphthyl) propionaldehyde, 2 -(5',
      7'-dichloro-2'-naphthyl)-acetaldehyde,
      2-(1'-fluoro-6'-methoxy-2'-naphthyl)-propionaldehyde and 2-(5',
      7'-dimethyl-2'-naphthyl) propionaldehyde are prepared from the
      corresponding substituted 2-naphthyl acetic acids.
PAC  EXAMPLE 2
PAR  A mixture of 230 g. of 2-(5'-methoxy-2'-naphthyl) acetic acid, 57 g. of
      lithium aluminum hydride and 10 liters of tetrahydrofuran is stirred for 2
      hours at 0.degree. C, then 1 liter of ethyl acetate is added. After 1
      hour, 500 ml. of water is added to the resulting mixture, the mixture is
      stirred, filtered, dried over sodium sulfate and evaporated under vacuum.
      The residue is added to a mixture of 620 g. of dicyclohexyl carbodiimide,
      50 g. of anhydrous phosphoric acid and 2 liters of dimethylsulfoxide. The
      resulting mixture is stirred for 8 hours, then added to water, filtered to
      remove dicyclohexyl urea and extracted with ether. The combined ether
      extracts are filtered, washed with water to neutrality, dried over sodium
      sulfate and evaporated to yield 2-(5'-methoxy-2'-naphthyl) acetaldehyde.
PAR  Similarly,
PA1  2-(1'-methoxy-2'-naphthyl) acetaldehyde,
PA1  2-(4'-difluoromethylthio-2'-naphthyl) propionaldehyde,
PA1  2-(5'-fluoro-2'-naphthyl) acetaldehyde,
PA1  2-(5'-methylthio-2'-naphthyl) propionaldehyde,
PA1  2-(5'-chloro-2'-naphthyl) acetaldehyde,
PA1  2-(5'-trifluoromethyl-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(6'-fluoro-2'-naphthyl) propionaldehyde,
PA1  2-(6'-methyl-2'-naphthyl) acetaldehyde,
PA1  2-(6'-methoxy-2'-naphthyl) acetaldehyde,
PA1  2-(6'-difluoromethoxy-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PA1  2-(6'-difluoromethoxy-2'-naphthyl) acetaldehyde,
PA1  2-(6'-methoxy-2'-naphthyl) butanal,
PA1  2-(7'-fluoro-2'-naphthyl)-2-propionaldehyde,
PA1  2-(7'-vinyl-2'-naphthyl)-2-propionaldehyde,
PA1  2-(7'-methylthio-2'-naphthyl)-2-butanal,
PA1  2-(7'-methylthio-2'-naphthyl) acetaldehyde,
PA1  2-(7'-chloro-2'-naphthyl)-2,2-methylene acetaldehyde,
PA1  2-(8'-trifluoromethyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PA1  2-(5',7'-dimethoxy-2'-naphthyl) propionaldehyde,
PA1  2-(5', 6'-dimethyl-2'-naphthyl) propionaldehyde, and
PA1  2-(5'-bromo-6'-methoxy-2'-naphthyl) propionaldehyde are prepared,
      respectively, from the corresponding compounds by means of the above
      process:
PA1  2-(1'-methoxy-2'-naphthyl) acetic acid,
PA1  2-(4'-difluoromethylthio-2'-naphthyl) propionic acid,
PA1  2-(5'-fluoro-2'-naphthyl) acetic acid,
PA1  2-(5'-methylthio-2'-naphthyl) propionic acid,
PA1  2-(5'-chloro-2'-naphthyl) acetic acid,
PA1  2-(5'-trifluoromethyl-2'-naphthyl)-2,2-difluoromethylene acetic acid,
PA1  2-(6'-fluoro-2'-naphthyl) propionic acid,
PA1  2-(6'-methyl-2'-naphthyl) acetic acid,
PA1  2-(6'-methoxy-2'-naphthyl) acetic acid,
PA1  2-(6'-difluoromethoxy-2'-naphthyl)-2-difluoromethyl acetic acid,
PA1  2-(6'-difluoromethoxy-2'-naphthyl) acetic acid,
PA1  2-(6'-methoxy-2'-naphthyl) butyeric acid,
PA1  2-(7'-fluoro-2'-naphthyl) propionic acid,
PA1  2-(7'-vinyl-2'-naphthyl) propionic acid,
PA1  2-(7'-methylthio-2'-naphthyl) butyeric acid,
PA1  2-(7'-methylthio-2'-naphthyl) acetic acid,
PA1  2-(7'-chloro-2'-naphthyl)-2,2-methylene acetic acid,
PA1  2-(8'-trifluoromethyl-2'-naphthyl)-2,2-methylene acetic acid,
PA1  2-(5', 7'-dimethoxy-2'-naphthyl) propionic acid,
PA1  2-(5', 6'-dimethyl-2'-naphthyl) propionic acid, and
PA1  2-(5'-bromo-6'-methoxy-2'-naphthyl) propionic acid, respectively, by means
      of the above process.
PAC  EXAMPLE 3
PAR  A mixture of 46 g. of 2-(7'-methoxy-2'-naphthyl) propionic acid, in 200 ml.
      of tetrahydrofuran is treated with 6 g. of diborane in 500 ml. of
      tetrahydrofuran and stirred for one hour at room temperature (about
      23.degree. C). The mixture is allowed to stand for one hour after being
      diluted with 50 ml. of aqueous acetone, thel 1 liter of diethyl ether are
      added. The resulting mixture is washed with water, dried over sodium
      sulfate and evaporated. The resulting residue is added to a mixture is
      stirred under anhydrous conditions for 24 hours at 25.degree. C; then 1
      liter of ethyl acetate is added. The mixture is then filtered, washed with
      an aqueous acidified solution of sodium bisulfite and water to neutrality,
      dried over sodium sulfate and evaporated under reduced pressure to yield
      2-(7'-methoxy-2'-naphthyl) propionaldehyde.
PAR  Similarly,
PA1  2-(5'-methyl-2'-naphthyl) propionaldehyde,
PA1  2-(5'-difluoromethoxy-2'-naphthyl) propionaldehyde,
PA1  2-(5'-difluoromethoxy-2'-naphthyl) acetaldehyde,
PA1  2-(5'-methylthio-2'-naphthyl) acetaldehyde,
PA1  2-(6'-ethyl-2'-naphthyl) propionaldehyde,
PA1  2-(6'-chloro-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PA1  2-(6'-vinyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PA1  2-(6'-methylthio-2'-nephthyl) acetaldehyde,
PA1  2-(6'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PA1  2-(7'-cyclopropyl-2'-naphthyl) propionaldehyde,
PA1  2-(7'-acetyl-2'-nephthyl) propionaldehyde,
PA1  2-(7'-fluoro-2'-naphthyl) acetaldehyde,
PA1  2-(7'-trifluoromethyl-2'-naphthyl) propionaldehyde,
PA1  2-(1'-chloro-2'-naphthyl) butyrylaldehyde,
PA1  2-(4'-ethoxy-2'-naphthyl)-2,2-ethylene acetaldehyde,
PA1  2-(6', 7'-dimethoxy-2'-naphthyl) propionaldehyde,
PA1  2-(5', 7'-dimethyl-2'-naphthyl) acetaldehyde, and
PA1  2-(8'-methoxy-2'-naphthyl) propionaldehyde, are prepared from
PA1  2-(5'-methyl-2'-naphthyl) propionic acid,
PA1  2-(5'-difluoromethoxy-2'-naphthyl) propionic acid,
PA1  2-(5'-difluoromethoxy-2'-naphthyl) acetic acid,
PA1  2-(5'-methylthio-2'-naphthyl) acetic acid,
PA1  2-(6'-ethyl-2'-naphthyl) propionic acid,
PA1  2-(6'-chloro-2'-naphthyl)-2-difluoromethyl acetic acid,
PA1  2-(6'-vinyl-2'-naphthyl)-2,2-methylene acetic acid,
PA1  2-(6'-methylthio-2'-naphthyl) acetic acid,
PA1  2-(6'-trifluoromethyl-2'-naphthyl) acetic acid,
PA1  2-(7'-cyclopropyl-2'-naphthyl) propionic acid,
PA1  2-(7'-acetyl-2'-naphthyl) propionic acid,
PA1  2-(7'-fluoro-2'-naphthyl) acetic acid,
PA1  2-(7'-trifluoromethyl-2'-naphthyl) propionic acid,
PA1  2-(1'-chloro-2'-naphthyl) butyric acid,
PA1  2-(4'-ethoxy-2'-naphthyl)-2,2-ethylene acetic acid,
PA1  2-(6', 7'-dimethoxy-2'-naphthyl) propionic acid,
PA1  2-(5', 7'-dimethyl-2'-naphthyl) acetic acid, and
PA1  2-(8'-methoxy-2'-naphthyl) propionic acid, respectively, by means of the
      above process.
PAC  EXAMPLE 4
PAR  By means of the process of Examples 1, 2 or 3, the following
      2-(2'-naphthyl) acetaldehyde derivatives are prepared from the
      corresponding 2-(2'-naphthyl) acetic acid derivatives or the esters
      thereof:
PA1  2-(1'-ethoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(1'-propyl-2'-naphthyl)-2-chloromethyl acetaldehyde,
PA1  2-(1'-hexylthio-2'-naphthyl)-2-chloromethyl acetaldehyde,
PA1  2-(1'-methoxymethylthio-2'-naphthyl) acetaldehyde,
PA1  2-(1'-i-propyl-2'-naphthyl) butanal,
PA1  2-(1'-pentoxymethyloxy-2'-naphthyl)-2,2-ethylene acetaldehyde,
PA1  2-(1'-fluoro-2'-naphthyl) propionaldehyde,
PA1  2-(4'-hexyl-2'-nephthyl)-2-fluoromethyl acetaldehyde,
PA1  2-(4'-i-propyl-2'-naphthyl)-2,2-ethylene acetaldehyde,
PA1  2-(4'-tetrahydropyran-2"-yloxy-2'-naphthyl)-2-chloromethyl,
PA1  2-(4'-methoxy-2'-naphthyl) acetaldehyde,
PA1  2-(4'-isopropoxymethylthio-2'-naphthyl)-2-chloromethyl acetaldehyde,
PA1  2-(4'-chloro-2'-naphthyl)-2,2-methylene acetaldehyde,
PA1  2-(4'-propylthio-2'-naphthyl) propionaldehyde,
PA1  2-(4'-acetoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(5'-pentyl-2'-naphthyl) acetaldehyde,
PA1  2-(5'-cyclopropyl-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-[5'-(4"-methoxytetrahydropyran-4"-yloxy)-2'-naphthyl] butanol,
PA1  2-(5'-acetyl-2'-naphthyl)-2,2-methyleneacetaldehyde,
PA1  2-(5'-p-tolyl-2'-naphthyl) acetaldehyde,
PA1  2-(6'-trifluoromethyl-2'-naphthyl) propionaldehyde,
PA1  2-(6'-ethyl-2'-naphthyl) propionaldehyde,
PA1  2-(6'-methoxymethyloxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(6'-cyclohexyl-2'-naphthyl) propionaldehyde,
PA1  2-(6'-p-tolyl-2'-naphthyl)-2,2-ethylene acetaldehyde,
PA1  2-(7'-i-propoxy-2'-naphthyl)-2-fluoromethyl acetaldehyde,
PA1  2-(7'-formyl-2'-naphthyl) propionaldehyde,
PA1  2-(7'-acetyl-2'-naphthyl) acetaldehyde,
PA1  2-(7'-propionyloxy-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PA1  2-(7'-phenyl-2'-naphthyl) propionaldehyde,
PA1  2-(7'-cyclopentyl-2'-naphthyl) butanal,
PA1  2-(8'-tetrahydrofuran-2"-yloxy-2'-naphthyl)-2-fluoromethyl acetaldehyde,
PA1  2-(8'-butyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PA1  2-(8'-pentoxymethylthio-2'-naphthyl) butanal,
PA1  2-(8'-ethoxymethylthio-2'-naphthyl)-2,2-methylene acetaldehyde,
PA1  2-(8'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PA1  2-(8'-ethoxymethoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(8'-caproxy-2'-naphthyl)-2'-difluoromethyl acetaldehyde,
PA1  2-(1',6'-diethoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(4'-butyl-6'-methoxymethylthio-2'-naphthyl) acetaldehyde,
PA1  2-(5'-chloro-6'-methoxy-2'-naphthyl) acetaldehyde,
PA1  2-(6'-chloro-8'-propylthio-2'-naphthyl) propionaldehyde,
PA1  2-(5'-fluoro-6'-methoxy-2'-naphthyl) propionaldehyde,
PAR  2-(5'-iodo-6'-methoxy-2'-naphthyl) propionaldehyde,
PA1  2-(1'-methyl-2'-naphthyl) propionaldehyde,
PA1  2-(1'-chloro-2'-naphthyl) acetaldehyde,
PA1  2-(4'-methylthio-2'-naphthyl) propionaldehyde,
PA1  2-(4'-methyl-2'-naphthyl) propionaldehyde,
PA1  2-(5'-ethyl-2'-naphthyl) propionaldehyde,
PA1  2-(5'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PA1  2-(5'-trifluoromethyl-2'-naphthyl) propionaldehyde,
PA1  2-(5'-i-propyl-2'-naphthyl) acetaldehyde,
PA1  2-(5'-cyclobutyl-2'-naphthyl) acetaldehyde,
PA1  2-(5'-vinyl-2'-naphthyl) acetaldehyde,
PA1  2-(5'-fluoro-2'-naphthyl) propionaldehyde,
PA1  2-(5'-methylthio-2'-naphthyl) acetaldehyde,
PA1  2-(6'-ethyl-2'-naphthyl) acetaldehyde,
PA1  2-(6'-isopropyl-2'-naphthyl) acetaldehyde,
PA1  2-(6'-cyclopropyl-2'-naphthyl) acetaldehyde,
PA1  2-(6'-fluoro-2'-naphthyl) acetaldehyde,
PA1  2-(6'-chloro-2'-naphthyl) acetaldehyde,
PA1  2-(6'-isopropoxymethyloxy-2'-naphthyl)-2-fluorochloromethyl acetaldehyde,
PA1  2-(6'-formyl-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(5'-pentoxymethylthio-2'-naphthyl)-2-fluorochloromethyl acetaldehyde,
PA1  2-(6'-vinyl-2'-naphthyl) acetaldehyde,
PA1  2-(6'-ethylthio-2'-naphthyl) acetaldehyde,
PA1  2-(6'-methylthio-2'-naphthyl) propionaldehyde,
PA1  2-(6'-tetrahydrofuran-2"-yloxy-2'-naphthyl) propionaldehyde,
PA1  2-(7'-i-propyl-2'-naphthyl) propionaldehyde,
PA1  2-(7'-methyl-2'-naphthyl) acetaldehyde, 2-(7'-ethyl-2'-naphthyl)
      acetaldehyde,
PA1  2-(7'-cyclopropyl-2'-naphthyl) acetaldehyde,
PA1  2-(7'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PA1  2-(7'-chloro-2'-naphthyl) acetaldehyde,
PA1  2-(7'-vinyl-2'-naphthyl) propionaldehyde,
PA1  2-(7'-ethylthio-2'-naphthyl) acetaldehyde,
PA1  2-(7'-methylthio-2'-naphthyl) propionaldehyde,
PA1  2-(7'-butylthio-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PA1  2-(7'-ethynyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PA1  2-(8'-methoxymethyloxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PA1  2-(5',7'-dimethoxy-2'-naphthyl) acetaldehyde,
PA1  2-(5',6'-dichloro-2'-naphthyl) propionaldehyde, and
PA1  2-(6',7'-dimethylthio-2'-naphthyl) acetaldehyde.
PAC  EXAMPLE 5
PAR  A mixture of 5 g. of 2-(5'-methoxy-2'-naphthyl) acetaldehyde, 150 ml. of
      anhydrous benzene, 60 ml. of ethylene glycol (distilled over sodium
      hydroxide) and 0.8 g. of p-toluenesulfonic acid monohydrate is refluxed
      for 12 hours with a water trap. Aqueous sodium bicarbonate solution is
      then added to the cooled mixture and the organic phase is separated,
      washed with water, dried over anhydrous sodium sulfate and evaporated to
      dryness to yield ethylenedioxy 2-(5'-methoxy-2'-naphthyl) ethane which is
      recrystallized from acetone:hexane.
PAR  Similarly, by employing glycerine, 2,3-dihydroxybutane,
      2,2-dimethyl-1,3-dihydroxypropane, 2,2-diethyl-1,3-dihydroxypropane,
      2,2-diphenyl-1,3-dihydroxypropane, 2,2-dicyclopentyl-1,3-dihydroxypropane,
      2-cyclohexylmethyl-1,3-dihydroxypropane,
      2-ethyl-2-(2'-cyclopropylethyl)-1,3-dihydroxypropane,
      1,3-dihydroxypropane, 3,4-dihydroxyhexane, 2,3-dihydroxynonane and
      2,4-dihydroxypentane in place of ethylene glycol in the above process, the
      corresponding glycerol, butane-2,3-dioxy, 2,2-dimethylpropane-1,3-dioxy,
      2,2-diethylpropane-1,3-dioxy, 2,2-diphenylpropane-1,3-dioxy,
      2,2-dicyclopentylpropane-1,3-dioxy, 2-cyclohexylmethylpropane-1,3-dioxy,
      2-ethyl-2-(2'-cyclopropylethyl)propane-1,3-dioxy, propane-1,3-dioxy,
      hexane-3,4-dioxy, nonane-2,3 -dioxy, and pentane-2,4-dioxy cyclic acetals
      of 2-(5'-methoxy-2'-naphthyl) acetaldehyde, respectively, are obtained.
PAR  By employing the 2-(2'-naphthyl) acetaldehyde derivatives prepared in
      Examples 1, 2, 3 and 4 in the above process, the corresponding
      ethylenedioxy cyclic acetals thereof are obtained.
PAC  EXAMPLE 6
PAR  A mixture of 21 g. of 2-(6'-methoxy-2'-naphthyl) propionaldehyde, 500 ml.
      of ethanol and 20 drops of perchloric acid are allowed to stand for eight
      hours at room temperature under anhydrous conditions. The mixture is then
      diluted with 500 ml. of aqueous 1% sodium bicarbonate; and extracted with
      methylene chloride. The combined extracts are washed with water to
      neutrality, dried over magnesium sulfate and evaporated to yield
      1,1-diethoxy-2-(6'-methoxy-2'-naphthyl) propane.
PAR  1,1-Dimethoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dipropoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-diisopropoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dipentoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dicyclopropoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dicyclopentoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dicyclohexoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dibenzyloxy-2-(6'-methoxy-2'-naphthyl) propane, and
      1,1-diphenethoxy-2-(6'-methoxy-2'-naphthyl) propane are similarly prepared
      by employing methanol, propanol, isopropanol, pentanol, cyclopropanol,
      cyclopentanol, cyclohexanol, benzyl alcohol and pheneethanol respectively,
      in place of ethanol in the above process.
PAR  By using the 2-(2'-naphthyl) acetaldehyde derivatives prepared in Examples
      1, 2, 3 and 4 in the above process, the corresponding diethoxy acetals
      thereof are obtained.
PAC  EXAMPLE 7
PAR  Water is added to a solution of 20.1 g. of 2-(6'-methoxy-2'-naphthyl)
      acetaldehyde and 500 ml. of ethanol until the solution is faintly turbid;
      the turbidity is removed by the addition of several drops of ethanol. To
      this resulting solution then is added 25 g. of semicarbazide
      hydrogenchloride and 50 g. of sodium acetate. The resulting mixture is
      refluxed for 10 minutes and then is allowed to cool at 0.degree. C for 24
      hours. The cooled mixture is then filtered and the resulting crystals are
      washed with several protions of ice cold ethanol to yield the
      semicarbazone of 2-(6'-methoxy-2'-naphthyl) acetaldehyde. The
      semicarbazone is recrystallized from water:ethanol (3:1).
PAR  In a similar manner, the semicarbazones of the 2-(2'-naphthyl) acetaldehyde
      derivatives of Examples 1, 2, 3 and 4 are prepared by means of the above
      process. For example, the semicarbazone of 2-(5'-methoxy-2'-naphthyl)
      acetaldehyde is prepared by employing 2-(5'-methoxy-2'-naphthyl)
      acetaldehyde in the above process.
PAC  EXAMPLE 8
PAR  The mixture of 50 g. of 2-(5'-methoxy-2'-naphthyl) acetaldehyde, 50 g. of
      hydroxylamine hydrogenchloride, 500 ml. of pyridine and 500 ml. of
      absolute ethanol are refluxed for 8 hours. The resulting mixture is cooled
      and evaporated under reduced pressure. The resulting residue is triturated
      with 250 ml. of cool water; the resulting aqueous mixture is then
      filtered. The resulting crystals are washed thoroughly with several
      portions of water to yield 2-(5'-methoxy-2'-naphthyl) acetaldoxime.
PAR  Similarly, by employing the 2-(2'-naphthyl) acetaldehyde derivatives
      prepared in Examples 1, 2, 3 and 4 in the above process, the corresponding
      oxime derivatives thereof can be obtained. For example,
      2-(5'-methyl-2'-naphthyl) acetaldoxime is prepared by using
      2-(5'-methyl-2'-naphthyl) acetaldehyde in the above process.
PAR  1-Methoxyimino-2-(6'-methoxy-2'-naphthyl) ethane,
      1-ethoxyimino-2-(6'-methoxy-2'-naphthyl) ethane,
      1-i-propoxyimino-2-(6'-methoxy-2'-naphthyl) ethane &
      1-benzyloxyimino-2-(6'-methoxy-2'-naphthyl) ethane, are prepared by
      employing methoxyamine, ethoxyamine, i-propoxyamine and benzyloxyamine;
      respectively, in place of hydroxylamine in the above described process.
PAC  EXAMPLE 9
PAR  A mixture of 201 g. of 2-(7'-methyl-2'-naphthyl) acetaldehyde, 200 g. of
      acetic anhydride, 68 g. of borontrifluoride are stirred for 8 hours at
      about 5.degree. C. The resulting reaction mixture is evaporated under
      reduced pressure to yield 2-(7'-methyl-2'-naphthyl) ethylidenediacetate.
PAR  In a similar manner, the acylals of the 2-(2'-naphthyl) acetaldehyde
      derivatives prepared in Examples 1, 2, 3 and 4 are prepared by means of
      the above described process. For example, 2-(5'-methylthio-2'-naphthyl)
      ethylidenediacetate is prepared from 2-(5'-methylthio-2'-naphthyl)
      acetaldehyde by means of the above process.
PAR  2-(5'-Methoxy-2'-naphthyl) ethylidenedipropionate,
      2-(5'-methoxy-2'-naphthyl) ethylidenedicaproate,
      2-(5'-methoxy-2'-naphthyl) ethylidenedivalerate, and
      2-(5'-methoxy-2'-naphthyl) ehtylidenesuccinate are prepared by utilizing
      propionic anhydride, caproic anhydride, valeric anhydride and succinic
      anhydride, respectively, in place of acetic anhydride in the above
      described process.
PAC  EXAMPLE 10
PAR  To a refluxing mixture of 18.5 g. of 2-(7'-methylthio-2'-naphthyl)
      propionaldehyde, 18.5 g. of hydrazine and 350 ml. of ethanol, there is
      added 5 drops of glacial acetic acid. The mixture is refluxed for an
      additional 5 minutes and sufficient ethanol is added to obtain a clear
      refluxing solution. The solution is cooled and filtered. The resulting
      crystals are thoroughly washed with cold (0.degree.C) ethanol. The
      crystals are recrystallized from ethanol to yield the hydrazone or
      2-(7'-methylthio-2'-naphthyl) propionaldehyde.
PAR  Similarly, the hydrazones of the 2-(2'-naphthyl) acetaldehyde derivatives
      of Examples 1, 2, 3 and 4 are prepared by means of the above described
      process. For example, the hydrazone of
      2-(4'-chloro-2'-naphthyl)-2,2-methyleneacetaldehyde is prepared is
      prepared from 2-(4'-chloro-2'-naphthyl)-2,2-methylene acetaldehyde by
      means of the above described process.
PAC  EXAMPLE 11
PAR  Part A. A mixture of 21.5 g. of 2-(6'-methoxy-2'-naphthyl) propionaldehyde
      and 500 ml. of methylene chloride are cooled to 0.degree. C and saturated
      with anhydrous ammonia. The mixture is stirred for 12 hours while
      maintaining the temperature at 0.degree. C and continuing to bubble in
      ammonia. The resulting reaction mixture is then evaporated to yield
      1-amino-2-(6'-methoxy-2'-naphthyl) propanol.
PAR  Part B. The above product is warmed to 50.degree. C under vacumm for 8
      hours to yield 1-imino-2-(6'-methoxy-2'-naphthyl) propane.
PAR  In a similar manner, the amino alcohols and aldimines of the
      2-(2'-naphthyl) acetaldehyde derivatives of Examples 1, 2, 3 and 4 are
      prepared by means of the above described process. For example,
      1-imino-2-(1'-ethyl-2'-naphthyl)-2,2-difluoromethyleneethane is prepared
      from 1-amino-2-(1'-ethyl)-2'-naphthyl)-2,2-difluoromethyleneethanol by
      means of the process described in Part B above, and
      1-amino-2-(1'-ethyl-2'-naphthyl)-2,2-difluoromethyleneethanol is prepared
      from 2-(1'-ethyl-2'-naphthyl)-2,2-difluoromethylene acetaldehyde by means
      of the above process described in Part A described above.
PAR  1-Methylamino-2-(6'-methoxy-2'-naphthyl) propanol,
      1-ethylamino-2-(6'-methoxy-2'-naphthyl) propanol,
      1-i-propylamino-2-(6'-methoxy-2'-naphthyl) propanol,
      1-benzylamino-2-(6'-methoxy-2'-naphthyl) propanol and
      1-phenylamino-2-(6'-methoxy-2'-naphthyl) propanol are prepared by
      employing methylamine, ethylamine, isopropylamine, benzylamine, and
      phenylamine, respectively, in place of ammonia in the process described
      above in Part A. By employing the thus prepared alkyl-, aralkyl- and
      arylamino-2-(6'-methoxy-2'-naphthyl) propanols in the process described
      above in Part B, 1-methylimino-2-(6'-methoxy-2'-naphthyl) propane,
      1-ethylimino-2-(6'-methoxy-2'-naphthyl) propane,
      1-i-propylimino-2-(6'-methoxy-2'-naphthyl) propane,
      1-benzylimino-2-(6'-methoxy-2'-naphthyl) propane and
      1-phenylimino-2-(6'-methoxy-2'-naphthyl) propane, respectively, are
      obtained.
PAC  EXAMPLE 12
PAR  To 600 ml. of a 40% solution of sodium bisulfite, is added 150 ml. of
      ethanol and 100 g. of 2-(6'-methoxy-2'-naphthyl) propionaldehyde in 500
      ml. of ether. The resulting mixture is stirred for 3 hours; then it is
      filtered to yield the sodium bisulfite addition product of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde.
PAR  Similarly, the 2-(2'-naphthyl) acetaldehyde derivatives prepared in
      Examples 1, 2, 3 and 4 are employed in the above process to prepare the
      corresponding sodium bisulfite addition products thereof. For example, the
      sodium bisulfite addition product of 2-(5'-methoxy-2'-naphthyl)
      acetaldehyde is obtained by using 2-(5'-methoxy-2'-naphthyl) acetaldehyde
      in the above process.
PAC  EXAMPLE 13
PAR  To a mixture of 50 g. of borontribromide in 250 ml. of methylene chloride,
      cooled to -80.degree. C, there is added 21.4 g. of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde. The mixture is allowed to warm
      to room temperature over 1 hour. The reaction mixture is then diluted with
      250 ml. of water and filtered; the organic layer is then separated off.
      The organic layer is washed with water to neutrality, dried over sodium
      sulfate and evaporated to yield 2-(6'-hydroxy-2'-naphthyl)
      propionaldehyde.
PAR  By employing 2-(6'-methylthio-2'-naphthyl) acetaldehyde in the above
      process, 2-(6'-thio-2'-naphthyl) acetaldehyde is obtained.
PAR  Similarly, the methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio or difluoromethylthio substituted 2-(2'-naphthyl)
      acetaldehyde derivatives of Examples 1, 2, 3 and 4 are employed in the
      above process, give the corresponding hydroxy or thio substituted
      2-(2'-naphthyl) acetaldehyde derivatives. For example,
      2-(5'-thio-2'-naphthyl)-2,2-methyleneacetaldehyde is prepared from
      2-(5'-isopropylthio-2'-naphthyl)-2,2-methyleneacetaldehyde by means of the
      above process.
PAC  EXAMPLE 14
PAR  The anti-inflammatory activity of 2-(6'-methoxy-2'-naphthyl)
      propionaldehyde was compared with that of phenylbutazone by means of a
      carageenin-induced rat paw inflammation test described by C. A. Winter et
      al., The Proceedings of the Society for Experimental Biology and Medicine
      111, 544-47 (1962).
PAR  The test was modified in that female rats weight 80-90 grams were employed
      and the degree if inflammation was measured one hour after the injection
      of carageenin in units of rear paw weight rather than rear paw volume. The
      results are shown in the following table.
TBL  ______________________________________                                    
     No. of  Dose Range     Relative Potency to                                
                            Phenylbutazone                                     
     Rats    Tested mg./Rat (Phenylbutazone = 1)                               
     ______________________________________                                    
     33      0.1 - 0.9      4                                                  
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  The analgesic activity of the bisulfite addition product of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde was compared with that of
      aspirin and phenylbutazone. The test used was based on the test of Randall
      & Selitto, Arch. Int. Pharmacodyn 111, 409-419 (1957) and consisted of
      administering orally by gavage 30 or 100 mg. per kilogram of body weight,
      the analgesic compound with water (20 ml. per kilogram of body weight) in
      eight male rats weighing between 120 to 200 grams. A control group
      received an equivalent volume of water. One hour after the administeration
      of the compound, 0.10 ml. of a 20% yeast suspension (Red Star Brand,
      primary dry type 600 in 0.9% saline) was injected into the sub-plantar
      area of the left hind paw of each rat in the drug treated group and the
      control group. The purpose of the injection is to provoke the formation of
      inflammatory edema.
PAR  Two hours after the injection of yeast, the control paw and the yeast
      inflammed paw of each rat in the drig treated group and in the control
      group successively were compressed at the plantar surface by a stud with a
      surface area of about 9 mm.sup.2. attached to a force displacement
      transducer (model FTO3 Grass) which was driven at a constant rate. The
      induced pressure was recorded on a strip chart recorder. When a pain
      reaction was evoked from the rat by the application of pressure, the
      amount of pressure was recorded; the pressure was recorded in paper
      pressure units (0-100). The difference between the amount of pressure
      required to evoke pain reaction between the control paw and inflammed paw
      among the drug treated group of rats control group of rats serves as an
      index of analgesic activity. The measure of analgesic activity in the rats
      is expressed in percent, in reference to that of the inflammed paw and
      non-inflammed paw. [(Pressure units to evoke pain in inflammed
      paw/pressure units to evoke pain in control paw) .times. 100] . The
      results are summarized in the following table.
     ______________________________________                                    
            Degree of Analgesic in percent                                     
            with Reference to the Controls                                     
     Dose     The bisulfite addition                                           
     Administered                                                              
              of 2-(6'-methoxy-2'-                                             
                               Aspirin  Phenyl-                                
     in mg./kg.                                                                
              naphthyl) acetaldehyde    butazone                               
     ______________________________________                                    
      0        53              33       37                                     
     30       129              --       40                                     
     90       --               --       72                                     
     100      113              34       --                                     
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  The analgesic activity of several 2-(2'-naphthyl) acetaldehyde derivatives
      was compared with that of aspirin and phenylbutazone. The test was based
      on the test of Randall and Sellitto, Arch. Int. Pharmacodyn 111, 409-419
      (1957) and consisted of administering orally by gavage 30, 90 or 100 mg.
      per kilogram of body weight, the analgesic compound with water (20 ml. per
      kilogram of body weight) in eight male rats weighing between 120 to 200
      grams. A control group received an equivalent volume of water. One hour
      after the administration of the compound, 0.10 ml. of a 20% yeast
      suspension (Red Star Brand, primary dry type 600 in 0.9% saline) was
      injected into the sub-plantar area of the left hind paw of each rat in the
      drug treated group and the control group. The purpose of the injection is
      to provoke the formation of inflammatory edema.
PAR  At hour one after the injection of yeast, the control paw and the yeast
      inflammed paw of each rat in the drug treated group in the control group
      successively were compressed at the plantar surface by a stud with a
      surface area of about 9 mm.sup.2. attached to a force displacement
      transducer (model FTO3 Grass) which was driven at a constant rate. The
      induced pressure was recorded on a strip chart recorder. When a pain
      reaction was evoked from the rat by the application of pressure, the
      amount of pressure was recorded; the pressure was recorded in paper
      pressure units (0-100). The difference between the amount of pressure
      required to evoke pain reaction between the control paw and inflammed paw
      among the drug treated group of rats and control group of rats serves as
      an index of analgesic activity. The measure of analgesic activity in the
      rats is expressed in percent, in reference to that of the inflammed paw
      and non-inflammed paw. [(Pressure units to evoke pain in inflammed
      paw/pressure units to evoke pain in control paw) .times. 100] . The
      results are summarized in the following table.
     ______________________________________                                    
     Compound     Dose       Degree of Analgesia                               
                  Administered                                                 
                             Percent with                                      
                  in mg./kg. Reference to the                                  
                             Controls                                          
     ______________________________________                                    
     2-(6'-methoxy-2'-                                                         
                  0          23                                                
     naphthyl)-propion-                                                        
                  100        69                                                
     aldehyde                                                                  
     hydroxyimino 2-(6'-                                                       
                  0          75                                                
     methoxy-2'-naphthyl)                                                      
                  100        96                                                
     propane                                                                   
     semicarbazone of                                                          
                  0          14                                                
     2-(6'-methoxy-2'-                                                         
                  100        78                                                
     naphthyl) propion-                                                        
     aldehyde                                                                  
     1,1-dimethoxy-                                                            
                  0          75                                                
     2-(6'-methoxy-                                                            
                  30         110                                               
     2'-naphthyl)pro-                                                          
     prioaldehyde                                                              
     bisulfite addition                                                        
                  0          75                                                
     product of 2-(6'-                                                         
                  30         87                                                
     methoxy-2'-naphthyl)                                                      
                  100        105                                               
     propionaldehyde                                                           
     aspirin      0          44                                                
                  100        62                                                
     phenylbutazone                                                            
                  0          41                                                
                  30         66                                                
                  90         78                                                
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  The anti-pyretic activity of 2-(6'-methoxy-2'-naphthyl) propionaldehyde was
      compared to the anti-pyretic activity of aspirin.
PAR  Anti-pyretic activity - Female rats weighing 90-100 grams were used. The
      "normal" rectal temperature of the rats was recorded at hour 0, followed
      by the injection of 2 ml. of yeast suspension (the yeast suspension is
      prepared by suspending one cake of Fleischman's yeast in 22 ml. 0.9% NaCl)
      subcutaneously (1 ml. dorsally, 1 ml. ventrally). The injection sited are
      massaged to spread the suspension beneath the skin. The yeast injection
      induces elevated body temperature. At hour 17, the rats were massaged
      again to stimulate a further increase in body temperature. (It was found
      that handling the rats at the time the second temperature was taken
      resulted in a rise in body temperature.) At hour 18, the second rectal
      temperature was recorded, after which the test material was administered
      orally by gavage in 1 ml. aqueous vehicle. (The aqueous vehicle consists
      of 0.9% NaCl, 0.4% polysorbate 80, 0.5% carboxymethyl cellulose, 0.9%
      benzyl alcohol and water.) The thrid rectal temperature was obtained two
      hours after administration of the test material.
PAR  The degree of anti-pyretic activity was measured as a reduction in
      temperature (.degree.F) from the second to the third temperature readings
      (temperature at hour 18 - temperature at hour 20) with respect to a
      control. The results are shown in the following table.
     __________________________________________________________________________
                No. of                                                         
                    Doses   Relative Potency to                                
     Compound   Rats                                                           
                    Tested mg./rat                                             
                            Aspirin (Aspirin=1)                                
     __________________________________________________________________________
     2-(6'-methoxy-2'-                                                         
     naphthyl) propion-                                                        
                10  0.2 & 0.6                                                  
                            15                                                 
     aldehyde                                                                  
     __________________________________________________________________________
     EXAMPLE 18                                                                
         Ingredients     Quantity per tablet, mgs.                             
     __________________________________________________________________________
     2-(7'-methyl-2'-naphthyl)                                                 
                          5                                                    
     propionaldehyde                                                           
     sucrose             245                                                   
     __________________________________________________________________________
PAR  The above ingredients are thoroughly mixed and processed into single scored
      tablets, one tablet being administered every 3 to 4 hours.
     ______________________________________                                    
     EXAMPLE 19                                                                
     Ingredients        Quantity per tablet, mgs.                              
     ______________________________________                                    
     2-(6'-methoxy-2'-naphthyl)                                                
                        60                                                     
     propionaldehyde                                                           
     cornstarch         38                                                     
     lactose            150                                                    
     magnesium stearate 2                                                      
     ______________________________________                                    
PAR  The above ingredients are mixed intimately and pressed into single scored
      tablets.
     ______________________________________                                    
     EXAMPLE 20                                                                
     Ingredients        Quantity per capsule, mgs.                             
     ______________________________________                                    
     2-(5'-methoxy-2'-naphthyl)                                                
                        15                                                     
     propionaldehyde                                                           
     lactose            225                                                    
     dectrose           10                                                     
     ______________________________________                                    
PAR  The above ingredients are mixed and introduced into a No. 1 hard-shell
      gelatin capsule.
     ______________________________________                                    
     EXAMPLE 21                                                                
     Ingredients        Quantity per capsule, mgs.                             
     ______________________________________                                    
     1,1-dimethoxy-2-(5'-                                                      
                        25                                                     
     methoxy-2'-naphthyl)                                                      
     ethane                                                                    
     lactose            225                                                    
     ______________________________________                                    
PAR  The above ingredients are mixed and introduced into No. 1 hard-shell
      gelatin capsule.
PAR  Similarly, the 2-(2'-naphthyl) acetaldehyde derivatives prepared in or by
      menas of the processes of Examples 1-12 can be formulated as described
      above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group represented by the formula:
      ##SPC5##
PAL  wherein R is -CHR.sup.1 R.sup.2 ; R.sup.1 and R.sup.2 taken together are
      3-hydroxypropylene-1,2-dioxy,-OCHR.sup. 4 -CHR.sup.5 O- or -OCHR.sub.6
      -CR.sup.4 R.sup.5 -CHR.sub.6 O-, each of R.sup.4 and R.sup.5,
      independently of each other is hydrogen, alkyl having up to six carbon
      atoms, cycloalkyl having three to seven carbon atoms, cycloalkylmethyl
      having four to eight carbon atoms, 2-cycloalkylethyl having five to nine
      carbon atoms, benzyl or phenyl, said benzyl or phenyl being optionally
      substituted with one to two methyl, ethyl, isopropyl, methoxy, hydroxy, or
      chloro groups, or up to three fluoro groups; and R.sub.6 is hydrogen,
      methyl, ethyl or propyl;
PA1  one of R.sup.6 and R.sup.7 is hydrogen, the other is hydrogen, methyl,
      ethyl, or difluoromethyl; or R.sup.6 and R.sup.7 taken together are
      methylene, halomethylene, or ethylene;
PA1  and R.sup.9 is lower alkoxy.
NUM  2.
PAR  2. The compound of claim 1 wherein one of R.sup.6 and R.sup.7 is hydrogen
      and the other is methyl.
NUM  3.
PAR  3. The compound of claim 1 wherein R.sup.9 is methoxy.
NUM  4.
PAR  4. The compound of claim 1 wherein one of R.sup.6 and R.sup.7 is hydrogen
      and the other is methyl, and R.sup.9 is methoxy.
NUM  5.
PAR  5. The compound of claim 1 wherein R.sup.1 and R.sup.2 taken together are
      3-hydroxy-propylene-1,2-dioxy, butane-2,3-dioxy,
      2,2-dimethylpropane-1,3-dioxy, 2,2-diethylpropane-1,3-dioxy,
      2,2-diphenylpropane-1,3-dioxy, 2,2-dicyclopentylpropane-1,3-dioxy,
      2-cyclohexylmethylpropane-1,3-dioxy,
      2-ethyl-2-(2'-cyclopropylethyl)propane-1,3-dioxy, propane-1,3-dioxy,
      hexane-3,4-dioxy, nonane-2,3-dioxy, or pentane-2,4-dioxy.
NUM  6.
PAR  6. The compound of claim 1 wherein said compound is ethylenedioxy
      2-(6'-methoxy-2'-naphthyl)ethane.
NUM  7.
PAR  7. The compound of claim 1 wherein said compound is ethylenedioxy
      2-(6'-methoxy-2'-naphthyl)propane.
NUM  8.
PAR  8. The compound of claim 1 wherein said compound is ethylenedioxy
      2-(6'-methoxy-2'-naphthyl)butane.
NUM  9.
PAR  9. The compound of claim 1 wherein said compound is ethylenedioxy
      2-(6'-methoxy-2'-naphthyl)-2-difluoromethylethane.
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ABST
PAL  The (6-hydroxy-chroman-2-yl) acetic or carboxylic acid derivatives useful
      as antioxidants and a method for preparing these derivatives from
      hydroquinones and intermediates in this synthesis as well as the use of
      these derivatives as intermediates in the preparation of optically active
      alpha-tocopherol.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 317,566, filed Dec. 22, 1972 and now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been discovered that compounds of
      the formula:
      ##SPC1##
PA1  Wherein R.sub.1, R.sub.1 ' and R.sub.1 " are independently hydrogen or
      lower alkyl; R.sub.2 is hydrogen, lower alkyl or phenyl; and n is an
      integer from 0 to 1;
PAL  Including racemates and optical antipodes thereof are valuable antioxidants
      for stabilizing organic materials normally susceptible to oxidation.
PAR  Furthermore, in accordance with this invention there is provided a process
      for preparing the compound of formula I either in its racemic 2RS form or
      in either of its optically active 2R or 2S forms.
PAR  Furthermore, the compounds of formula I are intermediates for preparing
      alpha-tocopherol. The compound of formula I, depending upon whether this
      compound is in its 2R, 2S or 2RS form can be utilized as an intermediate
      in preparing natural optically active alpha-tocopherol, i.e.,
      alpha-tocopherol having the 2R, 4'R, and 8'R configuration as well as
      alpha-tocopherols having the following configurations:
PA1  2R, 4'RS, 8'RS;
PA1  2s, 4'r, 8'r;
PA1  2s, 4'rs, 8'rs;
PA1  2rs, 4'rs, 8'rs; and
PA1  2RS, 4'R, 8'R.
PAR  Therefore, the use of the process of this invention provides a simple and
      economic method for stereospecifically synthesizing alpha-tocopherol from
      trimethylhydroquinone. In Helv. Chim. Acta, 46, 650 (1963), Mayer et al.,
      a chemical synthesis of optically active alpha-tocopherol from
      trimethylhydroquinone was reported. However, the yield of optically active
      alpha-tocopherol produced by this process was very low since it involved
      the step of ozonolysis. In this step, there was a great loss of yield due
      to the destruction of the chroman nucleus when it underwent ozonolysis. On
      the other hand, the process of this invention utilizing the compound of
      formula I where R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are methyl as an
      intermediate, avoids any ozonolysis step and produces alpha-tocopherol
      with a desired stereoconfiguration in high yields.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The numbering of the chroman ring in the compound of formula I is given for
      the purpose of convenience.
PAR  As used throughout this application, the term "lower alkyl" includes both
      straight chain and branched chain alkyl groups having from 1 to 7 carbon
      atoms, such as methyl, ethyl and propyl, preferably methyl. As used
      herein, the term "lower alkoxy" comprehends groups having from 1 to 7
      carbon atoms, such as methoxy and ethoxy. As also used herein, the term
      "lower alkanoic acids" comprehends an alkanoic acid of 2 to 7 carbon atoms
      such as acetic acid and propionic acid. As further used herein, the term
      "halogen" or "halo", unless otherwise stated, comprehends fluorine,
      chlorine, bromine and iodine. The term "lower alkylenedioxy" designates
      lower alkylenedioxy groups containing from 2 to 6 carbon atoms such as
      ethylenedioxy.
PAR  As also used herein, the term "aryl" signifies mononuclear aromatic
      hydrocarbon groups such as phenyl, tolyl, etc., which can be unsubstituted
      or substituted in one or more positions with a lower alkylenedioxy, a
      halogen, a nitro, a lower alkyl or a lower alkoxy substituent, and
      polynuclear aryl groups such as naphthyl, anthryl, phenanthryl, azulyl,
      etc., which can be unsubstituted or substituted with one or more of the
      aforementioned groups. The preferred aryl groups are the substituted and
      unsubstituted mononuclear aryl groups, particularly phenyl. The term "aryl
      lower alkyl" comprehends groups wherein aryl and lower alkyl are as
      defined above, particularly benzyl. The term "aryl lower alkanoic acid"
      comprehends acids wherein aryl and lower alkanoic acid are as defined
      above, particularly benzoic acid. As used herein, the term "ester
      protecting group removable by hydrolysis" designates any ester which can
      be hydrolyzed to yield the hydroxy group. Exemplary ester groups useful
      for this purpose are those in which the acyl moiety is derived from a
      lower alkanoic, an aryl lower alkanoic, phosphoric, carbonic or a lower
      alkane dicarboxylic acid. Among the acids which can be utilized to form
      such ester groups are the acid anhydrides and the acid halides, preferably
      chlorides or bromides, with the lower alkanoic acid anhydrides, e.g.,
      acetic anhydride and caproic anhydride, the aryl lower alkanoic acid
      anhydrides, e.g., benzoic acid anhydrides, lower alkane dicarboxylic acid
      anhydrides, e.g., succinic anhydride, and chloroformates, e.g.,
      trichloroethylchloroformate, being preferred. The term "ether protecting
      group removable by hydrogenolysis or hydrolysis" designates any ether
      which, upon hydrogenolysis or hydrolysis yields the hydroxy group. A
      suitable ether protecting group is the arylmethyl ether such as benzyl,
      benzylhydryl or tritryl ethers or alpha-lower alkoxy lower alkyl ether,
      for example, methoxymethyl, tetrahydropyranyl or allylic ethers.
PAR  In the structural formule given throughout this application, the
      substituents attached to the molecule above the plane of the molecule are
      designate by  , and the substituents attached to the molecule below the
      plane of the molecule are designated by .tbd.. In the structural formulae
      given throughout the application where no stereoorientation is indicated,
      the substituents in the compound designated thereby can be either in their
      R or S orientation or the compound can be a mixture of R and S isomers.
PAR  The compound of formula I where n is 1, has the formula:
      ##SPC2##
PA1  where R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above;
PAL  and the compound of formula I where n is 0 has the formula:
      ##SPC3##
PA1  wherein R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAR  The compounds of formulae I-A and I-B can be prepared from an intermediate
      of the formula:
      ##SPC4##
PA1  wherein R is hydrogen or forms an ether protecting group removable by
      hydrogenolysis or hydrolysis or an ester protecting group removable by
      hydrolysis; and R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAR  In the first step of preparing the compound of formula II, a hydroquinone
      of the formula:
      ##SPC5##
PA1  wherein R.sub.1, R.sub.1 ' and R.sub.1 " are as above;
PAL  is converted to a compound of the formula:
      ##SPC6##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above; and
      R.sub.3 is lower alkyl.
PAR  One method of preparing the compound of formula IV where R.sub.2 is methyl,
      is by reacting the compound of formula III with a compound of the formula:
      ##EQU1##
      wherein R.sub.3 is as above. This reaction is carried out at a temperature
      of 120.degree.C. to 250.degree.C. In carrying out this reaction, pressures
      of from atmospheric to 1,000 p.s.i. gauge can be utilized. This reaction
      takes place in an inert organic solvent. Any inert organic solvent can be
      utilized in carrying out this reaction. Among the preferred inert organic
      solvents are the aromatic hydrocarbon solvents such as toluene, xylene,
      and benzene, with benzene being especially preferred.
PAR  Another method of forming the compound of formula IV is by reacting the
      compound of formula III with any one of the following compounds:
      ##EQU2##
      wherein R, R.sub.2 ad R.sub.3 are as above; and R.sub.2 ' is hydrogen,
      lower alkyl containing from 1 to 6 carbon atoms or phenyl.
PAL  The reaction of a compound of formula III with a compound of formula V-E
      produces a compound of the formula IV where R.sub.2 is --CH.sub.2 R.sub.2
      '.
PAR  The reaction of a compound of formula III with a compound of the formulae
      V-B through V-F is carried out in the presence of an acid catalyst. Any
      conventional acid catalyst can be utilized in carrying out this reaction.
      Among the preferred acid catalysts are the mineral acids such as sulfuric
      acid, perchloric acid, hydrobromic acid and phosphoric acid, with sulfuric
      acid being especially preferred. If desired, this reaction can be carried
      out in the presence of a dehydrating agent. It has been found that through
      the use of a dehydrating agent, the yield of the compound of formula IV is
      increased. Any conventional dehydrating agent can be utilized in carrying
      out this reaction. Among the preferred dehydrating agents are included
      tri-lower alkyl orthoformates such as trimethylorthoformate, etc., calcium
      chloride, sodium sulfate, acetone dimethyl ketal, etc., with
      trimethylorthoformate being especially preferred. In carrying out this
      reaction, an organic alcohol such as a lower alkanol is utilized as the
      solvent. Among the preferred lower alkanols are included methanol,
      ethanol, isopropanol, etc., with methanol being preferred. However, any
      conventional alcoholic solvent can be utilized in carrying out this
      reaction. In this reaction, temperature and pressure are not critical and
      this reaction can be carried out at room temperature and atmospheric
      pressure. On the other hand, elevated and reduced temperature can be
      utilized to carry out this reaction. Generally, temperatures of from
      -20.degree.C. to the reflux temperature of the reaction medium are
      utilized.
PAR  Where R in the compound of formula IV is hydrogen, the free hydroxy group
      can, if desired, be protected by esterification to provide an ester
      protecting group removable by hydrolysis or by etherification to provide
      an ether protecting group removable by hydrogenolysis or hydrolysis. Any
      conventional ester protecting group removable by hydrolysis can be used to
      protect the hydroxy group. On the other hand, any ether group removable by
      hydrogenolysis or hydrolysis can be used to protect the hydroxy group. Any
      conventional method of esterification or etherification can be utilized to
      protect the free hydroxy group formed by --OR in the compound of formula
      IV. Among the preferred methods of esterification is to react the compound
      of formula IV with a reactive derivative of an organic acid such as an
      acid chloride or acid anhydride. Any of the conditions conventional in
      carrying out these reactions can be utilized. The preferred esters of
      compounds of formula IV are the lower alkanoic acid esters of the compound
      of formula IV with the acetate esters being especially preferred. In
      converting the hydroxy group to an ether moiety, any conventional method
      of etherification can be utilized. The preferred group for use in this
      reaction is the benzyl ether.
PAR  The compound of formula IV either having a free hydroxy group or its
      hydroxy group protected by esterification or etherification is next
      hydrolyzed with mineral acid to produce a compound of the formula:
      ##SPC7##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAL  Any conventional method of acid hydrolysis such as utilizing strong mineral
      acids which include sulfuric acid, hydrochloric acid, etc., can be
      utilized in this conversion. Where the hydroxy group in the compound of
      formula II has been etherified, strong acid treatment may hydrolyze this
      ether group to form the corresponding hydroxy group.
PAR  The compound of formula II is converted to the compound of formula I-A by
      the following reaction scheme:
      ##SPC8##
PAL  wherein R, R.sub.1, R.sub.1 ', R.sub.1 ", R.sub.2 and R.sub.3 are as above.
PAR  The reaction of step (a) is carried out with a phosphorane of the formula:
      ##EQU3##
      wherein R.sub.3 is as above; R.sub.7, R.sub.8 and R.sub.9 are aryl; or a
      phosphonate of the formula:
      ##EQU4##
      wherein R.sub.10 and R.sub.11 are aryloxy or lower alkoxy and R.sub.3 is
      as above.
PAR  In accordance with the process of this invention, it has been discovered
      that a Wittig type reaction utilizing the compound X or a Horner type
      reaction utilizing the compound of formula X-A can be carried out on a
      2-hydroxy substituted chroman nucleus such as present in the compound of
      formula VI. By utilizing this step to prepare a compound of formula VII,
      the procedure of this invention avoids any ozonation reaction and the
      deleterious effects of ozonizing on a chroman nucleus.
PAR  The reaction of a phosphorane of formula X with the compound of formula II
      can, if desired, be carried out in the presence of an organic solvent. In
      carrying out this reaction, any conventional organic solvent can be
      utilized. Among the conventional organic solvents which can be utilized in
      accordance with this invention are included benzene, toluene,
      N,N-dimethylformamide, 1,2-dimethoxyethane, tetrahydrofuran and dioxane.
      In carrying out this reaction, temperature and pressure are not critical,
      and this reaction can be carried out at from about 0.degree.C. to about
      50.degree.C. and at atmospheric pressure.
PAR  The phosphoranes of formula X above can be prepared by known procedures
      from the corresponding phosphonium salts. In accordance with this
      invention, R.sub.7, R.sub.8 and R.sub.9 can be an aryl group. The aryl
      groups which may form the substituent designated by R.sub.7, R.sub.8 and
      R.sub.9 include mononuclear aryl groups such as phenyl or substituted
      phenyl such as tolyl, xylyl, mesityl, 4-methoxyphenyl, etc. The aryl
      substituent can be a polynuclear aryl group such as naphthyl, anthryl,
      phenanthryl, etc.
PAR  The reaction between the phosphonate of formula X-A and the compound of
      formula VI can be carried out by first providing a solution of an alkali
      metal base and the phosphonate of formula X-A in an inert organic solvent
      and then adding the compound of formula II to this reaction mixture. In
      carrying out this reaction, any conventional alkali metal base can be
      utilized such as the alkali metal hydrides such as sodium hydride and
      alkyl lithium; alkali metal lower alkoxides such as sodium methoxide and
      sodium ethoxide; and the alkali metal amide bases such as sodamide,
      potassium amide, as well as other alkali metal lower alkyl amides. In
      carrying out this reaction, any conventional inert organic solvent can be
      utilized such as benzene, toluene, N,N-dimethylformamide, tetrahydrofuran,
      dioxane, 1,2-dimethoxyethane. In carrying out this reaction, a temperature
      of from 0.degree.C. to the reflux temperature of the solvent may be
      utilized.
PAR  The phosphonate of formula X-A can be substituted by alkoxy or aryloxy
      groups. As with R.sub.7, R.sub.8 and R.sub.9 in the phosphorane of formula
      X, the aryl groups contained in R.sub.10 and R.sub.11 in the phosphonate
      of formula X-A can be mononuclear or polynuclear aryl groups which may be
      substituted or unsubstituted. When the compound of formula X-A is
      substituted by alkoxy groups, it is generally preferred to utilize alkoxy
      groups containing from 1 to 4 carbon atoms such as methoxy, ethoxy and
      isopropoxy. Among the aryloxy groups, phenoxy groups which are
      unsubstituted are generally preferred.
PAR  Where R in the compound of formula II is a hydrolyzable ester group, the
      reaction of step (a) via the phosphonate of formula X-A may produce a
      compound of formula VII where R is a hydrogen. The free hydroxy group in
      the compound of formula VII can, if desired, be re-esterified, to form a
      hydrolyzable ester group.
PAR  The compound of formula VII is converted, via reaction step (b), to the
      compound of formula VIII. Any conventional means of basic hydrolysis can
      be utilized to carry out the reaction of step (b). Generally, the reaction
      of step (b) can be carried out in an aqueous medium utilizing an alkali
      metal hydroxide such as sodium hydroxide. In carrying out this reaction,
      temperatures of from about 5.degree.C. to the reflux temperature of the
      reaction medium are utilized. This basic hydrolysis converts the
      hydrolyzable ester group R in the compound of formula VII to the hydrogen
      moiety in the compound of formula VIII. Where R in the compound of formula
      VIII is a hydrogen, the hydroxy group formed thereby can be esterified by
      conventional means to form the compound of formula VIII where R forms a
      hydrolyzable ester protecting group.
PAR  The compound of formula VIII can be separated into its enantiomers by any
      conventional chemical means. Among the preferred chemical means is to
      react the compound of formula VIII with an optically active base. Any
      conventional optically active base can be utilized to carry out this
      resolution. Among the preferred optically active bases are the optically
      active amine bases such as alpha-methylbenzylamine, quinine,
      dehydroabietylamine and alpha-methylnapthylamine. Any of the conventional
      techniques utilized in resolving organic acids with optically active
      organic amine bases can be utilized in carrying out this reaction.
PAR  In the resolution step, the compound of formula VIII is reacted with the
      optically active base in an inert organic solvent medium to produce salts
      of the optically active amine with both the 2R and 2S isomers of the
      compound of formula VIII. In the formation of these salts temperatures and
      pressure are not critical and the salt formation can take place at room
      temperature and atmospheric pressure. On the other hand, higher or lower
      temperatures can be utilized. In carrying out this salt formation, any
      conventional inert organic solvent can be utilized. The R and S salts can
      be separated by any conventional method such as fractional
      crystallization. After crystallization, each of the salts can be converted
      to the respective compounds of formula VIII-A and formula VIII-B oy
      hydrolysis with an acid. Any conventional method of hydrolysis with an
      acid can be utilized to hydrolyze these salts. Among the preferred acids
      are dilute aqueous acids, i.e., from about 0.001N to 2N aqueous acids,
      such as aqueous sulfuric acid or aqueous hydrochloric acid.
PAR  The reaction of step (b1) produces the compound of formula VIII in its 2S
      form (the compound of formula VIII-A) and in its 2R form (the compound of
      formula VIII-B). If one wishes to prepare natural tocopherol, one utilizes
      the compound of formula VIII-A in the rest of the synthesis disclosed
      hereinafter. On the other hand, if one wants to prepare other isomers of
      natural alpha-tocopherol, the compound of formulae VIII-B or VIII is
      utilized in the rest of this process.
PAR  On the other hand, in accordance with this invention, either the compound
      of the formula VIII-A or formula VIII-B can be converted to the compound
      of formula VIII via reaction step (b2). By means of this step, one can
      take the isomer of formula VIII which does not lead to natural
      alpha-tocopherol and racemize it back to the compound of the formula VIII.
      Alternatively, one can take the natural isomer, i.e., the compound of
      formula VIII-A and racemize it back to the compound of formula VIII.
      Hence, by this method, the yield of the compound of formula VIII-A (the
      compound which leads to natural alpha-tocopherol) or of the compound of
      formula VIII-B can be substantially increased. Therefore, the process of
      this invention provides a method for producing the natural
      alpha-tocopherol as well as other isomers of alpha-tocopherol in high
      yields.
PAR  The reaction of the compound of formula VIII-A or formula VIII-B to form
      the compound of formula VIII can be carried out by any one of the two
      procedures. Where R in the compound of formula VIII-A or formula VIII-B is
      hydrogen or forms an ester group, the compound of formulae VIII-A or
      VIII-B is converted to the compound of formula VIII by treatment with an
      aqueous mineral acid. Generally, from 2N to 18N aqueous mineral acid is
      used. This reaction can be carried out in an aqueous medium. In carrying
      out this reaction, any conventional mineral acid can be utilized. Among
      the preferred mineral acids are sulfuric acid, hydrochloric acid,
      hydrobromic acid, etc. On the other hand, where R is an ether group, the
      reaction of step (b2) is carried out in the presence of an acid or a
      strong base. Where the reaction is carried out in the presence of an acid,
      it is carried out in the same manner described in connection with the
      racemization of the compound of formulae VIII-A or VIII-B where R is
      hydrogen. Where the reaction is carried out in the presence of a strong
      base, the reaction is carried out under anhydrous conditions in the
      presence of an inert organic solvent. Any conventional inert organic
      solvent can be utilized to carry out this racemization. Among the
      preferred inert organic solvents for use in carrying out this racemization
      are toluene, dioxane, glyme, diglyme, tetrahydrofuran, etc. In carrying
      out this reaction, any conventional strong alkali metal base can be
      utilized. Among the strong bases are the alkali metal hydrides such as
      sodium hydride and the alkali metal dilower alkyl amides. Among the
      preferred alkali metal dilower alkyl amides are lithium diisopropyl amide
      and lithium isopropylcyclohexyl amide. In carrying out this racemization
      in the presence of an acid or a base, temperature and pressure are not
      critical and this reaction can be carried out at room temperature and
      atmospheric pressure. On the other hand, higher or lower temperatures can
      be utilized. Generally, it is preferred to utilize a temperature of from
      20.degree.C. to the reflux temperature of the reaction mixture in carrying
      out this reaction. When R is an ester group in the compound of formulae
      VIII-A and VIII-B, this group may be cleaved to hydrogen during
      racemization.
PAR  Where R forms an ether or ester group in the compound of formulae VIII,
      VIII-A and VIII-B, these compounds can be converted to the compound of
      formula I-A by hydrolysis or hydrogenolysis depending wthether R is an
      ester protecting group removable by hydrolysis or an ether protecting
      group removable by hydrolysis or hydrogenolysis. Any conventional method
      of ether or ester hydrolysis or ether hydrogenolysis can be utilized in
      carrying out this procedure.
PAR  The compound of formula VII where R.sub.2 is phenyl or lower alkyl can also
      be prepared from the compound of formula II where R.sub.4 is phenyl or
      lower alkyl via the following intermediates:
      ##SPC9##
PA1  wherein R.sub.1, R.sub.1 ' and R.sub.1 " are as above; R.sub.4 " is lower
      alkyl or phenyl and R' forms an ether protecting group removable by
      hydrogenolysis or hydrolysis or an ester protecting group removable by
      hydrolysis; and
      ##SPC10##
PA1  where R.sub.1, R.sub.1 ', R.sub.1 ", R', R.sub.4 " and R.sub.3 are as
      above.
PAR  The compound of formula II where R.sub.4 is phenyl or lower alkyl is
      converted to the compound of formula XI by esterification or
      etherification. Any conventional method of etherification or
      esterification such as those described hereinbefore can be utilized to
      carry out this reaction. The compound of formula XI is converted to the
      compound of formula XII by reaction with a compound of formulae X or X-A
      as described in connection with the reaction of step (a). The compound of
      formula XII is converted to the compound of formula VII where R is
      hydrogen and R.sub.2 is R.sub.2 ' by cleavage of the group R'. Where R' is
      an ester, this conversion is carried out by ester hydrolysis. Any
      conventional method of ester hydrolysis can be utilized to carry out this
      conversion. On the other hand, where R' is an ether group removable by
      hydrolysis or hydrogenolysis any conventional method of ether hydrolysis
      or hydrogenolysis can be utilized to carry out this reaction.
PAR  In accordance with another embodiment of this invention, the compound of
      formula VII can be prepared from a compound of formula II or a compound of
      the formula XI via the following intermediates:
      ##SPC11##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 ", R.sub.3 and R.sub.4 are as above;
PAL  and
      ##SPC12##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 ", R.sub.3 and R.sub.4 are as above.
PAR  In the preparation of a compound of formula XIII, the compound of formula
      II above or the compound of formula XI is reacted with either a compound
      of the formula:
EQU  XZnCH.sub.2 COOR.sub.3                                     XV-A
PA1  wherein X is halo and R.sub.3 is as above;
PAL  or
EQU  LiCH.sub.2 COOR.sub.3                                      XV-B
PA1  wherein R.sub.3 is as above.
PAR  The reaction of the compound of the formulae II or XI with the compound of
      the formula XV-A to produce a compound of the formula XIII is carried out
      via a Reformatsky reaction. Any of the conditions conventional in
      Reformatsky reactions can be utilized in carrying out this reaction. On
      the other hand, the reaction of the compound of formula II or the compound
      of the formula XI with the compound of the formula XV-B to produce a
      compound of the formula XIII is carried out via the Rathke reaction. This
      reaction is carried out at a temperature of at most -15.degree.C.
      Generally, temperatures of about -80.degree.C. to -50.degree.C. are
      preferred in carrying out this reaction. Furthermore, this reaction is
      carried out in the presence of an inert organic solvent. Any conventional
      inert organic solvent which solidifies at a temperature below
      -50.degree.C. can be utilized in carrying out this reaction. Among the
      preferred solvents are included tetrahydrofuran and diethyl ether. In
      carrying out the Rathke or Reformatsky reaction with either the compound
      of formulae XV-A or XV-B, the compound of formula II is directly converted
      to the compound of formula XIV. On the other hand, where the compound of
      formula XI is utilized the compound of formula XIII is formed as an
      intermediate. The compound of formula XIII is converted to the compound of
      formula XIV by hydrolysis or hydrogenolysis depending upon the substituent
      R. Any of the conventional methods of hydrolysis or hydrogenolysis
      discussed in connection with the conversion of the compound of formula XII
      to the compound of formula VII, can be utilized in carrying out this
      procedure.
PAR  The compound of formula XIV is converted ot the compound of formula VII by
      treating the compound of formula XIV with a strong organic acid
      dehydrating agent in the presence of an inert organic solvent. Any
      conventional inert organic solvent can be utilized in carrying out this
      reaction. Among the preferred organic solvents are the hydrocarbon
      solvents such as benzene, toluene, etc., and the ether solvents such as
      dioxane. In carrying out this reaction, a strong organic acid dehydrating
      agent such as p-toluene sulfonic acid can be utilized. This reaction is
      generally carried out under anhydrous conditions. In carrying out this
      reaction, temperature and pressure are not critical and this reaction can
      be carried out at room temperature and atmospheric pressure. On the other
      hand elevated or reduced temperatures can be utilized.
PAR  The compound of formula I-B above is prepared, in accordance with this
      invention, from a compound of formulae II or XI above. In the first step
      of this reaction, the compound of formulae II or XI is converted to a
      compound of the formula:
      ##SPC13##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAL  The compound of formulae II or XI is converted to the compound of formula
      XVII by treating either the compound of formulae II or XI with an alkali
      metal cyanide in an inert organic solvent medium and then maintaining the
      reaction mixture at a pH of from 3 to 7, preferably from 4 to 6. In
      carrying out this reaction, the preferred alkali metal cyanide is
      potassium cyanide. In carrying out this reaction, any conventional inert
      organic solvent can be utilized as the reaction medium. Generally, it is
      preferred to utilize solvents such as dimethylsulfoxide or
      dimethylformamide. Any conventional means of maintaining the reaction
      medium at a pH of from 3 to 7 can be utilized. Generally, this pH is
      maintained by the means of adding an acid to the reaction medium
      containing either the compound of formulae II or XI. Any conventional acid
      which will maintain the reaction medium at a pH of from 3 to 7 can be
      utilized. Among the preferred acids are included sulfuric acid and
      hydrochloric acid. In carrying out this reaction, temperatures of from
      0.degree.  to 40.degree.C. can be utilized.
PAR  In the next step of this reaction, the compound of formula XVII is
      converted to a mixture of compounds of the formulae:
      ##SPC14##
PA1  wherein R" is hydrogen or forms an ether protecting group removable by
      hydrogenolysis or hydrolysis; and R.sub.1, R.sub.1 ', R.sub.1 ", R.sub.2
      and R.sub.3 are as above.
PAL  This reaction is carried out at a temperature of -20.degree.C. to
      10.degree.C. utilizing anhydrous mineral acid in a lower alkanol followed
      by the addition of water. Any conventional anhydrous mineral acid can be
      utilized to carry out this reaction. Among the preferred mineral acids are
      the hydrohalic acids with hydrochloric acid being especially preferred.
      Any conventional lower alkanol can be utilized in this reaction. Among the
      preferred lower alkanols are methanol and ethanol.
PAR  The mixture of the compounds of formulae XVIII and XVIII-A can be converted
      to the compound of formula XVIII where R.sub.3 is hydrogen by first
      hydrolyzing this mixture with base to form a mixture of acids of the
      formulae:
      ##SPC15##
PA1  wherein R', R", R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAL  This reaction is carried out by any conventional means of basic hydrolysis.
      Among the preferred methods is to treat the mixture of compounds of the
      formulae XVIII and XVIII-A with an alkali metal hydroxide.
PAR  The mixture containing compounds of formulae XIX and XIX-A can be converted
      to the single compound of formula XIX by treating this mixture with a
      strong organic acid dehydrating agent in the presence of an inert orgaic
      solvent. Any conventional inert organic solvent can be utilized in
      carrying out this reaction. Among the preferred organic solvents are the
      hydrocarbon solvents such as benzene, toluene, etc., and ether solvents
      such as dioxane. In carrying out this reaction, a strong organic acid
      dehydrating agent such as p-toluenesulfonic acid or sulfuric acid can be
      utilized. This reaction is carried out under anhydrous conditions. If R"
      in the compound of formula XIX is a hydroxy group, this compound can, if
      desired, be esterified or etherified by conventional means to produce a
      compound of formula XIX where R is hydrogen or forms an ester or ether
      group, i.e., the compound of the formula:
      ##SPC16##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAR  On the other hand, the compound of formula XVII where R is a hydrolyzable
      ester group or hydrogen can be directly converted to a compound of formula
      XX by treating the compound of formula XVII with a strong inorganic
      aqueous acid in an aqueous medium. In carrying out this reaction where R
      in the compound of formula XVII is a hydrolyzable ester group, this
      treatment will cleave the ester group so that R will be hydrogen. In
      carrying out this reaction, temperature and pressure are not critical and
      this reaction can be carried out at room temperature and atmospheric
      pressure. On the other hand, elevated temperatures can be utilized. Any
      conventional inorganic acid can be utilized to carry out this conversion.
      Among the preferred acids are concentrated inorganic aqueous acids, i.e.,
      acid having a concentration of at least 12N. Among the preferred acids are
      sulfuric acid and hydrohalic acids such as hydrochloric acid.
PAR  If desired, the compound of formula XX can be resolved, if desired, and
      converted to the compound of formula I-B according to the following
      procedure:
      ##SPC17##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAR  If desired, the compound of formula XX can be converted, via reaction step
      (j), into its enantiomers, i.e., the compound of formula XX-A and formula
      XX-B. The same method of separation as described in connection with step
      (b1) can be utilized to carry out the resolution of the compound of
      formula XX. The preferred resolving agent for use in this reaction is an
      optically active organic amine base such as alpha-methylbenzylamine. As in
      step (b1), the organic amine base forms salts with both the 2R and 2S
      isomers of the formula XX which can be separated by conventional methods
      such as fractional crystallization and hydrolyzed to their respective 2R
      and 2S isomeric forms as in step (b1). The enantiomer of formula XX-B can
      be utilized to prepare natural optically active alpha-tocopherol. In
      accordance with this invention, the same configuration at the 2-position
      in the compound of formula XX-B is maintained during its conversion to
      vitamin E compounds. Therefore, the compound of formula XX-B can be
      utilized to produce the 2R isomers of the vitamin E compounds. On the
      other hand, the compound of formula XX-A can be utilized to prepare the 2S
      isomers of alpha-tocopherol. If desired, the compounds of formulae XX-A or
      XX-B can be racemized to produce the compound of formula XX. This
      racemization is carried out in the same manner as described in connection
      with reaction step (b2). This racemization allows the natural isomer
      precursor XX-B or the unnatural isomer precursor XX-A to be produced in
      higher yields. On the other hand, the compound of formula XX can be
      utilized as a precursor for producing the 2RS isomers of vitamin E
      compounds.
PAR  The compound of formulae XX, XX-A, and XX-B can be converted to the formula
      I-B by hydrogenolysis, ester hydrolysis or ether hydrolysis utilizing
      conventional methods for carrying out this hydrolysis or hydrogenolysis
      such as those described hereinbefore.
PAR  The compound of formula XX can also be prepared from the compound of
      formula III, in accordance with another embodiment of this invention, via
      the following intermediates:
      ##SPC18##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 ", R.sub.2 and R.sub.3 are as above;
      and Y is -C.tbd.N or
      ##EQU5##
PAR  In accordance with this invention, the compound of formula III is reacted,
      via a Mannich Reaction, with formaldehyde and an amine of the formula:
EQU  (R.sub.3).sub.2 NH                                         XXIII
PA1  wherein R.sub.3 is as above;
PAL  to produce the compound of the formula XXI. This reaction is carried out
      utilizing the conditions conventional in Mannich Reactions. In carrying
      out this reaction, temperatures of from 0.degree. to 60.degree.C. are
      generally utilized. Generally, this reaction is carried out in an inert
      organic solvent. Any conventional inert organic solvent can be utilized
      with solvents such as methanol and benzene being preferred.
PAR  The compound of formula XXI is converted to a compound of the formula XXII
      by reaction with a compound of the formula:
      ##EQU6##
      wherein R.sub.2 and Y are as above. This reaction is carried out under
      pressures at a temperature of from 130.degree. to 250.degree.C. Generally,
      this reaction is carried out by heating the compound of formula XXII with
      the compound of formula XXIII-B in a sealed vessel so that the reaction is
      carried out under pressure. In carrying out this reaction, the compound of
      formula XXI can be present in the form of its free base or as an acid
      addition salt such as a hydrohalic acid addition salt.
PAR  The compound of formula XXII is converted to the compound of formula XX by
      either acid or basic hydrolysis. Any conventional method of acid or basic
      hydrolysis can be used in carrying out this procedure. If in the compound
      of formula XXII, R is a protecting group, it is best to utilize the
      hydrolysis technique that will remove the protecting group so as to obtain
      a compound of formula I-B directly.
PAR  In accordance with another embodiment of this invention, the compound of
      formula III is converted to a compound of formula I via the following
      intermediates:
      ##SPC19##
PA1  wherein R, R", R.sub.1, R.sub.1 ', R.sub.1 ", R.sub.2 and n are as above.
PAR  In the first step of this process, the compound of formula III is reacted
      with a compound of the formula:
      ##EQU7##
      wherein R.sub.2 and R' are as above.
PAR  Reaction of the compound of formula III with the compound of the formula
      XXIX is carried out in the presence of an acid catalyst such as Lewis acid
      or mineral acid or both. In carrying out this reaction, any conventional
      Lewis acid or mineral acid can be utilized. Among the conventional Lewis
      acids which can be utilized are included aluminum trichloride, boron
      trifluoride, zinc chloride, etc. On the other hand, a mineral acid can be
      utilized in carrying out this reaction. Among the preferred mineral acids
      are the hydrohalic acids such as hydrochloric acid, etc. If desired, a
      mixture of a Lewis and a mineral acid can be utilized in carrying out this
      reaction. The preferred catalyst system for use in this reaction consists
      of a mixture of zinc chloride and hydrochloric acid. In carrying out this
      reaction, any conventional inert organic solvents can be utilized.
      Furthermore, this reaction is carried out at a temperature of from
      -20.degree.C. to the reflux temperature of the reaction mixture.
PAR  The compound of formula XXV where R' forms protecting ether and ester
      groups can be hydrolyzed to form the compound of formula XXVI. Generally,
      it is preferred to prepare a compound of formula XXV so that R is an ether
      protecting group, and R' is an ester protecting group or vice versa. In
      this manner, hydrolysis of R'  will not effect the hydrolysis of R. On the
      other hand, if R in the compound of formula XXV is hydrogen, the free
      hydroxy group formed thereby should be protected so that, in the compound
      of formula XXVI, the phenolic hydroxy group is protected whereas the
      hydroxy group on the side chain remains free.
PAR  The compound of formula XXVI is converted to the compound of formula XXVII
      by oxidation with silver carbonate (Ag.sub.2 CO.sub.3), a chromium
      trioxidepyridine complex (Collins reagent); chromium trioxide dispersed in
      a carrier such as graphite (Lalancette reagent); and chromium trioxide in
      pyridine (Sarett reagent). When silver carbonate is utilized as an
      oxidizing agent, it is generally employed with a carrier. Any conventional
      carrier can be utilized, with diatomaceous earth being preferred. In
      carrying out this oxidation, any of the conditions conventional in
      oxidizing with silver carbonate can be employed. In utilizing the Collins
      reagent as an oxidizing agent, the oxidation is carried out under the
      conditions conventional in utilizing a Collins reagent such as in a
      halogenated hydrocarbon solvent, preferably methylene chloride at room
      temperature, i.e., from about 10 degrees centigrade to about 30.degree.C.
      When utilizng the Lalancette reagent, oxidation is carried out under
      conditions conventional in utilizing this reagent as an oxidizing agent.
      Generally, with the Lalancette reagent, oxidation is carried out in an
      aromatic hydrocarbon solvent such as benzene and toluene under reflux. In
      utilizing the Sarett reagent, oxidation is carried out under conditions
      conventional in utilizing such a reagent. It is by utilizing these
      oxidizing agents in the oxidation of a compound of the formula XXVI to a
      compound of the formula XXVII, that this reaction is carried out without
      any destruction of the chroman ring. This is completely surprising since
      it is well known that chroman rings are very susceptible to oxidation.
PAR  The conversion of a compound of the formula XXVII to a compound of the
      formula I is carried out by utilizing as an oxidizing agent, silver oxide
      (Ag.sub.2 O). In carrying out this reaction, any of the conditions
      conventional in oxidizing with silver oxide can be utilized in carrying
      out this reaction. Generally, this reaction is carried out in an inert
      organic solvent. Any conventional inert organic solvent can be utilized.
      Furthermore, in carrying out this reaction, temperature and pressure are
      not critical and the oxidation can be carried out at room temperature and
      atmospheric pressure. On the other hand, elevated or reduced temperatures
      can be utilized. The group R can be hydrolyzed to form the free phenolic
      moiety by conventional means such as described hereinbefore.
PAR  In accordance with an embodiment of this invention, the compound of formula
      XXVII where it is a racemate, can be resolved into either its 2R form
      which has the formula:
      ##SPC20##
PA1  wherein R, R.sub.1, R.sub.1 ', R.sub.1 ", R.sub.2 and n are as above;
PAL  and its 2S form which has the formula:
      ##SPC21##
PA1  wherein n, R, R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are as above.
PAR  The compound of formula XXVII where it is in the form of a racemate can be
      resolved into its optically active antipode by utilizing any conventional
      means for resolving aldehydes. Among the methods conventionally employed
      for resolving aldehydes is reacting the aldehyde with an optically active
      amine such as alphamethylbenzyl amine or dehydroabietylamine to form a
      Schiff base. On the other hand, the aldehyde can be reacted with a racemic
      amine followed by salt formation with an optically active acid. Another
      method for resolving the aldehyde of formula XXVII is by reacting the
      aldehyde with an optically active hydrazine to form a hydrazone. Any other
      conventional optically active amines, racemic amines, optically active
      acids and optically active hydrazides utilized in resolving aldehydes can
      be utilized in this process. The diasteromeric mixtures formed by the
      reaction of the aldehyde with the optically active amine or with the
      racemic amine followed by salt formation with an optically active acid or
      the hydrazone formed from the optically active hydrazide can be separated
      by conventional methods such as crystallization, etc. The optically active
      aldehyde can be regenerated by standard methods.
PAR  If one wants to prepare natural tocopherol, one utilizes the compound of
      formula XXVII in its S form in the rest of this synthesis. On the other
      hand, if one wants to prepare other isomers of natural alpha tocopherol,
      the compound of formula XXVII or the R form can be utilized in the rest of
      this process. On the other hand, in accordance with this invention, either
      the compound of R or S form of the compound of formula XXVII can be
      converted to the racemic form of the compound of formula XXVII by the
      reaction described hereinbefore in reaction step (b2). By means of this
      step, one can take the isomer of formula XXVII which does not lead to
      alpha tocopherol and racemize it back. Alternatively, one can take the
      natural isomer, i.e., the S form and racemize it back to the compound of
      formula XXVII. By this manner, the yield of the compound in the S or R
      forms of the compound of formula XXVII can be substantially increased.
PAR  The compound of formula XXVII can also be prepared from the compound of
      formula I above where the phenolic hydroxy is protected with a
      hydrolyzable ester or an ether group removable by hydrolysis or
      hydrogenolysis. In this procedure, a compound of the formula:
      ##SPC22##
PA1  wherein R', R.sub.1, R.sub.1 ', R.sub.1 ", n and R.sub.2 are as above; and
      X is a halogen;
PAL  is formed as an intermediate. The compound of formula XXX can be formed
      from the compound of formula I having its phenolic hydroxy group protected
      by utilizing conventional methods for converting a carboxylic acid to the
      corresponding acid halide. Any method conventional in halogenating acids
      can be utilized in carrying out this reaction. Among the preferred methods
      of halogenating the compound of formula I is by treating this compound
      with a halogenating agent, preferably a chlorinating agent such as oxalyl
      chloride, thionyl chloride, phosphorous pentachloride, etc. Any
      conventional halogenating agent can be utilized in carrying out this
      reaction.
PAR  The compound of formula XXX is converted to the compound of formula XXVII
      by Rosenmund reduction. Any of the conditions conventional in Rosenmund
      reduction can be utilized in carrying out this reaction. Generally, this
      reaction is carried out by hydrogenation in the presence of a deactivated
      palladium catalyst and acid acceptor. Any of the conventional deactivated
      palladium catalysts such as palladium containing an organic sulfur
      derivative or quinoline such as is conventional in the art can be utilized
      in this reaction. Any conventional acid acceptor such as a base can be
      utilized in carrying out this reaction. Among the preferred bases are
      alkali metal salts of lower alkanoic acids such as sodium acetate, and
      tri-lower alkylamines such as triethylamine, etc. If R is an ether
      protecting group removable by hydrogenolysis, this reaction may remove the
      ether group to produce the compound of formula XXVII where R is hydrogen.
      However, where --OR forms a benzyl ether moiety which is susceptible to
      hydrogenolysis, this reaction will unexpectedly selectively reduce the
      acid chloride without affecting the benzyl ether moiety.
PAR  Another method for forming the compound of formula XXVII is by reducing
      compounds of formulae VII or XXII where R forms a hydroxy protecting
      group. This reduction can be carried out by treating the compound of
      formula VII or formula XXII with diisobutyl aluminum hydride or sodium
      dihydro-bis-(2-methoxyethoxy)-aluminum hydride as a reducing agent. This
      reduction is carried out in an inert organic solvent medium. Any
      conventional inert organic solvent can be utilized in carrying out this
      reaction. Among the preferred inert organic solvents are included pentane,
      dioxane, diethyl ether, hexane, toluene, benzene or xylene. Generally,
      temperatures of from -120.degree.C. to -30.degree.C. are utilized in
      carrying out this reaction.
PAR  In accordance with this invention, the compound of formula XXVII either in
      its 2R or 2S form, where R', R.sub.1 ', R.sub.1 " and R.sub.2 are all
      methyl, a compound of the formula:
      ##SPC23##
PA1  wherein n and R are as above;
PAL  can be converted to a vitamin E active compound of the formula:
      ##EQU8##
      wherein R is as above.
PAR  Beside producing the natural optically active compound of formula XL having
      the 2R', 4'R and 8'R configuration, this synthesis can be utilized to
      produce compounds of the formula XL having the following stereo
      configuration:
PA1  2R, 4'RS, 8'RS;
PA1  2s, 4'r, 8'r;
PA1  2s, 4'rs, 8'rs;
PA1  2rs, 4'rs, 8'rs; and
PA1  2RS, 4'R, 8'R
PAR  The compound of formula XXVII-A forms compounds having the following
      formula:
      ##SPC24##
PAR  Where it is desired to produce the compound of formula XL in the following
      isomeric forms:
PA1  2R, 4'RS, 8'RS;
PA1  2s, 4'rs, 8'rs; and
PA1  2RS, 4'RS, 8'RS
PAL  The compound of formula XXVII-B is reacted with a 2RS, 6RS isomer selected
      from the group consisting of a phosphorane of the formula:
      ##EQU9##
      wherein R.sub.7, R.sub.8 and R.sub.9 are as above; and a phosphonate of
      the formula:
      ##EQU10##
      wherein R.sub.10 and R.sub.11 are as above; to produce a compound of the
      formula:
      ##EQU11##
      wherein R is as above.
PAR  Where the compound of formula XXVII-B is in its 2R form, the reaction of
      the compound of formula XXVII-B with the compound of the formula XLI-A or
      formula XLI-B produces the compound of formula XXLII in its 2S, 4'RS, 8'RS
      form. On the other hand, where the compound of formula XXVII-B is in its
      2S form, the reactions of the compound of the formula XXVII-B with the
      compound of the formula XLI-A or the formula XLI-B produces the compound
      of formula XLII in its 2R, 4'RS, 8'RS form. However, if the compound of
      formula XXVII-B is a 2RS isomeric mixture, this reaction produces a
      compound of formula XLII having the 2RS, 4'RS, 8'RS form.
PAR  The reaction of the compound of formula XXVII-B with a compound of formulae
      XLI-A or XLI-B is carried out in the same maner as described in connection
      with the reaction of the compounds of formulae X or X-A with the compound
      of formula II. Where the compound of the formula XXVII-B contains a
      hydrolyzable ester group, this reaction may cause hydrolysis to the
      corresponding hydroxy group. If desired, this hydroxy group of the
      compound of formula XLII can be etherified or re-esterified in the manner
      described hereinbefore.
PAR  The compound of formula XLII can be converted to the compound of formula XL
      by hydrogenation. Any conventional method of hydrogenation can be utilized
      in carrying out this reaction. Generally, it is preferred to carry out
      this reaction by hydrogenating the compound of formula XLII in the
      presence of a noble metal catalyst such as palladium or platinum. While
      palladium or platinum is preferred, any conventional noble metal catalyst
      can be utilized to carry out this reaction. Any of the common supports for
      the noble metal catalysts can be utilized in accordance with this
      invention. Among the preferred catalysts supports for use in this
      invention are such supports as carbon, barium sulfate, etc. In carrying
      out this hydrogenation reaction, any of the conventional inert organic
      solvents can be utilized. In carrying out this reaction, temperature and
      pressure are not critical and this reaction can be carried out at room
      temperature and atmospheric pressure. On the other hand, higher or lower
      temperatures and pressures can be utilized. Where R is the compound of
      formula XLII is an ether group removable by hydrogenolysis, this
      hydrogenation will cleave the ether group to produce a compound of formula
      XL where R is H. The resulting hydroxy group in the compound of formula XL
      can, if desired, be etherified or esterified.
PAR  The compound of formula XLI-A and formula XLI-B are prepared from the known
      2RS, 6RS isomer of compounds of the formula:
      ##EQU12##
      via the following reaction scheme:
      ##EQU13##
PAR  The compound of formula XLIII is converted to the compound of formula XLIV
      by treating the compound of the formula XLIII with a reducing agent. Any
      conventional reducing agent capable of converting an aldehyde to the
      corresponding alcohol can be utilized. Among the conventional reducing
      agents are the metal hydride reducing agents. Any conventional metal
      hydride reducing agent can be utilized to carry out this reaction. The
      compound of formula XLIV is converted to the compound of formula XLV via
      reaction step (q) by halogenation. Any conventional method of halogenating
      an alcohol can be utilized in carrying out rection step (q). Generally the
      halogenation can be carried out by treating the compound of formula XLIV
      with a halogenating agent such as hydrogen bromide gas or phosphorous
      tribromide. Any of the conditions conventional in halogenating alcohols
      through the use of halogenating agents can be utilized in carrying out
      this procedure.
PAR  The phosphorane of formula XLI-A is prepared via reaction step (r) by
      reacting the compound of formula XLV with a phosphine of the formula:
      ##EQU14##
      wherein R.sub.7, R.sub.8 and R.sub.9 are as above.
PAR  This reaction is carried out utilizing the procedure well known and
      conventional in the art for preparing phosphoranes from phosphines.
      Generally, this reaction is carried out at temperatures of from 80.degree.
      to 250.degree.C. in the presence or absence of an inert organic solvent
      which has a boiling point above 80.degree.C. Heating the phosphine with
      the compound of formula XLV in this manner produces the phosphonium salt
      of the compound of formula XLI-A. This phosphonium salt is converted to
      the compound of formula XLI-A by treatment with a base. Any of the
      conventional bases utilized in preparing phosphoranes can be utilized in
      this reaction. Among the preferred bases are alkali metal hydrides, alkali
      metal lower alkoxides or alkali metal hydroxides. Any of the conditions
      conventional in forming a phosphorane from its corresponding phosphonium
      salt can be utilized in carrying out this reaction.
PAR  The compound of formula XLI-B is formed, via reaction steps (s), by
      reacting the compound of formula XLV with a phosphite of the formula:
      ##EQU15##
      wherein R.sub.10 and R.sub.11 are as above; and R.sub.12 is lower alkoxy
      or aryloxy.
PAL  Any of the conventional methods of forming phosphonates can be used in
      carrying out the reaction of step (s). Among the methods for forming the
      phosphonates of formula XLV-B is by heating the phosphite and the compound
      of formula XLV to a temperature of from 80.degree. to 150.degree.C. in an
      inert organic solvent medium. Any conventional inert organic solvent
      having a boiling point of at least 80.degree.C. can be utilized in
      carrying out this reaction. Generally, it is preferred to carry out this
      reaction at the reflux temperature of the reaction medium.
PAR  The compound of formula XL can be produced in the following isomeric forms:
PA1  2R, 4'RS, 8'RS;
PA1  2s, 4'rs, 8'rs; and
PA1  2RS, 4'RS, 8'RS
PAL  by first reacting the compound of the formula XXVII-C with a 2RS, 6RS
      isomeric phosphorane of formula:
      ##EQU16##
      wherein R.sub.7, R.sub.8 and R.sub.9 are as above; and a phosphonate of
      the formula:
      ##EQU17##
      wherein R.sub.10 and R.sub.11 are as above; to produce a compound of the
      formula:
      ##EQU18##
      wherein R is as above.
PAR  The reaction of compounds of formulae XLI-A' and XLI-B' with the compound
      of formula XXVII-C to produce the compound XLII-A is carried out in the
      same manner as described in connection with the reaction of a compound of
      the formulae XLI-A and XLI-B with a compound of the formula XXVII-B. The
      compound of formula XLII-A is converted to the compound of formula XL in
      the same manner as described in connection with the conversion of a
      compound of the formula XLII to the compound of formula XL.
PAR  The compound of formula XL having the following isomeric forms:
PA1  2RS, 4'R, 8'R;
PA1  2s, 4'r, 8'r; and
PA1  2R, 4'R, 8'R
PAL  can be prepared in two ways. In the first, the compound of formula XXVII-B
      above is reacted in the manner described hereinbefore with a phosphorane
      of the formula:
      ##EQU19##
      wherein R.sub.7, R.sub.8 and R.sub.9 are as above; or a phosphonate of the
      formula:
      ##EQU20##
      wherein R.sub.10 and R.sub.11 are as above; to produce a compound of the
      formula:
      ##EQU21##
      wherein R is as above. In accordance with the second procedure, the
      compound of formula XXVII-C is reacted with either a phosphorane of the
      formula:
      ##EQU22##
      wherein R.sub.7, R.sub.8 and R.sub.9 are as above; or a phosphonate of the
      formula:
      ##EQU23##
      wherein R.sub.10 and R.sub.11 are as above; in the manner disclosed
      hereinbefore to produce a compound of the formula:
      ##EQU24##
      wherein R is as above.
PAR  The compound of formulae XLII-B or XLVII can be hydrogenated to form the
      4'R, 8'R isomer of formula XL in the same manner as described in
      connection with the hydrogenation of the compound of formula XLII. If R in
      the compound of formulae XLII-B or XLVII forms an ether group removable by
      hydrogenolysis, the hydrogenation step cleaves this ether group to form
      the compound of formula XL where R is hydrogen. This free hydroxy group in
      the compound of formula XL can be etherified or esterified. If the
      compound of formulae XXVII-B or XXVII-C is in the 2R form, then the
      compound of formula XL produced therefrom will be in the 2S form. On the
      other hand, where the compound of formulae XXVII-B or XXVII-C in the 2S
      form, then the compound of formula XL produced therefrom will be in the 2R
      form. On the other hand, where the compound of formula XXVII-B or the
      compound of formula XXVII-C is a 2RS isomeric mixture, then the compound
      of formula XL produced therefrom will be a 2RS isomeric mixture.
PAR  The compounds of formulae XLV-A, XLV-B, XLVI-A and XLVI-B can be produced
      from a compound of the formula:
      ##EQU25##
      wherein m is an integer of from 0 to 1; via an intermediate of the
      formula:
      ##EQU26##
      wherein X and m are as above.
PAR  The compound of formula XLVIII is converted to the compound of formula L
      utilizing the conditions described in reaction step (q). The compound of
      formula L can be converted to the compound of formula XLV-A or formula
      XLVI-A utilizing the conditions described in connection with reaction step
      (r). When m is 0, this reaction will produce a compound of the formula
      XLV-A. On the other hand, when m is 1, this reaction will produce a
      compound of the formula XLVI-A. The compound of formula L is converted to
      the compound of formula XLV-B or formula XLVI-B utilizing the conditions
      described in connection with reaction step (s). When m is 0, this reaction
      will produce a compound of the formula XLV-B. On the other hand, when m is
      1, this reaction will produce a compound of the formula XLVI-B.
PAR  The compound of formula XLVIII comprises a 2R, 6R isomer which has the
      formula:
      ##EQU27##
      and a 3R, 7R isomer which has the formula:
      ##EQU28##
      The compound of formulae XLVII-A and XLVIII-B are produced from 7R,
      11R-phytol. These compounds are produced from phytol, by dehydrating
      phytol and then treating the resulting product with ozone gas to form
      various ozonides, and finally reducing these ozonides with a complex metal
      hydride. Upon treatment of the ozonide with the complex metal hydride
      reducing agent a mixture containing the compound of the formula XLVIII-A
      and a compound of the formula XLVIII-B is formed.
PAR  In the first step of this process, phytol is treated with a dehydrating
      agent in the presence of an inert organic solvent medium. Any of the
      conditions conventional in dehydrating phytol can be utilized in this
      reaction step. Any conventional dehydrating agent such as phthalic
      anhydride, p-toluenesulfonic acid, phosphorous oxychloride and mineral
      acids such as sulfuric acid can be utilized. Any conventional inert
      organic solvent or water can be utilized as the solvent medium. However,
      where phosphorous oxychloride is utilized as the dehydrating agent, water
      is not present in the reaction medium. The use of these conventional
      dehydrating agents to dehydrate phytol produces a mixture of phytadiene
      isomers of the formula:
      ##EQU29##
      and
      ##EQU30##
      This mixture of isomers is subjected to ozone gas in an inert solvent
      medium to convert the isomers of various structures to their corresponding
      ozonides. This conversion is carried out by bubbling ozone gas into the
      reaction medium containing the mixture of isomers, preferably at a
      temperature of -50.degree.C. to -70.degree.C. In carrying out this step,
      any conventional inert organic solvent can be utilized. Among the
      preferred inert organic solvents are the hydrocarbon solvents such as
      pentane, benzene, toluene, etc., as well as ether solvents such as
      tetrahydrofuran. The ozonides are then treated with a complex metal
      hydride reducing agent to form a mixture containing a compound of formulae
      XLVIII-A and XLVIII-B. Hence, in accordance with this invention, these
      mixtures of isomers formed from phytol is converted directly to a mixture
      containing the compound of formula XLVIII-A and the compound of formula
      XLVIII-B.
PAR  This mixture can be separated by fractional distillation. In accordance
      with this invention, it has been found that the difference between the
      boiling point of the compound of formula XLVIII-A and formula XLVIII-B are
      of such magnitude that these compounds can be easily separated by any
      conventional method of fractional distillation. In carrying out this
      separation, any conventional means of fractional distillation can be
      utilized.
PAR  The compound of formula L, either in its 2R, 6R form (m = 0) or in its 3R,
      7R form (m = 1) or as a racemate thereof, can be converted to the compound
      of formula XL by means of the following reaction scheme:
      ##EQU31##
      wherein R and X are as above; Z is MgX or Li; and m and n are integers
      from 0 to 1 with the proviso that the sum of m and n is 1.
PAR  The compound of formula L is converted to the compound of formula LI by
      forming a Grignard salt thereof or an alkyl lithium salt thereof. Any of
      the conventional methods of forming a Grignard salt or an alkyl lithium
      salt can be utilized in carrying out the reaction of step (t).
PAR  The compound of formula XXX wherein R.sub.1, R.sub.1 ', R.sub.1 " and
      R.sub.2 are methyl has the formula:
      ##SPC25##
PA1  wherein R, X and n are as above;
PAL  can be converted to the compound of formula XL.
PAR  Where the compound of formula XXX-A is utilized as an intermediate in
      preparing the compound of formula XL and the compound of formula XXX-A has
      a 2S configuration, the compound of formula XL will have a 2R
      configuration. On the other hand, if the compound of formula XXX-A has a
      2R configuration, the compound of formula XL will have a 2S configuration.
PAR  The compound of formula LI is reacted with the compound of formula XXX-A
      via a conventional coupling reaction to produce the compound of formula
      LIII. This reaction of step (v) is carried out utilizing standard Grignard
      conditions. Any conventional standard Grignard conditions can be utilized
      to carry out this coupling reaction. On the other hand, the compound of
      formula LI can be reacted via reaction step (u) with a compound of formula
      XXVII-A to produce a compound of formula LII. The reaction of step (u) is
      a standard Grignard reaction, and any of the conditions conventional in
      Grignard reactions can be utilized to carry out the reaction of step (u).
      In carrying out the reaction of step (u), the substituent in n in the
      compound of formula XXVII-A and the substituent m in the compound of
      formula XLI should be chosen so that their sum is equal to 1. This is also
      true with respect to the substituents m and n in the compounds of formulae
      XXX-A and LI in the reaction of step (v).
PAR  The compound of formula LII can be converted to the compound of formula
      LIII via reaction step (x.sub.2) by oxidation in the same manner as
      described by the conversion of the compounds of the formula XXVI to the
      compounds of the formula XXVII. In this oxidation, it is necessary to
      protect the free phenolic hydroxy group in the compound of formula LII
      where R is hydrogen. Any of the conditions described hereinbefore in
      connection with the oxidation of the compound of formula XXVI to a
      compound of the formula XXVII can be utilized to convert the compound of
      the formula LII to a compound of the formula LIII.
PAR  On the other hand, the compound of the formula LIII can be converted to the
      compound of formula LII, via reaction step (x.sub.1) by reduction with a
      complex metal hydride reducing agent. The reduction of step (x.sub.1) and
      the reduction of the ozonides from phtyol to produce the compound of
      formula XLVIII-A and formula XLVIII-B is carried out with conventional
      complex metal reducing agents. Among the preferred reducing agents are the
      complex metal hydrides. Any conventional complex metal hydride reducing
      agent can be utilized in carrying out this reaction. Among the complex
      metal hydrides that can be utilized are included the alkali metal
      borohydrides, such a sodium borohydride or lithium borohydride, alkali
      metal aluminum hydrides, such as lithium aluminum hydride, diisobutyl
      aluminum hydride, diisopropyl aluminum hydride and sodium
      dihydro-bis(2-methoxyethoxy-aluminum hydride). This reduction is carried
      out in an inert organic solvent medium. Any conventional inert organic
      solvent can be utilized in carrying out this reaction. Among the preferred
      inert organic solvents are included tetrahydrofuran, dioxane, diethyl
      ether, hexane, toluene, benzene or xylene. This reaction can be carried
      out at room temperature, i.e., 20.degree.-30.degree.C. and atmospheric
      pressure. On the other hand, reduced temperatures are preferred.
      Generally, this reaction is carried out at a temperature of from
      -80.degree.C. to about 45.degree.C.
PAR  A compound of formula LIII can be directly converted to the compound of
      formula XL via reaction step (y.sub.2) by utilizing any method of
      completely reducing a ketone. Among the conventional methods for carrying
      out this reduction are by the Clemmenson or Wolff-Kischner reactions or by
      alkali metal borohydride reduction of a derivative of formula LIII where
      the ketone group is converted to a hydrazone. In carrying out the
      Clemmenson reaction, the compound of formula LIII is treated with zinc in
      acetic acid. Any of the conditions conventional in carrying out Clemmenson
      reactions can be utilized in carrying out the reduction of step (y.sub.2).
      If it is desired to utilize a Wolff-Kischner reaction to convert the
      compound of formula LIII directly to the compound of formula XL, the
      compound of formula LIII is treated with hydrazone in the presence of a
      strong base such as sodium hydroxide at a temperature of from 100.degree.
      to 250.degree.C. in the presence of a high boiling solvent. Any of the
      conditions conventional in carrying out a Wolff-Kischner reaction can be
      utilized to carry out the reaction of step (y.sub.2). On the other hand,
      the compound of formula LIII can be converted to the compound of formula
      XL by first converting the free ketone group contained therein to the
      hydrazone and then treating the compound of formula LIII with an alkali
      metal borohydride reducing agent. The hydrazone of the ketones of formula
      LIII are formed in a conventional manner. Any of the conventional methods
      for forming a hydrazone such as treating the compound of formula LIII with
      tosylhydrazone can be utilized. The tosylhydrazone of formula LIII is then
      reacted with an alkali metal borohydride reducing agent such as sodium
      borohydride to form the compound of formula XL. Any of the conditions
      conventional in reducing with an alkali metal borohydride reducing agent
      can be utilized to carry out this reaction.
PAR  The compound of formula LII can be directly converted to the compound of
      formula XL by treating a derivative of the compound of formula LII where
      the free hydroxy group contained on the side chain is converted to a
      leaving group with a complex metal hydride in the manner described in
      connection with the reduction of a compound of the formula LIII to a
      compound of the formula LII.
PAR  The free hydroxy group on the side of the compound of formula LII can be
      converted by conventional means to a leaving group. Any conventional
      leaving group can be utilized in this procedure. Among the preferred
      leaving groups formed are lower alkyl sulfonyloxy such as
      methanesulfonyloxy and arylsulfonyloxy such as p-toluenesulfonyloxy. Any
      conventional method of converting a hydroxy group to a leaving group can
      be utilized in this formation.
PAR  The compound of formula LII can also be converted to the compound of
      formula LIV by treating the compound of formula LII with an alcohol
      dehydrating agent. Any conventional alcohol dehydrating agent can be
      utilized. Among the preferred alcohol dehydrating agents are included
      thionyl chloride, phosphorous oxychloride, inorganic acids such as
      sulfuric acid, hydrogen bromide, hydrogen chloride, etc.; strong organic
      acids such as p-toluene sulfonic acid, alkylsulfonic acids such as methane
      sulfonic acid. Generally, this reaction is carried out in an inert organic
      solvent. Any conventional inert organic solvent can be utilized in
      carrying out this reaction. Among the preferred inert organic solvents
      when thionyl chloride and phosphorous oxychloride are utilized, is
      pyridine. On the other hand, when hydrogen bromide is utilized. methylene
      chloride or chloroform are the preferred solvents. In carrying out this
      reaction, temperature and pressure are not critical, and this reaction can
      be carried out at room temperature and atmospheric pressure. If desired,
      higher or lower temperatures can be utilized.
PAR  On the other hand, the compound of formula LII can be converted to the
      compound of formula LIV by first converting a compound of the formula LII
      to a derivative of the compound of formula LII where the hydroxy group on
      the side chain is esterified and then subjecting this derivative to
      pyrolysis. The esterification of the derivative of formula LII can be
      carried out utilizing conventional procedures of esterification. Among the
      preferred esters are the lower alkanoic acid esters and the benzoic acid
      esters. The ester derivatives of the compounds of formula LII can be
      pyrolyzed by simply heating the compound of formula LII to a temperature
      of from 150.degree.-300.degree.C. This heating step can be carried out
      with or without an inert organic solvent. If desired, the pyrolysis can be
      carried out in a conventional high boiling solvent such as decalin.
PAR  The compound of formula LIV can be converted to the compound of formula XL
      by hydrogenation in the same manner as described in connection with the
      hydrogenation of a compound of formula XLII to a compound of formula XL.
PAR  Where R or R' in the reaction described hereinbefore are ether protecting
      groups removable by hydrogenolysis, these groups can be formed any
      conventional methods of forming an ether. These protecting groups can be
      removed by conventional hydrogenolysis procedures. The hydrogenolysis,
      according to a preferred embodiment is carried out by catalytic
      hydrogenation. Any conventional means of catalytic hydrogenation can be
      utilized in carrying out this hydrogenation step. Among the preferred
      methods of hydrogenation are included hydrogenating in the presence of a
      palladium catalyst, preferably palladium on carbon in a solvent medium
      consisting of an alcohol such as methanol. However, in accordance with
      this invention, any conventional hydrogenation catalyst such as palladium
      oxide, palladium chloride, etc., can be utilized. In carrying out this
      reaction, any conventional inert organic solvent can be utilized such as
      the solvent hereinbefore set forth. Among the preferred solvents for use
      in this reaction are included tetrahydrofuran, ethyl acetate, dioxane,
      diethyl ether, etc. Generally, this reaction is carried out at room
      temperature. However, elevated or reduced temperatures can be utilized.
PAR  The compounds of formula I are valuable antioxidants for stabilizing
      organic materials normally susceptible to oxidation. Among these materials
      are included fatty materials including both solid fats and fatty oils,
      oxidizable hydrocarbons, including the polymeric hydrocarbons, terpenes,
      etc., petroleum derivatives such as waxes, mineral oils, gasoline,
      impregnating oils, fuel oils and the like, vitamins, essential oils such
      as citrus oils and the like, and similar well-known materials normally
      subject to oxidation.
PAR  Generally, from about 0.001% to about 0.1% by weight, based upon the weight
      of the material to be protected, of at least one of these antioxidants can
      be advantageously employed. Of course, higher and lower amounts, based on
      the weight of the substrate, can also be used.
PAR  Fats and oils in their broad sense include animal, vegetable, fish and
      mineral oils, waxes, fuels, lubricants, fats, greases and the like, e.g.,
      lard, lard oil, cottonseed oil, peanut oil, lanolin, mutton tallow and
      grease, beef tallow, white and yellow greases, linseed oil, cod liver oil,
      castor oil, olive oil, coconut oil, palm oil, corn oil, paraffin oil,
      carnauba wax, paraffin wax, beeswax, sperm oil, kerosene, gasoline,
      transformer oils, essential oils, citrus oils, scuh as lemon oil, mono-,
      di- and triglycerides of various saturated and unsaturated fatty acids,
      hydrogenated fats and oils, etc., as well as materials containing a
      substantial proportion of any of the waxes, fats or oils, e.g., fish
      meals, certain animal feeds, paint vehicles, furniture polishes, floor
      waxes, automobile polishes, cottage cheese, milk, milk solids, powdered or
      whole eggs, egg yolks, mayonnaise, butter, margarine, salad dressing, etc.
      The term fats and fatty oils also includes those materials containing
      esters derived from glycerine, i.e., the various glycerides of the
      so-called fatty acids.
DETD
PAR  The following examples are illustrative but not limitative of the
      invention. All temperatures are in degrees centigrade and the ether used
      is diethyl ether.
PAC  EXAMPLE 1
PAR  A solution of 304.4 g. (2.0 mol) of trimethylhydroquinone in 1.2 liters of
      methanol and 300 ml. of trimethyl orthoformate was degassed, placed under
      N.sub.2 and cooled in an ice bath to 3 degrees centigrade. To the flask
      was added 5.0  ml. of concentrated aqueous sulfuric acid followed,
      dropwise over 3.0 hours, by 340 ml. (about 4.0 mol) of methyl vinyl
      ketone. The suspension was stirred without cooling for 44 hours. The
      mixture was worked up by extracting with diethyl ether, and washing with
      water, and saturated aqueous sodium bicarbonate and dried over sodium
      sulfate. The solvent was removed on a rotary evaporator at 30.degree. to
      50.degree.C. to give (.+-.)-6-hydroxy-
      2-methoxy-2,5,7,8-tetramethylchroman as a light tan solid.
PAC  EXAMPLE 2
PAR  To a solution of the ketal,
      (.+-.)-6-hydroxy-2-methoxy-2,5,7,8-tetramethylchroman in 600 ml. of
      pyridine was added 900 ml. of acetic anhydride. The orange solution was
      degassed, placed under N.sub.2 and stirred at 23.degree.C. for 18 hours.
      It was then poured into 8000 ml. of ice-H.sub.2 O to give a suspension
      which was rapidly stirred at 23.degree.C. for 3.0 hours. After about 1.0
      hour seeding with (.+-.)-6-acetoxy-2-methoxy-2,5,7,8-tetramethylchroman
      caused the suspended oil to crystallize. The solid was removed by
      filtration, washed with H.sub.2 O, extracted with methylene chloride,
      washed with water, 2N aqueous hydrochloric acid and saturated aqueous
      sodium bicarbonate, dried over sodium sulfate and stripped of solvent to
      give 570 g. of red-brown oil which slowly crystallized upon standing. A
      similarly prepared sample was evaporatively distilled at
      175.degree.-180.degree.C./0.015 mmHg. to give analytically pure
      (.+-.)-6-acetoxy-2-methoxy-2,5,7,8-tetramethylchroman as a colorless oil
      which soon crysallized: m.p. 71.degree.-72.5.degree.C.
PAC  EXAMPLE 3
PAR  To a solution of (.+-.)-6-acetoxy-2-methoxy-2,5,7,8-tetramethylchroman in
      2500 ml. of acetone was added 2000 ml. of H.sub.2 O followed by 16.6 ml.
      of concentrated aqueous HCl. Solvent was distilled from the stirred
      mixture until the head temperature reached 90.degree.C. The suspension was
      cooled in an H.sub.2 O bath to 50.degree.C. At 70.degree.C., 2000 ml. of
      acetone was added, giving a clear solution. The solution was seeded
      occasionally until crystallization began. After 3.5 hours, 1500 ml. of
      H.sub.2 O was added and the suspension was cooled in an ice bath. The
      solid was removed by filtration, washed with H.sub.2 O and dried at
      50.degree.C./0.1 mmHg. to give
      (.+-.)-6-acetoxy-2-hydroxy-2,5,7,8-tetramethylchroman as a granular
      yellow-tan solid, sintering from 114.degree.C., m.p.
      127.degree.-132.degree.C.
PAC  EXAMPLE 4
PAC  (.+-.)-2-ethoxy-6-hydroxy-2,5,7,8-tetramethylchroman
PAR  By the procedure of Example 1, trimethylhydroquinone and methyl vinyl
      ketone were condensed in ethanol and triethylorthoformate to give
      (.+-.)-2-ethoxy-6-hydroxy-2,5,7,8-tetramethylchroman. The material was
      obtained in analytically pure form as a white powder upon crystallization
      from ethanol-H.sub.2 O; m.p. 126.5.degree..varies.129.5.degree.C.
PAC  EXAMPLE 5
PAC  Alternate Preparations of
      (.+-.)-6-Hydroxy-2-methoxy-2,5,7,8-tetramethylchroman
PAR  In the manner described in Example 1, 3.80 g (25 mmol) samples of
      trimethylhydroquinone were treated in 25 ml of methanol, 5.0 ml of
      trimethyl orthoformate, and 0.10 ml of 36 N aqueous H.sub.2 SO.sub.4 with
      50 mmole portions of the following methyl vinyl ketone substitutes: a,
      2-methoxybutadiene; b, 3-ketobutanol; c, 3,3-dimethoxybutene (contaminated
      with about 20 percent 2-methoxybutadiene); and d, 4-methoxy-2-butanone.
      The reactions were monitored by tlc. Reactions a,c and d were complete
      after 24 hr and were worked up and dried in the manner of Example 1 to
      give (.+-.)-6-hydroxy-2-methoxy-2,5,7,8-tetramethylchroman. In reaction b,
      a&gt;50 percent conversion to
      (.+-.)-6-hydroxy-2-methoxy-2,5,7,8-tetramethylchroman was indicated by
      tlc.
PAC  EXAMPLE 6
PAC  (.+-.)-(6-Hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
PAR  In a dried flask under N.sub.2, a suspension of 47.2 (1.10 mol) of 56
      percent by weight sodium hydride in mineral oil in 1000 ml of
      tetrahydrofuran was stirred as 209.4 g (1.15 mol) of trimethyl
      phosphonoacetate was added over 2.25 hr. The white paste was stirred for
      0.25 hr and then a solution of 132.2 g (0.50 mol) of
      (.+-.)-6-acetoxy-2-hydroxy-2,5,7,8-tetramethylchroman in 1000 ml of
      tetrahydrofuran was added over 0.50 hr. The pale yellow suspension was
      stirred at 23.degree.C for 18 hours and then heated at reflux for 4.0
      hours. The cooled solutions from two such reactions were stripped of
      solvent and worked up and dried by the procedure given in Example 1 to
      give a cloudy red-brown oil containing (.+-.)-methyl
      (6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetate. To a solution of this
      material in 2000 ml. of ethanol, there was added 2000 ml. of H.sub.2 O and
      240 g. (6.0 mol.) of NaOH. The solution was stirred at 23.degree.C. for 4
      hours, washed with petroleum ether (b.p. 30.degree.-60.degree.C.), diluted
      with 6000 ml. of ice-H.sub.2 O and acidified by the dropwise addition over
      0.50 hour of 600 ml. of concentrated aqueous HCl. The solid was removed by
      filtration, washed with H.sub.2 O and crystallized from ethanol-H.sub.2 O
      to give (.+-.) -(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid as
      a light tan powder: m.p. 168.degree.-171.degree.C.
PAC  EXAMPLE 7
PAC  (.+-.)-methyl-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetate
PAR  By the procedure of Example 6, 26.43 g. (0.10 mol.) of
      (.+-.)-6-acetoxy-2-hydroxy-2,5,7,8-tetramethylchroman was reacted with
      trimethyl phosphonoacetate and then with 80 ml. of pyridine and 120 ml. of
      acetic anhydride by stirring under N.sub.2 overnight. The solution was
      poured into ice-H.sub.2 O and worked up and dried in the manner of Example
      2. The crude product was filtered through 750 g. of 0.05-0.2 mm silica gel
      with 95:5 parts by volume benzene ether and then distilled to give
      (.+-.)-methyl-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetate as a
      colorless resin: b.p. 147.degree.-149.degree.C./10 mmHg.
PAC  EXAMPLE 8
PAC  (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
PAR  A mixture of 66.1 g. (0.25 mol.) of
      (.+-.)-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid and 250 ml.
      each of pyridine and acetic anhydride was stirred at 25.degree.C. under
      N.sub.2 for 20 hours and stripped of solvent at 40.degree.C. to give an
      orangebrown oil. To a suspension of this material in 500 ml. of H.sub.2 O
      and 100 ml. of tetrahydrofuran was added 166 g. (2.0 mol.) of NaHCO.sub.3.
      The suspension was stirred at 25.degree.C. for 4.0 hours, washed with
      ether, acidified with 2N-aqueous HCl and extracted with ether. The ether
      solutions were washed with saturated brine, dried over sodium sulfate and
      stripped of solvent to give
      (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid as an
      orangeish resin. Crystallization from diethyl ether petroleum ether (b.p.
      30.degree.-60.degree.C.) gave
      (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid as a
      granular white solid.
PAC  EXAMPLE 9
PAC  (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde
PAR  In a dry flask, a solution of 15.32 g. (50 mmol.) of
      (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid in 100 ml.
      of benzene was heated under N.sub.2 to 50.degree.C. as 21.15 ml. (0.25
      mol.) of oxalyl chloride was added over 20 minutes. The solution was
      stirred at 50.degree.C. for another 20 minutes, cooled and stripped of
      solvent to produce
      (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetyl chloride. To a
      solution of this acid chloride in 200 ml. of dry toluene was added 15 g.
      of sodium acetate and 1.5 g. of 10% by weight palladium on 90% by weight
      carbon and 0.30 ml. of quinoline. This mixture was hydrogenated in a Parr
      apparatus. After 12 hours, the uptake of H.sub.2 (about 55 mmole) had
      virtually ceased. The catalyst was removed by filtration and the filtrates
      were stripped of solvent. The residue was taken up in ether, washed with
      2N aqueous HCl, saturated aqueous sodium bicarbonate solution and
      saturated brine, dried over sodium sulfate and stripped of solvent to give
      15.4 g. of light yellow solid which was chromatographed on 1 kg. of
      0.063-0.2 mm silica gel. Elution with 95:5 parts by volume benzene-ethyl
      acetate gave 11.0 g. of light yellow resin. The material from two such
      reactions was combined and crystallized from acetone-petroleum ether (b.p.
      30.degree.-60.degree.C.) to give
      (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2yl)-acetaldehyde as a white
      powder, sint 66.5.degree.C., m.p. 68.degree.-70.degree.C.
PAC  EXAMPLE 10
PAC  (.+-.)-2,6,10-trimethylundecan-1-ol
PAR  To a solution of 70 ml. of 70% by weight of bis (2-methoxyethoxy) sodium
      aluminum hydride in toluene (0.25 mol) in 500 ml. of anhydrous diethyl
      ether was added, dropwise over 1.0 hour, 69.2 g. (0.326 mol.) of
      (.+-.)-2,6,10-trimethylundecanal. The solution was stirred 1.0 hour,
      poured onto ice and 10N aqueous NaOH, and worked up with ether and dried
      as described in Example 2.  Distillation of the crude product gave
      (.+-.)-2,6,10-trimethylundecan-1-ol as a colorless oil; b.p.
      96.degree.-98.degree.C./0.20 mmHg.
PAC  EXAMPLE 11
PAC  (.+-.)-1-Bromo-2,6,10-trimethylundecane
PAR  A 21.44 g (0.10 mol) portion of (.+-.)-2,6,10-trimethylundecan-1-ol was
      stirred and heated to 140.degree.C as HBr gas was bubbled through the
      liquid for 4.0 hr. The two-phase mixture was cooled, diluted with
      petroleum ether (B.P. 30.degree.-60.degree.C) and washed with H.sub.2 O,
      saturated aqueous NaHCO.sub.3 solution and brine. The solution was
      filtered through 100 g of Woelm neutral alumina III, stripped of solvent,
      and distilled to give (.+-.)-1-bromo-2,6,10-trimethylundecane as a
      colorless liquid: bp 97.degree.-99.degree.C/0.10 mmHg.
PAC  EXAMPLE 12
PAC  2RS, 4'RS, 8'RS-2',3'-dehydro-.alpha.-tocopherol acetate
PAR  In a dry flask, a mixture of 6.66 g (20 mmol) of
      (.+-.)-1-bromo-2,6,10-trimethylundecane and 6.56 g (25 mmole) of
      triphenylphosphine was heated under N.sub.2 at 200.degree. for 6.0 hr. The
      cooled gum i.e., triphenyl-2,6,10-trimethylundecanylphosphoniumbromide was
      dissolved in 100 ml of glyme (freshly distilled from CaH.sub.2) and
      stirred as 11.0 ml of 2.3M phenyllithium solution in benzene was
      introduced via syringe. The dark red solution containing
      2,6,10-trimethylundecylidenetriphenylphosphorane was stirred at
      25.degree.C for 45 min. A solution of 2.90 g (10 mmol) of
      (.+-.)-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde in 25 ml of
      glyme was added over 5 min and the resulting mixture was heated at
      60.degree.C for 3.0 hr. The mixture was diluted with ether, worked up and
      dried by the procedure of Example 2 to give an orange oil which was
      acetylated by stirring 18 hours under H.sub.2 with 25 ml. of pyridine and
      25 ml. of acetic anhydride. The resulting mixture was worked up and dried
      in the manner of Example 2 to give, after chromatography on 1 kg. of
      0.063--0.2 mm silica gel with benzene, 2RS,
      4'RS,8'RS-2',3'-dehydro-.alpha.-tocopheryl acetate which was evaporatively
      distilled to give a colorless resin.
PAC  EXAMPLE 13
PAC  2RS, 4'RS, 8'RS-.alpha.-tocopheryl acetate
PAR  A solution of the chromatographed 2RS, 4'RS,
      8'RS-2',3'-dehydro-.alpha.-tocopheryl acetate in 60  ml. of ethyl acetate
      was hydrogenated over 400 mg. of prereduced PtO.sub.2. After 7.0 hours,
      the uptake of H.sub.2 (213 ml.) had virtually ceased. The catalyst was
      removed by filtration and washed with fresh ethyl acetate. Solvent
      removal, followed by evaporative distillation gave 2RS,
      4'RS,8'RS-.alpha.-tocopheryl acetate as a slightly yellowish resin, b.p.
      210.degree.-215.degree.C./10.mu..
PAC  EXAMPLE 14
PAC  S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
PAR  To a solution of 26.43 g. (0.10 mol.) of
      (.+-.)-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid in 500 ml.
      of tetrahydrofuran was added 15 ml. (about 115 mmol.) of
      S-.alpha.-methylbenzylamine. The resulting mixture was stirred at
      25.degree.C. under N.sub.2 for 1.0 hour, filtered, and stripped of solvent
      to give a brownish resin. Two crystallizations of this material from
      methanol-ether gave S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic
      acid S-.alpha.-methylbenzylamine salt as shiny, cream-white prisms, sint
      162.degree.C., m.p. 164.degree.-166.degree.C.
PAC  EXAMPLE 15
PAR  A suspension of S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
      S-.alpha.-methylbenzylamine salt in 200 ml. of diethyl ether and 200 ml.
      of 2N aqueous HCl was stirred at 23.degree.C. for 1.0 hour. The ether
      solutions were washed with water and saturated brine, dried over sodium
      sulfate and stripped of solvent to produce a cream-white solid.
      Crystallization of this sample from ethanol H.sub.2 O gave
      S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid as a white
      granular solid, m.p. 145.5.degree.-148.5.degree.C.
PAC  EXAMPLE 16
PAC  R-(6-Hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
PAR  The mother liquors from the initial crystallization of the S-acid S-salt in
      Example 14 were treated with 2N aqueous HCl to give 8.80 g. of acid
      enriched in the R-epimer,
      R-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid. Treatment of
      this material with R-alpha-methylbenzylamine as in Example 14, followed by
      two crystallizations from methanol-ether, gave analytically pure
      R-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
      R-alpha-methylbenzylamine salt as small, colorless prisms: sint
      158.degree.C., m.p. 164.5.degree.-166.5.degree.C.
PAR  A sample of this R-acid R-salt was treated with 2N aqueous HCl as described
      in Example 15 to give R-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic
      acid after two crystallizations from ethanol H.sub.2 O, as small, white
      prisms: m.p. 124.degree.-127.5.degree.C.
PAC  EXAMPLE 17
PAC  S-(6-Hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid with racemization
      of R-enantiomer
PAR  A suspension of 13.22 g (50 mmol)of
      (.+-.)-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid in 30 ml of
      methanol and 170 ml of ether was stirred at 20.degree.C as 7.5 ml
      (.about.62.5 mmol) of S-.alpha.-methylbenzylamine was added. The resulting
      solution was immediately seeded with the S-acid S-salt
      S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
      S-.alpha.-methylbenzylamine salt. Stirring and cooling, finally to
      -20.degree.C, gave 7.80 g of white powder. Crystallization of this
      material from 25 ml of methanol and 175 ml of ether gave 6.78 g of S-acid
      S-salt as a white powder, mp 162.5.degree.-165.degree.C. Conversion of
      this salt to 4.5 g of S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic
      acid and crystallization was carried out as described in Example 15. The
      mother liquors from the preparation and crystallization of the S-acid
      S-salt were stripped of solvent to give 19.3 g of orange-brown resin. This
      material was converted, as described in Example 15 to free acid, giving
      8.70 g of tan solid. This acid, enriched in the R-epimer
      R-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid, was suspended in
      480 ml of 12N H.sub.2 SO.sub.4, degassed, placed under N.sub.2, and heated
      at reflux for 30 hr. The resulting red-orange suspension was worked up by
      the procedure in Example 15 utilizing ethylacetate as the solvent to give
      8.40 g of brown solid. This material was triturated with 60 ml of hot
      ether, cooled to -20.degree.C, and filtered. The resulting 7.1 g of tan
      powder was crystallized from 25 ml each of ethanol and H.sub.2 O to give
      6.88 g of
      (.+-.)-acid(.+-.)-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
      as a light tan powder: mp 173.5.degree.-175.degree.C. The effective yield
      of S-acid S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid with
      racemization of R-enantiomer was thus 71 percent based on a conversion of
      48 percent.
PAC  EXAMPLE 18
PAC  S-(6-Acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid
PAR  Acetylation of the
      S-acid,S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid, was
      carried out as described in Example 8. Crystallization of the crude
      product from acetonehexane gave
      S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetic acid as a white
      powder: mp 125.degree.-126.5.degree..
PAC  EXAMPLE 19
PAC  S-(6-Acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde
PAR  The S-acetoxy acid, S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetic
      acid, was converted, as described in Example 9, via acid chloride
      S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)-acetyl chloride to the
      desired aldehyde. Crytallization of the crude product from acetone-hexane
      gave S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde as small,
      colorless rods: mp 87.5.degree.-90.degree.C.
PAC  EXAMPLE 20
PAC  2R,6R-2,6,10-Trimethylundecan-1-ol
PAR  Phytol was dehydrated to a mixture of .DELTA..sup.2,4 - and .DELTA..sup.3,5
      -phytadienes by the procedure published in Mayer et al., "Helv. Chim.
      Acta" 46,650 (1963). A solution of 21.25 g. (76.5 mmol.) of this
      phytadiene mixture, b.p. 131.degree.-140.degree. C/0.5 mm Hg., in 150 ml.
      of pentane was cooled in a dry ice bath to -50.degree.C. Ozone (0.80-0.88
      mmol./min.) was bubbled through the solution at -50.degree. to
      -70.degree.C. for 3.5 hours (total O.sub.3 =about 175 mmol.). Nitrogen was
      then bubbled through the solution for 20 minutes to remove excess ozone.
      The ozonide solution was transferred to a cooled (-7.degree.C) dropping
      funnel and added, dropwise over 1.5 hours, to 107 ml. of 70% by weight
      bis(2-methoxyethoxy) sodium aluminum hydride in toluene which was kept
      cold by means of an ice-sait bath (internal temp during addition
      5.degree.-8.degree.C. The solution was allowed to come to 20.degree.C,
      stirred at that temperature for 1.0 hour, and poured onto ice and 80 ml.
      of 10N aqueous NaOH. Workup with ether and drying by the procedure of
      Example 2 gave a pale yellow oil. The product from four such reactions
      (95.4 g.) was distilled through a 20 cm Vigreux column to give a mixture
      of 2R,6R-2,6,10-trimethylundecan-1-ol and
      3R,7R-3,7,11-trimethyldodecan-1-ol. The desired C-14 alcohol
      2R,6R-2,6,10-trimethylundecan-1-ol could be separated from this mixture by
      distillation through a spinning band on 30-cm Goodloe column and obtained
      as a colorless liquid: b.p. 76.degree.-78.degree.C./0.05 mmHg.
PAR  Further distillation of the residue remaining after the separation of the
      C-14 alcohol gave 3R,7R-3,7,11-trimethyldodecan-1-ol.
PAC  EXAMPLE 21
PAC  2R,6R-1-Bromo-2,6,10-trimethylundecane
PAR  Treatment of the 2R,6R-alcohol 2R,6R-2,6,10-trimethylundecan-1-ol with HBr
      at 140.degree.C by the procedure of Example 11 gave
      2R,6R-1-bromo-2,6,10-trimethylundecane as a colorless oil: bp
      80.degree.-82.degree.C/0.05 mmHg.
PAC  EXAMPLE 22
PAR  By the procedure given in Example 12,
      2R,6R-1-bromo-2,6,10-trimethylundecane was reacted with triphenylphosphine
      to produce triphenyl-2R, 6R-2,6,10-trimethylundecanylphosphonium bromide
      which was then reacted with phenylithium to produce
      2R,6R-2,6,10-trimethylundecylidenetriphenylphosphorane. By the procedure
      of Example 12, the phosphorane was reacted with
      S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde to produce
      2R,4'R,8'R-2',3'-dehydro-.alpha.-tocopheryl acetate. The
      dehydro-.alpha.-tocopheryl acetate was hydrogenated by the procedure of
      Example 13 to produce 2R,4'R,8'R-.alpha.-tocopheryl acetate.
PAC  EXAMPLE 23
PAC  2R,4'R,8'R-alpha-Tocopherol
PAR  A solution of 2.8 ml. of 70% bis(2-methoxyethoxy) sodium aluminum hydride
      in toluene in 25 ml. of anhydrous diethyl ether was stirred as a solution
      of 2.36 g. (5.0 mmol.) of 2R,4'R,8'R-alpha-tocopheryl acetate in 10 ml. of
      diethyl ether was added over 15 minutes. The solution was stirred an
      additional 1.0 hour, poured onto ice and 6N aqueous H.sub.2 SO.sub.4 and
      worked up with ether and dried by the procedure given in Example 2.
      Evaporative distillation gave 2R,4'R,8'R-alpha-tocopherol as a yellowish
      resin.
PAC  EXAMPLE 24
PAC  (.+-.)-2-Carboxy-6-hydroxy-2,5,7,8-tetramethylchroman
PAR  A solution of 26.4 g. (0.1 mol.) of
      (.+-.)-6-acetoxy-2-hydroxy-2,5,7,8-tetramethylchroman in 200 ml. of
      dimethylsulfoxide was rapidly stirred as 32.5 g. (0.5 mol.) of granular
      KCN was added by sifting so that a uniformly dispersed suspension was
      obtained. The resulting mixture was cooled to 15.degree.C. as 47.0 ml. of
      12N aqueous H.sub.2 SO.sub.4 was added over 1.25 hours as the internal
      temp. was maintained at 20.degree.C. Tlc at this point showed a major,
      slower-running spot in addition to traces of starting material. The
      material was poured into diethylether and H.sub.2 O. The ether solutions
      were washed with water and brine, dried over NaSO.sub.4 and stripped of
      solvent to yield
      (.+-.)-2-cyano-4-(5-acetoxy-2-hydroxy-3,4,6-trimethylphenyl)butan-2-ol as
      a gum.
PAR  EXAMPLE 25
PAR  The cyanohydrin prepared in Example 24 was immediately taken up in 250 ml
      of methanol. This solution was cooled in an ice bath, saturated with
      anhydrous hydrochloric acid, stored for 18 hrs at -2.degree.C and stripped
      of solvent on a rotary evaporator (bath temp less than 30.degree.C). The
      resulting gum was taken up in 250 ml of water, degassed, placed under
      nitrogen and heated for 2.0 hr at 40.degree.C to produce an aqueous
      suspension. The aqueous suspension was worked up and dried in the manner
      of Example 2 utilizing a solvent mixture of ethyl acetate and diethyl
      ether to produce a mixture containing
      (.+-.)-2-carbomethoxy-4-(2,5-hydroxy-3,5,6-trimethylphenyl)butan-2-ol and
      (.+-.)-2-carbomethoxy-6-hydroxy-2,5,7,8-tetramethchroman. This mixture was
      a tan solid.
PAR  The tan solid was triturated with diethyl ether and then crystallized from
      diethyl ether to give
      (.+-.)-2-carbomethoxy-4-(2,5-hydroxy-3,5,6-trimethylphenyl)butan-2-ol as
      white prisms: mp 135.degree.-136.5.degree.C.
PAR  From the aqueous suspension prepared above, the ester
      (.+-.)-2-carbomethoxy-6-hydroxy-2,5,7,8-tetramethylchroman was isolated by
      filtration of the aqueous suspension prior to working up.
PAC  EXAMPLE 26
PAR  The tan solid of Example 25 was suspended in 100 ml of methanol, to which
      was added, over 10 min, 100 ml of 2N aqueous NaOH. The resulting solution
      was stirred under N.sub.2 for 24 hr, treated with 57 ml of 2N aqueous HCl
      followed by 10 ml of saturated aqueous NaHCO.sub.3 solution to give a
      solution of pH 7.5-8.0. The solution was extracted with diethyl ether,
      acidified with 2N aqueous HCl and again extracted with diethyl ether.
      These latter extracts were washed with brine, dried (Na.sub.2 SO.sub.4)
      and stripped of solvent. The resulting 24.3 g of gum which partially
      crystallized was shown by tlc to be an approximately equimolar mixture of
      cyclized and uncyclized acids. Pure uncyclized acid,
      (.+-.)-2-carboxy-4-(2,5-dihydroxy-3,4,6-trimethyl)-butan-2-ol was isolated
      from this mixture by filtration of the aqueous suspension obtained upon
      acidification, extraction with diethyl ether and crystallization from
      diethyl ether, as a white solid which was very susceptible to air
      oxidation: mp  177.degree.-178.degree.C.
PAC  EXAMPLE 27
PAR  The crude mixture of acids in Example 26 and 0.57 g of p-toluenesulfonic
      acid monohydrate in 300 ml of benzene was heated at reflux under N.sub.2
      with azeotropic removal of H.sub.2 O for 1.25 hr. The cooled solution was
      washed with a total of 300 ml of one-half saturated aqueous NaHCO.sub.3
      and with brine. The aqueous solutions were treated with charcoal acidified
      with 2N aqueous HCl and filtered to give
      (.+-.)-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)carboxylic acid as a
      light tan powder, mp 189.degree.-190.degree.C.
PAC  EXAMPLE 28
PAC  (.+-.)-6-Acetoxy-2-carboxy-2,5,7,8-tetramethylchroman
PAR  To a partial solution of 5.0 g. (20 mmol) of
      (.+-.)-2-carboxy-6-hydroxy-2,6,7,8-tetramethylchroman in 8.0 ml. of
      pyridine was added, dropwise over 10 minutes, 12.0 ml. of acetic
      anhydride. The solution was allowed to stand for 16 hours and was then
      worked up and dried by the procedure of Example 2 utilizing
      dichloromethane as a solvent to give a white solid. Crystallization from a
      mixture of ether-petroleum ether (b.p. 30.degree.-60.degree.C.) gave
      (.+-.)-6-acetoxy-2-carboxy-2,5,7,8-tetramethylchroman.
PAC  EXAMPLE 29
PAR  The compound (.+-.)-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)-carboxylic
      acid was resolved with S-alpha-methylbenzylamine by the procedure of
      Example 14 to produce
      S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)-carboxylic acid
      S-alpha-methylbenzylamine salt, m.p. 153.5.degree.-154.0.degree.C. upon
      crystallization from a mixture of ethanol-diethyl ether.
PAR  The mother liquors from this crystallization were treated as in Example 16
      with R-alpha-methylbenzylamine to produce
      R-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl) carboxylic acid
      R-alpha-methylbenzylamine salt, m.p. 153.5.degree.-155.degree.C. upon
      crystallization from a mixture of ethanoldiethyl ether.
PAC  EXAMPLE 30
PAR  Both the S-acid-S-salt and R-acid-R-salt of Example 29 were treated with
      2N-aqueous hydrochloric acid as in Example 15 to give
      S-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl) carboxylic acid and
      R-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl) carboxylic acid.
PAC  EXAMPLE 31
PAR  Acetylation of the S-acid of Example 30 utilizing the procedure of Example
      8 produced S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) carboxylic acid.
      Acetylation of the R-acid of Example 30 utilizing the procedure of Example
      8 produced R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) carboxylic acid.
PAC  EXAMPLE 32
PAR  To a mixture of 1.34 g. of dimethylchloroformimium chloride and 12 ml of
      chlorobenzene were added 2.92 g of
      (.+-.)-6-acetoxy-2,5,7,8-tetramethylchroman-2-carboxylic acid. The
      resulting solution was heated at 110.degree. under N.sub.2 for 40 min and
      stripped of solvent to give (.+-.) 6-acetoxy-2,5,7,8
      tetramethylchroman-2-carboxylic acid chloride as a light yellow, very
      viscous gum. To a mixture of 2.89 mmoles of this material in 4 ml of
      acetone was added 0.43 ml of triethylamine and 90 mg of 10% palladium on
      carbon catalyst. The mixture was hydrogenated at atmospheric pressure and
      room temperature. Uptake ceased after 1.0 hr. The suspension was filtered
      and the filtrate was stripped of solvent, taken up in ether, washed with
      saturated aqueous sodium bicarbonate solution, 2N aqueous HCl, and brine,
      dried over sodium sulfate and stripped of solvent. The residue was
      chromatographed on silica gel with 8:2 parts by volume benzene-ethyl
      acetate and then crystallized from 30.degree.-60.degree. petroleum ether
      to give (.+-.)-6-acetoxy-2,5,7,8-tetramethylchroman-2-carboxaldehyde as a
      white solid, m.p. 92.5.degree.-96.degree..
PAR  Utilizing the above procedure, S-(6-acetoxy-2,5,7,8
      tetramethylchroman-2-yl) carboxylic acid was converted to
      S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) carboxaldehyde via
      S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) carboxylic acid chloride.
PAR  Utilizing the above procedure,
      R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) carboxylic acid was
      converted to R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)-
      carboxyaldehyde via R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)
      carboxylic acid chloride.
PAC  EXAMPLE 33
PAR  The compound R-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl) acetic acid was
      acetylated in the manner of Example 18 to produce the R-acid,
      R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) acetic acid.
PAC  EXAMPLE 34
PAR  The compound R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) acetic acid was
      treated by the procedure of Example 9 to produce
      R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde via
      R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetyl chloride.
PAC  EXAMPLE 35
PAR  By the procedure of Example 22,
      triphenyl-2R,6R-2,6,10-trimethylundecanyl-phosphonium bromide was reacted
      with S-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde to produce
      2R,4'R,8'R-2',3'-dehydroalpha-tocopheryl acetate which was hydrogenated by
      the procedure of Example 13 to produce 2R,4'R,8'R-alpha-tocopheryl
      acetate.
PAC  EXAMPLE 36
PAR  By the procedure of Example 22,
      triphenyl-2R,6R-2,6,10-trimethylundecanylphosphonium bromide was reacted
      with (.+-.) (6-acetoxy-2,5,7,8-tetramethylchroman-2-yl) acetaldehyde to
      produce 2RS,4'R,8'R-2',3'-dehydroalpha-tocopheryl acetate which was
      hydrogenated by the procedure of Example 13 to produce 2RS,
      4'R,8'R-alpha-tocopheryl acetate.
PAC  EXAMPLE 37
PAR  By the procedure of Example 22,
      triphenyl-2RS,6RS-2,6,10-trimethylundecanylphosphonium bromide was reacted
      with R-(6-acetoxy-2,5,7,8-tetramethylchroman-2-yl)acetaldehyde to produce
      2R,4'RS,8'RS-2',3'-dehydroalpha-tocopheryl acetate which was hydrogenated
      by the procedure of Example 13 to produce 2R,4RS,8'RS-alpha-tocopheryl
      acetate.
PAC  EXAMPLE 38
PAR  The compounds (.+-.)-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl) acetic
      acid (compound A), (.+-.)-2-carboxy-6-hydroxy-2,5,7,8-tetramethylchroman
      (compound B), (.+-.)-(6-hydroxy-2,7,8-trimethylchroman-2-yl) acetic acid
      (compound C), (.+-.)-2-ethyl-6-hydroxy-5,7,8-trimethylchroman-2-carboxylic
      acid (compound D), (.+-.)-6-hydroxy-5,7,8-trimethylchroman-2-carboxylic
      acid (compound E), (.+-.)-6-hydroxy-2,7,8-trimethylchroman-2-carboxylic
      acid (compound F),
      (.+-.)-7-tert-butyl-6-hydroxy-2-methylchroman-2-carboxylic acid (compound
      G), and (.+-.)-6-hydroxy-5,7-diisopropyl-2-methylchroman-2-carboxylic acid
      (compound H) were mixed in chicken fat, pork fat and soybean oil. Each of
      the compounds A-H was incorporated into the fat or oil in an amount of
      0.02% by weight based upon the weight of the oil or fat with which it was
      mixed. The oil or fat compositions were subjected to the Schaal Oven Test
      at 45.degree.C. as described by Lindlong in Auto-Oxidation and
      Anti-Oxidants, Volume II (Interscience Publishers, Div. of John Wiley, New
      York, 1962) pages 450-453. The days necessary to reach rancidity are given
      in the following table:
TBL  Compound Chicken Fat Pork Fat  Soybean Oil                                
     ______________________________________                                    
     A        16          21        12                                         
     B        29          Over 25   Over 15                                    
     C        17          --        6                                          
     D        6           --        7                                          
     E        12          --        9                                          
     F        25          --        12                                         
     G        20          --        5                                          
     H        25          --        15                                         
     None     3           5         2                                          
     ______________________________________                                    
PAC  EXAMPLE 39
PAR  Trimethylhydroquinone was reacted with ethyl vinyl ketone by the procedure
      of Example 1 to give
      (.+-.)-2-ethyl-6-hydroxy-2-methoxy-5,7,8-trimethylchroman as a beige
      powder, m.p. 96.5.degree.-98.5.degree. from methanol-H.sub.2 O.
PAC  EXAMPLE 40
PAR  Trimethylhydroquinone was reacted with acrylophenone by the procedure of
      Example 1 to give
      (.+-.)-6-hydroxy-2-methoxy-2-phenyl-5,7,8-trimethylchroman as a white
      solid, m.p. 190.5.degree.-192.5.degree., from
      acetone-30.degree.-60.degree. petroleum ether.
PAC  EXAMPLE 41
PAR  Trimethylhydroquinone was reacted with acrolein by the procedure of Example
      1 to give (.+-.)-6-hydroxy-2-methoxy-5,7,8-trimethylchroman as a tan
      powder, m.p. 108.degree.-110.5.degree., from methanol-H.sub.2 O.
PAC  EXAMPLE 42
PAR  Reaction of tert-butyl-hydroquinone with methyl vinyl ketone by the
      procedure of Example 1 gave
      (.+-.)-7-tert-butyl-6-hydroxy-2-methoxy-2-methylchromman as a white solid,
      m.p. 115.degree.-117.degree., from ether-30.degree.-60.degree. petroleum
      ether.
PAC  EXAMPLE 43
PAR  Reaction of 2,6-diisopropylhydroquinone with methyl vinyl ketone by the
      procedure of Example 1 gave
      (.+-.)-6-hydroxy-5,7-diisopropyl-2-methoxy-2-methylchroman as a colorless
      resin.
PAC  EXAMPLE 44 -methylchroman
PAR  Reaction of p-(benzyloxy)phenol with methyl vinyl ketone by the procedure
      of Example 1 gave (.+-.)-6-benzyloxy-2-methoxy-2-methylchroman as a
      viscous, light yellow resin.
PAC  EXAMPLE 45
PAR  A mixture of 40 g. of p-(benzyloxy)phenol, 33.6 g. of 2-methoxybutadiene,
      and 30 ml. of benzene was sealed in a glass tube under N.sub.2. The tube
      was heated at 160.degree.-165.degree. for 20 hours, cooled and opened. The
      yellow solution was chromatographed on silica gel with 97.5:2.5
      benzene-ethyl acetate to give
      (.+-.)-6-benzyloxy-2-methoxy-2-methylchroman, identical with the material
      prepared as described in Example 44, as 34.5 g. of pale yellow oil.
PAC  EXAMPLE 46
PAR  To a solution of the (.+-.)-6-benzyloxy-2-methoxy-2-methylchroman prepared
      in Example 45 in 250 ml. of ethanol was added 2.5 g. of 10% palladium on
      carbon catalyst, and the resulting mixture was hydrogenated at atmospheric
      pressure and room temperature. After 9 hours, the uptake of hydrogen (3100
      ml.) had ceased. The catalyst was removed by filtration and the filtrates
      were stripped of solvent at reduced pressure. Crystallization of the solid
      residue from ether-30.degree.-60.degree. petroleum ether gave
      (.+-.)-6-hydroxy-2-methoxy-2-methylchroman as white needles, m.p.
      128.degree.-130.degree..
PAC  EXAMPLE 47
PAR  By the manner of Example 45, 4-benzoyloxy-2,3-dimethylphenol was reacted
      with 2-methoxybutadiene to give
      (.+-.)-6-benzoyloxy-2-methoxy-2,7,8-trimethylchroman as a white powder,
      m.p. 101.5.degree.-102.5.degree., from ether-30.degree.-60.degree.
      petroleum ether.
PAC  EXAMPLE 48
PAR  Acetylation of (.+-.)-6-hydroxy-2-methoxy-5,7,8-trimethylchroman by the
      method described in Example 2 gave
      (.+-.)-6-acetoxy-2-methoxy-5,7,8-trimethylchroman as colorless oil.
PAC  EXAMPLE 49
PAR  By the procedure described in Example 3,
      (.+-.)-6-benzoyloxy-2-methoxy-2,7,8-trimethylchroman was converted to
      (.+-.)-6-benzoyloxy-2-hydroxy-2,7,8-trimethylchroman, a white solid of
      m.p. 101.degree.-103.5-20  from ether-30.degree.-60.degree. petroleum
      ether.
PAC  EXAMPLE 50
PAR  A solution of (.+-.)-6-acetoxy-2-methoxy-5,7,8-trimethylchroman, prepared
      as described in Example 2 from 0.1 mole of
      (.+-.)-6-hydroxy-2-methoxy-5,7,8-trimethylchroman, in 200 ml. of 1:1
      acetic acid-H.sub.2 O was heated at reflux under a nitrogen atmosphere for
      1.5 hours. The mixture was cooled, diluted with 200 ml. of H.sub.2 O and
      filtered. The solid was washed with H.sub.2 O and dried to give
      (.+-.)-6-acetoxy-2-hydroxy-5,7,8-trimethylchroman as a white solid, m.p.
      115.degree.-120.degree..
PAC  EXAMPLE 51
PAR  By the procedure of Example 24,
      (.+-.)-6-acetoxy-2-hydroxy-5,7,8-trimethylchroman was converted to
      (.+-.)-1-cyano-3-(5-acetoxy-2-hydroxy-3,4,6-trimethylphenyl)propanol,
      which was obtained as a light yellow oil.
PAC  EXAMPLE 52
PAR  A solution of (.+-.)-6-hydroxy-2-methoxy-2,5,7,8-tetramethylchroman,
      prepared as described in Example 1 from 1.0 mole of trimethylhydroquinone,
      in 1250 ml. of acetone, 1000 ml. of H.sub.2 O and 8.30 ml. of conc. HCl
      was heated at reflux under N.sub.2. The solvent was removed by
      distillation until tthe distilling head temperature reached 95.degree..
      The suspension was cooled to 70.degree., diluted with 800 ml. of acetone,
      cooled to ca. 15.degree. and stripped of solvent at reduced pressure and
      30.degree. to ca. 1000 ml. The resulting suspension was cooled, filtered
      and dried to give (.+-.)-2,6-dihydroxy-2,5,7,8-tetramethylchroman as a
      grey-tan powder, m.p. 105.degree.-107.degree..
PAC  EXAMPLE 53
PAR  By the method described in Example 52,
      (.+-.)-2-ethyl-6-hydroxy-2-methoxy-5,7,8-trimethylchroman was converted to
      (.+-.)-2,6-dihydroxy-2-ethyl-5,7,8-trimethylchroman, obtained as a light
      brown solid.
PAC  EXAMPLE 54
PAR  By the method described in Example 52,
      (.+-.)-6-hydroxy-2-methoxy-2-phenyl-5,7,8-trimethylchroman was converted
      to (.+-.)-2,6-dihydroxy-2-phenyl-5,7,8-trimethylchroman, obtained as a
      light powder.
PAC  EXAMPLE 55
PAR  By the method described in Example 52,
      (.+-.)-6-hydroxy-2-methoxy-2-methylchroman was converted to
      (.+-.)-2,6-dihydroxy-2-methylchroman, which was obtained as a light orange
      oil.
PAC  EXAMPLE 56
PAR  A suspension of the (.+-.)-2,6-dihydroxy-2,5,7,8-tetramethylchroman
      prepared in Example 52 in 600 ml. of pyridine was placed under N.sub.2.
      Acetic anhydride (900 ml.) was added over 1.0 hour. The resulting orange
      solution was stirred at 23.degree. overnight, poured into ice-H.sub.2 O,
      stirred 2.0 hour and extracted with benzene and ether. The organic
      extracts were washed with 2 N HCl, brine, saturated NaHCO.sub.3 solution
      and brine and dried over Na.sub.2 SO.sub.4. Solvent removal gave
      4-(2,5-diacetoxy-3,4,6-trimethylphenyl)-butan-2-one as a very hard solid,
      m.p. 85.degree.-87.5.degree..
PAC  EXAMPLE 57
PAR  By the procedure of Example 56,
      (.+-.)-2,6-dihydroxy-2-ethyl-5,7,8-trimethylchroman was converted to
      5-(2,5-diacetoxy-3,4,6-trimethylphenyl)-pentan-3-one, which was obtained
      as a white powder, m.p. 98.degree.-100.5.degree., from ether.
PAC  EXAMPLE 58
PAR  By the procedure of Example 56,
      (.+-.)-2,6-dihydroxy-2-phenyl-5,7,8-trimethylchroman was converted to
      2-(2,5-diacetoxy-3,4,6-trimethylphenyl)-ethyl phenyl ketone, which was
      obtained as fine white needles, m.p. 153.degree.-154.5.degree., from
      ethylene chloride-ether.
PAC  EXAMPLE 59
PAR  By the procedure of Example 56, (.+-.)-2,6-dihydroxy-2-methylchroman was
      converted to 4-(2,5-diacetoxyphenyl)butan-2-one, which was obtained as a
      light yellow oil.
PAC  EXAMPLE 60
PAR  A solution of the crude 4-(2,5-diacetoxy-3,4,6-trimethylphenyl)butan-2-one
      prepared in Example 56 in 963 ml. of dimethylformamide was cooled under
      N.sub.2 in an ice bath. A solution of 69.4 g. of potassium cyanide in 150
      ml. of H.sub.2 O was added over 20 minutes. The mixture was stirred
      another 10 minutes and then 161 ml. of 6N H.sub.2 SO.sub.4 was added
      dropwise over 20 minutes while an internal temperature of +10.degree. to
      +13.degree. was maintained The viscous suspension (pH 8) was stirred
      another 30 minutes, brought to pH 4 by the addition of 16.5 ml. of 6N
      H.sub.2 SO.sub.4, poured into ice-H.sub.2 O, and extracted with ether. The
      ether solutions were washed with brine, dried over Na.sub.2 SO.sub.4, and
      stripped of solvent to give (.+-.)-2
      -cyano-4-(2,5-diacetoxy-3,4,6-trimethylphenyl)butan-2-ol as an
      orange-brown foam.
PAC  EXAMPLE 61
PAR  By the method of Example 60,
      5-(2,5-diacetoxy-3,4,6-Trimethylphenyl)pentan-3-one was converted to
      (.+-.)-3-cyano-5-(2,5-diacetoxy-3,4,6-trimethylphenyl)pentan-3-ol, which
      was obtained as an orange oil.
PAC  EXAMPLE 62
PAR  By the method of Example 60, 4-(2,5-diacetoxyphenyl)butan-2-one was
      converted to (.+-. )-2-cyano-4-(2,5-diacetoxyphenyl)butan-2-ol, which was
      obtained as a yellow oil.
PAC  EXAMPLE 63
PAR  A solution of the crude
      (.+-.)-2-cyano-4-(2,5-diacetoxy-3,4,6-trimethylphenyl)butan-2-ol prepared
      in Example 60 in 2000 ml. of anhydrous methanol was cooled in a dry
      ice-ethanol bath. When the internal temperature reached -50.degree., HCl
      gas was passed rapidly into the solution. Over the next 45 minutes, the
      external and internal temperatures were allowed to come to -20.degree. and
      +5.degree., respectively. These temperatures were maintained until the
      solution was saturated with HCl. The clear, dark brown solution was kept
      at +2.degree. overnight, stripped of solvent at reduced pressure, diluted
      with 2000 ml. of H.sub.2 O, heated at 40.degree. under N.sub.2 for 2.0
      hours, cooled and extracted with ethyl acetate and ether. The organic
      solutions were washed with saturated brine, dried over Na.sub.2 SO.sub.4
      and stripped of solvent to give (.+-.)-methyl
      4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxy-2-methylbutanoate as a
      dark green-black oil. TLC indicated that under these conditions, virtually
      no (.+-.)-methyl  6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylate had
      been formed.
PAC  EXAMPLE 64
PAR  By the procedure of Example 25, (.+-.)-1-cyano-3-(5
      -acetoxy-2-hydroxy-3,4,6-trimethylphenyl)propanol was converted to a
      mixture of (.+-.)-methyl 6-hydroxy-5,7,8-trimethylchroman-2-carboxylate
      containing minor amounts of (.+-.)-methyl
      4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxybutanoate as a creamwhite
      solid.
PAC  EXAMPLE 65
PAR  By the procedure of Example 63,
      (.+-.)-3-cyano-5-(2,5-diacetoxy-3,4,6-trimethylphenyl)pentan-3-ol was
      converted to (.+-.)-methyl
      4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-ethyl-2-hydroxybutanoate which
      was obtained as an orange oil.
PAC  EXAMPLE 66
PAR  By the method described in Example 26, the crude (.+-.)-methyl
      4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxy-2-methylbutanoate
      obtained in Example 63 was saponified to
      (.+-.)-4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxy-2-methylbutanoic
      acid, which was obtained as a tan, powdery solid.
PAC  EXAMPLE 67
PAR  The crude mixture of (.+-.)-methyl
      6-hydroxy-5,7,8-trimethylchroman-2-carboxylate and (.+-.)-methyl
      4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxybutanoate obtained in
      Example 64 was converted, by the method of Example 26, to
      (.+-.)-6-hydroxy-5,7,8-trimethylchroman-2-carboxylic acid and
      (.+-.)-4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxybutanoic acid. The
      crude mixture of acids was stirred for 0.5 hour with 250 ml. of saturated
      NaHCO.sub.3 solution. The solution was washed with ether, treated with
      Darco G-60 and Norite SG-SV charcoal, filtered, acidified with 6N HCl,
      cooled and filtered. The solid was washed with H.sub.2 O, dried and
      crystallized from acetone-ether to give
      (.+-.)-6-hydroxy-5,7,8-trimethylchroman-2-carboxylic acid as a white
      powder, m.p. 208.5.degree.-210.degree. with decomposition.
PAC  EXAMPLE 68
PAR  By the method described in Example 26, (.+-.)-methyl
      4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-ethyl-2-hydroxybutanoate was
      converted to
      (.+-.)-4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-ethyl-2-hydroxybutanoic
      acid, which was obtained in a red-orange form.
PAC  EXAMPLE 69
PAR  By the method of Example 27, the crude
      (.+-.)-4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxy-2-methylbutanoic
      acid obtained in Example 66 was cyclized to give
      (.+-.)-6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, which was
      obtained in 63% overall yield from trimethylhydroquinone as a light tan
      powder, m.p. 188.degree.-190.degree..
PAC  EXAMPLE 70
PAR  By the method of Example 27,
      (.+-.)-4-(2,5-dihydroxy-3,4,6-trimethylphenyl)-2-hydroxy-2 -ethylbutanoic
      acid was converted to
      (.+-.)-2-ethyl-6-hydroxy-5,7,8-trimethylchroman-2-carboxylic acid, which
      was obtained as small white prisms, m.p. 210.5.degree.-213.degree. with
      decomposition, from acetone-ether.
PAC  EXAMPLE 71
PAR  (.+-.)-2-Cyano-4-(2,5-diacetoxy-3,4,6-trimethylphenyl)butan-2-ol, prepared
      as described in Example 60 from 0.1 mole of 4-(2,5
      -diacetoxy-3,4,6-trimethylphenyl)butan-2-one, was dissolved under N.sub.2
      in 250 ml. of concentrated HCl. The mixture was kept at 25.degree. for 1.5
      hours and then at 60.degree. for 44 hours. The suspension was cooled and
      filtered The solid was washed with water, air dried and stirred for 1.0
      hour with 360 ml. of one-half saturated NaHCO.sub.3 solution and 50 ml. of
      ether. The aqueous phase was washed with additional ether, acidified with
      6N HCl, cooled and filtered. The solid was washed with H.sub.2 O and dried
      to give 20.64 g. (83%) of
      (.+-.)-6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid as a white
      powder, m.p. 190.degree.-192.degree. with decomposition.
PAC  EXAMPLE 72
PAR  Treatment of (.+-.)-2-cyano-4-(2,5-dihydroxyphenyl)butan-2ol with
      concentrated HCl as described in Example 71 gave
      (.+-.)-6-hydroxy-2-methylchroman-2-carboxylic acid as a white solid, m.p.
      189.5.degree.-192.degree..
PAC  EXAMPLE 73
PAR  Trimethylhydroquinone (7.61 g.) was suspended under N.sub.2 in 60 ml. of
      benzene and 15 ml. of 25% dimethylamine in H.sub.2 O. Aqueous formaldehyde
      solution (37%, 7.5 ml.) was added over 15 minutes and stirring was
      continued at 25.degree. overnight. The benzene layer was washed with
      H.sub.2 O, dried over Na.sub.2 SO.sub.4, and stripped of solvent to give
      2-dimethylaminomethyl-3,5,6-trimethylhydroquinone as a light tan solid. A
      similarly prepared sample of this material, which is quite susceptible to
      air oxidation, had a m.p. of 103.degree.-108.5.degree. with decomposition,
      after isolation from methanol-H.sub.2 O.
PAC  EXAMPLE 74
PAR  To a suspension of one-half of the crude Mannich base prepared in Example
      73 in 25 ml. of benzene was added 0.50 g. of hydroquinone and 15 ml. of
      methyl methacrylate. The materials were sealed in a glass tube under
      N.sub.2, heated at 190.degree. for 2.0 hours and cooled. The dark
      solutions were washed with 2N HCl and H.sub.2 O, dried over Na.sub.2
      SO.sub.4 and stripped of solvent. The dark residue was chromatographed on
      200 g. of silica gel with 95:5  benzene-ethyl acetate and then triturated
      with hot ether to give (.+-.)-methyl
      6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylate as a tan solid, m.p.
      158.5.degree.-160.degree..
PAC  EXAMPLE 75
PAR  2-Dimethylaminomethyl-3,5,6-trimethylhydroquinone was prepared as described
      in Example 73 from 0.1 mole of trimethylhydroquinone. To a solution of
      this material in 120 ml. of benzene was added 60 ml. of methacrylonitrile
      and 2.0 g. of hydroquinone. The solution was sealed in a glass tube under
      N.sub.2, heated at 190.degree. for 1.0 hour, cooled, washed with 2N HCl
      and H.sub.2 O, dried over Na.sub.2 SO.sub. 4 and stripped of solvent. The
      dark residue was chromatographed on 500 g. of silica gel with 39:1
      benzene-ethyl acetate and crystallized from ether-30.degree.-60.degree.
      petroleum ether to give
      (.+-.)-2-cyano-6-hydroxy-2,5,7,8-tetramethylchroman as a tan powder, m.p.
      151.degree.-152.degree..
PAC  EXAMPLE 76
PAR  A suspension of 2.31 g. of
      (.+-.)-2-cyano-6-hydroxy-2,5,7,8-tetramethylchroman in 50 ml. of 6N HCl
      was heated at reflux under N.sub.2 for 16 hours, cooled and filtered. The
      solid was washed with H.sub.2 O, dried and crystallized from ether to give
      (.+-.)-6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid as light tan
      prisms, m.p. 190.degree.-192.degree. with decomposition.
PAC  EXAMPLE 77
PAR  By the method described in Example 6,
      (.+-.)-6-benzoyloxy-2-hydroxy-2,7,8-trimethylchroman was converted to
      (.+-.)-6-hydroxy-2,7,8-trimethylchroman-2-acetic acid, which was obtained
      as a white powder, m.p. 131.degree.-132.5.degree. after crystallization
      from benzene.
PAC  EXAMPLE 78
PAR  In a dry flask under N.sub.2, a solution of 9.14 ml. (7.06 g.) of
      isopropylcyclohexylamine in 25 ml. of anhydrous tetrahydrofuran was cooled
      in an ice bath. Butyl lithium in hexane solution (2.0N, 25 ml.) was
      introduced via syringe (temperature to 28.degree.). The light yellow
      solution was stirred another 5 minutes and then cooled to -70.degree. in a
      dry ice-ethanol bath. Ethyl acetate (4.40 g.) was added over 3 minutes to
      the suspension (temperature to -50.degree.). The light yellow solution of
      Li.sup.+ .sup.- CH.sub.2 COOCH.sub.3 CH.sub.3 was stirred 10 minutes and
      cooled to -70.degree.. A solution of 3.12 g. of
      (.+-.)-6-benzyloxy-2-hydroxy-2,5,7,8-tetramethylchroman in 10 ml. of
      tetrahydrofuran was added over 5 minutes. The resulting solution was
      stirred at -70.degree. another 10 minutes, poured into 100 ml. of H.sub.2
      O and 7 ml. of acetic acid and extracted with ether. The ether solutions
      were washed with H.sub.2 O, saturated NaHCO.sub.3 solution and brine,
      dried over Na.sub.2 SO.sub.4 and stripped of solvent. The residue was
      chromatographed on 125 g. of silica gel with 9:1 and 8:2 benzene-ethyl
      acetate, and then crystallized from ether-30.degree.-60.degree. petroleum
      ether to give (.+-.)-ethyl
      5-(3-benzyloxy-6-hydroxy-2,4,5-trimethylphenyl)-2-hydroxy-2-methyl
      pentanoate as a granular white solid, m.p. 69.5.degree.-71.5.degree..
PAC  EXAMPLE 79
PAR  A solution of 400 mg. of the .beta.-hydroxyester prepared in Example 73 and
      0.1 ml. of 85% phosphoric acid in 25 ml. of toluene was heated at reflux
      under N.sub.2, with azeotropic removal of H.sub.2 O, for 1.0 hour. The
      solution was cooled, washed with H.sub.2 O, saturated NaHCO.sub.3 solution
      and brine, dried over Na.sub.2 SO.sub.4 and stripped of solvent. The
      residue was chromatographed on 25 g. of silica gel with 9:1 benzene-ethyl
      acetate and evaporatively distilled to give (.+-.)-ethyl
      6-hydroxy-2,5,7,8-tetramethylchroman-2-acetate as a clear resin, b.p.
      150.degree./0.004 mm.
PAC  EXAMPLE 80
PAR  By the procedure described in Example 6, (.+-.)-ethyl
      6-hydroxy-2,5,7,8-tetramethylchroman-2-acetate was saponified to give
      (.+-.)-6-hydroxy-2,5,7,8-tetramethylchroman-2 -acetic acid, which was
      obtained as a cream-white powder, m.p. 172.degree.-175.5.degree., after
      crystallization from ethanol-H.sub.2 O.
PAC  EXAMPLE 81
PAR  By the procedure described in Example 24,
      (.+-.)-6-benzoyloxy-2-hydroxy-2,7,8-trimethylchroman was converted to
      (.+-.)-2-cyano-4 -(5 -benzoyloxy-3,4-dimethyl-2 -hydroxyphenyl)butan-
      2-ol, which was obtained as a resin.
PAC  EXAMPLE 82
PAR  By the procedure of Example 25,
      (.+-.)-2-cyano-4-(5-benzoyloxy-3,4-dimethyl-2-hydroxyphenyl)butan-2-ol was
      converted to a mixture of (.+-.)-methyl
      6-hydroxy-2,7,8-trimethylchroman-2-carboxylic acid and (.+-.)-methyl
      4-(3,4-dimethyl-2,5-dihydroxy)-2-hydroxy-2-methylbutanoate, which was
      obtained as a gummy resin.
PAC  EXAMPLE 83
PAR  The mixture of methyl esters obtained in Example 82 was converted by the
      process described in Example 26, to a mixture of
      (.+-.)-6-hydroxy-2,7,8-trimethylchroman-2-carboxylic acid and
      (.+-.)-4-(3,4-dimethyl-2,5-dihydroxy)-2-hydroxy-2-methylbutanoic acid,
      which was obtained as a dark semisolid.
PAC  EXAMPLE 84
PAR  The mixture of acids obtained in Example 83 was converted by the process
      described in Example 27 to
      (.+-.)-6-hydroxy-2,7,8-trimethylchroman-2-carboxylic acid which was
      obtained as a powder, m.p. 167.5.degree.-168.5.degree. with decomposition,
      after crystallization from ether-30.degree.-60.degree. petroleum ether.
PAC  EXAMPLE 85
PAR  A mixture of 70.8 g. of
      (.+-.)-6-hydroxy-2-methoxy-2,5,7,8-tetramethylchroman, 90.9 g. of
      anhydrous potassium carbonate, 300 ml. of dimethylsulfoxide and 69 ml. of
      benzyl chloride was stirred at 23.degree. under N.sub.2 for 24 hours. The
      suspension was poured into water and extracted with ether. The ether
      solutions were washed with brine, dried over sodium sulfate and stripped
      of solvent to give (.+-.)-6-benzyloxy-2-methoxy-2,5,7,8-tetramethylchroman
      as an oil which solidified to a light yellow mass, m.p.
      70.degree.-72.5.degree..
PAC  EXAMPLE 86
PAR  By the procedure described in Example 3,
      (.+-.)-6-benzyloxy-2-methoxy-2,5,7,8-tetramethylchroman was converted to
      (.+-.)-6-benzyloxy-2-hydroxy-2,5,7,8-tetramethylchroman which was obtained
      as a white solid, m.p. 94.5.degree.-95.5.degree., from pentane.
PAC  EXAMPLE 87
PAR  By the procedure described in Example 6,
      (.+-.)-6-benzyloxy-2-hydroxy-2,5,7,8-tetramethylchroman was converted to
      (.+-.)-methyl 6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetate, which was
      obtained as a white solid, m.p. 47.5.degree.-48.5.degree., after
      crystallization from ether-30.degree.-60.degree. petroleum ether.
PAC  EXAMPLE 88
PAR  By the method described in Example 6,
      (.+-.)-6-benzyloxy-2-hydroxy-2,5,7,8-tetramethylchroman was converted to
      (.+-.)-6-benzyloxy- 2,5,7,8-tetramethylchroman-2-acetic acid, a white
      solid of m.p. 133.5.degree.-134.5.degree. after crystallization from
      ethanol-water.
PAC  EXAMPLE 89
PAR  By the procedure described in Example 6,
      (.+-.)-4-(2,5-diacetoxy-3,4,6-trimethylphenyl)butan-2-one was treated with
      the anion from trimethylphosphonoacetate. The crude (.+-.)-methyl
      5-(2,5-diacetoxy-3,4,6-trimethylphenyl)-3-methyl-2-pentenoate thus
      obtained, upon saponification with base as in Example 6, yielded
      (.+-.)-6-hydroxy-2,5,7,8-tetramethylchroman-2-acetic acid as a light tan
      powder, m.p. 169.degree.-171.5.degree..
PAC  EXAMPLE 90
PAR  A solution of 5.31 g. of
      (.+-.)-2-cyano-4-(5-acetoxy-2-hydroxy-3,4,6-trimethylphenyl)butan-2-ol in
      60 ml. of methanol was cooled in an ice bath under N.sub.2. Sulfuric acid
      (3.8 ml.) was added over 5 minutes. The light yellow solution was stirred
      at 23.degree. for 72 hours and then at reflux for 5 hours, cooled, poured
      into ice-H.sub.2 O and filtered. The solid was washed with H.sub.2 O and
      crystallized from ether-30.degree.-60.degree. petroleum ether to give
      (.+-.)-2-cyano-6-hydroxy-2,5,7,8-tetramethylchroman as a white needle,
      m.p. 152.5.degree.-153.degree..
PAC  EXAMPLE 91
PAR  To a solution of 3.54 g. of
      (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid in 35 ml. of
      warm ethyl acetate was added 3.24 g. of quinine followed by 25 ml. of
      ether. The solution was cooled to 0.degree. and allowed to stand. The
      solid was removed by filtration and crystallized twice from ethyl
      acetate-ether to give S-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic
      acid quinine salt as white needles, m.p. 163.degree.-164.degree..
PAC  EXAMPLE 92
PAR  Cleavage of S-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid quinine
      salt by the procedure described in Example 15 gave S-6
      benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid as a white solid, m.p.
      95.5.degree.-96.5.degree., from hexane.
PAC  EXAMPLE 93
PAR  Reaction of (.+-.)- 6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid,
      by the procedure of Example 91 except with ethyl acetate alone as solvent,
      with R- and S-.alpha.-(1-naphthyl)ethyl amines gave
      S-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid
      S-.alpha.-(1-naphthyl)ethyl amine salt, m.p. 161.5.degree.-162.5.degree.
      and R-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid
      R-.alpha.-(1-naphthyl)ethyl amine salt, m.p. 161.5.degree.-162.degree..
PAC  Example 94
PAR  The .alpha.-(1-naphthyl)ethyl amine salts obtained in Example 93 were
      hydrolyzed by the procedure described in Example 15 to
      S-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid, m.p.
      95.degree.-96.degree. and
      R-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid, m.p.
      94.degree.-95.degree..
PAC  EXAMPLE 95
PAR  To a mixture of 0.5 g. of (.+-.)-
      6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid and 1.3 g. of
      anhydrous potassium carbonate in 3 ml. of dimethylsulfoxide was added 1.0
      g. of benzyl chloride. This mixture was stirred at 23.degree. overnight to
      give a solution containing (.+-.)-benzyl
      6-benzyloxy-2,5,7,8-tetramethylchroman-2-carboxylate. To this solution was
      added 3 ml. of 1N sodium hydroxide solution and 2 ml. of dimethylsulfoxide
      and the resulting 2-phase solution was stirred at 100.degree. for 16
      hours. The mixture was cooled, diluted with H.sub.2 O, washed with ether,
      acidified with 2N HCl, and extracted with ether. The ether solutions were
      washed with brine, dried over sodium sulfate and stripped of solvent. The
      residue was crystallized from ether-30.degree.-60.degree. petroleum ether
      to give (.+-.)- 6-benzyloxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
      as a white solid, m.p. 154.5.degree.-155.degree..
PAC  EXAMPLE 96
PAR  To a mixture of 32.0 g. of S-6-hydroxy-2,5,7,8-tetramethylchroman-2-acetic
      acid and 50.5 g. of anhydrous sodium bicarbonate in 125 ml. of
      dimethylsulfoxide was added 37.5 ml. of methyl iodide. The mixture was
      stirred at 20.degree. under N.sub.2 for 6.0 hours, poured into H.sub.2 O,
      and extracted with ether. The ether solutions were washed with H.sub.2 O
      and brine, dried with sodium sulfate and stripped of solvent to give crude
      S-methyl 6-hydroxy-2,5,7,8-tetramethylchroman-2-acetate as an orangish
      resin. This material was acetylated in the manner described in Example 2
      with 100 ml. of acetic anhydride and 150 ml. of pyridine to give S-methyl
      6-acetoxy-2,5,7,8-tetramethylchroman-2-acetate as a flocculent white
      powder, m.p. 75.5.degree.-78.degree., after crystallization from
      30.degree.-60.degree. petroleum ether.
PAC  EXAMPLE 97
PAR  A mixture of 25.0 g. of (.+-.)-
      6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, 100 ml. of
      1,2-dichloroethane, 17.5 ml. of ethanol and 1.0 ml. of concentrated
      H.sub.2 SO.sub.4 was heated at reflux under N.sub.2 for 20 hours. The dark
      mixture was washed with H.sub.2 O, saturated sodium bicarbonate solution
      and brine, dried over sodium sulfate and stripped of solvent to give a
      light yellow solid. Crystallization from ether gave (.+-.)-ethyl
      6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylate, m.p.
      124.degree.-126.degree..
PAC  EXAMPLE 98
PAL  By the method of Example 97,
      (.+-.)-6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid was
      converted to (.+-.)-methyl
      6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylate, obtained as white
      prisms, m.p. 158.5.degree.-161.5.degree. from acetone.
PAC  EXAMPLE 99
PAR  By the method of Example 97,
      (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid was converted
      to (.+-.)-methyl 6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetate, which
      was obtained as a pale yellow oil, b.p. 195.degree.-205.degree. /0.03 mm.,
      which solidifed to a solid of m.p. 47.5.degree.-48.5.degree..
PAC  EXAMPLE 100
PAR  A solution of 708 mg. of S-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic
      acid in 10 ml. of ether was added over 15 minutes to an ice-cooled
      solution of about 4.0 mmoles of diazomethane in 45 mls. of ether. The
      solution was stirred at 3.degree.-5.degree. for 1.0 hour, quenched with a
      few drops of acetic acid, washed with H.sub.2 O and brine, dried over
      sodium sulfate, and stripped of solvent. The residue was crystallized from
      hexane and 30.degree.-60.degree. petroleum ether to give S-methyl
      6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetate as a white solid, m.p.
      51.degree.-52.degree..
PAC  EXAMPLE 101
PAR  A solution of 31.17 g. of (.+-.)-methyl
      6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetate in 3.11. of pentane was
      cooled under N.sub.2 to -70.degree. Diisobutylaluminum hydride (24.4% in
      toluene; 87.3 ml.) in 87 ml. of pentane was added over 14 minutes. After
      1.0 hour at -70.degree., another 8.73 ml. of diisobutylaluminum hydride
      was added and stirring was continued an additional 0.25 hour. The reaction
      was quenched by the careful addition of 250 ml. of methanol at
      -70.degree.. The mixture was diluted with 1.01. of ether, washed with 0.5
      N HCl, H.sub.2 O, and brine and dried over sodium sulfate. Solvent removal
      gave a light yellow oil, which was filtered through 500 g. of silica gel
      with 90:10 benzene-ethyl acetate. Crystallization of the resulting oil
      from hexane - 30.degree.-60.degree. petroleum ether gave (.+-.)
      6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde as a white solid,
      m.p. 70.degree.-75.degree..
PAC  EXAMPLE 102
PAR  Reduction of S-methyl 6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetate in
      the manner described in Example 101 gave
      S-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde as a white solid,
      m.p. 87.5.degree.-90.degree. from 30.degree.-60.degree. petroleum ether.
PAC  EXAMPLE 103
PAR  (.+-.)-2-cyano-6-hydroxy-2,5,7,8-tetramethylchroman was acetylated by the
      procedure described in Example 2 to give (.+-.)-
      6-acetoxy-2-cyano-2,5,7,8-tetramethylchroman.
PAC  EXAMPLE 104
PAR  (.+-.)-6-acetoxy-2-cyano-2,5,7,8-tetramethylchroman was reduced with
      diisobutylaluminum hydride as described in Example 101, with
      tetrahydrofuran as reaction solvent. TLC of the crude product indicated
      that it was partially deacetylated. The material was thus reacetylated by
      the process described in Example 2 to give
      (.+-.)-6-acetoxy-2,5,7,8-tetramethylchroman-2-carboxaldehyde as a white
      solid, m.p. 88.degree.-90.degree., from 30.degree.-60.degree. petroleum
      ether.
PAC  EXAMPLE 105
PAR  By the method of Example 9,
      (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid was converted,
      via (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetyl chloride, to
      (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde, which was
      obtained as an oil which crystallized to a solid of m.p.
      65.degree.-67.5.degree..
PAC  EXAMPLE 106
PAR  To an ice-cooled mixture of 3.37 g. of aluminum chloride and 40 ml. of
      methylene chloride was added, dropwise, 3.37 ml. of nitromethane. The
      resulting solution was stirred 5 minutes, and then 5.114 g. of
      trimethylhydroquinone was added in one portion. The green mixture was
      cooled to -20.degree. and a solution of 5.35 g. of
      3-hydroxy-3-methyl-4-pentenyl acetate in 20 ml. of methylene chloride was
      added over 1.0 hour. The mixture was allowed to warm to room temperature,
      kept there for 2 hours and poured into ice-H.sub.2 O. The mixture was
      extracted with methylene chloride and the organic solutions were washed
      with saturated sodium bicarbonate solution and brine and dried over sodium
      sulfate. Solvent removal gave crude
      (.+-.)-2-(2-acetoxyethyl)-6-hydroxy-2,5,7,8-tetramethylchroman as a red
      oil.
PAC  EXAMPLE 107
PAR  The crude (.+-.)-2-(2-acetoxyethyl)-6-hydroxy-2,5,7,8-tetramethylchroman
      obtained in Example 106 was benzylated by the procedure described in
      Example 85 to give
      (.+-.)-2-(2-acetoxyethyl)-6-benzyloxy-2,5,7,8-tetramethylchroman, a
      colorless solid, m.p. 58.degree.-62.degree., from ethanol.
PAC  EXAMPLE 108
PAR  To a solution of 0.5 g. of
      (.+-.)-2-(2-acetoxyethyl)-6-benzyloxy-2,5,7,8-tetramethylchroman in 15 ml.
      of methanol was added a solution of 358 mg. of potassium carbonate in 1.5
      ml. of water. The mixture was heated at reflux under N.sub.2 for 40
      minutes, cooled, poured into water and extracted with methylene chloride.
      The methylene chloride solutions were washed with brine, dried over
      magnesium sulfate and stripped of solvent to give
      (.+-.)-6-benzyloxy-2-(2-hydroxyethyl)-2,5,7,8-tetramethylchroman as an
      oil.
PAC  EXAMPLE 109
PAR  To a mixture of 2.37 g. of pyridine in 30 ml. of methylene chloride was
      added 1.20 g. of chromium trioxide. The mixture was stirred for 15 minutes
      and then a solution of 680 mg. of
      (.+-.)-6-benzyloxy-2-(2-hydroxyethyl)-2,5,7,8-tetramethylchroman in 5 ml.
      of methylene chloride was added. The mixture was stirred another 15
      minutes and decanted from a black tar which was washed with several
      portions of ether. The combined organic solutions were washed with 1 N
      NaOH, 1 N HCl, H.sub.2 O, saturated NaHCO.sub.3 solution and brine, dried
      over sodium sulfate, and stripped of solvent. The residual oil was
      chromatographed on 100 g. of silica gel with 9:1 benzene-ethyl acetate to
      give 608 mg. (90%) of
      (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde as a white
      solid, m.p. 65.degree.-68.degree..
PAC  EXAMPLE 110
PAR  To a solution of 6.09 g. of (.+-.)
      -6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde in 280 ml. of
      ethanol was added a solution of 3.57 g. of silver nitrate in 42 ml. of
      H.sub.2 O followed, dropwise over 0.5 hour, by a solution of 3.49 g. of
      sodium hydroxide in 100 ml. of H.sub.2 O. The mixture was stirred at
      23.degree. for 2.0 hours, filtered, concentrated in vacuo, diluted with
      H.sub.2 O, and extracted with ether. The aqueous solution was acidified
      with 1 N HCl and again extracted with ether. These latter extracts were
      washed with brine, dried over magnesium sulfate and stripped of solvents
      to give (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman2-acetic acid.
PAC  EXAMPLE III
PAR  Triphenyl-2,6,10-trimethylundecanylphosphonium bromide was prepared and
      reacted with (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde
      by the procedures in Example 12 to give 2RS, 4'RS, 8'RS,
      2',3'-dehydro-alpha-tocopheryl benzyl ether as a resin.
PAC  EXAMPLE 112
PAR  To a solution of 0.34 g. of 2RS, 4'RS, 8'RS-2',3'-dehydro-alphatocopheryl
      benzyl ether in 10 ml. of ethanol was added 100 mg. of 10% palladium on
      carbon catalyst. The mixture was hydrogenated at atmospheric pressure,
      filtered, and stripped of solvent to give 2RS, 4'RS,
      8'RS-alpha-tocopherol. Acetylation of this material as in Example 12 gave
      2RS, 4'RS, 8'RS-alpha-tocopheryl acetate as a very light yellow resin,
      b.p. 195.degree./0.02 mm.
PAC  EXAMPLE 113
PAR  To 486 mg. of magnesium powder in a dry flask under N.sub.2 was added a few
      milliliters of a solution of 4.70 g. of 2RS,
      6RS-2,6,10-trimethylundecanylbromide in 25 ml. of tetrahydrofuran. The
      mixture was heated to reflux, when reaction began. The rest of the bromide
      was added over 30 minutes and heating was continued an additional 30
      minutes. A solution of 3.38 g. of
      (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde in 25 ml. of
      tetrahydrofuran was added over 10 minutes and heating was continued
      another 2 hours. The mixture was cooled, poured onto ice and 2 N HCl and
      extracted with ether. The ether solutions were washed with 2 N HCl,
      H.sub.2 O and brine, dried over sodium sulfate, and stripped of solvent.
      The residue was chromatographed on silica gel with 97.5:2.5 benzene-ethyl
      acetate to give 2RS, 2'RS, 4'RS, 8'RS-2'-hydroxy-alpha-tocopheryl benzyl
      ether as a light yellow oil.
PAC  EXAMPLE 114
PAR  A solution of the 2RS, 2'RS, 4'RS, 8'RS-2'-hydroxy-alpha-tocopheryl benzyl
      ether prepared in Example 113 in 25 ml. of pyridine was cooled in an ice
      bath under N.sub.2. Phosphorous oxychloride (2.0 ml.) was added and the
      white suspension was stirred at 3.degree. for 0.5 hours and then without
      cooling overnight. The mixture was poured onto ice and extracted with
      ether. The ether solutions were washed with 2N NaOh, H.sub.2 O, 2 N HCl
      and brine, dried over sodium sulfate and stripped of solvent. The residue
      was chromatographed on silica gel with 95:5 30.degree.-60.degree.
      petroleum ether-ether to give a mixture of 2RS, 4'RS,
      8'RS-2'3'-dehydro-alpha-tocopheryl benzyl ether and 2RS, 4'RS,
      8'RS-1'2'-dehydro-alpha-tocopheryl benzyl ether as a yellow-orange resin.
PAC  EXAMPLE 152
PAR  The mixture of ethers obtained in Example 114 was hydrogenated and
      acetylated in the manner described in Example 112 to give 2RS, 4'RS, 8'RS
      -alpha-tocopheryl acetate as a light yellow, clear resin, b.p.
      210.degree./0.35 mm.
PAC  EXAMPLE 116
PAR  By the method of Example 52,
      (.+-.)-6-hydroxy-5,7-diisopropyl-2-methoxy-2-methylchroman was converted
      to (.+-.)-2,6-dihydroxy-5,7-diisopropyl-2methylchroman, which was obtained
      as a red-orange oil. Acetylation of this material by the method of Example
      56 gave 4(2,5-diacetoxy-4,6-diisopropylphenyl)butan-2-one, m.p.
      108.5-112.degree..
PAC  EXAMPLE 117
PAR  By the method of Example 60,
      4-(2,5-diacetoxy-4,6-diisopropyl-phenyl)butan-2-one was converted to
      (.+-.)-2-cyano-4-cyano-4-(2,5-diacetoxy4,6-diisopropylphenyl)butan-2-ol,
      which was obtained as a colorless oil. Treatment of this cyanohydrin with
      concentrated hydrochloric acid, as in Example 71, gave
      (.+-.)-6-hydroxy-5,7-diisopropyl-2-methylchroman-2-carboxylic acid, m.p.
      187.5.degree.-190.degree..
PAC  EXAMPLE 118
PAR  By the procedure of Example 1, methyl vinyl ketone was reacted with
      tert.-butylhydroquinone to give
      (.+-.)-7-tert.-butyl-6-hydroxy-2-methoxy-2-methylchroman. Hydrolysis of
      this material, as in Example 52, gave
      (.+-.)-7-tert.-butyl-2,6-dihydroxy-2-methylchroman. By the method of
      Example 56 acetylation of this compound gave
      4-(2,5-diacetoxy-4-tert.-butylphenyl)butan-2-one, m.p.
      66.5.degree.-68.degree..
PAC  EXAMPLE 119
PAR  By the method of Example 60,
      4-(2,5-diacetoxy-4-tert.-butylphenyl)butan-2-one was converted to
      (.+-.)-2-cyano-4-(2,5-diacetoxy-4-tert.-butylphenyl)butan-2-ol. Treatment
      of this cyanohydrin with concentrated hydrochloric acid as in Example 71
      gave a mixture of
      (.+-.)-7-tert.-butyl-6-hydroxy-2-methylchroman-2-carboxylic acid and
      (.+-.)-6-hydroxy-2-methylchroman-2-carboxylic acid. A mixture of 4.16 g.
      of these acids, 10 ml. of isobutylene, 15 ml. of toluene and 1.0 ml. of
      85% phosphoric acid was heated in a sealed tube for 4.0 hours. The mixture
      was cooled, diluted with ether, washed with water and saturated
      NaHCO.sub.3 solution and dried (Na.sub.2 SO.sub.4). Solvent removal gave a
      red-oragne oil which was chromatographed on 250 g. of silica gel with
      85:13:2 benzene-ethyl acetate-acetic acid. The resultant solid was
      crystallized from ether-30.degree.-60.degree. petroleum ether to give pure
      (.+-.)-7-tert.-butyl-6-hydroxy-2-methylchroman-2-carboxylic acid, m.p.
      218.degree.-221.degree./dec.
PAC  EXAMPLE 120
PAR  To a solution of 11.0 g. of diisopropylamine in 50 ml. of anhydrous
      tetrahydrofuran at 0.degree. was added 50 ml. of 2N butyllithium solution.
      To the resultant solution of lithium diisopropylamide was added a solution
      of 3.54 g. of (R)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic acid in
      25 ml. of tetrahydrofuran. The resulting mixture was heated at 50.degree.
      for 4 hours, acidified with 2N HCl and extracted with ether. The ether
      solutions were washed with brine, dried (Na.sub.2 SO.sub.4) and stripped
      of solvent to give (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetic
      acid, [.alpha.].sub.D.sup.25 = .+-.0.degree., m.p.
      130.degree.-133.degree..
PAC  EXAMPLE 121
PAR  A mixture of 3.38 g. of
      (.+-.)-6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde, 5 ml. of
      benzylamine, 10 mg. of p-toluenesulfonic acid and 50 ml. of benzene was
      heated at reflux, under N.sub.2, with azeotropic removal of H.sub.2 O, for
      2.0 hours. The resultant solution was cooled and 2.25 g. of
      d-camphorsulfonic acid was added. After 1.0 hour, the resultant salt was
      removed by filtration and crystallized twice from ethanol-ether under
      N.sub.2. The resolved salt was stirred under N.sub.2 for 1.0 hour with a
      mixture of 50 ml. of ether, 10 ml. of acetic acid and 40 ml. of water. The
      ether layer was washed with H.sub.2 O, 2N HCl, H.sub.2 O, saturated
      NaHCO.sub.3 solution and brine and dried (Na.sub.2 SO.sub.4). Solvent
      removal gave optically pure
      6-benzyloxy-2,5,7,8-tetramethylchroman-2-acetaldehyde, m.p.
      85.degree.-88.degree..
PAC  EXAMPLE 122
PAR  By the method of Example 109
      2RS,2'RS,4'RS,8'RS-2'-hydroxy-.alpha.-tocopheryl benzyl ether was oxidized
      to 2RS,4'RS,8'RS-2'-oxo-.alpha.-tocopheryl benzyl ether, a pale yellow
      oil.
PAC  EXAMPLE 123
PAR  A mixture of 1.0 g. of 2RS, 4'RS,8'RS-2'-oxo-.alpha.-tocopheryl benzyl
      ether, 350 mg. of potassium hydroxide, 0.25 ml. of 85% hydrazine and 25
      ml. of diethylene glycol was heated at reflux for 1.0 hour. The mixture
      was distilled until the internal temperature reached 205.degree.. The
      mixture was kept at this temperature for 3 hours, cooled and extracted
      with ether. The ether solutions were washed with 2N HCl and brine and
      dried (Na.sub.2 SO.sub.4). Solvent removal gave crude
      2RS,4'RS,8'RS-.alpha.-tocopheryl benzyl ether. Debenzylation and
      acetylation of this material, as in Example 112, gave
      2RS,4'RS,8'RS-.alpha.-tocopheryl acetate, b.p. 200.degree.-205.degree./25
      3/4.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC26##
PA1  wherein R.sub.1, R.sub.1 ', R.sub.1 " and R.sub.2 are hydrogen or lower
      alkyl; R is hydrogen, lower alkonoyl benzyl, benzoyl; R.sub.4 is hydrogen
      or lower alkyl.
NUM  2.
PAR  2. The compound of claim 1 wherein said compound is
      (.+-.)-2-carboxy-6-hydroxy-2,5,7,8-tetramethylchroman.
NUM  3.
PAR  3. The compound of claim 1 wherein said compound is
      (.+-.)-2-ethyl-6-hydroxy-5,7,8-trimethylchroman-2-carboxylic acid.
NUM  4.
PAR  4. The compound of claim 1 wherein said compound is
      (.+-.)-6-hydroxy-5,7,8-trimethylchroman-2-carboxylic acid.
NUM  5.
PAR  5. The compound of claim 1 wherein said compound is
      (.+-.)-6-hydroxy-5,7,-diisopropyl-2-methylchroman-2-carboxylic acid.
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ABST
PAL  A catalyst useful for the oxidation of organic compounds, particularly
      vapor-phase oxidation of benzene with molecular oxygen to produce maleic
      anhydride, comprises the oxides of molybdenum, vanadium, phosphorus,
      sodium and boron in combination with an oxide of at least one metal of the
      group consisting of manganese, tin, tungsten and bismuth, and preferably
      also in combination with an oxide of at least one member of the group
      consisting of iron, cobalt and nickel.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 300,026, filed Oct. 24, 1972
      (now U.S. Pat. No. 3,838,067) which in turn is a continuation-in-part of
      application Ser. No. 76,249, filed Sept. 28, 1970 (now U.S. Pat. No.
      3,759,840)
BSUM
PAR  This invention relates to catalysts and is more particularly concerned with
      catalysts which are useful in the oxidation of organic compounds,
      especially vapor-phase oxidation of benzene with molecular oxygen to
      produce maleic anhydride. The invention is also concerned with the use of
      such catalysts in oxidations of this character.
PAR  The preparation of maleic anhydride by the selective partial oxidation of
      benzene in a vapor phase system using a contact catalyst involves a
      well-known reaction and has been practiced commercially for many years.
      Among catalysts which have been found useful and effective commercially
      for this purpose are those based upon a combination of vanadium and
      molybdenum in oxidized form. In the development of improved catalysts of
      this nature the vanadium and molybdenum oxides have been combined with the
      oxidized forms of one or more other metals of various types.
PAR  Known commercial catalysts of this character are effective and generally
      satisfactory, but in the field of catalysis there is always a continuing
      search for improved catalyst compositions, and a particular objective is
      the discovery of means for providing high activity of the catalysts while
      at the same time enhancing, or at least maintaining, the selectivity of
      the catalyst in favor of the desired product. Of particular interest to
      persons skilled in this art is the development of catalysts which are
      effective at lower oxidation temperatures and which have an increased
      active life. There are obvious important practical benefits in a catalyst
      which is active and retains its activity for a long period of time before
      it needs to be replaced.
PAR  It is accordingly an object of this invention to provide an improved
      catalyst of the vanadium oxide-molybdenum oxide type which is effective at
      lower temperatures and has an increased active life.
PAR  It is a further objective of the invention to provide a catalyst for the
      character indicated which has desirable activity and selectivity
      characteristics.
PAR  It is a more specific object of the invention to provide a catalyst which
      has an increased active life and has high activity and selectivity with
      respect to the production of maleic anhydride by the oxidation of benzene.
PAR  Another object of the invention is to provide an improved method for the
      catalytic oxidation of benzene to produce maleic anhydride which employs a
      catalyst of the type described.
PAR  In accordance with the invention, it has been discovered that the
      combination, in a catalyst of the vanadium oxide-molybdenum oxide type
      which includes an oxide of phosphorus, sodium and boron, and preferably
      also an oxide of at least one member of the group consisting of iron,
      cobalt, and nickel, of a small amount of an oxide of at least one member
      of the group consisting of manganese, tin, tungsten, and bismuth, provides
      a catalyst having an increased active life and having desirable activity
      and selectivity in the production of maleic anhydride by the oxidation of
      benzene. An especially important feature of the catalyst of this invention
      is its effectiveness at relatively low oxidation temperatures, e.g. jacket
      temperatures in the range of 340.degree.C. to 360.degree.C. Of course,
      higher temperatures can also be used.
PAR  The basic catalyst system comprising the combination of oxides of vanadium,
      molybdenum, phosphorus, sodium and boron and preferably also including an
      oxide of iron, cobalt and nickel is disclosed in my co-pending application
      Ser. No. 76,249, filed Sept. 28, 1970, now U.S. Pat. No. 3,759,840. In
      accordance with the present invention, improved results are achieved by
      combining that basic catalyst system with an oxide of at least one member
      of the group consisting of manganese, tin, tungsten and bismuth, and it is
      preferred to combine the oxide of manganese, tin tungsten or bismuth with
      the preferred basic catalyst system of the co-pending application, i.e.
      the system including an oxide of iron, cobalt or nickel. It is especially
      preferred to use the combination of two or more of the oxides of
      manganese, tin, tungsten or bismuth.
PAR  In the catalyst composition of the invention, all of the elements mentioned
      are considered to be in the form of their oxides, e.g. V.sub.2 O.sub.5,
      MoO.sub.3, P.sub.2 O.sub.5, Na.sub.2 O, Co.sub.2 O.sub.3, Ni.sub.2
      O.sub.3, Fe.sub.2 O.sub.3, B.sub.2 O.sub.3, MnO, SnO.sub.2, WO.sub.2 and
      Bi.sub.2 O.sub.3, since the catalyst is advantageously prepared by means
      of known techniques which involve "activation" by a prolonged heat
      treatment as a concluding step. However, it is convenient to refer to the
      proportions of the various components in terms of the elements themselves.
      In this way, the catalyst of the invention can be characterized by its
      analytical composition in which the components are expressed in meaningful
      terms without regard to the exact chemical composition or form in which
      they may actually exist. Thus, basing the proportions on a molar quantity
      of vanadium as 1.0, the molybdenum may be in the range of 0.1 to 0.95 mol,
      the phosphorus content may be in the range of 0.01 to  0.5 mol, the alkali
      metal content may be in the range of 0.02 to 0.6 mol, the boron may be in
      the range of 0.005 to 0.3 mol, the content of the Co, Ni, or Fe may be in
      the range of 0.005 to 0.10 mol and the Mn, Sn, W or Bi may be in the range
      of 0.005 to 0.1 mol.
PAR  As is customary in the case of vanadium oxide-molybdenum oxide oxidation
      catalysts, the active catalytic components are desirably supported upon a
      suitable carrier, generally in the form of refractory inorganic particles,
      of any of the various catalyst supports known to this art, conventionally
      characterized as inert, having a surface area of at most 5 square meters
      per gram, e.g. 0.002 to 5 square meters per gram, preferably 0.005 to 3
      square meters per gram, and of a particle size adapted for the particular
      process in which the catalyst is to be used. Generally suitable are
      particles having an average diameter of about 1/5-1/2 inch, although
      larger or smaller particle sizes can also be employed, e.g. average
      diameters of 1/8  to 3/4  inch.
PAR  The weight of catalyst mixture relative to the support may be in the range
      of 1.0 to 20%, preferably about 10% based on the weight of the support.
      Although alumina is a preferred support, other refractory support
      materials may be used, such as silicon carbide, silica, titania, fuller's
      earth, pumice, asbestos, kieselguhr, and the like. The carrier material
      may be in the form of pellets, lumps, granules, spheres, rings or other
      formed pieces, or in other forms which may be of regular or irregular
      contour.
PAR  It is appreciated that manganese, tin, tungsten, and bismuth have been
      proposed as catalyst components, for example in Slotterbeck et al. U.S.
      Pat. No. 2,260,409 and in Bethell et. al. U.S. Pat. No. 3,435,069 but such
      catalysts involve the use of these components in systems and environments
      which are basically different from the catalyst compositions of the
      present invention which have improved characteristics.
PAR  When the catalyst of this invention is used in the vapor-phase oxidation of
      benzene to form maleic anhydride, the oxidation conditions employed are
      those generally associated with this reaction, as disclosed, for example,
      in Egbert and Becker, U.S. Pat. No. 2,777,860 and Egbert U.S. Pat. No.
      3,211,671. Typical conditions involve jacket temperatures of 340.degree.
      to 420.degree.C., a ratio of benzene to molecular oxygen: 1-1.6 to 20
      (mol) and a space velocity of 2000 to 4000 hour.sup.-.sup.1, and pressures
      of atmospheric to 3 atm. Similarly, conventional reactors or converters
      can be employed and the processes in which the catalyst of the invention
      can be used are, therefore, not restricted to particular conditions or
      types of apparatus. However, it is one of the features of the catalyst of
      this invention that the oxidation of benzene to maleic anhydride can be
      carried out at lower temperatures, e.g. in the 340.degree.-370.degree.C.
      range, than would normally be employed with conventional catalysts, all
      other conditions being the same.
PAR  As mentioned, the catalyst is suitably prepared by more or less
      conventional techniques. In a preferred precedure, for example, the
      molybdenum, in the form of ammonium molybdate, is dissolved in
      concentrated aqueous HCl (35%), and a mixture of a hydrated disodium acid
      phosphate, and boron, in the form of a hydrated sodium tetraborate, are
      dissolved in hot water and added to the acidic solution. Ammonium
      metavanadate is dissolved in a second batch of concentrated HCl and the
      Mn, Sn, W or Bi value is added to the ammonium metavanadate solution in
      the form of a chloride, nitrate or other salt dissolved in a small amount
      of water. When more than one member of the Mn, Sn, W and Bi additive group
      is to be incorporated, it is preferred to add them separately or
      consecutively. If, in accordance with the preferred form of the invention,
      Co, Ni and/or Fe are to be incorporated, a water-soluble salt of the
      metal, e.g. cobalt nitrate hexahydrate, is dissolved in water and the
      resulting aqueous solution is added to the ammonium metavanadate solution.
      Finally, the two HCl solutions are then mixed by slowly adding the
      molybdate solution to the metavanadate solution and the combined solution
      is mixed with particles of a suitable refractory carrier and evaporated,
      resulting in the disposition of the salts on the surface in the pores of
      the carrier. The coated carrier particles are then activated by calcining
      them in a kiln or oven, or in a tube through which air is passed, at an
      elevated temperature (e.g. 175.degree.-400.degree.C.) for 1/2 to 2 hours.
      Since the preferred form of the catalyst of this invention is related to
      the catalyst disclosed in U.S. Pat. Nos. 2,777,860 and 3,211,671, the
      catalyst preparation methods disclosed in those patents, with the further
      addition of the boron compound and the Mn, Sn, W and/or Bi compound are
      suitably employed. In the catalyst of the present invention it is
      particularly preferred to use Mn, Sn or W values, or mixtures of them.
PAR  While, as mentioned, the invention in its broadest sense is not limited to
      a particular carrier material, a support is preferred which has an
      apparent porosity (pore volume) or at least 35%, a surface area (square
      meters per gram) of about 0.01 to about 1, and a major pore diameter range
      of 50 to 1500 microns, preferably at least 80% of 50 to 1500 micron size.
      An alumina support having these characteristics is preferred, especially
      an alumina-silica support containing up to about 20% silica, the balance
      being substantially alumina. Particularly good results are obtained with a
      support of the character indicated which has an apparent porosity of at
      least 50%, and a pore diameter range of at least 95% of 50-1500 micron
      size.
PAR  The features of the invention will be more readily apparent from the
      following specific examples of typical application. It will be understood,
      however, that these examples are for the purpose of illustration only and
      are not to be interpreted as limiting the invention.
DETD
PAC  EXAMPLE I
PAR  A first solution (A) is prepared by dissolving 175 g. ammonium metavanadate
      slowly with stirring in 500 ml. of conc. hydrochloric acid (sp. g.  1.19)
      followed by the addition of 9.8 g. manganese nitrate in the form of a 50%
      solution in water (25.degree.C.). A second solution (B) is prepared by
      dissolving 100 g. of ammonium paramolybdate in 500 ml. of conc.
      hydrochloric acid, and 3 g. sodium tungstate in 10 ml. hot water
      (75.degree.C.) is added to the solution with stirring, followed by the
      addition of a mixture of 10.5 g. disodium acid phosphate dodecahydrate and
      9.6 g. sodium borate pentahydrate dissolved in 75 ml. hot water
      (70.degree.C.). Solution B is then slowly added to solution A with
      stirring and the resultant mixture poured over 1500 ml. of 3-5 mesh
      aggregate pellets of a commercial alumina catalyst carrier composed of
      about 85% Al.sub.2 O.sub.3, about 13.5% SiO.sub.2, and very small amounts
      of other oxides as impurities, primarily alkali metal oxides and alkaline
      earth metal oxides. This carrier has an apparent porosity of about 55-60%,
      a surface area of about 0.1 sq. meters per gram and a pore diameter range
      of about 95% of 50-1500 micron size. The mixture is heated in a rotating
      glass jar to evaporate the solution to dryness, leaving a greenish coated
      product which is then placed in an activation oven for 4 hours at
      400.degree.C. to activate it, the additive elements thereby being
      converted into their oxides. In similar manner, there are prepared a
      series of other catalysts, supported on the alumina carrier, each
      containing a combination of vanadium, molybdenum, phosphorus, sodium, and
      boron with manganese, tin, tungsten and/or bismuth, and in some cases with
      nickel, cobalt, and/or iron, within the scope of the formulation set forth
      above, but formed from varying quantities of precursor salts or employing
      different precursor salts.
PAR  In order to evaluate the foregoing catalysts, each is used to form a
      catalyst bed in a series of runs wherein benzene is oxidized by means of
      molecular oxygen to maleic anhydride. For this purpose, each catalyst is
      charged into a vertical reactor tube of 0.9 inch internal diameter, to a
      bed height of 120 inches, surrounded with a temperature regulating medium
      such as salt contained in a heating jacket. A benzene-air mixture is fed
      downwardly through the reactor at a linear velocity of one foot per 0.1
      second calculated at reaction conditions. The feed mixture contains 1.4
      mol percent of benzene in air, and the jacket temperature is maintained in
      the range of 350.degree. to 370.degree.C. The product is recovered in
      known manner. The results obtained with each of the catalysts are shown in
      the following table wherein catalyst No. 1 is the catalyst prepared in the
      manner described at the beginning of this example. Catalyst No. 2 is like
      catalyst No. 1, except that iron nitrate, 9 g., is substituted for the
      tungstate. Catalyst No. 3 is like catalyst No. 1, except that iron
      nitrate, 9 g., and sodium stannate, 3 g., is substituted for the
      tungstate. Catalyst No. 4 is formed from the components in catalyst No. 1,
      except that iron nitrate, 10 g., is substituted for the manganese.
      Catalyst No. 5 is formed from the components in catalyst No. 1, except
      that cobalt nitrate, 9 g., is substituted for the manganese. Catalyst No.
      6 is the same as catalyst No. 5 except that 3 g. of sodium stannate is
      substituted for the tungstate. Catalyst No. 7 is like catalyst No. 1 but
      10 g. of bismuth nitrate is substituted for the tungstate.
TBL                TABLE I                                                     
     ______________________________________                                    
            Temperature                                                        
                       Selectivity                                             
                                  Conversion,                                  
                                           Yield,                              
     Catalyst                                                                  
            .degree.C. Mol %      Wt.%     Wt.%                                
     ______________________________________                                    
     1      360        74.5       98       92                                  
     2      350        75         99       93                                  
     3      365        75         99       93                                  
     4      358        75         97       93                                  
     5      360        75         97       93                                  
     6      365        75         97       93                                  
     7      370        74.5       99       93                                  
     ______________________________________                                    
PAR  As pointed out above, one of the characteristics of the catalyst of this
      invention is prolonged active life. This is clearly demonstrated by
      comparing a typical catalyst in accordance with the invention which is
      characterized by a small but effective content of manganese, tin, tungsten
      and/or bismuth with an analogous catalyst which is free from any of these
      four additives, in the actual vapor-phase partial oxidation of benzene to
      maleic anhydride in an accelerated testing system in which the effect of
      several months of operation can be reduced to a matter of hours. In the
      accelerated test, the operating conditions observed correspond to those
      described in Example I, except that a temperature of 380.degree.C. and
      400.degree.C. is used, but the temperature is reduced to 360.degree.C. at
      repeated intervals to measure the activity (conversion) at the latter
      temperature.
PAR  Using this accelerated method, it is found that in a typical case, a
      catalyst in accordance with this invention, e.g. corresponding to catalyst
      No. 3 described above, exhibits a significantly increased active life
      which is at least twice as long in comparison with an analogous catalyst
      having no content of Mn, Sn, W or Bi.
CLMS
STM  The embodiments of the invention in which an exclusive property is claimed
      are defined as follows:
NUM  1.
PAR  1. A process for the preparation of maleic anhydride which comprises
      oxidizing benzene in the vapor-phase with molecular oxygen in the oxygen
      in the presence of a catalyst consisting essentially of oxides of
      molybdenum, vanadium, phosphorus, sodium and boron in combination with an
      oxide of at least one metal selected from the group consisting of
      manganese, tin, tungsten and bismuth, the relative amounts of said oxides
      expressed as Mo, V, P, Na, B, Mn, Sn, W and Bi, being per mol of V, 0.1 to
      95 mol Mo, 0.01 to 0.5 mol P, 0.02 to 0.6 mol Na, 0.005 to 0.3 mol B,
      0.005 to 0.1 mol Mn, 0.005 to 0.1 mol Sn, 0.005 to 0.1 mol W, and 0.005 to
      0.1 mol Bi.
NUM  2.
PAR  2. A process as defined in claim 1, wherein said catalyst further contains
      0.005 to 0.1 mol of an oxide of at least one member of the group
      consisting of cobalt, nickel or iron.
NUM  3.
PAR  3. A process for the preparation of maleic anhydride which comprises
      oxidizing benzene in the vapor-phase with molecular oxygen in the presence
      of a molybdenum oxide-vanadium oxide-phosphorus oxide-sodium oxide-boron
      oxide catalyst wherein said molybdenum oxide, vanadium oxide, phosphorus
      oxide, sodium oxide and boron oxide, expressed as Mo, V, P, Na and B, are
      present per mol of V in the amount of 0.1 to 0.95 mol Mo, 0.01 to 0.5 mol
      P, 0.02 to 0.6 mol Na and 0.005 to 0.3 mol B, and in combination with said
      catalyst a small amount of an oxide of at least one metal selected from
      the group consisting of manganese, tin, tungsten and bismuth, effective to
      prolong the active life of said catalyst.
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PAL  5-furoyl-2,2,4-trimethyl-1,4-dihydro-1H-1,5-benzodiazepine as an
      anti-inflammatory agent.
BSUM
PAR  This invention relates to
      5-furoyl-2,2,4-trimethyl-1,4-dihydro-1H-1,5-benzodiazepine which is useful
      as an anti-inflammatory agent.
PAR  The compound of this invention,
      5-furoyl-2,2,4-trimethyl-1,4-dihydro-1H-1,5-benzodiazepine, is novel and
      has the following structural formula.
      ##SPC1##
PAR  The compound of this invention can be prepared according to the teaching of
      the following examples.
DETD
PAC  EXAMPLE I
      ##SPC2##
PAR  250 G (0.30 m) O-phenylene diamine, 2500 ml acetone and 2.5 g
      .beta.-naphthalene sulfonic acid were mixed together and then refluxed on
      a steam bath for 17 hours, and then the solvent was vacuum stripped. Dark
      crystals formed. They were dissolved in 600 ml isopropyl alcohol and
      treated with 5 g Nuchar C-190A activated charcoal and filtered hot through
      Dicalite and allowed to cool. The resulting crystals were filtered off and
      worked with isopropyl alcohol and ether to yield 268 g of the desired
      product, m.p. 120.degree.C.
PAC  EXAMPLE II
PAR  5-Furoyl-2,2,4-trimethyl-1,4-dihydro-1H-1,5-benzodiazepine
      ##SPC3##
PAR  49 Ml (0.50 m) furoyl chloride was added dropwise to a mixture of 94.1 g
      (0.50 m) of the compound of Example I, 500 ml CH.sub.2 Cl.sub.2 and 70.0
      ml triethylamine over a period of 2 minutes. After standing for 2 days, a
      solid formed which was triethylamine hydrochloride. The mixture was washed
      with 500 ml water 2 times and 400 ml saturated NaHCO.sub.3 solution, dried
      over MgSO.sub.4 and vacuum evaporated to yield a solid which was washed
      with 200 ml ether. After air drying 103 g of the desired product, m.p.
      120.degree.C.
PAR  The product of Example II will hereinafter be called Compound Number 1.
PAC  ANTI-INFLAMMATORY SCREENING
PAR  The compounds of the present invention have pharmaceutical activity
      especially as anti-inflammatory agents. Anti-inflammatory activity is
      demonstrated by a test which involves the diminution of experimental edema
      induced in the hind paw of the rat by the injection of carrageenin.
PAR  Carrageenin injected into the foot of the rat produces an edematous
      condition which simulates part of the inflammatory process. Non-steroidal
      anti-inflammatory compounds inhibit the formation of this edema.
PAC  METHODS AND PROCEDURES
PAR  The procedures used for measuring the inhibition of carrageenin-induced
      edema is a standard procedure well known in the pharmaceutical art and is
      as follows:
PAR  Male rats (Long Evans Strain) weighing between 130-200 grams are used in
      this assay. Five rats each are used in the treatment groups and in the
      known standard control; whereas ten rats are used in the control edema
      group. Unless otherwise indicated, phenylbutazone is administered orally
      at 100 mg/kg to the standard control group. The edema control group is
      administered the vehicle which consists of 0.25% methylcellulose solution.
      All of the rats are fasted for at least 15 hours prior to the test. Water
      is available ad libitum. All of the experimental drugs are given orally
      and are dissolved or suspended in 0.25% methylcellulose solution. One hour
      after administration of the test compound, .05 ml of a 1% sterile solution
      of carrageenin is injected into the plantar tissues of the left hind paw
      of each rat. Three hours after carrageenin administration, the paw volumes
      of injected paws are then measured by means of a water displacement
      apparatus. The apparatus used is a modification of that described by
      Adamkiewicz et al., Canadian Journal of Biochemistry and Physiology, 33:
      332, 1955. The amount of edema is calculated and the percent reduction of
      edema from control values is determined. The mean volume of edema, based
      on 50  determinations, is 1.25 cc with a standard deviation of 0.226 cc. A
      reduction in edema greater than 25% of the control value is considered
      significant. Based on 46 determinations, phenylbutazone produced a mean
      inhibition of edema of 43.8% with a standard deviation of 13.4%.
PAR  We have found that the compounds of this invention produce a significant
      inhibition of induced edema in rats at a dose rate of 200 mg/kg.
PAR  Table I shows the reduction in edema in the hind paw of the rat according
      to the above-described test procedure, at 200 mg/kg unless otherwise
      indicated.
TBL                TABLE I                                                     
     ______________________________________                                    
     Percent Reduction in Edema at 200 mg/kg                                   
     ______________________________________                                    
     Compound       Percent Reduction                                          
     Number         of Induced Edema                                           
     ______________________________________                                    
     1              47                                                         
     ______________________________________                                    
PAR  The compounds of the present invention, either alone or in the form of
      pharmaceutical composition may be administered to an animal subject in any
      of a number of forms and via any of several routes. Thus, the compounds or
      compositions thereof may be orally administered in the form of tablets,
      pills, capsules, or in the form of a suspension. The compounds may also be
      administered parenterally in the form of an injectable solution or
      suspension. The compounds or compositions thereof may also be administered
      topically, in the form of an ointment or rectally, in the form of a
      suppository.
PAR  When orally administering the compounds or compositions, use can be made of
      a tablet, pill or capsule consisting entirely of the desired compound,
      although ordinarily, a composition comprising an effective amount of the
      compound and varying amounts of one or more physiologically inert
      materials such as carriers, vehicles, binders and the like will be used.
      Additionally, the compounds may be orally administered in the form of a
      suspension thereof in a suitable vehicle such as a syrup.
PAR  When parenterally administering the compounds or compositions, use may be
      made of a parenteral solution or suspension of the compound in a suitable
      solvent or suspension medium.
PAR  The compounds of the present invention may also be administered rectally in
      the form of a suppository comprising an effective amount of the desired
      compound and a suitable vehicle such as petroleum jelly.
PAR  Finally, the compounds of the present invention may be applied topically in
      the form of an ointment, salve, cream or lotion comprising an effective
      amount of the desired compound and a suitable vehicle such as petroleum
      jelly, etc.
CLMS
STM  We claim:
NUM  1.
PAR  1. 5-furoyl-2,2,4-trimethyl-1,4-dihydro-1H-1,5-benzodiazepine.
PATN
WKU  039474763
SRC  5
APN  4366735
APT  1
ART  121
APD  19740125
TTL  Process for the continuous preparation of propylene oxide
ISD  19760330
NCL  8
ECL  1
EXP  Milestone; Norma S.
NDR  1
NFG  1
INVT
NAM  Biola; Georges
CTY  Venissieux
CNT  FR
INVT
NAM  Schneider; Gerard
CTY  Caluire
CNT  FR
ASSG
NAM  Rhone-Progil
CTY  Decines
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730126
APN  73.02719
CLAS
OCL  2603485V
EDF  2
ICL  C07D30106
FSC  260
FSS  348.5;348.5 V
UREF
PNO  2741623
ISD  19560400
NAM  Millidge et al.
OCL  260348.5V
UREF
PNO  3222382
ISD  19651200
NAM  Lanthier
OCL  260348.5V
UREF
PNO  3238229
ISD  19660300
NAM  Reid
OCL  260348.5V
FREF
PNO  786,301
ISD  19571100
CNT  UK
OCL  260348.5V
FREF
PNO  933,548
ISD  19630800
CNT  UK
OCL  260348.5V
FREF
PNO  654,279
ISD  19621200
CNT  CA
OCL  260348.5V
LREP
FRM  Bacon & Thomas
ABST
PAL  A liquid phase continuous process for producing propylene oxide comprising
      oxidizing propylene with a molecular oxygen-containing gas in a solvent
      which is (a) water-insoluble and (b) as immiscible with organic carboxylic
      acids as possible; condensing the gaseous reaction products; adding water
      to the condensed reaction products to dissolve any undissolved acids
      contained therein; separating the aqueous phase from the resulting
      two-phase (aqueous and organic) system; recycling the organic phase to the
      reaction; and removing from the reaction a liquid containing propylene
      oxide and recovering the propylene oxide therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a continuous process for the preparation
      of propylene oxide.
PAR  2. Description of the Prior Art
PAR  It is known that in processes for preparing propylene oxide by the
      oxidation of propylene with a molecular oxygen-containing gas in a liquid
      phase, a number of by-products are formed, some of which are particularly
      troublesome due to the reactions which they provoke or difficult
      separation they involve.
PAR  It is thus known that formic acid, and to a lesser extent acetic acid,
      formed during the reaction, react quickly with epoxides (H. W. Gibson --
      Chem. rev. 1960 -- 5 -- 675; W. J. HIckinbottom et al. J. Chem. Soc. --
      1954 -- 4200) and particularly with propylene oxide, especially in the
      presence of small quantities of water, to give not only propylene glycol
      and its esters, but also heavier products consisting mainly of
      polypropylene glycols more or less esterified by the acids.
PAR  On the other hand, alcohols are equally produced, during the oxidation
      reaction of propylene, which give esters by reaction with the acids. Among
      these esters, methyl formate is particularly troublesome for its boiling
      point is very near that of propylene oxide, which makes separation thereof
      difficult and expensive. The other esters, such as isopropyl or propylene
      glycol formate, can also create complications during separation operations
      due to their modiocre stability, especially in the presence of water.
PAR  It has been noted that the production of heavy products was all the more
      significant since the concentration in acids, particularly in formic acid,
      is higher in the reaction mixture. The same holds true for the esters.
PAR  Under normal conditions of propylene oxidation in liquid phase using
      molecular oxygen, acids and propylene oxide are found in the reaction
      mixture in variable quantities, but the ratio of concentrations thereof is
      practically constant when the reaction is carried out in a given solvent.
      This practically constant ratio is the consequence of the mechanism of
      formation of propylene oxide by the oxidation of propylene in liquid phase
      (A. V. Bobolev et coll. -- Zh. Fiz. Khim -- 1970 -- 44 -- 4 -- 1028).
PAR  It has been proposed (French Pat. No. 1,414,707) in order to remove this
      formic acid, to carry out the oxidation of propylene in liquid phase in
      the presence of a solid neutralizing agent such as sodium carbonate
      suspended in the liquid. Such a process however, involves the formation of
      CO.sub.2 and necessitates a filtration operation of the produced sodium
      formate which is insoluble in the reaction mixture, and therefore the
      process is rendered difficult.
PAR  It has also been proposed (U.S. Pat. No. 2,784,202) to treat the liquid
      phase leaving he vessel with a solution of sodium bicarbonate. However,
      such a process presents the drawback of making the process for recovery of
      the acid more complicated.
PAR  There is a need therefore, for a solution to the above problems and
      particularly, there is a need for a technique of removing or reducing the
      acid formed as a by-product in the reaction solution.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a process for
      producing propylene oxide, by the oxidation of propylene, which is free of
      the above difficulties.
PAR  It is another object of this invention to provide a liquid phase process
      for producing propylene oxide by the direct oxidation of propylene wherein
      organic acids, particularly formic acid, are removed, at least partially,
      from the reaction mixture.
PAR  It is yet another object of this invention to provide such a process
      whereby said removal is accomplished simply.
PAR  It is a further object of the invention to provide a continuous liquid
      phase process for the direct oxidation of propylene to propylene oxide, as
      a result of the (at least) partial removal of organic acid impurities from
      the reaction mixture.
PAR  In general, a liquid phase propylene oxide process comprises contacting
      propylene with a gas containing molecular oxygen in a solvent and
      condensing the reaction product gases to produce a liquid reaction product
      containing (in addition to various propylene oxidation products) at least
      solvent, organic acids (and other impurities), unreacted propylene and
      water. The propylene oxide may then be separated and recovered.
PAR  The present invention provides a simple, yet effective, technique for at
      least partially removing the organic acid impurities. Essentially, the
      present invention resides in using, as the solvent, one which is
      water-insoluble and which is as immiscible as possible (preferably totally
      immiscible) with the organic acids (notably formic acid) and injecting
      water into the condensed reaction products thereby producing a two-phase
      system comprised of an aqueous phase (containing predominantly the organic
      acids dissolved therein) and an organic phase (containing predominantly
      unreacted propylene and solvent). The phases are then separated and the
      organic phase is recycled to the reaction from which a liquid is removed
      which contains propylene oxide and which is substantially free of said
      organic acids, esters thereof and related heavy products.
PAR  As a result of the addition of water, most or all of the organic acid
      impurities are removed prior to recycle to the reaction, and the entire
      process may be operated in a continuous fashion.
PAR  Other objects and advantages will become apparent from the ensuing
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURE is a flow sheet which schematically illustrates the process of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the FIGURE, the process of the present invention is
      schematically illustrated by the flow sheet shown therein. To reactor A
      are fed propylene via stream 1, solvent via stream 2 and a molecular
      oxygen-containing gas (e.g., air) via stream 3. The reaction is conducted
      at an elevated temperature, and suitable means are provided to heat the
      reaction mixture in reactor A. The gas reaction products are drawn off via
      stream 4 and fed to condenser B where they are totally condensed. A valve
      6 is normally provided which may be used to vent any uncondensed gases.
      The condensed reaction products are then fed, via stream 7, to a mixer C
      to which is also fed water via stream 8. Thereafter, the mixture is fed
      via stream 7' into decantation or separation device D wherein a two-phase
      system is produced, an upper organic phase and a lower aqueous phase. The
      organic phase, which consists predominantly of unreacted propylene and
      solvent is recycled to the reactor via stream 9 and the aqueous phase is
      discharged through stream 10, the aqueous phase containing most of the
      organic acid impurities contained in the reaction product stream together
      with other impurities such as esters, propylene derivatives, etc. The
      oxidation products, containing the desired propylene oxide, are drawn from
      the reactor via stream 5, from which the desired propylene oxide can be
      separated and recovered by any conventional technique.
PAR  Any gas containing molecular oxygen can be employed in the process of the
      present invention, as long as the gas does not contain any other material
      which would be reactive under the reaction conditions. Air is the
      preferred molecular oxygen-containing gas.
PAR  The reaction temperature is that temperature which is sufficient to conduct
      the liquid phase oxidation of propylene to produce propylene oxide, with
      the temperature usually being within the range 120.degree.-250.degree.C.
      The pressure in the reaction zone is normally within the range of 30-100
      Bars (1 Bar equaling 0.9869 atmospheres of pressure).
PAR  The conditions of the condensation operation are not critical and may be
      varied to achieve the desired result, total condensation of the gaseous
      products. Generally however, the condensing operation is carried out
      within the range of from 15.degree. to 20.degree.C.
PAR  The amount of water added to the condensed reaction products is at least
      that amount of water necessary to totally dissolve the organic acid
      impurities present therein. This amount normally is equal to an amount of
      up to 5 kilograms of water per cubic meter (NTP) of molecular oxygen
      contained in the gas fed to the reaction zone. It is possible, if a
      sufficient amount of water is produced during the reaction, to eliminate
      this additional water fed to the mixing device. In other words, if a
      sufficient amount of water is produced during the reaction to dissolve
      substantially all of the organic acid impurities contained in the reaction
      products, no additional water need be added thereto. However, the
      separation of these organic acid impurities is favored by the presence of
      additional water, and it is therefore preferred to add an amount of water
      of up to 5 kilograms thereof per cubic meter of molecular oxygen fed to
      the reactor.
PAR  In the decantation device, the upper lighter organic phase is separated
      from the lower heavier aqueous phase. In the latter of course, the organic
      acid impurities are contained since they preferentially dissolve in the
      water phase. Therefore, the organic phase which is recycled to the reactor
      is substantially free of acidic impurities, notably formic acid, thereby
      decreasing the concentration of such impurities in the reaction zone.
PAR  The solvent which is used in the reaction is not particularly critical as
      long as it is insoluble in water and is as immiscible as possible with the
      organic acids formed during the reaction, notably formic acid. Desirably,
      the solvent is totally immiscible with such organic acid impurities. Any
      solvent having these characteristics can be employed in the process of the
      present invention, as long as it is otherwise inert under the reaction
      conditions. Preferred solvents include monochlorobenzene, the di(o,m, or
      p)-chlorobenzenes, the tetra(1,2,3,4-, 1,2,3,5- or
      1,2,4,5-)-chlorobenzenes, and mixtures thereof. However, other solvents
      having the above solubility characteristics may be employed in the
      practice of this invention and it is not intended to limit the invention
      to only the preferred solvents.
PAR  The now presently preferred conditions of operation are as follows.
      Preferably, all operations should be conducted in apparatus composed or
      constructed of or lined with titanium in order to avoid impurities
      introduced into the products from the apparatus. The temperature and
      pressure preferably ranges from 140.degree. to 200.degree.C. and from 40
      to 80 Bars, respectively. The solvent is selected from among the preferred
      solvents, the condensing operation is carried out at a temperature of from
      15.degree. to 20.degree.C. and water is injected into the condensed
      products at a temperature lower than 25.degree.C.
PAR  Further, the oxidation operation may be carried out in the presence of an
      optional catalyst, with any known catalyst useful for this purpose being
      operable in the present invention, such as molybdenum, tungsten or
      vanadium naphthenates or acetylacetonates, etc. Optionally, the catalyst
      may be omitted, and it is not intended to limit the operable catalysts to
      those exemplified above. It is the intention that any catalyst, having the
      capability of catalyzing the propylene to propylene oxide reaction, is
      useful in the present invention. Those skilled in the art are aware of
      such catalysts, and no attempt will be made here to provide additional
      examples, since the oxidation reaction of propylene to propylene oxide is
      known per se, and those skilled in the art are aware of catalysts useful
      in such a known process.
PAR  The process of the present invention has the advantage over prior art
      processes of permitting the easy separation of acidic impurities from the
      unreacted propylene which is recycled to the reaction zone, notably the
      separation of formic acid therefrom. In addition, this has the result of
      decreasing the concentration of such impurities in the reaction zone which
      alleviates the disadvantages discussed above. The separation is
      accomplished basically by the presence of water, preferably the addition
      of extraneous water to mixer C wherein the organic acid impurities are
      dissolved in the resulting aqueous phase in an uncombined form, these
      impurities preferentially being dissolved in the aqueous phase rather than
      in the organic phase since the solvent used in the process is insoluble in
      water and is only sparingly soluble or immiscible with the organic acid
      impurities.
PAR  The amount of molecular oxygen fed to the reactor is not critical as long
      as a sufficient amount of molecular oxygen is fed thereto to accomplish
      the oxidation reaction. The preferred amount of molecular oxygen is at
      least the stoichiometric amount required to convert propylene into
      propylene oxide. Those skilled in the art can vary this amount as desired.
PAR  IN actuality, the condenser merely cools the reaction product gases down to
      a certain temperature, preferably 15.degree.-20.degree.C., resulting in a
      mixture of a gas and liquid phase in the condenser. The liquid phase is
      composed of unreacted propylene, any water formed during the reaction,
      oxidation products, etc., while the gas phase is generally composed of
      unreacted molecular oxygen, nitrogen gas assuming air is used as the
      molecular oxygen-containing gas, carbon monoxide, carbon dioxide, and
      possibly gaseous unreacted propylene. It is normally not efficient to
      attempt to totally condense the gas stream removed from the reactor, but
      this stream should be cooled down to such a temperature to condense
      substantially all of the oxidation products, solvent, water and as much of
      the unreacted propylene as is possible. The gases are vented from the
      condenser while the liquid phase is fed to the mixing device where
      additional water is added if necessary.
PAR  Thus, the process of the present invention provides an efficient process
      for the direct oxidation of propylene to propylene oxide using molecular
      oxygen wherein the concentration of organic acid impurities is
      substantially reduced in the reaction zone thereby avoiding the drawbacks
      of prior art processes noted above.
PAR  The present invention will be further illustrated by reference to the
      following examples which are intended to be illustrative and not limiting
      in effect.
PAC  EXAMPLE 1
PAR  The apparatus used was composed of titanium and includes the elements shown
      in the FIGURE. Into a 10 liter reactor was introduced, per hour:
PA1  16.536 kg of 1,2,4-trichlorobenzene (TCB);
PA1  3.708 kg of propylene; and
PA1  2.170 m.sup.3 of air
PAR  The temperature was kept at 163.degree.C. and the pressure at 60 Bars. The
      residence time of the reaction phase in the reactor was 0.38 hour. Gases
      escaping from the reactor were cooled down to 20.degree.C. in condenser
      (B); i.e., a separation into an gas phase and a liquid phase is realized
      in condenser (B).
PAR  The gases vented from the condenser have a flow-rate of 2.419 m.sup.3 /hr.
      and have the composition shown in Table 1.
PAR  The liquid phase was fed to a decantation device having a volume of 0.3
      liter, no additional water being added thereto.
PAR  The lower aqueous phase is drawn off continuously from the decantation
      apparatus (D) and its composition is given in Table 1.
PAR  The upper phase, rich in propylene, was recycled to the reactor.
PAR  So as to maintain the level of reaction mixture constant, 19.442 kg per
      hour of an organic phase, the composition of which is given in Table 1,
      was drawn off from the reactor (stream 10).
PAR  In Table 1, as in the following tables, the following are included in the
      "various products": methanol, isopropanol, allyl alcohol, acetaldehyde,
      propanol, acrolein and acetone; the formates other than methyl formate
      consist of isopropyl, allyl and propylene-glycol formates.
PAC  EXAMPLE 2
PAR  Example 1 was repeated under the conditions indicated in Tables 1 and 3;
      particularly the temperature was 183.degree.C. instead of 163.degree.C.
PAR  The results obtained are given in Table 1.
PAC  EXAMPLES 3 To 8
PAR  Example 1 was repeated at different temperatures with the introduction, at
      about 15.degree.C., into the liquid phase coming out of the condenser of
      decreasing quantities of water with regard to the quantity of molecular
      oxygen introduced into the reactor.
PAR  The reaction conditions and results obtained are indicated in Tables 1 and
      3.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 was repeated with the reaction being conducted
      in the presence of 10 ppm, based on propylene, of molybdenum catalyst in
      the form of molybdenum naphthenate. The conditions of reaction and the
      results are shown in Table 1 and 3.
PAC  EXAMPLES 10 To 13
PAR  The procedure used in Examples 1 to 8 was repeated using monochlorobenzene
      instead of trichlorobenzene as a solvent.
PAR  The reaction conditions and results obtained are indicated in Tables 2 and
      3.
PAC  EXAMPLES 14 AND 15
PAC  (for comparative purposes)
PAR  Example 1 was repeated using acetone as a solvent under the conditions
      indicated in Tables 2 and 3.
PAR  The results obtained are shown in Table 2.
PAR  Table 3 shows that:
PA1  1. If acetone is used as a solvent, formic acid cannot be removed from the
      reaction mixture, due to the total miscibility of acetone with water and
      formic acid (Examples 14 and 15); it is noticed that the concentration of
      formic acid in the reactor is high, that the formation of heavy products
      and formates is significant, and that the selectivity is poor.
PA1  2. If a solvent insoluble in water and sparingly miscible with formic acid,
      such as the mono- and trichlorobenzenes, is used, formic acid is partially
      removed due to the presence of water produced in the reaction (Example 1
      and 2).
PA1  3. If, moreover, water is injected into the condensed products, the
      quantity of removed formic acid increases, and the quantities of produced
      formates and heavy products decrease (Examples 3-8, 11 and 13).
PA1  4. The process of the present invention produces equally good results when
      the process is conducted in the presence of a catalyst (Example 9).
PAR  If Examples 1 to 13 are performed according to the prior art, (i.e.,
      without the optional injection of water and without separating the aqueous
      phase from the organic phase after condensation) the drawbacks observed in
      Examples 14 and 15 (i.e., a high concentration of formic acid in the
      reactor and a significant formation of heavy products and formates) would
      result.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Examples      1    2     3    4     5    6     7    8     9               
     __________________________________________________________________________
     Feed to reactor A                                                         
     solvent*      TCB  TCB   TCB  TCB   TCB  TCB   TCB  TCB   TCB             
     solvent rate (kg/hr)                                                      
                   16.536                                                      
                        17.841                                                 
                              18.450                                           
                                   19.440                                      
                                         16.370                                
                                              10.480                           
                                                    15.630                     
                                                         25.408                
                                                               18.020          
     C.sub.3 H.sub.6 (kg/hr)                                                   
                   3.708                                                       
                        4.304 3.570                                            
                                   3.185 3.707                                 
                                              3.168 3.482                      
                                                         4.325 3.846           
     Air (m.sup.3 /hr)                                                         
                   2.170                                                       
                        2.940 0.943                                            
                                   0.840 1.236                                 
                                              1.372 1.198                      
                                                         1.809 1.088           
     Gases Leaving Condenser B                                                 
     gas rate (m.sup.3 /hr)                                                    
     composition (% by vol.)                                                   
     O.sub.2 etc                                                               
     gas rate (m.sup.3 1hr)                                                    
                   2.419                                                       
                        3.393 1.013                                            
                                   0.850 1.358                                 
                                              1.534 1.276                      
                                                         2.121 1.230           
     O.sub.2       1.6  1.1   1.1  0.8   0.9  1.1   0.9  0.9   1.3             
     N.sub.2       68.6 67.4  70.6 69.8  68.4 68.6  70.8 65.9  67.2            
     C.sub.3 H.sub.6                                                           
                   25.0 25.8  25.0 26.0  26.8 26.2  24.8 28.8  27.9            
     CO            1.2  2.0   0.9  0.9   1.1  1.0   1.0  1.4   1.1             
     CO.sub.2      3.6  3.7   2.4  2.5   2.8  3.2   2.5  3.0   2.5             
     Aqueous Phase leaving                                                     
     Decantation Device D                                                      
     (kg/hr)       0.126                                                       
                        0.231 1.016                                            
                                   0.865 0.525                                 
                                              0.550 0.402                      
                                                         0.769 0.554           
     Composition (% wt.)                                                       
     H.sub.2 O     44.8 32.6  89.8 91.1  78.1 76.8  74.1 76.4  85.5            
     PGL*          --   17.9  1.0  1.3   4.9  5.0   5.2  6.7   5.8             
     HCOOH         32.2 20.1  4.3  3.9   9.8  10.7  10.3 9.6   4.5             
     CH.sub.3 COOH 6.3  5.6   1.0  0.6   1.3  1.5   1.6  2.0   0.6             
     H COO Me (i.e., methyl                                                    
                   9.5  6     0.2  0.2   0.8  1.0   1.0  0.6   0.2             
     formate)                                                                  
     Other formates                                                            
                   2.6  12.1  0.2  0.1   1.3  0.5   3.3  1.1   0.8             
     Miscellaneous products                                                    
                   4.6  5.7   3.5  2.8   3.8  4.5   4.5  3.6   2.6             
     Exit reactor (i.e.,                                                       
     stream 5)     19.442                                                      
                        21.039                                                 
                              21.680                                           
                                   22.3  19.590                                
                                              13.060                           
                                                    18.720                     
                                                         28.758                
                                                               21.370          
     liquid phase (kg/hr)                                                      
     Composition (% weight)                                                    
     H.sub.2 O     0.08 0.14  0.02 0.03  0.03 0.12  0.09 0.05  0.03            
     N.sub.2 + O.sub.2                                                         
                   0.36 0.22  0.19 0.17  0.31 0.31  0.28 0.14  0.19            
     C.sub.3 H.sub.6                                                           
                   9.82 8.47  12.64                                            
                                   10.98 13.04                                 
                                              14.89 13.06                      
                                                         8.95  13.14           
     CO.sub.2      0.19 0.19  0.15 0.12  0.18 0.25  0.16 0.13  0.15            
     POX*          2.00 2.42  1.03 0.84  1.73 2.30  1.55 1.31  1.36            
     PGL*          0.09 0.08  --   --    0.03 0.06  0.03 --    0.07            
     solvent       85.05                                                       
                        85.68 85.10                                            
                                   87.16 83.58                                 
                                              80.24 83.50                      
                                                         88.35 84.30           
     HCOOH         0.47 0.52  0.11 0.12  0.22 0.26  0.22 0.21  0.10            
     CH.sub.3 COOH 0.30 0.43  0.10 0.07  0.11 0.17  0.11 0.16  0.08            
     H COO Me      0.20 0.24  0.04 0.01  0.07 0.11  0.11 0.05  0.05            
     Other formates                                                            
                   0.18 0.27  --   --    0.04 0.14  0.03 0.01  0.02            
     Miscellaneous products                                                    
                   0.69 0.88  0.42 0.38  0.56 0.73  0.60 0.44  0.36            
     Heavy products                                                            
                   0.57 0.46  0.20 0.12  0.10 0.42  0.26 0.20  0.15            
     __________________________________________________________________________
      *Abbreviations:                                                          
      POX: propylene oxide                                                     
      PGL: propylene glycol                                                    
      TCB: 1,2,4-trichlorobenzene                                              
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Examples       10    11    12    13    14    15                           
     __________________________________________________________________________
     Feed to reactor A                                                         
     solvent*       MCB   MCB   MCB   MCB   A     A                            
     solvent rate (kg/hr)                                                      
                    14.464                                                     
                          15.100                                               
                                15.020                                         
                                      14.980                                   
                                            7.736 6.280                        
     C.sub.3 H.sub.6 (kg/hr)                                                   
                    4.437 3.879 6.570 6.600 3.304 2.439                        
     air (m.sup.3 /hr)                                                         
                    1.613 1.494 3.770 3.742 1.418 1.679                        
     Gases Leaving Condenser B                                                 
     gas rate (m.sup.3 /hr)                                                    
                    1.773 1.592 3.845 3.845 1.457 1.608                        
     Composition (volume %)                                                    
     O.sub.2        0.8   0.9   0.7   0.8   1.2   0.5                          
     N.sub.2        71.7  70.2  74.4  74.2  71.9  78.5                         
     C.sub.3 H.sub.6                                                           
                    23.8  25.0  20.2  20.4  24.2  18.8                         
     CO             0.9   1.0   1.0   0.9   0.9   1.1                          
     CO.sub.2       2.7   2.9   3.7   3.7   1.8   1.1                          
     Aqueous Phase Leaving                                                     
     Decantation Device D                                                      
     (kg/hr)        0.050 0.504 0.144 0.820 0     0                            
     composition (% weight)                                                    
     H.sub.2 O      49.1  83.7  40.7  71.1  --    --                           
     PGL*           7.1   3.5   11.8  7.1   --    --                           
     H COOH         25.3  8.0   23.3  12.1  --    --                           
     CH.sub.3 COOH  1.0   0.7   2.6   1.6   --    --                           
     H COO Me       7.3   0.5   8.0   1.8   --    --                           
     other formates 4.0   0.3   7.0   1.1   --    --                           
     miscellaneous products                                                    
                    6.2   3.3   8.6   5.2   --    --                           
     Exit reactor (i.e.,                                                       
     stream 5)                                                                 
     liquid phase (kg/hr)                                                      
                    18.410                                                     
                          18.544                                               
                                20.890                                         
                                      20.715                                   
                                            10.800                             
                                                  8.659                        
     composition (% weight)                                                    
     H.sub.2 O      0.06  0.04  0.15  0.12  0.39  0.53                         
     N.sub.2 + O.sub.2                                                         
                    0.02  0.42  0.70  0.63  0.92  0.94                         
     C.sub.3 H.sub.6                                                           
                    16.51 13.92 18.66 18.86 19.95 14.80                        
     CO.sub.2       0.12  0.28  0.63  0.54  0.59  0.60                         
     POX*           2.05  1.79  3.33  3.35  2.53  3.68                         
     PGL*           0.07  0.06  0.08  0.08  0.07  0.13                         
     solvent        78.56 81.43 71.87 72.30 71.62 72.52                        
     H COOH         0.64  0.52  1.31  1.14  0.98  1.88                         
     CH.sub.3 COOH  0.30  0.20  0.53  0.45  0.44  1.24                         
     H COO Me       0.16  0.12  0.43  0.38  0.16  0.25                         
     other formates 0.09  0.05  0.05  0.06  0.27  0.44                         
     miscellaneous products                                                    
                    0.95  0.83  1.30  1.32  1.22  1.78                         
     heavy products 0.47  0.34  0.96  0.77  0.86  1.21                         
     __________________________________________________________________________
      *Abbreviations:                                                          
      MCB: monochlorobenzene                                                   
      A  : acetone                                                             
      POX: propylene oxide                                                     
      PGL: propylene glycol                                                    
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Ex.                                                                       
        Sol-                                                                   
            Reaction                                                           
                 Reactor                                                       
                      Resi-                                                    
                          Amount of                                            
                                H COOH                                         
                                     H COO Me                                  
                                           Total of                            
                                                 Heavy                         
                                                      Conver-                  
                                                           Selec-              
                                                                POX            
        vent                                                                   
            Tempera-                                                           
                 Pressure                                                      
                      dence                                                    
                          H.sub.2 O added                                      
                                Removed                                        
                                     Produced                                  
                                           Formates                            
                                                 Pro- sion tivity              
                                                                hydro-         
            ture (.degree.C)                                                   
                 (Bars)                                                        
                      Time                                                     
                          to Conden-                                           
                                (%)  (kg/100                                   
                                           (kg/100                             
                                                 ducts                         
                                                      Rate POX                 
                                                                xylated        
                      (hour)                                                   
                          sed Pro-   kg POX)                                   
                                           kg POX +                            
                                                 (kg/ C.sub.3 H.sub.6          
                                                           PGL  to PGL         
                          ducts (kg/       PGL)  100kg                         
                                                      (%)  (%)  (%)            
                          m.sup.3 of O.sub.2     (POX+                         
                                                 PGL)                          
     __________________________________________________________________________
     1  TCB 163  60   0.38                                                     
                          0     30.9 13.1  21.7  27.1 25.8 43.9 3.3            
     2  TCB 183  60   0.36                                                     
                          0     30.0 12.3  26.0  16.9 33.8 44.1 8.2            
     3  TCB 163  60   0.32                                                     
                          4.543 63.7 4.5   4.7   18.4 11.5 46.8 3.3            
     4  TCB 164  60   0.32                                                     
                          4.309 54.6 1.9   8.1   13.7 10.6 48.4 4.4            
     5  TCB 166  60   0.36                                                     
                          1.543 54.7 4.7   7.6   5.4  15.5 55.8 6.5            
     6  TCB 164  60   0.52                                                     
                          1.386 53.9 6.3   13.1  16.1 19.4 50.5 8.2            
     7  TCB 165  60   0.38                                                     
                          1.114 50.4 8.3   13.3  15.2 15.3 50.9 6.7            
     8  TCB 180  60   0.26                                                     
                          1.429 55   4.5   6.3   13.3 19.1 49.8 9.5            
     9  TCB 165  60   0.33                                                     
                          1.352 52.6 3.9   4.8   9.3  12.3 58.8 11.2           
     10 MCB 165  56   0.31                                                     
                          0     9.9  8.8   12.8  21.7 16.6 46.6 3.2            
     11 MCB 165  56   0.31                                                     
                          1.924 29.5 7.2   8.9   17.3 17.6 46.5 6.2            
     12 MCB 165  80   0.26                                                     
                          0     10.9 14.4  16.5  26.8 23.8 42.9 3.6            
     13 MCB 165  80   0.26                                                     
                          0.695 29.6 13.5  14.9  20.5 23.9 44.4 7.6            
     14 A   165  56   0.40                                                     
                          0     0    5.8   15.5  33.2 18.4 41.4 2.1            
     15 A   166  56   0.51                                                     
                          0     0    6.6   17.0  31.6 31.4 40.3 2.7            
     __________________________________________________________________________
                 Abbreviations:                                                
                         TCB:                                                  
                             1,2,4-trichlorobenzene                            
                         MCB:                                                  
                             monochlorobenzene                                 
                         A : acetone                                           
PAR  While the invention has been described with reference to the preferred
      embodiments thereof, it is to be understood that various changes,
      modifications and/or substitutions may be made therein without departing
      from the spirit and scope thereof. It is the intention, therefore, that
      the invention be limited only by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a liquid phase continuous process for producing propylene oxide
      comprising oxidizing propylene by contacting propylene with a molecular
      oxygen-containing gas in a solvent comprising an organic solvent which is
      water-insoluble and is as immiscible with organic carboxylic acids as
      possible and selected from the group consisting of monochlorobenzene,
      dichlorobenzene, trichlorobenzene and tetrachlorobenzene and mixtures
      thereof at a temperature and pressure necessary for the oxidation reaction
      and condensing the gaseous reaction products, the improvement comprising:
PA1  adding to the condensed gaseous reaction products an amount of water
      necessary to dissolve substantially any undissolved organic carboxylic
      acids present therein thereby producing a two-phase system comprising (1)
      an aqueous phase containing said acids and (2) an organic phase containing
      said solvent and unreacted propylene;
PA1  separating said aqueous phase from said two-phase system and recycling said
      organic phase to said reaction;
PA1  removing a liquid containing propylene oxide from the reaction system; and
PA1  recovering said propylene oxide from said liquid.
NUM  2.
PAR  2. The process of claim 1 wherein said amount of water is from 0 to 5 kg
      per m.sup.3 of oxygen (N.T.P.) fed to the reaction.
NUM  3.
PAR  3. The process of claim 2 wherein the temperature and pressure of reaction
      is 120.degree.-250.degree.C. and 30-100 Bars, respectively.
NUM  4.
PAR  4. The process of claim 2 wherein said condensation is performed at a
      temperature of from about 15.degree. to about 20.degree.C., thereby
      producing a gas and a liquid phase, further comprising venting said gas
      phase and adding said amount of water to said liquid phase.
NUM  5.
PAR  5. The process of claim 4 wherein water is added to said liquid phase at a
      temperature of less than 25.degree.C.
NUM  6.
PAR  6. The process of claim 5 wherein the temperature and pressure of reaction
      are 140.degree.-200.degree.C. and 40-80 Bars, respectively.
NUM  7.
PAR  7. The process of claim 1 wherein the reaction is performed in the presence
      of a catalytic amount of an oxidation catalyst.
NUM  8.
PAR  8. The process of claim 7 wherein said catalyst is selected from the group
      consisting of naphthenates and acetylacetonates of molybdenum, tungsten
      and vanadium.
PATN
WKU  039474771
SRC  5
APN  4818768
APT  1
ART  117
APD  19740621
TTL  Process for the preparation of aminohydroxyanthraquinones
ISD  19760330
NCL  2
ECL  1
EXP  Shaver; Paul F.
INVT
NAM  Jager; Horst
CTY  Leverkusen
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730622
APN  2331791
CLAS
OCL  260380
EDF  2
ICL  C07C 9726
ICL  C09B  150
FSC  260
FSS  380
UREF
PNO  1659360
ISD  19280200
NAM  Gubelmann et al.
OCL  260380
UREF
PNO  1922480
ISD  19330800
NAM  Koehler
XCL  260380
OREF
PAL  lubs, The Chemistry of Synthetic Dyes and Pigments, Hafner Publishing Co.,
      N.Y. (1955), pp. 338 to 342.
LREP
FRM  Plumley & Tyner
ABST
PAL  Preparations of compounds of the formula
      ##SPC1##
PAL  Wherein R denotes a hydrocarbon residue and A can be substituted further by
      conversion of o-phthalic acids of the formula
      ##SPC2##
PAL  Or their anhydrides with amines of the formula
      ##SPC3##
PAL  In boric aicd/sulphuric acid.
BSUM
PAR  The subject of the invention is a process for the preparation of compounds
      of the formula
      ##SPC4##
PAL  Wherein
PA1  R denotes hydrogen or an alkyl or cycloalkyl group and
PA1  The ring A and the alkyl and cycloalkyl groups can contain further
      substituents.
PAR  As the radical R, C.sub.1 -C.sub.4 -alkyl groups such as CH.sub.3 --,
      C.sub.2 H.sub.5 --, iso--C.sub.3 H.sub.7 --, n--C.sub.3 H.sub.7 -- and
      n--C.sub.4 H.sub.9, and the cyclohexyl group, should be mentioned above
      all.
PAR  Substituents of the ring A can be, for example, halogen atoms, such as
      fluorine, chlorine and bromine, sulpho groups, carboxyl groups, alkoxy
      groups, such as methoxy and ethoxy groups, acylamino groups, alkyl groups,
      such as methyl and ethyl groups, and nitro groups. Suitable acylamino
      groups are in particular C.sub.1 -C.sub.4 -alkylcarbonylamino groups.
PAR  The process is characterised in that a o-phthalic acid of the formula
      ##SPC5##
PAL  Or its anhydride wherein
PA1  A has the indicated meaning is reacted with an amine of the formula
      ##SPC6##
PAL  Wherein
PA1  R has the indicated meaning in concentrated sulphuric acid, at elevated
      temperature, especially at temperatures of about 100.degree. -
      180.degree.C, in the presence of boric acid, or the corresponding amides
      of the formula
      ##SPC7##
PAL  Or the corresponding imides of the formula
      ##SPC8##
PAL  Wherein
PA1  A and R have the indicated meaning are treated with boric acid in
      concentrated sulphuric acid at temperatures of about 100.degree. -
      180.degree.C.
PAR  The compounds (IV) and (V) are known. They are obtained in a manner which
      is in itself known by reaction of an optionally substituted phthalic
      anhydride with (III).
PAR  Examples of suitable o-phthalic acids of the formula (II) are: o-phthalic
      acid, 3,6-dichlorophthalic acid, 3,4,5,6-tetrachlorophthalic acid,
      3-nitrophthalic acid, 4-nitrophthalic acid, 4-methoxyphthalic acid,
      4-methylphthalic acid, 4-carboxyphthalic acid, 4-sulphophthalic acid and
      the corresponding anhydrides.
PAR  The following should be mentioned from amongst the series of the amines of
      the formula (III): 1-amino-2,4-dimethoxy-benzene,
      1-amino-2,4-diethoxy-benzene, 1-amino-2,4-dipropoxy-benzene,
      1-amino-2,4-dibutoxy-benzene, 1-amino-2-methoxy-4-hydroxy-benzene,
      1-amino-2-ethoxy-4-hydroxybenzene, 1-amino-2-methoxy-4-phenoxy-benzene,
      1-amino-2-cyclohexoxy-4-hydroxy-benzene and 1-amino-2,4-dihydroxybenzene.
PAR  It proves to be advantageous, in the reaction of (II) with (III), to employ
      an excess of (II), for example up to 3 mols of (II), relative to (III). If
      (IV) and (V) are used, it proves desirable to add some (II), for example
      up to 2 mols of (II).
PAR  The sulphuric acid used is of about 80-105% strength. In general, sulphuric
      acid monohydrate is used. A greater excess of free SO.sub.3 is to be
      avoided. The amount of sulphuric acid is generally between 3 and 20 times
      that of the (III), (IV) or (V) employed.
PAR  The boric acid is employed in at least equimolar amounts relative to (III)
      or (IV) and (II).
PAR  The optimum reaction temperature is between 120.degree. and 160.degree..
      The reaction time is 5-40 hours, depending on the reaction temperature,
      the concentration and the amount of the sulphuric acid.
PAR  For working up, the reaction solution is poured out into water, the mixture
      is briefly boiled up to destroy the boric acid ester and the product is
      then filtered off.
PAR  The working up can be combined with purification by lowering the sulphuric
      acid concentration to 30-70% by adding water, filtering the mixture,
      briefly boiling up the residue, filtering off and washing until neutral.
PAR  If starting compounds (I) in which R represents alkyl or cycloalkyl are
      used, mixtures of compounds (I) with R = H and R = alkyl or cycloalkyl are
      in general obtained. If the reaction time and the reaction temperature are
      increased, the ratio of alkylated to non-alkylated compound shifts in
      favor of the non-alkylated compound. The mixture of alkylated and
      non-alkylated compound can be separated in a manner which is in itself
      known on the basis of the differences in solubility in alkalis.
PAR  The compounds (I) are known. They are dyestuffs and valuable intermediate
      products for the preparation of dyestuffs.
DETD
PAC  EXAMPLE 1
PAR  15.4 g of 1-amino-2,4-dimethoxy-benzene are introduced into 80 ml of
      sulphuric acid monohydrate at room temperature. 30 G of phthalic anhydride
      are then added and the mixture is stirred for one hour at
      20.degree.-30.degree.. After addition of 10 g of boric acid, the mixture
      is warmed to 140.degree. for 21 hours. The dark red melt is poured out
      into 1 1 of water, the mixture is boiled up for 15 minutes and the product
      is filtered off at 80.degree. and washed until neutral. After drying, 22.5
      g of crude product are obtained. 15 G of a mixture of purpurinamide and
      1-amino-2-methoxy-4-hydroxy-anthraquinone can be obtained therefrom by
      extraction with an organic solvent such as tetrahydrofurane, ethanol or
      ethyl acetate. The identity of the product is proved by a comparison with
      authentic samples, by means of thin layer chromatography.
PAC  EXAMPLE 2
PAR  15.4 G of 1-amino-2,4-dimethoxy-benzene are introduced into 150 ml of
      sulphuric acid monohydrate at room temperature. 30 g of phthalic anhydride
      are then added, the mixture is stirred for two hours at room temperature,
      15 g of boric acid are then added and the whole is warmed to 140.degree.
      for 30 hours. After working up as in Example 1, 17.0 g of crude product
      are obtained, from which 12.8 g of a mixture of purpurinamide and
      1-amino-2-methoxy-4-hydroxy-anthraquinone can be extracted.
PAC  EXAMPLE 3
PAR  28.5 G of N,N-phthaloyl-2,4-dimethoxy-aniline, 15 g of boric acid and 20 g
      of phthalic anhydride in 70 ml of sulphuric acid monohydrate are warmed to
      140.degree. for 22 hours. After working up as in Example 1, 21.8 g of
      crude product are obtained, from which 14 g of a mixture of purpurinamide
      and 1-amino-2-methoxy-4-hydroxy-anthraquinone can be extracted.
PAC  EXAMPLE 4
PAR  28.5 G of N,N-phthaloyl-2,4-dimethoxy-aniline and 15 g of boric acid in 80
      ml of monohydrate are warmed to 140.degree. for 26 hours. After working up
      as in Example 1, 16.5 g of crude product and 12 g of the mixture described
      in Example 1 are obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for the preparation of a compound of the formula
      ##SPC9##
PAL  which comprises heating to a temperature of 100.degree.-180.degree.C in
      concentrated sulfuric acid in the presence of boric acid
PA1  1. a mixture of an o-phthalic acid of the formula
      ##SPC10##
PAL  or its anhydride and an amine of the formula
      ##SPC11##
PA1  or 2. an amide of the formula
      ##SPC12##
PA1  or 3. an imide of the formula
      ##SPC13##
PAL  wherein
PA1  R is hydrogen, C.sub.1 -C.sub.4 -alkyl, or cyclohexyl; and
PA1  A is unsubstituted or substituted by fluoro, chloro, bromo, sulpho,
      carboxy, methoxy, ethoxy, methyl, ethyl, nitro, or C.sub.1 -C.sub.4
      -alkylcarbonylamino.
NUM  2.
PAR  2. Process of claim 1 wherein the temperature is 120.degree.-160.degree.C
      and the sulfuric acid has a strength of 80-105%.
PATN
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ART  124
APD  19741122
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LREP
FR2  Young; Francis W.
FR2  Pippenger; Philip M.
FR2  Weisberger; Hugo E.
ABST
PAL  The invention relates to novel alkylated steroids of the pregnane series
      having the formula:
      ##SPC1##
PAL  , wherein
PA1  X = a member of the group consisting of H and halogen;
PA1  Y = a member of the group consisting of H.sub.2, H(OH), H(OAcyl) and O;
PA1  R.sub.1 = a member of the group consisting of H, CH.sub.3 and halogen;
PA1  R.sub.2 = alkyl having 1-4 carbon atoms;
PA1  R.sub.3 = a member of the group consisting of H (except when Y = H.sub.2),
      OAcyl, Oalkyl, and CH.sub.3 ;
PA1  R.sub.4 = a member of the group consisting of H and alkyl having 1-4 carbon
      atoms and in which at least one of the substituents R.sub.3 and R.sub.4 is
      alkyl; and
PA1  C.sub.1 -c.sub.2 and C.sub.6 -C.sub.7 are selected from a saturated and an
      unsaturated bond.
PAL  The novel compounds possess strong anti-inflammatory properties and are
      useful in the treatment of inflammatory conditions especially those
      associated with the skin and allergic reactions.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 320,777,
      filed Jan. 3, 1973, now U.S. Pat. No. 3,862,194 issued Jan. 21, 1975.
BSUM
PAR  The present invention relates to novel alkylated steroids of the pregnane
      series.
PAR  More particularly, the invention relates to novel alkylated steroids of the
      formula:
      ##SPC2##
PAL  , wherein
PA1  X = a member of the group consisting of H and halogen;
PA1  Y = a member of the group consisting of H.sub.2, H(OH), H(OAcyl) and O;
PA1  R.sub.1 = a member of the group consisting of H, CH.sub.3 and halogen;
PA1  R.sub.2 = alkyl having 1-4 carbon atoms, preferably CH.sub.3 or C.sub.2
      H.sub.5 ;
PA1  R.sub.3 = a member of the group consisting of H (except when Y = H.sub.2),
      OAcyl, OAlkyl and CH.sub.3, preferably OAcyl or CH.sub.3 ;
PA1  R.sub.4 = a member of the group consisting of H and alkyl having 1-4 carbon
      atoms, preferably CH.sub.3, and in which at least one of the substituents
      R.sub.3 and R.sub.4 is alkyl; and C.sub.1 -C.sub.2 and C.sub.6 -C.sub.7
      are selected from a saturated and an unsaturated bond.
PAR  The novel compounds of the invention possess strong anti-inflammatory
      properties when applied locally and cause little or no systemic,
      thymolytic, adrenolytic and salt-retaining effects. Consequently, they are
      very useful in the treatment of inflammatory conditions especially those
      associated with the skin and allergic reactions. These compounds can be
      administered topically in the form of ointments, creams, lotions or sprays
      and suppositories or by injection for instance intraarticularly for the
      local treatment of inflammation, possibly in combination with other active
      ingredients.
PAR  The compounds according to the invention may be prepared by 21-alkylation
      of 20-keto compounds of the pregnane series having the partial formula:
      ##SPC3##
PAL  , wherein
PA1  R.sub.3 = h, oh, oalkyl, OAcyl or CH.sub.3,
PA1  R.sub.4 = h or an alkyl group having 1-4 carbon atoms, and at least one of
      the substituents R.sub.3 and R.sub.4 is an alkyl group, and
PA1  R.sub.5 = h, except where the enolate ion is generated with
PAR  Grignard reagent in which case it may be H or halogen.
PAR  Other substituents indicated in the formula of the end-products may be
      introduced subsequently by methods known per se.
PAR  21-Alkylation of a 20-keto pregnane has been carried out via the Mannich
      reaction by treating a 20-keto-pregnane with the salt of an amine,
      preferably a low alkyl amine, in the presence of formaldehyde, and
      converting the thus formed 21-aminomethyl compound into a quaternary
      ammonium derivative which is converted into a 21-methylene compound by
      treatment with base, and the 21-methylene derivative is either reduced
      catalytically to the desired 21-methyl compound or converted by
      1,4-ignardation to a 21-alkyl derivative. The drawback of this procedure
      is that yields are low.
PAR  We have found that known procedures for alkylating simple ketones for
      example forming the enolate salt with trityl lithium or with lithium
      dialkylamide, such as lithium diethylamide and preferably lithium
      di-isopropylamide, followed by treatment with an alkyl halide, may also be
      applied to 20-keto-pregnanes to furnish the 21-alkyl derivatives in high
      yield.
PAR  An alternative method of 21-alkylation is to treat a 20-keto pregnane as
      defined above with a Grignard reagent in which case instead of the
      anticipated normal Grignard reaction at the 20-keto group the
      .DELTA..sup.20 -enolate salt of the Grignard complex is formed and this
      may be alkylated at C-21 by treatment with an alkyl halide, preferably an
      alkyl iodide. In this method, when R.sub.3 = H, R.sub.5 is preferably
      halogen.
PAR  It is also possible to form the 21-alkyl derivatives from 20-keto pregnanes
      as defined above by reacting them with an alkali metal such as sodium or
      an alkali metal amide such as sodamide in a suitable solvent such as
      liquid ammonia followed by reaction with an alkyl halide, preferably an
      alkyl iodide. This method is, however, more suited to the preparation of
      21,21-dialkyl derivatives in which case an excess of reagents may be used.
      When approximately one equivalent of alkali metal or alkali metal amide is
      used the product is a mixture from which the 21-mono-alkyl derivative can
      be separated as the main product.
PAR  In these alkylating procedures, if the starting material as defined above,
      contains a free hydroxyl group at C-17, this may become alkylated during
      the reaction sequence. However, a final product containing a free
      17-hydroxyl group may be obtained by carrying out the 21-alkylation
      procedure on a 17-acyloxy derivative and hydrolysing the ester group under
      carefully controlled basic conditions after completion of the
      21-alkylation.
PAR  Starting materials for the preparation of the compounds according to the
      invention are for example 20-keto pregnanes of the formula:
      ##SPC4##
PAL  , wherein R.sub.1, R.sub.3, R.sub.4 and R.sub.5 have the meanings defined
      above,
PA1  A = a protected hydroxyl or keto group,
PA1  B = hydrogen or a protected .alpha.- or .beta.-hydroxyl group, and C.sub.3
      -C.sub.4, C.sub.5 -C.sub.6 and C.sub.9 -C.sub.11 may be saturated or
      unsaturated.
PAR  During the alkylation procedure, it is preferable to protect an oxygen
      function at C-3 if one is present by reversible ether formation such as
      the tetrahydropyranyl ether in the case of a 3-hydroxyl group or a
      .DELTA..sup.3,5 -enol ether in the case of a .DELTA..sup.4 -3-keto
      grouping, or by ketal formation such as the dimethyl ketal in the case of
      a 3-keto group to prevent unwanted alkylation reactions such as
      O-alkylation which would take place at the same time as 21-alkylation if
      the starting material contained a free 3-hydroxyl group or a 3-acyloxy
      group or to prevent unwanted C-alkylation reactions from taking place in
      the .alpha.-position to a free 3-keto group if such were present. It has
      been found that the 3-O-alkylation products which are formed if a free
      3-hydroxyl group or its acyl derivative is present during the alkylation
      reaction are very difficult to hydrolyse back to the desired 3-hydroxyl
      group which is a necessary precursor for converting to the 3-keto group in
      the final products according to the invention.
PAR  Similarly it is necessary to protect an 11-hydroxyl substituent if one is
      present in the starting material before carrying out the alkylation
      procedure to prevent the simultaneous formation of an 11-O-alkylated
      derivative which cannot be readily converted back to the free hydroxyl
      group. When an 11.alpha.-hydroxyl group is present, it is preferable to
      protect it by reversible ether formation such as the tetrahydropyranyl
      ether but when an 11.beta.-hydroxyl substituent is present, because of its
      very sterically hindered position in the steroid molecule it is sufficient
      to protect it as an ester such as the acetate in which case the acyl group
      may itself undergo alkylation.
PAR  After introduction of the 21-alkyl substituent by the methods already
      described, other groups already present in the starting materials may be
      modified and new groups or functions may be introduced by methods known
      per se to furnish the desired end-products according to the invention.
PAR  A 3-hydroxyl group may be oxidized after hydrolysis of the protecting ether
      group, for example, by Oppenauer oxidation in the case of a .DELTA..sup.5
      -steroid to furnish a .DELTA..sup.4 -3-keto steroid, or with chromic acid
      in the case of either a 5.alpha.- or 5.beta.-3-hydroxy derivative to give
      the corresponding saturated 3-ketone.
PAR  Where a 3-keto group in the starting material is protected as its ketal
      derivative, or in the case of a .DELTA..sup.4 -3-ketone, as the enol-ether
      for the purposes of the alkylation reaction, it is only necessary to
      hydrolyse it to regenerate the keto group.
PAR  In compounds containing a .DELTA..sup.4 -3-keto grouping, additional double
      bonds may be introduced at positions C.sub.1 -C.sub.2 and/or C.sub.6
      -C.sub.7 by known chemical means such as by reaction with suitable quinone
      derivatives or microbiologically with an appropriate micro-organism.
PAR  A 3-keto-5.alpha.-steroid may be converted to a .DELTA..sup.1,4 -3-keto
      steroid by means of selenium dioxide or by reaction with a quinone such as
      dichlorodicyanobenzoquinone or by halogenation at positions 2 and 4 and
      subsequent dehydrohalogenation by methods known per se.
PAR  A 3-keto-5.beta.-steroid may be converted into a .DELTA..sup.4 -3-keto
      steroid by means of selenium dioxide or by mono-bromination at position 4
      followed by dehydrobromination and the so formed .DELTA..sup.4 -3-ketone
      may be transformed into the .DELTA..sup.1,4 -3-ketone by further reaction
      with selenium dioxide or dichlorodicyanobenzoquinone. Alternatively, a
      3-keto-5.beta.-steroid may be converted directly into a .DELTA..sup.1,4
      -3-ketone by reaction with selenium dioxide or by reaction with a suitable
      quinone such as dichlorodicyanobenzoquinone, or by di-halogenation for
      example di-bromination at positions 2 and 4 subsequent dehydrohalogenation
      by methods known per se.
PAR  A .DELTA..sup.4 -3-keto steroid may be converted into the corresponding
      .DELTA..sup.6 -derivative by reaction with a suitable quinone such as
      chloranil and the thus formed .DELTA..sup.4,6 -3-keto compound may then be
      converted to the corresponding .DELTA..sup.1,4,6 -3-keto derivative by
      reaction with an appropriate quinone such as dichlorodicyanobenzoquinone.
PAR  The microbiological introduction of a double bond at position C.sub.1
      -C.sub.2 may be carried out by incubation with a 1,2-dehydrogenating
      micro-organism, for example coryn-bacterium Simplex, Bacillus sphaericus
      of Bacillus subtilis.
PAR  Introduction of a 6-substituent, if not already present may be effected if
      desired by converting a 3-hydroxy-.DELTA..sup.5 -steroid into the
      5.alpha.,6.alpha.-epoxide and treating the latter with methyl magnesium
      halide, a halogen acid, boron trifluoride or fluoroboric acid to give in
      each case the corresponding 5.alpha.-hydroxy-6.beta.-substituted
      derivative which can then be converted into the corresponding
      .DELTA..sup.4 -3-keto-6.beta.-substituted compound by oxidising the
      3-hydroxy-group with, for example, chromic acid and dehydrating the
      5-hydroxyl group appropriately under acid or basic conditions.
      Isomerisation of the 6.beta. -substituent may be brought about my
      treatment with acid or base.
PAR  A .DELTA..sup.9(11) -double bond if present may be converted to the
      9.alpha.-bromo-11.beta.-hydroxy compound or an ester thereof by methods
      known per se and then transformed under basic conditions into a
      9.beta.,11.beta.-epoxide which may be subsequently opened with a halogen
      acid to give the corresponding 9.alpha.-halo-11.beta.-hydroxy derivative
      which can then be oxidised to the corresponding 9.alpha.-halo-11-ketone.
PAR  Introduction of an 11-hydroxyl group may be performed microbiologically,
      e.g. by incubation with an 11-hydroxylating micro-organism such as
      Curvularia or a Rhizopus after which the 11-hydroxyl group may be oxidised
      to an 11-keto group, acylated or dehydrated to form a .DELTA..sup.9(11)
      -double bond.
PAR  After elaboration of the .DELTA..sup.1,4 -3-keto group an 11.beta.-acyloxy
      group, if present, may be hydrolysed to the corresponding 11.beta.-hydroxy
      derivative under relatively mild conditions with alcoholic alkali and the
      so formed 11.beta.-hydroxy group may then be oxidised if desired to the
      corresponding 11-ketone.
PAR  A 17.alpha.-hydroxy group, if present, is acylated with an organic
      carboxylic acid with 1-18 C-atoms or a functional derivative thereof such
      as the anhydride or the halide.
PAR  As said before the compounds of the present invention possess strong
      anti-inflammatory properties. In the "Human Vasoconstriction Test" the
      compounds of the present invention have an ED-50 in alcohol in the range
      of 4 to 6.5, indicating a good to excellent potency. ED-50 = - log
      (concentration in g/ml in alcohol, at which concentration 50% of the
      counts is positive). In comparative tests ED-50 of dexamethasone was 4.4
      and of betamethasone 17-valerate was 6.2.
PAR  In various tests for determining the anti-inflammatory activity the
      compounds of the present invention exhibit excellent local activity and
      low or no systemic, thymolytic or adrenolytic effects, as can be seen from
      the following data. Data of the well-known anti-inflammatory compound
      dexamethasone are also stated, for comparison.
PAC  Rat paw kaolin edema test (local application)
PA1  A = 11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione.
PA1  B = dexamethasone.
TBL  ______________________________________                                    
     Com-  Dose     edema % after                                              
                                thymus % adrenals %                            
     pound mg/paw    4 hr   24 hr after 72 hrs                                 
                                           after 72 hrs                        
     ______________________________________                                    
     A     0.05 mg  - 37    - 78  + 6      - 5                                 
     B     0.05 mg  -111    - 47  -68      - 6                                 
     A     0.8  mg  - 33    - 80  - 4      + 5                                 
     B     0.8  mg  - 83    -115  -89      -42                                 
     ______________________________________                                    
PAC  Granuloma test (local application) in rats
PAR  Left paw: cotton pellet impregnated with carragenin
PAR  Right paw: cotton pellet impregnated with carragenin + 0.1 mg A
PAR  Granuloma tissue % change: left paw + 1; right paw -82.
PAC  Modified carragenin pouch test (local application) in rats
TBL  Com-    Dose      exsudate   thymus   adrenals                            
     pound   mg/kg     % change   % change % change                            
     ______________________________________                                    
     A       0.4       -67        + 4      + 2                                 
     B       0.2       -61        -72      -11                                 
     ______________________________________                                    
PAR  From the above data it is clear that the novel compound has excellent local
      anti-inflammatory activity and no or low systemic, thymolytic and
      adrenolytic effects.
PAC  Rat paw kaolin edema test (systemis vs local)
PAR  Compounds according to the invention:
PA1  a. 11.beta.-acetoxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione
PA1  b. 11.beta.-hydroxy-16.alpha.,17.alpha.,21 -trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione
PA1  c.
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-11.beta.-hydroxy-.DELTA..sup.1
     ,4 -pregnadiene-3,20-dione
PA1  d.
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.4,6 -pregnadiene-3,20-dione
PA1  e.
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4,6 -pregnatriene-3,20-dione
PA1  f.
      9.alpha.-chloro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione
PA1  g. 9.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione
PA1  h.
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-21-ethyl-.DE
     LTA..sup.1,4 -pregnadiene-3,20-dione
PA1  i.
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA.
     .sup.1,4 -pregnadiene -3,20-dione 17.alpha.-propionate
PA1  j. 11.beta.-hydroxy-16.alpha.,17.alpha.,21,21-tetramethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione
PA1  k. 11.beta.-isobutyroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione
PA1  l.
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-11.beta.-hydroxy-.DELTA..sup.1
     ,4 -pregnadiene-3,20-dione.
TBL  ______________________________________                                    
     Edema % change after 4 hrs                                                
       Dose   10 mg/kg     3 mg/kg     1 mg                                    
     Com-     subcut.      subcut.     local                                   
     pound                                                                     
     ______________________________________                                    
     a        0            n.d.        -11                                     
     b        -12          0           -41                                     
     c        -28          -18         -54                                     
     d        -39          -22         -64                                     
     e        -44          -33         -93                                     
     f        0            0           -38                                     
     g        -13          0           -36                                     
     h        0            n.d.        -31                                     
     i        -18          -23         -71                                     
     j        0            n.d.        -36                                     
     k        -11          0           -36                                     
     l        -28          -18         -54                                     
     ______________________________________                                    
      n.d. = not determined.                                                   
PAR  From these data it is clear that the compounds according to the invention
      exhibit local anti-inflammatory activity and no or low systemic activity.
DETD
PAR  The invention is further illustrated by the following examples:
PAC  EXAMPLE 1
PAR  A mixture of 3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5
      -pregnen-20-one (25 g), dimethylamine hydrochloride (50 g),
      paraformaldehyde (15 g) and 2N hydrochloric acid (1.5 ml) was refluxed in
      iso-amyl alcohol (500 ml) for 2 1/4 hours, then further paraformaldehyde
      (15 g) was added. After a further hour, the cooled solution was shaken
      with water, and the crystalline solid thus obtained was filtered, washed
      with water, then with ether and dried, to give
      3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-21-dimethylaminomethyl-.DELTA
     ..sup.5 -pregnen-20-one hydrochloride (8.0 g).
PAR  The filtrate was washed to neutrality with brine, back-extracting the
      washings with iso-amyl alcohol. The organic phase was concentrated to low
      volume, diluted with ether/methylene chloride and left overnight in the
      refrigerator. After filtration, the solid was washed with methylene
      chloride and dried to give a further crop of the amine hydrochloride (1.0
      g).
PAR  3.beta.-Hydroxy-16.alpha.,17.alpha.-dimethyl-21-dimethylaminomethyl-.DELTA.
     .sup.5 -pregnen-20-one hydrochloride (8.9 g) was suspended in 1.0N
      potassium hydroxide (450 ml) and shaken with ether (900 ml) and methylene
      chloride (150 ml) for several minutes. The organic layer was then washed
      neutral with water, dried and evaporated to give the free amine as a
      crystalline solid. This was dissolved in methylene chloride (90 ml) and
      ethyl bromide (18 ml). The solution was allowed to stand overnight, then
      the quaternary bromide (8.9 g) was filtered off and washed with methylene
      chloride.
PAR  The quaternary bromide salt was dissolved in 25% isopropanol in water (1900
      ml) and saturated potassium bicarbonate (115 ml) was added. The fine
      precipitate which formed was extracted into ether (500 ml), and this
      extract was washed neutral with water, dried and evaporated to give a
      solid (6.4 g). This was dissolved in isopropanol (320 ml) and hydrogenated
      over 10% palladium/charcoal (0.7 g) for 30 minutes. The catalyst was
      removed by filtration and the solution was diluted with water to give a
      fine solid, which was extracted into methylene chloride (500 ml), dried
      and evaporated to give a gummy solid (6.0 g). Crystallisation from
      acetone/hexane gave pure
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one, m.p. 174.degree.-177.degree. C.
PAR  The above procedure, when carried out on
      3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnen-20-one and
      3.beta.-hydroxy-16.beta.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnen-20-one, furnished
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnen-20 -one (m.p. 156.degree.-157.degree. C), and
      3.beta.-hydroxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnen-20-one (m.p. 133.degree.-134.degree. C) respectively.
PAC  EXAMPLE 2
PAR  To a stirred solution of
      3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5 -pregnen-20-one
      (1 g) in sodium-dried tetrahydrofuran (25 ml) under nitrogen was added a
      solution of trityl lithium in sodium-dried tetrahydrofuran until the red
      colour of trityl lithium just persisted. Methyl iodide (5 ml) was then
      added rapidly with vigorous stirring. After 30 minutes the solution was
      evaporated to dryness under vacuum. The residue, which was then a
      3-methyl-ether, was dissolved in ether (10 ml), and acetic anhydride (40
      ml) and the solution was cooled to 0.degree. C. Boron trifluoride
      diethyletherate (7 ml) previously cooled to 0.degree. C, was added and the
      solution left in a refrigerator overnight, then poured on to ice. The
      gummy product (by now the 3-acetate) was hydrolysed with potassium
      carbonate in methanol, purified on a silica column, and crystallised from
      acetone/hexane to give
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (0.6 g), m.p. 174.degree.-178.degree. C.
PAC  EXAMPLE 3
PAR  3.beta.Hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5 -pregnen-20-one
      3-benzoate (1 g) was treated with trityl lithium and methyl iodide as
      described in Example 2. Hydrolysis with potassium hydroxide in methanol
      gave a mixture of the 3-alcohol and 3-methyl-ether which was converted to
      the 3-alcohol as in Example 2. Purification and crystallisation gave
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (0.7 g) identical with that described in Example 1.
PAC  EXAMPLE 4
PAR  3.beta.-Hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5 -pregnen-20-one
      3-tetra-hydropyranyl ether (1.45 g) was treated with trityl lithium and
      methyl iodide as described in Example 2. The crude product was dissolved
      in 80% acetic acid (25 ml) and warmed for 30 minutes. The solid which
      formed on addition of water was isolated by filtration, dried, and
      crystallised to give
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (0.85 g) identical with that described in Example 1.
PAR  The same procedure when carried out on
      3.beta.,11.alpha.-dihydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5
      -pregnen-20-one bistetrahydropyranyl ether resulted in the production of
      3.beta.,11.alpha.-dihydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (amorphous solid).
PAC  EXAMPLE 5
PAR  A solution of trityl lithium in dry THF was added to a stirred solution of
      3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnen-20-one 3tetrahydropyranyl ether (7 g) in dry THF (125 g)
      under nitrogen at 0.degree. C until a slight excess was present. Dry
      methyl iodide (25 ml) was then added rapidly with vigorous stirring and
      after 30 minutes the solution was evaporated to dryness under vacuum. The
      residue was hydrolysed in 80% acetic acid (60 ml) for 30 minutes on a
      steambath, cooled, and the product precipitated with water and isolated
      via ether/methylene chloride. The washed and dried extract was evaporated
      and the crude product was purified on a silica column and crystallised
      from acetone/hexane to give
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnen-20-one (4.2 g) m.p. 156.degree.-157.degree. C.
PAR  The above procedure, when carried out on
      16.alpha.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 3-dimethylketal;
      16.alpha.-methyl-.DELTA..sup.9(11) -5.alpha.-pregnene-3,20-dione
      3-dimethylketal; 16.alpha.-methyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 3-dimethyl ketal 17-acetate;
      16.alpha.-methyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnane-3,20-dione 3-dimethyl ketal;
      16.beta.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnane-3,20-dione 3-dimethyl ketal;
      16.alpha.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.beta.-pregnene-3,20-dione 3-dimethylketal; and
      6-fluoro-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5 -pregnene-3,20-dione
      3-ethyleneketal, furnished
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (m.p. 173.degree.-176.degree.C);
      16.alpha.,21-dimethyl-.DELTA..sup.9(11) -5.alpha.-pregnene-3,20-dione
      (m.p. 157.degree.-159.degree. C);
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 17-acetate (m.p. 198.degree.-204.degree. C);
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 17-methylether (m.p. 189.degree.-194.degree.
      C); 16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (m.p. 170.degree.-172.degree. C);
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11) -5.beta.
      -pregnene-3,20-dione (m.p. 185.degree.-189.degree. C); and
      6.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione (m.p. 193.5.degree.-197.5.degree. C), respectively.
PAC  EXAMPLE 6
PAR  To a stirred solution of
      3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-21-bromo-.DELTA..sup.5
      -pregnen-20-one 3-acetate (10 g) in sodium-dried tetrahydrofuran (250 ml)
      under nitrogen was added dropwise methyl magnesium chloride (1.0N in
      tetrahydrofuran, 35 ml). After 5 minutes, dry methyl iodide (50 ml) was
      added and the solution was heated under reflux overnight. The methyl
      iodide was removed by evaporating and the cooled residue was poured into
      ammonium chloride solution. The product, after hydrolysis by potassium
      hydroxide in methanol, was a mixture of
      3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5
      -pregnen-20-one, 3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.5 -pregnen-20-one, and 3.beta.-hydroxy-16.alpha.,17.alpha.,
      21,21-tetramethyl-.DELTA..sup.5 -pregnen-20-one. Chromatography on silica
      gave a mixture of the trimethyl and tetramethyl derivatives which was
      purified by crystallisation from acetone/hexane to give
      3.beta.-hydroxy-16.alpha.,17.alpha.,21 trimethyl-.DELTA..sup.5
      -pregnen-20-one (2.0 g) (m.p. 174.degree.-177.degree. C) identical with
      that described in Example 1.
PAC  EXAMPLE 7
PAR  To stirred liquid ammonia (400 ml) refluxing under a drikold condenser, was
      added sodium (3.3 g) in small pieces. When the blue colour of the sodium
      solution had been discharged (this was catalysed by the addition of a
      ferric salt) 3.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.5
      -pregnen-20-one (10 g) dissolved in sodium-dried tetrahydrofuran (200 ml)
      was added dropwise. After stirring for 1.75 hours, dry methyl iodide (50
      ml) diluted with tetrahydrofuran (200 ml) was added dropwise. The solution
      was then stirred overnight, allowing the ammonia to evaporate. The residue
      was treated with a solution of ammonium chloride (6.0 g) in water (200 ml)
      and the mixture was extracted with ether (500 ml). The aqueous layer was
      again extracted with ether (2 .times. 250 ml), and the combined ethereal
      extracts were washed with dilute hydrochloric acid, sodium thiosulphate
      solution, and water to neutrality, dried and evaporated. The residue was
      treated with boron trifluoride/acetic anhydride, then hydrolysed to the
      3-alcohol as described in Example 2. The product was a mixture of starting
      material, 3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one, and a small amount of
      3.beta.-hydroxy-16.alpha.,17.alpha.,21,21-tetramethyl-.DELTA..sup.5
      -pregnen-20-one, from which
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (3.5 g), m.p. 174.degree.-177.degree. C was isolated by
      the method described in Example 6, and shown to be identical with the
      sample described in Example 1.
PAC  EXAMPLE 8
PAR  A solution of
      3.beta.,11.beta.-dihydroxy-16.alpha.,17.alpha.-dimethyl-5.alpha.-pregnan-2
     0-one 3-tetrahydropyranyl ether 11-acetate (2 g) in dry tetrahydrofuran (20
      ml) was added to a stirred solution of lithium di-isopropylamide (1.1 mole
      equivalents) in tetrahydrofuran (20 ml) under nitrogen at -25.degree. C.
      After 30 minutes, the solution was allowed to warm to -5.degree. C, methyl
      iodide (10 ml) was added and the reaction allowed to warm to room
      temperature, after which it was evaporated to dryness under reduced
      pressure. The residue was dissolved in 80% acetic acid and allowed to
      stand overnight. Addition of water gave a crystalline solid which was
      filtered, washed with water, dried and crystallised to give b
      3.beta.,11.beta.-dihydroxy16.alpha.,17.alpha.,21-trimethyl-5.alpha.-pregna
     n-20-one 11-acetate (m.p. 178.degree.-181.degree. C).
PAR  Repeat of the above procedure on
      11.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-5.alpha.-pregnan-3,20-dione
      3-dimethylketal 11-acetate gave
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-5.alpha.-pregnane-3,20di
     one 11-acetate (m.p. 158.degree.-163.degree. C).
PAC  EXAMPLE 9
PAR  A solution of
      3.alpha.,11.beta.-dihydroxy-16.alpha.,17.alpha.-dimethyl-5.beta.-pregnan-2
     0-one 3-tetrahydropyranyl ether 11-acetate (2 g) in dry tetrahydrofuran (20
      ml) was added to a stirred solution of lithium di-isopropylamide (2.2 mole
      equivalents) in tetrahydrofuran under nitrogen at -25.degree. C. The
      temperature was allowed to rise to -5.degree. C and methyl iodide (10 ml)
      was added. The product was hydrolysed and worked up as described in
      Example 8 and isolated via methylene chloride to give a non-crystalline
      mixture of 3.alpha.,11.beta.-dihydroxy
      16.alpha.,17.alpha.,21-trimethyl-5.beta.-pregnan-20-one 11-propionate and
      3.alpha.,11.beta.-dihydroxy-16.alpha.,17.alpha.,21-trimethyl-5.beta.-pregn
     an-20-one 11-isobutyrate (5:1).
PAR  The same procedure when carried out on
      11.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-5.beta.-pregnane-3,20-dione
      3-dimethylketal 11-acetate gave a non-crystalline mixture of
      11.beta.-hydroxy16.alpha.,17.alpha.,21-trimethyl-5.beta.-pregnane-3,20-dio
     ne 11-propionate and
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-5.beta.-pregnane-3,20-di
     one 11-isobutyrate.
PAC  EXAMPLE 10
PAR  A solution of
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnen-20-one (5.2 g) in acetone (50 ml) was treated with 8N
      chromic acid solution (7 ml) over ten minutes with external cooling.
      Excess reagent was destroyed with isopropanol and the mixture was
      filtered, washed and dried to give
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (4.9 g), m.p. 173.degree.-176.degree. C.
PAR  The above procedure, when carried out on
      3.beta.-hydroxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -pregnen-20-one; and
      3.beta.,11.beta.-dihydroxy-16.alpha.,17.alpha.,21-trimethyl-5.alpha.-pregn
     an-20-one 11-acetate; gave
      16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (m.p. 170.degree.-171.5.degree. C); and
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-5.alpha.-pregnane-3,2011
     -acetate (m.p. 158.degree.-163.degree. C0 respectively.
PAC  EXAMPLE 11
PAR  A solution of 16.alpha.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 3-dimethylketal (2 g) in sodium-dried
      tetrahydrofuran (50 ml) was slowly added to a stirred solution of lithium
      di-isopropylamide (1.5 mole equivalents; prepared from 1.23 ml
      di-isopropylamine) in tetrahydrofuran (8 ml) under nitrogen at 0.degree.
      C. The solution was stirred for 30 minutes, allowing it to warm to room
      temperature, then was again cooled to 0.degree. C, and methyl iodide (10
      ml) was added rapidly with vigorous stirring. The cooling bath was again
      removed and after stirring for 30 minutes the solution was concentrated
      under vacuum to remove methyl iodide. 80 % Acetic acid (25 ml) was added,
      and the solution was allowed to stand overnight. The product was
      precipitated as a crystalline solid by the slow addition of water. It was
      filtered, washed with water and dried to give
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (1.8 g), m.p. 173.degree.-176.degree. C.
PAC   EXAMPLE 12
PAR  A solution of 16.alpha.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 3-dimethylketal (1 g) in sodium-dried
      tetrahydrofuran (25 ml) was slowly added to a stirred solution of lithium
      diethylamide (1.5 mole equivalents; prepared from 0.45 ml diethylamine) in
      tetrahydrofuran (4 ml) under nitrogen at 0.degree. C. Dry methyl iodide (5
      ml) was subsequently added and the reaction was carried out and worked up
      exactly as described in Example 11 to give
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (0.9 g), identical with that prepared in
      Example 11.
PAC  EXAMPLE 13
PAR  A solution of
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (10 g) in dry toluene (100 ml) and cyclohexanone (50 ml)
      was treated with a solution of aluminium isopropoxide (5 g) in toluene (50
      ml). The mixture was heated under reflux for 45 min. then cooled and
      treated with a solution of Rochelle salt (20 g) in water (50 ml). The
      mixture was steam-distilled until the distillate was clear and the product
      was filtered, dried, and purified on alumina to give
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4 -pregnene-3,20-dione (7,72
      g; m.p. 165.degree.-170.degree. C).
PAC  EXAMPLE 14
PAR  a. 16.alpha.,17.alpha.-Dimethyl-.DELTA..sup.4 -pregnene-3,20-dione (5 g)
      was suspended in dry dioxan (50 ml) and ethyl orthoformate (5 ml) and
      p-toluenesulphonic acid (250 mg) added. The mixture was stirred at room
      temperature for 2.5 hours and a further portion of ethyl orthoformate (5
      ml) added. After another hour the reaction was worked up by addition of
      pyridine (2 ml) followed by 5% potassium carbonate solution (10 ml) then
      water. The yellow crystalline solid was filtered, washed, dried, and
      purified on a column of alumina to give
      3-ethoxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.3,5 -pregnadien-20-one
      (4.13 g).
PAR  b. A solution of 3-ethoxy-16.alpha.,17.alpha.-dimethyl-.DELTA..sup.3,5
      -pregnadien-20-one (1 g) in dry tetrahydrofuran (25 ml) was added to a
      stirred solution of lithium di-isopropylamide (1.5 mole equivalents) in
      dry tetrahydrofuran (10 ml) at 0.degree. C under nitrogen, and the mixture
      allowed to come to room temperature. Methyl iodide (5 ml) was then added
      and the reaction stirred for a further 30 minutes. Excess methyl iodide
      was evaporated under reduced pressure and the residue poured into sodium
      sulphite solution. The product was filtered, washed, and dissolved in
      aqueous acetic acid and heated for 30 minutes on a steam bath. The solid
      which formed on dilution with water was filtered, washed, dried and
      purified on silica to give 16.alpha.,17.alpha.,21trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione (m.p. 166.degree.-170.degree. C).
PAC  EXAMPLE 15
PAR  A solution of 16.alpha.,17.alpha.-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (1.0 g) in dry tetrahydrofuran (20 ml) was added
      to a stirred solution of lithium di-isopropylamide (2.5 mole equivalents)
      in tetrahydrofuran (20 ml) at 0.degree. C under nitrogen. The solution was
      allowed to come to room temperature over 30 minutes and then methyl iodide
      (10 ml) was added. After a further 30 minutes the reaction mixture was
      diluted with water, the product filtered, washed, dried and purified on an
      alumina column to give 16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 164.degree.-165.degree. C).
PAC  EXAMPLE 16
PAR  To a stirred solution of 16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.beta.-pregnene-3,20-dione (30 g) in chloroform (300 ml) and acetic acid
      (15 ml) at 0.degree. C was added a solution of hydrogen bromide in acetic
      acid (6 ml). Bromine (9.3 ml) as a 10% solution in chloroform, was added
      dropwise followed by 10% sodium acetate solution until the reaction
      solution was no longer acid to Congo Red.
PAR  The organic layer was diluted with methylene chloride, washed with sodium
      carbonate solution, then with water to neutrality, dried and evaporated to
      give
      2.beta.,4.beta.-dibromo-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.beta.-pregnene-3,20-dione (45 g). This total product was added to a
      stirred suspension of calcium carbonate (45 g) and lithium bromide (22.5
      g) in dimethylacetamide (900 ml) under nitrogen, boiled for 10 minutes,
      cooled and poured into stirred water (5000 ml) and acetic acid (90 ml).
      The product was filtered, washed with water, dissolved in benzene and
      dried over sodium sulphate, and the dried solution run through an alumina
      column. The column was washed with ether, and the combined eluates were
      evaporated to dryness. The residue was purified on a silica column and
      crystallised from methylene chloride/methanol to give
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (9 g), m.p. 170.degree.-175.degree. C.
PAC  EXAMPLE 17
PAR  16.alpha.,17.alpha.,21-Trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (5.2 g) in toluene (70 ml) was heated under
      reflux for 18 hours with dichlorodicyanobenzoquinone (7.6 g). The cooled
      reaction mixture was filtered and the filtrate was washed with water, and
      potassium carbonate solution, dried over sodium sulphate, and passed
      through a short column of alumina. The eluate and washings were evaporated
      to dryness and the residue was dissolved in ethanol (30 ml) containing 10%
      acetic acid. This solution was refluxed for two hours with Girard's
      Reagent P (1 g), then poured into dilute sodiuim hydroxide solution, and
      extracted into methylene chloride. The extract was washed with water,
      dried over sodium sulphate, evaporated to dryness, and the residue
      crystallised from acetone/ether to give
      16.alpha.,17.alpha.,21-tri-methyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (2 g), m.p. 170.degree.-175.degree. C.
PAR  The above procedure, when carried out on
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)-
      5.beta.-pregnene-3,20-dione; 16.alpha.,21-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione;
      16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione;
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-5.alpha.-pregnane-3,20-d
     ione 11-acetate and 16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione furnished
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (m.p. 170.degree.-175.degree. C); 16.alpha.,
      21-dimethyl-.DELTA..sup.1,4,9(11) -pregnatriene-3,20-dione (m.p.
      142.degree.-146.degree. C);
      16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (m.p. 205.degree.-207.degree. C);
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 11-acetate (m.p. 203.degree.-205.degree. C); and
      16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (m.p. 129.degree.-132.degree. C) respectively.
PAC  EXAMPLE 18
PAR  The mixture of
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-5.beta.-pregnane-3,20-di
     one 11-propionate and
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-5.beta.-pregnane-3,20-di
     one 11-isobutyrate (1.9 g) (prepared as described in example 9) was
      dehydrogenated exactly as described in example 17. The crude product was
      purified by chromatography on silica to give
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 11-propionate (m.p. 152-154.degree. C) and
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 11-isobutyrate (m.p. 189.degree.-197.degree. C).
PAC  EXAMPLE 19
PAR  a. A solution of 16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -preg-natriene-3,20-dione (2 g) in DMF (24 ml) containing perchloric acid
      (0.4 ml) was stirred at room temperature for two hours with
      N-bromosuccinimide (1.55 g) in the absence of light. Excess reagent was
      destroyed with sodium bisulphite solution, and the reaction mixture was
      poured into water. The product was filtered and dried to give
      9.alpha.-bromo-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..s
     up.1,4 -pregnadiene formate (2.6 g).
PAR  The bromo-formate (2.6 g) was suspended in methanol (30 ml) and stirred
      under nitrogen with a solution of sodium methoxide in methanol (6 ml;
      1.1N) for half an hour. The solution was neutralised with acetic acid and
      diluted with water. The gummy product was extracted into ether, washed
      neutral, dried and purified on a short column of alumina, and finally
      crystallised from ether to give 9.beta.,
      11.beta.-epoxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (1.5 g), m.p. 125.degree.-131.degree. C.
PAR  Repeat of the above procedure on
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione;
      6.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione;
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4,9(11)
      -pregnadiene-3,20-dione; 16.alpha.,21-di-methyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione;
      16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione; and
      16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione furnished
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-9.beta.,11.beta.-epoxy-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione;
      6.alpha.-fluoro-9.beta.,11.beta.-epoxy-16.alpha.,17.alpha.,21-trimethyl-.D
     ELTA..sup.1,4 -pregnadiene-3,20-dione (m.p. 180.degree.-182.degree. C);
      9.beta.,11.beta.-epoxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione;
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 153.degree.-158.degree. C);
      9.beta.,11.beta.-epoxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 138.degree.-140.degree.C); and
      9.beta.,11.beta.-epoxy-16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.1
     ,4 -pregnadiene-3,20-dione (non-crystallline), respectively.
PAR  b. Gaseous hydrogen fluoride was passed into a mixture of ethanol-free dry
      chloroform (2 ml) and tetrahydrofuran (5 ml) at -40.degree. C until 3 g
      had been adsorbed.
      9.beta.,11.beta.-Epoxy16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (1.2 g) in dry chloroform (6 ml) was added to a
      solution of hydrogen fluoride (3 g) in chloroform (2 ml) and
      tetrahydrofuran (5 ml) at -40.degree. C and washed in with more chloroform
      (7 ml). The reaction mixture was left in an ice-bath for four hours, and
      then poured carefully into ice-water containing potassium carbonate (20
      g). The solvent was evaporated and the resulting solid was filtered,
      washed and dried. The crude product was purified on a silica column and
      crystallised from acetone/ether to give
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione (660 mg), m.p. 226.degree.-241.degree. C.
      The same procedure, when carried out on
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-9.beta.
      ,11.beta.-epxoy-.DELTA..sup.1,4 -pregnadiene-3,20-dione;
      6.alpha.-fluoro-9.beta.,11.beta.-epoxy-16.alpha.,17.alpha.,21-trimethyl-.D
     ELTA..sup.1,4 -pregnadiene-3,20-dione;
      9.beta.,11.beta.-epoxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione;
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione;
      9.beta.,11.beta.-epoxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione; and
      9.beta.,11.beta.-epoxy-16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.1
     ,4 -pregnadiene-3,20-dione gave
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-9.alpha.-fluoro-11.beta.-hydro
     xy-.DELTA..sup.1,4 -pregnadiene-3,20-dione;
      6.alpha.,9.alpha.-difluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimeth
     yl-.DELTA..sup.1,4 -pregnadiene-3,20-dione (m.p. 252.degree.-265.degree.
      C); 9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DEL
     TA..sup.4 -pregnene-3,20-dione (m.p. 215-219.degree. C);
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 247-248.degree. C);
      9.alpha.-fluoro-11.beta.-hydroxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..s
     up.1,4 -pregnadiene-3,20-dione (m.p. 200-201.degree. C); and
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-21-ethyl-.DE
     LTA..sup.1,4 -pregnadiene-3,20-dione (m.p. 212.degree.-221.degree. C),
      respectively.
PAC  EXAMPLE 20
PAR  16.alpha.,17.alpha.,21-Trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (500 mg) were dissolved in 10% aqueous dioxan (20
      mls) cooled to 10.degree. C and 72% perchloric acid (0.1 ml) was added
      followed by N-chloro-succinimide (0.3 g) and the reaction stirred
      overnight. The product was watered out, filtered, dried and recrystallised
      from methylene chloride to give
      9.alpha.-chloro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione (350 mg), m.p. 257.degree.-259.degree. C.
PAC  EXAMPLE 21
PAR  To a stirred solution of
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,
      21-trimethyl-.DELTA..sup.1,4 -pregnadiene-3,20-dione (500 mg) in acetone
      (30 ml) at room temperature was slowly added 7.9N Jones' chromic unit
      reagent (1 ml). After 10 minutes, isopropanol was added to destroy excess
      reagent, and the product was precipitated by the slow addition of water,
      filtered and dried. A solution of the solid in methylenen chloride was run
      through a short column of alumina, evaporated to dryness and the residue
      crystallised from acetone/hexane to give
      9.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione (440 mg). m.p. 190.degree.-215.degree. C.
PAR  When the same process was carried out on
      9.alpha.-chloro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione;
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione;
      9.alpha.-fluoro-11.beta.-hydroxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..s
     up.1,4 -pregnadiene-3,20-dione;
      11.beta.-hydroxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione; and
      6.alpha.-fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione; the products were
      9.alpha.-chloro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione (m.p. 242.degree.-245.degree. C);
      16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene3,11,20-trione (m.p. 247-249.degree. C);
      9.alpha.-fluoro-16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione (m.p. 154-155.degree. C);
      16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione (m.p. 181-182.degree. C); and
      6.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione (m.p. 218.degree.-228.degree. C),
      respectively.
PAC  EXAMPLE 22
PAR  A stirred solution of
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl.DELTA..sup.1,4
      -pregnadiene-3,20-dione 11-acetate (22 g) in methanol (460 ml) was
      hydrolysed by addition of potassium hydroxide solution at room
      temperature. Excess alkali was neutralised with acetic acid and the
      product was precipitated with water, filtered, washed, dried, purified on
      a silica column, and crystallised from methylene chloride/methanol to give
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 230.degree.-273.degree.C).
PAR  The above procedure, carried out on a mixture of
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 11-propionate and 11-isobutyrate; and on
      11.beta.-hydroxy-16.alpha., 17.alpha.,21-trimethyl-.DELTA..sup.1,4,6
      -pregnatriene-3,20-dione 11-ropionate, gave
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 230.degree.-273.degree. C) and
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl.DELTA..sup.1,4,6
      -pregnatriene-3,20-dione (m.p. 226.degree.-233.degree. C), respectively.
PAC  EXAMPLE 23
PAR  A solution of 16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (2.5 g) in tetrahydrofuran (50 ml) containing
      perchloric acid was stirred for 1 hour at room temperature with
      N-bromosuccinimide (1.32 g). Excess reagent was destroyed with sodium
      bisulphite solution and the reaction mixture poured into water. The
      product was filtered and dried to give
      9.alpha.-bromo-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..s
     up.1,4 -pregnadiene-3,20-dione (3.15 g).
PAR  The bromohydrin (3.15 g) in dimethylsulphoxide (80 ml) was added to a
      stirred solution of n-butane thiol (4.7 ml) and chromous acetate (9.5 g)
      in dimethylsulphoxide (42 ml), left overnight at room temperature and then
      poured into sodium chloride solution. The product was filtered, dried, and
      recrystallised from methylene chloride/methanol to give
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 230.degree.-269.degree. C).
PAR  The same process carried out on
      6.alpha.,16.alpha.,17.alpha.,21-tetra-methyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione;
      16.beta.,17.alpha.,21-tri-methyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione; 16.alpha.,21-dimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione; and
      16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione gave
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-11.beta.-hydroxy-.DELTA..sup.1
     ,4 -pregnadiene-3,20-dione;
      11.beta.-hydroxy-16.beta.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 232.degree.-240.degree. C);
      11.beta.-hydroxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 201-204.degree. C); and
      11.beta.-hydroxy-16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 221.degree.-227.degree. C), respectively.
PAC  EXAMPLE 24
PAR  A solution of
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-5.alpha.-pregnane-3,20-d
     ione 11-acetate (10 g) in acetic acid (100 ml) was treated with a 10%
      solution of bromine in acetic acid (2.73 ml). When reaction was complete,
      sodium acetate solution was added and the resulting solid filtered, washed
      and dried to give the crude product (12 g).
PAR  The crude mono-brominated product was added to a hot stirred mixture of
      dimethylformamide (100 ml) lithium bromide (2.5 g) and calcium carbonate
      (5 g) under nitrogen. After 10 minutes the reaction mixture was cooled,
      poured into aqueous acetic acid and the product filtered, washed and
      dried.
PAR  The crude product (9.2 g) was heated under reflux for 8 hrs. with
      methanolic potassium hydroxide, cooled, neutralised with acetic acid, and
      poured into water. The product was filtered, washed with water, dried and
      purified by chromatography on silica gel to give
      11.beta.-hydroxy-16.alpha.,17.alpha., 21-trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione (m.p. 200.degree.-202.degree. C) and
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1
      -5.alpha.-pregnene-3,20-dione (m.p. 235.degree.-243.degree. C).
PAR  The above procedure carried out on 11.beta.-hydroxy-16.alpha.,17.alpha.,
      21-trimethyl-5.beta.-pregnane-3,20-dione 11-propionate gave a mixture of
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione (m.p. 200-202.degree. C) and
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1
      -5.beta.-pregnene-3,20-dione (m.p. 252.degree.-265.degree. C).
PAC  EXAMPLE 25
PAR  11.beta.-Hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione 11-propionate (3 q) and dichlorodicyanoquinone (1.94
      g) were dissolved in dioxan (50 ml). Hydrogen chloride gas was passed into
      the solution until a precipitate started to form and the reaction mixture
      was allowed to stand for a further 20 minutes. The solid was removed by
      filtration and the filtrate was poured into aqueous sodium carbonate
      solution. The product was isolated via ether and purified by
      chromatography on silica gel to give 11.beta.-hydroxy-16.alpha.,
      17.alpha.,21-trimethyl-.DELTA..sup.4,6 -pregnadiene-3,20-dione
      11-propionate (2 g) as an amorphous solid.
PAR  The same procedure when carried out on
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.4 -pregnene-3,20-dione and
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione gave
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.4,6 -pregnadiene-3,20-dione (m.p. 275-283.degree. C) and
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4,6 -pregnatriene-3,20-dione (m.p. 207.degree.-230.degree. C),
      respectively.
PAC  EXAMPLE 26
PAR  A solution of
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4,6
      -pregnadiene-3,20-dione 11-propionate (1.8 g) in dioxan (40 ml) containing
      dichlorodicyanoquinone (1.3 g) was refluxed overnight. The cooled reaction
      mixture was worked up as described in Example 17 to give
      11.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,6
      -pregnatriene-3,20-dione 11-propionate (m.p. 180.degree.-189.degree. C).
PAC  EXAMPLE 27
PAR  a. A solution of crude
      3.beta.,11.alpha.-dihydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (22 g) from Example 4 in chloroform (220 ml) was stirred
      with peracetic acid (22 ml) and sodium acetate (2.2 g) for one hour, after
      which excess peracid was destroyed by careful addition of sodium sulphite
      solution. The organic phase was washed neutral, dried over sodium
      sulphate, and evaporated to dryness. The gummy residue was acetylated and
      purified first by chromatography on silica and then by crystallisation
      from methanol to give
      3.beta.,11.alpha.-dihydroxy-5.alpha.,6.alpha.-epoxy-16.alpha.,17.alpha.,21
     -trimethyl-5.alpha.-pregnan-20-one diacetate (10.5 g), m.p.
      179.degree.-183.degree. C.
PAR  b.
      3.beta.,11.alpha.-Dihydroxy-5.alpha.,6.alpha.-epoxy-16.alpha.,17.alpha.,21
     -trimethyl-5.alpha.-pregnan-20-one diacetate (5 g) was dissolved in diglyme
      (50 ml) and treated with boron trifluoride etherate (5 ml) and a solution
      of hydrogen fluoride in diglyme (4 ml of 9N). After five minutes the
      reaction mixture was poured into water (500 ml) containing sodium acetate
      (5 g). The product was filtered and dried to give
      3.beta.,5.alpha.,11.alpha.-trihydroxy-6.beta.-fluoro-16.alpha.,17.alpha.,2
     1-trimethyl-5.alpha.pregnan-20-one 3,11-diacetate (5.2 g) as an amorphous
      solid which could not be crystallised.
PAR  c.
      3.beta.,5.alpha.,11.alpha.-Trihydroxy-6.beta.-fluoro-16.alpha.,17.alpha.,2
     1-trimethyl-5.alpha.-pregnan-20-one 3,11-diacetate (5.2 g) was dissolved in
      methanol (50 ml) and 70% perchloric acid (5 ml). After 3 hours, the
      reaction mixture was buffered with sodium acetate, concentrated and poured
      into water (250 ml). The product was extracted into ether, washed neutral,
      dried and evaporated to dryness. The crude product was purified by
      chromatography on a silica column to give
      3.beta.,5.alpha.,11.alpha.-trihydroxy-6.beta.-fluoro-16.alpha.,17.alpha.,2
     1-trimethyl-5.alpha.-pregnan-20-one 11-acetate (4 g) as a clear gum which
      could not be crystallised.
PAR  d. A solution of
      3.beta.,5.alpha.,11.alpha.-trihydroxy-6.beta.-fluoro-16.alpha.,17.alpha.,2
     1-trimethyl-5.alpha.-pregnan-20-one 11-acetate in acetone (20 ml) was
      treated with 8N chromic acid solution (3 ml) dropwise with stirring and
      external cooling. When the oxidation was complete, methanol was added to
      decompose excess reagent and the reaction mixture was diluted with water
      (200 ml) to give a gummy product which was extracted into methylene
      chloride/ether. The washed and dried extract was evaporated to dryness to
      give
      5.alpha.,11.alpha.-dihydroxy-6.beta.-fluoro-16.alpha.,17.alpha.,21-trimeth
     yl-5.alpha.-pregnane-3,20-dione 11-acetate (3.8 g) as an intractable gum.
PAR  e.
      5.alpha.,11.alpha.-Dihydroxy-6.beta.-fluoro-16.alpha.,17.alpha.,21-trimeth
     yl-5.alpha.-pregnan-20-one 11-acetate (3.8 g) was dissolved in acetic acid
      (20 ml), and hydrogen chloride gas was passed into the solution for ten
      minutes. After standing at room temperature for fifteen hours, the
      solution was poured into water (250 ml) and the product was extracted into
      methylene chloride/ether. The extract was washed neutral, dried and
      evaporated to dryness. The crude product was purified on a short column of
      alumina and crystallised from acetone/ether to give
      6.alpha.-fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA.
     .sup.4 -pregnene-3,20-dione acetate (2.8 g), m.p. 174.degree.-178.degree.
      C.
PAC  EXAMPLE 28
PAR  6.alpha.-Fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.4 -pregnene-  3,20-dione acetate (2.7 g) in benzene (30 -pregnene-was
      heated under reflux for 15 hours with
      2,3-dichloro-5,6-dicyano-benzoquinone (1.7 g). The reaction mixture was
      cooled, filtered, and the filtrate was evaporated to dryness. The crude
      product was purified on a short column of alumina and crystallised to give
      6.alpha.-fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione acetate (1.75 g), m.p.
      136.degree.-144.degree. C.
PAC  EXAMPLE 29
PAR  6.alpha.-Fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione acetate (1.6 g) was dissolved in methanol
      (30 ml) and heated at reflux with potassium carbonate (0.5 g) for one
      hour. The solution was cooled, acidified, poured into water and the solid
      filtered, washed and dried to give
      6.alpha.-fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione (1.4 g), m.p. 175.degree.-182.degree. C.
PAC  EXAMPLE 30
PAR  a.
      6.alpha.-Fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione (1.4 g) was dissolved in pyridine (10 ml),
      cooled to 0.degree. C and treated with methane sulphonyl chloride (0.8
      ml). The reaction was allowed to stand at 0.degree. C for 16 hours. The
      reaction mixture was poured onto ice and the product was filtered, washed
      and dried to give
      6.alpha.-fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione 11-mesylate which was not purified
      further.
PAR  b. Crude
      6.alpha.-fluoro-11.alpha.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20dione 11-mesylate (1.75 g) was dissolved in
      dimethylformamide (30 ml) containing anhydrous sodium acetate (1.5 g) and
      heated at reflux for two hours. The reaction mixture was cooled, poured
      into water (500 ml), and the crude product was filtered, washed and
      dissolved in methylene chloride. The solution was dried, evaporated to
      dryness, and the product was purified on a short column of alumina and
      crystallised from methanol to give
      6.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (0.82 g), m.p. 192.degree.-202.degree. C.
PAC  EXAMPLE 31
PAR  3.beta.,11.alpha.-Dihydroxy-5.alpha.,6.alpha.-epoxy-16.alpha.,17.alpha.,21-
     trimethyl-5.alpha.-pregnan-20-one diacetate (5 g) dissolved in sodium-dried
      benzene (100 ml) was added over fifteen minutes to a stirred solution of
      methyl magnesium bromide (made from 2 g of magnesium) in ether (35 ml)
      under nitrogen. During the addition, the reaction was heated so that the
      ether slowly distilled and after the addition was complete, further
      sodium-dried benzene was added and heating continued with distillation
      until the vapour temperature had reached 80.degree. c. The reaction was
      then refluxed for six hours.
PAR  The cooled mixture was poured into ice water containing 5N sulphuric acid
      (25 ml) and the organic phase was separated, washed neutral, dried over
      sodium sulphate, and evaporated to dryness. The residue was reacetylated
      with pyridine/acetic anhydride in the usual way, and purified on a column
      of silica to give
      3.beta.,5.alpha.,11.alpha.-trihydroxy-6.beta.,16.alpha.,17.alpha.,21-tetra
     methyl-5.alpha.-pregnan-20-one, 3,11-diacetate (4.9 g) as an intractable
      gum.
PAR  This product was converted by the same series of reactions as described in
      Examples 27(c) - 30(b) to give
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione, m.p. 160.degree.-165.degree. C.
PAC  EXAMPLE 32
PAR  a. A solution of
      3.beta.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.5
      -pregnen-20-one (20 g) in chloroform (200 ml) at 0.degree. C was treated
      with peracetic acid (20 ml) containing sodium acetate (2 g). The stirred
      solution was allowed to warm up to room temperature and after 1.5 hours
      the reaction was cooled to 5.degree. C and treated with sodium sulphite
      solution. The product was extracted with methylene chloride, washed, dried
      and evaporated to dryness. The gummy residue was acetylated and
      crystallised from methylene chloride/methanol to give
      3.beta.-hydroxy-5.alpha.,6.alpha.-epoxy-16.alpha.,17.alpha.,21-trimethyl-5
     .alpha.-pregnan-20-one 3-acetate (m.p. 180.degree.-186.degree. C).
PAR  b.
      3.beta.-Hydroxy-5.alpha.,6.alpha.-epoxy-16.alpha.,17.alpha.,21-trimethyl-5
     .alpha.-pregnen-20-one 3-acetate (15 g) was treated with methyl magnesium
      bromide exactly as described in Example 31.
PAR  The cooled mixture was worked up in the usual way to give
      3.beta.,5.alpha.-dihydroxy-6.beta.,16.alpha.,17.alpha.,21-tetramethyl-5.al
     pha.-pregnan-20-one.
PAR  The crude 3.beta.,5.alpha.-diol (14.5 g) in acetone (450 ml) was oxidised
      with 8N chromic acid solution by the procedure described in Example 27(d),
      to give
      5.alpha.-hydroxy-6.beta.,16.alpha.,17.alpha.,21-tetramethyl-5.alpha.-pregn
     an-3,20-dione. Crude 5.alpha.-hydroxy-6.beta.,16.alpha.,17.alpha.
      ,21-tetramethyl-5.alpha.-pregnan-3,20-dione (13.9 g) was stirred overnight
      in acetic acid (200 ml) containing hydrogen chloride at room temperature
      and worked up to give
      6.alpha.,16.alpha.,17.alpha.,21-tetra-methyl-.DELTA..sup.4
      -pregnene-3,20-dione (m.p. 162-166.degree. C).
PAC  EXAMPLE 33
PAR  A solution of
      6.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4
      -pregnene-3,20-dione (3.35 g) and 2,3-dichloro-5,6-dicyano-benzoquinone
      (2.44 g) in benzene (50 ml) was heated under reflux with stirring
      overnight. The solution was cooled and the hydroquinone was removed by
      filtration. The filtrate was diluted with benzene, washed with water,
      potassium bicarbonate solution, then with brine to neutrality, dried,
      concentrated under vacuum and passed through a column of alumina, washing
      through with ether. The solvent was evaporated and the residue was
      crystallised from methylene chloride/methanol to give
      6.alpha.-fluoro-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (2.35 g), m.p. 190.degree.-193.degree. C.
PAR  The above procedure, when carried out on a
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-.DELTA..sup.4
      -pregnene-3,20-dione gave
      6.alpha.,16.alpha.,17.alpha.,21-tetramethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione (m.p. 149.degree.-156.degree. C) and when carried
      out on 16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.4 -pregnen-3,20-dione
      gave 16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione.
PAC  EXAMPLE 34
PAR  A solution of 16.alpha.,17.alpha.-dimethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 3-dimethylketal (2 g) in sodium-dried
      tetrahydrofuran (50 ml) was slowly added to a stirred solution of lithium
      diisopropylamide (1.5 mole equivalents; prepared from 1.23 ml
      di-isopropylamine) in tetrahydrofuran (8 ml) under nitrogen at 0.degree.
      C. The solution was stirred for 30 minutes, allowing it to warm to room
      temperature, then was again cooled to 0.degree. C, and ethyl iodide (12
      ml) was added rapidly with vigorous stirring. The cooling bath was again
      removed, and after a further 30 minutes, the solution was evaporated to
      dryness. The residue was dissolved in 80% acetic acid (25 ml) and after 30
      minutes on a steam bath the product was precipitated by the slow addition
      of water. The product was filtered, washed with water, dried and
      crystallised from acetone/hexane to give
      16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (1.8 g), m.p. 150.degree.-160.degree. C.
PAC  EXAMPLE 35
PAR  a. A suspension of
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione (10 g), obtained by hydrolysis of the
      corresponding 17-acetate of Example 5, and p-toluene-sulphonic acid (1 g)
      in propionic anhydride (200 ml) was stirred at room temperature. After 1
      day solution was complete and after 6 days the solution was poured into
      stirred ice-water and a little pyridine was added. The mixture was stirred
      until hydrolysis of the propionic anhydride was complete, then the solid
      product was filtered off, washed to neutrality with water and dried. The
      crude product was dissolved in methylene chloride and the solution was
      passed through a short alumina column then evaporated to dryness. The
      residue was crystallised from acetone/ether to give
      16.alpha.,21-di-methyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione-17.alpha.-propionate. In a similar manner
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione was converted to
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 17.alpha.-n-valerate.
PAR  b. A solution of crude
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione and dichlorodicyano-benzoquinone (2.4 mole
      equivalents) in 10/1 toluene/acetic acid was heated to reflux overnight.
      The reaction mixture was then filtered and the filtrate evaporated to
      dryness, and purged three times with toluene to remove acetic acid. The
      residue was dissolved in methylene chloride and the solution passed
      through a short alumina column and washed through with methylene chloride
      and ether. The eluant was evaporated to give a solid which was purified by
      chromatography on silica and crystallisation from methylene
      chloride/methanol to give
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione. M.p. 201.degree.-220.degree. C.
PAR  In a similar way: 16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 17.alpha.-propionate and
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.9(11)
      -5.alpha.-pregnene-3,20-dione 17.alpha.-n-valerate were converted to
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione 17.alpha.-propionate and
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione 17.alpha.-n-valerate, respectively.
PAR  c. To a stirred solution of
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione (2 g) in tetrahydro-furan was slowly added 0.5N
      perchloric acid (10 ml) followed by N-bromoacetamide (1 g) with the
      exclusion of light. After 30 minutes sodium sulphite solution was added
      and the mixture was poured into water. The solid product was filtered and
      dried to give
      9.alpha.-bromo-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione.
PAR  In a similar way:
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione 17.alpha.-propionate and
      16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.1,4,9(11)
      -pregnatriene-3,20-dione 17.alpha.-n-valerate were converted to
      9.alpha.-bromo-11.beta.,
      17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 17.alpha.-propionate and
      9.alpha.-bromo-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione 17.alpha.-n-valerate, respectively.
PAR  d. To a stirred solution of n-butanethiol (3 ml) in dimethyl sulphoxide
      under oxygen-free nitrogen was added freshly prepared chromous acetate (4
      g), followed by a solution of
      9.alpha.-bromo-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione (2 g) in dimethyl sulphoxide. The reaction
      flask was stoppered and the solution stirred overnight magnetically. The
      mixture was then poured into saturated sodium chloride solution and
      extracted into ethyl acetate. The extract was washed with 5% sodium
      carbonate solution, then to neutrality with water, dried and evaporated.
      The residue was crystallised from methylene chloride/methanol to give
      11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione. M.p. 215-235.degree. C.
PAR  In a similar manner
      9.alpha.-bromo-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione 17.alpha.-propionate and
      9.alpha.-bromo-11.beta.,17.alpha.-di-hydroxy-16.alpha.,21-dimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione 17.alpha.-n-valerate were converted to
      11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 17.alpha.-propionate (m.p. 212.degree.-220.degree.
      C); and 11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 17.alpha.-n-valerate (m.p. 152.degree.-156.degree.
      C).
PAC  EXAMPLE 36
PAR  a. To a stirred suspension of
      9.alpha.-bromo-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione in methanol under nitrogen was added a
      slight excess of 0.5 N sodium methoxide solution. After 1 hour the
      solution was acidified with acetic acid and poured into water. The solid
      product was filtered and dried to give
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup
     .1,4 -pregnadiene-3,20-dione.
PAR  In a similar manner
      9.alpha.-bromo-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione 17.alpha.-propionate and
      9.alpha.-bromo-18.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA..
     sup.1,4 -pregnadiene-3,20-dione 17.alpha.-n-valerate were converted to
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup
     .1,4 -pregnadiene-3,20-dione 17.alpha.-propionate and
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup
     .1,4 -pregnadiene-3,20-dione 17.alpha.-n-valerate.
PAR  b. Hydrogen fluoride gas (5 g) was passed into a cooled mixture of
      tetrahydrofuran and ethanol-free chloroform, and a solution of
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup
     .1,4 -pregnadiene-3,20-dione (2 g) in chloroform was added. Added being
      allowed to stand for 4 hours at 0.degree. C the solution was poured into
      stirred sodium acetate solution and the volatile solvent removed under
      vacuum. The solid product was filtered, dried and crystallised from
      methylene chloride/methanol to give
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione. M.p. 238.degree.-261.degree. C.
PAR  In a similar manner
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup
     .1,4 -pregnadiene-3,20-dione 17.alpha.-propionate and
      9.beta.,11.beta.-epoxy-16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup
     .1,4 -pregnadiene-3,20-dione 17.alpha.-n-valerate were converted to
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione 17.alpha.-propionate (m.p.
      237.degree.-251.degree. C) and
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione 17.alpha.-n-valerate.
PAC  EXAMPLE 37
PAR  A solution of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.,21-dimethyl-.DELTA.
     .sup.1,4 -pregnadiene-3,20-dione in acetone was treated with excess 6.24N
      Jones Reagent (chromic acid in sulphuric acid). After a few minutes
      isopropanol was added to consume excess Reagent and the reaction mixture
      was poured into water. The volatile solvent was removed under vacuum, and
      the solid product was filtered, dried and crystallised from acetone/hexane
      to give
      9.alpha.-fluoro-16.alpha.,21-dimethyl-17.alpha.-hydroxy-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione. M.p. 223.degree.-245.degree. C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alkylated 3,20-diketo-.DELTA..sup.4 -steroid of the pregnane series
      having the general formula:
      ##SPC5##
PAL  , wherein
PA1  X = a member of the group consisting of H, F and Cl;
PA1  Y = a member of the group consisting of H(OH), H(OAcyl), the acyl group
      being derived from a lower alkanoic acid, and 0;
PA1  R.sub.1 = a member of the group consisting of H, CH.sub.3, F, and Cl;
PA1  R.sub.2 = a member of the group consisting of CH.sub.3 and C.sub.2 H.sub.5
      ;
PA1  R.sub.3 = a member of the group consisting of H, OAcyl, the acyl group
      being derived from an organic carboxylic acid having 1-18 carbon atoms,
      OCH.sub.3 and CH.sub.3 ;
PA1  R.sub.4 = a member of the group consisting of H and alkyl having 1-4 carbon
      atoms, with the proviso that R.sub.4 is alkyl when R.sub.3 is other than
      CH.sub.3 ; and
PA1  C.sub.1 -c.sub.2 and C.sub.6 -C.sub.7 are selected from a saturated and an
      unsaturated bond.
NUM  2.
PAR  2. A steroid of the formula:
      ##SPC6##
PA1  X and Y have the meanings defined in claim 1;
PA1  Z = a member of the group consisting of H, CH.sub.3, F and Cl;
PA1  R.sub.6 = a member of the group consisting of CH.sub.3 and C.sub.2 H.sub.5
      ;
PA1  R.sub.7 = a member of the group consisting of CH.sub.3 and OAcyl, the acyl
      group being derived from an organic carboxylic acid having 1-18 carbon
      atoms; and
PA1  C.sub.6 -c.sub.7 is selected from a saturated and an unsaturated bond.
NUM  3.
PAR  3. 11.beta.-Hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione.
NUM  4.
PAR  4. 9.alpha.-Fluoro-11.bet
     a.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione.
NUM  5.
PAR  5. 11.beta.-Hydroxy-16.alpha.,17.alpha.,21-trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione-11.beta.-isobutyrate.
NUM  6.
PAR  6. 16.beta.,17.alpha.,21-Trimethyl-.DELTA..sup.1,4
      -pregnadiene-3,11,20-trione.
NUM  7.
PAR  7. 6.alpha.,16.alpha.,17.alpha.,21-Tetramethyl-.DELTA..sup.4
      -pregnene-3,20-dione.
NUM  8.
PAR  8. 11.beta.-Hydroxy-16.alpha.,17.alpha.-dimethyl-21-ethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione.
NUM  9.
PAR  9. 9.alpha.-Fluoro-11.bet
     a.-hydroxy-16.alpha.,17.alpha.,21-trimethyl-.alpha..sup.1,4,6
      -pregnatriene-3,20-dione.
NUM  10.
PAR  10. 11.beta.,17.alpha.-Dihydroxy-16.alpha.,21-dimethyl-.DELTA..sup.1,4
      -pregnadiene-3,20-dione 17.alpha.-propionate.
NUM  11.
PAR  11. 9.alpha.-Fluoro-11.beta.,17.alpha.-dihydro
     xy-16.alpha.,21-dimethyl-.DELTA..sup.1,4 -pregnadiene-3,20-dione
      17.alpha.-n-valerate.
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ABST
PAL  A method for lowering elevated serum lipid concentrations comprising
      administering a composition containing, as the active ingredient, a
      3.beta. -substituted-16.alpha.-cyanopreg-5-en-20-one wherein the
      substituent at the 3.beta.-position is selected from the group consisting
      of hydroxy, alkoxy having 1 to 6 carbon atoms, cycloalkoxy having 3 to 6
      carbon atoms, acyloxy wherein the acyl moiety has 2 to 7 carbon atoms,
      tetrahydrofuran-2'-yloxy, tetrahydropyran-2'-yloxy, and
      4'-alkoxytetrahydropyran-4'-yloxy where the alkoxy moiety has 1 to 6
      carbon atoms. Representative active ingredients are
      3.beta.-acetoxy-16.alpha.-cyanopreg-5-en-20-one and
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one. These
      representative agents are also useful in the therapeutic method of
      protecting and regenerating damaged hepatic tissue.
PARN
PAC  REFERENCE TO PARENT APPLICATION
PAR  This application is a continuation-in-part application of application Ser.
      No. 315,997, filed Dec. 18, 1972, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method for lowering elevated serum lipid
      concentrations, and to agents and compositions useful therefor. IN
      addition, this invention relates to a method of protecting and
      regenerating damaged hepatic tissue.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to compounds represented by the formula:
      ##SPC1##
PA1  Where R is hydrogen, alkyl having 1 to 6 carbon atoms, cycloalkyl having 3
      to 6 carbon atoms, acyl having 2 to 7 carbon atoms, tetrahydropyran-2'-yl,
      tetrahydrofuran-2'-yl, or 4'-alkoxy-tetrahydropyran-4'-yl where the alkoxy
      moiety has 1 to 6 carbon atoms,
PAL  And the use thereof as the active ingredient in a method for lowering
      elevated serum lipid concentrations. Certain of the above compounds are
      known compounds which fall into the category of compounds generally known
      as catatoxic steroids [see Hans Selye, Rev. Can. Biol. 29, No. 1, 49
      (1970); Hormones, 2(3), 129 (1971); Experientia 27(12), 1445 (1971)].
      However, the remaining compounds, as represented by the following formula,
      are believed to be novel:
      ##SPC2##
PA1  Where R' is cycloalkyl, having 3 to 6 carbon atoms.
PAR  Compounds falling within the scope of Formulas I and/or II include
      3.beta.-acetoxy-16.alpha.-cyanopregn-5-en-20-one and
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one.
PAR  Other representative compounds of Formula I include
      3.beta.-hydroxy-16.alpha.-cyanopregn-5-en-20-one,
      3.beta.-methoxy-16.alpha.-cyanopregn-5-en-20-one,
      3.beta.-tetrahydropyran-2'-yloxy-16.alpha.-cyanopregn-5-en-20-one,
      3.beta.-tetrahydrofuran-2'-yloxy-16.alpha.-cyanopregn-5-en-20-one and
      3.beta.-(4'-methoxy-tetrahydropyran-4'-yloxy)-16.alpha.-cyanopregn-5-en-20
     -one.
PAR  The present invention is also directed to pharmaceutical compositions
      comprising a pharmaceutically effective amount of a compound of Formula I
      or II above in admixture with a pharmaceutically acceptable nontoxic
      carrier.
PAR  An amount of the compound of Formula I or II effective for the reduction of
      serum lipid levels, in accordance herewith, can vary generally in the
      range of from 0.01 mg. to about 20 mg. per kg. of host body weight per
      day, preferably from 0.1 mg. to about 5 mg. The active compound hereof can
      be administered in any suitable manner, parenteral or oral, and in any
      form suitable for the administration mode, isotonic solutions,
      suspensions, tablets, capsules, and the like.
PAR  The present invention is suitable for those mammalian hosts, including man
      and domestically useful animals or pets, suffering from disease states in
      which high serum lipid levels are manifested, particularly elevated
      triglycerides, and/or cholesterol levels.
PAR  Useful pharmaceutical carriers for the preparation of the compositions
      hereof, can be solids, liquids or gases. Thus, the compositions can take
      the form of tablets, pills, capsules, powders, sustained release
      formulations, solutions, suspensions, elixirs, aerosols and the like. The
      carriers can be selected from the various oils, including those of
      petroleum, animal, vegetable or synthetic origin, for example, peanut oil,
      soybean oil, mineral oil, sesame oil and the like. Water, saline, aqueous
      dextrose and glycols are preferred liquid carriers, particularly for
      injectable solutions. Suitable pharmaceutical excipients include starch,
      cellulose, talc, glucose, lactose, sucrose, gelatin, malt, rice, flour,
      chalk, silica gel, magnesium stearate, sodium stearate, glycerol
      monostearate, sodium chloride, dried skim milk, glycerol, propylene
      glycol, water and the like. Suitable pharmaceutical carriers and their
      formulation are described in "Remington's Pharmaceutical Sciences" by E.
      W. Martin. Such compositions will, in any event, contain an effective
      amount of the active compound together with a suitable amount of carrier
      so as to prepare the proper dosage form for proper administration to the
      host.
PAR  The compounds of Formula I or II above are also useful as agents in the
      therapeutic recovery or restoration of damaged hepatic tissue.
PAR  Hepatic disorders are an ever increasing health problem. Disorders of the
      liver can be viral in origin, causing hepatitis, or very commonly the
      result of heavy ingestion of ethyl alcohol which may bring about liver
      cirrhosis. Each of these conditions is manifested by damaged hepatic
      tissue which, if left to progress, can seriously impair liver function and
      lead to ultimate death of the organism. Although the liver itself
      possesses remarkable healing ability after damage, continual challenge is
      often inflicted, as, for example, in the case of alcoholism, which results
      in the degenerative conditions referred to above.
PAR  In view of these problems, efforts have been made to aid organisms in
      recovery or cure of hepatic degenerative conditions. Corticosteroids have
      been found to be useful in the treatment of liver disease presumably
      because of their anti-inflammatory activity. Recently Selye has described
      a group of agents called catatoxic steroids which are not
      anti-inflammatory but which protect the organism agsinst certain toxins
      probably by induction of certain specific hepatic enzymes. See Hans Selye,
      "Defensive Steroids", Hormones, 2(3), 129, (1971).
PAR  Thus, it has been found that pretreatment of an organism with certain
      catatoxic steroids, including 16.alpha.-cyanopregn-5-en-3.beta.-ol-20-one,
      protects against subsequent administration of specific toxicants, e.g.,
      indomethacin and digitoxin, the protective effect being manifested
      relatively rapidly to provide prophylactic activity in the case of acute
      or slow poisoning. See Hans Selye, "Effect of Catatoxic Steroids Upon
      Established Morbid Changes", Experientia, 27/12, 1445 (1971). Protection
      is provided by more rapid metabolic destruction of the toxicants. Although
      many compounds have been tested for such prophylactic protection from
      toxicants--see Hans Selye, Rev. Can. Biol., 29, No. 1, 49 (1970) --an
      activity-structure relationship for compound types has not been clearly
      established. Further, as of the date of this invention, Selye has not
      taught the protection of the liver as an organ.
PAR  Thus, although spironolactone has been found to increase liver weight and
      mitotic activity in rats --see Klinische Wochenschrift, 48(6), 385
      (1970)--the tests reported were conducted without toxin challenge and lack
      a demonstration of effect on damaged hepatic tissue.
PAR  It has now been discovered that the compounds of Formula I or II above
      exhibit activity different in kind and/or degree from that described
      heretofore, that is, the compounds of Formula I or II afford actual
      therapeutic recovery or normalization of damaged hepatic tissue, in
      unexpectedly enhanced degree, when administered in an effective amount to
      a host, as opposed to the prophylactic activity (in tissues other than the
      liver) for certain of the catatoxic steroids as taught by Selye, supra.
      The 3.beta.-acetoxy-16.alpha.-cyanopregn-5-en-20-one of Formula I and
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-3-one of Formula II are
      particularly useful agents for this utility.
PAR  Therapeutic compositions of the type and composition, as set forth above
      with respect to the compositions for the reduction of serum lipid levels,
      are also considered to be within the scope of this aspect of the present
      invention. Administration can also be as set forth above, and is suitable
      for those mammalian hosts, including man and domestically useful animals
      or pets, suffering from the hepatically toxic effects of a broad class of
      aflatoxins and mycotoxins and (living) organisms, e.g., viruses. Of
      particular importance is the use of the agents of the present invention as
      a curative of liver damage suffered from the effects of alcoholism
      especially where the liver can be characterized as a fatty (as opposed to
      fibrotic) liver.
PAR  To the extent that the host, for example an alcoholic, has both liver
      damage and elevated serum lipid levels, the agents of Formula I or II
      above can be used to treat both conditions, and, to the extent that the
      liver has not become fibrotic, effective results can be achieved against
      both conditions. It is important to note that this protection occurs
      despite continued intake of alcohol and is not due to more rapid metabolic
      destruction of the alcohol.
PAR  The compounds of Formula II can be prepared by treating
      3.beta.-hydroxy-16.alpha.-cyanopregn-5-en-3-one in an inert organic
      solvent, such as benzene, with sodium hydride, followed by addition of a
      halo derivative of the R' moiety defined above, for example, cyclopentyl
      bromide in the case of the preparation of
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-3-one. The desired
      product is recovered from the reaction mixture and purified, by
      conventional techniques known to those skilled in this art.
DETD
PAR  The following examples illustrate the manner by which the present invention
      can be practiced.
PAC  EXAMPLE 1
PAR  A solution of one chemical equivalent of
      16.alpha.-cyanopregn-5-en-3.beta.-ol-20-one in 30 ml. of benzene is heated
      to reflux and about 2 ml. removed by distillation to eliminate moisture.
      The mixture is cooled to room temperature and two chemical equivalents of
      sodium hydride are added, followed by the dropwise addition of two
      chemical equivalents of cyclopentyl bromide in 10 ml. of benzene over a
      period of 20 minutes. The mixture is allowed to reflux for 20 hours after
      which time the precipitate of sodium bromide is removed by filtration and
      the organic phase dried and evaporated to yield
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one which is further
      purified upon recrystallization for pentane.
PAR  In similar manner, substituting an appropriate reactant for the cyclopentyl
      bromide, the other compounds of Formula II above are prepared.
PAC  EXAMPLE 2
PAR  Female Simonsen albino rats (120 to 140 grams) are used to test for
      inhibition of carbon tetrachloride (CCl.sub.4) induced fatty liver.
      Beginning on day 1, three dosage groups of seven animals each receive
      daily subcutaneous injections of CCl.sub.4 (0.1 ml./100 g. body weight
      based on animal weight on day 1) (vehicle: sesame oil 1:1) for seven
      consecutive days (1 to 7). The test material,
      3.beta.-acetoxy-16.alpha.-cyanopregn-5-en-20-one, is administered
      (vehicle: 1.0 ml. CMC/dose) to the three groups orally twice a day on days
      8 to 14 (total 7-day dose, 0.05 mg., 0.5 mg. and 5 mg., respectively). Two
      control groups of seven animals each are used, each not receiving test
      material, and one group receiving CCl.sub.4 and the other not. The control
      animals are sacrificed on day 8, the test animals on day 15, with
      hepatectomization. A further control group of seven animals receives
      CCl.sub.4, as above, on days 1-7, and then receives a dose of the CMC
      vehicle suspension on days 8-14. This group is also sacrificed on day 15,
      with hepatectomization. A 500 mg. portion of each liver is digested and
      the lipid content determined using a modification of the procedure of
      Baruch et al., Proc. Soc. Exptl. Biol. Med., 86, 79 (1954).
PAR  On day 8, the lipid residue of the control group receiving CCl.sub.4 is
      significantly higher than that of the negative control group. Significant
      reduction of CCl.sub.4 induced increase in lipid residue is obtained in
      the groups receiving the test material, when compared with controls. The
      serum glutamic pyruvic transaminase (SGPT) level of the control group
      receiving CCl.sub.4 is higher than that of the negative control group. The
      test groups showed a return of the SGPT levels to normal on day 15. The
      above procedure is repeated using
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one, with similar
      results.
PAC  EXAMPLE 3
PAR  Male Simonsen albino rat (180-200 grams) are used to test for inhibition of
      ethanol induced elevation of serum and liver triglyceride levels.
      Beginning on day 1, each of the animals in three dosage groups of six
      animals each and three dosage groups of seven animals each orally receive
      an ethanol solution (6 g. of 95% ethanol diluted with distilled water to
      28 ml., administered at a dose of 28 ml. per kg. of animal body weight)
      daily on days 1-21. On day 15, the animals on one group of six are
      sacrificed with hepatectomization and collection of blood. The test
      material, 3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-3one, is
      administered orally (vehicle: 1.0 ml. CMC/dose) to four dosage groups (the
      first three groups having seven animals each, the fourth group having only
      6 animals) twice a day on days 15-21 (total dose 0.02 mg., 0.1 mg., 0.5
      mg. and 2.5 mg., respectively). On the morning of day 22, the animals are
      sacrificed with hepatectomization and collection of blood.
PAR  The livers are homogenized and processed according to the method of Butler
      et al., J. Lipid Research, Vol. 2, 95 (1961). The blood is processed
      according to the method of Van Handel, Clinical Chemistry, Vol. 7, 249
      (1961).
PAR  The ethanol as given markedly increased both hepatic and serum triglyceride
      levels. The test material elicited dose-related inhibition of the
      elevation of the triglyceride content of both liver and serum, when
      compared to the ethanol-receiving control groups. When serum ethanol
      levels were determined shortly after ingestion of alcohol, the differences
      were found between the control group and the drug-treated group.
      Therefore, alcohol metabolism was not increased.
PAC  EXAMPLE 4
PAR  Example 3 is repeated with one group of seven animals receiving a total
      test material dose of 0.004 mg., a second group of six animals receiving a
      total test material dose of 0.02 mg., a third group of seven animals
      receiving a total test material dose of 0.1 mg., and a fourth group of
      five animals receiving a total test material dose of 0.5 mg. As with the
      assay described in the preceeding example, the ethanol markedly increased
      both hepatic and serum triglyceride levels. These levels were
      substantially normalized by the doses of test material.
PAC  EXAMPLE 5
PAR  Female Simonsen albino rats (170-190 grams) are used to test for inhibition
      of lard induced elevation of serum triglyceride levels. Beginning on day
      1, 2 dosage groups of 10 animals each are placed on a diet of Purina
      Laboratory Chow and 2 other dosage groups of 10 animals each are placed on
      a diet of Simonsen Laboratories special lard diet containing 10% lard.
      Beginning on day 15, the animals in one dosage group receiving the Purina
      chow and the animals in one dosage group receiving the Simonsen 10% lard
      diet are given the test material,
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one, administered
      orally (vehicle: 1.0 ml. CMC/dose) twice daily (total dose: 2.5 mg.). On
      day 22, the animals are sacrificed with hepatectomization and blood
      collection. Liver and triglyceride processing is according to the methods
      referred to in Example 3 above.
PAR  The test material reduced the elevation of the hepatic triglyceride level
      caused by the Simonsen 10% lard diet, but the hepatic triglycerides of the
      animals receiving the test material and the Purina Chow was above the
      control levels. Serum triglyceride levels in those animals receiving
      Purina Chow were lowered by the test material, but the test material did
      not have the same significant effect on those animals receiving the
      Simonsen lard diet, although the levels were slightly lower than the
      control levels. The control animals fed the Simonsen lard diet had
      elevated serum cholesterol levels which were normalized by the test
      material.
PAC  EXAMPLE 6
PAR  Twelve male, retired breeder, Sprague-Dawley rats were placed on a normal
      Purina Rat Chow diet for a three week normalization period. The baseline
      values of their blood lipids were determined by micro analysis of blood
      plasma obtained from puncturing the tail vein. Total plasma triglyceride
      was measured by a micro-modification of the method of Eggstein [Klin.
      Wschr., Vol. 44, 267 (1966)].
PAR  After the rats had spent three weeks under normal conditions, they were
      divided into two groups of six each. The animals of Group I were given a
      daily oral dose of the CMC suspension vehicle only. The animals of group
      II were given, for 7 consecutive days, a daily oral dose of
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one suspended in CMC
      solution in such an amount that each rat received 1.0 mg. per kg. per day
      of test material. Blood samples were collected by tail vein puncture on
      the eighth day. Plasma triglycerides were then determined for each group.
      Average total plasma triglycerides for the control group were 159 mg. %
      and for the group II animals were 115 mg. %. This data represents a
      statistically significant reduction in plasma triglycerides due to use of
      the test material.
PAC  EXAMPLE 7
PAR  Tablets suitable for oral daministration and containing 5 to 100 mg. of
      3.beta.-acetoxy-16.alpha.-cyanopregn-5-en-20-one or
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one, are prepared as
      follows:
TBL  Components:                                                               
     3.beta.-acetoxy-or-cyclopentyloxy-                                        
                           5-100 mg.                                           
      16.alpha.-cyanopregn-5-en-20-one                                         
     corn starch           25 mg.                                              
     povidone              1-10 mg.                                            
     methanol              0.065 ml.                                           
     magnesium stearate    0.5 mg.                                             
     spray dried lactose   q.s. 80-150 mg.                                     
PAR  3.beta.-Cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one (5-100 mg.) is
      mixed with 25 mg. of corn starch and 80-150 mg. of spray dried lactose.
      Povidone (1-10 mg.) is dissolved in 0.065 ml. of methanol. The
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one, corn starch,
      lactose mixture is granulated with the povidone and methanol solution. The
      granulation is passed through a No. 12 mesh screen and then dried at
      37.degree.-40.degree.C. The dried granulation is then passed through a No.
      16 mesh screen. Magnesium stearate (0.5 mg.) is then added and the
      resultant components are mixed thoroughly. The mixture is processed by a
      punched tablet machine to produce tablets suitable for oral
      administration.
PAR  The above procedure is repeated using
      3.beta.-acetoxy-16.alpha.-cyanopregn-5-en-20-one.
PAR  Reduction of carbon tetrachloride induced or ethanol induced lipid residue
      increase, normalization of (SGPT) enzyme levels in rat hepatic tissue and
      inhibition of the elevation of triglyceride content in serum and hepatic
      tissue in rats can be regarded as representative of and translatable to
      the therapeutic restoration of damaged hepatic tissue, particularly
      ethanol induced fatty liver tissue, in man.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group of compounds represented by the
      formula:
      ##SPC3##
PAL  where R' is cycloalkyl having 3 to 6 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1 wherein said compound is
      3.beta.-cyclopentyloxy-16.alpha.-cyanopregn-5-en-20-one.
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ABST
PAL  Novel symmetrical dinitro- and diamino arylene disulfones. The dinitro
      compounds are prepared by the interaction of a disodium arylenedisulfinate
      and a p-halonitro-benzene. The diamino compounds may be prepared by
      reduction of the corresponding dinitro disulfones, as by means of stannous
      chloride, or by hydrogenation with the aid of a catalyst such as palladium
      or carbon.
PARN
PAR  This is a division of application Ser. No. 248,367, filed Apr. 28, 1972,
      now U.S. Pat. No. 3,859,252, issued Jan. 7, 1975.
BSUM
PAR  The polymers are considered to have the structure
EQU  [Ar'--SO.sub.2 --Ar--SO.sub.2 --Ar'--bis-amide structure].sub.n
PAL  wherein Ar is divalent aromatic structure, Ar' is phenylene, "bis-amide
      structure" is --NH--CO--R--CO--NH-- or --CO--NH--R'--NH--CO--, R is
      alkylene or phenylene, and R' is phenylene or p,p'-diphenylene.
PAR  Certain of the reactive monomeric polysulfone derivatives used in these
      condensation reactions are themselves new compounds, namely, (1) the
      symmetrical dinitro polyarylene disulfones; and (2) the corresponding
      diamino polyarylene disulfones, made by reduction of the dinitro
      compounds.
PAR  Fibers, filaments, films, and molded articles of my polyamido-polysulfone
      thermoplastics have unusual heat resistance and exceptional flame
      resistance, and excellent mechanical, physical, chemical, and electrical
      properties. They are particularly useful for thermal and electric
      insulation, as well as in the automotive and aircraft industries.
PAC  BACKGROUND OF THE INVENTION
PAR  Polyamide-arylene sulfone thermoplastics are known having a single sulfonyl
      group in the recurring structural unit --(1) Stephens, Journal of Polymer
      Science 40, 359 (1959); (2) Stroog et al., Journal of Polymer Science A3,
      1973 (1965); (3) Jones, Annual Technical Conference of the Society of
      Plastic Engineering and Technology, 15, 453 (1969); (4) Hill et al., U.S.
      Pat. Nos. 3,094,511 and 3,322,728.
PAR  Alpha, omega-dicarboxy-polymethylenedisulfones of the general structure
PAL  Hooc(ch.sub.2).sub.x --so.sub.2 --(ch.sub.2).sub.y --so.sub.2
      --(ch.sub.2).sub.x cooh
PAL  have been poly-condensed with alkylenediamines to make fiber-forming
      poly(disulfone)-polyamides. --Horn, Die Makromol. Chemie 29, 123 (1959).
PAR  Symmetrical dimethyl polyarylene disulfones, and the corresponding
      dicarboxylic acids and diacid chlorides derived therefrom, are known. --S.
      S. Gitis et al., Khim. Volokna, 1971, No. 1, pages 45-47.
PAC  THE INVENTION
PAC  Polymers
PAR  My new thermoplastic high polymers are aromatic polyamide-polysulfones
      composed of recurring units of bis-amide moieties alternating with
      polarrylene disulfone moieties. They are characterized by unusually high
      heat resistance and flame resistance.
PAR  There are two approaches to the preparation of my polymers, leading to the
      formation of two configurations having different but very closely related
      structures. In one type of reaction the disulfone monomer carries the
      amide-forming amino groups, which are to be condensed with a complementary
      amide-forming diacidyl compound to form polymers. In the other type of
      reaction, the disulfone monomer carries amide-forming acid --derivative
      terminal groups, to be condensed with an aromatic diamine to form
      polymers. The complementary structures of the two types of polymers thus
      formed are illustrated by the following schematic sequences or --CO--,
      --NH--, and --SO.sub.2 -- groups present in the recurring units of the
      polymer chains:
PA1  1. . . . . CO--NH . . . . . SO.sub.2 . . . . SO.sub.2 . . . . . NH--CO . .
      . . .
PA1  2. . . . . nh--co . . . . . so.sub.2 . . . . so.sub.2 . . . . . co--nh . .
      . . .
PAL  in which the rows of dots represent intervening hydrocarbon, etc.,
      structures. In ehtier type of reaction the amide linkages formed may be of
      the carboxamido or of the sulfonamido type.
PAR  For use in polymerization reactions of the first type, typical di-acid
      chlorides and di-acid anhydrides include those of both aromatic and
      aliphatic diacids, wherein the acid groups are attached to m-phenylene,
      p-phenylene, p-bisphenylene, p,p'-oxydiphenylene, and ethylene --CH.sub.2
      CH.sub.2 --, diethylene --(CH.sub.2 CH.sub.2).sub.2 --, triethylene
      --(CH.sub.2 CH.sub.2).sub.3 --, and tetraethylene --(CH.sub.2
      CH.sub.2).sub.4 --. Examples below illustrate the use of various such
      di-acid compounds.
PAR  The aromatic diamino disulfones used, with which the di-acid compounds are
      to be condensed, contain two sulfonyl groups joined to an aromatic group
      such as m-phenylene, p-phenylene, p,p'-oxydiphenylene, p,p'-biphenylene,
      and 1,5-naphthylene, each sulfonyl also being joined to p-aminophenyl.
      These diamino disulfones may be schematically represented thus:
EQU  NH.sub.2 --C.sub.6 H.sub.4 --SO.sub.2 --(aromatic structure)--SO.sub.2
      --C.sub.6 H.sub.4 --NH.sub.2.
PAR  for polymerization reactions of the second type, the aromatic
      bis(sulfonylphenylene) compounds used carry two acidyl groups which are
      reactive with amines to form amides, and are designated aromatic
      bis(sulfonylphenyleneacidyl) compounds. These are to be interpolymerized
      with m-phenylenediamine or p,p'-diphenylenediamine to provide the
      bis-amido formations which alternate with bis-sulfone moieties in the
      polymer chains.
PAR  In all interpolymerization reactions of my invention, the components are
      used in substantially equimolar amounts. A convenient solvent medium for
      the reactions is N,N-dimethylacetamide. Other suitable solvents are
      sulfolane, with which a trialkyl amine, e.g., triethylamine or pyridine,
      is used as an acid scavenger, and tetramethylurea.
PAR  No catalyst is required for the reactions, which begin spontaneously upon
      admixture of the reactants in the solvent, with generation of some heat.
      Polymerization is complete after one to three hours, whereupon the
      polymers are recovered by precipitation in aqueous methanol, separation of
      solid from liquid, and drying.
PAR  The polymers are generally amorphous, and of light color in bulk, and
      transparent in films. In certain cases are amorphous polymer crystallizes
      when held at a temperature slightly above its glass transition
      temperature.
PAR  The following examples illustrate the preparation of polymers of my
      invention.
DETD
PAC  EXAMPLE I
PAR  This shows the interpolymerization of (A)
      4,4'-oxybis[4-(phenylsulfonyl)aniline] and (B) isophthaloyl chloride. In
      20 ml. of P.sub.2 O.sub.5 -dried N,N-dimethylacetamids there was dissolved
      2.265 grams (0.005 mole) of A and then 1.015 grams (0.005 mole) of B. An
      exothermic reaction took place, the solution becoming viscous. The
      polymerization was continued with stirring for an additional three hours
      at room temperature. The solution was then poured into a methanol/water
      mixture and the precipitated polymer was separated out, washed with
      additional methanol/water, and dried at 100.degree.C. under vacuum,
      yielding 2.5 grams of an off-white amorphous polymer having an intrinsic
      viscosity of 0.29 in dimethylformamide at 30.degree.C.
PAC  EXAMPLE II
PAR  This shows the interpolymerization of (A) m-phenylenebis(p-sulfonylaniline)
      and (B) terephthaloyl chloride. to a solution of 3.88 grams (0.0l mole) of
      A in 40 ml. of N,N-dimethylacetamide there was added 2.03 grams(0.01 mole)
      of B (freshly distilled and recrystallized from n-heptane) at room
      temperature. Exothermic reaction took place and the solution became
      viscous. After two hours of stirring, the polymer was precipitated into
      water. The precipitate was separated by filtration, washed a few times
      with methanol, and dried at 180.degree.C. under vacuum. The yeild was 5.0
      grams. The I.V. value was 0.3 in dimethylformamide. Differential thermal
      analysis showed an exothermic transition at 280.degree.C. indicating
      crystallization of the polymer.
PAC  EXAMPLE III
PAR  This shows the interpolymerization of (A)
      4,4'-oxybis[4-(phenylsulfonyl)aniline] and (B) sebacoyl chloride. In 150
      ml. of dry N,N-dimethylacetamide there was dissolved 10.0 grams (0.0208
      mole) of A and then 5 grams (0.021 mole) of distilled B.
PAR  At the start of the polymerization, an exothermic reaction took place,
      resulting in the solution becoming viscous. As in the previous example,
      the polymerization was continued, with stirring, for an additional three
      hours. The polymer was then precipitated into a methanol/water mixture. If
      further purification is necessary, the polymer can be reprecipitated from
      N,N-dimethylacetamide into a methanol/water mixture. The polymer was then
      dried at 100.degree.C. under vacuum, resulting in an intrinsic viscosity
      of 0.48 measured at room temperature in dimethylformamide. The polymer was
      amorphous and gave a transparent, flexible film when cast from
      N,N-dimethylacetamide solution. The glass transition temperature of the
      polymer was ca. 390.degree.F., determined on a Perkin-Elmer differential
      scanning calorimeter. The I.V. in dimethylacetamide was 0.33,
      corresponding to a molecular weight of about 8,000.
PAC  EXAMPLE IV
PAR  This shows the interpolymerization of the same sulfonylamiline compound (A)
      used in Examples I and III, and (B) 4,4'-oxydiphenylene-disulonyl
      chloride. In 20 ml. of dry N,N-dimethylacetamide there was dissolved 1.677
      grams (0.0037 mole) of A and then 1.34 grams (0.00365 mole) of B. After
      stirring for three hours, the polymer was precipitated into methanol/water
      and dried at 100.degree.C. under vacuum. The polymer was amorphous and
      off-white in color. A film cast from dimethylformamide solution was
      brittle.
PAC  EXAMPLE V
PAR  In 10 ml. of dry N,N-dimethylacetamide there was dissolved 2.6 grams
      (0.0045 mole) of 4,4'-oxybis(p-phenylsulfonylbenzoyl chloride) and then
      0.5 gram (0.0046 mole) of m-phenylenediamine. An exothermic reaction took
      place immediately, and the mixture was stirred for an additional hour. The
      polymer was then precipitated into methanol/water and dried at
      100.degree.C. under vacuum. The polymer was amorphous and off-white in
      color, and the film cast from dimethylformamide solution was brittle.
PAC  EXAMPLE VI
PAR  4,4'-Biphenylene-bis(4-sulfonylaniline), m.p., 290.degree.C. (7 g., 0.015
      mole) was dissolved in 50 ml. of dry dimethylacetamide and to it was added
      3.06 g. (0.015 mole) of recrystallized isophthaloyl chloride in one
      portion with stirring. Exothermic reaction started immediately and the
      solution became viscous. The reaction was allowed to proceed for an
      additional 2 hours. The solution was then poured into water and the
      polymer precipitate was separated by filtration. The polymer was dried at
      180.degree.C. under vacuum for twelve hours. I.V. = 0.25/DMAc. The polymer
      showed (1) no crystallinity on x-ray diffraction, (2) had a glass
      transition temperature at 530.degree.F., and (3) could be meltspun at
      650.degree.F.
PAC  POLYMER FILAMENTS
PAR  Fibers are conveniently prepared from my polymers by conventional methods,
      and are found to have unusually high heat resistance and flame resistance.
      For example, polymer prepared according to Example I was melt-spun at
      660.degree.F. to give a 40-denier filament with high spin orientation. The
      product was spun and wound in a single step and is a fairly tough,
      amorphous fiber with a tenacity of about 1.8 grams per denier. In
      short-term heat resistance tests, this fiber possessed good strength
      retention, up to its glass transition temperature of 265.degree.C. The
      relative flammability of this fiber is significantly lower than that of
      most common textile fibers.
PAC  MONOMERS
PAR  The monomeric diamino disulfones employed in producing my polymers are
      themselves new compounds, as are the nitro compounds from which the
      diamino compounds are made. The new monomeric compounds include the
      following:
PA1  1. bis)nitrophenylsulfonyl)arylene compounds, e.g.,
PA1  p-bis(P-nitrophenylsulfonyl)benzene,
PA1  m-bis(p-nitrophenylsulfonyl)benzene,
PA1  p,p'-bis(p-nitrophenylsulfonylphenyl) ether,
PA1  p,p'-bis(p-nitrophenylsulfonyl)biphenyl,
PA1  1,5-bis(p-nitrophenylsulfonyl)naphthalene.
PA1  2. bis(aminophenylsulfonyl)arylene compounds, or
PA1  arylenebis(p-phenylsulfonylanilines), e.g.,
PA1  p-phenylenebis(p-sulfonylaniline),
PA1  m-phenylenebis(p-sulfonylaniline),
PA1  p,p'-oxybis(p-phenylsulfonylaniline),
PA1  p,p'-bis(p-phenylsulfonylaniline),
PA1  1,5-naphthylenebis(p-sulfonylaniline).
PAR  The dinitro disulfones of the kind referred to above may be prepared by the
      interaction of a di-sodium arylenedisulfinate (1 mole) and a
      p-halonitrobenzene (2 moles), either the chloro- or the bromo-nitrobenzene
      being suitable. Sodium benzenedisulfinate or sodium toluenedisulfinate may
      be used.
PAR  The diamino disulfones may be prepared by reduction of the corresponding
      dinitro disulfones, as by means of stannous chloride, or by hydrogenation
      with the aid of a catalyst such as palladium on carbon.
PAR  Another method of preparing the diamino di-sulfones involves the reaction
      of two moles of sodium N-acetylaniline-p-sulfinate with one mole of a
      p-halonitrobenzene, followed by hydrolysis to remove the acetyl groups.
PAR  The known ditolyl arylene disulfones employed in my invention may be
      prepared either by the interaction of two moles of p-toluenesulfonyl
      chloride and one mole of an aromatic hydrocarbon or an aryl ether, such as
      biphenyl, or diphenyl ether, in the presence of a catalyst such as
      anhydrous ferric chloride; or by the interaction of sodium
      toluenesulfinate (2 moles) and one mole of chloro or bromo nitrobenzene.
PAR  The arylene disulfonyl dibenzoic acids may be made by oxidation of the
      corresponding ditolyl arylene disulfones by known methods, such as by the
      use of chromium trioxide in sulfuric and acetic acids.
PAR  These benzoic acids are converted to the corresponding benzoyl chlorides by
      known methods, as by the use of thionyl chloride.
PAR  The following examples illustrate the preparation of my new monomers.
PAC  EXAMPLE VII
PAR  This illustrates the preparation of bis[4-(4' nitrophenylsulfonyl)-phenyl]
      ether by the reaction of disodium 4,4'-oxydibenzenesulfinate hydrate with
      p-chloronitrobenzene.
PAR  To 200 ml. of commercial ethylene glycol in a reaction flask there was
      added 50 grams of disodium 4,4'-oxydibenzenesulfinate hydrate and 50 grams
      of p-chloronitrobenzene, and the mixture was heated at reflux for 5 hours,
      during which small quantities of water were added to maintain the
      refluxing temperature of the solution at 150-170.degree.C. Then the
      reaction mixture was cooled and 200 ml. methanol was added to dissolve the
      unreacted p-chloronitrobenzene. After stirring for 30 minutes, the
      resulting precipitate was separated and washed with methanol several
      times, yielding 40 grams of a tan-colored product (50% yield). The product
      was further purified by dissolving it in hot tetrachloroethane and
      reprecipitating in methanol, resulting in a yellowish crystalline product
      having a melting point of 245-250.degree.C.
PAR  Elemental analysis calculated for C.sub.24 H.sub.16 N.sub.2 O.sub.9 S.sub.2
      : Found: C, 53.33; H, 2.98; N, 5.18; S, 11.86.  C, 53.51; H, 3.18; N,
      4.87; S, 11.34.
PAR  C, 53.52; H, 3.02; N, 4.89; S, 11.50.
PAC  EXAMPLE VIII
PAR  This illustrates the preparation of 4,4'-oxybis[p-(phenylsulfonylaniline)]
      by reduction of the dinitro product of Example VII by (a) catalytic
      hydrogenation and by (b) stannous chloride.
PA1  a. Thirteen grams (0.0025 mole) of the dinitro product of Example VII was
      weighed out and placed in a reaction flask containing 200 ml. of
      2-methoxyethanol and 1.0 gram of 5% Pd/C. Reduction was initiated at room
      temperature using a Parr shaker, with hydrogen at 30 pounds pressure. The
      reaction was exothermic, and was essentially complete in 40 minutes. The
      yellowish solution was filtered, and dissolved in methyl alcohol/water
      mixture and reprecipitated with concentrated HCl, yielding a yellow,
      crystalline product.
PA1  b. Twenty-five grams of the dinitro product of Example VII was added to a
      reaction flask containing 250 ml. of methyl alcohol-concentrated HCl
      (50:50 by vol.) and 70 grams of stannous chloride dihydrate. The mixture
      was refluxed, with stirring, for 3 hours, at which time reduction was
      complete. The precipitated diamine dihydrochloride was then separated by
      filtration, and purification was carried out in the same manner as in (a)
      above, to yield a yellow, crystalline product.
PAR  Elemental analysis calculated for C.sub.24 H.sub.20 S.sub.2 O.sub.5 N.sub.2
      : Found C, 59.98; H, 4.19; N, 5.83; S, 12.34.  C, 59.32; H, 4.23; N, 5.76;
      S, 12.79.
PAR  C, 59.17; H, 4.23; N, 5.77; S, 12.82.
PAR  4,4'-Oxybis-(p-phenylsulfonyltoluene) may be prepared as follows:
PAR  In a 1000 ml. Erlenmeyer flask there was placed 80 g. (0.47 mole) of
      commercial anhydrous diphenyl ether and 179 g. (0.94 mole) of commercial
      p-toluenesulfonyl chloride. The mixture was warmed at 70'C., with
      stirring. Then was added about 2-3g. of anhydrous ferric chloride, and the
      mixture was slowly warmed to 120.degree.C. The reaction started suddenly
      and hydrogen chloride was evolved vigorously.
PAR  When the temperature reached 130.degree.C., the reaction mixture was
      removed from the hot plate and cooled to 80.degree.C. The flask was then
      returned to the hot plate and heated to 120.degree.C. The reaction mixture
      became very viscous. After stirring for an additional 30 minutes, the
      reaction mixture was cooled to room temperature.
PAR  To the reaction mixture was added 500 ml. of 95% ethanol, and the mixture
      was warmed to the boiling point (117.degree.C.). The hard, glassy product
      became slowly dispersed and finally became finely divided. After stirring
      for an hour, the solid portion was separated by filtration. The solid was
      then washed with cold ethanol and recrystallized from hot toluene with a
      small amount of charcoal, yielding white crystals, m.p. 165.degree.C.
PAR  Elemental analysis calculated for C.sub.26 H.sub.22 O.sub.5 S.sub.2 :
      Found: C, 65.25; H, 4.63; S, 13.4%  C, 65.83; H, 4.67; S, 12.80
PAR  C, 65.74; H, 4.72; S, 12.68
PAR  4,4'-Oxybis-(p-phenylsulfonylbenzoic acid) may be prepared by oxidation of
      the product next above.
PAR  In a 4000 ml. beaker there was placed 500 ml. of water, 500 ml. of
      concentrated H.sub.2 SO.sub.4 and 800 ml. of acetic acid. To it there was
      added 300 g. of chromium trioxide. The mixture was warmed to 70.degree.C.,
      with stirring. With continued stirring, 200 g. of
      4,4'-oxybis(p-phenylsulfonyltoluene) in 1000 ml. of hot acetic acid was
      added slowly. Some gas evolved. During the addition the temperature was
      kept below 80.degree.C. If the solution became completely green, more
      CrO.sub.3 was added. After the completion of addition, the reaction
      mixture was stirred for an additional 30 minutes.
PAR  The reaction mixture was then cooled and the precipitated dicarboxylic acid
      was separated by filtration and washed repeatedly with water. The
      crystalline product was purified by reprecipitation from methoxyethanol
      with water; m.p., 325.degree.-330.degree.C.
PAR  Elemental analysis calculated for C.sub.26 H.sub.18 O.sub.9 S.sub.2 :
      Found: C, 57.99; H, 3.37; S, 11.91.  C, 58.62; H, 3.60; S, 11.24.  C,
      58.43; H, 3.40; S, 11.21.
PAR  p-Bis(p-tolylsulfonyl)benzene may be prepared as follows:
PAR  In a 500 ml. flask there was placed 200 ml. of dimethylsulfoxide, 50 g. of
      sodium p-toluenesulfinate di-hydrate and 10 g. of p-bromonitrobenzene. The
      reaction mixture was heated at 130.degree.C., with stirring, for 24 hours.
      The mixture was then poured into 2000 ml. of water. The precipitate was
      separated by filtration and was recrystallized from hot toluene, yielding
      white crystals, m.p. 239.degree.C.
PAR  Elemental analysis calculated for C.sub.20 H.sub.18 O.sub.4 S.sub.2 :
      Found: C, 62.15; H, 4.69; S, 16.59.  C, 62.06; H, 4.49; S, 15.86.
PAR  C, 62.09; H, 4.79; S, 15.81.
PAR  4,4'-Oxybis(p-phenylsulfonylbenzoyl chloride) may be prepared as follows:
PAR  4,4'-Oxybis(p-phenylsulfonylbenzoic acid), 100 grams, was refluxed with an
      excess of thionyl chloride (500 ml.) in the presence of 1 ml. of pyridine
      as catalyst. Refluxing was continued until a homogeneous solution was
      obtained. After removing the excess thionyl chloride, using vacuum, the
      solution was recrystallized from hot toluene, yielding a white,
      crystalline product of needle-like structure; melting point,
      220.degree.--222.degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bis (nitrophenylsulfonyl) arylene compound having the formula:
      ##SPC1##
PAL  wherein R' is selected from the group consisting of
      ##SPC2##
      ##SPC3##
NUM  2.
PAR  2. A compound according to claim 1 which is
      bis[4-(4'-nitrophenylsulfonyl)phenyl] ether.
NUM  3.
PAR  3. A bis (aminophenylsulfonyl) arylene compound having the formula:
      ##SPC4##
PAL  wherein R' is selected from the group consisting of
      ##SPC5##
NUM  4.
PAR  4. A compound according to claim 3 which is
      4,4'-oxybis(phenylsulfonylaniline).
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ABST
PAL  A composition of matter is described herein which has insecticidal and
      miticidal activity and methods of use. The composition may be defined by
      the following generic formula
      ##EQU1##
      wherein X can be oxygen or sulfur; R.sub.1 and R.sub.2 can be the same or
      different and can be selected from lower alkyl, lower alkoxy, cycloalkoxy,
      thiophenyl, haloalkyl, alkoxythioalkyl, thiocyano, furfuryloxy,
      alkyldioxolanealkoxy and sulfolaneyloxy.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 293,974, filed
      Oct. 2, 1972, and a continuation-in-part of application Ser. No. 208,046,
      filed Dec. 10, 1971, both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Among the many insecticidal and miticidal compounds available, the
      organotin compounds have reached a relatively high degree of commercial
      success. Specifically, the organotins described in U.S. Pat. Nos.
      3,264,177, 3,591,614 and 3,591,615 are widely used. These compounds,
      however, suffer from considerable unstability due to the presence of an
      ester linkage to the tin atom. Thus, these compounds are quite susceptible
      to hydrolysis on use. Additionally, the organotin compounds described in
      U.S. Pat. Nos. 3,321,361 and 3,321,365 are useful as insecticides.
      However, these compounds are quite toxic to vegetation and thus have
      extremely limited use.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It has been discovered that certain organotin compounds have relatively low
      phytotoxicity properties and are relatively stable. These organotin
      compounds may be defined by the following generic formula
      ##EQU2##
      wherein X can be oxygen or sulfur; R.sub.1 and R.sub.2 can be the same or
      different and can be selected from a group consisting of lower alkyl,
      lower alkoxy, cycloalkoxy, thiophenyl, haloalkyl, alkoxythioalkyl,
      thiocyano, furfuryloxy, alkyldioxolanealkoxy and sulfolaneyloxy. The term
      alkyl is defined as branched or straight chain alkyls having from 1 to 6
      carbon atoms.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the practice of the present invention, the compounds of the present
      invention are manufactured by reacting an alkyl tin halide with an alkali
      phosphate in a neutral solvent. The halide moiety in the alkyl tin halides
      can be selected from a group consisting of chlorine, bromine and iodine.
      After the compounds of the present invention are formed, they can be
      applied to the habitat in an effective amount to control respective mites
      and insects.
PAR  The following examples illustrate the merits of the present invention:
PAC  EXAMPLE 1
      ##SPC1##
PAR  A mixture was formed containing 10.1 grams of tricyclohexyltin chloride
      (0.025 M), 7.6 grams potassium diisopropyl dithiophosphate (0.03 M) and
      100 ml. of acetone. The mixture was heated to reflux for 1.5 hours and
      then filtered. The filtrate was evaporated in vacuo and taken up in water
      (100 ml.) and methylene chloride (100 ml.), dried over magnesium sulfate
      and evaporated in a vacuum to yield 6.5 grams of product.
PAC  EXAMPLE 2
      ##SPC2##
PAR  The procedure of Example 1 was repeated in its entirety except 8.4 grams of
      potassium diisobutyl dithiophosphate was substituted for the potassium
      diisopropyl dithiophosphate.
PAR  Other compounds were made in a similar manner using appropriate starting
      materials. The compounds are listed in Table I.
PAC  TABLE I
      ##SPC3##
PAC  INSECTICIDAL EVALUATION TESTS
PAR  The following insect species are subjected to evaluation tests for
      insecticidal activity.
PA1  1. Housefly (HF) -- Musca domestica (Linn.)
PA1  2. Lygus Bug (LB) -- Lygus hesperus (Knight)
PA1  3. Bean Aphid (BA) -- Aphis fabae (Scop.)
PA1  4. Two-spotted Mite (2-SM) -- Tetranychus urticae (Koch)
PA1  5. Salt-Marsh Caterpillar (SMC -- Estigmene acrea (Drury)
PA1  6. Beet armyworm (BAW) -- Spodoptera exigua (Hubner)
PA1  7. Tobacco budworm (TBW) -- Heliothis virescens (Fabricius)
PAR  Aliquots of the toxicants, dissolved in an appropriate solvent, are diluted
      in water containing 0.002% of a wetting agent, Sponto 221 (a polyoxyether
      of alkylated phenols blended with organic sulfonates). Test concentrations
      range from 0.1% downward to that at which 50% mortality is obtained. In
      the tests, for these species, ten 1-month old nymphs of the Lygus Bug are
      placed in a circular cardboard cage sealed on one end with cellophane and
      covered by a cloth netting on the other. Test concentrations for the Lygus
      Bug ranged from 0.05% downward to that at which 50% mortality was
      obtained. Each of the aqueous suspensions of the candidate compounds are
      sprayed onto the insects through the cloth netting by means of a hand
      spray gun. Percent mortality in each case is recorded after 72 hours, and
      the LD.sub.50 value expressed as percent of toxicant in the aqueous spray
      is recorded. The results are in Table II under Column LB.
PAR  The following procedure is used to test houseflies: A stock solution
      containing 0.1 percent by weight of the toxicant in an appropriate solvent
      is prepared. Aliquots of this solution are combined with 1 milliliter of
      an acetone-peanut oil solution in a glass Petri dish and allowed to dry.
      The aliquots are selected to achieve desired toxicant concentration
      ranging from 100 .mu.g per Petri dish to that at which 50% mortality was
      attained. The Petri dishes are placed in a circular cardboard cage, closed
      on the bottom with cellophane and covered on top with cloth netting.
      Twenty-five female houseflies are introduced into the cage and the percent
      mortality is recorded after 48 hours. The LD.sub.50 values are expressed
      in terms of .mu.g per 25 female flies. LD.sub.50 values obtained in the
      above-mentioned housefly test are found in Table II under Column HF.
PAR  The compound is dissolved in the appropriate solvent and diluted to a
      concentration of 0.1 percent with water containing 0.015% Sponto 221. A
      portion of the leaf from a bitter dock (Rumex obtusifolius) plant is
      immersed in the test solution for 10 seconds and allowed to dry. When dry,
      the leaf is placed in a Petri dish containing a 9 cm disc of moistened
      filter paper. Five 3rd-instar saltmarsh caterpillar larvae are placed on
      the treated leaf. Mortality is recorded after 72 hours. Test
      concentrations range from 0.1 percent to that at which 50% mortality is
      obtained. This latter concentration is recorded as the LD.sub.50 value for
      the test compound.
PAR  The test method for the cotton bollworm, beet armyworm and tobacco budworm
      is identical to the above except that Romaine lettuce (Lactuca sativa) is
      used as the test plant rather than bitter dock.
PAR  The compounds are also active against two-spotted mite (2-SM) Tetranychus
      urticae (Koch). Pinto bean plants (Phaseolus sp.) are utilized as the host
      plant and infested with 50 to 75  mites of various ages. Twenty-four hours
      after infestation, they are sprayed to the point of run off with aqueous
      suspension of the toxicant. Test concentrations range from 0.05% to that
      at which 50% mortality is obtained. The values obtained in this test are
      found in Table II under the Columns 2SM-PE and 2SM-Eggs.
PAR  The compounds are also active against bean aphid (Aphis fabae (Scop.)) as a
      contact toxicant. The same test procedure as given for the two-spotted
      mite above is used for the bean aphid except nasturtium (Tropaeolum sp.)
      plants approximately 2 to 3 inches tall are used as the host plant. The
      LD.sub.50 values obtained for the compounds of this invention are found in
      Table II under Column BA.
PAR  The compounds of this invention are generally embodied into a form suitable
      for convenient application. For example, the compounds can be embodied
      into pesticidal composition which are provided in the form of emulsions,
      suspensions, solutions, dusts and aerosol sprays. In general, such
      compositions will contain, in addition to the active compound, the
      adjuvants which are found normally in pesticide preparations. In these
      compositions, the active compounds of this invention can be employed as
      the sole pesticide component or they can be used in admixture with other
      compounds having similar utility. The pesticide compositions of this
      invention can contain, as adjuvants, organic solvents, such as sesame oil,
      xylene range solvents, heavy petroleum, etc.; water; emulsifying agents;
      surface active agents; talc; pyrophyllite; diatomite; gypsum; clays;
      propellants, such as dichlorodifluoromethane, etc. If desired, however,
      the active compounds can be applied directly to feedstuffs, seeds, etc.
      upon which the pests feed. When applied in such a manner, it will be
      advantageous
TBL                                    TABLE II                                
     __________________________________________________________________________
     2SM                                                                       
          HF    LB   BA     PE  EGGS SMC   BAW   TBW                           
     Example                                                                   
          .mu.g/25 +                                                           
                %    %      %    %   %     %     %                             
     __________________________________________________________________________
     1    &gt;100  &gt;.05 .008  0.0008                                              
                                0.03 0.03  0.01  &gt;.1                           
     2    100   &gt;.05 .03   0.0008                                              
                                0.003                                          
                                     0.03  0.03  0.08                          
     3    80    .05  .01   0.0005                                              
                                0.003                                          
                                     0.1   0.05  0.1                           
     4    80    .05  .03   0.0008                                              
                                0.003                                          
                                     &gt;.1   0.03  &gt;.1                           
     5    85    .05  .03   0.001                                               
                                0.008                                          
                                     0.05  0.01  &gt;.1                           
     6    50    &gt;.05 .01   0.001                                               
                                0.003                                          
                                     0.01  0.03  &gt;.1                           
     7    50    &gt;.05 .03   0.003                                               
                                0.008                                          
                                     0.008 0.008 0.1                           
     8    90    &gt;.05 .05   0.0005                                              
                                0.003                                          
                                     --    0.01  0.1                           
     9    100   &gt;.05 &gt;.05  0.0003                                              
                                0.008                                          
                                     &gt;10   --    &gt;.1                           
     10   80    &gt;.05 .03   0.0005                                              
                                0.008                                          
                                     .1    .01   .01                           
     11   65    &gt;.05 .05   0.0003                                              
                                0.003                                          
                                     .1    .01   &gt;.1                           
     12   65    &gt;.05 .03   0.0003                                              
                                0.003                                          
                                     .1    .01   &gt;.1                           
     13   65    &gt;.05 .03   0.0003                                              
                                0.003                                          
                                     .1    .03   &gt;.1                           
     14   65    &gt;.05 .05   0.0003                                              
                                0.003                                          
                                     &gt;.1   --    &gt;.1                           
     15   65    &gt;.05 .03   0.0008                                              
                                0.003                                          
                                     &gt;.1   .05   &gt;.1                           
     16   65    &gt;.05 .01   0.0003                                              
                                0.0008                                         
                                     0.03  &lt;0.005                              
                                                 .008                          
     __________________________________________________________________________
PAL  to use a compound which is not volatile. In connection with the activity of
      the presently disclosed pesticidal compounds, it should be fully
      understood that it is not necessary that they be active as such. The
      purposes of this invention will be fully served if the compound is
      rendered active by external influences, such as light or by some
      physiological action which occurs when the compound is ingested into the
      body of the pest.
PAR  The precise manner in which the pesticidal compositions of this invention
      are used in any particular instance will be readily apparent to a person
      skilled in the art. Generally, the active pesticide compound will be
      embodied in the form of a liquid composition; for example, an emulsion,
      suspension, or aerosol spray. While the concentration of the active
      pesticide in the present compositions can vary within rather wide limits,
      ordinarily the pesticide compound will comprise not more than about 15.0%
      by weight of the composition. Preferably, however, the pesticide
      compositions of this invention will be in the form of solutions or
      suspensions containing about 0.1 to 1.0% by weight of the active pesticide
      compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter consisting of the formula
      ##EQU3##
      wherein R.sub.1 and R.sub.2 are selected from radicals consisting of lower
      alkoxy having 1-6 carbon atoms and cyclohexoxy.
NUM  2.
PAR  2. A composition of claim 1 wherein R.sub.1 and R.sub.2 are
      ##EQU4##
NUM  3.
PAR  3. A composition of claim 1 wherein R.sub.1 and R.sub.2 are
      ##EQU5##
NUM  4.
PAR  4. A composition of claim 1 wherein R.sub.1 and R.sub.2 are --O--CH.sub.2
      --CH.sub.2 --CH.sub.3.
NUM  5.
PAR  5. A composition of claim 1 wherein R.sub.1 and R.sub.2 are --O--C.sub.2
      H.sub.5.
NUM  6.
PAR  6. A composition of claim 1 wherein R.sub.1 and R.sub.2 are
      ##SPC4##
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ABST
PAL  High purity synthetic zeolites having open frameworks, such as offretite,
      uncontaminated with detectable traces of other zeolites, can be
      synthesized by the hydrothermal reaction of a silica source, alumina
      source, sodium hydroxide and/or potassium hydroxide in the presence of a
      zeolite nucleation slurry synthesized from a mixture of a silica source,
      alumina source, sodium hydroxide and/or potassium hydroxide and an organic
      template agent. The preferred organic template agents are the quaternary
      compounds wherein the central element is one from Group 5A of the Periodic
      Table and various conjugated aromatic compounds. The zeolite synthesis
      mixture itself does not contain any organic ion template agent. With this
      organic template agent not being required, the nucleation slurry is used
      to promote crystallization of the synthesis mixture to the open framework
      type of zeolite.
BSUM
PAR  This invention relates to a new method for producing high purity synthetic
      open framework zeolites such as offretite. In a particular embodiment this
      invention relates to a method of producing a synthetic offretite which is
      not contaminated with any detectable traces of other zeolites by a rapid
      crystallization technique. It is also a particular embodiment of this
      invention that these zeolites can be synthesized without the requirement
      of high contents of organic template agent in the synthesis slurry.
PAR  The term "organic template agent" as used in this application applies to a
      compound which in the synthesis of a zeolite supplies a cation which
      functions as a template around which the zeolite structure forms. That is,
      it functions as a mold around which the zeolite structure can grow. When
      these open framework zeolites are being synthesized, it has been found
      that a compound having molecular dimensions similar to that of the
      internal structure of the zeolite is essential. Thus, by the use of
      compounds having various molecular dimensions, various open framework
      zeolites can be produced.
PAR  Offretite is an open framework zeolite which has been known to exist in
      nature since about 1900. Other naturally occurring open framework zeolites
      include erionite, mordenite, ferrierite, gmelenite, levynite and
      phillipsite.
PAR  Synthetic open framework zeolites include those which have been designated
      as zeolite L, zeolite S, zeolite omega, zeolite ZK-4, zeolite ZSM-5,
      zeolite ZSM-8, zeolite ZSM-4, zeolite ZSM-11, zeolite rho and zeolite
      alpha. The synthesis of these open framework type zeolites requires the
      presence of an organic template agent in order for this novel framework to
      form. That is, up until this time it has been considered that these
      zeolites could not be effectively synthesized in a high purity without the
      use of the various costly organic reagents. It has now, however, been
      known that these zeolites can be synthesized from a reaction admixture by
      the hydrothermal reaction of a solution mixture which contains an alumina
      source, a silica source, sodium hydroxide and optionally potassium
      hydroxide. That is, these are the only components required when a
      synthesis nucleation slurry is also used in the reaction admixture. The
      synthesis nucleation slurry is composed of an aged admixture of an alumina
      source, a silica source, sodium hydroxide, optionally potassium hydroxide
      and an organic template agent. This nucleation slurry mixture, when
      present in an amount of about 1 percent to about 10 percent by weight of
      the synthesis mixture, is sufficient to cause the synthesis mixture to
      crystallize into an open framework zeolite structure. The advantage here
      is that only small amounts of the costly organic template agent need be
      utilized.
PAR  The nucleation slurry is in essence a synthesis slurry which after aging
      could be crystallized to the same zeolite which is used to induce
      crystallization. That is, a synthesis slurry which contains an organic
      template agent in order to form a particular open framework zeolite can be
      taken after the aging step, i.e., prior to crystallization, and added to a
      similar synthesis slurry which omits the organic template agent, and this
      large mixture can be converted to the open framework zeolite. The prime
      discovery therefore is that an aged synthesis slurry which contains the
      organic template agent which forms and maintains the open spaces until the
      framework sets to a crystal structure, can be used to induce the formation
      of that zeolite from a synthesis slurry which does not contain any organic
      template agent. Somehow the aged nucleation slurry induces crystallization
      of the synthesis slurry to the same open framework organic to which the
      aged nucleation slurry could be crystallized. However, without the use of
      the nucleation slurry or an orgaanic template agent, the synthesis slurry
      could not on its own be crystallized to that zeolite. The template ion
      containing nucleation slurry therefore catalyzes, seeds or otherwise
      directs the physical process of crystallization in a specific direction.
PAR  The method of synthesizing the open framework zeolites yields many
      commercial advantages. One advantage, as has been discussed, is that a
      significantly decreased amount of the organic template agent can be used.
      A second advantage is that the open framework zeolite forms more rapidly
      during the crystallization step. Another advantage is that the zeolite is
      synthesized in a higher purity.
PAR  It is therefore a prime object of this invention to set out a technique for
      rapidly crystallizing open framework zeolite structures by a crystal
      nucleation technique. It is also a prime object of this invention to set
      out a novel process whereby open framework zeolites can be synthesized in
      high purity without the requirement of large amounts of organic template
      agents in the zeolite synthesis slurry mixture.
PAR  The nucleation mixture is essentially the synthesis slurry reaction mixture
      along with the organic template compound. The procedure for synthesis of
      the particular zeolite is to age the nucleation mixture, and then add this
      aged nucleation mixture in an amount of about 1 to 50 percent by weight to
      the slurry synthesis mixture. The combined mixture is then aged for a
      period of about 5 to 100 hours at 60.degree. C to 150.degree. C whereby
      the open framework structure forms and crystallizes. The zeolite slurry is
      then washed by any conventional technique until the wash medium is
      substantially free of cations, dried by heating to a temperature of more
      than 100.degree. C.
PAR  It is not known exactly what is happening in this process sequence; however
      it can be theorized that the nucleation mixture contains nuclei of the
      particular open framework zeolite and induces like formation in the slurry
      synthesis mixture. It was surprising, however, to find that when such a
      nucleation slurry mixture is used that the organic template agent need not
      be used in the slurry reaction mixture. This was unexpected since to form
      these open framework zeolites it is considered that there must be some
      ion, usually a cation, present to maintain the open structure up to and
      through the time of crystallization of the aluminosilicate to its rigid
      crystalline zeolite framework. That is, there must be some ion present
      around which this open framework type of structure forms in order to
      maintain this type of structure through crystallization.
PAR  The organic template compounds which are useful in producing the nucleation
      mixtures are quaternary compounds of group 5A elements, such as nitrogen,
      phosphorus and various complex organic ring compounds. These compounds
      yield template cations in aqueous mixtures. The quaternary compounds are
      generally expressed by the following formula:
EQU  R.sub.4 M.sup.+ A.sup.-
PAL  wherein M is an element of group 5A of the Periodic Table, R is an alkyl or
      aryl group containing 1 to 7 carbon atoms and A.sup.-  is the compound
      balancing anion. Although normally each alkyl or aryl group will be the
      same, it is not necessary that each group be the same type or have the
      same number of carbon atoms in the chain. The quaternary compounds which
      are preferably used as the template ion materials are those such as
      tetramethyl, tetraethyl, tetrapropyl, tetrabutyl, benzyltrimethyl,
      neopentyltrimethyl or benzyltriphenyl, ammonium, phosphonium, or arsenium
      sulfate, hydroxide, chloride nitrate, phosphate or other compound
      balancing anion. The preferred quaternary cations are tetramethylammonium,
      tetraethylammonium, tetrapropylammonium, tetrabutylammonium,
      benzyltrimethylammonium, neopentyltrimethylammonium, tetrabutylphosphonium
      and benzyltrimethylphosphonium. The complex organic ring compounds which
      have been found useful as templates are 1-methyl-1,4 diazoniacyclo(2.2.2)
      octane, 5-azonia-spiro(4.4) nonane, also known as bisprrolidinium, and
      6-azonia-spiro (4.5) decane.
PAR  Obviously there will be some organic template ion present in the resulting
      synthesized zeolite. These organic template ions are those which are
      derived from the zeolite nucleation slurry. These are associated with a
      small portion of the anionic sites in the offretite structure. The organic
      template ions can be removed either by ion exchanging them from the
      crystalline lattice structure or, preferably, they can be removed in a
      calcination step during which the organic portions are decomposed and exit
      the zeolite as carbon and other oxidation products. In most instances,
      since the content of organic template ion is so low, there need not be a
      separate step for their removal. The resulting product after calcination
      is a synthetic zeolite having a silica to alumina ratio in the range of
      about 2 to 15. Any alkali ions such as sodium ions and potassium ions
      remaining in the zeolite structure can be exchanged with ammonium ions,
      additional sodium or potassium ions or metal ions in groups IIA, VA, IB to
      VIII B and Group VIII of the Periodic Chart of the Elements. The mode of
      exchange can be by any known technique. A very useful method of exchange
      is to contact the zeolite with an aqueous solution which contains the
      desired ions to be exchanged into the zeolite structure with or without
      heating in one or more contacting operations. When multiple contacting
      steps are used there may also be an intermediate heat treating of the
      partially exchanged offretite between the various contacting steps.
PAR  The synthetic zeolite products produced by this process have been analyzed
      using x-ray diffraction and an analysis of the adsorption capacity for
      various gaseous and liquid substances. The Guinier photographic x-ray
      diffraction technique is the most sensitive since it is a direct
      comparison with the materials which are present or could be present in the
      material being analyzed. That is, the sample which is being alalyzed is
      being contacted with x-rays as well as samples of materials which are
      known or thought to be present. In these analyses no x-ray diffraction
      lines of zeolites other than that being synthesized showed up in the
      photographs. In the specific synthesis of offretite, only the diffraction
      lines of offretite were in the photograph. If there were even low contents
      of other zeolites present in the synthesized offretite, this would be
      detectable using the Guinier photographic x-ray diffraction technique.
PAR  In general the nucleation slurry mixture for promoting the crystallization
      of the open framework zeolites has a composition in the range of:
EQU  2-8 Z.sub.2 O: Al.sub.2 O.sub.3 : 2- 20 SiO.sub.2 : 120-400 H.sub.2 O
PAL  wherein Z.sub.2 O is a mixture containing Na.sub.2 O, R.sub.2 O and
      optionally K.sub.2 O, R being an organic molecule. The alumina component
      may be sodium aluminate, aluminum sulfate, potassium aluminate, alumina or
      a mixture of these alumina sources. The silica component may be sodium
      silicate, an amorphous silica such as precipitated silica or a silica gel,
      potassium silicate or a mixture of these silica sources. The sodium oxide
      component is supplied by means of sodium hydroxide and the sodium
      component of sodium silicate and sodium aluminate. When potassium oxide is
      present this is usually added as potassium hydroxide. When this slurry has
      been aged it is in a condition to promote crystallization of a synthesis
      slurry even though the nucleation slurry itself has no detectable
      crystallinity. The synthesis slurry will have the same composition of
      components except minus the organic template ion. That is, the synthesis
      slurry will have the general composition:
EQU  2-8 A.sub.2 O: Al.sub.2 O.sub.3 : 2-20  SiO.sub.2 : 120-400 H.sub.2 O
PAL  wherein A.sub.2 O is Na.sub.2 O and optionally K.sub.2 O. The alumina and
      silica components are supplied by the same sources as for the nucleation
      slurry. The amount of nucleation slurry added to the synthesis slurry may
      be in the range of about 1 to 50 percent by volume or more. Preferably the
      amount added is in the range of 2 to 20 percent by volume.
PAR  The following more detailed description of the invention will be discussed
      in relation to the synthesis of offretite which is exemplary of the open
      framework zeolites. However, the same procedure would apply to the
      synthesis of other open framework zeolite structures. In order to
      synthesize other open framework zeolite structures there need only be an
      adjustment of the reaction components in the zeolite nucleation slurry
      mixture and in the zeolite synthesis slurry mixture effective to produce
      that zeolite. That is, the zeolite nucleation slurry mixture is adjusted
      so that on aging there will be nuclei of the desired zeolite formed in the
      slurry. The offretite zeolite nucleation slurry mixture in this instance
      is formed from a silica source, an alumina source, Na.sub.2 O source,
      K.sub.2 O source and a Group 5A organic quaternary ion blocking agent
      source. The nucleation slurry has a component admixture molecular formula
      as follows:
EQU  2-8 Z.sub.2 O: Al.sub.2 O.sub.3 : 7-18 SiO.sub.2 : 140-250 H.sub.2 O
PAL  wherein Z.sub.2 O is a mixture of about 2 to 5, Na.sub.2 O, 0.4 to 4,
      K.sub.2 O and 0.3 to 3 of an organic template ion (R.sub.4 M).sub.2 O.
      This admixture is then aged at from about 0.degree. C to about 120.degree.
      C for from 12 to 300 hours whereby nuclei form in the admixture. When this
      nucleation admixture is added to an offretite synthesis slurry which has
      essentially the following molecular composition:
EQU  2-8 A.sub.2 O: Al.sub.2 O.sub.3 : 7-18 SiO.sub.2 : 140-250 H.sub.2 O
PAL  wherein A.sub.2 O is a mixture of about 2 to 5, Na.sub.2 O and 0.4 to 4;
      K.sub.2 O, and this resulting mixture is heated at about 60.degree. C to
      150.degree. C for from 5 to 40 hours, an offretite containing no
      detectable amounts of other zeolite contaminants is produced. The
      nucleation slurry mixture which is added has the effect of causing the
      synthesis admixture which in itself does not contain any organic template
      agent to convert to an offretite zeolite. The overall quantity of organic
      agent used is thereby kept to a minimum since preferably about 1 to 20
      percent by weight of the nucleation slurry is used in producing the
      zeolite. This translates into a decreased use of 80 to 99 percent of the
      organic template ion. This is a significant decrease considering that the
      organic template compounds are the most costly ingredients.
PAR  The open framework zeolite offretite is advantageously formed from a
      synthesis slurry having a component molar ratio of 1.6 Na.sub.2 O: 2.0
      K.sub.2 O: Al.sub.2 O.sub.3 : 10.0 SiO.sub.2 : 160 H.sub.2 O.
PAR  The analysis of the synthetic offretite minerals in regard to their
      adsorption capacity for large organic molecules showed them to have the
      capacity of a pure mineral offretite. These synthetic offretite materials
      exhibited a good capacity for benzene, paraxylene and metaxylenes, without
      the heretofore requirement of burning out the template ion.
PAR  The following examples are set out to further illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the advantages of this synthesis method by
      contrasting the products formed using this ion synthesis concept and
      products formed by the conventional methods.
PAR  A nucleation slurry (Slurry A) was prepared by dissolving 18 gm. KOH and 37
      gm. NaOH in 400 gm. H.sub.2 O, adding 35 gm. tetramethylammonium chloride
      (TMA Cl) and heating until all the salts dissolved. 31 gm. of alumina
      tri-hydrate were then added to this solution, and the mixture heated at
      90.degree. C until the alumina dissolved; this solution was then cooled to
      room temperature. 400 gm. of a colloidal silica (30 percent SiO.sub.2)
      were then added to a blender, and the alumina solution was slowly added
      with vigorous agitation and blended for 5 minutes. A second slurry (slurry
      B) was then prepared in the same manner as slurry A, but excluding the
      addition of the template compound (TMACl).
PA1  i. A 500 gm. sample of slurry A was hot-aged in a stirred kettle at
      100.degree. C. After 50 hours offretite started to form in the slurry and
      after 72 hours the offretite x-ray pattern achieved a maximum value but
      showed a minor amount of erionite. After washing this sample and calcining
      for 1 hour at 1000.degree. F, the offretite had a nitrogen surface area of
      400 m.sup.2 /gm.
PA1  ii. A 500 gm. sample of slurry A was cold-aged at room temperature for 3
      days, then 5 percent of this aged slurry were added 95 percent of a
      freshly prepared slurry A. The mixture was then hot-aged at 95.degree. C
      and stirred constantly. Offretite was observed after 30 hours, and the
      offretite yield reached a maximum value after 60 hours. When this sample
      was washed and calcined at 1000.degree. F for 1 hour the product had a
      nitrogen surface area of 400 m.sup.2 /gm. There was no discernible amount
      of erionite present.
PA1  iii. A 500 gm. sample of slurry A was aged at room temperature for 3 days,
      the 5 vol. percent of this aged slurry were added to 95 vol. percent of a
      freshly made slurry B. The mixture was then hot-aged at 95.degree. C with
      stirring. After 25 hours the offretite started to appear in quantity and
      reached a maximum after 29 hours, with no discernible impurity. After
      washing and calcining this product had a surface area of 520 m.sup.2 /gm.
PAR  The procedure (iii) is the most efficient for producing high purity
      offretite. Slurry A nucleates slurry B and directs the comparatively rapid
      crystallization of slurry B to offretite.
PAC  EXAMPLE 2
PAR  This example illustrates the formation of zeolite ZK-4. This zeolite is
      crystallized from the following precursor mixture:
EQU  3.4 TMA.sub.2 O: 1.46 Na.sub.2 O: Al.sub.2 O.sub.3 : 3.9 SiO.sub.2 : 350
      H.sub.2 O
PAR  a sodium aluminate solution is formed by dissolving 13.5 g. of alumina
      tri-hydrate in a solution of 10.2 g. sodium hydroxide in 33 g. of water
      maintained at about 80.degree. C. This solution was then cooled, followed
      by the addition of 20 g. of water and reheated to boiling. This solution
      is designated Solution A.
PAR  A second solution (Solution B) is formed by dissolving 20.2 g. of silica
      powder in 535 g. of 10 percent tetramethylammonium (TMA) hydroxide.
      Solution B was poured into a high speed mixer, and Solution A was slowly
      added. The mixture of these solutions (Solution A-B) was hot aged in
      sealed containers in an oven at 105.degree. C for 24 hours. The resulting
      mixture was suction filtered, washed with water and dried in an oven at
      110.degree.-120.degree. C. This zeolite product has the diffraction patter
      of ZK-4, and a surface area of 460 m.sup.2 /g. after calcining at
      1000.degree. F for 3 hours.
PAR  This is the conventional synthesis technique for ZK-4. The improved process
      of this invention is as follows:
PAR  A solution having the composition of:
EQU  4.8 Na.sub.2 O: Al.sub.2 O.sub.3 : 3.9 SiO.sub.2 : 350 H.sub.2 O
PAL  was formed by dissolving 10.8 g. of alumina tri-hydrate in a hot solution
      of 26.9 g. of sodium hydroxide in 50 g. of water. This was then rapidly
      with vigorous mixing to a slurry of 16.3 g. of amorphous silica in 300 g.
      of water. This is designated as Mixture C.
PAR  A portion of the above Solution A-B was aged at 25.degree. C for 72 hours.
      A volume of Solution A-B equivalent to 10 percent by volume of Mixture C
      was added to Mixture C with mixing, and the combination aged in a closed
      vessel at 105.degree. C for 15 hours. The product was suction filtered,
      water washed and dried in an oven at 110.degree. C. The product had the
      x-ray diffraction pattern of ZK-4 and after activation at 800.degree. F
      for 1 hour, a surface area of 470 m.sup.2 /g.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was repeated except that 5 percent by volume of
      Solution A-B was added to Mixture C. After being aged for 15 hours at
      105.degree. C the product was suction filtered, water washed and dried at
      110.degree. C to 120.degree. C. The zeolite product has the x-ray
      diffraction pattern of ZK-4, and after activation at 800.degree. F for 1
      hour a surface area of 430 m.sup.2 /g.
PAR  This example illustrates that the amount of organic template ion necessary
      to form these open framework zeolites can be decreased considerably when
      the nucleation technique is used. The nucleated slurry composition in
      Example 2 had a composition:
EQU  0.3 (TMA).sub.2 O: 4.7 Na.sub.2 O: Al.sub.2 O.sub.3 : 3.9 SiO.sub.2 : 350
      H.sub.2 O
PAL  the nucleated slurry composition in Example 3 had the composition:
EQU  0.16 (TMA).sub.2 O: 4.7 Na.sub.2 O: Al.sub.2 O.sub.3 : 3.9 SiO.sub.2 : 350
      H.sub.2 O
PAL  in comparison, the conventional process requires a composition of:
EQU  3.4 (TMA).sub.2 O: 1.46 Na.sub.2 O.sub.3 : Al.sub.2 O.sub.3 : 3.9 SiO.sub.2
      : 350 H.sub.2 O
PAL  only 5 to 10 percent of the organic template compound need be used when the
      present nucleating method is used. In a cost comparison sodium hydroxide
      is considerably less costly than the organic compounds. Further, the
      nucleating process requires less in-line process time. The cold aging of
      Solution A-B is not in-line, and thus is not a process rate affecting
      factor. On the average, 10 hours can be saved using the nucleating
      process.
PAR  After washing the zeolite is dried by heating to above 100.degree. C,
      preferably to about 110.degree. C to 150.degree. C. The zeolite may then
      be activated by heating at temperatures of about 150.degree. C to
      800.degree. C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of synthesizing zeolites having an open framework and requiring
      organic template ions comprising:
PA1  forming a first aqueous mixture of a silica source, alumina source and
      alkali metal hydroxide in a mole ratio of:
PA1  2-8 A.sub.2 O: Al.sub.2 O.sub.3 : 2-20 SiO.sub.2 : 120-400 H.sub.2 O,
      wherein A.sub.2 O is alkali metal oxide;
PA1  forming a second aqueous mixture of a silica source, alumina source, alkali
      metal hydroxide and an organic template compound in a mole ratio of
EQU  2-8 Z.sub.2 O: Al.sub.2 O.sub.3 : 2-20 SiO.sub.2 : 120-400 H.sub.2 O,
PAL  wherein Z.sub.2 O is a mixture of alkali metal oxide and organic template
      ion;
PA1  aging said second aqeuous mixture for 12 to 300 hours at about 0.degree. C
      to 120.degree. C;
PA1  adding a portion of said second aged aqueous mixture to said first aqueous
      mixture and maintaining the resulting mixture at about 60.degree. C to
      150.degree. C for about 5 to 100 hours; and
PA1  separating said open framework zeolite from the aqueous mixture.
NUM  2.
PAR  2. A method as in claim 1 wherein said second aqueous mixture comprises
      about 1 to 20 percent by weight of said resulting mixture.
NUM  3.
PAR  3. A method as in claim 2 wherein said silica source is selected from the
      group consisting of amorphous silicas, sodium silicate, potassium silicate
      and mixtures thereof, and said alumina source is selected from the group
      consisting of alumina, sodium aluminate, potassium aluminate and mixtures
      thereof.
NUM  4.
PAR  4. A method as in claim 3 wherein said silica source is sodium silicate and
      said alumina source is selected from the group consisting of alumina or
      aluminum hydroxide.
NUM  5.
PAR  5. A method as in claim 2 wherein said first aqueous mixture has a
      component ratio of:
EQU  1.6 Na.sub.2 O: 2.0 K.sub.2 O: Al.sub.2 O.sub.3 : 10.0 SiO.sub.2 : 160
      H.sub.2 O
PAL  and wherein said open framework zeolite is offretite.
NUM  6.
PAR  6. A method as in claim 3 wherein said organic template ion is a Group 5A
      quaternary compound having the formula:
EQU  (R.sub.4 M).sup.+A.sup.-
PAL  wherein R is hydrocarbon radical containing 1 to 7 carbon atoms, M is
      selected from the group consisting of phosphorous and nitrogen and A.sup.-
      is an anion selected from the group consisting of hydroxide, chloride,
      sulfate, nitrate or phosphate.
NUM  7.
PAR  7. A method as in claim 6 wherein said organic molecule R is selected from
      the molecule group consisting of tetramethylammonium, tetraethylammonium,
      tetrapropylammonium, tetrabutylammonium, benzyltrimethylammonium,
      neopentyltrimethylammonium, tetrabutylphosphonium,
      benzyltrimethylphosphonium, 1-methyl-1,4 diazoniacyclo (2.2.2) octane,
      5-azonia-spiro (4.4) nonane and 6-azonia-spiro (4.5) decane.
NUM  8.
PAR  8. A method as in claim 6 wherein said organic molecule R is
      tetramethylammonium.
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ABST
PAL  The conversion of carbon monoxide and hydrogen to produce methane is
      catalyzed by a layered complex metal silicate composition characterized as
      having repeating units of the structural formula
EQU  [(1-x)Ni.sup.a + xRu.sup.b ].sub.n (OH).sub.4 Si.sub.2 O.sub.5.wH.sub.2 O
PAL  where x is a number from 0 to 1, this number expressing the atomic fraction
      of the metals nickel and ruthenium, a is the valence of nickel, b is the
      valence of ruthenium, n is a number equal in value to that defined by the
      ratio
EQU  6/[a(1-x) + bx]
PAL  And w is a number ranging from 0 to 4. Nickel chrysotile is the preferred
      catalyst.
BSUM
PAR  This invention relates to the conversion of carbon oxides such as carbon
      monoxide and carbon dioxide and hydrogen to methane using an improved
      metal chrysotile catalyst. In particular this invention relates to the use
      of nickel chrysotile or ruthenium chrysotile for the conversion of carbon
      monoxide and hydrogen to methane.
PAC  BACKGROUND OF THE INVENTION
PAR  The limited supplies of natural gas (methane) in the United States,
      together with its great usefulness, have provided the necessary incentive
      for the discovery and development of techniques to produce synthetic
      natural gas (SNG) by a reaction known as methanation. The methanation
      reaction generally involves the conversion of synthesis gas to methane and
      water in the presence of a suitable catalyst. Synthesis gas is a mixture
      of CO and hydrogen and can be produced by the gasification of coal with
      steam and oxygen. Suitable catalysts for methanation are described in the
      prior art and include iron, nickel and ruthenium, among others. The Bureau
      of Mines Report of Investigation 5137 entitled "Synthesis of Methane" by
      Murrat Greyson et al. (July 1955) reports that nickel is superior to iron
      and that the techniques of catalyst preparation determine to a large
      extent the process life of the nickel catalyst.
PAR  The nickel catalysts investigated by the Bureau and others are typically
      prepared by precipitating nickel salts such as nickel nitrate onto various
      supports such as alumina or kieselguhr. In addition to poor aging
      characteristics, prior art nickel catalysts suffer from their tendency to
      promote undesired side reactions such as the disproportionation of the CO
      to CO.sub.2 and the formation of carbon either by the decomposition of CO
      or the formation of higher molecular weight hydrocarbons which eventually
      deposit and form coke.
PAR  A superior methanation catalyst has now been discovered which tends to
      avoid coke and the disproportionation of CO to CO.sub.2 at high
      temperatures and in addition tends to maintain substantially complete
      conversion of CO in synthesis gas over longer periods of time at any given
      nickel level and temperature.
PAR  An improved methanation reaction is accomplished in accordance with the
      invention by contacting CO, CO.sub.2, or mixtures of these carbon oxides
      and hydrogen wherein the molar ratio of hydrogen to the carbon oxides is
      at least 2:1 under methanation conditions in the presence of a catalyst
      comprising a crystalline layered complex metal silicate characterized as
      having repeating units having the structural formula:
EQU  8 (1 -x) Ni.sup.a + xRu.sub.b ].sub.n (OH).sub.4 Si.sub.2 O.sub.5.sup..
      wH.sub.2 O
PAL  where x is a number from 0 to 1, this number expressing the atomic fraction
      of the metals nickel and ruthenium, a is the valence of nickel, b is the
      valence of ruthenium, n is a number equal in value to that defined by the
      ratio
EQU  6/[ a(1-x) + bx]
PAL  and w is a number ranging from 0 to 4.
PAR  The improved methanation catalyst for use in the process of this invention
      is a known layered complex metal silicate wherein the metal is selected
      from nickel, ruthenium, or mixtures of these metals. These layered complex
      metal silicates and their methods of preparation are described, for
      example, in U.S. Pat. No. 3,729,429 to Robson issued Apr. 24, 1973. The
      specification of the Robson patent is incorporated herein by reference for
      the purpose of providing a fuller description of the catalyst and a method
      of preparing the catalyst. It is realized that the materials described by
      Robson encompass many complex metal silicates while only the nickel and
      ruthenium or mixed nickel-ruthenium complex metal silicates are claimed in
      this specification as useful materials to promote the methanation
      reaction. Robson in his specification describes his metal silicates as
      useful catalytic agents in hydrocarbon conversion reactions. Illustrative
      of such reactions are aromatization, isomerization, hydroisomerization,
      cracking, hydrocracking, polymerization, alkylation, dealkylation,
      hydrogenation and dehydrogenation, desulfurization, denitrogenation and
      reforming (see Col. 3, lines 14-18 of the '429 Robson patent). Nowhere
      does Robson teach or indicate that his materials, especially the nickel or
      ruthenium forms, are useful for the synthesis as contrasted with the
      conversion of hydrocarbons and in particular the synthesis of methane.
PAR  More specifically, the catalyst used to promote the desired methanation
      reaction in accordance with this invention is a crystalline layered
      complex metal silicate composition characterized as having repeating units
      having the structural formula
EQU  [(1-x)Ni.sup.a - xRu.sup.b ].sub.n (OH).sub.4 Si.sub.2 O.sub.5.wH.sub.2 O
PAL  where x is a number from 0 to 1, this number expressing the atomic fraction
      of the metals nickel and ruthenium, a is the valence of nickel, b is the
      valence of ruthenium, n is a number equal in value to that defined by the
      ratio
EQU  6/[ a(1-x) + bx]
PAL  and w is a number ranging from 0 to 4.
PAR  The preferred metal silicate is where x in the above formula equals 0. The
      resulting material is a nickel chrysotile, and naturally occurring nickel
      chrysotile is known as garnierite.
PAR  Thus either naturally occurring nickel chrysotile can be employed to
      promote the subject reaction, or, more preferably, a synthetically
      prepared nickel chrysotile can be employed. One suitable method of
      preparing the catalysts of this invention is, as noted above, by the
      technique of Robson in U.S. Pat. No. 3,729,429. As noted by Robson at the
      top of Column 4, Ni.sub.3 (OH).sub.4 Si.sub.2 O.sub.5 (garnierite) is
      found in nature in the form of tubes. Robson acknowledges that synthetic
      garnierite has been prepared by prior art workers. The nickel chrysotile
      used in the working examples later in this specification, however, was
      prepared in accordance with the techniques of Robson and thus the Robson
      technique is the preferred, although not the only, method of preparing the
      catalyst for use in the subject invention. In general, this process is to
      initially synthesize a gel by coprecipitation of the metal oxide or
      hydroxide with hydrous silica gel in an alkaline medium wherein the pH is
      above 10, preferably about 12 to 14. The composition of the metal
      hydroxide layer of the crystal is fixed by selecting the concentration of
      nickel and ruthenium salts to vary the ratio of nickel to ruthenium as
      desired. Any water soluble nickel or ruthenium salts can be employed.
      After the desired gel is produced, it is heated at from about 200.degree.
      to 350.degree.C., preferably 250.degree. to 275.degree.C., so that the
      chrysotile product is crystallized from the synthesis gel with rejection
      of excess water and soluble salts which are removed by filtration and
      washing. The complex metal silicates as defined above are generally
      prepared synthetically in hydrated form and are then converted to a
      dehydrated form by heating prior to use or in situ operation. Since the
      dehydration reaction is reversible and since water is produced during the
      methanation reaction, the exact degree of hydration of the catalyst as the
      reaction proceeds is not known. Thus w in the above formula is defined as
      ranging from 0 to 4 to indicate that the degree of hydration of the
      catalyst may vary.
PAR  The nickel, ruthenium or mixed nickel-ruthenium chrysotiles are dried to
      remove surface moisture and may or may not be dehydrated in whole or in
      part by calcination prior to use. The catalyst also, preferably, undergoes
      a mild prereduction before use. Calcination is not essential, nor is
      prereduction with a gas such as hydrogen essential, although varying
      degrees of calcination and/or prereduction may occur. Since the
      methanation reaction is operated at elevated temperatures and in the
      presence of reducing gases, dehydration and reduction of the catalyst will
      occur during the methanation reaction. Precalcination can suitably occur
      at temperatures of 300.degree. to 500.degree.C. for 2 to 10 hours.
      Prereduction using a gas such as H.sub.2 at flow rates of 50 to 500 cc/min
      can also suitably occur at temperatures of 300.degree. to 500.degree.C.
      for 2 to 10 hours.
PAR  The charge stock for the methanation reaction comprises hydrogen and at
      least one carbon oxide selected from the group consisting of CO and
      CO.sub.2 wherein the molar ratio of hydrogen to combined carbon oxides is
      at least 2:1. Preferably the hydrogen to combined carbon oxides molar
      ratio is from about 3:1 to 4:1, although ratios to 10:1 to 100:1 to 1000:1
      or more can be employed.
PAR  Ideally the methanation reaction proceeds in accordance with Equation I
      below when CO is the reactive carbon oxide employed.
PAC  EQUATION I
EQU  CO + 3H.sub.2 .revreaction. CH.sub.4 + H.sub.2 O
PAL  referring to Equation I, stoichiometry indicates that the minimum hydrogen
      to CO mole ratio is 3:1. Hydrogen to CO ratios as low as 2:1 can be used,
      as noted above, but reduced reaction efficiency results. Higher hydrogen
      to CO ratios, e.g., above 3:1, tend to discourage side reactions such as
      the decomposition of CO to form carbon (coke).
PAR  If the hydrogen to CO mole ratio is below about 3:1, a secondary water-gas
      shift reaction can occur as shown by Equation II below:
PAC  Equation II
EQU  CO + H.sub.2 O .revreaction. CO.sub.2 + H.sub.2
PAL  methane and CO.sub.2 may also be produced as shown in Equation III below.
PAC  Equation III
EQU  2CO + 2H.sub.2 .revreaction. CH.sub.4 + CO.sub.2
PAR  if CO.sub.2 is present either initially or via Equations II and III above,
      methane can also be produced as shown in Equation IV below:
PAC  Equation IV
EQU  CO.sub.2 + 4H.sub.2 .revreaction. CH.sub.4 + 2H.sub.2 O
PAR  since hydrogen is the more expensive component of the charge stock, it is
      naturally preferred to keep the CO.sub.2 content of the charge stock as
      low as possible, albeit a charge consisting essentially of CO.sub.2 can be
      employed if desired. The higher molar ratios of H.sub.2 to carbon oxides,
      as noted above, can be used despite the relative high cost of hydrogen, if
      the methanation reaction (Equations I, III and IV above) is intended as a
      method of purifying a stream of small concentrations of CO or CO.sub.2,
      e.g., the purification of hydrogen streams destined for ammonia synthesis.
PAR  The charge stock for the methanation process of this invention can, of
      course, be obtained from any suitable source well known to those in the
      art. For example, if pipeline gas (SNG) is the desired final product, the
      charge stock for the methanation reaction can be derived from the
      gasification of coal with steam and oxygen. Initial coal gasification
      product streams are too low in hydrogen and contain undesirable
      impurities, especially sulfur compounds which tend to deactivate the
      catalysts of this invention. A typical coal gasification product on a
      water-free basis contains about 29% CO.sub.2 ; 19% CO; 38% H.sub.2 ; 13%
      methane and small amounts of H.sub.2 S and nitrogen. Normally these gases
      are purified to remove sulfur (to less than 1 ppm) and the gases are then
      subjected to a water-gas shift reaction (Equation II above) to increase
      the H.sub.2 and thus give a product gas stream which is suitable as a
      charge stock to a methanation reactor, e.g., where the H.sub.2 to combined
      carbon oxides is at least 2:1, preferably 3:1 to 4:1.
PAR  Diluent gases such as nitrogen or steam can also be present in the charge
      stock and the amount of inert material in the charge must be balanced by
      its usefulness as a heat sink versus the reduced space-time yields of
      products which are achieved because of the presence of the diluent. In one
      preferred embodiment of the invention, recycle product consisting
      primarily of methane is used as the diluent heat sink.
PAR  The methanation reaction occurs by contacting the charge stock with the
      desired catalyst under methanation conditions well known in the art. The
      methanation reaction is highly exothermic and, as noted above, it is
      preferred to recycle a portion of the product to serve as a heat sink.
      This can fortunately be done despite the reversibility of Equations I and
      III above because thermodynamics greatly favor the production of methane.
PAR  The charge stock is usually preheated to a temperature of 400.degree. to
      500.degree.F. (204.degree. to 260.degree.C.). This preheated gas is then
      contacted with the metal chrysotile catalyst of this invention under
      methanation conditions. By "under methanation conditions" is meant under
      conditions of temperature, pressure and space velocity for the charge
      stock whereby the desired methane product is produced by the reaction of
      H.sub.2 and CO and/or CO.sub.2. Such methanation conditions are not
      critical and are well known to those in this art. Typically the
      temperature of the reaction can be from 400.degree.F. (204.degree.C.),
      preferably at least 500.degree.F. (260.degree.C.) and can be as high as
      900.degree. to 1500.degree.F. (482.degree.  to 816.degree.C.). The gaseous
      hourly space velocity (GHSV) can suitably be from 1 to 100,000 volumes of
      gas (total gas including recycle product) per volume of reactor per hour,
      preferably 100 to 10,000 v/v/hr, and most preferably 500  to 5,000 v/v/hr.
      The reaction pressure is normally atmospheric to 1000 psi; however,
      increased pressures of up to 10,000 psi or more can be employed. The
      effect of pressure on reaction kinetics is limited, but increased
      pressures do allow for the use of smaller reactors, and the economics of
      increased pressure versus reactor size must be balanced. An upflow fixed
      bed operation using extrudates, pellets or other suitably shaped and sized
      catalyst particles can be employed, but obviously, downflow operation or
      other types of catalyst beds, e.g., fluid beds, can also be employed.
PAR  The product from the reactor differs in composition from the charge stock
      by an increase in the concentration of methane and water and a decrease in
      the content of hydrogen and carbon oxides. A portion of the product is
      suitably recycled for admixture with the preheated charge stock to serve
      as a heat sink in the reactor. The recycle to feed gas volume ratio is
      usually about 3:1 but can be from 5:1 to 10:1 or more as desired. Steam
      can, of course, be used to supplant part or all of the recycle gas.
DETD
PAR  The invention will be further described with reference to the following
      experimental work.
PAC  EXPERIMENTAL WORK
PAC  EXAMPLE 1
PAC  (Preparation of synthetic nickel chrysotile)
PAR  A synthetic nickel chrysotile was prepared by adding 35 grams of Ludox S.A.
      (DuPont brand name) colloidal silica with stirring to a solution
      consisting of 60.1 grams of NiCl.sub.3.6H.sub.2 O dissolved in 105 cc's of
      water. pH electrodes were then immersed into the solution and an initial
      pH recording was made. A solution of 30 grams of NaOH in 70 cc's of water
      was then added to the NiCl.sub.3.6H.sub.2 O - colloidal silica mixture
      with stirring, until a final pH of 12 was obtained. The final mixture was
      stirred for an additional 10 minutes and placed into an autoclave where it
      was heated under autogenic pressure for 24 hours at 500.degree.F.
      (260.degree.C.). After cooling, the resulting product, a slurry, was
      removed from the autoclave, filtered and washed with distilled water until
      free of NaCl. The precipitate was dried at 250.degree.F. (121.degree.C.)
      overnight. An X-ray diffraction pattern of the product corresponded to the
      crystalline compound of the formula Ni.sub.3 OH.sub.4 Si.sub.2 O.sub.5
      (nickel chrysotile). The amount of nickel in the nickel chrysotile on a
      weight percent basis was 46.31. The X-ray diffraction pattern is shown on
      Table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     X-RAY POWDER DIFFRACTION PATTERN                                          
     d (A.)          I                                                         
     ______________________________________                                    
     7.50            s.                                                        
     4.50            m.                                                        
     3.67            s.                                                        
     2.58            m.                                                        
     2.46            m.                                                        
     2.10            w.                                                        
     1.725           w.                                                        
     1.545           m.                                                        
     1.320           w.                                                        
     1.300           w.                                                        
     ______________________________________                                    
PAR  The sample was submitted for a surface area measurement by the BET method,
      and the material was found to have a surface area of about 150 m.sup.2 /g.
PAR  It is to be noted that the preparation of nickel chrysotile followed the
      procedure of Examples 1-11 in the Robson '429 patent except NiCl.sub.2 was
      used in lieu of MgCl.sub.2.
PAC  EXAMPLE 2
PAC  (Supported nickel catalyst)
PAR  In this example, a supported nickel catalyst is prepared by dissolving 56.9
      grams of Ni(NO.sub.3).sub.2.6H.sub.2 O in 40 cc's of distilled water. The
      nickel nitrate solution was impregnated onto 25 grams of a 20-40 mesh
      Davison grade silica (pure SiO.sub.2). The catalyst was dried at
      250.degree.F. (121.degree.C.) overnight, and then dried at 350.degree.F.
      (177.degree.C.) for an additional 6 hours. The final concentration of
      nickel in the silica support was 46.0 weight percent. The catalyst was
      submitted for a surface area measurement and it was found that the
      catalyst surface area was in excess of 200 m.sup.2 /g.
PAR  The catalysts of Examples 1 and 2 above were tested for their efficiency in
      promoting the conversion of CO and hydrogen to methane. In both instances
      the catalysts were loaded, separately, of course, into a quartz reactor,
      and a gas consisting of pure CO and hydrogen wherein the molar ratio of
      hydrogen to CO was equal to 4 was passed through the catalyst bed at a
      space velocity of 3000 GHSV for a reaction time of four hours. The gas was
      preheated either to 400.degree. or 500.degree.F. (204.degree. to
      260.degree.C.) and the temperature of the catalyst bed and the composition
      of the outlet gases were measured. Prior to the reaction, each catalyst
      was reduced in pure hydrogen, flowing at 100  cc's/min rate at
      850.degree.F. (454.degree.C.) for a period of about 4 hours. The results
      are shown in Table II below.
TBL                TABLE II                                                    
     ______________________________________                                    
                Example 3      Example 4                                       
     Catalyst Bed                                                              
                Cat: Ni Chrysotile                                             
                               Cat: Ni on SiO.sub.2                            
     Temperature                                                               
                of Example 1   of Example 2                                    
     ______________________________________                                    
     .degree.F.                                                                
           (.degree.C.)                                                        
                    CO     CH.sub.4                                            
                                  CO.sub.2                                     
                                       CO   CH.sub.4                           
                                                   CO.sub.2                    
     ______________________________________                                    
      400.sup.a                                                                
           (204)    80.8   19.1   trace                                        
                                       81.2 18.6   0.1                         
      500.sup.b                                                                
           (260)     1.7   98.0   0.2   1.7 98.0   0.2                         
      600.sup.c                                                                
           (316)     0     100    0     0.8 98.8   0.3                         
      700.sup.c                                                                
           (371)     0     100    0     0.1 99.7   0.1                         
      800.sup.c                                                                
           (427)     0     100    0     0   100    0                           
      900.sup.c                                                                
           (482)     0.2   99.4   0.3   0.5 98.6   0.8                         
     1000.sup.c                                                                
           (538)     2.7   96.4   0.8   4.3 94.2   1.4                         
     ______________________________________                                    
      .sup.a Gas was preheated to 400.degree.F. - Initial catalyst temperature 
      was about 400.degree.F.                                                  
      .sup.b Gas was preheated to 500.degree.F. - Initial catalyst temperature 
      was about 500.degree.F.                                                  
      .sup.c Catalyst temperature was raised by electric furnace.              
PAR  Referring to Table II, it can be seen that the nickel chrysotile catalyst
      of Example 1 was more selective for the conversion of CO to produce
      methane over a wider temperature range. In addition the catalysts of
      Examples 3 and 4 were analyzed after the reaction, and no coke was found
      on the catalyst of Example 3, whereas a small amount of coke was found on
      the catalyst from Example 4.
PAR  An accelerated aging test was next conducted. Fresh batches of each of the
      catalysts from Examples 1 and 2 above, after reduction as noted for
      Examples 3 and 4,  were next exposed to contact with the hydrogen-CO
      synthesis gas of Examples 3 and 4 at a GHSV of 3000 at 1500.degree.F.
      (816.degree.C.) for 2 hours. Examples 3 and 4 were then repeated using
      these "aged" catalysts, and the results are shown in Table III below. It
      should be noted in the Examples for Tables II and III the nickel
      chrysotile was used in the form of 20-40 mesh particles, and the gas
      composition as shown in Table II above and Table III below normalized
      assuming the removal of hydrogen.
TBL                TABLE III                                                   
     ______________________________________                                    
                Example 5      Example 6                                       
     Catalyst Bed                                                              
                Cat: Ni Chrysotile                                             
                               Cat: Ni on SiO.sub.2                            
     Temperature                                                               
                of Example 1   of Example 2                                    
     ______________________________________                                    
     .degree.F.                                                                
           .degree.C.                                                          
                    CO     CH.sub.4                                            
                                  CO.sub.2                                     
                                       CO    CH.sub.4                          
                                                   CO.sub.2                    
     ______________________________________                                    
     500   (260)    1.5     98.2  0.3  75.0  24.6  0.3                         
     600   (316)    0      100    0    61.5  38.2  0.3                         
     700   (371)    0      100    0    43.8  56.1  0.1                         
     800   (427)    0      100    0    21.4  78.2  0.4                         
     900   (482)    0.3     99.5  0.2  11.5  84.5  4.0                         
     ______________________________________                                    
PAR  Referring to Table III above, it can be seen that the accelerated aging had
      little, if any, effect on the nickel chrysotile catalyst of this
      invention, whereas the nickel on silica gel catalyst showed substantial
      aging by the fact that conversion of CO was severely reduced. Examination
      of the nickel chrysotile catalyst showed that there was no coke present.
      There was some small coke formation on the nickel on silica gel catalyst
      of Example 6. The high temperature pretreatment probably collapsed the
      silica gel structure of the catalyst used for Example 6 showing that the
      catalyst of this invention has high thermal stability.
PAR  The stability of the catalysts of Examples 1 and 2 to high temperatures in
      the presence of steam was also investigated. Each of the catalysts from
      Examples 1 and 2 was again reduced in pure hydrogen, flowing at a 100
      cc/min rate at 850.degree.F. (454.degree.C.) for a period of 4 hours,
      after which each catalyst was exposed to a gas stream consisting of 8
      percent water in helium at a flow rate of 100 cc/min at 1500.degree.F.
      (816.degree.C.) for 2 hours. Each of these catalysts was then treated in a
      manner similar to that shown for Examples 3-6 above, and the results are
      shown in Table IV below.
TBL                TABLE IV                                                    
     ______________________________________                                    
                Example 7      Example 8                                       
     Catalyst Bed                                                              
                Cat: Ni Chrysotile                                             
                               Cat: Ni on SiO.sub.2                            
     Temperature                                                               
                of Example 1   of Example 2                                    
     ______________________________________                                    
     .degree.F.                                                                
           .degree.C.                                                          
                    CO     CH.sub.4                                            
                                  CO.sub.2                                     
                                       CO    CH.sub.4                          
                                                   CO.sub.2                    
     ______________________________________                                    
     500   (260)    1.8     97.9  0.2  78.3  20.6   1.1                        
     600   (316)    0      100    0    65.0  33.7   1.2                        
     700   (371)    0      100    0    51.2  47.7   1.1                        
     800   (427)    0      100    0    32.2  66.3   1.5                        
     900   (482)    0.3     99.3  0.4  15.1  80.4   4.4                        
     1000  (538)    2.5     96.3  1.2  17.2  74.8   8.0                        
     1100  (593)    3.1     87.8  9.1  21.3  67.5  11.2                        
     ______________________________________                                    
PAR  Referring to Table IV above, it can again be seen that the catalyst of
      Example 1 held up very well to a high temperature steam pretreatment,
      whereas the nickel on silica gel catalyst apparently was not able to
      withstand the temperatures and/or water treatment. The catalysts of
      Examples 7 and 8  were analyzed for coke formation, and again no coke was
      found on the catalyst for Example 7, whereas a small amount of coke was
      found on the catalyst used for Example 8.
PAC  EXAMPLE 9
PAR  Another batch of catalyst was prepared in accordance with the method of
      Example 1 above, and the catalyst was extruded in the form of 1/8 inch
      extrudates. These extrudates were loaded into a 4-foot stainless steel
      reactor, and a gas obtained by gasification of coal was passed through the
      catalyst bed at 3000 GHSV. The gas composition is shown on Table V below.
TBL                TABLE V                                                     
     ______________________________________                                    
     Gas Composition  Mole %                                                   
     ______________________________________                                    
     H.sub.2          66.0                                                     
     CO               15.7                                                     
     CH.sub.4         12.1                                                     
     CO.sub.2         6.2                                                      
     Sulfur           about 0.1 ppm                                            
     ______________________________________                                    
PAR  The feed gas was preheated to 550.degree.F. (288.degree.C.) and the
      catalyst bed temperature during the reaction was about 820.degree.F.
      (438.degree.C.). The reaction pressure was 300 psig (20 atmospheres). The
      catalyst was reduced with dry hydrogen at 860.degree.F. (460.degree.C.)
      for several hours. The composition of the product gas was analyzed after
      10 hours of operation and 1260 hours of operation. The results are shown
      on Table VI below.
TBL                TABLE V                                                     
     ______________________________________                                    
     PRODUCT GAS COMPOSITION                                                   
     ______________________________________                                    
               Mole Percent After                                              
     Component   10 hours      1260 hours                                      
     ______________________________________                                    
     H.sub.2     0.3           0.2                                             
     CO          0             0                                               
     CH.sub.4    96.3          97.2                                            
     CO.sub.2    3.4           2.6                                             
     ______________________________________                                    
PAR  Referring to Table VI, it can be seen that the catalyst was still active
      after 1260 hours. It has also been noted that the activity of the catalyst
      of this invention can be measured by a hot spot which moves through the
      catalyst bed. However, the hot spot migrates through the bed at ever
      decreasing rates with time. Based on the data from Example 9 above, it has
      been mathematically calculated that the predicted life of the catalyst
      from Example 9 above would be about 1 year using a reactor of
      approximately 5 feet in length.
PAR  In addition to the use of the nickel and/or ruthenium or mixed
      nickel-ruthenium catalyst described above, per se, the chrysotile can be
      dispersed in matrices such as silica, alumina or combinations thereof, but
      obviously the higher temperature stable matrices are preferred. In
      addition active metals such as nickel and ruthenium can be deposited on
      the nickel chrysotile catalyst if desired. Obviously excess silica could
      be added during the preparation so that nickel chrysotile is intimately
      admixed with the silica during preparation. From the data shown in the
      Examples above, it is apparent that the disproportionation of CO to
      CO.sub.2 and carbon is avoided using the nickel chrysotile at temperatures
      up to at least 1500.degree.F. (816.degree.C.). Furthermore, the nickel
      chrysotile catalyst appears superior to nickel on silica gel in the sense
      that it maintains 100 percent removal of CO over longer periods of time
      for a given nickel level at a given temperature and maintains this high
      activity even when exposed to high temperatures in the presence of
      reducing gases such as hydrogen and/or CO or in the presence of steam.
      While it is not certain, it is believed that the superior results of the
      catalysts of this invention are achieved by the fact that the metals, e.g.
      nickel, are dispersed through the silica composition through chemistry
      (their method of preparation) rather than by deposition or dispersion by
      physical means. Such atomic dispersion results not only in increased life
      for the catalyst but also in increased selectivity for the conversion of
      CO to methane.
PAR  Resort may be had to such variations and modifications as fall within the
      spirit of the invention and the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of methane which comprises
PA1  contacting a charge stock comprising hydrogen and at least one carbon oxide
      selected from the group consisting of CO and CO.sub.2 wherein the molar
      ratio of hydrogen to combined carbon oxides is at least 2:1 under
      methanation conditions with a catalyst comprising a metal silicate
      characterized as having repeating units having the structural formula:
EQU  [(1-x)Ni.sup.a + xRu.sup. b ].sub.n (OH).sub.4 Si.sub.2 O.sub.5.wH.sub.2 O
PA1  where x is a number from 0 to 1, this number expressing the atomic fraction
      of the metals nickel and ruthenium, a is the valence of nickel, b is the
      valence of ruthenium, n is a number equal in value to that defined by the
      ratio
EQU  6/[ a(1-x) + bx]
PAL  and w is a number ranging from 0 to 4.
NUM  2.
PAR  2. A process according to claim 1 wherein the catalyst is nickel
      chrysotile.
NUM  3.
PAR  3. A process according to claim 2 wherein the nickel chrysotile is a
      synthetically prepared nickel chrysotile and has an X-ray powder
      diffraction pattern substantially the same as follows:
TBL  X-ray Powder Diffraction Pattern                                          
     ______________________________________                                    
     d (A.)           I                                                        
     ______________________________________                                    
     7.50             s.                                                       
     4.50             m.                                                       
     3.67             s.                                                       
     2.58             m.                                                       
     2.46             m.                                                       
     2.10             w.                                                       
     1.725            w.                                                       
     1.545            m.                                                       
     1.320            w.                                                       
     1.300            w.                                                       
     ______________________________________                                    
NUM  4.
PAR  4. A process according to claim 3 wherein the molar ratio of hydrogen to
      combined carbon oxides in the charge stock is 2:1 to 4:1.
NUM  5.
PAR  5. A process according to claim 4 wherein the molar ratio of hydrogen to
      combined carbon oxides in the charge stock is about 3:1 and the
      methanation conditions include a reaction temperature of from 400.degree.
      to 1500.degree.F. and a space velocity of from 100 to 10,000 volumes of
      gas per volume of reactor per hour.
NUM  6.
PAR  6. A process according to claim 4 wherein the catalyst is in the physical
      form of tubes.
NUM  7.
PAR  7. A process according to claim 6 wherein the charge stock consists
      essentially of H.sub.2 and CO and wherein the molar ratio of H.sub.2 to CO
      is at least about 3:1.
NUM  8.
PAR  8. A process according to claim 7 wherein the charge stock is derived from
      the gasification of coal.
NUM  9.
PAR  9. A process according to claim 8 wherein the molar ratio of H.sub.2 to
      combined carbon oxides is from about 2:1 to 4:1.
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ABST
PAL  A process for pre-phosgenating organic primary amines is provided wherein a
      phosgene solution and an amine solution are combined in the suction side
      of a multiple stage rotary pump.
PARN
PAR  This is a continuation, of application Ser. No. 299,977, filed Oct. 24,
      1972, now abandoned.
BSUM
PAR   Considerable difficulties are often involved in continuously carrying out
      industrial-scale chemical reactions due to blockages that occur when two
      or more reactants are combined in liquid, dissolved, suspended and/or
      gaseous form and reacted to form a solid end product or an intermediate
      product.
PAR  Reactions of the type that are prone to blockage include, for example, the
      continuous production of organic isocyanates by the reaction of amines
      with phosgene in the presence of organic solvents. Accordingly, the
      production cycle is divided into two separate process stages. In the first
      so-called "pre-phosgenation" or "cold-phosgenation" stage as described,
      for example, by W. Siefken, Liebigs Annalen der Chemie 562 (1949) page 96
      the base solution, a suspension of the base or its carbonation product, is
      reacted with phosgene or with a solution of phosgene in an inert solvent,
      resulting in the formation of a suspension consisting of carbamic acid
      chloride, amine hydrochloride and small quantities of free isocyanate. In
      a second stage, the so-called "hot phosgenation" stage (see W. Siefken,
      supra), phosgene is introduced at an elevated temperature until the
      reaction forming the isocyanate has ceased. 2,4-tolylene diamine (I) is
      believed to undergo the following reaction:
      ##SPC1##
PAL  The diamine (I) initially reacts in the pre-phosgenation stage to form a
      fine suspension which is believed to be the hydrochloride of the carbamic
      acid chloride (II), although it can be assumed that bis-hydrochloride (IV)
      or bis-carbamic acid chloride (V), both of which are also solid
      substances, are formed at the same time:
      ##SPC2##
PAR  In the hot-phosgenation stage, the compounds (II), (IV) and (V) are
      subsequently reacted with phosgene, which is generally used in excess, to
      form tolylene-2,4-diisocyanate (III). In either case, therefore, two
      separate operations are required to produce isocyanates where this
      procedure is adopted.
PAR  Accordingly, there have been many attempts to circumvent or, as it were, to
      eliminate the cold-phosgenation stage. In one known process, British Pat.
      Specification No. 901,377, pre-phosgenation is carried out in a
      self-contained, countercurrent mixing chamber and the suspension formed is
      delivered directly to the hot-phosgenation stage. A countercurrent mixing
      chamber of this kind does not have any movable parts, nor does it have a
      delivery or feed capability. The components are admixed solely by a
      suitable geomatric arrangement of the mixing chamber in conjunction with
      the initial pressure under which the amine solution and the phosgene or
      phosgene solution are delivered into the mixing zone. Unfortunately, this
      method of carrying out the pre-phosgenation of amines is always
      disadvantageous when the pre-phosgenation products tend to form insoluble
      or relatively high molecular weight reaction products which adhere firmly
      to the wall of the mixing chamber and which build up into relatively thick
      layers and thus cause blockages. The mixing chamber then has to be
      dismantled and cleaned which, apart from disrupting production, is
      extremely undesirable both on account of the toxicity and high volatility
      of phosgene and on account of the toxic properties of the amines generally
      used, because the operator has to take elaborate precautionary measures,
      for instance, when opening flange joints that have been under pressure.
      Another disadvantage of using a countercurrent mixing chamber as described
      above lies in its limited scope of application for mixing liquids because
      the quantities of the components to be mixed have to be in a definite
      ratio to one another which ratio cannot be varied to any appreciable
      extent without departing from the optimum range for effective admixture.
      Since liquids are incompressible, the supply of energy needed to generate
      relatively intense turbulence and to give adequate admixture, even where
      the quantitative ratios between the reagents are unfavorable, is only
      possible to a limited extent. If solid products are formed when the liquid
      components are combined, it is necessary, in any event, to adhere to
      certain quantitative ratios determined by the design and construction of
      the corresponding countercurrent mixing chamber. The amines whose
      pre-phosgenation by way of a mixing chamber may readily be accompanied by
      blockages, include, in particular, polyamines such as (I),
      4,4'-diaminodiphenyl methane or 1,6-hexamethylene diamine because their
      bis-hydrochlorides, bis-carbamic acid chlorides or carbamic acid chloride
      hydrochlorides are substantially insoluble in the solvents used for
      phosgenation at the pre-phosgenation temperature and because, on account
      of the polyfunctional character of the aforementioned diamines for
      example, products of relatively high molecular weight can be formed during
      pre-phosgenation on account of locally inadequate admixture, as
      illustrated in the following reaction equation:
      ##SPC3##
PAR  These disadvantages also apply to the use of a countercurrent mixing
      chamber, for example, for the pre-phosgenation of 2,4-tolylene diamine
      (I).
PAR  In another process for the continuous production of organic isocyanates, a
      solution of an organic amine is combined with a phosgene solution in
      turbulent flow in a reactor through which the reaction mixture flows
      either in a continuous circuit or in continuous loops. Where this
      procedure is adopted, the danger of blockage at the point of which the
      amine solution and the phosgene solution are combined is very serious.
      Here again, there have been many attempts to improve this process.
PAR  One of the possible improvements in this process comprises using special
      mixers for combining the amine solution and the phosgene solution or amine
      solution and phosgene solution together with recycled isocyanate solution.
      The actual mixing process takes place in a thin layer, accompanied by high
      shear stressing of the separately introduced solutions. Blockages are
      largely avoided by applying shear velocities of at least 700 reciprocal
      seconds which are achieved by suitable initial pressures under which the
      reagents are delivered and by suitable design of the mixing system.
      Unfortunately, this process suffers from the disadvantage that the mixing
      operation requires relatively large amounts of energy. In addition, due to
      the severe shear stressing it undergoes, that part of the mixing system in
      which the actual reaction takes place, being of course a solids-forming
      reaction accompanied to an extent by the evolution of gases, has to be
      made of extremely high-grade erosion-proof material in order to assure the
      mixing system an adequate service life and to utilize the advantages of
      the process. Another disadvantage of mixing systems of this kind is that
      they will only take a limited amount of stressing, as illustrated by the
      fact that inlet openings for the radial or tangential supply of liquid,
      adjustable independently of one another, are specifically mentioned.
PAR  Another method of carrying out the first reaction of an organic amine or of
      an amine solution with phosgene or with a phosgene solution in the
      production of isocyanates in such a way that no blockages occur, comprises
      carrying out the mixing operation in a Venturi mixer into which the
      reagents have to be introduced under high pressure so that a flow rate
      high enough to prevent blockages prevails in the reaction zone. This
      process is attended by the same disadvantages as the other known processes
      discussed above, such as disproportionately high energy consumption,
      limited capacity range, because it can only effectively be carried out
      where the reagents are introduced in certain quantitative ratios, and the
      need to make those parts of the apparatus which are particularly
      endangered by the high flow rates at which it is possible to avoid
      blockages, from expensive special-duty materials.
PAR  In another known process, the reaction of an organic amine with phosgene in
      an inert solvent in the production of isocyanates is carried out
      continuously in a tubular reactor. In this case, the reagents are mixed
      together under high pressure. To prevent the components from being
      re-admixed, which could result in blockages, the tubular reactor has to be
      designed in such a way that a flow which can be characterized by a
      Reynolds' number of at least 2100, and preferably from 5000 to 2,000,000
      or higher, prevails in the reactor. The generation of flow rates as high
      as these involves a relatively high energy requirement. Another
      disadvantage is that the tubular reactors only function optimally in a
      certain temperature range. Capacity and the question of materials present
      further problems.
PAR  Reference is also made to a process for the production of organic
      polyisocyanates in which a solution of an organic amine is treated with
      hydrogen chloride or with a mixture of hydrogen chloride and phosgene in a
      thin-layer reactor, the reaction mixture formed, consisting predominantly
      of amine hydrochloride, flowing into a following phosgenation apparatus.
      One disadvantage of this process is that part or even all of the heat of
      reaction is dissipated by a cooling medium which flows through a jacket
      arranged around the thin-layer reactor. The quantity of heat dissipated is
      lost and cannot be utilized in the following phosgenation apparatus.
      Another disadvantage is that the amine hydrochlorides formed are
      precipitated in solid, crystalline form and, hence, give rise to
      considerable erosion in the reaction zone of the thin-layer reactor.
PAR  The cold-phosgenation or pre-phosgenation stage has also been carried out
      continuously and very quickly by a process in which a solution or
      suspension of the amine in an inert solvent is continuously combined with
      intensive stirring in a mixer, which can either be a turbomixer or a
      rotary pump, in the absence of external cooling and the resulting reaction
      mixture is subjected to hot-phosgenation in the usual way. The advantages
      of this particular process are that the components are combined with one
      another in the absence of cooling, which not only simplifies the process
      but also saves considerable energy, and that, by virtue of the very fine
      distribution of the pre-phosgenation products attributable to intensive
      mechanical admixture of the reactants, hot phosgenation can be carried out
      more quickly than is possible in conventional two-stage processes, without
      any disadvantages in regard to the purity and yield of the end products.
      By virtue of the advantages which they afford, it has been possible to
      successfully use turbomixers for carrying out pre-phosgenation reactions
      although they do not by any means represent the optimum in terms of
      energy. In these turbomixers, the reagents are thoroughly admixed by
      mechanical means. The reaction mixture is delivered into the turbomixer by
      the initial pressure under which the components are introduced.
      Unfortunately, it has not been possible to successfully introduce rotary
      pumps into whose suction pipe sockets the reagents are continuously
      introduced through separate pipes, although they combine with the mixing
      effect the further advantage that they are also able to undertake delivery
      of the reaction mixture into the following hot-phosgenation stage, which
      is favorable in terms of energy. The reason for this failure is that it is
      impossible to prevent insoluble products from settling at that point at
      which the amine or the amine solution or amine suspension and the phosgene
      or phosgene solution are combined through separate pipes in the suction
      pipe sockets, resulting in blockage after a more or less long period of
      operation, which gives rise to the same operational difficulties as those
      discussed above with reference to the countercurrent mixing chambers.
PAR  Whereas monofunctional amines such as, for example, aniline,
      .alpha.-naphthyl amine, stearyl amine, phenetidine or cyclohexyl amine,
      whose pre-phosgenation products involve little or no danger of blockage,
      can be phosgenated in the manner described to form the corresponding
      isocyanates, it is not possible economically to pre-phosgenate
      polyfunctional amines such as, for example, tolylene diamine,
      4,4'-diaminodiphenyl methane or 1,6-hexamethylene diamine, over a
      prolonged period by means of a rotary pump, since with polyfunctional
      amines, after only about 5 to at most about 20 hours, the suction pipe
      socket of the pump is blocked to such an extent that even rinsing with hot
      solvent is unable to remedy the situation, with the result that the pump
      and, in most cases, also the feed and discharge lines have to be
      dismantled and cleaned. However, since it is those very polyisocyanates
      which are derived from polyfunctional amines, such as tolylene
      diisocyanate, 4,4'-diisocyanato diphenyl methane or 1,6-hexamethylene
      diisocyanate, which commercially are very important products, there is a
      need to eliminate the deficiencies of the conventional pre-phosgenation
      techniques referred to without in any way affecting their advantages, such
      as the relatively short hot-phosgenation time, limited energy consumption
      and high yield.
PAR  It is therefore an object of this invention to provide an improved process
      for the continuous pre-phosgenation of organic primary amines. It is
      another object of this invention to provide an improved pre-phosgenation
      process which minimizes blockages due to deposition of solid material in
      the process apparatus. The foregoing objects and others which will become
      apparent from the following description are accomplished in accordance
      with the invention, generally speaking, by a process comprising combining
      solutions in inert solvents of an organic primary amine with phosgene, in
      the absence of external cooling, in the suction side of a multiple-stage
      rotary pump at high turbulence without any need for adjustment to pressure
      or flow conditions. The resulting reaction mixture is then subjected to
      hot phosgenation in the conventional manner. It was found in the course of
      further development that, where pre-phosgenation is carried out by way of
      a rotary pump, there is no longer any danger of blockage, even in the
      event of prolonged periods of operation, providing a multiple-stage rotary
      pump is used and the phosgene solution is introduced into the
      multiple-stage rotary pump through the suction pipe inlet and the amine
      solution is introduced through lateral access point into the suction part
      of the second stage. To carry out the process according to the invention,
      conventional multiple-stage rotary pumps must first be modified so as to
      be provided with a lateral pipe inlet. The point at which the additional
      inlet is arranged is of crucial importance. This point must lie exactly
      between the roters of the first and second stages where the turbulence
      generated by the first impeller is still present in the phosgene solution
      which has entered through the suction pipe inlet but where the suction
      effect of the second stage is also effective. The amine solution entering
      through the lateral access point meets a phosgene solution in a state of
      high turbulence in the suction part of the second stage. It is also
      possible to introduce the amine solution into the interior of the
      multiple-stage rotary pump through several additionally provided lateral
      sockets, although this procedure does not afford any advantages on account
      of the problem of uniformly distributing the amine solution. Due to the
      reaction, the pre-phosgenation products are formed in very fine
      distribution by virtue of the intensive, mechanically generated
      turbulence, they are then sucked in by the second stage, further
      size-reduced and are delivered into the hot-phosgenation zone either as
      such or optionally after further processing.
PAR  Combining the reagents, phosgene solution and amine solution, in the
      suction part of the first stage in which the phosgene solution is
      introduced into the suction part of the first stage through the suction
      pipe inlet of the pump and the base solution through an additional lateral
      access point, does not have the required effect because the
      pre-phosgenation products accumulate in compact form due to inadequate
      turbulence in the suction part of the first stage and, after only a very
      short period of operation, result in blockages especially where
      polyfunctional amines are used. If the additional lateral pipe inlet is
      arranged more towards the first impeller rather than exactly in the middle
      in the space between the first impeller and the second impeller, phosgene
      solution can quite easily be forced into the lateral inlet through which
      the base solution is intended to be delivered into the pump, with the
      result that the phosgenation products are deposited in and eventually
      block this inlet. The same occurs when the additional lateral pipe inlet
      opens directly on to a rotor. If, by contrast, the lateral access inlet
      for the amine solution is arranged more towards the second impeller in the
      space between the first impeller and the second impeller, the phosgenation
      products have no opportunity to be distributed finely enough before they
      are sucked in by the second stage, with the result that once again
      blockages can occur. The foregoing observations and experiences regarding
      the optimum position of the additional lateral access inlet for the amine
      solution also apply logically as regards the spaces between the second
      impeller and the third impeller, between the third rotor and the fourth
      rotor, etc. It is also possible, however, to add the amine solution to the
      phosgene solution through a lateral pipe inlet situated exactly in the
      middle of the space between the second impeller and the third impeller or
      between the third impeller and a fourth impeller, and at a point midway
      between the first rotor and the second rotor. However, on account of the
      relatively high pressure which the phosgene solution has at this point it
      can flow back into the lateral amine inlet after a more or less brief
      period, resulting in blockage, this procedure is far from reliable in
      operation. In order to obviate these difficulties, the amine solution has
      to be delivered into the pump under a definite, elevated pressure which
      corresponds exactly to that of the phosgene solution at the point at which
      the amine solution and the phosgene solution are to be combined with one
      another. Not only does this involve considerable outlay, it also has the
      disadvantage that, even in the event of very slight fluctuations in
      pressure, blockage can again occur. Combining the phosgene solution and
      the amine solution in the suction part of the second stage by the process
      according to the invention has the advantage over this procedure in that
      the pressures under which the phosgene solution and amine solution are
      delivered into the pre-phosgenation mixing pump do not have to be
      precisely coordinated with one another, but instead merely have to be of
      the same order. As a result, the mixed phosgenation process according to
      the invention using a multiple-stage rotary pump has a wide range of
      variation in regard also to the quantitative ratio between the reaction
      components. The scope of application can additionally be increased by
      using a multiple-stage rotary pump which is able to deliver a larger
      volume than that which corresponds to the sum total of the phosgene
      solution and the amine solution. Unlike a countercurrent mixing chamber, a
      tubular reactor, a Venturi mixer or any other similar mixing system, in
      which high rates of flow are necessary, the turbulence required to obtain
      optimum admixture of the reagents is still safely present in the
      multiple-stage rotary pump operated in the underloaded range. This means
      that multiple-stage rotary pumps of this kind will take loads within very
      wide limits without being deprived in any way of their effectiveness in
      performing the required function of mixing the reaction components and
      delivering the reaction mixture, even over prolonged periods of operation.
DRWD
PAR  Two embodiments of the invention are diagrammatically illustrated by way of
      example in the accompanying drawing and discussed in more detail in the
      following. In the accompanying drawing:
PAR  FIG. 1 represents a two-stage rotary pump.
PAR  FIG. 2 represents a five-stage rotary pump.
DETD
PAR  In FIG. 1, phosgene solution A is introduced before the first rotor 10. The
      amine solution B is introduced between the first rotor 10 and the second
      rotor 11. The pre-phosgenation mixture C is discharged into a hot
      phosgenation stage after leaving the rotary pump.
PAR  In FIG. 2, phosgene solution A is introduced before the first rotor 20.
      Once again, the amine solution B is introduced between the first rotor 20
      and the second rotor 21. The rotors 22, 23 and 24 are provided to
      intensify admixture. The pre-phosgenation mixture C is discharged to a
      hot-phosgenation stage after leaving the rotary pump.
PAR  In principle, any conventional two-stage to six-stage pump can be used for
      carrying out the pre-phosgenation according to the invention provided that
      they do not operate by self-induction and have a design which enables the
      installation of the lateral inlet for adding the amine solution such that
      it is arranged midway between the first impeller and the second impeller.
      It is of advantage to use pumps of the kind which, internally, have
      sufficiently wide passages so that even a suspension of solid particles in
      a liquid can be satisfactorily delivered. Two-stage to six-stage rotary
      pumps, of the kind illustrated in, for example, Pamphlet No. S-4400-12
      issued by Pumpenfabrik Ritz and Schweizer, Schwabisch Gmund, have proved
      to be particularly suitable. The impellers advantageously rotate at speeds
      of from 1000 to 3000 revolutions per minute. It is best to introduce the
      reagents, phosgene and amine solutions, into the pump in the form of a
      solution in an inert solvent suitable for phosgenation reactions.
PAR  Aromatic and aliphatic (chlorinated) hydrocarbons are particularly suitable
      solvents, some examples of which are carbon tetrachloride, dichloroethane,
      benzene, toluene, xylene, chlorobenzene, dichlorobenzenes,
      dichlorotoluenes, trichlorobenzenes, petroleum fractions or chlorinated
      diphenyls. It is also possible, however, to use such solvents as ethyl
      acetate, 1,4-dioxan, tetramethylene sulphone, dimethyl sulphone or
      benzonitrile, and mixtures thereof. It is preferred, however, to use
      chlorobenzene and o-dichlorobenzene which are commonly used for
      phosgenation reactions. However, the pre-phosgenation process according to
      the invention is not confined to any one solvent.
PAR  The reaction components, phosgene solution and amine solution, can be
      combined with one another in the absence of cooling in the suction part of
      the second stage of a two- to six-stage rotary pump, which not only
      greatly simplifies the process, but also saves considerable energy. The
      concentrations and quantities of both solutions can be varied within wide
      limits, with the proviso that the quantity of phosgene should always be
      adequate for the purposes of the reaction. The phosgene solution is best
      used in excess. An approximately 5% to 40% by weight amine solution and an
      approximately 20% to 65% by weight phosgene solution are generally used.
      The quantity of phosgene should be such that there is at least 1 mol of
      phosgene per gram equivalent of amine. It is preferred to use from about
      1.5 to about 3 mols of phosgene per mol of amine. However, the
      pre-phosgenation process according to the invention is by no means
      confined to definite concentrations in the amine solution or phosgene
      solution or to a certain excess of phosgene as such details are well-known
      to the art.
PAR  Due to the heat of reaction, admixture of the phosgene solution and amine
      solution is accompanied by a rise in temperature, although this is by no
      means critical to the pre-phosgenation process according to the invention
      in its practical application. The temperature at which the
      pre-phosgenation mixture leaves the multiple-stage rotary pump may be in
      the range o from about 50.degree.C. to about 100.degree.C. without any
      adverse effect either upon the yield or upon the purity of the end
      products. In contrast to pre-phosgenation carried out by the conventional
      two-stage process, there is no need for the phosgene solution or the amine
      solution to be cooled at all before entry into the pre-phosgenation mixing
      pump. The phosgene solution and the amine solution are preferably used at
      the temperatures which they assume in any case in operation, i.e., in the
      range of from about -10.degree.C. to about 250.degree.C. for the phosgene
      solution and from about 50.degree.C. to about 110.degree.C. for the amine
      solution. The pre-phosgenation products are then discharged by the rotary
      pump to a hotphosgenation stage where the reaction hot-phosgenation the
      required isocyanate is completed, optionally accompanied by the
      introduction of more phosgene. By virtue of the extremely fine
      distribution of the pre-phosgenation products, the reaction takes place
      more quickly and is accompanied by fewer secondary reactions than in
      conventional processes, and leads to an increased yield of isocyanate.
      There is no need to use special-duty materials for the manufacture of
      suitable pumps. After they have been modified to accommodate the lateral
      inlet for the amine solution, conventional two-stage rotary pumps of, for
      example, grey cast iron can be used in continuous operation.
PAR  The hot phosgenation stage following the pre-phosgenation process according
      to the invention may be carried out by any one of the known methods and
      does not have any direct bearing upon the pre-phosgenation process
      according to the invention. The hot-phosgenation stage may be carried out
      in the presence or absence of additional phosgene or solution of phosgene
      under elevated pressure, under a slight excess pressure or at normal
      pressure either continuously or on the batch principle. To insure that the
      advantages of the process according to the invention are left fully
      intact, the hot phosgenation stage should preferably be carried out as
      near continuously as possible either in vessels or in towers at normal
      pressure or at a slight excess pressure of up to about 1.5 atmospheres. It
      is of particular advantage to allow the pre-phosgenation mixture leaving
      the rotary pump to flow continuously upwards or downwards into a heatable
      vessel or tower and to complete the reaction by the supply of heat. It is
      also possible to arrange several vessels or towers one behind the other or
      to use combinations of vessels and towers where it is desired to adhere to
      a certain temperature range in order to optimize control of the reaction
      in the hot-phosgenation stage.
PAR  The pre-phosgenation process according to the invention is applicable to
      any monofunctional or polyfunctional aliphatic, cycloaliphatic,
      araliphatic or aromatic amines.
PAR  Some examples of suitable amines are methyl amine, propyl amine, cetyl
      amine, stearyl amine, hexamethylene diamine, butane
      diol-1,4-bis-.gamma.-aminopropyl ether, cyclohexyl amine,
      1,4-bis-aminomethyl cyclohexane, 4-aminobenzyl amine, aniline, o-, m-,
      p-chloro aniline, 3,4-dichloroaniline, anisidine, o-, m-, p-nitroaniline,
      m-, p-xylylene diamine, m-, p-phenylene diamine,
      1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane, 2,4-, 2,6-tolylene
      diamine, 4,4'-diamino diphenyl methane, 2,4'-diamino diphenyl methane,
      thiophosphoric acid-4,4',4"-triaminotriphenyl ester and the like. It is
      emphasized however, that the continuous pre-phosgenation process according
      to the invention is always used in preference to conventional process for
      the continuous pre-phosgenation of polyfunctional amines which, in many
      cases, can only be carried out under considerable difficulty, more
      particularly for the continuous pre-phosgenation of 2,4-tolylene diamine,
      2,6-tolylene diamine or mixtures of 2,4- and 2,6-tolylene diamine,
      4,4'-diamino diphenyl methane and the isomer mixtures obtained by
      condensing aniline with formaldehyde or 1,6-hexamethylene diamine.
PAR  The invention is further illustrated in the following examples wherein all
      parts and percentages are by weight unless otherwise indicated.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  In the production of tolylene diisocyanate on an industrial scale,
      pre-phosgenation of the freshly distilled tolylene diamine used
      (composition approximately 1% to 4% of 2,3-tolylene diamine and
      3,4-tolylene diamine, approximately 78% to 82% of 2,4-tolylene diamine and
      approximately 17% to 22% of 2,6-tolylene diamine) is carried out as
      follows: About 2,200 liters per hour of a 40% phosgene solution in
      chlorobenzene are introduced into the suction inlet of a five-stage rotary
      pump of the non-self-induction type whose delivery for water is quoted as
      being 100 cubic meters per hour over a height in access of 100 meters,
      while about 1,166 liters per hour of tolylene diamine solution, produced
      by dissolving about 230 kg of tolylene diamine in 1,155 kg of
      chlorobenzene, are introduced into the suction part of the second pump
      stage through an additional laterally arranged inlet as illustrated in
      FIG. 2. The phosgene solution is mixed and reacted with the tolylene
      diamine solution in the suction part of the second pump stage, the
      admixture and reaction cycle continues without interruption for a period
      of about 400 hours. The reaction mixture formed (suspension of the
      pre-phosgenation products in chlorobenzene) is pumped continuously at a
      temperature of about 65.degree.C. from the five-stage rotary pump into a
      hot-phosgenation stage and worked up into tolylene diisocyanate. The yield
      the about 6% of theoretical higher than in he conventional two-stage
      process for phosgenating the same tolylene diamine.
PAC  EXAMPLE 2
PAR  The range of variation of the pre-phosgenation stage is investigated in a
      second large-scale test. The solution of phosgene in chlorobenzene
      introduced through the suction pipe inlet of a two-stage rotary pump of
      the non-self-induction type whose delivery for water is quoted at 100
      cubic meters per hour over a height of 56 meters, is varied between 2000
      kg)hr in quantity and between 40% and 50% by weight in concentration. The
      solution of tolylene diamine in chlorobenzene, of the same quality as in
      Example 1, introduced into the suction part of the second stage of the
      rotary pump through an additional laterally arranged inlet (see FIG. 1) is
      varied between 850 kg/hr and 1,700 kg/hr in quantity and between 16% and
      25% by weight in concentration. The eaction mixture is pumped from the
      two-stage rotary pump into a following hot-phosgenation stage at a
      temperature of from 65.degree. to about 80.degree.C. continuously without
      interruption over a period of about 1,270 hours and worked up into
      tolylene diisocyanate. The yield obtained was increased by 5% of the
      theoretical in comparison with the conventional two-stage process. The
      quantities of phosgene solution and amine solution used and the periods of
      operation are set out in the following Table:
TBL                     Base Solution                                          
          kg/hr of      kg/hr of  kg/hr of                                     
     Duration                                                                  
          Phosgene Solution                                                    
                     %  Tolylene Diamine                                       
                                  Chlorobenzene                                
                                           %                                   
     __________________________________________________________________________
     8 Days                                                                    
          2,810      40 208       1,120    15.7                                
     4 Days                                                                    
          2,000      40 150       700      17.7                                
     2 Days                                                                    
          2,740      45 260       1,300    16.7                                
     3 Days                                                                    
          3,300      50 350       1,050    25.0                                
     5 Days                                                                    
          2,730      45 275       1,170    19.0                                
     4 Days                                                                    
          3,940      40 327       1,450    18.5                                
     6 Days                                                                    
          3,020      50 327       1,450    18.5                                
     2 Days                                                                    
          2,515      45 260       1,300    16.7                                
     7 Days                                                                    
          2,730      45 275       1,170    19.0                                
     3 Days                                                                    
          2,515      45 260       1,300    16.7                                
     4 Days                                                                    
          3,020      50 327       1,350    19.5                                
     5 Days                                                                    
          2,015      50 222       900      19.8                                
     __________________________________________________________________________
PAR  After the first part of the large-scale test had been completed, the same
      two-stage rotary pump was connected by lines to another hot-phosgenation
      apparatus consisting of two heatable steel towers 1 meter in diameter and
      9 meters long arranged one behind the other. Once again, tolylene diamine
      of the same quality as in Example 1, dissolved in o-dichlorobenzene, was
      reacted with phosgene in the manner described. In long-term operation, the
      following quantities were reacted with one another: through the suction
      pipe inlet, an average of 16,700 kg/hr of a 40% phosgene solution in
      o-dichlorobenzene and, through the lateral inlet, an average of 8,000
      kg/hr of a 25% tolylene diamine solution in o-dichlorobenzene. The
      reaction mixture was pumped continuously without interruption from the
      two-stage rotary pump into the tower cascade at a temperature of
      84.degree. to 89.degree.C. The yield obtained was increased by 4% of
      theoretical in comparison with the conventional two-stage process.
PAC  EXAMPLE 3
PAR  About 2,230 kg/hr of a 50% phosgene solution in chlorobenzene are
      introduced through the suction pipe inlet of a two-stage rotary pump of
      the non-self-induction type whose delivery for water is quoted at 100
      cubic meters per hour over a height of 56 meters, while a solution of 500
      kg/hr of p-chloroaniline in 885 kg of chlorobenzene is introduced into the
      suction part of the second stage through an additional, laterally arranged
      inlet (FIG. 1). The reaction mixture is pumped from the two-stage rotary
      pump into a following hot-phosgenation stage continuously without
      interruption over a period of about 365 hours at a temperature of from
      about 60.degree.C. to about 65.degree.C., and worked up into
      p-chlorophenyl isocyanate. The yield of p-chlorphenyl isocyanate obtained
      is higher by 4% of theoretical than the yield obtained where the
      p-chloroaniline is pre-phosgenated in a countercurrent mixing chamber.
PAC  EXAMPLE 4
PAR  3,360 Kg/hr of a 45% solution of phosgene in chlorobenzene, are introduced
      through the suction inlet of a two-stage rotary pump of the
      non-self-induction type with a delivery for water of 100 cubic meters per
      hour over a height of 56 meters, while a solution of 600 kg/hr of a
      condensation product of aniline and formaldehyde of which approximately
      60% consists of polyamines, is introduced into the suction part of the
      second stage through an additional laterally arranged inlet (FIG. 1). The
      reaction mixture was pumped continuously without interruption from the
      two-stage rotary pump into a following hot-phosgenation stage at a
      temperature of about 65.degree.C. to about 70.degree.C., and worked up
      into polymeric isocyanate. The hot-phosgenation reaction required only two
      thirds of the residence time required to complete isocyanate formation
      after pre-phosgenation in a countercurrent mixing chamber.
PAR  It is to be understood that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as is set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the continuous pre-phosgenation of organic primary amines
      which minimizes blockages due to deposition of solid material in the
      process apparatus comprising mixing, in the absence of external cooling,
      in the suction side of a multi-stage rotary pump of the non-self-induction
      type, a 20 to 65% by weight solution in an inert organic solvent of
      phosgene and a 5-40% by weight solution in an inert organic solvent of an
      organic primary amine, from about 1.5 to about 3 mols of phosgene being
      present per gram equivalent of said amine the phosgene solution being
      introduced via the suction inlet of the pump, and the amine solution being
      introduced via a lateral access inlet situated midway between the first
      and second impeller of the pump, the pre-phosgenation mixture thus
      obtained being conveyed via the discharge outlet of the pump to a
      hot-phosgenation stage.
NUM  2.
PAR  2. The process of claim 1 wherein the organic primary amine is a primary
      aromatic monoamine.
NUM  3.
PAR  3. The process of claim 1 wherein the organic primary amine is a
      polyprimary organic polyamine.
NUM  4.
PAR  4. The process of claim 3 wherein the polyamine is selected from the group
      consisting of 2,4-tolylene diamine, 2,6-tolylene diamine,
      4,4'-diaminodiphenyl methane, 1,6-hexamethylene diamine and polyphenyl
      polymethylene polyamines produced by condensing aniline with formaldehyde.
NUM  5.
PAR  5. The process of claim 1 wherein the inert organic solvent is
      chlorobenzene or o-dichlorobenzene.
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ABST
PAL  New and valuable N-cycloalkyl-, N-alkenyl- or alkynyl-substituted
      carbothiolates having a good herbicidal action, herbicides containing
      these compounds, a process for controlling the growth of unwanted plants
      with these compounds, and a process for producing these compounds.
BSUM
PAR  The present invention relates to new and valuable N-cycloalkyl-, N-alkenyl-
      and alkynyl-substituted carbothiolates, herbicides containing them, and
      the use of these compounds as herbicides.
PAR  It is known (British patent No. 995,316) to use
      S-ethyl-N-ethyl-N-cyclohexyl carbothiolates for controlling unwanted
      plants in crops such as beet, spinach and Indian corn. However, its action
      is poor.
PAR  We have now found that carbothiolates of the formula
      ##EQU1##
      where R denotes a monocycloaliphatic or bicycloaliphatic radical of 5 to 8
      carbon atoms, R.sup.1 denotes propenyl or butenyl, and R.sup.2 denotes
      lower alkyl of 2 to 4 carbon atoms or an aliphatic-aromatic radical which
      may be substituted in the p-position by halogen, and R.sup.1 additionally
      denotes a propargyl or butyn-(2)-yl-(4) radical when R is norbornyl, have
      a better herbicidal action than the prior art active ingredients. The
      compounds of the invention have a better crop plant compatibility and a
      better herbicidal action on unwanted plants than
      S-ethyl-N-ethyl-N-cyclohexyl carbothiolate.
PAR  The compounds may be prepared by reacting a thiol chloroformate with an
      alkenyl- or alkynyl-substituted monocycloaliphatic or bicycloaliphatic
      amine. The secondary amines can be prepared by alkylation of
      cycloaliphatic amines with the appropriate propenyl, butenyl and butynyl
      halides.
DETD
PAC  EXAMPLE 1
PAC  Preparation of N-cyclohexyl-N-propenylamino-S-ethyl carbothiolate
PAR  At 60.degree. to 70.degree.C, 23.2 parts (by weight) of thioethyl
      chloroformate is dripped into 26 parts of cyclohexylallylamine and 20
      parts of triethylamine in 250 parts of benzene. The mixture is stirred for
      7 hours at 60.degree. to 70.degree.C and cooled; 250 parts of water is
      added and the organic phase separated. The solvent is distilled under a
      water jet vacuum and the residue under an oil pump vacuum. The yield is 24
      parts of the desired product; boiling point (0.1 mm): 117.degree.C.
PAR  The following carbothiolates were obtained in the same manner:
     N-norbornyl-N-allylamino-S-benzyl carbothiolate                           
                                 b.p.                                          
                                    (0.04 mm)                                  
                                           180.degree.C                        
     N-norbornyl-N-propargylamino-S-propyl carbothiolate                       
                                 b.p.                                          
                                    (0.002)                                    
                                           133.degree.C                        
     N-norbornyl-N-propargylamino-S-benzylcarbothiolate                        
                                 b.p.                                          
                                    (0.02) 180.degree.C                        
     N-norbornyl-N-butyn-(2)-yl-(1)-amino-S-benzyl                             
     carbothiolate               b.p.                                          
                                    (1.3)  210.degree.C                        
     N-cyclohexyl-N-allylamino-S-benzyl carbothiolate                          
                                 b.p.                                          
                                    (0.3)  164.degree.C                        
     N-norbornyl-N-butyn-(2)-yl-(1)-amino-S-(p-chloro-                         
     benzyl)-carbothiolate       b.p.                                          
                                    (0.04) 200.degree.C                        
     N-cyclohexyl-N-allylamino-S-n-propyl carbothiolate                        
                                 b.p.                                          
                                    (0.4)  113-6.degree.C                      
     N-norbornyl-N-butyn-(2)-yl-(1)-amino-S-n-propyl                           
     carbothiolate               b.p.                                          
                                    (0.2)  132-4.degree.C                      
     N-norbornyl-N-allylamino-S-ethyl carbothiolate                            
                                 b.p.                                          
                                    (0.1)  117.degree.C                        
     N-norbornyl-N-propargylamino-S-ethyl carbothiolate                        
                                 b.p.                                          
                                    (0.6)  120-4.degree.C                      
     N-norbornyl-N-butyn-(2)-yl-(1)-amino-S-ethyl                              
     carbothiolate               b.p.                                          
                                    (0.5)  152.degree.C                        
     N-cyclohexyl-N-allylamino-S-ethyl carbothiolate                           
                                 b.p.                                          
                                    (0.1)  117.degree.C                        
     N-norbornyl-N-allylamino-S-n-propyl carbothiolate                         
                                 b.p.                                          
                                    (0.05) 117.degree.C                        
     N-cyclohexyl-N-allylamino-S-ethyl-(p-chlorobenzyl)-                       
     carbothiolate               b.p.                                          
                                    (0.01) 173-5.degree.C                      
     N-norbornyl-N-allylamino-S-(p-chlorobenzyl)-                              
     carbothiolate               b.p.                                          
                                    (0.04) 200.degree.C                        
     N-norbornyl-N-propargylamino-S-(p-chlorobenzyl)-                          
     carbothiolate               b.p.                                          
                                    (0.01) 215.degree.C                        
PAL  Application may be effected for instance in the form of directly sprayable
      solutions, powders, suspensions, dispersions, emulsions, oil dispersions,
      pastes, dusts, or granules by spraying, atomizing, dusting, broadcasting
      or watering. The forms of application depend entirely on the purpose for
      which the agents are being used; in any case they should ensure a fine
      distribution of the active ingredient.
PAR  For the preparation of solutions, emulsions, pastes and oil dispersions to
      be sprayed direct, mineral fractions of medium to high boiling point, such
      as kerosene or diesel oil, further coal-tar oils and oils of vegetable or
      mineral origin, aliphatic, cyclic and aromatic hydrocarbons such as
      benzene, toluene, xylene, paraffin, tetrahydronaphthalene, alkylated
      naphthalenes, methanol, ethanol, propanol, butanol, chloroform, carbon
      tetrachloride, cyclohexanol, cyclohexanone, chlorobenzene, isophorone,
      etc., and strongly polar solvents such as dimethylformamide, dimethyl
      sulfoxide, N-methylpyrrolidone and water are suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes,
      oil dispersions or wettable powders by adding water. To prepare emulsions,
      pastes and oil dispersions the ingredients as such or dissolved in an oil
      or solvent may be homogenized in water by means of wetting or dispersing
      agents, adherents or emulsifiers. Concentrates which are suitable for
      dilution with water may be prepared from active ingredient, wetting agent,
      adherent, emulsifying or dispersing agent and possibly solvent or oil.
PAR  Examples of surfactants are: alkali metal, alkaline earth metal and
      ammonium salts or ligninsulfonic acid, naphthalenesulfonic acid,
      phenolsulfonic acids, alkylaryl sulfonates, alkyl sulfates, and alkyl
      sulfonates, alkali metal and alkaline earth metal salts of
      dibutylnaphthalenesulfonic acid, lauryl ether sulfate, fatty alcohol
      sulfates, alkali metal and alkaline earth metal salts of fatty acids,
      salts of sulfated hexadecanols, heptadecanols, and octadecanols, salts of
      sulfated fatty alcohol glycol ether, condensation products of sulfonated
      naphthalene and naphthalene derivatives with formaldehyde, condensation
      products of naphthalene or naphthalenesulfonic acids with phenol and
      formaldehyde, polyoxyethylene octylphenol ethers, ethoxylated
      isooctylphenol, ethoxylated octylphenol and ethoxylated nonylphenol,
      alkylphenol polyglycol ethers, tributylphenyl polyglycol ethers, alkylaryl
      polyether alcohols, isotridecyl alcohol, fatty alcohol ethylene oxide
      condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers,
      ethoxylated polyoxypropylene, lauryl alcohol polyglycol ether acetal,
      sorbitol esters, lignin, sulfite waste liquors and methyl cellulose.
PAR  Powders, broadcasting agents and dusts may be prepared by mixing or
      grinding the active ingredients with a solid carrier.
PAR  Granules, e.g., coated, impregnated or homogeneous granules, may be
      prepared by bonding the active ingredients to solid carriers. Examples of
      solid carriers are mineral earths such as silica gel, silicic acid,
      silicates, talc, kaolin, Attaclay, limestone, lime, chalk, bole, loess,
      clay, dolomite, diatomaceous earth, calcium sulfate, magnesium sulfate,
      magnesium oxide, ground plastics, fertilizers such as ammonium sulfate,
      ammonium phosphate, ammonium nitrate, and ureas, and vegetable products
      such as grain flours, bark meal, wood meal, and nutshell meal, cellulosic
      powders, etc.
PAR  The compositions contain from 0.1 to 95, and preferably from 0.5 to 90, %
      of active ingredient.
PAR  There may be added (if desired, immediately before use) to the compositions
      or individual active ingredients oils of various types, herbicides,
      fungicides, nematocides, insecticides, bactericides, trace elements,
      fertilizers, antifoams (e.g., silicones), growth regulators, antidotes and
      other herbicidally effective compounds such as
PA0  substituted anilines,
PA0  substituted aryloxycarboxylic acids and salts, esters and amides thereof,
PA0  substituted ethers,
PA0  substituted arsonic acids and their salts, esters and amides,
PA0  substituted benzimidazoles,
PA0  substituted benzisothiazoles,
PA0  substituted benzothiadiazinone dioxides,
PA0  substituted benzoxazines, substituted benzoxazinones,
PA0  substituted benzothiadiazoles,
PA0  substituted biurets,
PA0  substituted quinolines,
PA0  substituted carbamates,
PA0  substituted aliphatic carboxylic acids and their salts, esters and amides,
PA0  substituted aromatic carboxylic acids and their salts, esters and amides,
PA0  substituted carbamoylalkylthiol- or -dithiophosphates,
PA0  substituted quinazolines,
PA0  substituted cycloalkylamidocarbothiolic acids and their salts, esters, and
      amides,
PA0  substituted cycloalkylcarbonamidothiazoles,
PA0  substituted dicarboxylic acids and their salts, esters and amides,
PA0  substituted dihydrobenzofuranyl sulfonates,
PA0  substituted disulfides,
PA0  substituted dipyridylium salts,
PA0  substituted dithiocarbamates,
PA0  substituted dithiophosphoric acids and their salts, esters and amides,
PA0  substituted ureas,
PA0  substituted hexahydro-1H-carbothioates,
PA0  substituted hydantoins,
PA0  substituted hydrazides,
PA0  substituted hydrazonium salts,
PA0  substituted isooxazole pyrimidones,
PA0  substituted imidazoles,
PA0  substituted isothiazole pyrimidones,
PA0  substituted ketones,
PA0  substituted naphthoquinones,
PA0  substituted aliphatic nitriles,
PA0  substituted aromatic nitriles,
PA0  substituted oxadiazoles,
PA0  substituted oxadiazinones,
PA0  substituted oxadiazolidine diones,
PA0  substituted oxadiazine diones,
PA0  substituted phenols and their salts and esters,
PA0  substituted phosphoric acids and their salts, esters and amides,
PA0  substituted phosphonium chlorides,
PA0  substituted phosphonalkylglycines,
PA0  substituted phosphites,
PA0  substituted phosphoric acids and their salts, esters and amides,
PA0  substituted piperidines,
PA0  substituted pyrazoles,
PA0  substituted pyrazole alkylcarboxylic acids and their salts, esters and
      amides,
PA0  substituted pyrazolium salts,
PA0  substituted pyrazolium alkyl sulfates,
PA0  substituted pyridazines,
PA0  substituted pyridazones,
PA0  substituted pyridine carboxylic acids and their salts, esters and amides,
PA0  substituted pyridines,
PA0  substituted pyridine carboxylates,
PA0  substituted pyridinones,
PA0  substituted pyrimidines,
PA0  substituted pyrimidones,
PA0  substituted pyrrolidine carboxylic acid and its salts, esters and amides,
PA0  substituted pyrrolidines,
PA0  substituted pyrrolidones,
PA0  substituted arylsulfonic acids and their salts, esters and amides,
PA0  substituted styrenes,
PA0  substituted tetrahydrooxadiazine diones,
PA0  substituted tetrahydrooxadiazole diones,
PA0  substituted tetrahydromethanoindenes,
PA0  substituted tetrahydrooxadiazole thiones,
PA0  substituted tetrahydrodiazine thiones,
PA0  substituted tetrahydrothiadiazole diones,
PA0  substituted aromatic thiocarbonylamides,
PA0  substituted thiocarboxylic acids and their salts, esters and amides,
PA0  substituted thiol carbamates,
PA0  substituted thioureas,
PA0  substituted thiophosphoric acids and their salts, esters and amides,
PA0  substituted triazines,
PA0  substituted uracils,
PA0  substituted uretidine diones.
PAR  These herbicidal compounds may be applied before or after the compounds of
      the invention.
PAR  These agents may be added to the herbicides according to the invention in a
      ratio by weight of from 1:10 to 10:1. The same applies to oils,
      fungicides, nematocides, insecticides, bactericides, antidotes and growth
      regulators.
PAR  The agents according to the invention may be applied once or several times
      before or after planting, before sowing, pre- or postemergence, or during
      emergence of the crop plants or weeds.
PAR  The agents have a strong herbicidal action and may therefore be used as
      weedkillers or for controlling the growth of unwanted plants. Whether the
      new active ingredients are used as total or selective agents depends in
      essence on the amount of ingredient used per unit area.
PAR  By weeds and unwanted plant growth are meant all monocotyledonous and
      dicotyledonous plants which grow in loci where they are not desired.
PAR  The agents according to the invention may therefore be used for controlling
      for instance
TBL  Gramineae, such as                                                        
     Cynodon spp.        Dactylis spp.                                         
     Digitaria spp.      Avena spp.                                            
     Echinochloa spp.    Bromus spp.                                           
     Setaria spp.        Uniola spp.                                           
     Panicum spp.        Poa spp.                                              
     Alopecurus spp.     Leptochloa spp.                                       
     Lolium spp.         Brachiaria spp.                                       
     Sorghum spp.        Eleusine spp.                                         
     Agropyron spp.      Cenchrus spp.                                         
     Phalaris spp.       Eragrostis spp.                                       
     Apera spp.          etc.;                                                 
     Cyperaceae, such as                                                       
     Carex spp.          Eleocharis spp.                                       
     Cyperus spp.        etc.;                                                 
     Scirpus spp.                                                              
     dicotyledonous weeds, such as                                             
     Malvaceae, e.g.                                                           
     Abutilon theoprasti Hibiscus spp.                                         
     Sida spp.           Malva spp.                                            
     etc.;                                                                     
     Compositae, such as                                                       
     Ambrosia spp.       Centaurea spp.                                        
     Lactuca spp.        Tussilago spp.                                        
     Senecio spp.        Lapsana communis                                      
     Sonchus spp.        Tagetes spp.                                          
     Xanthium spp.       Erigeron spp.                                         
     Iva spp.            Anthemis spp.                                         
     Galinsoga spp.      Matricaria spp.                                       
     Taraxacum spp.      Artemisia spp.                                        
     Chrysanthemum spp.  Bidens spp.                                           
     Cirisum spp.        etc.;                                                 
     Convolvulaceae, such as                                                   
     Convolvulus spp.    Cuscuta spp.                                          
     Ipomoea spp.        Jaquemontia tamnifolia                                
     etc.;                                                                     
     Cruciferae, such as                                                       
     Barbarea vulgaris   Arabidopsis thaliana                                  
     Brassica spp.       Descurainia spp.                                      
     Capsella spp.       Draba spp.                                            
     Sisymbrium spp.     Coronopus didymus                                     
     Thlaspi spp.        Lepidium spp.                                         
     Sinapis arvensis    Raphanus spp.                                         
     etc.;                                                                     
     Geraniaceae, such as                                                      
     Erodium spp.        Geranium spp.                                         
     etc.;                                                                     
     Portulacaceae, such as                                                    
     Portulaca spp.      etc.;                                                 
     Primulaceae, such as                                                      
     Anagallis arvensis  Lysimachia spp.                                       
     etc.;                                                                     
     Rubiaceae, such as                                                        
     Richardia spp.      Diodia spp.                                           
     Galium spp.         etc.;                                                 
     Scrophulariaceae, such as                                                 
     Linaria spp.        Digitalis spp.                                        
     Veronica spp.       etc.;                                                 
     Solanaceae, such as                                                       
     Physalis spp.       Nicandra spp.                                         
     Solanum spp.        Datura spp.                                           
     etc.;                                                                     
     Urticaceae, such as                                                       
     Urtica spp.         etc.;                                                 
     Violaceae, such as                                                        
     Viola spp.          etc.;                                                 
     Zygophyllaceae, such as                                                   
     Tribulus terrestis  etc.;                                                 
     Euphorbiaceae, such as                                                    
     Mercurialis annua   Euphorbia spp.                                        
     Umbelliferae, such as                                                     
     Daucus carota       Ammi majus                                            
     Aethusa cynapium    etc.;                                                 
     Commelinaeae, such as                                                     
     Commelina spp.      etc.;                                                 
     Labiatae, such as                                                         
     Lamium spp.         Galeopsis spp.                                        
     etc.,;                                                                    
     Leguminosae, such as                                                      
     Medicago spp.       Sesbania exaltata                                     
     Trifolium spp.      Cassia spp.                                           
     Vicia spp.          Lathyrus spp.                                         
     etc.;                                                                     
     Plantaginaceae, such as                                                   
     Plantago spp.       etc.;                                                 
     Polygonaceae, such as                                                     
     Polygonum spp.      Fagopyrum spp.                                        
     Rumex spp.          etc.;                                                 
     Aizoaceae, such as                                                        
     Mollugo verticillata                                                      
                         etc.;                                                 
     Amaranthaceae, such as                                                    
     Amaranthus spp.     etc.;                                                 
     Boraginaceae, such as                                                     
     Amsinckia spp.      Anchusa spp.                                          
     Myostis spp.        Lithospermum spp.                                     
     etc.;                                                                     
     Caryophyllaceae, such as                                                  
     Stellaria spp.      Silene spp.                                           
     Spergula spp.       Cerastium spp.                                        
     Saponaria spp.      Agrostemma githago                                    
     Scleranthus annuus  etc.;                                                 
     Chenopodiaceae, such as                                                   
     Chenopodium spp.    Atriplex spp.                                         
     Kochia spp.         Monolepsis nuttaliana                                 
     Salsola kali        etc.;                                                 
     Lythraceae, such as                                                       
     Cuphea spp.         etc.;                                                 
     Oxalidaceae, such as                                                      
     Oxalis spp.         etc.;                                                 
     Ranunculaceae, such as                                                    
     Ranunculus spp.     Adonis spp.                                           
     Delphinium spp.     etc.;                                                 
     Papaveraceae, such as                                                     
     Papaver spp.        Fumaria officinalis                                   
     etc.;                                                                     
     Onagraceae, such as                                                       
     Jussiaea spp.       etc.;                                                 
     Rosaceae, such as                                                         
     Alchemillia spp.    Potentilla spp.                                       
     etc.;                                                                     
     Potamogetonaceae, such as                                                 
     Potamogeton spp.    etc.;                                                 
      Najadeceae, such as                                                      
     Najas spp.          etc.;                                                 
     Marsileaceae, such as                                                     
     Marsilea quadrifolia                                                      
                         etc.;                                                 
     The new agents may be employed in crops such as                           
     Avena spp.          Sorghum                                               
     Triticum spp.       Zea mays                                              
     Hordeum spp.        Panicum miliaceum                                     
     Secale spp.         Oryza spp.                                            
     and in dicotyledon crops such as                                          
     Cruciferae, such as                                                       
     Brassica spp.       Raphanus spp.                                         
     Sinapis spp.        Lepidium spp.                                         
     Compositae, such as                                                       
     Lactuca spp.        Carthamus spp.                                        
     Helianthus spp.     Scorzonera spp.                                       
     Malvaceae, such as                                                        
     Gossypium hirsutum                                                        
     Leguminosae, such as                                                      
     Medicago spp.       Phaseolus spp.                                        
     Trifolium spp.      Arachis spp.                                          
     Pisum spp.          Glycine max.                                          
     Chenopodiacea, such as                                                    
     Beta vulgaris                                                             
     Spinacia spp.                                                             
     Solanaceae, such as                                                       
     Solanum spp.        Capsicum annuum                                       
     Nicotiania spp.                                                           
     Linaceae, such as                                                         
     Linum spp.                                                                
     Umbelliferae, such as                                                     
     Petroselinum spp.   Apium graveolens                                      
     Daucus carota                                                             
     Rosaceae, such as   Fragaria                                              
     Cucurbitaceae, such as                                                    
     Cucumis spp.        Cucurbita spp.                                        
     Liliaceae, such as                                                        
     Allium spp.                                                               
     Vitaceae,  such as                                                        
     Vitis vinifera                                                            
     Bromeliaceae, such as                                                     
     Ananas sativus                                                            
PAR  The amount used of the agents of the invention may vary and depends on the
      effect desired; it generally is from 0.1 to 15 and more, and preferably
      0.2 to 6, kg per hectare.
PAR  The compositions may also be used as total agents in ditches, on aquatic
      areas, railway tracks, barren and waste land, etc.
PAC  EXAMPLE 2
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was then
      immediately treated with 1 kg per hectare of each of the following active
      ingredients, each being dispersed or emulsified in 500 liters of water per
      hectare:
PA0  I. n-cyclohexyl-N-allylamino-S-ethyl carbothiolate
PA0  Ii. n-norbornyl-N-allylamino-S-ethyl carbothiolate and, for comparison,
PA0  Iii. ethyl N-ethyl-N-cyclohexylthiol carbamate.
PAR  After 3 to 4 weeks it was ascertained that active ingredients I and II had
      a better herbicidal action than compound III, combined with superior crop
      plant compatibility.
PAR  The results are given below:
TBL  Active ingredient  I       II       III                                   
     kg/ha              1        1        1                                    
     ______________________________________                                    
     Crop plants:                                                              
     Beta vulgaris      0        0       10                                    
     Spinacia oleracea  0        0       10                                    
     Zea mays           0        0       20                                    
     Unwanted plants:                                                          
     Avena fatua       60       50       36                                    
     Lolium multiflorum                                                        
                       85       88       40                                    
     Lolium perenne    60       50       40                                    
     Bromus tectorum   70       45       35                                    
     Poa annua         70       50       40                                    
     Apera spica venti 72       60       35                                    
     Festuca rubra     60       55       43                                    
     Echinochloa crus-galli                                                    
                       75       60       40                                    
     Digitaria sanguinalis                                                     
                       70       70       40                                    
     Eleusine indica   72       60       42                                    
     Panicum virgatum  75       60       45                                    
     Alopecurus myosuroides                                                    
                       70       70       60                                    
      0 = no damage                                                            
     100 = complete destruction                                                
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  In the greenhouse, various plants were treated at a growth height of from 3
      to 11 cm with 1 kg per hectare of each of the following compounds, each
      being dispersed or emulsified in 500 liters of water per hectare:
PA0  I. n-cyclohexyl-N-allylamino-S-ethyl carbothiolate
PA0  Ii. n-norbornyl-N-allylamino-S-ethyl carbothiolate and, for comparison,
PA0  Iii. ethyl N-ethyl-N-cyclohexylthiol carbamate.
PAR  After 3 to 4 weeks it was ascertained that active ingredients I and II had
      a better herbicidal action than compound III, combined with superior crop
      plant compatibility.
PAR  The results are given below:
TBL  Active ingredient I        II       III                                   
     kg/ha             1         1        1                                    
     ______________________________________                                    
     Crop plants:                                                              
     Beta vulgaris     0        2        5                                     
     Spinacia oleracea 0        1        4                                     
     Zea mays          0        0        0                                     
     Unwanted plants:                                                          
     Avena fatua       60       65       10                                    
     Alopecurus myosuroides                                                    
                       40       60       15                                    
     Echinochloa crus galli                                                    
                       60       35       12                                    
     Lolium multiflorum                                                        
                       75       80       20                                    
      0 = no damage                                                            
     100 = complete destruction                                                
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was then
      immediately treated with 1 kg per hectare of each of the following active
      ingredients, each dispersed or emulsified in 500 liters of water per
      hectare:
PA0  I. n-cyclohexyl-N-allylamino-S-ethyl carbothiolate
PA0  Ii. n-norbornyl-N-allylamino-S-ethyl carbothiolate and, for comparison,
PA0  Iii. n-cyclohexyl-N-propargyl-S-ethyl carbothiolate
PA0  Iv. n-tricyclo-[5,2,1,0,2,6]-decyl-S-ethyl carbothiolate.
PAR  After 3 to 4 weeks it was ascertained that active ingredients I and II had
      a better herbicidal action than compounds III and IV, combined with the
      same good crop plant compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         
                      I       II      III   IV                                 
     kg/ha            1        1       1     1                                 
     ______________________________________                                    
     Crop plants:                                                              
     Beta vulgaris    0       0       0     0                                  
     Spinacia oleracea                                                         
                      0       0       0     0                                  
     Zea mays         0       0       0     0                                  
     Unwanted plants:                                                          
     Lolium multiflorum                                                        
                      85      88      35    55                                 
     Bromus tectorum  70      45      30    38                                 
     Echinochloa crus galli                                                    
                      75      60      37    50                                 
     Eleusine indica  72      60      50    53                                 
     Alopecurus myosuroides                                                    
                      70      70      54    58                                 
      0 = no damage                                                            
     100 = complete destruction                                                
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  90 parts by weight of compound I is mixed with 10 parts by weight of
      N-methyl-.alpha.-pyrrolidone. A mixture is obtained which is suitable for
      application in the form of very fine drops.
PAC  EXAMPLE 6
PAR  20 parts by weight of compound II is dissolved in a mixture consisting of
      80 parts by weight of xylene, 10 parts by weight of the adduct of 8 to 10
      moles of ethylene oxide to 1 mole of oleic acid-N-monoethanolamide, 5
      parts by weight of the calcium salt of dodecylbenzenesulfonic acid, and 5
      parts by weight of the adduct of 40 moles of ethylene oxide to 1 mole of
      castor oil. By pouring the solution into 100,000 parts by weight of water
      and uniformly distributing it therein, an aqueous dispersion is obtained
      containing 0.02% by weight of the active ingredient.
PAC  EXAMPLE 7
PAR  20 parts by weight of compound I is dissolved in a mixture consisting of 40
      parts by weight of cyclohexanone, 30 parts by weight of isobutanol, 20
      parts by weight of the adduct of 7 moles of ethylene oxide to 1 mole of
      isooctylphenol, and 10 parts by weight of the adduct of 40 moles of
      ethylene oxide to 1 mole of castor oil. By pouring the solution into
      100,000 parts by weight of water and uniformly distributing it therein, an
      aqueous dispersion is obtained containing 0.02% by weight of the active
      ingredient.
PAC  EXAMPLE 8
PAR  20 parts by weight of compound II is dissolved in a mixture consisting of
      25 parts by weight of cyclohexanol, 65 parts by weight of a mineral oil
      fraction having a boiling point between 210.degree. and 280.degree.C, and
      10 parts by weight of the adduct of 40 moles of ethylene oxide to 1 mole
      of castor oil. By pouring the solution into 100,000 parts by weight of
      water and uniformly distributing it therein, an aqueous dispersion is
      obtained containing 0.02% by weight of the active ingredient.
PAC  EXAMPLE 9
PAR  20 parts by weight of compound I is well mixed with 3 parts by weight of
      the sodium salt of diisobutylnaphthalene-.alpha.-sulfonic acid, 17 parts
      by weight of the sodium salt of a ligninsulfonic acid obtained from a
      sulfite waste liquor, and 60 parts by weight of powdered silica gel, and
      triturated in a hammer mill. By uniformly distributing the mixture in
      20,000 parts by weight of water, a spray liquid is obtained containing
      0.1% by weight of the active ingredient.
PAC  EXAMPLE 10
PAR  3 parts by weight of compound II is intimately mixed with 97 parts by
      weight of particulate kaolin. A dust is obtained containing 3% by weight
      of the active ingredient.
PAC  EXAMPLE 11
PAR  30 parts by weight of compound I is intimately mixed with a mixture
      consisting of 92 parts by weight of powdered silica gel and 8 parts by
      weight of paraffin oil which has been sprayed onto the surface of this
      silica gel. A formulation of the active ingredient is obtained having good
      adherence.
CLMS
STM  We claim:
NUM  1.
PAR  1. A carbothiolate of the formula
      ##EQU2##
      where R denotes a monocycloaliphatic or bicycloaliphatic radical of 5 to 8
      carbon atoms, R.sup.1 denotes propenyl or butenyl, R.sup.2 denotes lower
      alkyl of 2 to 4 carbon atoms or a benzyl radical which may be substituted
      in the p-position by halogen, and R.sup.1 additionally denotes a propargyl
      or butyn-(2)-yl-(4) radical when R is norbornyl.
NUM  2.
PAR  2. N-cyclohexyl-N-allylamino-S-ethyl carbothiolate.
NUM  3.
PAR  3. N-cyclohexyl-N-allylamino-S-n-propyl carbothiolate.
NUM  4.
PAR  4. N-norbornyl-N-allylamino-S-ethyl carbothiolate.
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ABST
PAL  A process for the preparation of alcohols from purified carbon, including
      the step of hydrogenating the carbon at high temperature and pressure in a
      catalytic reactor in a dispersion with naphthalene and in the presence of
      a catalyst comprising nickel, ruthenium, aluminum and cobalt molybdate,
      and the step of oxidizing the resulting paraffins by contact with steam at
      high temperature and pressure in a catalytic reactor in the presence of a
      catalyst comprising a mixture of silica and copper and the oxides of zinc,
      chromium and boron. The catalysts are suspended in a ceramic concrete
      aggregate, extending the length of the reactors and in the form of a
      cylindrical reactor liner and a smaller, concentric ceramic cylinder
      therewithin. The second step is performed in two reactors in series.
PARN
PAR  This is a division of application Ser. No. 82,421 filed Oct. 20, 1970 now
      U.S. Pat. No. 3,819,724.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is the preparation of alcohols by the two-step
      process of hydrogenating purified carbon to form a mixture of paraffins,
      and of oxidizing the paraffins to form their respective alcohols.
PAR  Alcohols have been proposed for use as motor fuels. Their primary advantage
      is that their exhaust products contain little or no pollutants, being
      substantially completely carbon dioxide and water. There is, however, no
      practical, large-scale process suitable for the preparation of alcohol
      that is competitive with the traditional sources of motor fuel. It is,
      therefore, the major objective of this invention to provide a process for
      the preparation of alcohols of sufficient quantity to be competitive with
      conventional petroleum-based motor fuels.
PAR  In the present process, alcohols are synthesized from coal, or another
      source of purified carbon. The purified carbon may be obtained from
      charcoal, coal or a vegetable carbon source, for example, by the process
      described in my patent application, Ser. No. 82,549, filed Oct. 20, 1970,
      now U.S. Pat. No. 3,689,233, entitled Process For The Manufacture Of Hard
      Ashless Charcoal Briquettes. Said purified carbon, as disclosed at column
      4 lines 30-33 of said patent, is material which is substantially pure and
      ashless, comprising essentially 99.75 percent carbon. It is then a further
      objective to provide a process for the preparation of alcohols from a
      readily available source of carbon, such as coal.
PAR  The well-known Bergius process converted powdered coal and heavy oil to
      hydrocarbons, by catalytic hydrogenation. It is a further objective of
      this invention to provide an improved method of hydrogenating a carbon
      source, as well as to oxidize the resulting hydrocarbons to alcohols.
PAC  SUMMARY OF THE INVENTION
PAR  In the present process, purified carbon is hydrogenated in the presence of
      a catalyst compound of about 15-20 percent nickel, 15-20 percent cobalt
      molybdate, 15-20 percent ruthenium, and 45-55 percent aluminum, at a
      temperature of about 500.degree.-1500.degree.C. and a pressure of about
      100-3000 atm. The resulting hydrocarbons, primarily paraffins are oxidized
      in a second catalytic reactor with steam in the presence of a catalyst
      comprised of about 5-10 percent zinc oxide, 2-5 percent copper, 20-25
      percent chromium oxide, 20-25 percent silica, 20-25 percent potassium
      oxide and 20-25 percent boric oxide, at about 300.degree.-550.degree.C and
      400-500 atm., to form the corresponding alcohols.
PAR  The two reactors contain two concentric, porous ceramic cylinders
      impregnated with the catalyst composition. The hydrogenation reactor is
      heated by an external, concentric furnace, which also serves to heat the
      steam employed in the oxidation reactor. A third reactor-distilling
      retort, which serves to complete the oxidation to alcohols and to distill
      the product, is of special construction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows schematically the equipment suitable for carrying out the
      present process, including a hydrogenation reactor, an oxidation reactor,
      and a reactor-distilling retort.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The raw material of the present invention is ashless or purified carbon,
      which may be obtained by any suitable process, such as the method of
      preparing ashless vegetable black disclosed in my concurrently filed
      application, Ser. No. 82,549. In the first step of the process, the
      purified carbon is catalytically hydrogenated at high temperature and
      pressure, to form hydrocarbons, principally C.sub.1 --C.sub.10 alkanes.
      The resulting hydrocarbons are next oxidized catalytically by steam to
      form the corresponding alcohols, also at high temperature and pressure.
PAR  The hydrogenation reactor is specially constructed, having the catalyst
      impregnated in porous, concentric ceramic cylinders, contained in a steel
      shell. The purified carbon is combined with naphthalene, comprising about
      3-10 percent by weight of the charge, and charged into the reactor, in
      combination with part of the catalyst, comprising about 2 percent of the
      charge. A porous, catalyst-impregnated ceramic strainer is provided at the
      bottom to hold the charge and to distribute the hydrogen, charged into the
      bottom of the reactor. Temperature and pressure are raised gradually to
      about 500.degree.C. and 1000 atm, or higher depending upon the desired end
      product and reaction time. Residence time during hydrogenation is about
      2-3 hours. The hydrogenation catalyst comprises about 15-20 percent
      nickel, 15-20 percent cobalt molybdate, 15-20 percent ruthenium and 45-55
      percent aluminum.
PAR  The hydrogenated products are charged, still under pressure, to the top of
      an oxidation reactor, which may be constructed in the same manner as the
      first reactor. Steam is charged to the bottom of the second reactor.
      Again, the catalyst, which comprises about 5-10 percent zinc oxide, 2-5
      percent copper, 20-25 percent chromium oxide, 20-25 percent silica, 20-25
      percent potassium oxide and 20-25 percent boric oxide, is impregnated into
      porous, ceramic material. The oxidation reaction proceeds at about
      300.degree.-550.degree. C. and 400-500 atm.
PAR  The oxidation product is preferably charged into a reactor-distilling
      retort, also containing the same oxidation catalyst impregnated in porous
      ceramic material. There the oxidation reaction is completed, and the
      product alcohol is distilled and purified. In order to facilitate the
      distillation, the interior ceramic cylinder is provided with a series of
      perforated horizontal plates up the length of the retort. The product
      alcohols are removed from the top of the reactor-retort, condensed and
      recovered.
PAR  The catalysts employed in the present process may be reactivated, as the
      need arises, by heating in the absence of hydrocarbons to
      1500.degree.-1600.degree.C.
PAR  The invention will be better understood with reference to the attached
      drawing, which shows equipment suitable for carrying out the present
      process, and preferred construction details of the reactors employed.
PAR  A mixture of 3-10 percent naphthalene and purified carbon is ground to very
      fine powder and the whole mass is further mixed with a combined catalyst
      (1 part nickel, 1 part cobalt molybdate, 1 part ruthenium, and 3 parts
      aluminum) which comprises about 2 percent of the whole mass. The whole
      mixed mass is then charged into the hydrogenation reactor 10. The reactor
      chamber 10 is made of 11/2 inch steel cylinder 12, 6 feet in diameter and
      24 feet long. The vertical reactor is supported with heavy steel framework
      (not shown) and coated with a mixture of manganese dioxide, potters clay,
      pulverized brick, and dolomite, and lined with refractory bricks. About
      two-thirds of the length of the reactor is surrounded by furnace 14, which
      is equipped with a device 16 to trap all the combustion products as the
      furnace 14 is being fired. The reactor chamber 10 is lined with a ceramic
      layer 18. The ceramic layer is porous and contains impregnated catalyst.
      It is composed of 3 parts granulated firebricks, 3 parts washed silica, 1
      part slaked lime, 1 part portland cement, and to 5 percent of the whole
      mass is added potassium oxide. The whole mass is mixed with enough amount
      of water to compose a concrete aggregate, and the concrete aggregate is
      dosed with a catalytic mixture of 1 part nickel, 1 part cobalt molybdate,
      1 part ruthenium, and 3 parts metallic aluminum powder. The catalyst
      constitutes about 3-5 percent of the whole concrete aggregate. However,
      before the catalyst mixture is introduced or mixed with the concrete
      aggregate the molders for the ceramic lining must be made ready, for upon
      mixing the catalyst mixture, the concrete aggregate will form a highly
      porous (foamy) dough. When the ceramic has properly set, it is dipped into
      a solution of 10-20 percent nickel acetate, after which the ceramic is
      dried. When completely dryed, it is fired to 1,500.degree.C. In lining the
      ceramic, a mortar made of 1 part lime, 1 part portland cement, 3 parts
      dolomite (calcined), and 5 parts washed silica is employed. When the whole
      lining construction 18 has set, it is again fired or heated to about
      1,600.degree.C. The top of the reactor is also lined with the same ceramic
      construction 20, and cured to activate the catalyst mixture. At the bottom
      of the reactor 10, a strainer 22 of the same ceramic construction,
      containing multiple perforations 23, is incorporated. The reactor 10 is
      provided with a withdrawal outlet 24 at the bottom and a mechanical
      charging means 26 at the top. The reactor 10 is equipped with thermometer
      and pressure gauge and an agitator-grinder (not shown) to emulsify the
      liquidised carbon in the strainer cylinder 22. Extending upwardly from
      strainer 22 and concentric to liner 18 is a ceramic cylinder 28 of about 6
      inch thick and 4 feet diameter with structural reinforcement made of
      nickel-plated aluminum bars (not shown), extending the length of the
      interior of the reactor steel cylinder. The ceramic cylinder 28 also
      contains the mixed catalyst, so its construction and composition are
      similar to the ceramics lining 18 of the steel cylinder reactor 10. This
      cylinder serves a dual purpose, first as a catalyst support, and second as
      a strainer. Consequently, the cylinder 28 contains minute perforations
      (not shown) in addition to the concrete pores.
PAR  The interior of the furnace 14 is lines with firebrick 30, and contains
      coiled 4 inch steel pipes 32 filled with water from line 31 for the
      evolution of steam from line 33. Besides the reactor, another steel
      cylinder 16 of the same size and thickness but without the ceramic lining
      (not shown) may be provided to contain the combustion gases evolved from
      the furnace. This steel cylinder which will contain CO.sub.2 and CO, is
      lined with the ashless charcoal rammed and tamped with coal tar and baked
      to convert most of the CO.sub.2 to CO. The furnace 14 is fired with oxygen
      to supplement atmospheric air through line 35; and the gases in this
      cylinder are recycled to the furnace via line 34. At the bottom of the
      reactor cylinder 10 is fitted the inlet 36 for hydrogen with proper inlet
      stop-cock valve (not shown).
PAR  The ground mixture of pure carbon, naphthalene, and mixed catalyst is
      charged into the hydrogenation reactor 10 just described. Hydrogen is
      charged into its inlet 36 and heated to about from
      150.degree.-500.degree.C. gradually, with an increasing pressure of from
      100 to 1,000 atmospheres. Samples are withdrawn from time to time to
      determine the extent of hydrogenation. If the sample material withdrawn is
      still black with some specks of unreacted charcoal, hydrogenation has to
      be carried on further. When hydrogenation is completed, however, the
      sample material is dark brownish-black and greasy to the touch. The
      completely hydrogenated pure carbon is then transferred via line 38 to the
      oxidation reactor 40, and introduced or charged at the top of the reactor
      in spray-jet form under pressure of about 1,000 atm. and 45.degree.
      tangent to the sides of the reactor chamber.
PAR  In the hydrogenation reactor 10, the carbon is hydrogenated to form
      hydrocarbons, principally paraffins of C.sub.1 -C.sub.10, and the
      naphthalene is hydrogenated to form tetrahydronaphthalene or other
      saturated hydrocarbons. The resulting tetralin (tetrahydronaphthalene) is
      an effective solvent for the purified pulverized carbon, and synergizes
      the rapid hydrogenation of the carbon. As tetralin is itself unsaturated
      it may be hydrogenated further under the high temperature and high
      pressure, however, the dissolved purified carbon (ashless charcoal)
      rapidly hydrogenates to form high molecular weight paraffinic
      hydrocarbons. Methane and ethane are formed at the start of the reaction,
      when the temperatures and pressures are still low. However, as the
      temperature and pressure are raised, high mol. wt. paraffinic hydrocarbons
      are finally formed. When the temperature is raised to
      1,000.degree.-1,500.degree.C and the pressure to 3,000-4,000 atmospheres
      (which will require a stronger reactor shell) C.sub.20 -C.sub.40 paraffins
      may be obtained, which are capable of producing high octane gasoline by
      cracking distillation.
PAR  The hydrogenated product is a suitable substitute for crude oil for diesel
      engines.
PAR  The oxidation reactor 40 is constructed in the same manner as the
      hydrogenation reactor 10. The catalyst impregnated in the ceramics lining
      42 and ceramics cylinder 44 inside the steel cylinder 46 comprises 4 parts
      zinc oxide, 2 parts copper, 10 parts chromium oxide, 10 parts silica, 10
      parts potassium oxide, and 10 parts boric oxide. The silica is first
      ground to fine powder, and the remaining constituents are also ground and
      mixed with the silica powder. The whole mixture will constitute about 20
      percent of the ceramics to be made for lining 42 and for the ceramics
      cylinder 44. The interior cylinder 44 is also provided with minute
      perforations (not shown). After the proper setting of the ceramic, it is
      heated to 1,500.degree.C. to activate the catalyst.
PAR  Into the oxidation reactor 40 is charged simultaneously the live steam
      through inlet 48 and the paraffinic hydrocarbons through inlet 50. The
      live steam is supplied to the bottom of the reactor 40 at 45.degree.
      tangent and in the opposite direction to the flow of the hydrocarbons, in
      order to promote turbulent mixing. Temperature is maintained at
      450.degree.-500.degree.C, and at the pressure of about 400-500 atmospheres
      the higher alcohols form, although the mixed alcohol product still may
      contain small amounts of methyl alcohol. The alcohols are mostly ethyl
      alcohol because of the selectivity of the present catalyst. The mixture of
      alcohols is made to pass from outlet 52 through the third reactor 54 for
      final and complete synthesis and condensation of residual materials.
PAR  The third reactor 54 is actually both a reactor and a distillation retort.
      In construction and catalyst composition, reactor 54 is similar to reactor
      40, except that the interior ceramic cylinder 56 contains perforated
      ceramic plates 62, of the same composition, leaving 1/4 inch perforations
      63, in order to promote distillation of the alcohol product. The retort
      reactor 54 is provided with three condensers 58-60. The alcohol enters
      reactor 54 by inlet 57, and after the reaction is completed evolves from
      reactor 54 via line 64 to storage tanks 66. The higher boiling residue is
      removed from bottoms line 65. It is, of course, possible to remove a
      certain fraction at any desired point in the retort, by conventional means
      not shown.
PAR  The purified alcohols made by the present process may be employed in a
      pollution-free automotive motor fuel, in combination with hydrogen
      peroxide. The exhaust products of such a motor fuel are substantially
      carbon dioxide and water, and are hence non-polluting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydrogenation catalyst consisting of about 15-20 percent nickel, 15-20
      percent cobalt molybdate, 15-20 percent ruthenium, and 45-55 percent
      aluminum deposited on a porous ceramic support.
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ABST
PAL  Olefins are converted to nitriles by reacting with hydrogen cyanide in the
      presence of an organic thiol or sulphide and a catalytic amount of a
      cuprous salt which is soluble therein; especially for making 3-pentene
      nitrile from butadiene.
BSUM
PAR  This invention relates to the manufacture of organic nitriles and, more
      particularly, to their manufacture by reaction of olefinic compounds with
      hydrogen cyanide in the presence of a catalyst.
PAR  Our invention provides a process for the manufacture of organic nitriles
      which comprises reacting an olefin with hydrogen cyanide in the presence
      of an organic thiol or sulphide and a catalytic amount of a cuprous salt
      which is soluble in the said thiol or sulphide.
PAR  The cuprous salt which is soluble in the thiol or sulphide is preferably
      cuprous chloride or bromide.
PAR  The class of organic thiols or sulphides includes organic compounds which
      contain the groupings --SH or --S--, where the valencies shown are
      attached to carbon atoms. The class includes in particular compounds of
      the formulae:
EQU  R.sub.1 SH and R.sub.1 SR.sub.2
PAL  in which R.sub.1 and R.sub.2 are aliphatic, cycloaliphatic, araliphatic or
      aromatic radicals, and, in the case of sulphides, may be the same or
      different, and may be joined to form, with the S atom, a heterocyclic ring
      containing sulphur. The radicals R.sub.1 and R.sub.2 may carry
      substituents, for example hydroxyl, alkoxyl, carboxylic ester and halogen
      substituents, and the aliphatic and cycloaliphatic radicals they represent
      may contain carbon-carbon unsaturation, especially ethylene unsaturation.
      Moreover, the heterocyclic rings containing the S atom may contain
      carbon-carbon unsaturation and may contain other hetero atoms, especially
      nitrogen, oxygen or sulphur atoms. Preferably the heterocyclic rings have
      5, 6 or 7, especially 5 or 6, atoms in the ring.
PAR  Especially suitable organic thiols and sulphides include those of the above
      general formulae in which R.sub.1 and R.sub.2 represent alkyl groups
      having from 1 to 6 carbon atoms and, in the case of sulphides, may be the
      same or different, especially the same. Also especially suitable are
      thiophen and sulphides of the above general formulae in which R.sub.1 and
      R.sub.2 together represent tetramethylene or pentamethylene groups. As
      examples of such especially suitable compounds there may be mentioned
      methyl mercaptan, ethyl mercaptan, propyl mercaptan, butyl mercaptan, amyl
      mercaptan, hexyl mercaptan, dimethyl sulphide, diethyl sulphide, dipropyl
      sulphide, dibutyl sulphide, diamyl sulphide, dihexyl sulphide, methyl
      ethyl sulphide, thiophen, tetrahydrothiophen and pentamethylene sulphide.
PAR  Other suitable compounds include cyclohexyl-mercaptan, benzyl mercaptan,
      thiophenol, dicyclohexyl sulphide, dibenzyl sulphide, diphenyl sulphide,
      ditolyl sulphide, thiodiglycol and thiomorpholine.
PAR  The organic thiol or sulphide may form a complex with the cuprous salt. In
      any event it is preferred that the thiol or sulphide is used in at least
      stoichiometric amount in relation to the copper. Substantially more than
      the stoichiometric amount may be used, however. It is preferred that the
      cuprous salt is dissolved in the minimum amount of the thiol or sulphide.
      Thus, for example, for each part by weight of cuprous salt there may be
      used from 0.5 to 5 parts by weight of thiol or sulphide, to give a
      solution.
PAR  The process of our invention may be carried out over a wide range of
      temperatures, for example from -25.degree. to 200.degree.C. Because of
      decay of catalyst at higher temperatures, however, and because of the low
      rate of reaction at lower temperatures it preferred to operate in the
      temperature range 50.degree. to 160.degree.C, and more preferably from
      90.degree. to 135.degree.C, temperatures of about 120.degree.C being very
      suitable. Owing to the volatility and toxicity of hydrogen cyanide the
      reaction is preferably conducted in a closed vessel under autogenous
      pressure or, if desired, under deliberately raised pressure, for example
      at a pressure of from 1 to 50 atmospheres. If desired a solvent may be
      used, for example a hydrocarbon solvent such as benzene, toluene or xylene
      or a nitrile solvent such as acetonitrile, propionitrile, benzonitrile or
      adiponitrile. Agitation of the reactants is desirable. The reaction is
      continued for a time sufficient to give a suitable conversion. In the case
      of a batch process the time will normally be for from 1 hour up to a
      period of several days, for example 5 days.
PAR  The olefin and the hydrogen cyanide may be used in equimolar proportions or
      an excess of either may be used, especially within the molar range of
      olefin to hydrogen cyanide of 2 : 1 to 1 : 10. The cuprous salt is used in
      catalytic amount: this will normally fall within the range 0.0005 to 0.1
      mole per mole of olefin. We prefer that the proportion of the said salt is
      from 0.005 to 0.05 mole per mole of olefine.
PAR  The organic nitrile formed in the process may be separated from the
      reaction mixture by first removing any excess olefin and/or hydrogen
      cyanide by distillation or by simply venting the apparatus. The organic
      nitrile may then be separated from cuprous salt residues and organic thiol
      or sulphide, by conventional methods such as filtration with or without
      extraction with solvent, or by distillation. The process may readily be
      adapted to continuous operation.
PAR  The process of our invention is particularly valuable for the
      monohydrocyanation of butadiene to 3-pentene nitrile. In certain
      circumstances bis-hydro-cyanation to give adiponitrile may occur.
PAR  U.S. Pat. No. 2,509,859 describes the reaction of butadiene and hydrogen
      cyanide in the presence of, for example, cuprous chloride, to give
      3-pentene nitrile. Although the reaction is described as catalytic good
      yields of 3-pentene nitrile are obtained only if substantially equimolar
      proportions of butadiene and cuprous salt are used. With catalytic
      proportions, for example 0.006 moles of cuprous chloride per mole of
      butadiene, both the conversion of butadiene and the yield of 3-pentene
      nitrile are low. In the process of our invention, however, catalytic
      amounts of cuprous salt, when used in conjunction with an organic thiol or
      sulphide, give good conversions of butadiene and good yields of 3-pentene
      nitrile.
PAR  It has already been proposed to react butadiene and hydrogen cyanide in the
      presence of catalytic amounts of certain catalysts, for example certain
      zerovalent nickel catalysts, as described, for example, in United Kingdom
      patent specification No. 1,104,140. Such processes give mixtures of linear
      pentene nitriles, which are convertible by further reaction with hydrogen
      cyanide into adiponitrile, and branched methyl butene nitriles which
      cannot be converted directly into adiponitrile. The proportion of linear
      pentene nitriles compared with branched methyl butene nitriles produced in
      such processes is not normally greatly in excess of 70% by weight (or
      molar). It is an advantage of the process of our invention that the
      proportion of linear 3-pentene nitrile, directly convertible to
      adiponitrile, which is produced is much higher, usually at least 80% by
      weight (or molar), that is the ratio of 3-pentene nitrile to branched
      methyl butenenitriles is at least 4 : 1. Moreover, the zero-valent nickel
      catalysts used in the prior process are sensitive to moisture whereas the
      catalysts used in the process of our present invention are not. Thus,
      anhydrous conditions are not required and it is not therefore necessary,
      for example, to specially dry the olefin and hydrogen cyanide.
PAR  3-Pentene nitrile is particularly valuable for further reaction with
      hydrogen cyanide in the presence of a catalyst to give adiponitrile.
      Adiponitrile may be hydrogenated to hexamethylene diamine, a valuable
      intermediate for polycondensation with dicarboxylic acids to give
      polyamides, especially, for example, with adipic acid to give
      polyhexamethylene adipamide (nylon 6,6), a well-known polyamide for use in
      the manufacture of mouldings and for melt spinning into synthetic fibres.
DETD
PAR  The invention is illustrated but not limited by the following Examples.
PAC  EXAMPLE 1
PAR  A mixture of 30 ml. (19.5 g.) of butadiene, 15 ml. of hydrogen cyanide, and
      a solution of 1.8g. of anhydrous cuprous chloride in 3 ml. of thiophen was
      heated at 120.degree.C in a closed vessel for 17 hours. After removing
      excess butadiene and hydrogen cyanide by evaporation, the product liquor
      (22.8g.) was distilled to give a first fraction (1.7 g.) consisting mainly
      of low boiling material, including thiophen, but which was found to
      contain 4.1% (0.07 g.) of 3-pentene nitrile, and a second fraction (14.2
      g.) which was found to contain 74.5% (10.1 g.) of 3-pentene nitrile and
      6.7% (0.9 g.) of 2-methyl-3-butene nitrile. The residue was 4.7 g. The
      conversion of butadiene to mononitriles was 40% and the yield of 3-pentene
      nitrile calculated on the butadiene so converted was 91.6% and of
      2-methyl-3-butene nitrile 8.4%.
PAC  EXAMPLE 2
PAR  A mixture of 10.4 g. of butadiene, 7 ml. of hydrogen cyanide and a solution
      of 1.2 g. of anhydrous cuprous chloride in 2 ml. of di-n-propyl sulphide
      was heated at 145.degree.C in a closed vessel for 17 hours. After removing
      excess butadiene and hydrogen cyanide by evaporation the product liquor
      (14.6 g.) was distilled giving 11.34g. of distillate and leaving a residue
      of 2.11 g. The distillate was found to contain 66% (7.48g.) of 3-pentene
      nitrile and 3.7% (0.42g.) of 2-methyl-3-butene nitrile. The conversion of
      butadiene to mononitriles was 50.6% and the yield of 3-pentene nitrile
      calculated on the butadiene so converted was 94.8% and of
      2-methyl-3-butene nitrile 5.2%.
PAC  EXAMPLE 3
PAR  Anhydrous cuprous chloride (0.6 g.) was dissolved in 0.9 ml. of di-n-propyl
      sulphide (or the compound specified in the Table) and the solution
      introduced into a tube filled with nitrogen. After purging with nitrogen,
      5 ml. of hydrogen cyanide, redistilled from phosphorus pentoxide, were
      condensed into the tube at -78.degree.C. 10 ml. of butadiene, purified by
      passage through an ion exchange column, were then distilled into the tube
      which was then sealed. The mixture was then stirred magnetically and
      heated to the operating temperature for the operating period (see Table).
      The tube was then cooled to -78.degree.C and opened. Unreacted butadiene
      and hydrogen cyanide were distilled off and the remaining liquor filtered
      from solid catalyst. The liquor was then analysed by gas-liquid
      chromatography for 3-pentene nitrile 2-methyl-3-butene nitrile and
      adiponitrile.
TBL  __________________________________________________________________________
             Reaction Conditions                                               
                         Proportions in Product Liquor: wt.%                   
                                              Ratio:                           
                               2-methyl-3-    3-pentene nitrile:               
     Compound                                                                  
             Temp.    Time                                                     
                         3-pentene                                             
                               butene  Adiponitrile                            
                                              2-methyl-3-butene                
             .degree.C                                                         
                      Hrs.                                                     
                         nitrile                                               
                               nitrile        nitrile                          
     __________________________________________________________________________
     Dimethyl                                                                  
             100      17 24.5  1.7     --     14.3                             
     sulphide                                                                  
     Diethyl 100      17 23.6  1.99    --     11.85                            
     sulphide                                                                  
     Di-n-propyl                                                               
             100      17 33.7  4.52    --     7.45                             
     sulphide                                                                  
     do-     130      17 57.1  3.24    --     17.5                             
     do-     145      17 64.6  5.48    --     11.8                             
     Di-isoamyl                                                                
             100      17 16.0  --      --     --                               
     sulphide                                                                  
     Diphenyl                                                                  
             100      17 20.3  1.23    --     16.5                             
     sulphide                                                                  
     Thiodi- 100      17 2.4   --      3.0    --                               
     glycol                                                                    
     do-     100      26 7.9   --      3.6    --                               
     Thiophen                                                                  
             100      17 56.4  4.16    0.95   13.6                             
     do-     160      17 56.0  6.2     trace  9.05                             
     Thiophenol                                                                
             100      17 24.5  trace   3.4    --                               
     Di-nOpropyl                                                               
              65      17 17.8  4.8     1.5    3.72                             
     sulphide                                                                  
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Anhydrous cuprous chloride (0.6 g.) was dissolved in 1 ml. of di-n-propyl
      sulphide in a tube filled with nitrogen and 8.2 g. of isoprene were
      introduced. After purging with nitrogen, 5 ml. of hydrogen cyanide,
      distilled from phosphorus pentoxide, were introduced and the tube sealed.
      The mixture was then stirred magnetically and heated at 110.degree.C for
      17 hours. After cooling, the tube was opened, excess volatile material
      distilled off and the residue distilled to give 8.2 g. of mononitriles
      (71.7% conversion of isoprene), over 95% of which was
      4-methyl-3-pentenenitrile.
PAC  EXAMPLE 5
PAR  In an experiment conducted similarly to that in Example 4 except that the
      reactants were 1.74 g. of anhydrous cuprous bromide, 2 ml. of di-n-propyl
      sulphide, 13 g. of butadiene and 10 ml. of hydrogen cyanide, and heating
      was conducted for 14 hours at 100.degree.C, the conversion of butadiene to
      mononitriles was 14.5%, and 3-pentenenitrile was obtained as the product
      in a yield of 95% calculated on the butadiene converted.
PAC  EXAMPLE 6
PAR  In an experiment conducted similarly to that in Example 4 except that the
      reactants were 0.6 g. of anhydrous cuprous chloride, 1.0 g. of dibenzyl
      sulphide, 6 g. of butadiene and 5 ml. of hydrogen cyanide, and the heating
      was conducted for 4 hours at 100.degree.C, a yellow product was obtained
      yielding 4.45 g. of mononitriles on distillation (49.4% conversion of
      butadiene) consisting of 3-pentenenitrile (94.2%) and
      2-methyl-3-butene-nitrile (5.8%).
PAC  EXAMPLE 7
PAR  In an experiment conducted similarly to that in Example 4 except that the
      reactants were 0.8 g. of anhydrous cuprous bromide, 1 ml. of thiophen, 6.5
      g. of butadiene and 5 ml. of hydrogen cyanide, and heating was continued
      for 17 hours at 100.degree.C the conversion of butadiene to mononitriles
      was 48%, and 3-pentenenitrile was obtained in a yield of 82.2% and
      2-methyl-3-butene-nitrile in a yield of 17.8% calculated on the butadiene
      converted.
PAC  EXAMPLE 8
PAR  In an experiment conducted similarly to that in Example 4 except that the
      reactants were 0.6 g. of anhydrous cuprous chloride, 1 g. of dibenzyl
      sulphide, 8 g. of isoprene and 5 ml. of hydrogen cyanide, and heating was
      continued for 20 hours at 140.degree.C, the liquid product was filtered
      from solid catalyst and distilled to give 4.93 g. of
      4-methyl-3-pentenenitrile, b.pt. 158.degree.-162.degree.C of greater than
      97% purity. The conversion of isoprene was 44.1%.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the conversion of butadiene or isoprene to
      3-pentenenitrile or 4-methyl-3-pentenenitrile respectively which comprises
      reacting the butadiene or isoprene with hydrogen cyanide in the molar
      ratio of said butadiene or isoprene to hydrogen cyanide of 2:1 to 1:10 at
      -25.degree. to 200.degree.C and pressures up to 50 atmospheres in presence
      of from 0.0005 to 0.1 mole per mole of butadiene or isoprene of anhydrous
      cuprous chloride or anhydrous cuprous bromide and, for each part by weight
      of said cuprous chloride or cuprous bromide, of from 0.5 to 5 parts by
      weight of a thiol or sulphide of the formula
EQU  R.sub.1 SH or R.sub.1 SR.sub.2
PAL  in which R.sub.1 and R.sub.2 represent alkyl groups having from 1 to 6
      carbon atoms, said alkyl being unsubstituted or substituted by hydroxyl,
      alkoxyl, carboxylic ester or halogen, or represent cyclohexyl, phenyl,
      tolyl or benzyl groups, or together with the S atom represent a
      heterocyclic ring having 5, 6 or 7 atoms, which ring may contain
      carbon-carbon unsaturation.
NUM  2.
PAR  2. The process of claim 1, wherein said thiol or sulphide is methyl
      mercaptan, ethyl mercaptan, propyl mercaptan, butyl mercaptan, amyl
      mercaptan, hexyl mercaptan, dimethyl sulphide, diethyl sulphide, dipropyl
      sulphide, dibutyl sulphide, diamyl sulphide, dihexyl sulphide, methyl
      ethyl sulphide, thiophen, tetrahydrothiophen, pentamethylene sulphide,
      cyclohexylmercaptan, benzyl mercaptan, thiophenol, dicyclohexyl sulphide,
      dibenzyl sulphide, diphenyl sulphide, ditolyl sulphide, thiodiglycol or
      thiomorpholine.
NUM  3.
PAR  3. The process of claim 1 in which R.sub.1 and R.sub.2 represent alkyl
      groups having from 1 to 6 carbon atoms.
NUM  4.
PAR  4. The process of claim 1 in which the sulphide is thiophen or a sulphide
      of the formula R.sub.1 SR.sub.2 in which R.sub.1 and R.sub.2 together
      represent a tetramethylene or a pentamethylene group.
NUM  5.
PAR  5. The process of claim 1 in which the organic thiol or sulphide is used in
      at least stoichiometric amount in relation to the copper.
NUM  6.
PAR  6. The process of claim 1 in which the cuprous salt is dissolved in the
      minimum amount of thiol or sulphide.
NUM  7.
PAR  7. A process as claimed in claim 1 for the manufacture of 3-pentenenitrile
      which comprises reacting butadiene with hydrogen cyanide in the mole ratio
      in the range 2:1 to 1:10 in the presence of a solution of from 0.0005 to
      0.1 mole of cuprous chloride or cuprous bromide per mole of butadiene in
      an organic sulphide or thiol of the formula
EQU  R.sub.1 SH or R.sub.1 SH.sub.2
PAL  in which R.sub.1 and R.sub.2, which in the case of sulphides may be the
      same or different, separately represent alkyl groups having from 1 6
      carbon atoms or benzyl groups, or together represent tetramethylene or
      pentamethylene groups or with the S atom represent thiophen, at a
      temperature of 50.degree. to 160.degree.C, and separating the
      3-pentenenitrile so formed.
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ABST
PAL  Thallous salts of .beta.-dicarbonyl compounds, prepared by reaction of the
      .beta.-dicarbonyl compounds with a thallous alkoxide, are treated with
      alkyl halides to give C-alkyl products in high yield, with acyl halides at
      room temperature to give C-acyl products, and with acyl halides at low
      temperatures to give O-acyl products. Thallous phenolates are esterified
      with acyl or aroyl halides. Anhydrides are also prepared, as are biaryls
      and bi-sec-alkyls. N-Heterocyclics, including purines and pyrimidines, are
      N-alkylated. Lactams are O-acylated or N-alkylated.
PARN
PAR  This is a divisional of Ser. No. 112,815 filed Feb. 4, 1971, U.S. Pat. No.
      3,832,381 which is a divisional of Ser. No. 700,352, filed Jan. 25, 1968
      now U.S. Pat. 3,626,018.
BSUM
PAR  This invention relates to chemical processes. In particular, the invention
      relates to chemical processes utilizing organothallium compounds.
PAR  The present invention comprises processes for preparing organic compounds
      in high yield and in greater purity than previously possible, by treating
      organothallium compounds with alkyl, aroyl, and acyl halides, and Grignard
      reagents with thallous bromide. The invention comprises the preparation of
      a wide variety of compounds, including, but not limited to, C-alkylated
      and acylated .beta.-dicarbonyl compounds, O-acylated .beta.-dicarbonyl
      compounds, phenol ethers, phenol esters, anhydrides, 9-alkylated purines,
      biaryls, and hydrocarbons.
PAR  The first aspect of the invention comprises the C-alkylation of
      .beta.-dicarbonyl compounds by treatment of a thallous salt of such a
      .beta.-dicarbonyl compound, when such a salt is prepared by reation of the
      .beta.-dicarbonyl compound with a thallous lower alkoxide, with an alkyl
      halide, preferably the iodide. Conventional alkylation of
      .beta.-dicarbonyl compounds usually results in low yields of C-alkyl
      product, mixed with undesired products resulting from O-alkylation,
      cleavage, dialkylation, Claisen condensation, or coupling. The present
      method gives monoalkylated products in essentially quantitative yield
      under neutral conditions.
PAR  The thallous salts are readily prepared by the addition of a thallous lower
      alkoxide, preferably the ethoxide, to a solution of the .beta.-dicarbonyl
      compound in an inert solvent such as benzene or petroleum ether. They may
      alternatively be prepared by direct exchange of thallium between the
      .beta.-dicarbonyl compound and cyclopentadienyl thallium. The thallous
      salt of the .beta.-dicarbonyl compound is then heated with an excess of an
      alkyl iodide, the thallous iodide being removed by filtration and the
      product isolated by simple distillation. Among the .beta.-dicarbonyl
      compounds which may be used are .beta.-keto esters such as ethyl
      acetoacetate, ethyl benzoylacetate, ethyl 2-benzoylpropionate, and ethyl
      2-methyl-benzoylacetate; .beta.-diketones such as acetylacetone,
      3-acetyl-2,6-heptanedione, 1-benzoylacetone, triacetylmethane
      (3-acetyl-2,4-pentanedione), diacetylmethane (2,4-pentanedione), and
      dibenzoylmethane; and such cycloaliphatic compounds as
      1,3-cyclopentanedione, 1,3-cyclohexanedione, 1,3-indanedione, and
      2-carbethoxycyclopentanone. .beta.-Diesters such as diethyl malonate may
      also be used. Alkylating agents having 1-10 carbon atoms, including methyl
      iodide, ethyl iodide, and isopropyl iodide may be used. Alkyl bromides may
      require higher reaction temperatures. The monoalkylated .beta.-dicarbonyl
      compound may be converted to its thallous salt and then alkylated a second
      time.
PAR  A second aspect of the invention comprises the C-acylation of the thallous
      salts of .beta.-dicarbonyl compounds with acyl fluorides, the thallous
      salts being prepared as described above. The thallous salt is suspended in
      ether and treated with the acyl fluoride. Thallous fluoride is then
      removed by filtration and the product distilled in high yield.
PAR  A third aspect of the invention comprises the O-acylation of
      .beta.-dicarbonyl compounds by treating the thallous salt with an acyl
      halide at low temperatures approximating -78.degree.. The O-acylated enol
      acylates are thereby obtained in high yield. Among the acyl halides which
      may be used for the acylations are such lower alkanoyl compounds as
      acetyl, propionyl, butyryl, pivaloyl, valeryl, and decanoyl halide.
PAR  A fourth aspect of the invention comprises the esterification of phenols by
      first forming the thallous phenolate by reaction of a phenol with a
      thallous alkoxide and then treating this salt with an acyl or aroyl
      halide. The reaction is conducted at room temperaure in a medium such as
      anhydrous ether. The thallous halide produced is filtered off and the
      solvent evaporated to give the phenol ester in yields approaching
      quantitative. The phenol employed may be substituted or unsubstituted, the
      possible substituents including, but not being limited to, lower alkyl,
      lower alkoxy, formyl, nitro, or halo. The phenol may also be an .alpha. or
      .beta.-naphthol. Among the phenols which may be esterified are
      o-methoxyphenol, p-methoxyphenol, o-acetamidophenol, o-allylphenol,
      4-benzyl-resorcinol, benzyl salicylate, 1-bromo-2-naphthol,
      p-butoxyphenol, p-tert-butylcatechol, 2-chloro-3,4-dimethylphenol,
      o-cresol, 4,6-dibromoresorcinol, 2,4 -dichlorophenol, 2,6-dimethoxyphenol,
      ethyl salicylate, hydroquinone, 5-indanol, methyl salicylate,
      p-nitrophenol, pamoic acid, propyl gallate, salicylanilide, eugenol,
      thymol, and vanillin. The acyl halide may be a lower alkanoyl halide such
      as acetyl, propionyl, pivaloyl, or heptanoyl chloride. The aroyl halide
      may be benzoyl chloride or a substituted benzoyl chloride. In place of an
      acyl or aroyl halide, a sulfonyl halide may be used to give phenol
      sulfonates. Examples include toluenesulfonyl chloride and methanesulfonyl
      chloride.
PAR  A fifth aspect of the invention comprises the preparation of anhydrides by
      reaction of a thallous carboxylate with a stoichiometric amount of an acyl
      or aroyl halide. The reaction is conducted at room temperature in a medium
      such as ether. Removal of the thallous halide and evaporation of the
      solvent gives a virtually quantitative yield of ester. This method is
      useful for preparing both symmetrical and unsymmetrical (mixed)
      anhydrides. Conventional synthetic procedures for anhydride formation,
      even those utilizing other metal carboxylate salts, are not generally
      suitable for the preparation of mixed anhydrides because of the ease with
      which they may disproportionate above room temperature, either during
      their formation or in purification. In the present method, some
      disproportionation may be observed if the mixed anhydride formed is more
      reactive than the acid halide. It is therefore important to employ as a
      reactant the carboxylate salt of the weaker acid.
PAR  A further aspect of the use of thallous carboxylates for preparation of
      symmetrical anhydrides consists of the reaction of the thallous
      carboxylate with thionyl chloride in a solvent such as ether at room
      temperature. The intermediate acyl or aroyl sulfite spontaneously loses
      sulfur dioxide; evaporation of the ether gives the anhydride in very high
      yield after distillation. The carboxylate may be an aryl carboxylate, the
      aryl group being phenyl, tolyl, anisyl, halo-phenyl, or naphthyl; or an
      alkyl carboxylate, the alkyl group being methyl, ethyl, propyl, isopropyl,
      butyl, or tert-butyl. The aroyl or acyl halide may similarly be varied.
      Anhydrides with arylalkenyl carboxylic acids such as cinnamic may also be
      prepared. Among the anhydrides which may be prepared are n-butyric
      anhydride, maleic anhydride, chloromaleic anhydride, citraconic anhydride,
      glutaric anhydride, succinic anhydride, homophthalic anhydride, itaconic
      anhydride, propionic anhydride, triacetic anhydride,
      1,2,4-benzenetricarboxylic anhydride, benzoic anhydride, mellitic
      trianhydride, naphthalic anhydride, phthalic anhydride, camphoric
      anhydride, propionic pivalic anhydride, and isobutyric pivalic anhydride.
PAR  A sixth aspect of the invention comprises the coupling of aryl and
      sec-alkyl magnesium bromides using thallous bromide to give biaryls and
      bi-sec-alkyls, respectively. Biaryls are customarily prepared from aryl
      halides, either by the classical Ullmann reaction or by coupling of aryl
      Grignard reagents with the halides of such metals as cobalt, copper,
      mercury, nickel, silver, or gold. The former method is laborious,
      inefficient, and expensive, both in terms of copper and glassware. The
      latter, with a few exceptions, is an extremely complex process which may
      lead to a multiplicity of products, and it is difficult to control. The
      present procedure involves refluxing the Grignard reagent and thallous
      bromide in a 1:2 molar ratio in a solvent or solvent-mixture such as
      benzene and/or tetrahydrofuran. The mixture is cooled, acidified, and
      filtered, and the product is obtained in high yield following purification
      on an alumina column and/or recrystallization. Biaryls which may be
      prepared include biphenyl, 4,4'-dimethoxy-biphenyl, 4,4'-dimethylbiphenyl,
      3,3'-dimethylbiphenyl, 3,3',4,4'-tetramethylbiphenyl, 9,9'-bifluorene,
      N,N,N',N'-tetramethylbenzidine, 6,6'-dimethoxy-2,2'-binaphthyl,
      quaterphenyl, sexiphenyl, 4,4'-dichlorobiphenyl, 4,4'-difluorobiphenyl,
      and 2,2'-binaphthyl. Bi-sec-alkyls include bicyclohexyl, bicyclopentyl,
      3,4-dimethyloctane, and other similar aliphatic compounds. o-Substituted
      aryl Grignard reagents do not give coupled products under the above
      conditions, and the present process does not comprise the preparation of
      o,o'-biaryls.
PAR  A seventh aspect of the invention comprises the N-alkylation of
      heterocyclic compounds having an NH or tautomerizable NH group. The
      process is expecially concerned with the alkylation of a substrate which
      does not also possess a hydrogen atom (or atoms) of equal or greater
      acidity relative to the NH group, e.g. another NH group, a hydroxy group,
      or a carboxy group. In that event, the process is operable, but larger
      quantities of reagent are required and the products are di- or
      polyalkylated.
PAR  A preferred group of heterocyclic compounds which can be alkylated
      advantageously are the purines. The manipulative disadvantages and
      synthetic limitations of the conventional techniques for alkylating
      purines are well-known. The present process provides a simple method for
      9-alkylating purines by reaction of the thallous salt of the purine with
      an alkyl halide at room temperature in a solvent such as
      dimethylformamide. Purine substrates include purine itself,
      6-chloropurine, adenine, and 6-substituted adenines. Alkyl halides include
      such simple alkyl compounds as methyl iodide and aralkyl halides such as
      benzyl bromide. The process also includes the reaction of a ribofuranoside
      with a purine to give a nucleoside. Among the nucleosides which may be
      prepared in this manner are adenosine, nebularine, adenine deoxyriboside,
      cordycepin, and puromycin. The latter compounds are antibiotics and all
      the nucleosides are of interest in view of the intense research efforts
      being devoted to cell metabolism and growth, cancer research, birth
      defects, and genetics. Among the heterocyclic compounds which may be
      alkylated by the present process are indoles and indolines including
      gramine, 5-benzyl-oxygramine, and isatins; pyrimidines including cytosine,
      thymine, thymidine, uracil, and uridine; and other heterocyclics such as
      carbazoles, pyrazoles, benzimidazoles, indazoles and imidazoles. The
      process also includes the N-alkylation of lactams. Among the lactams which
      may be N-alkylated are such compounds as pyridone and phenanthridone.
PAR  An eighth aspect of the invention comprises the O-acylation of lactams by
      treating the thallous salt of such a compound with an acyl halide. The
      products are 2-acyloxy heterocyclics. Among the products which may be
      prepared by this process in high yield are 2-acetoxypyridine and
      2-benzoyloxy-pyridine. The acyloxy derivatives are best prepared by
      treatment of a chloroform suspension of the thallous salt with the
      appropriate acyl (or aroyl) halide. The reaction is mildly exothermic.
      After addition of the acid chloride, the mixture is stirred at room
      temperature for about 30 minutes to ensure complete reaction, and is then
      filtered to remove thallous chloride. Removal of the solvent then gives
      the desired product. Other solvents such as ether or benzene have proven
      useful in place of chloroform; meticulous drying of these solvents prior
      to use is not necessary. For halides which are not particularly reactive
      (such as tosyl chloride or mesitoyl chloride), the mixture may be refluxed
      for a few hours.
PAR  The processes of the invention are useful for preparing a wide variety of
      compounds in higher yield or having a greater degree of purity than
      hitherto possible. They are also useful for preparing compounds hitherto
      inaccessible or difficulty accessible. The compounds prepared by these
      processes are useful in chemical research as intermediates for preparing a
      wide variety of compounds of potential use in the chemical,
      pharmaceutical, petroleum, plastics, and other related industries. They
      also have definite uses themselves in these fields.
PAR  The C-alkylated and acylated .beta.-dicarbonyl compounds, having reactive
      carbonyl groups, are highly useful to chemists and can be condensed with
      amines and other compounds bearing reactive hydrogen atoms. They are
      useful for forming 4-alkylpyrazoles, 5-alkylpyrimidines,
      2,3-dialkyl-1,4-dicarbonyl compounds (by coupling), in chain extension,
      i.e., synthesis of ketones by ester cleavage of C-alkylated .beta.-keto
      esters; in the synthesis of long-chain esters by ketone cleavage; and in
      the synthesis of coumarins and flavones.
PAR  The O-acylated .beta.-dicarbonyl compounds are useful as acylating agents,
      in the synthesis of .beta.-aminocrotonates, as protection for dicarbonyl
      compounds, regenerated by hydrolysis; and for converting an acid chloride
      into a neutral acylating agent.
PAR  The phenol esters are useful for the preparation of pharmaceuticals (such
      as aspirin), and as derivatives of phenols for identification and
      isolation (such as a 2,4-dinitrobenzoyl derivative, useful as a solid
      derivative for isolation); as protection for phenols during oxidation and
      substitution reactions; as intermediates for the synthesis of aryl ketones
      by the Fries rearrangement (of phenol esters); and as intermediates for
      the synthesis of aryl ketones (by reaction with Grignard reagents and aryl
      lithium reagents).
PAR  The anhydrides are useful for the synthesis of acylated or aroylated
      derivatives of amines, amino acids (as protecting groups), phenols,
      thiophenols, mercaptans, alcohols, active methylene compounds, aromatic
      hydrocarbons, enamines, hydrazines; as reagents for the conversion of
      oximes to nitriles by dehydration; as reagents for the conversion of
      5-nitroso-6-aminopyrimidines to 2-cyano-1,3,5-triazines; and as
      intermediates for ketone synthesis by reaction with Grignard reagents.
PAR  The alkylated heterocyclics are useful as derivatives for purposes of
      isolation; as antibiotics, in the case of puromycin, cordycepin, and
      nebularine; as intermediates for preparing important, physiologically
      essential nucleotides and nucleosides; and for preparing useful
      pharmaceutical agents such as 6-mercaptopurine riboside.
PAR  The biaryls are useful as intermediates for the synthesis of a large
      variety of condensed systems, such as carbazoles, dibenzofurans,
      phenanthridines, benzcoumarins, and fluorenes.
PAR  The bi-sec-alkyls are useful, inter alia, as standards in the petroleum
      industry, for example, 3,4-dimethyloctane.
PAR  As indicated above, the known compounds prepared by the processes of the
      present invention are themselves known to be useful for a variety of
      purposes. Among these uses may be recited the following:
PAR  .beta.-Dicarbonyl compounds are known as polymerization initiators,
      oxidation initiators, stabilizers, and substrates for preparing chelating
      agents. For example, .beta.-diketones such as 3-methylpentane-2,4-dione
      and .beta.-keto esters such as ethyl 2-methylacetoacetate and ethyl
      2-ethylacetoacetate are known to be polymerization initiators in the
      polymerization of such monomers as methyl methacrylate, acrylonitrile,
      styrene, and vinyl acetate. .beta.-Diketones such as pentane-2,4-dione,
      3-ethylpentane-1,3-dione, 1,3-cyclopentanedione, 2-acetyl-cyclohexanone,
      4-methylheptane-3,5-dione, triacetylmethane, and dibenzoylmethane are
      known as oxidation initiators in the production of hydroperoxides. Malonic
      esters such as diethyl malonate, methyl ethyl malonate, diethyl
      isobutylmalonate, and dicyclohexyl malonate are also known as oxidation
      initiators for the production of hydroperoxides. Tribenzoylmethane,
      dipropionylmethane, and benzoylacetone are known as substrates for
      preparing chelates with rare earth elements. Ethyl 2-acetylacetoacetate
      and other .beta.-diketones are known to be substrates for preparing
      chelates with copper, used as stabilizers for liquid polyphenyl ethers.
      Acetyldibenzoylmethane is known to be an intermediate for preparing
      medicinals.
PAR  Biaryls are known to have various uses. 4,4-Dichloro-biphenyl is known as a
      solvent in the manufacture of toluene diisocyanate. Biphenyl is known as a
      fungicide for oranges and other citrus fruit.
      N,N,N',N'-Tetramethylbenzidine is known as a redox indicator.
      p-Quaterphenyl is known to be a nuclear reaction moderator and an agent
      for staining polymeric film. Compounds such as 4,4'-dimethoxybiphenyl and
      2,2'-binaphthyl are known to be liquid scintillator solutes. Compounds
      such as 4,4'-dimethylbiphenyl and 3,3',4,4'-tetra-methylbiphenyl are known
      to be starting materials for polymers. Biaryl compounds in general are
      known to be suitable as starting materials in the production of polymeric
      products for use in the paint industry and for the production of synthetic
      fibers in the textile industry. Bi-sec-alkyls such as bicyclohexyl are
      known to be components of penetrating oils.
PAR  Phenyl acetate is known as a diesel fuel additive. Phenyl benzoate is known
      as a chain transfer agent in formaldehyde polymerization. p-Nitrophenyl
      pivalate is known as an acetylating agent. Naphthyl acetates and butyrates
      are known to be used as fluorogenic substrates in the assay of
      anticholinesterases. Such esters as naphthyl and phenyl benzoates are used
      as dye carriers.
PAR  Anhydrides in general, including isobutyric anhydride and acetic benzoic
      anhydride, are known to be used as cyclizing agents for preparing
      polyimides. Benzoic anhydride is known to be a chain-transfer agent for
      formaldehyde polymerization.
DETD
PAR  The following examples are intended to illustrate the processes of the
      invention, but are not to be construed as limiting the scope thereof.
      Temperatures stated are in degrees Centigrade.
PAC  EXAMPLE 1
PAC  3-Methylpentane-2,4-dione (diacetylethane)
PAR  Acetylacetone (0.11 mole) is stirred in 50 l ml. of petroleum ether and
      0.10 mole of thallous ethoxide, added all at once. The mixture is stirred
      for 2-3 minutes, chilled, and filtered to give a quantitative yield of
      acetylacetonatothallium.
PAR  A suspension of 10.10 g. (0.033 mole) of this thallous salt of
      acetylacetone in 100 ml. of freshly distilled methyl iodide is heated
      under reflux with stirring for 5 hours. The mixture is then cooled,
      filtered through Celite (to remove thallous iodide), the excess methyl
      iodide recovered by flash evaporation, and the residue distilled to give
      3.7 g. (100%) of 3-methylpentane-2,4-dione, b.p. 78.degree.-80.degree.mm.
PAC  EXAMPLE 2
PAC  1,1,1-Triacetylethane
PAR  A suspension of 5.0 g. (0.014 mole) of the thallous salt of
      triacetylmethane, prepared as in Example 1, in 30 ml. of freshly distilled
      methyl iodide is heated under reflux for 6 hours, cooled to room
      temperature, and filtered through Celite. The filtrate is distilled (flash
      evaporation) to remove (recover) excess methyl iodide, and the crude
      product distilled to give 2.8 g. (100%), b.p. 87.degree./20 mm. of
      1,1,1-triacetylethane. The pure product solidifies upon standing to give
      white, tacky crystals, m.p. 33.degree.-35.degree..
PAR  Anal: Calcd. for C.sub.8 H.sub.12 O.sub.3 : C, 61.52; H, 7.75. Found: C,
      61.42; H, 7.72.
PAC  EXAMPLE 3
PAR  When the thallous salts of ethyl acetoacetate, 2-carbethoxycyclopentanone,
      ethyl benzoylacetate, and ethyl 2-methylbenzoylacetate, prepared according
      to Example 1, are refluxed with methyl iodide as described in Example 1
      for periods of about 4, 9, 4, and 14 hours, respectively, ethyl
      2-methylacetoacetate (b.p. 82.degree./25 mm.), 2-methyl-
      2-carbethoxy-cyclopentanone (b.p. 124.degree.-126.degree./35 mm.), ethyl
      2-methylbenzoyl acetate (b.p. 96.degree.-97.degree./0.25 mm.), and ethyl
      2,2-dimethylbenzoyl-acetate (b.p. 98.degree.-100.degree./0.35 mm.),
      respectively, are obtained in quantitative yield.
PAR  When the thallous salts of ethyl acetoacetate, acetylacetone,
      2-carbethoxycyclopentanone, ethyl benzoylacetate, and ethyl
      2-methylbenzoylacetate, prepared according to Example 1, are refluxed with
      ethyl iodide as described in Example 1 for periods of about 4, 16, 9, 4,
      and 14 hours, respectively, ethyl 2-ethylacetoacetate (b.p.
      94.degree.-96.degree./25 mm.), 3-ethylpentane-2,4-dione
      (78.degree.-80.degree./17 mm.), 2-ethyl-2 -carbethoxy-cyclopentanone (b.p.
      134.degree.-136.degree./37 mm.), ethyl 2-ethylbenzoyl-acetate (b.p.
      150.degree.-152.degree./0.6 mm.), and ethyl 2-ethyl-2
      -methyl-benzoylacetate (b.p. 100.degree.-102.degree./0.3 mm.),
      respectively, are obtained in greater than 90% yield.
PAR  When the thallous salts of ethyl acetoacetate, acetylacetone, 2
      -carbethoxycyclopentanone, ethyl benzoylacetate, and ethyl
      2-methylbenzoylacetate, prepared according to Example 1, are refluxed with
      isopropyl iodide as described in Example 1 for periods of about 15, 14,
      12, 22, and 14 hours respectively, ethyl 2isopropylacetoacetate (b.p.
      90.degree.-92.degree./18 mm.), 3-isopropylpentane-2,4-dione (b.p.
      94.degree./45 mm.), 2-isopropyl- 2-carbethoxycyclopentanone (b.p.
      136.degree.-138.degree./37 mm.), ethyl 2-isopropylbenzoylacetate (b.p.
      108.degree.-110.degree./0.5 mm.), and ethyl
      2-isopropyl-2-methylbenzoylacetate (b.p. 116.degree.-118.degree./0.35
      mm.), respeectively, are obtained in at least 90% yield.
PAC  EXAMPLE 4
PAC  Triacetylmethane
PAR  Gaseous acetyl fluoride is bubbled into a suspension of 30.0 g. (0.1 mole)
      of the thallous salt of acetylacetone in 150 ml. of dry tetrahydrofuran,
      under nitrogen, at a rate of 3.0 cc./minute for a total of 30 minutes.
      After filtration through Celite, the solution is concentrated and the
      residue distilled to give 13.5 g. (96%), b.p. 90.degree.-95.degree./1.0
      mm.
PAR  Anal: Calcd. for C.sub.7 H.sub.10 O.sub.3 : C, 59.14 H, 7.09. Found: C,
      59.34, H, 7.27.
PAC  EXAMPLE 5
PAR  When the thallous salts of ethyl acetoacetate, 2-carbethoxycyclopentanone,
      and 3-methylpentane-2,4-dione, prepared according to Example 1, are
      treated with acetyl fluoride at room temperature as described in Example
      4, ethyl 2-acetyl-acetoacetate, 2-acetyl-2-carbethoxycyclopentanone, and
      3-acetyl-3-methylpentane-2,4-dione, respectively, are obtained in 95%
      yield. Tribenzoylmethane is prepared by treating the thallous salt of
      dibenzoylmethane with benzoyl fluoride in the same manner.
      Acetyldibenzoylmethane is prepared by treating the thallous salt of
      dibenzoylmethane with acetyl fluoride.
PAC  EXAMPLE 6
PAR  When the thallous salts of ethyl acetoacetate, acetyl-acetone,
      2-carbethoxycyclopentanone, and ethyl benzoylacetate, prepared according
      to Example 1, are treated with acetyl chloride in ether -78.degree., the
      corresponding enol acetates are obtained in 90% yield.
PAC  EXAMPLE 7
PAC  4,4'-Dichlorobiphenyl
PAR  Thallous bromide (22.46 gm, 0.079 mole) is added to a solution of
      p-chlorophenyl magnesium bromide (0.0395 mole) in a mixture of benzene (25
      ml.) and tetrahydrofuran (25 ml.) and the mixture stirred and refluxed
      under nitrogen for 7 hours. The reaction mixture is cooled, poured into
      150 ml. of dilute hydrochloric acid, and the 4,4'-dichlorobiphenyl
      extracted with ether (2 .times. 30 ml.). The combined extracts are dried
      over anhydrous sodium sulfate, and the solvent removed to leave 2.9 gm. of
      crude white product. This is filtered through a short column of alumina
      using chloroform as eluent, to give, after removal of the solvent, 2.70
      gm. (61%) of pure 4,4'-dichlorobiphenyl, m.p. 148.degree..
PAC  EXAMPLE 8
PAC  p-Quaterphenyl
PAR  A mixture of thallous bromide (2 moles) and p-bi-phenyl magnesium bromide
      (1 mole) is stirred and refluxed under nitrogen in benzene-tetrahydrofuran
      (1:1) for 5 hours. The mixture is then chilled to 0.degree. and the
      mixture of p-quaterphenyl and metallic thallium filtered off. Extraction
      of these solids with boiling nitrobenzene (30 ml.) gives a 70% yield of
      pure p-quaterphenyl as colorless plates, m.p. 320.degree..
PAC  EXAMPLE 9
PAC  N,N,N',N'-Tetramethylbenzidine
PAR  A mixture of p-dimethylaminophenyl magnesium bromide (1 mole) and thallous
      bromide (2 moles) is stirred and refluxed under nitrogen for 5 hours. The
      cooled solution is filtered to remove thallium, and hydrogen chloride
      passed into the filtrate. The colorless hydrochloride which precipitates
      is filtered off, stirred into dilute sodium hydroxide, and the
      tetramethylbenzidine extracted with ether-benzene (1:1, 2 .times. 30 ml.)
      The extracts are dried over anhydrous sodium sulfate and the solvent
      removed to leave a yellow solid which is sublimed at 165.degree./0.05 mm.
      to give a 70% yield of pure N,N,N',N'-tetramethylbenzidine as a colorless
      solid, m.p. 195.degree..
PAC  EXAMPLE 10
PAR  When bromobenzene, p-bromoanisole, p,-bromotoluene, m-bromotoluene,
      4-bromo-o-xylene, 2-bromo-6-methoxynaphthalene, 4-fluorobromobenzene,
      2-bromonaphthalene, cyclohexyl bromide, cyclopentyl bromide, and
      2-bromopentane are converted to Grignard reagents and treated with
      thallous bromide according to the procedure of Example 7, biphenyl
      4,4'-dimethoxybiphenyl, 4,4'-dimethylbiphenyl, 3,3'-dimethylbiphenyl,
      3,3',4,4'-tetramethylbiphenyl, 6,6'-dimethoxy-2,2'binaphthyl,
      4,4'-difluorobiphenyl, 2,2'-binaphthyl, bicyclohexyl, bicyclopentyl, and
      3,4-dimethyloctance, respectively, are obtained in up to 90% yield.
PAC  EXAMPLE 11
PAR  The general procedure for the conversion of phenols to phenol esters
      through the intermediate formation of thallous salts is illustrated by the
      formation of phenyl acetate.
PAR  To a stirred solution of phenol (6.58 g., 0.07 m) in benzene (150 ml.),
      previously heated to just below reflux temperature, is added in one lot, a
      solution of thallous ethoxide (17.43 g., 0.07 m.) in anhydrous benzene (50
      ml.). Within a few minutes thallous phenoxide precipitates, is filtered
      off and dried under vacuum to give 23.05 g., 98%, m.p.
      231.degree.-235.degree..
PAR  A vigorously stirred suspension of thallous phenoxide (5 g., 0.017 m.) in
      anhydrous ether (15 ml.) is treated dropwise with freshly distilled acetyl
      chloride (1.33 g., 0.017 m.) in anhydrous ether (3 ml.) over 5 mins. at
      such a rate that the exothermic reaction is controlled. The mixture is
      then stirred for 1 hour at room temperature, the precipitated thallous
      chloride removed by filtration through Celite and the solvent evaporated
      under vacuum. The residual colorless oil is distilled to give phenyl
      acetate, 2.27 g., 98%, b.p. 110.degree./58 mm.
PAR  Phenol esters prepared by the above process are phenyl pivalate, b.p.
      112.degree./25 mm.; phenyl benzoate, m.p. 70.degree.; p-nitrophenyl
      acetate, m.p. 79.degree.-80.degree.; p-nitrophenyl pivalate, m.p.
      95.degree.-97.degree.; p-nitrophenyl benzoate, m.p.
      144.degree.-145.degree.; o-methoxyphenyl acetate, m.p.
      35.degree.-36.degree.; o-methoxyphenyl pivalate, b.p. 140.degree./1.7 mm.;
      o-methoxyphenyl benzoate, b.p. 205.degree./15 mm.; p-methoxyphenyl
      acetate, m.p. 35-36.degree.; p-methoxyphenyl pivalate, b.p.
      142.degree./18mm.; p-methoxyphenyl benzoate, m.p. 88.degree.-89.degree.;
      .beta.-naphthyl acetate, m.p. 70.degree.-71.degree.;  .beta.-naphthyl
      pivalate, m.p. 65.5.degree.-66.degree.;  and .beta.-naphthyl benzoate,
      m.p. 106.5.degree.-107.degree..
PAC  EXAMPLE 12
PAR  The general procedure for the preparation of mixed and symmetrical
      anhydrides using acid chlorides is illustrated by the formation of benzoic
      pivalic anhydride.
PAR  A solution of thallous ethoxide (17.43 g., 0.07 m.) in ether (200 ml.) is
      rapidly added to a stirred solution of benzoic acid (8.54 g., 0.07 m.) in
      warm ether (500 ml.). The precipitated salt is filtered, recrystallized if
      necessary (aqueous ethanol), and dried under vacuum. Yield,
      95.degree.-99%, m.p. 340.degree..
PAR  A solution of freshly distilled pivalyl chloride (1.205 g., 0.01 m.) in
      anhydrous ether (3 ml.) is added to a stirred suspension of finely ground
      thallous benzoate (3.25 g., 0.01 m.) in anhydrous ether (20 ml.) and the
      mixture stirred at 25.degree.until the acyl halide has completely reacted,
      as shown by the absence of the C-C1 stretching frequency in the I.R.
      spectra of aliquots removed at regular intervals (reaction time
      approximately 8 hrs). The precipitated thallous chloride is then removed
      by filtration through Celite and the solvent evaporated under reduced
      pressure at less than 30.degree. to give 2.06 g. (99%) of the product.
PAR  Other compounds prepared by this procedure are acetic benzoic anhydride
      (0.25 hours at 5.degree.); benzoic isobutyric anhydride (6 hours at
      25.degree.); benzoic pivalic anhydride (8 hrs. at 25.degree.); benzoic
      anhydride (4 hrs. at 35.degree., m.p. 42.degree.); acetic pivalic
      anhydride (0.25 hrs. at 5.degree.); isobutyric pivalic anhydride (1 hr. at
      25.degree.); pivalic anhydride (1 hr. at 25.degree., b.p. 190.degree.);
      acetic isobutyric anhydride (0.25 hrs. at 5.degree.); isobutyric anhydride
      (1 hr. at 25.degree., b.p. 182.degree.); and acetic formic anhydride (3
      hrs. at 5.degree., gradually warmed to 25.degree., b.p. 35.degree./18
      mm.). Propionic pivalic anhydride is similarly prepared.
PAC  EXAMPLE 13
PAR  The procedure for preparing symmetrical anhydrides using thionyl chloride
      is illustrated by the formation of benzoic anhydride.
PAR  A solution of freshly purified thionyl chloride (0.595 g., 0.005 m.) in
      anhydrous ether (3 ml.) is added dropwide to a stirred suspension of
      powdered thallous benzoate (3.25 g., 0.01 m.) in anhydrous ether (15 ml.).
      After stirring at room temperature for 1 hr., nitrogen is bubbled through
      the reaction mixture for 15 mins. to remove sulfur dioxide. The
      precipitated thallous chloride is then filtered off and the solvent
      removed under reduced pressure to yield an oil which rapidly solidifies.
      Recrystallization from benzene-pentane mixture gives a 97% yield; m.p.
      42.degree..
PAR  Other products prepared by this procedure are pivalic anhydride, b.p.
      190.degree.; isobutyric anhydride, b.p. 182.degree.; and acetic anhydride,
      b.p. 140.degree..
PAC  EXAMPLE 14
PAC  2-Acetoxypyridine
PAR  To a solution of 13.30 g. (0.14 mole) of 2-pyridone in 300 ml. of a mixture
      of pentane and ethanol (very little ethanol, just enough to effect
      solution) was added 10 ml. (0.14 mole) of thallous ethoxide. The thallous
      salt was removed by filtration to give 40.77 g. (98%), m.p.
      152.degree.-155.degree.. If desired, it may be recrystallized from
      ethanol.
PAL  Anal. Calcd. for C.sub.5 H.sub.4 NOTl: C, 20.12; H, 1.35; N, 4.69. Found:
      C, 19.92; H, 1.37; N, 4.65.
PAR  To a suspension of 9.86 g. (0.330 mole) of the thallous salt of 2-pyridone
      in 50 ml. of dry ether was added 2.75 g. (0.328 mole + 10% excess) of
      freshly distilled acetyl chloride over a period of about 10 minutes. After
      addition was complete, the reaction mixture was stirred for 30 minutes,
      the white solid which separated filtered off and the ether filtrate
      evaporated to give 4.40 g. (98%) of pure (vpc) 2-acetoxypyridine.
PAC  EXAMPLE 15
PAC  2-Benzoyloxypyridine
PAR  To a suspension of 10.0 g. (0.033 mole) of the thallous salt of 2-pyridone
      in 50 ml. ether was added 4.5 g. (0.032 mole) of freshly distilled benzoyl
      chloride over a period of 10 minutes. The mixture was stirred at room
      temperature for 15 minutes, thallous chloride separated by filtration and
      the ether filtrate evaporated to give 5.81 g. (90%) of pure
      2-benzoyloxypyridine, m.p. 39.degree.-41.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.9 NO.sub.2 : C, 72.35; H, 4.55; N, 7.03.
      Found: C, 72.16; H, 4.61; N, 7.18.
PAR  Other products prepared by this procedure are
      2-(3,5-dinitrobenzoyloxy)pyridine (88%), 2-mesitoyloxypyridine (86%),
      2-pivaloyloxypyridine (93%), and 2-p-anisoyloxypyridine (100%).
PAC  EXAMPLE 16
PAC  5-Methyl-6(5H)-phenanthridone
PAR  To a suspension of 1.15 g. (5.88 mmole) of phenanthridone in 35 ml. of
      dimethylformamide (under nitrogen) was added 1.46 g. (5.88 mmole) of
      thallous ethoxide. As soon as the solution became homogeneous (30 second),
      1.034 g. (5.88 mmole) of methyl iodide was added all at once. Thallous
      iodide began to separate immediately. After 30 minutes; the mixture was
      filtered, the dimethylformamide filtrate evaporated under reduced pressure
      to about 15 ml., and water added. Filtration give 1.15 g. (95%) of
      5-methyl-6(5 H)-phenanthridone, m.p. 108.degree..
PAR  By the use of ethyl iodide rather than methyl iodide, 5-ethyl-6
      (5H)phenanthridone was prepared in 97% yield (m.p. 87.degree.-90.degree.).
PAC  EXAMPLE 17
PAC  9-Benzyladenine
PAR  To a solution of 1.0 g. of adenine in dimethylacetamide was added dropwise
      a solution of thallous ethoxide dissolved in ethanol. Addition was stopped
      when no further precipitation of the thallous salt of adenine could be
      observed. After 5 hrs., the thallous salt was collected by filtration. (A
      small quantity of additional thallous salt could be obtained by
      concentration of the filtrate and further addition of thallous ethoxide).
      The combined thallous salts weighed 2.3 g. (94%), m.p. 330.degree..
PAL  Anal. Calcd. for C.sub.5 H.sub.4 N.sub.5 Tl: C,17.75; H, 1.18; N, 20.71.
      Found: C, 18.01; H, 1.35; H, 20.42.
PAR  To a suspension of 2.3 g. of the thallous salt of adenine in 30 ml. of
      dimethylformamide was added 1.1 g. of benzyl bromide, with vigorous
      stirring. After 10 hours at room temperature, thallous bromide was removed
      by filtration and the filtrate concentrated to dryness under reduced
      pressure. The solid residue was crystallized from ethanol to give 0.77 g.
      (45%) of 9-benzyladenine, m.p. 230.degree., identical with an authentic
      sample.
PAC  EXAMPLE 18
PAC  6-Chloro-9-benzylpurine
PAR  To a clear solution of 1.0 g. of 6-chloropurine in 20 ml. of absolute
      ethanol at room temperature was added dropwise a solution of thallous
      ethoxide in ethanol until no further precipitation of the thallous salt of
      6-chloropurine was observed. After 5 hours, the mixture was filtered to
      give 2.0 g. (87%), m.p. 330.degree..
PAR  Anal. Calcd. for C.sub.5 H.sub.2 N.sub.4 C1T1: C, 16.76; H, 0.56; N, 15.66.
       Found: C, 16.79; H, 0.62; N, 15.64.
PAR  To a suspension of 2.0 g. of this thallous salt in 20 ml. of
      dimethylformamide was added 0.8 g. of benzyl bromide dropwise, at room
      temperature, with vigorous stirring. After 5 hours, the mixture was
      filtered to remove thallous bromide and the filtrate concentrated to
      dryness under reduced pressure. The residue was washed with water, and the
      residual solid dried and then repeatedly extracted with ether-petroleum
      ether. Concentration of the extracts gave 0.95 g. (60%), m.p. 78.degree.,
      of 6-chloro-9-benzylpurine, identical with an authentic sample.
PAC  EXAMPLE 19
PAC  9-Benzylpurine
PAR  To a room temperature of 0.5 g. of purine in 15 ml. of ethanol was added an
      ethanol solution of thallous ethoxide until no further precipitation of
      the thallous salt of purine was observed. The reaction mixture was allowed
      to stand at room temperature for several hours and was then filtered. The
      filtrate was concentrated and more thallous ethoxide in ethanol added to
      give an additional amount of the thallous salt of purine; combined yield
      1.2 g. (90%), m.p. 255.degree.dec.
PAR  Anal. Calcd. for C.sub.5 H.sub.3 N.sub. 4 T1: C, 18.58; H, 0.93; N, 17.03.
      Found: C, 18.46; H, 0.93; N, 16.98.
PAR  To a suspension of 1.2 g. of the above thallous salt in 20 ml. of
      dimethylformamide was added 0.64 g. of benzyl bromide with vigorous
      stirring. As the reaction proceeded, the color of the solution changed to
      a light yellow. After 5 hours of stirring at room temperature, the
      suspended thallous bromide was removed by filtration and the filtrate
      concentrated to dryness under reduced pressure. The residue was dissolved
      in chloroform and passed through a silica-gel column. Evaporation of the
      eluate gave a crystalline solid which was extracted with a large volume of
      1:1 ether-petroleum ether. Concentration of the extracts followed by
      cooling gave 0.45 g. (50%, based upon purine) of colorless needles, m.p.
      95.degree.. One recrystallization from ether-petroleum ether (1:1) raised
      the melting point to 99.degree.- 100.degree.. The product was identical
      with an authentic sample of 9-benzylpurine.
PAR  Nebularine was prepared by the use of the thallous salt of purine in the
      procedure of Brown et al., J. Biol. Chem. 204, 1019  (1953), in place of
      the chloromercuri salt used therein. The thallous salt of purine is
      condensed with chlorotriacetylribofuranose and the resulting acetyl
      derivative hydrolyzed to the product with methanol-ammonia. Other
      experimental conditions were identical. Crystalline nebularine was
      obtained after chromatography of the crude product on silica-gel with
      chloroform.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for O-acylating a .beta.-dicarbonyl compound, said
      .beta.-dicarbonyl compound having a methylene group between the carbonyl
      groups, comprising treating the thallous salt of such a .beta.-dicarbonyl
      compound, prepared by reaction of the .beta.-dicarbonyl compound with a
      thallous lower with a lower alkanoyl halide of up to 10 carbon atoms at a
      temperature of about -78.degree..
NUM  2.
PAR  2. A process for O-acylating a .beta.-dicarbonyl compound according to
      claim 1 comprising treating the thallous salt of ethyl acetoacetate
      acetylacetone, 2-carbethoxycyclopentanone, or ethyl benzoylacetate with a
      lower alkanoyl halide of up to 10 carbon atoms at a temperature of about
      -78.degree..
NUM  3.
PAR  3. A process for O-acylating a .beta.-dicarbonyl compound according to
      claim 2 in which the acyl halide is acetyl, propionyl, butyryl, pivaloyl,
      valeryl, or decanoyl halide.
NUM  4.
PAR  4. A process for O-acylating a .beta.-dicarbonyl compound according to
      claim 3 comprising treating the thallous salt of ethyl acetoacetate with
      acetyl chloride at about -78.degree..
NUM  5.
PAR  5. A process for O-acylating a .beta.-dicarbonyl compound according to
      claim 3 comprising treating the thallous salt of acetylacetone with acetyl
      chloride at about -78.degree..
NUM  6.
PAR  6. A process for O-acylating a .beta.-dicarbonyl compound according to
      claim 3 comprising treating the thallous salt of
      2-carbethoxycyclopentanone with acetyl chloride at about -78.degree..
NUM  7.
PAR  7. A process for O-acylating a .beta.-dicarbonyl compound according to
      claim 3 comprising treating the thallous salt of ethyl benzoylacetate with
      acetyl chloride at -78.degree..
PATN
WKU  039474895
SRC  4
APN  7697910
APT  1
ART  127
APD  19681023
TTL  Coupling process
ISD  19760330
NCL  24
ECL  1
EXP  Garner; Vivian
NDR  1
NFG  1
INVT
NAM  Brooks; Maurice E.
CTY  Great Neck
STA  NY
INVT
NAM  Riegel; Herbert
CTY  Palisades
STA  NJ
INVT
NAM  Schindler; Harvey D.
CTY  New York
STA  NY
INVT
NAM  Sze; Morgan C.
CTY  Upper Montclair
STA  NJ
ASSG
NAM  The Lummus Company
CTY  Bloomfield
STA  NJ
COD  02
CLAS
OCL  260488H
XCL  260669R
XCL  260671A
XCL  260671B
XCL  260671M
XCL  260671P
XCL  260671R
XCL  260683R
XCL  26068347
EDF  2
ICL  C07C 6700
FSC  260
FSS  497;497 A;488 H;410.9 N
UREF
PNO  3221045
ISD  19651100
NAM  McKeon et al.
OCL  260497
UREF
PNO  3547983
ISD  19701200
NAM  Mottern et al.
OCL  260488
LREP
FRM  Marn & Jangarathis
ABST
PAL  Process for coupling an alkane to either an alkane, alkene, aliphatic
      carboxylic acid, or aromatic hydrocarbon by effecting contacting thereof
      and a melt containing a multivalent metal halide in both its higher and
      lower valence state. In accordance with a preferred embodiment, the
      contacting is effected in the presence of an oxygen containing gas or the
      melt is previously contacted with an oxygen containing gas to produce the
      corresponding oxyhalide of the metal, whereby the reaction may be effected
      on a continuous basis.
BSUM
PAR  This invention relates to a coupling process and more particularly to the
      production of both saturated and olefinically unsaturated compounds by a
      coupling reaction.
PAR  The production of olefinically unsaturated compounds by a coupling reaction
      is known in the art; however, in most processes the reaction requires an
      unsaturated starting material which raises overall costs. Thus, for
      example, styrene, a valuable polymerization monomer, is produced by
      reacting benzene with ethylene to produce ethyl benzene which is then
      dehydrogenated to styrene. As a further example, vinyl acetate, another
      valuable polymerization monomer is produced by combining acetylene with
      acetic acid.
PAR  Accordingly, an object of this invention is to provide a new and improved
      coupling process.
PAR  Another object of this invention is to produce saturated and olefinically
      unsaturated compounds by a coupling reaction.
PAR  A further object of this invention is to provide a process for coupling two
      alkanes.
PAR  Still another object of this invention is to provide a process for
      producing ethyl benzene.
PAR  A still further object of this invention is to provide a process for
      producing styrene.
PAR  Yet another object of this invention is to provide a process for producing
      vinyl acetate.
PAR  These and other objects of the invention should be more readily apparent
      from the following detailed description thereof when read with reference
      to the accompanying drawing wherein:
PAR  The drawing is a simplified schematic flow diagram of an embodiment of the
      invention.
PAR  The objects of this invention are broadly accomplished by contacting an
      alkane with either: another or identical alkane; an olefinically
      unsaturated compound; an aliphatic carboxylic acid; or an aromatic
      compound, in the presence of a melt containing a multivalent metal halide
      in both its higher and lower valence state. The contacting may be effected
      in the presence of other reagents, as hereinafter described, with
      reference to preferred embodiments of the invention. As a result of the
      contacting, a compound is produced containing one portion corresponding to
      the alkane, with the remainder of the compound corresponding to the other
      compound employed in the contacting step.
PAR  The melt contains a halide of a multivalent metal; i.e., a metal having
      more than one positive valence state, such as manganese, iron, copper,
      cobalt and chromium, preferably a chloride or bromide of the metal, with
      the copper chlorides and bromides, in particular the copper chlorides,
      being preferred. In the case of higher melting multivalent metal halides,
      such as copper chlorides, a halide of a univalent metal; i.e., a metal
      having only one positive valence state, which is nonvolatile and resistant
      to the action of oxygen under the process conditions is added to the
      multivalent metal halide to form a molten salt mixture having a reduced
      melting point. The univalent metal halides, the chlorides and bromides,
      particularly the chlorides, being preferred, are preferably alkali metal
      halides, such as potassium and lithium chloride in particular, but it is
      to be understood that other metal chlorides and mixtures thereof, such as
      the heavy metal halides of Groups I, II, III and IV of the Periodic Table;
      e.g., zinc, silver, and thallium chloride, may also be employed. The
      univalent metal halides are generally added in an amount sufficient to
      adjust the melting point of the molten salt mixture to a temperature of
      below about 500.degree. F., and in the case of a salt mixture of copper
      chloride and potassium chloride, the composition of the melt ranges
      between about 20% and about 40%, preferably about 30%, by weight,
      potassium chloride, with the remainder being copper chloride. It is to be
      understood, however, that in some cases the catalyst melt may have a
      melting point higher than 500.degree. F., provided the catalyst remains in
      the form of the melt throughout the processing steps. It is further to be
      understood that the melt may contain a mixture of multivalent metal
      halides or other reaction promoters; e.g., a known coupling catalyst,
      e.g., palladium salt such as palladium chloride, i.e., 0.5-4.0 wt %. It is
      also to be understood that in some cases the multivalent metal halide (s)
      may be maintained as a melt without the addition of a univalent metal
      halide.
PAR  The alkane, as hereinabove described, is contacted with either another or
      identical alkane, preferably a different alkane (isomers containing the
      same number of carbon atoms are different alkanes), generally an alkane
      containing no more than about 9 carbon atoms, such as methane, ethane,
      propane, the various butanes and the like; an olefinically unsaturated
      compound, generally an alkene containing no more than about 9 carbon
      atoms, such as ethylene, propylene, the various butenes, and the like; an
      aliphatic carboxylic acid, generally an alkanoic acid, preferably
      containing no more than about 5 carbon atoms, such as acetic acid,
      propionic acid and the like; or an aromatic compound, generally an
      aromatic hydrocarbon, preferably mononuclear, such as benzene. The feed
      may contain two or more of such compounds in which case the effluent
      contains a mixture of products.
PAR  The process of the invention results in a coupling of the alkane to the
      other reactant to produce a combined compound. Thus, the coupling of the
      alkane: with another or identical alkane results in the production of an
      alkene and/or alkane, generally a mixture of alkane and alkene containing
      a number of carbon atoms corresponding to the total number of carbon atoms
      of the two alkane reactants; with an alkene results in the production of
      an alkane and/or alkene, generally a mixture of alkane and alkene
      containing a number of carbon atoms corresponding to the total number of
      carbon atoms of the alkane and alkene; with an alkanoic acid results in
      the production of an alkenyl ester of the acid; and with an aromatic
      hydrocarbon results in the production of an alkenyl and/or alkyl
      substituted derivative thereof. Thus, for example, the coupling of ethane
      in accordance with the invention with propane produces pentane and/or
      pentene; with butylene produces hexane and/or hexene; with propionic acid
      produces vinyl propionate; and with benzene produces styrene and/or ethyl
      benzene. Similarly, the coupling of propane with benzene produces cumene
      and/or propenyl benzene.
PAR  It has been found that contacting of the feed to be coupled with the
      hereinabove described melt results in a net production of hydrogen
      chloride and a depletion of the content of the higher valent metal
      chloride, i.e., cupric chloride, in the melt. Therefore, in accordance
      with one preferred embodiment of the invention, the feed to be coupled is
      contacted with the melt, containing the multivalent metal halide in both
      its higher and lower valence state, in the presence of an
      oxygen-containing gas, such as air. This procedure results in essentially
      no net production of hydrogen chloride and maintains the higher valent
      metal halide content of the melt substantially constant.
PAR  As an alternative procedure to the hereinabove described preferred
      embodiment, the melt containing a mixture of a multivalent metal halide in
      both its higher and lower valence state may be initially contacted with
      oxygen and the resulting product, containing the corresponding oxyhalide
      of the multivalent metal, is then contacted with the feed to be coupled.
      This procedure also results in essentially no net production of hydrogen
      chloride and a substantially constant content of cupric chloride and is of
      greater commercial value in that oxygen does not contact the feed, thereby
      decreasing any losses which may result from combustion of the feedstock.
PAR  As a further embodiment, the feed to be coupled is contacted with the melt,
      containing the multivalent metal halide in both its higher and lower
      valence state, in the presence of a free-halogen containing gas,
      corresponding to the halide of the multivalent metal. This procedure
      although maintaining essentially no net loss of cupric chloride, results
      in a net production of hydrogen chloride and consequently is less
      preferred than the hereinabove described preferred embodiment. It is to be
      understood that similarly to the preferred embodiment, the melt may be
      contacted with the free halogen containing gas separately from the
      coupling step to replenish the cupric chloride content of the melt.
PAR  As a further alternative embodiment, the hydrogen chloride generated in the
      coupling reaction, may be recovered from the effluent and employed along
      with an oxygen-containing gas to contact the cupric chloride depleted melt
      to regenerate cupric chloride for the subsequent coupling step. This
      procedure is also less preferred, but may be employed within the scope of
      the invention.
PAR  The various contacting steps including contacting of the melt with oxygen,
      chlorine, or hydrogen chloride, as hereinabove described are generally
      effected at temperatures from about 500.degree. to about 1200.degree. F.
      and pressures from about 1 to about 30 atmospheres. The contacting is
      preferably effected in a countercurrent fashion, with the feed as a
      continuous vapor phase, at residence times between about 1 and about 100
      seconds. The choice of optimum reaction conditions varies with the
      particular reactants and desired reaction products, and, therefore, the
      hereinabove described conditions are illustrative of the invention and the
      scope thereof is not to be limited thereby. Thus, for example, in the
      coupling of ethane to benzene, ethyl benzene is generally produced at
      temperatures from about 500.degree. to about 1000.degree. F. and styrene
      at temperatures from about 700.degree. to about 1200.degree. F., with a
      mixture of ethyl benzene and styrene being produced at the overlapping
      portions of the temperature range; i.e., from about 700.degree. to about
      1000.degree. F. It is further to be understood that by-products are also
      produced during the reaction and, therefore, the reaction conditions are
      controlled to reduce such production. The separation of the resulting
      by-products in order to recover the desired product may be effected by a
      wide variety of well-known procedures and, therefore, no detailed
      explanation thereof is deemed necessary.
PAR  It should be further apparent from the hereinabove description of the
      invention that the melt containing the multivalent metal halide
      participates in the reaction sequence and accordingly does not behave
      solely as a catalyst. Therefore, the multivalent metal halides must be
      present in an amount sufficient to meet reaction requirements and in
      general the melt composition should contain at least 3%, by weight, of the
      higher valent halide, although greater amounts are preferred. In some
      cases, the addition of chlorine may be required in order to maintain the
      necessary quantity of cupric chloride.
PAR  The melt in addition to functioning as a reactant and/or catalyst is a
      temperature regulator. Thus, the circulating melt has a high heat
      absorption capacity thereby preventing runaway reaction during the
      exothermic coupling and oxygen contacting steps. The absorbed heat of
      reaction may be employed to heat the various reactants to reaction
      temperature. Alternatively, or in addition to such an expedient, the melt
      may be contacted with an inert gas coolant to remove any additional heat
      of reaction, with the inert gas being subsequently cooled and re-employed
      for removing heat from the melt. It should be apparent, however, that if
      additional heat is required such heat may be supplied from an external
      source.
PAR  The invention will now be further described with reference to an embodiment
      thereof illustrated in the accompanying drawing. It is to be understood,
      however, that the scope of the invention is not to be limited thereby.
PAR  Referring now to the drawing, an oxygen-containing gas in line 10, such as
      air, is introduced into a reactor 11, containing suitable packing 12 or
      other liquid-vapor contacting devices. A melt containing a multivalent
      metal halide in both its higher and lower valence state, such as a mixture
      of cupric and cuprous chloride, is introduced into reactor 11 through line
      13 in the form of a melt and countercurrently contacts the ascending
      oxygen-containing gas. The melt may further contain an alkali metal
      chloride, such as potassium chloride. As a result of such contact, a
      portion of the cuprous chloride is exothermically converted to copper
      oxychloride.
PAR  An oxygen depleted gas in the top of the reactor 11 is contacted with a
      quench liquid introduced through line 14, resulting in condensation of
      vaporized melt and vaporization of quench liquor. The vaporized quench
      liquid and oxygen-depleted gas is withdrawn from reactor 11 through line
      15 and introduced into a cyclone separator 16 to effect separation of
      entrained catalyst. The separated catalyst is withdrawn from separator 16
      through line 17 and returned to the reactor 11. The combined
      oxygen-depleted gas-vaporized quench liquid is withdrawn from separator 16
      through line 18, passed through condenser 19 to effect condensation of the
      quench liquid and the vapor-liquid mixture introduced into a separator 21.
      The quench liquid is withdrawn from separator 21 in line 14 and recycled
      to the reactor 11. The oxygen-depleted gas is withdrawn from separator 21
      through line 22 and passed to waste.
PAR  The melt-containing a mixture of cuprous chloride, cupric chloride and
      copper oxychloride is withdrawn from reactor 11 through line 31 and
      introduced into the top of a coupling reactor 32, containing suitable
      packing 33 or other gas-liquid contacting devices. A feed to be coupled,
      such as ethane and acetic acid, is introduced into the bottom of vessel 32
      through line 34 and countercurrently contacts the descending melt to
      effect coupling of the feed. The melt withdrawn from the bottom of vessel
      32 through line 13 is recycled to reactor 11.
PAR  A gaseous effluent containing vinyl acetate and byproducts, is contacted in
      the top of vessel 32 with a quench liquid introduced through line 35,
      resulting in condensation of vaporized catalyst melt and vaporization of
      the quench liquid. The vaporized quench liquid and effluent is withdrawn
      from vessel 32 through line 36 and introduced into a cyclone separator 37
      to effect removal of entrained catalyst. The separated catalyst is
      withdrawn from separator 37 through line 38 and recycled to the vessel 32.
      The vaporized quench liquid and gaseous effluent are withdrawn from
      separator 37 through line 39, passed through condenser 41 to effect
      condensation and cooling of the quench liquid and the gas-liquid mixture
      is introduced into a separator 42. The now cooled quench liquid is
      withdrawn from separator 42 through line 35 and recycled to the reactor
      32. The effluent is withdrawn from separator 42 through line 43 and passed
      to separation and recovery.
PAR  It is to be understood that numerous variations of the hereinabove
      described processing sequence are possible within the spirit and scope of
      the invention. Thus, for example, the coupling reaction may be effected in
      a single reactor having two separate zones, one for the introduction of an
      oxygen-containing gas for contact with the melt and the other for
      contacting the resulting oxygenated melt with the feed to be coupled.
      Alternatively, as hereinabove described, the melt containing the
      multivalent metal halide in both its higher and lower valence state, may
      be contacted with a mixture of an oxygen-containing gas and a feed to be
      coupled. Similarly, a halogen containing gas, such as chlorine, may be
      employed instead of an oxygen-containing gas in which case as hereinabove
      described, there is a net production of hydrogen chloride. These and other
      modifications should be apparent to those skilled in the art from the
      teachings contained herein.
PAR  The invention is further illustrated by the following examples but the
      scope of the invention is not to be limited thereby.
PAC  EXAMPLE I
PAR  Ethane and acetic acid are coupled by countercurrently contacting an
      ethane-acetic acid mixture with a copper chloride containing melt which
      has previously been contacted with air, under the following conditions:
     Reaction Temperature   395.degree.C.                                      
     Reaction Pressure       1 atm                                             
     Molten Salt                                                               
      KCl                    30 wt %                                           
      CuCl                   55 wt %                                           
      CuCl.sub.2             15 wt %                                           
     Residence Time          11 seconds                                        
     Duration of Test        1.5 hours                                         
     Gas Hourly Space Velocity, GHSV                                           
                             75                                                
     Feed Rate, gm-mole/hr                                                     
      C.sub.2 H.sub.6        0.22                                              
      Acetic Acid            0.10                                              
     Percent Vinyl acetate in liquid                                           
     product                 4.5%                                              
PAC  EXAMPLE II
PAR  Ethane and benzene are coupled under the following conditions by
      countercurrently contacting an ethane-benzene mixture with a copper
      chloride containing melt which has previously been contacted with air.
TBL  ______________________________________                                    
     Reaction Temperature   355.degree.C.                                      
     Reaction Pressure       1 atm                                             
     Molten Salt                                                               
      KCl                    30 wt %                                           
      CuCl                   40 wt %                                           
      CuCl.sub.2             30 wt %                                           
     Residence Time          9.0 sec.                                          
     Duration of Test        3 hours                                           
     Gas Hourly Space Velocity, GHSV                                           
                             83                                                
     Feed Rate, gm-mole/hr                                                     
      Ethane                 0.67                                              
      Benzene                0.39                                              
     Ethane Conversion       5.0%                                              
     ______________________________________                                    
PAR  The reaction product contains mainly ethyl benzene and some styrene.
PAC  EXAMPLE III
PAR  The procedure of Example II is repeated except that the temperature is
      raised to 483.degree. C.
PAR  The reaction product contains mainly styrene and some ethyl benzene.
PAC  EXAMPLE IV
PAR  Isobutane is coupled to n-butane by contacting a mixture thereof with a
      copper chloride melt under the following conditions:
TBL  Reaction Temperature   386.degree.C.                                      
     Reaction Pressure       1 atm                                             
     Molten Salt                                                               
      KCl                    30 wt %                                           
      CuCl                   45 wt %                                           
      CuCl.sub.2             25 wt %                                           
     Residence Time          10 sec.                                           
     Duration of Test        3 hours                                           
     Gas Hourly Space Velocity, GHSV                                           
                             79                                                
     Feed Rate, gm-mole/hr                                                     
      Isobutane              0.23                                              
      n-Butane               0.23                                              
     Isobutane Conversion    16%                                               
PAR  The reaction product contains C.sub.8 alkanes and alkenes.
PAC  EXAMPLE V
PAR  The procedure of Example IV is repeated except that the feed is a mixture
      of pentane and propylene.
PAR  The reaction product is a mixture of C.sub.8 alkanes and alkenes.
PAC  EXAMPLE VI
PAR  The procedure of Example I is repeated except that the melt has the
      following composition:
TBL  FeCl.sub.2          58 wt %                                               
     FeCl.sub.3          8 wt %                                                
     KCl                 34 wt %                                               
PAR  The reaction product contains vinyl acetate.
PAC  EXAMPLE VII
PAR  The procedure of Example III is repeated except that the melt has the
      following composition:
TBL  MnCl.sub.2          3 wt %                                                
     MnCl.sub.4          80 wt %                                               
     KCl                 17 wt %                                               
PAR  The reaction product contains mainly styrene and some ethyl benzene.
PAC  EXAMPLE VIII
PAR  The procedure of Example II is repeated except that the melt has the
      following composition:
TBL  CoCl.sub.2          14 wt %                                               
     CoCl.sub.3          49 wt %                                               
     KCl                 37 wt %                                               
PAR  The reaction product contains mainly ethyl benzene and some styrene.
PAC  EXAMPLE IX
PAR  The procedure of Example IV is repeated except that the temperature is
      483.degree. C. and the melt has the following composition:
TBL  CrCl.sub.2          5 wt %                                                
     CrCl.sub.3          74 wt %                                               
     KCl                 21 wt %                                               
PAR  The reaction product contains C.sub.8 alkanes and alkenes.
PAC  EXAMPLE X
PAR  The procedure of Example II is repeated except that the feed contains
      propane and benzene.
PAR  The reaction product contains cumene.
PAC  EXAMPLE XI
PAR  The procedure of Example I is repeated except that the melt includes a
      palladium chloride promoter. The melt has the following composition.
TBL  KCl                 24 wt %                                               
     CuCl                55 wt %                                               
     CuCl.sub.2          15 wt %                                               
     PdCl.sub.2          3 wt %                                                
PAR  The reaction product contains vinyl acetate.
PAR  The hereinabove examples are also repeated with bromides and iodides of the
      multivalent metals with similar results.
PAR  The process is extremely advantageous in that olefinically unsaturated
      compounds may be produced in a single reactor. As a further advantage,
      valuable products such as styrene, ethyl benzene, and vinyl acetate may be
      produced in a single reactor without using an unsaturated compound as a
      starting material. These and other advantages of the invention should be
      readily apparent to those skilled in the art.
PAR  Numerous modifications and variations in the present invention are possible
      in light of the above teachings and, therefore, it is to be understood
      that the invention may be practiced otherwise than as particularly
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for coupling an alkane having no more than nine carbon atoms
      with an alkanoic acid having no more than five carbon atoms, comprising:
PA1  contacting the alkane and the alkanoic acid, both in the vapor phase, with
      a molten mixture comprising the higher and lower valent forms of a
      multivalent metal halide selected from the group consisting of the
      chlorides, iodides, and bromides of copper, manganese, iron, cobalt and
      chromium, said higher valent metal halide being present in an amount of at
      least 3 weight percent, said contacting being effected at a temperature
      from about 500.degree. F. to about 1200.degree. F. to produce a coupled
      compound which is the alkenyl ester of the alkanoic acid having a number
      of carbon atoms corresponding to the total number of carbon atoms in said
      alkane and said alkanoic acid.
NUM  2.
PAR  2. The process of claim 1 wherein the multivalent metal halide is a copper
      chloride.
NUM  3.
PAR  3. A process for coupling an alkane having no more than nine carbon atoms
      with an alkanoic acid having no more than five carbon atoms, comprising:
PA1  contacting oxygen, the alkane and the alkanoic acid, both in the vapor
      phase, with a molten mixture comprising the higher and lower valent forms
      of a multivalent metal halide selected from the group consisting of the
      chlorides, iodides, and bromides of copper, manganese, iron, cobalt and
      chromium, said higher valent halide being present in an amount of at least
      3 wt. %, said contacting being effected at a temperature from about
      500.degree. to about 1200.degree. F. to produce a coupled compound which
      is the alkenyl ester of the alkanoic acid having a number of carbon atoms
      corresponding to the total number of carbon atoms in said alkane and said
      alkanoic acid.
NUM  4.
PAR  4. The process of claim 3 wherein the multivalent metal halide is a copper
      chloride.
NUM  5.
PAR  5. A process for coupling an alkane having no more than nine carbon atoms
      with an alkanoic acid having no more than five carbon atoms, comprising:
PA1  contacting the alkane and the alkanoic acid, both in the vapor phase, with
      a molten mixture comprising the higher and lower valent forms of a
      multivalent metal halide and the oxyhalide of said multivalent metal
      wherein said halide is selected from the group consisting of the
      chlorides, iodides, and bromides and said multivalent metal is selected
      from the group consisting of copper, manganese, iron, cobalt, and
      chromium, said higher valent halide being present in an amount of at least
      3 weight percent, said contacting being effected at a temperature from
      about 500.degree. to about 1200.degree. F. to produce a coupled compound
      which is the alkenyl ester of the alkanoic acid having a number of carbon
      atoms corresponding to the total number of carbon atoms in said alkane and
      said alkanoic acid.
NUM  6.
PAR  6. The process of claim 5 wherein the multivalent metal halide (and) is a
      chloride and the multivalent metal oxyhalide (are a chloride and) is an
      oxychloride. (respectively)
NUM  7.
PAR  7. The process of claim 6 wherein the contacting in the vapor phase is
      effected in the absence of molecular oxygen.
NUM  8.
PAR  8. The process of claim 6 wherein the alkane is ethane, and the alkanoic
      acid is acetic acid and the coupled compound is vinyl acetate.
NUM  9.
PAR  9. A process for coupling an alkane having no more than nine carbon atoms
      with an alkanoic acid having no more than five carbon atoms, comprising:
PA1  contacting the alkane and the alkanoic acid, both in the vapor phase, with
      a molten mixture consisting essentially of the higher and lower valent
      forms of a multivalent metal halide selected from the group consisting of
      the chlorides, iodides, and bromides of copper, manganese, iron, cobalt
      and chromium, said higher valent halide being present in an amount of at
      least 3 weight percent, said contacting being effected at a temperature
      from about 500.degree. to about 1200.degree. F. to produce a coupled
      compound which is the alkenyl ester of the alkanoic acid having a number
      of carbon atoms corresponding to the total number of carbon atoms in said
      alkane and said alkanoic acid.
NUM  10.
PAR  10. The process of claim 9 wherein the multivalent metal halide is a
      chloride.
NUM  11.
PAR  11. The process of claim 10 wherein the molten mixture includes as a
      melting point depressant a member selected from the group consisting of
      alkali metal chlorides and the chlorides of the heavy metals of Groups I,
      II, III and IV of the Periodic Table.
NUM  12.
PAR  12. The process of claim 10 wherein said alkane is ethane, said alkanoic
      acid is acetic acid and said coupled compound is vinyl acetate.
NUM  13.
PAR  13. The process of claim 12 wherein the higher and lower valent metal
      chlorides are cuprous and cupric chloride and the molten mixture further
      includes, as a melting point depressant, potassium chloride.
NUM  14.
PAR  14. A process for coupling an alkane having no more than nine carbon atoms
      with an alkanoic acid having no more than five carbon atoms, comprising:
PA1  contacting oxygen, the alkane and the alkanoic acid, both in the vapor
      phase, with a molten mixture consisting essentially of the higher and
      lower valent forms of a multivalent metal halide selected from the group
      consisting of the chlorides, iodides, and bromides of copper, manganese,
      iron, cobalt and chromium, said higher valent halide being present in an
      amount of at least 3 weight percent, said contacting being effected at a
      temperature from about 500.degree. to about 1200.degree. F. to produce a
      coupled compound which is the alkenyl ester of the alkanoic acid having a
      number of carbon atoms corresponding to the total number of carbon atoms
      in said alkane and said alkanoic acid.
NUM  15.
PAR  15. The process of claim 14 wherein the multivalent metal halide is a
      chloride.
NUM  16.
PAR  16. The process of claim 15 wherein the molten mixture includes as a
      melting point depressant a member selected from the group consisting of
      alkali metal chlorides and the chlorides of the heavy metals of Groups I,
      II, III and IV of the Periodic Table.
NUM  17.
PAR  17. The process of claim 15 wherein said alkane is ethane, said alkanoic
      acid is acetic acid and said coupled compound is vinyl acetate.
NUM  18.
PAR  18. The process of claim 17 wherein the higher and lower valent metal
      chlorides are cuprous and cupric chloride and the molten mixture further
      includes, as a melting point depressant, potassium chloride.
NUM  19.
PAR  19. A process for coupling an alkane having no more than nine carbon atoms
      with an alkanoic acid having no more than five carbon atoms, comprising:
PA1  contacting the alkane and the alkanoic acid, both in the vapor phase with a
      molten mixture consisting essentially of the higher and lower valent forms
      of a multivalent metal halide and the oxyhalide of said multivalent metal
      wherein said halide is selected from the group consisting of the
      chlorides, iodides, and bromides and said multivalent metal is selected
      from the group consisting of copper, manganese, iron, cobalt and chromium,
      said higher valent halide being present in an amount of at least 3 weight
      percent, said contacting being effected at a temperature from about
      500.degree. to about 1200.degree. F. to produce a coupled compound which
      is the alkenyl ester of the alkanoic acid having a number of carbon atoms
      corresponding to the total number of carbon atoms in said alkane and said
      alkanoic acid.
NUM  20.
PAR  20. The process of claim 19 wherein the multivalent metal halide is a
      chloride and the multivalent metal oxyhalide is an oxychloride.
NUM  21.
PAR  21. The process of claim 20 wherein the molten mixture includes as a
      melting point depressant a member selected from the group consisting of
      alkali metal chlorides and the chlorides of the heavy metals of Groups I,
      II, III and IV of the Periodic Table.
NUM  22.
PAR  22. The process of claim 20 wherein said multivalent metal halides are
      copper chlorides and said oxychloride is copper oxychloride.
NUM  23.
PAR  23. The process of claim 22 wherein said alkane is ethane, said alkanoic
      acid is acetic acid and said coupled compound is vinyl acetate.
NUM  24.
PAR  24. The process of claim 23 wherein the higher and lower valent metal
      chlorides are cuprous and cupric chloride, the oxychloride of the
      multivalent metal is copper oxychloride and the melt further includes, as
      a melting point depressant, copper oxychloride.
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ABST
PAL  An improved process for preparing .omega.-formyloxy-alkanals from the
      corresponding cycloalkyl peroxides and formic acid is provided in which
      the process is carried out in the presence of a small amount of a strong
      acid having a pKa of less than 2.
BSUM
PAR  This invention relates to a process for preparing
      .omega.-formyloxy-alkanals.
PAR  U.S. Pat. No. 3,689,534 describes .omega.-formyloxy-alkanals of the general
      formula:
EQU  HC(O)O(CH.sub.2).sub.n CHO                                 (I)
PAL  in which the symbol n represents an integer from 5 to 11.
PAR  A process for the preparation of these compounds is also described; this
      process consists of reacting formic acid with a cycloalkyl hydroperoxide
      of the formula:
      ##EQU1##
      in which n is as defined above.
PAR  The hydroperoxides of formula (II) can be prepared from the corresponding
      cycloalkanols, or from the corresponding cycloalkanes by oxidation, in the
      liquid phase, without a catalyst, by a gas containing molecular oxygen.
      For example, it is possible to oxidise cyclohexane in accordance with the
      process described in French Pat. No. 1,404,723, or a higher homologue in
      accordance with the process described in French Pat. No. 1,429,569, and
      then to purify the hydroperoxide formed by conventional processes, such as
      conversion to the sodium salt and treatment with carbon dioxide.
PAR  U.S. Pat. No. 3,689,534 indicates that a practical way of carrying out this
      process consists of introducing pure hydroperoxide gradually into formic
      acid which does not contain more than 5% by weight of water and which has
      been heated beforehand to from 50.degree.C to the boiling point.
PAR  The amount of formic acid employed is not critical since it can be used as
      a diluent, and is generally used in an amount in excess of 5 mols per mol
      of hydroperoxide.
PAR  When the introduction of the hydroperoxide is complete, it is recommended
      to remove from the reaction mixture the formic acid which has not taken
      part in the reaction, because its presence can have a detrimental effect
      on the stability of the formyloxy-alkanal formed; one method for achieving
      this result is azeotropic distillation.
PAR  The formyloxy-alkanal formed can then be isolated from the residual mixture
      in accordance with conventional methods, for example by fractional
      distillation, preferably under reduced pressure. The yields obtained are,
      however, restricted by various side reactions, for example that leading to
      cycloalkanones and cycloalkyl formates, these being isolated in addition
      to the desired formyloxy-alkanal.
PAR  .omega.-Formyloxy-alkanals are very valuable intermediates. They can, for
      example, be converted to .alpha., .omega.-alkane-diols or to
      .omega.-hydroxy-alkanoic acids which are valuable precursors for producing
      resins and synthetic fibres. In order to increase the value of this
      process, it is thus very desirable to minimize the formation of unwanted
      by-products to a greater extent and it is the object of the present
      invention to achieve this.
PAR  According to the present invention, the splitting reaction involving formic
      acid is carried out in the presence of a small amount of an anhydrous
      strong acid having a pKa of less than 2.
PAR  In order to carry out the process according to the present invention,
      inorganic or sulphonic acids possessing a pK of less than 2 are used. The
      following acids are especially suitable: hydrochloric acid, nitric acid,
      sulphuric acid, alkane-sulphonic acids such as methane-sulphonic acid, and
      arylsulphonic acids such as benzene-sulphonic acid and
      para-toluene-sulphonic acid.
PAR  The general conditions for carrying out the process are substantially the
      same as those described in the U.S. Specification referred to above, to
      which reference should be made for further details. The cycloalkyl
      hydroperoxide is suitably introduced pure into formic acid containing the
      desired amount of strong acid, heated beforehand to the chosen
      temperature. The amount of strong acid to be used is suitably from 0.005
      to 0.5 hydrogen ion per liter of formic acid introduced, and preferably
      from 0.01 to 0.2 hydrogen ion per liter of formic acid.
PAR  Where appropriate, the cycloalkyl hydroperoxide starting material can be
      used in dilute form, for example in the form of a solution in a suitable
      aprotic polar solvent such as sulpholane, ethylene glycol carbonate or
      propylene glycol carbonate. The solution of hydroperoxide employed is
      advantageously the solution resulting from the extraction of the
      cycloalkyl hydroperoxide from the crude oxidised products of the
      hydrocarbon from which it is derived, using such polar solvents.
PAR  The splitting reaction can also be effected by introducing, at the desired
      temperature, pure hydroperoxide into a mixture of formic acid and the
      strong acid dissolved in the selected solvent.
PAR  When the introduction of the hydroperoxide is complete, the reaction is
      generally allowed to continue for a few moments at the desired temperature
      and then the strong acidity is neutralised with a large excess of a salt
      of a weak acid and a strong base, for example sodium formate. The reaction
      mixture resulting from the splitting process can then be treated in
      different ways. For example, the .omega.-formyloxy-alkanal formed can be
      isolated, but it is also possible to treat the reaction mixture directly
      so as to convert these difunctional compounds, in situ, to industrially
      valuable products such as .alpha.,.omega.-alkanediols and
      .omega.-hydroxy-alkanoic acids.
DETD
PAR  The following Examples further illustrate the present invention.
PAC  EXAMPLES 1 to 3
PAR  Formic acid, the water content of which is 0.5% by weight, and to which
      methane-sulphonic acid has been added, is heated to the desired
      temperature in a flask equipped with a stirring system. 97% By weight pure
      cyclohexyl hydroperoxide is then added as rapidly as possible (in 30 to 60
      seconds) to the mixture. When the addition is complete, the reaction is
      allowed to continue for a short while, and then the sulphonic acid is
      neutralised with a 100% excess of sodium formate, and cooled by means of
      an external cold water bath. The products of the reaction, i.e. the yields
      of 6-formyloxy-hexanal, cyclohexanone and cyclohexyl formate, relative to
      the pure cyclohexyl hydroperoxide introduced, is determined by vapour
      phase chromatographic analyses.
PAR  Three experiments are carried out with increasing concentrations of
      methane-sulphonic acid in formic acid, namely 0.016 mol per liter (Example
      1), 0.032 mol per liter (Example 2) and 0.16 mol per liter (Example 3).
PAR  The results are given in the following table:
     Example          1        2        3                                      
     ______________________________________                                    
     Pure formic acid, mol                                                     
                      0.865    0.865    0.865                                  
     Pure cyclohexyl hydro-                                                    
     peroxide, mol    0.02     0.02     0.02                                   
     Concentration of methane-                                                 
     sulphonic acid in formic,                                                 
     acid, in mol/l.  0.016    0.032    0.16                                   
     Molar ratio:                                                              
     Formic acid                                                               
                      43       43       43                                     
     Hydroperoxide                                                             
     Temperature, .degree.C                                                    
                      100      100      100                                    
     Duration in minutes                                                       
                      2        2        2                                      
     Yield of 6-formyloxy-                                                     
                      51.3%    66.5%    38%                                    
     hexanal                                                                   
     Yield of cyclohexanone                                                    
                      22%      21%      15.6%                                  
     Yield of cyclohexyl                                                       
     formate          4.4%     3.8%     5.2%                                   
     Total yield      77.7%    91.3%    58.8%                                  
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of an .omega.-formyloxy-alkanal of the
      general formula:
EQU  HC(O)O(CH.sub.2).sub.n CHO
PAL  in which n represents an integer from 5 to 11, which comprises reacting
      formic acid with a cycloalkyl hydroperoxide of the formula:
      ##EQU2##
      in which n is as defined above, the improvement wherein the reaction is
      carried out in the presence of 0.005 to .5 hydrogen ion per liter of
      formic acid of a strong acid with a pK of less than 2.
NUM  2.
PAR  2. Process according to claim 1, in which the strong acid is an inorganic
      or sulphonic acid.
NUM  3.
PAR  3. Process according to claim 2, in which the strong acid is selected from
      hydrochloric acid, nitric acid and sulphuric acid.
NUM  4.
PAR  4. Process according to claim 2, in which the strong acid is selected from
      methane-sulphonic acid, benzene-sulphonic acid and para-toluene-sulphonic
      acid.
NUM  5.
PAR  5. Process according to claim 1, in which the strong acid is present in an
      amount from 0.01 to 0.2 hydrogen ion per liter of formic acid introduced.
NUM  6.
PAR  6. Process according to claim 1, which is carried out in the liquid phase
      at a temperature from 50.degree.C to the boiling point of the reaction
      mixture.
NUM  7.
PAR  7. Process according to claim 1, in which the formic acid is used in an
      amount greater than 5 mols per mol of hydroperoxide.
NUM  8.
PAR  8. Process according to claim 1, in which the cycloalkyl hydroperoxide is
      present as a solution in an aprotic polar solvent.
NUM  9.
PAR  9. Process for the preparation of .omega.-formyloxyhexanal which comprises
      reacting cyclohexyl hydroperoxide with formic acid in the presence of
      0.005 to 0.5 hydrogen ion per liter of formic acid of a strong acid having
      a pKa of less than 2.
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PAL  Choline salicylate sulfite and choline salicylate alkali metal
      sulfite-containing compounds of the formula,
      ##SPC1##
PAL  Wherein Me represents the sodium, potassium or lithium ion and R represents
      the sulfite, bisulfite, metabisulfite, dithionate, hydrosulfite and
      hyposulfite groups are described. Said compounds are stable and inhibit
      the formation of color in pharmaceutical preparations containing the same.
      The method for the preparation of choline salicylate sulfite and choline
      salicylate alkali metal sulfite-containing compounds, and pharmaceutical
      dosage forms containing the same are disclosed together with a method for
      their use to inhibit color formation.
PARN
PAR  This application is a divisional application of Applicant's co-pending
      application, Ser. No. 237,927; filed Mar. 24, 1972, and which has now
      matured into U.S. Pat. No. 3,855,282, patented Dec. 17, 1974.
BSUM
PAR  This invention relates to stabilized compounds of choline salicylate, the
      method for producing the same and pharmaceutical compositions containing
      the aforesaid stabilized compounds. In particular it relates to a
      molecular coordination compound formed between choline salicylate and an
      alkali metal sulfite-containing compound and/or sulfur dioxide, the method
      for the preparation of aforesaid compounds and pharmaceutical compositions
      containing the same as well as the methods for the use of said
      pharmaceutical compositions.
PAR  Choline salicylate is described in U.S. Pat. No. 3,069,321, (Dec. 18,
      1962). Choline salicylate has unique advantages over other salicylate
      compounds and it has been introduced into therapy as an active ingredient
      of a large number of pharmaceutical dosage forms including solutions,
      syrups, ointments, gels, lozenges, tablets, capsules and suppositories.
PAR  An inherent disadvantage to the use of choline salicylate in both
      pharmaceutical manufacture and therapy is the appearance of a color in
      formulations containing choline salicylate, whether prepared in aqueous or
      non-aqueous solvents; liquid or solid dosage forms. This color formation
      necessitates manufacture of multiple batches to avoid storing the compound
      for extended periods, thereby increasing costs through multiple handling
      operations. The appearance of a color in a finished pharmaceutical
      dosage-form causes confusion and concern to the patient, who is unaware of
      the nature of this change, thereby possibly interrupting therapy.
PAR  Although the exact cause of color formation in choline salicylate
      formulations is not known and various theories for its origin have been
      proposed, it is generally accepted than an electron shift in molecular
      configuration takes place to produce a chromophore. It is an object of the
      present invention to prevent, as well as to substantially reduce, the
      formation of color in choline salicylate preparations, whether in liquid
      or solid dosage form, or in bulk preparations intended to be used in
      further manufacture.
PAR  It was found that the suppression or avoidance of the aforesaid color
      formation in compositions containing choline salicylate may be achieved
      through the formation of a molecular coordinate compound between choline
      salicylate and an alkali metal sulfite-containing compound as for example,
      sodium bisulfite (NaHSO.sub.3), sodium metabisulfite (Na.sub.2 S.sub.2
      O.sub.5), sodium hydrosulfite (Na.sub.2 S.sub.2 O.sub.4), sodium
      dithionate (Na.sub.2 S.sub.2 O.sub.6 2H.sub.2 O), sodium hyposulfite
      (Na.sub.2 S.sub.2 O.sub.2) and sodium sulfite (Na.sub.2 SO.sub.3) or the
      corresponding lithium and potassium salts. Sulfur dioxide also forms a
      molecular compound with choline salicylate and therefore the point of
      coordination may be said to be through the sulfite group. The new
      molecular coordination compounds may be considered to inhibit the electron
      shift necessary to form a chromophore and thereby inhibit color formation.
      According to one aspect of the invention therefore, there is provided as a
      new composition of matter, the compound formed between choline salicylate
      and an alkai metal sulfite-containing compound and sulfur dioxide as well
      as compositions comprising the same, said composition being substantially
      free from color formation.
PAR  The formation of the new molecular coordination compound between an alkali
      metal sulfite-containing compound and choline salicylate is established
      through the change in specific electrical conductance of a solution
      containing said compound. When two or more substances are introduced into
      the same solvent, the specific electrical conductivity of the mixture will
      be generally expressed as the arithmetic sum of the number of ions present
      in solution. However, if molecular complexing occurs among the molecules
      in solution, then this is reflected in the nature of the change observed
      in specific electrical conductivity for the mixture.
PAR  If the specific electrical conduction of a mixture of substances in
      solution is greater than the additive sum of the separate conductivity
      values of the components, then this establishes that a new molecular
      change has taken place to increase the electrical conductivity of the new
      molecule in solution. The presence of the newly formed compound is
      demonstrated through the increase in specific electrical conductivity
      since it possesses a property that is different from the mixture of the
      separate component substances.
PAR  If the specific electrical conductivity of the mixture is less than the
      arithmetic sum of the individual conductivity values determined for the
      component in solution, then a new molecular compound is formed that has a
      reduced electrical conductivity or a decreased ionizing potential in
      solution. This may occur through an internal electron sharing resulting in
      a depressed level of ionization for the new compound. Such complexing has
      been observed after the formation of chelate compounds.
PAR  When no new chemical bond results so that there is no modification in the
      electrical conductivity of the mixture of substances in solution, then the
      specific electrical conductivity for the mixture remains substantially the
      additive sum of the values for the separate moieties.
PAR  The method used in determing the specific electrical conductance of a
      solution is to measure the degree of resistance encountered to the flow of
      a standard electrical current through an accurately measured volume of
      solution. The resistance to the flow of electrical current (ohms) is
      determined for a volume of the conductor solution 1 cm long at each edge.
      The specific conductance of the solution is thereby computed as the
      reciprocal of the specific resistance and is expressed in units termed
      mhos, the reciprocal of ohms.
PAR  When the specific electrical conductivity of choline salicylate in aqueous
      solution was determined, it was found than an 0.5 molar solution of
      choline salicylate has an electrical resistance of 2.3 ohms and a specific
      conductance of 0.035 mhos/cm. The electrical resistance determined for an
      0.5 molar solution of sodium bisulfite was 0.8 ohms and the specific
      electrical conductance was computed to be 0.10 mhos/cm. However, when an
      0.5 molar solution of choline salicylate was reacted with an 0.5 molar
      solution of sodium bisulfite, the specific electrical conductivity
      determined it was found to be 0.007 mhos/cm. This value is markedly less
      than the expected arithmetic sum of the separate electrical conductivity
      values for the mixture of components. The calculated arithmetic sum of the
      specific electrical conductance of the components in the aforesaid mixture
      is 0.135 mhos/cm. This demonstrates that a new molecule formed between
      choline salicylate and sodium bisulfite which possessed a decreased
      ionizing potential different from that expected for a mixture of choline
      salicylate and sodium bisulfite.
PAR  In a similar manner it was found that an increase in the electrical
      resistance occured with a consequent decrease in specific electrical
      conductivity when other alkali metal sulfite compounds were caused to
      react with choline salicylate. Thus, when such compounds as sodium
      dithionate (Na.sub.2 S.sub.2 O.sub.6), sodium metabisulfite (Na.sub.2
      S.sub.2 O.sub.5), sodium hydrosulfite (Na.sub.2 S.sub.2 O.sub.4), sodium
      sulfite (Na.sub.2 SO.sub.3), and sodium hyposulfite (Na.sub.2 S.sub.2
      O.sub.2), or the respective corresponding lithium and potassium sulfite
      salts are reacted with choline salicylate, a new composition of matter
      formed having different properties than the mixture of its components. It
      was further found that new compound formation apparently takes place
      through the sulfite radical. Gaseous sulfur dioxide also reacted with
      choline salicylate to produce a new compound, choline salicylate sulfite.
      The aforesaid new compounds do not exhibit color formation on storage and
      when added to phenolic color forming compounds block or suppress the
      formation of a color.
PAR  The new compounds are preferably formed concurrently with the synthesis of
      choline salicylate, although the new compounds will form when the
      appropriate sulfite-containing reagent is reacted with formed choline
      salicylate. The new compound formed between choline salicylate and the
      respective alkali metal sulfite-containing salts or sulfur dioxide may be
      in the form of the solid choline salicylate-sulfite compound or present in
      solution. When the new compositions are formed at the time of the
      synthesis of choline salicylate, then the appropriate sulfite-containing
      compound, described above, is dissolved in the aqueous medium or polar
      solvent used as the medium for the reaction. When the new compound is
      desired to be formed, after the synthesis of choline salicylate, then the
      appropriate sulfite-containing compound described above is added to the
      formed choline salicylate either in solution or in the dry form. However,
      minimal quantities of water are preferred when forming the new choline
      salicylate alkali metal sulfite-containing compounds. The commercial grade
      of the respective sulfite-containing compounds have water of
      crystallization and this is sufficient to cause the reaction to proceed
      when the solid reagents are mixed. Thus if it is desired to use the solid
      forms of both the sulfite-containing compound and the choline salicylate,
      the new compounds will form nevertheless. This is of special importance to
      the preparation of solid pharmaceutical dosage forms containing choline
      salicylate.
PAR  In one preferred form of carrying out the invention a solution of choline
      carbonate is mixed with salicylic acid dissolved in water containing the
      appropriate quantity of sodium metabisulfite. Care is exercised during the
      addition of the reagents that the pH of the medium does not exceed the
      limits of pH 5 to pH 7. The reaction proceeds smoothly and gaseous carbon
      dioxide is liberated to result in a substantially pure solution of choline
      salicylate sodium metabisulfite. This solution may be used in further
      manufacture of pharmaceutical dosage forms or used directly. In place of
      the sodium metabisulfite described above, one may use another alkali metal
      metabisulfite, an alkali metal dithionate, an alkali metal bisulfite, an
      alkali metal hydrosulfite, an alkali metal sulfite and an alkali metal
      hyposulfite. Gaseous sulfur dioxide may also be used to introduce the
      sulfite group. The choline salicylate sodium metabisulfite may, if
      desired, be recovered in solid form although this is not necessary for
      further pharmaceutical manufacture and the solution of the formed choline
      salicylate sodium metabisulfite may be used as such.
PAR  In practice, it will be found that the new compounds, choline salicylate
      alkali metal bisulfite, choline salicylate alkali metal metabisulfite,
      choline salicylate alkali metal sulfite, choline salicylate alkali metal
      dithionate, choline salicylate alkali metal hydrosulfite, choline
      salicylate alkali metal hyposulfite and choline salicylate sulfite whether
      in solid form or in solution, will be substantially free of color ever
      after prolonged periods of storage. This may be readily demonstrated by
      comparing the color formed after heating for 24 hours at 90.degree. C to
      95.degree. C in an aqueous solution of choline salicylate with that
      present in a similar treated solution containing an equivalent
      concentration of the new compounds. When the aforesaid respective
      solutions are heated for 24 hours at a temperature of from 90.degree. C to
      95.degree. C, a pink color is found to develop in the aqueous solution of
      choline salicylate whereas the solutions prepared with the new compounds
      are virtually colorless.
PAR  According to another aspect of the invention there is provided a process
      for the production of solutions of choline salicylate normally having a
      tendency to form a color which comprises the reaction of choline
      salicylate-forming reagents, preferably choline carbonate or choline
      bicarbonate and salicylic acid, mixed in the presence of an effective
      amount of an alkali metal sulfite-containing compound, as for example, an
      alkali metal bisulfite, alkali metal metabisulfite, alkali metal
      hydrosulfite, alkali metal hyposulfite, alkali metal dithionate, alkali
      metal sulfite and/or sulfur dioxide whereby the choline salicylate is
      formed in the presence of the effective amount of said sulfite-containing
      compound. The aforesaid reaction may be carried out in the presence of
      water, ethanol, glycerin, propylene glycol, polyoxyethylene glycol or
      mixtures of the same. Gentle warming may be utilized to remove any of the
      volatile by-products and the resulting solution of choline salicylate is
      sufficiently pure for use as such or as an ingredient in further
      pharmaceutical manufacture. In this manner, appropriate solutions of
      choline salicylate ranging in concentrations up to 90 percent by weight of
      choline salicylate, may be obtained in substantially pure form that do not
      show evidence of color formation even upon prolonged storage. The
      effective concentration of the alkali metal sulfite-containing compound
      described above is at least 0.01 percent by weight and not more than 5.0
      percent by weight, with a preferred range being from 0.05 percent to 2.5
      percent by weight based upon the weight of choline salicylate active
      ingredient.
PAR  It may be found desirable to introduce the sulfite-containing compound in
      the form of gaseous sulfur dioxide in which event, the effective quantity
      of sulfur dioxide to be used is the same as described above for the
      effective amounds of the alkali metal sulfite-containing compounds. An
      advantage of gaseous sulfur dioxide is the avoidance of the introduction
      of alkali metal ions which may not be desirable in pharmaceutical
      preparations intended to treat certain pathologic states.
PAR  Still another method for the production of solutions of choline salicylate
      substantially free of color is to add an effective quantity of the
      respective new choline salicylate sulfite-containing compound, as for
      example, choline salicylate sulfite, choline salicylate alkali metal
      bisulfite, choline salicylate alkali metal metabisulfite, choline
      salicylate alkali metal dithionate, choline salicylate alkali metal
      hydrosulfite, choline salicylate alkali metal hyposulfite and choline
      salicylate alkali metal sulfite to a solution of choline salicylate. When
      it is desired to utilize the aforesaid choline salicylate
      sulfite-containing compounds to stabilize a preparation containing choline
      salicylate, whether in the liquid or solid form, then a quantity of the
      aforesaid choline salicylate sulfite-containing compound of not less than
      0.01 percent by weight is used and not more than 5.0 percent by weight,
      with a preferred range from 0.05 percent to 2.5 percent by weight, based
      upon the volume or weight of the active ingredient being stabilized. In
      achieving this stabilizing effect, then an appropriate quantity of the
      aforesaid stabilizing compound is added to a solution of choline
      salicylate in the appropriate quantity after the synthesis of choline
      salicylate or it may be incorporated in appropriate quantities to the
      finished pharmaceutical formulation containing choline salicylate. In
      either event, the resultant product will be substantially free from color
      formation. In this manner, pharmaceutical preparations such as solutions,
      gels, ointments, tablets, lozenges, capsules and suppositories containing
      choline salicylate may be prepared to be substantially color-free for
      prolonged periods of time.
PAR  The choline salicylate sulfite-containing compounds have the further
      advantage of suppressing color formation in pharmaceutical preparations
      containing salicylate compounds such as aspirin, salicylic acid, metallic
      salats of salicylic acid, para-aminosalicylic acid, metallic salts of
      para-amino salicylic acid, esters of salicylic acid such as methyl
      salicylate and menthyl salicylate and NN-methylglucamine salicylate. Such
      pharmaceutical preparations may be rendered free of color formation by the
      addition of the aforesaid choline salicylate sulfite-containing compounds
      to said salicylate-containing pharmaceutical preparations and the amount
      of choline salicylate sulfite-containing compound to be added to suppress
      color formation is not less than 0.1 percent by weight and not more than
      5.0 percent by weight of the choline salicylate sulfite-containing
      compound, based upon the amount of salicylate active ingredient in the
      preparation to be stabilized.
PAR  In practice, the stabilizing choline salicylate sulfite-containing compound
      is mixed either with the salicylate active ingredient or it may be
      incorporated into the formulation prior to the finishing step. The
      sequence for the addition of the preservative compound will depend upon
      the nature of the pharmaceutical preparation being stabilized. When
      immiscible substances are utilized, as for example, oil, water systems, it
      is the water phase which should receive the preservative compound, even
      though the active salicylate compound may be dissolved in the oil phase.
PAR  Thus, should it be desired to stabilize a tablet containing a salicylate
      compound, as for example, N-methylglucamine salicylate, aspirin, or
      metallic salt of salicylic acid, then not less than 0.1 percent by weight
      and not more than 0.5 percent by weight of the selected choline salicylate
      sulfite-containing compound is mixed with the salicylate active
      ingredient. The mixture is then added to appropriate diluents, binding and
      granulating agents and the whole granulated to prepare a granulation
      tableting mix. The mixture is then compressed into unit tablets of
      suitable size and shape containing the desired quantity of active
      ingredient. The finished tablets will remain substantially free of color
      for prolonged periods of time.
PAR  An alternate procedure for stabilizing the aforesaid salicylate-containing
      tablet is to add the selected choline salicylate sulfite-containing
      compound to the mixture of the selected salicylate compound, diluent,
      binders and granulating agents prior to the granulation step. In this
      event, the stabilizing compound is thoroughly mixed with the granulation
      mixture to assure a uniform dispersion.
PAR  In a similar manner, the choline salicylate sulfite-containing compound may
      be mixed with the appropriate salicylate active ingredient prior to its
      incorporation in an ointment, gel or solution. When it is intended to
      preserve a salicylate solution against a color formation, then the
      preservative compound is preferably added prior to the introduction of, or
      concommitantly with, the salicylate active ingredient, although a
      beneficial preservative effect will be observed if the stabilizing
      compound is added prior to the finishing step.
PAR  The following examples illustrate the present invention but it is not
      intended to be limited thereby.
DETD
PAC  EXAMPLE 1
PAR  To an 0.5 molar aqueous solution of choline carbonate is added 52.5 grams
      of sodium bisulfite (anhydrous) and 69.0 grams of salicylic acid. Each of
      the solid reagents are added alternately in small increments and with
      constant stirring. The pH of the solution is determined immediately after
      the addition of each increment to avoid a drop in the pH of the solution
      below pH 4. When all of the solid reagents have been added and the
      ebullition of carbon dioxide has stopped, the solution is gently warmed to
      35.degree. C to remove any residual dissolved carbon dioxide. The solution
      of choline salicylate sodium bisulfite, thus formed, is essentially
      color-free and is in a sufficient state of purity to be used as such or
      for further pharmaceutical manufacture. The compound, choline salicylate
      sodium bisulfite analyzes in good agreement with its theoretical values
      for salicylate content. Calculated: 57 percent, by weight, salicylate
      moiety based upon the weight of choline salicylate: Found: 56.9 percent of
      salicylate moiety.
PAR  On heating the solution of the formed choline salicylate sodium bisulfite
      for 24 hours at a temperature of from 90.degree. C to 95.degree. C, there
      is virtually no change from the original color. The pH of the solution of
      choline salicylate sodium bisulfite is between pH 6 and pH 6.8.
PAR  The electrical conductivity of an 0.5 molar solution of choline salicylate
      sodium bisulfite determined at 25.degree. C is 6.654 .times.
      10.sup.-.sup.3. The specific electrical conductivity of an 0.5 molar
      aqueous solution of choline salicylate is 3.448 .times. 10.sup.-.sup.2.
      The specific electrical conductivity of 0.5 molar solution of sodium
      bisulfite is 9.9125 .times. 10.sup.2. The calculated specific electrical
      conductivity for a mixture comprising an 0.5 molar solution of choline
      salicylate and an 0.5 molar sodium bisulfite solution is 13.3605 .times.
      10.sup.-.sup.2, based upon their arithmetic sum of the values. The
      difference in electrical conductivity exhibited by choline salicylate
      sodium bisulfite and that of its component moieties establish the
      formation of a new compound.
PAC  EXAMPLE 2
PAR  To 500 cc. of propylene glycol is added 82.6 grams of choline bicarbonate,
      and the mixture is stirred until complete solution is achieved. 95.06
      grams of sodium metabisulfite and 69.0 grams of salicylic acid are added
      in small increments while controlling the pH to be between pH 4.5 and pH
      7. The mixture is stirred until the ebullition of carbon dioxide has
      stopped. Gentle warming may be used to achieve solution and to facilitate
      the removal of carbon dioxide. The solution contains the formed choline
      salicylate sodium metabisulfite.
PAR  A representative sample of the formed choline salicylate sodium
      metabisulfite solution is diluted with sufficient distilled water to
      provide a concentration of 0.1 molar choline salicylate sodium
      metabisulfite and the specific electrical conductivity was determined to
      be 1.064 .times. 10.sup.-.sup.2. The specific electrical conductivity for
      0.1 molar solution of choline salicylate is 4.19 .times. 10.sup.-.sup.3
      and the specific electrical conductivity for 0.1 molar solution of sodium
      metabisulfite is 1.46 .times. 10.sup.-.sup.2. The decrease in specific
      electrical conductivity for the compound, choline salicylate sodium
      metabisulfite when compared with the arithmetic sum of the conductivities
      for the mixture of the separate moieties establishes the formation of a
      new compound.
PAC  EXAMPLE 3
PAR  To a suitable vessel containing 100 cc. of distilled water is added 14
      grams of choline chloride and 17.4 grams of sodium hydrosulfite. The
      mixture is stirred to achieve solution and 16 grams of sodium salicylate,
      dissolved in 100 cc. of water are added. The solvent is removed under
      vacuum to obtain a slurry which is dissolved in absolute methanol and
      filtered. Anhydrous ether is added to the point of cloudiness and the
      whole set aside in an ice chest to crystallize. The crystalline material
      is collected, dried under vacuum to result in the hygroscopic crystalline
      salt, choline salicylate sodium hydrosulfite. The specific electrical
      conductivity determined for an 0.1 molar solution of choline salicylate
      sodium hydrosulfite is 8.8 .times. 10.sup..sup.-4. This value is less than
      the sum of the individual specific electrical conductivities for the
      separate moieties.
PAC  EXAMPLE 4
PAR  In a suitable vessel containing 100 ml. of distilled water is added 0.1 mol
      of choline citrate and 0.1 mol of lithium salicylate. The mixture is
      stired until complete solution is achieved. The solvent is removed by
      vacuum distillation and the residue dissolved in anhydrous amyl alcohol
      and filtered. The solution is set aside to crystallize in an ice chest
      after the addition of sufficient acetone to cause clouding. The
      crystallized lithium citrate is removed by filtration and the filtrate
      concentrated under vacuum. To the residue is added 250 cc. of 0.1 molar
      aqueous solution of sodium hyposulfite and the mixture is filtered and the
      solvent removed once again under vacuum to yield choline salicylate sodium
      hyposulfite.
PAR  The specific electrical conductivity determined for an 0.5 molar solution
      of choline salicylate hyposulfite is 6.31 .times. 10.sup..sup.-3, which is
      less than the calculated sum of the specific electrical conductivities
      determined for an equimolar concentration of the separate moieties
PAC  EXAMPLE 5
PAR  To an aqueous solution of 5 grams of choline salicylate, dissolved in 100
      ml. of distilled water is added 72.6 grams of sodium dithionate. The
      mixture is stirred and filtered. The filtrate contains the solution of
      choline salicylate sodium dithionate which may be used in further
      pharmaceutical manufacture or dispensed as such. The arithmetic sum of the
      specific electrical conductivity for equimolar concentrations of sodium
      dithionate and choline salicylate is 9.82 .times. 10.sup..sup.-2. The
      specific electrical conductivity of an 0.25 molar solution of choline
      salicylate sodium dithionate is 5.36 .times. 10.sup..sup.-2, which is less
      than the calculated sum of the separate values.
PAC  EXAMPLE 6
PAR  To an aqueous solution containing 28.5 grams of choline carbonate is added
      13.8 grams of salicylic acid and 12.6 grams of sodium sulfite. The mixture
      is stirred until complete solution is achieved and the ebullition of gases
      cease. The solution of choline salicylate sodium sulfite thus formed is
      sufficiently pure to be used for further pharmaceutical manufacture. The
      compound choline salicylate sodium sulfite may be obtained by removing the
      solvent under high vacuum with the aid of gentle warming. The compound is
      a colorless crystal, that is highly hygroscopic, rapidly absorbing water
      on exposure to the atmosphere. An 0.1 molar solution of choline salicylate
      sodium sulfite has a specific electrical conductivity of 8.14 .times.
      10.sup..sup.-3.
PAC  EXAMPLE 7
PAR  In a three-neck round-bottom flask fitted with a stirring rod, a gas inlet
      tube and an exhaust vent filled with a trap, is placed 100 ml. of 0.1
      molar aqueous solution of choline salicylate. The stirring is started and
      the solution cooled to about 0.degree. C. Gaseous sulfur dioxide is then
      passed through the solution until the rise in the net weight of the
      solution is 8 grams. Care is taken that the temperature of the solution
      does not rise above 5.degree. C. When the required quantity of sulfur
      dioxide has been added, the stirring is continued while the solution warms
      to room temperature. An equal volume of distilled water is added and the
      resulting solution containing the formed choline salicylate sulfur dioxide
      is in sufficiently pure form for use as such or for further pharmaceutical
      manufacture. The 0.05 molar solution of choline salicylate sulfite has a
      specific electrical conductivity of 9.87 .times. 10.sup..sup.-4.
PAC  EXAMPLE 8
PAR  In place of the sodium bisulfite used as described in Example 1 above;
      sodium metabisulfite, used as described in Example 2 above; sodium
      hydrosulfite used as described in Example 3 above; sodium hyposulfite used
      as described in Example 3 above; sodium dicarbonate used as described in
      Example 5 above, and sodium sulfite used as described in Example 6 above,
      there may be substituted in equimolar proportions a compound selected from
      the group consisting of sodium sulfite, sodium bisulfite, sodium
      metabisulfite, sodium dithionate, sodium hydrosulfite, lithium sulfite,
      lithium bisulfite, lithium metabisulfite, lithium dithionate, lithium
      hydrosulfite, lithium hyposulfite, potassium sulfite, potassium bisulfite,
      potassium metabisulfite, potassium dithionate, potassium hydrosulfite and
      potassium hyposulfite. The remainder of the steps being the same the
      respective choline salicylate alkali metal sulfite-containing compound is
      formed. An 0.05 molar aqueous solution of the aforesaid choline salicylate
      alkali metal sulfite-containing compound has the following specific
      electrical conductivity.
TBL  __________________________________________________________________________
                                  Specific                                     
                            Electrical                                         
                                  Electrical                                   
                            Resistance                                         
                                  Conductivity                                 
     Compound               (ohms)                                             
                                  (.times. 10.sup.-.sup.3 mhos)                
     __________________________________________________________________________
     Choline Salicylate Sodium Sulfite                                         
                            41.1  1.93                                         
     Choline Salicylate Sodium Bisulfite                                       
                            30.4  2.61                                         
     Choline Salicylate Sodium Metabisulfite                                   
                            18.8  4.21                                         
     Choline Salicylate Sodium Dithionate                                      
                            16.8  4.71                                         
     Choline Salicylate Sodium Hydrosulfite                                    
                            34.3  2.31                                         
     Choline Salicylate Sodium Hyposulfite                                     
                            27.3  2.91                                         
     Choline Salicylate Potassium Sulfite                                      
                            37.2  2.13                                         
     Choline Salicylate Potassium Bisulfite                                    
                            26.3  3.01                                         
     Choline Salicylate Potassium Metabisulfite                                
                            15.5  5.13                                         
     Choline Salicylate Potassium Dithionate                                   
                            17.3  4.58                                         
     Choline Salicylate Potassium Hydrosulfite                                 
                            22.0  3.61                                         
     Choline Salicylate Potassium Hyposulfite                                  
                            25.4  3.12                                         
     Choline Salicylate Lithium Sulfite                                        
                            37.2  2.13                                         
     Choline Salicylate Lithium Bisulfite                                      
                            28.2  2.81                                         
     Choline Salicylate Lithium Metabisulfite                                  
                            16.2  4.89                                         
     Choline Salicylate Lithium Dithionate                                     
                            15.6  5.07                                         
     Choline Salicylate Lithium Hydrosulfite                                   
                            27.3  2.91                                         
     Choline Salicylate Lithium Hyposufite                                     
                            23.2  3.42                                         
     __________________________________________________________________________
PAR  The specific electrical conductivity for an 0.05 molar solution of the
      separate reagents is:
TBL                 Electrical                                                 
                              Specific Electrical                              
                    Resistance                                                 
                              Conductance                                      
     Reagent        (ohms)    (.times.-10.sup.-.sup.3 mhos)                    
     ______________________________________                                    
     Sodium sulfite 51.4      1.543                                            
     Sodium bisulfite                                                          
                    34.3      2.31                                             
     Sodium metabisulfite                                                      
                    18.17     4.36                                             
     Sodium dithionate                                                         
                    17.1      4.637                                            
     Sodium hydrosulfite                                                       
                    39.9      1.987                                            
     Sodium hyposulfite                                                        
                    29.9      2.652                                            
     Lithium sulfite                                                           
                    49.6      1.764                                            
     Lithium bisulfite                                                         
                    37.1      2.137                                            
     Lithium metabisulfite                                                     
                    17.9      4.430                                            
     Lithium dithionate                                                        
                    17.0      4.665                                            
     Lithium hydrosulfite                                                      
                    37.7      2.103                                            
     Lithium hyposulfite                                                       
                    28.9      2.744                                            
     Potassium sulfite                                                         
                    47.2      1.680                                            
     Potassium bisulfite                                                       
                    32.1      2.470                                            
     Potassium metabisulfite                                                   
                    16.9      4.692                                            
     Potassium dithionate                                                      
                    16.3      4.800                                            
     Potassium hydrosulfite                                                    
                    26.1      3.038                                            
     Potassium hyposulfite                                                     
                    26.7      2.970                                            
     Choline salicylate                                                        
                    78.4      1.01                                             
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  To 100 ml. of a 50 percent solution of choline carbonate, dissolved in
      distilled water, is added 0.25 grams of sodium bisulfite. The mixture is
      stirred until solution is achieved. To this solution is then added 27.6
      grams of salicylate acid in small increments while stirring. Carbon
      dioxide is liberated and when the ebulliton of gas ceases, the aqueous
      solution of choline salicylate thus formed contains a stabilizing quantity
      of choline salicylate sodium bisulfite and said solution may be dispensed
      directly in unit dosage form to achieve its intended therapeutic effect.
PAR  Should a liquid pharmaceutical preparation be desired, other than a
      solution, as for example, a syrup, then the appropriate quantity of sugar
      is added after the ebullition of carbon dioxide ceases. When an elixir is
      intended, then the proper quantity of ethanol is added for part of the
      water used to form the solution of choline carbonate. Glycerin, propylene
      glycol and polyoxyethylene glycol may be used to form a liquid solution
      for dispensing and the aforesaid solvents may be used to replace the water
      and/or the ethanol described above. Glycerin, propylene glycol and
      polyoxyethylene glycol may be the sole solvent or used as mixtures of the
      same or mixed with water, alcohol or their mixtures. Flavoring materials
      may be added when desired.
PAR  In place of the sodium bisulfite described above, there may be substituted
      in equimolar proportions a compound selected from the group consisting of
      sodium sulfite, sodium metabisulfite, sodium dithionate, sodium
      hydrosulfite, sodium hyposulfite, lithium sulfite, lithium bisulfite,
      lithium metabisulfite, lithium dithionate, lithium hydrosulfite, lithium
      hyposulfite, potassium sulfite, potassium bisulfite, potassium
      metabisulfite, potassium dithionate, potassium hydrosulfite and potassium
      hyposulfite.
PAC  EXAMPLE 10
PAR  To a freshly prepared solution containing 50 grams of choline salicylate
      per 100 ml. is added 1.25 grams of choline salicylate sodium
      metabisulfite. The mixture is stirred, filtered and packaged in unit
      dosage form for dispensing. The new pharmaceutical composition will be
      substantially free of color even on prolonged storage. The solvent to
      prepare said solution may be water, ethanol, glycerin, propylene glycol,
      polyoxyethylene glycol or mixtures of the same. Appropriate flavors may be
      added if desired.
PAR  In place of the choline salicylate sodium metabisulfite described above,
      there may be substituted in equal weight a compound selected from the
      group consisting of choline salicylate sodium sulfite, choline salicylate
      sodium bisulfite, choline salicylate sodium dithionate, choline salicylate
      sodium hydrosulfite, choline salicylate hyposulfite, choline salicylate
      potassium sulfite, choline salicylate potassium bisulfite, choline
      salicylate potassium metabisulfite, choline salicylate potassium
      dithionate, choline salicylate potassium hydrosulfite, choline salicylate
      potassium hyposulfite, choline salicylate lithium sulfite, choline
      salicylate lithium bisulfite, choline salicylate lithium metabisulfite,
      choline salicylate lithium dithionate, choline salicylate lithium
      hydrosulfite, choline salicylate lithium hyposulfite, in similar
      concentration to that described for choline salicylate sodium
      metabisulfite. The optimal effective range for color stabilization for the
      said choline salicylate alkali metal sulfite containing compounds
      described above is not less than 0.01 percent by weight and not more than
      5.0 percent by weight and preferably 0.5 percent to 2.5 percent by weight
      based on the weight of active salicylate compound used.
PAC  EXAMPLE 11
PAR  When a solid dosage form is desired, as for example, capsules, tablets,
      ointments or gels, then either a concentrated solution of choline
      salicylate, as for example, containing from 80 percent to 90 percent by
      weight of choline salicylate, or the solid form of choline salicylate is
      used. The stabilizing new compound, as for example, choline salicylate
      lithium metabisulfite, 0.05 percent by weight, is added to the choline
      salicylate prior to its incorporation into the base or vehicle. The
      remainder of the steps required to prepare the respective pharmaceutical
      preparation is well known to the art and remains the same and the
      resulting product will be found to be free of color formation even on
      prolonged storage.
PAR  When preparing a tablet, such carriers and/or diluents as magnesium
      sulfate, lactose, sucrose, starch or mixtures of the same may be used with
      either a concentrated solution of choline salicylate or its dry form.
      After the incorporation of the active ingredients and the stabilizing
      compound with the diluent and/or carrier, suitable granulating agents and
      tablet lubricants may be added. Tablets of suitable size containing the
      appropriate quantity of choline salicylate are then prepared by
      compression.
PAR  When capsules are preferred, a mixture of the above described carrier plus
      the active ingredient and the appropriate quantity of the
      color-stabilizing new compound described herein, are filled directly into
      capsules of appropriate size and shape.
PAR  When ointments, gels and suppositories are desired, then the active
      ingredients and selected color-stabilizing new compound are mixed and
      added to the appropriate pharmaceutically acceptable ointment base, gel
      vehicle or suppository base and the whole milled to achieve a uniform
      distribution. The finished ointment or gel preparation is then packaged in
      unit dosage form for dispensing while the suppository mass is shaped into
      suppositories of suitable size for dispensing.
PAC  EXAMPLE 12
PAR  In place of the choline salicylate used to form the choline salicylate
      sulfite-containing compound, there may be substituted in equimolar
      quantities, N-methylglucamine salicylate, aspirin, para-amino salicylate
      and its metal salts, salicylic acid and its metal salts, and esters of
      salicylic acid, to form corresponding salicylate sulfite-containing
      compounds. Said corresponding salicylate alkali metal sulfite-containing
      compound, prepared in the manner set forth above, possesses the same
      property of suppressing color formation in pharmaceutical compositions as
      does choline salicylate sulfite-containing compounds. The formed
      corresponding salicylate sulfite-containing compounds have the full
      pharmaco-therapeutic properties of the respective salicylate moieties,
      such as analgesia, antipyretic and local anti-inflammatory actions, while
      the para-amino salicylate alkali metal sulfite-containing compounds have
      in addition, an anti-tubercular action. The above new compounds may be
      used in therapy as liquid or solid pharmaceutical preparations
      administered either orally, topically or rectally.
PAC  EXAMPLE 13
PAR  When it is desired to suppress the color in a salicylate-containing
      pharmaceutical preparation then not less than 0.1 percent by weight and
      not more than 5.0 percent by weight of the appropriate choline salicylate
      sulfite-containing compound is incorporated into the salicylate-containing
      pharmaceutical preparation intended to be stabilized against color
      formation. Pharmaceutical preparations containing such salicylate
      compounds as aspirin, salicylic acid, metallic salts of salicylic acid,
      para-aminosalicylic acid, metallic salts of para-aminosalicylic acid,
      esters of salicylic acid such as methyl salicylate and menthyl salicylate
      and N-methylglucamine salicylate may be rendered free of color formation
      through the use of the aforesaid new compounds. The particular
      salicylate-containing pharmaceutical dosage form to be stabilized may be
      either a solid dosage form as for example, tablets, powders, lozenges,
      suppositories, ointments, creams, gels or a liquid dosage form as for
      example, solutions, tinctures, elixirs and syrups.
PAR  In achieving color stabilization of a salicylate-containing pharmaceutical
      preparation, as for example, a gel, then 8.72 grams of
      N-methylglucammonium salicylate are mixed with 0.05 grams of choline
      salicylate sodium metabisulfite and the whole dissolved in 40 cc. of ethyl
      alcohol. When solution is complete, cetyldimethylbenzylammonium chloride,
      0.01 gram, is added to the ethanol and the whole filtered. Suitable
      flavoring agents may be added, if desired, to the alcohol solution.
PAR  In a separate flask containing 40 ml. of distilled water is dispersed 2.75
      grams of methyl cellulose-4000 and 5 grams of glycerin. The solution is
      heated to approximately 50.degree. C and mixed with the aforesaid alcohol
      solution. The mixture is filtered and the pH adjusted to that it is
      between pH 5 and pH 7. The mixture is rapidly chilled to form a gel, which
      is then packaged in unit containers. The resultant gel will be free of
      color formation, even after storage for prolonged periods of time.
PAR  When it is desired to stabilize an emulsion containing a salicylate
      compound, as for example, menthyl salicylate, then 0.25 grams of choline
      salicylate sodium bisulfite is dissolved in 50 ml. of peanut oil and to
      this is added 1 gram of menthyl salicylate. Warming may be used to
      facilitate solution. In a separate vessel containing 50 ml. of distilled
      water is added 2 grams of sorbitolmono-oleate and the aqueous solution
      added to the peanut oil and the whole homogenized. The resultant
      preparation is a white emulsion useful as a sun-screen dermatologic
      preparation that will not form a color even on prolonged storage.
PAR  To an 0.5 gram of choline salicylate potassium sulfite is added 100 grams
      of para-aminosalicylic acid and the mixture tumbled until a uniform
      dispersion results. The resultant bulk powder may be stored for prolonged
      periods of time without a change in color and may be used in further
      pharmaceutical manufacture.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A choline salicylate salt-sulfite-complex compound selected from the
      group consisting of choline salicylate sodium sulfite, choline salicylate
      potassium sulfite and choline salicylate lithium sulfite.
NUM  2.
PAR  2. The compound of claim 1 said compound being choline salicylate sodium
      sulfite.
NUM  3.
PAR  3. The compound of claim 1 said compound being choline salicylate potassium
      sulfite.
NUM  4.
PAR  4. The compound of claim 1 said compound being choline salicylate lithium
      sulfite.
NUM  5.
PAR  5. The method for the preparation of a choline salicylate
      salt-sulfite-complex compound selected from the group consisting of
      choline salicylate sodium sulfite, choline salicylate potassium sulfite,
      and choline salicylate lithium sulfite comprising:
PA1  a. adding a sulfite-containing compound selected from the group consisting
      of sodium sulfite, potassium sulfite and lithium sulfite to an
      equimolecular quantity of choline salicylate,
PA1  b. mixing the same,
PA1  c. allowing to stand for at least one-half hour, and
PA1  d. recovering the formed choline salicylate salt-sulfite-complex compound
      therefrom.
NUM  6.
PAR  6. The method for the preparation of a choline salicylate
      salt-sulfite-complex compound selected from the group consisting of
      choline salicylate sodium sulfite, choline salicylate potassium sulfite
      and choline salicylate lithium sulfite comprising the steps of:
PA1  a. dissolving a choline compound selected from the group consisting of
      choline, choline carbonate and choline bicarbonate in an aqueous solvent,
PA1  b. adding a molecular equivalent quantity of the sulfite-containing
      compound selected from the group consisting of sodium sulfite, potassium
      sulfite and lithium sulfite,
PA1  c. adding an equimolar quantity of salicylic acid,
PA1  d. maintaining the pH between pH 4.5 and pH 7,
PA1    e. stirring and warming to not more than 50.degree. C, and,
PA1  f. recovering the formed choline salicylate salt-sulfite-complex compound
      therefrom.
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PAL  The invention relates to a new substance, namely the hydrochloride of
      .beta.-phenyl- .gamma.-aminobutyric acid of the following formula:
      ##EQU1##
      and to the process for its production which comprises condensing malonic
      ester with .beta.-nitrostyrene resulting in the separation of an ester of
      .gamma.-carbomethoxy-.beta.-phenyl-.gamma.-nitrobutyric acid at a
      temperature ranging from 0.degree. to 14.degree.C, reducing the ester thus
      obtained with hydrogen in the presence of the Raney nickel under a
      pressure of 6 to 30 atm, treating 3-carbomethoxy-4-phenyl-2-pyrrolidone,
      as formed by the reduction, with hydrochloric acid, and separating the
      desired product.
BSUM
PAR  The present invention relates to a new substance namely the hydrochloride
      of .beta.-phenyl-.gamma.-aminobutyric acid, and to a process for producing
      same.
PAR  The substance according to the invention has the following formula:
      ##EQU2##
PAR  The novel compound is a white or a white with a slightly yellowish tint
      crystalline powder which is easily soluble in water, soluble to a lesser
      degree in alcohol, acetone, and practically insoluble in ether.
PAR  The hydrochloride of .beta.-phenyl-.gamma.-amino butyric acid possesses a
      pharmacological activity and is used in medicine as a drug having a
      calming or sedative effect on various neurotic and psychopathic states,
      enhancing the effect of soporific and neuropsychotropic agents.
PAR  Non-toxicity is the most important feature of hydrochloride of
      .beta.-phenyl-.gamma.-amino butyric acid, as by its chemical composition
      it approximates the products of the natural metabolism of the brain.
      Therefore, it can be used for calming excessively irritable children,
      middle-aged persons and to relieving nervous tension of healthy persons.
PAR  According to the invention, the process for the production of hydrochloride
      of .beta.-phenyl-.gamma.-amino butyric acid comprises condensing malonic
      ester with .beta.-nitrostyrene resulting in the separation of the ester of
      .alpha.-carbomethoxy-.beta.-phenyl-.gamma.-nitrobutyric acid at a
      temperature of 0.degree. to 14.degree.C followed by reducing with hydrogen
      said condensation product in the presence of Raney nickel at a pressure of
      6 to 30 atm, treating with hydrochloric acid the
      3-carbomethoxy-4-phenyl-2-pyrrolidone formed as a result of said
      reduction, and separating the desired product from the solution.
PAR  The proposed process for the production of hydrochloride of
      .beta.-phenyl-.gamma.-amino butyric acid is conducted as follows.
PAR  The condensation of malonic ester with .beta.-nitrostyrene is effected in a
      methanol solution in the presence of sodium methylate at a temperature of
      0.degree. to 14.degree.C by intermixing and simultaneous cooling with ice.
PAR  In 30 minutes the reaction mixture is poured into diluted hydrochloric acid
      with ice. After drying in the open air, the separated crystalline product
      is suitable for further reprocessing without purification.
PAR  Then, the condensation product is hydrogenated in methyl alcohol in the
      presence of Raney nickel under a pressure of 5 to 30atm. 1.5 to 2 hours
      after the reduction is over, the solution is drained from the catalyst,
      which is washed three times with ethyl alcohol. The whole solution thus
      obtained is evaporated under vacuum prior to crystallization.
PAR  The reduction yields 3 -carbomethoxy-4-phenyl-2-pyrrolidone which is
      subjected to hydrolysis without preliminary purification.
PAR  To this end, it is boiled in diluted hydrochloric acid for a period of no
      less than 6 hours. After adding activated charcoal to the obtained colored
      solution, it is again boiled for 15 min and filtered through a glass
      fabric.
PAR  The hydrochloride of .beta.-phenyl-.gamma.-amino butyric acid is separated
      through concentration by evaporation prior to crystallization. Then the
      salt is recrystallized from concentrated hydrochloric acid and dried at a
      temperature of 80.degree.C. The purified and dry product is not
      hygroscopic.
PAR  The hydrochloride of .beta.-phenyl-.gamma.-aminobutyric acid is stable in
      storage and does not lose its pharmacological activity.
DETD
PAR  The nature of the present invention will become more fully apparent from a
      consideration of the following examples illustrative of the production of
      the hydrochloride of .beta.-phenyl-.gamma.-aminobutyric acid.
PAC  Example I
PAR  124.2 g of metallic sodium mixed with 990 ml of malonic ester and 2,700 ml
      of methyl alcohol are dissolved in a 20 l reactor provided with a
      mechanical stirrer, a thermometer, a separatory funnel and a coil. Added
      to the solution thus obtained during intermixing at a temperature of
      10.degree.C is a solution of 810 g of .beta.-nitrostyrene in 9,000 ml of
      methyl alcohol. After 30 min, the reaction mixture is poured into a
      mixture composed of 495 ml of concentrated hydrochloric acid, 8 l of water
      and 10 kg of ice. After several hours, the separated thick oil solidifies
      into a dense mass which is comminuted and dried in the open air. The
      melting point of the methyl ester of .alpha.-carbomethoxy
      .beta.-phenyl-.gamma.-nitrobutyric acid is 60.degree.C; the yield is 1,380
      g.
PAR  The product thus obtained is reduced without purification in the following
      manner: on having been dissolved in 9,000 ml. of ethyl alcohol, it is
      placed together with 180 g of Raney nickel into an autoclave. The reaction
      mixture is purged with nitrogen, and hydrogen is passed therethrough. The
      reduction process is completed in 1.5 hrs at a pressure of 30 atm. The
      mixture is cooled. On draining the solution from the catalyst, the latter
      is washed three times with ethyl alcohol taken in portions of 750 ml each.
      The ethyl alcohol is decanted and added to the main solution. The ethyl
      alcohol is distilled off in vacuo to a volume of no less than 2,000 ml,
      the rest being crystallized. The yield of green
      3-carbomethoxy-4-phenyl-2-pyrrolidone is 787 g. Without purification, it
      is boiled for a period of no less than 6 hrs with 1,500 ml of concentrated
      hydrochloric acid in 1,500 ml of water. The entire deposit is gradually
      dissolved. The completeness of hydrolysis is checked by taking off a 5 ml
      sample which is concentrated by evaporation to a dry substance. 0.5 g of
      dry substance should be dissolved in 0.5 ml of water. The presence of a
      deposit in the sample is indicative of the reaction being incomplete. In
      this case, hydrolysis should be continued for another hour.
PAR  On completing the hydrolysis, activated charcoal is added to a yellowish
      brown solution, which is boiled for 15 min, being thereafter filtered
      through a glass fabric.
PAR  On having been filtered off from the activated charcoal, the solution is
      concentrated by evaporation in a porcelain cup on a water bath prior to
      crystallization.
PAR  The solution is cooled, and the deposited salt is filtered off through the
      glass fabric. The mother liquor is thickened by evaporating, cooled, and
      filtered off in the manner as described above.
PAR  The deposit having been added to the previously produced salt, the whole of
      it is recrystallized from 500 ml of concentrated hydrochloric acid.
      Properly purified and dried at a temperature of 80.degree.C, the end
      product is nonhygroscopic, and its moisture content does not exceed 0.4%
      in storage.
PAR  The melting point of the hydrochloride of
      .beta.-phenyl-.gamma.-aminobutyric acid is 188.degree.-192.degree.C. The
      yield of the purified product is 565 g.
PAC  Example II
PAR  Malonic ester is condensed with .beta.-nitrostyrene taken in the amounts
      indicated in Example I, while maintaining the reaction temperature at
      14.degree.C. 1350 g of the methyl ester of .alpha.-carbomethoxy-.beta.
      -phenyl-.gamma.-nitrobutyric acid are separated. The reduction thereof is
      carried out in a manner similar to that described in Example I, under a
      pressure of 20 atm. The yield of the product of the reduction, namely
      3-carbomethoxy-4-phenyl-2-pyrrolidone amounts to 771 g.
PAR  The hydrolysis of 3-carbomethoxy-4-phenyl-2-pyrrolidone is effected in the
      same manner resulting in the production of 512 g. of the purified
      hydrochloride of .beta.-phenyl-.gamma.-aminobutyric acid.
PAC  Example III
PAR  The methyl ester of .alpha.-carbomethoxy-.beta.-phenyl-.gamma.-nitrobutyric
      acid is reduced under a pressure of 6 atm under the conditions indicated
      in Example I, yielding 700 g of 3-carbomethoxy-4-phenyl-2-pyrrolidone.
      Boiling it in hydrochloric acid in a manner as described above, yields 466
      g of the hydrochloride of .beta.-phenyl-.gamma.-aminobutyric acid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of the hydrochloride of
      .beta.-phenyl-.gamma.-amino-butyric acid of the formula:
      ##EQU3##
      which consists essentially of the steps of condensing malonic ester with
      .beta.-nitrostyrene resulting in the separation of the methyl ester of
      .alpha.-carbomethoxy-.beta.-phenyl-.gamma.-nitrobutyric acid at a
      temperature ranging from 0.degree. to 14.degree.C; reducing the ester thus
      obtained by condensation with hydrogen in the presence of Raney nickel
      under a pressure of 6 to 30 atm; treating
      3-carbomethoxy-4-phenyl-2-pyrrolidone, as formed by the reduction, with
      hydrochloric acid, and separating the hydrochloride of
      .beta.-phenyl-.gamma.-aminobutyric acid from the solution.
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PAC  Maleamic acids of formula:
      ##EQU1##
      where R is a divalent organic radical and X is H or NHCOCH=CHCOOH are
      prepared in suspension as a flowing non-thixotropic fluid by a process
      wherein a solution of a primary monoamine or diamine in a solvent is run
      into a solution of maleic anhydride in a solvent in an amount such that
      there is an anhydride excess of 5 to 20 mol % relative to the theoretical
      amount necessary for the reaction with the amine, the mixture is agitated,
      the reaction temperature is 40.degree. to 130.degree.C., the time taken to
      run in the amine solution is at least 67 minutes, and the amine solution
      is run in at a rate such that the slope of the curve representing the
      variation, as a function of time, in the rate of running in as % of the
      total amount of amine solution employed per minute (acceleration) has, at
      every point on this curve, a value not greater than 0.044.
BSUM
PAR  The present invention relates to a process for the preparation of maleamic
      acids in suspension.
PAR  Various processes for the preparation of maleamic acids are known including
      those described in U.S. Pat. Nos. 2,444,536 and 2,723,991 and in the work
      by L. A. Flett and W. H. Gardner entitled "Maleic Anhydride Derivatives".
PAR  One of these known processes involves reacting maleic anhydride with a
      primary amine in the presence of an organic diluent which makes it
      possible to remove the heat produced by the exothermic reaction. In this
      way, a very viscous, thixotropic dispersion which is difficult to pour is
      obtained and from which the maleamic acid produced can be isolated only
      with great difficulty by means of the usual processes.
PAR  We have now found a new process for the preparation, in suspension, of
      maleamic acids which has, especially in the case of bis-maleamic acids,
      numerous advantages both with regard to the ease with which the reaction
      can be carried out either discontinuously or continuously and the ease
      with which the maleamic acid can be isolated.
PAR  The present invention provides a process for the preparation, in
      suspension, of a maleamic acid of the general formula
      ##EQU2##
      in which:  R represents a linear or branched alkylene radical, an arylene
      radical, an aralkylene radical, an alkylarylene radical, a cycloalkylene
      radical or a divalent heterocyclic radical, the two free valencies of the
      heterocyclic radical being carried by carbon atoms, the total number of
      carbon atoms in the R radical being not more than 20, the minimum number
      of carbon atoms in the alkylene radical being 2 and X represents either
      hydrogen or a radical
      ##EQU3##
      wherein a solution of a primary monoamine or diamine in a solvent is run
      into a solution of maleic anhydride in a solvent in an amount such that
      there is an anhydride excess of 5 to 20 mol % relative to the theoretical
      amount necessary for the reaction with the amine, the mixture is agitated,
      the reaction temperature is 40.degree. to 130.degree.C., the time taken to
      run in the amine solution is at least 67 minutes, and the amine solution
      is run in at a rate such that the slope of the curve representing the
      variation, as a function of time, in the rate of running in as % of the
      total amount of amine solution employed per minute (acceleration) has, at
      every point on this curve, a value not greater than 0.044.
PAR  It is also possible, after having manufactured a first quantity of maleamic
      acid according to the process described above, to proceed with the
      manufacture continuously by thereafter introducing the reagents
      simultaneously and continuously into the medium thus produced, heated and
      stirred, the amine solution being supplied at a rate at most equal to the
      maximum rate defined above and the anhydride solution in an amount such
      that the molar ratio anhydride/amine is between 1.05 and 1.2 or 2.1 and
      2.4 depending on whether the preparation of a mono- or bis-maleamic acid
      is involved.
PAR  The maleic anhydride is advantageously dissolved in an anhydrous organic
      solvent such as one of those mentioned below, in proportions such that the
      concentration of the anhydride solution is between 20 and 30% by weight.
PAR  R may be a pure hydrocarbon (or heterocyclic) radical or a hydrocarbon
      radical interrupted by hetero atoms e.g. --O-- or --SO.sub.2 --. Primary
      amines which can be used include aniline, ethylene-diamine,
      hexamethylene-diamine, meta-phenylene-diamine, para-phenylene-diamine,
      benzidine, diamino-diphenyl-methanes, diamino-diphenyl ethers,
      diamino-diphenyl-sulphones, diamino-dicyclohexyl-methanes,
      diamino-dimethylene-cyclohexanes, diamino-meta-xylylenes,
      diamino-para-xylylenes, diamino-diphenyl-cyclohexanes,
      diamino-diphenyl-propanes, diamino-triphenyl-ethanes,
      diamino-triphenyl-methanes and diamino-triazoles.
PAR  Of the organic solvents which can be used, those which have a boiling point
      of between 40.degree.C and 130.degree.C are very suitable. Such solvents
      include hydrocarbons such as benzene, toluene and cyclohexane, chlorinated
      hydrocarbons such as chlorobenzene or methylene chloride, cyclic or
      non-cyclic ethers such as tetrahydrofurane, dioxane or ethyl ether, and
      dialkyl ketones, such as acetone or methyl ethyl ketone.
PAR  The solvent for the primary amine is conveniently the same as that which is
      used for dissolving the anhydride or, optionally, another solvent from the
      above list but one which is miscible with the first solvent. Its
      proportion is preferably such that the final concentration of the maleamic
      acid dispersion is between 25 and 40% by weight. The presence of a small
      amount of water in the amine solution can improve the yields slightly, but
      it is not absolutely necessary.
PAR  Agitation of the reaction mixture is advantageously carried out for the
      entire duration of the reaction with a central stirrer revolving at a rate
      of the order of 100 to 500 revolutions/minute. Of course, however, any
      type of stirrer can be used and other rates of stirring can be used.
PAR  It has been found that the total duration of the running-in process must be
      a minimum of 67 minutes, no matter what the amounts of reagents employed
      may be. However, for economic reasons, the maximum duration does not
      usually exceed 48 hours.
PAR  The curve representing the running-in procedure must be located within the
      crosshatched area on the FIGURE, of the accompanying drawing where:
PAR  The time (t), expressed in minutes, to run in the amine solution employed
      in the reaction is plotted as the abscissa, and
PAR  the rate of running in v, expressed as % per minute of the amount of amine
      solution, is plotted as the ordinate.
PAR  The crosshatched area is delimited by the abscissa axis, by the straight
      line of equation v = 0.044 t, which corresponds to the case where the rate
      of running-in increases uniformly from the value 0 at time 0 to the
      maximum rate of 3%/minute at time 67 minutes, and by the straight line of
      the equation v = 3%.
PAR  This process makes it possible to obtain a fluid suspension which possesses
      good flow properties and is nonthixotropic, and the viscosity of which is
      practically that of the solvent.
PAR  Furthermore, this suspension separates out rapidly and easily if it is left
      to stand, making it possible to isolate the maleamic acid from the solvent
      medium easily by simple filtration.
DETD
PAR  The Examples which follow are given to illustrate the invention.
PAC  EXAMPLE 1
PAR  9.07 g of maleic anhydride and 30.07 g of acetone are introduced into a 250
      cm.sup.3 reactor which is equipped with a central stirrer, a thermometer,
      a dropping funnel and a reflux condenser, and which is heated by a
      thermostatically controlled bath. The maleic anhydride dissolves in the
      acetone. When the temperature of the solution reaches 56.5.degree.C, a
      solution consisting of:
PA0  16.25 g of moist acetone containing 0.7 g of water and
PA0  8.89 g of 4,4'-diamino-diphenyl-methane,
PAL  is poured in with constant stirring (290 revolutions/minute).
PAR  This running-in is carried out in accordance with the following procedure:
TBL  Time elapsed since                                                        
                       % of solution                                           
     start of running-in                                                       
                       run in                                                  
     ______________________________________                                    
     15 mins.           5%                                                     
     30 mins.          18%                                                     
     45 mins.          44%                                                     
     60 mins.          71%                                                     
     75 mins.          87%                                                     
     90 mins.          100%                                                    
     ______________________________________                                    
PAR  The temperature, which is 56.5.degree.C at the start of the running-in
      process, is 55.5.degree.C at the end of the process.
PAR  The suspension remains very fluid for the entire duration of the reaction.
PAR  By leaving the suspension to cool without stirring it, rapid sedimentation
      of the product formed takes place and the latter can thus be isolated by
      simple filtration. The yield is 99% of bis-maleamido-diphenyl-methane acid
      (molecular weight: 397.5, measured by acidimetry).
PAR  The viscosity of the dispersion is practically that of the solvent.
PAC  EXAMPLE 2
PAR  27.2 g of maleic anhydride and 90.2 g of acetone are introduced into a 1
      liter reactor which is equipped with a central stirrer, a thermometer, a
      dropping funnel and a reflux condenser, and which is heated by a bath
      thermostatically set at 80.degree.C. The maleic anhydride dissolves in the
      acetone. When the temperature of the solution reaches 56.5.degree.C, a
      solution consisting of 26.67 g of 4,4'-diamino-diphenyl-methane and 48.75
      g of moist acetone containing 2.1 g of water is run in.
PAR  This running-in is carried out in accordance with the following procedure:
TBL  Time elapsed since                                                        
                       % of solution                                           
     start of running-in                                                       
                       run in                                                  
     ______________________________________                                    
      15 mins.         1.7%                                                    
      30 mins.         3.3%                                                    
      45 mins.          15%                                                    
      60 mins.         23.6%                                                   
      75 mins.          30%                                                    
      90 mins.          45%                                                    
     105 mins.         100%                                                    
     ______________________________________                                    
PAR  The suspension remains very fluid for the entire duration of the reaction.
      If the suspension is allowed to cool without being stirred, rapid
      sedimentation of the product formed takes place and the latter can thus be
      isolated by simple filtration. The yield obtained is approximately 99% of
      bis-maleamido-diphenylmethane acid (molecular weight: 397, measured by
      acidimetry).
PAC  EXAMPLE 3
PAR  In a 1 liter glass flask equipped with a central stirrer, a thermometer, a
      reflux condenser and two upper tubes and one lower tube, a suspension of
      bis-maleamic acid is first prepared by carrying out the following
      procedure:
PAR  221.1 cm.sup.3 of a solution of 45.63 g of maleic anhydride in acetone are
      introduced; this solution is heated to 56.5.degree.C and then 138.9
      cm.sup.3 of a solution consisting of 44.37 g of
      4,4'-diamino-diphenyl-methane and 81.33 g of moist acetone containing 3.48
      g of water are added to it. Stirring is kept constant at 290
      revolutions/minute for the entire duration of the running-in process. This
      addition is carried out over the course of 90 minutes in accordance with
      the procedure given in Example 1.
PAR  The two solutions of reagents are then introduced by means of volumetric
      pumps, one of which delivers the diamine solution at the rate of 166.5
      cm.sup.3 /hour and the other of which delivers the anhydride solution at
      the rate of 265.5 cm.sup.3 /hour, into the above suspension which is
      constantly stirred and heated at 56.5.degree.C. The anhydride solution
      contains 23.3% by weight of maleic anhydride in acetone, whilst the amine
      solution, which is also a solution in acetone, contains 35.3% by weight of
      4,4'-diamino-diphenyl-methane and 4.3% of water. The delivery rate of each
      pump is constant with time.
PAR  The average dwell time of the bis-maleamic acid dispersion in the reactor
      is 50 minutes.
PAR  The bis-maleamic acid dispersion formed remains very fluid for the entire
      duration of the experiment and flows out easily via the lower tube of the
      reactor into a receiving flask where sedimentation takes place
      spontaneously.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation, in suspension, of a maleamic acid of
      the general formula:
      ##EQU4##
      in which:  R represents a linear or branched alkylene radical, an arylene
      radical, an aralkylene radical, an alkylarylene radical, a cyclo-alkylene
      radical or a divalent heterocyclic radical, the two free valencies of the
      heterocyclic radical being carried by carbon atoms, the total number of
      carbon atoms in the R radical being not more than 20, the minimum number
      of carbon atoms in the alkylene radical being 2, from a solution of
      primary diamine in a solvent and a solution of maleic anhydride in a
      solvent, the improvement wherein
PA1  the solution of the primary diamine is run into the solution of maleic
      anhydride in an amount such that there is an anhydride excess of 5 to 20
      mol % relative to the theoretical amount necessary for the reaction with
      the amine,
PA1  the mixture is agitated,
PA1  and the reaction temperature is 40.degree. to 130.degree.C,
PA1  such that the time taken to run in the amine solution is at least 67
      minutes,
PA1  and the amine solution is run in at a rate such that the slope of the curve
      representing the variation, as a function of time, in the rate of running
      in as % of the total amount of amine solution employed per minute has, at
      every point on this curve, a value not greater than 0.044.
NUM  2.
PAR  2. A process according to claim 1, wherein the primary amine is
      4,4'-diamino-diphenyl-methane.
NUM  3.
PAR  3. A process according to claim 1 wherein the molar ratio of anhydride to
      amine is 2.1:1 to 2.4:1.
NUM  4.
PAR  4. A process according to claim 1 wherein the anhydride solution contains
      20-30% by weight anhydride.
NUM  5.
PAR  5. A process according to claim 1 wherein the solvent has a boiling point
      of 40.degree.-130.degree.C.
NUM  6.
PAR  6. A process according to claim 5, wherein the solvent for the primary
      amine and for maleic anhydride is acetone.
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ABST
PAL  Phthalic acids of improved quality are obtained direct from oxidation of
      xylenes with molecular oxygen in oxidation zone having small amounts of
      haloacetic acid present in liquid phase acetic acid solution of one or
      more heavy metal oxidation catalyst and bromide ion releasing
      bromine-containing compound. Particularly useful haloacetic acids are
      those having aqueous dissociation constant K.sub.A greater than 1.0
      .times. 10.sup..sup.-3. Such quality improvement is manifested by decrease
      in carboxybenzaldehyde and toluic acid impurity contents and/or metal salt
      content.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The discovery of the unique catalysis afforded by the acetic acid solution
      of the joint use of one or more heavy metal oxidation catalysts and a
      source of bromide ion for the liquid phase oxidation at a temperature from
      50.degree. to 275.degree.C. of aliphatic-substituted aromatic compounds
      with molecular oxygen to aromatic polycarboxylic acid products was first
      disclosed in U.S. Pat. No. 2,833,816 which issued May 6, 1958. The use of
      said unique catalysis for such oxidation of xylenes under liquid phase
      conditions at 50.degree. to 275.degree.C. made feasible for the first time
      by catalytic liquid phase air oxidation large scale commercial production
      of the benzene dicarboxylic acids: ortho-, iso- and terephthalic acids.
      Since 1958 many improved modes of conduct of such oxidations using the
      unique combination of heavy metal and bromide ion have been disclosed as
      advancements of that art. Some improvements were directed to yield
      improvement per unit of time and other improvements were directed to
      improved quality and yield of benzene polycarboxylic acid product. In
      general the improved modes of conduct for said liquid phase oxidation
      using the unique catalysis involved selective order of addition of
      catalyst components; scheduling addition of catalyst components; use of
      either constant temperature or constant pressure; scheduling different
      rates of oxygen supply; use of sources of oxygen having oxygen contents
      below and above the oxygen content of air; regulation of water content of
      acetic acid in the oxidation zone; sequentially staging of two or series
      connected oxidation zones operated at different temperatures, pressures,
      oxygen concentration or water concentration; usage of different
      combinations of heavy metals and types of bromide iron source, e.g. ionic
      and combined bromine; and combinations thereof as applied to batchwise,
      semi-continuous and continuous operations. Such improved modes of
      operation using the unique catalysis did provide for increase of benzene
      di- and tricarboxylic acid products from the yields demonstrated by the
      methods of U.S. Pat. No. 2,833,816. For example the yields of iso- and
      terephthalic acids from the corresponding xylenes were increased to 90-92
      mole percent from 75-80 mole percent demonstrated by said patent and with
      attendant improved decrease of partially oxidized xylene such as
      aldehydo-benzoic acid and toluic acid which contaminated said phthalic
      acid products.
PAR  Commercially feasible methods were devised for removal of color bodies
      and/or oxygen-containing aromatic compounds contaminating benzene di- and
      tricarboxylic acid products from such improved modes of conduct of the
      aforementioned liquid phase oxidation using the unique catalysis. Such
      purifications were directed either to obtension of light colored or white
      products intended for use in unsaturated polyesters or to obtension of
      highly pure terephthalic acid product at least 99.9 weight percent purity
      for direct reaction with a diol in the manufacture of high molecular
      weight polyesters required for film and fiber manufacture. However, little
      attention was given since 1958 to the introduction of a new component into
      the unique catalytic liquid phase oxidation to decrease the appearance of
      contaminants which are partial oxidation products attendant the oxidation
      of xylenes to phthalic acid di- and trimethylbenzenes products recovered
      from said oxidations.
PAR  It has been known since 1958 that oxidation of m- or p-xylenes in the
      presence of the unique catalysis at temperatures in the range of
      50.degree. to 120.degree.C. using oxygen gas as oxidant produced iso- or
      terephthalic acid products containing relatively large amounts, 3 to 10
      weight percent, of 3 or 4 -formylbenzoic acid and like amounts of m- or
      p-toluic acids. Oxidations conducted under liquid phase conditions in the
      presence of the unique catalysis at temperatures above 120.degree.C., i.e.
      in the range of 120.degree. to 275.degree.C., using oxygen gas or air as
      source of molecular oxygen did decrease the concentration of formylbenzoic
      and toluic acid contaminants in iso- and terephthalic acid products from
      the corresponding xylenes to below 3 weight percent, e.g. 0.5-2.0 weight
      percent. The improved modes of conduct of the catalytic liquid phase
      oxidation did little to improve the low temperature (i.e.
      50.degree.-100.degree.C.) oxidations.
PAR  In addition to aldehydic acid and toluic acid contamination of phthalic
      acids there is also the problem of contamination by catalyst metals and
      corrosion metals, a problem unique to preparation of halophthalic acids.
      Such metals are precipitated by the halophthalic acid during oxidation and
      cause early termination of the oxidation of haloxylenes.
PAR  To make more effective, on a pounds per hour throughput basis, the various
      commercially available purification routes for phthalic acids it is highly
      desirable to obtain such acids direct from oxidation in a higher quality
      by some means in addition to such improved modes of conduct of liquid
      phase oxidation using the unique catalysis.
PAC  SUMMARY OF INVENTION
PAR  Phthalic acids and their halogen-containing analogs are obtained in higher
      quality by the oxidation of xylene hydrocarbons and halogenated analogs
      thereof with molecular oxygen at a temperature in the range of 50.degree.
      to 275.degree.C. in an oxidation zone containing a catalytic amount of a
      haloacetic acid in addition to the liquid phase acetic acid solution of
      heavy metal oxidation catalyst and bromide ion providing the unique
      catalysis. The haloacetic acid so used decreases by 50-85% the amount of
      formylbenzoic (carboxylbenzaldehyde) and toluic acid contamination of the
      desired phthalic acid product and act as activators of the unique
      catalysis. The bromoacetic acids not only cause said decrease in
      aldehydo-acid formation as partial oxidation product but also can be
      effectively used as the source of bromine component of the unique
      catalysis. The haloacetic acids are used in catalytic amounts which vary
      with the xylene to be oxidized as well as the haloacetic acid used. In
      general, for oxidation of xylene hydrocarbons such catalytic amount is
      within the range of 0.1 to 12.0 weight percent based on the xylene
      hydrocarbon to be oxidized. Such use of tri-haloacetic acids also
      decreases precipitation of catalyst metals by halogenated phthalic acids
      during oxidation of haloxylenes and prevent early termination of the
      oxidation. For such use with haloxylenes the catalytic amount of
      trihaloacetic acids, especially trifluoroacetic acid, is in the general
      range of 0.5 to 6.0 weight parts per weight part of halogenated xylene.
DETD
PAC  SPECIFIC EMBODIMENTS
PAR  The haloacetic acids useful according to this invention are the mono-,
      chloro-, bromo- or fluoro- to trichloro-, bromo- and fluoroacetic acids
      having the aqueous dissociation constant K.sub.A greater than 1 .times.
      10.sup..sup.-3. Typically illustrative haloacetic acids and their constant
      K.sub.A are:
TBL  HALOACETIC ACID                                                           
     ______________________________________                                    
     Monobromoacetic acid   1.3 .times. 10.sup.-.sup.3                         
     Monochloroacetic acid  1.4 .times. 10.sup.-.sup.3                         
     Monofluoroacetic acid  2.6 .times. 10.sup.-.sup.3                         
     Dichloroacetic acid      5 .times. 10.sup.-.sup.2                         
     Trichloroacetic acid    12 .times. 10.sup.-.sup.1                         
     Trifluoroacetic acid   5.9 .times. 10.sup.-.sup.1                         
     ______________________________________                                    
PAR  Such haloacetic acids are useful, as mentioned above, in small amounts,
      from 0.1 to 12 weight parts based on the xylene, hydrocarbons but can be
      as high as 0.5 to 6.0 weight parts of trihaloacetic acids based on
      monochloro or mono- bromo- to tetrachloro or tetrabromo xylenes to be
      oxidized and are preferably added with the xylenes or bromo analog thereof
      but can be added with the acetic acid solution of catalyst components.
PAR  The amount of acetic acid used in the catalytic liquid phase oxidation can
      vary from 2 to 20 weight parts per weight part of the di- or
      trimethylbenzene or brominated analogs thereof. For low temperature
      oxidation, 50.degree. to 120.degree.C. and atmospheric to 50 p.s.i.g.
      pressure the unique catalysis is provided by acetic acid solutions
      containing cobalt or cobalt and manganese at 13 to 112 weight percent of
      total metals and 16-116 weight percent of bromide ion based on aromatic
      compound to be oxidized. For the higher temperature oxidations,
      120.degree. to 275.degree.C., there can be used cobalt, manganese mixtures
      of cobalt and manganese or cobalt, manganese and cerium in total metal
      concentrations of 0.01 to 1.0 weight percent and bromide ion
      concentrations of 0.01 to 1.0 weight percent based on the aromatic
      compound to be oxidized. Bromide ion can be provided by elemental bromine,
      ionic bromides (e.g. hydrogen bromide, sodium bromide or ammonium bromide)
      or by co-valent bromine-containing compounds (e.g., potassium bromate,
      tetrabromoethane, benzylbromide, bromobenzene or bromoacetic acid) which
      release bromide ion not ionization but rather by thermal release at the
      temperature at which the oxidation is conducted. Mixtures of ionic and
      co-valent bromine compounds can be advantageously used as source of
      bromide ion for the higher temperature oxidations where, in general, heavy
      metals having an atomic weight between about 50 and about 200 other than
      cobalt, manganese and cerium or in addition thereto are also useful.
PAR  The minimum pressure used in the oxidation zone is that pressure which will
      provide acetic acid in the liquid phase at temperatures of 50.degree. to
      275.degree.C. The source of molecular oxygen oxidant can be any
      gas-containing molecular oxygen in concentrations from 10 to 100 volume
      percent. For the low temperature (50.degree.-120.degree.C.) oxidation the
      source of molecular oxygen can be oxygen gas or mixtures thereof with air
      or inert gas (e.g. nitrogen or CO.sub.2) containing at least 50 volume
      percent oxygen. But for the higher temperature oxidation
      (120.degree.-275.degree.C.) the source of molecular oxygen can contain not
      more than 50 volume percent oxygen as in air or mixtures of oxygen gas
      with air or inert gas to provide controllable oxidation, which is
      exothermic, at such higher temperatures.
PAR  The catalytic liquid phase oxidations for which this invention provides the
      aforementioned beneficial improvements have their most practicable
      application under the following temperature conditions. The low
      temperature (50.degree.-120.degree.C.) oxidation using high cobalt, or
      cobalt and manganese to xylene and high acetic acid to xylene ratios
      provide most feasible production of phthalic acids especially terephthalic
      acid from p-xylene, per unit of time when conducted using oxygen gas,
      temperatures of 110.degree. to 120.degree.C. and pressures of 40 to 60
      p.s.i.g. even though liquid phase conditions can be maintained in the
      oxidation zone at pressures of 0 (atmospheric pressure) to 5 p.s.i.g. Such
      110.degree. to 120.degree.C. oxidations of p-xylene as in the absence of
      haloacetic acid provide recovered terephthalic acid product (e.g. by
      filtration) from fluid oxidation effluent in 80-92 mole percent yields in
      80-120 minutes residence periods but contaminated with 5.4 to 1.3 weight
      percent p-formylbenzoic acid and 0.6 to 0.4 weight percent p-toluic acid.
      The higher temperature (120.degree.-275.degree. C.) oxidation using both
      lower acetic acid and lower heavy metal (Co, Mn and/or Ce) ratios to di-
      or trimethylbenzene provide most feasible production of benzene di- and
      tricarboxylic acids, especially terephthalic acid from p-xylene, per unit
      of time when conducted at temperatures in the range of 175.degree. to
      250.degree.C. and oxidation zone pressures of 150 to 400 p.s.i.g. For
      example such oxidation of p-xylene at 200.degree.-210.degree.C. and
      pressure of 180-210 p.s.i.g. in the absence of haloacetic acid provide
      recovered terephthalic acid product from fluid oxidation effluent in 90-92
      mole percent yields contaminated with but 0.5 to 0.8 weight percent
      p-formylbenzoic acid and 0.2 to 0.4 weight percent p-toluic acid (both of
      which are precursors of terephthalic acid) in 40 to 60 minute residence
      periods.
PAR  However, by the use of haloacetic acid having K.sub.A from 1 .times.
      10.sup..sup.-3 to 0.59 in the above oxidations of p-xylene according to
      this invention, the amount of contaminant p-formylbenzoic and p-toluic
      acids in terephthalic acid recovered direct from fluid oxidation effluent
      are each decreased by from 50 to 85% and at the same time terephthalic
      acid yield is increased by an amount equivalent to the decrease of the two
      contaminant precursors of terephthalic acid.
PAR  The following illustrative examples are provided to enable one skilled in
      this art to understand and practice the present invention.
PAR  The first illustrative examples demonstrate the beneficial improvements
      afforded by the use of haloacetic acids in the oxidation of p-xylene with
      air to terephthalic acid. These p-xylene oxidations are made with air at
      the oxidating zone temperatures and pressures and haloacetic acid use
      later indicated. The reactants and catalyst are:
TBL  100% Acetic Acid                                                          
                     1313 Grams                                                
     Water            100 Grams                                                
     p-Xylene         348 Grams                                                
     Total Co and Mn Metals                                                    
                     0.45 Weight Percent on p-Xylene                           
     Bromine         0.22 Weight Percent on p-Xylene                           
PAR  The oxidation reactions are conducted in an oxidation vessel having a
      valved air inlet at the bottom; a valved dip-leg p-xylene inlet; a heating
      mantle, a water cooled reflux condenser with a pressure regulating valve
      in its gas discharge line; a gas-vapor transfer line connecting the vapor
      space of said otherwise sealed vessel with said condenser; and a gas
      sampling top line which has a dry ice (solid CO.sub.2) cooled trap and an
      oxygen analyzer in said gas discharge line beyond the pressure reducing
      valve and condenser. To such oxidation vessel there is charged the acetic
      acid having dissolved therein the water and sources of cobalt, manganese
      and bromine. The pressure regulating valve is set at operating pressure
      and the oxidation vessel is pressured to said pressure with nitrogen gas.
      The acetic acid solution is heated to oxidation temperature which causes
      substantially all the nitrogen gas to be discharged from the system.
      Thereafter the 348 grams of p-xylene is pumped and air injected
      simultaneously into the hot acetic acid solution at correlated rates to
      provide, on acetic acid free basis, a small amount of oxygen in the
      condenser discharge gas. After all the xylene has been pumped in, air
      injection alone is continued for about 10 to 20 minutes until the oxygen
      content of the condenser discharge gas is 20 percent by volume. The
      reaction vessel contents are discharged with aid of nitrogen gas pressure,
      cooled to about 50.degree.C. and charged to a filter to recover
      terephthalic acid product. The reaction vessel is rinsed to remove all
      product and the rinsed solids are added to the filter cake product. The
      total terephthalic acid product so recovered is washed with warm acetic
      acid and dried. The dried product is analyzed for p-formylbenzoic acid and
      p-toluic acid contents and its acid number determined. The foregoing
      oxidation is a semi-continuous process, one of the improved methods of
      conduct of the aforementioned unique catalytic liquid phase oxidation
      methods. The conditions and results of four such oxidations using
      trifluoroacetic acid (TFA) as the haloacetic acid and one such oxidation
      using no haloacetic acid as a control basis are listed in TABLE I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TRIFLUOROACETIC ACID EFFECT ON p-XYLENE OXIDATION                         
     Example No.    Control                                                    
                          1     2     3     4                                  
     __________________________________________________________________________
     Pressure, p.s.i.g.                                                        
                    250   300   295   265   300                                
     Initial Temperature, .degree.F.                                           
                    410   406   379   418   412                                
     Maximum Temperature, .degree.F.                                           
                    427   432   430   447   497                                
     Average Temperature, .degree.F.                                           
                    410   420   425   415   435                                
     Run Time, Minutes                                                         
                    87    84    88    105    18 (1)                            
     Pump Time, Minutes                                                        
                    66    69    67    65    17                                 
     TFA, Weight % (2)                                                         
                    0     1.91  2.89  5.3   6.2                                
     Product                                                                   
     Dry Product Weight Percent                                                
                    126   132   117   129   0                                  
     Acid No. (675 Theory)                                                     
                    660   632   676   669   --                                 
     Percent 4-CBA  1.37  0.59  0.22  1.58  --                                 
     Percent p-Toluic Acid                                                     
                    0.44  0.11  0.041 0.46  --                                 
     __________________________________________________________________________
      (1) Run stopped because oxidation inhibited.                             
      (2) Based on p-xylene.                                                   
PAL  The above data demonstrates that trifluoroacetic acid used in amounts above
      about 3.0 weight percent of p-xylene is not effective for diminishing the
      content of 4-carboxylbenzaldehyde (4-CBA) and p-toluic acid in the
      terephthalic acid product but its use at lower amounts based on p-xylene
      does provide a substantial advantage for p-xylene oxidation to higher
      quality terephthalic acid.
PAR  Likewise, trifluoroacetic acid beneficially effects o-xylene oxidation over
      a range somewhat broader relative to p-xylene. This can be demonstrated by
      the oxidation of 360 grams o-xylene in the same manner as described for
      p-xylene oxidation. The oxidation conditions and results are shown in the
      following TABLE II. In this table the results are shown in grams of
      o-phthalic acid and its related co-products calculated from analysis of
      total solids remaining after evaporation of acetic acid, trifluoroacetic
      acid and water from the oxidation effluent. Such showing provides a more
      valid representation of results because o-phthalic acid and its related
      co-products, unlike terephthalic acid and its related co-products, are
      much more soluble in acetic acid solvent making unrepresentative reporting
      only filter cake yield and impurity contents.
TBL                                    TABLE II                                
     __________________________________________________________________________
     TRIFLUOROACETIC ACID EFFECT ON o-XYLENE OXIDATION                         
     Example No.   Control                                                     
                         5     6     7     8     9     10                      
     __________________________________________________________________________
     Pressure, p.s.i.g.                                                        
                   300   300   300   295   320   320   320                     
     Temperature .degree.F., Initial                                           
                   380   380   380   401   380   376   376                     
     Temperature .degree.F., Maximum                                           
                   418   426   424   428   426   424   436                     
     Temperature .degree.F., Average                                           
                   410   415   415   415   415   415   415                     
     Run Time, Minutes                                                         
                   89    91    86    83    84    83    86                      
     Pump Time, Minutes                                                        
                   62    62    62    62    62    62    62                      
     TFA, Percent* 0     1.28  1.89  2.78  3.20  4.88  5.97                    
     Products:                                                                 
     o-Toluic Acid, Grams                                                      
                   35.7  19.3  23.8  26.0  34.0  44.8  49.0                    
     o-Phthalic Acid, Grams                                                    
                   322   382   364   369   353   329   324                     
     Phthalide, Grams                                                          
                   25.7  20.2  16.6  13.8  19.7  21.2  20.2                    
     2-CBA, Grams  17.8  13.3  13.3  10.95 13.4  16.8  13.8                    
     __________________________________________________________________________
      *Based on o-xylene charge.                                               
PAR  From the above data o-phthalic acid increase over the control held up over
      the range of about 1.3 to about 6.0% trifluoroacetic acid and phthalide
      and 2-carboxybenzaldehyde (2-CBA) co-products diminished over that range.
      But effective diminishing of o-toluic acid co-product appears to cease
      between about 2.8 and 3.2% (i.e. 3.0%) trifluoroacetic acid.
PAC  Examples 11-16
PAR  The preparation of halophthalic acids in the presence of trifluoroacetic
      acid (TFA) prevents, to a useful extent, catalyst metal precipitation by
      the halophthalic acid as it forms making catalyst metal unavailable for
      its essential function. This can be illustrated by the following
      oxidations of tetrabromo-m-xylene, tetrabromo and tetrachloro-p-xylene.
      For example, two such oxidations conducted batchwise at
      385.degree.-440.degree.F. and 250 p.s.i.g. each with 200 grams of
      tetrabromo or tetrachloro-p-xylene in 1250 grams acetic acid containing of
      0.4 total weight percent of Co and Mn (calculated as metals) and 0.2
      weight percent bromine terminate at about 12-14 weight percent yield of
      the respective tetrabromo- and tetrachloro-phthalic acids. But when the
      oxidations of tetrabromo- and tetrachloro-p-xylene and tetrabromo-m-xylene
      are conducted at the same temperature but under the other conditions in
      TABLE III in the presence of TFA, the desired carboxylic acid products are
      obtained in substantially higher yields, as shown even though
      concentrations of catalytic components are lower.
TBL                                    TABLE III                               
     __________________________________________________________________________
     EFFECT OF TRIFLUOROACETIC ACID ON HALOXYLENE OXIDATION                    
     Haloxylene                                                                
             Grams                                                             
                 Catalyst Components                                           
                             Solvent-Grams                                     
                                      Pressure                                 
                                            Product                            
                 Weight Percent On                                             
                             Acetic                                            
                                  TFA p.s.i.g.                                 
                                            Weight                             
                 The Xylene  Acid           Percent                            
                 Metals                                                        
                       Bromine                                                 
     __________________________________________________________________________
     Br.sub.4 -m-xylene                                                        
             200 2.5   3.75  1250   0 250   12                                 
     Br.sub.4 -m-xylene                                                        
             200 1.86  2.79   480  760                                         
                                      300   45                                 
     Br.sub.4 -m-xylene                                                        
             200 1.64  3.28   700 1050                                         
                                      350   50                                 
     Br.sub.4 -p-xylene                                                        
             200 1.86  2.79   480  760                                         
                                      350-400                                  
                                            70                                 
     Cl.sub.4 -p-xylene                                                        
             200 1.86  2.79   480  760                                         
                                      300   55                                 
     Cl.sub.4 -p-xylene                                                        
             200 1.06  1.59   880  180                                         
                                      300   71                                 
     __________________________________________________________________________
PAL  While the foregoing oxidation conditions are not optimum for oxidation of
      the tetrahaloxylenes to the corresponding tetrahalophthalic acids, the
      improvement trends shown above, not magnitude, are typical for product
      yield enhancement.
PAC  Examples 12-23
PAR  The 250 p.s.i.g. oxidations of p-xylene are again conducted using the
      semi-continuous mode of operation described for Examples 1-4 except in
      place of TFA there are used monochloro-, monobromo- and monofluoro-acetic
      acids. The effect on product quality by use of said monohaloacetic acids
      at their designated concentrations in acetic acid solvent are shown in
      TABLE IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     MONOHALOACETIC ACID EFFECT ON p-XYLENE OXIDATION                          
     Example No.                                                               
               Control                                                         
                     17    18    19    20    21    22    23                    
     __________________________________________________________________________
     Temperature .degree.F.                                                    
      Initial  410   380   394   380   380   380   380   388                   
      Maximum  427   431   418   416   424   425   424   425                   
      Average  410   420   410   410   415   415   415   415                   
     Run Time, Mins.                                                           
               87    95    78    84    83    89    82    85                    
     Pump Time, Mins.                                                          
               66    66    66    66    66    66    66    66                    
     Monohaloacetic                                                            
      Acid %*  0     3.59  1.15  3.45  3.62  5.17  7.2   11.7                  
     Halogen   --    Cl    Br    Br    F     F     F     F                     
     Dry Product %*                                                            
               126   139   126   144   141   148   147   146                   
     Terephthalic                                                              
      Acid, Wt. %                                                              
               95.86 99.67 99.0  96.3  96.59 95.6  97.84 98.19                 
     p-Toluic Acid,                                                            
      Wt. %    0.30  0.26  0.23  0.17  0.26  0.24  0.12  0.18                  
     4-CBA, Wt. %                                                              
               1.37  1.16  0.98  0.79  1.00  1.10  0.57  0.79                  
     Acid No. (Theory                                                          
               660   670   667   672   669   672   673   675                   
      675)                                                                     
     __________________________________________________________________________
      *Based on p-xylene charge.                                               
PAC  Examples 24-28
PAR  In Examples 18 and 19 the amounts of monobromoacetic acid (1.15 and 3.44%
      of p-xylene charged) provided bromine source in addition to that of the
      catalyst components. As part of the investigative oxidations shown in
      TABLE IV other oxidations (Examples 24-28) conducted using different
      amounts of monobromoacetic acid on p-xylene charged for its impurity
      reducing effect and in addition to provide the sole source of bromine are
      shown in TABLE V. These oxidations were also conducted with 348 grams
      p-xylene, and the same metals and total metals concentration based on
      p-xylene, the same amount (1313 grams) acetic acid and the same 250
      p.s.i.g. pressure as used for Examples 1-5 and 17-23. Examples 18 and 19
      are again shown in TABLE V for convenience of reference for the entire
      monobromoacetic acid use series of oxidations.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     MONOBROMOACETIC ACID EFFECT ON p-XYLENE OXIDATION                         
     Example No.  18    19    24    25    26    27    28                       
     __________________________________________________________________________
     Temperature .degree.F.                                                    
      Initial     394   380   380   380   380   380   380                      
      Maximum     418   416   426   421   421   425   418                      
      Average     410   410   415   415   415   415   405                      
     Run Time, Mins.                                                           
                  78    84    83    82    79    79    76                       
     Pump Time, Mins.                                                          
                  66    66    66    66    66    66    66                       
     Monobromoacetic                                                           
      Acid, %*    1.15  3.45  0.77  3.45  5.17  2.01  3.24                     
     Total Bromine %*                                                          
                  1.275 2.594 0.442 1.98  2.97  1.16  1.86                     
     Dry Product, %*                                                           
                  126   144   133   156   137   146   154                      
     Terephthalic                                                              
      Acid, Wt. % 99.0  96.3  95.74 94.7  98.98 97.61 98.12                    
     p-Toluic Acid, Wt. %                                                      
                  0.23  0.17  0.31  0.11  0.071 0.096 0.048                    
     4-CBA, Wt. % 0.98  0.79  1.09  0.53  0.33  0.50  0.23                     
     Acid No. (Theory 675)                                                     
                  667   672   669   673   674   672   668                      
     __________________________________________________________________________
      *Based on p-xylene charge.                                               
PAR  The "Total Bromine %" shown in TABLE V is calculated on the assumption that
      all bromine in monobromoacetic acid is or becomes available as bromine
      catalyst component during oxidation and such bromine is added to the
      bromine from other source for Examples 18 and 19 for comparative purposes
      because in the remaining examples, as before mentioned, bromine from such
      other source was omitted. Said assumption that monobromoacetic acid
      liberates bromine at the oxidation temperatures
      (380.degree.-426.degree.F.) involved appears to be valid from the results
      of Example 24 because, in that example, the only bromine supplied is from
      monobromoacetic acid and because in the absence of any bromine (i.e.
      catalysis provided by only Co and Mn) an oxidation of p-xylene at a
      temperature in the range of 380.degree.-426.degree.F. and at a pressure of
      250 p.s.i.g. produces mainly p-toluic acid and only 3-20 weight percent
      terephthalic acid based on p-xylene charged.
PAR  In Examples 27 and 28 about 60% and 75%, respectively, of the total
      monobromoacetic acid was added to the p-xylene pumped into the oxidation
      vessel containing the acetic acid solution of catalyst metals and the
      remaining 40 or 25% of the monobromoacetic acid. Such use of
      monobromoacetic acid is advantageous as can be seen from a comparison of
      results from Example 28 v Example 19 because of the higher terephthalic
      acid yield and lower contaminant amounts of p-toluic acid and 4-CBA.
PAR  The monohaloacetic acids unlike trifluoroacetic acid (TFA) do not appear to
      have an oxidation inhibiting effect. TFA used up to about 3% of p-xylene
      weight reduces p-toluic acid and 4-CBA contaminants in terephthalic acid
      filter cake, but TFA use over about 3% inhibits p-xylene oxidation. The
      same range of TFA (i.e. up to about 3 weight percent) diminishes o-toluic
      acid and 2-CBA contaminants of o-phthalic acid during o-xylene oxidation
      but does not over the range of 3-6% on o-xylene inhibit its oxidation.
      Such use of TFA with p-xylene and o-xylene results in about 76% and 39%
      maximum decrease, respectively, of 4-CBA and 2-CBA. However, TFA is an
      exceedingly strong, corrosive acid and as a result even causes corrosion
      of titanium at low concentrations of TFA (0.3 to 0.8%) on acetic acid
      solvent at oxidation temperatures.
PAR  The monohaloacetic acids, while much less corrosive than TFA, are at least
      as effective, as the foregoing data (TABLES IV and V) demonstrate,
      catalytic adjuncts for diminishing both carboxybenzaldehyde and toluic
      acid contaminants. Of the monohaloacetic acid catalysis adjuncts,
      monobromoacetic acid is as effective as TFA in diminishing p-toluic acid
      and 4-CBA contaminants of terephthalic acid and reaches its optimum value
      in the range of 2.0 to 6% of p-xylene when 60 to 75% is charged with the
      p-xylene. Such use of monobromoacetic acid during oxidation of p-xylene
      decreases 4-CBA and p-toluic acid contaminants by about 85% of those
      contaminants appearing in terephthalic acid produced in the absence of
      haloacetic acids.
PAR  The oxidations of m-xylene and o-xylene as well as p-xylene benefit by the
      use of catalytic amounts of haloacetic acids of aqueous dissociation
      constant K.sub.A of greater than 1.0 .times. 10.sup..sup.-3 and especially
      benefit by the use of 0.5 to 5 weight percent of monobromoacetic acid
      based on such xylenes. The beneficial use of monobromoacetic acid during
      oxidation of such xylenes is two-fold: decrease of carboxybenzaldehyde and
      toluic acid contaminants and provision of source of bromine.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A method for preparing a phthalic acid of improved quality by the
      oxidation of a xylene hydrocarbon with molecular oxygen in an oxidation
      zone containing a liquid phase of acetic acid solvent having dissolved
      therein one or more of cobalt, manganese or cerium and bromine as catalyst
      components at a temperature in the range of 50.degree. to 275.degree.C.,
      which improvement consists essentially of also having in the acetic acid
      solution a catalytic amount of a mono-haloacetic acid having an aqueous
      dissociation constant K.sub.A greater than 1.0 .times. 10.sup..sup.-3
      wherein said catalytic amount is in the range of 0.1 to 12 weight percent
      of the xylene.
NUM  2.
PAR  2. The method of claim 1 wherein the monohaloacetic acid is monobromoacetic
      acid.
NUM  3.
PAR  3. The method of claim 2 wherein the catalytic amount of monobromoacetic
      acid is in the range of about 2.0 to about 6.0 weight percent of p-xylene
      hydrocarbon.
NUM  4.
PAR  4. The method of claim 3 wherein monobromoacetic acid is the sole source of
      bromine for catalysis at a temperature in the range of 380.degree. to
      426.degree.F.
NUM  5.
PAR  5. The method of claim 4 wherein 40 to 25% of the catalytic amount of
      monobromoacetic acid is charged with the acetic acid solution of catalyst
      metals in the oxidation zone and 60 to 75% of the monobromoacetic acid is
      charged with p-xylene.
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ABST
PAL  The selective preparation of acrylic or methacrylic acids by a single step
      vapor phase oxidation of propylene or isobutylene, respectively, at
      temperatures up to 300.degree. C. in the presence of a catalyst containing
      palladium metal and phosphoric acid is improved by the use of a sulfur
      modifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A number of processes have been proposed for the vapor phase oxidation of
      propylene or isobutylene to form, inter alia, acrylic acid or methacrylic
      acid. Such processes are described, for example, in U.S. Pat. Nos.
      3,065,264; 3,293,290; 3,392,196; 3,401,198; 3,428,674; and 3,475,488.
PAR  One such process which has been developed and utilized for the purpose of
      acrylic acid, for example, involves a multi-step procedure for the vapor
      phase oxidation of propylene into acrolein and acrylic acid. The
      prescribed multi-step operations present obvious processing problems.
      Moreover, the acrylic acid formed in the successive reaction zones is
      subject to autooxidation, resulting in relatively low product yields.
PAR  In U.S. Pat. No. 3,792,086, an improved process for the preparation of
      acrylic or methacrylic acids is taught, which involves a vapor phase
      oxidation of propylene or isobutylene at a temperature of up to
      300.degree. C. and in the presence of a catalyst composition containing
      phosphoric acid and a catalytically effective amount of palladium metal.
      The acrylic or methacrylic acids are selectively produced in the
      single-step vapor phase process. Although this process constitutes a very
      significant advance in the art, it has been found that the continuous
      operation of the process is often accompanied by a decline of catalyst
      efficiency due to formation of tar which coats the catalyst preventing
      efficient contact with the reactants. It has now been found that the use
      of certain sulfur modifiers unexpectedly results in the retardation of tar
      formation, an extension of catalyst life and an increase in reaction rate.
PAR  Broadly, the use of a sulfur material in an oxidation process is known. For
      example, U.S. Pat. No. 3,009,960 teaches the oxidation of olefins such as
      propylene and isobutylene over a copper silicate catalyst in the presence
      of sulfur to produce unsaturated aldehydes. U.S. Pat. No. 2,590,124
      teaches the limited oxidation of gaseous, saturated aliphatic hydrocarbons
      to produce oxygenated compounds, particularly aldehydes and ketones, using
      sulfuric acid or sulfur trioxide in the presence of a catalyst. Soviet
      Pat. No. 336,869 teaches the reduction of transition metal compounds,
      e.g., of Pd, Cu, Pt and Ru, with sulfur compounds to prepare catalysts
      which are used in the oxidative addition of hydrogen cyanide to produce
      the corresponding organonitriles. Many other examples appear in the
      technical literature. The present vapor phase oxidation of propylene or
      isobutylene to acrylic or methyacrylic acids is, however, unique and the
      fact that the sulfur modifiers lead to the retardation of tar formation,
      extension of catalyst life and increased reaction rates was quite
      unexpected.
PAR  Accordingly, it is the object of this invention to provide a new and
      improved process for the selective preparation of acrylic and methacrylic
      acids in substantial conversions. This and other objects and advantages of
      the invention will become apparent to those skilled in the art from the
      following detailed description.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, propylene or isobutylene is
      oxidized in the vapor phase with molecular oxygen at temperatures of up to
      300.degree. C. in the presence of a catalyst composition containing
      phosphoric acid and a catalytically effective amount of palladium metal,
      and in the presence of a sulfur modifier, to selectively form the desired
      acid. The process is carried out at elevated temperatures, employing a
      heterogeneous catalyst contact system, e.g., a system utilizing a fixed,
      moving or fluidized catalyst bed. Depending on the nature of the sulfur
      modifier, it can be added to the catalyst or mixed with the reactants or
      both. The reactions thus carried out, employing the process of this
      invention, can be illustrated by the following equations.
      ##EQU1##
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For convenience, the following description of the preferred forms of the
      invention will relate principally to the oxidation of propylene to acrylic
      acid. It will be understood, however, that the instant process is equally
      applicable to the vapor phase oxidation of isobutylene to methacrylic
      acid, as set forth hereinabove, and that such latter embodiment is also
      embraced within the scope of the present invention.
PAR  The propylene or isobutylene reacted in the present process can be fed in
      the pure form or, alternatively, may be impure in the sense that it can
      contain minor amounts, e.g., up to about 50 mol percent thereof, of a
      saturated hydrocarbon vapor such as methane, ethane or propane gas. The
      oxygen feed can similarly be pure oxygen or, alternatively, an
      oxygen-containing gas mixture such as air or air enriched with oxygen. In
      addition to these materials, the gaseous feed mixture reacted in the
      present invention can contain other inert diluents such as carbon dioxide,
      nitrogen, acetic acid or acrylic acid, as well as other reactive diluents
      such as acrolein. The gaseous mixture of such reactants is contacted with
      a catalyst composition of phosphoric acid and a catalytically effective
      amount of palladium metal, suitably supported on a conventional catalyst
      carrier such as, for example, silica, alumina, titania, carborundum,
      carbon, an ion exchange resin, or the like.
PAR  The support is impregnated or loaded with phosphoric acid and palladium
      metal, whether alone or admixed, alloyed or in solid solution with a minor
      amount of a further metal, e.g., another Group VIII metal, or a Group IB
      metal such as silver or gold. The palladium metal and phosphoric acid can
      be deposited on or impregnated in the catalyst carrier in any desired
      sequence and the resulting supported catalyst composition, however formed,
      will be active in the vapor phase process. The phosphoric acid can also be
      added continuously to the reaction mixture in the form of an aqueous
      solution to maintain a trickle liquid phase over the catalyst bed and in
      this case, the phosphoric acid in the effluent mixture can be recovered
      and recycled.
PAR  The palladium metal is incorporated in amounts of from about 0.01-5%,
      preferably from about  0.1-2%, by weight of the total catalyst
      composition. The phosphoric acid is incorporated in amounts of at least
      about 1% and up to as much as about 50%, preferably from about 5-30% by
      weight of the total catalyst composition.
PAR  It is necessary that the heterogeneous catalyst contain both palladium
      metal and phosphoric acid. Other catalyst compositions, such as, for
      example, palladium metal containing catalyst compositions which do not
      incorporate phosphoric acid, or catalyst compositions containing noble
      metals other than palladium either with or without phosphoric acid (e.g.,
      platinum) are not useful in the process. Thus, platinum metal cannot be
      employed as a catalyst in the vapor phase oxidation of proplylene since
      the use of such material as a catalyst results in extensive combustion of
      the olefin to carboon dioxide and water. Similarly, when it is attempted
      to utilize palladium chloride as the catalyst, halogenation of the olefin
      occurs as well as some dimerization and trimerization thereof. In
      contrast, palladium metal-phosphoric acid catalyst compositions provide
      the highest conversions to, and selectivities of, acrylic or methacrylic
      acid production.
PAR  Palladium metal-phosphoric acid-Group VIII (other than Pd) or Group IB
      catalyst compositions are similarly active and may exhibit improved
      stability characteristics as well.
PAR  Deposition of the catalytically effective amount of palladium metal
      utilized in this process can be effected by conventional techniques, such
      as contacting the catalyst support with a solution of a suitable palladium
      salt or complex, for example, palladium chloride, palladium acetate,
      palladium nitrate, or palladium acetylacetonate, and thereafter reducing
      the palladium compound to the metal with hydrogen or other appropriate
      reducing agent. Alternatively, the salt may, if desired, be reacted with
      alkali or alkali metal carbonate to form the corresponding palladium oxide
      or carbonate and the latter reduced to the catalytically active metal.
PAR  When the palladium metal is deposited prior to impregnation of the support
      with phosphoric acid, the palladium salt may be applied from either aqueus
      or organic media, i.e., water or organic solvents such as lower alkanols,
      e.g., methanol or ethanol, benzene, chloroform, or the like. When, on the
      other hand, the catalytically active palladium metal is deposited on the
      catalyst support after impregnation of the phosphoric acid, the palladium
      salt is usually applied from an organic solvent. Organic media is
      preferred when the palladium is deposited after the phosphoric acid since
      the presence of water may tend to remove a portion of the phosphoric acid
      from the carrier.
PAR  The catalyst carrier can be loaded with the phosphoric acid by impregnating
      the support with a phosphoric acid solution, e.g., 40% H.sub.3 PO.sub.4,
      and subsequently drying the carrier as, for example, in a vacuum oven. The
      impregnated support may thereafter be calcined to improve bonding of the
      phosphoric acid to the carrier.
PAR  Commercially available catalyst materials may be utilized in the
      preparation of the catalyst compositions hereof. For example, either a
      commercial supported palladium metal catalyst may be treated with
      phosphoric acid and the sulfur modifier, or a commercial supported
      phosphoric acid catalyst can have palladium metal and a sulfur modifier
      deposited thereon, to form catalyst compositions useful herein.
PAR  The particular sulfur modifiers found to be useful in this invention
      include elemental sulfur and certain of its derivatives. Such derivatives
      include H.sub.2 S; SO.sub.2 ; SO.sub.3 ; H.sub.2 SO.sub.3 ; H.sub.2
      SO.sub.4 ; thioethers such as thiophene, tetrahydrothiophene and diphenyl
      sulfide; triphenylsulfonium salts of the formula (C.sub.6 H.sub.5).sub.3
      SY where Y is CI, 1/3 PO.sub.4, NO.sub.3, 1/2 SO.sub.4 or 1/2 SO.sub.3 ;
      sulfoxides such as diphenyl sulfoxide and sulfoxides of the formula RR'S=O
      in which R and R' can each be an alkyl radical of 1-10 carbon atoms; metal
      sulfides such as Cu.sub.2 S, CuS and PdS; CS.sub.2 ; and trialkyl
      thiophosphates of the formulas (RS).sub.3 P=O and (RS).sub.3 P=S in which
      R is alkyl of 1-10 carbon atoms. It will be recognized by those skilled in
      the art that some of the sulfur modifiers will be oxidized under the
      conditions of the instant process. For example, the thioethers are known
      to oxidize to sulfoxides and sulfones; elemental sulfur oxidizes to
      SO.sub.2 and SO.sub.3 ; H.sub.2 S is oxidized to H.sub.2 SO.sub.3 and
      H.sub.2 SO.sub.4 ; and metal sulfides are oxidized to the corresponding
      metal sulfites and sulfates. Such oxidation does not, however, interfere
      with the improvements achieved in the instant invention.
PAR  The order in which the palladium metal, phosphoric acid and sulfur
      modifiers are added to the catalyst support is not critical. Each of these
      catalyst components can be added before or after the other components or,
      in some cases, with the other components. The manner in which the sulfur
      modifier is added to the catalyst is primarily dictated by its physical
      form and characteristics. For example, if the sulfur modifier is
      watersoluble, it is convenient to add to it the catalyst in admixture with
      the aqueous phosphoric acid solution followed by evaporation of the excess
      water. In those cases where the sulfur modifier is insoluble in water, it
      is preferably dissolved in a suitable nonaqueous solvent and added to the
      support prior to impregnation of the catalyst with the phosphoric acid. In
      the case of gaseous sulfur compounds such as H.sub.2 S or SO.sub.2, the
      catalyst may be exposed to the gas at room temperature or, alternatively,
      the gaseous compound can be admixed with the reaction feed which is fed to
      the catalyst zone. When the sulfur modifier is a liquid, such as
      thiophene, it can be vaporized and the vapor similarly added to the
      reaction feed. Sulfur or sulfur compounds with high volatility can be
      dissolved in a suitable solvent, e.g., elemental sulfur in CS.sub.2,
      (C.sub.6 H.sub.5).sub.2 S in acetone and (C.sub.6 H.sub.5).sub.3 SCl in
      water, impregnated on the catalyst carrier followed by evaporation of the
      solvent under vacuum or with a stream of air or nitrogen.
PAR  The amount of sulfur modifier incorporated into the catalyst composition is
      not narrowly critical, particularly with respect to the least amount of
      modifier that can be used. For example, when the modifier is added to the
      reactant feed, it can be used in amounts ranging from 0.1 to 100 volume
      parts per million volume parts of reactant feed and when added to the
      catalyst support, it can be used in amounts as small as 0.003% (as
      sulfur). In other words, even trace amounts of the sulfur modifier will
      provide the improved results of the instant invention although, as a
      practical matter, it is unlikely that the amount of sulfur modifier used
      will be less than about 0.01 weight percent of the total catalyst and
      modifier composition. At the other end of the useful range, the sulfur
      modifier can be employed in amounts as high as about 2% (calculated as S)
      based on the total catalyst and modifier composition although, as a
      practical matter, it is unlikely that the modifier will be used in amounts
      above about 1%.
PAR  The reason that the specified sulfur modifiers result in the improved
      conversion of propylene or isobutylene to acrylic acid or methacrylic acid
      is not understood. It is hypothesized that the sulfur modifier acts as a
      scavenger for free radicals that could form through undesirable side
      reactions thereby retarding tar formation and maintaining clean catalytic
      active sites. Whatever the actual mechanism, the use of the sulfur
      modifiers significantly improves the process.
PAR  It has been found desirable in accordance with the present invention to
      additionally incorporate a protonated material, such as water vapor, in
      the reaction mixture. Whether such material acts as a catalyst promoter or
      otherwise participates in the complex reaction with the olefin is not
      presently understood. For coonvenience, the protonated material will
      hereinafter be referred to as a catalyst promoter although it should be
      understood that its use in the vapor phase process is contemplated
      irrespective of the actual mechanism by which it may act.
PAR  The water vapor can, e.g., be added to the gaseous feed mixture by bubbling
      the gaseous olefin and/or oxygen streams through liquid water.
      Alternatively, the water can be separately vaporized such as by flashing,
      and metered into the reaction zone. If desired, in lieu of the preferred
      vapor phase operation of this invention, the water may also be added
      continuously to the reaction mixture with phosphoric acid to maintain a
      trickle liquid phase over the catalyst bed.
PAR  While stoichiometric proportions of the olefin and oxygen reactants, i.e.,
      1.5 mols of oxygen per mol of propylene or isobutylene, can be used in the
      vapor phase process hereof, such compositions are within the flammability
      range. It is preferred to operate outside the flammability ratios and to
      use reaction mixtures in which the olefin is the limiting reactant.
      Generally mixtures are employed in which oxygen is incorporated in amounts
      of from about 4-45 mol percent in admixture with from about 50-95 mol
      percent of the olefin, and preferably up to about 60, and desirably 5-40
      mol percent of water vapor promoter. Obviously, when inert diluents are
      present in the reaction mixture as, for example, when oxygen is added in
      the form of air, the proportions of the several reactants are
      correspondingly modified. Thus, propylene may be present in amounts of as
      low as 5 mol percent when the oxygen is introduced as air. In the trickle
      phase operation, the molar ratio of water to propylene can range between
      0.1:1 to 10:1.
PAR  The instant vapor phase reaction is carried out at temperatures markedly
      below those which have generally been regarded as necessary for vapor
      phase olefin oxidation reactions. It has been previously proposed to
      conduct such reactions at temperatures of the order of about
      350.degree.-400.degree. C. at which levels substantial combustion of the
      olefin reactant occurs. In accordance with the present invention,
      selective formation of the desired acids can be obtained at substantially
      lower temperatures. Thus, the acrylic or methacrylic acids can be obtained
      at temperatures as low as 50.degree.-200.degree. C. or higher.
PAR  The reaction temperature employed in the process varies inversely with the
      contact time employed, it being possible to use higher reaction
      temperatures when employing shorter contact times and conversely, lower
      reaction temperatures at longer contact times. It has thus been found
      possible to carry out the process of the invention at temperatures of as
      high as 300.degree. C. using relatively short contact times.
PAR  The oxidation process is conducted either at atmospheric or elevated
      pressures, the use of higher pressures increasing product conversion. The
      reaction can thus be effected at pressures of up to about 300 psi. It is
      generally preferred, however, to carry out the vapor phase process under
      pressures only slightly in excess of atmospheric, e.g., up to about 100
      psi, to increase productivity and catalyst efficiency.
PAR  After the gaseous reaction mixture contacts the catalyst composition, the
      exhaust gases are cooled and scrubbed to facilitate recovery of the
      acrylic or methacrylic acid. The desired material may then be separated by
      any convenient means such as distillation. Unreacted feed material
      separated from the recovery of effluent mixture can then be recovered and
      recycled for further reaction.
PAR  The following Examples are presented in order to further illustrate the
      invention but are not intended to limit it. Throughout this specification
      and claims, all parts and percentages are by weight and all temperatures
      are in degrees centigrade unless otherwise specified. Further, as employed
      herein, the conversion to acrylic or methacrylic acid, and the
      selectivities of formation of such products are defined as follows:
      ##EQU2##
      In those Examples in which the sulfur modifier is added to the catalyst
      support, the proportions of palladium metal, phosphoric acid and modifier
      are given as percentages of the total weight of the catalyst, i.e., Pd,
      H.sub.3 PO.sub.4, sulfur modifier and support. In those Examples where the
      sulfur modifier is added to the reactant feed, the proportions of
      palladium metal and phosphoric acid in the catalyst are given as
      percentages of the total weight of the palladium metal, phosphoric acid
      and the support.
DETD
PAC  EXAMPLE 1
PAR  A pyrex glass reactor, 12 cm .times. 2.5 cm outer diameter provided with
      thermowells (0.8 cm outer diameter) was packed with 30 ml (bulk volume) of
      a surface-coated catalyst containing 1% Pd, 2% Au and 16% H.sub.3 PO.sub.4
      supported on 1/8 inch diameter extruded silica (hereinafter designated
      catalyst A). An identical reactor was similarly packed with the same
      catalyst which also contained 8% triphenylsulfonium chloride (hereinafter
      designated catalyst B). Catalysts A and B were heated in an oil bath at
      180.degree. C. A stream of mixed vapors having a ratio C.sub.3 H.sub.6
      :O.sub.2 :N.sub.2 :H.sub.2 O of 1:2:7:8:5 was split and passed through
      each of the heated catalyst beds at a rate such that the contact time was
      3.5 seconds. The reaction mixtures were than bubbled separately through
      water held at 0.degree. C. Analysis of the aqueous solutions collected
      during 1 hour intervals by gas chromatography and acid titration gave
      results which are set forth in Table I.
PAR  Catalyst B, after an induction period of 50 hours, produced acrylic acid at
      the rate of about 40 g/l.cat./hr with essentially no decline in activity
      during 213 hours of continuous operation. Catalyst A gave an initial
      production of 33.8 g/l.cat/hr and then lost 26% of its initial activity
      during the 213 hours. In the case of catalyst B, conversion remained
      essentially the same (40% based on the propylene feed) while that of
      catalyst A lost 23.3% of its initial value.
PAR  At the end of the 213th hour, the ratio of oxygen to propylene in the
      reactant feed was increased from 2:1 to 3:1. Analysis of the resulting
      aqueous solutions are also shown in Table I. The productivity of catalyst
      B rose to 52.3 g/l.cat/hr compared to 30.6 g/l.cat/hr obtained without the
      triphenylsulfonium chloride. Thus, the increase in production rate
      corresponded to a promotion of 71%. Examination of the cross-section of
      the pellets of catalyst B after 285 hours of operation showed that the
      interior remained white while the interior of catalyst A was black due to
      tar and polymer formation.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     CATALYST A - NO SULFUR MODIFIER                                           
                                 CATALYST B - (C.sub.6 H.sub.5).sub.3 SCl      
     Time                                                                      
         Temp. .degree.C                                                       
                  Acrylic Acid   Temp. .degree.C                               
                                          Acrylic Acid                         
     Hours                                                                     
         Bath                                                                  
             Reactor                                                           
                  g/l.cat/hr                                                   
                        % Conv.                                                
                             % Sel.                                            
                                 Bath                                          
                                     Reactor                                   
                                          g/l.cat/hr                           
                                                % Conv.                        
                                                     % Sel.                    
     __________________________________________________________________________
      23 172 186  33.8           172 180  5.3                                  
      31 180 194  32.3           176 197  15.0                                 
      50 180 194  31.5  33   73.5                                              
                                 180 207  38.2  40   73.8                      
      74 180 193  26.2  28.2 71.7                                              
                                 180 207  37.2  38.2 75.2                      
      99 180 192  26.4  28.3 71.9                                              
                                 180 207  44.0  43.5 78.1                      
     193 180 193  26.2  26.4 76.7                                              
                                 180 207  40.0  39.1 81.0                      
     213 180 193  24.9  25.3 72.7                                              
                                 180 207  39.5  39.1 78.0                      
     C.sub.3 :O.sub.2 :N.sub.2 :H.sub.2 O = 1:3:6:8.5                          
     238 175 189  28.6  28.7 77.3                                              
                                 175 208  47.3   48  76.6                      
     261 174 188  30.6  31.2 75.8                                              
                                 174 208  52.3  50.1 79.7                      
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  A catalyst C was prepared containing 1% Pd, 2% Au, 16% H.sub.3 PO.sub.4 and
      2.5% triphenylsulfonium dihydrogen phosphate. Following the procedure of
      Example 1, side-by-side reactions were carried out using a
      propylene:oxygen:nitrogen:water vapor ratio of 1:3:6:8.5. At the end of
      196 hours of operation at 1 atmosphere, 221.degree. C. and 3.5 seconds
      contact time, catalyst C produced acrylic acid at the rate of 53.8
      g/l.cat/hr in contrast to 38.4 g obtained with catalyst A (no sulfur
      modifier). Thus, the use of the sulfonium compound gave an increase of 56%
      in the reaction rate.
PAC  EXAMPLE 3
PAR  Two catalysts were prepared. Catalyst D contained 0.7% Pd, 1.36% Au and 33%
      H.sub.3 PO.sub.4 supported on activated granular carbon. Catalyst E
      contained 0.7% Pd, 1.36% Au, 33% H.sub.3 PO.sub.4 and 0.17%
      diphenylsulfide supported on activated granular carbon. Following the
      procedure of Example 1, acrylic acid was produced from a reactant feed
      containing 2.8% propylene, 10.8% oxygen, 39.4% nitrogen and 47% water
      vapor, at 1 atmosphere pressure and a contact time of 2.1 seconds. The
      results obtained at the end of 197 hours using an oil bath at 195.degree.
      C. are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                 Temp. .degree.C                                               
                        Acrylic Acid                                           
     Catalyst      Reactor  g/l.cat/hr                                         
                                     % Conv.                                   
                                            % Sel.                             
     ______________________________________                                    
     D (no sulfur modifier)                                                    
                   203      33.8     53.6   75.8                               
     E (C.sub.6 H.sub.5).sub.2 S                                               
                   214      39.4     60.0   79.2                               
     ______________________________________                                    
PAR  Table II shows use of the diphenylsulfide resulted in a 16.6% increase in
      the reaction rate.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated in two side-by-side reactors both
      containing a catalyst F which had 1.25% Pd, 2.4% Au and 15% H.sub.3
      PO.sub.4 supported on silica. The reactor feed consisted of 5.4%
      propylene, 16.1% oxygen, 32.4% nitrogen and 46.1% water vapor. A single
      dose of 20 cc H.sub.2 S (measured at amospheric conditions) was initially
      added to one of the reactor feeds and passed through the catalyst bed at
      186.degree. C. The results obtained at atmospheric pressure and a contact
      time of 2.6 seconds are given in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Sulfur                                                                    
          Temp. .degree.C                                                      
                   Operating                                                   
                          Acrylic Acid                                         
     Modifier                                                                  
          Bath                                                                 
              Reactor                                                          
                   Time, Hrs.                                                  
                          g/l.cat/hr                                           
                                % Conv.                                        
                                     % Sel.                                    
     __________________________________________________________________________
     None 186 222  200    34.8  43.1 71.0                                      
     H.sub.2 S                                                                 
          186 223  200    53.5  54.0 76.2                                      
     __________________________________________________________________________
PAR  Table III demonstrates that the use of the hydrogen sulfide resulted in an
      increase in the reaction rate of 53.8%.
PAC  EXAMPLE 5
PAR  The procedure of Example 4 was repeated except that the 20 cc dose of
      H.sub.2 S was replaced with a 20 mg dose of thiophene vapor. The results
      are shown in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Sulfur                                                                    
           Temp. .degree.C                                                     
                    Hours on                                                   
                         Acrylic Acid                                          
     Modifier                                                                  
           Bath                                                                
               Reactor                                                         
                    Stream                                                     
                         g/l.cat/hr                                            
                               % Conv.                                         
                                    % Sel.                                     
     __________________________________________________________________________
     None  186 218  31   31.6  43.1 71.0                                       
     Thiophene                                                                 
           186 212  31   48.2  56.2 70.5                                       
     __________________________________________________________________________
PAR  The use of the thiophene increased the reaction rate by 52.5%.
PAC  EXAMPLE 6
PAR  The procedure of Example 4 was repeated to compare catalysts F and G.
      Catalyst G contained 1.23% palladium, 2.4% Au, 0.03% palladium sulfide and
      15% phosphoric acid supported on silica. The results are shown in Table V.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                 Temp..degree.C                                                
                          Operating                                            
                                 Acrylic Acid                                  
     Catalyst    Bath                                                          
                     Reactor                                                   
                          Time, Hrs.                                           
                                 g/l.cat/hr                                    
     __________________________________________________________________________
     F (no sulfur modifier)                                                    
                 196 220  120    42.3                                          
     G (PdS)     196 226  120    59.1                                          
     __________________________________________________________________________
PAR  The use of PdS increased the rate of acrylic acid production by 40%.
PAC  EXAMPLE 7
PAR  The procedure of Example 4 was repeated using catalysts H and I. Catalyst H
      contained 1.24% Pd., 2.4% Au and 15% H.sub.3 PO.sub.4 supported on silica.
      Catalyst I contained 1.24% Pd, 2.4% Au, 0.2% elemental sulfur and 15%
      H.sub.3 PO.sub.4 supported on silica. The elemental sulfur was deposited
      on the catalyst from a carbon disulfide solution followed by evaporation
      of the solvent. The results are shown in Table VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
                 Temp. .degree.C                                               
                          Operating                                            
                                 Acrylic Acid                                  
     Catalyst    Bath                                                          
                     Reactor                                                   
                          Time, Hrs.                                           
                                 g/l.cat/hr                                    
     __________________________________________________________________________
     H (no sulfur modifier)                                                    
                 196 220  120    42.3                                          
     I (S.degree.)                                                             
                 196 217  120    47.0                                          
     __________________________________________________________________________
PAR  The use of sulfur gave an 11% higher production rate.
PAC  EXAMPLE 8
PAR  Propylene was converted into acrylic acid at a temperature of
      188.degree.-209.degree.C., a contact time of 3.5 seconds and a reactant
      feed in which the ratio of C.sub.3 H.sub.6 :O.sub.2 :N.sub.2 :H.sub.2 O
      was 1:3:6:8.5. Various catalyst components supported on silica extrudates
      (183 m.sup.2 /g) were utilized. The particular catalysts employed and the
      resulting acrylic acid production are shown in Table VII.
TBL                TABLE VII                                                   
     ______________________________________                                    
                      Acrylic Acid                                             
     Catalyst Component                                                        
                      g/l.cat/hr                                               
     ______________________________________                                    
     Pd                trace                                                   
     H.sub.3 PO.sub.4 none                                                     
     (C.sub.6 H.sub.5).sub.3 SCl                                               
                      none                                                     
     H.sub.3 PO.sub.4 --(C.sub.6 H.sub.5).sub.3 SCl                            
                      none                                                     
     Pd--(C.sub.6 H.sub.5).sub.3 SCl                                           
                       1.1                                                     
     Pd--H.sub.3 PO.sub.4 --(C.sub.6 H.sub.5).sub.3 SCl                        
                      27.6                                                     
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  Production of Methacrylic Acid
PAR  The procedure of Example 2 was repeated except that isobutylene was used
      instead of propylene. In two side-by-side reactors catalysts, J and K,
      both containing 1.1% Pd and 2.1% Au and 26% H.sub.3 PO.sub.4, were used.
      To catalyst K was additionally added 0.72 g of (C.sub.6 H.sub.5).sub.3
      SH.sub.2 PO.sub.4. The results are given in Table VIII.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
                 Temp..degree.C.                                               
                          Operating                                            
                                 Methacrylic Acid                              
     Catalyst    Bath                                                          
                     Reactor                                                   
                          Time, Hrs.                                           
                                 g/l.cat./hr                                   
     __________________________________________________________________________
     J (no sulfur modifier)                                                    
                 189 212  47     3.1                                           
     K (.phi..sub.3 SH.sub.2 PO.sub.4)                                         
                 189 203  47     6.6                                           
     __________________________________________________________________________
PAL  Reactor J gave acrylic acid as the major product with methacrylic, acetic
      and propionic acids as by-products. Reactor K, however, gave methacrylic
      acid as the major product with minor amounts of propionic and acetic acids
      and none or trace amounts of acrylic acid.
PAR  The use of (C.sub.6 H.sub.5).sub.3 SH.sub.2 PO.sub.4 gave a more than
      two-fold increase in the rate of methacrylic production with retardation
      of acrylic acid formation.
PAR  Various changes and modifications can be made in the process and catalysts
      of this invention without departing from the spirit and the scope thereof.
      The various embodiments set forth herein were for the purpose of further
      illustrating the invention but were not intended to limit it.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of acrylic or methacrylic acid by
      oxidizing propylene or isobutylene in the vapor phase with molecular
      oxygen in the presence of a catalyst composition consisting of phosphoric
      acid and a catalytically effective amount of palladium metal the
      improvement which comprises conducting the process in the presence of a
      sulfur catalyst modifier selected from the group consisting of elemental
      sulfur, H.sub.2 S, SO.sub.2, SO.sub.3, H.sub.2 SO.sub.3, H.sub.2 SO.sub.4,
      thioether, triphenylsulfonium salt of the formula (C.sub.6 H.sub.5).sub.3
      SY where Y is Cl, 1/3 PO.sub.4, NO.sub.3, 1/2 SO.sub.4 or 1/2 SO.sub.3,
      diphenyl sulfoxide, dialkyl sulfoxide, metal sulfide, trialkyl
      thiophosphate of the formulae (RS).sub.3 P=O and (RS).sub.3 P=S wherein R
      is alkyl of 1-10 carbon atoms, and CS.sub.2.
NUM  2.
PAR  2. The process of claim 1 wherein the catalyst composition is a supported
      catalyst material having phosphoric acid impregnated therein, and a
      catalytically effective amount of a material selected from palladium metal
      or an alloy, mixture or solid solution of palladium metal with a Group IB
      or Group VIII metal deposited thereon.
NUM  3.
PAR  3. The process of claim 2 wherein said thioether is thiophene,
      tetrahydrothiophene, or diphenyl sulfide, said dialkyl sulfoxide is of the
      formula RR'S=O in which R and R' are each alkyl of 1-10 carbon atoms, and
      wherein said metal sulfide is Cu.sub.2 S, CuS, PdS or Pd.sub.2 S.
NUM  4.
PAR  4. The process of claim 2 wherein said catalyst composition contains from
      0.01-5% by weight palladium metal and from 1-50% by weight phosphoric acid
      and wherein the reaction is carried out at temperatures of up to
      300.degree. C. and under pressures of up to 300 psi.
NUM  5.
PAR  5. The process of claim 1 wherein the respective materials are reacted in
      proportions of from 5-95 mol percent of propylene or isobutylene with from
      5-45 mol percent of oxygen and wherein the gaseous reaction mixture
      further includes water vapor in an amount of up to 60 mol percent thereof.
NUM  6.
PAR  6. The process of claim 2 wherein said sulfur modifier is added to said
      supported catalyst before the reaction mixture is contacted with the
      catalyst.
NUM  7.
PAR  7. The process of claim 2 wherein said sulfur modifier is added to the
      gaseous reaction mixture contacted with the supported catalyst.
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ABST
PAL  Glycine can be recovered from an aqueous starting solution of glycine and
      sodium sulfate having a mole ratio of glycine to sodium sulfate of about
      1-5:1 and a pH of about 4.5-8.5 by: (a) cooling the starting solution to
      precipitate a first lot of glycine and form a first mother liquor; (b)
      separating the precipitated glycine from the first mother liquor; (c)
      recovering the separated glycine; (d) precipitating a first lot of sodium
      sulfate from the first mother liquor by evaporating water therefrom to
      form a first lot of precipitated sodium sulfate and a second mother
      liquor; (e) separating the precipitated sodium sulfate from the second
      mother liquor; (f) admixing the separated second mother liquor with water
      and a second lot of the aqueous starting solution to form a first
      resulting solution; (g) cooling the first resulting solution to form a
      second lot of precipitated glycine and a third mother liquor; (h)
      separating the second lot of precipitated glycine from the third mother
      liquor; (i) evaporating water from the third mother liquor to precipitate
      a second lot of precipitated sodium sulfate and form a fourth mother
      liquor; (j) separating the second lot of precipitated sodium sulfate from
      the fourth mother liquor; (k) admixing the separated fourth mother liquor
      with water and a third lot of the aqueous starting solution to form a
      second resulting solution; (1) cooling the second resulting solution to
      form a third crop of precipitated glycine and a fifth mother liquor; and
      (m) separating the third crop of precipitated glycine from the fifth
      mother liquor.
PAL  The separated fifth mother liquor can be concentrated to precipitate a
      third lot of sodium sulfate and to form a sixth mother liquor. Steps (j)
      through (m) can then be repeated. This procedure can be repeated
      indefinitely.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of copending application Ser. No. 517,469,
      filed Oct. 24, 1974. Said application Ser. No. 517,469 is a
      continuation-in-part of application Ser. No. 442,543, filed Feb. 14, 1974,
      and now abandoned. Said application Ser. No. 442,543 is a
      continuation-in-part of application Ser. No. 319,539, filed Dec. 29, 1972,
      and now U.S. Pat. No. 3,808,269. The benefit of said earlier filed
      applications is claimed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of glycine. More specifically, this
      invention is directed to a process for preparing pure or substantially
      pure glycine.
PAR  In the prior art glycine was prepared by; (a) hydrolyzing the nitrile
      (NH.sub.2 CH.sub.2 CN) with an aqueous alkaline earth metal hydroxide to
      form an alkaline earth metal salt of the amino acid (glycine); and (b)
      treating the alkaline earth metal salt with carbon dioxide to form the
      free amino acid (which remains in solution) and an alkaline earth metal
      carbonate (which precipitates). The amino acid (glycine) was then
      recovered. This method, as applied to the preparation of glycine, is
      taught by U.S. Pat. No. 2,388,189 (Schweitzer, 260/534).
PAR  It is desirable to replace the alkaline earth metal hydroxide of the prior
      art with sodium hydroxide because the latter has a lower equivalent weight
      than strontium and barium hydroxides, is more soluble than the alkaline
      earth metal hydroxides, is easier to handle under plant conditions and the
      ions of sodium, unlike those of barium, (a preferred alkaline earth metal
      hydroxide) are not toxic. However, such substitution introduces a
      complication in the separation and recovery of the amino acid (glycine)
      because sodium carbonate, unlike the alkaline earth metal carbonates, is
      readily soluble in water, thereby to render the separation and recovery of
      pure or substantially pure glycine difficult.
PAR  A method for separating certain free amino acids from a system comprising
      the amino acid, sodium chloride, and water is taught by U.S. Pat. No.
      3,433,832 (Swanson et al., 260/534).
PAR  The Swanson et al. method is not applicable to an amino acid such as
      glycine which has a solubility greater than 35.0 parts per 100 parts of
      water at 100.degree. C.
PAR  The process of our invention has been found to present an effective and
      convenient method for recovering glycine from a system consisting
      essentially of water, glycine and sodium sulfate. Such a system results
      where glycine is formed from glycinonitrile by hydrolyzing said nitrile
      with sodium hydroxide and treating the resulting sodium glycinate with
      sulfuric acid to convert the sodium salt (sodium glycinate) to the free
      amino acid (glycine). Our resulting aqueous glycine-sodium sulfate
      solution generally contains at least about 5% glycine, and, if it does
      not, water can be evaporated therefrom to adjust the glycine concentration
      thereof to at least about 5% (by weight).
PAR  The solid components (glycine or sodium sulfate, respectively) of the
      slurries formed in the process of our invention can be separated from the
      respective mother liquors by filtration, decantation, or centrifugation.
PAC  SUMMARY OF THE INVENTION
PAR  In summary, this invention is directed to a process for recovering glycine
      from an aqueous starting solution consisting essentially of water,
      glycine, and sodium sulfate, the aqueous starting solution having a
      temperature above about 35.degree. C (e.g., between about 36.degree. C and
      about its normal boiling point, or between about 40.degree. C and
      60.degree. C, or between about 60.degree. C and 95.degree. C), a pH of
      4.5-8.5, a mole ratio of glycine to sodium sulfate of 1-5:1, the process
      comprising (or consisting essentially of):
PAR  a. forming a first slurry consisting essentially of a first lot of
      precipitated solid glycine and a first mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      cooling the aqueous starting solution to a temperature above about
      33.degree. C (e.g., to about 34.degree. C or 35.degree. C, or a
      temperature above about 33.degree. C and below about 60.degree. C)
      effective for precipitation glycine;
PAR  b. separating the first mother liquor from the first lot of precipitated
      solid glycine (e.g., by centrifugation, decantation, or filtration) at a
      temperature above about 33.degree. C (e.g., about 34.degree. C or
      35.degree. C, or a temperature above about 33.degree. C and below about
      60.degree. C) effective for separating the solid glycine, and recovering
      the separated solid glycine;
PAR  c. forming a second slurry consisting essentially of a first lot of
      precipitated solid sodium sulfate and a second mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      evaporating from the separated first mother liquor an amount of water
      effective for causing sodium sulfate to precipitate therefrom (from the
      evaporated first mother liquor) while maintaining the temperature of the
      resulting second slurry at a temperature effective for preventing the
      precipitation of solid glycine (e.g., within a temperature range between
      about 60.degree. C and the normal boiling point of the second slurry
      (e.g., about 70.degree.-100.degree. C or 80.degree.-95.degree. C));
PAR  d. separating the second mother liquor from the first lot of precipitated
      solid sodium sulfate while maintaining the temperature of the second
      slurry at a temperature effective for preventing the precipitation of
      solid glycine (e.g., within a temperature range between about 60.degree. C
      and the normal boiling point of the second slurry (e.g.,
      70.degree.-100.degree. C or 80.degree.-95.degree. C));
PAR  e. forming a first solution consisting essentially of: (i) water; (ii)
      dissolved glycine; and (iii) dissolved sodium sulfate by admixing the
      separated second mother liquor (which is preferably "hot," i.e., which
      preferably has a temperature effective for preventing the precipitation of
      solid glycine -- i.e., a temperature between about 60.degree. C and the
      normal boiling point of the second mother liquor) with water and a second
      lot of aqueous starting solution, the water being provided in an amount
      effective for preventing the precipitation of sodium sulfate where the
      first solution is cooled in a later recited cooling step;
PAR  f. forming a third slurry consisting essentially of a second lot of
      precipitated solid glycine and a third mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      cooling the first solution to a temperature above about 33.degree. C
      effective for causing the second lot of solid glycine to precipitate
      therefrom (e.g., to a temperature within the range of about
      34.degree.-55.degree. C, or 35.degree.-40.degree. C, or
      36.degree.-44.degree. C, or to any temperature above about 33.degree. C
      and below about 60.degree. C);
PAR  g. separating the third mother liquor from the second lot of precipitated
      solid glycine (e.g., by centrifugation, decantation, or filtration) at a
      temperature above about 33.degree. C (e.g., about 34.degree.-55.degree. C,
      or 35.degree.-40.degree. C, or 36.degree.-44.degree. C, or any temperature
      above about 33.degree. C and below about 60.degree. C) effective for
      separating the precipitated solid glycine, and recovering the separated
      solid glycine;
PAR  h. forming a fourth slurry consisting essentially of a second lot of
      precipitated solid sodium sulfate and a fourth mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      evaporating from the separated third mother liquor an amount of water
      effective for causing sodium sulfate to precipitate therefrom (from the
      evaporated resulting mixture) while maintaining the temperature of the
      resulting fourth slurry at a temperature effective for preventing the
      precipitation of solid glycine (e.g., within a temperature range between
      about 60.degree. C and the normal boiling point of the second slurry
      (e.g., about 70.degree.-100.degree. C or 80.degree.-95.degree. C)); and
PAR  i. separating the fourth mother liquor from the second lot of precipitated
      solid sodium sulfate while maintaining the temperature of the fourth
      slurry at a temperature effective for preventing the precipitation of
      solid glycine therefrom (e.g., within a temperature range between about
      60.degree. C and the normal boiling point of the second slurry (e.g.,
      70.degree.-100.degree. C or 80.degree.-95.degree. C)).
PAR  Steps (e), (f), (g), (h), and (i), supra, can be repeated indefinitely by
      admixing the separated mother liquor obtained in step (d) with water and
      starting solution as recited in step (e) and then proceeding as recited in
      steps (f) through (i), the water being provided in an amount effective for
      preventing the precipitation of sodium sulfate when the resulting
      admixture of mother liquor and water is cooled to precipitate glycine
      therefrom.
PAR  Where carrying on a long series of such runs (wherein steps (e) through (i)
      are repeated many times) it is generally preferred to remove a small
      portion of the separated mother liquor (e.g., about 1-10 percent or 3-6
      percent or about 5 percent of such mother liquor) separated in step (i) to
      prevent the build up of color bodies and other undesired side-products
      which are present in small amounts in the starting aqueous solution. This
      removed portion is not admixed with starting aqueous solution in a
      repetition of step (e). It (the removed portion) can be discarded or
      processed separately to produce crude solid glycine which can be used as
      such or purified by conventional techniques such as recrystallization.
PAR  In steps (c) and/or (h) the evaporation can be conducted at temperatures
      (e.g., below about 55.degree. or 60.degree. C) at which glycine can be
      precipitated along with the sodium sulfate during the evaporation step
      providing steps (d) and/or (i), respectively, are conducted at
      temperatures above about 60.degree. C so that any glycine which is
      precipitated in steps (c) or (h) is redissolved and is not separated from
      the mother liquor along with the precipitated solid sodium sulfate.
PAR  If the aqueous starting solution is too concentrated (so that sodium
      sulfate would precipitate on cooling) it (said starting solution) can be
      diluted (e.g., by adding water thereto) before starting step (a) of the
      Summary.
PAR  If the aqueous starting solution is too dilute (so that glycine will not
      precipitate on cooling) it (said starting solution) can be concentrated
      (by evaporating water therefrom) before starting step (a) of the Summary.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In preferred embodiments of the precess of the above Summary:
PA0  1. The pH of the starting solution is 4.5-8.5 or 5.5-6.5. If the pH of the
      first aqueous mixture is not within the desired range (4.5-8.5 or
      5.5-6.5), it can be brought to this range by adding caustic soda or the
      sodium salt of glycine to increase the pH, or sulfuric acid to lower the
      pH.
PA0  2. the mole ratio of glycine to sodium sulfate in the aqueous starting
      solution is 1:0.48-0.52.
PA0  3. The aqueous starting solution analyzes about 21-26% glycine.
PA0  4. The aqueous starting solution is formed by:
PA1  a. saponifying glycinonitrile with sodium hydroxide in an aqueous system to
      form NH.sub.2 CH.sub.2 COONa; and
PA1  b. acidifying the H.sub.2 NCH.sub.2 COONa with sulfuric acid in an aqueous
      system to form glycine and sodium sulfate.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Because of our disclosure it will be readily apparent to those skilled in
      the art that water can be evaporated from the separated first and third
      mother liquors of the above Summary and the above preferred embodiments at
      a reduced pressure (i.e., a pressure under 760 mm of mercury absolute) at
      normal atmospheric pressure, or at an elevated pressure (i.e., a pressure
      greater than 760 mm of mercury absolute). However, no particular advantage
      is gained by using reduced or elevated pressures and we generally prefer
      to operate at atmospheric pressure.
PAR  We generally prefer to precipitate (and separate) glycine from our glycine
      containing solutions at a temperature above about 30.degree. C (generally
      above about 32.degree. C, or 33.degree. C, or 34.degree. C) to prevent
      precipitation of sodium sulfate. Because of our disclosure, one skilled in
      the art can readily determine operating temperatures for systems
      comprising or consisting essentially of glycine, sodium sulfate, and
      water.
PAR  We prefer to prepare our glycine from the corresponding nitrile according
      to the following sequence of reactions:
EQU  H.sub.2 NCH.sub.2 CN + H.sub.2 O + NaOH = H.sub.2 NCH.sub.2 COONa +
      NH.sub.3
EQU  2h.sub.2 nch.sub.2 coona + H.sub.2 SO.sub.4 = 2H.sub.2 NCH.sub.2 COOH +
      Na.sub.2 SO.sub.4
PAL  where an excess of sodium hydroxide is added in the saponification step
      sufficient sulfuric acid can be added in the acidification step to
      neutralize such excess (free) sodium hydroxide according to the following
      equation:
EQU  2NaOH + H.sub.2 SO.sub.4 = Na.sub.2 SO.sub.4 + 2H.sub.2 O
PAR  the pH can be adjusted during (or after) the acidification step to a level
      (pH 4.5-8.5 or 5.5-6.5, or 6) preferred for separating the amino acid.
PAR  If too much sulfuric acid is added during the acidification step or where
      adjusting the pH, the pH can be increased by neutralizing the excess acid
      with sodium hydroxide or with the sodium salt of the amino acid.
PAR  If highly pure amino acid (glycine) is desired the recovered (product)
      amino acid can be dissolved in hot water and recrystallized therefrom by
      cooling to form a solid phase consisting essentially of the recrystallized
      amino acid and a liquid phase consisting essentially of a solution of the
      amino acid in water. The solid phase (amino acid) can be separated from
      the liquid phase and recovered. At least a portion (e.g., up to about
      80-99 percent, or 90-98 percent, or 100 percent) of the liquid phase from
      which the solid phase was separated can be admixed with the water used to
      dissolve the amino acid in a subsequent recrystallization. Alternatively,
      the liquid phase separated from the solid amino acid in this purification
      step can be admixed with the aqueous starting solution described in the
      above Summary or with the second mother liquor or the fourth mother liquor
      described in said Summary.
PAR  In the process of our invention centrifugation, decantation, or filtration
      can be used to separate aqueous mother liquor from a precipitate
      (precipitated glycine or precipitated sodium sulfate).
PAR  Glycine separated by the process of this invention can, if desired, be
      washed. For example, it can be washed with cool or cold water (e.g., water
      having the temperature of about 5.degree.-25.degree. C up to about
      30.degree. C) or, alternatively with a solution of glycine (e.g., a
      saturated or nearly saturated aqueous solution of glycine). The solubility
      of glycine in water is 20.0% at 25.degree. C, 23.0% at 35.degree. C, and
      36.1% at 80.degree. C.
PAR  The temperature at which glycine is precipitated and separated from a
      mother liquor depends upon the concentration of the glycine in the
      solution from which it (glycine) is precipitated. For example, higher
      temperatures can be used with systems containing 15-20 percent or more
      glycine than can be used with systems containing 5-10 percent or less
      glycine.
PAR  Because of our disclosure it will be readily understood by those skilled in
      the art that aqueous starting solutions containing considerably more than
      5% amino acid are preferred for use in the process of our invention
      because less water will have to be evaporated to cause the sodium sulfate
      to precipitate where using such aqueous starting solutions than where
      using starting solutions containing about 20% or more amino acid.
PAR  Obviously, starting solutions containing 1% or less amino acid can be used,
      but large amounts of water must be evaporated where using such solutions.
PAR  Because of our disclosure it will also be readily apparent to those skilled
      in the art that water can be evaporated from systems (such as the first
      mother liquor of the above Summary or the resulting mixture of said
      Summary) to precipitate sodium sulfate therefrom at a temperature at which
      glycine will precipitate along with sodium sulfate providing the thus
      formed slurry is heated to a temperature (e.g., about 60.degree. C to the
      normal boiling point of such slurry or to any temperature between about
      60.degree. C and such boiling point) effective for dissolving the
      precipitated glycine before separating the precipitated sodium sulfate
      from the mother liquor from which it (the sodium sulfate) precipitated.
PAR  The instant invention will be better understood by referring to the
      following specific but nonlimiting procedures. It is understood that said
      invention is not limited by these procedures which are offered merely as
      illustrations; it is also understood that modification can be made without
      departing from the spirit and scope of the invention.
PAC  PROCEDURE 1
PAC  (Preparation of Aqueous Glycine-Sodium Sulfate Solution)
PAR  An aqueous ammoniacal solution of glycinonitrile containing 2804 g (50
      moles) of glycinonitrile is fed into an aqueous sodium hydroxide solution
      (20% sodium hydroxide) containing 2,040 g (51 moles) of sodium hydroxide
      at 50.degree.-60.degree. C. The resulting mixture is then boiled until
      free of ammonia. The resulting ammonia free sodium glycinate solution is
      cooled to 80.degree. C, bleached with hydrogen peroxide (5 ml of 36%
      H.sub.2 O.sub.2), treated with charcoal and filtered to remove color
      bodies, cooled to room temperature (ca. 25.degree. C), and diluted to
      12.13 Kg with water. The resulting aqueous solution consists essentially
      of 40% sodium glycinate and 0.3% sodium hydroxide. Said solution is
      substantially free of disodium iminodiacetate and it contains only trace
      quantities of color bodies and other undesired side products. A starting
      aqueous solution having a pH of 6 and consisting essentially of water,
      sodium sulfate and glycine is formed by adding 93% sulfuric acid (2,662 g)
      to the aforesaid 12.13 Kg of sodium glycinate solution. Said starting
      aqueous solution is designated "Starting Solution 1."
PAC  PROCEDURE 2
PAC  (Recovery of Glycine -- First Cycle)
PAR  A quantity of Starting Solution 1 weighing 1,183 g and containing 4 moles
      (300 g) is diluted with 133 g of water and the resulting diluted starting
      solution is cooled to 35.degree. C to form a first slurry consisting
      essentially of a first crop of precipitated glycine and a first mother
      liquor.
PAR  The first crop of glycine is separated from the first mother liquor by
      centrifuging at 35.degree. C and the separated first crop of glycine is
      recovered, dried, and weighed (66 g).
PAR  The separated first mother liquor is boiled to evaporate 303 g of water
      therefrom to form a second slurry consisting essentially of a first crop
      of precipitated sodium sulfate and a second mother liquor.
PAR  The second slurry is cooled to 80.degree. C and centrifuged at 80.degree. C
      to separate the first crop of sodium sulfate from the second mother
      liquor. The separated first crop of sodium sulfate is recovered, dried and
      weighed (111 g).
PAC  PROCEDURE 3
PAC  (Recovery of Glycine -- Second Cycle)
PAR  All of the separated second mother liquor (from Procedure 2, Cycle 1) is
      admixed with 159 g of water and an 1,183 g portion of Starting Solution 1
      to form a first resulting solution which is cooled to 35.degree. C to form
      a third slurry consisting essentially of a second crop of precipitated
      glycine and a third mother liquor.
PAR  The third slurry is centrifuged at 35.degree. C to separate the second crop
      of precipitated glycine from the third mother liquor. The separated second
      crop of precipitated glycine is recovered, dried and weighed (154 g).
PAR  The separated third mother liquor is boiled to evaporate 477 g of water
      therefrom and to form a fourth slurry consisting essentially of a second
      crop of precipitated sodium sulfate and a fourth mother liquor.
PAR  The fourth slurry is cooled to 80.degree. C and centrifuged at 80.degree. C
      to separate the second crop of precipitated sodium sulfate from the fourth
      mother liquor. The separated second crop of sodium sulfate is dried and
      weighed (188 g).
PAC  PROCEDURE 4
PAC  (Recovery of Glycine -- Third Cycle)
PAR  All of the separated fourth mother liquor (from Procedure 3, Cycle 2) is
      admixed with 179 g of water and an 1,183 g portion of Starting Solution 1
      to form a second resulting solution which is cooled to 35.degree. C to
      form a fifth slurry consisting essentially of a third crop of glycine and
      a fifth mother liquor
PAR  The fifth slurry is centrifuged at 35.degree. C to separate the third crop
      of precipitated glycine from the fifth mother liquor. The separated third
      crop of precipitated glycine is recovered, dried and weighed (217 g).
PAR  The separated fifth mother liquor is boiled to evaporate 605 g of water
      therefrom and to form a sixth slurry consisting essentially of a third
      crop of precipitated sodium sulfate and a sixth mother liquor.
PAR  The sixth slurry is cooled to 80.degree. C and centrifuged at 80.degree. C
      to separate the third crop of precipitated sodium sulfate from the sixth
      mother liquor. The separated third crop of sodium sulfate is dried and
      weighed (229 g).
PAC  PROCEDURE 5
PAC  (Recovery of Glycine - Fourth Cycle)
PAR  All of the separated sixth mother liquor (from Procedure 4, Cycle 3) is
      admixed with 146 g of water and an 1,183 g portion of Starting Solution 1
      to form a third resulting solution which is cooled to 35.degree. C to form
      a seventh slurry consisting essentially of a fourth crop of glycine and a
      seventh mother liquor.
PAR  The seventh slurry is centrifuged at 35.degree. C to separate the fourth
      crop of precipitated glycine from the seventh mother liquor. The separated
      fourth crop of precipitated glycine is recovered, dried and weighed (255
      g).
PAR  The separated seventh mother liquor is boiled to evaporate 643 g of water
      therefrom and to form an eighth slurry consisting essentially of a fourth
      crop of precipitated sodium sulfate and an eighth mother liquor.
PAR  The eighth slurry is cooled to 80.degree. C and centrifuged at 80.degree. C
      to separate the fourth crop of precipitated sodium sulfate from the eighth
      mother liquor. The separated fourth crop of sodium sulfate is dried and
      weighed (251 g).
PAC  PROCEDURE 6
PAC  (Recovery of Glycine -- Fifth Cycle)
PAR  All of the separated eighth mother liquor (from Procedure 5, Cycle 4) is
      admixed with 163 g of water and an 1,183 g portion of Starting Solution 1
      to form a fourth resulting solution which is cooled to 35.degree.C to form
      a ninth slurry consisting essentially of a fifth crop of glycine and a
      ninth mother liquor.
PAR  The ninth slurry is centrifuged at 35.degree. C to separate the fifth crop
      of precipitated glycine from the ninth mother liquor. The separated fifth
      crop of precipitated glycine is recovered, dried and weighed (270 g).
PAR  The separated ninth mother liquor is boiled to evaporate 681 g of water
      therefrom and to form a tenth slurry consisting essentially of a fifth
      crop of precipitated sodium sulfate and a tenth mother liquor.
PAR  The tenth slurry is cooled to 80.degree. C and centrifuged at 80.degree. C
      to separate the fifth crop of precipitated sodium sulfate from the tenth
      mother liquor. The separated fifth crop of sodium sulfate is dried and
      weighed (266 g).
PAC  PROCEDURE 7
PAC  (Recovery of Glycine -- Sixth Cycle)
PAR  All of the separated tenth mother liquor (from Procedure 6, Cycle 5) is
      admixed with 173 g of water and an 1,183 g portion of Starting Solution 1
      to form a fifth resulting solution which is cooled to 35.degree. C to form
      an eleventh slurry consisting essentially of a sixth crop of glycine and
      an eleventh mother liquor.
PAR  The eleventh slurry is centrifuged at 35.degree.C to separate the sixth
      crop of precipitated glycine from the eleventh mother liquor. The
      separated sixth crop of precipitated glycine is recovered, dried and
      weighed (280 g).
PAR  The separated eleventh mother liquor is boiled to evaporate 706 g of water
      therefrom and to form a twelth slurry consisting essentially of a sixth
      crop of precipitated sodium sulfate and a twelth mother liquor.
PAR  The twelth slurry is cooled to 80.degree. C and centrifuged at 80.degree. C
      to separate the sixth crop of precipitated sodium sulfate from the twelth
      mother liquor. The separated sixth crop of sodium sulfate is dried and
      weighed (276 g).
PAR  The separated twelth mother liquor weighed 1,962 g.
PAC  PROCEDURE 8
PAC  (Recovery of Glycine -- Seventh Cycle)
PAR  A 1,864 g portion of the separated twelth mother liquor (from Procedure 7,
      Cycle 6) is admixed with 170 g of water and an 1,183 g portion of Starting
      Solution 1 to form a sixth resulting solution which is cooled to
      35.degree. C to form a thirteenth slurry consisting essentially of a
      seventh crop of glycine and a thirteenth mother liquor.
PAR  The thirteenth slurry is centrifuged at 35.degree. C to separate the
      seventh crop of precipitated glycine from the thirteenth mother liquor.
      The separated seventh crop of precipitated glycine is recovered, dried and
      weighed (278 g).
PAR  The separated thirteenth mother liquor is boiled to evaporate 702 g of
      water therefrom and to form a fourteenth slurry consisting essentially of
      a seventh crop of precipitated sodium sulfate and a fourteenth mother
      liquor.
PAR  The fourteenth slurry is cooled to 80.degree. C and centrifuged at
      80.degree. C to separate the seventh crop of precipitated sodium sulfate
      from the fourteenth mother liquor. The separated seventh crop of sodium
      sulfate is dried and weighed (273 g).
PAR  The separated fourteenth mother liquor weighed 1,941 g.
PAC  PROCEDURE 9
PAC  (Recovery of Glycine - Eighth Cycle)
PAR  A 1,843 g portion of the separated fourteenth mother liquor (from Procedure
      8, Cycle 7) is admixed with 160 g of water and an 1,183 g portion of
      Starting Solution 1 to form a seventh resulting solution which is cooled
      to 35.degree. C to form a fifteenth slurry consisting essentially of an
      eighth crop of glycine and a fifteenth mother liquor.
PAR  The fifteenth slurry is centrifuged at 35.degree. C to separate the eighth
      crop of precipitated glycine from the fifteenth mother liquor. The
      separated eighth crop of precipitated glycine is recovered, dried and
      weighed (276 g).
PAR  The separated fifteenth mother liquor is boiled to evaporate 697 g of water
      therefrom and to form a sixteenth slurry consisting essentially of an
      eighth crop of precipitated sodium sulfate and a sixteenth mother liquor.
PAR  The sixteenth slurry is cooled to 80.degree. C and centrifuged at
      80.degree. C to separate the eighth crop of precipitated sodium sulfate
      from the sixteenth mother liquor. The separated eighth crop of sodium
      sulfate is dried and weighed (271 g).
PAR  The separated sixteenth mother liquor weighed 1,928 g.
PAC  PROCEDURE 10
PAC  (Recovery of Glycine -- Ninth Cycle)
PAR  A 1,832 g portion of the separated sixteenth mother liquor (from Procedure
      9, Cycle 8) is admixed with 167 g of water and an 1,183 g portion of
      Starting Solution 1 to form an eighth resulting solution which is cooled
      to 35.degree. C to form a seventeenth slurry consisting essentially of a
      ninth crop of glycine and a seventeenth mother liquor.
PAR  The seventeenth slurry is centrifuged at 35.degree. C to separate the ninth
      crop of precipitated glycine from the seventeenth mother liquor. The
      separated ninth crop of precipitated glycine is recovered, dried and
      weighed (275 g).
PAR  The separated seventeenth mother liquor is boiled to evaporate 693 g of
      water therefrom and to form an eighteenth slurry consisting essentially of
      a ninth crop of precipitated sodium sulfate and an eighteenth mother
      liquor.
PAR  The eighteenth slurry is cooled to 80.degree. C and centrifuged at
      80.degree. C to separate the ninth crop of precipitated sodium sulfate
      from the eighteenth mother liquor. The separated ninth crop of sodium
      sulfate is dried and weighed (270 g).
PAR  The separated eighteenth mother liquor weighed 1,921 g.
PAC  PROCEDURE 11
PAC  (Recovery of Glycine -- Tenth Cycle)
PAR  A 1,826 g portion of the separated eighteenth mother liquor (from Procedure
      10, Cycle 9) is admixed with 165 g of water and an 1,183 g portion of
      Starting Solution 1 to form a ninth resulting solution which is cooled to
      35.degree. C to form a nineteenth slurry consisting of a tenth crop of
      glycine and a nineteenth mother liquor.
PAR  The nineteenth slurry is centrifuged at 35.degree. C to separate the tenth
      crop of precipitated glycine from the nineteenth mother liquor. The
      separated tenth crop of precipitated glycine is recovered, dried and
      weighed (274 g).
PAR  The separated nineteenth mother liquor is boiled to evaporate 725 g of
      water therefrom and to form a twentieth slurry consisting essentially of a
      tenth crop of precipitated sodium sulfate and a twentieth mother liquor.
      The twentieth slurry is cooled to 80.degree. C and centrifuged at
      80.degree. C to separate the tenth crop of precipitated sodium sulfate
      from the twentieth mother liquor. The separated tenth crop of sodium
      sulfate is dried and weighed (264 g).
PAR  The separated twentieth mother liquor weighs 1,878 g.
PAC  PROCEDURE 12
PAC  (Recovery of Glycine -- Eleventh Cycle)
PAR  All of the separated twentieth mother liquor (from Procedure 11, Cycle 10)
      is cooled to 35.degree. C to form a twenty-first slurry consisting
      essentially of a twenty-first mother liquor and an eleventh crop of
      precipitated glycine.
PAR  The twenty-first slurry is centrifuged at 35.degree. C to separate the
      eleventh crop of precipitated glycine from the twenty-first mother liquor.
      The separated eleventh crop of precipitated glycine is recovered, dried
      and weighed (228 g).
PAR  The separated twenty-first mother liquor (which contains 306 g of glycine
      and 392 g of sodium sulfate) is not processed further. However, if
      desired, it (the separated twenty-first mother liquor) can be further
      processed in the eleventh and succeeding cycles.
PAR  In Cycles 1-11 (Procedures 2-12) a total of 3,000 g of glycine and a total
      of 2,870 g of sodium sulfate were charged. A total of 2,573 g of glycine
      and 2,399 g of sodium sulfate are recovered corresponding to a glycine
      recovery of 85.8% and a sodium sulfate recovery of 83.6%.
PAR  These values (recoveries) are exclusive of 110 g glycine and 79 g of sodium
      sulfate discarded at the start of Cycles 7, 8, 9, and 10. Said recoveries
      are also exclusive of 306 g of glycine and 392 g of sodium sulfate
      remaining in the separated twenty-first mother liquor at the end of Cycle
      11. Calculations which include these nonrecovered quantities of glycine
      (416 g) and sodium sulfate (471 g) show that 99.6% of the glycine charged
      and 100% of the sodium sulfate charged are accounted for.
PAR  Glycine is an article of commerce. It is useful as an additive in metal
      plating baths, as a nutrient supplement for animal feeds and fermentation
      broths, and as a flavor enhancing agent in food.
PAR  As herein the term "percent (%)" means parts per hundred and parts means
      parts by weight unless otherwise defined where used.
PAR  As used herein the term "mole" has its generally accepted meaning. A mole
      of a substance is that quantity which contains the same number of
      molecules of the substance as there are atoms in 12 grams of pure .sup.12
      C.
PAR  As used herein the term "g" means gram or grams and the term "Kg" means
      kilogram or kilograms. A kilogram is 1000 grams.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for recovering glycine from an aqueous starting solution
      consisting essentially of water, glycine, and sodium sulfate, the aqueous
      starting solution having a temperature above about 35.degree. C, a pH of
      4.5-8.5, a mole ratio of glycine to sodium sulfate of 1-5:1, the process
      comprising:
PA1  a. forming a first slurry consisting essentially of a first lot of
      precipitated solid glycine and a first mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      cooling the aqueous starting solution to a temperature above about
      33.degree. C effective for precipitating glycine;
PA1  b. separating the first mother liquor from the first lot of precipitated
      solid glycine while maintaining the first slurry at a temperature above
      about 33.degree. C effective for separating the solid glycine, and
      recovering the separated solid glycine;
PA1  c. forming a second slurry consisting essentially of a first lot of
      precipitated solid sodium sulfate and a second mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      evaporating from the separated first mother liquor an amount of water
      effective for causing sodium sulfate to precipitate while maintaining the
      temperature of the resulting second slurry at a temperature effective for
      preventing the precipitation of solid glycine;
PA1  d. separating the second mother liquor from the first lot of precipitated
      solid sodium sulfate while maintaining the temperature of the second
      slurry at a temperature effective for preventing the precipitation of
      solid glycine;
PA1  e. forming a first solution consisting essentially of: (i) water; (ii)
      dissolved glycine; and (iii) dissolved sodium sulfate by admixing the
      separated second mother liquor with water and a second lot of aqueous
      starting solution, the water being provided in an amount effective for
      preventing the precipitation of sodium sulfate where the first solution is
      cooled in a later recited cooling step;
PA1  f. forming a third slurry consisting essentially of a second lot of
      precipitated solid glycine and a third mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      cooling the first solution to a temperature above about 33.degree. C
      effective for causing the second lot of solid glycine to precipitate;
PA1  g. separating the third mother liquor from the second lot of precipitated
      solid glycine while maintaining the third slurry at a temperature above
      33.degree. C effective for separating the solid glycine, and recovering
      the separated solid glycine;
PA1  h. forming a fourth slurry consisting essentially of a second lot of
      precipitated solid sodium sulfate and a fourth mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      evaporating from the separated third mother liquor an amount of water
      effective for causing sodium sulfate to precipitate while maintaining the
      temperature of the resulting fourth slurry at a temperature effective for
      preventing the precipitation of solid glycine; and
PA1  i. separating the fourth mother liquor from the second lot of precipitated
      solid sodium sulfate while maintaining the temperature of the fourth
      slurry at a temperature effective for preventing the precipitation of
      solid glycine.
NUM  2.
PAR  2. The process of claim 1 in which the pH of the aqueous starting solution
      is 5.5-6.5.
NUM  3.
PAR  3. The process of claim 1 in which the mole ratio of glycine to sodium
      sulfate is 1:0.48-0.52.
NUM  4.
PAR  4. The process of claim 1 in which the aqueous starting solution analyzes
      about 21-26% glycine.
NUM  5.
PAR  5. The process of claim 1 in which the aqueous starting solution is
      prepared by:
PA1  a. saponifying glycinonitrile with sodium hydroxide in an aqueous system to
      form NH.sub.2 CH.sub.2 COONa; and
PA1  b. acidifying the H.sub.2 NCH.sub.2 COONa with sulfuric acid in an aqueous
      system to form glycine and sodium sulfate.
NUM  6.
PAR  6. A process for recovering glycine from an aqueous starting solution
      consisting essentially of water, glycine, and sodium sulfate, the aqueous
      starting solution having a temperature above about 35.degree. C, a pH of
      4.5-8.5, a mole ratio of glycine to sodium sulfate of 1-5:1, the process
      comprising:
PA1  a. forming a first slurry consisting essentially of a first lot of
      precipitated solid glycine and a first mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      cooling the aqueous starting solution to a temperature above about
      33.degree. C effective for precipitating glycine;
PA1  b. separating the first mother liquor from the first lot of precipitated
      solid glycine while maintaining the first slurry at a temperature above
      about 33.degree. C effective for separating the solid glycine, and
      recovering the separated solid glycine;
PA1  c. forming a second slurry consisting essentially of a first lot of
      precipitated solid sodium sulfate and a second mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      evaporating from the separated first mother liquor an amount of water
      effective for causing sodium sulfate to precipitate while maintaining the
      temperature of the resulting second slurry at a temperature effective for
      preventing the precipitation of solid glycine;
PA1  d. separating the second mother liquor from the first lot of precipitated
      solid sodium sulfate while maintaining the temperature of the second
      slurry at a temperature effective for preventing the precipitation of
      solid glycine;
PA1  e. forming a first solution consisting essentially of: (i) water; (ii)
      dissolved glycine; and (iii) dissolved sodium sulfate by admixing the
      separated second mother liquor with water and a second lot of aqueous
      starting solution, the water being provided in an amount effective for
      preventing the precipitation of sodium sulfate where the first solution is
      cooled in a later recited cooling step; and
PA1  f. forming a third slurry consisting essentially of a second lot of
      precipitated solid glycine and a third mother liquor consisting
      essentially of water, dissolved glycine, and dissolved sodium sulfate by
      cooling the first solution to a temperature above about 33.degree. C
      effective for causing the second lot of solid glycine to precipitate.
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ABST
PAL  An improved process for the liquid phase oxidation of methyl ethyl ketone
      to acetic acid wherein increased carbon efficiencies are achieved by
      including formic acid and/or at least one formic acid-producing compound
      such as methyl formate in the reaction mixture. In a particularly
      advantageous embodiment, a liquid reaction feed mixture consisting
      essentially of from above about 50 to 90 percent methyl ethyl ketone and
      from about 10 up to about 50 percent of formic acid and/or the formic
      acid-producing compound is oxidized to acetic acid using air, cobalt
      acetate catalyst, and acetic acid reaction medium.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in the liquid phase oxidation of
      methyl ethyl ketone to form acetic acid therefrom.
PAR  2. Summary of the Prior Art
PAR  Carboxylic acids, and particularly acetic acid, have many uses. For
      example, acetic acid may be used as a solvent or reagent in the production
      of rubber, plastics, pharmaceuticals, dyes, insecticides and other organic
      and inorganic chemicals.
PAR  Carboxylic acids such as acetic acid may be produced by several processes
      including the liquid phase oxidation of various ketones such as methyl
      ethyl ketone. In general, such a liquid phase oxidation process involves
      the direct reaction of ketone with oxygen in a liquid carboxylic acid
      reaction medium. Typically, the carboxylic acid reaction product serves as
      the reaction medium to expedite separation and recovery of the reaction
      product. For example, when methyl ethyl ketone is oxidized to acetic acid,
      acetic acid is used as the reaction medium. See, for example, U.S. Pat.
      Nos. 2,005,183 and 2,299,013.
PAR  The presence of any formic acid in liquid phase oxidation processes for the
      production of acetic acid has long been thought to be undesirable not only
      because of the concomitant separation problems, but also because of the
      corrosive nature of formic acid. See, for example, U.S. Pat. Nos.
      3,258,482; 2,913,492 and 2,659,746.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a liquid reaction mixture
      comprising methyl ethyl ketone and formic acid and/or at least one formic
      acid-producing compound is formed with methyl ethyl ketone being present
      in a predominant amount, and this liquid reaction mixture is oxidized with
      a gas comprising molecular oxygen to form an oxygenated reaction product
      mixture from which acetic acid reaction product is recovered.
PAR  The essence of a primary aspect of the present invention is the surprising
      discovery that methyl ethyl ketone can be oxidized in liquid phase to
      acetic acid with higher carbon efficiencies if the feedstock or liquid
      reaction mixture additionally comprises a formic acid-producing compound
      or formic acid itself. As indicated above, the presence or production of
      formic acid in liquid phase processes for the production of acetic acid
      has heretofore been considered undesirable. In the present invention,
      however, improved carbon efficiencies are achieved by deliberately causing
      the oxidation of methyl ethyl ketone with formic acid-producing compounds
      or formic acid itself.
PAR  Accordingly, a primary object of the present invention is to provide an
      improved process for the liquid phase oxidation of methyl ethyl ketone to
      form acetic acid therefrom.
PAR  Another more particular object of the present invention is to provide a
      novel liquid phase oxidation process for converting methyl ethyl ketone to
      acetic acid in efficiencies greater than that achieved by prior art
      processes.
DETD
PAR  Other objects, aspects, and advantages of the present invention will become
      apparent to one skilled in the art from the following description of the
      preferred embodiments.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated above, a liquid reaction mixture comprising methyl ethyl
      ketone and formic acid and/or at least one formic acid-producing compound
      is formed with methyl ethyl ketone being present in a predominant amount,
      and this reaction mixture is oxidized with a gas comprising molecular
      oxygen to form an oxygenated reaction product mixture from which acetic
      acid reaction product is recovered.
PAR  When methyl ethyl ketone is referred to herein as being "present in a
      predominant amount," such reference means that there is more methyl ethyl
      ketone present in the liquid reaction mixture than any other single
      component or reactant which is oxidizable under conditions of liquid phase
      oxidation. In other words, there is more methyl ethyl ketone present than
      formic acid or any single formic acid-producing compound and any other
      oxidizable compound such as acetaldehyde or acetone. Typically, at least
      about 40 percent, based on the weight of oxidizable components, methyl
      ethyl ketone is present in the liquid reaction feed mixture. More
      typically, from above about 50 percent up to about 95 percent and even
      more typically above about 50 percent to about 90 percent methyl ethyl
      ketone is present in the liquid reaction feed mixture.
PAR  Any amount of formic acid or formic acid-producing compound is thought to
      increase the carbon efficiency of the liquid phase reaction in accordance
      with the present invention. Typically, at least about 5 percent based on
      the amount of oxidizable components, of formic acid or formic
      acid-producing compound is present in the liquid reaction mixture prior to
      oxidation. For example, the amount of formic acid or formic acid-producing
      compound may vary from about 5 up to about 50 percent more typically from
      about 10 up to about 50 percent of the liquid reaction feed mixture.
PAR  When a metal catalyst for the liquid phase oxidation reaction in the form
      of a carboxylic acid salt soluble in the liquid reaction mixture is used,
      and when formic acid itself is used to increase carbon efficiency, the
      formic acid should be present in the reaction mixture in an amount
      insufficient to precipitate the metal catalyst. For example, when cobalt
      acetate catalyst is used, any formic acid should be present in the
      reaction mixture in an amount less than about 5000 ppm, based on the total
      weight of the reaction mixture.
PAR  Any formic acid-producing compound, other than methyl ethyl ketone, may be
      used which will produce or give rise to sufficient formic acid in the
      liquid reaction mixture to increase carbon efficiency.
PAR  Suitable formic acid-producing compounds may include lower alkyl esters of
      formic or acetic acid, and lower alkanols.
PAR  For example, the lower alkyl esters may be of the formula R.sub.1
      COOR.sub.2 where R.sub.1 is hydrogen or methyl and R.sub.2 is an alkyl
      group of from 1 to 5 carbon atoms. Methyl formate, methyl acetate, and
      ethyl acetate are preferred.
PAR  The lower alkanols may be represented by the formula R.sub.3 OH, where
      R.sub.3 is an alkyl group of from 1 to 5 carbon atoms. Methanol and
      ethanol are preferred.
PAR  The liquid reaction mixture may contain relatively minor amounts of other
      oxidizable components such as lower aliphatic aldehydes, e.g.,
      acetaldehyde, and other lower aliphatic ketones, e.g., acetone.
PAR  As indicated above, the process of the present invention may be practiced
      by oxidizing a liquid reaction mixture of methyl ethyl ketone and one or
      more of the above-described formic acid or formic acid-producing compounds
      with a gas comprising molecular oxygen.
PAR  Air is commonly employed as the source of molecular oxygen, although a pure
      oxygen gas may also be employed. The molecular oxygen may be provided in
      at least a stoichiometrically sufficient amount to convert the material to
      be oxidized to acetic acid and to compensate or allow for the production
      of minor amounts of other carboxylic acids such as formic acid, as well as
      by-products such as carbon dioxide. The ratio of total feed of oxygen to
      total feed of organic starting material is a highly variable number which
      depends upon the specific composition of the feed, the desired products,
      and other process design factors. Typically, the oxygen-containing gas is
      bubbled through the liquid reaction mixture in an amount sufficient to
      prevent oxygen starvation which may be indicated by a low concentration of
      oxygen and/or a high ratio of carbon monoxide to carbon dioxide in the
      vent gas.
PAR  The oxidation reaction is conducted in the liquid phase, i.e., the material
      to be oxidized is in a liquid reaction medium. Typically, the liquid
      reaction medium is a solvent for the compounds to be oxidized and is
      relatively inert, i.e., does not react chemically at any significant rate
      under the conditions of oxidation. More typically, the reaction product or
      products serve as the solvent in which the reaction takes place. Acetic
      acid is preferred.
PAR  The reaction may be carried out at any temperature and pressure sufficient
      to maintain the liquid phase oxidation. For example, temperatures of about
      50.degree. to 200.degree.C, preferably 75.degree. to 150.degree.C, and
      most preferably 110.degree. to 140.degree.C, may be used.
PAR  Superatmospheric pressure is generally required, and pressures of about 50
      to 1.000 psia, preferably 75 to 300 psia, and typically 75 to 150 psia,
      may be used.
PAR  Reaction or reactor residence times may be from about 0.1 to 5 hours, more
      typically about 0.5 to 3 hours, and most typically about 1 to 2 hours.
PAR  The liquid phase oxidation process of the present invention is usually
      conducted in the presence of a catalyst. Liquid phase oxidation catalysts
      are well known and per se are not part of the present invention.
PAR  Typical liquid phase oxidation catalysts include metals from Groups 1b, 5b,
      6b, 7b, 8b and the Lanthanide series of the Periodic Table in the form of
      a compound soluble in the liquid reaction mixture. The Periodic Table
      referred to herein is the Periodic Table of the Elements appearing
      immediately after p. 948 of Organic Chemistry, by Morrison and Boyd; Allyn
      and Bacon, Inc. (1959 Ed.).
PAR  Non-limiting examples of such catalysts include the carboxylic acid-soluble
      compounds of cobalt, manganese, nickel, copper, cerium, praseodymium,
      neodymium, lanthanum, samarium, iron, mercury, chromium, antimony,
      uranium, molybdenum, terbium, tungsten, tantalum, columbium, vandium,
      zirconium, titanium, lead, tin, platinum, iridium, osmium, gold and
      silver, and particularly the salts of these metals with carboxylic acids
      such as, for example, acetic acid, propionic acid, butyric acid,
      isobutyric acid, valeric acid, benzoic acid and napthenic acid.
PAR  Cobalt acetate may be particularly advantageous and is preferred.
PAR  The above-described oxidation catalysts may be present during oxidation in
      an amount of about 1 to 50,000 ppm, preferably 100 to 5,000 ppm, and most
      preferably 200 to 2,000 ppm, based on the weight of solvent or liquid
      reaction medium.
PAR  The above-described liquid phase oxidation reaction may be carried out in
      any known stirred or non-stirred reactor or reaction vessel on a
      continuous, semi-continuous, or batch basis. A suitable tower reactor and
      its operation are described in U.S. Pat. No. 2,702,741, which is
      incorporated herein by reference.
PAR  The acetic acid reaction product may be recovered from the oxygenated
      reaction product mixture by various means known in the art, typically
      including distillation. Any acetic acid values contained in ester form in
      the reaction product may also be recovered by hydrolysis followed by
      solvent extraction and distillation as is well known to those skilled in
      the art. The acetic acid values in ester form may also be recycled to the
      reaction zone for further reaction. Typically, the oxygenated reaction
      product mixture contains formic acid and above about 50 percent acetic
      acid, based on the weight of the mixture. Formic acid may be present in
      the oxygenated product mixture in an amount of at least about 0.1 percent
      typically from about 0.1 to 0.5 percent.
PAR  The invention is additionally illustrated by the following examples; all
      parts, percentages and ratios are by weight in the examples, as well as in
      other parts of the specification and claims, unless otherwise indicated.
PAC  SPECIFIC EXAMPLES
PAR  Several runs (Nos. 2, 3 of Table I, Nos. 2 to 4 of Table II, and Nos. 2 to
      4 of Table III) in accordance with the present invention were carried out
      in a reaction system comprising a vertical cylindrical reaction vessel
      provided with suitable fittings for feeding or injecting the reactants,
      including air, and catalyst solution (cobalt acetate dissolved in acetic
      acid) into the interior of the vessel, as well as a suitable outlet for
      recovery or take-off of a portion of the oxygenated reaction product
      mixture. A recycle conduit including a conventional centrifugal pump was
      also connected to the outlet for recycling a portion of the reaction
      mixture back into the reactor. By suitably adjusting valves in the various
      fittings, a ratio of recycled reaction mixture to recovered or collected
      reaction mixture of about 1000:1 was maintained. The reaction vessel was
      equipped with an electrical resistance heater to maintain reaction
      temperature; and vapors coming overhead from the liquid reaction mixture
      were condensed in a water-cooled condenser and returned to the liquid
      reaction mixture. A vent connected through a conventional cold trap to the
      upper end of the condenser was provided for removing any uncondensed
      vapors. In each of the runs, the reaction was allowed to "line-out," i.e.,
      come to approximately steady-state conditions. Next, "timed run" was made,
      and during this timed run, all of the readings were taken and the volume
      and weight of the material fed to the reactor were measured. The liquid
      reactor feed and the catalyst solution were continuously supplied to the
      reactor and a portion of liquid oxygenated reaction product mixture was
      continuously withdrawn from the reactor, so as to maintain an
      approximately constant volume of liquid reaction mixture within the
      reactor during the timed runs. The reaction mixture was then analyzed
      using conventional procedures, and carbon efficiencies were calculated.
      Comparative runs (Nos. 1 to Tables I, II, and III) were carried out using
      the same apparatus and general procedure. Other data and the results of
      all of the runs are shown in TABLES I, II and III.
TBL                                    TABLE I.sup.(a)                         
     __________________________________________________________________________
     Run Number         1      2      3                                        
     __________________________________________________________________________
     Composition of reactor feed, %                                            
      Methyl ethyl ketone (MEK)                                                
                        85     80     75                                       
      Formic acid       --     5      10                                       
      Other (substantially all                                                 
                        15     15     15                                       
       acetic acid)                                                            
     Composition of liquid reaction feed                                       
     mixture (excluding acetic                                                 
     acid), %                                                                  
      MEK               100    94     88                                       
      Formic acid       --     6      12                                       
     Co catalyst in reaction mix-                                              
                        1000   1000   1000                                     
     ture, ppm                                                                 
     Length of timed run, hrs.                                                 
                        2      2      2                                        
     Average reactor pressure.sup.(b), psia                                    
                        79     79     79                                       
     Average temperature, .degree.C                                            
                        130    130    130                                      
     Carbon efficiency, %                                                      
                        80.8   83.7   86.9                                     
     __________________________________________________________________________
      .sup.(a) The following quantities were the same in all of the runs       
      Volume of liquid in reactor plus recycle system, approximately 1000 ml.  
      Volume of liquid in reactor alone, approximately 800 ml.                 
      Air rate, approximately 6.0 scfh = 3.6 scfh/in.sup.2 cross-sectional area
      = 28 scfh/gal reactor liquid.                                            
      .sup.(b) Max. rec. pressure for equipment used.                          
TBL                                    TABLE II.sup.(a)                        
     __________________________________________________________________________
     Run Number         1      2      3      4                                 
     __________________________________________________________________________
     Composition of reactor feed,%                                             
      Methyl ethyl ketone (MEK)                                                
                        26.6   36     27     19                                
      Methanol (MeOH)   --     9      3      2                                 
      Ethyl acetate (EtOAc)                                                    
                        --     --     15     11                                
      Ethanol (EtOH)    --     --     7      5                                 
      Water (H.sub.2 O) 7.2    5      10     7                                 
      Other (substantially                                                     
                        66.2   50     38.sup.(b)                               
                                             56                                
       all acetic acid)                                                        
     Composition of liquid reaction feed                                       
     mixture (excluding acetic                                                 
     acid and water), %                                                        
      Methyl ethyl ketone                                                      
                        100    80     52     51                                
      Methanol          --     20     6      5                                 
      Ethyl acetate     --     --     29     30                                
      Ethanol           --     --     13     14                                
     Co catalyst in reaction mix-                                              
                        1000   1000   1000   1000                              
     ture, ppm                                                                 
     Length of timed run, hrs.                                                 
                        2      2      2      2                                 
     Average reactor pressure.sup.(c),                                         
                        79     79     79     79                                
     psia                                                                      
     Average temperature, .degree.C                                            
                        130    130    130    130                               
     Carbon efficiency, %                                                      
                        85.2   92.0   91.8   89.5                              
     __________________________________________________________________________
      .sup.(a) The following quantities were the same in all of the runs       
      Volume of liquid in reactor plus recycle system, approximately 1000 ml.  
      Volume of liquid in reactor alone, approximately 800 ml.                 
      Air rate, approximately 6.0 scfh = 3.6 scfh/in.sup.2 cross-sectional area
      = 28 scfh/gal reactor liquid.                                            
      .sup.(b) Substantially all acetic anhydride.                             
      .sup.(c) Max. rec. pressure for equipment used.                          
TBL                                    TABLE III.sup.(a)                       
     __________________________________________________________________________
     Run Number         1      2      3      4                                 
     __________________________________________________________________________
     Composition of reactor feed, %                                            
      Methyl ethyl ketone (MEK)                                                
                        85     59.5   51     47                                
      Ethanol (EtOH)    --     30     --     --                                
      Acetaldehyde (AcH)                                                       
                        --     --     20     5                                 
      Methyl formate    --     --     20     --                                
      Ethyl acetate     --     --     --     40                                
      Other (substantially all                                                 
                        15     10.5   9      8                                 
       acetic acid)                                                            
     Composition of liquid reaction feed                                       
     mixture (excluding acetic                                                 
     acid), %                                                                  
      Methyl ethyl ketone                                                      
                        100    66.5   56     51                                
      Ethanol           --     33.5   --     --                                
      Acetaldehyde      --     --     22     5                                 
      Methyl formate    --     --     22     --                                
      Ethyl acetate     --     --     --     44                                
     Co catalyst in reaction mix-                                              
                        1000   1000   1000   1000                              
     ture, ppm                                                                 
     Length of timed run, hrs.                                                 
                        2      2      2      2                                 
     Average reactor pressure.sup.(b), psia                                    
                        79     79     79     79                                
     Average temperature, .degree.C                                            
                        130    130    130    130                               
     Carbon efficiency, %                                                      
                        85.0   88.0   95.3   85.1                              
     __________________________________________________________________________
       .sup.(a) The following quantities were the same in all of the runs      
      Volume of liquid in reactor plus recycle system, approximately 1000 ml.  
      Volume of liquid in reactor alone, approximately 800 ml.                 
      Air rate, approximately 6.0 scfh = 3.6 scfh/in.sup.2 cross-sectional area
      = 28 scfh/gal reactor liquid.                                            
      .sup.(b) Max. rec. pressure for equipment used.                          
PAR  As may be seen from TABLES I, II and III, the runs using methyl ethyl
      ketone and formic acid, or one or more formic acid-producing compounds,
      resulted in higher carbon efficiencies when contrasted with the initial
      comparative runs.
PAR  The principles, preferred embodiments, and modes of operation of the
      present invention have been described in the foregoing specification. The
      invention which is to be protected herein, however, is not to be construed
      as limited to the particular forms disclosed, since these are to be
      regarded as illustrative rather than restrictive. Variations and changes
      may be made by those skilled in the art without departing from the spirit
      of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid phase oxidation process for the production of acetic acid from
      methyl ethyl ketone, which process is characterized by improved carbon
      efficiency and which comprises:
PA1  a. forming a liquid reaction mixture comprising methyl ethyl ketone, and at
      least one of the group consisting of formic acid and formic acid-producing
      compounds selected from the group consisting of lower alkanols, lower
      alkyl acetates, and lower alkyl formates, with methyl ethyl ketone being
      present in a predominant amount in the mixture on the acetic acid-free
      basis and with said formic acid or formic acid-producing compound
      constituting at least about 5 percent up to about 50 percent of the
      oxidizable components of said mixture;
PA1  b. oxidizing the liquid reaction mixture with cobalt acetate catalyst in
      acetic acid reaction solvent with a gas comprising molecular oxygen to
      form an oxygenated rection product mixture containing about 0.1 to 0.5
      weight percent formic acid and,
PA1  c. recovering acetic acid reaction product from the reaction product
      mixture.
NUM  2.
PAR  2. The process of claim 1 wherein at least about 40 percent methyl ethyl
      ketone and at least about 5 percent formic acid-producing compound are
      present in the liquid reaction mixture.
NUM  3.
PAR  3. The process of claim 2 wherein the lower alkyl acetates or formates are
      of the formula R.sub.1 COOR.sub.2 wherein R.sub.1 is hydrogen or methyl
      and R.sub.2 is an alkyl group of from one to five carbon atoms.
NUM  4.
PAR  4. The process of claim 2 wherein the lower alkanol is an alcohol
      represented by the formula R.sub.3 --OH, wherein R.sub.3 is an alkyl group
      of from one to five carbon atoms.
NUM  5.
PAR  5. A liquid phase oxidation process for the production of acetic acid from
      methyl ethyl ketone, which process is characterized by improved carbon
      efficiency and which comprises
PA1  a. forming a liquid reaction feed mixture comprising from above about 50
      percent of at least one of the group consisting of formic acid and formic
      acid-producing compounds selected from the group consisting of alcohols
      represented by the formula R.sub.3 --OH, wherein R.sub.3 is an alkyl group
      of from one to two carbon atoms.
PA1  b. oxidizing the liquid reaction mixture in acetic acid reaction solvent at
      a temperature of about 50.degree. to 200.degree.C and a pressure of about
      50 to 1,000 psi with a gas comprising molecular oxygen and with cobalt
      acetate oxidation catalyst to form an oxygenated reaction product mixture
      comprising about 0.1 to 0.5 percent by weight of formic acid and above
      about 50 percent acetic acid and,
PA1  c. recovering acetic acid reaction product from the reaction product
      mixture.
NUM  6.
PAR  6. The process of claim 5 wherein the reaction temperature is from
      75.degree. to 150.degree.C, and wherein the reaction pressure is from 75
      to 300 psi.
NUM  7.
PAR  7. A liquid phase oxidation process for the production of acetic acid from
      methyl ethyl ketone, which process is characterized by improved carbon
      efficiency and which comprises
PA1  a. forming a liquid reaction feed mixture consisting essentially of from
      above about 50 up to about 90 percent methyl ethyl ketone, and from about
      10 up to about 50 percent of one of the group consisting of formic acid
      and formic acid-producing compounds other than methyl ethyl ketone, the
      formic acid-producing compound being at least one member selected from the
      group consisting of methyl formate, methylacetate and ethyl acetate, and
      the liquid reaction mixture being in a solvent of acetic acid;
PA1  b. oxidizing the liquid reaction mixture in the liquid phase at a
      temperature of about 110.degree. to 140.degree.C and at a pressure of
      about 75 to 150 psi with molecular oxygen and from 100 to 5,000 ppm of a
      cobalt acetate catalyst to form an oxygenated reaction product mixture
      comprising above about 50 percent acetic acid and about 0.1 to 0.5% formic
      acid, and
PA1  c. recovering acetic acid reaction product from the reaction product
      mixture.
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ABST
PAL  A synthesis of novel Vitamin A intermediates from beta-ionone is described
      as well as a conversion of the intermediates to Vitamin A. The length of
      the conjugated aliphatic side chain of beta-ionone is increased while
      still ultimately obtaining the desired trans form of Vitamin A. In
      general, beta-ionone is ethynylated to ethynyl-beta-ionol, the hydroxyl of
      which is etherified to form an ethynyl-terminated, alkoxy-substituted,
      beta-ionol intermediate. The intermediate is coupled through its copper
      derivative with a compound like chloro-isopentenyl acetate to produce a
      C.sub.20 skeleton. By semi-hydrogenation, the acetylenic bond on the
      C.sub.20 skeleton is converted to an ethylenic bond, and by hydrolysis the
      terminal ester moiety is converted to a hydroxyl group. Treatment with a
      strong base removes the alkoxy group to produce Vitamin A.
PARN
PAR  This application is a division of application Ser. No. 353,215, filed Apr.
      23, 1973.
BSUM
PAR  Vitamin A is a known organic substance which is essential for growth and
      for maintaining animal life but which cannot be synthesized by the animal
      nor provide energy by itself. Because of its importance, numerous attempts
      have been made to synthesize Vitamin A. In 1947 Hoffmann-LaRoche reported
      the first successful laboratory synthesis of Vitamin A, marking the
      culmination of what had been a formidable scientific and economic
      challenge to the organic chemist for several decades. Since that time a
      number of different syntheses of Vitamin A have been suggested but most
      are not considered commercially feasible.
PAR  Vitamin A is generally considered to have this formula:
      ##SPC1##
PAR  It is important to distinguish between the cis and trans forms of Vitamin
      A. The trans form has much higher biological activity than any of the
      possible cis forms. Likewise, compounds of the above formula in which all
      double bonds are shifted one carbon atom to the left are only very
      slightly active.
PAR  With few exceptions, all syntheses of Vitamin A utilize beta-ionone as the
      starting material. Its ready availability and the fact that, structurally,
      it represents about 65 per cent of the desired Vitamin A molecule, as
      illustrated by its following formula, make it a logical starting point.
      ##SPC2##
PAR  In spite of this advantage, the subtleties involved in extending the
      beta-ionone side chain to Vitamin A frustrated the efforts of numerous
      chemists for many years. One major difficulty with the use of beta-ionone
      as the starting material in the synthesis of Vitamin A is the behavior of
      the beta-ionol group on dehydration. Normally, the extension of an alpha,
      beta unsaturated ketone to a longer conjugated polyene is accomplished
      through nucleophilic addition to the carbonyl group, that is, Grignard
      reactions, Reformatsky reactions, ethynylations, Knoevenagel reactions,
      etc., resulting in a carbinol containing the desired attached group. The
      carbinol is then dehydrated to evolve the additional ethylenic bond
      linking the two groups. Thus, in the case of beta-ionols, this should
      produce the beta-ionylidene group bringing the molecule one step closer to
      Vitamin A, or:
      ##SPC3##
PAL  In which Y is defined as alkenyl or alkynyl, either of which can be
      substituted or unsubstituted.
PAR  Unfortunately, except in special cases, dehydration of beta-ionols does not
      proceed in this direction but rather in the opposite direction to produce
      the retroionylidene group.
      ##SPC4##
PAL  This went unrecognized for many years until the early 1950's. As a result,
      many workers wrongly assigned beta-ionylidene structures to what were
      actually retroionylidene structures and the literature on Vitamin A
      synthesis at that time was confused.
PAR  The retroionylidene structure is more thermodynamically stable than the
      beta-ionylidene which is sterically hindered at the ring side chain
      junction. Beta-ionols, and vinylogues thereof, always dehydrate to
      retroionylidenes, unless the designated Y group contains a sufficiently
      strong electron-attracting group, such as --C.tbd.N, --COCl, --CHO, or
      --C.tbd.C--.
PAR  Although the Roche synthesis was evolved before these facts were known, it
      fortuitously avoided the above pitfall in dealing with intermediates which
      were not beta-ionols. On the other hand, the known Philips and Eastman
      synthesis do involve beta-ionol intermediates. However, in order to avoid
      retroionylidene formation, the Philips process utilizes the --C.tbd.N
      group, and the Eastman process employs the --CHO group. In both of these
      processes, the price for these safety factors is high. The final products,
      the Vitamin A nitrile and Vitamin A aldehyde, have to be reconverted to
      Vitamin A via expensive lithium aluminum hydride reactions. The more
      recent BASF process, German Pat. No. 957,942, utilizes the Wittig reaction
      for extending the beta-ionol side chain and thus avoids the troublesome
      beta-ionol complications. The Wittig reaction, however, tends to be
      costly.
PAR  In short, the past 20 years of effort in this field has established two key
      factors for providing a commercially practical synthesis of Vitamin A:
PA1  1. the cost of building the C.sub.20 skeleton.
PA1  2. The specificity of the chemistry involved in passing from the C.sub.20
      intermediate to Vitamin A.
PAR  The present process provides a relatively inexpensive synthesis for forming
      an intermediate having a C.sub.20 skeleton, particularly useful for the
      synthesis of Vitamin A, and one that embodies a chemical route free of
      ambiguities for conversion of the C.sub.20 intermediate to Vitamin A. The
      synthesis starts with beta-ionone and forms several novel beat-ionol
      intermediates while avoiding formation of retroisomers as well as
      minimizing formation of the cis forms of Vitamin A.
PAR  In general, beta-ionone is ethynylated to ethynyl-beta-ionol. The hydroxyl
      of the alcohol is then etherified to form an ethynyl-terminated,
      alkoxy-substituted, beta-ionyl intermediate. The intermediate is coupled
      as by the acetylenic copper derivative with a compound like
      chloro-isopentenyl acetate (1-chloro-4-acetoxy-2-methyl-2-butene) to
      produce a C.sub.20 skeleton. The acetylenic bond on the C.sub.20 skeleton
      is converted by semi-hydrogenation to an ethylenic bond, and the terminal
      ester moiety is converted by hydrolysis to a hydroxyl group.
PAR  The intermediate C.sub.20 skeleton at this juncture of the process has two
      isolated double bonds separated by a methylene group.
PAR  It is well recognized that a methylene group situated between two double
      bonds represents a very reactive prototropic center. In the above C.sub.20
      skeleton, strong bases would, therefore, be normally expected to remove a
      proton (H.sup.+ ) from carbon-12 to give a carbanion and result, upon
      neutralization, in the conjugation of the two double bonds adjacent to it.
      However, it was found instead, that after formation of a carbanion at
      C.sub.12 in the above compound, with sufficiently strong bases, the alkoxy
      group was eliminated at carbon-9 to give an additional double bond. Thus,
      a 1,4-elimination of alcohol was effected rather than simply isomerization
      of the double bonds present. The formation of the additional double bond
      results in conjugation of all five double bonds in the molecule to give
      Vitamin A.
PAR  A general description of the process and novel intermediates is intially
      given followed by specific examples of various steps of the process. For
      convenience of reference Roman numerals appearing to the left of
      structural formulas are similarly used in the claims to represent the same
      formulas.
PAR  Beta-ionone as the starting material is reacted with a metal acetylide,
      such as lithium or sodium acetylide, in a known manner to provide a
      compound having a terminal acetylene group and a hydroxyl group on the
      adjacent carbon atom, that is, the compound
      5-(2,6,6-trimethylcyclohexen-1-yl)-3-methyl-pent-4-en-1-yn-3-ol
      (ethynyl-beta-ionol), as represented by the following formula:
      ##SPC5##
PA0  (Numbered in accordance with IUPAC carotenoid numbering system)
PAL  A method of ethynylating beta-ionone is described in an article by W.
      Oroshnik and A. D. Mebane published in J.A.C.S., 71, 2002 (1949).
PAR  The ethynyl beta-ionol is next etherified at the hydroxyl group. The
      process involves stirring the ethynyl beta-ionol with a dialkyl sulfate,
      such as diethyl sulfate, in an aprotic solvent such as dimethyl formamide
      in the presence of a base such as sodium hydroxide, barium hydroxide or
      sodium carbonate at room temperature for several hours. Dimethyl sulfoxide
      may also be used as the reaction medium. Dimethyl formamide is readily
      recovered by distillation of the reaction mixture under moderate vacuum.
      Dimethyl formamide recoveries of at least 70 per cent have been obtained
      without difficulty. A class of compounds is obtained having the following
      general formula:
      ##SPC6##
PAL  in which R is lower alkyl or alkenyl, such as up to 5 carbon atoms,
      preferably methyl or ethyl, phenyl or aralkyl up to 10 carbon atoms. An
      example of a compound of this class, using normal organic nomenclature, is
      ethyl 1-ethynyl-1-methyl-3-(2,6,6-trimethyl-1-cyclohexen-1-yl)allyl ether.
PAR  A compound of Formula I is coupled with another reactant to form a basic
      C.sub.20 skeleton of Vitamin A. Such other reactant may be the acetoxy
      analogue of the chloroester of the added chain length required, for
      example, the aforementioned chloro-isopentenyl acetate. The chloroacetate
      is known and prepared by the chlorohydrination of isoprene in glacial
      acetic acid, as described in an article by W. Oroshnik and R. A. Mallory,
      J.A.C.S., 72, 4608 (1950).
PAR  The coupling reaction is accomplished through a preformed cuprous
      acetylenyl derivative. Coupling with a chloroester may not be carried out
      with a copper-catalyzed Grignard reaction because of the reactivity of the
      Grignard reagent toward the acetate group in the chloro-acetate reactant.
      Organo copper compounds are inert toward esters. The cuprous salts of
      substituted acetylenes, unlike cuprous acetylide, have been found to be
      non-explosive and quite stable even at elevated temperatures.
PAR  The coupling reaction involves pre-forming a cuprous salt of the compound
      of Formula I and reacting the cuprous salt with the coupling reactant in
      an aprotic solvent, such as dimethyl formamide. The coupling reactant may
      have the following formula:
      ##EQU1##
      in which R.sup.1 is hydrogen or
      ##EQU2##
      R.sup.2 being a lower alkyl up to 5 carbon atoms, phenyl, substituted
      phenyl up to 10 carbon atoms or an aralkyl up to 10 carbon atoms; and
      R.sup.3 is a halogen. The coupling reaction results in a class of
      compounds having the following general formula:
      ##SPC7##
PAL  in which R and R.sup.1 are as previously defined. An example of a compound
      of the class of Formula III, using carotenoid nomenclature based on the
      parent compound retinol, is: 10,11-didehydro-9-ethoxy-9,12-dihydroretinol
      acetate. Optionally, the coupling may be carried out by pre-forming the
      cuprous derivatives in situ through a Grignard intermediate in ether as
      well as in hexamethyl phosphoric triamide as the aprotic solvent.
PAR  A compound of Formula III is next subjected to a semi-hydrogenation to
      convert the acetylonic bond to an ethylenic bond, for example, by
      catalytic means. Lindlar catalyst (5 per cent palladium on calcium
      carbonate modified by addition of lead) may be used, or Raney nickel may
      be used as the catalyst, treated with zinc acetate and a secondary amine,
      such as diethanolamine. The latter catalyst is referred to in an article
      by W. Oroshnik, G. Karmas and A. D. Mebane, J.A.C.S., 74, 295 (1952). The
      semi-hydrogenation produces a class of compounds having the following
      general formula:
      ##SPC8##
PAL  in which R and R.sup.1 have the same meanings as previously given. An
      example of a compound of this class, using carotenoid nomenclature, is
      9-ethoxy-9,12-dihydroretinol acetate.
PAR  As indicated, the terminal group R.sup.1 of the compounds of Formulas III
      and IV can comprise a number of different groups such as hydrogen, acyl
      (COR.sup.2) in which the alkyl group contains up to about 5 carbon atoms,
      or phenacyl and substituted phenacyl with up to about 10 carbon atoms, or
      aralkyl acyl in which the aralkyl group contains up to about 10 carbon
      atoms. However, the terminal OR.sup.1 group preferably is hydroxyl to
      obtain Vitamin A. This is accomplished by hydrolyzing the terminal ester
      group or otherwise converting the terminal OR.sup.1 group to hydroxyl to
      form a class of compounds having the general formula:
      ##SPC9##
PAL  in which R has the same meaning as before. The hydrolysis or other
      treatment of the terminal group may occur at any desired time and need not
      follow the sequence herein given, that is after the semi-hydrogenation.
PAR  The intermediate compound of Formula V is an alkoxy substituted
      9,12-dihydroretinol. This compound has two isolated double bonds separated
      by a methylene group (carbon-12). It is well recognized that a methylene
      group situated between two double bonds represents a very reactive
      prototropic center. In the above compound, strong bases would therefor
      normally be expected to remove a proton (H.sup.+ ) from carbon-12 to give
      a carbanion and result, upon neutralization, in the conjugation of two
      double bonds adjacent to it. However, it was found, contrary to
      expectations that, after formation of a carbanion at C.sub.12 in the above
      compound, with sufficiently strong bases, the alkoxy group was eliminated
      at carbon-9 to give an additional double bond. Thus, a 1,4-elimination of
      alcohol (ROH) was effected rather than simply isomerization of the double
      bonds present. The formation of the additional double bond results in
      conjugation of all five double bonds in the molecule to give Vitamin A.
      This rearrangement and 1,4-elimination of ROH may be illustrated as
      follows:
      ##SPC10##
PAR  Examples of strong basic media which may be used in the present invention
      are sodamide or potassium amide in liquid ammonia, with or without a
      co-solvent. Suitable co-solvents are ether, ethylene diamine,
      tetrahydrofuran (THF), pentane and amide aprotic solvents such as
      hexamethylphosphoramide (HMPA). Other strong basic media are lithium
      alkyls, e.g., methyl lithium, in ether; lithium amide in liquid ammonia
      and ether, or in liquid ammonia and THF; lithium diethylamide in ether or
      in diethylamine; and N-lithioethylenediamine in ethylene diamine. Still
      others are sodium or potassium-t-butoxide in aprotic solvents [e.g.,
      dimethylformamide (DMF)]; sodium hydride in ether;
      methyl-sulfinylcarbanion which is the reaction product of sodium hydride
      in dimethylsulfoxide (DMSO). Particularly, suitable yields have been
      obtained employing sodamide in liquid ammonia with two co-solvents, e.g.,
      ether and ethylene diamine. By the present invention, desired conjugated
      pentaenes in relatively high yields, for example 75 percent or higher,
      have been obtained.
PAR  As indicated, the treatment with a base effects an elimination of an
      alkanol molecule from the chain structure. This vinylogous
      beta-elimination of methanol, ethanol, etc., is indeed quite unexpected
      and surprising, since elimination of a methoxy or ethoxy group would
      normally be expected to occur only under acidic conditions through a
      carbonium ion mechanism rather than under the basic conditions of the
      present invention. The final polyene evolved is also quite stable in the
      basic medium. Thus, reverting to the use of the previous formulas, the
      final step in the synthesis of Vitamin A from a compound of Formula I
      becomes:
DETD
PAR  The following examples only illustrate the invention and are not intended
      to limit the claims. Temperatures are on the Centigrade scale unless
      otherwise indicated.
PAC  EXAMPLE 1
PAC  Preparation of Ethyl Ether of Ethynyl-beta-ionol, Formula I
PAR  Beta-ionone was reacted with lithium acetylide in a known manner to produce
      ethynyl-beta-ionol. The etherification of tertiary alcohols is known to be
      difficult and usually results in poor yields. When an --OH group is
      hindered, diminishing its tendency to form alkoxide ions, additional
      difficulty is encountered upon attempted etherification. Unfortunately,
      all of these factors prevail in ethynyl-beta-ionol.
PAR  Ethynyl-beta-ionol has been successfully converted in the present invention
      to its lower alkyl ethers by use of alkyl sulfates, using an aprotic
      solvent such as dimethyl sulfoxide (DMSO) or dimethyl formamide (DMF) in a
      basic medium, using a base such as NaOH or Ba(OH).sub.2. The yields are
      excellent, running around 90 per cent. In one example, the following
      components were used:
     Ethynyl-beta-ionol                                                        
                      65.7     g.     (0.3 mole)                               
     Ethyl sulfate    138.6    g.     (0.9 mole)                               
     Sodium hydroxide (97%)                                                    
      pellets         37.0     g.     (0.9 mole)                               
     Dimethyl sulfoxide                                                        
                      200      ml.                                             
PAR  The components were placed in a one liter, 3-neck flask equipped with a
      stirrer, thermometer and nitrogen inlet tube. The mixture was stirred
      gently with sufficient speed to move the pellets of NaOH about. Heat was
      slowly evolved. With the aid of only minor outside cooling, the
      temperature was maintained at about 35.degree. (33.degree. - 37.degree.).
      After six hours of stirring, a second liquid phase appeared and the
      reaction was stopped by decanting the liquids from the unreacted NaOH. At
      this point, about 5 to 10 grams of unreacted NaOH remained. The flask was
      washed with acetone and the washings added to the reaction product. To the
      mixture was then added 75 ml. of concentrated aqueous NH.sub.4 OH and the
      whole allowed to stand overnight to destroy unreacted ethyl sulfate.
PAR  The following morning the mixture was poured into two liters of brine in a
      large separating funnel and the precipitated oil taken up in hexane. The
      aqueous layer was re-extracted once with more hexane. The combined hexane
      extracts were washed once with water, dried over anhydrous sodium sulfate
      and concentrated under vacuum to an oil. This oil was then distilled
      through a 10 inch jacketed Vigreaux column at 0.1 mm pressure. The
      following fractions were obtained:
     Fraction I                                                                
               70-71.degree. / 0.1 mm - 2.9 g.                                 
                                 n.sub.D.sup.20                                
                                         1.4834                                
     Fraction II                                                               
                 71.degree. / 0.1 mm - 58.3 g.                                 
                                 n.sub.D.sup.20                                
                                         1.4880                                
     Fraction III                                                              
               71-72.degree. / 0.1 mm - 7.6 g.                                 
                                 n.sub.D.sup.20                                
                                         1.4898                                
     Distillation residue - 4.1 grams.                                         
PAR  The infrared spectrum analysis of the main fraction II showed no free
      hydroxyl group. The ultraviolet spectrum analysis showed only a single
      maximum .lambda..sub.m 236 m.mu., characteristic of the beta-ionol
      chromophore. However, some ethynyl-beta-ionol may be present in the crude
      product and, if so, may be removed by the procedure of Example 2.
PAC  EXAMPLE 2
PAC  Preparation of Ethyl Ether of Ethynyl-beta-ionol, Formula I
PAR  The reaction mixture comprised:
TBL  Ethynyl-beta-ionol     130.5 g.                                           
     Ethyl sulfate          278  g.                                            
     Hydrated barium hydroxide                                                 
                            222  g.                                            
     Dimethyl sulfoxide     400  g.                                            
PAR  The mixture was maintained at 24.degree. to 27.degree. for about 11 hours.
      After percolating the worked up reaction mixture through a column of 650
      grams of alumina and washing with pentane, a product of 125.7 grams was
      obtained of the ethyl ether of ethynyl-beta-ionol. The yield had a boiling
      point of 74.degree. at 0.18 mm. of mercury, n.sub.D .sup.24 1.4842.
PAR  The total distillate consisted of a single fraction. It was free of
      hydroxyl as evidenced by no hydroxyl band in its infrared curve. The
      distillate had a strong acetylene hydrogen band at 3.0-3.1 m.mu., and the
      ether doublet at 9.12 and 9.34 m.mu.. The ultraviolet curve showed a peak
      at 236 m.mu. showing the beta-ionyl group to be intact.
PAR  On elution of the column of alumina with diethyl ether, a yield was
      obtained of 9.2 grams of unchanged ethynyl-beta-ionol.
PAC  EXAMPLE 3
TBL  Preparation of Methyl Ether of Ethynyl-beta-ionol, Formula                
     ______________________________________                                    
     Ethynyl-beta-ionol                                                        
                    68.1 g.   (0.315 mole)                                     
     Methyl sulfate                                                            
                   119  g.    (0.945 mole)                                     
     Hydrated barium                                                           
      hydroxide     96.4 g.   (0.506 mole)                                     
     Dimethyl formamide                                                        
                   215  ml.                                                    
     ______________________________________                                    
PAR  The ionol, barium hydroxide and dimethyl formamide are placed in a one
      liter, three-necked flask equipped with a mechanical stirrer, thermometer
      and nitrogen inlet tube. Under steady stirring, the methyl sulfate is
      added dropwise at 10.degree.. Reaction is very slow at this temperature.
      On raising the temperature to 17.degree., heat begins to evolve. By
      external cooling, the temperature was maintained at 20.degree.-21.degree..
      Within 1.5 to 2 hours most of the barium hydroxide had dissolved and the
      exothermic effect was gone. Stirring was continued at 19.degree. to
      20.degree. for four hours.
PAR  The reaction mixture was then poured into two liters of 5 per cent aqueous
      ammonium hydroxide and 500 ml. of hexane. A precipitate of barium salts
      made separation difficult, and the precipitate was removed by filtration.
      The hexane layer was removed, dried over anhydrous sodium sulfate, and
      concentrated under vacuum.
PAR  The residual oil was distilled, and these fractions were obtained:
     Fraction I                                                                
                 59.degree. / 0.07 mm - 0.2 g.                                 
                                  n.sub.D.sup.20                               
                                          1.4960                               
     Fraction II                                                               
               59-60.degree. / 0.07 mm - 61.4 g.                               
                                  n.sub.D.sup.20                               
                                          1.4971                               
     Fraction III                                                              
               59-60.degree. / 0.07 mm - 1.8 g.                                
                                  n.sub.D.sup.20                               
                                          1.5015                               
PAR  The infrared spectrum of fraction II showed some free hydroxyl present,
      presumably from unreacted ethynyl ionol.
PAC  EXAMPLE 4
PAR  Separation of the ether of either Examples 1 or 2, was also obtained by
      percolating a pentane or hexane solution of the reaction product through a
      column having granular alumina (Alcoa F-20) in an amount of 4 to 5 times
      the weight of the crude product. Unreacted ethynyl-beta-ionol is retained
      on the column while desired ether passes through on washing with pentane
      or hexane. Unchanged ethynyl-beta-ionol was then recovered by eluting the
      column of alumina with diethyl ether.
PAC  EXAMPLE 5
PAC  Coupling Reaction, Preparation of Formula III
PAR  Alkylation of a compound of Formula I having a terminal acetylene group
      with a chloro-ester via the acetylenic Grignard derivative is impractical,
      since the Grignard reagent reacts more readily with the ester group, such
      as contained in the chloro-acetate. In the present invention, the
      acetylene moiety is first converted to the copper derivative. Such
      compounds are inert toward esters but can displace the halide from organic
      halides. In this example, the following components were used:
TBL  Ethynyl-beta-ionol ethyl ether                                            
                         12.3    g. (0.05 mole)                                
     Magnesium           1.4     g.                                            
     Ethyl bromide       7.5     g.                                            
     Tetrahydrofuran     50      ml.                                           
     Cuprous chloride    6.6     g.                                            
     Hexamethyl phosphoric tri-amide                                           
                         100     ml.                                           
     1-chloro-4-acetoxy-2-methyl-2-                                            
      butene             12.5    g.                                            
PAR  In a three-necked flask fitted with a mechanical stirrer, condenser,
      thermometer and nitrogen inlet tube, the ethyl magnesium bromide was
      prepared in 40 milliliters of the tetrahydrofuran in a conventional
      manner. The acetylenic ether was then added at room temperature using the
      last 10 milliliters of tetrahydrofuran. Evolution of ethane started at
      once, and the mixture was stirred and heated for two hours when gas
      evolution ceased. To the solution of acetylenyl Grignard reagent thus
      formed, the hexamethyl phosphoric tri-amide was added at room temperature.
PAR  The reaction flask was then flushed with nitrogen and under a positive
      pressure of nitrogen, the cuprous chloride was added at room temperature.
      It dissolved immediately. The mixture was then stirred at 65.degree. for
      30 minutes and the chloroacetoxy methylbutene added at once. The mixture
      was then stirred at 83.degree. to 92.degree. for six hours under nitrogen.
PAR  The reaction was quenched by pouring the mixture into one liter of a
      aqueous solution of 10 per cent NH.sub.4 Cl and 5 per cent NH.sub.4 OH,
      layered with 300 ml. of pentane. After thorough mixing, the pentane layer
      was separated, dried over sodium sulfate and concentrated under vacuum. To
      remove unreacted chloroisopentenyl acetate, 50 ml. of diethyl amine were
      added and the solution allowed to stand at room temperature overnight.
PAR  The following morning a precipitate of Et.sub.2 NH.HCl was present. The
      mixture was washed twice with brine, five times with 15 per cent acetic
      acid, then with water, and finally with NaHCO.sub.3 solution. After drying
      with sodium sulfate, the product was concentrated under vacuum. Unchanged
      starting ether was removed by treatment with neutral alumina (Alcoa F-20).
PAR  The infrared spectrum of the product obtained showed the presence of the
      acetate group and the ether group. Its ultraviolet spectrum showed a
      single maximum at 236 m.mu., characteristic of the beta-ionol group diene.
PAC  EXAMPLE 6
PAR  Alternatively in Example 5, should the product show the presence of
      unreacted chloride after the diethylamine treatment, the chloride should
      be removed as follows prior to distillation to avoid decomposition.
PAR  The reaction product at the stage indicated was passed through a column of
      neutral alumina without making any attempt at chromatographic
      fractionation. The chloride was removed and the product recovered by
      washing the column of alumina with diethyl ether. The wash product was
      then distilled under high vacuum and collected at 98.degree. to
      105.degree. at 0.001 mm. mercury, n.sub.D.sup.22 1.4950. The product was
      the acetate form of Formula III. The infrared spectrum showed allylic
      ester bands at 5.75 .mu., 8.16 .mu., and 9.77 .mu.. The ether doublet was
      at 9.1 .mu. and 9.21 .mu.. The ultraviolet showed the beta-ionyl
      chromophore at .lambda..sub.m 236 m.mu..
PAC  EXAMPLE 7
PAR  This example illustrates a further technique for treating the crude
      reaction product of Example 5 obtained from the coupling reaction. Such
      reaction product was concentrated under vacuum and dissolved in 2 per cent
      methanolic sodium hydroxide. The solution was then allowed to stand at
      room temperature under a blanket of nitrogen for 12 hours. The unreacted
      chloride present and the ester groups on the coupling product were thereby
      hydrolyzed.
PAR  The mixture was next quenched with water and the resulting precipitated oil
      taken up in pentane, dried with sodium sulfate, and distilled under
      vacuum. The product was collected at 100.degree. to 110.degree. at 0.001
      mm of mercury, n.sub.D.sup.24.5 1.5060. The infrared spectrum showed a
      prominent hydroxyl band at 2.9 .mu. and no ester bands. The ultraviolet
      spectrum showed the typical beta-ionyl chromophore, .lambda..sub.m 236
      m.mu.. The resulting product corresponded to a compound of Formula III in
      which R.sup.1 was hydrogen.
PAC  EXAMPLE 8
PAC  Semi-Hydrogenation of Coupling Product, Preparation of Formula IV
PAR  A solution of 2.6 grams of an acetate compound of Formula III in 50 ml. of
      hexane was stirred under hydrogen with 1.56 grams of lindlar catalyst (5
      per cent Pd on CaCO.sub.3) at 22.degree.. Absorption of hydrogen ran at
      about 6.0 ml./min. At the theoretical end-point, 176 milliliters of
      hydrogen at 22.degree., the rate of absorption had fallen to 0.8 ml./min.
      The catalyst was filtered off and the hexane removed under vacuum. The
      product was a light yellow oil; the yield was 2.52 g.
PAR  The infrared spectrum of this oil showed the presence of the acetate and
      ether groups, indicating no hydrogenolysis had occurred. The ultraviolet
      spectrum of the oil showed a single maximum at 236 m.mu., showing the
      beta-ionyl diene still intact.
PAC  EXAMPLE 9
PAC  Hydrolysis of Semi-Hydrogenated Coupling Product, Preparation of Formula V
PAR  The semi-hydrogenated, acetate coupled product of Example 8 was dissolved
      in a one per cent solution of sodium hydroxide in methyl alcohol. The
      solution was allowed to stand about 12 hours at room temperature under a
      blanket of nitrogen. The hydrolysis was complete as shown by the total
      absence of ester bands in an infrared analysis.
PAC  EXAMPLE 10
PAC  De-ethanolation of the Semi-Hydrogenated, Hydrolyzed Coupling Product,
      Preparation of Vitamin A
PAR  The product of Example 9, was placed in anhydrous ether solution and the
      mixture added to a suspension of freshly prepared sodamide in liquid
      ammonia in a weight ratio of about 2.28 product:25 ether:1.36 sodamide:100
      ammonia. At minus 40.degree. no reaction appeared to take place other than
      the formation of the alkoxide of the starting material. On raising the
      temperature to minus 30.degree., the reaction mixture turned a deep opaque
      purple which remained for the duration of the run. After two hours the
      reaction mixture was quenched with ammonium chloride.
PAR  Separation of Vitamin A from the product obtained was achieved by
      acetylating the total reaction product using pyridine-acetic anhydride at
      room temperature and chromatographing on alumina neutralized with acetic
      acid. A fairly clean separation was achieved. The Vitamin A acetate
      fraction was sufficiently pure to become crystallized from pentane at
      minus 15.degree. when seeded with a pure Vitamin A acetate crystal.
PAR  As determined chromatographically, the results of this example were as
      follows in weight per cent.
TBL  ______________________________________                                    
     Vitamin A (as acetate)                                                    
                          62%                                                  
     Ethylenic coupling product of                                             
      Example 4           35%                                                  
     Unknown hydrocarbons about 3%                                             
     ______________________________________                                    
PAR  When the Vitamin A acetate was converted to the alcohol form of Vitamin A,
      the final product showed the characteristic infrared and ultraviolet
      absorption curves for Vitamin A. Similar results were obtained using as
      cosolvents (with the liquid ammonia) ethylene diamine and ether; pentane;
      tetrahydrofuran; diethylamine and hexamethylphosphoramide.
PAR  By the present process the vicissitudes and uncertainties of acid-promoted
      carbonium ion reactions leading to isomeric mixtures are avoided. In
      addition the Vitamin A evolves into a basic medium where its stability is
      much enhanced over that in an acid medium.
CLMS
STM  I claim:
NUM  1.
PAR  1. As a composition of matter, a class of compounds having the general
      formula:
      ##SPC11##
PAL  in which R is lower alkyl; lower alkenyl, phenyl, or aralkyl of up to 10C
      atoms.
NUM  2.
PAR  2. The compounds of claim 1 wherein R is methyl or ethyl.
PATN
WKU  039474992
SRC  5
APN  4378911
APT  1
ART  113
APD  19740130
TTL  Phosphoric acid purification
ISD  19760330
NCL  25
ECL  1
EXA  Heller; Gregory A.
EXP  Vertiz; Oscar R.
NDR  2
NFG  2
INVT
NAM  Edwards; Robert Harry
CTY  Whitehaven
CNT  EN
INVT
NAM  Williams; Thomas Alan
CTY  Workington
CNT  EN
INVT
NAM  Hall; Kenneth
CTY  St. Bees
CNT  EN
ASSG
NAM  Albright & Wilson Limited
CTY  Warley
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730207
APN  6056/73
CLAS
OCL  260614R
XCL  423309
XCL  423313
XCL  423321S
EDF  2
ICL  C07C 4300
ICL  C01B 1516
ICL  C01B 2526
FSC  423
FSS  309;313;321 S
FSC  260
FSS  614 C
UREF
PNO  3318661
ISD  19670500
NAM  Schallert et al.
OCL  423321
UREF
PNO  3367738
ISD  19680200
NAM  Schallert et al.
OCL  423313
UREF
PNO  3707357
ISD  19721200
NAM  Chiang
OCL  423321
LREP
FRM  Flynn & Frishauf
ABST
PAL  A solid anhydrous 1:1 molar compound of phosphoric acid and diisopropyl
      ether is prepared from a mixture of the ether and phosphoric acid in a
      molar ratio (R:1) of 0.6:1 to 1.4:1 at a temperature at least as low as
      the crystallization temperature (T.degree.C) governed by the relationship
      T = 25(1.2-R). Treatment of the compound with water or a base produces
      purified acid or a phosphate respectively.
BSUM
PAR  The present invention relates to a phosphoric acid compound and its use in
      purifying phosphoric acid, especially phosphoric acid obtained by the
      so-called wet process, that is by the reaction of a mineral acid such as
      sulphuric, hydrochloric or nitric acid, with phosphate rock. Such an acid
      contains a number of impurities including cations such as iron, calcium,
      magnesium and vanadium and anions such as fluoride, silicofluoride and, if
      sulphuric acid was the attack acid used, sulphate ions.
PAR  Various methods for increasing the purity of such an acid to enable it to
      be used for example in food, detergent or metal finishing applications
      have been employed or suggested.
PAR  One type of process which has been particularly favoured has been solvent
      extraction. Among the suggested processes of this type are those of
      British Patent specifications Nos. 1,112,033, 1,199,042 and 1,209,272, all
      of which suggest the use of ethers, such as di-isopropyl ether, as solvent
      extractants.
PAR  In the solvent extraction processes, the wet process acid is mixed with a
      large excess of the solvent, e.g. diisopropylether, the phosphoric acid is
      extracted into the organic solvent layer and then recovered from it by
      washing the separated organic layer with water.
PAR  Other purification methods suggested include that described in U.S. Pat.
      No. 3,318,661, which involves the production of complexes of phosphoric
      acid and diisopropyl ether, and that described in Italian Pat. No. 699,222
      and 804,739 which involve the formation of a solid complex of phosphoric
      acid and diisobutyl carbinol. In U.S. Pat. No. 3,318,661 the complex
      produced is liquid and contains phosphoric acid, diisopropyl ether and
      water, with the phosphoric acid and diisopropyl ether and water, with the
      phosphoric acid and diisopropyl ether in variable proportions depending on
      the temperature. Both U.S. Pat. No. 3318661 and British Patent
      specification No. 1,209,272 have 3-phase diagrams for the system,
      phosphoric acid, diisopropyl ether and water.
PAR  We have now found it is possible under certain conditions to prepare a
      solid anhydrous compound of phosphoric acid and diisopropyl ether even
      from mixtures thereof with water. This compound, which can be prepared via
      solvent extraction of wet process acid, can be treated with water to
      produce phosphoric acid having a substantially reduced content of
      impurities, especially anionic impurities, as compared to the solvent
      extract of phosphoric acid in the ether.
PAR  The present invention provides a solid anhydrous compound of phosphoric
      acid and diisopropyl ether of formula H.sub.3 PO.sub.4. [(CH.sub.3).sub.2
      CH].sub.2 O. The compound has a melting point of 28.degree.-29.degree. C.
PAR  The present invention also provides a process for preparing the compound of
      phosphoric acid and diisopropyl ether, which process comprises producing a
      mixture of diisopropyl ether with phosphoric acid (H.sub.3 PO.sub.4) in a
      molar proportion (R:1) of 0.6:1 to 1.4:1, preferably 0.65:1 to 0.9:1,
      especially about 0.77:1 and an amount of water of 0 up to 1 mole
      preferably 0.9 to 1 mole per mole of phosphoric acid and if the
      temperature of the mixture is above the crystallization temperature (T) at
      which crystals of the complex are formed and which is determined by the
      relationship T = 25(1.2 - R) cooling the mixture to a temperature at least
      as low as the crystallization temperature, and separating the crystals of
      the compound. The crystallization temperature T of a mixture is thus the
      maximum temperature at which crystals can be formed from that mixture.
PAR  The mixture can be prepared by mixing phosphoric acid and the ether in the
      requisite proportions at a temperature at least as low as the
      crystallization temperature with cooling if necessary during the mixing
      when heat is liberated. The proportions of ether and phosphoric acid are
      such that if the mixing were carried out at a temperature above the
      crystallization temperature, an organic phase mixture of ether to
      phosphoric acid in molar ratio 0.61:1 to 1.4:1 would be formed. The
      necessary proportions can be determined from the 3-phase diagrams in U.S.
      Pat. No. 3,318,661 and British Patent specification No. 1,209,272.
PAR  However it is preferable to prepare the desired mixture at a temperature
      above the crystallization temperature and then subsequently cool it to at
      least as low as that temperature. When aqueous phosphoric acid is mixed
      with the ether, as in the preferred method of making the mixture, the
      organic extract contains fewer of the phosphoric acid impurities than the
      original aqueous acid. By preparing the desired mixture at above the
      crystallization temperature from aqueous acid, it is thus possible to
      effect an initial purification before the purification resulting from the
      compound formation. The mixture is preferably made by mixing aqueous
      phosphoric acid of 65 - 100 percent acidity with diisopropoyl ether, the
      proportions of the acid and ether being such as to prepare directly the
      mixture as an organic phase. If the acidity is below 85 percent there is
      also an aqueous phase.
PAR  The amount of ether (g) in grams (expresed as 95 percent ether 4 percent
      phosphoric acid and 1 percent water) to be mixed with 100g. of the aqueous
      phosphoric acid of acidity C percent and the crystallization temperature
      (T) are governed by the relationship
EQU  g = 3.3 (1.4 (C - 65) - T).
PAR  the acidity (C percent) of the aqueous phosphoric acid is the percentage
      weight of acid in the aqueous acid, the acid being phosphoric acid
      (H.sub.3 PO.sub.4) and, if present, sulphuric acid or other acid, which
      was used as the attack acid in the wet process. The sulphuric acid is
      usually present in the wet process phosphoric in an amount of up to 10
      percent, usually 3-5 percent, of the total acidity. The aqueous phosphoric
      acid usually has acidity of 65-85 percent preferably 75-85 percent e.g.
      about 80 percent, with 2-5 percent (by weight of aqueous acid), sulphuric
      acid and the remainder phosphoric acid.
DRWD
PAR  The accompanying drawings show the relationships between crystallization
      temperature the amount of diisopropyl ether and the phosphoric acid.
PAR  FIG. 1 is a graph of the crystallization temperature (i.e., the temperature
      above which crystals of the compound are not formed) (T.degree.C) against
      the weight in grams of organic solvent (g) (defined as above) per 100g. of
      aqueous acid for two concentrations of phosphoric acid, 73 percent
      phosphoric acid (H.sub.3 PO.sub.4) and 75.5 percent phosphoric acid
      (H.sub.3 PO.sub.4), each acid solution also containing 3 percent sulphuric
      acid to give acidities (C percent) of 76 percent and 78.5 percent
      respectively. The above relationship between g, C and T is derived from
      this graph.
PAR  FIG. 2 is a graph of the crystallization temperature (T.degree. C) against
      the molar proportion (R:1) of diisopropyl ether to phosphoric acid in the
      mixture in which crystals are formed. The above relationship T = 25 (1.2 -
      R) is obtained from this graph. The mixtures from which the results in
      FIG. 2. were obtained, contained 0.9-1 mole water per mole of phosphoric
      acid. To achieve maximum extraction of phosphoric acid in the ether, the
      acid and ether are preferably mixed at below 30.degree. C e.g. at
      -10.degree. to 29.degree. especially at about 5.degree.  C. Though one
      stage extraction can be used, preferably at least 2, e.g. 3 stages are
      desirable.
DETD
PAR  Alternatively the mixture from which crystals of the compound are to be
      deposited can be prepared by mixing diisopropyl ether and aqueous
      phosphoric acid of acidity 65-100 percent to form an organic phase and, if
      necessary, separating the organic phase from any aqueous phase present.
      The organic phase is then concentrated with respect to its phosphoric acid
      content by heating it to at least 45.degree. C usually about 60.degree. C
      to produce a diisopropyl ether phase and an acid enriched organic phase,
      which is the desired mixture and separating the latter from the
      diisopropyl ether phase which can be recycled for use as fresh extractant
      for aqueous acid. Alternatively the organic phase originally produced
      (after separation if necessary) is concentrated by evaporating the ether
      until the mixture of the desired molar proportions is formed. The
      evaporation is usually performed by heating to e.g. 30.degree.-60.degree.
      C under vacuum. The diisopropyl ether can be recovered and used as fresh
      extractant for aqueous acid.
PAR  Apart from mixing the acid and ether to produce the mixture directly, as
      sole organic phase, with or without an aqueous phase depending on the acid
      concentration (mixtures of ether and acid of at least 85 percent
      concentration are homogeneous) the acid and ether can be mixed to produce
      an aqueous phase, a diisopropyl ether phase usually containing at least 90
      percent ether and an acid organic phase which is the desired mixture.
      Clearly the 3-phase system here is similar to the corresponding one
      produced at higher temperatures and may be treated in the same way.
      Alternatively the 3-phase system can be converted to the two phase system
      obtained directly by addition of a small amount of acid more concentrated
      than that in equilibrium with the organic phases.
PAR  The conditions, under which mixing the ether and aqueous phosphoric acid
      will produce an aqueous phase and an organic phase, which can be used
      directly or concentrated as described above, are dependent on the
      temperature and on the relative proportions of the water, acid and ether.
      3-Phase diagrams for the system water acid and ether are shown in U.S.
      Pat. No. 3,318,661 and British Patent specification No. 1,209,272 and can
      be used to determine the necessary proportions. The variations in the
      techniques for preparing the organic mixture prior to cooling, which are
      described above, are described in more detail in British Patents 1,199,042
      and 1,209,272.
PAR  At any stage prior to the crystallization stage, the organic phase mixture
      of phosphoric acid and diisopropyl ether can be scrubbed e.g. with water
      or dilute aqueous phosphoric acid of impurity and acid concentration less
      than that corresponding to equilibrium with the organic phase to reduce
      the impurity content of the latter.
PAR  Once the mixture of ether and phosphoric acid of the desired molar
      proportions is prepared it is cooled to a temperature at least as low as
      the crystallization temperature and preferably about 5.degree. C below
      that temperature. Crystallization at a temperature not lower than
      -10.degree. C is usually carried out. Crystallization occurs more easily
      in the presence of seed crystal of the compound, which may be added as
      such in batch process or are always present in crystallizations in
      continuous processes. The cooled mixture contains crystals of the compound
      and an organic phase, and when the mixture originally contained sufficient
      water, an aqueous phosphoric acid phase as well. The crystals are
      separated from the mixture usually by centrifugation. The ether phase
      still containing phosphoric acid can be separated and recycled for mixing
      with fresh mixture for cooling. The aqueous phosphoric acid phase, which
      is usually present, which is purer than the original wet process acid, can
      be separated and used as industrial grade phosphoric acid, or for
      scrubbing the extract in a previous stage.
PAR  While the source of the phosphoric acid in the crystals is usually wet
      process phosphoric acid, the source can be impure phosphoric acid of the
      appropriate concentration obtained from the so-called "thermal" process,
      i.e., from elemental phosphoroous by way of phosphorous pentoxide.
PAR  The crystals of the compound from ether and phosphoric acid are used as a
      source of phosphoric acid or phosphates having reduced impurities with
      respect to the phosphoric acid from which the compound was made.
PAR  The prime use of the crystals is for preparing purified aqueous phosphoric
      acid.
PAR  The present invention also provides a process for preparing phosphoric acid
      or phosphates which comprises treating the compound with a base, which is
      at least one of water, ammonia and an oxide, hydroxide, carbonate,
      bicarbonate or tribosic or dibasic phosphate of an alkali metal e.g.
      sodium or potassium, or an alkaline earth metal e.g. calcium or magnesium.
PAR  The purified phosphoric acid may be prepared by mixing the crystals with
      water, In a continuous process the crystals can be dropped into aqueous
      acid into which water and/or steam is passed. The amount of water required
      to release all the phosphoric acid is temperature dependant, the higher
      the temperature the higher the acid concentration within limits. Thus at
      0.degree. C, an acid of 62 percent H.sub.3 PO.sub.4 concentration can be
      obtained from the compound while at 30.degree. C, an acid of 70 percent
      H.sub.3 PO.sub.4 is produced. Temperatures of 0.degree.-30.degree. C are
      preferred as higher temperatures tend to result in higher concentrations
      of ether in the acid. The addition of water produces a three component
      system whose phase relationships are given in the phase diagrams mentioned
      above. Usually sufficient water is added to produce an aqueous acid phase
      and a diisopropylether phase, which can be separated and recycled as fresh
      extractant for the acid. Any ether remaining in the acid after the release
      stage may be removed from the acid by conventional techniques such as
      steam stripping preferably under vacuum, or liquid liquid extraction with
      a solvent which is insoluble in phosphoric acid e.g. an aliphatic
      hydrocarbon such as kerosene.
PAR  The phosphates may be prepared by mixing the compound with the base,
      usually in aqueous solution (or suspension in the case of sparingly
      soluble compounds e.g. calcium carbonate). Thus ammonia present in
      solution or as a gas forms ammonium phosphates e.g. the dihydrogen salt
      used in food. Alkali metal hydroxides carbonates or bicarbonates form the
      corresponding phosphate such as food grade sodium or potassium phosphates
      e.g. the tribasic and dibasic phosphates or a mixture of phosphate e.g.
      the 1:2 molar mixture of sodium dihydrogen phosphate and disodium hydrogen
      phosphate used to prepare sodium tripolyphosphate. Alkaline earth metal
      hydroxide, carbonate or bicarbonate forms the corresponding phosphate e.g.
      food grade mono and di-calcium phosphate such as dicalcium phosphate used
      in toothpaste. The use of tribasic phosphate (e.g. trisodium phosphate) or
      dibasic phosphate (e.g. disodium hydrogen phosphate) may be preferred to
      the initial use of the metal carbonates, because the addition of aqueous
      phosphate produces acid phosphate and liberates ether, which is separated;
      the acid phosphate can be neutralized further if needed with metal
      carbonate or bicarbonate. By the two step process the production of carbon
      dioxide and liberated ether at the same time which occurs with direct
      contact of the crystals and carbonate is avoided, resulting in better
      ether recovery and reduction in frothing.
PAR  The compound can also be used to prepare ortho phosphoric acid by
      evaporating the ether off the crystals, e.g. by placing them under reduced
      pressure and usually with heating, e.g. by counter current contact between
      the compound and hot inert gases under reduced pressure at up to
      100.degree. C.
PAR  The invention is illustrated in the following Examples:
PAC  EXAMPLE 1
PAR  1 litre of wet process phosphoric acid (specific gravity 1.65) containing
      75.5 percent H.sub.3 PO.sub.4, 3.0 percent H.sub.2 SO.sub.4 and 0.33
      percent Fe and 1 litre of solvent, 95 percent isopropyl ether 4 percent
      H.sub.3 PO.sub.4 and 1 percent H.sub.2 O), were mixed and cooled to around
      5.degree. C during which time seed crystals were added.
PAR  The resulting magma was centrifuged yielding 169g. of crystals containing
      49.5 percent H.sub.3 PO.sub.4, with less than 0.3 percent H.sub.2
      SO.sub.4, less than 1 percent water and less than 50 ppm Fe. and 49.2
      percent diisopropyl ether; the calculated values for a compound of formula
      H.sub.3 PO.sub.4 C.sub.6 H.sub.14 o are 49.0 percent H.sub.3 PO.sub.4 and
      51.0 percent C.sub.6 H.sub.14 O.
PAR  Phosphoric acid was recovered from the crystals by mixing them with water
      and separating the aqueous acid from the organic solvent. 26 parts of
      water per 100 parts by weight of crystals were used at 5.degree. C with
      heating as necessary to prepare a 65 percent aqueous phosphoric acid
      solution.
PAC  EXAMPLE 2
PAR  1 litre of the wet process acid as used in Example 1 and 2.5 litres of
      solvent also as used in Example 1 were mixed and cooled to around
      5.degree. C. The mixture was allowed to separate and 374 mls of aqueous
      raffinate specific gravity 1.55, containing 64 percent H.sub.3 PO.sub.4
      and the bulk of the impurities were discarded.
PAR  The organic extract was heated to 60.degree. C during which time 1525 mls
      of solvent separated, and were removed.
PAR  The phosphoric acid enriched extract remaining was cooled to around
      5.degree. C and seed crystals were added. The resultant magma was
      centrifuged and 805g. of crystals were recovered which contained 49.5
      percent H.sub.3 PO.sub.4, less than 0.05 percent H.sub.2 SO.sub.4, and
      less than 5 ppm Fe. The liquid phase was a two phase mixture of an organic
      phase, which could be recycled, and an aqueous phase which was 290 mls of
      aqueous phosphoric acid specific gravity 1.50 containing 69 percent
      H.sub.3 PO.sub.4.
PAR  A total mass balance was not possible due to evaporation of isopropyl ether
      during separation.
PAR  The crystals were converted to aqueous phosphoric acid as in Example 1.
PAC  EXAMPLE 3
PAR  1 kg of wet process phosphoric acid containing 75 percent H.sub.3 PO.sub.4
      and 4 percent H.sub.2 SO.sub.4 and 0.33 percent Fe was extracted at with
      0.66 kg of organic solvent as in Example 1 using a 3-stage adiabatic
      counter current extraction apparatus. The aqueous raffinate was at
      5.degree. C.
PAR  The organic extract, which contained 1 mole diisopropyl ether and 1 mole of
      water per mole of phosphoric acid, was cooled to -5.degree. C and seed
      crystals of the compound added. The compound crystallized out and an
      aqueous phosphoric acid phase also separated.
PAR  The crystals had the same purity as those of Example 2 and were converted
      to phosphoric acid by treatment with water as in Example 1.
PAC  EXAMPLE 4
PAR  1 kg of wet process acid (as used in Example 3) was extracted at 5.degree.
      C with 1.65 kg of organic solvent as in Example 1 using a 1-stage
      extraction apparatus. The organic extract was heated to about 60.degree. C
      to produce a diisopropyl ether phase, which can be recycled for use as
      fresh extractant, and an acid enriched organic phase having a composition
      of 0.77 mole diisopropyl ether, 1 mole water and 1 mole phosphoric acid.
      The acid enriched organic phase is separated and cooled to -5.degree. C in
      the presence of seed crystals of the compound (H.sub.3 PO.sub.4. C.sub.6
      H.sub.14 O). The crystals of the compound produced were centrifuged from
      the mixture of organic phase and an aqueous phosphoric acid phase, had a
      similar purity to those of Example 2, and were converted to phosphoric
      acid by treatment with water as in Example 2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing an anhydrous crystalline compound of phosphoric
      acid and diisopropyl ether having the formula H.sub.3 PO.sub.4.sup..
      [(CH.sub.3).sub.2 CH].sub.2 0, comprising mixing aqueous wet process
      phosphoric acid of 65-85 percent acidity with diisopropyl ether to produce
      an aqueous phase, and an organic phase which is a mixture of said ether
      and phosphoric acid in a molar proportion (R:1) of 0.6:1 to 1.4:1 and an
      amount of water of up to 1 mole water per mole of phosphoric acid,
      separating said aqueous phase from said organic phase, and forming
      crystals of said compound from said mixture at a temperature which is at
      least as low as the crystallization temperature T in degrees Centigrade
      which is determined by the relationship T=25(1.2-R), and separating said
      crystals.
NUM  2.
PAR  2. A process according to claim 1 wherein said mixture at the temperature
      at least as low as the crystallization temperature contains seed crystals
      of said anhydrous compound.
NUM  3.
PAR  3. A process according to claim 1 wherein said mixture is produced at a
      temperature above the crystallization temperature and then cooled to a
      temperature at least as low as the crystallization temperature to produce
      said anhydrous compound.
NUM  4.
PAR  4. A process according to claim 1 wherein said mixture contains 0.9 - 1
      mole water per mole of phosphoric acid.
NUM  5.
PAR  5. A process according to claim 3 wherein said mixture contains 0.9 - 1
      mole water per mole of phosphoric acid.
NUM  6.
PAR  6. A process according to claim 3 wherein said mixture contains diisopropyl
      ether and phosphoric acid in a molar proportion of 0.65:1 to 0.9:1.
NUM  7.
PAR  7. A process according to claim 4 wherein said mixture contains diisopropyl
      ether and phosphoric acid in a molar proportion of 0.65:1 to 0.9:1.
NUM  8.
PAR  8. A process according to claim 5 wherein said mixture contains diisopropyl
      ether and phosphoric acid in a molar proportion of 0.65:1 to 0.9:1.
NUM  9.
PAR  9. A process according to claim 8 wherein said mixture at the temperature
      at least as low as the crystallization temperature contains seed crystals
      of said anhydrous compound.
NUM  10.
PAR  10. A process according to claim 8 wherein said aqueous wet process
      phosphoric acid and diisopropyl ether are mixed at a temperature below
      30.degree. C.
NUM  11.
PAR  11. A process according to claim 8 wherein said aqueous wet process
      phosphoric acid and diisopropyl ether are mixed in a counter current
      extraction apparatus having at least two stages.
NUM  12.
PAR  12. A process for preparing an anhydrous crystalline compound of phosphoric
      acid and diisopropyl ether having the formula H.sub.3 PO.sub.4.sup..
      [(CH.sub.3).sub.2 CH].sub.2 0, comprising mixing aqueous wet process
      phosphoric acid of 65-85 percent acidity with diisopropyl ether to form an
      organic phase and an aqueous phase, separating said aqueous phase from
      said organic phase and heating said organic phase to at least 45.degree. C
      to produce a diisopropyl ether phase, and an acid enriched organic phase
      which is a mixture of said ether and phosphoric acid in a molar proportion
      (R:1) of 0.6:1 to 1.4:1 and an amount of water of up to 1 mole water per
      mole of phosphoric acid, separating said ether phase from said mixture,
      and cooling said mixture to a temperature at least as low as the
      crystallization temperature T in degrees Centigrade at which crystals of
      said compound are formed and which is determined by the relationship
      T=25(1.2-R) to form crystals of said compound, and separating said
      crystals.
NUM  13.
PAR  13. A process according to claim 12 wherein said mixture at the temperature
      at least as low as the crystallization temperature contains seed crystals
      of said anhydrous compound.
NUM  14.
PAR  14. A process according to claim 12 wherein said mixture contains 0.9-1
      mole water per mole of phosphoric acid.
NUM  15.
PAR  15. A process according to claim 14 wherein said mixture contains
      diisopropyl ether and phosphoric acid in a molar proportion of 0.65:1 to
      0.9:1.
NUM  16.
PAR  16. A process according to claim 15 wherein said mixture at the temperature
      at least as low as the crystallization temperature contains seed crystals
      of the anhydrous compound.
NUM  17.
PAR  17. A process for preparing a phosphorus compound selected from the group
      consisting of phosphoric acid and phosphates, which comprises treating
      said anhydrous compound prepared by the process claimed in claim 12 with a
      basic compound selected from the group consisting of water, ammonia, and
      an oxide, hydroxide, carbonate, bicarbonate, tribasic phosphate and
      dibasic phosphate of an alkali metal of alkaline earth metal.
NUM  18.
PAR  18. A process for preparing an anhydrous crystalline compound of phosphoric
      acid and diisopropyl ether having the formula H.sub.3 PO.sub.4.sup..
      [(CH.sub.3).sub.2 CH].sub.2 0, comprising mixing aqueous wet process
      phosphoric acid of 65-85 percent acidity with diisopropyl ether to form an
      organic phase and an aqueous phase separating said aqueous phase from said
      organic phase and evaporating the ether from said organic phase to form a
      mixture of said ether, phosphoric acid and water in a molar proportion
      (R:1) of 0.6:1 to 1.4 and an amount of water of up to 1 mole per mole of
      phosphoric acid, and cooling said mixture to a temperature at least as low
      as the crystallization temperature T in degrees Centigrade at which
      crystals of said compound are formed and which is determined by the
      relationship T=25(1.2-R) to form crystals of said compound, and separating
      said crystals.
NUM  19.
PAR  19. A process according to claim 18 wherein said mixture at the temperature
      at least as low as the crystallization temperature contains seed crystals
      of said anhydrous compound.
NUM  20.
PAR  20. A process according to claim 19 wherein said mixture contains 0.9 - 1
      mole water per mole of phosphoric acid.
NUM  21.
PAR  21. A process for preparing a phosphorous compound selected from the group
      consisting of phosphoric acid and phosphates, which comprises treating
      said anhydrous compound prepared by the process claimed in claim 18 with a
      basic compound selected from the group consisting of water, ammonia, and
      an oxide, hydroxide carbonate, bicarbonate, tribasic phosphate and dibasic
      phosphate of an alkali metal or alkaline earth metal.
NUM  22.
PAR  22. A process according to claim 1 which comprises treating said separated
      crystals with a basic compound selected from the group consisting of
      water, ammonia, and an oxide, hydroxide, carbonate, bicarbonate, tribasic
      phosphate and dibasic phosphate of an alkali metal or alkaline earth
      metal.
NUM  23.
PAR  23. A process for preparing a phosphorus compound selected from the group
      consisting of phosphoric acid and phosphates which comprises treating the
      compound of formula H.sub.3 PO.sub.4.sup.. [(CH.sub.3).sub.2 CH].sub.2 O
      with a basic compound selected from the group consisting of water,
      ammonia, and an oxide, hydroxide, carbonate, bicarbonate, tribasic
      phosphate and dibasic phosphate of an alkali metal or alkaline earth
      metal.
NUM  24.
PAR  24. A process according to claim 22 wherein the compound is treated with
      water to produce aqueous phosphoric acid and diisopropyl ether, and the
      acid is separated from the ether.
NUM  25.
PAR  25. A process according to claim 23 wherein the compound is treated with
      water to produce aqueous phosphoric acid and diisopropyl ether, and the
      acid is separated from the ether.
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PAL  The present invention is concerned with the treatment of reaction mixtures
      which result from the metal catalyzed epoxidation of olefinically
      unsaturated compounds to the corresponding oxirane compound using organic
      hydroperoxides.
PARN
PAR  This is a division of application Ser. No. 871,522 filed Nov. 7, 1969, now
      U.S. Pat. No. 3,860,662, issued Jan. 14, 1974, which is a continuation of
      application Ser. No. 684,563 filed Nov. 20, 1967, abandoned, which is a
      continuation of Ser. No. 409,941, filed Nov. 9, 1967, abandoned, which is
      a continuation-in-part of Ser. No. 375,313, filed June 15, 1964, abandoned
     .
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Important advances have been made in the production of oxirane compounds
      through the reaction of olefinic materials with organic hydroperoxides. In
      these processes, certain difficulties are encountered in the successful
      separation of products and by-products from the reaction mixtures.
      Specifically, the organic alcohol by-product which is formed by reduction
      of the organic hydroperoxide tends to undergo considerable dehydration
      during the subsequent recovery procedures. The alcohol dehydrates to the
      corresoponding olefin which latter product undergoes very rapid
      polymerization to high-boiling residues. These residues eventually have to
      be removed as a useless product of the reaction. In addition, water, of
      course, is formedwhich complicates recovery procedures.
PAR  It is an object of the present invention to provide a method for the
      treatment of reaction mixtures resulting from the epoxidation of olefins
      with an organic hydroperoxide.
PAR  It is a particular object to provide a method whereby dehydration of
      by-product alcohol is suppressed during the effluent work-up procedures.
PAR  Other objects will be apparent from the following description of the
      invention.
PAR  It has been discovered that the epoxidation effluent mixtures which result
      from olefin epoxidations using a metal catalyst and an organic
      hydroperoxide reactant are strongly acidic in nature. As a result of this
      strongly acidic nature, during subsequent distillations dehydration of
      by-product alcohol occurs at the distillation temperatures. Now, in
      accordance with the present invention, the epoxidation reaction effluent
      is treated prior to the distillation in order to reduce the acid
      characteristics thereof.
PAR  In one embodiment, there is incorporated with the reaction mixture a basic
      material such as sodium hydroxide in an amount sufficient to reduce the
      acidic characteristics of the effluent to the point where little or no
      alcohol dehydration takes place during subsequent distillation.
PAR  In another embodiment of the invention, the epoxidation effluent is treated
      with a chemical reducing agent whereby a similar effective reduction in
      acidity is achieved.
PAR  In still another embodiment, the effluent is subjected to hydrogenation
      using hydrogen and an appropriate catalyst to achieve the same acidity
      reduction.
PAR  Through practice of the present invention, the epoxidation effluent mixture
      can conveniently be treated as by distillation for the separation and
      recovery of various constituents without encountering the disadvantages of
      alcohol dehydration, the formation of high-boiling residues, and the loss
      of valuable products in the effluent.
PAR  The epoxidation are carried out in accordance with various techniques which
      are the subject of earlier patent applications. Olefins which are
      epoxidized to the corresponding oxirane compounds include substituted and
      unsubstituted aliphatic and alicyclic olefins which may be hydrocarbon,
      esters, alcohols, ketones, ethers, or the like. Preferred compounds are
      those having from about 2 to 30 carbon atoms, and preferably at least 3
      carbon atoms. Illustrative olefins are ethylene, propylene, normal
      butylene, isobutylene, the pentenes, the methyl pentenes, the normal
      hexenes, the oxtenes, the dodecenes, cyclohexene, methyl cyclohexene,
      butadiene, styrene, methyl styrene, vinyl toluene, vinylcyclohexene, the
      phenyl cyclohexenes, and the like. Olefins having halogen, oxygen, sulfur
      and the like containing substitutents can be used. Such substituted
      olefins are illustrated by allyl alcohol, methallyl alcohol, cyclohexanol,
      diallyl ether, methyl methacrylate, methyl oleate, methyl vinyl ketone,
      allyl chloride, and the like. In general, all olefinic materials
      epoxidized by methods previously employed can be epoxidized in accordance
      with this process including olefinically unsaturated polymers.
PAR  The lower olefins having about 3 or 4 carbon atoms in an aliphatic chain
      are especialy advantageously epoxidized by this process.
PAR  The hydroperoxides which are employed in the invention are those having the
      formula ROOH wherein R is a substituted or unsubstituted alkyl, cycloalkyl
      or aralkyl having about 3 to 20 carbon atoms. R may be a heterocyclic or
      like radical.
PAR  Illustrative and preferred hydroperoxides are cumene hydroperoxide,
      ethylbenzene hydroperoxide, tertiary butyl hydroperoxide, cyclohexanone
      peroxide, tetralin hydroperoxide, methyl ethyl ketone peroxide,
      methylcyclohexane hydroperoxide, and the like. The aralkyl hydroperoxides
      are especially useful.
PAR  The epoxidation catalyst includes compounds of the following: Ti, V, Cr,
      Se, Zr, Nb, Mo, Te, Ta, W, Re, U. These may be characterized as forming
      peracids or as hydroxylation catalysts. By far, the preferred catalysts
      are compounds of V, W, Mo, Ti, Ta, Nb, Re, and Se.
PAR  The amount of metal in solution used as catalyst in the epoxidation process
      can be varied widely, although as a rule it is desirable to use at least
      0.00001 mols and preferably 0.002 to 0.03 mols per mol of hydroperoxide
      present. Amounts greater than about 0.1 mols seem to give no advantage
      over smaller amounts, although amounts up to 1 mol or more per mol of
      hydroperoxide can be employed. The catalysts remain dissolved in the
      reaction mixture throughout the process and can be reused in the reaction
      after removal of the reaction products therefrom. The molybdenum compounds
      include the molybdenum orgaic salts, the oxides such as Mo.sub.2 O3,
      MoO.sub.2, MoO.sub.3, molybdic acid, the molybdenum chlorides and
      oxychlorides, molybdenum fluoride, phosphate, sulfide, and the like.
      Hetero-polyacids containing molybdenum can be used as can salts thereof;
      examples include phosphomolybdic acid and the sodium and potassium salts
      thereof. Similar or analogous compounds of the other metals mentioned may
      be used, as may mixtures thereof.
PAR  The catalytic components may be employed in the epoxidation reaction in the
      form of a compound or mixture which is initially soluble in the reaction
      medium. While solubility will, to some extent depend on the particular
      reaction medium employed, a suitably soluble substance contemplated by the
      invention would include hydrocarbon soluble, organo-metallic compounds
      having a solubility in methanol at room temperature of at least 0.1 gram
      per liter. Illustrative soluble forms of the catalytic materials are the
      naphthenates, stearates, octoates, carbonyls and the like. Various
      chelates, association compounds and enol salts, such, for examples, as
      aceto-acetonates may also be used. Specific and preferred catalytic
      compounds of this type for use in the invention are the naphthenates and
      carbonyls of molybdenum, vanadium and tungsten.
PAR  In the oxidation of the substrate, the ratio of substrate to organic peroxy
      compounds can vary over a wide range. Generally, mol ratios of olefinic
      groups in the substrates to hydroperoxide broadly in the range of 0.5:1 to
      100:1, desirably 1:1 to 20:1 and preferably 2:1 to 10:1 are employed.
PAR  The concentration of hydroperoxides in the substrate oxidation reaction
      mixture at the beginning of the reaction will normally be one percent or
      more although lesser concentrations will be effective and can be used.
PAR  The substrate oxidation reactio can be carried out in the presence of a
      solvent, and in fact, it is generally desirable that one be used. In
      general, aqueous solvents are not contemplated. Among the suitable
      substances are hydrocarbons, which may be aliphatic, naphthenic or
      aromatic, and the oxygenated derivatives of these hydrocarbons.
      Preferably, the solvent has the same carbon skeleton as the hydroperoxide
      used, so as to minimize or avoid solvent separation problems.
PAR  Temperatures which can be employed in the epoxidation can vary quite widely
      depending upon the reactivity and other characteristics of the particular
      system. Temperatures broadly in the range of about -20.degree. to
      200.degree.C., desirably 0.degree. to 150.degree.C., and preferably
      50.degree. to 120.degree.C. can be employed. The reaction is carried out
      at pressure conditions sufficient to maintain a liquid phase. Although
      sub-atmospheric pressures can be employed pressures usually in the range
      of about atmospheric to about 1000 p.s.i.g. are most desirable.
PAR  In accordance with the present invention, the epoxidation effluent, which
      is of a catalytically acid nature insofar as alcohol dehydration is
      concerned, is subjected to treatment in order to reduce the acidity to the
      extent that alcohol dehydration is avoided during subsequent work-up.
PAR  In one, especially preferred embodiment, a basic material is incorporated
      with the effluent in an amount sufficient to overcome the catalytic nature
      of said effluent. In this embodiment of the invention, the basic material
      can either be added before the actual epoxidation reaction or
      alternatively the basic material can be added after completion of the
      reaction. Additionally, part can be added prior and part subsequent to the
      epoxidation. Insofaar as this embodiment of the invention is concerned,
      reference is made to applicant's application Ser. No. 375,313, filed June
      15, 1964, now abandoned.
PAR  The basic substances which are employed in the present invention are alkali
      metal compounds or alkaline earth metal compounds. Particularly preferred
      are the compounds of sodium, potassium, lithium calcium, magnesium,
      rubidium, cesium, strontium and barium. Compounds which are employed are
      those which most preferably are soluble in the reaction medium. However,
      insoluble forms can be employed and are effective when dispersed in the
      reaction medium. Organic acid compounds such as a metal acetate,
      naphthenate, stearate, octoate, butyrate, and the like can be employed.
      Additionally, inorganic salts such as Na carbonate, Mg carbonate,
      trisodium phosphate, and the like can also be employed. Particularly
      preferred species of metal salts include sodium naphthenate, potassium
      stearate, magnesium carbonate, and the like. Hydroxides and oxides of
      alkali and alkali earth metal compounds can be used. Examples are NaOH,
      MgO, CaO, Ca(OH).sub.2, KO and the like. Alkoxides, e.g. Na ethylate, K
      cumylate, Na phenate, etc. can be used. Amides such as NaNH.sub.2 can be
      used as can quaternary ammonium salts. In general, any compound giving a
      basic reaction in water can be used.
PAR  The compound is employed in amounts of 0.05 to 10 mols/mol of epoxidation
      catalyst, desirably 0.25 to 3.0 and preferably 0.50 to 1.50.
PAR  In an alternative embodiment of the invention, the epoxidation effluent is
      hydrogenated in order to reduce the acid catalyst characteristics. More
      preferably, the product oxirane compound is first separated as by
      distillation or extraction before this hydrogenation. However, it is quite
      possible to carry out the hydrogenation in the presence of the oxirane
      product.
PAR  Temperatures in the range 0.degree. to 150.degree.C., preferably 20.degree.
      to 100.degree.C. are employed. In this hydrogenation a suitable catalyst
      is employed: illustrative catalysts are platinum, copper, nickel, zinc and
      the like known hydrogenation catalysts. Pressures of 14.7 to 100 p.s.i.a.
      are preferred. Hydrogenation times of the order of 2 minutes to 1 hour are
      preferable.
PAR  In still another embodiment of the invention, the epoxidation effluent is
      reacted with a chemical reducing agent under conditions effective to
      reduce the acid catalyst characteristics thereof. Some typical reducing
      agents include sodium bisulfite, ferrous salts, compounds containing
      iodide ion, ascorbic acid and other reducing agents known to the art
      including hydroquinone.
PAR  Appropriate temperatures are 0.degree. to 150.degree.C., preferably
      30.degree. to 120.degree.C. Although it is desirable to remove the product
      oxirane compound prior to the chemical reduction, this is not necessary
      for successful practice of the invention.
DETD
PAR  The following examples illustrate the invention:
PAC  EXAMPLE I
PAR  To a pressure reaction is charged 20 grams of a 34.6 wt. % solution of
      alpha phenyl ethyl hydroperoxide in ethyl benzene, 20 grams of propylene
      and 0.2 grams of molybdenum naphthenate solution (5 wt. % Mo). The mixture
      is reacted for 1 hour at 110.degree.C. Hydroperoxide conversion
      essentially to alpha phenyl ethanol is 97.2% and selectivity to propylene
      oxide based on hydroperoxide is 70.8%.
PAR  The reaction mixture which is highly acidic in nature is distilled and
      propylene and propylene oxide separated as overhead products from a
      bottoms fraction.
PAR  The characteristics of the bottoms fraction are such that on being heated
      to 146.degree.C., the alpha phenyl ethanol dehydrates to styrene which
      instantly polymerized and is lost to residue at a dehydration rate of 244%
      per hour.
PAR  In accordance with the invention, the bottoms fraction is treated by the
      addition of sodium in the form of sodium naphthenate in amount of 0.25
      mols Na per mol of Mo in the fraction.
PAR  As a result of this treatment, upon distillation at 147.degree.C. to
      separate ethyl benzene and alpha phenyl ethanol, the alpha phenyl ethanol
      dehydration rate is only 3.2% per hour.
PAC  EXAMPLE II
PAR  Example I is repeated except that 0.5 mols Na as sodium naphthenate is
      added per mol Mo. The alpha phenyl ethanol dehydration rate at
      147.degree.C. is reduced to 1.2% per hour.
PAC  EXAMPLE III
PAR  Example I is repeated through separaion of propylene and propylene oxide
      from the bottoms fraction.
PAR  The bottoms fraction is hydrogenated at 60.degree.C. and 100 p.s.i.g. with
      hydroen over a nickel catalyst for 30 minutes. The rate of dehydration of
      alpha phenyl ethanol at 150.degree.C. of the treated fraction is 0.38% per
      hour.
PAC  EXAMPLE IV
PAR  Example I is repeated through the separation of propylene and propylene
      oxide from the bottoms fraction.
PAR  To the bottoms is added 0.1 mol sodium bisulfite per mol Mo. The rate of
      dehydration at 146.degree.C. of alpha phenyl ethanol in the treated
      fraction is 9.5% per hour.
PAC  EXAMPLE V
PAR  Example I is repeated using cumene hydroperoxide in place of ethyl benzene
      hydroperoxide. The dehydration rate of the cumyl alcohol (dimethyl) phenyl
      carbinol) in the epoxidation effluent after propylene and propylene oxide
      separation is 600% per hour at 130.degree.C.
PAR  Sodium naphthenate is added in amount of 0.75 mols Na per mol Mo. The
      dehydration rate of the cumyl alcohol in the resulting mixture is reduced
      to 4% per hour at 130.degree.C., 15% per hour at 150.degree.C. and 70% per
      hour at 170.degree.C.
PAC  EXAMPLE VI
PAR  Example 5 is repeated except that the mixture is hydrogenated at
      60.degree.C. and 100 p.s.i.g. with H.sub.2 over a nickel catalyst after
      the sodium naphthenate addition. Cumyl alcohol dehydration rate in the
      resulting mixture is 0 at 150.degree.C. and at 170.degree.C.
PAC  EXAMPLE VII
PAR  Example I is repeated using vanadium naphthenate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE VIII
PAR  Example I is repeated using tetrabutyl titanate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE IX
PAR  Example I is repeated using tungsten carbonyl in equivalent molar amount as
      epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE X
PAR  Example I is repeated using tantalum naphthenate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE XI
PAR  Example I is repeated using niobium naphthenate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE XII
PAR  Example I is repeated using rhenium heptoxide in equivalent molar amount as
      epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE XIII
PAR  Example I is repeated using selenium dioxide in equivalent molar amounts as
      epoxidation catalyst. Similar results are achieved.
PAR  In accordance with the invention, the epoxidation effluent is treated until
      the acidic characteristics have been reduced to the extent that the
      dehydration rate of the alcohol formed by reduction of the hydroperoxide
      during the epoxidation is less than about 50% at 140.degree.C., preferably
      less than 10% at 140.degree.C. and desirably 0 to 5% at 140.degree.C.
PAR  The extent of a particular treatment is conveniently determined as by
      periodic sampling and testing to determine the dehydration rate of the
      alcohol contained in the effluent.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process for treating the product mixture containing an alcohol from
      the epoxidation of an olefinic hydrocarbon having 2 to 30 carbon atoms
      with an organic hydroperoxide having the formula ROOH where R is an alkyl,
      cycloalkyl or carbocyclic aralkyl having 3 to 20 carbon atoms at a
      temperature of -20.degree. to 200.degree.C in the presence of a titanium,
      vanadium, chromium, selenium, zirconium, columbium, molybdenum, tellurium,
      tantalum, tungsten, rhenium, or uranium catalyst, in order to reduce the
      acidic catalyst characteristics of said product mixture at least to the
      extent that the rate of dehydration of alcohol contained therein is less
      than 50% per hour at 140.degree.C which comprises the step of reacting
      said product mixture at a temperature of 0.degree. to 150.degree.C with a
      chemical reducing agent which is sodium bisulfite, a ferrous salt,
      ascorbic acid, hydroquinone or the iodide ion.
NUM  2.
PAR  2. The process of claim 1, wherein the olefinic hydrocarbon is propylene
      and the organic hydroperoxide is ethylbenzene hydroperoxide.
NUM  3.
PAR  3. The process of claim 1, wherein the olefinic hydrocarbon is propylene
      and the organic hydroperoxide is cumene hydroperoxide.
NUM  4.
PAR  4. The process of claim 1, wherein the epoxidation catalyst is molybdenum.
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ABST
PAL  The acidic catalyst characteristics of a reaction mixture resulting from a
      catalytic epoxidation are reduced whereby dehydration of by-product
      alcohol is suppressed during subsequent work-up procedures. This reduction
      is effected by catalytic hydrogenation, chemical reduction or the addition
      of a basic material.
PARN
PAR  This is a division of application Ser. No. 871,522 filed Nov. 7, 1969, now
      U.S. Pat. No. 3,860,662, issued Jan 14, 1974, which is a continuation of
      application Ser. No. 684,563, filed Nov. 20, 1967, abandoned, which is a
      continuation of Ser. No. 409,941, filed Nov. 9, 1964, abandoned, which is
      a continuation-in-part of Ser. No. 375,313, filed June 15, 1964, abandoned
     .
BSUM
PAR  The present invention is concerned with the treatment of reaction mixtures
      which result from the metal catalyzed epoxidation of olefinically
      unsaturated compounds to the corresponding oxirane compound using organic
      hydroperoxides.
PAR  Important advances have been made in the production of oxirane compounds
      through the reaction of olefinic materials with organic hydroperoxides. In
      these processes, certain difficulties are encountered in the successful
      separation of products and by-products from the reaction mixtures.
      Specifically, the organic alcohol by-product which is formed by reduction
      of the organic hydroperoxide tends to undergo considerable dehydration
      during the subsequent recovery procedures. The alcohol dehydrates to the
      corresponding olefin which latter product undergoes very rapid
      polymerization to high-boiling residues. These residues eventually have to
      be removed as a useless product of the reaction. In addition, water, of
      course, is formed which complicates recovery procedures.
PAR  It is an object of the present invention to provide a method for the
      treatment of reaction mixtures resulting from the epoxidation of olefins
      with an organic hydroperoxide.
PAR  It is a particular object to provide a method whereby dehydration of
      by-product alcohol is suppressed during the effluent work-up procedures.
PAR  Other objects will be apparent from the following description of the
      invention.
PAR  It has been discovered that the epoxidation effluent mixtures which result
      from olefin epoxidations using a metal catalyst and an organic
      hydroperoxide reactant are strongly acidic in nature. As a result of this
      strongly acidic nature, during subsequent distillations dehydration of
      by-product alcohol occurs at the distillation temperatures. Now, in
      accordance with the present invention, the epoxidation reaction effluent
      is treated prior to the distillation in order to reduce the acid
      characteristics thereof.
PAR  In one embodiment, there is incorporated with the reaction mixture a basic
      material such as sodium hydroxide in an amount sufficient to reduce the
      acidic characteristics of the effluent to the point where little or no
      alcohol dehydration takes place during subsequent distillation.
PAR  In another embodiment of the invention, the epoxidation effluent is treated
      with a chemical reducing agent whereby a similar effective reduction in
      acidity is achieved.
PAR  In still another embodiment, the effluent is subjected to hydrogenation
      using hydrogen and an appropriate catalyst to achieve the same acidity
      reduction.
PAR  Through practice of the present invention, the epoxidation effluent mixture
      can conveniently be treated as by distillation for the separation and
      recovery of various constituents without encountering the disadvantages of
      alcohol dehydration, the formation of high-boiling residues, and the loss
      of valuable products in the effluent.
PAR  The epoxidations are carried out in accordance with various techniques
      which are the subject of earlier patent applications. Olefins which are
      epoxidized to the corresponding oxirane compounds include substituted and
      unsubstituted aliphatic and alicyclic olefins which may be hydrocarbon,
      esters, alcohols, ketones, ethers, or the like. Preferred compounds are
      those having from about 2 to 30 carbon atoms, and preferably at least
      three carbon atoms. Illustrative olefins are ethylene, propylene, normal
      butylene, isobutylene, the pentenes, the methyl pentenes, the normal
      hexenes, the octenes, the dodecenes, cyclohexene, methyl cyclohexene,
      butadiene, styrene, methyl styrene, vinyl toluene, vinylcyclohexene, the
      phenyl cyclohexenes, and the like. Olefins having halogen, oxygen, sulfur
      and the like containing substituents can be used. Such substituted olefins
      are illustrated by allyl alcohol, methallyl alcohol, cyclohexanol, diallyl
      ether, methyl methacrylate, methyl oleate, methyl vinyl ketone, allyl
      chloride, and the like. In general, all olefinic materials epoxidized by
      methods previously employed can be epoxidized in accordance with this
      process including olefinically unsaturated polymers.
PAR  The lower olefins having about three or four carbon atoms in an aliphatic
      chain are especially advantageously epoxidized by this process.
PAR  The hydroperoxides which are employed in the invention are those having the
      formula ROOH wherein R is a substituted or unsubstituted alkyl, cyclaolkyl
      or aralkyl radical having about 3 to 20 carbon atoms. R may be a
      heterocyclic or like radical.
PAR  Illustrative and preferred hydroperoxides are cumene hydroperoxide,
      ethylbenzene hydroperoxide, tertiary butyl hydroperoxide, cyclohexanone
      peroxide, tetralin hydroperoxide, methyl ethyl ketone peroxide,
      methylcyclohexane hydroperoxide, and the like. The aralkyl hydroperoxides
      are especially useful.
PAR  The epoxidation catalyst includes compounds of the following: Ti, V, Cr,
      Se, Zr, Nb, Mo, Te, Ta, W, Re, U. These may be characterized as forming
      peracids or as hydroxylation catalysts. By far, the preferred catalysts
      are compounds of V, W, Mo, Ti, Ta, Nb, Re, and Se.
PAR  The amount of metal in solution used as catalyst in the epoxidation process
      can be varied widely, although as a rule it is desirable to use at least
      0.00001 mols and preferably 0.002 to 0.03 mols per mol of hydroperoxide
      present. Amounts greater than about 0.1 mols seem to give no advantage
      over smaller amounts, although amounts up to 1 mol or more per mol of
      hydroperoxide can be employed. The catalysts remain dissolved in the
      reaction mixture throughout the process and can be reused in the reaction
      after removal of the reaction products therefrom. The molybdenum compounds
      include the molybdenum organic salts, the oxides such as Mo.sub.2 O.sub.3,
      MoO.sub.2, MoO.sub.3, molybdic acid, the molybdenum chlorides and
      oxychlorides, molybdenum fluoride, phosphate, sulfide, and the like.
      Hetero-polyacids containing molybdenum can be used as can salts thereof;
      examples include phosphomolybdic acid and the sodium and potassium salts
      thereof. Similar or analogous compounds of the other metals mentioned may
      be used, as may mixtures thereof.
PAR  The catalytic components may be employed in the epoxidation reaction in the
      form of a compound or mixture which is initially soluble in the reaction
      medium. While solubility will, to some extend depend on the particular
      reaction medium employed, a suitably soluble substance comtemplated by the
      invention would include hydrocatbon soluble, organo-metallic compounds
      having a solubility in methanol at room temperature of at least 0.1 gram
      per liter. Illustrative soluble forms of the catalytic materials are the
      naphthenates, stearates, octoates, carbonyls and the like. Various
      chelates, association compounds and enol salts, such, for examples, as
      aceto-acetonates may also be used. Specific and preferred catalytic
      compounds of this type for use in the invention are the napthenates and
      carbonyls of molybdenum, vanadium and tungsten.
PAR  In the oxidation of the substrate, the ratio of substrate to organic peroxy
      compounds can vary over a wide range. Generally, mol ratios of olefinic
      groups in the substrates to hydroperoxide broadly in the range of 0.5:1 to
      100:1, desirably 1:1 to 20:1 and preferably 2:1 to 10:1 are employed.
PAR  The concentration of hydroperoxides in the substrate oxidation reaction
      mixture at the beginning of the reaction will normally be one percent or
      more although lesser concentrations will be effective and can be used.
PAR  The substrate oxidation reaction can be carried out in the presence of a
      solvent, and in fact, it is generally desirable that one be used. In
      general, aqueous solvents are not comtemplated. Among the suitable
      substances are hydrocarbons, which may be aliphatic, naphthenic or
      aromatic, and the oxygenated derivatives of these hydrocarbons.
      Preferably, the solvent has the same carbon skeleton as the hydroperoxide
      used, so as to minimize or avoid solvent separation problems.
PAR  Temperatures which can be employed in the epoxidation can vary quite widely
      depending upon the reactivity and other characteristics of the particular
      system. Temperatures broadly in the range of about -20.degree. to
      200.degree.C., desirably 0.degree. to 150.degree.C., and preferably
      50.degree. to 120.degree.C. can be employed. The reaction is carried out
      at pressure conditions sufficient to maintian a liquid phase. Although
      sub-atmospheric pressures can be employed, pressures usually in the range
      of about atmospheric to about 1000 p.s.i.g. are most desirable.
PAR  In accordance with the present invention, the epoxidation effluent, which
      is of a catalytically acid nature insofar as alcohol dehydration is
      concerned, is subjected to treatment in order to reduce the acidity to the
      extent that alcohol dehydration is avoided during subsequent work-up.
PAR  In one, especially preferred embodiment, a basic material is incorporated
      with the effluent in an amount sufficient to overcome the catalytic nature
      of said effluent. In this embodiment of the invention, the basic material
      can either be added before the actual epoxidation reaction or
      alternatively the basic material can be added after completion of the
      reaction. Additionally, part can be added prior and part subsequent to the
      epoxidation, Insofar as this embodiment of the invention is concerned,
      reference is made to applicant's copending application Ser. No. 375,313,
      filed June 15, 1964 of which this is a continuation-in-part.
PAR  The basic substances which are employed in the present invention are alkali
      metal compounds or alkaline earth metal compounds. Particularly preferred
      are the compounds of sodium, potassium, lithium, calcium, magnesium,
      rubidium, cesium, strontium and barium. Compounds which are employed are
      those which most preferably are soluble in the reaction medium. However,
      insoluble forms can be employed and are effective when dispersed in the
      reaction medium. Organic acid compounds such as a metal acetate,
      naphthenate, stearate, octoate, butyrate, and the like can be employed.
      Additionally, inorganic salts such as Na carbonate, Mg carbonate,
      trisodium phosphate, and the like can also be employed. Particularly
      preferred species of metal salts include sodium naphthenate, potassium
      stearate, magnesium carbonate, and the like. Hydroxides and oxides of
      alkali and alkali earth metal compounds can be used. Examples are NaOH,
      MgO, CaO, Ca(OH).sub.2, KO and the like. Alkoxides, e.g. Na ethylate, K
      cumylate, Na phenate, etc. can be used. Amides such as NaNH.sub.2 can be
      used as can quaternary ammonium salts. In general, any compound giving a
      basic reaction in water can be used.
PAR  The compound is employed in amounts of 0.05 to 10 mols/mol of epoxidation
      catalyst, desirably 0.25 to 3.0 and preferably 0.50 to 1.50.
PAR  In an alternative embodiment of the invention, the epoxidation effluent is
      hydrogenated in order to reduce the acid catalyst characteristics. Most
      preferably, the product oxirane compound is first separated as by
      distillation or extraction before this hydrogenation. However, it is quite
      possible to carry out the hydrogenation in the presence of the oxirane
      product.
PAR  Temperatures in the range 0.degree. to 150.degree.C., preferably 20.degree.
      to 100.degree.C. are employed. In this hydrogenation a suitable catalyst
      is employed: illustrative catalysts are platinum, copper, nickel, zinc and
      the like known hydrogenation catalysts. Pressures of 14.7 to 100 p.s.i.a.
      are preferred. Hydrogenation times of the order of 2 minutes to 1 hour are
      preferable.
PAR  In still another embodiment of the invention, the epoxidation effluent is
      reacted with a chemical reducing agent under conditions effective to
      reduce the acid catalyst characteristics thereof. Some typical reducing
      agents include sodium bisulfite, ferrous salts, compoinds containing
      iodide ion, ascorbic acid and other reducing agents known to the art
      including hydroquinone.
PAR  Appropriate temperatures are 0.degree. to 150.degree.C., preferably
      30.degree. to 120.degree.C. Although it is desirable to remove the product
      oxirane compound prior to the chemical reduction, this is not necessary
      for successful practice of the invention.
DETD
PAR  The following examples illustrate the invention:
PAC  EXAMPLE I
PAR  To a pressure reaction is charged 20 grams of a 34.6 wt. % solution of
      alpha phenyl ethyl hydroperoxide in ethyl benzene, 20 grams of propylene
      and 0.2 grams of molybdenum naphthenate solution (5 wt. % Mo). The mixture
      is reacted for 1 hour at 110.degree.C. Hydroperoxide conversion
      essentially to alpha phenyl ethanol is 97.2% and selectivity to propylene
      oxide based on hydroperoxide is 70.8%.
PAR  The reaction mixture which is highly acidic in nature is distilled and
      propylene and propylene oxide separated as overhead products from a
      bottoms fraction.
PAR  The characteristics of the bottoms fraction are such that on being heated
      to 146.degree.C., the alpha phenyl ethanol dehydrates to styrene which
      instantly polymerized and is lost to residue at a dehydration rate of 244%
      per hour.
PAR  In accordance with the invention, the bottoms fraction is treated by the
      addition of sodium in the form of sodium naphthenate in amount of 0.25
      mols Na per mol of Mo in the fraction.
PAR  As a result of this treatment, upon distillation at 147.degree.C. to
      separate ethyl benzene and alpha phenyl ehtanol, the alpha phenyl ethanol
      dehydration rate is only 3.2% per hour.
PAC  EXAMPLE II
PAR  Example I is repeated except that 0.5 mols Na as sodium naphthenate is
      added per mol Mo. The alpha phenyl ethanol dehydration rate at
      147.degree.C. is reduced to 1.2% per hour.
PAC  EXAMPLE III
PAR  Example I is repeated through separation of propylene and propylene oxide
      from the bottoms fraction.
PAR  The bottoms fraction is hydrogenated at 60.degree.C. and 100 p.s.i.g. with
      hydrogen over a nickel catalyst for 30 minutes. The rate of dehydration of
      alpha phenyl ethanol at 150.degree.C. of the treated fraction is 0.38% per
      hour.
PAC  EXAMPLE IV
PAR  Example I is repeated through the separation of propylene and propylene
      oxide from the bottoms fraction.
PAR  To the bottoms is added 0.1 mol sodium bisulfite per mol Mo. The rate of
      dehydration at 146.degree.C. of alpha phenyl ethanol in the treated
      fraction is 9.5% per hour.
PAC  EXAMPLE V
PAR  Example I is repeated using cumene hydroperoxide in place of ethyl benzene
      hydroperoxide. The dehydration rate of the cumyl alcohol (dimethyl phenyl
      carbinol) in the epoxidation effluent after propylene and propylene oxide
      separation is 600% per hour at 130.degree.C.
PAR  Sodium naphthenate is added in amount of 0.75 mols Na per mol Mo. The
      dehydration rate of the cumyl alcohol in the resulting mixture is reduced
      to 4% per hour at 130.degree.C., 15% per hour at 150.degree.C. and 70% per
      hour at 170.degree.C.
PAC  EXAMPLE VI
PAR  Example 5 is repeated except that the mixture is hydrogenated at
      60.degree.C. and 100 p.s.i.g. with H.sub.2 over a nickel catalyst after
      the sodium naphthenate addition. Cumyl alcohol dehydration rate in the
      resulting mixture is 0 at 150.degree.C. and at 170.degree.C.
PAC  EXAMPLE VII
PAR  Example I is repeated using vanadium naphthenate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE VIII
PAR  Example I is repeated using tetrabutyl titanate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE IX
PAR  Example I is repeated using tungsten carbonyl in equivalent molar amount as
      epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE X
PAR  Example I is repeated using tantalum naphthenate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE XI
PAR  Example I is repeated using niobium naphthenate in equivalent molar amount
      as epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE XII
PAR  Example I is repeated using rhenium heptoxide in equivalent molar amount as
      epoxidation catalyst. Similar results are achieved.
PAC  EXAMPLE XIII
PAR  Example I is repeated using selenium dioxide in equivalent molar amounts as
      epoxidation catalyst. Similar results are achieved.
PAR  In accordance with the invention, the epoxidation effluent is treated until
      the acidic characteristics have been reduced to the extent that the
      dehydration rate of the alcohol formed by reduction of the hydroperoxide
      during the epoxidation is less than about 50% at 140.degree.C., preferably
      less than 10% at 140.degree.C. and desirably 0 to 5% at 140.degree.C.
PAR  The extent of a particular treatment is conveniently determined as by
      periodic sampling and testing to determine the dehydration rate of the
      alcohol contained in the effluent.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process for treating the product mixture containing an alcohol from
      the epoxidation of an olefinic hydrocarbon having 2 to 30 carbon atoms
      with an organic hydroperoxide having the formula ROOH where R is an alkyl,
      cycloalkyl or carbocyclic aralkyl having 3 to 20 carbon atoms at a
      temperature of -20.degree. to 200.degree.C in the presence of a titanium,
      vanadium, chromium, selenium, zirconium, columbium, molybdenum, tellurium,
      tungsten, rhenium, or uranium catalyst, in order to reduce the acidic
      catalyst characteristics of said product mixture at least to the extent
      that the rate of dehydration of said alcohol contained therein is less
      than 50% per hour at 140.degree.C which comprises the step of
      hydrogenating said product mixture in the presence of a hydrogenation
      catalyst at a temperature in the range of 0.degree. to 150.degree.C and at
      a pressure of 14.7 to 100 psia.
NUM  2.
PAR  2. The process of claim 1, wherein the olefinic hydrocarbon is propylene
      and the organic hydroperoxide is ethylbenzene hydroperoxide.
NUM  3.
PAR  3. The process of claim 1, wherein the olefinic hydrocarbon is propylene
      and the organic hydroperoxide is cumene hydroperoxide.
NUM  4.
PAR  4. The process of claim 1, wherein the epoxidation catalyst is molybdenum.
NUM  5.
PAR  5. The process for treating the product mixture containing an alcohol from
      the epoxidation of an olefinic hydrocarbon having 2 to 30 carbon atoms
      with an organic hydroperoxide having the formula ROOH where R is an alkyl,
      cycloalkyl or carbocyclic aralkyl having 3 to 20 carbon atoms at a
      temperature of -20.degree.  to 200.degree.C in the presence of a titanium,
      vanadium, chromium, selenium, zirconium, columbium, molybdenum, tellurium,
      tantalum, tungsten, rhenium, or uranium catalyst, in order to reduce the
      acidic catalyst characteristics of said product mixture at least to the
      extent that the rate of dehydration of said alcohol contained therein is
      less than 50% per hour at 140.degree.C which comprises the step of
      hydrogenating said product mixture at a temperature in the range of
      0.degree. to 150.degree.C in the presence of a hydrogenation catalyst
      selected from the group consisting of platinum, copper, nickel and zinc.
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ABST
PAL  In the production of acicular, ferromagnetic iron oxide of high coercive
      force by oxidizing an iron (II)-hydroxide suspension with an
      oxygen-containing gas to form acicular iron (III) oxide hydroxide and
      dehydrating the iron (III) oxide hydroxide, optionally tempering, reducing
      and/or reoxidizing this into magnetic iron oxide, the improvement which
      comprises effecting the oxidation of the iron (II)-hydroxide suspension at
      a pH of at least about 13, the suspension including SiO.sub.2 in the form
      of a sol or soluble salt, the resulting iron (III) oxide hydroxide having
      SiO.sub.2 deposited thereon.
BSUM
PAR  This invention relates to a process for the production of finely divided,
      acicular iron oxides which have a high coercive force and are particularly
      suitable for use in magnetogram supports.
PAR  Acicular magnetic iron oxides which are as uniform as possible in size and
      have a length-to-width ratio of the needles of from 5:1 to 40:1, are
      currently used in the production of magnetogram supports. Acicular
      .gamma.-Fe.sub.2 O.sub.3 is predominantly used. Hitherto, the use of
      acicular Fe.sub.3 O.sub.4 has frequently been unsuccessful because of its
      inadequate stability with respect to air, even after it has been
      incorporated into a binder.
PAR  Magnetic iron oxides are produced by dehydrating a non-magnetic acicular
      iron (III) oxide hydroxide, generally .alpha.-FeO(OH), to form
      .alpha.-Fe.sub.2 O.sub.3, optionally tempering the .alpha.-Fe.sub.2
      O.sub.3 thus formed, converting it with reducing gases into Fe.sub.3
      O.sub.4, and optionally re-oxidizing this to give .gamma.-Fe.sub.2
      O.sub.3. The magnetic properties of magnetic iron oxides produced in this
      way are essentially determined by the shape and size of the magnetic
      particles. The shape and size of the magnetic iron oxide particles are
      largely determined by the geometry of the iron oxide hydroxide which is
      used for conversion into magnetic iron oxide. Accordingly, the
      length-to-width ratio of the needles, which governs the coercive force,
      must be adjusted in the iron oxide hydroxide itself. However, the method
      by which the .alpha.-FeO(OH) is converted into magnetic iron oxide has a
      considerable influence in changing the needle geometry. If reduction is
      carried out at excessively high temperatures, the material sinters and
      agglomerates, the original shape of the needles being thus changed. This
      effect is reflected on the one hand in a decrease in the coercive force,
      and, on the other hand, by impaired magnetic and electro-acoustic
      properties, reflected for example in a decrease in the magnetic Br/Bs
      ratio (squareness-ratio) and in the signal-to-noise ratio, in tapes
      produced from sintered magnetic iron oxides. In principle, it is possible
      to carry out reduction at a relatively low temperature so that sintering
      of the material is prevented, although in such cases the reaction time
      must be increased to obtain complete reduction.
PAR  It is known from the Patent literature (cf Dutch Patent Application No. 64
      06 512; German DAS No. 1,130,750; and U.S. Pat. No. 2,694,656) that
      dehydration of .alpha.-FeO(OH) at temperatures of up to 816.degree. C or
      tempering of the .alpha.-Fe.sub.2 O.sub.3 results in an improvement in the
      .gamma.-Fe.sub.2 O.sub.3 obtained therefrom. The undesirable copying
      effect disappears. However, this is offset by a decrease in coercive force
      and by a deterioration in noise behavior that is undesirable for use in
      acoustic transmission.
PAR  Recently it has been proposed to improve stabilization of the acicular
      .alpha.-FeO(OH) against sintering by coating the .alpha.-FeO(OH) needles
      with chromium (III) oxide or by treating them with oxyacids of phosphorus
      or boron or with salts thereof. According to German DAS No. 1,252,646,
      acicular .alpha.-FeO(OH) is stabilized by treatment with solutions of
      aluminum, titanium or zirconium salts or of an alkali silicate, the pH of
      the solutions being adjusted to be within the range in which hydrolysis
      begins. In the case of treatment with waterglass, a pH range of from 8.5
      to 11.2 has been quoted for the beginning of hydrolysis. Also, the
      .alpha.-FeO(OH) used is first separated off from the reaction solution in
      which it was produced. This involves an additional, complicated process
      stage and, in addition, the pH value of the suspension must be exactly
      maintained.
PAR  With reference to acicular iron (III) oxide hydroxide prepared by oxidation
      in a strongly alkali medium and which can be used as a particularly
      uniform starting material for preparing a magnetic iron oxide, there is
      particular interest in carrying out conversion into magnetic iron oxide at
      temperatures higher than those conventionally used (from 300.degree. to
      350.degree. C) in order that a greater output of a magnetic pigment may be
      obtained, provided that this does not show excessive sintering of the
      needles and, at the same time, retains the high coercive orce and
      favorable Br/Bs-ratio.
PAR  Accordingly, it is an object of the present invention to stabilize acicular
      iron (III) oxide hydroxide produced in a strongly alkali medium by a
      simple method in such a way that sintering can be avoided, even when
      relatively high conversion temperatures are used, so that finely divided,
      acicular magnetic iron oxides of high coercive force and favorable
      Br/Bs-ratio can be prepared.
PAR  It has now been found that acicular, ferromagnetic iron oxides of high
      coercive force can be from produced acicular iron (III) oxide hydroxide by
      dehydrating, optionally tempering the .alpha.-Fe.sub.2 O.sub.3 formed, and
      reducing and/or reoxidizing this into magnetic iron oxide, provided that
      formation of the iron oxide hydroxide used as starting material is carried
      out by oxidizing an iron (II) hydroxide suspension containing SiO.sub.2 in
      the form of a sol or soluble salt with an oxygen-containing gas in
      strongly alkaline medium present in stoichiometric excess, by a process in
      which SiO.sub.2 is deposited during at least a part the oxidation of the
      iron (II) hydroxide into iron (III) oxide hydroxide.
PAR  During the oxidation of a suspension of iron (II) hydroxide into iron oxide
      hydroxide in a strongly alkaline medium at a pH of greater than about 13,
      SiO.sub.2 is deposited in such a form that an SiO.sub.2 -containing iron
      (III) oxide hydrate is formed which does not sinter, even when exposed to
      high reduction temperatures, and which in addition shows considerably
      improved magnetic properties. The iron oxide hydroxide should preferably
      contain SiO.sub.2 in a quantity of about 0.05 to 1.5% by weight. Compared
      with SiO.sub.2 -free .alpha.-FeO(OH), SiO.sub.2 -containing
      .alpha.-FeO(OH) thus prepared shows an extended range of conditions for
      conversion into .alpha.-Fe.sub.2 O.sub.3. Even with an SiO.sub.2 -content
      as low as about 0.3 to 0.4% by weight, based on dry .alpha.-FeO(OH), it is
      possible to use temperatures of up to 800.degree. C during dehydration or
      during a subsequent tempering operation without the needles being
      sintered. In addition, controlled tempering of the .alpha.-Fe.sub.2
      O.sub.3 formed from the modified iron oxide hydroxide obtained in
      accordance with the invention leads to a further desirable improvement in
      the magnetic properties of .gamma.-Fe.sub.2 O.sub.3 or Fe.sub.3 O.sub.4
      pigments subsequently produced. Tempering of the .alpha.-Fe.sub.2 O.sub.3
      is carried out over a period of about 0.5 to 3 hours, preferably about 0.5
      to 1.5 hours at temperatures of about 400.degree. to 800.degree. C,
      preferably about 600.degree. to 750.degree. C. .gamma.-Fe.sub.2 O.sub.3
      thus prepared has a coercive force of up to 481 Oersteds in the powder
      and, in addition to favorable Br/Bs-ratio, shows hardly any evidence of
      the so-called print through.
PAR  The iron (III) oxide hydrate is prepared in a strongly alkaline medium by
      methods known per se, for example in accordance with British patent
      specification No. 1,212,126, German DAS No. 1,204,644, German DOS No.
      2,047,181 or German DOS No. 1,447,134. The processes use such large
      excesses of alkali that the pH is always above 13.
PAR  To carry out the process according to the invention, a solution of salts of
      silicic acid or a silica sol is added to the iron (II) hydroxide-iron
      oxide hydroxide suspension in a strongly alkaline medium. For example,
      sodium silicates, preferably in the form of waterglass, potassium
      silicates or guanidine silicate, can be used in the solutions of the salts
      of silicic acid. The silicate solutions or the silica sol should
      preferably have an SiO.sub.2 -content of about 0.5 to 5% by weight. Lower
      concentrations are uneconomical whereas excessively high concentrations
      often result in products which do not have a uniform SiO.sub.2 -content.
      The quantity of solution added is adapted to the SiO.sub.2 -content
      required in the finished oxide.
PAR  Provision must be made for homogeneous dispersion of the SiO.sub.2
      -containing solution in the suspension by means of intensive stirring. At
      least about 50% of the iron (II) deposit should preferably be oxidized
      before the addition of, for example, waterglass solution, is commenced. It
      is of particular advantage to add the waterglass solution after 80% of the
      Fe(OH).sub.2 has been oxidized into .alpha.-FeO(OH). The waterglass
      solution can be added all at once, although it is preferably gradually
      added dropwise until oxidation is complete. There is no need for the pH
      value to be checked because of the large excess of alkali.
PAR  One major advantage of the process according to the invention is that a
      process stage, namely filtration, is saved during preparation of the
      SiO.sub.2 -containing .alpha.-FeO(OH). In the past, .alpha.-FeO(OH) has
      normally been separated off from residual salts by filtration following
      its preparation, the filter cake brought back into a pulp-like form, and
      subsequent aftertreatment applied.
PAR  The improved magnetic iron oxides which may be obtained from Si-modified
      FeO(OH) according to the invention are eminently suitable for the
      production of magnetogram supports such as, for example, tapes, discs,
      strips for films or punched cards. Production of storage elements for
      recording magnetic impulses of any kind, such as acoustic signals, visible
      images or other types of information material, may be carried out by
      methods known per se.
PAR  Magnetogram supports containing highly coercive magnetic iron oxides which
      are free from foreign metals are desirable for a number of different
      reasons. For example, they are more suitable than low-coercivity and
      normal-coercivity products for transmitting short wave lengths. Thus, the
      influence of the demagnetizing effect can be suppressed using
      high-coercivity pigments with the result that it is possible to produce
      tapes having low bands constants. The transmission of high frequencies is
      better, the lower is the ratio of remanence to coercive force. Tapes with
      high coercive forces thus guarantee a more linear frequency characteristic
      up to the limit of human hearing and hence natural reproduction of the
      sound-determining overtones. The sensitivity with which magnetic recording
      operations can be carried out is also improved by the high Br/Bs-ratios.
      Ferromagnetic materials of relatively high coercive force are also more
      suitable for video purposes by virtue inter alia of their greater
      recording density.
DETD
PAR  Production of the magnetic iron oxides in accordance with the invention is
      described in Examples 1 to 6 below, the production of magnetogram supports
      being additionally described in Examples 2 and 4.
PAC  EXAMPLE 1
PAC  a. Production of iron oxide hydroxide
PAR  8.2 Liters of an iron (II) sulfate solution containing 156 g of FeSO.sub.4
      per liter were introduced into a 25 liter capacity vessel and heating to
      50.degree. C while nitrogen was introduced at a rate of 200 liters per
      hour. At this temperature, iron (II) hydroxide was precipitated by the
      addition of 4 liters of an aqueous NaOH solution containing 385 g of NaOH
      per liter over a period of 6 minutes accompanied by vigorous stirring and
      the introduction of nitrogen. Thereafter, air was introduced initially at
      a rate of 350 liters per hour for 30 minutes with the vigorous stirring
      continued, and then at a rate of 1 m.sup.3 per hour for 3.5 hours, at
      which time the oxidation was 89.0% complete. Then 300 ml of a dilute
      waterglass solution (SiO.sub.2 -content 3.3% by weight) were added to the
      suspension over a period of 50 minutes under the aforementioned reaction
      conditions with stirring and air introduction so that thorough admixture
      was guaranteed. This dilute waterglass solution contained 27.4 ml of a
      sodium waterglass solution (.rho.=1.37 g cm.sup..sup.-3 with 26.3% by
      weight of SiO.sub.2). Oxidation was continued during silicate addition for
      1 hour. The suspension was filtered washed and dried. The .alpha.-FeO(OH)
      contained 0.4% SiO.sub.2.
PAC  b. Conversion into magnetic iron oxide
PAR  The acicular iron oxide hydroxide was converted into magnetic iron oxide by
      a known process in which the iron oxide hydroxide was dehydrated at
      380.degree. C, optionally followed by tempering, after which the
      .alpha.-Fe.sub.2 O.sub.3 so formed was reduced into acicular Fe.sub.3
      O.sub.4 at this temperature using hydrogen laden with water vapor. The
      product was then left to cool in nitrogen and oxidized into
      .gamma.-Fe.sub.2 O.sub.3 with air at 300.degree. C.
PAL  Magnetic values on the powder:
PA1  Remanence: Br/.rho. = 463 G cc g.sup..sup.-1
PA1  Coercive force: I.sub.Hc = 447 Oe
PAR  Under the same preparation and conversion conditions, an acicular
      .alpha.-FeO(OH) comparison product on which no SiO.sub.2 was deposited
      gave a .gamma.-Fe.sub.2 O.sub.3 with the following magnetic data:
PA1  Br/.rho. = 458 G cc g.sup..sup.-1
PA1  I.sub.hc = 348 Oe
PAR  Electron microscope photographs showed that this product had undergone
      greater sintering on the .gamma.-Fe.sub.2 O.sub.3 needles than the
      SiO.sub.2 -containing product. The coercive force was also distinctly
      lower than in the case of the treated product.
PAC  EXAMPLE 2
PAR  9.4 Liters of an FeSO.sub.4 solution containing 2350 g of FeSO.sub.4.7
      H.sub.2 O were added at 50.degree. C to 2.8 liters of a sodium hydroxide
      solution containing 1540 g of NaOH, accompanied by vigorous stirring and
      the introduction of air at a rate of 250 liters per hour. The iron (II)
      hydroxide precipitated over a period of 6 minutes. Thereafter, air was
      introduced at this temperature for a further 15 minutes at a rate of 250
      liters per hour and thereafter at a rate of 1 m.sup.3 per hour, the
      contents of the vessel being heated to 70.degree. C at the same time.
      After 92.6% of the iron (II) content of the suspension had been oxidized,
      viz. 210 minutes, the same quantity of a dilute waterglass solution as
      described in Example 1 was added over a period of 3 minutes and oxidation
      continued with 1 m.sup.3 of air per hour until the suspension contained
      only .alpha.-FeO(OH). The .alpha.-FeO(OH) contained 0.38% of SiO.sub.2.
PAR  The .alpha.-FeO(OH) thus prepared was dehydrated at 400.degree. C, the
      .alpha.-Fe.sub.2 O.sub.3 formed subsequently tempered at 700.degree. C for
      30 minutes and thereafter reduced at 400.degree.C. Oxidation of the
      resulting Fe.sub.3 O.sub.4 into the .gamma.-Fe.sub.2 O.sub.3 was carried
      out as described in Example 1. The following magnetic data were obtained
      on the powder:
PA1  Br/.rho. = 482 G cc g.sup..sup.-1
PA1  I.sub.hc = 456 Oe
PAR  Following conversion under the same conditions, a product without any
      SiO.sub.2 deposited onto it gave the following magnetic data:
PA1  Br .rho. = 472 G cc g.sup..sup.-1
PA1  I.sub.hc = 420 Oe
PAR  Electron microscope photographs showed that the needles of the products
      without any SiO.sub.2 were very heavily sintered whereas the original
      shape of the needles in the case of the treated preparations was still
      substantially intact even after tempering at elevated temperature. The
      .gamma.-Fe.sub.2 O.sub.3 was worked into a binder and a magnetic tape
      prepared by a known method. During drying of the lacquer on the tape, the
      acicular .gamma.-Fe.sub.2 O.sub.3 was oriented in a magnetic field. The
      product containing SiO.sub.2 gave an Br/Bs-ratio on the tape of
PA1  Br/Bs = 0.87
PA1  I.sub.hc = 370 Oe,
PAL  whereas a similar product without any SiO.sub.2 showed a decrease in
      Br/Bs-ratio due to the heavy sintering:
PA1  Br/Bs = 0.81
PA1  I.sub.hc = 337 Oe.
PAC  EXAMPLE 3
PAR  The .alpha.-FeO(OH) was prepared in accordance with Example 1. 1 hour
      before the end of the reaction (oxidation about 90% complete), 300 ml of a
      waterglass solution containing 220 ml of a sodium waterglass solution
      (.rho.= 1.37 g cm.sup..sup.-3) were added to the Fe(OH).sub.2
      /FeO(OH)-suspension over a period of 50 minutes with thorough admixing.
      After working up, the .alpha.-FeO(OH) had an SiO.sub.2 -content of 0.63%.
PAR  After tempering for 30 minutes at 750.degree. C, followed by reduction at
      440.degree. C, conversion of the .alpha.-FeO(OH) thus prepared into
      .gamma.-Fe.sub.2 O.sub.3 gave the following magnetic data:
PA1  Br/.rho. = 470 G cc g.sup..sup.-1
PA1  I.sub.hc = 447 Oe
PAR  After otherwise the same treatment, but with tempering for 30 minutes at
      780.degree. C, the .gamma.-Fe.sub.2 O.sub.3 formed had the following
      magnetic data:
PA1  Br/.rho. = 473 G cc g.sup..sup.-1
PA1  I.sub.hc = 452 Oe
PAR  Both preparations showed good retention of their original needle shape
      despite the high tempering and reduction temperatures.
PAC  EXAMPLE 4
PAR  Following the procedure described in Example 2, 8.2 liters of an FeSO.sub.4
      solution containing 2350 g of FeSO.sub.4.7 H.sub.2 O were added to 4
      liters of an NaOH solution containing 1540 g of NaOH at 50.degree. C, the
      precipitated iron (II) hydroxide oxidized into iron oxide hydroxide under
      the same conditions as described in Example 2 and SiO.sub.2 deposited.
PAR  After tempering at 700.degree. C for 30 minutes and reduction at
      460.degree. C, conversion of this material into .gamma.-Fe.sub.2 O.sub.3
      produced a product with the following magnetic data:
PA1  Br/.rho. = 464 G cc g.sup..sup.-1
PA1  I.sub.hc = 481 Oe.
PAR  After this .gamma.-Fe.sub.2 O.sub.3 had been worked into a magnetic tape, a
      coercive force I.sub.Hc of 395 Oe and a Br/Bs-ratio of 0.825 were obtained
      on the tape. The print through was 2 dB lower than in the case of a
      corresponding comparison samples without any SiO.sub.2. Despite the high
      reduction temperature, the needles were well intact according to
      examinations with an electron microscope and did not show any signs of
      excessive sintering.
PAR  An .alpha.-FeO(OH) aftertreated by the process described in German DAS No.
      1,252,646 was prepared with the same SiO.sub.2 -content and converted into
      .gamma.-Fe.sub.2 O.sub.3 under the same conditions as above. A product
      with the following magnetic data was obtained:
PA1  Br/.rho. = 408 G cc g.sup..sup.-1
PA1  I.sub.hc = 381 Oe.
PAR  Electron microscope photographs showed that no uniform distribution of the
      SiO.sub.2 on the needles occured in contrast to the product according to
      the invention. Furthermore, photographs showed that this comparison
      product had undergone greater sintering of the .gamma.-Fe.sub.2 O.sub.3.
      The coercive force was also distinctly lower than in the case of the
      inventive treated product.
PAC  EXAMPLE 5
PAR  The iron (II) hydroxide was oxidized into iron oxide hydroxide as described
      in Example 2. After 95% of the deposit iron (II) had been oxidized, 300 ml
      of a dilute waterglass solution containing 1.9 g of dissolved SiO.sub.2
      were added to the Fe(OH).sub.2 /FeO(OH)-suspension over a period of 3
      minutes. The pH of the suspension remained at 14 throughout.
PAR  The .alpha.-FeO(OH) thus prepared contained 0.21% of SiO.sub.2. Following
      reduction at 380.degree. C, conversion into .gamma.-Fe.sub.2 O.sub.3 gave
      a product with the following magnetic data on the powder:
PA1  Br/.rho. = 462 G cc g.sup..sup.-1
PA1  I.sub.hc = 448 Oe
PAR  After a conversion involving tempering for 30 minutes at 750.degree. C and
      subsequent reduction at 400.degree. C, the following magnetic data were
      obtained:
PA1  Br/.rho. = 469 G cc g.sup..sup.-1
PA1  I.sub.hc = 463 Oe.
PAC  EXAMPLE 6
PAR  The .alpha.-FeO(OH) was prepared as described in Example 5 but, instead of
      the 1.9 g of dissolved SiO.sub.2, only 0.95 g of SiO.sub.2 were added to
      the Fe(OH).sub.2 /.alpha.-FeO(OH)-suspension in the manner described. The
      .alpha.-FeO(OH) contained 0.1% of SiO.sub.2. Conversion into
      .gamma.-Fe.sub.2 O.sub.3 after reduction at 380.degree. C gave a product
      with the following magnetic data on the powder:
PA1  Br/.rho. = 459 G cc g.sup..sup.-1
PA1  I.sub.hc = 423 Oe.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the production of acicular, ferromagnetic iron oxide of high coercive
      force by oxidizing an iron (II)-hydroxide suspension with an
      oxygen-containing gas to form acicular iron (III) oxide hydroxide and
      dehydrating the iron (III) oxide hydroxide, optionally tempering, reducing
      and re-oxidizing this into magnetic iron oxide, the improvement which
      comprises effecting the oxidation of the iron (II)-hydroxide suspension at
      a pH of at least 13, before the oxidation is more than 95% complete but
      after the oxidation is more than 50% complete SiO.sub.2 being present in
      the suspension in the form of a sol or soluble salt, the resulting iron
      (III) oxide hydroxide having SiO.sub.2 deposited thereon.
NUM  2.
PAR  2. The process of claim 1 including the further step of tempering the
      dehydrated acicular iron (III) oxide at a temperature of about 400.degree.
      to 800.degree. C.
NUM  3.
PAR  3. The process of claim 1 wherein the resulting iron (III) oxide hydroxide
      has about 0.05 to 1.5% by weight of SiO.sub.2 deposited thereon.
NUM  4.
PAR  4. The process of claim 3 wherein the SiO.sub.2 is added to the suspension
      as a sol or as a solution of an alkali metal or guanidine silicate having
      an SiO.sub.2 content of about 0.5 to 5% by weight.
NUM  5.
PAR  5. The process of claim 1 including the further step of tempering the
      dehydrated acicular iron (III) oxide at a temperature of about 600.degree.
      to 750.degree. C.
NUM  6.
PAR  6. The product produced by the process of claim 1.
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ABST
PAL  1,6-Hexanediol is manufactured by hydroformylation of 1,3-butadiene by a
      process wherein an acetal of pent-3-en-1-al is formed in a first
      hydroformylation step in the presence of lower alkanols or alkanediols and
      of rhodium catalysts, and is then converted into 1,6-hexanediol in a
      second hydroformylation step in the presence of cobalt catalysts, followed
      by hydrogenation.
BSUM
PAR  The invention relates to an improved process for the manufacture of
      1,6-hexanediol by hydroformylation of 1,3-butadiene followed by
      hydrogenation of the hydroformylation products first formed.
PAR  Numerous attempts to hydroformylate conjugated dienes have already been
      made. These showed that if cobalt carbonyl catalysts were used, only one
      double bond was hydroformylated, and the second double bond was
      hydrogenated.
PAR  A publication in Tetrahedron Letters 32 (1969), page 2721 et seq.,
      discloses that if rhodium catalysts modified with tributylphosphine are
      used, 1,3-butadiene gives not only monoaldehydes but also dialdehydes,
      which can be hydrogenated to diols. However, this process suffers from the
      disadvantage that, of the hydroformylation products obtained in a yield of
      from 80 to 90%, only about half consists of dialdehydes, and these are
      predominantly branched. The yield of 1,6-hexanedial or -diol is only about
      5%, based on butadiene employed. It is an object of the invention to
      provide a method of controlling the synthesis of 1,6-hexanediol, based on
      the hydroformylation of butadiene, so that the yield of 1,6-hexanediol,
      which is the principal product required, is substantially increased.
PAR  I have found that 1,6-hexanediol is obtained advantageously by
      hydroformylation of 1,3-butadiene by a method wherein, in a first
      hydroformylation stage, 1,3-butadiene is reacted with carbon monoxide and
      hydrogen at from 70.degree. to 130.degree.C and from 50 to 600 atmospheres
      in the presence of rhodium complexes which contain carbon monoxide and
      tertiary organic phosphines or tertiary organic phosphites and halogen
      atoms as ligands, and with alkanols or alkanediols of up to 4 carbon
      atoms, the rhodium compounds are removed and the pent-3-en-1-al-acetal
      thus obtained is subjected to a second hydroformylation stage, either in
      the hydroformylation mixture from the first stage or after isolation, with
      carbon monoxide and hydrogen at from 120.degree. to 220.degree.C and from
      20 to 120 atmospheres in the presence of cobalt carbonyl complexes
      modified with tertiary organic phosphines, and the hydroformylation
      products thus obtained are hydrogenated in the presence of hydrogenation
      catalysts at elevated temperatures and superatmospheric pressure and the
      1,6-hexanediol is isolated by conventional methods.
PAR  The advantage of the process of the invention is that 1,6-hexanediol is
      obtained from butadiene by a simple method and in good yield. The process
      is noteworthy since it was unforeseeable that the hydroformylation of the
      pent-3-en-1-al-acetal, obtained as an intermediate, in the presence of
      cobalt catalysts would in the main give a straight-chain hydroformylation
      product. Since the olefinic double bond is not in a terminal position,
      only the formation of predominantly branched products was to be expected,
      even in the presence of phosphines as modifiers.
PAR  The butadiene used as the starting material does not have to be pure and
      instead can contain, e.g., up to about 8% of hydrocarbons such as butane
      or isobutane.
PAR  The hydroformylation of 1,3-butadiene, initially involving only one double
      bond, is effected in the first hydroformylation stage in which carbon
      monoxide and hydrogen are employed in at least stoichiometric amounts but
      advantageously in excess, e.g. in an excess of up to 100 mole per cent.
      The volume ratio of carbon monoxide to hydrogen in the mixture is as a
      rule from 1:0.25 to 1:4, in particular from 1:1 to 1:2.
PAR  The reaction is carried out at from 70.degree. to 130.degree.C, but
      temperatures from 80.degree. to 120.degree.C have proved particularly
      suitable. The pressure maintained during the reaction is from 50 to 600
      atmospheres, but advantageously from 200 to 400 atmospheres.
PAR  The catalysts used for the reaction are rhodium complexes which contain
      carbon monoxide, tertiary organic phosphines or organic phosphites and
      halogen atoms as ligands. Suitable halogens are chlorine, bromine or
      iodine; chlorine and bromine have proved particularly important. An atomic
      ratio of rhodium to halogen, in the catalyst, of about 1:1 has proved
      advantageous.
PAR  Preferred tertiary organic phosphines or phosphites contain, as organic
      radicals, at most 2 radicals from amongst identical or different alkyl
      radicals of 1 to 20 carbon atoms, cycloalkyl radicals of 5 to 12 carbon
      atoms and mononuclear aralkyl radicals of 7 to 10 carbon atoms, and at
      least one aryl radical of 6 to 10 carbon atoms. The above radicals may
      contain substituents which are inert under the reaction conditions, for
      example one or two hydroxyl groups, alkoxy or carbalkoxy groups of 1 to 4
      carbon atoms or halogen atoms bonded to aromatic carbon atoms. Tertiary
      organic phosphines or organic phosphites in which the organic radicals are
      at least one phenyl radical which may be substituted by an alkyl group or
      alkoxy group of 1 to 4 carbon atoms or a chlorine atom, are particularly
      suitable. The remaining radicals may be identical or different alkyl
      radicals of up to 20 carbon atoms. Examples of suitable compounds are
      triphenylphosphine, diethylphenylphosphine, tritolylphosphine,
      trinaphthylphosphine, diphenylmethylphosphine, diphenylbutylphosphine,
      tris-p-chlorophenylphosphine, tris-p-carboxymethoxyphenylphosphine,
      tris-p-cyanophenylphosphine, diphenylphosphonic acid phenyl ester,
      phenylphosphonic acid diphenyl ester and triphenyl phosphite.
PAR  Phosphites and phosphines of which the organic radical is derived from
      benzene, such as triphenylphosphine, tris-p-chlorophenylphosphine and
      triphenyl phosphite have proved particularly important for industrial
      purposes.
PAR  Preferred rhodium complexes used as catalysts have the formula
      XRhCOL.sub.2, in which X is chlorine, bromine or iodine, especially
      chlorine, and L is one of the above phosphines or phosphites.
PAR  The reaction can be carried out with complex compounds prepared beforehand,
      but in industry it is preferred to prepare these in situ. A particularly
      suitable method has proved to be, e.g., to produce the catalyst in situ
      under the hydroformylation conditions from one mole of rhodium trichloride
      and one mole of rhodium trioxide together with excess phosphines or
      phosphites. The preferred ratio of rhodium to phosphine is from 1:2 to
      1:100, in particular from 1:5 to 1:50.
PAR  The catalysts are preferably used in amounts from 10 to 100 ppm (calculated
      as rhodium metal), based on the reaction mixture. Amounts of from 20 to
      100 ppm have proved particularly suitable.
PAR  The reaction is carried out in the presence of alkanols or alkanediols of
      up to 4 carbon atoms. Examples of suitable compounds are methanol,
      ethanol, propanol, butanols, ethylene glycol and 1,2-propanediol or, with
      a view to the second hydroformylation stage, 1,3-diols such as
      1,3-propanediol which form particularly suitable cyclic acetals with the
      formyl group. The alkanols and alkanediols are employed in amounts which
      provide at least two hydroxyl groups per formyl group to be introduced,
      but an excess of from 100 to 1,000 mole per cent has proved suitable.
PAR  If the reaction is carried out a priori in the presence of diols, not only
      cyclic but also polymeric acetals are formed under the reaction
      conditions. Whilst these can also be decomposed easily, it is frequently
      advisable first to manufacture acetals of monohydric alcohols, for example
      the dimethylacetal, and to isolate these acetals and trans-acetalize them
      by conventional methods with a diol in the presence of strong acid
      catalysts, such as strongly acid ion exchangers, thereby obtaining almost
      exclusively the cyclic compounds which are particularly suitable for the
      second hydroformylation step.
PAR  The process is discontinued after one double bond has been hydroformylated.
      Since the first double bond reacts substantially more rapidly, it is
      simple to establish experimentally at what time the first hydroformylation
      stage has been completed.
PAR  The reaction mixture thus obtained is preferably distilled so as to recover
      the catalyst as a residue. This residue can be reused directly for the
      first hydroformylation stage. If particularly pure end products are to be
      obtained, it is advisable to isolate the pent-3-en-1-al-acetal from the
      hydroformylation mixture by distillation. However, it is also possible to
      remove the catalyst from the reaction mixture, i.e. from the
      hydroformylation product and the alkanols and alkanediols used, and then
      subject the mixture directly to the second hydroformylation stage.
PAR  In the second hydroformylation stage, the pent-3-en-1-al-acetal obtained in
      the first stage is hydroformylated with a mixture of carbon monoxide and
      hydrogen. The composition and the amounts of carbon monoxide and hydrogen
      correspond to those of the first stage.
PAR  In the second stage, the hydroformylation is carried out at from
      120.degree. to 220.degree.C, especially from 130.degree. to 200.degree.C,
      and at from 20 to 120 atmospheres, advantageously from 40 to 90
      atmospheres.
PAR  The reaction can be carried out in the presence of liquid solvents which
      are inert under the reaction conditions. Hydrocarbons such as benzene,
      hexane or naphtha, alkanols or alkanediols which have been used as
      acetalizing components, and ethers, such as diethyl ether or dibutyl
      ether, have proved particularly suitable solvents.
PAR  The hydroformylation catalyst used for the second stage is a cobalt
      carbonyl complex modified with tertiary organic phosphines. Though the
      precise catalyst composition is not known, it is assumed to correspond to
      the formulae
EQU  Co.sub.2 (CO).sub.3.sub.-n L.sub.n                         ( n = 1 to 4)
PAL  or
EQU  HCo(CO).sub.4.sub.-m L.sub.m                               ( m = 1 to 2)
PAL                                                             (L = phosphine).
PAR  The concentration of cobalt in the reaction mixture is advantageously from
      0.1 to 1 per cent by weight, and preferably from 1 to 10 moles of
      phosphine are used per gram atom of cobalt. Preferred phosphines are those
      which are substituted by linear or cyclic alkyl groups of 1 to 20 carbon
      atoms or phenyl groups which may also contain one or two hydroxyl groups,
      alkoxy or alkyl radicals of 1 to 4 carbon atoms, carbalkoxy groups of 2 to
      5 carbon atoms or halogen atoms. Examples of suitable phosphines are
      dimethylphenylphosphine, ethylditolylphosphine, trioctylphosphine,
      tridodecylphosphine, diethyldodecylphosphine and dimethyleicosylphosphine.
      The phosphorus atom of the trialkylphosphine can also form part of a ring
      system, as in the case of, e.g., 9-alkyl-9-phosphabicyclononane.
PAR  The hydroformylation mixture thus obtained is distilled and separated from
      the residue containing the catalyst, which can be reused for the same
      reaction.
PAR  The distillate obtained, which consists substantially of
      6-hydroxy-hexan-1-al-acetal, is then hydrogenated by conventional methods.
      Preferred hydrogenation catalysts contain nickel, copper, cobalt, chromium
      and molybdenum and may be used as unsupported catalysts or on carriers
      such as aluminum oxide or silica gel. The hydrogenation is advantageously
      carried out at from 100.degree. to 200.degree.C and from 50 to 300
      atmospheres, preferably in the presence of at least stoichiometric amounts
      of water, based on the acetals contained in the hydroformylation product.
      1,6-Hexanediol can easily be obtained in a pure form, from the above
      reaction mixture, by distillation or crystallization.
PAR  1,6-Hexanediol obtained by the process of the invention is an important
      intermediate for organic syntheses and may be used, e.g., for the
      manufacture of polyurethanes and polyesters.
DETD
PAC  EXAMPLE
PAR  800 Ml (= 630 g) of methanol, 0.54 g of BrRhCO [P(C.sub.6 H.sub.5).sub.3]2
      (= 75 mg of Rh, i.e. 0.72 .times. 10.sup.-.sup.3 gram atom of Rh) and 10 g
      of triphenylphosphine (= 39 mmoles) are introduced into a 1 l high
      pressure vessel. After purging with nitrogen, 200 ml (= 120 g) of
      butadiene are added and an equimolar mixture of carbon monoxide and
      hydrogen is then injected until the pressure reaches 200 atmospheres. The
      mixture is heated to 120.degree.C, whilst raising the pressure to 280
      atmospheres. After 40 to 50 minutes, when the gas absorbed is equivalent
      to a pressure drop of 240 atmospheres, the autoclave is cooled rapidly.
      The material discharged (839 g) is distilled to free it from the catalyst
      and traces of residues (15 g total). The product is then subjected to a
      precision distillation (using a 50 cm packed column), in which excess
      methanol is first distilled off, followed by the water of acetalization.
      Finally, penten-3-al-dimethylacetal (163 g, b.p. 57.degree.-62.degree.C/40
      mm Hg) and the bis-(dimethylacetals) of the hexanedials (104 g) distil
      over.
PAR  The penten-3-al-dimethylacetal is stirred with 114 g of 1,3-propanediol and
      10 g of a strongly acid ion exchanger for 2 hours at 60.degree.C and from
      120 to 130 mm Hg, during which the methanol is liberated. The ion
      exchanger is separated off and the product (193 g) is introduced into a
      pressure reactor, together with 500 ml of benzene, 3 g (= 8.8 mmoles) of
      dicobaltoctacarbonyl and 11 g (= 35.5 mmoles) of
      9-dodecyl-9-phosphabicyclononane; the vessel is equipped with a magnetic
      vertically reciprocating stirrer. After twice purging the vessel with a
      gas mixture of 1 part by volume of carbon monoxide and 2 parts by volume
      of hydrogen, which is injected until the pressure is 90 atmospheres, the
      vessel is heated to 170.degree.C and the pressure is maintained at from 80
      to 110 atmospheres by further injection of gas. The absorption of gas has
      ceased after 2 hours and the material discharged is distilled off the
      catalyst and residue (totaling 18 g). A precision distillation gives 221 g
      of hydroformylation product which according to analysis by gas
      chromatography contains only valeraldehyde-acetal,
      formylvaleraldehydeacetal and hydroxymethylvaleraldehyde-acetal, apart
      from some 1,3-propanediol.
PAR  The hydroformylation product is hydrogenated in the presence of 400 ml of
      methanol, 100 ml of water and 30 g of Raney nickel at 100.degree.C and 180
      atmospheres hydrogen pressure, followed by 140.degree.C and 280
      atmospheres hydrogen pressure. The product is subjected to a fractional
      distillation in which the fractions which pass over are methanol, followed
      by an azeotrope of amyl alcohol and water, followed, at from 85.degree. to
      90.degree.C/1.5 mm, by 1,3-propanediol and finally followed, at from
      115.degree. to 120.degree.C/1.5 mm, by 110 g of hexanediols. This
      corresponds to a yield of 82%, based on the penten-3-al-acetal obtained
      from the first hydroformylation stage. The proportion of 1,6-hexanediol in
      the total hexanediol isomer mixture is 89 per cent.
PAR  If the di-hydroformylation products obtained in the first hydroformylation
      stage, i.e. the bis(dimethylacetals) of the hexanedials, are also
      hydrogenated and distilled, a further 53 g of hexanediol mixture is
      obtained, containing, according to analysis by gas chromatography, 33% of
      1,6-hexanediol, 38% of 2-methylpentane-1,5-diol and 39% of
      2-ethylbutane-1,4-diol and 2,3-dimethylbutane-1,4-diol.
PAR  110 G of pure 1,6-hexanediol are obtained by crystallization from the two
      hexanediol fractions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the manufacture of 1,6-hexanediol by hydroformylation of
      1,3-butadiene, wherein, in a first hydroformylation stage, 1,3-butadiene
      is reacted with carbon monoxide and hydrogen at from 70.degree. to
      130.degree.C and from 50 to 600 atmospheres in the presence of a rhodium
      complex which contains carbon monoxide and a tertiary organic phosphine or
      tertiary organic phosphite and a halogen atom as ligands, and with an
      alkanol or alkanediol of 1 to 4 carbon atoms, the rhodium compound is
      removed, the pent-3-en-1-al-acetal thus obtained is subjected to a second
      hydroformylation stage, either in the hydroformylation mixture from the
      first stage after the rhodium compound is removed or after isolation
      therefrom, with carbon monoxide and hydrogen at from 120.degree. to
      220.degree.C and from 20 to 120 atmospheres in the presence of a cobalt
      carbonyl complex modified with a tertiary organic phosphine, the
      hydroformylation product thus obtained is hydrogenated by conventional
      methods in the presence of a hydrogenation catalyst at elevated
      temperature and superatmospheric pressure, and the 1,6-hexanediol produced
      is isolated, also by conventional methods.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the first hydroformylation
      stage is carried out in the presence of an alkanol, the resulting
      pent-3-en-1-al-dialkylacetal is isolated and trans-acetalized with an
      alkane diol by conventional methods, and the cyclic acetal of the pentenal
      thus obtained is subjected to the second hydroformylation step.
NUM  3.
PAR  3. A process as claimed in claim 2, wherein 1,3-propanediol is used as the
      alkanediol.
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ABST
PAL  The 3-methyl-3-butene-1-ol contained in the oily mixture obtained in the
      production of isoprene by the reaction of isobutene and formaldehyde
      through the intermediate 4,4-dimethyl-1,3-dioxane can be isolated by
      adding boric acid to said mixture to form the boric acid ester of
      3-methyl-3-butene-1-ol and recovering the higher boiling fraction having a
      boiling point of above 160.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for the separation and the recovery of
      3-methyl-3-butene-1-ol which is formed, as a by-product, during the
      production of isoprene by the reaction of isobutene and formaldehyde.
PAR  2. Description of the Prior Art
PAR  It is well known that 4,4-dimethyl-1,3-dioxane (useful as an intermediate
      for the production of isoprene) may be synthesized by the Prins reaction
      wherein isobutene is condensed with formaldehyde in an aqueous medium in
      the presence of an acid catalyst such as sulfuric acid, phosphoric acid or
      sulfonic acid at a temperature of 20.degree. to 100.degree.C. Such a
      method is described in, for example, U.S. Pat. No. 2,997,480. It is also
      well known that the above dioxane decomposes in the presence of acidic
      catalysts to give isoprene as described in, for example, U.S. Pat. Nos.
      3,060,239 and 3,221,075 and British Pat. No. 884,809. In the production of
      isoprene by the reaction of isobutene and formaldehyde through the
      intermediate 4,4-dimethyl-1,3-dioxane as mentioned above,
      3-methyl-3-butene-1-ol is formed as a by-product.
PAR  Since the boiling point of 3-methyl-3-butene-1-ol (boiling point:
      130.degree.-131.degree.C.) is very close to that of
      4,4-dimethyl-1,3-dioxane (boiling point: 133.degree.C.), it is difficult
      to separate them and recover said alcohol from said dioxane by a
      conventional distillation operation. Therefore, in the production of
      isoprene by the above method, the by-product 3-methyl-3-butene-1-ol
      inevitably accompanies the 4,4-dimethyl-1,3-dioxane cycled in the reaction
      system and both are converted to isoprene according to the following
      equations:
      ##EQU1##
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a process for
      separating and recovering 3-methyl-3-butene-1-ol from the reaction mixture
      obtained in a process of isoprene production by the reaction of isobutene
      and formaldehyde.
PAR  Another object of the present invention is to isolate
      3-methyl-3-butene-1-ol from said mixture for the utilization of the same
      in applications other than the preparation of isoprene.
PAR  Other objects and advantages will become apparent from the ensuing
      description.
PAR  According to the present invention, a process is provided for the
      separation and recovery of 3-methyl-3-butene-1-ol from an oily mixture
      having a boiling point not lower than 85.degree.C. at atmospheric pressure
      which is obtained in the production of isoprene by the reaction of
      isobutene and formaldehyde through the intermediate
      4,4-dimethyl-1,3-dioxane, which comprises the steps of (1) heating said
      mixture in the presence of boric acid or boric acid anhydride, (2)
      removing the fraction boiling at a temperature not higher than
      160.degree.C. under atmospheric pressure from the so-treated mixture and
      (3) recovering 3-methyl-3-butene-1-ol from the residue.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The term "oily mixture having a boiling point not lower than 85.degree.C.
      at atmospheric pressure" as used herein is intended to mean the organic
      mixture boiling at 85.degree.C. or higher which is obtained (by a
      conventional separating method such as distillation) from the organic
      layer contained in the reaction mixture originating from (i) the reaction
      of isobutene and formaldehyde (in a molar ratio of 10 to 0.2 moles of
      isobutene per mole of formaldehyde) to produce 4,4-dimethyl-1,3-dioxane in
      an aqueous medium in the presence of an acid catalyst such as sulfuric
      acid, phosphoric acid or sulfonic acid at a temperature of 20.degree. to
      100.degree.C. and/or (ii) the decomposition reaction of
      4,4-dimethyl-1,3-dioxane into isoprene at a temperature of 150.degree. to
      400.degree.C. in the presence of an acidic catalyst.
PAR  Since both of these procedures (i) and (ii) are known per se, no detailed
      description of the same will be given herein. The disclosure of U.S. Pat.
      No. 2,997,480 (which describes the first procedure) is expressly
      incorporated herein by reference. It is the intention to cover all "acid"
      catalysts useful in such a process, the specific ones disclosed above
      merely being exemplary.
PAR  The acidic catalyst suitable for the decomposition of
      4,4-dimethyl-1,3-dioxane is, for example, phosphoric acid, phosphates,
      metal oxides, metal sulfates, etc., if desired deposited on (or
      incorporated in) a carrier substance such as crystallized silica, silicon
      carbide or a clay. The most preferred acidic catalyst is phosphoric acid
      deposited on silica gel, quartz, kaolin or diatomaceous earth as a
      carrier; i.e., the so-called solid phosphoric acid catalyst which has been
      calcined at a temperature of from 700.degree. to 1100.degree.C. However,
      any "acidic catalyst" known to be useful in such a process can be used, it
      being the intention not to limit the catalyst to those exemplified above.
      Reference is made to U.S. Pat. Nos. 3,060,239 and 3,331,075 and to British
      Pat. No. 884,809 for a fuller description of this process and more
      catalysts.
PAR  Generally stated, the process of the present invention may employ as a
      starting material any reaction mixture obtained by the above known
      processes (i) and (ii). It is the intention not to limit the starting
      material of the invention to only specific reaction mixtures produced by
      these processes, but rather to include all such reaction mixtures produced
      by the above processes (i) and (ii) as broadly described above.
PAR  The oily mixture having a boiling point not lower than 85.degree.C.
      contains 4,4-dimethyl-1,3-dioxane as the predominant component and also,
      higher boiling products, for example, methyl isopropyl ketone (boiling
      point: 94.degree.C.), 4-methylene tetrahydropyran (boiling point:
      109.degree.C.), 4-methyl-5,6-dihydro-.alpha.-pyran (boiling point:
      119.degree.C.), 3-methyl-3-butene-1-ol and isoprene oligomer, etc., in
      variable relative proportions according to the conditions employed in the
      isoprene production process. Generally speaking, the amounts of the
      components in the oily mixture may fall within the following range;
      4,4-dimethyl-1,3-dioxane: 30-80 wt. %, methyl isopropyl ketone: 1-6 wt. %,
      4-methylene tetrahydropyran: 2-7 wt. %,
      4-methyl-5,6-dihydro-.alpha.-pyran: 4-10 wt. %, 3-methyl-3-butene-1-ol:
      0.3-40 wt. %, trioxane: 1-1.5 wt. %, 2-methyl butanal: 2-3 wt. %,
      4-ethyl-1,3-dioxane: 0.1-1.5 wt. % and the other components: 3-10 wt. %,
      wherein weight percent is based on the weight of the oily mixture. Said
      mixture may further contain a number of components having wide ranges of
      boiling points extending even to resinous materials.
PAR  The content of 3-methyl-3-butene-1-ol in the above mixture is generally
      within the range of from 0.5 to 25% by weight, based on the weight of the
      mixture. The process of the present invention can be applied not only to
      said oily mixture directly but also to the mixture obtained by the
      conventional distillation of the oily mixture which essentially consists
      of 4,4-dimethyl-1,3-dioxane and 3-methyl-3-butene-1-ol in respective
      amounts of 99 to 10 wt. % and 1 to 90 wt. % (boiling point of this
      distillate: 129.degree.-133.degree.C.).
PAR  As is known, 1,3-dioxane compounds are unstable under acidic conditions and
      dioxane ring cleavage reactions easily occur induced by, for example,
      hydrolysis. Copending U.S. application Ser. No. 420,849 filed Dec. 3,
      1973, by the same inventors discloses that the ring of 1,3-dioxane
      compounds having at least one hydroxyl group is easily subjected to
      cleavage by the action of a weak acid such as boric acid. The disclosure
      of said copending application is hereby expressly incorporated herein by
      reference.
PAR  According to the present invention, however, when the mixture comprising
      4,4-dimethyl-1,3-dioxane as the main component and a hydroxyl-containing
      compound such as 3-methyl-3-butene-1-ol is heated in the presence of added
      boric acid, said 1,3-dioxane does not undergo any change. This fact is
      quite surprising considering the above prior teachings. The reason for it
      is not presently clear, but it may be considered that the
      hydroxyl-containing compound in the mixture used in the invention forms
      high boiling boric acid esters and water by the reaction with boric acid
      or boric acid anhydride, and hence 4,4-dimethyl-1,3-dioxane, the main
      component, does not undergo the above change at all despite the presence
      of water in the reaction mixture.
PAR  In consequence, according to the present invention, when boric acid or
      boric acid anhydride is added to the oily mixture boiling at and above
      85.degree.C. comprising 4,4-dimethyl-1,3-dioxane as a major component and
      3-methyl-3-butene-1-ol, and then the fraction boiling at not higher than
      160.degree.C. is distilled off after heating, 4,4-dimethyl-1,3-dioxane and
      other materials having a boiling point close to that of
      3-methyl-3-butene-1-ol are removed as the distillates from said mixture to
      leave the boric acid ester of 3-methyl-3-butene-1-ol and other higher
      boiling materials of boiling points above 160.degree.C. as the residue.
      The full recovery of 3-methyl-3-butene-1-ol can be accomplished from said
      residue. Thus, according to the present invention, 3-methyl-3-butene-1-ol
      can be easily separated and recovered from the oily mixture which has been
      obtained in the production of isoprene by the reaction of isobutene and
      formaldehyde, without bringing about substantial changes in each
      component.
PAR  The amount of boric acid added to the oily mixture (and correspondingly,
      the amount of boric acid anhydride which is converted into boric acid) is
      preferably not more than 2 mole, more preferably one-third to one-half
      mole, per mole of 3-methyl-3-butene-1-ol contained in the oily mixture. If
      said molar ratio is below one-third, the full recovery of
      3-methyl-3-butene-1-ol cannot be expected and if said molar ratio exceeds
      1, the process tends toward economic disadvantages due to the increase in
      the amount of boric acid to be cycled in the process of the invention.
      However, the process is operable with amounts of boric acid and boric acid
      anhydride outside of the above limits, and it is not the intention to
      limit the broad invention to the preferred limits.
PAR  The heating of the oily mixture after the addition of the boric acid or
      boric acid anhydride is preferably carried out at the boiling temperature
      of said mixture, namely its reflux temperature, which varies in general
      from 92.degree. to 160.degree. C. under atmospheric pressure. The heating
      may also be effected under elevated or reduced pressure. Generally,
      however, this heating step is performed at a temperature and for a period
      of time necessary to complete the reaction of the boric acid or boric acid
      anhydride with the alcohol to form the boric acid ester thereof. Upon
      heating, boric acid is reacted with 3-methyl-3-butene-1-ol to generate
      water which forms an azeotropic mixture with 4,4-dimethyl-1,3-dioxane.
      Therefore, the heating can be carried out in a manner such that said
      azeotropic mixture is distilled off during the heating, or the aqueous
      phase may be removed from the thus-separated and subsequently condensed
      azeotropic mixture and the remaining organic phase may be returned to the
      reaction system during the heating. As a result, the temperature of the
      reaction liquid is increased. Boric acid anhydride may be converted into
      boric acid under the reaction conditions. The completion of the reaction
      may be recognized as that point where the formation of the azeotropic
      mixture substantially ceases. It takes about 1 to 2 hours to complete the
      reaction generally.
PAR  After the above reaction with heating, the reaction mixture is distilled
      under normal or reduced pressure to remove those components which boil at
      160.degree.C. or lower at atmospheric pressure while leaving as a residue
      those components which boil above 160.degree.C., the residue predominantly
      comprising the boric acid ester of 3-methyl-3-butene-1-ol. The boric acid
      ester of 3-methyl-3-butene-1-ol, which can be isolated from said residue
      by further distillation, is a novel, unknown substance in the literature,
      and it is a colorless, transparent liquid having a boiling point of
      74.degree. to 76.degree.C. at a reduced pressure of 0.07 mmHg, which can
      easily be subjected to hydrolysis under the influence of the humidity in
      the air.
PAR  The separation and recovery of 3-methyl-3-butene-1-ol may be conducted in a
      manner as above mentioned, but the recovery of the same can be facilitated
      by contacting the residue (which boils above 160.degree.C.) with water in
      the form of liquid water or steam to effect hydrolysis. Especial
      operational advantages can be obtained by blowing steam into the residue
      whereby the 3-methyl-3-butene-1-ol is steam distilled (boiling point of
      the azeotropic mixture: 95.degree.C.). After hydrolysis, boric acid can be
      recovered by concentration from the aqueous layer in a form suitable for
      reuse, and the concentrated water also can be reused for the hydrolysis
      step resulting in the prevention of loss of 3-methyl-3-butene-1-ol from
      the residue.
PAR  3-methyl-3-butene-1-ol separated according to the present invention is the
      simplest isoprenoid alcohol and is a useful industrial material. For
      example, it can be employed as a starting or intermediate material in the
      production of perfumes, medicines and synthetic polymers.
DETD
PAR  The presently preferred and practical embodiments of the present invention
      are illustratively shown in the following examples. All parts and
      percentages (%) are "by weight" except as otherwise indicated.
PAC  EXAMPLE 1
PAR  16.2G of boric acid was added to 90g of a mixture consisting of 38% of
      3-methyl-3-butene-1-ol and 62% of 4,4-dimethyl-1,3-dioxane. After the
      mixture was heated to reflux for 3 hours, the mixture was subjected to
      distillation under a reduced pressure of 64 mm Hg until the temperature of
      the liquid rose to 145.degree.C. 67.1G of the distillate was obtained. By
      a gas-liquid chromatographic analysis, the distillate was found to
      comprise a mixture of 4.37g of 3-methyl-3-butene-1-ol, 53.3g of
      4,4-dimethyl-1,3-dioxane (recovery: 95.6%) and water.
PAR  The residue produced by the distillation, that is 31g of a yellow
      transparent liquid, was mixed with 30ml of water, and the mixture was then
      heated to reflux for 1 hour. The resulting organic layer and aqueous layer
      were respectively subjected to gas-liquid chromatographic analyses. The
      organic layer, in which 4,4-dimethyl-1,3-dioxane could not be detected,
      consisted of 24.7g of 3-methyl-3-butene-1-ol and water. The aqueous layer
      was found to contain 3.6g of 3-methyl-3-butene-1-ol. Upon concentration of
      said aqueous layer under reduced pressure, 16g of boric acid in the form
      of crystals were recovered.
PAC  EXAMPLE 2
PAR  The starting material used in this example comprised a mixture having the
      composition shown in the following Table 1, which was obtained in the
      production of isoprene, through the intermediary of
      4,4-dimethyl-1,3-dioxane, by the reaction of isobutene and formaldehyde.
PAR  1900 Parts of the above mixture and 26.9 parts of boric acid were charged
      to a reactor equipped with a thermometer, a stirrer and a decanter, and
      heated to reflux. The formed water was taken out of the decanter and the
      organic layer was recycled to the reactor. The distillation of the formed
      water terminated in about one hour. The amount of the distilled water was
      29.7 parts and it contained 0.38% of 3-methyl-3-butene-1-ol and 15.1% of
      4,4-dimethyl-1,3-dioxane according to a gas-liquid chromatographic
      analysis.
PAR  Next, the fraction boiling up to 63.degree.C. at a pressure of 52mm Hg was
      distilled off from the reaction liquid under moisture-free conditions. In
      this case, the final temperature of the liquid reached 139.degree.C.; the
      amount of the distillate was 1778 parts; and the amount of residue on
      distillation was 139 parts. The composition of the distillate according to
      a determination of gas-liquid chromatography is also shown in Table 1 from
      which it will be understood that substantially the entire amount of each
      component in the charge stock was recovered.
TBL                Table 1                                                     
     ______________________________________                                    
     Component         Composition (parts)                                     
                     Charge stock                                              
                              Distillate                                       
     ______________________________________                                    
     4,4-dimethyl-1,3-dioxane                                                  
                       1716       1704                                         
     methyl isopropyl ketone                                                   
                       2.1        1.3                                          
     4-methyl-5,6-dihydro-.alpha.-pyran                                        
                       41.5       40.8                                         
     4-methylene tetrahydropyran                                               
                       2.3        2.2                                          
     trioxane          12.7       12.3                                         
     3-methyl-3-butene-1-ol                                                    
                       85.1       4.6                                          
     higher boiling materials                                                  
                       41.3       2.3                                          
     ______________________________________                                    
PAR  Then, 79 parts of the above residue was subjected to steam distillation at
      95.degree. to 100.degree.C. using conventional apparatus. In the distilled
      liquid (i.e., both of the organic layer and the aqueous layer), there was
      formed 43.7 parts of 3-methyl-3-butene-1-ol but the other components were
      present only in minute quantities according to gas-liquid chromatographic
      analysis. On the other hand, 60 parts of the same residue was distilled
      under a reduced pressure of 0.07 mm Hg using conventional distillation
      apparatus to give 43.6 parts of the boric acid ester of
      3-methyl-3-butene-1-ol (boiling point: 71.degree.-76.degree.C/0.07 mm Hg)
      and a small amount of low boiling material. 14.1 Parts of a tar-like
      material was produced as a bottoms product.
PAR  While the invention has been described by reference to preferred
      embodiments thereof, it is to be understood that various changes,
      modifications and/or substitutions may be made therein without departing
      from the spirit and scope thereof, it being the intention that the
      invention be limited only by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the separation and the recovery of 3-methyl-3-butene-1-ol
      from an oily mixture containing the same and 4,4-dimethyl-1,3-dioxane,
      which mixture is obtained during the production of isoprene by the
      reaction of isobutene and formaldehyde through the intermediate
      4,4-dimethyl-1,3-dioxane, said oily mixture having a boiling point not
      lower than 85.degree.C at atmospheric pressure, which process comprises
      the steps of (1) heating at a temperature ranging between about 92.degree.
      to 160.degree.C said oily mixture in the presence of one-third to one-half
      mole of boric acid or boric acid anhydride per mole of
      3-methyl-3-butene-1-ol contained in said oily mixture while eliminating
      the generated water azeotropically with 4,4-dimethyl-1,3-dioxane, (2)
      removing therefrom a first fraction by distillation which boils at a
      temperature not higher than 160.degree.C at atmospheric pressure to
      separate the fraction containing 4,4-dimethyl-1,3-dioxane from a second
      fraction containing boric acid ester of 3-methyl-3-butene-1-ol, (3)
      recovering the second fraction remaining and (4) isolating
      3-methyl-3-butene-1-ol therefrom.
NUM  2.
PAR  2. The process of claim 1, wherein said oily mixture is obtained by the
      decomposition reaction of 4,4-dimethyl-1,3-dioxane into isoprene at a
      temperature of 150.degree. to 400.degree.C. in the presence of an acidic
      catalyst.
NUM  3.
PAR  3. The process of claim 1, wherein said oily mixture is obtained by the
      reaction of isobutene and formaldehyde in the preparation of
      4,4-dimethyl-1,3-dioxane in an aqueous medium in the presence of an acid
      catalyst at a temperature of 20.degree. to 100.degree.C.
NUM  4.
PAR  4. The process of claim 1, wherein said oily mixture contains
      4,4-dimethyl-1,3-dioxane as a major component, and methyl isopropylketone,
      3-methyl butanol, 4-methylene tetrahydropyran,
      4-methyl-5,6-dihydro-.alpha.-pyran, 3-methyl-3-butene-1-ol and tar-like
      materials.
NUM  5.
PAR  5. The process of claim 1, wherein said oily mixture consists essentially
      of 4,4-dimethyl-1,3-dioxane and 3-methyl-3-butene-1-ol.
NUM  6.
PAR  6. The process of claim 4, wherein said 3-methyl-3-butene-1-ol is present
      in said oily mixture in an amount of 0.5 to 25% by weight, based on the
      weight of said oily mixture.
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PAL  Flavorants and fragrance materials of the sinensal type, novel halides,
      alcohols, and ketones intermediates and process for making same.
PARN
PAR  This is a division, of application Ser. No. 337,341 filed Mar. 2, 1973.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the fields of flavorants and fragrances.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a process for the manufacture of compounds
      of the sinensal type of the general formula
EQU  OHC--C(CH.sub.3)=CH--CH.sub.2-- CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2 --A (I)
PAR  wherein A represents a group of the formula
EQU  --CH.sub.2 --C(=CH.sub.2)--CH=CH.sub.2                     or
EQU  --CH=C(CH.sub.3)--CH=CH.sub.2
PAR  an especially interesting compound of formula I manufactured in accordance
      with the present invention is
      trans-trans-2,6-dimethyl-10-methylene-dodeca-2,6,11-trienal
      (.beta.-sinensal) which occurs in natural orange oil.
PAR  The process in accordance with the present invention for the manufacture of
      the compounds of formula I comprises oxidising a halide of the general
      formula
EQU  Hal--CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2 --CH.sub.2
      --C(CH.sub.3)=CH--CH.sub.2 --A                            (II)
PAR  , wherein A has the significance given earlier and Hal stands for a
      chlorine or bromine atom.
PAR  The halide starting materials of formula II are novel and also form part of
      the present invention. They can be prepared, also in accordance with the
      present invention, by treating an alcohol of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       (III)
PAR  , wherein A has the significance given earlier, with an appropriate
      halogenating agent.
PAR  The alcohols of formula III are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by reducing a ketone of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CO--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       (IV)
PAR  wherein A has the significance given earlier.
PAR  The ketones of formula IV are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by the acidcatalysed reaction of a vinyl carbinol of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --A                  (V)
PAR  , wherein A has the significance given earlier, with an enol ether of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1)=CH.sub.2                (VI)
PAR  , wherein R.sup.1 represents a lower alkyl group, or a corresponding ketal
      of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1).sub.2 --CH.sub.3        (VIII)
PAR  wherein R.sup.1 has the significance given earlier.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The oxidation of a compound of formula II can be carried cut according to
      methods known per se.
PAR  A preferred oxidation method comprises the treatment of a halide of formula
      Ii with an alkali salt of a primary or secondary nitroalkane; that is to
      say, of a compound which can form an aci-form. Examples of suitable
      nitroalkanes are nitromethane, nitroethane and 1- or 2-nitropropane, with
      2-nitropropane being preferred and being used in the form of the sodium or
      potassium salt.
PAR  The oxidation can be carried out in the presence of anhydrous or aqueous
      organic solvents; for example, a unior polyvalent alcohol such as ethanol,
      isopropanol, tertbutanol or mono- or diethylene glycol, a water-soluble
      ether such as diethylene glycol ehtyl butyl ether, dioxan or
      tetrahydrofuran, a dialkyl amide such as dimethylformamide, an acetal such
      as methylal, a ketone such as acetone, acetonitrile etc. The oxidation
      components are preferably stirred in the solvent at a temperature between
      -10.degree.C and 80.degree.C. In a preferred embodiment of the process, a
      nitroalkane (e.g. 2-nitropropane) is dissolved in a mixture of an organic
      solvent (e.g. dimethylformamide, isopropanol or acetone) and aqueous
      sodium hydroxide or potassium hydroxide, a halide of formula II is added
      to the resulting solution of the sodium or potassium salt of the
      nitroalkane and the mixture is stirred with heating to about
      50.degree.-80.degree.C. In another suitable embodiment of the process, a
      solution of an alkali alcoholate such as potassium tertbutylate in
      tertbutanol, can be added to a nitroalkane and the resulting solution or
      suspension of the alkali salt of the nitroalkane can be stirred with a
      halide of formula II at 0.degree.-50.degree.C. A nitroalkane can also be
      introduced into a suspension of finely divided anhydrous potassium
      hydroxide in an acetal such as methylal or an ether such as diethylene
      glycol ethyl butyl ether and the mixture obtained can be stirred with a
      halide of formula II at room temperature. Depending on the alkali salt and
      the solvent used, there is obtained a homogeneous solution or a mixture
      which separates into two layers. In the latter case, it is expedient to
      bring about an intimate mixture of the two phases by intensive stirring.
PAR  The halide starting materials of formula II are novel and also form part of
      the present invention. They can be prepared, also in accordance with the
      present invention, by treating an alcohol of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       (III)
PAR  , wherein A has the significance given earlier, with an appropriate
      halogenating agent.
PAR  The treatment of an alcohol of formula III with an appropriate halogenating
      agent can be carried out in a manner known per se. Suitable halogenating
      agents include, for example, hydrogen halides (e.g. hydrogen bromide),
      phosphorus halides (e.g. phosphorus tribromide and phosphorus
      pentachloride) and thionyl chloride. Thionyl chloride is preferred.
PAR  The alcohols of formula III are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by reducing a ketone of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CO--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       (IV)
PAR  wherein A has the significance given earlier.
PAR  The reduction of the oxo group in a ketone of formula IV to a hydroxy group
      can be carried out in a manner known per se using a suitable reducing
      agent such as a complex alkali metal hydride (e.g. lithium aluminium
      hydride, sodium aluminium hydride or sodium borohydride), a complex
      trialkoxy-alkali metal hydride (e.g. trimethoxy lithium aluminium hydride
      or tritertbutoxy lithium aluminium hydride), a substituted aluminium
      hydride (e.g. diethyl aluminium hydride or diisobutyl aluminium hydride)
      or a trialkyl aluminium compound (e.g. triisopropyl aluminium). Complex
      alkali metal hydrides, especially lithium aluminium hydride, are
      preferred.
PAR  The reduction is expediently carried out in an organic solvent such as an
      ether (e.g. diethyl ether, dioxan or tetrahydrofuran).
PAR  It is advisable to carry out the reduction at a low temperature, that is to
      say at a temperature below room temperature (e.g. at 0.degree.C).
PAR  The ketones of formula IV are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by the acid-catalysed reaction of a vinyl carbinol of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --A                  (V)
PAR  , wherein A has the significance given earlier, with an enol ether of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1)=CH.sub.2                (VI)
PAR  , wherein R.sup.1 represents a lower alkyl group, or a corresponding ketal
      of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1).sub.2 --CH.sub.3        (VII)
PAR  wherein R.sup.1 has the significance given earlier.
PAR  The lower alkyl groups denoted by R.sup.1 in formulae VI and VII contain
      from 1 to 6 carbon atoms (e.g. the methyl, ethyl, isopropyl, tertbutyl and
      hexyl groups). The methyl group is the preferred lower alkyl group.
PAR  It is advantageous to use an excess of an enol ether of formula VI in the
      reaction, about 3 equivalents being sufficient from the practical point of
      view. If a corresponding ketal of formula VII is used instead of the enol
      ether, somewhat smaller yields of the desired ketone of formula IV are
      obtained.
PAR  The reaction is carried out in the presence of an acidic catalyst. As the
      acidic catalyst there is expediently used a strong mineral acid (e.g.
      sulphuric acid or phosphoric acid), an acidic salt (e.g. potassium
      bisulphate or pyridine hydrochloride), a strong organic acid (e.g.
      p-toluenesulphonic acid, oxalic acid and trichloroacetic acid) or a Lewis
      acid (e.g. zinc chloride or boron trifluoride etherate). The concentration
      of the acidic catalyst in the reaction mixture expediently amounts to
      about 0.01-1.0%, preferably about 0.1--0.3%.
PAR  The reaction can be carried out in the presence of or in the absence of a
      solvent. When a solvent is used, suitable solvents are, for example,
      hydrocarbons such as benzene, toluene, hexane, heptane, isooctane or
      petroleum ether. According to a particular embodiment, a portion of the
      solvent is distilled off during the reaction, the alcohol formed during
      the reaction distilling off therewith.
PAR  The reaction is preferably carried out at an elevated temperature; for
      example, at a temperature above 50.degree.C and especially at the reflux
      temperature of the reaction mixture. The reaction can be carried out under
      normal pressure or under excess pressure. It is preferred to carry out the
      reaction under the atmosphere of an inert gas (e.g. nitrogen or argon).
PAR  The following Example illustrates the present invention:
DETD
PAC  Example
PAR  a. A solution of 7 g of 2-methyl-6-methylene-octa-1,7-dien-3-ol and 14 g of
      3,3-dimethoxy-2-methyl-1butene in 140 ml of toluene was heated in the
      presence of 140 mg of pyridine hydrochloride with stirring and under a
      nitrogen atmosphere for 45 minutes to 120.degree.C, a mixture of methanol
      and toluene being slowly distilled off azeotropically. After cooling, the
      residue was washed with water, dried over anhydrous sodium sulphate and
      concentrated. The crude product (12.2g) was purified by chromatography on
      250 g of silicagel. Using hexane/ether (95:5) there were eluted 4.9 g of
      pure trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-one; boiling
      point .sub.0.01 =55.degree.-65.degree.C; UV (ethanol): .lambda..sub.max =
      220 nm (.epsilon. = 23,000).
PAR  This ketone can also be prepared as follows:
PAR  b. A solution of 10 g of 2-methyl-6-methylene-octa-1,7-dien-3-ol and 20 g
      of a mixture of 3,3-dimethoxy-2-methyl-1-butene and
      2-methoxy-3-methyl-butadiene (1:1) in 100 ml of toluene was heated in the
      presence of 300 mg of potassium hydrogen sulphate with stirring and under
      an argon atmosphere for 30 minutes to 70.degree.C and for 90 minutes to
      100.degree.-104.degree.C, a mixture of methanol and toluene being slowly
      distilled off azeotropically After cooling, the mixture was filtered, the
      filtrate concentrated and the residue distilled under reduced pressure
      (0.01 mm Hg) at 55.degree.-65.degree.C in a bulb-tube. The product (8 g)
      was then purified by chromatography on 130 g of silicagel. By elution with
      hexane/ether (95:5) there were obtained 5.1 g of pure
      trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-one.
PAR  A solution of 9.8 g of
      trans-2,6-dimethyl-10methylene-dodeca-1,6,11-trien-3-one in 200 ml of
      ether was added dropwise to an ice-cooled solution of 3 g of lithium
      aluminium hydride in 200 ml of ether. The resulting mixture was heated for
      3 hours to reflux and excess lithium aluminium hydride was decomposed by
      the addition of a saturated ammonium chloride solution. The mixture was
      then washed with water, dried and concentrated (yield 10.4 g). By
      chromatography on 200 g of silicagel there were obtained 5.8 g of pure
      trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-ol; boiling point
      .sub.0.015 = 59.degree.C; UV (ethanol): .lambda..sub.max = 224 nm
      (.epsilon. = 16,000).
PAR  2.25 g of thionyl chloride were slowly added to a solution of 1.5 g of
      trans-2,6-dimethyl-10methylene-dodeca-1,6,11-trien-3-ol in 75 ml of dry
      ether. The mixture was left to stand overnight at room temperature, washed
      neutral with water, dried and concentrated. After column chromatography on
      50 g of silicagel using hexane, there were obtained 1.2 g of pure
      trans-trans-1chloro-2,6-dimethyl-10-methylene-dodeca-2,6,11-triene;
      boiling point .sub.0.025 =64.degree.C; UV (ethanol): .lambda..sub.max =
      215 nm (.epsilon. = 18,000).
PAR  A solution of 1.7 g of potassium hydroxide in 2.7 ml of water was diluted
      with 17.5 ml of isopropanol and treated successively with 2.5 g of
      2-nitropropane and 2 g of
      trans-trans-1chloro-2,6-dimethyl-10-methylene-dodeca-2,6,11-triene. The
      mixture was heated for 30 minutes to 80.degree.C, washed sucessively with
      2-n sodium hydroxide, saturated sodium bicarbonate solution and saturated
      sodium chloride solution, dried over sodium sulphate and concentrated. The
      crude product (1.6g) was chromatographed on 90 g of silicagel. Using
      ether/hexane (5:95) there were eluted, in addition to 114 mg of an
      unidentified product, 600 mg of
      trans-trans-2,6-dimethyl-10-methylene-dodeca-2,6,11-trienal
      (.beta.-sinensal); boiling point .sub.0.02 = 43.degree.C; UV (ethanol):
      .lambda..sub.max = 225 nm (.epsilon. = 28,400).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Halides of the general formula
EQU  Hal--CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2 --CH.sub.2
      --C(CH.sub.3)=CH--CH.sub.2 --A                            (II)
PAL  wherein A represents a group of the formula
EQU  --CH.sub.2 --C(=CH.sub.2)--CH=CH.sub.2                     or
EQU  --CH=C(CH.sub.3)--CH=CH.sub.2                              and
PAL  Hal stands for a chlorine or bromine atom.
NUM  2.
PAR  2. Compounds in accordance with claim 1, wherein Hal stands for a chlorine
      atom.
NUM  3.
PAR  3. trans-trans-1-Chloro-2,6-dimethyl-10-methylene-dodeca-2,6,11-triene.
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PAL  There is disclosed a method of recovery of isoprene from a hydrocarbon
      stream consisting of predominately C-5 hydrocarbons and containing
      isoprene, n-pentane and other 5 carbon atom hydrocarbons which comprises
      subjecting said hydrocarbon stream to two successive high efficiency
      distillations, the first distillation being conducted in a manner as to
      remove as an overhead fraction, hydrocarbon components of said stream
      which are more volatile than the azeotrope of isoprene/n-pentane and as a
      bottom fraction the other hydrocarbons in said stream, subjecting the
      bottom fraction from the first distillation to the second distillation,
      the second distillation being conducted in a manner as to remove the
      azeotrope of isoprene/n-pentane as an overhead fraction and as a bottom
      fraction the other hydrocarbons which are less volatile than the azeotrope
      of isoprene/n-pentane, and recovering the isoprene/n-pentane azeotrope.
BSUM
PAR  This invention relates to the recovery of isoprene from hydrocarbon streams
      consisting wholly or predominately of hydrocarbons containing five carbon
      atoms hereafter referred to as C-5 hydrocarbons. Hydrocarbon streams
      containing mostly C-5 hydrocarbons result from the steam cracking of
      naphtha and other hydrocarbon feed stocks primarily for the production of
      ethylene. These by-product C-5 streams contain sufficient isoprene to make
      them particularly suitable for recovery of isoprene.
PAR  Recent developments in polymer chemistry have made isoprene a desirable
      commodity. Catalyst systems have been discovered which when used in the
      solution polymerization of isoprene, cause isoprene to form a polyisoprene
      having stereo specific structures. Of particular interest is a
      polyisoprene in which the isoprene units are joined in a manner to produce
      a polyisoprene containing a high percentage somewhat above 90 percent of
      the isoprene units in a cis-1,4 configuration, by the use of catalyst
      comprising a mixture of aluminum trialkyl compound and titanium
      tetrachloride. This high cis-1,4-polyisoprene is particularly suitable as
      a replacement for natural rubber in such things as tires and other rubber
      products.
PAR  The prior art describes many methods for the synthetic preparation of
      isoprene or the recovery of isoprene from such by-product streams
      mentioned above.
PAR  For instance, in British Pat. No. 1,255,578, there is described a
      synethetic process for the production of isoprene wherein isobutylene is
      reacted or condensed with formaldehyde in the vapor phase while in the
      presence of a solid acid catalyst comprising silicon oxide and antimony
      oxide.
PAR  Still other methods have been suggested to separate or recover the isoprene
      contained in hydrocarbon streams rich in isoprene, such as, the
      hydrocarbon streams resulting from the steam cracking of naphtha. For
      instance, in U.S. Pat. No. 3,692,861, a highly pure isoprene is separated
      from a C-5 hydrocarbon fraction derived from the cracking of petroleum,
      particularly naphtha. Said stream containing C-5 paraffins, C-5
      monoolefins, C-5 diolefins (isoprene), C-5 acetylenes and small amounts of
      other C-5 and C-6 hydrocarbons and sulphur where a major portion of the
      cyclopentadiene and acetylenes are removed by dimerizing by heat soaking
      and distillation and treating the remaining fraction with sodium dispersed
      in aliphatic monohydric alcohols having 1 to 18 carbon atoms. In U.S. Pat.
      No. 2,971,036, there is described a process for the separation of purified
      isoprene from a steam cracked C-5 fraction containing monoolefins and
      diolefins including isoprene and cyclopentadiene which comprises heat
      soaking said hydrocarbon fraction to dimerize a substantial amount of
      cyclopentadiene and then selectively distilling an isoprene rich fraction
      from the heat soaked fraction, separating the isoprene, the monoolefins
      and paraffins by extractive distillation with a solvent to extract the
      isoprene and cyclopentadiene, separating an isoprene concentrate and next
      heat soaking said concentrate in a second zone to dimerize the remaining
      cyclopentadiene, then distilling the isoprene from the heat soaked
      fraction. In U.S. Pat. No. 3,301,915 there is disclosed a process for the
      recovery of an isoprene fraction as an overhead by fractional distillation
      from a hydrocarbon stream containing isoprene and cyclopentadiene and
      consisting predominately of C-5 hydrocarbons, in which process, liquid is
      withdrawn during the course of the fractional distillation at in
      intermediate point in the distillation system and subjected to
      dimerization conditions to dimerize the cyclopentadiene and return this
      fraction to an intermediate point in the fractional distillation system.
      In British Pat. No. 1,225,549, there is described a process for the
      separation of isoprene from a C-5 hydrocarbon feed containing
      cyclopentadiene and acetylenes which comprises subjecting said C-5 stream
      to a first extractive distillation thereby removing a major proportion of
      the cyclopentadiene and acetylene and subjecting the remainder of the feed
      from the first extractive distillation to a second extractive distillation
      thereby selectively extracting an isoprene rich feed and subjecting this
      isoprene rich stream to two distillation processes.
PAR  All of these prior art methods have some disadvantage. The main
      disadvantage encountered with the prior art methods utilizing C-5
      hydrocarbon streams containing isoprene is that entirely too many
      manipulative steps are used, such as, heat soaking, extractive
      distillations and double fractionations to remove the paraffinic
      hydrocarbons and the monoolefinic hydrocarbons from the isoprene. Other
      disadvantages in the prior art processes in which C-5 isoprene containing
      streams are used as the starting material is that long times and extra
      equipment is required for the recovery of isoprene. The main disadvantage
      of all of these prior art processes is that they require either large
      expenditures of capital for equipment and/or require substantial energy
      inputs of the use of heat for the multiple distillations and the like.
PAR  In the present invention, many of these disadvantages are overcome.
PAR  According to the present invention, isoprene meeting the monomer
      specifications for polymerization to high cis-1,4-polyisoprene is
      recovered from a hydrocarbon stream consisting of predominately C-5
      hydrocarbons and containing isoprene, n-pentane and other 5 carbon atom
      hydrocarbons which comprises subjecting said hydrocarbon stream to two
      successive high efficiency distillations, the first distillation being
      conducted in a manner as to remove as an overhead fraction, hydrocarbon
      components of said stream which are more volatile than the azeotrope of
      isoprene/n-pentane and as a bottom fraction the other hydrocarbons in said
      stream, subjecting the bottom fraction from the first distillation to the
      second distillation, the second distillation being conducted in a manner
      as to remove the azeotrope of isoprene/n-pentane as an overhead fraction
      and as a bottom fraction the other hydrocarbons which are less volatile
      than the azeotrope of isoprene/n-pentane, and recovering the
      isoprene/n-pentane azeotrope.
PAR  It is known that feed stocks which result from the steam cracking of
      naphtha contain a number of hydrocarbon fractions. The fraction which is
      wholly or predominately composed of hydrocarbons containing 5 carbon atoms
      usually contains between about 8 and about 20 percent by weight of
      isoprene, from about 12 to about 30 percent by weight of pentenes, from
      about 6 to about 14 percent by weight of piperylene, from about 4 to about
      20 percent by weight of 1,3-cyclopentadiene, about 0.01 to about 0.6
      percent of various acetylenes, about 9 to about 20 percent by weight of
      isopentane, about 10 to about 20 percent of normal pentane and from about
      2 to about 10 percent cyclopentane.
PAR  It is generally known that in the processes for the polymerization of
      isoprene to form high cis-1,4 polyisoprene by means of coordination
      catalyst particularly mixtures of aluminum trialkyl compounds and titanium
      tetrachloride that the polymerization mixture should be relatively free of
      cyclopentadiene and acetylenes as excessive amounts of these materials
      tend to act as poisons of such polymerization catalysts. Because of the
      binary azeotrope which exists between isoprene and n-pentane and the
      binary azeotropes which exist between n-pentane and various catalyst
      poisons including 1,3-cyclopentadiene and various acetylenes, it has
      always been considered impossible to recover polymerization grade isoprene
      directly by distillation without first removing the n-pentane from the
      stream by such means as an extractive distillation with a polar solvent.
      It has been discovered, however, that by subjecting a C-5 stream
      containing these components to a very high efficiency distillation the
      isoprene/n-pentane azeotropic mixture can be recovered essentially free of
      the catalyst poisons. The present invention provides a process whereby the
      isoprene values found in these crude C-5 streams can be removed from the
      other undesirable hydrocarbons particularly cyclopentadiene and
      acetylenes. Although various solvents are used in the polymerization, the
      purified n-pentane which is recovered with the isoprene is very useful and
      desirable as a polymerization solvent for the isoprene.
PAR  Typically, the process treats the isoprene/n-pentane azeotrope as a pure
      hydrocarbon rather than a mixture of two hydrocarbons. The azeotropic
      mixture contains about 73.4 weight percent isoprene and 26.6 weight
      percent n-pentane. For instance, a crude C-5 stream containing
      predominately isopentane, 1-pentene, 2-methyl-1-butene, isoprene,
      n-pentane, 2-methyl-2-butene, 1 trans-3-pentadiene, 1-cis-3-pentadiene,
      some cyclopentene, some cyclopentane, some 2-methyl-pentane, some
      1,4-pentadiene and some 1,3-cyclopentadiene and some 3-methyl-1-butene
      along with small amounts of various acetylenic compounds is subjected to a
      first distillation step in which the hydrocarbons present which are more
      volatile than the azeotrope of isoprene/n-pentane are removed. The
      overhead fraction contains predominately isopentane, 1-pentene,
      2-methyl-1-butene, a very small amount of isoprene, 3-methyl-1-butene and
      1,4-pentadiene as well as small amounts of various other saturated and
      unsaturated C-4 and C-5 hydrocarbons, particularly acetylenes. This
      overhead fraction from the first distillation can be disposed of as
      gasoline as most, it not all, of the n-pentane has been removed and thus
      the raffinate is improved in octane value. The bottoms from this first
      distillation which contain predominately isoprene, n-pentane,
      1,3-pentadiene, cyclopentene, trans-2-pentene, cis-2-pentene,
      2-methyl-2-butene, 1,3-cyclopentadiene, cyclopentane, dicyclopentadiene
      and other hydrocarbons including other C-5 acetylenes are then subjected
      to a second distillation. In this second distillation, the azeotropic
      mixture of isoprene/n-pentane is taken overhead in amounts of about 73
      percent by weight of isoprene and about 27 percent by weight of n-pentane.
      Sometimes minute amounts, usually less than 30 parts per million, of
      1,3-cyclopentadiene, isopryne (2-methyl-1-butene-3-yne), 2-butyne,
      1-pentyne and 1-penten-4-yne accompany the isoprene/n-pentane azeotrope.
      Because of the nature of the separation being discussed (the separation of
      isoprene/n-pentane azeotrope from excess n-pentane), the composition of
      the overhead would approach the composition of the azeotrope from the
      n-pentane rich side. The highest purity for a given column operation would
      result from an overhead composition approaching the azeotrope composition,
      however. The bottoms from this second distillation which consists
      primarily of n-pentane, trans-2-pentene, 2-methyl-2-butene,
      2-methylpentene, 1,3-pentadiene and hexane as well as small amounts of
      other C-5 hydrocarbons and any dimerized 1,3-cyclopentadiene which are
      less volatile than the azeotrope can be disposed of economically by
      several methods. The bottoms from the second distillation can be a
      hydrocarbon resin feed stock, used in other elastomeric productions,
      hydrogenated and sold as gasoline blend feed stock or they may be burned
      and utilized as fuel. Thus, it can be seen that typically the invention
      consists of one of recovering the azeotropic mixture of
      isoprene/n-pentane, as well as other valuable hydrocarbon mixtures.
PAR  Distillation requirements for a given separation are not specific since
      many combinations of theoretical plates and reflux ratios will result in
      essentially the same separation. Also, differences in feed compositions
      affect the requirements for recovering a product of the same composition.
      In general, however, separating the isoprene/n-pentane azeotrope from a
      C-5 stream directly by distillation in a form suitable for polymerization
      (very low parts per million levels of 1,3-cyclopentadiene and acetylenes)
      would require 100 to 250 theoretical plates or trays. If greater than
      trace quantities of 1,3-cyclopentadiene and acetylenes could be tolerated
      because of a secondary removal method or a polymerization catalyst less
      sensitive than these poisons were to be used, the essentially pure
      azeotrope could be recovered in columns with fewer theoretical plates.
PAR  If one so desires, the small amounts of 1,3-cyclopentadiene in the
      azeotropic mixture of isoprene/n-pentane can be removed by subjecting the
      azeotropic mixture or overhead fraction from the second distillation step
      to a chemical treatment for the removal of the 1,3-cyclopentadiene. There
      are various chemical treatments known to remove cyclopentadiene from other
      hydrocarbon mixtures. For instance, it is known that the reaction between
      maleic anhydride and 1,3-cyclopentadiene will selectively allow the
      removal of cyclopentadiene from a mixture of hydrocarbons containing
      cyclopentadiene. One only has to treat the hydrocarbon stream containing
      the cyclopentadiene with maleic anhydride, or with maleic anhydride
      dissolved in a suitable solvent, which selectively forms an adduct with
      1,3-cyclopentadiene which can be removed from the azeotrope by a flash
      distillation or by washing the mixture with a water solution of caustic.
PAR  Still another method which may be employed to remove the
      1,3-cyclopentadiene is to treat the azeotropic mixture containing the
      1,3-cyclopentadiene with sodium in the presence of an aliphatic alcohol.
      In this sodium treatment, it is usually desirable to have the sodium
      dispersed in an easily separatable hydrocarbon medium, usually in particle
      sizes from about 1 to about 100 microns. The dispersion usually contains
      about 20 to about 60 percent by weight of sodium. The aliphatic alcohols
      suitable for use in this process are methyl, ethyl, propyl, butyl, amyl,
      hexyl and the like. Of these, it is usually preferable to use isopropyl,
      isoamyl, tertiary butyl. The amount of sodium usually is based on the
      amount of 1,3-cyclopentadiene found in the hydrocarbon mixture and the
      amount of sodium to the amount of cyclopentadiene is about an equivalent
      amount or very slightly in excess.
PAR  If it is desirable to remove the trace amounts of acetylenes remaining in
      the azeotropic mixture of isoprene/n-pentane resulting from the
      distillation, a convenient method is the same method suggested above for
      cyclopentadiene, a treatment with sodium in the presence of an aliphatic
      alcohol. Thus, one could effect the removal of the 1,3-cyclopentadiene at
      the same time as the acetylenes are being removed by simply treating the
      azeotropic mixture of isoprene/n-pentane containing both
      1,3-cyclopentadiene and acetylenes with sufficient sodium-alcohol mixture
      mentioned above to react with both the cyclopentadiene and the acetylenes
      simultaneously.
PAR  Still another method of removing the acetylenes selectively is to
      selectively hydrogenate the acetylenic impurities by passing the azeotrope
      along with hydrogen over a typical hydrogenation catalyst, such as, for
      instance, copper based catalyst primarily of copper on a silica support.
      Other hydrogenation catalysts which could be employed are
      cobalt/molybdena, palladium on alumina, palladium on copper-chromite or
      barium promoted copper-chromite.
PAR  Those skilled in the art can readily determine the conditions required for
      the maleic anhydride treatment, the sodium/alcohol treatment and the
      hydrogenation of the azeotropic mixture of isoprene/n-pentane to remove
      the 1,3-cyclopentadiene and/or the acetylenes from this azeotropic
      mixture, as these techniques are well known in the art.
PAR  There are a number of processing configurations which relate to the
      recovery of polymerization grade isoprene from C-5 streams as a mixture
      with n-pentane, primarily as the isoprene/n-pentane azeotrope. The choice
      of the preferred configuration would depend upon the source of C-5
      hydrocarbons, the location of the various facilities and the desired
      purity of the isoprene.
PAR  The process of this invention will be further explained by making reference
      to the accompanying drawings. In these drawings, FIG. 1 which represents a
      preferred embodiment, A is the distillation column in which the first
      distillation is conducted so as to remove overhead from the distillation
      Column A, all the 5 carbon atom hydrocarbon components of the feed which
      are more volatile than the azeotrope of isoprene/n-pentane and B
      represents the second distillation tower which is operated so as to
      separate the excess n-pentane and all of the other 5 carbon atom
      hydrocarbons which are less volatile than the azeotrope and these
      hydrocarbons are discharged from Column B as bottoms and the azeotrope is
      discharged overhead from Column B.
PAR  If the purity requirements for isoprene were more moderate or if secondary
      treatments for removal of catalyst poisons such as 1,3-cyclopentadiene and
      acetylenes were desired for some reason, the configuration shown in FIG. 1
      could be operated at reduced efficiency and an impure mixture of isoprene
      and n-pentane could be used directly or additional treatments could be
      used to achieve the desired purity.
PAR  In FIG. 2, which illustrates still another embodiment of the invention.
      Columns A and B are the same as described in FIG. 1 above and C is a
      Contactor wherein the azeotrope is contacted with maleic anhydride or
      other chemical treatment to remove 1,3-cyclopentadiene. This treatment
      with maleic anhydride causes a reaction with the 1,3-cyclopentadiene and
      the azeotrope is removed from these reaction products in Washer D as an
      overhead product, after being contacted with the water solution of
      caustic. An alternative method not shown of recovering the purified
      azeotrope from the maleic anhydride-cyclopentadiene adduct would be a
      simple flash distillation.
PAR  FIG. 4, which illustrates still another embodiment of the invention,
      Columns A and B are the same as described in FIG. 1 above and E is a
      hydrogenation unit for hydrogenation of acetylenic compounds if any, which
      are present in the azeotrope.
PAR  FIG. 3 illustrates still another embodiment of the invention wherein
      Columns A and B perform the same functions as they did in the embodiment
      of FIG. 1. The azeotrope mixture leaving Column B is further reacted with
      hydrogen while in the presence of a catalyst to hydrogenate the acetylenic
      compounds, if any, found in the azeotrope. After hydrogenation is
      complete, the azeotropic mixture may be contacted with maleic anhydride or
      other chemical treatment to remove 1,3-cyclopentadiene in C and the adduct
      of 1,3-cyclopentadiene and maleic anhydride washed out in Washer D or
      flash distilled in a stripping column not shown.
PAR  Because of the reactive nature of 1,3-cyclopentadiene which is found in
      concentrations up to 20 percent by weight in typical C-5 streams, it will
      readily dimerize to dicyclopentadiene. As indicated elsewhere, many known
      processes of purifying or recovering isoprene include the dimerization of
      cyclopentadiene to dicyclopentadiene which is generally referred to as
      heat soaking. The preferred embodiment of this invention has been
      demonstrated on C-5 streams containing up to 5 percent by weight of
      1,3-cyclopentadiene. In order to assure the recovery of an
      isoprene/n-pentane azeotrope with very low levels of 1,3-cyclopentadiene,
      it may be desirable to reduce the concentrations of 1,3-cyclopentadiene in
      the feed to the embodiment illustrated by FIG. 1 to some concentration
      less than that found in a fresh C-5 stream from a naphtha steam cracker.
      It is highly possible that if this C-5 stream is stored for some period of
      time prior to the distillation to recover the isoprene, a significant
      amount of the cyclopentadiene will have dimerized. In any system of
      recovery of isoprene, including the configuration of FIG. 1, the first
      distillation Column or A can be designed to provide the heat soaking time
      necessary to dimerize a significant amount of the cyclopentadiene. In most
      designs, a column required to perform the operation provides sufficient
      time for dimerization without a significant change in operating conditions
      or column designs. This fact is an advantage of this invention since the
      requirements and expense for a separate heat soaking operation can be
      eliminated.
PAR  However, as an alternative to any of the embodiments which have been
      described above, and in the event that the C-5 stream did not require any
      substantial storage prior to the recovery of the isoprene, a preliminary
      heat soaking unit can be used to reduce the concentration of the
      cyclopentadiene of the feed stream. This approach is illustrated by FIG. 5
      which is a modification of the embodiment of FIG. 1 in which F is simply a
      large holding tank wherein the C-5 stream containing a high percentage of
      cyclopentadiene is held at ambient temperature or higher for a sufficient
      period of time to dimerize a substantial amount of the cyclopentadiene to
      dicyclopentadiene which then can be disposed of at the bottom of Column B
      through line 14 along with the other hydrocarbons less volatile than the
      azeotrope. Columns A and B operate in the identical manner in FIG. 5 as
      they do in FIG. 1.
PAR  In the operation of the embodiment of FIG. 1, the crude mixed 5 carbon
      hydrocarbon stream enters Column A through inlet line 11. The hydrocarbon
      components more volatile than the azeotrope of isoprene/n-pentane exit
      Column A overhead through line 12 and are disposed of as previously
      indicated. The remaining components exit Column A through line 13 and
      enter Column B. In Column B, the excess n-pentane and all other components
      less volatile than the isoprene/n-pentane azeotrope exit Column B through
      line 14 and are disposed of as previously indicated. The azeotrope of
      isoprene/n-pentane is recovered from Column B overhead through line 15 for
      further use in the polymerization plant.
PAR  In the embodiment illustrated by FIG. 2, A and B function in the identical
      manner as that of FIG. 1; however, the azeotropic mixture enters Contactor
      C via line 15 and the maleic anhydride or maleic anhydride in a suitable
      solvent enters C via line 16. After the adduct of the maleic
      anhydride/cyclopentadiene is formed, the total mixture exits C via line 17
      to Washer D where the adduct is washed out of the azeotrope or
      alternatively enters a flash distillation column, not shown, where the
      azeotrope is flashed from the adduct. In D the caustic water enters
      through line 22 and after contacting the mixture to remove the adduct from
      the azeotrope, the caustic water exits D via line 19 and is disposed of or
      recycled for further use. The azeotrope exits D via line 18 and is
      recovered for polymerization use later.
PAR  In the operation of the embodiment illustrated by FIG. 4, Columns A and B
      function in the same manner as that of FIG. 1. Column E is packed with a
      suitable hydrogenation catalyst. The isoprene/n-pentane azeotrope enters
      Column E through line 15. Hydrogen in an amount to hydrogenate the
      acetylenes which may be present in the azeotropic mixture enters Column E
      through line 20 and the azeotrope and the hydrogen are allowed to flow
      upward in Column E to hydrogenate the acetylenes in the azeotrope as a
      flooded bed hydrogenation. The azeotrope and the hydrogenated products of
      the acetylenes exit Column E through line 21 and is collected for further
      use in subsequent polymerization.
PAR  In the operation of the embodiment illustrated by FIG. 3, Columns A and B
      operate in the same manner as in the embodiment illustrated by FIG. 1.
      When the azeotrope exits Column B through line 15, it is passed onto
      Column E. Column E is packed with a suitable hydrogenation catalyst.
      Hydrogen enters Column E through line 20 and the azeotrope and hydrogen
      are allowed to flow upward in Column E to hydrogenate the acetylenes in
      the azeotrope in a flooded bed. The hydrogenated azeotrope exits Column E
      through line 21, and enters Contactor C. Contactor C and Washer D operate
      in the same manner as indicated in FIG. 2.
PAR  In the operation of the embodiment illustrated by FIG. 5, the feed stock
      consisting of C-5 hydrocarbons containing substantial amounts of
      1,3-cyclopentadiene are fed to holding tank F through line 10. After
      sufficient time has elapsed to dimerize a substantial portion of the
      1,3-cyclopentadiene to dicyclopentadiene, the mixture enters Column A
      through line 11. Columns A and B function from that point forward in the
      identical manner as they do in FIG. 1.
PAR  In any of the embodiments illustrated by FIGS. 1, 2, 3, 4 or 5, the
      purified azeotropic mixture of isoprene and n-pentane is then transferred
      to the polyisoprene plant. In the polyisoprene plant, the isoprene is
      polymerized to high cis-1,4-polyisoprene if it is desired to do so. A
      number of catalyst systems are known by which isoprene may be converted
      into high cis-1,4-polyisoprene usually as solution polymerizations. On the
      other hand, the isoprene exiting from the recovery operation can be
      employed for any other processes as it is a highly purified
      isoprene/n-pentane composition. The n-pentane in the isoprene mixture
      supplies the inert solvent in which the isoprene and polyisoprene is
      dissolved during the polymerization step.
PAR  After the isoprene has been polymerized, the n-pentane is recovered from
      the polymer recovery step and n-pentane can be sold for use as a solvent
      or it can be sold for use as a feed stream for steam cracking to produce
      ethylene. As has been previously discussed, the practice of the process of
      this invention divides up a C-5 fraction from steam cracking of naphtha
      into useful portions which may be used for gasoline blending, chemical
      uses, polyisoprene production or steam cracking feed stock. Thus, not only
      does this invention provide a unique and economical method for the
      recovery of polymerization grade isoprene, it also provides an excellent
      method to provide purified solvent for the solution polymerization of the
      isoprene. It also provides valuable by-products for gasoline and chemical
      uses and feeds to further cracking processes.
PAR  The practice of this invention will become further apparent with reference
      to the following examples. In these examples, all percentages are by
      weight unless otherwise stated. These examples are intended to be
      illustrative rather than restrictive of the scope of the invention. These
      distillations were carried out in the manner as indicated by FIG. 1.
DETD
PAC  EXAMPLE I
PAR  A mixed hydrocarbon stream containing predominately hydrocarbons of 5
      carbon atoms resulting from the steam cracking of naphtha was distilled in
      two stages. In the first stage distillation, the column used was 3 inches
      by 36 feet equivalent to 118 theoretical plates. Hydrocarbons more
      volatile than the azeotropic mixture of isoprene/n-pentane were removed
      overhead. The bottoms were redistilled in the second stage distillation
      using a column similar to that used in the first stage distillation also
      equivalent to 118 theoretical plates where the azeotropic of
      isoprene/n-pentane was removed overhead from the excess normal pentane and
      other materials less volatile than the azeotropic mixture which were
      rejected as bottoms from the second stage distillation.
PAR  A typical C-5 hydrocarbon stream having the composition set forth below was
      fed to the first stage distillation column (Column A in FIG. 1) at a rate
      so that the overheads isoprene content only averaged about 3.2 percent by
      weight.
TBL  ______________________________________                                    
     Feed to First Stage                                                       
     Component             Weight Percent                                      
     ______________________________________                                    
     3-methyl-1-butyne     0.004                                               
     isopryne              0.07                                                
     2-butyne              0.48                                                
     3-methyl-1-butene     0.44                                                
     1,4-pentadiene        1.4                                                 
     isopentane            11.7                                                
     1-pentene             2.6                                                 
     2-methyl-1-butene     4.2                                                 
     isoprene              15.2                                                
     n-pentane             19.4                                                
     trans-2-pentene       1.6                                                 
     cis-2-pentene         0.8                                                 
     2-methyl-2-butene     2.5                                                 
     1,3-cyclopentadiene   5.3                                                 
     2-methyl pentane      3.0                                                 
     1-trans-3-pentadiene  6.1                                                 
     3-methyl pentane      1.1                                                 
     cyclopentene          3.2                                                 
     1-cis-3-pentadiene    3.3                                                 
     cyclopentane          3.3                                                 
     n-hexane              1.3                                                 
     1,5-hexadiene         0.4                                                 
     3-methyl-trans-2-pentene                                                  
                           0.1                                                 
     benzene               0.6                                                 
     heavies               12.6                                                
     ______________________________________                                    
PAR  The column was operated for a period of approximately 16 days under the
      following conditions.
TBL  ______________________________________                                    
                     Range     Average                                         
     ______________________________________                                    
     Overhead .degree.C                                                        
                       36.6-38.1   37.3                                        
     Feed and Reflux .degree.C                                                 
                       33.8-38.1   36.1                                        
     Bottom .degree.C  53.6-55.5   54.4                                        
     Overhead Press (psig)                                                     
                       7.19-7.35   7.29                                        
     Column P, in H.sub.2 O                                                    
                       29.2-35.9   32.8                                        
     Average Reflux Ratio          100/1                                       
     ______________________________________                                    
PAR  The overheads from this first stage distillation had an average content as
      set forth below.
TBL  ______________________________________                                    
     First Stage Overheads                                                     
     Component            Weight Percent                                       
     ______________________________________                                    
     3-methyl-1-butyne    0.01                                                 
     isopryne             0.4                                                  
     2-butyne             2.1                                                  
     3-methyl-1-butene    2.0                                                  
     1,4-pentadiene       6.4                                                  
     isopentane           52.2                                                 
     1-pentene            12.6                                                 
     2-methyl-1-butene    21.0                                                 
     isoprene             3.2                                                  
     ______________________________________                                    
PAR  The bottoms from the first stage distillation had an average composition as
      set forth below.
TBL  ______________________________________                                    
     First Stage Bottoms                                                       
     Component                Weight Percent                                   
     ______________________________________                                    
     2-methyl-1-butene          t                                              
     isoprene                 14.5                                             
     n-pentane                26.8                                             
     trans-2-pentene          2.9                                              
     cis-2-pentene            1.4                                              
     2-methyl-2-butene        3.7                                              
     1,3-cyclopentadiene      4.7                                              
     2-methyl pentane         5.5                                              
     3-or 4-methyl-1-pentene  0.2                                              
     1-trans-3-pentadiene     5.6                                              
     3-methyl pentane         1.9                                              
     cyclopentene             3.7                                              
     1-cis-3-pentadiene       4.0                                              
     cyclopentane             2.6                                              
     hexane                   1.8                                              
     unknown                  0.3                                              
     1,5-hexadiene            0.4                                              
     2,3-dimethyl-butane      0.2                                              
     2-methyl-1-pentene       0.5                                              
     2-pentyne                0.2                                              
     3-methyl-trans-2-pentene 0.2                                              
     benzene                  1.0                                              
     heavies (primarily dicyclopentadiene)                                     
                              18.7                                             
     ______________________________________                                    
PAR  The bottoms from the first stage distillation was fed to the second stage
      column (Column B of FIG. 1) at a rate so that the isoprene content
      rejected in the bottoms averaged only 1.1 percent.
PAR  The column was operated under the following conditions for approximately 12
      days.
TBL  ______________________________________                                    
                     Range     Average                                         
     ______________________________________                                    
     Overhead .degree.C                                                        
                       42.6-44.0   43.3                                        
     Feed and Reflux .degree.C                                                 
                       34.3-38.3   36.2                                        
     Bottom .degree.C  65.0-77.6   73.0                                        
     Overhead Press (psig)                                                     
                       7.30-7.48   7.41                                        
     Column P, in H.sub.2 O                                                    
                       29.9-36.7   33.4                                        
     Average Reflux Ratio          100/1                                       
     ______________________________________                                    
PAR  The second stage distillation produced an overhead which consisted
      predominately of the azeotrope of isoprene/n-pentane and had an average
      composition as set forth below, which is suitable for polymerization to
      polyisoprene by the use of a catalyst such as a mixture of aluminum
      trialkyl compounds and titanium tetrachloride.
TBL  ______________________________________                                    
     Second Stage Overheads                                                    
     Component            Weight Percent                                       
     ______________________________________                                    
     1-pentyne            0.1      ppm                                         
     isopryne             &lt; 2.0    ppm                                         
     2-butyne             &lt;10      ppm                                         
     2-methyl-1-butene    0.04                                                 
     isoprene             74.02                                                
     n-pentane            25.91                                                
     1,3-cyclopentadiene  &lt; 2.0    ppm                                         
     1-penten-4-yne       33.0     ppm                                         
     ______________________________________                                    
PAR  The second stage bottoms which were rejected had an average composition as
      set forth below.
TBL  ______________________________________                                    
     Second Stage Bottoms                                                      
     Component                Weight Percent                                   
     ______________________________________                                    
     isoprene                 1.1                                              
     n-pentane                23.2                                             
     trans-2-pentene          3.4                                              
     cis-2-pentene            1.7                                              
     2-methyl-2-butene        4.4                                              
     1,3-cyclopentadiene      2.5                                              
     2-methyl pentane         6.2                                              
     3- or 4-methyl-1-pentene 0.3                                              
     1-trans-3-pentadiene     8.4                                              
     3-methyl pentane         2.5                                              
     cyclopentene             5.9                                              
     1-cis-3-pentadiene       5.8                                              
     cyclopentane             3.4                                              
     n-hexane                 2.2                                              
     2,3-dimethyl-butane      0.2                                              
     2-methyl-1-pentene       1.0                                              
     2-pentyne                0.1                                              
     3-methyl-trans-2-pentene 0.1                                              
     benzene                  1.0                                              
     heavies (primarily dicyclopentadiene)                                     
                              28.6                                             
     ______________________________________                                    
PAC  EXAMPLE II
PAR  A mixed hydrocarbon stream containing predominately hydrocarbons of five
      carbon atoms resulting from the steam cracking of naphtha was distilled in
      two steps or stages in a distillation column similar to that employed in
      the first distillation of Example I. The materials boiling lower than the
      azeotrope of isoprene/n-pentane was removed overhead in the first column.
      The bottoms from the first column were distilled in a second stage
      distillation again using a column similar to that employed in the second
      distillation of Example I in which the azeotrope of isoprene/n-pentane was
      removed overhead from the excess n-pentane and other materials boiling
      higher than the azeotrope which materials were removed as the bottoms of
      the second stage distillation.
PAR  A typical C-5 hydrocarbon stream having a composition set forth below was
      fed to the first stage distillation column at a rate so that the light
      ends overhead isoprene content averaged about 8.7 percent
TBL  Feed to First Stage                                                       
     Component             Weight Percent                                      
     ______________________________________                                    
     1-butene              0.2                                                 
     3-methyl-1-butyne     25 ppm                                              
     isopryne              0.1                                                 
     2-butyne              0.4                                                 
     3-methyl-1-butene     1.5                                                 
     trans-2-butene        0.1                                                 
     1,4-pentadiene        1.9                                                 
     cis-2-butene          0.2                                                 
     1,3-butadiene         0.2                                                 
     isopentane            8.8                                                 
     1-pentene             5.8                                                 
     2-methyl-1-butene     6.9                                                 
     isoprene              17.5                                                
     n-pentane             13.9                                                
     trans-2-pentene       4.2                                                 
     cis-2-pentene         2.0                                                 
     2-methyl-2-butene     4.1                                                 
     1,3-cyclopentadiene   2.4                                                 
     2-methyl pentane      2.1                                                 
     3- or 4-methyl-1-pentene                                                  
                           0.2                                                 
     1,trans-3-pentadiene  7.3                                                 
     3-methyl pentane      0.6                                                 
     cyclopentene          3.0                                                 
     1,cis-3-pentadiene    4.7                                                 
     cyclopentane          1.3                                                 
     n-hexane              0.7                                                 
     1,5-hexadiene         0.2                                                 
     2,3-dimethyl butane   0.2                                                 
     2-methyl-1-pentene    0.4                                                 
     2-pentyne             0.05                                                
     benzene               0.4                                                 
     heavies               8.9                                                 
     ______________________________________                                    
PAR  The column was operated for a period of approximately 14 days under the
      following conditions.
TBL  ______________________________________                                    
                     Range     Average                                         
     ______________________________________                                    
     Overheads, .degree.C                                                      
                       35.6-38.7   37.6                                        
     Feed and Reflux, .degree.C                                                
                       33.1-37.0   35.3                                        
     Bottom, .degree.C 54.6-62.4   60.1                                        
     Overhead Pressure, psig                                                   
                       7.04-7.43   7.32                                        
     Column 2.DELTA.P, in H.sub.2 O                                            
                       28.1-37.5   32.5                                        
     Average Reflux Ratio          100/1                                       
     ______________________________________                                    
PAR  The overhead from this first stage distillation had an average composition
      set forth below.
TBL  ______________________________________                                    
     First Stage Overhead                                                      
     Component            Weight Percent                                       
     ______________________________________                                    
     isobutylene          0.3                                                  
     1-butyne             0.3                                                  
     3-methyl-1-butyne    0.02                                                 
     isopryne             0.3                                                  
     2-butyne             1.5                                                  
     3-methyl-1-butene    5.1                                                  
     trans-2-butene       0.2                                                  
     1,4-pentadiene       7.2                                                  
     cis-2-butene         0.6                                                  
     1,3-butadiene        0.1                                                  
     isopentane           29.4                                                 
     1-pentene            20.3                                                 
     1,2-butadiene        0.7                                                  
     2-methyl-1-butene    25.4                                                 
     isoprene             8.7                                                  
     n-pentane            trace                                                
     ______________________________________                                    
PAR  The bottoms from this first stage distillation had a composition as set
      forth below.
TBL  ______________________________________                                    
     First Stage Bottoms                                                       
     Component                Weight Percent                                   
     ______________________________________                                    
     isoprene                 22.1                                             
     n-pentane                17.0                                             
     trans-2-pentene          5.8                                              
     cis-2-pentene            3.4                                              
     2-methyl-2-butene        5.3                                              
     1,3-cyclopentadiene      1.8                                              
     2-methylpentane          3.0                                              
     3- or 4-methyl-1-pentene 0.2                                              
     1,trans-3-pentadiene     10.2                                             
     3-methyl pentane         1.2                                              
     cyclopentane             4.6                                              
     1,cis-3-pentadiene       6.1                                              
     cyclopentene             2.0                                              
     unknown                  0.5                                              
     n-hexane                 1.0                                              
     1,5-hexadiene            0.2                                              
     2,3-dimethyl butane      0.1                                              
     2-pentyne                0.1                                              
     benzene                  0.5                                              
     3-methyl-trans-2-pentene 0.1                                              
     heavies (primarily dicyclopentadiene)                                     
                              14.6                                             
     ______________________________________                                    
PAR  The bottoms from the first stage distillation was fed to the second
      distillation column at a rate so that the isoprene content rejected in the
      bottoms averaged 1.5 percent. This column was operated under the following
      conditions for approximately 7 days.
TBL  ______________________________________                                    
                     Range     Average                                         
     ______________________________________                                    
     Overhead, .degree.C                                                       
                       42.9-45.0   43.5                                        
     Feed and Reflux, .degree.C                                                
                       33.6-38.6   35.8                                        
     Bottom, .degree.C 65.5-75.6   71.1                                        
     Overhead Pressure, psig                                                   
                       7.05-7.34   7.29                                        
     Column 2 P, in H.sub.2 O                                                  
                       29.8-37.5   33.7                                        
     Average Reflux Ratio          100/1                                       
     ______________________________________                                    
PAR  The second stage distillation produced an overhead which consisted
      predominately of the azeotropic mixture of isoprene/n-pentane and had an
      average composition as follows which is suitable for polymerization to
      polyisoprene by catalyst such as a mixture of an aluminum trialkyl
      compound and titanium tetrachloride.
TBL  ______________________________________                                    
     Second Stage Overhead                                                     
     Component            Weight Percent                                       
     ______________________________________                                    
     1-pentyne            0.1      ppm                                         
     isopryne             2        ppm                                         
     2-butyne             10       ppm                                         
     2-methyl-1-butene    0.05                                                 
     isoprene             73.30                                                
     n-pentane            26.61                                                
     1,3-cyclopentadiene  2        ppm                                         
     1-pentene-4-yne      126      ppm                                         
     ______________________________________                                    
PAR  The second stage bottoms which were rejected had an average composition as
      set forth below.
TBL  ______________________________________                                    
     Second Stage Bottoms                                                      
     Component                Weight Percent                                   
     ______________________________________                                    
     isoprene                 1.5                                              
     n-pentane                11.9                                             
     trans-2-pentene          8.5                                              
     cis-2-pentene            5.2                                              
     2-methyl-2-butene        8.4                                              
     1,3-cyclopentadiene      2.2                                              
     2-methylpentane          4.5                                              
     3- or 4-methyl-1-pentene 0.4                                              
     1,trans-3-pentadiene     16.6                                             
     cyclopentene             7.1                                              
     3-methylpentane          1.8                                              
     1,cis-3-pentadiene       9.8                                              
     cyclopentane             3.1                                              
     unknown                  0.8                                              
     n-hexane                 1.4                                              
     1,5-hexadiene            0.4                                              
     2,3-dimethyl butane      0.1                                              
     2-pentyne                0.1                                              
     benzene                  0.7                                              
     3-methyl-trans-2-pentene 0.1                                              
     heavies (primarily dicyclopentadiene)                                     
                              15.0                                             
     ______________________________________                                    
PAR  It has been demonstrated experimentally that polymerization grade isoprene
      can be recovered directly by distillation from C-5 streams in the form of
      isoprene/n-pentane azeotrope. The number of theoretical plates required is
      high, but the distillation requirements are compararable with those for
      isoprene streams of the same purity without n-pentane present. The
      distillations which were performed experimentally are equivalent to
      approximately 200 theoretical plates at a reflux ratio of 30/1.
PAR  Thus, the invention is a method of recovery of isoprene from a hydrocarbon
      stream consisting of predominately C-5 hydrocarbons and containing
      isoprene, n-pentane and other 5 carbon atom hydrocarbons which comprises
      subjecting said hydrocarbon stream to two successive high efficiency
      distillations, the first distillation being conducted in a manner as to
      remove as an overhead fraction, hydrocarbon components of said stream
      which are more volatile than the azeotrope of isoprene/n-pentane and as a
      bottom fraction the other hydrocarbons in the said stream, subjecting the
      bottom fraction from the first distillation to the second distillation,
      the second distillation being conducted in a manner as to remove the
      azeotrope of isoprene/n-pentane as an overhead fraction and as a bottom
      fraction the other hydrocarbons which are less volatile than the azeotrope
      of isoprene/n-pentane, and recovering the isoprene/n-pentane azeotrope.
PAR  The invention also includes as an embodiment the method above in which the
      isoprene/n-pentane azeotrope is subjected to a chemical treatment to
      remove 1,3-cyclopentadiene present. It also includes the embodiment of the
      method above in which the azeotrope of isoprene/n-pentane is subjected to
      hydrogenation to remove acetylenes present. It also includes the
      embodiment of the method above wherein the azeotrope is subject to both
      the chemical treatment and hydrogenation. It also includes the concept of
      taking overhead in the second distillation of the method above excess
      n-pentane along with the azeotrope.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of recovery of isoprene from a hydrocarbon stream of
      predominately C-5 hydrocarbons and containing isoprene, n-pentane and
      other 5 carbon atom hydrocarbons which comprises subjecting said
      hydrocarbon stream to two successive high efficiency distillations, the
      first distillation being conducted in a manner as to remove as an overhead
      fraction, hydrocarbon components of said stream which are more volatile
      than the azeotrope of isoprene/n-pentane and as a bottom fraction the
      other hydrocarbons in said stream, subjecting the bottom fraction from the
      first distillation to the second distillation, the second distillation
      being conducted in a manner as to remove a composition containing about
      73.4 weight percent isoprene and about 26.6 weight percent n-pentane, the
      azeotrope of isoprene/n-pentane as an overhead fraction and as a bottom
      fraction the other hydrocarbons which are less volatile than the azeotrope
      of isoprene/n-pentane, and recovering the isoprene/n-pentane azeotrope.
NUM  2.
PAR  2. A method according to claim 1 in which the isoprene/n-pentane is
      subjected to a chemical treatment to remove 1,3-cyclopentadiene present.
NUM  3.
PAR  3. The method according to claim 1 in which the azeotrope of
      isoprene/n-pentane is subjected to hydrogenation to remove acetylenes
      present.
NUM  4.
PAR  4. The method according to claim 1 in which the isoprene/n-pentane
      azeotrope is subjected to hydrogenation to remove acetylenes and the
      hydrogenated isoprene/n-pentane azeotrope is subjected to a chemical
      treatment to remove 1,3-cyclopentadiene.
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ABST
PAL  A method for producing a liquid olefin polymer which comprises polymerizing
      an .alpha.-olefin having 6 - 14 carbon atoms or mixtures thereof, in the
      presence of a catalyst consisting of an alkali metal hydride, a halide of
      an element selected from boron and aluminum and a titanium halide, or a
      catalyst in which metallic lithium or sodium is added to those catalyst
      ingredients.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention
PAR  The present invention relates to a method of producing a liquid olefin
      polymer, and more particularly, to a method of producing a liquid polymer
      having a high viscosity index, a high flash point and a low pour point and
      having a very low viscosity, by polymerizing an .alpha.-olefin with the
      use of a specific catalyst.
PAR  2. Description of the prior art
PAR  Generally, lubricating oils are roughly classified into petroleum oils,
      synthetic lubricating oils, fatty oils, etc., but their fields of use are
      expanding, so that a synthetic lubricating oil is required which has high
      performance characteristics such as a high flash point, a high viscosity
      index and a low pour point, and so on. For instance, the lubricating oils
      used for jet aircraft are desired to have said high performance
      characteristics under both conditions of extremely low temperatures and
      higher temperatures.
PAR  In automatic speed change gears, high temperature hydraulic machines and
      other fields, lubricating oils having high performance characteristics are
      similarly needed. However, petroleum lubricating oils used most widely do
      not have the combination of properties desired for those specific
      applications. Attention is being focused on olefin polymer oils from the
      class of synthetic lubricating oils. The olefin polymer oils are produced
      by polymerizing olefins, and as the polymerization methods, cationic
      polymerization using Lewis acids such as aluminum chloride and the like,
      radical polymerization using heat or peroxides are generally enumerated,
      but the polymer oils having the desired high viscosity index have not yet
      been obtained because the polymerization is accompanied by the
      isomerization reaction of the olefins.
PAR  Hence, recently the use of the so-called coordinated anionic Ziegler
      catalyst that regularly effects the polymerization has become spotlighted,
      for instance, C.sub.8 - C.sub.10 .alpha.-olefins are polymerized with the
      use of a complex prepared from monoethyl aluminum dichloride and titanium
      tetrachloride as a catalyst to obtain a liquid polymer having high
      performance characteristics, namely, a viscosity index above 130. a flash
      point above 210.degree.C and a pour point below -50.degree.C.
PAR  However, the olefin polymer oils (lubricating oils) produced with the use
      of the usual Ziegler catalyst as it is, cannot satisfy the requirements,
      for instance, for working oils for aircraft as specified in MIL-H83282 or
      lubricating oils for jet aircrafts as specified in MIL-H7808 in (U.S. Army
      Standard). Consequently, in order to pass said standards, said olefin
      polymer oils are fractionally distilled by molecular distillation. But the
      distillate satisfying those requirements comprises only 30 - 40% of the
      starting polymer oils, and therefore, it cannot be said that the method is
      effective when 60 - 70% of the starting polymer oils is not used
      effectively.
PAR  On the other hand, the nature of the liquid olefin polymers of low
      viscosity grades is similar to that of squalane which is used in cosmetic
      compositions. It is desired to replace squalane with liquid olefin
      polymers because of the unstable supply of the raw material for preparing
      squalane.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a method of producing a
      liquid olefin polymer which can be used as a lubricating oil and which is
      extremely excellent in various kinds of properties so that it can pass
      even said U.S. ARMY Standards. Another object of the present invention is
      to provide a method of producing a liquid olefin polymer in a high yield
      and wherein the liquid olefin polymer has satisfactory properties for use
      as a lubricating oil and is usable as a replacement for squalane.
PAR  The method of producing the liquid olefin polymer in the present invention
      is characterized by polymerizing .alpha.-olefins having 6 - 14 carbon
      atoms in the presence of a ternary catalyst consisting of (a) an alkali
      metal hydride, (b) a halide of an element selected from boron and aluminum
      and (c) a titanium halide, or a quaternary catalyst in which (d) metallic
      lithium or sodium is added to said ingredients (a), (b) and (c). In said
      catalysts, as ingredients (a), concretely LiH, NaH, KH, NaBH.sub.4,
      NaBH(OCH.sub.3).sub.3, LiGaH.sub.4, LiAl(C.sub.2 H.sub.5).sub.2 H.sub.2,
      NaAl(C.sub.2 H.sub.5).sub.2 ClH, NaAl(C.sub.2 H.sub.5)Cl.sub.2 H,
      LiZnH.sub.3, NaZnH.sub.3, LiBeH.sub.3, NaBe(C.sub.2 H.sub.5).sub.2 H,
      LiAlH.sub.4, and the like are enumerated, and particularly, NaH and LiH
      are preferable from the viewpoints of economy and activity. As ingredient
      (b), BCl.sub.3, AlCl.sub.3, AlBr.sub.3, Al(C.sub.2 H.sub.5)Cl.sub.2, and
      the like enumerated, and AlCl.sub.3 is preferred. As ingredient (c),
      TiCl.sub.4, TiF.sub.4, TiBr.sub.4 , TiCl.sub.3 H, and the like are
      enumerated, and TiCl.sub.4 is preferred. Also as ingredient (d), metallic
      lithium or sodium is enumerated, but metallic sodium has an outstanding
      effect in lowering the viscosity of the liquid olefin polymer produced.
PAR  As described in the foregoing, the catalysts used in the method of the
      present invention are comprised of said catalyst ingredients (a), (b) and
      (c) or said ingredients (a), (b), (c) and (d). The ratio of ingredient
      (a)/ingredient (b) is slightly different depending on the kinds of alkali
      metal hydrides selected, but it is proper to use the ratio of 0.5 - 6.0
      mol of ingredient (a) per mole of ingredient (b). Particularly, in case
      lithium hydride is used as the ingredient (a), (a) 2.0 - 3.5 mol of the
      ingredient (a) is used per 1 mol of the ingredient (b), and also, in case
      sodium or potassium hydride is used as the ingredient (a), it is most
      preferable to use 0.5 - 5.0 mol of the ingredient (a) per mol of the
      ingredient (b). The ratio of the ingredient (c) to the ingredient (b) is
      not particularly limited, but the use of 0.5 - 2.0 mol of the ingredient
      (b) is preferable per mol of the ingredient (c). The amount of metallic
      ingredient (d) does not depend on the other ingredients (a), (b) and (c),
      and the use of more than 0.1 mol % of the ingredient (d) is preferable,
      but the use of 0.5 - 2.0 mol % thereof is optimum since the use of more
      than 5 mol % does not produce an effect. The amount of the ingredient (c)
      based on starting olefins is preferred to be more than 0.2 mol % and
      accordingly the preferable amount is 1.5 - 3.5 mol % since the use of more
      than 5 mol % is not so effective.
PAR  In the present invention, olefins are polymerized in the presence of a
      catalyst consisting of said ingredients (a), (b) and (c), or a catalyst
      consisting of said ingredients (a), (b), (c) and (d). As the starting
      material olefins, .alpha.-olefins having 6 - 14 carbon atoms, preferably,
      straight chain .alpha.-olefins having 6 - 14 carbon atoms are selected,
      and as particularly preferable examples, hexene-1, octene-1, tridecene-1
      and mixtures thereof are enumerated. In order to obtain more excellent
      high grade lubricating oils, it is preferable to use octene-1, decene-1 or
      mixtures thereof. In working the method of the present invention in
      practice, firstly, boron halides, aluminum halides or two or more kinds of
      those compounds are dissolved in solvents such as diethyl ether,
      tetrahydrofuran, 1,4-dioxane, and the like, or they are dispersed in
      proper solvents such as saturated hydrocarbons, and the like. Secondly,
      one or more kinds of alkali metal hydrides and metallic sodium or lithium
      are added thereto, as it is or the solvents are distilled for removal, and
      thereafter, titanium halides and the starting material olefins are added,
      and those olefins are polymerized, preferably with stirring. The reaction
      temperature is preferably above 70.degree.C, but the optimum range of the
      reaction temperature is 90.degree. - 150.degree.C because of a tendency
      that the yield of the distillate which can be used as the lubricating oil
      is decreased because the content of dimers are increases at temperatures
      above 200.degree.C. Also the polymerization reaction can be carried out
      either with or without the use of the solvents. As the solvents useable
      for the reaction, paraffinic hydrocarbons containing n-paraffin,
      isoparaffin and the like, naphthenic hydrocarbons, hydrocarbon halides or
      mixtures thereof are enumerated, and these are concretely, n-pentane,
      isooctane, cyclohexane, dimethylcyclohexane, trichloroethane,
      trichloroethylene, methylchloroform, tetrafluoroethane, and the like. In
      case of using the solvents for the reaction, the weight ratio of the
      solvent to the starting material olefins is proper to be in the range of 1
      : 2 to 4 : 1, while in case of not using the solvents for the reaction, it
      is necessary to take sufficient attention for controlling the heat of
      reaction, because the olefins themselves function as the reaction mediums
      but the reaction proceeds rapidly. As means for controlling the heat of
      reaction, a method of gradually adding the raw material olefins or the
      catalyst and a method of forcibly cooling by an external heat exchanger,
      etc. are effective. In order to decompose the catalyst after completing
      the reaction, an alcohol or alkaline aqueous solution is used, but an
      amine or ammonia gas is most preferable for use so as not to cause the
      halogen to remain in the liquid olefin polymer which is the reaction
      product. The liquid polymer sufficiently possesses properties that make it
      useable as a lubricating oil and it can be employed as a replacement for
      squalane, pristane, and the like for use in cosmetic compositions or
      medical raw materials. But when the liquid polymer as more excellent high
      grade lubricating oil, unreacted olefins or olefin dimers which are
      existent in slight amounts are desired to be removed by distillation or
      extraction because those substances are not preferable for the desired
      performance. Further in order to improve the thermal statility, the
      remaining double bonds may be hydrogenated. Hydrogenation is easily
      carried out by the use of a conventional hydrogenation catalyst. A
      satisfactory polymer is produced by the use of a ternary catalyst in which
      metallic lithium or sodium is not present in the catalyst used in the
      present invention, but a further improved liquid olefin polymer, in which
      the viscosity is lower and olefin trimers are contained in a considerable
      selection ratio, is obtained by the use of a catalyst containing metallic
      lithium or sodium.
PAR  As described in the foregoing, the present invention provides a method in
      which C.sub.6 - C.sub.14 .alpha.-olefins are polymerized with the use of a
      catalyst consisting of specific ingredients, and it produces a liquid
      olefin polymer having a high viscosity index, a high flash point and a low
      pour paint, said liquid olefin polymer having a considerably lower
      viscosity at extremely low temperatures. Therefore, as described in the
      foregoing, in order to obtain a working oil, for instance, a working oil
      for aircraft, that is desired to have a low viscosity at extremely low
      temperatures as specified in said MIL-H83282, the unreacted olefins and
      olefin dimers may merely be distilled so as to remove same from the liquid
      olefin polymer obtained by the method of the present invention, and the
      resulting polymer can satisfy all of the specified values. The catalyst
      system used in the present invention has the disadvantage that the
      reaction rate is slower in some degree, but the use thereof can easily be
      repeated because most of the .alpha.-olefins remain in that form.
PAR  Incidentally, the property compared with the case of using the other
      catalyst systems is shown in the following.
TBL                                    TABLE - 1                               
     __________________________________________________________________________
               Al(C.sub.2 H.sub.5)Cl.sub.2 --                                  
                        LiH--AlCl.sub.3 --                                     
                                 LiH--AlCl.sub.3 --TiCl.sub.4 --Na catalyst    
               TiCl.sub.4 catalyst**                                           
                        TiCl.sub.4 catalyst                                    
                                 Raw material                                  
                                        Raw material C.sub.8 C*.sub.10         
               Raw material                                                    
                        Raw material                                           
                                 octene-1                                      
                                        mixed solution                         
               octene-1 octene-1        ( 1 : 1 )                              
     __________________________________________________________________________
     Viscosity                                                                 
     210.degree.F(cs)                                                          
     above 3.5 6.55     4.04     3.30   4.00                                   
     100.degree.F(cs)                                                          
     above 16.5                                                                
               38.65    19.30    13.70  18.50                                  
     -40.degree.F(cs)                                                          
     below 3000                                                                
               3000     2703     1800   2400                                   
     Viscosity index                                                           
     above 120 127      120      120    130                                    
     Flash point (.degree.F)                                                   
     above 400 405      415      409    440                                    
     Fire point (.degree.F)                                                    
     above 475 435      475      450    480                                    
     Pour point (.degree.F)                                                    
     below -65 -55      -70      -70    -70                                    
     __________________________________________________________________________
      *C.sub.8 is octene-1, and C.sub.10 is decene-1                           
      **Comparative catalyst                                                   
PAR  Generally speaking, to lower the viscosity is lowering the polymerization
      degree of olefins to the lower molecular weight side, and such catalysts
      as nickel-alkyl aluminum catalyst, and the like are known. But by merely
      lowering only the polymerization degree, the yield of effective distillate
      above the trimer is extremely decreased and increased amounts of
      by-products such as the unreacted olefins and olefin dimers are produced.
PAR  Hence, it is necessary to lower the polymerization degree to the lower
      molecular weight side, and simultaneously to narrow the molecular weight
      distributions. All of such difficulties can be solved by the method of the
      present invention, and a distillate above trimer having a viscosity of 13
      - 20 centistokes at 100.degree.F can be obtained in an 80% or more than
      80% yield. Thus as compared with the prior results in which only about 30
      - 40% of the trito pentamer useable as the working oil for aircraft could
      be obtained with the use of conventional Ziegler catalyst, a considerable
      amount of 70 - 80% thereof can be obtained with the use of the specific
      catalyst units in the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Next, examples and reference examples will be described. All the unit of
      viscosity is centistokes.
PAC  REFERENCE EXAMPLE 1
PAR  2000 cc of octene-1 was poured into a four neck flask provided with a
      stirrer, cooler, nitrogen introduction tube and thermometer, and 4.3 g of
      monoethyl aluminum dichloride and 21 g of titanium tetrachloride were
      added as catalysts, and the polymerization was carried out. It was stirred
      for four hours to keep the polymerization temperature at 20.degree. -
      40.degree.C.
PAR  After completing the reaction, ammonia gas was blown therein and the
      resulting precipitate was separated by filtration to remove the catalysts.
      The resulting crude reaction solution was distilled to remove the
      unreacted octene and octene dimer, and thereafter, was hydrogenated with
      the use of Raney nickel as a catalyst at a temperature of 150.degree.C and
      under the condition of 20 Kg/cm.sup.2 of hydrogen pressure to obtain an
      octene oligomer having the properties shown in TABLE 2. The ratio of the
      trito pentamer in the oligomer was 50%.
PAC  REFERENCE EXAMPLE 2
PAR  2000 cc of octene-1 was poured into the four neck flask, and 4.0 g of
      triethyl aluminum and 20 g of titanium tetrachloride and Raney nickel were
      added, and they were reacted for four hours at 90 .degree. - 100.degree.C.
      After completing the reaction, it was treated according to the process of
      REFERENCE EXAMPLE 1 to obtain an octene oligomer having the properties
      shown in TABLE - 2. The ratio of the tri- to pentamer in the oligomer was
      60%.
TBL                TABLE - 2                                                   
     ______________________________________                                    
                  Reference  Reference                                         
                  Example - 1                                                  
                             Example - 2                                       
     ______________________________________                                    
     Octene conversion (%)                                                     
                    80.5         89                                            
     Yield of dimer (%)                                                        
                    10.0         26                                            
     Yield of oligomer (%)                                                     
                    69.5         63                                            
     Viscosity                                                                 
              (210.degree.F)                                                   
                        6.55         5.38                                      
              (100.degree.F)                                                   
                        38.65        29.23                                     
              (-40.degree.F)                                                   
                        30,000       10,000                                    
     Viscosity index                                                           
                    127          131                                           
     Flash point (.degree.F)                                                   
                    405          410                                           
     Pour point (.degree.F)                                                    
                    -55          -60                                           
     ______________________________________                                    
PAC  EXAMPLES 1 - 3
PAR  200 cc of diethyl ether was poured into the four neck flask, and aluminum
      chloride was added so as to be dissolved therein, and thereafter, lithium
      hydride was added. Thereafter, most of the diethyl ether was distilled off
      and 1800 cc of octene-1 and titanium tetrachloride were poured in. The
      reaction was carried out for four hours at 100.degree.C - 120.degree.C.
PAR  After completing the reaction, it was treated according to the process of
      the REFERENCE EXAMPLE 1 to obtain an octene oligomer having the properties
      with the following yield shown in Table - 3.
TBL                TABLE - 3                                                   
     ______________________________________                                    
               Example-1                                                       
                        Example-2  Example-3                                   
     ______________________________________                                    
     Amount of catalyst                                                        
     LiH (g)     1.9        3.1        2.1                                     
     AlCl.sub.3 (g)                                                            
                 10.2       17.0       17.0                                    
     TiCl.sub.4 (g)                                                            
                 14.4       25.0       25.0                                    
     Olefin conversion                                                         
                 83.4       87.2       29.2                                    
     (%)                                                                       
     Yield of dimer(%)                                                         
                 9.7        5.6        2.9                                     
     Yield of oligomer                                                         
                 73.7       81.6       26.3                                    
     (%)                                                                       
     Tri- to pentamer                                                          
                 72         80         92                                      
     in oligomer (%)                                                           
     Viscosity of                                                              
     oligomer                                                                  
     210.degree.F                                                              
                 5.02       4.29       3.69                                    
     100.degree.F                                                              
                 26.18      20.79      15.90                                   
     -40.degree.F                                                              
                 5200       2800       1900                                    
     Viscosity index                                                           
                 131        125        132                                     
     Flash point (.degree.F)                                                   
                 410        412        406                                     
     Pour point (.degree.F)                                                    
                 -70        -70        -70                                     
     ______________________________________                                    
PAC  EXAMPLES 4 - 7
PAR  EXAMPLES 1 - 3 were repeated with the use of sodium hydride instead of
      lithium hydride. The yield and performance of the resulting oligomer were
      shown in TABLE - 4.
TBL                                    TABLE - 4                               
     __________________________________________________________________________
             Example                                                           
                    Example                                                    
                           Example                                             
                                  Example                                      
             4                                                                 
             5                                                                 
             6                                                                 
             7                                                                 
     __________________________________________________________________________
     Amount of                                                                 
     catalyst                                                                  
     NaH (g) 13.5   9.0    4.5    9.6                                          
     AlCl.sub.3 (g)                                                            
             24.8   24.8   24.8   17.6                                         
     TiCl.sub.4 (g)                                                            
             35.4   35.4   35.4   25.1                                         
     Olefin  34.6   88.5   87.9   62.7                                         
     conversion (%)                                                            
     Yield of                                                                  
             6.0    8.3    6.8    13.8                                         
     dimer (%)                                                                 
     Yield of                                                                  
             28.6   80.2   81.1   48.9                                         
     oligomer (%)                                                              
     Tri- to                                                                   
     pentamer in                                                               
             95     85     85     92                                           
     oligomer (%)                                                              
     Viscosity of                                                              
     oligomer                                                                  
     210.degree.F                                                              
             2.90   4.04   4.34   3.44                                         
     100.degree.F                                                              
             12.09  19.30  22.28  14.87                                        
     -40.degree.F                                                              
             1500   2700   3100   1800                                         
     Viscosity                                                                 
             98     120    113    115                                          
     index                                                                     
     Flash point                                                               
             410    415    412    410                                          
     (.degree.F)                                                               
     Pour point                                                                
     (.degree.F)                                                               
             -75    -75    -75    -75                                          
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  200 cc of octene-1 was poured into the four neck flask, and 15.0 g of
      monoethyl aluminum dichloride and 3.1 g of lithium hydride were added and
      it was stirred for two hours at 30.degree. -40.degree.C, and thereafter,
      600 cc of octene-1 and 25 g of titanium tetrachloride were added, and it
      was reacted for four hours at 100.degree.C - 110.degree.C. After
      completing the reaction, it was treated according to the process of
      REFERENCE EXAMPLE 1 to obtain an octene oligomer of 80% yield having a
      viscosity of 22.05 at 100.degree.F. The ratio of the tri- to pentamer in
      the oligomer was 75%.
PAC  EXAMPLE 9
PAR  The process of EXAMPLES 1 - 3 was repeated with the use of dodecene-1
      instead of octene-1. An dodecene oligomer was obtained with yield of 82%.
      The ratio of the trimer in the oligomer was 65%. This oligomer could be
      used as a cosmetic composition substrate which can be used as a
      replacement for squalane.
PAC  EXAMPLE 10
PAR  200 cc of diethyl ether was poured into the four neck flask, and 17 g of
      aluminum chloride was added so as to be dissolved therein. Thereafter 3.1
      g of lithium hydride and 2.0 g of metallic sodium were added, and it was
      stirred for 30 minutes. Most of the diethyl ether was distilled off, and
      800 cc of octene-1 and 25 g of titanium tetrachloride were poured in. The
      reaction was carried out for four hours at 100.degree. - 130.degree.C.
PAR  After completing the reaction, according to the process of REFERENCE
      EXAMPLE 1, distillation and hydrogenation were carried out to obtain an
      octene oligomer having the properties shown TABLE - 5. The ratio of the
      trimer in the oligomer was 65%.
PAC  EXAMPLE 11
PAR  The process of EXAMPLE 10 was repeated with the use of 0.7 g of lithium
      instead of metallic sodium. The yield and properties of the resulting
      oligomer are shown in TABLE 5.
PAR  The ratio of the trimer in the oligomer was 60%.
PAC  EXAMPLE 12
PAR  The process of EXAMPLE 10 was repeated, using 0.2 g of metallic sodium.
PAR  The yield and properties of the resulting oligomer are shown in TABLE 5.
PAR  The ratio of the trimer in the oligomer was 35%.
PAC  EXAMPLE 13
PAR  The process of EXAMPLE 10 was repeated, using 800 cc of a mixture of
      octene-1 with decene-1 instead of octene-1.
PAR  The yield and properties of the resulting oligomer are shown in TABLE 5.
PAR  The ratio of trimer in the oligomer was 66%.
TBL                                    TABLE - 5                               
     __________________________________________________________________________
               Example                                                         
                      Example                                                  
                             Example                                           
                                    Example                                    
               10                                                              
               11                                                              
               12                                                              
               13                                                              
     __________________________________________________________________________
     Olefin    68.4   75.0   80.0   67.0                                       
     conversion (%)                                                            
     Yield of  6.1    8.5    6.5    9.0                                        
     dimer (%)                                                                 
     Yield of  62.3   66.5   73.5   58.0                                       
     oligomer (%)                                                              
     Viscosity                                                                 
     210.degree.F                                                              
               3.3    3.72   3.95   4.0                                        
     100.degree.F                                                              
               13.70  16.76  18.50  18.50                                      
     -40.degree.F                                                              
               1800   2400   2700   2400                                       
     Viscosity 120    121    122    130                                        
     index                                                                     
     Flash point (.degree.F)                                                   
               409    410    415    440                                        
     Pour point (.degree.F)                                                    
               -70    -70    -70    -70                                        
     __________________________________________________________________________
PAC  EXAMPLE 14
PAR  200 cc of diethyl ether was poured into the four neck flask, and 24.8 g of
      aluminum chloride was added so as to be dissolved therein. Thereafter, 9.0
      g of sodium hydride and 2.0 g of metallic sodium were added, and it was
      stirred for 30 minutes, and thereafter, most of the diethyl ether was
      distilled off, and 800 cc of octene-1 and 25 g of titanium tetrachloride
      were added. The reaction was carried out for four hours at 100.degree. -
      130.degree.C.
PAR  Thereafter, after completing the reaction, according to the process of
      REFERENCE EXAMPLE 1, distillation and hydrogenation were carried out to
      obtain an octene oligomer having the properties shown in TABLE - 6.
PAR  The ratio of the trimer in the oligomer was 65%.
TBL                TABLE - 6                                                   
     ______________________________________                                    
     Olefin conversion   73.00                                                 
     Yield of dimer (%)  8.0                                                   
     Yield of oligomer (%)                                                     
                         65.0                                                  
     viscosity of oligomer                                                     
     210.degree.F (cs)   3.36                                                  
     100.degree.F (cs)   14.35                                                 
     -40.degree.F (cs)   2200                                                  
     Viscosity index     119                                                   
     Flash point (.degree.F)                                                   
                         409                                                   
     Pour point (.degree.F)                                                    
                         -70                                                   
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. The process of preparing a synthetic lubricating oil, which comprises:
      dissolving in an inert organic solvent or dispersing in a liquid
      hydrocarbon a halide substance selected from the group consisting of
      BCl.sub.3, AlCl.sub.3, AlBr.sub.3, Al(C.sub.2 H.sub.5) Cl.sub.2 and
      mixtures thereof, adding an alkali metal hydride to the thus-formed
      solution or dispersion, distilling off solvent from the solution to
      concentrate said solution, adding to said concentrated solution or to said
      dispersion TiCl.sub.4 and a liquid monomer selected from the group
      consisting of .alpha.-olefins having from 6 to 14 carbon atoms and
      mixtures thereof, and polymerizing said monomer at a temperature of above
      70.degree.C and below 200.degree.C, the polymerization reaction mixture
      containing from 0.2 to 5.0 mol percent of TiCl.sub.4 based on the monomer,
      from 0.5 to 2.0 mols of said halide substance per mol of TiCl.sub.4 and
      from 0.5 to 6.0 mol of alkali metal hydride per mol of said halide
      substance;
PA1  and recovering from the polymerization reaction mixture a liquid synthetic
      lubricating oil consisting essentially of oligomers of said monomer.
NUM  2.
PAR  2. The process of claim 1 wherein said monomer is selected from the group
      consisting of octene-1, decene-1 and mixtures thereof.
NUM  3.
PAR  3. The process of claim 3 wherein said monomer is selected from the group
      consisting of hexene-1, octene-1, tridecene-1, and mixtures thereof.
NUM  4.
PAR  4. The process of claim 1 wherein the polymerization temperature is from
      90.degree. to 150.degree.C.
NUM  5.
PAR  5. The process of claim 4 wherein said halide substance consists of
      AlCl.sub.3.
NUM  6.
PAR  6. The process of claim 6 wherein said alkali metal hydride is selected
      from the group consisting of LiH and NaH.
NUM  7.
PAR  7. The process of claim 5 wherein said alkali metal hydride is selected
      from the group consisting of LiH and NaH and wherein
NUM  8.
PAR  8. The process of claim 4 wherein said alkali metal hydride is LiAlH.sub.4.
NUM  9.
PAR  9. The process of claim 4 wherein said alkali metal hydride is NaBH.sub.4.
NUM  10.
PAR  10. The process of claim 1 wherein, in said recovering step, the
      polymerization reaction mixture is first treated to remove unreacted
      olefin and olefin dimers, and then the remainder of the polymerization
      reaction mixture is hydrogenated to obtain said synthetic lubricating oil.
NUM  11.
PAR  11. The process of preparing a synthetic lubricating oil, which comprises:
      dissolving in an inert organic solvent or dispersing in a liquid
      hydrocarbon a halide substance selected from the group consisting of
      BCl.sub.3, AlCl.sub.3, AlBr.sub.3, Al(C.sub.2 H.sub.5) Cl.sub.2 and
      mixtures thereof, adding an alkali metal hydride and lithium metal or
      sodium metal to the thus-formed solution or dispersion, distilling off
      solvent from the solution to concentrate said solution, adding to said
      concentrated solution or to said dispersion TiCl.sub.4 and a liquid
      monomer selected from the group consisting of .alpha.-olefins having from
      6 to 14 carbon atoms and mixtures thereof, and polymerizing said monomer
      at a temperature of above 70.degree.C and below 200.degree.C, the
      polymerization reaction mixture containing from 0.2 to 5.0 mol percent of
      TiCl.sub.4 based on the monomer, from 0.1 to 5 mol percent of lithium
      metal or sodium metal based on the monomer, from 0.5 to 2.0 mols of said
      halide substance per mol of TiCl.sub.4 and from 0.5 to 6.0 mol of alkali
      metal hydride per mol of said halide substance;
PA1  and recovering from the polymerization reaction mixture a liquid synthetic
      lubricating oil consisting essentially of oligomers of said monomer.
NUM  12.
PAR  12. The process of claim 11 wherein said monomer is selected from the group
      consisting of hexene-1, octene-1, tridecene-1, and mixtures thereof.
NUM  13.
PAR  13. The process of claim 11 wherein the polymerization temperature is from
      90.degree. to 150.degree.C.
NUM  14.
PAR  14. The process of claim 13 wherein said halide substance consists of
      AlCl.sub.3.
NUM  15.
PAR  15. The process of claim 13 wherein said alkali metal hydride is selected
      from the group consisting of LiH and NaH.
NUM  16.
PAR  16. The process of claim 14 wherein said alkali metal hydride is selected
      from the group consisting of LiH and NaH and wherein when said alkali
      metal hydride is LiH, the molar ratio of LiH to AlCl.sub.3 is from 2.0 to
      3.5, and when said alkali metal hydride is NaH, the molar ratio of NaH to
      AlCl.sub.3 is from 0.5 to 5.0; the molar ratio of AlCl.sub.3 to TiCl.sub.4
      is from 0.5 to 2.0; the amount of TiCl.sub.4 is from 1.5 to 3.5 mol
      percent based on said monomer; and the amount of said lithium metal or
      sodium metal is from 0.5 to 2.0 mol percent based on said monomer.
NUM  17.
PAR  17. The process of claim 13 wherein said alkali metal hydride is
      LiAlH.sub.4.
NUM  18.
PAR  18. The process of claim 13 wherein said alkali metal hydride is
      NaBH.sub.4.
NUM  19.
PAR  19. The process of claim 11 wherein, in said recovering step, the
      polymerization reaction mixture is first treated to remove unreacted
      olefin and olefin dimers, and then the remainder of the polymerization
      reaction mixture is hydrogenated to obtain said synthetic lubricating oil.
NUM  20.
PAR  20. The process of claim 11 wherein said monomer is selected from the group
      consisting of octene-1, decene-1and mixtures thereof.
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ABST
PAL  Process for removing hydrochloric acid and other impurities which are
      contained in vinyl chloride monomer, by treatment in a distillation zone,
      comprising the addition to crude vinyl chloride, in the course of
      distillation thereof, of at least one alcohol selected from the group of
      C.sub.4 to C.sub.10 tertiary aliphatic alcohols and C.sub.3 to C.sub.10
      primary or secondary alcohols with unsaturation in the alpha position, and
      rectifying the vinyl chloride monomer from the resulting mixture.
BSUM
PAR  The present invention concerns a process for removing hydrochloric acid
      from vinyl chloride monomer.
PAR  Vinyl chloride is produced, in most cases, by pyrolysis of
      1,2-dichloroethane, in accordance with the known reaction:
EQU  CH.sub.2 Cl - CH.sub.2 Cl .fwdarw. CH.sub.2 = CHCl + HCl
PAR  Separation by distillation of the hydrochloric acid leaves a crude vinyl
      chloride at the bottom of the column which is still acid and which is very
      difficult if not impossible to remove by distillation as the relative
      volatility of the acid with respect to the vinyl chloride diminishes
      rapidly as the amount of hydrochloric acid decreases. This amount of acid,
      although relatively small, of the order of from 1 to 20 parts per million
      by weight, cannot be tolerated since it is responsible for deficiencies
      which appear in vinyl chloride polymers, such as coloring and fish eyes.
PAR  It has previously been proposed that the small residual amounts of
      hydrochloric acid should be eliminated by passing the crude vinyl chloride
      over caustic soda, in solid form, or in aqueous solution.
PAR  However, this method suffers from serious disadvantages because it requires
      a special installation which is fairly substantial, both for operation and
      for maintenance thereof. Moreover, there is the danger of particles of
      caustic soda being entrained when the vinyl chloride passes at ambient
      temperature over the caustic soda.
PAR  The aim of the present invention is to overcome these disadvantages and
      thus to make it possible to produce vinyl chloride which is free from
      traces of acidity, without the necessity for a special installation,
      thereby simultaneously avoiding the problems of entrainment of caustic
      soda particles and handling of this corrosive substance.
PAR  According to the invention, to crude vinyl chloride containing hydrochloric
      acid, there is added, in the course of the distillation operations, at
      least one alcohol selected from the group of C.sub.4 to C.sub.10 primary
      or secondary alcohols with unsaturation in the alpha position.
PAR  Examples of alcohols with alpha-unsaturation include the following: allyl,
      propargyl, benzyl, furfuryl alcohols and 3-methyl 1-butyn-3-ol.
PAR  The above mentioned alcohols react very rapidly with the hydrochloric acid
      present, giving hydrocarbon chloride radicals and water which can be
      easily separated from the vinyl chloride, in accordance with the
      convention reaction:
EQU  ROH + HCl .fwdarw. RCl + H.sub.2 O
PAL  in which R represents a C.sub.4 to C.sub.10 aliphatic hydrocarbon radical
      or a C.sub.3 to C.sub.10 aromatic, cycloaliphatic or aliphatic hydrocarbon
      radical.
PAR  Usually the crude vinyl chloride contains, as main impurities, hydrochloric
      acid (0.005 to 35.5% by weight), ethylene (up to 2.5% by weight),
      butadiene (0.001 to 0.01% by weight), methyl chloride (0.001 to 0.05% by
      weight), vinylidene chloride, cis and trans 1,2-dichloroethylene and
      1,2-dichloroethane (giving a total of 0.01 to 1% by weight), and traces of
      water, phosgene and acetylene. The vinyl chloride is passed into a
      distillation zone (topping column) which removes the lightest components,
      essentially hydrochloric acid and ethylene, while the heavier substances
      which form the liquid residue at the bottom of the distillation column,
      essentially vinyl chloride, cis and trans dichloroethylenes, vinylidene
      chloride and dichloroethanes are introduced into a rectification zone
      (tailing column), in which the purified vinyl chloride monomer is
      collected at the column head while the heavier impurities are drawn off at
      the bottom of the column.
PAR  According to the invention, the alcohol is added to the crude vinyl
      chloride in the distillation zone.
PAR  In one embodiment of the invention, the alcohol, particularly when it is
      solid at ambient temperature, is first dissolved in an organic solvent
      which is chemically inert to the vinyl chloride monomer and which can be
      easily separated therefrom. The following can be mentioned inter alia as
      examples of the organic solvent, without the following list being
      considered as limiting on the invention: ethanol, dichloroethanes,
      1,1,2-trichloroethane, perchloroethylene, trichloroethylene, carbon
      tetrachloride, tetrachloroethanes and/or pentachloroethane. The proportion
      of solvent to be used can vary within very wide limits. It can, for
      example, be between the amount which is just sufficient to dissolve the
      alcohol, to 100 to 200 times that amount by weight. However, there is no
      advantage in excessively diluting the alcohol since its reaction with
      hydrochloric acid is then slowed down and, in addition, the volume of
      liquid to be treated is increased without any benefit.
PAR  In a preferred embodiment of the invention, the alcohol is introduced into
      a zone which is located below the feed to the distillation zone, at the
      level of the zone of exhaustion of HCl and the other impurities more
      volatile than vinyl chloride. In practice, it is of advantage for the
      alcohol to be introduced into the lower half of the distillation zone.
PAR  The proportion of alcohol to be used depends on the amount of hydrochloric
      acid present in the crude vinyl chloride to be purified. Generally, it is
      necessary to add an amount which is at least equimolar relative to the
      amount of acid. However, there is no advantage in using too great an
      excess of alcohol, for example more than 10 times the equimolar amount of
      acid, as no advantage is gained from doing so.
PAR  The preferred alcohols of the invention are C.sub.4 and/or C.sub.5
      saturated tertiary aliphatic alcohols.
PAR  Phosgene in the presence of traces of water has a tendency to undergo
      partial hydrolysis, giving an additional amount of hydrochloric acid, in
      accordance with the known reaction:
EQU  COCl.sub.2 + H.sub.2 O .fwdarw. CO.sub.2 + 2HCl
PAR  The applicants have found that, under the operating conditions of the
      present invention, this reaction is slow relative to the reaction of
      esterification of the alcohol by hydrochloric acid.
PAR  Generally, the pressure in the distillation zone is such that the vinyl
      chloride is maintained in the liquified state, whereas the pressure in the
      rectification zone is such that the vinyl chloride is raised to boiling
      temperature. The pressure and the temperature used are selected within the
      respective ranges of from 1 to 20 bars and from -13.degree. to
      +80.degree.C.
DETD
PAR  The following examples are given by way of illustration without limiting
      the invention.
PAC  EXAMPLE 1
PAR  Crude vinyl chloride containing the following impurities:
TBL                    % by weight                                             
     C.sub.2 H.sub.4   0.750                                                   
     HCl               2.500                                                   
     CHCl=CHCl                                                                 
     CH.sub.2  = CCl.sub.2                                                     
                       0.700                                                   
     H.sub.2 O         0.001                                                   
     COCl.sub.2        0.002                                                   
     CH.sub.2 =CH--CH=CH.sub.2                                                 
                       0.005                                                   
     C.sub.2 H.sub.2    0.0003                                                 
PAL  is introduced at a rate of 18 tonnes per hour into a distillation zone
      formed of a distillation column operating at a pressure of 8 bars and at a
      column bottom temperature of approximately 57.degree. C. After
      distillation, the column bottom contains a vinyl chloride containing the
      following impurities:
TBL                    % by weight                                             
     HCl               0.0005                                                  
     CHCl=CHCl                                                                 
     CH.sub.2 =CCl.sub.2                                                       
                       0.750                                                   
     COCl.sub.2        0.0022                                                  
     CH.sub.2 = CH--CH=CH.sub.2                                                
                       0.0054                                                  
     H.sub.2 O         0.001                                                   
PAR  6 liters per hour of a solution of 0.7 kg of 2-methyl propan-2-ol in 5
      liters of 1,2-dichloroethane, which corresponds to four times the molar
      amount of HCl to be removed, is then introduced into the lower third of
      the distillation column.
PAR  This topping column bottom substance supplies a rectification zone formed
      of a tailing column, which operates at a pressure of 8 bars, and a column
      bottom temperature of about 60.degree.C. The vinyl chloride which is
      collected at the head of this column then contains only the following
      impurities, in very small amounts:
TBL                       % by weight                                          
     HCl                  0.00001                                              
     CH.sub.2 =CH--CH=CH.sub.2                                                 
                          .gtoreq.0.0005                                       
     H.sub.2 O            0.00015                                              
     CH.sub.2 =C--CH.sub.3                                                     
                          0.00001                                              
     .vertline.                                                                
     CH.sub.3                                                                  
PAR  The isobutene
      ##EQU1##
      results from partial dehydration of the 2-methyl propan-2-ol, which is
      catalyzed by the HCl present.
PAR  By way of comparison, a test, identical to that of Example 1, was carried
      out, except that no 2-methyl propan-2-ol was incorporated in the crude
      vinyl chloride. It is found that, at the head of the rectification column,
      the vinyl chloride monomer collected still contains 5 parts per million by
      weight of HCl (0.0005% by weight), which represents 50 times more than in
      Example 1 which is carried out in accordance with the process of the
      invention.
PAC  EXAMPLE 2
PAR  A crude vinyl chloride, which contains the following main impurities:
TBL                       % by weight                                          
     CH.sub.2 Cl--CH.sub.2 Cl                                                  
                          0.300                                                
     CH.sub.3 Cl          0.010                                                
     CH.sub.2 =CH--CH=CH.sub.2                                                 
                          0.005                                                
     HCl                  30.000                                               
     C.sub.2 H.sub.2      0.0025                                               
     CHCl=CHCl                                                                 
     CH.sub.2 =CCl.sub.2  0.020                                                
PAL  is introduced into the distillation zone of Example 1, at a rate of 20
      tonnes per hour.
PAR  The distillation column operates at a pressure of 7 bars and the
      temperature at the bottom of this column is 51.degree.C.
PAR  After distillation, the bottom of the column contains a vinyl chloride
      having the following impurities:
TBL                       % by weight                                          
     CH.sub.2 Cl--CH.sub.2 Cl                                                  
                          0.500                                                
     CH.sub.3 Cl          0.005                                                
     CH.sub.2 =CH--CH=CH.sub.2                                                 
                          0.008                                                
     HCl                  0.002                                                
     CHCl=CHCl                                                                 
     CH.sub.2 =CCl.sub.2  0.030                                                
PAR  2-methyl butan-2-ol is introduced into the lower quarter of the
      distillation column at a rate of 2 kg/hour which corresponds to an excess
      of 3 times the molar amount of HCl present.
PAR  This column bottom substance is then introduced into the same rectification
      zone as that used in Example 1, in which the pressure prevailing therein
      is 8 bars, while the temperature is 54.degree.C.
PAR  At the head of the rectification column vinyl chloride is collected which
      then contains only the following impurities:
TBL                       % by weight                                          
     HCl                   0.00005                                             
     CH.sub.2 =CH--CH=CH.sub.2                                                 
                          0.0005                                               
     CH.sub.3 Cl          0.0025                                               
PAC  EXAMPLE 3
PAR  Example 1 described above was repeated, except that 2-methyl propan-2-ol
      was replaced by the same amount of benzyl alcohol. Results identical to
      those of Example 1 were obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for removing hydrochloric acid and other impurities which
      are contained in crude vinyl chloride monomer, by treatment in a
      distillation zone, the improvement comprising, adding to the crude vinyl
      chloride at least one alcohol selected from the group consisting of
      C.sub.4 to C.sub.10 tertiary aliphatic alcohols and C.sub.3 to C.sub.10
      primary and secondary alcohols with unsaturation in the alpha position, in
      a molar ratio equal to at least one mole of alcohol to one mole of
      hydrochloric acid, said alcohol reacting chemically with hydrochloric acid
      within said zone.
NUM  2.
PAR  2. A process according to claim 1 in which the tertiary aliphatic alcohol
      is a saturated C.sub.4 and/or C.sub.5 alcohol.
NUM  3.
PAR  3. A process according to claim 1 in which the C.sub.3 to C.sub.10 primary
      and C.sub.3 to C.sub.10 secondary alcohol with alpha unsaturation is
      selected from the group consisting of 3-methyl 1-butyn-3-ol, and allyl,
      propargyl, furfuryl and/or benzyl alcohols.
NUM  4.
PAR  4. A process according to claim 1 in which the proportion of alcohol to be
      used is at least equimolar with respect to the amount of acid.
NUM  5.
PAR  5. A process according to claim 1 in which the alcohol is dissolved,
      particularly when it is a solid, at ambient temperature, in an organic
      solvent which is chemically inert to the vinyl chloride monomer and which
      can be easily separated therefrom.
NUM  6.
PAR  6. A process according to claim 5 in which the organic solvent is selected
      from the group consisting of ethanol, dichloroethanes,
      1,1,2-trichloroethane, tetrachloroethanes, pentachloroethane, carbon
      tetrachloride, perchloroethylene and/or trichloroethylene.
NUM  7.
PAR  7. A process according to claim 1 in which the alcohol is added to the
      crude vinyl chloride in the lower half of the distillation zone in which
      said distillation operation is carried out.
NUM  8.
PAR  8. A process according to claim 1 in which the alcohol is added in a zone
      which is located below the feed to the distillation zone at the level of
      the zone of exhaustion in respect of HCl and said other impurities.
NUM  9.
PAR  9. A process according to claim 8 in which the liquid residue from the
      distillation zone is subjected to distillation to separate a purified
      vinyl chloride monomer at the head.
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ABST
PAL  A method of effecting polymerization of olefins having 6 or more carbon
      atoms or mixtures of such olefins (hereinafter referred to as the feed
      olefin), to produce a hydrocarbon liquid polymer which comprises mixing a
      catalyst composed of aluminum chloride, ketone having 4 or more carbon
      atoms and olefin catalyst constituent with 0.01 to 0.3 mole of ester,
      ether or alcohol per mole of said aluminum chloride and effecting the
      polymerization of the feed olefin at a reaction temperature of more than
      60.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to a method of producing a hydrocarbon liquid
      polymer, and to be precise, it relates to a method of obtaining a liquid
      polymer having a high viscosity index, low pour point and very low
      viscosity by effecting the polymerization of a feed olefin having more
      than 6 carbon atoms in the presence of a specific catalyst.
PAR  B. Description of the Prior Art
PAR  The currently available lubricating oils can be broadly classified into the
      petroleum lubricating oils, synthetic lubricating oils, fatty oils, etc.
      on the basis of the starting material used for manufacturing thereof, but
      with the recent increase of the range of use of these lubricating oils,
      the fields needing lubricating oils with properties meeting the
      requirements of high viscosity index, low pour point, etc. are increasing.
      For instance, in the fields where the heat resisting property and
      low-temperature stability are required of gas turbine oil, refrigerating
      machine oil, etc. or in fields where the gear oil, motor oil, grease, etc.
      are required to be free of constant maintenance work, the demand for such
      lubricating oils has increased. However, the petroleum lubricating oils --
      which have the widest range of application at present and are usually
      obtained from petroleum -- do not have all of such properties as above to
      perfection as required for said specific use.
PAR  On the other hand, among the synthetic lubricating oils produced by organic
      synthesizing methods, the liquid polymers or olefin polymer oils to be
      obtained by polymerizing olefins have recently become the object of public
      attention. And, as the method for the polymerization of olefins, the
      cationic polymerization method employing Lewis acids like aluminum
      chloride and the radical polymerization method employing heat or peroxides
      are popular. However, the polymerizations by these conventional methods
      are accompanied by isomerization during the reaction, and in fact, there
      has not yet been obtained a polymerized oil having as high a viscosity
      index as is required. Under such circumstances, in the production of
      olefin polymer oils, the application of the so-called Ziegler catalyst
      which is a coordinated anionic catalyst and is capable of effecting
      regular polymerization is nowadays in the limelight, and various
      polymerization reactions employing varieties of olefins as raw material
      have been tried: for instance, the application of a complex compound
      prepared from monoethylene aluminum dichloride and titanium tetrachloride
      as catalyst in polymerizing olefins having 6 to 10 carbon atoms has proved
      effective for producing liquid polymers having tolerably superior
      properties, such that the viscosity index is more than 130, the flash
      point is more than 210.degree.C and the pour point is less than
      -50.degree.C.
PAR  However, said Ziegler catalyst is defective in that (1) the active
      ingredient of this catalyst is unstable so that it is difficult to recover
      it for reuse, (2) the catalyst per se is expensive, (3) the handling of
      the catalyst is attended with danger so that it is necessary to take
      intensive safety measures, and (4) it is difficult to synthesize a
      polymerized oil having low grade of viscosity and high efficiency by the
      use of this kind of catalyst.
PAR  Polymerized oils with low grade of viscosity are especially important as
      they have a wide range of application as gas turbine oil, working oil for
      aircraft and substitute for squalene, and accordingly, various
      improvements thereof have been tried. Nevertheless, as there has not been
      found any apposite catalyst to date, it is usual to prepare a polymerized
      oil with relatively high viscosity by the use of a Ziegler catalyst,
      fractionate said polymerized oil by molecular distillation or the like,
      and employ a portion of the resulting fractions. But, the yield of the
      fraction having the required properties is no more than 30 to 40%, and as
      long as the residual fractions equivalent to 60 to 70% are not utilized
      effectively, this measure cannot be called an effective method.
      Accordingly, there has been a demand for the development of such a
      catalyst as will render it possible to produce polymerized oils with low
      grade of viscosity through mere polymerization.
PAR  In this connection, there have admittedly been some attempts to recover the
      applied catalyst for reuse. For instance, Japanese Patent publication No.
      3804/1969 discloses a method comprising dissolving excess aluminum
      chloride in a complex composed of aluminum chloride and ethyl acetate
      ester, effecting the polymerization of olefin by the use of the resulting
      solution, separating the catalyst by settling, and recovering the thus
      separated catalyst for reuse. U.S. Pat. No. 2697694 discloses a method of
      obtaining a macromolecular polybutene, which comprises dissolving excess
      aluminum chloride in a mixture of aluminum chloride and acetone and
      effecting the polymerization of isobutane by the use of the resulting
      solution, and in the case of this method too, the applied catalyst is
      recovered for reuse in the same way as in the foregoing method. However,
      both of these methods are alike in the application of the cationic
      polymerization employing aluminum chloride, and neither of them can
      produce a polymer of olefin having a relatively low viscosity and high
      viscosity index.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a method of producing a
      hydrocarbon liquid polymer having a high viscosity index, low pour point
      and very low viscosity. Another object of the present invention is to
      provide a method of producing a hydrocarbon liquid polymer which is
      satisfactory as a substitute for lubricating oils and squalene, at a high
      yield without resorting to fractional distillation or like operations. A
      further object of the present invention is to provide a method of easily
      separating a polymerization catalyst from a hydrocarbon liquid polymer.
PAR  As a result of a series of experiments and examinations aiming at the
      preparation of a hydrocarbon liquid polymer having highly advantageous
      properties as set forth above, the present inventors have come to the
      finding that an extremely satisfactory hydrocarbon liquid polymer can be
      obtained by effecting the polymerization of a feed olefin having 6 or more
      carbon atoms in the presence of a mixture consisting of a catalyst
      ingredient prepared from (a) aluminum chloride, (b) ketone having 4 or
      more carbon atoms and (c) an olefin catalyst constituent and a specific
      amount of (d) ester, ether or alcohol relative to said aluminum chloride
      (a) at a reaction temperature of more than 60.degree.C. The present
      invention has been accomplished on the basis of this finding.
PAR  In other words, a method of producing a hydrocarbon liquid polymer under
      the present invention is characterized in that, at the time of effecting
      the lower polymerization of olefins having 6 or more carbon atoms or
      mixtures of such olefins (to wit, the feed olefin), said polymerization of
      the feed olefin is effected at a reaction temperature of more than
      60.degree.C in the presence of a mixture consisting of a catalyst
      ingredient prepared from (a) aluminum chloride, (b) ketone having 4 or
      more carbon atoms and (c) olefin catalyst constituent and 0.01 to 0.3 mole
      of (d) ester, ether or alcohol per mole of said aluminum chloride (a).
PAR  As described above, the feed olefin for use in the present invention is
      .alpha.-olefin or inner olefin such as .beta.-olefin, .gamma.-olefin, etc.
      having 6 or more carbon atoms, and to give instances of applicable
      olefins, there are hexene-1, octene-3, tridecene-1, octadecene-2, as well
      as mixtures thereof. In order to obtain a polymer of satisfactory
      lubricating efficiency, the average carbon number of the feed olefin is
      preferably in the range of from 8 to 10.
PAR  The ketone (b) necessary for forming an active ingredient of catalyst is a
      linear ketone (for instance, aliphatic ketone and aromatic ketone) or
      cyclic ketone having 4 or more carbon atoms, and to give instances of
      applicable ketones, there are methyl ethyl ketone, diethyl ketone,
      diisobutyl ketone, dioctyl ketone, cyclohexanone, as well as analogues
      thereof. Acetone is undesirable because the content of enol therein is so
      small that the formation of the active ingredient of catalyst is
      difficult. As olefin catalyst constituent (c) necessary for forming the
      active ingredient of the catalyst, such olefins as propylene, butene, etc.
      which are different from the feed olefin are also applicable, but when the
      activity of catalyst and the properties of the liquid polymers to be
      obtained are taken into consideration, it is preferable to employ an
      olefin catalyst constituent similar to the feed olefin. The mixing ratio
      of aluminum chloride (a) to ketone (b) is preferably in the range of from
      1.0:1.0 to 1.0:1.2 (molar ratio). In the case where aluminum chloride is
      above that range, the reaction becomes cationic polymerization, resulting
      in failure to obtain a liquid polymer (or polymerized oil) having low
      viscosity and high viscosity index, while in the case where the amount of
      ketone applied is more than 1.2 mol. per mole of aluminum chloride, the
      progress of the reaction is impeded. Accordingly, the optimum molar ratio
      is in the range of from 1.02 to 1.10 mole of ketone per mole of aluminum
      chloride. As for the amount of olefin catalyst constituent (c), it is
      required to be more than 1 mol. % relative to aluminum chloride (a).
      Further, as for the amount of aluminum chloride (a) as catalyst, it is
      desirable to be in the range of from 0.1 to 5 mole percent preferably from
      1.0 to 3.0 mole percent, based on the feed olefin.
PAR  Among the substances applicable as the ingredient (d) to be added to the
      catalyst prepared from the ingredients (a), (b) and (c) at the time of
      activation of said catalyst, said ester is alkyl ester of fatty acid
      having less than 10 carbon atoms, such as methyl formate, ethyl formate,
      methyl octylate and ethoxy acetate (acetic cellulose), said ether is alkyl
      ether having less than 10 carbon atoms, such as diethyl ether, dibutyl
      ether and ethylene glycol, aand said alcohol is monohydric of polyhydric
      alcohol having less than 10 carbon atoms, such as methanol, ethanol,
      isobutanol, octanol, ethylene glycol, ethylene glycol monoethyl ether and
      glycerine. The appropriate amount of these ingredients (d) to be added is
      in the range of from 0.01 to 0.3 mole per mole of aluminum chloride: in
      the case where the amount of ingredient (d) is less than 0.01 mole, the
      effect of addition thereof is insufficient, while in the case where it is
      in excess of 0.3 mole, the progress of reaction is extremely impeded.
PAR  On the occasion of putting the method of the present invention into
      practice, it is preferable to prepare an active ingredient of catalyst
      from aluminum chloride (a), ketone (b), olefin catalyst constituent (c)
      and ether, ester or alcohol (d), and add it to the feed olefin thereby to
      polymerize the feed olefin. But, in view of the fact that the formation of
      said active ingredient of catalyst takes place even during the reaction,
      it also will do to dissolve aluminum chloride in a mixture solution of
      ketone and ester, ether or alcohol and then add the feed olefin to the
      resulting solution thereby to effect the polymerization. In this case,
      however, the addition of aluminum chloride afterwards may give rise to the
      concurrence of ordinary cationic polymerization, and therefore, care must
      be taken.
PAR  As to the reaction temperature, any temperature is applicable as far as it
      is more than 60.degree.C; however, when it is more than 200.degree.C, the
      viscosity index of the resulting polymerized oil tends to be low. In the
      case where the reaction temperature is less than 60.degree.C, the catalyst
      cannot be activated and the polymerization reaction does not take place.
      The polymerization reaction in the present invention is usually effected
      without the use of the solvent, but, for the purpose of controlling the
      heat of reaction, the polymerization may be performed by adding some
      solvent. To give instances of solvent suitable for this purpose, there are
      n-pentane, isooctane, trichloroethane, tetrachloroethane, etc., and the
      appropriate weight of such solvents to be added relative to the feed
      olefin is in the range of from 0.5 - 4 times that of the feed olefin. In
      this connection, as the means of controlling the heat of reaction on the
      occasion of performing the reaction without the use of solvent, a method
      of gradually adding the feed olefin or a catalyst, a method of forcibly
      cooling by outside heat-exchange, and the like, are adopted. After the
      reaction is over, the reacted solution is settled, whereby the catalyst is
      separated. The thus separated catalyst can be reused as it is, but as
      there are instances where a small amount of the catalyst ingredient is
      contained in the polymerized liquid, that is, the reaction product,
      forming the upper layer, it may be necessary to perform the decomposition
      of the catalyst. For the purpose of this decomposition of catalyst, an
      alcohol or alkaline aqueous solution is generally used, but the
      application of ammonia will also do.
PAR  A liquid polymer thus obtained has properties well satisfying the
      requirements for lubricating oils, and is sufficiently servable as a
      substitute for squalene, pristane, etc. known as ingredients for cosmetics
      and medical supplies. Further, in the case of applying this liquid polymer
      as a much more highgrade lubricating oil, it will do to remove the
      unreacted olefins and olefin dimers, which are contained in by a small
      amount but which are undesirable from the view point of the efficiency of
      lubricating oil, through such operations as distillation, extraction, and
      the like. And, in order to improve the thermal stability of this liquid
      polymer, it will do to hydrogenate the double bonds remaining therein a
      little. The hyrogenation for this purpose may be easily performed by means
      of an ordinary hydrogenating catalyst.
PAR  As discussed above, the present invention is to provide a method of
      polymerizing olefins having 6 or more carbon atoms by the use of an active
      catalyst having a specific composition, which method renders it possible
      to obtain a hydrocarbon liquid polymer having a relatively low viscosity
      and high viscosity index.
PAR  Generally speaking, olefins having 6 or more carbon atoms can be easily
      polymerized by means of a cationic polymerization catalyst such as
      aluminum chloride, but in the case where the polymerization is performed
      at a reaction temperature in the range of from 30.degree. to 100.degree.C,
      the viscosity of the resulting polymerized oil after removing the
      unreacted olefins and olefin dimers comes to be in the range of from 150
      to 200 centipoises at 100.degree.F, so that a polymerized oil with low
      viscosity grade (e.g., 2.5 to 50 centipoises at 100.degree.F) in great
      demand for use in gas turbines and the like cannot be obtained. While, in
      the case where the polymerization is performed at a high reaction
      temperature, for instance, in the range of from 150.degree. to
      200.degree.C, a polymerized oil with a viscosity of 40 to 70 centipoises
      can be obtained due to chain transfer reaction, but there concurrently
      occurs the skeletal-isomerization reaction attributable to said high
      temperature, entailing a remarkable lowering of the viscosity index, and
      the product is disqualified for use as a high-grade synthetic lubricating
      oil base.
PAR  According to the method of the present invention, however, a polymerized
      oil having a low viscosity and high viscosity index can be obtained; for
      instance, when the polymerization of olefins having 6 or more carbon atoms
      is effected at a temperature of 120.degree. to 130.degree.C by applying a
      specific catalyst employed in the present invention, there can be obtained
      polymerized oils having a viscosity index of 130 or thereabouts and a
      viscosity in the range of from 20 to 25 centipoises (at 100.degree.F). In
      this connection, when the same feed olefins are polymerized at the same
      reaction temperature as above by applying a catalyst ingredient prepared
      from aluminum chloride and olefin catalyst constituent without adding any
      ester, ether or alcohol thereto, there are obtained polymerized oils with
      a low-grade viscosity, but the viscosity index thereof is 120 or
      thereabouts and the viscosity is in the range of from 20 to 25 centipoises
      (at 100.degree.F); that is, the viscosity index tends to decrease.
PAR  The catalyst ingredient for use in the present invention, to wit, an active
      catalyst ingredient prepared by heating a mixture of olefin catalyst
      constituent, aluminum chloride, ketone having 4 or more carbon atoms, and
      ether, ester or alcohol at a temperature of more than 60.degree.C is a
      granular solid, so that it is easy to separate the catalyst by settling,
      and as the catalytic activity thereof is durable, it facilitates
      successive polymerization by the use of a fixed bed or fluid bed. The
      structure of this catalyst ingredient is yet to be clarified, but in the
      light of the fact that an active granular catalyst cannot be prepared by
      merely heating a mixture of ketone and aluminum chloride, and, even when
      olefin catalyst constituent is added thereto, an active ingredient is not
      formed if the temperature for activation is less than 60.degree.C or the
      amount of ketone is excessive, the present catalyst ingredient is hardly
      considered to be a mere complex of ketone and aluminum chloride.
      Therefore, judging from the facts that the present granular catalyst is
      repeatedly reusable as it is and that the catalytic activity thereof is
      promoted by the addition of ester, ether or alcohol, it is likely that
      said granular catalyst becomes a catalyst ingredient having several active
      points through some complicated reaction process as seen in the case of a
      solid acid catalyst and the feed olefin gets regularly polymerized at
      these active points or gets separated upon growing to a fixed molecular
      weight, whereby there is obtained a polymerized oil having a low viscosity
      and high viscosity index.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  A 1 l glass autoclave with stirrer was charged with 6.8 g of methyl ethyl
      ketone, 12 g of aluminum chloride and 0.4 g of ethyl acetate (0.05 mole
      per mole of aluminum chloride), and the aluminum chloride was dissolved.
      Next, 600 g of a mixture of .alpha.-olefins having 6 carbon atoms, 8
      carbon atoms and 10 carbon atoms, respectively (mixing ratio = 1:1:1 by
      weight) were added to the stock, and 6 hours' polymerization reaction was
      effected at 100.degree.C. Subsequently, ammonia gas was blown into the
      polymerization product thereby to inactivate the catalyst and the thus
      separated catalyst was recovered through filtration. Thereafter, the
      polymerization product was subjected to distillation thereby to remove the
      unreacted olefins and olefin dimers therefrom. The yield of the resulting
      liquid polymer was 75%, the viscosity at 100.degree.F was 27 centistokes
      (cst), and the viscosity index was 132.
PAR  Further, varieties of liquid polymers were produced in the same way as
      above except for replacing said ethyl acetate with 0.33 g of diethyl
      ether, 0.21 g of ethanol and 0.4 g of ethoxy acetate, respectively, and
      modifying the amount of said ethyl acetate from 0.4 g to 0.8 g. The
      results of the respective polymerizations was as shown in the following
      table.
TBL  ______________________________________                                    
                         Viscosity  Viscosity                                  
                  Yield  at 100.degree.F                                       
                                    index                                      
     ______________________________________                                    
     in case of application                                                    
     of diethyl ether                                                          
                    71%      26 cst     130                                    
     in case of application                                                    
     of ethanol     80%      24 cst     128                                    
     in case of application                                                    
     of ethoxy acetate                                                         
                    78%      24 cst     132                                    
     in case of application                                                    
     of 0.8 g of ethyl                                                         
                    72%      24 cst     132                                    
     acetate                                                                   
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A liquid polymer was produced in the same way as in Example 1 except for
      employing 600 g of hexene-1 as the feed olefin. The yield of this liquid
      polymer was 80% and the viscosity at 100.degree.F was 14 cst. When this
      liquid polymer was further subjected to 3 hours' hydrogenation at a
      temperature of 150.degree.C and under the hydrogen pressure of 20
      kg/cm.sup.2 by the use of Raney nickel catalyst, there was obtained a
      hydrogenated oil having properties equal to squalene in cosmetic grade and
      qualified for use as the base of cosmetics.
PAC  EXAMPLE 3
PAR  A liquid polymer was produced in the same way as in Example 1 except for
      employing 600 g of a mixture of .alpha.-olefins having 8 carbon atoms and
      10 carbon atoms, respectively (mixing ratio = 1:1 by weight) as the feed
      olefin. The yield of this liquid polymer was 77%, and the viscosity
      thereof at 100.degree.F was 30 cst.
PAR  When this liquid polymer was subsequently subjected to 3 hours'
      hydrogenation at a temperature of 150.degree.C and under the hydrogen
      pressure of 20 kg/cm.sup.2 by the use of Raney nickel catalyst, the
      resulting hydrogenated oil was qualified for use as the base of a
      high-grade lubricating oil (viscosity at 100.degree.F: 31 cst, viscosity
      index: 140, flash point: 440.degree.F, fire point: 480.degree.F, pour
      point: -80.degree.F).
PAC  COMPARATIVE EXAMPLE 1
PAR  After charging a 1 l glass autoclave with stirrer with 100g of polyolefin
      oil (viscosity at 100.degree.F: 40 cst) synthesized in advance and 6.0 g
      of aluminum chloride, 600 g of a mixture of .alpha.-olefins having 6
      carbon atoms, 8 carbon atoms and 10 carbon atoms, respectively (mixing
      ratio = 1:1:1 by weight) were gradually dropped therein. The dropping took
      3 hours.
PAR  After completing said dropping, 1 hour's aging was effected, ammonia was
      then blown into the autoclave thereby to inactivate the catalyst, and the
      separated catalyst was removed through filtration. When the polymerization
      product was subjected to distillation subsequent thereto to remove the
      unreacted olefins and olefin dimers, the yield of the resulting
      polymerized oil was 80%, the viscosity at 100.degree.F was 60 cst, and the
      viscosity index was 85.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of polymerizing feed olefins having at least 6 carbon atoms or
      mixtures of such feed olefins, to produce a hydrocarbon liquid polymer,
      which comprises: polymerizing said feed olefin at a temperature of more
      than 60.degree.C, in contact with a catalyst prepared by reacting at a
      temperature of more than 60.degree.C, catalyst constituents consisting
      essentially of (a) aluminum chloride, (b) ketone having at least 4 carbon
      atoms, (c) olefin catalyst constituent selected from the group consisting
      of said feed olefin and olefins of lower carbon atom number, and (d)
      ester, ether or alcohol, the amount of (a) being from 0.1 to 5 mole
      percent based on the feed olefin, the molar ratio of (a)/(b) being from
      1/1 to 1/1.2, the amount of (c) being more than 1 mole percent based on
      (a) and the amount of (d) being from 0.01 to 0.3 mole per mole of (a).
NUM  2.
PAR  2. A method according to claim 1, wherein said feed olefin is selected from
      the group consisting of olefins having 8 to 10 carbon atoms and mixtures
      thereof.
NUM  3.
PAR  3. A method according to claim 1, wherein said ketone (b) is selected from
      the group consisting of methyl ethyl ketone, diethyl ketone, diisobutyl
      ketone, dioctyl ketone and cyclohexanone.
NUM  4.
PAR  4. A method according to claim 1, wherein the amount of said ketone (b) is
      in the range of from 1.02 to 1.10 mole, per mole of aluminum chloride (a).
NUM  5.
PAR  5. A method according to claim 1, wherein said olefin catalyst constituent
      (c) is the feed olefin itself.
NUM  6.
PAR  6. A method acccording to claim 1, wherein said catalyst constituent (d) is
      selected from the group consisting of alkyl esters of fatty acids, said
      esters having less than 10 carbon atoms, alkyl ethers having less than 10
      carbon atoms, and monohydric or polyhydric alcohols having less than 10
      carbon atoms.
NUM  7.
PAR  7. A method according to claim 1, wherein the amount of said aluminum
      chloride (a) is in the range of from 1.0 to 3.0 mol.%, relative to the
      feed olefin.
NUM  8.
PAR  8. A method according to claim 1, wherein the polymerization temperature is
      in the range of from 60.degree. to 200.degree.C.
NUM  9.
PAR  9. A method according to claim 1, wherein the polymerization reaction is
      effected while controlling the heat of reaction by adding a solvent.
NUM  10.
PAR  10. A method according to claim 9, wherein said solvent is selected from
      the group consisting of n-pentane, isooctane, trichloroethane and
      tetrachloroethane.
NUM  11.
PAR  11. A method according to claim 9, wherein the weight of said solvent is in
      the range of from 0.5 to 4 times that of the feed olefin.
NUM  12.
PAR  12. A method according to claim 1 wherein ammonia is introduced into the
      polymer reaction product thereby to decompose the catalyst dissolved in
      said polymer reaction product.
NUM  13.
PAR  13. A method according to claim 1, wherein unreacted olefins and olefin
      dimers contained in the polymer reaction product are removed by means of a
      distillation process or extraction process.
NUM  14.
PAR  14. A method according to claim 1, wherein the double bonds remaining in
      the polymer reaction product are hydrogenated.
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ABST
PAL  A process is described whereby a linear hydrocarbon diolefin is selectively
      hydrogenated to a linear hydrocarbon olefin in the presence of a palladium
      base catalyst by adding to the reaction mixture an aqueous solution of a
      zinc salt such as zinc acetate wherein the ratio of water/zinc is at least
      1/1 by weight.
PARN
PAR  This is a division, of application Ser. No. 382,055, filed July 24, 1973,
      now U.S. Pat. No. 3,857,894.
BSUM
PAR  The present invention relates to a process for the selective hydrogenation
      of diolefin hydrocarbons to olefin hydrocarbons.
PAR  It is already known that it is possible to hydrogenate diolefin compounds
      in the presence of palladium catalysts: however in the past a mixture of
      olefin and saturated compound was obtained with an uncontrolled
      selectivity in olefin compounds.
PAR  To reach satisfactory results and to stop the subsequent hydrogenation of
      the olefin compound to saturated compound, it has been proposed to
      partially deactivate the palladium catalyst, by impregnation or
      coprecipitation with salts of Pb, Zn, Hg, Cd, Th, Sn etc.
PAR  However said impregnation or coprecipitation methods are difficult to be
      practically carried out, in that the deactivation conditions of the
      catalyst (temperature, deactivating salt concentration, operating time)
      are very critical; as a matter of fact, by operating under conditions even
      slightly different from the optimum ones, catalysts are obtained wich are
      either non selective or wholly deactivated.
PAR  It is also known that to obtain a high selectivity catalyst it is necesary
      that the impregnation or coprecipitation treatment be carried out at a
      rather high temperature (80.degree. to 100.degree.C), which is, on the
      other hand, particularly disadvantageous in the case of supported
      catalysts.
PAR  We have now found that it is possible to obtain selectivity as close as to
      100% in the hydrogenation of diolefin compounds to olefin compounds, by
      operating at relatively low temperature or in any case at a temperature
      ranging from 20.degree.C to 60.degree.C, by employing conventional
      palladium catalysts, possibly supported for instance on calcium carbonate
      or barium sulfate and by adding to the reaction mixture an aqueous
      solution of zinc salt. Therefore by operating according to the present
      invention it is possible to obtain selectivities as high as 100% without
      it being necessary to subject the palladium catalyst to the hot
      impregnating or coprecipitating operations which are very expensive and
      complicated the zinc is added continuously as an aqueous solution to the
      hydrogenation mixture. Beside the above practical and economical
      advantages, the present invention represents a further advance in that the
      life of the catalyst employed according to the invention, at the same
      selectivity values, is longer than the life of the known deactivated
      catalysts.
PAR  According to the present invention the passage of material to be
      hydrogenated and zinc salt on the catalyst in the course of the continuous
      tests can be effected for many times while obtaining always very good
      selectivity. The anion of the zinc salt has no importance as to the
      selectivity, but it is preferable that the salt have a high solubility in
      water. In this connection the chloride, sulfate, nitrate, acetate and
      oxalate are quite suitable.
PAR  The amount of salt can vary from 0.01 to 5% and preferably from 0.01 to 2%
      by weight with respect to the diolefin compound.
PAR  The minimum amount of water necessary for the good course of the reaction
      is such as to be sufficient to dissolve the zinc salt under the reaction
      conditions.
PAR  It is therefore necessary that there be a ratio water/zinc salt of at least
      1/1 by weight.
PAR  On the other hand it is advisable to utilize a water/zinc salt ratio not
      higher than 50/1 in order to have a satisfactory reaction rate.
PAR  In the absence of water the hydrogenation of the diolefin compounds is not
      stopped at the 1st stage, i.e., at the formation of olefine compounds, but
      it goes on up to the production of saturated compounds.
PAR  It is preferable to add to the reaction mixture an amine compound,
      generally ammonia, in very low amounts, preferably lower than 0.5% by
      weight with respect to the diolefin compound, even though higher amounts,
      up to 20- 30% do not negatively effect the reaction.
PAR  The present invention can be applied to continuous or discontinuous
      processes in a wide range of temperature, for instance between 20.degree.C
      and 60.degree.C, and of pressure, for instance from 1 to 50 atmospheres.
PAR  It is to be noted that the amount of the salt, which is to be added to the
      reaction mixture, depends, within the abovementioned ranges, the reaction
      rate, i.e. on the hydrogen pressure and the temperature, and also on the
      efficacy of stirring.
PAR  By operating according to the present invention, the absorption of hydrogen
      from the reaction mixture stops after one of the double bonds has been
      hydrogenated to a simple bond, then, by letting the reacted mixture at the
      reaction conditions also for relatively long times, a further
      hydrogenation does not substantially occur.
PAR  The present invention will be better illustrated by the following operative
      examples.
DETD
PAC  EXAMPLE 1
PAR  Cyclopentadiene was hydrogenated in the presence of 2% by weight of a Pd
      base catalyst on CaCO.sub.3 as catalyst carrier (5% Pd) at the temperature
      of 30.degree.C. 0.2% of ammonia, 0.2% of dehydrated zinc acetate and 0.4%
      by weight of water were added into an autoclave kept under stirring by
      means of a stirrer consisting of a hallow shaft for letting hydrogen be
      ricirculated. The hydrogen pressure was 5 kg/cm.sup.2.
PAR  The course of the reaction was controlled by gas-chromatography anaylsis
      performed on samples drawn at regular intervals.
PAR  After 90' hydrogen absorption was no more noted and the selectivity as
      cyclopentene
EQU  cyclopentene/cyclopentene + cyclopentane = % by moles
PAL  was 99.4. Starting cyclopentadiene was practically absent. After another 90
      minutes under the reaction conditions the selectivity was higher than 99%.
PAC  EXAMPLE 2
PAR  We operated according to example 1 but the water amount was 1%. After the
      disappearance of starting cyclopentadiene, the selectivity as cyclopentene
      of the obtained product was 99.2% and was practically constant also after
      a long time during which the product remained at the reaction conditions.
PAC  EXAMPLE 3
PAR  We operated according to example 1 but no water was added.
PAR  The selectivity as cyclopentene, after the dicyclopentadiene disappearance,
      was 89%; by keeping the product under the reaction conditions for 30
      minutes again, the selectivity decreased up to 74% because of the
      formation of cyclopentane and, after 30 minutes again, the selectivity
      decreased to 60%.
PAC  EXAMPLE 4 AND 5
PAR  Isoprene and pentadiene were subjected to hydrogenation according to
      example 1.
PAR  After the total disappearance of the diolefins, mixtures were obtained of
      olefin isomers at selectivities respectively of 99.1 and 98.7.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process of hydrogenating a linear hydrocarbon diolefin by contacting
      said linear hydrocarbon diolefin with hydrogen in the presence of a
      palladium base catalyst, wherein the improvement comprises increasing the
      selectivity of the hydrogenation of said linear hydrocarbon diolefin to
      linear hydrocarbon olefin by adding to the hydrogenation mixture an
      aqueous solution of a zinc salt having a ratio of water/zinc of at least
      1/1 by weight.
NUM  2.
PAR  2. A process of hydrogenating a linear hydrocarbon diolefin according to
      claim 1, wherein the amount of said zinc salt is from 0.01 to 5% by weight
      of the linear diolefin.
NUM  3.
PAR  3. A process of hydrogenating a linear hydrocarbon diolefin according to
      claim 1, wherein the hydrogenation is carried out at temperatures ranging
      from 20.degree. to 60.degree.C and at pressures between 1 and 50
      atmospheres.
NUM  4.
PAR  4. A process of hydrogenating a linear hydrocarbon diolefin according to
      claim 1, wherein the hydrogenation is carried out in the presence of an
      amine compound in the amount of not more than 0.5% by weight of the linear
      hydrocarbon diolefin.
NUM  5.
PAR  5. A process of hydrogenating a linear hydrocarbon diolefin according to
      claim 4, wherein the amine compound is ammonia.
NUM  6.
PAR  6. A process of hydrogenating a linear hydrocarbon diolefin according to
      claim 1, wherein the zinc salt is a member of the group consisting of zinc
      chloride, zinc sulfate, zinc nitrate, zinc acetate and zinc oxalate.
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PAL  Kurzer, J. Chem. Soc. 549, 3360-3366, (1953).
ABST
PAL  Novel 1-hydrocarbyl-3-(thiocarbamoylthio)ureas and
      1-hydrocarbyl-3-(carbamoylthio)ureas are prepared by reacting, in liquid
      phase, an appropriate isocyanate and S-thiocarbamoylhydrosulfamine or
      S-carbamoylhydrosulfamine, e.g.,
      S-(dimethylthiocarbamoyl)-N-methylhydrosulfamine or
      S-(dimethylcarbamoyl)hydrosulfamine. All the compounds are useful as
      rubber-curing agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to, and has as its principal object provision of,
      novel ureas bearing a thiocarbamoylthio or carbamoylthio substituent.
      Specifically, these are 1-hydrocarbyl-3-(thiocarbamoylthio) ureas and
      1-hydrocarbyl-3-(carbamoylthio)ureas, a new class of compounds that finds
      use as rubber curing agents.
PAR  2. Prior Art
PAR  The novel ureas of this invention have not been described in the chemical
      literature. The closest art known is that of S. R. Richter in U.S. Pat.
      No. 3,276,855, which discloses compounds of the type shown by the formula:
      ##EQU1##
PAR  Japanese Pat. No. 12,246 shows the production of Nacylureaus of the type:
      ##EQU2##
      by reaction of acyl isocyanates with sulfenamides or diaminosulfides.
PAR  F. Kurzer [J. Chem. Soc., London, 549, 3360 (1953)] reports the synthesis
      of N-aryl-N'-arylsulfenyl ureas by the following reactions:
PAR  ArNHCONH.sub.2 + Ar'SCl .fwdarw. ArNHCONH-S-Ar'
PAR  ArNCO + Ar'SNH.sub.2 .fwdarw. ArNHCONH-S-Ar'.
PAC  DESCRIPTION OF THE INVENTION
PAR  The compounds of this invention are made by liquid-phase reaction of a
      mono- or diisocyanate with an S-thiocarbamoylsulfamine or
      S-carbamoylsulfamine according to one of the following two equations:
      ##EQU3##
      The products of the invention may be defined by the following composite
      formula:
      ##EQU4##
PAR  In the above equations and formulae, the following definitions hold:
PAR  Z may be S or O;
PAR  R and R.sup.1, alike or different, may be hydrogen or alkyl, cycloalkyl,
      alkenyl, aryl, alkaryl or aralkyl hydrocarbon of up to 8 carbon atoms;
PAR  R.sup.2 may be alkyl, cycloalkyl, alkenyl, aryl, alkaryl or aralkyl
      hydrocarbon of up to 8 carbon atoms;
PAR  R.sup.1 and R.sup.2, taken together (R.sup.1 + R.sup.2), may be (1) a chain
      of 4, 5 or 6 methylene groups, which chain may be substituted with a lower
      alkyl group, i.e., an alkyl group of 1 to 4 carbon atoms, or (2)
      --CH.sub.2 CH.sub.2 --O-CH.sub.2 --CH.sub.2 --;
PAR  n may be 1 or 2; and
PAR  X, When n = 1, may be alkyl of up to 8 carbon atoms; and
PAR  X, when n = 2, may be alkylene, O-- or S-interrupted alkylene, alkenylene,
      alkylenebis(arylene), arylenebis(alkylene), or arylene of up to 13 carbon
      atoms.
PAR  More specifically, R, R.sup.1 and R.sup.2, alike or different, may be:
      methyl, ethyl, n- and isopropyl, n-, iso-, sec- and t-butyl, amyl isoamyl,
      sec-amyl, active amyl, hexyl, 2- and 3-hexyl, 4-methyl-2-pentyl, heptyl,
      2-, 3- and 4-heptyl, octyl, isooctyl, 3-methylheptyl, 3,3-dimethylhexyl;
      cyclopentyl, methylcyclopentyl, methylethylcyclopentyl, cyclohexyl,
      methylcyclohexyl, ethylcyclohexyl, dimethylcyclohexyl, cycloheptyl,
      cyclooctyl; allyl, .alpha.-methallyl, .beta.-methallyl, 2- and 3-butentyl,
      2- and 3-pentenyl, 2-, 3-, 4- and 5-hexenyl, 3-methyl-3-pentenyl,
      6-heptenyl, 7-octenyl; phenyl, o-, m- and p-tolyl, o-, m- and p-tolyl, o-,
      m-and p-ethylphenyl, xylyls, i.e., 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and
      3,5-dimethylphenyls; benzyl, .alpha.- and .beta.-phenylethyl.
PAR  Specific radicals within the above definitions of X include, when n = 1,
      i.e., when derived from a monoisocyanate: methyl, ethyl, propyl, the
      butyls, isohexyl, heptyl, octyl and 2-ethylhexyl.
PAR  When n = 2, i.e., when X is derived from a diisocyanate, X may be:
      trimethylene, tetramethylene, 3-methyloctamethylene,
      3-methoxyheptamethylene, 3-thiapentamethylene, 4-thiaheptamethylene,
      4-oxaheptamethylene, 2,2-dimethylpentamethylene, decamethylene,
      dodecamethylene, 3-butoxyhexamethylene, 4,9-dioxadodecamethylene,
      7-thiatridecamethylene, 1,2-cyclohexylene, 1,4-cyclohexylene; butenylene;
      methylenebis-p-phenylene, 1,2-ethylene-bis-p-phenylene;
      4,4'-methoxybiphenylene, 1,5-naphthalene, 4,4'-biphenylene; p-xylylene,
      p-pheny;enebis(ethyl), 1,4-naphthylenebis(methyl) or
      1,5-naphthalenebis(methyl).
PAR  In the practice of the invention, the mono- or diisocyanate are simply
      intimately contacted with the S-thiocarbamoylhydrosulfamine or
      S-carbamoylhydrosulfamine in liquid phase and the reaction allowed to
      proceed, usually in solution in a suitable solvent and at around ambient
      temperature and pressure.
PAR  A large number of isocyanates are known [see, for example, Siefken, Ann.
      562, 75 (1949)] and many are articles of commerce. Monoisocyanates
      suitable for use in the process of the invention include: methyl, propyl,
      butyl and isohexyl isocyanates.
PAR  Diisocyanates include: alkylene and O- or S-interrupted alkylene such as:
      trimethylene diisocyanate; tetramethylene diisocyanate;
      3-methyloctamethylene diisocyanate; 3-methoxyheptamethylene diisocyanate;
      di(2-isocyanatoethyl)sulfide; di(3-isocyanatopropyl)sulfide;
      di(3-isocyanatopropyl)oxide; 2,2-dimethylpentamethylene diisocyanate;
      decamethylene diisocyanate; dodecamethylene diisocyanate;
      3-butoxyhexamethylene diisocyanate; 4,9-dioxadecamethylene diisocyanate;
      di(6-isocyanatohexyl)sulfide; 1,2-di(isocyanatomethyl)cyclohexane;
      1,4-di(isocyanatomethyl)cyclohexane; alkenylene such as:
      1,4-diisocyanato-2-butene; alkylenebis(arylene) such as:
      1,2-ethylene-bis-p-phenylene diisocyanate; arylene such as:
      3,3'-methoxy-biphenylene-4,4' diisocyanate; 1,5-naphthalene diisocyanate;
      4,4'-biphenylene diisocyanate; 1,2-ethylene-bis-p-phenylene diisocyanate;
      and alkylenebis(alkyl) such as p-xylylene diisocyanate;
      1,4-bis(2-isocyanatoethyl)benzene; 1,4-bis(isocyanatomethyl)naphthalene;
      1,5-bis(isocyanatomethyl)naphthalene; and 1,5-tetralin diisocyante.
PAR  The S-thiocarbamoylhydrosulfamines
      ##EQU5##
      are also a known class of compounds and literature references to some of
      them appear in the examples. They can be made by the treatment of a
      dithiocarbamate salt with a hydroxylamine-O-sulfonate or an N-chloroamine,
      or by addition of an oxidizing agent such as sodium hypochlorite or iodine
      to an aqueous mixture of a dithiocarbamate salt and an amine.
PAR  S-Thiocarbamoylhydrosulfamines suitable for the practice of this invention
      are listed in Column C of Table I, following, and may be prepared by
      reaction of the dithiocarbamate of Column a with the amine of Column B
      according to the procedure of Smith et al. [J. Org. Chem. 14, 935 (1949)].
TBL                                    Table I                                 
     __________________________________________________________________________
            A             B                C                                   
     __________________________________________________________________________
     (CH.sub.3).sub.2 NCS.sub.2 Na                                             
                     C.sub.2 H.sub.5 NH.sub.2                                  
                                (CH.sub.3).sub.2 NCS.sub.2 --NHC.sub.2         
                                H.sub.5                                        
     (CH.sub.3).sub.2 NCS.sub.2 Na                                             
                                (CH.sub.3).sub.2 NCS.sub.2 --NH                
     (n-Bu).sub.2 NCS.sub.2 Na                                                 
                     CH.sub.3 NH.sub.2                                         
                                (n-Bu).sub.2 NCS.sub.2 NHCH.sub.3              
     (n-Bu)CH.sub.3 NCS.sub.2 Na                                               
                     C.sub.3 H.sub.7 NH.sub.2                                  
                                (n-Bu)CH.sub.3 NCS.sub.2 NHC.sub.3 H.sub.7     
     (n-C.sub.3 H.sub.7)CH.sub.3 NCS.sub.2 Na                                  
                     C.sub.6 H.sub.5 CH.sub.2 NH.sub.2                         
                                (n-C.sub.3 H.sub.7)CH.sub.3 NCS.sub.2 NHCH.sub.
                                2 C.sub.6 H.sub.5                              
     (C.sub.6 H.sub.5 C.sub.2 H.sub.4)CH.sub.3 NCS.sub.2 Na                    
                     C.sub.6 H.sub.5 NH.sub.2                                  
                                (C.sub.6 H.sub.5 C.sub.2 H.sub.4)CH.sub.3      
                                NCS.sub.2 NHC.sub.6 H.sub.5                    
     N(CH.sub.3)CS.sub.2 Na                                                    
                     p-CH.sub.3 C.sub.6 H.sub.4 NH.sub.2                       
                                N(CH.sub.3)CS.sub.2 NH--P-C.sub.6 H.sub.4      
                                CH.sub.3                                       
     CH.sub.3 (CH.sub.2).sub.3 CH(C.sub.2 H.sub.5)CH.sub.2 NCS.sub.            
                     2,4-(CH.sub.3).sub.2 C.sub.6 H.sub.3 NH.sub.2             
                                CH.sub.3 (CH.sub.2).sub.3 CH(C.sub.2 H.sub.5)CH
                                .sub.2 NCS.sub.2 NH--2,4-(CH.sub.3).sub.2      
                                C.sub.6 H.sub.3                                
     (CH.sub.2 =CHCH.sub.2)C.sub.6 H.sub.5 NCS.sub.2 Na                        
                                (CH.sub.2 =CHCH.sub.2)C.sub.6 H.sub.5 --NCS.sub
                                .2 NH                                          
     (CH.sub.2 =CCH.sub.3 --CH.sub.2).sub.2 NCS.sub.2 Na                       
                     n-octyl-NH.sub.2                                          
                                (CH.sub.2 =CCH.sub.3 --CH.sub.2).sub.2         
                                NCS.sub.2 NH--n-octyl                          
     (C.sub.6 H.sub.5)--n-C.sub.4 H.sub.9 NCS.sub.2 Na                         
                     C.sub.6 H.sub.5 --CH.sub.2 CH.sub.2 NH.sub.2              
                                (C.sub.6 H.sub.5)--n-C.sub.4 H.sub.9 NCS.sub.2 
                                NHCH.sub.2 CH.sub.2 C.sub.6 H.sub.5            
     CH.sub.3 CH=CHCH.sub.2 NHCS.sub.2 Na                                      
                     C.sub.3 H.sub.7 NH.sub.2                                  
                                CH.sub.3 CH=CHCH.sub.2 NHCS.sub.2 NHC.sub.3    
                                H.sub.7                                        
     --CS.sub.2 Na   n-C.sub.6 H.sub.13 NH.sub.2                               
                                --CS.sub.2 NH--n-C.sub.6 H.sub.13              
     --CS.sub.2 Na   CH.sub.2 =CHCH.sub.2 NH.sub.2                             
                                --CS.sub.2 NHCH.sub.2 CH=CH.sub.2              
     CS.sub.2 Na     CH.sub.2 =CH(CH.sub.2).sub.4 NH.sub.2                     
                                CS.sub.2 NH(CH.sub.2).sub.4 CH=CH.sub.2        
     N--CS.sub.2 Na  C.sub.2 H.sub.5 NH.sub.2                                  
                                --CS.sub.2 NHC.sub.2 H.sub.5                   
     CH.sub.3 --CS.sub.2 Na                                                    
                     CH.sub.3 CH=CHCH.sub.2 NH.sub.2                           
                                CH.sub.3 --CS.sub.2 NHCH.sub.2 CH=CHCH.sub.3   
     --CS.sub.2 Na   CH.sub.2 =C(CH.sub.3)CH.sub.2 NH.sub.2                    
                                --CS.sub.2 NHCH.sub.2 --C(CH.sub.3)=CH.sub.2   
     --CS.sub.2 Na   C.sub.6 H.sub.5 NH.sub.2                                  
                                --CS.sub.2 NHC.sub.6 H.sub.5                   
     __________________________________________________________________________
PAR  S-Carbamoylhydrosulfamines
      ##EQU6##
      usable in the process of the invention may be made by reaction of
      thiocarbamate salts with a hydroxylamine-O-sulfonate or an N-chloroamine
      or by addition of an oxidant such as sodium hypochlorite or iodine to an
      aqueous mixture of a thiocarbamate salt and an amine. They may also be
      prepared by reaction of amines with chlorocarbonylsulfenyl chloride.
PAR  Suitable intermediate S-carbamoylhydrosulfamines are listed in Column C of
      Table II, which follows. They may be prepared by oxidation of mixtures of
      the thiocarbamate of Column A and the amine of Column b with sodium
      hypochlorite or iodine as oxidizing agent.
TBL                                    TABLE II                                
     __________________________________________________________________________
            A               B                     C                            
     __________________________________________________________________________
     (CH.sub.3).sub.2 NCOSNa                                                   
                    C.sub.6 H.sub.5 NH.sub.2                                   
                                  (CH.sub.3).sub.2 NCOSNHC.sub.6 H.sub.5       
     (C.sub.2 H.sub.5).sub.2 NCOSNa                                            
                    C.sub.6 H.sub.5 CH.sub.2 NH.sub.2                          
                                  (C.sub.2 H.sub.5).sub.2 NCOSNHCH.sub.2       
                                  C.sub.6 H.sub.5                              
     n-octyl-NHCOSNa                                                           
                    C.sub.4 H.sub.9 NH.sub.2                                   
                                  n-octyl-NHCOSNHC.sub.4 H.sub.9               
                    CH.sub.3 (CH.sub.2).sub.3 CH(C.sub.2 H.sub.5)CH.sub.2      
                    NH.sub.2                                                   
                    CH.sub.3 NH.sub.2                                          
                    p-CH.sub.3 C.sub.6 H.sub.4 NH.sub.2                        
     C.sub.6 H.sub.5 N(CH.sub.3)COSNa                                          
                    C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 NH.sub.2                 
                                  C.sub.6 H.sub.5 (CH.sub.3)NCOSNHCH.sub.2     
                                  CH.sub.2 C.sub.6 H.sub.5                     
     C.sub.6 H.sub.5 NHCOSNa                                                   
                    CH.sub.2 =CH--CH.sub.2 NH.sub.2                            
                                  C.sub.6 H.sub.5 NHCOSNHCH.sub.2 --CH=CH.sub.2
                                  4                                            
     [CH.sub.2 =C(CH.sub.3)CH.sub.2 ].sub.2 NCOSNa                             
                    CH.sub.2 =CH(CH.sub.2).sub.4 NH.sub.2                      
                                  [CH.sub.2 =C(CH.sub.3)CH.sub.2 ].sub.2       
                                  NCOSNH(CH.sub. 2).sub.4 CH=CH.sub.2          
                    C.sub.2 H.sub.5 NH.sub.2                                   
     (isoamyl).sub.2 NCOSNa                                                    
                    CH.sub.3 NH.sub.2                                          
                                  (isoamyl).sub.2 NCOS--NHCH.sub.3             
                    C.sub.6 H.sub.5 NH.sub.2                                   
     (CH.sub.2 =CHCH.sub.2)CH.sub.3 NCOSNa                                     
                    3,4-(CH.sub.3).sub.2 C.sub.6 H.sub.3 NH.sub.2              
                                  (CH.sub.2 =CH--CH.sub.2)CH.sub.3 NCOS--NH--3,
                                  4-(CH.sub.3).sub.2 C.sub.6 H.sub.3           
     p-CH.sub.3 C.sub.6 H.sub.4 CH.sub.2 (CH.sub.3)NCOSNa                      
                    (CH.sub.3).sub.2 CH(CH.sub.2).sub.2 NH.sub.2               
                                  p-CH.sub.3 C.sub.6 H.sub.4 --CH.sub.2        
                                  (CH.sub.3)NCOS--NH(CH.sub.2).sub.2 CH(CH.sub.
                                  3).sub.2                                     
     (CH.sub.2 =CHCH.sub.2)C.sub.6 H.sub.5 NCOSNa                              
                    CH.sub.3 NH.sub.2                                          
                                  (CH.sub.2 =CHCH.sub.2)C.sub.6 H.sub.5        
                                  NCOSNHCH.sub.3                               
     C.sub.6 H.sub.5 CH.sub.2 NHCOSNa                                          
                    CH.sub.3 NH.sub.2                                          
                                  C.sub.6 H.sub.5 CH.sub.2 NH--COSNHCH.sub.3   
     __________________________________________________________________________
PAR  S-Carbamoylhydrosulfamines of the type RNHCOSNHR are similarly useful in
      this invention. These may be prepared by the reaction of primary amines
      with chlorocarbonylsulfenyl chloride according to the method of Zumach and
      Kuhle [see Zumach et al., Angew. Chem. Int. Ed. Engl., 9, 57 (1970)].
      Thus, the amines of Column A of Table III, which follows, yield the
      S-carbamoylhydrosulfamines of Column B by reaction with
      chlorocarbonylsulfenyl chloride.
TBL                                    TABLE III                               
     __________________________________________________________________________
     A                       B                                                 
     __________________________________________________________________________
     CH.sub.3 NH.sub.2                                                         
                 CH.sub.3 NHCOSNHCH.sub.3                                      
     n-C.sub.3 H.sub.7 NH.sub.2                                                
                 n-C.sub.3 H.sub.7 NHCOSNH--n-C.sub.3 H.sub.7                  
     i-C.sub.3 H.sub.7 NH.sub.2                                                
                 i-C.sub.3 H.sub.7 NHCOSNH--n-C.sub.3 H.sub.7                  
     C.sub.4 H.sub.9 NH.sub.2                                                  
                 C.sub.4 H.sub.9 NHCOSNHC.sub.4 H.sub.9                        
     n-octylNH.sub.2                                                           
                 n-octylNHCOSNH--n-octyl                                       
     (CH.sub.3).sub.2 CHCH.sub.2 CH.sub.2 NH.sub.2                             
                 (CH.sub.3).sub.2 CH(CH.sub.2).sub.2 NHCOSNH(CH.sub.2).sub.2   
                 CH(CH.sub.3).sub.2                                            
     CH.sub.2 =CHCH.sub.2 NH.sub.2                                             
                 CH.sub.2 =CHCH.sub.2 NHCOSNHCH.sub.2 --CH=CH.sub.2            
     CH.sub.2 =CH(CH.sub.2).sub.4 NH.sub.2                                     
                 CH.sub.2 =CH(CH.sub.2).sub.4 NHCOSNH(CH.sub.2).sub.4 CH=CH.sub
                 .2                                                            
     CH.sub.2 =C(CH.sub.3)CH.sub.2 NH.sub.2                                    
                 CH.sub.2 =C(CH.sub.3)CH.sub.2 NHCOSNHCH.sub.2 --C(CH.sub.3)=CH
                 .sub.2                                                        
     C.sub.6 H.sub.5 NH.sub.2                                                  
                 C.sub.6 H.sub.5 NHCOSNHC.sub.6 H.sub.5                        
     o, m, and p-CH.sub.3 C.sub.6 H.sub.4 NH.sub.2                             
                 o, m and p-CH.sub.3 --C.sub.6 H.sub.4 NHCOSNH--C.sub.6        
                 H.sub.4 --CH.sub.3                                            
     2,4-(CH.sub.3).sub.2 C.sub.6 H.sub.3 NH.sub.2                             
                 2,4-(CH.sub.3).sub.2 C.sub.6 H.sub.3 NHCOSNH--2,4-(CH.sub.3).s
                 ub.2 C.sub.6 H.sub.3                                          
     C.sub.6 H.sub.5 CH.sub.2 NH.sub.2                                         
                 C.sub.6 H.sub.5 CH.sub.2 NHCOSNHCH.sub.2 C.sub.6 H.sub.5      
     C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 NH.sub.2                                
                 C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 NHCOSNHCH.sub.2 CH.sub.2    
                 C.sub.6 H.sub.5                                               
     __________________________________________________________________________
PAR  Solvents suitable for use in the invention are aliphatic and aromatic
      hydrocarbons such as hexane, isooctane, benzene, toluene, and xylene, and
      their halogenated derivatives as chloroform, carbon tetrachloride,
      1,1,1-trichloroethane, trichlorotrifluoroethane, and chlorobenzene, ethers
      and carbon disulfide. The reactants can also be contacted in melt form if
      desired. In large-scale preparations, however, the use of an inert solvent
      is advantageous to aid in control of the reaction.
PAR  For most effective utilization of materials, the reactants, are usually
      mixed together in molar equivalents, though an amount of the urea
      proportional to the reactant used in deficiency will form if the reactants
      are not used in 1:1 molar ratio.
PAR  The reaction is conveniently carried out at temperatures of 10.degree. to
      100.degree.C., ambient temperature often being employed. Pressure is not
      critical, and ambient pressure is usually used for the sake of
      convenience.
PAR  The reaction proceeds in the presence or absence of catalysts. Catalysts
      are advantageous in enabling the use of lower temperatures and/or shorter
      times. The alkyltin dialkanoates, such as dibutyltin dilaurate, are
      suitable. Tertiary amines such as trimethylamine, triethylamine,
      tripropylamine, tetramethylethylenediamine, 1,4-diazabicyclo[2.2.2]octane,
      and pyridine are also effective catalysts.
PAR  The products are recovered by known means, such as filtration from the
      reaction solvent as they crystallize out, or by evaporation of the
      reaction solvent. The products may be purified if desired by
      recrystallization from known organic solvents.
DETD
PAC  EMBODIMENTS OF THE INVENTION
PAR  Specific embodiments of the invention are given in the examples which
      follow. Pressures and temperatures are ambient and percentages are by
      weight unless otherwise noted.
PAC  EXAMPLE 1
PAC  1-Ethyl-3-(dimethylthiocarbamoylthio)urea
      ##EQU7##
PAR  To 1.36 g. (0.01 mole) of S-(dimethylthiocarbamoyl)hydrosulfamine in 10 ml.
      of carbon tetrachloride was added 0.71 g. (0.01 mole) of ethyl isocyanate
      and 2 drops of dibutyltin dilaurate. After 64 hours, the urea that formed
      was filtered off; yield, 1.55 g. (75%). After recrystallization from
      dioxane, it melted at 173.degree.-175.degree.C.
PAL  Anal. Calcd. for C.sub.6 H.sub.13 N.sub.3 OS.sub.2 : C, 34.76; H, 6.32; N,
      20.27 . Found: C, 34.82; H, 6.68; N, 20.14.
PAC  EXAMPLE 2
PAC  Bis[3-(dimethylthiocarbamoylthio)-p-ureidophenyl[methane
      ##SPC1##
PAR  To 5.44 g. (0.04 mole) of S-(dimethylthiocarbamoyl)hydrosulfamine in 35 ml.
      of carbon tetrachloride was added 5 g. (0.02 mole) of
      methylenebis(p-phenyl isocyanate) in 10 ml. of carbon tetrachloride and 2
      drops of dibutyltin dilaurate. After 24 hours, the separated urea was
      filtered off and washed with dichloromethane; yield, 9.6 g. (92%); m.p.
      220.degree.C. (dec.).
PAC  EXAMPLE 3
PAC  1-Methyl-3-(dimethylcarbamoylthio)urea
      ##EQU8##
PAR  One gram (0.017 mole) of methyl isocyanate was added to 2.04 g. of
      S-(dimethylcarbamoyl)hydrosulfamine and 1 drop of dibutyltin dilaurate
      dissolved in dichloromethane. After 24 hours the
      1-methyl-3-(dimethylcarbamoylthio)urea (1.91 g., 64%) was filtered off and
      recrystallized from dioxane; mp 157.degree.-159.degree.C.
PAR  Anal. Calcd. for C.sub.5 H.sub.11 N.sub.3 O.sub.2 S: C, 33.89; H, 6.26; N,
      23.72. Found: C, 34.05; H, 6.35; N, 23.89.
PAR  The S-(dimethylcarbamoyl)hydrosulfamine required above was made by addition
      of a 30% aqueous solution of sodium hydroxylamine-O-sulfonate to a 30%
      aqueous solution of potassium dimethylthiocarbamate at
      15.degree.-20.degree.C. The solution was filtered and extracted six times
      with ether. After drying with sodium sulfate, the ether was removed to
      leave a 90 % yield of
      ##EQU9##
      mp 63.degree.-64.5.degree.C. after recrystallization from carbon
      tetrachloride.
PAR  Anal. Calcd. for C.sub.3 H.sub.8 N.sub.2 OS: C, 29.97; H, 6.71; N, 23.31.
      Found: C, 29.75; H, 6.72; N, 22.87.
PAC  EXAMPLE 4
PAC  Bis[3-(dimethylcarbamoylthio)-p-ureidophenyl]methane
      ##SPC2##
PAR  Mixing S-(dimethylcarbamoyl)hydrosulfamine and methylenebis(p-phenyl
      isocyanate) in tetrahydrofuran in a mole ratio of 2:1 in the presence of
      dibutyltin dilaurate catalyst formed the above bis-urea, mp 280.degree.C.
      (dec.).
PAR  The practice of the invention is further shown by the following Table IV.
      When the isocyanate of Column A is reacted with the hydrosulfamine of
      Column B, the 1-hydrocarbyl-3-(thiocarbamoylthio)ureas or
      1-hydrocarbyl-3-(carbamoylthio)ureas of Column C are obtained.
TBL                                    TABLE IV                                
     __________________________________________________________________________
            Column A                  Column B                                 
     __________________________________________________________________________
     CH.sub.3 NCO              (CH.sub.3).sub.2 NCSSNH(CH.sub.2).sub.7         
                               CH.sub.3                                        
     ONC(CH.sub.2).sub.6 NCO   [(CH.sub.3).sub.2 CH].sub.2 NCSSNH.sub.2        
                           Column C                                            
     __________________________________________________________________________
     .parallel.                                                                
     CH.sub.3 NHCON--S--C--N(CH.sub.3).sub.2                                   
     .vertline.                                                                
     (CH.sub.2).sub.7 CH.sub.3                                                 
     SS                                                                        
     .parallel..parallel.                                                      
     [(CH.sub.3).sub.2 CH].sub.2 NC--S--NHCONH(CH.sub.2).sub.6 NHCONH--S--C--N[
     CH(CH.sub.3).sub.2 ].sub.2                                                
     __________________________________________________________________________
                               O                                               
                               .parallel.                                      
                               C.sub.6 H.sub.5 --NHC--S--NHC.sub.6 H.sub.5     
                               O                                               
                               .parallel.                                      
     OCN--(CH.sub.2).sub.6 --NCO                                               
                               C.sub.2 H.sub.5 NHC--S--NHC.sub.2 H.sub.5       
     OC.sub.6 H.sub.5 C.sub.6 H.sub.5 O                                        
     .parallel..vertline.H.vertline..parallel.                                 
     C.sub.6 H.sub.5 NH-- C--S--N--CO--NHN--CO--N--S--C--NHC.sub.6 H.sub.5     
     OC.sub.2 H.sub.5 OOC.sub.2 H.sub.5 O                                      
     .parallel..vertline..parallel.HH.parallel..vertline..parallel.            
     C.sub.2 H.sub.5 NHC--S--N----C--N--(CH.sub.2).sub.6 --N--C--N--S--CNHC.sub
     .2 H.sub.5                                                                
     __________________________________________________________________________
PAC  UTILITY
PAR  The compounds of this invention are useful as rubber curing agents, as
      illustrated by Example A (wherein parts are by weight).
PAC  EXAMPLE A
PAL  Part I
PAR  Rubber compounding was carried out on a rubber mill as follows:
PA1  20 parts of natural rubber
PA1  1.2 parts of zinc oxide
PA1  0.1 part of stearic acid
PA1  0.1 part of mercaptobenzothiazole
PA1  1.36 part of product of Example 1
PAL  The above ingredients were milled in at 70.degree.C. in the order given and
      the compound stock was cured in a mold at 140.degree.C. for 40 minutes.
      Cured rubber of good elasticity and strength resulted.
PAL  Part II
PAR  A control run was carried out by repeating the procedure of Part I except
      that the product of Example 1 was omitted. The product was a sticky
      material with a tensile strength near zero.
PAR  Since obvious modifications and equivalents will be evident to those
      skilled in the chemical arts, I propose to be bound only by the appended
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A compound of the formula
      ##EQU10##
      wherein: Z is S or O;
PA1  R and R.sup.1, alike or different, are hydrogen, or a hydrocarbon radical
      of up to 8 carbon atoms selected from the group consisting of alkyl,
      cycloalkyl, alkenyl, aryl, alkaryl, and aralkyl; and R.sup.2 is a
      hydrocarbon radical of up to 8 carbon atoms selected from the group
      consisting of alkyl, cycloalkyl, alkenyl, aryl, alkaryl and aralkyl; or
      R.sup.1 and R.sup.2, taken together (R.sup.1 + R.sup.2), are (1) a chain
      of 4, 5 or 6 methylene groups which chain may be substituted with an alkyl
      group of 1 to 4 carbon atoms, or (2) --CH.sub.2 CH.sub.2 --O--CH.sub.2
      CH.sub.2 --; and
PA1  X is a radical of up to 13 carbon atoms selected from the group consisting
      of alkylene, O- or S-interrupted alkylene, alkenylene,
      alkylenebis(arylene), arylenebis(alkylene), and arylene.
NUM  2.
PAR  2. The compound of claim 1 named bis
      [3-(dimethylthiocarbamoylthio)-p-ureidophenyl]methane.
NUM  3.
PAR  3. The compound named 1-ethyl-3-(dimethylthiocarbamoylthio)urea.
NUM  4.
PAR  4. The compound named 1-methyl-3-(dimethylcarbamoylthio)urea.
PATN
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APN  4442601
APT  1
ART  127
APD  19740220
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INVT
NAM  Papenfuhs; Theodor
CTY  Frankfurt am Main
CNT  DT
INVT
NAM  Zimmermann; Manfred
CTY  Offenbach, Main
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730220
APN  2308262
CLAS
OCL  260543R
EDF  2
ICL  C07C14370
FSC  260
FSS  543 R
UREF
PNO  3647873
ISD  19720300
NAM  Ziegler et al.
OCL  260543R
FREF
PNO  859,461
ISD  19521200
CNT  DT
OCL  260543R
FREF
PNO  64,470
ISD  19491000
CNT  NL
OCL  260543R
LREP
FRM  Connolly and Hutz
ABST
PAL  An improved process for the manufacture of aromatic sulfonic acid halides
      from aromatic diazonium compounds, wherein aromatic diazonium compounds
      are reacted in a strongly hydrochloric or hydrobromic solution in the
      presence of copper or copper compounds with an alkali metal
      hydrogeno-sulfite, which avoids the use of liquid or gaseous sulfur
      dioxide and of organic solvents according to known processes which makes
      the process, if carried out on a technical scale, expensive and strongly
      contaminates the waste water.
BSUM
PAR  The present invention relates to an improved process for the manufacture of
      aromatic sulfonic acid halides from aromatic diazonium compounds.
PAR  It is known to prepare aromatic sulfonic acid halides by allowing sulfur
      dioxide to react on aryl-diazonium halides, especially aryl-diazonium
      chlorides or bromides, either in the absence of water in an organic
      solvent or in the presence of water in a strong hydrochloric solution,
      with addition of hydrosoluble organic acids in the presence of copper or
      copper compounds (cf. German Pat. No. 859,461).
PAR  This process has the disadvantage of being difficult to be carried out on a
      technical scale, owing to the use of liquid or gaseous sulfur dioxide and
      of organic solvents, which make the process expensive and strongly
      contaminate the waste water. In addition, the yields are in many cases
      unsatisfactory for a technical process.
PAR  Now, we have found that aromatic sulfonic acid halides, in particular those
      of the general formula (1)
EQU  A -- SO.sub.2 Cl                                           (1)
PAL  in which A represents a phenyl radical which may be substituted by alkyl
      groups of 1 to 4 carbon atoms, by nitro, trifluoromethyl, carboxy,
      hydroxy, alkyl-sulfonyl groups of 1 to 4 carbon atoms such as methyl- or
      ethyl-sulfonyl groups, alkenyl-sulfonyl groups of 1 to 4 carbon atoms such
      as the vinyl-sulfonyl group, and/or halogen atoms such as fluorine or
      chlorine, or the naphthyl radical, can be prepared from aromatic diazonium
      compounds in an essentially easier manner and cheaper and partly also with
      better yields by reacting aromatic diazonium compounds especially those of
      amines of the general formula (2)
EQU  A -- NH.sub.2
PAL  in which A has the meaning given above, in a strongly hydrochloric or
      hydrobromic solution in the presence of copper or copper compounds with an
      alkali metal hydrogeno-sulfite.
PAR  The process of the invention is carried out by treating a, preferably
      aqueous, diazonium chloride or diazonium bromide in the presence of copper
      or copper compounds, advantageously in the absence of organic solvents,
      with a mixture of alkali metal hydrogeno-sulfite and hydrohalic acid. It
      is advantageous to use the technically easily accessible sodium bisulfite
      lye and hydrochloric acid.
PAR  The reaction of the diazonium halides takes place in general already at
      room temperature.
PAR  The aryl-sulfonic acid halides formed generally separate during the
      reaction in liquid or in solid form and are isolated by separation or
      filtration. The process is suitable for the manufacture of aromatic and
      aromatic-heterocyclic sulfonic acid halides.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
PAR  100 Parts by weight of 2-nitro-4-aminobenzoic acid were diazotized with
      97.5 parts by weight of 40% sodium nitrite solution and 400 parts by
      weight of commercial hydrochloric acid at 0.degree.- 5.degree. C and,
      after a filtration for clarification, introduced dropwise within about 2
      hours into a mixture cooled to 3.degree. - 5.degree. C of 1000 parts by
      weight of commercial hydrochloric acid, 10 parts by weight of crystalline
      copper sulfate and 175 parts by weight of 40% sodium sulfite lye below the
      surface. At the same time with the diazo solution, further 175 parts by
      weight of 40% sodium bisulfite lye were introduced dropwise with the diazo
      solution below the surface. The diazo compound reacts with strong
      evolution of nitrogen to the sulfo-chloride. After short stirring, no
      diazo compound could practically be proved. The sulfo-chloride was
      filtered off with suction, washed with 2000 parts by volume of water and
      dried.
PAR  121 Parts by weight of 2-nitro-1-benzoic acid-4-sulfonic acid chloride (=
      83% of the theory), melting at 190.degree. - 191.degree. C, were obtained.
PAC  EXAMPLE 2
PAR  200 Parts by weight of 1-amino-2-methyl-4-nitrobenzene were diazotized at
      0.degree. - 5.degree. C with 400 parts by weight of 30% hydrochloric acid
      and 235 parts by weight of 40% sodium nitrite solution. The clarified
      diazo solution was allowed to run, with slight external cooling, below the
      surface of a mixture of 1300 parts by weight of 30% hydrochloric acid, 33
      parts by weight of crystalline copper sulfate and 330 parts by weight of
      40% sodium bisulfite lye, while adding at the same time further 330 parts
      by weight of 40% sodium bisulfite lye. After about 45 minutes, the
      sulfonic acid chloride that had separated was filtered off with suction,
      washed with 2000 parts by volume of cold water and dried. The
      2-methyl-4-nitrobenzene-sulfonic acid chloride was obtained in a yield of
      85% of the theory and was found to melt at 105.degree. - 106.degree. C.
PAR  The sulfonic acid chlorides mentioned below can be prepared in analogous
      manner.
TBL  __________________________________________________________________________
     Compound                Melting or  Yield (in %                           
                             boiling point                                     
                                         of the theory)                        
     __________________________________________________________________________
                              96 - 97.degree.C                                 
                                         83%                                   
                              65.degree.C                                      
                                         88%                                   
                             143 - 145.degree./12mm Hg                         
                                         90%                                   
                              53.degree.C                                      
                                         91%                                   
                              76.degree.C                                      
                                         90%                                   
                              58 - 59.degree.C                                 
                                         75%                                   
                              99 - 100.degree.C                                
                                         90%                                   
                              36 - 36.degree.C                                 
                                         71%                                   
                             171.degree.C (decomposition)                      
                                         75%                                   
                              76 - 78.degree.C                                 
                                         79%                                   
                             120 - 125.degree.C/14 mm Hg                       
                                         78%                                   
                             232.degree.C                                      
                                         75%                                   
                             179 - 180.degree./17 mm Hg                        
                                         88%                                   
                              76.degree.C                                      
                                         85%                                   
                              67.degree.C                                      
                                         72%                                   
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of aromatic sulfonic acid chlorides of the
      formula
EQU  A -- SO.sub.2 Cl
PAL  in which A is phenyl or phenyl substituted by a group or groups selected
      from alkyl of 1 to 4 carbon atoms, nitro, trifluoromethyl, carboxy,
      hydroxy, alkylsulfonyl of 1 to 4 carbon atoms, alkenylsulfonyl of 1 to 4
      carbon atoms or halogen, or is naphthyl, which comprises reacting in an
      aqueous strongly hydrochloride solution in the absence of an organic
      solvent and in the presence of copper or copper compounds a diazonium
      compound of an aromatic amine of the formula
EQU  A -- NH.sub.2
PAL  wherein A is defined as above, with an alkali metal hydrogen sulfite.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the diazonium compounds are
      diazonium chlorides or diazonium bromides or their double salts.
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PAL  N-sulfinyl-N'-aryl-hydrazines of the formula
      ##SPC1##
PAL  In which
PA1  X is trifluoromethyl or trifluoromethoxy,
PA1  n is 0, 1 or 2, and
PA1  R is methyl, trifluoromethyl, methoxy or halogen, which possess fungicidal
      properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new N-sulfinyl-N'-aryl-hydrazines, i.e.
      N-sulfinyl-N'-(trifluoromethyl or trifluoromethoxy)-phenyl-hydrazines,
      which are optionally methyl, methoxy or halogen-substituted on the benzene
      ring, which possess fungicidal properties, active compositions in the form
      of mixtures of such compounds with solid and liquid dispersible carrier
      vehicles, and methods for producing such compounds and for using such
      compounds in a new way especially for combating pests, e.g. fungi, with
      other and further objects becoming apparent from a study of the within
      specification and accompanying examples.
PAR  German Patent Specification No. 1,059,706 discloses that certain
      N-sulfinyl-N'-aryl-hydrazines, wherein the aryl radical is an optionally
      substituted benzene, naphthalene or heterocyclic radical, can be used as
      agents for combating mites, but these compounds are fungicidally inactive.
PAR  The present invention provides, as new compounds, the
      N-sulfinyl-N'-aryl-hydrazines of the general formula
      ##SPC2##
PAL  In which
PA1  X is trifluoromethyl or trifluoromethoxy,
PA1  n is 0, 1 or 2, and
PA1  R is methyl, trifluoromethyl, methoxy or halogen.
PAR  Preferably X is trifluoromethyl or trifluoromethoxy; R is chlorine or
      methyl; and n is 0 or 1.
PAR  It is distinctly surprising that the compounds according to the invention,
      in contrast to the known acaricidally active
      N-sulfinyl-N'-aryl-hydrazines, possess a pronounced fungicidal activity
      and even surpass the standard preparation zinc
      ethylene-bis-dithiocarbamate. They thus represent an enrichment of the
      art.
PAR  The present invention also provides a process for the preparation of an
      N-sulfinyl-N'-aryl-hydrazine of the formula (I) in which an aryl-hydrazine
      of the general formula
      ##SPC3##
PAL  In which
PA1  X, r and n have the above-mentioned meanings, is reacted with a
      sulfinylaniline in the presence of a diluent.
PAR  When using 3-trifluoromethyl-phenyl-hydrazine and sulfinylaniline as the
      starting materials, the course of the reaction of the process can be
      represented by the following equation:
      ##SPC4##
PAR  A number of the arylhydrazines of the formula (II) are known (see
      Tetrahedron 8, 67 (1960)); they can, however, all be prepared in a known
      manner, for example by diazotization and subsequent reduction of the
      corresponding anilines. As examples of the arylhydrazines which can be
      used according to the invention there may be mentioned: 2-, 3- or
      4-tri-fluoromethyl-phenylhydrazine, 2-chloro- or
      3-chloro-4-trifluoromethyl-phenylhydrazine, 4-chloro- or
      6-chloro-3-trifluoromethyl-phenylhydrazine,
      4-methoxy-3-trifluoromethyl-phenylhydrazine,
      2,6-dichloro-4-trifluoromethyl-phenylhydrazine,
      3-trifluoromethyl-4-methyl-phenylhydrazine,
      3,5-bis-trifluoromethyl-phenylhydrazine and
      4-trifluoromethoxy-phenylhydrazine.
PAR  As the sulfinylaniline required for the reaction, the parent substance
      itself (also called thionylaniline) is preferably used. This compound has
      been known for a long time (see, for example, Beilsteins Handbuch der
      Organischen Chemie (Beilstein's Handbook of Organic Chemistry), 4th
      edition, H 12, 578, I 293, II 309).
PAR  As diluents it is possible to use, in addition to water, lower alkanols,
      for example methanol or ethanol, or lower carboxylic acids such as acetic
      acid.
PAR  The reaction temperatures can be varied within a fairly wide range; in
      general, the reaction is effected at from 0.degree. to 80.degree.C,
      preferably from 10.degree. to 50.degree.C.
PAR  The arylhydrazines are used as such, or in the form of their acetates, for
      the reaction. It is, however, also possible to use the hydrochlorides or
      sulfates, with addition of sodium acetate. In carrying out the process, 1
      mole of sulfinylaniline is preferably employed per mole of arylhydrazine.
      However, deviations therefrom by up to 30% are possible without
      significantly impairing the yield. In general, the sulfinylaniline is
      added dropwise to a solution of the arylhydrazine. The end product in most
      cases crystallizes out from the reaction solution and can be isolated by
      simple suction filtration or ordinary filtration.
PAR  The active compounds according to the invention show a high degree of
      fungitoxic activity and a broad effect and possess a relatively low
      toxicity to warm-blooded animals, which makes them simple to handle and
      permits their being used in practice for combating undesired fungal
      growth. Fungitoxic agents in plant protection are used for combating
      phytopathogenic fungi of the most diverse classes of fungus, for example
      Archimycetes, Phycomycetes, Ascomycetes, Basidiomycetes and Fungi
      Imperfecti.
PAR  The good toleration of the compounds by plants permits the use of the
      compounds against fungal diseases of plants, by treating the standing crop
      plant or individual parts thereof, or the seed or the culture soil. The
      active compounds are particularly effective against fungi which cause
      tracheomycosis, which attack the plants through the soil, such as
      varieties of Verticillium, varieties of Fusarium and varieties of
      Phialophora. However, they are also very effective against seed-borne
      fungi, such as Tilletia tritici, and against fungi which inhabit the soil,
      such as varieties of Rhizoctonia, varieties of Fusarium, varieties of
      Pythium and varieties of Thielaviopsis. Good effects are also noted
      against Helmithosporium gramineum, Ustilago avenae, Botrytis cinerea and
      Fusicladium dendriticum.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alimina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides, or insecticides,
      acaricides, rodenticides, bactericides, nematocides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi, which comprises
      applying to at least one of correspondingly (a) such fungi, and (b) the
      corresponding habitat thereof, i.e. the locus to be protected, a
      correspondingly combative or toxic amount, i.e. fungicidally effective
      amount, of the particular active compound of the invention alone or
      together with a carrier vehicle as noted above. The instant formulations
      or compositions are applied in the usual manner, for instance by spraying,
      atomizing, vaporizing, scattering, dusting, watering, squirting,
      sprinkling, pouring, fumigating, dry dressing, slurry dressing, moist
      dressing, wet dressing and the like.
PAR  In the case of dressing, amounts of active compound of 10 mg to 10 g,
      preferably 100 mg to 3 g, are generally used per kilogram of seed. In the
      treatment of soil, which can be carried out over the entire surface, in
      strips or at points, active-compound concentrations of 1 to 1,000 g of
      active compound per m.sup.3 of soil, preferably 10 to 200 g per m.sup.3,
      are generally required at the place where the action is intended.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
PAC  EXAMPLE 1
PAC  Agar plate test
PAR  Test for fungitoxic effectiveness and breadth of the activity spectrum.
PA0  Solvent: Acetone
PA0  Parts by weight: a) 1,000; b) 100
PAR  To produce a suitable preparation of the active compound, 1 part by weight
      of the active compound was taken up in the stated amount of solvent.
PAR  The preparation of the active compound was added to potato dextrose agar
      (which had been liquefied by heating) in such an amount that the desired
      concentration of active compound was set up therein. After thorough
      shaking to achieve a uniform dispersion of the active compound, the agar
      was poured into Petri dishes under sterile conditions. When the mixture of
      substrate and active compound had solidified, test fungi from pure
      cultures were inoculated onto it in small discs of 5 mm diameter. The
      Petri dishes remained at 20.degree.C for 3 days for incubation.
PAR  After this time, the inhibiting action of the active compound on the
      mycelium growth was determined in categories, taking into account the
      untreated control. The symbol "O" means no mycelium growth, either on the
      treated substrate or on the inoculum; the symbol "-" means mycelium growth
      on the inoculum only with no spread to the treated substrate; and the
      symbol "+" means mycelium growth from the inoculum onto the treated
      substrate, similar to the spread to the untreated substrate of the
      control.
PAR  The active compounds, the concentration of the active compounds, the test
      fungi and the inhibition effects achieved can be seen from the following
      table:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Agar plate test                                                           
     Active compound     Active compound                                       
                                 Corti-                                        
                                     Sclero-                                   
                                         Verti-                                
                                             Thiel-                            
                                                  Phyto-                       
                                                       Fusa-                   
                                                           Fusa-               
                                                                Fusa-          
                         concentration in                                      
                                 cium                                          
                                     tinia                                     
                                         cillium                               
                                             aviopsis                          
                                                  phthora                      
                                                       rium                    
                                                           rium rium           
                         the substrate in                                      
                                 rolfsii                                       
                                     sclero-                                   
                                         albo-                                 
                                             basi-                             
                                                  cact-                        
                                                       culm-                   
                                                           oxy- solani         
                         mg per litre                                          
                                     tiorum                                    
                                         atrum                                 
                                             cola orum orum                    
                                                           sporum              
                                                                f.             
     __________________________________________________________________________
                                                                pisi           
     untreated             --     +   +   +   +    +    +   +    +             
     .parallel.                                                                
     CH.sub.2 --NH--C--S                                                       
     .vertline..angle.Zn   a) 10  +   +   +   +    +    +   +    +             
     CH.sub.2 --NH--C--S   b) 100 0   +   +   +    0    -   0    +             
     .parallel.                                                                
      S                                                                        
     (A)(known)                                                                
                           a) 10  0   -   +   -    +    -   +    +             
                           b) 100 0   0   0   0    0    0   0    -             
                           a) 10  0   0   +   0         0   +    +             
                           b) 100 0   0   0   0    +    0   +    +             
                           a) 10  0   0   +   +    +    +   +    +             
                           b) 100 0   0   +   +    +    +   +    +             
                           a) 10  0   0   +   -    +    +   +    +             
                           b) 100 0   0   +   -    +    +   +    +             
                           a) 10  0   +   +   -    +    +   +    +             
                           b) 100 0   0   +   -    +    0   +    +             
                           b) 100 0   0   0   0    +    0   0    +             
     __________________________________________________________________________
PAC  EXAMPLE 2
PAC  Seed dressing test/stripe disease of barley (seed-borne mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, barley seed, which was naturally infected by
      Helminthosporium gramineum, was shaken with the dressing in a closed glass
      flask. The seed, on moist filter paper discs in closed Petri dishes, was
      exposed to a temperature of 4.degree.C for 10 days in a refrigerator. The
      germination of the barley, and possibly also of the fungus spores, was
      thereby initiated. Two batches of 50 grains of the pregerminated barley
      were subsequently sown 2 cm deep in Fruhstorfer standard soil and
      cultivated in a greenhouse at temperatures of about 18.degree.C in seed
      boxes which were exposed to light for 16 hours daily. The typical symptoms
      of the stripe disease developed within 3 to 4 weeks.
PAR  After this time, the number of diseased plants was determined as a
      percentage of the total number of emerged plants. The fewer plants were
      diseased, the more effective was the active compound.
PAR  The active compounds, the concentrations of the active compounds in the
      dressing, the amounts of dressing used and the number of diseased plants
      can be seen from the following table:
TBL                                    Table 2                                 
     __________________________________________________________________________
     Seed dressing test/stripe disease of barley                               
     Active                Active com-                                         
                                  Amount of                                    
                                        Number of                              
     compound              pound con-                                          
                                  dressing                                     
                                        plants                                 
                           centration                                          
                                  used in                                      
                                        with stripe                            
                           in the g/kg of                                      
                                        disease in                             
                           dressing in                                         
                                  seed  % of the                               
                           % by weight  total                                  
                                        emerged                                
                                        plants                                 
     __________________________________________________________________________
     without dressing      --     --    32.6                                   
     .parallel.                                                                
     CH.sub.2 --NH--C--S   10     2     25.6                                   
     .vertline..angle.Zn   30     2     19.0                                   
     CH.sub.2 --NH--C--S                                                       
     .parallel.                                                                
     S                                                                         
     (known)(A)                                                                
                            3     2     5.6                                    
                           10     2     1.1                                    
                           30     2     0.0                                    
                            3     2     5.3                                    
                           10     2     3.0                                    
                           30     2     1.0                                    
                            3     2     2.2                                    
                           10     2     0.0                                    
                           30     2     0.0                                    
                            3     2     5.2                                    
                           10     2     2.1                                    
                           30     2     0.0                                    
                           10     2     2.1                                    
                           30     2     0.0                                    
     __________________________________________________________________________
PAC  EXAMPLE 3
PAC  Seed dressing test/snow mold (seed-borne mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, rye seed, which was naturally infected by Fusarium
      nivale, was shaken with the dressing in a closed glass flask. Two batches
      of 100 grains of this seed were sown 1 cm deep in seed boxes containing
      Fruhstorfer standard soil. The young plants developed in climatic chambers
      at 10.degree.C, at a relative atmospheric humidity of 95% and in diffused
      natural light; they showed the typical symptoms of snow mould within the
      first 3 weeks.
PAR  After this time, the number of Fusarium-infected plants was determined as a
      percentage of the total number of emerged plants. The smaller the number
      of diseased plants, the more effective was the active compound.
PAR  The active compounds, the concentrations of the active compounds in the
      dressing, the amounts of dressing used and the number of diseased plants
      can be seen from the following table:
TBL                                    Table 3                                 
     __________________________________________________________________________
     Seed dressing test/snow                                                   
     Active               Active com-                                          
                                 Amount of                                     
                                       Number of                               
     compound             pound con-                                           
                                 dressing                                      
                                       Fusarium-                               
                          centration                                           
                                 used in                                       
                                       infected                                
                          in the g/kg of                                       
                                       plants in                               
                          dressing in                                          
                                 seed  % of the                                
                          % by weight  total                                   
                                       emerged                                 
                                       plants                                  
     __________________________________________________________________________
     without dressing     --     --    16.5                                    
     .parallel.                                                                
     CH.sub.2 --NH--C--S                                                       
     .vertline..angle.Zn  30     2     9.1                                     
     CH.sub.2 --NH--C--S                                                       
     .parallel.                                                                
     S                                                                         
     (known)(A)                                                                
                          30     2     17.8                                    
     (known)(B)                                                                
                          30     2     13.9                                    
     (known)(C)                                                                
                          30     2     14.3                                    
     (known)(D)                                                                
                          30     2     14.3                                    
     (known)(E)                                                                
                          30     2     1.6                                     
                          10     2     4.8                                     
                          30     2     0.5                                     
                          10     2     3.5                                     
                          30     2     0.0                                     
       3                  2      3.4                                           
                          10     2     1.0                                     
                          30     2     0.0                                     
     __________________________________________________________________________
PAC  EXAMPLE 4
PAC  Seed dressing test/loose smut of oats (Seed-borne mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, oat seed, which was naturally infested with loose
      smut (Ustilago avenae), was shaken with the dressing in a closed glass
      flask. Two batches of 100 grains of the seed were sown 2 cm deep in seed
      boxes containing a mixture of 1 part by volume of Fruhstorfer standard
      soil and 1 part by volume of quartz sand. The boxes were placed in a
      greenhouse at a temperature of about 18.degree.C, kept normally moist and
      exposed to light for 16 hours daily. After 10 - 12 weeks, the oats
      flowered and showed healthy and diseased panicles (smutted panicles).
PAR  After this time, the number of diseased panicles was determined as a
      percentage of the total number of developed panicles. 0% means that no
      diseased panicles were present; 100% means that all the panicles were
      diseased. The fewer diseased panicles were formed, the more effective was
      the active compound.
PAR  The active compounds, the concentrations of the active compounds in the
      dressing, the amounts of dressing used and the number of diseased panicles
      can be seen from the following table:
TBL                                    Table 4                                 
     __________________________________________________________________________
     Seed dressing test/loose smut of oats                                     
     Active             Active com-                                            
                               Amount of                                       
                                     Number of                                 
     compounds          pound con-                                             
                               dressing                                        
                                     diseased                                  
                        centration                                             
                               used in                                         
                                     panicles                                  
                        in the g/kg of                                         
                                     in % of                                   
                        dressing in                                            
                               seed  the total                                 
                        % by weight  number of                                 
                                     developed                                 
                                     panicles                                  
     __________________________________________________________________________
     without dressing   --     --    45.1                                      
     .parallel.                                                                
     CH.sub.2 --NH--C--S                                                       
     .vertline..angle.Zn                                                       
                        30     6     16.1                                      
     CH.sub.2 --NH--C--S                                                       
     .parallel.                                                                
     S                                                                         
     (known)(A)                                                                
                        30     6     5.9                                       
                        30     6     2.4                                       
     __________________________________________________________________________
PAR  The process of this invention is illustrated in the following preparative
      Example.
PAC  EXAMPLE 5
      ##SPC5##
PAR  20 g (0.113 mole) of 3-trifluoromethyl-phenylhydrazine were dissolved in 50
      ml of methanol with addition of 5 ml of acetic acid; 16 g (0.115 mole) of
      sulfinylaniline were added dropwise at a temperature of 22.degree.C. The
      product crystallized out while the temperature rose to about 30.degree.C.
      After filtration and drying, 16 g of N-sulfinyl-N-'
      -(3-trifluoromethylphenyl)-hydrazine of melting point 100.degree.C were
      obtained. The yield was 64% of theory.
PAR  The following compounds were obtained by methods analogous to that
      described above.
TBL  Compound                                                                  
            Formula               Melting point                                
     No.                          [.degree.C]                                  
     ______________________________________                                    
     (2)                          140                                          
     (3)                          158                                          
     (4)                          148-149                                      
     (5)                          46-47                                        
     (6)                          96-97                                        
     ______________________________________                                    
PAR  Other compounds which can be similarly prepared include:
PA1  N-sulfinyl-N'-[2,4,6-tris-(trifluoromethyl)phenyl]-hydrazine,
PA1  N-sulfinyl-N'-(2-methyl-4-trifluoromethoxyphenyl)-hydrazine,
PA1  N-sulfinyl-N'-(3-bromo-4-trifluoromethylphenyl)-hydrazine,
PA1  N-sulfinyl-N'-(2-methoxy-4-trifluoromethyl-6-chloro-phenyl)-hydrazine,
PAL  and the like.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An N-sulfinyl-N'-aryl-hydrazine of the formula
      ##SPC6##
PAL  in which
PA1  X is trifluoromethyl or trifluoromethoxy,
PA1  n is 0, 1 or 2, and
PA1  R is methyl, trifluoromethyl, methoxy or halogen.
NUM  2.
PAR  2. A compound according to claim 1, in which X is trifluoromethyl or
      trifluoromethoxy; R is chlorine or methyl; and n is 0 or 1.
NUM  3.
PAR  3. The compound according to claim 1, wherein such compound is
      N-sulfinyl-N'-(3-trifluoromethylphenyl)-hydrazine of the formula
      ##SPC7##
NUM  4.
PAR  4. The compound according to claim 1, wherein such compound is
      N-sulfinyl-N'-(4-trifluoromethylphenyl)-hydrazine of the formula
      ##SPC8##
NUM  5.
PAR  5. The compound according to claim 1, wherein such compound is
      N-sulfinyl-N'-(3-chloro-4-trifluoromethylphenyl)-hydrazine of the formula
      ##SPC9##
NUM  6.
PAR  6. The compound according to claim 1, wherein such compound is
      N-sulfinyl-N'-(3-trifluoromethyl-4-chlorophenyl)-hydrazine of the formula
      ##SPC10##
NUM  7.
PAR  7. The compound according to claim 1, wherein such compound is
      N-sulfinyl-N'-(2-chloro-4-trifluoromethylphenyl)-hydrazine of the formula
      ##SPC11##
NUM  8.
PAR  8. The compound according to claim 1, wherein such compound is
      N-sulfinyl-N'-(4-trifluoromethoxyphenyl)-hydrazine of the formula
      ##SPC12##
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ABST
PAL  N,N-Dialkyl-m(or p)-toluamide can be produced by reacting m(or
      p)-tolunitrile with dialkylamine and water in the liquid phase in the
      presence of adipic acid as a catalyst.
BSUM
PAR  This invention relates to a process for the preparation of N,N-dialkyl-m(or
      p)-toluamides, and more particularly to a process for the preparation of
      N,N-dialkyl-m(or p)-toluamides comprising reacting m(or p)-tolunitrile
      with a dialkylamine and water in the liquid phase in the presence of
      adipic acid as a catalyst.
PAR  It has hitherto been known that N,N-dialkyl-m-toluamides are useful
      compounds as agricultural agents and insecticides, and especially
      N,N-diethyl-m-toluamide is a very effective mosquito repellant. It has
      been recorded in the literature that these compounds can be prepared by
      the reaction of m-toluic acid chloride with dialkylamines.
PAR  U.S. Pat. Nos. 2,932,665 and 3,198,831 disclose improved processes for the
      preparation of N,N-diethyl toluamide by reacting toluic acid with
      diethylamine in the vapour phase. These processes are based on a
      dehydration reaction, and are carried out in the presence of a dehydrating
      catalyst. These processes, however, can hardly be satisfactory enough as
      commercial processes. One reason is that since the raw material toluic
      acid is solid at room temperature, problems occur in reaction operations
      unlike the case where the raw materials are liquid. Another reason is that
      the toluic acid may be obtained by hydrolyzing tolunitrile by the use of
      acid or alkali, but at that time a considerably large amount of acid or
      alkali is consumed, thus bringing about economical disadvantage.
PAR  A process for preparing N,N-dialkyltoluamides directly from tolunitrile
      unlike the above-mentioned earlier processes is disclosed in U.S. Pat. No.
      3,825,596 issued on July 23, 1974 and originally filed under Ser. No.
      256,116 on May 23, 1972 by the same applicants as the present application.
      The process for preparing N,N-dialkyl-meta(or para)-toluamides disclosed
      in this U.S. Patent comprises reacting meta(or para)-tolunitrile with a
      dialkylamine with the alkyl group containing 1 to 4 carbon atoms and water
      in the liquid phase at a temperature of 200.degree. to 350.degree.C. in
      the presence of a catalyst comprising at least one compound selected from
      the group consisting of hydrochloric acid, sulfuric acid, phosphoric acid,
      acetic acid, benzoic acid, meta-toluic acid, acetates and chlorides of
      copper, zinc, cadmium, mercury, nickel, cobalt and lead, hydrogen peroxide
      and benzoyl peroxide.
PAR  It has now been found by the same applicants as the above U.S. Patent that
      the desired N,N-dialkyltoluamides can be produced advantageously by
      performing the reaction in the same way as disclosed in the above patent
      except using adipic acid as a catalyst instead of the above-specified
      catalytic compounds. Adipic acid is an aliphatic dicarboxylic acid, and is
      not at all disclosed in the above U.S. Patent. The advantages of using
      adipic acid as a catalyst will be described later on in this
      specification.
PAR  The N,N-dialkyl-m(or p)-toluamide with the alkyl group containing 1 to 4
      carbon atoms will be referred to hereinbelow as "toluamide", and m(or
      p)-tolunitrile, as tolunitrile, for brevity.
PAR  As disclosed in the above U.S. Patent, the method for preparing toluamide
      directly from tolunitrile by reacting tolunitrile with a dialkylamine and
      water has various commercial advantages. The starting material tolunitrile
      can be obtained cheaply as a by-product in the manufacture of, e.g.,
      benzenedinitrile from xylene by an ammoxidation reaction. Since, it is
      liquid at room temperature unlike toluic acid, it can be handled,
      transported and weighed easily, and is industrially advantageous. The
      process has a further advantage that it does not require any preliminary
      step for the preparation of toluic acid or toluic acid chloride or any
      auxiliary raw materials which are required in the earlier known processes.
      In addition, in the process dialkylamine, trialkylamine or mixture thereof
      can be used as one of the starting materials, and the presence of a small
      amount of a monoalkylamine is allowable since it does not hamper the
      reaction. Industrially, alkylamines are produced by the reaction of the
      corresponding alcohols with ammonia, and the product is generally a
      mixture of dialkylamine and trialkylamine, containing a small amount of
      monoalkylamine. Accordingly, the process can use such industrial product
      without any modification.
PAR  The principal reaction in the process may be expressed by the following
      equation.
      ##SPC1##
PAL  (wherein R is an alkyl radical). As shown above, the reaction is not a
      dehydration reaction, but water participates in the reaction as a
      reactant.
PAR  The present invention provides a process for the preparation of N,N-dialkyl
      toluamides which comprises reacting tolunitrile with a dialkylamine with
      the alkyl group containing 1-4 carbon atoms, and water at a temperature of
      100.degree.-400.degree.C. in the liquid phase in the presence of adipic
      acid as a catalyst.
PAR  In the process, the reaction rate becomes too low if the temperature is
      less than 100.degree.C., and the amount of an N-monoalkyl toluamide formed
      as a by-product increases if the temperature exceeds 400.degree.C., and so
      these temperature are not desirable. The most preferable reaction
      temperature range is from 200.degree. to 350.degree.C. The pressure to be
      used is a pressure capable of maintaining the reactants in the liquid
      phase. Usually, the reaction is carried out under a pressure occurring
      spontaneously in correspondence to the reaction temperature applied, and
      this pressure somewhat changes with the progress of the reaction.
PAR  No critical limitation is placed on the ratio of the starting materials,
      but usually about 0.8-3 mols of the dialkylamine per mol of tolunitrile
      are used. If the amount of the dialkylamine is too small, unreacted
      tolunitrile is left behind. No harm is done if the amount of the
      dialkylamine is excessive, but no particular advantage is obtained even
      when the amount is more than 3 mols. It is preferable to use 1-2 mols of
      the dialkylamine per mol of tolunitrile. Water, the other starting
      material, is usually used in an amount of 0.8-5 mols per mol of
      tolunitrile. If the amount of water is too small, the reaction rate
      decreases and unreacted tolunitrile remains, and if it is excessive, the
      amount of by-product toluamide increases. The preferably amount of water
      to be used is 1-2.5 mols per mol of tolunitrile.
PAR  These catalysts act effectively even in a small amount, and it suffices if
      they are present in an amount of about 0.001-15 mol % based on the
      starting tolunitrile. No special advantage is obtained if they are used in
      excess. Usually, it is preferable to use them in an amount of 0.1-10 mol %
      based on the tolunitrile.
PAR  The commercial advantages of using adipic acid as a catalyst are as
      follows: As is well known, adipic acid is a non-toxic stable substance
      easily available at a relative low cost, and its handling is easy and does
      not involve risk. Furthermore, since it is a very weak acid, it is not
      likely at all to corrode the reaction apparatus. Another important
      advantage is that when adipic acid is used as a catalyst, the desired
      toluamide can be very easily separated from the reaction mixture after the
      reaction. The separation of the desired toluamide is usually performed by
      distillation of the reaction mixture. The adipic acid and adipic amides
      which may be formed by the reaction of a part of the adipic acid with a
      part of the starting dialkylamine are not distilled at the distilling
      temperature of the toluamide, but remain in the distillation still.
      Accordingly, neither adipic acid nor a by-product derived from it is mixed
      in the distilled toluamide.
PAR  It has been discovered also that according to the present invention, the
      reaction rate is increased and the desired N,N-alkyl toluamides can be
      produced in still higher yields by reacting tolunitrile with the
      dialkylamine and water while removing ammonia formed with the progress of
      the reaction from the reaction system.
PAR  The ammonia may be removed intermittently or continuously during the
      progress of the reaction, and since ammonia has the highest partial
      pressure of all the reactants and products, it is easy to remove it alone
      while keeping it gaseous from the reaction system. For example, if only
      the reaction vessel is cooled from the outside at certain intervals of
      time during the progress of the reaction and then on exhaust valve
      attached to the reactor is opened, a greater part of the ammonia formed
      till then is easily removed from the reactor in gaseous form. Then, the
      exhaust valve is closed and the reactor is heated again to a predetermined
      temperature, and the reaction is continued. Thus, the reaction and the
      removal of ammonia can be repeated alternatingly. Or ammonia may be
      removed continuously during the progress of the reaction through an
      exhaust valve or nozzle attached to the reactor. In this case, care must
      be taken so that the exhaust valve or nozzle may be opened narrow enough
      to maintain the pressure inside the reactor at a level capable of keeping
      the reactants liquid phase. It is preferable to place, e.g., a
      water-cooled condenser between the nozzle and the reactor in order to
      reflux the reactants which may be entrained by the ammonia back to the
      reactor.
PAR  The process of the present invention may be practiced either batchwise or
      by a continuous system. The batchwise reaction time depends on the
      temperature employed, whether the by-product ammonia is removed or not,
      but usually it is about 2-20 hours.
DETD
PAR  The present invention will be illustrated by the following examples. All
      percentages appearing therein are by weight, unless otherwise specified.
      The abbreviations used are as follows:
PA1  Tn: m-tolunitrile.
PA1  Dea: diethylamine
PA1  Aa: adipic acid
PA1  Dta: n,n-diethyl-m-toluamide.
PA1  Mta: n-monoethyl-m-toluamide.
PA1  Ta: m-toluamide.
PA1  tol-A: toluic acid
PAC  EXAMPLE 1
PAR  A 1-liter autoclave equipped with a stirrer was charged with 250 g (2.14
      mols) of meta-tolunitrile, 187.2 g (2.56 mols) of diethylamine, 39.7 g
      (2.2 mols) of water and 25 g (0.17 mol) of adipic acid as a catalyst. The
      molar ratio of TN:DEA:H.sub.2 O was 1:1.2:1.03. The reaction was performed
      for 7 hours at 250.degree.C. The reaction product obtained after the
      reaction weighed 473 g. A gas-chromatographic analysis of the product
      showed that it contained 2.5% of TN, 37.1% of DTA, 3.9% of MTA, 25.2% of
      TA, 2.6% of AA and 1.9% of toluic acid. Thus, the yield of DTA based on
      the consumed TN was 45.2%.
PAC  EXAMPLE 2
PAR  A 1-liter autoclave equipped with a reflux condensor and a stirrer was
      charged with the same chemicals as used in Example 1 in the same amounts
      as in Example 1. The reaction was performed at 250.degree.C. for 7 hours,
      and during this time, the ammonia gas formed by the reaction was blown
      through the reflux condenser and a narrowly opened exhaust valve at the
      upper part of the reflux condenser. The amount of the product obtained was
      448 g, and a gas-chromatographic analysis of the product showed that it
      contained 2.8% of TN, 61.2% of DTA, 2.5% of MTA, 4.1% of TA, 5.3% of AA
      and 3.1% of toluic acid. Thus, the yield of DTA based on the consumed TN
      was 70.7%.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was repeated except that the reaction
      temperature was changed to 200.degree.C. The amount of the product
      obtained after the reaction was 470 g, and a gas-chromatographic analysis
      of the product showed that it contained 9.7% of TN, 24.0% of DTA, 0.4% of
      MTA, 25.1% of TA and 3.4% of toluic acid. Thus, the yield of DTA based on
      the consumed TN was 33.8%.
PAC  EXAMPLE 4
PAR  The same procedure as in Example 2 was repeated except that the reaction
      temperature was changed to 225.degree.C. The amount of the reaction
      obtained after the reaction was 462 g, and a gas-chromatographic analysis
      of the product showed that it contained 5.2% of TN, 30.1% of DTA, 1.4% of
      MTA, 24.9% of TA and 3.3% of toluic acid. Thus, the yield of DTA based on
      the consumed TN was 37.7%.
PAC  EXAMPLES 5 to 15
PAR  The reaction was performed with varying compositions of the feed under
      varying reaction conditions while releasing the formed ammonia during the
      course of the reaction. The feed compositions, the reaction conditions and
      the results are shown in Table 1. The yield of DTA is based on the
      consumed TN.
TBL                                    Table 1                                 
     __________________________________________________________________________
                               Amount of                                       
     Composition    Reaction conditions                                        
                               the   Results of gas-                           
          of the feed                                                          
                    Temper-    reaction                                        
                                     chromatographic analysis                  
                                                          TDA                  
     Example        ature Time product                    yield                
     No.  TN:DEA:H.sub.2 O:AA                                                  
                    (.degree.C.)                                               
                          (hours)                                              
                               (g)   TN DTA MTA TA   tol-A                     
                                                          %                    
     __________________________________________________________________________
     5    1.0:1.3:1.1:0.05                                                     
                    250   10   254   2.9                                       
                                        60.7                                   
                                            1.6 6.0  5.6  74.3                 
     6    "  :0.10  "     "    233   0.9                                       
                                        63.8                                   
                                            1.9 2.7  6.2  77.8                 
     7    "  :0.15  "     "    220   2.3                                       
                                        54.8                                   
                                            3.9 10.7 8.9  63.1                 
     8    "  :0.10  235   "    198   3.1                                       
                                        69.3                                   
                                            1.5 5.8  4.7  71.8                 
     9    1.0:1.5:1.1:0.10                                                     
                    250   "    218   3.8                                       
                                        75.6                                   
                                            1.7 3.0  3.5  84.7                 
     10   1.0:1.7:1.1:0.10                                                     
                    250   "    224   6.7                                       
                                        75.1                                   
                                            1.9 5.1  2.9  88.0                 
     11   1.0:1.3:1.3:0.10                                                     
                    235   "    201   4.6                                       
                                        63.7                                   
                                            1.3 8.0  8.7  67.0                 
     12   1.0:1.5:1.3:0.10                                                     
                    240   "    220   3.7                                       
                                        63.4                                   
                                            1.7 5.3  6.1  73.0                 
     13   1.0:1.7:1.3:0.10                                                     
                    245   "    227   2.7                                       
                                        75.7                                   
                                            2.0 4.1  6.5  90.0                 
     14   1.0:1.3:1.5:0.10                                                     
                    240   "    203   1.8                                       
                                        71.5                                   
                                            1.6 10.1 15.0 76.0                 
     15   1.0:1.5:2.2:0.10                                                     
                    230   "    240   1.4                                       
                                        32.8                                   
                                            1.3 10.9 16.2 41.2                 
     __________________________________________________________________________
PAC  EXAMPLE 16
PAR  A 500-liter autoclave equipped with a reflux condenser and a stirrer was
      charged with 200 Kg (1.71 Kg-mol) of meta-tolunitrile, 150 Kg (2.05
      Kg-mol) of diethylamine, 32 Kg (1.78 Kg-mol) of water and 25 Kg (1.71
      Kg-mol) of adipic acid as a catalyst. The molar ratio of TN:DEA:H.sub.2
      O:AA was 1:1.2:1.04:0.1. The reaction was carried out for 15 hours, and in
      the same way as in Example 2, the ammonia gas formed was blown from the
      upper part of the reflux condenser. The amount of the product after the
      reaction was 350 Kg, and a gas-chromatographic analysis of the product
      showed that it contained 7.9% of TN, 73.5% of DTA, 1.8% of MTA, 4.0% of TA
      and 6.2% of toluic acid. Distillation of the product afforded 247 Kg of
      DTA. The yield of DTA based on the consumed TN was 82.8%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of a N,N-dialkyl-meta (or para)-toluamide,
      which comprises reacting meta(or para)-tolunitrile with a dialkylamine,
      with the alkyl group containing 1 to 4 carbon atoms, and water in the
      liquid phase in the presence of adipic acid as a catalyst at a temperature
      of 100.degree.-400.degree.C., the amounts of the dialkylamine and water
      being 0.8-3.0 mols and 0.8-5.0 mols respectively per mol of the
      tolunitrile and the amount of adipic acid being 0.001-15 mol percent based
      on the tolunitrile.
NUM  2.
PAR  2. The process of claim 1 wherein the reaction is carried out while
      removing from the reaction system the ammonia formed with the progress of
      the reaction.
NUM  3.
PAR  3. The process of claim 1 wherein the reaction temperature is
      200.degree.-350.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein the amounts of the dialkylamine, and
      water are 1-2 mols and 1-2.5 mols respectively per mol of the tolunitrile
      and the amount of adipic acid is 0.1-10 mol percent based on the
      tolunitrile.
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ABST
PAL  Process for the preparation of pure aromatic o-hydroxy-carboxylic acid aryl
      amides by condensing an aromatic o-hydroxy-carboxylic acid with an aryl
      amine in the presence of phosphorus chlorides in an organic solvent or
      diluent, which process comprises treating the reaction mixture or the
      reaction product with 1 to 25 %, calculated on the weight of the reaction
      product, of an aliphatic amino-polycarboxylic acid as chelate forming
      agent. It is not necessary to purify the products, because they are
      obtained in such a pure form that they can be used directly as coupling
      components for azo pigments.
BSUM
PAR  The present invention relates to an improved process for the preparation of
      aromatic o-hydroxy-carboxylic acid aryl amides which allows to obtain them
      in pure form.
PAR  Aryl amides of aromatic o-hydroxy-carboxylic acids are largely used for the
      preparation of water-insoluble azo dyestuffs on the fiber (cf. L.
      Diserens, Die neuesten Fortschritte in der Anwendung der Farbstoffe, 3rd,
      edition, part 1, volume 1 (1951), pages 507 et seq.; Colour Index, 3rd
      edition (1971), C.I. No. 37 505 to 37 608), further for the preparation of
      azo pigments (cf. H.A. Lubs, The Chemistry of Synthetic Dyes and Pigments
      (1955), pages 634 to 635; Colour Index, 3rd edition (1973), C.I. No.
      12,300 to 12,505; Ullmanns Enzyclopaedie der technischen Chemie, volume 4
      (1953), pages 155 and 156), further as coupling agent for colors in color
      photography (cf. U.S. Pat. No, 2,706,684) and as ultraviolet absorbers
      (cf. German Patent No, 1,144,726).
PAR  In industry, they are generally prepared by reacting aromatic
      o-hydroxy-carboxylic acids with aryl amines in the presence of phosphorus
      chlorides, especially, phosphorus trichloride, in an organic solvent or
      diluent, for example, toluene or xylene (cf. Ullmanns Enzyklopaedie der
      technischen Chemie, Vol. 12 (1960), pages 607-609; K. Venkataraman, The
      Chemistry of Synthetic Dyes, Vol. I (1952), page 655). According to this
      process, the o-hydroxy-carboxylic acid aryl amides are obtained in a
      quality generally sufficient for the preparation of water-insoluble azo
      dyestuffs on the fiber, because the by-products formed do not cause any
      trouble in the usual dyeing and printing processes. However, they can be
      very troublesome when the o-hydroxy-carboxylic acid aryl amides are used
      for the preparation of azo pigments, because not only the shade, but also
      the grain hardness, the finishing behavior and the fastness properties,
      for example the fastness to solvents, of the azo pigments are adversely
      affected by these impurities.
PAR  For this reason, the o-hydroxy-carboxylic acid aryl amides used for the
      preparation of azo pigments must be purified in many cases to obtain the
      degree of purity required. They can be purified by dissolving them in
      aqueous alkali metal hydroxide solutions, for example, sodium hydroxide
      solution or potassium hydroxide solution, followed by fractional
      precipitation with acids, or by treating them with aqueous solutions of
      weak alkalis, for example an aqueous solution of sodium carbonate, or by
      extraction with organic solvents (cf. U.S. Pat. No. 1,890,202). When
      purifying in this manner, losses in o-hydroxy-carboxylic acid aryl amides
      are inevitable and additional operations are required that are expensive
      and uncomfortable.
PAR  Now, it was found that aromatic o-hydroxy-carboxylic acid aryl amides can
      be prepared in the pure form required for azo pigments and the drawbacks
      in their synthesis mentioned can be avoided by condensing aromatic
      o-hydroxy-carboxylic acids with aryl amines in the presence of phosphorus
      chlorides in an organic solvent or diluent, when the condensation products
      are treated with a chelate forming agent.
PAR  In general, the process of the invention is carried out by reacting the
      aromatic o-hydroxy-carboxylic acid, as usual, with the aryl amine in the
      presence of a phosphorus chloride, especially phosphorus trichloride, in
      an organic solvent or diluent, for example, toluene, xylene, mono or
      dichlorobenzene, adding to this reaction mixture a chelate forming agent,
      advantageously in the form of an alkaline solution, and distilling off the
      organic solvent or diluent with steam. The precipitated
      o-hydroxy-carboxylic acid aryl amide is filtered off, washed with water
      and dried.
PAR  The products obtained according to the known method without the addition of
      a chelate forming agent can also be purified by treating the reaction
      product after filtration or drying with an alkaline aqueous solution of
      the chelate forming agent, preferably at a temperature ranging from
      60.degree. to 100.degree.C, filtering off the separated aryl amide,
      washing it with water and drying it. Moreover, the chelate forming agent
      can be added to the reaction mixture or already to one of the reaction
      components before condensation.
PAR  The products of the invention are generally treated in the alkaline range,
      i.e. from a pH above 7 to 14.
PAR  The improved process of the invention for the preparation of pure aromatic
      o-hydroxy-carboxylic acid aryl amides is independent of the nature of the
      aromatic o-hydroxy-carboxylic acids or aryl amines used for the
      preparation of the pure end product desired, however, of the aromatic
      o-hydroxy-carboxylic acids are especially suitable the
      2-hydroxynaphthalene-3-carboxylic acid and its substitution products, such
      as the 6-alkyl, 6-alkoxy, 6-halogen and 6-nitro-2-hydroxy-naphthoic acids,
      alkyl, alkoxy preferably being alkyl and alkoxy groups of 1 to 4 carbon
      atoms and halogen atoms preferably chlorine and bromine atoms;
      furthermore, salicylic acid, para-cresotic acid,
      2-hydroxyanthracene-3-carboxylic acid, 3-hydroxy-fluorene-2-carboxylic
      acid, 4-hydroxy-diphenyl-3-carboxylic acid and aromatic-heterocyclic
      o-hydroxy-carboxylic acids, for example, from the dibenzofurane, carbazole
      or benzocarbazole series can be used.
PAR  Of the great number of aryl amines suitable for the preparation of the aryl
      amides in question, there are especially to be mentioned aniline, the
      dichloroanilines, toluidines, xylidines, anisidines, phenetidines,
      nitranilines, chlorotoluidines, chloroanisidines, dimethoxy anilines,
      chlorodimethoxy anilines, methoxy methyl anilines, aminonaphthalenes,
      aminomethoxy diphenylene oxides, aminobenzthiazoles or aminopyrenes. Above
      all, the process of the invention generally applies for the preparation of
      pure o-hydroxy-carboxylic acid aryl amides which correspond to the
      following general formula:
      ##EQU1##
      in which the hydroxy group in A is in o-position to the carbonamide group
      and A stands for a benzene nucleus or a naphthalene nucleus, which can be
      substituted by alkyl, alkoxy or nitro groups and/or halogen atoms,
      especially, in addition to the nitro group, alkyl groups of 1 to 4 carbon
      atoms, the methyl and ethyl groups being preferred, alkoxy groups of 1 to
      4 carbon atoms, the methoxy and ethoxy group being preferred, as well as
      chlorine or bromine atoms; and B stands for the phenyl or naphthyl radical
      which can be substituted by chlorine or bromine atoms, alkyl groups of 1
      to 4 carbon atoms, especially methyl and ethyl groups, alkoxy groups of 1
      to 4 carbon atoms, especially methoxy and ethoxy groups and/or nitro
      groups.
PAR  Chelate forming agents suitable for the process of the invention are
      especially polycarboxylic acids or amino-polycarboxylic acids and the
      salts thereof, especially the alkali metal or alkaline earth metal salts.
      In general, especially suitable chelate forming agents are aliphatic
      hydroxy-carboxylic acids of 3 to 7 carbon atoms which contain 2 to 4
      carboxy groups and 2 to 5 hydroxy groups, each carbon atom carrying only
      one hydroxy or carboxylic acid group, and aliphatic amine compounds which
      contain alkyl radicals of 1 to 4 carbon atoms and 1 to 4 nitrogen atoms,
      in which case the alkyl radicals can be linked with each other via
      nitrogen atoms and at least two of these alkyl radicals are substituted by
      carboxy and/or hydroxy groups. Of these compounds, there are especially to
      be mentioned citric acid, ethylene-diaminetetraacetic acid,
      diethylene-triamine pentaacetic acid,
      1,3-diamino-2-hydroxypropane-N,N,N,N-tetraacetic acid, nitrilotriacetic
      acid, N,N-di-(.beta.-hydroxyethyl)-glycine and
      N-(.beta.-hydroxyethyl)-ethylene diamine-triacetic acid. Preferred chelate
      forming agents are ethylene diamine-tetraacetic acid and nitrilotriacetic
      acid in the form of their sodium salts.
PAR  In the process of the invention, the chelate forming agent is generally
      used in amounts of about 1 to 25 %, preferably about 3 to 13 %, calculated
      on the weight of the aromatic O-hydroxy-carboxylic acid-aryl amide to be
      prepared or which is already prepared.
PAR  The chelate forming agent can be used in liquid form or as flocks or
      powder.
DETD
PAR  The following Examples illustrate the invention, the parts and percentages
      are by weight, unless otherwise stated, the ratio of parts by weight to
      parts by volume being that of the kilogram to the liter.
PAC  EXAMPLE 1
PAR  In a vessel 1000 parts of 2-hydroxynaphthalene-3-carboxylic acid diluted in
      6000 parts by volume of toluene were condensed with 520 parts of aniline
      in the presence of 320 parts of phosphorus trichloride. Then, the reaction
      mixture was introduced with pressure into a mixture of 300 parts of sodium
      carbonate and 50 parts of the sodium salt of ethylene diamine tetraacetic
      acid in 1500 parts of water, the toluene was distilled off with steam, the
      precipitated 2-hydroxynaphthalene-3-carboxylic acid anilide was filtered
      off in a filter press, washed with hot water and dried. 1300 parts of pure
      2-hydroxynaphthalene-3-carboxylic acid anilide were obtained which could
      directly be used for the preparation of azo pigments.
PAC  EXAMPLE 2
PAR  1000 Parts of 2-hydroxynaphthalene-3-carboxylic acid diluted in 6000 parts
      by volume of toluene were condensed in a vessel with 520 parts of aniline
      in the presence of 320 parts of phosphorus trichloride. Then, the reaction
      mixture was introduced with pressure into a mixture of 300 parts of sodium
      carbonate and 50 parts of nitrilotriacetic acid in 1500 parts of water,
      the toluene was distilled off with steam, the precipitated
      2-hydroxynaphthalene-3-carboxylic acid anilide was filtered off in a
      filter press, washed with hot water and dried. 1300 parts of pure
      2-hydroxynaphthalene-3-carboxylic acid anilide were obtained which could
      directly be used for the preparation of azo pigments.
PAC  EXAMPLE 3
PAR  980 Parts of 2-hydroxynaphthalene-3-carboxylic acid diluted in 5000 parts
      by volume of toluene and 453 parts of 45 % sodium hydroxide solution were
      reacted in a vessel to yield the sodium salt of
      2-hydroxynaphthalene-3-carboxylic acid. This reaction mixture was
      dehydrated by means of azeotropic distillation. Then, 600 parts of
      o-toluidine were added and the mixture was reacted in the presence of 297
      parts of phosphorus trichloride. Then, the reaction mixture was introduced
      with pressure into a mixture of 240 parts of sodium carbonate, 8 parts of
      sodium dithionite and 60 parts of the sodium salt of ethylene
      diaminetetraacetic acid in 1200 parts of water, the toluene was distilled
      off with steam, the precipitated 2-hydroxynaphthalene-3-carboxylic acid-(
     2'-methyl)-anilide was filtered off in a filter press, washed with hot
      water and dried. 1330 parts of pure 2-hydroxynaphthalene-3-carboxylic acid
      (2'-methyl)-anilide were obtained which could directly be used for the
      preparation of azo pigments.
PAC  EXAMPLE 4
PAR  980 Parts of 2-hydroxynaphthalene-3-carboxylic acid diluted in 5000 parts
      by volume of toluene and 453 parts of 45 % sodium hydroxide solution were
      reacted in a vessel to yield the sodium salt of
      2-hydroxynaphthalene-3-carboxylic acid. This reaction mixture was
      dehydrated by means of azeotropic distillation. Then, 600 parts of
      o-toluidine were added and the mixture was condensed in the presence of
      297 parts of phosphorus trichloride. Then, the reaction mixture was
      introduced with pressure into a mixture of 240 parts of sodium carbonate,
      8 parts of sodium dithionite and 60 parts of nitrilotriacetic acid in 1200
      parts of water, the toluene was distilled off with steam, the precipitated
      2-hydroxynaphthalene-3-carboxylic acid (2'-methyl)-anilide was filtered
      off in a filter press, washed with hot water and dried. 1330 parts of pure
      2-hydroxynaphthalene-3-carboxylic acid-(2'-methyl)-anilide were obtained
      which could directly be used for the preparation of azo pigments.
PAC  EXAMPLE 5
PAR  1000 Parts of 2-hydroxynaphthalene-3-carboxylic acid diluted in 6000 parts
      by volume of toluene were condensed in a vessel with 520 parts of aniline
      in the presence of 320 parts of phosphorus trichloride. Then, the reaction
      mixture was introduced with pressure into a solution of 300 parts of
      sodium carbonate in 1500 parts of water, the toluene was distilled off
      with steam, the precipitated 2-hydroxynaphthalene-3-carboxylic acid
      anilide was filtered off in a filter press and washed with hot water.
      Then, the moist product was introduced into a solution of 300 parts of
      sodium carbonate and 50 parts of the sodium salt of ethylene
      diaminetetraacetic acid in 1500 parts of water, the mixture was heated to
      90.degree.-100.degree.C and stirred for half an hour to 3 hours.
      Thereafter, the 2-hydroxynaphthalene-3-carboxylic acid anilide was again
      filtered off in a filter press, washed with hot water and dried. 1300
      parts of pure 2-hydroxynaphthalene-3-carboxylic acid anilide were obtained
      which could directly be used for the preparation of azo pigments.
PAC  EXAMPLE 6
PAR  980 Parts of 2-hydroxynaphthalene-3-carboxylic acid diluted in 5000 parts
      by volume of toluene and 453 parts of 45 % sodium hydroxide solution were
      reacted in a vessel to yield the sodium salt of
      2-hydroxynaphthalene-3-carboxylic acid. This reaction mixture was
      dehydrated by means of azeotropic distillation. Then, 600 parts of
      o-toluidine were added and the mixture was condensed in the presence of
      297 parts of phosphorus trichloride. Then, the reaction mixture was
      introduced with pressure into a solution of 240 parts of sodium carbonate
      and 8 parts of sodium dithionite in 1200 parts of water, the toluene was
      distilled off with steam, the precipitated product was filtered off in a
      filter press and washed with hot water. After this isolation, the moist
      2hydroxy-naphthalene-3-carboxylic acid-(2'-methyl)-anilide was introduced
      into a solution of 300 parts of sodium carbonate and 60 parts of
      nitrilotriacetic acid in 1200 parts of water, heated to about
      90.degree.-100.degree.C and stirred for half an hour to 3 hours. Then, the
      product was again filtered off in a filter press, washed with hot water
      and dried. 1330 parts of pure 2-hydroxynaphthalene-3-carboxylic
      acid-(2'-methyl)-anilide were obtained which could directly be used for
      the preparation of azo pigments.
PAR  In an analogous manner, other 2-hydroxynaphthalene-3-carboxylic acid aryl
      amides used for the preparation of azo pigments can be obtained in pure
      form, for example, 2-hydroxynaphthalene-3-carboxylic
      acid-(2',5'-dimethoxy)-anilide, 2-hydroxynaphthalene-3-carboxylic
      acid-(2'-ethoxy)-anilide, 2-hydroxynaphthalene-3-carboxylic
      acid-(4'-chloro)-anilide, 2-hydroxynaphthalene-3-carboxylic
      acid-(2',5'-dimethoxy-4'-chloro)-anilide,
      2-hydroxynaphthalene-3-carboxylic acid-(2',4'-dimethoxy-5'-chloro)-anilide
     , 2-hydroxynaphthalene-3-carboxylic acid-(2'-methyl-5'-chloro)-anilide,
      2-hydroxynaphthalene-3-carboxylic acid-(2'-methoxy)-anilide,
      2-hydroxynaphthalene-3-carboxylic acid-(4'-methyl)-anilide,
      2-hydroxynaphthalene-3-carboxylic acid-(2'-methyl-4'-chloro)-anilide or
      2-hydroxynaphthalene-3-carboxylic acid-(4'-acetamino)-anilide.
PAC  EXAMPLE 7
PAR  785 Parts of 2-hydroxynaphthalene-3-carboxylic acid and 361 parts of 45 %
      sodium hydroxide solution were reacted in a vessel in the presence of 20
      parts of the sodium salt of ethylene diaminetetraacetic acid in 5000 parts
      by volume of toluene to yield the sodium salt of
      2-hydroxynaphthalene-3-carboxylic acid; then the reaction mixture was
      dehydrated by means of azeotropic distillation. Then, 570 parts of
      o-phenetidine were added and the mixture was condensed in the presence of
      297 parts of phosphorus trichloride. Thereafter, the reaction mixture was
      introduced with pressure into a mixture of 240 parts of sodium carbonate,
      8 parts of sodium dithionite and 80 parts of the sodium salt of ethylene
      diaminetetraacetic acid in 1200 parts of water, the toluene was distilled
      off with steam, the precipitated 2-hydroxynaphthalene-3-carboxylic
      acid-(2'-ethoxy)-phenyl amide was filtered off in a filter press, washed
      with hot water and dried.
PAR  1200 Parts of 2-hydroxynaphthalene-3-carboxylic acid-(2'-ethoxy)-phenyl
      amide were obtained which could directly be used for the preparation of
      azo pigments.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of an aromatic o-hydroxy-carboxylic
      acid aryl amide by condensing an aromatic o-hydroxy-carboxylic acid with
      an aryl amine in the presence of phosphorus chlorides in an organic
      solvent or diluent, the improvement comprising adding to the reaction
      mixture or the reaction product 1 to 25 %, calculated on the weight of the
      reaction product, of an aliphatic aminopolycarboxylic acid or an alkali
      metal or alkaline earth metal salt thereof as chelate forming agent.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein the compound prepared has the
      formula
      ##SPC1##
PAL  in which R is hydrogen, lower alkyl, lower alkoxy, nitro, chlorine or
      bromine and B is an aryl radical, and is prepared from a compound of the
      formula
      ##SPC2##
PAL  in which R is defined as above, and an arylamino compound.
NUM  3.
PAR  3. The process as claimed in claim 2, wherein B is phenylene or naphthylene
      or phenylene or naphthalene substituted by one, two or three substituents
      selected from chlorine, bromine, lower alkyl, lower alkoxy and nitro.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein the aliphatic
      aminopolycarboxylic acid has the formula
      ##EQU2##
      in which M is hydrogen, sodium or potassium, A is alkylene or
      hydroxyalkylene of 2 to 4 carbon atoms, x is zero, 1 or 2, a is zero, 1 to
      2 and b is 2-a.
NUM  5.
PAR  5. The process as claimed in claim 1, wherein the aliphatic
      aminopolycarboxylic acid has the formula
      ##EQU3##
      in which M is hydrogen, sodium or potassium, a is zero, 1 or 2 and b is
      2-a.
NUM  6.
PAR  6. The process as claimed in claim 4, wherein the aliphatic polycarboxylic
      acid is ethylenediamine tetraacetic acid, diethylenetriamine pentaacetic
      acid, 1,3-diamino-2-hydroxypropane-N,N,N,N-tetraacetic acid,
      N-(.beta.-hydroxyethyl)-ethylene diamine triacetic acid or a sodium or
      potassium salt of said acids.
NUM  7.
PAR  7. The process as claimed in claim 5, wherein the aliphatic
      amino-polycarboxylic acid is nitrilotriacetic acid,
      N,N-di-(.beta.-hydroxyethyl)-glycine or a sodium or potassium salt of said
      acids.
NUM  8.
PAR  8. The process as claimed in claim 1, wherein the aliphatic
      aminopolycarboxylic acid is ethylenediamine tetraacetic acid, nitrilo
      triacetic acid or a sodium salt thereof.
NUM  9.
PAR  9. The process as claimed in claim 1, wherein 3 to 13 %, calculated on the
      weight of the product, of aliphatic aminopolycarboxylic acid are added.
NUM  10.
PAR  10. The process as claimed in claim 1, wherein the pH value is in the range
      of 7 to 14.
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ABST
PAL  Aldehydes of a 2-hydroxy-naphthalene-3-carboxylic acid arylide of the
      general formula
      ##SPC1##
PAL  In which X represents a hydrogen, chlorine or bromine atom, and Ar
      represents a naphthyl group, a benzimidazolone, chlorobenzimidazoline,
      quinazolone, quinoxaline, phthalimide, phthalazine group or a phenyl group
      which may carry 1 to 3 lower alkyl, lower alkoxy, lower alkylsulfonyl,
      lower carboalkoxy, halogen, trifluoromethyl, nitro, cyano, lower
      alkanoylamino, benzoylamino, carboxamido or sulfonamido groups and a
      process for their preparation wherein the corresponding
      2-hydroxynaphthalene-3-carboxylic acid arylide is reacted in a lower
      aliphatic carboxylic acid with hexamethylene tetramine and a mineral acid.
PAL  These aldehydes are valuable intermediate products for the synthesis of
      optical brighteners, pharmaceuticals and, in particular, of azamethine
      pigments which are obtained by condensation of these aldehydes with
      suitable amines. The pigments thus obtained are distinguished by good
      fastness properties and are especially suitable for the printing of paper
      and the coloring of lacquers, varnishes and plastics.
BSUM
PAR  The present invention relates to novel aldehydes of
      2-hydroxy-naphthalene-3-carboxylic acid arylides of the general formula I
      ##SPC2##
PAL  in which X stands for a hydrogen, chlorine or bromine atom, and Ar stands
      for a naphthyl group, a phenyl group which may carry one to three lower
      alkyl, lower alkoxy, lower alkylsulfonyl, lower carbalkoxy, halogen,
      trifluoromethyl, nitro, cyano, lower alkanoylamino, carboxamido or
      sulfoamido groups, a benzimidazolone, chlorobenzimidazolone, quinazolone,
      quinoxaline, phthalimide or phthalazine group.
PAR  The present invention moreover relates to a process for preparing these
      aldehydes, wherein a 2-hydroxy-naphthalene-3-carboxylic acid arylide of
      the general formula II
      ##SPC3##
PAL  in which X and Ar are defined as above, is reacted with hexamethylene
      tetramine in the presence of a lower aliphatic carboxylic acid.
PAR  As radicals Ar in the general formula II, there are mentioned, for
      examples: Phenyl, ortho-, meta-, para-tolyl, ortho-, meta-,
      para-methoxyphenyl, ortho-, meta-, para-ethoxyphenyl, ortho-, meta-,
      para-chlorophenyl, ortho-, meta-, para-bromo-phenyl, ortho-, meta-,
      para-nitrophenyl, 2,4-dimethylphenyl, 2,5-dimethoxyphenyl,
      2,4-dichlorophenyl, 2,5-dichlorophenyl, 2,4,5-trichlorophenyl,
      2-chloro-3-methyl-phenyl, 2-chloro-4-methyl-phenyl,
      2-chloro-5-methyl-phenyl, 3-chloro-2-methyl-phenyl,
      4-chloro-2-methyl-phenyl, 2-methoxy-5-chlorophenyl,
      2,5-dimethoxy-4-chlorophenyl, 2,4-dimethoxy-5-chlorophenyl,
      2-methoxy-4-chloro-5-methyl-phenyl, 4-acetylamino-phenyl,
      4-benzoylamino-phenyl, benzimidazolyl, phthalimide, quinoxalyl, quinazolyl
      or phthalazinyl. Further examples of compounds of the general formula II
      are cited in Colour Index, 3rd edition, Vol. 4, pages 4356 to 4360. By the
      term "lower", there are to be understood according to this invention
      groups containing 1 to 4 carbon atoms.
PAR  For the reaction of the 2-hydroxy-naphthoic acid arylide with hexamethylene
      tetramine, the starting compound is dissolved or suspended, generally, in
      two to ten times its amount of an aliphthatic carboxylic acid and the
      solution or suspension is heated for a prolonged time to temperature of up
      to 120.degree.C, preferably from 80.degree. to 100.degree.C, the addition
      of a small amount of a mineral acid, such as sulfuric acid or hydrochloric
      acid being necessary except for trifluoroacetic acid used as the
      carboxylic acid. The acid may be added directly in admixture with the
      carboxylic acid or subsequently. Suitable lower carboxylic acids are,
      above all, acetic acid, but also propionic acird, butyric acid or valeric
      acid, moreover, dicarboxylic acids, such as adipic acid or malonic acid,
      or halogenated fatty acids, such as chloroacetic acid, trichloroacetic
      acid or trifluoroacetic acid.
PAR  Hexamethylene tetramine may also be replaced by a likewise reacting mixture
      of ammonia and formaldehyde, these two components being used in an aqueous
      solution or in gaseous state.
PAR  Hexamethylene tetramine is employed in a stoichiometric amount or in a
      small excess. In addition, paraformaldehyde may also be used in a molar
      ratio of 1:1 to 3:1, calculated on the starting compound.
PAR  In this manner, the aldehydes of the invention are obtained with a good
      yield and in high purity. These aldehydes are valuable intermediate
      products for the synthesis of optical brighteners, pharmaceuticals and, in
      particular, of azamethine pigments which are obtained by condensation of
      these aldehydes with suitable amines, for example with aniline which may
      carry 1 to 3 chlorine or bromine atoms, methyl, ethyl, methoxy, ethoxy,
      nitro, alkyl- or arylsulfonyl groups. The pigments thus obtained are
      distinguished by good fastness properties and are especially suitable for
      the printing of paper and the coloring of lacquers, varnishes and plastics
     .
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAR  26.3 Grams of 2-hydroxy-3-naphthoyl-aniline were mixed with 100 ml of
      glacial acetic acid, 14 g of hexamethylene tetramine and 14 g of
      paraformaldehyde. The mixture was heated to 85.degree.C, whereupon a clear
      yellow solution was obtained, to which 20 ml of concentrated hydrochloric
      acid were added dropwise. Stirring was then continued for 30 minutes at
      85.degree.C. The mixture was then cooled to 5.degree.C, the precipitated
      product was suction-filtered, washed with water until free from acid and
      dried. 16.9 Grams of faintly yellow 1-aldehyde of
      2-hydroxy-3-hapthoylaniline were obtained, melting point: 211.degree.C.
PAC  EXAMPLE 2
PAR  35.7 Grams of 2-hydroxy-3-naphthoyl-2',5'-dimethoxy-4'-chloroaniline were
      heated to 115.degree.C together with 14 g of hexamethylene tetramine and
      10 g of paraformaldehyde in 200 ml of glacial acetic acid. After 15
      minutes, 20 ml of concentrated hydrochloric acid were added. Heating was
      continued at 116.degree.C for 3 hours, the mixture was then cooled below
      10.degree.C, suctionfiltered and the precipitated crystals were washed
      with water until free from acid. 32 g of faintly yellowish crystals of
      1-aldehyde-2-hydroxy-3-naphthoyl-2',5'-dimethoxy-4'-chloroaniline were
      obtained, m.p. 236.degree.C.
PAC  EXAMPLE 3
PAR  27.7 Grams of 2-hydroxy-3-naphthoyl-2'-methyl-aniline were mixed with 12 g
      of hexamethylene tetramine and 12 g of paraformaldehyde and the mixture
      was heated to 100.degree.C in 200 ml of glacial acetic acid. After a clear
      solution had been obtained, 15 ml of concentrated hydrochloric acid were
      added, and heating was continued at 90.degree.C for another 2 hours. The
      mixture was then cooled with ice to 5.degree. - 10.degree.C, whereupon the
      1-aldehyde of 2-hydroxy-3-naphthoyl-2'-methyl-aniline crystallized. Yield:
      12.9 g, m.p. 172 - 174.degree.C.
PAC  EXAMPLE 4
PAR  32 Grams of 2-hydroxy-3-naphthoyl-4'-acetylamino-aniline were heated to
      90.degree.C together with 100 ml of glacial acetic acid, 14 g of
      hexamethylene tetramine and 14 g of paraformaldehyde. After a solution had
      been obtained, 20 ml of concentrated hydrochloric acid were added.
      Stirring was continued for 2 hours at 90.degree.C, the solution was cooled
      to 5.degree.C and the white crystallized precipitate of
      1-aldehyde-2-hydroxy-3-naphthoyl-4'-acetylamino-aniline was
      suction-filtered, washed and dried. Yield: 18.9 g, m.p. 234.degree.C.
PAC  EXAMPLE 5
PAR  63.8 Grams of 2-hydroxy-3-naphthoyl-(5'-aminobenzimidazolone) were mixed
      with 28 g of hexamethylene tetramine and 5 g of paraformaldehyde and mixed
      while stirring with 60 ml of glacial acetic acid and 75 ml of concentrated
      hydrochloric acid for 4 hours at 100.degree.C. The clear solution was
      allowed to cool, the precipitated product was suction-filtered, washed
      with water and dried. 54.6 g of 1-aldehyde of
      2-hydroxy-3-naphthoyl-(5'-amino-benzimidazolone) were obtained, m.p.
      260.degree.C.
PAC  EXAMPLE 6
PAR  9.8 Grams of 2-hydroxy-3-naphthoyl-2',5'-dimethoxy-4'-chloroaniline of 91.5
      % strength and 3.5 g of urotropin were slowly heated in 30 ml of
      trifluoroacetic acid. At 60.degree.C, a solution was obtained. Temperature
      was raised to 95.degree.C which was maintained for 30 minutes. The hot
      reaction mixture was then placed onto 200 g of ice water. The precipitated
      product was suction-filtered, carefully washed with water and dried. The
      1-aldehyde of 2-hydroxy-3-naphthoyl-2',5'-dimethoxy-4'-chloroaniline was
      uniform according to thin layer chromatography. Yield: 9.5 g, m.p.
      236.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein X is hydrogen, chlorine or bromine and Ar is naphthyl or phenyl
      which may be substituted by 1 to 3 substituents of the group of alkyl with
      1-4 C-atoms, alkoxy with 1-4 C-atoms, alkylsulfonyl with 1-4 C-atoms,
      carbalkoxy with 1-4 C-atoms, chlorine, bromine, trifluoromethyl, nitro,
      cyano, benzoylamino, alkanoylamino with 1-4 C-atoms, carbonamido or
      sulfonamido.
NUM  2.
PAR  2. A compound of the formula
      ##SPC5##
PAL  wherein X is hydrogen, chlorine or bromine and Ar is phenyl which may be
      substituted by 1 to 3 substituents of the group of methyl, ethyl, methoxy,
      ethoxy, chlorine, bromine, nitro, acetylamino or benzoylamino.
NUM  3.
PAR  3. The compound of claim 2 in which X is hydrogen and Ar is phenyl.
NUM  4.
PAR  4. The compound of claim 2 in which X is hydrogen and Ar is 2',
      5'-dimethoxy-4'-chlorophenyl.
NUM  5.
PAR  5. The compound of claim 2 in which X is hydrogen and Ar is o-tolyl.
NUM  6.
PAR  6. The compound of claim 2 in which X is hydrogen and Ar is
      p-acetylaminophenyl.
NUM  7.
PAR  7. In a process for the preparation of a compound as defined in claim 1 by
      reacting a compound of the formula
      ##SPC6##
PAL  in which X and Ar are defined as in claim 1, with hexamethylene tetramine
      in a lower aliphatic carboxylic acid with addition of a mineral acid, the
      improvement comprising: dissolving or suspending the starting materials in
      said lower aliphatic carboxylic acid; adding the mineral acid; and heating
      the mixture to a temperature of up to 120.degree.C.
NUM  8.
PAR  8. A process as claimed in claim 7, wherein the mineral acid is added at
      the beginning or after a solution is obtained.
NUM  9.
PAR  9. A process as claimed in claim 7, where hexamethylenetetramine is formed
      in situ from ammonia and formaldehyde.
NUM  10.
PAR  10. A process as claimed in claim 7, wherein the lower aliphatic carboxylic
      acid is acetic acid, propionic acid, butyric acid, valeric acid, adipic
      acid, malonic acid, chloroacetic acid, trichloroacetic acid or
      trifluoroacetic acid.
NUM  11.
PAR  11. A process as claimed in claim 7, wherein the mineral acid is sulfuric
      or hydrochloric acid.
NUM  12.
PAR  12. A process as claimed in claim 7, wherein the lower aliphatic carboxylic
      acid is trifluoro acetic acid and wherein no mineral acid is added.
NUM  13.
PAR  13. A process as claimed in claim 7, wherein the said temperature is
      80.degree. to 100.degree.C.
NUM  14.
PAR  14. A process as claimed in claim 7, wherein stoichiometric amounts or a
      small excess of hexamethylenetetramine are reacted.
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ABST
PAL  In the synthesis of tetracyclines, a critical step is the stereospecific or
      stereoselective introduction of a hydroxyl group at the C-12(a) position,
      a novel method for the introduction of this critical hydroxy group is
      disclosed. Additionally, synthetic procedures for obtaining tetracycline
      precursors are discussed.
PARN
PAR  This is a continuation of application Ser. No. 832,680, filed June 17,
      1969, now abandoned.
BSUM
PAR  The present invention is concerned with a new method for the preparation of
      tetracycline compounds containing a 12a hydroxy substituent in the cis
      position relative to the 4a hydrogen atom. The stereoselective or
      stereospecific introduction of the 12a hydroxy group in the synthesis of
      tetracycline compounds is of considerable importance in the chemical
      synthesis of biologically active tetracycline-type antibiotics. However,
      the tetracycline compounds are useful for other purposes as well, most
      notably in those applications which take advantage of their effectiveness
      as chelating agents.
PAR  The basic nucleus of the 12a deoxy tetracyclines to which the present
      invention is applicable is the following
      ##SPC1##
PAL  These compounds exist in various tautomeric forms and, moreover, may be
      either mono or poly substituted in various positions such as the 2, 4, 5,
      5a, 6, 7, 8, 9 and 10 positions. For example, typical substituents which
      may appear at these various positions include bromo, iodo, chloro, fluoro,
      trifluoromethyl, nitro, cyano, amino, cyanato, thiocyanato, azido, lower
      alkyl amino, hydroxy, alkanoyl amino, lower alkyl, and mono-substituted
      lower alkyl wherein the substituent may be fluoro, lower alkyl mercapto,
      lower alkoxy, amino, lower alkyl amino, alkanoyl oxy, and alkanoyl amino
      groups.
PAR  A wide variety of 12a deoxytetracyclines useful for the present purposes
      have been fully described in U.S. Pat. No. 3,188,348, the disclosure of
      which is hereby incorporated by reference.
PAR  Many of the 12a hydroxylation products which may be produced are of low
      biological activity or may be inactive. In some cases biologically active
      products may be obtained by the introduction of appropriate groups by
      chemical treatment or biochemical methods. However, as noted above, even
      those compounds having little or no value as biologically active agents
      can find application in other areas.
PAR  The readily available tetracyclines which are biologically active have the
      structure
      ##SPC2##
PAL  Wherein R is halide or hydrogen, R.sub.1 is H or hydroxy, R.sub.2 is
      hydrogen or methyl, R.sub.3 is hydrogen or hydroxy, and R.sub.4 is amido,
      alkyl amido, acetyl or cyano. The simplest member of the tetracycline
      family having full biological activity against both Gram-negative and
      Gram-positive bacteria is 6-deoxy-6-demethyltetracycline having the
      structure
      ##SPC3##
PAR  Other important members of the tetracycline family which have achieved wide
      commercial acceptance as antibiotics are the following:
      ##SPC4##
PAR  The chemical synthesis of tetracycline compounds has proved to be an
      extraordinarily difficult task. These difficulties are largely
      attributable to the chemical sensitivity of the tetracycline nucleus and
      to the fact that in its synthesis a number of asymmetric centers must be
      formed stereospecifically or stereoselectively.
PAR  Procedures which have been developed to date for the total synthesis of
      tetracyclic compounds have involved the preparation of a precursor having
      the nucleus:
      ##SPC5##
PAL  which for brevity will be hereafter referred to in the specification and
      claims as "the tetracycline precursor." As noted above, tetracycline
      precursors useful in the present invention may contain a wide variety of
      substituent moieties on the basic ring structure set forth in formula
      (1B).
PAR  The present invention is concerned with a novel method for the
      stereospecific introduction of a 12a hydroxy group into the tetracycline
      precursor, as described in more detail below, which is predominantly cis
      or predominantly trans to the indicated hydrogen at the 4a position. It
      will be appreciated that the mirror-image isomers of compound (1B) may
      also be used with the 12a hydroxy group which is introduced, also assuming
      the mirror-image position.
PAC  BACKGROUND
PAR  By way of background, it is appropriate first to describe in summary a
      procedure which has been developed for the synthesis of an important
      tetracycline precursor from which oxytetracycline, having the structure of
      formula (5) above, may be readily obtained.
PAR  The procedure for the chemical synthesis of a tetracycline precursor from
      which oxytetracycline may be ultimately obtained is schematically set
      forth in the drawing.
PAR  It will be appreciated that the specific precursor -- compound (20), shown
      in the drawings -- is also accessible through microbial synthesis coupled
      with suitable chemical manipulation of the fermentation product. It is
      also pointed out that the present invention is concerned not only with the
      cis 12a hydroxylation of this specific precursor but also with the
      stereospecific or stereoselective hydroxylation of tetracycline precursors
      generally as defined in formulas 1B and 1D above, however these precursors
      may be prepared. A wide variety of precursors may be prepared, for
      example, following the basic procedure illustrated with specific reference
      to the preparation of oxytetracycline, making suitable substitutions and
      modification of reactants where other tetracycline compounds are desired.
PAR  The tetracycline precursor for the synthesis of oxytetracycline is
      assembled from three basic building blocks: The thiazolone of the
      structure,
      ##SPC6##
PAL  methyl 3-oxoglutaramate having the formula
      ##SPC7##
PAL  and the aldehyde having the formula
      ##SPC8##
PAR  The thiazolone (6) is prepared by the treatment of thiobenzoglycine as
      described, for example, by Muxfeldt et al. in Journal of the American
      Chemical Society, Volume 89, pp. 4991-4996 (Sept. 13, 1967).
PAR  Methyl 3-oxoglutaramate, compound (7), is obtained by acid hydrolysis of
      the enamine
      ##SPC9##
PAL  The enamine (9) is, in turn, prepared by a carefully controlled treatment
      of dimethyl-3-oxoglatarate with ammonia in methanol and is characterized
      by a melting point of 120.degree.-121.degree. C.
PAR  The aldehyde (8) is prepared starting with the addition of
      1-acetoxybutadiene (11) to juglone acetate (10). [See drawing.] The
      tricyclic adduct (12) is converted to the aldehyde (13). A procedure for
      effecting this conversion is set forth in detail in the paper by Muxfeldt
      appearing in Angewandte Chemie, Volume 74, pp. 825-828 (1962). Briefly
      summarized, the procedure involves treating the adduct (12) in a Grignard
      reaction with methyl magnesium iodide which adds a methyl group to the 9a
      position.
      ##SPC10##
PAL  This intermediate is treated with absolute acetone and anhydrous copper
      sulfate to obtain the acetonide:
      ##SPC11##
PAL  Oxidation of the acetonide (12b) with potassium chlorate in the presence of
      a catalytic amount of osmium tetroxide resulted in the diol:
      ##SPC12##
PAR  Conversion of the diol (12c) to the aldehyde (13) was effected in a
      two-step reaction in which the diol was first oxidized with lead
      tetraacetate to form the dialdehyde (12d):
      ##SPC13##
PAL  which, in turn, was cyclized to form the aldehyde (13).
PAR  Conversion of the aldehyde (13) to the mixed isomeric aldehydes (14) and
      (15) is performed by ozonolysis of aldehyde (13), water treatment of the
      resulting ozonide and cleavage of the reaction product with sodium
      carbonate. The pure isomers (14) and (15) were characterized by melting
      points of 140.degree.-143.degree. C and 171.degree.-173.degree. C,
      respectively.
PAR  Piperidine, in refluxing benzene, converted the aldehydes (14) and (15) to
      the enamine (16) in a 91 percent yield. Enamine (16) was characterized by
      a melting point of 118.degree.-119.degree. C. The enamine was alkylated
      with chloromethyl methyl ether to the methoxymethyl ether (17) (m.p.
      81.degree.-84.degree. C). When (17) was adsorbed on deactivated silica
      gel, selective hydrolysis of the enamine function occurred, and the oily
      aldehyde (8) was formed in a 72 percent yield. The nuclear magnetic
      resonance spectrum was consistent only with a trans coplanar relationship
      of the hydrogens at the C-5 and C-5(a) positions, indicating that the
      hydrolysis through which the aldehyde (8) was formed was stereospecific.
PAR  Condensation of the aldehyde (8) with thiazolone (6) in the presence of
      basic lead acetate in tetrahydrofuran results in thiazolone (18)
      characterized by a melting point of 157.degree.-160.degree. C.
PAR  A combination of strong bases (for example, butyllithium and potassium
      t-butoxide) catalyzed the reaction of thiazolone (18) with methyl
      3-oxoglutaramate (7) to yield the tetracyclic compound (19) characterized
      by a melting point of 225.degree.C (with decomposition). In general, any
      strong base may be used which does not destroy the desired tetracyclic
      product. The reaction was carried out under reflux conditions with
      tetrahydrofuran as a solvent. The methoxymethyl group was then removed by
      acetic acid to obtain the tetracycline precursor (20).
PAR  The present invention is concerned with the treatment of tetracycline
      precursors of formula (1B) (compound (20) being a typical such precursor)
      under conditions resulting in the introduction of a hydroxyl group at the
      12a position in a predominantly cis position relative to the 4a hydrogen.
      More specifically, in accordance with the present invention, introduction
      of this hydroxyl group is achieved by reacting compound (20) with
      molecular oxygen in a basic medium employing a non-protic solvent. For the
      best yields, a peroxide-destroying agent is also provided in the reaction
      system.
PAR  The solvent employed in the present invention is one which does not destroy
      the desired product in the presence of a strong base. In general these are
      nonprotic solvents, i.e., solvents which do not release protons in the
      presence of a strong base. Exemplary solvents include, but are not limited
      to benzene, toluene, xylene, diglyene, tetrahydrofuran, dioxane, diethyl
      ether, anisole (as well as a variety of other ethers), dimethyl formamide,
      dimethyl sulfoxide and ethyl acetate. Other solvents analogous to the
      foregoing will be obvious to those skilled in the art, including some of
      the solvents mentioned in the above-cited U.S. Pat. No. 3,188,348.
PAR  The strong base used in the present invention must be one having sufficient
      strength to ionize the hydroxy groups in the tetracycline structure, but,
      at the same time, be one which will not destroy the product. In general,
      bases such as the alkali metal amides, the alkali metal butoxides and
      alkyls of 1-6 carbons and hydrides. Sodium hydride, sodamide, lithium
      alkyl and potassium t-butoxide are typical. It will be apparent that some
      of these materials, for example potassium hydride, are hazardous to
      handle, and are preferably avoided where more convenient alternative
      materials are available. As a rule, the polyvalent alkoxides, hydrides,
      alkyls, and the like have been found to be unsuitable, although magnesium
      alkoxides can be used. The alkali metal hydroxides are also unsuitable
      because of their destructive effect on the tetracycline.
PAR  Finally, the presence of a peroxide-destroying agent is preferred since any
      peroxides formed during the oxygenation step will destroy the desired
      tetracyclic product and thereby reduce the yield. Suitable
      peroxide-destroying agents are trialkyl phosphites, palladium or platinum
      metal, alkali metal ascorbates, peroxidase enzymes, mercaptans, sulfides,
      sulfones, and various phosphines. The peroxide-destroying agent should be
      one which will not attack the tetracycline structure itself. Obviously,
      materials which are difficult to handle such as the mercaptans and
      sulfides are not preferred.
PAR  It has been found that a small amount of moisture is sometimes necessary to
      initiate the reaction. Where the reaction seems to start with difficulty,
      a few drops of water may be added to the reaction mixture.
PAR  Treatment of a tetracycline precursor, of which compound (20) is
      representative, under the foregoing conditions with dry molecular oxygen
      (either pure oxygen or air) for a period of 2 to 15 minutes. The
      temperature is typically about room temperature, although in principle any
      temperature between the freezing point and boiling point of the solvent
      may be used.
PAR  In the preferred practice of the present invention the time of the reaction
      is adjusted so that it is just sufficient to consume the starting
      material. This may be conveniently accomplished by following the course of
      the reaction photometrically or colorimetrically. This have been found to
      optimize the yield. Extended reaction beyond that just sufficient to
      consume the reaction product tends to cause degradation and loss of the
      desired product.
PAR  Acid treatment of the hydroxylated product removes the acetonide group
      bridging the C-5 and C-6 positions of the tetracycline ring structure.
      Conversion of tetracycline (21) into oxytetracycline (5) is then but a
      simple step involving removal of the thiobenzamide chromophore and
      substituting a dimethylamino group.
PAR  The present invention is more fully illustrated by reference to the
      following examples:
DETD
PAC  EXAMPLE 1
PAR  Examples 1 is devoted to setting forth a method for the preparation of a
      typical tetracycline precursor (specifically precursor (20)) as shown in
      the drawings.
PAC  1. (a) Oxidation of diol (12c)*
FNT  *This preparation is reported in the doctoral thesis of Edwin Vedejs
      submitted to the University of Wisconsin in 1966.
PAR  The diol (12c) (105 gms.) of the structure:
      ##SPC14##
PAL  was dissolved in acetone (5 liters, technical grade, distilled twice from
      anhydrous potassium carbonate) at 40.degree. C in a 12-liter, 3-neck flask
      equipped with a stirrer, condenser, and a drying tube. Lead tetraacetate
      (157.5 gms., dried 8 hours at 40.degree. C under vacuum) was added at once
      and stirring was maintained for one hour at 40.degree. C. The heating bath
      was removed and 5 liters of hexane were added. After 10 minutes the lead
      salts were filtered and washed thoroughly with 2 liters of a 1:1
      benzene-chloroform mixture. The organic phase was combined, evaporated,
      and dissolved in chloroform. The chloroform solution was washed twice with
      water, dried over sodium sulfate, and evaporated to yield the dialdehyde
      (12d) as a yellow oil. The material was pure enough for use in the next
      step.
PAR  Dialdehyde (12d) was recrystallized from ether and characterized by a
      melting point of 135.degree.-138.degree. C. In addition, the structure
      assigned to it was verified by infrared, ultraviolet, and nuclear magnetic
      resonance spectra and by elemental analysis.
PAC  1. b. Cyclization to Unsaturated Aldehyde (12d)*
FNT  *This preparation is reported in the doctoral thesis of Edwin Vedejs
      submitted to the University of Wisconsin in 1966.
PAR  The oily dialdehyde (12d) prepared as described in Example 1(a) was
      dissolved in xylene (reagent grade, 2.1 liters) and separated into 7
      aliquots of 300 milliliters. Each aliquot was placed into a 2-liter,
      3-neck flask equipped with a condenser and a water separator. Xylene was
      added to bring the volume of each flask up to 750 milliliters and the
      mixture was brought to reflux. A solution of diazabicyclooctane (4.5
      grams) in acetic acid (75 milliliters) was added at once while vigorous
      boiling was maintained and followed by the addition of a solution of 0.5
      grams of piperidine in 25 milliliters of xylene. The dark red solution was
      then refluxed 7 minutes. Heating was stopped and chilled benzene (750
      milliliters) was added, and the mixture was cooled for 2 minutes in an ice
      bath. The dark brown solution was rapidly washed 5 times with water (1
      liter portions). The aqueous phase was reached with benzene (2 liters) and
      the combined organics were dried over sodium sulfate. The seven
      organic-phase products were combined and evaporated at 60.degree. C on a
      flash evaporator. The last traces of xylene were removed under vacuum to
      yield a dark, partly crystalline gum. The product was heated with ether
      (250 milliliters) until all gummy material had dissolved, and allowed to
      crystallize at room temperature. The brown crystalline material was
      filtered and washed free of gum with cold ether containing 20% benzene to
      give 51 grams of the unsaturated aldehyde. It was characterized by a
      melting point of 162.degree.-165.degree. C (decomposition) after being
      recrystallized three times from ether. Its structure was verified by
      infrared, ultraviolet, and nuclear magnetic resonance sprectroscopy and by
      elemental analysis.
PAC  1. c. Ozonolysis of the Unsaturated Aldehyde (13)*
FNT  *This preparation is reported in the doctoral thesis of Edwin Vedejs
      submitted to the University of Wisconsin in 1966.
PAR  A solution containing 5 grams of the unsaturated aldehyde (13) in 300
      milliliters of chloroform (distilled from phosphorus pentoxide) was
      chilled to -50.degree. C. Ozone, 10% in excess of the stoichiometric
      amount, from a calibrated generator was passed through for 65 minutes
      between -40.degree. and -50.degree. C. Excess ozone was then removed by
      passing nitrogen through the cold solution. The mixture was allowed to
      come to room temperature and used directly in the next reaction. An
      analytical sample of the ozonide was obtained by removing solvent at
      35.degree. C and crystallizing several times from ether. A characteristic
      melting point of 104.degree. (decomposition) was noted. The sample was
      further characterized by means of its infrared and ultraviolet spectra and
      by means of an elemental analysis.
PAR  Water (25 milliliters) was added to the chloroform solution of the ozonide
      directly after ozonolysis and the two-phase mixture was allowed to stand
      at room temperature for two days with occasional shaking. The aqueous
      phase was then separated and the chloroform layer dried over sodium
      sulfate, and evaporated at 40.degree. C. The pale orange residue was taken
      up in ether containing a little chloroform (20 milliliters total) and the
      solution allowed to evaporate slowly at room temperature. Several crops of
      cream-colored crystals were collected over 2 days, with a total yield of
      3.7 grams. The crystals were characterized by a melting point of
      130.degree. - 138.degree. C (decomposition). However, because of the
      chemical instability of the crystals at room temperature, satisfactory
      analysis of them could not be obtained.
PAR  The orange crystals were dissolved in 1 liter of distilled methylene
      chloride. A solution of 0.5 N sodium carbonate (500 milliliters) was
      added, and the mixture was vigorously stirred for two hours. The red water
      layer was separated, washed with methylene chloride (200 milliliters) and
      discarded. The combined organic phases were washed with water (500
      milliliters), dried over sodium sulfate, and evaporated. The residual oil
      crystallized from ether (200 milliliters) to yield a crystalline material
      characterized by a melting point of 120.degree.-160.degree. C. this
      crystalline material being a mixture of the isomeric aldehydes (14) and
      (15). The structure of the mixture of the aldehydes (14) and (15) was
      carefully verified by means of infrared, ultraviolet and nuclear magnetic
      resonance spectra of the separate aldehydes (14) and (15) and by elemental
      analysis.
PAC  1. (d) Preparation of Enamine (16)*
FNT  *This preparation is reported in the doctoral thesis of Edwin Vedejs
      submitted to the University of Wisconsin in 1966.
PAR  The mixture of aldehydes (14) and (15) as prepared in Example 1c was
      dissolved in benzene (125 milliliters, distilled from lithium aluminum
      hydride). Piperidine (2.8 grams distilled from potassium hydroxide) was
      added and the red solution was refluxed under a water separator for one
      hour. The solvents were then removed to obtain a brown, crystalline
      residue. The product, when recrystallized from ether, was characterized by
      a melting point of 114.degree.-118.degree. C. The identification of the
      product was confirmed using infrared, ultraviolet and nuclear magnetic
      resonance spectra and by elemental analysis.
PAC  1. (e) Etherization of Enamine (16)*
FNT  *This preparation is reported in the doctoral thesis of Edwin Vedejs
      submitted to the University of Wisconsin in 1966.
PAR  The enamine (16) was dissolved in dry tetrahydrofuran (250 milliliters
      refluxed 8 hours over potassium hydroxide and distilled from lithium
      aluminum hydride) under nitrogen and the system cooled to 0.degree. C.
      Sodium hydride (washed free of mineral oil with dry hexane and weighed
      under nitrogen) was added and the mixture allowed to warm slightly to
      start salt formation. Foaming was controlled by cooling the reaction
      vessel with ice water. When no more bubbling was apparent (about 30
      minutes were required), freshly distilled chloromethylmethyl ether was
      added dropwise over a period of 1.5 hours under nitrogen while stirring.
      After a total of 6 hours stirring at room temperature, the solvent was
      evaporated at 35.degree. C. The yellow residue was taken up in ether and
      the precipitated sodium chloride filtered off. The ether was evaporated
      and the orange oil crystallized from hexane. The resulting crystalline
      product was recrystallized twice from ether-hexane and characterized by a
      melting point of 83.degree.-85.degree. C. The structure of the resulting
      enamine ether (17) was confirmed employing infrared, ultraviolet  and
      nuclear magnetic resonance spectroscopy and by elemental analysis.
PAC  1. (f) Preparation of Aldehyde (8)*
FNT  *This preparation is reported in the doctoral thesis of Jared Ben Mooberry
      submitted to Cornell University in February 1969.
PAR  10 grams of the enamine (17) as prepared through Example 1(e) were
      dissolved in 500 milliliters of dry benzene. Silical gel (300 grams,
      60-250 mesh) deactivated with 80 milliliters of water was added and the
      slurry was stirred for 3 hours at room temperature. The solvent was then
      filtered off using a 5-inch diameter Buchner funnel. 2 liters of ethyl
      acetate - ether (25:75) was used to wash the silica gel. Evaporation of
      the solvent (benzene filtrate plus wash solvents) yielded about 10 grams
      of the viscous, oily, aldehyde (8). The product was used without further
      purification.
PAC  1. (g) Preparation of Thiazolone (18)*
FNT  *This preparation is reported in the doctoral thesis of Jared Ben Mooberry
      submitted to Cornell University in February 1969.
PAR  A solution of the simple thiazolone (6) was prepared by combining
      dicyclohexylcarbodiimide (5.19 grams) and thiohippuric acid (4.90 grams)
      in 150 milliliters of tetrahydrofuran and stirring for one hour at room
      temperature. The aldehyde (8) prepared in Example 1(f) was dissolved in
      100 milliliters of tetrahydrofuran, and basic lead acetate (3.8 grams,
      lead analysis 33% PbO) was added to the solution. The slurry of simple
      crude thiazolone and dicyclohexylurea was added in two equal portions to
      the vigorously stirred solution of aldehyde (8) and lead acetate. The
      second portion of the simple thiazolone slurry was added thirty minutes
      after commencing the reaction which proceeded for a total of 1 hour at
      room temperature. The heterogeneous mixture was filtered through a
      sintered glass finnel using celite to prevent clogging of the funnel
      pores. The filtrate was evaporated under reduced pressure, dissolved in 50
      milliliters of chloroform, and slurried with 40 grams of silica gel. The
      slurry was filtered using a large sintered glass funnel and washed with
      chloroform and ether. The combined filtrate was concentrated and
      crystallized from ether. Identification of the product thus obtained was
      verified by comparing its nuclear magnetic resonance spectrum with the
      spectrum of a like preparation whose authenticity had previously been
      confirmed by nuclear magnetic resonance, infrared, and ultraviolet
      spectroscopy and by elemental analysis.
PAR  The procedure described in Example 1(g) may also be carried out using the
      phosphorous tribromide method for the preparing of the simple thiazolone
      (6) which is described by Muxfeldt et al. in the Journal of the American
      Chemical Society, Volume 89, page 4991.
PAC  1. (h) Preparation of Methyl-3-Oxoglutaramate (7)*
FNT  *This preparation is reported in the doctoral thesis of Jared Ben Mooberry
      submitted to Cornell University in February 1969.
PAR  Hydrolysis of 22 grams of the recrystallized enamine (9) having the formula
      ##SPC15##
PAL  (in 360 milliliters of chloroform) proceeded rapidly on the addition of 12
      milliliters of concentrated hydrochloric acid with vigorous stirring. 20
      grams of anhydrous magnesium sulfate were then added after hydrolysis was
      complete. The solution was filtered and concentrated under vacuum.
      Crystallization from ethyl acetate yielded 13.2 grams of a white
      crystalline material characterized by a melting point of
      36.degree.-38.degree. C. The identity of the product thus obtained was
      verified by infrared, ultraviolet and nuclear magnetic resonance
      spectroscopy and by elemental analysis.
PAC  1. (j) Thiazolone Condensation to Tetracyclic Substance (19)*
FNT  *This preparation is reported in the doctoral thesis of Jared Ben Mooberry
      submitted to Cornell University in February 1969.
PAR  The 500 milliliter round bottom flask and all other apparatus used in this
      example were oven dried at 125.degree. C. All reactions were carried out
      under nitrogen atmosphere (except for work-up). Tetrahydrofuran was
      distilled from lithium aluminum hydride and stored under nitrogen until
      use.
PAR  Methyl-3-oxoglutaramate (7) prepared through Example 1(h) (3.18 grams) was
      dissolved in 85 milliliters of tetrahydrofuran in the reaction vessel.
      After cooling the solution to -78.degree. C, butyl lithium (7.7
      milliliters of a 2.6 molar solution in hexane) was added. The homogeneous
      solution was stirred for 10 minutes while a solution of thiazolone (18)
      prepared through Example 1g (9.5 grams) in 180 milliliters of
      tetrahydrofuran was prepared. The thiazolone solution was added slowly to
      the vigorously stirred solution of the half-amide salt while maintaining
      the temperature at -78.degree. C. This mixture was warmed to room
      temperature over 11/2 hours before refluxing for an additional 11/2 hours.
      After cooling to -78.degree. C again the homogeneous mixture was treated
      with 1 milliliter of tertiary butanol (decanted from calcium hydride) and
      3.8 milliliters of butyl lithium. The mixture was warmed to room
      temperature over about 20 minutes, and 270 milligrams of potassium
      tertiary butoxide was added. The mixture was heated at 50.degree. C for 1
      hour then refluxed for 2 hours. Further quantities of potassium tertiary
      butoxide were added 50 minutes after refluxing had started (0.38 grams)
      and again 95 minutes after reflux had started (1.0 grams). The hot
      solution, following refluxing, was allowed to cool to room temperature for
      one hour and then neutralized with 6 milliliters of acetic acid.
PAR  After neutralization, the reaction mixture was concentrated under reduced
      pressure, dissolved in chloroform, washed with water, evaporated several
      times from a mixture of benzene, ethanol and chloroform to remove the last
      traces of water, and then dissolved in chloroform-ether. Crystallization
      of the product from the chloroform-ether solution was initiated by the
      addition of silica gel. The precipitated product and silica gel were
      removed by filtration and washed with chloroform and ether. The combined
      filtrates were concentrated, dissolved in a small amount of chloroform,
      seeded with a little product and allowed to crystallize again. 2.5 grams
      of the tetracycline (19) were obtained. It was characterized, upon
      recrystallization from acetone, by a melting point of 225.degree. C
      (decomposition). The structure of the isolated product (19) was verified
      mainly by its ultraviolet spectrum and the fact that upon hydrolysis it
      was converted to the tetracycline (20). The structure of the product was
      further confirmed by infrared and nuclear magnetic spectroscopy and by
      elemental analysis.
PAC  1. (k) Preparation of Tetracycline Precursor (20)*
FNT  *This preparation is reported in a doctoral thesis of Jared Ben Mooberry
      submitted to Cornell University in February 1969.
PAR  The cyclization product (19) prepared in Example 1(j) (2.4 grams) was added
      to a 500 milliliter round-bottom flask containing 200 milliliters of
      acetic acid and 200 milliliters of water. This mixture was stirred and
      heated rapidly over a 6-minute period to reflux temperature at which time
      the solution had become homogeneous. After refluxing for 2 minutes, the
      solution was cooled rapidly in cold water, then concentrated under reduced
      pressure. The temperature did not exceed 30.degree. C during evaporation.
      Crystallization from chloroform yielded 2.0 grams of precursor (20) which
      was characterized by a melting point of 220.degree. C (with
      decomposition). Thin layer chromatography on a polyamide (carbon
      tetrachloride : benzene : formic acid, 100:100:1) showed no evidence of
      epimerization at the C-4 position during hydrolysis. The structure of
      tetracycline precursor (20) was confirmed by infrared, ultraviolet and
      nuclear magnetic resonance spectroscopy and by elemental analysis.
PAC  EXAMPLE 2
PAC  Cis 12(a) Hydroxylation of Tetracycline Precursor (20)*
FNT  *This preparation is reported in a doctoral thesis of Jared Ben Mooberry
      submitted to Cornell University in February 1969.
PAR  The tetracycline precursor (20) (524 milligrams) was dissolved in 50
      milliliters of tetrahydrofuran and 50 milliliters of dimethylformamide
      (decanted from calcium hydride). Triethyl phosphite (0.25 milliliters
      distilled from sodium) and sodium hydride (60% dispersion in oil, 350
      milligrams) were then added to the solution. Oxygen was bubbled through
      the solution via a gas dispersion tub for 15 minutes. Water (0.14
      milliliters) was added slowly during the first 3 minutes. The reaction
      appeared to be over after 10 minutes since an aliquot in borate solution
      had very little absorption at 450 millimicrons. Acetic acid and water were
      added (vigorous hydrogen evolution) until a homogeneous solution was
      obtained and a pH of about 5 was reached. A total of 300 milliliters of
      water was added before extraction with ethyl acetate. The organic extracts
      were washed several times with water to insure complete removal of
      dimethylformamide. After evaporating the ethyl acetate, the residue was
      dissolved in 20 milliliters of methanolic 0.01 N hydrochloric acid.
      Hydrolysis was allowed to proceed for 11/2 hours at room temperature
      before extraction of the methanolic solution with hexane to remove mineral
      oil. The mixture was concentrated under vacuum, dissolved in ethyl
      acetate, washed with water to remove residual acid, and concentrated
      again. This concentrate was dissolved in 2 milliliters of methylene
      chloride containing 3 drops of formic acid and slurried with 2 grams of
      column grade polyamide powder. Air drying produced a freely-flowing powder
      which was applied to the top of a column containing 10 grams of polyamide
      pretreated with 2 milliliters of methylene chloride and 0.03 milliliters
      of formic acid. Methylene chloride was used to elute a yellow band
      consisting of a small amount of unreacted tetracycline precursor (20) and
      a second material which was presumed to be an 11(a)-hydroxylated
      by-product containing the acetonide linkage intact. The desired product
      was then eluted with acetone. Crystallization of the product from ethyl
      acetate gave 189 grams of a light yellow crystalline material
      characterized by a melting point of 200.degree. C (decomposition).
      Identification of the product was confirmed by infrared, ultraviolet and
      nuclear magnetic resonance spectroscopy and by elemental analysis. The
      nuclear magnetic resonance spectrum clearly indicated the presence of one
      mole of ethyl acetate and the absence of the acetonide grouping.
PAC  EXAMPLE 3
PAC  Preparation of Oxytetracycline*
FNT  *This preparation is reported in a doctoral thesis of Jared Ben Mooberry
      submitted to Cornell University in February 1969.
PAR  The hydroxylated tetracycline (21) (206 milligrams) was allowed to stand
      with methyl iodide in 3 milliliters of tetrahydrofuran at room temperature
      for 20 hours. After another 12 hours at -20.degree. C, the solvent was
      removed under vacuum. The concentrate was dissolved in 4 milliliters of
      tetrahydrofuran and 2 milliliters of 0.5 N hydrochloric acid. Hydrolysis
      proceeded for 11/2 hours at room temperature. The mixture was diluted with
      water and extracted successively with ether, ethyl acetate, and n-butanol.
      The n-butanol extract was evaporated at 25.degree. C under high vacuum to
      crystallize the amine hydrochloride of dedimethylaminoxytetracycline.
PAR  The amine hydrochloride (166 milligrams) was combined with
      N,N-diisopropylethylamine (0.122 milliliters), dimethyl sulfate (0.18
      milliliters), 5 milliliters of tetrahydrofuran, and 0.04 milliliters of
      ethanol. The heterogeneous mixture was stirred magnetically for 17 hours
      at room temperature, and was still heterogeneous at the end of this time.
      This layer chromatography using a polyamide showed the major product at
      this time to be identical to authentic oxytetracycline. A small amount of
      methanol was added to the mixture to dissolve the solid and the solution
      was concentrated under vacuum to a viscous oil. One milliliter of
      tetrahydrofuran was added and the solution kept at -78.degree. C for 24
      hours. The solid which precipitated was removed by filtration. The
      filtrate was concentrated under vacuum and combined with 0.6 milliliters
      of N,N-diisopropylethyl amine, 2 drops of acetic acid, 1 milliliter of
      methylene chloride, and 1 milliliter of tetrahydrofuran. The solution was
      slurried with 1 gram of column grade polyamide and air dried to a
      free-flowing powder (about 1/2 hour exposure to air). Five grams of
      polyamide were pretreated with 5 drops of acetic acid and 5 drops of
      methylene chloride before being tamped tightly into a small column. The
      mixture of crude dl-oxytetracycline and polyamide was placed on top of the
      column, tamped firm and covered with a layer of sand. A yellow forerun was
      eluted with methylene chloride which left the dl-oxytetracycline adsorbed
      near the top of the column appearing as a reddish, fluorescent zone under
      366 millimicrons illumination. The synthetic oxotetracycline was then
      eluted with acetic acid : acetone : chloroform (1:15:84). After
      evaporation to an amorphous solid, the racemic oxytetracycline was
      recrystallized from acetone. Infrared, ultraviolet and nuclear magnetic
      resonance spectroscopy and elemental analysis showed that the product was
      identical to that of authentic oxytetracycline and contained 0.8 miles of
      acetone (per mole of product) in the dry crystalline material. A
      biological asray of the product showed that the synthetic
      dl-oxytetracycline was almost exactly 50% as active as the authentic
      product prepared through fermentation.
PAR  Examples 1-3 are schematically represented by the sequence of structural
      formulas set forth on pages 29a, 29b and 29c.
PAC  EXAMPLE 4
PAR  1.0 grams of the tetracycline precursor having the structure:
      ##SPC16##
PAL  was dissolved in 40 milliliters of dimethyl formamide and 100 milliliters
      of tetrahydrofuran. Triethyl phosphite (280 milligrams) were added
      followed by 200 milligrams of sodium hydride dispersed in mineral oil.
      Oxygen was bubbled into the solution for 10 minutes and the color changed
      from a fluorescent orange to a dull green. A drop of this solution placed
      in methanolic sodium borate showed that the absorption in the visible
      region of the spectrum had disappeared and had been replaced by a new
      maximum at about 350 millimicrons. The oxygenated solution was then
      acidified with acetic acid, diluted with chloroform, washed 4 times with
      water, dried over sodium sulfate and evaporated. A cis hydroxylated
      tetracycline was obtained having the structure:
      ##SPC17##
PAL  The structure of the resulting product was verified by infrared and
      ultraviolet spectroscopy and by elemental analysis. By-product materials
      were also recovered, there being 220 milligrams of a recrystallized
      material identified as having the hydroxy group in the trans position at
      the C-12 carbon atoms and 104 milligrams of a by-product identified as
      having the hydroxy group at the 11(a) position.
PAC  EXAMPLE 5
PAR  1.0 grams of the tetracycline precursor
      ##SPC18##
PAL  was hydroxylated with oxygen exactly as described in Example 4. In this
      case, however, the reaction was clean enough that after work-up, the
      product, which was assigned the structure
      ##SPC19##
PAL  could be crystallized directly from methanol, 0.74 grams of the pure
      crystalline product was obtained. The structure assigned was verified by
      ultraviolet spectral analysis and elemental analysis.
PAR  Results similar to those set forth in Examples 2, 4 and 5 are expected
      where solvents such as diethyl ether, dioxane, anisole, toluene and
      benzene are substituted for the tetrahydrofuran - dimethyl formamide used
      in the above examples. Similarly, material such as dimethyl sulfoxide,
      triphenyl phosphine, and triethyl phosphine may be substituted for the
      triphenyl phosphite. Suitable strong bases which may be used in lieu of
      sodium hydride include potassium t-butoxide, buthyl lithium, phenyl
      lithium and sodamide.
PAC  EXAMPLE 6
PAR  0.500 grams of tetracycline precursor having the structure
      ##SPC20##
PAL   was hydroxylated exactly as described in Example 4. Upon chromatographic
      separation of the final product, two compounds were obtained:
PA1  200 milligrams (40% yield of material hydroxylated trans at the C-12a
      position. The melting point was 275.degree.-280.degree. C with
      decomposition. The identity of the product was confirmed by spectrographic
      and elemental analysis; and
PA1  50 milligrams (10% yield) of material hydroxylated cis at the C-12a
      position. The identity of the product was confirmed by spectrographic and
      elemental analysis.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for the stereospecific 12a hydroxylation of a 12a
      deoxytetracycline precursor wherein said precursor is contacted with
      molecular oxygen, said precursor being selected from the group consisting
      of
      ##SPC21##
PAL  tautomeric forms thereof, and mono- or polysubstituted derivatives thereof
      having substituents selected from the group consisting of bromo, iodo,
      chloro, fluoro, trifluoromethyl, nitro, cyano, amino, cyanoto,
      thiocyanato, azido, lower alkyl amino, hydroxy, alkanoyl amino, lower
      alkyl, and lower mono-substituted alkyl having fluoro, lower alkyl
      mercapto, lower alkoxy, lower alkyl amino, alkanoyl oxy, and alkanoyl
      amino groups;
PA1  the improvement comprising carrying out said 12(a) hydroxylation in the
      presence of a strong base selected from the group consisting of alkali
      metal amides, alkali metal butoxides, alkali metal alkyls of 1 to 6 carbon
      atoms, alkali metal hydrides and magnesium alkoxides;
PA1  said reaction being carried out in the presence of a non-protic solvent
      which is inert with respect to the tetracycline structure in the presence
      of said strong base, and which does not release protons in the presence of
      said strong base.
NUM  2.
PAR  2. A process according to claim 1 wherein said non-protic solvent is
      selected from the group consisting of tetrahydrofuran, dimethyl formamide,
      benzene, toulene, xylene, diglyene, dioxane, diethyl ether, anisole,
      dimethylsulfoxide and ethylacetate.
NUM  3.
PAR  3. A process according to claim 1 wherein said peroxide-destroying agent is
      selected from a group consisting of trimethyl phosphite, palladium,
      platinum, alkali metal ascorbates, peroxidase enzymes, triphenyl phosphine
      and triethyl phosphine.
NUM  4.
PAR  4. A process according to claim 1 wherein a small amount of water effective
      to initiate the hydroxylation reaction is added to the reaction solvent.
NUM  5.
PAR  5. A process according to claim 1 wherein said 12(a) deoxytetracycline
      precursor is d,1-4-thiobenzamido-12(a)-deoxytetracycline.
NUM  6.
PAR  6. A process according to claim 1 wherein said tetracycline precursor is
      d,1-2(N-t.
      butyl-amido)4-benzamido-6-deoxy-6-demethyl-7-chloro-10-methoxy12(a)-deoxyt
     etracycline.
NUM  7.
PAR  7. A process according to claim 1 wherein said solvent is selected from the
      group consisting of dimethyl formamide and tetrahydrofuran.
NUM  8.
PAR  8. A process according to claim 1 wherein said base is selected from the
      group consisting of sodamide, sodium hydride and potassium t. butoxide.
NUM  9.
PAR  9. A process according to claim 1 wherein said peroxide-destroying agent is
      trimethyl phosphite.
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ABST
PAL  Process for purifying an acrylamide including the steps of (1) adding an
      inorganic base (excluding ammonia) to an aqueous solution containing 15 to
      60% by weight of the acrylamide at a temperature of up to 60.degree.C in
      an amount of 0.1 to 1.5 wt. % based on the acrylamide and (2) blowing a
      gas, inert to the acrylamide, into the resulting mixture at a hydrogen ion
      concentration of a pH of 12 to 13.7 and if necessary, (3) subjecting the
      so treated acrylamide solution to an active carbon adsorption treatment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Technical Field
PAR  The present invention relates to a process for purifying acrylamides. More
      particularly, it is concerned with a process by which a highly
      concentrated aqueous solution of high molecular weight polymers containing
      substantially no cross linkage can be obtained by removing any trace of
      bifunctional cross linking impurities from acrylamide.
PAC  Background
PAR  Recently, water-soluble acrylamide polymers have been produced on an
      industrial scale and widely used as soil stabilizing agents, dry and wet
      strength enhancing agents for paper, precipitating agents for use in
      clearing waste water from various industries, and coagulating agents for
      settling mineral ores or pulp-dispersing agents in the paper making
      industry and supporting materials for pigments and the like.
PAR  For soil stabilizing agent application, water-soluble acrylamide polymers
      are used in the form a gel in which cross linking monomers are positively
      added thereto, while for the dry and wet strength enhancing agents for
      paper, the polymer used has a relatively low molecular weight in the order
      of several hundred thousands, and in both cases, the trace of bifunctional
      cross linking impurities contained in commercial acrylamides can be
      neglected.
PAR  On the other hand, the utilization of acrylamide polymers as a coagulating
      agent has rapidly increased in various fields such as treatment of waste
      water from various industries as well as homes and clarification of rivers
      in order to prevent pollution of the environment. It is said that the
      coagulating capability of an acrylamide polymer is almost proportional to
      its molecular weight. Therefore, acrylamide polymers are required to have
      higher molecular weights, e.g., molecular weights above several million
      and, recently, acrylamide polymers having molecular weights above ten
      million have been used. In the production of a coagulating agent which is
      required to have such a remarkably high molecular weight, a trace of
      bifunctional cross linking impurities contained in a commercial acrylamide
      affects the water solubility of the polyacrylamide to an appreciable
      extent.
PAR  As can be seen in Table 1, the water solubility of polyacrylamide produced
      from the commerical acrylamide is little influenced by bifunctional cross
      linking impurities (hereinafter referred to merely as impurities) at a
      relatively low concentration of the acrylamide, i.e., up to 10 % by
      weight. However, when the acrylamide concentration in a polymerization
      system exceeds 10 % by weight, the influence of such impurities gradually
      appears. With a concentration of 20 % by weight, the commercial acrylamide
      is greatly influenced by the impurities, and an acrylamide which should be
      water-soluble in nature may become water insolubilized.
TBL                Table 1                                                     
     ______________________________________                                    
     Aqueous solution of acrylamide alone                                      
     Polymerization redox system catalyst                                      
     ______________________________________                                    
              Water solubility                                                 
     Concentration                                                             
                5%    10%     15%   20%   25%   30%                            
     of system                                                                 
     Commercial                                                                
     acrylamide                                                                
     ______________________________________                                    
     A          O     O       .DELTA.                                          
                                    X      X    XX                             
     B          O     .DELTA. X     X     XX    XX                             
     C          O     .DELTA. X     X     XX    XX                             
     D          O     O       .DELTA.                                          
                                    X      X    XX                             
     ______________________________________                                    
       O -- uniformly dissolved                                                
       .DELTA. -- a trace of insoluble matter                                  
       X -- a large quantity of insoluble matter                               
      XX -- remarkably insoluble                                               
PAR  In general, a recrystallization method is known to remove the impurities,
      i.e., to purify an acrylamide. In fact, when the commercial acrylamides of
      respective companies are purified by recrystallization, the polymers
      obtained are all water-soluble, which indicates that the formation of
      insoluble matter is attributable to the presence of the impurities.
      However, such a recrystallization method entails high cost. Further, when
      such materials as acrylamides which easily tend to polymerize are
      recrystallized, many difficulties due to polymerization phenomena arise
      and hinder normal operation.
PAR  Although the present invention does not intend to analyze these impurities
      accurately, it may be easily expected that the impurities are any of
      compounds having a certain type of divinyl structure. It is known that
      acrylamide produces diacrylimide with the formation of imide under acid
      conditions. Therefore, it may be easily estimated that the diacrylimide
      will be produced in the course of the production of acrylamide.
PAR  Since such an impurity as a diacrylimide may be easily hydrolyzed with an
      alkali, an alkali treatment of crude acrylamide may be a useful method for
      removing the diacrylimide. Such a purifying method is far more simple to
      carry out than a recrystallization method and has been expected to be put
      into industrial practice.
PAR  However, the alkali treatment of the crude acrylamide necessarily induces
      hydrolysis of the acrylamide at the same time even if an impurity which is
      easy to hydrolyze is hydrolyzed. Because of the formation of acrylic acid
      by the hydrolysis of acrylamide and the loss of acrylamide by any other
      reactions, it is not logical to make an acrylamide solution alkaline. In
      fact, Japanese Pat. No. 11612/64 discloses that an acrylamide is reduced
      by one half at a pH of 11.6 (a 1N aqueous ammonia solution) in about five
      hours, and it is almost entirely lost at a pH of 13.6 (a 1N aqueous sodium
      hydroxide solution) in about 6 hours.
PAR  Now, the applicants having discovered as a result of their studies that the
      loss of an acrylamide under a basic condition is due to the ammonia
      generated by the decomposition of the ammonium salts (which are produced
      during ammonia neutralization of acrylamide sulfates) contained in the
      acrylamide and the hydrolysis of the acrylamide (i.e. the formation of
      acrylic acid and ammonia). That is, the ammonia generated by these causes
      reacts with three molecules of the acrylamide to form
      3,3',3"-nitrilotripropinamide (hereinafter referred to as NPA). That is, 1
      mole (17g) of ammonia is generated at the expense of 3 moles (213g) of
      acrylamide. However, the NPA is known to be a chain transfer agent and a
      reducing component of redox type initiators. Therefore, the presence of
      this material is very unfavourable in the production of high molecular
      weight acrylamide polymers suitable for a coagulating agent by a
      polymerization process.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to alkali-hydrolyze the easily
      hydrolyzable impurities present in a crude acrylamide by treating the
      acrylamide with an alkali, thereby rendering the impurities harmless.
PAR  The present invention contemplates the attainment of this object by
      treating the crude acrylamide with an alkali under particular conditions
      and removing the ammonia evolved together with a gas which is blown into
      the system.
PAR  Therefore, the process for purifying an acrylamide in accordance with the
      present invention is characterized in that an inorganic base (excluding
      ammonia) is added to an aqueous solution containing 15 to 60 % by weight
      of the acrylamide at a temperature up to 60.degree.C in a quantity of 0.1
      to 1.5 % based on the acrylamide, and a gas inert to the acrylamide is
      blown into the resulting mixture at a hydrogen ion concentration of a pH
      of 12 to 13.7.
PAR  In this manner, the present invention has succeeded in realizing the
      contradictory effects of promoting the hydrolysis of the easily
      hydrolyzable impurities under alkaline conditions while suppressing the
      hydrolysis of the acrylamide to control the formation of NPA. That is,
      when air is blown into an aqueous solution containing 15 to 60 % by weight
      of an acrylamide and having a pH of 12 to 13.7 at a temperature of up to
      60.degree.C to drive off the ammonia generated from within the system,
      little loss of the acrylamide due to the formation of NPA is observed.
PAR  More surprisingly, even with a 50 % aqueous acrylamide solution under
      extremely severe conditions such as its pH value adjusted to 13.5 with the
      addition of 1 % sodium hydroxide (with respect to the acrylamide) and its
      temperature maintained at 50.degree.C, acrylic acid is produced in a
      negligibly small quantity (see, Comparative Examples 1 and 2 set forth
      hereinafter). The gas blown in may be air, and pH control may be carried
      out by means of sodium hydroxide which is inexpensive and easy to handle.
PAR  Therefore, the purifying process according to the present invention can be
      utilized for any acrylamide product on the market at any place by an
      acrylamide user, e.g., a manufacturer of an acrylamide polymer coagulating
      agent. Further, avoiding the inclusion of an indefinite amount of ammonia
      (which acts as a reducing agent) is effective for stabilization of the
      polymerizable property of acrylamide.
PAR  In the purifying process according to the present invention, the behavior
      of the easily hydrolyzable impurities is determined by neutralizing the
      aqueous acrylamide solution after the purifying treatment, polymerizing
      the resulting solution through the use of a conventional polymerization
      initiator, and observing the dissolving state of the resulting polymer to
      examine for the presence of the undissolved matter because there is no
      standard analytical procedure therefor. Surprisingly, the result indicates
      that most of the commercial acrylamides shown in Table 1 provide aqueous
      solutions containing no undissolved matter whatsoever. This fact indicates
      that the easily hydrolyzable impurities may be rendered harmless by the
      purifying process of the present invention and at the same time, that most
      of the impurities contained in the commercial acrylamides are easily
      hydrolyzable impurities.
PAR  In addition, although very unusual, there are present certain types of
      acrylamides which still leave undissolved substances even after they have
      been subjected to the purification of the present invention. In this case,
      it is considered that these acrylamides contain other impurities which are
      difficult to hydrolyze. For the purification of such acrylamides,
      difficult to hydrolyze, they may be subjected to adsorption treatment with
      active carbon after (or simultaneously with or before) carrying out the
      purifying process of the present invention. One of the impurities which
      are difficult to hydrolyze is considered to be methylenebisacrylamide. An
      acrylamide to which methylenebisacrylamide has been added and a commercial
      acrylamide containing impurities which are difficult to hydrolyze exhibit
      an entirely similar behavior when they are subjected to an active carbon
      treatment.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAL  1. acrylamide
PAR  The term "acrylamide" as used herein denotes, in addition to a
      non-substituted acrylamide (CH.sub.2 = CHCONH.sub.2), an .alpha.- or
      .beta.- or N-substituted acrylamide having a water solubility sufficient
      to provide an aqueous solution with the desired concentrations which is
      used singly or as a mixture thereof or with a small amount of other
      water-soluble monomers. Illustrative examples of these acrylamide
      derivatives include methacrylamide, N-methylolacrylamide and
      N-methylolmethacrylamide. Illustrative examples of the monomer mixture are
      a mixture of acrylamide and methacrylamide, a mixture of acrylamide and
      methylolacrylamide, a mixture of a predominant quantity (above 50 % by
      weight) of these acrylamides or derivatives thereof and other monomers,
      preferably water-soluble, such as acrylic acid or acrylates, methacrylic
      acid and methacrylates, hydroxy alkyl (e.g., ethyl and propyl) esters of
      acrylic and methacrylic acid, acrylonitrile, methacrylonitrile, and lower
      alkyl (C.sub.4 or less) esters of acrylic acid.
PAR  The aqueous solution of the acrylamide with which the present invention is
      concerned may be prepared from a commerical crystalline acrylamide or
      acrylamide solution, Also it may be an aqueous solution obtained in the
      production of an acrylamide. For example, an aqueous acrylamide solution
      obtained by direct hydration of acrylonitrile (in which, preferably,
      catalysts are removed or acrylamide sulfates are neutralized with ammonia,
      ammonium carbonate, caustic alkalis, calcium carbonate and the like, and
      more preferably, the sulfate byproducts are removed) is typical.
PAL  2. Purification
PAR  Aqueous acrylamide solution
PAR  An aqueous acrylamide solution suitable for use in the purifying process of
      the present invention has a concentration of 15 to  60% by weight. The
      solvents used in the present invention may be, in addition to water, an
      aqueous solution of water-soluble organic solvents such as lower alcohols,
      polyol, lower ketones, lower ethers and the like.
PAR  Inorganic base
PAR  Any water-soluble inorganic base excluding ammonia may be used. The term
      "base" as used herein denotes all compounds capable of bringing the pH of
      an aqueous acrylamide solution into a range of 12 to 13.7. Also, the term
      "water-soluble" as used herein denotes a water-solubility of such a degree
      that the inorganic bases can provide such pH values.
PAR  Illustrative examples of the water-soluble inorganic base include
      hydroxides, oxides and weak acid salts such as carbonates or phosphates of
      alkali metals and alkaline earth metals. Among these materials, sodium
      hydroxide and potassium hydroxide are preferred because they provide no
      precipitation of salts after neutralization.
PAR  A buffer agent may be used to maintain a pH value within the range of from
      12 to 13.7.
PAR  Inert gas
PAR  The gas used in the purifying process of the present invention should be
      inert to acrylamide. Since the purifying system is alkaline, the gas used
      is, desirably, not acid. Further, it is desirable that the gas used not be
      water-soluble.
PAR  Illustrative examples of a gas suitable for use in the purifying process of
      the present invention include air, nitrogen, argon, carbon monoxide,
      oxygen, hydrogen, nitrogen oxides, lower hydrocarbons, and mixtures
      thereof.
PAR  Among these gases, air is the most preferred because air prevents
      acrylamide from polymerizing during a purifying treatment by the oxygen
      contained in air. In addition to air, oxygen or a mixture of oxygen and
      nitrogen and nitrogen oxides capable of inhibiting polymerization per se
      may be preferably used singly or in admixture with nitrogen, argon and the
      like. Further, if there is present any polymerization inhibitor capable of
      inhibiting the polymerization of an aqueous acrylamide solution at a pH
      value of 12 to 13.7, it is possible to blow nitrogen, argon and the like
      into the aqueous acrylamide solution to which such an inhibitor is added.
      In this case, care should be taken with respect to the residue of the
      polymerization inhibitor.
PAR  Purifying treatment
PAR  In the purifying process, the gas as stated above is blown into an aqueous
      acrylamide solution having a hydrogen ion concentration of a pH value of
      12 to 13.7, preferably 12.8 to 13.5 at a temperature up to 60.degree.C,
      preferably to 40 to 50.degree.C.
PAR  In order to bring the pH of an aqueous solution containing 15 to 60% by
      weight of the acrylamide into a range from 12 to 13.7, caustic alkalis may
      be added in a quantity of 0.1 % by weight or more, preferably 0.2 to 1 %
      by weight based on the acrylamide. To prevent the aqueous acrylamide
      solution from locally reaching a higher pH value, the inorganic base may
      be preferably added in the form of an aqueous solution.
PAR  The blowing of the gas is preferably started before the addition of the
      base. In order to remove ammonia effectively, the gas is preferably blown
      in a manner such that the quantity of bubbles formed is kept at a minimum.
      For this purpose, in the case where a nozzle having a blowing orifice less
      than 0.1 mm in diameter is used (specifically speaking, a gas diffuser
      made of sintered glass or a sintered metal) the gas is blown at a
      superficial velocity in a column of no less than 0.5 mm/second, preferably
      2 to 5 mm/second. In the case where a nozzle having a blowing orifice
      greater than 0.1 mm in diameter (for example, 2 to 4 mm) is used, the gas
      is blown at a superficial velocity in a column of no less than 3
      mm/second, preferably 7 to 20 mm/second.
PAR  The container into which the aqueous acrylamide solution is placed should
      be of a configuration such that a column of the aqueous acrylamide
      solution will exist to a certain extent over the gas blowing orifice. So
      long as a union or channelling of the bubbles of the blown gas is not
      caused, stirring of the aqueous acrylamide solution, introducing of a
      solid filler possessing a high surface area (e.g. Rings and saddles) into
      the solution, operation under reduced pressures, and removal of ammonia
      accompanied by the blowing gas may be accelerated with the aid of any
      convenient means.
PAR  The time required for the purifying treatment depends upon the amount of
      the impurities contained in the monomer. 10 minutes to 8 hours, ordinarily
      1 to 6 hours, satisfactory. After the purifying treatment, the solution is
      neutralized, if desired. That is, when the aqueous acrylamide solution
      after the purification is subjected to copolymerization with anionic
      monomers or hydrolytic polymerization, neutralization is unnecessary. On
      the other hand, if a nonionic acrylamide polymer is to be produced, the
      purified aqueous acrylamide solution may be subjected to a polymerization
      process after it has been neutralized.
PAR  Activated-carbon treatment
PAR  For conventional commercial acrylamides, the undissolved impurities after
      polymerization may be substantially reduced to zero. However, in some
      cases, the impurities which are difficult to hydrolyze are still
      remaining, and the undissolved substance may not be reduced to zero.
      Alternatively, in the case where an acrylamide polymer having a super high
      molecular weight above 10,000,000 is to be produced, undissolved
      substances will often remain. In such cases, the remaining impurities may
      be removed by treating the aqueous acrylamide solution with activated
      carbon in quantities of not less than 0.5 % by weight based on the
      solution after or simultaneously with or before the hydrolysis of the
      impurities which are easy to hydrolyze according to the afore-mentioned
      method. By such a combination with the active carbon treatment, the
      commercial acrylamides all may be polymerized into acrylamide polymers
      having a super high molecular weight and containing no undissolved
      substances.
PAR  The active carbon used in the present invention may be any form of active
      carbon. However, a coconut shell activated carbon produced by a steam
      process is especially useful. The active carbon treatment may be carried
      out by an adsorption tower method, a stirring and mixing method, or any
      other process which affords a solid-liquid contact. The active carbon
      treatment is preferably carried out also with the blowing of a
      polymerization inhibiting gas such as air.
DETD
PAC  EXPERIMENTAL EXAMPLE
PAR  Reference Example -- 1
PAR  A commercial acrylamide was subjected to hydrolyzing treatment under
      various conditions in which the concentration of the aqueous acrylamide
      solution the amount (or pH) of sodium hydroxide added, the temperature and
      the presence and absence of aeration were varied. After the hydrolyzing
      treatment, the amount of acrylic acid produced and the amount of double
      bond lost were determined. The hydrolyzed product was further treated for
      another period of 180 minutes, and neutralized with sulfuric acid to a pH
      value of 6.0 .+-. 0.1 and ready for polymerization. The resulting
      acrylamide solution was taken in an amount such that it contained 160 g of
      acrylamide monomer and ion-exchanged water was added thereto to make 1,000
      g. The resulting solution containing 18 % by weight of the monomer was
      polymerized with the aid of redox initiators at a temperature of
      30.degree.C. The resultant gel-like polymer was dissolved in deionated
      water to a diluted aqueous solution containing 1.0% of the polymer
      (polyacrylamide). The aqueous solution so produced was examined for the
      presence and absence of undissolved matters and its viscosity was
      determined at 25.degree.C by means of a Brookfield viscometer. The results
      are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                                      Amount of acrylic                        
                                                  Loss of double               
     Condition                                                                 
            Treatment condition       acid produced                            
                                                  bond (calculat-              
                                                          Polymer properties   
            Concentration                                                      
                    Alkali amount                                              
                            Temper-                                            
                                 Air  30  60  180 ed in terms   Undis-         
            of acrylamide                                                      
                    and pH (4)                                                 
                            ature                                              
                                 blowing                                       
                                      minute                                   
                                          minute                               
                                              minute                           
                                                  of acrylamide)               
                                                          1.0%  solved         
     Acrylamide                                                                
            % (by weight)                                 viscosity            
                                                                matter         
     __________________________________________________________________________
             20     0.20 (12)                                                  
                            40.degree.C                                        
                                 (3) none                                      
                                      0.089%                                   
                                          0.090%                               
                                              0.095%                           
                                                  0.3%    1,430cp              
                                                                none           
     (1)                                                                       
     No ammonium                                                               
             40     0.30 (13)                                                  
                            25   (3) none                                      
                                      0.10                                     
                                          0.10                                 
                                              0.15                             
                                                  0.1     1,680 none           
     salt                                                                      
             40     0.30 (13)                                                  
                            40   conduct-                                      
                                      0.095                                    
                                          0.11                                 
                                              0.17                             
                                                  0.1     1,770 none           
                                 ed                                            
             50     0.50 (13.4)                                                
                            50   (3) none                                      
                                      0.18                                     
                                          0.24                                 
                                              0.33                             
                                                  5.9      800  none           
             50     0.50 (13.4)                                                
                            50   conduct-                                      
                                      0.15                                     
                                          0.20                                 
                                              0.29                             
                                                  0.1     1,850 none           
                                 ed                                            
     __________________________________________________________________________
     (2)     40     0.25 (12.8)                                                
                            25   (3) none                                      
                                      0.11                                     
                                          0.11                                 
                                              0.17                             
                                                  2.3      950  none           
     0.31%                                                                     
     ammonium                                                                  
             40     0.25 (12.7)                                                
                            40   conduct-                                      
                                      0.14                                     
                                          0.16                                 
                                              0.19                             
                                                  0.1     1,610 none           
     calculated                  ed                                            
     in terms of                                                               
             50     0.50 (13.4)                                                
                            50   (3) none                                      
                                      0.22                                     
                                          0.30                                 
                                              0.34                             
                                                  14.3     130  none           
     ammonium                                                                  
     sulfate 50     0.50 (13.4)                                                
                            50   conduct-                                      
                                      0.21                                     
                                          0.31                                 
                                              0.34                             
                                                  0.2     1,500 none           
                                 ed                                            
     __________________________________________________________________________
      (1) Acrylic acid content 0.086%                                          
      (2) Acrylic acid content 0.092%                                          
      (3) Treated under a tight seal                                           
      (4) Weight percent with respect to monomer                               
PAC  EXAMPLE 1
PAR  A  10% by weight aqueous solution of sodium hydroxide (0.5 % NaOH with
      respect to acrylamide) was added to a 40 % by weight aqueous acrylamide
      solution prepared using a commercial acrylamide. The resulting solution
      had a pH of 13.0. This solution was then heated to a temperature of
      40.degree.C and kept at that temperature under air blowing for 60 minutes.
PAR  To 50 parts of the acrylamide solution thus treated was added 5 parts of
      acrylic acid to adjust the pH to 7.0 and to the resulting mixture was
      added on ion exchanged water to make 100 parts. The resulting solution was
      adjusted to 30.degree.C and polymerized with the aid of redox initiators
      to produce an acrylamide-sodium acrylate copolymer having a molecular
      weight of about 6,000,000. Every two samples from A, B and C companies
      were experimented. The result was that all the copolymers produced were
      dissolved.
PAR  However, in the case where the above-mentioned treatment was not conducted,
      every samples gave a large amount of undissolved matters.
PAC  EXAMPLE 2
PAR  Three kinds of acrylamide from B company other than that used in Example 1
      were used as a sample and the easily hydrolyzable impurities contained
      therein were hydrolyzed by the air blowing under various conditions. The
      hydrolyzed aqueous solution containing 24 % of acrylamide alone was
      polymerized with the aid of redox initiators to produce polyacrylamide
      having a molecular weight of about 8,000,000.
PAR  The solubility and acrylic acid byproduct (after polymerization) of the
      polyacrylamides are shown in Table 3. It is apparent from Table 3 that all
      the polyacrylamides were dissolved at a pH of no less than 12 and the
      acrylic acid was very small.
TBL                                    Table 3                                 
     __________________________________________________________________________
             Concentration                                                     
                     NaOH      Temperature                                     
                                      Time          Acrylic acid               
     Acrylamide                                                                
             (%)     Amount                                                    
                          pH   (.degree.C)                                     
                                      (hour)                                   
                                          Undissolved matter                   
                                                    content in polymer         
                     (%)                                                       
     __________________________________________________________________________
             20      0.1  13   30     3   Absolutely none                      
                                                    0.72                       
             40      0.05 10   30     3   somewhat  0.48                       
     B - 1   40      0.3  12   50     1   absolutely none                      
                                                    0.65                       
             50      0.5  13   40     1   absolutely none                      
                                                    0.94                       
             50      1.0  13.5 30     0.5 absolutely none                      
                                                    1.02                       
             20      0.5  13.5 50     0.5 absolutely none                      
                                                    0.74                       
     B - 2   20      0.2  12.6 40     2   absolutely none                      
                                                    0.55                       
             50      0.04 9    50     3   somewhat  0.33                       
             50      0.5  13   30     3   absolutely none                      
                                                    0.87                       
             20      0.07 11   50     6   somewhat  0.61                       
     B - 3   40      0.2  12.9 30     3   absolutely none                      
                                                    0.44                       
             50      0.7  13.3 40     1   absolutely none                      
                                                    0.78                       
     Recrystallized                                                            
     product --      --   --   --     --  absolutely none                      
                                                    0.47                       
     Non-refined                                                               
     product --      --   --   --     --  remarkably                           
                                                    --                         
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  An acrylamide (X) whose undissolved matters do not disappear as yet even if
      its easily hydrolyzable impurities were hydrolyzed and an acrylamide (Y)
      containing 5 ppm of methylenebisacrylamide added thereto, whose
      undissolved matters having being disappeared by the hydrolysis of its
      easily hydrolyzable impurities, were subjected to an adsorption treatment
      by active carbon, respectively.
PAR  After the active carbon treatment, the aqueous solution containing 23 % of
      acrylamide was polymerized with the use of a redox initiator to produce
      polyacrylamide having a molecular weight of about 8,000,000. As indicated
      in Table 4, no undissolved matters were present.
TBL                                    Table 4                                 
     __________________________________________________________________________
            Hydrolysis treatment                                               
     Acrylamide    NaOH      Temper-    Addition of                            
                                                 Activated                     
                                                        Undissolved matter     
            concent-                                                           
                   amount                                                      
                        pH   ature Time methylenebis-                          
                                                 carbon                        
            ration (%)                                                         
                   (%)       (.degree.C)                                       
                                   (hour)                                      
                                        acrylamide                             
                                                 treatment                     
     __________________________________________________________________________
            --     --   --   --    --   --       --     Very large             
     X      50     0.25 13.4 50    2    --              somewhat               
            "      "    "    "     "    --       conducted                     
                                                        absolutely none        
            --     --   --   --    --   --       --     very large             
            50     0.25 13.5 50    2    --       --     absolutely none        
     Y      "      "    "    "     "    5 ppm    --     remarkable             
            "      "    "    "     "    "        conducted                     
                                                        absolutely             
     __________________________________________________________________________
                                                        none                   
PAR  During the hyrolyzation and active carbon treatment, the air blowing was
      conducted.
PAC  EXAMPLE 4
PAR  In the production of acrylomide, acrylamide sulfate was neutralized with
      sodium hydroxide to liberate acrylamide and the byproduced sodium sulfate
      was separated to provide an aqueous acrylamide solution. To this aqueous
      acrylamide solution was added sodium hydroxide (0.5 % NaOH with respect to
      acrylamide) to adjust the pH to 13.4 or higher and the resulting solution
      was kept at a temperature of 50.degree.C under oxygen blowing for an hour.
      Thereafter, the pH of the solution was adjusted to 6.5 and a coconut shell
      active carbon was added thereto in an amount of 0.8 % relative to the
      solution. The resultant solution was maintained at a temperature under
      oxygen blowing for another period of 30 minutes and thereafter, the active
      carbon was separated.
PAR  After the separation of the activated carbon, the acrylamide solution was
      concentrated to crystallize the acrylamide.
PAR  The resulting crystalline acrylamide was polymerized according to the same
      procedure described in Example 3 to give polyacrylamide. The
      polyacrylamide contained no undissolved matters.
PAR  In addition, during the hydrolyzation and active carbon treatment, oxygen
      was bubbled to remove the generated ammonia as rapid as possible and to
      prevent the acrylamide from polymerizing.
PAR  The polyacrylamide made from acrylamide which was not subjected to
      hydrolysis and an active carbon treatment contained a considerable amount
      of undissolved matters.
PAC  EXAMPLE 5
PAR  To an aqueous solution containing 30 % of acrylamide at a temperature of
      40.degree.C which was prepared by a catalytic hydration method was added
      1.0 % of sodium hydroxide based on the acrylamide and the resulting
      solution was kept at that temperature under air blowing for 6 hours. The
      solution so treated was neutralized with sulfuric acid to a pH value of
      6.5. An aqueous solution containing 20 % of this acrylamide alone was
      polymerized with the use of a redox initiator to produce polyacrylamide
      having a molecular weight of about 7,000,000. The resulting polymer was
      dried at a temperature of 60.degree.C to give powdery polyacrylamide.
PAR  The so so-obtained wet polymer and dry polymer were dissolved in water at a
      concentration of 0.1 % and both of them was found to dissolve completely.
PAR  When the non-treated acrylamide was polymerized in a similar manner, both
      wet polymer and dry polymer were proved to contain undissolved matters and
      in particular, the dry polymer was substantially undissolved.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for purifying an acrylamide containing cross-linking
      impurities which comprises adding an inorganic base (excluding ammonia) to
      an aqueous solution containing 15 to 60% by weight of the acrylamide at a
      temperature of up to 60.degree.C, in a quantity of 0.1 to 1.5% based on
      the acrylamide; and blowing a gas inert to the acrylamide into the
      resulting mixture at a hydrogen ion concentration of pH of 12 to 13.7
      thereby carrying off, by the gas, ammonia which is a hydrolysis product of
      said cross-linking impurities from the aqueous solution in which the
      acrylamide remains substantially intact.
NUM  2.
PAR  2. The process according to claim 1 wherein air or oxygen is used as the
      gas inert to the acrylamide.
NUM  3.
PAR  3. The process according to claim 1 wherein said temperature ranges from
      40.degree. to 50.degree.C.
NUM  4.
PAR  4. The process according to claim 1 wherein the pH is maintained in a range
      of from 12.8 to 13.5.
NUM  5.
PAR  5. The process according to claim 1 wherein the inorganic base is a member
      selected from the group consisting of hydroxides, carbonates, and
      phosphates of alkali metals and alkaline earth metals.
NUM  6.
PAR  6. The process according to claim 1 wherein the inorganic base, when it is
      a caustic alkali, is added in a quantity of 0.1% by weight relative to the
      acrylamide.
NUM  7.
PAR  7. The process according to claim 6 wherein particularly 0.2 to 1% by
      weight of the caustic alkali is used.
NUM  8.
PAR  8. The process according to claim 1 wherein when a blowing orifice of a
      diameter of less than 0.1 mm is used, the gas is blown at a superficial
      velocity in a column of not less than 0.5 mm/second.
NUM  9.
PAR  9. The process according to claim 8 wherein the gas is blown particularly
      at a superficial velocity in a column of 2 to 5 mm/sec.
NUM  10.
PAR  10. The process according to claim 1 wherein when a blowing orifice having
      a diameter of 2 to 4 mm is used, the gas is blown at a superficial
      velocity in a column of not less than 3 mm/sec.
NUM  11.
PAR  11. The process according to claim 10 wherein the gas is blown particularly
      at a superficial velocity in a column of 7 to 20 mm/sec.
NUM  12.
PAR  12. The process according to claim 1 wherein the inert gas is blown through
      a gas diffuser made of a sintered metal or sintered glass.
NUM  13.
PAR  13. A process for purifying an acrylamide containing cross-linking
      impurities which comprises adding an inorganic base (excluding ammonia) to
      an aqueous solution containing 15 to 60% by weight of the acrylamide at a
      temperature of up to 60.degree.C, in a quantity of 0.1 to 1.5% based on
      the acrylamide, blowing a gas inert to the acrylamide into the resulting
      mixture at a hydrogen ion concentration of pH of 12 to 13.7 thereby
      carrying off by the gas, ammonia which is a hydrolysis product of said
      cross-linking impurities from the aqueous solution in which the acrylamide
      remain substantially intact, and subjecting the acrylamide solution, thus
      treated, to an activated carbon absorption treatment.
NUM  14.
PAR  14. The process according to claim 13 wherein the activated carbon
      treatment is carried out simultaneously with or before the blowing of the
      inert gas.
NUM  15.
PAR  15. The process according to claim 14 wherein a coconut shell active carbon
      produced by a steam process is used in the active carbon treatment.
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ABST
PAL  The present invention relates to a process for preparing allethrolone which
      involves hydrolyzing 2-allyl-4-hydroxy-3-methyl-2-cyclopentenone acid
      phthalate represented by the formula
      ##SPC1##
PAL  In water or an aqueous solvent with or without a base of less than a small
      excess of the equivalent.
BSUM
PAR  The present invention relates to a method for obtaining
      2-allyl-4-hydroxy-3-methyl-2-cyclopentenone (referred to as allethrolone
      hereinafter).
PAR  More particularly, the present invention relates to a method for obtaining
      allethrolone characterized in that
      2-allyl-4-hydroxy-3-methyl-2-cyclopentenone acid phthalate (referred to as
      allethronyl acid phthalate hereinafter) is hydrolyzed in water or in an
      aqueous solvent with or without a base of less than a small excess of the
      equivalent to the half-ester.
PAR  Hydrolysis of the optically active allethronyl acid phthalate affords
      optically active allethrolone, and hydrolysis of a racemic allethronyl
      acid phthalate affords a racemic allethrolone.
PAR  Allethrin (allethronyl chrysanthemate) has widely been used as a low toxic
      (to mammal) and rapidly effective insecticidal ester which has a similar
      chemical structure and insecticidal activity to natural pyrethrins. As
      allethrolone, an alcohol moiety of the allethrin, has an asymmetric carbon
      atom at the 4-position, it is present in two optical isomeric forms. Of
      the chrysanthemic acid esters of allethrolone, (+)-allethrolone ester is
      known to have several times greater insecticidal activity than
      (-)-allethrolone ester. It is, therefore, very important to develop a
      method for preparing optically active allethrolone industrially
      advantageously.
PAR  The only known method to prepare optically active allethrolone was based on
      optical resolution of the semi-carbazones of diastereoisomeric
      (.+-.)-allethrolone-(+)-trans-chrysanthemates by means of fractional
      crystallization and cleavage of the separated semicarbazone into the
      optically active allethrolone (F. B. La Forge et al., J. Org. Chem., 19,
      457, 1954).
PAR  This method, however, can not be applied industrially because it has such a
      number of difficulties as many reaction steps, complicated operation and
      low overall yield.
PAR  On the other hand, for optical resolution of a racemic alcohol, a method
      can most generally be carried out, which consists of resolution of the
      diastereoisomeric acid phthalates of the alcohol using an optically active
      amine, and hydrolysis of the resolved half-ester into the optically active
      alcohol.
PAR  La Forge et al., in their attempts to apply this method to the optical
      resolution of allethrolone, studied in details the hydrolysis of
      allethronyl acid phthalate which is an intermediate in the optically
      active allethrolone synthesis (F. B. La Forge et al., J. Am. Chem. Soc.,
      74, 5392, 1952). They showed that even at the room temperature the said
      phthalates could be hydrolized with an excess of caustic soda, i.e.
      2,2-equivalents, to afford, no allethrolone at all, but only a dimeric
      product resulting from the condensation of two allethrolone molecules was
      obtained. From this fact, the optical resolution of allethrolone via its
      acid phthalate has been regarded as impossible. Furthermore, they
      described, at the beginning of the report, that allethrolone can not
      generally be regenerated on the hydrolysis of allethrolone carboxylic acid
      ester. The above-mentioned difficulty of recovery can also be understood
      sufficiently by the fact that pyrethrolone
      [2-(2'-4'-pentadienyl)-4-hydroxy-3-methyl-2-cyclopentenone] can not be
      obtained by the hydrolysis of the pyrethrin
      [(+)-pyrethronyl-(+)-trans-chrysanthemate], which has a very similar
      chemical structure to that of allethrin. So, to obtain pyrethrolone,
      Standinger and Ruzicka, who could not obtain pyrethrolone by the direct
      hydrolysis of pyrethrin, used a very troublesome process which consisted
      in the preparation of pyrethrin-semicarbazone, cleavage of the ester
      linkage by base-catalyzed ester exchange reaction and decomposition of
      pyrethrolone-semicarbazone to pyrethrolone with aqueous sodium bisulfate
      solution (H. Standinger and L. Ruzicka, Helv. Chim. Acta, 7, 177, 1924).
PAR  As can clearly be seen from the above examples, it has been believed almost
      impossible to obtain optically active allethrolone industrially.
PAR  The inventors, however, as a result of the long-term study found that the
      optically active allethronyl acid phthalate can be easily hydrolyzed in
      water or a water-containing solvent with or without a base of less than a
      small excess of the equivalent to afford optically active allethrolone.
      The molar ratio of the base to the allethronyl acid phthalate is from 0 to
      1.2, and preferably from 0 to 1.0.
PAR  The (.+-.)-allethronyl acid phthalate used as the starting material can be
      prepared according to the known method (La Forge et al., J. Am. Chem.
      Soc., 74, 5392, 1952) or by the reaction between allethrolone and phthalic
      anhydride in the presence of a tertiary amine such as triethylamine.
PAR  The hydrolysis of allethronyl acid phthalate unexpectedly proceeds very
      smoothly by heating in water or in an aqueous solvent, and allethrolone
      can be regenerated in a good yield. If necessary, the hydrolysis can be
      accelerated by the addition of a suitable amount of a base.
PAR  In this process if optically active allethronyl acid phthalate is used as
      the starting material, optically active allethrolone can be obtained
      without racemization.
PAR  The above-mentioned reaction process can be represented by the following
      schema:
      ##SPC2##
PAR  Though it can easily be seen from the Examples that the presence of a base
      is not essential for the practice of the present invention, an addition of
      a base is preferred to accelerate the rate of hydrolysis. In this case, it
      is very important that the amount of base to be added is limited
      preferably to not more than an equivalent of allethronyl acid phthalate.
      Though small excess is also permissible, the use of base in a large excess
      (over 1.2 equivalent) results in rapid formation of the dimeric
      allethrolone which was described by La Forge et al., and no allethrolone
      can be obtained.
PAR  According to the present invention, the hydrolysis of allethronyl acid
      phthalate is carried out in a solvent at a temperature from room
      temperature to 250.degree. C. for several minutes to 100 hours. If
      necessary, to accelerate the reaction, the hydrolysis can be carried under
      elevated pressure, with the addition of a base in a small excess of an
      equivalent to allethronyl acid phthalate, or with the addition of a
      surfactant. The solvents which can be used include water, and
      water-miscible solvents such as methanol, ethanol, glycerin,
      ethyleneglycol, diethyleneglycol, triethyleneglycol, acetone,
      tetrahydrofuran, dioxane, dimethylsulfoxide and dimethylformamide. For
      protection of the allethrolone from undesirable side reaction the reaction
      can be run in an aqueous solvent with water-immiscible solvents such as
      ether, benzene, toluene, xylene, dichloromethane, chloroform, carbon
      tetrachloride, dichloroethane, petroleum ether, petroleum benzin, ligroin,
      n-hexane, 1-butanol, 2-butanol, tert.-butanol, and methylethylketone. For
      the same purpose the reaction can be carried out in a buffer which enables
      the reaction system to be kept at near the neutral state.
PAR  Not particularly limited, the base which can be used is chosen from alkali
      metal or alkali earth metal hydroxides oxides, carbonates, bicarbonates,
      phosphates, cyanides, sulfides, borates, formates, acetates, propionates
      or benzoates; and amines (including ammonia), such as methylamine,
      dimethylamine, trimethylamine, ethylamine, diethylamine, triethylamine,
      cyclohexylamine, dicyclohexylamine, N-methylcyclohexylamine,
      N,N-dimethylcyclohexylamine, pyrrolidine, N-methyl-pyrrolidine,
      piperidine, N-methylpiperidine, morphorine, N-methylmorphorine, aniline,
      N-methylaniline, N-ethylaniline, N,N-dimethylaniline, N,N-diethylaniline,
      benzylamine, N-methylbenzylamine, N,N-dimethylbenzylamine, pyridine,
      quinoline, isoquinoline, and .alpha.-, .beta.- and .gamma.-picoline. These
      bases can be used as a mixture. Needless to say, alkali metal, alkali
      earth metal, ammonium or amine salt of allethronyl acid phthalate may be
      used for hydrolysis.
PAR  In addition, the resolved, optically active diastereoisomeric salt can be
      hydrolysed without isolating optically active allethronyl acid phthalate.
PAR  After the hydrolysis the reaction mixture is basified, if necessary, and
      saturated with sodium chloride, urea or sodium sulfate and is extracted
      with an organic solvent such as ether benzene or toluene.
PAR  The separated organic layer, after washing with a saturated aqueous sodium
      chloride, is dried and concentrated under a reduced pressure to give pure
      allethrolone. When hydrolysed mixture is first acidified, oily
      allethrolone and crystalline phthalic acid are deposited at the same time.
      In this case, the mixture is triturated with an organic solvent and
      filtered, and the separated organic layer is treated in the same way as
      above mentioned.
DETD
PAR  The present invention is further illustrated by the following
      non-limitative examples.
PAC  EXAMPLE 1
PAR  3.00 g. of (.+-.)-allethronyl acid phthalate was heated in 10.0 g. of
      boiling water for 20 hours under vigorous stirring. The reaction mixture
      was cooled to a room temperature and saturated with sodium chloride, and
      extracted twice with ether. The ether solution was washed with a saturated
      aqueous sodium chloride solution, dried over anhydrous magnesium sulfate
      and concentrated under a reduced pressure to give 1.47 g. of a pale yellow
      oil. If crystal was separated in the oil, the mixture was triturated with
      chloroform, filtered and concentrated. The oil, purified by vacuum
      distillation (b.p. 109.degree. - 110.degree. C./0.3 mm.), was found to be
      almost pure (.+-.)-allethrolone on NMR, IR and gas chromatography.
PAR  Yield 1.38 g.
PAC  EXAMPLE 2
PAR  The mixture of 3.00 g. of (.+-.)-allethronyl acid phthalte, 10.0 g. of
      water and 0.6 g. of sodium chloride was heated at 100.degree. C. for 17
      hours under vigorous stirring, and then treated in nearly the same manner
      as described in Example 1 to give 1.45 g. of (.+-.)-allethrolone.
PAC  EXAMPLE 3
PAR  3.00 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 0.80 g.
      of sodium bicarbonate were heated at 100.degree. C. for 6 hours, and then
      treated in nearly the same manner as described in Example 1 to give 1.27
      g. of (.+-.)-allethrolone.
PAC  EXAMPLE 4
PAR  3.0 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 0.42 g.
      of sodium bicarbonate were heated at 100.degree. C. for 8 hours, and then
      treated in nearly the same manner as described in Example 1 to give 1.46
      g. of (.+-.)-allethrolone.
PAC  EXAMPLE 5
PAR  3.0 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 0.04 g.
      of sodium bicarbonate were heated at 100.degree. C. for 10 hours, and then
      treated in nearly the same manner as described in Example 1 to give 1.48
      g. of (.+-.)-allethrolone.
PAC  EXAMPLE 6
PAR  3.0 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 0.7 g. of
      disodium, phosphate were heated at 100.degree. C. for 6 hours, and then
      treated in nearly the same manner as described in Example 1 to give 1.35
      g. of (.+-.)-allethrolone.
PAC  EXAMPLE 7
PAR  3.0 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 0.60 g.
      of a 28% aqueous ammonia were heated at 100.degree. C. for 8 hours, and
      then treated in nearly the same manner as described in Example 1 to give
      1.40 g. of (.+-.)-allethrolone.
PAC  EXAMPLE 8
PAR  3.0 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 1.03 g.
      of a 30% methylamine solution were heated at 100.degree. C. for 6 hours,
      and then treated in nearly the same manner as described in Example 1 to
      give 1.41 g. of (.+-.)-allethrolone.
PAC  EXAMPLE 9
PAR  3.0 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 1.13 g.
      of a 40% aqueous dimethylamine were heated at 100.degree. C. for 7 hours,
      and then treated in nearly the same manner as described in Example 1 to
      give 1.32 g. of (.+-.)-allethrolone.
PAC  EXAMPLE 10
PAR  3.0 g. of (.+-.)-allethronyl acid phthalate, 10.0 g. of water and 1.00 g.
      of triethylamine were heated at 100.degree. C. for 8 hours, and then
      treated in nearly the same manner as described in Example 1 to give 1.40
      g. of (.+-.)-allethrolone.
PAC  EXAMPLE 11
PAR  12.80 g. of (-)-allethronyl acid phthalate ([.alpha.].sub.D.sup.22
      -45.9.degree. (in ethanol)), 50.0 g. of water and 3.23 g. of sodium
      bicarbonate were heated at 100.degree. C. for 6 hours, and then treated in
      nearly the same manner as described in Example 1 to give 5.40 g. of
      optically active allethrolone; [.alpha.].sub.D.sup.22 +6.5.degree. (in
      ethanol).
PAR  Optically active (-)-allethronyl acid phthalate is prepared, for example,
      as follows: Thus, to the solution of 16.0 g. of (.+-.)-allethronyl acid
      phthalate and 6.4 g. of (+)-.alpha.-phenylamine in 55 g. of benzene, was
      added 18 g. of n-hexane. After standing at room temperature, the
      precipitates were filtered to obtain 8.0 g. of a crude salt (m.p.
      111.degree. - 113.degree. C.)
PAR  The salt was recrystallized from the same solvent to give 6.0 g. of white
      crystals; m.p. 115.degree. - 116.degree. C., [.alpha.].sub.D.sup.22
      -17.8.degree. (in ethanol). The purified salt was added into a cold 2%
      aqueous sodium bicarbonate solution and separated free
      (+)-.alpha.-phenylethylamine was extracted with benzene. The aqueous layer
      was made acidic with conc. hydrochloric acid, and the resulting oil was
      extracted with ether. The ether layer was washed with water, dried over
      anhydrous magnesium sulfate, and concentrated under a reduced pressure to
      give 4.1 g. of (-)-allethronyl acid phthalate as a very viscous, oil;
      [.alpha.].sub.D.sup.22 -45.9.degree. (in ethanol).
PAC  EXAMPLE 12
PAR  9.7 g. of (+)-allethronyl acid phthalate ([.alpha.].sub.D.sup.22
      +48.7.degree. (in ethanol)), 50.0 g. of water and 1.37 g. of sodium
      bicarbonate were heated at 100.degree. C. for 10 hours, and then treated
      in nearly the same manner as described in Example 1 to give 4.5 g. of
      optically active allethrolone; [.alpha.].sub.D.sup.22 -6.8.degree. (in
      ethanol).
PAR  Optically active (+)-allethronyl acid phthalate is prepared, for example,
      as follows. Thus, to a hot solution of 18.0 g. of (.+-.)-allethronyl acid
      phthalate and 10.3 g. of (-)-.alpha.-(2-naphthyl)-ethylamine in a mixed
      solvent of 80.0 g. of toluene and 30.0 g. of n-hexane, was allowed to cool
      to a room temperature. The precipitates were filtered thoroughly washed
      with the above mixed solvent, and dried in a desiccator to give 6.50 g. of
      colorless crystal; m.p. 113.degree. - 115.degree. C.,
      [.alpha.].sub.D.sup.22 +9.93.degree. (in ethanol).
PAR  The salt was cleaved with 1% hydrochloric acid and separated free
      (+)-allethronyl acid phthalate was extracted with ether. The ether layer
      was washed with water, dried over anhydrous magnesium sulfate and
      concentrated under a reduced pressure to give 4.10 g. of (+)-allethronyl
      acid phthalate as a very viscous oil; [.alpha.].sub.D.sup.22 +41.7.degree.
      (in ethanol).
PAC  EXAMPLE 13
PAR  21.0 g. of (-)-allethronyl acid phthalate ([.alpha.].sub.D.sup.21
      -44.58.degree. (in ethanol)), 70 g. of water and 7.90 g. of 40% aqueous
      dimethylamine were heated at 100.degree. C. for 7 hours, and then treated
      in nearly the same manner as described in Example 7 to give 9.15 g. of
      optically active allethrolone; [.alpha.].sub.D.sup.21 +6.57.degree. (in
      ethanol).
PAC  EXAMPLE 14
PAR  17.1 g. of (-)-allethronyl acid phthalate ([.alpha.].sub.D.sup.21
      -44.58.degree. (in ethanol)), 57 g. of water and 3.5 g. of a 28% aqueous
      ammonia were heated at 100.degree. C. for 8 hours, and then treated in
      nearly the same manner as described in Example 7 to give 8.0 g. of
      optically active allethrolone; [.alpha.].sub.D.sup.21 +6.52.degree. (in
      ethanol).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing allethrolone, which comprises hydrolyzing
      2-allyl-4-hydroxy-3-methyl-2-cyclopentenone acid phthalate represented by
      the formula
      ##SPC3##
PAL  in water or an aqueous solvent consisting of water and a solvent selected
      from the group consisting of methanol, ethanol, glycerine, ethyleneglycol,
      diethyleneglycol, triethyleneglycol, acetate, tetrahydrofuran, dioxane,
      dimethylsulfoxide and dimethylformamide with or without a base of less
      than a small excess of the equivalent, said base being selected from the
      group consisting of alkali metal and alkali earth metal hydroxides,
      carbonates, bicarbonates, phosphates, cyanides, sulfides, borates,
      formates, acetates, propionates and benzoates, and amines and mixtures
      thereof.
NUM  2.
PAR  2. A method according to claim 1, wherein the starting material is the
      optically active allethronyl acid phthalate.
NUM  3.
PAR  3. A method according to claim 1, wherein the reaction is carried out in
      the presence of base and in the presence of a solvent at from room
      temperature to 250.degree. C.
NUM  4.
PAR  4. A method according to claim 3, wherein the molar ratio of the base to
      the allethronyl acid phthalate is 0 to 1.2.
NUM  5.
PAR  5. A method according to claim 1, wherein the hydrolysis takes place in the
      presence of water.
NUM  6.
PAR  6. A method according to claim 5, wherein the hydrolysis takes place in the
      presence of water and a base.
NUM  7.
PAR  7. A method according to claim 1, wherein the hydrolysis takes place in the
      presence of an aqueous solvent and a base.
NUM  8.
PAR  8. A method according to claim 1, wherein the hydrolysis takes place in the
      presence of water or an aqueous solvent without the presence of a base.
NUM  9.
PAR  9. A method according to claim 1, wherein the hydrolysis is carried out at
      a temperature of from room temperature to 250.degree. C for several
      minutes to 100 hours.
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ABST
PAL  Cis and trans isomers of 1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes, novel
      processes for the preparation thereof, and novel intermediates are
      disclosed herein. The novel 1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes
      have utility as antifertility estrogenic, anti-estrogenic,
      anti-spermatogenic, cholesterol lowering and lipid normalizing agents.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 89,063 now U.S. Pat. No.
      3,875,242, filed Nov. 12, 1970, which is in turn a continuation-in-part
      application of application Ser. No. 694,859, filed Jan. 2, 1968, now
      abandoned which is in turn a continuation-in-part application of
      application Ser. No. 364,288, now abandoned filed May 1, 1964. In Ser. No.
      364,288, 6-alkoxy-1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes, derivatives
      thereof, and processes for preparing the same were disclosed. Although no
      stereochemistry was discussed in Ser. No. 364,288, it has now been
      established that the compounds disclosed therein were cis-isomers of
      6-alkoxy-1,2-diphenyl-1,2,3,4-tetrahydronaphthalene and its derivatives.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The novel 1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes of this ivention,
      which includes both the cis- and trans-isomers have the formula:
      ##SPC1##
PAL  Wherein R represents alkoxy or cycloalkoxy; R.sub.1 is selected from the
      class consisting of hydrogen, alkyl and halogen; and R.sub.2 is selected
      from the group consisting of hydrogen, halogen, alkyl, alkoxy, alkoxy
      substituted by a group selected from the class consisting of (a)
      dihydroxyalkyl having from 2 to 5 carbon atoms, inclusive, (b)
      2-amino-1-hydroxyethyl, (c) 5-(2-thioxooxazolidinyl)-, (d)
      5-(2-oxooxazolidinyl)-, and (e) epoxyethyl, and the radical --O--C.sub.n
      H.sub.2n --R.sub.3 wherein n is an integer from 1 to 6, inclusive, and
      R.sub.3 is selected from the group consisting of carboxy and carboalkoxy.
PAR  The term "alkyl" means an alkyl radical of from 1 to 4 carbon atoms,
      inclusive, such as methyl, ethyl, propyl, butyl and isomeric forms
      thereof. The term "halogen" means fluorine, chlorine, bromine and iodine.
      The term "alkoxy" means alkoxy containing from 1 to 4 carbon atoms,
      inclusive, such as methoxy, ethoxy, propoxy, butoxy and isomeric forms
      thereof. The term "cycloalkoxy" means cycloalkoxy containing from 3 to 6
      carbon atoms, inclusive, such as cyclopropoxy, cyclobutoxy,
      cyclopentyloxy, and the like. The term "dihydroxyalkyl having from 2 to 5
      carbon atoms" includes 1,2-dihydroxyethyl, 1,3-dihydroxypropyl,
      2,3-dihydroxypropyl, 1,4-dihydroxybutyl, and the like. The term
      "carbalkoxy" means the group --COOAlkyl wherein Alkyl is alkyl as
      hereinbefore defined.
PAR  The novel processes for making the novel compounds wherein R.sub.2 is
      alkoxy or substituted alkoxy are illustrated in the following equations:
      ##SPC2##
      ##SPC3##
      ##SPC4##
PAL  Wherein R and R.sub.1 are the same as above, R'.sub.1 is alkyl, alkyl
      substituted by a group selected from the class consisting of (a)
      dihydroxyalkyl, having from 2 to 5 carbon atoms, inclusive, (b)
      2-amino-1-hydroxyethyl-, (c) 5-(2-thioxooxazolidinyl)-, (d)
      5-(2-oxooxazolidinyl)-, and (e) epoxyethyl, and the radical --C.sub.n
      H.sub.2n --R.sub.3 wherein n is an integer from 1 to 6, inclusive, and
      R.sub.3 is selected from the group consisting of carboxy and carbalkoxy.
PAR  The novel process for making the compounds of Fomula I, wherein R.sub.2 is
      other than substituted alkoxy is illustrated in the following equations:
      ##SPC5##
      ##SPC6##
PAL  wherein R and R.sub.1 are the same as above, and R.sub.a is selected from
      the group consisting of hydrogen, halogen, alkyl, hydroxy, and alkoxy.
PAC  DETAILED DESCRIPTION
PAR  The novel compounds of the invention are prepared in accordance with the
      reactions shown in the flow sheets above.
PAR  The starting phenyl substituted 1-butanones, Formulae II and IX can be
      prepared by (a) formylating the appropriate substituted phenyl benzyl
      ketone (XII), (b) subjecting the product (XIII) of the formylation to a
      modified Wittig reaction to form a
      .beta.-hydroxy-.alpha.-phenylacrylophenone and (c) catalytically reducing
      the .beta.-hydroxy-.alpha.-phenylacrylophenone. These steps are
      illustrated in the following equations:
      ##SPC7##
      ##SPC8##
PAL  wherein R and R.sub.1 are the same as above and R'a is selected from the
      group consisting of hydrogen, alkyl, alkoxy and halogen.
PAR  The formylation step is accomplished by treating the ketone (XII) with
      ethyl formate in the presence of a metal alkoxide. The starting materials
      for the formylation reaction are available from commercial sources. The
      reaction readily takes place at 25.degree. C. however, higher or lower
      temperatures, e.g. 0.degree. to 70.degree. C. may be used, if desired.
PAR  The second step (b) is a modification of the Wittig reaction. In the basic
      Wittig reaction, the usual procedure involves reacting an ylide with an
      aldehyde. However, it has been found that high concentrations of the
      ylide, (C.sub.6 H.sub.5).sub.3 P=CHAr, adversely affect the reaction. For
      this reason, instead of using the ylide, the solid triphenyl phosphonium
      salt is added to a mixture of the anion of the keto-aldehyde. While a wide
      range of temperatures may be used in the reaction, it is preferably
      conducted under reflux conditions. Also, this reaction is preferably
      conducted in the presence of solvent such as tetrahydrofuran.
PAR  The final step (c) involves the catalytic reduction of the mixture of
      isomeric olefins (XIVa and XIVb) formed in step (b). It is performed by
      contacting the isomeric mixture with hydrogen in the presence of a noble
      metal catalyst. For example, hydrogen may be bubbled thru a warm solution
      of the isomers in the presence of a palladium catalyst.
PAR  The cis-isomers of the compound of Formula I, wherein R.sub.2 is alkoxy or
      substituted alkoxy group, is prepared in accordance with reaction scheme
      A, B, C, and D set forth in the flow sheet of Method I above.
PAR  In step A, of Method I the alkylated ketone of Formula II is dealkylated to
      yield the hydroxy ketone of Formula III. This preferential dealkylation is
      readily accomplished by heating the alkylated ketone with at least 3
      equivalents of aluminum chloride in benzene. The amount of aluminum
      chloride used is critical. It has been found that when less than 3
      equivalents are used, the reaction does not proceed. Prolonged heating
      should be avoided in this step because it results in a reduced yield. It
      is preferred to conduct the reaction under reflux conditions, although
      higher or lower temperatures may be used, if desired.
PAR  In step B, the hydroxy ketone of Formula III is cyclized to yield the
      dihydronaphthalenes of Formula IV. This ring closure is effected with a
      solution consisting of a Lewis acid and a solvent such as benzene or
      toluene. The term "Lewis acid" is well known in the art and is defined
      succinctly by Fieser and Fieser, "Organic Chemistry", third edition, page
      138 (Reinhold, 1956). Examples of such compounds are hydrogen fluoride,
      boron trifluoride, aresenic trifluoride, phosphorous pentafluoride,
      toluene sulfonic acid, titanium tetrafluoride, concentrated sulfuric acid,
      polyphosphoric acid, and the like. Toluene sulfonic acid is the preferred
      acid because of the mildness of the reaction when it is used.
PAR  The tetrahydronaphthalenes (I) are prepared by reducing the
      dihydronaphthalenes of Formula IV as is illustrated in step D. The
      reaction can be effected by contact with hydrogen in the presence of a
      noble metal catalyst or by using a reducing agent such as lithium in the
      presence of an alkanol, for example, methanol, ethanol, propanol, isobutyl
      alcohol or tertiary butyl alcohol and the like, and liquid ammonia. When
      lithium in the presence of liquid ammonia is used as the reducing agent,
      the reduction can be carried out by adding an approximately stoichiometric
      amount of lithium advantageously in the form of lithium wire, to a
      solution of the dihydronaphthalene (IV) in a mixture of liquid ammonia, an
      alcohol such as ethanol, methanol, isobutyl alcohol, tertiary butyl
      alcohol, and an inert organic solvent such as tetrahydrofuran, benzene, or
      toluene. The reduction occurs rapidly and is usually substantially
      complete in a period of from about 15 minutes to about 1 hour, though
      longer reaction periods may be necessary with certain compounds. The
      desired product (V) is isolated from the reaction mixture by conventional
      procedures; for example, by evaporation of the solvent after addition of
      ammonium chloride, followed by solvent extraction of the residue,
      evaporation of solvent from the extract, and purification of the resulting
      product by recrystallization or chromatography.
PAR  The tetrahydronaphthalenes (V) can be readily converted to the ethers of
      Formula Ia by methods well known in the art for the etherification of
      phenols. Illustratively, the compounds of Formula Ia wherein R'.sub.1 is
      alkyl can be prepared by treating the compounds of Formula V with the
      appropriate alkyl halide in the presence of a base such as sodium
      hydroxide, sodium methoxide, and the like. The etherification is conducted
      advantageously in the presence of an inert organic solvent such as
      tetrahydrofuran, dioxane, a lower alkanol, for example, methanol, ethanol,
      and isopropyl alcohol.
PAR  Using the same procedure as above but replacing the alkyl halide with the
      appropriate tertiaryaminoalkylhalide
      ##EQU1##
      wherein Hal is halogen and R.sub.4 and R.sub.5 individually are similar or
      different alkyl groups and when taken together with the attached nitrogen
      atoms from the residue of a saturated heterocyclic amine containing from 5
      to 7 members, inclusive, in the ring, compounds of Formula Ia wherein
      R'.sub.1 is a tertiaryaminoalkyl group can be prepared.
PAR  The carboxyalkyl and carbalkoxyalkyl ether compounds of Formula (Ia)
      wherein R'.sub.1 is --C.sub.n H.sub.2n --R.sub.3 (wherein R.sub.3 and
      C.sub.n H.sub.2n are as hereinbefore defined) can be prepared by reaction
      of the appropriate hallo ester, Hal --C.sub.n H.sub.2n --R.sub.3 (wherein
      Hal is halogen, preferably chlorine or bromine, and --C.sub.n H.sub.2n
      R.sub.3 as hereinbefore defined) with an alkali-metal salt, preferably
      sodium or potassium salt, of the corresponding phenol (V). The reaction is
      carried out in the presence of an inert organic solvent such as
      tetrahydrofuran, dimethylformamide, benzene, toluene, xylene, and the
      like, using conditions conventional in the art for such alkylations. The
      carbalkoxyalkyl ether so obtained can be hydrolyzed to the corresponding
      free acid using conditions known in the art for hydroxylis of carboxylic
      acid esters, for example, by treatment with aqueous or alcoholic
      alkali-metal hydroxides.
PAR  Similarly the compounds of Formula (Ia) wherein R'.sub.1 is an alkyl group
      substituted by dihydroxyalkyl as hereinbefore defined, or by epoxyethyl,
      can be prepared by alkylating the corresponding compounds of Formula (V)
      with the appropriate dihydroxyalkyl halide or epoxyalkyl halide in the
      presence of a base such as sodium hydroxide, sodium methoxide, and the
      like. The alkylation is conducted advantageously in the presence of an
      inert organic solvent such as tetrahydrofuran, dioxane, a loweralkanol,
      for example, methanol, ethanol, isopropyl alcohol, and the like.
PAR  The compounds so obtained wherein R'.sub.1 represents alkyl substituted by
      epoxyethyl can be reacted with succinimide in the presence of a base such
      as pyridine, piperidine, and the like to yield the corresponding
      2-succinimide-1-hydroxyethyl-substituted alkoxy compound. The latter
      compound is subjected to alkaline hydrolysis, for example, using aqueous
      or alcoholic sodium or potassium hydroxide, to yield the corresponding
      compound of Formula (Ia) wherein R'.sub.1 is alkyl substituted by
      2-amino-1-hydroxyethyl.
PAR  The latter compound is converted to the corresponding compound of Formula
      (Ia) wherein R'.sub.1 is 5-(2-thioxooxazolidinyl)-by reaction with carbon
      disulfide in the presence of a base such as potassium hydroxide, sodium
      hydroxide, potassium carbonate, and the like. The procedures employed can
      be those described in the art; see, for example Bruson et al., J. Amer.
      Chem. Soc. 59, 2011, 1937. The reaction is preferably conducted in the
      presence of an inert organic solvent such as tetrahydrofuran, dioxane,
      ethanol, isopropyl alcohol, and the like. Elevated temperatures, e.g., the
      reflux temperature of the reaction mixture, are advantageously employed in
      the condensation.
PAR  Similarly, the compounds of Formula (Ia) wherein R'.sub.1 represents alkyl
      substituted by 5-(2-oxooxazolidinyl)- are prepared from the corresponding
      compounds wherein R.sub.2 represents alkyl substituted by
      2-amino-1-hydroxyethyl by reacting the latter compounds with ethyl
      chloroformate, phosgene, or a dialkyl carbonate, in the presence of a base
      using procedures known in the art; see, for example, U.S. Pat. No.
      2,399,188.
PAR  The method for preparing trans-isomers of the compound of Formula Ib,
      wherein R'.sub.1 is a substituted alkyl group, is illustrated by reaction
      scheme A, F, G, and H in the flow sheet above. Step A has been described
      above.
PAR  In reaction F, the ketone of Formula (III) is reduced to yield the alcohol
      of Formula VII. This reduction is accomplished by reacting the ketone with
      lithium aluminum hydride in the presence of a solvent. The reaction
      proceeds readily at room temperature, but higher or lower temperatures may
      be used, if desired. The preferred solvent is tetrahydrofuran; however,
      other solvents such as benzene, toluene, or the like, may be used. The
      ketone of Formula III has two asymmeteric centers. Hence, it was
      surprising that the reduction yielded only a single diasteroisomer, While
      the exact reason for this phenomena is not known, it is probable that the
      steric bulk of the groups on the carbon atom adjacent to the ketone group
      favor one mode of attack by the hydride. Reaction G is a cyclization and
      reaction H is an alkylation. They are conducted in substantially the same
      manner as reactions B and E, respectively.
PAR  The cis-isomers of the compound of Formula Ic, wherein R.sub.2 is other
      than a substituted alkoxy group, are prepared by Method II illustrated by
      reaction scheme I and J in the flow sheet above. Step I is a cyclization
      reaction and step J is a reduction reaction. They are performed in
      substantially the same manner as the cyclization and reduction of
      reactions B and C, respectively, of Method 1.
PAR  The method for preparing the trans-isomers of the compound of Formula Id,
      wherein R.sub.2 is a group other than a substituted alkoxy, is illustrated
      in reaction schemes K and L. In reaction K, the ketone of Formula IX is
      subjected to a reduction to yield the carbinol of Formula XI. The carbinol
      is then cyclized to yield the compound of Formula Id. The ketone reduction
      and the cyclization reaction are conducted in substantially the same
      manner as reactions F and G, respectively.
PAR  The novel compounds of the invention possess pharmacological activity.
      Thus, they are active an anti-fertility, estrogenic, anti-estrogenic,
      anti-spermatogenic, hypocholesteremic, and lipid-mobilizing agents. For
      example, both the trans- and cis-isomers of
      1-(p-[2,3-dihydroxypropoxy]phenyl-2-phenyl-6-methoxy-1,2,3,4-tetrahydronap
     hthalene exhibit oral anti-fertility activity in rats when tested by the
      method described by Duncan et al, Proc. Soc. Exp. Biol. Med. 112, 439-442,
      1963.
PAR  The novel compounds of the invention are valuable for animal pest control.
      For example, the compounds of the invention are formulated in combination
      with baits and/or attractants and placed in feeding stations accessible to
      undesirable rodents and other small animals including Canedae such as
      coyotes, foxes, wolves, jackals, and wild dogs and birds such as
      starlings, gulls, redwing blackbirds, pigeons, and the like, thus reducing
      hazards to aviation by their presence on runways and in the vicinity of
      airfields, the spread of disease, and destruction to property in both
      rural and urban areas.
PAR  For purposes of administration to birds and to mammals, including animals
      of economic value such as horses, cattle, sheep, pigs, mice, rats,
      rabbits, and the like, the novel compounds of the invention can be
      combined with solid or liquid pharmaceutical carriers and formulated in
      the form of tablets, powder packets, capsules, and like solid dosage
      forms, using starch and like excipients, or dissolved or suspended in
      suitable solvents or vehicles, for oral or parenteral administration.
DETD
PAR  The following examples are set forth to illustrate my invention and to
      enable persons skilled in the art to better understand and practice the
      invention and are not intended to limit the same.
PAR  In Example 1, a method for preparing a representative
      1-(hydroxyphenyl)-4-(methoxyphenyl)-2-phenyl-1-butanone is described.
      These butanones are valuable compounds because they may be utilized to
      prepare both the cis- and trans-isomers of the corresponding
      1-alkoxyphenyl- and 1-(substituted
      alkoxyphenyl)-2-phenyl-1,2,3,4-tetrahydronaphthalenes.
PAR  In Examples 2 and 3, methods for preparing representative cis- and
      trans-isomers, respectively, of substituted 1-(hydroxyphenyl)-
      2-phenyl-1,2,3,4-tetrahydronaphthalenes from the corresponding 1-butanones
      are described.
PAR  Examples 4 to 12 describe processes for preparing representative
      (substituted alkoxyphenyl)-2-phenyl-1,2,3,4-tetrahydronaphthalenes from
      the corresponding
      1-(hydroxyphenyl)-2-phenyl-1,2,3,4-tetrahydronaphthalenes. The processes
      used to convert both the cis- and trans-isomers of the hydroxyphenyl
      tetrahydronaphthalenes to their corresponding substituted
      alkoxyphenyl-tetrahydronaphthalenes are substantially the same.
PAR  Example 13 describes a process form aking representative 1-butanones that
      may be used to make substituted
      1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes that have substituents other
      than substituted alkoxy attached to the 1-phenyl radical.
PAR  Examples 14 and 15 illustrate the preparation of representative substituted
      cis- and trans-isomers of 1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes
      wherein the 1-phenyl radical is substituted by a substituent other than
      substituted alkoxy.
PAC  EXAMPLE 1
PAC  4-(m-methoxyphenyl)-1-(p-hydroxyphenyl-1-butanone
PAC  A. m-Methoxybenzyl chloride
PAR  To an ice cooled well stirred solution of 50 g. of m-methoxybenzyl alcohol
      in 500 ml. of benzene there are added, over the period of 20 minutes, 29
      ml. of thionyl chloride in 40 ml. of benzene. At the end of an additional
      30 minutes the ice bath was removed and the solution allowed to stand for
      2 hours. Following this, the mixture was heated at reflux until the
      evolution of gas has ceased (30 minutes). The solvent was then removed in
      vacuum and the product distilled at 1.5 mm. There was obtained 39.94 g. of
      m-methoxybenzyl chloride, b.p. 63.degree.-69.degree. C. A considerable
      residue of higher boiling tar remained.
PAR  The corresponding o-methoxybenzyl chloride and p-methoxybenzyl chloride are
      obtained by employing o-methoxybenzyl alcohol and p-methoxybenzyl alcohol,
      respectively, in place of m-methoxybenzyl alcohol in the above procedure.
PAC  B. m-Methoxybenzyltriphenylphosphonium chloride
PAR  A mixture composed of 44.16 g. of m-methoxybenzyl chloride and 74.0 g. of
      triphenyl phosphine was heated in an oil bath at 100.degree. C. for 1
      hour. The resulting solid cake was broken up and recrystallized from a
      methylene chloride:acetonitrile solution.
PAR  There was obtained 86.1 g. of m-methoxybenzyltriphenyl-phosphonium
      chloride, m.p. 271.degree.-272.degree. C. The mother liquors were
      concentrated and allowed to cool. An additional 21.6 g. of product, m.p.
      271.degree.-272.degree. C. was obtained. Total yield = 91%.
PAR  Analysis. Calcd. for C.sub.26 H.sub.14 ClOP: C, 74.53; H, 5.77; Cl, 8.47.
      Found: C, 74.56; H, 6.01; Cl. 8.56.
PAR  Similarly, the para- and ortho-methoxybenzyltriphenyl-phosphonium chlorides
      are obtained by reacting the appropriate methoxybenzyl chloride with
      triphenylphosphine.
PAC  C. p-Methoxy-.beta.-hydroxy-.alpha.-phenylacrylophenone
PAR  A stirred solution of 2.3 g. of sodium in 30 ml. of ethanol was cooled in
      an ice:methanol bath. There was then added 8.25 ml. of ethyl formate. The
      stirring was stopped and the mixture allowed to stand in the cold for 2
      hours. The stirring was then resumed and 22.6 g. of finely powdered anisyl
      benzyl ketone was added. Following 16 hours stirring first in the cold and
      then at room temperature, the mixture was diluted with ice-water to make
      350 ml. The precipitated solid was collected on a filter and washed well
      with ice-water to afford 9.33 g. of recovered anisyl benzyl ketone, m.p.
      61.degree.-66.degree. C.
PAR  The filtrate was acidified in the cold to afford 14.40 g. of
      p-methoxy-.beta.-hydroxy-.alpha.-phenylacrylophenone, m.p.
      82.degree.-86.degree. C; yield, 96% (based on ketone consumed).
PAR  The analytical sample, m.p. 83.5.degree.-86.5.degree. C. was obtained by
      recrystallization from Skellysolve B hexanes.
PAR  Analysis. Calcd. for C.sub.16 H.sub.14 O.sub.3 : C, 75.57; H, 5.55. Found:
      C, 74.95 75.09; H, 5.53, 4.98.
PAR  The corresponding ortho- and meta-isomers are obtained by employing the
      appropriate ortho- and meta-methoxy ketones in place of anisyl benzyl
      ketone in the procedure of step C.
PAC  D. Mixture of isomeric
      4-(m-methoxyphenyl)-1-(p-methoxyphenyl)-2-phenyl-1-butenones
PAR  To a well-stirred, ice cooled solution of 10.32 g. of
      p-methoxy-.beta.-hydroxy-.alpha.-phenylacrylophenone in 430 ml. of
      tetrahydrofuran there was added 1.84 g. of sodium hydride (56% in mineral
      oil). Following 40 minutes stirring, 17.9 g. of finely powdered
      m-methoxybenzyltriphenylphosphonium chloride was added. Following 18 hours
      heating at reflux, the bulk of the solvent was removed in vacuum. The
      residue was dissolved in ether and water. The organic layer was separated
      and washed in turn with water and a saturated solution of sodium chloride.
      The ethereal solution was taken to dryness and placed on 2 l. of magnesium
      silicate (Florisil). The mineral oil was washed off with Skellysolve B
      hexanes. Elution with 10% acetone afforded 13.76 g. of the isomeric
      4-(m-methoxyphenyl-1-(p-methoxyphenyl)-2-phenyl-1-butenones as a series of
      gums (yield, 84%).
PAR  Similarly, other substituted 1,2,4-triphenyl-1-butenones are obtained by
      reacting the appropriate triphenylphosphonium chloride with the
      appropriate .beta.-hydroxy-.alpha.-phenylacrylophenone using the procedure
      described in step D.
PAR  E. 4-(m-Methoxyphenyl)-1-(p-methoxyphenyl)-2-phenyl-1-butanone
PAR  A solution of the crude isomeric
      4-(m-methoxyphenyl)-1-(m-methoxyphenyl-2-phenyl-1-butenones obtained from
      step D (13.76 g.) in 200 ml. of ethnaol was shaken under hydrogen with
      1.40 g. of 10% palladium on charcoal (starting at 50 p.s.i.). When 1 molar
      equivalent of hydrogen was taken up, (10 min.) the rate of gas uptake
      slowed considerably. The reaction was stopped and the catalyst removed by
      filtration. The slightly oily solid which remained when the filtrate was
      taken to dryness was recrystallized from methanol, there was obtained
      10.78 g. (79%) of
      4-(m-methoxyphenyl)-1-(p-methoxyphenyl-2-phenyl-1butanone, m.p.
      79.degree.-85.degree. C.
PAR  The analytical sample from a previous run melted at 81.degree.-84.degree.
      C.
PAR  Analysis. Calcd. for C.sub.24 H.sub.24 O.sub.3 : C, 79.97; H, 6.71. Found:
      C, 79.66; H, 6.81.
PAR  Using the above procedure, other 1,2,4-triphenyl-1-butanones are obtained
      by replacing the isomeric mixture of
      4-(m-methoxyphenyl)-1-(p-methoxyphenyl)-2-phenyl-1-butenones with a
      mixture of the appropriate-1-butenones.
PAC  F. 1-(p-Hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanone
PAR  A mixture of 11.65 g. of
      4-(m-methoxyphenyl-1-(p-methoxyphenyl)-2-phenyl-1-butanone and 13.6 g. of
      aluminum chloride in 270 ml. of benzene was heated at reflux for 31/2
      hours. The solution was allowed to cool and washed in turn with 2.5 N
      hydroxhloric acid, water and a saturated solution of sodium chloride. The
      organic layer was then extracted with 5 portions of 110 ml. each of N
      sodium hydroxide. Acidification of this last extract gave 11.04 g. of the
      crude phenol. A single recrystallization from aqueous methanol afforded
      8.42 g. of 1(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanone,
      m.p. 125.degree.-129.degree. C. (yield, 75%)
PAR  Analysis. Calcd. for C.sub.23 H.sub.22 O.sub.3 : C, 79.74; H, 6.40. Found:
      C, 79.38; H, 6.87.
PAR  Similarly, other derivatives of
      1-(hydroxyphenyl)-2-phenyl-4-phenyl-1-butanone are obtained by
      dealkylating the appropriate 1-methoxyphenyl-2-phenyl-4-phenyl-1-butanone
      using the procedure described in step F.
PAC  EXAMPLE 2
PAC  cis-1-(p-Hydroxyphenyl-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
PAC  A. 1-(p-Hydroxyphenyl)-6-methoxy-2-phenyl-3,4-dihydronaphthalene
PAR  A solution of 5.70 g. of
      1-(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanone and 5.70 g. of
      p-toluenesulfonic acid in 250 ml. of benzene was heated under a
      Dean-Starke trap until the evolution of water ceased (21/2 hours). The
      mixture was allowed to cool, diluted with water and washed in turn with
      aqueous sodium bicarbonate, water and a saturated solution of sodium
      chloride. The residue which remained when the organic layer was taken to
      dryness was recrystallized from acetone:cyclohexane. There was obtained
      4.37 g. (82%) of
      1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-3,4-dihydronaphthalene, m.p.
      158.degree.-162.degree. C.
PAC  B. cis-1-(p-Hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
PAR  A solution of 1 g. of
      1-(p-hydroxyphenyl-6-methoxy-2-phenyl-3,4-dihydronaphthalene in 20 ml. of
      tetrahydrofuran and 1 ml. of tertiarybutyl alcohol was added to 100 ml. of
      ammonia redistilled from lithium. To this there was added 42 mg. of
      lithium wire; the color faded very quickly. After 5 to 10 minutes an
      additional 42 mg. of lithium were added. The blue color this time
      prevailed for 20 minutes. After the addition of 1 g. of solid ammonium
      chloride, the mixture was taken to dryness under a stream of nitrogen. The
      gummy solid which remained was suspended in water and the suspension was
      acidified with acetic acid. The solid was collected on a filter and
      recrystallized twice from methanol to yield 0.40 g. of
      cis-1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene,
      having a melting point of 188.degree.-190.degree. C.
PAR  Analysis. Calcd. for C.sub.23 H.sub.22 O: C, 83.60; H, 6.71. Found: C,
      83.45; H, 6.89.
PAR  Other cis-1-(hydroxyphenyl)-2-phenyl-1,2,3,4-tetrahydronaphthalene
      derivatives are obtained by replacing
      1-(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanone with the
      appropriately substituted 1-(hydroxyphenyl)-2-phenyl-4-phenyl-1-butanones
      in the procedures of Example 2. Representative of the
      tetrahydronaphthalenes prepared are:
PA1  6-ethoxy-1-(p-hydroxyphenyl)-2-phenyl-,
PA1  1-(o-hydroxyphenyl)-2-phenyl-7-ethoxy-,
PA1  1-(p-hydroxyphenyl)-2-phenyl-6-propoxy-,
PA1  1-(o-hydroxyphenyl)-2-phenyl-6-propoxy-,
PA1  6-butoxy-1-(p-hydroxyphenyl)-2-phenyl-,
PA1  6-butoxy 1-(o-hydroxyphenyl)-2-phenyl-,
PA1  2-(p-chlorophenyl)-1-(p-hydroxyphenyl)-6-methoxy-,
PA1  2-(p-chlorophenyl)-6-cyclopropoxy-1-(p-hydroxyphenyl)-,
PA1  2-(o-chlorophenyl)-1-p-hydroxyphenyl-6-methoxy-,
PA1  2-(m-chlorophenyl)-1-(p-hydroxyphenyl)-6-methoxy-,
PA1  2-(p-chlorophenyl-1-(o-hydroxyphenyl)-6-methoxy-,
PA1  2-(p-chlorophenyl-1-(p-hydroxyphenyl)-5-methoxy-,
PA1  2-(p-chlorophenyl)-1-(p-hydroxyphenyl)-7-methoxy-,
PA1  2-(p-chlorophenyl-1-(p-hydroxyphenyl)-8-methoxy-,
PA1  2-(p-bromophenyl)-1-(p-hydroxyphenyl)-6-methoxy-,
PA1  1-(p-hydroxyphenyl)-6-methoxy-2-(p-tolyl)-,
PA1  2-(p-fluorophenyl)-1-(p-hydroxyphenyl-1,2,3,4-tetrahydronaphthalenes.
PAR  The cis-1-(hydroxyphenyl)-1,2,3,4-tetrahydronaphthalenes so obtained and
      the corresponding trans-isomers are converted to the derivatives of the
      corrresponding cis- and trans-isomers of the
      1-(dihydroxyalkoxyphenyl),1-(carbalkoxyalkoxyphenyl)-,
      1-(carboxyalkoxyphenyl)-, 1-(epoxyalkoxyphenyl)-,
      1-[(2-amino-1-hydroxyethyl)alkoxyphenyl]-,
      1-{[5-(2-thiooxooxazolidinyl)]-alkoxyphenyl}-,
      1-{[5-(2-oxooxazolidinyl)]alkoxyphenyl{-, and
      1-(alkoxyphenyl)-2-phenyl-1,2,3,4-tetrahydronaphthalene using the
      procedures set forth in Examples 4 through 12.
PAC  EXAMPLE 3
PAC  trans-1-(p-Hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
      (Method 1)
PAC  A. 1-(p-Hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanol
PAR  A solution of 2.0 g. of
      1-(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanone in 50 ml. of
      teterahydrofuran was added to 1.0 g. of lithium aluminum hydride in 10 ml.
      of tetrahydrofuran over a period of 10 minutes. Following 2 hours stirring
      at room temperature, the mixture was cooled in ice and 50 ml. each of
      saturated aqueous ammonium chloride and water were added. The inorganic
      gel was removed by filtration through Super Cel (infusorial earth). The
      organic layer was diluted with ether, washed with water and a saturated
      solution of sodium chloride and taken to dryness. The residual solid was
      recrystallized twice from benzene to give 0.01 g. of
      1-(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanol, melting point
      100.degree.-103.degree. C.
PAR  Analysis. Calcd. for C.sub.23 H.sub.24 O.sub.3 : C, 79.28; H, 6.94. Found:
      C, 79.38; H, 6.93.
PAC  B.
      trans-1-(p-Hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
PAR  A solution of 6.35 g. of
      1-(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanone (step A) and
      3.80 g. of p-toluenesulfonic acid in 250 ml. of benzene was heated for 2
      hours under a Dean-Starke Trap. The solution was then allowed to cool and
      washed in turn with aqueous sodium bicarbonate and brine. The solution was
      taken to dryness and the residue chromatographed over silica gel (elution
      with methylene chloride). Those fractions which were similar by thin layer
      chromatography analysis were combined and chromatographed over Florisil
      (elution with 5% acetone). Those fractions which crystallized on
      trituration with ether were combined and recrystallized twice from ether.
      There was obtained 3.32 g. of
      trans-1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
      as its ether solvate, melting point 55.degree.-57.5.degree. C. NMR:doublet
      (1H) 4.05.delta. (J=10 cps).
PAR  Analysis. Calcd. for C.sub.23 H.sub.22 O.sub.2.sup.. (C.sub.2
      H.sub.5).sub.2 O: C, 80.16; H, 7.97. Found: C, 80.32; H, 8.17.
PAR  Similarly, trans-isomers corresponding to the
      cis-1-hydroxyphenyl-2-phenyl-1,2,3,4-tetrahydronaphthalenes listed in
      Example 2 are obtained by employing the appropriate
      trans-1-(hydroxyphenyl)-2-phenyl-4-phenyl-1-butanone in place of
      cis-1-(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanone in the
      procedure of Example 3.
PAC  EXAMPLE 4
PAC  cis-1-[p-(2,3-Dihydroxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydr
     onaphthalene
PAR  To a solution of 551.5 g. of
      cis-1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
      (Example 2) in 9,350 ml. of methanol there was added 393 ml. of 4.65 N
      sodium methoxide solution all at once. The mixture was stirred until
      solution was complete. Then 196.3 g. of 1-chloro-2,3-propanediol was added
      all at once and the solution was heated under reflux for 18 hours after
      which the mixture was distilled under reduced pressure to dryness. The
      residue was dissolved in 35 l. of an ether-water mixture. The ether layer
      was evaporated, washed with 8 l. of water, washed with 8 l. of a saturated
      sodium chloride solution and then dried over anhydrous sodium sulfate. The
      dried ether mixture was filtered and distilled. The crude residue was
      chromatographed over Florisil (elution with first 10% then 50% acetone in
      Skellysolve B hexanes). The fractions obtained from the chromatography
      were evaporated to dryness to yield a crude product. The crude solid was
      dissolved in ether, gravity filtered and concentrated. This concentrate
      was cooled overnight at 5.degree. to 10.degree. C., vacuum filtered, and
      dried in a vacuum oven at 50.degree. C. to obtain a crystalline solid
      product, melting point 125.degree.-129.degree. C. The filtrate was
      concentrated to obtain a 2nd crop of product, melting point
      126.degree.-129.degree. C. The combined product was dissolved in warm
      ether, concentrated and then mixed with Skellysolve B hexanes while the
      ether was at the boiling point. Shortly thereafter, crystallization
      started and the mixture was cooled with stirring and chilled overnight.
      The mixture was then filtered and dried in a vacuum oven at 50.degree. C.
      to constant weight to obtain cis-1-[p-[2,3-dihydroxypropoxy)-phenyl]
      -6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthylene, melting point
      125.3.degree.-134.8.degree. C.
PAR  Analysis. Calcd. for C.sub.26 H.sub.28 O.sub.4 : C, 77.20; H, 6.98; O,
      15.82. Found: C, 77.43; H, 6.89; O, 15.92.
PAR  Using the above procedure but replacing 1-chloro-2,3-propanediol by
      1-chloro-2,3-butanediol and 5-bromo-1,3-pentanediol, there are obtained
      cis-1-[p-(2,3-dihydroxybutoxy)phenyl]- and
      cis-1-(p-(3,5-dihydroxypentyloxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrah
     ydronapthalene, respectively.
PAC  EXAMPLE 5
PAC  trans-1-]p-(2,3-Dihydroxypropoxy]phenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahy
     dronaphthalene
PAR  To a solution of 2.0 g. of
      trans-1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthylene
      (Example 3) in 40 ml. of methanol there was added 1.5 ml. of 4.65 N
      methanolic sodium methoxide followed after 10 minutes by 0.73 g. of
      1-chloro-2,3-propanediol. Following 18 hours heating under reflux the
      mixture was taken to dryness. The residue was dissolved in ether,
      methylene chloride and water. The organic layer was separated, washed with
      water and a saturated solution of sodium chloride and taken to dryness.
      This residue was chromatographed on Florisil. Elution with 8% acetone gave
      0.41 g. of recovered starting phenol. Elution with 50% acetone gave the
      product as a series of amorphous gums. Each of these showed a single spot
      on thin layer chromatography. These were combined to give a gum which
      resisted attempts at crystallization. A solution of the gum in benzene was
      frozen in Dry-ice acetone and freeze dried to give
      trans-1-[p-(2,3-dihydroxypropoxy]phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrah
     ydronaphthalene as an amorphous powder.
PAR  Analysis. Calcd. for C.sub.26 H.sub.28 O.sub.4 : C, 77.20; H, 6.98. Found:
      C, 76.24; H, 7.19.
PAC  EXAMPLE 6
PAC  cis-Ethyl-2-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]-2
     -methylpropionate
PAR  To a solution of 2.5 g. of
      cis-1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
      in 13 ml. of dimethylformamide and 65 ml. of benzene, is added with
      stirring 0.35 g. of sodium hydride as a 53% suspension in mineral oil.
      When the effervescence has subsided the solution is treated with a
      solution of 1.5 g. of ethyl 2-bromo-2-methylpropionate in 15 ml. of
      benzene and the mixture is heated under reflux for 17 hours. The resulting
      mixture is allowed to cool, washed with water and with a saturated sodium
      chloride solution, and the organic layer is evaporated to dryness. The
      residue is chromatographed on a column of magnesium silicate (Florisil)
      and the column is eluted with hexanes containing increasing proportions of
      acetone. Those fractions which, on the basis of infrared absorption
      analysis are found to contain the desired product, are combined and
      evaporated to dryness. The residue is recrystallized from petroleum ether
      to yield cis-ethyl
      2-]p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]-2-methylpr
     opionate in the form of a crystalline solid.
PAR  Similarly, using the above procedure but replacing ethyl
      2-bromo-2-methylpropionate by ethyl bromoacetate, ethyl 5-bromovalerate
      and methyl 9-bromocaprate, there are obtained cis-ethyl
      p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl) phenoxyacetate,
      cis-ethyl
      5-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]valerate
      and cis-methyl
      9-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]caprate,
      respectively.
PAR  Also, using the above procedure but replacing
      cis-1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthylene
      with
      trans-1-(p-hydroxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
      there are obtained the corresponding trans-compound.
PAC  EXAMPLE 7
PAC  cis-2-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]-2-methy
     lpropionic acid
PAR  A solution of 1.42 g. of cis-ethyl
      2-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]-2-methylpr
     opionate (Example 6) and 3 ml. of 50% aqueous potassium hydroxide in 50 ml.
      of methanol is heated under reflux for 5 hours. The reaction mixture is
      then evaporated to dryness and the residue is suspended in water and made
      strongly acid by the addition of 2.5 N hydrochloric acid. The solid which
      separates is isolated by filtration and recrystallized twice from aqueous
      methanol. There is thus obtained
      cis-2-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]-2-meth
     ylpropionic acid in the form of a crystalline solid.
PAR  Using the same procedure,
      cis-p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxyacetic
      acid, cis-5-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]v
     aleric acid, and
      cis-9-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]capric
      acid, respectively, are obtained from the corresponding ethyl and methyl
      esters (prepared as described in Example 6).
PAR  Similarly, the corresponding trans acids are obtained by utilizing the
      above procedure, but replacing the cis-hydroxy compound with the
      corresponding trans-hydroxy compound.
PAC  EXAMPLE 8
PAC  cis-1-[p-(2,3-Epoxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydronap
     hthalene
PAR  Using the procedure described in Example 6, but replacing ethyl
      2-bromo-2-methylpropionate by epichlorohydrin, there is obtained
      cis-1-[p-(2,3-epoxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydrona
     phthalene.
PAR  Similarly, using the procedure of Example 6, but replacing ethyl
      2-bromo-2-methylpropionate by 3-bromo-1,2-epoxybutane (Chemical Abstracts
      36, 404, 1942) and 5-bromo-1,2-epoxy-pentane (Wilson, J. Chem. Soc. 1945,
      48), there are obtained cis-1[p-(2,3-epoxy-1-methylpropoxy)phenyl]- and
      cis-1-[p-(4,5-epoxy-pentyloxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydr
     onaphthylene, respectively.
PAR  The corresponding trans compounds can be prepared according to the above
      procedure by replacing the cis-hydroxy compound with the corresponding
      trans hydroxy compound.
PAC  EXAMPLE 9
PAC  cis-1-[p-(3-Amino-2-hydroxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetra
     hydronaphthalene and the hydrochloride thereof
PAR  A mixture of 3.0 g. of
      cis-1-[p-(2,3-epoxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydrona
     phthalene, 0.80 g. of succinimide and 4 drops of piperidine in 100 ml. of
      absolute ethanol is heated under reflux for 17 hours. The resulting
      mixture is concentrated to approximately one-third volume by distillation
      under reduced pressure and the residue is diluted with water. The mixture
      so obtained is extracted with methylene chloride and the methylene
      chloride extract is washed with water and saturated sodium chloride
      solution before being evaporated to dryness. The residue is recrystallized
      from aqueous alcohol to yield
      cis-1-[p-(3-succinimido-2-hydroxy-propoxy)phenyl]-6-methoxy-2-phenyl-1,2,3
     ,4-tetrahydronaphthalene. The latter compound is then heated under reflux
      for 20 hours with a solution of 16 g. of sodium hydroxide in 320 ml. of
      ethanol. The resulting product is concentrated by distillation under
      reduced pressure and the residue is extracted with a mixture of methylene
      chloride and water. The methylene chloride solution is separated, washed
      with water, and taken to dryness. Hydrogen chloride is bubbled through a
      solution of the residue in ether. The solid which separates is isolated by
      filtration, and dried. There is thus obtained
      cis-1-[p-(3-amino-2-hydroxy-propoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tet
     rahydronaphthalene hydrochloride. The corresponding free base is obtained
      by dissolving the hydrochloride in methylene chloride, washing the
      resulting solution with an aqueous sodium bicarbonate solution, and
      evaporating the methylene chloride solution to dryness.
PAR  Using the above procedure, but replacing
      cis-1-[p-(2,3-epoxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydrona
     phthalene by cis-1-[p-2,3-epoxy-1-methylpropoxy)phenyl]- and
      cis-1-[p-(4,5-epoxypentyloxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydro
     naphthalene, there are obtained
      cis-1-[p-(3-amino-2-hydroxy-1-methylpropoxy)phenyl]- and
      cis-1-[p-(5-amino-4-hydroxypentyloxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-te
     trahydronaphthalene, respectively, and the hydrochlorides thereof.
PAR  Using the above procedure, but replacing the cis-2,3-epoxypropoxy
      compounds with trans-2,3-epoxypropoxy compounds, there are obtained the
      corresponding trans-amino-hydroxyalkoxy compounds.
PAC  EXAMPLE 10
PAC  cis-5-{[p-(6-Methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]methyl}
     -2-oxazolidinethione
PAR  A solution of 2.8 g. of cis-1-[p-(3-amino-2-hydroxypropoxy)
      phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene in 100 ml. of
      ethanol is mixed with 0,85 ml. of carbon disulfide and 3.1 ml. of 25%
      aqueous potassium hydroxide solution. The resulting mixture is heated
      under reflux for 4 hours and then concentrated under reduced pressure. The
      concentrate is suspended in water and the suspension acidified with 2.5 N
      hydrochloric acid. The suspension is extracted with hot methylene chloride
      and the methylene chloride extract is evaporated to dryness. There is thus
      obtained
      cis-5-{[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]methyl
     }-2-oxazolidinethione.
PAR  Using the above procedure but replacing
      cis-1-[p-(3-amino-2-hydroxypropoxy(phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetr
     ahydronaphthalene by cis-1-[p-(2,3-epoxy-1-methylpropoxy)phenyl]- and
      cis-1-[p-4,5-epoxypentyloxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydron
     aphthalene, there are obtained
      5-{1-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]ethyl}-
      and 5-{3-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1
      -naphthyl)-phenoxy]propyl}-2-oxazolidinethione, respectively.
PAR  The corresponding trans compounds can be prepared in accordance with the
      above procedure by replacing the cis-starting material by the
      corresponding trans-starting material.
PAC  EXAMPLE 1
PAC  cis-5-{[p-(6-Methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]methyl}
     -2-oxazolidinone
PAR  To a vigorously stirred suspension of 3.7 g. of
      cis-1-[p-(3-amino-2-hydroxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetr
     ahydronaphthalene in 30 ml. of toluene and 30 ml. of 12.5% aqueous
      potassium hydroxide solution is added dropwise over a short period 3.2 g.
      of phosgene in 10 ml. of toluene. The mixture is then taken to dryness in
      vacuum and the residue dissolved in methylene chloride. The methylene
      chloride solution is extracted with dilute hydrochloric acid before being
      evaporated to dryness. There is thus obtained
      cis-5-{[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]methyl
     }-2-oxazolidinone.
PAR  Using the above procedure but replacing
      cis-1-[p-(3-amino-2-hydroxypropoxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetr
     ahydronaphthalene by cis-1-[p-2,3-epoxy-1-methylpropoxy)phenyl]- and
      cis-1-[p-(4,5-epoxypentyloxy)phenyl]-6-methoxy-2-phenyl-1,2,3,4-tetrahydro
     naphthalene, there are obtained
      cis-5{1-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)phenoxy]ethyl
     }- and
      cis-5-{3-[p-(6-methoxy-2-phenyl-1,2,3,4-tetrahydro-1-naphthyl)-phenoxy]pro
     pyl}-2-oxazolidinone, respectively.
PAC  EXAMPLE 12
PAC  cis-1-(p-Methoxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene
PAR  Using the procedure described in Example 4, but replacing
      (1-chloro-2,3-propanediol) by methyl iodide and reducing the reaction time
      to 2 hours, there is obtained
      cis-1-(p-methoxyphenyl)-6-methoxy-2-phenyl-1,2,3,4-tetrahydronaphthalene.
PAC  EXAMPLE 13
PAC  1,2-Diphenyl-4-(m-methoxyphenyl)-1-butanone
PAC  A. .alpha.-Phenyl-.beta.-hydroxyacrylophenone
PAR  Six grams of sodium was dissolved in 75 ml. of absolute ethanol (heating).
      The solution was cooled in ice-methanol and treated with 21.5 ml. of ethyl
      formate. Following 21/2 hours in the cold, 50 g. of finely powdered
      desoxybenzoin was added with vigorous agitation. The ice was allowed to
      melt and the pasty mixture stirred for 16 hours at room temperature. The
      mixture was then diluted with ice-water to 800 ml. and the precipitated
      solid collected on a filter. There was thus obtained 12.81 g. of recovered
      desoxybenzoin. The filtrate was again cooled and cautiously acidified with
      concentrated hydrochloric acid. The precipitated solid was collected on a
      filter and dried in vacuum to afford 38.12 g. of
      .alpha.-phenyl-.beta.-hydroxyacrylophenone, m.p. 110.degree.-114.degree.
      C. (lit. 110.degree. C.). Yield (based on desoxybenzoin consumed) 90%.
PAC  B. Mixture of isomeric 1,2-diphenyl-4-(m-methoxyphenyl)-1-butenones
PAR  To an ice-cooled solution of 3.06 g. of
      .alpha.-phenyl-.beta.-hydroxy-acrylophenone in 100 ml. of tetrahydrofuran
      there was added 0.59 g. of a 56% dispersion of sodium hydride in mineral
      oil. Following 30 minutes stirring 5.70 g. of finely powdered
      m-methoxybenzyltriphenylphosphonium chloride was added to the solution.
      The yellow mixture was heated at reflux for 24 hours. The bulk of the
      solvent was removed in vacuum and ether was added. The organic layer was
      washed with water and a saturated solution of sodium chloride and taken to
      dryness. The residue was placed on a column of 500 ml. of Florisil. This
      was washed with Skellysolve B hexanes (to wash off the mineral oil) and
      then eluted with 5% acetone in benzene. The oils which came over were
      combined to afford 3.76 g. of a mixture of the isomers of
      1,2-diphenyl-4-(m-methoxyphenyl-1-butenone, .lambda. max. 1700, 1690 cm.
      .sup.-.sup.1.
PAC  C. 1,2-Diphenyl-4-(m-methoxyphenyl)-1-butanone
PAR  A mixture of the crude isomeric
      1,2-diphenyl-4-(m-methoxyphenyl)-1-butenones obtained in step B above was
      dissolved in 200 ml. of ethanol with warming. There was then added 0.37 g.
      of 10% palladium on charcoal. The mixture was shaken under hydrogen until
      1 mole was absorbed (5 minutes). The catalyst was removed by filtration
      and the filtrate taken to dryness. The residual gum, .lambda. max. 1700
      cm. .sup.-.sup.1, is predominately a single material, as is shown by thin
      layer chromatography analysis.
PAR  Using the above procedure, other 1,2-diphenyl-4-phenyl-1-butanones are
      obtained by replacing the isomeric mixture of
      1,2-diphenyl-4-(m-methoxyphenyl)-1-butenone with the appropriate mixture
      of 1-butenones.
PAC  EXAMPLE 14
PAC  cis-1,2-Diphenyl-6-methoxy-1,2,3,4-tetrahydronaphthalene
PAC  A. 1,2-Diphenyl-6-methoxy-3,4-dihydronaphthalene
PAR  A solution of 3.76 g. of crude 1,2-diphenyl-4-(m-methoxyphenyl)-1-butanone
      and 0.75 g. of p-toluenesulfonic acid in 60 ml. of benzene was heated at
      reflux under a Dean-Starke trap for 21/2 hours. The solution was diluted
      with ether and washed in turn which aqueous sodium bicarbonate, water and
      brine. The organic layer was taken to dryness and the residue
      chromatographed over 400 ml. of Florisil (elution with 0.75% acetone). The
      crystalline fractions were combined and recrystallized from Skellysolve B
      hexanes. There was obtained 1.57 g. of
      1,2-diphenyl-6-methoxy-3,4-dihydronaphthalene, m.p. 98.degree.-101.degree.
      C.
PAC  B. cis-1,2-Diphenyl-6-methoxy-1,2,3,4-tetrahydronaphthalene
PAR  A solution of 0.63 g. of 1,2-diphenyl-6-methoxy-3,4-dihydronaphthalene in
      20 ml. of tetrahydrofuran and 1 ml. of tert.butyl alcohol was added to 100
      ml. of ammonia redistilled from lithium. To this there was added 28 ml. of
      lithium wire; the color faded very quickly. After 5 to 10 minutes an
      additional 28 mg. of lithium were added. The blue color this time
      prevailed for 20 minutes. After the addition of 1 g. of solid ammonium
      chloride, the mixture was taken to dryness under a stream of nitrogen. The
      residue was then washed with ether and methylene chloride. The solid which
      remained when the extracts were taken to dryness was recrystallized from
      ethanol. There was thus obtained 0.53 g. of
      cis-1,2-diphenyl-6-methoxy-1,2,3,4-tetrahydronaphthalene having a melting
      point of 160.degree. to 162.degree. C.
PAR  One further crystallization from the same solvent gave an analytical
      sample, m.p. 166.degree. to 168.degree. C.
PAR  Analysis. Calcd. for C.sub.23 H.sub.22 O: C, 87.86; H, 7.05. Found: C,
      87.30; H, 7.13.
PAR  Using the procedure described in Example 14 but replacing
      1,2-diphenyl-4-(m-methoxyphenyl)-1-butanone with the appropriately
      substituted butanone is productive of the corresponding substituted
      1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes. Representative of the
      tetrahydronaphthalenes so prepared are:
PA1  cis-1-(p-chlorophenyl-6-methoxy-2-phenyl-,
PA1  cis-6-methoxy-1-(p-methylphenyl-2-phenyl-,
PA1  cis-1-(p-ethylphenyl)-6-methoxy-2-phenyl-,
PA1  cis-1-(p-chlorophenyl)-6-methyl-2-phenyl-,
PA1  cis-1-(p-chlorophenyl)-7-methoxy-2-phenyl-,
PA1  cis-6-methoxy-2-(p-methylphenyl)-1-phenyl-,
PA1  cis-1-(p-chlorophenyl)-2-(p-chlorophenyl)-6-methoxy-,
PA1  cis-2-(p-ethylphenyl)-6-methoxy-1-phenyl-,
PA1  cis-1-(m-chlorophenyl)-6-methoxy-2-phenyl-,
PA1  cis-2-(p-chlorophenyl)-6-methoxy-1-(p-tolyl)-,
PA1  cis-2-(o-chlorophenyl)-6-methoxy-1-(p-tolyl-,
PA1  cis-2-(m-chlorophenyl)-6-methoxy-1-(p-tolyl)-,
PA1  cis-6-cyclopropoxy-1,2-diphenyl-,
PA1  cis-1-(p-bromophenyl)-6-methoxy-2-phenyl-,
PA1  cis-2-(p-bromophenyl)-6-methoxy-1-phenyl-,
PA1  cis-2-(p-chlorophenyl)-6-methoxy-1-phenyl-,
PA1  cis-6-methoxy-1-phenyl-2-(p-tolylphenyl)-,
PA1  cis-1-(p-chlorophenyl)-2-phenyl-7-methoxy-,
PA1  cis-1-(o-chlorophenyl)-2-phenyl-8-methoxy-,
PA1  cis-2-(m-chlorophenyl)-6-methoxy-1-phenyl-1,2,3,4-tetrahydronaphthalenes.
PAC  EXAMPLE 15
PAC  trans-1,2-Diphenyl-6-methoxy-1,2,3,4-tetrahydronaphthalene
PAC  A. 1,2-diphenyl-4-(m-methoxyphenyl)-1-butanol
PAR  Using the procedure of step A of Example 3, but replacing
      1-(p-hydroxyphenyl)-4-(m-methoxyphenyl-2-phenyl-1-butanone by
      1,2-diphenyl-4-(m-methoxyphenyl)-1 -butanone there is obtained
      1,2-diphenyl-4-(m-methoxyphenyl)-1-butanol.
PAR  Similarly, by using the procedure described in step A of Example 3, but
      replacing 1-(p-hydroxyphenyl)-2-phenyl-4-(m-methoxyphenyl)-1-butanone by
      the appropriately substituted 1,2,4-triphenyl-1-butanone, the
      corresponding substituted 1,2,4-triphenyl-1-butanols are obtained.
      Representative of the 1,2,4-triphenyl-1-butanols so prepared are:
PA1  1-(p-chlorophenyl)-4-(m-methoxyphenyl)-2-phenyl-,
PA1  1-(p-chlorophenyl-4-(p-methoxyphenyl-2-phenyl-,
PA1  4-(m-methoxyphenyl)-1-(p-methyphenyl)-2-phenyl-,
PA1  2-(p-bromophenyl)-4-(m-methoxyphenyl)-1-phenyl-,
PA1  1-(p-chlorophenyl)-2-(p-chlorophenyl-4-(m-methoxyphenyl)-,
PA1  2-(p-chlorophenyl)-4-(m-methoxyphenyl)-1-(p-tolyl-,
PA1  2-(m-chlorophenyl)-4-(m-methoxyphenyl)-1-phenyl-,
PA1  4-(m-methoxyphenyl)-2-(m-methylphenyl)-1-phenyl-1-butanols-,
PAC  B. trans-1,2-diphenyl-6-methoxy-1,2,3,5-tetrahydronaphthalene
PAR  Using the procedure of step B of Example 3, but replacing
      5-(p-hydroxyphenyl)-2-phenyl-4-(m-methoxyphenyl)-1-butanol by
      1,2-diphenyl-4-(m-methoxyphenyl)-1-butanol there is obtained
      1,2-diphenyl-6-methoxy-1,2,3,4-tetrahydronaphthalenes.
PAR  Similarly, by using the procedure of step B of Example 3, but replacing
      1-(p-hydroxyphenyl)-4-(m-methoxyphenyl)-2-phenyl-1-butanol by the
      appropriately substituted butanol the corresponding substituted
      trans-1,2-tetrahydronaphthalenes are obtained. Representative of the trans
      tetrahydronaphthalenes so obtained are the trans-isomers corresponding to
      the cis-1,2-diphenyl-1,2,3,4-tetrahydronaphthalenes disclosed in Example
      14.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC9##
PAL  wherein R represents alkoxy or cycloalkoxy; R.sub.1 is selected from the
      group consisting of hydrogen, lower alkyl and halogen; and Ra is selected
      from the class consisting of hydrogen, halogen, alkyl, hydroxy and alkoxy,
      wherein the alkyl and alkoxy radicals each contain from 1 to 4 carbon
      atoms, inclusive, and the cycloalkoxy radical contains from 3 to 6 carbon
      atoms, inclusive.
NUM  2.
PAR  2. A compound of claim 1 wherein R is m-methoxy, R.sub.1 is hydrogen and Ra
      is p-methoxy.
NUM  3.
PAR  3. A compound of claim 1 wherein R is m-methoxy, R.sub.1 is hydrogen and Ra
      is p-hydroxy.
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ABST
PAL  An economical process is described for the oxidation of allylacetone to
      2,5-hexanedione in a mixed solvent system, using palladium chloride
      catalyst in the presence of copper chloride and oxygen. Through the use of
      high copper/palladium mole ratios together with copper/allylacetone mole
      ratios greater than 1, high yields of product are obtained with minimal
      losses of palladium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a commercial process for the preparation of
      2,5-hexanedione, i.e., acetonylacetone, from allylacetone and more
      particularly relates to the oxidation of allylacetone using palladium
      chloride as the catalyst in the presence of copper chloride and oxygen to
      prepare high yields of 2,5-hexanedione with only small losses of the
      palladium catalyst.
PAR  2. Description of the Prior Art
PAR  2,5-Hexanedione or acetonylacetone is important as an organic chemical
      intermediate. Preparation of this compound through various synthesis
      routes has been reported in the prior art. For example, Adams et al. in J.
      Am. Chem. Soc., Vol. 72, p 4368 (1950) describe the synthesis of
      2,5-hexanedione by condensing propylene oxide with acetoacetic acid esters
      to produce alpha-aceto-gamma-valerolactone, which, in turn, is reacted
      with dilute hydrochloric acid and converted into 5-hydroxy-2-hexanone. To
      obtain 2,5-hexanedione, the hydroxy-hexanedione product is then oxidized
      together with sodium dichromate and sulfuric acid. Also, Shenk in Ber.,
      Vol. 77, p 661 (1944) describes the preparation of 2,5-hexanedione by
      oxidizing 2,5-dimethylfuran to 3-hexene-2,5-dione, which product then is
      hydrogenated to produce 2,5-hexanedione. Still further, in U.S. Pat. No.
      2,525,672, Heilbron et al. describe the preparation of 2,5-hexanedione by
      first reacting 1-bromo-2,3-epoxybutane with monosodium acetylide in liquid
      ammonia, and then reacting the 3-hexene-5-yn-2-ol product obtained with
      mercury sulfate and sulfuric acid.
PAR  For one or more reasons, however, all of these prior art processes are
      disadvantageous for preparing 2,5-hexanedione conveniently and
      economically. The process of Adams et al is a multistage process which
      provides only low yields of product. The Shenk process, besides providing
      only moderate yields of product, utilizes 2,5-dimethylfuran which is
      obtained only with difficulty. The Heilbron et al process likewise
      utilizes reactants which are difficult to handle and only moderate product
      yields are realized.
PAR  More recently, in Kogyo Kaguku Zasshi 71, (6), p 945-6 (1968) as well as in
      Japanese Patent Publication No. 1972-11411, Takamori Konaka and Sadao
      Yamamoto have described a simplified, one-step process for producing good
      commercial yields of 2,5-hexanedione from allylacetone in a mixed solvent
      system composed of water and either benzene or dimethylformamide. In this
      process, palladium chloride is employed as the oxidation catalyst in the
      presence of prescribed amounts of cupric chloride and oxygen. The process
      is carried out at temperatures ranging usually from 60.degree.-80.degree.
      C for an overall time period ranging generally from 3 to 12 hours but
      typically from 7 to 12 hours. Upon completion of the reaction, the
      2,5-hexanedione product is reported to be easily recoverable from the
      reaction mixture and purified. However, from practice of this process,
      substantial quantities of undesirable byproducts are formed and losses of
      the expensive palladium chloride catalyst component are found to be
      substantial.
PAR  It has now been found that by conducting the oxidation process in a manner
      similar to that described by Konaka and Yamamoto, but with the use of much
      greater copper/palladium mole ratios and copper/allylacetone mole ratios
      than previously employed, commercially attractive yields, i.e., greater
      than about 70%, by weight of theoretical, of 2,5-hexanedione product can
      be obtained in significantly shorter reaction times. Most important,
      practice of this process results in much reduced losses of the expensive
      palladium catalyst.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention relates to an improved process for
      oxidizing allylacetone (or ALA) in high overall conversions and with high
      selectivity to 2,5-hexanedione (or HDO). Carried out in a mixed solvent
      system composed of water with either benzene or dimethylformamide, this
      process utilizes palladium chloride as the oxidation catalyst in the
      presence of oxygen and either cupric chloride or mixtures of cupric and
      cuprous chlorides as the reoxidizing agents for the palladium, the
      copper/palladium mole ratios employed ranging generally from 20 to 150:1.
      Also, the minimum mole ratio of total copper to the ALA reactant employed
      is greater than 1. Under optimum conditions in practice of this process,
      palladium losses may be reduced to about 2 cents per pound of HDO product,
      based on a palladium chloride cost of $333/pound.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The oxidation of allylacetone (ALA) to 2,5-hexanedione (HDO) together with
      the secondary oxidation-reduction reactions occurring in the process of
      the instant invention may be broadly represented by the following
      equations:
PA1  1. Oxidation of allylacetone to 2,5-hexanedione:
      ##EQU1##
      2. Regeneration of palladium to catalytic palladium chloride:
EQU  Pd.degree. + 2Cu Cl.sub.2 .fwdarw.Pd Cl.sub.2 + 2CuCl
PA1  3. Reoxidation of cuprous ion to cupric ion:
EQU  2CuCl + 1/2 O.sub.2 + 2HCl.fwdarw. 2CuCl.sub.2 + H.sub.2 O
PAL  as illustrated in Equation (1) above, the palladium chloride catalyst is
      reduced to palladium metal during the oxidation of the ALA. The metal is
      rapidly regenerated for reuse again as catalytic palladium chloride by the
      oxidizing action of the cupric chloride, as set forth in Equation (2). In
      turn, the cuprous chloride formed from the palladium reoxidation step is
      reoxidized to cupric chloride in the presence of oxygen and hydrochloric
      acid (Equation 3).
PAR  The ALA which is oxidized in the process of this invention is a
      commercially-available compound which may be synthesized by various
      methods. For example, it may be prepared from allyl chloride and ethyl
      acetoacetate as described by Schecter et al, J. Am. Chem. Soc., 71, p 3165
      (1949). It likewise may be synthesized by reacting allyl alcohol and
      acetone in the presence of an acid-acting catalyst as set forth in U.S.
      Pat. No. 3,114,772, issued Dec. 17, 1963. Neither the ALA reactant per se
      nor any particular synthesis method therefor constitute a part of the
      present invention.
PAR  The process of this invention utilizes as the oxidation catalyst system,
      palladium chloride and cupric chloride or, alternatively, mixtures of
      cupric and cuprous chlorides, in proportions which provide much higher
      copper/palladium mole ratios than heretofore reported.
PAR  It is believed that use of high copper/palladium mole ratios herein either
      inhibits the conversion of ALA to undesirable byproducts, e.g.,
      .pi.-allyls or else further converts any such products which may form to
      other compounds which, unlike .pi.-allyls, do not form solid, difficultly
      soluble and stable complexes with palladium, thereby rendering this metal
      catalytically useless for further reaction.
PAR  From 20-150 moles of copper chloride per each mole of palladium chloride
      generally may be suitably used. More advantageous are ratios of 22-100
      moles of copper chloride per mole of palladium chloride, with ratios of
      22-50 moles of copper chloride/mole of palladium chloride being especially
      advantageous and presently preferred.
PAR  The copper chloride requirement itself may be supplied by using either
      cupric chloride (CuCl.sub.2) alone, or a mixture thereof with cuprous
      chloride (CuCl). Use of the mixed copper salts has been found to be
      advantageous for attaining optimum reaction rates. In such instances, the
      proportion of CuCl employed typically will be less than 50 weight percent
      of the mixture.
PAR  To obtain the improved process results described herein, it has been found
      necessary to employ, in addition to the aforedescribed copper
      chloride/palladium chloride ratios, a sufficient amount of copper chloride
      to provide a copper/ALA mole ratio which is greater than 1, at least in
      the initial stages of the oxidation reaction.
PAR  As shown in the above Equation (1), hydrochloric acid is produced as a
      byproduct in the initial oxidation reaction. In prior art practice it has
      been customary to incorporate additional acid into the reaction to assure
      best results. In the process of this invention, however, no hydrochloric
      acid usually needs to be incorporated into the initial reaction mixture,
      since the amount of copper chloride employed will generate sufficient
      quantities of hydrogen and chloride ions to facilitate reoxidation of the
      palladium. In this manner, the reaction mixture can be easily controlled
      at a pH of 1.0-3.0, depending upon the amount of oxygen available in the
      system. It should also be noted that greater yields of HDO product
      typically can be obtained in faster reaction times under similar reaction
      conditions, if no acid is added.
PAR  The purity of the ALA reactant is not highly critical for obtaining optimum
      yields of the product. In general, however, it is desirable to employ ALA
      which is at least and preferably more than 93% pure.
PAR  Oxygen may be introduced into the reaction in finely dispersed form at a
      prescribed rate or the reaction alternatively may be run under oxygen
      pressure. For example, a satisfactory rate of oxygen feed at atmospheric
      pressure typically is a minimum of about 2000 cc/min/liter of aqueous
      oxidant solution. Particularly advantageous results are obtained applying
      oxygen at a rate of 4,000-10,000 cc/min/liter of aqueous oxidant solution.
      In pressurized reactions, a satisfactory minimum oxygen feed rate is about
      50 cc/min/liter of the oxidant solution.
PAR  As previously described, the solvent system employed herein is a mixture of
      water with either benzene or dimethylformamide. When employing the
      heterogeneous benzene-water system, from 1 to 2 parts benzene, by volume,
      are advantageously used for each part of water. If using the homogeneous
      dimethylformamide-water system, from 2 to 8 parts of solvent, by volume,
      generally are used for each part of water. Whichever solvent system is
      employed, from 2 to 5 parts of said system, by volume, typically are used
      for each part of ALA reactant.
PAR  In general, the process may be suitably carried out at temperatures ranging
      from 35.degree. to 100.degree. C. Reaction temperatures of
      40.degree.-80.degree. C are more advantageous and temperatures of
      60.degree.-80.degree. C are most preferred at present. Further, in
      reactions which employ the benzene-water solvent system, a suitable
      reaction temperature at atmospheric pressure is approximately 67.degree.
      C, i.e., the reflux temperature of the benzene-water azeotrope. If higher
      reaction temperatures are desired for such reactions, these must, of
      course, be pressurized.
PAR  Reaction times herein may range generally from 30 minutes to 6 hours, with
      times ranging from 30 minutes to 3 hours being especially suitable and
      presently preferred.
PAR  According to one embodiment, the process of this invention generally may be
      carried out by successively charging the prescribed quantities of
      palladium chloride, copper chloride, water, and organic solvent together
      with the total charge of ALA into a reactor fitted with an agitator,
      thermometer, condenser, and an oxygen sparger. With continued agitation,
      oxygen is then introduced into the system and the reaction mixture is
      heated to the desired temperature. The reaction is continued at this
      temperature until 80% or more of the ALA has been converted (as determined
      by analysis of an aliquot sample via gas phase chromatography).
PAR  Alternatively, the process may be conducted by initially charging the
      prescribed quantities of catalyst and solvent components and only a
      portion of the ALA reactant into the reactor as described above, while
      subsequently feeding the remaining ALA requirement into the reactor at a
      prescribed rate throughout the reaction. In still another method, all of
      the ALA requirement may be fed incrementally at a prescribed rate
      throughout the reaction. Further, it is to be understood that any of the
      various modes for carrying out the process may be conducted efficiently
      either at atmospheric conditions or under oxygen pressure.
PAR  Upon completion of the reaction, whichever procedure is employed, the HDO
      product is separated and purified by fractionation, selective extraction,
      distillation, and the like. For example, when the heterogeneous
      benzene-water system is employed, the benzene and water layers will easily
      separate. The major amount of product is contained in the benzene layer
      and the product may be reclaimed therefrom by solvent-stripping. The
      aqueous layer may be extracted with benzene to recover small quantities of
      product present therein.
PAR  When the homogeneous dimethylformamide-water system is employed, the
      product can be reclaimed from the one-phase reaction mixture by selective
      extraction using hydrocarbons which are essentially immiscible with water,
      e.g., pentane, hexane, heptane, and the like.
PAR  The amount of palladium lost in the reaction, which amount will be
      contained in the product stream as, e.g., the benzene fraction, can be
      easily determined by analysis. In preferred embodiments of the process, as
      will be shown hereinafter by a specific example, the amount of palladium
      lost per reaction may be as little as 2 cents/pound of product, based on a
      palladium chloride cost of $333/pound.
PAR  After separation, the aqueous layer (containing the palladium catalyst) can
      be recycled to the reactor along with fresh ALA and solvent, and the
      process of this invention may be repeated in a somewhat semicontinuous
      manner. Prior to recycling, however, the aqueous layer need not be
      stripped of product, as the HDO can be recovered substantially after the
      next cycle. Even if present in the reaction mixture at the start of
      oxidation, the HDO will not react further to more complex derivatives,
      e.g., triketones, furans, etc., nor will it form chlorinated byproducts.
PAR  In order that those skilled in the art may more completely understand the
      present invention and the preferred methods by which it may be carried
      out, the following specific examples are given. In these examples and
      elsewhere herein, where proportions of ingredients may be given in parts,
      such proportions are by weight, unless otherwise indicated.
PAC  EXAMPLE 1
PAL  Experiment A
PAR  ALA was oxidized in a benzene-water solvent system according to the
      teachings of Konaka and Yamamoto, employing mole ratios of cupric
      chloride/palladium chloride and of cupric chloride/ALA as set forth in
      Japanese Patent Publication No. 1972-11411. A 500-cc flask fitted with a
      thermometer, agitator, condenser, and oxygen sparger was charged
      successively with 100 cc water, 150 cc benzene, 35 cc (0.286 mole) of ALA
      assaying 95.5%, 16.1 g of cupric chloride, and 5.3 g palladium chloride.
      Five cc hydrochloric acid (HCl) was then added. The mole ratio of cupric
      chloride/palladium chloride was 4:1, and the ratio of cupric chloride/ALA
      was 0.42. With continued agitation, the reaction mixture was heated to
      67.degree. C under atmospheric conditions while feeding oxygen at a rate
      of 200 cc/min. Heating was continued at this temperature for 7.5 hours.
PAR  Agitation was then discontinued and the reaction mixture was cooled. Two
      liquid layers developed in the reaction mixture along with a yellow solid
      which prevented sharp phase separation. Filtration of the reaction mixture
      to remove the yellow organopalladium compound was necessary in order that
      the benzene product phase could be separated from the aqueous catalyst
      phase. The separated aqueous phase was extracted with three 150 cc
      portions of benzene to recover the HDO which was soluble in the catalyst
      solution. Both the main benzene-HDO layer and the combined washings were
      analyzed for palladium. In addition, the palladium content of the
      .pi.-allyl compound was determined. Conversion of the ALA and yield of HDO
      was determined by gas phase chromatography of the benzene solution with
      the results obtained shown in the table below.
PAL  Experiment B
PAR  The aforedescribed reaction was repeated, except that no HCl was
      incorporated in the reaction mixture and the reaction was conducted at
      67.degree. C for 2 hours. Upon standing, the reaction mixture separated
      into two liquid phases containing a large amount of solid. Isolation and
      recovery of the 2,5-hexanedione product solution and analysis of this
      solution were as described previously with the results obtained shown in
      the following table.
PAL  Experiment C
PAR  The reaction described in A above was again repeated, employing, in this
      instance, 53.0 g cupric chloride and 5.3 g palladium chloride, whereby the
      ratio of copper chloride/palladium chloride was 13:1 and the cupric
      chloride/ALA ratio was 1.3. As in Experiment A, 5 cc HCl was incorporated
      into the reaction mixture.
PAR  This reaction was conducted at 67.degree. C for 5.5 hours. Upon completion
      of the reaction, the reaction mixture separated into two liquid phases
      upon standing. No solids were observed. Isolation and recovery of the
      product were as previously described with the results obtained listed as
      follows:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
          Mole Ratio                                                           
                 Mole Ratio                                                    
                        % ALA % HDO  % HDO                                     
                                          Pd Loss                              
     Example                                                                   
          Cu/Pd  Cu/ALA Conversion                                             
                              Selectivity                                      
                                     Yield                                     
                                          cent/lb HDO                          
     __________________________________________________________________________
     1A   4      0.42   87    71     62   810                                  
      1B* 4      0.42   96    59     57   4219                                 
     1C   13     1.3    100   54     54   14                                   
     __________________________________________________________________________
      *No HCl incorporated in the reaction mixture.                            
PAR  As the results of Experiments 1A and 1B indicate, the oxidation of ALA
      utilizing cupric chloride/palladium chloride mole ratios and cupric
      chloride/ALA mole ratios as set forth in the aforesaid Japanese patent
      teachings, whether or not conducted with the addition of HCl, gave only
      moderate yields of HDO with very high losses of palladium. the palladium
      loss was exceptionally high from the experiment with no incorporated HCl.
      Further, from each experiment, a sizeable quantity of a solid, undesirable
      byproduct was obtained, although ALA conversion was good. The formation of
      this material reduced the yield of the desired ketone product.
PAR  Experiment 1C was conducted utilizing a cupric chloride/ALA mole ratio
      according to the process of this invention rather than as taught in the
      prior Japanese patent teaching. In this manner, formation of a solid
      undesirable product was prevented and the palladium loss was greatly
      reduced. However, by using a cupric chloride/palladium chloride mole ratio
      within the range taught by the prior art and also by incorporating HCl
      into the reaction mixture, a sizeable quantity of a soluble, chlorinated
      byproduct was produced. The selectivity to 2,5-hexanedione and the yield
      of this product was thus markedly reduced.
PAC  EXAMPLES 2-5
PAR  A series of experiments illustrating the process of this invention are as
      follows:
PAR  For each experiment, a 500-cc flask fitted as described previously is
      successively charged with 100 cc water, 150 cc benzene, 20 cc (0.163 mole)
      of ALA (95.5% assay) and amounts of cupric chloride and palladium chloride
      to provide copper/palladium (Cu/Pd) mole ratios as shown in the following
      table. For example, use of 30.0 g (0.223 mole) cupric chloride and 1.6 g
      (0.009 mole) palladium chloride provides a copper/palladium mole ratio of
      approximately 25:1; and the copper/ALA mole ratio will be about 1.3:1.
PAR  Agitation is started, oxygen feed (at a rate of 200 cc/min) is begun and
      the reaction mixture is heated to 67.degree. C. It is then maintained at
      this temperature for the time periods shown in the table, after which a
      sample is analyzed by vapor phase chromatography to determine ALA
      conversion.
PAR  The reaction is discontinued, cooled to room temperature, and the reaction
      mixture separates into two layers. The aqueous layer is drawn off and
      extracted with benzene. The combined extracts and the benzene layer are
      analyzed for palladium content. Selectivity to 2,5-hexanedione is
      determined by a quantitative analysis of the benzene layers by vapor phase
      chromatography. Using this procedure, results are as shown in the table
      below.
PAR  The HDO product can be isolated by distilling the benzene at atmospheric
      pressure and distilling the residue under vacuum. 2,5-Hexanedione is a
      colorless liquid having a boiling point of 73.5.degree. C/15 mm Hg.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
          Mole Ratio                                                           
                 Mole Ratio                                                    
                        R.T.                                                   
                            % ALA % HDO  % HDO                                 
                                              Pd Loss                          
     Example                                                                   
          Cu/Pd  Cu/ALA hours                                                  
                            Conversion                                         
                                  Selectivity                                  
                                         Yield                                 
                                              cent/lb HDO                      
     __________________________________________________________________________
     2    13     0.73   2.0 98    85     84   288                              
     3    17     0.91   2.0 100   83     79   190                              
     4    25     1.3    2.5 95    83     79   24                               
     5    44     2.4    2.7 95    70     69   2                                
     __________________________________________________________________________
PAR  As these results indicate, palladium losses are least significant when the
      oxidation process is conducted employing Cu/Pd mole ratios above 20:1 and
      Cu/ALA mole ratios greater than 1 (Examples 4 and 5), according to the
      process of this invention. It is to be noted that although overall product
      yields per batch may be somewhat reduced employing such mole ratios, these
      losses in selectivity are more than compensated for by the substantial
      savings realized through minimal losses of the expensive palladium
      catalyst component.
PAC  EXAMPLES 6-9
PAR  The above experiments are repeated by recycling the aqueous oxidant
      solution reclaimed along with a fresh charge of ALA and solvent. Each
      reaction is run until VPC analysis shows at least 90% ALA conversion.
      Results are as follows:
TBL                                    TABLE 3                                 
     __________________________________________________________________________
          Reaction Time                                                        
                   % ALA % HDO  % HDO                                          
                                     Pd Loss                                   
     Example                                                                   
          (hours)  Conversion                                                  
                         Selectivity                                           
                                Yield                                          
                                     cent/lb HDO                               
     __________________________________________________________________________
     6    1.9      94    86     81   330                                       
     7    1.7      96    91     87   189                                       
     8    1.8      94    86     81   19                                        
     9    1.8      92    86     80   2                                         
     __________________________________________________________________________
PAR  The foregoing results indicate that repetition of the process with
      recycling of the catalyst solution of this invention improves both
      selectivity and overall yields of product, particularly for catalysts
      containing the highest Cu/Pd mole ratios. At the same time, minimum
      palladium losses are maintained and may, in some instances, be even
      further reduced. Recycling and use of the catalyst solutions containing
      the Cu/Pd and Cu/ALA mole ratios taught by the prior Japanese patent
      teaching provide neither reduced palladium losses nor significant
      improvements in selectivity.
PAC  EXAMPLE 10
PAR  The process of this invention is conducted in a semicontinuous manner as
      follows:
PAR  Using the equipment as outlined in Example 1A, a run is made in which the
      aqueous solution is recycled to the reactor without exhaustive extraction
      of the HDO after each cycle. The aqueous solution is composed of 20.0 g
      (0.149 mole) of cupric chloride, 10.0 g (0.100 mole) of cuprous chloride,
      0.80 g (0.0453 mole) of palladium chloride, 100 cc of water, and 5 cc HDO.
      The copper:palladium ratio is 55:1. Twenty cc (0.163 mole) of ALA and 150
      cc of benzene are used for each cycle. The copper:ALA ratio is 1.5:1. The
      reaction temperature is 67.degree. C and the oxygen feed rate is 400
      cc/min.
PAR  At the end of each cycle, the reaction mixture is cooled to 30.degree. C
      and the benzene layer is drawn off and analyzed for ALA, HDO, and
      palladium. A fresh charge of ALA and benzene is added to the aqueous layer
      in the reactor and the solution is heated to reflux again. Results of
      several cycles are as follows:
TBL                                    TABLE 4                                 
     __________________________________________________________________________
         Reaction Time                                                         
                  % ALA  % HDO  % HDO                                          
                                     Pd Loss                                   
     Cycle                                                                     
         (hours)  Conversion                                                   
                         Selectivity                                           
                                Yield                                          
                                     cent/lb HDO                               
     __________________________________________________________________________
     1   1.5      96     77     74   12.5                                      
     2   1.5      88     92     81   19.0                                      
     3   2.8      86     85     73   19.0                                      
     4   2.3      85     89     76   5.8                                       
     5   2.5      87     85     74   4.2                                       
     6   3.0      89     82     73   6.0                                       
     7   2.5      86     87     75   4.0                                       
     8   2.5      87     87     76   3.7                                       
     9   2.3      87     85     74   5.6                                       
     10  2.5      86     85     73   7.1                                       
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process wherein allylacetone is oxidized to 2,5-hexanedione in a
      mixed solvent system containing per part of water, by volume, from one to
      two parts benzene by contacting said allylacetone with palladium chloride
      catalyst in the presence of copper chloride and oxygen, the improvement
      which comprises conducting the reaction without adding hydrochloric acid
      and employing from 25 to 55 moles of copper chloride per mole of palladium
      chloride, the amount of copper chloride being sufficient to provide a
      molar ratio of said copper chloride to allylacetone of 1.3 - 2.4, whereby
      greater than 80% allylacetone conversion is effected with at least 70%
      selectivity to 2,5-hexanedione and with minimal losses of the palladium
      catalyst.
NUM  2.
PAR  2. The process of claim 1 wherein from 25 to 44 moles of copper chloride
      are employed per mole of palladium chloride.
NUM  3.
PAR  3. The process of claim 1 wherein cupric chloride is employed.
NUM  4.
PAR  4. The process of claim 1 wherein a mixture of cupric chloride and cuprous
      chloride is employed.
NUM  5.
PAR  5. The process of claim 1 wherein oxygen is fed at a minimum rate of 50
      cc/min/liter of aqueous catalyst solution.
NUM  6.
PAR  6. The process of claim 1 which is conducted at a temperature of
      35.degree.-100.degree. C for a time period ranging from 30 minutes to 6
      hours.
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ABST
PAL  Epoxy resins modified with copolymers containing reactive groups such as
      -COOH are improved by vulcanizing the copolymer with an organic peroxide
      or sulfur.
PAL  The resultant epoxy resins are useful in preparing adhesives with improved
      properties at elevated temperatures.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation, of application Ser. No. 340,392 filed Mar. 12,
      1973, now abandoned.
BSUM
PAR  This invention concerns epoxy resin compositions which have been modified
      with acrylonitrile- or methacrylonitrile-butadiene polymers having a
      reactive group pending therefrom and cured compositions thereof.
PAR  Epoxy resins have heretofore been modified with polymers containing
      reactive groups such as COOH as described in U.S. Pat. No. 3,678,131.
      While these products are improved over the unmodified epoxy resins, some
      of the properties such as the high temperature adhesive properties are
      somewhat lacking.
PAR  It has now been discovered that if the epoxy resins modified with polymers
      containing a reactive group are vulcanized, the high temperature adhesive
      properties are unexpectedly enhanced and in some instances the room
      temperature adhesive properties are also enhanced.
PAR  The present invention therefore concerns curable epoxy resin compositions
      which are the vulcanized compositions comprising:
PA1  A. an epoxy resin having more than one vicinal epoxy group per molecule,
PA1  B. from about 0.03 to about 0.2 and preferably from about 0.08 to about
      0.12 parts by weight per part of component (A) of a
      butadiene-acrylonitrile or butadiene-methacrylonitrile polymer having
      pendant reactive groups selected from COOH, OH, and SH, said polymer
      containing from about 70 to about 90 and preferably from about 80 to about
      85 percent by weight of butadiene and from about 10 to about 30 and
      preferably from about 15 to about 20 percent by weight of acrylonitrile or
      methacrylonitrile.
PAR  The polymer modified liquid epoxy resins of the present invention are
      conveniently prepared by reacting the polymer containing pendant COOH, OH
      or SH groups with the epoxy resin in the presence of a suitable catalyst
      at a temperature of from about 80.degree.C to about 130.degree.C,
      preferably from about 100.degree. to about 120.degree.C until the reaction
      between the epoxy groups and the COOH, OH or SH groups is completed. The
      polymer modifier is then vulcanized with an organic peroxide or sulfur at
      a temperature of from about 120.degree.C to about 160.degree.C and
      preferably from about 140.degree.C to about 150.degree.C for from about
      1.0 to about 2.0 hours.
PAR  The polymer modified solid epoxy resins of the present invention are
      conveniently prepared by mixing a liquid epoxy resin with the polymer
      modifier and a dihydroxyl-containing compound and heating in the presence
      of a suitable catalyst to cause reaction between the liquid epoxy resin
      and the reactive groups of the polymer modifier and with the
      dihydroxyl-containing compound. Then the resultant product is vulcanized
      with sulfur or an organic peroxide.
PAR  Suitable catalysts include those normally employed in the preparation of
      epoxy resins from polyepoxides and dihydroxyl-containing compounds such
      as, for example, tertiary amines, quaternary ammonium compounds,
      phosphonium compounds and the like. Such catalysts and procedures are well
      known in the art such as in U.S. Pat. No. 3,477,990, HANDBOOK OF EPOXY
      RESINS by Lee and Neville, McGraw Hill, 1967, and Canadian Pat. No.
      893,191.
PAR  Alternatively, the liquid epoxy resin can be prereacted with the modified
      polymer compound and then the resultant product can be reacted with a
      dihydroxyl-containing compound and this product subsequently vulcanized to
      produce the resultant vulcanized, polymer modified solid epoxy resins of
      the present invention.
PAR  The quantities of liquid epoxy resin and dihydroxyl-containing compound
      which are employed to produce a solid epoxy resin are well known in the
      art.
PAR  The preparation of the polymer modified solid epoxy resins can be carried
      out at temperatures from about 110.degree.C to about 150.degree.C and
      preferably from about 130.degree.C to about 140.degree.C and subsequently
      vulcanized at temperatures of from about 120.degree.C to about
      160.degree.C and preferably 140.degree.C to about 150.degree.C. The time
      to complete each reaction is, of course, dependent upon the temperature,
      but each reaction can usually be completed within from 1 to about 3 and
      preferably from about 2 to about 2.5 hours.
PAR  Suitable organic peroxides which may be employed as vulcanization agents
      include, for example, aliphatic peroxides such as, for example, di-t-butyl
      peroxide, t-butyl hydroperoxide and aromatic peroxides, such as, for
      example, dicumyl peroxide, t-butyl-cumyl peroxide, methyl cumyl peroxide,
      mixtures thereof and the like.
PAR  The organic peroxide vulcanization agent is employed in quantities of from
      about 1.5 to about 10 and preferably from about 3 to about 4 parts by
      weight per 100 parts by weight of the reactive polymer modifier employed.
PAR  The sulfur vulcanization agent is employed in quantities of from about 3 to
      about 15 and preferably from about 9 to about 11 parts by weight per 100
      parts by weight of the polymer modifier employed.
PAR  Suitable liquid epoxy resins which can be employed in the present invention
      include but are not limited to those represented by the following
      formulas.
      ##SPC1##
PAL  wherein A is selected from the group consisting of a divalent hydrocarbon
      group having from 1 to 6 carbon atoms,
      ##EQU1##
      X is hydrogen or a halogen atom such as, for example, chlorine or bromine,
      and n is an integer having an average value of from about 0 to about 5.5.
      ##SPC2##
PAL  wherein m has an average value of from about 1.01 to about 5, preferably
      from about 1.05 to about 4, each X is independently hydrogen, halogen,
      such as, for example, chlorine or bromine, or an alkyl group of from 1 to
      about 4 carbon atoms and each R is independently hydrogen or an alkyl
      group of from 1 to about 4 carbon atoms.
PAR  Suitable dihydroxy compounds which can be employed to prepare the polymer
      modified solid epoxy resins of the present invention include but are not
      limited to those represented by the general formulas:
      ##SPC3##
PAL  wherein each X is independently hydrogen, chlorine or bromine, and A is a
      divalent hydrocarbon group having from 1 to about 6 carbon atoms,
      ##EQU2##
      ##SPC4##
      wherein each X is independently hydrogen, chlorine, bromine or an alkyl
      group having from about 1 to about 6 carbon atoms.
PAR  Suitable reactive polymer modifiers which may be employed include
      acrylonitrile-butadiene polymers, methacrylonitrile-butadiene polymers, or
      acrylonitrile-methacrylonitrile-butadiene polymers, mixtures thereof and
      the like which also contain terminal or pendant reactive -COOH groups, -OH
      groups or -SH groups. Suitable polymers have average molecular weights of
      from about 2,000 to about 20,000, a reactive group functionality of from
      about 1.2 to about 5 and preferably from about 1.7 to about 2.4 and
      wherein said reactive polymer modifiers contain from about 10 to about 30
      and preferably from about 15 to about 26 percent by weight of
      acrylonitrile, methacrylonitrile or mixtures thereof.
PAR  These polymers are known in the art and can be prepared by any suitable
      process for polymerizing ethylenically unsaturated compounds and such
      processes usually employ free radical catalysts such as
      4,4'-azobis(cyanovaleric acid), azobisisobutyronitrile and the like.
      Pendant or terminal COOH groups can then be converted to an -OH or -SH
      group if desired.
PAR  Another method is to employ ethylencially unsaturated monomers containing
      -COOH, -OH or -SH groups in the initial polymerization. Suitable such
      monomers include, for example, acrylic acid, methacrylic acid, allyl
      alcohol, allyl mercaptan, mixtures thereof and the like.
PAR  Suitable such polymer modifiers and methods for their preparation are given
      in RUBBER CHEMISTRY AND TECHNOLOGY, Vol. 42, Feb. 1969, pp. 71-106 and
      such polymers and methods are incorporated herein by reference.
PAR  Many such polymers are available commercially from B. F. Goodrich under the
      tradename HYCAR.
PAR  The modified epoxy resins of the present invention can be employed in
      adhesives, coatings, laminates and the like.
PAR  The modified epoxy resins of the present invention can be cured with the
      usual curing agents or curing catalysts for epoxy resins including
      primary, secondary, and tertiary aliphatic amines, aziridines,
      polycarboxylic acids and anhydrides thereof, Lewis acids, polythiols,
      dicyandiamides, aromatic amines, mixtures thereof and the like. The curing
      agents or curing catalysts may be employed in quantities known in the art
      and the curing agents are usually employed in quantities of from about 80
      percent to about 200 percent of the theoretical stoichiometric quantity.
PAR  The modified epoxy resins of the present invention can be employed with the
      usual modifiers and additives including fire retardant agents, pigments,
      dyes, flow control agents, curing accelerators, fillers, mold release
      agents, mixtures thereof and the like.
PAR  The following examples are illustrative of the present invention but are
      not to be construed as to limiting the scope thereof in any manner.
DETD
PAC  EXAMPLE 1
PAC  A. Preparation of Modified Solid Epoxy Resin Vulcanized With Dicumyl
      Peroxide
PAR  To a reaction vessel equipped with stirrer and temperature control means,
      was added 15 grams of a butadiene-acrylonitrile polymer containing 1.85
      carboxyl groups per molecule, 18.8 percent by weight of acrylonitrile and
      an average molecular weight of 3,500, 150 grams of the diglycidyl ether of
      bisphenol A having an epoxide equivalent weight of about 190 and 43 grams
      of bisphenol A. The mixture was heated to 100.degree.C and 0.3 gram of
      tetrabutyl phosphonium acetate.sup.. acetic acid complex catalyst as a 70
      percent solution in methanol was added. The mixture was heated at
      140.degree.C for 30 minutes. This 30 minute interval was to permit the
      carboxyl groups to react with the epoxy. After 30 minutes 0.5 gram of
      dicumyl peroxide was added. The reaction temperature has usually started
      to exotherm prior to addition of the peroxide and the exotherm continues
      to a temperature of approximately 180.degree.C. The temperature was then
      maintained at approximately 160.degree.C for 2.5 hours to complete the
      reaction between the epoxy resin and the bisphenol A. The resultant
      modified solid resin was light yellow in color and had an epoxide content
      of 7.8 percent (EEW 555) and a Durran's softening point of 70.degree.C.
PAC  B. Preparation of Modified Solid Epoxy Resin Vulcanized With Sulfur
PAR  To a reaction vessel equipped with stirrer and temperature control means
      was added 15 grams of a polybutadiene-acrylonitrile polymer containing
      1.85 carboxyl groups per molecule, 18.8 percent by weight of acrylonitrile
      and an average molecular weight of 3,500, 150 grams of diglycidyl ether of
      bisphenol A having an epoxide equivalent weight of about 190 and 43 grams
      of bisphenol A. The mixture was heated to 100.degree.C and 0.3 gram of
      tetrabutyl phosphonium acetate.sup.. acetic acid complex catalyst as a 70
      percent solution in methanol was added. The mixture was heated at
      140.degree.C for 30 minutes. This 30 minute interval was to permit the
      carboxyl groups to react with the epoxy. After 30 minutes 1.5 grams of
      sulfur was added. The reaction temperature has usually started to exotherm
      prior to addition of the sulfur and the exotherm continues to a
      temperature of approximately 180.degree.C. The temperature was then
      maintained at approximately 160.degree.C for 2.5 hours to complete the
      reaction between the epoxy resin and the bisphenol A. The resultant
      modified solid resin was light yellow in color and had an epoxide content
      of 7.9 percent (EEW 544) and a Durran's softening point of 70.degree.C.
PAC  C. Preparation of Modified Solid Epoxy Resin Without Vulcanization (For
      Comparative Purposes)
PAR  The reactants and procedure of Part A above was repeated except that the
      dicumyl peroxide was omitted. The resultant solid epoxy resin was white
      opaque in color and had an epoxide content of 8.2 percent (an average
      epoxide equivalent weight, EEW, of about 525) and a Durran's softening
      point of about 69.degree.C.
PAC  D. Preparation of Adhesives from A, B and C Prepared Above
PAR  The following adhesive formulation was melt mixed and applied to aluminum,
      Type 2024 T-3 strips. Two such strips were overlapped 1/2 inch and cured
      at 175.degree.C for about 1.5 hours. The resultant test strips were tested
      according to ASTM D-1002-64 at 77.degree.F and 250.degree.F. The results
      are given in Table I.
PAC  Adhesive Formulation
PA1  20 grams of solid epoxy resin prepared in A, B or C.
PA1  10 grams of aluminum powder
PA1  0.4 grams of colloidal silica
PA1  0.6 grams of dicyandiamide
TBL                TABLE I                                                     
     ______________________________________                                    
     Epoxy Resin Employed                                                      
                      Tensile Shear Strength, psi                              
                    77.degree.F                                                
                              250.degree.F                                     
     ______________________________________                                    
     A     (vulcanized with                                                    
           dicumyl peroxide)                                                   
                          6450        3300                                     
     B     (vulcanized with                                                    
           sulfur)        5750        1500                                     
     C     (unvulcanized) 5680        1100                                     
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  A. Preparation of Vulcanized Carboxyl Containing Polymer Modified Epoxy
      Resin
PAR  To a reaction vessel equipped with stirrer and temperature control means
      was added 15 grams of an acrylonitrile-butadiene copolymer having an
      average molecular weight of 3,400, an acrylonitrile content of 18 percent
      carboxyl functionality of 2.4, and 103.5 gm of the diglycidyl ether of
      bisphenol A having an epoxide equivalent weight of about 190. The mixture
      was heated to 100.degree.C and 0.2 gm of tetrabutyl phosphonium
      acetate.sup.. acetic acid complex catalyst as a 70 percent solution in
      methanol was added. The mixture was held at 100.degree.C for 30 minutes.
      This 30 minutes interval was to permit the carboxyl groups to react with
      the epoxy. After 30 minutes the temperature was raised to 145.degree.C and
      18 grams of bisphenol S was added. After 5 minutes to allow mixing of the
      bisphenol S, 0.5 gm dicumyl-peroxide was added. The reaction was continued
      for 1 hour at 145.degree.C. The average EEW of the resultant solid epoxy
      resin was about 380.
PAC  B. Preparation of Unvulcanized Carboxyl Containing Polymer Modified Epoxy
      Resin (Comparative)
PAR  The procedure was the same as in A. above except for the final step in that
      no dicumyl peroxide was added.
PAR  The average EEW of the resultant solid epoxy resin was about 375.
PAC  C. Preparation and Testing of Adhesives from A and B
PAR  Adhesives were prepared from the resins prepared in A and B above employing
      the following formulation.
PA1  20 grams of epoxy resin
PA1  10 grams of aluminum powder
PA1  0.4 grams of colloidal silica
PA1  0.6 grams of dicyandiamide
PAR  The adhesives were applied to aluminum strips and cured at 175.degree.C for
      2 hours, and the lap shear strengths at 77.degree.F and 250.degree.F were
      determined according to ASTM D-1002-64. The results are given below.
TBL  ______________________________________                                    
                    Lap Shear Strength, psi                                    
     Epoxy Resin Employed                                                      
                      77.degree.F 250.degree.F                                 
     ______________________________________                                    
     A.    Vulcanized     5650        3750                                     
     B.    Unvulcanized   4600        2100                                     
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  A. Preparation of Vulcanized Mercaptan (SH) Containing Polymer-Modified
      Epoxy Resin
PAR  To a reaction vessel equipped with stirrer and temperature control means
      was added 15 grams of an acrylonitrile-butadiene copolymer having an
      average molecular weight of 3,000, an acrylonitrile content of 24 percent
      and mercaptan (SH) functionality of 1.6, and 150 grams of the diglycidyl
      ether of bisphenol A having an epoxide equivalent weight of about 190. The
      mixture was heated to 100.degree.C and 0.16 gm of tetrabutyl-phosphonium
      acetate.sup.. acetic acid complex catalyst as a 70 percent solution in
      methanol was added. The mixture was held at 100.degree.C for 30 minutes.
      This 30 minutes interval was to permit the mercaptan groups to react with
      the epoxy. After 30 minutes the temperature was raised to 145.degree.C.
      and 0.5 gram of dicumyl-peroxide was added. The reaction was continued for
      1 hour at 145.degree.C.
PAR  The resultant vulcanized polymer modified epoxy resin was a light amber
      colored liquid having an average EEW of about 205.
PAC  B. Preparation of Unvulcanized Mercaptan Containing Polymer Modified Epoxy
      Resin (Comparative)
PAR  The procedure was the same as in A above except that the reaction was
      completed after 30 minutes at 100.degree.C and no dicumyl peroxide was
      employed.
PAR  The average EEW of the light amber liquid resin was about 205.
PAC  C. Preparation and Testing of Adhesives from A and B
PAR  Adhesives were prepared from the resins prepared in A and B above employing
      the following formulation.
PA1  20 grams of epoxy resin
PA1  13 grams of aluminum powder
PA1  1.0 gram of colloidal silica
PA1  1.0 gram of dicyandiamide
PAR  The adhesives were applied to aluminum strips and cured at 175.degree.C for
      2 hours, and the lap shear strengths at 77.degree.F and 250.degree.F were
      determined according to ASTM D-1002-64. The results are given below.
TBL  ______________________________________                                    
                    Lap Shear Strength, psi                                    
     Epoxy Resin Employed                                                      
                      77.degree.F 250.degree.F                                 
     ______________________________________                                    
     A.    Vulcanized     3766        1530                                     
     B.    Unvulcanized   4133        1300                                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  To a reaction vessel equipped with stirring and temperature control means
      was added 150 grams of a diglycidyl ether of bisphenol A having an average
      EEW of 187 and 30 grams of a carboxyl containing acrylonitrile butadiene
      polymer having an average molecular weight of about 3500, containing about
      18.6 percent by weight of acrylonitrile and containing about 2.7 wt.
      percent of COOH groups and an average functionality of COOH groups of
      about 2. After degassing resultant mixture at 80.degree.C for 15 minutes,
      75 milligrams of tetrabutyl phosphonium acetate.acetic acid complex
      catalyst was added and the reaction conducted at 120.degree.C for 2 hours.
PAR  Then 60 grams of the resultant unvulcanized product was removed, and for
      the purposes herein, this is designated as resin 4-A and has an average
      EEW of about 235.
PAR  To the remaining product 0.3 gram of dicumyl peroxide was added and the
      reaction temperature was raised to 145.degree.C and the reaction conducted
      under vacuum for 2 hours. The decomposition of the dicumyl peroxide was
      essentially complete and about 50 percent of the polymer-modifier present
      was vulcanized. The resultant vulcanized product, for purposes herein, is
      designated as resin 4-B and had an average EEW of about 236.
PAR  Adhesives were prepared from each of the above prepared modified-resins
      employing the following formulation.
PA1  6 grams of modified resin
PA1  5 grams of the unmodified diglycidyl ether of bisphenol A having an average
      EEW of 187
PA1  8 grams of aluminum powder
PA1  0.5 gram of colloidal silica
PA1  0.8 gram of dicyandiamide
PA1  0.3 gram of dichlorophenyl dimethylurea
PAR  Lap shear samples were prepared using 4 1/2 inch .times. 1 inch .times.
      0.020 inch dichromate etched type 2024-T3 aluminum strips overlapped 1/2
      inch. The strips were then cured at 280.degree.F for 1 hour. Lap shear
      values were then obtained according to ASTM D-1002 at various
      temperatures. The results are reported in the following table as the
      average of three samples.
TBL  ______________________________________                                    
                    Resin 4-A   Resin 4-B                                      
                    Unvulcanized                                               
                                Vulcanized                                     
     Test Temperature, .degree.F                                               
                    (Comparative)                                              
                                (Present Inv.)                                 
     ______________________________________                                    
     77             2610    psi     5390   psi                                 
     150            3180            5340                                       
     200            3330            5000                                       
     240            2370            3760                                       
     260            1420            2560                                       
     280            1020            1520                                       
     300            730             930                                        
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  To a reaction vessel equipped with stirring and temperature control means
      was added 200 grams of a diglycidyl ether of bisphenol F
      (p,p'-methylenediphenol) having an average EEW of about 167 and 18 grams
      of a carboxyl containing acrylonitrile-butadiene polymer having about 28
      percent acrylonitrile, an average COOH functionality of about 1.9, 0.047
      equivalent of COOH per 100 grams of polymer and an average molecular
      weight of 3,500. After devolatilizing the mixture at 80.degree.C under
      vacuum, the vacuum was replaced with an atmosphere of nitrogen and 100
      milligrams of tetrabutyl phosphonium acetate.acetic acid complex catalyst
      was added. The temperature was raised to 125.degree.C and maintained
      thereat for about 1 1/2 hours. Then 0.6 gram of dicumyl peroxide was added
      and the reaction continued for 2 hours at 145.degree.C under vacuum. One
      fourth, 54.5 grams of the resultant clear amber liquid product was removed
      and for the purposes herein designated as resin 5-A having a percent
      epoxide of 22.6 (190 EEW) and a viscosity of 9,200 centipoises. To the
      remainder of the product, 0.45 gram of dicumyl peroxide was added and the
      reaction continued at 150.degree.C for 2 hours. One-half of the resultant
      clear amber liquid product having a percent epoxide of 22.6 (EEW of about
      190) and a viscosity of 18,200 centipoises was removed and for the
      purposes herein designated as resin 5-B. To the remainder of the resultant
      product 0.3 grams of dicumyl peroxide was added and the reaction continued
      under vacuum for 2 hours at 150.degree.C. The resultant product was a
      clear, bright yellow liquid having a viscosity of 22,000 centipoises and a
      percent epoxide of 22.5 (191 EEW) and for the purposes herein it was
      designated resin 5-C.
PAR  The mole ratio of peroxide/polymer modifier of each of the products
      prepared above was as follows.
TBL  ______________________________________                                    
     Resin       Peroxide/polymer modifier mole ratio                          
     ______________________________________                                    
     5-A         0.5:1                                                         
     5-B         1.0:1                                                         
     5-C         1.5:1                                                         
     ______________________________________                                    
PAR  Each of the three products were employed as adhesives employing the
      following composition.
PA1  10.9 grams modified resin
PA1  8 grams aluminum powder
PA1  0.5 grams colloidal silica
PA1  0.8 grams dicyandiamide
PA1  0.2 grams melamine
PAR  The adhesives were applied to etched 4 1/2 inch .times. 1 inch .times.
      0.064 inch Type 2024-t- 3 aluminum test strips for lap shear and Type 304
      stainless steel strips for climbing drum peel, and after heating at
      175.degree.C for 0.75 hours the lap shear and climbing drum peel strength
      values were determined at 77.degree.F as described in ASTM D 1002-64 and
      ASTM D-1781-62. The results are given in the following table.
TBL  ______________________________________                                    
                               Climbing Drum                                   
               Lap Shear Strength                                              
                               Peel Strength                                   
     Resin No. (psi)           lb/inch                                         
     ______________________________________                                    
     5-A       5930            108                                             
     5-B       5740            114                                             
     5-C       5660            113                                             
     ______________________________________                                    
PAR  The above example indicates that no particular advantage over a slight
      increase in the climbing drum peel strength is obtained by employing mole
      ratios of peroxide/polymer modifier greater than about 0.5:1.
PAC  EXAMPLE 6
PAR  To a 500 ml 3-neck flask equipped for agitation, nitrogen purge,
      evacuation, and temperature control was added:
PA1  150 grams of a 2.1 functional epoxy novolac resin having an EEW of about
      167.
PA1  15 grams CTBN (carboxyl terminated butadiene-acrylonitrile rubber
      containing 26 percent acrylonitrile and having an average molecular weight
      of about 3500)
PA1  50 milligrams tetrabutylphosphonium acetate.acetic acid complex catalyst.
PAR  The mixture was raised to a temperature of 105.degree.C, evacuated and held
      1/2 hr. to complete the reaction between carboxyl and epoxide. Then 0.50
      gram of di-tertiary butyl peroxide was added and the temperature raised
      quickly to 180.degree.C (the temperature at which the rate of
      decomposition of this peroxide is the same as that for dicumyl peroxide at
      155.degree.C). A limited vacuum was pulled (to 100 mm Hg.) and held 1/2
      hr. Volatility of this peroxide requires caution in pulling a high vacuum
      at such an elevated temperature. To assure that peroxide was actually
      present under these conditions, at the end of this 1/2 hour interval the
      vacuum was released using nitrogen, and 0.25 g. additional di-tert. butyl
      peroxide was added dropwise. The reaction mixture was then agitated under
      1 atmosphere nitrogen pressure for 15 minutes and under full vacuum an
      additional 15 minutes, all at 180.degree.C. The product was then cooled
      and poured off as a clear amber liquid, with a viscosity at room
      temperature of 28,200 centipoises and an epoxide content of 22.6 percent
      (191 EEW).
PAR  Adhesives were prepared from the above product employing the following
      composition.
PA1  11 grams modified resin
PA1  8 grams aluminum powder
PA1  0.5 grams colloidal silica
PA1  0.8 grams dicyandiamide
PA1  0.2 grams melamine
PAR  The adhesives were applied to etched 4 1/2 inch .times. 1 inch .times.
      0.064 inch Type 2024-T-3 aluminum test strips for lap shear and Type 304
      stainless steel strips for climbing drum peel, and after heating at
      175.degree.C for 0.75 hours the lap shear and climbing drum peel strength
      values were determined at 77.degree.F as described in ASTM D 1002-64 and
      ASTM D-1781-62. The lap shear strength was 5,490 psi and the climbing drum
      peel strength was 106 lb/in.
PAC  EXAMPLE 7 -- Thiol-Containing Polymer Modifier
PAR  A. The procedure, reactants and concentration of reactants were the same as
      in Example 1-A except that the polymer employed was an
      acrylonitrile-butadiene copolymer having an average molecular weight of
      about 3000, an acrylonitrile content of about 24 percent and a mercaptan
      (SH) functionality of about 1.6. The resultant modified epoxy resin had an
      EEW of about 558 and a Durran's softening point of about 71.degree.C.
PAR  B. The reactants and procedure of A above was employed except that no
      dicumyl peroxide was employed. The resultant modified epoxy resin had an
      EEW of about 558 and a Durran's softening point of about 71.degree.C.
PAR  C. Adhesives were prepared from A and B above according to the procedure in
      Example 1-D. The results were as follows:
TBL           Tensile Shear Strength, psi                                      
     Sample     77.degree.F    250.degree.F                                    
     ______________________________________                                    
     A          5716           1083                                            
     B          5333            866                                            
     ______________________________________                                    
PAC  EXAMPLE 8
PAC  A. Room Temperature Curing Structural Adhesive
PAR  A structural epoxy adhesive must produce bonds that have three
      characteristics: (1) high lap shear and peel strength, (2) low creep
      (ability to carry a calculated load indefinitely without yielding), and
      (3) stability against various forms of environmental attack --
      temperature, humidity, etc.
PAR  Room temperature curing agents of which triethylenetetraamine (TETA),
      diethylenetriamine (DETA), and polyamides are most commonly used have
      never been able to provide adhesives with suitable peel strength, even
      with modified epoxies that give good peel strength when cured at elevated
      temperature. We have now prepared carefully selected
      epoxy-modifier-hardener systems that are found to meet all the
      requirements for a structural adhesive. Since the vulcanization of the
      nitrile rubber modifier is an important step in the preparation, examples
      are presented as a part of this patent application. The preparation and
      testing of the adhesive is described, followed by a comparison to results
      obtained when the variables or their levels are changed from the optimum.
PA1  To a 10-gallon kettle was added:
PA1  75 lb. of epoxy novolac resin employed and described in Example 6,
PA1  13.5 lb. polymer modifier as employed and described in Example 6,
PA1  24 grams tetrabutyl phosphonium acetate acetic acid complex catalyst as a
      70 percent solution in methanol.
PAR  The charge was heated to the reaction temperature of 100.degree.C and held
      1 hour to assure complete reaction of the carboxyls on the rubber with
      epoxide. Then 85 grams of dicumyl peroxide were added and the temperature
      raised to 150.degree.C for 2 hours reaction under vacuum. A product was
      then drummed out and cooled, analyzing 20.95 percent epoxide and having a
      viscosity of 53500 cp. at 25.degree.C.
PAR  An adhesive was formulated from 118 parts of this resin, 40 parts aluminum
      powder, 10 parts colloidal silica, and 34 parts DEH 29 hardener, a
      polyethylene polyamine containing about 10.9 percent primary, 17.9 percent
      secondary and 5.9 percent tertiary nitrogen and an average amine hydrogen
      equivalent weight of about 30.3.
PAR  Lap shear samples were prepared on aluminum substrates as described
      previously and tested according to ASTM D-1002-64. The samples were cured
      4 days at room temperature prior to testing.
TBL  ______________________________________                                    
     Test Temp.       Lap Shear Strength                                       
     ______________________________________                                    
     Room Temp.       4560 psi                                                 
     150.degree.F     3480 psi                                                 
     180.degree.F     2130 psi                                                 
     210.degree.F     1040 psi                                                 
     ______________________________________                                    
PAR  A climbing drum peel sample was prepared according to ASTM D-1781-62 using
      1 inch .times. 12 inch .times. 0.020 inch Type 304 stainless steel
      substrates, etched in conc. HCl at room temp. The peel strength after 4
      days cure at room temperature was measured as 89 lb/inch width. These
      strengths correspond to those we find for high temperature cured
      structural epoxies. temperature cured structural epoxies.
PAC  B. Variation in the Hardener Series Including Diethylene Triamine and its
      Homologs
PAR  150 grams of a diglycidyl ether of bisphenol A having an EEW of about 189
      epoxy plus 45 g. of an acrylonitrile-butadiene copolymer having an average
      molecular weight of 2200 and a COOH functionality of about 1.9 were mixed
      and reacted to give complete reaction of the carboxyls with epoxide. The
      vulcanization step was omitted in this case.
PA1  To 6.5 grams of this resin was added:
PA1  a. 1.0 gram aluminum powder
PA1  b. 0.25 gram colloidal silica
PA1  c. amount as specified in the Table of a hardener belonging to the
      diethylenetriamine family.
PAR  Test samples were prepared for the climbing drum peel test, with a 4-day
      room temperature cure preceding the actual peel test.
TBL  ______________________________________                                    
     Hardener    Amount         Peel Value                                     
     ______________________________________                                    
     DETA        0.522 g.        2 lb/inch                                     
     TETA        0.725 g.       42 lb/inch av.                                 
     TEPA        0.930 g.       50 lb/inch                                     
     D.E.H. 29   1.132 g.       75 lb/inch                                     
     ______________________________________                                    
PAR  This shows the improved performance given by the higher molecular weight
      hardener homologs. In each case, the hardener was assumed to be
      four-functional; that is, only the hydrogens attached to the terminal
      nitrogens were assumed reactive. Thus, excess hardener was present over
      the amount normally calculated as stoichiometric. That the excess hardener
      is beneficial is demonstrated in Example 8-C below.
PAR  C. To a 500 ml 3-necked flask equipped for agitation, nitrogen purge,
      evacuation, and temperature control, was added:
PA1  120 grams of a 2.1 functional epoxy novolac resin as defined in Example 6.
PA1  21.6 grams polymer modifier as described in Example 6.
PA1  60 mg tetrabutyl phosphonium acetate.acetic acid complex catalyst.
PAR  The contents were heated to 120.degree.C and held for 1 hour to assure
      complete reaction of the rubber carboxyls with epoxide. Then 0.292 grams
      of dicumyl peroxide was added and the temperature raised to 150.degree.C
      and held for 2 hours under a full vacuum. The product was then cooled and
      poured off as a bright yellow liquid, analyzing 21.7 percent epoxide and
      with a viscosity of 39000 cp.
PA1  A "masterbatch" was made from:
PA1  70.8 g. above resin
PA1  12 g. aluminum powder
PA1  3 g. colloidal silica
PAR  Four adhesives were prepared by mixing 7.15 grams of the above formulation
      with the following amounts of D.E.H. 29 hardener.
PA1  A. 1.08 g. D.E.H. 29 (stoichiometric)
PA1  B. 1.61 g. D.E.H. 29 (stoichiometric)
PA1  C. 2.15 g. D.E.H. 29 (stoichiometric)
PA1  D. 4.22 g. polyamide having an amine  hydrogen equivalent weight of about
      150.
PAR  Lap shear samples were prepared as already described and Tee Peel samples
      were also prepared according to ASTM D-1876-61T, using 1 inch .times. 8
      inch .times. 0.024 inch Type 2024-T3 aluminum strips, etched by the FPL
      procedure. Two strips were spread with the adhesive, then sandwiched
      together and clamped with paper clips for the four day cure period.
TBL                Test Results                                                
     ______________________________________                                    
     Adhesive                                                                  
     Sample    Lap Shear Strength                                              
                                Tee Peel                                       
     ______________________________________                                    
     A         3540 psi (av. of 2)                                             
                                11.2 lb/in.                                    
     B         3860             20.5                                           
     C         4850             32.0                                           
     D         2760              3.2                                           
     ______________________________________                                    
PAR  This test indicates improved performance for adhesives using greater
      amounts of the D.E.H. 29 polyethylene polyamine hardener. However, results
      from environmental exposure tests and elevated temperature testing
      indicate a fall-off in performance at double stoichiometric D.E.H. 29 (as
      in C above) and thus the formulation becomes non-structural for this
      reason. Sample B above did not show reduced performance in this respect.
PAC  D. Optimum Rubber Modifier Level
PAR  In addition to the test using 18 phr of the vulcanized rubber modifier,
      lower levels were tested by diluting with unmodified resin or by preparing
      separate modified epoxies. Results are given below, using 32 phr (parts
      per 100 parts of epoxy resin) D.E.H. 29 polyethylene polyamine hardener in
      all cases. In each instance the polymer modifier which was vulcanized was
      that described in Example 6 employing the vulcanization procedure of
      Example 8C.
TBL  ______________________________________                                    
     PHR                                                                       
     of                                                                        
     Modifier                                                                  
             Lap Shear  Climbing Drum                                          
                                     Tee Peel                                  
     ______________________________________                                    
     18      3860    psi          --     20.5  lb/in.                          
     15      4270           92    lb/in. 5.7   lb/in.                          
     13      4300           88           7.0                                   
     9       4300           25           6.2                                   
     6       4300           9            6.4                                   
     ______________________________________                                    
PAC  E. Variation in Rubber Composition
PAR  Vulcanized rubber modified 2.1 functional epoxy novolac resin was prepared
      containing 10 phr rubber using
PA1  A. 3500 av. M.W. acrylonitrile-butadiene polymer, 26 percent acrylonitrile,
      about 1.9 COOH average functionality,
PA1  B. 3500 av. M.W. acrylonitrile-butadiene polymer, 18.6 percent
      acrylonitrile, about 1.85 COOH average functionality.
PAR  Adhesives prepared and tested as in the examples above gave
TBL  Lap Shear     Climbing Drum                                               
                                Tee Peel                                       
     ______________________________________                                    
     (A)    4150 psi   88 lb/inch   7.0 lb/inch                                
     (B)    4790       18 lb/inch   7.7 lb/inch                                
     ______________________________________                                    
PAC  F. Environmental Stability of Bonds
PAR  The adhesive formulations from Example 8-C were used to prepare lap shear
      samples that were subsequently placed under an applied stress and exposed
      to a programmed temperature-humidity environment. The lap shear samples
      were held at these conditions until the sample failed (broke).
TBL  ______________________________________                                    
     Sample     Conditions Required to Cause Failure                           
                 (av. of 2 samples)                                            
     ______________________________________                                    
     A          57.degree.C, 1500 psi stress: 2 days dry                       
                 + 2 hrs. at 98% rel. humidity                                 
     B          57.degree.C, 1500 psi: 2 days dry + 1 hr.                      
                 at 98% rel. humidity                                          
     C          57.degree.C, 1500 psi: 1 day dry,                              
                 &lt;50% rel. humidity                                            
     D          40.degree.C, 1500 psi: 1 hr. dry                               
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A curable epoxy resin modified with a sulfur or organic peroxide
      vulcanized polymer of butadiene and acrylonitrile, methacrylonitrile or
      mixtures of acrylonitrile and methacrylonitrile comprising
PA1  A. an epoxy resin having an average of more than one vicinal epoxy group
      and
PA1  B. from about 0.03 to about 0.2 parts by weight per part by weight of
      Component (A) of unvulcanized polymer of butadiene and acrylonitrile,
      methacrylonitrile or mixtures of acrylonitrile and methacrylonitrile
      having an average molecular weight of from about 2000 to about 20,000 and
      containing from about 1.2 to about 5 groups per molecule of a reactive
      group selected from -COOH, -OH or -SH;
PAL  wherein said unvulcanized polymer has been reacted into the molecule of the
      epoxy resin through the -COOH, -OH, or -SH groups and then vulcanizing
      said polymer with sulfur or an organic peroxide.
NUM  2.
PAR  2. The composition of claim 1 wherein component (A) is the reaction product
      of
PA1  1. a liquid epoxy resin having an average of more than one vicinal epoxy
      group per molecule with
PA1  2. a dihydroxyl-containing compound.
NUM  3.
PAR  3. The composition of claim 2 wherein component (A-1) is diglycidyl ether
      of bisphenol A and component (A-2) is bisphenol A.
NUM  4.
PAR  4. The composition of claim 3 wherein component B is a
      butadiene-acrylonitrile polymer containing -COOH groups.
NUM  5.
PAR  5. A curable composition comprising the modified epoxy resin of claim 1 and
      a curing amount of a curing agent or curing catalyst.
NUM  6.
PAR  6. A curable composition comprising the modified epoxy resin of claim 2 and
      a curing amount of a curing agent or curing catalyst.
NUM  7.
PAR  7. A curable composition comprising the modified epoxy resins of claim 3
      and a curing amount of a curing agent or curing catalyst.
NUM  8.
PAR  8. The curable composition of claim 5 wherein the curing agent is
      dicyandiamide.
NUM  9.
PAR  9. The curable composition of claim 6 wherein the curing agent is
      dicyandiamide.
NUM  10.
PAR  10. The curable composition of claim 7 wherein the curing agent is
      dicyandiamide.
NUM  11.
PAR  11. The cured composition resulting from curing the composition of claim 5.
NUM  12.
PAR  12. The cured composition resulting from curing the composition of claim 6.
NUM  13.
PAR  13. The cured composition resulting from curing the composition of claim 7.
NUM  14.
PAR  14. The cured composition resulting from curing the composition of claim 8.
NUM  15.
PAR  15. The cured composition resulting from curing the composition of claim 9.
NUM  16.
PAR  16. The cured composition resulting from curing the composition of claim
      10.
NUM  17.
PAR  17. The curable composition of claim 5 wherein the curing agent is a
      polyethylene polyamine having an average amine hydrogen equivalent weight
      of at least about 27.
NUM  18.
PAR  18. The cured composition resulting from curing the composition of claim
      17.
NUM  19.
PAR  19. The composition of claim 1 wherein component A is an epoxy novolac
      resin.
NUM  20.
PAR  20. The composition of claim 19 wherein the epoxy novolac resin has an
      average functionality of from about 2.05 to about 2.5.
NUM  21.
PAR  21. A curable composition comprising the modified epoxy novolac resins of
      claim 19 and a curing amount of a curing agent or a curing catalyst.
NUM  22.
PAR  22. A curable composition comprising the modified epoxy novolac resins of
      claim 20 and a curing amount of a curing agent or a curing catalyst.
NUM  23.
PAR  23. The cured composition resulting from curing the composition of claim
      21.
NUM  24.
PAR  24. The cured composition resulting from curing the composition of claim
      22.
NUM  25.
PAR  25. The composition of claim 1 wherein compound (B) has an average of from
      about 1.7 to about 2.4 -COOH, -OH, or SH groups per molecule.
PATN
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      acid, curing agent and inorganic metal salt
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ABST
PAL  1. A composition of matter comprised of an epoxy resin, a copolymer of
      butadiene and acrylic acid, a curing agent, and between about 2.5 and
      about 30 percent by weight of an inorganic metal salt selected from the
      group consisting of metal chromates, metal bichromates, metal phosphates,
      and mixtures thereof.
BSUM
PAR  This invention relates to improvements in rocket motors and other gas
      generating devices which utilize solid propellants. More particularly,
      this invention relates to improvements in bonding characteristics between
      the insulating liner of rocket motor combustion chamber walls and the
      propellant charge contained within the chamber.
PAR  Rocket motors are generally comprised of a suitable vessel having a nozzle
      in one end thereof, a combustion chamber containing a propellant charge,
      and an ignition system capable of igniting the propellant charge when
      desired. Control of the thrust throughout the combustion period of the
      propellant may be obtained by shaping of the propellant to give burning
      surfaces that will yield the desired thrust program during the combustion
      period. The use of propellants in the form of a rod, rod with internal
      star, hollow rod, multiple port rod, and the like, for this purpose is
      well known in the art. In addition, certain desired surfaces of the
      propellant may be coated with a suitable inhibitor to suppress burning of
      these surfaces, thereby providing another means of controlling the thrust.
      One method of inhibiting the burning surface of the propellant comprises
      coating the interior surface of the combustion chamber, after suitable
      surface preparation, with an insulating binder, and the exterior periphery
      of the propellant, by casting or otherwise, is then secured to the
      interior combustion chamber surfaces by means of the insulating binder.
      The insulating binder may be used for several purposes. It may serve as an
      insulator for the rocket vessel to protect it against the high
      temperatures generated during combustion. It may serve as a binder to
      secure the propellant to the wall of the combustion chamber. In addition,
      it may be used to inhibit burning of the outer periphery of the
      propellant. Considerable difficulty has been encountered in obtaining a
      satisfactory liner material that will serve all three purposes. Various
      elastomeric materials have been used as the insulating liner, but the bond
      between the liner and propellant often fails if the rocket is stored for
      extended periods after fabrication or if the rocket is subjected to
      extreme variations in temperature conditions prior to or during firing.
      Therefore it is necessary to fire such rockets very soon after
      fabrication, and expensive and cumbersome means must be employed to
      maintain the temperature of the rocket relatively constant prior to
      firing. Unless these precautions are taken, there may be failure of the
      bond between the liner and propellant, which results in uncontrolled
      burning of the propellant during the combustion period. Such uncontrolled
      burning not only causes undesired variations in the thrust program, but
      also may cause rupture and/or explosion of the rocket vessel. In addition,
      when nitroglycerine is employed as a component of the propellant, there is
      a migration of the nitroglycerine through the propellant and liner to the
      chamber wall, which often causes failure of the bond between the liner and
      wall, thereby resulting in uncontrolled burning of the propellant.
PAR  It is a primary object of this invention to overcome the disadvantages
      inherent in conventional techniques for bonding rocket motor liners and
      rocket motor propellant charges.
PAR  A further object of this invention is to provide an improved rocket motor.
PAR  Still another object of this invention is to provide an insulating liner
      for the combustion chamber of rocket motors having improved bonding
      properties.
PAR  It is another object of this invention to provide an improved process for
      preparing rocket motors.
PAR  Still a further object of this invention is to provide a rocket motor
      combustion chamber having an insulating liner bonded to the propellant
      charge, wherein the bond between the liner and the propellant charge
      resists deterioration during extended periods of storage.
PAR  Another object of the invention is to provide a novel rocket motor liner
      which remains firmly bonded to the propellant when subjected to extreme
      variations in temperature.
PAR  It is a further object of the invention to provide a novel insulating liner
      for rocket motors which inhibits migration of nitroglycerine from
      propellants containing it.
PAR  These and other objects of the invention will be apparent from the
      following detailed description thereof.
PAR  It has now been discovered that improved bonding between a rubbery liner of
      a rocket motor combustion chamber and a solid propellant charge is readily
      obtained by coating the interior surfaces of the combustion chamber with a
      layer of an uncured fluid mixture capable of being cured and solidified to
      a material having rubbery properties, the fluid containing between about
      2.5 and about 30 percent by weight of an inorganic metal salt. After
      curing and solidification of the rubbery liner a thermoplastic propellant
      charge is then cast into the lined portion of the chamber, and upon
      solidification of the propellant charge, a strongly adhering bond is
      formed between the rubbery liner and the propellant charge.
PAR  More in detail, rocket motor vessels, gas generator vessels, and the like,
      constructed of a suitable material such as steel alloy, stainless steel,
      aluminum alloy, low carbon steel, ceramic lined steel, molded epoxy
      resin-coated glass fiber, and the like, may be treated in accordance with
      the technique of the instant invention. For purposes of clarity, the
      invention will be described as applied to rocket motor vessels, but it
      will be recognized by those skilled in the art that the invention is
      applicable to gas generators, and other devices which employ solid
      propellant. The interior surfaces of the cumbustion chamber are cleaned by
      sanding and/or applying cleaning solvents to remove rust, grease and the
      like, to improve bonding between the interior combustion chamber surface
      and the liner.
PAR  The liner is formed from an uncured fluid mixture containing an inorganic
      metal salt, the mixture being capable of being cured and solidified to a
      material having rubbery properties. It is preferred to employ a mixture of
      an inorganic metal salt, an epoxy resin and a rubber-base material with
      conventional curing agents, since the epoxy resin component not only
      enhances the bonding strength of the liner but also impedes the migration
      of nitrogelycerine from the propellant to the combustion chamber surfaces.
      However if the propellant does not contain nitroglycerine, satisfactory
      results can be obtained by omitting the epoxy resin component.
PAR  The words "liquid" and "fluid" when used to define the uncured fluid
      mixture capable of being cured and solidified to a material having rubbery
      properties throughout the description and claims are intended to include
      solutions, dispersions, slurries or paste-like fluids having the
      consistency of conventional rubber-base cement.
PAR  Rubber-base materials suitable for use in preparing the liner of the
      instant invention include fluid polymers or copolymers of one or more
      rubber-forming diolefins, such as butadiene and including substittuted
      butadienes such as isoprene, chloroprene, dimethyl butadiene, methyl
      pentadiene, and the like, with or without other suitable copolymerizable
      materials such as acrylic acid, styrene vinyl esters, acrylic esters,
      methacrylic esters, and the like. Liquid dispersions or sulutions of
      natural rubber, C rubber, nitrile rubber, GRS rubber, neoprene,
      polysulfide rubber, cellulose acetate, and the like, which may be cured
      and solidified by the application of a curing agent and/or heat may be
      employed.
PAR  Curing agents for these rubber-base materials are well known in the art,
      and will vary with the type of rubber base material employed. For example,
      magnesium oxide, diphenylguanidine, p-quinonedioxime, peroxides, sulfur,
      and the like, are suitable curing agents.
PAR  The epoxy component of the rubbery liner of the present invention comprises
      liquid monomeric or polymeric polyepoxides containing a plurality of
      epoxide groups having the formula
      ##EQU1##
      At least one of these groups in the polyepoxides is terminal. The
      polyepoxides may be saturated or unsaturated aliphatic, cycloaliphatic,
      aromatic or heterocyclic and may carry non-interfering substituents, for
      example, chlorine, hydroxyl or ether groups. The polyepoxides are commonly
      formed by any of several reactions. One type by the reaction of aromatic
      or aliphatic polyhydroxy compounds with epichlorohydrin. Also useful in
      place of epichlorohydrin are 3-chloro-1,2-epoxybutane, 3-bromo-1,
      3-epoxyhexane, 3-chloro-1,2-epoxyoctane and the like. To form the epoxy
      resins, the epoxide is reacted with an aliphatic or aromatic polyhydric
      compound, for example, bisphenol A, resorcinol or polynuclear phenols, for
      example, 4,4'-diohydroxybenzophenone or bis(4-hydroxyphenyl) ethane.
      Sorbitol, glycerol and pentraerythritol are examples of suitable
      polyhydroxy aliphatic compounds. Any of the commercially available epoxy
      resins are suitable for use in the present compositions including the
      resins sold under the names of Epon, Araldite ERL and Epi-Rez. Epon 828 is
      an epoxy resin formed from bisphenol A and epichlorohydrin and has average
      molecular weights of 350 to 400 and viscosities of 5,000 to 15,000
      centipoises at 25.degree.C. (Gardner Holdt). Epon 834 is similar to Epon
      828 but has molecular weights of about 450 and viscosities between A.sub.1
      and A.sub.2 (Gardner Holdt). Araldite 6010 is similar to Epon 828 but has
      a viscosity of 16,000 centipoises. ERL is similar to Epon 828 but has
      viscosities of 10,500 to 19,500 centipoises. Epi-Rez 510 is similar to
      Epon 828 but has viscosities of 9,000 to 18,000 centipoises.
PAR  Other suitable epoxies include the Oxiron, peracetic and Novolac types. The
      Oxiron resins are epoxidized aliphatic polyolefins which contain epoxy
      groups terminally and along the carbon chain. The peracetic resins are
      obtained by epoxidation of olefins by oxygen and selected metal catalysts
      or by peracetic acid. Unox Epoxide 201 is a bicyclo-diepoxycarboxylate,
      Unox Epoxide 207 is bicyclopentadiene dioxide and Unox Epoxide 206 is
      vinylcyclohexene dioxide. Novolac resin DER is an epoxidized polynuclear
      polyhydric phenol. Additional data concerning these resins appears in Lee
      and Neville, "Epoxy Resins, Their Application and Technology," McGraw-Hill
      Book Company, Inc. New York, 1957.
PAR  Inorganic metal salts suitable for use in the instant invention include
      metal salts of chromates, bichromates and phosphates. Typical examples of
      suitable metal salts include zinc chromate, zinc phosphate, lead
      phosphate, barium chromate, magnesium chromate, sodium phosphates,
      potassium phosphates, mixtures thereof, and the like. The metal salts are
      used in finely divided form, for example, particles which pass a 100 mesh
      screen, in order to obtain adequate dispersion in the rubber base
      material. Zinc chromate appears to yield a better bonding liner than the
      other metal salts tested.
PAR  The uncured fluid mixture used in the preparation of the liner is prepared
      by admixing the epoxy resin, rubber-base material, inorganic metal salt
      and curing agent to yield a substantially homogeneous mixture. The
      proportion of metal salt is between about 2.5 and about 30 percent by
      weight, the proportion of curing agents is between about 5 and about 20
      percent by weight and the proportion of combined epoxy resin and
      rubber-base material is between about 50 and about 90 percent by weight of
      the mixture. The weight ratio of rubber-base material to epoxy resin in
      the mixture is preferably between about 1:1 and about 5:1, but the epoxy
      resin component may be omitted under certain circumstances, if desired, as
      discussed above. The ratio of rubber-base material to epoxy resin should
      not be less than about 1:1, since the use of excessive epoxy resin may
      eliminate most of the desirable elastic properties of the liner.
PAR  The uncured fluid mixture capable of being cured and solidified to a
      material having rubbery properties, with or without an epoxy component, as
      the case may be, is applied to the interior surfaces of the combustion
      chamber by any suitable means, such as by brushing, by applying with a
      spatula, and the like. If desired the mixture may be formed or mixed with
      a suitable solvent such as ethyl acetate, acetone, hexane, then the
      solution of organic material is sprayed onto the interior surfaces of the
      combustion chamber, and the solvent is evaporated to yield a rubbery
      liner. In one embodiment of the invention, the cylindrical rocket motor
      vessel is placed on motor driven rollers or other suitable apparatus to
      rotate the rocket motor at a rate sufficient to develope the necessary
      centrifugal force to maintain a substantially uniform thickness of the
      layer of uncured fluid mixture on the interior of the vessel until it is
      cured sufficiently to retain its layer form without rotation. Application
      of the lining material and rotation is continued until the desired
      thickness of rubber-base liner is obtained. The thickness of the
      rubber-base lining is preferably between about 1/32 and about 1/4  inches,
      but any suitable thickness that will impart the desired degree of
      insulation to the combustion chamber vessel may be employed.
PAR  If desired, several layers of rubber-based material and epoxy resin may be
      employed to form the liner. For example, the combustion chamber wall is
      coated with a layer of the above defined uncured mixture, and after
      curing, a thin layer of epoxy resin is applied. After curing, another
      layer of the fluid uncured mixture is applied. Such a composite liner is
      particularly suitable for inhibiting the migration of nitroglycerine from
      propellants containing it.
PAR  After applying the fluid uncured mixture to the combustion chamber surfaces
      in the manner described above, solidification of the rubber-base liner is
      completed, due to the effect of the curing agent, with or without the
      application of heat. It is preferred to employ a curing agent and complete
      curing of the liner at ambient temperature for a period at least about 12
      hours and as long as about 10 days or more. However solidification of the
      liner may be effected at elevated temperatures, for example, up to about
      80.degree.C., in less than about 6 hours.
PAR  Rocket motor casings lined in accordance with the technique of the instant
      invention may be stored for extended periods, for example, as long as 90
      days before adding the propellant charge, without adversely affecting the
      bonding characteristics between the liner and propellant.
PAR  Any thermoplastic propellant charge may be employed that is capable of
      being poured and cast inside the combustion chamber of the rocket motor
      and subsequently solidified by curing. Suitable propellant charges include
      the rubber-based and asphalt base propellants containing oxidizers such as
      ammonium perchlorate, potassium perchlorate, ammonium nitrate, and the
      like; propellants such as nitrocellulose, nitroglycerine, cyclonite,
      pentaerythrite tetranitrate and mixtures thereof; and metal additives such
      as powdered aluminum, boron, copper and mixtures thereof. A typical
      analysis of a suitable thermoplastic propellant composition is as follows:
TBL  Component        Parts by Weight                                          
     ______________________________________                                    
     Nitrocellulose   58.6                                                     
     Nitroglycerine   24.2                                                     
     Dimethyl Phthalate                                                        
                      9.6                                                      
     Dinitrotoluene   6.6                                                      
     Ethyl Centralite 1.0                                                      
     Carbon Black     0.1                                                      
     ______________________________________                                    
PAL  Other suitable solid propellant compositions such as double base
      propellants, composite double base propellants and those set forth in
      Rocket Propulsion Elements, by George P. Sutton, published by John Wiley
      and Sons, Inc., Second Edition (1956), may be employed.
PAR  The shape of the propellant may be in the form of a rod, hollow rod, star,
      etc., or other desired shape that can be cast in accordance with prior art
      techniques.
PAR  After solidification of the propellant charge a suitable closure means
      having a nozzle for discharging combustion gases is then secured to the
      open end of the chamber. A suitable ignition means is also provided in the
      conventional manner.
PAR  When an inorganic metal salt is employed as a component of the rubber-base
      liner and a propellant charge is cast into the liner in accordance with
      the technique of the instant invention, an exceptionally strong bond is
      obtained between the rubber-base liner and the propellant charge, and
      substantially no rupturing of the bond is effected during storage, during
      extreme temperature variations or when the propellant charge is ignited.
      As a result, substantially uniform burning and uniform thrust are obtained
      throughout the entire combustion period. In addition, it has been found
      that rocket motors prepared in this manner can be stored indefinitely
      without any significant deterioration in the bond between the rubber-base
      liner and the propellant charge. Furthermore, when subjected to extreme
      temperature variations, for example, cycling tests in which the rocket
      motors are stored at a temperature of -40.degree.C. for 24 hours, then
      removed and immediately placed in an atmosphere at 60.degree.C., and
      maintained in this atmosphere for 24 hours, and then returned to storage
      at -40.degree.C., the rocket motors of the instant invention resisted bond
      failure after being subjected to more than 10 cycles.
PAR  The technique of the instant invention is particularly effective when used
      in combination with the technique of my copending application Ser. No.
      143,275, filed of even date herewith, wherein a layer of the uncured fluid
      mixture is applied to the combustion chamber surfaces, and before
      solidification, powder grains are partially embedded in the exterior
      surface of the layer. The mixture is cured and solidified, and a
      thermoplastic propellant is then cast into the resulting rubber-base liner
      having powder grains embedded therein.
PAR  The following examples are presented to illustrate the invention more fully
      without any intention of being limited thereby. All parts and percentages
      are by weight unless otherwise specified.
DETD
PAC  EXAMPLE I
PAR  A rubber-base lining composition was prepared as follows: 35 parts of an
      epoxy resin having a molecular weight of about 375 formed by reacting
      epichlorohydrin with bisphenol A, were admixed with 5 parts of powdered
      zinc chromate until substantially homogeneous. To this mixture were added
      52.3 parts of a copolymer of butadiene and acrylic acid, and mixing was
      continued until a substantially homogeneous mass was formed. A curing
      composition was prepared by admixing 5 parts of p-quinonedioxime, 0.2
      parts diphenylguanidine and 2.5 parts magnesium oxide, and the resulting
      homogeneous curing composition was then admixed with the
      resin-rubber-base-zinc chromate mixture until substantially homogeneous.
      All mixing was carried out at room temperature.
PAR  A tensile testing apparatus was constructed which was comprised of two
      square steel plates, having a surface area on each face of 2.5 in..sup.2,
      each plate being secured on one face to a pivot arm, which was operatively
      connected to a tensile strength measuring device. The unattached faces of
      the two plates are cemented together to form a "sandwich" of steel
      plate/rubber-base liner/thermoplastic propellant/ rubber-base liner/steel
      plate. The pivot arms then force the steel plates apart, the force
      necessary to cause rupture of the "sandwich" being measured in pounds per
      square inch.
PAR  A portion of the fluid or rubber-base composition, prepared as described
      above, was applied to the open face of each steel plate with a brush to
      form a layer of substantially uniform thickness (about 1/32 inch).
PAR  The rubber-base liner was cured at ambient temperature for 1 day. The two
      plates with rubber-base liner were then cemented together with a 1/2 inch
      thickness of a thermoplastic composite double base propellant containing
      nitroglycerine, nitrocellulose, ammonium perchlorate, powdered aluminum
      and additives. The cementing was effected by placing the two lined plates
      vertical in a parallel position and 1/2 inch apart, then taping the bottom
      and two adjacent sides with a double thickness of masking tape to form a
      mold. The fluid propellant was then poured into the top of the mold to
      fill it, and the taped plates with propellant were heated to a temperature
      of 60.degree.C., for about 24 hours to effect curing of the propellant.
      The sandwiches were then cooled to ambient temperatures and the tape was
      removed.
PAR  After curing of the "sandwich," the plates were pulled apart in the tensile
      strength testing apparatus. The maximum tensile strength and position of
      the break were noted. The procedure was repeated for two additional
      "sandwiches" prepared in the same manner. The average tensile strength of
      the three specimens was 77 pounds per square inch, and in each test, the
      break in the sandwich occurred through the propellant, thus demonstrating
      that the bond formed by the technique of the instant invention between the
      liner and propellant was stronger than the bond of the propellant alone.
PAR  For purposes of comparison, the procedure was repeated, with the exception
      that no liner was provided on the plates and the propellant was bonded
      directly to the metal surface. The average tensile strength of the three
      specimens was only 55 pounds per square inch, and in each case the break
      occurred at the metal-propellant interface.
PAC  EXAMPLE II
PAR  An uncured fluid mixture was prepared similar to that of Example I with the
      exceptions that about 1 part of a rubber antioxidizing agent, (symetrical
      di-betanaphthyl-para-phenylenediamine) was admixed with the homogeneous
      mixture, and 7.5 parts of zinc chromate were used instead of 5 parts.
PAR  Three test sandwiches were prepared as in Example I with the exception that
      the liner material was applied with a spatula, and the liner was cured for
      7 days. The average tensile strength of the three specimens was 99 psi.,
      and break occurred through the propellant in each instance.
PAC  EXAMPLE III
PAR  An uncured fluid mixture was prepared in a manner similar to Example I,
      with the exception that 10 parts of zinc chromate instead of 5 parts were
      employed. The lining composition was applied to the plates with a spatula
      and was cured at ambient temperature for 13 days.
PAR  The lined plates were cemented together with propellant as in Example I and
      tested in the tensile strength testing device. The average tensile
      strength for the three specimens was 96 psi. and the break occurred
      through the propellant in each instance.
PAC  EXAMPLE IV
PAR  A rubber-base lining composition was prepared as follows:
PAR  30 parts of an epoxy resin having a molecular weight of about 375 formed by
      reacting epichlorohydrin with bisphenol A, were admixed with 15 parts of
      powdered zinc chromate until substantially homogeneous. To this mixture
      were added 47.3 parts of a copolymer of butadiene and acrylic acid, and
      mixing was continued until a substantially homogeneous mass was formed. A
      curing composition was prepared by admixing 5 parts of p-quinonedioxime,
      0.2 parts diphenylquanidine and 2.5 parts magnesium oxide, and the
      resulting homogeneous curing composition was then admixed with the
      resin-rubber-base-zinc chromate mixture until substantially homogeneous.
      All mixing was carried out at room temperature.
PAR  The steel plates of Example I were coated by applying the lining material
      with a spatula and the liners were cured for 17 days. Three "sandwich"
      specimens were prepared from thermoplastic propellant as in Example I, and
      after curing, the average tensile strength was 77 psi. The break in the
      specimens occurred through the propellant in each instance.
PAC  EXAMPLE V
PAR  A 3 pound test rocket motor vessel having a combustion chamber length of
      about 31/2 inches and an inside diameter of about 5 inches was cleaned by
      sandblasting and then lined with a 1/8 inch layer of the lining
      composition of Example I. The propellant of Example I was cast in the
      liner after curing of the liner and then heated to a temperature of about
      60.degree.C. for about 24 hours to effect curing of the propellant. The
      resulting rocket motor was subjected to cycling tests at -40.degree. and
      60.degree.C. for 24 hour periods, and after 16 cycles, no deterioration of
      the liner-propellant bond was found. Several rockets prepared in this
      manner were successfully fired after 3 to 6 temperature cycles.
PAC  EXAMPLE VI
PAR  A 70 pound JATO rocket was prepared, employing the liner composition of
      Example III. No deterioration of the liner-propellant bond was found after
      5 cycles between temperatures of -40.degree. and 60.degree.C. for 24 hour
      periods.
PAC  EXAMPLE VII
PAR  Liners prepared in accordance with the instant invention have relatively
      uniform elastic properties over a wide range of temperatures. A liner
      prepared as in Example I was formed into a sheet of 1/4 inch thickness and
      cured. Several "dumbbells" were cut from this sheet, which were about 5
      inches long, having a narrow portion in the center about 1/4 inch wide,
      and each end being about 1 inch in width. The dumbbells were placed in a
      conventional stress testing machine to determine the pressure necessary to
      break the specimen and the percent of elongation before break. Three
      specimens were tested at -60.degree.C., three at 25.degree.C., and three
      at 70.degree.C. The average stress and per cent elongation at each
      temperature, was as follows:
TBL  Temperature                                                               
                Stress        Elongation                                       
     ______________________________________                                    
     -60.degree.C.                                                             
                396 psi.      39.6 per cent                                    
     25.degree.C.                                                              
                173 psi.      36.1 per cent                                    
     70.degree.C.                                                              
                126 psi.      32.0 per cent                                    
     ______________________________________                                    
PAR  For purposes of comparison, another liner sheet was prepared, in a similar
      manner with the exception that iron oxide was substituted for the zinc
      chromate.
PAR  This liner was tested in the same manner and the average stress to break
      and per cent elongation at the break were as follows:
TBL  Temperature                                                               
                Stress        Elongation                                       
     ______________________________________                                    
     -60.degree.C.                                                             
                317 psi.      43   per cent                                    
     25.degree.C.                                                              
                157 psi.      34.75 per cent                                   
     70.degree.C.                                                              
                113 psi.      25.5  per cent                                   
     ______________________________________                                    
PAR  Thus it can be seen that greater pressure was required to break the
      specimens containing zinc chromate and the elasticity was more uniform
      over a wide temperature range than a liner that did not contain zinc
      chromate.
PAR  It will be recognized that many modifications and variations, some of which
      are discussed above, will naturally present themselves to those skilled in
      the art without departing from the spirit of this invention or the scope
      of the appended claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A composition of matter comprised of an epoxy resin, a copolymer of
      butadiene and acrylic acid, a curing agent, and between about 2.5 and
      about 30 percent by weight of an inorganic metal salt selected from the
      group consisting of metal chromates, metal bichromates, metal phosphates,
      and mixtures thereof.
NUM  2.
PAR  2. The composition of claim 1 wherein said inorganic metal salt is zinc
      chromate.
PATN
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SRC  5
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ART  142
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TTL  Resin composition having high impact resistance
ISD  19760330
NCL  3
ECL  1
EXA  Ziegler; J.
EXP  Tillman; Murray
NDR  2
NFG  2
INVT
NAM  Hozumi; Yukio
CTY  Sakai
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ABST
PAL  A flame retardant resin composition having a high impact resistance is
      disclosed, containing (A) 20 to 85 weight percent of a high molecular
      weight aromatic polycarbonate copolymer comprising (1) 2 to 30 molar
      percent of a bisphenol the nucleus of which is substituted with a halogen
      and (2) 70 to 98 molar percent of a halogen-free bisphenol and (B) 80 to
      15 weight percent of an ABS resin comprising a mixture of (1) a graft
      copolymer of a butadiene-based rubbery polymer to which is grafted a vinyl
      aromatic hydrocarbon and acrylonitrile and and (2) a copolymer of a vinyl
      aromatic hydrocarbon and acrylonitrile. The amount of said rubbery polymer
      is 5 to 40 weight percent of the ABS resin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a resin composition having a high impact
      resistance.
PAR  2. Description of the Prior Art
PAR  Bisphenols the nucleus of which is substituted with a halogen,
      particularly, tetrabromobisphenol A, are known to be flame retarding
      agents. The incorporation of tetrabromobisphenol A in various synthetic
      resins to obtain flame-retardant resin compositions has been proposed. In
      one process tetrabromobisphenol A is copolymerized with halogen-free
      bisphenol such as bisphenol A to improve the flame-retardant property of a
      polycarbonate resin derived from bisphenol A. In addition, it has been
      proposed to obtain a flame-retardant resin composition by incorporating
      said copolymerized polycarbonate into a polycarbonate resin derived from
      bisphenol A (Japanese Patent Publication No. 24660/1972).
PAR  However, a copolymer composition containing such a copolymerized
      polycarbonate particularly derived from more than 2 mole percent of a
      nuclear-halogen-substituted bisphenol, is brittle because of the very low
      impact strength thereof as shown in FIG. 1. In addition, practical
      limitations occur such as the need for using a higher temperature in the
      molding because of its reduced melt fluidity.
PAR  Therefore, for improving the molding property of the polycarbonate resin,
      there has been proposed a process wherein a nuclear-halogen-substituted
      bisphenol A is incorporated therein, or a process wherein a low molecular
      weight polycarbonate (generally having a polymerization degree of about 2
      to 10) derived from a nuclear-halogen-substituted bisphenol is
      incorporated therein (Japanese Patent Publications Nos. 41422/1972 and
      44537/1972). It is impossible, by either of those prior processes,
      however, to prevent impairment of the physical properties of the resin
      generally caused by the incorporation of the low molecular weight
      materials, and it is difficult to retain well-balanced physical properties
      such as mechanical strength and molding property, even though
      flame-retardance can be imparted thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing the interrelationship between tetra bromo
      bisphenol A (TBBPA) content and the Izod impact strength of a bisphenol A
      (BPA)-TBBPA copolymer.
PAR  FIG. 2 is a graph showing the interrelationship between the copolymer
      polycarbonate content and the Izod impact strength of the resin
      composition of the present invention.
DETD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  We have discovered that flame-retardant resin compositions which can be
      used for general molding purposes and which have remarkably improved
      impact resistance and many other advantages can be obtained by
      incorporating an ABS resin into a special high molecular weight
      polycarbonate copolymer.
PAR  More particularly, we have discovered a resin composition comprising a
      mixture of
PAR  A. 20 to 85 weight percent of a high molecular weight aromatic
      polycarbonate copolymer comprising (1) 2 to 30 molar percent of a
      bisphenol the nucleus of which is substituted with halogen and (2) 70 to
      98 molar percent of a halogen-free bisphenol, and
PAR  B. 80 to 15 weight percent of an ABS resin comprising a mixture of (1) a
      graft copolymer of a butadiene-based rubbery polymer selected from the
      group consisting of a polybutadiene and a copolymer derived from a
      monomeric mixture comprising mainly butadiene, with a vinyl aromatic
      hydrocarbon and acrylonitrile, and (2) a copolymer of a vinyl aromatic
      hydrocarbon and acrylonitrile. The amount of the rubbery polymer is from 5
      to 40 weight percent of the ABS resin. The resin composition according to
      the invention has a higher impact strength than said polycarbonate
      copolymer (A) or said ABS resin (B).
PAR  The advantageous properties of resin compositions of the present invention,
      particularly its high impact strength, will be described below in detail.
PAR  Test pieces were prepared by molding a resin composition obtained by mixing
      (i) a copolymerized polycarbonate copolymer (hereinafter referred to as
      copolymer (I) ) comprising 3.7 molar percent of a constituent unit
      obtained from 2,2-bis-(3,5-dibromo-4-hydroxyphenyl) propane (hereinafter
      referred to as tetrabromobisphenol A) and the remainder was
      2,2-bis-(4-hydroxyphenyl) propane (hereinafter referred to as bisphenol
      A), or a polycarbonate copolymer (hereinafter referred to as copolymer
      (II) ) comprising 13.4 molar percent of tetrabromobisphenol A and the
      remainder was bisphenol A; with (ii) an ABS resin obtained by
      mass-suspension two-stage polymerization of 40 parts by weight of
      acrylonitrile, 30 parts by weight of styrene, 30 parts by weight of
      .alpha.-methylstyrene and 12 parts by weight of butadiene-styrene
      copolymer rubber. The constituents (i) and (ii) were mixed in various
      proportions.
PAR  The impact strength of the test pieces (thickness: one-fourth inch, with
      notch) was measured. The results are shown in FIG. 2. Similar values were
      obtained using test pieces having a thickness of one-eighth inch. For
      comparison, the impact strength of a polycarbonate resin comprising
      bisphenol A conventionally used for general molding purposes was about 15
      Kg-cm/cm (test piece thickness: one-fourth inch) and about 95 Kg-cm/cm
      (test piece thickness: one-eighth inch) by the same test.
PAR  If the amount of the nuclear-halogen-substituted bisphenol A (constituent
      (A) (1) above) in the high molecular weight aromatic polycarbonate
      copolymer (A) is less than 2 molar percent, the flame retardance property
      of the resin composition is insufficient, and the improvement in impact
      strength cannot be obtained unless it is mixed with a special ABS resin as
      described in the specification of Japanese Patent Laid-open No.
      43750/1973. In other words, if the amount of the
      nuclear-halogen-substituted bisphenol A is less than 2 molar percent, a
      selectivity is caused with regard to its compatibility with ABS resin and,
      further, the impact resistance of the mixture depends largely on the
      thickness of test piece, even if an excellent compatibility is obtained.
      On the other hand, if the amount of the nuclear-halogen-substituted
      bisphenol A is more than 30 molar percent, molding of the high molecular
      weight aromatic polycarbonate copolymer (A) becomes difficult and an
      improvement in its properties is not achieved even if the ABS resin (B) is
      incorporated therein.
PAR  The halogen-free bisphenol (constituent (A) (2) above) which is a
      constituent monomer of the polycarbonate copolymer (A) in the composition
      of this invention includes bisphenols of 2,2-bis(4-hydroxphenyl) alkane
      having 1 to 10 carbon atoms, and said linkage alkane may be replaced with
      a linkage such as ether, sulfon, sulfide and sulfoxide. The
      nuclear-halogen-substituted bisphenols includes tetrahalo compounds which
      correspond to 3,5-halo-substituted analogues of said halogen-free
      bisphenols. As a preferred halogen-free bisphenol there can be mentioned
      unsubstituted bisphenol, i.e., 2,2-bis(4-hydroxyphenol)propane, also known
      as bisphenol A (hereinafter referred to as BPA). As a preferred
      nuclear-halogen-substituted bisphenol there can be mentioned
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, also known as
      tetrabromobisphenol A (hereinafter referred to as TBBPA).
PAR  The copolymers derived from these bisphenols and used in the present
      invention are prepared by known processes for preparing polycarbonates
      such as the phosgene process, the pyridine process or the chloroformate
      process. The preferred copolymers have a high molecular weight and a
      limiting viscosity (at 25.degree.C in methylene chloride) of at least
      0.25, preferably 0.45 to 0.75.
PAR  If the ABS resin (B) used in the present invention has a rubbery polymer
      content of less than 5 weight percent, the improvement in impact
      resistance is not achieved. On the other hand, if the rubbery polymer
      content is more than 40 weight percent, the lowering in the softening
      point is marked, and the resin composition becomes unsuitable for use for
      general purpose molding.
PAR  The ABS resin used in the present invention is produced generally by
      emulsion-polymerizing or solution-polymerizing a vinyl aromatic
      hydrocarbon and acrylonitrile in the presence of a butadiene-based rubber.
      In some cases, the ABS resin is produced by adding a previously prepared
      copolymer of a vinyl aromatic hydrocarbon and acrylontrile to butadiene
      rubber. The ABS resin product obtained by both processes comprises a
      mixture of (i) a graft copolymer derived from rubbery butadiene-based
      polymer as trunk or backbone polymer, and acrylonitrile and the vinyl
      aromatic hydrocarbon as branches, and a copolymer of (ii) acrylonitrile
      and (iii) vinyl aromatic hydrocarbon. The preferred proportion of
      acrylonitrile to the vinyl aromatic hydrocarbon in this ABS resin product
      is generally 20 to 40 weight percent of acrylonitrile to 60 to 80 weight
      percent of vinyl aromatic hydrocarbon. As the vinyl aromatic hydrocarbon,
      there can be used styrene, .alpha.-methylstyrene, dimethylstyrene and
      halogen-nuclear-substituted styrenes.
PAR  Conventional commercially available ABS resins have a butadiene rubber
      content of 5 to 20 weight percent (based on the total resin). The resin
      also contains copolymer resin components of styrene and acrylonitrile in
      nearly the same molar proportion (75:25 weight ratio of
      styrene:acrylonitrile) or in which acrylonitrile is present in a slight
      excess (72:28 weight ratio). ABS resins can be divided into two classes,
      namely, emulsion-polymerized ABS resins obtained by polymerizing styrene
      and acrylonitrile in the rubber latex, and mass-suspension-polymerized ABS
      resins obtained by dissolving the rubber in styrene and acrylonitrile to
      effect the polymerization.
PAR  In the present invention, either of the two classes of ABS resins noted
      above can be used.
PAR  The polycarbonate containing BPA exhibits a selectivity when it is mixed
      with ABS resin, as suggested in the specification of Japanese Patent
      Laid-Open No. 43750/1973. However, the polycarbonate copolymer obtained by
      copolymerizing the nuclear-halogen-substituted bisphenol A with
      halogen-free bisphenol A does not possess this special selectivity, and it
      is compatible with ABS resins prepared by any process. Accordingly, when a
      polycarbonate is to be incorporated for the purpose of increasing the
      impact resistance of an ABS resin, the use of a polycarbonate derived from
      nuclear-halogen-substituted bisphenol A is more preferred than the
      polycarbonate of BPA alone.
PAR  As for the polycarbonate employed in the composition of the present
      invention, the impact resistance of the polycarbonate derived from the
      nuclear-halogen-substituted bisphenol can be improved and, further, the
      composition of the present invention is free from dependency of impact
      strength on thickness as is exhibited generally by polycarbonate resins,
      i.e. polycarbonate resin of bisphenol A, as shown in FIG. 1. Consequently,
      it is easy to design molded products employing the novel compositions.
PAR  The resin compositions according to this invention consists essentially of
      20 to 85 weight percent of nuclear-halogen-substituted polycarbonate
      copolymer (A) and the balance, i.e., 15 to 80 weight percent of ABS resin
      (B). Outside these proportions, the physical properties, such as impact
      strength, of the composition are not improved.
PAR  The composition of the present invention can be obtained by melt-mixing
      polycarbonate copolymer (A) with ABS resin (B) with an ordinary extruder,
      Banbury mixer or a rolling mill.
PAR  To the resin composition of the present invention there can be incorporated
      known additives and reinforcing agents such as stabilizers, antioxidants,
      plasticizers, ultraviolet ray-absorbing agents, pigments, dyes, glass
      fibers and carbon fibers. These can be used in the customary amounts.
PAR  The invention will be further described by reference to the following
      illustrative examples. In the examples, parts are givenly weight.
PAC  PREPARATION 1
PAC  (Synthesis of polycarbonate copolymer resin of TBBPA and BPA)
PAR  Forty-four parts of sodium hydroxide are dissolved in 585 parts water. Into
      the resulting aqueous solution, there are dissolved 30 parts of TBBPA, 79
      parts of BPA, 0.2 part of sodium dithionite and 1.9 parts of
      p-tert-butylphenol. The solution is then stirred together with 390 parts
      of methylene chloride. Forty-six parts of phosgene are blown into the
      mixture at a temperature of 20.degree.C for about 1 hour. After comletion
      of the blowing of phosgene, the reaction liquor is stirred briskly to
      emulsify the same. Then, 0.1 part of triethylamine is added thereto, and
      the stirring is continued for about one hour to effect the polymerization.
      After completion of the reaction, the aqueous layer is separated out and
      the resin solution is purified. Thereafter, the resin solution is heated
      together with water and a swelling agent such as toluene. The solvent is
      removed to recover the resin as a granular product. The limiting viscosity
      of the resulting 112 parts of the thus-obtained TBBPA-BPA copolycarbonate
      resin (in methylene chloride solution) is 0.467 at 25.degree.C. The TBBPA
      content (which indicates the amount of a constituent derived from TBBPA;
      the same shall apply hereinafter) in the resin calculated from the Br
      content is 13.4 molar percent.
PAC  PREPARATION 2
PAC  (Synthesis of ABS resin)
PAR  A rubber solution having a composition as shown below was charged into a
      120 liter reactor provided with a powerful stirring device (such as a
      reactor shown in the specification of Japanese Patent Publication No.
      34150/1970)
TBL  Styrene             72      parts                                         
     Acrylonitrile       28      parts                                         
     Tufden 2000A        15      parts                                         
     (a butadiene-styrene                                                      
     copolymer rubber of                                                       
     Asahi Kasei Co.)                                                          
     Dibenzoyl peroxide  0.15    part                                          
     Dicumyl peroxide    0.10    part                                          
     t-Dodecylmercaptan  0.33    part                                          
     Butyl benzyl phthalate                                                    
                         3       parts                                         
     Water               20      parts                                         
PAR  After replacement of the atmosphere with nitrogen in the apparatus, mass
      polymerization was effected with agitation at 600 rpm. at 73.degree.C for
      3.5 hours. After the mass-prepolymerization was completed, the reaction
      mixture was introduced in a 250 liter pressure reactor containing a
      suspension of 4.5 parts of magnesium hydroxide in 80 parts of water. After
      replacement of the atmosphere with nitrogen in the apparatus, suspension
      polymerization was effected under stirring at 120 rpm. at 120.degree.C for
      5 hours to complete the polymerization reaction. After cooling,
      hydrochloric acid was added thereto to dissolve out the magnesium
      hydroxide. After washing thoroughly with water in a centrifugal dryer of
      the basket type with a 200 mesh filter cloth, the residue was filtered out
      and dried to obtain beautiful pearly polymer (ABS resin).
PAR  The physical properties of the resins prepared in the Preparations are
      listed in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
              Test                       Polycar-                              
              method Unit       ABS      bonate                                
              (ASTM)            resin    copoly-                               
                                         mer (PC)                              
     ______________________________________                                    
     Tensile    D-638    Kg/cm.sup.2                                           
                                    470    745                                 
     strength                                                                  
     Tensile    D-638    %          45     111                                 
     break                                                                     
     ductility                                                                 
     Tensile    D-638    %          8      2                                   
     yield                                                                     
     ductility                                                                 
     Bending    D-790    Kg/cm.sup.2                                           
                                    670    1,010                               
     yield                                                                     
     strength                                                                  
     Bending    D-790    Kg/cm.sup.2                                           
                                    22,300 24,300                              
     elasticity                                                                
     modulus                                                                   
     Izod                                                                      
     impact                                                                    
     strength   D-256    Kg.cm/cm   15.3   7.1                                 
     (with                                                                     
     notch,                                                                    
     1/4"                                                                      
     thick)                                                                    
     Deflection                                                                
     temperature                                                               
                D-648    C          78.1   142                                 
     under heat                                                                
     (18.56                                                                    
     kg/cm.sup.2,                                                              
     non-                                                                      
     annealing)                                                                
     Melt index D-1238   g/10min.   5.8    *                                   
     (230.degree.C,                                                            
     load 5 Kg)                                                                
     ______________________________________                                    
      *: No flow at 230.degree.C under 5 kg. load.                             
PAC  EXAMPLE 1
PAR  Forty parts by weight of the polycarbonate copolymer prepared in
      Preparation 1 were mixed with 60 parts by weight of the ABS resin prepared
      in Preparation 2 to obtain a powdery mixture. The mixture was then
      subjected to extrusion molding using an extruder having a cylinder
      temperature of 240.degree.C to obtain pellets. From the pellets test
      pieces were prepared with a molding machine of the screw-in-line type. The
      mechanical and thermal physical properties were determined according to
      the specifications of ASTM. The results are shown in Table 2.
PAC  EXAMPLE 2
PAR  The same process as in Example 1 was repeated except that a commercially
      available emulsion-polymerized ABS resin (polybutadiene content 13 weight
      percent, acrylonitrile: styrene=27:73 (weight ratio) ) was used in place
      of the ABS resin of Preparation 1. The results are shown in Table 2.
PAC  EXAMPLE 3
PAR  The same process as in Example 1 was repeated except that a polycarbonate
      copolymer of a TBBPA content of 3.7 molar percent prepared in the same
      manner as in Preparation 1 was used. The results are shown in Table 2.
PAC  EXAMPLE 4
PAR  The same process as in Example 1 was repeated except that 60 parts by
      weight of the polycarbonate copolymer and 40 parts by weight of the ABS
      resin were used. The results are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                 Test method                                                   
                        Unit  Example                                          
                                   Example                                     
                                        Example                                
                                             Example                           
                 (ASTM)       1    2    3    4                                 
     __________________________________________________________________________
     Tensile strength                                                          
                 D-638  Kg/cm.sup.2                                            
                              598  503  541  624                               
     Tensile ductility                                                         
                 D-638  %     23   29   153  62                                
     (break)                                                                   
     Tensile ductility                                                         
                 D-638  %     12   13   12   12                                
     (yield)                                                                   
     Bending yield                                                             
                 D-790  Kg/cm.sup.2                                            
                              850  840  870  930                               
     strength                                                                  
     Bending elasticity                                                        
                 D-790  Kg/cm.sup.2                                            
                              22,700                                           
                                   21,600                                      
                                        24,100                                 
                                             23,500                            
     Izod impact strength                                                      
                 D-256  Kg-cm/cm                                               
                              41.4 54.5 43.7 52.0                              
     (with notch, 1/4'                                                         
     thick)                                                                    
     (with notch,       Kg-cm/cm                                               
                              42.8 52.3 45.0 54.0                              
     1/8" thick)                                                               
     Deflection tempera-                                                       
                 D-648  C     96.5 92.4 91.2 102.7                             
     ture under heat                                                           
     (18.56 kg/cm.sup.2,                                                       
     non-annealing)                                                            
     Melt index (230.degree.C,                                                 
     load 5 kg.)  D-1238                                                       
                        g/10 min                                               
                               3.6  3.1  5.4  3.0                              
     __________________________________________________________________________
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A flame-retardant impact-resistant resin composition, in which the resin
      components consist essentially of a blend of
PA1  A. 20 to 85 weight percent of a high molecular weight aromatic
      polycarbonate copolymer prepared from a mixture of bisphenols consisting
      essentially of 2 to 30 molar percent of a bisphenol the nucleus of which
      is substituted with a halogen and the balance is a halogen-free bisphenol
      and
PA1  B. the balance is an ABS resin comprising a mixture of (1) a graft
      copolymer of a butadiene-based rubbery polymer to which is grafted a vinyl
      aromatic hydrocarbon and acrylonitrile; and (2) a copolymer of a vinyl
      aromatic hydrocarbon and acrylonitrile, the amount of said rubbery polymer
      being 5 to 40 weight percent of B.
NUM  2.
PAR  2. A resin composition according to claim 1 in which the polycarbonate
      copolymer component A is a copolymer of tetrabromobisphenol A and
      bisphenol A.
NUM  3.
PAR  3. A resin composition according to claim 1 in which the polycarbonate
      copolymer component A has a limiting viscosity of at least 0.25 in
      methylene chloride at 25.degree.C.
PATN
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TTL  Melt-processable, radiation cross-linkable E-CTFE copolymer compositions
ISD  19760330
NCL  15
ECL  1
EXA  Holler; A.
EXP  Schofer; Joseph L.
INVT
NAM  Robertson; Arthur B.
CTY  Succasunna
STA  NJ
INVT
NAM  Schaffhauser; Robert J.
CTY  Brookside
STA  NJ
ASSG
NAM  Allied Chemical Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  20415917
XCL  260 921S
XCL  260878R
EDF  2
ICL  C08L 2300
ICL  C08F21424
ICL  C08F25908
FSC  260
FSS  878 R;92.1 S
FSC  204
FSS  159.17
UREF
PNO  2820776
ISD  19580100
NAM  Robb et al.
OCL  260 92.1S
UREF
PNO  3745145
ISD  19730700
NAM  Khattab et al.
OCL  260 45.85R
UREF
PNO  3763222
ISD  19731000
NAM  Aronoff et al.
OCL  260 92.1S
UREF
PNO  3773698
ISD  19731100
NAM  Khattab
OCL  260 45.75R
LREP
FR2  Criss; Roger H.
FR2  Jarosz; Michael S.
ABST
PAL  Melt-processable, radiation cross-linkable ethylene/chlorotrifluoroethylene
      copolymer compositions are provided which contain about 0.1 to 5% by
      weight of the copolymer of a radiation cross-linking promoter, about 0.01
      to 5% by weight of an anti-oxidant and about 0.1 to 30% by weight of an
      acid scavenger. Such compositions do not give off odors when irradiated to
      cross-link the copolymer and do not develop bubbles after irradiation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to melt-processable, radiation cross-linkable
      ethylene/chlorotrifluoroethylene copolymer compositions.
PAR  2. Description of the Prior Art
PAR  It has been proposed to irradiate ethylene/chlorotrifluoroethylene
      copolymers to improve their tensile strength at high temperatures as well
      as other properties. The proposed ionizing radiation includes X-rays,
      gamma rays, electron beams, etc. It has also been proposed to heat the
      copolymers subsequent to irradiation to improve mechanical properties and
      to incorporate a small amount of a cross-linking promoter such as
      triallylcyanurate into the copolymer prior to irradiation to reduce the
      radiation dosage.
PAR  It has been found that ethylene/chlorotrifluoroethylene copolymer
      compositions including triallylcyanurate or its position isomer,
      triallylisocyanurate, are not melt processable, such as by extrusion or
      injection molding, due to the high temperatures required for such melt
      processing operations and the extrudates have a discolored and bubbled
      appearance. Melt processing temperatures above about 250.degree.C. are
      required to fabricate articles such as valves, gaskets, papers, wire
      insulation, sheets and films and at such temperatures, the copolymer
      compositions rapidly increase in viscosity and eventually "set up" when
      extruded or molded. It has further been found that such compositions emit
      an odor when irradiated and develop bubbles after irradiation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, melt-processable, radiation
      cross-linkable ethylene/chlorotrifluoroethylene copolymer compositions are
      provided which contain about 0.1 to 5% by weight of the copolymer of a
      radiation cross-linking promoter, about 0.01 to 5% by weight of an
      anti-oxidant and about 0.1 to 30% by weight of an acid scavenger. Such
      compositions do not give off odors when irradiated to cross-link the
      copolymer and do not develop bubbles after irradiation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with a preferred embodiment of the present invention,
      melt-processable, radiation cross-linkable
      ethylene/chlorotrifluoroethylene copolymer compositions are provided which
      comprise the copolymer and the following additives intimately dispersed
      therein, all based upon the weight of the copolymer: (a) about 0.1 to 5%,
      preferably about 0.75 to 1.5%, of a radiation cross-linking promoter;
      about 0.01 to 5%, preferably about 0.1 to 0.5%, of an anti-oxidant; and
      about 0.1 to 30%, preferably about 0.25 to 10%, of an acid scavenger. The
      compositions of this invention can be successfully melt processed in a
      variety of operations, without "setting up" in the extruder or mold,
      including wire and cable extrusion, sheet and film extrusion and tubing
      extrusion. The extrudates are bubble-free and discoloration free. The
      compositions can be cross-linked at relatively low radiation levels
      without emitting an odor or forming bubbles in the extrudate.
PAR  It is believed that the anti-oxidant renders the composition
      melt-processable by preventing rapid increases in viscosity, and it is
      thought that the acid scavenger neutralizes acidic gases whih are
      liberated during irradiation and which cause odor emission and bubble
      formation. Compositions of the copolymer which do not contain the acid
      scavengers give off irritating odorous gases during irradiation and
      develop numerous small surface bubbles a few days after irradiation. In
      distinction thereto, the compositions of this invention which contain the
      acid scavengers do not give off pungent odors during irradiation and do
      not exhibit surface bubbling following irradiation. The radiation
      cross-linking promoters are employed to reduce the amount of radiation
      necessary to cross-link the copolymer.
PAR  The ethylene/chlorotrifluoroethylene copolymers which may be stabilized in
      accordance with the present invention are high molecular weight, normally
      solid, thermoplastic polymers containing between about 40 and about 60 mol
      % of ethylene units and correspondingly between about 60 and 40 mol % of
      chlorotrifluoroethylene units in the molecule and having melting points
      above about 200.degree.C. The stabilizing compositions in accordance with
      the present invention are particularly advantageous for use in about
      equimolar ethylene/chlorotrifluoroethylene copolymers containing between
      about 45 and about 55 mol % of ethylene units and having melting points
      above about 220.degree.C., preferably between about 200.degree. and
      265.degree.C.
PAR  These copolymers may be described by processes well known to those skilled
      in the art, as described, for example, in Hanford U.S. Pat. No. 2,392,378,
      which shows copolymerization of ethylene with chlorotrifluoroethylene in a
      stirred aqueous medium at superatmospheric pressure using benzoyl peroxide
      as catalyst; in Nucleonics, September, 1964, pp. 72-74, disclosing
      formation of a high melting (237.degree.C.) 1:1 alternant copolymer of
      ethylene and chlorotrifluoroethylene prepared using a radiation catalyst
      at 0.degree.C.; in British Pat. No. 949,422, showing bulk copolymerization
      of ethylene with chlorotrifluoroethylene at temperatures between
      -80.degree. to +50.degree.C. using oxygen-activated alkyl boron catalysts;
      in Ragazzini et al. U.S. Pat. Nos. 3,371,076 and 3,501,446, relating to
      methods for making ethylene/chlorotrifluoroethylene copolymers using
      oxygen-activated boron-containing catalysts and to products obtained by
      that process. About equimolar ethylene/chlorotrifluoroethylene copolymers
      having high melting point above 200.degree.C. can also be prepared by
      batchwise bulk copolymerization of the monomers at temperatures of about
      0.degree.C., say between about -20.degree. to +20.degree. C., at
      superatmospheric pressure in an agitator-equipped pressure vessel by
      charging the vessel with liquid chlorotrifluoroethylene monomer and
      bubbling gaseous ethylene into this monomer, using organic peroxide-type
      initiators, such as trichloroacetyl peroxide and, if desired, adding small
      amounts of chain transfer agents, such as chloroform or heptane. The
      desired copolymer product is obtained as a dispersion in the monomer.
PAR  As cross-linking promoters there can be employed in this invention
      triallylisocyanurate, triallylcyanurate, triallylphosphite,
      diallylfumarate, diallylisophthalate, diallylterephthalate, and the like.
      A preferred cross-linking promoter is triallylisocyanurate. These
      cross-linking promoters reduce the radiation dosage required to bring
      about cross-linking of the copolymer.
PAR  The radiation utilized to cross-link the copolymer is of sufficiently high
      energy to penetrate the thickness of the copolymer being treated and
      produce ionization therein. The ionizing radiation may consist of X-rays,
      gamma rays, or a beam of electrons, protons, deuterons, alpha-particles,
      beta-particles, or the like, or combinations thereof. As such types of
      radiation and their sources are well known, they are not specifically
      described herein. Preferred ionizing radiation sources include cobalt-60
      which emits highly penetrating gamma radiation and high energy electron
      beams.
PAR  The amount of radiation to which the copolymer is subjected to improve its
      mechanical and other properties is generally in the range of about 2 to 50
      megarads or higher, preferably 5 to 15 megarads. The presence of the
      cross-linking promoter significantly reduces the radiation dosage required
      to bring about cross-linking. For instance, in order to render
      ethylene/chlorotrifluoroethylene resistant to thermal stress cracking at
      200.degree.C., the presence of 1% of triallylisocyanurate requires an
      exposure to 5 megarads of electron beam radiation, whereas without the
      promoter present, 40 megarads of the same radiation is required to render
      the copolymer resistant to stress cracking.
PAR  Anti-oxidants which are employed in this invention can be a mixture of a
      phosphite or an organic polyhydric phenol and a salt of a carboxylic acid
      and a metal of Group II of the Periodic Table; an alkylated phenol or
      bisphenol having 1 to 18 carbon atoms in the alkyl chain such as butylated
      hydroxytoluene 4,6-di-tert.-butylmetacresol and the like, and an
      alkylidene bis, tris or other polyphenol having 1 to 8 carbon atoms in the
      alkylidene chain such as
      tetrakis-[methylene-3-(3',5'-di-tert.-butyl-4'-hydroxyphenyl)propionate]me
     thane, 2,2-methylene-bis-(4-ethyl-6-tert.-butyphenol) and the like.
      Preferably, the anti-oxidant is admixed with an ester or alkali metal salt
      of thiodipropionic acid.
PAR  Preferred anti-oxidants of this invention include a three component mixture
      of a phosphite or an organic polyhydric phenol, a salt of a carboxylic
      acid and a metal of Group II of the Periodic Table and an ester or alkali
      metal salt of thiodipropionic acid, and a mixture of about 0.005 to 5% by
      weight of the copolymer of tetrakis-[methylene
      3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate]methane and about 0.005 to
      1.0% by weight of the copolymer of an ester or alkali metal salt of
      thiodipropionic acid. A particularly preferred anti-oxidant is a
      three-component mixture comprising: (a) about 0.01 to 5% by weight of the
      copolymer of a transesterified reaction product of an organic polyhydric
      phenol having from 6 to about 50 carbon atoms and an organic phosphite
      triester free from phenolic hydroxyl groups having up to about 60 carbon
      atoms obtained by transesterification of the phenol and phosphite; (b)
      about 0.01 to 5% by weight of a copolymer of a salt of a monocarboxylic
      acid having from about 6 to about 24 carbon atoms and a metal of Group II
      of the Periodic Table; and (c) about 0.01 to 5% by weight of the copolymer
      of an ester or alkali metal salt of thiodipropionic acid. Such mixture is
      disclosed, for example, in copending U.S. application of Khattab et al.,
      Ser. No. 124,913, filed Mar. 16, 1971, now U.S. Pat. No. 3,745,145 which
      disclosure is specifically incorporated herein.
PAR  As disclosed in said application, the organic polyhydric phenols used to
      obtain the transesterified reaction product used in the copolymer
      composition of the present invention are selected from the group
      consisting of 1,1,3-tris(2-methyl-4-hydroxyl-5-tert.-butyl phenyl)butane
      and a phenol having the formula
      ##SPC1##
PAL  wherein X is selected from the group consisting of oxygen, sulfur,
      alkylene, alicyclidene, arylidene and mixed alkylenearylidene and
      alkylene-alicyclidene groups, wherein the aliphatic or cycloaliphatic
      portion of the molecule may be straight chain or branched chain, having
      from 1 to about 18 carbon atoms, wherein the R substituents, which may be
      the same or different, are independently selected from the group
      consisting of hydrogen and alkyl, straight or branched chain, having from
      1 to about 18 carbon atoms; and wherein m and n are integers from 1 to 5,
      and o and p are integers from 0 to 4, with the proviso that the sums of m
      + o, and n + p may not exceed 5. The OH groups preferably are in ortho
      and/or para position to X.
PAR  Transesterified reaction products or organic polyhydric phenols and organic
      phosphite triesters suitable for use in the presently claimed invention
      are described for example, in U.S. Pat. Nos. 3,244,650 and 3,255,136, both
      issued to Hecker et al.
PAR  Especially preferred polyhydric phenols are
      4,4-n-butylidene-bis-(6-tert.-butyl-m-cresol) and
      1,1,3-tris(2-methyl-4-hydroxy-5-tert.-butylphenyl)butane.
PAR  Organic phosphites suitable for making the transesterified reaction
      products of organic polyhydric phenol and organic phosphite triester
      useful in the anti-oxidant compositions of the present invention are also
      described in U.S. Pat. No. 3,244,650. They can be any organic phosphite
      having the formula (Ra).sub.3 P wherein a is selected from the group
      consisting of oxygen, sulfur and mixtures thereof, and R is selected from
      the group consisting of aryl, alkyl, cycloalkyl, aralkyl, alkaryl and
      combinations thereof. The term "organic phosphite triester," as used
      herein, includes oxo, thio and mixed oxo-thio phosphites. For reasons of
      availability, the phosphite will not usually have more than 60 carbon
      atoms.
PAR  The transesterified reaction products of organic polyhydric phenols and
      organic phosphite triesters free from phenolic hydroxyl groups may be
      obtained by heating together the phenol and phosphite ester, preferably at
      temperatures of from 100.degree. to 200.degree.C., if necessary under
      reflux. To expedite transesterification it is preferred to add a small
      amount of an alkali or alkaline earth metal oxide, hydroxide or phenolate,
      in amount of between about 0.05 to about 1% by weight. Although it is not
      necessary that transesterification be complete, it is believed that only
      the transesterification product is suitable for use in stabilizing about
      equimolar ethylene/chlorotrifluoroethylene copolymers during melt
      processing in accordance with the present invention because only they have
      sufficiently high boiling points to ensure their presence during
      fabrication by melt processing at temperatures of up to about
      320.degree.C. Usually, transesterification involving about one-third of
      the phosphite ester groups of the triphosphite and about one-half of the
      available phenol groups of the dihydric phenol on a mol for mol basis, may
      be sufficient.
PAR  Also as described in Khattab et al., the salt of a monocarboxylic acid
      having from about 6 to about 24 carbon atoms and a metal of Group II of
      the Periodic Table may comprise zinc, calcium, cadmium, barium magnesium,
      or strontium salts of any organic monocarboxylic acid having from 6 to
      about 24 carbon atoms which does not contain nitrogen. Suitable acids are
      also described in U.S. Pat. No. 3,244,650. As therein set forth, the
      aliphatic aromatic, alicyclic and oxygen-containing heterocyclic organic
      acids are operable as a class. "Aliphatic acid" includes any open chain
      carboxylic acid, unsubstituted or substituted with unreactive groups such
      as halogens, sulfur or hydroxyl. "Alicyclic acid" includes any carboxylic
      acid having a non-aromatic ring optionally substituted by an unreactive
      substituent, such as halogens, hydroxyl groups or alkyl and alkynyl
      radicals or other carbocyclic ring structures. Suitable aromatic acids can
      be carbocyclic or oxygen-containing heterocyclic and may be substituted by
      an unreactive ring substituent such as halogens, alkyl or alkenyl radicals
      and other saturated or aromatic rings condensed therewith.
PAR  Organic zinc salts are preferred for use in the stabilizer compositions of
      the present invention, zinc-2-ethyl hexylate being a specific example of a
      preferred organic zinc salt.
PAR  Also as described in Khattab et al., the ester of alkali salt of
      thiodipropionic acid has the general formula R.sub.1 OOCCH.sub.2 CH.sub.2
      --S--CH.sub.2 CH.sub.2 COOR.sub.2 werein R.sub.1 and R.sub.2, which may be
      the same or different, are independently selected from the group
      consisting of hydrogen, alkali metals, straight chain or branched chain
      alkyl radicals having from 1 to 36 carbon atoms, cycloalkyl radicals
      having from 3 to 36 carbon atoms, alkenyl radicals having from 6 to 36
      carbon atoms, aryl radicals and alkaryl radicals, with the proviso that
      not more than one of R.sub.1 and R.sub.2 may be hydrogen. The alkyl,
      cycloalkyl, alkenyl, aryl and alkaryl radicals may be unsubstituted or
      may, if desired, contain unreactive inert substituents such as halogens.
PAR  Exemplary suitable alkali metal salts and esters of thiodipropionic acid
      include mono- and disodium thiodipropionate, mono- and dipotassium
      thiodipropionate, mixed sodium-potassium thiodipropionate, monolauryl
      thiodipropionate, dilauryl thiodipropionate, distearyl thiodipropionate,
      butyl stearyl thiodipropionate, 2-ethylhexyl lauryl thiodipropionate,
      di-2-ethylhexyl thiodipropionate, diisodecyl thiodipropionate, isodecyl
      phenyl thiodipropionate, benzyl lauryl thiodipropionate, benzyl phenyl
      thiodipropionate, the esters of fatty alcohols obtained from tallow,
      cotton seed oil or soya-bean oil and thiodipropionic acid. These esters as
      a class are known compounds. Many are commercially available. All can be
      prepared by methods known to those skilled in the art involving
      esterifications of thiodipropionic acid with the corresponding alcohol.
PAR  Especially preferred for use in the composition of the present invention
      are disodium thiodipropionate, distearyl thiodipropionate, and dilauryl
      thiodipropionate.
PAR  As thiodipropionic acid esters or alkali metal salts useful in conjunction
      with tetrakis[methylene
      3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate]methane or other
      anti-oxidants there may be employed any of the compounds described above
      as useful in the three-component mixture.
PAR  As acid scavengers there may be employed in this invention an oxide of a
      metal of Group II of the Periodic Table. Examples of such oxides include
      calcium oxide, strontium oxide, barium oxide, magnesium oxide, zinc oxide
      and cadmium oxide. The preferred acid scavenger is calcium oxide. As
      previously indicated, the acid scavenger prevents odor emission and bubble
      formation when the copolymer compositions are subjected to irradiation for
      cross-linking.
PAR  The additives employed in this invention may be admixed with the copolymer
      using conventional mechanical procedures. The individual additives can be
      added separately or be mixed prior to addition and they may be added in
      solution or be dry blended with the copolymer. Liquid or soluble additives
      or components thereof can be admixed with polar organic solvents
      containing no hydroxyl groups, such as ketones and ethers, as well as with
      non-polar aliphatic or aromatic solvents, such as hexane, heptane or
      toluene, and be sprayed onto the polymmer if in finely divided form in
      conventional tumbling or blending devices. For molding operations, such as
      extrusion or injection molding, the blended mixture may be passed through
      an extruder and the extruded rod chopped into pellets of desired size.
      Alternatively, the additives may be admixed with the copolymer by tumbling
      pellets of the copolymer, adding liquid additives, tumbling again to
      distribute the liquid additives, then adding the dry additives, continuing
      tumbling to distribute the dry components evenly over the surface of the
      pellets, and then extruding the resultant mixture to intimately blend the
      copolymer and additives.
DETD
PAR  The following examples depict preferred embodiments of this invention.
PAC  EXAMPLE 1
PAR  Dry powdered ethylene/chlorotrifluoroethylene copolymer of about 40 mesh
      particle size containing about 50% of ethylene units, having a melting
      point of 245.degree.C. and a melt index of about 1.0, is mixed with
      various additives in a ball mill for 1 hour. The various copolymer blends
      are charged into a melt rheometer, as described in ASTM D-1238, which is
      maintained at 270.degree.C., and are placed under a load of 2160 grams and
      extruded through a 0.0825 inch diameter orifice. Dwell time in the
      rheometer and melt flow are measured and the extrudate appearance is
      rated. The results are summarized in Table 1, all percentages of the
      additives being by weight based upon the weight of the copolymer.
PAR  As is apparent from Table 1, the copolymer blends of this invention
      (Samples 3-6) evidence an increase in viscosity of about 5 to 9% after 10
      minutes at 270.degree.C. and retain adequate fluidity for processing after
      30 minutes at 270.degree.C., producing a bubble-free yellow extrudate. In
      comparison, comparative Samples 1 and 2, which do not include the
      anti-oxidant of this invention, evidence a viscosity increase of 55 to 60%
      after 10 minutes at 270.degree.C. and become non-flowing after 30 minutes
      at that temperature, producing a discolored (dark yellow), bubbled
      extrudate.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                                                           EXTRUDATE           
     SAMPLE                                                                    
          ADDITIVES              DWELL TIME at 270.degree.C.,MIN               
                                                MELT FLOW, G/L                 
                                                           APPEARANCE          
     __________________________________________________________________________
      1*  1% triallylisocyanurate plus                                         
                                  5             5.7        1                   
          0.5% CaO                10            2.5        3                   
                                  30            &lt;0.1       4                   
                                  60            &lt;0.1       4                   
      2*  1% triallylcyanurate plus                                            
                                  5             6.2        1                   
          0.5% CaO                10            2.5        3                   
                                  30            &lt;0.1       4                   
                                  60            &lt;0.1       4                   
     3    1% triallylisocyanurate plus .225%                                   
                                  5             8.4        1                   
          phosphite of 4,4-n-butylidene-bis-                                   
                                  10            7.0        1                   
          (6-tert-butyl-m-cresol) plus .075%                                   
                                  30            1.9        2                   
          zinc-2-ethylhexylate plus 0.15%                                      
                                  60            &lt;0.1       3                   
          distearylthiodipropionate plus 0.5%                                  
          CaO                                                                  
     4    1% triallylcyanurate plus .225%                                      
                                  5             8.1        1                   
          phosphite of 4,4-n-butylidene-bis-                                   
                                  10            7.7        2                   
          (6-tert.-butyl-m-cresol) plus 0.75%                                  
                                  30            2.1        3                   
          zinc-2-ethylhexylate plus 0.15%                                      
                                  60            &lt;0.1       3                   
          distearylthiodipropionate + 0.5% CaO                                 
     5    1% triallylisocyanate plus 0.3%                                      
                                  5             9.3        1                   
          tetrakis[methylene 3-(3',5'-di-t-                                    
                                  10            8.8        3                   
          butyl-4'-hydroxyphenyl)propionate]                                   
                                  30            1.9        3                   
          methane plus 0.15% distearylthiodi-                                  
                                  60            &lt;0.1       4                   
          propionate plus 0.5% CaO                                             
     6    1% triallylcyanurate plus 0.3% tetrakis-                             
                                  5             9.1        1                   
          [methylene 3-(3',5'-di-t-butyl-4'-                                   
                                  10            8.3        3                   
          hydroxyphenyl)propionate] methane plus                               
                                  30            2.4        3                   
          0.5% distearylthiodipropionate plus                                  
                                  60            &lt;0.1       4                   
          0.5% CaO                                                             
     __________________________________________________________________________
     *Comparative test                                                         
     **1 = white, no bubbles                                                   
     2 = slightly yellow, no bubbles                                           
     3 = yellow, no bubbles                                                    
     4 = dark yellow, bubbles                                                  
PAC  EXAMPLE 2
PAR  Copolymer blends, including some of the samples of Example 1, are subjected
      to various amounts of cobalt-60 radiation at a dose rate of 2.5 megarads
      per hour to cross-link the copolymer. The melt flow rate is measured as in
      Example 1. Samples 7 and 8 are prepared according to the general
      procedures of Example 1. The results are given in Table 2, below.
PAR  It can be seen that a 5 megarad dosage of cobalt-60 radiation renders the
      copolymer blends of this invention non-flowing (cross-linked) at
      270.degree.C. whereas the control blends exhibit measurable flow even
      after exposure to 10 megarads of cobalt-60.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     SAMPLE                     COBALT-60 DOSAGE, MEGARADS                     
                                                MELT FLOW, G/L                 
     __________________________________________________________________________
                                                MIN                            
     3*                         0               8.4                            
                                5               &lt;0.1                           
                                10              &lt;0.1                           
     4*                         0               8.8                            
                                5               &lt;0.1                           
                                10              &lt;0.1                           
     5*                         0               9.1                            
                                5               &lt;0.1                           
                                10              &lt;0.1                           
     6*                         0               9.7                            
                                5               &lt;0.1                           
                                10              &lt;0.1                           
     7    0.225% phosphite of 4,4-n-butylidene-                                
                                0               11.0                           
          bis-(6-tert-butyl-m-cresol) plus 0.075%                              
                                5               6.3                            
          of zinc-2-ethylhexylate plus 0.15% dist-                             
                                10              2.4                            
          earylthiodipropionate plus 0.5% CaO**                                
     8    0.3% of tetrakis[methylene 3-(3',5'-                                 
                                0               9.7                            
          di-t-butyl-4'-hydroxyphenyl)propionate]                              
                                5               4.1                            
          plus 0.15% distearylthiodipropionate                                 
                                10              1.2                            
          plus 0.5% CaO**                                                      
     __________________________________________________________________________
     *Compositions are those given in Table 1.                                 
     **Comparative Sample                                                      
PAC  EXAMPLE 3
PAR  Copolymer compositions of this invention are prepared following the general
      procedure of Example 1 and are compression molded into 0.060 inch sheets.
      The sheets are subjected to cobalt-60 radiation and electron beam
      radiation and various mechanical properties are measured. The results are
      summarized in Table 3.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                                              Tensile                          
                                                   Work to                     
             Dosage     Yield                                                  
                             Break                                             
                                  Yield Break Modulus                          
                                                   Break                       
                                                        Thermal                
         Temp.                                                                 
             Radiation  Stress                                                 
                             Stress                                            
                                  Elongation                                   
                                        Elongation                             
                                              (psi)                            
                                                   (psi)                       
                                                        Stress                 
     Sample                                                                    
         .degree.C.                                                            
             (Megarads) (psi)                                                  
                             (psi)                                             
                                  %     %     10.sup.5                         
                                                   10.sup.3                    
                                                        Cracking*              
     __________________________________________________________________________
      9   23 electron beam                                                     
                     0  4670 8100 4.5   225   2.0  10,971                      
                     2  4680 8050 4.6   220   2.0  10,833                      
                     5  4580 7710 4.1   210   2.0  10,305                      
                     10 4540 7520 4.9   215   1.9  9,395                       
                     25 5440 8110 4.3   175   2.3  7,104                       
         200         0  265  217  12     24   2.8    33                        
                     2  293  235  33    145   2.3    307                       
                     5  335  435  30    430   3.5  1,173                       
                     10 295  575  35    518   2.7  1,347                       
                     25 370  770  36    355   3.4  1,648                       
         23  cobalt-60                                                         
                     0  4250 7740       234   1.77                             
                     2  4500 7670       217   1.71                             
                     5  4650 7530       201   1.83                             
                     15 4520 6860       171   1.73                             
                     30 4470 4590       104   2.8                              
         200         0  265  217         24   3.45      yes                    
                     2  310  250        276   3.5       no                     
                     5  316  626        488   3.68      no                     
                     15 323  708        410   3.75      no                     
                     30 310  580        390   3.61                             
     10  200 cobalt-60                                                         
                     0  177  244         17          14 yes                    
                     5  179  307         25          75 yes                    
                     10 266  271        230          559                       
                                                        no                     
             electron beam                                                     
                     0  177  244         17          14                        
                     5  --   135         9           39                        
                     10 225  115         36          75                        
                     25 250  390        565        1,457                       
     11  200 cobalt-60                                                         
                     0  265  217         33             yes                    
                     2  310  250        721             no                     
                     5  316  626        2010            no                     
                     15 323  708        1567            no                     
             electron beam                                                     
                     0  265  217         33                                    
                     2  293  235        307                                    
                     5  335  435        1173                                   
                     10 295  575        1347                                   
                     25 370  770        1648                                   
     __________________________________________________________________________
      Sample 9 - 0.225% of phosphite of                                        
      4,4-n-butylidene-bis-(6-tert.-butyl-m-cresol) plus 0.075% of             
      zinc-2-ethylhexylate plus 0.15% distearylthiodipropionate plus 0.5% of Ca
      plus 0.25% triallylisocyanurate                                          
      Sample 10 - 0.225% of phosphite of                                       
      4,4-n-butylidene-bis(6-tert.-butyl-m-cresol) plus 0.15%                  
      distearylthiodipropionate plus 0.25% CaO plus 0.25% triallylisocyanurate 
      Sample 11 - 0.225% phosphite of                                          
      4,4-n-butylidene-bis(6-tert.-butyl-m-cresol) plus 0.15%                  
      distearylthiodipropionate plus 1.0% CaO plus 1.0% triallylisocyanurate   
      *Mandrel wrap test MIL - P - 390C, Part H                                
PAR  It is to be understood that variations and modifications of the present
      invention may be made without departing from the scope of the invention.
      It is to be understood that the scope of the invention is not to be
      interpreted as limited to the specific embodiment disclosed herein, but
      only in accordance with the appended claims when read in light of the
      foregoing disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A copolymer composition which comprises an admixture of an
      ethylene/chlorotrifluoroethylene copolymer and by weight of the copolymer,
      (a) about 0.1 to 5 % of a radiation cross-linking promoter selected from
      the group consisting of triallylisocyanurate, triallylcyanurate,
      triallylphosphite, diallylfumarate, diallylisophthalate and
      diallylterephthalate, (b) about 0.01 tp 5 % of an anti-oxidant selected
      from the group consisting of (1) mixtures of a phosphite or an organic
      polyhydric phenol and a salt of a carboxylic acid and a metal of Group II
      of the Periodic Table, (2) alkylated phenols and bisphenols having 1 to 18
      carbon atoms in the alkyl chain, (3) alkylidene bis, tris and polyphenols
      having 1 to 8 carbon atoms in the alkylidene chain, and (4) mixtures of
      (1), (2) or (3) with an ester or alkali metal salt of thiodipropionic acid
      and (c) about 0.1 to 30 percent of an acid scavenger comprising an oxide
      of a metal of Group II of the Periodic Table.
NUM  2.
PAR  2. The composition of claim 1 wherein said copolymer contains about 40 to
      about 60 mol % of ethylene units and correspondingly about 60 to 40 mol %
      of chlorotrifluoroethylene units.
NUM  3.
PAR  3. The composition of claim 2 wherein said anti-oxidant comprises a mixture
      of (a) about 0.01 to 5 % by weight of the copolymer of a transesterified
      reaction product of an organic polyhydric phenol having from 6 to about 50
      carbon atoms and an organic phosphite triester free from phenolic hydroxyl
      groups having up to 60 carbon atoms obtained by transesterification of the
      phenol and phosphite, about 0.01 to 5 % by weight of the copolymer of a
      salt of a monocarboxylic acid having from 1 to about 24 carbon atoms and a
      metal of Group II of the Periodic Table, and about 0.01 to 5 % by weight
      of the copolymer of an ester or alkali metal salt of thiodipropionic acid.
NUM  4.
PAR  4. The composition of claim 3 wherein the transesterified reaction product
      is obtained from an organic polyhydric phenol selected from the group
      consisting of 1,1,3-tris(2-methyl-4-hydroxy-5-tert.-butyl phenol)butane
      and a phenol of the formula
      ##SPC2##
PAL  wherein X is selected from the group consisting of oxygen, sulfur,
      alkylene, alicyclidene, arylidene and mixed alkylene-arylidene and
      alkylene-alicyclidene groups, wherein the aliphatic or cycloaliphatic
      portion of the molecule may be straight chain or branched chain, having
      from 1 to about 18 carbon atoms; wherein the R substituents are
      independently selected from the group consisting of hydrogen and alkyl,
      straight or branched chain, having from 1 to about 18 carbon atoms; and
      wherein m and n are integers from 1 to 5, and o and p are integers from 0
      to 4, with the proviso that the sume of m + o, and n + p may not exceed 5.
NUM  5.
PAR  5. The composition of claim 4 wherein the transesterified reaction product
      is obtained from an organic phosphite having the formula (Ra).sub.3 P
      wherein a is selected from the group consisting of oxygen, sulfur and
      mixtures thereof, and R is selected from the group consisting of aryl,
      alkyl, cycloalkyl, aralkyl and alkaryl.
NUM  6.
PAR  6. The composition of claim 1 wherein said acid scavenger is selected from
      the group consisting of calcium oxide, strontium oxide, barium oxide,
      magnesium oxide, zinc oxide and cadmium oxide.
NUM  7.
PAR  7. The composition of claim 1 wherein said cross-linking agent is
      triallylisocyanurate.
NUM  8.
PAR  8. The composition of claim 7 wherein said anti-oxidant comprises a mixture
      of 4,4'-n-butylidene-bis(6-tert.-butyl-m-cresol), zinc-2-ethylhexylate and
      distearyl thiodipropionate, and said acid scavenger is calcium oxide.
NUM  9.
PAR  9. The composition of claim 8 wherein the copolymer is an about equimolar
      ethylene/chorotrifluoroethylene copolymer.
NUM  10.
PAR  10. The composition of claim 9 comprising about 0.75 to 1.5% of said
      radiation cross-linking promoter, about 0.1 to 0.5% of said anti-oxidant
      and about 0.25 to 10% of said acid scavenger.
NUM  11.
PAR  11. A copolymer composition in accordance with claim 1 wherein said
      cross-linking promoter is triallylcyanurate.
NUM  12.
PAR  12. A copolymer composition in accordance with claim 1 wherein said
      cross-linking agent is triallylphosphite.
NUM  13.
PAR  13. A copolymer composition in accordance with claim 1 wherein said
      cross-linking agent is diallyfumarate.
NUM  14.
PAR  14. A copolymer composition in accordance with claim 1 wherein said
      cross-linking agent is diallylisophthalate.
NUM  15.
PAR  15. A copolymer composition in accordance with claim 1 wherein said
      cross-linking agent is diallylterephthalate.
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ABST
PAL  Vinylpyridine is polymerized in aqueous suspension in the presence of small
      solid particles of polyolefin.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 889,304, filed Dec.
      30, 1969, relating to "Polymerization of Vinylpyridine" now U.S. Pat. No.
      3,828,016.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel process for polymerizing vinylpyridine.
      In particular, the invention is concerned with a process for the
      suspension polymerization of vinylpyridine catatyzed by a water-soluble
      free radical initiator in the presence of small particles of solid
      polyolefin.
PAR  Currently, polyvinylpyridine is blended with various isotatic polyolefins,
      e.g., polypropylene, to render the resulting mixture dye receptive.
      Blending is accomplished by mixing the solid polyolefin with the solid
      polyvinylpyridine and then extruding the mixture as a film or a filament.
      This process has the usual problems associated with solids mixing.
      Incomplete or poor mixing results in a dyed article having color streaks.
      Poorly mixed batches show streaks even after melting and extrusion. One
      problem in obtaining good mixing of these two solids is the difficulty in
      getting small-sized polyvinylpyridine particles.
PAR  Polyvinylpyridine is produced by the free radical catalyzed polymerization
      of either 2-vinylpyridine or 4-vinyl-pyridine or mixtures of the two. Both
      bulk and suspension processes have been used to effect this
      polymerization. The bulk polymerization process produces the usual solid
      mass of polymer which must be broken up and then further ground up in
      order to produce small-size particles for further handling. It is
      expensive to grind this polymer to a powder as fine as the polyolefin
      powder. Anything less results in poor mixing.
PAR  Surprisingly, the usual aqueous suspension polymerization of vinylpyridine
      also leads to large lumps of polymer. Although the monomer is comletely
      dispersed, the polymer clumps up during polymerization. Sometimes the
      lumps are large enough to interfere with the agitator. These lumps also
      stick to the wall of the reaction vessel and are difficult to remove from
      the reactor. After separation from the aqueous medium, the lumps are
      difficult to dry. Even then, the lumps of polymer suffer the same
      disadvantage as bulk polymer; namely, they must be ground up into a powder
      in order to permit complete mixing with a polyolefin powder.
PAC  SUMMARY OF THE INVENTION
PAR  In the novel process according to the present invention the suspension
      polymerization of vinyl pyridine to produce small polymer particles is
      improved by carrying out the polymerization of vinylpyridine in aqueous
      suspension in the presence of small solid particles of polyolefin wherein
      the weight ratio of polyolefin particle:vinylpyridine is in the range of
      about 1.5:1 to about 100:1 and in the presence of a water-soluble free
      radical initiating catalyst.
PAR  Extremely small polyvinyl pyridine polymer particles which are
      substantially spheroidal in shape and have diameters ranging from 50-2,000
      microns are obtained which are easily separated by filtration or
      centrifugation. The polyvinylpyridine product contains polyolefin powder
      embedded in the polymer particle and is particularly suitable as such for
      mixing with polyolefin, e.g., polypropylene, as a dye receptor.
PAR  Surprisingly, it has been found that when the charge ratio of polyolefin
      particle:vinylpyridine is below the 1.5:1 limitation there appears to be
      too much vinylpyridine in the system and the resulting polymeric product
      forms large unmanageable lumps.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The product of this new process is a small particle made up of two
      homopolymers, a polyolefin kernel or seed and a polyvinylpyridine coating.
      The solid particles formed in this way are spheroidal in shape and have
      diameters less than 2,000  microns and can therefore be easily and
      completely mixed with more solid polyolefin in the required ratios to give
      the desired amount of nitrogen in the finished product.
PAR  The small solid polyolefin particles, useful in this process, are obtained
      by the Ziegler catalyzed polymerization of low molecular weight olefins.
      The products of such polymerizations are characterized by a stereoregular
      arrangement of atoms in the polymer molecule. These polymers are called
      isotactic polymers. Because of the regular chemical structure, they are
      crystalline in nature and insoluble in the usual organic solvents. Useful
      polymers for the instant vinylpyridine polymerization process include
      polyethylene, polypropylene, poly-1-butene, and polystyrene. Isotactic
      polypropylene, insoluble in boiling heptane, is the preferred polymer for
      this process.
PAR  The solid poly-1-alkenes used in this invention are exemplified by
      polyethylene, polypropylene, poly-1-butene, poly-4-methyl-1-pentene, and
      the like. Such solid polymers will usually have molecular weights in
      excess of about 10,000. Frequently, they will be in the range of about
      25,000 to 1,000,000. Polypropylene, which is insoluble in boiling heptane,
      and made using Ziegler-type catalysts, is preferred. Typically,
      Ziegler-type catalysts comprise an organo-aluminum compound such as a
      trihydrocarbyl aluminum or an alkyl aluminum halide and the halide of a
      Group II to IV mnetal such as titanium trichloride, titanium
      tetrachloride, and vanadium oxychloride.
PAR  The polymers produced in a Ziegler catalyzed polymerization are readily
      obtained in a powder form by the usual polymerization and workup
      techniques. In the usual process, an olefin is added to heptane containing
      a Ziegler catalyst prepared by reacting TiCl.sub.3 -AlCl.sub.3 with a
      trialkyl aluminum compound. At the completion of the polymerization
      reaction, methanol is added and the small, powdery particles of the
      polymer are recovered by filtration and drying. Polymer particles obtained
      in this way are generally spherical in shape and have diameters ranging
      from 50-600 microns, i.e., particles are from 300-30 mesh (Tyler) in size.
      The preferred particles are from 100-250 microns in diameter, i.e., from
      150-70 mesh in size.
PAR  The aqueous suspension polymerizations are carried out by rapidly stirring
      a mixture of insoluble polyolefin particles in water containing a
      water-soluble initiator. A surface active agent may optionally be added to
      facilitate suspending the polyolefin particles in the aqueous phase. Such
      surfactants include anionic detergents such as sodium dodecylbenzene
      sulfonate, sodium lauryl sulfate, etc., and nonionic detergents such s
      nonylphenoxytetraethoxy ethanol, etc. When the particles are in
      suspension, the vinylpyridine is added and polymerization is effected by
      activating the water-soluble initiator. This catalyst activation can be
      accomplished by heating at elevated temperatures up to 100.degree.C,
      preferably about 70.degree.-90.degree.C, or by adding a reducing agent at
      a temperature in the range of 0.degree.C to 70.degree.C, preferably about
      20.degree.-30.degree.C. Reducing agents found to be effective activators
      for this reaction include ferrous sulfate, sodium bisulfite, and tertiary
      amines.
PAR  A surfactant may be added to the aqueous phase to enhance the coverage of
      the poly-1-alkene by the monomer. Only small amounts of surfactant, e.g.,
      about 0.1-1% by weight of the poly-1-alkene, are necessary for this
      purpose. Anionic or nonionic surfactants may be used. Nonionics are
      preferred. Such surfactants are readily available to the art and are
      described and exemplified in Surface Active Agents and Detergents,
      Schwartz, Perry, and Berch, Vol. 2, Interscience (1958).
PAR  Polymerization is continued for a time sufficient to convert essentially
      all of the vinylpyridine monomer into polymer. This usually requires from
      0.25-6 hours of reaction time. The quantity of water used in the emulsion
      polymerization of the present invention varies greatly. There must be at
      least sufficient water to permit separation of the individual polyolefin
      particles. The weight ratio of water to solid polyolefin necessary for
      this emulsion polymerization process ranges from 0.5:1 to 50:1, preferably
      from 2:1 to 10:1.
PAR  The polymerization reaction of the present invention is started by
      activating the water-soluble, free-radical initiator. This initiator must
      be water soluble. It was found that initiators soluble in vinylpyridine
      caused a graft polymerization of vinylpyridine onto the solid polyolefin
      particle (see copending application Ser. No. 617,029 filed Feb. 20, 1967
      and now abandoned, which is a continuation-in-part of Ser. No. 335,680
      filed January 3, 1964 and now abandoned). Water-soluble initiators include
      peroxidic cmpounds such as hydrogen peroxide, the alkali metal
      persulfates, 0,0-t-butyl hydrogen monoperoxy succinate, and
      4,4-bis(t-butylperoxy) valeric acid, and also azo compounds such as
      4-t-butylazo-4-cyanovaleric acid. These initiators may be activated by
      heating. As is well known in free-radical art, each initiator has a
      preferred initiation temperature. The free-radical initiators are
      activated at temperatures in the range of 50.degree.-100.degree.C,
      preferably 70.degree.-90.degree.C. These same initiators may also be
      activated by adding a reducing agent to the system. These reducing agents
      include metal salts such as ferrous sulfate and sodium bisulfite; also
      included are the tertiary amines such as triethanol amine, dimethyl
      aniline, etc. Activators are used with the water-soluble initiators to
      effect polymerization at low temperatures in the range of
      0.degree.-50.degree.C, preferably 20.degree.-30.degree.C.
PAR  The polymerization temperature will be such that the free radical catalyst
      decomposes at a reasonable rate. As indicated above, this temperature will
      usually be below about 90.degree.C. In most instances, it will be in the
      range of about 25.degree.-90.degree.C. Higher temperatures may be used,
      but their use requires that the reaction be done at superatmospheric
      pressure in order to maintain the liquid phase. At temperatures in the
      25.degree.-90.degree.C range, the polymerization will not take more than
      about 6 hours. Total reaction time will normally be in the range of about
      15 minutes to 2 hours.
PAR  The following examples are further illustrative of the process of preparing
      small particle polyvinylpyridine in accordance with this invention. Unless
      otherwise specified, the proportions in the illustrative examples are on a
      weight basis.
PAC  EXAMPLE 1
PAC  Preparation of Poly-2-vinylpyridine
PAR  a. A 500-ml, 3-necked, round-bottomed flask was charged with 100 ml of
      distilled water containing 5 drops of nonylphenoxy tetraethoxy ethanol and
      0.1 gram of potassium persulfate. Then 25 grams of commercial
      polypropylene powder having a melt flow rate of 3.5 and a particle size of
      30 to 300 mesh and 9.8 grams of 2-vinylpyridine were added. The entire
      mixture was stirred rapidly and heated to 70.degree.C in a nitrogen
      atmosphere. Reaction was allowed to proceed at 70.degree.C for 1 hour. The
      reaction mixture was cooled and filtered to give, after drying, 33.2 grams
      of mixed polymer. This polymer was a freely flowing powder.
PAR  b. Example 1a was repeated using 50 grams of the same powdered
      polypropylene. In this case the polymer mixture weighed 52.1 grams and was
      also a freely flowing powder.
PAC  EXAMPLE 2
PAC  Preparation of Poly-4-vinylpyridine
PAR  a. Example 1a was repeated using 9.75 grams of 4-vinylpyridine in place of
      2-vinylpyridine. The mixed polymer product weighed 29.25 grams and was a
      freely flowing powder.
PAR   b. Example 2a was repeated using 0.1 gram of ammonium persulfate and 50
      grams of the same polypropylene powder. Analysis of the reaction system
      showed no unreacted vinylpyridine after 1 hour at 70.degree.C.
PAC  EXAMPLE 3
PAC  Attempted Preparation of Poly-4-vinylpyridine without Polyolefin
PAR  The reaction vessel was charged with 100 ml of water, 1 gram of sodium
      lauryl sulfate, 20 ml of 4-vinylpyridine, and 0.2 gram of benzoyl
      peroxide. This system was heated and stirred for 4 hours at 50.degree.C
      under a nitrogen atmosphere. The polymer coagulated and formed large
      clumps which stuck to the reactor walls and stirrer blade.
PAC  EXAMPLe 4
PAC  Extraction of Polyvinylpyridine from Mixture of Polymers
PAR  Each product from Examples 1a, 1b, 2a, and 2b was extracted with boiling
      methanol using a Soxhlet apparatus. In each case the methanol insoluble
      portion weighed essentially the same as the polypropylene powder feed to
      the reaction. Each insoluble polymer was analyzed and found to have no
      nitrogen content. The methanol solvents were evaporated to dryness to give
      polyvinylpyridine.
PAC  EXAMPLE 5
PAC  Polymerization of Vinylpyridine Using an Oil-Soluble Catalyst
PAR  In a reaction vessel was introduced 100 ml of water containing 0.16 gram
      nonylphenoxy polyoxyethylene ethanol, 20 grams of polypropylene powder,
      and 5 ml of 4-vinylpyridine in which was dissolved 0.05 gram of benzoyl
      peroxide. The mixture was stirred for 1 hour at 70.degree.C under a
      nitrogen atmosphere. At the end of this time, the powder was removed by
      filtration, extracted with boiling methanol, and weighed to give 22.45
      grams of product. The product had 1.59% by weight of nitrogen representing
      60.5% conversion of 4-vinylpyridine into a graft copolymer with the
      polypropylene. Its melting point was 163.degree.C.
PAR  The product obtained by the new process according to this invention
      consists of a mixture of two homopolymers. It is ideally suited for
      blending with a polyolefin to effect dye capability. However, pure
      polyvinylpyridine may be recovered from the reaction product by extracting
      it with a suitable solvent. The preferred solvents are the low molecular
      weight alcohols, e.g., methanol, ethanol, and isopropanol. These solvents
      dissolve all of the polyvinylpyridine without dissolving any of the
      polyolefin kernel. The dissolved polymer is recovered in the usual way by
      evaporation of the solvent or by precipitation with water. The polyolefin
      particles can be recycled to the emulsion polymerization process.
PAR  While the character of this invention has been described in detail with
      numerous examples, this has been done by way of illustration only and
      without limitation of the invention. It will be apparent to those skilled
      in the art that modifications and variations of the illustrative example
      may be made in the practice ot the invention within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Small polymer particles of polyvinylpyridine of 50 to 2,000 microns
      diameter having small particles of Ziegler-catalyzed polymer embedded
      therein, said polymer particles of polyvinylpyridine being produced by the
      process which comprises polymerizing vinylpyridine in aqueous suspension
      in the presence of solid particles having diameters in the range 50-600
      microns of Ziegler-catalyzed polystyrene or polyolefin of low molecular
      weight olefins, said polyolefin being derived from 1-olefins having up to
      about 6 carbon atoms each, wherein the weight ratio of polystyrene or
      polyolefin particle:vinylpyridine is in the range of about 1.5:1 to about
      100:1, the suspension polymerization being carried out in the presence of
      a water-soluble free radical initiating catalyst.
NUM  2.
PAR  2. Small polymer particles of polyvinylpyridine in accordance with claim 1
      wherein the Ziegler-catalyzed polymer is polypropylene.
NUM  3.
PAR  3. Small polymer particles of polyvinylpyridine in accordance with claim 2
      wherein 0.1 to 1 percent by weight of nonionic surfactant on the basis of
      polyolefin is employed in the aqueous suspension.
NUM  4.
PAR  4. Small polymer particles of polyvinylpyridine in accordance with claim 3
      wherein the small polymer particles of polyvinylpyridine are substantially
      spheroidal in shape.
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PAL  Polymeric compositions having good impact resistance, low permeability to
      gases, and high-softening temperatures which are composed of a conjugated
      diene monomer, such as butadiene, an olefinically unsaturated nitrile,
      such as acrylonitrile, and indene are described.
BSUM
PAR  The present invention relates to novel polymeric compositions which have
      good impact resistance, low permeability to gases, and high-softening
      temperatures, and more particularly pertains to high-softening,
      impact-resistant compositions of low-creep characteristics which function
      as gas and vapor barrier materials and are composed of the essential
      components of a conjugated diene monomer, an olefinically unsaturated
      nitrile, and indene, and to a process for preparing them.
PAR  The novel polymeric products of the present invention are prepared by
      polymerizing a major portion of an olefinically unsaturated nitrile, such
      as acrylonitrile, and a minor portion of indene in the presence of a
      preformed rubbery polymer composed of a conjugated diene monomer, such as
      butadiene. The present invention is an improvement over the invention
      disclosed in our co-pending U.S. Pat. application Ser. No. 525,376 filed
      Nov. 20, 1974.
PAR  The conjugated diene monomers useful in the present invention include
      butadiene-1,3, isoprene, chloroprene, bromoprene, cyanoprene,
      2,3-dimethylbutadiene-1,3, and the like. Most preferred for the purpose of
      this invention are butadiene and isoprene because of their ready
      availability and their excellent copolymerization properties.
PAR  The olefinically unsaturated nitriles useful in this invention are the
      alpha,beta-olefinically unsaturated mononitriles having the structure
      ##EQU1##
      wherein R is hydrogen, a lower alkyl group having from 1 to 4 carbon
      atoms, or a halogen. Such compounds include acrylonitrile,
      alpha-chloroacrylonitrile, alpha-fluoroacrylonitrile, methacrylonitrile,
      ethacrylonitrile, and the like. The most preferred olefinically
      unsaturated nitrile in the present invention is acrylonitrile.
PAR  Indene (1-H-indene) and coumarone (2,3-benzofuran) and mixtures are useful
      as monomers in the present invention. Most preferred is indene.
PAR  The polymeric compositions of the present invention can be prepared by any
      of the known general techniques of polymerization, including the bulk
      polymerization, solution polymerization, and emulsion or suspension
      polymerization techniques by batch, continuous or intermittent addition of
      the monomers and other components. The preferred method is emulsion
      polymerization. The polymerization is preferably carried out in an aqueous
      medium in the presence of an emulsifier and a free-radical generating
      polymerization initiator at a temperature of from about 0.degree. to
      100.degree.C in the substantial absence of molecular oxygen.
PAR  The rubbery polymers in the present invention are homopolymers of the
      conjugated diene monomers mentioned above as well as copolymers of these
      dienes and another monomer component such as acrylonitrile, styrene, ethyl
      acrylate, and mixtures thereof, wherein there is present at least 50% by
      weight of the total monomers of the conjugated diene monomer.
PAR  The preferred polymeric compositions embodied herein are those resulting
      from the polymerization of 100 parts by weight of (A) about 50 to 90% by
      weight of at least one nitrile having the structure
      ##EQU2##
      wherein R has the foregoing designation and (B) from 10 to 50% by weight
      of at least one member selected from the group consisting of indene and
      coumarone in the presence of from 1 to 40 parts by weight of (C) a rubbery
      polymer of at least 50% by weight of a conjugated diene monomer selected
      from the group consisting of butadiene and isoprene and up to 50% by
      weight of at least one member selected from the group consisting of
      styrene, acrylonitrile, and ethyl acrylate.
PAR  The preferred process of this invention comprises polymerization in aqueous
      emulsion with free radical initiation at a temperature in the range of
      from 0.degree. to 100.degree.C 100 parts by weight of (A) about 50 to 90%
      by weight of at least one nitrile having the structure
      ##EQU3##
      wherein R is hydrogen, a lower alkyl group having from 1 to 4 carbon
      atoms, or a halogen, and (B) from 10 to 50% by weight of at least one
      member selected from the group consisting of indene and coumarone in the
      presence of from 1 to 40 parts by weight of (C) a rubbery polymer of at
      least 50% by weight of a conjugated diene monomer selected from the group
      consisting of butadiene and isoprene and up to 50% by weight of at least
      one member selected from the group consisting of styrene, acrylonitrile,
      and ethyl acrylate wherein all or part of (A) and part of (B) are present
      when the polymerization reaction is initiated and the remainder of (B) or
      (A) plus (B) is added continuously or incrementally during the course of
      the polymerization.
PAR  More specifically, the present invention can be illustrated in the
      polymerization of a mixture of acrylonitrile and indene in the presence of
      a preformed copolymer of butadiene-1,3 and acrylonitrile to produce a
      product having excellent impact strength, exceptionally good
      impermeability to gases and vapors, and improved ASTM heat-distortion
      temperature. More preferably, the acrylonitrileindene monomer component
      should contain 60 to 90% by weight of acrylonitrile and 10 to 40% by
      weight of indene. Generally acceptable impact resistance for most
      applications is 0.5 foot pounds per inch of notch or greater notched Izod
      impact.
PAR  The preferred rubbery copolymer of butadiene-1,3 and acrylonitrile
      preferably contains more than 50% by weight of combined butadiene based on
      the total weight of combined butadiene and acrylonitrile. More preferably,
      the rubbery copolymer of butadiene and acrylonitrile should contain from
      50 to 90%, and most preferably 60 to 80%, by weight of polymerized
      butadiene.
PAR  In the foregoing polymerization, it is preferred that from about 1 to  40,
      and more preferably 1 to 20, parts of the rubbery diene polymer be
      employed for each 100 parts of combined acrylonitrile and indene. It has
      generally been found that as the relative amount of the rubbery diene
      polymer is increased in the final polymeric product, the impact strength
      increases and the gas and vapor barrier properties decrease somewhat. It
      is generally preferred to use just enough of the rubbery diene polymer to
      impart the desired impact strength to the polymeric product and to retain
      the optimum gas and vapor barrier properties in the polymeric product.
PAR  The novel polymeric products of the present invention are readily processed
      thermoplastic materials which can be thermoformed into a wide variety of
      useful articles in any of the conventional ways employed with known
      thermoplastic polymeric materials, such as by extrusion, milling, molding,
      drawing, blowing, etc. The polymeric products of this invention have
      excellent solvent resistance, and their impact strength and low
      permeability to gases and vapors make them useful in the packaging
      industry, and they are particularly useful in the manufacture of bottles,
      film, and other types of containers for liquids and solids.
PAR  In the following illustrative examples, the amounts of ingredients are
      expressed in parts by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A. A resin was prepared from the following ingredients:
     Ingredient               Parts                                            
     ______________________________________                                    
     water                    233                                              
     Gafac RE-610*            2                                                
     acrylonitrile            70                                               
     indene                   30                                               
     limonene dimercaptan     0.6                                              
     70/30 butadiene/acrylonitrile                                             
                              15                                               
     rubber latex (solids basis)                                               
     potassium persulfate     0.28                                             
     ______________________________________                                    
      *A mixture of R--O--(CH.sub.2 CH.sub.2 O--).sub.n PO.sub.3 M.sub.2 and   
      [R--O--(CH.sub.2 CH.sub.2 O--).sub.n ].sub.2 PO.sub.2 M wherein n is a   
      number of from 1 to 40, R is an alkyl or alkaryl group and preferably a  
      nonyl phenyl group, and M is hydrogen, ammonia or an alkali metal, which 
      composition is sold by GAF Corporation.                                  
PAR  1. First Stage -- An emulsion of 70 parts of acrylonitrile, 17.5 parts of
      indene, 15 parts (solids basis) of the rubber latex, and 0.1 part of
      limonene dimercaptan in 225 parts of water with 2 parts of Gafac RE-160
      was heated in the substantial absence of molecular oxygen to 60.degree.C
      with stirring. The polymerization was then initiated by the addition of
      0.1 part of potassium persulfate and the polymerization was allowed to
      proceed under these conditions for about 6 hours.
PAR  2. Second Stage -- The mixture obtained in the first stage was heated to
      70.degree.C, and a mixture of 0.2 part of potassium persulfate in 8 parts
      of water was added in six increments over a period of 5 hours while the
      remaining 12.5 parts of indene and 0.5 part of limonene dimercaptan were
      slowly added over the same time period. The resulting latex was coagulated
      and dried. The resin was obtained in 88% yield and was found to have the
      following properties:
TBL  ASTM heat-distortion temperature                                          
                           101.degree.C                                        
     (264 psi)                                                                 
     notched Izod impact strength                                              
                           1.20 foot pounds                                    
                           per inch of notch                                   
     Brabender torque at 230.degree.C                                          
                           2400 meter grams                                    
PAR  B. The same ingredients and amounts were used as described in (A) of this
      example. The ingredients, except for the potassium persulfate, were batch
      charged and brought to 60.degree.C with stirring in the substantial
      absence of molecular oxygen, at which time the potassium persulfate was
      added and the polymerization was allowed to proceed under these conditions
      for 16 hours. The resulting latex was coagulated and the resin was dried
      to give a 66% yield. The resin was found to have the following properties:
TBL  ASTM heat-distortion temperature                                          
                           108.degree.C                                        
     (264 psi)                                                                 
     notched Izod impact strength                                              
                           0.11 foot pounds                                    
                           per inch of notch                                   
     Brabender torque at 230.degree.C                                          
                           800-900 meter                                       
                           grams                                               
PAC  EXAMPLE 2
PAR  A resin was prepared from the following ingredients:
TBL  Ingredient               Parts                                            
     ______________________________________                                    
     water                    262                                              
     Gafac RE-610             2.25                                             
     acrylonitrile            70                                               
     indene                   30                                               
     limonene dimercaptan     0.75                                             
     70/30 butadiene/acrylonitrile                                             
                              15                                               
     rubber latex (solids basis)                                               
     azobisisobutyronitrile   0.45                                             
     ______________________________________                                    
PAR  An emulsion of 70 parts of acrylonitrile, 5 parts of indene, 15 parts of
      rubber, and 0.25 part of limonene dimercaptan in 262 parts of water and
      2.25 parts of Gafac RE-610 was heated with stirring under a nitrogen
      atmosphere to 70.degree.C. The polymerization was then initiated with 0.1
      part of azobisisobutyronitrile. The remainder of the indene (25 parts) and
      limonene dimercaptan (0.5 part) was added continuously over a 9-hour
      polymerization period, and during this time additional
      azobisisobutyronitrile (0.35 part) was added in seven increments. Overall
      polymerization conditions were 9 hours at 70.degree.C. The latex was then
      coagulated and the dried resin was found to have the following properties:
TBL  ASTM heat-distortion temperature                                          
                           84.degree.C                                         
     (264 psi)                                                                 
     notched Izod impact resistance                                            
                           1.7 foot pounds                                     
                           per inch of notch                                   
     Brabender torque      2200 meter grams                                    
PAC  EXAMPLE 3
PAR  A resin was prepared from the following ingredients:
TBL  Ingredient              Parts                                             
     ______________________________________                                    
     water                   232                                               
     Gafac RE-610            3                                                 
     acrylonitrile           70                                                
     indene                  30                                                
     limonene dimercaptan    0.75                                              
     70/30 butadiene/acrylonitrile                                             
                             15                                                
     rubber latex (solids)                                                     
     azobisisobutyronitrile  0.2                                               
     potassium persulfate    0.175                                             
     ______________________________________                                    
PAR  An emulsion of 70 parts of acrylonitrile, 6.51 parts of indene, 15 parts of
      rubber, and 0.25 part of limonene dimercaptan in 232 parts of water and 2
      parts of Gafac RE-610 was heated to 65.degree.C with stirring under
      nitrogen and was then initiated by the addition to the polymerization
      mixture of 0.1 part of azobisisobutyronitrile. A solution of 23.49 parts
      of indene and 0.5 part of limonene dimercaptan was added to the
      polymerization mixture over an 8-hour period. The reaction mixture was
      also treated during this period with 0.1 part of azobisisobutyronitrile at
      the one-hour point and 0.175 part of potassium persulfate in 7 uniform
      parts between the 2.5-hour and 6-hour points after the initial reaction
      started. The resulting latex was coagulated and the resin was dried and
      found to have the following properties:
TBL  ASTM heat-distortion temperature                                          
                           98.degree.C                                         
     (264 psi)                                                                 
     notched Izod impact resistance                                            
                           1.25 foot pounds                                    
                           per inch of notch                                   
     Brabender torque      3100 meters grams                                   
PAC  EXAMPLE 4
PAR  A resin was prepared from the following ingredients:
TBL  Ingredient               Parts                                            
     ______________________________________                                    
     water                    233                                              
     Gafac RE-610             2                                                
     acrylonitrile            70                                               
     indene                   30                                               
     limonene dimercaptan     0.6                                              
     65/35 butadiene/acrylonitrile                                             
                              15                                               
     rubber latex (solids basis)                                               
     potassium persulfate     0.3                                              
     ______________________________________                                    
PAR  1. First Stage -- An emulsion of 70 parts acrylonitrile, 17.5 parts of
      indene, 15 parts of rubber in latex form, 0.15 part of limonene
      dimercaptan, and 2 parts of Gafac RE-610 was heated with stirring under
      nitrogen to 60.degree.C. The reaction was then initiated by adding 0.1
      part of potassium persulfate and the polymerization was continued for 6
      hours under these conditions.
PAR  2. Second Stage -- The reaction mixture from the first stage was brought to
      70.degree.C and to it was added a solution of 0.2 part of potassium
      persulfate in 8 parts of water in six increments over 6 hours, and the
      remaining indene and limonene dimercaptan were added in two increments (8
      parts of indene plus 0.25 part of limonene dimercaptan at 1.4 hours, 4.5
      parts of indene plus 0.2 part of limonene dimercaptan at 4 hours). The
      polymerization reaction was continued for 6 hours at 70.degree.C. The
      resulting latex was coagulated with hot aqueous Al.sub.2
      (SO.sub.4).sub.3.18 H.sub.2 O and the resin was washed with boiling water.
      The dried resin (80% yield) was found to have the following properties:
TBL  ASTM heat-distortion temperature                                          
                           97.degree.C                                         
     (264 psi)                                                                 
     notched Izod impact resistance                                            
                           1.04 foot pounds                                    
                           per inch of notch                                   
     Brabender torque      2500 meter grams                                    
PAC  EXAMPLE 5
PAR  A resin was prepared from the following ingredients:
TBL  Ingredient               Parts                                            
     ______________________________________                                    
     water                    265                                              
     Gafac RE-610             2.25                                             
     acrylonitrile            70                                               
     indene                   30                                               
     limonene dimercaptan     0.5                                              
     70/30 butadiene/acrylonitrile                                             
                              15                                               
     rubber (solids)                                                           
     ammonium persulfate      0.3                                              
     ______________________________________                                    
PAR  1. First Stage -- An emulsion of 40 parts of acrylonitrile, 10 parts of
      indene, 15 parts of rubber in latex form, 0.05 part of limonene
      dimercaptan, 186.5 parts of water, and 2.25 parts of Gafac RE-610 was
      heated with stirring under nitrogen to 60.degree.C. At this point, 0.05
      part of ammonium persulfate was added and the polymerization reaction was
      allowed to proceed for 6 hours under these conditions.
PAR  2. Second Stage -- The mixture obtained in the first stage was diluted with
      78.5 parts of water and heated to 70.degree.C. A mixture of 30 parts of
      acrylonitrile, 20 parts of indene, and 0.45 part of limonene dimercaptan
      was added over a 5-hour period and during the same period, 0.25 part of
      ammonium persulfate was added in five increments. The polymerization of
      this stage was carried out for a total of 6 hours at 70.degree.C. The
      latex was coagulated with hot aqueous alum and was washed thoroughly with
      hot water. The dried resin was formed to have the following properties:
      found
TBL  ASTM heat-distortion temperature                                          
                           101.degree.C                                        
     (264 psi)                                                                 
     notched Izod impact strength                                              
                           0.83 foot pounds                                    
                           per inch of notch                                   
     Brabender torque      2800 meter grams                                    
PAC  EXAMPLE 6
PAR  When the procedure of Example 1(A) was repeated using 75 parts of
      acrylonitrile and 25 parts of indene, similar results were obtained.
PAC  EXAMPLE 7
PAR  When the procedure of Example 1(A) was repeated using 65 parts of
      acrylonitrile and 35 parts of indene, similar results were obtained.
PAC  EXAMPLe 8
PAR  When the procedure of Example 1(A) was repeated using 80 parts of
      acrylonitrile and 20 parts of indene, similar results were obtained.
PAC  EXAMPLE 9
PAR  When the procedure of Example 1(A) was repeated using 10 parts of
      butadiene-acrylonitrile rubber (solids basis), similar results were
      obtained although the Izod impact resistance was down slightly.
PAC  EXAMPLE 10
PAR  When the procedure of Example 1(A) was repeated using 20 parts of the
      butadiene-acrylonitrile rubber (solids basis), similar results were
      obtained although the Izod impact resistance was higher.
CLMS
STM  We claim:
NUM  1.
PAR  1. The polymeric composition resulting from the copolymerization of 100
      parts by weight of
PA1  A. about 50 to 90% by weight of at least one nitrile having the structure
      ##EQU4##
      wherein R is hydrogen, a lower alkyl group having from 1 to 4 carbon atoms
      or a halogen, and
PA1  B. from 10 to 50% by weight of at least one member selected from the group
      consisting of indene and coumarone in the presence of from 1 to 40 parts
      by weight of
PA1  C. a rubbery polymer of at least 50% by weight of a conjugated diene
      monomer selected from the group consisting of butadiene and isoprene and
      up to 50% by weight of at least one member selected from the group
      consisting of styrene, acrylonitrile, and ethyl acrylate.
NUM  2.
PAR  2. The composition of claim 1 wherein (A) is acrylonitrile.
NUM  3.
PAR  3. The composition of claim 2 wherein (B) is indene.
NUM  4.
PAR  4. The composition of claim 3 wherein (C) is a butadiene-acrylonitrile
      copolymer.
NUM  5.
PAR  5. The composition of claim 4 wherein there are 60 to 90% by weight of (A)
      and 10 to 40% by weight of (B) employed in the copolymerization.
NUM  6.
PAR  6. The process comprising polymerization in aqueous emulsion with free
      radical initiation at a temperature in the range of from 0.degree. to
      100.degree.C 100 parts by weight of
PA1  A. about 50 to 90% by weight of at least one nitrile having the structure
      ##EQU5##
      wherein R is hydrogen, a lower alkyl group having from 1 to 4 carbon atoms
      or a halogen, and
PA1  B. from 10 to 50% by weight of at least one member selected from the group
      consisting of indene and coumarone in the presence of from 1 to 40 parts
      by weight of
PA1  C. a rubbery polymer of at least 50% by weight of a conjugated diene
      monomer selected from the group consisting of butadiene and isoprene and
      up to 50% by weight of at least one member selected from the group
      consisting of styrene, acrylonitrile, and ethyl acrylate
PAL  wherein all or part of (A) and part of (B) are present when the
      polymerization reaction is initiated and the remainder of (B) or (A) plus
      (B) is added continuously or incrementally during the course of the
      polymerization.
NUM  7.
PAR  7. The process of claim 6 wherein (A) is acrylonitrile.
NUM  8.
PAR  8. The process of claim 7 wherein (B) is indene.
NUM  9.
PAR  9. The process of claim 8 wherein (C) is a butadiene-acrylonitrile
      copolymer.
NUM  10.
PAR  10. The process of claim 9 wherein there are 60 to 90% by weight of (A) and
      10 to 40% by weight of (B) employed in the polymerization.
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ABST
PAL  Copolymers of (meth)acrylates and .alpha.,.beta.-monoolefinically
      unsaturated carboxylic acid having 3 to 5 carbon atoms are used as
      additives for improving levelling, glass and reactivity in powder
      lacquers. Said powder lacquers contain polymerized units of at least 35%
      by weight of styrene and (meth)acrylate and 5 to 30% by weight of at least
      one monomer containing a hydroxyl, carboxyl, glycidyl, N-methylol or
      N-methylol ether group. The powder lacquer mixture contains 0.1 to 5% by
      weight of the additive.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 315,621 filed Dec.
      15, 1972, now U.S. Pat. No. 3,865,904.
BSUM
PAR  This invention relates to additives based on copolymers of olefinically
      unsaturated carboxylic acids with (meth)acrylic acid esters for use with
      powder resins synthesised predominantly from styrene and acrylic
      compounds.
PAR  Additives for improving levelling and gloss and for reducing crater
      formation in solvent-containing lacquers are already known. Such additives
      are generally oily to wax-like compounds such as silicone oils,
      hydrocarbon waxes, cellulose acetobutyrate, paraffins, polyesters and low
      molecular weight polyacrylic acid esters having long-chain alcohol
      radicals. If, however, these levelling agents are added to powders for use
      in electrostatic powder spraying or in fluidisation dip-coating, either
      the stability of the powder in storage is adversely affected, or
      incompatibilities occur, and these effects are reflected either in hazing
      or in exuding of the additive.
PAR  In addition, it is known from German Auslegeschrift No. 1,569,040 that
      copolymers of methyl methacrylate with acrylates having from 1 to 10
      carbon atoms in the alcohol radical can be added to polyvinyl chloride in
      quantities of from 0.1 to 25% by weight in order to improve the
      processibility of the polyvinyl chloride and the surface finish of
      mouldings produced from it.
PAR  It is further known from German Offenlegungsschrift No. 1,918,893 that
      certain polyacrylic acid esters can be used as lubricants for
      thermoplastic resins.
PAR  These additives are unsuitable for use with duroplastic acrylate powder
      resins predominantly styrene and acrylates because they are not compatible
      with such resins. If, for example, a copolymer comprising 70 parts by
      weight of 2-ethylhexyl acrylate and 30 parts by weight of ethyl acrylate
      is mixed with a duroplastic styrene-containing powder resin in a quantity
      of from 0.1 to 5% by weight, hazing occurs. It is possible under a
      scanning electron microscope to observe disintegration in the powder resin
      into two phases. After baking, these acrylate lubricants exude causing a
      tacky surface.
PAR  The object of the invention is solvent-free, compatible additives for
      duroplastic powder resins synthesized predominantly from styrene and
      acrylic compounds which additives improve both the processibility of the
      powder resins and the surface properties of coatings formed therefrom.
PAR  According to the invention, this object is achieved by using as additives
      solvent-free copolymers of .alpha.,.beta.-monoolefinically unsaturated
      carboxylic acids having from 3 to 5 carbon atoms (carboxyl group included)
      with esters of (meth)acrylic acid. The copolymers preferably have an
      average molecular weight of from about 1000 to 10,000 and a viscosity of
      from about 100 to 10,000 poises at a temperature of t = 22.degree.C and 1
      to 1000 poises at t = 100.degree.C.
PAR  After the additive containing powder mixture has been applied to a
      workpiece, the additives according to the invention promote the formation
      of a more uniform surface during baking. They cause a reduction in the
      danger of wrinkle and crater formation, increase gloss and in some cases
      considerably increases the reactivity of the powder resin and lowers the
      baking temperature.
PAR  The invention relates to the use of from 0.1 to 5% by weight, based on the
      resin mixture as a whole, of a solvent-free copolymer with an average
      molecular weight of from 1000 to 10,000 and a viscosity of from 1 to 1000
      poises at 100.degree.C, the copolymer comprising copolymerised units of:
PA1  I. from 1 to 20 parts by weight of an .alpha.,.beta.-monoolefinically
      unsaturated carboxylic acid containing from 3 to 5 carbon atoms (carboxyl
      group always included)
PA1  Ii. from 0 to 50 parts by weight of an ester of acrylic acid or methacrylic
      acid having from 1 to 4 carbon atoms in the alcohol radical; and
PA1  Iii. from 30 to 99 parts by weight of an ester of acrylic or methacrylic
      acid having from 5 to 20 carbon atoms in the ester alcohol group;
PAL  the sum of the parts by weight amounting to 100, as additives for
      duroplastic powder lacquers or powder lacquer mixtures containing
      polymerized units of at least 35% by weight of a mixture of styrene and
      acrylic compounds. quer mixtures synthesised predominantly from styrene
      and acrylic compounds.
PAR  The invention also relates to powder lacquer mixtures containing
PA1  1. from 0.1 to 5% by weight of a solvent-free copolymer comprising:
PA2  I. from 1 to 20 parts by weight of an .alpha.,.beta.-monoolefinically
      unsaturated carboxylic acid with 3 to 5 carbon atoms;
PA2  Ii. from 0 to 50 parts by weight of an ester of acrylic or methacrylic acid
      having from 1 to 4 carbon atoms in the alcohol radical; and
PA2  Iii. from 30 to 99 parts by weight of an ester of acrylic or methacrylic
      acid having from 5 to 20 carbon atoms in the ester alcohol group;
PAL  the sum of the parts by weight amounting to 100, and
PA1  2. from 95 to 99.9% by weight of a solvent-free copolymer comprising:
PA2  A. from 25 to 60% by weight of styrene;
PA2  B. from 10 to 70% by weight of at least one ester of (meth)acrylic acid;
      and
PA2  C. from 5 to 30% by weight of at least one of the monomers: hydroxy alkyl
      ester of an .alpha.,.beta.-unsaturated carboxylic acid having from 3 to 5
      carbon atoms (carboxyl group included) and having from 2 to 8 carbon atoms
      in the hydroxyl alkyl radical; acrylamide; methacrylamide; an
      N-methylolamide of acrylic or methacrylic acid or an N-methylol alkyl
      ether thereof having from 1 to 4 carbon atoms in the alkyl ether radical;
      acrylic acid; methacrylic acid; glycidyl acrylate; glycidyl methacrylate;
      2-phenyl allyl alcohol; hydroxy methyl norbornene; a reaction product of a
      hydroxyl group-containing monomer with an alkoxy methyl isocyanate; and
PA1  3. optionally from 1 to 50% by weight, based on the copolymer 2), of one or
      more external crosslinking agents comprising a methylolated urea or
      melamine resin; a polycarboxylic acid; a polyalcohol; a polyisocyanate; a
      blocked polyisocyanate; a polyepoxide; a polycarboxylic acid anhydride; a
      polyamide; a polyamine, a polyoxazoline or a polydihydroxazine.
PAR  In the context of the invention, .alpha. ,.beta.-mono-olefinically
      unsaturated carboxylic acids containing from 3 to 5 carbon atoms include,
      for example, acrylic acid, methacrylic acid, fumaric acid, maleic acid,
      itaconic acid and crotonic acid. Acrylic acid or methacrylic acid are
      preferred.
PAR  The monomers of group II comprise alkyl esters of acrylic and/or
      methacrylic acid having from 1 to 4 carbon preferably ethyl acrylate,
      butyl methacrylate or butyl acrylate.
PAR  Group III esters of acrylic acid and/or methacrylic acid having from 5 to
      20 carbon atoms in the alcohol radical include, for example, pentyl,
      hexyl, octyl, 2-ethyl hexyl, dodecyl, octadecyl acrylic acid and
      methacrylic acid esters, preferably 2-ethyl hexyl acrylate.
PAR  In the context of the invention, powder resins predominantly containing
      styrene and acrylic compounds include duroplastic copolymers or copolymer
      mixtures which contain from 25 to 60% by weight of styrene, from 10 to 70%
      by weight of at least one ester of acrylic acid or methacrylic acid and
      from 5 to 30% by weight of at least one monomer having a reactive group,
      as defined under 2 C. Powders of this kind have an average molecular
      weight of from about 1000 to 10,000, represent readily powdered resins
      which do not lump at temperatures of up to 50.degree.C and which, applied
      to workpieces by any of the various powder-coating techniques, are
      filmforming at temperatures above about 90.degree.C and bake to form
      highly crosslinking, hard coatings at temperatures above about
      130.degree.C. The powders contain in copolymerised form from 25 to 60% by
      weight, preferably from 30 to 60% by weight of styrene, from 10 to 70% by
      weight, preferably from 30 to 70% by weight, of at least one ester of
      acrylic acid or methacrylic acid with from 1 to 20, preferably from 1 to
      8, carbon atoms in the alcohol component and from 5 to 30% by weight,
      preferably from 10 to 30% by weight, of at least one reactive monomer from
      the class of substances comprising hydroxy alkyl esters with from 2 to 8,
      preferably from 2 to 4, carbon atoms in the alkyl radical of
      .alpha.,.beta.-mono-olefinically unsaturated carboxylic acids with from 3
      to 5 carbon atoms, such as acrylic acid, methacrylic acid, fumaric acid,
      maleic acid, itaconic acid or crotonic acid, preferably acrylic and
      methacrylic acid; acrylamide and methacrylamide; N-methylol amides of
      (meth)acrylic acid and N-methylol alkyl ethers thereof with from 1 to 4
      carbon atoms in the alkyl radical, preferably N-methylol methyl ethers of
      methacrylic acid amide, acid, methacrylic acid, fumaric acid, maleic acid,
      itaconic acid or crotonic acid, preferably acrylic or methacrylic acid;
      glycidyl esters of acrylic acid or methacrylic acid; 2-phenyl allyl
      alcohol; hydroxy methyl norbornene; reaction products of monomers
      containing hydroxyl groups with alkoxy methyl isocyanates, preferably
      reaction products of hydroxy alkyl esters of (meth)acrylic acid containing
      from 2 to 4 carbon atoms in the alkyl radical with methoxy methyl
      isocyanate.
PAR  The copolymer powders may be either internally crosslinking or externally
      crosslinking. For external crosslinking, the resin preparations can
      contain a methylolated urea or melamine resin, a polycarboxylic acid, a
      polyalcohol, a polyisocyanate or blocked masked polyisocyanate, a
      polyepoxide, a polycarboxylic acid anhydride, a polyamide or polyamine, a
      polyoxazoline or polydihydroxazine, in quantities of from 1 to 50% by
      weight, based on the styrene-containing copolymer. The external
      crosslinking agents are preferably used in quantities of from 10 to 40% by
      weight, preferred external crosslinking agents including hexamethoxymethyl
      melamine, adipic acid, isophorone diisocyanate, hexamethylene
      diisocyanates or prepolymers thereof having free or with caprolactam-,
      phenol- or oxime masked isocyanate groups, polyepoxide resins with an
      epoxide equivalent from 800 to 1500, triglydyl isocyanurate, pyromellitic
      acid anhydride and endo-methylene tetrahydrophthalic acid anhydride.
PAR  The copolymers are prepared by conventional methods bulk, solution,
      dispersion or bead polymerisation, preferably by solution or bulk
      polymerisation. Suitable methods are described for example in "Methoden
      der Organischen Chemie," Houben-Weyl, 4th Edition, Vol. 14/1, pages 24-556
      (1961). In cases where polymerisation is carried out in solution, it is
      possible to use such solvents as methylene chloride, ethanol,
      iso-propanol, n-propanol, n-butanol, iso-butanol, tert.-butanol, an acetic
      acid methyl to butyl ester, acetone, methyl ethyl ketone, benzene or
      toluene.
PAR  The polymerisation reactions are generally carried out at temperatures of
      from 40.degree. to 180.degree.C.
PAR  Examples of suitable initiators include percarbonates; peresters such as
      tert.-butyl perpivalate, peroctoate; benzoyl peroxide; o-methoxy benzoyl
      peroxide; dichlorobenzoyl peroxide; azodiisobutyronitrile; used in
      quantities of from 0.5 to 3% by weight, based on monomer.
PAR  Conventional molecular weight regulators such as thioglycol, thioglycerin,
      methylvinyl carbinol, xanthogenates or tert.-dodecyl mercaptan, can also
      be used.
PAR  The copolymer solution is freed from the solvent in a suitable apparatus,
      preferably in evaporator screws or thin-film evaporators, at temperatures
      of from 90.degree. to 180.degree.C.
PAR  Bulk polymerisation can be carried out for example by the process described
      in German Offenlegungsschrift No. No. 1,965,740. The additives are oily to
      highly viscous liquids at room temperature. They are mixed with the powder
      resins either before, during or after their preparation. The additives can
      be added for example to a monomer mixture before polymerisation or may be
      subsequently mixed in before the polymer is worked up. The additives can
      also be mixed in at the same time as pigments, catalysts and crosslinking
      additives in mixing screws. It is also possible, for example to prepare
      initially a fairly highly concentrated master batch and thereafter to
      dilute this master batch with the required resin to the requisite
      concentration of from 0.1 to 5% by weight of additive, based on total
      resin.
PAR  The additives give an improved gloss to the coatings. After baking at
      temperatures of from 100.degree. to 220.degree.C, coatings containing the
      additive as claimed show a smoother surface compared with preparations
      which do not contain these additives. The tendency to form wrinkles, known
      among those skilled in the art as the orange-peel effect, is distinctly
      reduced. In addition, the additives reduce the danger of the formation of
      craters which is particularly serious in the event of contamination with
      epoxide powders. Whereas craters are formed in the event of contamination
      with powders of other raw materials in the absence of additives, they do
      not occur when these additives are present. Addition of the additives
      according to the invention also brings about an increase in reactivity
      which, in some cases, is reflected in a reduction of about 5.degree. to
      10.degree.C in the baking temperature. The additives described are
      compatible with the powder resins predominantly synthesised from styrene
      and acrylate compounds, do not cause hazing and are not exuded, even
      during baking. It was surprising that they also leave undiminished the
      stability of the resin mixture in storage.
PAR  The resin mixtures can be mixed with up to 150% by weight, preferably up to
      100% by weight, based on copolymer of inorganic or organic pigments at
      temperatures of from 80.degree. to about 120.degree.C. Examples of
      pigments include titanium dioxide, iron oxides, chromium oxide,
      phthalocyanine and azo pigments.
PAR  The melts can also have added to them (0.1 to 5% by weight, based on
      copolymer) levelling agents such as silicones, polyesters, cellulose
      derivatives and catalysts, such as organic and inorganic acids, tertiary
      amines, dicyanodiamide or tin compounds.
PAR  The solvent-free, optionally pigments duroplastic mixtures which are
      brittle in their uncrosslinked state are ground after cooling to a fine
      grain size of from about 30 to 120 .mu. and, optionally, graded according
      to grain size.
PAR  The powders are still free flowing at temperatures of at least 40.degree.C,
      preferably 60.degree.C, have levelling temperatures of from about
      80.degree. to 120.degree.C and are baked over periods of from 15 to 30
      minutes at temperatures of from 130.degree.C to 220.degree.C, preferably
      from 160.degree. to 180.degree.C, with accompanying crosslinking.
PAR  The powders are preferably applied to suitable substrates, especially
      metals, by conventional electrostatic powder-spraying methods (40 to 90
      kV). cf D. R. Davis, "Coating with electrostatic dryspray" in Plastics
      Technology, June 1962, pages 37 to 38.
PAR  The powders can also be applied by other known methods, for example by
      fluidised dip-coating or by flame-spraying techniques.
PAR  The baked films (thickness from 40 to 300.mu. ) of the polymer mixed
      powders used in accordance with the invention show outstanding bond
      strength and hardness coupled with elasticity. They are also distinguished
      by their higher gloss, smooth, fault-free surface and by their resistance
      to weathering.
PAR  The powders can be used for coating domestic appliances, metal components
      in vehicle building, metal components which are heavily exposed to
      weather, such as vehicle bodywork, facade panels, pipes, wire netting, and
      for coating tools for use in forestry and agriculture. These additives
      can, of course, also be added to improve the film properties of other
      powder resin systems such as epoxide resins, polyester or polyurethane
      resins, resins based on polyamides, polyvinyl chloride, polyolefins,
      solvent containing binders such as alkyd lacquers, epoxide lacquers,
      polyisocyanate-polyol lacquers, melamine and urea combinations, acrylic
      lacquers, indene-coumarone binders, coating agents based on cellulose
      derivatives such as nitrocellulose or cellulose acetobutyrate.
PAR  Preparation of the additives for the powder mixtures and their use as
      electrostatically sprayable powders, are described in the following
      Examples. The parts and percentages quoted in the Examples are parts and
      percentages by weight, unless otherwise stated.
PAL  Preparation of the Additive
PAR  The monomers and solvents quoted in Table 1 are mixed together under
      nitrogen in a 0.3 liter mixing vessel and heated to reflux temperature.
      1.5 g. of tert.-butyl peroctoate are introduced over a period of 5 hours,
      followed by stirring at 100.degree.C for 8 hours. The solvent is distilled
      off in vacuo and the contents heated after the distillation to a
      temperature of 160.degree.C under a vacuum of 1 mm Hg. The syrup is poured
      off while still hot.
TBL                Table 1                                                     
     ______________________________________                                    
               Additive                                                        
                      Additive Additive Additive                               
               A      B        C        D                                      
     ______________________________________                                    
     Ethyl acryl-                                                              
     ate          30 g    --       --     --                                   
     Butyl aceyl-                                                              
     ate         --       --        20 g   40 g                                
     2-Ethylhexyl                                                              
     acrylate     70 g     90 g     75 g   45 g                                
     Acrylic Acid                                                              
                 1.2 g     10 g     5 g    15 g                                
     Tert.-dodecyl-                                                            
     mercaptan   2.0 g    2.0 g    2.0 g  2.0 g                                
     Toluene      60 g    --        60 g  --                                   
     Isobutanol  --        60 g    --     --                                   
     Methyl gly-                                                               
     col acetate --       --       --      60 g                                
     Viscosity at                                                              
     100.degree.C,poises                                                       
                   6      380       18    600                                  
     Osmometric                                                                
     molecular                                                                 
     weight      7200     5600     6200   7000                                 
     ______________________________________                                    
PAR  a. Comparison example without additive
PA1  100 parts by weight of a resin comprising 10% by weight of acrylic acid,
      55% by weight of styrene and 35% by weight of butyl acrylate, 13 parts by
      weight of p-phenylene-bis-oxazoline and 113 parts by weight of titanium
      dioxide (rutile), are mixed together and the resulting mixture fused in an
      extruder at a temperature of 120.degree.C. The melt is cooled, ground into
      a powder with an average particle diameter of 80.mu.  and sifted. The
      powder is sprayed with a conventional spraying machine at 40 kV onto
      degreased iron panels and then baked at 160.degree.C for 30 minutes. The
      surface shows the typical orange-peel effect and has an average of 5
      craters per 100 m.sup.2.
PAR  b. Comparison example with lubricant according to German
      Offenlegungsschrift No. 1,918,893
PAR  The resin used in the previous comparison example is initially mixed in an
      extruder with 2% by weight of a lubricant according to German
      Offenlegungsschrift No. 1,918,893, comprising 30% by weight of ethyl
      acrylate and 70% by weight of 2-ethylhexyl acrylate, commercially
      available under the trade name Modaflow (trade mark; a product of the
      Monsanto Company, USA). The mixture becomes hazy. Electro microscope
      pictures of a fracture surface of the resin show division into two phases.
      The fracture shows the coherent resin phase in which a spherical phase of
      the lubricant with a diameter of 1 to 2 .mu. is embedded. The lubricant
      phase can be washed out by treatment with pentane vapour, leaving behind
      clearly discernable cavities in the thin-layer. By contrast, the starting
      resin without lubricant is crystal clear and has a fracture surface which
      shows a single-continuous phase which does not show any cavities after
      treatment with pentane.
PAR  The lubricant-containing resin is mixed with pigment and bis-oxazoline in
      accordance with the previous comparison example a), and the resulting
      mixture applied onto degreased iron panels. After baking, the test panel
      has a greasy surfacecoating which can be washed off with pentane and
      which, according to the nuclear resonance spectrum, is identical with the
      starting lubricant.
DETD
PAC  EXAMPLE 1
PAR  The procedure of comparison example b) is repeated, but with 2% by weight
      of additive B) instead of the lubricant. The resin-additive mixture
      remains completely transparent. The sprayed test panel has a fault-free,
      smooth surface with a Gardner gloss of 96.degree., no craters and no
      greasy surface covering. The additive cannot be removed with pentane.
PAC  EXAMPLES 2 to 4
PAR  The resins and resin-hardener mixtures described below are mixed with 100
      parts by weight, based on 100 parts by weight of resin-hardener mixture,
      of titanium dioxide and with 1.5% by weight, based on the resin, of
      levelling agents A, C and D. The resulting mixtures are fused in an
      extruder at 100.degree. to 110.degree.C, cooled and then ground into
      powders with an average particle diameter of 80 .mu.. Degreased iron
      panels are sprayed with the powders and then baked at 160.degree. to
      200.degree.C for 30 minutes.
PAL  Resin I comprises 45% by weight of styrene, 25% by weight of methacrylic
      acid amide-N-methylol butyl ether, 6% by weight of butane diol
      monoacrylate and 24% by weight of ethylhexyl acrylate.
PAL  Resin II comprises 45% by weight of styrene, 20% by weight of the reaction
      product of methacrylic acid hydroxy ethyl ester with methoxy methyl
      isocyanate, 5% by weight of acrylamide and 30% by weight of butyl
      acrylate.
PAL  Resin-hardener mixture III comprises a copolymer of 50% by weight of
      styrene, 20% by weight of glycidyl methacrylate and 30% by weight of ethyl
      acrylate with 7 parts by by weight of adipic acid and 0.1 part by weight
      of benzyl dimethyl amine to 100 parts by weight of resin.
PAR  After baking at 200.degree.C for 30 minutes, the preparation comprising
      Resin I with 1,5% by weight of the additive D, based on on resin I, gives
      fault-free smooth coatings without formation of any craters or wrinkles
      and having an Erichsen indentation value of 8 mm. In the absence of
      additive D, the test panel has 10 craters per 100 cm.sup.2 and a porous
      surface. Even after baking at 200.degree.C, an Erichsen value of only 4 mm
      is obtained. The test panel without additive D can only be deep-drawn up
      to 8 mm without marking after stoving at 225.degree.C for 30 minutes.
PAR  The preparation comprising resin-hardener mixture III with 0.5% by weight
      of additive A, based on the resin-hardener mixture also gives a fault-free
      high-gloss coating after baking at 180.degree.C for 30 minutes. The test
      panel does not show any signs of crater formation.
PAR  After baking at 180.degree.C for 30 minutes a mixture of resin II and 3% by
      weight of additive C, based on resin II, gives a smooth, high-gloss
      crater-free coating with extreme hardness and elasticity (Erichsen value:
      8 mm according to DIN 53 156).
CLMS
STM  We claim:
NUM  1.
PAR  1. A powdered solvent-free composition comprising from 0.1 to 5% by weight
      of a solvent-free copolymer having an average molecular weight of from
      1,000 to 10,000 and a viscosity of from 1 to 1,000 poises at
      100.degree.C., said copolymer comprising copolymerized units of:
PA1  I. from 1 to 20 parts by weight of an .alpha.,.beta. -monoolefinically
      unsaturated carboxylic acid having from 3 to 5 carbon atoms;
PA1  Ii. from 0 to 50 parts by weight of an ester of acrylic acid or methacrylic
      acid having from 1 to 4 carbon atoms in the alcohol radical and
PA1  Iii. from 30 to 99 parts by weight of an ester of acrylic or methacrylic
      acid having from 5 to 20 carbon atoms in the ester alcohol,
PAL  and from 95 to 99.9% by weight of a solvent-free copolymer, said copolymer
      comprising copolymerized units of:
PA2  A. from 25 to 60% by weight of styrene;
PA2  B. from 10 to 70% by weight of at least one ester of acrylic acid or
      methacrylic acid and
PA2  C. from 5 to 30% by weight of N-methylolalkyl ether of acrylic acid amide
      having from 1 to 4 carbon atoms in the alkyl ether moiety, N-methylolalkyl
      ether of methacrylic acid amide having from 1 to 4 carbon atoms in the
      alkyl ether moiety or a mixture thereof.
PATN
WKU  039475298
SRC  5
APN  4710827
APT  1
ART  127
APD  19740517
TTL  O-ethyl-S-propyl-dithiophosphoric acid phenyl or naphthyl esters
ISD  19760330
NCL  6
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Kishino; Shigeo
CTY  Tokyo
CNT  JA
INVT
NAM  Kudamatsu; Akio
CTY  Kanagawa
CNT  JA
INVT
NAM  Takase; Iwao
CTY  Tokyo
CNT  JA
INVT
NAM  Shiokawa; Kozo
CTY  Kanagawa
CNT  JA
INVT
NAM  Yamaguchi; Shin-Ichi
CTY  Tokyo
CNT  JA
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  JA
APD  19700313
APN  45-20845
RLAP
COD  74
APN  123087
APD  19710310
PSC  01
PNO  3825636
CLAS
OCL  260940
XCL  260949
XCL  260951
XCL  260954
XCL  424210
XCL  424216
XCL  424217
XCL  424218
EDF  2
ICL  A01N  936
ICL  C07F  912
FSC  260
FSS  940;949;951;954
FREF
PNO  98,101
ISD  19640200
CNT  DK
OCL  260949
FREF
PNO  255,279
ISD  19630200
CNT  AU
OCL  260954
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  O-ethyl-S-n-propyl-dithiophosphoric acid phenyl or naphthyl esters, i.e.
      O-ethyl-S-n-propyl-O- or S- optionally substituted phenyl or
      naphthyl-phosphorothionothiol-- or dithiolates, of the formula
      ##EQU1##
      in which X is an oxygen or sulfur atom, and
PA1  Z is a group of the formula
      ##SPC1##
PA1  Y is a halogen atom or a lower alkyl, lower alkoxy, lower alkylmercapto,
      lower alkylsulfinyl, nitro, cyano or phenyl group, and
PA1  m is 0, 1, 2 or 3, which possess insecticidal, acaricidal and nematocidal
      properties.
PARN
PAR  This is a division of application Ser. No. 123,087 filed Mar. 10, 1971, now
      Pat. No. 3,825,636, issued July 23, 1974.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new O-ethyl-S-n-propyl-dithiophosphoric acid phenyl or naphthyl
      esters, i.e. O-ethyl-S-n-propyl-O- or S-optionally substituted phenyl or
      naphthyl-phosphorothionothiol- or dithiolates, which possess insecticidal,
      acaricidal and nematocidal properties, active compositions in the form of
      mixtures of such compounds with solid and liquid dispersible carrier
      vehicles, and methods for producing such compounds and for using such
      compounds in a new way especially for combating pests, e.g. insects,
      acarids and nematodes, with other and further objects becoming apparent
      from a study of the within specification and accompanying examples.
PAR  In an agriculture, especially the cultivation of riceplants, the damage
      caused by larvae of insects belonging to the Lepidoptera, such as the rice
      stem borer (Chilo suppressalis) and yellow rice borer(Tryporyza
      incertulas), and mites is a serious problem.
PAR  Much research has been directed to the control of these harmful creatures
      but only several pesticides among commercially available pesticides are
      effective against them: almost all of these pesticides comprise organic
      phosphorous compounds. Further, since the same insecticides have been used
      in great amounts, there has been a tendency for the harmful insects to
      acquire resistance to these insecticides.
PAR  The present invention provides phosphoric acid esters of the general
      formula:
      ##EQU2##
      in which
PAR  X is an oxygen or sulfur atom, and
PAR  Z in a group of the formula
      ##SPC2##
PAL  In which
PAR  Y is a halogen atom or a lower alkyl, lower alkoxy, lower alkylmercapto,
      lower alkylsulfinyl, nitro, cyano or phenyl group, and
PAR  M IS 0, 1, 2 OR 3.
PAR  Although Y may be a fluorine or iodine atom, the preferred halogens are
      chlorine and bromine. Preferred lower alkyl and alkoxy groups include
      those with an alkyl moiety of 1 to 4 carbon atoms, namely methyl, ethyl,
      n- and iso-propyl and n-, iso-, sec- and tert-butyl.
PAR  When the compounds of this invention are compared with known compounds
      having analogous structures and compounds having similar directions of
      biological activity, the compounds of this invention are characterized by
      substantially improved effects and very low toxicity to warm-blooded
      animals and hence, they are of great utility.
PAR  The compounds of this invention can be used for controlling harmful insects
      of a broad range such as harmful sucking insects, biting insects and plant
      parasites.
PAR  They are especially effective as pesticides against insects harmful to
      agriculture, such as insects belonging to the Coleoptera, Lepidoptera,
      Aphidae, Orthoptera, Isoptera and Acarina as well as Nematodes living on
      plant and soil, and they can be used as agents for protecting plants from
      such creatures.
PAR  The compounds of this invention exhibit a more pronounced insecticidal
      activity than analogous compounds against insects belonging to the
      Lepidoptera, whose control has been difficult by the conventional
      insecticides. Further, they exhibit a very high insecticidal activity
      against insects which have acquired resistance to the phosphorous-compound
      insecticides of the prior art. Still further, they are effective for
      controlling rice stem borers. The compounds of the invention have a very
      low toxicity and, in particular, do not exhibit such an acute toxicity to
      humans as is possessed by parathion and methylparathion. Nevertheless, the
      insecticidal activity of the compounds of this invention is comparable or
      superior to that of parathion and, therefore, they can safely be used as
      agricultural chemicals.
PAR  The present invention also provides a process for the preparation of a
      compound of the formula (I) in which (a) a thionophosphoric acid diester
      halide of the general formula
      ##EQU3##
      is reacted with a mercaptan of the general formula
EQU  M--SC.sub.3 H.sub.7 -n                                     (IV)
PAL  or (b) a compound of the general formula
      ##EQU4##
      is reacted with a suitable oxidizing agent, preferably hydrogen peroxide,
      in which formulae
PAR  Hal is a halogen, preferably a chlorine, atom,
PAR  M is a hydrogen atom or an alkali metal atom,
PAR  R is a lower alkyl group, and
PAR  X, Y, Z and m have the meaning stated above.
PAR  As suitable thionophosphoric acid diester monohalides of the formula (III),
      the following may be cited:
PA0  O-ethyl-O-phenyl-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2-chlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-chlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-bromophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O(2,4-dichlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2,4-dibromophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2,4,5-trichlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2,4,6-trichlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2,5-dichloro-4-bromophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2,4-dimethylphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(3,4-dimethylphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-tert-butylphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2-chloro-4-tert-butylphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(3,5-dimethyl-4-chlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2,4-dichloro-6-methylphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-methoxyphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O(4-methylmercaptophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2-methyl-4-methylmercaptophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(3-methyl-4-methylmercaptophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-methylsulfinylphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(3-methyl-4-methylsulfinylphenyl-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2-nitrophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-nitrophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(3-chloro-4-nitrophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(3-nitro-4-chlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2-chloro-4-nitrophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(3-methyl-4-nitrophenyl-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-cyanophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(4-biphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2-chloro-4-biphenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(alpha-naphthyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(beta-naphthyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(1-bromo-beta-naphthyl)-thionophosphoric acid chloride,
PA0  O-ethyl-O-(2,4-dichloro-alpha-naphthyl)-thionophosphoric acid chloride,
PA0  O-ethyl-S-phenyl-thionophosphoric acid chloride,
PA0  O-ethyl-S-(4-chlorophenyl)-thionophosphoric acid chloride,
PA0  O-ethyl-S-(2,5-dichlorophenyl)-thionophosphoric acid chloride, and
PA0  O-ethyl-S-(4-methylphenyl)-thionophosphoric acid chloride.
PAR  In process variant (a), the reaction is preferably effected in a solvent,
      which term herein includes a mere diluent. Any inert solvent may be used
      for this purpose, for example water, aliphatic and aromatic hydrocarbons
      which may be halogenated, such as methylene chloride, di-, tri- and tetra-
      chloroethylenes, chloroform, carbon tetrachloride, benzine, benzene,
      chlorobenzene, toluene and xylene; ethers such as diethyl ether,
      di-n-butyl ether, dioxane and tetrahydrofuran; low-boiling aliphatic
      ketones and nitriles such as acetone, methylethylketone,
      methylisopropylketone, methylisobutylketone, acetonitrile and
      propionitrile; and low-boiling aliphatic alcohols such as methanol,
      ethanol and isopropanol.
PAR  The reaction of process variant (a) may be carried out in the presence of
      an acid-binder according to need, usually when M is a hydrogen atom.
      Suitable acid-binders are hydroxides, carbonates, bicarbonates and
      alcoholates of alkali metals and tertiary organic bases such as
      triethylamine, dimethylaniline and pyridine. When the reaction is carried
      out in the absence of acid-binder, the intended product of high purity can
      be obtained in high yield by first forming an alkali metal salt of
      n-propylmercaptan and then reacting the salt with the phosphoric acid
      diester mono-halide.
PAR  The reaction of process variant (a) may be effected at temperatures of a
      fairly broad range, but generally the reaction is carried out at from
      -20.degree.C to the boiling point of the reaction mixture, preferably from
      0.degree. to 100.degree.C.
PAR  The process variant (b) is, of course, suitable for the preparation only of
      those compounds of the formula (I) in which z is a phenyl group
      substituted by an alkylsulfinyl group, with m being, therefore, at least
      1.
PAR  The reaction of process variant (b) is preferably effected in a solvent,
      for example one of those mentioned above, and the oxidant is conveniently
      aqueous hydrogen peroxide.
PAR  The reaction may be effected at temperatures within a fairly broad range,
      but preferably the reaction is effected at 0.degree. to 100.degree.C.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations, preparations or
      compositions, e.g. conventional pesticide formulations, preparations or
      compositions such as sulutions, emulsions, suspensions, emulsifiable
      concentrates, wettable powders, soluble powders, oils, aerosols, pastes,
      fumigating powders, dusting powders, granules, pellets and tablets, etc..
      These are formulated or prepared in known manner, for instance by mixing
      the active compounds with conventional pesticide dispersible liquid or
      solid diluent, carriers or extenders optionally with the use of carrier
      vehicle assistants, e.g. conventional pesticide surface-active agents,
      including emulsifying agents adhesive agent and/or dispersing agents,
      whereby, for example, in the case where water is used as diluent, organic
      solvents and/or surfactants may be added as auxiliary solvents. The
      following may be chiefly considered for use as conventional carrier
      vehicles for this purpose: aerosol propellants which are gaseous at normal
      temperatures and pressures, such as freon; inert dispersible liquid
      diluent carriers, including inert organic solvents, such as aromatic
      hydrocarbons (e.g. benzene, toluene, xylene, aromatic naphtha, dimethyl
      naphthalene, etc.), halogenated, especially chlorinated aromatic
      hydrocarbons (e.g. chlorobenzenes etc.), aliphatic hydrocarbons (e.g.
      benzine, cyclohexane, paraffins, petroleum fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, ethylene chloride, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, etc.), amines (e.g.
      ethanolamine, etc.), ethers, ether-alcohols, (e.g. glycol monomethyl
      ether, etc.), amides (e.g. dimethyl formamide, etc.), sulfoxides (e.g.
      dimethyl sulfoxide, etc.), ketones (e.g. acetone, methylethyl ketone,
      cyclohexanone, etc.) and/or water; as well as inert dispersible finely
      divided solid carriers, such as ground natural minerals, (e.g. clays,
      talc, pyrophyllite, mica, gypsum, calcite, vermiculite, dolomite, apatite,
      calucium or magnesium lime, diatomaceous earth, inorganic salts i.e.
      calcium carbanate, pumice, etc.) and ground synthetic minerals (e.g.
      highly dispersed silicic acid, silicates, e.g. alkali silicates, etc.);
      whereas the following may be chiefly considered for use as conventional
      carrier vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic and/or cationic
      emulsifying agents, (e.g. polyethyleneoxide esters of fatty acids,
      polyethylene oxide ethers of fatty alcohols, alkyl sulfonates, aryl
      sulfonates, alkyl dimethyl benzyl ammonium chloride, etc., and especially
      alkyl arylpolyglycol ethers, magnesium stearate, sodium oleate, etc.):
      and/or dispersing agents, such as lignin, sulfite waste liquors, methyl
      cellulose, etc..
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles, optionally with the use of carrier vehicle assistants and/or
      with other known compatible active agents, especially plant protection
      agents, such as other insecticides, acaricides, nematocides, fungicides,
      bactericides, herbicides, rodenticides, fertilizers or plant
      growth-regulating agents, etc., if desired, or in the form of particular
      dosage preparations for specific application made therefrom, such as
      solutions, emulsions, suspensions, powders, pastes, and granules which are
      thus ready for use.
PAR  As concerns commercially marketed formulations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1 - 95% by weight, and preferably 0.5
      - 90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001 - 20%, preferably 0.001 - 5%, by weight of the
      mixture. Thus, the present invention contemplates over-all compositions
      which comprise mixtures of a conventional dispersible carrier vehicle such
      as (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001 - 95%, and preferably 0.001 - 95%, by weight of the
      mixture.
PAR  The amount of active compound applied per unit area is usually about 150 to
      10000 grams, preferably 400 to 6000 grams of active compound per hectare.
      However, in special cases, it may be possible to use more or less,
      sometimes such variations may be required.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50 - 100 microns, or even less, i.e.
      mist form, for example by airplane crop spraying techniques. Only up to at
      most about a few liters/hectare are needed, and often amounts only up to
      about 150 to 10000g/hectare preferably 400 to 600g/hectare, are
      sufficient. In this process it is possible to use highly concentrated
      liquid compositions with said liquid carrier vehicles containing from
      about 20 to about 95% by weight of active compound or even the 100% active
      substance alone, e.g. about 20 - 100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. arthropods, i.e. insects and
      acarids, and more particularly methods of combating at least one of
      insects and acarids which comprises applying to at least one of
      correspondingly (a) such insects, (b) such acarids, and (c) the
      corresponding habitat thereof, i.e. the locus to be protected, a
      correspondingly combative or toxic amount, i.e. an arthropodicidally,
      especially insecticidally or acaricidally, effective amount of the
      particular active compound of the invention alone or together with a
      carrier vehicle as noted above. The instant formulations or compositions
      are applied in the usual manner, for instance by spraying, atomizing,
      vaporizing, scattering, dusting, watering, squirting, sprinkling, pouring,
      fumigating, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The unexpected superiority and outstanding activity of the particular new
      compounds of the present invention are illustrated, without limitation, by
      the following examples:
DETD
PAC  EXAMPLE 1
PAR  20.5 g of the sodium salt of n-propylmercaptan are suspended in 100 ml of
      acetonitrile, and 61 g of O-ethyl-O-(2,4-dichlorophenyl) thionophosphoric
      acid chloride are added to the suspension dropwise at
      5.degree.-10.degree.C with vigorous agitation. The temperature is
      gradually raised to 70.degree.C, and at this temperature the reaction is
      carried out for 3 hours.
PAR  Acetonitrile is removed from the reaction mixture by distillation and the
      residue is dissolved in benzene, washed with water and 1% sodium carbonate
      and dried over anhydrous sodium sulfate. Distillation of the benzene gives
      55 g of O-ethyl-O-(2,4-dichlorophenyl)-S-n-propyl-phosphorothionothiolate
      of the following formula:
      ##EQU5##
      The product has a boiling point of 164.degree.-167.degree.C under 0.18
      mmHg and a refractive index n.sub.D.sup.20 of 1.5698. The compound is
      hereinafter identified as compound No. 4.
PAC  EXAMPLE 2
PAR  16 g of n-propylmercaptan are added to 4.8 g of sodium metal in 150 ml of
      toluene, and heating is effected to dissolve the sodium. After cooling of
      the mixture, 56.6 g of O-ethyl-O-(4-methylmercapto-phenyl)
      thionophosphoric acid chloride are added thereto dropwise, and the
      temperature is gradually raised to 80.degree.C at which the reaction is
      carried out for 5 hours. The reaction mixture is washed with water and 1%
      sodium carbonate and dried over anhydrous sodium sulfate. Distilllation of
      toluene gives 53 g of
      O-ethyl-O-(4-methyl-mercapto-phenyl-S-n-propylphosphorothionothiolate of
      the following formula:
      ##EQU6##
      The product has a boiling point of 155.degree.-158.degree.C under 0.1 mmHg
      and a refractive index n.sub.D.sup.20 of 1.5859. The compound is
      hereinafter identified as compound No. 17.
PAC  EXAMPLE 3
PAR  32 g of
      O-ethyl-O-(4-methylmercapto-phenyl)-S-n-propylphosphorothionothiolate are
      dissolved in 150 ml of methanol. Several drops of 50% sulfuric acid are
      added to the solution, and 12 g of 30% aqueous hydrogen peroxide are added
      thereto dropwise at 5.degree.-10.degree.C. The mixture is agitated for 1
      hour and further agitation is conducted at 40.degree.C for 3 hours. A
      major portion of the methanol is removed by distillation and the residue
      is dissolved in benzene, washed with water and 1% sodium carbonate, and
      dried over anhydrous sodium sulfate. Distillation of benzene gives 30 g of
      O-ethyl-O-(4-methylsulphinyl-phenyl)-S-n-propylphosphorothionothiolate of
      the following formula:
      ##EQU7##
      After the product has been subjected to column chromatography with active
      alumina, it exhibits a refractive index n.sub.D.sup.20 of 1.5820. The
      compound is hereinafter identified as compound No. 20.
PAC  EXAMPLE 4
PAR  The following compounds may be prepared by methods analogous to those
      described in Examples 1, 2 and 3.
TBL                                    Table 1                                 
     __________________________________________________________________________
                  S                                                            
                  C.sub.2 H.sub.5 O.parallel.                                  
                  .angle.P--X--Z         (I)                                   
                  n-C.sub. 3 H.sub.7 S                                         
                         Physical Properties                                   
     Compound                                                                  
           X Z           Boiling Point or                                      
                                   Refractive                                  
     No.                 Melting Point                                         
                                   Index                                       
     __________________________________________________________________________
     1     0             b.p. 128- n.sub.D.sup.20 1.5490                       
                         131.degree.C/0.05 mmHg                                
     2     0             b.p. 136- n.sub.D.sup.20 1.5620                       
                         138.degree.C/0.08 mmHg                                
     3     0             b.p. 158- n.sub.D.sup.20 1.5601                       
                         162.degree.C/0.15 mmHg                                
     5     0             b.p. 150- n.sub.D.sup.20 1.5790                       
                         152.degree.C/0.05 mmHg                                
     6     0             b.p. 145- n.sub.D.sup.20 1.5737                       
                         148.degree.C/0.05 mmHg                                
     7     0             b.p. 130- n.sub.D.sup.20 1.5758                       
                         132.degree.C/0.05 mmHg                                
     8     0                                                                   
     9     0             b.p. 148- n.sub.D.sup.20 1.5972                       
                         152.degree.C/0.07 mmHg                                
     10    0             b.p. 134- n.sub.D.sup.20 1.5484                       
                         138.degree.C/0.07 mmHg                                
     11    0             b.p. 128- n.sub.D.sup.20 1.5530                       
                         130.degree.C/0.07 mmHg                                
     12    0             b.p. 140- n.sub.D.sup.20 1.5391                       
                         143.degree.C/0.05 mmHg                                
     13    0                       n.sub.D.sup.20 1.5412                       
     14    0             b.p. 130- n.sub.D.sup.20 1.5567                       
                         132.degree.C/0.1 mmHg                                 
     15    0             b.p. 130- n.sub.D.sup.20 1.5630                       
                         135.degree.C/0.2 mmHg                                 
     16    0             b.p. 155- n.sub.D.sup.20 1.5561                       
                         158.degree.C/0.1 mmHg                                 
     18    0             b.p. 159- n.sub.D.sup.20 1.5834                       
                         160.degree.C/0.1 mmHg                                 
     19    0             b.p. 155- n.sub.D.sup.20 1.5788                       
                         156.degree.C/0.1 mmHg                                 
     21    0                       n.sub.D.sup.20 1.5810                       
     22    0                                                                   
     23    0             b.p. 145- n.sub.D.sup.20 1.5660                       
                         150.degree.C/0.05 mmHg                                
     24    0                       n.sub.D.sup.20 1.5640                       
     25    0                                                                   
     26    0                       n.sub.D.sup.20 1.5700                       
     27    0                       n.sub.D.sup.20 1.5617                       
     28    0             b.p. 140- n.sub.D.sup.20 1.5677                       
                         144.degree.C/0.08 mmHg                                
     29    0                       n.sub.D.sup.20 1.6043                       
     30    0                       n.sub.D.sup.20 1.6121                       
     31    0             b.p. 170- n.sub.D.sup.20 1.6027                       
                         173.degree.C/0.15 mmHg                                
     32    0             b.p. 154- n.sub.D.sup.20 1.6001                       
                         156.degree.C/0.1 mmHg                                 
     33    0                       n.sub.D.sup.20 1.6248                       
     34    0             b.p. 170-                                             
                         173.degree.C/0.1 mmHg                                 
                         m.p. 46-48.degree.C                                   
     35    S             b.p. 138- n.sub.D.sup.20 1.6114                       
                         142.degree.C/0.1 mmHg                                 
     36    S             b.p. 147- n.sub.D.sup.20 1.6183                       
                         150.degree.C/0.06 mmHg                                
     37    S                       n.sub.D.sup.20 1.6236                       
     38    S                       n.sub.D.sup.20 1.6011                       
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  15 parts of compound (28), 80 parts of diatomaceous earth and clay and 5
      parts of the emulsifier "RUNNOX" (product of Toho Kagaku Kogyo K.K.,
      Japan) are ground and mixed together to form a wettable powder. It is
      diluted with water for actual application. [diatomaceous earth and clay
      (3:2) ; "RUNNOX": polyoxyethylenealkylarylether]
PAC  EXAMPLE 6
PAR  30 parts of compound (4), 30 parts of xylene, 30 parts of "KAWAKAZOL"
      (product of Kawasaki Kasei Kogyo K.K., Japan), and 10 parts of the
      emulsifier "SORPOL" (product of Toho Kagaku Kogyo K.K., Japan) are mixed
      with stirring to form an emulsifiable concentration. It is diluted with
      water for actual application. ["KAWAKAZOL": aliphatic hydrocarbons with
      high boiling point ; "SORPOL": polyoxyethylenealkylarylether]
PAC  EXAMPLE 7
PAR  10 parts of compound (36), 10 parts of bentonite, 78 parts of talc and 2
      parts of lignin sulfonate are formed into a mixture and it is intimately
      mixed with 25 parts of water. The mixture is finely divided by means of an
      extruding granulator to give particles of 20 - 40 mesh, followed by drying
      at 40.degree. - 50.degree.C.
PAC  EXAMPLE 8
PAR  2 parts of compound No. 17 and 98 parts of a mixture of talc and clay were
      ground and mixed together to form a dust. [talc and clay (3:1)]
PA0  Note: The term "parts" used in the Example (5) to (8) means weight.
PAC  EXAMPLE 9
PAC  Preparation of Test compound
PA0  Solvent: 3 parts by weight of dimethylformamide
PA0  Emulsifier: 0.1 part by weight of alkyl aryl polyglycol ether
PAR  In order to prepare a suitable preparation of an active compound, one part
      by weight of the active compound is mixed with the above amount of the
      solvent containing the above amount of the emulsifier, and the mixture is
      diluted with water to form an aqueous preparation containing the active
      compound at a prescribed concentration.
PA0  Test 1 Test on rice stem borers (Chilo supperssalis) larvae
PAC  Test procedure
PAR  Rice plants of tillering stage in a pot of 12 cm diameter are attached with
      eggs of rice stem borer. Seven days after hatching, the preparation of the
      active compound prepared in Example 9 at the prescrived concentration is
      sprayed in an amount of 40 ml per pot and the pot is then kept in a
      greenhouse for 3 days. The stems of the so-treated rice plants are
      examined separately to count the numbers of living insects and dead
      insects and to calculate the killing ratio.
PA0  Test 2 Test on tobacco cutworm (Prodenia litura) larvae:
PAC  Test procedure
PAR  Sweet-potato leaves are dipped in a preparation of the active compound
      prepared in Example 9, and they are dried in air and placed in a 9 cm
      diameter Petri dish. Then 10 of thirdinstar tobacco cutworm larvae are put
      into the dish and the dish is kept in a thermostat chamber maintained at
      28.degree.C. After 24 hours have passed, the number of the dead larvae is
      counted and the killing ratio is calculated.
PA0  Test 3 Test on almond moth (Ephestia cautella):
PAC  Test procedure
PAR  20 almond-moth mature larvae are put into a wire gauze vessel of 7 cm
      diameter and 0.9 cm height. The vessel is dipped for 10 seconds in a
      preparation of the active compound prepared in Example 9 at a prescribed
      concentration, and then the vessel is allowed to stand for 24 hours in a
      thermostat chamber. The number of dead larvae is counted and the killing
      ratio is calculated.
PAR  The results of the tests are shown in Table 2 in which results of
      comparative tests using analogous compounds, designated compounds (A) to
      (L), are also shown. The entries in the table are killing ratios expressed
      as percentage values.
TBL                                    Table 2                                 
     __________________________________________________________________________
                                Harmful Insects                                
                                Tobacco cutworm                                
                                               Almond moth    rice stem        
     Compound           Active                                borer            
                        Component                                              
                                0.1% 0.03%                                     
                                          0.01%                                
                                               0.1% 0.03%                      
                                                         0.01%                 
                                                              0.03%            
                        Concentration                                          
     __________________________________________________________________________
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (A)                                                                       
        .angle.P--O              65   0   0     0   0    0    2.5              
        CH.sub.3 S                                                             
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (B)                                                                       
        .angle.P--O              90   5   0    20   0    0    3.1              
        C.sub.2 H.sub.5 S                                                      
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (1)                                                                       
        .angle.P--O             100  100  100  100  100  100  100              
        n-C.sub. 3 H.sub.7 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (C)                                                                       
        .angle.P--O             100  15   0    100   80   15   12.3            
        n-C.sub. 4 H.sub.9 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (D)                                                                       
        .angle.P--O              70  10   0    50   0    0    0                
        C.sub.2 H.sub.5 S                                                      
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (4)                                                                       
        .angle.P--O             100  100  100  100  100  100  100              
        n-C.sub. 3 H.sub.7 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (E)                                                                       
        .angle.P--O              90  45   0    25   0    0    3.6              
        n-C.sub. 4 H.sub.9 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (F)                                                                       
        .angle.P--O              95  30   0    15   0    0     40              
        C.sub.2 H.sub.5 S                                                      
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (17)                                                                      
        .angle.P--O             100  100  100  100  100  100  100              
        n-C.sub. 3 H.sub.7 S                                                   
        S                                                                      
     (G)                                                                       
        C.sub.2 H.sub.5 O.parallel.                                            
                                100  80   0    75   0    0     19.2            
        .angle.P--O                                                            
        n-C.sub. 4 H.sub.9 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (H)                                                                       
        .angle.P--O              80   0   0    35   0    0    1.1              
        C.sub.2 H.sub.5 S                                                      
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (36)                                                                      
        .angle.P--S             100  100  100  100  100  100  100              
        n-C.sub. 3 H.sub.7 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O .parallel.                                           
     (J)                                                                       
        .angle.P--S             100  85   5    95   0    0    6.5              
        n-C.sub. 4 H.sub.9 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O .parallel.                                           
     (K)                                                                       
        .angle.P--O             80   10   0    60   0    0    3.2              
        C.sub.2 H.sub.5 S                                                      
        S                                                                      
        C.sub.2 H.sub.5 O .parallel.                                           
     (28)                                                                      
        .angle.P--O             100  100  100  100  100  100  100              
        n-C.sub. 3 H.sub.7 S                                                   
        S                                                                      
        C.sub.2 H.sub.5 O.parallel.                                            
     (L)                                                                       
        .angle.P--O             100  40   0    100   30  0     15.3            
        n-C.sub. 4 H.sub.9 S                                                   
        Untreated control             5             5         8.2              
     __________________________________________________________________________
PAR  From the results shown in Table 2 it can be seen that phosphoric acid
      esters of the formula (I) exhibit particularly excellent effects against
      harmful insects belonging to the Lepidoptera as compared with analogous
      compounds.
PAC  EXAMPLE 10
PA0  Test on Tobacco cutworm:
PAC  Test Procedure
PAR  The test is conducted in the same manner as in Test 2 of Example 9. The
      results are shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Results of Test of Effect against the Tobacco Cutworm                     
                  Killing Ratio (%)                                            
     Compound No.   1000 ppm  300 ppm   100 ppm                                
     ______________________________________                                    
      1             100       100       100                                    
      2             100       100       100                                    
      3             100       100       100                                    
      4             100       100       100                                    
      5             100       100       100                                    
      6             100       100       100                                    
      7             100       100       100                                    
      8             100       100       100                                    
      9             100       100       100                                    
     10             100       100       60                                     
     11             100       100       50                                     
     12             100        96       60                                     
     13             100       100       90                                     
     14             100        90       80                                     
     15             100       100       100                                    
     16             100        80       50                                     
     17             100       100       100                                    
     18             100       100       100                                    
     19             100       100       90                                     
     20             100       100       100                                    
     21             100       100       100                                    
     22             100       100       100                                    
     23             100       100       100                                    
     24             100       100       100                                    
     25             100       100       100                                    
     26             100       100       100                                    
     27             100       100       100                                    
     28             100       100       100                                    
     29             100       100       100                                    
     30             100       100       100                                    
     31             100       100       100                                    
     32             100       100       90                                     
     33             100       100       100                                    
     34             100       100       77                                     
     35             100       100       100                                    
     36             100       100       100                                    
     37             100       100       80                                     
     38             100       100       60                                     
     .sup.1 Sumithion (commercially                                            
                    100        80       20                                     
     available comparison)                                                     
     ______________________________________                                    
      Notes:                                                                   
      The compounds numbers in the Table correpsond to those in Examples 1, 2  
      and 3 and Table 1.                                                       
      .sup.1 Sumithion: 0,0-dimethyl-0-(3-methyl-4-nitrophenyl) thiophosphate  
PAC  EXAMPLE 11
PA0  Test on carmine mites imagines (Tetranychus telarius:
PAC  Test Procedure
PAR  A baricot plant having two developing leaves planted in a 6 cm diameter pot
      is placed with 50-100 carmine mite imagines and nymphs. Two days after the
      infection, emulsions containing the active compound at a prescribed
      concentration, which is prepared in the same manner as in Example 9, is
      sprayed in an amount of 40 ml per pot. The pot is kept in a greenhouse for
      10 days, and the control effect is evaluated. The evaluation is expressed
      by an index on the following scale:
PA0  Index:
PA1  3: No living imago or nymph.
PA1  2: less than 5% of living imagines and nymphs based on the untreated
      control
PA1  1: 5 - 50% of living imagines and nymphs based on the untreated control
PA1  0: more than 50% of living imagines and nymphs based on the untreated
      control.
PA0  The results are shown in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Results of tests of effects against carmine mites:                        
                    Control effect index                                       
     Compound No.     300 ppm     100 ppm                                      
     ______________________________________                                    
      2               3           2                                            
      3               3           2                                            
      4               3           2                                            
      5               3           2                                            
      6               3           2                                            
      7               3           2                                            
     14               3           2                                            
     17               3           3                                            
     18               3           3                                            
     19               3           2                                            
     23               3           3                                            
     28               3           3                                            
     29               3           2                                            
     31               3           2                                            
     32               3           1                                            
     35               3           2                                            
     36               3           2                                            
     Phenkaptone.sup.1 (commercially                                           
                      3           1                                            
     available comparison)                                                     
     CPCBS.sup.2 (commercially                                                 
                      2           0                                            
     available comparison)                                                     
     ______________________________________                                    
      Notes:                                                                   
      The compound numbers in the Table correspond to those in Examples 1, 2 an
      3 and Table 1.                                                           
      Phenkaptone.sup.1                                                        
      O,O-diethyl-S-(2,5-dichlorophenylmercaptomethyl) dithiophosphate l6      
      CPCBS.sup.2, p-chlorophenyl-p'-chlorobenzenesulfonate                    
PAC  EXAMPLE 12
PA0  Test or green peach aphids (Myzus persica):
PAC  Test Procedure
PAR  A sweet-potato leaf is dipped in an emulsion containing the active compound
      at a prescribed concentration, which is prepared in the same manner as in
      Example 9 and dried in air. Then the leaf is placed in a Petri dish of 9
      cm diameter and 20 green peach aphids are placed therein. Then the dish is
      kept for 24 hours in a thermostat chamber maintained at 28.degree.C. Then
      the number of the dead aphids is counted and the killing ratio is
      calculated.
PAR  The results are shown in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     Effects against green peach aphids:                                       
     Compound No.      Killing Ratio (%)                                       
                     100 ppm   10 ppm                                          
     ______________________________________                                    
      3                100         92.3                                        
      4                100         97.6                                        
     17                100         98.7                                        
     18                100         89.5                                        
     23                100         91.5                                        
     28                99.2        90.5                                        
     36                100         91.3                                        
     Disyston.sup.1 (commercially                                              
     available comparison)                                                     
                       98.5        76.7                                        
     Parathion.sup.2 (commercially                                             
     available comparison)                                                     
                       99.4        87.8                                        
     ______________________________________                                    
      Notes:                                                                   
      The compound numbers in the Table correspond to those in Examples 1, 2 an
      3 and Table 1.                                                           
      Disyston.sup.1 : O,O-diethyl-S-2(ethylthio)phosphorodithioate            
      Parathion.sup.2 : O,O-diethyl-p-nitrophenyl-thiophosphate                
PAC  EXAMPLE 13
PAC  Preparation of test compound
PAR  2 parts by weight of an active compound is mixed with 98 parts by weight of
      talc, and the mixture is ground to form a dust.
PA0  Test on root knot nematode disease (Meloidogyne hapla):
PAC  Test Procedure
PAR  The so-prepared dust is mixed with soil tainted with sweet-potato root knot
      nematodes in an amount such that a prescribed concentration of the active
      compound is attained in the soil. The treated soil is uniformly stirred
      and mixed, and then it is packed into pots each having an area of 1/5000
      are. About 20 tomato seeds (Kurihara variety) are sowed per pot and
      cultivated for 4 weeks in a greenhouse. Each root is then drawn out from
      the soil without harming it. The damage degree is evaluated as the average
      of 10 roots for each group, based on the following scale.
PAC  Damage Degree
PA1  0 . . . no knot (perfect control)
PA1  1 . . . knots are formed slightly
PA1  2 . . . knots are formed appreciably
PA1  3 . . . knots are formed considerably
PA1  4 . . . formation of knots is extreme (same as in untreated control).
PAL  The knot index is determined by the following equation:
      ##EQU8##
PAR  The results are shown in Table 6.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Effects against root knot nematodes:                                      
     Compound No.                                                              
                 Knot Index (%)                                                
                 100 ppm                                                       
                       30 ppm                                                  
                             10 ppm                                            
     __________________________________________________________________________
      4          0     0.8   5.9                                               
      5          0     0     0.9                                               
     17          0     0     1.3                                               
     20          0     0.2   1.1                                               
     28          0     0.7   8.6                                               
     36          0     0.3   12.3                                              
     VC.sup.1 (commercially                                                    
                 0     0.8   25.4                                              
     available comparison)                                                     
     __________________________________________________________________________
      Notes:                                                                   
      The compound numbers in the Table correspond to those in Examples 1, 2 an
      3 and Table 1.                                                           
      VC.sup.1 : O,O-diethyl-O-dichlorophenylthiophosphate.                    
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phosphoric acid ester of the formula
      ##EQU9##
      in which X is an oxygen or sulfur atom,
PA1  Z is a group of the formula
      ##SPC3##
PA1  Y is a halogen atom or a lower alkyl, lower alkoxy, lower alkylmercapto,
      lower alkylsulfinyl, nitro, cyano or phenyl group, and at least one Y is
      lower alkoxy, lower alkylmercapto, lower alkylsulfinyl, nitro or cyano,
      and
PA1  m is 1 or 2.
NUM  2.
PAR  2. Compound according to claim 1 wherein such compound is
      O-ethyl-O-(4-methylmercaptophenyl)-S-n-propyl-phosphorothionothiolate of
      the formula
      ##EQU10##
NUM  3.
PAR  3. Compound according to claim 1 wherein such compound is
      O-ethyl-O-(3-methyl-4-methylmercaptophenyl)-S-n-propyl-phosphorothionothio
     late of the formula
      ##EQU11##
NUM  4.
PAR  4. Compound according to claim 1 wherein such compound is
      O-ethyl-O-(4-methylsulfinylphenyl)-S-n-propyl-phosphorothionothiolate of
      the formula
      ##EQU12##
NUM  5.
PAR  5. Compound according to claim 1 wherein such compound is
      O-ethyl-O-(4-nitrophenyl)-S-n-propyl-phosphorothionothiolate of the
      formula
      ##EQU13##
NUM  6.
PAR  6. Compound according to calim 1 wherein such compound is
      O-ethyl-O-(4-cyanophenyl)-S-n-propyl-phosphorothionothiolate of the
      formula
      ##EQU14##
PATN
WKU  039475301
SRC  5
APN  4974441
APT  1
ART  343
APD  19740814
TTL  Self-priming centrifugal pump
ISD  19760330
NCL  19
ECL  1
EXP  Raduazo; Henry F.
NDR  1
NFG  3
INVT
NAM  Marder; William Z.
CTY  North Wales
STA  PA
ASSG
NAM  Zevco Enterprises, Inc.
CTY  Lansdale
STA  PA
COD  02
CLAS
OCL  261  7
XCL  415 88
XCL  415 89
XCL  261 91
XCL  261121M
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ABST
PAL  A self-priming centrifugal pump includes a housing having an inverted
      frusto-conically shaped lower portion. A centrifugal impeller is suspended
      from the shaft of a motor mounted in the top portion of the housing. The
      centrifugal impeller includes a solids collector member removably attached
      to its lower end. A cylindrical inlet tube, integral with the
      frusto-conically shaped lower housing portion, extends into the interior
      of the centrifugal impeller through an opening in the lower end of the
      solids collector member. An inverted dish shaped impeller member is
      located above the centrifugal impeller and directs and impels fluid pumped
      by the centrifugal impeller toward a plurality of efflux ports located in
      the pump housing. The centrifugal impeller includes an air hole in the
      conical wall thereof to allow air to escape as the pump is priming.
BSUM
PAR  This invention relates to a self-priming centrifugal pump and more
      particularly to a self-priming centrifugal pump which removes suspended
      solids from a solid and which also aerates the fluid.
PAR  The pump of the present invention is particularly useful as an aquarium
      pump for removing suspended solids from the water while simultaneously
      aerating the water. As an aquarium type pump, means can be provided for
      affixing the pump directly to one of the side walls of the aquarium. The
      pump of the present invention, in a larger scale, is also useful for
      cleaning swimming pools or other large bodies of fluids.
PAR  In addition to being useful for cleaning contaminated fluids and for
      separating suspended solids from fluids, the present pump, because of the
      low shearing forces created therein, has many pharmaceutical applications
      such as separating fungi from a fluid medium.
PAR  The pump in accordance with the present invention is self-priming and
      accordingly is exceedingly simple to operate. Furthermore, the centrifugal
      pump of the present invention has essentially only one moving part and
      requires no gaskets or similar sealing members. As a result, the pump is
      highly reliable and essentially maintenance free.
PAR  The self-priming centrifugal pump of the present invention includes a
      housing having an inverted frusto-conically shaped lower portion. A
      centrifugal impeller is suspended from the shaft of a motor mounted in the
      top portion of the housing. This centrifugal impeller includes a solids
      collector member which is removably attached to the lower end of the
      impeller. A cylindrical inlet tube, integral with the frusto-conical
      shaped lower housing portion, extends into the interior of the centrifugal
      impeller through an opening in the lower end of the solids collector
      member. The lower end of the inlet tube extends below the bottom of the
      frusto-conically shaped lower housing portion and is adapted to be
      immersed into the fluid to be pumped. An inverted dish shaped impeller
      member is located above the centrifugal impeller and directs and impels
      fluid pumped by the centrifugal impeller toward a plurality of efflux
      ports located in the pump housing. An air hole is located in the conical
      wall of the centrifugal impeller to allow air to escape as the pump is
      priming.
PAR  It is an object of the present invention to provide a centrifugal pump
      which is self-priming.
PAR  It is another object of the present invention to provide a centrifugal pump
      which is capable of removing suspended solids from a fluid.
PAR  It is a further object of the present invention to provide a centrifugal
      pump which is capable of aerating the fluid being pumped.
PAR  It is a still further object of the present invention to provide a
      centrifugal pump which is highly reliable and easy to operate.
PAR  It is a still further object of the present invention to provide a
      centrifugal pump which creates low shearing forces on the fluid being
      pumped.
PAR  Further objects and advantages of the present invention will appear
      hereinafter from the following description of the preferred embodiment of
      the invention.
DRWD
PAR  For the purpose of illustrating the invention, there is shown in the
      drawing a form which is presently preferred; it being understood, however,
      that this invention is not limited to the precise arrangements and
      instrumentalities shown.
PAR  FIG. 1 is a perspective view of the pump constructed in accordance with the
      present invention;
PAR  FIG. 2 is a partial sectional view taken along the lines 2--2 of FIG. 1,
      and
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2.
DETD
PAR  Referring now to the drawing in detail, wherein like numerals in each of
      the figures indicate like elements, there is shown in FIG. 1 a perspective
      view of a pump constructed in accordance with the present invention and
      designated generally as 10. The pump 10 includes a housing having a top
      rectangular box member 12 and a bottom member 14. As best seen in FIG. 2,
      studs 16 which pass through stud holes 18 and 20 in the bottom housing
      member 14 serve to hold the top housing member 12 and bottom housing
      member 14 together and in proper alignment with each other.
PAR  An electric motor 22 is securely fastened within the top housing portion 12
      by means of screws or other fastening devices well known in the art. In
      the preferred embodiment of the present invention, motor 22 is an Alliance
      115 volt shaded-pole induction motor which has an operating speed of
      approximately 3200 RPM. However, it should be readily apparent that
      various other types of motors may also be used in place of this particular
      motor. As best seen in FIG. 2, motor 22 is positioned within the top
      portion 12 of the housing so that motor shaft 24 extends downwardly into
      the bottom portion 14 of the housing. Motor shaft 24 is supported by
      bearings 26 which are secured to the motor 22 by bracket 28.
PAR  Bottom housing member 14 includes an upper rectangular box portion 30 and
      an inverted truncated or frusto-conical section 32. Section 32 forms a
      chamber having an internal conical wall 34 which, as best seen in FIG. 2,
      tapers upwardly and outwardly toward the remaining interior parts of
      bottom housing member 14. Conical section 32 also includes a ring shaped
      flat bottom wall 36 which has a small hole 37 therein. A concentrically
      mounted cylindrical inlet tube 38 passes through bottom wall 36 and
      includes a lower portion 40 which is adapted to be submerged into the
      fluid to be pumped and an upper portion 42 which extends into the interior
      of the conical section 32. An influx port 44 passes through inlet tube 38.
PAR  As best seen in FIGS. 1 and 3, a plurality of efflux ports such as ports
      46, 48 and 50 are provided in the bottom wall 51 of the rectangular
      housing portion 30 adjacent the top edge of conical section 32. In
      addition, stud hole 20 may also serve as an efflux port. While four efflux
      ports are illustrated, it will be readily apparent that a fewer or greater
      number of ports may be provided. It has been found that it is preferable
      to provide more efflux ports than may be necessary and to then plug or
      cover any undesired ports. The reason for doing this will become apparent
      from the discussion of the operation of the pump below.
PAR  Secured to the bottom wall 51 of the bottom housing portion 14 is a
      mounting plate 52. Vertical wall member 53 extends between mounting plate
      52 and frusto-conical section 32 to provide support for mounting plate 52.
      A U-shaped clamp 54 is adapted to slide into mounting plate 52 and is also
      adapted to fit over the edge of a fluid container such as an aquarium or
      fish tank. Once the U-shaped clamp 54 is positioned over the wall of the
      aquarium or other fluid container, it is held securely in place by
      tightening thumb screw 56.
PAR  As shown in FIG. 2, a centrifugal impeller 58 is suspended from motor shaft
      24 into the conical chamber of truncated conical section 32 of the bottom
      housing portion 14 and is concentrically arranged with respect to the
      conical chamber. Centrifugal impeller 58 includes an upper impeller
      section 60 and a lower cup shaped solids collector portion 62. Upper
      impeller section 60 has an internal conically shaped wall which tapers
      downwardly and outwardly away from motor shaft 24 and is substantially the
      opposite direction from the taper of internal conical wall 34. The upper
      impeller section 60 and solids collector portion 62 are detachably secured
      together by friction fit such as shown at 64. A concentric hole formed in
      the bottom wall of the solids collector portion 62 is large enough to
      accommodate the upper portion 42 of inlet tube 38 and leaves an annular
      opening 66 between the bottom edge of the solids collector portion 62 and
      the inlet tube 38. A small air hole 68 is also formed in the wall of the
      upper impeller section 60 of the centrifugal impeller 58.
PAR  A second impeller 70 is concentrically mounted above centrifugal impeller
      58 on motor shaft 24 so as to rotate therewith. Impeller 70 may be
      vertically adjustable so that the distance between the two impellers can
      be changed. This second impeller 70 has an inverted dish shape with a
      lower surface 72 facing downwardly toward the conical chamber of conical
      section 32 of the bottom housing portion 14.
PAR  The above described pump operates in the following manner: After clamp 54
      is positioned over the wall of a fluid container such as an aquarium or
      the like and securely fastened thereto, mounting plate 52 is slid over
      clamp 54. In this operating position the lower end 40 of inlet tube 38 and
      the lower end of conical housing section 32 are immersed in the fluid. The
      fluid level in the container should be high enough so that when the pump
      10 is in position, fluid passes upwardly through hole 37 and accumulates
      in the bottom of the conical chamber of housing section 32 to a level just
      above the bottom wall of the solids collector member 62. This fluid forms
      a seal between bottom wall 36 and the bottom of the solids collector
      member 62 thereby eliminating the need for a gasket. The motor 22 is then
      energized and impellers 58 and 70 begin to rotate.
PAR  As impeller 58 rotates, the air and fluid initially within the upper
      impeller section 60 move outwardly and downwardly along the inner conical
      wall of section 60 as a result of centrifugal force. This creates a low
      pressure area adjacent the top of the upper portion 42 of inlet tube 38.
      As a result of this low pressure area, fluid is drawn up influx port 44 as
      shown by the arrows in FIG. 2. Air hole 68 in upper impeller section 60
      allows the air in this section to escape as the fluid is drawn up influx
      port 44. Thereafter, and as a result of centrifugal force, the fluid being
      drawn up influx port 44 is accelerated and forced outwardly and downwardly
      along the inner conical wall of upper section 60. As a result of the
      inwardly extending bottom wall of the solids collector member 62 and as a
      result of the fluid pressure being created by centrifugal force in the
      upper impeller section 60, fluid in the solids collector member 62 is
      forced to accelerate and flow inwardly against the centrifugal force
      created by the rotation of the solids collector member 62. Accordingly,
      the fluid is then forced through the annular opening 66 to the bottom of
      the chamber of housing section 32.
PAR  It should readily be apparent to those skilled in the art that while the
      arrows illustrating the fluid flow indicate movement in only two
      directions, the fluid on either side of the centrifugal impeller 58 is
      also rotating in the same direction as the rotation of impeller 58 caused
      by motor 22. In other words, the flow of fluid is actually in the form of
      a vortex or helix.
PAR  Since the fluid at the bottom of the chamber in conical housing section 32
      is rotating under the influence of impeller 58, the centrifugal force
      generated thereby moves the fluid outwardly and up the inner conical wall
      34 of section 32. When the fluid reaches the top of the inner conical wall
      34, it moves outwardly away from the rotating impeller and toward the
      efflux ports 20, 46, 48 and 50. As shown also by the arrows in FIG. 2,
      some of the fluid on the outside of impeller 58 may not be rotating fast
      enough so as to be drawn up conical wall 34 by centrifugal force. This
      fluid, therefore, tends to move upwardly toward dish shaped impeller 70.
      As the fluid strikes surface 72 of impeller 70 it is again caused to
      rotate by the rotating movement of impeller 70. As a result, the fluid is
      moved outwardly by centrifugal force and again joins the flow of fluid
      moving up the inner conical wall 34 toward the efflux ports. The vertical
      position of impeller 70 may be adjustable so that the vertically moving
      fluid can be made to contact the surface 72 of the impeller.
PAR  As the fluid moves toward the efflux ports along the surface of bottom wall
      51, it becomes aerated by the air contained in the pump housing around and
      below the motor 22. The fluid is further aerated as it flows freely from
      the efflux ports back to the fluid container. As stated above, several
      efflux ports are provided. This is done so that the amount of agitation or
      the flow of fluid within the fluid container can be controlled. Thus, if
      very little agitation is desired, each of the efflux ports 20, 46 and 48
      may be blocked thereby leaving only efflux port 50 open. Thus, if the pump
      is located adjacent one corner of the fluid container, the fluid return
      will be through efflux port 50 and down into the container immediately
      adjacent the corner thereof. This would create very little agitation
      within the container. On the other hand, if it were desired to create more
      agitation or fluid flow within the container, the remaining efflux ports
      may be opened and the pump may be moved away from a corner of the fluid
      container whereby fluid would be returned to the container through the
      efflux ports which are located at a distance away from the side of the
      container. This would create a substantial amount of agitation or fluid
      flow within the container.
PAR  Returning to FIG. 2, it will be readily apparent to those skilled in the
      art that any solid particles which may have been drawn up through influx
      port 44 would be held against the inner wall of the solids collector
      member 62 as a result of centrifugal force. When it is desired to remove
      the solid particles from the pump, it is only necessary to remove the
      upper housing portion 12 from the lower housing portion 14 and remove the
      solids collector member 62 from the upper impeller section 60 of impeller
      58.
PAR  While the pump of the present invention has been described as including a
      centrifugal impeller and a lower housing portion each having conically
      shaped inner walls, it should be understood that this is by way of example
      only. It is also possible to design these walls in the shape of
      paraboloids or other similar shapes which taper in the directions of the
      conical walls shown in the drawing.
PAR  Since the pump of the present invention employs no blades or vanes, there
      are few shearing forces created within the moving fluid. As a result, the
      pump of the present invention can be used whenever shearing forces must be
      kept at a minimum. For example, the pump has many pharmaceutical
      applications such as separating fungi from a fluid medium. These fungi
      would be collected in the solids collector 62 and can be removed simply by
      removing the solids collector 62 from the conical section 60 of impeller
      58.
PAR  It is also possible to use the present pump only as a centrifugal pump and
      not as a device for separating solids from a fluid. This can be done by
      eliminating the bottom wall of the solids collector member 62 or simply by
      completely removing the solids collector member from the upper impeller
      member 60.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A centrifugal pump comprising:
PA1  a housing and a chamber having a substantially circular cross-section
      within said housing, the walls of said chamber tapering outwardly in a
      first direction;
PA1  a centrifugal impeller having an interior cavity with a substantially
      circular cross-section mounted for rotation within said chamber, said
      centrifugal impeller and said chamber being substantially concentric with
      each other, the walls of said cavity within said centrifugal impeller
      tapering in a second direction opposite to the direction of taper of the
      walls of said chamber;
PA1  a dish-shaped impeller substantially concentric with said centrifugal
      impeller and being mounted for rotation therewith, said dish-shaped
      impeller being mounted in a position remote from the smaller end of said
      chamber;
PA1  an inlet pipe extending from the exterior of said housing through the
      smaller end of said chamber and into the cavity of said centrifugal
      impeller; and at least one efflux port located within said housing.
NUM  2.
PAR  2. A centrifugal pump as claimed in claim 1 wherein said chamber and said
      cavity are substantially conically shaped.
NUM  3.
PAR  3. A centrifugal pump as claimed in claim 1 further including means
      detachably connected to the larger end of said centrifugal impeller for
      collecting solids.
NUM  4.
PAR  4. A centrifugal pump as claimed in claim 1 including means for adjusting
      the axial position of said dish shaped impeller.
NUM  5.
PAR  5. A centrifugal pump as claimed in claim 1 including means for securing
      the pump housing to the wall of a fluid container.
NUM  6.
PAR  6. A centrifugal pump as claimed in claim 1 wherein said centrifugal
      impeller includes an air hole passing from said cavity through the wall of
      said impeller adjacent the smaller end of said cavity.
NUM  7.
PAR  7. A centrifugal pump as claimed in claim 1 further including a small hole
      in said housing adjacent the smaller end of said chamber.
NUM  8.
PAR  8. A centrifugal pump including a housing having a chamber therein, the
      walls of said chamber being tapered, an inlet pipe extending from the
      exterior of said housing into said chamber, a first impeller means within
      said housing for drawing fluids through said inlet pipe and for forcing
      the fluid up the tapered walls of said chamber, an efflux port in said
      housing and a second impeller means within said housing for directing and
      impelling at least a part of the fluid forced up by said first impeller
      means toward said efflux port.
NUM  9.
PAR  9. A centrifugal pump as claimed in claim 8 wherein said first and second
      impeller means are concentrically mounted for rotation about a common
      axis.
NUM  10.
PAR  10. A centrifugal pump as claimed in claim 9 wherein said first impeller
      means has an interior cavity with tapered walls and includes a solids
      collector means detachably connected to one end thereof.
NUM  11.
PAR  11. A centrifugal pump as claimed in claim 10 wherein said inlet pipe
      extends into the interior of said cavity of said first impeller means and
      is concentric therewith.
NUM  12.
PAR  12. A centrifugal pump as claimed in claim 11 wherein said chamber and said
      cavity are conically shaped.
NUM  13.
PAR  13. A centrifugal pump and separator comprising a housing having at least
      one efflux port and a chamber within said housing, said chamber being of
      substantially circular cross-sectional shape and having a bottom wall; a
      centrifugal impeller and a solids collector member mounted on a vertical
      axis for rotation within said chamber, said impeller and said solids
      collector member having internal walls defining a cavity with an opening
      at the bottom thereof, said cavity having a substantially circular
      cross-section throughout, the internal walls of said impeller tapering
      downwardly and radially outwardly and at least a part of the walls of said
      solids collector member extending radially inwardly, the walls of said
      solids collector member terminating at said opening; a non-rotatable inlet
      pipe integral with the bottom wall of said chamber and extending upwardly
      through said opening into the interior of said cavity of said impeller,
      the outer diameter of said inlet pipe being less than the diameter of said
      opening thereby forming an annular opening between said inlet pipe and the
      walls of said solids collector member; whereby rotation of said impeller
      and solids collector member causes fluid to be drawn up said inlet pipe,
      forced down the walls of said impeller, inwardly towards said annular
      opening, through said annular opening and out said at least one efflux
      port and whereby any solids originally suspended in said fluid are forced
      radially outwardly by said impeller and solids collector member and are
      retained in said solids collector member.
NUM  14.
PAR  14. A separating means as claimed in claim 13 wherein said impeller and
      said solids collector member are detachably connected together.
NUM  15.
PAR  15. A centrifugal pump and separator as claimed in claim 13 wherein said
      chamber and said cavity are substantially conically shaped.
NUM  16.
PAR  16. A centrifugal pump and separator as claimed in claim 13 wherein said
      centrifugal impeller includes an air hole passing from said cavity through
      the wall of said impeller adjacent the upper end thereof.
NUM  17.
PAR  17. A centrifugal pump and separator as claimed in claim 13 further
      including a small hole in the bottom wall of said chamber.
NUM  18.
PAR  18. A centrifugal pump and separator as claimed in claim 13 further
      including a dish-shaped inpeller substanially concentric with said
      centrifugal impeller and being mounted for rotation therewith, said
      dish-shaped impeller being mounted in a position remote from the bottom
      wall of said chamber.
NUM  19.
PAR  19. A centrifugal pump and separator as claimed in claim 18 including means
      for adjusting the axial position of said dish-shaped impeller.
PATN
WKU  039475310
SRC  5
APN  5355222
APT  1
ART  177
APD  19741223
TTL  Carburetor with controlled fast idle cam
ISD  19760330
NCL  1
ECL  1
EXP  Miles; Tim R.
NDR  3
NFG  7
INVT
NAM  Branigin; Charles D.
CTY  Britton
STA  MI
ASSG
NAM  Ford Motor Company
CTY  Dearborn
STA  MI
COD  02
CLAS
OCL  261 39B
XCL  261 39E
XCL  261 52
EDF  2
ICL  F02M  112
FSC  261
FSS  52;39 B;39 E
UREF
PNO  1996245
ISD  19350400
NAM  Hunt
OCL  261 39B
UREF
PNO  2124778
ISD  19380700
NAM  Hunt
OCL  261 52
UREF
PNO  2262408
ISD  19411100
NAM  Read
OCL  261 39B
UREF
PNO  2943848
ISD  19600700
NAM  Gordon et al.
OCL  261 52
UREF
PNO  3185453
ISD  19650500
NAM  Mennesson
OCL  261 52
UREF
PNO  3263972
ISD  19660800
NAM  Braun et al.
OCL  261 52
UREF
PNO  3279771
ISD  19661000
NAM  Herman et al.
OCL  261 52
UREF
PNO  3494598
ISD  19700200
NAM  Gordon
OCL  261 39B
UREF
PNO  3752133
ISD  19730800
NAM  Irish et al.
OCL  261 39E
LREP
FR2  McCollum; Robert E.
FR2  Zerschling; Keith L.
ABST
PAL  The carburetor has a fast idle cam latch to prevent movement of the cam to
      a normal idle speed position, upon throttle valve kick-down operation,
      when the temperature is below a set level, to prevent engine stalling; the
      latch consisting of a bimetallic leaf spring in the path of movement of a
      finger attached to the cam, the spring being movable out of the path of
      the cam finger when the temperature is above the set level.
BSUM
PAR  This invention relates in general to a motor vehicle type carburetor and
      more particularly to the fast idle cam associated with the cold enrichment
      system for the carburetor.
PAR  Most carburetors contain a cold enrichment system that includes a choke
      valve controlled in its movement by a bimetallic coiled spring as a
      function of temperature changes to gradually increase the air supply to
      the carburetor as the engine approaches normal operating temperatures.
      Also generally included is a fast idle cam mounted for cooperation with
      the choke valve to open the throttle valve to faster engine idle speed
      positions as the temperature decreases below a set level, in order to
      provide adequate air/fuel mixture volume during colder engine operation.
PAR  At the warmer ambient temperatures, after the engine has started with the
      fast idle cam position at its highest setting, the driver or operator
      frequently will rapidly depress and release the accelerator pedal in a
      well known "kick-down" operation, to release the fast idle cam from the
      high cam setting to move the throttle valve to a less open idle speed
      position, and one commensurate with the required volume of air/fuel
      mixture. This particular operation involves, in a conventional
      construction, opening the throttle valve which releases a screw engagement
      with the cam surface of the fast idle cam and at the same time allows the
      fast idle cam to fall by gravity to whatever position is dictated by the
      position of the choke valve against which it is operatively slaved. It
      also frequently happens that upon the sudden throttle valve depression,
      the rush of air through the induction passage at the higher ambient
      temperature levels, where the bimetal coiled spring force only lightly
      biases the choke valve closed, is sufficient to swing the choke valve to a
      much larger opening than is desired. This then permits the fast idle cam
      to move to a much lower step position or even completely off the cam steps
      so that the sudden return of the throttle valve screw traps the fast idle
      cam in a position permitting the throttle plate to close to a normal
      engine operating temperature idle speed position. In this position, at
      this temperature level, insufficient air/fuel mixture would be inducted
      into the engine to provide the power necessary to overcome the friction
      forces at this temperature level, resulting in stalling of the engine.
PAR  It is a primary object of this invention to provide means to prevent the
      trapping of the fast idle cam in the manner indicated above during the
      operation of the engine within a predetermined temperature range, to
      prevent engine stalling.
PAR  It is another object of the invention to provide a latch or abutment means
      positioned in the path of the fast idle cam to resist its movement when
      the operating temperatures are below a set level, to prevent engine
      stalling.
PAR  It is a still further object of the invention to provide a carburetor with
      a cold enrichment system that includes a choke valve that is unbalance
      mounted in the carburetor induction passage to be opened by the flow of
      air against it, the choke valve being biased to a closed position by a
      bimetallic temperature responsive coiled spring force that increases with
      decreases in temperature below a predetermined level; the choke valve
      having a one-way connection with a fast idle cam having a cam surface
      engaged by means secured to the throttle valve for determining the closed
      position of the throttle valve as a function of temperature changes and
      choke plate position, and including a second temperature responsive device
      movable into the path of movement of the fast idle cam to restrict its
      movement below a predetermined temperature level to prevent the throttle
      valve from closing beyond a desired position due to accidental opening of
      the choke valve beyond a conventional position.
DRWD
PAR  Other objects, features and advantages of the invention will become more
      apparent upon reference to the succeeding detailed description thereof,
      and to the drawings illustrating the preferred embodiment thereof;
      wherein:
PAR  FIG. 1 is a perspective elevational view of an internal combustion engine
      and carburetor embodying the invention;
PAR  FIG. 2 is an enlarged cross-sectional view through the carburetor shown in
      FIG. 1, taken on a plane indicated by and viewed in the direction of the
      arrows 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged perspective elevational view of portions of the
      carburetor illustrated in FIG. 1.
PAR  FIG. 4 is an enlarged perspective exploded view, with parts broken away and
      in section, of a portion of the automatic choke construction illustrated
      in FIG. 1;
PAR  FIG. 5 is an elevational view on a reduced scale of the back side of a
      detail shown in FIG. 2 and taken on a plane indicated by and viewed in the
      direction of the arrows 5--5 of FIG. 4;
PAR  FIG. 6 is a side elevational view on a reduced scale of the back side of
      other details illustrated in FIG. 4 and taken on a plane indicated by and
      viewed in the direction of the arrows 6--6 of FIG. 4; and
PAR  FIG. 7 is an enlarged view of a detail shown in FIG. 5, illustrating the
      detail in various operative positions.
DETD
PAR  FIG. 1 shows a portion 10 of an internal combustion engine. On it is
      mounted a two barrel carburetor 12 having a water heated automatic type
      choke 14 embodying the invention. FIG. 2 shows a cross sectional view of
      the carburetor. It is of the two stage downdraft type having an air horn
      portion 20 and a combined fuel metering and throttle body portion 22. The
      portions together define a primary induction passage 24 and a larger
      secondary induction passage 26. Each have fresh air intakes at the air
      horn end, and are connected to the engine intake manifold at the throttle
      body ends. Passages 24 and 26 each are formed with a main venturi section
      28 containing a booster venturi 30 through which the main supply of fuel
      is adapted to be inducted in a known manner.
PAR  Air flow through each of the induction passages is controlled in part by a
      choke valve 32. The valve is unbalance mounted on a shaft 34 rotatably
      mounted on side portions of the carburetor air horn, as shown. Flow of
      fuel and air through each passage is controlled by conventional throttle
      valves 36, 38 fixed on shafts 40, 42 independently rotatably mounted in
      the throttle body portion 22. The primary throttle valve 36 is rotated
      open in a known manner by depression of a lever (not shown) fixed on shaft
      40 and connected to the conventional vehicle accelerator pedal. The larger
      second stage throttle valve 38 is rotated open by the primary throttle
      valve through a lost motion linkage after a predetermined degree of
      rotation of the primary valve. More specifically, a lever 44 secured to
      throttle shaft 40 has an offset tang 46. When rotated clockwise, tang 46
      engages a spring hook portion 48 of a lever 50 pivotally connected to a
      second lever 52 fixed on throttle shaft 42. A spring 56 normally urges
      both throttle valves to the closed idle speed position shown.
PAR  Choke valves 32 rotate from the closed position to a nearly vertical,
      inoperative position providing the minimum resistance to air flow. The
      position of the choke valves 32 is controlled in part by a
      semi-automatically operating choke mechanism 54. The latter includes a
      three-piece housing including a cap portion 56, an intermediate bimetal
      chamber portion 58, and an inner housing portion 60 bolted to the side of
      the carburetor body. The cap portion 56 and bimetal spring chamber portion
      58 are separated by an annular heat conducting member 62 to define a water
      chamber 63 within a cap portion 56. As best seen in FIGS. 1 and 3, water
      from the engine cooling system is adapted to be circulated through the
      chamber by means of inlet and outlet tubes or conduits 64 and 65.
PAR  The partition member 62 is formed with a slotted stub shaft 66 in which is
      mounted and anchored the inner end of a bimetallic, thermostatically
      responsive coiled spring 68. The outer end of the coil is secured to one
      end of a pin 70 that projects through an arcuate slot 72 in an insulating
      gasket 74. The gasket separates the bimetal chamber from the chamber 75
      defined in the inner housing portion 60. The opposite end of shaft 70
      projects from one end of a bell crank lever 74 pivoted on a shaft 76
      projecting through the inner housing 60. The opposite end 78 of lever 74
      is located in a slot 80 provided in a plunger 82 mounted for a sliding
      movement in the housing. The plunger is connected to a diaphragm type
      servo device 84 connected by a pair of vacuum lines 86 and 88 to a line 90
      shown in FIG. 2 leading to the carburetor induction passage below the
      closed position of the throttle valve. This subjects the passages to
      manifold vacuum and causes the servo 84 to move the plunger rightwardly as
      seen in FIGS. 3 and 4 to rotate the lever 74 counterclockwise, for a
      purpose to be described later.
PAR  A tension spring 92 is attached at one end 94 over the pin 70 and anchored
      at its opposite end 96 to a pin 98 projecting from the housing. It should
      be noted that this spring is of the overcenter type. The circumferential
      movement of pin 70 in response to the contraction or expansion of the
      bimetallic coil 68 pivots the tension spring 92 about the fixed point 98
      to its other overcenter position on the other side of the shaft 76.
      Accordingly, it will be seen that in the initial position shown, the
      biasing force of spring 92 is to pull lever 74 in a clockwise direction;
      whereas, in the opposite overcenter position on the other side of shaft
      76, the force of tension spring 92 will be to urge lever 74 in a
      counterclockwise direction. This overcenter action occurs because of the
      location of the pivot 98 within the circumferential area defined by the
      movement of pin 70 and below the axis of shaft 76.
PAR  The shaft 76 projects through and beyond the wall of the inner housing 60
      for rotatably mounting thereon a fast idle cam 100, more clearly seen in
      FIG. 6. Fast idle cam includes a weighted portion 102 and a cam surface
      portion 104, on opposite sides of shaft 76. The cammed surface includes a
      high cam step 106, a lower cam step portion 108 of less radial extent, and
      a lesser radial extent portion 110. Abuttingly and alternately engaging
      one or the other of the stepped portions of the cam is a screw 112 that is
      adjustably mounted to a lever 114. The latter is rotatably mounted at 116
      on the inner housing 60 and is pivotally connected at 118 by a link 120 to
      the primary throttle valve link 50 shown in FIG. 2. The throttle valve
      return spring 56 normally pulls downwardly on the link 120 to abuttingly
      engage the screw 112 against the fast idle cam surface, as shown.
PAR  When the throttle valves are opened, the fast idle cam normally is free to
      rotate by gravity in a clockwise direction as seen in FIG. 6 to vary the
      idle speed position of the screw 112 as a function of temperature changes
      and choke valve opening. More particularly, attached to the end of shaft
      76 is a choke valve lever 122 that has a tang 124 on one end abuttingly
      engageable with a surface on the fast idle cam 104. The other end of lever
      122 is pivotally connected at 126 to a link 128 pivoted to the choke shaft
      34. Thus, the rotative position of shaft 76 and the choke valve determine
      the position of the fast idle cam as a function of temperature changes of
      the bimetal coil 68.
PAR  At certain ambient temperature operating conditions, such as, for example,
      between 75.degree.-80.degree.F., the closing force of the bimetal spring
      68 generally is weak. Accordingly, if the throttle plate were suddenly
      depressed and released, such as during a conventional kick-down operation,
      the fast idle cam may become trapped in a position locating the throttle
      plates in a normal idle speed position when the actual temperature
      conditions call for the throttle plates to be located in a more open
      position for cold engine operation. That is, assume that the throttle
      plates are suddenly opened. This opening by the throttle plate linkage
      pushes upwardly on link 120 in FIG. 6 to pivot lever 114 clockwise and
      move screw 112 away from the fast idle cam 104. With the weakened force of
      bimetal 68, the sudden inrush of air into the induction system past the
      choke valve 32 may "blow open" the choke valve thus causing a clockwise
      rotation of choke valve lever 122. This immediately releases the fast idle
      cam for a clockwise rotation by gravity to follow the choke valve lever
      122, placing the fast idle cam in a position in which the lowest radial
      extent step 110 may be located opposite the screw 112 when the throttle
      plates are returned to the idle speed setting. This, of course, would
      reduce the volume of air/fuel mixture flowing into the engine, which with
      the increased friction at this lower temperature level, might be
      insufficient to support engine operation and result in stalling.
PAR  To alleviate the above, the fast idle cam is formed with a latching device.
      This consists of a pin 130 that extends parallel to shaft 76 through an
      arcuate slot 132 in the outer choke housing 60 for a yielding engagement
      with a second bimetallic spring 134 shown in FIGS. 4 and 5. More
      specifically, the chamber 75 side of gasket 72 is formed with a
      trough-shaped projection 136 within which is mounted the bimetallic
      temperature responsive leaf spring element 134. The latter is mounted at
      its inner end in a slot in a pin or post 140 and has a finger-like outer
      portion 142. The latter is adapted to be engaged by the side of pin 130
      secured to the fast idle cam. As seen in FIG. 7, the bimetal 134 is
      movable between a first position 144 against a stop 146 when temperatures
      are below a predetermined operating level, and a second position 148 when
      the temperature has increased and caused the bimetal to expand as shown.
      In moving to the alternate positions, the pin 130 moves from the upper
      position 149 to the lower position 150.
PAR  It will be seen, therefore, that under warmer but below normal operating
      temperature conditions as described above where the choke valve may be
      blown open at times, rotation of the fast idle cam and its pin 130 past
      the leaf spring 134 will be resisted so as to eliminate the possiblity of
      the fast idle cam being trapped in the manner previously described. At
      higher ambient temperatures, movement of the leaf spring 134 to the second
      position 148 will permit free rotation of the fast idle cam to permit
      closure of the throttle plates to their normal idle speed position, as
      would normally be dictated by this temperature level.
PAR  The bimetallic coil element 68 has operating characteristics that are a
      compromise to provide good cold engine choke closing and yet warm engine
      fast idle starts. This compromise necessarily means that the choke valve
      will come off slower than may provide good emission results. Accordingly,
      an electrical heater element 150 is added to supply additional heat to the
      bimetal temperatures to pull off the choke valve faster than it would come
      off by reason of the bimetal being responsive to engine temperature along.
      The heater in this case is a positive temperature coefficient (PTC)
      semiconductor in the form of a ceramic pill 152 that is self-regulating in
      output temperature to eliminate the necessity of providing a bimetal
      switch to shut off the heater output. That is, when energized, the
      internal resistance of the PTC element varies directly with the skin
      temperature increases and only slightly with the PTC internal temperature
      increases until a switching temperature at say 180.degree.F., for example,
      is reached, at which point where there is no additional heat increase. The
      heat output in this case is transferred to the bimetal coil 68, and also
      through the post 140 to the leaf spring 134 causing it to move to the
      second position 148 faster than it would were it subjected to engine
      temperature heat alone.
PAR  The PTC element is connected electrically in this case to the engine
      voltage regulator through suitable wiring harness indicated generally at
      156, to be energized whenever the engine is running. Of course, if
      desired, it could be selectively actuated to be energized at any
      temperature level.
PAR  In operation, at about 75.degree. F., for example, prior to engine start,
      the bimetal 68 will have rotated pin 70, lever 74, and choke valve lever
      122 clockwise as seen in FIG. 4 to a position urging the choke valve
      closed. At this temperature level, the bimetal force alone generally will
      be insufficient to fully close the choke valve for starting purposes. The
      additional force provided by the tension spring 92, however, is sufficient
      to positively move the choke valve to a closed position. The absence of
      vacuum in the servo 84 permits the servo spring, not shown, to return the
      plunger 82 to the left out of engagement with lever 74. The second leaf
      spring 134 also at this time is located in the cold latching position
      shown in FIG. 5.
PAR  Assume now that the engine is started. As soon as a running condition is
      obtained, manifold vacuum acting on servo 84 will pull plunger 82 to the
      right as seen in FIG. 4 and move lever 74 counterclockwise to positively
      crack open the choke valve a predetermined amount. This will lean the
      starting air/fuel mixture to that level needed for cold engine operation
      at this temperature. The moving of lever 74 by the servo also negates the
      effect of the tension spring 92.
PAR  Assume now that a kick-down operation is performed; that is, the primary
      throttle plate 36 is opened wide which pivots lever 114 and moves screw
      112 away from the fast idle cam 104. If the temperature were quite low,
      the force of bimetal coil 68 alone would be sufficient to keep the choke
      plate from being blown open by the increased induction of air at this
      time. Therefore, the fast idle cam would not rotate freely clockwise, and
      in fact, may be rotated counterclockwise by the choke valve attempting to
      assume a more closed position to correspond to the temperature level. If,
      however, the temperature level is such that only a small force is exerted
      by the bimetal coil, then upon blowing open of the choke plates, the fast
      idle cam will move clockwise until the pin 130 abuts against the leaf
      spring 134, to be held in that position. Then upon return of the throttle
      plate 36 to the idle speed position, returning screw 112 to the position
      shown in FIG. 6, the fast idle cam will be in a position permitting only a
      slight reduction in the engine idle speed opening position of the throttle
      plate 36.
PAR  When the PTC heat output is sufficient, or the engine started at higher
      ambient temperatures, the leaf spring 134 will have moved to its other
      position 148 and out of the path of movement of the pin 130 secured to the
      fast idle cam. Then, when kick-down operation occurs, if the choke plates
      are blown open, the fast idle cam may rotate completely in a clockwise
      direction so that screw 112 is located opposite the step 110 when the
      primary throttle plates 36 are returned to an idle speed condition. Such a
      position, however, is correct for this temperature level since the engine
      will then be operating essentially at its normal operating temperature.
PAR  It will also be seen, therefore, that as the temperature of the bimetal 68
      increases, the counterclockwise circumferential movement of the end of the
      bimetal and pin 70 rotates the lever 74 to move the tension spring 92 to
      its alternate overcenter position. The moment that the overcenter action
      occurs, the force of spring 92 instead of aiding the force of bimetal coil
      68 then opposes that action and actually acts to open the choke valve
      rather than close it as in the previous condition. The tension spring 92
      therefore has a dual function of operating at median temperature levels to
      positively close the choke valve for engine staring purposes and at higher
      levels to open the choke valve in opposition to the bimetal coil force
      attempting to close it.
PAR  While the invention has been shown and described in its preferred
      embodiments, it will be clear to those skilled in the arts to which it
      pertains that many changes and modifications may be made thereto without
      departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A carburetor having an induction passage open at one end to air and
      adapted to be connected at its other end to the intake manifold of an
      internal combustion engine,
PA1  a spring closed throttle valve mounted for rotation across the passage to
      control flow of air and fuel therethrough,
PA1  an air movable choke valve unbalance mounted in the induction passage above
      the throttle valve and movable between a closed position and open
      positions by the flow of air thereagainst to control the air flow past the
      choke valve,
PA1  a rotatable fast idle cam having a cam surface operatively engageable by a
      lever rotatable with the throttle valve, the fast idle cam being
      journalled for a free rotation by gravity on a shaft on which is secured a
      choke lever connected to the choke valve, the choke lever having a one-way
      interconnection with the cam permitting free rotation of the choke lever
      relative to the cam in a choke valve opening direction while restricting
      rotation of the cam past the choke lever in the same direction,
PA1  a first chamber containing a bimetallic temperature responsive coiled
      spring connected to the choke valve lever biasing the choke valve closed
      and the fast idle cam in the same direction towards a highest fast idle
      position with a force that increases with decreases in temperature from a
      predetermined level,
PA1  engine temperature sensitive heating means adjacent the coiled spring for
      warming the spring as a function of changes in engine temperature level to
      permit progressive opening of the choke valve and movement of the fast
      idle cam towards a lower fast idle speed position,
PA1  a second chamber contiguous with the first chamber and having a common wall
      defined by a heat insulating gasket,
PA1  a second bimetallic temperature responsive spring cantilever mounted in the
      second chamber so as to be insulated from the heating means in the first
      chamber with the free end of the second spring flexibly projecting into
      the path of movement towards the lower fast idle speed position of a pin
      projecting from the fast idle cam so as to be engagable by the pin below
      predetermined temperature levels to restrict further movement of the pin
      and cam in the choke valve opening direction even though permitted by an
      opening movement of the choke valve and choke lever, to prevent engine
      stalling at lower temperature levels occasioned by an opening of the choke
      valve and throttle valve position than is dictated by the temperature
      conditions,
PA1  the second spring being movable from a first position at low temperatures
      projecting into the path of movement of the pin to a second position at
      higher temperatures withdrawn from the path of movement of the pin, and a
      heater element associated with the second spring heating the second spring
      and effecting a faster movement of the second spring from the first to
      second positions than would normally occur by exposure of the first spring
      to the engine temperature sensitive heating means or ambient temperature
      conditions alone.
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ABST
PAL  A gas and liquid contact apparatus includes at least one pair of generally
      vertically aligned contact bodies having pairs of opposed generally
      vertically and horizontally extending edge portions. The contact bodies
      have passageways formed therein which penetrate between the two opposed
      vertical edges of the body, with the horizontal edges thereof being open
      to admit liquid into the passageways. A liquid impervious distribution
      strip is located between the adjacent spaced horizontal edges of the
      contact bodies and extends across one of the vertical edges thereof, to
      deflect liquid migrating to the one vertical edge toward the other
      vertical edge of the contact body therebelow.
BSUM
PAR  The present invention relates to a gas and liquid contact apparatus and,
      more particularly, to a gas and liquid contact apparatus of the type
      described in U.S. Pat. No. 3,792,841.
PAR  The gas and liquid contact apparatus described in U.S. Pat. 3,792,841
      consists essentially of a contact body for use in cross flow cooling
      towers, wherein the contact body is formed of sheets of corrugated
      material having folds or corrugations in adjacent sheets inclined with
      respect to one another. The angles of inclination of the corrugations in
      the sheets are selected so as to obtain an unexpected optimum of exchange
      between the gas and liquid flowing through the contact body.
PAR  In contact bodies of that type, the liquid which flows vertically through
      the passageways formed in the body between the corrugations of the
      respective sheets therein is affected by the gas flow which moves through
      the contact body at a crosswise angle to the direction of flow of the
      liquid. This gas flow tends to produce lateral displacement of the liquid
      within the contact body and may cause liquid to be blown out of the
      contact body with the gas stream in the form of droplets. Such lateral
      displacement of the liquid increases substantially the resistance to the
      gas flow and causes the liquid to bubble and foam between the sheets and
      also tends to blow it out from the film. The specific contact body
      structure disclosed in this patent is constructed to overcome these
      problems and to reduce liquid migration as a result of gas flow and to
      prevent the formation of liquid droplets in the contact body. Although
      that structure has been found to be highly satisfactory in use, it also
      has been found that where contact bodies of that type of construction are
      used in large heights, for example six feet or more, the liquid in the
      contact body tends to migrate towards the gas outlet side of the contact
      body, collecting on that side, and tends to be expelled therefrom as
      liquid droplets; thereby possibly reducing the effectiveness of the tall
      cooling tower or a tall evaporative cooler in which the contact body can
      be used. This also may happen where the gas flow rate through the contact
      body is too great, or where the liquid flow rate is too high, for optimum
      operating conditions.
PAR  Accordingly, it is an object of the present invention to provide a gas and
      liquid contact in which substantially all of the liquid flowing through
      the contact body is maintained within the contact body and directed
      towards the gas inlet side thereof, in order to overcome the effects of
      liquid migration.
PAR  Yet another object of the present invention is to provide a device for
      redirecting liquid fluid from the gas outlet side of a contact body in a
      cooling tower evaporative cooler or the like, to the gas inlet side
      thereof.
PAR  Another object of the present invention is to provide a gas and liquid
      contact apparatus of the character described which is relatively
      inexpensive in construction and simple in manufacture.
PAR  A still further object of the present invention is to provide a liquid
      distribution plate or correction device for gas and liquid contact bodies,
      which is relatively simple and inexpensive in construction.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will be apparent from the following detailed description of
      illustrative embodiments thereof, which are to be considered in connection
      with the accompanying drawings, wherein:
PAR  FIG. 1 is a partially schematic vertical sectional view of an evaporative
      cooler or a cooling tower constructed in accordance with the present
      invention;
PAR  FIG. 2 is a fragmentary perspective view showing the relation of the gas
      distribution plate to the contact bodies of the cooling tower; and
PAR  FIG. 3 is an enlarged fragmentary view showing another embodiment of the
      liquid distribution strip of the present invention positioned between two
      vertically aligned contact bodies.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1 thereof, it
      will be seen that a cooling tower 10, embodying the features of the
      present invention, includes a plurality of contact bodies 12 mounted in
      the tower in any convenient manner and arranged in generally vertical
      alignment, but in slightly spaced relation to each other. The contact
      bodies are positioned adjacent an opening 14 in housing 10 through which
      the cooling gas is supplied. The opening may be covered by a wire mesh
      screen 16 if desired.
PAR  The base 18 of cooling tower 10 includes a liquid collecting basin or
      chamber 20 and a plurality of channel members 22 extend across the chamber
      to provide support for the contact bodies 12.
PAR  Liquid to be cooled is supplied to the contact bodies 12 at the top of the
      cooling tower through a distributor 24 of conventional construction. For
      example, this distributor may consist of a supply pipe having escape holes
      on its lower side, although it is contemplated that the distributor may be
      of a rotating or otherwise movable type. In addition, if desired, one or
      more distributor bodies 26, also of conventional construction, can be
      supplied in order to insure uniform distribution of the liquid along the
      top edge 28 of the uppermost contact body 12.
PAR  As seen in the fragmentary illustration of FIG. 2, contact bodies 12
      consist of thin layers or sheets, which preferably are folded or
      corrugated, and are positioned vertically, with the vertical edges 30 of
      the sheets extending in the direction of gas flow. The folds or
      corrugations cross one another in adjacent layers, intersecting at a
      predetermined angle, as described in U.S. Pat. No. 3,792,841. The sheets
      are bonded together at the points of contact between adjacent corrugations
      by a suitable binding agent or the like.
PAR  For illustrative purposes, in FIG. 1 the solid lines 32 denote the
      corrugations in every second layer, and the dotted lines 34 denote the
      corrugations in the layers therebtween. In this manner, the corrugations
      of the adjacent sheets form channels or passageways which penetrate from
      one vertical edge or side 36 of the contact bodies (i.e., the gas inlet
      side) to the other side 38 (the gas outlet side) thereof. Thus the
      channels have both vertical and horizontal complements of direction, and a
      continuously varying width from zero at the points of contact between the
      layers to double the height of the corrugations. The sheets may be made of
      fibers of cellulose or inorganic material such as asbestos.
PAR  By this construction of the contact bodies, it will be seen that water
      distributed from the distributor 24 flows downwardly along both sides of
      the sheets in the contact bodies as a film, following a winding path which
      produces a vary high rate of interaction between the liquid and gas flows.
      That is, while the water flows down in the form of a thin film along the
      sheets of the contact bodies, in a substantially vertical direction of
      flow, when the film following one sheet in an inclined direction
      downwardly meets a contact point between that sheet and the adjacent sheet
      the flow of the film is changed to the opposite direction. The cooling
      gas, e.g. air, on the other hand, enters through the openings formed by
      the channels in the inlet side 36 of the contact bodies in a substantially
      horizontal direction of flow and passes through the passageways to the
      outlet side 38 thereof.
PAR  As described in the above mentioned patent, the corrugations 32 are
      inclined downwardly at a different angle from the angle and direction of
      the corrugations 34 in alternate sheets. That is, the corrugations 34 are
      inclined upwardly, viewed in the flow direction of the gas, at a steeper
      angle of inclination than the corrugations 32 with the result that the
      bisector of the angle between the corrugations of the respective folds
      slopes downwardly toward the air intake side of the contact bodies.
PAR  By this construction the liquid film has a lateral component of flow which
      is greater for the corrugations 34 than for the corrugations 32, so that
      the basic effect will be that the films are maintained along the sheets
      when the horizontal air flow exercises a lateral force on the films in an
      opposite direction to the lateral component resulting from the inclined
      bisector angle between the corrugations. Thus there is less tendency for
      the liquid to migrate towards the gas outlet side 38 of the contact
      bodies.
PAR  In tall cooling towers of the type illustrated in FIG. 1 however a certain
      amount of the liquid will tend to migrate towards and even out of the gas
      outlet side 38 of the contact bodies. This particularly may happen where
      the gas flow rate is greater than the optimum desired.  In these cases,
      the gas flow will have a greater effect on the liquid, tending to urge the
      liquid towards the gas outlet side of the contact bodies and to even form
      liquid droplets which may be expelled from the contact body. In order to
      overcome these problems, and to provide a correctional device which
      insures that all of the liquid passes through all of the contact body
      structure in the cooling tower, the present invention provides a plurality
      of separate contact bodies 12 located in generally vertical alignment. The
      contact bodies are mounted in the cooling tower so that their lower
      horizontal edges 40 (i.e., their liquid outlet edges) and their upper
      liquid inlet edges 42 are in slightly spaced relation to one another
      thereby to form a space or channel 44 that penetrates across the entire
      contact body.
PAR  In accordance with the present invention, a liquid distributor strip 46 is
      positioned in this channel along the gas outlet side of the contact
      bodies. This strip consists simply of a water impervious plate inserted in
      the channel between the contact bodies. The plate can simply rest on the
      liquid inlet side 42 of the lower contact body, or it may be mounted
      between the two adjacent bodies in channel 44 in any convenient manner.
      Preferably, the plate is adjustably mounted so that the depth of its
      penetration between the contact bodies, i.e., the depth of insertion into
      the contact bodies measured from the gas outlet side 38 thereof, can be
      adjusted in accordance with the operating conditions of the cooling tower.
      This plate can be formed of any liquid impervious material, such as metal
      or plastic, and preferably is selected from a material which will not be
      affected by the liquid being treated in the cooling water.
PAR  The effect of the distributor strip 46 is to direct liquid migrating
      towards the gas outlet side of the upper contact body, adjacent its liquid
      outlet edge 40 back towards the rear or gas inlet side of the contact body
      and into the lowermost contact body at a position remote from the gas
      outlet side of that lower body. In this manner, the distributor plate
      corrects the liquid flow through the cooling tower contact bodies to
      insure that the liquid is not expelled from the bodies through the gas
      outlet edges. As seen in FIG. 1, where an extremely tall cooling tower is
      used, a plurality of independent contact bodies can be arranged, with
      separate liquid distribution strips 46 mounted therebetween for the same
      purpose.
PAR  Although the liquid distributor strips 46 cna simply be flat plates, it is
      contemplated that the strips can be provided with extension portions 48
      that extend beyond the gas outlet edge of the contact bodies, as seen in
      FIGS. 1 and 2. Preferably this extension is inclined upwardly. The
      extension 48 constructed in this manner serves to collect or catch liquid
      droplets which may be expelled from the contact body through the gas
      outlet side thereof above the liquid outlet side 40 of the body. By
      capturing the liquid droplets, the liquid is redirected down the inclined
      extension 48 onto the flat portion of the distributor strip between the
      two adjacent contact bodies and towards the rear or gas inlet side of the
      contact bodies into the lower body of the pair. The length of the
      extension 48 is selected in accordance with the operating conditions of
      the cooling tower in order to insure that substantially all liquid
      droplets that may be expelled from the contact body are captured by the
      distributor strip and redirected into the lower contact body.
PAR  Where the formation of liquid droplets is not a problem in cooling towers,
      the distributor strip can be formed in the manner illustrated in FIG. 3,
      simply as a flat plate extending between the edges 40, 42 of the
      respective bodies. However, it is preferred that the plate include a
      perpendicularly extending dam member 50, extending along the gas outlet
      side 38 of the contact bodies to prevent liquid discharge from the contact
      bodies through the lowermost corrugations of the body. That is, liquid
      flowing in these lowermost corrugations, adjacent the outlet edge 40 of
      the contact body will not encounter a contact point between adjacent
      sheets so as to have its flow direction reversed, but rather would
      continue to flow out of the contact body unless the dam plate 50 is
      provided. This plate serves to redirect the liquid back towards the gas
      inlet side of the contact body, onto the distributor plate 46 and into the
      lower contact body.
PAR  Although the above description of the invention has been primarily related
      to the use of a liquid distributor strip adjacent the gas outlet side of
      the contact bodies, it will be appreciated that it is also useful to
      provide a distributor plate of similar construction adjacent the gas inlet
      side. Such a plate is shown in detail in FIGS. 2 and 3 and consists
      generally of a T-shaped member having a distributor plate portion 52
      located in the space 44 between the contact bodies and includes a dam
      plate 50 extending along the gas inlet edge 36 thereof. This plate will
      serve to insure that liquid flowing in the corrugations adjacent the
      bottom edge 40 of the upper contact body and towards the gas inlet side,
      will not flow out of the corrugations but will be redirected to the lower
      contact body at a position inwardly of the gas inlet edge thereof.
      Preferably the dimension of the distributor plate 52 will be selected such
      that it will deposit liquid on a lower contact body at positions wherein
      the liquid will be directed towards the center of the body and engage
      contact points between corrugations to have its flow reversed away from
      the gas inlet edge, so as to insure that the liquid will follow a passage
      through the entire length of the contact body.
PAR  Accordingly, it will be appreciated that the construction of the present
      invention provides a gas and liquid contact apparatus or cooling tower
      which insures that all of the liquid supplied to the contact bodies of the
      tower will pass through the entire height of the contact bodies therein.
      The combination of the use of contact bodies of the type described in U.S.
      Pat. No. 3,792,841 and the distributor strips 46, 52, provides a highly
      efficient cross flow unit which will insure complete contact between the
      liquid and the gas under substantially all gas and liquid flow conditions.
      The contact body construction basically insures against the formation of
      liquid droplets, and the distributor strips serve to redirect any droplets
      which may form to further insure that in an extremely tall tower all of
      the liquid passes through the entire height of the contact bodies.
PAR  Although illustrative embodiments of the present invention have been
      described herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas and liquid contact apparatus comprising, in combination, at least
      one pair of generally vertically aligned contact bodies having pairs of
      generally vertically aligned and horizontally extending edge portions, the
      opposed adjacent horizontal edges of said bodies being located in slightly
      spaced relation to one another, said contact bodies having passageways
      formed therein penetrating between said two opposed vertical edges therein
      and the horizontal edges thereof being open to admit liquid into said
      passageways, and a liquid impervious distribution strip located between
      said opposed adjacent and spaced horizontal edges of the contact bodies
      and across one of said vertical edges, said strip extending generally
      horizontally inwardly of said one vertical edge a limited distance to
      cover only a limited edge portion of the horizontal edge of the contact
      body immediately thereabove, thereby to deflect liquid adjacent said one
      vertical edge towards the center of said contact apparatus in a direction
      towards the other of said vertical edges and directly into the contact
      body therebelow.
NUM  2.
PAR  2. The gas and liquid contact apparatus as defined in claim 1 wherein said
      contact bodies include a pair of vertical side walls extending between
      said pairs of vertical edges; and said liquid distribution strip extending
      between said side walls.
NUM  3.
PAR  3. A gas and liquid contact apparatus comprising, in combination, at least
      one pair of generally vertically aligned contact bodies having pairs of
      generally vertically and horizontally extending edge portions, the opposed
      adjacent horizontal edges of said bodies being located in slightly spaced
      relation to one another, said contact bodies having passageways formed
      therein penetrating between said two opposed vertical edges therein and
      the horizontal edges thereof being open to admit liquid into said
      passageways, and a liquid impervious distribution strip located between
      said opposed adjacent and spaced horizontal edges of the contact bodies
      and across one of said vertical edges to deflect liquid adjacent said one
      vertical edge towards the other of said vertical edges and into the
      contact body therebetween: said contact bodies including a pair of
      vertical sidewalls extending between said pairs of vertical edges; and
      said liquid distribution strip extending between said sidewalls and being
      adjustably mounted between said contact bodies to permit adjustment of the
      amount of penetration of said strip between said bodies inwardly of said
      one vertical edge.
NUM  4.
PAR  4. The gas and liquid contact apparatus as defined in claim 3 wherein said
      one vertical edge of said contact bodies is located on the side of said
      body opposite to the vertical edge at which the gas enters the bodies.
NUM  5.
PAR  5. The gas and liquid contact apparatus as defined in claim 4 wherein said
      distribution strip includes an extension located outside of said bodies
      adjacent said one vertical edge thereof to collect droplets of liquid
      blown out of the upper contact body by the gas and to redirect said
      droplets into the lower contact body.
NUM  6.
PAR  6. The gas and liquid contact apparatus as defined in claim 5 wherein said
      extension is bent upwardly, outside of said contact bodies, from the plane
      of the portion of the distribution strip located between the contact
      bodies.
NUM  7.
PAR  7. The gas and liquid contact apparatus as defined in claim 1 wherein said
      contact bodies are of substantially identical construction and each
      consists of first and second sets of corrugated sheets having corrugations
      extending between said vertical edges with the sheets of the first set
      disposed alternately with the sheets of the second set whereby the
      corrugations of the first set cross the corrugations of the second set to
      form said passageways therebetween.
NUM  8.
PAR  8. The gas and liquid contact apparatus as defined in claim 7 wherein the
      corrugations of said first set of sheets are inclined upwardly in the
      direction of the gas flow and the corrugations of said second set of
      sheets inclined downwardly in the direction of gas flow, the inclinations
      of said crossed corrugations being non-symmetrical relative to a vertical
      plane extending perpendicular to the direction of the gas stream as it
      enters said sheets, the corrugations of said first set of sheets having a
      greater inclination to the horizontal plane than the corrugations in said
      second set of sheets and defining a bisector of the angle between said
      corrugations of said two sets of sheets inclining downwardly in a
      direction opposite to the direction of the air flow.
NUM  9.
PAR  9. A gas and liquid contact apparatus in which gas and liquid flow in cross
      flow relation to one another, comprising, in combination, at least one
      pair of generally vertically aligned spaced contact bodies, each of which
      includes a pair of opposed generally horizontally extending edges
      respectively defining liquid inlet and outlet edges and a pair of opposed
      generally vertically extending edges respectively defining gas inlet and
      gas outlet edges in the contact bodies, the vertical edges of said contact
      bodies being located in generally vertical alignment, and wherein the
      liquid outlet edge of the upper of said two bodies is located above and
      slightly spaced from the liquid inlet edge of the lower of the two bodies
      to define a space therebetween; said contact bodies each being formed of
      first and second sets of corrugated sheets having corrugations disposed in
      a direction extending generally between said opposed vertical edges; said
      sheets of said first set being disposed alternately with the sheets of
      said second set with the corrugations of the said first set crossing the
      corrugations of said second set, said crossed corrugations defining
      passageways penetrating from one vertical edge to the other vertical edge
      of said body, the corrugations of said corrugated sheets bearing against
      one another in such a way that the sheets touch where the crests of their
      respective corrugations cross, the corrugations of said first set of
      sheets being inclined upwardly in the direction of the gas flow, the
      corrugations of said second set of sheets inclining downwardly in the
      direction of gas flow, the inclinations of said crossed corrugations being
      non-symmetrical relative to the gas stream entering said gas inlet edge of
      the contact body, the corrugations of said first set of sheets having a
      greater inclination to said horizontal plane than the corrugations in said
      second set of sheets and defining a bisector of the angle between said
      corrugations of said two sheets inclining downwardly in a direction
      opposite to the direction of the air flow, and a liquid impervious liquid
      distribution strip located in said space between the opposed horizontal
      edges of the contact bodies and extending only along the gas outlet edges
      thereof and only a limited distance into the space between said contact
      bodies to cover only a limited portion of the horizontal liquid outlet
      edge of the contact body immediately thereabove, thereby to deflect liquid
      adjacent the gas outlet edge of the upper contact body towards the center
      of said contact apparatus in a direction towards the gas inlet edge
      thereof and directly into the liquid inlet edge of the lower contact body.
NUM  10.
PAR  10. A gas and liquid contact apparatus in which gas and liquid flow in
      cross relation to one another comprising, in combination, at least one
      pair of generally vertically aligned spaced contact bodies, each of which
      includes a pair of opposed generally horizontally extending edges
      respectively defining liquid inlet and liquid outlet edges and a pair of
      opposed generally vertically extending edges respectively defining gas
      inlet and gas outlet edges in the contact bodies, and wherein the liquid
      outlet edge of the upper of said two bodies is located above and slightly
      spaced from the liquid inlet edge of the lower of the two bodies to define
      a space therebetween; said contact bodies each being formed of first and
      second sets of corrugated sheets having corrugations disposed in a
      direction extending generally between said opposed vertical edges; said
      sheets of said first set being disposed alternately with the sheets of
      said second set with the corrugations of the said first set crossing the
      corrugations of said second set, said crossed corrugations defining
      passageways penetrating from one vertical edge to the other edge of said
      body, the corrugations of said corrugated sheets bearing against one
      another in such a way that the sheets touch where the crest of their
      respective corrugations cross, the corrugations of said first set of
      sheets being inclined upwardly in the direction of the gas flow, the
      corrugations of said second set of sheets inclining downwardly in the
      direction of gas flow, the inclinations of said crossed corrugations being
      non-symmetrical relative to the gas stream entering said gas inlet edge of
      the contact body, the corrugations of said first set of sheets having a
      greater inclination to said horizontal plane than the corrugations in said
      second set of sheets and defining a bisector of the angle between said
      corrugations of said two sets of sheets inclining downwardly in a
      direction opposite to the direction of the air flow, and a liquid
      impervious liquid distribution strip located in said space between the
      opposed horizontal edges of the contact bodies and extending along the gas
      outlet edges thereof to deflect liquid adjacent the gas outlet edge of the
      upper contact body towards the gas inlet edge thereof and into the liquid
      inlet edge of the lower contact body; said liquid distribution strip being
      adjustably mounted in said space between said contact bodies to permit
      adjustment of the amount of penetration of said strip between said bodies
      inwardly of said gas outlet edges.
NUM  11.
PAR  11. The gas and liquid contact apparatus as defined in claim 10 wherein
      said distribution strip includes an extension located outside of said
      bodies adjacent the gas outlet edges to collect droplets of liquid blown
      out of the upper contact body by the gas and to redirect said droplets
      into the lower contact body.
NUM  12.
PAR  12. The gas and liquid contact apparatus as defined in claim 11 wherein
      said extension is bent upwardly, outside of said contact bodies, from the
      plane of the portion of the distribution strip located between the contact
      bodies.
NUM  13.
PAR  13. The gas and liquid contact apparatus as defined in claim 9 including a
      second liquid distribution strip located in said space between the opposed
      horizontal edges of the contact bodies and extending along the gas inlet
      edges thereof.
NUM  14.
PAR  14. The gas and liquid contact apparatus as defined in claim 9 wherein said
      liquid distribution strip is a flat plate and includes a vertical dam
      plate extending along the gas outlet edge of said contact bodies.
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ABST
PAL  A method of altering the physical properties of materials by applying to
      the materials in their fluid states the magneto magnetic energy of the
      north and/or south pole of a magnet. Application of the magnetic north
      pole to molten metal causes the cooled metal to exhibit a smoother, finer
      surface, a finer grain structure and increased break strength.
BSUM
PAR  The present invention relates to the application of magnetic energies and,
      more particularly, to the application of the respective energies of the
      north and south magnetic poles to alter the physical state of materials.
PAR  The common belief over the years relating to magnets has been that the two
      magnetic poles, north and south, are homogenous and that they emanate the
      same potential type of energy. This belief has now been found to be a
      misconception -- the two poles of a magnet are in fact totally different
      in electrical potential and effect -- and the application of the
      respective poles to materials has been found to produce quite different
      results.
PAR  The north pole (which is defined as the south-seeking pole) is now believed
      to provide a negative form of energy while the south pole (which is
      defined as the north-seeking pole) is believed to provide a positive form
      of energy. To support this discovery, it has been found upon examination
      of the electron paths associated with the fields surrounding the
      respective poles (see FIG. 1) that the south pole end of a magnet provides
      a right hand spin of electrons, i.e., a clockwise rotation of electron
      movement, as contrasted with the north pole electron spin, which presents
      a left hand spin or counter-clockwise rotation of its electron field. It
      has further been observed that the lines of magnetic energy leave the
      south pole to re-enter the magnet at the Block wall where a 180.degree.
      phase change takes place, then leave the Block wall to become the north
      pole energy and re-enter the magnet at its north pole.
PAR  In the context of the present invention, these newly appreciated properties
      of the magnetic poles are applied in a process such that when the north
      pole magneto magnetic energies, i.e. magnetic energy derived from a magnet
      as opposed to some other source, are directed to, at or through fluid-type
      materials, such as molten metals, the molecules of the fluid are brought
      closer together and certain physical properties of the material are
      altered. For example, when the molecules of molten metal are brought
      closer together the result is a finer grained, more compressed, smoother
      surfaced metal is produced. On the other hand, south pole energy is an
      expanding type of energy causing the molecules of a molten metal to move
      further apart with the result that the metal becomes rougher in texture
      and more porous in nature. These differences in physical effect upon
      fluid-type materials caused by the respective magnetic pole energies can
      be applied in a controlled and advantageous manner to achieve specific
      desirable results.
PAR  Accordingly, it is an object of the invention to provide a process for
      treating fluid-type materials to compress or expand their molecular
      structure and thereby to alter certain of their physical properties.
PAR  It is another object of this invention to provide a process for treating
      molten metal to control the texture, grain and surface condition of the
      cooled metal.
PAR  It is still another object of this invention to provide a process for
      treating magnetic materials to enhance their ability to store data,
      magnetic bits, codes, information, and the like.
PAR  It is yet another object of the invention to provide a method for treating
      fluid-type materials to change the gravity weight thereof and, by
      detection and measurement of the weight change, to analyze the elemental
      make-up of the material.
DRWD
PAR  Other objects and advantages will become apparent from the following
      description and appended claims taken in conjunction with the accompanying
      drawings.
PAR  FIG. 1 is a schematic representation of the electron paths around the north
      and south poles of a bar magnet.
PAR  FIG. 2 is a plan view of a semi-flat wound coil useful as the magnetic
      energy source in the present invention.
PAR  FIG. 3 schematically illustrates an exemplary means for exposing fluid-type
      materials to the energies of the respective magnetic poles.
PAR  FIG. 4 is a plan view of an alternative arrangement of magnetic energy
      sources about a fluid-type material container.
PAR  FIG. 5 is a plan view, in schematic form, of an exemplary means for
      exposing molten metal to the energies of the respective magnetic poles and
      for forming the exposed metal into sheet form.
PAR  FIG. 6 is a sectional view taken substantially along line 6--6 in FIG. 5.
DETD
PAR  In its broadest aspects, the present process comtemplates passing
      fluid-type materials through the magnetic field emanating from the north
      or south poles of a magnet to alter certain of the physical properties of
      the materials. One preferred embodiment involves application of magnetic
      energies to a molten metal poured or otherwise directed through the
      magnetic field. It has been found that the products resulting from cooling
      and forming exposed molten metal have a finer, i.e., smoother, finish and
      are stronger when passed through a magnetic north pole field and are
      softer, more porous and weaker when exposed to a south pole field. In
      addition to molten metals, other fluid-type materials are encompassed by
      the present invention and include, but are not limited to, fluid-type
      non-metals employed in the forming of crystals and/or the growing of
      synthetic gem stones. Further, the invention is particularly useful with
      fluid-type magnetic materials to improve and enhance their ability to hold
      or retain information bits, i.e., to improve the magnetic storage capacity
      of such materials for use in computers and the like.
PAR  Referring to FIG. 3, there is illustrated a typical means for exposing
      fluid-type materials to the energy of a magnetic pole. For simplicity of
      description, the present process will be described in connection with
      molten metals as the fluid-type materials, although it will be appreciated
      that the same principles apply equally to other such materials. FIG. 3
      illustrates a tubular inlet 12 through which the molten metal 10 may enter
      and then flow downwardly through guide 14 into tank 16 in which the metal
      is exposed to the appropriate magnetic field, depending upon the desired
      results. As the molten metal moves through guide 14, it passes between
      cooling coils 18 surrounding the guide to initiate the cooling and
      solidification of the molten metal 10. Electromagnets 20, 22 are disposed
      on opposite sides of tank 16 with their respective north poles facing
      inwardly, i.e., adjacent tank 16. Alternatively, if it is desired to
      expose the molten metal to the magnetic south pole, then electromagnets
      20, 22 would be disposed with their respective south poles facing
      inwardly. The bottom of tank 16 is open to allow flow of the molten metal
      10 therefrom. Inasmuch as the molten meltal is exposed to the magnetic
      energy only during the time it is in tank 16, the tank outlet means (not
      shown), e.g., a valve or other flow metering device, is one convenient
      means for controlling the molten metal residence time in the tank. Molten
      metal leaving tank 16 may be suitably treated, worked or formed in
      accordance with the desired ultimate product. Electromagnets 20, 22 are
      conventionally wound with square wire 24 to allow the passage of a coolant
      through the wire to keep the magnets cool and thereby allow continuous
      operation. Wires 24 are connected to a suitable power source to excite and
      power the electromagents. Suitable insulation material, not shown, may be
      interposed between the magnets and the tank 16 to safeguard the magnets
      from the heat emanating from the tank.
PAR  It will be appreciated that the magnetic energy source need not be
      electromagnets, but may suitably comprise conventional solid state magnets
      or metal or air core flat coils, or the like. A conventional solid state
      magnet is shown in FIG. 1. FIG. 2 illustrates a semi-flat wound coil 30
      which may have a metal or air core center 32. Coil windings 34 terminate
      at appropriate power source connections 36. When a negative voltage is
      applied to the negative terminal 36, the center core section of the
      windings becomes the magnetic north pole NP of the magnet and Z indicates
      the zero point or point of no measurable amount of either north or south
      magnetic pole. A coil magnet 30 may be employed as the magnetic source in
      lieu of electromagnets 20, 22 in FIG. 3, in which case tank 16 may be at
      the core 32 of the coil. FIG. 4 illustrates still another exemplary
      magnetic field source arrangement around tank 16. In this arrangement,
      four electromagnets (or solid state magnets) 40, 42, 44, 46 are used
      instead of the two magnets 20, 22 shown in FIG. 3. Magnets 40, 42, 44, 46
      are preferably located at 90.degree.   spaced intervals around the tank 16
      with their north (or south) poles disposed inwardly adjacent the tank.
      Wires 48 lead from each of the electromagnets to suitable power sources.
      For greater magnetic field uniformity, it is desirable to use pairs of
      opposing electromagnets as shown in FIG. 4, i.e., pair 40, 44 and pair 42,
      46. This arrangement adds to the molecular compression or expansion of the
      material attainable with the present process. Thus, it can be appreciated
      that neither magnet type nor magnet configuration constitutes a
      particularly critical consideration in the present process.
PAR  On the other hand, magnetic field strength and duration of exposure to the
      magnetic field are the important parameters in achieving any particularly
      desired degree of compression or expansion. In this connection, it is
      observed that any fluid material will react to a strong enough magnetic
      field to alter its molecular structure by compression or expansion. The
      energy quantum necessary to effect the desired change in molecular
      structure will vary depending upon the material and the degree of change
      desired, as well as upon the duration of exposure to the magnetic field.
      Generally, magnetic energy strength to achieve expansion or contraction of
      fluid-type materials should be in the broad range from 1,000 gauss to 1
      megagauss and more usually, from 30,000 to 100,000 gauss. Since the energy
      actually applied varies directly with the amount of material exposed and
      the results to be achieved, the energy requirements for any particular
      application differ from the requirements for any other type of
      application, but are generally predictable once the desired results are
      known.
PAR  Like the requirement for energy, the exposure time during which the
      magnetic energy is applied varies with the amount and type of material,
      the energy of the magnetic field and the results sought to be achieved.
      Thus, the time can vary from as little as 1/10 second per cubic yard of
      metal sheet to hours in the application of magnetic energy to aid in
      crystal growth. Exposure time varies directly with the intensity of the
      result to be achieved and inversely with the energy of the magnetic field.
      As guideposts for the application of magnetic pole energies, it has been
      observed that with a given quantity of a known material, the same magnetic
      effect can be achieved with twice the magnetic field strength for half the
      time as with half the magnetic energy for twice the time. In other words,
      the exposure time-magnetic energy relationship is inverse and predictable.
PAR  The compressive effect of the north pole upon the molecular structure of
      neutral, non-ferrous, non-magnetic molten metals has been observed to
      cause finer grains, smoother surface and improved metal strength in the
      finished metal product. Without wishing to be bound to any particular
      theory, it is believed that in molten metals, as in other fluid-type
      materials, the atoms of the molecules are in a state of relative
      excitement--moving about at relatively high speeds due to the elevated
      temperatures. The negative north pole acts to polarize these atoms within
      certain of the electron shells of the excited atoms. The left hand vortex
      spin of the north pole magnetic energy, counter-clockwise in direction,
      effects a tightening of the bonding of the atoms within the molecular
      structure. Upon cooling or hardening, the magnetic pole effects of
      compression (north pole) or expansion (south pole) which were induced in
      the material when in the fluid or excited state are fixed. The faster the
      cooling or hardening takes place, the more pronounced are the induced
      magnetic effects and, in the case of the north pole energies, the closer
      bound are the atoms and the harder and smoother is the resulting metal.
      However, too rapid cooling is detrimental to the physical properties of
      the resulting metal, e.g., brittleness is increased, and, therefore, the
      cooling rate must be carefully selected with both the induced magnetic
      effects and the physical metallurgical properties of the cooled metal
      taken into account. Thus, by carefully controlling the cooling rate, the
      physical effects resulting from exposure to magnetic pole energies can be
      tailored. For maximum control of induced magnetic effects plus resulting
      metallurgical properties, it is preferred to continue the exposure of the
      metal to the magnetic field during cooling.
PAR  South magnetic pole effects can be explained on the same fundamental basis.
      When the south pole right hand vortex spin, clockwise in direction, is
      applied to a fluid-type material, the induced effect is expansion rather
      than compression, thus loosening the bonding of the atoms within the
      molecular structure. Upon cooling or hardening, the south pole effects
      become fixed with the observable result, e.g., with molten metals, that
      the resulting metal product is softer or weaker in strength with a
      grainier and more porous texture.
PAR  FIGS. 5 and 6 show still another embodiment of the present invention
      wherein the molten metal can be exposed to the appropriate magnetic pole
      energy during cooling and forming. Molten metal 50 in molten metal tank 52
      is metered through the outlet 54 of the tank to the processing or forming
      means 56, such as a series of roller pairs 58, 60 and 62, 64. As the
      molten metal initially passes from outlet 54, it is caused to pass through
      shaping rolls 66, 68 to laterally constrain the sheet 70 which is formed.
      Thereafter, in conventional manner, the metal passes sequentially between
      roller pairs 58, 60 and 62, 64 whereby the final dimensions of sheet 70
      can be established. It will, of course, be appreciated that the roller
      mill is conventional in all respects and can comprise any number of roller
      pairs necessary to appropriately size sheet 70. As the molten metal 50 is
      rolled and simultaneously cools, it passes between magnet pairs which are
      in vertical and horizontal registry, with one member of each pair above
      the sheet 70 and the other member of each pair below the sheet 70. In
      transverse extent, each of the magnets should be at least as wide as the
      sheet 70 to avoid edge effects. The magnets may be electromagnets, solid
      state magnets, coiltype magnets or any other suitable type, as hereinfore
      described. Depending upon whether it is desired to compress or expand the
      atomic particles of the metal, the magnets will have their north
      (compress) or south (expand) poles adjacent the sheet. Magnet pairs 71, 72
      and 74, 76 and 78, 80 shown in FIG. 5 are electromagnets having lead wires
      82 connected to a suitable power source to excite the magnets. The number
      of magnet pairs used, their spacing along the roller mill and the strength
      of the magnetic fields are selected according to the degree of compression
      or expansion desired. Where the magnets have their respective north poles
      adjacent to and facing sheet 70, there is a tightening or compressing
      action forcing the atomic particles of the metal closer together. On the
      other hand, when the magnets have their respective south poles adjacent to
      and facing sheet 70, there is a widening or broadening of the bonding of
      the atomic particles of the metal. In a third alternative, the magnets may
      be so disposed that in each magnet pair, one magnet has its north pole
      adjacent one side of the sheet 70 while the other magnet has its south
      pole adjacent the other side of the sheet 70. In this case, the metal
      atoms on one side of the sheet will undergo compression while the atoms on
      the other side of the sheet will undergo expansion. It will be appreciated
      that in the practice of the present process, the molten metal may be any
      metal at all, but is preferably a non-ferrous, non-magnetic metal. If
      metal 50 is magnetic, location of the magnets 71, 72, 74, 76, 78, 80
      creates a substantial problem. Specifically, the magnets must be located
      close enough to sheet 70 to provide the desired magnetic field strength
      yet sufficiently distant that they do not, by attraction, deform the sheet
      70 or otherwise adversely affect its smooth passage through the roller
      mill.
PAR  The following Examples are illustrative of the practice of the present
      invention.
PAC  EXAMPLE I
PAR  A number of medium grade aluminum rod and sheet samples, each weighing
      about 1/2 pound, were placed individually into a furnace at 1400.degree.F
      to convert the solid aluminum to molten form. The molten aluminum samples
      were poured into clay retorts. Three of the retorts were selected and
      identified as Nos. 1, 2 and 3, respectively. Retort No. 1 was separated
      from the other two and used as a control. Each of the retorts contained an
      aluminum sample measuring 21/2 inches square, 1/2 inch deep and weighing
      about 23/4 ounces.
PAR  The sample in retort No. 2 was placed in the field of the magnetic north
      pole having a gauss strength of 4000 gauss for 60 minutes by lowering the
      north pole end of the magnet until it was within 1/16 inch of the molten
      aluminum. Following exposure, the sample was permitted to air cool at a
      room temperature of 79.degree.F. In the same manner, the sample in retort
      No. 3 was exposed to the 4000 gauss south pole of the magnet for 60
      minutes after which the sample was allowed to air cool at 79.degree.F. The
      control sample in retort No. 1 was not exposed to any magnetic field. It
      also was air cooled at 79.degree.F.
PAR  The surfaces of each of the samples were visually inspected following
      cooling. The control sample had the characteristic aluminum oxide scale
      formed over its surface. The north pole exposed sample from retort No. 2
      was smooth and showed no indication of any scale on its surface. The south
      pole exposed sample from retort No. 3 was porous by microscopic comparison
      with the north pole exposed sample.
PAR  Each of the samples was broken roughly into halves by placing the lower
      half of the sample in a vise and then, using a flat hydraulic pressure
      pump, applying pressure to a contact metal plate placed against the upper
      half of the sample. The pressure necessary to break each sample was
      measured and noted and is set forth below:
     Sample             Pressure (psi)                                         
     ______________________________________                                    
     Retort No. 1 (Control)                                                    
                        45                                                     
     Retort No. 2 (North Pole)                                                 
                        60                                                     
     Retort No. 3 (South Pole)                                                 
                        30                                                     
     ______________________________________                                    
PAL  This break strength test was repeated 10 times on other sets of three
      samples each prepared in the same manner as described herein. While the
      breaking pressure varied from test to test, the variation was never more
      than 20% from the values herein presented. Moreover, in every test, the
      pressure necessary to break the north pole exposed sample always exceeded
      the break pressure for the control sample which, in turn, always exceeded
      the break pressure for the south pole exposed sample.
PAR  The broken ends of each of the samples were examined at 50X under a
      microscope to observe the grain structure. It was consistently noted that
      the north pole exposed samples had the finest (smallest) grains, that the
      south pole exposed samples had the coarsest (largest) grains, and that the
      grain size of the control sample was intermediate the fine and coarse
      grains.
PAC  EXAMPLE II
PAR  The tests of Example I were repeated except that each test used only two
      samples, a control sample and a magnetic field exposed sample. The latter
      was prepared by employing two 4000 gauss magnets. The north pole of one
      magnet was located immediately below and adjacent the sample as it cooled
      while the south pole of the other magnet was disposed immediately above
      and adjacent the sample. Exposure was continued for 60 minutes. When the
      sample finally cooled to about 80.degree.F, it was observed that there was
      no scale on its surfaces. Upon breaking the control and exposed samples
      and examining the broken ends at 50X magnification, it was noted that the
      grain size of the north pole side of the sample was relatively fine and
      that the grain size gradually increased through the 1/2 inch thickness of
      the sample. The coarsest grains were on the south pole side of the sample.
      As with Example I, breaking pressure was measured. The break strength of
      the exposed sample was about 35 psi on an average (based on 70 tests),
      consistently less than the control sample but about  12-15% greater than
      the breaking pressure for a south pole exposed sample.
PAC  EXAMPLE III
PAR  Example I was repeated except that the samples were placed between rollers
      and rolled during cooling. After cooling and breaking, it was difficult to
      examine the grain size due to grain compression caused by the rolling.
      However, upon using 100X magnification, it was apparent that the grain
      size differences noted in EXample I remained unchanged, i.e., north pole
      exposed grains were the finest while south pole exposed grains were the
      coarsest.
PAR  The application of north and/or south pole magnetic energies to fluid-type
      materials has other unique effects. For example, the application of north
      pole magnetic energy will increase the physical weight of a fluidtype
      material, whereas application of south pole magnetic energy will decrease
      the physical weight of the exposed material. SIgnificantly, the weight
      change caused by the magnetic field is different for each element, thus
      permitting qualitative identification of the components of the fluid-type
      material by careful measurements of the weight change.
PAR  For example, if a test tube or other container is three-quarters filled
      with a fluid-type material and suspended on a line of thread or wire and
      one end of the thread or wire attached to a sensitive scale, the weight
      change due to the magnetic field exposure can be noted and measured.
      Initially, the weight of the suspended test tube with its fluid-type
      material content is measured by the scale in still air. Thereafter, one or
      more magnets of known gauss strength are brought closely adjacent the tube
      with the north or south pole immediately adjacent the tube. After a period
      of time, the change in physical weight becomes apparent from and is
      registered on the scale. North pole exposure increases the physical
      weight, whereas south pole exposure decreases the physical weight of the
      fluid-type material.
PAR  It is believed that the weight change is a result of the compressing or
      expanding action of the north or south poles on the atoms of the elements
      in the tube. As the magnetic pole is brought adjacent the tube, the
      magnetic field polarizes the tube contents by aligning the atoms and the
      molecules and expands or contracts the atoms in their shells. This
      polarization alters the gravity weight of the atoms while in the magnetic
      field. The weight change may last for only a few seconds, as in the case
      of a liquid such as water, or for a matter of days. For example, a sample
      of aluminum film 1mm thick by 8mm wide was exposed to the north pole of a
      magnet having a strength of 40,000 gauss for 5 minutes. The activity of
      the atoms of the aluminum was substantially increased resulting in a
      measurable weight increase of 0.05%. At the same time, a like sample of
      aluminum film was exposed to the south pole of a magnet having a strength
      of 40,000 gauss for 5 minutes. A measurable weight loss of 0.04% was
      observed.
PAR  Still another effect of applying magnetic fields to fluid-type materials is
      noted in connection with the treatment of chemically grown crystals, flame
      grown crystals (e.g. the ruby rod), RF induced heat grown crystals (e.g.
      lasers), synthetic gems, diamonds, crystals grown for computer memory
      banks and the like. when these materials are exposed to the north or south
      pole magnetic energies, as described herein, their atoms are compressed or
      expanded in a manner similar to that noted in connection with molten
      metals. To prepare crystals exposed to the north or south pole of a
      magnetic field, raw material powders may be introduced into an appropriate
      furnace wherein heat from an RF induction coil causes the powders to
      liquefy and to fall to the bottom of the furnace. In this manner, there is
      a continuing build-up or growth of the crystal in the furnace. An
      appropriate magnetic field, such as that described in connection with
      FIGS. 3 and 4, surrounds the furnace and imparts magnetic energy to the
      atoms of the crystal to induce compression or expansion, as hereinbefore
      described. One incident of such exposure is that the optic qualities of
      crystals prepared in this manner can be altered and the ability of
      magnetic materials to store information bits can be increased.
PAR  While the present invention has been described with reference to particular
      embodiments thereof, it will be understood that numerous modifications can
      be made by those skilled in the art, without actually departing from the
      scope of the invention. Accordingly, all modifications and equivalents may
      be resorted to, which fall within the scope of the invention as claimed.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A method for altering the physical properties of a material capable of
      assuming a molten, fluid state comprising the steps of:
PA1  heating said material to the molten state,
PA1  applying to said molten material magnetic energy in the range 1,000 to
      1,000,000 gauss from only one magnetic pole for a time sufficient to
      achieve the desired alteration in properties and
PA1  cooling said molten material to a solid state, said magnetic energy being
      applied prior to the passage of said material into its solid state form.
NUM  2.
PAR  2. The method defined in claim 1 wherein said one magnetic pole is the
      north magnetic pole.
NUM  3.
PAR  3. The method defined in claim 2 wherein said material is metal and
      following the passage of it into its solid state said metal exhibits an
      improved break strength and relatively finer grain structure.
NUM  4.
PAR  4. The method defined in claim 1 wherein said one magnetic pole is the
      south magnetic pole.
NUM  5.
PAR  5. The method defined in claim 4 wherein said material is metal and
      following passage of it into its solid state it exhibits decreased break
      strength and a relatively coarser grain structure.
NUM  6.
PAR  6. The method defined in claim 1 comprising the additional step of:
PA1  mechanically working said material subsequent to said heating step to form
      said material into a predetermined shape.
NUM  7.
PAR  7. The method defined in claim 1 wherein said applying step occurs prior to
      said cooling step.
NUM  8.
PAR  8. The method defined in claim 1 wherein said applying step occurs during
      said cooling step.
NUM  9.
PAR  9. The method defined in claim 1 wherein said material is selected from the
      group consisting of metals, non-metallic crystals and magnetic materials.
NUM  10.
PAR  10. The method defined in claim 1 wherein said material is aluminum and
      wherein said applying step comprises applying a magnetic energy of 4,000
      gauss for a period of 60 minutes.
NUM  11.
PAR  11. The method defined in claim 1 wherein said material is a magnetic
      material capable of assuming a magnetic state corresponding to the value
      of an electrical signal applied thereto, said properties being altered
      including enhancement of the capability of said magnetic material to store
      the values of electrical signals, such as data bits and the like, applied
      thereto.
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PAL  In the production of aluminum oxide fibers comprising dry spinning an
      aluminum-containing solution to produce fiber and thereafter heat treating
      the fiber, the improvement which comprises applying to the fiber prior to
      heat treatment a solution of polyvinyl acetate in a solvent which is inert
      to the fiber. Advantageously the polyvinyl acetate is present in its
      solution in a concentration of about 0.1 to 10% by weight and is applied
      to the fiber in about 0.1 to 3 % by weight. The spinning solution may also
      contain SiO.sub.2 and polyethylene oxide, and the polyvinyl acetate
      solution may also contain di-n-butyl phthalate as a plasticizer for the
      polyvinyl acetate. The fiber bundles are characterized by increased
      strength and resistance to breaking during further processing.
BSUM
PAR  The present invention relates to treating aluminum-containing fibers prior
      to heat treatment in a manner which will increase the strength of the
      aluminum oxide fibers resulting from the heat treatment.
PAR  Processes have been disclosed for the production of inorganic fibers by
      spinning spinnable salt solutions or sol solutions by a dry spinning
      process to give salt fibers or gel fibers and subsequently converting
      these fibers by means of a heat treatment at an elevated temperature into
      the desired inorganic fibers. Such processes are described, for example,
      in German Auslegeschrift (German published specification) No. 1,249,832,
      German Offenlegungsschrift (German published specification) No. 1,494,552
      or German Offenlegungsschrift (German published specification) No.
      2,054,573.
PAR  It has heretofore been found that aluminum oxide fibers containing a
      proportion of SiO.sub.2, a minor amount of carbon and optionally small
      amounts of modifying additives can be obtained by rendering the solution
      of an aluminum salt of a monobasic lower carboxylic acid and of a
      hydrolyzed silicic acid ester spinnable by adding a small amount of
      polyethylene oxide of high degree of polymerization, spinning the
      solution, preferably by a dry spinning process, such as is also customary
      for the preparation of organic synthetic fibers, to give fibers, and
      subsequently subjecting the fibers to a heat treatment at up to maximally
      1,800.degree.C. This gives fibers of which the mechanical properties
      depend on the nature of the heat treatment:
PAR  1. Aluminum oxide fibers which are amorphous according to X-rays; they are
      formed by a heat treatment between about 400.degree.C and about
      950.degree.C. Typical values of their tensile strength are between 80 and
      180 kp/mm.sup.2 and of their E-modulus are between 9,000 and 14,000
      kp/mm.sup.2.
PAR  2. Polycrystalline .gamma.-Al.sub.2 O.sub.3 fibers; they result from a heat
      treatment at between about 950.degree.C and 1,150.degree.C. Their
      SiO.sub.2 content is not detectable in the X-ray diagram. Typical values
      of their tensile strength lie between 100 and 270 kp/mm.sup.2 and typical
      values of their E-modulus between 20,000 and 24,000 kp/mm.sup.2.
PAR  3. Polycrystalline .gamma.-Al.sub.2 O.sub.3 /mullite fibers; they are
      produced by a heat treatment at between about 1,200 and 1,400.degree.C.
      Their strengths correspond to those of .gamma.-Al.sub.2 O.sub.3 fibers;
      their E-moduli are between 21,000 and 26,000 kp/mm.sup.2. The X-ray
      diagram suggests the presence of .delta.-Al.sub.2 O.sub.3.
PAR  4. Polycrystalline .alpha.-Al.sub.2 O.sub.3 /mullite fibers; they are
      produced by brief rapid heating of the other types to above about
      1,400.degree.C. The tensile strength and E-modulus are between 80 and 170,
      and 23,000 and 32,000, kp/mm.sup.2, respectively.
PAR  The mechanical properties were determined with the aid of the "Tecam
      microtensile testing machine" of Messrs. Techne, Duxford, Cambridge
      (England), it being possible, in accordance with the construction of this
      apparatus, to use gauge lengths of 1 to 5 mm.
PAR  Because of their high strength and their high E-modulus the fibers are
      suitable for the production of high strength and stiff fiber reinforced
      composite materials. For this purpose the fibers can be used as continuous
      fibers, long staple fibers (a few cm - m) or short fibers (up to a few
      mm).
PAR  As compared to their tensile strength at 1 mm, their strength decreases by
      about 35 to 50% for 25 mm gauge length and by about 50 to 60% for 50 mm
      gauge length. On the other hand, the E-modulus of the fibers is
      independent of the length tested.
PAR  The phenomenon that the tensile strength of fibers depends on the length
      tested is generally known and can be explained by the fact that the fibers
      contain statistically distributed faults which reduce the strength. If the
      number of faults is large, the tensile strength will decrease more with
      the length tested than if the number of faults is small. One of the tasks
      in developing inorganic fibers is to produce fibers of as high a tensile
      strength as possible.
PAR  A further task has to be solved in carrying out the spinning process on an
      industrial scale. As a rule, the individual fibers issuing from the
      spinning column are grouped together by means of a thread guide to form a
      spun thread. They can then be wound up directly on a bobbin, in a defined
      form, by means of a variable drive, or be drawn off by a feed unit and
      passed on to a desired point. Here, the spun threads can be grouped
      together with other spun threads from other spinning columns to form gel
      fiber bundles and be fed, for example, to a cutting device. Another
      possibility is to wind up the gel fiber bundles on large stock bobbins or
      to lay them down in an orderly manner in intermediate containers, from
      which the fibres are subsequently passed to the heat treatment. For all
      these manipulations it is necessary -- as has already been known for a
      long time from the technology of synthetic fibers -- to provide the fibers
      with a coating of size in order to protect them mechanically. Only this
      makes possible the troubled-free re-winding of spun fibers. Without the
      friction-reducing size, the individual fibers would rub against one
      another, which leads to breakage of the salt fibers or gel fibers or
      produces faults on the surface of the fibers which manifest themselves as
      weak points in the finished filament.
PAR  A requirement which a sizing substance must meet is that it should not
      exert any undesired effects on the fibers during the heat treatment
      required for conversion into the inorganic fiber. In particular, there
      must be no adverse effect on the mechanical properties of the fibers and
      the fibers must not be stuck together by residues formed from the sizing
      substances during the heat treatment.
PAR  It is accordingly an object of the invention to provide a size for
      aluminum-containing fibers which will improve the strength of the aluminum
      oxide fibers ultimately obtained without undesired effects thereon.
PAR  These and other objects and advantages are realized in accordance with the
      present invention which relates to a process involving dry spinning an
      aluminum-containing solution to produce fiber, followed by heat treatment
      to form a strong aluminum oxide fiber. In accordance with the invention,
      prior to heat treatment there is applied to the fiber a solution of
      polyvinyl acetate in a solvent which is inert to the fiber.
PAR  The term "aluminum-containing solution" as employed herein has reference
      either to a true solution of a salt or a sol which produces gel fibers.
      The solution may contain other metals or metalloid ions which will not be
      volatilized during heat treatment in amounts up to the weight of aluminum
      and preferably only up to about 50% or more preferably 25% the weight of
      the aluminum, e.g., silicon, magnesium, lithium, boron, phosphorous, and
      the like. Similarly, carbon may be present in combined form and, if the
      heat treatment is effected under non-oxidizing conditions, carbon may be
      in the product in elemental form or as a metal carbide in up to about 10%
      by weight.
PAR  The invention is described below in relation to experiments which were
      carried out in the production of .gamma.-Al.sub.2 O.sub.3 fibers
      containing about 10% of SiO.sub.2 and about 2% of carbon, both in a form
      amorphous to X-rays. The process can be applied in the same manner also to
      other fibers based predominantly on aluminum oxide. Processes for the
      production of such fibres have been described, for example, in U.S. Pat.
      Nos. 3,311,689, 3,322,865 and 3,503,765 and in German
      Offenlegungsschriften (German Published Specifications) Nos. 1,964,914,
      2,037,963, 2,130,315 and 2,054,573.
PAR  To produce the fibres, 3.7 kg of aluminum granules (99.7% Al, about 2,000
      ppm of Fe), 80 g of HgCl.sub.2, 92 kg of H.sub.2 O and 12.6 kg of HCOOH
      are reacted, while stirring, in a V4A container of 200 l capacity, the
      temperature being kept at 70.degree. to 80.degree.C. After filtration,
      about 105 kg of aluminum diformate solution containing 6.8% of Al.sub.2
      O.sub.3 are obtained. Sufficient SiO.sub.2 sol -- produced by hydrolysis
      of Si(OC.sub.2 H.sub.5).sub.4 -- is added to this solution to bring the
      weight ratio of Al.sub.2 O.sub.3 : SiO.sub.2 to 9:1. This mixture is
      concentrated at 50.degree.C and 20 mm Hg to a total oxide concentration of
      14.8%. A suspension of 80 g of polyethylene oxide (degree of
      polymerization about 100,000) in 250 g of CH.sub.3 OH is added to 9.67 kg
      of this solution, while stirring. The viscosity of the spinning solution
      is about 165 centipoise at 25.degree.C. It is degassed and subsequently
      stored under nitrogen.
PAR  450 g/hour of the spinning solution, which is at 25.degree., are fed by
      means of a spinning pump through an annular spinneret with 100 orifices of
      200 .mu.m diameter, into a spinning column. To dry the fibers, the 300 mm
      wide and 6 m long spinning column is heated to 80.degree. - 160.degree.C
      and in addition air preheated to 80.degree.C is passed in co-current over
      the fibers. The draw-off speed is usually 100 m/minute. After the heat
      treatment, the Al.sub.2 O.sub.3 fibers have a diameter of 9 .mu..
PAR  The size is applied at the end of the column by means of a roller which
      dips into the size solution and rotates slowly, the fibers being passed in
      front of this roller.
PAR  The use of pure solvents as sizes such as, for example, 1-chlorobutane,
      petroleum ether, toluene, xylene, styrene, dimethylformamide, methyl
      glycol, dioxane, n-propanol, i-octyl alcohol, chlorobenzene and others,
      admittedly makes it possible to draw off several spun threads by means of
      the feed unit, and to transport these threads and bring them together, but
      on the other hand presents no advantage, as compared to the pure gel
      fiber, with regard to its decrease in strength at larger gauge lengths.
PAR  Testing the sizes known from textile technology in the appropriate solvents
      inert to gel fibers in each case gave poorer mechanical properties than
      without sizing. Thus, for example, various silicone oils, paraffins,
      mineral oils, butyl stearate or low molecular polyethylene glycols were
      tested without success.
PAR  It was therefore particularly surprising to find experimentally that
      solutions of polyvinyl acetate in solvents which are inert towards the
      fibers, for example from the group of the alcohols, esters, ketones,
      hydrocarbons or chlorinated hydrocarbons, are suitable for use as sizes.
      Examples of solvents which can be used are i-octyl alcohol, dioxane,
      dimethylformamide, methyl glycol, acetophenone, toluene, xylene, styrene,
      1-chlorobutane and chlorobenzene. Toluene and styrene are particularly
      preferred.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawing wherein the sole FIGURE is a plot of tensile strength against
      gauge length of the fiber test specimen.
DETD
PAR  Each fiber tested was an Al.sub.2 O.sub.3 fiber which was spun as described
      above and subsequently heated at a heating rate of 6.degree.C/minute to
      210.degree.C, at 0.8.degree.C/minute to 360.degree.C and at
      6.degree.C/minute to 1,150.degree.C. Curve (2) is for fibers produced
      without using a gel fiber size, and curve (1) for Al.sub.2 O.sub.3 fiber
      produced in the same way but with gel fiber sizing [2% of polyvinyl
      acetate in styrene]. The improvement in the tensile strength of the fiber
      sized in the gel state as compared to the unsized fiber is considerable in
      the case of large gauge lengths. The E-modulus of the Al.sub.2 O.sub.3
      fibers produced in this way is about 20,500 kp/mm.sup.2.
PAR  In testing the concentration dependence of the effect of the size, as
      little as 0.1% of polyvinyl acetate in styrene or toluene produced a
      noticeable favorable effect and fibers sized with 10% of polyvinyl acetate
      were also distinctly superior to unsized fibers. The most advantageous
      range with regard to the fiber properties, ease of handling during
      re-winding and economical use of size was approximately between 0.5 and 3%
      of polyvinyl acetate in the sizing solution. The amounts applied to the
      fibers in that case lie in the range of about 0.1 to 3% of size,
      preferably in the range of about 0.3 to 1,5% of size, relatively to the
      weight of the gel fibers.
PAR  The polyvinyl acetate used according to the invention is characterized by
      the linking of a large number of the following monomer units:
      ##EQU1##
      The degree of polymerization is in general between 200 and 5,000, which
      corresponds to molecular weights of about 17,000 to about 430,000. In
      addition to the linear linking of the monomer units, a generally small
      number of branch points can be present in the molecule. The polyvinyl
      acetate to be used according to the invention is furthermore to be
      understood to include products in which a part of the acetate groups is
      replaced by radicals of other organic acids, for example formate,
      propionate or butyrate groups, or in which vinyl acetate is copolymerized
      with other unsaturated compounds, such as, for example, with ethylene,
      acrylic acid esters or maleic acid esters. Preferably the vinyl acetate
      units are present in a major amount by weight.
PAR  With increasing concentration of size in styrene it was found that the
      cakes became progressively stiffer and that finally there was the danger
      -- very particularly if the gel fibers were dried thoroughly, say at
      60.degree.C in a drying cabinet, before their heat treatment -- that the
      fibers break when bent sharply. It was possible to counteract this to a
      certain degree by addition of plasticizers without thereby adversely
      influencing the tensile strength of the finished fibers. For this purpose,
      di-n-butyl phthalate, which can be added to the size in amounts of up to
      100% by weight or more, relative to the amount of the polyvinyl acetate,
      has proved particularly suitable.
PAR  Table I summarizes experiments with Al.sub.2 O.sub.3 fibers which have been
      produced from the spinning solution described above (by spinning in a
      laboratory spinning column with only one nozzle), the fibers produced from
      one batch of spinning solution being grouped together in each case. The
      heat treatment of the gel fibers was in each carried out in the same way:
      1 - 2 g of gel fibers were suspended from a quartz hook in a tube of 32 mm
      internal diameter and heated to 1,150.degree.C in an oven, at a heating
      rate of 6.degree.C/minute. At the same time, nitrogen flowed upwards
      through the tube. When the final temperature was reached, the tube
      containing the fibers was rapidly removed from the hot zone. Up to the
      time that the individual portions of experimental material were
      heat-treated, they were stored, after spinning, in a drying cabinet at
      60.degree.C. The tensile strength of the Al.sub.2 O.sub.3 fibers was
      measured at 25 mm gauge length. The polyvinyl acetate used for sizing had
      a molecular weight of about 37,000.
PAR  Table 2 reports on a series of experiments with Al.sub.2 O.sub.3 fibers
      which were spun as described from a 100 hole spinneret in a 6 m column.
      The cakes were stored in closed vessels until required for the heat
      treatment. For the heat treatment, 14 - 20 cm long pieces from this cake
      were either suspended from a quartz hook in a tube of 32 mm internal
      diameter or heated in a tube of 40 mm internal diameter of which the lower
      part was filled with quartz packings, the pieces resting on the packing.
      Nitrogen was passed in from below. The heating rate was 6.degree./minute
      up to 210.degree.C, 0.8.degree./minute from 210.degree. to 360.degree.C
      and 6.degree./minute from 360.degree.C to 1,150.degree.C. At
      1,150.degree.C the temperature was maintained for 1/2 hour and the fibers
      were then rapidly removed from the hot zone. To test the effectiveness of
      the sizing, the tensile strength values at 25 mm gauge length were again
      determined. As in the case of the results summarized in Table 1, the
      fibers from the 100 hole spinneret also showed the marked advance over
      fibers without a gel fiber sizing.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Results of laboratory spinning experiments.                               
     Example                                                                   
          Sizing                Size on gel fiber %                            
                                            Tensile strength                   
     __________________________________________________________________________
                                            kp/mm.sup.2                        
     1A   no sizing             0           105                                
     1B   1% polyvinyl acetate in styrene                                      
                                0,4         150                                
     1C   5% polyvinyl acetate in styrene                                      
                                2,2         150                                
     2A   no sizing             0           110                                
     2B   3% polyvinyl acetate in styrene                                      
                                0,9         155                                
     2C   5% polyvinyl acetate in styrene                                      
                                2,4         177                                
     3A   no sizing             0           116                                
     3B   2.5% polyvinyl acetate                                               
          in styrene            1,3         165                                
          1.2% di-n-butyl phthalate                                            
     4A   no sizing             0           116                                
     4B   5% polyvinyl acetate                                                 
          in toluene            2,6         156                                
          2.5% di-n-butyl phthalate                                            
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Results of spinning experiments with 100 hole spinneret. Sizing with 2%   
     polyvinyl                                                                 
     acetate + 1% di-n-butyl phthalate, providing about 1% of size on the      
     weight of the                                                             
     gel fiber                                                                 
     Example                                                                   
           weight of sample, g                                                 
                       Tube .phi. mm                                           
                               Tensile strength, kp/mm.sup.2                   
                                             Notes                             
     __________________________________________________________________________
     5A    2.6         32      90            no sizing                         
     5B    45.8        40      92            no sizing                         
     5C    8.3         32      162           styrene as the solvent            
     5D    47.6        40      150           styrene as the solvent            
     5E    2.65        32      155           toluene as the solvent            
     5F    48.2        40      135           toluene as the solvent            
     __________________________________________________________________________
PAR  In addition to increasing the strength, the sizing of the gel fibers makes
      the latter outstandingly suitable for drawing-off by means of a feed unit,
      for continuous conveying over substantial distances and for re-winding,
      while uncoated gel fibers are rather unsuitable for these operations. With
      uncoated fibers, the spun threads repeatedly tear because of individual
      elementary fibers breaking.
PAR  The dry spinning process can also be carried out without a spinneret and
      column, for example by centrifuging thread-pulling salt solutions or sol
      solutions, say through orifices on the circumference of a cylinder
      rotating at high speed. The short salt fibers or gel fibers formed in this
      way are then dipped into the size solution, or sprayed therewith, before
      the heat treatment.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the production of aluminum oxide fibers comprising dry spinning an
      aluminum compound-containing solution or sol to produce fiber and
      thereafter heat treating the fiber, the improvement which comprises
      applying to the fiber prior to heat treatment a solution of polyvinyl
      acetate in a solvent which is inert to the fiber.
NUM  2.
PAR  2. The process of claim 1 wherein the polyvinyl acetate is present in its
      solution in a concentration of about 0.1 to 10% by weight and is applied
      to the fiber in about 0.1 to 3% by weight.
NUM  3.
PAR  3. The process of claim 2 where the polyvinyl acetate solvent comprises
      toluene or styrene.
NUM  4.
PAR  4. The process of claim 1 wherein the polyvinyl acetate solution also
      contains a plasticizer for the polyvinyl acetate in up to about 100% by
      weight of the polyvinyl acetate.
NUM  5.
PAR  5. The process of claim 4 wherein the plasticizer is di-n-butyl phthalate.
NUM  6.
PAR  6. The process of claim 5, wherein the solvent is toluene or styrene the
      polyvinyl acetate is present therein in a concentration of about 0.5 to 3%
      by weight and is applied to the fiber in about 0.3 to 1.5% by weight.
NUM  7.
PAR  7. The process of claim 6 wherein the spinning solution or sol further
      contains SiO.sub.2 and polyethylene oxide.
NUM  8.
PAR  8. In the processing of an aluminum oxide fiber bundle, the improvement
      which comprises employing as said bundle a material carrying thereon about
      0.1 to 3% by weight of polyvinyl acetate as a sizing agent.
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PAL  Aligned fibre mats are produced by passing a continuously accelerating or
      decelerating stream of fibre dispersion over a permeable surface and
      simultaneously withdrawing a limited proportion of the dispersion liquid
      through the permeable surface to deposit aligned fibres thereon. Mats
      having a wide variety of shapes and alignment patterns may readily be
      produced and may subsequently be impregnated with resins, metals etc. to
      form fibre-reinforced composite materials.
BSUM
PAR  The invention relates to processes for the manufacture of composite
      materials composed of a matrix containing fibres dispersed therein and is
      particularly concerned with processes for producing mats of aligned fibres
      suitable for impregnating with a matrix material to form such composites.
      The term "fibre" as used herein includes natural fibrous material such as
      asbestos, synthetic short fibres such as glass fibres, chopped carbon
      fibres and chopped polymeric fibres (eg, PTFE) and also inorganic whiskers
      (that is elongated single crystal fibres having a length to diameter ratio
      of at least 10 and generally 100 or more), for example silicon carbide or
      silicon nitride whiskers.
PAR  Alignment of fibres in a composite is often desired in order to achieve the
      maximum strength and fibre content in the finished composite. The pattern
      of fibre alignment in the mats from which the composite is formed
      determines the strength characteristics of the resulting composite, the
      composite generally being stronger along a line parallel to the major axis
      of the fibres than along a line at right angles thereto. The fibres tend
      to be brittle, and hence require careful handling if the maximum strength
      is to be achieved in the composite.
PAR  Numerous processes for forming mats of aligned fibres have been proposed,
      for example extruding fibres dispersed in an alginate matrix, chemically
      setting the matrix and then burning off the matrix to leave aligned fibres
      (U.K. Specification No. 1,128,321) or passing a dispersion of fibres
      through an aligning nozzle onto a permeable surface and rapidly removing
      the liquid carrier (U.K. Specification No. 1,249,291). Such processes may
      be employed to produce mats in the form of rods, tubes, sheets etc having
      unidirectional alignment or circular mats having circumferential
      alignment. However, for certain applications it is desirable to use mats
      having alignment patterns which may not be produced by the above processes
      either directly or by combinations of unidirectional sheets. Examples of
      such mats include circular mats having radial alignment and mats in the
      form of hollow cones having the fibres aligned along generator lines.
PAR  It has now been found that the mats of fibres having predictable alignment
      patterns may be prepared by passing a dispersion of fibres in a liquid
      medium over a permeable surface under the simultaneous influence of two
      forces, a filtration force having its major component perpendicular to the
      permeable surface to remove the liquid medium and leave a mat of fibres on
      the permeable surface, and an aligning force acting on the fibres to
      effect the desired alignment. This alignment force may be generated by any
      means known in the art including field dynamic drag forces caused by the
      acceleration of the suspension passing through a diverging section or
      gravity induced acceleration of the suspension in a vertical or near
      vertical falling film.
PAR  According to the present invention a process for the production of a mat of
      aligned fibre suitable for impregnating with a matrix to form a composite
      material comprises passing a continuously accelerating stream of a
      dispersion of fibres in a liquid medium from a dispersion supply source
      over a permeable surface thereby subjecting the fibres to a continuous
      aligning force, and simultaneously applying a pressure difference across
      the permeable surface to cause a part of the liquid medium through the
      permeable surface and leave a mat of aligned fibres on the surface. The
      terms "accelerating" and "acceleration" as used in the specification and
      claims are used in their broad scientific sense to include both positive
      acceleration and negative acceleration sometimes termed deceleration.
PAR  By causing the aligning force to act simultaneously with the filtration
      force due to the pressure difference, the orientation of the fibres is
      preserved as they flow over the permeable surface and are gradually
      deposited thereon. Thus there exists at all times a layer of the liquid
      medium above the permeable surface to give a "flooded bed" system in
      contrast to processes, such as that described in U.K. Pat. Specification
      No. 1,249,291, wherein the alignment of the fibres can be maintained only
      by rapid removal of the liquid medium as soon as the dispersion contacts
      the permeably surface. By the process of the present invention, fibres may
      be deposited simultaneously over the whole of the permeable surface,
      avoiding the need for reciprocating nozzles as used on the aforementioned
      prior art.
PAR  In order to achieve the maximum degree of alignment it is preferable that
      the rate at which liquid medium is withdrawn through the surface at any
      point should be maintained well below the rate of flow of dispersion
      across the surface at that point so that the resultant mean direction of
      flow is still substantially parallel to the surface to prevent fibres
      being embedded end-on or even passing through the permeable surface. The
      excess dispersion passing over the permeable surface may, of course, be
      re-cycled and added to the feed of fresh dispersion passing over the
      permeable surface. The rate of removal of liquid medium will also be
      limited, in the case of accelerating flow, by the need to maintain
      acceleration of the reduced volume of dispersion across the surface and
      such removal must be allowed for in the design of apparatus for achieving
      such acceleration. However, increasing the percentage of the feed
      dispersion which is recycled increases pumping costs and the degradation
      of the fibres caused by repeated passage through the pump. The rate of
      liquid medium through the permeable surface should normally be between 5
      and 30% preferably 10 to 15% of the feed rate of the dispersion.
PAR  An especially convenient means of achieving continuous acceleration of the
      dispersion across the permeable surface comprises passing the dispersion
      between the permeable surface and one or more non-permeable surfaces
      arranged so that the cross-sectional, or more precisely flow, area of the
      dispersion front decreased progressively in the direction of flow. For
      example the dispersion may be passed along the annular space between
      co-axial cones or radially from the outside to the centre of two circular
      plates, in each case one surface being permeable. Alternatively the
      dispersion may be allowed to flow as a thin film down a vertical permeable
      surface, the acceleration being caused by gravity. In each of these cases,
      the flowrate of liquid medium through the permeable surface must not be so
      great as to cause a decelerating of the dispersion in a direction parallel
      to the permeable surface.
PAR  The pressure difference across the permeable surface may be generated by
      increasing the pressure applied to the dispersion on the surface to
      greater than ambient pressure and/or decreasing the pressure on the
      opposite side of the surface to less than ambient. Increasing the pressure
      to greater than ambient may be achieved by any known means such as
      pumping, for example with a peristaltic or Mono (Trade Mark) pump, by
      feeding from a pressurized reservoir or by the hydrostatic pressure of a
      column of suspension above the permeable surface.
PAR  The fibres will normally be reinforcing fibres intended to modify the
      mechanical properties of the final composite material, but may
      alternatively or additionally be intended to modify other properties of
      the composite, for example the electrical or wear properties. Suitable
      reinforcing fibres for use in the present invention include chopped carbon
      fibres, chopped nylon fibres, asbestos fibres, glass fibres, silicon
      nitride whiskers and silicon carbide whiskers.
PAR  Better alignment of a greater weight of fibres is obtained with increase in
      the viscosity of the liquid medium. However, the liquid medium should
      preferably be water soluble to assist its removal from the finished mat.
      Suitable liquid media include glycerol, aqueous solution of glycerol and
      aqueous solutions of cellulose ethers.
PAR  Matrices with which the aligned fibre mats produced by the process of the
      invention may be impregnated include resins especially thermosetting
      resins such as phenol-formaldehyde, epoxy, polyester or silicone resins
      and metals such as aluminum and its alloys.
PAR  The permeable surface may be a rigid filter surface such as a sintered
      glass or metal plate, porous polyethylene sheet, metal gauze, or a
      flexible porous gauze, such as nylon gauze, supported by a rigid wire
      mesh. The permeable surface is preferably a gauze whose mesh size is just
      smaller than the length of the majority of the fibres so that it presents
      low impedance to the flow of liquid through it. The process of the present
      invention permits mats of various shapes and conformations to be produced
      and the permeable surface should preferably conform to the desired shape
      of the finished composite. It is, however, possible to form composites
      from mats which have been formed into the desired shape and, indeed, this
      may be necessary when a laminated structure having layers of fibres
      aligned in different directions is desired in the composite.
PAR  The process of the present invention provides convenient routes to the
      production of certain configurations of aligned fibre mats not readily
      obtainable by previously known methods. For example, circular mats having
      fibres aligned in radial directions have previously been prepared using a
      narrow nozzle reciprocating radially above a rotating circular permeable
      surface. The present invention permits such mats to be produced much more
      rapidly whilst using a greatly simplified apparatus having no moving
      parts. Similarly conical mats may be formed directly by the process of the
      present invention.
PAR  The mats of aligned fibres produced by processes in accordance with the
      present invention may be washed free of liquid medium, and then
      impregnated with the desired matrix to form a composite by conventional
      processes. For example a thermo-setting resin, about 60% by weight of the
      fibre to be impregnated, dispersed in a suitable solvent is contacted with
      the fibre mat. The mat is then dried to remove the solvent and the
      resulting "prepreg" is partially cured to a point where the resin has the
      correct viscosity in order to give the pre-preg the required handling
      characteristics. The pre-preg either alone or as part of a stack is then
      inserted in a press having plattens conforming to the desired shape of the
      composite and hot pressed to complete the curing of the resin.
DRWD
PAR  Typical examples of processes in accordance with the present invention and
      apparatus in which they may be carried out will now be described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 shows apparatus for producing mats of parallel aligned fibres
PAR  FIG. 2 shows a section along line II--II on FIG. 1
PAR  FIG. 3 shows apparatus for producing circular mats having radial alignment
      of fibres.
PAR  FIG. 4 shows apparatus similar to that shown in FIG. 3 but adapted for use
      at supra-atmospheric pressue.
PAR  FIG. 5 shows apparatus for producing circular mats having circumferential
      alignment of fibres.
PAR  FIG. 6 shows apparatus for producing conical mats having fibres aligned
      along generator lines and
PAR  FIG. 7 shows an apparatus for forming mats of parallel aligned fibres.
DETD
PAR  Referring to FIGS. 1 and 2, an apparatus for the production of a parallel
      aligned mat comprises a diffuser section 1, a converging section 2 and a
      deposition zone 3. A feed pipe 4 communicates with the diffuser section
      which is of rectangular cross-section (50mm by 450mm). A baffle 5 (width
      150mm) is positioned within the diffuser section, opposite the feed pipe 4
      and extending between the upper and lower, that is the longer, walls of
      the diffuser section. At the end of the diffuser section 1 remote from the
      feed pipe 4 is positioned a double horizontal slit arrangement 6. Beyond
      the diffuser section the side walls and upper wall of the apparatus are
      curved inwards to form the converging section 2 and then become planar
      once more to form the deposition zone 3. The lower wall is planar
      throughout and in the region of the deposition zone is partially formed by
      a permeable surface (about 160mm by 200mm) comprising a metal gauze 7
      overlaid by a nylon mesh 8. The side walls of the deposition zone are
      mutually parallel, but the upper and lower walls converge along the
      permeable surface. The end wall 9 of the deposition zone is of
      semicircular horizontal section and the lower wall carries a return pipe
      10 co-axial with the end wall. Below the permeable surface is positioned a
      funnel section 11 in the form of an inverted rectangular pyramid,
      communicating at its apex with drain tube 12.
PAR  In use, a dispersion of fibres in a liquid carrier is supplied from a
      reservoir (not shown) via the feed pipe 4 to the diffuser which provides
      substantially uniform velocity across the flow of dispersion proceeding to
      the converging section 2. Here the acceleration produced by the
      convergence causes alignment of the fibres. This alignment is preserved by
      the slight taper on the disposition section until the dispersion finally
      reaches the return pipe and is returned to the reservoir. When the flow
      pattern is well established, suction is applied via the drain tube 12 and
      funnel section 11 to the underside of the permeable surface causing part
      of the liquid carrier to be withdrawn through the drain tube 12 and hence
      aligned fibres to be deposited on the permeable surface.
PAR  Although the apparatus has been described in a horizontal configuration, it
      will be readily appreciated that, since the flow of dispersion is induced
      by pump action, the apparatus may be worked in a vertical or any other
      configuration.
PAR  Referring to FIG. 3, the apparatus consists of a funnel section 21
      surmounted by a cylindrical section 22 of diameter 220mm. Between the two
      sections is fitted a permeable surface 23 comprising a sintered metal disc
      formed from particles of 4mm nominal diameter. An annular disc 24, of
      diameter 215mm is supported above the permeable surface by a return pipe
      25 of diameter 12mm sealed to the centre hole in the disc and terminating
      at the lower surface of the disc. A vertical weir of height 40mm is
      mounted on the upper surface of the annular disc at a radius of 25mm from
      its centre. A dispersion supply pipe 27 is positioned to direct a flow of
      fibre dispersion from a dispersion reservoir via a pump (not shown) into
      the space between the weir and the return pipe. The return pipe 25 is
      connected to a further pump (not shown) which discharges into the said
      dispersion reservoir. The lower end of the funnel section 21 forms a drain
      tube 28 which is connected to a low pressure-difference, high displacement
      suction pump (not shown).
PAR  Carbon fibres of 4mm nominal length are dispered in glycerol having a
      viscosity of about 0.4N s m.sup..sup.-2 (4 poise) using a low energy
      device to minimize damage to the fibres. The dispersion is pumped from the
      dispersion reservoir (not shown) along the dispersion supply pipe 27 to
      emerge at a rate of about 75 .times. 10.sup..sup.-3 m.sup.3 s.sup..sup.-1.
      The wier 26 evens out the flow so that dispersion overflows the wier in
      all directions and flows towards the edges of the disc 24. As the
      dispersion flows outwards across the disc its velocity progressively
      decreases causing the fibres to align at right angles to the flow, that is
      circumferentially. The dispersion flows over the edge of the disc and then
      towards the overflow pipe 25 from which it is withdrawn by means of a pump
      (not shown) and returned to the dispersion reservoir. As the dispersion
      flows inwards towards the overflow pipe it is subjected to continuous
      acceleration owing to the continuously decreasing flow area and hence the
      fibres rotate until they are aligned in the direction of flow, that is
      radially.
PAR  When the dispersion flow pattern is well established the suction pump
      connected to the drain tube 28 is started to apply a suction of between 30
      and 60 kN m.sup..sup.-2 so that about 10% of the glycerol is drawn through
      the gauze and aligned carbon fibres are deposited on the gauze. As the set
      of deposited fibres becomes thicker the disc 24 is raised so that the gap
      between the mat and the disc remains constant at about 3mm.
PAR  When the mat has reached a thickness of about 2mm the supply of dispersion
      is terminated and the excess dispersion drawn off through the return tube
      25. The disc 24 and its associated components are then removed and the
      suction on the mat is retained whilst the mat is washed free of glycerol
      by a plurality of fine water jets (not shown). The mat is then carefully
      lifted off the gauze and impregnated with resin solution and dried to form
      a pre-preg which may subsequently be hot pressed along or in a stack with
      similar pre-pregs to form a composite.
PAR  FIG. 4 shows a modified form of the apparatus shown in FIG. 3 having a
      similar funnel section 31, gauze 33 and annuluar disc 34 bearing a return
      tube 35 and weir 36. However in this apparatus the upper cylindrical
      section 32 is closed at its upper end except for a dispersion supply tube
      37 concentric with the said return tube 35, which replaces the separate
      supply tube 27 of FIG. 3. Thus the apparatus forms a closed system in
      which the portion above the gauze 33 can be entirely filled with
      dispersion and subjected to a supra-atmospheric pressure. In this case,
      the weir 36 is not essential since the flow from the inlet tube 37 will be
      substantially even around the circumference of the disc. However the weir
      is preferably maintained to improve the regularity of the flow still
      further.
PAR  In using the apparatus of FIG. 4 a similar procedure to that used in the
      apparatus of FIG. 3 is employed, except that a pressure gauge is
      interposed between the dispersion supply pump and the apparatus itself and
      the dispersion is supplied at a pressure of about 60 kN m.sup..sup.-2
      (gauge) to fill the cylindrical section 32. The mat is formed more quickly
      than when using the apparatus of FIG. 3. When the mat has reached the
      desired thickness the supply of dispersion is halted and air is admitted
      to the dispersion supply tube 37 to enable the dispersion to be drawn off
      through the overflow tube 35. The disc assembly and the cylindrical
      section 32 are then both removed and the mat washed so above.
PAR  FIG. 5 shows apparatus similar to FIG. 3, but designed for the production
      of circumferentially aligned circular mats.
PAR  A sintered metal disc 41 is supported on a hollow metal cone 42 which is
      connected via a drain tube 43 to a suction pump (not shown). The hollow
      metal cone 42 is surrounded by a conical outer casing 44 which
      communicates at its base with a return pipe 45. A dispersion supply pipe
      46 is supported above the centre of the sintered metal disc 41.
PAR  A flow of dispersion is fed from a reservoir through the supply pipe onto
      the disc. It then flows radially outwards across the disc until it passes
      over the edge of the hollow cone 42 where it is collected by the outer
      casing and returned via return pipe 45 to the reservoir. The deceleration
      of the dispersion as it flows outwards across the disc causes the fibres
      to align circumferentially relative to the disc. Applying suction to the
      underside of the permeable surfacee via the drain tube 43 causes a mat of
      circumferentially aligned fibres to be deposited on the disc.
PAR  FIG. 6 shows a totally enclosed apparatus for producing conical mats. The
      outer casing comprises a lower section 51 in the form of a hollow inverted
      (apex-down) cone widening at its upper end into a cylindrical section 52.
      The inner surface of the outer casing is shaped to form a smooth
      transition from the cylindrical section 22 to the conical section 51. The
      lower end of the conical section 21 leads into a parallel sided return
      pipe 53. A permeable surface comprising a conical wire gauze 54 of 100
      mesh (BSS) having the same included angle as the conical section of the
      outer casing is fitted within and co-axial with the outer casing. A disc
      55 of plastics material is mounted in the base of the gauze cone 54 and a
      drain tube 56 mounted axially with respect to the gauze cone passes
      downwards through the disc to terminate near the apex of the gauze cone.
PAR  At the apex of the gauze cone 54 is mounted a locating needle 57 which
      passes through a locating ring 58 supported by three lugs 59 within the
      return pipe 53. A nylon mesh 60 is fitted over the gauze cone 54 and both
      are secured to the disc 55 by a metal retaining ring 61. The top of the
      cylindrical section 52 of the outer casing is closed by a lid section 62
      bearing a dispersion supply pipe 63 coaxial with the drain tube 56.
PAR  A dispersion of chopped carbon fibres in glycerol from a dispersion
      reservoir is pumped at 60kNm.sup..sup.-2 gauge into the apparatus through
      the dispersion supply pipe 63 and flows around the disc 55 and between the
      nylon mesh 60 on the gauze cone 54 and the conical section 51 of the outer
      casing. As the dispersion flows downwards the flow area available to it
      decreases causing a continuous increase in velocity until it flows out
      through the return pipe 53. When the flow is established, suction is
      applied through the drain tube 56 to draw some of the glycerol through the
      nylon mesh and wire gauze and leave a mat of fibres aligned along
      generator lines of the cone on the outer surface of the nylon mesh. As the
      thickness of the mat increases the gauze cone 54 is slowly raised to
      maintain a constant separation between the surface of the mat and the
      outer casing.
PAR  When the mat has reached the desired thickness the flow of dispersion is
      terminated and the lid 62 of the outer casing is removed. The gauze cone
      54 is then removed from the outer casing and washed with fine jets of
      water whilst continuing to apply suction to the drain tube 56. The nylon
      mesh bearing the fibre mat is then removed from the gauze cone and the
      nylon is carefully peeled off the mat which is then impregnated with resin
      and pressed between conical dies to form a composite.
PAR  It will be appreciated that although the processes described above involve
      passing the dispersion between two parallel surfaces, the surfaces need
      not necessarily be parallel and in many cases converging surfaces may be
      necessary to achieve the continuous acceleration of the dispersion.
PAR  Alternatively where the dispersion path decreases very rapidly in one
      dimension it may be desirable to pass the dispersion between surfaces
      diverging in the other dimension.
PAR  FIG. 7 shows a simple apparatus for producing mats of parallel aligned
      fibres by a process in accordance with the invention using gravity to
      produce the continuous acceleration. The apparatus comprises a horizontal
      diffuser section 71 terminating in a rounded weir 72 and a vertical
      surface 73 extending downwards from the said weir. The vertical surface
      has a rectangular hole cut out of it into which is inserted a permeable
      surface comprising a nylon mesh 74, supported by a wire gauze 75, and
      flush with the vertical surface. Behind the wire gauze is a suction
      chamber 76 formed by a dished rectangular casing 77 secured to the
      vertical surface by countersunk screws 78. A rubber gasket 79 is fitted
      between the casing and the wire gauze to ensure an airtight seal. A drain
      tube 80 connects the suction chamber 76 with a high displacement
      low-pressure difference suction pump (not shown).
PAR  A dispersion of chopped carbon fibres in glycerol is pumped from a
      dispersion reservoir through a dispersion supply pipe 81 to the diffuser
      section 71. The diffuser section evens out the flow pattern of the
      dispersion so that dispersion arrives at each point on the weir at
      approximately the same velocity. As the dispersion flows over the weir it
      begins to accelerate under the influence of gravity and the fibres align
      in the direction of flow, that is vertically. The dispersion flows down
      the vertical surface as a falling film maintaining the vertical alignment,
      and into a collecting trough 82 and thence via an overflow pipe 83 back to
      the dispersion reservoir.
PAR  When the flow pattern is established suction is applied by means of the
      suction pump (not shown) to the suction chamber 76. This causes some of
      the glycerol to pass through the nylon mesh and wire gauze and leave
      aligned fibres on the nylon mesh. As the mat of aligned fibres builds up
      it will tend to alter the flow pattern of the dispersion and hence only
      thin mats may be made on the apparatus described. If thicker mats are
      required it is necessary to arrange for the permeable surface to be
      gradually withdrawn so that the surface of the mat remains flush with the
      vertical surface.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a mat of aligned fibres, suitable for
      impregnating with a matrix to form a composite material, comprising (1)
      passing a continuous stream of a dispersion of fibres in a liquid medium
      from a dispersion supply source to and over the whole of a permeable
      surface, subjecting the stream of dispersion to continuous acceleration
      relative to the permeable surface as it progresses across the permeable
      surface, thereby generating a continuous stable aligning force to produce
      and maintain a uniform pattern of alignment of the fibres in the
      dispersion, and simultaneously (2) applying a pressure difference across
      the permeable surface to cause part of the liquid medium to pass through
      the permeable surface and leave a mat of aligned fibres on the said
      surface, the rate at which liquid medium is withdrawn through the surface
      at any point being maintainend well below the rate of flow of the
      dispersion across the surface at that point to maintain an accelerating
      layer of disposition above the surface and minimize end-on deposition of
      fibers.
NUM  2.
PAR  2. A process according to claim 1 wherein the rate of removal of liquid
      through the permeable surface is between 5 and 30% of the rate of supply
      of dispersion to the permeable surface.
NUM  3.
PAR  3. A process according to claim 2 wherein the said rate of removal of
      liquid is between 10 and 15% of the rate of supply of dispersion.
NUM  4.
PAR  4. A process according to claim 1 wherein the said continuous aligning
      force is produced by positive acceleration of the dispersion of fibres as
      it progresses across the permeable surface.
NUM  5.
PAR  5. A process according to claim 4 wherein the said acceleration is produced
      by passing the dispersion between the permeable surface and one or more
      non-parallel surfaces arranged so that the flow area decreases
      progressively in the direction of flow.
NUM  6.
PAR  6. A process according to claim 4 wherein the said acceleration is produced
      by gravity.
NUM  7.
PAR  7. A process according to claim 1 wherein the liquid medium is water
      soluble.
NUM  8.
PAR  8. A process according to claim 7 wherein the liquid medium is selected
      from the group consisting of glycerol, aqueous solutions of glycerol and
      aqueous solutions of cellulose ethers.
NUM  9.
PAR  9. A process according to claim 1 wherein the permeable surface is a rigid
      filter surface selected from the group consisting of sintered glass
      plates, sintered metal plates, porous polyethlene sheet and metal gauze.
NUM  10.
PAR  10. A process according to claim 1 wherein the permeable surface is a
      flexible porous gauze supported by a rigid wire mesh.
NUM  11.
PAR  11. A process according to claim 1 wherein the fibres are selected from the
      group consisting of chopped carbon fibres, chopped nylon fibres, asbestos
      fibres, glass fibres, silicon nitride whiskers and silicon carbide
      whiskers.
NUM  12.
PAR  12. A process according to claim 1 and in which the aligned fibre mat is
      subsequently impregnated with a solution of a thermo-setting resin in a
      suitable solvent, dried to remove the solvent and heated to partially cure
      the resin.
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PAL  A process for producing a film or sheet of a tapered styrenebutadiene
      copolymer or mixture thereof, which comprises:
PAL  Melt extruding and then biaxially stretching a tapered styrenebutadiene
      copolymer with a molecular weight of 40,000 - 250,000, a total styrene
      content of 50 - 90 wt. %, and a total butadiene content of 40 - 10 wt. %,
      wherein said tapered styrene-butadiene copolymer contains: (a) more than
      5% of the chain portion having a tapering rate of 0.3 - 4 and a styrene
      content of 30 - 70 wt. %, (b) more than 35% of the chain portion with a
      styrene content of more than 80 wt. %, and (c) more than 10% of the chain
      portion with a styrene content from at least 5 wt. % to less than 50 wt. %
      between high styrene content chain portions which have a styrene content
      greater than 80 wt. %.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      294,832, filed Oct. 4, 1972, now U.S. Pat. No. 3,853,948.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing a film of a tapered
      styrene-butadiene copolymer or mixtures thereof which have a high tear
      strength and impact strength, and do not form a white mar when the film is
      bent or torn.
PAR  2. Description of the Prior Art
PAR  Biaxially oriented polystyrene films have been known which possess a very
      low impact strength. In order to improve the impact strength of these
      films high impact polystyrene films fabricated from polystyrene and
      reinforced with elastomer particles have been prepared. However, these
      films are opaque or translucent because of the presence of the elastomer
      particles. In addition, these films form a white mar when they are bent.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a process for
      preparing a biaxially oriented film of a tapered copolymer of
      styrene-butadiene or mixtures thereof which has an excellent tear strength
      and impact strength, and which does not leave a white mar when bent or
      torn.
PAR  Briefly, this object and other objects of this invention as hereinafter
      will become more readily apparent can be achieved by a process for
      preparing a film of a tapered copolymer of styrene-butadiene or mixtures
      thereof by melt extruding and stretching biaxially a tapered
      styrene-butadiene copolymer with a molecular weight of 40,000 - 250,000, a
      total styrene content of 50 - 90 wt. %, and a total butadiene content of
      40 - 10 wt. %, wherein said tapered styrene-butadiene copolymer contains:
      (a) more than 5% of the chain portion having a tapering rate of 0.3 - 4
      and a styrene content of 30 - 70 wt. %, (b) more than 35% of the chain
      portion with a styrene content of more than 80 wt. %, and (c) more than
      10% of the chain portion with a styrene content from at least 5 wt. % to
      less than 50 wt. % between high styrene content chain portions which have
      a styrene content greater than 80 wt. %.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the chain of the tapered styrene - butadiene copolymer, the quantity of
      styrene relative to butadiene continuously changes as shown in the
      following schematic structure. The reference numerals above the letters b
      and s designate the ratio of styrene (s) to butadiene (b) (s : b) or
      butadiene (b) to styrene (s) (b : s).
      ##EQU1##
      The absence of a numeral above the letters indicate a styrene-butadiene
      ratio or a butadiene-styrene ratio of 1 : 1. The chain portion with the
      tapering styrene-butadiene content is indicated by the abbreviation:
      sb.fwdarw.sb (wherein.fwdarw.indicates the direction of increasing styrene
      monomer unit content). The chain portions consisting of 100% styrene
      monomer units and 100% butadiene monomer units are abbreviated as s -- s
      and b -- b, respectively. The chain portions containing random styrene and
      butadiene monomer units (with no tapering units) is abbreviated as sb --
      sb. Tapering styrene-butadiene copolymer chains can have the following
      structures, which are only a limited number of the types of combinations
      possible.
EQU  a. s -- s -- sb .fwdarw. sb .fwdarw. s -- s
EQU  b. s -- s -- b -- b .fwdarw. sb .fwdarw. sb .fwdarw. s -- s
EQU  c. s -- s .rarw. sb .rarw. sb .fwdarw. sb .fwdarw. s -- s
EQU  d. s -- s .rarw. sb .rarw. sb .rarw. b -- b .fwdarw. sb .fwdarw. sb
      .fwdarw. s -- s
EQU  e. sb .fwdarw. sb .fwdarw. s -- s -- sb .fwdarw. sb .fwdarw. s -- s
EQU  f. sb .rarw. sb .fwdarw. sb
EQU  g. sb .rarw. sb .rarw. b -- b .fwdarw.sb.fwdarw. sb .fwdarw.
      ##EQU2##
      The letter c represents a catalyst which forms a branch in the polymer
      chain. Preferably, a low content of 1.2 vinyl bond units is maintained in
      the butadiene units of the micro-structure of the tapered
      styrene-butadiene copolymer. It is especially preferred to maintain less
      than 30% 1.2 vinyl bond units to the total butadiene monomer unit content.
PAR  The tapered styrene-butadiene copolymer can be prepared by the living anion
      polymerization method which is disclosed in applicants' copending U.S.
      patent application Ser. No. 134,391, filed Apr. 15, 1971, now abandoned.
      The following reactions are typical methods for the preparation of the
      tapered styrene-butadiene copolymer:
EQU  a. s -- s -- sb .fwdarw. sb .fwdarw. s -- s
PAL  Styrene is polymerized in the presence of an alkyl lithium catalyst in a
      non-polar hydrocarbon solvent such as benzene, cyclohexane, n-heptane or
      toluene. A mixture of butadiene and styrene is charged, after completion
      of the styrene polymerization reaction. Butadiene can be charged before
      completion of the styrene polymerization reaction. However, the tapering
      rate and the length of the tapering portion of the polymer chain are
      difficult to control by this process. Preferably, butadiene and styrene
      are separately charged to the reactor in the presence of a randomizer such
      as tetrahydrofuran, dimethyl ether, diethyl ether, anisole or amines,
      e.g., triethyl amine in order to control the ratio of butadiene to
      styrene. This procedure results in control of the length of the tapering
      portion of the copolymer chain in the styrene-butadiene system.
EQU  b. s -- s -- b -- b .fwdarw. sb .fwdarw. sb.fwdarw. s -- s
PAL  Styrene is polymerized in the presence of an alkyl lithium catalyst in a
      non-polar solvent. Butadiene is initially charged to the reactor after the
      polymerization of styrene, followed by a second charge of butadiene and
      styrene. The tapering rate and length of the tapering portion of the
      copolymer chain can be controlled by changing the rate of addition of
      butadiene and styrene.
EQU  c. s -- s .rarw. sb .rarw. sb .fwdarw. sb .fwdarw. s -- s
PAL  Styrene and butadiene are polymerized in the presence of small amounts of a
      randomizer which is followed by the addition of styrene to the reactor.
      The copolymer may also be prepared by charging butadiene and styrene to
      the reactor in the presence of a dilithium catalyst.
EQU  d. s -- sb .rarw. sb .rarw. sb .rarw. b -- b .fwdarw. sb .fwdarw. sb
      .fwdarw. s -- s
PAL  Butadiene is polymerized, and then butadiene and styrene are charged to the
      reactor to form the tapering portion of the .rarw. sb .rarw. sb chain.
      This is followed by the addition and polymerization of styrene. The
      copolymer may also be prepared by charging butadiene and styrene to the
      reactor in the presence of a dilithium catalyst.
EQU  e. sb .fwdarw. sb .fwdarw. s -- s -- sb .fwdarw. sb .fwdarw. s -- s
PAL  Styrene and butadiene are charged twice to a reactor in the presence of a
      non-polar hydrocarbon solvent containing an alkyl lithium catalyst. A
      multi-tapered copolymer can be prepared by repeating this process.
EQU  f. sb .rarw. sb .fwdarw. sb
PAL  Styrene and butadiene are charged to a reactor in the presence of a
      non-polar hydrocarbon solvent containing a dilithium catalyst and a small
      amount of a randomizer. The formation of the copolymer is influenced by
      control of the ratio of butadiene to styrene charged to the reactor.
EQU  g. sb .rarw. sb .rarw. b -- b .fwdarw. sb .fwdarw. sb
PAL  Butadiene is polymerized in a non-polar hydrocarbon solvent containing a
      dilithium catalyst, and then styrene and butadiene are charged to a
      reactor in the presence of a small amount of a randomizer while
      controlling the ratio of styrene and butadiene charged to the reactor.
      Styrene and butadiene may also be polymerized in the presence of a
      randomizer and an alkyl lithium catalyst.
      ##EQU3##
      The sb .rarw. sb tapered copolymer is prepared by charging styrene and
      butadiene to a reactor in the presence of a non-polar hydrocarbon solvent
      containing a tri-lithium catalyst and a small amount of a randomizer.
      ##EQU4##
      The sb .rarw. sb tapered copolymer is prepared by charging styrene and
      butadiene to a reactor in the presence of a small amount of a randomizer
      containing tri-lithium catalyst.
PAR  The amount of block styrene polymer can be measured by decomposing the
      tapered copolymer in the presence of a t-butyl hydroperoxide and osmium
      tetrachloride catalyst. The amount of separated block styrene polymer is
      determined by the following equation:
      ##EQU5##
      The amount of block styrene polymer can also be measured by infrared
      spectral measurements at 540 cm.sup.-.sup.1.
PAR  The tapering rate of the polymer can be calculated by measuring the
      conversion rate and the styrene content at certain stages during the
      copolymerization reaction. The difference in the styrene content at two
      points in the chain is calculated, and the tapering rate is given by the
      following equation:
      ##EQU6##
      The structure of the tapered styrene-butadiene copolymer can be confirmed
      by the calculated tapering rate. The tapered styrene-butadiene copolymer
      should have a molecular weight of 4,000 - 250,000 (determined by
      osmometric pressure measurements) in order to have excellent tear
      strength, and impact strength characteristics, as well as the ability to
      resist formation of white mar and micro-cracks when the tapered copolymer
      is processed to form films. (Impact strength means film impact strength).
      A lower molecular weight results in a copolymer with an inferior impact
      strength. A higher molecular weight copolymer results in inferior
      processing of the copolymer, especially as it relates to the formation of
      the unblown portion in the T-die. In addition, rough surfaces and low
      transparency arise during the inflation processing of the high molecular
      weight copolymers. The total styrene content of the tapered copolymer is
      preferably in the range of 50 - 90 weight percent. A lower styrene content
      results in a rubber-like product which has no advantages over conventional
      block copolymers. A styrene content greater than 90 weight percent results
      in a copolymer with a low impact strength and a copolymer which forms
      micro-cracks when bent. Preferably, the copolymer chain contains more than
      5% of a chain portion which has a tapering rate of 0.3 - 4 and a styrene
      content of 30-70 weight percent. When the chain portion containing the
      tapering portion is lower than 5%, the impact strength is too low
      indicating that the styrene content should be decreased. The resulting
      film or sheet has a rubber-like property with rough surfaces and low
      transparency.
PAR  The tapered copolymer should contain more than 10% of the chain portion
      with a styrene content of at least 5% to less than 50 weight percent
      styrene between the two high styrene content chain portions which have a
      styrene content greater than 80 weight percent. This is referred to as the
      specific tapered structure. When a tapered styrene-butadiene copolymer
      does not possess this specific tapered structure, it has lower impact
      strength and tear strength. When the tapered styrene-butadiene copolymer
      possesses the indicated specific tapered structure, it has high impact
      strength and tear strength.
PAR  When the tapered styrene-butadiene copolymer is formed as a film less than
      2 mm thick, the film possesses remarkable characteristics such as a
      remarkable impact strength. The tapered styrene-butadiene copolymer can be
      formed without adding any plasticizer. Polystyrene may also be added to
      the tapered copolymer as it is formed into a film. The films and sheets
      prepared from the tapered styrene-butadiene has all of the characteristics
      of a styrene film with improvements in transparency and impact strength.
      In addition, the film of the composition does not form a white mar on
      bending or impact.
PAR  The process by which the films and sheets of the tapered styrene-butadiene
      copolymer or mixtures thereof of this invention are formed are not
      limited. These biaxially extending processes which can be applied include
      known processes such as the inflation method and the tenter method. The
      film extruded from the extruder in the form of a sheet or tube is
      stretched with a tenter or by blowing air. The temperature of the film
      when stretched is in the range of 60.degree.-180.degree.C, preferably
      90.degree.-130.degree.C. It is difficult to stretch the extruded film at a
      temperature less than 60.degree.C. If the film is stretched at a
      temperature greater than 180.degree.C, the stability of the stretching
      operation is inferior. When the film is stretched by the inflation method,
      the tubular film extruded is stretched 1.5 - 25 times, preferably 2 - 5
      times in the feeding or longitudinal direction and 1.5 to 8 times,
      preferably 2 - 5 times in the traversing direction of the extruded film.
      When the film is stretched by the tenter method, the sheet of film is
      stretched 1.5 - 8 times, preferably 2 - 5 times in the vertical direction
      and in the horizontal direction.
PAR  The characteristics of the films of the tapered styrene-butadiene copolymer
      or of the copolymer mixtures with polystyrene are as follows:
PA1  1. Excellent transparency and surface luster.
PA1  2. High mechanical strength, e.g., film, impact strength, tear strength and
      bending strength.
PA1  3. No white mar or cracks are formed upon bending or impact.
PA1  4. No moisture adherence and an excellent water repellency. The film does
      not change in length when subjected to a change in moisture. It is also
      dimensionally stable.
PA1  5. Suitable moisture and gas permeability.
PA1  6. No taste, no smell and no toxicity (no plasticizer is required).
PA1  7. Highly resistant to acid, alkali and aliphatic hydrocarbons, e.g.,
      gasoline.
PA1  8. Excellent electric characteristics.
PA1  9. Excellent secondary processing characteristics (vacuum forming, pressure
      forming, cold processing, bending, cutting, heat sealing, adhesion,
      metallizing).
PA1  10. The tensile and impact strength do not decrease upon secondary
      processing with heat.
PA1  11. Good printability.
PA1  12. Heat shrinkable films can be formed.
PAL  The films of this invention can be used for a variety of applications,
      especially for packaging various foods. The films of this invention can be
      laminated while retaining their excellent transparency, surface luster and
      tear strength characteristics.
DETD
PAR  Having generally described the invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting unless otherwise specified.
PAC  EXAMPLE 1
PAC  Inflation Method
PAR  The tapered styrene-butadiene copolymer shown in Table 1 was processed by
      the inflation method to form a film. In the process, the molten copolymer
      was extruded from an annular slit having a 0.5 mm gap and a 40 mm diameter
      to form a tube having a 150.mu. thickness and a 98 mm diameter. A specific
      amount of air was blown into the tube to stretch the film from the center
      of the die. The tubular film was solidified with cool air from a cooling
      ring. The ring was then taken up through the guide rollers and knip
      rollers. The thickness and width of the film were determined by the die
      pressure, extrusion rate, take-up speed and air blowing rate. Different
      thicknesses of the films were determined by calibrated positions of the
      cooling ring. The take-up speed ranged from 3 to 8 m/min and the diameter
      stretch rate was 2 - 5. Films possessing uniform thickness and high
      strength were produced by this process. The conditions for the film
      formation processes are shown in Table 1. The characteristics of the
      resulting films are shown in Table II.
TBL                                    Table I                                 
     __________________________________________________________________________
              Copolymer Type                                                   
                           (Note 1)                                            
                                 (Note 2)                                      
                           Type a                                              
                                 Type c                                        
     __________________________________________________________________________
           Total styrene Content %                                             
                           80.4  80.0                                          
           (Note 3)                                                            
           Number average molecular                                            
                           12.4  11.9                                          
     Formula                                                                   
           weight (.times. 10.sup.4)(Note 4)                                   
     of    Styrene block rate (%)                                              
                           67.0  55.5                                          
     copolymer                                                                 
           (Note 5)                                                            
           Amount of chain portion with a                                      
                           11.4  19.1                                          
           tapering rate of 0.3-4 and a                                        
           styrene content of 30-70                                            
           wt.(%)(Note 6)                                                      
           Amount of chain portion with                                        
                           70.3  64.9                                          
           more than an 80 wt. (%)                                             
           styrene content(Note 6)                                             
           Amount of chain portion with                                        
                           24.0  22.7                                          
           less than a 50 wt. (%)                                              
           styrene content(Note 6)                                             
     __________________________________________________________________________
      Note 1 s--s--sb.fwdarw.sb.fwdarw. s--s type block copolymer              
      Note 2 s--s.rarw.sb.rarw.sb.fwdarw.sb.fwdarw.s--s type block copolymer   
      Note 3 Total styrene content was measured by NMR                         
      Note 4 Number average molecular weight was measured by an osmotic pressur
      method.                                                                  
      Note 5 The amount of styrene block polymer was measured by decomposing th
      block copolymer with t-butyl hydroperoxide and osmium tetrachloride.     
      Note 6 The amount of each chain portion to the total chain was measured b
      the curve of the chain length and the styrene-butadiene ratio which is   
      calculated from the blocking rate from samples taken during the          
      polymerization.                                                          
TBL                                    Table II                                
     __________________________________________________________________________
                       Type a     Type c                                       
     __________________________________________________________________________
           Film feeding                                                        
           velocity (m/min)                                                    
                       8.0        8.0                                          
           Film                                                                
     Condition                                                                 
           temperature (.degree.C)                                             
                       130        130                                          
     of    Rate of                                                             
                Vertical                                                       
                       3.5        3.4                                          
     stretching                                                                
           stretch                                                             
                Horizontal                                                     
                       3.5        3.4                                          
     Heat treatment                                                            
     (temp. time)      60.degree.C, 15 sec.                                    
                                  60.degree.C, 15 sec.                         
     Thickness (.mu.)  Vertical                                                
                            Horizontal                                         
                                  Vertical                                     
                                       Hori-                                   
                                       zontal                                  
           (Note 7)    13         14                                           
     Tensile                                                                   
     strength (kg/cm.sup.2)                                                    
                       1.3  1.2   1.2  1.2                                     
     (Note 7)                                                                  
     Elongation (%)                                                            
     (Note 7)          40   81    43   85                                      
     Tear strength                                                             
     (kg/cm.sup.2)(Note 8)                                                     
                       4.5  3.3   4.3  3.1                                     
     Physical                                                                  
           Elemendolf tear                                                     
           (g)(Note 9) 80   150   78   140                                     
     properties                                                                
           Film impact                                                         
           strength (kg.cm)                                                    
     (Note 10)         10         9.8                                          
     Elasticity (kg/cm.sup.2)                                                  
                        5450                                                   
                             5070  5500                                        
                                        5100                                   
     White mar                                                                 
     by bending        None       None                                         
     __________________________________________________________________________
      Note 7  JIS K-6732                                                       
      Note 8  JIS P-8116                                                       
      Note 9  JIS P-8134                                                       
      Note 10 JIS K-6745                                                       
PAC  EXAMPLE 2
PAC  Biaxial stretching by the tenter method
PAR  The tapered styrene-butadiene copolymer shown in Table 1 was processed by
      the inflation method to form a film. In the process, the molten copolymer
      was extruded from an annular slit having a 90 mm diameter (L/D = 29) under
      temperature conditions of the extruder of 160.degree.-220.degree.C. The
      temperature of the die was 210.degree.C and the film was extruded at a
      rate of about 50 kg/hour to form a sheet having a thickness of 0.8 mm. The
      tapered styrene-butadiene copolymer obtained is shown in Example 1. The
      characteristics of the resulting films are shown in Table III.
TBL                                    Table III                               
     __________________________________________________________________________
             Copolymer    Type a     Type c                                    
     __________________________________________________________________________
          Film feeding                                                         
          velocity (m/min)                                                     
                          5          5                                         
     Condi-                                                                    
          Film                                                                 
     tion temperature (.degree.C)                                              
                          115        115                                       
     of                                                                        
     stretch-                                                                  
          Rate of  (Vertical .times.                                           
                          3.0 .times. 3.0                                      
                                     3.0 .times. 3.0                           
     ing  stretching   Horizontal)                                             
                          Vertical                                             
                               Horizontal                                      
                                     Vertical                                  
                                          Horizontal                           
          Thickness (.mu.)     26    24                                        
          Tensile                                                              
          strength (kg/mm.sup.2)                                               
                               2.8   2.9                                       
     Physical                                                                  
          Elongation (%)       32    30                                        
     proper-                                                                   
          Tear strength                                                        
     ties (kg/mm.sup.2)        3.6   3.5                                       
          Elemendolf tear (g)  80    78                                        
          Film impact                                                          
          strength (kg.cm)     9.4   9.1                                       
          Elasticity (kg/cm.sup.2)                                             
                               10830 10510                                     
          White mar by bending None  None                                      
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  The tapered styrene-butadiene copolymer shown in Table IV and a polystyrene
      resin composition were blended and the mixture was biaxially stretched by
      the tenter method. The conditions of the tests were the same as those of
      Example 2. The characteristics of the resulting films are shown in Table
      V.
TBL                Table IV                                                    
     ______________________________________                                    
                        (Note 1)   (Note 2)                                    
     Copolymer          Type a     Type c                                      
     ______________________________________                                    
     Total styrene content wt.(%)                                              
                        60         60                                          
     Number average molecular weight                                           
        .times. 10.sup.4                                                       
                         7.9        7.7                                        
     Styrene block rate (%)                                                    
                        51         38                                          
     Amount of chain portion with a                                            
     tapering rate of 0.3-4 and a                                              
     styrene content of 30-70 wt.(%)                                           
                        49         60                                          
     Amount of chain portion with                                              
     more than an 80 wt. (%)                                                   
     styrene content    51         45                                          
     Amount of chain portion with                                              
     less than a 50 wt. (%)                                                    
     styrene content    47         53                                          
     ______________________________________                                    
      Note 1 s-- s--sb.fwdarw.sb.fwdarw.s--s type block copolymer.             
      Note 2 s--s.rarw.sb.rarw.sb.fwdarw.sb.fwdarw.s--s type block copolymer.  
TBL                                    Table V                                 
     __________________________________________________________________________
                         Polystyrene:Type a                                    
                                    Polystyrene:Type c                         
     Formula                                                                   
            Formula of polymers                                                
                           1 : 1      1 : 1                                    
     of     Styrene content (%)                                                
                              80         80                                    
     composition                                                               
            Film feeding                                                       
     Stretching                                                                
            velocity (m/min)  4          4                                     
     Conditions                                                                
            Film                                                               
            temperature (.degree.C)                                            
                              120        120                                   
            Rate of stretch                                                    
            (Vertical .times. Horizontal)                                      
                              3.0        3.0                                   
            THickness (.mu.)  15         14                                    
     Physical                                                                  
            Elongation (%)    21         25                                    
     proper-                                                                   
            Tear strength (kg/mm.sup.2)                                        
                              4.6        4.7                                   
     ties   Elemendolf tear (g)                                                
                              24         26                                    
            Film impact strength                                               
            (kg.cm)           12         11                                    
            Elasticity (kg/cm.sup.2)                                           
                              14,100     14,500                                
            White mar bending None       None                                  
     __________________________________________________________________________
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A process for producing a film or sheet of a tapered styrene-butadiene
      copolymer which comprises:
PA1  melt extruding and then biaxially stretching at a temperature in the range
      of 60.degree. - 180.degree.C a tapered styrene-butadiene copolymer with a
      molecular weight of 40,000 - 250,000, a total styrene content of 50 - 90
      wt. %, and a total butadiene content of 40 - 10 wt. %, wherein said
      tapered styrene-butadiene copolymer contains: (a) more than 5% of a chain
      portion with a tapering rate of 0.3 - 5 and a styrene content of 30 - 70
      wt. %, (b) more than 35% of a chain portion with a styrene content of more
      than 80 wt. %, and (c) more than 10% of a chain portion with a styrene
      content from at least 5 wt. % to less than 50 wt. % between two high
      styrene content chain portions which have a styrene content greater than
      80 wt. %.
NUM  2.
PAR  2. The process of claim 1, wherein said melt-extruding and stretching is
      conducted by the inflation method whereby a bi-axial orientation is
      imparted to the tapered copolymer.
NUM  3.
PAR  3. The process of claim 2, wherein said tapered copolymer is stretched by a
      factor of 1.5 - 25 times in the longitudinal direction of the extruded
      polymer and by a factor of 1.5 - 8 times in the traversing direction of
      the extruded polymer.
NUM  4.
PAR  4. The process of claim 1, wherein said tapered styrene-butadiene copolymer
      is admixed with polystyrene together with an anti-oxidant and the mixture
      is melt-extruded and stretched by an inflation method.
NUM  5.
PAR  5. The process of claim 1, wherein said tapered styrene-butadiene copolymer
      is prepared from a living polymer prepared in the presence of a lithium
      type catalyst.
NUM  6.
PAR  6. The process of claim 1, wherein said tapered styrene-butadiene copolymer
      is prepared by polymerizing styrene and butadiene in the presence of a
      randomizer and a lithium type catalyst in a non-polar solvent.
NUM  7.
PAR  7. The process of claim 1, wherein said melt extruding and stretching is
      conducted by the tenter method to produce a biaxially oriented tapered
      copolymer.
NUM  8.
PAR  8. The process of claim 7, wherein said tapered copolymer is stretched by a
      factor of 1.5 - 8 times in the longitudinal and traversing directions of
      the extruded polymer.
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ABST
PAL  Battery separators are produced from nonwoven mats of thermoplastic fibers
      by wetting the fibers with a surfactant-water mixture to modify the
      surface properties of the fibers in the nonwoven mat, vaporizing the water
      while depositing the surfactant on the fibers, heating the nonwoven mat
      prior to compressing and then compressing to increase the fiber-to-fiber
      bonding as well as to form the desired structure. During compressing, ribs
      may be formed by using appropriate embossed rolls or press plate patterns.
      After the compressing step, slitting, cooling and cutting steps are
      carried out to produce a battery separator of the desired dimensions.
PARN
PAR  This is a continuation of application Ser. No. 163,207, filed July 16,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a process for producing battery
      separators from nonwoven mats of thermoplastic fibers. More specifically,
      the present invention relates to nonwoven structures produced from a mat
      of randomly laid, self-bonded fibers, preferably polypropylene,
      polystyrene or mixtures thereof, which are wetted by a surfactant to
      modify the surface properties of the fibers in the nonwoven mat.
PAR  2. Prior Art
PAR  The currently commercially used battery separators are mainly of two types:
      (1) resin impregnated paper, and (2) microporous rubber. The most commonly
      used material in auto batteries is resin impregnated paper; however, this
      material is brittle and is more susceptible to acid deterioration than is
      desirable. The microporous rubber separators are also more brittle than is
      desired and are much more costly than the resin impregnated paper. The
      microporous rubber separators are used mostly in industrial battery
      applications.
PAR  Battery separators made from polyolefins, specifically polypropylene, are
      illustrated in the following patents:
TBL  U.S. 3,002,040      U.S. 3,092,438                                        
     U.S. 3,026,366      U.S. 3,216,864                                        
     U.S. 3,045,058      U.S. 3,314,821                                        
     U.S. 3,055,966      U.S. 3,351,495                                        
     U.S. 3,084,091      U.S. 3,354,247                                        
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the process for converting a nonwoven
      mat of thermoplastic fibers into a battery separator. More specifically,
      the present invention is directed to a process which may include the
      following steps to produce battery separators from nonwoven mats: wetting
      the fibers with a surfactant-water mixture to modify the surface
      properties of the fibers in the nonwoven mat, wringing from the nonwoven
      mat excess surfactant-water mixture, vaporizing the water from the
      surfactant-water mixture while depositing the surfactant on the fibers,
      preheating the nonwoven mat, compacting the heated nonwoven mat to
      increase fiber to fiber bonding, forming a rib structure or ribs on the
      nonwoven mat which provides the mechanical spacing between the plates in
      the battery, fixing the overall thickness by partially flattening the
      ribs, slitting the ribbed nonwoven mat to a desired width, cooling the
      ribbed nonwoven mat, and cutting the ribbed nonwoven mat to a specific
      height suitable for a specific battery cell design.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the overall melt-blowing process;
PAR  FIG. 2 is a cross-sectional view of the die;
PAR  FIG. 3 is a schematic view of a battery separator manufacturing process;
PAR  FIG. 4 is a schematic view of a battery separator press plate;
PAR  FIG. 4A is a detail of said press plate;
PAR  FIG. 5 is a schematic view of embossing rolls used to produce battery
      separators;
PAR  FIG. 6 is a schematic view of a nonwoven battery separator with embossed
      ribs; and
PAR  FIG. 6A is a detail of one of the embossed ribs of said nonwoven battery
      separator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, polypropylene, which is the preferred
      material although polystyrene or mixtures of polystyrene and polypropylene
      may be used, is introduced into a pellet hopper 1 of an extruder 2. The
      polypropylene used in the present invention has either been thermally
      treated before being introduced into the extruder 2 or is thermally
      treated in the extruder 2 and/or die head 3. According to the present
      invention, the polypropylene is added into the hopper 1 and then is heated
      in extruder 2 at temperatures in excess of 600.degree. F. and preferably
      within the range of 620.degree. to 800.degree. F. After thermal treatment,
      the polypropylene is forced through the extruder 2 by a drive motor 4 into
      the die head 3. The die head 3 may contain a heating plate 5 which may
      also be used in the thermal treatment of the polypropylene before it is
      melt-blown. The polypropylene is then forced out a row of die openings 6
      in the die head 3 into a gas stream which attenuates the polypropylene
      into fibers 7 which are collected on a moving collecting device 8 such as
      a drum 9 to form a continuous mat 10. The gas stream which attenuates the
      polypropylene is supplied through a gas jet 11 and 12, respectively. These
      gas slots 11 and 12 are supplied with a hot gas, preferably air, by gas
      lines 13 and 14, respectively.
PAR  The melt-blowing process may be further understood by considering the
      details of the die head 3 which is set forth in cross-section in FIG. 2.
      The polypropylene is introduced into the back of the die plates 15 and 16
      through an inlet 17. The polypropylene then goes into a chamber 18 between
      the upper and lower die plates 15 and 16, respectively. The facing of the
      die plate 16 has milled grooves 19 which terminate in the die openings 6.
      It is understood, of course, that the mill grooves may be in the lower die
      plate 16, in the upper die plate 15, or grooves may be milled in both
      plates 15 and 16. An upper gas cover plate 20 and a lower gas cover plate
      21 are connected to the upper die plate in lower die plate 15 and 16,
      respectively. The hot gas is supplied by inlets 22 in upper air plate 20
      and lower inlet 23 in lower gas plate 21. Suitable baffling means (not
      shown) may be provided in both the upper air chamber 24 and lower air
      chamber 25 to provide a uniform flow of air through the gas slots 26 and
      27, respectively. As shown in FIG. 2, the rear portion of the die head 3
      may contain heating means 5 for heating both the polymer and air in the
      die head 3.
PAR  The gas flow is controlled so that the fibers as they are attenuated do not
      come into contact one with the other which results in "rope" and fiber
      bundles. The gas, preferably air, is heated and the flow controlled to
      produce very fine fibers (less than 10 microns). Suitable polypropylene
      mats have been obtained at air rates between 0.7 and 4 pounds/minute and
      the polypropylene fibers are attenuated in the gas stream at those rates
      such that their average diameter is between 1 to about 10 microns.
PAR  The fibers are collected as a selfsupporting mat on a collecting device
      such as a rotating drum at distances of about 1 to 18 inches from the die
      openings. Preferably a mat of self-bonded fibers is collected at a
      distance between 3 to 8 inches. A "self-bonded" mat as used herein means
      that the mat is a coherent, integral structure capable of withstanding
      normal handling such as winding, unwinding, cutting, pressing,
      calendering, etc. without losing its essential mat-like character. In most
      mats used in the present invention, some thermal bonding occurs. The mat
      produced by the melt-blowing process is produced so as to have a basis
      weight of between 60 and 500 grams/square meter. The thickness of the
      nonwoven mat may vary between 20 and 200 mils.
PAR  To produce a battery separator from the nonwoven mat produced by the
      melt-blowing process 30, the mat must be subjected to wetting so as to
      modify the surface properties of the fibers in the nonwoven mat so they
      may be wet by battery acid, usually a 35 percent sulfuric acid solution.
      To avoid trapping of air in the mat, the wetting solution must enter the
      mat from one side only and spread through the mat by capillary action. To
      accomplish this wetting action, a spray of wetting solution may be sprayed
      on one side of the mat (not shown) or the mat may be "floated" across a
      surface of the wetting solution in a shallow container 31. The wetting
      action may be carried out at a temperature between 60.degree. and
      170.degree. F. Suitable surfactant materials for use as wetting solutions
      are anionic surfactants, such as aliphatic sulfates, for example, sodium
      dioctylsulfosucinate (commercially sold as Aerosol-OT) or non-ionic
      surfactants such as polyethylene oxy compounds, for example, nonylphenoxy
      poly (ethyleneoxy) ethanol (commercially sold as IGEPAL CO-730), or
      alkylarylpolyether alcohol (commercially sold as TRITON X-100). The
      nonwoven mat is preferably saturated with the wetting solution. The
      wetting solution however may be from about 0.2 to about 1.0 weight percent
      in distilled water.
PAR  Upon leaving the wetting operation, the mat may contain a surplus amount of
      wetting solution. This excess surfactantwater mixture may be removed from
      the mat by passing it through a pair of constant gap wringer rolls 32. The
      wringer rolls 32 must be power driven to apply the force necessary to
      provide the wringing action. The gap between the wringer rolls may be
      about 15 percent of the initial dry mat thickness in order to produce a
      mat which contains between 60 and 80 percent liquid (by weight) after the
      wringing operation per unit weight of dry mat.
PAR  The nonwoven mat is then subjected to a drying operation so as to remove
      the water from the surfactant-water mixture in the pores of the mat while
      at the same time leaving the surfactant as a uniform layer on the surface
      of the fibers. Most types of dryers are not satisfactory for this drying
      operation since they volatilize the water so violently that the surfactant
      is also carried away with the water vapor. According to the present
      invention, a satisfactory dryer is a hot air countercurrent oven 33. The
      hot air countercurrent oven 33 has been found to vaporize the water from
      the surfactant-water mixture while allowing the surfactant to deposit
      uniformly on the fibers. The surfactant level in the dried mat may be in
      an amount of between 0.3 and 1.0 percent by weight, a suitable amount
      being 0.4 percent by weight.
PAR  To produce a suitable battery separator, the mat must be compacted to
      obtain the desired thickness and porosity as well as the mechanical
      properties of strength and abrasion resistance. Prior to the compacting
      operation, if the mat is heated to elevated temperatures, increased
      fiber-to-fiber bonding will occur during compaction. The maximum average
      temperature that the mat can sustain prior or during compaction differs
      for polypropylene as compared to polystyrene or mixtures thereof, but in
      general is limited by excessive shrinkage of the mat, polymer degradation
      or melting. For a mat of polypropylene fibers, satisfactory mat
      temperatures to which the mat is heated prior to compacting are from about
      255.degree. F. to 300.degree. F. A preferred temperature is between about
      270.degree. F. and 290.degree. F. In a continuous process, the most
      convenient way of heating the mat to these temperatures is in the
      countercurrent oven wherein the mat is preheated in an extension of the
      oven 33 with two zones of temperature control -- one zone for the drying
      operation 34 and one zone for the preheat operation 35.
PAR  To produce a suitable battery separator, the nonwoven mat must be compacted
      to obtain the desired thickness and porosity as well as the mechanical
      properties of strength and abrasion resistance. The nonwoven mat is
      compacted to a thickness of between 10 and 40 mils to be useful as a
      battery separator in most batteries. The purpose of the web compaction
      operation is not only to bond the fibers together by means of heat and
      pressure but also to obtain a structure possessing the desired mechanical
      and electrical properties. The compacting operation is preferably carried
      out by utilizing calender rolls, however, a press may also be used to
      obtain a nonwoven mat of fixed thickness. In either case, compacting using
      a fixed gap is preferred and the nonwoven mat is calendered or pressed so
      that the compacted mat has a void fraction of at least 40 percent or 0.40,
      and preferably a void fraction of 0.50 to 0.65. Calender roll or press
      plate temperatures during the compacting operation range between
      270.degree. F. and 300.degree. F. for polypropylene nonwoven mats. It is
      preferred to use a Teflon coated calender roll or press plate. A spacer
      material may be utilized between the nonwoven mat and the pressing
      surface. Examples of such materials which may be used as spacers are kraft
      paper, tissue paper, writing paper, fine cotton cloth, linen, etc., which
      have a rough surface.
PAR  The nonwoven battery separators of the present invention are useful in the
      lead-acid batteries of the SLI-type (starting, lighting and ignition) and
      the industrial type. These batteries have positive electrodes and negative
      electrodes which are separated by the battery separators. It has been
      found that a nonwoven mat having a basis weight between 60 to 300
      grams/square meter is preferred for producing battery separators of this
      type. The nonwoven mat is compacted to a thickness which may be between 10
      to 35 mils and a porosity preferably of 50 percent or greater. The maximum
      pore size in a nonwoven mat of the present invention is generally below 25
      microns in the better quality sheets. The maximum pore size is a
      measurement of the largest pore or opening in the compacted structure to
      be used as a battery separator and is measured essentially by the
      ASTM-D-128-61 test procedure entitled Maximum Pore Diameter and
      Permeability of Rigid Porous Filters For Laboratory Use. The maximum pore
      size of a battery separator is very important. Low maximum pore size means
      an effective barrier to active material growing through and bridging
      between opposite plates of the battery and thereby causing shorting. In
      order to achieve low electrical resistance, a high percent porosity in the
      nonwoven mats of the present invention is required. For any nonwoven mat
      of given fiber size, increasing percent porosity also increases maximum
      pore size because the distance between adjacent fibers increases. An
      effective way to decrease maximum pore size at a high percent porosity is
      to decrease the fiber size in the nonwoven mat. By forming the same weight
      of thermoplastic into very small fibers and randomly distributing these
      fibers, the fiber-to-fiber distance is reduced and thus smaller maximum
      pores may be obtained. The very small fiber sizes (1-10 micron) utilized
      in the present invention thus make possible the combination of low
      electrical resistance and low maximum pore size in the nonwoven mat.
PAR  Most lead-acid batteries use a type of cell construction which relies upon
      the battery separator to establish the mechanical spacing between the
      plates. This spacing is controlled by a means of ribs formed in or
      attached to the mat. According to one aspect of the present invention, the
      embossing operaion to provide an adequate rib structure is carried out at
      the same time as the compaction operation. Referring to FIGS. 4 and 5, a
      suitable press plate pattern is shown in FIG. 4 and a suitable embossing
      roll is shown in FIG. 5. Since the embossing and web compaction operations
      are done at the same time, the plate or embossing roll temperatures are
      maintained in the same range as that for compaction; i.e., 275.degree. F.
      to 300.degree. F. for polypropylene nonwoven mats. Referring specifically
      to FIG. 4, a specific plate pattern is shown. Upper press plate 50 and
      lower press plate 51 would come into compression with the nonwoven mat
      therebetween. Upper press plate 50 has 11 grooves 52 which may be spaced
      at 0.544 inches and each of said grooves having a 5/64 inch radius (see
      FIG. 4A). The overall dimensions of one set of plates were 12 inches by
      121/2 inches. Lower press plate 51 has 11 ribs 53 spaced so as to be
      mutually compatible with grooves in upper press plate 50, however, the
      radius of the ribs 53 are 3/64 inch radius. The depth of the groove and
      the height of the rib may be the same and may, for example, be 0.030 or
      0.035 inches. It is to be understood that these specific dimensions are
      set forth only to provide a specific embodiment found suitable for the
      press plate design for a battery separator.
PAR  Instead of press plates, embossing rolls may be utilized and as shown in
      FIG. 5, a male embossing roll 54 having ribs 55 may be employed. Exemplary
      of the spacing of ribs is an 0.544 inch rib spacing having a total of 13
      ribs 55. The diameter X of the male embossing roll is identical to the
      diameter of the female embossing roll 56 having the same number 13 grooves
      57 therein. Again the spacing of the grooves is the same as the spacing in
      the ribs and it is preferred that the radius of the grooves is greater
      than the radius of the ribs, although the depth of grooves and the height
      of the rib are preferably identical. Suitable radius for the height of the
      ribs 55 is 0.047 inches with a rib height of 0.040 inches. These
      dimensions are used with a female groove having a diameter of 0.067 inches
      and a depth of 0.040 inches.
PAR  Following the rib formation and compacting operation, the embossed mat may
      be passed through a second set of fixed gap calender rolls. These calender
      rolls have a smooth surface and may be operated at either room temperaure
      or up to 290.degree. F. The purpose of the second set of calender rolls is
      to partially flatten the ribs formed in the previous step so that the
      battery separator has a uniform overall thickness. This operation is
      optional, but may be very desirable when different overall thicknesses of
      nonwoven mats are produced, but wherein a uniform overall thickness of the
      battery separator is required or desired.
PAR  The specific dimensions of a battery separator will vary for each cell
      design and accordingly the slitting and cutting are carried out to meet a
      specific cell design as regards to dimensions. It has been found according
      to the present invention that the slitting operation is best carried out
      immediately after the mat leaves the nip of the calendar rolls when the
      mat is compacted and embossed by calendering. If press plates are used, it
      is also desirable to slit the mat immediately after pressing since the mat
      is quite hot after this operation, which facilitates slitting of the mat
      with a knife 37 or razor with little difficulty and also with precision as
      to the rib pattern being produced.
PAR  After the slitting operation, the mat is still warm and it has been found
      that if the mat is cooled prior to cutting, a battery separator of better
      mechanical properties will be produced. The heat in the nonwoven mat may
      be removed by natural convective air circulation or cooling air may be
      provided through cooler 38 (FIG. 3). In either case, the nonwoven mat
      temperature should be reduced to at least 140.degree. F. prior to reaching
      the cutter nip. The nonwoven mat is then cut to a desired dimension for a
      particular battery cell design. A guillotine cutter 39 may be used to cut
      the nonwoven mat into the desired dimensions for a battery separator.
PAR  The present invention will be further illustrated by the following specific
      examples which are given by way of illustration and not as limitations on
      the scope of the invention.
PAC  EXAMPLES 1-2
PAR  Nonwoven polypropylene mats were produced by the melt-blowing process under
      the following conditions in Table I hereinafter.
TBL                TABLE I                                                     
     ______________________________________                                    
     Example          1           2                                            
     ______________________________________                                    
     Resin            --33.6 melt flow rate --                                 
     Die Temp. .degree.F.                                                      
                      550         580                                          
     Air Temp. .degree.F.                                                      
                      560         644                                          
     Polymer Rate                                                              
      gm/min.         6.2         7.9                                          
     Air Rate                                                                  
      lbs./min.       1.07        1.27                                         
     Collector distance                                                        
       in.            4.0         6.0                                          
       RPM            34          1.0                                          
     ______________________________________                                    
PAR  The polypropylene fibers in the mats produced in Examples 1 and 2 were of a
      diameter of 2 microns or less. The basis weight of the mat produced in
      Example 1 was 300 grams per square meter. Mats were produced under the
      conditions of Example 2 having basis weights varying from 256 to 270 grams
      per square meter.
PAC  EXAMPLE 3
PAR  A polypropylene mat produced by melt-blowing and having a basis weight of
      176.4 g/m.sup.2 was continuously handled to produce battery separators.
      The mat was sprayed from one side with an 0.60 percent solution of Aerosol
      OT until substantially saturated and then passed through a pair of wringer
      rollers having an 0.012 inch wringer gap to remove excess wetting
      solution. The mat had approximately 70 percent moisture in the mat as the
      mat was passed into a dryer which consisted of a countercurrent oven. The
      temperature was 250.degree. F. (230.degree. F. actual) in the dryer. The
      mat was then passed into another zone of of the countercurrent oven
      wherein the temperature was separately controlled to a temperature of
      290.degree. F. to preheat the mat prior to compaction. The mat was then
      passed through a pair of calender rolls, both heated at 280.degree. F.,
      wherein the mat was compacted as well as forming ribs. The mat was slit to
      a width of 515/16 inches, cooled and cut by a guillotine cutter to a
      height of 53/4 inches. The battery separators were compacted to a weight
      of 4.2 gms/separator and had an electrical resistance of 0.022
      ohms/in..sup.2, a maximum pore size of 15.4 microns (ASTM D-2499-66T Pore
      Size Characteristics of Membrane Filters for Use With Aerospace Fluids), a
      void fraction of 0.60 and a thickness of 0.021 inch (overall from top of
      rib to bottom of mat 0.047 inch).
PAC  EXAMPLE 4
PAR  Six rolls of polypropylene mats produced by melt-blowing and having basis
      weights varying from 159 to 178.6 gms/m.sup.2 were continuously handled to
      produce battery separators. The rolls of mats were sprayed from above the
      mats with an 0.60 percent solution of Aersol OT. The wet mats were then
      passed through a pair of wringer rollers having an 0.012 inch wringer gap
      to remove excess wetting solution. The mat had approximately 70 percent
      moisture in the mat as the mat was passed into a dryer which consisted of
      a countercurrent oven. The temperature was 250.degree. F. (220.degree. F.
      actual) in the dryer. The mats were then passed into another zone of the
      countercurrent oven wherein the temperature was separately controlled to a
      temperature of 300.degree. F. (290.degree. F. actual) to preheat the mats
      prior to compaction. The mats were then passed through a pair of calender
      rolls, the top roll heated to 290.degree. F. and the bottom roll heated to
      285.degree. F., wherein the mat was compacted as well as forming ribs. The
      mat was passed through the calender rolls at about 8 ft./min. The mats
      were slit to a width of 527/32 inches, cooled and cut by a guillotine
      cutter to a height of 51/4. The battery separators were compacted to a
      weight of 3.5 grams/separator and had an electrical resistance of 0.020
      ohms/in..sup.2, a maximum pore size of 15.2 microns (ASTM D-2499-66T), a
      void fraction of 0.62 and a thickness of 0.021 inch (overall -- 0.043
      inch).
PAC  EXAMPLE 5
PAR  A polypropylene mat produced by melt-blowing and having a basis weight of
      78.4 gms/m.sup.2 was combined with another mat likewise produced by
      melt-blowing but having a basis weight of 96.6 gms/m.sup.2. The combined
      mats were floated in an 0.20 percent Aerosol OT solution at room
      temperature and thereafter allowed to dry overnight at room temperature.
      The wetting combined mats were then heated on a press to a temperature
      between 270.degree.-280.degree. F. and thereafter pressed for 10 seconds.
      One plate of the press had grooves and the other ribs so that ribs were
      formed in the nonwoven mats. The plates were each coated with Teflon and
      no press cloth was used. The compacted mats were slit and cut to a height
      of 51/4 inches and width of 527/32 inches. The compacted battery
      separators weighed 3.55 grams/separator and had an electrical resistance
      of 0.020 ohms/in..sup.2, a maximum pore size of 15.7 microns (ASTM
      D-2499-66T), a void fraction of 0.64 and a thickness of 0.021 inch
      (overall -- 0.046 inch).
PAC  EXAMPLE 6
PAR  A polypropylene mat produced by meltblowing and having a basis weight of
      88.8 grams/m.sup.2 was treated in the same manner as the mats in Example 5
      to produce battery separators of the same height and width. The compacted
      battery separators weighed 1.9 grams/separator and had an electrical
      resistance of 0.011 ohms/in..sup.2, a maximum pore size of 13.4 microns
      (ASTM D-2499-66T), a void fraction of 0.61 and a thickness of 0.010 inch
      (overall -- 0.036 inch).
PAR  While polypropylene nonwoven mats are used to illustrate the present
      invention, polystyrene and blends of polypropylene and polystyrene have
      been melt-blown to produce mats which were wetted, dried, preheated,
      compacted, slit and cut into battery separators in the same manner as the
      polypropylene nonwoven mats.
CLMS
STM  The nature and object of the present invention having been completely
      described and illustrated and the best mode thereof contemplated set
      forth, what we wish to claim as new and useful and secure by Letters
      Patent is:
NUM  1.
PAR  1. A method for producing a battery acid wettable nonwoven battery
      separator from nonwoven mats of polypropylene thermoplastic fibers, which
      mats before treatment are not wettable by at least a 35% sulfuric acid
      battery acid, which method comprises: wetting a nonwoven mat of said
      thermoplastic fibers with a surfactant-water solution at a temperature of
      60.degree. to 170.degree. F., wherein said surfactant is cationic or
      nonionic and is present as a 0.2 to about 1.0 wt. % solution in said water
      by contacting only one side of said mat and permitting said solution to
      spread through said mat; vaporizing the water from the surfactantwater
      solution within said mat in a hot air countercurrent oven whereby said
      surfactant is evenly deposited in an amount of 0.3 to 1.0% by weight based
      on fibers of said nonwoven mat which is now essentially dry; then heating
      said nonwoven mat to a temperature in excess of the softening point of
      said thermoplastic fibers but insufficient to melt, shrink or degrade said
      fibers; and subsequently compressing said heated nonwoven mat to a void
      fraction of at least 0.4.
NUM  2.
PAR  2. A method according to claim 1 wherein said nonwoven mat is passed
      through a mechanical wringer before the vaporizing of the water from the
      surfactant-water mixture.
NUM  3.
PAR  3. A method according to claim 1 wherein said compressing includes forming
      ribs.
NUM  4.
PAR  4. A method according to claim 1 wherein said nonwoven mat is comprised of
      polypropylene fibers and is heaed to a temperature of 255.degree. to
      300.degree. F and compressed by male and female members heated within the
      range of 270.degree. to 300.degree. F.
NUM  5.
PAR  5. A method according to claim 4 wherein said fibers are from 1-10 microns
      in diameter.
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ABST
PAL  Uniformly drawing tows of synthetic linear thermoplastic polymer filaments
      between sets of feed rolls and draw rolls by saturating a tow while on the
      feed rolls with water at a temperature of Tg .+-. 10.degree.C and ensuring
      that drawing is substantially complete before the tow leaves the last feed
      roll.
BSUM
PAR  This invention relates to the drawing of synthetic thermoplastic filaments
      and in particular to a process for drawing tows of synthetic filaments.
PAR  In the manufacture of staple fibres from synthetic thermoplastic polymers
      in order that reasonably high productivity may be achieved large numbers,
      usually some hundreds, of filaments are produced by melt extrusion of the
      molten polymer through a multiorifice spinneret and the groups of
      filaments from a plurality of spinnerets are combined into a tow which is
      then subjected to a drawing operation to impart the desired physical
      properties to the filaments comprising the tow. Because of the combination
      of many thousands of filaments which have been produced under conditions
      which may vary somewhat it has hitherto been impossible to produce drawn
      tows of very high uniformity and accordingly some compromise has had to be
      accepted either in terms of the uniformity of the physical properties of
      the drawn filaments, or of the freedom to apply different processing
      conditions, as for example different draw ratios.
PAR  We now provide a drawing process by means of which very much more uniform
      drawing of tows and other benefits may be achieved.
PAR  Thus according to the present invention we provide a process for uniformly
      drawing a tow of filaments of a synthetic linear thermoplastic polymer
      having a second order transition temperature (Tg) as hereinafter defined
      of at least 35.degree.C comprising passing a tow at least partly around
      the peripheries of a plurality of feed rolls in series and a plurality of
      draw rolls in series the latter rotating at a higher peripheral speed,
      characterised in that the tow in contact with at least some of the feed
      rolls is treated with water at a temperature in the range Tg .+-.
      10.degree.C drawing being substantially completed at this temperature
      before the tow leaves the last feed roll.
PAR  Second order transition temperature, Tg, is the temperature below the
      melting point at which a transition from glass-like to rubberlike or vice
      versa properties of a polymer substance occurs. The transition appears as
      a discontinuity in various thermal and mechanical properties of polymers.
      As defined in this specification Tg is measured at a frequency of 0.002
      cycles per second by the dynamic mechanical loss method described by
      Thompson and Woods in the Transactions of the Faraday Society 1956, 52
      1383 using a polymer in the amorphous undrawn condition. As shown by
      Thompson and Woods Tg for polyethylene terephthalate is 70.degree.C.
      Alternative methods of measurement of Tg which may be more convenient to
      apply and which give closely similar values are differential scanning
      calorimetry (DSC) and differential thermal analysis. In these methods the
      position of a thermal discontinuity, related to Tg, in the heating up of a
      specimen of the polymer is observed. Methods for measuring second order
      transitions by these differential thermal methods are described in
      "Thermoanalytical methods of Investigation" by P. D. Garn published in
      1965 by Academic Press Inc. New York.
PAR  A process according to this invention surprisingly operates best within a
      narrow temperature range as stated above and for polyesters, such as
      poly(ethylene terephthalate) and copolyesters comprising a major
      proportion of ethylene terephthalate groups with a minor proportion other
      diacid or glycol groupings or very small proportions of cross-linking or
      branching groups, as for example those derived from pentaerythritol having
      a Tg near that of poly(ethylene terephthalate), it is preferred to use a
      water temperature of 60.degree.-80.degree.C for application to a tow.
PAR  Water at an elevated temperature may be applied in a process according to
      this invention to all or only some of the feed rolls but if applied only
      to some of the rolls those to which it is applied should be successive
      rolls and preferably should include the last roll. In any case water
      should be applied to a sufficient number of rolls to ensure that drawing
      is substantially complete before a tow leaves the support of the feed
      rolls. If the heated water is applied to an undrawn or partially drawn tow
      without support such as that supplied by feed rolls very uneven drawing
      results and only a lower speed of drawing is possible. Likewise unless
      drawing is substantially completed at a uniform temperature uneven drawing
      will result. Water is preferably applied by means of sprays since by this
      means the necessary complete wetting and saturation of a tow and all the
      filaments comprising it may be more easily obtained. Baths into which the
      surface of a roll carrying a tow dips may also be used but these are less
      effective in providing complete wetting and saturation of a tow. A
      preferred alternative to water is a dilute solution or dispersion of a
      surface active, lubricating or other treating material which on subsequent
      drying of the tow will leave a residue of the material on the filaments
      comprising the tow to facilitate subsequent processing of the tow or the
      staple fibres cut therefrom.
PAR  A series of feed or draw rolls may be arranged in line or preferably and to
      economise on the space required they may be arranged in staggered
      relationship with the tow passing in sinous fashion over then under
      successive rolls. In the latter case it may be advantageous to apply the
      heated water or the treating solution to a tow in contact with the feed
      rolls by a combination of bath and spray. Needless to say it is beneficial
      to recirculate the treatment water or solution to save waste of heat or
      treating material.
DETD
PAR  In the accompanying drawing a set of seven feed rolls is illustrated
      together with one suitable placing of heated water jets. In this drawing
      feed rolls 1 are mounted in a staggered arrangement and eight spray jets 2
      are mounted close to the rolls to provide a spray of water or aqueous
      treatment liquid over a portion of each roll surface and to thoroughly
      saturate the tow 3 passing thereover. The rolls are driven from a common
      means (not shown) and rotate in the direction indicated.
PAR  In carrying out a process according to this invention it is preferred to
      control the drawing of the tow so as to be substantially completed on the
      last feed roll. If this is done the maximum possible draw ratio and hence
      the highest tenacity products may be achieved. It is believed that this is
      due to minimising the path length in the feed roll system of the drawn
      material. Control of the drawing to produce this effect may be achieved in
      several ways all of which have in common minimising the feed tension of
      tow supplied to the feed rolls. Thus if a resilient surfaced nip roll is
      pressed against the tow at the point where it contacts the first feed roll
      supply tension variations are prevented from passing through into the feed
      roll system and the desired drawing control is effected. Similarly if the
      first one or two feed rolls are arranged to operate at a slightly higher
      peripheral speed than the succeeding feed rolls a low tension in the feed
      roll system is achieved together with the desired control of drawing. Such
      alteration of peripheral speed of a feed roll is easily obtained by for
      example fitting a sleeve to slightly increase the diameter while
      maintaining the speed of rotation constant.
PAR  If the temperature of the water or solution applied to the tow departs from
      the above specified values undrawn segments will occur at temperatures
      below the minimum specified, as for example 60.degree.C for polyethylene
      terephthalate and at temperatures above the upper value undesirable
      coalescence of filaments at drawing or other undesirable effects occur.
PAR  In a process according to this invention it is preferred to provide after
      the feed rolls means to heat treat the drawn tow at a temperature at least
      equal to the drawing temperature while the tow is held at substantially
      constant length since by this means the shrinkage of staple fibres cut
      from a drawn tow may be reduced to a level desired in subsequent textile
      processing and in the use of articles made from the fibres. For heating
      the drawn tow various methods may be used, as for example water baths,
      steam chambers or microwave heaters but all methods should preferably be
      capable of heating all the filaments rapidly and for this reason hot air
      chambers heated by static radiant heaters are not a preferred heating
      means. Heating of the drawn tow is carried out under tension while the tow
      is held at substantially constant length and is most easily effected by
      inserting the heating means between the sets of feed and draw rolls. As
      the tow is subject to the drawing tension when passing through the heating
      means a small amount of extra drawing may occur at this stage in the
      process but the amount of such drawing is only minor and is usually less
      than 10% of the total drawing. Alternative to inserting heating means
      between the feed and draw rolls the latter may be heated to provide the
      heat treatment.
PAR  Optionally heating of the drawn tow may be effected by two successive means
      instead of a single heating means. Thus for example a stream of low
      pressure steam may be applied to the drawn tow just after it leaves the
      last feed roll and before it enters a heating means such as a steam chest.
PAR  A process according to this invention produces tows which are very
      significntly more uniformly drawn than was hitherto possible as measured
      by the substantial absence of undrawn or incompletely drawn segments in
      the filaments and this is so even when the individual filaments in the
      undrawn tow vary significantly the birefringence. This capacity to produce
      uniformly drawn tows from a variable starting material leads to a number
      of benefits in using the present invention, as for example the possibility
      of applying a higher draw ratio with consequent improvement in physical
      properties without incurring broken filaments and an improvement in the
      range of draw ratios which may be applied without the occurrence of
      undrawn segments or broken filaments. These improvements in turn lead to
      higher productivity with its concomitant economic benefits. Productivity
      is also markedly increased in the present process since very much higher
      drawing speeds of the order of 200 metres per minute or more, may be
      employed without incurring any difficulties at drawing or any loss of the
      desired uniformity of drawing or drawn tow properties.
PAR  By the present process tows comprising conjugate filaments may be drawn
      uniformly and efficiently. Even mixed tows comprising undrawn filaments of
      widely different birefringence, intrinsic viscosity of filament decitex,
      which hitherto required separate drawing of the component tows, may be
      drawn by the present process uniformly and without the occurrence of
      broken filaments.
PAR  Some additional improvement in physical properties, in particular the
      stability of the initial modulus of the filaments to subsequent heating,
      may be obtained in a process according to this invention by subjecting the
      drawn, heat treated tow to a further heat treatment at an elevated
      temperature, preferably a higher temperature than is used in the preceding
      heat treatment such a further heat treatment may be applied simply by
      heating one or more of the draw rolls or by using a third set of rolls
      with a heating means between these rolls and the draw rolls. In the latter
      case a small additional stretch may be applied to the drawn, heat treated
      tow by having a speed differential between the draw rolls and the
      succeeding rolls.
PAR  The following Examples illustrate the invention and the manner in which it
      may be performed. In these Examples the presence or absence of undrawn
      segments in the filaments comprising a drawn tow is measured in the
      following way. A 30 cm. specimen of tow is prepared by folding on itself
      or by sub-division to produce a thickness of 10.sup.5 filaments from which
      a cross section of fibres 3 mm. long is cut from the middle of the folded
      tow. The short fibres are then dyed with a suitable dye such as Dispersol
      fast scarlet B (Colour Index No. 11110) and the dye fibres are distributed
      over a filter paper surface by suction. Undrawn segments appearing as
      darker specks are counted and expressed as the number per 10.sup.5
      filaments in the 3 mm. cross-section. By this means very small amounts of
      undrawn fibre segments may be detected. In all these Examples a set of
      seven feed rolls and seven draw rolls is used to carry out the process
      with heated water jets positioned as in the drawing and a resilient nip
      roll applied to the tow on the first feed roll.
PAC  EXAMPLES 1 - 4
PAR  Sub-tows comprising 1000 polyethylene terephthalate filaments having a
      total d. tex of 3825 and a mean birefringence of 7 .times. 10.sup..sup.-3
      are prepared by melt extrusion of a polymer having an intrinsic viscosity
      (measured at 20.degree.C in solution in o-chlorophenol) of 0.675. A tow
      comprising 65 sub-tows is passed in a sinous path around part of the
      periphery of each of seven feed rolls in staggered arrangement. The
      portions of the tow in contact with each roll are thoroughly saturated by
      continuous sprays of heated water containing 0.1% by weight of a lubricant
      dispersed therein and maintained by recirculation through heating means at
      a constant temperature of 65.degree.C. The quantity of water applied is
      such as to effectively saturate the whole length of tow passing over and
      between the feed rolls. On leaving the last feed roll the drawn tow passes
      through a steam chest 1.5 m. long supplied with low pressure steam at
      100.degree.C to a series of seven unheated draw rolls arranged also in
      staggered fashion. Application of heat to the tow on the feed rolls in
      this way enables a wide range of drawn ratios to be applied with the
      results tabulated below:
TBL  Example Draw Ratio Tenacity (g/d.tex)                                     
                                      Extension at                             
                                      break (%)                                
     ______________________________________                                    
     1       3.85:1     6.3           20                                       
     2       3.65:1     5.0           27                                       
     3       3.3 :1     4.3           41                                       
     4       2.9 :1     4.1           54                                       
     ______________________________________                                    
PAR  In all cases the same draw speed (i.e. peripheral speed of the draw rolls)
      of 90 m. per minute is used and drawing of the filaments in the tow was
      shown to be complete before the tow leaves the last feed roll by briefly
      stopping the drawing process and instantaneously cutting out the section
      of the tow in contact with the feed rolls for close examination.
PAR  No undrawn filaments segments could be detected in any of the tows produced
      in Examples 1 - 4 when examined carefully by the method hereinbefore
      described.
PAC  COMPARATIVE EXAMPLE A
PAR  An undrawn tow as used in Examples 1 - 4 is drawn at a draw speed of 90 m.
      per minute between feed and drawn roll septets not having means to apply
      heated water to the feed rolls but using instead to control drawing a
      narrow jet of steam impinged upon the tow spread out in a band the steam
      penetrating through the band and between the filaments and the tow then
      passing into a steam chest as used in Examples 1 - 4.
PAR  Comparatively poor drawing results and only a narrow range of draw ratios
      may be applied without the occurence of broken filaments or excessively
      large amounts of undrawn fibre segments. Even over the just workable range
      of draw ratios, 3.5:1 to 3.75:1, 5 - 20 undrawn segments per 10.sup.5
      filaments occured. These amounts of undrawn segments are unacceptably high
      for many textile purposes.
PAC  EXAMPLES 5 - 6
PAR  A tow as used in Examples 1 - 4 is drawn as in those Examples but using
      heated water temperatures of 70.degree.C and 80.degree.C. In these cases
      the maximum operable draw ratio (i.e. no broken filaments) is increased
      compared with water at 65.degree.C. In both cases the draw speed is 90 m.
      per minute.
TBL  ______________________________________                                    
     Example Maximum Draw                                                      
                         Tenacity  Extension at break                          
             Ratio       (g/d.tex)                                             
     ______________________________________                                    
     5(80.degree.C)                                                            
             4.01        6.8       16                                          
     6(70.degree.C)                                                            
             3.95        6.7       20                                          
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  A tow of the same size as used in the foregoing Examples but comprising
      filaments of an ethylene terephthalate polymer containing 0.3% by weight
      of pentaerythritol which acts as a cross-linking agent, is drawn at a draw
      ratio of 3.0:1 to 3.2:1 as in Example 6 but using a bath of the lubricant
      dispersion as sprayed onto the feed rolls in place of the steam chest, the
      temperature of this bath being 70.degree.C. No undrawn segments could be
      detected in the drawn materials.
PAC  EXAMPLE 8
PAR  Tows comprising 28000 filaments of (a) an ethylene
      terephthalate/isophthalate co-polymer containing 20 moles % ethylene
      isophthalate (Tg 72.degree.C by DSC) and (b) an ethylene
      terephthalate/adipate copolymer containing 20 moles % of ethylene adipate
      (Tg 36.degree.C by DSC) are drawn as in Examples 1 - 4 using various water
      spray temperatures to determine the temperature ranges of effective
      drawing i.e. no undrawn segments, coalescence, broken filaments or other
      undesirable effects, for each copolymer tow. It is found that the
      effective water temperature ranges are;
PA1  a. terephthalate/isophthalate 60.degree.-80.degree.C
PA1  b. terephthalate/adipate 30.degree.-50.degree.C
PAR  Draw ratios of 3.3:1 to 4.2:1 could be used in these temperature ranges
      with equal effectiveness.
PAR  By comparison drawing of the terephthalate/isophthalate tow using a steam
      jet and steam bath to effect the drawing could only be carried out at a
      maximum draw ratio of 3.6:1 and drawing of the terephthalate/adipate tow
      in a heated water bath at draw ratios up to 3.4:1 even when the bath
      temperature is raised to 60.degree.C. without incurring the presence of
      undrawn segments in the tows.
PAC  COMPARATIVE EXAMPLE B
PAR  A poly(ethylene terephthalate) tow as used in Examples 1-4 is drawn between
      feed and draw roll septets by passage through a series of water sprays
      supplied with water at 65.degree.C situated between the feed and draw
      rolls. Even at a draw ratio of 3.1:1 undrawn segments occurred in the
      drawn tow at the unacceptable level of 5 per 10.sup.5 filaments. As the
      draw ratio is increased the amount of undrawn segments in the drawn tow
      rapidly increased even at the draw speed used of 90 meters per minute.
PAC  EXAMPLES 9 - 11
PAR  These Examples illustrate the benefit of applying a heat treatment to drawn
      tow while it is maintained under tension.
PAR  A poly(ethylene terephthalate) tow as used in Exampled 1 - 4 is drawn using
      feed roll sprays supplying a 0.1% aqueous lubricant dispersion at
      65.degree.C and then is subjected to heat treatment either in water or a
      steam bath before passing over the draw rolls. The following table shows
      the results of the heat treatments;
TBL  Example                                                                   
          Heat treatment                                                       
                     Draw Undrawn segments                                     
                                     Free shrinkage in                         
                     ratio                                                     
                          per 10.sup.5 filaments                               
                                     boiling water                             
                                     %                                         
     __________________________________________________________________________
      9   Water bath at 65.degree.C                                            
                     3.8:1                                                     
                          0          14                                        
     10   Water bath at 80.degree.C                                            
                     3.8:1                                                     
                          1          12                                        
     11   Steam bath (100.degree.C)                                            
                     3.8:1                                                     
                          0          8                                         
     __________________________________________________________________________
PAC  EXAMPLES 12 - 13
PAR  These Examples illustrate the beneficial effect of a second post drawing
      heat treatment particularly in stabilising the initial modulus of the
      drawn tow. Initial modulus is conveniently expressed as the load required
      to extend a tow or a specimen of filaments therefrom by 10% of their
      initial length.
PAR  A poly(ethylene terephthalate) tow as used in Examples 9 - 11 is drawn and
      heat treated as in Example 11 the draw ratio being 3.75:1, and is then
      further heat treated by passage over draw rolls heated to a surface
      temperature of 195.degree.C. The effect of this further heat treatment is
      shown in the following table wherein the properties of a tow drawn and
      heat treated in the same way but without the further heat treatment on the
      draw rolls are given;
     Example                                                                   
          Post drawing                                                         
                    Undrawn segments                                           
                               Tenacity*                                       
                                     Load at 10% exten-                        
           Treatment                                                           
                    per 10.sup.5 filaments                                     
                               g/d.tex                                         
                                     sion* g/d tex                             
     __________________________________________________________________________
     12   Steam bath/                                                          
                    0          6.6   5.5                                       
          hot draw rolls                                                       
     13   Steam bath/                                                          
                    0          5.7   2.2                                       
          ambient draw rolls                                                   
     __________________________________________________________________________
      *after relaxed heat treatment at 115.degree.C.                           
PAC  COMPARATIVE EXAMPLE C
PAR  A tow as used in Examples 9 - 13 is drawn by the conventional steam jet and
      steam chest means and is thereafter further heat treated by passage over
      draw rolls heated to 195.degree.C. A draw ratio of only 3.5:1 could be
      applied and the drawn and heat treated tow has the following properties;
     Example                                                                   
          Treatment                                                            
                  Tenacity                                                     
                       Load at 10% ext-                                        
                                 Undrawn segments                              
                  g/d.tex                                                      
                       ension g/d.tex                                          
                                 per 10.sup.5 filaments                        
     __________________________________________________________________________
     C    Drawn and heat                                                       
                  5.2  4.5       20                                            
          treated                                                              
     __________________________________________________________________________
PAC  EXAMPLE 14
PAR  A tow consisting of 24500 conjugate filaments each comprising a core of
      poly(ethylene terephthalate) of intrinsic viscosity 0.40 and a sheath of
      poly(ethylene terephthalate) of intrinsic viscosity 0.485 is drawn with
      feed roll sprays at 65.degree.C. The proportion of core to sheath is 80:20
      and the intrinsic viscosity of the polymers used is measured at
      25.degree.C in solution in o-chlorophenol. Draw ratios from 3.5:1 to 4.4:1
      could be applied without incurring any undrawn segments or broken
      filaments.
PAR  By comparison when drawing was attempted in the absence of feed roll sprays
      using instead a water bath at 75.degree.C between the feed and draw rolls
      a maximum draw ratio of only 3.6:1 could be applied.
PAC  EXAMPLE 15
PAR  In this Example a 50:50 mixed tow is used comprising (a) poly(ethylene
      terephthalate) filaments of 0.65 intrinsic viscosity, 7.2 .times.
      10.sup..sup.-3 birefringence and 4.7 d.tex per filaments and (b) poly
      (ethylene terephthalate) filaments of 0.47 intrinsic viscosity, 4.0
      .times. 10.sup..sup.-3 birefringence and 12.5 d.tex per filament the total
      tow being 3.47 Kilotex. The mixed tow draws easily and without the
      occurence of undrawn segments or broken filaments at a draw ratio of
      3.56:1 when all the feed rolls are sprayed with lubricant dispersion, as
      used in the preceding Examples, at 65.degree.C. Filaments of each kind of
      drawn tow have the following properties, the filaments being identified by
      using different levels of delustrant in the starting tows;
     Tow  Filament d.tex                                                       
                      Tenacity g/d.tex                                         
                                   Extension at Break %                        
     ______________________________________                                    
     (a)  1.37        5.5          25                                          
     (b)  3.78        3.3          44                                          
     ______________________________________                                    
PAR  By any conventional means such as hot water or steam baths between the feed
      rolls and draw rolls it was impossible to draw the foregoing mixed tow due
      to continuous breakage of filaments.
PAC  EXAMPLE 15
PAR  A tow of 65000 poly(ethylene terephthalate) filaments containing 0.02% of
      titanium dioxide delustrant and having a birefringence of 7.2 .times.
      10.sup..sup.-3 is drawn using a spray temperature of 65.degree.C at
      several draw speeds and at a draw ratio of 3.83:1 which is very close to
      the maximum for effective drawing. Drawing could be carried out easily and
      without the occurence of undrawn segments or broken filaments at speeds up
      to at least 170 m. per minute, the drawn tows having the following
      properties (after relaxed heat treatment at 115.degree.C)
TBL  Draw speed                                                                
             Tenacity Extension at                                             
                                 Load at 10%                                   
     m/min.  g/d.tex  Break %    extension g/d.tex                             
     ______________________________________                                    
      35     5.9      19.8       5.2                                           
     115     6.0      18.3       4.1                                           
     170     5.9      17.9       3.9                                           
     ______________________________________                                    
PAR  By comparison when the same tow is drawn in the conventional manner by
      means of a steam jet and steam chest situated between the feed and draw
      rolls the process could only be operated at a draw speed up to 90 m. per
      minute and a maximum draw ratio of 3.75:1 giving a drawn product having 26
      undrawn segments per 10.sup..sup.-5 filaments, a tenacity of 5.4 g. per
      d.tex and an extension at break of 26.1%.
PAC  EXAMPLE 16
PAR  This Example illustrates the control of drawing with the feed roll system
      which is effected by means of a resilient nip roll applied to the tow on
      the first feed roll.
PAR  A poly(ethylene terephthalate) tow as used Examples 1 - 4 is drawn at a
      draw ratio of 3.52:1 with sprays on the feed rolls at a temperature of
      65.degree.C and the places at which drawing begins and ends is determined
      by briefly stopping the drawing process and instantaneously cutting out
      the section of tow in contact with the feed rolls for close examination.
      The results of operating the drawing process with and without the nip roll
      applied are as follows;
TBL  Nip roll                                                                  
          Tow tension, g/undrawn d.tex                                         
                              Position of draw                                 
     Immediately before                                                        
                    Immediately after                                          
                              Beginning                                        
                                      Ending                                   
     1st feed roll  1st feed roll                                              
     __________________________________________________________________________
     On   0.052     0.022     Between 5th                                      
                                      On 7th                                   
                              and 6th roll                                     
                              rolls                                            
     Off  0.052     0.041     Between 4th                                      
                                      On 6th                                   
                              and 5th roll                                     
                              rolls                                            
     __________________________________________________________________________
PAC  EXAMPLE 17
PAR  A tow of 65000 poly(ethylene terephthalate) filaments as used in Example 15
      is drawn as in that Example but over a wide range of draw ratios with the
      following results.
TBL  ______________________________________                                    
     Draw ratio                                                                
             Tenacity Extension at                                             
                                 Undrawn segments                              
             g/d.tex  break %    per 10.sup.5 filaments                        
     ______________________________________                                    
     3.85:1  6.3      20         0                                             
     3.65:1  5.5      27         0                                             
     3.3 :1  4.2      41         0                                             
     2.7 :1  3.9      54         2                                             
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE D
PAR  A tow as used in Example 17 is drawn by the conventional means of a steam
      jet and steam chest placed between the feed and draw rolls. A maximum draw
      ratio of 3.75:1 only could be applied due to the high incidence of broken
      filaments and even at lower draw ratios drawing was not entirely
      satisfactory particularly in respect of the high incidence of undrawn
      segments as the following results show;
TBL  Draw ratio                                                                
             Tenacity Extension at                                             
                                 Undrawn segments                              
             g/d.tex  break %    per 10.sup.5 filaments                        
     ______________________________________                                    
     3.75:1  5.4      26         16                                            
     3.3 :1  4.2      37         100                                           
     2.7 :1  3.6      70         1000                                          
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  In a larger scale drawing according to this invention 7000 lb. of drawn
      poly(ethylene terephthalate) tow are produced by drawing a 50 Kilotex tow
      at a draw ratio of 4.16:1 over a septet of feed rolls and a septet of draw
      rolls the former being drenched with sprays of an aqueous lubricant at
      67.degree.C. Completely effective drawing is obtained the drawn product
      having a mean undrawn segments per 10.sup.5 filaments (mean of 23
      specimens) of 1.3 and means tenacity and extension at break of 7.0 g. per
      d.tex and 26.5%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for uniformly drawing a tow of filaments of a synthetic linear
      thermoplastic polymer having a second order transition temperature (Tg) as
      hereinafter defined of at least 35.degree.C comprising passing a tow at
      least partly around the peripheries of a plurality of feed rolls in series
      and subsequently around a plurality of draw rolls in series the latter
      rotating at a higher peripheral speed, characterized in that substantially
      undrawn tow is initially passed to said feed rolls, spraying said tow
      while in contact with more than one of said feed rolls with a saturating
      amount of heated water at a temperature in the range Tg .+-. 10.degree.C
      and drawing said tow to substantially the desired extent at said
      temperature before the tow leaves the last feed roll.
NUM  2.
PAR  2. A process according to claim 1 wherein the tow comprises polyester
      filaments which are sprayed with water at a temmperature of
      60.degree.-80.degree.C.
NUM  3.
PAR  3. A process according to claim 2 wherein the filaments comprise
      polyethylene terephthalate.
NUM  4.
PAR  4. A process according to claim 1 wherein heated water is applied to all
      the feed rolls.
NUM  5.
PAR  5. A process according to claim 1 wherein the water is applied to less than
      all the feed rolls by means of sprays directed at the tow on a succession
      of feed rolls including the last feed roll.
NUM  6.
PAR  6. A process according to claim 1 wherein the tow tension within the feed
      roll system is controlled by a resilient surfaced nip roll applied to the
      tow on at least the first feed roll.
NUM  7.
PAR  7. A process according to claim 1 wherein the drawn tow is heat treated at
      a temperature at least equal to the drawing temperature while it is held
      at substantially constant length.
NUM  8.
PAR  8. A process according to claim 7 wherein the heat treatment is applied by
      heating means placed between the feed and draw rolls.
NUM  9.
PAR  9. A process according to claim 8 wherein the heating means is a steam
      chest.
NUM  10.
PAR  10. A process according to claim 9 wherein a steam jet which impinges on
      the tow is placed immediately before the steam chest.
NUM  11.
PAR  11. A process according to claim 8 wherein the heat treatment is provided
      by heating at least some of the draw rolls.
NUM  12.
PAR  12. A process according to claim 7 wherein the heat treated tow is further
      heat treated at a temperature higher than that of the first heat
      treatment.
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ABST
PAL  Plastic substrate in the form of sheet, disk, or plate is advantageously
      converted to a shaped article by first surface sulfonating the plastic
      substrate and thereafter cold forming the plastic substrate to the desired
      shape. Surface sulfonation of the plastic substrate prior to cold forming
      eliminates the need for lubricating the plastic substrate or surfaces of
      the cold forming apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cold forming of plastic substrates, and more
      particularly, to the cold forming of plastic substrates without the aid of
      a lubricant.
PAR  Thermoplastic polymers such as the olefin polymers, alkyl aromatic resins
      and the like are conventionally formed into desired shaped articles, such
      as containers and the like, by injection or compression molding. Also
      sheets, formed by extrusion or molding of such thermoplastic polymers, may
      be shaped by such techniques as drape molding or vacuum forming and the
      like into various useful articles such as cups and generally similar
      configurations. Such methods call for the heat-plastification of granules
      or sheets of such materials and subsequent forming of the heat-plastified
      mass under pressure in a mold or over a form capable of restraining the
      formed or shaped mass in the desired position until the polymer cools.
      Conventional molding or forming procedures generally impart to the
      polymeric material an undesirable heat history which usually decreases the
      resistance to oxidation and the like. A further disadvantage of hot
      forming techniques, such as molding and vacuum drawing, is the close
      temperature control required therein. Hot forming invariably is
      accompanied by shrinkage problems and the need for precise temperature
      control. Usually in vacuum drawing operations, the resultant product has
      non-uniform thickness and frequently areas of greatest draw are
      undesirably thin.
PAR  Inherently, processes involving the heat plastification of polymers are
      slow and are not readily adapted to high production rates such as may be
      obtained in metal fabrication, wherein sheet metal may be punched, drawn,
      and otherwise formed without the temperature of the sheet being raised
      substantially.
PAR  In order to overcome many of the problems arising in hot forming plastic
      materials, it has been the practice to manufacture hollow articles and
      other articles of thermoplastic polymers by cold forming processes, such
      as cold drawing, cold stamping and the like. In accordance with cold
      drawing techniques, plastic sheets are cold drawn (often by so-called
      "deep-drawing") into the form of cups, bowls, tubs, tubular articles, and
      other similar such desired configurations. In accordance with another cold
      forming process, a resin blank (usually in disk form) is cold extruded by
      placing the blank between two coaxially opposite mold pieces of mating
      configuration and then squeezing the resin blank therebetween such that at
      least part of the resin is extruded and flows between the mold pieces to
      form the desired shape. Pressure between the mold pieces is subsequently
      relaxed and the molded article is withdrawn therefrom. Other methods for
      cold forming thermoplastic polymers at temperatures below the heat
      plastification point of the polymer are also well known. In order to avoid
      rupture of the thermoplastic polymer substrate during the cold forming
      operation, it is a practice in the art to coat the substrate and/or the
      surfaces of the shaping or drawing means with a lubricant such as an oil,
      an aqueous oil emulsion, soap water, or even for some resins having marked
      water repellant character, simply water. Unfortunately, however, there is
      the accompanying problem of lubricant build-up on the die surfaces of the
      molding device and/or the formed substrate, and it is usually necessary to
      remove lubricant several times during the procedure from the article and
      the dies.
PAR  In view of the foregoing problems of the prior art, it would be highly
      desirable to provide a cold forming technique which would enable the
      practice of a high speed cold forming method without the requirement of
      lubricant.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is such an improved method for cold forming
      thermoplastic materials. In the practice of the improvement which
      eliminates the need for lubricating either the cold forming die surface or
      the thermoplastic substrate, a substrate of thermoplastic organic polymer
      is surface sulfonated and subsequently cold formed into the desired shape.
      Surface sulfonation of the substrate of the thermoplastic organic polymer
      appears to cause the substrate to slide readily upon the cold forming die
      surfaces without offering the substantial resistance which is
      characteristic of untreated substrates of thermoplastic organic polymers.
      Surface sulfonation of the substrate offers the advantage of eliminating
      any necessity of washing or otherwise delubricating the finished article
      after cold forming.
PAR  Accordingly, in the practice of this invention, substrates of thermoplastic
      organic polymers can be cold formed by techniques such as deep drawing
      sheets of such polymers at speeds higher than may be obtained by vacuum
      forming or injection molding. In fact, metal fabricating techniques of
      deep drawing can be employed in the practice of the present invention.
      Practice of the present invention enables the formation of articles which
      have uniform wall thickness which is about the same as or slightly thicker
      than that of the parent sheet in the case of deep drawing.
PAR  In the practice of the present invention such shaped articles as bowls,
      tubs, cups, tubular articles and other similar types of containers, caps,
      and the like are produced.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Polymers suitably employed in the practice of this invention are
      sulfonatable, thermoplastic organic polymers which are observed to flow
      upon the application of moderate stress at the temperatures specified
      hereinafter. By "sulfonatable polymer" is meant a polymer having
      replaceable hydrogen atoms on the carbon atoms of the polymer
      macromolecule. Thus, a polymer such as polytetrafluoroethylene can not be
      used as a substrate in the practice of this invention because it does not
      have any replaceable hydrogen atoms and is therefore not readily
      sulfonatable.
PAR  Exemplary suitable thermoplastic organic polymers which may be used as
      substrates in the practice of this invention are the addition type
      homopolymers, copolymers, and blends thereof prepared from ethylenically
      unsaturated monomers such as olefins, e.g., ethylene, propylene, butene-1,
      4-methyl-1-pentene, isobutylene, and the like; diolefins, e.g., butadiene
      and isoprene; vinyl and vinylidene halides, e.g., vinyl chloride and
      vinylidene chloride; vinyl esters of non-polymerizable carboxylic acids,
      e.g., vinyl acetate, vinyl propionate, vinyl butyrate, and vinyl benzoate;
      alkyl esters of .alpha.,.beta.-ethylenically unsaturated carboxylic acids,
      e.g., ethyl acrylate, methyl methacrylate, isobutyl acrylate, propyl
      acrylate, ethyl itaconate, and ethyl hydrogen maleate; monovinylidene
      aromatic carbocyclic compounds, e.g., styrene, t-butylstyrene,
      chlorostyrene, .alpha.-methylstyrene, ar-methoxystyrene, and
      ar-methylstyrene; ethylenically unsaturated nitriles and amides, e.g.,
      acrylonitrile, fumaronitrile, methacrylonitrile, methacrylamide,
      acrylamide, and the like; unsaturated ethers and ketones, e.g., methyl
      vinyl ketone and methyl vinyl ether; and the like. Also suitable are such
      polymers as chlorinated polyethylene and chlorinated polypropylene, rubber
      modified polystryene and styrene polymers, polyamides such as nylon,
      polyesters such as polyethylene-terephthalate, polycarbonates and
      polyethers such as polyformaldehyde. Of special interest are predominantly
      hydrocarbon polymers such as polyethylene, polypropylene,
      polymethylpentene, polystyrene, rubber modified polystyrene,
      acrylonitrile/butadiene/styrene terpolymers (so-called ABS resins) and
      other polymers such as polyvinylchloride, vinyl chloride, vinylidene
      chloride copolymer, and the like.
PAR  Surface sulfonation of the substrate of thermoplastic organic polymer is
      satisfactorily accomplished by subjecting the surface of the substrate to
      be sulfonated to the action of a sulfonating reagent such as concentrated
      sulfuric acid containing at least 98 weight percent of sulfuric acid,
      oleum, anhydrous solutions of oleum and free sulfur trioxide, trace
      amounts of about up to about 10 weight percent of diluent sulfur trioxide
      in an inert chlorinated solvent, or gaseous sulfur trioxide diluted with
      an inert gas such as air, nitrogen, carbon dioxide and the like.
      Techniques employing the sulfonation reagents are more fully described in
      the prior art, e.g., U.S. Pat. Nos. 2,937,066, 2,945,842, and 2,854,477.
      While surface sulfonation of the polymer is suitably accomplished with any
      of the aforementioned sulfonating agents, it is generally more
      advantageous to employ a vapor phase containing from about 1 to about 100
      volume percent gaseous sulfur trioxide, preferably from about 2 to 10
      percent, in an inert gas such as air, nitrogen, carbon dioxide, or helium.
      Sulfonation using the vapor phase reagent is preferred since visible
      attack of the plastic surface is more severe in methods wherein inert
      solvents are used. The substrate is contacted with a sulfonating agent for
      periods of time that vary inversely with the temperature and concentration
      in order to achieve the degree of sulfonation which renders the polymer
      surface water wettable. Advantageously, the degree of sulfonation is that
      which provides from about 0.0001  to about 50 milligrams, preferably from
      about 0.005 to about 1 milligram, of sulfur trioxide equivalents
      (SO.sub.3) in the form of sulfonic acid groups per square centimeter of
      surface. An especially preferred degree of sulfonation is in the range
      from about 0.02 to about 0.5 milligram of sulfur trioxide equivalents per
      square centimeter. For example, if one uses an 8 volume percent
      concentration of sulfur trioxide in an inert gas such as carbon dioxide at
      25.degree.C to sulfonate the plastic substrate to an extent of 0.05
      milligram of sulfur trioxide equivalents in the form of sulfonic acid
      groups per square centimeter of surface, one can use a contact time of
      about 2 minutes. On the other hand, this concentration can be reduced to 2
      volume percent sulfur trioxide, if desired, with an increase in the
      contact time to about 8 minutes for the same degree of sulfonation. Other
      changes in temperature, etc., can be made by those skilled in the art.
PAR  It is preferable that a generally lower degree of sulfonation is employed
      with thin polymer substrates rather than with thicker ones. For example,
      it is found that a sheet or a film having a thickness of 1 mil is
      completely sulfonated throughout at a degree of sulfonation of about 1
      milligram sulfur trioxide equivalent per square centimeter.
PAR  Although not required, it is generally preferred to neutralize the sulfonic
      acid groups on the surface of the plastic substrate by contacting the
      substrate with gaseous ammonia or dilute aqueous solution of basic
      materials of inorganic compounds. Examples of these are gaseous and
      aqueous ammonia, aqueous solutions of alkali metal and alkaline earth
      metal hydroxides, carbonates, bicarbonates, and the like, such as sodium
      hydroxide, potassium hydroxide, calcium hydroxide, magnesium carbonate,
      sodium bicarbonate, etc. The sulfonic acid groups may also be neutralized
      with organic amines such as the alkyl amines wherein alkyl has from 1 to
      15 carbon atoms such as ethylamine, trimethylamine, and the like, the
      mono-di-tri-alkanol amines wherein alkanol has from 2 to 10 carbon atoms,
      the polyamines such as polyethyleneimine and other amines set forth in
      U.S. Pat. No. 2,832,698.
PAR  Following sulfonation or sulfonation and neutralization, the plastic
      substrates are advantageously water washed and dried to remove excess
      sulfonating or neutralization agents.
PAR  Cold forming of the thermoplastic organic polymer substrate is readily
      accomplished by employing conventional cold forming apparatus. For example
      in deep drawing of thermoplastic polymer sheets, conventional metal
      forming punches and dies may be employed. Exemplary apparatus and method
      for accomplishing such deep drawing are disclosed in U.S. Pat. Nos.
      2,468,697 and 2,296,723. In the case of cold flow extrusion, the substrate
      in the form of a disk or similar such blank is squeezed between dies which
      mate with one another as disclosed in U.S. Pat. No. 3,021,570. The cold
      forming operation is carried out at temperatures between about 0.degree.
      and 200.degree.F and advantageously between about 50.degree. and
      130.degree.F. Above about 200.degree.F stretching or orientation occurs
      and below 0.degree.F the polymer substrate frequently ruptures on cold
      forming such as in the case of deep drawing. Die clearances are not
      critical in the practice of this invention and are operative over a wide
      range, essentially the same range that can be employed in the case of cold
      forming of lubricated plastic substrates.
PAR  In preferred embodiments it is desirable to employ heated dies in the cold
      flowing operation. The die members are heated to temperatures from about
      150.degree. to 200.degree.F. The elevated temperature of the dies appears
      to enhance the ability of the polymer substrate to slide readily over the
      die during molding without wrinkling. The use of heated dies coupled with
      the sulfonated surface of the polymer substrate enhances the success of
      practicing the present invention in the absence of a lubricating agent.
PAR  In addition if deeper shelled containers or other articles are desired than
      those which are nominally produced in a single drawing or forming
      operation, successive forming operations can be performed until the
      desired depth has been achieved without use of lubricating agent.
      Reworking or annealing of the formed object between successive drawing
      operations in this case would be similar to those required for reworking
      lubricated sheet.
DETD
PAR  The following examples are given to illustrate the invention but should not
      be construed as limiting its scope. All parts and percentages are by
      weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A 20 mil molded disk of acrylonitrile/butadiene/styrene terpolymer having
      19.0 weight percent of acrylonitrile, 19.2 weight percent of butadiene,
      and 61.8 weight percent of styrene is dipped into a glass walled tank
      containing about 10 volume percent sulfur trioxide in an atmosphere of
      carbon dioxide maintained at 25.degree.C with agitation provided by means
      of electric stirrers.
PAR  The piece is held in the tank for a period of 1/2 minute and then removed
      and sprayed with 2% aqueous ammonia. As a final step, the disk is dipped
      into a water bath and then dried.
PAR  The sulfonated disk (0.02 .times. 4 inches) is positioned in a deep drawing
      press having a die of 2 inches in diameter. The disk is held in position
      by means of a clamping ring. The disk is formed into a cup having a
      diameter of 2 1/2 inches and a depth of about 1 inch by forcing an annular
      ring against the disk and onto a punch employing pressure of 50 psi. The
      container is wrinkle free and has uniform wall thickness without any point
      of rupture. The pressure employed can be varied as is conventional in the
      art.
PAR  For the purposes of comparison and to show the advantages of the present
      invention an untreated, unlubricated disk of the
      acrylonitrile/butadiene/stryene terpolymer is positioned in the deep
      drawing press and drawn in the manner stated above. The resulting
      container has non-uniform wall thickness and is split at the junction of
      the side wall and the bottom. Drawing is observed to be incomplete.
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STM  What is claimed is:
NUM  1.
PAR  1. In a process for cold forming a substrate of a sulfonateable polymer
      which can be cold formed wherein the substrate is positioned in a cold
      forming apparatus and formed into the desired shaped article at
      temperature below the heat-plastification point of the polymer; the
      improvement which comprises surface sulfonating the substrate of
      thermoplastic organic polymer to a degree sufficient to render the
      substrate surface water-wettable and subsequently cold forming the
      substrate to desired shape in the absence of lubricant.
NUM  2.
PAR  2. The improvement of claim 1 wherein the polymer is predominantly
      hydrocarbon.
NUM  3.
PAR  3. The improvement of claim 2 wherein the polymer is a styrene polymer.
NUM  4.
PAR  4. The improvement of claim 1 wherein the surface sulfonated substrate is
      neutralized.
NUM  5.
PAR  5. The improvement of claim 4 wherein neutralization is effected by
      contacting the surface sulfonated substrate with gaseous ammonia.
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ABST
PAL  A method for curing tires especially adapted for curing very large-sized or
      so-called giant tires which have not been generally in such demand as to
      warrant mass production characterized by holding the curing mold in a
      stably closed locked condition during the curing process under purely
      mechanical force in contrast to hydraulic force such as heretofore
      employed, comprising the steps of placing a mold unit composed of upper
      and lower mold halves and containing a semi-shaped "green" tire upon a
      stand of a mechanical press having a plunger mechanism supporting an upper
      housing member moved by means of a crank gear, driving the crank gear to a
      first position located ahead of its lower dead center a predetermined
      amount whereby the plunger mechanism and housing section are smoothly and
      continuously moved through an arcuate path from a raised position to a
      lowered position at which the plunger mechanism and housing member are
      adjacent the upper mold half, adjusting the position of the plunger
      mechanism relative to the crank gear so that the plunger closely contacts
      the upper mold half, driving the crank gear to its lower dead center so as
      to lock the apparatus with an overcenter type locking action, and
      providing the mold unit with a steam atmosphere for the purpose of heating
      the mold and curing the tire.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of application Ser. No. 192,275
      filed Oct. 26, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a method of curing tires, and more
      particularly to such a method of curing tires characterized by holding the
      curing mold in a stably closed, locked condition during the curing process
      under purely mechanical force which in one aspect is especially adaptable
      for curing very large-sized or giant tires.
PAR  2. Description of the Prior Art
PAR  Large or small-sized tires generally used for cars, trucks or buses are
      conventionally produced by a composite unit known as a mechanical press
      which includes a semi-shaping unit and a curing unit, whereby the tires of
      such sizes are produced in an automatic production line system featuring
      such processes as semi-shaping, curing and removing the cured tires.
PAR  However, very large-sized or giant tires which are used for construction
      machines, super-heavy trucks or other special vehicles have not generally
      been in such demand as to require mass production, and therefore, the
      production of such very large-size or giant tires has not conventionally
      been placed upon an automatic production line system. Instead, the very
      large-sized or giant tires for the above-mentioned purposes are generally
      produced in the following manner. First, a "green" tire, or one which is
      semi-shaped substantially corresponding to the final shape but not yet
      cured, is produced in a semi-shaping unit. Then, the semi-shaped tire is
      placed in a mold unit composed of upper and lower mold halves, and the
      mold unit containing the semi-shaped tire is carried into a pot heater
      equipped with hydraulic ram means. In the pot heater, the upper and lower
      mold halves are pressed together by the hydraulic ram means and perhaps
      additionally, for security purposes, by means of bolt and nut arrangements
      with such sufficient force to overcome the strong expansion force exerted
      in the curing process by the tire-forming materials contained in the mold.
PAR  In the curing process, the mold unit is confined in an atmosphere of steam
      for heating purposes for as long as about 6 to 12 hours, while the inner
      surface of the tire is supported by a bladder into which hot water is
      introduced under pressure. After curing, the mold unit is taken out of the
      pot heater, and the cured tire, including the bladder therein, is removed
      from the upper and lower mold halves. Finally, the tire is again processed
      in the semi-shaping unit so as to remove the bladder therefrom. The series
      of processes described herein and conventionally used for curing very
      large-sized or giant tires are not performed automatically.
PAR  However, a remarkable increase in the demand for such very large-sized or
      giant tires in recent years has pushed forward the requirement that very
      large-sized or giant tires also be mass produced with the same high
      efficiency previously realized in the production of large and small-sized
      tires.
PAR  When very large-sized or giant tires are produced in the conventional
      method described above, there is a serious disadvantage, other than that
      the conventional method is not readily suitable for an automatic mass
      production system, which is that it sometimes is difficult to keep the
      mold halves containing the tire-forming materials in perfectly closed
      condition for a long period of time, such as between 6 and 12 hours,
      against the strong expansion force exerted by the materials. This is
      because, in the conventional method wherein the mold halves are pressed
      together by a hydraulic ram means, there is a danger that the pressing
      force of the ram may be unexpectedly lowered or lost due to a failure of
      the electric power or a damage in the electric system, or due to a leakage
      of hydraulic fluid in the sealing portions of the ram cylinder or valves.
PAR  If a lowering or loss of the ram hydraulic pressure occurs during the
      curing process, the tire-forming materials contained in the mold unit will
      leak out of the mold through the joining portion of the mold halves,
      whereby the product is degraded and is below standard such that it cannot
      be used. Such failure in the producing process of very large-sized or
      giant tires results in serious loss, since such tires are generally very
      expensive. To prevent accidental damage of the character described from
      occurring, attempts have been made to clamp the upper and lower mold
      halves by bolts and nuts, in addition to the hydraulic ram means, but this
      clamping work is heavy, difficult, and expensive, and nevertheless, it
      cannot perfectly accomplish the purpose of keeping the mold unit in a
      satisfactory tightly closed condition in the case of failure of the ram
      hydraulic pressure.
PAR  Further, there is the fear that operators are exposed to dangerous
      situations caused by the loosening of these bolts and nuts during the
      production process, and a still further disadvantage of the conventional
      method of employing hydraulic ram means is that it requires a number of
      pumps and valves, and therefore, the maintenance of the equipment is
      relatively expensive.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      method for curing tires, especially very large-sized or giant tires which
      have not been generally in such demand as to warrant mass production, by
      maintaining the curing mold in a stably closed locked condition during the
      curing process under purely mechanical force which is free from such
      unexpected lowering or loss of force which might inadvertently occur in a
      hydraulically operated pressure-applying system.
PAR  Another object of this invention is the provision of a method of curing
      tires having simple preparatory procedures and being free of the dangers
      in such prior methods wherein bolts and nuts are used for securing the
      molds.
PAR  Still another ojbect of the present invention is to provide a method for
      curing tires which exhibits preparatory conditions capable of maintaining
      the mold unit under a stable force condition in the instance that the
      shapes or sizes of the various mold units are respectively displaced
      corresponding to the shapes or sizes of the tires to be cured therein.
PAR  Yet another object of the present invention is to provide a method for
      curing tires by which automatic operations result in achieving preparatory
      conditions which facilitate accommodation for differences among the
      various mold units.
PAR  A further object of the present invention is the provision of a method for
      curing tires by which a substantially large force may be firmly and safely
      applied to the mold unit so as to cure the tires therein in consideration
      of overloads and the elasticity thereof.
PAR  The foregoing and other objects are attained according to the present
      invention through the provision of an apparatus featuring a mold unit
      composed of upper and lower mold halves for receiving a semi-shaped
      "green" tire of giant proportions therebetween, a mechanical press having
      a stand for receiving the mold unit from outside the apparatus, a housing
      on the press for sealingly enclosing the mold unit for providing a steam
      chamber for curing a tire and having a movable upper member and a fixed
      lower member, a crank gear on the press for driving the upper housing
      member reciprocally in a vertical path, means for driving the crank gear,
      plunger means on the upper housing member having coaxially disposed
      members axially displaceable relative to one another for automatically
      pressing the mold unit, geared motor means for operating the plunger means
      through a coupling means for axially displacing the plunger members,
      control means for shutting off the power supply to the geared motor means
      and for energizing the means for driving the crank gear responsive to the
      coupling means being loaded beyond a predetermined level, first limit
      switch means for de-energizing the means for driving the crank gear and
      for energizing the geared motor means for actuating the plunger means for
      applying mechanical pressure to the mold unit when the upper housing
      member is in a first position just in advance of the lower dead center of
      the vertical path thereof, and second limit switch means for de-energizing
      the means for driving the crank gear when the upper housing member is in a
      second position situated in the lower dead center of its vertical path.
PAR  Thus, according to the apparatus of this invention as characterized herein,
      the objects of this invention may be attained by a method of placing the
      mold unit composed of the upper and lower mold halves containing a
      semi-shaped "green" tire therein upon the stand of the mechanical press
      having the plunger mechanism supporting the upper housing member moved by
      the crank gear, driving the crank gear to a first position located ahead
      of its lower dead center a predetermined amount whereby the plunger
      mechanism and the housing member are smoothly and continuously moved
      through an arcuate path from a raised position to a lowered position at
      which the plunger mechanism and housing member are adjacent the upper mold
      section, adjusting the position of the plunger mechanism relative to the
      crank gear so that the plunger closely contacts the upper mold half,
      driving the crank gear to its lower dead center so as to lock the
      apparatus with an over-center type locking action, and providing the mold
      unit with a steam atmosphere for the purpose of heating the mold and
      curing the tire.
PAR  The relative position of the plunger to the crank gear may be adjusted so
      that the plunger closely contacts the upper mold half, through the geared
      motor means for rotating the plunger means through the coupling means for
      thereby axially displacing the plunger members and the control means for
      cutting off the power supply to the geared motor means and for energizing
      the means for driving the crank gear responsive to the coupling means
      being loaded beyond a predetermined level are provided in the apparatus.
      Though, generally speaking, it is difficult for a mechanical press to
      control such large forces generated by the crank gear, the geared motor
      means and the control means of this invention protect the apparatus from
      being overloaded and also prevent it from loosening because of the
      inherent elasticity thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which like referece numerals
      designate like or corresponding parts throughout the several views, and
      wherein:
PAR  FIG. 1 is a vertical section of a mechanical press particularly adapted to
      perform the method of this invention, showing especially the manner in
      which the mold halves are held between a stand and a mechanical plunger of
      the press; and
PAR  FIGS. 2 and 3 are a vertical section and a side view, respectively, of the
      mechanical press shown in FIG. 1, showing especially the manner in which
      the mechanical plunger mechanism and the upper housing section are
      smoothly and continuously moved through an arcuate path by means of the
      crank gear assembly from the raised position shown in chain lines in FIG.
      3 to the lowered position shown in FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIG. 1, a
      semi-shaped and not yet cured, or a "green" tire 1, which has been
      produced in a conventional semi-shaping unit, not shown, is placed in a
      mold unit generally designated by reference numeral 2 composed of upper
      and lower mold halves 3 and 4, and the mold unit 2 is placed upon a stand
      5 of the press. Before the tire 1 is placed in the mold, the bead portions
      of the tire are confined by upper and lower bead rings 6 and 7,
      respectively, and over the entire inside surface of the tire there is
      placed in contact therewith a bladder 8, the inside peripheries of which
      are fluid-tightly closed by cylindrical packing means composed of mutually
      engaged bladder rings 9 and 10, which in turn are engaged with the upper
      and lower bead rings 6 and 7. The rings 9 and 10 are fluid-tightly engaged
      via a packing ring 11 and are assembled by a locking element 12. As it is
      seen in FIG. 1, the upper and lower mold halves 3 and 4, being assembled
      as the mold unit 2 containing the semi-shaped tire and placed on the stand
      5 of the press, are not yet in contact with each other to close the mold,
      but the upper mold half 3 is suspended above the lower mold half 4 a
      relatively large distance, such as about 50 mm., when no clamping force is
      applied to the mold halves.
PAR  The mold unit 2 placed on the stand 5 of the press is covered by a housing
      13 adapted to provide a steam box in which the mold unit is subject to a
      steam heating atmosphere during the curing process of the tire. The
      housing 13 includes a lower housing member 14 mounted on the stand 5 and a
      bell-shaped upper housing member 15, both being adapted to join
      fluid-tightly with each other at the peripheral portion thereof with
      interposition of a packing ring 16. The upper housing 15 is supported by a
      plunger body 17, which in turn is movably supported by a crank gear as
      will be described in detail hereinbelow.
PAR  The plunger body 17 carries a first plunger element 18 formed as a columnar
      member being threaded on its outer periphery. The plunger element 18
      carries a second element 19 also formed as a tubular member and having
      threaded inner and outer surfaces, whereby the second plunger element 19
      is threadably engaged on the outside of the first plunger element 18 by
      the cooperating threads. The element 19 has a flanged portion 20 formed as
      a gear wheel which is adapted to be driven by a pinion to be described. A
      third plunger element 21 is carried by the tubular plunger element 19
      having a flange on the lower surface thereof to contact the upper mold 3
      and a tubular portion 22 extending centrally and vertically upward
      therefrom which is threaded inside to engage with the outer threads of the
      second plunger element 19. The threads on the inside and outside surfaces
      of the element 19 are spiralled in opposite directions so that rotation of
      the element 19 causes axial displacement of the third element 21 relative
      to the first element 18, provided that rotation of the third element 21 is
      prevented by a suitable axial guide means, not shown.
PAR  The gear wheel 20 on the element 19 is in meshing engagement with a
      relatively elongated vertically oriented pinion 23 rotatably carried by
      the plunger body 17 and adapted to be driven by a geared motor 24 via
      suitable coupling means 25.
PAR  Referring now to FIGS. 2 and 3, the plunger body 17 is shown being carried
      by a crank gear including a pair of parallel crank arms 26 and a
      corresponding pair of crank wheels 27. The crank arms 26 take the position
      shown by solid lines in FIG. 3 when they are at their lower dead centers,
      wherein the plunger body 17 is lowered and the upper housing member 15 is
      also lowered to define a steam box together with the lower housing member
      14, and take the position shown by dash-and-dot lines in FIG. 3 when they
      are in the raised position for opening the steam box and lifting the
      plunger for charging or discharging a mold unit into or out of the press.
PAR  In curing the "green" tire 1, which is set with the bladder 8 and upper and
      lower bead rings 6 and 7, and placed between the upper and lower mold
      halves 3 and 4, the crank wheels 27 are first turned to bring the crank
      arms 26 to the position shown by dash-and-dot lines in FIG. 3, whereby the
      plunger body 17 is lifted and the region over the stand 5 of the press is
      widely opened to be ready for charging the mold unit containing the
      "green" tire. After the mold unit has been carried onto the stand 5 by
      means of, for example, a crane, and settled at the central region thereof
      preferably by means of suitable devices, not shown, the bladder 8 is
      connected to a pressure source by suitable fluid conducting means, not
      shown, so as to be inflated with a pressure of about 1 kg/cm.sup.2. Then,
      the crank wheels 27 are driven by a motor 28 through suitable power
      transmission lines until a limit switch 29 is actuated thereby to
      deenergize the motor 28 and stop the crank wheels at a position just in
      advance of their lower dead centers. Consequently, the plunger mechanism
      17 and the upper housing section 15 carried thereby are smoothly and
      continuously moved through an arcuate path from the raised position shown
      by the dash-and-dot lines of FIG. 3 to the lowered position 1 at which the
      upper housing is adjacent the lower section 14.
PAR  With the crank wheels and arms being held in this position, the geared
      motor 24 is energized to rotate the tubular plunger element 19, whereby
      the plunger element 21 is gradually lowered until it comes in tight
      contact with the upper mold half 3. When the plunger element 21 tightly
      contacts the upper mold half 3, the coupling means 25 are loaded beyond a
      predetermined level, whereby the power supply to the motor 24 is
      automatically cut off by appropriate control means of conventional
      character, not shown. By the actuation of this control means, the motor 28
      is again energized and the crank wheels 27 are driven to their lower dead
      centers, where another limit switch 30 is actuated and the motor 28 is
      again automatically deenergized.
PAR  Movement of the crank wheels 27 from the previously descirbed first stop
      position to the lower dead centers causes the plunger body 17 to be pulled
      down with a relatively strong force being exerted by the crank wheels near
      their dead centers, through means of an over-center locking type action,
      whereby the upper mold half 3 is pressed down against the lower mold half
      4 by a correspondingly strong force. Thus, the upper and lower mold halves
      3 and 4 are tightly closed to confine the "green" tire contained therein.
      Since, in this case, the plunger body 17 is positively held in a lowermost
      clamping position by the crank arms 26 being positioned stand-still at
      their lower dead centers with no further need of the power supply, there
      is no danger that the clamping force will be lowered or lost unexpectedly
      due to a failure of the electric or other power sources.
PAR  By the plunger body 17 being lowered to its lowermost clamping position
      corresponding to the dead center of the crank wheels 27, the bell-shaped
      upper housing member 15 also comes in close contact with the lower housing
      member 14 to define the steam box around the mold unit. Steam may then be
      introduced into the steam box by any suitable conduit means, not shown.
PAR  After the lapse of a predetermined time of curing, the processes described
      above are performed in a reverse order to reveal the mold unit 2 now
      containing the cured tire on the press stand and being ready to be carried
      out of the press by means of a crane or the like through a widely open
      space provided above the stand.
PAR  The extent of clamping to be exerted on the mold unit differs according to
      the dimensions, as well as the kind, of tire to be cured. This extent can
      readily be adjusted by positioning the limit switch 29 along the periphery
      of the crank wheel or by providing second, third and other limit switches
      such as the one which is shown in FIG. 3, being indicated by the numeral
      31.
PAR  From the foregoing, it will be appreciated that the method and apparatus of
      curing tires according to this invention is highly suitable for production
      of very large or giant-sized tires in view of the fact that the method and
      apparatus may be readily performed and operated in a fully automatic
      manner. Furthermore, the preparatory conditions with accommodation to
      differences in size among the various mold units, that is, the adjustable
      positions of the plunger relative to the crank gear whereby the plunger is
      able to closely contact the upper mold half, is always attained by the
      geared motor and control means of the present apparatus for curing tires
      constructed according to this invention, whereupon firm and stable forces
      may be impressed upon the curing tire without deleterious over-loading and
      with consideration for elasticity within the apparatus.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. Accordingly, it is to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A method of curing tires comprising the steps of:
PA1  placing a mold unit, composed of upper and lower mold halves and containing
      a semi-shaped green tire, upon a stand of a mechanical press having a
      plunger mechanism supported, and capable of being moved by means of crank
      gear wheels and arms;
PA1  driving said crank gear wheels and arms to a first position located just
      ahead of their lower dead center position by a predetermined amount so as
      to continuously and smoothly move said plunger mechanism in an arcuate
      fashion from a raised position to a lowered position at which said plunger
      mechanism is located adjacent said upper mold half;
PA1  adjusting said plunger mechanism relative to said crank gear wheels and
      arms so that said plunger mechanism contacts and pressurizes said upper
      mold half with a compressive force and is loaded beyong a predetermined
      level, whereby said upper mold half is forced into contact with said lower
      mold half;
PA1  driving said crank gear wheels and arms to their lower dead center position
      so as to stress and compress said upper mold half still further into
      contact with said lower mold half through means of said plunger mechanism
      and thereby achieve an over-center type locking action; and
PA1  surrounding said mold unit with a steam atmosphere for the purpose of
      heating the mold and curing the tire.
NUM  2.
PAR  2. A method of curing tires, especially very large-sized or giant tires
      which are not in such demand as to warrant mass production by a mechanical
      press for pressing a mold unit composed of upper and lower mold halves and
      containing a semi-shaped green tire which has a stand, crank gear wheels
      and arms secured to said stand, a lower housing member fixed upon said
      stand, an extensible plunger mechanism supported by said crank gear,
      wheels and arms, and an upper housing member supported by said plunger
      mechanism, comprising the steps of:
PA1  placing said mold unit upon said stand,
PA1  driving said crank gear wheels and arms to a first position located just
      ahead of its lower dead center so that said upper housing member will mate
      with said lower housing member so as to enclose said mold unit for
      providing a steam chamber for curing said tires;
PA1  extending said extensible plunger mehanism so that said extensible plunger
      mechanism applies mechanical pressure to said upper mold half, and is
      loaded beyond a predetermined level so as to compress the same into
      contact with said lower mold half while said crank gear wheels and arms
      remain in said first position;
PA1  driving said crank gear wheels and arms to the lower dead center so as to
      stress and compress said upper mold half still further into contact with
      said lower mold half, through means of said plunger mechanism, so as to
      attain a locking action therewith; and
PA1  surrounding said mold unit with a steam atmosphere for heating said mold
      unit and curing said tire.
NUM  3.
PAR  3. A method according to claim 2, further comprising adjusting said
      predetermined amount by which said plunger is located above its lower dead
      center at said first position according to the dimensions and kind of tire
      to be cured.
NUM  4.
PAR  4. A method according to claim 2, wherein said adjusting of the relative
      position of said plunger to said crank gear is effected by mechanically
      changing the length of said plunger.
NUM  5.
PAR  5. A method according to claim 2, further comprising opening and closing
      said steam atmosphere by operating said crank gear.
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ABST
PAL  Method and Apparatus for subjecting material to extreme compression, for
      instance in the making of artificial diamonds. The material is enclosed
      within a cluster of anvils. When pressure pads converge to bear upon the
      clustered anvils so that they slide against each other and the cluster
      contracts, the material within is compressed. The reaction of each anvil
      with its pressure pad is directed generally towards the material to be
      compressed but lies out-of-parallel with the interfaces of sliding
      movement of that anvil with its neighbours. The pad-anvil reaction can
      thus be resolved into components urging each anvil into contact with its
      neighbours, and thus supporting the anvil against fracture due to the high
      compression it undergoes along the pad-specimen axis.
BSUM
PAR  This invention relates to apparatus to subject material to high pressure,
      especially apparatus in which carbonaceous material may be subjected to
      very high pressures, of the order of 70 kilobars for example, to produce
      diamonds artificially or synthetically. In particular it relates to such
      apparatus in which similar anvils are arranged in face-to-face contact
      with each other in a cluster enclosing a specimen of the material with
      which they are also in contact. By sliding the anvils over each other so
      that the cluster tends to contract in size, the specimen enclosed within
      is compressed.
PAR  One such apparatus already proposed comprises anvils in the form of six
      identical rectangular blocks which are driven by two coaxial pressure pads
      and are arranged in a cluster around a cubic specimen of material. When
      the pads converge they bear against the anvils which slide against each
      other so as to contract the cluster and compress the specimen, thus
      tending to reduce it in size equi-dimensionally so that the volume
      diminishes although its surface shape always remains geometrically similar
      to the original. In better-known apparatus of the same general kind,
      specimens have been held in the slab-like space between the fixed and
      opposed parallel faces of two massive supports, and anvils sliding within
      that space have reduced the dimensions of the specimen along all axes
      lying at right-angles to the dimension between the two faces, but have
      left that dimension unchanged.
PAR  In apparatus of this kind, the anvils themselves are of course subject to
      great compression. Now the tendency of a body to fracture when subjected
      to compression along one axis can be resisted by applying compensating
      compression, commonly referred to as "massive support", to the body in the
      plane lying normal to that axis. This counteracts the tendency of the body
      to expand in that plane past its elastic limit. In apparatus of the kind
      described, the anvils have derived some such compensating compression from
      the normal reaction of the friction they set up as they slide against
      adjacent anvils. However, this compensating compression has seldom been
      substantial since the forces urging adjacent sliding anvils into contact
      with each other have not been great. Constructions have been proposed in
      which spacers fill some of the gaps between the anvil cluster and the
      pressure pads, but such spacers have been of compressible or resilient
      material, and their main purpose has apparently been to simplify the
      setting up of the apparatus. They have been ill-suited to withstanding the
      high working pressures of the apparatus, and thus incapable of creating
      predictable new compressive forces within the cluster, which could
      usefully provide "massive-support" for individual anvils.
PAR  The present invention arises from a search for new ways of making anvils
      more resistant to fracture, and from the resulting discovery that
      improvement is achieved if the reaction between each anvil and its thrust
      source lies out-of-parallel with the planes of sliding motion of that
      anvil against its neighbours, whereby that reaction may be resolved into
      components positively urging the mutually-sliding anvils into contact with
      each other. The invention includes new constructions of anvil, and new
      arrangements and constructions of pressure source to drive such anvils
      correctly.
DRWD
PAR  The invention is defined by the claims at the end of this specification and
      will now be described, by way of example, with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view, partly exploded, of apparatus already
      proposed;
PAR  FIG. 2 is a similar view, but basically in plan, of apparatus according to
      the present invention;
PAR  FIG. 3 is a perspective view of one anvil according to the present
      invention, showing it in working engagement with the specimen of material
      to be compressed;
PAR  FIG. 4 is a diagrammatic axial section through a pressure pad for use with
      the anvil of FIG. 3;
PAR  FIG. 5 is a similar to FIG. 3, but shows another anvil according to the
      present invention, and
PAR  FIG. 6 is a geometrical diagram of an anvil, illustrating some important
      angles.
DETD
PAR  FIG. 1 shows two cylindrical pressure pads 1 and 2. The pads are mounted on
      massive rams (the one for the lower pad is shown diagrammatically at 1a)
      which drive the pads axially towards each other and also prevent them from
      mutually rotating. In FIG. 1 pad 1 is shown disposed on its working axis
      21, but anvil 2 has been tipped back and its corresponding ram omitted for
      clarity of illustration. The working upper face 3 of lower pad 1 is formed
      with a cavity 4 having three sides 5, 6 and 7 mutually at right angles to
      each other. The cavity thus has the shape that might have been caused had
      the corner of a cube penetrated face 3; this shape will be referred to as
      a "cube corner" cavity. Consequently, sides 5, 6 and 7 of the cavity are
      each disposed at an angle of cot.sup.- .sup.1 .sqroot.2, i.e. about
      35.degree. 15' 52" to axis 21, and when viewed along that axis are
      symmetrically displaced at 120.degree. to each other. The working lower
      face 8 of upper pad 2 is formed with a similar cavity having sides 9, 10
      and 11. Small grooves 12 leading to an axial cavity 13 are also visible in
      the upper pad, and the lower pad has corresponding features, of which only
      parts of the grooves are visible in FIG. 1. When pad 2 is placed
      co-axially above pad 1, faces 5, 9; 6, 10; 7, 11 lie parallel.
PAR  A cluster of six rectangular anvils 14 - 19 is shown formed and seated
      within cavity 4. Each anvil has two equal major square faces and four
      equal minor rectangular faces, and the anvils are so arranged as to
      enclose in the middle a cubic specimen 20 of material for compression. In
      the manufacture of synthetic diamonds, such material could be a graphite
      particle enclosed within a block of low-friction material such as
      pyrophyllite. The six anvils are shown in exploded perspective as well as
      in their working positions in FIG. 1, and in the exploded views a small
      square at one corner of one of the major square faces of each anvil
      indicates that part of the anvil which will directly contact the specimen
      20 during operation. The opposite major square face of each anvil will be
      in contact with one of the pad cavity faces 5 - 7 and 9 - 11; thus anvil
      14 will be in contact with face 5, 15 with 7, 16 with 6, 17 with 10, 18
      with 11 and 19 with 9. As the pads are driven together axially by the rams
      during operation, they force the anvils into convergence so as to compress
      the specimen into a smaller cube. The movement of each anvil relative to
      the specimen will be parallel to one of the rectangular axes of the
      specimen. Resilient spacers 22, which are of relatively negligible
      strength and of which two only are visible in FIG. 1, may be used simply
      to set the anvils in their correct clustered position within cavity 4
      before pad 2 is superimposed; they do not substantially affect the
      subsequent compression operation.
PAR  It will be apparent that once operation of the apparatus shown in FIG. 1
      begins, each anvil 14 - 19 will be put under compression across those
      parts of its two major square faces that lie within the projected area of
      the small square, ie. of the area of contact between each anvil and the
      specimen 20. However, only the slight friction of the anvils rubbing
      against each other, as the specimen contracts in size, will put those
      anvils under any substantial compression across either of their opposed
      pairs of minor, rectangular faces.
PAR  Apparatus similar to that shown in FIG. 1 is also disclosed in an article
      by M. Kumazawa et al. in "High Temperatures -- High Pressures", 1972, Vol.
      4., page 293-310,  especially FIG. 12 on page 302. Although these two
      constructions have many differences that are not relevant to the present
      invention, both share the feature that the principal loading force of the
      pressure pads upon each anvil acts on it in a direction parallel to the
      planes of the sliding movement of that anvil against adjacent anvils
      during the compression of the specimen. Thus those forces result in no
      substantial component of force urging each anvil into contact with its
      neighbour in a direction lying normal to those in which either anvil moves
      to compress the specimen. According to the present invention it is argued
      that lack of such normal force deprives the anvils of the "massive support
      " that would help them to resist fracture due to the high compression they
      have to withstand along the axis of their ordinary working movement; the
      present invention shows also how to remedy this deficiency.
PAR  FIG. 2 shows typical apparatus according to the present invention, in which
      the six rectangular blocks 14 - 19 of FIG. 1 are replaced by six blocks 31
      - 36 that are similar except that their pad-contacting faces are angled
      obliquely to all the others. The mounting and general operation of pads 41
      and 42 is similar to that of pads 1 and 2, but the mutual angles of the
      sides of the cavities in the working faces of the two pads may be
      different, as will be explained. It should also be observed that whereas
      in the known arrangement of FIG. 1, all the edges of the specimen 20 lay
      parallel to one of the radii corresponding to the grooves 12 separating
      the sides of the cavities, now each of the specimen, when viewed in plan,
      makes the same acute angle to the radius with which it is most nearly
      parallel, and correspondingly greater angles with the other two radii. The
      acute angle has been marked .PSI., and will be further explained later.
      The way in which the innermost square faces of the anvils make contact
      with the specimen, at one corner, is precisely similar to what was shown
      in FIG. 1. Furthermore, also as in the arrangement of FIG. 1, the specimen
      20 lies so that one of its major diagonals coincides with the axis 21 of
      the pads; this means that one diagonal of each outer face of the specimen
      is always horizontal if (as is likely) the axis 21 is vertical.
PAR  FIG. 3 shows diagrammatically a typical anvil for apparatus as shown in
      FIG. 2, with an angled face ABCD to make contact with the pressure pad and
      an opposite square face EFGH which lies normal to the parallel shorter
      edges AE, BF, CG and DH and which bears against the specimen L either
      directly, or (as shown) indirectly through a pad M of specially
      hard-wearing and highly compressive material recessed into the corner of
      face EFGH adjacent the vertex E. Of the four parallel shorter edges AE is
      the longest, BF and DH are equal and are next, and CG is the smallest.
      FIG. 6 shows a geometrical construction in which a line EN is drawn normal
      to plane ABCD, meeting that plane at N; the angle between lines AE and NE,
      i.e. angle AEN, which effectively indicates the angle between planes ABCD
      and EFGH, will henceforth be referred to as .theta.. FIG. 6 also shows a
      line NQ, drawn perpendicular to plane EFGH and meeting it at Q. If BF
      equals DH, it is clear that Q will lie on diagonal EG and the angles
      between line EQ and edges EF, EH will both equal 45.degree.. However, if
      BF is not equal to DH, EQ will not coincide with EG and one of angles QEF
      and QEH will be greater than the other. The angle QEF will henceforth be
      referred to as .phi..
PAR  To assemble such anvils and the specimens within the apparatus, the lower
      pressure pad is first set up on its ram, coxial with axis 21. One anvil as
      in FIG. 3 is now taken, and the specimen L is placed against it, also as
      shown in FIG. 3. Since the components are typically quite small and
      therefore of slight weight -- each side of the cubic specimen may for
      instance be less than 1/2 in. long and a side of face EFGH about 1 in.
      long -- assembly can be made easier by being performed within the cavity
      of pad 41, and using resilient setting-up spacer pads like items 22 in
      FIG. 1.
PAR  Next, a second anvil is put in contact with the specimen so that the anvil
      face corresponding to EFGH lies against specimen face P, with the vertex
      corresponding to E aligned with specimen vertex S. Next, a third anvil is
      added to the assembly so that the face corresponding to EFGH lies against
      specimen face Q and the vertex corresponding to E is aligned with specimen
      vertex T. This assembly of the specimen and three anvils should now lie in
      the cavity of pad 41 so that of the vertices of the specimen R is downmost
      and U is uppermost, specimen diagonal RU coinciding with axis 21; provided
      the cavity faces lie at the correct angle (which will be explained) to
      axis 21, the oblique faces (ABCD) of the three anvils will now each lie
      flush against one of the cavity faces 37 - 39, and the three assembled
      anvils will correspond to anvils 32, 34 and 36 in FIG. 2. To complete the
      assembly of the apparatus, three further anvils corresponding to 31, 33
      and 35 of FIG. 2 are now added to abut the three remaining exposed faces
      of the specimen, the upper anvil 42 is superimposed, and the ram of the
      upper anvil descends down axis 21 until it connects with the back face of
      the upper pad. Further convergence of the pads without mutual rotation
      along that axis now causes each of the six anvils to move symmetrically
      towards axis 21, the pattern of this movement being such that each of the
      shorter edges AE, BF, CG and DH of each anvil remains parallel to its
      original direction. The centre of the specimen does not change position,
      RU remains coincident with axis 21, the outer shape remains that of a
      cube, but the edges of the specimen progressively shorten and shift
      position to maintain their alignment with the adjacent edges (EA, EF and
      EH) of each of the anvils.
PAR  It has already been noted that when the specimen is cubic and the anvils
      rectangular, as in FIG. 1, the cavity formed in the working face of each
      of the pressure pads is a "cube corner" hollow, in which the vertex of the
      cube coincides with the axis 21 and each face lies at an angle of
      cot.sup.-.sup.1 .sqroot.2 to the axis. It is part of the present invention
      that when symmetrically angled anvils are used, as shown in FIG. 3, with
      .theta. finite and .phi. = 45.degree., the corresponding cavity in each
      pressure pad cannot be a cube corner hollow. Each cavity face must now be
      inclined to the axis 21 at a specific angle equal to Cot.sup.-.sup.1
      .sqroot.2 - .epsilon., as shown in FIG. 4, and the deviation .epsilon. is
      related to angle .theta. by the following formula:
      ##EQU1##
      By a corresponding analysis it may be shown that the angle .PSI., already
      explained, can be found from the formula:
      ##EQU2##
PAR  FIG. 5 is similar to FIG. 3, but shows an alternative anvil according to
      the present invention; the references A', B' etc. correspond to A, B etc.
      in the former figure. The vital difference between the anvils of FIGS. 3
      and 5 is that in FIG. 3 BF equals DH, whereas in FIG. 5 edges B'F' and
      D'H' are unequal. In the typical case shown in that figure the lengths of
      edges A'E', D'H', B'F' and C'G' are all unequal and descend in that order,
      but constructions are possible in which the greater of D'H' and B'F' is
      greater than A'E'. EQ will no longer coincide with EG, and angle
      QE'F'=.phi. will be less than 45.degree..
PAR  Assembly of apparatus comprising anvils as shown in FIG. 5 proceeds as
      described already with reference to FIG. 3, except that when registering
      the first anvil with the specimen, care should now be taken that edges
      D'H' and B'F' are so arranged that when the anvil is eventually located
      within its appropriate cavity, the longer edge D'H' lies closer to the
      apex of the cavity than the shorter edge. The significance of this will be
      explained later.
PAR  The invention has involved the discovery that if the anvil is to be of the
      less symmetrical kind shown in FIG. 5, the angle .epsilon. illustrated in
      FIG. 4 is related to both .theta. and .phi. and may be found from the more
      general formula:
      ##EQU3##
      One striking difference between the anvils of FIGS. 3 and 5 is that
      whereas the former will never fit "cube corner" cavities the latter will,
      provided .theta. and .phi. are related by the formula:
EQU  Cos .theta. - Sin .theta. (Cos .phi. - Sin .phi.) = 1
PAL  In this more general case where .phi. has a value other than 45.degree.,
      the angle .psi. can be found from the formula:
      ##EQU4##
      which, as will be apparent, it a more generalised version of formula (ii)
      given above.
PAR  When the appropriate pressure pad face bears against the inclined face ABCD
      of the anvil shown in FIG. 3, the resultant reaction X between them may be
      taken to lie perpendicular to that face and to pass through its centroid.
      The line of action Y of this force is clearly out-of-parallel with all the
      other faces of the anvil. As shown in FIG. 3, by choosing suitable block
      proportions this line of action may pass approximately through the centre
      of the specimen L. This ability of the line of action to pass through the
      centre of the specimen may have clear advantages. Thus it tends to lead to
      pad-anvil contact in which the pad load is distributed more evenly over
      face ABCD, so permitting a higher total load. It may also lead to greater
      efficiency in the transfer of the pad-anvil load to the specimen, to a
      lesser tendency for the pads to rotate relative to each other about axis
      21 when load is applied, and for the anvils to tilt relative to their pads
      and for their edges in consequence to dig into the pad faces. This
      dangerous tendency leads to a considerable effective loss in the surface
      area of the contact between anvil and pad, and to a great increase in
      resistance to the sliding of the anvils over the pads. Some sliding is
      necessary as the size of the anvil cluster diminishes diving compaction of
      the specimen. Another advantage of the reaction line Y passing through the
      opposite (EFGH) face of the anvil at a point within the projected area of
      the specimen is the avoidance of a tendency of the anvil to pivot about
      edges V or W of the specimen, with a consequent tendency of the anvil to
      fracture along those lines. A further advantage of the angled reaction
      between face ABCD and the appropriate pressure pad face is the fact that
      the force of reaction can be resolved into components normal to faces ADHE
      and ABFE. If the anvil of FIG. 3 is considered in the position of anvil 31
      in FIG. 2, it will be seen that the force normal to face ADHE urges anvil
      31 into contact with the specimen-contacting face of anvil 35, the
      opposite (angled) face of which is of course restrained from similar
      movement by contact with a face of the cavity in pressure pad 42. Likewise
      the force normal to face ABFE urges block 31 into contact with the square
      face of anvil 34. Thus anvils 34 and 35 give "massive support " to anvil
      31 by forces with substantial components lying in two directions, mutually
      at right angles and both of them generally at right angles to the main
      force that anvil 31 exerts on the specimen. A similar analysis, of course,
      could be applied to all other anvils in the cluster.
PAR  With the anvil shown in FIG. 5, the more complex angling of face A'B'C'D'
      to E'F'G'H' leads, as we have seen, to the possibility of being able to
      accommodate the anvil cluster within "cube corner" cavities in the
      pressure pads. It also means that although it is possible and practically
      likely that the resultant pad reaction against face A'B'C'D' will indeed
      pass through the specimen, it will not pass through the centre of it.
      However, this extra degree of angling which additionally allows cavities
      to be shallower or steeper than a corner cube hollow, i.e. having a
      negative or positive value of .epsilon., affords the opportunity to adopt
      different mechanical advantages. The steeper the cavity, the greater the
      specimen contraction achieved by unit convergence of the pads. The
      arrangement of anvils described on p.11, lines 14 - 21, is appropriate to
      a cavity where .epsilon. is positive.
PAR  It is of course possible to convert cube corner cavities to those of
      different angle, as may be required by anvils of the type shown in FIG. 3,
      by resting wedge-shaped slippers against the cavity faces, and this may
      indeed have other advantages since the slippers could be of specially
      hard-wearing material preferably with low friction characteristics.
      Likewise the angled faces (ABCD, etc.) of the anvils could be provided by
      wedge-shaped caps, anchored to the rear faces of ordinary rectangular
      blocks as shown in FIG. 1.
PAR  Although the invention has been described with reference only to a cubic
      specimen, it applies generally to specimens of parallelepipedal shape.
      Naturally the geometry of the pads and anvils would have to be modified to
      accept a non-cubic parallelepipedal specimen and reduce it
      equi-dimensionally so that it always remains geometrically similar in
      shape to the original.
PAR  Notwithstanding the obvious advantages of applying the necessary forces to
      the anvils by way of only two pads, the invention also includes apparatus
      in which more than two force-applying members are used. For example, an
      individual piston might bear against each anvil, and a framework or some
      other means independent of the pistons might be used to guide the movement
      of the anvils.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus to subject materials to high pressure comprising:
PA1  pressure sources mounted to converge upon a space and presenting working
      faces; a plurality of similar and movable anvils arrangeable in a cluster
      within this space;
PA1  the cluster completely defining an enclosed parallelepipedal volume to be
      filled by the material to be compressed; each anvil having side faces and
      opposed end faces; part of a first of the opposed end faces of each anvil
      defining a face of the enclosed parallelepipedal volume; the second and
      opposite end face of each anvil being in sliding contact with one of said
      working faces, whereby it may be acted upon by one of the pressure
      sources;
PA1  a plurality of the side faces of each anvil being in sliding contact with
      faces of adjacent anvils in the cluster, whereby the anvils by mutual
      sliding movement may converge upon the volume and reduce it by the same
      proportion in each of its linear dimensions, and the line of action of the
      resultant force of each anvil against its working face lying oblique to
      the planes of sliding motion of that anvil against adjacent anvils,
      whereby that force may be resolved into components urging that anvil into
      contact with the said adjacent anvils.
NUM  2.
PAR  2. Apparatus according to claim 1 in which:
PA1  The first end face and the sliding faces of each anvil are plane faces
      lying mutually at right-angles to each other, and the second end face is a
      plane face lying out-of parallel with the first end face and the sliding
      side faces.
NUM  3.
PAR  3. Apparatus according to claim 2 in which the first end face of each anvil
      is square.
NUM  4.
PAR  4. Apparatus according to claim 2 comprising six anvils and in which the
      pressure sources comprise two pressure pads mounted to converge along a
      common axis, the converging face of each pad presenting a cavity with
      three plane faces, each of which faces registers with the second end face
      of a separate anvil, in which each cavity face is inclined to the axis of
      convergence at an angle:
EQU  -Cot.sup.-.sup.1 .sqroot.2 -.epsilon.
PAL  and in which the equation:
      ##EQU5##
      is fulfilled, .theta. and .phi. being angles defined in the specification.
NUM  5.
PAR  5. Apparatus according to claim 4 in which .epsilon. is zero, and the
      equation:
EQU  Cos .theta. - Sin .theta. (Cos .phi. -Sin .phi.) = 1
PAL  is fulfilled.
NUM  6.
PAR  6. A method of compressing a parallelepidal specimen of material comprising
      the following steps:
PA1  surrounding the specimen with six similar anvils, so that a first end face
      of each anvil abuts a different face of the specimen and a second and
      opposite end face of each anvil in inclined to the first end face;
PA1  causing said cluster of anvils to contract, so compressing the specimen, by
      compressing said cluster in turn between two converging pressure sources ,
PA1  each said source having three working faces and each said working face
      bearing slidingly upon the said opposite end face of a different anvil;
      and
PA1  causing each said anvil to slide over adjacent anvils as it moves to
      compress said specimen upon contraction of said cluster for setting up a
      resultant reaction of each anvil against its working face that lies
      oblique to the directions of sliding motion of that anvil against adjacent
      anvils.
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ABST
PAL  A continuous process for extraction of niobium, rare earths and thorium
      from niobium ore concentrates which includes digesting the ore with a hot
      solution containing 13 to 16 moles of sulphuric acid per liter, diluting
      the solution to a concentration of 10 to 13 moles of sulphuric acid per
      liter, separating the insolubles from the solution which includes alkaline
      earth sulphates and the sulphates of thorium and rare earths that are
      present, reducing titanium in solution to the trivalent state and diluting
      the solution to a concentration of 5 to 7 moles of sulphuric acid per
      liter, separating the precipitated niobium oxide and sulphates of thorium
      and rare earths, and then concentrating the resulting solution to the
      level desired for recycle to the digestion stage.
BSUM
PAR  The invention relates to a process of treatment of pyrochlore concentrates.
PAR  Pyrochlores, which are alkaline earth niobutes and generally niobates of
      calcium or barium, occur in relative abundance in various countries. An
      advantage is that they contain only small proportions of tantalum so that
      it is frequently unnecessary to separate the latter metal from the
      niobium.
PAR  Concentrates of naturally-occurring pyrochlores constitute one of the
      starting materials normally employed to obtain niobium, the most usual
      method being digestion with hydrofluoric acid followed by extraction of
      niobium with methyl isobutyl ketone. This process is, however, expensive,
      owing chiefly to the cost of the reagents employed.
PAR  Another suggested method is to digest various niobium ores or concentrates
      with sulphuric acid, a substance which is relatively inexpensive.
PAR  A disadvantage, however, is that pyrochlores contain significant quantities
      of titanium which is present in the tetravalent state and precipitates
      together with niobium pentoxide from sulphuric acid solution, thus
      contaminating the niobium obtained as an end product. They also generally
      contain radioactive elements, such as thorium, which have to be removed
      from the solid or liquid residues obtained. Frequently, they also contain
      small quantities of rare earths, the separation of which may be desirable
      for economic reasons.
PAR  In Norwegian Pat. No. 83,984, for instance, description is made of a method
      of treating ore from Sove, Norway, which consists of a mixture of coppite
      and columbite, this latter containing more tantalum and titanium. The
      patent proposes a two-stage digestion with sulphuric acid wherein only the
      coppite is dissolved in the first stage. However, the acid concentrations
      referred to are poorly calculated and would in fact appear to be only
      about half that which has been found necessary for digestion of the
      pyrochlores.
PAR  U.S. Pat. No. 2,259,396 describes a process for sulphuric acid digestion of
      a niobium ore containing aluminum, manganese, barium, calcium and iron,
      the latter in substantial quantities. While the process described in the
      patent is said to constitute a simple method of separating numerous
      impurities and titanic, niobic, vanadic and tantalic acids, wherein the
      acid solution obtained is merely diluted, the patent does not teach a
      reliable method of separating titanium from niobium and tantalum and
      yields a residual solution which is contaminated with iron, vanadium,
      manganese, aluminum and magnesium sulphates and therefore seemingly unfit
      for further use.
PAR  French Pat. No. 882,043 describes the separation of tantalum and niobium
      present in an ore which also contains iron, tin, manganese and titanium,
      wherein the ore is digested with sulphuric acid and the solution reacted
      with zinc to reduce the iron, manganese, titanium and tin, which remains
      in solution on precipitation of the tantalum and niobium, which are
      subsequently separated from each other.
PAR  In addition to the fact that the experimental results obtained in
      investigations of the treatment of pyrochlores are not always as claimed,
      none of the patents referred to above provides a process suitable for the
      treatment of pyrochlores. None of the processes referred to above has been
      used on an extensive industrial scale or, more specifically, as far as
      applicant is aware, for the treatment of pyrochlores.
PAR  It is an object of this invention to obtain, at low cost, a precipitate
      composed of niobium and tantalum oxides which is not contaminated by
      titanium or other metals occurring in pyrochlores.
PAR  A further object of the invention is the separate recovery of the rare
      earths and radioactive products, such as thorium contained in certain
      pyrochlores.
PAR  A still further object of the invention is to eliminate the titanium
      present in pyrochlores.
PAR  A still further object of the invention is to obtain a final filtrate
      containing titanium in such small amounts that it may be recycled for the
      purpose of digestion.
PAR  In accordance with the process of this invention, the ore is digested with
      a solution of sulphuric acid obtained by concentrating and recycling the
      solution from which niobium oxide has been removed. This solution, used
      for digestion, has a concentration of sulphuric acid of 13 to 16 moles per
      liter and preferably close to 15 moles per liter.
PAR  No higher concentration can be obtained simply by concentrating a dilute
      solution, unless of course a high rate of loss of sulphuric acid is
      accepted. More importantly, higher concentrations are less efficient in
      terms of the rate of digestion of niobium, which drops from 96% by weight
      for a concentration of 15 moles/liter to 92% by weight for a concentration
      of 18 moles/liter under the same conditions. Lower concentrations are also
      associated with a slower rate of digestion and lesser solution of niobium.
      The digestion mixture is then diluted with water or dilute sulphuric acid
      to ca. 12 moles/liter and filtered to separate the undigested residue and
      precipitated sulphates, particulately sulphates or iron and alkaline earth
      metals. The insolubles may contain a proportion of rare earths, depending
      mainly on the ore employed. It has been found, although no satisfactory
      explanation can as yet be offered, that in the case of a pyrochlore
      consisting essentially of barium niobate, the bulk of the rare earths
      remains in the undigested residue, whereas in the case of a pyrochlore
      consisting mainly of calcium niobate and also containing fluorine, only a
      relatively small fraction of the rare earths present are precipitated at
      this stage of the process.
PAR  Following the reduction of the titanium contained in the initial filtrate
      (as described below) and further filtration, this second filtrate is
      diluted to a concentration of 4 to 7 moles/liter of acid, thus bringing
      about the precipitation of niobium oxide, the remainder of the rare earths
      and thorium. From this dilution stage and as far as the stage of
      precipitation of titanium, the solutions are protected by a non-oxidizing
      atmosphere.
PAR  After separation, the precipitate is preferably treated with 1.5 to 3
      moles/liter hydrochloric acid solution to separate niobium oxide, which
      remains as a solid, from the thorium and rare earths which are taken into
      solution and can subsequently be precipitated, as with oxalic acid.
PAR  The liquor, from which niobium and rare earths have been precipitated, is
      reconcentrated by evaporation at atmospheric pressure to a concentration
      which, allowing for the addition, if necessary, of fresh concentrated acid
      to offset any losses, is suitable for use as the digestive agent, i.e. 15
      to 15 moles/liter. Reconcentration is preferably carried out in two stages
      as hereinafter discussed.
PAR  As previously pointed out, the tetravalent titanium, contained in the
      solution obtained by digestion, would precipitate with the niobium and be
      difficult to separate therefrom unless certain precautions were taken.
      These precautions include the introduction of a reducing agent into the
      solution, the preferred reducing agent being aluminum.
PAR  The reducing agent can be added either during digestion, to the resultant
      slurry, to the solution diluted to 10.5 to 13 moles/liter of sulphuric
      acid with a view toward separation of alkaline earth sulphates, or to the
      solution containing 4 to 7 moles/liter of sulphuric acid from which the
      niobium is precipitated.
PAR  It has been found, on the one hand, that reduction at the time of
      digestion, or in the resultant slurry, involves a tedious and difficult
      process of filtration to recover the excess reducing agent, and on the
      other hand, that reduction at the niobium oxide precipitation stage does
      not enable niobium, containing less than 1% of titanium, to be obtained,
      owing perhaps to entrainment. Hence, it is preferred to add the reducing
      agent to the solution containing 10.5 to 13 moles/liter of sulphuric acid.
      The reaction is a slow one (one to three hours) and is stopped at a
      suitable stage to obviate the reduction of niobium and consequent needless
      consumption of reducing agent.
PAR  The commencement of niobium reduction is indicated by the appearance of a
      blue coloration.
PAR  The reducing agent is introduced in the form of granules or flakes of size
      less than 6 mm and the solution is stirred during the reduction process.
      The solution is preferably shielded from air oxidation, as by blanketing
      with a protective atmosphere, such as flue gas.
PAR  Prior to the reduction process, the sludge, composed of insoluble ore
      residues and precipitated sulphates, is preferably removed. A second
      filtration stage, after reduction, then enables unused reducing agent to
      be recovered.
PAR  At least a part of the titanium now present in the trivalent form has to be
      eliminated, otherwise the titanium content builds up to undesirable levels
      in the solutions concerned as a result of recycling.
PAR  Determinations have been made of the solubility of trivalent titanium in
      aqueous sulphuric acid solution under industrial conditions, i.e., in cold
      solutions in which the equilibrium condition has not been established,
      since the latter takes a considerable time. Determinations were carried
      out in cold solutions after periods not exceeding a few hours with the
      following results:
TBL  moles sulphur acid                                                        
                      grams trivalent titanium                                 
     per liter        dissolved per liter                                      
     ______________________________________                                    
     15               9.0                                                      
     12               0.7                                                      
     10               0.3                                                      
     9                0.2                                                      
     8                0.3                                                      
     7                0.4                                                      
     6                1.2                                                      
     ______________________________________                                    
PAR  Based on the solubility curve, the titanium can be separated by arresting
      the process of concentration of the niobium-free solution at between 7 and
      10 moles/liter of sulphuric acid and cooling slightly to precipitate
      trivalent titanium. Titanium is separated and the solution, which now
      contains little titanium, is further concentrated. The process of
      concentration can be taken either to the point at which the solution can
      be re-used for digestion of a fresh batch of ore or to a point at which
      fresh acid can be added to offset losses and give the desired
      concentration.
PAR  Needless to say, any possibility of oxidation between the titanium
      reduction and precipitation stages has to be avoided, e.g. by blanketing
      solutions with an inert atmosphere, such as flue gas.
PAR  For the sake of simplicity, the separation of slurry components has been
      described as being carried out by filtration, but other methods of
      separation, such as decantation, centrifuging, etc. can of course be
      employed in carrying out the process of this invention.
DETD
PAC  EXAMPLE 1
PAR  1,000 kg of pyrochlore having the following composition (% w/w) was
      treated:
TBL  Nb.sub.2 O.sub.5                                                          
                    53         MgO        1                                    
     CaO            16         SrO        1                                    
     TiO.sub.2      5          SO.sub.3   0.8                                  
     FeO            4          K.sub.2 O  0.5                                  
     CeO.sub.2      4          Al.sub.2 O.sub.3                                
                                          0.5                                  
     Na.sub.2 O     3.5        Ta.sub.2 O.sub.5                                
                                          0.5                                  
     SiO.sub.2      3          P.sub.2 O.sub.5                                 
                                          0.4                                  
     F              3          MnO.sub.2  0.3                                  
     Rare earth oxides                                                         
                    1          ThO.sub.2  0.2                                  
PAR  The ore was digested for one hour at 165.degree.C with 10,000 liters
      (17,600 kg) of a solution containing 15 moles/liter of sulphuric acid. The
      whole was then cooled to 40.degree.C and 4,560 liters (6,000 kg) of a
      recycled 5.5 moles/liter sulphuric acid solution added with cooling.
      Insolubles and the sulphate precipitates formed were filtered off and the
      solid residue, thus separated from the first stage filtrate, was washed
      first with a 12 moles/liter sulphuric acid solution, the washings being
      subsequently (see below) combined with the filtrate, and then with water.
PAR  This first-stage filtrate was treated with 1-3 mm aluminum powder and
      stirred for three hours under a protective atmosphere of flue gas. Excess
      aluminum powder was recovered by filtration and washed with 12 moles/liter
      sulphuric acid, the washings being combined with the filtrate. The
      filtrate was then added over a period of ninety minutes to 12,850 kg of
      boiling water, with stirring and under an atmosphere of flue gas, and then
      cooled. A precipitate containing niobium was formed, filtered off and
      washed with water. The washings, together with those obtained on the
      first-stage dilution (above), were combined with the filtrate.
PAR  The solution obtained, amounting to 33,100 liters, was evaporated by
      boiling until the sulphuric acid concentration increased to 9 moles/liter
      and then cooled. Contact with air was avoided at all times. A precipitate,
      containing 45 kg of titanium (expressed as titanium dioxide) formed and
      was filtered off. Evaporation was continued to achieve a concentration of
      15 moles/liter of sulphuric acid and the solution then recycled to the
      digestion stage.
PAR  The precipitate, obtained on second-stage dilution, contained 508 kg of
      niobium oxide, the bulk of the rare earth oxides and the thorium oxide
      derived from the ore.
PAR  This precipitate was digested for 30 minutes with 2,400 kg of hot 2
      moles/liter hydrochloric acid. This yielded a solid, consisting
      essentially of niobium oxide plus impurities, as listed below:
TBL  S       600      ppm        Al      230 ppm                               
     Si      25       ppm        Cr      10 ppm                                
     Sn      20       ppm        Fe      10 ppm                                
     Ta      3,450    ppm        Mn      10 ppm                                
     Ti      470      ppm        Ni      20 ppm                                
PAR  The solution obtained was neutralized with ammonia and 64 kg oxalic acid
      was added, yielding 76 kg precipitate (after ignition) and containing the
      rare earth oxides (including 180 grams of europium oxide) and thorium
      oxide derived from the ore.
PAC  EXAMPLE 2
PAR  An ore concentrate having the following composition (% w/w) was treated:
TBL  Nb.sub.2 O.sub.5                                                          
                   53         Al.sub.2 O.sub.3                                 
                                         0.4                                   
     Ba            14         P.sub.2 O.sub.5                                  
                                         0.4                                   
     SiO.sub.2     14         SO.sub.3   0.3                                   
     TiO.sub.2     3.9        Ta.sub.2 O.sub.5                                 
                                         0.2                                   
     FeO           2          MnO        0.05                                  
     Rare earth oxides                                                         
                   2          SnO.sub.2  0.05                                  
     ThO.sub.2     2                                                           
PAR  The treatment was the same as for Example 1 with one exception: rare earths
      and thorium were precipitated (with oxalic acid) not only from the
      solution obtained by washing the niobium oxide -- which contained very
      little of these elements -- but from this solution combined with the water
      washings of the residue after digestion. These combined solutions were
      neutralized and treated with oxalic acid.
PAR  Analysis of the niobium oxide obtained gave the following results:
     S       2,500    ppm         Al      10 ppm                               
     Si      300      ppm         Cr      10 ppm                               
     Sn      160      ppm         Fe      10 ppm                               
     Ta      1,270    ppm         Mn      10 ppm                               
     Ti      450      ppm         Ni      20 ppm                               
PAR  The precipitate, which weighed ca. 40 kg after ignition, contained ca. 54%
      of rare earth oxides (including 70 grams of europium) and 45% of thorium
      oxide.
CLMS
STM  I claim:
NUM  1.
PAR  1. A continuous process for treatment of niobium ore concentrates
      containing titanium, rare earth, thorium, iron and alkaline earth in
      addition to niobium to extract niobium, rare earths and thorium,
      comprising the steps of:
PA1  1. digesting the ore with a hot solution containing 13 to 16 moles of
      sulphuric acid per liter;
PA1  2. diluting the solution with aqueous medium to a concentration of 10.5 to
      13 moles of sulphuric acid per liter to precipitate iron, alkaline earth
      and some of the rare earths as their sulphates;
PA1  3. separating the undigested residue and the precipitated sulphates from
      the solution;
PAR  4. reducing titanium in the solution from the tetravalent state to the
      trivalent state;
PA1  5. diluting the solution with aqueous medium to a concentration of 4 to 7
      moles of sulphuric acid per liter to precipitate niobium oxide, and
      thorium and the remainder of the rare earths as their sulphates, leaving
      the tetravalent titanium in solution; and
PA1  6. separating the precipitate consisting essentially of niobium oxide and
      sulphates of thorium and rare earths.
NUM  2.
PAR  2. The process as claimed in claim 1 in which the reduction of titanium to
      the trivalent state is achieved by the addition of aluminum in powder or
      granular form.
NUM  3.
PAR  3. The process as claimed in claim 1 in which the niobium oxide and
      sulphates of thorium and rare earths are separated by filtration.
NUM  4.
PAR  4. The process as claimed in claim 1 which includes the step of
      concentrating the final solution to increase the concentration of
      sulphuric acid for recycle to the digesting step.
NUM  5.
PAR  5. The process as claimed in claim 1 which includes the step of maintaining
      a protective atmosphere to obviate re-oxidation of titanium at least from
      the stage in which the solution is diluted to a concentration of 5 to 7
      moles per liter and in the titanium precipitation stage.
NUM  6.
PAR  6. The process as claimed in claim 5 in which the protective atmosphere is
      flue gas.
NUM  7.
PAR  7. The process as claimed in claim 1 in which the precipitate obtained by
      digestion and/or upon dilution to 5 to 7 moles of sulphuric acid per liter
      is washed with water.
NUM  8.
PAR  8. The process as claimed in claim 1 in which the precipitate obtained by
      digestion and dilution to 5 to 7 moles of sulphuric acid per liter is
      washed with a solution containing 2 to 3 moles of hydrochloric acid per
      liter to redissolve rare earths and thorium.
NUM  9.
PAR  9. The process as claimed in claim 8 in which the rare earths and thorium
      are precipitated from the acid solution by the addition of oxalic acid.
NUM  10.
PAR  10. The process as claimed in claim 1 which includes the step of
      concentrating the filtrate from the separation of the niobium-containing
      precipitate to 8 to 10 moles of sulphuric acid per liter, filtering off
      the precipitate that is formed which contains the bulk of the titanium
      originally present in the ore, and then further concentrating the solution
      to a sulphuric acid concentration required for the purpose of the
      digesting step.
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ABST
PAL  A process for recovering copper and noble metals from organic precipitates,
      residues and polymerizates which involves subjecting the organic
      components to a slow, low-temperature carbonization process without the
      use of any additional heat supplying elements. The metals remain in the
      ash in the form of salts. Normally the metals in the resulting solution
      are not separated out but can be recycled directly to the process as
      active components. No additional components need be added. Typically, the
      burning process takes place with a conversion rate of approximately one
      percent per hour. Preferably the burning process takes place at a
      temperature between 300.degree. and 500.degree.C. The ash is obtained in a
      form in which it almost completely dissolves in suitable acids, preferably
      hydrochloric acid. Preferably the process is used to burn the copper and
      palladium chloride containing residues obtained from the process of the
      oxidation of ethylene to form acetaldehyde.
BSUM
PAC  BACKGROUND OF THIS INVENTION
PAR  1. Field of this Invention
PAR  This invention relates to a process for recovering copper and noble metals
      from organic precipitates, residues and polymerizates.
PAR  2. Description of the Prior Art
PAR  Processes from which the above-type or residues result, are often very
      important in industry. For example, the oxidation of ethylene in the
      homogeneous phase in a solution containing hydrochloric acid, copper and
      palladium chloride, represents the most important process for producing
      acetaldehyde. It is characterized by a high level of economy and technical
      efficiency but a solid precipitate which forms in the contract solution
      during catalysis constitutes a serious disadvantage. This leads to
      deactivation of the content fluid so that the contact fluid cannot be used
      for the desired length of time but has to be periodically clarified by
      filtration or decanted from the precipitated metal containing substances.
      Also it must be enriched with new metal salts to prevent any blockages in
      the supply lines, in addition, to the output drop of the reactor. A
      particular disadvantage is the wastage or lose of costly noble metal which
      occurs.
PAR  Attempts were made to extract the metals from the abovementioned
      precipitates with acids, for example, hydrochloric acid, but these efforts
      were not particularly satisfactory -- polymerizates which are produced as
      a precipitate and which firmly encase the metals are most likely formed in
      the course of the catalysis.
PAR  It was also attempted to burn the slurry. However, difficulties are
      involved in feeding the slurry to the burner as it must either be dried
      sufficiently until it is solid and thus capable of being added in measured
      quantities or it must be mixed in water or fuel to form a paste. An
      extremely awkward step involved in this process is the quantitative
      collection of the light ash which precipitates from the combustion gases
      and at best a wet ash is obtained which presents new problems during
      subsequent processing as it may be contaminated with fuel impurities.
PAR  Proposals for distilling these residues and burning them out not only
      necessitate considerable expenditure on apparatus and the use of
      combustible material, but also involve problems with exhaust gas. For this
      reason, such processes have never been commercially employed.
PAC  DESCRIPTION OF THIS INVENTION
PAR  An object of this invention is to obtain a process for recovering copper
      and noble metals from organic precipitates, residues and polymerizates.
      Another object of this invention is to obtain a process for recovering
      copper and noble metals from the organic residue of a process producing
      acetaldehyde by the oxidation of ethylene. A further object of this
      invention is to obtain the product of the aforegoing processes that can
      readily be recycled. Other objects and advantages of this invention are
      obvious from this application to those ordinarily skilled in the art.
PAR  It was surprisingly discovered that by means of this invention, the
      difficulties of the prior art could be eliminated or substantially reduced
      in a simple manner. This application involves a process for recovering
      copper and noble metals from organic precipitates, residues and
      polymerizates, which includes subjecting the organic components to a slow
      burning process without the use of any additional heat supplying elements.
      The metals remain in the resultant ash in the form of salts, preferably as
      chlorides and not as oxides. Preferably the process is used to treat the
      copper and palladium chloride containing residues obtained from the
      process of the oxidation of ethylene to form acetaldehyde.
PAR  It is sufficient merely to ignite the only slightly predried mass at one
      point, for example, with a small amount of petrol, and leave it to itself.
      In this way, the organic components almost completely burn -- possibly
      with the catalytic assistance provided by the copper content. The
      temperature never rises to such an extent that the metal salts are
      destroyed. As a result, the palladium and copper remain unchanged as
      chlorides, and no oxides, more particularly, insoluble oxides are
      produced. As a consequence, the remaining ash dissolves completely in
      hydrochloric acid and can be added without difficulty to the catalytic
      solution -- this is a preferred embodiment (although the invention
      encompasses the use of other acids such as sulfuric acid). Since no heat
      is required, less exhaust gas is produced - thus that problem is kept to a
      minimum. Foreign ions or other auxilary substances, which do not belong to
      the system, do not have to be added. The process of this invention is
      characterized by its simplicity of operation and the minimal technical
      cost involved. No additional heat sources are required and the process has
      a very high degree of efficiency.
PAR  According to this invention, the air-dried slurry from which the metals are
      to be recovered are subjected to a slow, low temperature carbonization or
      burning process where the metals remain as salts in the ash. The exhaust
      gases from the carbonization process are treated to recovver the ash by
      precipitation of the ash in a washer. The metals in the ash can be almost
      completely dissolved in hydrochloric acid. The exhaust gases which are
      produced thereby may contain subliming salts, for example, copper salts,
      and must therefore be washed with weak lye or better, with 5% hydrochloric
      acid, on account of their odor.
PAR  The burning or smoldering process takes place very slowly and at the lowest
      possible temperature, i.e., preferably at temperatures of 300.degree. to
      500.degree.C. For example, if approximately 2.5 tons of air dried slurry
      from the production of acetaldehyde was burned slowly, the combustion rate
      would be between 20 and 40 kg or 0.02 to 0.04 m.sup.3 of slurry per hour,
      i.e., approximately 1 percent per hour. A typical operation, where 2.5
      tons of air dried slurry from the production of acetaldehyde is burned,
      supplies approximately 375 kg of ash after 3 to 4 days. This ash contains
      in excess of 95 percent of copper chloride (mainly CuCl) and 0.7 to 0.8
      percent of palladium chloride. A hydrochloride solution is obtained from
      the ash when it is dissolved in hydrochloric acid. By diluting this
      solution with water it can be adjusted so that it corresponds to the fresh
      catalyst (contact solution). In this way, the consumption of palladium
      chloride can be reduced to practically zero.
PAR  The following examples illustrates this invention and Example 1 illustrates
      the preferred embodiment of this invention.
PAC  EXAMPLE 1
PAR  2 to 3 tons of air dried slurry were distributed on top of eight metal
      sheets (2 .times. 1 .times. 0.2 m). The slurry on each sheet was caused to
      burn by adding a small amount of paraldehyde and pushing the
      slurry-covered sheet into a furance. The exhaust gases from the burning of
      slurry were passed through a washer. Without any further work, the slurry
      burned in 3 to 4 days, leaving 300 to 400 kg of ash. The ash was
      introduced into a tank, which is used to prepare the contact solution, and
      was mixed with 500 l. of hydrochloric acid (33%) and 500 l. of de-ionized
      water. The admixture was then agitated with hot steam until a solution was
      obtained which corresponds to a fresh contact solution in terms of the
      palladium, copper and hydrochloric acid contents. The solution was used as
      fresh contact solution, without filtration, in the well-known process for
      the production of acetaldehyde by the oxidation of ethylene. 2 to 3 kg of
      solid material (mainly sand and mullite) remained in suspension or were
      deposited in the tank, while the wastage or loss of palladium copper was
      practically zero.
PAC  EXAMPLE 2
PAR  A plant for producing 100 tons of acetaldehyde per day has a consumption of
      3 to 4 gm. of palladium per ton of end product (acetaldehyde). The waste
      slurry produced therefrom was processed using the processing according to
      this invention, specifically that of Example 1, and returned to the
      process with supplementary acid -- the consumption of palladium was
      thereby reduced to less than 1 gm. per ton of end product.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for recovering copper and noble metals from an organic
      precipitate, residue or polymerizate which comprises subjecting the
      organic components containing the metals in the form of salts to a slow,
      low-temperature carbonization or burning process, without the use of any
      additional heat supplying elements, which does not use a temperature that
      destroys the metal salts and does not produce any insoluble oxides, the
      metal salts remaining in the ash resulting from the carbonization process,
      dissolving the portion of said ash remaining from said carbonization or
      burning process in an acid solution, said metal salts being in solution in
      said acid, and recovering the portion of said ash which is entrained in
      the exhaust gases from said carbonization or burning process by
      precipitation in an aqueous washer treating said exhaust gases.
NUM  2.
PAR  2. The process according to claim 1 wherein said acid is hydrochloric acid.
NUM  3.
PAR  3. The process according to claim 2 wherein said noble metal is palladium
      and said metals are present in the form of chlorides.
NUM  4.
PAR  4. The process according to claim 2 wherein said organic components are in
      a slurry form which are air-dried before being used.
NUM  5.
PAR  5. The process of claim 2 wherein said solution containing said metal salts
      is diluted with water and recycled by adding it to the active components
      of the process from which the organic precipitate, residue or polymerizate
      is obtained.
NUM  6.
PAR  6. The process of claim 2 wherein the ash includes in excess of 95 percent
      copper chloride and 0.7 to 0.8 percent palladium chloride.
NUM  7.
PAR  7. The process of claim 2 wherein 16.5 percent hydrochloride acid is used.
NUM  8.
PAR  8. The process of claim 2 wherein said ash and hydrochloric acid are
      agitated with hot steam until said metal salts are dissolved in said
      hydrochloric acid.
NUM  9.
PAR  9. The process according to claim 2 wherein the carbonization process is
      conducted at a conversion rate of approximately one percent per hour.
NUM  10.
PAR  10. The process according to claim 2 wherein the carbonization process is
      conducted at between 300.degree. and 500.degree.C.
NUM  11.
PAR  11. The process according to claim 2 wherein said washer treatment utilizes
      a weak lye solution or a 5 percent hydrochloric acid solution.
NUM  12.
PAR  12. A process according to claim 2 wherein the ash received in said washer
      treatment is precipitated in a form in which it dissolves practically
      completely in hydrochloric acid.
NUM  13.
PAR  13. A process according to claim 2 wherein the process is used to carbonize
      the copper-and-palladium-chloride containing residues obtained from the
      oxidation of ethylene to form acetaldehyde.
NUM  14.
PAR  14. The process according to claim 2 wherein said acid is sulfuric acid.
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ABST
PAL  Internal combustion exhaust gases are catalytically treated and cleaned in
      a catalyst bed in contact with the exhaust gas conduit of the engine while
      avoiding overheating and thermal distriction of the catalyst bed according
      to the present invention by selectively directing a continuous source of
      heated, secondary air into the catalyst bed then, when the catalyst
      reaches a predetermined temperature value, the heated air is discharged
      directly to the atmosphere cooling the exhaust gases, and reducing the
      temperature of the catalyst bed. The exhaust pipe, upstream of the
      catalyst, is provided with a double walled conduit and the secondary air
      is continuously passed through the outer conduit and selectively directed
      into the catalyst bed or vented to the atmosphere depending upon
      temperature conditions in the catalyst bed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of our earlier application Ser. No. 191,880
      filed Oct. 22, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to devices for cleaning the exhaust gases exhausted
      particularly from internal combustion engines, and more specifically to
      improvements in the secondary air supply means of the exhaust gas cleaning
      devices of the type in which the exhaust gases are burned or catalytically
      reacted in a reaction chamber, provided intermediate of the exhaust pipe,
      with secondary air introduced thereinto, whereby the toxic unburned
      components in said exhaust gases are oxidized and rendered innoxious.
PAR  2. Description of the Prior Art
PAR  Conventional exhaust gas cleaning devices of the type described comprise a
      reaction chamber, i.e., a direct flame type or catalytic combustion
      chamber or catalyst means, provided intermediate of the exhaust pipe
      connected with the exhaust manifold, and means for supplying secondary air
      from an air pump into the exhaust pipe upstream of said reaction chamber.
      In such exhaust gas cleaning devices, it has been proposed to construct
      the upstream side of the exhaust pipe with respect to the reaction chamber
      into a double wall structure and supply the secondary air to be mixed with
      the exhaust gases through the outer chamber surrounding the inner wall of
      the exhaust pipe so that said secondary air may be heated by the heat of
      the exhaust gases. Such an arrangement of the secondary air supply means
      is effective for maintaining the temperature of the exhaust gases and
      thereby promoting the combustion or catalytic action with the reaction
      chamber because, since the heat of the exhaust gases is absorbed by the
      secondary air once and then returned to said exhaust gases, substantially
      no heat is released from the exhaust gases into the atmosphere. However,
      on some occasions, an undesirably intense combustion or catalytic reaction
      takes place within the reaction chamber depending upon the operating
      condition of the internal combustion engine, resulting in overheating of
      the catalyst or the structural members of the reaction chamber and thermal
      failure of the same. Under such an operating condition of the engine, the
      temperature of the exhaust gases also becomes high and accordingly the
      temperature of the exhaust pipe becomes excessively high. In order to deal
      with such problems, it has been proposed to provide a bypass valve on the
      exhaust pipe at a location upstream of the reaction chamber and bypass the
      exhaust gases so as to pass them through the reaction chamber. However,
      such an arrangement is defective in that the exhaust pipe diverges into
      two lines and becomes complicated in construction.
PAC  SUMMARY OF THE INVENTION
PAR  In order to eliminate the above defect, the present invention has for its
      object the provision of secondary air supply means of the exhaust gas
      cleaning devices of the type described, which comprises a portion of the
      exhaust pipe upstream of the reaction chamber which is constructed into a
      double wall structure having an inner wall defining an exhaust gas passage
      and an outer wall defining between it and said inner wall an outer chamber
      for the passage of secondary air therethrough so that said secondary air
      may be heated by the exhaust gases before it is mixed with the exhaust
      gases, valve means for opening and closing a secondary air supply hole
      formed in said inner wall and a secondary air releasing hole formed in
      said outer wall, a temperature detector disposed within said reaction
      chamber and valve operating means for electromagnetically, pneumatically
      or hydraulically operating said valve means in response to a signal from
      said temperature detector in such a manner that when the temperature
      detected by said temperature detector is below a predetermined level, the
      secondary air supply hole is opened and the secondary air releasing hole
      is closed, while when the temperature becomes higher than the
      predetermined level, the secondary air supply hole is closed and the
      secondary air releasing hole is opened.
PAR  According to the present invention, when the internal temperature of the
      reaction chamber is below a predetermined level, the secondary air passing
      in the outer chamber of the double walled portion of the exhaust pipe is
      heated by the heat of the exhaust gases and the heated secondary air is
      mixed with the exhaust gases to be introduced into the reaction chamber,
      so that satisfactory cleaning of the exhaust gases can be achieved. On the
      other hand, when the internal temperature of the reaction chamber rises to
      a level to cause thermal destruction of the catalyst or the structural
      members of the reaction chamber, the secondary air supply hole is closed
      and the secondary air releasing hole is opened by the valve means
      operating in response to the signal from the temperature detector and the
      heated secondary air is released into the atmosphere, so that the
      secondary air only serves to cool the inner wall of the double walled
      portion of the exhaust pipe and is not supplied into the reaction chamber.
      Therefore, the exhaust gas cleaning reaction does not substantially take
      place within the reaction chamber and the reaction chamber is cooled to
      the temperature of the exhaust gases, and thus overheating of said
      reaction chamber can be avoided. Since it is unnecessary to provide an
      additional exhaust gas bypass pipe, the secondary air supply means of the
      present invention has the advantage that it renders the construction of
      the entire exhaust gas cleaning device simple and the mounting of the
      exhaust gas cleaning device on the underside of the automobile floor
      extremely easy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical sectional view of an embodiment of the secondary air
      supply means of exhaust gas cleaning devices according to the present
      invention, under normal operating condition, and
PAR  FIG. 2 is a vertical sectional view similar to FIG. 1 but showing the
      position when the internal temperature of the reaction chamber has reached
      a critical level to cause thermal destruction of the catalyst bed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show a catalytic exhaust gas cleaning device embodying the
      present invention. An exhaust pipe 1 is connected with the exhaust
      manifold 2 of an internal combustion engine not shown. A reaction chamber
      3 with a catalyst bed 4 disposed therein is provided intermediate of the
      exhaust pipe 1. The portion 5 of the exhaust pipe 1 upstream of the
      reaction chamber 3 is constructed into a double wall structure having an
      inner wall 1' defining an exhaust gas passage and an outer wall 5b
      defining an outer chamber 5a around said inner wall 1'. The outer wall 5b
      is provided with an air inlet port 7 on the upstream side thereof for
      introducing secondary air from an air pump 6 into the outer chamber 5a and
      air releasing holes 8 on the downstream side for releasing the secondary
      air into the atmosphere. The inner wall 1' is provided with a secondary
      air supply hole 9. These holes 8, 9 are communicated with a hole 10'
      formed in the side wall of a cylindrical valve casing 10. In the valve
      casing 10 is received a valve 11 which is moved up and down by a magnet 12
      and a spring 13, to close the holes 8 and 9 alternately. A temperature
      detector 14 is provided extending into the catalyst bed 4. A relay 15 is
      electrically connected with a power source 16, the magnet 12 and the
      temperature detector 14, which will conduct a current to the magnet 12
      when the temperature of the catalyst bed detected by the temperature
      detector 14 is below a predetermined level sufficiently lower than a level
      at which the catalyst is thermally destructed, and will interrupt the
      current supply to said magnet 12 when said temperature becomes higher than
      said predetermined level. The outer wall 5b and the reaction chamber 3 are
      enclosed by a heat insulating material.
PAR  The secondary air supply means of the invention constructed as described
      above operates in the following manner: Namely, at the start of the
      internal combustion engine the temperature of the catalyst bed 4 within
      the reaction chamber 3 is still low, so that a current is supplied to the
      magnet 12 through the relay 15. As a result, the valve 11 is lifted to the
      position shown in FIG. 1, closing the secondary air releasing holes 8 and
      communicating the secondary air supply hole 9 with the hole 10' formed in
      the valve casing 10. The secondary air from the air pump 6 flows into the
      outer chamber 5a of the double walled portion 5 from the secondary air
      inlet port 7 and is supplied into the exhaust gas passage 1' through the
      holes 10' and 9. During passage in the outer chamber 5a, the secondary air
      is heated by the exhaust gases passing in the exhaust gas passage 1' and
      conversely said exhaust gases are cooled by the secondary air. However,
      since the outer wall 5b of the double walled portion 5 of the exhaust pipe
      1 is enclosed by the heat insulating material 17, little heat of the
      secondary air is released into the atmosphere and the heated secondary air
      is supplied from the secondary air supply port 9 into the exhaust gases in
      the heated state. Therefore, the amount of heat which is lost by the
      exhaust gases during passage in the double walled portion 5 of the exhaust
      pipe 1 is substantially entirely returned to the exhaust gases at an inlet
      of the reaction chamber 3 and the heat loss of the exhaust gases is very
      small. Thus, the exhaust gases are mixed with the heated secondary air and
      pass through the catalyst bed 4. During passage through the catalyst bed
      4, carbon monoxide and hydrocarbons in the exhaust gases are oxidized into
      carbon dioxide and water by the catalytic activity of the catalyst. In
      this case, heat is generated elevating the temperature of the catalyst bed
      4 and elevating the catalytic reaction temperature, so that the
      temperature of the catalyst bed 4 rises quickly to a level sufficiently
      higher than the temperature of the exhaust gases. Under such condition,
      however, since the temperature of the exhaust gases passing through the
      catalyst bed 4 is lower than the temperature of said catalyst bed, the
      catalyst bed is cooled by the exhaust gases and the catalytic reaction
      continuously takes place at a constant temperature at which the heat lost
      by the catalyst bed is balanced by the heat generated by the catalytic
      reaction. However, when the temperature of the exhaust gases flowing
      through the catalyst bed 4 is extremely high as in the case of high load,
      high speed operation of the engine, the catalyst bed 4 is overheated by
      the reaction heat generated therein, inducing thermal destruction of said
      catalyst bed. According to the present invention, the relay 15 is actuated
      in response to a signal from the temperature detector 14 and the current
      supply to the magnet 12 is interrupted before the temperature of the
      catalyst bed 4 reaches such a high level, whereby the valve 11 is moved
      down by the spring 13 closing the secondary air supply hole 9 and
      communicating the hole 10' in the valve casing 10 with the secondary air
      releasing hole 8 as shown in FIG. 2. Therefore, the secondary air flowing
      into the outer chamber 5a and heated therein by the exhaust gases is
      released into the atmosphere through the opening 10' in the valve casing
      10 and the secondary air releasing hole 8, without being allowed to flow
      into the exhaust gas passage 1'. In this case, the exhaust gases are only
      cooled and not mixed with the secondary air in the double walled portion 5
      of the exhaust pipe 1, so that they are substantially not subjected to the
      catalytic reaction during passage through the catalyst bed 4. Thus,
      overheating of the catalyst bed 4 can be prevented.
PAR  Although in the embodiment described above the valve 11 to open and close
      the secondary air supply hole 9 is electromagnetically operated by the
      magnet 12, it is to be understood that said valve may be operated by
      arranging such that an air cylinder or hydraulic cylinder is provided in
      the place of said magnet 12 and air pressure, hydraulic pressure or
      negative air pressure to operate said cylinder is interrupted
      intermittently by an electromagnetic three-way valve which is controllably
      operated by the relay 15. Still alternatively, the valve 11 may be
      operated by making use of the drive of an electric motor. Further, the
      valve 11 may be a dual valve adapted to open and close the secondary air
      releasing hole 8 and the secondary air supply hole 9 independently of each
      other.
PAR  In the present invention, as described herein, a portion of the exhaust
      pipe upstream of the reaction chamber of the exhaust gas cleaning device
      is constructed into a double wall structure having an inner wall defining
      an exhaust gas passage and an outer wall defining a secondary air passage
      around said inner wall, so that the secondary air may be heated in said
      secondary air passage by the heat exchange with the exhaust gases before
      it is mixed with the exhaust gases, and a valve is provided to open and
      close a secondary air supply hole formed in said inner wall and an air
      releasing hole formed in said outer wall for releasing the secondary air
      into the atmosphere therethrough, and further a temperature detector is
      disposed within said reaction chamber, the operation of said valve being
      controlled by internal temperature of the reaction chamber detected by
      said temperature detector such that when the interior of said reaction
      chamber is overheated, the supply of the secondary air into the exhaust
      gas passage is interrupted and the secondary air introduced into the
      secondary air passage cools the inner wall of the double walled portion of
      the exhaust pipe and is released into the atmosphere from the air
      releasing hole. Therefore, the secondary air supply means of the invention
      has such excellent advantage that overheating of the reaction chamber can
      be prevented by a compact, simple structure not including an additional
      exhaust gas bypass pipe and that the exhaust gas cleaning device can be
      mounted on the underside of the automobile floor very easily even when
      only a limited space is available for the mounting of said device.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of catalytically treating and cleaning internal combustion
      exhaust gases comprising hydrocarbons and carbon monoxide while avoiding
      overheating and thermal destruction of the catalyst bed under operating
      conditions, said method including:
PA1  providing a catalyst-containing reaction area communicated to the exhaust
      gas conduit of an internal combustion engine;
PA1  supplying exhaust gases to the catalyst reaction area from an operating
      internal combustion engine;
PA1  supplying from a pumping means secondary air in contact with the heated
      exhaust conduit of the engine and heating the secondary air prior to
      introduction into the catalyst reaction area;
PA1  directing the heated secondary air into the catalyst reaction area together
      with the exhaust gases causing the hydrocarbons and carbon monoxide
      components of the exhaust gases to be oxidized by the catalyst to carbon
      dioxide and water, and discharging the reaction products, including the
      cleaned and heated exhaust gases, to the atmosphere;
PA1  discontinuing the supply of heated secondary air to the catalyst reaction
      area while continuing the supply of secondary air in contact with the
      heated exhaust conduit and discharging this heated air directly to the
      atmosphere when the temperature of the catalyst reaches a predetermined
      temperature prior to thermal destruction of the catalyst, causing the
      exhaust gases passing into the catalyst reaction area to be cooled and
      substantially or completely discontinue the catalytic reaction occurring
      in the reaction area, thereby effectively reducing the temperature of the
      catalyst bed; and
PA1  continuing to supply the heated secondary air to the catalyst reaction area
      when the catalyst bed has returned to the temperature below the
      predetermined temperature.
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PAL  There are provided an improved thermal reactor apparatus for, and an
      improved method of, purifying exhaust gases, particularly from a motor
      vehicle, wherein thermal oxidation and catalytic oxidation of the CO and
      HC contents of the exhaust gases and/or catalytic reduction of the
      NO.sub.x contents of the exhaust gases are effected within an environment
      such that at least some of the components of the reactor exposed to the
      exhaust gases are coated with and/or made of a catalytic alloy capable of
      acting as a catalyst for oxidation of the CO and HC contents of the
      exhaust gases and for reduction of the NO.sub.x contents of the exhaust
      gases.
PAL  In the preferable embodiment of the invention, the above mentioned
      environment comprises an upper stream zone occupied by a rich reducing gas
      mixture, including the starting exhaust gases, and a lower stream zone
      occupied by a rich oxidizing gas mixture, including the resultant gases
      from the upper stream zone and additional air.
BSUM
PAR  The present invention relates to an apparatus for and a method of purifying
      exhaust gases from an internal combustion engine of a motor vehicle or the
      like. More particularly the present invention relates to an exhaust
      manifold reactor, or a thermal exhaust gas reactor, for effecting
      combustion of the unburned noxious contents, including unburned
      hydrocarbons referred to as HC, and carbon monoxide (CO) in hot exhaust
      gases to reduce air pollution.
PAR  The conventional thermal reactor comprises an outer shell of a heat
      insulated construction defining or forming an inner reaction chamber as an
      oxidation zone. An adjusted gas mixture of the exhaust gases, containing
      unburned components such as HC and CO with air added is introduced into
      the oxidation zone to carry out thermal oxidation of said unburned
      contents.
PAR  To carry out the thermal reaction effectively, the reaction zone must be
      large enough to ensure an adequately long contacting time or staying time
      of the reactant gases. Further, it is necessary to ensure that the
      temperature of the hot gases is in a range of from 800.degree. to
      900.degree. C in the reaction zone. That is, the reactor must keep the
      mixture gases hot enough and make them stay long enough to oxidize them.
      However, even under such conditions, the temperature of the gas mixture
      near the surface of the inner wall of the reactor tends to decrease, so
      that the zone near the inner wall surface tends to become a no flame zone
      where little oxidation is effected. The presence of such a no flame zone
      is not preferable, because it leads to lower efficiency of a flame
      reaction all over the reaction zone. Particularly, owing to the no flame
      zone, a problem arises at the time of starting the operation of the engine
      from which the exhaust gases are fed to the thermal reactor. That is, at
      first when the engine is operated, the reaction chamber remains cold, so
      that the no flame zone occupies a large portion of the reaction zone and
      thus the temperature of the central zone for flame reaction surrounded by
      the no flame zone is relatively low. Therefore, the efficiency of the
      reduction of the CO and HC contents of the exhaust gases at the time of
      starting the engine is extremely low, so that it takes a long time for the
      reactor to warm up and the purification ability of the reactor during the
      time is very poor. To solve the above mentioned problem of the warming up
      period, there is a well known art. That is, the outer shell of the reactor
      is so designed that it is provided with an excellent insulating layer of
      materials, such as ceramic fibers between the inner and outer walls, and
      the inner parts of the reactor exposed to the reactant gases in the
      reaction chamber are so designed that they have smaller heat capacities
      than those of the conventional reactor. With a reactor constructed in this
      manner the gases in the central zone reach the desired high temperature as
      soon as possible.
PAR  To the same end, there is a well known catalytic convertor or muffler,
      wherein a no flame oxidation takes place. From the presence of the thermal
      reactor wherein flame oxidation takes place and the above catalytic
      convertor, a person skilled in the art might imagine a combination of the
      thermal reactor with the catalytic convertor. That is, a catalytic thermal
      reactor which contains in the reaction chamber the same catalyst particles
      or catalyst carriers as those in the catalytic convertor, of pellet, honey
      comb or wire-meshed form, thereby effecting the flame oxidation and
      simultaneously the no flame oxidation. In such a catalytic thermal reactor
      or manifold reactor, the filled catalysts would have to occupy most of
      reaction reaction zone where the thermal reation of HC and CO would be
      carried out in the case of the conventional thermal reactor or manifold
      reactor. This would lead to a considerably shorter contacting time or
      staying time of the reactant gases in such an imagined catalytic thermal
      reactor. However, because of the filled catalysts, the overall heat
      capacity of the reactor would be larger than in the case of the
      conventional reactor having no catalyst and this would result in the
      imagined catalytic thermal reactor having a considerably longer warming up
      period.
PAR  In the imagined catalytic thermal reactor, an additional purifying process
      would be effected by the catalytic oxidation of the CO and HC contents.
      However, the original thermal oxidation purification ability would be
      reduced owing to the decrease of the contacting time and the increase of
      the warming up period. Therefore, from the point of view of practical use,
      it is apparent that the imagined catalytic thermal reactor would be
      neither desirable nor useful. Particularly, considering that the long
      warming up period would lead to a reduction of the CO and HC purification
      ability at the time of starting the engine, the imagined catalytic thermal
      reactor would be disadvantageous.
PAR  However, in another aspect, it should be appreciated that the imagined
      catalytic thermal reactor could be expected to reduce the unburned CO and
      HC contents of the exhaust gases by thermal oxidation and additional
      catalytic oxidation and, further, to reduce the other noxious nitrogen
      oxide contents of the exhaust gases by catalytic reduction, in contrast to
      the conventional thermal reactor containing no catalyst, which reactor
      reduces only the unburned contents of HC and CO by thermal oxidation. In
      other words, if catalysts having reaction activities of oxidation and
      reduction were applied to the catalytic thermal reactor, a new advantage
      of reducing the other noxious contents of nitrogen oxides, including NO
      and NO.sub.2 and so on, which are referred to as NO.sub.x, could be
      obtained.
PAR  Such an advantage is not expected in the conventional thermal reactor.
PAR  It is an object of the present invention to provide an apparatus for
      effectively purifying the exhaust gases of a thermal reactor or manifold
      type reactor which has a high purification ability for CO and HC and also
      a high purification ability for NO.sub.x by applying catalysts capable of
      reducing CO, HC and NO.sub.x so as to neither increase the warming up
      period nor shorten the contacting time, particularly so as to positively
      shorten the warming up period.
PAR  Briefly stated, the above object of the present invention is achieved by an
      apparatus of the thermal reactor type for purifying exhaust gases
      containing CO, HC and NO.sub.x which comprises an outer shell of heat
      insulated construction forming an inner reaction chamber, at least one
      inlet conduit for introducing the exhaust gases with air added into the
      inner reaction chamber and an outlet conduit for discharging the resultant
      purified gases, wherein at least some of the components of the reactor
      exposed to the exhaust gas are coated with and/or made of alloy material
      having the two catalytic activities of oxidation and reduction, whereby
      catalytic oxidation of CO and HC and catalytic reduction of NO.sub.x are
      carried out at the catalytic surfaces of said portions while thermal
      oxidation of CO and HC occurs in the zone defined by the reaction chamber.
PAR  The above inventive apparatus is so applied that the inlet conduit is
      connected to the exhaust port of an internal combustion engine and to a
      conduit for feeding air to the exhaust gases in the same manner as in the
      conventional thermal reactor so as to introduce an adjusted gas mixture of
      the exhaust gases with air added into the reaction chamber. The resultant
      purified gases, in which the CO, HC and NO.sub.x contents are reduced are
      discharged from the reaction chamber through the outlet conduit.
PAR  In this connection, it should be noted that according to the inventive
      apparatus, reduction of the CO and HC contents by the oxidizing process
      and reduction of the NO.sub.x contents by the reducing process are carried
      out in a mixture in which air has been added to the exhaust gases.
      Therefore, if the gas mixture is a rich oxidizing gas mixture for example,
      if the air-fuel ratio is 16 to 17, a high reduction rate of the CO and HC
      contents is attainable. However, the reduction rate of the NO.sub.x
      contents is decreased under these conditions. If, on the other hand, the
      gas mixture is a reducing gas mixture, particularly if the air-fuel ratio
      is 14 to 15, the reduction rate of the NO.sub.x contents becomes high,
      while the reduction rate of the CO and HC contents becomes low. However,
      while it has been confirmed that in the former case, where a rich
      oxidizing gas mixture is involved, a substantial reduction of the NO.sub.x
      contents is not encountered, in the latter case, where the rich reducing
      gas mixture is involved, reduction of the CO and HC contents is attained
      to a fairly good extent. In this connection, three applications of the
      inventive apparatus as described above are adoptable as follows.
PAR  Firstly, the apparatus may be utilized for principally reducing the CO and
      HC contents of the exhaust gases by providing a rich oxidizing gas mixture
      which contains CO and HC. Secondly, the apparatus may be utilized for
      principally reducing the NO.sub.x contents of the exhaust gases by
      providing a rich reducing gas mixture which contains NO.sub.x. Thirdly the
      apparatus may be utilized for reducing both the CO and HC contents and the
      NO.sub.x contents of the exhaust gases by providing a gas mixture under
      the conditions where the air-fuel ratio lies between that of the rich
      oxidizing gas mixture and that of the rich reducing gas mixture. According
      to the third application, it is inevitable that the reduction rates of the
      CO and HC contents and the NO.sub.x contents become low in comparison with
      the reduction rate of the CO and HC contents in the first application and
      the reduction rate of the NO.sub.x contents in the second application
      respectively.
PAR  The second object of the present invention is to provide a thermal reactor
      type apparatus, for purifying exhaust gases containing CO, HC and NO.sub.x
      in a relatively simple arrangement by improving the above mentioned
      catalytic thermal reactor directed to the first object of the present
      invention in such a manner that the introduced gas mixture is changed from
      a rich reducing gas mixture to a rich oxidizing gas mixture in the inner
      reaction chamber, whereby reduction of the CO and HC contents can be
      effected primarily in the rich oxidizing gas mixture and reduction of the
      NO.sub.x contents can be effected primarily in the rich reducing gas
      mixture.
PAR  It should be noted that in a case where both reduction of the CO and HC
      contents and reduction of the NO.sub.x contents are effected by catalysis,
      both reduction rates depend on the temperature of the catalyst which
      influences catalytic activity as well as on the nature of the reacting gas
      mixture. In the conventional catalytic convertor if a catalyst for
      oxidation is used, there is no difficulty encountered in introducing a gas
      mixture of exhaust gases and added air which is adjusted to an optimum gas
      mixture for oxidation of CO and HC. Generally the exhaust gases of an
      internal combustion engine have a high concentration of CO and HC in
      comparison with their concentration of NO.sub.x. Therefore, in the
      conventional convertor it is not too difficult to keep the catalyst for
      oxidation at a high temperature which leads to high catalytic activity,
      because a great amount of heat energy is generated by the exothermic
      oxidizing reaction.
PAR  Also in the conventional catalytic convertor, if a catalyst for reduction
      is used, there is no difficulty encountered in introducing a gas mixture
      of exhaust gases and added air which is adjusted to an optimum gas mixture
      for reduction of NO.sub.x. However, the NO.sub.x contents of the exhaust
      gases of an internal combustion engine are of relatively low
      concentration, as mentioned above, so that the amount of the thermal
      energy generated by the exothermic reaction of the NO.sub.x contents is
      extremely small in comparison with the case of oxidation of the CO and HC
      contents. Therefore, maintaining the catalyst for reduction of NO.sub.x at
      a temperature hot enough to obtain high reduction activity requires means
      for fairly complex arrangement to prevent the escape of the generated heat
      energy.
PAR  In consideration of the above, the third object of the present invention is
      to improve the inventive catalytic thermal reaction of the first object so
      that catalytic activity, particularly for reduction, is increased, by
      applying the heat energy generated by oxidation of the CO and HC contents
      both, to the reduction of the CO and HC contents and to the reduction of
      the NO.sub.x contents, which are of a relatively low concentration. This
      results in high reduction rates for both types of reduction due to the
      elevated temperature of the catalysts.
PAR  According to the present invention, the second and third objects of the
      invention in combination are achieved by an apparatus of thermal reactor
      type for purifying the exhaust gases containing CO, HC and NO.sub.x, which
      comprises an outer shell of heat insulated construction forming an inner
      chamber as a reaction zone, at least one inlet conduit for introducing the
      exhaust gases with air added if necessary and an outlet conduit for
      discharging the resultant purified gases, wherein a component is provided
      to separate the reaction zone into an upper stream zone connecting fluidly
      to the inlet conduit and a lower stream zone connecting fluidly to the
      outlet conduit, in an arrangement such that said upper stream zone
      communicates fluidly with said lower stream zone. An injection nozzle is
      provided for feeding air into the gasses passing from said upper stream
      zone to said lower stream zone, and at least some of the components of the
      reactor exposed to the gases, are coated with and/or made of an alloy
      material having the two catalytic activities of oxidation and reduction,
      whereby catalytic reduction is effected primarily in said upper stream
      zone by providing there a rich reducing gas mixture involving exhaust
      gases only or exhaust gases and additional air from the inlet conduit and
      then the catalytic oxidation and thermal oxidation are effected primarily
      in said lower stream zone by providing there a rich oxidizing gas mixture
      involving the resultant gases from said upper stream zone and air from the
      nozzle.
PAR  With respect to the above mentioned component for separating the reaction
      zone, various forms are adoptable. However, the most preferable component
      is a cylinder having inner and outer circular surfaces, because such
      cylindrical form provides two large surfaces which respectively face the
      two separated zones in the limited reaction zone.
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PAR  The various features of the present invention will become apparent from the
      following detailed description set forth in connection with the
      accompanying drawings which relate to the preferred embodiments of the
      invention and are given by way of illustration. In the drawings:
PAR  FIGS. 1 and 2 are respectively, a cross-sectional view and a longitudinally
      sectional view taken along the line II--II in FIG. 1, showing a first
      embodiment of the reactor of a first type according to the invention;
PAR  FIGS. 3 and 4 are respectively, a cross-sectional view and a longitudinally
      sectional view taken along the line IV--IV in FIG. 3, showing a second
      embodiment of the reactor of the first type according to the invention;
PAR  FIGS. 5 and 6 are, respectively, a cross-sectional view and a
      longitudinally sectional view taken along the line VI--VI in FIG. 5,
      showing a third embodiment of the reactor of the first type according to
      the invention;
PAR  FIGS. 7 and 8 are respectively, a cross-sectional view and a longitudinally
      sectional view taken along the line VIII--VIII in FIG. 7, showing a fourth
      embodiment of the reactor of the first type according to the invention;
PAR  FIGS. 9 and 10 are respectively, a cross-sectional view and a
      longitudinally sectional view taken along the line X--X in FIG. 9, showing
      a fifth embodiment of the reactor of the first type according to the
      invention;
PAR  FIGS. 11 and 12 are respectively, a cross-sectional view and a
      longitudinally sectional view taken along the line XII--XII in FIG. 11,
      showing a sixth embodiment of the reactor of the first type according to
      the invention;
PAR  FIG. 13 is a partially sectional side elevation view showing an embodiment
      of the reactor of a second type according to the invention;
PAR  FIGS. 14 and 15 are cross-sectional views taken along the lines XIV--XIV
      and XV--XV in FIG. 13, respectively;
PAR  FIG. 16 is an oblique view showing a modification of the inner core mounted
      in the reactor shown in FIG. 13;
PAR  FIG. 17 is a partially sectional side elevation view showing another
      embodiment of the reactor of the second type according to the invention;
PAR  FIG. 18 is a cross-sectional view taken along the line XVIII--XVIII in FIG.
      17;
PAR  FIGS. 19 and 20 are graphs of the reduction rate of NO.sub.x contents vs.
      air-fuel ratio and the reduction rate of CO and HC contents vs. air-fuel
      ratio, respectively, wherein optimum conditions of reacting gas mixtures
      applied in the inventive reactor of the second type are illustrated, and;
PAR  FIG. 21 is a graph of the reduction rate of NO.sub.x contents vs. catalyst
      temperature showing characteristics of the catalytic activity for
      reduction at various temperatures.
DETD
PAR  With reference to FIGS. 1 and 2, a reactor of the first type is a
      relatively simple structure designed as an apparatus for purifying the
      exhaust gases from a four cylinder engine. An inner chamber 1 is the
      reaction zone and is formed by an outer shell 10 which comprises an inner
      shell wall 11, an outer shell wall 12 and a heat insulated layer 13
      sandwiched therebetween. The heat insulated layer may be made of such
      material as ceramics. Inlet conduits 20 for introducing the exhaust gases
      and an outlet conduit 30 for discharging the purified gases are disposed
      in the outer shell 10. The inlet conduits 20 are so disposed that the
      direction of introduction of the gas fluids into the chamber 1, through
      the conduits is perpendicular to the longitudinal axis of the chamber or
      the outer shell. In other words, the axis of each inlet conduit is at a
      right angle to the longitudinal axis of the outer shell. The axis of the
      outlet conduit 30 is perpendicular to the axes of the inlet conduits 20.
      In practical use of the reactor the inlet conduits 20 communicate the
      corresponding exhaust ports of the cylinder head in the engine with the
      chamber 1, and also are connected to conduits for adding air, which is
      referred to as secondary air in relation to the first air fed to the
      engine.
PAR  According to the present invention, the surfaces of the inlet conduits 20
      and the inner shell wall 11 are coated with a catalytic alloy.
      Alternatively the inlet conduits 20 and the inner shell wall 11 themselves
      are made of such a catalytic alloy. In the case of the catalytic coating,
      the components to be coated must be made of a heat resistant material
      adaptable to high temperature use in an oxidizing atmosphere or reducing
      atmosphere. The outer shell wall 12 may be made of common material such as
      cast iron or ordinary steel.
PAR  With respect to the catalytic alloy, a preferable alloy which comprises,
      for example, Fe Ni and Cu and which in capable of acting as a catalyst for
      oxidation and reduction may be used. However, the catalytic alloy is not
      limited to the above, and various kinds of alloys capable of acting as a
      catalyst for oxidation of the CO and HC contents of exhaust gases and
      reduction of the NO.sub.x contents of exhaust gases may be utilized.
PAR  FIGS. 1 and 2 show the simplest construction of the reactor of the present
      invention, since there is no component occupying the space of the inner
      chamber 1.
PAR  Referring to FIGS. 3 and 4, which show a modification of the reactor in
      FIGS. 1 and 2 as a second embodiment of the first type reactor, the
      reactor has an inner core 40 mounted within the inner chamber 1. In this
      second embodiment, the additional inner core 40 is a cylinder having
      openings at both ends along the longitudinal axis. The inlet conduits 20
      are connected to the inner core 40 through the cylindrical wall thereof.
      The inner and outer cylindrical surface of the inner core 40 are coated
      with the same catalytic alloy as in the first embodiment. Alternatively,
      the inner core may be made of the catalytic alloy. The other components of
      the reactor are constructed substantially the same as in the first
      embodiment.
PAR  A third embodiment of the first type reactor is shown in FIGS. 5 and 6. The
      reactor of this embodiment is constructed the same as the first embodiment
      except for the following. The inlet conduits 20 are disposed in the outer
      shell 10 in a manner such that the exhaust gases from the engine are
      introduced into the inner chamber 1 through the conduits in a tangential
      direction to the circular inner surface of the chamber. The result of this
      is that the gases from the conduits circulate along the inner circular
      surface of the chamber.
PAR  A fourth embodiment of the first type reactor is shown in FIGS. 7 and 8.
      The reactor of this embodiment is a modification of the reactor of the
      first embodiment in that a plate form separator for gases 50 is mounted
      within the inner chamber 1. The separater 50 is coated with or is made of
      the same catalytic alloy as mentioned in the first embodiment.
PAR  A fifth embodiment of the first type reactor is shown in FIGS. 9 and 10.
      The reactor of this embodiment is a modification of the reactor of the
      third embodiment in that a pair of constricting plates 60 are mounted
      within the inner chamber 1. Each constricting plate 60 comprises a disk
      having a central hole and is positioned perpendicular to the longitudinal
      axis of the inner chamber 1. An additional pipe is fitted in each central
      hole and protrudes toward the respective end of the inner chamber closest
      to the constricting plate 60 in which the pipe is mounted. The pair of
      constricting plates 60 are located at opposite edges of the opening of the
      outlet conduit 30 and thereby the inner chamber is divided into three
      local chambers 2, 3 and 4. The gases are firstly introduced through the
      inlet conduit 20 into the chambers 2 and 3, then pass into the central
      chamber 4 through the pipes in the pair of constricting plates 60 and,
      finally, and discharged from the central chamber 4 through the outlet
      conduit 30 which communicates with the central chamber 4. Each
      constricting plate 60 is coated with or made of the same catalytic alloy
      as in the previously mentioned embodiments. The other components of the
      reactor are constructed substantially the same as in the third embodiment.
PAR  A sixth embodiment of the first type is shown in FIGS. 11 and 12. The
      reactor of this embodiment is a modification of the reactor of the first
      embodiment in that a plurality of receptive plates 61 and 72 for gases are
      mounted in the chamber 1. Receptive plates 71 and 72 are located in each
      of the planes wherein the axis of an inlet conduit lies, and are mounted
      on the inner shell wall 11. Each receptive plate is coated with or made of
      the same catalytic alloy as in the previous mentioned embodiments. The
      other components are constructed substantially the same as in the first
      embodiment.
PAR  The exemplified reactors of the first type are characterized in that the
      inlet conduits 20, the inner shell wall 11 and the other members mounted
      within the inner chamber 1 are coated with a catalytic alloy on their
      surfaces exposed to the exhaust gases or they are made of the catalytic
      alloy. According to the invention, the other components exposed to the
      gases, for example the outlet conduit 30, may be made of the catalytic
      alloy or the surface exposed to the gases may be coated with the catalytic
      alloy.
PAR  According to the inventive reactor of the first type, chemical reactions
      for purifying the exhaust gases are effected as follows.
PAR  In any of the above exemplified reactors, when a gas mixture of exhaust
      gases with air added, which is referred to as the secondary air in
      relation to the first air in the engine is introduced into the inner
      chamber 1 through inlet conduits 20, the same thermal reaction as in the
      conventional thermal reactor occurs to oxidize the CO and HC contents in
      the exhaust gases. Simultaneously, additional catalytic oxidation of the
      CO and HC contents is effected by the catalytic alloy of the inner shell
      wall 11. Such catalytic oxidation can be also effected at the catalytic
      alloy surfaces of the inner components exposed to the gases, for example
      the inner surface of the inlet conduit 20 or the outlet conduit 30, or the
      opposite side surfaces of the inner core 40, the separaters 50, the
      constricting plates 60 or the receptive plates 71 and 72.
PAR  The first feature of the present invention resides in the fact that the
      catalytic surfaces are the surfaces of the reactor components exposed to
      the gases, so that the reactor provides enough reaction space in the inner
      chamber to prevent it from decreasing the contacting time of the gases and
      the heat capacity of the reactor is only slightly or not at all increased
      in comparison with the conventional thermal reactor. Therefore, the
      inventive reactor ensures a purifying capability very similar to or the
      same as in the conventional thermal reactor.
PAR  The second feature of the invention resides in the fact that additional
      catalytic oxidation is effected at the surfaces exposed to the gases which
      results in the following advantages. In addition to the ability to reduce
      the contents of the CO and HC in the exhaust gases by thermal reaction,
      which is similar to that in the conventional thermal reactor, the ability
      to reduce the contents of the CO and HC in the exhaust gases by catalysis
      is created. Therefore, the total ability to reduce the contents of the CO
      and HC in the exhaust gases is greater than with the conventional thermal
      reactor. Further, since the surfaces exposed to the gases are heated owing
      to the catalytic reaction, the warming up period is advantageously shorten
      in comparison with the conventional thermal reactor. In other words, the
      no flame zone in the inner chamber become distinctively smaller.
PAR  The third feature of the invention resides in the fact that, in addition to
      the reduction of the CO and HC contents of the exhaust gases by the
      thermal oxidation and the catalytic oxidation, reduction of the NO.sub.x
      contents can be achieved by the catalyst at the surfaces of the components
      exposed to the gases.
PAR  The fourth feature of the invention resides in the fact that the activities
      of the catalyst leading to the oxidizing reaction and the reducing
      reaction are improved by the hot gas mixture for thermal oxidation. The
      reaction rates of the oxidizing reaction and the reducing reaction are
      changed according to the various conditions of the gas mixture. Although
      the optimum condition varies in a strict view, according to the
      composition of the gasoline used in the internal combustion engine, the
      reduction rate for the NO.sub.x contents is maximum under the desired
      condition of a rich reducing gas mixture, that is of an adjusted exhaust
      gas mixture corresponding to exhaust gases which would result from
      starting gases in the engine having an air-fuel ratio of from 14 to 15.
      Even if the inner chamber of the reactor is occupied with such a reducing
      gas mixture, an oxidizing reaction may be effected to reduce the CO and HC
      contents in the gas mixture. Similarly, although the optimum condition
      varies, in a strict view, according to the composition of the gasoline
      used in the engine, the reduction rate for CO and HC contents is maximum
      under the desired condition of a rich oxidizing gas mixture, that is of an
      adjusted exhaust gas mixture corresponding to exhaust gases which would
      result from starting gases in the engine having an air-fuel ratio of from
      16 to 17. Under such oxidizing gas mixture, little reduction of the
      NO.sub.x contents occurs. In this connection, it is preferable to use the
      reactor of the first type as an apparatus for purifying the exhaust gases
      with a primary purpose of decreasing the CO and HC contents by providing
      such oxidizing gas mixture as mentioned above, or alternatively, with a
      primary purpose of decreasing the NO.sub.x contents by providing such
      reducing gas mixture as mentioned above.
PAR  Considering the different arrangements between the above described
      embodiments and the effects resulting therefrom, the reactor of the second
      embodiment has an advantage of improving the catalytic effect within the
      inner chamber in comparison with the reactor of the first embodiment,
      because in the second embodiment the arrangement is such that the
      catalytic surface which can contact the gases introduced into the inner
      chamber is larger than in the reactor of the first embodiment.
PAR  With respect to the third embodiment, an arrangement is adopted such that
      the introduced gases are forced to flow so as to contact the inner shell
      wall. Therefore, although the structure of the reactor is as simple as
      that of the reactor of the first embodiment, an improvement of increasing
      the catalytic effect is obtained.
PAR  With respect to the fourth and sixth embodiments, the respective reactors
      have the catalytic components 50 and 71 and 72, which enlarge the
      catalytic zone which the introduced gases contact, so that an improvement
      of the catalytic effect is obtained in comparison with the first
      embodiment.
PAR  The reactor of the fifth embodiment is a modification of the reactor of the
      first embodiment wherein the components 60 are added to prolong the
      contacting time or staying time of the introduced gases by forcing them to
      circulate within the inner chamber and to enlarge the catalytic surface.
      Therefore, a higher catalytic effect than in the third embodiment is
      obtained in the fifth embodiment.
PAR  FIGS. 13, 14 and 15 show an inventive reactor of a second type which is in
      an improvement of the inventive reactor of the first type. Referring to
      the drawings, the reactor of the second type is a relatively simple
      structure designed as an apparatus for purifying the exhaust gases from a
      four cylinder engine. An inner chamber 1 defining a reaction zone is
      formed with an outer shell 10 which comprises an inner shell wall 11, an
      outer shell wall 12 and a heat insulated layer 13 sandwiched therebetween
      as in the first embodiment of the reactor of the first type. Within the
      inner chamber 1, an inner core 100 of cylindrical form with openings 101
      at its opposite ends is axially aligned with the inner shell wall 11 by
      means of spaced supporting members 110 having a generally wave shaped
      configuration which are mounted to the inner shell wall 11. Four inlet
      conduits 20 for introducing either exhaust gases only or exhaust gases and
      added air are provided in an arrangement such that they are inserted into
      the outer shell 10 and the inner core 100 to introduce the gases directly
      into the inner core 100. Further an air nozzle 120 for feeding additional
      air, which will be referred to as "third air" in relation to the "first
      air" fed to the engine, is so provided that the third air is injected into
      one of the core openings 101. Alternatively, two air nozzles may be
      provided to feed the third air into opposite core openings 101.
PAR  An outlet conduit 30 for discharging the purified gases out of the reactor
      is provided at the central portion of the outer shell 10 and opens into
      the inner chamber 1 at the inner shell wall. Numeral 130 denotes a housing
      or casing of the type comprising two halves wherein the above mentioned
      arrangement is received.
PAR  In the above arrangement, the reaction zone in the inner chamber 1 is
      divided by the inner core 100 into a zone A inside the inner core and a
      zone B outside the inner core. The zone A communicates with the inlet
      conduit 20, so that it is referred to as an upper stream zone. The zone B
      communicates with the outlet conduit 30 and also with the zone A through
      the opposite openings 101 of the inner core, so that it is referred to as
      a lower stream zone. In other words, the upper stream zone A is defined by
      the inner surface of the core 100, while the lower stream zone is defined
      by the outer surface of the core 100 and the inner shell wall 11. Although
      the supporting members 110 exist in the lower stream zone B, they do not,
      because of their wave shaped configuration, obstruct the free passage of
      gases through the lower stream zone. The introduced gases from the inlet
      conduits 20 flow firstly into the upper stream zone A and then out to the
      lower stream zone B surrounding the upper stream zone A, and finally flow
      out of the inner chamber or the reaction zone through the outlet conduit
      30. In this flowing process, if the exhaust gas mixture entering through
      the inlet conduits 20 and the third air entering through the nozzle 120
      are introduced simultaneously, the exhaust gases flowing out of the upper
      stream zone A are admixed with the injected third air immediately after
      the exhaust gases flow out of the core openings 101, so that a mixture of
      the exhaust gases and the third air added from the nozzle flows into the
      lower stream zone B. According to the invention, the inner core 100 in the
      above mentioned reactor is coated on its inner and outer surfaces with a
      catalytic alloy having a reducing activity for the NO.sub.x  contents in
      the exhaust gases and an oxidizing activity for the CO and HC contents in
      the exhaust gases or alternatively the core itself is made of such
      catalytic alloy, as in the second embodiment of the reactor of the first
      type. Further, it is preferable that the other components exposed to the
      gases, for example the inner shell wall 11, the inlet conduits 20, the
      outlet conduit 30, the air nozzle 120 and the supporting members 110 are
      coated at their gas exposed surfaces with the catalytic alloy or are made
      of the catalytic alloy, as in the reactor of the first type.
PAR  FIG. 16 shows a more preferable modification of the inner core 100. The
      modified core has on its inner surface spaced receptive plates 102, for
      gases, which have a curved shape and extend towards the axis of the core.
      The receptive plates 102 are coated with or made of the catalytic alloy as
      is the core itself. The catalytic receptive plates 102 result in an
      increase in the catalytic surface exposed to contact of the exhaust gases.
PAR  FIGS. 17 and 18 show another embodiment of the inventive reactor of the
      second type for purifying the exhaust gases from a six cylinder engine. In
      comparison with the reactor of the first embodiment of the second type,
      the reactor of the second embodiment of the second type is characterized
      in that the upper stream zone surrounds the lower stream zone.
PAR  Referring to FIGS. 17 and 18, the same numerals as in FIGS. 13, 14 and 15
      denote substantially similar components of the reactor. There are
      fundamental differences in arrangement between the reactors of the first
      and second embodiments of the second type. That is, a pair of cylindrical
      inner cores 200, each having two openings 201 and 202, one at each
      opposite end thereof, are adopted in the reactor of the second embodiment
      of the second type. Each core has a circumferential flange 203 extending
      in the direction away from the central axis of the core at the opening and
      then turning towards the other opening 201. The pair of cores 200 are
      mounted within the inner chamber 1 in an arrangement such that the opening
      of the outlet conduit 30, positioned at the center of the inner shell wall
      11, is located between the circumferential flanges of the opposite cores.
      The circumferential flanges 203 are fitted and fixed to the inner shell
      wall 11, so that one end of each core is supported by the wall. The other
      end of each core is held by the supporting member 110 mounted to the core
      as in the reactor of first embodiment of the second type. The inlet
      conduits 20 for the exhaust gases open to the inner chamber at the inner
      shell wall without entering the inner cores 200. However, two air nozzles
      100 are inserted into the inner cores 200 so as to inject the third air
      into the gases flowing in to the core opening, respectively.
PAR  The above arrangement of the reactor provides a pair of symmetrical upper
      stream zones A separated by the core walls and the circumferential flanges
      203 and a lower stream zone B consisting of the central space between the
      circumferential flanges of the two cores and the opposite symmetrical core
      spaces. Each upper stream zone A communicates with two inlet conduits on
      the right or the left and also communicates with the lower stream zone B
      through the core opening 201. The lower stream zone B communicates with
      the outlet conduit 30 through the central space defined by the
      circumferential flanges 203 of the two cores and the inner shell wall. The
      exhaust gases are introduced into each upper stream zone A and then flow
      via each core opening into the lower stream zone B where the gas stream
      from the two core openings are combined and the combined stream then
      passes out of the system through the outlet conduit 30. In this process,
      if air is injected through the nozzle 120, the exhaust gases are admixed
      with the added air immediately after entering the zone B.
PAR  Comparing the reactor of the first embodiment of the second type with the
      reactor of the second embodiment of the second type, the former has the
      lower stream zone surrounding the upper stream zone in the inner chamber,
      while the latter has the upper stream zones surrounding the lower stream
      zone. However, a common feature in the two reactors is that the exhaust
      gases receive the injected air immediately after coming from the upper
      stream zone (or zones) into the lower stream zone. A further common
      arrangement is that the reactor zone in the inner chamber is separated by
      the inner core into an upper stream zone and a lower stream zone, and
      either the inner surface or outer surface of the inner core faces the
      upper stream zone, while the other surface faces the lower stream zone.
PAR  In the reactor of the second embodiment of the second type, at least the
      core surfaces exposed to the gases are coated with or made of the
      catalytic alloy as in the reactor of the first embodiment of the second
      type. With respect to the inner shell wall and the other components
      exposed to the gases, it is preferable that they also are coated with or
      made of the catalytic alloy.
PAR  The purifying function for the exhaust gases in the above mentioned
      reactors of the second type will now be explained in detail.
PAR  The inlet conduits 20 of the reactor are respectively connected in use with
      the exhaust ports of the engine and with the inlet conduits for
      introducing air into the reactor which air is referred to as a secondary
      air in relation to the first air introduced in the engine. Therefore, the
      exhaust gases, containing CO, HC and NO.sub.x, discharged from the engine
      flow into the inner chamber 1 of the reactor together with the adjusted
      air feed as a gas mixture through the inlet conduits 20. So far as this
      gas feed is concerned, it is roughly speaking the same as in the
      conventional thermal reactor. However, strictly speaking, it is different
      from that of the conventional thermal reactor.
PAR  According to the invention, the predetermined rich reducing gas mixture is
      prepared by admixing the exhaust gases from the engine with the secondary
      air, and then the said reducing gas mixture is introduced into the upper
      zone A of the reactor, where oxidation of the CO and HC contents and
      reduction of the NO.sub.x contents can occur as described hereafter. The
      resultant gases from the upper stream zone then flow into the lower stream
      zone B, where additional air (third air) in adjusted flow rate is injected
      into the resultant gases, so that the gas fluid in the lower stream zone B
      is changed to the desired rich oxidizing gas mixture. Therefore, oxidation
      of the CO and HC contents of the gas mixture can occur primarily in the
      lower steam zone B as described hereafter.
PAR  According to the invention, the rich reducing gas mixture is provided in
      the upper stream zone A, so that the upper stream zone A becomes effective
      for the carrying out of catalytic reduction by the catalytic alloy at the
      core surfaces exposed to the gas mixture. Generally, such catalysis
      depends on the temperature of the catalyst. In the inventive reactor, the
      catalytic alloy at the exposed surfaces is maintained at a high
      temperature, because the core is heated at the opposite surface by
      oxidation of the CO and HC contents in the lower stream zone B. Therefore,
      the upper stream zone A is forced into a condition such that the catalyst
      temperature is very effective for carrying out catalytic reduction of the
      reactive gas mixture, so that catalysis of the NO.sub.x contents of the
      exhaust gas mixture is carried out with high efficiency.
PAR  It should be noted that thermal oxidation and catalytic oxidation of the CO
      and HC contents of the exhaust gas mixture also proceeds to some extent in
      the upper stream zone A, although not to the same extent as the catalytic
      reduction. However, since the lower stream zone B is under the condition
      of a rich oxidizing gas mixture, more effective thermal oxidation and
      catalytic oxidation, at the catalytic surface of the core, of the CO and
      HC contents occurs here than in the upper stream zone A, and thus the
      reduction of the CO and HC contents is attained primarily here. As a
      result, the heat generated by oxidation in the lower stream zone B
      contributes to maintain the catalyst at a temperature high enough to
      effect the catalytic reduction in the upper stream zone A.
PAR  FIGS. 19 and 20 are graphs indicating theoretical curves showing tendencies
      of reduction rates of the NO.sub.x contents and the CO and HC contents
      under various conditions of the reactant gas mixture represented by the
      air-fuel ratio. In FIG. 20, the solid line shows characteristics of the CO
      and HC contents, while the dotted line shows characteristics of the
      NO.sub.x contents.
PAR  The inventive reactor of the second type is applicable under optimum
      conditions described as follows and defined by the shaded portions a and b
      of FIGS. 19 and 20. According to the inventive reactor, the exhaust gas
      mixture introduced into the upper stream zone A can be adjusted so that it
      corresponds to exhaust gases which would result from starting gases in the
      engine having the theoretical air-fuel ratio or an air-fuel ratio higher
      in fuel concentration than the theoretical ratio. That is, although the
      optimum condition varies, strictly speaking, according to the contents of
      the gasoline used in the engine, the air-fuel ratio should be 14 to 15.
      Similarly, the exhaust gas mixture introduced into the lower stream zone B
      can be prepared so that it corresponds to exhaust gases which would result
      from starting gases in the engine having an air-fuel ratio of from 16 to
      17.
PAR  The desired exhaust gas mixture introduced into the upper stream zone A can
      be attained by controlling the air feed from the engine carburetor and/or
      from the secondary air supply connected to the inlet conduits 20. The
      desired exhaust gas mixture introduced into the lower stream zone B can be
      attained by controlling the third air feed from the injection nozzle 120.
      By adjusting the respective exhaust gas mixtures as above, it is apparent
      from FIGS. 19 and 20 that a rich reducing gas mixture, for maximum
      reduction of the NO.sub.x contents in the exhaust gases introduced, is
      provided in the upper stream zone A and a rich oxidizing gas mixture, for
      maximum reduction of the CO and HC contents in the exhaust gases, is
      provided in the lower stream zone B.
PAR  As can also be understood from FIGS. 9 and 20, a reduction of the CO and HC
      contents by oxidation is effected to some extent in the presence of the
      rich reducing gas mixture in the upper stream zone A, although the
      reduction rate is not as high as in the presence of the rich oxidizing gas
      mixture in the lower stream zone B. Contrary to this, it is not expected
      that a substantial reduction of the NO.sub.x contents can be effected in
      the presence of the rich oxidizing gas mixture in the lower stream zone B.
PAR  According to the inventive reactor of the second type, the rich reducing
      gas mixture and the rich oxidizing gas mixture can be provided in the
      upper stream zone A and in the lower stream zone B respectively, while the
      inner core defining the boundaries of the two zones provides surfaces
      facing the respective zones, which surfaces each have the capability of
      inducing catalytic activities for oxidation and reduction. Therefore, the
      inventive reactor of the second type has the possibility of effecting
      maximum reduction of the CO, HC and NO.sub.x contents in the exhaust gases
      from the engine by adjustment of the reactant gas mixture.
PAR  From FIG. 21, which is a graph showing the relation of the NO.sub.x
      contents reduction rate to the catalyst temperature, it is apparent that
      achievement of high reduction rate for the NO.sub.x contents requires that
      the catalyst be maintained at a temperature higher than 500.degree. C.
      According to the inventive reactor of the second type, a high temperature
      such as 500.degree. C of the catalyst is attained by the arrangement
      wherein a great amount of heat generated by oxidation of the CO and HC
      contents is applied to heat at least the catalytic core. In other words,
      according to the invention, the oxidation of a relatively great amount of
      CO and HC contents is promoted within the zone facing one of the core
      surfaces and thus, the other core surface is maintained at a temperature
      high enough to effect the catalytic reduction within the other zone facing
      said other core surface.
PAR  Further, in the inventive reactor of the second type, the inner chamber is
      not filled with catalyst particles or catalyst carriers, so that the upper
      and lower stream zones in the inner chamber are not limited in size and
      thus there are no obstacles within the spaces. Therefore, the contacting
      time of the gases in the inner chamber can be maintained substantially as
      long as in the conventional thermal reactor. In other words, the inventive
      reactor provides a contacting time long enough to effect the thermal
      oxidation of the CO and HC contents at least as well as the conventional
      thermal reactor.
PAR  Therefore, since environments which are adequate for effecting thermal and
      catalytic oxidation of the CO and HC contents and also for effecting
      catalytic reduction of the NO.sub.x contents can be presented in the
      inventive reactor, high reduction rates for the CO, HC and NO.sub.x
      contents in the exhaust gases are attained. Further, if, in addition to
      the catalytic core, the other components of the reactor exposed to the
      gases are coated with or made of the catalytic alloy, the catalytic
      surface area can be enlarged without decreasing the contacting time of the
      gases in the reactor, so that even greater reduction rates for the CO, HC
      and NO.sub.x contents can be attained.
PAR  It must be understood that the reactors described above are merely
      embodiments of this invention and that variations may be made to the
      reactor within the spirit and scope of the invention. It will be apparent,
      for example, that various components may be adapted to the reactor to
      increase the catalytic surface and/or to enable the reactant gases to
      effectively contact the catalytic surface and still be within the scope of
      the invention. With respect to the possible inner core, it is not limited
      to the cylindrical core as exemplified above. For example, the upper
      stream zone and the lower stream zone in the reactor may be defined by a
      separator such as a flat or curved plate.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for purifying exhaust gases from an internal combustion
      engine containing CO, unburned HC, and NO.sub.x components of the type
      having an outer shell of heat insulated construction enclosing an inner
      chamber, at least one inlet conduit adapted for connection to the exhaust
      ports of the engine for introducing exhaust gases to the inner chamber,
      and an outlet conduit for discharging the resulting purified gases from
      the chamber,
PA1  a heat conductive baffle positioned within the inner chamber for dividing
      the inner chamber into an upstream reduction zone having at least one
      surface composed of a catalytic material for promoting reduction of the
      NO.sub.x components in the exhaust gases and communicating with the inlet
      conduit, and a substantially unobstructed downstream thermal, flame-type
      oxidation zone having an inlet region communicating with the upstream zone
      and an outlet region communicating with the outlet conduit, and
PA1  an injection conduit extending through the outer shell and having an outer
      end adapted for connection to a source of air and an inner end positioned
      to inject air from said source into the exhaust gases passing from the
      upstream zone into the downstream zone in sufficient quantity to create an
      oxygen-rich mixture in the downstream zone, wherein the improvement
      comprises:
PA1  the surfaces of the heat conducting baffle that are exposed to the exhaust
      gases in the upstream and downstream zones being composed of material
      having dual reducing and oxidizing cataltyic activities for reducing the
      NO.sub.x components of the exhaust gases in the upstream zone and for
      augmenting the thermal, flame-type oxidation of CO and HC components of
      the exhaust gases in the interior of the downstream zone by catalytic
      no-flame oxidation adjacent to the baffle surface, thereby increasing the
      amount of CO and HC components that are oxidized in the downstream zone
      and thus increasing the heat generated by the oxidizing reactions in the
      downstream zone, this additional heat being transferred through the baffle
      to increase the catalytic reducing reaction in the upstream zone and to
      shorten the warmup time.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the inner surface of the outer shell
      that forms the inner chamber is composed of said catalytic material having
      both reducing and oxidizing activities.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the separating baffle is in the form of
      a cylindrical core, and the inlet conduit opens into the interior of the
      core so that the upstream zone is inside the cylindrical core, and the
      downstream zone is between the exterior of the cylindrical core and the
      inner surface of the outer shell.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the separating baffle is in the form of
      a cylindrical core, and the outlet conduit extends from the interior of
      the core so that the downstream zone is inside the cylindrical core, and
      the upstream zone is between the exterior of the cylindrical core and the
      inner surface of the outer shell.
NUM  5.
PAR  5. A method of purifying exhaust gases containing CO, unburned HC, and
      NO.sub.x components of the type that includes the successive steps of
      feeding a rich reducing mixture of hot exhaust gases into an upstream zone
      in a heat insulated chamber, the upstream zone including exposed surfaces
      composed of an alloy with reducing catalytic properties, the temperature
      in the upstream zone being high enough to cause catalytic reduction of the
      NO.sub.x components in the exhaust gases; passing the resultant gases from
      the upstream zone to a substantially unobstructed downstream zone in the
      chamber on the other side of a heat conductive wall separating the
      upstream and downstream zones; and adding air to the resultant gases as
      they enter the downstream zone in an amount sufficient to form a rich
      oxidizing gas mixture to cause thermal flame-type oxidation of the CO and
      unburned HC components in the downstream zone, wherein the improvement
      comprises:
PA1  providing the heat conductive wall with surfaces composed of a catalytic
      material having dual reducing and oxidizing properties so that the thermal
      oxidation of CO and HC in the downstream zone will be augmented by
      catalytic oxidation adjacent to said wall in the downstream zone, thereby
      increasing the amounts of CO and HC that are oxidized and, because the
      additional heat of the catalytic oxidation reaction being transmitted
      through the heat conductive wall to the upstream zone increases the
      temperature of the reduction zone catalyst, increasing also the amount of
      NO.sub.x reduced in the upstream zone.
NUM  6.
PAR  6. The method of claim 5 wherein the exhaust gases are from an internal
      combustion engine; said rich reducing gas mixture corresponds to the
      exhaust gases which would result from an intake air-fuuel air-fuel to the
      engine of from 14 to 15; and said rich oxidizing mixture corresponds to
      the exhaust gases which would result from an intake air-fuel ratio to the
      engine of 16 to 17.
NUM  7.
PAR  7. The method of claim 5 wherein the heat transferred through the heat
      conductive wall by the thermal and catalytic oxidation reactions in the
      downstream zone is sufficient to maintain the catalytic surface of the
      wall exposed to the upstream zone at a temperature of more than
      500.degree. C.
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ABST
PAL  There is described a process for the purification of gaseous effluents
      containing oxides of sulphur before discharge of the gaseous effluent into
      the atmosphere.
PAL  The process is carried out in at least two separate stages of oxidation
      using ozonised oxygen in the presence of a catalytic quantity of an ion of
      a transition metal and in a manner such that the ozonised oxygen does not
      contact the gaseous effluent. The ozone is generally employed in the
      proportion of one mole of ozone to 15 to 20 moles of impurity to be
      oxidised.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention rlates to the purification, before discharge into the
      atmosphere, of gaseous effluents containing as impurities, oxides of
      sulphur, particularly sulphur dioxide. The toxic and pollutant properties
      of sulphur oxides (and certain nitrogen oxides) are such that these gases
      must be prevented from escaping into the atmosphere. In addition, it is
      economically desirable to recover these gases in the form of acids, more
      particularly sulphur oxides in the form of sulphuric acid. Many processes
      for purifying gaseous effluents in the form of, for example, smoke or
      fumes containing oxides of sulphur are known. Thus, it has been proposed
      to treat the smoke and fumes from steam generating stations, which smoke
      and fumes contain sulphur dioxide, either by catalysts by what is known as
      the dry method using vanadium salts or by injecting into the smoke or
      fumes ammonia whereby after a number of intermediate stages ammonium
      sulphate is formed. It has also been proposed to oxidise by means of
      ozonized oxygen the sulphur dioxide contained in such gaseous effluents,
      and to desulphurize the smoke or fumes by washing them with sulphuric acid
      containing ozonized oxygen, but it is found that in practice the smoke or
      fumes remain substantially unpurified even if a considerable quantity of
      ozone is employed. Thus, a disadvantage of the known processes for the
      treatment of gaseous effluents, e.g. smoke or fumes, by means of ozone is
      that they function with poor yields so that their operating cost is
      incompatible with economic requirements due to the excessive time taken up
      by the process or to the excessive consumption of ozone.
PAR  It is also known that salts of the transition metals, such as iron and
      manganese, are effective catalysts for the oxidation of sulphur dioxide
      with oxygen to form sulphur trioxide. U.S. Pat. Nos. 2,926,999 and
      3,574,562, in the names of G. Tarbutton and M. Kawahata respectively,
      describe processes in which fumes containing sulphur oxides are treated in
      the presence of a manganese salt. The sulphuric acid is recovered in
      dilute form or in the form of ammonium sulphate which are products of
      limited value.
PAR  In other known processes, treatment of gaseous effluents with ozonized
      oxygen is carried out in a single column or in a single reactor, the
      ozonized oxygen being diluted in the fumes and the oxygen and ozone
      partial pressures being relatively low so that the manganese salts, which
      are used in the treatment, oxidize fairly slowly.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention there is provided a
      process for purifying a gaseous effluent containing, as impurity, sulphur
      dioxide which comprises oxidizing the sulphur dioxide with ozonized oxygen
      in two separate stages in the presence of a catalyst, wherein
PAR  a. in the first stage a sulphuric acid solution with a concentration in the
      range 10 to 40% and containing a catalytic quantity of a salt of a
      transition metal is oxidized by means of ozonized oxygen containing from 1
      to 3% of ozone, the oxygen remaining after said first stage being recycled
      for ozonization;
PAR  b. in the second stage the sulphur dioxide in the gaseous effluent is
      oxidized to sulphur trioxide by bringing the gaseous effluent containing
      the sulphur dioxide into contact with the previously oxidized solution of
      sulphuric acid, the period of contact between the gaseous effluent and the
      oxidized sulphuric acid being in the range of from about 0.5 to about 3
      seconds, part of the sulphuric acid which has lost its oxidizing potential
      after desulphurization of the gaseous effluent being recycled into the
      first oxidation stage and another part of the sulphuric acid which has
      lost its oxidizing potential being concentrated by counter-current heat
      exchange with the gaseous effluent before the latter has been
      desulphurized.
PAR  By means of the process of the invention it is possible to desulphurize
      gaseous effluents in a satisfactory manner, whereby the sulphur dioxide
      contained therein may be eliminated to an extent of from 90 to 95%, with a
      low consumption of ozone and oxygen.
PAR  Moreover, the process makes it possible to recover a high-quality
      by-product, the sulphur dioxide eliminated from the gaseous effluent being
      recovered in the form of a marketable concentrated sulphuric acid. The
      process of the invention is applicable to any residual gaseous effluent
      containing oxides of sulphur. Advantageously, the process of the present
      invention is used for the purification of smoke or fumes produced in
      thermal enclosures having cold or hot walls and containing oxides of
      sulphur emanating from the oxidation of the sulphur contained in petroleum
      fuels employed in combustion, and in some cases also containing oxides
      emanating from the combustion itself.
PAR  In accordance with the process of the present invention, the gaseous
      effluent containing, as impurities, oxides of sulphur, more particularly
      sulphur dioxide, is purified by oxidation in two separate stages in the
      presence of a catalyst. The two-stage oxidation affords an advantage over
      the prior art; on the one hand, oxidation takes place in a column of a
      sulphuric acid solution containing the catalyst and, on the other hand,
      this solution oxidizes the SO.sub.2 contained in the fumes in a second
      column. In this way, the oxygen and gaseous effluent circuits are
      independent, so that the unused oxygen can be recycled.
PAR  In the first stage, there is oxidized dilute sulphuric acid with a
      concentration ranging from 10 to 40%, which contains a catalytic quantity
      of a salt of a transition metal, for example manganese or iron, by means
      of ozonized oxygen, containing from 1 to 3% of ozone, the oxygen not
      utilized in the oxidation of the solution and of the catalyst being
      recycled in the ozonization. In the separate, second stage, the sulphur
      dioxide is oxidized to sulphur trioxide by bringing the gaseous effluent
      into contact with the previously oxidized solution, the period of contact
      between the gas and the liquid being of the order of seconds, generally
      between 0.5 and 3 seconds, and a part of the dilute sulphuric acid, which
      has lost its oxidizing potential after desulphurization of the gaseous
      effluent, is directly recycled to the top of the first oxidation stage.
      Another part of the sulphuric acid which has lost its oxidizing potential
      is concentrated, preferably to a concentration of more than 90%, by
      counter-current heat exchange with the gaseous effluent before
      desulphurization of the latter.
PAR  It has been observed that the process for purifying gaseous effluents by
      washing with sulphuric acid in the presence of ozonized oxygen is
      industrially profitable only provided that two conditions are observed in
      its application: thus, the presence of a catalyst in the sulphuric acid is
      necessary and the oxidations of this catalyst and of the sulphur dioxide
      must be carried out in separate apparatus.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In one embodiment of the process according to the invention, the quantity
      of ozone employed is 1 mole to from 15 to 20 moles of sulphur dioxide.
      This condition renders the process compatible with the economic
      requirements of industry.
PAR  In a preferred embodiment of the invention, the catalyst is manganese
      sulphate, which is employed in the proportion of from 0.5 to 5 g per liter
      of sulphuric acid, and more particularly with an optimum content of about
      1 g per litre. The temperature of the gaseous effluent entering the
      desulphurization installation is in the range of from 100.degree. to
      150.degree.C, while the temperature of the previously oxidizing acid
      solution, containing the catalyst, is in the range of from 30.degree. to
      80.degree.C.
PAR  The contact between the gaseous effluent and the oxidized acid solution
      during the stage of desulphurisation by oxidation may advantageously be
      effected in co-current, but it may also be carried out in counter-current.
PAR  In a modified embodiment of the invention, the gaseous effluent is freed
      from the solid particles by independent bubbling of the effluent through
      an acid liquid, before desulphurization thereof.
PAR  In order to recover, as a by-product, an acid of sufficient concentration
      to be directly marketable, it is necessary to concentrate the sulphuric
      acid which has lost its oxidizing potential, for which purpose the dilute
      acid is passed in counter-current, preferably through a column, with the
      hot gaseous effluent entering the installation. The gaseous effluent
      becomes charged with water, and the sulphuric acid becomes concentrated,
      and 90-95% of the acid is recovered at the bottom of the column. When the
      acid is of sufficiently high concentration, the greater part of the
      catalyst entrained in the sulphuric acid can be separated by
      crystallization and decantation at ambient temperature. The recovered
      catalyst is recycled and reintroduced into the dilute sulphuric acid
      solution before oxidization by means of ozonization oxygen.
PAR  The rate of flow of the gaseous effluent in relation to that of the
      sulphuric acid, during the desulphurization phase, is advantageously
      chosen to lie in the range 1000 to 50, preferably between 300 and 100, to
      1.
PAR  According to another aspect of the present invention there is provided an
      installation for carrying out the aforesaid process, which installation
      essentially comprises three enclosures, preferably of the column type. One
      of these enclosures promotes the contact between the dilute sulphuric acid
      solution containing the catalyst and the ozonized oxygen, while the second
      enclosure promotes the contact between the gaseous effluent to be purified
      and the previously oxidized sulphuric acid solution, and the third
      enclosure promotes the contact between part of the sulphuric acid which
      has lost its oxidizing potential and the hot gaseous effluent before
      desulphurization. The installation also comprises means for ozonizing the
      oxygen, and means for the introduction and recycling of the liquids and
      the gases, and storage means.
PAR  The following Example illustrates the invention.
DETD
PAC  EXAMPLE
PAR  The accompanying drawing shows diagrammatically the installation used. The
      installation comprises three PYREX glass columns, each packed with Raschig
      rings of the same material. Each of the columns used had a length of 1
      meter and a diameter of 100 mm, and the Raschig rings had a diameter of 10
      mm. The circulation of the liquids through the three columns was carried
      out by means of glass pumps. (Alternatively, there may be used plate-type
      columns).
PAR  Oxygen circulates through a duct 1 and is ozonizing in an ozoniser 2. The
      ozonized oxygen, containing from 1 to 3% of ozone, is carried through a
      duct 3 and introduced into the upper part of an oxidation column 4.
      Sulphuric acid solution, which has a concentration of 20% by weight and
      contains 1 g of manganese sulphate per liter, circulates through a duct 5
      and is fed to the top of the oxidation column 4, so that a regular
      distribution is obtained. Oxidation of the manganese sulphate and
      ozonization of the acid are effected in the column 4.
PAR  After the ozonized oxygen has passed through the column 4, the unconsumed
      oxygen (which constitutes the greater part) is sent back to the ozoniser
      through a duct 3A, the remainder of the oxygen required being supplied
      from an external source.
PAR  The oxidized sulphuric acid solution withdrawn from the bottom of the
      column 4 is sent through a duct 6 to the upper part of a desulphurization
      column 7 in co-current flow with the gaseous effluent coming from a duct
      8. The gaseous effluent is smoke emanating from the combustion of heavy
      fuels containing between 1.5 and 6% of sulphur. The concentration of the
      SO.sub.2 in the smoke is in the range of from 1000 to 3500 p.p.m. by
      volume (parts per million by volume).
PAR  In the desulphurization column 7, the greater part of the sulphur dioxide
      contained in the smoke is oxidized to sulphur trioxide, which is in turn
      hydrated to sulphuric acid. The smoke leaving the lower part of the column
      7 through duct 9 contains substantially no sulphur dioxide.
PAR  The fumes and the acid circulate in co-current through the desulphurization
      column 7 the ratio of the rates of flow of the fumes to the acid
      preferably being of the order of 100:1 to 50:1. This optimum value applies
      to the particular type of column chosen, because it depends upon the time
      of contact and therefore upon the dimensions of the column. With the
      installation being described, the time of contact between the gas and the
      liquid is 1 second. The temperature of the fumes entering the
      desulphurization column is 100.degree.-150.degree.C, and the temperature
      of the acid is 30.degree.-80.degree.C.
PAR  The sulphuric acid solution recovered at the bottom of the column 7 by
      extraction through a duct 10 is passed into a storage receptacle 11. Part
      of this sulphuric acid solution which has lost its oxidizing potential is
      re-injected through the duct 5 into the top of the column 4.
PAR  Another part of the recovered sulphuric acid solution is passed through a
      duct 12 into the top of an acid concentration column 13 in counter-current
      with the smoke to be purified, which is introduced through a duct 14. The
      smoke arriving at a sufficiently high temperature, i.e. in the range
      200.degree.-300.degree.C, in the installation becomes charged with water
      and the acid becomes concentrated, so that from 90 to 95% sulphuric acid
      is recovered at 15 from the bottom of the column 13. The concentrated
      sulphuric acid is stored at 16. Part of the manganese sulphate contained
      in the acid is recovered by crystallization and decantation at ambient
      temperature. The recovered catalyst can then be recycled.
PAR  The quantity of sulphur dioxide contained in the smoke is measured on
      entering and leaving the column 7.
PAR  The effectiveness of the process can be demonstrated by considering two
      ratios:
      ##EQU1##
PAR  The percentage purification and the oxidation efficiency are TE = 90 - 95%
      for R.sub.O = 15 - 20.
PAR  The results obtained illustrate the advantages of the process, showing a
      rapid oxidation of the catalyst (manganese salts contained in the
      sulphuric acid), the possibility of recycling the unused oxygen and the
      production of an 80% sulphuric acid which can be directly marketed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for purifying gaseous effluent containing sulfur dioxide,
      comprising the steps of:
PA1  a. oxidizing, in a first stage, by means of ozonized oxygen containing from
      1-3% ozone, a solution consisting essentially of sulphuric acid with a
      concentration in the range of 10-40% containing an amount of a salt of
      iron or manganese sufficient to catalyze the oxidation of sulphur dioxide;
PA1  b. recycling the oxygen remaining after step (a) for ozonization;
PA1  c. oxidizing, in a second stage, the greater portion of the sulphur dioxide
      into sulphur trioxide by bringing the gaseous effluent containing sulphur
      dioxide into contact with the oxidized solution of sulphuric acid from
      step (a), the rate of flow of the gaseous effluent to that of the oxidized
      solution of sulphuric acid being between 1000:1 and 50:1, and the period
      of contact between the gaseous effluent and the oxidized sulphuric acid
      being in the range of from about 0.5 to about 3 seconds;
PA1  d. recycling part of the sulphuric acid which has lost its oxidizing
      potential and which remains after step (c) into the oxidizing step (a);
PA1  e. concentrating to 90-95% another part of the sulphuric acid which has
      lost its oxidizing potential and which remains after step (c) by
      counter-current heat exchange with the gaseous effluent before the latter
      has been desulphurized;
PA1  f. separating the greater part of the catalyst entrained in the
      concentrated sulphuric acid after said step (e) by crystallization and
      decantation at ambient temperature: and
PA1  g. recycling said catalyst to the sulphuric acid used in said step (a); and
PA2  wherein the amount of ozone employed in said ozonized oxygen is 1 mole per
      15-20 moles of sulphur dioxide.
NUM  2.
PAR  2. A process for purifying a gaseous effluent according to claim 1, wherein
      the catalyst is manganese sulphate present in solution in sulphuric acid
      in the proportion of from 0.5 to 5 g of manganese sulphate per liter.
NUM  3.
PAR  3. A process for purifying a gaseous effluent according to claim 2, wherein
      the sulphuric acid solution has a concentration of about 20% and contains
      about 1 g of manganese sulphate per liter of sulphuric acid solution.
NUM  4.
PAR  4. A process for purifying a gaseous effluent according to claim 1, wherein
      the temperature of the gaseous effluent entering said step (c) ranges from
      100.degree. to 150.degree.C and wherein the temperature of the previously
      oxidized acid solution entering said step (c) ranges from 30.degree. to
      80.degree.C.
NUM  5.
PAR  5. A process for purifying a gaseous effluent according to claim 1 wherein,
      in the said step (c), the gaseous effluent and the acid solution are
      brought into co-current contact with each other.
NUM  6.
PAR  6. A process for purifying a gaseous effluent according to claim 1 wherein,
      in said step (c), the gaseous effluent and the acid solution are brought
      into counter-current contact with each other.
NUM  7.
PAR  7. A process for purifying a gaseous effluent in accordance with claim 1,
      further including the step of:
PA1  h. freeing the gaseous effluent from solid particles by bubbling through an
      acid liquid, prior to said step (c).
NUM  8.
PAR  8. A process according to claim 1, wherein the gaseous effluent comprises
      the combustion products of a petroleum fuel.
NUM  9.
PAR  9. A process for purifying a gaseous effluent in accordance with claim 1,
      wherein, during said step (c), the rate of flow of the gaseous effluent
      relative to that of the sulphuric acid is between 300:1 and 100:1.
NUM  10.
PAR  10. A process for purifying a gaseous effluent in accordance with claim 1,
      wherein, during said step (c), the rate of flow of the gaseous effluent
      relative to that of the sulphuric acid is between 100:1 and 50:1.
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ABST
PAL  An improved Claus off-gas treating process is disclosed where sulfur
      dioxide and other convertible sulfur compounds present in the off-gas are
      catalytically reduced to hydrogen sulfide by mixing said off-gases with
      the hot gaseous product of the combustion of a carbonaceous fuel with an
      oxygen-containing gas in a line burner to heat the off-gases to a
      temperature above 175.degree.C and passing the heated gaseous product
      together with a hydrogen-containing gas over a reduction catalyst thereby
      converting substantially all of the sulfur dioxide and other convertible
      sulfur compounds present to hydrogen sulfide which is subsequently removed
      with an absorbent or absorbent for hydrogen sulfide. The improvement
      comprises introducing hydrogen-containing gas required in the catalytic
      reduction step directly into the line burner at a point where the
      temperature of the gaseous product of combustion is sufficiently high to
      support spontaneous combustion between the hydrogen so introduced and any
      excess oxygen which may be present in the combustion product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an improved process for reducing the total sulfur
      content of Claus off-gases.
PAR  In a typical Claus process elemental sulfur is manufactured from hydrogen
      sulfide by partial oxidation of the hydrogen sulfide to sulfur dioxide
      with oxygen or an oxygen-containing gas such as air, followed by reaction
      of the sulfur dioxide formed with the remaining part of the hydrogen
      sulfide in the presence of a catalyst. This process is commonly used both
      at refineries and for working-up hydrogen sulfide recovered from natural
      gas. It is generally carried out in a plant comprising a combustion
      chamber followed by one or more catalyst beds having condensers arranged
      in between in which the reaction products are cooled and the separated
      liquid sulfur recovered. The various steps of the process can be
      represented by the following equations:
      ##EQU1##
      WHILE THE TOTAL REACTION IS REPRESENTED BY EQUATION (3):
      ##EQU2##
      For temperatures below 500.degree.C, x in the above equation has a value
      of 8.
PAR  In actual practice, the yield of recovered elemental sulfur is not
      completely quantitative resulting in a certain quantity of unreacted
      hydrogen sulfide and sulfur dioxide remaining in the effluent gases from
      the Claus process. These gases which emanate from the Claus process at
      temperatures typically in the 150.degree.C range are normally burned in an
      incinerator whereby the hydrogen sulfide is converted to sulfur dioxide
      which is subsequently discharged to the atmosphere through a stack. The
      quantity of sulfur recovered depends to a large extent on the total number
      of catalyst beds used in the Claus process. When three beds are usually
      generally about 98 percent of the sulfur can be recovered.
PAR  Because of increasingly stringent limitations on sulfur emissions to the
      atmosphere, and to increase sulfur yields, a considerable amount of effort
      has been devoted recently to reducing the sulfur content of Claus plant
      off-gases. Among the more desirable processes developed for this purpose
      are those based on the catalytic reduction of the sulfur oxides contained
      in the off-gases to hydrogen sulfide which is subsequently removed with
      the use of a solid adsorbent or liquid absorbent for hydrogen sulfide.
      Generally, the reduction of the off-gases is effected by mixing the gases
      with a hydrogen and/or carbon monoxidecontaining reducing gas in the
      presence of a metal catalyst at elevated temperatures, e.g., above
      175.degree.C. Such catalytic hydrogenation processes are described, for
      example in co-assigned U.S. application Ser. No. 326,916 filed Jan. 26,
      1973 and in U.S. Pat. No. 3,752,877 to Beavon.
PAR  Since a temperature differential exists between the temperature of the
      off-gases emanating from the Claus process, said gases generally becoming
      available at temperatures of approximately 150.degree.C, and the optimum
      temperature for catalytic reduction, preferred temperatures being above
      175.degree.C, it is generally required that these off-gases be heated
      prior to catalytic reduction. To heat the Claus off-gases to a temperature
      in excess of 175.degree.C a direct heating or line burner is
      conventionally employed. By this is meant a burner in which gases are
      combusted and in which the combustion products are subsequently mixed with
      the gas to be heated; heating thus takes place by direct contact. Such a
      line burner may very suitably comprise a burner section and a mixing
      section. In this line burner, a carbonaceous fuel-- e.g., a hydrocarbon
      such as gas-oil, naphtha, coal fines, etc.-- is combusted with an
      oxygen-containing gas in the burner section and the hot gases are passed
      to the mixing section, into which the Claus off-gases, which are to be
      heated by the said hot gases, are also introduced. The oxygen-containing
      gas is introduced into the burner section in a stoichiometric proportion
      in relation to the fuel, so that no free oxygen is present in the hot
      gases which are passed to the reducing catalyst. With this method of
      heating Claus off-gases there is a potential hazard in connection with the
      consecutive addition of hydrogen-containing gas to the reduction catalyst
      bed or to the supply line thereto of the heated Claus off-gases. This
      potential hazard is due to the fact that the heated Claus off-gases
      leaving the direct heating burner may still contain some oxygen, for
      example, owing to incorrect regulation of or upsets in the oxygen and/or
      fuel supply. This situation creates the risk of explosions, which can
      occur if the oxygen-containing gases and the hydrogen-containing gases
      come into contact. The present invention provides a process in which the
      explosion hazard is eliminated.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the afore-mentioned potential hazard from
      explosion in Claus off-gas treating processes employing line burners to
      heat the Claus off-gases prior to catalytic reduction can be substantially
      eliminated if hydrogen-containing gas, in a quantity which is required to
      convert at least 10 percent of the oxygen in the oxygen-containing gas
      supplied to the line burner, is introduced directly into the line burner
      at a point where the temperature of the gaseous product of combustion is
      sufficiently high to support spontaneous combustion between the hydrogen
      so introduced and any excess oxygen which may be present in the combustion
      product. Accordingly, the instant invention provides an improved process
      for reducing the total sulfur content of off-gases from a Claus process
      wherein the sulfur dioxide-containing off-gases are heated to a
      temperature in excess of about 175.degree.C by mixing with the hot gaseous
      product of the combustion of a carbonaceous fuel with an oxygen-containing
      gas in a line burner, and the Claus off-gases, so heated, are passed
      together with hydrogen over a reduction catalyst at a temperature above
      175.degree.C to reduce the sulfur dioxide and other convertible sulfur
      compounds present to hydrogen sulfide followed by removal of the hydrogen
      sulfide from the gaseous stream by adsorption on an absorbent or adsorbent
      for hydrogen sulfide; characterized in that hydrogen-containing gas is
      introduced directly into the line burner in the quantity and manner
      described above. In a preferred aspect of this invention all of the
      hydrogen required for catalytic reduction is introduced directly into the
      line burner in the manner described. In a further preferred aspect of this
      invention the introduction of the hydrogencontaining gas into the line
      burner is affected by distributing it around the flame formed by the
      combustion of the carbonaceous fuel and the oxygen-containing gas.
PAR  The greatest advantage of introducing the hydrogen-containing gas directly
      into the direct heating burner in the manner described is considered to be
      the fact that, if for any reason, excess free oxygen is still present in
      the combustion gases after the combustion of the fuel, said excess will
      spontaneously react with the hydrogen in the direct heating burner.
      Consequently, the off-gases of the direct heating burner cannot contain
      any oxygen and there is therefore no explosion hazard. In addition, the
      present invention facilitates the control system needed to ensure
      stoichiometric combustion of the fuel and oxygen-containing gas in the
      line burner since the accuracy to which the system is required to operate
      is no longer of such critical importance with regard to safety because the
      risk of an explosion occuring in the reduction unit or lines leading
      thereto between free oxygen and hydrogen-containing gas is substantially
      eliminated. It is, of course, still desirable to accurately control the
      amounts of fuel and oxygencontaining gas in order to maintain
      substantially stoichiometric combustion from the point of view of
      operating efficiency and the minimization of hydrogen consumption.
DRWD
PAC  THE DRAWINGS
PAR  The invention will be described in greater detail with reference to the
      accompanying drawings. These drawings which illustrate the manner in which
      the hydrogen-containing gas is introduced into the line burner employed in
      the process of the invention are intended to be illustrative rather than
      limiting on its scope.
PAR  FIGS. 1 and 2 are diagrammatic representations of partial cross-sections of
      two types of line burners which may be suitably used in the improved
      process of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The hydrogen-containing gas must be introduced into the process in a
      quantity which is sufficiently large to reduce to hydrogen sulfide all the
      sulfur dioxide and other reducible sulfur compounds in the Claus
      off-gases. An excess of hydrogen-containing gas is preferably present.
      Moreover, it is preferred that all the hydrogen-containing gas should be
      introduced into the line burner. This has the advantage that no further
      supply points for hydrogen-containing gas need to be present and
      furthermore it increases the safety margin in the line burner with regard
      to the quantity of oxygen which can be present therein without an
      explosion hazard arising in the system.
PAR  It is not necessary, however, for all the hydrogen-containing gas to be
      supplied to the line burner. Some of this gas may, for example, be
      supplied to the line burner and the rest directly to the reduction
      catalyst bed or to the supply line of the heated Claus off-gas to the said
      catalyst bed. The quantity of hydrogen-containing gas which is supplied
      directly to the line burner, however, should not fall below a certain
      limit. This limit is formed by that quantity of hydrogen-containing gas
      which is required to burn the greatest quantity of oxygen which can be
      reasonably expected in the line burner as a result of incorrect regulation
      or proportioning of the quantity of fuel and/or oxygen-containing gas. The
      minimum quantity of hydrogen-containing gas thus depends essentially on
      the accuracy of the control system of the respective supplies. In general,
      at least that quantity of hydrogen-containing gas is supplied directly to
      the line burner which is required to convert at least 10 percent of the
      oxygen in that oxygen-containing gas supplied to the line burner.
PAR  The hydrogen-containing gas may very suitably be town gas, water gas,
      synthesis gas, off-gas of a catalytic-reforming unit, the gas produced in
      a hydrogen plant or the gas obtained from a working-up unit for saturated
      crude gases from petroleum. Substantially pure hydrogen is also eminently
      suitable. Preferably, the hydrogen-containing gas contains at least 20
      percent by volume of pure hydrogen.
PAR  The hydrogen-containing gas may be introduced into the line burner at any
      point where the temperature is sufficiently high to ensure spontaneous
      combustion with any free oxygen present. In order to be sure that all the
      free oxygen present, if any, in the combustion gases of the direct heating
      burner is spontaneously converted when it comes into contact with
      hydrogen, it is preferred to introduce the hydrogen-containing gas into
      the line burner at a point where the temperature of the gases in the line
      burner is at least 500.degree.C and preferably at least 600.degree.C.
PAR  According to a preferred embodiment of the present invention, the
      hydrogen-containing gas is introduced into the line burner by dividing it
      around the flame which is formed by the combustion of the fuel and the
      oxygen-containing gas. In this way the hydrogen-containing gas is not only
      introduced into the direct heating burner at a point where the temperature
      is in excess of 500.degree.C, but good distribution of the hydrogen in the
      direct heating burner is also ensured. Spontaneous combustion of the
      hydrogen-containing gas by any free oxygen present is consequently
      certain. Preferably, the hydrogen-containing gas is introduced around the
      flame by means of one or more nozzles.
PAR  The introduction point of the Claus off-gases into the mixing section of
      the line burner is not critical. In order to ensure that no combustion of
      sulfur compounds in the Claus off-gases takes place in the line burner, it
      is preferred to introduce said off-gases at a point where the combustion
      of the fuel (and possibly some hydrogen) is complete, i.e., that there is
      no more free oxygen present in the combustion mixture.
PAR  The quantity of Claus off-gases which can be introduced into the mixing
      section of the line burner is dependent, among other things, on the
      combustion heat of the fuel, the temperature of said off-gases and the
      temperature to which the off-gases have to be heated. In general, the
      molar ratio of the Claus off-gases supplied to the line burner and the
      combustion gases formed by combustion with an oxygen-containing gas in the
      line burner will preferably, be between 4:1 and 50:1.
PAR  After being heated and combined with part, or preferably all, of the
      hydrogen-containing gas required for catalytic reduction in the line
      burner, the Claus off-gases are passed into the catalytic reduction unit
      wherein reduction of sulfur dioxide and other sulfur compounds convertible
      to hydrogen sulfide is effected at a temperature above 175.degree.C. The
      reduction is suitably carried out at a temperature as low as 180.degree.C
      or at a temperature as high as 650.degree.C with temperatures as low as
      about 200.degree.C or as high as about 500.degree.C being preferred.
      Preferably atmospheric pressure is used in the reduction but slightly
      elevated pressures can also be employed if desired. The hourly space
      velocity applied during the reduction is suitably 500 to 10,000 Nl of
      Claus off-gas per liter of catalyst per hour.
PAR  The reduction is suitably effected in the presence of a Group VI and/or
      Group VIII metal catalyst. Such catalysts include those containing
      molybdenum, tungsten and/or chromium as the Group VI metal, and/or
      preferably a metal from the iron group, such as cobalt, nickel and/or iron
      as the Group VIII metal.
PAR  Suitable reduction catalysts also include rhenium-containing catalysts,
      optionally combined with a Group VI and/or Group VIII metal. The rhenium
      may be present as a metallic element or in the form of an oxide or
      sulfide.
PAR  The inorganic oxide carrier may be alumina, silica, magnesia, boria,
      thoria, zirconia or a mixture of two or more of these compounds.
      Particularly preferred reduction catalysts for use in the process
      according to the invention are Ni/Mo/Al.sub.2 O.sub.3, and Co/Mo/Al.sub.2
      O.sub.3.
PAR  The Group Vi and/or group VIII metal catalyst is preferably used in the
      sulfided form. Sulfidation may be effected in advance by means of a
      suitable sulfiding agent such as a mixture of hydrogen and hydrogen
      sulfide containing 10-15 percent by volume of H.sub.2 S. However, it is
      also possible to sulfide the catalyst in situ by means of the Claus
      off-gases themselves.
PAR  The treated off-gases from the catalytic reduction are subsequently
      contacted with an adsorbent or absorbent for the removal of hydrogen
      sulfide. Any conventional agents which chemically or physically bind the
      hydrogen sulfide can be used for this purpose. These agents may be
      subdivided into solid and liquid agents. If a liquid absorbent is
      employed, contacting is preferably effected at a temperature below
      70.degree.C and the water present after condensation is first removed from
      the off-gases.
PAR  A very suitable solid adsorbent is active carbon, either as such or
      impregnated with solutions of chemical compounds which themselves are
      capable of reacting with hydrogen sulfide. Other suitable solid adsorbents
      are the oxides of certain metals, such as alumina, iron oxide and zinc
      oxide. More frequently use is made, however, of liquid absorbents. Well
      known absorbents of this type are aqueous solutions of alkanolamines,
      alkyl alkanolamines, morpholines, dimethyl formamide, amines, ammonia,
      alkali metal carbonates, combined or not combined with minor quantities of
      other compounds such as arsenic trioxide, selenic and/or telluric acid,
      potassium phosphate, sulfolane and the like. Use may also be made of
      solutions having an oxidizing nature, so that elemental sulfur is formed.
      These latter solutions generally consist of an absorbent for hydrogen
      sulfide containing a dissolved or suspended oxidant or catalyst. Suitable
      oxidants and/or catalysts are polythionates, iron oxide, thioaromatics,
      iron cyanide complexes, permanganates and dichromates.
PAR  The adorbents/absorbents used are preferably regenerable. Any hydrogen
      sulfide-containing gas liberated during regeneration may be recycled, for
      example, to the Claus plant.
PAR  The liquid and regenerable absorbent used is preferably an aqueous solution
      (1-3 molar) of an amine or a substituted amine, such as polyalkanolamines
      or alkaline metal salts of dialkyl-substituted amino acids. A solution of
      dipropanolamine is very suitable.
PAR  If active carbon is used as adsorbent, adsorption is preferably effected
      between 20.degree.C and 150.degree.C and at hourly space velocities of
      750-2,000 Nl gas per liter of active carbon per hour.
PAR  The off-gases which have been freed from sulfur compounds by the process of
      the invention and which now consist predominantly of carbon dioxide and
      nitrogen in addition to minor quantities of hydrogen and traces of
      hydrogen sulfide may be discharged into the atmosphere. If desired, these
      off-gases may first be incinerated in a conventional manner before being
      passed to a stack.
PAR  Referring now to the drawings, FIGS. 1 and 2 show alternative line burners
      which are suitable for introducing hydrogencontaining gas in the manner
      prescribed by the invention. With regard to FIGS. 2 and 3 substantially
      identical parts of the two line burners depicted are numbered with the
      same reference numerals. Hence 50 refers to the refractory lining of the
      line burner, 51 to the off-gases inlet to the line burner and 56 to the
      off-gases exit from the line burner. 52 refers to the fuel inlet and 53 to
      the oxygen-containing gas inlet to the burner. 58 refers to the mixing
      chamber of the line burner.
PAR  FIG. 1 depicts a line burner incorporating a conventional combustor or
      burner 57. The hydrogen-containing gas is introduced into the line burner
      either by an angled inlet 54 and nozzle 55a, situated near the mouth of
      the burner throat, or by inlet 54 and nozzle 55b situated in and
      perpendicular to the walls of the mixing chamber close to the mouth of the
      burner throat. It should be appreciated however that the introduction of
      the hydrogen-containing gas can be effected by one or more nozzles
      positioned at a variety of points situated in the vicinity of the burner
      throat and either being perpendicular to the walls of the line burner or
      at an angle to them. The positions indicated in this Figure are only two
      of many.
PAR  FIG. 2 depicts a line burner incorporating a high intensity combustor 157.
      The hydrogen-containing gas is either introduced into the line burner via
      inlet 154a and nozzle 155a into the combustion chamber of the high
      intensity combuster or via inlet 154b and nozzle 155b positioned close to
      the mouth of the combustion chamber.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a process for decreasing the total sulfur content of off-gases from a
      Claus process wherein the sulfur dioxidecontaining off-gases are heated to
      a temperature in excess of about 175.degree.C by mixing with the hot
      gaseous product of the combustion of a carbonaceous fuel with an
      oxygen-containing gas in a line burner, and the Claus off-gases, so
      heated, are passed together with a hydrogen-containing gas over a
      reduction catalyst at a temperature above 175.degree.C to reduce the
      sulfur dioxide and other convertible sulfur compounds present to hydrogen
      sulfide followed by removal of the hydrogen sulfide from the gaseous
      stream by adsorption on an absorbent or adsorbent for hydrogen sulfide,
      the improvement which comprises; introducing hydrogen-containing gas in a
      quantity which is required to convert at least 10 percent of the oxygen in
      the oxygen-containing gas supplied to the line burner directly into the
      line burner at a point where the temperature of the gaseous product of
      combustion is sufficiently high to support spontaneous combustion between
      the hydrogen and excess oxygen present in the combustion product.
NUM  2.
PAR  2. The process of claim 1 wherein all of the hydrogen-containing gas
      required for catalytic reduction is introduced directly into the line
      burner at a point where the temperature of the gaseous product of
      combustion is sufficiently high to support spontaneous combustion between
      the hydrogen and excess oxygen present in the combustion product.
NUM  3.
PAR  3. The process of claim 1 wherein the introduction of the
      hydrogen-containing gas into the line burner is affected by distributing
      it around the flame formed by the combustion of the carbonaceous fuel and
      the oxygen-containing gas.
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ABST
PAL  A single crystal of gallium phosphide including 0.5 atomic ratio or less of
      indium is grown from a melt consisting of indium, gallium and phosphorous
      with an atomic ratio of gallium to phosphorous equal to at least 2.0.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      182,769 made Sept. 22, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process of producing single crystals of gallium
      phosphide from the melt containing indium as a solvent.
PAR  Upon growing single crystals of gallium phosphide (GaP) from the liquid
      phase, there has been generally prepared a melt including gallium(Ga), as
      the so-called solvent and having an amount of gallium phosphide melted
      thereinto to its saturated solubility at that temperature from which the
      growth is initiated. Then, the melt including a seed crystal is slowly
      cooled from a temperature of 1,000.degree.C or more to room temperature to
      epitaxially grow a single crystal of gallium phosphide on the seed
      crystal. Alternatively, the melt without a seed crystal may be slowly
      cooled to freely grow a dendritic crystal or crystals in the solvent. In
      either case, the practically usable temperature of the gallium melt is
      within a range of from 900.degree.C to 1,100.degree.C within which the
      gallium phosphide has a solubility of from 1 to 6% to the solvent,
      gallium. Thus, in order to grow a predetermined amount of a single crystal
      of gallium phosphide it is required to use the element gallium in a very
      large amount as compared with the required amount of the single crystal.
      About 5 to 50 grams of the element gallium is normally required for
      performing one epitaxial growth operation.
PAR  If the solvent can be formed of the element indium which is more
      inexpensive than the gallium, then single crystals of gallium phosphide
      can be formed with a decreased cost. The use of indium as a solvent for
      the growth of single crystals of gallium phosphide is described in U.S.
      Pat. No. 3,278,342 issued on Oct. 11, 1966 to H.F. John et al. The cited
      patent teaches the solvent, indium having melted thereinto from 5 to 15
      molar percent of gallium phosphide. However, as will readily be
      understood, the melting of gallium phosphide into the element indium leads
      to the growth of mixed crystals expressed by In.sub.x Ga.sub.1-x P where x
      varies between 0 and 1 but not of single crystals of gallium phosphide.
      The mixed crystal expressed by In.sub.x Ga.sub.1-x P is composed of InP
      crystals and GaP crystals in a molar ratio of x/(1-x). On the other hand,
      lattice constants of the InP and GaP crystals are of 5.8687 and 5.4505A
      respectively so that a difference therebetween is great. Thus, such a
      mixed crystal is normally bad in crystallographic properties.
      Particularly, the crystallographic properties are much deteriorated for
      the x ranging from 0.2 to 0.8. Also the two are different in the forbidden
      band from each other and therefore they can not be equally utilized. For
      example, it has been experimentally found that with from 5 to 10 molar
      percent of gallium phosphide melted into the solvent, indium, the
      resulting mixed crystal has a value of the x approximately equal to 0.2
      and becomes normally unhomogeneous in the composition within a single
      crystal. This has resulted in the deterioration of the crystallographic
      properties while differentiating the wavelengths of light emitted
      therefrom from those exhibited by the gallium phosphide crystal. Thus it
      is difficult to use mixed crystals In.sub.x Ga.sub.1-x P as a material of
      semiconductor light-emitting diodes, assuming that it is equivalent to the
      single crystal of gallium phosphide.
PAR  Accordingly it is an object of the present invention to provide an improved
      process of producing single crystals of gallium phosphide from a melt at a
      low cost by minimizing an amount of a raw material not contributing
      directly to the formation of the single crystals.
PAC  SUMMARY OF THE INVENTION
PAR  According to the principles of the present invention, there is provided a
      process of producing single crystals of gallium phosphide or epitaxially
      grown layers thereof from a melt containing indium as a solvent, which
      process comprises heating a mixture of indium, gallium and phosphorous to
      form a melt and thereafter slowly cooling the melt to room temperature at
      a cooling rate of from 100.degree. to 0.5.degree.C per hour, wherein the
      melt has an atomic ratio of the gallium to phosphorous is equal to at
      least 2.0 and preferably to at least 2.5 to produce the single crystals or
      expitaxially grown layer thereof including 0.5 atomic percent or less of
      indium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more apparent from the following detailed
      description taken in conjunction with the accompanying drawings in which:
PAR  FIGS. 1 and 2 are graphs useful in explaining the principles of the present
      invention;
PAR  FIG. 3 is a sectional view of one portion of a growing container charged
      with raw materials required in accordance with the principles of the
      present invention; and
PAR  FIG. 4 is a fragmental schematic view of a device suitable for carrying out
      the process of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is based upon the discovery that a melt including
      indium, gallium and phosphorous can yield single crystals of substantially
      gallium phosphide including 1 atomic percent or less of indium as long as
      an atomic proportion of gallium to phosphorous exceeds a certain limit in
      the melt. Although the resulting crystals may be considered to be the
      extremity of the mixed crystals In.sub.x Ga.sub.1-x P where x has a value
      of 0.02 or less, the presence of such a very small amount of indium in the
      crystal prevents not only the forbidden band of the crystal from being
      differentiated from that of the single crystal of gallium phosphide but
      also permits the lattice constants to change only negligibly as compared
      with those of the single crystal. Thus the mixed crystals including 1
      atomic percent or less of indium can be said to be equivalent in
      crystallographic properties to the single crystal of gallium phosphide.
      While the residual indium may be considered to be an impurity, it is
      electrically inactive to the crystals because the indium belongs to the
      same group of the Periodic Table as the gallium.
PAR  In practicing the present invention, the elements gallium and phosphorous
      can be added to indium as a solvent to form a melt. The phosphorous is
      preferably red phosphorous. Alternatively, gallium phosphide and the
      element gallium may be added to the indium. In any case it is to be noted
      that an atomic ratio of gallium to phosphorous be equal to or more than
      2.5
PAR  Referring now to FIG. 1 of the drawings, the solid curve describes an
      amount x in molar ratio of indium phosphide(InP) included in a mixed
      crystal In.sub.x Ga.sub.1-x P against an amount X.sub.Ga in atomic ratio
      of gallium to the total amount of indium, gallium and phosphorous forming
      a melt and dotted curve describes the amount of indium phosphide against
      an atomic ratio X.sub.Ga /X.sub.P of gallium to phosphorous in the melt.
      To produce such mixed crystals, numerous melts were prepared with
      different portions of indium, gallium and phosphorous and then slowly
      cooled from a high temperature of from 1,100.degree. to 1,000.degree.C to
      room temperatures. The resulting crystals were measured in terms of the
      amount of indium phosphide. As denoted in FIG. 1, an atomic ratio of
      phosphorous to indium was maintained at a value of 0.13 although atomic
      proportions of gallium and phosphorous could be independently changed to
      vary the composition of the melt. As will readily be understood, the
      amount x of indium phosphide provides a measure of an atomic proportion of
      indium included in the crystal. The atomic proportion of indium in the
      crystal is always of x/2. This means that, in order to provide 1 atomic
      percent or less of the indium included in the crystal, the x is required
      to have a value equal to or less than 0.02.
PAR  From FIG. 1, it can be seen that an increase in the content of gallium to
      render the ratio X.sub.Ga /X.sub.P greater than 2.5 results in an x value
      less than 0.01. Namely this yield a GaP crystal including indium in an
      amount as small as 0.5 atomic percent or less.
PAR  While in FIG. 1, the amount of gallium has changed with the amount of
      phosphorous remaining unchanged, it has been found that for various
      amounts of phosphorous different from the amount thereof used in FIG. 1,
      GaP crystals including 0.5 atomic percent or less of indium are produced
      as long as the ratio X.sub.Ga /X.sub.P is equal to or greater than 2.5.
PAR  FIG. 2 is a graph similar to FIG. 1 but illustrating an amount in molar
      ratio of indium phosphide (InP) plotted against an amount in atomic ratio
      of phosphorous included in the In-Ga-P melt and also against an atomic
      ratio of gallium to phosphorous X.sub.Ga /X.sub.P in the melt with an
      atomic ratio of gallium to phosphorous kept at a value of 0.058. From FIG.
      2, it can be also seen that values of the X.sub.Ga /X.sub.P in excess of
      2.5 yield the desired crystals including 0.5 atomic percent or less of
      indium. Vertical segments with the double arrow indicate the range of
      fluctuations of measured x values.
PAR  It has been found GaP crystals including 1.0 atomic percent or less of
      indium are grown with 2.0.ltoreq. X.sub.Ga /X.sub.P &lt;2.5. However such GaP
      crystals are more or less inferior in crystallographic properties to GaP
      crystals grown with X.sub.Ga /X.sub.P .gtoreq.2.5. Therefore the ratio
      X.sub.Ga /X.sub.P is preferably equal to or more than 2.5. It is to be
      understood, however, that the ratio X.sub.Ga /X.sub.P not less than 2.0
      and less than 2.5 is within the scope of the present invention. Upon
      practicing the present invention, predetermined amount of the elements,
      gallium and phosphorous are charged in a quartz tube with indium, so that
      an atomic ratio of gallium to phosphorous is of 2.5 or more. Then the
      quartz tube is closed at the open end under a vacuum and heated to a
      temperature of from 950.degree. to 1,100.degree.C to form a melt. The melt
      is maintained at that temperature for from one to several hours and then
      slowly cooled to room temperature at a cooling rate of from 0.5.degree. to
      200.degree.C per hour to produce dendritic crystals of gallium phosphide
      including indium in a very small amount as above specified.
PAR  It will readily be understood that phosphorous is predominantly evaporated
      and it vapor fills a space above the melt within the closed quartz tube.
      In that case, the total pressure of the vapors should not exceed 10
      atmospheres in order to prevent the occurrence of a danger that the quartz
      tube will be burst up. Thus a maximum amount of phosphorous charged is
      restricted to a certain limit. However, with the melt prepared in a
      suitable high pressure container, for example, in a high pressure furnace,
      the upper limit for the phosphorous can be higher. It has been found that
      the phosphorous is present in an amount corresponding to from 2 to 20
      atomic percent with respect to the amount of the solvent, indium with
      satisfactory results. If an amount of the phosphorous exceeds 20 atomic
      percent then the resulting melt has its melting point exceeding
      1,200.degree.C. Such a melt is not practical for use in growing single
      crystals from the liquid phase.
PAR  As an example, 10 grams of indium, 4.46 grams of gallium and 0.16 gram of
      red phosphorous were put in a quartz tube having an inside diameter of 15
      milimeters and a length of 10 centimeters. Then the tube was closed at one
      end under a vacuum, heated to 1,100.degree.C in one hour and maintained at
      that temperature for one hour. Thereafter the tube was cooled to room
      temperature at a cooling rate of from 100.degree. to 0.5.degree.C per
      hour. Single crystals of gallium phosphide were grown into square sheets
      having a thickness of 0.5 milimeter and one side 7 milimeters long with
      0.5 atomic percent or less of indium present therein.
PAR  Alternatively, the temperature of the quartz tube may decrease by
      downwardly moving the tube within a vertical growing furnace at a
      predetermined speed, for example, at 1 milimeter per hour.
PAR  The process as above described was repeated with different proportions of
      indium, gallium and phosphorous.
PAR  The analysis of the crystals thus grown indicated that they included indium
      in the atomic percent not exceeding 1.0 so long as the atomic ratio of
      gallium to phosphorous X.sub.Ga /X.sub.P is equal to or more than 2.5.
PAR  The results of the analysis is partly listed in the following Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Compositions of Melt for Single                                           
     Crystal of Substantially GaP.                                             
     ______________________________________                                    
           Composition of Melt    Amount of                                    
     Sample                                                                    
           in Atomic Percent      Indium in                                    
     No.   Gallium  Phosphor-                                                  
                             Indium       Grown Crystal                        
           X.sub.Ga ous      X.sub.in                                          
                                   X.sub.Ga /X.sub.P                           
                                          in Atomic                            
                    X.sub.P               Percent                              
     ______________________________________                                    
     1     19.3     9.3      71.4  2.0    1.0                                  
     2     22.5     9.0      68.5  2.5    0.5                                  
     3     68.4     6.3      25.3  10.9   &lt;0.1                                 
     4     80.0     6.2      12.7  12.7   &lt;0.1                                 
     ______________________________________                                    
PAR  However, when the melt has an atomic ratio of gallium to phosphorous less
      than 2.0 the resulting crystals are of the mixed type expressed by
      In.sub.x Ga.sub.1-x P as listed in the following Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Compositions of Melts for Mixed                                           
     Crystal In.sub.x Ga.sub.1.sub.-x P                                        
     ______________________________________                                    
     Sam- Composition of melt     Amount of InP                                
     ple  in Atomic Percent       in Mixed                                     
     No.  Gallium  Phosphor- Indium                                            
                                   X.sub.Ga /X.sub.P                           
                                          Crystal in                           
          X.sub.Ga ous       X.sub.in     Molar Ratio                          
                   X.sub.P                                                     
     ______________________________________                                    
     5    3.3      11.1      85.6  0.3    0.55 - 0.74                          
     6    5.8      10.9      83.3  0.5    0.50 - 0.63                          
     7    10.6     10.0      79.4  1.0    0.20                                 
     8    13.3     9.8       76.9  1.5    0.08                                 
     ______________________________________                                    
PAR  The melts listed in Table II have their atomic ratios of gallium to
      phosphorous less than 2.0 and the resulting crystals include indium in
      relatively large amounts.
PAR  Some of the samples listed in Tables I and II are illustrated by the
      corresponding numerals in FIG. 1.
PAR  As above described, the addition of gallium phosphide crystal to indium
      serving as a solvent results in the growth of a mixed crystal including
      about 0.2 atomic percent of indium. However, gallium phosphide and the
      element gallium in suitable proportions may be simultaneously added to
      indium to form a melt having a atomic ratio of gallium to phosphorous
      exceeding 2.5 which is also involved in the scope of the present
      invention.
PAR  The principles of the present invention as above described in equally
      applicable to the epitaxial growth of a layer on a substrate formed of a
      gallium phosphide crystal. More specifically, a quarts boat having
      disposed at both ends a melt such as above described having an atomic
      ratio of gallium to phosphorous exceeding 2.5 and a substrate of gallium
      phosphide is put in a growing furnace having an atmosphere of hydrogen or
      put under a vacuum. Then the furnace is heated to 1,000.degree.C and then
      tilted to cover the substrate with the melt after which the melt is slowly
      cooled at a cooling rate of from 1.degree. to 10.degree.C per minute to
      form an epitaxially grown layer on the substrate.
PAR  From the foregoing it will be appreciated that the present invention is
      effectively applied, in addition to the growing processes as above
      described, to all growing processes of growing single crystals of
      substantially gallium phosphide substantially identical in behavior to
      those of pure gallium phosphide from melts including, as their solvent,
      indium rather than gallium as long as the melts have their atomic ratios
      of gallium to phosphorous equal to or greater than 2.5.
PAR  As an example, the present invention can be carried out by using an
      arrangement as shown in FIG. 4. In the arrangement of FIG. 4 a carbon boat
      10 is horizontally disposed in a horizontal resistance furnace 12 through
      which hydrogen gas continuously flows and has a container 14 put therein
      and including a melt such as above described. Then a substrate 16 of
      gallium phosphide is disposed in a recess on a slidable plate 18
      subsequently positioned on the boat 10. After the furnace has reached a
      temperature of 1,050.degree.C or higher, the slidable plate 18 is moved so
      that the substrate is located directly below the melt as shown in FIG. 4.
      Thereafter the furnace decreases in temperature at a rate of 50.degree.C
      per hour until its temperature reaches 950.degree.C. At that time the
      slidable plate 18 is withdrawn to permit the substrate to be removed from
      the bottom of the melt. The removed substrate has a layer of gallium
      phosphide epitaxially grown thereon to a thickness of about 25 microns.
      The chemical analysis indicated that the layer included indium in an
      amount corresponding to at most 0.5 atomic percent. The cooling rate may
      range from 0.5.degree. to 100.degree.C per hour. Also the more the amount
      of phosphorous the higher the temperature of the furnace will be and vice
      versa. It has been found that the temperature of the furnace is preferably
      between about 1,100.degree. and about 950.degree.C.
PAR  The following Table III lists a few melts prepared by having gallium
      phosphide and gallium added to indium so as to render the atomic ratio of
      gallium to phosphorous equal to or more than 2.0 and amounts of indium
      included in GaP layers epitaxially grown upon GaP substrates from those
      melts.
TBL                Table III                                                   
     ______________________________________                                    
     Composition of Melt for epitaxially                                       
     Grown G.sub.P layer.                                                      
     ______________________________________                                    
              Ingredients Added to Melt                                        
                               Amount of In                                    
     Sample   in Atomic Percent                                                
                               in Epitaxially                                  
     No.      GaP     Ga      X.sub.Ga /X.sub.P                                
                                     Grown GaP                                 
                                     layer in                                  
                                     Atomic                                    
                                     Percent                                   
     ______________________________________                                    
      9       9.3     10.0    2.0    1.0                                       
     10       9.0     13.5    2.5    0.5                                       
     11       6.3     50.1    10.9   &lt;0.1                                      
     12       6.2     73.8    12.7   &lt;0.1                                      
     ______________________________________                                    
PAR  From Table III it is seen that all the epitaxially grown layer are formed
      substantially of gallium phosphide and include indium only in 0.5 atomic
      percent or less except for sample No. 9.
PAR  Although the mechanism by which single crystals of gallium phosphide are
      grown from the melt having an atomic ratio of gallium to phosphorous
      X.sub.Ga /X.sub.P exceeding 2.5 is not yet definitely understood, it may
      be explained as follows: Phosphorous is extremely apt to react on gallium
      in the melt so that the two elements will be supposed to be first bonded
      to each other. This partly attributes to the melting point of gallium
      phosphide(GaP) ... 1470.degree.C ... being very much higher than that of
      indium phosphide (In) ... 1062.degree.C ... If phosphorous will be left in
      the melt because of the X.sub.Ga /X.sub.P &gt;1, then it is bonded to indium
      serving as the solvent. The Ga-P bonds and I.sub.n -P bonds thus formed
      will be collected together into a mixed crystal In.sub.x Ga.sub.1-x P
      consisting of InP and GaP having a molar proportion of x/(1-x). As shown
      in FIG. 1, a mixed crystal includes a composition approximately
      represented by a point on the dotted line passing through point (x=1,
      X.sub.Ga /X.sub.P =0 and x=0, X.sub.Ga /X.sub.P =1) for x having a value
      considerably smaller than one(1). If mixed crystals has respective
      compositions represented by corresponding points on the dotted line for x
      up to 1, then the indium will act simply as a solvent in the melt having
      the X.sub.Ga /X.sub.P ratio equal to 1 while only the Ga-P bonds will be
      formed in the melt. Under these circumstance a single crystal of GaP may
      be grown or precipitated.
PAR  However, the solid line plotted with experimental data begins to be curved
      away from the dotted line for x having a value of about 0.2. This means
      that, for X.sub.Ga /X.sub.P =1, the phosphorous is partly bonded to the
      indium in the melt resulting in the growth of a mixed crystal
      approximately expressed by In.sub.0.2 Ga.sub.0.8 P. This is because the
      bonding force between gallium and phosphorous is not extremely high enough
      to permit the bonding force between indium and phosphorous to be
      negligible. As above described, the latter crystal can not be used as what
      is substantially identical in behavior to the single crystal expressed by
      GaP.
PAR  On the other hand, as the X.sub.Ga /X.sub.P becomes greater than one(1), a
      probability of encountering phosphorous atoms with gallium atoms is more
      and more increased. After the X.sub.Ga /X.sub.P has been suitably great,
      almost all of the phosphorous atoms will be bonded to the gallium atoms. A
      value of the X.sub.Ga /X.sub.P for which the phenomenon just described
      occurs ranges from 2 and 2.5 as previously described. Therefore when
      phosphorous and gallium in atomic ratio of 1 to 2 are added to indium, the
      Ga-P bonds are predominantly formed as compared with the In-P bonds which
      cooperates with an increased probability of encountering phosphorous atoms
      with gallium atoms to precipitate or grow gallium phosphide scarcely
      including indium. However, it is to be understood that the present
      invention is not restricted to the mechanism as above described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of producing single crystals of substantially gallium
      phosphide from a melt containing indium as the solvent, which process
      comprising heating a mixture of indium, gallium and phosphorus to form a
      melt and thereafter slowly cooling the melt to room temperature, wherein
      the melt has an atomic ratio of gallium to phosphorus equal to at least
      2.5 to produce said single crystals including at most 0.5 atomic percent
      of indium.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the mixture of indium, gallium
      and phosphorus is heated to a temperature of 950.degree.C to 1100.degree.C
      and wherein the melt is cooled from a temperature of from 950.degree.C to
      1,100.degree.C to room temperature at a cooling rate of from 0.5.degree.
      to 200.degree.C per hour.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the melt has disposed therein a
      substrate of gallium phosphide and is cooled from a temperature of from
      950.degree. to 1,100.degree.C to room temperature at a cooling rate of
      from 0.5.degree. to 100.degree.C per hour to expitaxially grow on said
      substrate a layer of gallium phosphide including at most 0.5 atomic
      percent of indium.
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ABST
PAL  A method of preparing III-V material which is or contains one of the
      compounds aluminum nitride, indium nitride, indium phosphide, gallium
      phosphide and gallium nitride involves directing a controlled gaseous flow
      of a hydride of nitrogen or phosphorus as appropriate, preferably ammonia
      or phosphine, into the vapour of a halide, preferably a chloride, of
      aluminum, indium or gallium as appropriate at a temperature below the
      decomposition temperature of the appropriate III-V material and collecting
      the III-V material formed by the reaction of the hydride and the halide.
BSUM
PAR  The present invention relates to the preparation of III-V materials.
PAR  III-V materials are materials, such as compounds or solid solutions
      containing such compounds, formed from an element belonging to Group III
      of the periodic table and an element belonging to Group V of the periodic
      table. In recent years a wide range of applications has been found for
      such materials in solid state electronic devices. Gallium arsenide is
      probably the most widely known and used III-V material, and consequently
      probably more attention has been paid to its preparation, ie production,
      than to the preparation of any other III-V material. However many
      applications and potential applications exist for other III-V materials,
      and consequently the preparations of such other materials are of current
      interest.
PAR  It is possible to prepare most of these other III-V materials by more than
      one known method for each material, although in most known cases one
      particular method has been preferred for use. However these preferred
      methods may have disadvantages. For instance, indium phosphide has most
      often been prepared by the direct reaction of phosphorus and indium metal
      at a temperature of about 1000.degree.C. This reaction is slow and seldom
      complete. Also, it involves a high vapor pressure which consequently gives
      a considerable risk of explosion.
PAR  According to the present invention a method of preparing a III-V material
      which is or includes the phosphide of indium or gallium or the nitride of
      aluminium, indium or gallium includes directing a controlled gaseous flow
      of a hydride of phosphorus or nitrogen as appropriate into a vapour of a
      halide of aluminum, indium or gallium as appropriate and collecting the
      III-V material formed from the reaction between the said hydride and the
      said halide, the temperature of the said reaction being below the
      decomposition temperature of the III-V material.
PAR  The method is preferably carried out by heating the said halide in a vessel
      which allows a continuous reflux to occur and by introducing the said
      hydride into the vessel above the place in the vessel where the condensed
      liquid halide is collected.
PAR  Preferably the said hydride, if of phosphorus, is phophine or, if of
      nitrogen, is ammonia.
PAR  Preferably the said halide is a chloride.
PAR  Preferably the temperature of the said reaction is at least 400.degree.C.
PAR  Preferably the said hydride is mixed with an inert carrier gas and the rate
      of flow of the mixture of the said hydride and the carrier gas is about 50
      cm.sup.3 per minute.
PAR  In the prior art a method was reported which described the respective
      reactions of two group V hydrides, namely phosphine and arsine, with a
      group III halide, namely gallium dichloride and the reaction of phosphine
      with a second group III halide, namely indium monochloride. However in
      that method the hydrides were directed into the liquid, ie melt, of the
      halides. As a consequence the reaction products obtained were complexes
      which required further heat treatment to convert them into the appropriate
      III-V materials. In contrast, because the hydride in the method according
      to the invention is directed into the vapour of the halide the reaction
      product is the appropriate III-V material itself and not a complex
      requiring further heat treatment to obtain the III-V material.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying drawing, which is a partly cross-sectional
      view of apparatus for preparing a III-V material by a method embodying the
      invention.
DETD
PAR  The apparatus illustrated incorporates a vertical silica glass reactor tube
      1 fitted inside and extending below a connector housing 2 and an identical
      tube 3 fitted inside and extending below a connector housing 4. The
      connector housings 2 and 4 are preferably made of polytetrafluorethylene
      to facilitate cleaning. The tubes 1, 3 both contain at their respective
      bases identical charges 5, 7 of the appropriate halide of the appropriate
      group IIIb element. A vertical glass tube 9 having its lower end open is
      coaxial with the tube 1 and extends from a region inside the tube 1
      directly above the charge 5 to the connector housing 2 in which it is
      fitted. Likewise, a vertical glass tube 13 having its lower end open is
      coaxial with the tube 3 and extends from a region inside the tube 3
      directly above the charge 7 to the connector housing 4 in which it is
      fitted. Delivery tubes 18, 17 are connected to the tube 3 and to the tube
      13 respectively inside the connector housing 4. The annular spaces between
      the tube 3 and the tube 13, the tube 18 and the tube 3 and the tube 17 and
      the tube 3 are all closed by the connector housing 4. The end of the
      delivery tube 17 remote from the connector housing 4 is connected to the
      tube 1 inside the connector housing 2. A delivery tube 15 is connected to
      the tube 9 also inside the connector housing 2. The annular spaces between
      the tube 17 and the tube 1, the tube 15 and the tube 19 and the tube 1 and
      the tube 9 are all closed by the connector housing 2.
PAR  Gases in the tube 17 in the region external to the tube 9 are allowed to be
      expelled into the delivery tube 1, and gases in the tube 3 in the region
      external to the tube 13 are allowed to be expelled into the delivery tube
      18. The delivery tube 18 extends from the connector housing 4 into
      distilled water 19 contained in a bubbler tube 21 having a gas outlet port
      23.
PAR  The delivery tube 15 has its end remote from the connector housing 2 dual
      gas inlet ports 25, 27. The appropriate group V hydride is admitted (when
      required) into the apparatus via the gas inlet port 25 and a suitable
      carrier gas can be admitted via the gas inlet port 27.
PAR  A calibrated flow-meter 33 is fitted in the delivery tube 15 and allows the
      rate of delivery of gas along the delivery tube 15 to be monitored
      accurately.
PAR  On/off valves 29, 31 are fitted respectively in the delivery tubes 17, 18,
      and on/off valves 35, 37 are fitted respectively in the gas inlet ports
      25, 27. The valves 29, 31, 35 and 37 are used to prevent water vapour and
      air from entering the various parts of the apparatus when the arrangement
      consisting of the connector housing 2 and the tubes 1 and 9 is dismantled
      after use, as described below.
PAR  The tube 1 below the connector housing 2 is located inside a silica glass
      furnace 39 having an open upper end. Likewise, the tube 3 below the
      connector housing 4 is located inside a silica glass furnace 41 having an
      open upper end. A flat resistance heater spiral 43 is located on the
      inside wall of the furnace 39. A similar spiral 45 is located on the
      inside wall of the furnace 41. The spirals 43, 45 are each fed with
      electric current from a separate stablized supply (not shown). A
      semi-transparent gold reflector shield 47 is positioned around the furnace
      39, and a similar shield 49 is positioned around the furnace 41. These
      allow heat losses from the furnaces 39 and 41 to be reduced, while
      allowing the reaction proceeding in the furnace 39 and that, if any,
      proceeding in the furnace 41, to be viewed.
PAR  The arrangement consisting of the tubes 1 and 9, and furnace 39 and the
      spiral 43 is provided to produce pure III-V material. The arrangement
      consisting of the tubes 3 and 13, the furnace 41 and the spiral 45 is a
      control, ie protective, arrangement provided to remove any impurities
      which would otherwise be transferred back from the bubbler tube 21 to the
      reactor tube 1 and affect the purity of the chemical product in the first
      mentioned arrangement.
PAR  As an example, the preparation of indium phosphide (decomposition
      temperature: about 750.degree.C) using the apparatus will now be
      described. The charges 5 and 7 are conveniently of indium monochloride in
      this case. The electric currents supplied to the spirals 43 and 45 are
      switched on and the temperatures inside the furnaces 41, 39 are allowed to
      rise. The valves 29, 31, 35 and 37 are opened, and the apparatus is
      flushed with dry hydrogen admitted via the gas inlet port 27. The flow of
      hydrogen is allowed to continue so that the hydrogen can be used as a
      carrier gas while the indium phosphide is being prepared. When the
      atmosphere inside each of the furnaces 39, 41 reaches a temperature of
      600.degree.C it is maintained at that temperature for about 15 minutes.
      After that period phosphine, which is itself normally already mixed with
      hydrogen, is admitted via the gas inlet port 25. The respective rates of
      admittance of phosphine into the gas inlet port 25 and of hydrogen into
      the gas inlet port 27 are adjusted by a conventional tap (not shown) until
      the combined rate of delivery of phosphine and hydrogen along the delivery
      tube 15 is in the range from 30 cm.sup.3 per minute to 70 cm.sup.3 per
      minute, but preferably 50 cm.sup.3 per minute, as measured by the
      flow-meter 33. The phosphine and hydrogen flow from the delivery tube 15
      down the tube 9 where they meet the vapour of the indium monochloride from
      the charge 5. A chemical reaction occurs near the end of the tube 9 and
      polycrystalline indium phosphide 51 is produced as a result of this
      reaction. The indium phosphide 51 is deposited conveniently on the inside
      of the tube 9 provided that the tube 9 has been thoroughly cleaned and
      dried prior to its insertion in the apparatus.
PAR  Hydrogen chloride gas is produced as a result of the reactions:
EQU  InCl + PH.sub.3 .fwdarw. InP + HCl + H.sub.2
EQU  2ph.sub.3 .sup.above 440.sup..degree. C 2P + 3H.sub.2
EQU  2 inCl + 2P + H.sub.2 .fwdarw. 2 InP + 2HCl
PAR  The hydrogen chloride gas escapes together with hydrogen into the delivery
      tube 17 and then flows successively into the tube 13, the tube 3, the
      delivery tube 18 and the bubbler tube 21. Some of the hydrogen is
      converted into hydrogen chloride by the indium monochloride in the tube 3.
PAR  The distilled water 19 in the bubbler tube 21 removes the hydrogen chloride
      and some of the hydrogen. The remaining hydrogen and any other waste gases
      are removed by a waste extractor unit (not shown) connected to the gas
      outlet port 23.
PAR  The tubes 1 and 3 allow a continuous reflux, ie continuous evaporation and
      condensation, of the indium monochloride to occur during the reaction. In
      this way the indium monochloride does not contaminate other parts of the
      apparatus and its loss is minimized.
PAR  It is possible to convert more than 95% of the indium monochloride in the
      tube 1 into indium phosphide. The indium phosphide 51 so produced is not
      contaminated with excess indium metal. Therefore the indium phosphide 51
      requires no further chemical treatment. The reaction is relatively fast;
      more than 95% of 25 gm of indium monochloride can be converted into indium
      phosphide in about 24 hours. The reaction is relatively safe because the
      pressure used is atmospheric.
PAR  When the reaction has been completed the gas supplies are removed and the
      temperature inside the furnaces 39 and 41 is allowed to fall to room
      temperature. The valves 29, 31, and 35 and 37 are closed, and the
      arrangement consisting of the connector housing 2 and the tubes 1 and 9 is
      dismantled. The tube 9 is broken so that the indium phosphide 51 contained
      on it may easily be obtained. Because it is expended in this way the tube
      9 is preferably made of inexpensive glass.
PAR  The tubes 1, 3 and 13 need only be replaced after about every twelve indium
      phosphide production runs; they can thus be made of relatively expensive
      pure silica to reduce impurity contamination. The charges 5 and 7 of
      indium monochloride can also be re-used over several production runs.
PAR  The pure indium phosphide obtained may be converted into single crystal
      material by a known technique such as Czochralski pulling, or it may be
      used in a known way to deposit epitaxial layers on suitable substrates by
      reheating.
PAR  The III-V compounds gallium phosphide and indium, gallium and aluminum
      nitride are all prepared at a temperature below their decomposition
      temperature in a similar way to that described above for indium phosphide,
      using a combined gas flow rate in the range from 30 cm.sup.3 per minute to
      70 cm.sup.3 per minute, preferably 50 cm.sup.3 per minute. The following
      table lists appropriate starting reactants and the decomposition
      temperature (as quoted in the published literature) for each case.
TBL  ______________________________________                                    
               AlN       CaN       InN     GaP                                 
     Hydride   NH.sub.3  NH.sub.3  NH.sub.3                                    
                                           PH.sub.3                            
     Halide    AlCl.sub.3                                                      
                         GaCl.sub.2                                            
                                   InCl    GaCl.sub.2                          
     Decomposition                                                             
               1750.degree.C                                                   
                         1050.degree.C                                         
                                   620.degree.C                                
                                           1000.degree.C                       
     Temperature                                                               
     ______________________________________                                    
PAR  In the above examples, including that of indium phosphide, the substance
      P.sub.2 H.sub.4 may be used instead of PH.sub.3 and the substance N.sub.2
      H.sub.4 (hydrazine) may be used instead of NH.sub.3 ; also, the bromide or
      iodide corresponding to the quoted chloride may alternatively be used
      instead of that chloride.
PAR  In the preparation of solid solutions containing at least one of the above
      compounds a mixture of the appropriate hydrides or a mixture of the
      appropriate halides or both may be used as a starting reactant, the
      composition of the mixture(s) being selected according to the composition
      of the required solid solution.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing indium phosphide by reacting together a hydride of
      phosphorus with a halide of indium comprising the steps of providing a
      reflux vessel for establishing a liquid-vapour reflux, said vessel having
      a receptacle for collection of solid material formed by chemical reaction
      in the vapour of said reflux, introducing a charge of said halide into
      said vessel, heating said vessel to provide a continuous reflux of said
      halide, the temperature of the vapor of said halide in said reflux being
      in the inclusive range of from 400.degree. to 750.degree.C, directing a
      controlled gaseous flow containing said hydride at a flow rate in the
      inclusive rate of between 30 and 70 cm.sup.3 per minute into said halide
      vapour, and collecting the product of reaction between said halide vapour
      and said hydride on said receptacle.
NUM  2.
PAR  2. The method of claim 1 wherein said vessel comprises an outer tube having
      a closed end for containing and collecting liquid halide during said
      reflux and an inner tube having an open end located above said liquid,
      said hydride being introduced downwardly via said inner tube, said open
      end of said inner tube constituting said receptacle.
NUM  3.
PAR  3. The method of claim 2 wherein said outer tube has an outlet port leading
      to an inner tube of a further vessel identical with said first mentioned
      vessel, said further vessel providing a duplicate reaction identical with
      said first mentioned reaction to remove impurities capable of
      contaminating said first mentioned reaction.
NUM  4.
PAR  4. The method of claim 1 wherein said reaction is carried out at a
      temperature of about 600.degree.C.
NUM  5.
PAR  5. The method of claim 1 wherein said hydride is mixed in an inert carrier
      gas, the rate of flow of the mixture of said hydride and said carrier gas
      into said vessel being in said inclusive range.
NUM  6.
PAR  6. The method of claim 5 wherein said carrier gas is hydrogen.
NUM  7.
PAR  7. The method of claim 1 wherein said hydride is phosphine.
NUM  8.
PAR  8. The method of claim 2 wherein said hydride is phosphine.
NUM  9.
PAR  9. The method of claim 1 wherein said halide is indium monochloride.
NUM  10.
PAR  10. The method of claim 2 wherein said halide is indium monochloride.
PATN
WKU  039475506
SRC  5
APN  3897605
APT  1
ART  113
APD  19730820
TTL  Method of making a silicon carbide article of less than full density
ISD  19760330
NCL  11
ECL  2
EXA  Wheelock; Eugene T.
EXP  Carter; Herbert T.
INVT
NAM  Fitchmun; Douglas R.
CTY  Bloomfield Hills
STA  MI
ASSG
NAM  Ford Motor Company
CTY  Dearborn
STA  MI
COD  02
CLAS
OCL  423345
XCL  264 29
XCL  264 44
XCL  264 63
EDF  2
ICL  C01B 3136
FSC  423
FSS  345;346
FSC  264
FSS  29;44;63;82;83
FSC  106
FSS  44
UREF
PNO  2938807
ISD  19600500
NAM  Andersen
OCL  264 63
UREF
PNO  3079273
ISD  19630200
NAM  Johnson
XCL  423345
UREF
PNO  3330892
ISD  19670700
NAM  Herrman
OCL  264 63
UREF
PNO  3459566
ISD  19690700
NAM  Wilson, Jr. et al.
XCL  423345
OREF
PAL  rubin-Injection Molding, Theory & Practice--1972--pp. 295-301.
PAL  Fisher-Extrusion of Plastics--1962--pp. 235,253-259.
LREP
FR2  Johnson; W. E.
FR2  Zerschling; K. L.
ABST
PAL  This disclosure teaches a method of making a silicon carbide article of
      less than full density. A mixture of silicon carbide particles, silicon
      particles and a thermosetting polymeric material are molded to form an
      article as a green body. The green body is pyrolyzed to change the polymer
      into carbon and the carbon is then changed into silicon carbide by the
      silicon contained in the mixture.
BSUM
PAC  BACKGOUND OF THE INVENTION
PAR  Silicon carbide is a ceramic of particular interest for structures to be
      used in zones of high temperature. In a gas turbine engine this material
      can be used to form such structures as turbine blades and housings exposed
      to high temperatures. Silicon carbide has good thermal shock resistance
      characteristics and a high mechanical stability. Also, silicon carbide is
      strong and is resistant to oxidative degradation under engine operating
      conditions. Silicon carbide articles of less than full density can also be
      used in areas where lower strength levels are required, for example as
      ducts and liner housings.
PAR  Prior art U.S. Pat. No. 3,495,939 teaches one process useful for making
      such articles from reaction bonded silicon carbide. The principal steps
      taught in the U.S. Pat. No. 3,495,939 are as follows. (1) A mixture is
      molded which contains 72% by weight alpha-silicon carbide, 28% graphite
      and a sufficient amount of temporary binder holding the mixture together.
      The molding of this mixture is carried out by compression molding or
      extrusion. (2) The temporary binder is totally eliminated by heating the
      article to a temperature of about 110.degree.C. This heating burns the
      binder out leaving behind a porous body containing essentially
      alpha-silicon carbide and graphite. (3) The porous body is treated with
      silicon in a vacuum induction furnace at temperatures of 1500.degree. to
      1600.degree.C and a pressure of 0.5 mm of mercury. Under these conditions,
      silicon inflitrates the porous body and reacts with the graphite to form
      beta silicon carbide. This beta silicon carbide phase serves as a bond
      between the alpha-silicon carbide particles and the resultant article
      consists essentially of silicon carbide.
PAR  The principal drawback with reaction sintering as a manufacturing process
      for fabricating turbine components is that part geometry needed to satisfy
      engineering requirements are difficult to mold in compression molding.
      Also, such components cannot be formed by extrusion. Injection molding is
      an attractive technique for forming these complex shapes required for
      turbine engine components but the molding mixtures described in the U.S.
      Pat. No. 3,495,939 do not flow at polymer processing temperatures and,
      therefore, cannot be fabricated with conventional plastic processing
      injection molding techniques and equipments.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to a method of making silicon carbide articles
      and, more particularly, to a method of making silicon carbide articles of
      less than full density having complex shapes with conventional polymer
      injection molding techniques and equipment.
PAR  In general, the method of this invention produces a silicon carbide article
      in the following manner. A mixture is formed containing 26 to 58 parts by
      weight of silicon carbide particles, generally having a size range less
      than about 80 microns, 44 to 25 parts of silicon particles having a size
      range less than about 180 microns and 30 to 17 parts by weight of a
      thermosetting polymeric material which originally contains aromatic
      components or which produces such aromatic components upon pyrolysis and
      which is a flowable, liquid phase at a temperature of a plastic molding
      operation.
PAR  The mixture so formed is injection molded in the following manner. The
      mixture is preheated to a temperature whereat the polymeric material is in
      a liquid phase. The heated mixture is introduced into a mold by an
      injection molding process. The mold is filled with the introduced mixture
      and a uniform and constant pressure is developed throughout the mixture
      within the mold thereby developing a continuous matrix of the polymeric
      material throughout the mold.
PAR  The mixture introduced into the mold is stiffened to form a molded article
      substantially continuous in the polymeric material. The stiffening of the
      mixture is accomplished by crosslinking the thermoplastic polymeric
      material to at least a degree sufficient to permit the molded article to
      be removed from the mold without substantial distortion thereof.
PAR  The polymeric material of the molded article is pyrolyzed to produce a
      porous body in which the silicon carbide and silicon particles are bonded
      together by substantially pure carbon. The so-produced porous body is then
      silicided. The siliciding is accomplished by simply raising the
      temperature of the porous body above the melting point of the pure
      silicon. Under these conditions the silicon particles melt and the molten
      silicon reacts with the carbon formed from the polymer pyrolysis to give
      beta silicon carbide bonded alpha-silicon carbide. The final product has a
      thin dense skin overlying a porous body. The final article is, therefore,
      light in weight, non permeable and highly heat resistant and may be used
      for articles not requiring high strengths.
PAR  One of the essential features of the method of this invention is the
      selection of the type of organic material utilized for bonding the silicon
      carbide and silicon particles together. More particularly, the material
      selected must be one which contains aromatic components or produces such
      components upon pyrolysis. The aromatic components are essential because
      these are the components that remain behind to form pure carbon during the
      pyrolyzing of the material. The pure carbon formulated in the pyrolyzing
      operation, of course, is the material which later converts to silicon
      carbide when the internal siliciding operation is carried out. If the
      organic material selected does not produce such components, it is totally
      vaporized and burned away in the pyrolyzing operation and there would be
      no remaining material to convert from carbon to silicon carbide.
PAR  Another essential feature of the method is the use of from about 17 to
      about 30% by weight of the thermosetting material for mixing with the
      silicon carbide particles. This range is critical because if less than the
      amount is used, the materials do not flow properly for an injection
      molding operation. If greater than the specified amount is used, the
      articles have a tendency to shrink.
PAR  With respect to the thermosetting polymeric material used in the method of
      this invention, some materials which originally contain aromatic
      components are: phenol furfural, phenol formaldehyde, polybenzimindazole,
      phenolic-naphtha-lenediol terpolymer and polyphenylenes. Other
      thermosetting materials which produce aromatic components upon pyrolysis
      include materials such as polyvinyl chloride, polyvinylidine chloride and
      polyphenyl polymer. These materials are meant to be illustrative only. The
      method of this invention includes the use of any thermosetting polymeric
      material which originally contains aromatic components or produces such
      aromatic components upon pyrolysis and is in a flowable liquid phase at
      the temperature of a plastic molding operation.
PAR  With respect to the pyrolyzing step, this step may be carried out by
      positioning the molded article in a chamber with an inert atmosphere. The
      chamber is slowly heated to a temperature in the range of about
      1000.degree.C and the article is allowed to remain therein. During the
      article's heating to and hold time at temperature, the polymeric material
      is gradually converted to all aromatic components in that non-aromatic
      materials are vaporized away. Subsequently, the aromatic components are
      converted to substantially pure carbon. The pyrolyzed article is either
      cooled back to room temperature at a cooling rate which does not cause any
      distortion in the article and retained for later siliciding or continually
      heated to a reaction sintering temperature.
PAR  The siliciding of the article is generally carried out as an internal
      siliciding operation by positioning the pyrolyzed article in a chamber
      having an inert atmosphere. The chamber is filled with an inert atmosphere
      and the body within the chamber is heated to a temperature in the range of
      1450.degree. to 1550.degree.C. The body contains a reactable form of
      silicon and when the silicon particles melt within the body it reacts with
      the carbon in the body to form silicon carbide. The silicided article is
      cooled to room temperature at a rate that does not cause distortion or
      cracking in the article. In the injection molding step a substantial
      amount of the thermosetting material migrates to the area of the molded
      article adjacent the mold surface. In the pyrolyzing step the
      thermosetting material is changed to carbon as described above. Thus, the
      area adjacent the surface of the article will have a higher concentration
      of carbon than the interior volume of the article will have. In the
      internal siliciding step, all the carbon reacts to form silicon carbide.
      The final article, therefore, will have a relatively dense silicon carbide
      skin and an internal, porous core. The article will be substantially
      non-permeable and will have a high heat resistance but will have lower
      mechanical strength than a uniformly fully dense article.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of this invention will be demonstrated by several preferred
      embodiments disclosed in several examples. The materials disclosed in the
      examples are not intended to limit the scope of this invention. This
      application teaches the generic principle that any thermosetting polymeric
      material which originally contains aromatic components or produces such
      aromatic components upon pyrolysis and is in a flowable liquid phase at
      temperatures of a plastic molding operation is suitable for forming
      injection moldable silicon carbide articles.
PAC  EXAMPLE 1
PAR  An injection molded silicon carbide article of less than full density is
      formed in the following manner. A molding mixture is prepared by mixing
      the following dry ingredients in a ball mill for 60 minutes: alpha-SiC,
      180 grit U.S. Std. mesh size 39.0 parts by weight, silicon (99.9% pure),
      325 grit, 35 parts by weight, phenofurfural phenolformaldehyde copolymer
      24.5 parts by weight and 1.5 parts by weight zinc stearate, the zinc
      stearate being used as a mold release agent.
PAR  The molding mixture is fabricated into an article of manufacture on a
      commercial, reciprocating screw type plastic injection molding machine.
      Prior to the molding step the powder is extruded and pelletized to
      increase its ease of feeding into the injection molding machine. The
      molding conditions are as follows: melt temperature 100.degree.C, mold
      temperature 170.degree.C, fill time 5 seconds, ram forward time 2 minutes.
      In the molding operation, the mixture is preheated to a temperature
      whereat the polymeric material is in a liquid phase. The hot material is
      introduced into a mold of the injection molding machine. The mold is
      filled with the introduced mixture and a constant uniform pressure is
      developed throughout the mixture within the mold whereby a continuous
      matrix of the polymer material is formulated throughout the mold.
PAR  The ram of the molding machine is left in its forward position after the
      molding operation for a period of 3 to 5 minutes so that the material
      within the mold will stiffen. At the early part of this time, the polymer
      forms a smooth surface against the mold wall. The material is stiffened
      because the thermosetting polymeric material used crosslinks. The
      crosslinking time, of course, is based upon the type of polymer material
      used. The polymer material must be stiffened to a degree sufficient to
      allow the molded article to be removed from the mold without any
      substantial distortion thereof.
PAR  After the molded article is removed from the mold, the green article is a
      composite of silicon carbide particles, silicon particles and the polymer.
      The green article is placed in a chamber and is heated to a temperature of
      1000.degree.C in an argon atmosphere. This pyrolyzing process is carried
      out for a 27 hour period and the body is heated to the 1000.degree.C mark
      at a rate of about 40.degree.C per hour to avoid warping of the green
      article. Under these conditions the polymer phase loses 42.4% of its
      weight as gas while the remaining 57.6% is converted to carbon. During
      this heating operation the non-aromatic components of the polymeric
      material are driven off as the gas and as the higher temperatures are
      reached the aromatic components remaining behind are converted to carbon.
      This carbon serves to hold the silicon carbide silicon particles together.
      The greatest concentration of the carbon is at or near the surface of the
      article.
PAR  Once the article has been pyrolyzed, it is ready for the next treatment
      step of the method. In this particular step, the carbon in the pyrolyzed
      article is converted to silicon carbide. This operation is carried out in
      a controlled atmosphere furnace having the following conditions. Positive
      pressure 1 to 2 millimeters of mercury, temperatures 1550.degree.C time at
      maximum temperature 30 minutes, rate of heating ambient to 1400.degree.C
      in 21/2 hours and 1400.degree.C to final temperature 1.5 hours. Within the
      controlled atmosphere the silicon in the pyrolyzed article melts. The
      silicon thus spreads throughout the article by capillary action and is
      reacted with the carbon to produce silicon carbide as beta silicon carbide
      and it is in this form because of the temperature at which the reaction
      takes place.
PAR  Some of the characteristics of the material made in this manner are as
      follows: bulk density of the green body 2.07 gms/cm.sup.3 ; final bulk
      density of body 1.97 gms/cm.sup.3 ; modulus of rupture on the 3 point
      bending test 4000-7000 lbs/in.sup.2.
PAR  Some of the variables in this processing are as follows. A maximum
      temperature to which the body can be heated in the siliciding may be from
      1450.degree. to 1550.degree.C. The time at the maximum temperature may
      vary from 20 minutes to 60 minutes depending upon the configuration and
      shape of the article.
PAC  Example 2
PAR  The procedure of Example 1 is repeated. Formulation of the molding mixture,
      however, begins with alpha SiC 39.0% by weight (a 75/25 mixture of 325
      mesh and 800 mesh powders), silicon (99.7% pure) 325 grit, 35 parts by
      weight phenolfurfural 24.5 % by weight and 1.5% by weight of zinc
      stearate. When the procedure of Example is followed 57.8% of the polymer
      is converted to carbon and ultimately to SiC. The resulting article has a
      density of 1.96 plus or minus .05 gms/cm.sup.3 and a strength in the range
      from 5,500 to 8,000 lbs/in.sup.2.
PAC  Example 3
PAR  A molding mixture having the following composition is prepared: alpha SiC
      39% by weight (a 325 mesh powder), silicon (99.9% pure) 180 grit, 35% by
      weight, phenolformaldehyde 24.5% by weight and zinc stearate 1.5% by
      weight. Processing of this molding mixture is in the same manner as
      described in Example 1. The resulting article has 56.9% of polymer
      converted to carbon and ultimately to SiC bonded SiC. The resulting
      article has a density of 1.99 plus or minus 0.05 gms/cm.sup.3 and a
      strength in the range of 4,500 to 7,000 lbs/in.sup.2.
PAC  Example 4
PAR  A molding mixture having the following composition is prepared: alpha SiC
      55.0% by weight (325 mesh powder), silicon 325 mesh 26% by weight
      phenolfurfural 17.5% by weight and 1.5% zinc stearate. Processing of this
      molding mixture is in the same manner as is described in Example 1 and
      56.7% of the polymer is converted to carbon. The ultimate conversion of
      the carbon to SiC results in a SiC bonded SiC article having a green
      density of 2.31 gms/cm.sup.3 and a fired density of 2.23 plus or minus
      0.05 gms/cm.sup.3 and a strength in the range of 10,500 to 14,000
      lbs/in.sup.2.
PAC  Example 5
PAR  A molding mixture having the following composition is prepared: alpha SiC
      26.5% by weight (40/40/20 mixture of 180,320 and 800 mesh powders),
      silicon (99.9% pure) 325 grit 42% by weight phenolfurfural
      phenolformaldehyde copolymer 30.0% by weight and zinc stearate 1.5% by
      weight. This molding mixture is processed in the same manner as described
      in conjunction with Example 1. In this material 60.2% of the polymer is
      converted to carbon and ultimately produces SiC bonded SiC article having
      a green density of 1.89 gms/cm.sup.3 and a fired density of 1.79 plus or
      minus 0.05 gms/cm.sup.3 and a strength in the range of 3,800 to 6,500
      lbs/in.sup.2.
PAC  Example 6
PAR  A molding mixture having the following composition is prepared: alpha SiC
      39.0% by weight (75/25 mixture of 800 and 1000 mesh powders), silicon
      (99.9% pure) 35% by weight phenolfurfural 24.5% by weight and zinc
      stearate 1.5% by weight. Processing of this molding mixture is in the same
      manner as described in Example 1. The processing converts 58.8% of the
      polymer to carbon and ultimately produces a SiC article having a density
      of 2.00 plus or minus 0.05 gms/cm.sup.3 and a strength in the range of
      6,000 to 9,500 lbs/in.sup.2.
PAC  Example 7
PAR  A molding mixture having the following composition is prepared: alpha SiC
      39.0% by weight (325 mesh), silicon (99.9% pure) 35% by weight
      phenolfurfural phenolformaldehyde copolymer 24.5% zinc stearate 1.5% by
      weight and xylene 1% by weight. This mixture is molded into a green
      article. During the filling cycle however insufficient material is
      transferred into the hot mold to produce a solid part. Under these
      conditions the material expands to fill the excess volume because of its
      own chemical reaction which give off water vapor and because of the
      formation of gas from boiling or decomposition of the blowing agent
      xylene.
PAR  Processing of the green article in the manner described in Example 1
      converts 57.8% of the polymer to carbon and ultimately produces a SiC
      bonded SiC article having a density of 1.41 plus or minus 0.05
      gms/cm.sup.3 and a strength in the range of 1000-3000 lbs/in.sup.2. The
      fired part has a continuous, essentially dense skin and a porous core.
PAC  Example 8
PAR  A mixture is formed of 25% weight p-polyphenylene base polymer made
      crosslinkable with propylene glycol, 32.7% by weight alpha-silicon carbide
      (180 mesh powder), silicon (99.9% pure) 325 mesh 40.8% by weight and 1.5%
      by weight zinc stearate. This material is transfer molded under the
      following conditions: melt temperature 185.degree.C, mold temperature
      250.degree.C, fill time for mold 15 seconds, material preheat 3 minutes,
      ram forward 3 minutes, cure time 15 minutes. A green article is carbonized
      and silicided as discussed in Example 1. Since this polymer converts to
      high yield of carbon, namely 70-75%, the material has a high final density
      of 2.11 gms/cm.sup.3 and a modulus of rupture in the range of 7,000 to
      10,000 lbs/in.sup.2.
PAR  There has been disclosed herein a method of manufacturing silicon carbide
      articles of less than full density. Those skilled in the art, in view of
      this specification, will be able to formulate modifications of this method
      which will fall within the true spirit and scope of this invention. It is
      intended that all such modifications fall within the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a silicon carbide article which comprises the steps
      of:
PA1  1. mixing (a) 26 to 58 parts by weight of silicon carbide particles, (b) 44
      to 25 parts by weight silicon particles, and (c) 30 to 17 parts by weight
      of a thermosetting, polymeric material which originally contains aromatic
      components or produces such aromatic components upon pyrolysis;
PA1  2. molding said mixture formed in step 1, said molding carried out by (a)
      preheating said mixture to a temperature whereat said polymeric material
      is in a liquid phase, (b) introducing said heated mixture into a mold, (c)
      filling said mold with said introduced mixture, and (d) developing a
      uniform, constant pressure throughout said mixture within said mold
      thereby to develop a continuous matrix of said polymeric material
      throughout said mold;
PA1  3. stiffening said mixture introduced into said mold to at least a degree
      sufficient to permit said molded article to be removed from said mold
      without substantial distortion thereof;
PA1  4. pyrolyzing said polymeric material of said molded article to produce a
      body in which said silicon carbide particles and said silicon particles
      are bonded together by substantially pure carbon; and
PA1  5. siliciding said carbon of said body produced in step 4 with said silicon
      particles of said body to form a finished article of substantially pure
      silicon carbide, said body being of less than full density.
NUM  2.
PAR  2. A method of making a silicon carbide article which comprises the steps
      of:
PA1  1. mixing (a) 26 to 58 parts by weight of silicon carbide particles having
      a size less than about 80 microns, (b) 44 to 26 parts by weight of silicon
      particles of less than about 180 microns, and (c) 30 to 17 parts by weight
      of a thermosetting, polymeric material which (i) originally contains
      aromatic components or produces such aromatic components upon pyrolysis
      and (ii) is in a flowable, liquid phase at temperatures of a plastic
      molding operation;
PA1  2. injection molding said mixture formed in step 1, said injection molding
      carried out by (a) preheating said mixture to a temperature whereat said
      polymeric material is in a liquid phase, (b) introducing said heated
      mixture into a mold for an injection molding process, (c) filling said
      mold with said introduced mixture, and (d) developing a uniform, constant
      pressure throughout said mixture within said mold thereby to develop a
      matrix of said polymeric material throughout said mold with a greater
      amount of said polymeric material near the surface of said mold;
PA1  3. stiffening said mixture introduced into said mold to form a molded
      article, said stiffening of said mixture being accomplished by cross
      linking said thermosetting, polymeric material to at least a degree
      sufficient to permit said molded article to be removed from said mold
      without substantial distortion thereof;
PAR  4. pyrolyzing said polymeric material of said molded article to produce a
      porous body in which said silicon carbide particles and silicon particles
      are bonded together by substantially pure carbon; and
PA1  5. siliciding said porous body produced in step 4 with said silicon
      particles of said body by heating said body in a suitable atmosphere to a
      temperature at which said silicon particles melt to form liquid silicon
      which reacts with said carbon thereby to form a finished article of
      substantially pure silicon carbide, which article has a dense skin and a
      porous core.
NUM  3.
PAR  3. The method of making a silicon carbide article as defined in claim 2
      wherein: a small quantity of a mold release agent is added to the mixture
      formed in step 1 to permit easy removal of the molded silicon carbide
      article from the injection mold.
NUM  4.
PAR  4. The method of making a silicon carbide article as defined in claim 3
      wherein: said mold release agent is zine stearate.
NUM  5.
PAR  5. The method of making a silicon carbide article as defined in claim 2
      wherein: said polymeric, thermosetting material which originally contains
      aromatic components is selected from the group of resins consisting of
      phenol furfural, phenol formaldehyde, polybenzimidazole,
      phenolicnapthalenediol terpolymer and polyphenylenes.
NUM  6.
PAR  6. The method of making a silicon carbide article as defined in claim 2
      wherein: said polymeric, thermosetting material which produces aromatic
      components upon pyrolysis is selected from the group of resins consisting
      of polyvinyl chloride, polyvinylidine chloride, and polyphenyl polymer.
NUM  7.
PAR  7. The method of making a silicon carbide article as defined in claim 2
      wherein: said pyrolyzing step is carried out by: positioning said molded
      article in a chamber having an inert atmosphere, slowly heating said body
      to a temperature of about 1000.degree.C thereby progressively to (a)
      convert said polymeric material to aromatic components and (b) convert
      said aromatic components to substantially pure carbon.
NUM  8.
PAR  8. The method of making a silicon carbide article as defined in claim 7
      wherein: said body is heated to said temperature of 1000.degree.C at a
      rate of about 40.degree.C per hours, and wherein said body is cooled from
      said temperature of 1000.degree.C at a rate of about 40.degree.C per hour.
NUM  9.
PAR  9. The method of making a silicon carbide article as defined in claim 2
      wherein: said siliciding step is carried out by (a) positioning said
      pyrolyzed body in an heatable chamber, (b) establishing an inert
      atmosphere in the chamber, (c) heating said body to a temperature in the
      range of 1450.degree. to 1550.degree.C to melt the silicon particles of
      the body, (d) reacting said melted silicon particles with said carbon of
      said body to form a body of silicon carbide, and (e) cooling said silicon
      carbide body to room temperature.
NUM  10.
PAR  10. The method of making silicon carbide article as defined in claim 9
      wherein: said body is heated from room temperature to a temperature of
      1450.degree.C in a period from 2 to 3 hours, wherein said body is heated
      from 1450.degree. to 1550.degree.C in a period from 1 to 2 hours, and
      wherein said body is held at said 1550.degree.C for a period of 20 to 40
      minutes.
NUM  11.
PAR  11. A method of making a silicon carbide article which comprises the steps
      of:
PA1  1. mixing (a) 26 to 58 parts by weight of silicon carbide particles, (b) 44
      to 25 parts by weight silicon particles, (c) 30 to 17 parts by weight of a
      thermosetting, polymeric material which originally contains aromatic
      components or produces such aromatic components upon pyrolysis and (d) a
      small amount of a blowing agent;
PA1  2. molding said mixture formed in step 1, said molding carried out by (a)
      preheating said mixture to a temperature whereat said polymeric material
      is in a liquid phase, (b) introducing said heated mixture into a mold, (c)
      filling less than all of said mold with said introduced mixture, and (d)
      reacting said blowing agent to developing a uniform, constant pressure
      throughout said mold;
PAR  3. stiffening said mixture introduced into said mold to at least a degree
      sufficient to permit said molded article to be removed from said mold
      without substantial distortion thereof;
PA1  4. pyrolyzing said polymeric material of said molded article to produce a
      body in which said silicon carbide particles and said silicon particles
      are bonded together by substantially pure carbon; and
PA1  5. siliciding said carbon of said body produced in step 4 with said silicon
      particles of said body to form a finished article of substantially pure
      silicon carbide, said body being of less than full density.
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ABST
PAL  An improved ammonia synthesis train utilizing hydrocarbon starting
      materials which are converted to hydrogen under superatmospheric pressure
      in a series of steps which include conversion of the hydrocarbons to
      hydrogen-carbon monoxide mixtures, shift conversion of the carbon monoxide
      to hydrogen and CO.sub.2, and removal of the CO.sub.2. In such a system,
      reduction in process gas losses is achieved through an improved
      arrangement and integration of the shift conversion and CO.sub.2 removal
      steps. The carbon monoxide is first shifted in a series of shifts
      including a final low temperature shift; the bulk of the CO.sub.2 is
      removed by an essentially isothermal hot potassium carbonate CO.sub.2
      removal system; the small residual amount of carbon monoxide is shifted to
      very low levels in a final low temperature shift; and the small amount of
      residual CO.sub.2 is then removed to very low levels in a second
      non-isothermal scrubbing system employing an aqueous solution of a
      chemical absorbent. Methanation, compression and ammonia synthesis
      follows. Losses of process gas in the methanation step and in the purge
      gas from the ammonia loop are sharply reduced with concomitant high
      thermal efficiency.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  This invention relates to improvement in ammonia synthesis trains.
PAR  In current practice almost all synthetic ammonia is produced with the use
      of hydrocarbon feedstocks to furnish the source of the hydrogen required
      in the catalytic synthesis step, the necessary nitrogen being derived from
      air.
PAR  To minimize compression costs, the hydrogen is produced from the
      hydrocarbon feedstocks by reforming or partial oxidation at elevated
      pressures of, e.g., from 100 to 1500 psig (pounds per square inch gage).
      Reforming or partial oxidation produces a mixture of hydrogen and carbon
      monoxide which is then treated to convert the carbon monoxide to hydrogen
      and CO.sub.2 by the so-called shift reaction after which the CO.sub.2 is
      removed prior to ammonia synthesis. Depending upon the process route
      chosen (i.e., reforming or partial oxidation), the required nitrogen is
      added to the hydrogen either prior to carbon monoxide shift and CO.sub.2
      removal or following these steps. Using reforming, the nitrogen is
      introduced by adding air during the reforming operation, whereas in
      partial oxidation trains, the nitrogen is added to the hydrogen following
      CO.sub.2 removal and prior to compression to ammonia synthesis pressures.
PAR  In such ammonia synthesis trains, the final production cost of the
      synthetic ammonia is almost entirely a function of the capital costs of
      the plant and the cost of the hydrocarbon feed. Both of these factors are
      importantly affected by the capital cost and the efficiency of the systems
      used for shift conversion of carbon monoxide to hydrogen and the removal
      of carbon dioxide. This invention is concerned with improvements in the
      arrangement of the carbon monoxide shift system and the CO.sub.2 removal
      system and the manner in which these systems are integrated so as to
      provide an integrated system which is low in capital cost and high in
      thermal efficiency and which minimizes process gas losses in the ammonia
      synthesis train.
PAR  Currently, the most commonly used ammonia synthesis process employs gaseous
      or light liquid hydrocarbons as feedstocks and steam reforming processing.
      The hydrocarbon feed together with steam is treated over a reforming
      catalyst at temperatures generally ranging from 1000.degree. to
      1500.degree. F and pressures generally ranging from 100 to 600 psig. The
      nitrogen in the proper ratio required in the ammonia synthesis reaction is
      added in the form of air in a secondary reforming step. The carbon
      monoxide-hydrogen mixture produced by reforming is then treated in a
      series of so-called shift conversion steps to convert the carbon monoxide
      to hydrogen and CO.sub.2. The process stream, now consisting essentially
      of hydrogen, nitrogen and CO.sub.2, is treated for the removal of CO.sub.2
      following which small residual amounts of CO and CO.sub.2 are removed
      usually by a methanation step which converts the residual CO and CO.sub.2
      into methane by reaction with hydrogen contained in the gas over a
      methanation catalyst. The process gas is then cooled and compressed to
      ammonia synthesis pressures of, e.g., 2000 to 8000 psig.
PAR  After contact with the ammonia synthesis catalyst, ammonia is recovered
      from the process gas and unconverted synthesis gas is recycled in the
      so-called ammonia recycle loop to be retreated over the ammonia synthesis
      catalyst. Because of this recycle operation, inert materials (mainly
      methane and argon) tend to build up in the recycle loop. In order to
      maintain the concentration of these inerts at a reasonable level in the
      recycle loop, it is necessary to continuously purge a portion of the
      recycled gas from the loop at a rate which will keep the inerts at a
      constant tolerable level. The purge gas consists mainly of hydrogen and
      nitrogen together with some unrecovered ammonia and these inerts, and has
      little value except as a waste fuel gas. The loss of hydrogen and ammonia
      in the recycle loop purge gas can represent a substantial loss of the
      total potential yield of ammonia.
PAR  In ammonia trains based on the steam reforming of gaseous or light liquid
      hydrocarbon feedstocks, the most common procedure is to use two stages of
      carbon monoxide shift conversion in order to reduce the residual carbon
      monoxide in the synthesis gas to a relatively low level. In the first
      stage, the bulk of the carbon monoxide is converted in a so-called high
      temperature shift converter normally employing an iron oxide catalyst
      promoted with small amounts of another metal oxide such as chromium oxide
      at temperatures generally in the range of from 600.degree. to 1000.degree.
      F. The high temperature employed in the first shift conversion stage
      favors rapid reaction and thus minimizes the amount of catalyst required.
      On the other hand, the shift equilibrium constant, K.sub.p for the
      reversible shift reaction:
EQU  CO + H.sub.2 O.revreaction.CO.sub.2 + H.sub.2
PAL  is less favorable at higher temperatures. The equilibrium constant K.sub.p
      for the above shift reaction may be expressed as:
      ##EQU1##
      where the parentheses indicate the partial pressure of the component
      designated within the parentheses at equilibrium. At high temperatures,
      the values for K.sub.p are relatively low, reflecting relatively lower
      degrees of conversion of carbon monoxide. Typically residual carbon
      monoxide content in high temperature shift effluent may be in the range of
      from 2.5 to 3.5% by volume (anhydrous basis).
PAR  Since it is uneconomic to leave relatively high concentrations of
      unconverted carbon monoxide in the synthesis gas (e.g., 2.5-3.5%), a
      second shift conversion stage is employed using a so-called low
      temperature shift catalyst, typically a reduced copper catalyst promoted
      with zinc oxide and generally operating at temperatures in the range of
      from 350.degree. to about 550.degree. F. In the second stage of
      conversion, the shift equilibrium K.sub.p is much more favorable and
      typically, the carbon monoxide can be reduced to residual levels of the
      order of 0.2-0.5% by volume (anhydrous basis) leaving the low temperature
      shift conversion stage.
PAR  The process gas, after having thus been treated successively in high
      temperature and low temperature shift conversion stages, now contains
      typically from 16 to about 25% CO.sub.2 by volume (anhydrous basis).
      CO.sub.2 removal is then carried out, usually by scrubbing with an
      alkaline liquid scrubbing agent such as an aqueous solution of potassium
      carbonate or of an ethanolamine to produce a gas containing generally less
      than 0.2% CO.sub.2. The process gas now containing typically 0.3% carbon
      monoxide and .2% or less of carbon dioxide is then further treated over a
      methanation catalyst to convert the residual CO and CO.sub.2 to methane by
      the following series of reactions:
EQU  CO + 3H.sub.2 .fwdarw.CH.sub.4 + H.sub. 2 O
EQU  co.sub.2 + 4h.sub.2 .fwdarw.ch.sub.4 + 2h.sub.2 o
PAL  note that for each mole of CO converted to methane, three moles of hydrogen
      are consumed and for every mole of CO.sub.2 methanated, four moles of
      hydrogen are consumed. The hydrogen for the methanation reaction is of
      course supplied by the hydrogen in the process steam. For example, in a
      typical case where 0.3% CO and 0.2% CO.sub.2 is methanated, there is a
      loss of approximately 2.3% of the total hydrogen in the synthesis gas.
      Even more significant than this substantial hydrogen loss in the
      methanation step, the conversion of the residual amounts of CO and
      CO.sub.2 to methane substantially increases the inerts contents of the
      synthesis gas and very substantially raises the purge losses of hydrogen
      and ammonia in the recycle loop of the ammonia synthesis reactor. In the
      typical case discussed above, the methanation of the residual CO and
      CO.sub.2 would introduce approximately 0.5% methane into the ammonia
      synthesis gas. This increased inerts content in a typical ammonia
      synthesis loop would result in hydrogen loss in the purge gas equal to
      approximately 5% of the total hydrogen. In most typical ammonia trains in
      current operation, losses of ammonia production due to these losses, i.e.
      loss of hydrogen in the methanation step, and loss of hydrogen and ammonia
      in the purge step, may run up to 10% or more of total ammonia production,
      equivalent in a large plant to losses of several million dollars a year in
      ammonia product.
PAR  There have been numerous suggestions for improving the efficiency of
      ammonia synthesis trains by introducing a CO.sub.2 removal step between
      shift conversion stages in order to reduce the concentration of CO.sub.2
      entering the final shift conversion stage to a low level in order to
      achieve a high degree of conversion of the CO in the final shift. By
      reducing the concentration of CO.sub.2 in the final shift conversion
      stage, more complete conversion of the CO is of course favored because of
      the reversible nature of the shift reaction. See, for example, U.S. Pat.
      No. 2,487,981 to Reed, U.S. Pat. No. 3,382,045 to Habermehl et al., and
      U.S. Pat. No. 3,577,221 to Smith et al. While a small number of commercial
      plants have employed a CO.sub.2 removal step between stages of shift
      conversion, only minor advantages have been obtained in contrast to the
      increased cost and complexity of the CO.sub.2 removal system, the
      necessary additional heat exchange equipment required, and the additional
      heat losses incurred as the process stream is alternately cooled and
      heated between successive shift conversion and CO.sub.2 removal stages. As
      a consequence, the great majority of ammonia trains do not use
      between-shift CO.sub.2 removal systems.
PAC  GENERAL DESCRIPTION OF INVENTION AND PREFERRED EMBODIMENTS
PAR  In accordance with the present invention a markedly improved arrangement
      and integration of the carbon monoxide shift system and the CO.sub.2
      removal system has been found which provides a sharp reduction in process
      gas losses, and which at the same time is low in capital cost and high in
      thermal efficiency. Generally stated, the invention involves the following
      sequence of process steps. The superatmospheric pressure mixture of
      hydrogen and carbon monoxide generated by reforming or partial oxidation
      of hydrocarbons is subjected to shift conversion in a series of at least
      two shift conversion stages, the first of which is a so-called high
      temperature shift conversion, and the last of which is a so-called low
      temperature shift conversion. In this series of shift conversion stages
      all but a small amount, viz. from 90 to 99% and preferably from 95 to 98%
      of the total carbon monoxide in the gas is converted to hydrogen and
      CO.sub.2. There is no CO.sub.2 removal between these shift conversion
      stages.
PAR  The process gas leaving the low temperature shift conversion stage,
      typically at a temperature of, e.g. 440.degree. F, is then cooled by heat
      exchange and the thus cooled process gas is then subjected to a first
      stage of CO.sub.2 removal using an aqueous solution of potassium carbonate
      wherein at least the major portion of the absorption is carried out at an
      absorption temperature in the vicinity of the atmospheric boiling
      temperature of the solution (typically 230.degree. F), and wherein the
      regeneration of the potassium carbonate scrubbing solution is carried out
      at approximately atmospheric pressure by steam stripping. In this first
      essentially isothermal and relatively high temperature CO.sub.2 removal
      step, the bulk of the total CO.sub.2 generated in the ammonia synthesis
      train is removed with high thermal efficiency. The CO.sub.2 content of the
      process gas is reduced to a residual level of not less than 0.1% by volume
      (anhydrous basis) and not more than 2% by volume (anhydrous basis) and
      preferably to a residual level of not less than 0.2% and not more than 1%.
PAR  The process gas stream, now containing only a small residual amount of
      carbon monoxide and a small residual amount of CO.sub.2, and at a
      temperature of typically 210.degree. F, is then heat exchanged to raise
      its temperature and subjected to a final stage of shift conversion using a
      low temperature shift conversion catalyst to convert all but a small
      amount of the residual carbon monoxide to hydrogen and CO.sub.2. This
      final low temperature shift conversion should be carried out to produce a
      final treated gas containing not more than 0.1% and preferably not more
      than 0.05% by volume (anhydrous basis) of carbon monoxide.
PAR  The gas stream leaving the final low temperature shift, typically at a
      temperature of 410.degree. F, is then cooled by heat exchange and the thus
      cooled process gas, now containing only a small amount of CO.sub.2, is
      subjected to a second stage of CO.sub.2 removal using an aqueous alkaline
      scrubbing solution, preferably an ethanolamine, in a nonisothermal cycle
      wherein the scrubbing is carried out at a relatively low temperature,
      typically 120.degree. F, with the regeneration occurring by steam
      stripping at about the solution boiling temperature. While the thermal
      efficiency of the second CO.sub.2 removal stage is much lower than the
      first stage, in the second stage the CO.sub.2 is effectively reduced to
      very low values of not more than 200 ppm (parts per million) by volume and
      preferably not more than 100 ppm (anhydrous basis). Since only a minor
      proportion of the CO.sub.2 is removed in the second stage and because the
      permissible exit CO.sub.2 from the hot potassium carbonate scrubbing
      system is greater than allowable if it were the only CO.sub.2 removal
      system in the process train, the average thermal efficiency of the two
      CO.sub.2 removal stages is higher than would be possible using either
      system alone. The gas stream leaving the second CO.sub.2 removal stage,
      now containing very small residual amounts of CO and CO.sub.2, is then
      subjected to methanation in conventional fashion to convert such small
      residual amounts to methane, after which the gas is cooled, compressed and
      converted to ammonia over an ammonia synthesis catalyst in normal fashion,
      including a recycle loop with provision for the purging of inerts. As will
      be illustrated by the example which follows, the reduction of hydrogen
      losses in the methanation step and in the purge from the recycle loop
      achieved by this sequence of steps permits increases in ammonia production
      of the order of 10% from a given quantity of hydrocarbon feed compared to
      current practice.
PAR  In order to achieve these highly important savings without suffering
      offsetting disadvantages of lowered thermal efficiency and substantially
      increased capital costs for the CO shift and CO.sub.2 removal systems, it
      is essential to adhere to the sequence and choice of the shift conversion
      and CO.sub.2 removal systems as described herein.
PAR  It is essential in the practice of the invention that the first series of
      shift conversion steps are carried out such that from 90 to 99%, and
      preferably from 95 to 98% of the carbon monoxide content of the process
      gas is converted to hydrogen and CO.sub.2. This is critical for the
      following reasons. Firstly, the CO left in the gas after the first series
      of shift conversions must be shifted in the final low temperature shift
      converter. The higher the concentration of CO entering the final shift
      converter, the higher the concentration of CO.sub.2 generated during the
      final shift, and the presence of such CO.sub.2 has an increasingly adverse
      effect on the completeness of the reversible CO conversion reaction.
      Secondly, the CO.sub.2 generated during the final shift conversion must be
      removed in the second CO.sub.2 removal stage, which is thermally
      inefficient compared to the much higher thermal efficiency of the first
      isothermal CO.sub.2 removal stage, thus adversely affecting the overall
      thermal efficiency of Co.sub.2 removal. Thirdly, if the CO concentration
      in the gas entering the final low temperature shift conversion stage is
      high, then additional steam, not otherwise required, must be added to the
      process gas stream to supply that necessary to react with and convert such
      CO to H.sub.2 and CO.sub.2.
PAR  The use of the essentially isothermal, relatively high temperature CO.sub.2
      removal system employing aqueous hot potassium carbonate as the absorbent
      to absorb all but a minor portion of the total CO.sub.2 from the process
      gas between two stages of low temperature shift conversion, coupled with
      the use of a non-isothermal scrubbing system for final CO.sub.2 cleanup is
      similarly important. Because the absorption temperature of the hot
      potassium carbonate system approaches more closely the temperature of the
      low temperature shift reaction, smaller heat losses are encountered as the
      gas stream is alternately colled and heated between the two low
      temperature shift stages than if lower temperature absorbent systems are
      employed which generally operate about at least 100.degree. F lower in
      temperature. Secondly, it has been found that the capital cost and thermal
      efficiency of the hot potassium carbonate absorption system reaches close
      to its optimum when operated to remove CO.sub.2 down to the levels
      required for close to optimum operation of the second low temperature
      shift converter. At the same time, with the bulk of the CO.sub.2 removal
      duty being performed by the thermally efficient hot potassium carbonate
      system, only small amounts of CO.sub.2 remain to be absorbed in the final
      non-isothermal scrubbing stage. The ability of the non-isothermal
      scrubbing system to reduce the CO.sub.2 to a final very low level more
      than compensates for its lower thermal efficiency because of the
      substantial reduction in hydrogen losses in the methanator and recycle
      purge resulting from the very low level of CO.sub.2 in the gas entering
      the methanator.
PAR  Another highly important aspect of the invention is the manner in which the
      heat content in the process gas, both sensible and latent, is recovered
      and retransferred to the process gas stream as the process gas leaving the
      low temperature shift converter is first cooled prior to entering the
      first bulk CO.sub.2 removal stage and then reheated following bulk
      CO.sub.2 removal prior to entering the final low temperature shift
      converter. In accordance with the preferred embodiment of the invention,
      such heat transfer operation is carried out with a system that includes a
      series of direct contactors where both the latent and sensible heat of the
      shifted gas is transferred to a circulating stream of water which is then
      employed to reheat and resaturate the process gas leaving the first stage
      of CO.sub.2 removal before it enters the final low temperature shift
      converter.
PAR  In accordance with a particularly preferred embodiment of the invention,
      the hot process stream leaving the first low temperature shift converter,
      is contacted, prior to CO.sub.2 removal, with a circulating stream of
      water in a direct contactor, cooling the process gas and heating the
      water. The thus cooled, CO.sub.2 containing gas is then scrubbed in the
      first CO.sub.2 scrubbing stage to remove the bulk of CO.sub.2 down to a
      residual level of, e.g. 0.5 to 1%. The thus treated process gas from the
      first CO.sub.2 removal stage, now typically reduced in volume by e.g. 15%,
      to 30% compared to the volume of the gas prior to CO.sub.2 removal, in
      then contacted in a direct contactor with the hot water heated by the
      higher volume process gas stream prior to CO.sub.2 removal, Both the
      sensible heat of the CO.sub.2 content of the effluent from the first low
      temperature shift converter, and the latent heat of the steam associated
      with such CO.sub.2 content, is transferred with a high degree of
      efficiency to the lower volume process gas stream passing from the bulk
      CO.sub.2 removal stage to the final low temperature shift conversion
      stage.
PAR  In accordance with preferred embodiments of the invention, the heat
      required to generate the stripping steam for the first and second CO.sub.2
      removal stages is supplied by the heat content of the hot process gas. It
      is possible to supply the full steam stripping requirements of both
      CO.sub.2 removal systems entirely from the heat contained in the process
      gas by virtue of the manner in which the CO.sub.2 removal systems are
      integrated with the shift conversion systems, enabling both systems to
      operate at a maximum thermal efficiency.
DRWD
PAR  Reference is now made to the accompanying drawing wherein the FIGURE is a
      schematic flowsheet showing an ammonia synthesis train wherein the CO
      shift conversion systems and the CO.sub.2 removal systems have been
      integrated in accordance with preferred embodiments of the invention.
DETD
PAR  In the embodiment shown in the FIGURE, the hydrocarbon feedstock is a
      gaseous or light liquid hydrocarbon which is introduced into the primary
      reformer 1 thru line 1a. Steam is introduced thru line 2 and the mixture
      flows into the reformer through line 3. In accordance with the usual
      practice for the steam reforming of gaseous or light liquid hydrocarbons
      up to about the naphtha range, the mixture of steam and hydrocarbon is
      passed through tubes 4 packed with a catalyst 5 which is normally a nickel
      catalyst supported on an alumina base. The tubes 4 are externally heated
      by burning a fuel-air mixture introduced by line 6 around the exterior of
      the tubes such that the steam-hydrocarbon mixture is subjected to
      temperatures of 1000.degree. to about 1500.degree. F as it passes over the
      nickel catalyst. In the reforming reaction most of the hydrocarbons are
      converted by reaction with steam to a mixture of hydrogen and carbon
      monoxide and minor amounts of carbon dioxide and unreacted hydrocarbons.
      Using methane as the hydrocarbon feedstock, for example, in normal
      practice about 70% of the methane will be reformed to a mixture of
      hydrogen and carbon monoxide and small amounts of carbon dioxide such that
      the gas leaving the reformer by line 7 will contain about 10% by volume of
      residual methane.
PAR  The hot mixture leaving the primary reformer is conducted by line 7 to
      secondary reformer 8, provided with a bed of a nickel reforming catalyst
      8a. Upstream from the bed of catalyst 8a, air is introduced thru line 8b
      which burns a portion of the reformed gases raising the temperature of the
      process gas stream typically to a temperature of 2000.degree. F. As the
      superheated mixture passes thru the catalyst bed 8a, unreformed
      hydrocarbons are largely converted into carbon monoxide and hydrogen and
      the hot process gas stream, now containing normally only a few tenths
      percent of unconverted hydrocarbons, is withdrawn from the secondary
      reformer by line 9. The amount of air introduced through line 9 is chosen
      to provide the correct proportion of nitrogen for the subsequent ammonia
      synthesis reactor.
PAR  The primary and secondary reformers are operated under substantial
      superatmospheric pressures generally ranging from 100 to 600 psig, such
      superatmospheric pressures being required not only for the economical
      operation of the reformer, but also for the economic operation of the
      shift conversion and CO.sub.2 removal systems and to minimize the cost of
      compressing the synthesis gas to ammonia synthesis pressures.
PAR  The superatmospheric pressure gas mixture leaving the secondary reformer by
      line 9 consists primarily of a mixture of steam, hydrogen, carbon
      monoxide, nitrogen, CO.sub.2, and very small amounts of unconverted
      hydrocarbons. Using methane as a hydrocarbon feedstock, a typical gas
      leaving the secondary reformer would contain 22% nitrogen, 55% hydrogen,
      13% carbon monoxide, 8% carbon dioxide, 0.3% methane, and 0.3% argon (all
      on an anhydrous basis) together with about 60% H.sub.2 O as steam based on
      the total dry gas components.
PAR  In order to effect the conversion of the carbon monoxide content of the gas
      leaving the secondary reformer to additional hydrogen, the gases pass
      through a series of shift converters operated and integrated with the
      CO.sub.2 removal system in accordance with the invention. The shift
      conversion system in the embodiment shown in the FIGURE consists of high
      temperature shift conversion reactor 14, followed by primary low
      temperature shift conversion reactor 23, without intermediate CO.sub.2
      removal, to effect the conversion of all but a small residual amount of
      the carbon monoxide content of the gas. Following heat exchange and a
      first stage of CO.sub.2 removal as will be described below, the gas is
      then subjected to a second and final stage of low temperature shift
      conversion in secondary low temperature shift conversion reactor 26 to
      reduce the CO.sub.2 content to a very low level.
PAR  Attention is now directed to the first two stages of shift conversion
      carried out in the high temperature shift conversion reactor 14 and in the
      primary low temperature shift conversion reactor 23. The superatmospheric
      pressure process gas mixture leaving secondary reformer 8 by line 9
      typically at a temperature of 1850.degree. F is first passed thru heat
      exchanger 10 where it passes over a tube bundle 11 supplied with boiler
      feed water thru line 11a and delivering steam thru line 11b. In normal
      practice high pressure steam at, e.g. 1500 psig is raised in heat
      exchanger 10 which is used to operate steam turbines driving the synthesis
      gas compressors or other mechanical equipment required in the process.
PAR  The thus cooled process gas stream now typically at a temperature of, e.g.
      700.degree. F is then introduced by line 13 into the high temperature
      shift conversion reactor 14 and passed over high temperature shift
      conversion catalyst 15 at a temperature in the range of from
      600.degree.-1000.degree. F and usually in the range of from
      650.degree.-900.degree. F. The high temperature shift conversion catalyst
      is normally an iron oxide catalyst usually promoted with small amounts of
      another metal oxide, such as chromium oxide. Suitable high temperature
      shift conversion catalysts are described, for example, in U.S. Pat. Nos.
      2,364,562; 2,602,020; 2,631,086; and 2,815,331.
PAR  In the high temperature shift conversion reactor 14, because of the
      relatively high temperature employed, the conversion of the carbon
      monoxide is incomplete for the reason explained, namely that the shift
      equilibrium constant, K.sub.p, for the reversible shift reaction is less
      favorable at higher temperatures and the presence of the relatively large
      amount of shifted CO.sub.2 further reduces the amount that can be shifted
      at a given temperature. Generally, it is possible to convert only about
      80% of the carbon monoxide in the high temperature shift converter and
      typically the residual carbon monoxide content leaving the high
      temperature shift converter by line 16 is of the order of 2.5 to 3.5%.
PAR  The effluent from high temperature shift converter 14, leaving at a
      temperature typically of e.g. 850.degree. F is conducted by line 16 to a
      heat exchanger 17, where it passes over a tube bundle 18, supplied with
      boiler feedwater thru line 19a and delivering steam thru 19b. The cooled
      effluent, typically at a temperature of e.g. 630.degree. F, is conducted
      by line 20 to a gas-to-gas heat exchanger 21, where it passes over a tube
      bundle 77 carrying process gas which has been treated in the second
      CO.sub.2 removal unit and which requires preheating prior to methanation.
      The process gas from line 20 flowing over the tube bundle 77 in heat
      exchanger 21 preheats the process gas prior to methanation and is itself
      cooled, leaving heat exchanger 21 by line 22 typically at a temperature of
      420.degree. F.
PAR  The thus cooled process gas stream is then introduced into the primary low
      temperature shift converter 23, and passed over low temperature shift
      conversion catalyst 24. The low temperature shift conversion catalyst is
      normally a copper-zinc catalyst made by preparing a mixture of zinc and
      copper oxide and activated by a controlled reduction of the copper oxide
      to metallic copper. Suitable low temperature shift conversion catalysts
      are described, for example, in U.S. Pat. Nos. 3,303,001; 3,390,102;
      3,546,140; and 3,615,217.  These catalysts operate in the temperature
      range of from 350.degree. to 550.degree. F and usually in the range of
      from 400.degree. to 500.degree. F.
PAR  In the low temperature shift conversion reactor 23, because of the lower
      temperatures employed, the conversion of the carbon monoxide is carried to
      a higher degree of completion since the shift equilibrium constant K.sub.p
      for the reversible shift reaction is more favorable at the lower
      temperatures. However, because of the presence of substantial quantities
      of CO.sub.2 (usually in the range of from 15 to 25%, anhydrous basis), it
      is generally not possible to reduce the concentration of CO below about
      0.2% in the presence of such substantial amounts of CO.sub.2 and typically
      the residual carbon monoxide content leaving the primary low temperature
      shift converter 23 will range from 0.25 to 0.35%.
PAR  As previously pointed out, it is essential in the practice of the invention
      that the conversion of CO in the first series of shift conversion reactors
      be carried to a 90-99%, and preferably 95-98% level of completeness.
      Higher amounts of unconverted CO leaving the primary low temperature shift
      conversion not only adversely affect the performance of the secondary low
      temperature shift converter 26 in its ability to reduce the final CO to
      low values but also adversely affect the thermal efficiency of the overall
      CO.sub.2 removal system. During the operation of the low temperature shift
      conversion catalyst 24 the catalyst gradually declines in activity. This
      decline, which is usually due to the loss of catalyst surface area with
      time and/or the poisoning effect of small traces of sulphur compounds in
      the process gas, is evidenced by a rise in the operating temperature
      required to maintain catalyst activity with an attendant rise in the CO
      concentration in the shifted gas. When the CO concentration rises to an
      unacceptable level, the catalyst is normally replaced with a new charge.
      The references herein to the percent conversion of the CO during the shift
      reaction or to the residual CO in the shifted gas are intended to refer to
      the CO values obtained during the middle portion of the catalyst run
      rather than the values obtained initially or at the end of the run when
      the catalyst must be replaced because of loss of activity.
PAR  The process gas stream leaves the primary low temperature shift converter
      23 by line 25 typically at a temperature of 450.degree. F and containing
      approximately 18% CO.sub.2. It is then conducted to tube bundle 28a of
      gas-to-gas heat exchanger 28 where it preheats process gas entering heat
      exchanger 28 thru line 57 which has been previously subjected to the first
      stage of CO.sub.2 removal. The process gas stream, typically at a
      temperature of 390.degree. F, is then conducted by line 29 to direct
      contactor tower 30. In direct contactor tower 30, the process gas entering
      at the bottom thru line 29 is contacted with the circulating water
      introduced into the top of the tower by line 32 and liquid distributor 33.
      The tower 30 is equipped with tower packing or contact plates indicated by
      numeral 31 to insure intimate contact between the water flowing down over
      the packing or plates 31 and the process gas stream rising upwardly
      through the tower counter-currently to the descending liquid.
PAR  Hot water accumulating at the bottom of tower 30 in sump 34 is conducted by
      line 35 to a second direct contactor tower 36 similarly equipped with
      packing or contact plates 37. The hot water entering tower 36 by line 35
      is distributed by liquid distributor 38 over the packing or contact plates
      37, and flows downwardly thru the tower 36 counter-currently to process
      gas entering the bottom of the tower thru line 56.
PAR  Water, cooled by contact with the process gas, collects at the bottom of
      contact tower 36 in sump 39 and is returned to the top of contact tower 30
      by line 40, circulating pump 41, and line 32. As will be explained in more
      detail hereinafter, through the agency of the pair of direct contact
      towers 30 and 36 and the water that is circulated around these towers,
      heat contained in the relatively hot process gas stream entering tower 30
      thru line 29 is transferred to the relatively cool process gas stream
      entering tower 36 thru line 56.
PAR  The process gas stream after having given up a portion of its heat content
      in direct contact tower 30 leaves tower 30 by line 42 typically at a
      temperature of 290.degree. F and is conducted to reboiler 43. In reboiler
      43, the process gas passes thru tube bundle 44 where it heats scrubbing
      solution in the second, non-isothermal CO.sub.2 removal unit as will be
      described subsequently. The process gas stream leaving tube bundle 44
      typically at a temperature of 260.degree. F is then conducted by line 45
      to knock-out pot 46, where steam condensate collects in sump 47, a portion
      of the condensate being injected through line 48 into the process gas
      stream flowing in line 56 and another portion being removed from the
      system by line 49 for any desired use.
PAR  The process gas stream leaving the knock-out pot 46 by line 50 is
      introduced into the bottom of absorber tower 51, wherein the bulk of the
      CO.sub.2 content of the gas is removed by contact with a hot aqueous
      solution of potassium carbonate as will be described below in more detail.
      The hot potassium carbonate scrubbing system comprises absorber tower 51,
      provided with tower packing or contact plates 53 to insure intimate
      contact between gas stream and the potassium carbonate scrubbing solution,
      and regeneration tower 52 supplied with tower packing or contact plates 54
      to insure intimate contact between stripping steam and the potassium
      carbonate solution. Other details of the hot potassium carbonate scrubbing
      solution will be described subsequently.
PAR  After the removal of the bulk of the CO.sub.2 from the gas stream in
      absorber tower 51, the process gas stream leaves the top of the absorber
      tower by line 55 typically at a temperature of 210.degree. F and typically
      containing 0.5% CO.sub.2. The process gas stream then flows by line 56 to
      direct contact tower 36 where it is brought into direct contact with water
      that has been heated to a temperature typically of 340.degree. F by the
      hot process gas stream entering direct contact tower 30 by line 29. After
      passing through direct contact tower 36, the process gas is removed at the
      top of the tower by line 57 typically at a temperatue of 330.degree. F and
      saturated with water. The process gas stream then passes through
      gas-to-gas heat exchanger 28 where it flows over tube bundle 28a and is
      heated by the process gas coming from primary low temperature shift
      converter 23 by line 25.
PAR  The process gas stream, now typically at a temperature of 400.degree. F
      flows by line 58 into secondary low temperature shift converter 26
      provided with low temperature shift conversion catalyst 27 where the small
      amount of CO remaining in the process gas after primary low temperature
      shift conversion is subjected to further shift conversion with the result
      that the treated gas leaving the secondary low temperature shift by line
      59 contains only a very small residual amount of carbon monoxide typically
      in the range of from 0.01 to 0.03% (anhydrous basis) by volume.
PAR  The low temperature shift conversion catalyst 27, employed in the secondary
      low temperatue shift converter 26, will normally be a copper-zinc catalyst
      of the same general type employed in the primary low temperature shift
      converter 23, and will operate in generally the same temperature range,
      i.e. from 350.degree. to 550.degree. F and usually in the range of from
      400.degree. to 500.degree. F. It will often be advantageous to operate the
      secondary low temperature shift converter at a somewhat lower temperature
      than the primary low temperature shift converter, e.g. from 50.degree. to
      75.degree. F lower in temperature mainly because the reduced CO load to be
      shifted by the secondary low temperature shift converter leads to a lower
      temperature rise through the shift catalyst bed.
PAR  The ability of the secondary low temperature shift converter to reduce the
      carbon monoxide to very low residual levels results from a combination of
      the following factors. First, because of the low shift temperature
      employed, conversion of the carbon monoxide is favored because of the
      favorable shift equilibrium constant K.sub.p for the reversible shift
      reaction. Secondly, because all but a small percentage of the CO.sub.2 has
      been removed in the first CO.sub.2 removal stage, the secondary low
      temperature shift conversion takes place in the presence of only a small
      amount of CO.sub.2, which favors the more complete conversion of the
      carbon monoxide to CO.sub.2 and hydrogen. Thirdly, because the amount of
      CO entering the secondary low temperature shift converter is low, only
      small amounts of CO.sub.2 are formed during the shift reaction, which
      again favors the more complete conversion of the CO. Fourthly, because of
      the small amount of CO entering the secondary low temperature shift
      converter, it is possible to achieve a high steam to CO ratio in the
      secondary low temperature shift conversion without incorporating large
      amounts of steam in the process gas which would lower the thermal
      efficiency of the system. A high steam to CO ratio, of course additionally
      favors the more complete conversion of the CO.
PAR  The process gas stream leaving the secondary low temperature shift
      conversion reactor 26 by line 59, typically at a temperature of
      410.degree. F, and containing e.g. 0.02% CO and 0.7% CO.sub.2, is then
      conducted to reboiler 60. In reboiler 60 the process gas passes through
      tube bundle 61 where it heats the potassium carbonate scrubbing solution
      in the first essentially isothermal CO.sub.2 removal unit as will be
      described subsequently. The process gas stream leaving tube bundle 61,
      typically at a temperature of 250.degree. F, is then conducted by line 62
      to heat exchanger 63 which, in the embodiment shown is a boiler feed water
      heater containing tube bundle 64a supplied with boiler feed water through
      line 64b, heated boiler feed water being delivered through line 64c. The
      process gas leaves boiler feed water 63 by line 65 typically at a
      temperature of 120.degree. F and is conducted to knock-out pot 66 from
      which condensate is removed by line 67 for any desired use.
PAR  The process gas stream is then conducted by line 68 to absorber tower 69 of
      the second non-isothermal CO.sub.2 removal stage comprising absorber tower
      69 provided with tower packing or contact plates 71 to insure intimate
      contact between the gas and the scrubbing solution. Regeneration of the
      scrubbing solution occurs in stripping tower 70 provided with tower
      packing or contact plates 72. The details of the second non-isothermal
      CO.sub.2 scrubbing system will be described subsequently.
PAR  In the second non-isothermal CO.sub.2 removal unit, the relatively small
      amount of Co.sub.2 in the gas entering absorber 69 is reduced to a low
      level, typically of the order of 10-50 ppm and the process gas stream thus
      reduced in CO.sub.2 content leaves the top of absorber 69 by line 73 and
      is conducted to gas-to-gas heat exchanger 74 where it flows over tube
      bundle 75 where it is heated by relatively hot process gas flowing through
      tube bundle 75 coming from methanation reactor 79. The process gas now
      typically at a temperature of 230.degree. F flows by line 76 to a second
      gas-to-gas heat exchanger 21 where it flows through tube bundle 77 and is
      heated by relatively hot process gas entering the shell of heat exchanger
      21 from line 20. The process gas stream, now typically heated to a
      temperature of 600.degree. F, flows by line 78 to methanation reactor 79
      provided with a methanation catalyst 80. The methanation catalyst 80 is
      normally a nickel catalyst and operates at a temperature of generally in
      the range from 550.degree. to 800.degree. F. In the methanation reactor 79
      small amounts of residual CO and CO.sub.2 are converted to methane by
      reaction of the CO and CO.sub.2 respectively with hydrogen present in the
      process gas stream such that the combined residual concentration of CO and
      CO.sub.2 in the gas stream leaving the methanation reactor by line 81 is
      generally less than 10 ppm. The process gas stream is then conducted by
      line 81 to heat exchanger 82 where it flows over tube bundle 82a supplied
      with water through line 82b, hot water or steam leaving by line 82c.
PAR  The process gas stream now typically at a temperature of 300.degree. F is
      conducted by line 83 to gas-to-gas heat exchanger 74 where it flows
      through tube bundle 75 and heats the process gas stream flowing through
      the heat exchanger from line 73 and itself is cooled. The process gas
      stream now typically at a temperature of 190.degree. F leaves heat
      exchanger 74 by line 84 and is conducted to cooler 85 and then is
      conducted by line 86 to knock-out pot 87 typically at a temperature of
      100.degree.F. Condensate separated in knock-out pot 87 is removed by line
      88 for any desired use and the cooled gas stream is then conducted by line
      89 to synthesis gas compressor unit 90 where the gas is compressed to
      ammonia synthesis pressures typically of the order of from 2000 to 8000
      psig.
PAR  After compression and introduction of the recyle gas from line 96 the
      combined process gas stream is then conducted by line 91 to ammonia
      synthesis converter 92 provided with ammonia synthesis catalyst 93. The
      ammonia synthesis catalyst is normally a promoted iron catalyst and
      operates usually at temperatures in the range of from 650.degree.  to
      900.degree. F. In the ammonia synthesis converter, partial conversion of
      the nitrogen and hydrogen in the gas stream to ammonia occurs, the usual
      percentage conversion per pass over the ammonia synthesis catalyst being
      of the order of 15 to 30%.
PAR  The process gas stream leaving the ammonia synthesis reactor by line 94
      typically contains 10% ammonia, 18% nitrogen, 54% hydrogen and the balance
      is inerts consisting almost entirely of methane and argon.
PAR  The process gas stream then enters ammonia recovery unit 95 where most of
      the ammonia is recovered by chilling the process gas, ammonia product
      being withdrawn by line 97 and unconverted hydrogen and nitrogen being
      recycled to the synthesis gas compression unit 90 by line 96 for
      compression and retreatment over ammonia synthesis catalyst 93.
PAR  The system comprising ammonia synthesis compression unit 90, ammonia
      synthesis reactor 92, ammonia recovery unit 95, and recycle line 96 is
      generally referred to as the ammonia recycle loop. In order to prevent the
      accumulation of inert materials consisting of methane and argon in this
      ammonia loop, it is necessary to continuously withdraw a purge stream 98,
      from the ammonia loop in order to maintain the concentration of these
      inert materials at a tolerable level. Usually the concentration of inerts
      in the ammonia loop is maintained at a level of from 15 to 30%. The
      composition of this purge gas is generally equivalent to the composition
      of the recycled gas stream 96, and consists mostly of nitrogen, hydrogen,
      a small amount of ammonia and small amounts of methane and argon.
      Typically it will contain 60% hydrogen and 3% ammonia. It has little value
      except as a waste fuel and represents one of the major losses of hydrogen
      and ammonia product in the entire system. As will be illustrated in the
      example which follows, the higher the concentration of methane entering
      the ammonia loop in the synthesis gas, the higher must be the rate of
      purge from the ammonia synthesis loop in order to maintain the
      concentration of inert materials in the loop at a tolerable level and,
      consequently, the greater the loss of the valuable hydrogen and ammonia
      product in the purge gas. By operating in accordance with the invention,
      the amount of methane entering the ammonia loop is greatly reduced, thus
      greatly reducing the purge losses of hydrogen and ammonia product.
PAR  Attention is now directed to the first substantially isothermal CO.sub.2
      scrubbing system including absorber tower 51 and regeneration tower 52. As
      previously described the process gas enters the bottom of tower 51 thru
      line 50 and after contact with hot aqueous potassium carbonate scrubbing
      solution is recovered from the top of sccrubbing tower 51 by line 55. As
      the process gas travels upwardly through the tower through section 53
      provided with tower packing or contact plates to insure intimate contact
      between the gas and scrubbing solution, it is brought into contact with a
      descending stream of aqueous potassium carbonate scrubbing solution
      introduced into the top of tower 51 through line 99 and liquid distributor
      100. the scrubbing solution containing absorbed CO.sub.2 collects at the
      bottom of tower 51 in sump 101 and is conducted by line 102, pressure
      letdown valve 103 and line 104 to the top of the stripping tower 52 where
      it is distributed over the tower packing or contact plates 54 by liquid
      distributor 105. As the solution passes through pressure letdown valve
      103, the pressure is reduced from the superatmospheric pressure prevailing
      in column 51 to the pressure prevailing in stripping tower 52, viz.,
      atmospheric pressure or a pressure slightly above atmospheric. As a result
      of the pressure reduction, a portion of the CO.sub.2 is released from the
      solution at the top of the stripping tower 52 and the partially
      regenerated solution then flows downwardly through section 54
      counter-currently to upwardly rising stripping steam generated at the
      bottom of the tower.
PAR  Stripping steam is provided at the bottom of tower 52 partly by means of
      solution reboiler 60 which is heated by hot process gas flowing through
      the tube bundle 61. Solution collecting at the bottom of stripping tower
      52 in sump 106 is conducted by line 107 to the shell of reboiler 60 and
      then is returned together with steam generated in reboiler 60 to the
      bottom of tower 52 by line 108. Additional stripping steam is also
      provided to the bottom of tower 52 by line 109. As will be described more
      in detail subsequently, the stripping steam delivered by line 109 is
      derived from the second non-isothermal CO.sub.2 scrubbing system.
PAR  As the scrubbing solution flows downwardly through section 54 of tower 52,
      it is contacted with upwardly rising stripping steam resulting in the
      desorption of the CO.sub.2. The regenerated scrubbing solution collecting
      at the bottom of tower 52 in sump 106 is withdrawn by line 110 and is then
      returned by solution circulation pump 111 and line 99 to the top of the
      absorption tower 51.
PAR  The mixture of steam and CO.sub.2 collecting at the top of stripping tower
      52 is removed from the top of the tower by line 112, passes through
      condenser 113 and then is conducted by line 114 to knock-out pot 115.
      Condensate collecting in knock-out pot 115 is returned by line 116 to the
      top of stripping tower 52 in order to maintain the water balance of the
      system. CO.sub.2 is removed from knock-out pot 115 by line 117 for any
      desired use.
PAR  The aqueous potassium carbonate solution employed in the first
      substantially isothermal CO.sub.2 removal system is a relatively
      concentrated aqueous potassium carbonate solution having potassium
      carbonate concentrations by weight of from 15 to 45% and preferably from
      about 22 to 35% (these concentrations by weight being calculated on the
      assumption that all the potassium present is present as potassium
      carbonate). Such potassium carbonate solutions are preferably activated by
      the addition of additives such as ethanolamines; alkali metal borates,
      such as potassium or sodium borate; amino acids such as glycine; As.sub.2
      O3, or other additives which tend to increase the rates of absorption and
      desorption of CO.sub.2 in the potassium carbonate solution.
PAR  Particularly preferred among these activators are the alkanolamines which
      are preferably added to the potassium carbonate solution in amounts
      ranging from about 1 to 10% by weight, and preferably from about 2 to 6%
      by weight. Diethanolamine is preferred from the standpoints of cost,
      relatively low volatility, and effectiveness. However, monoethanolamine,
      or triethanolamine, may also be employed in place of diethanolamine or
      mixtures of any two or three of these ethanolamines, may be employed.
PAR  As is well known, the absorption of CO.sub.2 in the potassium carbonate
      solution produces potassium bicarbonate while regeneration or desorption
      releases CO.sub.2, producing potassium carbonate. The reversible
      absorption and desorption reactions do not go to completion in either the
      absorption or regeneration stages, and consequently, the scrubbing
      solution is as circulated actually a mixture. The regenerated scrubbing
      solution fed to the absorber is a carbonate-bicarbonate mixture rich in
      carbonate while the solution leaving the absorber is a mixture rich in
      bicarbonate. References herein to scrubbing solution of potassium
      carbonate are of course intended to include mixtures of potassium
      carbonate with potassium bicarbonate formed during the absorption process.
PAR  As pointed out previously, the first CO.sub.2 removal system is
      substantially isothermal in that the absorption and regeneration stages
      are both carried out substantially at temperatures in the vicinity of the
      atmospheric boiling temperature of the solution. As is apparent from the
      embodiment shown in the FIGURE, there is no heating or cooling of the
      solution as it is continuously circulated between the absorption and
      regeneration towers. In some cases, it may be desirable to cool a minor
      portion of the regenerated scrubbing solution before recycle to the
      absorption tower and to deliver this minor portion to the top of the
      absorption tower while the bulk of the uncooled solution is delivered to
      the absorption tower at an intermediate point. In some cases, such minor
      cooling of the stream delivered to the top of the absorption tower may be
      employed to achieve a further reduction in the residual concentration of
      CO.sub.2 in the scrubbed gas leaving the absorption tower without
      substantially affecting the thermal efficiency of the system. In any
      event, at least the major portion of the absorption in tower 51 should
      occur at a temperature in the vicinity of the atmospheric boiling
      temperature of the solution, and the mean absorption temperature
      prevailing in the absorption tower will generally range from 210.degree.
      to 270.degree. F and preferably from 220.degree. to 250.degree. F.
PAR  While the absorption in tower 51 takes place at the superatmospheric
      pressures prevailing in the gas synthesis train, the regeneration of the
      solution in stripping tower 52 is carried out at pressures at or close to
      atmospheric pressure. The stripping tower 52 would generally be operated
      at pressures ranging from atmospheric to about 35 pounds per square inch
      gage, whereas the pressures prevailing in absorption tower 51 will
      generally be in excess of 150 pounds per square inch gage and usually in
      the range of from 250 to 1500 per square inch gage.
PAR  In accordance with the invention the CO.sub.2 content of the process gas is
      reduced to a residual level of not less than 0.1% by volume and not more
      than 2% by volume in the first substantially isothermal CO.sub.2 removal
      unit employing hot potassium carbonate as the absorbent. It has been found
      that if the CO.sub.2 removal in the hot potassium carbonate unit is
      carried below a residual CO.sub.2 level of less than 0.1%, the overall
      thermal efficiency of CO.sub.2 removal in the system as a whole (i.e., the
      sytem including both the hot potassium carbonate unit and the subsequent
      non-isothermal CO.sub.2 scrubbing unit) declines substantially because of
      the increased requirements for regeneration steam in the hot potassium
      carbonate unit, and at the same time the cost of the hot potassium
      carbonate scrubbing unit increases substantially. On the other hand, it
      has been found that if the CO.sub.2 content of the process gas is not
      reduced in the hot potassium carbonate unit to at least a level of 2% by
      volume, the overall thermal efficiency of the system as a whole declines
      substantially because of the increased CO.sub.2 removal duty imposed on
      the subsequent non-isothermal scrubbing unit with little or no offsetting
      increase in the thermal efficiency of the hot potassium carbonate
      scrubbing unit. At the same time, if the CO.sub.2 content of the process
      gas leaving the hot potassium carbonate unit becomes more than 2%, the
      operation of the secondary low temperature shift converter is adversely
      affected in that it becomes difficult to achieve the desired conversion of
      the CO.sub.2 content of the process gas to low levels. Preferably, the
      CO.sub.2 content of the process gas is reduced in the hot potassium
      carbonate unit to a residual level of not less than 0.2% and not more than
      1% by volume.
PAR  Attention is now directed to the second non-isothermal CO.sub.2 scrubbing
      system including absorber tower 69 and regeneration tower 70. As
      previously described, the process gas enters the bottom of tower 69
      through line 68, and after contact with the relatively cool scrubbing
      solution, it is recovered from the top of the absorption tower 69 by line
      73. As the solution travels upwardly through the tower through section 71
      provided with tower packing or contact plates to insure intimate contact
      between the gas and the scrubbing solution, it is brought into contact
      with a descending stream of a relatively cool scrubbing solution
      introduced into the top of the tower 69 through line 117 and liquid
      distributor 118. The scrubbing solution containing absorbed CO.sub.2
      collects at the bottom of tower 69 in sump 119. It is then conducted by
      line 120 to tube bundle 121 of solution-to-solution heat exchanger 122
      where it is heated by indirect heat exchange with hot regenerated
      solution. The heated solution is then conducted by line 123, pressure
      letdown valve 124 and line 125 to the top of stripping tower 70 where it
      is distributed over the tower packing or contact plates 72 by liquid
      distributor 126. As the solution passes through pressure letdown valve
      124, the pressure is reduced from the superatmospheric pressure prevailing
      in column 69 to the pressure prevailing in stripping tower 70, viz.,
      atmospheric pressure or pressure slightly above atmospheric. The solution
      in the stripping tower flows downwardly through section 72
      counter-currently to upwardly rising stripping steam generated in the
      bottom of the tower.
PAR  Stripping steam is provided at the bottom of tower 70 by means of solution
      reboiler 43 which is heated by hot process gas flowing through tube bundle
      44. Solution collecting at the bottom of stripping tower 70 in sump 127 is
      conducted by line 128 to the shell of reboiler 43 and then is returned
      together with steam generated in reboiler 43 to the bottom of tower 70 by
      line 129.
PAR  As the scrubbing solution flows downwardly through section 72 of tower 70,
      it is contacted with upwardly rising stripping steam resulting in the
      desorption of CO.sub.2. The regenerated scrubbing solution collecting at
      the bottom of tower 70 in sump 127 is withdrawn by line 130 and then
      conducted by solution recycle pump 131, line 132, solution-to-solution
      heat exchanger 122, line 132, cooler 133 and line 117 to the top of
      absorption tower 69. As the solution travels from the bottom of
      regeneration tower 70 to the top of absorber tower 69, it is first cooled
      in heat exchanger 122 by indirect heat exchange with relatively cool
      scrubbing solution passing through tube bundle 121 and then is further
      cooled typically to a temperature of 110.degree. F in cooler 133 before
      being introduced into the top of tower 69.
PAR  In the preferred embodiment shown in FIG. 1, the mixture of steam and
      desorbed gas collecting at the top of stripping tower 70 is conducted by
      line 109 and line 108 to the bottom of stripping tower 52. To facilitate
      the transfer of steam from tower 70 to tower 52, the pressure in tower 70
      is maintained slightly higher (e.g. 0.2 to 3.0 psig higher) than the
      pressure in tower 52. The stripping steam is then reused in tower 52 for
      stripping the aqueous potassium carbonate absorbent in column 52. Although
      the stripping steam leaving tower 70 contains some CO.sub.2, the
      concentration of CO.sub.2 is relatively small because of the relatively
      small amounts of CO.sub.2 removed in the second non-isothermal scrubbing
      system. Typically the gas entering the scrubbing tower 69 by line 68 may
      contain approximately 1% CO.sub.2. The concentration of CO.sub.2 in the
      stripping steam leaving the top of tower 70 is also kept low by employing
      a high stripping steam rate in tower 70. While ordinarily it would be
      thermally inefficient to employ a high stripping steam rate in tower 70,
      the overall thermal efficiency of the system is not affected if the
      stripping steam from tower 70 is reused in stripping tower 52. The high
      rate of stripping steam employed in tower 70 furthermore makes possible
      the very thorough regeneration of the scrubbing solution so that the
      residual CO.sub.2 can be reduced to minimal levels in absorber tower 69.
PAR  The scrubbing solution employed in the second non-isothermal CO.sub.2
      removal system is an aqueous solution of an alkaline chemical absorbent
      capable of reacting with CO.sub.2 to form a CO.sub.2 reaction product
      which is capable of regeneration by steam stripping causing the CO.sub.2
      to be desorbed. Typical scrubbing solutions suitable for the second
      non-isothermal CO.sub.2 removal stage are alkanolamines, particularly the
      ethanolamines, such as monoethanolamine, diethanolamine and
      triethanolamine. Such ethanolamines are normally employed in aqueous
      solutions containing from 15 to 35% by weight of the ethanolamine. Other
      suitable amine-type chemical absorbents are aqueous solutions of glycol
      amines such as diglycol amine, alkyl and cycloalkyl amines, polyamines,
      bicycloamines and aromatic heterocyclic amines. Inorganic chemical
      absorbents may also be employed in the second non-isothermal scrubbing
      stage such as aqueous solutions of potassium carbonate or aqueous
      solutions containing mixtures of potassium carbonate and ethanolamines.
PAR  Mean absorption temperatures in the second non-isothermal scrubbing stage
      will be substantially below the atmospheric boiling temperature of the
      solution and will normally range from 90.degree. to 140.degree. F and
      preferably from 100.degree. to 130.degree. F, while regeneration of the
      solution is carried out at the solution boiling temperatures, namely
      temperatures in the range of from 220.degree. to 260.degree. F. In
      contrast to the first CO.sub.2 scrubbing stage which is essentially
      isothermal in character, the absorption and regeneration in the second
      CO.sub.2 scrubbing stage occur at substantially different temperatures
      such that a solution-to-solution heat exchanger is required between the
      absorption and regeneration stages to heat the scrubbing solution as it
      travels from the absorption tower to the stripping tower and conversely to
      cool the regenerated solution as it travels from the stripping tower to
      the absorption tower. Because of the non-isothermal character of the
      second CO.sub.2 scrubbing stage, its thermal efficiency is much lower than
      that of the first isothermal CO.sub.2 scrubbing stage. However, because
      only a small fraction of the CO.sub.2 will normally be removed in the
      second non-isothermal stage, the overall thermal efficiency of the
      CO.sub.2 scrubbing system as a whole is not greatly affected. In
      accordance with the invention, in a great majority of cases, not more than
      15% and preferably not more than 5% of the total CO.sub.2 scrubbed will be
      removed by the second non-isothermal scrubbing stage.
PAR  In the second non-isothermal scrubbing stage, the concentration of CO.sub.2
      in the process gas is reduced to a level of not more than 200 ppm and
      preferably not more than 100 ppm. Because of the chemical nature of the
      absorbent and the relatively low absorption temperatures, the CO.sub.2 may
      be reduced to these low levels quite readily in the second non-isothermal
      scrubbing stage. As a result of such low CO.sub.2 levels, the losses of
      hydrogen in the subsequent methanation step and the losses of hydrogen and
      ammonia in the purge gas and the subsequent ammonia loop are greatly
      reduced.
PAC  EXAMPLE
PAR  The following example illustrates a specific application of the invention
      using a natural gas as the feedstock for the ammonia synthesis train and
      employing the process sequence illustrated in the drawing. Natural gas,
      consisting essentially of methane, and superheated steam are mixed and
      preheated to 950.degree. F and introduced into a primary reformer
      containing a nickel catalyst supported on an alumina base. The steam to
      carbon molar ratio in the feedstream to the primary reformer is 4.0. The
      primary reformer is operated at a temperature of 1500.degree. F and at a
      pressure of 450 psig. The reformed gas from the primary reformer is then
      introduced into the secondary reformer where it is mixed with air in
      amount to provide the correct ultimate nitrogen to hydrogen ratio in the
      ammonia synthesis gas. The gas leaves the secondary reformer at a
      temperature of 1830.degree. F and under a pressure of 410 psig. The hot
      mixture is then passed through a heat exchanger where the gas is cooled to
      a temperature of 700.degree. F and the heat recovered generates high
      pressure steam which is employed to drive steam turbines operating the
      synthesis gas compressor.
PAR  The process gas stream now at a temperature of 700.degree. F and a pressure
      of 400 psig, and having the composition shown in column 1 of Table I, is
      conducted to the high temperature shift converter where it is passed into
      contact with an iron oxide high temperature shift conversion catalyst
      entering the catalyst at 700.degree. F and leaving the catalyst at
      810.degree. F. The shifted gas, leaving the high temperature shift
      converter, has a composition as shown in Column 2 of Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
                Column 1                                                       
                        Column 2  Column 3                                     
     Component  Gas Composi-                                                   
                        Gas Composition                                        
                                  Gas Composition                              
                tion After                                                     
                        After High Tem-                                        
                                  After Primary Low                            
                Secondary                                                      
                        perature Shift                                         
                                  Temperature Shift                            
                Reformer Vol %                                                 
                        Conversion Vol %                                       
                                  Conversion Vol %                             
     __________________________________________________________________________
     N.sub.2                                                                   
         (Dry basis)*                                                          
                22.80   20.80     20.30                                        
     H.sub.2                                                                   
         "      55.60   59.50     60.50                                        
     CH.sub.4                                                                  
         "      0.27    0.24      0.24                                         
     A   "      0.28    0.26      0.25                                         
     CO.sub.2                                                                  
         "      8.05    16.10     18.23                                        
     CO  "      13.00   3.10      0.48                                         
     Total                                                                     
         "      100.00  100.00    100.00                                       
     Water content                                                             
                60.3    42.2      42.2                                         
     Vol % as a                                                                
     percent of                                                                
     Total Dry Gas                                                             
     __________________________________________________________________________
       *Dry basis = based on total gas excluding water                         
PAR  The process gas stream is then cooled from 810.degree. to 440.degree. F
      while the heat removed from the gas stream is used for the generation of
      steam.
PAR  The process gas stream now at a temperature of 410.degree. F and at a
      pressure of 398 psig is introduced into the primary low shift converter
      and contacted with a zino-copper low temperature shift conversion catalyst
      whereupon most of the remaining CO in the process gas is converted to
      hydrogen and CO.sub.2. The process gas leaving the primary low temperature
      shift converter has a composition as shown in Column 3 of Table I and is
      at a temperature of 440.degree. F and at a pressure of 395 psig.
PAR  It will be noted that the carbon monoxide content of the gas from the
      secondary reformer (viz. 13.0%) is converted successively in the high
      temperature shift converter to a residual content of 3.1% and in the
      primary low temperature shift converter to a concentration of 0.48%. Thus,
      in the first two stages of shift conversion 96.3% of the CO is converted
      to hydrogen and CO.sub.2. It is to be noted that the concentration of
      CO.sub.2 in the exit from the primary low temperature shift converter is
      18.2%. At this relatively high concentration of CO.sub.2, the shift
      conversion of the CO to very low residual levels in the primary low
      temperature shift converter is not feasible.
PAR  The process gas from the primary low temperature shift converter is
      conducted to a gas-to-gas heat exchanger (heat exchanger 28 in the FIGURE)
      where it is brought into indirect heat exchange with process gas entering
      heat exchanger 28 by line 57 at a temperature of 330.degree. F. The
      process gas stream leaves the heat exchanger by line 29 at a temperature
      of 388.degree. F and is conducted to direct contactor 30 supplied with
      water by line 32 at a temperature of 274.degree. F. While passing through
      the contactor 30, the process gas is cooled to 291.degree. F and the water
      is heated to 337.degree. F and is conducted by line 35 to direct contactor
      36.
PAR  The process gas is next conducted to the reboiler 43 of the non-isothermal
      CO.sub.2 scrubbing unit, entering reboiler 43 at temperature of
      291.degree. F and leaving at a temperature of 260.degree. F. At a
      temperature of 260.degree. F and at a pressure of 390 psig, the process
      gas enters scrubbing tower 51 of the hot potassium carbonate scrubbing
      system where it is contacted with an aqueous potassium carbonate solution
      containing 30% by weight of potassium carbonate and 3% by weight of
      diethanolamine. In the hot potassium carbonate scrubbing tower 51 the bulk
      of the CO.sub.2 content of the gas is removed and the gas leaves the top
      of absorption tower 51 at a temperature of 210.degree. F and has the
      composition shown in Column 1 of Table II. As shown in Table II, the
      CO.sub.2 content of the gas leaving the potassium carbonate scrubber is
      0.5% by volume (dry basis).
TBL                                    TABLE II                                
     __________________________________________________________________________
                Column 1                                                       
                        Column 2  Column 3                                     
     Component  Gas Composition                                                
                        Gas Composition                                        
                                  Gas Composition                              
                After Hot Potas-                                               
                        After Secondary                                        
                                  After Non-                                   
                sium Carbonate                                                 
                        Low Temperature                                        
                                  Isothermal CO.sub.2                          
                CO.sub.2 Removal                                               
                        Shift     Removal System                               
                System Vol %                                                   
                        Conversion Vol %                                       
                                  Vol %                                        
     __________________________________________________________________________
     N.sub.2                                                                   
         (Dry Basis)*                                                          
                24.70   24.50     24.82                                        
     H.sub.2                                                                   
         "      73.60   73.60     74.54                                        
     CH.sub.4                                                                  
         "      0.29    0.29      0.30                                         
     A   "      0.31    0.31      0.31                                         
     CO.sub.2                                                                  
         "      0.50    1.28      .30 ppm                                      
     CO  "      0.60    0.02      0.02                                         
     Total                                                                     
         "      100.00  100.00    100.00                                       
     Water Content                                                             
                2.8     33.4      .4                                           
     Vol % as a                                                                
     percent of Total                                                          
     Dry Gas                                                                   
     __________________________________________________________________________
      *Dry basis = based on total gas excluding water                          
PAR  Following the hot potassium carbonate scrubbing unit, the gas is next
      conducted at a temperature of 210.degree. F and at a pressure of 388 psig
      to direct contactor 36. In order to supply the water required for the
      secondary low temperature shift conversion, a portion of the condensate
      from knock-out pot 46 may be injected by line 48 into the process gas
      prior to introduction into direct contactor 36. The gas entering direct
      contactor 36 by line 56 at a temperature of 210.degree. F contacts
      relatively hot water introduced into the top of contact tower 36 through
      line 35 at a temperature of 337.degree. F.
PAR  In the contact tower 36, the process gas stream is heated to a temperature
      of 330.degree. F and is saturated with water as a result of the counter
      current contact between the gas stream and the hot water descending
      through the tower. The heating of the gas stream and its saturation with
      water in contact tower 36 is substantially facilitated by the fact that
      the volume of process gas entering tower 36 by line 56 is substantially
      reduced in volume with respect to the process gas entering contact tower
      30 by line 29 as a result of the fact that all but a small amount of the
      CO.sub.2 (0.5%) has been removed from the process gas in the hot potassium
      carbonate scrubbing system. The process gas entering tower 36 by line 56
      is only 82% of the volume of the process gas entering contact tower 30 by
      line 29. This permits the higher heat content of the higher volume gas
      stream entering contact tower 30 to be transferred to the stream of water
      that is circulated between towers 30 and 36 which in turn is transferred
      to the lower volume gas stream entering tower 36 by line 56. This in turn
      facilitates the reheating and resaturation of the process gas following
      the first CO.sub.2 removal step to the temperature required in the
      secondary low temperature shift conversion.
PAR  The gas stream now at a temperature of 330.degree. F and saturated with
      water leaves the top of contactor 36 by line 57 and then is brought into
      indirect heat exchange in gas-to-gas heat exchanger 28 with hot process
      gas from primary low temperature shift converter 23 and is heated to a
      temperature of 400.degree. F and then is introduced into secondary low
      temperature shift converter 26 where it is brought into contact with a
      zinc-copper low temperature shift conversion catalyst where all but a very
      small residual portion of the CO is converted to hydrogen and CO.sub.2.
      The process gas stream leaves secondary low temperature shift converter 26
      by line 59 at a temperature of 409.degree. F and has the composition shown
      in Column 2 of Table II. It is to be noted that the CO is now reduced to a
      residual concentration of 0.02% (200 ppm) while the CO.sub.2 content is
      1.28%. A portion of this CO.sub.2 was brought into the gas by stripping of
      CO.sub.2 from the water used in tower which is saturated with CO.sub.2 at
      a higher partial pressure in tower 30 than in tower 36.
PAR  The process gas stream leaving the low temperature shift converter 26 is
      conducted by line 59 to the reboiler 60 serving the hot potassium
      carbonate scrubbing unit at a temperature of 409.degree. F, leaving the
      reboiler 60 by line 62 at a temperature of 245.degree. F. It is then
      further cooled in boiler feed-water heater 64 to a temperature of
      120.degree. F and after passing through knock-out pot 66 is introduced
      into the bottom of absorber 69 of the second non-isothermal CO.sub.2
      removal system by line 68 where it is brought into contact with an aqueous
      solution of diethanolamine containing 22% by weight of diethanolamine.
      Regenerated diethanolamine enters the top of absorber tower 69 by line 117
      at a temperature of 110.degree. F and the CO.sub.2 containing solution is
      withdrawn from the bottom of tower 69 by line 120 at a temperature of
      125.degree. F, passes through solution-to-solution heat exchanger 122
      leaving at a temperature of 210.degree. F, and is then conducted by line
      123, pressure letdown valve 124 and line 125 to the top of steam stripping
      tower 70 operated at a pressure of 10 psig where it is stripped with steam
      generated at the bottom of the tower. Regenerated solution leaves at the
      botttom of stripping tower 70 by line 130 at a temperature of 245.degree.
      F and is then recirculated by pump 131, line 132, and solution-to-solution
      heat exchanger 122 where it is cooled to temperature of 160.degree. F, and
      then passes by line 132 to cooler 133 where it is further cooled to a
      temperature of 110.degree. F before introduction into the top of absorber
      tower.
PAR  In the absorber tower 69 the CO.sub.2 content of the gas is reduced from
      1.28% to a residual concentration of 30 parts per million (ppm) by contact
      with the diethanolamine solution, and the process gas leaving the top of
      absorber tower by line 73 has the composition shown in Column 3 of Table
      II.
PAR  The process gas stream is next conducted by line 73 to gas-to-gas heat
      exchanger 74 where it is heated by the hot process gas from methanation
      unit 79 to a temperature of 228.degree. F and then is conducted by line 76
      to gas-to-gas heat exchanger 21 where it is further heated by contact with
      hot process gas from high temperature shift converter 14 to a temperature
      of 600.degree. F. It is then introduced into methanation unit 79 where the
      small residual amounts of CO and CO.sub.2 are converted to methane and
      water over a nickel methanation catalyst. The gas stream, now at a
      temperature of 604.degree. F and having the composition shown in Column 1
      of Table III is conducted by line 81 to waste heat boiler 82 where it is
      cooled to a temperature of 300.degree. F and then to gas-to-gas heat
      exchanger 74 where it is further cooled by indirect heat exchange with the
      process gas coming from scrubbing tower 69 to a temperature of 192.degree.
      F. The gas stream then flows to cooler 85 where it is further cooled to
      100.degree. F. It is then compressed to a pressure of 2200 psig and, after
      combining with recycle gas from line 96, is passed over a promoted iron
      ammonia synthesis catalyst operating at an inlet temperature of
      800.degree. F and an outlet temperature of 960.degree. F.
TBL                Table III                                                   
     ______________________________________                                    
     Component    Column 1      Column 2                                       
                  Gas Composition                                              
                                Composition of                                 
                  after Methanation                                            
                                Recycle and Purge                              
                  Vol %         Gas Vol %                                      
     ______________________________________                                    
     N.sub.2                                                                   
           (Dry Basis)                                                         
                      24.85         20.22                                      
     H.sub.2                                                                   
           "          74.52         60.63                                      
     CH.sub.4                                                                  
           "          0.32          8.15                                       
     A     "          0.31          7.74                                       
     NH.sub.3                                                                  
           "          --            3.06                                       
     Total "          100.00        100.00                                     
     ______________________________________                                    
PAR  The process gas leaving the ammonia synthesis reactor containing 15.17%
      NH.sub.3, 17.73 N.sub.2, 53.16% H.sub.2, 6.79% Argon and 7.15% CH.sub.4 is
      conducted to the ammonia recovery unit where the bulk of the ammonia
      product is removed leaving a recycle gas having the composition shown in
      Column 2 of Table III. In order to maintain the combined concentration of
      methane plus Argon at a level of 16.1% in the ammonia loop, a continuous
      purge gas stream is taken from the recycle loop by line 98, such purge gas
      having the same composition as the recycle gas, viz, that shown in Column
      2 of Table III.
PAR  In order to illustrate the substantial reduction in process gas losses
      without loss of overall thermal efficiency made possible through the
      process of the invention, the results obtained in the foregoing example
      are compared to the results obtained using identical quantities of process
      gas and process steam but employing an ammonia synthesis train operating
      according to current normal practice. Such ammonia train differs from that
      employed in the invention in that intershift CO.sub.2 scrubbing is not
      employed; the process gas is subjected to a high temperature and low
      temperature shift conversion followed by CO.sub.2 scrubbing using an
      essentially isothermal hot potassium carbonate scrubbing system after
      which the process gas is subjected to methanation and sent to the ammonia
      synthesis loop. In Table IV the process gas composition just prior to
      methanation and following methanation, as well as the composition of the
      purge gas, is given for the ammonia train operated in accordance with the
      foregoing example and for an ammonia train operated according to such
      current normal practice.
TBL                                    Table IV                                
     __________________________________________________________________________
                 Gas Composition                                               
                               Gas Composition                                 
                                          Composition of                       
                 Prior to      After Methanation                               
                                          Purge Gas                            
                 Methanation, Vol %                                            
                               Vol %      Vol %                                
     Component                                                                 
                 According     According  According                            
                 to     Current                                                
                               to    Current                                   
                                          to    Current                        
                 Invention                                                     
                        Practice                                               
                               Invention                                       
                                     Practice                                  
                                          Invention                            
                                                Practice                       
     __________________________________________________________________________
     N.sub.2                                                                   
         (Dry Basis)                                                           
                 24.82  24.10  24.85 24.65                                     
                                          20.22 20.09                          
     H.sub.2                                                                   
         "       74.54  74.53  74.52 73.95                                     
                                          60.63 60.66                          
     CH.sub.4                                                                  
         "       0.30   .36    0.32  1.09 8.15  12.53                          
     A   "       0.31   .31    0.31  .31  7.94  3.57                           
     CO.sub.2                                                                  
         "       0.003  0.1                                                    
                 (30 ppm)                                                      
                        (1000 ppm)                                             
                               Nil   Nil  Nil   Nil                            
     CO  "       0.002  0.60                                                   
                 (200 ppm)                                                     
                        (6000 ppm)                                             
                               Nil   Nil  Nil   Nil                            
     NH.sub.3                                                                  
         "       --     --     --    --   3.06  3.15                           
     __________________________________________________________________________
PAR  As will be noted from Table IV the combined level of CO and CO.sub.2 in the
      gas just prior to methanation is only 0.023% (230 ppm) in the example in
      accordance with the invention while it is 0.41% (4100 ppm) in accordance
      with current practice. After methanation the level of methane in the gas
      is only 0.32% in the example according to the invention while it is 1.09%
      in accordance with current practice. The lesser amount of methane in the
      process gas reflects, of course, the lower hydrogen losses during the
      methanation step which characterizes operation in accordance with the
      invention. Even more importantly the lower methane content of the process
      gas flowing to the ammonia synthesis loop means that there will be a much
      slower build-up of inerts in the ammonia synthesis loop and the amount of
      purging required to hold the level of inerts at a tolerable level will be
      substantially reduced. In Table IV, the total concentration of inerts
      (i.e. methane plus argon) in the purge gas in the example according to the
      invention and in the example according to current practice is the same,
      viz. 16.1% but in the example according to the invention methane makes up
      only about half of this total, while in current practice the methane makes
      up 77% of the total.
PAR  The overall savings in process gas losses and the resulting increased
      ammonia production from the same quantity of process feed gas can be seen
      from Table V where the results from operating in accordance with the
      foregoing example are compared to operation in accordance with current
      practice.
TBL                TABLE V                                                     
     ______________________________________                                    
                       According to                                            
                                Current                                        
                       Invention                                               
                                Practice                                       
     ______________________________________                                    
     Process Gas Feed, Methane,                                                
                         2562       2562                                       
     pound mols per hour                                                       
     Process Steam, total, pounds                                              
                         184,650    184,650                                    
     per hour                                                                  
     Synthesis Gas Feed to Ammonia                                             
                         11,035     10,752                                     
     Loop, pound mols per hour                                                 
     Total Hydrogen Feed to Ammonia                                            
                         8,224      7,952                                      
     Loop, pound mols per hour                                                 
     Percent Inerts in Feed Gas to                                             
                         0.64%      1.4%                                       
     Ammonia Loop                                                              
     Purge Gas Rate, pound mols                                                
                         437        936                                        
     per hour                                                                  
     Hydrogen Lost in Purge Gas,                                               
                         35.8       77.4                                       
     Tons per Day                                                              
     Ammonia Lost in Purge Gas,                                                
                         2.7        6.0                                        
     Tons per Day                                                              
     Net Ammonia Production, Tons                                              
                         1082       1000                                       
     per Day                                                                   
     ______________________________________                                    
PAR  Note that in these comparative examples, the amount of process gas feed and
      the amount of process steam is identical in both cases. Due to the lower
      losses of hydrogen in the methanation step, the amount of synthesis gas
      feed to the ammonia loop and the amount of hydrogen to the ammonia loop is
      substantially increased in the operation according to the invention. Of
      greater importance, the percent of inerts (methane plus argon) in the feed
      gas to the ammonia loop is reduced to half the value of the present inerts
      obtained by operation in accordance with current practice, viz. from 1.4%
      inerts to 0.64% inerts. The purge gas rate is correspondingly reduced to
      less than half, viz. from 936 pound mols per hour to 437 pound mols per
      hour, while both the hydrogen losses and ammonia losses are similarly
      correspondingly reduced. Because of these reductions in the process gas
      losses, the net production of ammonia is increased by 82 tons per day, a
      production increase of 8.2% over current practice without any sacrifice of
      thermal efficiency. An increase of 82 tons per day amounts to an increase
      of 25,000 tons per year having a value of several million dollars per
      year.
PAR  In Table VI the source of the savings in process gas losses when operating
      in accordance with the foregoing example is shown expressed in terms of
      additional tons of ammonia production achieved.
TBL                Table VI                                                    
     ______________________________________                                    
     Source of Increase    Increase in Ammonia                                 
                           Production Tons                                     
                           Per Day                                             
     ______________________________________                                    
     Increase resulting from increased                                         
                           8.8                                                 
     hydrogen production in secondary                                          
     low temperature shift                                                     
     Reduction in hydrogen loss resulting                                      
                           5.9                                                 
     from methanation of carbon dioxide                                        
     Reduction in hydrogen loss resulting                                      
                           26.3                                                
     from methanation of carbon monoxide                                       
     Reduction in purge gas quantity by                                        
                           37.7                                                
     reduction of methane content of                                           
     synthesis gas                                                             
     Reduction in ammonia losses in purge gas                                  
                           3.3                                                 
     Total increase in ammonia production                                      
                           82.0                                                
     ______________________________________                                    
PAR  While the invention has been illustrated and exemplified in terms of
      ammonia synthesis trains employing reforming processes to produce the
      hydrogen-carbon monoxide mixtures which are then subjected to shift
      conversion, it is to be understood that the invention is also applicable
      to ammonia synthesis trains where the hydrogen-carbon monoxide mixtures
      are produced by the partial oxidation of hydrocarbons. Suitable
      hydrocarbon starting materials for conversion to hydrogen-carbon monoxide
      mixtures by partial oxidation include gaseous hydrocarbons such as
      methane, ethane, propane, butane or mixtures of these; liquid hydrocarbons
      such as crude petroleum or petroleum fractions such as those in the
      naphtha range, the kerosene range, or the heavier fractions, including the
      heavy residuals such as Bunker C; and solid hydrocarbons such as coal,
      lignite or the like. Parital oxidation processes to convert such
      hydrocarbon starting materials to mixtures of hydrogen and carbon monoxide
      under super-atmospheric pressure are, of course, well known. They
      generally involve reacting the hydrocarbon at elevated pressures with
      oxygen and steam. Since many of such hydrocarbons contain sulphur means
      for removal of the sulphur content of the process gas prior to contact
      with the sulphur-sensitive low temperature shift conversion catalysts
      should be provided.
PAR  It is to be understood of course that the invention is not limited to the
      illustrative embodiments described herein and that other embodiments not
      illustrated or specifically listed are included within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the synthesis of ammonia from a hydrocarbon starting
      material involving the steps of generating under superatmospheric pressure
      a mixture comprising carbon monoxide and hydrogen from said hydrocarbon,
      converting the carbon monoxide in said mixture to hydrogen and CO.sub.2 by
      reaction with water through catalytic shift conversion, removing said
      CO.sub.2 from said mixture by absorption in a liquid scrubbing medium
      which is regenerated by steam stripping, converting residual CO and
      CO.sub.2 to methane by reaction with hydrogen over a methanation catalyst,
      compressing said hydrogen together with nitrogen in about the molar ratio
      required for ammonia synthesis, passing said compressed mixture over an
      ammonia synthesis catalyst, recycling unconverted synthesis gas to the
      ammonia synthesis catalyst, and purging sufficient gas from the recycle
      stream to maintain a desired concentration of methane and other inerts in
      the stream flowing to the ammonia synthesis catalyst, a method for
      minimizing hydrogen losses in the methanation step and hydrogen and
      ammonia losses in the purge step while at the same time minimizing the
      steam required by such CO.sub.2 removal and CO shift conversion steps
      which comprise the steps of:
PA1  a. Converting from 90 to 99% of the carbon monoxide in said carbon
      monoxide-hydrogen mixture to hydrogen and CO.sub.2 by reaction of said
      carbon monoxide with water in at least two successive catalytic shift
      conversion zones, the last of which operates in the temperature range of
      from 350.degree. to 550.degree. F;
PA1  b. Removing carbon dioxide from the mixture produced in Step (a) in a first
      CO.sub.2 scrubbing zone to provide a gas mixture containing not more than
      about 2% and not less than about 0.1% CO.sub.2, the CO.sub.2 removal in
      said first zone being carried out by contacting said mixture with a
      scrubbing solution comprising an aqueous solution of potassium carbonate,
      wherein at least the major portion of said scrubbing is carried out at a
      scrubbing solution temperature in the vicinity of the atmospheric boiling
      temperature of said solution, and wherein the regeneration of said
      scrubbing solution is carried out at a reduced pressure by steam stripping
      thereof, whereby the bulk of said CO.sub.2 is removed with a minimum
      consumption of stripping steam;
PA1  c. Subjecting the gas mixture produced in Step (b) to catalytic shift
      conversion at a temperature in the range of from 350.degree. to
      550.degree. F to convert residual carbon monoxide to hydrogen and carbon
      dioxide to produce a gas stream containing not more than 0.1% residual
      carbon monoxide;
PA1  d. Removing CO.sub.2 from the gas mixture produced in Step (c) in a second
      CO.sub.2 scrubbing zone to provide a mixture containing not more than
      about 200 ppm of residual CO.sub.2, the CO.sub.2 removal in said second
      zone being carried out by contacting said gas mixture with a scrubbing
      solution comprising an aqueous solution of an alkaline chemical absorbent
      wherein said scrubbing is carried out at an absorption temperature of from
      90.degree. to 140.degree. F permitting the reduction of residual CO.sub.2
      in said mixture at least to said level of 200 ppm and wherein the
      regeneration of said scrubbing solution is carried out by steam stripping
      thereof;
PA1  e. Converting the residual carbon monoxide and carbon dioxide in the gas
      mixture from Step (d) to methane in a catalytic methanation zone, and
      thereafter introducing said gas mixture into an ammonia synthesis loop
      including a purge for preventing the build-up of inert gases in said loop.
NUM  2.
PAR  2. A process in accordance with claim 1 in which the steam for the steam
      stripping of said scrubbing solutions in Steps (b) and (d) is supplied by
      transferring heat present in said gas mixture to said scrubbing solutions.
NUM  3.
PAR  3. A method in accordance with claim 1 in which the process gas stream is
      heated and saturated with water prior to the final low temperature shift
      conversion in Step (c) by direct contact with a circulating stream of
      water which is heated in turn by direct contact betwen the circulating
      water stream and the hot process gas.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein the hot process gas leaving
      Step (a) is cooled prior to Step (b) by direct contact with a circulating
      stream of water and wherein the heated water thereby generated is utilized
      to heat and saturate the process gas stream leaving Step (b) by directly
      contacting such process gas stream with said heated water prior to
      introducing said mixture into the final low temperature shift conversion
      zone in Step (c).
NUM  5.
PAR  5. A method in accordance with claim 1 in which from 95% to 98% of the
      carbon monoxide in the carbon monoxide-hydrogen mixture is converted to
      hydrogen and CO.sub.2 in Step (a).
NUM  6.
PAR  6. A method in accordance with claim 1 in which the removal of carbon
      dioxide in Step (b) is carried out to provide a gas mixture containing not
      more than about 1% and not less than about 0.2% CO.sub.2.
NUM  7.
PAR  7. A method in accordance with claim 1 in which the CO.sub.2 removal in
      Step (d) is carried out to provide a mixture containing not more than
      about 100 ppm of residual CO.sub.2.
NUM  8.
PAR  8. A method in accordance with claim 1 in which the temperature of the last
      shift conversion in Step (a), and the temperature of the shift conversion
      in Step (c) is in the range of from 400.degree. to 500.degree. F.
NUM  9.
PAR  9. A method in accordance with claim 1 in which the absorption temperature
      in Step (b) is in the range of from 220.degree. to 250.degree. F.
NUM  10.
PAR  10. A method in accordance with claim 1 in which the absorption temperature
      in Step (d) is in the range of from 100.degree. to 130.degree. F.
NUM  11.
PAR  11. A method in accordance with claim 1 in which the scrubbing solution
      employed in Step (d) is an aqueous solution of an alkanolamine.
NUM  12.
PAR  12. In a process for the synthesis of ammonia from a hydrocarbon starting
      material involving the steps of generating under superatmospheric pressure
      a mixture comprising carbon monoxide and hydrogen from said hydrocarbon,
      converting the carbon monoxide in said mixture to hydrogen and CO.sub.2 by
      reaction with water through catalytic shift conversion, removing said
      CO.sub.2 from said mixture by absorption in a liquid scrubbing medium
      which is regenerated by steam stripping, converting residual CO and
      CO.sub.2 to methane by reaction with hydrogen over a methanation catalyst,
      compressing said hydrogen together with nitrogen in about the molar ratio
      required for ammonia synthesis, passing said compressed mixture over an
      ammonia synthesis catalyst, recycling unconverted synthesis gas to the
      ammonia synthesis catalyst, and purging sufficient gas from the recycle
      stream to maintain a desired concentration of methane and other inerts in
      the stream flowing to the ammonia synthesis catalyst, a method for
      minimizing hydrogen losses in the methanation step and hydrogen and
      ammonia losses in the purge step while at the same time minimizing the
      steam required by such CO.sub.2 removal and CO shift conversion steps
      which comprise the steps of:
PA1  a. Converting from 95 to 98% of the carbon monoxide in said carbon
      monoxide-hydrogen mixture to hydrogen and CO.sub.2 by reaction of said
      carbon monoxide with water in at least two successive catalytic shift
      conversion zones, the last of which operates in the temperature range of
      from 400.degree. to 500.degree. F;
PA1  b. Removing carbon dioxide from the mixture produced in Step (a) in a first
      CO.sub.2 scrubbing zone to provide a gas mixture containing not more than
      about 1% and not less than about 0.2% CO.sub.2, the CO.sub.2 removal in
      said first zone being carried out by contacting said mixture with a
      scrubbing solution comprising an aqueous solution of potassium carbonate,
      wherein at least the major portion of said scrubbing is carried out at a
      scrubbing solution temperature in the vicinity of the atmospheric boiling
      temperature of said solution, and wherein the regeneration of said
      scrubbing solution is carried out at a reduced pressure by steam stripping
      thereof, whereby the bulk of said CO.sub.2 is removed with a minimum
      consumption of stripping steam;
PA1  c. Subjecting the gas mixture produced in Step (b) to catalytic shift
      conversion at a temperature in the range of from 400.degree. to
      500.degree. F to convert residual carbon monoxide to hydrogen and carbon
      dioxide to produce a gas stream containing not more than 0.05% residual
      carbon monoxide;
PA1  d. Removing CO.sub.2 from the gas mixture produced in Step (c) in a second
      CO.sub.2 scrubbing zone to provide a mixture containing not more than
      about 100 ppm of residual CO.sub.2, the CO.sub.2 removal in said second
      zone being carried out by contacting said gas mixture with a scrubbing
      solution comprising an aqueous solution of an alkaline chemical absorbent
      wherein said scrubbing is carried out at an absorption temperature of from
      90.degree. to 140.degree. F permitting the reduction of residual CO.sub.2
      in said mixture at least to said level of 100 ppm and wherein the
      regeneration of said scrubbing solution is carried out by steam stripping
      thereof;
PA1  e. Converting the residual carbon monoxide and carbon dioxide in the gas
      mixture from Step (d) to methane in a catalytic methanation zone, and
      thereafter introducing said gas mixture into an ammonia synthesis loop
      including a purge for preventing the build-up of inert gases in said loop.
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ABST
PAL  Cyanogen chloride is purified and the service life of activated carbon is
      increased in the subsequent trimerization of the cyanogen chloride to
      cyanuric chloride by process comprising reacting hydrogen cyanide with
      chlorine, in a given case in the presence of cyanogen chloride produced in
      the presence of water, which in a given case contains chlorine. The
      improvement comprises passing the cyanogen chloride over granular
      commercial sodium aluminum silicate or a molecular sieve of the mordenite
      type, at 20.degree.-100.degree.C., preferably 30.degree.-60.degree.C.
BSUM
PAR  The trimerization of cyanogen chloride to cyanuric chloride has been known
      for a long time, see Ullman, Enzyklopadie der Technischen Chemie, Vol. 5
      (1954), pages 624-625. One of the best known large scale industrial
      processes produces the trimerization of cyanogen chloride on activated
      carbon as catalyst, namely at temperatures between 300.degree. and
      450.degree.C., see Huemer German patent 833,490, Huember U.S. Patent
      2,753,346, Tokime German Pat. No. 1,147,592 and corresponding Tokime U.S.
      Pat. No. 3,018,288. The entire disclosures of these four patents is hereby
      incorporated by reference and relied upon.
PAR  It is known that the activated carbon catalyst used in the trimerization of
      gaseous cyanogen chloride only has a limited service life of 4 to 8 weeks.
      This service life was previously traced to the moisture content of the
      cyanogenchloride, see Riethmann German Offenlegungsschrift 2,045,786 and
      the corresponding Riethmann U.S. Pat. No. 3,607,872 and Ferguson German
      Offenlegungsschrift No. 2,045,823 and the corresponding Ferguson U.S. Pat.
      No. 3,607,873. The entire disclosure of both of these German
      Offenlegungsschrifts and both of the United States patents is hereby
      incorporated by reference and relied upon.
PAR  In order to increase the service life of the activated carbon, therefore,
      the cyanogen chloride which in its production in the normal manner
      accumulates in water saturated form is dried, namely either with the help
      of phosphorus pentoxide (German Offenlegungsschrift No. 2,045,786 and U.S.
      Pat. No. 3,607,872) or with calcium sulfate (German Offenlegungsschrift
      No. 2,045,823 and U.S. Pat. No. 3,607,873). The technical world was
      further of the view that other known drying agents such as silica gel,
      activated alumina, concentrated sulfuric acid, polyphosphoric acids or
      molecular sieves either reacted with cyanogen chloride or else brought
      about side reactions (loc. cit.) and therefore, did not come into
      consideration for a drying process.
PAR  Zeolitic molecular sieves, i.e., aluminum silicates on the contrary were
      even recommended in place of activated carbon for the trimerization of the
      cyanogen chloride, see German Offenlegungsschrift No. 2,159,040.
PAR  In spite of the above described procedures for the reduction of the
      moisture of the cyanogen chloride, the life of the activated carbon was to
      be sure increased but a regeneration of the activated carbon was necessary
      after at most 6 to 9 months, see German Offenlegungsschrifts Nos.
      2,045,786 and 2,045,823 and U.S. Pat. No. 3,607,872 and No. 3,607,873, at
      which time the activity of the activated carbon already had subsided
      considerably.
PAR  Since according to our own investigations, the cyanogen chloride contains
      besides water still further impurities, partially of a known, partially of
      an unknown nature, which also in the treatment with phosphorus pentoxide
      or calcium sulfate go into the trimerization reactor and there poison and
      activated carbon catalyst, phosphorus pentoxide and calcium sulfate were
      also unsuited for a truly effective purification of the cyanogen chloride.
PAR  It was established that the named service life by the use of these
      substances (loc. cit.) cannot again be attained if the cyanogen chloride
      still contains small amounts of aromatics as impurities. This type of
      cyanogen chloride always results if there is used for its production an
      aromatic containing hydrogen cyanide, as results for example in the
      production of acrylonitrile.
PAR  Therefore, it was also tried already to increase the service life of the
      activated carbon catalyst if the hydrogen cyanide used for the production
      of cyanogen contained aromatics, by subjecting the hydrogen cyanide to an
      expensive purification, see German Pat. Nos. 1,271,091 and 1,282,625 and
      Schreyer U.S. Pat. No. 3,488,919 which combines the disclosures of the two
      German patents.
PAR  Furthermore, it was established by our own investigations that already the
      least amount of hydrocyanic acid in the cyanogen chloride likewise leads
      to a considerable shortening of the service life of the activated carbon
      catalyst.
PAR  In contrast, contrary to the state of the art, it has now been found that
      all of these difficulties are avoided and the life of the activated carbon
      catalyst can be lengthened extraordinarily if the cyanogen chloride
      produced by the reaction of hydrogen cyanide with chlorine in a given case
      in the presence of water, which in a given case contains chlorine, before
      entering the trimerization reactor is led over granular commercial sodium
      aluminum silicate (known for example under the name Doucil) or molecular
      sieves of the mordenite type, at 20.degree.-100.degree.C., preferably at
      30.degree.-60.degree.C.
PAR  Chlorine containing cyanogen chloride is always present if hydrogen cyanide
      and chlorine are not used in equimolar amounts but are brought to reaction
      with a chlorine excess.
PAR  It has been proven that besides adsorption processes, chemical reactions
      can be catalyzed by passing the cyanogen over granular sodium aluminum
      silicate or over molecular sieves of the mordenite type, namely
      therethrough both sodium aluminum silicate and also molecular sieves of
      the mordenite type can remove more water from cyanogen chloride than
      corresponds to its drying capacity.
PAR  These types of catalytic reactions, however, cannot be established by
      conducting wet cyanogen chloride over calcium sulfate or potassium
      pentoxide, see German Offenlegungsschrifts Nos. 2,045,823 and 2,045,786
      and U.S. Pat. Nos. 3,607,872 and 3,607,873.
PAR  The particle sizes of the silicate used are not critical. However, they
      should be so selected that no uneconomically higher damming up pressure
      arises by leading the cyanogen chloride through the purification zone. For
      example, the particle size can be 1 mm to 20 mm.
PAR  The residence time can be varied within wide limits. Thus, there can be
      used residence times between 1 and 600 seconds. On economical grounds
      residence times of 1 to 60 seconds are chosen.
PAR  The cyanogen chloride resulting from passing through the described
      substances no longer has a poisoning influence on the activated carbon of
      the trimerization reactor. Accordingly, all the materials causing
      poisoning are removed by adsorption or chemical reaction.
PAR  Besides the process of the invention has the advantage that the spent
      silicate used can be regenerated as many times as desired in simple
      manner, namely by heating to 200.degree.-600.degree.C., preferably to
      400.degree. to 450.degree.C. with simultaneous conduction of air
      therethrough.
PAR  Even after 10 months operation by purification of the cyanogen chloride by
      the process of the invention there cannot be observed any reduction in the
      activity of the activated carbon catalyst.
PAR  The technical advantage of the process of the invention is that by a
      technically simple prepurification of the cyanogen chloride which has been
      produced by chlorination of hydrocyanic acid, in a given case in the
      presence of water, the service life of activated carbon in the
      trimerization reactor is increased to a previously unknown height. Besides
      the thus obtained cyanogen chloride is usable not only for trimerization
      but also for all previously known reactions of cyanogen chloride.
DETD
PAR  Unless otherwise indicated, all parts and percentages are by weight.
PAC  EXAMPLE 1:
PAR  A glass reaction tube with an inside width of 9 mm and a length of 250 mm
      loaded with 12 grams of an acid stable molecular sieve of the mordenite
      type was heated to 60.degree.C. and there were led through hourly 18 grams
      of a cyanogen chloride gas that contained 0.7% weight % water, 0.08 weight
      % hydrogen cyanide, 0.1 weight % benzene and 5.0 weight % chlorine.
PAR  The treated cyanogen chloride was condensed and subsequently analyzed.
PAR  For determination of the water content each time 10 ml of condensed
      cyanogen chloride were dissolved in 85 ml of carbon tetrachloride and the
      solution cooled sufficiently that a turbidity occurred. Then analyses
      showed that at a temperature of -40.degree.C. there was still no
      turbidity, i.e., that the water content was &lt;0.02 weight %. By gas
      chromatography neither benzene nor hydrogen cyanide could be detected.
PAR  Each time after purification of 150 grams of cyanogen chloride the
      mordenite-molecular sieve was regenerated in a stream of air at
      450.degree.C. and subsequently used again. Even after 10 insertions in the
      process of purifying cyanogen chloride, the mordenite molecular sieve
      still had no loss of activity.
PAC  EXAMPLE 2:
PAR  The procedure of Example 1 was followed but in place of the mordenite there
      was used 12 grams of a sodium aluminum silicate (specifically that sold
      under the name Doucil) to purify 18 grams of cyanogen chloride gas hourly.
PAR  Each time after a purification of 280 grams of cyanogen chloride the sodium
      aluminum silicate was regenerated in an airstream at 400.degree.C. and
      subsequently used again. After 10 insertions in the process of purifying
      cyanogen chloride the sodium aluminum silicate still had no loss of
      activity.
PAC  EXAMPLE 3:
PAR  For carrying out experiments on durability, two parallel inserted heatable
      pure nickel tubes 50 mm wide and 2000 mm long were each charged with 2.8
      kg of sodium aluminum silicate (sold as Doucil). For purification of
      technical cyanogen chloride each time one of the two tubes was heated to
      450.degree.C. and hourly 2.6 kg of cyanogen chloride containing 0.2 to 0.4
      weight % of water, 0.05 to 0.06 weight % of benzene and 3 to 3.8 weight %
      of chlorine were passed therethrough. Each time after 60 hours the second
      tube was inserted and the first tube regenerated by heating to 400.degree.
      to 450.degree.C. and blowing through air for less than 2 hours.
PAR  The thus-purified cyanogen chloride was continuously trimerized on
      activated carbon in an after provided reactor at 350.degree.C. Even after
      an operation time of 10 months there was no reduction in the trimerization
      activity of the activated carbon.
PAC  EXAMPLE 4:
PAR  The procedure of Example 1 was followed but there was used a cyanogen
      chloride gas which instead of benzene contained 0.1 weight % of a mixture
      of benzene, chlorobenzene, 1,2-dichlorobenzene and 1,2,4-trichlorobenzene.
      The analyses showed that the cyanogen chloride treated with the mordenite
      molecular sieve contained less than 0.02 weight % water and neither
      detectable amounts of hydrogen cyanide nor of the aromatic components
      originally present. Even after 10 regenerations and subsequent renewed use
      the molecular sieve still showed no loss in activity.
PAR  The process can comprise, consist of or consist essentially of the recited
      steps.
PAR  The cyanuric chloride can be formed at conventional temperatures, e.g.,
      200.degree. to 500.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of purifying impure cyanogen chloride gas prepared by the
      reaction of hydrogen cyanide with chlorine comprising passing the impure
      cyanogen chloride over granular sodium aluminum silicate or a mordenite
      molecular sieve at 20.degree. to 100.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature is 30.degree. to
      60.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein the impurities comprise hydrogen cyanide,
      chlorine, water or an aromatic compound.
NUM  4.
PAR  4. The process of claim 3 wherein the aromatic compound comprises benzene,
      chlorobenzene, dichlorobenzene or trichlorobenzene.
NUM  5.
PAR  5. The process of claim 1 wherein the impure cyanogen chloride is passed
      over sodium aluminum silicate.
NUM  6.
PAR  6. The process of claim 1 wherein the impure cyanogen chloride is passed
      over a mordenite molecular sieve.
NUM  7.
PAR  7. The process of claim 1 including the step of forming cyanuric chloride
      by passing the purified cyanogen chloride over activated carbon at a
      temperature at which cyanogen chloride is trimerized to form said cyanuric
      chloride.
NUM  8.
PAR  8. The process of claim 7 wherein the impure cyanogen chloride prior to
      purification is passed over sodium aluminum silicate.
NUM  9.
PAR  9. The process of claim 7 wherein the impure cyanogen chloride prior to
      purification is passed over a mordenite molecular sieve.
NUM  10.
PAR  10. The process of claim 7 wherein the impurities prior to purification
      comprise hydrogen cyanide, chlorine, water or an aromatic compound.
NUM  11.
PAR  11. The process of claim 10 wherein the aromatic compound comprises
      benzene, chlorobenzene, dichlorobenzene or trichlorobenzene.
NUM  12.
PAR  12. The process of claim 11 wherein the aromatic compound comprises
      benzene.
NUM  13.
PAR  13. The process of claim 1 including the step of regenerating the sodium
      aluminum silicate or the mordenite molecular sieve by passing air
      therethrough at 200.degree. to 600.degree.C.
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PAL  A malleable or press-forgeable ingot of barium fluoride, for use as an
      optical body, may be grown from an ultra-pure precipitate of barium
      fluoride which contains less than 10 parts per million (ppm) of strontium
      or calcium. A process is disclosed for crystallizing barium nitrate
      crystals in the presence of nitric acid, reacting barium nitrate with
      ammonium carbonate to form barium carbonate, recovering barium carbonate
      crystals, suspending the barium carbonate crystals in water and
      precipitating barium fluoride with hydrofluoric acid. The barium fluoride
      crystals are recovered, dried and then calcined in the presence of
      ammonium fluoride or bifluoride. Barium fluoride (BaF.sub.2) crystals
      obtained by the process of this invention contain less than 10 ppm of each
      strontium and calcium.
PAL  Crystals of an alkaline earth metal fluoride which have been calcined in
      the presence of a fluoride of ammonium are unexpectedly densified, and are
      particularly suited for melt-growth of an ingot in a known manner. A
      maximum concentration of 10 ppm of strontium and calcium in a BaF.sub.2
      ingot has been found to be the critical demarcation between a frangible
      prior art BaF.sub.2 ingot and an ingot of BaF.sub.2 which does not
      unpredictably shatter when cut, and, which may be reliably press-forged
      into an optical body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The growth of large essentially single crystal ingots or macrocrystals of
      various inorganic salts for use as optical bodies has been the focus of
      much attention over the past decade. Among the salts especially suited for
      use as lenses over a wide range of wavelengths of radiation, are the
      alkaline earth metal halides. Most preferred are the fluorides of barium
      and calcium.
PAR  This invention is particularly directed to a barium fluoride (BaF.sub.2)
      macrocrystal ingot because of its especially frangible nature. Ever since
      interest was sparked in BaF.sub.2 optical bodies, it has been well-known
      that a relatively large ingot of BaF.sub.2 will often shatter when being
      cut, sometimes with explosive force. Relatively small ingots, less than
      about 5 cms. in diameter, are less likely to shatter. The manner in which
      the ingot is cut appears to be irrelevant, as does the speed of cutting
      and other related factors. Despite taking every conceivable precaution
      during the growth of an ingot of barium fluoride, there was no way of
      predicting whether or not the ingot could be cut without shattering, and
      there was no clue as to why an ingot shattered. Not unexpectedly, whether
      or not a melt-grown ingot of BaF.sub.2 was malleable under sufficiently
      high temperature and pressure, was equally unpredictable. The enormous
      expense of growing a BaF.sub.2 crystal ingot without being able to receive
      any assurance that the ingot will not shatter prematurely, fueled the
      efforts which resulted in the discovery that a concentration of strontium
      or calcium above about 10 ppm by weight was determinative of the
      malleability of the ingot. This invention is directed to a malleable
      BaF.sub.2 ingot and to a process for obtaining an essentially
      strontium-free and calcium-free barium fluoride salt from which the ingot
      may be grown.
PAR  A macrocrystal or ingot of the present invention may be prepared by any
      conventional crystal growing technique for melt-growing an essentially
      single crystal ingot, such as the Stockbarger-Bridgman procedure (U.S.
      Pat. Nos. 2,498,186 and 2,149,076).
PAR  Prior art BaF.sub.2 essentially single crystal ingots cannot be
      press-forged. They are not malleable. They shatter. Though a very large
      number of BaF.sub.2 ingots have been melt-grown from substantially pure
      barium fluoride obtained from reagent grade barium salts, such as barium
      carbonate by reaction with hydrofluoric acid, the ingots were contaminated
      with an unacceptably high concentration of calcium or strontium or both
      carried over from the barium carbonate. For example, a typical reagent
      grade barium carbonate powder contains up to 0.30 percent (3000 ppm)
      strontium; typical reagent grade barium nitrate crystals contain up to
      0.050% (500 ppm*) strontium. The commercially available pure barium
      nitrate contains up to 500 ppm each of strontium and calcium (AR grade
      Ba(NO.sub.3).sub.2, Mallinckrodt 378a). Ingots melt-grown from such
      available starting materials therefore contained at least a strontium
      impurity in a concentration far higher than 10 ppm. Despite conventional
      purification of these commercially available crystalline powders, as for
      example, by several recrystallizations from solution, the purified salts
      failed to produce a predictably non-shattering ingot of BaF.sub.2. It is
      conceivable that, with a large enough number of recrystallizations under
      suitable conditions, sufficiently contaminant-free BaF.sub.2 crystals may
      be obtained. The process of this invention is a practical alternative.
FNT  * J. T. Baker Laboratory Chemicals and Products Catalog
PAR  It is recognized that crystalline barium fluoride powders essentially free
      of strontium may have been prepared for a specific purpose, but we are
      unaware of such ultrapure BaF.sub.2 having been prepared by a wet process
      utilizing a concentrated nitric acid medium.
PAR  The difficulty of successfully separating barium salts from those of
      calcium and strontium is well-recognized even in known qualitative
      analytical procedures. For example, it is known that "The most
      satisfactory method of separating Ba from Ca and Sr is a double
      precipitation of barium chromate from a slightly acid solution containing
      ammonium acetate." (P. 298, Advanced Qualitative Analysis, by H. H.
      Willard and H. Diehl, Van Nostrand Co. Inc., N.Y. 1943). There is no
      indication however, as to how effectively trace amounts of Ca or Sr may be
      excluded from the barium chromate.
PAR  It is known that analytically pure BaCl.sub.2 and Ba(NO.sub.3).sub.2 can be
      decontaminated from Ca, Sr, Fe and other impurities with sequestering
      agents such as EDTA (ethylenediaminetetraacetic acid) solution (see
      "Purification of barium, strontium and calcium carbonates" by Nakhodnova
      A. P. et al. Zh. Prikl. Khim. 39 (3), 498-501, 1966, Russ.); by treating
      with ZnCl.sub.2 (see "Purification of barium chloride solutions" by
      Akhmetov, T. G. et al., U.S.S.R. Pat. No. 262,104); and, by various ion
      exchange means.
PAR  More particularly a method is known for preparation of pure barium
      carbonate comprising dissolving crude BaCO.sub.3 in a minimum of 18%
      aqueous HCl, precipitating BaCl.sub.2, dissolving precipitated BaCl.sub.2
      in a minimum amount of water, redissolving and purifying the BaCl.sub.2
      with carbon, reprecipitating BaCl.sub.2 redissolving in water, and
      precipitating BaCO.sub.3 with (NH.sub.4).sub.3 CO.sub.3 solution. The
      BaCO.sub.3 so obtained is washed with hot water to remove chloride ions.
      To obtain pure SrCO.sub.3, raw SrCO.sub.3 is dissolved in 18% HCl,
      neutralized with ammonia and treated with active carbon. The solution is
      diluted with water and chromate solution added. The solution is decanted
      from BaCrO.sub.3 and some SrCrO.sub.4 and (NH.sub.4).sub.2 CO.sub.3
      solution added. SrCO.sub.3 obtained is filtered, washed with water and
      dissolved in a minimum of 18% aqueous HCl. To this solution is added
      62-65% HNO.sub.3 and Sr(NO.sub.3).sub.2 is precipitated, filtered, washed
      with HNO.sub.3 acid, and dissolved in a minimum amount of water.
      SrCO.sub.3 is precipitated with (NH.sub.4).sub.2 CO.sub.3 solution in the
      usual manner, filtered and washed with hot water to remove residual
      nitrate ions. (See "Preparation of pure barium and strontium carbonates"
      by Hradec Kralove, Chem. Prumysl 11, 129-31, 1961, Czech.) This use of
      nitric acid to precipitate strontium is contrary to the use of aqueous
      nitric acid to maintain strontium and calcium in solution, as is done in
      our invention.
PAR  As is apparent from the foregoing it is known that salts of barium, calcium
      and strontium are differently soluble in various liquid media. More
      specifically it is known that the solubilities of the nitrates of barium,
      calcium and strontium in aqueous solutions of nitric acid differ, and
      these solubilities have been measured for different concentrations of
      aqueous acid. The values obtained have been set forth in appropriate
      tables (Solubilities of Inorganic and Metal Organic Compounds, A. Seidell,
      Vol. I, D. Van Nostrand Co., Inc., New York, N.Y. 1940). However, the
      saturation tables define the behavior of a single salt in a particular
      medium and not the behavior of a mixture of salts. For example, these
      tables fail to indicate that a mixture of salts in a medium will
      crystallize as a coprecipitate of a solid solution of the salts. More
      particularly, these saturation tables are not indicative of whether or not
      the salts may be separated, one from another, without being coprecipitated
      and of course, cannot indicate the effectiveness with which a separation
      may be made.
PAR  It has been stated at the outset that this invention relates to a barium
      fluoride ingot which does not shatter when cleaved or cut, and which may
      be press-forged under appropriate conditions. What has not been stated is
      that it has been known for some time that the melt-growing of an inorganic
      salt ingot in a graphite crucible, whether or not it has less than the
      critical amounts of either calcium or strontium, is not possible if the
      salt is contaminated with traces of nitrate or nitrite ion. The presence
      of nitrate or nitrite ion in the BaF.sub.2 salt in an amount lower than
      the detection level with diphenylamine will cause a graphite crucible,
      used for growing the BaF.sub.2 ingot, to crack. It is therefore necessary,
      for growth in a graphite crucible, that the concentration of nitrate or
      nitrite ion be maintained well below 1 ppm. The problem of trace nitrate
      or nitrite contamination has been skirted in the past by utilizing
      BaCO.sub.3 as a starting material, which is converted to BaF.sub.2.
      Similarly CaCO.sub.3 was used to obtain CaF.sub.2. This problem does not
      arise in the melt growth of inorganic salts which may be effected in a
      crucible made of a non-graphitic material. For example, most of the ionic
      halides of the alkali metals and the alkaline earth metals useful as
      optical bodies, may be readily obtained free of nitrate or nitrite ion,
      or, may be melt-grown in silica, alumina or platinum crucibles without
      contamination. The process of this invention comprising calcining an
      inorganic salt with an effective amount of ammonium fluoride and ridding
      the salt of nitrate or nitrite ion below the detectable level, permits
      using the calcined inorganic salt for growth of an ingot in a graphite
      crucible.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that an optically integral malleable barium fluoride
      (BaF.sub.2) macrocrystal may be melt-grown from a melt of BaF.sub.2 in
      which strontium (Sr) and calcium (Ca) impurities are each present in a
      concentration below about 10 parts by weight of elemental metal per
      million parts of melt, and the malleable macrocrystal may be press-forged
      into either an optical body or a thermoluminescent body without
      shattering.
PAR  It is therefore a general object of the instant invention to provide a
      press-forgeable macrocrystal of barium fluoride which may be deformed at a
      temperature below its melting point and under sufficient pressure, without
      shattering and without losing its optical integrity.
PAR  It has also been discovered that barium nitrate Ba(NO.sub.3).sub.2 crystals
      may be crystallized from an aqueous solution acidified with nitric acid
      without coprecipitating a deleterious amount of calcium or strontium.
PAR  It is therefore a general object of this instant invention to provide a wet
      process for obtaining ultra-pure crystals of Ba(NO.sub.3).sub.2 and
      BaF.sub.2 which contain less than about 10 ppm each of calcium and
      strontium.
PAR  It is a specific object of the instant invention to provide a wet process
      for the separation of barium from all other metals, particularly calcium
      and strontium, which alkaline earth metals are normally present in small
      concentrations in a reagent grade barium salt.
PAR  It is a more specific object of the instant invention to provide a wet
      process to effect a highly refined separation of Ba(NO.sub.3).sub.2 from
      minute amounts of Sr(NO.sub.3).sub.2 and Ca(NO.sub.3).sub.2 using an
      aqueous nitric acid medium containing from about 5 to about 30 percent
      HNO.sub.3.
PAR  It is another specific object of the instant invention to provide a process
      for the preparation of ultra-pure BaF.sub.2 containing less than 10 ppm of
      either Ca or Sr from reagent grade Ba(NO.sub.3).sub.2 containing from
      about 50 ppm to about 500 ppm of Ca or Sr.
PAR  It is still another specific object of the instant invention to provide a
      process for the preparation of BaF.sub.2 crystals essentially free of
      nitrate ions, from BaCO.sub.3 crystals by reaction with HF acid, all of
      which crystals contain less than 10 ppm of either calcium or strontium.
PAR  It has also been discovered that ionic metal fluoride crystals contaminated
      with trace quantities of nitrate or nitrite ions, even below a
      concentration detectable with diphenylamine, may be cleansed of
      essentially all nitrate or nitrite ions by treating with a minor quantity
      of ammonium fluoride or ammonium bifluoride, in the range from about 1 to
      about 15 percent by weight, at a temperature above the sublimation
      temperature of the ammonium fluoride used.
PAR  It is therefore a general object of this invention to provide a process for
      removing a trace quantity of nitrate or nitrite ion from an ionic metal
      fluoride contaminated with deleterious nitrate or nitrite ions.
PAR  It is a specific object of this invention to provide a process for removing
      a trace quantity of nitrate or nitrite ion from an otherwise ultra-pure
      barium fluoride salt to be used for melt-growing an ingot in a graphite
      crucible.
PAR  It has also been discovered that precipitated fluorides of barium and
      magnesium are unexpectedly densified when calcined in the presence of
      ammonium fluoride or bifluoride.
PAR  It is therefore a general object of this invention to provide a process for
      increasing the bulk density of crystals of a precipitated alkaline earth
      metal fluoride crystalline powder by calcining the crystals in the
      presence of ammonium fluoride or bifluoride.
PAR  It is a specific object of this invention to provide an essentially
      moisture-free calcined barium fluoride powder having a bulk density from
      about 20 to about 60% greater than that of precipitated barium fluoride
      which is dried and conventionally calcined.
PAR  These and other objects, features and advantages of this process for
      preparing ultra-pure BaF.sub.2 crystals, and of the malleable BaF.sub.2
      ingot melt-grown from these crystals, will become apparent to those
      skilled in the art from the following description of preferred forms
      thereof and the examples set forth herein.
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  This process for preparing ultra-pure, essentially calcium-free and
      strontium-free barium fluoride which contains less than 10 ppm by weight
      of either calcium or strontium, preferably utilizes as starting material a
      commercially available high-purity barium nitrate having less than about
      100 ppm strontium and about 200 ppm calcium contaminants. Higher
      concentrations of calcium and strontium contaminants, up to about 5000 ppm
      (0.5 percent) in barium nitrate may be used, but Sr concentrations in
      excess of about 200 ppm typically necessitate multiple crystallizations to
      reduce Sr contamination to below 10 ppm. All references to contaminants in
      parts per million (ppm) are with respect to parts by weight of the element
      metal in a million parts of solid salt, on a dry basis.
PAR  Where the starting material is not barium nitrate, but a barium salt which
      may be converted to barium nitrate, for example, barium carbonate, barium
      hydroxide and the like, the salt is first converted to the nitrate and
      recovered in the solid form. Recovered barium nitrate is then processed as
      described hereinbelow, as would be a commercially available high-purity
      barium nitrate.
PAR  In a preferred embodiment of this invention, high-purity barium nitrate
      crystals contaminated with less than about 100 ppm strontium, and an
      approximately like or lower concentration of calcium, is dissolved in
      water to yield a concentrated aqueous solution of barium nitrate. To this
      solution is added sufficient concentrated nitric acid to form an acidified
      aqueous solution from which barium nitrate, Ba(NO.sub.3).sub.2, crystals
      are obtained contaminated with less than about one-fortieth (1/40) the
      concentration of strontium present in the starting barium nitrate
      crystals. Crystallization of barium nitrate from a HNO.sub.3 acidified
      aqueous solution permits a manifold reduction factor of strontium
      contaminant in recovered barium nitrate crystals, the reduction factor
      obtained depending upon the concentration of strontium in the starting
      material, the concentration of acid in the solution, and the temperature
      of crystallization. The term "reduction factor" is used to define the
      ratio of the concentration of impurity in the starting material to the
      concentration of the same impurity in the purified material obtained.
      Thus, crystallization at room temperature from a barium nitrate solution
      containing 50 ppm strontium yields barium nitrate crystals having less
      than 5 ppm strontium in a 10% HNO.sub.3 solution, exhibiting a reduction
      factor for Sr of more than 10; crystallization at room temperature from a
      barium nitrate solution containing 5000 ppm strontium yields barium
      nitrate crystals having less than 100 ppm strontium in a 10% HNO.sub.3
      solution, exhibiting a reduction factor for Sr of about 50. Higher
      reduction factors up to about 500 may be obtained with more impure barium
      nitrate at optimum acid concentrations and precipitation temperatures,
      and, lower reduction factors, as low as about 5, may be evidenced with
      highly purified material which is to be still further purified. From the
      foregoing it will be seen that essentially pure barium nitrate having less
      than 5 ppm strontium may be obtained with as few as two crystallizations,
      even with starting material having a relatively high concentration of
      strontium. Though lower temperatures and higher concentrations of nitric
      acid might appear to favor high reduction factors, it is found that an
      excessively high concentration of nitric acid results in lower reduction
      factors. In other words, where the concentration of aqueous nitric acid is
      too high the concentration of strontium in the barium nitrate crystals is
      higher than it would have been had the acid concentration been less.
PAR  Essentially pure barium nitrate containing less than about 10 ppm of either
      calcium or strontium, obtained by crystallization from an aqueous nitric
      acid solution, as described hereinabove, is dissolved in water and
      conventionally converted to insoluble barium carbonate, BaCO.sub.3, which
      precipitates from solution. This conversion of the Ba(NO.sub.3).sub.2 in
      solution may be effected by bubbling carbon dioxide through an ammoniacal
      solution, adding chips of dry ice to an ammoniacal solution, or by adding
      ammonium carbonate. The barium carbonate so obtained is washed with
      distilled water until the wash water is free of all traces of nitrate or
      nitrite ion by the diphenylamine test. Though the wash water used to wash
      the BaCO.sub.3 crystals gives a negative test for nitrate or nitrite ions,
      the BaCO.sub.3 crystals retain trace quantities of these ions in a
      sufficiently high concentration to be transferred to other crystals
      derived from the BaCO.sub.3 crystals.
PAR  Solid BaCO.sub.3 contaminated with nitrate or nitrite ion is thereafter
      converted to BaF.sub.2 by addition of hydrofluoric acid. The BaF.sub.2 so
      formed is washed with water and dried. The dry BaF.sub.2 is mixed with a
      small amount of ammonium fluoride or ammonium bifluoride in the range from
      about 5 to about 15 percent by weight, and heated to about 500.degree.C in
      a nitrogen atmosphere, which effectively removes the traces of nitrate or
      nitrite ions. Thereafter the control temperature is set in the range from
      about 750.degree. to about 900.degree.C and the crystals are calcined. An
      analogous procedure may be used for ridding any ionic metal fluoride of
      nitrate or nitrite ions; alkali metal fluorides, alkaline earth metal
      fluorides, and other fluorides useful as optical bodies or bodies with
      predetermined electrical properties, such as are highly sensitive to
      nitrate or nitrite ion contaminants, are particularly well adapted for
      ultra-purification by this method. The amount of ammonium fluoride used is
      not critical. Smaller amounts of ammonium fluoride may be effective,
      especially if multiple treatments are used. Though lower amounts of
      NH.sub.4 F or NH.sub.4 HF.sub.2 may be used, there is no economic reason
      for doing so. Optimum calcination temperatures will vary depending upon
      the salt but the temperature should be above the sublimation point of the
      ammonium fluoride used.
PAR  Those skilled in the art will recognize that the growth stock for an
      optically integral ingot is desirably free of association moisture such as
      is present even after the salt crystals are dried conventionally at a
      temperature substantially in excess of 100.degree.C. They will also be
      aware that removal of such moisture is often a most difficult task which
      is not accomplished successfully even at elevated temperatures above about
      300.degree.C. In some cases, as for example with BaF.sub.2, prolonged
      heating in the presence of associated moisture at elevated temperatures
      results in the liberation of HF rather than the moisture only. The
      presence of ammonium fluoride or bifluoride intermixed with precipitated
      crystals of an alkaline earth metal fluoride permits the removal of
      associated moisture without decomposition of any BaF.sub.2 to the oxide or
      oxyfluoride, and in addition effects the removal of nitrate and nitrite
      ion impurity.
PAR  Surprisingly, however, the removal of nitrate or nitrite ion and associated
      moisture by calcining in the presence of ammonium fluoride or bifluoride
      also results in densification of precipitated ultra-pure alkaline earth
      metal fluorides, particularly barium fluoride, calcium fluoride and
      magnesium fluoride crystalline powders. A marked reduction in the volume
      of the crystals compared with conventionally calcined crystals, is noted
      indicating an increased bulk density since the weight change is very
      small. Increased bulk density is noted for all alkaline earth metal
      fluorides wheh they are calcined at a temperature above the sublimation
      temperature of the ammonium fluoride used but below the sintering
      temperature of the crushed alkaline earth metal fluoride crystals. A
      preferred calcination temperature is in the range from about 500.degree.
      to about 1000.degree.C.
PAR  Even conventionally calcined crystals, particularly those calcined at
      relatively lower temperature in the range from about 500.degree. to about
      700.degree.C, may be densified by washing the calcined crystals with an
      aqueous solution of ammonium fluoride or bifluoride, drying the washed
      crystals and calcining the dried crystals in the presence of crystalline
      ammonium fluoride or bifluoride. For example, BaF.sub.2 which has been
      conventionally dried and calcined at a temperature of about 500.degree.C
      is thoroughly washed with an aqueous solution of ammonium fluoride
      containing about 10 percent by weight ammonium fluoride. The crystals are
      separated from the solution and dried at about 150.degree.C. The dried
      crystals are then thoroughly mixed with finely divided ammonium fluoride
      crystals, present in an amount in the range from about 10 to about 15
      percent by weight of the BaF.sub.2 crystals, and calcined at a temperature
      of about 900.degree.C. The bulk density of the ammonium fluoride treated
      calcined crystals is found to be about 30 percent greater than
      conventionally calcined BaF.sub.2 crystals. In an analogous manner,
      densification of other conventionally calcined alkaline earth metal
      fluorides may be obtained, though the extent of densification will vary
      for different crystals.
PAR  Densification of the crystals is much valued because it permits a crucible
      to be loaded in a single operation prior to commencing growth of an ingot.
      Less dense crystals predicate added expenses for a furnace sized to
      accomodate a large crucible. Also, when an ingot is grown under vacuum, it
      is undesirable to interrupt a growth cycle to add more growth stock into
      the crucible as the material shrinks into an ingot. Still another
      alternative is to grow two ingots and then combine them in a "double
      slugging" operation. Densified crystals from our process offer a
      convenient and economical alternative.
PAR  Crystals of BaF.sub.2 obtained as described hereinabove may be used to form
      a melt from which an ingot of essentially pure BaF.sub.2 may be melt-grown
      utilizing conventional techniques. The melt-grown ingot is found to
      contain less than 10 ppm of either calcium or strontium, and surprisingly
      may be cleaved or sawn, predictably without shattering. The ingot or
      portions thereof may be used as optical bodies in a manner well-known to
      those skilled in the art.
PAR  Further, a melt-grown ingot of essentially pure BaF.sub.2, obtained as set
      forth hereinabove, or an essentially single crystal portion of the ingot,
      is malleable and may be press-forged under suitable conditions of
      temperature and sufficient pressure, so as to undergo a transformation
      into a polycrystalline form without sacrificing the optical integrity of
      the archetype single crystal ingot. A suitable press-forging temperature
      is below the melting point of the ingot but above about one-half its
      melting point measured in degrees Centigrade. A preferred press-forging
      temperature is in the range from about 400.degree. to about 800.degree.C.
      The pressure for press-forging an ingot of BaF.sub.2 depends upon the
      temperature at which the ingot is worked to effect the transformation from
      monocrystalline to polycrystalline structure, and the deformation ratio
      desired, these factors being more fully described in U.S. patent
      application Ser. No. 307,939. A forging press may be required to develop
      high pressures up to about 10 tons per square inch. The pressure is
      preferably increased gradually and maintained until the hot crystal
      yields. In general, both the upper forging die and the lower forging dies
      are preheated to a suitable temperature so as not to cool the ingot to be
      press-forged.
PAR  Though it is preferred to use Ba(NO.sub.3).sub.2 of suitable purity as a
      starting material, any other barium salt which may be converted to barium
      nitrate with concentrated nitric acid, may be used. For example, barium
      oxide, barium hydroxide and barium carbonate are commonly available barium
      salts which may be converted to barium nitrate and precipitated as such
      from an aqueous nitric acid solution, thus obviating a preliminary
      recovery of barium nitrate crystals. From a practical point of view,
      Ba(NO.sub.3).sub.2 crystals are generally available in better purity than
      other barium salts, and at a favorable price, so that the additional
      expenditure for nitric acid required to effect conversion to the nitrate
      is usually unjustifiable.
DETD
PAR  The following examples are by way of illustration only, and this invention
      is not limited by the particular date set forth therein.
PAC  EXAMPLE 1
PAR  Into a 55 gallon drum lined with a polyolefin liner and fitted with an
      agitator, is charged 10 kilos of Ba(NO.sub.3).sub.2 crystals, reagent
      grade, having the following minimum standard analysis:
TBL  Assay (Ba(NO.sub.3).sub.2)                                                
                            99.0%                                              
     Insoluble Matter       0.010%                                             
     pH of 5% Solution at 25%C                                                 
                            5.0-7.0                                            
     Chloride (Cl)          0.0005%                                            
     Substances not Precipitated                                               
      by H.sub.2 SO.sub.4   0.050%                                             
     Calcium (Ca)           0.050%                                             
     Heavy Metals (as Pb)   0.0005%                                            
     Iron (Fe)              0.0002%                                            
     Strontium (Sr)         0.050%                                             
PAL  Sufficient distilled water is added to the crystals to give a volume of 110
      liters (29.1 gals.) of solution, and the contents of the drum are mixed
      until the crystals are in solution. The solution is filtered into another
      polyolefin lined drum to remove any insoluble material. To this filtered
      barium nitrate solution is gradually added 12.2 liters of reagent
      concentrated nitric acid (about 70% HNO.sub.3), while stirring. It is
      preferred to keep the solution relatively cool and it is desirable to
      maintain a temperature at about room temperature or below, where a high
      reduction factor for strontium impurity is desired in a single
      crystallization step. Where strontium impurity is about 200 ppm or less,
      room temperature crystallization suffices. A mass of crystals precipitates
      from the solution, leaving a clear acidic mother liquor.
PAR  The mother liquor is decanted and the crystals placed in a Buchner funnel
      in which additional liquid is separated from the crystals. These crystals
      are then dissolved in about 55 liters of distilled water while the mixture
      is heated to about 80.degree.C to facilitate dissolution of the crystals.
PAR  Prepare a solution of 8.6 kilos of (NH.sub.4).sub.2 CO.sub.3 in about 50
      liters of distilled water, filter and heat to about 60.degree.C in a
      suitable container. Add the heated barium nitrate solution to the ammonium
      carbonate solution, stirring constantly under adequate ventillation.
      Thereafter add sufficient NH.sub.4 OH to bring the pH in the range from
      about 8.5 to about 9.0, and separate precipitated barium carbonate from
      the mother liquor. The BaCO.sub.3 precipitate is repeatedly washed until
      the wash water from the crystals is free of nitrate or nitrite ion as
      indicated by an absence of blue coloration in an acidified sample of wash
      water in the presence of diphenylamine. The washed BaCO.sub.3 is slurried
      in hot water and reacted with reagent grade HF to form BaF.sub.2 crystals
      which are separated from the supernatant liquid. The crystals are washed
      with water containing a small amount less than about 10% by weight of
      ammonium fluoride, and preferably from about 1 to about 5% by weight of
      ammonium fluoride in water. The wash solution tests slightly acidic, the
      pH being in the range from about 3 to about 5. The crystals are sucked dry
      in a Buchner funnel, placed in a tray and dried at about 150.degree.C in a
      conventional convection oven. The dried crystals are then calcined with
      about 10% by weight NH.sub.4 F under nitrogen for about twelve hours
      during which the temperature of the crystals is gradually increased to
      about 900.degree.C. The calcined crystals are permitted to cool. The
      crystals contain less than 10 ppm strontium impurity, and less than 10 ppm
      Ca impurity.
PAC  EXAMPLE 2
PAR  An analogous procedure to that described in Example 1 hereinabove, is
      followed, except that the starting material is barium carbonate having
      about 5000 ppm of strontium and an approximately like amount of calcium. A
      stoichiometric amount of 70% HNO.sub.3 acid is added to an aqueous slurry
      of BaCO.sub.3 so as to obtain a solution of Ba(NO.sub.3).sub.2 in water.
      The solution is filtered and additional nitric acid is added to yield a
      solution containing from about 10% to about 15% HNO.sub.3 so that
      Ba(NO.sub.3).sub.2 crystals are precipitated from the solution. The
      supernatent liquid, contains most of the strontium and calcium impurities
      present, and is discarded. The Ba(NO.sub.3).sub.2 crystals obtained are
      dissolved in distilled water and reagent grade conc. HNO.sub.3 is added to
      the solution, so that Ba(NO.sub.3).sub.2 crystals are again precipitated
      from solution. The crystals obtained contain less than 10 ppm of either
      strontium or calcium. The supernatant liquid from the second
      crystallization contains a relatively low concentration of strontium and
      calcium and may be reused to convert additional BaCO.sub.3 to
      Ba(NO.sub.3).sub.2, thus effecting an economy of acid.
PAR  The essentially pure barium fluoride crystals, containing less than 10 ppm
      of calcium or strontium, obtained in Examples 1 and 2 hereinabove are used
      separately to melt-grow ingots of BaF.sub.2 in conventional Stockbarger
      growth furnaces. The ingots obtained are cut into numerous smaller
      portions by cleaving or by sawing, and no shattering of an ingot, or a
      portion thereof, was recorded. Prior experience with ingots having greater
      than about 10 ppm strontium or calcium shattered unpredictably. There
      appears to be no readily recognizable correlation between the
      concentration of strontium or calcium above the 10 ppm level, and, either
      the risk of shattering or the explosive force with which an ingot may
      shatter. It is concluded that maintaining a concentration of strontium and
      calcium impurities below about 10 ppm each is the critical difference
      between relatively large ingots which unexpectedly shatter and those which
      predictably do not. As mentioned hereinbefore, ingots smaller than about 5
      cms. in diameter are not affected as dramatically by impurities of Ca or
      Sr in excess of 10 ppm.
PAC  EXAMPLE 3
PAR  The procedure set forth in Example 1 hereinabove is used to obtain
      BaF.sub.2 crystals. A first portion of the BaF.sub.2 crystals are washed
      with an aqueous ammonium fluoride solution. An equivalent second portion
      of BaF.sub.2 crystals are washed with distilled water. Each portion is
      then dried at 150.degree.C in a convection oven.
PAR  One liter of the dried crystals of the second portion washed in distilled
      water is calcined conventionally the maximum temperature attained being
      about 900.degree.C.
PAR  One liter of the dried crystals of the first portion washed with an aqueous
      ammonium fluoride solution is calcined in the same way as the second
      portion, except that these crystals have interspersed therewithin about 10
      percent by weight of finely divided ammonium fluoride crystals, which for
      the most part, occupy voids within the crystalline mass of BaF.sub.2
      crystals. As in the conventional calcination, the maximum temperature
      attained is about 900.degree.C.
PAR  It is observed that the volume of the calcined first portion is reduced to
      about 0.5 liter. The volume of the conventionally calcined second portion
      is reduced to 0.75 liter.
PAR  In a manner analogous to that described hereinabove, it is found that
      precipitated CaF.sub.2 crystals calcined in the presence of about 10
      percent ammonium fluoride interspersed within the mass of crystals are
      about 50% denser than conventionally calcined precipitated CaF.sub.2
      crystals, i.e., the bulk density is about 50% greater than conventionally
      calcined crystals.
PAR  Modifications, changes and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principles and precepts
      thereof. Accordingly, the scope of the patent to be issued hereon should
      not be limited to the particular embodiments of the invention set forth
      herein, but rather should be limited by the advance by which the invention
      has promoted the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wet process for preparing essentially pure barium nitrate from
      relatively pure barium nitrate having a salt of calcium or strontium
      element present as an impurity, said relatively pure barium nitrate being
      at least 99.5 per cent pure, comprising, forming an aqueous solution of
      said relatively pure barium nitrate, adding concentrated nitric acid to
      said aqueous solution to yield an acid solution having an acid
      concentration in the range from about 10 to about 15 percent HNO.sub.3 by
      weight, maintaining said acid solution at a sufficiently low temperature
      at about room temperature or below, and recovering said essentially pure
      barium nitrate in which either calcium or strontium element is
      coprecipitated as a salt in a concentration smaller than the concentration
      of either calcium or strontium element present in the mother liquor
      separated from said essentially pure crystals, by a reduction factor in
      the range from about 5 to about 500.
NUM  2.
PAR  2. A wet process for preparing essentially pure barium nitrate from a
      relatively pure barium salt convertible to relatively pure barium nitrate
      having a salt of calcium or strontium elment present as an impurity, said
      relatively pure barium nitrate being at least 99.5 per cent pure,
      comprising, forming an aqueous solution of said relatively pure barium
      nitrate, adding concentrated nitric acid to said aqueous solution to yield
      an acid solution having an acid concentration in the range from about 10
      to about 15 percent HNO.sub.3 by weight, maintaining said acid solution at
      a sufficiently low temperature at about room temperature or below, and
      recovering said essentially pure barium nitrate in which either calcium or
      strontium element is coprecipitated as a salt in a concentration smaller
      than the concentration of either calcium or strontium element present in
      the mother liquor separated from said essentially pure crystals, by a
      reduction factor in the range from about 5 to about 500.
NUM  3.
PAR  3. The process of claim 1 wherein said relatively pure barium nitrate
      contains less than about 500 parts calcium and less than about 500 parts
      strontium, present as a salt, per million parts by weight based on total
      solids.
NUM  4.
PAR  4. The process of claim 2 wherein said relatively pure barium salt contains
      less than about 500 parts calcium and less than about 500 parts strontium,
      present as a salt, per million parts by weight based on total solids.
NUM  5.
PAR  5. The process of claim 2 wherein the element coprecipitated is strontium
      and said reduction factor for strontium is in the range from about 5 to
      about 50.
NUM  6.
PAR  6. The process of claim 1 wherein the element coprecipitated is strontium
      and said reduction factor for strontium is in the range from about 5 to
      about 50.
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ABST
PAL  This invention relates to the catalytic oxidation of ammonia. The catalytic
      compounds are complex catalysts with limited porosities, with specific
      surface areas between 0.02 and 2 m2/g, containing an active material
      bonded by ceramic-type bonds to the elements of a refractory carrier made
      of refractory oxides such as magnesia, zirconia, silica.
PAL  Such compounds are suitable for the oxidation of ammonia over fixed beds or
      fluidized beds.
PARN
PAR  This is a continuation, of application Ser. No. 112,879, filed Feb. 5, 1971
     .
BSUM
PAR  This invention relates to the catalytic oxidation of ammonia to nitrogen
      oxides, notably nitrogen monoxide, for the production of nitric acid. The
      nitric acid industry habitually uses a catalyst made of pure platinum, or
      of mixtures of pure metals of the platinum group, as gauzes with wire
      thicknesses between a few hundredths and a few tenths of a millimeter.
PAR  It is well known that in the low-temperature range, selectivity must
      intervene to favor the formation of NO and NO.sub.2 rather than N.sub.2,
      while in the high-temperature range, selectivity must intervene to favor
      the formation of NO rather than N.sub.2 O and N.sub.2.
PAR  When using the known catalytic technique, the difficulty is to vary the
      selectivity, owing to the use of a catalyst with a very low thickness
      (thickness of the gauzes). For instance, with a reactor of 3 m diameter
      working at low pressure, the total thickness of the gauzes varies between
      a fraction of a millimeter and a few millimeters.
PAR  Besides, metal gauzes catalysts start losing their activity in a
      comparatively short time. The replacement, repair and regeneration of
      conventional catalyst involve costly down-time.
PAR  It has also been suggested that a catalytic metal or alloy of metals of the
      platinum group be deposited as a thin, continuous or quasi-continuous
      layer upon the surface of the flow ducts and the surface macropores of a
      porous and inert refractory structure.
PAR  Depositing a thin layer does not avoid the disadvantages due to lack of
      selectivity.
PAR  On the other hand, the dispersion and the structure of the active material,
      the nature of the carrier and its intimate bonding with the said active
      material, the promotors and the porosity have been found to be important
      factors for catalysis. Such factors cannot be varied, nor introduced
      simultaneously into a metal or a catalytic metal alloy.
PAR  According to this invention, selective catalytic compounds have been
      discovered which are thermally, mechanically and structurally stable, and
      which have high hardness and resist attrition.
PAR  The novel catalytic compounds have such thermal stability that their use at
      high temperatures (800.degree.-1000.degree.C) is possible without change
      of structure or loss of mechanical strength.
PAR  At low temperatures (500.degree.-300.degree.C), the catalytic compounds
      show high hardness and resist attrition, which allows their preferential
      use in fluidized beds with outstanding results.
PAR  The novel catalytic compounds according to the invention have a special
      structure of the crystals' unit cells which contains a great number of
      oxygen atoms, thus giving them special properties as catalysts.
PAR  On the other hand, the catalytic compounds according to the invention also
      have the advantage of making it possible to treat much larger flow rates
      of ammonia, with the same amount of active material, than with
      conventional platinum gauzes. The flow rates can be about 12 times larger
      than the usual ones. Moreover, the temperatures of treatment is about
      100.degree.C lower than with platinum gauzes.
PAR  The novel catalytic compounds make it possible to use very high volume
      rates, notably with stationary beds, while effecting the oxidation
      reaction within a very wide range of pressures, with satisfactory yields
      at high pressures.
PAR  The catalytic compounds of the invention are complex catalysts with limited
      porosities and specific surface areas between 0.02 and 2 m.sup.2 /g
      containing an active material bonded by ceramic-type bonds to the elements
      of a refractory carrier made of refractory oxides, such as magnesia,
      silica and zirconia.
PAR  According to one embodiment of the invention, the active material of the
      said complex catalysts is a metal of the platinum group, in amounts
      between 0.1 and 10 %, preferably between 0.5 % and 4 %.
PAR  According to a favorable variation of the invention, the metal of the
      platinum group is associated with metal oxides or promoters such as the
      oxides of iron, nickel, cobalt, titanium, vanadium, bismuth and
      molybdenum.
PAR  It has been found that the use as promoters of metal oxides, notably of
      magnetite Fe.sub.3 O.sub.4, of vanadium pentoxide V.sub.2 O.sub.5, of
      cobalt oxide CoO, of nickel oxide NiO, bismuth oxide and hematite Fe.sub.2
      O.sub.3 gives a special structure of the unit cell which contains a great
      number of oxygen atoms, and presumably has a favorable catalytic effect on
      the oxidation reaction.
PAR  The catalytic compounds in which the active material, in small amounts, is
      very intimately combined with the remainder of the carrier, mainly by
      ceramic-type bonds, may contain no platinum or metals of the platinum
      group. In such compounds the active material is made of one or several
      metal oxides known as promotes bonded by ceramic bonds to the refractory
      carrier.
PAR  According to the invention, such promoters, introduced separately or
      simultaneously and possibly alloyed to the metal of the platinum group,
      have the following contents in the compounds:
PA1  The content of Fe.sub.3 O.sub.4 is 0.5 % to 20 %, preferably 2 %.
PA1  The content of Fe.sub.2 O.sub.3 is 9 % to 80 %, preferably 9 to 65 %.
PA1  The content of V.sub.2 O.sub.5 is 0.5 % to 10 %, preferably 0.9 %.
PA1  The content of NiO is 4 % to 20 %, preferably 8 %.
PA1  The content of CoO is 4 % to 20 %, preferably 12 %.
PA1  The content of bismuth oxide is 4 %, to 20 %, preferably about 12 %.
PA1  The content of molybdenum oxide is 4 % to 20 %, preferably about 16 %.
PAR  The refractory oxides, introduced separately or simultaneously, have the
      following contents in the compounds:
PA1  Magnesia MgO: 10 % to 60 %, preferably 40 % to 50 %.
PA1  Silica SiO.sub.2 : 0.2 % to 10 %, preferably about 8 %.
PA1  Zirconia ZrO.sub.2 : 5 % to 50 %, preferably about 30 %.
PAR  complex catalysts with limited porosities according to the invention are
      prepared by sintering at high temperatures (1300.degree.C or higher), thus
      forming solid solutions.
PAR  Prior to sintering, the components of the catalysts are uniformly mixed,
      then compressed at pressures in the 1,000-10,000 bar range.
PAR  Due to this special method of preparation, the various components of the
      compound are combined into solid solutions.
PAR  The catalytic compounds of the invention are notably suitable for the
      oxidation of ammonia on stationary beds. The results are especially
      satisfactory when a mixture of ammonia and air containing 5 to 14 %
      ammonia by volume is led, with very high volume rates (between 10,000 and
      500,000 Nl/h per liter catalyst), under absolute pressure between 1 and 60
      bars, with an initial temperature around 150.degree.C, over a compound
      such as described above.
PAR  According to a variation of the method, the air in the mixture is enriched
      with oxygen.
PAR  The use of the said catalytic compounds in stationary beds makes it
      possible to use tubes with small diameters instead of the conventional
      reactors.
PAR  The mechanical strength and high hardness of the catalytic compounds make
      them especially valuable for the catalytic oxidation of ammonia on
      stationary beds.
PAR  The fluidized-bed method is carried out under pressures which can reach 60
      bars. The reaction mixture is introduced into a compound according to the
      invention under the shape of particles with sizes between 60 and 250 .mu.,
      at temperatures between 500.degree.C and 800.degree.C, the volume rate on
      the fluidized bed being 3,500 to 20,000 Nl/h per liter catalyst. The
      amount of ammonia in the mixture is 5 to 14 % by volume. The air may be
      oxygen-enriched.
DETD
PAR  The following illustrative examples do not limit the scope of the
      invention.
PAC  EXAMPLE 1
PAR  A catalyst is prepared by intimately mixing the components, compressing the
      mixture to about 1,000 bars, then sintering at high temperature, between
      1300.degree.C and 1400.degree.C, so as to get the following formulation by
      weight:
TBL  Compound A :                                                              
                 NiO      8.5 %      ZrO.sub.2                                 
                                            31.7 %                             
                 MgO      49.5 %     V.sub.2 O.sub.5                           
                                            0.9 %                              
                  SiO.sub.2                                                    
                          8.6 %      Pt     0.7 %                              
PAR  The specific surface area is 0.30 m.sup.2 /g.
PAR  Catalyst A is charged into a tubular reactor with a heat exchanger allowing
      control of the temperature of the catalytic bed.
PAR  The NH.sub.3 + air mixture is preheated to 150.degree.C. At the outlet, the
      gases are converted to HNO.sub.3, and the results are expressed as
      converted ammonia.
PAR  The results of this test on a stationary bed are shown on Table I
      hereafter.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                           Temperature of gas mixture                          
     No.                                                                       
        VvH  NH.sub.3 /Pt                                                      
                  % NH.sub.3                                                   
                        P  IT  HT  OT   Yield                                  
                  by volume                                                    
                        bars                                                   
                           .degree.C                                           
                               .degree.C                                       
                                   .degree.C                                   
                                        %                                      
     __________________________________________________________________________
     1  100,000                                                                
              780 9.6   1  150 820 875  92                                     
     2  150,000                                                                
             1,170                                                             
                  9.6   1  150 820 875  94                                     
     3  200,000                                                                
             1,560                                                             
                  9.6   1  150 800 850  96                                     
     4  250,000                                                                
             1,950                                                             
                  9.6   1  150 800 850  94                                     
     5  400,000                                                                
             3,120                                                             
                  9.6   1  150 800 850  92                                     
     6  500,000                                                                
             3,980                                                             
                  9.6   1  150 800 850  88                                     
     7  200,000                                                                
             1,560                                                             
                  9.6   1  150 700 750  96                                     
     __________________________________________________________________________
      No = N.degree. test                                                      
      P = pressure                                                             
      IT = inlet temperature                                                   
      HT = halfway temperature                                                 
      OT = outlet temperature.                                                 
PAR  The NH.sub.3 /Pt ratio expresses the kg/h ammonia introduced per kg
      platinum in the catalyst.
PAR  VvH expresses volumetric speed = ratio of flow gaseous mixture NH.sub.3 +
      air
PAR  NlH to volume of catalyst expressed in liter.
PAR  The yield is the percent ammonia converted to nitric acid.
PAR  As a comparative test, Table II hereafter shows the results obtained under
      the best practical conditions on platinum gauzes.
TBL                                    TABLE II                                
     __________________________________________________________________________
                   Temperature of gas mixture                                  
                                Temperature                                    
     NH.sub.3 /Pt                                                              
          % NH.sub.3 by                                                        
                P  Inlet   Outlet                                              
                                of platinum                                    
          volume                                                               
                bars                                                           
                   .degree.C                                                   
                           .degree.C                                           
                                gauzes .degree.C                               
                                       Yield %                                 
     __________________________________________________________________________
     133  9.6   1  130     790  840    96                                      
     __________________________________________________________________________
PAR  A parallel between test n.degree. 7 on Table I and the test on Table II
      shows that catalytic compound A according to the invention makes it
      possible to treat, with the same amount of platinum, a flow rate 1,560/133
      = 11.7 times higher than with conventional platinum screen gauzes.
PAR  On the other hand, the temperature is lower by about 100.degree.C with the
      catalyst according to the invention than with conventional platinum
      gauzes.
PAC  EXAMPLE 2
PAR  A catalyst without platinum or metals of the platinum group is prepared by
      mixing and shaping the components, then by sintering at 1300.degree.C or
      higher, so as to obtain the following formulation:
     Compound B :                                                              
                    NiO         7.9 %                                          
                    V.sub.2 O.sub.5                                            
                                1.0 %                                          
                    MgO         45.0 %                                         
                    ZrO.sub.2   29.2 %                                         
                    SiO.sub.2   8.0 %                                          
                    Fe.sub.3 O.sub.4                                           
                                7.9 %                                          
PAL  Compound B is tested in the same reactor as in Ex. 1. The results of this
      stationary bed test are summarized on Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                      Temperature of gas mixture                               
     No.                                                                       
        vol/vol/h                                                              
             % NH.sub.3 by                                                     
                   P  IT  HT  OT   Yield                                       
             volume                                                            
                   bars                                                        
                      .degree.C                                                
                          .degree.C                                            
                              .degree.C                                        
                                   %                                           
     __________________________________________________________________________
     1   50,000                                                                
             0.6   1  150 800 850  84                                          
     2  100,000                                                                
             9.6   1  150 800 850  84                                          
     3  150,000                                                                
             9.6   1  150 800 850  80                                          
     4  200,000                                                                
             9.6   1  150 800 850  70                                          
     5   10,000                                                                
             9.6   1  150 800 850  94                                          
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Catalytic compound C is prepared under the same conditions as in Ex. 1 and
      Ex. 2.
TBL  ______________________________________                                    
     Compound C :                                                              
                    CoO          12 %                                          
                    V.sub.2 O.sub.5                                            
                                 1.0 %                                         
                    MgO          42.1 %                                        
                    ZrO.sub.2    29 %                                          
                    SiO.sub.2    8 %                                           
                    Fe.sub.3 O.sub.4                                           
                                 7.9 %                                         
     ______________________________________                                    
PAR  Compound C is tested in the same way as in Ex. 1.
PAR  Table IV hereafter summarizes the conditions and results of the test.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                      Temperature of gas mixture                               
     No.                                                                       
        VvH  % NH.sub.3 by                                                     
                   P  IT  HT  OT   Yield                                       
             volume                                                            
                   bars                                                        
                      .degree.C                                                
                          .degree.C                                            
                              .degree.C                                        
                                   %                                           
     __________________________________________________________________________
     1   50,000                                                                
             9.6   1  150 750 800  86                                          
     2  100,000                                                                
             9.6   1  150 750 800  86                                          
     3  150,000                                                                
             9.6   1  150 750 800  84                                          
     4  200,000                                                                
             9.6   1  150 750 800  72                                          
     5   10,000                                                                
             9.6   1  150 750 800  94                                          
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  This example is given as a comparative test.
PAR  The catalyst is prepared differently from Ex. 1.
PAR  Alumina is impregnated with a solution of tetrachloroplatinic acid in such
      a way that after treatment at 900.degree.C, there remains 2 % platinum
      deposited on the carrier. The specific surface area of the catalyst is
      86.5 m2/g; the average diameter of the pores is 92 A.
PAR  Catalyst D of this example is tested under the same conditions as in Ex. 1.
      The results are shown on Table V hereafter.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                      Temperature of gas mixture                               
     No.                                                                       
        % NH.sub.3 by                                                          
             VvH   P  IT  HT  OT   Yield                                       
        volume     bars                                                        
                      .degree.C                                                
                          .degree.C                                            
                              .degree.C                                        
                                   %                                           
     __________________________________________________________________________
     1  9.6  100,000                                                           
                   1  150 820 832  34                                          
     2  9.6  150,000                                                           
                   1  150 835 845  32                                          
     3  9.6  200,000                                                           
                   1  150 800 821  28                                          
     4  9.6  250,000                                                           
                   1  150 830 835  24                                          
     5  9.6  300,000                                                           
                   1  150 910 900  28                                          
     6  9.6  300,000                                                           
                   1  150 875 856  24                                          
     __________________________________________________________________________
PAR  A parallel with the results of the tests in Ex. 1 shows the comparatively
      low yields obtained in this test.
PAR  The high platinum content of catalyst D (2 % instead of 0.7 % for catalytic
      compound A) clearly shows that platinum is not the only active element in
      the catalysis of the oxidation reaction of ammonia.
PAC  EXAMPLE 5
PAR  Into a fluid-bed reactor is introduced catalytic compound A of Ex. 1,
      previously screened to the proper particle size to allow fluidization at
      the flow rate of the NH.sub.3 + air gas mixture. The reactor includes a
      heat exchanger for evacuating the calories from the reaction.
PAR  The results of the test are shown on Table VI hereafter.
TBL                TABLE VI                                                    
     ______________________________________                                    
                                   Temperature of                              
     No.   VvH      % NH.sub.3 by                                              
                              P    fluidized bed,                              
                                             Yield                             
                    volume    bars .degree.C %                                 
     ______________________________________                                    
     1      3,500   9.6       1    750       71                                
     2      5,000   9.6       1    750       73                                
     3      7,450   9.6       1    750       82                                
     4     10,000   9.6       1    750       92                                
     5     12,000   9.6       1    750       95                                
     6     17,000   9.6       1    750       96                                
     7     20,000   9.6       1    750       96                                
     ______________________________________                                    
PAR  FIG. 1 of the appended drawing shows the yield of ammonia vs. the volume
      rate (vol/vol/h). The volume rates (abscissae) are in Nl/h, the yields
      (ordinates) in %.
PAR  It should be noticed that the yields reach highly desirable values from
      volume rates of 10,000 Nl/h upwards.
PAC  EXAMPLE 6
PAR  Comparative tests on fluidized beds with catalytic compound A according to
      the invention and with catalyst D of Ex. 4. The tests were conducted in
      the fluidizing reactor of Ex. 5, the volume rate being 15,000 Nl/h in all
      tests, the NH.sub.3 volume percentage being 9.6 in every case and the
      pressure in the reactor 1 bar.
PAR  The comparative yield (% of NH.sub.3 converted) according to the
      temperature of the fluidized bed are shown on Table VII hereafter, and on
      curves A and D of FIG. 2 of the appended drawing; the yields (ordinates)
      are in % NH.sub.3 and the temperatures (abscissae) in .degree.C.
TBL                TABLE VII                                                   
     ______________________________________                                    
     Compound A         Compound D                                             
     No.  Temperature of                                                       
                        Yield   Temperature Yield                              
          fluidized bed .degree.C                                              
                        %       fluidized bed .degree.C                        
                                            %                                  
     ______________________________________                                    
     I    525           75      528         43                                 
     2    565           85      560         48                                 
     3    630           87      610         54                                 
     4    670           93      640         50                                 
     5    780           94      700         55                                 
     ______________________________________                                    
PAR  The parallel clearly shows the superiority of compound A according to the
      invention over a catalyst with high platinum content deposited as a
      continuous layer on an inert carrier, in the case of a fluidized bed.
PAC  EXAMPLE 7
PAR  In this example, the behavior of the catalyst in a stationary bed is
      investigated under various pressures, the yields being expressed as %
      NH.sub.3 converted.
PAR  In the following series of tests, the results of which are shown on Table
      VIII, the volume % NH.sub.3 is 9.6, the volume rate is 200,000 Nl/h, and
      the temperature is controlled in the same way, the outlet temperature
      being 875.degree.C.
TBL                TABLE VIII                                                  
     ______________________________________                                    
     Pressure             Yield                                                
     bars                 %                                                    
     ______________________________________                                    
      1                   96                                                   
     10                   95                                                   
     25                   95                                                   
     40                   88                                                   
     ______________________________________                                    
PAR  Curve 3 on FIG. 3 of the appended drawing shows the effect of pressure on
      yield. The pressures (abscissae) are in bars and the yields (ordinates)
      are expressed as % NH.sub.3 converted.
PAR  The outstanding behavior of the catalyst should be noted. This type of
      catalyst is very valuable, as it allows the use of a stationary bed of
      catalyst along a tube with a small diameter which can withstand high
      pressures.
PAC  EXAMPLE 8
PAR  In this example, the tests are made on the fluidized bed of Ex. 5 under
      various pressures with catalytic compound A.
PAR  The conditions are as follows:
PAR  % NH.sub.3 by volume: 9.6
PAR  vol/vol/h = 20,000 Nl/h.
PAR  Temperature of fluidized bed: 750.degree.C
PAR  The results are summarized on table IX hereafter:
TBL                TABLE IX                                                    
     ______________________________________                                    
     Pressure bars         Yield %                                             
     ______________________________________                                    
      1                     96                                                 
     20                     95                                                 
     35                     93                                                 
     48                     91                                                 
     60                     98                                                 
     ______________________________________                                    
PAR  The outstanding behavior of the catalyst should be noticed. The yields (as
      % NH.sub.3 converted) are quite attractive, even under high pressures.
PAR  These results are shown on curve 3, FIG. 4 of the appended drawing, on
      which the yields are the ordinates and the pressures are the abscissae.
PAC  EXAMPLE 9
PAR  Catalytic compound E is prepared under the same conditions as in Example 1
      and Example 2.
TBL  ______________________________________                                    
     Compound E:                                                               
                  Bi.sub.2 O.sub.3                                             
                             10 %                                              
                  V.sub.2 O.sub.5                                              
                             1 %                                               
                  MgO        42.1 %                                            
                  ZrO.sub.2  29 %                                              
                  SiO.sub.2  8 %                                               
                  Fe.sub.3 O.sub.4                                             
                             9.9 %                                             
     ______________________________________                                    
PAR  Compound E is tested in the same way as in Example 1.
PAR  Table X hereafter summarizes the conditions and results of the test.
TBL                                    TABLE X                                 
     __________________________________________________________________________
                      Temperature of gas mixture                               
     No.                                                                       
        VvH  % NH.sub.3 by                                                     
                   P  IT  HT  OT   Yield                                       
             volume                                                            
                   bars                                                        
                      .degree.C                                                
                          .degree.C                                            
                              .degree.C                                        
                                   %                                           
     __________________________________________________________________________
     1   50,000                                                                
             9.6   1  150 750 800  96                                          
     2  100,000                                                                
             9.6   1  150 750 800  94                                          
     3  150,000                                                                
             9.6   1  150 750 800  94                                          
     4  200,000                                                                
             9.6   1  150 750 800  90                                          
     5   10,000                                                                
             9.6   1  150 750 800  90                                          
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a method for the catalytic oxidation of ammonia comprising passing a
      mixture of ammonia and air over a catalyst under ammonia oxidation
      conditions, the improvement wherein said catalyst comprises:
PA1  a composition of limited porosity, with a specific surface area between
      0.02 and 2m.sup.2 /g, wherein said composition consists essentially of
      0.1-10% of an active material selected from the group consisting of the
      metals of the platinum group, and a refractory oxide carrier comprising,
      in the composition, 10-60% magnesia, 0.2 to 10% silica and 5-50% zirconia,
      all combined by mixing said active material and said carrier in powdered
      form, compressing at 1,000-10,000 bars pressure and sintering at
      1300.degree. C. or higher.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said conditions comprise a
      flow rate of ammonia and air between 10,000 and 500,000 Nl/h. per liter
      catalyst under pressures lying between 1 bar and 60 bars, with an inlet
      temperature around 150.degree.C.
NUM  3.
PAR  3. A method for the catalytic oxidation of ammonia acording to claim 1 in
      which the mixture of ammonia and air contains 5 to 14% ammonia by volume.
NUM  4.
PAR  4. A method for the catalytic oxidation of ammonia according to claim 1, in
      which the mixture is ammonia and air enriched with oxygen.
NUM  5.
PAR  5. A method according to claim 1, wherein the content of metal of the
      platinum group is from 0.5 to 4%.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein said refractory material
      comprises 40-50% magnesia, about 8% silica, and about 30% zirconia.
NUM  7.
PAR  7. In a method for the catalytic oxidation of ammonia comprising passing a
      mixture of ammonia and air over a catalyst under ammonia oxidation
      conditions, the improvement wherein said catalyst comprises:
PA1  a composition of limited porosity, with a specific surface area between
      0.02 and 2m.sup.2 /g, wherein said composition consists essentially of
      0.1-10% of an active material selected from the group consisting of the
      metals of the platinum group, a refractory oxide carrier comprising, in
      the composition, 10-60% magnesia, 0.2 to 10% silica and 5-50% zirconia,
      and at least one metal oxide of the group consisting of oxides of iron,
      nickel, cobalt, titanium, vanadium, bismuth and molybdenum, all combined
      by mixing said active material, said refractory oxide carrier and said
      metal oxide in powdered form, compressing at 1,000-10,000 bars pressure
      and sintering at 1,300.degree.C or higher.
NUM  8.
PAR  8. A method in accordance with claim 7 wherein said refractory material
      comprises 40-50% magnesia, about 8% silica, and about 30% zirconia.
NUM  9.
PAR  9. A method according to claim 8, wherein the said at least one metal oxide
      is selected from the group consisting of oxides of iron present in an
      amount of 0.5 to 20% for Fe.sub.3 O.sub.4, and 9 to 80% for Fe.sub.2
      O.sub.3, of nickel present in an amount of 4 to 20% for NiO, of bismuth
      present in an amount of 4 to 20%, of molybdenbum present in the amount of
      4 to 20%, of cobalt present in the amount of 4 to 20% for CoO, and of
      vanadium present in the amount of 0.5 to 10% for V.sub.2 O.sub.5.
NUM  10.
PAR  10. A method in accordance with claim 8 wherein said refractory material
      comprises 40-50% magnesia, about 8% silica, and about 30% zirconia.
NUM  11.
PAR  11. In a method for the catalytic oxidation of ammonia in a fluidized bed
      comprising introducing a mixture of ammonia and air into a fluidized bed
      of catalyst under ammonia oxidation conditions, the improvement wherein
      said catalyst comprises:
PA1  a composition of limited porosity, with a specific surface area between
      0.02 and 2m.sup.2 /g, wherein said composition consists essentially of
      0.1-10% of an active material selected from the group consisting of the
      metals of the platinum group, and a refractory oxide carrier comprising in
      the composition, 10-60% magnesia, 0.2 to 10% silica and 5-50% zirconia,
      all combined by mixing said active material and said carrier in powdered
      form, compressing at 1,000-10,000 bars pressure and sintering at
      1,300.degree.C. or higher.
NUM  12.
PAR  12. A method in accordance with claim 11, wherein said conditions comprise
      a flow rate of ammonia and air between 3,500 and 20,000 Nl/h per liter
      catalyst, under pressure lying between 1 and 60 bars and at temperatures
      between 500.degree. and 800.degree. C.
NUM  13.
PAR  13. A method in accordance with claim 11, wherein the mixture of ammonia
      and air contains 5-14% ammonia by volume.
NUM  14.
PAR  14. A method in accordance with claim 12, wherein the mixture of ammonia
      and air is enriched with oxygen.
NUM  15.
PAR  15. A method in accordance with claim 11, wherein the content of metal of
      the platinum group is from 0.5 to 4%.
NUM  16.
PAR  16. A method in accordance with claim 11, wherein said refractory material
      comprises 10-60% magnesia, 0.2-10% silica and 5-50% zirconia.
NUM  17.
PAR  17. A method in accordance with claim 11, wherein said refractory material
      comprises 40-50% magnesia, about 8% silica and about 30% zirconia.
NUM  18.
PAR  18. A method according to claim 17 wherein the said at least one metal
      oxide is selected from the group consisting of oxides of iron present in
      an amount of 0.5 to 20% for Fe.sub.3 O.sub.4 and 9 to 80% for Fe.sub.2
      O.sub.3, of nickel present in an amount of 4 to 20% for NiO, of bismuth
      present in an amount of 4-20%, of molybdenum present in the amount of
      4-20%, of cobalt present in the amount of 4 to 20% for CoO, and of
      vanadium present in the amount of 0.5 to 10% for V.sub.2 O.sub.5.
NUM  19.
PAR  19. In a method for the catalytic oxidation of ammonia in a fluidized bed
      comprising introducing a mixture of ammonia and air into a fluidized bed
      of catalyst under ammonia oxidation conditions, the improvement wherein
      said catalyst comprises:
PA1  a composition of limited porosity, with a specific surface area sintering
      0.02 and 2m.sup.2 /g, wherein said composition consists essentially of
      0.1-10% of an active material selected from the group consisting of the
      metals of the platinum group, a refractory oxide carrier comprising, in
      the composition, 10-60% magnesia, 0.2 to 10% silica and 5-50% zirconia,
      and at least one metal oxide of the group consisting of oxides of iron,
      nickel, cobalt, titanium, vanadium, bismuth and molybdenum, all combined
      by mixing said active material, said refractory oxide carrier and said
      metal oxide in powdered form, compressing at 1,000-10,000 bars pressure
      and sntering at 1,300.degree.C or higher.
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ABST
PAL  A process suitable for recovering refractory metal carbide values from
      contaminated uncemented refractory metal carbides containing an iron group
      metal comprises heating an admixture of the powders of the contaminated
      refractory metal carbides and glacial acetic acid to the boiling point of
      the admixture for at least about 30 minutes, the weight of the powders
      divided by the weight of the acid is less than 5, thereafter removing the
      resulting carbide solids from the acid and washing the solids with
      sufficient water to remove the residual acid and drying the solids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the recovery of refractory metal carbides from
      contaminated uncemented refractory metal carbide powders. More
      particularly, it relates to a simple process wherein the refractory metal
      carbides are recovered as carbides.
PAR  2. Prior Art
PAR  In the production of cemented refractory metal carbides scrap materials are
      produced. These scrap materials can result from problems in a
      manufacturing step and can be either refractory metals in their cemented
      or uncemented state. For example, the binder is blended with refractory
      metal carbides generally in a ball mill. Too long milling produces a
      material which is too fine for some types of cemented carbides.
      Furthermore, there can be a contamination of the refractory metal carbide
      with iron and nickel. These materials are scrap materials and if no
      recovery of the valuable refractory metal is achieved, the process becomes
      more expensive. Cemented carbides, that is, after the binder is added and
      the material is then sintered, can also be out of specification and scrap
      material is produced. Most processes which heretofore have dealt with the
      reclamation of refractory metal carbides have been directed toward the
      reclamation from the cemented carbide state. It is believed apparent that
      the problems are different with materials in the cemented state and in the
      powdered state. Inherently, the processes used for metal recovery from
      cemented carbides is more difficult and time-consuming. It is believed to
      be more efficient if a simple process can be used to purify the refractory
      metal carbides which are in the uncemented or unsintered state yet are
      contaminated or are in a form which is not desirable for incorporation in
      a manufacturing process. It is believed, therefore, that a process which
      is simple and allows the recovery of refractory metal carbides in the
      carbide state and does not require the refractory metal values to be
      chemically processed and upgraded would be an advancement in the art.
PAC   OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a practical method for
      recovering refractory metal carbide values from powdered refractory metal
      carbides which are contaminated with iron group metals.
PAR  It is a further object of this invention to recover refractory metal
      carbides from refractory metal carbide powders which are scrap powders.
PAR  It is an additional object of this invention to provide a simple process
      for recovering refractory metal values from uncemented refractory metal
      carbides.
PAR  These and other objects of this invention are achieved in one aspect of the
      invention by providing a process comprising heating uncemented refractory
      metal carbide powders contaminated with an iron group metal in a boiling
      solution of glacial acetic acid for at least about 30 minutes, the weight
      of the powders divided by the weight of the acid is a numerical value less
      than about 5. Thereafter, the solids are removed from the acid, washed
      with sufficient water to remove the residual acid and dried and are
      satisfactorily purified to enable them to be used as raw materials in a
      refractory metal carbide process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above description of some of the aspects of the invention.
PAR  Acetic acid, a very weak acid, is used in the practice of this invention.
      It has been found that when concentrated acids are used to recover
      refractory metal carbides, that are in a powdered state, that foaming can
      occur and the foam can contain relatively high levels of refractory
      metals. No foaming occurs with glacial acetic acid and since the process
      is conducted at the boiling point of glacial acetic acid (about
      118.degree.C) the process is easy to control. The theoretical amount of
      acetic acid can be used and the benefits of this invention can be
      realized, however generally an excess of acetic acid is used. Thus, the
      weight of the powders divided by the weight of glacial acetiic acid will
      result in a numerical value less than 5. Although the foregoing numerical
      value can be even less than 0.01, the excess of acetic acid is too great
      when economical considerations are taken into account. Preferred values of
      the weight of powders to the weight of glacial acetic acid range from
      about 0.05 to about 0.15. Generally, at least about 1 hour is used to
      assure that essentially all of the trace metals are removed from the
      refractory metal carbide when the foregoing ratios are used. About two
      hours is generally required to remove essentially all of the cobalt from
      the refractory metal carbide. To more fully illustrate the subject
      invention the following detailed example is presented. All parts,
      percentages and proportions are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  About 20 parts of tungsten carbide containing about 9% cobalt and 1.6% iron
      is charged into about 200 parts of glacial acetic acid. The material is
      heated to the boiling point of about 118.degree.C for about 1 hour. The
      solid materials are removed, washed and dried and analyzed and are found
      to contain 1.7% cobalt and 0.08% iron thus indicating that iron is very
      effectively removed and the cobalt content is appreciably lower. The
      material can be milled with sufficient additional cobalt to yield a
      satisfactory material for sintering to the cemented carbide state thereby
      enabling essentially 100% recovery of the tungsten values contained in the
      material.
PAR  Substantially similar results are achieved when other refractory metals are
      present in the cemented carbides. Additionally, carbides which are
      contaminated with nickel can be recovered in the above manner. Increasing
      the time to about 2 hours lowers the cobalt content to a level below about
      1%. Beyond 24 hours no further decrease is detected.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process suitable for recovering refractory metal carbides comprising:
PA1  a. forming an admixture containing uncemented tungsten carbide powder
      contaminated with at least one iron group metal and glacial acetic acid
      wherein the weight of said powders divided by the weight of said acid is a
      numerical value less than about 5;
PA1  b. maintaining said admixture at its boiling point for at least about 30
      minutes;
PA1  c. separating the resulting solids from said acid; and
PA1  d. removing the residual acid from said solids.
NUM  2.
PAR  2. A process according to claim 1 wherein said numerical value is from
      about 0.05 to about 0.15.
NUM  3.
PAR  3. A process according to claim 1 wherein said boiling point is maintained
      for about 1 to 5 hours.
NUM  4.
PAR  4. A process according to claim 3 wherein said carbide is contaminated with
      cobalt.
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ABST
PAL  Alcohol soluble complexes of basic aluminum chlorides may be prepared by
      adding zinc bromide or chloride, or zirconyl bromide or hydroxybromide, or
      zinc or zirconyl mixtures of the above to an aqueous solution of
      five-sixths basic aluminum chloride, and drying the resulting mixture to a
      substantially friable solid. The complexes preferably have an Al/Zn or
      Al/Zr mol ratio of about 3:1 to 20:1, and the complex solids preferably
      contain about 12 to 30 weight percent water by Karl Fischer analysis. Such
      complex solids have a high degree of solubility in anhydrous alcohol and a
      high compatibility with halogenated hydrocarbons, thus making the
      complexes suitable for aerosol formulations and particularly
      antiperspirant compositions.
PARN
PAR  This application is a division of our copending application Ser. No.
      164,434, filed July 20, 1971, entitled "Zinc And Zirconium Complexes Of
      Basic Aluminum Chlorides And Methods Of Making Same."
BSUM
PAR  The present invention relates to zirconium complexes of basic aluminum
      chlorides and methods of making such complexes. More particularly, the
      invention is directed to complexes of five-sixths basic aluminum chlorides
      and zinc chloride and/or bromide, or zirconyl bromide and/or
      hydroxybromide, which complexes are particularly suitable for use in
      antiperspirant compositions.
PAR  It has been known in the art for some time that aluminum compounds are
      among the most useful active ingredients in astringent or antiperspirant
      compositions and other cosmetic products. Of particular interest in this
      regard are the basic aluminum halides.
PAR  One of the best commercially available antiperspirants, namely, aluminum
      chlorhydroxide (sold under the trademark "Chlorhydrol" by Reheis Chemical
      Company, a division of Armour Pharmaceutical Company), has suffered from
      the disadvantage of insolubility in non-aqueous media, such as anhydrous
      alcohol, and requires the addition of water or other water-containing
      solvents to obtain a soluble state. This aqueous form is undesirable due
      to incompatibility with aerosol propellants and other ingredients,
      corrosion of metal valves and containers, and slow drying times.
PAR  It is also known that zinc salts and zirconium salts, such as zirconyl
      chloride (ZrOCl.sub.2 or zirconium oxychloride) are capable of preventing
      or retarding the exudation of perspiration from the skin and have been
      used or suggested for use in antiperspirant compositions. However, the
      usual known zirconium salts are strongly acidic, and thus are generally
      not usable due to irritation of the skin and damage to clothing.
      Furthermore, salts of weak acids are relatively ineffective in inhibiting
      the flow of perspiration.
PAR  A number of solutions have been proposed to the above problems in the form
      of complexes which include zinc or zirconium salts and aluminum
      hydroxyhalides. Examples of such complexes are described in U.S. Pat. Nos.
      2,814,584 and 2,814,585 for "Buffered Antiperspirant Compositions" issued
      to Edwin William Daley, which disclose aqueous solutions of zirconium
      and/or hafnium salts which are buffered with basic aluminum halides or
      nitrates and amino acids to render the solutions safe for antiperspirant
      usage. Another example is U.S. Pat. No. 2,906,668 for "Zirconyl And
      Aluminum Halohydroxy Complex" issued to Stewart M. Beekman, which
      discloses aqueous solution complexes of zirconyl halides with aluminum
      hydroxyhalides and a method for maintaining a high solution pH and
      preventing gelling.
PAR  The complexes produced according to the above patents suffer from the same
      disadvantages as Chlorhydrol; that is, being in aqueous solutions. Thus,
      in order to be commercially acceptable for use in present day aerosol
      antiperspirant compositions, it is generally considered to be necessary
      that the astringent compositions meet the following requirements:
PA1  1. The composition should contain a minimal amount of water so as to avoid
      corrosion of metal valves and containers for the product, and thereby
      eliminate product contamination resulting from the corrosion;
PA1  2. The composition must be compatible with the halogenated hydrocarbons
      which are conventionally employed as propellants in aerosol antiperspirant
      sprays; and
PA1  3. The active ingredient must be capable of being dissolved in non-aqueous
      media (e.g., anhydrous alcohol) in concentrations of at least 10 percent
      by weight (5 percent by weight in aerosol formulations, which generally
      contain about 40 to 60 percent volatile propellants).
PAR  More recently, complexes meeting the above criteria have been developed
      which contain a zinc or zirconyl halide or hydroxyhalide, a basic aluminum
      halide, and a polyhydroxy compound having at least 2 carbon atoms to which
      are attached at least 2 hydroxy groups. Such complexes are described in
      U.S. Pat. No. 3,405,153 for "Metal-Aluminum Inorganic-Organic Complexes
      And Methods Of Preparing Same" issued to John L. Jones and Andrew M.
      Rubino, and assigned to the same assignees as the present invention.
      Nevertheless, the present invention represents further attempts to produce
      even better astringent aluminum compounds. Accordingly, it is an object of
      the present invention to provide an aluminum compound having a high degree
      of solubility in anhydrous alcohol and good compatibility with
      conventional aerosol propellants.
PAR  It is a further object of the present invention to provide improved
      complexes of zinc and zirconium salts with basic aluminum chlorides, which
      complexes possess good antiperspirant properties.
PAR  It is another object of the present invention to provide a method for
      preparing improved complexes of zinc and zirconium salts with basic
      aluminum chlorides.
PAR  Still another object of the present invention is the provision of zinc
      halide or zirconyl bromide or hydroxybromide derivatives of Chlorohydrol,
      which derivatives greatly improve the alcohol solubility and
      halohydrocarbon compatibility of Chlorhydrol so as to be suitable for
      usage in aerosol antiperspirant compositions.
PAR  Still further objects will appear hereinafter.
PAR  The above and other objects are achieved by the complexes of the present
      invention which are prepared by providing an aqueous solution of
      five-sixths basic aluminum chloride; mixing with the aqueous solution a
      compound selected from the group consisting of zinc chloride, zinc
      bromide, zirconyl bromide, zirconyl hydroxybromide, and mixtures of these
      compounds, and drying the resulting mixture to produce the complex in the
      form of a substantially friable solid.
PAR  The alcohol soluble complex solids of the present invention may be
      represented by the following general empirical formula:
EQU  [Al.sub.2 (OH).sub.6.sub.-x Cl.sub.x ].sub.(y/2) .sup.. A
PAL  in which x = about 0.9 to 1.2, y = about 3 to 20, A is a compound selected
      from the group consisting of zinc chloride, zinc bromide, zirconyl
      bromide, zirconyl hydroxybromide, and mixtures of these compounds.
PAR  Thus, in the case of the zinc derivatives, the generalized formula will be:
EQU  [Al.sub.2 (OH).sub.6.sub.-x Cl.sub.x ].sub.(y/2) Zn Cl.sub.z
      Br.sub.2.sub.-z
PAL  in which x and y are as above and z = 0 to 2.
PAR  In the case of the zirconyl compounds there is a continuous range of
      possible values of hydroxy and bromide proportions, ranging from zirconyl
      bromide (Br/Zr mol ratio equal 2.0) to zirconyl hydroxybromide (Br/Zr mol
      ratio equal 1.0), since the starting zirconium material is not necessarily
      a pure compound. When the complex is prepared from zirconyl carbonate and
      the hydrobromic acid (HBr), the ratio can of course be adjusted as
      desired, depending on how much HBr is added. Thus, it is believed that the
      optimum properties may be obtained with an intermediate mixture of the
      bromide and hydroxybromide. Accordingly, the generalized formula for the
      zirconium complexes is:
EQU  [Al.sub.2 (OH).sub.6.sub.-x Cl.sub.x ].sub.(y/2) .sup.. ZrO
      (OH).sub.2.sub.-z Br.sub.z
PAL  in which x and y are as above and z = about 0.9 to 2.
PAR  It will be understood that the above formulas are greatly simplified and
      are intended to include basic aluminum chloride complexes containing
      coordinated or bound molecules of water. The preferred solid complexes of
      the present invention will generally have a water content (both free and
      bound water) of about 12 to 30 weight percent based on the total weight of
      the solid and determined by Karl Fischer titration.
PAR  It should be emphasized that the 12 to 30 weight percent range of water
      contents is probably somewhat higher than the actual value, since values
      obtained with the Karl Fischer method are generally higher than obtained
      by calculation from assays for the metals and halides in the complexes.
      However, in the presence of aluminum, the assays for zinc and zirconium
      are somewhat uncertain anyway, and therefore Karl Fischer values for water
      are used throughout the application rather than calculated values.
PAR  The basic aluminum chloride compounds suitable for use in the preparation
      of the complexes of the present invention include those having one or more
      units of the following general formula:
EQU  Al.sub.2 (OH).sub.6.sub.-x Cl.sub.x
PAL  wherein x may vary from about 0.9 to about 1.2. The approximately
      five-sixths basic aluminum chlorides of the above formula have an aluminum
      to chloride ratio (Al/Cl mol ratio) of about 1.8 to 2.1. It should be
      understood that the above formula is greatly simplified and is intended to
      include simple hydrated salts, polymers and other complexes or mixtures,
      such that the basic formula would be an average consisting of full and/or
      fractional units.
PAR  The basic aluminum chlorides employed in the present invention may be
      prepared by any of the usual methods known to the art, such as those
      described in U.S. Pat. No. 2,196,016 issued to Huehn et al. for
      "Water-Soluble Basic Aluminum Compounds." For example, an aqueous solution
      of basic aluminum chloride may be made directly (e.g., by the conventional
      reaction of aluminum metal with Al Cl.sub.3 or HCl in water solution) to
      the desired range of Al/Cl ratio or by adding aluminum chloride (Al
      Cl.sub.3) to a commercially available solution of aluminum chlorhydroxide
      (which usually has an Al/Cl ratio of about 2.0) to adjust the Al/Cl ratio
      to the desired range. From the standpoint of production convenience, it is
      preferable to start with an aqueous solution of 50 percent aluminum
      chlorhydroxide, such as the commercially available Chlorhydrol. This
      solution may then be adjusted to the desired Al/Cl ratio by the addition
      of an appropriate amount of 32.degree. Baume aluminum chloride.
PAR  Since the first step of the method of the present invention comprises the
      formation of an aqueous solution of a basic aluminum chloride, this may be
      conveniently achieved simply by using the filtered aqueous product
      obtained from any of the above-described preparations. The exact
      concentration of the aqueous basic aluminum chloride solution is not
      critical and may vary over a considerable range. However, too much water
      is uneconomical due to the necessity of removing the excess water during
      the drying step, and too little water may hinder the preparation of the
      product due to increased viscosity. A suitable aqueous solution contains
      about 50 weight percent of the basic aluminum chloride.
PAR  The zinc or zirconium compounds may be added to the aqueous basic aluminum
      chloride solution in any convenient manner or form. For example, the zinc
      chloride (Zn Cl.sub.2) or zinc bromide (Zn Br.sub.2) may be added in their
      dry crystaline form or as an aqueous solution. The zinc halides may also
      be easily and relatively cheaply prepared by dissolution of zinc or zinc
      oxide in hydrochloric acid or hydrobromic acid.
PAR  The zirconium compounds are suitably added in the form of aqueous
      solutions, which preferably contain about 5 to 25 weight percent
      zirconium. The zirconium compounds can be made by dissolution of
      commercially available zirconium carbonate paste (carbonated hydrous
      zirconia) in the appropriate amount of hydrobromic acid.
PAR  Unlike the basic aluminum bromide complexes described in our copending
      application Ser. No. 164,433 for "Zirconium Complexes Of Basic Aluminum
      Bromides And Methods Of Making same", filed on the same date and assigned
      to the same assignees as the present invention, zirconyl chloride and
      zirconyl hydroxychloride have generally not been found to be suitable for
      making alcohol soluble solid complexes of basic aluminum chlorides
      according to the methods of the present invention. Thus, the zirconyl
      hydroxychloride forms a gel with the basic aluminum chlorides, and
      zirconyl chloride forms a complex which has little or no alcohol
      solubility.
PAR  The addition of the zinc or zirconium compound to the aqueous basic
      aluminum chloride solution is by simple mixing, and the heating step
      described in the methods of U.S. Pat. Nos. 2,906,668 and 3,405,153 is
      generally not required. However, stirring may be preferred in certain
      cases, and heating to a temperature near reflux (100.degree. C), as in
      Example VIII, or to lower temperatures for longer periods, may be
      desirable. Nevertheless, most gelation problems which may occur,
      particularly with the zirconyl hydroxybromide, may generally be corrected
      by dilution of the mixture with water or slight heating. Moreover, where
      zinc and/or zirconyl chloride are added to the aqueous solution, long
      contact times at elevated temperatures before drying must be avoided to
      prevent decomposition or other undesirable changes.
PAR  The amount of the particular zinc or zirconium compound added to the
      aqueous chloride solution is also not particularly crucial and may vary
      over a wide range. It will be obvious to one of ordinary skill in the art
      that the amount of zinc or zirconium compound to be added will depend upon
      the particular zinc or zirconium compound employed and the desired amount
      of zinc or zirconium in the final product.
PAR  Preferred aluminum to zirconium or aluminum to zinc mol ratios (hereinafter
      referred to as Al/Zr and Al/Zn ratios) range between about 3 to 20 (i.e.,
      y in the previous discussed formulas equals about 3 to 20). The value of y
      could be greater than 20, however such complexes would be approaching the
      pure basic aluminum chlorides, and as a result the drying and other
      process conditions might become more critical, as discussed in copending
      application Ser. No. 84,093 of John L. Jones and Andrew M. Rubino for
      "Alcohol Soluble Basic Aluminum Chlorides And Method Of Making Same,"
      assigned to the same assignees as the present invention.
PAR  Also, products having ratios lower than about 3 can be made, but with
      generally less satisfactory results. Thus, with Al/Zr ratios much lower
      than about 3 there are more gelation problems and the products are more
      acidic, while with Al/Zn ratios much lower than 3 there is a tendency to
      increase the hygroscopicity of the dried product, which would yield
      undesirable commercial characteristics.
PAR  After the addition of the desired zinc or zirconium compound, the resulting
      solution mixture is dried to form a friable solid complex having the
      desired water content. Almost any of the usual drying methods known in the
      art are acceptable, such as air drying at atmospheric temperature and
      pressure, vacuum drying, freeze drying or spray drying. Rotary vacuum
      drying at a maximum temperature of about 40.degree.C. and about 15
      millimeters of mercury has been particularly satisfactory, but spray
      drying is probably the most practicle and economical from a commercial
      standpoint. Suitable spray drying conditions will depend to a large extent
      on the particular apparatus employed, and will be readily determinable by
      one of ordinary skill in the art.
PAR  Although the particular quantity of water present in the final solid
      complex is not critical, lower water contents are preferred due to the
      potential reduction of corrosion problems. However, care must be exercised
      to prevent the product from becoming overdried to the point of alcohol
      insolubility. A suitable range of water contents is about 12 to 30 weight
      percent as determined by Karl Fischer analysis and based on the total
      weight of the complex solid. As mentioned above, the actual range of water
      content will probably be somewhat lower.
PAR  A typical preferred solid product of the present invention will have an
      assay within the following approximate ranges:
PA1  15-25% aluminum
PA1  3-20% zinc or zirconium
PA1  Al/Zn or Al/Zr mol ratio equal 3-20
PA1  12-30% water by Karl Fischer
PAL  Throughout the application all percentages are given as weight percents
      based on the total weight of the complex solid, unless otherwise
      specified. The percentages of metal and halide are determined by assays by
      accepted analytical procedures.
PAR  The dried solid complexes of the present invention show good alcohol
      solubility. For example, virtually all of the products are soluble in
      anhydrous (SDA-40) alcohol within about 1 to 18 hours to achieve at least
      a 30 weight percent solution.
PAR  Furthermore, the solid complexes of the present invention show good
      compatibility with the halogenated hydrocarbons, such as those
      conventionally used as aerosol propellants. Halohydrocarbon compatibility
      in the present application is measured on the basis of the number of cc's
      of CCl.sub.4 which may be admixed with 60 grams of a 30 weight percent
      solution of the complex in SDA-40 alcohol before a permanent cloudiness or
      haze occurs.
PAR  Although the halohydrocarbon compatibility varies somewhat depending upon
      the particular zinc or zirconium compound employed in forming the
      complexes, the values for all of the complexes of the present invention
      compare quite favorably with compatibility values for the pure basic
      aluminum chloride solids. Thus, the solid complexes of the present
      invention exhibit CCl.sub.4 compatibilities in the range from about 50 to
      200 cc's, with the zirconyl bromide complexes generally having the highest
      compatibility, the zinc chloride complexes having the lowest
      compatibility, and the zinc bromide and zirconyl hydroxybromide complexes
      and mixtures lying somewhere inbetween. As a comparison, the pure alcohol
      soluble basic aluminum chloride solids, such as illustrated in copending
      application Ser. No. 84,093, referred to above, generally have CCl.sub.4
      compatibilities in the range of about 55 to 75 cc's.
PAR  The pH values for the complex solids of the present invention vary
      depending upon the particular zinc or zirconium complexing salt. For
      example, the alcoholic pH of 30 weight percent solutions of the zirconyl
      bromide complexes in SDA-40 alcohol is generally about 1.5, and the
      corresponding pH values for the zinc complexes are generally higher.
PAR  Although applicants do not wish to be bound by any particular theory, it
      seems certain that the zinc and zirconium compounds form complexes with
      the basic aluminum chlorides. Thus, in the case of the zinc complexes, the
      pH of the solution is lower than the pH of any of the components. Also, in
      the case of the zirconium complexes, the zirconium aluminum solutions are
      stable at pH values were zirconium alone would precipitate. Furthermore,
      in view of the improved alcohol solubility and compatibility over the pure
      basic aluminum chlorides, it is believed that the complexes of the present
      invention, particularly those formed with the bromide salts of zinc and
      zirconium, have increased efficacy over the basic aluminum chlorides and
      approaching the efficacy of the basic aluminum bromides, such as those
      described in copending application Ser. No. 88,206 of John L. Jones and
      Andrew M. Rubino for "Basic Aluminum Bromide Compositions," assigned to
      the same assignees as the present invention.
PAR  The alcohol soluble zinc and zirconium complexes of basic aluminum
      chlorides and the methods of making the solid complexes of the present
      invention will now be described in more detail with reference to the
      following specific, non-limiting examples:
DETD
PAC  EXAMPLE I
PAR  10.8 gms ZnBr.sub.2 was dissolved in 101.6 gms 50% aluminum chlorhydroxide
      solution (12.3% Al) giving an Al/Zn ratio of 9.7:1. After being stirred
      for two days, the solution was dried in a rotary vacuum evaporator at
      30.degree.C. and about 15 mm Hg to 58 gms. The product dissolved in
      anhydrous SDA-40 in less than 90 minutes to form a 30% solution with a
      CCl.sub.4 compatibility of 95 cc. Analysis: 23.0% Al, 5.7% Zn, 18.2% water
      by Karl Fischer.
PAC  EXAMPLE II
PAR  160 ml solution containing 94.5 gms ZnBr.sub.2 was added to 261 gms 50%
      aluminum chlorhydroxide (12.2% Al) giving an Al/Zn ratio of 3.0/1. After
      overnight stirring, 201 gms of solution was dried in a rotary vacuum
      evaporator at 30.degree.C. and about 15 mm Hg to give 149 gms of solids.
      The product dissolved in anhydrous SDA-40 in one hour to form a 30%
      solution with a CCl.sub.4 compatibility of 162cc. Analysis: 19.6% Al,
      16.1% Zn, 13.0% water by Karl Fischer.
PAC  EXAMPLE III
PAR  10.2 gms of ZnCl.sub.2 was dissolved in 157.3 gms 50% aluminum
      chlorhydroxide (12.3% Al) producing an Al/Zn ratio of 2.6:1. The solution
      was dried in a rotary vacuum evaporator at 30.degree.C. and about 15 mm
      Hg. The product dissolved in anhydrous SDA-40 overnight to form a 30%
      solution with a CCl.sub.4 compatibility of 56 cc. Analysis: 24.8% Al, 6.2%
      Zn, 18.7% water by Karl Fischer.
PAC  EXAMPLE IV
PAR  In 155.6 gms of 50% aluminum chlorhydroxide (12.3% Al) was dissolved 32.2
      gms of ZnCl.sub.2 producing an Al/Zn ratio of 3.0:1. 185 gms of the
      solution was dried to 101 gms in a rotary vacuum evaporator at 30.degree.
      C. and about 15 mm Hg. The product dissolved in anhydrous SDA-40 in about
      2 hours to form a 30% solution with a CCl.sub.4 compatibility of 102 cc.
      Analysis: 23.7% Al, 19.1% Zn, 14.9% water by Karl Fischer.
PAC  EXAMPLE V
PAR  To 161 gms of 50% aluminum chlorhydroxide (12.2% Al) was added 24.1 gms of
      zirconyl bromide solution (13.6% Zr) giving an Al/Zr ratio of 20.2:1. The
      solution was dried to 93 gms solid in a rotary vacuum evaporator at
      30.degree.C. and about 15 mm Hg. The product dissolved in anhydrous SDA-40
      in an hour to form a 30% solution with a CCl.sub.4 compatibility of 102
      cc. Analysis: 20.7% Al, 3.5% Zr, 25.7% water by Karl Fischer.
PAC  EXAMPLE VI
PAR  68.8 gms of zirconyl bromide solution (13.6% Zr) was added to 132.7 gms of
      50% aluminum chlorhydroxide (12.3% Al) giving an Al/Zr ratio of 5.9:1. The
      solution was dried to 100 gms solid in a rotary vacuum evaporator at
      30.degree.C. and about 15 mm Hg. The product dissolved in anhydrous SDA-40
      in about 4 hours to form a 30% solution with a CCl.sub.4 compatibility of
      181 cc CCl.sub.4. Analysis: 16.0% Al, 9.2% Zr, 24.5% water by Karl
      Fischer.
PAC  EXAMPLE VII
PAR  To 2268 gms of 50% aluminum chlorhydroxide (12.2% Al) was added 342.1 gms
      of zirconyl bromide (13.6% Zr) and 217.2 gms of zirconyl hydroxybromide
      (21.7% Zr) giving an Al/Zr ratio of 10.0:1. After overnight stirring, the
      solution was dried in a spray dryer with an outlet temperature of
      200.degree.F. The product dissolved in anhydrous SDA-40 overnight to form
      a 30% solution with a CCl.sub.4 compatibility of 164 cc. Analysis: 19.6%
      Al, 6.6% Zr, 21.4% water by Karl Fischer.
PAC  EXAMPLE VIII
PAR  To 142 gms of 50% aluminum chlorhydroxide (12.3% Al) was added 31.4 gms
      zirconyl hydroxybromide (21.7% Zr) giving an Al/Zr ratio of 8.7:1. The
      mixture was heated for 30 minutes to break up a gel and stirred overnight.
      Then the solution was dried to 85 gms in a rotary vacuum dryer at
      30.degree.C. and 15 mm Hg. The product dissolved in anhydrous SDA-40
      overnight to form a 30% solution with a CCl.sub.4 compatibility of 88 cc.
      Analysis: 19.4% Al, 7.5% Zr, 23.8% water by Karl Fischer.
PAC  EXAMPLE IX
PAR  25.9 gms of zirconyl hydroxybromide was added to 191.5 gms of 50% dried
      aluminum chlorhydroxide (12.2% Al) giving an Al/Zr ratio of 14.0:1. After
      being stirred for two days, the sample was dried to 114 gms product in a
      rotary vacuum evaporator at 30.degree.C. and about 15 mm Hg. The product
      dissolved in anhydrous SDA-40 in two hours to form a 30% solution with a
      CCl.sub.4 compatibility of 64 cc. Analysis: 20.0% Al, 4.8% Zr, 27.5% water
      by Karl Fischer.
PAR  The complexes of the present invention are useful in antiperspirant and
      other cosmetic applications, and particularly aerosol antiperspirant
      sprays. Such aerosol antiperspirant formulations comprise a non-toxic
      dermatologically acceptable nonaqueous solvent, such as anhydrous ethanol,
      and about 40 to 60 weight percent of a fluorocarbon propellant such as
      Freon 12, Freon 114, Freon 22, Freon 113, etc. Other suitable solvents and
      propellants will be readily apparent to one of ordinary skill in the art.
      For example, a list of suitable substitutes is presented in column 9 of
      U.S. Pat. No. 3,405,153. The solid complexes should be present to the
      extent of at least 5 weight percent of the total aerosol formulation.
      Since the volatile propellants are dissipated immediately upon
      application, such a concentration will yield an effective concentration of
      at least 10 weight percent based on the non-aqueous solvent. Of course,
      due to the excellent carbon tetrachloride compatibilities of the complexes
      of the present invention, even higher concentrations may be used, thus
      yielding higher concentrations of the active ingredients.
PAR  As example of aerosol antiperspirant formulations, three batches were
      prepared using the complexes prepared according to Examples II, IV, and VI
      above. The three batches are listed below in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Components of Formulation                                                 
                        Weight Percentages                                     
     Examples           of Each Component                                      
     Complex from Example:                                                     
                        II       IV       VI                                   
     ______________________________________                                    
     Concentration of Complex                                                  
                        9.0      7.0      11.0                                 
     Stearic Acid       1.0      1.0      2.0                                  
     Hexadecyl Aclohol                    1.0                                  
     Silicone Fluid 1066 (General                                              
                        2.0      1.0      1.0                                  
      Electric)                                                                
     Isopropyl Myristate         1.0                                           
     SDA-40             38.0     40.0     35.0                                 
     Dichlorotetrafluoroethane                                                 
                        30.0     30.0     30.0                                 
     Dichlorodifluoromethane                                                   
                        20.0     20.0     20.0                                 
     ______________________________________                                    
PAL  All three of the formulations shown in Table I exhibited good stability,
      (i.e., lack of gelation tendencies) after 1 week at ambient temperatures.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing alcohol soluble solid complexes of five-sixths
      basic aluminum chlorides comprising the steps of providing an aqueous
      solution of five-sixths basic aluminum chloride having the general
      empirical formula:
EQU  Al.sub.2 (OH).sub.6.sub.-x Cl
PAL  in which x equals about 0.9 to 1.2; adding to said aqueous solution a
      substance selected from the group consisting of zinc chloride, zinc
      bromide and combinations of said zinc halides which zirconyl bromide
      and/or zirconyl hydroxybromide; and drying the resulting mixture to a
      substantially friable solid.
NUM  2.
PAR  2. Alcohol soluble complex solids formed by the method of claim 1.
NUM  3.
PAR  3. A method according to claim 1 wherein said mixture is dried to a water
      content of about 12 to 30 weight percent determined by Karl Fischer
      analysis and based on the total weight of the solid.
NUM  4.
PAR  4. A method according to claim 1 wherein said mixture is vacuum dried at a
      maximum temperature of about 40.degree. C.
NUM  5.
PAR  5. A method according to claim 1 wherein said mixture is spray dried.
NUM  6.
PAR  6. Alcohol soluble complexes of five-sixths basic aluminum chlorides formed
      by the method of claim 1 wherein the Al/Zn or Al/Zr mol ratio is about 3:1
      to 20:1.
NUM  7.
PAR  7. Alcohol soluble complexes of five-sixths basic aluminum chlorides formed
      by the method of claim 1 and having a halohydrocarbon compatibility of at
      least 50 cc's of CCl.sub.4, when the CCl.sub.4 is admixed with 60 grams of
      a 30 weight percent solution of said complex in SDA-40 alcohol, before a
      permanent cloudiness occurs.
NUM  8.
PAR  8. Alcohol soluble complexes of five-sixths basic aluminum chlorides formed
      by the method of claim 4.
NUM  9.
PAR  9. Alcohol soluble complex solids according to claim 2 wherein said solids
      have a water content of about 12 to 30 weight percent determined by Karl
      Fischer analysis and based on the total weight of the solid.
PATN
WKU  039475573
SRC  5
APN  5833817
APT  1
ART  113
APD  19750603
TTL  Zinc complexes of basic aluminum bromides and methods of making same
ISD  19760330
NCL  9
ECL  1
EXP  Stern; Edward
INVT
NAM  Jones; John L.
CTY  North Plainfield
STA  NJ
INVT
NAM  Rubino; Andrew M.
CTY  New Providence
STA  NJ
INVT
NAM  Lindahl; Charles B.
CTY  Sand Springs
STA  OK
ASSG
NAM  Armour Pharmaceutical Company
CTY  Chicago
STA  IL
COD  02
RLAP
COD  74
APN  164433
APD  19710720
PSC  04
CLAS
OCL  423463
XCL  423463
XCL  424 47
EDF  2
ICL  C01G 2504
ICL  C01F  700
ICL  C01F  748
ICL  C01G  904
FSC  423
FSS  463;462
UREF
PNO  2854382
ISD  19580900
NAM  Grad
XCL  424 68
UREF
PNO  2906668
ISD  19590900
NAM  Beekman
XCL  423463
UREF
PNO  3405153
ISD  19681000
NAM  Jones et al.
XCL  423463
LREP
FRM  Seidel, Gonda & Goldhammer
ABST
PAL  Alcohol soluble complexes of basic aluminum bromides may be prepared by
      adding zirconyl or zinc bromide or chloride, or zirconyl hydroxychloride
      or hydroxybromide, or mixtures of the above chlorides and bromides to an
      aqueous solution of five-sixths basic aluminum bromide, and drying the
      resulting mixture to a substantially friable solid, such as by vacuum or
      spray drying. The complexes preferably have an Al/Zn or Al/Zr mol ratio of
      about 3:1 to 20:1, and the complex solids preferably contain about 15 to
      30 weight percent water by Karl Fischer analysis. Such complex solids have
      a high degree of solubility in anhydrous alcohol and a high compatibility
      with halogenated hydrocarbons. These properties make the complexes
      suitable for aerosol formulations and particularly antiperspirant
      compositions.
PARN
PAR  This application is a division of our copending application Ser. No.
      164,433, filed July 20, 1971, entitled "Zirconium Complexes Of Basic
      Aluminum Bromides And Methods Of Making Same".
BSUM
PAR  The present invention relates to zinc and zirconium complexes of basic
      aluminum bromides and methods of making such complexes. More particularly,
      the invention is directed to complexes of five-sixths basic aluminum
      bromides and chlorides and/or bromides of zinc and zirconyl, which
      complexes are particularly suitable for use in antiperspirant
      compositions.
PAR  It has been known in the art for some time that aluminum compounds are
      among the most useful active ingredients in astringent or antiperspirant
      compositions and other cosmetic products. Of particular interest in this
      regard are the basic aluminum halides.
PAR  It is also known that zinc salts and zirconium salts, such as zirconyl
      chloride (ZrOCl.sub.2 or zirconium oxychloride) are capable of preventing
      or retarding the exudation of perspiration from the skin and have been
      used or suggested for use in antiperspirant compositions. However, the
      usual zirconium salts are strongly acidic, and thus are generally not
      usable due to irritation of the skin and damage to clothing. Furthermore,
      salts of weak acids are relatively ineffective in inhibiting the flow of
      perspiration.
PAR  A number of solutions have been proposed to the above problems in the form
      of complexes which include zinc or zirconium salts and aluminum
      hydroxyhalides. Examples of such complexes are described in U.S. Pat. Nos.
      2,814,584 and 2,814,585 for "BUFFERED ANTIPERSPIRANT COMPOSITIONS" issued
      to Edwin William Daley, which disclose aqueous solutions of zirconium
      and/or hafnium salts which are buffered with basic aluminum halides or
      nitrates and amino acids to render the solutions safe for antiperspirant
      usage. Another example is U.S. Pat. No. 2,906,668 for "ZIRCONYL AND
      ALUMINUM HALOHYDROXY COMPLEX" issued to Stewart M. Beekman, which
      discloses aqueous solution complexes of zirconyl halides with aluminum
      hydroxyhalides and a method for maintaining a high solution pH and
      preventing gelling.
PAR  The complexes produced according to the above patents suffer from the
      disadvantage of being in aqueous solutions. Thus, in order to be
      commercially acceptable for use in present day aerosol antiperspirant
      compositions, it is generally necessary that the astringent compositions
      meet the following requirements:
PA1  1. The composition should contain a minimal amount of water so as to avoid
      corrosion of metal values and containers for the product, and thereby
      eliminate product contamination resulting from the corrosion;
PA1  2. The composition must be compatible with the halogenated hydrocarbons
      which are conventionally employed as propellants in aerosol antiperspirant
      sprays; and
PA1  3. The active ingredient must be capable of being dissolved in non-aqueous
      media (e.g., anhydrous alcohol) in concentrations of at least 10 percent
      by weight (5 percent by weight in aerosol formulations, which generally
      contain about 40 to 60 percent volatile propellants).
PAR  More recently, complexes meeting the above criteria have been developed
      which contain a zinc or zirconyl halide or hydroxyhalide, a basic aluminum
      halide, and a polyhydroxy compound having at least 2 carbon atoms to which
      are attached at least 2 hydroxy groups. Such complexes are described in
      U.S. pat. No. 3,405,153 for "Metal-Aluminum Inorganic-Organic Complexes
      And Methods Of Preparing Same" issued to John L. Jones and Andrew M.
      Rubino, and assigned to the same assignees as the present invention.
      Nevertheless, the present invention represents further attempts to produce
      even better astringent aluminum compounds.
PAR  Accordingly, it is an object of the present invention to provide an
      aluminum compound having a high degree of solubility in anhydrous alcohol
      and excellent compatibility with conventional aerosol propellants.
PAR  It is a further object of the present invention to provide improved
      complexes of zinc and zirconium salts with basic aluminum bromides, which
      complexes possess good antiperspirant properties.
PAR  It is another object of the present invention to provide a method for
      preparing improved complexes of zinc and zirconium salts with basic
      aluminum bromides.
PAR  Still another object of the present invention is the provision of complexes
      of zinc or zirconyl halides or hydroxyhalides with five-sixths basic
      aluminum bromides, which complexes are highly soluble in anhydrous alcohol
      and highly compatible with aerosol propellants so as to be suitable for
      usage in aerosol antiperspirant compositions.
PAR  Still further objects will appear hereinafter.
PAR  The above and other objects are achieved by the complexes of the present
      invention which are prepared by providing an aqueous solution of
      five-sixths basic aluminum bromide; mixing with the aqueous solution a
      compound selected from the group consisting of zinc chloride, zinc
      bromide, zirconyl chloride, zirconyl bromide, zirconyl hydroxychloride,
      zirconyl hydroxybromide, and mixtures of these compounds; and drying the
      resulting mixture to produce the complex in the form of a substantially
      friable solid.
PAR  The alcohol soluble complex solids of the present invention may be
      represented by the following general empirical formula:
EQU  [Al.sub.2 (OH).sub.6.sub.-x Br.sub.x ].sub.(y/2) . A
PAL  in which x = about 0.9 to 1.2, y = about 3 to 20, A is a compound selected
      from the group consisting of zinc chloride, zinc bromide, zirconyl
      chloride, zirconyl bromide, zirconyl hydroxychloride, zirconyl
      hydroxybromide, and mixtures of these compounds.
PAR  Thus, in the case of the zinc derivatives, the generalized formula will be:
EQU  [Al.sub.2 (OH).sub.6.sub.-x Br.sub.x ].sub.(y/2) Zn Cl.sub.z
      Br.sub.2.sup.-z
PAL  in which x and y are as above and z = 0 to 2.
PAR  In the case of the zirconyl compounds there is a continuous range of
      possible values of hydroxy and halide (X) proportions, ranging from
      zirconyl halide (X/Zr = 2.0) to zirconyl hydroxyhalide (X/Zr = 1.0), since
      the starting zirconium material is not necessarily a pure compound. When
      the complex is prepared from zirconium carbonate and the hydrohalide, the
      ratio can of course be adjusted as desired. Also, it is possible to
      prepare a mixture of halides having more desirable properties.
      Accordingly, the generalized formula for the zirconium complex is:
EQU  [Al.sub.2 (OH).sub.6.sub.-x Br.sub.x ].sub.(y/2) . ZrO (OH).sub.2.sup.-z
      X.sub.z
PAL  in which x and y are as above, z = about 0.9 to 2, and X = Br or Cl.
PAR  It will be understood that the above formulas are greatly simplified and
      are intended to include basic aluminum bromides containing coordinated or
      bound molecules of water. The preferred solid complexes of the present
      invention will have a water content (both free and bound water) of about
      15 to 30 weight percent based on the total weight of the solid and
      determined by Karl Fischer titration.
PAR  It should be emphasized that the 15 to 30 weight percent range of water
      contents is probably somewhat higher than the actual value, since values
      obtained with the Karl Kischer method are generally higher than obtained
      by calculation from assays for the metals and halides in the complexes.
      However, in the presence of aluminum, the assays for zinc and zirconium
      are somewhat uncertain, and therefore Karl Fischer values are used
      throughout the application rather than calculated values.
PAR  The basic aluminum bromide compounds suitable for use in the preparation of
      the complexes of the present invention include those having one or more
      units of the general formula:
EQU  Al.sub.2 (OH).sub.6.sub.-x Br.sub.x
PAL  wherein x may vary from about 0.9 to about 1.2. The approximately 5/6 basic
      aluminum bromides of the above formula have an aluminum to bromine ratio
      (Al/Br mol ratio) of about 1.8 to 2.1.
PAR  It should be understood that the above formula is greatly simplified and is
      intended to include simple hydrated salts, polymers and other complexes or
      mixtures, such that the basic formula would be an average consisting of
      full and/or fractional units. Examples of such basic aluminum bromides are
      described in copending application Ser. No. 88,206 of John L. Jones and
      Andrew M. Rubino, filed Nov. 9, 1970, for "Basic Aluminum Bromide
      Compositions," and assigned to the same assignees as the present
      invention.
PAR  The basic aluminum bromides used in the present invention may be prepared
      in a manner analogous to the conventional production of aluminum
      chlorhydroxide by reacting aluminum metal with the hydrobromic acid in
      water solution, or by reacting aluminum metal with a water solution of
      aluminum bromide. In addition, they may be prepared by reacting elemental
      bromine with aluminum metal in a water medium. Such preparations are
      described in more detail in copending application Ser. No. 88,206.
PAR  The first step of the method of the present invention comprises the
      formation of an aqueous solution of a basic aluminum bromide. This may be
      conveniently achieved simply by using the filtered aqueous product
      obtained from any of the above-described preparations. The aluminum to
      bromine mol ratio may be suitably adjusted during any of these
      preparations. Alternatively, the aqueous basic aluminum bromide solution
      could be prepared from a solid basic aluminum bromide having the desired
      Al/Br mol ratio, since such solids are readily soluble in water.
PAR  The exact concentration of the aqueous basic aluminum bromide solution is
      not critical and may vary over a considerable range. However, too much
      water is uneconomical due to the necessity of removing the excess water
      during the drying step, and too little may hinder the preparation of the
      product due to increased viscosity. A suitable aqueous solution contains
      about 50 weight percent of the basic aluminum bromide.
PAR  The zinc or zirconium compounds may be added to the aqueous basic aluminum
      bromide solution in any convenient manner or form. For example, the zinc
      chloride (Zn Cl.sub.2) or zinc bromide (Zn Br.sub.2) may be added in their
      dry crystalline form or as an aqueous solution. The zinc halides may also
      be easily and relatively cheaply prepared by dissolution of zinc or zinc
      oxide in hydrochloric acid or hydrobromic acid.
PAR  The zirconium compounds are suitably added in the form of aqueous
      solutions, which preferably contain about 5 to 25 weight percent
      zirconium. Zirconyl chloride (basic zirconium chloride or zirconium
      oxychloride) and zirconyl hydroxychloride solution are commercially
      available. In the alternative, the zirconium compounds can be made by
      dissolution of commercially available zirconium carbonate paste
      (carbonated hydrous zirconia) in the appropriate amount of the halogen
      acid.
PAR  The addition of the zinc or zirconium compound to the aqueous basic
      aluminum bromide solution is by simple mixing, and contrary to the methods
      described in U.S. Pat. Nos. 2,906,668 and 3,405,153, discussed above,
      heating or extended agitation is not generally required. Although heating
      to a temperature near reflux (100.degree. C), as in Example VII, may be
      used where desired, most gelatin problems which may occur where the
      zirconium compounds are added may generally be avoided by dilution of the
      mixture with water. The zinc salts are miscible under all conditions, but
      there is usually a decrease in pH on standing or heating. However, to date
      there is no significant evidence that heating or standing adversely
      affects any of the dried products.
PAR  The amount of the particular zinc or zirconium compound added to the
      aqueous bromide solution is also not particularly crucial, and may vary
      over a wide range. Preferred aluminum to zirconium or aluminum to zinc mol
      ratios (hereinafter referred to as Al/Zr and Al/Zn ratios) range between
      about 3 and 20 (i.e., y in the previously discussed formulas equal about 3
      to 20). There is of course no reason that y could not be greater than 20,
      however such complexes would merely be approaching the pure basic aluminum
      bromides. Also, products having ratios lower than about 3 can be made, but
      with less satisfactory results. Thus, with Al/Zr ratios lower than 3 there
      are more gelation problems and the products are more acidic, while with
      Al/Zn ratios lower than 3 there is a tendency to increase the
      hygroscopicity of the dried product, which would yield undesirable
      commercial characteristics.
PAR  It will be obvious to one of ordinary skill in the art that the amount of
      zinc or zirconium compound to be added to the aqueous bromide solution
      will depend upon the particular zinc or zirconium compound being added and
      the desired amount of zinc or zirconium in the final product.
PAR  After the addition of the desired zinc or zirconium compound, the resulting
      solution mixture is dried to form a friable solid complex having the
      desired water content. Almost any of the usual drying methods known in the
      art are acceptable, such as air drying at atmospheric temperature and
      pressure, vacuum drying, freeze drying and spray drying. Rotary vacuum
      drying at a maximum temperature of about 40.degree.C and about 15
      millimeters of mercury has been particularly satisfactory, but spray
      drying is probably the most practical and economical from a commercial
      standpoint. The drying conditions for spray drying will vary greatly and
      depend to a large extent on the particular spray drying apparatus
      employed, suitable conditions for each apparatus being readily
      determinable by one of ordinary skill in the art.
PAR  Although the particular quantity of water present in the final solid
      complex is not critical, lower water contents are of course preferred.
      However, care must be exercised to prevent the product from becoming
      overdried to the point of alcohol insolubility. A suitable range of water
      contents is about 15 to 30 weight percent as determined by Karl Fischer
      analysis and based on the total weight of the complex solid. But as
      mentioned above, the actual range of water content in the dried product
      will probably be somewhat lower.
PAR  A typical preferred solid product of the present invention will have an
      assay within the following approximate ranges:
PA1  12-20% aluminum
PA1  3-14% zinc or zirconium
PA1  Al/Zn or Al/Zr ratio = 3-20
PA1  15-30% water by Karl Fischer
PAL  Throughout the application all percentages are given as weight percents
      based on the total weight of the complex solid, unless otherwise
      specified. The percentages of metal and halide are determined by assays by
      accepted analytical procedures.
PAR  The dried solid complexes of the present invention show excellent alcohol
      solubility. For example, virtually all of the products are soluble in
      anhydrous (SDA-40) alcohol within about one hour or less to the extent of
      at least about 30 weight percent.
PAR  Furthermore, the solid complexes of the present invention have excellent
      compatibility with the halogenated hydrocarbons, such as those
      conventionally used as aerosol propellants. As has become standard in the
      art, halohydrocarbon compatibility in the present application is measured
      on the basis of the number of cc's of CCl.sub.4 which may be admixed with
      60 grams of a 30 weight percent solution of the complex in SDA-40 alcohol
      before a permanent cloudiness or haze occurs. The products of the present
      invention generally exhibit a CCl.sub.4 compatibility of at least 100 cc's
      CCl.sub.4 and up to 250 or more CC's CCl.sub.4.
PAR  Although the halohydrocarbon compatibility will vary somewhat depending
      upon whether zinc or zirconium compounds are used in forming the
      complexes, the values for both zinc and zirconium complexes compare quite
      favorably with compatibility values for the pure basic aluminum bromides.
      Thus, the zirconium complexes generally have CCl.sub.4 compatibilities in
      the range of about 150 to 250 or more, while the zinc complexes generally
      have CCl.sub.4 compatibilities of about 100 to 200. As a comparison the
      CCl.sub.4 compatibilities of the pure basic aluminum bromides, such as
      illustrated in copending application Ser. No. 88,206 are comparable to or
      slightly higher than the values for the zinc complexes.
PAR  Finally, the pH values for the complex solids of the present invention are
      generally higher, and therefore more desirable, than the zirconyl
      complexes described in U.S. Pat. Nos. 2,906,668 and 3,405,153, discussed
      previously. For example, the zirconyl polyol derivatives of the basic
      aluminum chlorides described in U.S. Pat. No. 3,405,153 generally produced
      alcoholic pH values (i.e., determined on the basis of the 30 weight
      percent solution of the complex in SDA-40 alcohol) ranging from about 0.3
      to 0.9. On the other hand, the solid complexes of the present invention
      generally yield alcoholic pH's in the range of about 0.9 to 2.6. In
      particular, the pH's of the complexes of the present invention are
      generally inversely related to the halohydrocarbon compatibility. Thus,
      the zirconyl chloride or bromide complexes, which are the most compatible,
      have a pH range of about 0.9 to 1.4; the zirconyl hydroxychlorides or
      hydroxybromides have a pH range from about 1.5 to 2.5; and the zinc
      chlorides or bromides, which have the lowest compatibility, have a pH
      range from about 2.4 to 2.6. Such pH ranges are to be preferred over the
      previous zirconyl complexes due to the potential reduction of corrosion
      problems and perfume deterioration in antiperspirant compositions
      employing the complexes.
PAR  The alcohol soluble zinc and zirconium complexes of basic aluminum bromides
      and the methods of making the solid complexes of the present invention
      will now be described in more detail with reference to the following
      specific, non-limiting examples:
DETD
PAC  EXAMPLE I
PAR  404 gm of zirconyl hydroxybromide (21.7% Zr) was added to 1,428 gm of 50%
      basic aluminum bromide (10.9% Al) giving an Al/Zr ratio of 6.0:1. The
      solution was spray dried at an outlet temperature of 180.degree.F. The
      product dissolved in anhydrous SDA-40 in about an hour to form a 30%
      solution with a CCl.sub.4 compatibility of 198 cc. Analysis: 15.8% Al,
      9.1% Zr, 30.6% Br, 18.9% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE II
PAR  227 gm of zirconyl hydroxybromide (21.7% Zr) was added to 1,336 gm of 50%
      basic aluminum bromide (10.9% Al) giving an Al/Zr ratio of 10.0:1. The
      solution was spray dried at an outlet temperature of 180.degree.F. The
      product dissolved in anhydrous SDA-40 in about an hour to form a 30%
      solution with a CCl.sub.4 compatibility of 190 cc. Analysis: 17.3% Al,
      6.2% Zr, 31.1% Br, 18.7% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE III
PAR  To 73.9 gm of 50% basic aluminum bromide (11.8% Al) was added 39.5 gm of
      zirconyl hydroxybromide (21.7% Zr) giving an Al/Zr ratio of 3.4:1. After
      overnight stirring, the solution was dried in a rotary vacuum evaporator
      at 30.degree.C. and about 15 mm Hg. The product dissolved in anhydrous
      SDA-40 in less than an hour to form a 30% solution with a CCl.sub.4
      compatibility of 162 cc. Analysis: 13.2% Al, 13.0% Zr, 28.7% Br, 22.6%
      H.sub.2 O by Karl Fischer.
PAC  EXAMPLE IV
PAR  28 gm of zirconyl bromide (13.3% Zr) was added to 100.2 gm of 50% basic
      aluminum bromide (11.3% Al) giving an Al/Zr ratio of 9.1:1. After
      overnight stirring, 106 gm of the solution was dried in a rotary vacuum
      evaporator at 30.degree.C. and about 15 mm Hg to 60 gm. The product
      dissolved in anhydrous SDA-40 in less than 0.3 hour to form a 30% solution
      with a CCl.sub.4 compatibility of 253 cc. Analysis: 16.1% Al, 5.7% Zr,
      35.1% Br, 21.3% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE V
PAR  29.8 gm of zirconyl bromide (13.3% Zr) was added to 64.1 gm of 50% basic
      aluminum bromide (11.3% Al) giving an Al/Zr ratio of 5.5:1. After
      overnight stirring, 68 gm of the solution was dried in a rotary vacuum
      evaporator at 30.degree.C. and about 15 mm Hg to 38 gm. The product
      dissolved in anhydrous SDA-40 in about 0.4 hour to form a 30% solution
      with a CCl.sub.4 compatibility of 251 cc. Analysis: 13.8% Al, 8.0% Zr,
      35.1% Br, 22.7% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE VI
PAR  To 88.1 gm 50% basic aluminum bromide (11.2% Al) was added 22.2 gm of
      zirconyl hydroxychloride (20.2% Zr) giving an Al/Zr ratio of 10.0:1. The
      solution was dried in a rotary vacuum evaporator at 30.degree.C. and about
      15 mm Hg to 50 gm. The product dissolved in anhydrous SDA-40 to form a 30%
      solution with a compatibility of 173 cc. Analysis: 18.1% Al, 6.2% Zr,
      18.4% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE VII
PAR  To 60.5 gm 50% basic aluminum bromide (11.1% Al) was added 26.4 gm of
      zirconyl hydroxychloride (20.2% Zr) giving an Al/Zr ratio of 6.0:1. After
      mixing, the solution started to gel. This was broken up by heating for
      about 2 hours. After overnight stirring, 59.2 gm of the solution was dried
      to 28.8 gm in a rotary vacuum evaporator at 30.degree.C. and about 15 mm
      Hg. The product dissolved in anhydrous SDA-40 in 35 minutes to form a 30%
      solution with a compatibility of 197 cc. Analysis: 16.3% Al, 9.7% Zr,
      23.2% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE VIII
PAR  43.1 gm of zirconyl chloride (8.6% Zr) was added to 91.7 gm of 50% basic
      aluminum bromide (11.3% Al) giving an Al/Zr ratio of 9.4:1. After
      overnight stirring, 95.2 gm of the solution was dried in a rotary vacuum
      evaporator at 30.degree.C. and about 15 mm Hg to 49.4 gm product. The
      product dissolved in anhydrous SDA-40 in less than 0.3 hour to form a 30%
      solution with a compatibility of 199 cc. Analysis: 15.7% Al, 5.4% Zr,
      28.8% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE IX
PAR  56.3 gm of zirconyl chloride (8.6% Zr) was added to 72.7 gm of 50% basic
      aluminum bromide (11.3% Al) giving an Al/Zr ratio of 5.7:1. After
      overnight stirring, 102.8 gm solution was dried in a rotary vacuum
      evaporator at 30.degree.C. and about 15 mm Hg to give 46.8 gm product. The
      product dissolved in anhydrous SDA-40 in less than 0.75 hour to form a 30%
      solution with a CCl.sub.4 compatibility of 232 cc. Analysis: 14.1% Al,
      8.2% Zr, 27.3% H.sub.2 O by Karl Fischer.
PAC  EXAMPLE X
PAR  To 1,282 gm of 50% basic aluminum bromide (10.7% Al) was added 114.4 gm of
      zinc bromide giving an Al/Zn ratio of 10.0:1. The solution was spray dried
      using an outlet temperature of 180.degree.F. The product dissolved in
      anhydrous SDA-40 in about an hour to form a 30% solution with a CCl.sub.4
      compatibility of 176 cc. Analysis: 17.8% Al, 4.2% Zn, 16.8% H.sub.2 O by
      Karl Fischer.
PAC  EXAMPLE XI
PAR  To 54.8 gm of 50% basic aluminum bromide (11.8% Al) was added 13.7 gm of
      ZnBr.sub.2 giving an Al/Zn ratio of 3.9:1. After overnight stirring, 66.8
      gm of the solution was dried in a rotary vacuum evaporator at 30.degree.C.
      and about 15 mm Hg to give 44 gm product. The product dissolved in
      anhydrous SDA-40 in less than 15 minutes to form a 30% solution with a
      compatibility of 137 cc. Analysis: 14.1 % Al, 8.5% Zn, 16.2% H.sub.2 O by
      Karl Fischer.
PAC  EXAMPLE XII
PAR  4.3 gm of ZnCl.sub.2 was added to 77.8 gm of 50% basic aluminum bromide
      (11.2% Al) giving an Al/Zn ratio of 10.3:1. The solution was dried in a
      rotary vacuum evaporator at 30.degree.C. and about 15 mm Hg. The product
      dissolved in anhydrous SDA-40 overnight to form a 30% solution with a
      CCl.sub.4 compatibility of 146 cc. Analysis: 19.3% Al, 4.6% Zn, 15.5%
      H.sub.2 O by Karl Fischer.
PAC  EXAMPLE XIII
PAR  8.5 gm of ZnCl.sub.2 was added to 5.7 gm of 50% basic aluminum bromide
      (11.8% Al) giving an Al/Zn ratio of 4.1:1. After overnight stirring, 63.7
      gm of solution was dried in a rotary vacuum evaporator at 30.degree.C. and
      about 15 mm Hg to 40 gm. The product dissolved in anhydrous SDA-40 in
      about 0.3 hour to form a 30% solution with a CCl.sub.4 compatibility of
      116 cc. Analysis: 16.4% Al, 9.7% Zn, 15.5% H.sub.2 O by Karl Fischer.
PAR  The complexes of the present invention are useful in antiperspirant and
      other cosmetic applications, and particularly aerosol antiperspirant
      sprays. Such aerosol antiperspirant formulations comprise a non-toxic
      dermatologically acceptable nonaqueous solvent, such as anhydrous ethanol,
      and about 40 to 60 weight percent of a fluorocarbon propellant such as
      Freon 12, Freon 114, Freon 22, Freon 113, etc. Other suitable solvents and
      propellants will be readily apparent to one of ordinary skill in the art.
      For example, a list of suitable substitutes is presented in column 9 of
      U.S. Pat. No. 3,405,153. The solid complexes should be present to the
      extent of at least 5 weight percent of the total aerosol formulation.
      Since the volatile propellants are dissipated immediately upon
      application, such a concentration will yield an effective concentration of
      at least 10 weight percent based on the non-aqueous solvent. Of course,
      due to the excellent carbon tetrachloride compatibilities of the complexes
      of the present invention, even higher concentrations may be used, thus
      yielding higher concentrations of the active ingredients.
PAR  As examples of aerosol antiperspirant formulations, four batches were
      prepared using the complexes prepared according to Examples I, VI, XI and
      XIII above. The four batches are listed below in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Components of        Weight Percentages                                   
     Formulation Examples of Each Component                                    
     Complex from Example:                                                     
                          I    VI   XI   XIII                                  
     __________________________________________________________________________
     Concentration of Complex                                                  
                          11.0 9.0  7.0  7.0                                   
     Stearic Acid         2.0  1.0  1.0  1.0                                   
     Hexadecyl Alcohol    1.0            1.0                                   
     Silicone Fluid 1066 (General Electric)                                    
                          1.0       1.0  1.0                                   
     Isopropyl Myristate       1.0  1.0                                        
     SDA-40 Alcohol       35.0 39.0 40.0 40.0                                  
     Dichlorotetrafluoroethane                                                 
                          30.0 30.0 30.0 30.0                                  
     Dichlorodifluoromethane                                                   
                          20.0 20.0 20.0 20.0                                  
     __________________________________________________________________________
PAR  All four of the formulations shown in Table I exhibited good stability
      (i.e. lack of gelation tendencies) after one week at ambient temperatures.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing alcohol soluble solid complexes of five-sixths
      basic aluminum bromides comprising the steps of providing an aqueous
      solution of five-sixths basic aluminum bromide having the general
      empirical formula:
EQU  Al.sub.2 (OH).sub.6.sub.-x Br.sub.x
PAL  in which x equals about 0.9 to 1.2; adding to said aqueous solution a
      substance selected from the group consisting of zinc chloride, zinc
      bromide, and combinations of either or both of said zinc halides with
      zirconyl chloride, zirconyl bromide, zirconyl hydroxychloride and/or
      zirconyl hydroxybromide; and drying the resulting mixture to a
      substantially friable solid.
NUM  2.
PAR  2. Alcohol soluble complex solids formed by the method of claim 1.
NUM  3.
PAR  3. A method according to claim 1 wherein said mixture is dried to a water
      content of about 15 to 30 weight percent determined by Karl Fischer
      analysis and based on the total weight of the solid.
NUM  4.
PAR  4. A method according to claim 1 wherein said mixture is vacuum dried at a
      maximum temperature of about 40.degree. C.
NUM  5.
PAR  5. A method according to claim 1 wherein said mixture is spray dried.
NUM  6.
PAR  6. Alcohol soluble complexes of five-sixths basic aluminum bromides formed
      by the method of claim 1 wherein the Al/Zn or Al/Zr mol ratio is about 3:1
      to 20:1.
NUM  7.
PAR  7. Alcohol soluble complexes of five-sixths basic aluminum bromides formed
      by the method of claim 1 and having a halohydrocarbon compatibility of at
      least 100 cc's of CCl.sub.4, when the CCl.sub.4 is admixed with 60 grams
      of a 30 weight percent solution of said complex in SDA-40 alcohol, before
      a permanent cloudiness occurs.
NUM  8.
PAR  8. Alcohol soluble complexes of five-sixths basic aluminum bromides formed
      by the method of claim 3.
NUM  9.
PAR  9. Alcohol soluble complex solids according to claim 2 wherein said solids
      have a water content of about 15 to 30 weight percent determined by Karl
      Fischer analysis and based on the total weight of the solid.
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ABST
PAL  Hydrogen fluoride can be separated from an organic mixture of fluorinated
      C.sub.1 -C.sub.3 compounds and recovered for reuse by selectively
      absorbing the HF in a glycol in which the HF is soluble, but the
      fluorinated organic compound is substantially insoluble. If desired, HF
      can be obtained in anhydrous form.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluorinated carbon compounds can be made by reacting HF with a chlorinated
      hydrocarbon in the presence of any known suitable catalyst, e.g.,
      SbCl.sub.5 and SbCl.sub.3 or chromium oxide. The final reaction mixture
      contains fluoro-organic compounds, chlorofluoro-organic compounds,
      unreacted chloro-organic compounds, HCl and unreacted HF.
PAR  Prior separations of the HF from such mixtures involved the formation of an
      organic and an inorganic layer and separation of the layers. The organic
      layer still contains an appreciable amount of HF which is removed by
      scrubbing with water and then neutralizing with an alkali. The prior
      procedures are described in greater detail in U.S. Pat. Nos. 2,450,414,
      2,450,415 and 2,478,362. The processes are both wasteful of HF and have
      the added disadvantage of creating serious disposal problem of toxic
      fluorides, since recovery from dilute solution is both difficult and
      expensive.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the HF dissolved in a mixed C.sub.1 -C.sub.3
      fluorinated stream from which anhydrous HCl is first removed and which has
      been thereafter cooled and separated to form a layer rich in HF and an
      organic layer containing dissolved HF, can be selectively recovered by
      mixing the C.sub.1 -C.sub.3 fluorinated organic layer with a mono-glycol
      in which the fluorinated organic compounds are substantially insoluble. HF
      is dissolved selectively and two layers form. The layers are separated,
      and the HF is removed from the glycol layer, by distillation or by any
      other means, but preferably by distillation.
PAR  The HF, which may contain some water, passes overhead during distillation
      and the glycol containing, at most, only small amounts of unreacted
      C.sub.1 -C.sub.3 chlorides and/or fluorinated carbon compounds is recycled
      for mixing with additional fluorinated C.sub.1 -C.sub.3 organic compounds
      to repeat the steps described above.
PAR  The distilled HF which may contain water, and some C.sub.1 -C.sub.3 organic
      can be subjected to further treatment, by condensing the overhead to form
      an HF top layer and a C.sub.1 -C.sub.3 fluorinated organic layer which may
      also contain small amounts of unreacted chlorinated C.sub.1 -C.sub.3
      organic compounds. The aqueous HF layer is separated for recycle to the
      fluorination step or it can be further treated to form anhydrous HF and an
      aqueous HF azeotrope. The anhydrous HF is recycled to the fluorination
      step. The organic layer can be fractionated to remove the fluorinated
      products and the chlorinated organic compound is recycled to the
      fluorination step.
PAR  By following the above procedure, substantially all the fluorinated organic
      compounds and substantially all the HF are recovered. No other chemicals
      are used to absorb and regenerate HF and, since no fluorides are present
      in the waste streams, a serious pollution problem is avoided, and
      substantially all of the HF is recovered. No fluorinated or chlorinated
      carbons are sent to disposal systems.
DRWD
PAR  The drawing is a flow diagram of the process, which can be used for
      preparing C.sub.1 -C.sub.3 fluorocarbons, or chlorofluorocarbons and
      recovering HF according to this invention.
DETD
PAR  Referring to the drawing, a chlorinated C.sub.1 -C.sub.3 aliphatic carbon
      compound from tank 10 (Fig. 1A) is fed through line 11 to line 12. HF is
      fed from tank 13 through line 14 to line 12. Optionally, and, preferably,
      a recycle stream containing primarily chlorinated C.sub.1 -C.sub.3 carbon
      and small amounts of fluorocarbon and chlorofluorocarbon is fed from tank
      15 through line 16 to line 12. The mixture of ingredients is fed into
      reactor 17.
PAR  One gas phase process for producing fluorocarbons uses a Cr/Al oxide
      catalyst, at 200.degree.-350.degree.C. and a pressure 2-15 Kg/cm.sup.2.
      One liquid phase route uses a soluble antimony containing catalyst at
      about 100.degree.C. and a pressure of about 30 Kg/cm.sup.2. Preferably,
      the catalyst is dissolved or dispersed in the C.sub.1 -C.sub.3 chlorinated
      carbon in tank 10. The reaction pressure and temperature in reactor 17 are
      controlled to maintain fluorination conditions.
PAR  From reactor 17, a stream is fed through line 18 to Column 19. The feed
      stream in line 18 can be continuous or it can be fed batchwise, if
      desired. In Column 19, conditions are controlled to separate HCl overhead
      through line 20 into condenser 21, and through line 22 to storage.
PAR  The higher boiling condensate and part of the HCl is returned to Column 19,
      as reflux, through line 23. The bottoms temperature in Column 19, will
      vary from about 10.degree. to about 115.degree.C. depending on the
      composition thereof, including the number of C atoms in the chlorinated
      carbon undergoing fluorination. Thus, for C.sub.1 chlorocarbon the
      temperature can range from about 50.degree.-70.degree.C. and for C.sub.2
      chlorocarbon the temperature can range from about 80.degree. to about
      115.degree.C. In any event, the temperature should be no greater than and
      preferably slightly below the boiling point of an HF water azeotrope or
      the boiling point of the most highly fluorinated fraction, so as to
      maintain the bottoms fraction in a liquid state under the pressure
      conditions employed.
PAR  The bottoms stream which contains HF, the unreacted chlorinated carbon
      compound, chlorofluoro compounds and fluorocarbon compounds is fed through
      line 24 to heat exchanger 25 where it is cooled prior to entry into a
      decanter 26. In the decanter, two layers are formed. The top layer
      contains most of the HF, and the small amounts of the halogenated carbons.
      The bottom layer contains very predominantly the halogenated carbons and
      some dissolved HF.
PAR  The top layer, if it is substantially anhydrous, is recycled to tank 13
      through line 27 for reuse in the fluorination reaction. If the HF layer
      contains an appreciable amount of water, it should be dehydrated by known
      means prior to feeding into the reactor. The steps delineated to this
      point are those shown in U.S. Pat. Nos. 2,450,414, 2,450,415, and
      2,478,362.
PAR  In accordance with this invention, the organic or bottom layer from
      decanter 26 is fed through valved line 28 to mixer 29. A stream of a
      glycol is fed to the mixer through valved line 30.
PAR  In mixer 29, the bottom or halogenated organic layer is thoroughly mixed
      with the glycol. Here the HF that is contained in the bottom layer is
      preferentially dissolved in the glycol, while only small amounts of the
      halogenated organic compounds are soluble therein, and the amount of
      glycol dissolved in the halogenated organic phase is less than about 0.1%
      by weight and usually not greater than about 0.02 to about 0.05%.
PAR  After thorough mixing, the liquid from 29 is sent through line 31 to
      settling tank or decanter 32, (FIG. 1B) where two phases form. The lower
      halogenated organic phase is shown in the drawing as passing through
      valved line 33 to a second mixer 34, where it is mixed with additional
      glycol supplied through valved line 35. From mixer 34, the liquid stream
      passes through line 36 to a second settling tank or decanter 37. Although
      two mixing and settling stages are shown in the drawing, it is to be
      understood that a single such mixing and settling stage can be sufficient,
      or, in the alternative, three or more such stages can be used.
PAR  The glycol overhead from tanks 32 and 37 is fed through lines 38, 39 and
      valved line 40 into a distillation Column 41. In this column the HF and
      any water which may be present, and the halogenated carbon products are
      taken off overhead through line 42 and into condenser 43. A portion of the
      condensate is returned to Column 41 as reflux through line 44 and the
      remainder is fed through line 45 to a settling tank 46 (FIG. 1C). The
      bottom product in Column 41 is substantially pure glycol. It passes from
      the column through line 47 to tank 48 for recycle through line 73. A
      bottom temperature of from about 150.degree. to about 215.degree.C. is
      sufficient to strip and purify the glycol in Column 41. It is to be
      understood that the bottoms temperature in Column 41 can be controlled to
      remove the specific C.sub.1 -C.sub.3 halogenated carbons being distilled.
PAR  In settling tank 46 (FIG. 1C), a top inorganic layer containing HF and any
      water which may be present in the feed to Column 41 and a bottom
      halogenated organic layer containing the C.sub.1 -C.sub.3 halogenated
      carbon compounds are formed. The latter are removed through line 49 and
      fed to tank 15 for recycle. The inorganic HF rich layer is removed through
      line 50 and sent to storage or is dehydrated if it contains water, before
      reuse in the fluorination step. When dry, the HF rich layer can be
      recycled to tank 13.
PAR  The halogenated organic or bottom layer from tank 37 is fed through valved
      line 51 to Column 52. The feed to the latter column contains fluorocarbon,
      chlorofluorocarbon and chlorocarbon compounds with small amounts of
      glycol, usually only 100-300 ppm at 30.degree.C.
PAR  In Column 52, the most highly fluorinated compound is removed through line
      53, passed to condenser 54, to line 55. A portion of the liquefied product
      is returned to Column 52 through line 56, as reflux, and the remainder
      passes through line 57 to storage.
PAR  Bottoms from Column 52 pass through line 58 to another Column 59, where
      compounds of intermediate fluorination are separated overhead through line
      60, passed to condenser 61, into line 62. A portion of the liquid is
      returned to Column 59 through line 63, as reflux, and the remainder is
      passed through line 64 to storage.
PAR  Bottoms from Column 59 contain primarily unreacted chlorocarbon and the
      glycol which was dissolved in the stream fed to Column 52. The bottoms
      from Column 59 are fed through line 65 to Column 66, where the unreacted
      chlorocarbon is removed as overhead vapor through line 67, passed to
      condenser 68, and the liquefied chlorocarbon is sent to line 69. A portion
      of the chlorocarbon is returned to Column 66 as reflux through line 70 and
      the remainder passes through line 71 to the reactor 17. Bottoms from
      Column 66 are withdrawn through line 72 and returned to the glycol storage
      tank 48 for reuse in the process.
PAR  Representative glycols include ethylene glycol, diethylene glycol,
      triethylene glycol, tetraethylene glycol, propylene glycol, dipropylene
      glycol, trimethylene glycol and ditrimethylene glycol. The glycols have
      from 2 to 8 C atoms. Other glycols which are liquid at the temperature
      employed in the HF separation steps may also be used. The preferred
      glycols are ethylene glycol and monopropylene glycol and most preferred is
      ethylene glycol.
PAR  The halogen containing compounds from which HF is separated include the
      chloro and fluoro C.sub.1 -C.sub.3 compounds and, preferably, they are
      those obtained in the fluorination of C.sub.1 -C.sub.3 chloro compounds
      containing an average of at least 2 Cl atoms per carbon atom, e.g., carbon
      tetrachloride, tetrachloroethylene, and octachloropropane. During the
      fluorination reaction one or more chlorine atoms on the chlorocarbon is
      replaced by one or more F atoms.
PAR  The fluorinated compounds have known utility as refrigerants or as heat
      stable heat exchange materials.
PAC  EXAMPLE 1
PAR  A mixture containing HF, carbon tetrachloride, trichlorofluoromethane, and
      dichlorodifluoromethane, formed by fluorination of carbon tetrachloride
      with HF in the presence of SbCl.sub.5 and SbCl.sub.3 was passed to Column
      19, where HCl was distilled from the mixture. The bottoms temperature
      ranged from 25.degree. to 75.degree.C. The still bottoms were cooled in
      heat exchanger 25 and passed to decanter 26, where a HF rich layer was
      separated and passed through line 27 to tank 13 for recycle into reactor
      17. The bottom layer from decanter 26 which contains about 1 wt. percent
      HF was sent to a mixer 29 into which ethylene glycol was fed through line
      30. The volume ratio of glycol to still bottoms was 3 to 4. After thorough
      mixing the ingredients were sent to settling tank or decanter 32, where a
      top glycol layer containing HF and a bottom layer of halogenated methane
      were formed. The bottom layer was fed to a second mixer 34, into which
      additional ethylene glycol was fed through line 35. From mixer 34, the
      ingredients were fed to settling tank or decanter 37. The top glycol
      containing layers from decanters 32 and 37 were fed through lines 38 and
      39, respectively, to line 40, and into distillation Column 41 where the HF
      and small amounts of halogenated methane were removed, and then passed
      into decanter 46 where two layers formed. The layers were separated and
      sent to recycle. The halogenated carbon layer from decanter or settling
      tank 37, was fed to distillation Column 52. The ethylene glycol stream
      contained about 0.5 wt. percent of each of the fluorinated methanes, about
      6 wt. percent of carbon tetrachloride and substantially all the HF.
      Conditions in distillation Columns 52, 59 and 66 are controlled so that
      the lowest boiling fraction in each still is separated overhead. Thus in
      still 52, dichlorodifluoromethane was separated, as vapor, condensed and
      sent to storage. In fractionating Column 59, trichlorofluoromethane is
      separated and in Column 66 most of the carbon tetrachloride is removed,
      and recycled to the reactor. The bottoms from Column 66, contains the
      ethylene glycol which was dissolved in the halogenated carbon stream. The
      volume is comparatively small and can contain as much as 90 wt. percent
      carbon tetrachloride and about 10% ethylene glycol. If desired, however,
      the carbon tetrachloride can be substantially all removed from the glycol.
      The bottoms stream is returned to glycol storage tank 48 for recycle to
      mixers 29 and 34, through line 73.
PAC  EXAMPLE 2
PAR  In this example tetrachloroethylene was fluorinated with HF in the presence
      of the catalyst described above. The HCl was stripped from the reactor
      effluent in Column 19. Bottoms from the column were fed to decanter 26,
      and the top HF rich layer was recycled. The bottom layer, which contained
      about 1 wt. percent HF, was fed to mixer 29 where it was commingled with
      ethylene glycol from line 30. The mixture was then fed into settling tank
      or decanter 32. The top layer of glycol containing HF and small amounts of
      halogenated C.sub.2 compounds was removed through line 38. The bottom
      layer of halogenated C.sub.2 compounds was fed to a second mixer 34, where
      it was commingled with additional ethylene glycol from line 35. The
      mixture was then fed to settling tank or decanter 37. The top
      glycol-containing layer passed through line 39 and combined with that from
      line 38 and fed to Column 41. The HF and traces of halogenated C.sub.2
      carbon compounds were distilled and substantially pure glycol was
      recovered as a bottoms stream which was sent to storage tank 48. The
      glycol feed to Column 41 contained about 0.3 wt. percent
      dichlorotetrafluoroethane, about 1.9 wt. percent of
      trichlorotrifluoroethane and about 2.4 wt. percent of tetrachloroethylene.
      The overhead Column 41, was condensed and fed to settling tank or decanter
      46 where a top HF rich layer and a bottom layer of halo-organic compounds
      formed. The top layer can be recycled to the reaction, if dry, or
      dehydrated prior to recycle, if it contains water. The bottom layer was
      recycled to the fluorination reactor.
PAR  The bottom layer from decanter 37 was fed to Column 52, where
      dichlorotetrafluoroethane was recovered overhead and sent to storage. The
      bottoms temperature in the column was 175.degree.C. The bottom stream from
      Column 52 was fed to column 59, where trichlorotrifluoroethane was
      recovered overhead. Bottoms from this column were fed to Column 66 where
      tetrachloroethylene was removed overhead and recycled to the fluorination
      reactor. The bottoms from Column 66 was a mixture of about 90 wt. percent
      tetrachloroethylene and 10 wt. percent of ethylene glycol. This mixture
      was returned to the glycol storage tank 48 for reuse. If desired,
      substantially all the tetrachloroethylene can be removed from the glycol
      in Column 66 before returning the glycol to tank 48.
PAR  When C.sub.3 chlorinated compounds are reacted to form fluorinated
      derivatives, the procedural steps for separating HF from the HF
      halogenated carbon compound mixture by using glycols is the same as
      described above, with the exception that temperatures of distillation of
      the products from the glycol will need adjustment to vaporize and
      fractionate the specific chlorofluoro compounds undergoing separation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of recovering the HF which is dissolved in the organic layer
      obtained after fluorinating a C.sub.1 -C.sub.3 chlorinated hydrocarbon and
      after separating HCl and cooling to form an HF rich layer and said organic
      layer, comprising commingling (a) the substantially HCl free organic
      C.sub.1 -C.sub.3 halocarbon layer containing chloro-, chlorofluoro-, and
      fluorocarbons with (b) a glycol lean in HF and which is liquid at the
      temperature employed and which has from 2 to 8 C atoms, forming a glycol
      layer having hydrogen fluoride selectively dissolved therein and a C.sub.1
      -C.sub.3 halocarbon layer containing chloro-, chlorofluoro- and
      fluorocarbons, separating the C.sub.1 -C.sub.3 halocarbon layer from the
      glycol layer and recovering hydrogen fluoride from the glycol layer.
NUM  2.
PAR  2. The method of claim 1 in which the glycol is ethylene glycol.
NUM  3.
PAR  3. The method of claim 1 in which the glycol is propylene glycol.
NUM  4.
PAR  4. The method of claim 1 in which step of commingling of the C.sub.1
      -C.sub.3 chloro-, chlorofluoro and fluorocarbon layer with a glycol is
      repeated.
NUM  5.
PAR  5. The method of claim 1 in which the halocarbon is a mixture of carbon
      tetrachloride, trichlorofluoro methane and dichlorodifluoromethane.
NUM  6.
PAR  6. The method of claim 1 in which the halo carbon is a mixture of tetra
      chloroethylene, trichlorotrifluoroethane and dichlorotetrafluoroethane.
NUM  7.
PAR  7. The method of claim 1 wherein the lean glycol is recycled and commingled
      with the said C.sub.1 -C.sub.3 halocarbon.
NUM  8.
PAR  8. The method of claim 7 in which the glycol is ethylene glycol.
NUM  9.
PAR  9. The method of claim 7 in which the glycol is propylene glycol.
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ABST
PAL  A process for making an alkali metal dithionite by reacting sulphur dioxide
      with a basic alkali metal compound and one or both of formic acid and an
      alkali metal formate. The process is conducted in the presence of aqueous
      2-methoxyethanol.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the manufacture of alkali metal dithionites.
PAC  DESCRIPTION OF THE PRIOR ART.
PAR  It is known that formic acid will react with an alkali metal bisulphite to
      form an alkali metal dithionite according to the equation:
EQU  2NaHSO.sub.3 + HCO.sub.2 H = Na.sub.2 S.sub.2 O.sub.4 + CO.sub.2 + 2H.sub.2
      O
PAL  and several manufacturing procedures have been proposed (e.g. in U.S. Pat.
      No. 2,010,615, and U.K. patent specifications No. 1,148,248, 1,286,915 and
      1,312,329) in which an alkali metal formate is reacted in
      aqueous/alcoholic solution with sulphur dioxide and a basic alkali metal
      compound thereby forming in situ bisulphite and formic acid for reaction
      according to the above equation. The alcohols suggested for use in these
      procedures are lower aliphatic alcohols such as methanol, ethanol and
      propanol and methanol is generally preferred. The preferred reaction
      temperatures are such that superatmospheric pressures are necessary.
PAC  SUMMARY OF THE INVENTION
PAR  We have now discovered a process of manufacturing alkali metal dithionites
      utilising the aforesaid reaction between bisulphites and alkali metal
      formates which dispenses with the need for superatmospheric pressures
      whilst providing results comparable with or better than those given by the
      previous procedures.
PAR  Accordingly, the invention provides a process of preparing an alkali metal
      dithionite which comprises forming a reaction mixture comprising formic
      acid or an alkali metal formate or both, sulphur dioxide and a basic
      alkali metal compound, all in solution or suspension in aqueous
      2-methoxyethanol and causing said mixture to react thereby producing
      anhydrous alkali metal dithionite salt.
PAR  The novel process may be carried out according to several alternative
      procedures such as those suggested in the aforesaid prior publications in
      respect of the other alcohols.
PAR  The novel process may be conducted according to several alternative
      procedures. For example, sulphur dioxide may be introduced as such or
      produced in situ by the addition of a compound (for example sodium
      pyrosulphite, sodium metabisulphite or sodium sulphite) which produces
      sulphur dioxide under the reaction conditions. Also, the sequence and mode
      of addition of the reactants to the reaction vessel may be varied
      according to several permutations. Thus, SO.sub.2 (as such or as
      pyrosulphite, metabisulphite or sulphite) may be added concurrently or
      sequentially in either order with formic acid or formate to the alkali
      species. Alternatively all three reactants may be added, possible with
      premixing of two (or less preferably all three) of them, to the
      methoxyethanol. Methoxyethanol may also be present in any of the
      individual streams added to the reaction mixture according to any of these
      possible procedures.
PAR  For best yields it is desirable to ensure that the reaction proceeds as
      rapidly as possible but the use of high reaction temperatures makes for
      decomposition of the already formed dithionite. Although direct addition
      of liquid or gaseous sulphur dioxide to the reaction mixture is not
      excluded, it is preferred, in order to keep the acidity of the reaction
      mixture to a minimum, to add the sulphur dioxide as a solution in
      2-methoxyethanol, or a mixture of 2-methoxyethanol and water, to the
      mixture whilst reaction is proceeding and at a rate such that the sulphur
      dioxide is absorbed as fast as it is added and does not escape from the
      reaction system. A convenient method of carrying out the reaction is to
      add both a stream of sulphur dioxide solution and a stream of an aqueous,
      aqueous/methoxyethanolic, or methoxyethanolic solution or slurry of basic
      alkali metal compound to a solution or slurry of alkali metal formate or
      formic acid in water, aqueous methoxyethanol or methoxyethanol.
      Alternatively, streams of sulphur dioxide or sulphur dioxide solution and
      a solution or slurry of basic alkali metal compound and alkali metal
      formate or formic acid may be added to a reservoir of the
      2-methoxyethanol. The reactant streams may be introduced by dropwise
      addition or in the form of a fine stream. Alternatively small amounts of
      the components can be added intermittently.
PAR  Suitable basic alkali metal compounds are hydroxides, carbonates or
      sulphites. Hydroxides are generally preferred. The process of the
      invention will normally be applied to the preparation of sodium dithionite
      so that in the preferred case the alkali metal reactants will be sodium
      hydroxide and sodium formate.
PAR  The preferred reaction temperature is in the range 60.degree. to
      90.degree.C, most preferably 70.degree. to 85.degree.C. In one convenient
      procedure an initial formate slurry is formed at ambient temperature, the
      temperature increased to within the range 70.degree. to 85.degree.C, and
      the reaction is carried out at the increased temperature.
PAR  The proportions of reactants will be determined by the stoichiometry of the
      reaction. Preferably the sulphur dioxide is used in 20 -35% by weight
      solution in 2-methoxyethanol. Where sodium hydroxide is added separately
      to the mixture this is preferably as a 40-50% by weight aqueous solution.
      Preferably an excess of formate (whether as formic acid or formate) over
      the stoichiometric requirement is used. The formate is preferably a 25-40%
      slurry in methoxyethanol/water mixture comprising from 5-50%, preferably 8
      to 35% by weight of water. A 20 to 40% excess of formic acid or formate
      over the sulphur dioxide has been found convenient.
PAR  To minimise the reaction volume when employing formic acid, the formic acid
      is preferably added in as concentrated form as possible, most preferably
      as a 50 to 98% by weight aqueous solution.
PAR  Processes in which formic acid is present ab initio in the reaction vessel
      are less preferred since the resulting high initial acidity may lead to
      decomposition of dithionite. Preferred alkalis for present use include
      sodium hydroxide and sodium carbonate.
PAR  The reaction is preferably conducted in nitrogen or other inert atmosphere.
PAR  Alkali metal dithionite product of the process of the invention if
      precipitated from the reaction mixture and may be recovered by filtration
      washing with methanol and drying; 2-methoxyethanol and methanol can be
      recovered from the filtrate and washings and re-used.
DETD
PAR  The invention is illustrated by the following examples.
PAC  EXAMPLE 1
PAR  a slurry of 160g (2.35 moles) sodium formate, 240g. methoxyethanol and 120
      g. water was charged into the reaction vessel and heated up to 75.degree.C
      with stirring under reflux in an inert atmosphere (N.sub.2). To the
      stirred slurry was added a solution of 60g. (1.5 moles) sodium hydroxide
      in 70g. water concurrently with a solution of 196g. (3.06 moles) sulphur
      dioxide in 610g. methoxyethanol. The sulphur dioxide solution was added at
      a uniform rate over 1 hour and the alkali at such a rate that the first
      30% was added 21/2 times as fast as the remaining 70%, the total time of
      addition being 1 hour. When addition was complete, the product was stirred
      at 75.degree.C for 21/2 hours, filtered off under an inert atmosphere,
      washed with 200g. methanol at a temperature above 60.degree.C, and then
      dried. The white solid obtained weighed 241.6g and contained 93.6% sodium
      dithionite, Na.sub.2 S.sub.2 O.sub.4. The yield as Na.sub.2 S.sub.2
      O.sub.4 was 86.2% calculated on the sulphur dioxide.
PAR  For comparison, four comparative experiments were carried out under
      substantially identical conditions to Example 1 but employing methanol,
      ethanol, and ethanol/ethylene glycol mixture and 2-ethoxyethanol
      respectively as the solvent alcohols. Details of the experiments are given
      below. It will be seen that none of these alcohols give results
      approaching those of Example 1.
PAC  EXPERIMENT 1
PAR  A slurry of 160g (2.35 moles) sodium formate, 240g methanol and 120g water
      was charged into the reaction vessel and heated up to 65.degree.C with
      stirring under reflux in an inert atmosphere (N.sub.2). To the stirred
      slurry was added a solution of 60g. (1.5 moles) sodium hydroxide in 70g
      water concurrently with a solution of 200g. (3.13 moles) sulphur dioxide
      in 610g methanol. The sulphur dioxide solution was added at a uniform rate
      over 1 hour and the alkali at such a rate that the first 30% was added
      21/2 times as fast as the remaining 70%, the total time of addition being
      1 hour. During the reaction the refluxing temperature rose to 70.degree.C.
      When addition was complete the product was stirred at 70.degree.C for 21/2
      hours, filtered off under an inert atmosphere, washed with 200g methanol
      at a temperature above 60.degree.C and then dried. The white solid
      obtained weighed 147.7g and contained 64.8% sodium dithionite, Na.sub.2
      S.sub.2 O.sub.4. The yield as Na.sub.2 S.sub.2 O.sub.4 was 38.7%
      calculated on the sulphur dioxide consumed.
PAC  EXPERIMENT 2
PAR  A slurry of 160g (2.35 moles) sodium formate, 240g ethanol (74.degree.o.p.
      industrial methylated spirit) and 120g water was charged into the reaction
      vessel and heated up to 75.degree.C with stirring under reflux in an inert
      atmosphere (N.sub.2). To the stirred slurry was added a solution of 60g
      (1.5 moles) sodium hydroxide in 70g water concurrently with a solution of
      200g (3.13 moles) sulphur dioxide in 610g ethanol. The sulphur dioxide
      solution was added at a uniform rate over 1 hour and the alkali at such a
      rate that the first 30% was added 21/2 times as fast as the remaining 70%,
      the total time of addition being 1 hour. The temperature was kept at
      75.degree.C at all times. A sticky solid was formed initially but this
      quickly dispersed to give a normal-looking white solid. The mixture was
      stirred at 75.degree.C for 21/2 hours after addition was complete and then
      filtered off under an inert atmosphere, washed with 200g methanol at a
      temperature above 60.degree.C and finally dried. The white solid obtained
      weighed 211.9g and contained 70.7% sodium dithionite, Na.sub.2 S.sub.2
      O.sub.4. The yield as Na.sub.2 S.sub.2 O.sub.4 was 58.6% calculated on the
      sulphur dioxide consumed.
PAC  EXPERIMENT 3
PAR  A slurry of 160g (2.35 moles) sodium formate, 180g ethanol (74.degree.o.p.
      industrial methylated spirit) 60g ethylene glycol and 120g water was
      charged into the reaction vessel and heated up to 80.degree.C with
      stirring under reflux in an inert atmosphere (N.sub.2). To the stirred
      slurry was added a solution of 60g (1.5 moles) sodium hydroxide in 70g
      water concurrently with a solution of 200g (3.13 moles) sulphur dioxide in
      a mixture of 457g ethanol and 153g ethylene glycol. The sulphur dioxide
      solution was added at a uniform rate over 1 hour and the alkali at such a
      rate that the first 30% was added 21/2 times as fast as the remaining 70%,
      the total time of addition being 1 hour. When addition was complete the
      product was stirred at 80.degree.C for 21/2 hours, filtered off under an
      inert atmosphere, washed with 200g methanol at a temperature above
      60.degree.C and then dried. The white solid obtained weighed 212.7g and
      contained 82.3% sodium dithionite, Na.sub.2 S.sub.2 O.sub.4. The yield as
      Na.sub.2 S.sub.2 O.sub.4  was 67.0% calculated on sulphur dioxide
      consumed.
PAC  EXPERIMENT 4
PAR  A slurry of 160g (2.35 moles) sodium formate, 240g 2-ethoxyethanol and 120g
      water was charged into the reaction vessel and heated up to 75.degree.C
      with stirring under reflux in an inert atmosphere (N.sub.2). To the
      stirred slurry was added a solution of 60g (1.5 moles) sodium hydroxide in
      70g water concurrently with a solution of 200g (3.13 moles) sulphur
      dioxide in 610g ethoxyethanol. The sulphur dioxide solution was added at a
      uniform rate over 1 hour and the alkali at such a rate that the first 30%
      was added 21/2 times as fast as the remaining 70%, the total time of
      addition being 1 hour. A white solid was formed at first but this soon
      evolved gas and yielded a yellow-looking product which coagulated to a
      pasty mass which swirled round the bottom of the reaction vessel. The
      mixture was stirred at 75.degree.C for 21/2 hours. Great difficulty was
      encountered in filtering off the product. Much of the white filter-cake
      was dissolved on washing with 200g methanol at a temperature above
      60.degree.C and the very low yield of final product could not be dried
      satisfactorily. Ethoxyethanol was obviously not a suitable solvent.
PAC  EXAMPLE 2 A slurry of sodium formate (122 g 1.80 moles) in 2-methoxyethanol
      (330 g) and water (30 g) was stirred at 75.degree.C in a 2-litre flask
      under a reflux condenser in an atmosphere of nitrogen. Solutions of
      sulphur dioxide (200g 3.12 moles) in 2-methoxyethanol (400g) and sodium
      hydroxide (60 g 1.50 moles) in water (70g), were then added concurrently,
      such that the sulphur dioxide flowed in at uniform rate for 2 hours and
      the first 30g of the caustic soda flowed in at 2.5 times the rate of the
      remaining 70%, the total alkali addition time being 2 hours. The
      temperature was kept as close as possible to 75.degree.C during the
      addition, and heating and stirring were continued at this temperature for
      a further 2.5 hours after the addition was complete.
PAR  The product was filtered off in an inert atmosphere, washed with 200g of
      methanol at a temperature above 60.degree.C, and then dried. The white
      solid obtained weighed 242 g and contained 91.5% of Na.sub.2 S.sub.2
      O.sub.4. The yield as Na.sub.2 S.sub.2 O.sub.4 was 82.8% calculated on the
      sulphur dioxide.
PAC  EXAMPLE 3
PAR  A mixture of sodium hydroxide (120g, 3.0 moles), sodium formate (20.4g, 0.3
      mole), 2-methoxyethanol (330g), and water (100g) was stirred under reflux
      in an atmosphere of nitrogen at 75.degree.C. Formic acid (98%, 70.4g, 1.5
      moles) and a solution of sulphur dioxide (200g, 3.12 moles) in
      2-methoxyethanol (400g) were added uniformly and concurrently over 1 hour,
      the temperature being kept at 75.degree.C -- initially by applied cooling.
PAR  When addition was complete the product was stirred at 75.degree.C for 2.5
      hours and then filtered in an atmosphere of nitrogen. The solid was washed
      on the filter with hot methanol (200g) and then dried. The cream-coloured
      dry product (226.0g) contained 90.3% of sodium dithionite, Na.sub.2
      S.sub.2 O.sub.4. The yield as Na.sub.2 S.sub.2 O.sub.4 was 77.0%
      calculated on the sulphur dioxide.
PAC  EXAMPLE 4
PAR  Anhydrous sodium carbonate (159g, 1.5 moles) was added to a mixture of
      sodium formate (20.4g, 0.3 mole) 2-methoxyethanol (330g) and water (100g)
      preheated to a temperature just above 40.degree.C. The mixture was then
      treated with formic acid and sulphur dioxide/2-methoxyethanol solution at
      75.degree.C and worked up, all exactly as in Example 1.
PAR  The final white product (234.6g) contained 91.7% of sodium dithionite,
      Na.sub.2 S.sub.2 O.sub.4. The yield as Na.sub.2 S.sub.2 O.sub.4 was 81.4%
      calculated on the sulphur dioxide.
PAC  EXAMPLE 5
PAR  A mixture of 2-methoxyethanol (330 g) and water (30 g) was heated to
      40.degree.-45.degree. in a 2-liter flask, and anhydrous solution carbonate
      (96 g., 0.91 mole) then; suspended therein. The slurry was stirred under
      reflux and formic acid (98%, 84.9g, 1.81 moles) added gradually during 30
      minutes with appropriate cooling to prevent the temperature from exceeding
      70.degree.C or so.
PAR  When addition of formic acid was complete, a hydrogen peroxide trap was
      attached to the top of the reflux condenser (for determination of
      unabsorbed sulphur dioxide by alkali titration) and a slow current of
      nitrogen passed through the system.
PAR  Solutions of sulphur dioxide (195 g, 3.05 moles) in 2-methoxyethanol (400
      g) and sodium hydroxide (60g, 1.50 moles) in water (70g), were then added
      concurrently. The sulphur dioxide solution was added at a uniform rate
      during 2 hours through a tube which dipped below the surface of the
      reaction mixture. The caustic soda solution was added at such a rate that
      the first 30% was added 2.5 times as fast as the remaining 70%, the total
      time of addition being 2 hours. The temperature was kept at 75.degree.C
      throughout. After the addition was complete, stirring under reflux in
      nitrogen atmosphere at 75.degree.C was continued for another 2.5 hours.
PAR  The product was filtered off in an inert atmosphere, washed with 200 g of
      methanol at a temperature above 60.degree.C, and then dried. The white
      solid obtained weighed 240.3g and contained 95.7% of Na.sub.2 S.sub.2
      O.sub.4. The yield as Na.sub.2 S.sub.2 O.sub.4 was 88.1%, calculated on
      the sulphur dioxide consumed. Unabsorbed sulphur dioxide amounted to 0.8g.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for preparing an anhydrous alkali metal dithionite which
      comprises forming a reaction mixture consisting essentially of one or both
      of formic acid and an alkali metal formate, sulphur dioxide, and a basic
      alkali metal compound, all in solution or suspension in a liquid reaction
      medium and causing said mixture to react thereby producing anhydrous
      alkali metal dithionite salt, the improvement which comprises performing
      the reaction in a medium consisting essentially of 2-methoxyethanol.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the sulphur dioxide is
      introduced into the reaction mixture concurrently with the formic acid or
      formate.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the sulphur dioxide is
      introduced into the reaction mixture sequentially with the formic acid or
      formate.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the sulphur dioxide is
      introduced in the form of a sulphur compound that produces sulphur dioxide
      under the reaction conditions.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein at least one of the reactants
      is pre-mixed with 2-methoxyethanol.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein the sulphur dioxide is
      introduced as a solution in 2-methoxyethanol or a mixture of
      2-methoxyethanol and water.
NUM  7.
PAR  7. A process as claimed in claim 6, wherein the sulphur dioxide is used in
      20 to 35% by weight in solution in 2-methoxyethanol.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the sulphur dioxide is
      introduced into the reaction mixture while the reaction is proceeding and
      at a rate such that the sulphur dioxide is absorbed as fast as it is
      added.
NUM  9.
PAR  9. A process as claimed in claim 1, wherein a stream of sulphur dioxide
      solution and a stream of an aqueous, aqueous/methoxyethanolic, or
      methoxyethanolic solution or slurry of basic alkali metal compounds are
      simultaneously added to a solution or slurry of alkali metal formate or
      formic acid in water, aqueous methoxyethanol or methoxyethanol.
NUM  10.
PAR  10. A process as claimed in claim 1, wherein a stream of sulphur dioxide or
      sulphur dioxide solution and a stream of solution or slurry of basic
      alkali metal compound and alkali metal formate or formic acid are added to
      a reservoir of the 2-methoxyethanol.
NUM  11.
PAR  11. A process as claimed in claim 1 wherein the reaction temperature is in
      the range 60.degree.-90.degree.C.
NUM  12.
PAR  12. A process as claimed in claim 1 wherein the basic alkali metal compound
      is sodium hydroxide and is added separately to the reaction mixture as a
      40 to 50% by weight aqueous solution.
NUM  13.
PAR  13. A process as claimed in claim 1 wherein alkali metal formate is used as
      a 25 to 40% slurry in a methoxyethanol/water mixture comprising 5 to 50%
      by weight of water.
NUM  14.
PAR  14. A process as claimed in claim 1 wherein alkali metal formate is used as
      a 20 to 40% excess over the sulphur dioxide.
NUM  15.
PAR  15. A process as claimed in claim 1 wherein formic acid is introduced in
      concentrated aqueous solution containing 50 to 98% by weight of formic
      acid.
NUM  16.
PAR  16. A process as claimed in claim 1, wherein the reaction is conducted in
      an inert atmosphere.
NUM  17.
PAR  17. A process as claimed in claim 1, wherein the alkali metal dithionite
      product is recovered from the reaction mixture by filtration washing with
      methanol and dried.
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ABST
PAL  A process for oxidizing sulfur dioxide which comprises contacting a gas
      containing sulfur dioxide and a gas containing oxygen with an aqueous
      solution containing at least 3 ppm each of a pentavalent vanadium ion and
      a divalent manganese ion.
BSUM
PAR  This invention relates to a process whereby a gas containing sulfur dioxide
      is treated to oxidize the sulfur dioxide to sulfuric acid in the liquid
      phase at a low temperature.
PAR  A method for air oxidizing sulfur dioxide using platinum, iron, copper,
      cobalt or vanadium as a catalyst, and in particular, the vanadium catalyst
      is in wide use in plants manufacturing sulfuric acid. However, these
      catalysts have poor activities at low temperatures, and therefore, require
      high temperatures of about 450.degree. to 500.degree. C. The equilibrium
      conversion of sulfur dioxide in this method is about 80 to 98% at most. It
      has already been clarified that such a low equilibrium conversion is due
      to the thermodynamic restrictions of the air oxidizing reaction at high
      temperatures. Thus, while the method for oxidizing sulfur dioxide using a
      vanadium catalyst is valuable for preparing concentrated sulfuric acid or
      fuming sulfuric acid using concentrated sulfurous acid gas as a material,
      it has the disadvantage that an unreacted gas containing sulfur dioxide in
      a concentration of as high as 1,500 to 4,000 ppm is generated. In order to
      increase the conversion of sulfur dioxide, it is necessary to perform the
      oxidation reaction at a temperature of not more than 400.degree. C.,
      preferably not more than 350.degree.  C. At such temperatures, all of the
      cobalt, copper, platinum, and vanadium have poor activities.
PAR  On the other hand, an attempt has been made to use an activated carbon
      catalyst for oxidizing sulfur dioxide at a low temperature of about
      50.degree. C. In this method, a greater part of the product (sulfuric
      acid) is firmly adsorbed to the activated carbon, and hampers the
      oxidation of sulfur dioxide. Accordingly, the activated carbon cannot be
      used for prolonged periods of time, and for example, activated carbon
      which has been used for half a day must be washed with water for a long
      time prior to using it repeatedly. Thus, such a method is quite unsuitable
      for practical application.
PAR  It has also been reported that an aqueous solution of ferrous sulfate,
      ferric chloride, manganese chloride, manganese nitrate or manganese
      nitrate or manganese sulfate can be used for low temperature oxidation of
      sulfur dioxide. It was also proposed a long time ago to use an aqueous
      solution containing both manganese sulfate and aluminum sulfate. These
      metal salt solutions, however, cause the formation and buildup of sulfuric
      acid in the reaction system (catalyst solution) and impede the oxidation
      reaction. The oxidation reaction tends to become somewhat slow even when
      the concentration of sulfuric acid built up in the reaction system becomes
      1 to 2% by weight, and when the sulfuric acid concentration exceeds 8% by
      weight, it is difficult to oxidize sulfur dioxide rapidly.
PAR  We have made extensive studies with a view to finding a method whereby
      sulfuric acid is obtained from a gas containing sulfur dioxide and the
      concentration of sulfur dioxide in the unreacted discharged gas to not
      more than 5 to 100 ppm, and succeeded in using a vanadium catalyst, which
      has previously been used at high temperatures of about 450 to 500.degree.
      C., as a catalyst for air oxidation in the liquid phase at a temperature
      as low as about 50.degree. C.
PAR  According to this invention, there is provided a process for oxidizing
      sulfur dioxide, which comprises contacting a sulfur dioxide-containing gas
      and an oxygen-containing gas with an aqueous solution containing a
      pentavalent vanadium ion and a divalent manganese ion each in a
      concentration of at least 3 ppm.
PAR  In spite of using vanadium as one ingredient of the catalyst, the process
      of this invention makes it possible to oxidize sulfur dioxide in air at a
      temperature of not more than 350.degree. C., especially at a temperature
      as low as about 50.degree. C., easily and rapidly. Therefore, the
      oxidation reaction in accordance with this invention is not
      thermodynamically restricted as to the equilibrium conversion as is the
      case with the conventional vanadium catalyst, but it is possible to
      convert substantially all of the sulfur dioxide dissolved in the catalyst
      solution to sulfuric acid, and to reduce the concentration of the residual
      sulfur dioxide in the catalyst solution to not more than 1 to 2 ppm.
      Naturally, the concentration of residual sulfur dioxide in the unreacted
      gas which is discharged through the catalyst solution is very low, and can
      be easily reduced to not more than 5 to 100 ppm.
PAR  Even when sulfuric acid is generated and built up in the reaction system
      (catalyst solution) in a concentration of 1 to 20% by weight, and even 30%
      by weight, the oxidation reaction rapidly proceeds substantially
      independently of this phenomenon. Furthermore, no trouble occurs in the
      present invention which is ascribable to the firm adsorption of the
      product to the catalyst as is the case with the activated carbon catalyst.
PAR  The process of this invention can be applied to flue gases resulting from
      the burning of sulfur, hydrogen sulfide, heavy oil, coal, or tail gases
      from the sulfuric acid manufacturing equipment, roaster gases in steel,
      and exhaust gases from the sulfuric acid or paper-making plants. The
      process of this invention is valuable for practical application in that a
      gas containing sulfur dioxide can be desulfurized to reduce the
      concentration of the residual sulfur dioxide to not more than 5 to 100
      ppm, and that sulfuric acid can be formed and built up in the catalyst
      solution (reaction system) to a concentration of 30 to 55% by weight.
PAR  The catalyst used in this invention is an aqueous solution containing a
      pentavalent vanadium ion and a divalent manganese ion, and the use of this
      composite catalyst system is of great significance. When pentavalent
      vanadium alone is used as a catalyst, there is no option but to employ a
      gaseous phase method at a temperature of at least 400.degree. C. On the
      other hand, when the pentavalent vanadium is used in the form of an
      aqueous solution, the catalyst has relatively poor activity, and almost
      deactivated after oxidizing 3 to 5 mols of sulfur dioxide per atom of the
      vanadium. Thus, it cannot be a feasible catalyst. It has been thought
      previously that pentavalent vanadium cannot be used in the liquid phase,
      and high temperatures of above 400.degree. C. are required in the gaseous
      phase. It is surprising that in the present invention, the composite
      catalyst system of a pentavalent vanadium ion and a divalent manganese ion
      as a catalyst makes it possible to convert sulfur dioxide in the liquid
      phase at a low temperature in a very high convertion.
PAR  An aqueous solution of divalent manganese can easily cause the air
      oxidation of sulfur dioxide. However, with the formation and buildup of
      sulfuric acid, its activity is drastically reduced. Moreover, the catalyst
      is poisoned by impurities deposited in the reaction system, such as
      powdery copper oxide, copper, copper sulfate, or phenol.
PAR  The following examples illustrate the fact that conventional catalysts for
      oxidizing sulfur dioxide are not satisfactory.
PAR  A. Sulfur dioxide was dissolved to a concentration of 1200 ppm (weight) in
      1 liter of an aqueous solution containing 0.1% by weight of ammonium
      metavanadate (pentavalent vanadium salt) and 6% by weight of sulfuric
      acid, and the solution was transferred to a batchwise catalyst activity
      tester (a container with a stopper having an inner capacity of 5 liters)
      and shaken at room temperature in air. Oxidation of sulfur dioxide
      occurred slowly, and in 20 minutes, the concentration of the residual
      sulfur dioxide was reduced to 2 ppm. Sulfur dioxide was again dissolved in
      this aqueous solution to a concentration of 1000 ppm, and the same
      activity test was performed. The oxidation reaction proceeded more slowly,
      and even after a lapse of 40 minutes, sulfur dioxide remained in a
      concentration of 300 ppm. This means that when a vanadium catalyst is used
      in the form of aqueous solution, its catalytic activity is remarkably
      reduced by repetitive use.
PAR  B. Sulfur dioxide was dissolved to a concentration of 1000 ppm in 1 liter
      of a 0.1% by weight aqueous solution of manganese sulfate. The solution
      was transferred to a catalytic activity tester of the type set forth in
      (A) above, and shaken for 4 minutes in air, whereupon the concentration of
      sulfur dioxide in the aqueous solution decreased to 2 ppm. When, however,
      sulfur dioxide was dissolved to a concentration of 980 ppm in 1 liter of
      an aqueous solution containing 0.14% by weight of manganese sulfate and
      10% by weight of sulfuric acid and the solution was shaken for 4 minutes
      in air in the same way as above, the concentration of the residual sulfur
      dioxide reached as high as 150 ppm. This means that the activity of a
      manganese catalyst is markedly reduced in the presence of sulfuric acid.
PAR  Furthermore, when sulfur dioxide was dissolved in a concentration of 950
      ppm in 1 liter of an aqueous solution containing 0.13% by weight of
      manganese sulfate and 70 ppm of copper sulfate and the solution was shaken
      for 4 minutes in air, the concentration of the residual sulfur dioxide was
      100 ppm, and did not decrease to 5 ppm until the solution was further
      shaken for 4 minutes.
PAR  If in the above experiment, the concentration of copper sulfate was
      increased to 240 ppm, the reaction became slower, and even after shaking
      for 10 minutes, sulfur dioxide remained in a concentration of 240 ppm.
      This means that a manganese catalyst is markedly poisoned by copper
      sulfate.
PAR  Furthermore, when sulfur dioxide was dissolved to a concentration of 950
      ppm in 1 liter of an aqueous solution containing 0.13% by weight of
      manganese sulfate and 70 ppm of phenol, the reaction proceeded slowly, and
      the concentration of residual sulfur dioxide decreased to 2 ppm only after
      shanking for 10 minutes. This means that the manganese catalyst is
      poisoned also by phenol.
PAR  C. An iron salt catalyst solution well known for over seventy years also
      decreases in catalytic activity as a result of the formation and buildup
      of sulfuric acid in the catalyst solution, and is also markedly poisoned
      by impurities such as tin salts. Some examples are given below.
PAR  When sulfur dioxide was dissolved to a concentration of 1300 ppm in 1 liter
      of a 0.1% by weight aqueous solution of ferric chloride and the solution
      was shaken for 5 minutes in the same catalyst activity tester as in (A),
      the concentration of the residual sulfur dioxide was reduced to less than
      2 ppm.
PAR  However, when sulfur dioxide was dissolved to a concentration of 1300 ppm
      in 1 liter of an aqueous solution containing 0.1% by weight of ferric
      chloride and 6% by weight of sulfuric acid, and shaken for 5 minutes in
      the same way, the concentration of sulfur dioxide did not substantially
      decrease. Even after further shaking for 6 minutes, sulfur dioxide
      remained in a concentration of 430 ppm.
PAR  When in the above experiment, the concentration of the ferric chloride was
      increased to four times, and the reaction temperature was raised to
      50.degree. C., sulfur dioxide remained in a concentration of 280 ppm even
      after shaking for 10 minutes. This means that an iron catalyst markedly
      decreases in catalytic activity in the presence of sulfuric acid.
PAR  Furthermore, when in the above experiment, the reaction was carried out for
      10 minutes at 50.degree. C. using 0.4% by weight of ferrous sulfate
      instead of the ferric chloride, the sulfur dioxide remained in a
      concentration of 300 ppm.
PAR  When sulfur dioxide was dissolved to a concentration of 1300 ppm in 1 liter
      of an aqueous solution containing 0.1% by weight of ferric chloride and
      2800 ppm of stannic chloride and the solution was shaken for 7 minutes in
      the same way as in (A) above, sulfur dioxide remained in a concentration
      of 400 ppm. This means that the iron catalyst is poisoned by tin
      (tetravalent).
PAR  D. A composite catalyst solution comprising a manganese salt and an
      aluminum salt has already been proposed. With this catalyst, the
      obstruction by the formation and buildup of sulfuric acid can be
      alleviated to some extent, but the reaction proceeds only slowly when the
      concentration of sulfuric acid is above 10% by weight. Especially when the
      sulfuric acid concentration is about 19% by weight, the reaction is
      extremely slow. The poisoning with a copper salt is also the same as in
      the case of using the manganese salt alone. Some examples are given below.
PAR  When sulfur dioxide was dissolved to a concentration of 1000 ppm in 1 liter
      of aqueous solution of 3000 ppm of manganese sulfate, 6500 ppm of aluminum
      sulfate, and 11% by weight of sulfuric acid, and the solution was shaken
      for 5 minutes at 50.degree. C., the sulfur dioxide remained in a
      concentration of 110 ppm.
PAR  When sulfur dioxide was dissolved to a concentration of 300 ppm in 1 liter
      of an aqueous solution containing 5500 ppm of manganese sulfate, 12000 ppm
      of aluminum sulfate and 19% by weight of sulfuric acid, and the solution
      was shaken at room temperature for 7 minutes, the sulfur dioxide remained
      in a concentration of 150 ppm.
PAR  From these experiments, it is seen that the activity of the
      manganese/aluminum catalyst is poor in the presence of sulfuric acid.
PAR  When sulfur dioxide was dissolved to a concentration of 1000 ppm in 1 liter
      of an aqueous solution containing 3000 ppm of manganese sulfate, 6500 ppm
      of aluminum sulfate and 500 ppm of copper sulfate, and the solution was
      shaken for 10 minutes at 50.degree. C., the sulfur dioxide remained in a
      concentration of 300 ppm. This means that a manganese/aluminum catalyst is
      also poisoned with copper sulfate.
PAR  As illustrated above, all of the known conventional oxidizing catalysts,
      such as the pentavalent vanadium salt, iron salt, divalent manganese salt,
      or divalent manganese salt/aluminum salt composite, have serious defects
      against practical application. These defects can be remedied completely by
      the present invention, which has provided the unexpected result that when
      an aqueous solution (or dilute sulfuric acid solution) containing a
      pentavalent vanadium ion and a divalent manganese ion in a concentration
      of at least 3 ppm respectively is used as a catalyst for oxidizing sulfur
      dioxide, all of the difficulties of the conventional catalysts as
      illustrated in (A) to (D) above can be overcome.
PAR  It is essential in the process of the invention that the vanadium ion be
      pentavalent in the catalst solution. Lower valency (di- to tetravalent)
      vanadium ions, even when combined with a great quantity of divalent
      manganese ion, do not exhibit any catalytic activity. Desirably, the
      aqueous catalyst solution used in the process of this invention contains
      at least 3 ppm of each of the pentavalent vanadium ion and the divalent
      manganese ion. There is an appreciable catalytic activity even when the
      concentration of the pentavalent vanadium ion or the divalent manganese
      ion is less than 3 ppm. But it is undesirable because the reaction
      proceeds relatively slowly. There is no particular upper limit to the
      concentration of each of these two ions, but sufficient catalytic activity
      can be obtained when the concentration of the pentavalent vanadium ion is
      8000 ppm, and that of the divalent manganese ion is 200 ppm. Since higher
      concentrations of these ions do not bring about any substantial increase
      in the activity of the catalyst solution, it is preferred that the
      concentration of the pentavalent vanadium ion be 3 to 8000 ppm, and that
      of the divalent manganese ion be 3 to 200 ppm. Especially preferably, the
      concentration of the pentavalent vanadium ion is 10 to 8000 ppm, and the
      concentration of the divalent manganese ion is 5 to 200 ppm.
PAR  The oxidation of sulfur dioxide in accordance with this invention can be
      performed at a temperature of 0.degree. to 100.degree. C. The reaction is
      especially rapid when the temperature is 20.degree. to 70.degree. C. The
      reaction can be performed at a temperature lower than 20.degree. C., but
      proceeds relatively slowly. The reaction can of course be performed at a
      temperature higher than 70.degree. C., or above 100.degree. C. at an
      elevated pressure, but no appreciable difference in the rate of reaction
      is seen as compared with the case of performing the reaction at 20.degree.
      to 70.degree. C.
PAR  The oxidation of sulfur dioxide can be carried out by contacting a gas
      containing sulfur dioxide with a catalyst solution, and then contacting
      the resulting solution with air or other suitable gas containing oxygen.
      Alternatively, a gas containing both sulfur dioxide and oxygen can be
      brought into contact with the catalyst solution. The resulting sulfuric
      acid is dissolved and built up in the catalyst solution, but the catalyst
      solution maintains its activity until the concentration of sulfuric acid
      therein reaches 55% by weight. Especially when the concentration of
      sulfuric acid is 0 to 30% by weight, the oxidation reaction proceeds very
      rapidly. Accordingly, the catalyst solution can be repeatedly used until
      the concentration of sulfuric acid reaches 30 to 55% by weight. It is
      possible however to stop using the catalyst solution repeatedly before the
      concentration of sulfuric acid exceeds 30% by weight. The resulting
      sulfuric acid contains the vanadium salt and the manganese salt used for
      preparing the catalyst solution, and impurities ascribable to the gas
      containing sulfur dioxide. The sulfuric acid can be used directly as
      industrial grade dilute sulfuric acid. Alternatively, a calcium compound
      is added to the dilute sulfuric acid to neutralize the sulfuric acid, and
      the resulting gypsum is separated, after which the catalyst solution is
      recovered and repeatedly used for the oxidation of sulfur dioxide.
PAR  One method for preparing the catalyst solution to be used in the process of
      this invention comprises adding a substance yielding a pentavalent
      vanadium ion and a substance yielding a divalent manganese ion to acidic,
      neutral or alkaline water. The resulting catalyst solution is usually in
      the suspended state when the solution is alkaline, and in the partially
      suspended state when the solution is neutral or acidic. In either case,
      the solution turns into a substantially clear homogeneous solution as soon
      as it is used for the oxidation reaction of sulfur dioxide, and therefore,
      no trouble occurs in practice.
PAR  Examples of the substance yielding the pentavalent vanadium ion include
      oxides of vanadium, such as vanadium pentoxide, vanadium pentafluoride,
      vanadyl trifluoride, vanadyl trichloride, vanadyl tribromide, ammonium
      metavanadate, vanadinite, ammonium pervanadate, or sodium orthovanadate,
      and pentavalent vanadium salts such as the halides, oxyhalides,
      metavanadates, polyvanadates, or vanadium ore. There can also be used
      oxidation products of vanadium salts or metal vanadium having an atomic
      valency lower than pentavalent, such as an oxide, halide or oxyhalide of
      tetravalent vanadium such as vanadium dioxide, vanadium tetrafluoride,
      vanadium tetrachloride, vanadium tetrabromide, vanadyl difluoride, vanadyl
      dichloride, vanadyl dibromide, vanadyl sulfate, or acidic vanadyl sulfate,
      an oxide, halide, or oxyhalide of trivalent vanadium, such as a vanadite,
      an oxysulfate, vanadium trioxide, vanadium trifluoride, vanadium
      trichloride, vanadium tribromide, vanadyl monochloride, vanadyl
      monobromide or vanadic sulfate, an oxide, halide, sulfate or hydroxide of
      divalent vanadium such as a sulfate, vanadium monoxide, vanadium
      dichloride, vanadium dibromide, vanadium sulfate, or vanadium hydroxide,
      or metallic vanadium. The oxidation is carried out electrolytically, or
      using a known oxidizing agent such as potassium permanganate, potassium
      bichromate, cerium sulfate, nitric acid, sulfuric acid, chlorine, air, or
      ammonium persulfate. In another embodiment, these lower valency vanadium
      sources are dissolved in the catalyst solution, and then oxidized to a
      pentavalent vanadium ion.
PAR  On the other hand, typical examples of the substance yielding the divalent
      manganese ion are manganese sulfate, manganese chloride, manganese
      fluoride, manganese nitrate, manganese lactate, manganese acetate,
      manganese benzoate, manganese formate, manganese dithionate, manganese
      dihydrogen phosphate, or manganese hypophosphite, all of which yield a
      divalent manganese salt upon being dissolved in water.
PAR  When an iodine ion is present in the reaction system, the reaction tends to
      be retarded. Thus, the use of manganese iodide is not preferred in spite
      of the fact that it yields a divalent manganese ion in water. On the other
      hand, substances which yield a divalent manganese ion upon being dissolved
      in sulfuric acid or sulfurous acid can be conveniently used in the process
      of this invention since sulfuric acid or sulfurous acid is present in the
      reaction system. Examples of such substances are manganese hypophosphite,
      manganese pyrophosphate, manganese monoxide, manganese sulfide, manganese
      sulfite, manganic phosphate, manganese borate, and metallic manganese.
      High valency manganese salts such as manganese dioxide, potassium
      permanganate, potassium manganate, or manganic sulfate can also be used as
      substances yielding a divalent manganese ion in the process of this
      invention because they yield a divalent manganese ion by reaction with
      sulfurous acid (sulfur dioxide).
PAR  The catalyst solution used in the process of this invention is a neutral or
      acidic aqueous solution or suspension containing both a pentavalent
      vanadium ion and a divalent manganese ion and having a sulfuric acid
      concentration of not more than 55% by weight. Even when the catalyst
      solution as prepared is alkaline, it can be effectively used in the
      process of this invention because it easily turns acidic when used for
      oxidizing sulfur dioxide.
PAR  One very preferred embodiment of preparing the catalyst solution used in
      the process of this invention involves mixing the soot and/or combustion
      residue obtained by the combustion of a fuel oil containing a distillation
      residual oil, with an aqueous treating liquid thereby to form an aqueous
      mixed solution containing a pentavalent vanadium ion and a divalent
      manganese ion each in a concentration of at least 3 ppm.
PAR  The term "distillation residual oil", as used herein, denotes crude
      petroleum, naturally occurring tar, shale oil, tar sand, tar, or the
      residue of such oil resulting from the separation of a part or whole of
      volatile fractions by distillation or other means (for example,
      atmospheric residual oils resulting from distillation at atmospheric
      pressure, residual oils resulting from distillation at atmospheric
      pressure, residual oils resulting from distillation at reduced pressure,
      or asphalt). This oil usually contains a substantial amount of asphaltene,
      and therefore, usually contains vanadium and manganese.
PAR  The term "soot obtained by the combustion of a fuel oil", as used herein,
      (which may often be abbreviated to soot), denotes the substance collected
      by a dust collector from the upper part of a flue after the combustion of
      the fuel oil. Furthermore, the term "combustion residue obtained by the
      combustion of a fuel oil", as used herein, (which may often be abbreviated
      to combustion residue), denotes the substance which is formed by the
      combustion of the fuel oil and collected from the bottom of an oven or
      flue (usually, no dust collector is used for collecting the combustion
      residue).
PAR  The term "aqueous treating liquid", as used herein, denotes an inorganic or
      organic aqueous medium which can act as an extracting solvent for vanadium
      and manganese contained in a mixture of it with the soot and/or combustion
      residue, and can dissolve the pentavalent vanadium ion and the divalent
      manganese ion each in a concentration of at least 3 ppm. The "aqueous
      treating liquid" may be water alone, or an aqueous solution of, for
      example, sodium hydroxide, potassium hydroxide, sulfuric acid, nitric
      acid, sulfurous acid, hydrochloric acid, ammonium chloride, or an alcohol
      used either alone or in combination. In view of the fact that the catalyst
      solution to be used in this invention serves to convert sulfur dioxide in
      aqueous medium to sulfuric acid, water or dilute sulfuric acid is most
      preferred as the aqueous treating liquid. Alkaline aqueous solutions
      having a pH of at least 7.6 are not particularly advantageous because of
      their relatively poor ability to extract the manganese salt. However, they
      can be used as an extracting agent if a proper measure (for example, the
      addition of the manganese salt) is taken.
PAR  It is sufficient that the temperature at which the soot and/or combustion
      residue is mixed with the aqueous treating liquid is room temperature. At
      a temperature of 40.degree. to 100.degree. C., the extraction can be more
      rapidly carried out to extract the pentavalent vanadium and the divalent
      manganese contained therein, and in many cases, the concentration each of
      the pentavalent vanadium ion and the divalent manganese ion in the extract
      becomes at least 3 ppm. Preferably, this extract is filtered, and this
      filtration gives a clear aqueous solution or a semi-transparent colloidal
      suspension, which can be directly used as a catalyst solution for
      oxidizing sulfur dioxide. In some cases, the concentration of either one
      or both of the pentavalent vanadium and the divalent manganese becomes
      below 3 ppm. Or even when the concentrations of both are higher than 3
      ppm, it is sometimes desirable to increase the concentration of one of
      them. In such cases, at least one of the following procedures is applied
      to the aqueous solution obtained by the extraction thereby to increase the
      concentration of the pentavalent vanadium ion and/or the divalent
      manganese ion to the desired value.
PA1  1. To concentrate the aqueous solution.
PA1  2. To add a vanadium compound or metallic vanadium to the solution.
PA1  3. To add a manganese compound or metallic manganese to the aqueous
      solution.
PA1  4. To oxidize a lower valency vanadium ion in the aqueous solution to a
      pentavalent vanadium ion.
PAR  By the above extracting procedure using water or dilute sulfuric acid, a
      greater part (for example, about 50 to 97%) of vanadium in the soot or
      combustion residue can be easily extracted. Since a greater part of the
      vanadium ion in the extract is usually tetravalent, a part or whole of the
      lower valency vanadium is preferably converted to pentavalent vanadium by
      a suitable oxidizing method. Alternatively, the concentration of the
      pentavalent vanadium ion can be elevated to the desired value by adding a
      pentavalent vanadium salt directly to the extract, or adding a divalent to
      tetravalent vanadium salt or metallic vanadium to the extract and then
      oxidizing it to a pentavalent vanadium ion. This can be readily understood
      from the above description.
PAR  The manganese content of the soot or combustion residue is generally low
      compared with vanadium, and in many cases, it contains for example about
      1% by weight of vanadium, whereas the content of manganese is about 1/10
      to 1/30 of the vanadium content. However, since the catalyst of this
      invention requires only a relatively small amount of manganese, it is
      often sufficient to use a divalent manganese ion extracted from the soot
      or combustion residue. Sometimes, where the soot or combustion residue
      having an especially low manganese content is utilized or the efficiency
      of extracting manganese is low, the concentration of the divalent
      manganese ion does not reach the desired value. In such cases, a required
      amount of the substance yielding a divalent manganese ion is additionally
      supplied to increase the divalent manganese ion concentration to the
      desired value, as stated above.
PAR  The catalyst solution obtained by mixing soot and/or combustion residue
      with the aqueous treating liquid contains some amounts of a variety of
      metal salts such as salts of nickel, iron, silicon, aluminum, copper,
      lead, calcium, zinc, magnesium, sodium, phosphorus, molybdenum, tungsten,
      potassium, titanium, boron, barium, cobalt, strontium, chromium, antimony,
      arsenic, cadmium, bismuth, or beryllium, in addition to vanadium and
      manganese, but these metal salts do not disturb the process of this
      invention.
PAR  The method for preparing the catalyst solution from the combustion residue
      or soot resulting from the combustion of a vanadium-containing fuel has
      the advantage that industrial wastes are utilized effectively.
PAR  The fuel oil containing the distillation residual oil used in the invention
      is preferably a petroleum-type heavy fuel oil (crude, oil, heavy oil, or
      asphalt) because it generates soots and combustion residues having a
      relatively high vanadium content, and therefore, vanadium can be extracted
      economically therefrom.
PAR  Another very preferred embodiment of the method for preparing the catalyst
      solution used in the process of this invention involves using manganese
      dioxide as a catalyst for converting tetravalent vanadium present in the
      above-mentioned soot and combustion residue to pentavalent vanadium.
PAR  Manganese dioxide is water-insoluble and sparingly soluble in dilute
      sulfuric acid. Accordingly, the use of manganese dioxide as an oxidizing
      agent requires the use of a hydrochloric acid solvent, and does not
      exhibit its effect in water or dilute sulfuric acid, as has been
      previously considered. We have however found that when manganese dioxide
      is added to an aqueous solution containing tetravalent vanadium, the
      tetravalent vanadium is rapidly converted to pentavalent vanadium in spite
      of the fact that the manganese dioxide is indeed insoluble in water. This
      phenomenon is always observed also when the concentration of sulfuric acid
      in this aqueous solution is 0 to 30% by weight, or 30 to 98% by weight.
      The effect of manganese dioxide can be similarly obtained on the extract
      of soot and combustion residue. The manganese dioxide to be used can be
      purified manganese dioxide as well as crude manganese ores. The manganese
      dioxide added can lead to the conversion of 2 times its mole of
      tetravalent vanadium to pentavalent vanadium.
PAR  With the addition of manganese dioxide, the oxidation of the tetravalent
      vanadium immediately begins even at room temperature. A total amount of
      the tetravalent vanadium can be oxidized to pentavalent vanadium by adding
      powdery manganese dioxide to the extract in an amount corresponding to two
      times the stoichiometrical amount of the tetravalent vanadium in the
      extract, and stirring the mixture for 5 to 6 seconds. Or by adding a
      stoichiometrical, or slightly smaller, amount of manganese dioxide to the
      extract, and stirring the mixture at room temperature for 1 hour, at least
      90% of the tetravalent vanadium corresponding to the amount of the
      manganese dioxide added can be converted to pentavalent vanadium. In this
      case, even when the mixture is allowed to stand for 10 hours at room
      temperature, the conversion of at least 90% can be attained. The time
      required to treat the extract with manganese dioxide varies according to
      the amount and particle diameter of manganese dioxide added, and the state
      of stirring, but in any case, a greater part of tetravalent vanadium can
      be oxidized easily to pentavalent vanadium.
PAR  The application of this oxidizing method using manganese oxide to the
      catalyst solution obtained by mixing the soot and/or combustion residue
      with the aqueous treating liquid is the most preferred embodiment of
      preparing the catalyst solution for use in this invention. The catalyst
      solution obtained by the above mixing treatment and then filtering the
      mixture usually contains 5 to 4000 ppm, as metal, of the vanadium
      component, and most of the vanadium component is present in the
      tetravalent state. By adding at least 5 ppm of manganese dioxide to this
      catalyst solution, a catalyst solution suitable for use in this invention
      can be obtained. When unreacted manganese dioxide is left after this
      treatment, it can be recovered by collecting the supernatant liquid or by
      filtering the extract. But it is not altogether necessary to recover the
      unreacted manganese dioxide.
PAR  We have cited hereinabove the electrolytic oxidizing method and the
      oxidizing treatment using potassium permanganate, cerium sulfate,
      potassium bichromate, chlorine, nitric acid, or sulfuric acid, but the
      oxidizing method using manganese dioxide is superior to all the other
      methods from the viewpoint of economic advantage. The economic advantage
      is that there is no need to use cerium sulfate, potassium persulfate,
      potassium bichromate, and chlorine which are expensive oxidizing agents
      nor to rely on the electrolytic oxidizing method or the uneconomical
      oxidizing method using, for example, concentrated sulfuric acid or
      concentrated nitric acid, but that crude manganese ores such as pyrolusite
      can be directly used.
PAR  Furthermore, the above process has the advantage that manganese dioxide
      used to convert tetravalent vanadium to pentavalent vanadium can act as a
      catalyst component together with pentavalent vanadium immediately, because
      manganese dioxide is converted to divalent manganese (manganese sulfate)
      as a result of functioning as an ozidizing agent for the tetravalent
      vanadium.
PAR  Furthermore, even when the extract of soot and/or combustion residue
      contains a sufficient amount of tetravalent vanadium but scarcely any
      manganese, the oxidation of the extract with manganese dioxide can
      immediately bring about a useful catalyst.
DETD
PAR  The following Examples illustrate the present invention in greater detail.
PAC  EXAMPLE 1
PAR  Manganese sulfate (3000 ppm, calculated as anhydride) and ammonium
      metavanadate (100 ppm) were added to 1 liter of 6% by weight sulfuric acid
      having dissolved 1300 ppm of sulfur dioxide therein. The mixture was
      placed in a batchwise catalytic activity tester (a container with a
      stopcock having an inner capacity of 20 liters), and shaken for 2 minutes
      at room temperature. The concentration of sulfur dioxide in the reaction
      decreased to 2 ppm.
PAC  EXAMPLE 2
PAR  Manganese nitrate (3000 ppm calculated as anhydride) and ammonium
      metavanadate (2500 ppm) were added to an aqueous solution containing 1280
      ppm of sulfur dioxide (pH 1.9), and the mixture was tested in the same
      manner as in Example 2. It was found that after shaking for 20 seconds,
      the concentration of sulfur dioxide decreased to half. After shaking for
      an additional 90 seconds, the concentration of the residual sulfur dioxide
      reached 2 ppm. Sulfuric acid was formed in a corresponding amount (1950
      ppm).
PAC  EXAMPLE 3
PAR  Manganese sulfate (150 ppm calculated as anhydride) and ammonium
      metavanadate (10000 ppm) were added to 8% by weight sulfuric acid having
      dissolved therein 570 ppm of sulfur dioxide, and then the mixture was
      tested in the same way as in Example 1. After shaking for 30 seconds, the
      concentration of sulfur dioxide decreased to 4 ppm. After another 10
      seconds, the concentration of residual sulfur dioxide decreased to below 2
      ppm.
PAC  EXAMPLE 4
PAR  Manganese chloride (150 ppm calculated as anhydride) and ammonium
      metavanadate (2000 ppm) were added to 33% by weight sulfuric acid
      containing 450 ppm of sulfur dioxide dissolved therein, and the mixture
      was tested in the same way as in Example 1. The concentration of sulfur
      dioxide decreased to half after 30 seconds, and after another 1 minute,
      the concentration of the sulfur dioxide was reduced to below 2 ppm.
PAC  EXAMPLE 5
PAR  Manganese sulfate (8 ppm calculated as anhydride) and ammonium metavanadate
      (1,500 ppm) were added to 14% by weight sulfuric acid containing 440 ppm
      of sulfur dioxide dissolved therein, and the mixture was tested in the
      same way as in Example 1. After shaking for 3 minutes, the concentration
      of sulfur dioxide decreased to below 2 ppm.
PAC  EXAMPLE 6
PAR  Manganese sulfate (150 ppm calculated as anhydride) (1 mM/l) and ammonium
      metavanadate (23 ppm) (0.2 mM/l) were added to 8% by weight sulfuric acid
      containing 450 ppm (7mM/l) of sulfur dioxide dissolved therein, and the
      mixture was tested in the same way as in Example 1. After shaking for 2
      minutes, the concentration of sulfur dioxide decreased to below 2 ppm.
PAC  EXAMPLE 7
PAR  To an aqueous solution containing 1300 ppm of sulfur dioxide dissolved
      therein were added powdery vanadium pentoxide (1300 ppm) and powdery
      manganese dioxide (1000 ppm). The resulting suspension was shaken in the
      same way as in Example 1. After a lapse of 1 minute, 60% of sulfur dioxide
      was converted to sulfuric acid, and after another 1 minute, 87% of sulfur
      dioxide was converted to sulfuric acid. After another 30 seconds, all of
      the sulfur dioxide was converted to sulfuric acid.
PAC  EXAMPLE 8
PAR  Manganese sulfate (1500 ppm calculated as anhydride) and 360 ppm of
      vanadium pentoxide were added to an aqueous solution containing 780 ppm of
      sulfur dioxide, 2000 ppm (calculated as anhydride) of copper sulfate and
      4% by weight of sulfuric acid. The resulting suspension was tested in the
      same way as in Example 1. It was found that after shaking for 90 seconds,
      the concentration of residual sulfur dioxide decreased to below 2 ppm.
PAC  EXAMPLE 9
PAR  Conc. aqueous sulfurous acid (5% by weight) was added in an amount of 1.4%
      by volume to 4% by weight sulfuric acid containing vanadium pentoxide (200
      ppm) and manganese sulfate (300 ppm), and the resulting mixture was shaken
      in the same way as in Example 1. It was found that after 1 minute, the
      catalyst solution (reaction system) was a substantially clear, and after
      another 2 minutes, the concentration of sulfur dioxide decreased to below
      2 ppm.
PAC  EXAMPLE 10
PAR  A gaseous mixture consisting of 2500 ppm of sulfur dioxide, 5% of oxygen,
      11% by volume of carbon dioxide, 10% by weight of moisture and the
      remainder being nitrogen and maintained at 200.degree. C. was fed to the
      bottom of an absorption tower 56 cm in inside diameter and 6 m in height
      packed with Raschig rings at a rate of 1190 N m.sup.3 /hr. An aqueous
      solution containing 300 ppm (calculated as anhydride) of manganese
      sulfate, 2300 ppm of vanadium pentoxide and 10% by weight of sulfuric acid
      and maintained at 20.degree. C. was fed into the absorption tower at a
      rate of 30.sup.3 m/hr. from its top. From the bottom of the tower, an
      absorbing liquid containing 270 ppm of sulfur dioxide was discharged.
PAR  The absorbing liquid was fed into the bottom of an oxidizing tower having
      an inside diameter of 70 cm and a height of 2 m and including 5 porous
      trays at a rate of 30 m.sup.3 /hr, and also air was fed into it at a rate
      of 20 m.sup.3 /hr. The effluent from the top of the oxidizing tower was
      recycled as a sulfur dioxide absorbing liquid to be fed to the top of the
      absorption tower. The unreacted air exhausted from the top of the
      oxidizing tower was combined with the feed gas to be supplied to the
      bottom of the absorption tower. The sulfur dioxide-containing gas was
      continuously desulfurized by a series of the above operations. It was
      found that the concentration of sulfur dioxide in the desulfurized gas
      exhausted from the absorption tower decreased to 90 ppm.
PAR  On the fourth day, the concentration of sulfuric acid in the recycle liquid
      reached 13% by weight, and on the fifth day, it rose to 14% by weight.
      However, the concentration of sulfur dioxide in the desulfurized gas was
      maintained at 90 to 100 ppm.
PAC  EXAMPLE 11
PAR  A residual oil [yield 56.5% by volume, specific gravity (20/4) 0.900,
      viscosity (50.degree. C.) 250 cst, pour point 50.degree. C., sulfur 0.15%
      by weight, nitrogen 0.10% by weight, vanadium 3 ppm, and nickel content 30
      ppm] resulting from the distillation at atmospheric pressure of crude oil
      [occurring in Sumatra, specific gravity (20/4) 0.848, viscosity
      (50.degree. C.) 10 cst, sulfur 0.10% by weight, nitrogen 0.05% by weight,
      vanadium 2 ppm, nickel 13 ppm] was burned. 2600 g (about 7 liters) of the
      combustion residue (carbon 86.7% by weight, vanadium 0.99% by weight,
      manganese 0.03% by weight, copper 0.01% by weight, lead 0.018% by weight,
      and further containing at least nickel, iron, silicon, magnesium,
      aluminum, calcium, sodium, titanium, and arsenic) remaining in the
      combustion furnace was collected, and immersed in 6 liters (6400 g) of 10%
      by weight of sulfuric acid at room temperature for 6 hours. It was then
      filtered to separate a green semitransparent filtrate (tetravalent
      vanadium 3500 ppm, iron 7400 ppm, nickel 3000 ppm, manganese 70 ppm,
      aluminum 20 ppm, silicon 12 ppm, lead 5 ppm, copper 11 ppm). The presence
      of pentavalent vanadium was scarcely observed (less than 3 ppm). Potassium
      permanganate (1.95 g) was added to 1 liter of this filtrate thereby to
      form a catalyst solution containing 3500 ppm of pentavalent vanadium, 675
      ppm of divalent manganese, and 10% by weight of sulfuric acid.
PAR  Sulfur dioxide was dissolved in 1 liter of this catalyst solution to a
      concentration of 1550 ppm, and then shaken for 90 seconds in air at room
      temperature using a batchwise catalytic activity tester (a container with
      a stopcock with a capacity of 5 liters). The concentration of sulfur
      dioxide in the catalyst solution decreased to below 2 ppm.
PAC  EXAMPLE 12
PAR  The catalyst solution prepared in Example 11 was diluted to form an aqueous
      solution containing 1750 ppm of pentavalent vanadium, 340 ppm of manganese
      and 5% by weight of sulfuric acid. Sulfur dioxide was dissolved in 1 liter
      of this aqueous solution to a concentration of 1580 ppm. The same activity
      test as in Example 11 was performed, and it was found that after 90
      seconds, the concentration of sulfur dioxide decreased to 2 ppm. After a
      series of the above steps, sulfur dioxide was again dissolved in this
      catalyst solution to a concentration of 1540 ppm. After performing the
      same test for 90 seconds, the concentration of sulfur dioxide in the
      catalyst solution decreased to 2 ppm. The above procedure was repeated 7
      times, and it was found that by 90 second-shaking each time, the
      concentration of sulfur dioxide was always decreased to 2 ppm.
PAC  EXAMPLE 13
PAR  A bottom fraction [yield based on crude oil 24.7 vol %, specific gravity
      (20/4) 0.937, viscosity (98.9.degree. C.) 125 cst, sulfur 0.18%, nitrogen
      0.2%, vanadium 5 ppm, nickel 50 ppm] resulting from the distillation at
      reduced pressure of crude oil (occurring in Sumatra) was burned, and 5050
      g of the combustion residue (carbon 86.5% by weight, vanadium 3000 ppm,
      lead 100 ppm, manganese 200 ppm, copper 100 ppm) was immersed in 20 liters
      of water for 2 days to form a green non-transparent aqueous solution
      (tetravalent vanadium 410 ppm, pentavalent vanadium 205 ppm, nickel 120
      ppm, iron 430 ppm, silicon 10 ppm, aluminium 4 ppm, manganese 2.5 ppm). To
      1 liter of this aqueous solution was added 0.15 g (calculated as
      anhydride) of manganese sulfate to form a catalyst solution containing 200
      ppm of pentavalent vanadium and 60 ppm of divalent manganese.
PAR  Sulfur dioxide was dissolved in this catalyst solution to a concentration
      of 350 ppm, and the solution was subjected to the shaking test for 90
      seconds at room temperature. It was found that the concentration of sulfur
      dioxide decreased to below 2 ppm.
PAC  EXAMPLE 14
PAR  2300 g of soot (carbon 91% by weight, vanadium 3%, nickel 1.2%, iron 0.5%,
      manganese 0.26%) generated as a result of burning crude oil [occurring in
      Arabia, specific gravity (20/4) 0.851, sulfur 1.7%, nitrogen 0.09%,
      vanadium 13 ppm, nickel 4 ppm] was collected, and immersed in 8 liters of
      hot water at 70.degree. C. for 1 hour, followed by filtration.
      Furthermore, the soot was washed with 7 liters of water, and filtered. The
      two filtrates were combined, and sulfur dioxide was dissolved to a
      concentration of 530 ppm in 1 liter of the combined filtrates (pentavalent
      vanadium 180 ppm, tetravalent vanadium 3500 ppm, nickel 920 ppm, iron 380
      ppm, manganese 164 ppm, copper 110 ppm), and the solution was subjected to
      an activity test in the same way as in Example 11. It was found that after
      2 minutes, the concentration of sulfur dioxide decreased to 2 ppm.
PAC  EXAMPLE 15
PAR  2600 g of a combustion residue (carbon 86%, moisture 1%, vanadium 3%, iron
      0.4%, nickel 0.8%, copper 360 ppm) of a bottom oil [yield based on crude
      oil 34% by volume, specific gravity (20/4) 0.99, pour point 32.degree. C.,
      residual carbon 18%, average molecular weight 890, carbon 83.9%, hydrogen
      10.4%, sulfur 4.9%, nitrogen 0.34%, penetration (25.degree. C.) more than
      300, vanadium 140 ppm, nickel 45 ppm, sodium 42 ppm] resulting from the
      distillation at reduced pressure of crude oil [occurring in Khafji,
      specific gravity (20/4) 0.88%, viscosity at 50.degree. C. 12 cst, sulfur
      3.0%, nitrogen 0.18%, vanadium 56 ppm, nickel 19 ppm] was collected, and
      immersed in 12 liters of 10% sulfuric acid for 2 hours, followed by
      filtration. Furthermore, the combustion residue was washed with 40 liters
      of water, and filtered. The two filtrates were combined, and 6.4 g of
      manganese monoxide was added to 1 liter of the combined filtrates
      (containing 3 ppm of pentavalent vanadium, 1300 ppm of tetravalent
      vanadium, 27 ppm of manganese, 304 ppm of nickel, 16 ppm of copper), and
      cerium sulfate was added in an amount of 10.5 g calculated as anhydride to
      form a catalyst solution containing 1300 ppm of pentavalent vanadium and
      85 ppm of manganese. Sulfur dioxide was dissolved in this catalyst
      solution to a concentration of 1300 ppm, and the solution was subjected to
      an activity test in the same way as in Example 11. By shaking for 90
      seconds, the concentration of sulfur dioxide of the catalyst solution was
      reduced to less than 2 ppm.
PAC  EXAMPLE 16
PAR  3 Kg of a combustion residue (carbon 89%, vanadium 3.2%, nickel 0.8%) of a
      bottom oil [yield based on crude oil 55.5% by volume, specific gravity
      (20/4) 0.985, viscosity (50.degree. C.) 2000 cst, pour point 10.degree.
      C., sulfur 4.1%, nitrogen 0.28%, n-heptane insoluble portion 6.9% by
      weight, vanadium 82 ppm, nickel 28 ppm] resulting from the distillation at
      atmospheric pressure of crude oil (occurring in Khafji, vanadium 64 ppm,
      nickel 19 ppm) was collected, and immersed in 18 liters of 20% sulfuric
      acid at 60.degree. C. for 30 minutes, followed by filtration. It was
      further washed with 40 liters of water, and filtered. The two filtrates
      were combined, and 1.27 g of potassium bichromate was added to 1 liter of
      the combined filtrates (pentavalent vanadium 5 ppm, tetravalent vanadium
      1274 ppm, manganese 31 ppm) until the oxidation-reduction equivalent point
      was reached. Furthermore, 0.09 g of manganese sulfate was added to form a
      catalyst solution containing 1280 ppm of pentavalent vanadium and 60 ppm
      of manganese.
PAR  Sulfur dioxide was dissolved in this solution to a concentration of 1430
      ppm, and the solution was subjected to an activity test in the same way as
      in Example 11. It was found that after 90 seconds, the concentration of
      sulfur dioxide was decreased to below 2 ppm.
PAC  EXAMPLE 17
PAR  160 Kg (about 420 liters) of a combustion residue (carbon 86.8% by weight,
      vanadium 1% by weight, manganese 0.025% by weight, copper 0.01% by weight)
      of a residual oil [yield 56.5% by volume, specific gravity (20/4) 0.900,
      viscosity (50.degree. C.) 250 cst, pour point 50.degree. C., sulfur 0.15%
      by weight, nitrogen 0.10% by weight, vanadium 3 ppm, nickel 30 ppm]
      resulting from the distillation at atmospheric pressure of crude oil
      [occurring in Sumatra, specific gravity (20/4) 0.848, viscosity
      (50.degree. C.) 10 cst, sulfur 0.10% by weight, nitrogen 0.05% by weight,
      vanadium 2 ppm, nickel 12 ppm] was immersed in 500 liters of water, and
      the filtrate was separated after 1 hour. 100 liters of this filtrate
      (containing 230 ppm of pentavalent vanadium, 2480 ppm of tetravalent
      vanadium, and 32 ppm of manganese) was collected, and 158 g of potassium
      permanganate was added to form a catalyst solution containing 2700 ppm of
      pentavalent vanadium and 580 ppm of manganese.
PAR  A gaseous mixture maintained at 200.degree. C. and consisting of 2500 ppm
      of sulfur dioxide, 5% by volume of oxygen, 11% by volume of carbon dioxide
      and 9% by weight of moisture was fed to a packed tower (absorption tower)
      having an inside diameter of 2 inches and a height of 5 meters at a rate
      of 2N m.sup.3 /hr, and at the same time, the above catalyst solution
      maintained at 20.degree. C. was fed into the top of the tower at a rate of
      100 liters/hr. An absorbing liquid containing 140 ppm of sulfur dioxide
      was discharged from the bottom of the tower. The absorbing liquid so
      discharged was fed to the bottom of a multi-tray oxidation tower having an
      inside diameter of 2 inches and a height of 60 cm at a rate of 100
      liters/hr. Simultaneously, air was fed to it at a rate of 30 liters/hr.
      The effluent from the bottom of the oxidation tower was recycled as a
      sulfur dioxide absorbing liquid to be fed to the top of the absorption
      tower, and the unreacted air exhausted from the top of the oxidation tower
      was combined with the feed gas to be supplied to the bottom of the
      absorption tower. By a series of these steps, the above sulfur
      dioxide-containing gas was continuously desulfurized. It was found that
      the concentration of sulfur dioxide in the desulfurized gas exhausted from
      the absorption tower was 2 ppm initially, 34 ppm on the fourth day. and 90
      to 100 ppm on the 10th day, But even at the 15th day, the concentration
      was still maintained at about 95 ppm. The sulfuric acid concentration of
      the recycle liquid (catalyst solution) was 2% by weight on the 4th day, 5%
      by weight on the 10th day and 11% by weight on the 20th day. However, the
      concentration of sulfur dioxide in the desulfurized gas was always
      maintained below 100 ppm.
PAC  EXAMPLE 18
PAR  A residual oil [yield 56.5% by volume, specific gravity (20/4) 0.900,
      viscosity (50.degree. C.) 250 cst, pour point 50.degree. C., sulfur 0.15%
      by weight, nitrogen 0.10% by weight, vanadium 3 ppm, nickel 30 ppm]
      resulting from the distillation at atmospheric pressure of crude oil
      [occurring in Sumatra, specific gravity (20/4) 0.848, viscosity at
      50.degree. C. 10 cst, sulfur 0.10% by weight, nitrogen 0.05% by weight,
      vanadium 2 ppm, nickel 13 ppm] was burned, and the combustion residue
      (carbon 86.8% by weight, vanadium 0.99% by weight, manganese 0.03% by
      weight, copper 0.01% by weight, lead 0.018% by weight, and further
      containing nickel, iron, silicon, magnesium, aluminum, calcium, sodium,
      titanium, and arsenic) remaining in the combustion furnace was collected
      in an amount of 2600 g (about 10 liters), and immersed in 6 liters (6400
      g) of 10% by weight sulfuric acid for 6 hours at room temperature,
      followed by filtration to separate a green semi-transparent filtrate
      (containing 3500 ppm of tetravalent vanadium, 7400 ppm of iron, 3000 ppm
      of nickel, 70 ppm of manganese, 20 ppm of aluminum, 12 ppm of silicon, 5
      ppm of lead, and 11 ppm of copper). To 1 liter of this filtrate was added
      5.6 g of manganese dioxide, and the mixture was allowed to stand for 6
      hours, after which the supernatant liquid was separated. Half the amount
      of manganese dioxide was recovered, and a catalyst solution containing
      3500  ppm of pentavalent vanadium and 1900 ppm of divalent manganese was
      obtained as supernatant liquid. In 1 liter of this catalyst solution was
      dissolved sulfur dioxide to a concentration of 1550 ppm. The solution was
      shaken for 90 seconds at room temperature in air using a batchwise
      catalytic activity tester (a container with a stopcock having a capacity
      of 5 liters). The sulfur dioxide concentration in the catalyst solution
      decreased to below 2 ppm.
PAC  EXAMPLE 19
PAR  5050 g of a combustion residue (carbon 86.5% by weight, vanadium 3000 ppm,
      lead 100 ppm, manganese 200 ppm, copper 100 ppm) of a bottom oil [yield
      based on crude oil 24.7% by volume, specific gravity (20/4) 0.937,
      viscosity (98.9.degree. C.) 125 cst, sulfur 0.18%, nitrogen 0.2%, vanadium
      5 ppm, nickel 50 ppm] resulting from the distillation at reduced pressure
      of crude oil (occurring in Sumatra) was immersed in 20 liters of water for
      2 days to form a green non-transparent aqueous solution (containing 410
      ppm of tetravalent vanadium, 205 ppm of pentavalent vanadium, 120 ppm of
      nickel, 430 ppm of iron, 10 ppm of silicon, 4 ppm of aluminum, and 2.5 ppm
      of manganese). To 1 liter of this solution was added 0.35 g of manganese
      dioxide, and the mixture was shaken for 2 hours at room temperature to
      prepare a catalyst solution containing 605 ppm of pentavalent vanadium,
      and 222 ppm of divalent manganese. Sulfur dioxide was dissolved in this
      catalytic solution to a concentration of 350 ppm, and the solution was
      subjected to the same shaking test as in Example 18 for 90 seconds. It was
      found that the concentration of sulfur dioxide was reduced to below 2 ppm.
PAC  EXAMPLE 20
PAR  2300 g of soot (carbon 91% by weight, vanadium 3%, nickel 1.2%, iron 0.5%,
      manganese 0.26%) generated by the combustion of crude oil [occurring in
      Arabia, specific gravity (20/4) 0.851, sulfur 1.7%, nitrogen 0.09%,
      vanadium 13 ppm, nickel 4 ppm] was collected, and immersed in 8 liters of
      hot water at 70.degree. C. for 1 hour, followed by filtration.
      Furthermore, the soot was washed with 7 liters of water, and filtered. The
      two filtrates were combined. Manganese dioxide (4.2g) was added to 1 liter
      of the combined filtrates (containing 180 ppm of pentavalent vanadium 3500
      ppm of tetravalent vanadium, 920 ppm of nickel, 380 ppm of iron, 164 ppm
      of manganese, and 110 ppm of copper), and the mixture was shaken for 3
      hours to form a transparent aqueous solution containing 3650 ppm of
      pentavalent vanadium and 2060 ppm of manganese, and the unreacted
      manganese dioxide. The mixture was filtered to recover 1.4 g of manganese
      dioxide, and sulfur dioxide was dissolved in the aqueous solution to a
      concentration of 535 ppm. The solution was subjected to the same activity
      test as in Example 18. It was found that after 80 seconds the
      concentration of sulfur dioxide was reduced to below 2 ppm.
PAC  EXAMPLE 21
PAR  2600 g of a combustion residue (carbon 86%, moisture 1%, vanadium 3%, iron
      0.4%, nickel 0.8%, copper 360 ppm) of a bottom oil [yield based on crude
      oil 34% by volume, average molecular weight 890, carbon 83.9%, hydrogen
      10.4%, sulfur 4.9%, nitrogen 0.34%, penetration (25.degree. C.) more than
      300, vanadium 140 ppm, nickel 45 ppm, sodium 42 ppm] resulting from the
      distillation at reduced pressure of crude oil [occurring in Khafji,
      specific gravity (20/4) 0.88, viscosity (50.degree. C.) 12 cst, sulfur
      3.0%, nitrogen 0.18%, vanadium 56 ppm, nickel 19 ppm] was collected, and
      immersed in 12 liters of 10% sulfuric acid for 2 hours, and filtered. It
      was further washed with 40 liters of water, and filtered. The two
      filtrates were combined. To 1 liter of the combined filtrates was added
      2.5 g of manganese dioxide (soft manganese ore powder containing 90% of
      manganese dioxide), and the mixture was shaken for 2 hours, and filtered
      to recover half of the manganese dioxide, and form a catalyst solution
      containing 1300 ppm of pentavalent vanadium and 710 ppm of manganese.
      Sulfur dioxide was dissolved in the catalyst solution to a concentration
      of 1300 ppm, and the solution was subjected to the same activity test as
      in Example 18. It was found that the concentration of sulfur dioxide in
      the catalyst was decreased to below 2 ppm after 90 seconds.
PAC  EXAMPLE 22
PAR  3 Kg of a combustion residue (carbon 89%, vanadium 3.2%, nickel 0.8%) of a
      bottom oil [yield based on crude oil 55.5% by volume, specific gravity
      (20/4) 0.985, viscosity (50.degree. C) 2000 cst, pour point 10.degree. C.,
      sulfur content 4.1%, nitrogen content 0.28%, n-heptane insoluble portion
      6.9% by weight, vanadium 82 ppm, nickel 28 ppm] resulting from the
      distillation at atmospheric pressure of crude oil (occurring in Khafji,
      vanadium 64 ppm, nickel 19 ppm) was collected, and immersed in 18 liters
      of 20% sulfuric acid at 60.degree. C. for 30 minutes, and filtered. It was
      further washed with 40 liters of water, and filtered. The two filtrates
      were combined, and 2.2 g of manganese dioxide was added to 1 liter of the
      combined filtrates (containing 5 ppm of pentavalent vanadium, 1274 ppm of
      tetravalent vanadium, and 31 ppm of manganese), and the mixture was
      filtered 12 hours later to recover half the amount of the manganese
      dioxide and to form a catalyst solution containing 1380 ppm of pentavalent
      vanadium and 705 ppm of manganese. Sulfur dioxide was dissolved in this
      catalyst solution to a concentration of 1430 ppm, and the solution was
      subjected to the same activity test as in Example 18. It was found that
      after 90 seconds, the concentration of sulfur dioxide was reduced to below
      2 ppm.
PAC  EXAMPLE 23
PAR  160 Kg (about 420 liters) of a combustion residue (carbon 86.8% by weight,
      vanadium 1% by weight, manganese 0.025% by weight, copper 0.01% by weight)
      of a residual oil [yield 56.5% by volume, specific gravity (20/4) 0.900,
      viscosity (50.degree. C.) 250 cst, pour point 50.degree. C., sulfur 0.15%
      by weight, nitrogen 0.10% by weight, vanadium 3 ppm, nickel 30 ppm]
      resulting from the atmospheric pressure distillation of crude oil
      [occurring in Sumatra, specific gravity (20/4) 0.848, viscosity
      (50.degree. C.) 10 cst, sulfur 0.10% by weight, nitrogen 0.05% by weight,
      vanadium 2 ppm, nickel 12 ppm] was immersed in 500 liters of water, and
      after 1 hour, the filtrate was separated. 100 liters of this filtrate
      (containing 230 ppm of pentavalent vanadium, 2480 ppm of tetravalent
      vanadium, 32 ppm of manganese) was collected, and 350 g of manganese
      dioxide was added. After allowing the mixture to stand for one day, it was
      filtered to recover half the amount of manganese dioxide and form a
      catalyst solution containing 2700 ppm of pentavalent vanadium and 250 ppm
      of manganese.
PAR  A gaseous mixture held at 200.degree. C. and consisting of 2500 ppm of
      sulfur dioxide, 5% by volume of oxygen, 11% by volume of carbon dioxide
      and 9% by weight of moisture was fed to an absorption tower having an
      inside diameter of 2 inches and a height of 5 m and packed with Raschig
      rings at a rate of 2 N m.sup.3 /hr from its bottom. Simultaneously, the
      above catalyst solution (20.degree. C.) was fed to the top of the
      absorption tower at a rate of 100 liters/hr. This resulted in the
      discharging of an absorbing liquid containing 140 ppm of sulfur dioxide
      from the bottom of the tower. The absorbing liquid was fed into the bottom
      of an oxidation tower having an inside diameter of 2 inches and a height
      of 65 cm and including 7 porous trays at a rate of 100 liters/hr.
      Furthermore, air was fed into it at a rate of 30 liters/hr. The effluent
      from the bottom of the oxidation tower was recycled as a sulfur dioxide
      absorbing liquid to be fed to the top of the absorption tower, and the
      unreacted air exhausted from the top of the oxidation tower was combined
      with the feed gas to be supplied to the bottom of the absorption tower. By
      these series of operation, the sulfur dioxide-containing gas was
      continuously desulfurized. It was found that the concentration of sulfur
      dioxide of the desulfurized gas exhausted from the absorption tower was 2
      ppm initially, 34 ppm on the fourth day, and 90 to 100 ppm on the 10th
      day. But on the 15th day, it was still maintained at about 95 ppm. The
      concentration of sulfuric acid in the recycle liquid (catalyst solution)
      was 2% by weight on the 4th day, 5% by weight on the 10th day, and 11% by
      weight on the 20th day. However, the concentration of sulfur dioxide in
      the desulfurized gas was always maintained at below 100 ppm.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for removing sulfur dioxide from a gas stream containing
      the same prior to passing said gas stream to the ambient atmosphere by
      converting the sulfur dioxide in a low temperature, liquid phase,
      catalytic reaction to sulfuric acid, the improvement comprising contacting
      the sulfur dioxide containing gas stream and a gas containing oxygen with
      an acidic aqueous solution containing from 3 ppm to 8000 ppm of
      pentavalent vanadium ion and from 3 to 200 ppm of a divalent manganese ion
      at a temperature in the range of 0.degree. to 100.degree. C and continuing
      said contact until the concentration of sulfuric acid in said aqueous
      solution reaches up to 55% by weight.
NUM  2.
PAR  2. The improved process of claim 1 wherein said aqueous solution contains
      10 to 8,000 ppm of said pentavalent vanadium ion and 5 to 200 ppm of said
      divalent manganese ion.
NUM  3.
PAR  3. The improved process of claim 2 wherein said oxygen containing gas is
      air and said contact is conducted at a temperature of 20.degree. to
      70.degree. C.
NUM  4.
PAR  4. The improved process of claim 1 wherein a single gas stream contains
      both of the sulfur dioxide and oxygen.
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ABST
PAL  Mercury is removed from sulfuric acid by adding finely divided aluminum to
      the acid, cooling the mixture to a temperature not exceeding about
      15.degree.C. and filtering the mixture in from about 1 to about 6 hours.
PARN
PAR  This is a continuation-in-part appplication of application Ser. No. 402,790
      filed Oct. 2, 1973, now abandoned.
BSUM
PAR  In the manufacture of sulfuric acid from sulfur dioxide bearing gases, the
      presence of mercury vapor in said gases may lead to unacceptably high
      mercury content in the finished acid. Although historically the presence
      of mercury in sulfuric acid has not been much of a problem, indications
      are that in the future the maximum allowable mercury concentrations in
      sulfuric acid may be specified at levels that are lower than are now
      common. Present methods for manufacture of sulfuric acid from
      metallurgical gas cannot cope adequately with the mercury vapor commonly
      carried over in the sulfur dioxide gas, from roasting sulfide ores, which
      is to be converted into sulfuric acid. Further, present methods for
      purifying sulfuric acid produced from mercury-laden SO.sub.2 gases may not
      be able to remove the mercury from the sulfuric acid to the levels which
      will become common in the future.
PAR  An object of this invention is to provide means for removal of mercury from
      product sulfuric acid to levels lower than 1 ppm mercury.
PAR  Another object of this invention is to recover at least a portion of the
      mercury in a form amenable to further treatment for the production of
      metallic mercury.
PAR  In the manufacture of sulfuric acid from metallurgical gases, common
      practice is to roast -- that is, to oxidize -- sulfide bearing minerals
      such as iron pyrite, zinc sulfide, lead sulfide, copper sulfide, and the
      like, to produce an offgas containing 2-17% sulfur dioxide together with
      nitrogen, oxygen, water vapor, and minor gaseous constituents such as
      argon and carbon dioxide. The gases leaving the roaster are hot and
      burdened with metallurgical dusts and fumes.
PAR  A common first step in gas purification is to remove a major portion of the
      particulate matter by passing the gases through a hot electrostatic
      precipitator. The dedusted gases are then chilled and scrubbed by
      irrigation in a packed tower with water or sulfuric acid. The cooled
      dedusted gases then pass through an electrostatic mist precipitator which
      removes tiny droplets of sulfuric acid mist. The now clean gases are then
      treated with strong for example, 93% sulfuric acid to remove the water
      vapor therefrom.
PAR  The cleaned and dried gases are then passed through a series of heat
      exchangers to prepare the sulfur dioxide for conversion to sulfur trioxide
      by catalytic oxidation. The SO.sub.3, after cooling in the heat
      exchangers, is absorbed by scrubbing with 98.5-99% sulfuric acid. This
      acid, after adjustment to standard commercial strength, constitutes the
      normal end product of the process.
PAR  If the amount of mercury vapor present in the roaster exit gases is great
      enough, some will condense when the gases are chilled and will be found in
      the mist precipitator and/or coke box drips as metallic mercury. Most
      metallurgical gases do not contain this much mercury and, in any event,
      the mercury vapor in the chilled gases up to the point of saturation
      continues on to the drying tower where it is absorbed by the sulfuric
      acid. Since the drying tower is in closed circuit with the absorbers
      (where the SO.sub.3 is absorbed), a portion of the mercury will appear in
      the finished acid.
PAR  Historically, where control of maximum level of mercury in product acid has
      been necessary, such control has been accomplished by selecting roaster
      feed stocks that are not high in mercury. With the new, much lower maximum
      mercury level specifications now becoming prevalent for sulfuric acid,
      even relatively low mercury content feedstocks produce enough mercury to
      cause the mercury level in the product acid to exceed permissible levels.
PAR  It is known in the arts that mercury may be displaced from solution by
      treatment with certain metals -- such as copper, aluminum, or zinc. It is
      also known to apply these metals in comminuted form so as to maximize the
      surface area per unit mass of reactive metal. While zinc and other metals
      electronegative to mercury do, in fact, precipitate much of the mercury
      from a solution containing mercury salt, some mercury still remains in
      solution.
PAR  For certain uses of sulfuric acid, decreasing the mercury content to less
      than 1 ppm is desirable. Prior art procedures involving precipitation by
      electronegative metals such as copper, aluminum, zinc, and the like do not
      achieve removal of mercury to this low level.
PAR  It has now been found that the memory content of concentrated sulfuric acid
      can be lowered to less than 1 ppm by carefully controlled use of aluminum
      dust in substantial excess of one atom of aluminum to each atom of mercury
      present in the acid under certain conditions of time and temperature as
      herein described.
PAR  It has also been found that removal of mercury by the described method is
      much less sensitive to the presence of organic matter in the acid, such as
      may occur in acid made from Herreshof roaster gases from the roasting of
      sulfide ore concentrates containing residual flotation reagents, than when
      zinc or iron powders are used.
PAR  Product sulfuric acid leaving the absorbing tower is contacted during
      agitation with the finely divided aluminum dust. The mixture of aluminum
      dust and sulfuric acid is then cooled to no higher than 15.degree.C. but
      above the freezing point of the acid and allowed to react for a period of
      about 1 to 6 hours. In general, the mercury content is reduced below 1 ppm
      within three hours. The thus treated sulfuric acid is filtered to remove
      the particulate hydrargyriferous substances and excess aluminum dust and
      then pumped to storage for shipment to the customer. Control of the
      quantity of aluminum dust added and the temperature at which the reactions
      take place are critical to minimize the quantity of aluminum remaining in
      the sulfuric acid and to maximize the removal of mercury from the product
      sulfuric acid. The use of other metallic dusts such as zinc and iron is
      less efficacious for the removal of mercury from product sulfuric acid.
      Examples of the use of aluminum dust for removal of mercury from sulfuric
      acid and examples illustrating the less effective use of zinc dust and
      iron dust follow.
DETD
PAC  EXAMPLE 1
PAR  Organic-laden 93% sulfuric acid containing 27.7 ppm Hg at 30.degree.C. is
      mixed with 1 gram/liter of 6-9 micron aluminum dust. Following addition of
      the aluminum dust, the mixture is agitated and then quenched to
      15.degree.C. after 15 minutes agitation. Samples withdrawn from the
      agitated reaction vessel and filtered at the listed times after aluminum
      dust addition yield these results:
     Time After Al Dust    ppm Hg in                                           
     Addition (hours)      Treated Acid                                        
     ______________________________________                                    
     1                     2.7                                                 
     3                     0.88                                                
     6                     0.40                                                
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Organic-free 93% sulfuric acid containing 7.0 ppm Hg at 30.degree.C. is
      mixed with 0.5 gram/liter of 6-9 micron Al dust. Following addition of the
      dust, the mixture is agitated and then quenched to 15.degree.C. after 15
      minutes agitation. Samples withdrawn from the agitated reaction vessel and
      filtered at the listed times after aluminum dust addition yielded these
      results:
TBL  Time After A1 Dust    ppm Hg in                                           
     Addition (hours)      Treated Acid                                        
     ______________________________________                                    
     1                     1.1                                                 
     3                     0.50                                                
     6                     0.28                                                
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Organic-laden 93% sulfuric acid containing 16.6 ppm Hg and subjected to the
      same treatment as in Example 1 except that 1 gram/liter of -325 mesh zinc
      dust was used as a purifying agent yielded these results:
TBL  Time After Zn Dust    ppm Hg in                                           
     Addition (hours)      Treated Acid                                        
     ______________________________________                                    
     1                     11.8                                                
     3                     13.1                                                
     6                     12.9                                                
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Organic-laden 93% sulfuric acid containing 16.6 ppm Hg and subjected to the
      same treatment as in Example 1 except that 1 gram/liter -325 mesh iron
      dust was used as a purifying agent yielded these results:
TBL  Time After Fe Dust    ppm Hg in                                           
     Addition (hours)      Treated Acid                                        
     ______________________________________                                    
     1                     11.8                                                
     3                     12.9                                                
     6                     11.3                                                
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Organic-free 93% sulfuric acid containing 7.0 ppm Hg and subjected to the
      same treatment as Example 2 except that 0.5 gram/liter -325 mesh zinc dust
      was used as a purifying agent yielded these results:
TBL  Time After Zn Dust    ppm Hg in                                           
     Addition (hours)      Treated Acid                                        
     ______________________________________                                    
     1                     1.7                                                 
     3                     1.5                                                 
     6                     1.8                                                 
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Organic-free 93% sulfuric acid containing 7.0 ppm Hg and subjected to the
      same treatment as Example 2 except that 0.5 gram/liter -325 mesh iron dust
      was used as a purifying agent yielded these results:
TBL  Time After Fe Dust    ppm Hg in                                           
     Addition (hours)      Treated Acid                                        
     ______________________________________                                    
     1                     1.6                                                 
     3                     1.4                                                 
     6                     1.5                                                 
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of removing mercury from concentrated sulfuric acid which
      comprises treating the sulfuric acid with finely divided aluminum in an
      amount substantially in excess of one atom of aluminum for each atom of
      mercury present in the sulfuric acid agitating the mixture, then, cooling
      the acid to a temperature not exceeding about 15.degree.C but above the
      freezing point of the acid and filtering the acid in from about 1 to 6
      hours after adding the aluminum.
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ABST
PAL  The invention relates to the production of alumina whiskers from
      alumina-bearing material by preparing an intimate mixture of such material
      and carbon and then passing a stream of gaseous aluminium trihalide and an
      inert carrier gas thereover in a first zone at an elevated temperature,
      usually 1400.degree.C to 1800.degree.C, at which reaction occurs to form
      aluminium monohalide and carbon monoxide. The gaseous stream comprising
      the two latter materials is then passed to a second zone maintained at a
      less elevated temperature than the first zone, usually
      1400.degree.-1000.degree.C, at which temperature the reaction is reversed
      to produce a gaseous stream carrying alumina and carbon. Under conditions
      of low supersaturation the alumina deposits as single crystal alumina
      whiskers from which any carbon can be removed by an oxygen-containing gas
      at temperatures of 800.degree.-1000.degree.C.
BSUM
PAR  This invention relates to the production of a fibrous form of alumina known
      as alumina whiskers. Such whiskers consist of single crystals of alumina
      having a cross-section of less than 5 .times. 10 .sup..sup.-2 sq. mm. and
      an aspect ratio of more than 10:1 and they are of interest as a
      reinforcing material for metals.
PAR  Alumina whiskers have been produced by other technniques, e.g. by the
      controlled oxidation of molten aluminium in which a mixture of oxygen and
      a gas which does not react with aluminium is passed over the surface of
      molten aluminium. Alumina whiskers are formed upon the surface of the
      molten aluminium but are usually contaminated by small globules of
      aluminium.
PAR  Another proposal for the formation of alumina whiskers has been the
      oxidation of gaseous aluminium trichloride with carbon dioxide in the
      presence of sufficient hydrogen to combine with the chlorine present in
      the aluminium trichloride and form hydrogen chloride. The reaction has
      been carried out at temperatures of 1275.degree. - 1700.degree.C. The
      physical form of the product depends upon the degree of supersaturation of
      the reacting system with the alumina produced but it is not easy to
      control nor is it easy to produce whiskers of alumina to the substantial
      exclusion of other forms.
PAR  It is an object of the invention to produce alumina whiskers which can be
      readily freed from impurities unavoidably present therein.
PAR  The present invention provides a process for the production of alumina
      whiskers which comprises contacting an intimate mixture of particulate
      alumina-bearing material and a particulate form of carbon with a stream of
      gaseous aluminium trihalide in a first reaction zone maintained at an
      elevated temperature at which reaction occurs to form aluminium monohalide
      and carbon monoxide, transporting the gaseous products comprising said
      monohalide and carbon monoxide to a second reaction zone maintained at a
      lower temperature than said first reaction temperature, this said lower
      temperature being one at which reversal of the reaction which has occurred
      in said first reaction zone occurs with formation of a gaseous stream
      supersaturated with respect to alumina and under the conditions prevailing
      in the second reaction zone and deposition of the desired whisker form of
      alumina.
PAR  The invention depends primarily upon the occurrence of the reaction
EQU  Al.sub.2 O.sub.3 + 3C + AlX.sub.3 .revreaction. 3AlX + 3CO (I)
PAL  where X is a halogen element. The occurrence of such a reaction has been
      postulated on thermochemical grounds but hitherto experimental evidence
      therefor has been minimal. It has now been found that not only does this
      reaction occur at elevated temperatures of the order of
      1400.degree.-1800.degree.C but further that on reducing the temperature by
      approximately 200.degree. - 400.degree.C so that it is below 1400.degree.C
      the reverse reaction is caused to occur with deposition of alumina
      whiskers and precipitation of carbon. The halogen X desirably has an
      atomic number not greater than 53 and is preferably chlorine or bromine.
PAR  Since it is desirable that the alumina whiskers produced be as free as
      possible from impurities, it is preferred to form gaseous anhydrous
      aluminium trihalide from its elements in a preliminary reaction zone by
      passing a mixture of the vapour of the corresponding halogen gas and an
      inert carrier gas, which may be any of the inert gases present in the
      atmosphere, such as helium or argon or any suitable mixture thereof, over
      a bath of high purity molten aluminium. A recommended reaction temperature
      is about 700.degree.C which experiments have shown to be below the
      temperature at which any of the aluminium monohalides exist. The resulting
      mixture from this reaction is then passed over a heated unmolten form of
      aluminium which has a large surface area relative to the volume thereof,
      for example in the form of one or more coils, to ensure that no unreacted
      halogen is present in the gaseous mixture being passed to the first
      reaction zone.
PAR  In the first reaction zone the vapour of the aluminium trihalide admixed
      with inert gas is led over one or more layers of an intimate mixture of
      finely divided alumina-bearing material and carbon preferably present in
      the stoichiometric proportions required by equation (I) above. The
      temperature in the first reaction zone is conveniently maintained between
      1400.degree. and 1800.degree.C, preferably 1500.degree. to 1700.degree.C,
      the higher temperatures being used with the more rapid rates of flow of
      reactants through the said first reaction zone. The rate of flow of the
      inert gas through the reaction zones and the concentration of aluminium
      trihalide therein should be such as to ensure that, after reaction with
      the alumina and carbon with concomitant formation of aluminium monohalide
      and subsequent cooling in the second reaction zone with reversal of the
      reaction which occurred in the first reaction zone, the inert gas becomes
      slightly supersaturated with alumina under the prevailing conditions so as
      to provide conditions favourable to the deposition of alumina in the form
      of whiskers. If the inert gas becomes too supersaturated a mixture of
      whiskers and platelets of alumina is liable to be deposited and the
      greater the degree of supersaturation the greater the proportion of
      platelets deposited. The platelets may be so small that they resemble
      powder at very substantial degrees of supersaturation and this should be
      avoided.
PAR  The optical properties of the whiskers of alumina produced reveal that they
      constitute single crystals and, as when growing other single crystals, the
      best results are obtained when they are grown in a slightly supersaturated
      medium. A plurality of variables are involved and as with any given design
      of apparatus some preliminary experiments will be necessary to indicate
      what the optimum conditions are in a particular case.
PAR  Thus, in carrying out preliminary experiments the production of a mixture
      of both whiskers and platelets of alumina predominating in platelets or in
      powdered alumina in the cooler second reaction zone will indicate that
      under the conditions of the experiment a too great degree of
      supersaturation of the gaseous stream entering the cooler zone has
      occurred and the conditions must be modified to prevent this occurring,
      e.g. either by reducing the proportion of halogen in the gaseous stream
      which is in contact with the molten aluminium, or by less rapid cooling of
      the effluent from the first zone in which the aluminium trihalide vapour
      is in contact with the intimate mixture of alumina and carbon, or by
      reducing the absolute pressure of the gaseous stream or by any combination
      of these expedients.
PAR  In view of the temperatures involved, the recommended form of carbon to be
      used is graphite.
PAR  In the second cooler reaction zone the reaction is reversed, i.e. it
      proceeds from right to left resulting in the formation of alumina and
      carbon. The alumina is preferably allowed to deposit by condensation on
      the surface of a substrate, e.g. a boat, formed from .alpha.-alumina which
      is located in the second zone. Carbon separates and precipitates in a zone
      proximate to the second reaction zone in which the alumina whiskers are
      deposited and usually the two zones overlap. It is then necessary to
      remove the carbon from the whiskers of alumina, by discontinuing the
      supply of the gaseous stream containing the aluminium trihalide and
      replacing it by a stream of oxygen-containing gas the other components of
      which are inert with respect to alumina at elevated temperatures, e.g.
      nitrogen and/or any of the inert gases. The temperature should be
      maintained at a suitable level to bring about oxidation of the carbon
      present to carbon monoxide and/or dioxide. For this purpose temperatures
      of 800.degree.C and above, e.g. 800.degree. to 1000.degree.C are suitable.
      In this way contaminating carbon is converted into gaseous carbon monoxide
      and/or carbon dioxide and this is swept away in the stream of
      oxygen-containing gas.
PAR  The second cooler reaction zone may be a zone of diminishing temperature in
      the direction of flow of the reaction mixture. Thus, the temperature may
      decrease from 1400.degree.C at the end nearest to the first reaction zone
      to 1000.degree.C at the end remote from the first reaction zone.
PAR  When the reaction (I) proceeds from left to right an increase in volume
      accompanies the formation of the reaction products and, correspondingly,
      there is a decrease in volume when the reaction proceeds from right to
      left. However, since it is important to enable the reaction to proceed
      from left to right in the first reaction zone, it is advantageous that a
      subatmospheric pressure be maintained in the first reaction zone. Since it
      is most convenient to operate with continuous flow from the first reaction
      zone to the second reaction zone and with these zones being maintained
      under substantially the same pressure, it is preferable to maintain both
      said zones at a subatmospheric pressure. It is preferred to maintain the
      zones at a pressure less than 0.5 atmosphere absolute pressure. Pressures
      of 0.05 to 0.50 atm. are preferred.
PAR  The behaviour of the .alpha.-alumina whiskers thus obtained in a beam of
      polarised light indicates that the whiskers are of c-type which have grown
      on the 0001 axis (Miller indices) as single crystals. This type has a
      regular hexagonal cross-section. Specimens examined under an electron
      microscope had an extremely high aspect ratio viz. 100-10,000 to 1.
DETD
PAR  The following example illustrates the invention.
PAC  EXAMPLE
PAR  A charge was prepared comprising an intimate mixture of 3 parts by weight
      of alumina and 1 part by weight of graphite.
PAR  A part of the charge was used to fill a recrystallised .alpha.-alumina boat
      which was placed in a tubular electric furnace. One end of the furnace was
      connected to apparatus designed to produce anhydrous aluminium trichloride
      by passing chlorine gas over molten aluminium whilst the other end of the
      furnace was connected to a condenser and thence to a discharge line. The
      apparatus for producing anhydrous aluminium trichloride was connected to a
      source of inert gas, in this case, argon. A vacuum pump was also connected
      to the apparatus so that the whole apparatus could be operated under
      reduced pressure.
PAR  The assembled apparatus was first swept out with argon in order to remove
      oxygen and moisture. The aluminium metal was then heated until it became
      molten whilst continuing to pass argon and, when the aluminium was wholly
      molten, chlorine was admixed with the argon in a preliminary stage and the
      mixture led over the molten aluminium. Reaction occurred at the surface of
      the aluminium and the anhydrous aluminium trichloride thus produced
      volatilised as it was formed and became entrained in the stream of argon.
      The resulting stream of aluminium trichloride was passed through a
      preheater operating at 1000.degree.C and then led into the tubular
      electric furnace which was operated at 1600.degree.C where the stream
      diffused into the intimate mixture of alumina and graphite and reacted
      therewith giving rise to aluminium monochloride and carbon dioxide. Beyond
      the alumina boat the temperature of the furnace gradually decreased and it
      was in the part of the tube located in this zone of decreased temperature
      that a woolly mass of alumina whiskers was produced and, in proximity
      thereto, a deposit of carbon which contaminated one end of the woolly
      mass. The pressure was 0.25 atmosphere absolute pressure.
PAR  The effluent gases from the tube were cooled and passed through a condenser
      operated at substantially 200.degree.C whence liquid aluminium trichloride
      collected in a sump and solildified. The residual gases were washed with
      alkali and then allowed to pass into the atmosphere.
PAR  The contents of the boat were purified from carbon in a separate operation
      by passing a mixture of oxygen and nitrogen over an alumina tray in which
      the mixture of alumina whiskers and contaminating carbon had been placed
      and heating the tray in a furnace to approximately 1000.degree.C until all
      the carbon had been oxidised.
PAR  Other runs have been carried out at temperatures in the range of
      1500.degree.-1700.degree.C and at pressures of 0.1 to 1 atmosphere.
      Whiskers were obtained when the partial pressure of argon was greater than
      that of anhydrous aluminium chloride, and the partial pressure should
      preferably not be greater than 20% of the total pressure within the
      reaction zone.
PAR  Typical specimens of the alumina whiskers, produced by the process, each
      having a thickness greater than 1 micrometer, were individually submitted
      to various mechanical tests including strength tests. The following
      results were obtained:
TBL  Mean Failure Strain (%)  1.20                                             
     Mean Failure Stress (GN.m.sup.-.sup.2)                                    
                              5.52                                             
     R.M.S. diameter (micrometers)                                             
                              2.86                                             
     True Elastic (Young's Modulus,E,(GN.m.sup.-.sup.2)                        
                              460.9                                            
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of alumina whiskers comprising contacting
      an intimate mixture of particulate alumina-bearing material and a
      particulate form of carbon with a stream of gaseous aluminium trihalide in
      a first reaction zone maintained at an elevated temperature at which
      reaction occurs to form aluminium monohalide and and carbon monoxide,
      transporting the gaseous products comprising said monohalide and carbon
      monoxide to a second reaction zone maintained at a lower temperature than
      said first reaction temperature, this said lower temperature being one at
      which reversal of the reaction which has occurred in said first reaction
      zone occurs with formation of a gaseous stream supersaturated with respect
      to alumina under the conditions prevailing in the second reaction zone and
      deposition of the desired whisker form of alumina.
NUM  2.
PAR  2. A process as claimed in claim 1, in which anhydrous aluminium trihalide
      is formed from its elements in a preliminary reaction zone by passing a
      mixture of the vapour of the corresponding halogen and an inert carrier
      gas over high purity molten aluminium.
NUM  3.
PAR  3. A process as claimed in claim 2, in which the resulting reaction mixture
      including the aluminium trihalide formed in the preliminary reaction zone
      is passed over heated unmolten aluminium in a form having a large surface
      area relative to the volume thereof to ensure that no unreacted halogen is
      present in the gaseous mixture being passed to the first reaction zone.
NUM  4.
PAR  4. A process as claimed in claim 1, in which said particulate form of
      carbon is graphite particles.
NUM  5.
PAR  5. A process as claimed in claim 1, in which said intimate mixture of
      particulate alumina-bearing material and particulate carbon comprises
      substantially 3 parts by weight of alumina and 1 part by weight of carbon.
NUM  6.
PAR  6. A process as claimed in claim 1, in which the temperature in said first
      reaction zone is between 1400.degree. and 1800.degree.C.
NUM  7.
PAR  7. A process as claimed in claim 6, in which the temperature in said first
      reaction zone is between 1500.degree. and 1700.degree.C.
NUM  8.
PAR  8. A process as claimed in claim 6, in which the temperature in the second
      reaction zone is 200.degree. to 400.degree.C lower than the temperature in
      the first reaction zone but is less than 1400.degree.C.
NUM  9.
PAR  9. A process as claimed in claim 1, in which a subatmospheric pressure is
      maintained in the first reaction zone.
NUM  10.
PAR  10. A process as claimed in claim 1, in which continuous flow occurs from
      the first reaction zone to the second reaction zone and the pressure in
      the two zones is substantially the same subatmospheric pressure.
NUM  11.
PAR  11. A process as claimed in claim 10, in which the pressure is less than
      0.5 atmosphere absolute pressure.
NUM  12.
PAR  12. A process as claimed in claim 1 in which the desired whisker form of
      alumina is deposited by condensation upon the surface of a substrate of
      .alpha.-alumina located in the second reaction zone.
NUM  13.
PAR  13. A process as claimed in claim 3, which further comprises discontinuing
      the supply of the gaseous stream containing aluminium trihalide when
      alumina whiskers have been formed and replacing it by a stream of
      oxygen-containing gas while continuing to heat said second reaction zone
      to at least 800.degree.C, the other components of said gas being inert
      with respect to alumina at raised temperatures to convert deposited carbon
      contaminating the whiskers of alumina into an oxide of carbon which oxide
      is then removed from the second reaction zone by passage of said
      oxygen-containing gas.
NUM  14.
PAR  14. A process as claimed in claim 8, in which the second cooler reaction
      zone is a zone of diminishing temperature in the direction of flow of the
      reaction mixture.
NUM  15.
PAR  15. A process for the production of alumina whiskers which comprises the
      steps of contacting an intimate mixture of particles of alumina-bearing
      material and particles of carbon with a gaseous stream comprising a
      mixture of aluminium trihalide vapour and an inert carrier gas in a first
      reaction zone maintained at an elevated temperature of at least
      1400.degree.C at which temperature reaction occurs to form a gaseous
      mixture comprising the corresponding aluminium monohalide and carbon
      monoxide, transporting said gaseous mixture to a second reaction zone
      maintained at a less elevated temperature than said first reaction zone
      but above 1000.degree.C at which latter temperature the reaction which has
      taken place in said first reaction zone is reversed with formation of
      alumina and carbon so as to obtain a gaseous mixture containing a low
      supersaturation of alumina and deposition of alumina takes place from said
      mixture in the desired whisker form.
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ABST
PAL  Process for hydrogenolysis of an alkali metal or an alkaline earth metal
      salt of formic acid so as to produce methanol and a metal hydroxide
      corresponding to the formic acid salt wherein a catalyst of cobalt,
      rhenium, ruthenium, palladium, platinum or mixtures thereof is used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In various industrial processes such as that for the production of
      pentaerythritol by reacting formaldehyde with acetaldehyde in the presence
      of an alkaline condensing agent, typically an alkali or alkaline earth
      metal hydroxide, there results a by-product stream of an alkali or
      alkaline earth metal salt of formic acid. These formates result from a
      reaction between the alkaline condensing agent and the formic acid formed
      in the reaction. At the present time no general use is known for sodium
      formate and therefore it is not readily marketable. These by-product
      formate streams are thus usually discarded. In order to avoid losses of
      material it is of course desirable that such formates be converted to more
      usable products, it being particularly desirable to recover the metal
      values and the carbon values in the formate.
PAR  It is thus an object of the present invention to provide a process for the
      treatment of an alkali metal or alkaline earth metal salt of formic acid
      so as to convert such to one or more products which are more desirable
      than the formate itself. It is a particular object of the present
      invention to provide a method for treating an alkali metal or alkaline
      earth metal formate so as to convert it to products including methanol and
      an alkali or alkaline earth metal hydroxide. Additional objects will
      become apparent from the following description of the present invention.
PAC  SUMMARY
PAR  The foregoing and additional objects are accomplished by the present
      invention which in one of its aspects is a process for hydrogenolysis of
      an alkali metal or alkaline earth metal salt of formic acid, which process
      comprises: in a reaction zone contacting a liquid phase solution of said
      salt of formic acid with hydrogen in contact with a catalyst having a
      catalytically active surface comprised of metallic cobalt, rhenium,
      ruthenium, palladium, or platinum or mixtures thereof, said reaction zone
      being maintained at elevated temperatures and pressures sufficient to
      cause reaction of said salt of formic acid with said hydrogen to form
      methanol and a hydroxide of said alkali metal or alkaline earth metal.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention may be utilized to convert alkali metal salts or
      alkaline earth metal salts of formic acid. The metal portion of the salt
      will thus, when an alkali metal, be sodium, potassium or lithium, and,
      when an alkaline earth metal, be calcium, barium, strontium or magnesium.
      The present invention is however especially suitable in the hydrogenolysis
      of sodium formate.
PAR  In order to accomplish the hydrogenolysis of the present invention, the
      formate must be in liquid solution, and, the solvent medium utilized may
      be any which is substantially inert under the reaction conditions in the
      reaction zone. By "substantially inert" is meant that the solvent does not
      react with itself of with the other components present in the reaction
      zone (including reactants and products) to a substantial extent, and, does
      not otherwise interfere or hinder the desired hydrogenolysis reaction. The
      solvent does not have to be totally inert since even the preferred
      solvent, water, will react somewhat with various of the components present
      in the reaction zone. Generally recommended as a solvent medium is water,
      an ether, an alcohol, or mixtures thereof. Ethers that may be used include
      the cyclic and acyclic ethers. Preferred are the alkyl ethers, both cyclic
      and acyclic, and the alkyl alcohols. Specific suitable solvents in
      addition to water are diethyl ether, ethyl butyl ether, methanol, ethanol,
      hexanol, 1,3 or 1,4 dioxane, tetrahydrofuran, and petroleum ether. The
      metal formate, which is normally a solid, may be dissolved in a solvent
      prior to the hydrogenolysis or a solution of the formate which is the
      by-product of another process may be utilized. The process is especially
      suited for treatment of those aqueous formate solutions derived from the
      above described processes for production of pentaerythritol by aldol
      condensation. The concentration of the formate in solution may vary widely
      and may be up to solubility limits and as low as one percent by weight or
      even lower with the preferred concentration being 5 to 25% by weight. It
      is pointed out that the aqueous metal formate being treated may, and
      frequently will, contain various other compounds as impurities such as
      pentaerythritol and sodium sulfate. Such impurities do not interfere with
      the hydrogenolysis of the present invention.
PAR  To carry out the process, the solution of the formate is in general
      contacted with hydrogen while also in contact with the catalyst. The
      formate solution and hydrogen may be led over a fixed bed of the catalyst
      or the catalyst may be slurried with the formate solution and the
      resulting slurry contacted with the hydrogen. The hydrogen itself may be
      led cocurrently or countercurrently. As a general rule technically pure
      hydrogen will be utilized but it is also possible to use gases rich in
      hydrogen, such as coke oven gas, water gas or town gas. The reaction of
      the hydrogen with the metal formate in accordance with the present
      invention will produce as major products methanol and a metal hydroxide
      corresponding to the metal of the formate, although various by-products
      will usually also be produced in side reactions. These by-products include
      carbon dioxide as well as metal carbonate corresponding to the metal of
      the formate. It is thought that a side reaction involves the reaction of
      hydrogen and the metal formate to form carbon dioxide and a metal
      hydroxide some of which in turn react and form the metal carbonate. Also
      it appears that some of the methanol formed in the main reaction will be
      reduced by reaction with hydrogen so as to form methane and water.
PAR  The hydrogenolysis reaction needs to be carried out at elevated
      temperatures and pressures sufficient to cause the desired production of
      methanol and the metal hydroxide. Generally temperatures within the range
      of 100.degree.C to 300.degree.C may be used, the preferable range being
      from about 175.degree.C to 275.degree.C. At temperatures in excess of
      300.degree.C it has been found that the above mentioned reduction of the
      methanol by hydrogen will unduly occur. Superatmospheric pressures are
      necessary, those within the range of 75 to 500 atmospheres absolute being
      generally utilized, with preferred ranges being 125 to 400 atmospheres
      absolute. The contact time or residence time in a batch process may vary
      widely with good conversions being realized under some conditions after
      about an hour or less, with usual residence times being about one to five
      hours; however longer residence times up to seven or more hours give
      significant yields. In a fixed bed process, the flow rate of liquid feed
      may vary widely, e.g. from 100 to 2000 milliliters per hour per liter of
      catalyst. Obviously the concentration, temperature, pressure, and catalyst
      composition will greatly affect such. Thus the foregoing range is not to
      be taken as limiting the scope of the present invention.
PAR  The catalysts used in the process are those metallic catalysts of cobalt,
      rhenium, ruthenium, palladium or platinum. Also mixtures of these may be
      used. Cobalt is the preferred catalyst. The method of making the catalyst
      does not comprise a part of the present invention as the catalysts are
      well known and are generally commercially available. The main requirement
      is that the catalyst have a surface containing the metallic cobalt or the
      like being used. The metallic catalyst may be prepared such as by in situ
      reduction of a metal salt in the hydrogenolysis reactor under reaction
      conditions or by an ex situ reduction prior to the hydrogenolysis. Metal
      salts or compounds that may be reduced include oxides, sulfides,
      selenides, various complexes and the like, including those that have been
      formed by sintering, that is by heating to temperatures above
      600.degree.C, preferably above 800.degree.C, and preferably in the
      presence of oxygen. The production of a sintered catalyst is disclosed in
      U.S. Pat. No. 3,344,196 issued on Sept. 26, 1967 to Corr, et al. The
      catalysts known as "blacks" are also suitable, such as rhenium black and
      cobalt black. The reason for stating that the catalyst has a catalytically
      active surface comprised of the metallic cobalt, rhenium, or the like is
      that it is not known whether reduction of a metal oxide serves to reduce
      all of the oxide or merely that on the surface. In a solid catalyst it is
      generally the surface of a catalyst particle which is effective as a
      catalyst and not the interior of the particle.
PAR  The metallic catalyst may be supported on carrier substances such as
      pumice, alumina, kieselguhr, silica gel, synthetic silicates, porcelain,
      quartz and the like. The size and shape of the catalyst particles are not
      critical. For example, the catalyst may be in the form of pellets, powder,
      pills, saddles, spheres, etc. Also, reactor size has no bearing on the
      operation of the invention but it is presumed that the optimum size to
      give the proper residence time (as is usual in a hydrogenolysis reaction)
      is used. Reactors of conventional configuration may be used.
PAR  Following the hydrogenolysis reaction, the reaction products may be
      separated into the desired components by conventional means. For example
      the product stream from the reactor, after venting any hydrogen, could be
      fed to a distillation tower with the methanol being removed as light ends
      and the metal hydroxide removed as the residue stream.
DETD
PAC  EXAMPLE
PAR  A 150 milliliter rocking autoclave was charged with 10 milliliters of an
      aqueous sodium formate solution derived from the production of
      pentaerythritol, and containing 25% by weight of sodium formate. The pH of
      the solution was about 6.5. There was also charged to the autoclave 15
      grams of a sintered cobalt catalyst containing 20% by weight of cobalt,
      and then the autoclave pressured to 4000 pounds per square inch with
      hydrogen and sealed. After being heated for four hours at 225.degree.C the
      autoclave was opened and the contents analyzed and separated by
      distillation into a sodium hydroxide stream and a methanol stream.
      Analysis indicated that about 90% of the sodium formate had been connected
      to the desired products.
CLMS
STM  The embodiments of this invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for hydrogenolysis of an alkali metal or alkaline earth metal
      salt of formic acid, which process comprises: in a reaction zone
      contacting a liquid phase solution of said salt of formic acid with
      hydrogen in contact with a catalyst having a catalytically active surface
      consisting essentially of metallic cobalt, rhenium, ruthenium, palladium,
      or platinum or mixtures thereof, said reaction zone being maintained at
      elevated temperatures and pressures sufficient to cause reaction of said
      salt of formic acid with said hydrogen to form methanol and a hydroxide of
      said alkali metal or alkaline earth metal, and withdrawing the reaction
      products from said reaction zone and separating said hydroxide therefrom.
NUM  2.
PAR  2. The process of claim 1 wherein said elevated temperatures and pressures
      are within the temperatures ranges of 100.degree. to 300.degree.C and
      within the pressure ranges of 75 to 500 atmospheres absolute.
NUM  3.
PAR  3. The process of claim 2 wherein a catalyst having a catalytically active
      surface of cobalt is utilized.
NUM  4.
PAR  4. The process of claim 3 wherein said salt is sodium formate and said
      solution is an aqueous solution.
NUM  5.
PAR  5. The process of claim 3 wherein said solution consists essentially of an
      aqueous solution of sodium formate derived from the production of
      pentaerythritol by reacting formaldehyde with acetaldehyde in the presence
      of an alkali or alkaline earth metal hydroxide.
NUM  6.
PAR  6. The process of claim 1 wherein said salt is a sodium salt.
NUM  7.
PAR  7. The process of claim 1 wherein a catalyst having a catalytically active
      surface consisting essentially of metallic cobalt is utilized.
NUM  8.
PAR  8. The process of claim 1 wherein said solution is an aqueous solution.
NUM  9.
PAR  9. The process of claim 1 wherein said solution is in a solvent medium
      selected from the group consisting of water, an alcohol, an ether or
      mixtures thereof.
NUM  10.
PAR  10. A process for hydrogenolysis of an alkali metal or alkaline earth metal
      salt of formic acid, which process comprises: in a reaction zone
      contacting a liquid phase solution of said salt of formic acid with
      hydrogen in contact with a catalyst having a catalytically active surface
      consisting essentially of metallic cobalt, rhenium, ruthenium, palladium,
      or platinum or mixtures thereof, said reaction zone being maintained at a
      temperature within the range of 175.degree. to 275.degree.C and a pressure
      within the range of 125 to 400 atmospheres absolute, said temperatures and
      pressure being at least that sufficient to cause reaction of said salt
      with said hydrogen to form methanol and a hydroxide of said alkali metal
      or alkaline earth metal, and withdrawing the reaction products from said
      reaction zone and separating said hydroxide therefrom.
NUM  11.
PAR  11. The process of claim 10 wherein said liquid phase solution is an
      aqueous solution of sodium formate and wherein a catalyst having a
      catalytically active surface of cobalt is utilized.
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PAL  A method for determining serum thyroxine (T-4) in which the T-4 is first
      separated from the serum by adsorption onto a montmorillonite clay and
      then competitively bound by exogenous thyroxine binding globulin in the
      presence of a known amount of radioactive T-4. The competitively bound
      serum T-4 and radioactive T-4 is separated from the unbound serum T-4 and
      radioactive T-4 by passage through an ion exchange resin column. The serum
      T-4 concentration is determined by measuring the amount of bound
      radioactive T-4 and referring to a standard curve.
BSUM
PAR  This invention relates to the determination of serum thyroxine (T-4). More
      particularly, it relates to the determination of serum thyroxine utilizing
      the principle of competitive protein binding and in which measurements are
      made on the radioactivity of a known amount of radioactive T-4 added to
      the solution in which the competitive binding occurs.
PAR  A summary of the prior art techniques which have been used for measuring
      serum thyroxine appears in recently issued U.S. Pat. No. 3,659,104. The
      present invention is an improvement upon such prior art. Thus, the present
      method avoids the alcohol precipitation/extraction required in the
      procedure of Murphy, et al. referred to in said patent. As a result,
      patient serum to be analyzed in accordance with the present methods can be
      stored for relatively extended periods. For example, the serum sample may
      be stored under refrigeration (3.degree.-8.degree. C.) for 1 week or
      longer without alteration of the test results. The present method improves
      upon said U.S. Pat. No. 3,659,104 itself by providing a simplified
      procedure of less steps and which can be executed much more rapidly.
PAC  SUMMARY OF THE INVENTION
PAR  A serum sample which is to be analyzed for its T-4 content is initially
      treated to separate the thyroxine from its serum proteins. The present
      invention provides a novel step for accomplishing this separation. The
      thyroxine is adsorbed onto a montmorillonite clay in acid solution. The
      clay containing the adsorbed thyroxine is then separated from the serum as
      by centrifuging. The thyroxine is thereafter eluted from the clay by
      contact with an alkaline solution. In the preferred embodiment elution of
      the thyroxine from the clay is executed concurrently with a competitive
      binding step by which the serum thyroxine competes with a known amount of
      radioactive T-4 for the available binding sites on thyroxine binding
      material. Bound serum thyroxine and radioactive T-4 is separated from
      unbound T-4 and radioactive T-4. In the preferred embodiment this is
      executed by flowing the equilibrated competitive binding mixture through a
      column containing ion exchange resin in which column dimensions and resin
      type are adapted to retain unbound T-4 and radioactive T-4 while
      permitting bound T-4 and radioactive T-4 to flow therethrough. In this
      regard, the present invention provides another novel step in the use of
      ion exchange resins for such a separation. The amount of radioactive T-4
      bound by the thyroxine binding material is then measured. By referring to
      a standard curve the serum thyroxine content of the sample may then be
      obtained.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Step 1: Separation of Thyroxine From Serum
PAR  0.1 Ml. of serum and 3.0 ml. of .025 N HCl and 10 mg. of Bentonite was
      placed in a 13 .times. 100 mm. test tube. The Bentonite is a colloidal,
      native hydrated aluminum silicate. The material is allowed to stand for at
      least 90 seconds and thereafter mixed vigorously to suspend the particles.
      Thereafter, the clay is separated from the supernatant, for example, by
      centrifuging. During this step the acidic solution causes the thyroxine to
      dissociate from its serum proteins and to be adsorbed by the Bentonite.
PAR  The amount of clay utilized is relatively critical. Approximately 10 mg. of
      clay should be used for each 0.0-0.3 ml. of serum and preferably about 10
      mg. of Bentonite should be used for each 0.1 ml. of serum.
PAC  Step 2: Elution of T-4 From the Clay and Competitive Binding
PAR  To the test tube containing the Bentonite and adsorbed T-4 is added 3 ml.
      of 0.025 M sodium carbonate (Na.sub.2 CO.sub.3). The contents of the tube
      are mixed well to resuspend the clay particles. One and one-half ml. of
      0.05 M barbital buffer which contains 0.05 M sodium 5,5-diethyl
      barbiturate adjusted to pH 7.7 (with HCl), 0.01% sodium azide, and pooled
      human serum diluted 1-40 to 1.70 by the buffer, and 0.1.mu.Ci of T-4
      labeled with a radioactive isotope (of 1-125 thyroxine) are added to the
      test tube and mixed well. (The final mixture has a pH of 8.6). The
      contents of the test tube are allowed to stand for at least 15 minutes at
      ambient temperature. The clay is then removed as by centrifugation. During
      this step the alkaline solution causes the thyroxine to be eluted from the
      clay. The eluted thyroxine then competes with the radioactive T-4 for the
      available binding sites on the added thyroxine binding material which in
      this case is (thyroxine binding globulin from) the pooled human serum.
PAC  Step 3: Separation of Bound and Unbound T-4
PAR  An ion exchange resin column in which the resin has a bed height of about
      2.0 cm. and a diameter of about 0.295 inches is selected. The resin in the
      column is 50-100 mesh styrene-divinyl benzene anion exchange resin of 8%
      cross linkage (available from Bio-Rad Laboratories, Richmond, California
      under the designation AG1-X8). Alternatively, the ion exchange resin is a
      50-100 mesh ion retardation resin containing paired anion and cation
      exchange sites. (Available from Bio-Rad Laboratories, Richmond,
      California, under the designation AG11A8). Column dimensions and resin
      type and mesh are critical in order to achieve this separation using ion
      exchange resins.
PAR  The contents of the test tube at the completion of Step 2 are poured and
      flowed through the column of resin and the eluate collected. During this
      step the free thyroxine and free radioactive T-4 are retained by the resin
      while the T-4 and radioactive T-4 bound by the exogenous human thyroxine
      binding globulin from the pooled serum passes through and is collected in
      the eluate. The radioactivity in the eluate or on the column may be
      counted. Preferably the radioactivity of the eluate is counted.
PAC  Step 4: Serum Thyroxine Determined
PAR  The thyroxine content of unknown patient serum can be determined by
      comparing the radioactivity count obtained in Step 3 with a standard curve
      developed using the steps of this process in connection with known or
      standard serum samples.
PAR  If it is desired, an Estimated Thyroxine Index of a serum sample can be
      determined in accordance with the present procedure. After the separation
      of T-4 from the serum proteins has been executed in accordance with Step
      1, a 5.mu.l aliquot of the same serum sample is added after the other
      materials of Step 2 have been added and then mixed well (and allowed to
      stand 15 minutes). This additional amount of the unknown serum provides
      additional binding sites to receive unbound radioactive T-4 during Step 2.
      Measuring the amount of bound or unbound radioactive T-4 as outlined above
      is thus a measure of the unknown serum T-4 concentration and the binding
      capacity of the serum. Values are computed from the radioactivity count
      obtained at the conclusion of Step 4 in accordance with the following
      equation:
      ##EQU1##
      ETI = Estimated Thyroxine Index cpm.sub.x = counts per minute of patient's
      serum
PA1  cpmsc = counts per minute of standard control serum
      ##EQU2##
PAR  The use of montmorillonite clay to separate T-4 from serum proteins is one
      of the novel features of the present process. The montmorillonite group of
      clays such as the Bentonite member is substantially more efficient in the
      adsorption of thyroxine than other adsorbents that might be selected. To
      illustrate the efficiency of the montmorillonites, the following
      comparison was made with results tabulated in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPARISON OF SEVERAL ADSORBENTS FOR                                      
     THE SEPARATION OF THYROXINE FROM SERUM                                    
     ______________________________________                                    
     Adsorbent        % Thyroxine Adsorbed                                     
     ______________________________________                                    
     Florisil              73                                                  
     Talc                  85                                                  
     Britesorb             11                                                  
     Hydroxylapatite       33                                                  
     Zirconiumphosphate    12                                                  
     Kaolin                30                                                  
     Bentonite             97                                                  
     ______________________________________                                    
PAR  50 Mg. of adsorbent in 3 ml. of 0.025 N HCl used as the adsorbent. To this
      add 0.1 ml. of control serum spiked with radioactive thyroxine. Mix
      thoroughly and incubate 10 minutes at 23.degree. C. Centrifuge 5 minutes,
      decant supernatant and count radioactivity in the supernatant. The
      decrease in counts of the supernatant is a direct measure of the thyroxine
      adsorbed to the material.
PAR  As previously indicated, the amount of clay used relative to the serum
      sample is most important. In order to obtain a good elution recovery of
      the thyroxine from the clay, the proportion of serum to clay previously
      indicated should be followed. The following illustrates the losses on
      recovery where the proper ratio of serum to clay is not utilized.
TBL                TABLE II                                                    
     ______________________________________                                    
     RECOVERY OF THYROXINE FROM BENTONITE                                      
     ______________________________________                                    
     Bentonite Conc  % Thyroxine Recovered                                     
     ______________________________________                                    
     50 mg.               48                                                   
     25 mg.               60                                                   
     10 mg.               84                                                   
     ______________________________________                                    
PAR  Bentonite was suspended in 3 ml. 0.025 N HCl. To this 0.1 ml. control serum
      containing a known amount of radioactive T-4 was added. The suspension was
      mixed, incubated for 10 minutes and centrifuged. The supernatant was
      decanted and counted to determine percent thyroxine adsorbed. The clay was
      resuspended in 0.025 N Na.sub.2 CO.sub.3, mixed and centrifuged. Under
      alkaline conditions the thyroxine is eluted from the Bentonite. The
      supernatant is counted and the total percent recovered is calculated by
      dividing the total counts recovered by the total counts of radioactive T-4
      added.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the determination of thyroxine ("T-4") in blood serum including the
      steps of separating T-4 from serum, competitively binding a portion of
      said separated T-4 with thyroxine binding material in the presence of a
      known amount of radioactive T-4, separating radioactive T-4 bound by said
      thyroxine binding material from unbound radioactive T-4, and measuring the
      amount of bound or unbound radioactive T-4 whereby serum T-4 concentration
      may be determined therefrom, the improvement comprising: executing said
      step of separating T-4 from serum by contacting the serum with an
      effective amount of a montmorillonite clay under acidic conditions to
      adsorb the serum T-4 thereon, separating said montmorillonite clay from
      said serum, and then separating adsorbed T-4 from said clay, by
      introducing said clay into an alkaline solution, whereby said T-4 is freed
      from said clay.
NUM  2.
PAR  2. In the determination of T-4 in blood serum in accordance with claim 1
      the improvement wherein said montmorillonite is a bentonite clay.
NUM  3.
PAR  3. In the determination of T-4 in blood serum in accordance with claim 2
      wherein said bentonite is contacted with said serum to adsorb its T-4
      content thereon in an amount of about 10 mg. bentonite for each 0-0.3 ml.
      of serum.
NUM  4.
PAR  4. In the determination of T-4 in blood serum in accordance with claim 3
      wherein said bentonite is contacted with said serum in an amount of about
      10 mg. of Bentonite for 0.1 ml. of serum.
NUM  5.
PAR  5. A method for the determination of thyroxine ("T-4") in blood serum
      comprising: separating T-4 from serum by adsorbing the T-4 onto a
      montmorillonite clay in acidic, wherein said clay is employed in the
      amount of about 10 mg. per 0.0-0.3 ml. of serum, separating the clay with
      the adsorbed T-4 from the remainder of the serum, adding said clay with
      adsorbed T-4 to an alkaline solution and then adding a thyroxine binding
      material containing thyroxine binding material and a preselected amount of
      radioactive T-4, the T-4 eluting from said clay into said alkaline
      solution and competing with said radioactive T-4 for the binding sites on
      said thyroxine binding material, separating the thyroxine binding material
      with serum T-4 and radioactive T-4 bound thereto from unbound serum T-4
      and unbound radioactive T-4, and measuring the amount of bound or unbound
      radioactive T-4 whereby serum T-4 concentration may be determined
      therefrom.
NUM  6.
PAR  6. A method in accordance with claim 5 wherein said montmorillonite clay is
      a bentonite clay and the amount of radioactive T-4 bound to the thyroxine
      binding material is measured to determine serum T-4 concentration.
NUM  7.
PAR  7. A method in accordance with claim 5 wherein separation of T-4 and
      radioactive T-4 bound by thyroxine binding material from unbound T-4 and
      radioactive T-4 is executed by passing the combination thereof through a
      column containing ion exchange resin in which column dimensions and resin
      type are adapted to retain unbound T-4 and radioactive T-4 while
      permitting bound T-4 and radioactive T-4 to flow therethrough.
NUM  8.
PAR  8. A method in accordance with claim 7 wherein said resin is a 50-100 mesh
      ion retardation resin containing paired anion and cation exchange sites.
NUM  9.
PAR  9. The method in accordance with claim 7 wherein the resin in said column
      has a bed height of about 2.0 cm. and a diameter of about 0.295 inches.
NUM  10.
PAR  10. A method for the determination of thyroxine ("T-4") in blood serum
      comprising: separating T-4 from serum by adsorbing the T-4 onto bentonite
      clay in acidic solution, wherein about 10 mg. of said clay is employed for
      from 0.0-0.3 ml. of serum, separating the clay with the adsorbed T-4 from
      the remainder of the serum, adding said clay with adsorbed T-4 to an
      alkaline solution and then adding a thyroxine binding material containing
      thyroxine binding material in a preselected amount of radioactive T-4, the
      T-4 eluting from said clay into said alkaline solution and competing with
      said radioactive T-4 for the binding sites on said thyroxine binding
      material, separating the thyroxine binding materials, serum T-4 and
      radioactive T-4 bound thereto from unbound serum T-4 and unbound
      radioactive T-4 by passing the combination thereof through a column of
      anion exchange resin which is a 50-100 mesh styrene-divinyl benzene anion
      exchange resin of 8% cross linkage, of dimensions to retain unbound T-4
      and radioactive T-4 while permitting bound T-4 and radioactive T-4 to flow
      therethrough, and measuring the amount of bound or unbound radioactive
      T-4, whereby serum T-4 concentration may be determined therefrom.
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ABST
PAL  S-Heterocyclic derivatives of phosphine or phosphite gold mercaptides
      having anti-arthritic activity are disclosed.
PARN
PAR  This is a division of application Ser. No. 384,666 filed Aug. 1, 1973, now
      U.S. Pat. No. 3,883,546.
BSUM
PAR  This invention relates to novel S-heterocyclic derivatives of phosphine or
      phosphite gold mercaptides which have useful pharmacological activity.
      More specifically, the compounds of this invention have anti-arthritic
      activity as measured by their ability to inhibit adjuvant-induced
      polyarthritis in rats.
PAR  The compounds of this invention are represented by the following structural
      formula:
      ##SPC1##
PAC  FORMULA I
PAL  in which
PAR  R.sup.1 is lower alkyl, lower alkoxy, phenyl or phenoxy, with each alkyl or
      alkoxy having from one to three carbon atoms;
PAR  X is S, NH, NCH.sub.3 or O;
PAR  R.sup.2 and R.sup.3 are hydrogen or together form a 1,2-benzo radical; and
PAR  INDICATES AN OPTIONAL DOUBLE BOND.
PAR  Preferred compounds of this invention are represented by Formula I where R
      is lower alkyl. Also preferred are those compounds of Formula I where the
      heterocyclic moiety is 2-thiazolinyl, 2-benzimidazolyl and 2-benzoxazolyl.
PAR  The compounds of this invention are prepared by reaction of an heterocyclic
      mercaptan compound with an appropriate phosphine or phosphite gold(I)
      halide, preferably chloride, in the presence of alkali such as sodium
      hydroxide in a solvent such as aqueous alcohol-chloroform at about
      25.degree. for approximately one hour in a nitrogen atmosphere.
PAR  The phosphine or phosphite gold halides employed as starting materials are
      prepared by reaction of a cold (-10.degree. to -5.degree.) solution of
      gold(I) chloride, prepared by mixing thiodiglycol and gold acid chloride
      trihydrate in aqueous alcohol, with an appropriate phosphine or phosphite
      such as triethylphosphine. Other procedures which may be applied to the
      preparation of these intermediates are found in J. Chem. Soc. 1828 (1937)
      and 1235 (1940) and Australian J. Chem. 19:547 (1966).
PAR  The anti-arthritic activity of the compounds of this invention is measured
      by their ability to inhibit adjuvant-induced polyarthritis in rats. The
      compounds of Formula I produce marked inhibition of the developement of
      adjuvant arthritis in rats at daily oral doses as low as about 20 mg. per
      kilogram of body weight. Of particular importance is the attainment of
      significant serum levels of gold following oral administration of these
      doses.
PAR  Adjuvant arthritis in rats is produced by a single injection of 0.75 mg. of
      Mycobacterium butyricum suspended in white paraffin (N.F.) into a hindpaw
      (left footpad). The injected leg becomes inflamed and reaches a maximum
      volume in three to five days (primary lesion). The animals exhibit a
      decrease in body weight gain during this initial period. Adjuvant
      arthritis (secondary phase) occurs after a delay of approximately 10 days
      and is characterized by inflammation of the non-injected sites (right hind
      leg), decrease in body weight gain and further increases in the volume of
      the injected hind leg. The compounds of Formula I administered in the
      doses described above beginning on the day of adjuvant injection and
      continuing for 17 days thereafter, exclusive of days 4, 5, 11 and 12,
      protect the animals against development of both primary and secondary
      lesions of adjuvant arthritis.
PAR  The compounds of this invention are administered in conventional dosage
      unit forms by incorporating an amount sufficient to produce anti-arthritic
      activity, without toxic effects, with a nontoxic pharmaceutical carrier
      according to accepted procedures. Preferably the dosage units will contain
      an S-heterocyclic derivative of a phosphine or phosphite gold mercaptide
      of Formula I in an amount of from about 0.5 mg. to about 25 mg.,
      preferably 0.5 mg. to 10 mg. calculated on gold content, per unit.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Similarly, the carrier or diluent can include any time
      delay material well known to the art, such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg. to about 1 g. If a liquid carrier is used, the preparation
      will be in the form of a syrup, emulsion, soft gelatin capsule, sterile
      injectable liquid such as an ampule or an aqueous or nonaqueous liquid
      suspension.
PAR  The method of producing anti-arthritic activity in accordance with this
      invention comprises administering internally to an animal organism an
      S-heterocyclic derivative of a phosphine or phosphite gold mercaptide of
      Formula I, usually combined with a pharmaceutical carrier, in an amount
      sufficient to produce anti-arthritic activity without limiting side
      effects. The active medicament will be administered in a dosage unit, as
      described above, orally or parenterally, the oral route being preferred.
      Advantageously equal doses will be administered one or two times daily
      with the daily dosage regimen being from about 0.5 mg. to about 50 mg.,
      preferably 0.5 mg. to about 20 mg., calculated on gold content. When the
      method described above is carried out, anti-arthritic activity is produced
      with a minimum of side effects.
PAR  The pharmaceutical preparations are made following the conventional
      techniques of the pharmaceutical chemist involving mixing, granulating and
      compressing when necessary, or variously mixing and dissolving the
      ingredients as appropriate to the desired end product.
DETD
PAR  The following examples illustrate the preparation of compounds of this
      invention and their incorporation into pharmaceutical compositions, and as
      such are not to be construed as limiting the invention set forth in the
      claims appended hereto. Temperatures are in degrees Centigrade unless
      otherwise stated.
PAC  EXAMPLE 1
PAC  2-Thiazolinylthio(triethylphosphine)gold
PAR  A solution of 10.0 g. (0.08 mol.) of thiodiglycol in 25 ml. of ethanol was
      mixed with a solution of 15.76 g. (0.04 mol.) of gold acid chloride
      trihydrate in 75 ml. of distilled water. When the bright orange-yellow
      solution was almost colorless, it was cooled to below -5.degree. and an
      equally cold solution of 5.0 g. (0.0425 mol.) of triethylphosphine in 25
      ml. of ethanol was added dropwise to the stirred solution. After the
      addition was complete, the cooled mixture was stirred for 30 minutes. The
      solid that separated was removed by filtration and the filtrate was
      concentrated to about 30 ml. to yield a second crystal crop. The combined
      solid was washed with 2:1 aqueous ethanol and recrystallized from ethanol
      by addition of water to the cloud point to give
      chloro(triethylphosphine)gold, m.p. 85.degree.-86.degree..
PAR  To a solution of 0.8 g. (0.02 mol.) of sodium hydroxide in 20 ml. of 1:1
      aqueous ethanol was added a solution of 2.4 g. (0.02 mol.) of
      2-mercaptothiazoline in 20 ml. of 1:1 ethanol-chloroform followed by a
      solution of 7.0 g. (0.02 mol.) of chloro(triethylphosphine)gold in 40 ml.
      of 1:1 ethanol-chloroform. The reaction mixture was stirred under nitrogen
      at 25.degree. for 1 hour, then it was filtered and the filtrate was
      evaporated to dryness. Chloroform was added to the residue and the
      solution was again evaporated to dryness to give a thick yellow liquid
      which crystallized when triturated with acetone and cooled over dry ice to
      give the title compound, m.p. 70.degree.-71.degree. (acetone-water).
PAC  EXAMPLE 2
PAC  2-Benzimidazolylthio(triethylphosphine)gold
PAR  To a solution of 0.4 g. (0.01 mol.) of sodium hydroxide in 20 ml. of 1:1
      aqueous ethanol was added 1.5 g. (0.01 mol.) of 2-mercaptobenzimidazole in
      20 ml. of ethanol followed by 3.5 g. (0.1 mol.) of
      chloro(triethylphosphine)gold in 20 ml. of 1:1 chloroform-ethanol. The
      reaction mixture was stirred for 1 hour at 25.degree. under nitrogen, then
      it was filtered and the filtrate evaporated to dryness to give the title
      compound as a white solid, m.p. 222.degree.-223.degree. (ethanol).
PAC  EXAMPLE 3
PAC  2-Benzoaxolythio(triethylphosphine)gold
PAR  To a solution of 0.6 g. (0.015 mol.) of sodium hydroxide in 20 ml. of 1:1
      aqueous ethanol was added 2.28 g. (0.015 mol.) of 2-mercaptobenzoxazole in
      20 ml. of ethanol followed by 5.25 g. (0.015 mol.) of
      chloro(triethylphosphine)gold in 40 ml. of 1:1 ethanol-chloroform. The
      reaction mixture was stirred at 25.degree. for 1 hour under nitrogen,
      filtered and the filtrate was evaporated to dryness to give a residue
      which was dissolved in methanol and treated with activated charcoal to
      give the title compound as white crystals, m.p. 100.degree.-102.degree.
      (methanol).
PAC  EXAMPLE 4
PAR  A solution of 2.44 g. (0.02 mol.) of thiodiglycol in 15 ml. of methanol was
      mixed with a solution of 3.98 g. (0.01 mol.) of gold acid chloride
      trihydrate in 25 ml. of distilled water. When the orange-yellow solution
      became almost colorless, it was cooled to -15.degree. and an equally cold
      solution of 760 mg. (0.01 mol.) of trimethylphosphine in 10 ml. of
      methanol was added dropwise to the stirred solution. After the addition,
      the cooled mixture was stirred for 30 minutes, then the product was
      filtered off and the filtrate was concentrated in vacuo to give a second
      crystal crop. The combined solid material was washed with cold aqueous
      methanol (2:1) and water to give chloro(trimethylphosphine)gold, m.p.
      228.degree.-229.degree..
PAR  When an equivalent amount of (chloro(trimethylphosphine)gold is substituted
      in the procedure of Example 1 for chloro)triethylphosphine)gold,
      2-thiazolinylthio)trimethylphosphine)gold is obtained.
PAR  In like manner, substitution of an equivalent amount of
      chloro(trimethylphosphine)gold in the procedures of Examples 2 and 3 for
      chloro(triethylphosphine)gold gives
      2-benzimidazolylthio(trimethylphosphine)gold and 2-benzoxazolylthio
      (trimethylphosphine)gold, respectively.
PAC  EXAMPLE 5
PAR  A mixture of 11.82 g. (0.03 mol.) of gold acid chloride trihydrate and 1.9
      g. (0.065 mol.) of thiodiglycol in 100 ml. of aqueous ethanol (3:2) was
      stirred until the color of auric gold disappeared. The almost colorless
      solution was cooled below -5.degree. and an equally cold solution of 5.6
      g. (0.035 mol.) of triisopropylphosphine in 20 ml. of ethanol was added
      dropwise. The volume of the final reaction mixture was increased to 250
      ml. with 1:1 aqueous ethanol in order to maintain a fluid mixture. After
      addition the mixture was stirred in the cold for 45 minutes. The solid was
      removed by filtration, washed with 1:2 alcohol-water and water and dried
      (MgSO.sub.4), then redissolved by suspension in ethanol and addition of
      sufficient methylene chloride to attain solution. The cloudy solution was
      filtered from suspended gold and the filtrate was concentrated to give
      chloro(triisopropylphosphine)gold as white crystals, m.p.
      184.degree.-186.degree..
PAR  Substitution of an equivalent amount of chloro(triisopropylphosphine)gold
      in the procedure of Example 1 for chloro(triethylphosphine)gold gives
      2-thiazolinylthio(triisopropylphosphine) gold.
PAR  Similarly, when an equivalent amount of chloro(triisopropylphosphine) gold
      is substituted in the procedure of Example 2 for
      chloro(triethylphosphine)gold, 2-benzimidazolylthio
      (triisopropylphosphine)gold is obtained.
PAR  In like manner, 2-benzoxazolylthio(triisopropylphosphine) gold is prepared
      by substitution of an equivalent amount of
      chloro(triisopropylphosphine)gold in the procedure of Example 3 for
      chloro(triethylphosphine)gold.
PAC  EXAMPLE 6
PAR  Gold acid chloride trihydrate (4.0 g; 0.01 mol.) was reduced to aurous
      chloride with 2.44 g. of thiodiglycol in 1:2 aqueous ethanol. After
      cooling the solution in an ice bath, a cold solution of 2.26 g. (0.01
      mol.) of triphenylphosphine in a minimum amount of ethanol was added with
      stirring. The reaction mixture was stirred for 30 minutes, then it was
      filtered and the solid product was washed with cold aqueous alcohol and
      ice water and dried to give chloro(triphenylphosphine) gold, m.p.
      242.degree.-243.degree..
PAR  When an equivalent amount of chloro(triphenylphosphine) gold is substituted
      in the procedure of Example 1 for chloro(triethylphosphine)gold,
      2-thiazolinylthio(triphenylphosphine) gold is obtained.
PAR  Likewise, 2-benzimidazolylthio(triphenylphosphine)- gold and
      2-benzoxazolylthio(triphenylphosphine)gold are obtained by substitution of
      equivalent amounts of chloro(triphenylphosphine) gold in the procedures of
      Examples 2 and 3, respectively, for chloro(triethylphosphine)gold.
PAC  EXAMPLE 7
PAR  Gold acid chloride trihydrate (3.58 g.; 0.009 mol.) was reduced to aurous
      chloride with 3.29 g. (0.027 mol.) of thiodiglycol in 70 ml. of water
      saturated with sodium chloride. To the fresh solution was added 1.52 g.
      (0.009 mol.) of diethylphenylphosphine in 20 ml. of ethanol and the
      reaction mixture was stirred for one hour at 25.degree. under a nitrogen
      atmosphere. The reaction mixture was then extracted with chloroform and
      the extract was washed with water and dried (MgSO.sub.4). Concentration
      gave a residue which was chromatographed on silica gel with benzene and
      chloroform to give chloro(diethylphenylphosphine)gold.
PAR  When an equivalent amount of chloro(diethylphenylphosphine)gold is
      substituted in the procedure of Example 1 for
      chloro(triethylphosphine)gold,
      2-thiazolinylthio(diethylphenylphosphine)gold is obtained.
PAR  Likewise, 2-benzimidazolylthio(diethylphenylphosphine)gold and
      2-benzoxazolylthio(diethylphenylphosphine)gold are obtained by
      substitution of equivalent amounts of chloro(diethylphenylphosphine)gold
      in the procedures of Examples 2 and 3, respectively, for
      chloro(triethylphosphine)gold.
PAC  EXAMPLE 8
PAR  By following procedures outlined in J. Chem. Soc. 1828 (1937),
      iodo(trialkylphosphine)gold complexes are prepared, for example,
      iodo(triethylphosphine)gold.
PAR  When an equivalent amount of iodo(triethylphosphine)gold is substituted in
      the procedure of Example 1 for chloro(triethylphosphine)gold,
      2-thiazolinylthio(triethylphosphine)gold is obtained.
PAR  Similarly, by following procedures outlined in J. Chem. Soc. 1235 (1940),
      bromo(trialkylphosphine)gold complexes are prepared, for example,
      bromo(triethylphosphine)gold.
PAR  Substitution of an equivalent amount of bromo(triethylphosphine)gold in the
      procedure of Example 1 for chloro(triethylphosphine)gold also gives
      2-thiazolinylthio(triethylphosphine)gold.
PAR  By similar procedures, the other S-heterocyclic derivatives of phosphine
      gold mercaptides of Formula I may be prepared as described from the
      appropriate phosphine gold(I) iodides and bromides.
PAC  EXAMPLE 9
PAR  Gold acid chloride trihydrate (5.9 g.; 0.015 mol.) is reduced to aurous
      chloride with 3.7 g. (0.03 mol.) of thiodiglycol in 1:2 aqueous ethanol.
      The solution is cooled to -10.degree. and an equally cold solution of 3.72
      g. (0.02 mol.) of triethylphosphite in 20 ml. of ethanol is added dropwise
      with stirring. The temperature is maintained at -10.degree. and stirring
      is continued for 30 minutes. The ethanol is removed from the reaction
      mixture under reduced pressure without heating and the aqueous residue is
      then extracted with methylene chloride. The extract is dried and the
      solvent evaporated in vacuo. The crude product is purified by
      chromatography on a silica gel column to give chloro(triethylphosphite)
      gold as an oil.
PAR  Substitution of an equivalent amount of chloro(triethylphosphite) gold in
      the procedure of Example 1 for chloro(triethylphosphine)gold gives
      2-thiazolinylthio(triethylphosphite) gold.
PAR  When an equivalent amount of chloro(triethylphosphite) gold is substituted
      in the procedure of Example 2 for chloro(triethylphosphine)gold,
      2-benzimidazolylthio(triethylphosphite)gold is obtained.
PAR  Similarly, substitution of an equivalent amount of
      chloro(triethylphosphite)gold in the procedure of Example 3 for
      chloro(triethylphosphine)gold gives
      2-benzoxazolylthio(triethylphosphite)gold.
PAC  EXAMPLE 10
PAR  Gold acid chloride trihydrate (4.0 g.; 0.01mol.) was reduced to aurous
      chloride with 2.44 g. of thiodiglycol in 1:2 aqueous methanol. The
      solution was cooled in an ice bath and a cold solution of 1.5 g. of
      trimethylphosphite in 10 ml. of methanol was added dropwise with stirring
      under nitrogen. The reaction mixture was stirred for 30 minutes, filtered
      and the solid was washed with cold aqueous methanol and dried. The product
      was dissolved in 5 ml. of chloroform and this solution was diluted with 10
      ml. of methanol and filtered through charcoal. The filtrate was
      concentrated under reduced pressure and the residue was cooled and diluted
      with ice-water to precipitate chloro(trimethylphosphite)gold, m.p.
      99.degree.-100.degree..
PAR  When an equivalent amount of chloro(trimethylphosphite) gold is substituted
      in the procedures of Examples 1, 2 and 3 for
      chloro(triethylphosphine)gold, 2-thiazolinylthio(trimethylphosphite)gold,
      2-benzimidazolylthio(trimethylphosphite)gold and
      2-benzoxazolylthio(trimethylphosphite)gold are obtained, respectively.
PAC  EXAMPLE 11
PAR  When an equivalent amount of triphenylphosphite is substituted in the
      procedure of Example 10 for trimethylphosphite,
      chloro(triphenylphosphite)gold is obtained.
PAR  Substitution of an equivalent amount of chloro(triphenylphosphite)gold in
      the procedure of Example 1 for chloro(triethylphosphine)gold gives
      2-thiazolinylthio(triphenylphosphite)gold.
PAR  In like manner, when an equivalent amount of chloro(triphenylphosphite)gold
      is substituted in the procedures of Examples 2 and 3 for
      chloro(triethylphosphine)gold 2-benzimidazolylthio(triphenylphosphite)gold
      and 2-benzoxazolylthio (triphenylphosphite)gold are obtained.
PAC  EXAMPLE 12
PAR  Substitution of an equivalent amount of a mercapto heterocycle listed
      below:
PA1  2-mercaptobenzothiazole
PA1  2-mercapto-1-methylimidazole
PA1  2-mercaptothiazole
PA1  2-mercaptooxazole
PAL  in the procedure of Example 1 for 2-mercaptothiazoline gives the following
      S-heterocyclic derivatives of triethylphosphinegold:
PA1  2-benzothiazolylthio(triethylphosphine)gold
PA1  2-(1-methylimidazolyl)thio(triethylphosphine)gold
PA1  2-thiazolylthio(triethylphosphine)gold
PA1  2-oxazolylthio(triethylphospine)gold.
PAR  In like manner, the mercapto heterocycles listed above may be allowed to
      react with the other phosphine or phosphite gold halides disclosed herein.
PAC  EXAMPLE 13
TBL  Ingredients          Mg./Tablet                                           
     ______________________________________                                    
     2-Benzoxazolylthio(triethyl-                                              
                          10                                                   
      phosphine)gold                                                           
     Calcium sulfate dihydrate                                                 
                          150                                                  
     Sucrose              25                                                   
     Starch               15                                                   
     Talc                 5                                                    
     Stearic acid         3                                                    
     ______________________________________                                    
      The sucrose, calcium sulfate and 2-benzoxazolylthio(triethylphosphine)gold
      are thoroughly mixed and granulated with hot 10% gelatin solution. The
      wetted mass is passed through a No. 6 mesh screen directly onto drying
      trays. The granules are dried at 120.degree.F. and passed through a No. 20
      mesh screen, mixed with the starch, talc and stearic acid and compressed
      into tablets.
PAR  In a similar manner, the other S-heterocyclic derivatives of phosphine or
      phosphite gold mercaptides disclosed herein may be formulated into tablets
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition having anti-arthritic activity, in dosage
      unit form, comprising a pharmaceutical carrier and an effective but
      nontoxic amount of a compound of the formula:
      ##SPC2##
PAL  in which:
PA1  R.sup.1 is lower alkyl, lower alkoxy, phenyl or phenoxy, with each alkyl or
      alkoxy having from one to three carbon atoms;
PA1  X is S, NH, NCH.sub.3 or O;
PA1  R.sup.2 and R.sup.3 are hydrogen or together form a 1,2-benzo radical; and
PA1  indicates an optional double bond.
NUM  2.
PAR  2. The composition of claim 1 in which .sup.1 is lower alkyl.
NUM  3.
PAR  3. The composition of claim 2 in which the heterocyclic moiety is
      2-thiazolinyl, 2-benzimidazolyl or 2-benzoxazolyl.
NUM  4.
PAR  4. The composition of claim 3 in which the active medicament is
      2-thiazolinylthio(triethylphosphine)gold.
NUM  5.
PAR  5. The composition of claim 3 in which the active medicament is
      2-benzimidazolylthio(triethylphospine)gold.
NUM  6.
PAR  6. The composition of claim 3 in which the active medicament is
      2-benzoxazolylthio(triethylphosphine)gold.
NUM  7.
PAR  7. The composition of claim 1 in which the active medicament is in an
      amount of 0.5 mg. to about 25 mg., calculated on gold content, per dosage
      unit.
NUM  8.
PAR  8. The method of producing anti-arthritic activity which comprises
      administering internally to an animal organism in an amount sufficient to
      produce said activity a compound as defined in claim 1.
NUM  9.
PAR  9. The method of claim 8 in which R.sup.1 is lower alkyl.
NUM  10.
PAR  10. The method of claim 9 in which the heterocyclic moiety is
      2-thiazolinyl, 2-benzimidazolyl or 2-benzoxazolyl.
NUM  11.
PAR  11. The method of claim 10 in which the active medicament is
      2-thiazolinylthio(triethylphosphine)gold.
NUM  12.
PAR  12. The method of claim 10 in which the active medicament is
      2-benzimidazolylthio(triethylphosphine)gold.
NUM  13.
PAR  13. The method of claim 10 in which the active medicament is
      2-benzoxazolylthio(triethylphosphine)gold.
NUM  14.
PAR  14. The method of claim 8 in which the active medicament is administered in
      a daily dosage regimen of about 0.5 mg. to about 50 mg., calculated on
      gold content.
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ABST
PAL  Medicament compositions exhibiting effervescence comprise a medicament and
      a liquefied gas distributed therethrough. The liquefied gas is present in
      the compositions at pressure and temperature conditions at which it would
      normally exist only in the gaseous state. As the liquefied gas separate
      from the compositions, effervescence occurs.
PARN
PAC  RELATED APPLICATIONS:
PAR  This is a continuation, of application Ser. No. 60,751, filed Aug. 3, 1970,
      which is a continuation in-part of application Ser. No. 689,278, filed
      Dec. 11, 1967, both now abandoned.
PAR  This application is related to each of the following applications for U.S.
      Letters Pat. filed Dec. 11, 1967, namely: Ser. No. 689,266 which is
      directed to effervescent products, particularly food compositions; Ser.
      No. 689,292, which is directed to effervescent cleansers; and Ser. No.
      689,351, which is directed to effervescent cosmetic compositions.
BSUM
PAC  FIELD OF INVENTION
PAR  This application has to do with effervescent compositions and to a process
      for preparing the same.
PAC  DEFINITIONS
PAR  As used herein, the term "effervescence" is in the context of a new
      effervescent principle. This effervescence is characterized by strong
      initial bubbling accompanied by pronounced auditory effects, namely,
      "pinging" and "popping" sounds, when an effervescent medium is discharged
      into an aqueous or alcoholic liquid. The bubbling and auditory effects
      subside in intensity gradually but continue for hours at room temperature.
PAR  Any aqueous liquid containing the effervescent medium will show unique
      behavior in the mouth. The liquid will create the sensation of swirling
      about in the mouth and as the effervescent material strikes the buccal
      surfaces it imparts a tingling feeling as well as occasional internal
      clicking sounds in the head.
PAR  When the effervescent medium is incorporated into a more viscous liquid
      such as a hand lotion, pomade or skin cream the auditory and bubbling
      effects are much dimished but a tingling sensation imparted to the
      external body surface at the moment of contact is pronounced.
PAR  As discussed in detail below, this type of effervescence is in contrast
      with conventional effervescence wherein bubbles of gas escape from a
      liquid otherwise than by boiling.
PAC  BACKGROUND OF THE INVENTION
PAR  Effervescence is a widely used, desirable and useful property of many
      commercial products. Notable among these are carbonated soft drinks,
      stomach distress medications in the form of pills or powders which are
      added to water immediately before consumption, soft drink tablets or
      powders which effervesce upon dissolving in water, quick dissolving pills,
      tablets, denture cleaners, etc. Virtually all effervescing products
      intended for consumer use are based on the evolution of the gas, carbon
      dioxide. Others are based on the evolution of oxygen as from perborates,
      peroxides and the like.
PAR  In liquid products such as carbonated beverages, the carbon dioxide is
      dissolved in the water of the beverage under pressure prior to bottling,
      canning, or mixing with flavored syrup as in a conventional soda fountain.
      Sufficient pressure is maintained on the carbon dioxide solution to retain
      that gas in solution until the product is ready to be used. When the
      bottle or other container is opened or the liquid is discharged from a
      pressurized, soda-water siphon bottle or from a pressurized storage tank
      in a soda fountain, the aqueous solution of carbon dioxide immediately
      becomes supersaturated at atmospheric pressure and some of the dissolved
      carbon dioxide begins to come out of solution in the form of tiny bubbles
      of gas which are released continuously and for an extended period of time.
PAR  Most effervescent solid products such as powders and tablets, are prepared
      by incorporating therein suitable quantities of reactive ingredients,
      namely, an acidic material and a carbonate such as sodium bicarbonate. As
      long as the resulting mixture (e.g., tablet) remains dry, these reactive
      ingredients do not produce any significant amount of carbon dioxide.
      However, when the products are added to water, both reactive ingredients
      dissolve and are thus enabled to react with each other creating a desired
      amount of evolution of carbon dioxide gas, one of the end products of the
      reaction. Generally, this reaction proceeds rapidly so that the acidic and
      alkaline ingredients are neutralized and the effervescence essentially
      stops, although there may be a slow release of carbon dioxide which has
      dissolved to a minor extent in the water during the vigorous evolution
      phase. Normally, however, the effervescence does not continue nearly as
      long as the effervescence created by dissolving carbon dioxide in water
      under pressure. This is because the carbon dioxide created by the reaction
      of acidic constituents and sodium bicarbonate does not dissolve to any
      great extent in the water, since the entire system is usually at
      atmospheric pressure during the time the gas is being generated and is
      bubbling through the aqueous medium. Hence, the carbon dioxide merely
      passes through the liquid and effervescence ceases almost completely as
      soon as the generation of gas by chemical reaction is complete.
PAR  It can be seen from the foregoing that the application of effervescent
      properties to various types of products is generally limited to situations
      where dissolved gases may be allowed to be released from the solutions in
      which they have previously been dissolved or where gases may be created by
      chemical reaction during or immediately preceeding the time of use of
      these products.
PAR  The present invention is predicated upon a different principle for the
      purpose of creating a vigorous, relatively long-lasting, auditory
      effervescence in a wide variety of types of products. It has been found
      that certain compounds, liquefied gases, which are immiscible with a
      matrix can be retained essentially completely in the liquid phase with
      only a slow boiling occurring at temperatures which are significantly
      higher than the boiling point of these liquids at the prevailing
      environmental pressure.
PAR  Liquefied gases, such as fluorinated hyrocarbons are commonly used as
      propellants for various types of aerosol products such as paints,
      insecticides, waxes, whipped toppings for foods, and many other types of
      end products, which are retained in aerosol containers. When the pressure
      is released by means of a valve on the aerosol container, the contents of
      the pressurized container are discharged and any liquefied gas propellant
      which is discharged from the container vaporizes essentially
      instantaneously as the contents of the container enter the much lower
      pressure zone (atmospheric pressure) outside of the container. Frequently,
      liquefied gas propellants are combined with dissolved gas propellants and
      these dissolved propellants also tend to vaporize instantaneously upon
      release from the pressurized container and combinations of the formerly
      liquefied gas and the dissolved gas create bubbles or foam in the product
      as discharged. This type of product is exemplified by shaving creams and
      whipped toppings. Little or no liquefied gas is retained in the dispensed
      product, thus the product is characterized by little or no effervescence.
PAR  There are many products described in patents and in technical literature
      which describe the use of liquefied gases as propellants for products
      contained in aerosol containers. Frequently, these liquefied gases not
      only propel the product from the container but some of the liquefied gas
      emerges with the product from the container and serves the further purpose
      of creating a foam by vaporizing essentially instantaneously as the
      pressure is released upon leaving the container. Sometimes the liquefied
      gas is used as a dispersant for other liquids after the product leaves the
      aerosol container as is the case with insecticide sprays, deodorant
      sprays, or the like. In this instance also, the liquefied gas performs its
      function by vaporizing essentially instantaneously as the product leaves
      the aerosol container and the internal pressure is released. In still
      another conventional use of liquefied gases, substances such as
      medicaments, antiperspirants, waxes, etc. may be dissolved in the
      liquefied gas within the aerosol container. When these products are
      discharged from the container, the propellant is intended to vaporize
      essentially instantaneously, depositing a film or a dusting of the
      previously dissolved active ingredient upon the surface to which the
      stream or spray is directed. Hair sprays or lacquers are also typical
      examples of this type of use of liquefied propellant. Still another common
      use of liquefied gas propellants is to serve as a means of discharging
      dry, insoluble materials such as talc or lubricating powders like graphite
      from an aerosol container. In these instances the dry material is shaken
      with the liquid propellant in the container immediately before discharge,
      the dry ingredient thereupon being dispersed and leaving the container in
      the stream of liquefied gas as a dispersed solid. Upon emerging from the
      container the liquefied gas vaporizes essentially instantaneously,
      depositing a thin film or dusting of the dry material upon any surface
      toward which the stream or spray is directed.
PAR  Accordingly, there has been no previous description of the use of a
      liquefied gas, not only to propel the contents of an aerosol container out
      of that container but also wherein some of the liquefied gas is dispersed
      throughout the aqueous or alcoholic matrix of the contents of the can and
      serves as a source of vigorous bubbling and effervescence in the products
      which are produced by so discharging some of the can contents into a
      vessel, on a surface, or into other liquids in a vessel. No previously
      described products, at the time of use, comprise liquid matrices
      containing dispersed therethrough or at the bottom thereof substantial
      quantities of liquefied gases which exist as liquids boiling slowly and
      continuously for long periods of time (1/2 hour up to 24 hours or longer)
      at atmospheric pressure and at temperatures which may be as much as
      100.degree.F. above the expected boiling point of said liquefied gases.
PAC  SUMMARY OF THE INVENTION
PAR  In contrast to the foregoing known products employing liquefied gases, a
      new class of products containing liquefied gases has been discovered.
PAR  In accordance with the present invention, there are provided effervescent
      medicaments formed by:
PA1  A. maintaining in an aerosol container (a) a liquefied gas and (b) an
      aqueous or alcoholic phase containing a medicament, said phase being
      substantially non-soluble with (a) and being dispersible with (a) with
      agitation thereof, (a) having a density greater than (b) and the quantity
      of (a) being substantially in excess of the quantity sufficient to propel
      (b) from said container,
PA1  B. agitating the aerosol container whereupon (a) is dispersed in (b), and
PA1  C. while (a) and (b) are interdispersed, discharging contents of the
      container as a liquid stream into a vessel, some of the dispersed phase
      (a) remaining dispersed after the contents leave the container and
      vaporizing steadily, creating continuing effervescence.
PAR  There is also provided a method for producing an aqueous or alcoholic
      effervescent medicament comprising:
PA1  A. charging to an aerosol container (a) a liquefied gas and (b) an aqueous
      or alcoholic phase containing a medicament, said phase being substantially
      non-soluble with (a) and being dispersible with (a) with agitation
      thereof, (a) having a density greater than (b) and the quantity of (a)
      being substantially in excess of the quantity sufficient to propel (b)
      from said container,
PA1  B. agitating the aerosol container whereupon (a) is dispersed in (b), and
PA1  C. while (a) and (b) are interdispersed, discharging contents of the
      container as a liquid stream into a vessel, some of the dispersed phase
      (a) remaining dispersed after the contents leave the container and
      vaporizing steadily, creating continuing effervescence.
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The compositions of this invention are characterized as liquids which
      bubble vigorously in a manner similar to, but much more vigorously if
      desired, than ordinary carbonated liquids such as beverages. These
      compositions have essentially the same visual appearance as a conventional
      carbonated beverage except that the bubbling may be much more vigorous.
      These compositions differ from ordinary carbonated beverages in that,
      typically, the bubbling is much more audible than a carbonated beverage,
      producing a distinct hissing or a "pinging" sound as bubbles are formed,
      rise through the liquids, and break at the surface. These compositions
      also differ from ordinary carbonated liquids in that they comprise a three
      phase system, a liquid, aqueous or alcoholic matrix comprising 99% or more
      of the product; an immiscible liquid phase which is a liquefied gas at a
      temperature between about 5.degree.F. and about 100.degree.F. above its
      boiling point at atmospheric pressure; and a gas in the form of bubbles
      rising through the aqueous or alcoholic phase as this gas is vaporized
      from the liquefied gas phase.
PAR  In the practice of this invention, the liquefied gas is selected to have a
      liquid density greater than the density of the aqueous or alcoholic phase
      so that the the liquefied gas can remain suspended as small droplets in,
      or settle to the bottom of the aqueous or alcoholic phase. A liquefied gas
      which is lower in density than the aqueous or alcoholic phase will tend to
      rise to the surface of said aqueous or alcoholic phase where it will boil
      or vaporize without creating any visible or audible bubbles throughout the
      aqueous or alcoholic phase. The exact density of the liquefied gas is not
      important, so long as it is greater than the density of the aqueous or
      alcoholic phase.
PAR  The presence of a liquefied gas phase in the new compositions is generally
      not noticeable to the user, since either; (a) the liquefied gas is
      dispersed throughout the aqueous or alcoholic phase in tiny droplets which
      cannot be distinguished from the gas bubbles rising to the surface of the
      aqueous or alcoholic phase or (b) the liquefied gas settles to the bottom
      of the aqueous or alcoholic matrix as a very thin film which can be
      observed in most instances only upon very careful observation. In the
      practice of this invention either the dispersed droplets or the thin film
      of liquefied gas continue to vaporize slowly, thereby generating bubbles
      of gas either throughout the body of the aqueous or alcoholic matrix or at
      the bottom of the matrix, from which point the bubbles rise throughout the
      entire volume of the product with a visual appearance similar to that of
      carbonated beverages.
PAR  Another unusual and unexpected characteristic of this invention relates to
      the slow and continued boiling of these super-heated, liquefied gases.
      Those skilled in the applications of the science of chemistry or physical
      chemistry are very familiar with super-heated liquids. In particular,
      numerous organic liquids can be heated to several degrees above their
      boiling point, particularly in the absence of vigorous agitation or
      activating surfaces which would tend to provide nucleation centers for the
      formation of gaseous bubbles. Such super-heated organic liquids may remain
      quiescent without active boiling or ebullition. However, once initiated by
      scratching the interior surface of the vessel in which the liquid is
      contained, or by introducing some solid such as sand or glass beads or
      activated charcoal, etc. which provides new surfaces whereupon gas bubbles
      can begin to form, extremely vigorous boiling will immediately occur until
      sufficient liquid has vaporized to reduce the temperature of the remaining
      body of liquid to its normal boiling point or slightly below, whereupon
      boiling ceases. The boiling of the super-heated liquefied gases in the
      products of the present invention differs markedly and unexpectedly from
      the above-described behavior of many organic liquids in that the
      super-heated liquefied gases of the present invention boil steadily,
      slowly and continuously for periods of time ranging from 1/2 hour to
      several hours without the violent ebullition mentioned above.
PAR  Liquefied gases can be restrained from immediate or essentially
      instantaneous vaporization when the product leaves the pressurized
      container so that significant quantities of liquefied gas, usually in the
      form of small droplets, remain in the liquid phase in the product after it
      has been discharged from the aerosol container and is essentially at
      atmospheric pressure conditions. These liquefied gas substances can be
      considered to be in a metastable state, since they are still liquid at
      temperatures well above their boiling points at the prevailing
      (essentially atmospheric) pressure outside of the pressurized aerosol
      container. They can also be considered to be superheated for the same
      reasons. Typically, these superheated liquids will boil at either a rapid
      or slower rate, depending on conditions, thereby tending to go from the
      metastable (liquid) phase to the stable (gas) phase.
PAR  As contemplated herein, effervescent medicaments of various character can
      be prepared. Such products are illustrated by liquid, semi-solid and solid
      products including: cough drops, lozenges and cough syrups, antacid
      tablets and antacid liquids; ointments, pastes, salves and foams. All such
      compositions will contain one or more recognized medicaments.
PAR  A liquefied gas can be trapped within a solid matrix, for example. The
      solid matrix, such as a sugar, can be melted. A liquefied gas can then be
      mixed with the matrix, the pressure during mixing being sufficient to
      maintain the liquefied gas in the liquid phase. As the matrix and
      liquefied gas are mixed, droplets of the liquefied gas are distributed
      throughout the molten matrix. The matrix is then cooled and allowed to
      solidify to a solid crystalline or amorphous mass with sufficient
      structural strength or rigidity to substantially prevent vaporization of
      the entrapped droplets or particles of liquefied gas. The product can be
      broken or reduced to small pieces after it solidifies, the resulting
      pieces or particles being substantially larger than the size of the
      entrapped liquefied gas droplets or particles. These particles, containing
      entrapped liquefied gas, can be incorporated in proportions ranging from
      about 1 to about 80% with other ingredients of conventional cough drops,
      including conventional cough drop medicaments, sugars, sorbitol, etc., and
      tableted by conventional means and at conventional pressures to produce
      hard tablets or pellets of any of the typical cough drop sizes and shapes.
      When these tablets are dissolved or chewed in the mouth, the entrapped
      liquefied gases are enabled to be released as the matrix surrounding them
      is dissolved or fractured. This results in a tingling sensation and a
      popping noise which can be heard as the cough drop is consumed. Release of
      vapors from the liquefied gas serves to vaporize aromatic flavors and
      medicaments which comprise a part of the composition of the cough drops.
PAR  Another way in which solid medicaments can be made is similar to the above,
      but the desired medicaments of the end product can be incorporated in the
      same melted matrix in which the liquefied gases are trapped under
      pressure. Thus, when the matrix is cooled under pressure to physically
      entrap the liquefied gas, the cooled and solidified matrix constitutes the
      complete cough drop formulation, for example. This composition can be
      coarsely ground and pressed into tablets or pellets of typical cough drop
      size and shape.
PAR  Alternatively, the molten matrix containing liquefied gas distributed
      therethrough can be cast into molds of desired cough drop size and shape
      while still being maintained under sufficient pressure to prevent
      vaporization of the liquefied gas. Upon cooling in these molds, a solid
      cough drop containing the effervescent principle of liquefied gas droplets
      is produced. Either of the above alternatives results in effervescent
      cough drops with the properties described in the first embodiment
      described above.
PAR  Another embodiment of the invention to produce an effervescent medicament
      in solid form comprises entrapping a liquefied gas within a solid matrix,
      such as sugar, as described above. After cooling and coarse grinding of
      the matrix containing the entrapped gas, this matrix can be physically
      mixed with desired analgesic ingredients commonly used in commercial
      antacid products, as illustrated by Alka-Seltzer and Bromo-Seltzer. Also
      included in this mixture are antacid ingredients such as sodium
      bicarbonate, magnesium hydroxide and the like, in the desired amounts.
      This mixture is then compressed into tablets of the desired type and shape
      in conventional tableting equipment using conventional binders and release
      agents suitable for commercial tableting practices. Tablets prepared in
      this way can be chewed in the mouth with popping sounds as described above
      for cough drops or can be dropped into a glass of water for dissolving
      with resulting vigorous effervescence as pockets or droplets of liquefied
      gas are released and the vapors thereof escape, resulting in
      effervescence.
PAR  As desired, the mixture of the ground matrix containing entrapped liquefied
      gas mixed with suitable analgesics and suitable alkaline or antacid
      ingredients can be used in its powdered form without tableting. In such a
      use, the powder is dropped into water in a manner similar to the usage of
      a commercial antacid such as Bromo-Seltzer, whereupon a vigorous
      effervescence results as particles of the matrix containing entrapped
      liquefied gas dissolve. The effervescence produced by this means is more
      long-lasting than that produced by the usual effervescent powder or
      tablets because the liquefied gas will not vaporize completely and
      instantaneously when the confining solidified matrix dissolves. Some of
      the droplets of the liquefied gas which are released from the matrix by
      dissolving will remain as droplets of liquefied gas in the aqueous antacid
      solution and will continue to create effervescence for substantial periods
      of time.
PAR  Another embodiment of this invention comprises preparation of a solid
      matrix containing entrapped liquefied gas as described above. The solid
      matrix is also ground coarsely enough so that droplets of liquefied gas
      are still entrapped in the ground particles as described above. Small
      amounts of this granular material can be incorporated in tablets of any
      type as an aid to dissolving before using. An example of the type of
      tablet in which conventional effervescent ingredients are commonly used
      for this purpose is Sucaryl, a commercial sweetening product manufactured
      by Abbott Laboratories of North Chicago, Illinois, containing a sodium
      salt of N-cyclohexylsulfamic acid. Other tablets containing medicaments
      are also prepared with conventional acid-bicarbonate effervescent
      ingredients in common commercial practice in order to hasten
      disintegration when they are ready to be dissolved in water and used.
      Common commercial practice is to incorporate small amounts of acid and
      carbon dioxide-producing components such as sodium bicarbonate. When the
      tablet starts to dissolve in the common commercial tablet, the water
      penetrates the tablet, enabling the acid to react with the sodium
      bicarbonate, for example, which liberates the carbon dioxide and hastens
      the disintegrating of the tablet. In the present embodiment of this
      invention, the water penetrates the tablet, dissolving or softening the
      matrix which entraps the liquefied gas, some or all of which vaporizes to
      hasten the disintegration of the tablet. The improvement resulting from
      this invention derives from the fact that no residual salts such as sodium
      citrate remain, from the reaction of acid with a salt containing carbonate
      ion. Thus, there is no interfering chemical or chemical taste remaining in
      the solution of the tablet which has been dissolved.
PAR  A variety of liquefied gases are suitable for the products of this
      invention. Generally, the boiling points thereof will range from about
      -50.degree.F. to about 80.degree.F. With edible products, materials
      cleared for food use are employed. Typical of such materials are
      octafluorocyclobutane (Du Pont's Freon C-318; boiling point,
      21.5.degree.F.; vapor pressure, 25.4 psig. at 70.degree.F.) and
      monochloropentafluoroethane (Du Pont's Freon 115;  boiling point,
      -37.7.degree.F.; vapor pressure, 103 psig. at 70.degree.F.), and mixtures
      thereof. With products not requiring clearance for use as foods, other
      typical liquefied gases can be employed. These include the aforementioned
      halogenated materials and other related materials:
PA1  chlorodifluoromethane (Freon -22)
PA1  dichlorodifluoromethane (Freon -12)
PA1  1,2-dichloro-1,1,2,2-tetrafluoroethane (Freon -114)
PA1  dichloromonofluoromethane (Freon -21);
PA1  trichloromonofluoromethane (Freon -11).
PAL  Liquefied hydrocarbon gases which can be used include propane, butane,
      isobutane, cyclobutane and pentane. Mixtures of all such liquefied gases
      are contemplated.
PAR  Individual liquefied gas compounds or mixtures thereof, however, must be
      selected to have densities greater than the density of the effervescent
      liquid product in which they are to be used. All of the fluorinated
      hydrocarbons mentioned, typically have liquid densities considerably
      greater than one and hence greater than any of the aqueous or alcoholic
      matrices in which they might be used. Liquefied hydrocarbons, however,
      such as those mentioned above, typically have densities much lower than
      one and hence if used singly, would tend to float on top of the aqueous or
      alcoholic medium, boiling from the surface, and therefore not producing
      bubbles throughout the liquid matrix. Therefore, these liquefied
      hydrocarbon gases can be used for most applications only in admixture with
      more dense liquefied gases such that the mixture has a density high enough
      (e.g. greater than 1) to permit the liquefied gas mixture to settle below
      the surface of the liquid matrix.
PAR  It is also important that any liquefied gas used to create effervescence in
      a liquid medium should be substantially immiscible with that liquid
      medium.
PAR  The products of this invention can contain dissolved gases together with
      the liquefied gases defined above. Carbon dioxide, nitrous oxide, and air
      are illustrative of such dissolved gases.
PAR  Since relatively small amounts of liquefied gases will produce relatively
      large amounts of vapors, that is, have high expansion ratios upon
      evaporation, only relatively small quantities of liquefied gases need be
      employed in a matrix in order to provide considerable effervescence. By
      way of illustration, the expansion ratio of octafluorocyclobutane on
      evaporation at 70.degree.F. is 175:1.
PAR  As a further illustration, less than 1 ml. of a liquefied gas such as
      octafluorocyclobutane or a mixture of that gas with up to 27.5% of
      monochloropentafluoroethane is sufficient, when dispersed throughout or
      when settled to the bottom of an 8 oz. glass of beverage to produce
      vigorous effervescence for continued period of time (much more vigorous
      than conventional carbonated beverages, but otherwise similar to the
      effervescence of a carbonated beverage). 1 ml. of liquefied gas,
      therefore, being capable of generating 175 ml. of gas in the vapor phase,
      is roughly equivalent to providing one volume of gas for each volume of
      the liquid matrix (the beverage) in which it is entrapped.
PAR  The extent of the effervescence and the length of time during which
      effervescence will continue will vary considerably, being influenced by
      such factors as the character of the matrix, temperature, pressure and
      other factors.
PAR  Thus, for example, in aerosol use, the liquefied gas is present in an
      aerosol container substantially in excess of the quantity necessary to
      serve as a propellent to expel the contents of the container. The quantity
      of liquefied gas will vary widely with the pressure of the liquefied gas
      at the time of discharge of the contents from the container. For example,
      the volume of a so called 8 oz. aerosol container is 300 ml. In the normal
      use of liquefied gas as a propellant only (not for effervescence), it is
      necessary to supply enough liquefied gas to vaporize in the container as
      the liquid matrix is discharged so that, when all of the non-propellant
      contents of the can are discharged, the can will be full of vaporized
      propellant at a pressure equal to the vapor pressure of that propellant at
      the temperature at which the non-propellant contents are discharged.
      Examples of the amount of liquefied gas required to vaporize and
      completely fill a 300 ml. container with vaporized propellant at its vapor
      pressure at 77.degree.F. are as follows:
TBL  Liquefied Gas                                                             
     Propellant          Grams req'd.                                          
                                    Ml. req'd.                                 
     ______________________________________                                    
     Octafluorocyclobutane (C-318)                                             
                         7.92       5.35                                       
     1,2 - Dichloro-1,1,2,2-Tetra-                                             
                         4.6        3.16                                       
     fluoroethane (Freon 114)                                                  
     27.5% Monochloropentafluoro-                                              
     ethane (Freon 115)                                                        
     (72.5%) Octafluorocyclobutane                                             
                         12.34      8.34                                       
     (Freon C-318)                                                             
     ______________________________________                                    
PAL  The above figures are the minimum required to serve only as a propellant if
      none of the liquefied gas is to be allowed to escape in liquid form as the
      remainder of the contents of the container are discharged. In order to
      provide effervescence in the product after it is discharged from the
      aerosol container, it is necessary to supply sufficient excess of
      liquefied gas in excess of the amount required to propel the contents so
      that some of liquefied gas will be entrained in the stream leaving the
      aerosol container and will remain in the liquid matrix after some quantity
      of contents has been discharged to bubble and boil and create
      effervescence in the context of this invention. Generally, an excess of at
      least about 5 percent by weight of the container contents is employed.
PAR  The products of this invention can be packaged in a wide variety of
      containers. As indicated, conventional aerosol containers can be used; so
      also, conventional cans, bottles, sealed tubular, paperboard units and
      others.
PAR  A number of factors influence the nature of the effervescence which
      characterizes the new products. However, in no sense is the invention
      limited to any theory of behavior. Temperature is one such factor. For
      example, a refrigerated aerosol container (at 40.degree.F.) in which a
      medicament and a liquefied gas are confined, is discharged into a
      container of water, with the result that an exceptionally vigorous gas
      evolution occurs with very little foam formation. This vigorous and
      "noisy" gas evolution continues for several minutes; then the gas
      evolution slows to a minimum level sooner than is the case when a
      corresponding container is maintained at room temperature
      (65.degree.-75.degree.F.) and the contents thereof are discharged into
      water. When a similar aerosol container at room temperature (e.g. about
      70.degree.F.) is discharged into an aqueous solution, the velocity and
      force of the emerging stream is greater than when the discharge occurs
      from a container at refrigerator temperature. This is because the vapor
      pressure of the liquefied propellant inside the aerosol container is
      greater at room temperature than at refrigerator temperature, thus forcing
      the discharge stream out of the spout of the aerosol container at a higher
      velocity. Also, as the stream leaves the spout of the aerosol container
      and before it impinges upon the surface of the liquid into which it is
      being discharged, there is more tendency for some of the entrapped
      liquefied propellant to vaporize than is the case when a refrigerated
      container is used. Because of the force of the higher velocity stream from
      the room temperature container, the liquefied gas droplets tend to be
      broken up into smaller droplets in the aqueous liquid in the receiving
      container and smaller bubbles of vaporized gas (from the liquefied gas)
      are generated than would be the case if the aerosol container has been
      refrigerated at the time of discharge. This vigorous generation of
      hundreds or thousands of extremely small gas bubbles gives rise to a
      distinct hissing sound as opposed to the pinging sound created by larger
      bubbles forming and the multiplicity of tiny gas bubbles may temporarily
      create a cloudiness in the aqueous solution into which the product was
      discharged. However, within a minute or two the tiny droplets of liquefied
      gas coalesce into larger droplets and gradually tend to settle toward the
      bottom of the receiving container, after which the effervescent
      characteristics of the product in the receiving container are essentially
      like those created by discharging the same matrix (with its liquefied gas)
      from an aerosol container at refrigerator temperature.
PAR  Interfacial tension between a liquefied gas and other components of a
      product is considered to exert an influence upon the nature of the
      effervescence produced. Such interfacial tension should be sufficient to
      substantially retard the separation of the vapors of the liquefied gas
      from still liquefied gas and the matrix, and thereby retard the escape of
      the liquefied gas as a vapor from the product. The escape of vapors of the
      liquefied gas is preferably retarded in order that a substantial portion
      thereof is retained in the product for at least about one minute and
      usually for much longer time intervals.
PAR  Typically, the products of this invention will bubble vigorously for at
      least five minutes and then at a gradually reduced rate of effervescence.
      Within 1/2 hour to about 1 hour, the rate of bubbling will decrease to an
      almost imperceptible amount if the container into which the effervescent
      product has been discharged is not agitated. Upon jarring the container or
      agitating it by swishing or stirring, noticeable and distinct bubbling
      will reoccur and will usually continue for several minutes after such
      agitation has ceased. Some of the liquefied gas, if not disturbed, will
      remain in the liquid phase at 40.degree. to 100.degree.F. above its
      boiling point in an aqueous medium for surprisingly long periods of time.
      It has frequently been observed that most of the effervescent products of
      this invention, if not agitated, will bubble vigorously for 1/2 hour to 1
      hour after first being discharged and then may rest with only an
      occasional bubble of gas being generated for periods of up to 48 hours.
      Thereafter, upon agitation, bubbling will begin again although at a rate
      considerably less than the initial vigorous effervescence characteristic
      of these products.
PAR  The pH of the aqueous or alcoholic phase in contact with the liquefied gas
      in an aerosol container seems to have negligible effect upon the
      effervescence characteristic of the products of this invention after they
      have been discharged from the aerosol container into a suitable vessel. As
      subsequent examples will show, excellent bubbling action has been obtained
      when an aqueous matrix in aerosol containers was adjusted in a range of
      pH's from 1 to 12. This is not unexpected since the factors which control
      effervescence appear to be physical or physical chemical in nature rather
      than chemical, due to the chemical inertness of the liquefied gases most
      commonly used (fluorinated hydrocarbons).
PAR  Data indicates that the mutual solubility of the aqueous or alcoholic phase
      and the liquefied gas phase in an aerosol container influences the rate of
      effervescent bubbling when aerosol can contents are discharged into a
      vessel or into another liquid. For example, a liquefied gas comprising a
      mixture of 27% monochloropentafluoroethane and 73% octafluorocyclobutane
      is less effective as a source of effervescence when combined in an aerosol
      container with an aqueous alcohol solution such as a solution of 50%
      alcohol in water, than is a liquefied gas comprising 100%
      octafluorocyclobutane. This is believed to be due to the fact that
      monochloropentafluoroethane is completely miscible in all proportions with
      alcohol, whereas octafluorocyclobutane will dissolve only a maximum of 18%
      of ethyl alcohol. It is desirable, therefore, in the practice of this
      invention, to avoid or minimize the use of liquefied gas components which
      have marked solubility in the aqueous or alcoholic phase.
PAR  Before an aerosol container is discharged into a liquid in a vessel or into
      an empty vessel to prepare an effervescent product as described by the
      present invention, it is important to shake the container vigorously to
      disperse the nonmiscible liquefied gas phase throughout the aqueous or
      alcoholic phase (or to interdisperse all three phases in instances where
      there may be a lighter than water phase, an aqueous phase and a phase more
      dense than water, e.g., liquefied gas phase). When emulsifiers capable of
      emulsifying the liquefied gas phase into the other (usually aqueous) phase
      are employed, the contents of the container tend to be discharged as a
      foam rather than as a liquid capable of effervescing. This observation is
      not surprising since prior art clearly describes the use of emulsifying
      agents which commonly emulsify the liquefied gas propellent into the
      remaining composition of an aerosol container when the objective is to
      produce a foam such as a whipped topping or a shaving cream. In the
      preparation of aerosol containers intended for use in producing
      effervescent liquid compositions, it is generally desirable to avoid
      incorporating emulsifying agents in sufficient quantity to form a stable
      emulsion of the liquefied gas phase in the other phase(s) contained in the
      aerosol container. However, the presence of very small to moderate amounts
      of emulsifying agents (but insufficient to cause emulsification of the
      liquefied gas in the other phases) has been found to be very helpful in
      formulating practical and useful effervescent compositions when the
      contents of the container are discharged into a liquid in a vessel or into
      a vessel.
PAR  Droplet size of a liquefied gas as affected by orifice size of an aerosol
      valve or by vigorous impact of the discharge stream into a receptable or a
      liquid into which the aerosol contents are discharged, is considered to
      have an effect upon effervescence. Small droplets may tend to vaporize
      faster and may coalesce into more stable larger droplets. Generally larger
      orifices are preferred in order to avoid too fine a dispersion of a
      liquefied gas as the contents are discharged from the aerosol container.
      For example, a series of tests were run with aerosol compositions capable
      of producing effervescent products. Identical compositions were packed
      into aerosol containers, the only difference in which was the size of the
      orifice(s) in the "stem" of the valve assembly. These are the orifices
      through which liquid contents of the can must pass immediately before the
      contents reach the valve unit which releases the contents when discharge
      is desired. Valve assemblies containing stems with orifices as shown below
      were used:
     No. of Orifices                                                           
                    Diameter of Orifice (inches)                               
     ______________________________________                                    
     1              0.018                                                      
     2              0.020                                                      
     1              0.024                                                      
     4              0.025                                                      
     3               0.040.                                                    
     ______________________________________                                    
PAR  The products discharged through the above orifices all showed some degree
      of effervescence but the bubbling action was significantly more vigorous
      when stems with the larger orifice sizes were used and the stem with three
      0.040 inch orifices was definitely better than any of the others.
PAR  It is believed that the smaller orifices tend to produce smaller droplets
      of liquefied gas in the stream of liquid emerging from the aerosol
      container, while the larger orifices permit larger droplets of liquefied
      gas to pass through the valve and delivery spout of the aerosol container.
      As a result of this investigation, it is preferred to use valve assemblies
      on aerosol containers with larger rather than smaller orifice sizes.
PAR  Nucleation centers or micelles in the compositions of matrixes may tend to
      accelerate vaporization of liquefied gas with attendant foam formation.
      This effect has been observed when certain gums such as carrageenans,
      cellulose derivatives, amylopectins, etc. have been added to a beverage or
      a mouthwash composition in an aerosol can. However, an alginate gum
      (Kelset Algin) is shown below to be advantageous for promoting
      effervescence.
PAR  An important consideration which influences and controls the rate and
      degree of effervescence in products made in the practice of the present
      invention is the use, in many practical applications, of materials in very
      small quantities (usually about 0.1% of the aqueous or alcoholic matrix)
      to promote or control the rate of effervescence. These materials referred
      to herein as "Additives" vary widely in their chemical nature.
PAR  As the examples which follow will illustrate, many simple systems combining
      liquefied gas with aqueous or alcoholic phases in aerosol containers will
      produce vigorously effervescing compositions when the aerosol container is
      shaken and some of the contents are discharged either into a vessel or
      into a vessel containing another liquid, such as water or alcohol.
      However, it has been found that when liquefied gas phases are combined
      with more complex systems, such as flavors (the composition of which may
      be extremely complex) a satisfactory level of effervescence or bubbling of
      a resulting medicament composition formed by discharging some of the
      contents of the container into water may frequently be inhibited by some
      of the ingredients of the medicament composition.
PAR  Usually, this inhibition takes the form of the failure of the liquefied gas
      component to boil after it, together with the composition, has been
      discharged into, for example, a vessel containing water. In such a case,
      the liquefied gas tends to settle to the bottom of the liquid in the
      vessel into which the composition has been discharged and, even though it
      is from 20.degree.-100.degree.F. above its boiling point, very little
      bubbling may occur. The rate of bubbling will be slow (from about 1 bubble
      per second to perhaps 10 or 20 per second) and usually the size of the
      bubbles is rather large (number 4 on the Bubble Size Scale reported
      below). This slow rate of bubbling is considered unsatisfactory for an
      attractive effervescent composition as compared with the normal bubbling
      rate which may range from 50 to several hundred bubbles per second.
PAR  Additives which have been found particularly effective in counteracting the
      inhibitory effects of complex systems include but are not limited to the
      following:
PAR  1. Emulsified fatty materials such as:
PA0  a. Silicone Antifoam Emulsions which include:
PA1  Dow Corning Antifoam A Compound
PA1  Dow Corning 200 Fluid
PA1  Dow Corning Antifoam C Emulsion
PA1  Dow Corning Antifoam FG-10 Emulsions
PA1  General Electric Antifoam 10
PA1  General Electric Antifoam 71
PA1  General Electric Antifoam 72
PA0  b. Commercial Whipped Topping Formulations such as:
PA1  "Cool-Whip" by General Foods Corporation
PA0  c. Coffee Lightener Formulations such as:
PA1  "Coffee Mate" by Carnation Company
PA1  "Instant Non-Dairy Creamer" by the Great A & P Tea Co.
PA1  "Beatreme CW-2 Coffee Whitener" by Beatrice Foods Co.
PA0  d. Commercial Mayonnaise such as:
PA1  Kraft Mayonnaise by Kraft Foods Co.
PA1  Hellmann's Mayonnaise by Best Foods Div., CPC International
PAR  2. Sodium Hexametaphosphate
PAR  3. an alginate gum (Kelset Algin manufactured by Kelco Company)
PAR  4. Sodium Lauryl Sulfonate (Duponol C manufactured by DuPont and Co.)
PAR  5. Trisodium salt of ethylenediaminetetraacetic acid; a Chelating Agent
      (Versene), by Dow Chemical Company.
PAR  Although many of these materials function very effectively at levels of use
      of about 0.1% of the aqueous or alcoholic phase in an aerosol container,
      many of them can be used at much higher levels without loss of
      effectiveness when such higher levels are desirable for their functional
      effect in a composition. By way of example, sodium hexametaphosphate may
      be used at levels of 10 to 20% in an aqueous solution in an aerosol
      container as a water softener in a composition intended to make a bathtub
      full of water bubble and tingle while imparting a pleasant fragrance to
      the bath. In such usage, the sodium hexametaphosphate serves the dual
      function of an Additive to promote vigorous bubbling (for which purpose
      only 0.1% would be needed) while simultaneously serving as a water
      softener. Similarly, the alginate gum referred to above may be used in
      larger quantities for its viscolizing properties while also serving as an
      Additive to promote vigorous bubbling.
PAR  When Additives as exemplified above are used only to promote active
      bubbling, however, the levels of use will range from between about 0.01 to
      about 0.2% by weight.
PAR  The addition of a small amount (e.g. about 0.1%) of a silicone antifoam
      composition such as Dow Corning FG-10 to a medicament composition can be
      used to correct foaming. If, instead of foaming, the product formed by
      discharging a correct amount of composition into water in the glass does
      not bubble vigorously, then the various Additives listed above or similar
      compounds may be added in small quantities (about 0.1%) to the contents of
      similar aerosol containers which will be prepared for the purpose of such
      evaluation. Generally, some improvement in the rate of bubbling will be
      noted with each of the Additives tried. Combinations of 2, 3 or more
      Additives are frequently found to be more effective than any single
      Additive. Once a combination of Additives has been found which is
      effective for a particular composition, there is no need to make further
      revisions.
PAR  In the illustrative examples provided below an effervescent scale and a
      bubble size scale were developed to distinguish differences in
      effervescence and bubble size. The scales are as follows:
PAC  Effervescent Scale
PA1  1. Occasional bubbles, just noticeable
PA1  2. Slight but steady bubbling
PA1  3. Moderate, continuous bubbling
PA1  4. Vigorous bubbling (similar to "Alka Seltzer" as tablet dissolves)
PAC  Bubble Size Scale
PA1  1. Extremely small, below about 0.1mm; produce cloudy effect which rises
      slowly to the surface of the product, generally accompanied by a hissing
      sound
PA1  2. Small, between about 0.1 and about 1 mm; similar to a carbonated
      beverage and accompanied by a sizzling, pinging sound
PA1  3. Medium, between about 1 and about 3mm; similar to bubbles formed as
      "Alka Seltzer" tablet dissolves and accompanied by crackling, pinging,
      chirping sound
PA1  4. Large, above about 3mm; similar to air blown into water through a
      drinking straw, with sounds of bubble forming ("blurp") and bursting
      ("pop").
PAR  Preferably, effervescence and bubble size is each in the range of 2 to 4.
PAR  The invention is illustrated but in no sense limited by the following
      typical examples.
DETD
PAC  EXAMPLE 1
PAR  A cough preparation is prepared by adding 120 milliliters (ml) of PERTUSSIN
      (a proprietary product marketed by Cheseborough-Pond and described by the
      marketer as a saccharated extract of thyme with 9.7 percent by volume of
      alcohol and the balance water) to a conventional 4 ounce aerosol
      container. The head-space air above the PERTUSSIN in the container is
      essentially swept out by a short burst of gaseous octafluorocyclobutane,
      and the valve assembly is then mounted and crimped into place in the top
      of the container. The valve assembly contains a dip tube extending
      essentially to the bottom of the container so that the contents may be
      discharged with the container in the upright position. The container is
      then charged with approximately 15 milliliters of liquid
      octafluorocyclobutane under pressure using a conventional aerosol filing
      apparatus. The quantity of octafluorocyclobutane is approximately 14% by
      weight of the contents of the container. For convenience, the container is
      then fitted with a discharge spout so designed as to direct a stream
      generally downwardly when the can is held in an upright or nearly upright
      position. The pressure of the aerosol container is essentially that
      corresponding to the vapor pressure of the liquid octafluorocyclobutane at
      the temperature of the container.
PAR  In use, a portion of the contents is discharged directly onto a tablespoon.
      A foamy fluid accumulates on the spoon. This sizzles on the spoon and when
      taken in the mouth. The fluid serves to aerate the mouth and nasal
      passages with the aromatic medication in the cough preparation. The
      relatively large surface area provided by the effervescence makes possible
      excellent contact of the components of the cough preparation with mouth
      and throat surfaces.
PAR  When the fluid on the spoon is consumed while gas evolution is occurring,
      some droplets of liquefied gas are carried into the mouth and are
      converted partially or completely into the gaseous phase in the mouth. As
      this occurs a "tingling," "popping" or "crackling" sensation can be felt
      and heard by the person consuming the product. There is a definite audible
      and tactile sensation accompanying the use of this effervescent cough
      product.
PAR  When the liquid on the spoon is consumed after the foam has been
      dissipated, the consumer continues to feel and hear the unusual mouth
      sensations described above, but the character of these sensations may be
      described as having lost some of the "sizzling" characteristics. The
      sensations then are more like distinct "popping" sensations in the mouth.
PAC  EXAMPLE 2
PAR  A liquid product for use as a stomach alkalizer was prepared by following
      the procedure described in EXAMPLE 1. The following components were added
      to a conventional aerosol container having a capacity of 16 ounces:
TBL  water                 138 ml                                              
     sugar                 62 grams                                            
     sodium bicarbonate    10 grams                                            
     peppermint flavor concentrate,                                            
                           0.1 ml                                              
     Firmenisch Imitation Cool                                                 
     Peppermint F-2228A                                                        
     color (green), FDC Green No. 3                                            
                           0.003 gram.                                         
PAL  Octafluorocyclobutane (60 ml) was then charged to the container by the
      procedure of EXAMPLE 1 to form an aerosol concentrate. One ounce of the
      concentrate is added to about five ounces of water to form an alkalizer
      preparation * When consumed, this product is effective in countering
      stomach acidity and the distress normally associated therewith.
FNT  *The mixture bubbles vigorously immediately and while it is being consumed.
PAR  This product is advantageous, when compared with conventional antacid
      preparations, in that no excess alkalinity need be included for the
      purpose of reacting with acid to generate carbon dioxide. Thus, better
      control of alkalinity is realized.
PAR  Further, there is no need to stir this antacid preparation, nor is there
      any need to wait for an alkalizer tablet to dissolve as with conventional
      solid alkalizers. The product of this example can be discharged from the
      aerosol container into a glass or like vessel for immediate use by a
      consumer. It is understood that the new antacid preparations can also
      contain other medicaments such as analgesic agents, which are commonly
      used in commercial practice.
PAR  Liquefied gases can also be employed in accordance with this invention, in
      deep fermentation processes. A liquefied gas can be charged under the
      surface of a fermentation broth, in a suitable fermentation tank, to
      provide agitation of the broth by evolution of inert gases throughout and
      at the bottom of the vessel. This obviates or reduces the need for
      mechanical agitation means within the vessel, and also protects an
      anaerobic broth from oxygen. The gas can also serve to purge from the
      vessel any undesirable volatile or gaseous products.
PAR  The liquefied gases can be recovered readily, compressed and recycled. For
      example, they can be captured in a vent and then compressed for reuse.
PAR  The following examples serve as additional illustrations of the versatility
      and the applicability of the present invention to a wide variety of
      compositions which can be dispensed from aerosol cans.
PAR  The examples of TABLE 1 illustrate simple aqueous systems, starting with
      distilled water which, when sealed in conventional aerosol containers and
      discharged as shown in TABLE 1, will create varying degrees, including
      very desirable levels, of effervescence.
PAR  The first three examples show the effect of the use of three different
      fluorocarbons (the second example is a blend of two different
      fluorocarbons) to demonstrate that even a simple combination of distilled
      water and fluorocarbon will effervesce reasonably well even with widely
      different liquefied gases, all of which are more dense than the distilled
      water. The incorporation of sugar syrup in place of distilled water is
      shown since sugar is an important ingredient in many of the practical
      applications of this invention. Other examples specify the incorporation
      of some of the Additives which are useful in more complex systems such as
      flavored and colored beverages, etc. It will be noted that these Additives
      have been incorporated in distilled water systems in very small
      quantities. The Additives referred to are an alginate gum, mayonnaise, a
      silicone antifoam and a coffee lightener composition (a spray dried
      emulsified fat system).
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                            WHEN CAN AT REFRIGERATION TEMP.                    
                                                 WHEN CAN AT ROOM TEMP. AND    
                            AND SQUIRTED INTO 6 OZ. WATER                      
                                                 SQUIRTED INTO 6 OZ. WATER     
     FORMULA                EFFERVESCENCE                                      
                                       BUBBLE SIZE                             
                                                 EFFERVESCENCE                 
                                                           BUBBLE SIZE         
     NO.       INGREDIENTS  SCALE      SCALE     SCALE     SCALE               
     __________________________________________________________________________
     28-91-1                                                                   
           200 ml. Distilled Water                                             
                            3          3         1         4, 3.sup.(a)        
            20 ml. Freon C-318                                                 
     28-91-2                                                                   
           200 ml. Distilled Water                                             
                            2          2-3       1         4, 3.sup.(a)        
      20 ml. Freon Blend                                                       
                     27.5% 115                                                 
                     72.5% C-310                                               
     28-91-3                                                                   
           200 ml. Distilled Water                                             
                            1-2        3-4       1         4, 3.sup.(a)        
            20 ml. Freon 114                                                   
     28-41-3                                                                   
           100 ml. 10% Sugar Syrup                                             
                            1-2        3-4       --        --                  
            10 ml. Freon C-318                                                 
     28-41-4                                                                   
           100 ml. 10% Sugar Syrup                                             
                            1-2        3-4       --        --                  
            10 ml. Freon 114                                                   
     28-41-5                                                                   
           100 ml. 50% Sugar Syrup                                             
                            1-2        3-4       --        --                  
            10 ml. Freon C-318                                                 
     28-41-6                                                                   
           100 ml. 50% Sugar Syrup                                             
                            1-2        3-4       --        --                  
            10 ml. Freon 114                                                   
     28-42-1                                                                   
           100 ml. Distilled Water                                             
                            2-3        3         2         4                   
           0.1 gm. Kelset Algin                                                
            10 ml. Freon C-318                                                 
     28-42-2                                                                   
           100 ml. Distilled Water                                             
                            3          3         2         4                   
           0.5 gm. Kelset Algin                                                
            10 ml. Freon C-318                                                 
     28-46-1                                                                   
           100 ml. Distilled Water                                             
                            4          2-3       1; Foamed 4; Foamed           
           0.1 gm. Kraft Mayonnaise                                            
            10 ml. Freon C-318                                                 
     28-48-1                                                                   
           100 ml. Distilled Water                                             
                            2          3-4       1; Foamed 4; Foamed           
           5 drops 20% Soln. Dow Antifoam "C"                                  
            10 ml. Freon C-318                                                 
     28-49-1                                                                   
           100 ml. Distilled Water                                             
                            1          4         1; Foamed 4; Foamed           
           0.1 gm. A&P Coffee Lightner                                         
            10 ml. Freon C-318                                                 
     __________________________________________________________________________
      .sup.(a) On Sides of the Beaker                                          
PAR  Results given in TABLE 1 reveal that excellent effervescence is realized
      when the can contents are refrigerated and then dispensed into water.
      Effervescence is less advantageous when the contents are at room
      temperature (e.g. 20.degree.C.) when dispensed. Any foam formed comprises
      a minor proportion in relation to the total volume of liquid dispensed;
      this is in contrast to an aerosol shaving cream, whipped topping, or the
      like, for example, where substantially all dispensed material is in the
      form of a foam. By way of illustration, any foam in these examples
      resembles the "head" on a root beer after it has been dispensed from a
      container into a glass.
PAR  The examples of TABLE 2 also illustrate relatively simple three phase
      systems to be packed in aerosol containers which comprise distilled water,
      an oil, and a typical food grade fluorocarbon. Different levels of oil and
      different types of oil (mineral and vegetable) are shown to illustrate the
      versatility of the systems described in the present invention.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                             WHEN CAN AT REFRIGERATION TEMP.                   
                                                 WHEN CAN AT ROOM TEMP. AND    
                             AND SQUIRTED INTO 6 OZ. WATER                     
                                                 SQUIRTED INTO 6 OZ. WATER     
     FORMULA                 EFFERVESCENCE                                     
                                       BUBBLE SIZE                             
                                                 EFFERVESCENCE                 
                                                           BUBBLE SIZE         
     NO.       INGREDIENTS   SCALE     SCALE     SCALE     SCALE               
     __________________________________________________________________________
     28-42-3                                                                   
           99 ml.                                                              
                 Distilled Water                                               
                             1-2       3-4       1         4                   
           1.0 ml.                                                             
                 Klearsol Mineral Oil                                          
           10 ml.                                                              
                 Freon C-318                                                   
     28-42-4                                                                   
           90 ml.                                                              
                 Distilled Water                                               
                             1-2       3-4       1         4                   
           10 ml.                                                              
                 Klearsol Mineral Oil                                          
           10 ml.                                                              
                 Freon C-318                                                   
     28-42-5                                                                   
           99 ml.                                                              
                 Distilled Water                                               
                             3-4       2-3       1         3-4                 
           1.0 ml.                                                             
                 Wesson Oil                                                    
           10 ml.                                                              
                 Freon C-318                                                   
     28-42-6                                                                   
           90 ml.                                                              
                 Distilled Water                                               
                             3-4       2-3       1         3-4                 
           10 ml.                                                              
                 Wesson Oil                                                    
           10 ml.                                                              
                 Freon C-318                                                   
     28-44-1                                                                   
           100 ml.                                                             
                 Wesson Oil  2         3-4       1         4                   
           15 ml.                                                              
                 Freon C-318                                                   
     28-44-2                                                                   
           100 ml.                                                             
                 Klearsol Mineral Oil                                          
                             2         3-4       1         4                   
           15 ml.                                                              
                 Freon C-318                                                   
     __________________________________________________________________________
PAR  The examples of TABLE 3 are incorporated to show the minor influence of pH
      upon the effervescence achieved by these combinations. In fact, it is
      believed that the differences in degree of effervescence, though minor,
      result more from other properties of these compounds than from the actual
      pH of the resulting aqueous medium. For example, a solution of N/20
      potassium hydrogen phthalate foams slightly when the contents of the can
      are discharged into water at room temperature, whereas other compositions
      at higher and lower pH values do not produce such a slight foam on the
      surface of the water. Similarly, the highest pH compositions tested (0.01
      N NaOH at pH 12) also produced surface foams while effervescence continued
      in the liquid below. This foam is also believed due to the effect on
      surface tension rather than pH of the aqueous medium, in this case
      resulting from the presence of sodium hydroxide and possibly traces of
      sodium carbonate as a contaminant. Therefore, pH does not seem to be a
      major factor in the creation of effervescence through the practice of the
      present invention.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                             WHEN CAN AT REFRIGERATION TEMP.                   
                                                  WHEN CAN AT ROOM TEMP. AND   
                             AND SQUIRTED INTO 6 OZ. WATER                     
                                                  SQUIRTED INTO 6 OZ. WATER    
     FORMULA                 EFFERVESCENCE                                     
                                        BUBBLE SIZE                            
                                                  EFFERVESCENCE                
                                                            BUBBLE SIZE        
     NO.      INGREDIENTS                                                      
                         pH  SCALE      SCALE     SCALE     SCALE              
     __________________________________________________________________________
     28-54-1                                                                   
           72 drops conc. HCl                                                  
                         1.00                                                  
                             4          1-2       1         3-4                
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-54-3                                                                   
           8  drops conc. HCl                                                  
                         2.04                                                  
                             4          2         1         3-4                
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-54-5                                                                   
           10 drops 30% Citric Acid                                            
                         2.80                                                  
                             4          2-3       1         3-4                
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-55-1                                                                   
           100                                                                 
              ml. M/20 Potassium                                               
                         4.08                                                  
                             3          3         1; Foamed 3-4; Foamed        
              Hydrogen Phthalate                                               
           10 ml. C-318                                                        
     28-55-3                                                                   
           100                                                                 
              ml. Distilled Water                                              
                         5.2 3          3         1         4; 3 on sides      
           10 ml. Freon C-318                               of beaker          
     28-55-5                                                                   
           3  gm. Sodium Hexameta-                                             
                         6.5 4          1-2       2         2-3                
              phosphate                                                        
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-55-7                                                                   
           30 drops 20% Sodium                                                 
                         7.5 2-3        2-3       1-2       3-4                
              Citrate                                                          
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-55-9                                                                   
           150                                                                 
              drops 2% Sodium Acid                                             
                         9.5 2-3        2-3       1         3-4                
              Pyrophosphate                                                    
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
      28-55-11                                                                 
           50 ml. 0.01 N NaOH                                                  
                         11.0                                                  
                             2          3-4       1; Foamed 3-4; Foamed        
           50 ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
      28-55-13                                                                 
           100                                                                 
              ml. 0.01 N NaOH                                                  
                         12.0                                                  
                             2; Foamed  3; Foamed 1; Foamed 3-4; Foamed        
           10 ml. Freon C-318                                                  
      28-55-14                                                                 
           100                                                                 
              ml. 0.01 N NaOH                                                  
                         12.0                                                  
                             3; Cloudy  3-4       1; Foamed 3-4; Foamed        
           10 ml. Freon 114                                                    
     __________________________________________________________________________
PAR  The examples of TABLE 4 illustrate typical medicament compositions with and
      without Additives. The Additives are indicated by an asterisk (*).
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     FORMULA                                                                   
     NO.      INGREDIENTS       CAN AT REFRIGERATION TEMP.                     
                                                  CAN AT ROOM                  
     __________________________________________________________________________
                                                  TEMP.                        
     28-53-5                                                                   
           Stomach Alkalizer: 140 ml. Water                                    
                                About 20 gms. material squirted                
                                                  About 20 gms. material       
                                                  squirted                     
           60 gms. Sucrose      into 6 oz. water contained in                  
                                                  into 6 oz. water contained   
                                                  in                           
           20 gms. Sodium Bicarbonate                                          
                                12 oz. glass.     12 oz. glass.                
           0.2 gm. Kelset Algin*                                               
                                Effervescent Scale: 4                          
                                                  Effervescent Scale: Cloudy   
           5 ml. 4% soln. A&P coffee lightener*                                
                                Bubble Size Scale: 2-3                         
                                                  initially, then 2-3          
           4 drops 20% soln. Dow Antifoam "C"     Bubble Size Scale: 2-3       
           2 drops spearmint flavor terpeneless                                
           Ungerer & Co.                                                       
           20 ml. Freon C-318                                                  
      28-111-2                                                                 
           Stomach Alkalizer:   About 20 gms. material squirted                
                                                  About 20 gms. material       
                                                  squirted                     
           140 ml. Water        into 6 oz. water. into 6 oz. water.            
           60 gms. Sucrose      Effervescent Scale: 2-3                        
                                                  Effervescent Scale: 2        
           20 gms. Sodium Bicarbonate                                          
                                Bubble Size Scale: 2-3                         
                                                  Bubble Size Scale: 2-3,      
                                                  also                         
           20 ml. Freon C-318                     cloudy initially             
     28-82-1                                                                   
           Analgesic: 150 ml. Water                                            
                                About 40 gms. material squirted                
                                                  About 40 gms. material       
                                                  squirted                     
           3.25 gms. APAP (acetamenophen N.F.)                                 
                                into 6 oz. water contained in                  
                                                  into 6 oz. water contained   
                                                  in                           
           1.00 gm. Caffeine Alkaloid                                          
                                12 oz. glass.     12 oz. glass.                
           15.00 gms. Sodium Citrate                                           
                                Effervescent Scale: 4                          
                                                  Effervescent Scale: 2-3      
           50.00 gms. Anhydrous Dextrose                                       
                                Bubble Size Scale: 3                           
                                                  Bubble Size Scale: 3         
           80.00 gms. Sucrose                                                  
           1.00 gm. Citric Acid                                                
           5 drops Cola flavor (28 drops                                       
           Firmenisch Imitation Cola F-3423 A                                  
           diluted in 10 ml. pure ethyl alcohol)                               
           0.2 gm. Kelset Algin*                                               
           5 ml. 4% soln. A&P coffee lightener*                                
           4 drops 20% soln. Dow Antifoam "C"                                  
           15 ml. Freon C-318                                                  
      28-111-1                                                                 
           Analgesic: 150 ml. Water                                            
                                About 40 gms. material squirted                
                                                  About 40 gms. material       
                                                  squirted                     
           3.25 gms. APAP (acetamenophen N.F.)                                 
                                into 6 oz. water contained in                  
                                                  into 6 oz. water contained   
                                                  in                           
           1.00 gm. Caffeine Alkaloid                                          
                                12 oz. glass.     12 oz. glass.                
           15.00 gms. Sodium Citrate                                           
                                Effervescent Scale: Initially                  
                                                  Effervescent Scale:          
                                                  Initially 3,                 
           50.00 gms. Anhydrous Dextrose                                       
                                then 2            then 2                       
           80.00 gms. Sucrose   Bubble Size Scale: Combination                 
                                                  Bubble Size Scale: Initially 
                                                  1,                           
           1.00 gm. Citric Acid of 2, 3 and 4, mainly 4                        
                                                  then 3. Also cloudy          
                                                  initially                    
           5 drops Cola flavor                    and some foam.               
           15 ml. Freon C-318                                                  
     28-82-2                                                                   
           Cough Syrup: 100 ml. PERTUSSIN 8 hours                              
                                About 7 gms. material squirted                 
                                                  About 7 gms. material        
                                                  squirted                     
           Cough Formula        in spoon.         in spoon.                    
           15 ml. Freon C-318   Effervescent Scale: 3                          
                                                  Effervescent Scale: 2        
                                Bubble Size Scale: 3                           
                                                  Bubble Size Scale:           
     __________________________________________________________________________
                                                  3                            
PAR  In TABLE 5 following, results obtained when some of the formulations
      described above in preceeding TABLES, were squirted into an empty vessel,
      are shown.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     WHEN CAN AT REFRIGERATION TEMP.                                           
                                WHEN CAN AT ROOM TEMP. AND                     
     AND SQUIRTED INTO EMPTY BEAKER                                            
                                SQUIRTED INTO EMPTY BEAKER                     
     FORMULA                                                                   
           EFFERVESCENT                                                        
                      BUBBLE SIZE                                              
                                EFFERVESCENT                                   
                                           BUBBLE SIZE                         
     NO.   SCALE      SCALE     SCALE      SCALE                               
     __________________________________________________________________________
     28-41-3                                                                   
           1-2        1-2       1             1-2.sup.(a)                      
     28-41-4                                                                   
           1-2        1-2       1            1-2.sup.(a)                       
     28-41-5                                                                   
           2          1-2       1            1-2.sup.(a)                       
     28-41-6                                                                   
           2-3        2-3       1            1-2.sup.(a)                       
     28-42-1                                                                   
           2-3        2-3       1-2        1-2                                 
     28-42-2                                                                   
           3          2-3       1-2        1-2                                 
     28-46-1                                                                   
           3; some foam                                                        
                      2-3       1          1-2                                 
     28-48-1                                                                   
           4; some foam                                                        
                      2-3       1; some foam                                   
                                           1-2                                 
     28-49-1                                                                   
           1; some foam                                                        
                      2-3       1; some foam                                   
                                           1-2                                 
     28-42-3                                                                   
           1          2         1          2                                   
     28-42-4                                                                   
           2-3        2-3       1          2                                   
     28-42-5                                                                   
           3-4        2-3       1-2        2                                   
     28-42-6                                                                   
           3-4        2-3       1-2        2                                   
     28-44-1                                                                   
           1-2        2-3       1          2                                   
     28-44-2                                                                   
           1-2        2-3       1          2                                   
     28-54-1                                                                   
           3-4        2-3       1-2        2                                   
     28-54-3                                                                   
           3-4        2-3       1-2        2                                   
     28-54-5                                                                   
           4          2-3       1-2        2                                   
     28-55-1                                                                   
           2-3; foam  2-3       1-2; foam  2                                   
     28-55-3                                                                   
           3          2-3       1-2        2                                   
     28-55-5                                                                   
           3          2-3       1-2        2                                   
     28-55-7                                                                   
           2-3        2-3       1-2        2                                   
     28-55-9                                                                   
           2          2-3       1-2        2                                   
      28-55-11                                                                 
           1-2; foam  2-3       1; foam    2                                   
      28-55-13                                                                 
           1; foam    2-3       1; foam    2                                   
     __________________________________________________________________________
      .sup.(a) On Sides of the Beaker                                          
PAR  Proprietary materials used in formulations shown above include the
      following:
PA0  Sucaryl Blend 110 CS comprises 1 part of saccharin and 10 parts of
      cyclamate; marketed by Abbott Laboratories;
PA0  Kelset Algin is an algin product; it is a light ivory, fibrous powder,
      neutral pH, mesh size of approximately 80; marketed by Kelco Company;
PA0  Dow Corning Antifoam C is a water-dilutable silicone emulsion containing
      30% active defoamer; specific gravity at 77.degree.F. of 1.003; pH 3.9;
      marketed by Dow Corning;
PA0  Dow Corning Antifoam FG-10 Emulsion is a water-dilutable defoamer
      containing 10 percent of Dow Corning Antifoam A compound, food grade;
      specific gravity at 77.degree.F. of 1.003; pH 3-5; marketed by Dow
      Corning;
PA0  Beatreme CW-2 Coffee Whitener (non-dairy type) contains vegetable fat, corn
      syrup solids, sodium caseinate, mono and diglycerides, dipotassium
      phosphate, sodium silico aluminate, artificial flavor and color; fat
      content is 51.0% (.+-. 1.5%); moisture, 2.5% maximum; protein, 4.5%
      maximum; marketed by Beatrice Foods Company.
PAR  Numerous modifications and variations of the invention may be made without
      departing from the spirit and scope thereof. Accordingly, it is to be
      understood that the invention is not to be limited, but is to be construed
      in the light of the language of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An effervescing medicament composition confined under pressure in an
      aerosol dispensing container,
PA1  said medicament composition consisting essentially of (a) a liquefied gas
      having a boiling point of from about -50.degree.F. to about 80.degree.F.
      and an aqueous or alcoholic phase (b) containing a medicament selected
      from the group consisting of a cough preparation, an analgesic and a
      stomach alkalizer and being substantially free of an agent capable of
      emulsifying the liquefied gas (a) in said phase (b), said phase (b) being
      substantially non-soluble with (a) and being dispersible with (a) with
      agitation thereof, liquefied gas (a) having a density greater than (b) and
      the quantity of (a) being at least about 5 percent by weight in excess of
      the quantity required to propel (b) from said container,
PAL  said medicament composition being characterized by effervescence when said
      aerosol container is agitated whereupon (a) is dispersed in (b), and,
      while (a) and (b) are interdispersed, discharging contents of the
      container as a liquid stream into a vessel, some of the dispersed
      liquefied gas (a) remaining dispersed and entrained as a liquid in said
      liquid stream after the contents leave the container.
NUM  2.
PAR  2. The composition of claim 1 containing about 14 percent by weight of
      octafluorocyclobutane.
NUM  3.
PAR  3. A composition of claim 1, wherein the container is at a temperature
      below about -50.degree.F.
NUM  4.
PAR  4. A composition of claim 1, wherein the vessel contains a liquid.
NUM  5.
PAR  5. A composition of claim 1, wherein the liquefied gas is
      octafluorocyclobutane or monochloropentafluoroethane.
NUM  6.
PAR  6. A composition of claim 1, wherein the aqueous phase is a cough
      preparation.
NUM  7.
PAR  7. A composition of claim 1, wherein the aqueous phase is a stomach
      alkalizer.
NUM  8.
PAR  8. A composition of claim 1 containing a mixture of said liquefied gases.
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ABST
PAL  Cleaning compositions exhibiting effervescence comprise a cleaning agent
      and a liquefied gas distributed therethrough. The liquefied gas is present
      in the compositions at pressure and temperature conditions at which it
      would normally exist only in the gaseous state. As vapors of the liquefied
      gas separate from the compositions, effervescence occurs.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 60,750, filed Aug. 8, 1970,
      now abandoned, which in turn is a continuation-in-part of application Ser.
      No. 689,292, filed Dec. 11, 1967.
BSUM
PAR  This application is related to each of the following applications for
      Letters Patent filed Dec. 11, 1967, namely: Ser. No. 689,266 which is
      directed to effervescent products, particularly food compositions; Ser.
      No. 689,351, which is directed to effervescent cosmetic compositions; and
      Ser. No. 689,278, which is directed to effervescent medicaments.
PAC  FIELD OF INVENTION
PAR  This application has to do with effervescent cleaning compositions and to a
      process for preparing the same.
PAC  DEFINITIONS
PAR  As used herein, the term "effervescence" is in the context of a new
      effervescent principle. This effervescence is characterized by strong
      initial bubbling accompanied by pronounced auditory effects, namely,
      "pinging" and "popping" sounds, when an effervescent medium is discharged
      into an aqueous or alcoholic liquid. The bubbling and auditory effects
      subside in intensity gradually but continue for hours at room temperature.
PAR  Any aqueous liquid containing the effervescent medium will show unique
      behavior in the mouth. The liquid will create the sensation of swirling
      about in the mouth and as the effervescent material strikes the buccal
      surfaces it imparts a tingling feeling as well as occasional internal
      clicking sounds in the head.
PAR  When the effervescent medium is incorporated into a more viscous liquid
      such as a hand lotion, pomade or skin cream the auditory and bubbling
      effects are much dimished but a tingling sensation imparted to the
      external body surface at the moment of contact is pronounced.
PAR  As discussed in detail below, this type of effervescence is in contrast
      with conventional effervescence therein bubbles of gas escape from a
      liquid otherwise than by boiling.
PAC  BACKGROUND OF THE INVENTION
PAR  Effervescence is a widely used, desirable and useful property of many
      commercial products. Notable among these are carbonated soft drinks,
      stomach distress medications in the form of pills or powders which are
      added to water immediately before consumption, soft drink tablets or
      powders which effervesce upon dissolving in water, quick dissolving pills,
      tablets, denture cleansers, etc. Virtually all effervescing products
      intended for consumer use are based on the evolution of the gas, carbon
      dioxide. Others are based on the evolution of oxygen as from perborates,
      peroxides and the like.
PAR  In liquid products such as carbonated beverages, the carbon dioxide is
      dissolved in the water of the beverage under pressure prior to bottling,
      canning, or mixing with flavored syrup as in a conventional soda fountain.
      Sufficient pressure is maintained on the carbon dioxide solution to retain
      that gas in solution until the product is ready to be used. When the
      bottle or other container is opened or the liquid is discharged from a
      pressurized, soda-water siphon bottle or from a pressurized storage tank
      in a soda fountain, the aqueous solution of carbon dioxide immediately
      becomes supersaturated at atmospheric pressure and some of the dissolved
      carbon dioxide begins to come out of solution in the form of tiny bubbles
      of gas which are released continuously and for an extended period of time.
PAR  Most effervescent solid products such as powders and tablets, are prepared
      by incorporating therein suitable quantities of reactive ingredients,
      namely, an acidic material and a carbonate such as sodium bicarbonate. As
      long as the resulting mixture (e.g., tablet) remains dry, these reactive
      ingredients do not produce any significant amount of carbon dioxide.
      However, when the products are added to water, both reactive ingredients
      dissolve and are thus enabled to react with each other creating a desired
      amount of evolution of carbon dioxide gas, one of the end products of the
      reaction. Generally, this reaction proceeds rapidly so that the acidic and
      alkaline ingredients are neutralized and the effervescence essentially
      stops, although there may be a slow release of carbon dioxide which has
      dissolved to a minor extent in the water during the vigorous evolution
      phase. Normally, however, the effervescence does not continue nearly as
      long as the effervescence created by dissolving carbon dioxide in water
      under pressure. This is because the carbon dioxide created by the reaction
      of acidic constituents and sodium bicarbonate does not dissolve to any
      great extent in the water, since the entire system is usually at
      atmospheric pressure during the time the gas is being generated and is
      bubbling through the aqueous medium. Hence, the carbon dioxide merely
      passes through the liquid and effervescence ceases almost completely as
      soon as the generation of gas by chemical reaction is complete.
PAR  It can be seen from the foregoing that the application of effervescent
      properties to various types of products is generally limited to situations
      where dissolved gases may be allowed to be released from the solutions in
      which they have previously been dissolved or where gases may be created by
      chemical reaction during or immediately preceeding the time of use of
      these products.
PAR  The present invention is predicated upon a different principle for the
      purpose of creating a vigorous, relatively long-lasting, auditory
      effervescence in a wide variety of types of products. It has been found
      that certain compounds, liquefied gases, which are immiscible with a
      matrix can be retained essentially completely in the liquid phase with
      only a slow boiling occurring at temperatures which are significantly
      higher than the boiling point of these liquids at the prevailing
      environmental pressure.
PAR  Liquefied gases, such as fluorinated hydrocarbons are commonly used as
      propellants for various types of aerosol products such as paints,
      insecticides, waxes, whipped toppings for foods, and many other types of
      end products, which are retained in aerosol containers. When the pressure
      is released by means of a valve on the aerosol container, the contents of
      the pressurized container are discharged and any liquefied gas propellant
      which is discharged from the container vaporizes essentially
      instantaneously as the contents of the container enter the much lower
      pressure zone (atmospheric pressure) outside of the container. Frequently,
      liquefied gas propellants are combined with dissolved gas propellants and
      these dissolved propellants also tend to vaporize instantaneously upon
      release from the pressurized container and combinations of the formerly
      liquefied gas and the dissolved gas create bubbles or foam in the product
      as discharged. This type of product is exemplified by shaving creams and
      whipped toppings. Little or no liquefied gas is retained in the dispensed
      product, thus the product is characterized by little or no effervescence.
PAR  There are many products described in patents and in technical literature
      which describe the use of liquefied gases as propellants for products
      contained in aerosol containers. Frequently, these liquefied gases not
      only propel the product from the container but some of the liquefied gas
      emerges with the product from the container and serves the further purpose
      of creating a foam by vaporizing essentially instantaneously as the
      pressure is released upon leaving the container. Sometimes the liquefied
      gas is used as a dispersant for other liquids after the product leaves the
      aerosol container as in the case with insecticide sprays, deodorant
      sprays, or the like. In this instance also, the liquefied gas performs its
      function by vaporizing essentially instantaneously as the product leaves
      the aerosol container and the internal pressure is released. In still
      another conventional use of liquefied gases, substances such as
      medicaments, antiperspirants, waxes, etc. may be dissolved in the
      liquefied gas within the aerosol container. When these products are
      discharged from the container, the propellant is intended to vaporize
      essentially instantaneously, depositing a film or a dusting of the
      previously dissolved active ingredient upon the surface to which the
      stream or spray is directed. Hair sprays or lacquers are also typical
      examples of this type of use of liquefied propellant. Still another common
      use of liquefied gas propellants is to serve as a means of discharging
      dry, insoluble materials such as talc or lubricating powders like graphite
      from an aerosol container. In these instances the dry material is shaken
      with the liquid propellant in the container immediately before discharge,
      the dry ingredient thereupon being dispersed and leaving the container in
      the stream of liquefied gas as a dispersing solid. Upon emerging from the
      container the liquefied gas vaporizes essentially instantaneously,
      depositing a thin film or dusting of the dry material upon any surface
      toward which the stream or spray is directed.
PAR  Accordingly, there has been no previous description of the use of a
      liquefied gas, not only to propel the contents of an aerosol container out
      of that container but also wherein some of the liquefied gas is dispersed
      throughout the aqueous or alcoholic matrix of the contents of the can and
      serves as a source of vigorous bubbling and effervescence in the products
      which are produced by so discharging some of the can contents into a
      vessel, on a surface, or into other liquids in a vessel. No previously
      described products, at the time of use, comprise liquid matrices
      containing dispersed therethrough or at the bottom thereof substantial
      quantities of liquefied gases which exist as liquids boiling slowly and
      continuously for long periods of time (1/2 hour up to 24 hours or longer)
      at atmospheric pressure and at temperatures which may be as much as
      100.degree. F. above the expected boiling point of said liquefied gases.
PAC  SUMMARY OF THE INVENTION
PAR  In contrast to the foregoing known products employing liquefied gases, a
      new class of products containing liquefied gases has been discovered.
PAR  In accordance with the present invention, there are provided effervescing
      cleaning compositions formed by:
PA1  A. maintaining in an aerosol container a. a liquefied gas and b an aqueous
      phase containing a cleansing agent, said phase being substantially
      non-soluble with a and being dispersible with a with agitation thereof, a
      having a density greater than b and the quantity of a being substantially
      in excess of the quantity sufficient to propel b from said container,
PA1  B. agitating the aerosol container whereupon a is dispersed in b, and
PA1  C. while a and b are interdispersed, discharging contents of the container
      as a liquid stream into a vessel, some of the dispersed phase a remaining
      dispersed after the contents leave the container and vaporizing steadily,
      creating continuing effervescence.
PAR  There is also provided a method for producing an effervescent cleaning
      composition comprising:
PA1  A. charging to an aerosol container a a liquefied gas and b an aqueous
      phase containing a cleansing agent, said phase being substantially
      non-soluble with a and being dispersed with a with agitation thereof, a
      having a density greater than b and the quantity of a being substantially
      in excess of the quantity sufficient to propel b from said container,
PA1  B. agitating the aerosol container whereupon a is dispersed in b, and
PA1  C. while a and b are interdispersed, discharging contents of the container
      as a liquid stream into a vessel, some of the dispersed phase a remaining
      dispersed after the contents leave the container and vaporizing steadily,
      creating continuing effervescence.
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The compositions of this invention are characterized as liquids which
      bubble vigorously in a manner similar to, but much more vigorously if
      desired, than ordinary carbonated liquids. These compositions have
      essentially the same visual appearance as a conventional carbonated
      composition except that the bubbling may be much more vigorous. These
      compositions differ from ordinary carbonated compositions in that,
      typically, the bubbling is much more audible than a carbonated
      composition, producing a distinct hissing or a pinging sound as bubbles
      are formed, rise through the liquids, and break at the surface. These
      compositions also differ from ordinary carbonated liquids in that they
      comprise a three phase system: a liquid, aqueous matrix comprising 99% or
      more of the product; an immiscible liquid phase which is a liquefied gas
      at a temperature between about 5.degree. F. and about 100.degree. F. above
      its boiling point at atmospheric pressure; and a gas in the form of
      bubbles rising through the aqueous phase as this gas is vaporized from the
      liquefied gas phase.
PAR  In the practice of this invention, the liquefied gas is selected to have a
      liquid density greater than the density of the aqueous phase so that the
      liquefied gas can remain suspended as small droplets in, or settle to the
      bottom of the aqueous phase. A liquefied gas which is lower in density
      than the aqueous phase will tend to rise to the surface of said aqueous
      phase where it will boil or vaporize without creating any visible or
      audible bubbles throughout the aqueous phase. The exact density of the
      liquefied gas is not important, so long as it is greater than the density
      of the aqueous phase.
PAR  The presence of a liquefied gas phase in the new compositions is generally
      not noticeable to the user, since either: (a) the liquefied gas is
      dispersed throughout the aqueous phase in tiny droplets which cannot be
      distinguished from the gas bubbles rising to the surfaces of the aqueous
      phase or (b) the liquefied gas settles to the bottom of the aqueous matrix
      as a very thin film which can be observed in most instances only upon very
      careful observation. In the practice of this invention either the
      dispersed droplets or the thin film of liquefied gas continue to vaporize
      slowly, thereby generating bubbles of gas either throughout the body of
      the aqueous matrix or at the bottom of the matrix, from which point the
      bubbles rise throughout the entire volume of the product with a visual
      appearance similar to that of carbonated compositions.
PAR  Another unusual and unexpected characteristic of this invention relates to
      the slow and continued boiling of these super-heated, liquefied gases.
      Those skilled in the applications of the science of chemistry or physical
      chemistry are very familiar with super-heated liquids. In particular,
      numerous organic liquids can be heated to several degrees above their
      boiling point, particularly in the absence of vigorous agitation or
      activating surfaces which would tend to provide nucleation centers for the
      formation of gaseous bubbles. Such super-heated organic liquids may remain
      quiescent without active boiling or ebullition. However, once initiated by
      scratching the interior surface of the vessel in which the liquid is
      contained, or by introducing some solid such as sand or glass beads or
      activated charcoal, etc. which provides new surfaces whereupon gas bubbles
      can begin to form, extremely vigorous boiling will immediately occur until
      sufficient liquid has vaporized to reduce the temperature of the remaining
      body of liquid to its normal boiling point or slightly below, whereupon
      boiling ceases. The boiling of the super-heated liquefied gases in the
      products of the present invention differs markedly and unexpectedly from
      the above-described behavior of many organic liquids in that the
      super-heated liquefied gases of the present invention boil steadily,
      slowly and continuously for periods of time ranging from one half hour to
      several hours without the violent ebullition mentioned above.
PAR  Liquefied gases can be restrained from immediate or essentially
      instantaneous vaporization when the product leaves the pressurized
      container so that significant quantities of liquefied gas, usually in the
      form of small droplets, remain in the liquid phase in the product after it
      has been discharged from the aerosol container and is essentially at
      atmospheric pressure conditions. These liquefied gas substances can be
      considered to be in a metastable state, since they are still liquid at
      temperatures well above their boiling points at the prevailing
      (essentially atmospheric) pressure outside of the pressurized aerosol
      container. They can also be considered to be superheated for the same
      reasons. Typically, these superheated liquids will boil at either a rapid
      or slower rate, depending on conditions, thereby tending to go from the
      metastable (liquid) phase to the stable (gas) phase.
PAR  As contemplated herein, a wide variety of cleaning compositions can be
      prepared such that they have the desired effervescent character. Personal
      hygiene products, for example, include: mouthwash, breath freshener,
      toothpaste, soaps, shampoos and douches. Household cleaners include drain
      cleaners, sink cleaners, toilet cleaners, polishes, and upholstery and rug
      cleaners. Miscellaneous cleaners include car washes and the like. All of
      such compositions will contain one or more recognized cleaning agents such
      as soaps, detergents, alkali, ammonia, and the like.
PAR  A variety of liquefied gases are suitable for the cleaning compositions of
      this invention. Generally, the boiling points thereof will range from
      about -50.degree. F. to about 80.degree. F. With cleaning compositions
      adapted for body hygiene, materials cleared for food and drug use are
      employed. Typical of such materials are octafluorocyclobutane (duPont's
      Freon C-318; boiling point, 21.5.degree. F.; vapor pressure, 25.4 psig. at
      70.degree. F.) and monochloropentafluoroethane (duPont's Freon 115;
      boiling point, -37.7.degree. F.; vapor pressure, 103 psig. at 70.degree.
      F.), and mixtures thereof. With products not requiring such clearance,
      other typical liquefied gases can be employed. These include the
      aforementioned halogenated materials and other related materials:
PA1  chlorodifluoromethane (Freon -22);
PA1  dichlorodifluoromethane (Freon -12);
PA1  1,2-dichloro-1,1,2,2-tetrafluoroethane (Freon -114);
PA1  dichloromonofluoromethane (Freon -21);
PA1  trichloromonofluoromethane (Freon -11).
PAL  Liquefied hydrocarbon gases which can be used include propane, butane,
      isobutane, cyclobutane and pentane. Mixtures of all such liquefied gases
      are contemplated.
PAR  Individual liquefied gas compounds or mixtures thereof, however, must be
      selected to have densities greater than the density of the effervescent
      liquid product in which they are to be used. All of the fluorinated
      hydrocarbons mentioned, typically have liquid densities considerably
      greater than one and hence greater than any of the aqueous matrices in
      which they might be used. Liquefied hydrocarbons, however, such as those
      mentioned above, typically have densities much lower than one and hence if
      used singly, would tend to float on top of the aqueous medium, boiling
      from the surface, and therefore not producing bubbles throughout the
      liquid matrix. Therefore, these liquefied hydrocarbon gases can be used
      for most applications only in admixture with more dense liquefied gases
      such that the mixtures has a density high enough (e.g. greater than 1) to
      permit the liquefied mixture to settle below the surface of the liquid
      matrix.
PAR  It is also important that any liquefied gas used to create effervescence in
      a liquid medium should be substantially immiscible with that liquid
      medium.
PAR  The products of this invention can contain dissolved gases together with
      the liquefied gases defined above. Carbon dioxide, nitrous oxide, and air
      are illustrative of such dissolved gases.
PAR  Since relatively small amounts of liquefied gases will produce relatively
      large amounts of vapors, that is, have high expansion ratios upon
      evaporation, only relatively small quantities of liquefied gases need be
      employed in a matrix in order to provide considerable effervescence. By
      way of illustration, the expansion ratio of octafluorocyclobutane on
      evaporation at 70.degree. F. is 175:1.
PAR  As a further illustration, less than 1 ml. of a liquefied gas such as
      octafluorocyclobutane or a mixture of that gas with up to 27.5% of
      monochloropentafluoroethane is sufficient, when dispersed throughout or
      when settled to the bottom of an 8 oz. glass of beverage to produce
      vigorous effervescence for continued period of times (much more vigorous
      than conventional carbonated beverages, but otherwise similar to the
      effervescence of a carbonated beverage). 1 Ml. of liquefied gas,
      therefore, being capable of generating 175 ml. of gas in the vapor phase,
      is roughly equivalent to providing one volume of gas for each volume of
      the liquid matrix (the beverage) in which it is entrapped.
PAR  The extent of the effervescence and the length of time during which
      effervescence will continue will vary considerably, being influenced by
      such factors as the character of the matrix, temperature, pressure and
      other factors.
PAR  Thus, for example, in aerosol use, the liquefied gas is present in an
      aerosol container substantially in excess of the quantity necessary to
      serve as a propellant to expel the contents of the container. The quantity
      of liquefied gas will vary widely with the pressure of the liquefied gas
      at the time of discharge of the contents from the container. For example,
      the volume of a so called 8 oz. aerosol container is 300 ml. In the normal
      use of liquefied gas as a propellant only (not for effervescence), it is
      necessary to supply enough liquefied gas to vaporize in the container as
      the liquid matrix is discharged so that, when all of the non-propellant
      contents of the can are discharged, the can will be full of vaporized
      propellant at a pressure equal to the vapor pressure of that propellant at
      the temperature at which the non-propellant contents are discharged.
      Examples of the amount of liquefied gas required to vaporize and
      completely fill a 300 ml. container with vaporized propellant at its vapor
      pressure at 77.degree. F. are as follows:
TBL                         Grams    Ml.                                       
     Liquefied Gas Propellant                                                  
                            required required                                  
     ______________________________________                                    
     Octafluorocyclobutane (C-318)                                             
                            7.92     5.35                                      
     1,2-Dichloro-1,1,2,2-Tetrafluoroethane                                    
                            4.6      3.16                                      
     (Freon 114)                                                               
     27.5% Monochloropentafluoroethane                                         
     (Freon 115)                                                               
     (72.5%) Octafluorocyclobutane                                             
                            12.34    8.34                                      
     (Freon C-318)                                                             
     ______________________________________                                    
PAL  The above figures are the minimum required to serve only as a propellant if
      none of the liquefied gas is to be allowed to escape in liquid form as the
      remainder of the contents of the container are discharged. In order to
      provide effervescence in the product after it is discharged from the
      aerosol container, it is necessary to supply sufficient excess of
      liquefied gas in excess of the amount required to propel the contents so
      that some of the liquefied gas will be entrained in the stream leaving the
      aerosol container and will remain in the liquid matrix after some quantity
      of contents has been discharged to bubble and boil and create
      effervescence in the context of this invention. Generally, an excess of at
      least about 5 percent by weight of the container contents is employed.
PAR  The products of this invention can be packaged in a wide variety of
      containers. As indicated, conventional aerosol containers can be used; so
      also, conventional cans, bottles, sealed tubular, paperboard units and
      others.
PAR  A number of factors influence the nature of the effervescence which
      characterizes the new products. However, in no sense is the invention
      limited to any theory of behavior. Temperature is one such factor. For
      example, a refrigerated aerosol container (at 40.degree. F.) in which a
      cleanser concentrate and a liquefied gas are confined, is discharged into
      a container of water, with the result that an exceptionally vigorous gas
      evolution occurs with very little foam formation. This vigorous and
      "noisy" gas evolution continues for several minutes; then the gas
      evolution slows to a minimum level sooner than is the case when a
      corresponding container is maintained at room temperature
      (65.degree.-75.degree. F.) and the contents thereof are discharged into
      water. When a similar aerosol container at room temperature (e.g. about
      70.degree. F.) is discharged into an aerosol solution, the velocity and
      force of the emerging stream is greater than when the discharge occurs
      from a container at refrigerator temperature. This is because the vapor
      pressure of the liquefied propellant inside the aerosol container is
      greater at room temperature than at refrigerator temperature, thus forcing
      the discharge stream out of the spout of the aerosol container at a higher
      velocity. Also, as the stream leaves the spout of the aerosol container
      and before it impinges upon the surface of the liquid into which it is
      being discharged, there is more tendency for some of the entrapped
      liquefied propellant to vaporize than is the case when a refrigerated
      container is used. Because of the force of the higher velocity stream from
      the room temperature container, the liquefied gas droplets tend to be
      broken up into smaller droplets in the aqueous liquid in the receiving
      container and smaller bubbles of vaporized gas (from the liquefied gas)
      are generated than would be the case if the aerosol container had been
      refrigerated at the time of discharge. This vigorous generation of
      hundreds or thousands of extremely small gas bubbles gives rise to a
      distinct hissing sound as opposed to the pinging sound greated by larger
      bubbles forming and the multiplicity of tiny gas bubbles may temporarily
      create a cloudiness in the aqueous solution into which the product was
      discharged. However, within a minute or two the tiny droplets of liquefied
      gas coalesce into larger droplets and gradually tend to settle toward the
      bottom of the receiving container, after which the effervescent
      characteristics of the product in the receiving container are essentially
      like those created by discharging the same matrix (with its liquefied gas)
      from an aerosol container at refrigerator temperature.
PAR  Interfacial tension between a liquefied gas and other components of a
      product is considered to exert an influence upon the nature of the
      effervescence produced. Such interfacial tension should be sufficient to
      substantially retard the separation of the vapors of the liquefied gas
      from still liquefied gas and the matrix, and thereby retard the escape of
      the liquefied gas as a vapor from the product. The escape of vapors of the
      liquefied gas is preferably retarded in order that a substantial portion
      thereof is retained in the product for at least about one minute and
      preferably for longer time intervals.
PAR  Typically, the products of this invention will bubble vigorously for at
      least five minutes and then at a gradually reduced rate of effervescence.
      Within 1/2 hour to about 1 hour, the rate of bubbling will decrease to an
      almost imperceptible amount if the container into which the effervescent
      product has been discharged is not agitated. Upon jarring the container or
      agitating it by swishing or stirring, noticeable and distinct bubbling
      will reoccur and will usually continue for several minutes after such
      agitation has ceased. Some of the liquefied gas, if not disturbed, will
      remain in the liquid phase at 40.degree. to 100.degree. F. above its
      boiling point in an aqueous medium for surprisingly long periods of time.
      It has frequently been observed that most of the effervescent products of
      this invention, if not agitated, will bubble vigorously for 1/2 hour to 1
      hour after first being discharged and then may rest with only an
      occasional bubble of gas being generated for periods of up to 48 hours.
      Thereafter, upon agitation, bubbling will begin again although at a rate
      considerably less than the initial vigorous effervescence characteristic
      of these products.
PAR  The pH of an aqueous phase in contact with the liquefied gas in an aerosol
      container seems to have negligible effect upon the effervescence
      characteristic of the products of this invention after they have been
      discharged from the aerosol container into a suitable vessel. Excellent
      bubbling action has been obtained when an aqueous matrix in aerosol
      containers was adjusted in a range of pH's from 1 to 12. This is not
      unexpected since the factors which control effervescence appear to be
      physical or physical chemical in nature, rather than chemical, due to the
      chemical inertness of the liquefied gases most commonly used (fluorinated
      hydrocarbons).
PAR  Data indicates that the mutual solubility of the aqueous phase and the
      liquefied gas phase in an aerosol container influence the rate of
      effervescent bubbling when aerosol can contents are discharged into a
      vessel or into another liquid. For example, a liquefied gas comprising a
      mixture of 27% monochloropentafluoromethane and 73% octafluorocyclobutane
      is less effective as a source of effervescence when combined in an aerosol
      container with an aqueous alcohol solution such as a solution of 50%
      alcohol in water, than is a liquefied gas comprising 100%
      octafluorocyclobutane. This is believed to be due to the fact that
      monochloropentafluoroethane is completely miscible in all proportions with
      alcohol, whereas octafluorocyclobutane will dissolve only a maximum of 18%
      of ethyl alcohol. It is desirable, therefore, in the practice of this
      invention, to avoid or minimize the use of liquefied gas components which
      have marked solubility in the aqueous phase.
PAR  Before an aerosol container is discharged into a liquid in a vessel or into
      an empty vessel to prepare an effervescent product as described by the
      present invention, it is important to shake the container vigorously to
      disperse the nomiscible liquefied gas phase throughout the aqueous phase
      (or to interdisperse all three phases in instances where there may be a
      lighter than water phase, an aqueous phase and a phase more dense than
      water, e.g., liquefied gas phase). When emulsifiers capable of emulsifying
      the liquefied gas phase into the other (usually aqueous) phase are
      employed, the contents of the container tend to be discharged as a foam
      rather than as a liquid capable of effervescing. This observation is not
      surprising since prior art clearly describes the use of emulsifying agents
      which commonly emulsify the liquefied gas propellant into the remaining
      compositions of an aerosol container when the objective is to produce a
      foam such as a whipped topping or a shaving cream. In the preparation of
      aerosol containers intended for use in producing effervescent liquid
      compositions, it is generally desirable to avoid incorporating emulsifying
      agents in sufficient quantity to form a stable emulsion of the liquefied
      gas phase in the other phase(s) contained in the aerosol container.
      However, the presence of very small to moderate amounts of emulsifying
      agents (but insufficient to cause emulsification of the liquefied gas in
      the other phases) has been found to be very helpful in formulating
      practical and useful effervescent compositions when the contents of the
      container are discharged into a liquid in a vessel or into a vessel.
PAR  Droplet size of a liquefied gas as affected by orifice size of an aerosol
      valve or by vigorous impact of the discharge stream into a receptable or a
      liquid into which the aerosol contents are discharged, is considered to
      have an effect upon effervescence. Small droplets may tend to vaporize
      faster and may coalesce into more stable larger droplets. Generally larger
      orifices are preferred in order to avoid too fine a dispersion of a
      liquefied gas as the contents are discharged from the aerosol container.
      For example, a series of tests were run with aerosol compositions capable
      of producing effervescent products. Identical compositions were packed
      into aerosol containers, the only difference in which was the size of the
      orifice(s) in the "stem" of the valve assembly. These are the orifices
      through which liquid contents of the can must pass immediately before the
      contents reach the valve unit which releases the contents when discharge
      is desired. Valve assemblies containing stems with orifices as shown below
      were used:
     No. of Orifices                                                           
                   Diameter of Orifice (inches)                                
     ______________________________________                                    
     1             0.018                                                       
     2             0.020                                                       
     1             0.024                                                       
     4             0.025                                                       
     3              0.040.                                                     
     ______________________________________                                    
PAR  The products discharged through the above orifices all showed some degree
      of effervescence but the bubbling action was significantly more vigorous
      when stems with the larger orifice sizes were used and the stem with three
      0.040 inch orifices was definitely better than any of the others.
PAR  It is believed that the smaller orifices tend to produce smaller droplets
      of liquefied gas in the stream of liquid emerging from the aerosol
      container, while the larger orifices permit larger droplets of liquefied
      gas to pass through the valve and delivery spout of the aerosol container.
      As a result of this investigation, it is preferred to use valve assemblies
      on aerosol containers with larger rather than smaller orifice sizes.
PAR  Nucleation centers or micelles in the compositions or matrixes may tend to
      accelerate vaporization of liquefied gas with attendant foam formation.
      This effect has been observed when gums such as carrageenans, cellulose
      derivatives, amylopectins, etc. have been added to a mouthwash composition
      in an aerosol can. However, an alginate gum (Kelset Algin) has been found
      to be advantageous for promoting effervescence.
PAR  An important consideration which influences and controls the rate and
      degree of effervescence in products made in the practice of the present
      invention is the use, in many practical applications, of materials in very
      small quantities (usually about 0.1% of the aqueous matrix) to promote or
      control the rate of effervescence. These materials referred to herein as
      "Additives" vary widely in their chemical nature.
PAR  As the examples which follow will illustrate, many simple systems combining
      liquefied gas with aqueous phases in aerosol containers will produce
      vigorously effervescing compositions when the aerosol container is shaken
      and some of the contents are discharged either into a vessel or into a
      vessel contained another liquid, such as water. However, it has been found
      that when liquefied gas phases are combined with more complex systems,
      such as flavors, a satisfactory level of effervescence or bubbling of a
      resulting composition formed by discharging some of the contents of the
      container into water may frequently be inhibited by some of the
      ingredients of the aqueous composition.
PAR  Usually, this inhibition takes the form of the failure of the liquefied gas
      component to boil after it, together with the composition, has been
      discharged into, for example, a vessel containing water. In such a case,
      the liquefied gas tends to settle to the bottom of the liquid in the
      vessel into which the composition has been discharged and, even though it
      is from 20-100.degree. F. above its boiling point, very little bubbling
      may occur. The rate of bubbling will be slow (from about 1 bubble per
      second to perhaps 10 or 20 per second) and usually the size of the bubbles
      is rather large (number 4 on the Bubble Size Scale reported below). This
      slow rate of bubbling is considered unsatisfactory for an attractive
      effervescent composition as compared with the normal bubbling rate which
      may range from 50 to several hundred bubbles per second.
PAR  Additives which have been found particularly effective in counteracting the
      inhibitory effects of complex systems include but are not limited to the
      following:
PA0  1. Emulsified fatty materials such as:
PA1  a. Silicone Antifoam Emulsions which include:
PA2  Dow Corning Antifoam A Compound
PA2  Dow Corning 200 Fluid
PA2  Dow Corning Antifoam C Emulsion
PA2  Dow Corning Antifoam FG-10 Emulsions
PA2  General Electric Antifoam 10
PA2  General Electric Antifoam 71
PA2  General Electric Antifoam 72
PA1  b. Commercial Whipped Topping Formulations such as:
PA2  "Cool-Whip" by General Foods Corporation
PA1  c. Coffee Lightener Formulations such as:
PA2  "Coffee Mate" by Carnation Company
PA2  "Instant Non-Dairy Creamer" by the Great A & P Tea Co.
PA2  "Beatreme CW-2 Coffee Whitener" by Beatrice Foods Co.
PA1  d. Commercial Mayonnaise such as:
PA2  Kraft Mayonnaise by Kraft Foods Co.
PA2  Hellmann's Mayonnaise by Best Foods Div., CPC International
PA0  2. Sodium Hexametaphosphate
PA0  3. an alginate gum (Kelset Algin manufactured by Kelco Company)
PA0  4. Sodium Lauryl Sulfonate (Duponol C manufactured by DuPont and Co.)
PA0  5. Trisodium salt of ethylenediaminetetraacetic acid; a Chelating Agent
      (Versene), by Dow Chemical Company.
PAR  Although many of these materials function very effectively at levels of use
      of about 0.1% of the aqueous phase in an aerosol container, many of them
      can be used at much higher levels without loss of effectiveness when such
      higher levels are desirable for their functional effect in a composition.
      By way of example, sodium hexametaphosphate may be used at levels of 10 to
      20% in an aqueous solution in an aerosol container as a water softener in
      a composition intended to make a bathtub full of water bubble and tingle
      while imparting a pleasant fragrance to the bath. In such usage, the
      sodium hexametaphosphate serves the dual function of an Additive to
      promote vigorous bubbling (for which purpose only 0.1% would be needed)
      while simultaneously serving as a water softener. Similarly, the alginate
      gum referred to above may be used in larger quantities for its viscolizing
      properties while also serving as an Additive to promote vigorous bubbling.
PAR  when Additives are used only to promote active bubbling, however, the
      levels of use will be approximately 0.01-0.2% by weight.
PAR  The addition of a small amount (e.g. about 0.1%) of a silicone antifoam
      composition such as Dow Corning FG-10 to a composition can be used to
      correct foam formation. If, instead of foaming, the composition formed by
      discharging a desired amount of aerosol can contents into water in a glass
      does not bubble vigorously, then the various Additives listed above or
      similar compounds can be added in small quantities (about 0.1%) to the
      contents of similar containers.* Generally, some improvement in the rate
      of bubbling will be noted with each of the Additives. Combinations of 2, 3
      or more Additives are frequently found to be more effective than any
      single Additive.
PAR  In the illustrative examples provided below an effervescent scale and a
      bubble size scale were developed to distinguish differences in
      effervescence and bubble size. The scales are as follows:
PAC  EFFERVESCENT SCALE
PA1  1. occasional bubbles, just noticeable
PA1  2. Slight but steady bubbling
FNT  * prepared for the purpose of such evaluation.
PA1  3. Moderate, continuous bubbling
PA1  4. Vigorous bubbling (similar to "Alka Seltzer" as tablet dissolves)
PAC  BUBBLE SIZE SCALE
PA1  1. extremely small, below about 0.1 mm; produce cloudy effect which rises
      slowly to the surface of the product, generally accompanied by a hissing
      sound
PA1  2. Small, between about 0.1 and about 1 mm; similar to a carbonated
      beverage and accompanied by a sizzling, pinging sound
PA1  3. Medium, between about 1 and about 3 mm; silimar to bubbles formed as
      "Alka Seltzer" tablet dissolves and accompanied by crackling, pinging,
      chirping sound
PA1  4. Large, above about 3 mm; similar to air blown into water through a
      drinking straw, with sounds of bubble forming ("blurp") and bursting
      ("pop").
PAR  Preferably, effervescence and bubble size is each in the range of 2 to 4.
PAR  The invention is illustrated, and in no sense limited, by the following
      typical examples.
PAC  EXAMPLE 1
PAR  An effervescent, mildly mint-flavored mouthwash concentrate is prepared by
      adding the following components to a conventional 8 ounce aerosol
      container. A conventional valve, dip tube and closure assembly is used to
      close the container after flushing air out of the head space gas with a
      jet of octafluorocyclobutane. The components are:
TBL  water           225          ml                                           
     sodium cyclamate                                                          
                     1            gram                                         
     cane sugar(sucrose)                                                       
                     10           grams                                        
     citric acid     1            gram                                         
     sodium citrate  2            grams                                        
     antifoam agent.sup.a                                                      
                     1            ml                                           
     edible green color.sup.c     trace                                        
     mint flavor.sup.b                                                         
                     0.05         ml                                           
      .sup.a Antifoam agent C of Dow Chemical Company, a 30 percent aqueous    
      solution of dimethylpolysiloxane, silica, methyl cellulose and sorbic    
      acid;                                                                    
      .sup.b No. F-2228/A (Firmenich), containing methyl salicylate, menthol an
      anethole.                                                                
      .sup.c FD-C No. 8                                                        
PAR  Bacteriostatic agents or similar active agents can be included in the
      concentrate, as desired.
PAR  The components are then pressurized in the container with 20 milliliters
      (ml) of octafluorocyclobutane. The quantity of octafluorocyclobutane is
      approximately 14% by weight of the contents of the container. The pressure
      in the container is therefore essentially that corresponding to the vapor
      pressure of the octafluorocyclobutane at the temperature of the container.
      The fully charged container is then fitted with a valve actuator and
      spout, designed to deliver a jet stream of liquid from the container in a
      downward direction when the container is held upright and the valve
      actuator is moved.
PAR  When a one or two second "burst" of the concentrate is dispersed into a
      glass containing about 11/2 ounces of water, a blue colored foamy liquid
      is produced. If used as a mouthwash immediately after its formation, a
      vigorous and tingling sensation with accompanying audible effects is
      experienced. After about 30 seconds, when the foam has subsided, the
      relatively clear residual blue liquid in the glass bubbles spontaneously
      with accompanying sound effects at a somewhat diminished rate for a time
      interval of an hour or longer. Exceptionally vigorous, almost violent,
      activity is generated by simply picking up the glass or by otherwise
      agitating the liquid. A mouthful of the liquid produces a vigorous
      agitation, bubbling and popping in the mouth. The turbulence created by
      the vigorous activity of the mouthwash serves to increase the transfer of
      active agents therein to the mouth and throat surfaces.
PAC  EXAMPLE 2
PAR  Another mouthwash concentrate is prepared according to the procedure given
      in EXAMPLE 1, with the following components being used:
TBL  water            251       ml                                             
     sodium cyclamate 1         gram                                           
     citric acid      1         gram                                           
     cane sugar       10        grams                                          
     antifoam agent.sup.a                                                      
                      1         ml                                             
     green color.sup.c          trace                                          
     mint flavor.sup.b                                                         
                      5         ml ( 3 drops)                                  
     octafluorocyclobutane                                                     
                      32        ml.                                            
      .sup.a, b, c as in EXAMPLE 1.                                            
PAR  As in EXAMPLE 1, bacteriostatic agents or similar agents can be included in
      the concentrate.
PAC  EXAMPLE 3
PAR  A cleaner adapted for cleaning drains, as sink drains, is prepared by
      forming a solution of 84 grams of solid sodium hydroxide and 200 grams of
      water. A portion, 6 ounces, of the resulting solution is poured into a
      conventional aerosol container of 8 ounce capacity. The container is
      closed and sealed as described in EXAMPLE 1. Then, 10 ml of
      dichlorodifluoromethane and 50 ml of trichloromonofluoromethane are added
      to the container. The pressure of the container is essentially the
      combined vapor pressures of the halogenated methanes at the temperature of
      the container.
PAR  When the container is discharged as by a burst of several seconds duration,
      in a drain containing some water, the bubbles form and considerable
      agitation of the water occurs.
PAR  The effervescence caused by release of the halogenated methanes from the
      cleaner and water provides substantial agitation and enhances the degree
      of contact between the surface and the active alkaline component. Thus,
      there is no need to generate hydrogen as by including aluminum chips with
      dry caustic in order to provide agitation, as practiced with some
      commercial drain cleaners.
PAC  EXAMPLE 4
PAR  A cleaner suitable for use in removing deposits from porcelain surfaces,
      such as in toilet bowls and the like, is prepared from the following
      components which are charged to a conventional aerosol container.
TBL  water               80        ml                                          
     sodium bisulphate   90        grams                                       
     sodium binoxalate   2         grams                                       
     green color.sup.b   1         ml                                          
     peppermint flavor.sup.d                                                   
                         1         gram                                        
     dichlorodifluoromethane.sup.e                                             
                         5         ml                                          
     trichloromonofluoromethane.sup.f                                          
                         25        ml.                                         
      .sup.b as in EXAMPLE 1                                                   
      .sup.e FREON 12                                                          
      .sup.f FREON 11                                                          
      .sup.d C-675 of Fries & Fries.                                           
PAR  When this cleaner is discharged onto surfaces to be cleansed and into water
      in contact with such surfaces, the cleaner effervesces thereby providing
      excellent surface distribution of the effective cleaning agents.
PAR  The examples of TABLE 1 show the minor influence of pH upon the
      effervescence achieved by the combinations illustrated. It is believed
      that the difference in degree of effervescence, though minor, result more
      from other properties of these compounds than from the actual pH of the
      resulting aqueous medium. The highest pH compositions tested (0.01 N NaOH
      at pH 12) produced surface foam while effervescence continued in the
      liquid below. This foam is believed to be due to the effect on surface
      tension rather than pH of the aqueous medium, in this case resulting from
      the presence of sodium hydroxide and possibly traces of sodium carbonate
      as a contaminant. Therefore, pH does not appear to be a major factor in
      the creation of effervescence through the practice of the present
      invention.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                             WHEN CAN AT REFRIGERATION TEMP.                   
                                                  WHEN CAN AT ROOM TEMP. AND   
                             AND SQUIRTED INTO 6 OZ. WATER                     
                                                  SQUIRTED INTO 6 OZ. WATER    
     FORMULA                 EFFERVESCENCE                                     
                                         BUBBLE SIZE                           
                                                  EFFERVESCENCE                
                                                            BUBBLE SIZE        
     NO.      INGREDIENTS                                                      
                         pH  SCALE       SCALE    SCALE     SCALE              
     __________________________________________________________________________
     28-54-1                                                                   
           72 drops conc. HCl                                                  
                         1.00                                                  
                             4           1-2      1         3-4                
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-54-3                                                                   
           8  drops conc. HCl                                                  
                         2.04                                                  
                             4           2        1         3-4                
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-55-5                                                                   
           3  gm. Sodium Hexameta-                                             
                         6.5 4           1-2      2         2-3                
              phosphate                                                        
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-55-9                                                                   
           150                                                                 
              drops 2% Sodium Acid                                             
                         9.5 2-3         2-3      1         3-4                
              Pyrophosphate                                                    
           100                                                                 
              ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-55-11                                                                  
           50 ml. 0.01 N NaOH                                                  
                         11.0                                                  
                             2           3-4      1; Foamed 3-4; Foamed        
           50 ml. Distilled Water                                              
           10 ml. Freon C-318                                                  
     28-55-13                                                                  
           100                                                                 
              ml. 0.01 N NaOH                                                  
                         12.0                                                  
                             2; Foamed   3; Foamed                             
                                                  1; Foamed 3-4; Foamed        
           10 ml. Freon C-318                                                  
     28-55-14                                                                  
           100                                                                 
              ml. 0.01 N NaOH                                                  
                         12.0                                                  
                             3; Cloudy   3-4      1; Foamed 3-4; Foamed        
           10 ml. Freon 114                                                    
     __________________________________________________________________________
PAR  In TABLE 2 following, results obtained when formulations described above
      the TABLE 1, were squirted into an empty vessel, are shown.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     WHEN CAN AT REFRIGERATION TEMP.                                           
                                WHEN CAN AT ROOM TEMP. AND                     
     AND SQUIRTED INTO EMPTY BEAKER                                            
                                SQUIRTED INTO EMPTY BEAKER                     
     FORMULA                                                                   
           EFFERVESCENT                                                        
                    BUBBLE SIZE EFFERVESCENT                                   
                                         BUBBLE SIZE                           
     NO.   SCALE    SCALE       SCALE    SCALE                                 
     __________________________________________________________________________
     28-54-1                                                                   
           3-4      2-3         1-2      2                                     
     28-54-3                                                                   
           3-4      2-3         1-2      2                                     
     28-55-5                                                                   
           3        2-3         1-2      2                                     
     28-55-9                                                                   
           2        2-3         1-2      2                                     
     28-55-11                                                                  
           1-2; foam                                                           
                    2-3         1; foam  2                                     
     28-55-13                                                                  
            1; foam 2-3         1; foam  2                                     
     __________________________________________________________________________
PAR  The examples of TABLE 3 illustrate additional cleaning compositions and the
      effect of Additives. The Additives are indicated by an asterisk (*).
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                                  CAN AT REFRIGERATION                         
                                               CAN AT ROOM                     
     FORMULA NO.                                                               
              INGREDIENTS         TEMP.        TEMP.                           
     __________________________________________________________________________
     28-112-1 Mouthwash:          About 5 gm of material squirted              
             100 ml water         into 1 oz. water contained in                
             100 ml ethyl alcohol beaker                                       
             0.9 gm Sucaryl Blend 110 CS                                       
                                  Effervescence Scale: 2-3                     
                                               Initially 1, then 2             
             5   ml flavor.sup.a  Bubble Size Scale: 2                         
             30  ml Freon C-318                                                
     28-87-A  Mouthwash:          About 5 gm of material squirted              
             100 ml water         into 1 oz. water contained in                
             100 ml ethyl alcohol a beaker                                     
             0.9 g Sucaryl Blend 110 CS                                        
                                  Effervescence Scale: 3                       
                                               Cloudy, then 2                  
             5   ml flavor        Bubble Size Scale: 2                         
                                               2-3                             
             0.1 g FD & C Color Green No.1                                     
             5   ml 4% soln. of Beatreme CW-2*                                 
                 non-dairy coffee lightener                                    
             5   drops Dow Antifoam FG-10*                                     
             30  ml Freon C-318                                                
     28-1-A   Cleaner:                                                         
             175 ml water         --           About 5 gm of material          
             21  gm sodium tripolyphosphate    squirted onto a                 
             16  gm trisodium phosphate        surface (table top)             
             5.2 gm Triton CF-32               Effervescence Scale: 2          
             1.75                                                              
                 gm Kelset Algin*              Bubble Size Scale: 1-2          
             20  ml Freon 11                                                   
             5   ml Freon 114                                                  
     28-84-1  Cleaner:                                                         
             180 ml water         --           Same as 28-1-A                  
             20  ml NH.sub.4 OH (28% NH.sub.3)                                 
             20  ml Freon 11                                                   
             5   ml Freon 114                                                  
     __________________________________________________________________________
      .sup.a Fries & Fries Listerine Type mouthwash flavor No. 12007, 3 drops i
      5 ml ethyl alcohol                                                       
PAR  Proprietary materials used in formulations shown above include the
      following:
PA1  Sucaryl Blend 110 CS comprises 1 part of saccharin and 10 parts of
      cyclamate; marketed by Abbott Laboratories;
PA1  Kelset Algin is an algin product; it is a light ivory, fibrous powder,
      neutral pH, mesh size of approximately 80; marketed by Kelco Company;
PA1  Dow Corning Antifoam C is a water-dilutable silicone emulsion containing
      30% active defoamer; specific gravity at 77.degree. F. of 1.003; pH 3.9;
      marketed by Dow Corning;
PA1  Dow Corning Antifoam FG-10 Emulsion is a water-dilutable defoamer
      containing 10 percent of Dow Corning Antifoam A compound, food grade;
      specific gravity at 77.degree. F. of 1.003; pH 3-5; marketed by Dow
      Corning;
PA1  Beatreme CW-2 Coffee Whitener (non-dairy type) contains vegetable fat, corn
      syrup solids, sodium caseinate, mono and diglycerides, dipotassium
      phosphate, sodium silico aluminate, artificial flavor and
PA1  color; fat content is 51.0% (.+-. 1.5%); moisture, 2.5% maximum; protein,
      4.5% maximum; marketed by Seatrice Foods Company.
PAR  Triton CF-32, marketed by Rohm & Haas, is described as a water-soluble
      amine polyglycol condensate, which is nonionic and biodegradeable. It is a
      low foaming, surface active agent.
PAR  Numerous modifications and variations of the invention may be made without
      departing from the spirit and scope thereof. Accordingly, it is to be
      understood that the invention is not to be limited, but is to be construed
      in the light of the language of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An effervescing mouthwash composition confined under pressure in an
      aerosol dispensing container,
PA1  said mouthwash composition consisting essentially of (a) a liquefied gas
      having a boiling point of from about -50.degree. F. to about 80.degree. F.
      and an aqueous phase (b) containing a mouthwash and being substantially
      free of an agent capable of emulsifying the liquefied gas in said phase
      (b), said phase (b) being substantially non-soluble with (a) and being
      dispersible with (a) with agitation thereof, liquefied gas (a) having a
      density greater than (b) and the quantity of (a) being at least about 5
      percent by weight in excess of the quantity required to propel (b) from
      said container,
PAL  said mouthwash composition being characterized by effervescence when said
      aerosol container is agitated whereupon (a) is dispersed in (b), and,
      while (a) and (b) are interdispersed, discharging contents of the
      container as a liquid stream into a vessel, some of the dispersed
      liquefied gas (a) remaining dispersed and entrained as a liquid in said
      liquid stream after the contents leave the container.
NUM  2.
PAR  2. The composition of claim 1 wherein the liquefied gas is
      octafluorocyclobutane or monochloropentafluoroethane.
NUM  3.
PAR  3. The composition of claim 1 containing about 14 percent by weight of
      octafluorocyclobutane.
NUM  4.
PAR  4. The composition of claim 1 containing a mixture of said liquefied gases.
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ABST
PAL  Cosmetic compositions exhibiting effervescence comprise a cosmetic agent
      and a liquefied gas distributed therethrough. The liquefied gas is present
      in the compositions at pressure and temperature conditions at which it
      would normally exist only in the gaseous state. As the liquefied gas
      separates from the compositions, effervescence occurs.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 60,762 filed Aug. 3, 1970,
      which is a continuation-in-part of application Ser. No. 689,351 filed Dec.
      11, 1967, both now abandoned.
BSUM
PAR  This application is related to each of the following copending applications
      for Letters Patent filed Dec. 11, 1967, namely: Ser. No. 689,266 which is
      directed to effervescent products, particularly food compositions; Ser.
      No. 689,292 which is directed to effervescent cleansers; and Ser. No.
      689,278, which is directed to effervescent medicaments.
PAC  FIELD OF INVENTION
PAR  This application has to do with effervescent cosmetic compositions and to a
      process for preparing the same.
PAC  DEFINITIONS
PAR  As used herein, the term "effervescence" is in the context of a new
      effervescent principle. This effervescence is characterized by strong
      initial bubbling accompanied by pronounced auditory effects, namely,
      "pinging" and "popping" sounds, when an effervescent medium is discharged
      into an aqueous or alcoholic liquid. The bubbling and auditory effects
      subside in intensity gradually but continue for hours at room temperature.
PAR  Any aqueous liquid containing the effervescent medium will show unique
      behavior in the mouth. The liquid will create the sensation of swirling
      about in the mouth and as the effervescent material strikes the buccal
      surfaces it imparts a tingling feeling as well as occasional internal
      clicking sounds in the head.
PAR  When the effervescent medium is incorporated into a more viscous liquid
      such as a hand lotion, pomade or skin cream the auditory and bubbling
      effects are much dimished but a tingling sensation imparted to the
      external body surface at the moment of contact is pronounced.
PAR  As discussed in detail below, this type of effervescence is in contrast
      with conventional effervescence wherein bubbles of gas escape from a
      liquid otherwise than by boiling.
PAC  BACKGROUND OF THE INVENTION
PAR  Effervescence is a widely used, desirable and useful property of many
      commercial products. Notable among these are carbonated soft drinks,
      stomach distress medications in the form of pills or powders which are
      added to water immediately before consumption, soft drink tablets or
      powders which effervesce upon dissolving in water, quick dissolving pills,
      tablets, denture cleansers, etc. Virtually all effervescing products
      intended for consumer use are based on the evolution of the gas, carbon
      dioxide. Others are based on the evolution of oxygen as from perborates,
      peroxides and the like.
PAR  In liquid products such as carbonated beverages, the carbon dioxide is
      dissolved in the water of the beverage under pressure prior to bottling,
      canning, or mixing with flavored syrup as in a conventional soda fountain.
      Sufficient pressure is maintained on the carbon dixoide solution to retain
      that gas in solution until the product is ready to be used. When the
      bottle or other container is opened or the liquid is discharged from a
      pressurized, soda-water siphon bottle or from a pressurized storage tank
      in a soda fountain, the aqueous solution of carbon dioxide immediately
      becomes supersaturated at atmospheric pressure and some of the dissolved
      carbon dioxide begins to come out of solution in the form of tiny bubbles
      of gas which are released continuously and for an extended period of time.
PAR  Most effervescent solid products such as powders and tablets, are prepared
      by incorporating therein suitable quantities of reactive ingredients,
      namely, an acidic material and a carbonate such as sodium bicarbonate. As
      long as the resulting mixture (e.g., tablet) remains dry, these reactive
      ingredients do not produce any significant amount of carbon dioxide.
      However, when the products are added to water, both reactive ingredients
      dissolve and are thus enabled to react with each other creating a desired
      amount of evolution of carbon dioxide gas, one of the end products of the
      reaction. Generally, this reaction proceeds rapidly so that the acidic and
      alkaline ingredients are neutralized and the effervescence essentially
      stops, although there may be a slow release of carbon dioxide which has
      dissolved to a minor extent in the water during the vigorous evolution
      phase. Normally, however, the effervescence does not continue nearly as
      long as the effervescence created by dissolving carbon dioxide in water
      under pressure. This is because the carbon dioxide created by the reaction
      of acidic constituents and sodium bicarbonate does not dissolve to any
      great extent in the water, since the entire system is usually at
      atmospheric pressure during the time the gas is being generated and is
      bubbling through the aqueous medium. Hence, the carbon dioxide merely
      passes through the liquid and effervescence ceases almost completely as
      soon as the generation of gas by chemical reaction is complete.
PAR  It can be seen from the foregoing that the application of effervescent
      properties to various types of products is generally limited to situations
      where dissolved gases may be allowed to be released from the solutions in
      which they have previously been dissolved or where gases may be created by
      chemical reaction during or immediately preceeding the time of use of
      these products.
PAR  The present invention is predicated upon a different principle for the
      purpose of creating a vigorous, relatively long-lasting, auditory
      effervescence in a wide variety of types of products. It has been found
      that certain compounds, liquefied gases, which are immiscible with a
      matrix can be retained essentially completely in the liquid phase with
      only a slow boiling occurring at temperatures which are significantly
      higher than the boiling point of these liquids at the prevailing
      environmental pressure.
PAR  Liquefied gases, such as fluorinated hydrocarbons are commonly used as
      propellants for various types of aerosol products such as paints,
      insecticides, waxes, whipped toppings for foods, and many other types of
      end products, which are retained in aerosol containers. When the pressure
      is released by means of a valve on the aerosol container, the contents of
      the pressurized container are discharged and any liquefied gas propellant
      which is discharged from the container vaporizes essentially
      instantaneously as the contents of the container enter the much lower
      pressure zone (atmospheric pressure) outside of the container. Frequently,
      liquefied gas propellants are combined with dissolved gas propellants and
      these dissolved propellants also tend to vaporize instantaneously upon
      release fom the pressurized container and combinations of the formerly
      liquefied gas and the dissolved gas create bubbles or foam in the product
      as discharged. This type of product is exemplified by shaving creams and
      whipped toppings. Little or no liquefied gas is retained in the dispensed
      product, thus the product is characterized by little or no effervescence.
PAR  There are many products described in patents and in technical literature
      which describe the use of liquefied gases as propellants for products
      contained in aerosol containers. Frequently, these liquefied gases not
      only propel the product from the container but some of the liquefied gas
      emerges with the product from the container and serves the further purpose
      of creating a foam by vaporizing essentially instantaneously as the
      pressure is released upon leaving the container. Sometimes the liquefied
      gas is used as a dispersant for other liquids after the product leaves the
      aerosol container as in the case with insecticide sprays, deodorant
      sprays, or the like. In this instance also, the liquefied gas performs its
      function by vaporizing essentially instantaneously as the product leaves
      the aerosol container and the internal pressure is released. In still
      another conventional use of liquefied gases, substances such as
      medicaments, antiperspirants, waxes, etc. may be dissolved in the
      liquefied gas within the aerosol container. When these products are
      discharged from the container, the propellant is intended to vaporize
      essentially instantaneously, depositing a film or a dusting of the
      previously dissolved active ingredient upon the surface to which the
      stream or spray is directed. Hair sprays or lacquers are also typical
      examples of this type of use of a liquified propellant. Still another
      common use of liquefied gas propellants is to serve as a means of
      discharging dry, insoluble materials such as talc or lubricating powders
      like graphite from an aerosol container. In these instances the dry
      material is shaken with the liquid propellant in the container immediately
      before discharge, the dry ingredient thereupon being dispersed and leaving
      the container in the stream of liquefied gas as a dispersing solid. Upon
      emerging from the container the liquefied gas vaporizes essentially
      instantaneously, depositing a thin film or dusting of the dry material
      upon any surface toward which the stream or spray is directed.
PAR  Accordingly, there has been no previous description of the use of a
      liquefied gas, not only to propel the contents of an aerosol container out
      of that container but also wherein some of the liquefied gas is dispersed
      throughout the aqueous or alcoholic matrix of the contents of the can and
      serves as a source of vigorous bubbling and effervescence in the products
      which are produced by so discharging some of the can contents into a
      vessel, on a surface, or into other liquids in a vessel. No previously
      described products, at the time of use, comprise liquid matrices
      containing dispersed therethrough or at the bottom thereof substantial
      quantities of liquefied gases which exist as liquids boiling slowly and
      continuously for long periods of time (one-half hour up to 24 hours or
      longer) at atmospheric pressure and at temperatures which may be as much
      as 100.degree. F. above the expected boiling point of said liquefied
      gases.
PAC  SUMMARY OF THE INVENTION
PAR  In contrast to the foregoing known products employing liquefied gases, a
      new class of products containing liquefied gases has been discovered.
PAR  In accordance with the present invention, there are provided effervescing
      cosmetic compositions formed by:
PAR  A. maintaining in an aerosol container (a) a liquefied gas and (b) an
      aqueous or alcoholic phase containing a cosmetic, said phase being
      substantially nonsoluble with (a) and being dispersible with (a) with
      agitation thereof, (a) having a density greater than (b) and the quantity
      of (a) being substantially in excess of the quantity sufficient to propel
      (b) from said container,
PAR  B. agitating the aerosol container whereupon (a) is dispersed in (b), and
PAR  C. while (a) and (b) are interdispersed, discharging contents of the
      container as a liquid stream into a vessel, some of the dispersed phase
      (a) remaining dispersed after the contents leave the container and
      vaporizing steadily, creating continuing effervescence.
PAR  There is also provided a method for producing an effervescent cosmetic
      composition comprising:
PAR  A. charging to an aerosol container (a) a liquefied gas and (b) an aqueous
      or alcoholic phase containing a cosmetic, said phase being substantially
      non-soluble with (a) and being dispersible with (a) with agitation
      thereof, (a) having a density greater than (b) and the quantity of (a)
      being substantially in excess of the quantity sufficient to propel (b)
      from said container,
PAR  B. agitating the aerosol container whereupon (a) is dispersed in (b), and
PAR  C. while (a) and (b) are interdispersed, discharging contents of the
      container as a liquid stream into a vessel, some of the dispersed phase
      (a) remaining dispersed after the contents leave the container and
      vaporizing steadily, creating continuing effervescence.
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The compositions of this invention are characterized as liquids which
      bubble vigorously in a manner similar to, but much more vigorously if
      desired, than ordinary carbonated liquids. These compositions have
      essentially the same visual appearance as a conventional carbonated
      composition except that the bubbling may be much more vigorous. These
      compositions differ from ordinary carbonated compositions in that,
      typically, the bubbling is much more audible than a carbonated
      composition, producing a distinct hissing or a "pinging" sound as bubbles
      are formed, rise through the liquids, and break at the surface. These
      compositions also differ from ordinary carbonated liquids in that they
      comprise a three phase system: a liquid, aqueous matrix comprising 99% or
      more of the product; an immiscible liquid phase which is a liquefied gas
      at a temperature between about 5.degree. F. and about 100.degree. F. above
      its boiling point at atmospheric pressure; and a gas in the form of
      bubbles rising through the aqueous phase as this gas is vaporized from the
      liquefied gas phase.
PAR  In the practice of this invention, the liquefied gas is selected to have a
      liquid density greater than the density of the aqueous phase so that the
      liquefied gas can remain suspended as small droplets in, or settle to the
      bottom of the aqueous phase. A liquefied gas which is lower in density
      than the aqueous phase will tend to rise to the surface of said aqueous
      phase where it will boil or vaporize without creating any visible or
      audible bubbles throughout the aqueous phase. The exact density of the
      liquefied gas is not important, so long as it is greater than the density
      of the aqueous phase.
PAR  The presence of a liquefied gas phase in the new compositions is generally
      not noticeable to the user, since either: (a) the liquefied gas is
      dispersed throughout the aqueous phase in tiny droplets which cannot be
      distinguished from the gas bubbles rising to the surfaces of the aqueous
      phase or (b) the liquefied gas settles to the bottom of the aqueous matrix
      as a very thin film which can be observed in most instances only upon very
      careful observation. In the practice of this invention either the
      dispersed droplets or the thin film of liquefied gas continue to vaporize
      slowly, thereby generating bubbles of gas either throughout the body of
      the aqueous matrix or at the bottom of the matrix, from which point the
      bubbles rise throughout the entire volume of the product with a visual
      appearance similar to that of carbonated compositions.
PAR  Another unusual and unexpected characteristic of this invention relates to
      the slow and continued boiling of these super-heated, liquefied gases.
      Those skilled in the applications of the science of chemistry or physical
      chemistry are very familiar with super-heated liquids. In particular,
      numerous organic liquids can be heated to several degrees above their
      boiling point, particularly in the absence of vigorous agitation or
      activating surfaces which would tend to provide nucleation centers for the
      formation of gaseous bubbles. Such super-heated organic liquids may remain
      quiescent without active boiling or ebullition. However, once initiated by
      scratching the interior surface of the vessel in which the liquid is
      contained, or by introducing some solid such as sand or glass beads or
      activated charcoal, etc. which provides new surfaces whereupon gas bubbles
      can begin to form, extremely vigorous boiling will immediately occur until
      sufficient liquid has vaporized to reduce the temperature of the remaining
      body of liquid to its normal boiling point or slightly below, whereupon
      boiling ceases. The boiling of the super-heated liquefied gases in the
      products of the present invention differs markedly and unexpectedly from
      the above-described behavior of many organic liquids in that the
      super-heated liquefied gases of the present invention boil steadily,
      slowly and continuously for periods of time ranging from one-half hour to
      several hours without the violent ebullition mentioned above.
PAR  Liquefied gases can be restrained from immediate or essentially
      instantaneous vaporization when the product leaves the pressurized
      container so that significant quantities of liquefied gas, usually in the
      form of small droplets, remain in the liquid phase in the product after it
      has been discharged from the aerosol container and is essentially at
      atmospheric pressure conditions. These liquefied gas substances can be
      considered to be in a metastable state, since they are still liquid at
      temperatures well above their boiling points at the prevailing
      (essentially atmospheric) pressure outside of the pressurized aerosol
      container. They can also be considered to be superheated for the same
      reasons. Typically, these superheated liquids will boil at either a rapid
      or slower rate, depending on conditions, thereby tending to go from the
      metastable (liquid) phase to the stable (gas) phase.
PAR  Cosmetics of all varieties can be employed, including: facial preparations
      such as complexion lotions, hand lotions and creams, bath oils, foot bath
      preprations, colognes, shaving creams, after-shave lotions, deodorants,
      depilatories and hair creams. All of such compositions will contain one or
      more recognized cosmetic agents.
PAR  A variety of liquefied gases are suitable for the cosmetic compositions of
      this invention. Generally, the boiling points thereof will range from
      about -50.degree. F. to about 80.degree. F. Preferably, materials cleared
      for food and drug use are employed. Typical of such materials are
      octafluorocyclobutane (duPont's Freon C-318); boiling point, 21.5.degree.
      F.; vapor pressure, 25.4 psig. at 70.degree. F.) and
      monochloropentafluoroethane (duPont's Freon 115; boiling point,
      -37.7.degree. F.; vapor pressure, 103 psig. at 70.degree. F.), and
      mixtures thereof. With products not requiring such clearance, other
      typical liquefied gases can be employed. These include the aforementioned
      halogenated materials and other related materials:
PA1  chlorodifluoromethane (Freon -22)
PA1  dichlorodifluoromethane (Freon -12)
PA1  1,2-dichloro-1,1,2,2-tetrafluoroethane (Freon -114)
PA1  dichloromonofluoromethane (Freon -21)
PA1  trichloromonofluoromethane (Freon -11).
PAL  Liquefied hydrocarbon gases which can be used include propane, butane,
      isobutane, cyclobutane and pentane. Mixtures of all such liquefied gases
      are contemplated.
PAR  Individual liquefied gas compounds or mixtures thereof, however, must be
      selected to have densities greater than the density of the effervescent
      liquid product in which they are to be used. All of the fluorinated
      hydrocarbons mentioned, typically have liquid densities considerably
      greater than one and hence greater than any of the aqueous matrices in
      which they might be used. Liquefied hydrocarbons, however, such as those
      mentioned above, typically have densities much lower than one and hence if
      used singly, would tend to float on top of the aqueous medium, boiling
      from the surface, and therefore not producing bubbles throughout the
      liquid matrix. Therefore, these liquefied hydrocarbon gases can be used
      for most applications only in admixture with more dense liquefied gases
      such that the mixture has a density high enough (e.g. greater than 1) to
      permit the liquefied mixture to settle below the surface of the liquid
      matrix.
PAR  It is also important that any liquefied gas used to create effervescence in
      a liquid medium should be substantially immiscible with that liquid
      medium.
PAR  The products of this invention can contain dissolved gases together with
      the liquefied gases defined above. Carbon dioxide, nitrous oxide, and air
      are illustrative of such dissolved gases.
PAR  Since relatively small amounts of liquefied gases will produce relatively
      large amounts of vapors, that is, have high expansion ratios upon
      evaporation, only relatively small quantities of liquefied gases need be
      employed in a matrix in order to provide considerable effervescence. By
      way of illustration, the expansion ratio of octafluorocyclobutane on
      evaporation at 70.degree. F. is 175:1.
PAR  As a further illustration, less than 1 ml. of a liquefied gas such s
      octafluorocyclobutane or a mixture of that gas with up to 27.5% of
      monochloropentafluoroethane is sufficient, when dispersed throughout or
      when settled to the bottom of an 8 oz. glass of beverage to produce
      vigorous effervescence for continued period of times (much more vigorous
      than conventional carbonated beverages, but otherwise similar to the
      effervescence of a carbonated beverage). 1 ml. of liquefied gas,
      therefore, being capable of generating 175 ml. of gas in the vapor phase,
      is roughly equivalent to providing one volume of gas for each volume of
      the liquid matrix (the beverage) in which it is entrapped.
PAR  The extent of the effervescence and the length of time during which
      effervescence will continue will vary considerably, being influenced by
      such factors as the character of the matrix, temperature, pressure and
      other factors.
PAR  Thus, for example, in aerosol use, the liquefied gas is present in an
      aerosol container substantially in excess of the quantity necessary to
      serve as a propellant to expel the contents of the container. The quantity
      of liquefied gas will vary widely with the pressure of the liquefied gas
      at the time of discharge of the contents from the container. For example,
      the volume of a so called 8 oz. aerosol container is 300 ml. In the normal
      use of liquefied gas as a propellant only (not for effervescence), it is
      necessary to supply enough liquefied gas to vaporize in the container as
      the liquid matrix is discharged so that, when all of the non-propellant
      contents of the can are discharged, the can will be full of vaporized
      propellant at a pressure equal to the vapor pressure of that propellant at
      the temperature at which the non-propellant contents are discharged.
      Examples of the amount of liquefied gas required to vaporize and
      completely fill a 300 ml. container with vaporized propellant at its vapor
      pressure at 77.degree. F. are as follows:
     Liquefied Gas         Grams     Ml.                                       
     Propellant            required  required                                  
     ______________________________________                                    
     Octafluorocyclobutane (C-318)                                             
                            7.92     5.35                                      
     1,2-Dichloro-1,1,2,2-Tetrafluoro-                                         
     ethane (Freon 114)    4.6       3.16                                      
     27.5% Monochloropentafluoroethane                                         
     (Freon 115)                                                               
     (72.5%) Octafluorocyclobutane                                             
     (Freon C-318)         12.34     8.34                                      
     ______________________________________                                    
PAL  The above figures are the minimum required to serve only as a propellant if
      none of the liquefied gas is to be allowed to escape in liquid form as the
      remainder of the contents of the container are discharged. In order to
      provide effervescence in the product after it is discharged from the
      aerosol container, it is necessary to supply sufficient excess of
      liquefied gas in excess of the amount required to propel the contents so
      that some of the liquefied gas will be entrained in the stream leaving the
      aerosol container and will remain in the liquid matrix after some quantity
      of contents has been discharged to bubble and boil and create
      effervescence in the context of this invention. Generally, an excess of at
      least about 5 percent by weight of the container contents is employed.
PAR  The products of this invention can be packaged in a wide variety of
      containers. As indicated, conventional aerosol containers can be used; so
      also, conventional cans, bottles, sealed tubular, paperboard units and
      others.
PAR  A number of factors influence the nature of the effervescence which
      characterizes the new products. However, in no sense is the invention
      limited to any theory of behavior. Temperature is one such factor. For
      example, a refrigerated aerosol container (at 40.degree. F.) in which a
      cosmetic composition and a liquefied gas are confined, is discharged into
      a container of water, with the result that an exceptionally vigorous gas
      evolution occurs with very little foam formation. This vigorous and
      "noisy" gas evolution continues for several minutes; then the gas
      evolution slows to a minimum level sooner than is the case when a
      corresponding container is maintained at room temperature
      (65.degree.-75.degree. F.) and the contents thereof are discharged into
      water. When a similar aerosol container at room temperature (e.g. about
      70.degree. F.) is discharged into an aerosol solution, the velocity and
      force of the emerging stream is greater than when the discharge occurs
      from a container at refrigerator temperature. This is because the vapor
      pressure of the liquefied propellant inside the aerosol container is
      greater at room temperature than at refrigerator temperature, thus forcing
      the discharge stream out of the spout of the aerosol container at a higher
      velocity. Also, as the stream leaves the spout of the aerosol container
      and before it impinges upon the surface of the liquid into which it is
      being discharged, there is more tendency for some of the entrapped
      liquefied propellant to vaporize than is the case when a refrigerated
      container is used. Because of the force of the higher velocity stream from
      the room temperature container, the liquefied gas droplets tend to be
      broken up into smaller droplets in the aqueous liquid in the receiving
      container and smaller bubbles of vaporized gas (from the liquefied gas)
      are generated than would be the case if the aerosol container had been
      refrigerated at the time of discharge. This vigorous generation of
      hundreds or thousands of extremely small gas bubbles gives rie to a
      distinct hissing sound as opposed to the pinging sound created by larger
      bubbles forming and the multiplicity of tiny gas bubbles may temporarily
      create a cloudiness in the aqueous solution into which the product was
      discharged. However, within a minute or two the tiny droplets of liquefied
      gas coalesce into larger droplets and gradually tend to settle toward the
      bottom of the receiving container, after which the effervescent
      characteristics of the product in the receiving container are essentially
      like those created by discharging the same matrix (with its liquefied gas)
      from an aerosol container at refrigerator temperature.
PAR  Interfacial tension between a liquefied gas and other components of a
      product is considered to exert an influence upon the nature of the
      effervescence produced. Such interfacial tension should be sufficient to
      substantially retard the separation of the vapors of the liquefied gas
      from still liquefied gas and the matrix, and thereby retard the escape of
      the liquefied gas as a vapor from the product. The escape of vapors of the
      liquefied gas is preferably retarded in order that a substantial portion
      thereof is retained in the product for at least about one minute and
      preferably for longer time intervals.
PAR  Typically, the products of this invention will bubble vigorously for at
      least five minutes and then at a gradually reduced rate of effervescence.
      Within one-half hour to about 1 hour, the rate of bubbling will decrease
      to an almost imperceptible amount if the container into which the
      effervescent product has been discharged is not agitated. Upon jarring the
      container or agitating it by swishing or stirring, noticeable and distinct
      bubbling will reoccur and will usually continue for several minutes after
      such agitation has ceased. Some of the liquefied gas, if not disturbed,
      will remain in the liquid phase at 40.degree. to 100.degree. F. above its
      boiling point in an aqueous medium for suprisingly long periods of time.
      It has frequently been observed that most of the effervescent products of
      this invention, if not agitated, will bubble vigorously for one-half hour
      to 1 hour after first being discharged and then may rest with only an
      occasional bubble of gas being generated for periods of up to 48 hours.
      Thereafter, upon agitation, bubbling will begin again although at a rate
      considerably less than the initial vigorous effervescence characteristic
      of these products.
PAR  The pH of an aqueous phase in contact with the liquefied gas in an aerosol
      container seems to have negligible effect upon the effervescence
      characteristic of the products of this invention after they have been
      discharged from the aerosol container into a suitable vessel. Excellent
      bubbling action has been obtained when an aqueous matrix in aerosol
      containers was adjusted in a range of pH's from 1 to 12. This is not
      unexpected since the factors which control effervescence appear to be
      physical or physical chemical in nature, rather than chemical, due to the
      chemical inertness of the liquefied gases most commonly used (fluorinated
      hydrocarbons).
PAR  Data indicates that the mutual solubility of the aqueous phase and the
      liquefied gas phase in an aerosol container influence the rate of
      effervescent bubbling when aerosol can contents are discharged into a
      vessel or into another liquid. For example, a liquefied gas comprising a
      mixture of 27% monochloropentafluoroethane and 73% octafluorocyclobutane
      is less effective as a source of effervescence when combined in an aerosol
      container with an aqueous alcohol solution such as a solution of 50%
      alcohol in water, than is a liquefied gas comprising 100%
      octafluorocyclobutane. This is believed to be due to the fact that
      monochloropentafluoroethane is completely miscible in all proportions with
      alcohol, whereas octafluorocyclobutane will dissolve only a maximum of 18%
      of ethyl alcohol. It is desirable, therefore, in the practice of this
      invention, to avoid or minimize the use of liquefied gas components which
      have marked solubility in the aqueous phase.
PAR  Before an aerosol container is discharged into a liquid in a vessel or into
      an empty vessel to prepare an effervescent product as described by the
      present invention, it is important to shake the container vigorously to
      disperse the nomiscible liquefied gas phase throughout the aqueous phase
      (or to interdisperse all three phases in instances where there may be a
      lighter than water phase, an aqueous phase and a phase more dense than
      water, e.g., liquefied gas phase). When emulsifiers capable of emulsifying
      the liquefied gas phase into the other (usually aqueous) phase are
      employed, the contents of the container tend to be discharged as a foam
      rather than as a liquid capable of effervescing. This observation is not
      surprising since prior art clearly describes the use of emulsifying agents
      which commonly emulsify the liquefied gas propellant into the remaining
      compositions of an aerosol container when the objective is to produce a
      foam such as a whipped topping or a shaving cream. In the preparation of
      aerosol containers intended for use in producing effervescent liquid
      compositions, it is generally desirable to avoid incorporating emulsifying
      agents in sufficient quantity to form a stable emulsion of the liquefied
      gas phase in the other phase(s) contained in the aerosol container.
      However, the presence of very small to moderate amounts of emulsifying
      agents (but insufficient to cause emulsification of the liquefied gas in
      the other phases) has been found to be very helpful in formulating
      practical and useful effervescent compositions when the contents of the
      container are discharged into a liquid in a vessel or into a vessel.
PAR  Droplet size of a liquefied gas as affected by orifice size of an aerosol
      valve or by vigorous impact of the discharged stream into a receptable or
      a liquid into which the aerosol contents are discharged, is considered to
      have an effect upon effervescence. Small droplets may tend to vaporize
      faster and may coalesce into more stable larger droplets. Generally larger
      orifices are preferred in order to avoid too fine a dispersion of a
      liquified gas as the contents are discharged from the aerosol container.
      For example, a series of tests were run with aerosol compositions capable
      of producing effervescent products. Identical compositions were packed
      into aerosol containers, the only difference in which was the size of the
      orifice(s) in the "stem" of the valve assembly. These are the orifices
      through which liquid contents of the can must pass immediately before the
      contents reach the valve unit which releases the contents when discharge
      is desired. Valve assemblies containing stems with orifices as shown below
      were used:
TBL  No. of Orifices                                                           
                    Diameter of Orifice (inches)                               
     ______________________________________                                    
     1              0.018                                                      
     2              0.020                                                      
     1              0.024                                                      
     4              0.025                                                      
     3              0.040                                                      
     ______________________________________                                    
PAR  The products discharged through the above orifices all showed some degree
      of effervescence but the bubbling action was significantly more vigorous
      when stems with the larger orifice sizes were used and the stem with three
      0.040 inch orifices was definitely better than any of the others.
PAR  It is believed that the smaller orifices tend to produce smaller droplets
      of liquefied gas in the stream of liquid emerging from the aerosol
      container, while the larger orifices permit larger droplets of liquefied
      gas to pass through the valve and delivery spout of the aerosol container.
      As a result of this investigation, it is preferred to use valve assemblies
      on aerosol containers with larger rather than smaller orifice sizes.
PAR  Nucleation centers or micelles in the compositions or matrixes may tend to
      accelerate vaporization of liquefied gas with attendant foam formation.
      This effect has been observed when gums such as carrageenans, cellulose
      derivatives, amylopectins, etc. have been added to a mouthwash composition
      in an aerosol can. However, an alginate gum (Kelset Algin) has been found
      to be advantageous for promoting effervescence.
PAR  An important consideration which influences and controls the rate and
      degree of effervescence in products made in the practice of the present
      invention is the use, in many practical applications, of materials in very
      small quantities (usually about 0.1% of the aqueous matrix) to promote or
      control the rate of effervescence. These materials referred to herein as
      "Additives" vary widely in their chemical nature.
PAR  As the examples given in the related applications illustrate, many simple
      systems combining liquefied gas with aqueous phases in aerosol containers
      will produce vigorously effervescing compositions when the aerosol
      container is shaken and some of the contents are discharged either into a
      vessel or into a vessel containing another liquid, such as water. However,
      it has been found that when liquefied gas phases are combined with more
      complex systems, such as flavors, a satisfactory level of effervescence or
      bubbling of a resulting composition formed by discharging some of the
      contents of the container into water may frequently be inhibited by some
      of the ingredients of the aqueous composition.
PAR  Usually, this inhibition takes the form of the failure of the liquefied gas
      component to boil after it, together with the composition, has been
      discharged into, for example, a vessel containing water. In such a case,
      the liquefied gas tends to settle to the bottom of the liquid in the
      vessel into which the composition has been discharged and, even though it
      is from 20.degree.-100.degree. F. above its boiling point, very little
      bubbling may occur. The rate of bubbling will be slow (from about 1 bubble
      per second to perhaps 10 or 20 per second) and usually the size of the
      bubbles is rather large (number 4 on the Bubble Size Scale reported
      below). This slow rate of bubbling is considered unsatisfactory for an
      attractive effervescent composition as compared with the normal bubbling
      rate which may range from 50 to several hundred bubbles per second.
PAR  Additives which have been found particularly effective in counteracting the
      inhibitory effects of complex systems include but are not limited to the
      following:
PAR  1. Emulsified fatty materials such as:
PA1  a. Silicone Antifoam Emulsions which include:
PA2  Dow Corning Antifoam A Compound
PA2  Dow Corning 200 Fluid
PA2  Dow Corning Antifoam C Emulsion
PA2  Dow Corning Antifoam FG-10 Emulsions
PA2  General Electric Antifoam 10
PA2  General Electric Antifoam 71
PA1  General Electric Antifoam 72
PA1  b. Commercial Whipped Topping Formulations such as:
PA2  "Cool-Whip" by General Foods Corporation
PA1  c. Coffee Lightener Formulations such as:
PA2  "Coffee Mate" by Carnation Company
PA2  "Instant Non-Dairy Creamer" by the Great A & P Tea Co.
PA2  "Beatreme CW-2 Coffee Whitener" by Beatrice Foods Co.
PA1  d. Commercial Mayonnaise such as:
PA2  Kraft Mayonnaise by Kraft Foods Co.
PA2  Hellmann's Mayonnaise by Best Foods Div., CPC International
PAR  2. Sodium Hexametaphosphate
PAR  3. an alginate gum (Kelset Algin manufactured by Kelco Company)
PAR  4. Sodium Lauryl Sulfonate (Duponol C manufactured by DuPont and Co.)
PAR  5. Trisodium salt of ethylenediaminetetraacetic acid; a Chelating Agent
      (Versene), by Dow Chemical Company
PAR  Although many of these materials function very effectively at levels of use
      of about 0.1% of the aqueous phase in an aerosol container, many of them
      can be used at much higher levels without loss of effectiveness when such
      higher levels are desirable for their functional effect in a composition.
      By way of example, sodium hexametaphosphate may be used at levels of 10 to
      20% in an aqueous solution in an aerosol container as a water softener in
      a composition intended to make a bathtub full of water bubble and tingle
      while imparting a pleasant fragrance to the bath. In such usage, the
      sodium hexametaphosphate serves the dual function of an Additive to
      promote vigorous bubbling (for which purpose only 0.1% would be needed)
      while simultaneously serving as a water softener. Similarly, the alginate
      gum referred to above may be used in larger quantities for its viscolizing
      properties while also serving as an Additive to promote vigorous bubbling.
PAR  When Additives are used only to promote active bubbling, however, the
      levels of use will be approximately 0.01-0.2% by weight.
PAR  The addition of a small amount (e.g. about 0.1%) of a silicone antifoam
      composition such as Dow Corning FG-10 to a composition can be used to
      correct foam formation. If, instead of foaming, the composition formed by
      discharging a desired amount of aerosol can contents into water in a glass
      does not bubble vigorously, then the various Additives listed above or
      similar compounds can be added in small quantities (about 0.1%) to the
      contents of similar containers * Generally, some improvement in the rate
      of bubbling will be noted with each of the Additives. Combinations of 2, 3
      or more Additives are frequently found to be more effective than any
      single Additive.
FNT  * prepared for the purpose of such evaluation.
PAR  In the illustrative examples provided below an effervescent scale and a
      bubble size scale were developed to distinguish differences in
      effervescence and bubble size. The scales are as follows:
PAC  Effervescent Scale
PAR  1. Occasional bubbles, just noticeable
PAR  2. Slight but steady bubbling
PAR  3. Moderate, continuous bubbling
PAR  4. Vigorous bubbling (similar to "Alka Seltzer" as tablet dissolves)
PAC  Bubble Size Scale
PAR  1. Extremely small, below about 0.1 mm; produce cloudy effect which rises
      slowly to the surface of the product, generally accompanied by a hissing
      sound
PAR  2. Small, between about 0.1 and about 1 mm; similar to a carbonated
      beverage and accompanied by a sizzling, pinging sound
PAR  3. Medium, between about 1 and about 3 mm; silimar to bubbles formed as
      "Alka Seltzer" tablet dissolves and accompanied by crackling, pinging,
      chirping sound
PAR  4. Large, above about 3 mm; similar to air blown into water through a
      drinking straw, with sounds of bubble forming ("blurp") and bursting
      ("pop").
PAR  Preferably, effervescence and bubble size is each in the range of 2 to 4.
DETD
PAR  The invention is illustrated and in no sense limited, by the following
      typical examples.
PAC  EXAMPLE 1
PAR  An effervescent bath oil is prepared by adding the following components to
      a conventional aerosol container of a stated 8 ounce capacity:
TBL  Water             152 milliliters (ml.)                                   
     Cologne           15 ml.                                                  
     (Flueroma Fragrance No. 148                                               
     in ethyl alcohol)                                                         
     Anti-foam agent   0.02 gram.                                              
PAL  The head-space air above the liquid in the container is essentially swept
      out by a short burst of gaseous octafluorocyclobutane, and the valve
      assembly is then mounted and crimped into place in the top of the
      container. The valve assembly contains a dip tube extending essentially to
      the bottom of the container so that the contents may be discharged with
      the container in an upright position. The container is then charged with
      approximately 48 cubic centimeters of liquid octafluorocyclobutane under
      pressure using a conventional aerosol filling apparatus. The quantity of
      octafluorocyclobutane is approximately 32% by weight of the contents of
      the container. For convenience, the container is then fitted with a
      discharge spout so designed as to direct a stream generally downwardly
      when the can is held to an upright or nearly upright position. The
      pressure of the aerosol container is essentially that corresponding to the
      vapor pressure of the liquid octafluorocyclobutane at the temperature of
      the container.
PAR  The bath oil in the aerosol container is dispensed therefrom to a tub of
      hot bath water, as by discharging a stream of the product into the surface
      of the water. This can be a 4-5 seconds discharge from one end of the tub
      to the other. Within 10-15 seconds, bubbles begin to burst along the
      entire surface of the bath water and continue for time intervals of 30
      minutes or more. Some liquefied octafluorocyclobutane is discharged along
      with the aqueous contents of the container and, although some of this
      fluorinated hydrocarbon will vaporize at the time of discharge, a
      sufficient quantity will remain in the liquid phase and will tend to be
      suspended or slowly settle to the bottom of the water in the tub. This
      liquefied gas, being in the metastable or superheated state, will produce
      bubbles of gas for extended periods of time. This effervescence or
      evolution of gas is accompanied by distinct sound effects which at first
      may consist of a sizzling, particularly if a foamy layer remains on the
      surface of the water in the tub. The foam will subside usually within a
      minute or two and when it is gone the sound of the effervescence changes
      from a "sizzle" to more of a rapid "pinging" or "chirping"  sound as
      individual bubbles of gas are formed in rapid succession. Newly-formed
      bubbles rising to the surface of the bath water can also be felt by
      immersed portions of a bather's body. This touch sensation is enhanced as
      the bather's body moves in the tub, dislodging clusters or bursts of
      bubbles from the bottom or sides of the tub. This effect of dislodging
      bursts of bubles from the tub can be repeated a number of times in the
      same surface areas.
PAR  The effervescence created by the bursting bubbles of the liquefied gas
      serve also to vaporize the delicate fragrances from the perfume oils and
      other constituents of the cologne used in the composition.
PAR  Anti-foam agent C of the Dow Chemical Company, was employed. This is a 30
      percent aqueous solution of dimethylpolysiloxane, silica, methyl cellulose
      and sorbic acid.
PAC  EXAMPLE 2
PAR  A foot bath preparation is formed by following the procedure given in
      EXAMPLE 1, above. The following components are added to a conventional, 8
      ounce aerosol container:
TBL  glycerine (U.S.P., 96%) 50 ml.                                            
     water                   50 ml.                                            
     magnesium sulfate (Epsom Salts)                                           
                             20 grams.                                         
PAR  Following the procedure of EXAMPLE 1, 7.5 ml. of dichlorodifluoromethane
      (Freon 12) and 22.5 ml. of trichloromonofluoromethane (Freon 11), are then
      charged to the container.
PAR  A portion of the contents of the container is discharged into foot bath
      containing hot water, in a 2-3 seconds burst. results achieved correspond
      to those described in connection with EXAMPLE 1.
PAR  The Examples of TABLE 1 illustrate additional cosmetic compositions and the
      effect of Additives. The Additives are indicated by an asterisk(*).
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     FORMULA                                                                   
     NO.      INGREDIENTS         CAN AT REFRIGERATION TEMP.                   
                                                    CAN AT ROOM                
     __________________________________________________________________________
                                                    TEMP.                      
     28-11-A                                                                   
           CHAMPAGNE BATH:                                                     
           150 ml. water          About 20 gms. of material                    
                                                    About 20 gms. of material  
            5.0 gms. Sodium Hexametaphosphate                                  
                                  squirted into water at 120.degree.F.         
                                                    squirted into water at     
                                                    120.degree.F.              
           10.0 ml. Cologne 25-139-C.sup.a                                     
                                  contained in 4 qt. size bowl.                
                                                    contained in 4 qt. size    
                                                    bowl.                      
            0.2 gms. Kelset Algin*                                             
                                  Effervescent Scale: 4                        
                                                    Effervescent Scale:        
                                                    Cloudy                     
             5 ml. 4% soln. A&P coffee lightener*                              
                                  Bubble Size Scale: 2-3                       
                                                    Initially, then 2-3        
             8 drops 20% soln. Dow Antifoam "C"     Bubble Size Scale: 3       
            60 ml. Freon 114                                                   
           a = Cologne 25-139-C: Made as 1 ml.                                 
           Fleuroma Fragrance No. 148, dissolved                               
           in 50 ml. pure ethyl alcohol.                                       
     28-110-1                                                                  
           CHAMPAGNE BATH:                                                     
           150 ml. water          About 20 gms. of material                    
                                                    About 20 gms. of material  
           5.0 gms. Sodium Hexametaphosphate                                   
                                  squirted into water at 120.degree.F.         
                                                    squirted into water at     
                                                    120.degree.F.              
            10 ml. Cologne 25-139-C                                            
                                  contained in 4 qt. size bowl.                
                                                    contained in 4 qt. size    
                                                    bowl                       
            60 ml. Freon 114      Effervescent Scale: Initially                
                                                    Effervescent Scale: 1-2    
                                  3-4, then 2-3     Bubble Size Scale: 1-2     
                                  Bubble Size Scale: Initially                 
                                                    also cloudy initially      
                                  combination of 2 and 3, then of              
                                  3 and 4.                                     
     28-53-4                                                                   
           FOOT BATH:                                                          
           150 ml. water          same as 28-11-A   same as 28-11-A            
            3 drops Oleo Resin Capsicum                                        
           30 gms. Magnesium Sulfate                                           
            0.2 gm. Kelset Algin*                                              
            5 ml. 4% soln. A&P coffee lightener*                               
           10 drops 20% soln. Dow Antifoam "C"                                 
           60 ml. Freon 114                                                    
     28-110-2                                                                  
           FOOT BATH:                                                          
           150 ml. water          used same as above                           
                                                    used same as above         
           30 gms. Magnesium Sulfate                                           
                                  Effervescent Scale: Initially                
                                                    Effervescent Scale: 1-2    
           60 ml. Freon 114       3, then 2         Bubble Size Scale: 1-2     
                                  Bubble Size Scale: Initially                 
                                                    also cloudy initially      
                                  4, then 3.                                   
     __________________________________________________________________________
PAR  Proprietary materials used in formulations shown above include the
      following:
PA1  Sucaryl Blend 110 CS comprises 1 part of saccharin and 10 parts of
      cyclamate; marketed by Abbott Laboratories;
PA1  Kelset Algin is an algin product; it is a light ivory, fibrous powder,
      neutral pH, mesh size of approximately 80; marketed by Kelco Company;
PA1  Dow Corning Antifoam C is a water-dilutable silicone emulsion containing
      30% active defoamer; specific gravity at 77.degree. F. of 1.003; pH 3.9;
      marketed by Dow Corning;
PA1  Dow Corning Antifoam FG-10 Emulsion is a water-dilutable defoamer
      containing 10 percent of Dow Corning Antifoam A compound, food grade;
      specific gravity at 77.degree. F. of 1.003; pH 3-5; marketed by Dow
      Corning;
PA1  Beatreme CW-2 Coffee Whitener (non-dairy type) contains vegetable fat, corn
      syrup solids, sodium caseinate, mono and diglycerides, dipotassium
      phosphate, sodium silico aluminate, artificial flavor and
PA1  color; fat content is 51.0% (.+-. 1.5%); moisture, 2.5% maximum; protein,
      4.5% maximum; marketed by Beatrice Foods Company.
PAR  Numerous modifications and variations of the invention may be made without
      departing from the spirit and scope thereof. Accordingly, it is to be
      understood that the invention is not to be limited, but is to be construed
      in the light of the language of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An effervescing cosmetic composition confined under pressure in an
      aerosol dispensing container,
PA1  said cosmetic composition consisting essentially of (a) a liquefied gas
      having a boiling point of from about -50.degree. F. to about 80.degree. F.
      and an aqueous or alcoholic phase (b) containing a liquid cosmetic and
      being substantially free of an agent capable of emulsifying the liquefied
      gas (a) in said phase (b), said phase (b) being substantially non-soluble
      with (a) and being dispersible with (a) with agitation thereof, liquefied
      gas (a) having a density greater than (b) and the quantity of (a) being at
      least about 5 percent by weight in excess of the quantity required to
      propel (b) from said container,
PAL  said cosmetic composition being characterized by effervescence when said
      aerosol container is agitated whereupon (a) is dispersed in (b), and,
      while (a) and (b) are interdispersed, discharging contents of the
      container as a liquid stream into a vessel, some of the dispersed
      liquefied gas (a) remaining dispersed and entrained as a liquid in said
      liquid stream after the contents leave the container.
NUM  2.
PAR  2. The composition of claim 1 containing about 32 percent by weight of
      octafluorocyclobutane.
NUM  3.
PAR  3. A composition of claim 1, wherein the container is at a temperature
      below about 50.degree. F.
NUM  4.
PAR  4. A composition of claim 1, wherein the vessel contains a liquid.
NUM  5.
PAR  5. A composition of claim 1, wherein the liquefied gas is
      octafluorocyclobutane or monochloropentafluoroethane.
NUM  6.
PAR  6. A composition of claim 1, wherein the cosmetic is a bath oil.
NUM  7.
PAR  7. A composition of claim 1, wherein the cosmetic is a foot bath
      preparation.
NUM  8.
PAR  8. A composition of claim 1, wherein the cosmetic is a facial preparation.
NUM  9.
PAR  9. A composition of claim 1 containing a mixture of said liquefied gases.
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ABST
PAL  A process for preparing the LH- and FSH-releasing hormone of the formula I
EQU  h--pyr--His--Trp--Ser--Tyr--Gly--Leu--Arg--Pro--Gly--NH.sub.2
PAL  which is isolated as the hydrochloride salt and optionally converted to
      other pharmaceutically acceptable salts or to pharmaceutically acceptable
      metal complexes.
PARN
PAR  This application is a continuation-in-part of each of application Ser. No.
      243,465, filed April 12, 1972 (now abandoned) and of Ser. No. 226,508,
      filed February 15, 1972, now U.S. Pat. No. 3,835,108, issued September 10,
      1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a process for preparing the releasing hormone of
      luteinizing hormone (LH) and of follicle stimulating hormone (FSH) in the
      form of an acid addition salt, to salts thereof with pharmaceutically
      acceptable salts, to pharmaceutical compositions containing said LH and
      FSH-releasing hormone, and to intermediates obtained in said process.
PAR  LH and FSH are both gonadotrophic hormones elaborated by the pituitary
      gland of humans and of animals. LH together with FSH stimulates the
      release of estrogens from the maturing follicles in the ovary and induces
      the process of ovulation in the female. In the male, LH stimulates the
      interstitial cells and is for that reason also called interstitial cell
      stimulating hormone (ICSH). The follicle-stimulating hormone (FSH) induces
      maturation of the follicles in the ovary and together with LH, plays an
      important role in the cyclic phenomena in the female. FSH promotes the
      development of germinal cells in the testes of the male. Both LH and FSH
      are released from the pituitary gland by the action of LH- and
      FSH-releasing hormone, and there is good evidence that said releasing
      hormone is elaborated in the hypothalamus and reaches the pituitary gland
      by a neurohumoral pathway, see e.g. Schally et al., Recent Progress in
      Hormone Research 24, 497 (1968).
PAR  The LH- and FSH-releasing hormone has been isolated from pig hypothalami
      and its constitution elucidated by Schally et al., Biochem. Biophys. Res.
      Commun. 43, 393 and 1334 (1971), who proposed the decapeptide structure
EQU  (pyro) Glu -- His -- Trp -- Ser -- Tyr -- Gly -- Leu -- Arg -- Pro -- Gly
      -- NH.sub.2.
PAL  Thus, the hydroxyl group in serine does not have to be protected; the
      NH-groups in tryptophan and in histidine do not require protection; and no
      protection for the guanidino function in arginine and for the hydroxyl
      group of tyrosine is necessary in the later stages of the process. The
      process of this invention is thus also more convenient and less cumbersome
      than the processes of Prior Art. An added advantage of the process of this
      invention is the fact that the final step thereof consists in the
      condensation of two unprotected fragments, each of which is well defined,
      easy to purify, and each obtainable in a high state of purity. The final
      product thus obtained is the free, unprotected decapeptide which does not
      require any deprotective steps and is obtained in a high degree of purity
      and in good yields.
PAR  In the following text the term "lower alkyl" designates a straight or
      branched chain alkyl group containing from 1-6 carbon atoms and includes
      methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl and the
      like. The term "lower" indicates 1-6 carbon atoms. The term "strong
      organic base" denotes aliphatic and heterocyclic tertiary nitrogen bases
      and includes triethylamine, dibutylmethylamine, N-methylpyrrolidine,
      N-methylpiperidine, N-methylpiperazine, N-methylmorpholine and the like;
      triethylamine is preferred. The term "halogenated hydrocarbon" denotes
      those having from 1-2 carbon atoms and includes methylene dichloride,
      ethylene dichloride, chloroform and the like; chloroform is preferred. The
      term "strong mineral acid" when used in conjunction with an anhydrous
      system, denotes hydrogen chloride, hydrogen bromide, and sulfuric acid;
      hydrogen chloride is preferred; when used in conjunction with an aqueous
      system the term includes any common mineral acid.
PAR  L-Pyroglutamic acid is the lactam of L-glutamic acid and has the structure
      of 5-oxo-L-proline.
PAR  Many of the methods used in the syntheses of peptide linkages are commonly
      designated by trivial names. Thus, the "azide method" comprises the
      reaction of an amino acid hydrazide having a suitably protected amino
      group with a nitrite, usually t-butyl or isoamyl nitrite, to obtain the
      corresponding azide which is then reacted with an amino acid having a free
      amino and a suitably protected carboxylic acid group, to obtain the
      desired peptide.
PAR  The condensation with dicyclohexylcarbodiimide comprises the reaction of an
      amino acid having a suitably protected amino and a free carboxylic acid
      group with another amino acid having a free amino and a suitably protected
      carboxylic acid group; the peptide linkage is formed with elimination of
      the elements of water and formation of dicyclohexylurea which is easily
      removed from the reaction mixture. In the case where the free amino group
      of the second amino acid reacts only with difficulty, for example if the
      free amino group is secondary such as in proline, it is advantageous to
      add hydroxysuccinimide to the reaction to form the intermediate
      hydroxysuccinimide ester of the first amino acid which reacts readily with
      a secondary amino group to form the desired peptide linkage. In principle,
      this modification of the dicyclohexylcarbodiimide method involves an
      activation of the carboxylic acid group, and such activation is also
      obtained when the 4-nitrophenyl or 2,4-dinitrophenyl or
      2,4,5-trichlorophenyl esters of the carboxylic acid are used instead of
      the free acid. Such esters are generally known as activated esters.
PAR  The protective groups used in the process of this invention, and the
      conventional abbreviations by which they and the common amino acids are
      designated, are described in Schroder and Lubke, The Peptides, Academic
      Press, New York and London 1965.
PAC  SUMMARY OF THE INVENTION
PAR  The process of this invention is summarily described in the following
      steps:
PAR  N-(5-Oxo-L-prolyl)-L-histidine hydrazide, obtained as described by
      Gillessen et al., Helv. Chim. Acta 53, 63 (1970), is condensed by means of
      the azide method with a lower alkyl or aralkyl ester of L-tryptophan,
      preferably the benzyl ester obtained as described by Wilchek et al., J.
      Org. Chem. 28, 1874 (1963), to yield
      N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan benzyl ester. The latter is
      treated with hydrazine hydrate to yield
      N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan hydrazide (II).
PAR  A lower alkyl ester of N-[O-benzyl-N-carboxy-L-tyrosyl]glycine N-benzyl
      ester, preferably the methyl ester prepared as described by Morley, J.
      Chem Soc. (C), 2410,(1967)is hydrolyzed to the corresponding free acid
      which is converted to the corresponding mixed anhydride with ethyl
      chloroformate and treated with t-butyl carbazate to yield
      N-[O-benzyl-N-carboxy-L-tyrosyl]glycine N-benzyl ester 2-carboxyhydrazide
      t-butyl ester, and said last-named compound is hydrogenolyzed by means of
      hydrogen and a noble metal catalyst to yield N-L-tyrosylglycine
      2-carboxyhydrazide t-butyl ester. Condensation of said last-named compound
      with an activated ester of N-carboxy-L-seryl N-benzyl ester, preferably
      the 2,4-dinitrophenyl ester prepared as described by Marchiori et al.,
      Gazz. Chim. Ital., 93, 834 (1963) yields
      N-[N-(N-carboxy-L-seryl)-L-tyrosyl]glycine N-benzyl ester
      2-carboxyhydrazine t-butyl ester which is hydrogenolyzed as above to yield
      N-(N-L-seryl-L-tyrosyl)glycine 2-carboxyhydrazine t-butyl ester (III).
PAR  N-carboxy-L-proline N-benzyl ester, prepared as described by Berger et al.,
      J. Am. Chem. Soc., 76, 5552 (1954) is condensed with a glycine lower alkyl
      ester, preferably the ethyl ester, using dicyclohexylcarbodiimide as the
      condensing agent and the resulting product is treated with ammonia to
      obtain 2-[(N-carboxy-L-prolyl)amino]acetamide N-benzyl ester. Said
      last-named compound is hydrogenolyzed and condensed with N-carboxy-N.sup.G
      -nitro-L-arginine N-t-butyl ester, obtained as described by Hofmann et
      al., J. Am. Chem. Soc., 87, 620 (1965), using N-hydroxysuccinimide and
      dicyclohexylcarbodiimide as the condensing agents, to obtain
      N-[N-(N-carboxy-N.sup.G -nitro-L-arginyl)-L-prolyl]glycinamide N-t-butyl
      ester (IV).
PAR  The same compound IV is also prepared by the following alternative route.
PAR  A lower alkyl ester of L-proline, preferably the methyl ester, and
      N-carboxy-N.sup.G -nitro-arginine N-t-butyl ester, prepared respectively
      as described by Boissonas et al., Helv. Chim. Acta 44, 123 (1961) and by
      Hofmann et al. cited above, are condensed by means of
      dicyclohexylcarbodiimide to yield N-(N-carboxy-N.sup.G
      -nitro-L-arginyl)-L-proline N-t-butyl ester. Said last-named compound is
      condensed with a glycine lower alkyl ester, preferably the ethyl ester,
      using dicyclohexylcarbodiimide as the condensing agent and the resulting
      product is treated with ammonia to obtain N-[N-(N-carboxy-N.sup.G
      -nitro-L-arginyl)-L-prolyl]glycinamide N-t-butyl ester (IV), identical
      with the product obtained as described above. The protective
      t-butoxycarbonyl group of said last-named compound is removed by treatment
      with acid and the resulting product is condensed with an activated ester
      of N-carboxy-L-leucine N-benzyl ester, preferably the
      2,4,5-trichlorophenyl ester prepared as described by Kenner et al., J.
      Chem. Soc., 761 (1968), to yield N-[N-[N-(N-carboxy-L-leucyl)-N.sup.G
      -nitro-L-arginyl]L-prolyl]glycinamide N-benzyl ester which is
      hydrogenolyzed in glacial acetic acid by means of hydrogen and a noble
      metal catalyst to remove the protective nitro and carbobenzoxy groups to
      yield the corresponding diacetate salt,
      N-[N-[N-(N-L-leucyl)-L-arginyl]-L-prolyl]glycinamide diacetate (V).
PAR  N-[N-(5-Oxo-L-prolyl)-L-histidyl]-L-tryptophan hydrazide (II) and
      N-(N-L-seryl-L-tyrosyl)glycine 2-carboxyhydrazide t-butyl ester (III),
      both obtained as described above, are condensed by means of the azide
      method to yield the hexapeptide
      N-[N-[N-[N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosy
     l]glycine 2-carboxyhydrazide t-butyl ester. The same compound is also
      obtained by condensation of
      N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan, obtained from the
      corresponding benzyl ester described above by hydrogenolysis, with
      N-(N-L-seryl-L-tyrosyl)glycine 2-carboxyhydrazide t-butyl ester (III),
      obtained as described above, using dicyclohexylcarbodiimide as the
      condensing agent.
      N-[N-[N-[N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosy
     l]glycine 2-carboxyhydrazide t-butyl ester obtained by either of the above
      routes is treated with trifluoroacetic acid to yield the trifluoroacetic
      acid salt of the hexapeptide hydrazide, viz.
      N-[N-[N-[N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosy
     l]glycine hydrazide trifluoroacetate (VI).
PAR  Said last-named compound (VI) is condensed by means of the azide method
      with N-[N-[N-(N-leucyl)-L-arginyl]-L-prolyl]glycinamide diacetate (V) to
      yield the desired decapeptide
      5-oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosylglycyl-L-leucyl-L-
     arginyl-L-prolylglycinamide (I) which is isolated in the form of its
      hydrochloride salt. The latter salt may be converted, if desired, into a
      different acid addition salt, e.g. a salt with a pharmaceutically
      acceptable acid, by treatment with the appropriate ion exchange resin in
      the manner described by Boissonas et al., Helv. Chim. Acta 43, 1349
      (1960). Suitable ion exchange resins are strongly basic anion exchange
      resins, for example those listed in Greenstein and Winitz "Chemistry of
      the Amino Acids", John Wiley and Sons, Inc., New York and London 1961,
      Vol. 2, p.1456. Basically substituted cross-linked polystyrene resins such
      as Amberlite IRA-400 or IRA-410 are preferred. The above hydrochloride may
      also be converted to a salt of low solubility in body fluids by treatment
      with a slighly water-soluble pharmaceutically acceptable acid.
PAR  Furthermore, the decapeptide of formula I may also be converted to its
      complexes with pharmaceutically acceptable metals. The acid addition salts
      and the metal complexes of the LH- and FSH-releasing hormone produced by
      the process of this invention with pharmacologically acceptable acids or
      metals are biologically fully equivalent to the natural hormone.
PAR  The above sequence of reactions, omitting the successive introduction and
      removal of protective groups as well as the methods of condensation and
      the condensing agents used, is shown below in FIG. 1.
TBL                FIG. 1                                                      
     ______________________________________                                    
     L-Pyroglutamic acid                                                       
     L-Histidine                                                               
                               II.                                             
     L-Tryptophan                                                              
                                        VI.                                    
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                               III.                                            
     L-Tyrosine                                                                
      Glycine                                 I.                               
     L-Leucine                                                                 
                                        V.                                     
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     ______________________________________                                    
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  1. LH- and FSH-Releasing Activity
PAR  The synthetic product of formula I obtained by the process of this
      invention in the form of an acid addition salt possesses LH- and
      FSH-releasing properties and is as active as the natural hormone when
      tested in the radioimmunoassay described by Niswender et al. Proc. Soc.
      Exp. Biol. Med., 128, 807 (1968). It is equally active in the assay
      determining induction of ovulation in the hamster described by Arimura et
      al., Science 174, 511 (1971), and in a modification of the similar assay
      in the rat described by Arimura et al. in Endocrinology 80, 515 (1967).
PAR  The LH- and FSH-releasing properties of the hormone obtained by the process
      of this invention, which in turn induce ovulation in animals make the
      hormone useful in veterinary practice and in animal husbandry. It is often
      desirable to synchronize estrus in livestock, for example, cattle, sheep,
      or swine either in order to be able to mate all the females in a given
      group with a male of the desired genetic quality, or so as to be able to
      perform artificial insemination on a maximum number of females, both
      within a comparatively short period of time. In the past, this has been
      done by administering to the animals an ovulation-inhibiting agent,
      withdrawing administration of said agent shortly before the date chosen
      for mating or artificial insemination, and relying either upon the natural
      production of LH and FSH to induce ovulation and to produce estrus or by
      administering gonadotrophins. However, this procedure was not entirely
      satisfactory because ovulation at a predetermined time occured never in
      all the animals together but only in a certain proportion thereof when
      gonadotrophins were not used. On the other hand, the high cost of
      gonadotrophins and side effects encountered in their administration made
      this method impractical. It is now possible to obtain substantially
      complete synchronization of ovulation and of estrus, by treating the
      animals in a given group first with an ovulation inhibitor which is
      subsequently withdrawn, and then administering the LH- and FSH-releasing
      hormone produced by the process of this invention shortly before the
      predetermined period of time for mating or artificial insemination, so as
      to obtain ovulation and estrus within that time interval. The delay in the
      onset of ovulation and estrus following administration of the hormone
      produced by the process of this invention varies with the species of
      animal, and the optimal time interval has to be chosen for each species.
      For example, in rodents such as rats or hamsters ovulation takes place
      within 18 hours following administration of the LH- and FSH-releasing
      hormone produced by the process of this invention.
PAR  The method described above for obtaining ovulation and estrus within a
      precisely predetermined time interval, so as to be certain of a successful
      mating is particularly important for breeders of race horses and of show
      animals, where the fees paid for the services of an exceptional male
      animal often amount to very considerable sums of money.
PAR  The LH- and FSH-releasing hormone produced by the process of this invention
      is also useful to increase the number of live births per pregnancy in
      livestock, for example, cattle, sheep or swine. For this purpose the LH-
      and FSH-releasing hormone is given in a series of parenteral doses,
      preferably by intravenous of subcutaneous injections, in the range of 1.0
      mcg to 100 mcg per kilogram of body weight per day, 96 to 12 hours prior
      to expected estrus and subsequent mating. A priming injection of 1000 to
      5000 IU of pregnant mares serum gonadotrophin may also be given 1 to 4
      days prior to the above injection of LH- and FSH-releasing hormone. A
      similar treatment, with or without prior priming, is also useful for
      inducing puberty in farm animals.
PAR  When the hormone produced by the process of this invention is employed for
      the purpose of inducing ovulation and estrus or for inducing puberty in
      warm-blooded animals, especially in rodents such as rats or hamsters or in
      livestock, it is administered systemically, preferably parenterally, in
      combination with a pharmaceutically acceptable liquid or solid carrier.
      The proportion of the hormone is determined by its solubility in the given
      carrier, by the chosen route of administration, and by standard biological
      practice. For parenteral administration to animals the hormone may be used
      in a sterile aqueous solution which may also contain other solutes such as
      buffers or preservatives, as well as sufficient pharmaceutically
      acceptable salts or glucose to make the solution isotonic. The dosage will
      vary with the form of administration and with the particular species of
      animal to be treated and is preferably kept at a level of from 5 mcg to
      100 mcg per kilogram body weight. However, a dosage level in the range of
      from about 10 mcg to about 50 mcg per kilogram body weight is most
      desirably employed in order to achieve effective results.
PAR  The hormone may also be administered in one of the long-acting,
      slow-release or depot dosage forms described below, preferably by
      intramuscular injection or by implantation. Such dosage forms are designed
      to release from about 0.5 mcg to about 50 mcg per kilogram body weight per
      day.
PAR  The LH- and FSH-releasing hormone produced by the process of this invention
      is also useful in human medicine. For example, human chorionic
      gonadotrophin (HCG) which contains mainly LH and some FSH has been used
      for over 30 years to treat certain endocrinological disorders such as
      disturbances of the cycle, amenorrhea, lack of development of secondary
      sex characteristics, and infertility in the female, or certain cases of
      hypogonadism, delayed puberty, cryptorchidism, and non-psychogenic
      impotence in the male. Lately, infertility in the human female has also
      been treated with human menopausal gondotrophin (HMG) which contains
      mainly FSH, followed by treatment with HCG. One of the disadvantages of
      the treatment of infertility in the human female with HCG or with HMG
      followed by HCG has become apparent in that such treatment often results
      in superovulation and unwanted multiple births, probably because of the
      impossibility of giving only the exact amounts of FSH and LH which are
      necessary for ovulation. The administration of the hormone produced by the
      process of this invention overcomes the above disadvantage, because the
      hormone causes release of LH and FSH by the pituitary only in the exact
      quantities which are required for normal ovulation. For that reason the
      hormone produced by the process of this invention is not only useful for
      the above purpose, but it is equally useful in the human female in the
      treatment of disturbances of the cycle, of amenorrhea, of hypogonadism,
      and of lack of development of secondary sex characteristics.
PAR  Furthermore, the LH- and FSH-releasing hormone produced by the process of
      this invention is also useful in contraception. For example, when the
      hormone is administered to a human female early in the menstrual cycle LH
      is released at that time and causes premature ovulation. The immature ovum
      is either not capable of being fertilized, or, if fertilization should
      nevertheless have taken place, it is highly unlikely that the fertilized
      ovum will become implanted because the estrogen-progestin balance required
      to prepare the endometrium is not present and the endometrium is not in
      the condition necessary for implantation. On the other hand, when the
      hormone is administered towards the end of the cycle the endometrium is
      disrupted and menstruation takes place.
PAR  In addition, the LH- and FSH-releasing hormone produced by the process of
      this invention is also useful in contraception by the "rhythm" method,
      which has always been relatively unreliable because of the impossibility
      of predetermining ovulation in the human female with the required degree
      of accuracy. Administration of the hormone at mid-cycle, i.e. at about the
      normally expected time for ovulation, induces ovulation shortly thereafter
      and makes the "rhythm" method both safe and effective.
PAR  The LH- and FSH-releasing hormone produced by the process of this invention
      is also useful as a diagnostic tool for distinguishing between
      hypothalamic and pituitary malfunctions or lesions in the human female.
      When administering the hormone to a patient suspected of such malfunctions
      or lesions and a rise in the level of LH is subsequently observed there is
      good indication to conclude that the hypothalamus is the cause of the
      malfunction and that the pituitary is intact. On the other hand, when no
      rise in circulating LH is seen following the administration of the hormone
      a diagnosis of pituitary malfunction or lesion can be made with a high
      degree of confidence.
PAR  In the human male, administration of the LH- and FSH-releasing hormone
      obtained by the process of this invention provides the amounts of LH (or
      ICSH) and of FSH necessary for normal sexual development in cases of
      hypogonadism or delayed puberty, and is also useful in the treatment of
      cryptorchidism. Furthermore, the FSH released by the administration of the
      hormone stimulates the development of germinal cells in the testes, and
      the hormone is useful in the treatment of non-psychogenic impotence.
PAR  When the LH- and FSH-releasing hormone obtained by the process of this
      invention in the form of an acid addition salt is employed in human
      medicine, it is administered systemically, either by intravenous,
      subcutaneous, or intramuscular injection, or by sublingual, nasal, or
      vaginal administration, in compositions in conjunction with a
      pharmaceutically acceptable vehicle or carrier.
PAR  For administration by injection or by the nasal route as drops or spray it
      is preferred to use the hormone in solution in a sterile aqueous vehicle
      which may also contain other solutes such as buffers or preservatives, as
      well as sufficient quantities of pharmaceutically acceptable salts or of
      glucose to make the solution isotonic.
PAR  The LH- and FSH-releasing hormone produced by the process of this invention
      may also be administered as nasal or vaginal powders or insufflations. For
      such purposes the hormone is administered in finely divided solid form
      together with a pharmaceutically acceptable solid carrier, for example a
      finely divided polyethylene glycol ("Carbowax 1540"), finely divided
      lactose, or, preferably only for vaginal administration, very finely
      divided silica ("Cab-O-Sil"). Such compositions may also contain other
      excipients in finely divided solid form such as preservatives, buffers, or
      surface active agents.
PAR  For sublingual or vaginal administration it is preferred to formulate the
      hormone in solid dosage forms such as sublingual tablets or vaginal
      inserts or suppositories with sufficient quantities of solid excipients
      such as starch, lactose, certain types of clay, buffers, and lubricating,
      disintegrating, or surface-active agents, or with semi-solid excipients
      commonly used in the formulation of suppositories. Examples of such
      excipients are found in standard pharmaceutical texts, e.g. in Remington's
      Pharmaceutical Sciences, Mack Publishing Company, Easton, Pennsylvania,
      1970.
PAR  The dosage of the LH- and FSH-releasing hormone obtained by the process of
      this invention will vary with the form of administration and with the
      particular patient under treatment. Generally, treatment is initiated with
      small dosages substantially less than the optimum dose of the hormone.
      Thereafter, the dosage is increased by small increments until the optimum
      effect under the circumstances is reached. In general, the hormone
      obtained by the process of this invention is most desirably administered
      at a concentration level that will generally afford effective release of
      LH and of FSH without causing any harmful or deleterious side effects, and
      preferably at a level that is in a range of from about 1 mcg to about 100
      mcg per kilogram body weight, although as aforementioned variations will
      occur. However, a dosage level that is in the range of from about 5 mcg to
      about 50 mcg per kilogram body weight is most desirably employed in order
      to achieve effective results.
PAR  It is often desirable to administer the hormone continuously over prolonged
      periods of time in long-acting, slow-release, or depot dosage forms. Such
      dosage forms may either contain a pharmaceutically acceptable salt of the
      hormone having a low degree of solubility in body fluids, for example one
      of those salts described below, or they may contain the hormone in the
      form of a water-soluble salt together with a protective carrier which
      prevents rapid release. In the latter case, for example, the hormone may
      be formulated with a non-antigenic partially hydrolyzed gelatin in the
      form of a viscous liquid; or the hormone may be adsorbed on a
      pharmaceutically acceptable solid carrier, for example zinc hydroxide, and
      may be administered in suspension in a pharmaceutically acceptable liquid
      vehicle; alternatively, the hormone may be administered in the form of a
      complex with a pharmaceutically acceptable metal for example zinc, copper,
      cobalt, iron, or aluminum; the zinc complex is preferred; or the hormone
      may be formulated in gels or suspension with a protective non-antigenic
      hydrocolloid, for example sodium carboxymethylcellulose,
      polyvinylpyrrolidone, sodium alginate, gelatine, polygalacturonic acids,
      for example, pectin, or certain mucopolysaccharides, together with aqueous
      or non-aqueous pharmaceutically acceptable liquid vehicles, preservatives,
      or surfactants. Examples of such formulations are found in standard
      pharmaceutical texts, e.g. in Remington's Pharmaceutical Sciences cited
      above. Long-acting, slow-release preparations of the hormone produced
      according to the process of this invention may also be obtained by
      microencapsulation in a pharmaceutically acceptable coating material, for
      example gelatine, polyvinyl alcohol or ethyl cellulose. Further examples
      of coating materials and of the processes used for microencapsulation are
      described by J. A. Herbig in Encyclopedia of Chemical Technology, Vol. 13,
      2nd Ed., Wiley, New York 1967, pp. 436-456. Such formulations, as well as
      suspensions of salts of the hormone which are only sparingly soluble in
      body fluids, are designed to release from about 0.1 mcg to about 50 mcg of
      the hormone per kilogram body weight per day, and are preferably
      administered by intramuscular injection. Alternatively, some of the solid
      dosage forms listed above, for example certain sparingly water-soluble
      salts or dispersions in or adsorbates on solid carriers of salts of the
      hormones, for example dispersions in a neutral hydrogel of a polymer of
      ethylene glycol methacrylate or similar monomers cross-linked as described
      in U.S. Pat. No. 3,551,556 may also be formulated in the form of pellets
      releasing about the same amounts as shown above and may be implanted
      subcutaneously or intramuscularly.
PAR  Alternatively, slow-release effects over prolonged periods of time may also
      be obtained by administering the hormone obtained by the process of this
      invention as an acid addition salt in an intra-vaginal device or in a
      temporary implant, for example a container made of a non-irritating
      silicone polymer such as a polysiloxane, e.g. "Silastic", or of a neutral
      hydrogel of a polymer as described above, possessing the required degree
      of permeability to release from about 0.1 mcg to about 50 mcg per kilogram
      body weight per day. Such intra-vaginal or implant dosage forms for
      prolonged administration have the advantage that they may be removed when
      it is desired to interrupt or to terminate treatment.
PAC  2. Preparation of Compounds
PAR  The process of this invention is carried out in the following manner.
PAR  A solution of N-(5-oxo-L-prolyl)-L-histidine hydrazide (see Gillessen et
      al. cited above) in an inert anhydrous solvent, preferably a mixture of
      dimethylformamide and dimethylsulfoxide, is cooled to a temperature of
      from about -10.degree. to about 5.degree.C, mixed with a solution of a
      strong mineral acid, preferably hydrogen chloride, in an anhydrous ether
      or cyclic ether, preferably tetrahydrofuran, and the mixture is cooled to
      a temperature of from about -30.degree. to about -20.degree.C. An organic
      nitrite, preferably t-butyl nitrite is isoamyl nitrite, is added with
      stirring and the mixture is stirred for 20-60 minutes, preferably for
      about 30 minutes at a temperature of from about -30.degree. to about
      -20.degree.C. Sufficient quantities of a strong organic base, preferably
      triethylamine, are added with stirring to make the mixture alkaline,
      preferably pH 8-9. Keeping the temperature of the mixture within the range
      of about -30.degree. to about -10.degree.C, a solution in an inert
      solvent, preferably dimethylformamide, of a lower alkyl or aralkyl ester
      of L-tryptophan, preferably the benzyl ester (see Wilchek et al. cited
      above), is added in an amount of from 5-15 per cent in excess over the
      molar equivalent. A molar excess of about 10 per cent is preferred, and
      the mixture is stirred at about -30.degree. to about -10.degree.C for
      30-60 minutes and then in an ice bath for 16-24 hours, preferably for
      about 18 hours. Filtration of the precipitate, evaporation of the
      filtrate, and crystallization of the residue yields the corresponding
      N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan lower alkyl or aralkyl
      ester, the benzyl ester being preferred for purposes of isolation and
      purification. Said last-named compound, preferably in the form of the
      benzyl ester, is dissolved in an anhydrous lower alkanol, preferably
      methanol, cooled to a temperature of from about -20.degree. to about
      0.degree.C, preferably about -10.degree.C, a molar excess of hydrazine
      hydrate is added with stirring and the mixture is stirred first at ice
      bath temperature, for 2-6 hours, preferably for about 3 hours, and then
      for 30-60 hours, preferably for about 40 hours, at room temperature
      (20.degree.-25.degree.C). The precipitate is filtered and crystallized
      from a lower alkanol, preferably methanol, to yield
      N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan hydrazide (II.).
PAR  A lower alkyl ester of N-[O-benzyl-N-carboxy-L-tyrosyl]glycine N-benzyl
      ester, preferably the methyl ester (see Morley cited above) is dissolved
      in a lower alkanol or alkoxyalkanol, preferably methoxyethanol, a molar
      excess (5-20 per cent excess, preferably about 15 per cent excess) of an
      aqueous alkali metal hydroxide, preferably sodium hydroxide, is added and
      the mixture is stirred at room temperature for 0.5-2 hours, preferably for
      about 1 hour. The mixture is acidified with a strong mineral acid,
      preferably hydrochloric acid, the precipitate is filtered and crystallized
      from an aqueous lower alkanol, preferably methanol - water, to yield
      N-[O-benzyl-N-carboxy-L-tyrosyl]glycine N-benzyl ester. Said last-named
      compound is dissolved in an anhydrous ether or cyclic ether, preferably
      tetrahydrofuran, the solution is cooled to a temperature in the range of
      about -20.degree. to about 0.degree.C, preferably about -10.degree.C, and
      substantially one molar equivalent of ethyl chloroformate is added. The
      mixture is stirred at about -10.degree.C for 5-30 minutes, preferably for
      about 10 minutes, and substantially one molar equivalent of t-butyl
      carbazate is added. The mixture is stirred first for 20-60 minutes,
      preferably for about 30 minutes, at about 0.degree.C and then for about
      3-8 hours, preferably for about 5 hours, at room temperature
      (20.degree.-25.degree.C). The solvent is evaporated, the residue taken up
      in a substantially water-immiscible solvent, preferably a lower alkyl
      ester of a lower alkanoic acid, for example ethyl acetate, the solution
      washed, dried and evaporated, and the residue crystallized to yield
      N-[O-benzyl-N-carboxy-L-tyrosyl]glycine N-benzyl ester 2-carboxyhydrazide
      t-butyl ester. Said last-named compound is dissolved in an anhydrous lower
      alkanol, preferably methanol, a noble metal catalyst, e.g. palladium on
      charcoal, is added and the mixture is agitated in an atmosphere of
      hydrogen at room temperature until substantially 2 molar equivalents of
      hydrogen have been taken up. Filtration of the catalyst and evaporation of
      the filtrate yields a residue of N-L-tyrosylglycine 2-carboxyhydrazide
      t-butyl ester, used without purification in the subsequent step.
PAR  Said last-named compound is dissolved in an anhydrous halogenated
      hydrocarbon, e.g. chloroform, or preferably in dimethylformamide and the
      resulting solution is added, with exclusion of moisture, to a solution of
      an activated ester of N-carboxy-L-seryl N-benzyl ester, preferably the
      2,4-dinitrophenyl ester (see Marchiori et al. cited above), previously
      cooled to about 0.degree.C. The mixture is kept at about 0.degree.C for
      several days, preferably for about 3 days, the solvent is evaporated, the
      residue taken up in a mixture of a halogenated hydrocarbon, a lower
      alkanol, and a small amount of a weak organic base, preferably
      chloroform-methanol-pyridine, and the solution is subjected to
      chromatography, preferably on silica. Elution, evaporation of the eluates,
      and crystallization yields N-[N-(N-carboxy-L-seryl)-L-tyrosyl]glycine
      N-benzyl ester 2-carboxyhydrazide t-butyl ester. Said last-named compound
      is dissolved in a lower alkanol, preferably methanol, a noble metal
      catalyst, preferably palladium on charcoal, is added, and the mixture is
      agitated in an atmosphere of hydrogen at room temperature for 5-10 hours,
      preferably for about 7 hours until substantially one molar equivalent of
      hydrogen has been taken up. Filtration of the catalyst, evaporation of the
      filtrate, and crystallization of the residue yields
      N-(N-L-seryl-L-tyrosyl)glycine 2-carboxyhydrazide t-butyl ester (III).
PAR  A solution of N-carboxy-L-proline N-benzyl ester (see Berger et al. cited
      above) and of an approximately equimolar amount of a glycine lower alkyl
      ester acid addition salt, preferably glycine ethyl ester hydrochloride, in
      a halogenated hydrocarbon solvent, preferably chloroform, is cooled to
      about 0.degree.C and a substantially equimolar amount of a strong organic
      base, preferably triethylamine, followed by a substantially equimolar
      amount of dicyclohexylcarbodiimide is added. The mixture is stirred at
      about 0.degree.C for 12-24 hours, preferably for about 16 hours, filtered,
      and the filtrate is washed, dried and evaporated. The residue is taken up
      in a lower alkanol saturated with ammonia at about 0.degree.C, preferably
      methanol, and the solution is allowed to stand at about 0.degree.C for
      48-72 hours. Evaporation of the solvent and crystallization yields
      2-[(N-carboxy-L-prolyl)amino]acetamide N-benzyl ester. Said last-named
      compound is dissolved in glacial acetic acid, a noble metal catalyst,
      preferably palladium on charcoal, is added and the mixture is agitated in
      an atmosphere of hydrogen until substantially one molar equivalent of
      hydrogen has been taken up. Filtration and evaporation of the filtrate
      yields 2-[(L-prolyl)amino]acetamide which is dissolved in
      dimethylformamide containing a substantially equimolar amount of a strong
      organic base, preferably triethylamine, cooled and added at a temperature
      of from about -20.degree. to about 0.degree.C, preferably at about
      -10.degree.C, to a solution of a N-carboxy-N.sup.G -nitro-L-arginine
      N-lower alkyl ester, preferably the N-t-butyl ester (see Hofmann et al.
      cited above) in dimethylformamide containing about 2 molar equivalents of
      N-hydroxysuccinimide and about one molar equivalent of
      dicyclohexylcarbodiimide. The mixture is stirred at about -10.degree. to
      about 5.degree.C, preferably at about 0.degree.C, first for 12-24 hours at
      about 0.degree.C and then for 24-48 hours at room temperature
      (20.degree.-25.degree.C), evaporated, the residue is taken up in a mixture
      of a halogenated hydrocarbon and a lower alkanol, preferably chloroform
      and methanol, and is purified by chromatography on silica, to yield the
      corresponding N-lower alkyl ester of N-[N-(N-carboxy-N.sup.G
      -nitro-L-arginyl)-L-prolyl]glycinamide, preferably the N-t-butyl ester
      (IV).
PAR  Alternatively, the same compound IV is also prepared as follows.
PAR  A lower alkyl ester acid addition salt of L-proline, preferably the methyl
      ester hydrochloride (see Boissonas et al. cited above), and an
      approximately equimolar amount of N-carboxy-N.sup.G -nitro-L-arginine
      N-t-butyl ester (see Hofmann et al. cited above) are dissolved in an
      anhydrous strongly polar solvent, for example dimethylsulfoxide,
      dimethylformamide, or acetonitrile, or mixtures thereof, preferably a
      mixture of acetonitrile and dimethylformamide, and a substantially
      equimolar amount of a strong organic base, preferably triethylamine, is
      added with stirring. The mixture is cooled to a temperature of from about
      -20.degree. to about 0.degree.C, preferably to about 10.degree.C, a
      substantially equimolar amount of dicyclohexylcarbodiimide is added, the
      mixture is stirred at about 0.degree.C for 2-10 hours, preferably for 5
      hours, and then for 8-24 hours, preferably for about 10 hours, at room
      temperature (20.degree.-25.degree.C), filtered, and the filtrate
      evaporated. The residue is taken up in a halogenated hydrocarbon or in a
      substantially water-immiscible lower alkyl ester of a lower alkanoic acid,
      preferably chloroform or ethyl acetate, washed, evaporated, the residue
      taken up in a lower alkanol, preferably methanol, and stirred at room
      temperature for about 1-3 hours with about 2 molar equivalents of an
      aqueous alkali metal hydroxide, preferably sodium hydroxide. The mixture
      is filtered, extracted with a halogenated hydrocarbon or a lower alkyl
      lower alkanoate, preferably chloroform or ethyl acetate, the aqueous phase
      is acidified, extracted as above, and the extracts are evaporated to yield
      N-(N-carboxy-N.sup.G -nitro-L-arginyl)-L-proline N-t-butyl ester. Said
      last-named compound is dissolved in dimethylformamide, an acid addition
      salt of a lower alkyl ester of glycine, preferably glycine ethyl ester
      hydrochloride, is added, the mixture is cooled to about 0.degree.C, a
      substantially equimolar amount of a strong organic base, preferably
      triethylamine, and substantially one molar equivalent of
      dicyclohexylcarbodiimide, are added and the mixture is stirred, first at
      about 0.degree.C for 2-5 hours, preferably for about 3 ours, and then at
      room temperature for 12-24 hours, preferably for about 17 hours.
      Filtration, evaporation of the solvent, taking up the residue in a mixture
      of a halogenated hydrocarbon and a lower alkanol, preferably chloroform
      and methanol, followed by chromatography on silica, evaporation of the
      eluates, taking the residue into a lower alkanol saturated with ammonia at
       0.degree.C, preferably methanol, allowing the solution to stand at about
      0.degree.C for several days, preferably for about 3 days, evaporating the
      solvent and crystallization yields N-[N-(N-carboxy-N.sup.G
      -nitro-L-arginyl)-L-prolyl]glycinamide N-t-butyl ester (IV), identical
      with the product obtained by the different route described above.
PAR  Said last-named compound of formula IV, obtained by either of the routes
      described above, is dissolved in a strong acid commonly used for
      deprotection, preferably hydrogen chloride in a lower alkanol or in
      glacial acetic acid, or trifluoroacetic acid, the solution is kept at
      about 0.degree.C for 20-60 minutes, preferably for about 30 minutes, and
      is then added to about 5-15 parts by volume, preferably about 10 parts per
      volume, of an anhydrous inert water-immiscible ether-type solvent, such as
      a lower alkyl ether, preferably diethyl ether, to yield a precipitate of
      the corresponding salt of N-[N-(N.sup.G
      -nitro-L-arginyl)-L-prolyl]glycinamide. The latter is filtered, dissolved
      in dimethylformamide containing a substantially equimolar amount of a
      strong organic base, preferably triethylamine, the solution stirred at
      about 0.degree.C for 15-30 minutes, and a substantially equimolar amount
      of an activated ester of N-carboxy-L-leucine N-benzyl ester preferably the
      2,4,5-trichlorophenyl ester (see Kenner et al. cited above) is added. The
      mixture is allowed to stand first at about 0.degree.C for 24-48 hours and
      then at room temperature for 24-48 hours. Evaporation of the solvent,
      dissolving the residue in a mixture of a halogenated hydrocarbon and a
      lower alkanol, preferably chloroform-methanol, followed by chromatography
      on silica and evaporation of the eluate yields
      N-[N-(N-carboxy-L-leucyl)-N.sup.G -nitro-L-arginyl]-L-prolyl]glycinamide
      N-benzyl ester. Said last-named compound is dissolved in glacial acetic
      acid, a noble metal catalyst, preferably palladium on charcoal, is added
      and the mixture is agitated at room temperature in an atmosphere of
      hydrogen until substantially 4 molar equivalents of hydrogen have been
      taken up. Filtration and evaporation of the solvent yields
      N-[N-[N-(N-L-leucyl)-L-arginyl]-L-prolyl]glycinamide diacetate (V) as an
      amorphous solid.
PAR  A solution of N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan hydrazide
      (II), obtained as described above, in an inert anhydrous solvent,
      preferably a mixture of dimethylformamide and dimethylsulfoxide, is cooled
      to a temperature of from about -10.degree.C to about 5.degree.C, mixed
      with a solution of a strong mineral acid, preferably hydrogen chloride, in
      an anhydrous ether or cyclic ether, preferably tetrahydrofuran, and the
      mixture is cooled to a temperature of from about -30.degree. to about
      -20.degree.C. An organic nitrite, preferably t-butyl nitrite or isoamyl
      nitrite, is added with stirring in a substantially equimolar amount and
      the mixture is stirred for 20-60 minutes, preferably for about 30 minutes
      at a temperature of from about -30.degree.C to about 20.degree.C.
      Sufficient quantities of a strong organic base, preferably triethylamine,
      are added with stirring to make the mixture alkaline, preferably pH 8-9.
      Keeping the mixture at a temperature of from about -30.degree.C to about
      -10.degree.C, a solution of a substantially equimolar amount of
      N-(N-L-seryl-L-tyrosyl)glycine 2-carboxyhydrazide t-butyl ester (III),
      obtained as described above, in an inert anhydrous solvent, preferably
      dimethylformamide, is added with stirring, and agitation is continued for
      30-60 minutes at about -30.degree.C to about -10.degree.C, then at about
      0.degree.C for another 30-60 minutes, and finally with cooling in an ice
      bath for 16-24 hours, preferably for about 18 hours. Filtration of the
      precipitate, evaporation of the filtrate, taking up the residue in a lower
      alkanol, preferably methanol, and precipitation by addition of an ether,
      preferably diethyl ether, followed by crystallization from a lower
      alkanol, preferably methanol, yields
      N-[N-[N-[N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosy
     l]glycine 2-carboxyhydrazide t-butyl ester.
PAR  Alternatively, that same compound may also be prepared as follows: A
      solution of N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan benzyl ester,
      obtained as described above is prepared in a lower alkanol, preferably
      methanol, or in glacial acetic acid, a noble metal catalyst, preferably
      palladium on charcoal, is added and the mixture is agitated in an
      atmosphere of hydrogen at room temperature for 10-30 hours, preferably for
      about 16 hours, until substantially one molar equivalent of hydrogen has
      been taken up. Filtration of the catalyst, evaporation of the filtrate,
      taking up the residue in a lower alkanol, preferably methanol,
      precipitation by addition of an ether, preferably diethyl ether, and
      filtration of the precipitate yields
      N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan, the same tripeptide as
      compound II described above except that the terminal carboxylic acid is
      unsubstituted. Said last-named compound is dissolved in an inert anhydrous
      solvent, preferably dimethylformamide, a substantially equimolar amount of
      N-(N-L-seryl-L-tyrosyl)glycine 2-carboxyhydrazide t-butyl ester (III,
      obtained as described above) is added, the mixture is cooled to about
      0.degree.C, a substantially one molar equivalent of
      dicyclohexylcarbodiimide is added and the mixture is stirred, first at
      about 0.degree. C for about 24 hours, and then at room temperature for
      4-10 days, preferably for about 5 days. Filtration, evaporation of the
      solvent, taking up the residue in a mixture of a halogenated hydrocarbon
      and a lower alkanol, preferably chloroform and methanol, followed by
      chromatography on silica and evaporation of the eluate, taking up the
      residue in a lower alkanol, preferably methanol, and precipitation by
      addition of an ether, preferably diethyl ether, followed by filtration,
      yields
      N-[N-[N-[N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosy
     l]glycine 2-carboxyhydrazide t-butyl ester, identical with the same
      compound prepared as described above.
PAR  Said last-named compound, prepared by either of the routes described above,
      is dissolved in trifluoroacetic acid, preferably of about 90% strength,
      and the solution is stirred for 30-60 minutes first with cooling in an ice
      bath and then for another 30-60 minutes at room temperature. Precipitation
      with an ether, preferably diethyl ether, followed by crystallization from
      a lower alkanol, preferably methanol, yields the hexapeptide
      N-[N-[N-[N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosy
     l]glycine hydrazide trifluoroacetate (VI).
PAR  Said last-named compound (VI) is dissolved in an inert anhydrous solvent,
      preferably a mixture of dimethylformamide and dimethylsulfoxide, and a
      solution of a strong mineral acid, preferably hydrogen chloride, in an
      anhydrous ether or cyclic ether, preferably tetrahydrofuran, is added with
      stirring at a temperature of from -10.degree.C to 5.degree.C, preferably
      at about 0.degree.C. The mixture is cooled to a temperature of from about
      -30.degree.C to about -10.degree.C, preferably to about -20.degree.C, a
      solution of a substantially equimolar amount of an organic nitrite,
      preferably t-butyl nitrite or isoamyl nitrite, in dimethylformamide is
      added and the mixture is stirred at about -30.degree.C to about
      -10.degree.C for 30-60 minutes. A sufficient amount of a strong organic
      base, preferably triethylamine, is added to make the mixture slightly
      alkaline, preferably pH 8-9, and a solution of a substantially equimolar
      amount of N-[N-[N-(N-L-leucyl)-L-arginyl]-L-prolyl]glycinamide diacetate
      (V, obtained as described above) in an anhydrous inert solvent, preferably
      dimethylformamide, is added together with a quantity of a strong organic
      base, preferably triethylamine, sufficient to neutralize the diacetate
      salt. The mixture is stirred at a temperature of from about -30.degree.C
      to about -10.degree.C for 30-60 minutes, then at about 0.degree.C for
      another 30-60 minutes, and finally with cooling in an ice bath for 16-24
      hours. Filtration, evaporation of the filtrate, taking up the residue in a
      lower alkanol, preferably methanol, and precipitation by addition on an
      ether, preferably diethyl ether, yields the crude decapeptide which is
      purified by partition chromatography on a chemically modified cross-linked
      dextran ("Sephadex LH-20") using the lower phase of a n-butanolacetic
      acid-water mixture as solvent. Evaporation of the eluates, taking up the
      residue in a lower alkanol, preferably methanol, and precipitation by
      addition of an ether, preferably diethyl ether, yields the substantially
      pure decapeptide
      5-oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosylglycyl-L-leucyl-L-
     arginyl-L-prolyl-glycinamide (I), isolated as the hydrochloride salt which
      shows the same amino acid analysis as the natural product and which is as
      potent as the latter in bioassays. If desired, the above hydrochloride
      salt may be converted into other acid addition salts, preferably those
      with pharmaceutically acceptable acids. For such purposes the above
      hydrochloride salt is treated with a strong basic anion exchange resin,
      for example one of those listed in Greenstein and Winitz "Chemistry of the
      Amino Acids", cited above, in the form of its salt with the acid of which
      it is desired to form the salt with the hormone. Elution yields the LH-
      and FSH-releasing hormone in the form of its salt with the corresponding
      desired acid. Preferred anion exchange resins are cross-linked polystyrene
      resins substituted with strongly basic groups such as Amberlite IRA-400 or
      IRA-410, and preferred acids are pharmaceutically acceptable acids, to
      obtain the corresponding pharmaceutically acceptable salts of the hormone.
PAR  If it is desired to obtain a salt of the decapeptide of formula I which is
      sparingly soluble in water or in body fluids, an acid addition salt
      thereof as obtained by the process of this invention is treated in aqueous
      solution with a pharmaceutically acceptable sparingly water-soluble acid,
      for example tannic, alginic, or pamoic acid, preferably in the form of one
      of their salts, for example the alkali metal salts. The hormone
      precipitates as the salt with the respective sparingly water-soluble acid
      and is isolated, for example by filtration or centrifugation.
PAR  The above sequence of reactions constituting the process of this invention
      and incorporating only the first alternative syntheses of the
      intermediates IV and VI described above is shown in FIG. 2, using the
      conventional abbreviations for the various amino acids and protective
      groups.
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PAR  The decapeptide prepared according to the process of this invention may
      also be converted to a sparingly soluble complex thereof with a
      pharmaceutically acceptable metal. Such complexes are prepared by
      dissolving the decapeptide or a water-soluble salt thereof in an aqueous
      solution of a salt of said metal and slowly raising the pH of the mixture
      by addition of a water-soluble base, for example sodium hydroxide, until
      substantially all of the decapeptide has precipitated as the metal
      complex, and isolating said metal complex by filtration or centrifugation.
      The zinc complex is preferred and is pharmacologically equivalent to the
      decapeptide.
DETD
PAR  The following Examples will illustrate the invention. All compounds are
      identified by elementary analysis.
PAC  EXAMPLE 1
PAC  N-[N-(5-Oxo-L-Prolyl)-L-Histidyl]-L-Tryptophan Benzyl Ester
PAR  N-(5-Oxo-L-prolyl)-L-histidine hydrazide (0.840 g, 3 mmol) is dissolved in
      a solution at 0.degree.C of dry dimethylformamide (14 ml), dry dimethyl
      sulfoxide (10.5 ml) and 2.4 N anhydrous gaseous hydrogen chloride in dry
      tetrahydrofuran (7.5 ml). The solution is cooled to -20.degree.C and
      isoamyl nitrite (0.57 ml) is added with stirring. The solution is stirred
      for 30 minutes at -20.degree.C and is then cooled to -24.degree.C.
      Triethylamine (3.2 ml) is slowly added until the solution is slightly
      alkaline pH 8-9. While stirring at -20.degree.C, a solution of
      L-tryptophan benzyl ester (0.970 g, 3.3 mmol) in dry dimethylformamide
      (3.0 ml) is added. The solution is stirred at -20.degree.C for 30 minutes,
      at 0.degree.C for 30 minutes, and then at ice bath temperature for 18
      hours. The solution is filtered and the precipitate is washed with dry
      dimethylformamide (2 .times.  2 ml). The combined filtrates are
      concentrated under reduced pressure at 40.degree.C. The residue is
      dissolved in methanol (10 ml), diethyl ether (300 ml) is slowly added, and
      the precipitate is collected by filtration. The precipitate is once more
      dissolved in methanol (10 ml) and is precipitated by the addition of
      diethyl ether (300 ml). The precipitate is crystallized from methanol to
      give the title compound as a fine white powder, m.p.
      250.degree.-252.degree.C, [.alpha.].sub.D.sup.25 +1.6.degree. (c = 1.0,
      DMF).
PAR  In the same manner, when using t-butyl nitrite instead of isoamyl nitrite,
      or when using the methyl, ethyl, isopropyl or n-butyl ester of tryptophan,
      the corresponding methyl, ethyl, isopropyl or n-butyl ester of the title
      compound is also obtained.
PAC  EXAMPLE 2
PAC  N-[N-(5-Oxo-L-Prolyl)-L-Histidyl]-L-Tryptophan Hydrazide (II)
PAR  Hydrazine hydrate (99%, 1.5 ml) is slowly added to a stirred solution of
      N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan benzyl ester (Example 1,
      0.868 g) in anhydrous methanol (150 ml) at -10.degree.C. After stirring
      for 3 hours at ice bath temperature the solution is stirred for 40 hours
      at room temperature. The mixture is filtered and the crystalline
      precipitate is recrystallized from methanol to give the title compound as
      fine needles, m.p. 165.degree.-169.degree.C, [.alpha.].sub.D.sup.25
      -24.6.degree. (c = 1.0, DMF).
PAR  In the same manner, when using the methyl, ethyl, isopropyl, or n-butyl
      ester of the starting material instead of the benzyl ester, the title
      compound is also obtained.
PAC  EXAMPLE 3
PAC  N-[N-(5-Oxo-L-Prolyl)-L-Histidyl]-L-Tryptophan
PAR  A mixture of N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophan benzyl ester
      (Ex. 1, 0.300 g, 0.555 mmol) and 5 percent palladium on carbon (0.060 g)
      in glacial acetic acid (30 ml) is stirred rapidly under an atmosphere of
      hydrogen for 16 hours at room temperature. The mixture is filtered through
      diatomaceous earth ("Celite") and the filtrate is concentrated under
      reduced pressure. The residue is dissolved in methanol (10 ml) and diethyl
      ether (100 ml) is slowly added with vigorous stirring. The precipitate is
      collected, dissolved in methanol (10 ml) and diethyl ether (100 ml) is
      slowly added. The precipitate is collected, dissolved in methanol, treated
      with charcoal (0.20 g) and filtered through diatomaceous earth ("Celite").
      The filtrate is evaporated to yield the title compound as a hard white
      glass which is used as such in a subsequent step.
PAC  EXAMPLE 4
PAC  N-[O-Benzyl-N-Carboxy-L-Tyrosyl]Glycine N-Benzyl Ester
PAR  To a solution of N-[0-benzyl-N-carboxy-L-tyrosyl]glycine N-benzyl ester
      methyl ester (2 g, 0.0042 moles) in methoxyethanol (25 ml) aqueous sodium
      hydroxide (1N, 5 ml) is added with vigorous stirring. When complete
      solution of the precipitate is achieved (after about 1 hour), aqueous
      hydrochloric acid (1N, 5.25 ml) is added with cooling. The precipitate is
      washed with water and recrystallized from methanol-water to give the title
      compound with m.p. 166.degree.-167.degree.C, [.alpha.].sub.D.sup.25
      -22.6.degree. (c = 1.0, DMF).
PAR  In the same manner, when using the ethyl, propyl, isopropyl or n-butyl
      ester of the starting material instead of the methyl ester, or when using
      methanol, ethanol, propanol, butanol, or 2-ethoxyethanol ("Cellosolve") as
      the solvent instead of methoxyethanol, the title compound is also
      obtained.
PAC  EXAMPLE 5
PAC  N-[O-Benzyl-N-Carboxy-L-Tyrosyl]Glycine N-Benzyl Ester 2-Carboxyhydrazide
      t-Butyl Ester
PAR  A solution of N-[O-benzyl-N-carboxy-L-tyrosyl]glycine N-benzyl ester
      (Example 4, 2.312 g, 0.005 moles) in dry tetrahydrofuran (12.5 ml) and
      triethylamine (0.7 ml, 0.005 moles) is cooled to -10.degree.C. With
      stirring, ethyl chloroformate (0.48 ml, 0.005 moles) and after 10 minutes
      t-butyl carbazate (725 mg, 0.005 moles) are added and the mixture is kept
      for 30 minutes at 0.degree.C and for 5 hours at room temperature. After
      evaporation of the solvent the residue is taken up in ethyl acetate (100
      ml), filtered and the filtrate washed successively with water (2 .times.
      20 ml), aqueous ammonia (3 .times. 20 ml) and saturated sodium chloride
      solution (2 .times. 25 ml). The ethyl acetate layer is dried, evaporated
      under reduced pressure and the residue crystallized from benzene-hexane to
      give the title compound with m.p. 88.degree.-90.degree.C.
PAC  EXAMPLE 6
PAC  N-L-Tyrosylglycine 2-Carboxyhydrazide t-Butyl Ester
PAR  To a solution of N-[O-benzyl-N-carboxy-L-tyrosyl]-glycine N-benzyl ester 2
      -carboxyhydrazide t-butyl ester (Example 5, 2.88 g, 0.005 moles) in dry
      methanol (40 ml) palladium on charcoal (5%, 200 mg) is added. The
      hydrogenation is carried out with the hydrogenation vessel connected to a
      stirred solution of sodium hydroxide (4N, 40 ml) to absorb carbon dioxide.
      After 4 hours the theoretical amount of hydrogen is consumed. The catalyst
      is filtered off through diatomaceous earth ("Celite"), the filtrate
      evaporated under reduced pressure at 30.degree.C and the title compound
      obtained as an oily residue which is used without purification in the next
      step.
PAR  In the same manner, when using platinum instead of palladium as a catalyst,
      the title compound is also obtained.
PAC  EXAMPLE 7
PAC  N-[N-(N-Carboxy-L-Seryl)-L-Tyrosyl]Glycine N-Benzyl Ester
      2-Carboxyhydrazide t-Butyl Ester
PAR  To a solution of N-carboxy-L-seryl N-benzyl ester 2,4-dinitrophenyl ester
      (1.6 g, 0.004 moles) in dry dimethylformamide (10 ml) cooled to 0.degree.C
      and protected from moisture a solution of N-L-tyrosylglycine
      2-carboxyhydrazide t-butyl ester (Example 6, 1.689 g, 0.005 moles) in dry
      dimethylformamide is added. The solution is kept at 0.degree.C for 3 days.
      After evaporation of the solvent the residue is taken up in
      chloroform-methanol-pyridine (100:25:1) and chromatographed over a 100
      fold amount of silica. The pure material is taken into a small amount of
      methanol and precipitated by addition of ether to give the pure title
      compound with m.p. 65.degree.-95.degree.C, [.alpha.].sub.D.sup.25
      -13.1.degree. (c = 1.0, DMF).
PAC  EXAMPLE 8
PAC  N-(N-L-Seryl-L-Tyrosyl)glycine 2-Carboxyhydrazide t-Butyl Ester (III)
PAR  A mixture of N-carboxy-L-seryl-L-tyrosylglycine N-benzyl ester
      2-carboxyhydrazide t-butyl ester (Example 7, 0.96 g) and 5 % palladium on
      carbon (0.090 g) in methanol (35 ml) is rapidly stirred under an
      atmosphere of hydrogen for 7 hours at room temperature in the same manner
      as described in Example 6 (hydrogen absorbed 49 ml). The mixture is
      filtered through diatomaceous earth ("Celite") and the filtrate is
      concentrated under reduced pressure. The residue is crystallized from
      methanol-diethyl ether to give the title compound as fine white prisms
      with m.p. 132.degree.-135.degree.C, [.alpha.].sub.D.sup.25 -5.4.degree. (c
      = 1.0, DMF).
PAR  In the same manner, but using platinum instead of palladium as a catalyst,
      the title compound is also obtained.
PAC  EXAMPLE 9
PAC  2-[(N-Carboxy-L-Prolyl)Amino]Acetamide) N-Benzyl Ester
PAR  To a stirred solution of N-carboxy-L-proline N-benzyl ester (12.5 g, 0.05
      moles) and glycine ethyl ester hydrochloride (7.26 g, 0.052 moles) in
      chloroform (100 ml) at 0.degree.C, triethylamine (7.28 ml, 0.052 moles)
      followed by dicyclohexylcarbodiimide (10.7 g, 0.052 moles) is added. After
      stirring for 16 hours at 0.degree.C the precipitate is filtered off and
      the filtrate washed successively with water (50 ml), hydrochloric acid
      (1N, 50 ml), water (50 ml), and saturated sodium chloride solution (50
      ml), dried with magnesium sulfate and evaporated. The residue is taken up
      in methanol saturated with ammonia at 0.degree.C (150 ml) and left at this
      temperature for 48 hours. After evaporation of the solvent under reduced
      pressure the residue is recrystallized from methanol-ether to yield the
      title compound with m.p. 112.degree.-115.degree.C, further recrystallized
      from methanol-isopropyl ether to m.p. 116.degree.-120.degree.C, [.alpha.]
      .sub.D.sup.25 -43.8.degree.  (c = 1.0, MeOH)
PAR  In the same manner, but using the methyl, propyl, isopropyl, or n-butyl
      ester of glycine instead of the ethyl ester, the title compound is also
      obtained.
PAC  EXAMPLE 10
PAC  2-[(L-Prolyl)Amino]Acetamide Hydrochloride
PAR  A solution of 2-[(N-carboxy-L-prolyl)amino]acetamide N-benzyl ester (Ex. 9,
      610 mg, 2 mmoles) in glacial acetic acid (8 ml) containing hydrogen
      chloride (2 mmoles) is agitated with palladium on charcoal (5%, 50 mg) in
      an atmosphere of hydrogen in the same manner as described in Example 6
      until one molar equivalent of hydrogen has been consumed. Filtration,
      evaporation of the filtrate and drying of the residue under reduced
      pressure gives the title compound which is used as such in the subsequent
      step.
PAR  In the same manner, but using platinum instead of palladium as a catalyst,
      the title compound is also obtained.
PAR  Also in the same manner, but using hydrogen bromide or sulfuric acid
      instead of hydrogen chloride, the corresponding hydrobromide or sulfate
      salts of the title compound are obtained.
PAC  EXAMPLE 11
PAC  N-[N-(N-Carboxy-N.sup.G -Nitro-L-Arginyl)-L-Prolyl]Glycinamide N-t-Butyl
      Ester (IV)
PAR  To a solution of N-carboxy-N.sup.G -nitro-arginine N-t-butyl ester (607 mg,
      1.9 mmole) and N-hydroxysuccinimide (437 mg, 3.8 mmole) in
      dimethylformamide (5 ml) at -10.degree.C dicyclohexylcarbodiimide (388
      mg., 1.9 mmoles) is added. The mixture is stirred 1 hour at -10.degree.C,
      2 hours at 0.degree.C and 2 hours at room temperature.
      2-[(L-Prolyl)amino]acetamide hydrochloride obtained as the residue in
      Example 10 is dissolved in dimethylformamide (4 ml) at 0.degree.C,
      triethylamine (0.38 ml) is added and this solution is added to the
      solution of the active ester described above at about 0.degree.C. The
      mixture is stirred for 14 hours at 0.degree.C and for 24 hours at room
      temperature, then evaporated under reduced pressure to dryness. The
      residue is taken up in chloroform-methanol (100:15) and chromatographed
      over 100 g of silica. The pure title compound separates from absolute
      ethanol as a gelatinous precipitate, sintering at about 165.degree.C,
      [.alpha.].sub.D.sup.25 -25.80.degree.(c = 1.0, DMF).
PAR  In the same manner, but using the hydrobromide or sulfate salts of
      2-[(L-prolyl)amino]acetamide instead of the hydrochloride salt, the title
      compound is obtained.
PAC  EXAMPLE 12
PAC  N-(N-Carboxy-N.sup.G -Nitro-L-Arginyl)-L-Proline N-t-Butyl Ester
PAR  To a solution of L-proline methyl ester hydrochloride (5.85 g, 35.4 mmoles)
      and N-carboxy-N.sup.G -nitro-arginine N-t-butyl ester (9.4 g, 29.4
      mmoles), in acetonitrile (10 ml) and dimethylformamide (25 ml)
      triethylamine (4.95 ml) is added. The mixture is cooled to -10.degree.C
      and dicyclohexylcarbodiimide (7.25 g, 35.2 mmoles) is added. After 5 hours
      at 0.degree.C and 10 hours at room temperature the mixture is filtered and
      the filtrate evaporated to dryness under reduced pressure. The resulting
      residue is taken in ethyl acetate (300 ml) and washed successively with
      citric acid solution (10%, 2 .times. 90 ml) ammonia solution (1N, 3
      .times. 90 ml), and saturated sodium chloride solution (90 ml). The oily
      residue left after drying and evaporation of the organic layer is taken in
      methanol (88 ml). Aqueous sodium hydroxide solution (1N, 88 ml) is added
      and the mixture is stirred for one hour at room temperature. After
      filtration the filtrate is extracted with ethyl acetate (3 .times. 150
      ml). The aqueous phase is acidified with hydrochloric acid (4N, 30 ml) and
      extracted with ethyl acetate (3 .times. 150 ml). The combined ethyl
      acetate extracts are washed with saturated sodium chloride solution, dried
      with magnesium sulfate and evaporated under reduced pressure. The title
      compound is obtained as an amorphous residue which shows one main spot in
      electrophoresis in an aqueous buffer at pH 5.3 containing pyridine (1%)
      and acetic acid (0.32%) at 4,000 volt. It is used without further
      purification in the next step.
PAR  In the same manner, when using the ethyl, isopropyl, or n-butyl ester of
      L-proline instead of the metyl ester, the title compound is also obtained.
PAC  EXAMPLE 13
PAC  N-[N-(N-Carboxy-N.sup.G -Nitro-L-Arginyl)-L-Prolyl]Glycinamide N-t-Butyl
      Ester (IV)
PAR  N-(N-Carboxy-N.sup.G -nitro-L-arginyl)-L-proline N-t-butyl ester (Ex. 12,
      7.11 g, 17.1 mmoles) and glycine ethyl ester hydrochloride (2.5 g, 17.1
      mmoles) are dissolved in dimethylformamide (45 ml). With stirring at
      0.degree.C triethylamine (2.4 ml) and after 10 minutes
      dicyclohexylcarbodiimide (3.52 g, 17.1 mmoles) are added. The mixture is
      stirred for 3 hours at 0.degree.C and for 17 hours at room temperature,
      then filtered and the filtrate evaporated to dryness under reduced
      pressure. After chromatography on silica (500 g) with chloroform-methanol
      (100:8) as solvent and evaporation an oily product is obtained. It is
      dissolved in methanol saturated with ammonia at 0.degree.C and left at
      this temperature for 3 days. The solvents are evaporated and the residue
      triturated with ethyl acetate. The resulting title compound precipitates
      from absolute ethanol as a gelatinous product with m.p.
      153.degree.-163.degree.C, [.alpha.].sub.D.sup.25 -26.degree. (c = 1.0,
      DMF), identical with the same compound obtained as described in Example
      11.
PAR  In the same manner, when using the methyl, isopropyl, or n-butyl ester of
      glycine instead of the ethyl ester, the title compound is also obtained.
PAC  EXAMPLE 14
PAC  N-[N-[N-(N-Carboxy-L-Leucyl)-N.sup.G
      -Nitro-L-Arginyl]-L-Prolyl-]Glycinamide N-Benzyl Ester
PAR  A solution of N-[N-[(N-carboxy-N.sup.G
      -nitro-L-arginyl)-L-prolyl]glycinamide t-butyl ester (Exs. 11 or 13, 817
      mg, 1.76 mmoles) in trifluoroacetic acid (5 ml) is kept for 30 minutes at
      0.degree.C. The solution is added dropwise to cold absolute ether (50 ml),
      the precipitate of N-[N-(N.sup.G -nitro-L-arginyl)-L-prolyl]glycinamide
      trifluoroacetate is filtered off and washed well with dry ether. After
      drying under reduced pressure the solid is taken in dimethylformamide (6
      ml) containing triethylamine (0.245 ml) and stirred for 15 minutes at
      0.degree.C. To this solution a solution of N-carboxy-L-leucine N-benzyl
      ester 2,4,5-trichlorophenyl ester (860 mg, 1.96 mmoles) and a drop of
      acetic acid are added and the mixture is left for 24 hours at 0.degree.C
      and for 24 hours at room temperature. After evaporation to dryness under
      reduced pressure the residue is taken up in chloroform-methanol (100:15)
      and chromatographed over 150 g of silica. The chromatographically pure
      title compound is obtained as an amorphous solid, dissolved in methanol (3
      ml) and precipitated by adding this solution to cold isopropyl ether (50
      ml), to give the title compound with [.alpha.].sub.D.sup.25 -38.4.degree.
      (c = 1.0, DMF).
PAR  In the same manner as described above, but using instead of trifluoroacetic
      acid hydrogen chloride in a lower alkanol or in glacial acetic acid, the
      hydrochloride of N-[N-(N.sup.G -nitro-L-Arginyl)-L-prolyl]glycinamide is
      obtained and is converted to the title compound in the same manner as
      described above.
PAR  In the same manner the title compound is also obtained when the
      4-nitrophenyl or 2,4-dinitrophenyl esters of N-carboxy-L-leucine N-butyl
      ester are used instead of the 2,4,5-trichlorophenyl ester.
PAC  EXAMPLE 15
PAC  N-[N-[N-(N-L-Leucyl)-L-Arginyl]-L-Prolyl]Glycinamide Diacetate (V)
PAR  A solution of N-[N-[N-(N-carboxy-L-leucyl)-N.sup.G
      -nitro-L-arginyl]-L-prolyl]glycinamide N-benzyl ester (Ex. 14, 805 mg, 1.3
      mmoles) in glacial acetic acid (5 ml) containing palladium on charcoal
      catalyst (5%, 300 mg) is agitated under hydrogen in the same manner as
      described in Example 6. The reaction mixture is filtered through
      diatomaceous earth ("Celite"), the filtrate concentrated under reduced
      pressure and added dropwise with stirring to dry ether at 0.degree.C. The
      amorphous precipitate is filtered, washed well with ether and dried under
      reduced pressure, to give the title compound which is homogeneous in thin
      layer chromatography on silica using ethyl acetate-acetic
      acid-n-butanol-water (1:1:1:1) as the solvent, and by electrophoresis at
      pH 1.6 in 8% aqueous formic acid at 4,000 volt or at pH 5.3 in an aqueous
      buffer containing 1% pyridine and 0.32% acetic acid at 4,000 volt.
PAR  In the same manner, when using platinum instead of palladium as a catalyst,
      the title compound is also obtained.
PAC  EXAMPLE 16
PAC  N-[N-[N-[N-[N-(5-Oxo-L-Prolyl)-L-Histidyl]-L-Tryptophyl]-L-Seryl]-L-Tyrosyl
     ]glycine 2-Carboxyhydrazide t-Butyl Ester
PAL  Method A
PAR  N-[N-(5-Oxo-L-prolyl)-L-histidyl]-L-tryptophan hydrazide (II., Ex. 2, 0.655
      g, 1.40 mmole) is dissolved at 0.degree.C in a solution of dry
      dimethylformamide (7 ml), dry dimethyl sulfoxide (5.9 ml) and 2.4 N
      anhydrous gaseous hydrogen chloride in dry tetrahydrofuran (3.5 ml). The
      solution is cooled to -20.degree.C and isoamyl nitrate (0.206 ml, 1.53
      mmol) is added with stirring. The solution is stirred for 30 minutes at
      -20.degree.C and is cooled to -25.degree.C. Triethylamine (1.3 ml) is
      slowly added until the solution is slightly alkaline, pH 8-9. While
      stirring at -20.degree.C, a solution of N-(N-L-seryl-L-tyrosyl)glycine
      2-carboxyhydrazide t-butyl ester (III., Ex. 8, 0.617 g, 1.40 mmol) in dry
      dimethylformamide (6ml) is added. The solution is stirred at -20.degree.C
      for 30 minutes at 0.degree.C for 30 minutes, and at ice bath temperature
      for 18 hours. The solution is filtered and the precipitate is washed with
      dry dimethylformamide (2 .times. 2 ml). The combined filtrates are
      concentrated under reduced pressure at 40.degree.C. The residue is
      dissolved in methanol (5 ml), diethyl ether (500 ml) is slowly added, and
      the precipitate is collected by filtration. The precipitate is dissolved
      in methanol (5 ml) and is precipitated by addition of diethyl ether (500
      ml). The collected precipitate is crystallized from methanol to give the
      title compound as a fine white power with m.p. 182.degree.C (dec).
PAR  In the same manner, when using t-butyl nitrite instead of isoamyl nitrite,
      the title compound is also obtained.
PAL  Method B
PAR  N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-trptophan (Ex. 3, 0.133 g, 0.294 mmol)
      and N-(N-L-seryl-L-tyrosyl)glycine 2-carboxyhydrazide t-butyl ester (III,
      Ex. 8, 0.129 g, 0.294 mmol) are dissolved in anhydrous dimethylformamide
      (5 ml). With stirring at 0.degree.C, dicyclohexylcarbodiimide (0.061 g,
      0.294 mmol) is added. The solution is stirred for 24 hours at 0.degree.C
      and for 5 days at room temperature, then filtered and the filtrate
      evaporated to dryness under reduced pressure. After chromatography on
      silica (20 g) with chloroform-methanol (2:1) as solvent the combined
      fractions are concentrated under reduced pressure. The residue is
      dissolved in methanol (2 ml), diethyl ether (100 ml) is slowly added, and
      the precipitate is collected by filtration. The resulting product is
      identical with the title compound obtained as described above.
PAC  EXAMPLE 17
PAC  N-[N-[N-[N-[N-(5-Oxo-L-Prolyl)-L-Histidyl]-L-Tryptophyl]-L-Seryl]-L-Tyrosyl
     ]glycine Hydrazide Trifluoroacetate (VI)
PAR  A solution of
      N-[N-[N-[N-[N-(5-oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosy
     l]glycine 2-carboxyhydrazide t-butyl ester (Example 16, 0.859 g, 0.982
      mmol) in 90 percent trifluoroacetic acid (27 ml) is stirred at ice bath
      temperature for 30 minutes and then at room temperature for 30 minutes.
      The solution is slowly added to a stirred solution of diethyl ether (700
      ml). The precipitate is collected and crystallized from methanol to yield
      the title compound as a fine white powder with mp 200.degree.C (dec.),
      [.alpha.].sub.D.sup.25 -21.2.degree. (c = 1.0, water).
PAC  EXAMPLE 18
PAC  5-Oxo-L-Prolyl-L-Histidyl-L-Tryptophyl-L-Seryl-L-Tyrosylglycyl-L-Leucyl-L-A
     rginyl-L-Prolyglycinamide (I) Dihydrate Hydrochloride
PAR  N-[N-[N-[N-[N-(5-Oxo-L-prolyl)-L-histidyl]-L-tryptophyl]-L-seryl]-L-tyrosyl
     ]glycine hydrazide trifluoroacetate (VI, Ex. 17, 0.840 g, 0.762 mmol) is
      dissolved at 0.degree.C in a mixture of dry dimethylformamide (3.7 ml),
      dry dimethylsulfoxide (3.3 ml) and 1.65 N anhydrous gaseous hydrogen
      chloride in dry tetrahydrofuran (2.77 ml). The solution is cooled to
      -20.degree.C and a 10% solution of isoamyl nitrite in dry
      dimethylformamide (1.12 ml, 0.83 mmol) is added with stirring. The
      solution is stirred for 30 minutes at -20.degree.C and then cooled to
      -25.degree.C. Triethylamine (0.7 ml) is slowly added until the solution is
      slightly alkaline, pH 8 - 9. While stirring at -20.degree.C, a solution of
      N-[N-[N-(N-L-leucyl)-L-arginyl]-L-prolyl]glycinamide diacetate (V, Example
      15, 0.427 g, 0.762 mmol) in dry dimethylformamide (4.5 ml) and
      triethylamine (0.28 ml) is added. The resulting solution is stirred at
      -20.degree.C for 30 minutes, at 0.degree.C for 30 minutes and at ice bath
      temperature for 18 hours. The solution is filtered and the precipitate is
      washed with dry dimethylformamide (2 .times. 2 ml). The combined filtrates
      are concentrated under reduced pressure at 40.degree.C. The residue is
      dissolved in methanol (5 ml), and diethyl ether (500 ml) is slowly added.
      The precipitate is collected, dried and purified by partition
      chromatography on a chemically modified cross-linked dextran ("Sephadex
      LH-20") using the lower phase of n-butanol-acetic acid-water (8:4:40). The
      combined fractions are concentrated to dryness under reduced pressure at
      45.degree.C, dissolved in methanol (5 ml), and added to diethyl ether (250
      ml). The precipitate is collected by filtration and dried to yield the
      title compound with [.alpha.].sub.D.sup.25 -53.50.degree. (c = 1.0, 1%
      aqueous acetic acid), isolated as the hydrochloride salt.
PAR  Calc. for C.sub.55 H.sub.75 N.sub.17 O.sub. 13 . 2 H.sub.2 O . HCL:
PAR  C: 52.67; H: 6.43; N: 18.99; O: 19.14; Cl: 2.83 %; found C: 52.25; H: 6.23;
      N: 19.32; O: 19.10; Cl: 2.95%.
PAR  When carrying out the precipitation described above under strictly
      anhydrous conditions and in the presence of hydrogen chloride, the title
      compound is obtained as the dihydrochloride salt.
PAR  Calc. for C.sub.55 H.sub.75 N.sub.17 O.sub.13 . 2 HCl:
PAR  C: 52.62; H: 6.18; N: 18.96; O: 16.57; Cl: 5.64 %; found C: 52.10; H: 5.92;
      N: 18.85; O: 17.20; Cl: 5.75%.
PAR  Amino acid analysis gives the following composition:
TBL  Histidine                                                                 
             1.0      1.04     Proline                                         
                                      0.96   1.03                              
     Arginine                                                                  
             0.95     0.93     Glycine                                         
                                      2.01   1.98                              
     Serine  0.90     0.86     Leucine                                         
                                      0.86   1.02                              
     Glutamic                                                                  
             1.07     1.04     Tyrosine                                        
                                      1.12   1.04                              
     Acid                                                                      
PAL  Electrophoresis at pH 1.6 in 8% aqueous formic acid and at 3500 volt gives
      a single spot and shows the uniformity of the compound.
PAR  In the same manner, when using t-butyl nitrite instead of isoamyl nitrite,
      the title compound is also obtained.
PAR  In the same manner, but using other inorganic acids such as hydrogen
      bromide or sulfuric acid in tetrahydrofuran instead of hydrogen chloride,
      the hydrobromide or sulfate salts of the title compound are respectively
      obtained.
PAR  If desired, the above hydrochloride salt is treated with Amberlite IRA-400
      or IRA-410, previously converted to a salt thereof with a pharmaceutically
      acceptable acid. Elution yields the corresponding salt of the title
      compound. Alternatively, the above hydrochloride salt is treated in
      aqueous solution with an alkali metal salt of tannic, alginic, or pamoic
      acid and the corresponding tannate, alginate or pamoate salt of the
      hormone is isolated by filtration or centrifugation.
PAC  EXAMPLE 19
PAC  5-Oxo-L-Prolyl-L-Histidyl-L-Tryptophyl-L-Seryl-L-Tyrosylglycyl-L-Leucyl-L-A
     rginyl-L-Prolylglycinamide (I) Zinc Complex
PAR  The dihydrochloride salt of the decapeptide of formula 1 obtained as
      described in Example 18 (100 mg) is dissolved in water (0.8 ml) at room
      temperature and a zinc acetate solution [0.19 ml, Zn(OCOCH.sub.3).sub.2
      .2H.sub.2 O, 0.1 g/ml] is added. A 2N NaOH solution (0.1 ml) is added to
      the mixture dropwise under stirring. Every drop of sodium hydroxide causes
      formation of a precipitate (in lumps) which is stirred until it disappears
      and a clear solution is again obtained. The process is completed by
      addition of 0.1 N NaOH solution until the pH rises to 8.0-8.2 when the
      precipitate can not be dissolved anymore. The end of precipitation is
      checked by addition of one drop of NaOH solution to the clear supernatant.
      After standing in the refrigerator overnight the title compound is
      separated by filtration, washed with water (0.1 ml) and dried in a high
      vacuum, uv(E+OH) = 289 nm (E.sub.1cm..sup.1% 42), 279 nm
      (E.sub.1cm..sup.1%  56) and 222 nm (E.sub.1cm..sup.1% 374).
CLMS
STM  We claim:
NUM  1.
PAR  1. A diagnostic method for distinguishing between hypothalmic and pituitary
      malfunctions or lesions in humans which comprises administering
      systemically to a human suspected of such malfunction from about 1 to 100
      micrograms per kilogram of body weight of
      5-Oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosylglycyl-L-leucyl-L-
     arginyl-L-prolylglycinamide or a pharmaceutically acceptable salt thereof,
      and detecting the rise in the level of serum leutenizing hormone.
NUM  2.
PAR  2. The diagnostic method of claim 1 wherein
      5-Oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosylglycyl-L-leucyl-L-
     arginyl-L-prolylglycinamide dihydrochloride is employed and the human is
      female.
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ABST
PAL  A stable, visually clear, haze free, lemon oil containing flavored
      mouthwash free from unpleasant tasting lemon oil degradation components
      comprising water, lemon oil, nonionic surfactant, humectant and buffering
      agent.
PARN
PAR  This is a divisional of application Ser. No. 304,040 filed Nov. 6, 1972,
      now U.S. Pat. No. 3,864,472; issued on Feb. 4, 1975, the benefit of which
      filing date is claimed.
BSUM
PAR  The invention pertains to a liquid mouthwash formulation. Specifically, the
      invention relates to a visually clear, stable mouthwash having the
      stimulating and refreshing taste of lemon. More specifically, the
      invention provides a stable aqueous mouthwash containing a suitable lemon
      flavoring ingredient, typically lemon oil, lemon juice or a combination
      thereof.
PAR  Liquid mouthwashes are specifically formulated to provide a comfortable
      feeling in the mouth during use. Advantageously, a suitable mouthwash
      product should have a low enough viscosity to permit the user to readily
      manipulate and swish it around in his mouth to effectively gargle.
      Accordingly, the viscosity of a suitable product in accordance with the
      invention should be well below 1000 cps preferably less than about 100 cps
      at room temperature, e.g., from about 1.0 to about 10.0 cps.
PAR  To obtain consumer acceptance, a mouthwash formulation must have a pleasant
      flavor. The use of certain specific flavoring ingredients, such as lemon
      oil for example, may introduce stability and/or compatibility problems in
      an aqueous mouthwash composition.
PAR  The use of lemon oil flavoring in such compositions may result in a hazy
      product or in the settling out of certain components during storage. These
      undesirable characteristics of a lemon oil flavored aqueous mouthwash may
      be due to the presence of a high percentage of non-polar terpene
      components in lemon oil. An additional problem that may arise in an
      aqueous lemon oil flavored mouthwash is the natural degradation of the
      lemon oil component which can result in an unpleasant tasting product.
PAR  It is a primary advantage of the present invention to provide an
      emulsifying ingredient for lemon oil flavored mouthwash formulations that
      results in a clear, stable product. A further advantage of the invention
      is to provide a pH range for aqueous lemon oil containing mouthwash
      compositions wherein the unpleasant tasting products of the material
      degradation of lemon oil are minimized.
PAR  The mouthwash composition according to the invention typically contains
      from about 60 to about 95 percent, preferably 70 to 80, e.g., about 75
      percent by weight water and from about 0 to about 25, preferably 5 to 24,
      e.g., about 15 percent by weight of non-toxic alcohol such as isopropanol
      and ethanol. The alcohol component of the mouthwash preferably utilizes
      denaturing components which also function as flavoring agents. These
      materials are exemplified by the following materials: anethol, anise oil,
      bay oil (cyrcia oil), benzaldehyde, bergamot oil, bitter almond oil,
      camphor, cedar leaf oil, chlorothymol, cinnamic aldehyde, cinnamon oil,
      citronella oil, clove oil, coal tar, eucalyptol, eucalyptus oil, eugenol,
      guaiacol, lavender oil, menthol, mustard oil, peppermint oil, phenol,
      phenyl salicylate, pine oil, pine needle oil, rosemary oil, sassafras oil,
      spearmint oil, spike lavender oil, storax, thyme oil, thymol, tolu balsam,
      turpentine oil, wintergreen oil and boric acid. The denaturing agents are
      typically present in an amount between about 1 and 2 percent of the total
      alcohol content of the mouthwash.
PAR  In one specific aspect, the invention provides a nonionic surfactant
      ingredient that effectively emulsifies the lemon oil component in an
      aqueous mouthwash resulting in a clear, stable formulation. According to
      this aspect of the invention, the surfactant ingredient is chosen from the
      group of nonionic surface active agents consisting of polyoxyethylene
      derivatives of sorbitan mono- di- and tri-fatty acid esters wherein the
      fatty acid component has between 12 and 24 carbon atoms and the
      polyoxyethylene chains contain from about 4 to about 30 ethylene oxide
      units and at least 40 percent of the molecular weight of the molecule is
      ethylene oxide. Representative derivatives include polyoxyethylene
      sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate,
      polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan
      tristearate, polyoxyethylene sorbitan monooleate, and polyoxyethylene
      sorbitan trioleate. Particularly preferred is polyoxyethylene sorbitan
      monoisostearate containing 20 oxyethylene units per molecule. The
      preferred polyoxyethylene (20) sorbitan monoisostearate emulsifier is a
      liquid material at room temperature and does not adversely affect the
      flavoring characteristics to the formulation when used in accordance with
      the invention.
PAR  The surfactant component of the new formulation should be present in an
      adequate amount to completely emulsify the lemon oil flavoring component
      to produce a clear, stable product. The concentration of emulsifier is
      typically from about 0.1 to 5 percent of the formulation depending on the
      alcohol content and lemon oil concentration. The amount of surfactant
      should be greater for higher amounts of the lemon oil flavoring component
      and less for smaller amounts of lemon oil. Pursuant to the invention, to
      obtain a clear, stable lemon oil containing aqueous mouthwash the weight
      ratio of surfactant to lemon oil in the new formulation should be at least
      1.5 to 1, preferably about 10 to 1, for a formulation containing about 15
      percent alcohol; less for higher alcohol formulations. For non-alcohol
      containing formulations the weight ratio of emulsifier to lemon oil
      flavoring should be at least 5 to 1 to obtain a clear, stable product.
PAR  The lemon oil flavoring component is preferably derived from the rind of
      lemons by methods well known in the art. The lemon oil component of the
      formulation is present in an amount from about 0.01 to about 1%, typically
      from 0.05 to 1.0%, most preferably about 0.1 to 0.5%, e.g., 0.2% by weight
      depending on the flavoring effect desired. Of course, an equivalent
      synthetic lemon oil component may be used if desired.
PAR  In addition to, or instead of, the lemon oil component, lemon juice which
      is derived from the pulp of lemons, can be included in the mouthwash
      formulation to further accent the flavor of the product. In its natural
      state, lemon juice can also include lemon oil in amounts ranging from 0.25
      percent to about 1 percent, typically about 0.5 percent. When included in
      combination with lemon oil, lemon juice can be present in any suitable
      amount, typically from about 5 to 15 percent of the formulation. When used
      instead of lemon oil to flavor an aqueous mouthwash, lemon juice should be
      present in an amount resulting in an equivalent lemon oil concentration,
      as previously defined.
PAR  The mouthwash composition preferably contains glycerine in amounts up to
      about 15 percent, with compositions containing between about 8 and 12
      percent having particularly desirable characteristics. The glycerine
      functions as a sweetener, supplies "body" to the compositions and a
      "velvety" feel in the mouth. It may be replaced in whole or in part by
      such equivalent materials as sorbitol or propylene glycol.
PAR  The mouthwash composition may also optionally contain small effective
      amounts of antibacterial agents such as the quaternary ammonium compounds
      and the substantially saturated aliphatic acyl amides. Preferred additions
      of these agents are in amounts between about 0.01 and 0.1 percent. The
      following are illustrative of useful antibacterial agents: benzethonium
      chloride, diisobutyl phenoxy ethoxy ethyl dimethyl benzyl ammonium
      chloride, N-alkylpyridinium chloride, N-cetyl pyridinium bromide, sodium
      N-lauroyl sarcosine, sodium N-palmitoyl sarcosine, lauroyl sarcosine,
      N-hyristoyl glycine, and potassium N-lauroyl sarcosine.
PAR  The mouthwash composition will usually also contain adjuvant materials to
      provide color, additional flavoring if desired, and sweetening effects.
      Color is typically added in an amount up to about 0.01 percent. Additional
      flavorant, such as citric acid, or sweetener, such as saccharin, is
      preferably added in small amounts from about 0.01 to about 0.1 percent,
      typically about 0.05 percent.
PAR  Pursuant to a further specific aspect of the invention, the pH of the
      mouthwash formulation is adjusted to from about 3.5 to about 7.0,
      preferably from about 5 to 6, by the inclusion of a buffering material. By
      providing the mouthwash with a pH from about 3.5 to about 7.0, preferably
      from about 5 to about 6, it has been found that the products formed by
      natural degradation of the lemon oil component due to oxidation catalyzed
      by sunlight are surprisingly not as unpleasant tasting as those found in
      an equivalent formulation having a pH below about 3.5. The buffering
      ingredient can be any suitable alkaline material that does not adversely
      affect the flavor of the formulation.
PAR  According to this aspect of the invention, a sufficient amount of the
      buffering ingredient to raise the pH of the formulation to the desired
      level, preferably between about 5 and 6, is included in the lemon oil
      containing mouthwash. Typically, the buffering ingredient is present in an
      amount from about 0.1 to about 1.0 percent by weight, preferably about 0.5
      percent. Suitable buffering materials are alkali metal salts of weak
      organic acids such as sodium benzoate, sodium citrate, potassium tartrate
      and sodium phosphate.
PAR  The mouthwash composition can be prepared by methods well known in the art,
      typically by combining the specified components in an amount of water
      sufficient to bring the total of the components to 100 percent. It is
      preferable to admix the alcohol-soluble components in the alcohol in a
      suitable mixing vessel and then add water to the vessel. Components of the
      mouthwash composition which have greater solubility in water than alcohol
      are preferably added to the water before it is admixed with the alcohol
      mixture or added to the composition after the water addition.
DETD
PAR  The following specific examples are further illustrative of the nature of
      the present invention, but the invention is not limited thereto. All
      amounts and percentages through the specification and in the claims are by
      weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  The following mouthwash is formulated:
TBL                          Percent                                           
                             by Weight                                         
     Denatured ethanol (95%)   15.00                                           
     Polyoxyethylene (20) sorbitan                                             
       monoisostearate         1.00                                            
     Benzethonium chloride     0.03                                            
     Lemon oil                 0.20                                            
     Glycerine                 10.00                                           
     Sodium saccharin          0.04                                            
     Color (FD&C yellow No. 5; 0.01% solution)                                 
                               0.60                                            
     Deionized water           73.13                                           
                               100.00                                          
PAR  The denaturing components of the ethanol contain flavoring materials. This
      formulation is visually clear with a yellow tint, does not separate during
      prolonged storage and has a refreshing lemon taste.
PAC  EXAMPLE 2
PAR  The formulation of Example 1 is reformulated to include 25 percent by
      weight of 95 percent ethanol with a corresponding decrease in the amount
      of water present.
PAC  EXAMPLE 3
PAR  The following mouthwash is formulated:
TBL                          Percent                                           
                             by Weight                                         
     Denatured alcohol (95%)   15.00                                           
     Polyoxyethylene (20) sorbitan                                             
       monoisostearate         1.00                                            
     Lemon oil                 0.50                                            
     Sodium benzoate           0.03                                            
     Benzethonium chloride     10.00                                           
     Glycerine                 0.04                                            
     Sodium saccharin          0.04 -Color (FD&C yellow No. 5; 0.01%           
                               solution) 0.60                                  
     Deionized water           72.63                                           
                               100.00                                          
PAR  The denaturing components of the ethanol contain flavoring materials. This
      formulation is visually clear with a yellow tint, does not separate during
      prolonged storage and has a refreshing lemon taste and a pH of about 5.5.
PAC  EXAMPLE 4
PAR  The formulation of Example 3 is reformulated to include 25 percent of 95
      percent ethanol with a corresponding decrease in the amount of water
      present.
PAC  EXAMPLES 5-10
PAR  The following mouthwashes having lemon flavors of varying intensities are
      formulated:
TBL                 Example Number; Percent by Weight                          
     Ingredient     5   6    7   8   9    10                                   
     __________________________________________________________________________
     Denatured alcohol (95%).sup.1                                             
                    --  --   10.0                                              
                                 20.0                                          
                                     25.00                                     
                                          18.00                                
     Emulsifier.sup.2                                                          
                    0.5 2.00 0.5 5.0 2.00 1.00                                 
     Lemon oil      0.1 0.20 0.2 1.0 0.10 0.20                                 
     Antimicrobial agent.sup.3                                                 
                    5.0 --   0.5 0.8 0.50 0.05                                 
     Glycerine.sup.4                                                           
                    --  --   10.0                                              
                                 15.0                                          
                                     --   15.00                                
     Buffering agent.sup.5                                                     
                    --  0.50 --  1.0 --   0.50                                 
     Lemon juice    --  10.00                                                  
                             --  --  10.00                                     
                                          5.00                                 
     Sweetener.sup.6                                                           
                    --  --   --  0.1 0.06 0.10                                 
     Additional flavorant.sup.7                                                
                    --  0.05 --  0.1 --   0.05                                 
     Deionized water                                                           
                    94.3                                                       
                        87.85                                                  
                             78.3                                              
                                 62.0                                          
                                     62.34                                     
                                          60.10                                
     __________________________________________________________________________
      .sup.1 Ethanol or isopropanol                                            
      .sup.2 Preferably polyoxyethylene (20) sorbitan monoisostearate;         
      polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan           
      monopalmitate, polyoxyethylene sorbitan monostearate, polyoxyethylene    
      sorbitan tristearate, polyoxyethylene sorbitan monooleate and            
      polyoxyethylene sorbitan trioleate can also be used                      
      .sup.3 Preferably benzethonium chloride; diisobutyl phenoxyethyoxy ethyl 
      dimethyl benzyl ammonium chloride, N-alkylpyridinium chloride, N-cetyl   
      pyridinium bromide, sodium N-lauroyl sarcosine, sodium N-palmitoyl       
      sarcosine, lauroyl sarcosine, N-myristoyl glycine and potassium N-lauroyl
      sarcosine can also be used                                               
      .sup.4 Sorbitol or propylene glycol can be substituted for glycerine     
      .sup.5 Sodium benzoate, sodium citrate, potassium tartrate or sodium     
      phosphate                                                                
      .sup.6 Sodium saccharin                                                  
      .sup.7 Citric acid                                                       
PAR  The formulations of Examples, 5, 7, and 8 are visually clear and stable.
      Due to the presence of lemon juice, the formulations of Examples 6, 9 and
      10 are hazy and contain settleable solids. They can be filtered to obtain
      a clear stable product.
PAR  Although the present invention has been described with reference to
      particular embodiments and examples, it will be apparent to those skilled
      in the art that variations and modifications of this invention can be made
      and that equivalents can be substituted therefor without departing from
      the principles and true spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stable, visually clear, haze free, lemon oil-containing flavored
      mouthwash free from unpleasant tasting lemon oil natural degradation
      components comprising from about 60 to about 95 percent by weight of
      water, about 0.01 to about 1.0 percent by weight of lemon oil, about 0.1
      to about 5.0 percent by weight of a nonionic surfactant chosen from the
      group consisting of polyoxyethylene derivatives of sorbitan mono-, di- and
      tri-fatty acid esters wherein the fatty acid component has between 12 and
      24 carbon atoms and the polyoxyethylene chains contain about 4 to about 30
      ethylene oxide units and at least 40 percent by the molecular weight of
      the molecule is ethylene oxide, from 0 to about 25 percent by weight of a
      non-toxic alcohol, about 8 to 15 percent by weight humectant and a
      sufficient amount of a buffering agent to maintain a pH for said mouthwash
      of about 3.5 to about 7.0.
NUM  2.
PAR  2. A mouthwash according to claim 1, wherein the weight ratio of said
      surfactant to said lemon oil is greater than 1.5 to 1.
NUM  3.
PAR  3. A mouthwash according to claim 1, wherein said alcohol is ethanol or
      isopropanol and is present in an amount of about 5 to about 25 percent by
      weight.
NUM  4.
PAR  4. A mouthwash according to claim 1, further including an effective amount
      of an anti-bacterial agent chosen from the group consisting of a
      quaternary ammonium and aliphatic acyl amide germicides having an
      anti-bacterial activity.
NUM  5.
PAR  5. A mouthwash according to claim 2, wherein said lemon oil is present in
      an amount from about 0.1 to about 0.5 percent by weight and said weight
      ratio is at least 5 to 1.
NUM  6.
PAR  6. A mouthwash according to claim 1, wherein the weight ratio of said
      surfactant to said lemon oil is about 10 to 1.
NUM  7.
PAR  7. A mouthwash according to claim 1, further including from about 5 to
      about 15 percent by weight of lemon juice.
NUM  8.
PAR  8. A mouthwash according to claim 1, including from 0.10 to about 0.5
      percent by weight of lemon oil, wherein said weight ratio of surfactant to
      lemon oil is greater than 5 to 1.
NUM  9.
PAR  9. A mouthwash according to claim 8, wherein the weight ratio of said
      surfactant to said lemon oil is about 10 to 1.
NUM  10.
PAR  10. A mouthwash according to claim 9, wherein said pH is from about 5 to
      about 6.
NUM  11.
PAR  11. A mouthwash according to claim 9, wherein said buffering agent is
      chosen from the group consisting of alkali metal salts of weak organic
      acids and is present in an amount of about 0.1 to 1.0 percent by weight.
NUM  12.
PAR  12. A mouthwash according to claim 11, wherein said buffering agent is
      sodium benzoate.
NUM  13.
PAR  13. A mouthwash according to claim 4, wherein said antibacterial agent is
      benzethonium chloride.
NUM  14.
PAR  14. A mouthwash formulation according to claim 1 having a viscosity at room
      temperature from about 1.0 cps to about 10.0 cps.
NUM  15.
PAR  15. A mouthwash according to claim 3 further containing about 1 to 2
      percent by weight of a flavoring denaturing agent for said alcohol
      selected from the group consisting of anethol, anise oil, bay oil (cyrcia
      oil), benzaldehyde, bergamot oil, bitter almond oil, camphor, cedar leaf
      oil, chorothymol, cinnamic aldehyde, cinnamon oil, citronella oil, clove
      oil, coal tar, eucalyptol, eucalyptus oil, eugenol, guaiacol, lavender
      oil, menthol, mustard oil, peppermint oil, phenol, phenyl salicylate, pine
      oil, pine needle oil, rosemary oil, sassafras oil, spearmint oil, spike
      lavender oil, storax, thyme oil, thymol, tolu balsam, turpentine oil,
      wintergreen oil and boric acid.
NUM  16.
PAR  16. A mouthwash according to claim 11 wherein said salt is selected from
      the group consisting of sodium benzoate, sodium citrate, potassium
      tartarate and sodium phosphate.
NUM  17.
PAR  17. A mouthwash as defined in claim 4 wherein said antibacterial agent is
      selected from the group consisting of benzethonium chloride,
      N-alkylpyridinium chloride, N-cetyl pyrridinium bromide, sodium N-lauroyl
      sarcosine, sodium N-palmitoyl sarcosine, lauroyl sarcosine, N-myristoyl
      glycine and potassium N-lauroyl sarcosine.
NUM  18.
PAR  18. A mouthwash according to claim 1 wherein said surfactant is selected
      from the group consisting of polyoxyethylene sorbitan monolaurate,
      polyoxyethylene sorbitan monopalmitate, polyoxyethylene sorbitan
      monostearate, polyoxyethylene sorbitan tristearate, polyoxyethylene
      sorbitan monooleate and polyoxyethylene sorbitan trioleate.
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ABST
PAL  Lipstick formulation comprising oils encapsulated in a water-soluble shell
      dispersed within an anhydrous base. The anhydrous base comprises a mixture
      of various waxes, oils and coloring agents. By remoistening the lips, a
      sustained release of the encapsulated oils is effected which imparts a
      shiny wet or moist look to the lips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Lipsticks have been used for many years to impart color to the lips. The
      color helps to define the mouth area while imparting cosmetic shades that
      are suitable with fashion trends. Such lipsticks, in general, are made of
      an oily vehicle comprising fat or oil stiffened to a desired consistency
      with waxes of various types which also serve to raise the melting point
      and improve the physical stability. The color is ordinarily provided by
      insoluble pigments such as lakes of dye finely dispersed in the oily
      vehicle and one or more fluorescein dye derivatives which serve to stain
      the lips. A solvent for the dye is also included for increasing the
      effectiveness of this staining on the lips.
PAR  In recent years, attempts have been made to provide a lipstick which will
      impart a long lasting coloring to the lips and thus lessen the need for
      frequent reapplication. This has been accomplished by increasing the
      concentration of the dye and pigment in the conventional lipstick
      formulation to greater than 10% by weight. However, lipsticks containing
      such high concentrations of dye and pigment have been found to impart a
      dry "cakey" look to the lips. This is particularly undesirable since
      current fashion trends are directed to producing a "wet" or "moist" look
      on the mouth. As a result, emollients, lubricants, and moisturizers are
      added in increased amounts to counteract the "cakey" results of the high
      dye and pigment containing lipstick formulations. However, these materials
      themselves are usually short lived on the mouth since they are
      mechanically removed. In addition, these materials tend to act as vehicles
      for the dyes and pigments causing "creeping" or "feathering"  on the outer
      edges of the mouth. This eliminates the sharp line of definition of the
      mouth area for which the product was applied.
PAC  OBJECTS OF THE INVENTION
PAR  This invention is directed to a lipstick which will impart a uniform long
      lasting coloring to the lips. It is directed to a lipstick formulation
      containing low levels of pigment and dye and high levels of emollients,
      lubricants, and moisturizers so as to impart a "wet" or "moist" look to
      the lips and yet avoid the "creeping" or "feathering" effect discussed
      above.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are achieved by including within the lipstick formulation
      water-soluble microcapsules containing an oil component functioning as an
      emollient, lubricant, or moisturizer. Thus, the lipstick contains a
      reservoir of ingredients which will impart a shiny "wet" or "moist" look
      to the lips. Sustained release of the encapsulated ingredient is effected
      by merely moistening the lips. It has also been found that the capsule
      shell material after releasing its contents forms a barrier which reduces
      "creeping" and minimizes mechanical removal.
PAC  DETAILED DESCRIPTION
PAR  The lipstick formulation of this invention comprises from about 2% to about
      20% by weight of water-soluble microcapsules containing a core of an oily
      material which functions as an emollient, lubricant or moisturizer
      dispersed in from about 98% to about 80% by weight of an anhydrous base
      including waxes, oils, coloring agents, and minor amounts of other
      ingredients. It is preferred that the lipstick formulation comprise from
      about 10% to about 15% by weight of microcapsules, with about 10% being
      most preferred. Sufficient anhydrous base must be employed so that the
      formulation is rigid enough to be moldable.
PAR  Any of the waxes commonly employed in lipstick and cosmetic formulations
      such as candelilla, ozokerite, carnauba, synthetic cocoa butter,
      petrolatum USP, isopropyl lanolate, cetyl alcohol, lanolin USP, super wool
      wax (a lanolin alcohol fraction), glyceryl monostearate, etc., are
      suitable for use in this lipstick formulation. It is preferred to employ a
      mixture of waxes for their particular functions, for example, candelilla
      wax provides mold release, super wool wax provides stick strength and drag
      on the lips, synthetic cocoa butter provides a smooth feel, cetyl alcohol
      provides a velvety feel, lanolin USP makes the formulation tacky on the
      lips, ozokerite provides hardness, etc.
PAR  The oily components which function as emollients, lubricants, and/or
      moisturizers are selected from those oils normally employed in lipstick
      and cosmetic formulations such as oleyl alcohol, castor oil, mineral oils,
      liquid lanolin, sesame oil, isopropyl myristate, isopropyl palmitate,
      squalane, etc. It is preferred to employ a mixture of these oils for their
      different functions, for example, oleyl alcohol is a penetrant and color
      vehicle, castor oil is a color dispersing agent, mineral oil is an
      emollient and moisturizer, sesame oil and squalane are lubricants, etc.
      The oily components are preferably present in the anhydrous base as well
      as in the microencapsulate part of the formulation.
PAR  The dyes employed in the formulation are the U.S. Government certified
      colors, both Drug and Cosmetic and Food, Drug and Cosmetic grade. The
      pigments employed are of the inorganic grade such as iron oxides, titanium
      dioxides, iron sulfides, or other conventional pigments approved for
      cosmetic use. The dyes and pigments are employed in an amount ranging from
      about 1% to about 10% by weight of the formulation with about 2% to about
      4% being preferred and are present in the anhydrous base part of the
      formulation.
PAR  The microcapsules comprise an outer shell of water-soluble material and an
      inner core of one or more of the oily emollients, lubricants and
      moisturizers set forth above, with mineral oil being the preferred core
      material. The shell material is continuous and self-supporting and
      comprises from about 50% to about 90% by weight of each microcapsule with
      about 70% being preferred. The core materials comprise from about 10% to
      about 50% by weight of each microcapsule with about 30% being preferred.
      The microcapsules have an average particle size less than 77 microns and
      preferably less than 38 microns.
PAR  The water-soluble shell material is preferably selected from food grade
      polymeric materials such as starches, gum arabic, gum tragacanth, dextrin,
      derivatives of dextrin, etc., with dextrin being the most preferred.
      Methods of forming microcapsules from such materials are known in the art
      as see for example U.S. Pat. No. 3,159,585 to Evans et al. The shell
      material could also be a synthetic water-soluble polymeric material such
      as poly(vinyl alcohol) or a water-insoluble material treated so as to
      become water-soluble as disclosed in U.S. Pat. No. 3,629,140 to Bayless et
      al.
PAR  Anhydrous natural flavor and fragrance oils such as peppermint oil, lemon
      oil, orange oil, etc. or synthetic flavor and fragrance oils can be
      included in the lipstick formulation by incorporation into either the
      anhydrous base or the microencapsulated oils.
PAR  Small amounts, i.e. less than 0.3% by weight of the formulation, of other
      ingredients such as preservatives, as for example, propyl
      p-hydroxybenzoate, and antioxidants, as for example butylated
      hydroxyanisole (BHA), can be included within the anhydrous base part of
      the lipstick formulation.
PAR  The lipstick when applied coats the lips with the dispersion of the
      anhydrous base and the oil containing water-soluble microcapsules. By
      remoistening the lips, a sustained release of the encapsulated oil is
      effected which imparts a shiny "wet" or "moist" look to the lips. The
      capsule shell material after releasing its contents enhances color
      development and allows for an easier transfer of color to the lips. The
      water-soluble polymer actually forms an emulsion with the oils and waxes
      in situ on the lips. This promotes a creamy feel on the lips and aids the
      water soluble colors in penetrating every pore and crevice on the lip
      surface. The water-soluble shell material forms a barrier which reduces
      "creeping" and minimizes mechanical removal of the coating.
DETD
PAR  The following examples are illustrative of lipstick formulations within the
      scope of this invention.
PAC  EXAMPLE 1
TBL  Ingredient           % by Weight                                          
     ______________________________________                                    
     Candelilla wax       13.73                                                
     Oleyl alcohol        13.22                                                
     Castor oil           13.00                                                
     Super wool wax       10.00                                                
     Mineral oil          7.50                                                 
     Synthetic cocoa butter                                                    
                          4.00                                                 
     Cetyl alcohol        5.00                                                 
     Liquid lanolin USP   4.50                                                 
     Sesame oil           4.50                                                 
     Petrolatum USP       4.50                                                 
     Isopropyl lanolate   3.00                                                 
     Lanolin USP          1.50                                                 
     Squalane             1.00                                                 
     Ozokerite            1.00                                                 
     Propyl p-hydroxybenzoate                                                  
                          0.10                                                 
     Butylated hydroxyanisole                                                  
                          0.02                                                 
     D & C Red No. 9      1.66                                                 
     D & C Red No. 27     0.78                                                 
     Iron oxide           0.49                                                 
     Fragrance oil        0.50                                                 
     Encapsulate          10.00                                                
     ______________________________________                                    
PAR  The encapsulate consists of microcapsules having an average particle size
      of less than 77 microns. Each microcapsule consists of 30% mineral oil and
      70% water-soluble dextrin with the oil encapsulated within the dextrin
      shell.
PAR  The ingredients are combined according to the following procedure:
PAR  1. All of the waxes are melted in a steam-jacketed kettle with lightnin
      mixer agitation while maintaining the temperature at from 75 to
      85.degree.C. After the waxes are melted, the oil components except for the
      castor oil are added and agitation is continued.
PAR  2. The dyes and pigment are added to the castor oil in a separate kettle
      and heated with agitation at 70.degree.C. Agitation is continued until a
      proper dispersion is achieved. The dispersion of oil and coloring agents
      is passed through a three-roll mill.
PAR  3. The encapsulated moisturizer is sifted through a 77 micron screen.
PAR  4. The melted waxes from step (1) and the ground coloring agent from step
      (2) are mixed at 75.degree.C with lightnin agitation. After the mixing is
      completed the sifted encapsulated moisturizer is added. The formulation is
      either stored or poured directly into molds and maintained at room
      temparature to form the lipstick.
PAR  Alternatively, the encapsulated moisturizer can be added directly to the
      ground dye slurry of step (2). This mixture is passed through a three-roll
      mill and then added to the melted waxes from step (1) at 75.degree.C with
      lightnin agitation.
PAC  EXAMPLE 2
TBL  Ingredient           % by Weight                                          
     ______________________________________                                    
     Candelilla wax       14.55                                                
     Oleyl alcohol        14.20                                                
     Castor oil           13.50                                                
     Super wool wax       10.50                                                
     Mineral oil          8.00                                                 
     Synthetic cocoa butter                                                    
                          4.25                                                 
     Cetyl alcohol        5.30                                                 
     Liquid lanolin USP   4.75                                                 
     Sesame oil           4.75                                                 
     Petrolatum USP       4.75                                                 
     Isopropyl lanolate   3.10                                                 
     Lanolin USP          1.60                                                 
     Squalane             1.00                                                 
     Ozokerite            1.00                                                 
     Propyl p-hydroxybenzoate                                                  
                          0.10                                                 
     Butylated hydroxyanisole                                                  
                          0.02                                                 
     D & C Red No. 9      1.86                                                 
     D & C Red No. 27     0.78                                                 
     Iron oxide           0.49                                                 
     Fragrance oil        0.50                                                 
     Encapsulate          5.00                                                 
     ______________________________________                                    
PAR  The encapsulate consists of microcapsule having an average particle size of
      less than 77 microns. Each microcapsule consists of 30% isopropyl
      myristate and 70% water soluble dextrin with the oil encapsulated within
      the dextrin shell.
PAR  The formulation is prepared according to the process set forth in Example
      1.
PAC  EXAMPLE 3
TBL  Ingredient           % by Weight                                          
     ______________________________________                                    
     Candelilla wax       12.91                                                
     Oleyl alcohol        12.14                                                
     Castor oil           12.40                                                
     Super wool wax       9.50                                                 
     Mineral oil          7.00                                                 
     Synthetic cocoa butter                                                    
                          3.75                                                 
     Cetyl alcohol        4.70                                                 
     Liquid lanolin USP   4.25                                                 
     Sesame oil           4.25                                                 
     Petrolatum USP       4.25                                                 
     Isopropyl lanolate   2.90                                                 
     Lanolin USP          1.40                                                 
     Squalane             1.00                                                 
     Ozokerite            1.00                                                 
     Propyl p-hydroxybenzoate                                                  
                          0.10                                                 
     Butylated hydroxyanisole                                                  
                          0.02                                                 
     D & C Red No. 9      1.56                                                 
     D & C Red No. 27     0.88                                                 
     Iron oxide           0.49                                                 
     Fragrance oil        0.50                                                 
     Encapsulate          15.00                                                
     ______________________________________                                    
PAR  The encapsulate consists of microcapsule having an average particle size of
      less than 38 microns. Each microcapsule consists of 20% mineral oil and
      10% isopropyl myristate and 0.1% fragrance oil encapsulated within a shell
      of water-soluble dextrin. The dextrin comprises 69.9% of each
      microcapsule.
PAR  The formulation is prepared according to the process set forth in Example 1
      except that the microcapsules are sifted through a 38 micron screen in
      step (3).
PAC  EXAMPLE 4
TBL  Ingredient           % by Weight                                          
     ______________________________________                                    
     Candelilla wax       12.15                                                
     Oleyl alcohol        11.70                                                
     Castor oil           11.60                                                
     Super wool wax       8.90                                                 
     Mineral oil          6.65                                                 
     Synthetic cocoa butter                                                    
                          3.50                                                 
     Cetyl alcohol        4.40                                                 
     Liquid lanolin USP   3.90                                                 
     Sesame oil           3.95                                                 
     Petrolatum USP       3.90                                                 
     Isopropyl lanolate   2.60                                                 
     Lanolin USP          1.40                                                 
     Squalane             0.90                                                 
     Ozokerite            0.90                                                 
     Propyl p-hydroxybenzoate                                                  
                          0.10                                                 
     Butylated hydroxyanisole                                                  
                          0.02                                                 
     D & C Red No. 9      1.66                                                 
     D & C Red No. 27     0.78                                                 
     Iron oxide           0.49                                                 
     Fragrance oil        0.50                                                 
     Encapsulate          20.00                                                
     ______________________________________                                    
PAR  The encapsulate consists of microcapsule having an average particle size of
      less than 77 microns. Each microcapsule consists of 10% mineral oil and
      90% gum arabic with the oil encapsulated within the gum arabic shell.
PAR  The formulation is prepared according to the process set forth in Example
      1.
PAC  EXAMPLE 5
TBL  Ingredient           % by Weight                                          
     ______________________________________                                    
     Candelilla wax       15.00                                                
     Oleyl alcohol        14.50                                                
     Castor oil           14.25                                                
     Super wool wax       11.00                                                
     Mineral oil          8.20                                                 
     Synthetic cocoa butter                                                    
                          4.40                                                 
     Cetyl alcohol        5.50                                                 
     Liquid lanolin USP   4.95                                                 
     Sesame oil           4.95                                                 
     Petrolatum USP       4.95                                                 
     Isopropyl lanolate   3.25                                                 
     Lanolin USP          1.50                                                 
     Squalane             1.00                                                 
     Ozokerite            1.00                                                 
     Propyl p-hydroxybenzoate                                                  
                          0.10                                                 
     Butylated Hydroxyanisole                                                  
                          0.02                                                 
     D & C Red No. 9      1.60                                                 
     D & C Red No. 27     0.73                                                 
     Iron Oxide           0.60                                                 
     Fragrance oil        0.50                                                 
     Encapsulate          2.00                                                 
     ______________________________________                                    
PAR  The encapsulate consists of microcapsules having an average particle size
      of less than 77 microns. Each microcapsule consists of 50% mineral oil and
      50% water-soluble gum tragacanth with the oil encapsulated within the gum
      tragacanth shell.
PAR  The formulation is prepared according to the process set forth in EXAMPLE 1
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lipstick formulation comprising oils microencapsulated within a
      water-soluble shell dispersed within any anhydrous base wherein said
      anhydrous base comprises a mixture of waxes, oils, and coloring agents and
      wherein said anhydrous base is present at from about 80% to about 98% by
      weight of said formulation and said microcapsules are present at from
      about 2% to about 20% by weight of said formulation.
NUM  2.
PAR  2. The lipstick formulation of claim 1 wherein said microcapsules consist
      of from about 10% to about 50% by weight of oily core materials and from
      about 50% to about 90% by weight of water-soluble shell material and are
      of an average particle size of less than 77 microns.
NUM  3.
PAR  3. The lipstick formulation of claim 2 wherein said core includes one or
      more oils selected from the group consisting of oleyl alcohol, castor oil,
      mineral oil, liquid lanolin, sesame oil, isopropyl myristate, isopropyl
      palmitate, and squalane and said shell material is selected from the group
      consisting of starch, gum arabic, gum tragacanth, and dextrin.
NUM  4.
PAR  4. The lipstick formulation of claim 3 wherein said microcapsule comprise
      from about 10% to about 15% of said formulation.
NUM  5.
PAR  5. The lipstick formulation of claim 4 wherein said microcapsules consist
      of about 30% core and about 70% shell.
NUM  6.
PAR  6. The lipstick formulation of claim 5 wherein said core material is
      mineral oil and said shell material is dextrin and said microcapsules
      comprise about 10% by weight of said lipstick formulation.
NUM  7.
PAR  7. The lipstick formulation of claim 3 wherein said shell material is
      dextrin and said core material is isopropyl myristate.
NUM  8.
PAR  8. The lipstick formulation of claim 3 wherein said core material is a
      mixture of mineral oil, isopropyl myristate, and fragrance oil and said
      shell material is dextrin.
NUM  9.
PAR  9. The lipstick formulation of claim 1, wherein said anhydrous base
      comprises one or more waxes selected from the group consisting of
      candelilla, ozokerite, carnauba, synthetic cocoa butter, petrolatum,
      isopropyl lanolate, cetyl alcohol, lanolin, lanolin alcohol fraction and
      glyceryl monostearate and one or more oils selected from the group
      consisting of oleyl alcohol, castor oil, mineral oil, liquid lanolin,
      sesame oil, isopropyl myristate, isopropyl palmitate and squalane, and one
      or more D & C or F, D & C certified colors and at least one inorganic
      pigment.
NUM  10.
PAR  10. The lipstick formulation of claim 9 wherein said anhydrous base
      includes a preservative, an antioxidant, and fragrance oil.
NUM  11.
PAR  11. A lipstick formulation consisting essentially of the following
      ingredients on a percent by weight basis
TBL  Candelilla wax       13.73                                                
     Oleyl alcohol        13.22                                                
     Castor oil           13.00                                                
     Lanolin alcohol fraction                                                  
                          10.00                                                
     Mineral oil          7.50                                                 
     Synthetic cocoa butter                                                    
                          4.00                                                 
     Cetyl alcohol        5.00                                                 
     Liquid lanolin       4.50                                                 
     Sesame oil           4.50                                                 
     Petrolatum           4.50                                                 
     Isopropyl lanolate   3.00                                                 
     Lanolin              1.50                                                 
     Squalane             1.00                                                 
     Ozokerite            1.00                                                 
     Propyl p-hydroxybenzoate                                                  
                          0.10                                                 
     Butylated hydroxyanisole                                                  
                          0.02                                                 
     D & C Red No. 9      1.66                                                 
     D & C Red No. 27     .78                                                  
     Iron oxide           .49                                                  
     Fragrance oil        .50                                                  
     Encapsulated mineral oil                                                  
                          10.00                                                
PAL  wherein said encapsulated mineral oil consists essentially of microcapsules
      having an average particle size of less than 77 microns, a water-soluble
      dextrin shell, and wherein said shell is present at 70% by weight and said
      mineral oil core is present at 30% by weight in each microcapsule.
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ABST
PAL  This invention is directed to a powder suitable for the preparation of a
      hematinic suspension which provides for controlled release of the iron
      contained in said powder. The powder to which this invention refers
      consists essentially of particles below a diameter of 50 microns. It is an
      iron adsorbate containing a specified amount of ferrous ions adsorbed on a
      specified cation exchange resin.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Hematinics have been used in therapy for many years. Historically, iron
      preparations always represented the most convenient and cheapest form of a
      hematinic, although a number of well known disadvantages are connected
      with their use. Among those disadvantages are, depending on the form of
      the iron salt, the gastric irritation, the objectionable taste, the
      unpleasant mouth feel, staining of teeth, and the lack of stability of the
      ferrous salts.
PAR  In order to overcome some of these disadvantages, iron salts have in the
      past been combined with resins or they have been coated with resinous
      materials in order to provide passage through the upper G.I. tract without
      substantial exposure of the iron salt. Unfortunately, this results in a
      more or less uncontrollable release of the iron from such preparations, a
      release which begins only after a time period which depends on the size or
      thickness of the coating or, the iron is only released in the intestinal
      tract by virtue of an acid resistant coating preventing exposure of the
      active iron ion in the stomach. Also, coated particles of this type are
      ordinarily unsuitable for liquid preparations since part of the coating
      may dissolve in the storage bottle, exposing the iron salt.
PAR  It is therefore an object of the present invention to provide a hematinic
      which produces prompt and controlled release of iron. It is another object
      of this invention to provide a hematinic suitable to be administered in an
      easily and readily preparable suspension. It is still a further object of
      this invention to provide a hematinic of acceptable taste, mouth feel,
      high stability and suitable for preparing a suspension which essentially
      does not stain teeth.
PAR  These and other objects are accomplished by providing a powder suitable for
      the preparation of a palatable oral dosage form for a controlled release
      hematinic consisting essentially of an iron adsorbate containing between 5
      and 12% by weight of ferrous ions adsorbed on a nuclear sulfonic cation
      exchange resinous copolymer of styrene and divinylbenzene containing
      between 1 and 16% by weight of said divinylbenzene, said powder being
      essentially free of particles with a diameter of above 50 microns.
PAR  In a simple embodiment, the suitable resin selected for the above purpose
      is converted into its hydrogen cycle, washed thoroughly with deionized
      water and a solution of ferrous sulfate is passed through said resin. The
      excess liquid is drained from the adsorbate so formed and the latter is
      dried, preferably without exposure to air, at 50.degree. -90.degree. C.,
      over a period of several hours or days.
PAR  A particularly suitable resin for the above purpose is the polystyrene type
      sulfonic acid ion exchange resin containing about 8% divinylbenzene in
      cross-linkages and having a particle size range of 20 - 50 mesh. Resins of
      this type are commercially available as Amberlite IR-120, DOWEX 50-X8,
      Zeocarb 225, etc. The use of such a resin allows the ferrous sulfate
      solution to be adsorbed in a column operation, i.e., almost instantaneous
      adsorption is obtained. It was found that the degree of cross-linkage
      between 1 and 16% had little effect on drug release from the resin, but it
      was noted that adsorption of the iron sulfate was somewhat slower with
      resins containing 12% (e.g., Amberlite IR-124) or 16% (e.g., Biorad AG 50
      W-X16) of divinylbenzene.
PAR  It was also observed that adsorption of the iron ions unto a polysulfonic
      acid resin with smaller particle size ranges was more difficult by column
      operation and with particles passing a 200 mesh sieve, adsorbing the iron
      salt by the above column operation must be replaced by a batch operation
      which yields lower potency. Thus, in order to obtain a resin absorbate
      containing substantially no particles with a diameter of above 50 microns,
      best results are attained by adsorbing the iron salt on resin particles
      not passing a 100 mesh sieve or larger using a resin column operation and
      to follow this adsorption by milling the dried adsorbate to the necessary
      mesh size.
PAR  In a preferred embodiment, a sulfonic cation exchange resin of the
      polystyrene type cross-linked with 1 - 16% of divinylbenzene and particle
      size range of 20 - 50 mesh in the hydrogen cycle is charged with a ferrous
      sulfate solution containing 1 equivalent of iron per equivalent resin
      exchange capacity. Upon draining and vacuum drying, the resin shows to
      contain 96 - 98% of the ferrous ions added or 105 - 120 mg. of ferrous ion
      per gram adsorbate. When this procedure is replaced by a batch operation,
      it was observed that a 30 - 50% excess of ferrous sulfate was necessary to
      attain an adsorbate potency of 90 - 100 mg./g. of adsorbate.
PAR  While it is possible to make adsorbate particles of the required mesh size
      from resin particles of suitable size (substantially no particles of above
      50 microns diameter) through batch operation, the preferred method to
      attain the desired particles is by column adsorption in the above manner
      and milling the powder obtained after drying. This milling can be done by
      the so-called dry milling process using the fluid energy mill or by
      wet-ball milling using a suitable medium such as water or sorbitol
      solution.
PAR  The desired final adsorbate particles, i.e., the above powder obtained
      after drying the milled resin adsorbate of suitable particle size, can
      easily be placed in a stable suspension. In a general embodiment, 50 - 250
      parts (all parts are by weight) together with 15 to 25 parts of the
      suspending agent are suspended in 50 parts of glycerine containing the
      desired sweetening and/or flavoring agents. The pH is adjusted to 3.0 and
      the volume is adjusted to 1000 parts with a suitable, nontoxic, preferably
      physiologically inert vehicle. Among the suitable vehicles are a 70%
      aqueous sorbitol solution, an aqueous glucose solution or the like.
PAR  Among the suspending agents, water-soluble or water-dispersible polymers
      are desirable, many of those are well known in the trade, e.g.,
      hydroxypropylmethylcellulose, sodium carboxymethylcellulose, magnesium
      aluminum silicate, xanthan gum or certain other polysaccharide gums and
      the like. It may also be desired to add thickening agents to the
      suspension which helps to minimize the adhesion of adsorbate particles to
      parts of the buccal cavity. Formulated suspensions of this type containing
      52.5 - 105 milligrams of ferrous iron per 5 ml. suspension show no
      detectable oxidation to ferric iron after 2 months at 25.degree.,
      40.degree. and 50.degree. C. By the addition of a stabilizer such as
      ascorbic acid, even longer shelf life can be attained.
PAR  In order to illustrate the process for making the particles of the present
      invention, reference is made to the following example which also shows a
      final product made from the particles of the invention and its
      physiological effect. However, this example is not intended to limit the
      invention in any respect.
DETD
PAC  EXAMPLE
PAR  In a suitable tank, 32.4 kg. of Amberlite IR-120 was agitated for 30
      minutes with 50 - 60 liters of deionized water. This mixture was filled
      into a glass column of 6 inch diameter and 15 feet height, containing 5
      liters of deionized water. The excess water was drained but leaving the
      resin bed surface below the water surface level. Another 60 liters of
      deionized water was pressed into the column from the bottom at a rate to
      increase the resin bed volume by about 30 - 50%. The resin was transferred
      to its hydrogen cycle in known fashion using the bottom inlet for the
      dilute hydrochloric acid solution. The resin in the hydrogen form is then
      again washed with deionized water.
PAR  A solution of 17.8 kg. of ferrous sulfate in 340 liters of distilled water
      containing 270 g. of ascorbic acid was then passed upwards through the
      column at a rate of 40 liters per hour. The column was then washed with 20
      liters of distilled water, the water was drained and the resin was placed
      on trays and vacuum dried at 70.degree. C. for 48 hours to yield 25 kg. of
      adsorbate particles containing 10.8% ferrous ions, less than 0.5% of
      moisture and no ascorbic acid (demonstrated by qualitative UV scan). The
      total iron content of the adsorbate is 11%.
PAR  The above iron-Amberlite adsorbate (3.5 kg.) was milled through a 0.010
      inch herringbone slot screen on the Microsample mill at about 13000 rpm,
      using dry ice during milling. The milled adsorbate was placed in a plastic
      bag and gassed with dry nitrogen until it warmed up to the point when
      condensation of moisture did not occur. This was done to minimize moisture
      pick-up.
PAR  The iron adsorbate (3.4 kg.), 7.5 g. of a preservative mixture
      (methylparaben and propylparaben 10:1), 102 g. of ascorbic acid and 10.2
      kg. of a 70% aqueous sorbitol solution containing 6.8 g. of a xanthan gum
      were placed in a ball mill and milled for eight hours under a nitrogen
      atmosphere. The "preslurry" obtained in this manner is suitable as a
      concentrate stock solution which is stable over extended periods of time
      under ordinary storage conditions.
PAR  In order to make a hematinic suspension suitable for oral administration,
      125 ml. of glycerine and 100 ml. of water are heated and 2 g. of
      methylparaben and propylparaben (9:1) are added and mixed in for complete
      solution. To this solution is added 340 g. of a 70% aqueous sorbitol
      solution and after mixing, 3.5 g. of xanthan gum is mixed in at a
      temperature of 60.degree. - 70.degree. C. for 1/2 hour. At the same
      temperature, 2 g. of saccharin and 100 g. of sugar are mixed into the
      solution at 60.degree. - 70.degree. C., the solution is then cooled to
      25.degree. C. while bubbling nitrogen gas therethrough. Nitrogen bubbling
      is continued throughout the rest of the operation which comprises adding
      105 g. of the above "premix", mixing for 1/2  hour, adding 100 g. of 35%
      ascorbic acid, mixing, adding 1 ml. of D & C Red No. 19 Dye in slightly
      warmed purified water, adding 2 ml. of flavoring components ordinarily
      used in such applications, and adjusting the pH with a 20% aqueous sodium
      hydroxide solution to 2.8 - 3.0. Purified water is then added to make up a
      total volume of 1 liter and the mixture is well stirred under vacuum to a
      constant volume and until uniform.
PAR  Two groups of five healthy adult subjects each were used in studies of
      serum iron levels after being given an oral dose of the above final
      suspension representing 105 mg. of elemental iron in the form of the
      desired adsorbate. One of the groups was fasted for 12 hours prior to the
      administration of the iron adsorbate with breakfast served one hour after
      dosing. The other group received breakfast one-half hour before dosing.
      Blood samples were taken before dosing and at 1, 2, 4, 6 and 8 hours after
      dosing and were assayed for serum iron, using an automated method.
PAR  In the fasting group, the serum iron concentration before dosing showed a
      mean value of 1.56 mcg./ml.; after one hour this value was 1.98, at 2
      hours it was 2.69, at 4 hours it was 2.41, at 6 hours it was 2.31 and at 8
      hours it was 1.62 mcg./ml. with an individual peak level average of 2.74
      mcg./ml. In the nonfasting group, the mean value at the beginning was
      1.30; after one hour it was 1.48, after 2 hours it was 1.60, after 4 hours
      it was 1.68, after 6 hours it was 1.38 and after 8 hours it was 1.32
      mcg./ml. with an individual peak level average of 1.85 mcg./ml.
PAR  At each sampling time the mean serum levels were much higher for the
      fasting subjects. Part of this difference was due to hemolysis in several
      of the fasting blood samples compared to only one hemolyzed nonfasting
      blood sample. However, the blood samples without hemolysis under the
      fasting conditions were generally higher than the corresponding nonfasting
      samples.
PAR  In another blood level study carried out with ten human volunteers and a
      105 mg. iron dosage given orally in the form of the above suspension, it
      showed that blood serum iron levels were the same as those obtained by
      administering capsules containing ferrous sulfate.
PAR  One of the major advantages of the suspension made from the particles of
      the present invention is the fact that the release of ferrous ions is
      controlled. This means that any given time after oral ingestion of a
      therapeutic iron dose of this suspension, no more than about 25% of said
      iron dissolves in the fluid of the stomach. In turn, this means that
      gastrointestinal side effects, i.e., nausea, diarrhea and intestinal
      colic, are minimized and that the equilibrium that results from dissolving
      parts of the iron present per time increment provides a means for
      providing a desirable level of iron with less frequent dosing. Also, the
      suspension can be formulated in such a way that never more than about 2 -
      4% of the iron of the adsorbate is in the solution. This is done by
      keeping the cation concentration of the suspension low, for instance, as
      exemplified above. In turn this means that staining of teeth and the
      "iron" taste of the suspension is minimized. Furthermore, the particle
      size in the suspension is such that the unpleasant mouth feel often
      encountered with known iron preparations is largely absent. Although taste
      masking with well accepted flavoring agents will further improve the
      acceptability of the above suspension, only minimal effort is required in
      this direction by suspending the particles of this invention. Also, due to
      the controlled release resulting from suspending the particles of this
      invention, amounts of iron can be administered that are 2 - 4 times
      greater than possible by using more conventional dosage means due to
      gastrointestinal disorders caused by such conventional hematinics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a powder suitable for the preparation of a palatable oral dosage form
      for a hematinic suspension for controlled release of the iron contained
      therein in the form of an iron adsorbate consisting essentially of 5-12%
      by weight of ferrous ions adsorbed on a nuclear sulfonic cation exchange
      resinous copolymer of styrene and divinylbenzene containing between 1% and
      16% by weight of said divinylbenzene, the improvement being that
      essentially all iron adsorbate particles have a diameter below 50 microns.
NUM  2.
PAR  2. The powder of claim 1 wherein said adsorbate contains 10 - 12% by weight
      of ferrous ions.
NUM  3.
PAR  3. The powder of claim 1 suspended in a liquid pharmaceutical carrier
      suitable for oral administration, said powder being present in an amount
      of from 5 - 25 parts by weight per 100 volume parts.
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ABST
PAL  An ophthalmic solution is provided for treatment of "dry eye", providing
      lubricating and cushioning effects for traumatized eyes, including trauma
      caused by the wearing of hard or gel-type contact lenses, and as a carrier
      for ophthalmic medicaments. The solution is an aqueous solution of
      polyethylene oxide, optionally polyethylene glycol, and other optional
      ingredients.
PARN
PAR  This application is a Division of applicant's copending application Ser.
      No. 324,983, filed Jan. 19, 1973 now U.S. Pat. 3,856,919 which is a
      division of Ser. No. 44,564, filed June 8, 1970 now U.S. Pat. No.
      3,767,788 which is a continuation in part of Ser. No. 881,336 filed Dec.
      1, 1969 and Ser. No. 773,947, filed Nov. 6, 1968, both now abandoned.
BSUM
PAR  The present invention relates to a multi-functional ophthalmic solution
      designed for and adapted to general use in the eyes of humans and domestic
      animals. The present invention further relates to a provision of a
      synthetic mucous layer which serves as a wetting agent in the eye, i.e. an
      artificial tear material useful for the treatment of both "dry-eye" or as
      a cleaning, lubricating, and cushioning agent for the eye after an injury
      or therapeutic surgery. The invention also relates to the utilization of
      the ophthalmic solution as a carrier for ophthalmic medicaments. Still
      further, the invention relates to an ophthalmic solution useful as a
      cleaning, lubricating, and cushioning agent for both hard and gel-type
      contact lenses. The invention also relates to the attainment of all the
      foregoing functions without optical interference, and with a solution
      which may be readily buffered to any convenient pH. The invention further
      relates to an ophthalmic solution having bactericidal activity.
PAR  Heretofore, ophthalmic solutions have generally conformed to the general
      specifications required for all such intended utilizations in the
      treatment of the eye. Such solutions have generally been isotonic,
      buffered to the required pH, sterile, and have contained additives for
      improved viscosity and longer retention in the eye. However, with many of
      such solutions, the problems of dosage, irritation to the eye, stability,
      and occular response persist.
PAR  Many attempts have been made to resolve these problems by modifying
      existing formulas, using different forms of eye-treating substances, or
      using bases immiscible with aqueous solutions. Such attempts have added
      little to the performance qualities of the products.
PAR  Ir is accordingly an object of the present invention to provide a
      multipurpose ophthalmic solution, suitable for general utilization in the
      eye of both humans and domestic animals. A further object of the present
      invention is the provision of such solutions which can be readily modified
      for particular purposes and utilizations, including the introduction into
      the eye, and the retention therein, of ophthalmic medicaments, the
      provision of a wetting agent, which serves an artificial tear for the
      treatment of "dry-eye", or a cushioning or lubricating agent for an
      injured or surgically treated eye, as a cleaning, lubricating and
      cushioning agent for utilization in conjunction with both hard and
      gel-type contact lenses, and the like.
PAR  These and still other objects, as will become apparent, from the following
      disclosure, are attained by the composition of the present invention,
      which in its broadest terms comprises a polyethylene oxide polymer having
      a molecular weight of from about 100,000 to about 5,000,000, and,
      optionally, a polyalkylene glycol, preferably polyethylene glycol or
      polypropylene glycol, having a molecular weight of about from 400 to
      6,000, and water.
PAR  Polyethylene oxide is known to exhibit excellent lubricating
      characteristics in aqueous solution and is freely soluble in water without
      degradation or hydrolysis. Wide ranges of molecular weights are available,
      and in the present invention, can be from 100,000 up to several million,
      e.g. 5,000,000 or even greater. The higher molecular weight materials are
      preferred in the present invention, and a range of 3,000,000 to 5,000,000
      has been found particularly useful. Most preferred is a polyethylene oxide
      having a molecular weight of about 4,000,000. Such resins have
      extraordinary thickening action in water, even in the presence of salts.
      The thickening power increases sharply with both concentration and
      molecular weight. Thus, to attain the desired viscosity, substantially
      less ethylene oxide polymer is required for a relatively higher weight
      than would be the case when a lower molecular weight polymer is utilized.
      In addition, the higher molecular weights result in a higher strength
      lubricating film in solutions due to orientation of polymer molecules. The
      concentration of the ethylene oxide polymer will vary in the present
      invention with the molecular weight to provide a viscosity of from 0 to
      about 30,000 cps at 20.degree.C. as measured by Brookfield Viscosimeter,
      where viscosities of from 0 to about 200 cps being measured using the
      ultra low viscosity adaptor rotated at a speed of 0.6 rpm, and viscosities
      greater than about 200 cps are measured with a number 6 spindle rotated at
      10 rpm. Such viscosities will ordinarily be obtained when the
      concentration is within the range of about 0.05 to 2.0 weight per cent,
      depending upon the molecular weight of the polymer employed. With lower
      viscosities, whether due to lower molecular weight polymers or lower
      concentration, or both, inferior lubrication results, while higher
      viscosities result in difficult handling properties and characteristics,
      including insufficient flowability for full effective utilization in the
      eye.
PAR  The high molecular weight ethylene oxide polyethers utilized in the present
      invention can be conveniently prepared in the presence of a catalyst and
      an organic diluent in which the ethylene oxide monomer is soluble and the
      polymeric product is insoluble. During polymerization, the polymer chain
      grows through addition of the ethylene oxide monomer to an alkene oxide
      radical derived from previously reacted monomer units. The resultant
      materials are granular, tough, water soluble polymers which can range in
      molecular weight from about 10,000 to 5,000,000 or even more. The specific
      technique for producing these polymers are well-known to the art and form
      no part of the present invention.
PAR  Aqueous solutions of the polyethylene oxide resins have a low level of oral
      toxicity and an extreme level of compatibility in contact with the skin or
      in the eye. They are also characterized by high level of pituitousness and
      an extraordinarily high degree of pseudo-plasticity. The solutions are
      highly stable through a wide range of temperatures and can tolerate
      extremely wide variations in pH. Since the resins are non-ionic, their
      solutions undergo predictable salting effects and the inclusion of salts
      depresses the upper temperature limit of solubility and tends to reduce
      solution viscosities. The salting out effect is mild in comparison with
      that observed in the case of poly-electrolytes, but is comparable with
      that observed to other neutral molecules dissolved in high di-electric
      media. As a consequence, solutions of relatively low concentration of
      resin, on the order of those contemplated in the present invention, can
      tolerate substantial amounts of both organic and inorganic salts.
PAR  Because of the strong hydrogen-bonding affinity of the ether oxygen in the
      polyethylene oxide chain, the resin solutions will form association
      complexes with a wide variety of materials. Such associations complexes
      per se often exhibit properties markedly different from either component
      alone, but it has been found that the resin will give up associated
      materials when introduced into the eye. The dissociation in vivo may
      result from a salting out effect produced by the materials with which the
      solutions are contacted, e.g. various salts occuring in tears and the
      like.
PAR  Because of the high levels of pseudo-plasticity and pituitousness of
      polyethylene oxide aqueous solutions, it is highly desirable to include in
      the solution a material which will render a plasticizing effect. In
      addition, it is also desirable to include a humectant which will enhance
      fluid retention over the course of long term usage in the eye. These
      functions are provided by the inclusion in the solution of a polyalkylene
      glycol. The preferred polyalkylene glycol is polyethylene glycol, such as
      the Carbowaxes, as supplied by Carbide and Carbon Chemicals Company. Such
      materials have molecular weights ranging from about 400 up to as much as
      about 6000. Particularly preferred in the compositions of the preferred
      invention is polyethylene glycol having molecular weight of about 4000,
      although this preference is primarily because of the ready availability
      and convenience of processing of the particular material. Polyglycols
      containing other alkylene groups can also be utilized, such as
      polypropylene glycols and the like, but such materials are often not
      readily available, and for this reason alone are not particularly
      preferred in the present invention. The polyalkylene glycol can be present
      in amounts ranging up to 5000 preferably 500 to 5000, weight per cent
      based on the weight of the ethylene oxide polymer. Less than about 100% by
      weight can result in insufficient water retention and plasticizing effect,
      with concomittent drying of the eye and irritation of ocular tissue, while
      amounts greater than about 5000 weight per cent can exhibit a "salting
      out" effect, with the formation of waxy solid globules or particles which
      can be irritating to ocular tissue.
PAR  The basic ophthalmic solution of the present invention, i.e. the aqueous
      solution of polyethylene oxide and polyalkylene glycol, is useful per se
      in a number of contexts. Primary among these is the provision of a
      synthetic mucuous layer, which serves to clean and lubricate the eye,
      serving as a wetting agent and artificial tear for the treatment of
      "dry-eye" or to provide a cushioning and lubricating effect in an injured
      or surgically treated eye. A related effect is the cleaning, lubricating,
      and cushioning effects attained when the solution of the present invention
      is used in conjunction with contact lenses, of both the hard resin and gel
      type. Representative of the problems generally applicable to each of the
      foregoing usages, is the use of the ophthalmic base solution of the
      present invention in conjunction with gel-type contact lenses, and
      accordingly the use of the solution will be discussed with particular
      reference thereto.
PAR  The advent of the gel contact lens has generated entirely new requirements
      for contact lens treating solutions, and entirely new problems in hygenic
      handling and care for the lenses. In contrast to the more common hard type
      lens, usually made of polymethylmethacrylate, the gel lens will absorb
      relatively large proportions of water to form a soft, pliable material
      which has a tendency to fray. The gel is a three-dimensional lattice
      formed by the polymerization of glycol esters and diesters of acrylic
      acids. The glycol moieties of the molecules imparts a strong hydrophillic
      character to the lattice, with the consequent ability to absorb rather
      large amounts of water. By utilizing the unique properties of these
      lenses, new therapeutic options are presented for the treatment of ocular
      debilities. Since the lens per se represents only the environment of use
      of the composition, a more complete discussion of its physical parameters
      need not be repeated here. A discussion of the gel contact lens, including
      both the preparation and use thereof, occurs in Augenoptika, Heft 6, 1964,
      pages 5 and 6, which reports a paper delivered by Maximillian Dreyfus at
      the 15th WVA annual meeting.
PAR  One characteristic peculiar to the gel lens is the requirement that
      treating solutions contain no component that can become entrained in the
      lattice of the gel, since such materials tend to accumulate and become
      irritating to the ocular tissue. The lens does, however, require a
      cleaning and lubricating solution to cushion the ocular tissue from direct
      contact with the lens. The requirement for a cleaning action is shared by
      the gel-type lens with hard lenses and with synthetic tears and other such
      ophthalmic solutions. The exposure of the eye to various atmospheric
      pollutants, such as smoke, dust, pollen, noxious and irritating gases and
      the like can create severe discomfort and irritation, particularly in
      situations where the pollutants collect in the natural or artificial tear
      film to persist for substantial periods of time to exert their irritating
      effects. In addition to the avoidance of material which can accumulate in
      the gel, the materials used must be compatible with the gel and with
      ocular tissue, and not interfere with the physio-chemical balance of the
      precorneal films. The attainment of these objectives is illustrated by the
      following example:
DETD
PAC  EXAMPLE I
PAR  An ethylene oxide polymer having a molecular weight of about 4,000,000,
      (Union Carbide Polyox WSR 301) and polyethylene glycol having a molecular
      weight of about 4,000 (Carbowax 4,000) are dissolved in distilled water in
      the following proportions:
TBL  Polyethylene                                                              
                 Ethylene       Distilled                                      
     glycol      oxide polymer  water                                          
     9.00 gms.   0.30 gms.      300.00 ml.                                     
PAR  The solution is utilized to clean and hydrate gel-type contact lenses by
      immersing each lens in sufficient of the solution to completely cover the
      lens. Full hydration is effected in about 1-10 minutes. At the end of the
      immersion, the lens is lightly rubbed between the fingers and rinsed with
      water. Each lens was examined and was found to be fully hydrated and
      optically clean. The lenses are then implaced in human eyes in
      conventional fashion and are left in place for periods of 12 to 17 hours
      without noticable irritation. In dry environments or drafts some subjects
      flush the lenses while in place with small increments of the solution,
      which is found to effectively clean and rehydrate the lenses, whereby the
      tolerance period of the subject is enhanced and any drying problem
      alleviated.
PAR  By comparison, conventional lens wetting solutions of types commercially
      available are found to provide inferior cleaning, and the bacteriocidal
      ingredients occlude in the lens and cause irritation of the occular
      tissues.
PAR  In addition to the foregoing tests, both the solution of the present
      invention and the above mentioned commercially available lens solution of
      U.S. Pat. No. 3,171,752 were tested for retention in the eye in the
      following fashion:
PAR  A minor amount of fluorescein dye was incorporated into each solution. One
      solution was placed in one eye, the other solution in the other eye, of a
      number of rabbits. Examination of the eyes using an ultra-violet light
      source gave a quantitative base measure of the amount of solution present.
      Periodic repetitions of the examination revealed that this solution was
      gradually lost in either case, but that the commercial solution was
      retained much less effectively. The eyes treated with the solution of this
      example retained at two hours the same amount of solution as did the eyes
      treated with the commercial solution at twenty-five minutes. Details of
      the fluorophotometric determination can be found in Waltman et al,
      Investigative Ophthalmology Vol. 9, No. 4, pp. 247-249, April, 1970.
PAR  In no case, including both the utilization of the geltype contact lens in
      the human eye, or the solution alone in the eyes of the test rabbits, was
      any evidence of irritation of the eye found to result from the solution of
      the present example.
PAR  Another surprising aspect of the composition of the present invention, and
      of Example I is particular, is the bacteriocidal effect which has been
      observed, both in vitro and in vivo, with a number of bacteria
      particularly confirmed with Bacillus subtilis, Candida albicans,
      Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus. The
      reasons for such activity remain at present unclear and are not fully
      understood, and accordingly, no explanation for such activity can be
      offered at present.
PAR  In addition to the per se usefulness of the ophthalmic solution of the
      present invention, as illustrated in the foregoing Example I, the
      ophthalmic solution of the present invention finds an additional area of
      broad utility as a carrier for ophthalmic treating materials, such as
      medicaments, particularly those requiring an acid pH. The high
      effectiveness of the ophthalmic solution of the present invention is
      believed due to the strong hydrogen bonding affinity of the ether oxygen
      of the polyethylene oxide chain. When combined with the ophthalmic
      solution of the present invention, ophthalmic medicaments are found to
      exhibit a much greater retention on orbital tissue, and results in a
      longer duration of medicament activity. In addition, the degree of
      retention attained permits the use of smaller amounts of the eye treating
      substances than has been found heretofore possible while maintaining the
      necessary levels of effectiveness. Examples of medicaments with which the
      carrier can be used are:
PA1  Pilocarpine, HCl
PA1  Hydrocortisone USP (alcohol)
PA1  Hydrocortisone Acetate
PA1  Prednisolone Acetate and other Cortisones
PA1  Neomycin Sulfate
PA1  Bacitracin
PA1  Penicillin
PA1  Sulfamerazine
PA1  Sodium Sulfacetamide
PA1  Sulfadiazine
PA1  Sulfasoxozole and other sulfa derivatives
PA1  Scopolamine hydrobromide
PA1  Epinephrine Bitrartrate
PA1  Phenylephrine HCl or other derivatives
PA1  Prostigmin Bromide
PA1  Pilocarpine (any of the salts)
PA1  Idoxuridine
PA1  Antipyrine
PA1  Naphthazoline HCl
PA1  Antazoline Phosphate
PAR  The foregoing list is intended to be merely exemplary, and as the list
      illustrates, the ophthalmic solution of the present invention can be
      utilized as a carrier for substances such as antibiotics, mydriatics,
      biotics, antihistamines, and the like. The amount of eye treating
      substances used with the composition of the present invention depends upon
      the nature of this substance or substances employed, and the response of
      the individual receiving treatment. Typically, up to 500% or even more,
      based on the weight of the polyethylene oxide, of the eye treating
      medicament can be used.
PAR  When the eye treating eye substance or substances are those requiring an
      acid pH, one or more acids can be present in amounts sufficient to
      maintain the solutions at a pH of less than 7 and as low as about 3. An
      example of an acid which can be used with eye treating substances such as
      medicaments requiring an acid pH is boric acid. However, many eye treating
      substances must be maintained in a basic or neutral medium, and, in these
      instances, one or more pH buffers such as sodium borate is added to
      maintain a solution of a neutral or slightly basic pH. Typically, the
      buffering substances present in an amount sufficient to maintain the pH at
      the desired level, are from between about 7.4 and about 8.2, and
      preferably at about 7.6. Other buffering compositions can be used as well,
      including a combination of phosphates such as, for example, mono-sodium
      phosphate and disodium phosphate to provide both acid and base control.
      Other phosphates, acetates, and carbonates can be substituted for the
      phosphates mentioned above, provided they are compatible with the eye.
      Specifically the amount of buffering additions can range from about 0 to
      4%, preferably about 0.2%, for the dibasic component, and from about 0 to
      about 0.5% for the mono-basic component, where the percentages are by
      weight based upon the total weight of the overall composition, with the
      ratio of components balanced to provide proper pH for the overall
      composition.
PAR  The utilization of the ophthalmic solution of the present invention is the
      carrier for the ophthalmic medicaments is illustrated by the following
      example:
PAC  EXAMPLE II
PAR  The following composition is illustrative of the utilization of the
      composition of the present invention as a carrier for medicaments: an
      ethylene oxide polymer having a molecular weight of about 4,000,000 (Union
      Carbide Polyox WSR 301), and a polyethylene glycol having a molecular
      weight of about 4,000 (Carbowax 4,000), are dissolved in distilled water
      in the following proportions:
TBL  Polyethylene glycol                                                       
                       9.00       gm                                           
     Ethylene Oxide Polymer                                                    
                       0.30       gm                                           
     Distilled Water   300.00     ml                                           
PAR  To the base solution, there are then added 6.00 gm of pilocarpine HCl and
      3.00 gm of boric acid. Both the salt and the acid dissolve readily in this
      solution.
PAR  The foregoing formulation is utilized in the treatment of glaucoma
      patients, who had previously required four standard pilocarpine treatments
      per day. It is found that two treatments with the formulation of the
      present invention provide the same therapeutic effects as the four
      standard treatments. Studies on normal eyes of both animals and humans,
      after the fashion indicated in Example I, showed no adverse effects after
      prolonged application periods, and a much longer period of retention in
      the eye for each application.
PAR  Whatever the contemplated utilization of the ophthalmic solution of the
      present invention, it can be desirable to include in the solution one or
      more of a variety of secondary additives, as hereinafter described in
      fuller detail. For example:
PAR  High compatible cellulose derivatives, of a variety soluble in water, such
      as, for example, methyl cellulose, hydroxyethyl cellulose, hydroxypropyl
      cellulose, carboxymethyl cellulose, hydroxypropyl methyl cellulose, and
      the like can be included in this solution to act as a mechanical buffer or
      as a viscosity controlling agent, and can be used to maintain the
      viscosity of the overall composition within the desired range as
      hereinbefore described. Specifically, the cellulose derivatives, when
      employed, should be present in an amount sufficient to maintain viscosity
      of the overall composition at the desired level.
PAR  The composition of the invention can also contain one or more eye
      compatible biocides, such as thimerosal (sodium
      ethylmercurithiosalicuylate), and the di-, tri-, or tetrasodium
      ethylenediamine tetraacetates. The percentages of such biocides can vary
      over a broad range, but typically do not exceed about 1% by weight of the
      overall composition.
PAR  In addition, the composition of the present invention can also contain one
      or more eye compatible non-ionic surfactants in amounts varying over a
      wide range, but typically in amounts up to about 0.5% by weight, in order
      to provide product stability. An example of the surfactants which can be
      utilized are Tergitol 1559 (Carbide and Carbon Chmicals Co.); Pluronic F68
      (Wyandotte Chemical Corp., Michigan Alkali Division); Tweens of H.L.B.
      value of 11 or higher (Atlas Powder Company).
PAR  Still another subsidiary component which can be added to the ophthalmic
      solutions of the present invention includes polyvinyl pyrrolidone (such as
      Plasdone C, supplied by Entira Chemicals, Division of GAF Corp.) which
      performs a number of desirable functions. Polyvinyl pyrrolidone (PVP) acts
      as a detoxicant, binding anti-toxins present in eye fluids, and rendering
      them harmless. PVP also acts to protect the solution by preventing its
      breakdown because of particle agglomeration, and acts as a demulcent
      lubricant by a combination of adhesive and lubricating properties which
      aid in the spreading of the viscous solution. The PVP also operates to
      prevent blepharospasm (involuntary eyelid contraction), but has little
      effect on an overall composition viscosity. PVP is desirably present in an
      amount of from 0.5 to 10.0 weight per cent based on the overall solution.
PAR  The foregoing illustrations of secondary additives for the ophthalmic
      solution of the present invention is intended to be merely exemplary of
      the more common of the additives to ophthalmic solutions well-known to
      those of ordinary skill in the art. It should accordingly be understood
      that such additives are not required for effective operation of the
      ophthalmic solution of the present invention, and nor is it intended by
      the enumeration of certain additives to exclude others.
PAR  While the ophthalmic solution of the present invention is readily formed by
      simply combining the ingredients, the polyethylene oxide material can
      occasionally present difficulties in readily dissolving. Such difficulties
      can be avoided by the utilization of the following technique: An increment
      of distilled water sufficient to dissolve the constituents of the
      composition is placed in a stainless steel container and heated to about
      50.degree.C. If a surfactant is included in a composition, it is dissolved
      first in distilled water by agitation, e.g. with a dispersing mixer which
      has a variable speed control set at low speed.
PAR  Any medicament, such as pilocarpine HCl, pH buffers, and the polyalkaline
      glycol, such as carbowax 4,000, and other additives such as biocides and
      the like are then dissolved with medium speed agitation in the
      water/surfactant mixture, following which the polyvinyl pyrrolidone is
      added with high-speed mixing and agitation. If a cellulosic derivative
      mechanical buffer is utilized, it is sifted slowly into the vortex created
      by the agitator at high speed. When the cellulosic substance is completely
      dispersed, the ethylene oxide polymer, such as Polyox Resin WSR 301, is
      sifted slowly into the vortex at high agitation, until the resin appears
      to be climbing up the agitator shaft, at which time the speed is reduced
      to 100 to 200 rpms. Agitation is then continued until the resin is
      completely dispersed in the solution, typically from 2 to 6 hours.
      Additional distilled water is then added to bring the solution up to
      volume. Because the resin can be precipitated out at high temperatures,
      the product may be sterilized after packaging by means of ethylene oxide
      gas sterilization. Containers for the solution are placed in racks in a
      gas autoclave, which draws a vacuum of about 24 ml of mercury, after which
      all air is replaced with an ethylene oxide freon mixture (12-88%) at 12
      psi for 12 hours, and at relative humidity of 45 to 50%. It is also
      possible to sterilize in an autoclave if the conditions are controlled to
      minimize particle agglomeration of any resin which precipitates out. So
      long as agglomeration is not excessive, the resin will redissolve when the
      temperature is again reduced. Even when autoclaving temperatures are
      extreme and the time at temperature causes excessive agglomeration, the
      resin will redissolve, but at a slower rate.
PAC  EXAMPLE III
PAR  As an illustration of the composition of the present invention containing
      the aforementioned secondary additives, the following composition was
      prepared on a relatively large scale:
TBL  bacteriocide (Thimerosal, 10%)                                            
                            240      c.c                                       
     disodium phosphate     1200     grams                                     
     polyethylene glycol (MW. 4,000)                                           
                            6000     grams                                     
     polyvinyl pyrrolidone  30000    grams                                     
     disodium ethylenediamine-                                                 
     tetracetate            600      grams                                     
     non-ionic surfactant   132      grams                                     
     hydroxy ethyl cellulose (MW 52,000)                                       
                            3000     grams                                     
     polyethylene oxide (MW 4,000,000)                                         
                            3000     grams                                     
     distilled water        150      gallons                                   
PAR  The solution formed from the foregoing components was clear and free of
      polymer globules, and was found to have a pH of about 7.3 and a viscosity
      of about 150 cps.
PAR  The solution was utilized as a wetting, cleaning, and cushioning medium by
      a number of patients using hard-type, polymethyl methacrylate contact
      lenses. With patients who had previously worn the lenses, greater comfort
      and tolerance were reported, even by those who had previously experienced
      difficulty with the lenses. Most patients reported that they were able to
      wear their lenses for greater periods of time than had previously been
      possible, regardless of the type of wetting solution they had used before.
      With patients who had not previously worn contact lenses, the solution of
      the present invention dramatically reduced the problems of lens delivery
      and greatly accelerated the adaptation of the patients to the use of the
      lenses. In all the trials, no adverse side effects or irritation was noted
      either subjectively or by clinical examination.
PAR  It has been noted that in the utilization of the ophthalmic solution of the
      present invention with contact lenses, certain ranges of viscosity provide
      better results than others. For example, with hard-type lenses, the best
      results are attained at a viscosity of about 30 to 200 cps, and that range
      is accordingly preferred for such usage. The most preferred viscosity for
      use with hard-type lenses is about 150 cps. With the gel-type lens, the
      most effective, and hence the preferred viscosities lie in the range of
      about 0 to 30 cps, with values of about 10 being most preferred. No
      variation of effectiveness with viscosity has been noted when the solution
      is used as a carrier for medicaments or as a synthetic tear or the like.
PAR  It should be noted that a viscosity of zero as measured is a result of the
      limitations of the available techniques and apparatus, and does not
      represent such an anomaly as it might superficially appear. It should
      further be noted that all designations of viscosity appearing herein
      represent the values as obtained with the Brookfield Viscosimeter, where
      all values below 200 are obtained with the ultra low viscosity adapter
      rotated at 0.6 rpm and all values above 200 are obtained with a number 6
      spindle at 10 rpm. For values ranging from about 175 to about 250 cps,
      results obtained by the two differing adaptations are generally comparable
      in the case of the present solutions.
PAC  EXAMPLE IV
PAR  A miotic composition was prepared containing the following components:
TBL  Pilocarpine HCl      2.00  wt.%                                           
     boric acid           30.00 grams                                          
     polyethylene glycol (M.W. 4,000)                                          
                          30.00 grams                                          
     polyvinyl pyrrolidone                                                     
                          150.00                                               
                                grams                                          
     benzalkonium chloride (17% solu.)                                         
                          0.66  c.c.                                           
     disodium ethylenediaminetetracetate                                       
                          3.00  grams                                          
     non-ionic surfactant 0.60  grams                                          
     hydroxy ethyl cellulose (M.W. 52,000)                                     
                          15.00 grams                                          
     polyethylene oxide (M.W. 4,000,000)                                       
                          15.00 grams                                          
     distilled water      3000.00                                              
                                milliliters                                    
PAR  The solution, designated solution A, was administered to one eye of each of
      four patients to diminish the diameter of the pupil. At the same time, the
      other eye was treated with a conventional, 2 percent solution of
      Pilocarpine HCl in a commercially available ophthalmic solution of 1.4%
      polyvinyl alcohol and 0.5% chlorobutanol in water (Liquifilm Tears,
      Allergan) designated solution B. Measurements of pupil diameter were taken
      periodically as shown in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
             Pupil Diameter, m.m.                                              
     Patient A       B       C       D                                         
     Eye     L   R   L   R   L   R   L   R                                     
     __________________________________________________________________________
     Time, Hours                                                               
     0       5.0 4.6 7.3 6.9 7.1 7.7 6.3 5.8                                   
     0.5     1.7 3.0 1.5 1.2 1.4 3.4 2.2 1.2                                   
     1.0     2.3 3.3 2.0 1.1 1.6 3.8 2.5 1.8                                   
     2.0                     2.0 5.6                                           
     2.5     3.5 4.3 3.6 2.6         2.6 1.5                                   
     3.0     3.4 4.1 4.1 2.9 2.4 5.5 3.2 2.0                                   
     4.0     3.8 4.1 3.5 2.6 3.1 6.3 3.8 2.1                                   
     5.0     4.2 4.5 3.7 3.1 3.7 7.3 3.7 2.6                                   
     6.0     4.6 4.9 4.9 4.1 4.6 6.6 4.2 2.6                                   
     Solution                                                                  
             A   B   B   A   A   B   B   A                                     
     __________________________________________________________________________
PAC  EXAMPLE V
PAR  A mydriatic dilator composition was prepared, the same as the composition
      of Example IV, with the exception that the Pilocarpine HCl was replaced by
      5 percent by weight phenylephrine, and compared in the same manner with a
      5 percent solution of phenylephrine in the PVA carrier used in Example IV.
      The results are reported in the following Table II, where again A
      represents the composition of the present example and B represents the
      commercially available solution of the prior art.
TBL                                    Table II                                
     __________________________________________________________________________
             Pupil Diameter, m.m.                                              
     Patient A       B       C       D                                         
     Eye     L   R   L   R   L   R   L   R                                     
     __________________________________________________________________________
     Time, hours                                                               
     0       3.1 3.6 4.9 4.9 5.2 5.8 3.6 3.8                                   
     0.5     5.6 3.7 6.2 7.2         3.5 4.0                                   
     1.0                     8.1 6.0                                           
     1.5     6.4 4.1 5.2 6.9 7.6 5.0 4.0 4.6                                   
     2.5     6.2 4.8 5.3 5.6 7.9 6.2 4.1 5.6                                   
     3.75    5.5 3.6 4.8 5.8 7.0 6.1 3.0 3.8                                   
     4.75    3.5 3.5 4.5 5.1 5.4 5.3 3.1 3.5                                   
     Solution                                                                  
             A   B   B   A   A   B   B   A                                     
     __________________________________________________________________________
PAR  A further example of the effectiveness of the composition of the present
      invention occurs primarily in the area of ophthamologic diagnosis, where
      it is conventional to apply fluorescein, or a comparable material,
      dissolved in a carrier, to the eye and after allowing the dye to penetrate
      the tissues of the eye, to conduct an examination by visual inspection
      with the aid of an ultra-violet light source, which causes the dye to
      fluoresce. It has been found that when the ophthalmic solution of the
      present invention is utilized as the carrier, the dye is absorbed in
      substantially greater proportions and at a much faster rate than has been
      possible with the compositions of the prior art. Accordingly, solutions of
      fluorescent dyes in the ophthalmic solution of the present invention is of
      great aid in the examination of the eye.
PAR  While certain specific considerations have been disclosed and discussed
      herein, such have been offered solely to exemplify the present invention,
      and should in no way be construed as limiting. The proper scope and nature
      of the invention is set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An opthalmic solution consisting essentially of an aqueous solution of
      an ethylene oxide polymer, having a molecular weight of at least about
      100,000, in an amount of from about 0.05 to 2.0 weight percent sufficient
      to provide a viscosity of from about 0 to 30,000 cps, from about 100 to
      about 5,000 weight percent, based on the ethylene oxide polymer, of a
      lower polyalkylene glycol, having a molecular weight from about 400 to
      about 6,000 and from .5 to 10 percent polyvinyl pyrrolidone based on the
      weight of the overall solution, said composition further including a
      therapeutically effective amount up to about 500 weight percent, based on
      the weight of the ethylene oxide polymer of an opthalmic medicament.
NUM  2.
PAR  2. The composition of claim 1 wherein said ethylene oxide polymer has a
      molecular weight of about 3,000,000 to 5,000,000.
NUM  3.
PAR  3. The composition of claim 1 wherein said ethylene oxide polymer has a
      molecular weight of about 4,000,000.
NUM  4.
PAR  4. The composition of claim 1 wherein said polyalkylene glycol is
      polyethylene glycol.
NUM  5.
PAR  5. The composition of claim 4 wherein said polyethylene glycol has a
      molecular weight of from about 400 to 6,000.
NUM  6.
PAR  6. The composition of claim 4 wherein said polyethylene glycol has a
      molecular weight of about 4,000.
NUM  7.
PAR  7. The composition of claim 1 wherein said aqueous solution further
      comprises an effective amount of an eye compatible pH buffer.
NUM  8.
PAR  8. The composition of Claim 7 wherein said buffer is boric acid.
NUM  9.
PAR  9. The composition of claim 7 wherein said buffer is a combination of
      mono-sodium and di-sodium phosphates.
NUM  10.
PAR  10. The composition of claim 1 wherein said aqueous solution further
      comprises a mechanical buffer selected from the group consisting of methyl
      cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, carboxymethyl
      cellulose, hydroxypropyl methyl cellulose, and mixtures thereof.
NUM  11.
PAR  11. The composition of claim 1 wherein said aqueous solution further
      comprises up to about 1 percent by weight of an eye compatible biocide.
NUM  12.
PAR  12. The composition of claim 1 wherein said aqueous solution further
      comprises up to about 0.5 percent by weight of an eye compatible non-ionic
      surfactant.
NUM  13.
PAR  13. The composition of claim 1, wherein the opthalmic medicament is
      pilocarpine HCl.
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ABST
PAL  Sterilising composition comprising a chemical reactive compound with a
      perfumery alcohol or phenol such as bleaching, scouring, chemical
      cleansing and sanitary sterilising, e.g. mobile toilet, compositions are
      perfumed by the incorporation therein of one or more monomeric or
      oligomeric titanium or zirconium esters of a perfumery alcohol or phenol.
      Preferred esters are monomeric titanate esters of formula Ti(OR).sub.4
      where R is the residue of a perfumery alcohol or phenol. Said oligomers
      are prepared by hydrolysis of a monomeric titanate or zirconate ester with
      from 50 to 90 moles water per 100 moles monomeric ester. Said sterilising
      compositions provide controlled release of perfume by hydrolysis of said
      esters during use and exhibit reduced degradation of said perfumery
      alcohol or phenol during storage.
PAR  This invention relates to solid sterilising compositions used for cleansing
      or sanitary purposes such as bleaches, scouring compositions comprising
      chemical cleansing agents and sanitary sterilising compositions as used,
      for example, in mobile toilets.
PAR  Such compositions invariably comprise reactive chemicals such as
      hypochlorites, chlorocyanurates, chlorinated trisodium polyphosphate solid
      peroxidic agents, alkalis such as caustic soda, or acidic materials such
      as the "Nitrecake" sanitary compositions. Where, as is normally the case,
      the compositions are required to be perfumed the presence of these
      reactive chemicals imposes a limitation on the range of perfumery
      chemicals which may be used. Perfumery alcohols and phenols in particular
      tend to be degraded by the aforesaid chemicals especially by caustic soda
      as normally used in mobile toilets.
PAR  Our co-pending applications Ser. Nos. 158,048 and 158,049 filed of even
      date herewith disclose the use in solid washing compositions of,
      respectively, monomeric and oligomeric titanate and zirconate esters of
      perfumery alcohols and phenols. These materials have low volatility and
      may be retained in solid washing compositions almost indefinitely under
      anhydrous conditions. On coming into contact with water they hydrolyse,
      liberating the perfumery alcohol or phenol, at a rate dependent upon the
      temperature, pH, quantity of water and the chemical nature of the ester.
      The aforesaid monomeric esters have the formula MA.sub.4, where M is
      titanium or zirconium and the groups A are the same or different organic
      groups, at least one of which is a group of the formula [-- O -- R], where
      R is the residue of a perfumery alcohol or phenol. The aforesaid
      oligomeric esters have the formula
      ##EQU1##
      where M and A are as hereinbefore defined and n is an integer and are
      prepared by reaction of a monomeric ester MA.sub.4 with from 50 to 90
      moles preferably 50 to 80 moles, most preferably 50 to 60 moles of water
      per 100 moles monomeric ester.
PAR  We have now discovered that these monomeric and oligomeric titanate and
      zirconate esters of perfumery alcohols and phenols may be used in the
      aforesaid sterilising compositions to retain the perfumery alcohol or
      phenol structure almost indefinitely without degradation under anhydrous
      conditions. On coming into contact with water, as will occur when the
      compositions are put to use, the perfume is liberated to perform its
      required function.
PAR  Accordingly, the invention provides solid sterilising compositions
      comprising a chemical reactive with perfumery alcohols or phenols and a
      titanium or zirconium compound containing one or more groups of the
      formula M--O--R, where M is titanium or zirconium and R is the residue of
      a perfumery alcohol or phenol.
PAR  The novel sterilising compositions may be any such as mentioned above
      comprising a reactive chemical used as a sterilising agent, chlorine or
      oxygen releasing cleansing agents such as hypochlorites, chlorocyanurates,
      chlorinated phosphate derivatives such as chlorinated trisodium
      polyphosphate, highly basic chemicals such as lime or caustic alkalis or
      acidic materials such as used in the well known "nitre cake" compositions.
      The invention is particularly applicable to those compositions comprising
      caustic alkalis, especially caustic soda.
PAR  The titanium or zirconium compound may be any such as described in our
      aforesaid copending Applications having the formula
      ##EQU2##
      where m is zero or an integer, M is titanium or zirconium and the groups A
      are the same or different organic groups, at least one of which is a group
      [-- O -- R], where R is the residue of a perfumery alcohol or phenol. The
      perfumery alcohol or phenol may be any odoriferous mono or polyhydric
      alcohol or phenol used or suggested for use in perfumery compositions, for
      example such as described in the books `Synthetic Perfumes` by West,
      Strausz and Barton, published by Arnold & Co. (London) 1969, `Soap,
      Perfumery and Cosmetics`, 7th Edition by W. A. Poucher, published by
      Chapman & Hall (London), 1959 and `Perfume and Flavour Chemicals` by
      Steffen Arctander, published by the author (Montclair) 1969. In
      particular, possible such compounds include linalol, .beta.-phenyl ethyl
      alcohol; benzyl alcohol; menthol; n hexanol, .alpha.-terpineol; eugenol;
      cis - hex - 3 - en - 1 - ol; n-nonanol; citronellol; n-decanol; geraniol;
      nerol; myrcenol; dihydrocitronellol; dihydrolinalol; dihydrogeraniol;
      isoborneol; pelargol or 2, 6 - dimethyloctan - 8 - ol; farnesol,
      dihydrofarnesol, nerolidol, .alpha.-phenyl - n - propyl alcohol; -phenyl -
      n - butyl alcohol; -phenyl - n - amyl alcohol; cinnamyl alcohol;
      phenylethylene glycol; anisyl alcohol; odoriferous carbinols, such as
      dimethyl benzyl carbinol; phenylethyldimethyl carbinol; methylphenyl
      carbinol; dimethylphenylcarbinol; trichloromethyl phenylcarbinol,
      ethylbenzylcarbinol, methylbenzylcarbinol, isopropylbenzyl carbinol, ethyl
      - n - amylcarbinol, methyl - n - amyl-carbinol, .omega.-
      hydroxymethyllongifolene, carbinols obtainable by reaction of limonene
      with formaldehyde (see W. German O L S No. 19, 37, 017) such as 6 and 10
      hydroxymethyl - 1, 8 - p - methadiene, and 8 - camphene carbinol (as
      described in West German O L S No. 19, 36, 209) 2 - hydroxy - .gamma.
      -pinene; verbenol; carveol; 2 - hydroxy - 6 - p - menthene; 5 - hydroxy -
      3 - p - menthene; 3 - hydroxy -2,5 - dimethyl - 1,4, 6 - octatriene; 6,8 -
      dihydroxy - 1 - p - menthene; 1 - hydroxy - 2 - p - menthene; 4 - hydroxy
      - 2 - p- menthene; piperitol; carvitol; 3 - hydroxy - 1,1,2,3 -tetramethyl
      - 4 - cyclohexene; 3 - hydroxy - 2 - methyl - 6 - methylene -
      1,7-octadiene, 1-hydroxy - 2 - methylene - 2,7 -octadiene, 3 - hydroxy - 2
      - dimethyl - 1,7 octadiene and 1 -hydroxy - 2,6 - dimethyl - 2,6 -
      octadiene. Zirconate and titanate esters of residues of hydrocyacids
      corresponding to perfumery lactones may also be used; such perfumery
      lactones include ambrettolide; exaltolide and dihydroambrettolide.
PAR  Phenol esters of titanates and zirconates which may be used in the
      compositions of the invention include those of vanillin; eugenol;
      ethylvanillin, homovanillin; isoeugenol; methyl-iso-eugenol;
      benzyl-iso-eugenol; thymol and p-tert-butylphenol.
PAR  Most preferably all groups A in the titanate or zirconate esters are of the
      formula [O -- R] but where two groups A are to be non-perfumery groups
      they may also be comprised in the same molecule of a difunctional compound
      such as diol a hydroxy-acid or an alkylolamine such as triethanolamine.
      Such difunctional derivatives are generally less readily hydrolysed than
      derivatives of monofunctional organic groups. Alkylolamines and
      hydroxy-acids such as lactric acid also often form 6 co-ordinate chelated
      compounds with titanium and zirconium which further decreases the ease of
      hydrolysis. Diols which may be used include (2-methylpentane-2, 4-diol);
      2-ethyl-hexane - 1,3 - diol and hexane 1,6 diol.
PAR  The titanate or zirconate compounds may be either monomers or oligomers,
      according to whether m in the aforesaid general formula is zero or an
      integer. With oligomers it is preferred that they be mixtures formed by
      hydrolysis of from a monomeric ester of formula MA.sub.4 with from 50 to
      90, more preferably 50 to 80 most preferably 50-60 moles water per 100
      moles monomeric ester. Monomers are preferred over oligomers.
PAR  Titanium compounds are preferred to zirconium as being cheaper.
PAR  A titanate or zirconate ester for any particular use will be chosen with
      regard to the perfumery qualities of the alcohol or phenol, and the ease
      of hydrolysis and possibly the physical character, of the ester. Ease of
      hydrolysis generally decreases with increasing size of ester, phenol
      residues are also generally less readily hydrolysed than alcohol ones.
      Increasing degrees of polymerisation of the esters also reduce the
      susceptibility to hydrolysis, the most marked difference being between
      monomers and dimers. With monomers in which not all of the groups R are
      perfumery alcohol or phenol groups the choice of the other substituents
      will also effect the ease of liberation of the perfume due to the general
      property of orthotitanates that on hydrolysis the first two substituents
      to be hydrolysed are removed far more readily than the second two. Thus a
      mixed orthotitante comprising two perfumery alcohol or phenol substituents
      together with two difficultly hydrolysable substituents, e.g. a diol such
      as mentioned above, will tend to liberate perfume on hydrolysis more
      readily than will a mixed ester comprising two perfumery alcohol or phenol
      substituents together with two nonperfumery substituents which are more
      readily hydrolysed.
PAR  The esters may either be liquid or solid. Oligomers are generally solid.
      Monomeric orthotitanate alcohol esters are generally liquid where the
      substituents contain not more than about 10 to 12 carbon atoms; esters
      with larger substituent groups are normally solid. In most cases phenol
      esters are either solids or very high boiling liquids.
PAR  Besides the aforesaid titanate and zirconate esters the novel compositions
      will normally contain other known perfumery compounds which do not
      chemically interact with the titanates or zirconates and the odours of
      which harmonize to form a perfumery blend. In general both the titanate
      and zirconate oligomers will be compatible with most of the diversity of
      materials known to perfumers in compounding perfumery compositions
      according to well-established principles, e.g. materials such as described
      in the books `Synthetic Perfumes`, by West Strausz and Barton; published
      by Arnold and Co. (London) 1969 and `Soap, Perfumery and Cosmetics`, Vol
      II, 7th Edition, by Poucher, published by Chapman & Hall Ltd. (London),
      1959, and `Perfume and Flavour Chemicals` by Steffen Arctander published
      by the author (Montclair USA) 1969.
PAR  The titanate and zirconate esters for use according to the invention may be
      prepared by known means, e.g. by reaction of titanium tetrachloride with
      excess alcohol or phenol. Removal of hydrogen chloride liberated by the
      reaction is necessary in order to effect substitution greater than
      disubstitution and this may be done either by conducting the reaction in
      the presence of metallic sodium or by passing anhydrous ammonia through
      the reaction mixture. After reaction unreacted alcohol or phenol may be
      removed from the mixture by distillation, if necessary under reduced
      pressure. The titanium or zirconium ester product may be purified by
      distillation if desired. The esters may also readily be prepared from
      tetra-esters by alcohol or phenol interchange using stoichiometric
      quantities of alcohol and preferably starting from the ester of the lower
      boiling alcohol which latter may be removed by distillation as the
      reaction proceeds. Tetra (n-butyl) titanate is often a convenient starting
      material. Mixed esters containing residues of both perfumery and
      non-perfumery alcohols or phenols or esters containing residues of
      different perfumery alcohols or phenols may be prepared by the same means.
      Orthotitanates or zirconates may also be reacted with carboxylic acids,
      hydroxycarboxylic acids or other chelating agents such as alkylolamines in
      similar fashion to give esters containing both perfumery and non-perfumery
      substituents. In all such cases reactions are conveniently conducted by
      concurrent removal of displaced alcohol.
PAR  The mixed oligomeric esters may be prepared by hydrolysis of the monomeric
      titanate or zirconate esters using from 50 to 90, more preferably 50 to
      80, most preferably 50 to 60, moles water per 100 moles monomeric ester.
      The hydrolysis may be effected by simply adding the predetermined quantity
      of water to a known quantity of a monomeric titanate or zirconate ester
      (MA.sub.4) and subsequently recovering an oligomeric mixture from the
      product. Where the oligomeric mixture is a solid it will be formed in the
      reaction product as a precipitate which may be filtered off. Otherwise the
      liberated alcohol may be distilled off, preferably under reduced pressure,
      to leave a liquid oligomeric mixture product although it may be desirable
      to leave any liberated perfumery alcohol in the product to enhance its
      odour characteristcs. Preferably the hydrolysis is carried out in the
      presence of an inert, watermiscible organic solvent such as dioxane.
PAR  We are uncertain of the nature of the oligomeric mixtures obtainable by any
      given hydrolysis. The obvious reaction scheme might be expected to be
      according to the equations (for hydrolysis of a monomer M(OR).sub.4):
      ##EQU3##
      and so on. In the general case of hydrolysis of a monomer MA.sub.3 OR the
      reaction would be expected to stop at the dimer stage if the groups A were
      not hydrolysable. With a monomer (M(OR).sub.4 a whole series of oligomers
      and polymers up to the ultimate formation of the oxide MO.sub.2 would be
      possible. However we believe that the reactions occurring are actually far
      more complicated than the above scheme suggests. For example reaction of a
      titanium monomeric ester Ti(OR).sub.4 with water in a 2:1 molar ratio
      appears to yield a trimer and not a dimer as the above equations would
      predict. We have in fact been unable to detect any dimeric material in the
      reaction product.
PAR  By using as a starting material an orthotitanate or orthozicronate ester of
      two or more perfumery alcohols or phenols, or by subjecting a mixture of
      two or more ortho esters of different perfumery alcohols or phenols to
      controlled hydrolysis it is also possible to obtain a mixed oligomer
      containing different perfumery groups with varying susceptibilities to
      hydrolysis.
PAR  The quantity of titanium or zirconium compound employed in the novel
      sterilising compositions may vary widely depending upon the nature of the
      composition, the nature of the perfumery alcohol or phenol from which the
      titanium or zirconium compound derives and upon the nature of any other
      perfumery materials in the composition. Thus a sanitary sterilising
      composition will normally comprise from 0.2 to 20% more usually 0.5 to 10%
      by weight of a compounded perfumery composition, whereas a scouring powder
      will generally comprise from 0.05 to 1%, more usually 0.1 to 0.5% by
      weight of compounded perfumery composition. In the present application,
      where, as will usually be so, the titanium or zirconium compound is used
      as an ingredient of a compounded perfumery composition that composition
      may consist largely or predominantly of the titanium or zirconium compound
      if the latter is employed primarily on account of the perfumery note of
      the derived alcohol or phenol ROH or the composition may comprise
      relatively small amounts of the titanium or zirconium compound where the
      latter is used on account of its fixative effect on other perfumery
      materials.
PAR  In the general case, therefore, the titanium or zirconium compound will be
      used as part of a compounded perfumery composition of which it comprises
      from 1 to 98% by weight, more usually 2 to 70% by weight. The compounded
      perfumery composition itself may represent from 0.05 to 10% more usually
      0.05 to 5%, say 0.1 to 5% by weight of the sterilising composition. Where
      the titanium or zirconium compound is used alone and not as part of a
      compounded perfumery composition it will generally be used in quantities
      of from 0.05 to 10% more usually 0.05 to 5%, say 0.1 to 5% by weight in
      the sterilising composition.
PAR  The novel compositions may be compounded by any appropriate known methods
      of mixing. Normally the titanate or zirconate ester will be used in
      conjunction with other perfurmery compounds and the sterilising
      composition will be prepared by admixture of all the perfumery components
      in the form of a compounded perfumery composition to the other ingredients
      of the sterlising composition.
DETD
PAR  The invention is illustrated by the following Examples wherein all parts
      are by weight.
PAC  EXAMPLE I
PAR  A perfumery foundation was prepared incorporating a number of orthotitanate
      esters of perfumery alcohols prepared by reaction of 1:4 molar ratio of
      tetra-butyl titanate with the respective perfumery alcohols by removal of
      butanol. The foundation had the following composition:
     Tetra Cinnamyl Titanate    30                                             
     Tetra Linalyl Titanate     30                                             
     Tetra Citronellyl Titanate 40                                             
     Tetra Terpinyl Titanate    50                                             
     Tetra Geranyl Titanate     180                                            
     Tetra Phenyl Ethyl Titanate                                               
                                200                                            
                                530                                            
     Phenyl Ethyl Iso Butyrate  5                                              
     Benzyl Acetate             10                                             
     Cedarwood Oil              10                                             
     Citronella Oil             10                                             
     Clove Stem Oil             10                                             
     Musk Xylene                10                                             
     Phenyl Acetaldehyde Di Methyl Acetal                                      
                                10                                             
     Phenyl Ethyl Acetate       10                                             
     Amyl Cinnamic Aldehyde     20                                             
     Diphenyl Oxide             20                                             
     Gamma Undecalactone 10% in Di Ethyl Phthalate                             
                                20                                             
     Iso butyl Phenyl Acetate   20                                             
     Trichloro Methyl Phenyl Carbinyl Acetate                                  
                                20                                             
     Benzyl Benzoate            40                                             
     Methyl Resinate            45                                             
     Benzyl Alcohol             60                                             
     Ethylene Glycol mono Phenyl Ether                                         
                                150                                            
                                1000                                           
PAR  Quantities of from 0.1 - 1% by weight of this foundation were then
      thoroughly mixed into an unperfumed base of a standard solid proprietary
      scouring powder as sold for domestic use, incorporating hypochlorite
      bleach and peroxide agents. The aromas of the titanate-esterified
      perfumery alcohols were only appreciable on contacting the thus perfumed
      scouring powder with water.
PAC  EXAMPLE II
PAR  To proprietary cleansers comprising "nitre cake" perfumed with from 0.1 to
      2.5 of a standard pine-type perfumery foundation were admixed amounts of
      from 50 to 250% by weight on the quantity of the pine-type perfume of a
      mixture comprising the following ingredients:
TBL  Borneol                   50                                              
     Linalyl Titanate Oligomers                                                
                               50                                              
     Nerolin Bromelia          150                                             
     Terpinyl Titanate Oligomers                                               
                               750                                             
                               1000                                            
PAR  The linalyl and terpinyl titanate oligomers were prepared by addition to
      ortholinalyl titanate and orthoterpinyl titanate, prepared as described
      above, of 50 moles water per 100 moles monomeric ester. The water was
      added to the orthoesters in stoppered flasks which were well shaken and
      then stood overnight after which the oligomers formed precipitated as
      solids and were filtered off.
PAR  The thus perfumed toilet cleanser showed no appreciable linalol or terpinol
      perfumery note until water was added.
PAC  EXAMPLE III
PAR  A compounded perfumery composition was prepared containing the following
      ingredients:
TBL  Diphenyl Oxide            10                                              
     Trichloro Methyl Phenyl Carbinyl Acetate                                  
                               20                                              
     Phenyl Ethyl Phenyl Acetate                                               
                               20                                              
     Phenyl Acetaldehyde Di Methyl Acetal                                      
                               20                                              
     Tetra (Para Tert Butyl Cyclo Hexyl) Titanate                              
                               30                                              
     Tetra Citronellyl Titanate                                                
                               120                                             
     Tetra Phenyl Ethyl Titanate                                               
                               330                                             
     Tetra (Tetra Hydro Geranyl) Titanate                                      
                               450                                             
                               1000                                            
PAR  The titanate esters were prepared by a method analogous to that of Example
      I. This composition was found to be suitable for blending into the base of
      nitre cake type sanitary sterilising compositions in quantities of from
      0.5 to 5.0% by weight on the sterilising compositions to give perfumed
      products in which there was a negligible tendency of the
      titanate-esterified alcohols to degrade.
PAC  EXAMPLE IV
PAR  A compounded perfumery composition was prepared from the following
      ingredients:
TBL  Borneol                   50                                              
     Terpinolene               150                                             
     Pine Oil American         300                                             
     Tetra Phenyl Ethyl Titanate                                               
                               100                                             
     Tetra Linalyl Titanate    100                                             
     Tetra Terpinyl Titanate   300                                             
                               1000                                            
PAR  The titanate esters were prepared by a method analogous to that of Example
      I. This composition was found to be suitable for blending into caustic
      soda based mobile toilet compositions in quantities of from 1 to 5% by
      weight on the toilet compositions to give perfumed products in which there
      was a negligible tendency of the titanate - esterified alcohols to degrade
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A perfumed solid sterilizing composition comprising at least one
      sterilizing component selected from the group consisting of hypochlorites,
      chlorocyanurates, chlorinated phosphates, caustic alkalis, lime and niter
      cake and containing as a perfumery component at least one perfumery
      component selected from the group consisting of
PA1  i. a perfumery monomeric titanium and zirconium esters of the formula
      M(OR).sub.4 ; and
PA1  ii. perfumery oligomeric titanium and zirconium esters of the formula
      (RO).sub.3 M(O--M (OR).sub.2).sub.n OR prepared by reaction of a monomeric
      titanium or zirconium ester of formula M(OR).sub.4 with from 50 to 90
      moles water per 100 moles monomeric ester and subsequent recovery of said
      oligomeric ester from the resulting reaction mixture,
PA1  wherein M is titanium or zirconium; n is an integer and R is the residue of
      a perfumery alcohol or phenol ROH, said perfumery alcohol or phenol is
      selected from the group consisting of linalol; .beta.-phenyl ethyl
      alcohol; benzyl alcohol; menthol; n-hexanol, .alpha.-terpineol; eugenol;
      cis-hex-3-en-1-ol; n-nonanol; citronellol; n-decanol; geraniol; nerol;
      mercenol; dihydrocitronellol; dihydrolinalol; dihydrogeraniol; isoborneol;
      2,6-dimethyloctan-8-ol; farnesol; dihydrofarnesol; nerolidol;
      .alpha.-phenyl-n-propyl alcohol; .gamma.-phenyl-n-butyl alcohol;
      .gamma.-phenyl-n-amyl alcohol; cinnamyl alcohol; phenylethylene glycol;
      anisyl alcohol; dimethyl-benzyl carbinol; phenylethyldimethyl carbinol;
      methylphenyl carbinol; dimethylphenylcarbinol; trichloromethyl
      phenylcarbinol; ethylbenzylcarbinol; methylbenzylcarbinol; isopropylbenzyl
      carbinol; ethyl-n-amylcarbinol; methyl-n-amyl-carbinol;
      .omega.-hydroxymethyllongifolene; 6-and 10-hydroxymethyl-1,8-p-methadiene;
      8-camphene carbinol; 2-hydroxy-.gamma.-pinene; verbenol; carveol;
      2-hydroxy-6-p-menthene; 5-hydroxy-3-p-menthene;
      3-hydroxy-2,5-dimethyl-1,4,6-octatriene; 6,8-dihydroxy1-p-menthene;
      1-hydroxy-2-p-menthene; 4-hydroxy-2-p-menthene; piperitol; carvitol;
      3-hydroxy-1,1,2,3-tetramethyl-4-cyclohexene;
      3-hydroxy-2-methyl-6-methylene-1,7-octadiene;
      1-hydroxy-2-methylene-2,7-octadiene; 3-hydroxy-2-dimethyl-1,7 octadiene;
      1-hydroxy-2,6-dimethyl-2,6-octadiene; ambrettolide; exaltolide;
      dihydroambrettolide; vanillin; eugenol; ethylvanillin; homovanillin;
      isoeugenol; methyl-isoeugenol; benzyl-iso-eugenol; thymol; and
      p-tertbutylphenol.
NUM  2.
PAR  2. The perfumed sterilizing composition according to claim 1 wherein said
      perfumery component is at least one compound selected from the group
      consisting of tetracinnamyl titanate, tetralinalyl titanate,
      tetracitronellyl titanate, tetraterpinyl titanate, tetrageranyl titanate,
      tetraphenylethyl titanate, tetra-(para-tert-butyl-cyclohexyl) titanate,
      tetra-(tetra-hydrogeranyl) titanate, linalyl titanate oligomers, and
      terpinyl titanate oligomers.
NUM  3.
PAR  3. The perfumed sterilizing composition according to claim 2 which also
      contains at least one perfumery component other than said tetratitanium
      esters and said titanate oligomers; and wherein said tetratitanate esters
      and titanate oligomers are from 1-98% by weight of the total weight of
      perfumery components in said perfumed sterilizing composition.
NUM  4.
PAR  4. The perfumed sterilizing composition according to claim 1 which also
      contains at least one perfumery component other than said monomeric
      titanium and zirconium esters and said oligomeric titanium and zirconium
      esters; and wherein said titanium and zirconium esters and oligomeric
      titanium and zirconium esters are from 1-98% by weight of the total weight
      of perfumery components in said perfumed sterilizing composition.
NUM  5.
PAR  5. The perfumed sterilizing composition according to claim 4 wherein said
      titanium and zirconium esters and oligomeric titanium and zirconium esters
      are from 2-70% of the total weight of perfumery components in said
      perfumed sterilizing composition and wherein said total perfumery
      components are from 0.05-10% by weight of said perfumed sterilizing
      composition.
NUM  6.
PAR  6. A perfumed solid sterilizing composition consisting essentially of niter
      cake and from 0.05-10% by weight of a compounded perfumery composition
      comprising from 1-98% by weight of at least one monomeric titanium ester
      of formula Ti(OR).sub.4, wherein R is the residue of a perfumery alcohol
      or phenol selected from the group consisting of linalol; .beta.-phenyl
      ethyl alcohol; benzyl alcohol; menthol; n-hexanol; .alpha.-terpineol;
      eugenol; cis-hex-3-en-1-ol; n-nonanol; citronellol; n-decanol; geraniol;
      nerol; myrcenol; dihydrocitronellol; dihydrolinalol; dihydrogeraniol;
      isoborneol; 2,6-dimethyloctan-8-ol; farnesol; dihydrofarnesol; nerolidol;
      .alpha.-phenyl-n-propyl alcohol; .gamma.-phenyl-n-butyl alcohol;
      .gamma.-phenyl-n-amyl alcohol; cinnamyl alcohol; phenylethylene glycol;
      anisyl alcohol; dimethylbenzyl carbinol; phenylethyldimethyl carbinol;
      methylphenyl carbinol; dimethylphenylcarbinol; trichloromethyl
      phenylcarbinol; ethylbenzylcarbinol; methylbenzylcarbinol;
      isopropylbenzylcarbinol; ethyl-n-amylcarbinol; methyl-n-amyl-carbinol;
      .omega.-hydroxymethyllongifolene; 6-and 10-hydroxymethyl-1,8-p-methadiene;
      8camphene carbinol; 2-hydroxy-.gamma.-pinene; verbenol; carveol;
      2-hydroxy-6-p-menthene; 5-hydroxy-3-p-menthene;
      3-hydroxy-2,5-dimethyl-1,4,6-octatriene; 6,8-l -dihydroxy-1-p-menthene;
      1-hydroxy-2-p-menthene; 4-hydroxy-2-p-menthene; piperitol; carvitol;
      3-hydroxy-1,1,2,3-tetramethyl-4-cyclohexene;
      3-hydroxy-2-methyl-6-methylene-1,7-octadiene;
      1-hydroxy-2-methylene-2,7-octadiene; 3-hydroxy-2-dimethyl-1,7-octadiene;
      1-hydroxy-2,6-dimethyl-2,6-octadiene; ambrettolide; exaltolide;
      dihydroambrettolide; vanillin; eugenol; ethylvanillin; homovanillin;
      isoeugenol; methyl-isoeugenol; benzyl-iso-eugenol; thymol; and
      p-tertbutylphenol.
NUM  7.
PAR  7. The perfumed sterilizing composition according to claim 6 wherein said
      compounded perfumery composition comprises from 0.1-5% by weight of said
      perfumed sterilizing composition; and wherein said monomeric titanium
      ester is from 2-70% by weight of said total perfumery components in said
      perfumed sterilizing composition.
NUM  8.
PAR  8. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetra-(tetra-hydrogeranyl) titanate.
NUM  9.
PAR  9. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetracinnamyl titanate.
NUM  10.
PAR  10. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetralinalyl titanate.
NUM  11.
PAR  11. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetracitronellyl titanate.
NUM  12.
PAR  12. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetraterpinyl titanate.
NUM  13.
PAR  13. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetrageranyl titanate.
NUM  14.
PAR  14. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetraphenylethyl titanate.
NUM  15.
PAR  15. The perfumed sterilizing composition according to claim 7 wherein said
      titanium ester is tetra-(para-tertbutyl-cyclohexyl) titanate.
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PAL  Disclosed herein is a process for the utilization of certain peptides as
      angiotensin converting enzyme inhibitors.
PARN
PAC  RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of copending application
      Ser. No. 837,888, filed June 30, 1969, now abandoned and of copending
      application Ser. No. 182,560, filed Sept. 21, 1971 now U.S. Pat. No.
      3,819,831.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the utilization of peptides as inhibitors for the
      conversion of a decapeptide (angiotensin I) to an octapeptide (angiotensin
      II).
PAC  BACKGROUND OF THE INVENTION
PAR  More and more, scientific evidence is being compiled to establish that the
      angiotensin II, an octapeptide, causes hypertension. This peptide is
      formed from a precursor decapeptide angiotensin I which is produced by the
      action of the enzyme renin on a substrate material known as
      angiotensinogen. It has now been discovered that certain peptides can
      inhibit the formation of angiotensin II from angiotensin I.
PAC  DETAILED DESCRIPTION
PAR  The peptides of the present invention may be obtained from snake venom.
      Crude snake venom is processed and suspended in an alcoholic solution.
      This solution is then fractionated by passing it through a molecular sieve
      of the gel type. The bioactivity of each fraction from gel filtration is
      then determined and each active fraction then further fractionated first
      through a cation exchanger and thereafter through an anion exchanger. The
      bio-active fractions recovered by this latter fractionation are then
      subjected to partition and/or adsorption chromatography.
PAR  The fractionating procedures are carried out utilizing known techniques so
      as to collect those fractions which have U.V. absorption of from about 235
      to about 300 m.mu., and to subject them to a bio-assay to determine their
      activity as angiotensin II inhibitors. Any suitable bio-assay test may be
      employed. Fractions showing the lowest I.sub.50 are chosen for further
      fractionation and processing. One suitable test is that described in "A
      Simple Substrate for the Assay of Dog Lung Angiotensin Converting Enzyme,"
      by D. W. Cushman and H. S. Cheung, FEDERATION PROCEEDINGS, 28, 799 (1969).
      Another is "Conversion of Angiotensin I to Angiotensin II by Cell-Free
      Extracts of Dog Lung," by Y. S. Bakhle, NATURE, 220, 919. Still another is
      that described in an article entitled "Spectrophotomatic Assay and
      Properties of Angiotensin-Converting Enzyme of Rabbit Lung," by D. W.
      Cushman and H. S. Cheung, BIOCHEMICAL PHARMACOLOGY, 20, 1637 (1971). After
      the fractions from gel filtration are recovered, the two which show the
      greatest activity are then fractionated through a cation exchange resin
      followed by recovery of the various fractions as stated above and testing
      of each fraction for bio-activity.
PAR  The fractions that show the best activity--that is, the lowest I.sub.50
      --are then individually fractionated by partition and exchange
      chromatography to obtain the final active fractions of this invention. The
      I.sub.50 is that concentration of peptides expressed in micrograms per ml,
      required to inhibit 50% of the activity of the angiotensin-converting
      enzyme. Following the procedure outlined, three bio-active fractions are
      recovered, labelled for purposes of convenience as Sheilacin, Jamacin, and
      Deanacin.
PAR  The final fractions of the invention which show high activity as
      inhiibitors in the formation of angiotensin II from angiotensin I are
      peptides. The peptides fractions can be identified by their chemical
      characteristics, e.g., paper chromatography, paper electrophoresis and
      amino acid compositions as established in the examples.
PAR  The alcoholic solution of crude Bothrops jararaca is prepared by first
      suspending 1 part of the snake venom in from about 5 parts to about 200
      parts by weight of water and heating at a point below 100.degree.C,
      preferably from between 85.degree. to 98.degree.C for about 5 to about 30
      minutes. The aqueous suspension is diluted with from about 5 to about 10
      volumes of alcohol, filtered and washed. This procedure is preferred;
      however, other known methods of preparing an alcoholic extract of venom
      may be utilized.
PAR  The filtrate is concentrated in vacuo and the residue is passed through any
      molecular sieve which will fractionate peptides having a molecular weight
      of from about 200 to about 5,000 with the most preferred molecular sieves
      being those that extract peptides having molecular weights from about 200
      to about 2,600. The molecular sieves are gel filtration agents composed of
      modified dextrans crosslinked to give a 3-dimensional network of
      polysaccharide, or of polyacrylamides. They are available in the form of
      beads or spheres having a diameter of from 40 to 150 microns. Suitable
      molecular gel sieves are, for example, Sephadex G-25, Sephadex G-15,
      Bio-Gel P-2, and Bio-Gel P-4. Sephadex G25 is a modified dextranmolecular
      sieve in the form of beads having a diameter of from 50-150 microns and
      which is capable of fractionating compounds with a molecular weight
      between 1,000 and 5,000. Sephadex G-15 is a modified dextran molecular
      sieve in the form of beads having a diameter of from 40-120 microns and
      which is capable of fractionating compounds with a molecular weight up to
      1,500. Bio-Gel P-2 is a spherical polyacrylamide gel suitable for the
      separation of molecules with a molecular weight up to 1,800. Bio-Gel P-4
      is a spherical polyacrylamide gel suitable for the separation of molecules
      with a molecular weight up to 4,000.
PAR  The eluate from the molecular sieve is tested for angiotensin-converting
      inhibition and the active fractions are passed through a cation exchange
      resin, e.g., carboxymethyl cellulose; Dowex 50W; Amberlite IRC-50;
      Amberlite IR-120, and the like. It is to be understood, however, that any
      cation exchange resin which will fractionate peptides on the basis of
      their net positive charge may be employed. Dowex 50-W and Amberlite IR-120
      are synthetic cation exchange resins consisting of an ionizable sulfonic
      acid residue attached to an insoluble styrenedivinylbenzene, while
      Amberlite IRC-50 is a weakly acidic cation exchange resin of the acrylic
      type.
PAR  The eluate from the cation exchange resin is tested for
      angiotensin-converting inhibition and the active fractions are then passed
      through an anion exchange resin, e.g., DEAE Sephadex; DEAE Cellulose;
      Dowex 1, Amberlite IR-4B; Amberlite IRA 400, and the like. It is to be
      understood, however, that any anion exchange resin which will fractionate
      peptides on the basis of their net negative charge may be employed. DEAE
      Sephadex is a modified dextran anion exchange resin to which
      diethylaminoethyl functional groups have been attached, while DEAE
      Cellulose is a cellulose anion exchange resin to which diethylaminoethyl
      functional groups have been attached. Dowex 1 and Amberlite IRA 400 ae
      strongly basic synthetic anion exchange resins consisting of a quaternary
      ammonium ionizable group attached to a styrenedivinylbenzene matrix, while
      Amberlite IR-4B is a weakly basic synthetic ion exchange resin of the
      polystyrene type.
PAR  After passing the active fractions through an anion exchange resin, the two
      active fractions having the lowest I.sub.50 are selected for further
      processing. One fraction is subjected to partition chromatography to yield
      Jamacin and Deanacin and the other fraction is subjected to absorption
      chromatography to yield an active fraction called Sheilacin.
PAR  Each of these fractions can be formulated in injectable form so the active
      ingredient is from 0.1 to 10 mg per kg of body weight, the preferred dose
      range being from 1 to 5  mg per kg of body weight to be administered to
      mammaliam host in four equal injections over the period of twenty-four
      hours.
PAR  A preferred peptide of the present invention, that of example 6, has been
      identified chemically as
      L-pyroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-glutaminyl-L-iso
     leucyl-L-prolyl-L-proline. This peptide can also be produced by chemical
      synthesis. This peptide effectively inhibits the enzymatic conversion of
      angiotensin I into angiotensin II when employed at a concentration of from
      about 0.05 to about 10 .mu. g/ml, or inhibits the hypertensive effect of
      angiotensin I in mammalian species, e.g., rats and dogs, when administered
      in a dosage level of from about 0.025 to about 4 mg/kg.
PAR  The peptides of the present invention may be administered intramuscularly,
      subcutaneously or intravenously. For such use the peptide in lyophilized
      form may be reconstituted with saline or water for injection. Various
      other pharmaceutically acceptable materials such as carriers, diluents,
      preservatives, e.g., methyl and propyl parabens, may also be incorporated
      into the reconstituted peptide.
DETD
PAR  The following examples are illustrative of the invention. All temperatures
      are in degrees Centigrade unless otherwise stated. The I.sub.50 in
      Examples 2 and 3 is measured according to the procedure of Cushman et al.,
      FEDERATION PROCEEDINGS, supra. The designation "NI" in these examples
      indicates "No Inihibition."
PAR  Paper electrophoresis tests are run on Whatman No. 4 with a voltage
      gradient of 10-20 volt/cm for a period of 30 to 180 minutes. Organic
      buffers containing 30% formamide are used. Mobilities are measured
      relative to a set of reference dyes (Apolon:
      4[4'](2-hydroxyethyl)-phenylazo]-2",2"'-(phenyl-imino)-diethanol;
      Amaranth: trisodium salt of
      1-(4-sulfo-1-naphthylazo)-2-naphthol-3,6-disulfonic acid). The mobility of
      any compound in Am units is obtained by measuring the distance of the spot
      to the Apolon spot, dividing by the Amaranth-Apolon distance and
      multiplying by 100. The charge on the compound is indicated by a minus
      sign if it has moved in the same direction as Amaranth.
PAC  EXAMPLE 1
PAC  Preparation of Crude Alcoholic Snake Venom Extract
PAR  Crude Bothrops jararaca venom (10 grams) is thoroughly suspended in water
      (1 liter) and heated for 15 minutes in a 97.degree.C water bath. After
      cooling to ambient temperature and diluting with 7500 ml of absolute
      ethanol, the suspension is filtered through a Celite pad and the filtrate
      concentrated under vacuum to dryness. The residue is dissolved in water
      and freeze-dried. The solid residue is extracted with 90% ethanol several
      times (total volume 400 ml.). The combined ethanol extracts are diluted
      with 2 liters of ethyl ether. The precipitate formed is collected by
      centrifugation, dissolved in water (100 ml.) and freeze-dried. Yield 642
      mg. The foregoing procedure is repeated to obtain additional crude
      extract.
PAC  EXAMPLE 2
PAC  Fractionation on Molecular Gel Sieve
PAR  Sephadex G-25 (360 g.) is suspended in 4 l. of 0.2 M acetic acid and
      allowed to swell for 3 hours. After 30 minutes deaeration in vacuo the
      slurry is poured into a column (5 cm diameter, 100 cm high) containing a
      small amount of 0.2 M acetic acid. The crude alcoholic extract of venom
      (1.3 g) from Example 1 is dissolved in 0.2 M acetic acid (10 ml) and
      applied to the top of the column. Elution is carried out with 0.2 M acetic
      acid. On the basis of the UV absorption at 280 m.mu., eleven pooled
      fractions are obtained which on removal of solvent yield the following
      quantities of solids:
TBL                                 I.sub.50 (in vitro)                        
     Fraction                                                                  
            1          96    mg     6.1 .mu.g/ml                               
            2          334                                                     
                                    5.4 .mu.g/ml                               
            3          182                                                     
            4          219          N I                                        
            5          60           N I                                        
            6          14           N I                                        
            7          69           5.6 .mu.g/ml                               
            8          49           N I                                        
            9          0                                                       
            10         95           N I                                        
            11         2                                                       
PAC  EXAMPLE 3
PAC  Fractionation on Cation Exchanger
PAR  Carboxymethylcellulose (Whatman CM-52) (100 g) is suspended in 4 l. of
      0.005 M ammmonium acetate and allowed to stand ca. 20 minutes. The
      supernatant is decanted and the washing repeated 6 times in the same way.
      After deaeration a column is packed and washed with 0.005 M ammonium
      acetate. Fractions 2 and 3 from the Sephadex G-25 fractionation (516 mg)
      are combined and dissolved in 0.005 M ammonium acetate (5 ml) and applied
      to the top of the column. Elution is carried out with 0.005 M ammonium
      acetate and is monitored by UV absorption. All the tubes showing a
      significant UV absorption at 280 m.mu. are pooled, concentrated to dryness
      and freeze-dried. Yield 437 mg (Fraction 1a). The column is then washed
      with 0.2 M acetic acid and the material thus eluted is recovered by
      freeze-drying the solvent. Yield: 25 mg (Fraction 2a). This latter
      fraction is not utilized for further testing.
PAC  EXAMPLE 4
PAC  Fractionation on DEAE-Sephadex
PAR  DEAE-Sephadex (100 ml) in the OH cycle is washed with 0.005 M ammonium
      bicarbonate (5 .times. 400 ml) and placed in a column (15 cm diameter-24
      cm length) after deaeration. The major portion of Fraction 1afrom the CMC
      fractionation (417 mg) of Example 3 is dissolved in 0.005 M ammonium
      bicarbonate (5 ml) and applied to the top of the column. Elution is
      carried out with a linear gradient of ammonium bicarbonate (from 900 ml of
      0.005 M and 900 ml of 1 M). The elution is monitored by UV absorption.
      Twelve pooled fractions are obtained showing significant UV absorption at
      280 m.mu. which on removal of solvent yield the following quantities of
      solids:
TBL                                 I.sub.50 (in vitro)                        
     Fraction                                                                  
            1b         69    mg      5 .mu.g/ml                                
            2b         8            20 .mu.g/ml                                
            3b         23           N I                                        
            4b         39           0.6 .mu.g/ml                               
            5b         48           2.3 .mu.g/ml                               
            6b         8            10.4 .mu.g/ml                              
            7b         26           N I                                        
            8b         10           N I                                        
            9b         75           N I                                        
            10b        75           N I                                        
            11b        33           N I                                        
            12b        2                                                       
PAC  EXAMPLE 5
PAC  Fractionation on Silica Gel
PAR  Fraction 5b from Example 4 (10 mg) is applied to a thin layer plate of
      silica gel (20 .times. 20 cm) in a streak 17 cm wide and the plate run
      with methanol. After the solvent front has traveled a distance of
      approximately 18 cm, the plate is dried and observed under UV light. Two
      distinct bands [R.sub.f 0.42 - Fraction 1c); R.sub.f 0.17 (Fraction 2c)]
      are observed. The silica gel with each band is removed and washed with
      methanol. The solvent is evaporated to dryness. Yield Fraction 1c:
      (I.sub.50 -0.9 .mu.g/ml); Fraction 2c: 3.9 mg (I.sub.50 :22 .mu.g/ml).
PAR  Analysis of 1c called Sheilacin for convenience is as follows:
PAR  Paper chromatography: Whatman paper 3 MM; descendent; R.sub.f - 0.58;
      solvent: n-butanol, pyridine, acetic acid, water (30:20:6:24)
PAR  Reactions of the chromatographic spots with specific reagents being:
     Ninhydrin                                                                 
             --     Ehrlich  --   Sakaguchi                                    
                                          --   Pauly                           
     Neg.           Pos.          Neg.         Pos.                            
PAL  having an amino acid composition of:
TBL  Amino Acid    (.mu.moles/mg)                                              
     ______________________________________                                    
     Aspartic Acid 0.9                                                         
     Serine        0.5                                                         
     Glutamic Acid 1.7                                                         
     Proline       2.8                                                         
     Glycine       0.3                                                         
     Isoleucine    0.6                                                         
     Ammonia       2.0                                                         
     Tryptophan     0.6*                                                       
     Histidine     0.6                                                         
     ______________________________________                                    
      *Determined by UV absorption.                                            
PAR  Paper Electrophoresis: According to the technique described in: L. N.
      Werum, H. T. Gordon, and W. Thornburg, J. Chromatog. 3, 125 (1960):
TBL  pH              AM Values                                                 
     ______________________________________                                    
     3.3             +12                                                       
     4.7              0                                                        
     7.2             -12                                                       
     8.0             -17                                                       
     9.3             -20                                                       
     ______________________________________                                    
PAC  EXAMPLE 6
PAC  Fractionation by Partition Chromatography
PAR  Sephadex G-25 (50 g) is allowed to swell in a mixture of
      n-butanol-pyridine-acetic acid-water (30:20:6:24) (500 ml) for 3 hours.
      The suspension is deaerated and poured into a column of 1.5 cm diameter
      and 95 cm length. Fraction 1b from DEAE-Sephadex fractionation is
      dissolved in 1 ml of the solvent mixture, and applied at the top of the
      column. The elution is carried outt with the same solvent system and the 3
      ml fractions are scanned by Ehrlich reaction. Two bands with R.sub.f 0.66
      (Fraction 1) (I.sub.50 =5 .mu.g/ml) and 0.53 (Fraction 2d) (I.sub.50 =3
      .mu.g/ml) are observed, called Jamacin and Deanacin, respectively, for
      convenience.
PAR  These products have the following characteristics:
PAR  Jamacin: Paper chromatography: As set forth in Example 5;  R.sub.f - 0.66;
      Reactions of the chromatograph spots with reagents being:
TBL  Ninhydrin                                                                 
             --     Ehrlich  --   Sakaguchi                                    
                                          --   Pauly                           
     Neg.           Pos.          Pos.         Neg.                            
PAL  having an amino acid composition of:
TBL  Amino Acid    (.mu.moles/mg)                                              
     ______________________________________                                    
     Threonine     0.5                                                         
     Serine        --                                                          
     Glutamic Acid 1.1                                                         
     Proline       2.6                                                         
     Glycine       0.1                                                         
     Isoleucine    0.6                                                         
     Ammonia       0.8                                                         
     Tryptophan    0.5                                                         
     Arginine      0.5                                                         
     ______________________________________                                    
PAR  Paper Electrophoresis: According to the technique set forth in Example 5:
TBL  pH              AM Values                                                 
     ______________________________________                                    
     3.3             +11                                                       
     4.7             + 1                                                       
     7.2             - 2                                                       
     8.0             - 4                                                       
     9.3             - 4                                                       
     ______________________________________                                    
PAR  Deanacin: Paper chromatography: As described in Example 5; R.sub.f : 0.53
      Reactions of the chromatographic or electrophoretic spots being:
TBL  Ninhydrin                                                                 
             --     Ehrlich  --   Sakaguchi                                    
                                          --   Pauly                           
     Neg.           Pos.          Pos.         Neg.                            
PAL  having an amino acid composition of:
TBL  Amino Acid    (.mu.moles/mg)                                              
     ______________________________________                                    
     Glutamic Acid 1.2                                                         
     Proline       2.2                                                         
     Isoleucine    0.6                                                         
     Ammonia       1.8                                                         
     Tryptophan     0.5*                                                       
     Arginine      0.6                                                         
     ______________________________________                                    
      *Determined by UV absorption                                             
PAR  Paper Electrophoresis: According to the technique set forth in Example 5:
TBL  pH              AM Values                                                 
     ______________________________________                                    
     3.3             +11                                                       
     4.7             + 1                                                       
     7.2             - 2                                                       
     8.0             - 4                                                       
     9.3             - 4                                                       
     ______________________________________                                    
PAC  EXAMPLE 7
PAC  Assays for Inhibition of the Angiotensin-Converting Enzyme
PAC  (Cushman Article)
PAR  The inhibition studies employed a spectrophotomeric assay which measures
      the amount of hippuric acid produced by hydrolysis of
      hippuryl-L-histidyl-L-leucine, a synthetic converting enzyme substrate.
      Venom fractions are incubated for 3 hours at 37.degree.C in a 0.5 ml assay
      mixture containing 0.1 M potassium phosphate buffer, pH 6.8, 1% NaCl, 5
      .times. 10.sup..sup.-4 M hippurylhishdyllencine, and 200 .mu.g of a
      70-fold purified dog lung converting enzyme preparation. After
      acidification with 0.5 ml of 1.0 N HCl, the mixture is extracted with 1 ml
      of n-octyl alcohol and the amount of hippuric acid formed is determined
      from the absorbance at 235 m.mu. of the octanol layer. Hippuric acid and
      hippurylhistidylleucine have equal extinction at 235 m.mu., but a much
      greater amount of hippuric acid is extracted into N-octanol
      (.epsilon..sub.235 after extraction=3.4 mM.sup.-.sup.1 cm.sup.-.sup.1).
      For determination of I.sub.50 values the venom fractions are usually added
      to the assay mixtures at final concentrations of 0.1, 0.5, 2.0, 10.0 and
      50 .mu.g/ml and the percent of converting enzyme activity is plotted vs
      the log.sub.10 of the concentration of the venom fraction to determine the
      concentration yielding 50% inhibition. The results are as recorded in the
      above examples.
PAC  EXAMPLE 8
PAR  Biological assays based on the converting enzyme -catalyzed conversion of
      [Asp].sup.1, [Ile].sup.5 - angiotensin I to angiotensin II, as determined
      by contraction of the isolated rat colon, are performed in a similar
      manner. The assay mixture is identical except that the angiotensin I is
      added at 1.0 .times. 10.sup..sup.-.sup.4 M and the enzyme at 10 .mu.g/0.5
      ml; the mixture is incubated 40 minutes and stopped by boiling.
PAR  The fractions that show inhibitory activity in these assays are also able
      to inhibit the hypertensive response of angiotensin I in rats, in the dose
      range of 1-5 mg/kg. The results are as set forth in the above examples.
PAC  EXAMPLE 9
PAC  L-Pyroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-glutaminyl-L-isol
     eucyl-L-prolyl-L-proline
PAC  A. L-Prolyl-L-glutaminyl-L-isoleucyl-L-prolyl-L-proline
PAR  The title compound is prepared starting with tert.-butyloxycarbonyl-proline
      polystyrene resin (8 g) containing ca. 0.5 meq. of proline per gram and is
      allowed to stir overnight with dichloromethane. The dichloromethane is
      removed by filtration and the resin is treated as follows:
PA1  1. Wash 4 times with dichloromethane (50 ml each wash), 4 times with
      ethanol (50 ml each wash), and 4 times with acetic acid (50 ml each wash).
PA1  2. Wash once with 1 N HCl in acetic acid (50 ml) for 5 minutes, and wash
      again for 25 minutes (50 ml).
PA1  3. Wash 4 times wiith acetic acid (50 ml each wash), 4 times with absolute
      ethanol (50 ml each wash), and 4 times with chloroform (50 ml each wash).
PA1  4. Wash twice with 50 ml of a mixture containing 3.2 ml of triethylamine in
      50 ml of chloroform.
PA1  5. Wash 4 times with chloroform (50 ml each wash) and 4 times with
      dichloromethane (50 ml each wash).
PA1  6. Couple with tert.-butyloxycarbonyl-L-proline (7.5 mmoles) and
      dicyclohexylcarbodiimide (7.5 mmoles) in dichloromethane (39 ml).
PA1  7. Repeat steps 1-6, inclusive, but employing
      tert.-butyloxycarbonyl-L-isoleucine (7.5 mmoles) in step 6.
PA1  8. Repeat steps 1-6, inclusive, but employing
      tert.-butyloxycarbonyl-L-glutamine (7.5 mmoles) in step 6.
PAR  The tetrapeptide resin is next shaken with a solution of tert.
      butyloxycarbonyl-L-proline (2.57 g) in dichloromethane (56 ml) for 20
      minutes. A solution of dicyclohexylcarbodiimide (2.5 g) in dichloromethane
      is added and the shaking continued for 3 hours.
PAR  The resulting pentapeptide resin is then suspended in trifluoroacetic acid
      (100 ml). Hydrogen bromide is bubbled hrough while cooling the flask in an
      ice-water mixture. After 35 minutes, the resin is filtered off and washed
      twice with trifluoroacetic acid and four times with a mixture of
      trfluoroacetic acid and dichloromethane (1:1). The combined filtrates are
      evaporated to dryness and the residue triturated with ether. The solid is
      filtered and dried to yield the free pentapeptide.
PAC  B. L-Arginyl-L-prolyl-L-glutaminyl-L-isoleucyl-L-prolyl-L-proline
PAR  The free pentapeptide from part A is coupled with
      benzyloxycarbonyl-L-nitroarginine 2,4-dinitrophenyl ester at room
      temperature. After 1 hour triethylamine (2 ml) is added and the mixture
      stored at room temperature overnight. Dimethylaminopropylamine (2 ml) is
      added and after 1 hour the reaction mixture is concentrated at 1/3 of its
      original volume, diluted with ethyl acetate (1200 ml) and washed twice
      with 20% citric acid, once with water, and 3 times with water. After
      drying with sodium sulfate, the ethyl acetate is removed in vacuo to a
      heavy oil that solidifies upon trituration with ether (500 ml). The solid
      is filtered, washed with ether and dried.
PAR  The resulting
      benzyloxycarbonylnitro-L-arginyl-L-prolyl-L-glutaminyl-L-iosleucyl-L-proly
     l-L-proline is dissolved in trifluoroacetic acid (150 ml) and the solution
      kept at room temperature for 1 hour. The solution is concentrated to 30 ml
      in vacuo and one liter of ether is added. The precipitate is filtered,
      washed with ether and dried in vacuo. The protected hexapeptide acid (20.3
      g) is dissolved in a mixture of methanol (800 ml), water (400 ml) and N
      HCl (46 ml) and hydrogenated with 10% palladium on charcoal (4 g) for 20
      hours. The completion of hydrogenolysis is ascertained by the
      disappearance of the UV absorption at 270 m.mu.. The catalyst is removed
      by filtration and the filtrate concentrated in vacuo. The residue is
      dissolved in methanol (70 ml) and added to ether (1.5 liter) with vigorous
      stirring. The precipitate is filtered and washed with ether.
PAC  C. L-Pyroglutamyl-L-tryptophyl-L-proline e
PAR  Proline tert.-butyl ester (0.80 g) and tert.-butyloxycarbonyl tryptophane
      2,4,5-trichlorophenyl ester (2.38 g) are dissolved in a mixture of 20 ml
      of dichloromethane and 1 ml of dimethylformamide (DMF). After 24 hours,
      the reaction mixture is diluted with dichloromethane, washed with aqueous
      acid and base and the solvent evaporated in vacuo. The residue is
      dissolved in trifluoroacetic acid. After one hour at room temperature the
      solvent is removed in vacuo. The residue is triturated with ether until
      solidification.
PAR  The above dipeptide (1.2 g) and pyroglutamic acid 2,4,5-trichlorophenyl
      ester (1.1 g) are dissolved in a mixture of 0.5 ml of triethylamine (TEA)
      and DMF (15 ml). After 16 hours at room temperature, the solvent is
      removed in vacuo, the residue dissolved in isopropanol and the solution
      poured into diisopropyl ether with stirring. The solid precipitate is
      filtered and washed with isopropyl ether.
PAC  D.
      L-Pyroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-glutaminyl-L-iso
     leucyl-L-prolyl-L-proline
PAR  The tripeptide, from part C, Pyr-Trp-Pro (23.3 mmoles) is dissolved in DMF
      (85 ml) and 3.27 ml (23.3 mmoles) TEA, the solution cooled to -20.degree.
      (inside the flask, or -35.degree. to -40.degree. in the cooling bath) and
      kept at this temperature for 15-20 minutes. To this cold solution 3.19 ml
      of isobutyloxycarbonyl chloride is added and then a time of 30 minutes is
      allowed for the mixed anhydride to be formed at the same temperature. A
      solution of Arg-Pro-Gln-Ile-Pro-Pro (16.5 g) in DMF (100 ml) is precooled
      to about 0.degree. and then added into the solution of the mixed
      anhydride. At this moment, the pH value is adjusted to 8 with TEA (8.5 ml)
      while the temperature of 0.degree. is maintained. After 20 to 24 hours at
      room temperature, the volume of the solvents is reduced to 1/3-1/4 and
      poured into 20-25 volumes of EtOAc containing 3 % of AcOH. The precipitate
      is washed thoroughly with EtOAc and then dried in vacuo over KOH overnight
      to yield the title compound. This material is dissolved in water,
      sterilized by filtration, and the sterile aqueous solution freeze-dried to
      a free flowing powder. The powder is reconstituted for injection with
      water for injection or saline.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of inhibiting the enzymatic conversion of angiotensin I into
      angiotensin II which comprises contacting angiotensin I with an effective
      amount of the nonapeptide
      L-pyroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-glutaminyl-L-iso
     leucyl-L-prolyl-L-proline.
NUM  2.
PAR  2. A method according to claim 1 wherein the concentration of the
      nonapeptide is from about 0.05 to about 10 .mu.g/ml.
NUM  3.
PAR  3. A method of inhibiting the hypertensive effect of angiotensin I in
      mammalian species which comprises administering by injection to the mammal
      from about 0.025 mg/kg to about 4 mg/kg of
      L-pyroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-glutaminyl-L-iso
     leucyl-L-prolyl-L-proline.
NUM  4.
PAR  4. Lyophilized
      L-pyroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-glutaminyl-L-iso
     leucyl-L-prolyl-L-proline reconstituted with water or saline for injection
      in mammals to inhibit the hypertensive effect of angiotensin I.
NUM  5.
PAR  5. A sterile injectable solution for use in inhibiting the hypertensive
      effect of angiotensin I, comprising the nonapeptide
      L-pryroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-glutaminyl-L-is
     oleucyl-L-prolyl-L-proline and water for injection or saline in a
      concentration at least sufficient to dissolve the nonapeptide.
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ABST
PAL  A biocidal composition for contact sterilization comprising essentially a
      vinyl oxozaline fatty or carboxylic acid ester of tris (hydroxymethyl)
      amino methane having three alkyl groups, each of 1 to about 17 carbon
      atoms and all alkyl groups being the same or different and two different
      biocide compositions combined or reacted with the ester. The disclosure
      also includes biocidal materials, such as paints, toiletries, coating
      compositions, sterilizing compositions, adhesive-sealant compositions,
      pharmaceutical compositions, and similar products having as an active
      ingredient the above biocidal composition and a compatible carrier
      material.
BSUM
PAR  Biocidal compositions for contact sterilization are well known and much has
      been published on the composition and uses. The composition of this
      invention, however, has a number of advantages that are superior to those
      of prior compositions of which applicants are aware in that the active
      ingredients have low toxicity to animals and the composition is easily
      made, is active even in small proportions, and is stable while exerting
      its biocidal properties. One of the features of this invention, therefore,
      is to provide an improved biocidal composition, as disclosed above, and
      employing the above ester in combination with two biocides of the class
      consisting of 2,3,5,6 Tetrachloro 4, (methylsulfonyl) pyridine; and 2,4,4
      Trichloro-2-Hydroxydiphenyl ether.
PAR  The ester has the probable structural formula
      ##EQU1##
      in which R, R', and R" are the same or different alkyl groups, with each
      having fron one to about 17 carbon atoms and the two biocides may be any
      pair selected from the above class. Although the invention is not limited
      by any theory, either stated or implied herein, it is believed that these
      three components form a closed triangle. It is also believed that each
      biocide links with the TA-100 as an alkyl group to give an exposed
      electron for linking with the other biocide.
PAR  The vinyl oxozaline fatty or carboxylic acid ester of tris (hydroxymethyl)
      amino methane having three alkyl groups is sometimes identified herein as
      TA-100. It is present in the three-component biocidal composition
      (synergistic solution) in an amount of about 25-55%. One of the two
      biocides is present in the amount of about 29-69%, and the other in the
      amount of about 6-16%, for a total of 100%. All percentages herein are by
      weight. It is believed that the two biocides combine or react with the
      TA-100 by addition with the alkyl groups or possibly by electrophylic
      substitution. It has the effect of forming a three-member complex with an
      inhibitory and, even, a killing action against bacteria and fungi to
      provide contact sterilization.
PAR  The TA-100, when complexed as described with the two biocides, results in a
      biocidal composition having increased effectiveness over the sum of the
      effectiveness of the two biocides added together. In other words, the
      TA-100 acts as a true synergist, even though it has no cidal activity
      toward bacteria of its own. Furthermore, the biocidal activity of the
      resulting three-component complex is directly proportional to the amount
      of the TA-100 ester and with synergistic activity being noted so long as
      the amount is at least 20% of the complex composition, although, as stated
      above, the preferred minimum amount is about 25%.
PAR  In the above ranges of amounts of the three components in the complex, it
      should be understood that a composition having biocidal characteristics
      could be produced outside these ranges of amounts but for practical
      reasons these ranges are preferred.
PAR  The TA-100 ester can be generally classified as the reaction product of an
      amino compound, an organic carboxylic acid, and an aldehyde. The chemical
      combination or reaction of the TA-100 with the two biocides creates a
      synergistic complex which is believed to be of closed structure and has
      the ability to impregnate the systems carrier so as to achieve a
      homogeneous distribution throughout the system, thereby increasing the
      biocidal surface that acts as a barrier to microbial attack.
PAR  The biocidal composition which is effective as a fungicide and bacteriocide
      is usable in sterilizing compositions, paints, surface coating materials
      such as plastics, cosmetics, soaps, salves, ointments, deodorants,
      lotions, shampoos, skin creams, and pharmaceuticals such as gargles and
      sterilizing sprays when employed with the customary carriers, such as
      ointment bases, and thus find very effective use in coatings, tile
      sealant, air filter protective sprays, vinyl cover adhesives, protective
      floor coverings, and in grout mixes. Although the biocidal composition is
      usable with water-based systems of pH 4-9, it is also usable with oils or
      resinous organic liquid bases.
PAR  In order to prepare the biocidal composition, the mixture of TA-100 and the
      two biocides is mixed with high shear and at the temperature, in the area
      of room temperature or above at which time the solubility and the
      complexing of the compounds is effected.
DETD
PAR  The following examples illustrate the invention:
TBL  Example No. 1                                                             
     TA-100 (oxozaline ester)    25%                                           
     2,3,5,6 Tetrachloro 4, (methylsulfonyl) pyridine                          
                                 69%                                           
     2,4,4 Trichloro-2-Hydroxydiphenyl ether                                   
                                 6%                                            
     Example No. 2                                                             
     Water                       16.0%                                         
     Igepal CO630 (nonylphenoxy poly(ethyleneoxy)                              
                                 4.5%                                          
            ethanol)                                                           
     Rohm & Haas Tamol 731 (Sodium salt of polymeric                           
                    carboxylic acid)                                           
                                 3.0%                                          
     2,3,5,6 Tetrachloro 4, (methylsulfonyl) pyridine                          
                                 44.5%                                         
     2,4,4 Trichloro-2-Hydroxydiphenyl ether                                   
                                 7.0%                                          
     TA-100 (oxozaline ester)    25.0%                                         
PAR  This is a biostatic concentrate formula preferred for use in water-reduced
      coatings.
PAR  The above compositions may be used as such or may be added directly to
      completed pigmented coating materials as concentrates or they can be
      included in the formula during manufacture of pigmented coating materials.
      The amount of the biocidal composition three-component complex used in the
      formulas can be any amount desired but, ordinarily, will be from about
      0.5% to about 10% by weight of the formulation.
PAR  Examples of such formulations are as follows:
PAC  EXAMPLE NO. 3
PAR  A coating primer for providing a microbial control coating on a solid
      surface has the following ingredients:
TBL  Alkyd Resin (glycerol, phthalic anhydride,                                
                              37.59%                                           
     linseed oil)                                                              
     Mineral Spirits (hydrocarbon solvent)                                     
                              14.28%                                           
     TiO.sub.2                14.83%                                           
     Magnesium Silicate       23.48%                                           
     Zinc Oxide               7.32%                                            
     Hydrolized Clay (AL.sub.2 O.sub.3 SiO.sub.2)                              
                              0.36%                                            
     Methyl Alcohol           0.18%                                            
     TA-100 (oxozaline ester) 0.66%                                            
     2,3,5,6 Tetrachloro 4, (methylsulfonyl)                                   
                              0.07%                                            
     pyridine                                                                  
     2,4,4 Trichloro-2-Hydroxydiphenyl ether                                   
                              0.02%                                            
     Dimethyl Formamide       0.74%                                            
     Cobalt Naphthenate       0.18%                                            
     Zirconium Naphthenate    0.09%                                            
     Manganese Naphthenate    0.09%                                            
     Anti-skin Agent (methylethyl ketoxime,                                    
     or dry compound of this class)                                            
                              0.09%                                            
                              100.00%                                          
PAC  EXAMPLE NO. 4
PAR  A semi-gloss coating with biocidal characteristics has the following
      formula:
TBL  Methocel Liquid or organic thickener                                      
                                  12.50%                                       
     Tamol 731 (sodium salt of polymeric carboxylic acid)                      
                                  0.68%                                        
     Igepal CO630 (nonylphenoxy poly(ethyleneoxy) ethanol)                     
                                  0.16%                                        
     Hercules 257 Defoamer (a blend of mineral oils and                        
                silicone derivatives)                                          
                                  0.16%                                        
     Propylene Glycol             7.39%                                        
     DB Acetate (Diethylene glycol monobutyl ether acetate)                    
                                  1.32%                                        
     TA-100 (oxozaline ester)     1.51%                                        
     The biocide of Example No. 5 5.68%                                        
     TiO.sub.2                    27.28%                                       
     Water                        5.68%                                        
     Ucar 380 (acrylic polyvinyl acetate copolymer)                            
                                  37.53%                                       
     Hercules 257 Defoamer (a blend of mineral oils and                        
                silicone derivatives)                                          
                                  0.09%                                        
     Carbon Black Dispersion      0.01%                                        
     Phthalocyanine Blue Tint Dispersion                                       
                                  0.01%                                        
                                  100.00%                                      
PAL  In preparing the above formulation, the ingredients were mixed in a high
      speed disperser, such as a Cowles Dissolver (a trademark of the
      Morehouse-Cowles Corporation), by first adding the liquid of the first
      ingredient and then adding the listed ingredients through the titanium
      dioxide, while stirring from 30 minutes to 1 hour at high speed to provide
      a dispersing action. Then, the remaining ingredients were added at a lower
      speed over a period of 20 minutes.
PAC  EXAMPLE NO. 5
PAR  An example of a biocidal synergistic composition has the following
      ingredients:
TBL  Water                         16.90%                                      
     Igepal CO630 (nonylphenoxy poly(ethyleneoxy) ethanol)                     
                                   2.98%                                       
     Igepal CTA-639 (alkyl phenoxy poly(ethyleneoxy) ethanol)                  
                                   1.49%                                       
     Tamol 731 (sodium salt of polymeric carboxylic acid)                      
                                   2.98%                                       
     TA-100 (oxozaline ester)      25.22%                                      
     SA-1013 Biocide (2,3,5,6 Tetrachloro 4, (methylsulfonyl)                  
     pyridine)                     44.65%                                      
     Geigy (2,4,4 Trichloro-2-Hydroxydiphenyl ether)                           
                                   5.78%                                       
                                   100.00%                                     
PAL  The ingredients down through Tamol 731 were mixed for 5 minutes in a Cowles
      tank, then the TA-100 was added and mixed for an additional 10 minutes
      and, finally, the last two ingredients were sifted into the tank and mixed
      for about 15 minutes until well-dispersed in the other ingredients to
      provide a substantially homogeneous composition.
PAC  EXAMPLE NO. 6
PAR  In this example, there is produced a flat paint having excellent
      washability characteristics. This formulation has the following
      ingredients:
TBL  Water                       19.85%                                        
     Methocel (hydroxypropyl ethyl cellulose)                                  
                                 .41%                                          
     Ammonium Hydroxide          .04%                                          
     K.T.P.P. (potassium tripoly phosphate)                                    
                                 .18%                                          
     Propylene Glycol            5.28%                                         
     Colloid 677 (siliconized hydrocarbon oil                                  
                                 .06%                                          
     Igepal CO630 (nonylethoxy poly(ethyleneoxy)ethanol                        
                                 .37%                                          
     TiO.sub.2                   20.21%                                        
     Asbestine (Magnesium silicate)                                            
                                 .97%                                          
     Minex No. 7 (Aluminum silicate)                                           
                                 9.34%                                         
     The biocide liquid of Example No. 5                                       
                                 2.39%                                         
     Water                       9.77%                                         
     Airflex A-720 (vinyl acrylic, ethylene terpolymer)                        
                                 31.13%                                        
                                 100.00%                                       
PAR  In preparing this material, the water was added to the clean Cowles tank.
      Then, the methocel was sifted slowly into the water together with the
      ammonium hydroxide to dissolve the methocel, and the whole was mixed for
      about 20 minutes. Then, the K.T.P.P. and following-listed ingredients,
      through the titanium dioxide pigment were added and the speed of mixing
      was increased to provide a dispersing action and this was continued for
      about 30 minutes. At the end of this time, the additional water was added
      slowly at low speed and, finally, the remaining ingredients were added
      slowly at the lowest speed and the whole was mixed for an additional 20
      minutes.
CLMS
STM  We claim:
NUM  1.
PAR  1. A biocidal complex for contact sterilization prepared by thoroughly
      mixing together about 25-55% of a vinyl oxozaline fatty or carboxylic acid
      ester of tris-(hydroxymethyl)-amino-methane of the formula:
      ##EQU2##
      where R, R' and R" are the same or different alkyl groups each of 1 to 17
      carbon atoms, and about 29-69% of the biocide
      2,3,5,6-Tetrachloro-4-(methylsulfonyl)-pyridine and about 6-16% of the
      biocide 2,4,4-Trichloro-2-Hydroxydiphenyl ether for a total of 100%.
NUM  2.
PAR  2. A biocidal composition with a pH of about 4-9 having as an active
      ingredient the biocidal complex of claim 1 and a compatible carrier
      material comprising water.
NUM  3.
PAR  3. A biocidal sterilizing composition having as an active ingredient the
      biocidal complex of claim 1 and a compatible carrier material.
NUM  4.
PAR  4. A biocidal complex for contact sterilization prepared by thoroughly
      mixing together about 25-55% of a vinyl oxozaline fatty or carboxylic acid
      ester of tris-(hydroxymethyl)-amino-methane of the formula:
      ##EQU3##
      and about 29-69% of the biocide 2,3,5,6
      Tetrachloro-4,-(methylsulfonyl)-pyridine and about 6-16% of the biocide
      2,4,4-Trichloro-2-Hydroxydiphenyl ether for a total of 100%.
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ABST
PAL  Compositions useful in the treatment of gout and hyperuricemia and
      containing a substituted 1,2,4-triazole as the active ingredient are
      provided, the triazoles being substituted at the 5 position with a pyridyl
      radical and at the 3 position with a phenyl or a pyridyl radical. Methods
      of preparing these substituted triazoles are described. Certain of the
      compounds are novel.
PARN
PAR  This is a division of copending application Ser. No. 361,915, filed May 21,
      1973, now U.S. Pat. No. 3,892,762, which is in turn a continuation-in-part
      of Ser. No. 75,784 filed Sept. 25, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention
PAR  The invention relates to the use of certain 1,2,4-triazoles which are
      substituted in the 3 and 5 positions, and which may optionally be
      substituted in the 1 position as antigout and anti-hyperuricemic agents.
PAR  2. Description of the Prior Art
PAR  The herein-described 3,5-di-substituted-1,2,4-triazoles have utility as
      anti-gout and anti-hyperuricemic agents.
PAR  Gout is a condition affecting humans and lower animals, which is
      characterized by perversion of the purine metabolism resulting in
      hyperuricemia, i.e. an excess of uric acid in the blood, attacks of acute
      arithritis, and formation of chalky deposits in the cartilages of the
      joints. These deposits are made up chiefly of urates, or uric acid.
PAR  Uric acid serves no biochemical function in the body and is merely an end
      product of purine metabolism. It is well known in the art that the purine
      bases adenine and guanine, which play key roles in a wide variety of
      chemical processes, both give rise to uric acid in the body. Adenylic acid
      and guanylic acid are converted to the free purine bases by destructive
      metabolic enzymes. A portion of the free purine bases is converted to
      purine ribonucleotides and the remainder is degraded to the free bases
      xanthine and hypoxanthine. A single enzyme, xanthine oxidase, converts
      both xanthine and hypoxanthine to uric acid for excretion.
PAR  Although human purine biosynthesis can be inhibited at the stage of formyl
      glycinimide ribotide by the glutamine antagonists azaserine and
      6-diazo-5-oxo-1-norleucine, a high incidence of undesirable side effects
      precludes their being used clinically for this purpose. In recent years,
      substantial progress had been made in attempting to control the excessive
      levels of uric acid in patients afflicted with gout through the use of
      pharmaceutical agents. Uric acid synthesis has been effectively blocked by
      the use of allopurinol, i.e. 4-hydroxypyrazolo-[3,4-d]-pyrimidine, a
      compound which is a structural isomer of hypoxanthine. Allopurinol acts as
      a specific inhibitor of the enzyme xanthine oxidase, which is responsible
      for the conversion of both hypoxathine and xanthine to uric acid. As a
      direct result of the administration of this compound to patients afflicted
      with gout, part of the uric acid which would normally end up in the urine
      is replaced by the oxypurines, hypoxanthine and xanthine, thus greatly
      reducing the content of uric acid in serum and urine. Azathioprine has
      also been used to inhibit excessive purine synthesis, and thus reduce the
      abnormally high amounts of uric acid found in the serum and urine of
      afflicted patients. Other compounds, such as acetylsalicylic acid,
      thiophenylpyrazolidine and phenylbutazone have been employed in the
      treatment of gout. Many of the existing compounds used in the treatment of
      gout, however, relieve the inflammation and other symptoms connected
      therewith but have no effect on the conditions which give rise to gouty
      arthritis or hyperuricemia. Thus, there is still a need for compounds
      which can be employed in the prophylactic treatment of gout as well as for
      the treatment of other abnormal conditions associated with hyperuricemia.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention it has been found that compounds of the
      Formulas Ia and Ib
      ##SPC1##
PAL  where R.sub.1 represents hydrogen, loweralkyl, lower alkanoyl, benzene
      sulfonyl, carbamoyl or loweralkyl carbamoyl, R.sub.3 represents phenyl,
      loweralkylphenyl, pyridyl or lower alkyl pyridyl, and R.sub.5 represents
      pyridyl or loweralkyl pyridyl; are useful as anti-gout and
      anti-hyperuricemic agents in that they inhibit the action of xanthine
      oxidase and thus reduce the uric acid content of serum and urine. Also
      useful for the same purpose are the N-oxides and pharmaceutically
      acceptable non-toxic acid salts of such compounds, the N-oxides and the
      salts being of the pyridine ring present in the molecule.
PAR  These compounds also posses useful hypotensive activity and some of the
      compounds exhibit bronchodilating properties.
PAR  There are provided pharmaceutical compositions containing these substances
      as anti-gout, anti-hyperuricemic and hypotensive agents, and the method of
      treating gout, hyperuricemia and of lowering blood pressure by
      administration of effective amounts of such compounds and compositions
      containing them to a host requiring them.
PAR  Certain of these compounds are novel, for example, the N-oxides, those
      wherein R.sub.1 is other than hydrogen, and those where R.sub.5 is other
      than 4-pyridyl, and the invention contemplates providing these novel
      compounds and methods of preparing them.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred compounds to be used in the compositions and methods of this
      invention as anti-gout, anti-hyperuricemic and hypotensive agents are
      those of Formulas Ia and Ib above wherein R.sub.1 is hydrogen, a
      loweralkyl radical and preferably one containing from 1-5 carbons,
      saturated or unsaturated, such as methyl, ethyl, butyl, amyl, propenyl or
      propargyl, a lower-alkanoyl radical and preferably one of 2-6 carbons such
      as acetyl, propionyl, butyryl, benzenesulfonyl, a carbamoyl or
      diloweralkylcarbamoyl radical where the loweralkyls are preferably methyl,
      ethyl or propyl. In the most preferred aspect of the invention, R.sub.1 is
      hydrogen.
PAR  R.sub.3 represents a phenyl or alkylphenyl radical which may have from 1-3
      alkyl substituents which are preferably loweralkyl such as methyl, ethyl,
      or butyl. It also represents pyridyl or loweralkyl pyridyl, the latter
      containing from 1 to 3 loweralkyl groups which may be the same or
      different and preferably are methyl, ethyl or propyl. The pyridyl or
      alkylpyridyl substituent may be any one of the three possible isomers. In
      the most preferred aspects of the invention, R.sub.3 is phenyl or
      4-pyridyl.
PAR  R.sub.5 can be pyridyl or loweralkyl pyridyl as described for the R.sub.3
      substituent. The preferred compounds are those wherein R.sub.5 is
      4-pyridyl.
PAR  Included within the scope of the invention are the pharmaceutically
      acceptable salts of these 1,2,4-triazoles. They include the alkali and
      alkaline earth metal salts such as the sodium, potassium and calcium. Also
      included are the acid addition salts and quaternary salts of the pyridyl
      nitrogen, examples being the methiodides, ethiodides, hydrochlorides,
      sulfates, tartrates, oxalates and the like. N-oxides of the pyridyl
      substituents are also within the scope of the invention.
PAR  As previously stated, the foregoing compounds have the property of reducing
      the concentration of uric acid in blood and urine, and also of reducing
      blood pressure. These therapeutically active compounds are administered to
      mammals requiring such treatment admixed with or intimately dispersed in a
      pharmaceutically acceptable carrier, preferably in the form of a solid,
      orally administrable, unit dosage form such as tablets, or capsules, or as
      solutions or suspensions of the type represented by syrups and elixers.
      The amount of active ingredient in the pharmaceutical composition may be
      varied within reasonable limits depending upon such factors as
      pharmaceutical elegance and the amount of drug desired at each
      administration. It is convenient to employ solid unit dosage formulations
      containing from about 25-500 milligrams of active ingredient, and liquid
      preparations containing from about 5-40% by weight of triazole.
PAR  These pharmaceutical compositions may be made be any of the known
      pharmaceutical methods. For example, for tablets the triazoles are
      compounded with an inert pharmaceutical carrier which may contain a
      suitable binder such as, for example, gums, starches, and sugars. They may
      also be incorporated into a gelatin capsule with or without a diluent, or
      formulated into elixirs, syrups or suspensions which have the advantage of
      being susceptible to manipulations in flavor by the addition of standard
      natural or synthetic flavoring materials. The compound is generally
      administered in compositions which are so proportioned as to afford a
      dosage of about 30 mg. to 1.5 gm. per day as the effective amount. The
      preferred oral dosage level is about 100-800 mg. per day.
PAR  The following examples serve to illustrate typical tablet, capsule, and
      elixir formulations containing the therapeutically active triazoles of
      this invention:
TBL  FORMULATION I: COMPRESSED TABLET COMPRISING                               
     0.5 GM. OF ACTIVE INGREDIENT                                              
     INGREDIENT                AMOUNT-MG.                                      
     ______________________________________                                    
     3-(3-pyridyl)-5-(4-pyridyl)-1,2,4-triazole                                
                              500.0                                            
     Starch paste- 121/2%, 100 cc. allow.                                      
                              12.5                                             
                              512.5                                            
     Starch, U.S.P. Corn      25.0                                             
     Magnesium stearate       5.5                                              
                              543.0                                            
     ______________________________________                                    
PAL  The 3-(3-pyridyl)-5-(4-pyridyl)-1,2,4-triazole is granulated with the
      starch paste and while moist passed through a No. 14 screen, dried at
      45.degree.  C. for 20 hours, and then passed 3 times through a No. 14
      screen. The starch is then passed through a No. 90 bolting cloth onto the
      granulation, and all ingredients are blended thoroughly. The magnesium
      stearate is passed through a No. 90 bolting cloth onto the granulation,
      and these ingredients are blended, after which the granulation is
      compressed into tablets using 14/32" flat, bevelled, scored punch having a
      thickness of 0.025.+-. 0.005" yielding 1,000 tablets each weighing 0.543
      grams.
PAR  A similar tablet containing 3,5-di-(4-pyridyl)-1,2,4-triazole is prepared
      by following the above procedure and using the di-(4-pyridyl)-triazole as
      active ingredient.
TBL  ______________________________________                                    
     FORMULATION II: ENCAPSULATION - FOR 350 MG. CAPSULE                       
     INGREDIENT               AMOUNT-MG.                                       
     ______________________________________                                    
     3-phenyl-5-(4-pyridyl)-1,2,4-triazole                                     
                              250                                              
     Lactose                  93                                               
     Talc                     7                                                
     ______________________________________                                    
PAL  The lactose, talc and the 3-phenyl-5-(4-pyridyl)-1,2,4-triazole are blended
      in suitable blending equipment, and encapsulated into a No. 2 capsule at a
      target weight of 350 mg.
TBL  ______________________________________                                    
     FORMULATION III: LIQUID SUSPENSION - FORMULA                              
     INGREDIENT               AMOUNT-g./1.                                     
     ______________________________________                                    
     Veegum H.V.              3.0                                              
     Water                    150.0                                            
     Methyl paraben           1.0                                              
     1-methyl-3,5-di(4-pyridyl)-1,2,4-triazole                                 
                              50.0                                             
     Kaolin                   10.0                                             
     Flavor                   1.0                                              
     Glycerin, 9.5 to 1 liter                                                  
     ______________________________________                                    
PAL  Suspend Veegum in water with vigorous agitation, add methyl, paraben and
      allow to stand overnight to ensure complete hydration of Veegum. In
      separate vessel suspend 1-methyl-3,5-di-(4-pyridyl)-1,2,4-triazole in
      about 750 cc. of glycerin. Add kaolin and stir until homogenous. Slowly
      add aqueous dispersion of Veegum and methyl paraben. Add flavor and
      continue agitation for 1 hour to ensure homogeneity. Q.S. with remaining
      glycerin to 1:1. Stir until homogeneous. 1 Teaspoonful contains 250 mg. of
      1-methyl-3,5-di-(4-pyridyl)-1,2,4-triazole.
PAR  Representative compounds which are part of the present invention which may
      be formulated as described above are:
PA0  3,5-di(2-pyridyl)-1,2,4-triazole,
PA0  5-(4-pyridyl)-3-(2-methyl-4-pyridyl)-1,2,4-triazole,
PA0  3,5-di(2-methyl-4-pyridyl)-1,2,4-triazole,
PA0  5-(4-pyridyl)-3-(2,6-dimethyl-4-pyridyl)-1,2,4-triazole,
PA0  3,5-di(2,6-dimethyl-4-pyridyl)-1,2,4-triazole,
PA0  1-butyryl-3,5-di(4-pyridyl)-1,2,4-triazole,
PA0  1-acetyl-3,5-di(4-pyridyl)-1,2,4-triazole,
PA0  1-ethyl-3,5-di(2-pyridyl)-1,2,4-triazole,
PA0  1-carbamoyl-3,5-di(2-pyridyl)-1,2,4-triazole,
PA0  3,5-di(4-pyridyl)-1,2,4-triazole,
PA0  3-phenyl-5-(4-pyridyl-N-oxide)-1,2,4-triazole,
PA0  3,5-di(4-pyridyl)-1,2,4-triazole hydrochloride, and
PA0  3-(2,4,6-trimethylphenyl)-5-(2-methyl-5-ethyl-4-pyridyl)-1,2,4-triazole
      sulfate.
PAR  The compounds of Formulas Ia and Ib can be prepared by the series of
      reactions set forth in the following flow diagram:
      ##SPC2##
PAL  wherein R.sub.1 is hydrogen or alkyl and R.sub.3 and R.sub.5 are as defined
      above, and W is a lower alkyl group containing 1-5 carbons.
PAR  As can be seen from the above reaction scheme, a substituted hydrazide
      compound such as, for example, an acid hydrazide of formula IIa or IIb is
      reacted with an imino ester of formula IIIa or IIIb in a suitable solvent.
      Either low boiling solvents such as methanol, ethanol, or nitromethane, or
      high boiling solvents such as decalin, xylene or dimethylsulfoxide may be
      employed. When low boiling solvents are used, the product of the reaction
      is usually the intermediate acylamidrazone IVa or IVb. A reaction time of
      3-20 hours at temperatures from room temperature to the reflux temperature
      of the solvent is employed. Depending upon the nature of the R.sub.1
      substituent, either the final cyclized product is obtained or the
      intermediate acylamidrazone. In the case where the intermediate
      acylamidrazone is obtained, the intermediate may be heated without solvent
      at about 100.degree.-300.degree.C. for from about 15 minutes to several
      hours, or it may be heated in a high boiling solvent at a temperature from
      about 100.degree.-200.degree.C. for about 1-20  hours.
PAR  The final cyclized product is isolated and purified by techniques known in
      the art. When high boiling solvents are employed, the reaction is
      conveniently carried out at or near the reflux temperature of the solvent.
      The preferred temperature range is between 100.degree.-200.degree.C. The
      reaction time is dependent upon the particular temperature range employed.
      The reaction is carried out without isolation of the intermediate and the
      final cyclized product is isolated and purified by techniques known in the
      art. For example, the product may be crystallized from a suitable solvent,
      such as methanol or ethanol. As can be seen from the above reaction
      diagram, where R.sub.1 is alkyl, the selection of the particular hydrazide
      compound and the particular imino ester will depend upon whether the alkyl
      substituent is desired adjacent to the R.sub.3 or R.sub.5 substituent.
PAR  Compounds having a substituent in the 1-position can also be prepared by
      reacting the 3,5-di-substituted triazole with an appropriate alkylating,
      acylating or carbamoylating agent. Where R.sub.3 and R.sub.5 are both
      different substituents, a mixture of compounds is obtained, i.e., the
      R.sub.1 substituent may be attached to either one of the adjacent
      nitrogens in the triazole ring. For example, where the R.sub.1 substituent
      is a lower alkanoyl group such as an acetyl or butyryl group, the triazole
      is reacted with a lower alkyl anhydride such as, for example, acetic
      anhydride or butyric anhydride. Where the R.sub.1 substituent is an alkyl
      group, alkylation is achieved by reacting the sodium salt of the triazole
      with an alkylating agent such as, for example, dimethylsulfate. Alkylation
      of the 1,2,4-triazoles generally occurs in the 1-position. Where the alkyl
      group is a methyl group, methylation can be achieved by reacting the
      triazole with diazomethane in a suitable solvent, such as diethylether.
      The 1-carbamoyl compounds can be synthesized by reacting the sodium salt
      of the triazole with carbamoyl halide or di-lower alkyl carbamoyl halide
      in an inert solvent such as tetrahydrofuran.
PAR  The following examples are given for the purpose of illustration and not by
      way of limitation.
DETD
PAC  EXAMPLE 1
PAC  5-(4-PYRIDYL)-3-(2-METHYL-4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  Sodium (0.4 grams) is added to 4-cyanopyridine (8.3 grams, 0.08 mole) in
      methanol, and the solution is allowed to stand 30 minutes at room
      temperature. A suspension of 2-methylisonicotinic acid hydrazide (0.07
      mole) in methanol (160 ml.) is added, and the resulting solution is heated
      at reflux for 30 minutes. After cooling, the intermediate acylamidrazone
      is collected by filtration. The acyclic intermediate is then heated at
      260.degree.C. for 15 minutes, after which the reaction is cooled to room
      temperature. Upon recrystallization from acetonitrile-water,
      5-(4-pyridyl)-3-(2-methyl-4-pyridyl)-1,2,4-triazole is obtained, m.p.
      245.degree.-248.degree.C.
PAC  EXAMPLES 2 - 9
PAR  The following compounds are prepared by the reaction procedure described in
      Example 1.
TBL  __________________________________________________________________________
     EXAMPLES 2-9                                                              
     EXAMPLE                                                                   
           HYDRAZIDE   NITRILE       COMPOUND        MELTING                   
     __________________________________________________________________________
                                                     POINT                     
     2     2-methylisonicotinic                                                
                       2-methyl-4-cyanopyridine                                
                                     3,5-bis(2-methyl-4-pyridyl)-              
                                                     229-231.degree.C.         
           acid hydrazide            1,2,4-triazole                            
     3     isonicotinic acid                                                   
                       2,6-dimethyl-4-cyano-                                   
                                     5-(4-pyridyl)-3-(2,6-di-                  
                                                     292-293.degree.C.         
           hydrazide   pyridine      methyl-4-pyridyl)-1,2,4-                  
                                     triazole                                  
     4     2,6-dimethylisonico-                                                
                       2,6-dimethyl-4-cyano-                                   
                                     3,5-bis(2,6-dimethyl-4-                   
                                                     313-314.degree.C.         
           tinic acid hydrazide                                                
                       pyridine      pyridyl)-1,2,4-triazole                   
     5     nicotinic acid                                                      
                       2-cyanopyridine                                         
                                     3-(2-pyridyl)-5-(3-pyridyl)-              
                                                     246.5-248.degree.C.       
           hydrazide                 1,2,4-triazole                            
     6     isonicotinic acid                                                   
                       2-cyanopyridine                                         
                                     3-(2-pyridyl)-5-(4-pyridyl)-              
                                                     260-261.degree.C.         
           hydrazide                 1,2,4-triazole                            
     7     nicotinic acid                                                      
                       3-cyanopyridine                                         
                                     3,5-di(3-pyridyl)-1,2,4-                  
                                                     223-225.degree.C.         
           hydrazide                 triazole                                  
     8     p-toluic acid                                                       
                       4-cyanopyridine                                         
                                     3-(p-tolyl)-5-(4-pyridyl)-                
                                                     226-228.degree.C.         
                                                     - hydrazide  1,2,4-triazol
                                                     e                         
     9     isonicotinic acid                                                   
                       4-cyanopyridine-N-oxide                                 
                                     5-(4-pyridyl)-3-(4-pyridyl-               
                                                     332-334.5.degree.C.       
           hydrazide                 1-oxide)-1,2,4-triazole                   
     __________________________________________________________________________
PAC  EXAMPLE 10
PAC  1-BUTYRYL-3,5-DI(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  3,5-DI(4-pyridyl)-1,2,4-triazole (0.5 grams) is added to butyric anhydride
      (10 ml.), and the reaction mixture is heated at steam bath temperatures
      for 20 hours. The resulting solution is concentrated until a solid
      separates out of solution, and the solid is collected by filtration. Upon
      recrystallization from hexane, 1-butyryl-3,5-di(4-pyridyl)-1,2,4-triazole
      is obtained, m.p. 116.degree.-118.degree.C.
PAR  When in the above procedure acetic anhydride is employed in place of
      butyric anhydride, 1-acetyl-3,5-di (4-pyridyl)-1,2,4-triazole is obtained,
      m.p. 155.5.degree.-158.degree.C.
PAR  When in the above procedure propionic anhydride is employed in place of
      butyric anhydride, 1-propionyl-3,5-bis-(4-pyridyl)-1,2,4-triazole is
      obtained.
PAC  EXAMPLE 11
PAC  1-METHYL-3,5-DI(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To a solution of 4-cyanopyridine (4.1 grams, 0.04 mole) in methanol (60
      ml.) is added sodium (0.2 grams). The resulting solution is allowed to
      stand at room temperature for 1/2 hour and is then added to a solution of
      N-methylisonicotinic acid hydrazide (6 grams, 0.04 mole) in methanol (80
      ml.). The solution is refluxed for 3 hours and is then concentrated until
      a solid separates out of solution. The solid is collected by filtration
      and, upon recrystallization from ethanol,
      1-methyl-3,5-di(4-pyridyl)-1,2,4-triazole is obtained, m.p.
      168.degree.-170.degree.C.
PAC  EXAMPLE 12
PAC  1-METHYL-3-(4-PYRIDYL)-5-(4-PYRIDYL-1-OXIDE)-1,2,4-TRIAZOLE
PAR  To a solution of 4-cyanopyridine-N-oxide (4.1 grams, 0.04 mole) in methanol
      (60 ml.) is added sodium (0.2 grams). The resulting solution is allowed to
      stand at room temperature for 1/2 hours and is then added to a solution of
      1-isonicotinoyl-2-methylhydrazine (6 grams, 0.04 mole) in methanol (80
      ml.). The solution is refluxed for 3 hours and is then concentrated until
      a solid separates out of solution. The solid is collected by filtration,
      and, upon recrystallization from ethanol,
      1-methyl-2-(4-pyridyl)-5-(4-pyridyl-1-oxide)-1,2,4-triazole is obtained,
      m.p. 219.degree.-221.degree.C.
PAC  EXAMPLE 13
PAC  1-BENZENSULFONYL-3,5-DI(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To 1.06 g. (0.005 mole) of 3,5-di(4-pyridyl)-1,2,4-triazole in 100 ml. of
      tetrahydrofuran is added 57% sodium hydride in mineral oil (0.21 g., 0.005
      mole). The reaction mixture is heated at reflux for 1/2 hour, cooled and a
      solution of benzenesulfonyl chloride (0.88 g., 0.005 mole) is added. The
      reaction mixture is heated at reflux for 1/2 hour, cooled, filtered and
      concentrated to a solid. After recrystallization from acetonitrile 0.4 g.
      of 1-benzenesulfonyl-3,5-di(4-pyridyl)-1,2,4-triazole melting at
      210.degree.-212.degree.C. is obtained.
PAC  EXAMPLE 14
PAC  1-DIMETHYLCARBAMOYL-3,5-DI(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To 2.13 g. (0.01 mole) of 3,5-di(4-pyridyl)-1,2,4-triazole in 200 ml. of
      tetrahydrofuran is added 57% sodium hydride in mineral oil (0.42 g., 0.01
      moles). The reaction mixture is heated at reflux for 1 hour, cooled and a
      solution of dimethylcarbamoyl chloride (1g., 0.01 mole) in 10 ml. of
      tetrahydrofuran is added dropwise. The reaction mixture is heated at
      reflux for 4 hours, cooled, filtered and concentrated to an oil which
      solidifies. After recrystallization from benzene 1.2 g. of
      1-dimethylcarbamoyl-3,5-di(4-pyridyl)-1,2,4-triazole melting at
      140.degree.-141.5.degree.C. is obtained.
PAC  EXAMPLE 15
PAC  1-METHYL-3-(p-CHLOROPHENYL)-5-(3-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To 3-cyanopyridine (2 g.) in methanol (30 ml.) is added sodium (0.1 g.).
      The solution is allowed to stand 0.5 hours at ambient temperature and is
      then added to a solution of 1-methyl-2-(p-chlorobenzoyl)hydrazine (3.6 g.)
      in methanol (40 ml.). The reaction mixture is heated at reflux for 5 hours
      and is then concentrated to an oil which solidifies. After
      recrystallization from isopropanol, yielding 0.2 g of
      1-methyl-3-(p-chlorophenyl)-5-(3-pyridyl)-1,2,4-triazole, m.p.
      157.degree.-158.degree.C. is obtained.
PAC  EXAMPLE 16
PAC  1-METHYL-3-(p-CHLOROPHENYL)-5-(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  When 4-cyanopyridine is used in place of 3-cyanopyridine in the process
      described in Example 15,
      1-methyl-3-(p-chlorophenyl)-5-(4-pyridyl)-1,2,4-triazole is obtained which
      melts at 191.degree.C.
PAC  EXAMPLE 17
PAC  1-METHYL-3(3-PYRIDYL)-5-(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To 4-cyanopyridine (2g.) in methanol (30 ml.) is added sodium (0.1 g.). The
      solution is allowed to stand 0.5 hours at ambient temperature and is then
      added to a solution of 1-methyl-2-nicotinoyl-hydrazine (3 g.) in methanol
      (30 ml.). The reaction mixture is heated 5 hours at reflux and is
      concentrated to an oil which solidifies. After chromatography on silica
      gel and recrystallization from acetonitrile 0.8 g. of
      1-methyl-3-(3-pyridyl)-5-(4-pyridyl)-1,2,4-triazole melting
      132.degree.-133.degree. C is obtained.
PAC  EXAMPLE 18
PAC  1-METHYL-3,5-BIS(3-PYRIDYL)-1,2,4-TRIAZOLE
PAR  When 3-cyanopyridine is used in place of 4-cyanopyridine in the process of
      Example 17, 1-methyl-3,5-bis(-3-pyridyl)-1,2,4-triazole is obtained
      melting at 148.degree.-149.degree. C.
PAC  EXAMPLE 19
PAC  1METHYL-3-PHENYL-5-(3-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To 3-cyanopyridine (2 g.) in methanol (30 ml.) is added sodium (0.1 g.).
      The solution is allowed to stand 0.5 hours at ambient temperature and is
      then added to a solution of 1-methyl-2-benzoylhydrazine (3 g.) in methanol
      (40 ml.). The solution is heated 5 hours at reflux and is then
      concentrated to an oil which solidifies. After chromatography on silica
      gel and recrystallization from a mixture of acetonitrile and water, there
      is obtained 200 mg. of 1-methyl-3-phenyl-5-(3-pyridyl)-1,2,4-triazole,
      m.p. 97.degree.-98.degree. C.
PAC  EXAMPLE 20
PAC  1-METHYL-3-PHENYL-5-(2-PYRIDYL)-1,2,4-TRIAZOLE
PAR  When 2-cyanopyridine is used in place of 3-cyanopyridine in the process of
      Example 19, 1-methyl-3-phenyl-5-(2-pyridyl)-1,2,4-triazole is obtained,
      m.p. 105.5.degree.-107.5.degree. C.
PAC  EXAMPLE 21
PAC  1-METHYL-3-PHENYL-5-(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  When 4-cyanopyridine is used in place of 3-cyanopyridine in the process of
      Example 19, 1-methyl-3-phenyl-5-(4-pyridyl)-1,2,4-triazole is obtained,
      m.p. 132.degree.-134.degree. C.
PAC  EXAMPLE 22
PAC  1-METHYL-3-(4-PYRIDYL)-5-(2-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To 2-cyanopyridine (2 g.) in methanol (30 ml.) is added sodium (0.1 g.).
      The solution is allowed to stand 0.5 hours at ambient temperature and is
      then added to a solution of 1-methyl-2-isonicotinoylhydrazine (3 g.) in
      methanol (50 ml.). The solution is heated at reflux 4 hours and
      concentrated to a gum. After chromatography on silica gel and
      recrystallization from acetonitrile-water 450 mg. of
      1-methyl-3-(4-pyridyl)-5-(2-pyridyl)-1,2,4-triazole are obtained, melting
      at 145.degree.-146.degree. C.
PAC  EXAMPLE 23
PAC  1-METHYL-3(4-PYRIDYL)-5-(2,6-DIMETHYL-4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  When 2,6-dimethyl-4-cyanopyridine is used in place of 2-cyanopyridine in
      the process of Example 22,
      1-methyl-3(4-pyridyl)-5-(2,6-dimethyl-4-pyridyl)-1,2,4-triazole is
      obtained, m.p. 176.degree.-178.degree. C.
PAC  EXAMPLE 24
PAC  1-METHYL-3(4-PYRIDYL)-5-(3-PYRIDYL)-1,2,4-TRIAZOLE
PAR  When 3-cyanopyridine is used in place of 2-cyanopyridine in the process of
      Example 22, 1-methyl-3(4-pyridyl)-5-(3-pyridyl)-1,2,4-triazole is obtained
      which melts 143.degree.-144.5.degree. C.
PAC  EXAMPLE 25
PAC  1-n-PROPYL-3,5-BIS(4-PYRIDYL)-1,2,4-TRIAZOLE
PAR  To 3,5-bis(4-pyridyl)-1,2,4-triazole (4.4 g., 0.02 mole) in dry
      tetrahydrofuran (200 ml.) is added 57% sodium hydride in mineral oil (1 g.
      0.024 mole) and the mixture is heated 45 minutes at reflux. The suspension
      is concentrated to a solid, N,N-dimethylformamide (70 ml.) and n-propyl
      iodide (0.022 mole) are added. The mixture is stirred 0.5 hour at ambient
      temperature followed by heating on the steam bath for 4 hours. The
      solution is concentrated to a gum, water is added and the material
      solidifies. Following recrystallization from methylcyclohexane there is
      obtained 1-n-propyl-3,5-bis(4-pyridyl)-1,2,4-triazole, m.p.
      88.degree.-89.degree. C.
PAC  EXAMPLES 26 - 30
PAR  Following substantially the same procedure described in Example 25 but
      replacing the n-propyl iodide by an equimolecular quantity of the
      alkylating agent identified in column 2 of the following table, the
      1-R.sub.1 -3,5-bis(4-pyridyl)-1,2,4-triazole compound having the R.sub.1
      substituent identified in column 3 is obtained.
TBL  ______________________________________                                    
               Alkylating             Melting                                  
     Example No.                                                               
               Agent         R.sub.1  Point .degree.C                          
     ______________________________________                                    
     26        Br--CH.sub.2 C.tbd.CH                                           
                           --CH.sub.2 C.tbd.CH                                 
                                      175.5-176.5                              
     27        Br--CH.sub.2 CH=CH.sub.2                                        
                           --CH.sub.2 CH=CH.sub.2                              
                                      127-128.5                                
     28        I--CH.sub.2 CH.sub.3                                            
                           --CH.sub.2 CH.sub.3                                 
                                      139-140                                  
     29        I--CH(CH.sub.3).sub.2                                           
                           --CH(CH.sub.3).sub.2                                
                                      123.5-125.5                              
     30        I--(CH.sub.2).sub.3 CH.sub.3                                    
                           --(CH.sub.2).sub.3 CH.sub.3                         
                                      88.5-89.5                                
     ______________________________________                                    
PAR  Any departure from the above description which conforms to the present
      invention is intended to be included within the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition in unit dosage form for the treatment of hyperuricemia
      which comprises from about 25 mg. - 1.5 g. of a compound of the formula:
      ##SPC3##
PAL  or a non-toxic pharmacologically acceptable salt thereof, intimately
      dispersed in a pharmaceutically acceptable carrier, wherein R.sub.1 is
      hydrogen, lower alkyl, lower alkanoyl, carbamoxy, di-lower alkylcarbamoyl
      or benzene sulfonyl; R.sub.3 is phenyl, lower alkylphenyl, tri-lower
      alkylphenyl, pryidyl, mono-lower alkylpyridyl or di-lower alkylpyridyl;
      and R.sub.5 is pyridyl, mono-lower alkylpyridyl or di-lower alkylpyridyl;
      including the mono N-oxides of those products wherein R.sub.3 and R.sub.5
      are both pyridyl.
NUM  2.
PAR  2. The composition of claim 1 wherein R.sub.1 is hydrogen and R.sub.5 is
      4-pyridyl.
NUM  3.
PAR  3. The composition of claim 1 wherein the active ingredient is
      3,5-di(4-pyridyl)-1,2,4-triazole.
NUM  4.
PAR  4. The composition of claim 1 wherein the active ingredient is
      1-isopyropyl-3,5-di(4-pyridyl)-1,2,4-triazole.
NUM  5.
PAR  5. The composition of claim 1 which is in a unit dosage form containing
      about 25 to 500 mg. of active ingredient.
NUM  6.
PAR  6. The method of treating hyperuricemia which comprises administering to a
      patient suffering from gout an effective amount of a compound of the
      formula:
      ##SPC4##
PAL  or a non-toxic pharmacologically acceptable salt thereof, wherein R.sub.1
      is hydrogen, lower alkyl, lower alkanoyl, carbamoyl, di-lower
      alkylcarbamoyl or benzenesulfonyl; R.sub.3 is phenyl, lower alkylphenyl,
      tri-lower alkylphenyl, pyridyl, mono-lower alkylpyridyl or di-lower
      akylpyridyl; and R.sub.5 is pyridyl, mono-lower alkylpyridyl or di-lower
      alkylpyridyl; including the mono N-oxides of those products wherein
      R.sub.3 and R.sub.5 are both pyridyl.
NUM  7.
PAR  7. The method of claim 6 wherein said compound is administered at a daily
      dosage of from about 30 mg. to 1.5 gm.
NUM  8.
PAR  8. The method of claim 7 wherein the compound administered is
      3,5-di(4-pyridyl)-1,2,4-triazole.
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PAL  Novel [4'-(3"-indolyl)-piperidino]-alkyl-arylketones of the formula
      ##SPC1##
PAL  Wherein R is selected from the group consisting of hydrogen and alkoxy of 1
      to 5 carbon atoms, R.sub.1 and R.sub.2 are individually selected from the
      group consisting of hydrogen and alkyl of 1 to 5 carbon atoms, n is 2 or 3
      and X is selected from the group consisting of hydrogen, fluorine,
      chlorine and bromine and their non-toxic, pharmaceutically acceptable acid
      addition salts having central nervous system depressant activity.
PARN
PAC  PRIOR APPLICATION
PAR  This application is a division of copending, commonly assigned application
      Ser. No. 380,407 filed July 18, 1973, now U.S. Pat. No. 3,850,938.
BSUM
PAC  STATE OF THE ART
PAR  British patent No. 925,429 describes several 4-(3-indolyl
      alkylene)-piperidines and U.S. Pat. No. 3,445,472 describes various
      4-[2-(3-indolyl)-ethyl]-piperidines but the compounds of formula I have
      not been described in the literature.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel compounds of formula
      I and their non-toxic, pharmaceutically acceptable acid addition salts.
PAR  It is a further object of the invention to provide a novel process for the
      preparation of compounds of formula I.
PAR  It is another object of the invention to provide novel neuroleptic
      compositions and to a method of treating warmblooded animals with
      neurovegatative unbalance, behavior troubles or character troubles.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel compounds of the invention are selected from the group consisting
      of compounds of the formula
      ##SPC2##
PAL  Wherein R is selected from the group consisting of hydrogen and alkoxy of 1
      to 5 carbon atoms, R.sub.1 and R.sub.2 are individually selected from the
      group consisting of hydrogen and alkyl of 1 to 5 carbon atoms, n is 2 or 3
      and X is selected from the group consisting of hydrogen, fluorine,
      chlorine and bromine and their non-toxic, pharmaceutically acceptable acid
      addition salts. Preferably, R is hydrogen or methoxy.
PAR  Among the preferred compounds are
      p-fluoro-.omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone,
      p-fluoro-.omega.-[4'-(1"-methyl- 3"-indolyl)-piperidino]-butyrophenone,
      p-fluoro-.omega.-[4'-(6"-methoxy-3"-indolyl)-piperidino]-butyrophenone,
      p-fluoro-.omega.-[4'-(5"-methoxy-3"-indolyl)-piperidino]-butyrophenone,
      p-fluoro-.omega.-[4'-(2"-methyl-6"-methoxy-3"-indolyl)-piperidino]-butyrop
     henone and .omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone and their
      non-toxic, pharmaceutically acceptable acid addition salts.
PAR  Examples of suitable acids for the preparation of the acid addition salts
      are organic acids such as acetic acid, maleic acid, fumaric acid, succinic
      acid, tartaric acid, citric acid, oxalic acid, alkane sulfonic acids and
      aryl sulfonic acids and mineral acids such as hydrochloric acid,
      hydrobromic acid, hydroiodic acid, nitric acid, sulfuric acid and
      phosphoric acid.
PAR  The novel process of the invention for the preparation of compounds of
      formula I comprises reacting a compound of the formula
      ##SPC3##
PAL  wherein R, R.sub.1 and R.sub.2 have the above definitions with a compound
      of the formula
      ##SPC4##
PAL  wherein n and X have the above definition to form the corresponding
      compound of formula I which can then be reacted, if desired, with an
      organic or mineral acid to form the corresponding acid addition salt.
PAR  In a preferred mode of the process of the invention, a mixture of the
      product of formula II and the product of formula III is refluxed for 10 to
      96 hours in an organic solvent such as methyl isobutyl ketone in the
      presence of an alkaline agent such as sodium carbonate and after
      completion of the reaction, the alkaline agent and the solvent are
      eliminated to obtain the product of formula I. The latter products are
      basic in nature and when treated with substantially stoichiometric amounts
      of an organic or mineral acid, the corresponding acid addition salts can
      be recovered.
PAR  The starting materials of formula II can be prepared by reacting benzyl
      bromide with a compound of the formula
      ##SPC5##
PAL  wherein R and R.sub.2 have the above definition to form a compound of the
      formula
      ##SPC6##
PAL  reacting the latter with sodium borohydride to obtain a compound of the
      formula
      ##SPC7##
PAL  and the latter product may be reduced with hydrogen in the presence of a
      catalyst based on palladium to obtain a product of formula II wherein
      R.sub.1 is hydrogen or may be reacted with an alkyl halide of the formula
      Hal-R.sub.1 where Hal is a halogen and R.sub.1 is lower alkyl of 1 to 5
      carbon atoms in the presence of sodium hydride to obtain a product of the
      formula
      ##SPC8##
PAL  wherein R.sub.1 is alkyl of 1 to 5 carbon atoms and R and R.sub.2 have the
      above definition and the latter is reduced with hydrogen in the presence
      of a palladium based catalyst to obtain the corresponding compound of
      formula II.
PAR  The novel neuroleptic compositions of the invention are comprised of an
      effective amount of at least one compound of formula I and or their
      non-toxic, pharmaceutically acceptable acid addition salts and a
      pharmaceutical carrier. The compositions may be solids or liquids in the
      form of tablets, dragees, gelules, granules, suppositories and injectable
      solution or suspensions in single or multiple dose flacons.
PAR  Examples of suitable carriers or excipients are talc, gum arabic, lactose,
      amidon, magnesium stearate, cacao butter, aqueous or non-aqueous vehicles,
      fatty bodies of animal or vegetable origin, paraffinic derivatives,
      glycols, conservatives and/or diverse wetting, dispersing or emulsifying
      agents.
PAR  The said compositions have a remarkable depressant activity on the central
      nervous system of warm-blooded animals and are very useful substances in
      therapy for the treatment of neurovegatative unbalance, behavior troubles
      or character troubles.
PAR  The novel method of the invention for depressing the central nervous system
      of warm-blooded animals comprises administering to warm-blooded animals an
      effective amount of at least one compound of formula I and their
      non-toxic, pharmaceutically acceptable acid addition salts. The said
      products may be administered orally, rectally or parenterally and the
      usual useful daily dose is 0.1 to 10 mg/kg depending upon the product and
      the method of administration.
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
DETD
PAC  EXAMPLE 1
PAC  p-fluoro-.omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone hydrochloride
PAR  A few crystals of potassium iodide were added to a mixture of 15 g of
      3-(4'-piperidyl)-indole, 22 g of .omega.-chloro-p-fluoro-butyrophenone and
      17.2 g of sodium carbonate in 670 ml of methyl isobutyl ketone and the
      resulting mixture was refluxed for 48 hours. The mixture was filtered hot
      and the ketone was distilled from filtrate under reduced pressure. The
      residue was taken up in ethanolic hydrochloric acid and the mixture was
      evaporated to dryness under reduced pressure. The product was crystallized
      from methanol to obtain 14.1 g of
      p-fluoro-.omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone hydrochloride
      melting at 218.degree.-219.degree.C.
PAR  Analysis: C.sub.23 H.sub.26 ClFN.sub.2 O; molecular weight = 400.9
TBL  Calculated:                                                               
              %C 68.90    %H 6.54                                              
     Found:   68.65       6.87                                                 
PAC  EXAMPLE 2
PAC  p-fluoro-.omega.-[4'-(1"-methyl-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride
PAC  STEP A: 3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-1 methyl-indole
PAR  A solution of 43 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-indole in 225 ml of
      dimethylformamide was added dropwise in the absence of humidity to 7.5 g
      of 50% sodium hydride in oil, in 75 ml of dimethylformamide and the
      mixture was heated to 50.degree.C for a half hour. The mixture was then
      cooled to 0.degree. to 5.degree.C and 10.4 ml of methyl iodide were added
      thereto. The mixture was then heated at 40.degree.C for 3 hours and cooled
      and 200 ml of water was added progressively. The precipitate formed was
      recovered by vacuum filtration, was dried under reduced pressure and
      crystallized from acetone to obtain 34.5 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-1-methyl-indole melting at
      103.degree.-104.degree.C.
PAC  STEP B: 1-methyl-3-(4'piperidyl-indole
PAR  Hydrogen was added with stirring to a mixture of 30.2 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl-1-methyl-indole in 300 ml
      of acetic acid and 3 g of 10% palladium on carbon at normal pressure at
      50.degree.C. After the theoretical quantity of hydrogen had been absorbed,
      the catalyst was filtered off. The acetic acid was evaporated from the
      filtrate under reduced pressure and the residue was taken up in water. The
      solution was made alkaline with a sodium hydroxide solution and was
      extracted with methylene chloride. The extracts were dried over sodium
      sulfate and the solvent was evaporated under reduced pressure to obtain
      after crystallization 14.5 g of 1-methyl-3-(4'-piperidyl)-indole melting
      at 78.degree.-79.degree.C.
PAC  STEP C:
      p-fluoro-.omega.-[4'-(1"-methyl-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride
PAR  A few crystals of potassium iodide were added to a mixture of 9.80 g of
      .omega.-chloro-p-fluoro-butyrophenone, 9.5 g of
      1-methyl-3-(4'-piperidyl)-indole and 11 g of sodium carbonate in 500 ml of
      methyl isobutyl ketone and the mixture was refluxed for 24 hours. Another
      9.80 g of .omega.-chloro-p-fluoro-butyrophenone were added thereto and the
      mixture was refluxed for another 48 hours. After cooling, the organic
      phase was washed with water and after drying over sodium sulfate, the
      methyl isobutyl ketone was evporated. The resulting oil was taken up in
      ether and the ether solution was filtered. The filtrate was added to 12 ml
      of 4 N hydrochloric acid in ethyl ether and the precipitate formed was
      recovered by vacuum filtration, was washed with ether and crystallized
      from methanol to obtain after drying 8.7 g of
      p-fluoro-.omega.-[4'(1"-methyl-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride melting at 260.degree.C.
PAR  Analysis: C.sub.24 H.sub.28 ClFN.sub.2 O; molecular weight = 414.9
     Calculated:                                                               
              %C 69.47  %H 6.80   %N 6.75 %Cl 8.54                             
     Found:   69.38     6.91      6.79    8.59                                 
PAC  EXAMPLE 3
PAC  p-fluoro-.omega.-[4'-(6"-methoxy-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride
PAC  STEP A: 6-methoxy-3-(4'-pyridyl)-indole
PAR  158 ml of benzoyl chloride were added dropwise to a mixture of 100 g of
      6-methoxy-indole in 500 ml of pyridine cooled to -10.degree.C and the
      mixture was then stirred in the dark at room temperature for 3 days. The
      pyridine was evaporated under reduced pressure and the residue was washed
      with ether and was then taken up in a liter of methanol. The solution was
      made alkaline with a sodium hydroxide solution and the methanol was
      evaporated under reduced pressure. The mixture was acidified with
      hydrochloric acid and was washed with methylene chloride. The mixture was
      made alkaline with sodium hydroxide and was extracted with chloroform. The
      organic phase was dried over sodium sulfate and was evaporated under
      reduced pressure. The residue was crystallized from acetonitrile to obtain
      23.3 g of 6-methoxy-3-(4'-pyridyl)-indole melting at
      187.degree.-188.degree.C.
PAR  Analysis: C.sub.14 H.sub.12 N.sub.2 O; molecular weight = 224.3
TBL  Calculated:                                                               
              %C 74.99  %H 5.38   %N 12.49                                     
     Found:   75.04     5.56      12.55                                        
PAC  STEP B: 1-benzyl-4-(6'-methoxy-3'-indolyl)-pyridinium bromide
PAR  A mixture of 3.1 g of 6-methoxy-3-(4'-pyridyl)-indole and 2.56 g of benzyl
      bromide in 30 ml of ethyl acetate was refluxed for 4 hours and after
      cooling, was vacuum filtered to recover the precipitate formed. The latter
      was washed with ethyl acetate and dried to obtain 5.1 g of
      1-benzyl-4-(6'-methoxy-3'-indolyl)-pyridinium bromide melting at
      202.degree.C.
PAR  Analysis: C.sub.21 H.sub.19 BrN.sub.2 O; molecular weight = 395.3
     Calculated:                                                               
              %C 63.80  %H 4.84   %N 7.09                                      
     Found:   63.57     4.91      6.93                                         
PAC  STEP C: 3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-6-methoxy-indole
PAR  4.6 g of 1-benzyl-4-(6'-methoxy-3'-indolyl)-pyridinium bromide were added
      at 40.degree.C to 45 ml of methanol and 26 ml of water and the mixture was
      cooled to 25.degree.C. 0.95 g of sodium borohydride were added thereto
      while keeping the temperature below 30.degree. to 35.degree.C and after
      stirring for 2 hours at room temperature, the mixture was added to water.
      The precipitate formed was recovered by vacuum filtration, was washed with
      water, then with methanol and dried to obtain 3.2 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-6-methoxy-indole melting
      at 196.degree.C.
PAR  Analysis: C.sub.21 H.sub.22 N.sub.2 O; molecular weight = 318.40
     Calculated:                                                               
              %C 79.21  %H 6.96   %N 8.80                                      
     Found:   78.9      6.8       8.7                                          
PAC  STEP D: 6-methoxy-3-(4'-piperidyl)-indole
PAR  Hydrogen was added to a mixture of 21 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-6-methoxy-indole and 2 g
      of 10% palladium on carbon in 300 ml of methanol while heating at
      55.degree.C and the theoretical amount of hydrogen was absorbed in 36
      hours. The catalyst was filtered off and the ethanol was evaporated from
      the filtrate. The oil residue was crystallized from ethyl acetate and then
      acetone to obtain 8.1 g of 6-methoxy-3-(4'-piperidyl)-indole which was
      used as is for the next step.
PAC  STEP E:
      p-fluoro-.omega.-[4'-(6"methoxy-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride
PAR  A few crystals of potassium iodide were added to a mixture of 8 g of
      6-methoxy-3-(4'-piperidyl)-indole, 10.4 g of
      .omega.-chloro-p-fluoro-butyrophenone and 8 g of sodium carbonate in 320
      ml of methyl isobutyl ketone and the mixture was refluxed for 48 hours.
      The organic phase was then washed with water, dried over calcium chloride
      and the solvent was evaporated. The residue was taken up in ether and
      dilute hydrochloric acid was added thereto. The precipitate formed was
      recovered, dried and then dissolved in a boiling ethanolacetonitrile
      mixture and after the addition of ethanolic hydrochloric acid, the mixture
      was evaporated to dryness. The product was crystallized from a
      methanol-ether mixture to obtain 4.3 g of p-fluoro-.omega.-[4'-(6"-methoxy
      3"-indolyl)-piperidino]-butyrophenone hydrochloride melting at
      240.degree.-243.degree.C.
PAR  Analysis: C.sub.24 H.sub.28 ClFN.sub.2 O.sub.2 ; molecular weight = 431
     Calculated:                                                               
              %C 66.89  %H 6.55   %N 6.50 %Cl 8.23                             
     Found:   66.45     6.86      6.41    8.22                                 
PAC  EXAMPLE 4
PAC  p-fluoro-.omega.-[4'-(5"-methoxy-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride
PAC  STEP A: 1-benzyl-4-(5'-methoxy-3'-indolyl)-pyridinium bromide
PAR  A mixture of 11 g of 5-methoxy-3-(4'-pyridyl)-indole [prepared by Example 1
      of French patent 1,587,692], 9.5 g of benzyl bromide and 120 ml of ethyl
      acetate was refluxed for 4 hours and the mixture was cooled and filtered.
      The precipitate was washed with ethyl acetate and dried under reduced
      pressure to obtain 17.5 g of 1-benzyl-4-(5'-methoxy-3'-indolyl)-pyridinium
      bromide melting at 254.degree.C. The product was used as is for the next
      step.
PAC  STEP B: 3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-5-methoxy-indole
PAR  3.5 g of sodium borohydride were added in small portions to a mixture of
      17.5 g of 1-benzyl-4-(5'-methoxy-3'-indolyl-pyridinium bromide in 150 ml
      of methanol and 65 ml of water at 40.degree.C and after stirring the
      mixture for 24 hours at room temperature, 150 ml of water were added
      thereto. The precipitate formed was recovered by vacuum filtration, was
      washed with water, dried and crystallized from methanol to obtain 13 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-5-methoxy-indole melting
      at 168.degree.C.
PAR  Analysis: C.sub.21 H.sub.22 N.sub.2 O; molecular weight = 318.30
TBL  Calculated:                                                               
              %C 79.21  %H 6.96   %N 8.80                                      
     Found:   78.9      6.9       8.7                                          
PAC  STEP C: 5-methoxy-3-(4'-piperidyl)-indole
PAR  A mixture of 12.5 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-5-methoxy-indole and 3 g
      of 10% palladized charcoal in 300 ml of ethanol was heated to 50.degree.C
      and 1770 ml of hydrogen were absorbed by the mixture in 7 hours. At the
      end of the reaction, the catalyst was filtered off and the filtrate was
      evaporated to dryness under reduced pressure to obtain 8.3 g of
      5-methoxy-3-(4'-piperidyl)-indole melting at 170.degree.C.
PAR  Analysis: C.sub.14 H.sub.18 N.sub.2 O; molecular weight = 230.31
     Calculated:                                                               
              %C 73.01  %H 7.88   %N 12.17                                     
     Found:   73.0      7.6       12.1                                         
PAC  STEP D:
      p-fluoro-.omega.-[4'-(5"-methoxy-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride
PAR  A few crystals of potassium iodide were added to a mixture of 7.9 g of
      5-methoxy-3-(4'-piperidyl)-indole 10.4 g
      d'.omega.-chloro-p-fluorobutyrophenone, and 7.9 g of sodium carbonate in
      250 ml of methyl isobutyl ketone and the mixture was refluxed for 48
      hours. After cooling, 150 ml of water were added thereto and the organic
      phase was decanted off, dried over calcium chloride and evaporated to
      dryness under reduced pressure. The residue was taken up in 400 ml of
      ether and the solution was filtered. 5 N hydrochloric acid in ether was
      added dropwise and the precipitate formed was recovered by vacuum
      filtration, was washed with ether and dried to obtain 15 g of product
      which was cristallized from absolute ethanol. After 2 successive
      crystallizations from absolute ethanol, 5.0 g of
      p-fluoro-.omega.-[4'-(5"-methoxy-3"-indolyl) piperidino]-butyrophenone
      hydrochloride melting at 220.degree.C are obtained.
PAR  Analysis: C.sub.24 H.sub.28 FClN.sub.2 O.sub.2 ; molecular weight = 430.96
     Calculated:                                                               
            %C 66.89                                                           
                  %H 6.55                                                      
                        %N 6.50                                                
                              %F 4.41                                          
                                    %Cl 8.23                                   
     Found: 67.1  6.3   6.3   4.6   8.5                                        
PAC  EXAMPLE 5
PAC  p-fluoro-.omega.-[4'-(2"-methyl-6"-methoxy-3"-indolyl)-piperidino]butyrophe
     none
PAC  STEP A: 2-methyl-6-methoxy-3-(4'-pyridyl)-indole
PAR  87 g of benzoyl chloride were added dropwise to a mixture of 50 g of
      2-methyl-6-methoxy-indole in 230 ml of pyridine cooled to -40.degree.C and
      the mixture was stirred for 3 days in the dark at room temperature. The
      pyridine was evaporated under reduced pressure and the residue was washed
      with aqueous sodium hydroxide solution. The water was evaporated and the
      product was dissolved in 500 ml of boiling methanol, then 200 ml of sodium
      hydroxide solution with stirring and then twice 200 ml of water were added
      thereto. The mixture was stirred for 2 hours and allowed to stand
      overnight after which the methanol was evaporated under reduced pressure.
      The aqueous phase was extracted with chloroform and the organic phase was
      dried over sodium sulfate and evaporated under reduced pressure to obtain
      100 g of product. The latter was purified by chromatography over alumina
      and benzene was the eluant which was evaporated to obtain 34 g of product
      which was crystallized from acetonitrile to obtain 19.5 g of
      2-methyl-6-methoxy-3-(4'-pyridyl)-indole melting at
      196.degree.-198.degree.C.
PAR  Analysis: C.sub.15 H.sub.14 N.sub.2 O; molecular weight = 238.29
     Calculated:                                                               
              %C 75.60    %H 5.92 %N 11.76                                     
     Found:   75.52       6.13    11.91                                        
PAC  STEP B: 1-benzyl-4-(6'-methoxy-2'-methyl-3'-indolyl)-pyridinium bromide
PAR  A mixture of 3.4 g of 2-methyl-6-methoxy-3-(4'-pyridyl)indole and 2.65 g of
      benzyl bromide in 30 ml of ethyl acetate was refluxed for 4 hours and then
      was cooled. The crystals formed were recovered by vacuum filtration and
      were washed with ethyl acetate and dried to obtain 5.7 g of
      1-benzyl-4-(6'-methoxy-2'-methyl-3'-indolyl)-pyridinium bromide melting at
      244.degree.-246.degree.C.
PAR  Analysis: C.sub.22 H.sub.21 BrN.sub.2 O; molecular weight = 409.34
     Calculated:                                                               
              %C 64.55  %H 5.17   %N 6.84                                      
     Found:   64.36     5.33      6.75                                         
PAC  STEP C:
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-6-methoxy-2-methyl-indole
PAR  20.1 g of 1-benzyl-4-(6'-methoxy-2'-methyl-3'-indolyl)pyridinium bromide
      were added at 35.degree.-40.degree.C to 165 ml of methanol and 70 ml of
      water and after cooling to 25.degree.C, 4 g of sodium borohydride were
      added thereto in small amounts while keeping the temperature below
      30.degree.-35.degree.C. The mixture was stirred for 2 hours at room
      temperature and water was then added. The crystals formed were recovered
      by vacuum filtration, were washed with water and dried under reduced
      pressure to obtain 15.4 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-6-methoxy-2-methyl-indole
      melting at 142.degree.-143.degree.C.
PAR  Analysis: C.sub.22 H.sub.24 N.sub.2 O; molecular weight = 332.45
     Calculated:                                                               
              %C 79.48  %H 7.28   %N 8.43                                      
     Found:   79.40     7.44      8.35                                         
PAC  STEP D: 6-methoxy-2-methyl-3-(4'-piperidyl)-indole
PAR  A mixture of 24 g of
      3-(1'-benzyl-1',2',3',6'-tetrahydro-4'-pyridyl)-6-methoxy-2-methoxy-indole
      and 4 g of 10% palladized carbon in 300 ml of absolute ethanol was heated
      to 50.degree.C and hydrogen was introduced for 12 hours during which 2,450
      ml of hydrogen were absorbed. The catalyst was filtered off and another 3
      g of 10% palladized carbon were added. Hydrogenation was continued for 3
      1/2 hours during which 3,250 ml of hydrogen were absorbed. The catalyst
      was filtered off and ethanol was evaporated from the filtrate under
      reduced pressure to obtain 16.6 g of
      6-methoxy-2-methyl-3-(4'-piperidyl)-indole melting at 166.degree.C.
PAR  Analysis: C.sub.15 H.sub.20 N.sub.2 O; molecular weight = 244.34
     Calculated:                                                               
              %C 73.73  %H 8.25   %N 11.47                                     
     Found:   73.6      8.3       11.5                                         
PAC  STEP E:
      p-fluoro-.omega.-[4'-(2"-methyl-6"-methoxy-3"-indolyl)piperidino]-butyroph
     enone
PAR  A few crystals of potassium iodide were added to a mixture of 16 g of
      6-methoxy-2-methyl-3-(4'-piperidyl)-indole, 20 g of
      .omega.-chloro-p-fluorobutyrophenone and 15 g of sodium carbonate in 500
      ml of methyl isobutyl ketone and the mixture was refluxed for 48 hours and
      then cooled. 200 ml of water were added thereto and the organic phase was
      decanted off, dried over calcium chloride and evaporated to dryness under
      reduced pressure to obtain 25.6g of product. The product was crystallized
      from acetonitrile and dried to obtain 13.8 g of
      p-fluoro-.omega.-[4'-(2"-methyl-6"-methoxy-3"-indolyl)-piperidino]-butyrop
     henone melting at 162.degree.C.
PAR  Analysis: C.sub.25 H.sub.29 FN.sub.2 O.sub.2 ; molecular weight = 408.52
     Calculated:                                                               
              %C 73.50  %H 7.15   %F 4.65 %N 6.86                              
     Found:   73.4      7.4       4.5     7.1                                  
PAC  EXAMPLE 6
PAC  p-bromo-.omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone hydrochloride
PAR  A few crystals of potassium iodide were added to a mixture of 5 g of
      3-(4'-piperidyl)-indole, 9.2 g of p-bromo-.omega.-chloro-butyrophenone and
      10.6 g of sodium carbonate in 350 ml of methyl isobutyl ketone and the
      mixture was refluxed for 48 hours and then was cooled. Water was added
      thereto and the organic phase was decanted off, dried over sodium sulfate
      and evaporated to dryness under reduced pressure to obtain 6.8 g of an
      oily product which was dissolved in ether. The solution was filtered,
      acidified with ethanolic hydrochloric acid and was vacuum filtered. The
      precipitate was dried to obtain 3.4 g of product which was crystallized
      from absolute ethanol to obtain 2 g of
      p-bromo-.omega.-[4'-(3"-indolyl)piperidino]-butyrophenone hydrochloride
      melting at 208.degree.-210.degree.C.
PAR  Analysis: C.sub.23 H.sub.26 BrClN.sub.2 O; molecular weight = 461.85
TBL  Calculated:                                                               
              %C 59.81  %H 5.67   %Br 17.30                                    
                                          %Cl 7.68                             
     Found:   60.1      5.6       17.5    7.9                                  
PAC  EXAMPLE 7
PAC  .omega.-[4'-(3'-indolyl)-piperidino]-butyrophenone hydrochloride
PAR  A few crystals of potassium iodide were added to a mixture of 5 g of
      3-(4'-piperidyl)-indole, 6.4 g of .omega.-chlorobutyrophenone and 10.6g of
      sodium carbonate in 350 ml of methyl isobutyl ketone and the mixture was
      refluxed for 48 hours and then cooled. Water was added and the organic
      phase was recovered by decanting, was dried over sodium sulfate and
      evaporated to dryness under reduced pressure to obtain 9.5 g of an oily
      product which was dissolved in ether. The ether solution was filtered,
      acidified with ethanolic hydrochloric acid and was vacuum filtered. The
      precipitate was dried and twice successively crystallized from methanol to
      obtain 2.5g of .omega.-[4'(3"-indolyl)-piperidino]-butyrophenone
      hydrochloride melting at 230.degree.-232.degree.C.
PAR  Analysis: C.sub.23 H.sub.27 ClN.sub.2 O; molecular weight = 382.94
TBL  Calculated:                                                               
              %C 72.14  %H 7.11   %N 7.31 %Cl 9.26                             
     Found:   71.8      7.2       7.2     9.4                                  
PAC  EXAMPLE 8
PAC  p-fluoro-.gamma.-[4'-(3"-indolyl)-piperidino]-propiophenone hydrochloride
PAR  A few crystals of potassium iodide were added to a mixture of 6 g of
      3-(4'-piperidyl)-indole, 8.4 g of .beta.-chloro-p-fluoro-propiophenone and
      12.7 g of sodium carbonate in 420 ml of methyl isobutyl ketone and the
      mixture was refluxed for 48 hours and then cooled. Water was added thereto
      and the organic phase was recovered by decanting, was dried over sodium
      sulfate and evaporated to dryness under reduced pressure to obtain 14.5 g
      of oily product which was dissolved in ether. The solution was filtered,
      acidified with ethanolic hydrochloric acid and vacuum filtered. The
      precipitate was dried and crystallized from methanol to obtain 3.3 g of
      p-fluoro-.gamma.-[4'-(3"-indolyl)-piperidino]-propiophenone hydrochloride
      melting at 200.degree.C.
PAR  Analysis: C.sub.22 H.sub.24 ClFN.sub.2 O; molecular weight = 386.90
TBL  Calculated:                                                               
            %C 68.29                                                           
                  %H 6.25                                                      
                        %F 4.91                                                
                              %Cl 9.16                                         
                                    %N 7.24                                    
     Found: 68.0  6.6   5.0   9.1   7.4                                        
PAC  EXAMPLE 9
PAR  Tablets were prepared containing 25 mg of
      p-fluoro-.omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone hydrochloride
      and an excipient of lactose, amidon, talc and magnessium stearate. Similar
      tablets were prepared containing 25 mg of
      p-fluoro-.omega.-[4'-(6"-methoxy-3"-indolyl)-piperidino]-butyrophenone
      hydrochloride.
PAC  PHARMACOLOGICAL STUDY
PAR  A. Neuroleptic Activity
PAR  The neuroleptic activity of the compounds of Examples 1 to 8 were
      determined in the following 4 tests and the results are reported in Table
      I:
PAR  a. The traction test which consists of suspending a mouse by his front paws
      from a metal wire stretched horizontally. In a time less than 5 seconds,
      the normal animal effected recovering by managing to bring one of the rear
      paws to the wire. The test was run 25 minutes after intraperitoneal
      administration of the test product to determine the DE.sub.50 dose at
      which 50% of the animals effected recovering in less than 5 seconds.
PAR  b. The chimney test which consists of placing a mouse in the extreme end of
      a glass tube 30 cm long and with a diameter adapted to the size of the
      animal. This tube is straightened vertically in a rapid motion and the
      animal with its head down mounts normally the length of the tube in less
      than 30 seconds. The test was effected 25 minutes after intraperitoneal
      administration of the test compounds to determine the DE.sub.50 dose which
      is the dose at which 50% of the animals effected a mounting in less than
      30 seconds.
PAR  c. The cataleptic activity test using the technique of Boissier et al
      [Therapie, Vol. 18 (1963), p. 1257-1277] with a young rat having slightly
      twisted homolaterally paws and noting the intensity of catalepsy. The
      DE.sub.50 dose is that dose provoking catalepsy in 50% of the animals
      after administration of the product.
PAR  d. The anti-emetic activity test which is determined on dogs vis-a-vis a
      subcutaneous injection of 0.1 mg/kg of apomorphine hydrochloride to
      determine the DE.sub.50 dose which is that dose which reduces 50% of the
      number of vomitings provoked by the injection of apomorphine
      hydrochloride.
TBL                TABLE 1                                                     
     ______________________________________                                    
             DE.sub.50 in mg/Kg (I.P.)                                         
                                 Test of Test of                               
     Product of                                                                
               Traction Chimney  Cataleptic                                    
                                         Anti-emetic                           
     Example   Test     Test     Activity                                      
                                         Activity                              
     ______________________________________                                    
     1         2.2      1.6      8.5     0.02                                  
     2         5.2      4.5      12      0.2                                   
     3         1.2      0.9      2       0.01                                  
     4         1        0.2      6       &lt;0.3                                  
     5         3.8      0.3      3.5     0.0045                                
     7         7        4        11      0.06                                  
     8         2.5      2.7                                                    
     ______________________________________                                    
PAR  Table I shows that the compounds of the invention have very interesting
      neuroleptic activity, particularly the compounds of Examples 1,3,4 and 5.
PAR  B. Acute Toxicity
PAR  The different products were tested for the dose which would kill 50% of
      mice when administered intraperitoneally (DL.sub.50). The mortality was
      recorded 48 hours after administration of the products and the results are
      reported in Table II.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Product of Example                                                        
                      DL.sub.50 in mg/Kg I.P.                                  
     ______________________________________                                    
     1                100                                                      
     2                185                                                      
     3                190                                                      
     4                300                                                      
     5                600                                                      
     6                300                                                      
     7                300                                                      
     8                600                                                      
     ______________________________________                                    
PAR  Various modifications of the products and processes of the invention may be
      made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A novel neuroleptic composition comprising an effective amount of a
      compound of the formula
      ##SPC9##
PAL  wherein R is selected from the group consisting of hydrogen and alkoxy of 1
      to 5 carbon atoms, R.sub.1 and R.sub.2 are individually selected from the
      group consisting of hydrogen and alkyl of 1 to 5 carbon atoms, n is 2 or 3
      and X is selected from the group consisting of hydrogen, fluorine,
      chlorine and bromine or a non-toxic, pharmaceutically acceptable acid
      addition salt thereof and a pharmaceutical carrier.
NUM  2.
PAR  2. A composition of claim 1 wherein R is selected from the group consisting
      of hydrogen and methoxy.
NUM  3.
PAR  3. A method of depressing the central nervous system of a warm-blooded
      animal comprising administering to a warm-blooded animal an amount of a
      compound of the formula
      ##SPC10##
PAL  wherein R is selected from the group consisting of hydrogen and alkoxy of 1
      to 5 carbon atoms, R.sub.1 and R.sub.2 are individually selected from the
      group consisting of hydrogen and alkyl of 1 to 5 carbon atoms, n is 2 or 3
      and X is selected from the group consisting of hydrogen, fluorine,
      chlorine and bromine or a non-toxic, pharmaceutically acceptable acid
      addition salt thereof sufficient to depress the central nervous system.
NUM  4.
PAR  4. The method of claim 3 wherein R is selected from the group consisting of
      hydrogen and methoxy.
NUM  5.
PAR  5. The method of claim 3 selected from the group consisting of
      p-fluoro-.omega.-[4'-(3"-indolyl)-piperidino]-butyrophene and its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  6.
PAR  6. The method of claim 3 selected from the group consisting of
      p-fluoro-.omega.-[4'-(1"-methyl-3"-indolyl)-piperidino]-butyrophenone and
      its non-toxic, pharmaceutically acceptable acid addition salts.
NUM  7.
PAR  7. The method of claim 3 selected from the group consisting of
      p-fluoro-.omega.-[4'-(6"-methoxy-3"-indolyl)-piperidino]-butyrophenone and
      its non-toxic, pharmaceutically acceptable acid addition salts.
NUM  8.
PAR  8. The method of claim 3 selected from the group consisting of
      p-fluoro-.omega.-[4'-(5"-methoxy-3"-indolyl)-piperidino]-butyrophenone and
      its non-toxic, pharmaceutically acceptable acid addition salts.
NUM  9.
PAR  9. The method of claim 3 selected from the group consisting of
      p-fluoro-.omega.-[4'-(2"-methyl-6"-methoxy-3"-indolyl)-piperidino]-butyrop
     henone and its non-toxic, pharmaceutically acceptable acid addition salts.
NUM  10.
PAR  10. The method of claim 3 selected from the group consistof
      .omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone and its non-toxic,
      pharmaceutically acceptable acid addition salts.
NUM  11.
PAR  11. The method of claim 3 selected from the group consisting of
      p-bromo-.omega.-[4'-(3"-indolyl)-piperidino]-butyrophenone and its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  12.
PAR  12. The method of claim 3 selected from the group consisting of
      p-fluoro-.alpha.-[4'-(3"-indolyl)-piperidino]-propiophenone and its
      non-toxic, pharmaceutically acceptable acid addition salts.
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ABST
PAL  A method and composition for potentiating the effects of neuroleptic drugs
      by administering to a human having a disorder normally treatable with a
      neuroleptic drug, a neuroleptic drug in combination with a potentiating
      amount of an amino acid of the formula
      ##SPC1##
PAL  Where R is fluorine, chlorine, bromine or trifluoromethyl and their salts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  BACKGROUND OF THE PRIOR ART
PAR  U.S. Pat. No. 3,471,548 describes compounds having the structural formula
      ##SPC2##
PAL  Wherein R is chloro, bromo, fluoro or fluoromethyl. The compounds are known
      to cross the blood brain barrier and are known to have muscle relaxant
      properties and to be useful in the treatment in man of spasticity of
      spinal origin.
PAR  Neuroleptic drugs are used to treat schizophrenia. Examples of common
      neuroleptic drugs include phenothiazines such as chloropromazine;
      butyrophenones such as haloperiodal and others such as pimocide and
      clozapine. Side effects of neuroleptic drugs include sedation and tardive
      dyskinesias. The latter side effect is particularly important because it
      results in involuntary muscle movements especially of the face and mouth
      which become irreversible. The onset of this side effect is directly
      related to the amounts of and length of time which a neuroleptic drug is
      used in treatment.
PAC  SUMMARY OF THE INVENTION
PAR  There has now been discovered a method and composition whereby the
      foregoing side effects of neuroleptic drugs can be decreased.
PAR  The present invention relates to a method for reducing the side effects of
      neuroleptic drugs comprising administering to a schizophrenic about 10 to
      about 50% of an otherwise effective amount of a neuroleptic drug together
      with a potentiating amount of a compound having the structural formula
      ##SPC3##
PAL  Wherein R is halogen or trifluoromethyl and salts thereof.
PAR  The present invention further relates to a composition comprising about 10
      to about 50% of an effective amount of a neuroleptic drug and a
      potentiating amount of a compound having the above described structural
      formula together with a suitable pharmaceutical carrier.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Compounds having the foregoing structural formula such as, for example,
      .beta.-(4-chlorophenyl)-gammaaminobutyric acid and pharmaceutically
      acceptable salts thereof and pharmaceutical compositions thereof and their
      manner of making is described in U.S. Pat. No. 3,471,548 and relevant
      portions thereof are hereby incorporated by this reference.
PAR  The amount of active potentiating compound which may be used in the present
      invention ranges from about 0.1 to about 50 mg/kg and preferably from
      about 0.1 to about 10 mg/kg and preferably about 0.1 to 1.5 mg/kg per day.
PAR  Neuroleptic drugs which may be used in the present invention include
      phenothiazine derivatives such as chlorpromazine, promozine,
      triflupromozine, acetophenazine, butaperozine, corphenazine, fluphenazine,
      perphenazine, prochlorperozine, thiopropazate, trifluoperazine, mepazine,
      mesoridazine, piperacetozine, theoridazine, chlorprothizine, thiothixine,
      benzoctamine, cidorepin, clomacran, clopenthixol, clothiapine,
      clothixamide, clozapine, dimeprozan, doxepin, lovapine, perlapine and
      pinovepin; rauwolfia derivatives including deserpidine, metaserpate,
      rescinnamine, reserpine, benzquinamide, oxypertine, tetrabenazine,
      indopine, indriline, methopholine, milipertine, molindone, solypertine,
      yohimbine and solertine; diphenylmethane derivatives including
      benactyzine, piperilate, azacyclonal, captodiamine, hydroxyzine,
      cyprolidol, hexandrol and pimizide; and butyrophenone derivatives
      including haloanisone, haloperidal, ozaperone, benperidal, carperone,
      droperidal, fluspirilene, meperone, penfluridol, pipamperone, seperidol,
      spiperone and trifluperidol. When used herein, the term "Neuroleptic
      drugs" refers to any neuroleptic drug such as, but not limited to, the
      foregoing neuroleptic drugs.
PAR  While applicant does not necessarily rely on the following theory of action
      as to why the potentiating compound potentiates the effects of neuroleptic
      drugs, applicant believes that known neuroleptic drugs act by blocking
      dopamine receptor activity in the brain. However, whenever the dopamine
      receptor activity is blocked, compensatory mechanisms are initiated by the
      central nervous system to restore normal dopamine receptor activity. The
      compensatory mechanisms may act by blocking normal gammaaminobutyric acid
      (GABA) activity of dopamine cell bodies, thus tending to increase dopamine
      levels. Applicant believes the potentiating compound acts by interfering
      with these compensatory mechanisms by increasing GABA activity and thereby
      potentiates the effect of neuroleptic drugs by maintaining the lower
      dopamine receptor activity initially caused by the neuroleptic drug. In
      this manner, the potentiating compound can be used to potentiate the
      effects of neuroleptic drugs. Furthermore, the side effect of tardive
      dyskinesia is minimized because this effect is due to presynaptic dopamine
      hyperactivity, which is antagonized by compounds such as
      .beta.-(4-chlorophenyl)-gammaaminobutyric acid.
PAR  Thus, when used in combination with the foregoing neuroleptic drugs, the
      potentiating compound described herein allows the use of lower doses of
      neuroleptic drugs to obtain the same effect as obtained with higher doses
      of neuroleptic drug without the potentiating compound. That is, the dose
      of neuroleptics now given may be decreased by a factor of 2-10 times
      (about 10-50% of usual dose) when given in combination with an effective
      amount of the potentiating compound of the present invention.
PAR  The pharmaceutical compositions may be in a form suitable for oral use, for
      example, as tablets, aqueous or oily suspensions, dispersible powders or
      granules, emulsions, hard or soft capsules, or syrups or elixirs.
      Compositions intended for oral use may be prepared according to any method
      known to the art for the manufacture of pharmaceutical compositions and
      such compositions may contain one or more agents selected from the group
      consisting of sweetening agents, flavoring agents, coloring agents and
      preserving agents in order to provide a pharmaceutically elegant and
      palatable preparation. Tablets contain the active ingredient in admixture
      with non-toxic pharmaceutically acceptable excipients which are suitable
      for manufacture of tablets. These excipients may be, for example, inert
      diluents, for example calcium carbonate, sodium carbonate, lactose,
      calcium phosphate or sodium phosphate; granulating and disintegrating
      agents, for example maize starch, or alginic acid; binding agents, for
      example starch, gelatine or acacia, and lubricating agents, for example
      magnesium stearate or stearic acid. The tablets may be uncoated or they
      may be coated by known techniques to delay disintegration and absorption
      in the gastrointestinal tract and thereby provide a sustained action over
      a longer period.
PAR  Formulations for oral use may also be presented as hard gelatine capsules
      wherein the active ingredient is mixed with an inert solid diluent, for
      example calcium carbonate, calcium phosphate or kaolin, or as soft
      gelatine capsules wherein the active ingredient is mixed with an oil
      medium, for example arachis oil, liquid paraffin or olive oil.
PAR  Aqueous suspensions contain the active ingredients in admixture with
      excipients suitable for the manufacture of aqueous suspensions. Such
      excipients are suspending agents, for example sodium carboxymethyl
      cellulose, methylcellulose, hydroxypropylmethylcellulose, sodium alginate,
      polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting
      agents may be a naturally-occurring phosphatide, for example lecithin, or
      condensation products of an alkylene oxide with fatty acids, for example
      polyoxyethylene stearate, or condensation products of ethylene oxide with
      long chain aliphatic alcohols, for example heptadecaethyleneoxycetanol, or
      condensation products of ethylene oxide with partial esters derived from
      fatty acids and a hexitol, for example polyoxyethylene sorbitol
      monooleate, or condensation product of ethylene oxide with partial esters
      derived from fatty acids and hexitol anhydrides, for example
      polyoxyethylene sorbitan monooleate. The said aqueous suspensions may also
      contain one or more preservatives, for example ethyl, or n-propyl,
      p-hydroxy benzoate, one or more coloring agents, one or more flavoring
      agents and one or more sweetening agents, such as sucrose, saccharin, or
      sodium or calcium cyclamate.
PAR  Dispersible powders and granules suitable for preparation of an aqueous
      suspension by the addition of water provide the active ingredient in
      admixture with a dispersing or wetting agent, suspending agent and one or
      more preservatives. Suitable dispersing or wetting agents and suspending
      agents are exemplified by those already mentioned above. Additional
      excipients, for example, sweetening, flavoring and coloring agents, may
      also be present.
PAR  Syrups and elixirs may be formulated with sweetening agents, for example
      glycerol, sorbitol or sucrose. Such formulations may also contain a
      demulcent, a preservative and flavoring and coloring agents. The
      pharmaceutical compositions may be in the form of a sterile injectable
      preparation, for example as a sterile injectable aqueous suspension. This
      suspension may be formulated according to the known art using those
      suitable dispersing or wetting agents and suspending agents which have
      been mentioned above. The sterile injectable preparation may also be a
      sterile injectable solution or suspension in a non-toxic
      parenterally-acceptable diluent or solvent, for example as a solution in
      1,3-butane diol.
PAR  The pharmaceutical compositions may be tableted or otherwise formulated so
      that for every 100 parts by weight of the composition there are present
      between 5 and 95 parts by weight of the active ingredient and preferably
      between 25 and 85 parts by weight of the active ingredient. The dosage
      unit form will generally contain between about 10 mg and about 500 mg of
      the active ingredient of the formula stated above. A preferred dosage rate
      for oral administration is of the order of 1-1000 mg daily, optionally in
      divided doses.
PAR  From the foregoing formulation discussion, it is apparent that the
      compositions of this invention can be administered orally or parenterally.
      The term parenteral as used herein includes subcutaneous injection,
      intravenous, intramuscular, or intrasternal injection or infusion
      techniques.
PAR  This invention is further demonstrated by the following examples in which
      all parts are by weight.
DETD
PAC  EXAMPLE
PAR  The effect of .beta.-(4-chlorophenyl)-gammaaminobutyric acid on the
      pimozide-induced increase in dopamine fluorescence disappearance from the
      neostriatum and subcortical limbic areas after treatment with
      .alpha.-methyl tyrosine methyl ester
PAR  .alpha.-methyl tyrosine methyl ester (H 44/68), an inhibitor of dopamine
      synthesis, was given i.p. in a dose of 250 mg/kg 4 hrs before killing.
      .beta.-(4-chlorophenyl)-gammaaminobutyric acid (Lioresal) was given i.p.
      in a dose of 10, 20 or 25 mg/kg 15 minutes before H 44/68. Pimozide was
      given i.p. in a dose of 1 mg/kg 2 hours before H 44/68, and haloperidol in
      a dose of 5 mg/kg 1 hour before H 44/68. The dopamine levels were
      determined by measuring histochemical fluorescence. The fluorescence
      intensity reflects the amount of dopamine present. The fluorescence
      intensity was semi-quantitatively estimated on coded slides. 3 = strong; 2
      = moderate; 1 = weak; 1/2 = very weak. Number of animals is shown within
      parenthesis. The table below tabulates the data obtained.
TBL                                    Table                                   
     __________________________________________________________________________
                  Fluorescence intensity                                       
     Treatment    Neostriatum Limbic forebrain                                 
     __________________________________________________________________________
     No drug treatment                                                         
                  3(4)        3(4)                                             
     H 44/68      0.5(1) 1(2) 1.5(2)                                           
                              0.5(2) 1(2) 1.5(1)                               
     Pimozide + H 44/68                                                        
                  0(4) 0.5(1).sup.a                                            
                              0(4) 0.5(1).sup.d                                
     Pimozide + Lioresal                                                       
                  1.5(2) 2(2).sup.b                                            
                              1.5(1) 2(3).sup.e                                
      (20) + H 44/68                                                           
     Pimozide + Lioresal                                                       
                  1(2) 1.5(3).sup.c                                            
                              1(1) 1.5(3) 2(1).sup.f                           
      (10) + H 44/68                                                           
     Haloperidol + H 44/68                                                     
                  0.5(1) 1(3) 0.5(2) 1(2).sup.g                                
     Haloperidol + Lioresal                                                    
                  1(1) 1.5(2) 2(1)                                             
                              2(2) 2.5(2).sup.h                                
      (10) + H 44/68                                                           
     Lioresal (25) + H 44/68                                                   
                  1(1) 1.5(3) 1(1) 1.5(1) 2(2)                                 
     Lioresal (10) + H 44/68                                                   
                  1.5(2) 2(1) 1.5(1) 2(1) 2.5(1)                               
     __________________________________________________________________________
     Statistical significance according to Tukey's Quick test:                 
     a-b: p&lt;0.05                                                               
                d-e: p&lt;0.05                                                    
                         g-h: p&lt;0.05                                           
     a-c: p&lt;0.01                                                               
                d-f: p&lt;0.01                                                    
     __________________________________________________________________________
PAR  Dopamine neuron nerve endings can be made to fluoresce strongly as a result
      of the presence of stored dopamine. These stores of dopamine are not
      static; there is a continual release, reuptake, degradation and de novo
      synthesis at the nerve ending.
PAR  .alpha.-methyl tyrosine methyl ester is an inhibitor of dopamine synthesis.
      Fluorescence microscopy shows that .alpha.-methyl tyrosine methyl ester
      depletes dopamine stores. Therefore, .alpha.-methyl tyrosine methyl ester
      may be used to determine dopamine turnover in the nerve endings since the
      higher the turnover is the higher the rate of DA depletion will be.
PAR  When dopamine receptors are blocked by drugs such as pimozide and
      haloperidol, the dynamic state of dopamine at and in the nerve endings
      increase. This appears as an increased disappearance of fluorescence after
      H 44/68. This increase results from a compensatory response to the
      decreased stimulation of the nerve cells normally receiving the dopamine
      stimulation.
PAR  The foregoing EXAMPLE shows that the compensatory increase in dynamic state
      of dopamine at the nerve endings normally induced by drugs such as
      pimozide and haloperidol is the result of the dopaminergic cells becoming
      hyperactive. The hyperactivity is antagonized by
      .beta.-(4-chlorophenyl-gammaaminobutyric acid. Thus, as seen from the
      foregoing table, the increased disappearance (i.e. decrease in amount) of
      dopamine fluorescence from the neostriatum and especially the limbic
      forebrain seen after introduction of pimozide and haloperidol is
      significantly reduced by pretreatment with
      .beta.-(4-chlorophenyl)-gammaaminobutyric acid.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for potentiating the neuroleptic activity of butyrophenone
      derivatives having neuroleptic activity comprising administering to a
      schizophrenic about 10 to about 50 percent of a conventional dosage amount
      of a butyrophenone derivative having neuroleptic activity and an amount
      equal to about 0.1 to about 50 mg/kg of a compound, or a pharmaceutically
      acceptable salt thereof, having the structural formula
      ##SPC4##
PAL  wherein R is selected from the group consisting of fluorine, chlorine,
      bromine and trifluoromethyl.
NUM  2.
PAR  2. The method of claim 1 wherein R is chlorine.
NUM  3.
PAR  3. The method of claim 1 wherein the butyrophenone derivative is selected
      from the group consisting of haloperidol and trifluperidol.
NUM  4.
PAR  4. A method for potentiating the neuroleptic activity of butyrophenone
      derivatives comprising administering to a schizophrenic about 10 to about
      50 percent of a conventional dosage amount of a butyrophenone derivative
      selected from the group consisting of haloperidol and trifluperidol and an
      amount equal to about 0.1 to about 10 mg/kg of
      .beta.-(4-chlorophenyl)-gamma-aminobutyric acid or a pharmaceutically
      acceptable salt thereof.
NUM  5.
PAR  5. A composition in unit dosage form comprising about 10 to about 50
      percent of a conventional dosage amount of a butyrophenone derivative
      having neuroleptic activity and an amount equal to about 0.1 to about 50
      mg/kg of a compound or a pharmaceutically acceptable salt thereof having
      the structural formula
      ##SPC5##
PAL  wherein R is selected from the group consisting of fluorine, chlorine,
      bromine and trifluoromethyl.
NUM  6.
PAR  6. The composition of claim 5 wherein R is chlorine.
NUM  7.
PAR  7. The composition of claim 5 wherein the butyrophenone derivative is
      selected from the group consisting of haloperidol and trifluperidol.
NUM  8.
PAR  8. A composition in unit dosage form comprising about 10 to about 50
      percent of a conventional dosage amount of a butyrophenone derivative
      selected from the group consisting of haloperidol and trifluperidol and an
      amount equal to about 0.1 to about 10 mg/kg of
      .beta.-(4-chlorophenyl)-gammaaminobutyric acid or a pharmaceutically
      acceptable salt thereof.
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ABST
PAL  N-Heterocyclic pulvinic acid amides having antiarthritic activity are
      prepared by treating the corresponding pulvinic acid with a heterocyclic
      amine.
PARN
PAR  This is a division of application Ser. No. 393,861, filed Sept. 4, 1973,
      now U.S. Pat. No. 3,895,021.
BSUM
PAR  This invention relates to novel N-heterocyclic pulvinic acid amides which
      have useful pharmacological activity. More specifically, the compounds of
      this invention have anti-arthritic activity as measured by their ability
      to inhibit adjuvant-induced polyarthritis in rats.
PAR  The compounds of this invention are represented by the following structural
      formula:
      ##SPC1##
PAL  In which:
PAR  R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are each hydrogen, lower alkyl of
      from one to four carbon atoms, lower alkoxy of from one to four carbon
      atoms, phenyl, phenoxy, halogen, fluoroalkyl, hydroxy or, taken together
      in adjacent positions, methylenedioxy; and
PAR  Het is a heterocyclic moiety of the formula
      ##SPC2##
PAL  In which:
PAR  X is S, NH or O;
PAR  Y is N or CH;
PAR  R.sup.5 and R.sup.6 are hydrogen, methyl or halogen, or together form a
      1,2-benzo radical;
PAR  R.sup.7 is hydrogen, methyl or halogen; and
PAR   INDICATES AN OPTIONAL DOUBLE BOND.
PAR  In the compounds represented by formula I, the substituents on the R.sup.3,
      R.sup.4 -containing ring are designated by a prime ('). As used herein,
      halogen refers to fluoro, chloro and bromo; lower alkyl and lower alkoxy
      may be straight or branched chain moieties; and fluoroalkyl is preferably
      trifluoromethyl.
PAR  Preferred compounds of this invention are represented by formula I where
      Het is substituted or unsubstituted 2-thiazo-yl, 2-pyridyl or
      3-pyridazinyl. Also preferred are those compounds of formula I where
      R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are hydrogen, ethoxy or chloro.
PAR  Although pulvinamide, pulvinanilinde and N-(napthyl)-pulvinic acid amine
      are known to the art (Beilstein 18:482), The N-heterocyclic pulvinic acid
      amides of this invention are previously unreported, novel compounds.
PAR  The compounds of formula I are generally prepared from reaction of a
      suitably substituted puvinic acid lactone (V) with a heterocyclic amine in
      a solvent such as chloroform or toluene, preferably at reflux temperature.
PAR  The pulvinic acid lactones are prepared according to the synthetic methods
      outlined in the following scheme:
      ##SPC3##
PAL  In which R.sup.1, R.sup.2, R.sup.3, R.sup.4 and Het are defined as above.
PAR  Thus, a phenylacetonitrile is condensed with ethyl oxalate in an alcoholic
      solution of an alkali metal lower alkoxide, such as sodium methoxide or
      ethoxide to give the ethyl 3-cyano-3-phenylpyruvate. This compound is
      further condensed with a phenylacetonitrile in an alcoholic solution of an
      alkali metal lower alkoxide, such as sodium methoxide or ethoxide, to
      yield the 2,5-diphenyl-3,4-dioxoadiponitrile. The above condensations may
      also be carried out using a metal hydride, such as sodium hydride, in
      glyme. The adiponitrile derivative is refluxed for a short period of time,
      for example one or two hours, in an aqueous acid solution such as a
      water/glacial acetic acid/concentrated sulfuric or hydrochloric acid
      mixture and the resulting pulvinic acid (IV) is refluxed with acetic
      anhydride to furnish the corresponding pulvinic acid lactone (V). The
      lactone ring is opened to the product amide (I) as described above by
      reaction with a heterocyclic amine.
PAR  When R.sup.1 and R.sup.2 are different from R.sup.3 and R.sup.4 in the
      above synthetic sequence, the ring opening of the dilactone (V) gives a
      mixture of positional isomers, namely compounds of formula I and compounds
      of the following formula:
      ##SPC4##
PAR  The ratio of isomers is variable and depends on the nature of R.sup.1,
      R.sup.2, R.sup.3 and R.sup.4. The isomers can be separated by fractional
      crystallization and/or standard chromatographic procedures. Their identity
      is determined from the nuclear magnetic resonance patterns of the aromatic
      protons. This identification can be confirmed by degradative ozonolysis.
PAR  The anti-arthritic activity of the compounds of this invention is measured
      by their ability to inhibit adjuvant induced polyarthritis in rats. The
      novel compounds of this invention produce marked inhibition of the
      development of adjuvant arthritis in rats at a daily oral dose of 25 mg.
      per kilogram of body weight. Adjuvant arthritis in rats is produced by a
      single injection of 0.75 mg. of Mycobacterium butyricum suspended in white
      paraffin (N.F.) into a hindpaw (left footpad). The injected paw becomes
      inflamed and reaches a maximum volume in three to five days (primary
      lesion). The animals exhibit a decrease in body weight gain during this
      initial period. Adjuvant arthritis (secondary phase) occurs after a delay
      of approximately ten days and is characterized by inflammation of the
      non-injected sites (right hind leg), decrease in body weight gain and
      further increases in the volume of the injected hind leg. The compounds of
      formula I administered in the doses described above beginning on the day
      of adjuvant injection and continuing for 17 days thereafter, exclusive of
      days 4, 5, 11 and 12, protect the animals against development of both
      primary and secondary lesions of adjuvant arthritis.
PAR  The compounds of this invention may be administered orally or parenterally
      in conventional dosage unit forms by incorporating an amount sufficient to
      produce anti-arthritic activity, without toxic effects, with a nontoxic
      pharmaceutical carrier according to accepted procedures. Preferably the
      dosage units will contain a N-heterocyclic pulvinic acid amide of formula
      I in an amount of from about 10 mg. to about 50 mg. per dosage unit.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Similarly, the carrier or diluent can include any time
      delay material well known to the art, such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg. to about 1 g. If a liquid carrier is used, the preparation
      will be in the form of a syrup, emulsion, soft gelatin capsule, sterile
      injectable liquid such as an ampule or an aqueous or nonaqueous liquid
      suspension.
PAR  the pharmaceutical dosage unit forms described hereinabove exclude simple
      non-sterile solutions of the active medicament in water or in common
      organic solvents and exclude simple aqueous suspensions of the active
      medicament in the absence of a suspending agent.
PAR  The method of producing anti-arthritic activity in accordance with this
      invention comprises administering internally to an animal oganism a
      N-heterocyclic pulvinic acid amide of formula I, usually combined with a
      pharmaceutical carrier, in an amount sufficient to produce anti-arthritic
      activity without limiting side effects. The active medicament will be
      administered in a dosage unit, as described above, orally or parenterally,
      the oral route being preferred. Advantageously equal doses will be
      administered one to three times daily with the daily dosage regimen being
      from about 10 mg. to about 150 mg. When the method described above is
      carried out, anti-arthritic activity is produced with a minimum of side
      effects.
PAR  The pharmaceutical preparations are made following the conventional
      techniques of the pharmaceutical chemist involving mixing, granulating and
      compressing when necessary or variously mixing and dissolving the
      ingredients as appropriate to the desired end product.
PAR  The following examples illustrate the preparation of compounds of formula I
      and their incorporation into pharmaceutical compositions, and as such are
      not to be construed as limiting the invention set forth in the claims
      appended hereto. Temperatures are in degrees Centigrade unless otherwise
      stated.
DETD
PAC  EXAMPLE 1
PAC  N-(2-Thiazolyl)pulvinic acid amide
PAR  A mixture of 117.1 g. (1.0 mol.) of phenylacetonitrile and 326 ml. (2.4
      mol.) of ethyl oxalate was added to an ethanol solution of sodium ethoxide
      [prepared by dissolving 23.8 g. (1.08 g. -atom) of sodium in 500 ml. of
      absolute ethanol] and refluxed for two hours. After cooling, diluting with
      2500 ml. of water and extracting with ether, the solution was acidified
      with acetic acid. The solid was removed by filtration and washed with
      water to give ethyl 3-cyano-3-phenylpyruvate, m.p.
      127.degree.-129.degree..
PAR  Ethyl 3-cyano-3-phenylpyruvate (50.0 g., 0.23 mol.) and 41.0 g. (0.35 mol.)
      of phenylacetonitrile were added to an alcoholic solution of sodium
      ethoxide [prepared from 13.4 g. (0.58 g. -atom) of sodium and 360 ml. of
      absolute ethanol] and the resulting yellow solution was refluxed for 1.75
      hours. The cooled solution was diluted with 700 ml. of water and acidified
      by slow addition of acetic acid. After further cooling in ice, the
      suspension was filtered and the solid was washed with water and dried to
      give 2,5-diphenyl-3,4-dioxoadiponitrile, m.p. 284.degree.-286.degree.
      (dec.).
PAR  A mixture of 30.0 g. (0.104 mol.) of 2,5-diphenyl-3,4-dioxoadiponitrile in
      260 ml. of water, 380 ml. of glacial acetic acid and 190 ml. of
      concentrated sulfuric acid was refluxed for one hour. The suspension was
      cooled, poured onto 900 ml. of ice-water and the solid was removed and
      washed to give pulvinic acid, m.p. 215.degree.-216.5.degree..
PAR  Pulvinic acid (19.0 g., 0.0616 mol.) was refluxed in 250 ml. of acetic
      anhydride for 15 minutes. The cooled solution was stirred into 1200 ml. of
      ice and water and the oily mass was crystallized by stirring in 500 ml. of
      ethanol. The yellow solid was removed, washed with ethanol and dried to
      yield pulvinic acid lactone, m.p. 221.5.degree.-223.degree..
PAR  A mixture of 2.9 g. (0.01 mol.) of pulvinic acid lactone and 1.1 g. (0.011
      mol.) of 2-aminothiazole in 50 ml. of chloroform was refluxed to give a
      homogeneous solution. The reaction mixture was cooled and the precipitated
      solid was collected by filtration. The filtrate was concentrated and the
      residue combined with the solid initially collected. The combined solid
      was dissolved in 5% aqueous sodium carbonate and extracted with ether.
      Acidification of the aqueous phase with concentrated hydrochloric acid
      gave the title compound as a yellow solid, m.p. 224.degree.-226.degree..
PAC  EXAMPLE 2
PAC  N-(5-Chlorothiazol-2-yl)pulvinic acid amide
PAR  A mixture of 5.8 g. (0.02 mol.) of pulvinic acid lactone, 4.14 g. (0.02
      mol.) of 2-amino-5-chlorothiazole hydrochloride and 1.5 g. (0.01 mol.) of
      potassium carbonate in 300 ml. of toluene was stirred and refluxed for 3.5
      hours. The reaction mixture was cooled and the supernatant liquid decanted
      and chilled. The precipitated solid was collected, dissolved in chloroform
      and washed with water. The organic phase was dried (MgSO.sub.4) and
      concentrated in vacuo to give the title compound, m.p.
      221.degree.-223.degree. (toluene).
PAC  EXAMPLE 3
PAC  4,4'-Dichloro-N-(2-thiazolyl)pulvinic acid amide
PAR  A mixture of 45.3 g. (0.31 mol.) of p-chlorophenyl-acetonitrile and 107 g.
      (0.72 mol., 99 ml.) of diethyl oxalate in an alcoholic sodium ethoxide
      solution [prepared by dissolving 7.13 g. (0.31 g.-atom) of sodium in 120
      ml. of absolute ethanol] was refluxed with stirring for two hours. The
      cooled reaction mixture was diluted with 700 ml. of water, acidified with
      acetic acid and cooled to ice bath temperature. The resulting solid was
      collected and recrystallized from aqueous methanol to give ethyl 3
      -(p-chlorophenyl)-3-cyanopyruvate, m.p. 134.degree.-135.degree..
PAR  Ethyl 3-(p-chlorophenyl)-3-cyanopyruvate (40 g., 0.16 mol.) and 49.8 g.
      (0.33 mol.) of p-chlorophenylacetonitrile were added to an alcoholic
      solution of sodium ethoxide [prepared from 7.36 g. (0.32 g.-atom) of
      sodium and 190 ml. of absolute ethanol] and the resulting solution was
      refluxed for two hours. The reaction mixture was diluted with water,
      acidified with acetic acid and cooled (ice bath) to yield
      2,5-di-(p-chlorophenyl)-3,4-dioxoadiponitrile, m.p. 280.degree..
PAR  A solution of 15 g. (0.042 mol.) of
      2,5-di-(p-chlorophenyl)-3,4-dioxoadiponitrile in a mixture of 150 ml. of
      water, 210 ml. of acetic acid and 105 ml. of concentrated sulfuric acid
      was stirred and refluxed for two hours. The reaction mixture was diluted
      with 500 ml. of water and cooled to ice bath temperature to yield
      4,4'-dichloropulvinic acid, m.p. 225.degree.. The acid was refluxed in
      acetic anhydride to obtain the corresponding 4,4'-dichloropulvinic acid
      lactone.
PAR  A mixture of 3.6 g. (0.01 mol.) of 4,4'-dichloropulvinic acid lactone and 1
      g. (0.01 mol.) of 2-aminothiazole in 100 ml. of toluene and 100 ml. of
      chloroform was refluxed for two hours. The reaction mixture was then
      cooled and the precipitate was collected and recrystallized from
      toluene-acetone to give the title compound, m.p. 220.degree.-226.degree..
PAC  EXAMPLE 4
PAC  4,4'-Diethoxy-N-(2-thiazolyl)pulvinic acid amide
PAR  4,4'-Diethoxypulvinic acid lactone was prepared by substitution of an
      equivalent amount of 4-ethoxyphenylacetonitrile in the procedure of
      Example 1 for phenylacetonitrile.
PAR  A mixture of 1.4 g. (0.0037 mol.) of 4,4'-diethoxy-pulvinic acid lactone
      and 0.37 g. (0.0037 mol.) of 2-amino-thiazole in 70 ml. of toluene was
      refluxed for two hours. The reaction mixture was then evaporated to
      dryness, the residue stirred with ether, filtered, and the resulting solid
      was dissolved in chloroform and washed with dilute hydrochloric acid. The
      organic layer was dried (MgSO.sub.4) and concentrated in vacuo to give the
      title compound, m.p. 215.degree.-216.degree. (methanol-acetone).
PAC  EXAMPLE 5
PAC  N-(2-Pyridyl)pulvinic acid amide
PAR  A mixture of 2.9 g. (0.01 mol.) of pulvinic acid lactone and 0.94 g. (0.01
      mol.) of 2-aminopyridine in toluene was refluxed for three hours. The
      reaction mixture was cooled and the solid which separated was collected by
      filtration and recrystallized from acetonitrile to give the title
      compound, m.p. 206.degree. (dec.).
PAC  EXAMPLE 6
PAC  N-(5-Chloropyrid-2-yl)pulvinic acid amide
PAR  A mixture of 1.29 g. (0.01 mol.) of 2-amino-5-chloropyridine and 2.9 g.
      (0.01 mol.) of pulvinic acid lactone in 100 ml. of toluene was refluxed
      for 12 hours. The reaction mixture was cooled, the solvent was removed in
      vacuo and the residue was triturated with methanol to induce
      crystallization. The resulting solid was collected and recrystallized from
      1-chlorobutane to give the title compound, m.p. 207.degree.-209.degree.
      (dec.).
PAC  EXAMPLE 7
PAC  N-(6-Chloropyridazin-3-yl)pulvinic acid amide
PAR  A mixture of 2.9 g. (0.01 mol.) of pulvinic acid lactone and 1.30 g. (0.01
      mol.) of 3-amino-6-chloropyridazine in 100 ml. of dry toluene was refluxed
      for three hours. The reaction mixture was cooled and the precipitate was
      collected by filtration. The filtrate was concentrated in vacuo, the
      residue was combined with the first crystal crop and the combined solid
      was recrystallized from 1-chlorobutane to give the title compound, m.p.
      217.degree.-219.degree..
PAC  EXAMPLE 8
PAR  Substitution of a substituted phenylacetonitrile listed below:
PAR  m-chlorophenylacetonitrile
PAR  p-methoxyphenylacetonitrile
PAR  p-tolylacetonitrile
PAR  (2-methoxy-5-methylphenyl)acetonitrile
PAR  p-fluorophenylacetonitrile
PAR  m-trifluoromethylphenylacetonitrile
PAR  (3-chloro-4-fluorophenyl)acetonitrile
PAR  4-biphenylacetonitrile
PAL  in the procedure described in Examples 1 or 3 for phenylace-tonitrile and
      p-chlorophenylacetonitrile, respectively, gives the following pulvinic
      acid lactones:
PAR  3,3'-dichloropulvinic acid lactone
PAR  4,4' dimethoxypulvinic acid lactone
PAR  4,4'-dimethylpulvinic acid lactone
PAR  2,2'-dimethoxy-5,5'-dimethylpulvinic acid lactone
PAR  4,4'-difluoropulvinic acid lactone
PAR  3,3'-bistrifluoromethylpulvinic acid lactone
PAR  3,3'-dichloro-4,4'-difluoropulvinic acid lactone
PAR  4,4'-diphenylpulvinic acid lactone.
PAR  Reaction of a pulvinic acid lactone listed above with 2-aminothiazole
      according to the procedure of Examples 1 or 3 gives the following
      N-(2-thiazolyl)pulvinic acid amides:
PAR  3,3'-dichloro-N-(2-thiazolyl)pulvinic acid amide
PAR  4,4'-dimethoxy-N-(2-thiazolyl)pulvinic acid amide
PAR  4,4'-dimethyl-N-(2-thiazolyl)pulvinic acid amide
PAR  2,2'-dimethoxy-5,5'-dimethyl-N-(2-thiazolyl)pulvinic acid amide
PAR  4,4'-difluoro-N-(2-thiazolyl)pulvinic acid amide
PAR  N-(2-thiazolyl)-3,3'-bistrifluoromethylpulvinic acid amide
PAR  3,3'-dichloro-4,4'-difluoro-N-(2-thiazolyl)pulvinic acid amide
PAR  4,4'-diphenyl-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 9
PAR  Reaction of ethyl 3-(p-ethoxyphenyl)-3-cyanopyruvate with
      phenylacetonitrile according to the procedures described in Examples 1 and
      3 and the subsequent synthetic steps as outlined above gave
      4-ethoxypulvinic acid lactone.
PAR  When an equivalent amount of 4-ethoxypulvinic acid lactone was substituted
      in the procedure of Example 1 for pulvinic acid lactone or in the
      procedure of Example 3 for 4,4'-dichloropulvinic acid lactone a mixture of
      4- and 4'-ethoxy-N-(2-thiazolyl)pulvinic acid amide was obtained which was
      separated by fractional crystallization from toluene.
PAC  EXAMPLE 10
PAR  Following the procedures outlined in Examples 1 and 3,
      p-methoxyphenylacetonitrile is reacted with diethyl oxalate in alcoholic
      sodium ethoxide solution to give ethyl 3-cyano-3-(p-methoxyphenyl)pyruvate
      which is then similarly reacted with phenylacetonitrile to yield
      2-(p-methoxyphenyl)-5-phenyl-3,4-dioxoadiponitrile.
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid is refluxed for two hours and the resulting crude mixture of
      4-and 4'-methoxypulvinic acid is refluxed in acetic anhydride to give
      4-methoxypulvinic acid lactone.
PAR  When equivalent amounts of 4-methoxypulvinic acid lactone and
      2-aminothiazole are reacted according to the procedure of Examples 1 or 3,
      4-methoxy-N-(2-thiazolyl)pulvinic acid amide and
      4'-methoxy-N-(2-thiazolyl)pulvinic acid amide are obtained.
PAR  Similarly, by employing (3-bromo-4-methoxyphenyl)-acetonitrile in the
      initial reaction described above to obtain ethyl
      3-cyano-3-(3'-bromo-4'-methoxyphenyl)pyruvate followed by reaction with
      phenylacetonitrile and the subsequent synthetic steps described above,
      there are prepared 3-bromo-4-methoxy-N-(2-thiazolyl)pulvinic acid amide
      and 3'-bromo-4'-methoxy-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 11
PAR  Following the procedures outlined in Examples 1 and 3,
      3,4-methylenedioxyphenylacetonitrile is reacted with diethyl oxalate in
      alcoholic sodium ethoxide solution to give ethyl
      3-cyano-3-(3',4'-methylenedioxyphenyl)pyruvate which is reacted with
      phenylacetonitrile to yield
      2-(3',4'-methylenedioxyphenyl)-5-phenyl-3,4-dioxoadiponitrile.
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid is refluxed for two hours and the resulting crude mixture of
      3,4- and 3',4'-methylenedioxypulvinic acid is refluxed in acetic anhydride
      to give 3,4-methylenedioxypulvinic acid lactone.
PAR  When an equivalent amount of 3,4-methylenedioxy-pulvinic acid lactone is
      substituted in the procedure of Examples 1 or 3 for pulvinic acid lactone
      or 4,4'-dichloropulvinic acid lactone, respectively, there are prepared
      3,4-methylene-dioxy-N-(2-thiazolyl)pulvinic acid amide and
      3',4'-methylene-dioxy-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 12
PAC  3,4,3',4'-Bismethylenedioxy-N-(2-thiazolyl)pulvinic acid amide
PAR  By reacting ethyl 3-cyano-3-(3',4'-methylenedioxyphenyl)pyruvate with
      3,4-methylenedioxyphenylacetonitrile following procedures set forth in
      Examples 1 and 3 above there is obtained
      2,5-di-(3',4'-methylenedioxyphenyl)-3,4-dioxoadiponitrile.
PAR  The adiponitrile is refluxed in water, acetic acid and concentrated
      sulfuric acid to yield 3,4,3',4'-bismethylenedioxypulvinic acid which is
      treated with acetic anhydride to give 3,4,3',4'-bismethylenedioxypulvinic
      acid lactone.
PAR  Reaction of the lactone with 2-aminothiazole as described in Examples 1 and
      3 gives the title compound.
PAC  EXAMPLE 13
PAR  A mixture of 117.1 g. (1.0 mol.) of phenylacetonitrile and 326 ml. (2.4
      mol.) of ethyl oxalate was added to an ethanol solution of sodium ethoxide
      [prepared by dissolving 23.8 g. (1.08 g.-atom) of sodium in 500 ml. of
      absolute ethanol] and refluxed two hours. After cooling, diluting with
      2500 ml. of water and extracting with ether, the solution was acidified
      with acetic acid. The solid was removed and washed with water to give
      ethyl 3-cyano-3-phenylpyruvate, m.p. 127.degree.-129.degree..
PAR  Ethyl 3-cyano-3-phenylpyruvate (13.0 g., 0.06 mol.) was slowly added to a
      mixture of 11.6 g. (0.06 mol.) of p-biphenylacetonitrile and 8.44 g. (0.18
      mol.) of sodium hydride in 40 ml. of diglyme at a temperature below
      0.degree.. The mixture was permitted to warm and several drops of methanol
      were added to initiate the reaction. The mixture was allowed to stand at
      25.degree. for 12 hours, cooled and diluted with 150 ml. of water. The
      mixture was then extracted with ether and the aqueous layer was acidified
      with acetic acid to give 2-(4'-biphenyl)-5-phenyl-3,4-dioxoadiponitrile as
      a yellow solid.
PAR  A mixture of 16.9 g. of 2-(4'-biphenyl)-5-phenyl-3,4-dioxoadiponitrile in
      95 ml. of water, 140 ml. of glacial acetic acid and 70 ml. of concentrated
      sulfuric acid was refluxed for one hour. The suspension was cooled, poured
      onto 800 ml. of ice water and the solid was removed and washed with water
      to give 4'-phenylpulvinic acid.
PAR  4'-Phenylpulvinic acid (23.0 g.) was refluxed in 300 ml. of acetic
      anhydride for 15 minutes. The cooled solution was stirred into 1200 ml. of
      ice and water and the oily mass was crystallized by stirring in 500 ml. of
      ethanol. The brown solid was removed, washed with ethanol and dried to
      yield 4-phenylpulvinic acid lactone.
PAR  Substitution of an equivalent amount of 4-phenylpulvinic acid lactone in
      the procedure of Example 1 or Example 3 for pulvinic acid lactone or
      4,4'-dichloropulvinic acid lactone gives 4'-phenyl-N-(2-thiazolyl)pulvinic
      acid amide.
PAR  Similarly, p-biphenylacetonitrile is reacted with ethyl oxalate to give
      ethyl 3-cyano-3-biphenylpyruvate which in turn is reacted with
      phenylacetonitrile followed by the above subsequent synthetic steps to
      yield 4-phenyl-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 14
PAR  By employing the procedures described in Example 1,
      p-fluorophenylacetonitrile is reacted with diethyl oxalate in alcoholic
      sodium ethoxide to give ethyl 3-cyano-3-(p-fluoro-phenyl)pyruvate. The
      latter is reacted with phenylacetonitrile and subsequent synthetic steps
      yield 4-fluoropulvinic acid lactone. The lactone ring is opened with
      2-aminothiazole as described above to give
      4-fluoro-N-(2-thiazolyl)pulvinic acid amide.
PAR  Similarly, by utilizing m-trifluoromethylphenylacetonitrile as the starting
      material in the initial reaction as described above, there is ultimately
      produced N-(2-thiazolyl)-3-trifluoromethylpulvinic acid amide.
PAR  In like manner, when p-phenoxyphenylacetonitrile is used as the starting
      material in the initial reaction as described above, there is ultimately
      produced 4-phenoxy-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 15
PAC  3,4,3',4'-Tetraethoxy-N-(2-thiazolyl)pulvinic acid amide
PAR  By following the procedures outlined in Examples 1 and 3,
      3,4-diethoxyphenylacetonitrile is reacted with diethyl oxalate in
      alcoholic sodium ethoxide solution to give ethyl
      3-cyano-3-(3',4'-diethoxyphenyl)pyruvate. This compound is similarly
      reacted with 3,4-diethoxyphenylacetonitrile which results in the formation
      of 2,5-di-(3',4'-diethoxyphenyl)-3,4-dioxoadiponitrile. The latter is
      refluxed with water, acetic acid and sulfuric acid to give
      3,4,3',4'-tetraethoxypulvinic acid which is treated with acetic anhydride
      to give the corresponding acid lactone.
PAR  Reaction of the lactone with 2-aminothiazole as described in Examples 1 or
      3 above gives the title compound.
PAC  EXAMPLE 16
PAR  To a solution of 6.6 g. (0.044 mol.) of p-chlorophenylacetonitrile and 20
      ml. of dry glyme was added 6.2 g. (0.13 mol.) of sodium hydride (50% in
      oil). Ethyl 3-cyano-3-phenylpyruvate (9.55 g., 0.044 mol.) was added in
      portions at -10.degree. and the reaction mixture was stirred at 25.degree.
      for 12 hours. The mixture was diluted with 150 ml. of water, extracted
      with ether, acidified with 15 ml. of acetic acid and the solid was
      collected by filtration to yield
      2-(p-chloro-phenyl)-5-phenyl-3,4-dioxoadiponitrile, m.p. 210.degree.
      (dec.).
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid was refluxed for two hours and the resulting crude mixture
      of 4- and 4'-chloropulvinic acid was refluxed in acetic anhydride to give
      4-chloro-pulvinic acid lactone, m.p. 213.degree.-214.degree..
PAR  Reaction of 4-chloropulvinic acid lactone and 2-aminothiazole according to
      the procedure described in Examples 1 or 3 gives
      4-chloro-N-(2-thiazolyl)pulvinic acid amide.
PAR  Similarly, by using 3,4-dichlorophenylacetonitrile in the initial reaction
      described above to obtain
      2-(3',4'-dichlorophenyl)-5-phenyl-3,4-dioxoadiponitrile followed by the
      subsequent synthetic steps, there is prepared 3,4-di-chloropulvinic acid
      lactone.
PAR  Treatment of 3,4-dichloropulvinic acid lactone with 2-aminothiazole as
      described in Examples 1 or 3 gives 3,4-dichloro-N-(2-thiazolyl)pulvinic
      acid amide.
PAC  EXAMPLE 17
PAR  Following the procedures of Examples 1 and 3,
      2-(p-tolyl)-5-phenyl-3,4-dioxoadiponitrile is prepared from
      p-tolylacetonitrile and phenylacetonitrile. The adiponitrile was refluxed
      with water, acetic acid and concentrated sulfuric acid to give a crude
      mixture of 4- and 4'-methylpulvinic acid. The latter was refluxed in
      acetic anhydride to give 4-methylpulvinic acid lactone, m.p.
      211-213.degree..
PAR  Substitution of 4-methylpulvinic acid lactone in the procedure of Example 1
      for pulvinic acid lactone or Example 3 for 4,4'-dichloropulvinic acid
      lactone gives 4-methyl-N-(2-thiazolyl)pulvinic acid amide and
      4'-methyl-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 18
PAR  When an equivalent amount of p-n-butoxyphenylacetonitrile is substituted in
      the procedure of Example 1 for phenylacetonitrile and the ethyl
      3-cyano-3-(p-n-butoxyphenyl)pyruvate thus obtained is similarly reacted
      with phenylacetonitrile, the product converted to the pulvinic acid and
      subsequently lactonized, 4-n-butoxypulvinic acid lactone is obtained.
PAR  Reaction of 4-n-butoxypulvinic acid lactone with 2-aminothiazole as
      previously described gives 4'-n-butoxy-N-(2-thiazolyl)pulvinic acid amide
      and 4-n-butoxy-N-(2-thiazolyl)pulvinic -thiazolyl)pulvinic amide.
PAR  Similarly, by employing (3-chloro-2-methylphenyl)-acetonitrile as the
      starting material in the above synthetic sequence there are obtained as
      final products, 3-chloro-2-methyl-N-(2thiazolyl)pulvinic acid amide and
      3'-chloro-2'-methyl-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 19 4,4'-Dihydroxy-N-(2-thiazolyl)pulvinic acid amide
PAR  2,5-Di-(p-methoxyphenyl)-3,4-dioxoadiponitrile (10.0 g., 0.029 mol.) was
      refluxed in 500 ml. of acetic acid and 62 ml. of hydrogen iodide for 1.5
      hours. The reaction mixture was cooled, diluted with 150 ml. of water and
      sodium bisulfite was added until the solution became light red. The
      reaction mixture was concentrated in vacuo to about 200 ml., treated with
      about 400 ml. of acetic anhydride in portions (until no violent bubbling
      occurred) and refluxed for 15 minutes. The mixture was cooled, poured onto
      600 ml. of ice and crystallized by addition of methanol. The solid was
      collected by filtration, washed with methanol and dried to give
      4,4'-diacetoxypulvinic acid lactone.
PAR  Treatment of 4,4'-diacetoxypulvinic acid lactone with 2-aminothiazole as
      previously described followed by hydrolysis of the product
      4,4'-diacetoxy-N-(2-thiazolyl)pulvinic acid amide with 5.4 g. (0.1 mol.)
      of sodium methoxide in 60 ml. of methanol at 25.degree. for 30 minutes
      gives the title compound.
PAC  EXAMPLE 20
PAC  3-Chloro-4'-hydroxy-N-(2-thiazolyl)pulvinic acid amide
PAR  When ethyl 3-(p-methoxyphenyl)-3-cyanopyruvate and
      m-chlorophenylacetonitrile are reacted according to the procedure
      described in Examples 1 and 3 and the resulting adiponitrile is
      substituted in the procedure of Example 19 for
      2,5-di-(p-methoxyphenyl)-3,4-dioxoadiponitrile,
      3-chloro-4'-acetoxypulvinic acid lactone is obtained.
PAR  Treatment of the lactone with 2-aminothiazole followed by hydrolysis of the
      product 3-chloro-4'-acetoxy-N-(2-thiazolyl)pulvinic acid amide with sodium
      methoxide in methanol as described in the procedure of Example 19 gives
      the title compound.
PAC  EXAMPLE 21
PAR  When an equivalent amount of 2-amino-5-bromopyridine is substituted in the
      procedure of Example 6 for 2-amino-5-chloropyridine,
      N-(5-bromopyrid-2yl)pulvinic acid amide is obtained.
PAR  Similarly, substitution of an equivalent amount of 2-amino-4-methylpyridine
      in the procedure of Example 6 for 2-amino-5-chloropyridine gives
      N-(4-methylpyrid-2-yl)pulvinic acid amide.
PAR  Likewise, reaction of 2-amino-5-bromopyridine and 2-amino-4-methylpyridine
      with the other pulvinic acid lactones disclosed herein gives the
      corresponding N-(5-bromopyrid-2-yl)- and N-(4-methylpyrid-2-yl) amides.
PAC  EXAMPLE 22
PAR  When an equivalent amount of a heterocyclic amine listed below:
PAR  2-amino5-bromothiazole
PAR  2-amino-4,5-dimethylthiazole
PAR  2-amino-4-methylthiazole
PAR  2-aminooxazole
PAR  2-aminoimidazole
PAR  2-amino-4,5-dimethylimidazole
PAL  is substituted in the procedure of Example 1 or 3 for 2-amino-thiazole, the
      following N-heterocyclic pulvinic acid amides are prepared:
PAR  N-(5-bromothiazol-2-yl)pulvinic acid amide
PAR  N-(4,5-dimethylthiazol-2-yl)pulvinic acid amide
PAR  N-(4-methylthiazol-2-yl)pulvinic acid amide
PAR  N-(2-oxazolyl)pulvinic acid amide
PAR  N-(2-imidazolyl)pulvinic acid amide
PAR  N-(4,5-dimethylimidazol-2-yl)pulvinic acid amide.
PAR  Similarly, the heterocyclic amines listed above may be reacted with the
      other pulvinic acid lactones disclosed herein to give the corresponding
      N-heterocyclic pulvinic acid amides.
PAC  EXAMPLE 23
PAR  Substitution of a benzheterocyclic amine listed below:
PAR  2-aminobenzimidazole
PAR  2-aminobenzothiazole
PAR  2-aminobenzoxazole
PAL  in the procedure of Example 1 or 3 for 2-aminothiazole gives the following
      N-heterocyclic pulvinic acid amides, respectively:
PAR  N-(2-benzimidazolyl)pulvinic acid amide
PAR  N-(2-benzothiazolyl)pulvinic acid amide
PAR  N-(2-benzoxazolyl)pulvinic acid amide.
PAR  In like manner, the benzheterocyclic amines listed above may be reacted
      with the other pulvinic acid lactones described herein to give the
      corresponding N-heterocyclic pulvinamides.
PAC  EXAMPLE 24
PAR  N-(2-Thiazolinyl)pulvinic acid amide is prepared by reaction of equivalent
      amounts of pulvinic acid lactone and 2-amino-2-thiazoline by the procedure
      described in Example 1 or Example 3.
PAR  In the same manner, N-(6-methylpyridazin-3-yl)pulvinic acid amide is
      obtained by substitution of an equivalent amount of
      3-amino-6-methylpyridazine in the procedure of Example 7 for
      3-amino-6-chloropyridazine.
PAR  2-Amino-2-thiazoline and 3-amino-6-methylpyridazine may be reacted with the
      other pulvinic acid lactones disclosed herein to give the corresponding
      N-(2-thiazolinyl) and N-(6-methylpyridazin-3-yl) amides.
PAC  EXAMPLE 25
PAR  When an equivalent amount of 3-trifluoromethylphenylacetonitrile is
      substituted in the procedure of Example 1 for phenylacetonitrile, and the
      ethyl 3-cyano-3-(3'-trifluoromethylphenyl)pyruvate thus obtained is
      similarly reacted with p-ethoxyphenylacetonitrile, the product converted
      to the pulvinic acid and subsequently lactonized, there is obtained
      4-ethoxy-3'-trifluoromethylpulvinic acid lactone.
PAR  Reaction of 4-ethoxy-3'-trifluoromethylpulvinic acid lactone with
      2-aminothiazole as previously described gives 4-ethoxy-
      3'-trifluoromethyl-N-(2-thiazolyl)pulvinic acid amide and
      4'-ethoxy-3-trifluoromethyl-n-(2-thiazolyl)-pulvinic acid amide.
PAC  EXAMPLE 26
PAR  Substitution of an equivalent amount of 3trifluoromethylphenylacetonitrile
      in the procedure of Example 1 for phenylacetonitrile followed by reaction
      of the resulting 3-cyano-3 -(3'-trifluoromethylphenyl)pyruvate with
      p-acetoxy-phenylacetonitrile with subsequent conversion to the pulvinic
      acid and lactonization gives 4-acetoxy-3'-trifluoromethylpulvinic acid
      lactone.
PAR  Treatment of 4-acetoxy-3'-trifluoromethylpulvinic acid lactone with
      2-aminothiazole followed by hydrolysis of the product with sodium
      methoxide in methanol as described in the procedure of Example 19 gives
      4-hydroxy-3'-trifluoromethyl-N-(2-thiazolyl)pulvinic acid amide and
      4'-hydroxy-3 -trifluoromethyl-N-(2-thiazolyl)pulvinic acid amide.
PAC  EXAMPLE 27
     Ingredients           Mg./Tablet                                          
     ______________________________________                                    
     4,4'-Diethoxy-N-(2-thiazolyl)-                                            
                           10                                                  
     pulvinic acid amide                                                       
     Calcium sulfate, dihydrate                                                
                           150                                                 
     Sucrose               25                                                  
     Starch                15                                                  
     Talc                   5                                                  
     Stearic Acid           3                                                  
     ______________________________________                                    
PAR  The sucrose, calcium sulfate and 4,4'-diethoxy-N-(2-thiazolyl)-pulvinic
      acid amide are thoroughly mixed and granulated with hot 10% gelatin
      solution. The wetted mass is passed through a No. 6 mesh screen directly
      onto drying trays. The granules are dried at 120.degree.F. and passed
      through a No. 20 mesh screen, mixed with the starch, talc and stearic acid
      and compressed into tablets.
PAR  Similarly, the other N-heterocyclic pulvinic acid amides disclosed herein
      may be formulated into tablets.
PAC  EXAMPLE 28
TBL  Ingredients           Mg./Capsule                                         
     ______________________________________                                    
     N-(2-thiazolyl)pulvinic acid                                              
                           50                                                  
     amide                                                                     
     Magnesium stearate     5                                                  
     Lactose               350                                                 
     ______________________________________                                    
PAR  The above ingredients are screened through a No. 40 mesh screen, mixed and
      filled into No. 0 hard gelatin capsules.
PAR  Similarly, the other N-heterocyclic pulvinic acid amides disclosed herein
      may be formulated into capsules.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition having anti-arthritic activity, in dosage
      unit form, comprising a pharmaceutical carrier and an effective but
      nontoxic amount of a compound of the formula:
      ##SPC5##
PAL  in which:
PA1  R.sup.1, r.sup.2, r.sup.3 and R.sup.4 are each hydrogen, lower alkyl of
      from one to four carbon atoms, lower alkoxy of from one to four carbon
      atoms, phenyl, phenoxy, halogen, trifluoromethyl, hydroxy or, taken
      together in adjacent positions, methylenedioxy; and
PA1  Het is a heterocyclic moiety of the formula:
      ##SPC6##
PAL  in which:
PA1  X is S, NH or O;
PA1  Y is N or CH;
PA1  R.sup.5 and R.sup.6 are hydrogen, methyl or halogen, or together form a
      1,2-benzo radical;
PA1  R.sup.7 is hydrogen, methyl or halogen; and
PA1    indicates an optional double bond.
NUM  2.
PAR  2. The composition of claim 1 in which Het is substituted or unsubstituted
      2-thiazolyl, 2-pyridyl or 3-pyridazinyl.
NUM  3.
PAR  3. The composition of claim 2 in which R.sup.1, R.sup.2, R.sup.3 and
      R.sup.4 are hydrogen, ethoxy or chloro.
NUM  4.
PAR  4. The composition of claim 3 in which the active medicament is
      4,4'-diethoxy-N-(2-thiazolyl)-pulvinic acid amide.
NUM  5.
PAR  5. The composition of claim 3 in which the active medicament is
      N-(5-chlorothiazol-2-yl)pulvinic acid amide.
NUM  6.
PAR  6. The composition of claim 3 in which the active medicament is
      N-(2-thiazolyl)pulvinic acid amide.
NUM  7.
PAR  7. The composition of claim 3 in which the active medicament is
      4-ethoxy-N-(2-thiazolyl)pulvinic acid amide.
NUM  8.
PAR  8. The composition of claim 3 in which the active medicament is
      4'-ethoxy-N-(2-thiazolyl)pulvinic acid amide.
NUM  9.
PAR  9. The composition of claim 1 in which the active medicament is in an
      amount of from 10 mg. to about 50 mg. per dosage unit.
NUM  10.
PAR  10. The method of producing anti-arthritic activity which comprises
      administering internally to an animal organism in an amount sufficient to
      produce said activity a compound as defined in claim 1.
NUM  11.
PAR  11. The method of claim 10 in which Het is substituted or unsubstituted
      2-thiazolyl, 2-pyridyl or 3-pyridazinyl.
NUM  12.
PAR  12. The method of claim 11 in which R.sup.1, R.sup.2, R.sup.3 and R.sup.4
      are hydrogen, ethoxy or chloro.
NUM  13.
PAR  13. The method of claim 12 in which the active medicament is
      4,4'-diethoxy-N-(2-thiazolyl)pulvinic acid amide.
NUM  14.
PAR  14. The method of claim 12 in which the active medicament is
      N-(5-chlorothiazol-2-yl)pulvinic acid amide.
NUM  15.
PAR  15. The method of claim 12 in which the active medicament is
      N-(2-thiazolyl)pulvinic acid amide.
NUM  16.
PAR  16. The method of claim 12 in which the active medicament is
      4-ethoxy-N-(2-thiazolyl)pulvinic acid amide.
NUM  17.
PAR  17. The method of claim 12 in which the active medicament is
      4'-ethoxy-N-(2-thiazolyl)pulvinic acid amide.
NUM  18.
PAR  18. The method of claim 10 in which the active medicament is administered
      in a daily dosage regimen of about 10 mg. to about 150 mg.
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ABST
PAL  The present invention relates to certain processes and compositions useful
      for inhibiting the growth of slime in water and, in particular, water used
      for industrial purposes; for example, in the manufacture of pulp paper, in
      the manufacture of paper, in cooling water systems and in effluent water
      treatment. The novel processes and compositions of the present invention
      are processes or mixtures which show unexpected synergistic activity
      against microorganisms, including bacteria, fungi, and algae, which
      produce slime in aqueous systems or bodies which are objectionable from
      either an operational or aesthetic point of view. Specifically, the
      invention is directed to the use of compositions comprising a combination
      1,3-dichloroacetone oxime acetate and a mixture of 75% of
      5-chloro-2-methyl-4-isothiazolin-3-one calcium chloride and 25% of
      2-methyl-4-isothiazolin-3-one calcium chloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The formation of slime by microorganisms is a problem which attends many
      systems. For example, lagoons, lakes, ponds, pools, and such systems as
      cooling water systems and pulp and paper mill systems all possess
      conditions which are conducive to the growth and reproduction of
      slime-forming microorganisms. In both once-through and recirculating
      cooling systems, for example, which employ large quantities of water as a
      cooling medium, the formation of slime by microorganisms is an extensive
      and constant problem.
PAR  Airborne organisms are readily entrained in the water from cooling towers
      and find this warm medium an ideal environment for growth and
      multiplication. Aerobic and heliotropic organisms flourish on the tower
      proper while other organisms colonize and grow in such areas as the tower
      sump and the piping and passages of the cooling system. Such slime serves
      to deteriorate the tower structure in the case of wooden towers. In
      addition, the deposition of slime on metal surfaces promotes corrosion.
      Furthermore, slime carried through the cooling system plugs and fouls
      lines, valves, strainers, etc. and deposits on heat exchange surfaces. In
      the latter case, the impedance of heat transfer can greatly reduce the
      efficiency of the cooling system.
PAR  In pulp and paper mill systems, slime formed by microorganisms is also
      frequently and, in fact, commonly encountered. Fouling or plugging by
      slime also occurs in the case of pulp and paper mill systems. Of greater
      significance, the slime becomes entrained in the paper produced to cause
      breakouts on the paper machines with consequent work stoppages and the
      loss of production time or unsightly blemishes in the final product which
      result in rejects and wasted output. The previously discussed problems
      have resulted in the extensive utilization of biocides in cooling water
      and pulp and paper mill systems. Materials which have enjoyed widespread
      use in such applications include chlorine, organo-mercurials, chlorinated
      phenols, organo-bromines, and various organo-sulfur compounds. All of
      these compounds are generally useful for this purpose but each is attended
      by a variety of impediments. For example, chlorination is limited both by
      its specific toxicity for slime-forming organisms at economic levels and
      by the ability of chlorine to react which results in the expenditure of
      the chlorine before its full biocidal function may be achieved. Other
      biocides are attended by odor problems and hazards in respect to storage,
      use or handling which limit their utility. To date, no one compound or
      type of compound has achieved a clearly established predominance in
      respect to the applications discussed. Likewise, lagoons, ponds, lakes,
      and even pools, either used for pleasure purposes or used for industrial
      purposes for the disposal and storage of industrial wastes, become, during
      the warm weather, beseiged by slime due to microorganism growth and
      reproduction. In the case of the recreational areas, the problem of
      infection, etc. is obvious. In the case of industrial storage or disposal
      of industrial materials, the microorganisms cause additional problems
      which must be eliminated prior to the materials use or the waste is
      treated for disposal.
PAR  Naturally, economy is a major consideration in respect to all of these
      biocides. Such economic considerations attach to both the cost of the
      biocide and the expense of its application. The cost performance index of
      any biocide is derived from the basic cost of the material, its
      effectiveness per unit of weight, the duration of its biocidal or
      biostatic effect in the system treated, and the ease and frequency of its
      addition to the system treated. To date, none of the commercially
      available biocides have exhibited a prolonged biocidal effect. Instead,
      their effectiveness is rapidly reduced as the result of exposure to
      physical conditions such as temperature, association with ingredients
      contained by the system toward which they exhibit an affinity or
      substantivity, etc., with a resultant restriction or elimination of their
      biocidal effectiveness.
PAR  As a consequence, the use of such biocides involves their continuous or
      frequent addition to systems to be treated and their addition to a
      plurality of points or zones in the systems to be treated. Accordingly,
      the cost of the biocide and the labor cost of such means of applying it
      are considerable. In other instances, the difficulty of access to the zone
      in which slime formation is experienced precludes the effective use of a
      biocide. For example, in a particular system there is no access to an area
      at which slime formation occurs and it may only be applied at a point
      which is upstream in the flow system. However, the physical or chemical
      conditions, e.g., chemical reactivity, thermal degradation, etc. which
      exist between the point at which the biocide may be added to the system
      and the point at which its biocidal effect is desired render the effective
      use of a biocide impossible.
PAR  Similarly, in a system experiencing relatively slow flow, such as a paper
      mill, if a biocide is added at the beginning of the system, its biocidal
      effect may be completely dissipated before it has reached all of the
      points at which this effect is desired or required. As a consequence, the
      biocide must be added at a plurality of points and even then a graduated
      biocidal effect will be experienced between one point of addition to the
      system and the next point downstream at which the biocides may be added.
      In addition to the increased cost of utilizing and maintaining plural feed
      points, gross ineconomics in respect to the cost of the biocide are
      experienced. Specifically, at each point of addition, an excess of the
      biocide is added to the system in order to compensate for that portion of
      the biocide which will be expended in reacting with other constituents
      present in the system or experience physical changes which impair its
      biocidal activity.
PAR  It is an object of the present invention to provide methods and
      compositions for controlling slime-forming microorganisms in aqueous
      systems such as cooling water systems and pulp and paper mill systems, and
      for controlling slime formation or microorganism populations in aqueous
      bodies in general. Moreover, another object of the invention is the
      provision of methods and compositions for controlling slime-forming
      microorganisms in any aqueous system which is conducive to the growth and
      reproduction of microorganisms and, in particular, cooling water and paper
      and pulp mill systems which employ a combination of 1,3-dichloroacetone
      oxime acetate and a mixture of 75% of
      5-chloro-2-methyl-4-isothiazolin-3-one calcium chloride and 25% of
      2-methyl-4-isothiazolin-3-one calcium chloride.
PAR  In practice of the invention, the combination is added to the particular
      system being treated; for example, cooling water systems, paper and pulp
      mill systems, pools, ponds, lagoons, lakes, etc. in a quantity adequate to
      control the slime-forming microorganisms which are contained by, or which
      may become entrailed in, the system which is treated. It has been found
      that such compositions and methods control the growth and occurrence of
      such microorganisms as may populate these particular systems.
PAR  1,3-dichloroacetone oxime acetate, as disclosed in U.S. Pat. No. 3,733,419,
      is available commercially as Stauffer R-22938 and a particular mixture of
      5-chloro-2-methyl-4-isothiazolin-3-one calcium chloride and
      2-methyl-4-isothiazolin-3-one calcium chloride is available as Rohm & Haas
      RH 886.
PAR  As earlier stated, the inventive compositions are comprised of the latter
      compounds, either compound being present in such a quantity as to impart a
      synergistic behavior to the composition as a whole, the weight ratio of
      the acetate to calcium chloride mixture ranging from about 95:5 to about
      5:95. When these two ingredients are mixed, the resulting mixtures possess
      a high degree of slimicidal activity of the individual ingredients
      comprising the mixture. Accordingly, it is therefore possible to produce a
      more effective slime-control agent than has previously been available.
      Because of the enhanced activity of the mixture, the total quantity of the
      biocide required for an effective treatment may be reduced. In addition,
      the high degree of biocidal effectiveness which is provided by each of the
      ingredients may be exploited without use of the higher concentrations of
      each.
DETD
PAR  To demonstrate the synergism which is provided by the inventive
      combinations of compounds, the data as set forth in the Table below was
      developed.
PAC  EXAMPLE 1
PAR  Synergism was demonstrated by adding Compound A and Compound B in varying
      ratios and over a range of concentrations to liquid nutrient agar medium
      (Tryptone Glucose Extract Agar) at approximately 50.degree.C. After the
      medium had solidified in Petri plates, it was inoculated with a bacterial
      suspension. Following two days' incubation, the lowest concentration of
      each ratio which prevented growth on the agar medium was taken as the end
      point. End points for the various mixtures were then compared with end
      points for the pure active ingredients working alone in concomitantly
      prepared agar medium plates. Synergism was determined by the method
      described by F. C. Kull, P. C. Eisman, H. D. Sylwestrowicz and R. L.
      Mayer, APPLIED MICROBIOLOGY, 9, 538-41, (1946), and the relationships,
      ##EQU1##
      where,
PAR  Q.sub.a = Quantity of Compound A, acting alone, producing an end point
PAR  Q.sub.b = Quantity of Compound B, acting alone, producing an end point
PAR  Q.sub.A = Quantity of Compound A, in the mixture, producing an end point
PAR  Q.sub.B = Quantity of Compound B, in the mixture, producing an end point
PAR  For mixtures of Compounds A and B, and for Compound A and B acting alone,
      the following results were observed.
PAR  Summary of synergistic activity of varying percentages of Compound A and
      Compound B:
PAC  SYNERGISTIC COMBINATION
PA0  Compound A: 1,3-dichloroacetone oxime acetate (Stauffer R-22938)
PA0  Compound B: a mixture of 75% of 5-chloro-2-methyl-4-isothiazolin-3-one
      calcium chloride and 25% of 2-methyl-4-isothiazolin-3-one calcium chloride
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TEST ORGANISM                                                             
     AEROBACTER AEROGENES                                                      
     __________________________________________________________________________
     Weight ratio                                                              
            Quantities Producing End Points (ppm)                              
                                 Q.sub.A                                       
                                        Q.sub.B                                
                                            Q.sub.A                            
                                                Q.sub.B                        
                                             +                                 
     of A to B                                                                 
             Q.sub.A                                                           
                    Q.sub.B                                                    
                          Mixture                                              
                                  Q.sub.a                                      
                                        Q.sub.b                                
                                            Q.sub.a                            
                                                Q.sub.b                        
     __________________________________________________________________________
     100/0  14     --     14     --    --  --                                  
     95/5   5.7    0.3    6.0    .41   .38 .79                                 
     50/50  0.5    0.5    1.0    .04   .62 .66                                 
     5/95   .03     0.57  0.6     .002 .71 .71                                 
     0/100  --     0.8    0.8    --    --  --                                  
     __________________________________________________________________________
PAR  The mode of establishing the synergistic behavior of the compositions of
      the present invention is a widely used and an industrially acceptable
      procedure. Although it is believed that the above is sufficient in
      explaining the procedure, for a further description thereof reference can
      be made to U.S. Pat. No. 3,231,509 and its file history where data of this
      nature was considered to be acceptable. Moreover, the article by Kull et
      al published in APPLIED MICROBIOLOGY, 9, 538-541, will furnish additional
      information in this regard.
PAR  For the testing to ascertain synergistic behavior, Aerobacter aerogenes was
      favored since this microorganism is found to exist and found to be most
      troublesome in pulp and paper producing processes, as well as in cooling
      towers. Moreover, this microorganism is difficult to control and/or kill
      and accordingly its existence does give rise to troublesome slime. In view
      of the foregoing, it can then be appreciated that since Aerobacter
      aerogenes is prevalent in most slime-affected systems and since this
      microorganism is difficult to control or kill, that once control of this
      microorganism is maintained, then for all practical purposes the total
      microorganism population with its different types is considered
      controlled.
PAR  When the inventive compositions are employed in the treatment of cooling or
      paper mill water, they are preferably utilized in the form of relatively
      dilute solutions or dispersions. For example, a preferred solution
      comprises between 5% to 65% by weight of the synergistic combination in
      admixture with various solvents and solubilizing agents.
PAR  Surfactants such as the alkylaryl polyether alcohols, polyether alcohols,
      alkyl benzene sulfonates and sulfates, and the like, may also be employed
      to enhance the dispersibility and stability of these formulations. The
      foregoing solutions of the biocidal compositions are utilized in order to
      insure the rapid and uniform dispersibility of the biocides within the
      industrial water which is treated. It has been found that either aqueous
      or non-aqueous solvents are generally suitable in the preparation of
      compositions of the invention. For example, organic solvents such as
      methyl cellosolve and aliphatic and aromatic hydrocarbons, e.g., kerosene,
      can be used quite successfully. Based upon the synergism study as outlined
      above, it was ascertained that in the treatment of paper mill and cooling
      water, effective biocidal action is obtained when the concentration or
      treatment level of the combination or admixture of biocides is between 0.5
      parts per million to 1000 parts per million, and preferably between 1 and
      100 parts per million, based upon the total content of the system treated,
      such as the total quantity of cooling water or paper mill water.
PAR  The compositions may also be utilized for the preservation of slurries and
      emulsions containing carbohydrates, proteins, fats, oils, etc. Dosage
      levels for this purpose range in the vicinity of 0.01% to 5%.
PAR  The compositions of the invention which can be prepared by merely combining
      the respective ingredients and mixing thoroughly at standard conditions
      may be fed continuously to the treated system, e.g., by means of a metered
      pump, or may be fed periodically at intervals calculated to control the
      growth of slime-forming organisms in the system. Naturally, in the
      treatment of cooling water the feeding of the inventive compositions must
      be designed to compensate for blow-down in those systems which employ that
      expedient.
PAR  As would be expected, the inventive composition may be added to the cooling
      water or paper and pulp mill systems at any convenient point. Naturally,
      in once-through or non-circulating systems, the composition must be added
      upstream from the point or points at which microorganism control is
      desired. In circulating systems or pulp and paper systems, the
      compositions may be added at any point provided that the time lapse and
      the conditions experienced between point of addition and the point at
      which the effect of the composition is experienced are not so drastic as
      to result in the neutralization of the effect of the composition.
PAC  SLIME CONTROL EFFECTIVENESS
PAR  The inventive methods and materials were tested with respect to their
      performance in the control of slime formation in industrial systems. In
      this test an industrial recirculating water was obtained from a system
      which was currently experiencing problems in respect to the formation of
      slime by microorganisms. Such tests do not demonstrate the efficiency of
      the biocide employed with respect to specific species of microorganiams,
      but instead supply a practical demonstration of the efficacy of the
      biocide tested in relation to those communities of microorganisms which
      have evidenced their ability to form slime in actual industrial systems.
PAR  In testing of recirculating water samples, a substrate evaluation was
      employed. In such testing, identical portions of water samples are treated
      with varying concentrations of biocide and two portions are left untreated
      to serve as controls. The control portions are plated for total count at
      the beginning of biocide treatment and all portions are plated for total
      count at some suitable time period(s) after beginning biocide treatment.
      Using the counts obtained from the platings, the percentage kill (based on
      the initial control count) may be calculated. In the following example,
      the water sample was taken from a cooling tower located in north-eastern
      Pennsylvania.
PAR  For the purposes of comparison, a composition of this invention was
      evaluated with two recognized commercial biocides.
TBL                TABLE II                                                    
     ______________________________________                                    
                     Quantity of Percent Kill                                  
     Biocidal Material                                                         
                     Biocide (ppm)                                             
                                 After 3 Hours                                 
     ______________________________________                                    
     Compound A (5%)  5          81%                                           
                     10          98                                            
     Compound B (5%) 25          99+                                           
                     50          99+                                           
     Inert (90%)     100         99+                                           
     Pentachlorophenol                                                         
                      5           14%                                          
     (10% Active)    10          37                                            
                     25          68                                            
                     50          75                                            
                     100         87                                            
     Sodium           5           5                                            
     dimethyldithiocarbamate                                                   
                     10          37                                            
     (10% Active)    25          46                                            
                     50          44                                            
                     100         15                                            
     ______________________________________                                    
PAC  EFFICACY RELATIVE TO FUNGI
PAR  In order to ascertain whether in fact the inventive compositions were
      effective in controlling fungi, evaluations were made following the
      procedure described by Shema et al, "JOURNAL FOR THE TECHNICAL ASSOCIATION
      OF THE PULP AND PAPER INDUSTRY", 36, 20A-30A, 1953. The described
      procedure generally entails incorporating the biocide under test in a
      nutrient substrate such as agar, malt, etc. and pouring the resulting
      medium in a Petri dish and allowing the medium to solidify. A button of
      fungus inoculum is placed on the surface of the solidified medium and the
      medium is incubated for a period of 14 days. After the period, the
      diameter of the colony is measured and compared with the diameter of the
      button of inoculum originally placed upon the surface. If there is no
      increase in the diameter, the growth of the fungus is considered to be
      completely inhibited and the treatment level which effectuates this is
      considered the inhibitory concentration.
PAR  The fungi species utilized as the test microorganism to evaluate the
      efficacy of the present compositions were Penicillium expansum and
      Aspergillus niger. The study revealed that the above 10% active
      composition of this invention inhibited the growth of Penicillium expansum
      at a treatment level of 400 ppm and 600 ppm completely inhibited the
      growth of Aspergillus niger.
PAC  BACTERICIDAL EFFECTIVENESS
PAR  The bactericidal effectiveness of a 1/1 mixture of the two components of
      this invention (10% Active) is demonstrated by the following data in which
      the inhibiting power is shown in comparison with a commercial biocide.
      Aerobacter aerogenes was employed as the test organism and a substrate
      technique was utilized. Specifically, the biocidal mixture was added in
      gradually increasing quantities to nutrient agar media which was then
      innoculated with Aerobacter aerogenes. The preparation was then incubated
      for 48 hours. The below values indicate the quantity of biocide required
      to achieve complete inhibition of the growth of the test organism. The
      biocide RX-38 is available commercially from Betz Laboratories, Inc. and
      contains as active ingredients about 5% methylene bisthiocyanate and about
      17% hexachloro dimethyl sulfone by weight.
TBL  ______________________________________                                    
     Biocide Materials  Inhibition quantity (ppm)                              
     ______________________________________                                    
     1. Compound A (5%) 20                                                     
       Compound B (5%)                                                         
       Inert (90%)                                                             
     2. Betz Slime-Trol RX-38 (100%)                                           
                        30                                                     
     ______________________________________                                    
PAR  Accordingly, since the waters of pulp and paper mills and the water of
      cooling water systems generally predominately contain bacteria such as
      Aerobacter aerogenes and some fungi such as Penicillium expansum and
      Aspergillus niger, it is apparent from the foregoing evaluations and
      studies that the inventive composition will effectuate the claimed
      objective of controlling microorganisms of aqueous systems.
PAR  It should be noted that while the preponderance of evidence has been
      derived from the treatment of samples taken from paper and pulp mill
      aqueous systems, the compositions and methods of the present invention are
      broadly applicable to the treatment of aesthetic waters as well as
      industrial waters such as cooling waters which are plagued by deposits
      formed by slime-forming organisms, or by the very presence of such
      organisms.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A composition for the control of the microorganism Aerobacter aerogenes
      in aqueous systems comprising a mixture of 1,3-dichloroacetone oxime
      acetate, with a mixture of 75% of 5-chloro-2-methyl-4-isothiazolin-3-one
      calcium chloride and 25% of 2-methyl-4-isothiazolin-3-one calcium chloride
      wherein the weight ratio of the acetate to the chloride mixture ranges
      from about 95:5 to about 5:95 respectively.
NUM  2.
PAR  2. The composition of claim 1 wherein said ratio is about 50:50.
NUM  3.
PAR  3. A method for controlling the growth of the microorganism Aerobacter
      aerogenes in an aqueous system which comprises adding to said system a
      growth inhibiting amount of a composition comprised of a mixture of
      1,3-dichloroacetone oxime acetate with a mixture of 75% of
      5-chloro-2-methyl-4-isothiazolin-3-one calcium chloride and 25% of
      2-methyl-4-isothiazolin-3-one calcium chloride wherein the weight ratio of
      the acetate to the chloride mixture ranges from about 95:5 to about 5:95
      respectively.
NUM  4.
PAR  4. The method of claim 3 wherein said ratio is about 50:50.
NUM  5.
PAR  5. The method of claim 3 wherein said composition is added to said system
      in an amount of from 0.1 to about 1000 parts per weight of said
      composition per million parts by weight of said aqueous system.
NUM  6.
PAR  6. The method of claim 5 where said composition amount is from about 1 to
      about 100 parts per million of said aqueous system.
NUM  7.
PAR  7. The method of claim 5 wherein the aqueous system is that of a cooling
      water system.
NUM  8.
PAR  8. The method of claim 5 wherein the aqueous system is that of a pulp and
      paper mill system.
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PAL  Pharmaceutical Compositions based on 4-(Benzoxazol-2-yl)phenylacetic acids,
      alcohols, esters, amides and their non-toxic pharmaceutically acceptable
      salts and method of treating abnormal platelet aggregation.
PARN
PAR  This application is a division of application Ser. No. 388,852 filed Aug.
      16, 1973, now U.S. Pat. No. 3,899,506 which in turn is a
      continuation-in-part of U.S. Ser. No. 165,389, filed July 22, 1971, which
      in turn is a continuation-in-part of U.S. Ser. No. 71,227, filed Sept. 10,
      1970, both are now abandoned.
BSUM
PAR  This invention relates to a novel class of compounds. In addition it
      relates to a class of compounds useful in the treatment of inflammation,
      which also exhibit potent analgesic and antipyretic activity. Connected
      with their antiinflammatory activity, the novel compounds are also
      platelet aggregation inhibitors useful in the treatment and prevention of
      arterial thrombosis.
PAR  This invention also includes methods of treating inflammation in its
      varying manifestations, utilizing novel antiinflammatory compositions
      containing benzoxazole phenylacetic acids. In addition, these novel
      compositions exhibit potent analgesic and antipyretic activity and,
      therefore, this invention also relates to analgesic and antipyretic
      methods and compositions. Furthermore, this invention is concerned with
      use of the novel compositions for prevention of arterial thrombosis
      through inhibition of platelet aggregation.
PAR  The novel benzoxazole phenylactic acids are represented by the following
      formula:
      ##SPC1##
PAL  Wherein
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  R.sub..alpha. ' is hydrogen, or R.sub..alpha.   and R.sub..alpha. ' taken
      together can be methylene; or R.sub..alpha. ' can be a methylene linkage
      attached to the unsubstituted ortho position of the benzenoid ring;
PA0  X and Y are the same or different and each is hydrogen;
PA1  Chloro; bromo; fluoro;
PA1  C.sub.1-5 alkyl;
PA1  C.sub.1-3 alkylsulfonyl;
PA1  Nitro,
PA1  Di(C.sub.1-3 alkyl)amino,
PA1  Hydroxy, or
PA1  C.sub.1-3 alkoxy;
PA0  R.sub.2 and R.sub.3 are the same or different and each is
PA1  Hydrogen,
PA1  Chloro,
PA1  Bromo,
PA1  Fluoro,
PA1  C.sub.1-3 alkylthio,
PA1  Nitro,
PA1  Amino,
PA1  Di(C.sub.1-3 alkyl)amino;
PA0  R.sub.4 is COOH,
PA1  --ch.sub.2 --oh,
PA1  Coor, where R may be
PA1  C.sub.1-5 alkyl,
PA1  C.sub.2-5 alkenyl, such as vinyl, allyl, methallyl, etc.,
PA1  C.sub.2-3 alkynyl, such as ethynyl, propynyl, etc.,
PA1  C.sub.3-6 cycloalkyl, phenyl,
PA1  C.sub.1-3 lower alkylphenyl,
PA1  Carboxyphenyl,
PA1  Carboxamidophenyl,
PA1  C.sub.1-3 alkoxy C.sub.1-3 alkyl,
PA1  Hydroxy C.sub.1-3 alkyl,
PA1  Di(C.sub.1-3 alkyl)amino C.sub.1-3 alkyl,
PA1  .alpha.-tetrahydropyranyl,
PA1  Conh.sub.2 ;
      ##EQU1##
      where Y may be C.sub.1-3 alkyl, HYDROXY C.sub.1-3 alkyl,
PA1  Phenyl C.sub.1-3 alkyl,
PA1  Phenyl,
PA1  Hydroxyphenyl,
PA1  Cyclohexyl,
PA1  Carboxymethyl,
PAL  And the pharmaceutically acceptable non-toxic addition salts thereof, with
      the proviso that if R.sub.4 is --COOH, and R.sub..alpha.   is hydrogen,
      then one of X, Y, R.sub.2, or R.sub.3 is other than hydrogen.
PAR  In the more preferred novel compounds of this invention,
PA0  X and Y are hydrogen,
PA0  R.sub..alpha. ' is hydrogen,
PA0  R.sub..alpha.   is methyl or hydrogen,
PA0  R.sub.2 and R.sub.3 are each hydrogen or halogen, such as fluoro and
      chloro;
PA0  R.sub.4 is COOH, with the proviso that if R.sub..alpha.   is hydrogen, then
      R.sub.2 and R.sub.3 are not both hydrogen.
PAR  Of particular interest are those compounds of the formula:
      ##SPC2##
PAL  wherein R.sub.2 and R.sub.3 are each hydrogen, fluoro, or chloro
      (preferably fluoro) and R.sub..alpha.   is hydrogen or methyl; with the
      proviso that when R.sub..alpha.   is hydrogen, at least one R must be
      fluorine.
PAR  Specific members of this class which are highly effective antiinflammatory
      and antithrombotic agents include
PA0  4-(benzoxazol-2-yl)-2-fluorophenylacetic acid,
PA0  4-(benzoxazol-2-yl)-3-fluorophenylacetic acid,
PA0  2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propionic acid,
PA0  2-[4-(benzoxazol-2-yl)phenyl]propionic acid.
PAR  With regard to the latter two compounds, in addition to the racemate and
      levo isomer, of interest is the "d" (dextro) isomer;
      (d)-2-[4-(benzoxazol-2-yl)phenyl]-propionic acid;
      (d)-2-[4-(benzoxazol-2-yl)-3-fluorophenyl]-propionic acid.
PAR  In addition to the above, representative compounds that may be employed in
      the practice of the invention include:
PA0  4-(benzoxazol-2-yl) 2,3-difluorophenylacetic acid,
PA0  4-(benzoxazol-2-yl) 2,5-difluorophenylacetic acid,
PA0  4-(benzoxazol-2-yl)-2-chlorophenylacetic acid,
PA0  4-(benzoxazol-2-yl) 5-chloro-2-fluorophenylacetic acid,
PA0  2-[4-(benzoxazol-2-yl)-3-chlorophenyl]propionic acid,
PA0  2-[4-(benzoxazol-2-yl)-2-fluorophenyl]propionic acid,
PA0  2-[4-(benzoxazol-2-yl)-2,3-difluorophenyl]propionic acid,
PA0  2-[4-(benzoxazol-2-yl)-2,5-difluorophenyl]propionic acid.
PAR  It should be noted that in addition to the free acids, encompassed within
      the scope of the preferred aspects of the invention are the corresponding
      alcohols, esters, amides and pharmaceutically acceptable addition salts.
PAR  The term "pharmaceutically acceptable addition salts" signifies those salts
      derived from pharmacologically acceptable inorganic and organic bases.
      Suitable salts include those of alkali metals such as sodium, potassium or
      lithium, those of alkaline earth metals such as magnesium and calcium,
      ammonium and salts of organic amines such as ethylamine, triethylamine,
      ethanolamine, diethanolamine, diethylaminoethanol, ethylenediamine,
      benzylamine, procaine, pyrrolidine, piperidine, morpholine,
      1-ethyl-piperidine, 2-piperidinoethanol, dibenzylethylenediamine, and the
      like.
PAR  It should be understood, however, that the particular compound of Formula I
      when X, Y, R.sub..alpha. , R.sub..alpha. ', R.sub.2 and R.sub.3 are
      hydrogen and R.sub.4 is COOH all at the same time thus forming
      4-(benzoxazoyl-2-yl)phenylacetic acid is not included as a novel compound
      in this invention. The use of the above-mentioned specific compound as an
      antiinflammatory and antithrombotic agent should, however, be considered
      part of this invention.
PAR  The benzoxazoles of the invention possess a high degree of
      antiinflammatory, analgesic and antipyretic activity. They are of value in
      the treatment of arthritic and dermatological disorders or like conditions
      responsive to antiinflammatory drugs. In general they are indicated for a
      wide variety of conditions where one or more of the symptoms of
      inflammation, fever and pain are manifested. Included within this category
      are diseases such as rheumatoid arthritis, osteoarthritis, gout,
      infectious arthritis, rheumatic fever and inflammatory conditions of the
      ocular system. As indicated above the compounds utilized in the practice
      of the invention also possess a useful degree of analgesic and antipyretic
      activity.
PAR  The compounds of this invention also possess a high degree of activity as
      platelet aggregation inhibitors and are thus useful in the prevention of
      arterial thrombosis and related conditions.
PAR  For these purposes the compounds of the invention may be administered
      orally, topically, parenterally, by inhalation spray or rectally in dosage
      unit formulations containing conventional non-toxic pharmaceutically
      acceptable carriers, adjuvants and vehicles. The term parenteral as used
      herein includes subcutaneous injections, intravenous, intramuscular,
      intrasternal injection or infusion techniques. In addition to the
      treatment of warm-blooded animals such as mice, rats, horses, dogs, cats,
      etc., the compounds of the invention are effective in the treatment of
      humans.
PAR  The pharmaceutical compositions containing the active ingredient may be in
      a form suitable for oral use, for example, as tablets, troches, lozenges,
      aqueous or oily suspensions, dispersible powders or granules, emulsions,
      hard or soft capsules, or syrups or elixirs. Compositions intended for
      oral use may be prepared according to any method known to the art for the
      manufacture of pharmaceutical compositions and such compositions may
      contain one or more agents selected from the group consisting of
      sweetening agents, flavoring agents, coloring agents and preserving agents
      in order to provide a pharmaceutically elegant and palatable preparation.
      Tablets contain the active ingredient in admixture with non-toxic
      pharmaceutically acceptable excipients which are suitable for the
      manufacture of tablets. These excipients may be, for example, inert
      diluents, such as lactose, calcium phosphate or sodium phosphate;
      granulating and disintegrating agents, for example, maize starch, or
      alginic acid; binding agents, for example starch, gelatine or acacia, and
      lubricating agents, for example magnesium stearate, stearic acid or talc.
      The tablets may be uncoated or they may be coated by known techniques to
      delay disintegration and absorption in the gastrointestinal tract and
      thereby provide a sustained action over a longer period. For example, a
      time delay material such as glyceryl monostearate or glyceryl distearate
      may be employed.
PAR  Formulations for oral use may also be presented as hard gelatine capsules
      wherein the active ingredient is mixted with an inert solid diluent, for
      example, calcium phosphate or kaolin, or as soft gelatine capsules wherein
      the active ingredient is mixed with water or an oil medium, for example
      peanut oil, liquid paraffin, or olive oil.
PAR  Aqueous suspensions contain the active materials in admixture with
      excipients suitable for the manufacture of aqueous suspensions. Such
      excipients are suspending agents, for example sodium
      carboxymethylcellulose, methylcellulose, hydroxypropylmethylcellulose,
      sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum acacia;
      dispersing or wetting agents may be a naturally-occurring phosphatide, for
      example lecithin, or condensation products of an alkylene oxide with fatty
      acids, for example polyoxyethylene stearate, or condensation products of
      ethylene oxide with long chain aliphatic alcohols, for example
      heptadecaethyleneoxycetanol, or condensation products of ethylene oxide
      with partial esters derived from fatty acids and a hexitol such as
      polyoxyethylene sorbitol mono-oleate, or condensation products of ethylene
      oxide with partial esters derived from fatty acids and hexitol anhydrides,
      for example polyoxyethylene sorbitan mono-oleate. The said aqueous
      suspensions may also contain one or more preservatives, for example ethyl,
      or n-propyl, p-hydroxy benzoate, one or more coloring agents, one or more
      flavoring agents, and one or more sweetening agents, such as sucrose or
      saccharin.
PAR  Oily suspensions may be formulated by suspending the active ingredient in a
      vegetable oil, for example arachis oil, olive oil, sesame oil or coconut
      oil, or in a mineral oil such as liquid paraffin. The oily suspensions may
      contain a thickening agent, for example beeswax, hard paraffin or cetyl
      alcohol. Sweetening agents, such as those set forth above, and flavoring
      agents may be added to provide a palatable oral preparation. These
      compositions may be preserved by the addition of an anti-oxidant such as
      ascorbic acid.
PAR  Dispersible powders and granules suitable for preparation of an aqueous
      suspension by the addition of water provide the active ingredient in
      admixture with a dispersing or wetting agent, suspending agent and one or
      more preservatives. Suitable dispersing or wetting agents and suspending
      agents are exemplified by those already mentioned above. Additional
      excipients, for example sweetening, flavoring and coloring agents, may
      also be present.
PAR  The pharmaceutical compositions of the invention may also be in the form of
      oil-in-water emulsions. The oily phase may be a vegetable oil, for example
      olive oil or arachis oils, or a mineral oil, for example liquid paraffin
      or mixtures of these. Suitable emulsifying agents may be
      naturally-occurring gums, for example gum acacia or gum tragacanth,
      naturally-occurring phosphatides, for example soya bean lecithin, and
      esters or partial esters derived from fatty acids and hexitol anhydrides,
      for example sorbitan mono-oleate, and condensation products of the said
      partial esters with ethylene oxide, for example polyoxyethylene sorbitan
      mono-oleate. The emulsions may also contain sweetening and flavoring
      agents.
PAR  Syrups and elixirs may be formulated with sweetening agents, for example
      glycerol, sorbitol or sucrose. Such formulations may also contain a
      demulcent, a preservative and flavoring and coloring agents. The
      pharmaceutical compositions may be in the form of a sterile injectable
      preparation, for example as a sterile injectable aqueous or oleagenous
      suspension. This suspension may be formulated according to the known art
      using those suitable dispersing or wetting agents and suspending agents
      which have been mentioned above. The sterile injectable preparation may
      also be a sterile injectable solution or suspension in a non-toxic
      parenterally-acceptable diluent or solvent, for example as a solution in
      1,3-butane diol. Among the acceptable vehicles and solvents that may be
      employed are water, Ringer's solution and isotonic sodium chloride
      solution. In addition, sterile, fixed oils are conventionally employed as
      a solvent or suspending medium. For this purpose any bland fixed oil may
      be employed including synthetic mono-or diglycerides. In addition, fatty
      acids such as oleic acid find use in the preparation of injectibles.
PAR  The compounds of the invention may also be administered in the form of
      suppositories for rectal administration of the drug. These compositions
      can be prepared by mixing the drug with a suitable non-irritating
      excipient which is solid at ordinary temperatures but liquid at the rectal
      temperature and will therefore melt in the rectum to release the drug.
      Such materials are cocoa butter and polyethylene glycols.
PAR  For topical use, creams, ointments, jellies, solutions or suspensions,
      etc... containing the antiinflammatory agents are employed.
PAR  Dosage levels of the order of .5 mg. to 140 mg. per kilogram of body weight
      per day are useful in the treatment of the above indicated conditions ( 25
      mg. - 7 gm. per patient per day). For example, inflammation, fever, pain
      and abnormal platelet aggregation, are effectively treated by the
      administration of about 0.1 to 50 mg. of the compound per kilogram of body
      weight per day (5 mg. to 3.5 gm. per patient per day). Advantageously,
      from about 1 mg. to about 15 mg. per kilogram of body weight per daily
      dosage produces highly effective results (50 mgs. to 1 gm. per patient per
      day).
PAR  The amount of active ingredient that may be combined with the carrier
      materials to produce a single dosage form will vary depending upon the
      host treated and the particular mode of administration. For example a
      formulation intended for the oral administration of humans may contain
      from 5 mg. to 5 gm. of active agent compounded with an appropriate and
      convenient amount of carrier material which may vary from about 5 to about
      95 percent of the total composition. Dosage unit forms will generally
      contain between from about 25 mg. to about 500 mg. of active ingredient.
PAR  It will be understood, however, that the specific dose level for any
      particular patient will depend upon a variety of factors including the
      activity of the specific compound employed, the age, body weight, general
      health, sex, diet, time of administration, route of administration, rate
      of excretion, drug combination and the severity of the particular disease
      undergoing therapy.
PAR  The novel compounds of this invention may be prepared as shown by the
      following schematic I:
      ##SPC3##
PAL  where X, Y, R.sub.2, R.sub.3 and R.sub..alpha.   are as previously defined.
PAR  Following is a particular description of each of the steps above:
PA0  Step A -- Reaction of an appropriate o-aminophenol with an appropriate
      benzoic acid halide in pyridine at ambient temperature for 1-12 hours to
      yield the corresponding amide.
PA0  Step B -- Heating the amide formed in Step A above its melting point at a
      temperature high enough to bring about ring closure to the benzoxazole - a
      temperature of 240.degree. - 250.degree.C. for 1 hour is usually
      sufficient.
PA0  Step C -- Treatment of the alkylphenyl benzoxazole formed in Step B with
      N-bromosuccinimide in refluxing carbon tetrachloride preferably in the
      presence of a catalytic amount of dibenzoyl peroxide to give the
      corresponding bromo-alkylphenyl benzoxazole.
PA0  Step D -- Treatment of the bromoalkylphenyl benzoxazole formed in Step C
      with sodium cyanide in methanol or DMSO at 60.degree. - 70.degree.C. for
      1-3 hours to give the corresponding cyanoalkylphenyl benzoxazole.
PA0  Step E -- Acid hydrolysis of the cyanoalkylphenyl benzoxazole formed in
      Step D by heating for 1 hour at 85.degree. - 95.degree.C. in concentrated
      hydrochloric acid to give the desired benzoxazole phenyl acetic acid.
PAR  Compounds which have an alkylidene linkage, particularly a methylene
      linkage, at the .alpha.-position of the acid side chain can be prepared
      according to the following process. Details of the process are shown in
      Example 8.
      ##SPC4##
PAR  Also, compounds of Formula I shown below where R.sub..alpha. ' can be a
      methylene linkage attached to the unsubstituted ortho position of the
      benzenoid ring, can be prepared according to the initial Flow Sheet by
      replacing the alkylbenzoic acid with benzocyclobutene-4-carboxylic acid.
      ##SPC5##
PAL  wherein X, Y, R.sub.2 and R.sub.3 are as previously defined.
PAR  The non-toxic salts of the acid can be prepared from the acid by any of the
      well known metathesis procedures. For example, the acid can be reacted
      with an inorganic base such as sodium hydroxide, potassium hydroxide,
      ammonium hydroxide, barium hydroxide, and the like.
PAR  The compounds of this invention, wherein R.sub.4 is a group such that an
      ester is the final compound (i.e. R.sub.4 =alkoxycarbonyl), are prepared
      by any esterification procedure using an esterifying agent containing the
      appropriate R.sub.4 group. For example, the acetic acid compounds of this
      invention may be reacted with the appropriate lower alkanol (preferably
      methanol) in the presence of a strong acid, such as hydrochloric acid,
      sulfuric acid, p-toluene-sulfonic acid, and the like, to form the desired
      R.sub.4 compound. The methyl ester (R.sub.4 = methoxycarbonyl) can also be
      prepared by the treatment of the acid with diazomethane.
PAR  The compounds of this invention, wherein R.sub.4 is a group such that an
      amide is the final compound (i.e. R.sub.4 is aminocarbonyl), may be
      prepared by any suitable amidation reaction. For example, the acetic acid
      compound (preferably the methyl or ethyl ester) may be reacted with
      ammonia, ammonium hydroxide, or an amine compound, at any suitable
      temperature (room temperature to reflux). When the amino group is desired,
      it is preferred to carry out the reaction with ammonia in a bomb at
      temperatures above 100.degree.C. to form the desired R.sub.4 amide
      compound.
PAR  The alcohols may be formed from the corresponding acids using reductive
      techniques well known to the art. Members of this class include:
PA0  4-(benzoxazol-2-yl)-2-fluorophenylethanol,
PA0  4-(benzoxazol-2-yl)-3-fluorophenylethanol,
PA0  2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propanol,
PA0  2-[4-(benzoxazol-2-yl)phenyl]propanol.
DETD
PAR  The following examples are used by way of illustration and should not be
      construed as limitations of the application.
PAC  EXAMPLE 1
PAC  4-(Benzoxazol-2-yl)-2-Fluorophenylacetic Acid
PAC  2'-Hydroxy-3-fluoro-p-toluanilide
PAR  To a solution of 4.5 gm. of o-aminophenol in 50 ml. of dry pyridine is
      added a solution of 3-fluoro-p-toluyl chloride (prepared from 5 gm. of
      3-fluoro-p-toluic acid and thionyl chloride) in 10 ml. of benzene. An
      exothermic reaction takes place and the reaction mixture is stirred
      overnight at ambient temperature. The reaction mixture is concentrated in
      vacuo and taken up between 2.5 N hydrochloric acid and chloroform. The
      organic layer is separated, dried over sodium sulfate and concentrated to
      dryness. The residue is recrystallized from methanol to yield
      2'-hydroxy-3-fluoro-p-toluanilide, m.p. 195.degree.-197.degree.C.
PAR  When benzocyclobutene-4-carbonyl chloride is used in place of
      3-fluoro-p-toluyl chloride in the above example, there is obtained
      N-(2-hydroxyphenyl)benzocyclobutene-4-carboxamide.
PAR  When 2-amino-6-chlorophenol and 2-amino-4,6-dichlorophenol are used in
      place of o-aminophenol and when p-toluyl chloride is used in place of
      3-fluoro-p-toluyl chloride in the above example, there is obtained
      3'-chloro-2'-hydroxy-p-toluanilide and
      3',5'-dichloro-2'-hydroxy-p-toluanilide, respectively.
PAC  B. 2-(3-Fluoro-4-methylphenyl)benzoxazole
PAR  2'-Hydroxy-3-fluoro-p-toluanilide (7.0 gm.) is heated in a wood's metal
      bath for 1 hour at 225.degree.-245.degree.C. The reaction mixture is then
      cooled, taken up in a mixture of etherbenzene (11) and washed successively
      with 2.5 N NaOH and water. The organic phase is separated, dried over
      sodium sulfate and concentrated. Chromatography on 200 gm. of silica gel
      and elution with ether in hexane (0-2%) gives
      2-(3-fluoro-4-methylphenyl)benzoxazole, m.p. 121.degree.-122.degree.C.
PAR  When 3'-chloro-2'-hydroxy-p-toluanilide,
      3',5'-dichloro-2'-hydroxy-p-toluamide, and
      N-(2-hydroxyphenyl)-benzocyclobutene-4-carboxamide are used in place of
      2'-hydroxy-3-fluoro-p-toluanilide in the above example, there is obtained
      7-chloro-2-(4-methylphenyl)benzoxazole,
      5,7-dichloro-2-(4-methylphenyl)benzoxazole, and
      4-(benzoxazol-2-yl)benzocyclobutene, respectively.
PAC  C. 2-(4-Bromomethyl-3-fluorophenyl)benzoxazole
PAR  To a solution of 5.1 gm. of 2-(3-fluoro-4-methyl-phenyl) benzoxazole in 60
      ml. of carbon tetrachloride is added 6.23 gm. N-bromosuccinimide and 100
      mg. of dibenzoyl peroxide. The reaction mixture is refluxed for 6 hours,
      filtered to remove succinimide and the filtrate concentrated to dryness.
      The residue is chromatographed on 500 gm. of silica gel. Elution with 1%
      ether in petroleum ether gives
      2-(4-bromomethyl-3-fluorophenyl)benzoxazole, m.p.
      150.degree.-152.degree.C.
PAR  When 7-chloro-2-(4-methylphenyl)benzoxazole,
      5,7-dichloro-2-(4-methylphenyl)benzoxazole and
      4-benzoxazol-2-yl)benzocyclobutene are used in place of
      2-(3-fluoro-4-methylphenyl)benzoxazole in the above example, there is
      obtained 7-chloro-2-(4-bromomethylphenyl)benzoxazole,
      5,7-dichloro-2-(4-bromomethylphenyl)benzoxazole, and
      4-(benzoxazol-2-yl)-1-bromobenzocyclobutene, respectively.
PAC  D. 4-(Benzoxazol-2-yl)-2-fluorophenyl acetonitrile
PAR  To a solution of 0.6 gm. of sodium cyanide in 25 ml. of dimethyl sulfoxide
      preheated to 65.degree.-70.degree.C. is slowly added 2.5 gm. of
      2-(4-bromomethyl-3-fluorophenyl)-benzoxazole. The reaction mixture is
      heated at 60.degree.-70.degree.C. for 1 hour, then cooled and poured into
      water. The resulting precipitate is filtered off and chromatographed on
      300 gm. of silica gel. Elution with methylene chloride gives
      4-(benzoxazol-2-yl)-2-fluorophenylacetonitrile.
PAR  When 7-chloro-2-(4-bromomethylphenyl)benzoxazole,
      5,7-dichloro-2-(4-bromomethylphenyl)benzoxazole and
      4-(benzoxazole-2-yl)-1-bromobenzocyclobutene are used in place of
      2-(4-bromomethyl-3-fluorophenyl)benzoxazole in the above example, there is
      obtained 4-(7-chlorobenzoxazol-2-yl)-phenylacetonitrile,
      4-(5,7-dichlorobenzoxazol-2-yl)phenyl-acetonitrile, and
      4-(benzoxazol-2-yl)-1-cyanobenzocyclobutene, respectively.
PAC  E. 4-(Benzoxazol-2-yl)-2-fluorophenylacetic acid
PAR  A solution of 2.0 gm. of 4-(benzoxazol-2-yl)-2-fluorophenylacetonitrile in
      30 ml. of concentrated hydrochloric acid is heated on a steam-bath for 1
      hour. The reaction mixture is then filtered through a sintered glass
      filter into 200 ml. of water. The precipitate which forms is collected by
      filtration and air dried. Recrystallization from ethanol gives
      4-(benzoxazol-2-yl)-2-fluorophenylacetic acid, m.p.
      213.degree.-216.degree.C.
PAR  When 4-(7-chlorobenzoxazolyl-2-yl)phenylacetonitrile,
      4-(5,7-dichlorobenzoxazol-2-yl)phenylacetonitrile and
      4-(benzoxazol-2-yl)-1-cyanobenzocyclobutene are used in place of
      4-(benzoxazol-2-yl)-2-fluorophenylacetonitrile in the above example, there
      is obtained 4-(7-chlorobenzoxazol-2-yl)phenylacetic acid, m.p.
      225.degree.-229.degree.C. 4-(5,7-dichloro-benzoxazol-2-yl)phenylacetic
      acid, m.p. 205.degree.-210.degree.C., and
      4-(benzoxazol-2-yl)benzocyclobutene-1-carboxylic acid, respectively.
PAC  EXAMPLE 2
PAC  4-(Benzoxazol-2-yl)-3-fluorophenylacetic acid
PAC  A. 2'-Hydroxy-2-fluoro-p-toluanilide
PAR  To a solution of 3.3 gm. o-aminophenol in 50 cc. of dry pyridine is added a
      solution of 4 gm. of 2-fluoro-p-toluyl chloride (prepared from 3.3 gm. of
      2-fluoro-p-toluic acid and 25 cc. of thionyl chloride) in 25 ml. of
      benzene. An exothermic reaction takes place and the reaction mixture is
      stirred overnight at ambient temperature. The reaction mixture is
      concentrated in vacuo and taken up between 2.5 N hydrochloric acid and a
      1:1 mixture of chloroform-methylene chloride. The organic layer is
      separated and washed with a saturated NaHCO.sub.3 solution then with
      water. Concentration in vacuo followed by recrystallization from methanol
      gives 2'-hydroxy-2-fluoro-p-toluanilide, m.p. 181.degree.-183.degree.C.
PAC  B. 2-(2-Fluoro-4-methylphenyl)benzoxazole
PAR  2'-Hydroxy-2-fluoro-p-toluanilide (3.5 gm.) is heated for 1 hour in a
      Wood's metal bath which had been preheated to 250.degree.C. The reaction
      mixture is cooled, taken up in chloroform, washed with dilute sodium
      hydroxide and water. The organic phase is dried over sodium sulfate and
      concentrated in vacuo to give 2.7 gm. of crude product. Chromatography on
      500 gm. of silica gel and elution with methylene chloride gives pure
      2-(2-fluoro-4-methylphenyl)-benzoxazole, m.p. 115.degree.-117.degree.C.
PAC  C. 2-(4-Bromomethyl-2-fluorophenyl)benzoxazole
PAR  To a solution of 5.0 gm. of 2-(2-fluoro-4-methylphenyl)benzoxazole in 200
      cc. of carbon tetrachloride is added 4.5 gm. of N-bromosuccinimide and 50
      mg. of dibenzoyl peroxide. The mixture is refluxed for 2 hours, filtered
      to remove succinimide and concentrated in vacuo. The residue is
      recrystallized from toluene to give
      2-(4-bromomethyl-2-fluorophenyl)benzoxazole, m.p.
      170.degree.-173.degree.C.
PAC  D. 4-(Benzoxazol-2-yl)-3-fluorophenylacetonitrile
PAR  To a mixture of 1.0 gm. of 2-(4-bromomethyl-2-fluorophenyl)benzoxazole in
      50 cc. of dry methanol which has been cooled in an ice-water bath is added
      1.5 gm. of sodium cyanide. The reaction mixture is stirred cold for 10
      minutes, allowed to warm to room temperature and finally heated on the
      steam bath. Solution of the starting material occurs and after 5 minutes
      reflux the reaction mixture is cooled, concentrated to about 25 cc., and
      poured into 100 cc. of ice cold 2.5 N hydrochloric acid. The resulting
      precipitate is filtered and air dried to give crude
      4-(benzoxazol-2-yl)-3-fluorophenylacetonitrile.
PAC  E. 4-(Benzoxazol-2-yl)-3-fluorophenylacetic acid
PAR  A mixture of 0.7 gm. of the above crude
      4-(benzoxazol-2-yl)-3-fluorophenylacetonitrile and 30 cc. of concentrated
      hydrochloric acid is heated on the steam bath for 1 hour. The reaction
      mixture is then filtered through a sintered glass filter into ice water
      and the resulting precipitate collected to give 0.65 gm. of crude product.
      The crude acid is stirred with 50-60 cc. of saturated sodium bicarbonate
      solution, a small amount of charcoal is added, and the mixture is then
      filtered. The filtrate is acidified with concentrated hydrochloric acid
      and the resulting precipitate collected and dried to give
      4-(benzoxazol-2-yl)-3-fluorophenylacetic acid, m.p.
      207.degree.-211.degree.C. dec.
PAC  EXAMPLE 3
PAC  2[4-(Benzoxazol-2-yl)-3-fluorophenyl]propionic acid
PAC  A. Ethyl 2-amino- 4-ethylbenzoate
PAR  A mixture of 59.4 gm. of 4-ethylanthranilic acid and 1,000 cc. of ethanol
      is saturated with dry hydrogen chloride gas and then refluxed overnight.
      The reaction mixture is then concentrated in vacuo and the residue taken
      up between ether and sodium bicarbonate solution. The ether extract is
      dried and concentrated in vacuo to give ethyl 2-amino-4-ethylbenzoate as
      an oil (characterized by IR and NMR).
PAC  B. Ethyl 4-ethyl-2-fluorobenzoate
PAR  To a slurry of 44 gm. of ethyl 2-amino-4-ethyl benzoate, 150 cc. of
      concentrated hydrochloric acid and 150 cc. of water, which has been cooled
      to 0.degree. to -5.degree., is slowly added a solution of 27.6 gm. of
      sodium nitrite in 50 cc. of water. The reaction mixure is stirred in the
      cold until solution occurs and then 70 gm. of fluoboric acid (48%) is
      added. The diazonium fluoborate precipitates and is collected by
      filtration and air dried to give 15.9 gm. of material. The filtrate is
      concentrated in vacuo at low temperature to give crude diazonium salt.
      Decomposition of the above diazonium fluoborates at 150.degree. gives
      crude ethyl 4-ethyl-2-fluorobenzoate as an oil.
PAC  C. 4-Ethyl-2-fluorobenzoic acid
PAR  A mixture of 22.8 gm of ethyl 4-ethyl-2-fluoro benzoate, 200 cc. of ethanol
      and 100 ml. of 2.5 N sodium hydroxide is heated at 60.degree. for 4 hours
      and then concentrated in vacuo. The residue is taken up in water, filtered
      and the filtrate acidified with concentrated hydrochloric acid. The
      precipitate is collected and air dried to give 4-ethyl-2-fluorobenzoic
      acid.
PAC  D. 4-Ethyl-2-fluoro-2'-hydroxybenzanilide
PAR  To a solution of 13.08 gm. of o-aminophenol in 150 cc. of dry pyridine
      which is cooled in ice water is added a solution of
      4-ethyl-2-fluorobenzoyl chloride (prepared from 20.0 gm. of acid and
      thionyl chloride) in 30 cc. of dry benzene. The mixture is stirred at room
      temperature overnight and then concentrated in vacuo. The residue is
      treated with water and the precipitate collected by filtration to give
      crude 4-ethyl-2-fluoro-2'-hydroxybenzanilide which was characterized by
      infra red spectra then used in the following step.
PAC  E. 2-(4-Ethyl-2-fluorophenyl)benzoxazole
PAR  4-Ethyl-2-fluoro-2'-hydroxybenzanilide (29.0 gm.) is heated for 40 minutes
      in a Wood's metal bath at 240.degree.C. The reaction mixture is then
      cooled, taken up in chloroform and the chloroform solution treated with
      carbon, dried over magnesium sulfate and concentrated in vacuo to give
      2-(4-ethyl-2-fluorophenyl)benzoxazole.
PAC  F. 2-[4-(1-bromoethyl)-2-fluorophenyl]benzoxazole
PAR  A mixture of 26 gm. 2l -(4-ethyl-2-fluorophenyl) benzoxazole, 19.76 gm. of
      N-bromosuccinimide and 50 mg. of dibenzoyl peroxide in 150 cc. of carbon
      tetrachloride is refluxed until the N-bromosuccinimide is consumed. The
      reaction mixture is filtered and the filtrate concentrated to give
      2-[4-(1-bromoethyl)-2-fluorophenyl]benzoxazole, m.p.,
      103.degree.-104.degree.C.
PAC  G. 2-[4-(benzoxazole-2-yl)-3-fluorophenyl]propionitrile
PAR  A mixture of 16 gm. 2-[4-(1-bromoethyl)- 2-fluorophenyl]benzoxazole, 17 gm.
      sodium cyanide and 150 cc. of dry methanol are heated on the steam bath
      for about 2 hours. The reaction mixture is cooled, poured into ice-water
      containing 25 cc. of concentrated hydrochloric acid and the resulting
      mixture is extracted well with chloroform. The combined chloroform
      extracts are washed with water, dried and concentrated in vacuo. The crude
      product (14 gm.) is chromatographed on 1000 gm. of silica gel. Elution
      with methylene chloride gives
      2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propionitrile.
PAC  H. 2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propionic acid
PAR  A mixture of 3.1 gm. of 2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propionitrile
      and 25 cc. of concentrated hydrochloric acid is heated at 90.degree.C. for
      11/2  hours. The reaction mixture is poured into ice water and extracted
      well with ether. The combined ether extracts are washed with water, dried
      over sodium sulfate and concentrated in vacuo to yield
      2-[4-(benzoxazol-)2-yl)-3-fluorophenyl]propionic acid, m.p.
      168-171.degree.C.
PAR  Employing the procedures substantially as described in Examples 1, 2, or 3
      (Steps D to H) and as outlined by Reaction Scheme I, but substituting for
      the particular o-aminophenol and 4-alkylbenzoic acid used therein, the
      various known o-aminophenols and 4-alkylbenzoic acids identified in Table
      I, there are produced the substituted 4-(benzoxazol-2-yl)phenylacetic
      acids also identified in Table I.
PAC  TABLE I
      ##SPC6##
TBL  X        Y          R.sub.2  R.sub.3  R.sub..alpha.                       
     ______________________________________                                    
     H        H          2-F      3-F      H                                   
     H        H          2-F      5-F      H                                   
     H        H          2-Cl     H        H                                   
     H        H          2-F      5-Cl     H                                   
     4-t-C.sub.4 H.sub.9 -                                                     
              H          H        H        H                                   
     5-C.sub.2 H.sub.5                                                         
              H          H        6-NO.sub.2 -                                 
                                           H                                   
     5-i-C.sub.3 H.sub.7 -                                                     
              7-i-C.sub.3 H.sub.7 -                                            
                         H        H        H                                   
     5-CH.sub.3 O-                                                             
              H          H        H        H                                   
     5-HO-    H          H        H        H                                   
     6-F-     H          H        6-(CH.sub.3).sub.2 M-                        
                                           H                                   
     5-CH.sub.3 SO.sub.2 -                                                     
              7-Cl-      H        H        H                                   
     H        6-NO.sub.2 -                                                     
                         H        H        H                                   
     H        6-(CH.sub.3).sub.2 N-                                            
                         H        H        H                                   
     5-(C.sub.2 H.sub.5).sub.2 N-                                              
              H          H        H        H                                   
     H        6-Br       3-NH.sub.2                                            
                                  H        H                                   
     H        H          3-CH.sub.3 S                                          
                                  H        H                                   
     H        H          2-Cl     5-NO.sub.2 -                                 
                                           H                                   
     H        H          2-NO.sub.2 -                                          
                                  6-F-     H                                   
     H        H          3-Br     H        H                                   
     H        H          2-Cl     5-Cl     H                                   
     H        H          3-Cl     H        CH.sub.3                            
     H        H          2-F      H        CH.sub.3                            
     H        H          2-F      3-F      CH.sub.3                            
     H        H          2-F      5-F      CH.sub.3                            
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  2-[4-(Benzoxazol-2-yl)phenyl]propionic Acid
PAC  A. 4-Ethyl-2'-hydroxybenzanilide
PAR  To a solution of 8.2 gm. of o-aminophenol in 70 cc. of dry pyridine is
      added a solution of p-ethylbenzoyl chloride (prepared from 10 gm. of
      p-ethylbenzoic acid and thionyl chloride) in 20 cc. of benzene. An
      exothermic reaction occurs and the reaction mixture is stirred overnight
      at ambient temperature. The mixture is concentrated in vacuo and taken up
      between a 1:1 mixture of benzene and ether and 2.5 N hydrochloric acid.
      The organic layer is washed with saturated sodium bicarboxate, water, then
      dried and concentrated. Recrystallization from benzene-hexane gives 4-
      ethyl-2'-hydroxybenzanilide, m.p. 103.degree.-105.degree.C.
PAC  B. 2-(4-Ethylphenyl)benzoxazole
PAR  4-Ethyl-2'-hydroxybenzanilide (10.2 gm.) is heated for 1 hour in a Wood's
      metal bath at 235.degree.-245.degree.C. The reaction mixture is cooled,
      taken up in ethanol-ether (1:1) and washed with dilute sodium hydroxide.
      The organic layer is washed with water, dried over sodium sulfate and
      concentrated in vacuo. Chromatography on 500 gm. of silica gel and elution
      with ether in petroleum ether (1-2%) gives 2-(4-ethylphenyl)benzoxazole,
      m.p. 84.degree.-86.degree.C.
PAC  C. 2-(4-[1-bromoethyl]phenyl)benzoxazole
PAR  To a solution of 7.1 gm. of 2-(4-ethylphenyl) benzoxazole in 125 cc. of
      carbon tetrachloride is added 6.2 gm. of N-bromosuccinimide and 50 mg. of
      benzoyl peroxide. The mixture is refluxed for about one half hour at which
      time the N-bromosuccinimide was consumed. Filtration followed by
      concentration of the filtrate gives 2-(4-[1-bromoethyl]phenyl)benzoxazole,
      m.p. 128.degree.-131.degree.C.
PAC  D. 2-(4-[Benzoxazol-2-yl]phenyl)propionitrile
PAR  To a solution of 2.45 gm. of sodium cyanide in 100 cc. of dimethyl
      sulfoxide heated to 70.degree.C. in an oil bath is added 10.0 gm. of
      2-(4-[1-bromoethyl]phenyl) benzoxazole. The reaction mixture is heated at
      65.degree.-75.degree.C. for 11/2 hours during which time it turns
      red-brown in color. The reaction mixture is poured into ice water and
      extracted well with methylene chloride. The combined methylene chloride
      extracts are washed well with water, dried and concentrated to give crude
      product. Chromatography of the crude material on 400 gm. of silica gel and
      elution with methylene chloride gives pure 2-(4-[benzoxazol-2-yl]phenyl)
      propionitrile, m.p. 116.degree.-117.degree.C. (methylene-chloride-hexane).
PAC  E. 2-(4-[Benzoxazol-2-yl]phenyl)propionic Acid
PAR  A mixture of 1.8 gm. of 2-(4-[benzoxazol-2-yl]-phenyl)propionitrile and 20
      cc. of concentrated hydrochloric acid is heated on the steam bath for 1
      hour. The mixture is then filtered through sintered glass into 200 cc. of
      ice water and the resulting precipitate is filtered and air dried to give
      the crude product. Recrystallization from methanol gives
      2-(4-[benzoxazol-2-yl]phenyl)propionic acid, m.p.
      174.degree.-178.degree.C.
PAC  EXAMPLE 5
PAC  Resolution of 2-(4-[Benzoxazol-2-yl]phenyl)propionic Acid
PAL  A. 1-isomer
PAR  To a solution of 3.0 gm. of 2-(4-[benzoxazol-2-yl]phenyl)propionic acid in
      200 cc. of ether-methylene chloride (1:1) is added 3.0 ml. of
      (-)-.alpha.-methylbenzylamine. The resulting salt precipitates and is
      collected by filtration to give 4.0 gm. of the amine salt of the acid.
      Repeated recrystallization from acetone (5 times from 100-150 cc. acetone)
      gives 0.666 gm. of salt which when dissolved in methanol-water and treated
      with concentrated hydrochloric acid gives
      1-2-(4-[benzoxazol-2-yl]phenyl)propionic acid, m.p.
      175.degree.-177.degree.C. [.alpha.].sub.D = -45.1 .+-. 0.8.degree..
PAL  B. d-isomer
PAR  A mixture of 2.0 gm of d-enriched 2-(4-[benzoxazol-2-yl]phenyl)propionic
      acid recovered from the mother liquors of the above recrystallizations and
      2.5 gm. of the cinchonidine is heated in 500 cc. of chloroform until
      solution occurs and is then concentrated in vacuo to give a yellow white
      solid. Repeated recrystallization from acetone (5X) gives 1.6 gm. of salt
      which when taken up between benzene-ether and dilute hydrochloric acid
      yields from the organic layer d-2-(4-[benzoxazol-2-yl]phenyl) propionic
      acid. Recrystallization from methanol-water gives the pure product, m.p.
      175.degree.-178.degree.C. [.alpha.].sub.D = +44.2 .+-.0.degree..
PAR  Since the .alpha.-methyl phenylacetic acid compounds of this invention
      possess asymmetric carbon atoms, they are ordinarily present in the form
      of a racemic mixture. The resolution of such racemates can be carried out
      by a vast number of known methods. Thus, some racemic mixtures can be
      precipitated as eutectics instead of mixed crystals and can thus be
      quickly separated and in such cases can sometimes be selectively
      precipitated. The more common method of chemical resolution may be used.
      By this method diastereomers are formed from the racemic mixture by
      reaction with an optically-active resolving agent. Thus, an
      optically-active base can be reacted with the carboxyl group. The
      difference in solubility between the diastereomers formed permits the
      selective crystallization of one form and regeneration of the
      optically-active acid from the mixture. There is, however, a third method
      of resolving which shows great promise. This involves biochemical
      procedures using selective enzymatic reaction. Thus, the racemic acid can
      be subjected to an asymmetric oxidase or decarboxylase which will, by
      oxidation or decarboxylation, destroy one form, leaving the other form
      unchanged. Of interest is the use of a hydrolysase on a derivative of the
      racemic mixture to form preferentially one form of the acid. Thus, ester
      or amides of the acids can be subjected to an esterase which will
      selectively saponify one enantiomorph and leave the other unchanged.
PAR  Furthermore, it should be noted that the above resolution methods may be
      employed at any stage of the synthesis upon such intermediates that have
      an asymmetric carbon atom.
PAR  As indicated previously, of particular interest are the (d) isomer of
      2-[4-(benzoxazol-2-yl)phenyl]propionic acid and
      2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propionic acid. The desired (d)
      isomer of the free acid may be prepared by any one of the preceding
      described resolving methods, preferably working from the free acid as the
      starting material. For example, amide or salt diastereomers of the free
      acid may be formed with optically-active amines, such as quinine, brucine,
      cinchonidine, cinchonine, hydroxyhydrindamine, methylamine, morphine,
      .alpha.-phenylethylamine, phenyloxynaphthylmethylamine, quinidine, 1
      -fenchylamine, strychnine, basic amino acids, such as lysine, arginine,
      amino acid esters, and the like. Similarly, ester diastereomers of the
      free acid may be formed with optically-active alcohols, such as borneol,
      menthol, 2-octanol and the like. Especially preferred is the use of
      cinchonidine to give the readily decomposable diastereomer salt which may
      then be resolved by dissolving in a solvent, such as acetone, and
      distilling the solvent at atmospheric pressure until crystals begin to
      appear and further crystallization produced by allowing the mixture to
      cool to room temperature, thereby separating the two enantiomorphs. The
      (d) acid may then be recovered from the (d) salt by extracting the salt
      between an inorganic solvent, such as ether and dilute hydrochloric acid.
PAR  In summary, resolution of the acid into the "d" and "1" forms may be
      accomplished using techniques well known to the art. See for example
      "Stereochemistry of Carbon Compounds", E. L. Eliel, McGraw Hill (1962),
      pages 47-85, which reveals methods of resolution which may be used in the
      practice of the invention and are incorporated herein by reference.
      Illustrative of such methods are the following:
PA1  a. Resolution by mechanical separation of crystals.
PA1  b. Resolution by formation of diastereoisomers.
PA1  c. Resolution by equilibrium asymmetric transformation.
PA1  d. Resolution by kinetic asymmetric transformation.
PA1  e. Biochemical asymmetric transformation.
PA1  f. Absolute asymmetric synthesis.
PA1  g. Asymmetric synthesis involving symmetric compounds.
PAC  EXAMPLE 6
PAC  Methyl 4-(benzoxazol-2-yl)phenylacetate
PAR  To a solution of diazomethane in 75 ml. of ether is added, portionwise, as
      a solid, 1.0 gm. of 4-(benzoxazol-2-yl)phenylacetic acid. Nitrogen is
      evolved and after 1 hour the excess diazomethane is consumed by adding
      acetic acid. The reaction mixture is filtered and the filtrate
      concentrated to give a yellow solid. Recrystallization from methanol gives
      methyl 4-(benzoxazol-2-yl)phenylacetate, m.p. 109.degree.-112.degree.C.
PAR  As indicated previously, esters may be prepared using techniques well known
      to the art. For example, esters may be prepared from the corresponding
      acids, by conversion to the corresponding acid halides and treatment with
      the desired alcohol. Representative examples of esters that may be
      prepared using this procedure is as follows:
PA0  ethyl 4-(benzoxazol-2-yl)-2-fluorophenyl acetate
PA0  allyl 4-(benzoxazol-2-yl)-2-fluorophenyl acetate
PA0  ethynyl 4-(benzoxazol-2-yl)-2-fluorophenyl acetate
PA0  cyclopropyl 4-(benzoxazol-2-yl)-2-fluorophenyl acetate
PA0  phenyl 4-(benzoxazol-2-yl)-2-fluorophenyl acetate
PA0  o-tolyl 4-(benzoxazol-2-yl)-2-fluorophenyl acetate
PA0  p-carboxyphenyl 4-(benzoxazol-2-yl)-3-fluorophenyl acetate
PA0  o-carboxamidophenyl 4-(benzoxazol-2-yl)-3-fluorophenyl acetate
PA0  methoxymethyl 4-(benzoxazol-2-yl)-3-fluorophenyl acetate
PA0  hydroxymethyl 2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propionate
PA0  dimethylaminomethyl 2-[4-(benzoxazol-2-yl)-3-fluorophenyl]-propionate
PA0  .alpha.-tetrahydropyranyl d-2-[4-(benzoxazol-2-yl)phenyl]propionate.
PAC  EXAMPLE 7
PAC  4-(Benzoxazol-2-yl)phenylacetamide
PAR  A solution of 0.1 gm. of 4-(benzoxazol-2-yl)-phenylacetonitrile in 2 ml. of
      concentrated hydrochloric acid is allowed to stand at room temperature
      overnight. The reaction mixture is then filtered through a sintered glass
      filter into 50 ml. of cold water. The resulting precipitate is collected
      and air dried to give 4-(benzoxazol-2-yl)-phenylacetamide, m.p.
      251.degree.-255.degree.C.
PAR  The amides of the invention may be conveniently prepared using conventional
      techniques well known to the art. For example, the amides may be prepared
      from the corresponding acids by conversion to the corresponding acid
      halides and treatment with the desired amine. Representative members of
      amides include the following:
PA0  N-methyl 4-(benzoxazol-2-yl)phenylacetamide
PA0  N-hydroxmethyl 4-(benzoxazol-2-yl)phenylacetamide
PA0  N,n-di(hydroxymethyl) 4-(benzoxazol-2-yl)phenylacetamide
PA0  N-dihydroxymethyl 4-(benzoxazol-2-yl)phenylacetamide
PA0  N-phenylmethyl 4-(benzoxazol-2-yl) 3-fluorophenylacetamide
PA0  N-phenyl 4-(benzoxazol-2-yl) 3-fluorophenylacetamide
PA0  N-m-hydroxyphenyl 4-(benzoxazol-2-yl) 3-fluorophenyl-acetamide
PA0  N-o-hydroxyphenyl-2-[4-(benzoxazol-2-yl) 3-fluorophenyl]-propionamide
PA0  N,n-dimethyl 2-[4-(benzoxazol-2-yl) 3-fluorophenyl]propionamide
PA0  N-cyclohexyl 2-[4-(benzoxazol-2-yl) 3-fluorophenyl]propionamide
PA0  N-carboxymethyl 4-(benzoxazol-2-yl)-2-fluorophenylacetamide
PA0  N,n-diphenyl 4-(2-benzoxazolyl)-2-fluorophenylacetamide
PA0  N-hydroxymethyl-d-2 [4-benzoxazol-2-yl)phenyl]propionamide.
PAC  EXAMPLE 8
PAC  p-(Benzoxazol-2-yl)atropic Acid
PAL  A. p-Carboxy-.alpha.-hydroxyhydratropamide
PAR  0.1 Moles of p-acetylbenzoic acid and 30 ml. of liquid hydrogen cyanide are
      stirred at 0.degree.C. for 5 minutes. There is then added 5 ml. of
      piperidine and the resulting mixture stirred at 0.degree.C. for 11/2
      hours. The mixture is then poured into 250 ml. of concentrated
      hydrochloric acid (previously cooled to 0.degree.C.), saturated with
      hydrogen chloride gas, stirred cold 1 hour, and then at room temperature
      over night. Extraction with chloroform, washing the chloroform extracts
      with water, drying and concentrating in vacuo, gives
      p-carboxy-.alpha.-hydroxyhydratropamide.
PAL  B. p-Carboxyatropamide
PAR  To a solution of 0.05 moles of p-carboxy-.alpha.-hydroxyhydratropamide in
      50 cc. of acetic acid is added 5 cc. of a concentrated sulfuric acid. The
      mixture is heated on the steam-bath for 1/2 hour, then concentrated in
      vacuo. Addition of water to the residue and filtration gives
      p-carboxyatropamide.
PAL  C. p-Chlorocarbonylatropamide
PAR  A mixture of 50 cc. of thionyl chloride and 0.05 moles of
      p-carboxyatropamide is heated at reflux on the steam-bath for 1/2 hour.
      The reaction mixture is concentrated in vacuo to give
      p-chlorocarbonylatropamide suitable for use in the following step.
PAL  D. 4-(1-carboxamidovinyl)-2'-hydroxybenzanilide
PAR  When p-chlorocarbonylatrophamide is used in place of 3-fluoro-p-toluyl
      chloride in the procedure of Example IA, there is obtained
      4-(1-carboxamidovinyl)-2'-hydroxy-benzanilide.
PAL  E. p-(Benzoxazol-2-yl)atropamide
PAR  When 4-(1-carboxamidovinyl)-2'-hydroxybenzanilide is used in place of
      2'-hydroxy-3-fluoro-p-toluanilide in the procedure of Example 1B, there is
      obtained p-(benzoxazol-2-yl)atropamide.
PAL  F. p-(Benzoxazol-2-yl)atropic Acid
PAR  A mixture of 0.01 mole of p-(benzoxazol-2-yl)-atropamide, 15 ml. of acetic
      acid and 15 ml. of concentrated hydrochloric acid is heated on the
      steam-bath for 1 hour. Filtration of the reaction mixture into 200 ml. of
      cold water, followed by filtration of the resulting precipitate, gives
      p-(benzoxazol-2-yl)atropic acid.
PAR  The following are illustrative of the techniques that may be employed in
      the preparation of pharmaceutical formulations to be utilized in the
      practice of the invention:
PAC  EXAMPLE 9
PAR  A mixture of 250 parts of 4-(benzoxazol-2-yl)-2-fluorophenyl acetic acid
      and 25 parts of lactose is granulated with suitable water, and to this is
      added 100 parts of maize starch. The mass is passed through a 16 mesh
      screen. The granules are dried at a temperature below 60.degree.C. The dry
      granules are passed through a 16 mesh screen, and mixed with 3.8 parts of
      magnesium stearate. They are then compressed into tablets suitable for
      oral administration.
PAR  The specific benzoxazole used in the foregoing example may be replaced by
      25, 100, 250, or 500 parts of other benzoxazoles of this invention to
      produce tablets suitable for oral administration as an antiinflammatory,
      antipyretic and/or analgesic according to the method of this invention.
PAC  EXAMPLE 10
PAR  A mixture of 50 parts of 4-(benzoxazol-2-yl)-3-fluorophenyl acetic acid, 3
      parts of the calcium salt of lignin sulphonic acid, and 237 parts of water
      is ball-milled until the size of substantially all of the particles of the
      acid is less than 10 microns. The suspension is diluted with a solution
      containing 3 parts of sodium carboxymethylcellulose and 0.9 parts of the
      butyl ester of p-hydroxybenzoic acid in 300 parts of water. There is thus
      obtained an aqueous suspension suitable for oral administration for
      therapeutic purposes.
PAC  EXAMPLE 11
PAR  A mixture of 250 parts of d-4-(benzoxazol-2-yl)-.alpha.-methylphenyl acetic
      acid, 200 parts of maize starch and 30 parts of alginic acid is mixed with
      a sufficient quantity of 10% aqueous paste of maize starch, and
      granulated. The granules are dried in a current of warm air and the dry
      granules are then passed through a 16-mesh screen, mixed with 6 parts of
      magnesium stearate and compressed into tablet form to obtain tablets
      suitable for oral administration.
PAC  EXAMPLE 12
PAR  A mixture of 500 parts 4-(benzoxazol-2-yl)-3-fluoro-.alpha.-methylphenyl
      acetic acid, 60 parts maize starch and 20 parts of gum acacia is
      granulated with a sufficient quantity of water. The mass is passed through
      a 12-mesh screen and the granules are dried in a current of warm air. The
      dry granules are passed through a 16-mesh screen, mixed with 5 parts of
      magnesium stearate and compressed into tablet form suitable for oral
      administration.
PAC  EXAMPLE 13
PA1  1. tablets -- 10,000 scored tablets for oral use, each containing 500 mg.
      of active ingredient, are prepared from the following ingredients:
TBL                            Gm.                                             
     4-(benzoxazol-2-yl)-2-                                                    
      fluorophenyl acetic acid 5000                                            
     Starch, U.S.P.            350                                             
     Talc, U.S.P.              250                                             
     Calcium stearate           35                                             
PAR  The powdered phenylacetic acid is granulated with a 4% w./v. aqueous
      solution of methylcellulose U.S.P. (1500 cps.). To the dried granules is
      added a mixture of the remainder of the ingredients and the final mixture
      compressed into tablets of proper weight.
PAR  2. Capsules -- 10,000 two-piece hard gelatine capsules for oral use, each
      containing 250 mg. of benzoxazole are prepared from the following
      ingredients:
TBL                            Gm.                                             
     (d) 4-(benzoxazol-2-yl)-.alpha.-methyl-                                   
      phenylacetic acid        2500                                            
     Lactose, U.S.P.           1000                                            
     Starch, U.S.P.            300                                             
     Talc, U.S.P.              65                                              
     Calcium stearate          25                                              
PAR  The powdered benzoxazole is mixed with the starch-lactose mixture followed
      by the talc and calcium stearate. The final mixture is then encapsulated
      in the usual manner Capsules containing 10, 25, 50, and 100 mg. of
      benzoxazol are also prepared by substituting 100, 250, 500, and 1000 gm.
      for 2500 gm. in the above formulation.
PAR  3. Soft elastic capsules -- One-piece soft elastic capsules for oral use,
      each containing 200 mg. of benzoxazole are prepared in the usual manner by
      first dispersing the powdered active material in sufficient corn oil to
      render the material capsulatable.
PAR  4. Aqueous suspension -- An aqueous suspension for oral use containing in
      each 5 ml., 1 gram of benzoxazol is prepared from the following
      ingredients:
TBL  4-(benzoxazol-2-yl)-3-fluoro-                                             
      phenylacetic acid    gm.     2000                                        
     Methylparaben, U.S.P. gm.     7.5                                         
     Propylparaben, U.S.P. gm.     2.5                                         
     Saccharin sodium      gm.     12.5                                        
     Glycerin              ml.     3000                                        
     Tragacanth powder     gm.     10                                          
     Orange oil flavor     gm.     10                                          
     F.D. & C. orange dye  gm.     7.5                                         
     Deionized water, q.s. to 10,000 mg.                                       
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for treating a condition exhibiting abnormal platelet
      aggregation which comprises the administration to humans and animals of a
      therapeutically effective amount of a compound having the formula:
      ##SPC7##
PAL  or a pharmaceutically acceptable salt thereof, wherein
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  R'.sub..alpha. is hydrogen, or R.sub..alpha. and R'.sub..alpha. taken
      together can be methylene: of R'.sub..alpha. can be a methylene linkage
      attached to the unsubstituted ortho position of the benzenoid ring;
PA0  X, y, r.sub.2 and R.sub.3 are the same or different and each is hydrogen,
      C.sub.1-5 alkyl, chloro, bromo, fluoro; and
PA0  R.sub.4 is COOH; COOR, wherein R may be C.sub.1-5 alkyl, CONH.sub.2,
      ##EQU2##
      where Y may be C.sub.1-3 alkyl.
NUM  2.
PAR  2. The method according to claim 1 wherein the compound has the formula:
      ##SPC8##
PAL  and pharmaceutically acceptable non-toxic addition salts thereof, wherein
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  X y, r.sub.2 and R.sub.3 are the same or different and each is hydrogen,
      C.sub.1-5 alkyl, chloro, bromo, fluoro, and
PA0  R.sub.4 is COOH or COOR wherein R is C.sub.1-5 alkyl.
NUM  3.
PAR  3. A method of treating a condition exhibiting abnormal platelet
      aggregation which comprises the administration to humans and animals of a
      therapeutically effective amount of a compound having the formula:
      ##SPC9##
PAL  or a pharmaceutically acceptable salt thereof, wherein
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  R.sub.2, r.sub.3, x and Y are each hydrogen, chloro, bromo, or fluoro; and
PA0  R.sub.4 is COOH;
PA1  Coor, where R may be C.sub.1-5 alkyl, CONH.sub.2 ; or
      ##EQU3##
      where Y may be C.sub.1-3 alkyl.
NUM  4.
PAR  4. The method according to claim 3 wherein the compound has the formula:
      ##SPC10##
PAL  or pharmaceutically acceptable salt thereof, wherein
PA0  R.sub.2 and R.sub.3 are each hydrogen or fluoro;
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  R.sub.4 is COOH or COOR wherein R is C.sub.1-5 alkyl.
NUM  5.
PAR  5. The method according to claim 4 wherein the compound has the formula:
      ##SPC11##
PAL  or pharmaceutically acceptable salt thereof wherein R.sub.2 and R.sub.3 are
      each hydrogen or fluorine with at least one R being fluorine.
NUM  6.
PAR  6. The method according to claim 4 wherein the compound has the formula:
      ##SPC12##
PAL  or pharmaceutically acceptable salt thereof wherein R.sub.2 and R.sub.3 are
      hydrogen or fluorine.
NUM  7.
PAR  7. The method according to claim 5 employing
      4-(benzoxzol-2-yl)-2-fluorophenylacetic acid or a pharmaceutically
      acceptable salt thereof.
NUM  8.
PAR  8. A method according to claim 5 employing
      4-(benzoxazol-2-yl)-3-fluorophenylacetic acid or a pharmaceutically
      acceptable salt thereof.
NUM  9.
PAR  9. The method according to claim 6 employing
      2-[4-(benzoxazol-2-yl)-3-fluorophenyl]propionic acid or a pharmaceutically
      acceptable salt thereof.
NUM  10.
PAR  10. A method according to claim 6 employing 2-[-(benzoxazol-2-yl)
      phenyl]propionic acid or a pharmaceutically acceptable salt thereof.
NUM  11.
PAR  11. The method of claim 9 wherein the compound is the (d) isomer form or a
      pharmaceutically acceptable salt thereof.
NUM  12.
PAR  12. A method according to claim 10 wherein the compound is in the (d)
      isomer form or a pharmaceutically acceptable salt thereof.
NUM  13.
PAR  13. A pharmaceutical composition comprising a pharmaceutical carrier and an
      effective non-toxic amount of 0.1 to 50 mg per kilogram of body weight of
      a compound of the formula:
      ##SPC13##
PAL  or pharmaceutically acceptable salt thereof, wherein
PA0  R.sub..alpha. is hydrogen or methyl:
PA0  R'.sub..alpha. is hydrogen, or R.sub..alpha. and R'.sub..alpha. taken
      together can be methylene; or R'.sub..alpha. can be a methylene linkage
      attached to the unsubstituted ortho position of the benzenoid ring;
PA0  X, y, r.sub.2 and R.sub.3 are the same or different and each is hydrogen,
      C.sub.1-5 alkyl, chloro, bromo, fluoro, and
PA0  R.sub.4 is COOH, COOR, where R may be C.sub.1-5 alkyl, CONH.sub.2,
      ##EQU4##
      where Y may be C.sub.1-3 alkyl.
NUM  14.
PAR  14. The composition according to claim 13 wherein the compound has the
      formula:
      ##SPC14##
PAL  or pharmaceutically acceptable salt thereof, wherein
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  X, y, r.sub.2 and R.sub.3 are the same or different and each is hydrogen,
      C.sub.1-5 alkyl, chloro, bromo, fluoro, and
PA0  R.sub.4 is COOH or COOR wherein R is C.sub.1-5 alkyl
NUM  15.
PAR  15. A pharmaceutical composition comprising a pharmaceutical carrier and an
      effective non-toxic amount of a compound of the formula:
      ##SPC15##
PAL  or pharmaceutically acceptable salt thereof, wherein
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  R.sub.2, r.sub.3, x and Y are each hydrogen, chloro, bromo, or fluoro; and
PA0  R.sub.4 is COOH; COOR, where R may be C.sub.1-5 alkyl, CONH.sub.2 ; or
      ##EQU5##
      where Y may be C.sub.1-3 alkyl.
NUM  16.
PAR  16. The composition according to claim 15 wherein the compound has the
      formula:
      ##SPC16##
PAL  or pharmaceutically acceptable salt thereof, wherein
PA0  R.sub.2 and R.sub.3 are each hydrogen or fluoro;
PA0  R.sub..alpha. is hydrogen or methyl;
PA0  R.sub.4 is COOH or COOR wherein R is C.sub.1-5 alkyl.
NUM  17.
PAR  17. The composition according to claim 16 wherein the compound has the
      formula:
      ##SPC17##
PAL  or pharmaceutically acceptable salt thereof, wherein R.sub.2 and R.sub.3
      are each hydrogen or fluorine with at least one R being fluorine.
NUM  18.
PAR  18. The composition according to claim 16 wherein the compound has the
      formula:
      ##SPC18##
PAL  or pharmaceutically acceptable salt thereof wherein R.sub.2 and R.sub.3 are
      hydrogen or fluorine.
NUM  19.
PAR  19. The composition according to claim 17 wherein the compound is
      4-(benzoxazol-2-yl)-2-fluorophenylacetic acid or pharmaceutically
      acceptable salt thereof.
NUM  20.
PAR  20. The composition according to claim 17 wherein the compound is
      4-(benzoxazol-2-yl)-3-fluorophenylacetic acid or pharmaceutically
      acceptable salt thereof.
NUM  21.
PAR  21. The composition according to claim 18 wherein the compound is
      2-[4-(benzoxazol-2-yl)-3-fluorophenyl]-propionic acid or pharmaceutically
      acceptable salt thereof.
NUM  22.
PAR  22. The composition according to claim 18 wherein the compound is
      2-[4-(benzoxazol-2-yl)phenyl]propionic acid or pharmaceutically acceptable
      salt thereof.
NUM  23.
PAR  23. The composition of claim 21 wherein the compound is in the (d) isomer
      form or pharmaceutically acceptable salt thereof.
NUM  24.
PAR  24. The composition of claim 22 wherein the compound is in the (d) isomer
      form or pharmaceutically acceptable salt thereof.
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PAL  There is provided a method for controlling plant pathogenic fungi utilizing
      an effective amount of 1,2-dialkyl-3,5-disubstituted and
      -3,4,5-trisubstituted pyrazolinium salts.
BSUM
PAR  The present invention relates to a method for controlling fungi with
      pyrazolinium salts represented by the formula:
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 each represent alkyl C.sub.1 -C.sub.4 ; R.sub.4
      represents hydrogen or methyl; R.sub.3 and R.sub.5 each represent
      ##SPC2##
PAL  X represents an anion having a charge of from 1 to 3, m is an integer from
      1 to 3 and Y represents hydrogen, halogen, alkyl (C.sub.1 -C.sub.4), or
      alkoxy (C.sub.1 -C.sub.4).
PAR  Illustrative of the anions, represented by X, which are suitable for use in
      the present invention may be mentioned, for example, halides such as
      chloride, bromide or iodide; acetate; sulfate; hydrogen sulfate; methyl
      sulfate; benzene sulfonate; C.sub.1 -C.sub.3 alkyl benzene sulfonate, such
      as p-toluene sulfonate; nitrate; phosphate; carbonate; perchlorate and
      tetrafluoroborate.
PAR  With regard to pyrazolinium salts of the present invention, it is to be
      understood that certain multivalent anions such as sulfate, phosphate, and
      the like may have associated with them a cation in addition to the
      pyrazolium cation, as for example, a proton or an alkali metal or alkaline
      earth metal. For simplicity, such anions are characterized as being
      unionized although they probably are in fact further ionized. Typical
      representations are: NaSO.sub.4 .sup.-, KPO.sub.4 .sup.-, MgPO.sub.4
      .sup.-, HSO.sub.4 .sup.-, NaHPO.sub.4 .sup.-, and the like.
PAR  As herein employed, term "halogen" is intended to mean chlorine, bromine,
      iodine and fluorine.
PAR  In general, the pyrazolinium compounds employed in the process of the
      invention can be prepared by several procedures. One procedure,
      hereinafter referred to as Procedure A, involves the condensation of an
      .alpha.,.beta.-unsaturated ketone with an equimolar amount, and preferably
      an excess of from 1 to 2 mole equivalents of a 1,2 -dialkylhydrazine salt.
      This reaction is preferably conducted in the presence of a protonic
      solvent such as a lower alcohol C.sub.1 -C.sub.4 or acetic acid, and
      usually requires elevated temperatures of from about 50.degree.C. to
      150.degree.C., and preferably 75.degree.C. to 100.degree.C., and an
      extended reaction period of from about 2 hours to 2 weeks. A 24- to
      48-hours reflux period is frequently employed; however, a shorter reflux
      period can also be used. The pyrazolinium products can be isolated from
      said unreacted .alpha.,.beta.-unsaturated ketone or chalcone by virtue of
      their water solubility. Isolation can be achieved by evaporation of the
      solvent from the reaction mixture, dissolution of the remaining residue in
      water, and extraction of impurities with ether. The appropriate salt of
      the pyrazolinium ion can next be obtained from the aqueous solution by
      evaporation of the water. The anion of the 1,2-dialkylhydrazine salt will
      be the anion of the pyrazolinium salt. Ion exchange chromatography may be
      used to exchange the anion of the pyrazolinium salt. The exchange may be
      affected by treating the initially formed salt with an ion exchange resin.
      Among the suitable ion exchange resins, one may mention a strong base
      organic anion exchanger, such as Dowex 1-x8. Illustrative exchangers
      employ quaternary ammonium salts. Where the resin is supplied as the salt
      of an anion other than that desired, it is pretreated with an aqueous
      solution of a salt of the desired anion. For example, if the resin is
      supplied as a quaternary ammonium chloride and it is desired to produce a
      pyrazolinium bromide, one would pretreat the resin with hydrobromic acid.
PAR  Other modifications of the anion in the pyrazolinium salt can also be
      affedted. For instance, a pyrazolinium chloride can be conveniently
      converted to the corresponding bromide, iodide or perchlorate by treatment
      with aqueous hydrogen bromide, aqueous sodium iodide or aqueous perchloric
      acid, respectively. Further, the methyl sulfate can be exchanged for other
      anions, such as C1.sup.-, NO.sub.3 .sup.- or CH.sub.3 COO.sup.-, by adding
      to an aqueous solution of the methyl sulfate salt such salts as calcium
      chloride, calcium nitrate or calcium acetate either as a salt or as an
      aqueous solution. Insoluble calcium methyl sulfate precipitates and is
      removed by filtration. The desired pyrazolinium salt can be isolated as a
      solid from the aqueous medium by extraction with chloroform and then
      removal of the chloroform by evaporation.
PAR  The reaction of Procedure A may be graphically illustrated as follows:
      ##SPC3##
PAL  where R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and X are each as defined
      above. As shown, when R.sub.1 =R.sub.2, Procedure A gives the predominant
      product as (Ib) involving reaction first at the carbonyl carbon center.
      Thus, this procedure can be used to prepare isomers (Ia) or (Ib) by
      selection of the appropriate starting chalcone.
PAR  Pyrazolinium compounds of the present invention depicted by formula (I) can
      also be prepared by reduction of the appropriate pyrazolium compound. This
      procedure is, hereinafter, referred to as procedure B, and involves
      treatment of a pyrazolium salt with a reducing agent such as lithium
      aluminum hydride or sodium borohydride. The reduction with sodium
      borohydride is generally conducted in the presence of a solvent such as
      alcohol. Other suitable solvents include C.sub.1 -C.sub.6 saturated
      alcohols, isopropyl alcohol being preferred. This reaction is generally
      carried out at an elevated temperature between about 20.degree.C. and
      100.degree.C. using equimolar amounts of the pyrazolium compound and the
      reducing agent. The reduction with lithium aluminum hydride is conducted
      in other solvents such as diethyl ether, dimethyl ether, methylethyl
      ether, tetrahydrofuran, in the temperature range of from 20.degree.C. to
      100.degree.C.
PAR  After the reduction, the resulting 3-pyrazoline is protonated with an
      appropriate acid, HX, to give the pyrazolinium salt. This reaction is
      graphically illustrated as follows using sodium borohydride as a
      representative reducing agent:
      ##SPC4##
PAL  where R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and X are each as defined
      above. It will be recognized that IIa and IIb are tautomers forms of the
      same basic structure. Similarly the two pyrazolinium cations are
      tautomers. In any given reductive sequence as shown above, either or both
      of the tautomers pyrazoline and pyrazolinium salt may be obtained.
PAR  The 3-pyrazolines (IIa and IIb) can be isolated directly from the
      reduction, if desired, by avoiding protonation in the work-up procedure.
PAR  Illustrative of the compounds which can be prepared by one or both of the
      above procedures are:
PAR  1,2,4-Trimethyl-3,5-diphenyl-2-pyrazolinium iodide;
PAR  5-(m-Fluorophenyl)-1,2-dimethyl-3-phenyl-2-pyrazolinium bromide;
PAR  5-(o-Fluorophenyl)-1,2-dimethyl-3-phenyl-2-pyrazolinium methyl sulfate;
PAR  5-(p-Fluorophenyl)-1,2-dimethyl-3-phenyl-2-pyrazolinium hydrogen sulfate;
PAR  3-(p-Fluorophenyl)-1,2-dimethyl-5-phenyl-2-pyrazolinium perchlorate;
PAR  1,2-Dimethyl-3-o-totlyl-5-p-tolyl-2-pyrazolinium iodide;
PAR  1,2-Dimethyl-5-o-tolyl-3-p-tolyl-2-pyrazolinium methyl sulfate;
PAR  1,2-Dimethyl-3,5-di -m-tolyl-2-pyrazolinium methyl sulfate;
PAR  3-(p-Chlorophenyl)-1,2-dimethyl-5-phenyl-2-pyrazolinium benzene sulfonate;
PAR  1,2-Dimethyl-3,5-di-o-tolyl-2-pyrazolinium iodide;
PAR  5-Anisyl-1,2-dimethyl-3-phenyl-2-pyrazolinium perchlorate;
PAR  1,2-Dimethyl-3-phenyl-5-m-tolyl-2-pyrazolinium iodide, and
PAR  1,2-Dimethyl-5-phenyl-3-m-tolyl-2-pyrazolinium iodide.
PAR  The compounds of the present invention, as represented by formula (I)
      above, and derivatives thereof, are highly effective as foliar fungicidal
      agents. They are particularly effective when applied to the foliage of
      plants at a rate between about 0.56 kg and 11.2 kg per hectare, and
      preferably from 0.56 kg to 4.48 kg per hectare.
PAR  For application of the formula (I) pyrazolinium salts to the foliage of
      plants, the salts are generally formulated as fungicidal compositions by
      admixing a suitable fungicidal adjuvant with a fungicidally effective
      amount of the salt. Suitable adjuvants include one or more conventiona
      solid or liquid carriers, diluents and formulation aids, particularly
      surfactants.
PAR  The active compounds may be formulated as dusts, dust concentrates,
      wettable powders or water-miscible concentrates; however, the
      water-miscible concentrates are especially advantageous.
PAR  Dusts are readily prepared by grinding together about 1% to 25% by weight
      of the active agent with from about 99% to 75% by weight of a solid
      diluent such as kaolin, attapulgite, diatomaceous earth, or the like. Dust
      concentrates are prepared in similar fashion excepting that about 25% to
      95% by weight of the active agent is ground with about 75% to 5% by weight
      of the diluent.
PAR  Wettable powders are prepared in the same manner as the dust concentrates
      excepting that about 1% to 5% by weight of a dispersing agent such as
      sodium lignosulfonate, or the sodium salt of condensed naphthalene
      sulfonic acid is blended with the mixture and about 1% to 5% of a
      surfactant, such as a polyoxyethylated vegetable oil or an alkyl phenoxy
      polyoxyethylene ethanol, is also blended with the formulation. In
      practice, the powder is mixed with water and applied to the plant foilage
      as an aqueous spray.
PAR  Water-miscible concentrates are prepared by dissolving from 15% to 70% of
      the compound in 85% to 30% of a water-miscible solvent, such as water
      itself or another polar water-miscible solvent, such as 2-methoxy ethanol,
      methanol, propylene glycol, diethylene glycol, diethylene glycol monoethyl
      ether, formamide and methylformamide. Application of the material is made
      by adding a predetermined quantity of the water-miscible concentrate to a
      spray tank and applying the concentrate as such or in combination with an
      additional quantity of water or other polar solvent as a liquid spray.
DETD
PAR  The invention is further illustrated by the examples set forth below. These
      examples are provided only by way of illustration and are not intended to
      be limiting on the invention.
PAC  EXAMPLE 1
PAC  Preparation of 1,2-Dimethyl-3,5-diphenyl-2-pyrazolinium iodide, Utilizing
      "Procedure A" above.
PAR  An absolute ethanol solution of sym-dimethyl-hydrazine dihydriodide
      [sym-dimethylhydrazine dihydriodide is prepared from sym-dimethylhydrazine
      dihydrochloride (13.3 g, 0.1 mole) in ethanol by refluxing with an excess
      of potassium iodide (33.2 g, 0.2 mole) for 3 hours], is added to an
      absolute ethanol suspension of chalcone (15.6 g). The reaction mixture is
      heated to reflux with constant stirring and maintained there for 18 hours.
      After allowing the reaction mixture to cool to room temperature, the
      solvent is removed by evaporation, and the resulting mixture stirred with
      an aqueous potassium iodide solution.
PAR  The resulting solid is filtered and dried to give 5.95 g (21%), melting
      point 175.degree.C. to 176.degree.C. of
      1,2-dimethyl-3,5-diphenyl-2-pyrazolinium iodide.
PAC  EXAMPLE 2
PAC  Preparation of 1,2-Dimethyl-3,5-diphenyl-2-pyrazolinium perchlorate,
      Utilizing "Procedure B" above.
PAR  Sodium borohydride (1.95 g) is added to a partial solution of
      1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate (17.75 g) in
      isopropanol (700 ml). The reaction mixture is heated to reflux with
      stirring and maintained at reflux for 6 hours. After allowing the reaction
      mixture to cool to room temperature, it is stirred for 12 hours. The
      solvent is then removed by evaporation, and the resulting mixture slurried
      in water and extracted with benzene Evaporation of the organic layer
      yields an oil which is slurried in water and treated with perchloric acid.
      The aqueous solution is decanted away from the resulting tacky solid which
      is then treated with 95% ethanol. The resulting white solid is filtered
      and dried to yield 8.5 g (51%), melting point 183.degree.C to 185.degree.C
      of 1,2-dimethyl-3,5-diphenyl-2-pyrazolinium perchlorate.
PAC  EXAMPLE 3
PAR  Following Procedure A, as described in Example 1 above, and employing the
      appropriate .alpha.,.beta.-unsaturated ketones and symmetrical dialkyl
      hydrazine salt, there is obtained each of the following compounds set
      forth:
PAR  3,5-Diphenyl-1,2,4-trimethyl-2-pyrazolinium iodide; mp
      175.degree.C-176.degree.C (dec.)
PAR  1,2-Dimethyl-3,5-bis-o-tolyl-2-pyrazolinium iodide; mp
      166.degree.C-168.degree.C (dec.)
PAR  1,2-Dimethyl-3,5-bis-m-tolyl-2-pyrazolinium iodide; mp
      94.degree.C-96.degree.C
PAR  1,2-Dimethyl-3-o-tolyl-5-p-tolyl-2-pyrazolinium iodide; mp
      146.degree.C-149.degree.C
PAR  1,2-Dimethyl-5-o-tolyl-3-p-tolyl-2-pyrazolinium iodide; mp
      175.degree.C-176.degree.C
PAR  1,2-Dimethyl-3-phenyl-5-m-tolyl-2-pyrazolinium iodide; mp
      148.degree.C-150.degree.C
PAR  1,2-Dimethyl-5-phenyl-3-m-tolyl-2-pyrazolinium iodode; mp
      143.degree.C-145.degree.C
PAR  1,2-Dimethyl-m-methoxyphenyl-5-phenyl-2-pyrazolinium perchlorate; mp
      120.degree.C-126.degree.C
PAR  1,2-Dimethyl-3-p-fluorophenyl-5-phenyl-2-pyrazolinium iodide; mp
      165.degree.C-167.degree.C
PAR  1,2-Dimethyl-5-p-fluorophenyl-3-phenyl-2-pyrazolinium iodide; mp
      137.degree.C-139.degree.C
PAR  1,2-Diemthyl-5-m-fluorophenyl-3-phenyl-2-pyrazolinium perchlorate; mp
      148.degree.C-149.degree.C (dec.)
PAR  1,2-Dimethyl-5-o-fluorophenyl-3-phenyl-2-pyrazolinium perchlorate; mp
      148.degree.C-149.degree.C (dec.)
PAR  1,2-Dimethyl-5-p-fluorophenyl-3-phenyl-2-pyrazolinium iodide; mp
      137.degree.C-139.degree.C (dec.)
PAR  1,2-Dimethyl-3-p-chlorophenyl-5-phenyl-2-pyrazolinium perchlorate; mp
      161.degree.C-166.degree.C
PAC  EXAMPLE 4
PAR  To determine the effectiveness of pyrazolinium salts as fungicidal agents a
      variety of pathogenic fungi, host plants, and pyrazolinium salts are used
      in the following tests. Pathogens, host plants, the method of testing and
      the rating system used are reported below along with the data obtained.
PAR  Pathogens:
PA1  Piricularia oryzae Cavara, the rice blast pathogen.
PA1  Venturia inaequalis (Cke.) Wint. which causes apple scab.
PA1  Erysiphe cichoracearum DC, the cause of powdery mildew on cucurbits.
PA1  Podosphaera leucotricha (E. & E.) Salm., the cause of powdery mildew of
      apples and pears.
PA1  Erysiphe graminis f. sp. tritci the cause of powdery mildew on wheat.
PA1  Phytophthora infestans (Mont.) Dby. the late blight fungus of tomato and
      potato.
PA1  Erysiphe graminis f. sp. hordei the cause of powdery mildew on barley.
PAR  Host Plants:
PA1  Rice (Oryza sative) (Cv. Nato)
PA1  Cucumber (Cucumis sativus) (Cv. Marketer)
PA1  Apple (Malus sylvestris) (Seedling)
PA1  Wheat (Triticum aestivum Cv. Bonanza)
PA1  Tomato (Lycopersicon esculentum) (Cv. Bonny Best)
PA1  Barley (Hordeum vulgare L. ) (Cv. Larker)
PAR  Plants are individually grown in 5.08 cm peat squares and assembled in 7.62
      cm .times. 25.4 cm pressed fiber flats the week prior to spraying. With
      exception of rice, barley and wheat, a single specimen of each species is
      used. A separate container is used for those plants in the mildew
      evaluation. The complete test system is shown below.
TBL  ______________________________________                                    
     Series 1              Series 2                                            
     ______________________________________                                    
     Rice:   Rice Blast    Apple:     Powdery Mildew                           
     Apple:  Apple Scab    Cucumber:  Powdery Mildew                           
     Tomato: Tomato late   Wheat:     Powdery Mildew                           
             blight        Barley:    Powdery Mildew                           
     ______________________________________                                    
PAR  Spray solutions are prepared at a final concentration of 100 or 500 ppm
      pyrazolinium (salt or cation) in 50 ml of 50% aqueous acetone. In all
      cases, acetone is added first to solubilize the compound and solutions
      made to final volume with deionized water.
PAR  Two flats, with plants for each treatment, one each from Series 1 and 2
      (see above), are sprayed simultaneously on a turntable with 50 ml of the
      test solution. Spray is provided by 2 fixed Spraying System Co. nozzles
      mounted to deliver vertical and horizontal solid cone spray patterns.
      Immediately thereafter, all plants, are returned to the greenhouse to
      permit the deposit to dry.
PAR  After the plants have dried, Series 1 and 2 are separately inoculated.
      Plants in Series 1 are inoculated with conidial suspensions of the
      respective pathogens using a DeVilbiss paint sprayer operated 4-6 psig and
      immediately transferred to a controlled temperature/humidity cabinet
      (ambient temperature rh.about.95%). Plants in Series 2 are dusted with
      respective powdery mildew conidia and then removed to the greenhouse, to
      await disease development. Plants in Series 1 are held 4 days in the
      cabinet then transferred to the greenhouse to await disease expression.
PAR  All plants are rated for disease severity on a scale of 1-7 (clean-kill),
      as described below:
TBL  Rating         Description                                                
     ______________________________________                                    
     1              Nil                                                        
     2              Trace disease                                              
     3              Slight disease                                             
     4              Moderate disease                                           
     5              Heavy disease                                              
     6              Severe disease                                             
     7              Kill                                                       
     ______________________________________                                    
PAR  Data obtained are reported in Tables I and II below. Ratings reflect only
      levels where effective control was observed and are mean ratings for all
      tests carried out with any given compound.
TBL                                    Table I                                 
     __________________________________________________________________________
     (Series 1) Foliar Fungicidal Activity                                     
                         Rice Blast                                            
                                 Tomato Late                                   
                                          Apple Scab                           
                                 Blight                                        
     Compound   ppm.fwdarw.                                                    
                         500 100 500  100 500 100                              
     __________________________________________________________________________
     1,2-Dimethyl-3,5-diphenyl-2-                                              
     pyrazolinium iodide 3.5                                                   
     1,2-Dimethyl-3-o-tolyl-5-p-                                               
     tolyl-2-pyrazolinium iodide                                               
                         4.0                                                   
     1,2-Dimethyl-5-m-fluorophenyl-                                            
     3-phenyl-2-pyrazolinium iodide                                            
                         4.0                                                   
     1,2-Dimethyl-3-m-methoxyphenyl-                                           
     5-phenyl-2-pyrazolinium perchlorate  4.0                                  
     1,2-Dimethyl-3,5-di-m-tolyl-2-                                            
     pyrazolinium iodide                  2.5                                  
     1,2-Dimethyl-3-p-chlorophenyl-5-                                          
     phenyl-2-pyrazolinium perchlorate                                         
                                 4.0      1.0                                  
     1,2-Dimethyl-5-o-fluorophenyl-3-                                          
     phenyl-2-pyrazolinium perchlorate    4.0                                  
     3,5-Diphenyl-1,2,4-Trimethyl-2-                                           
     pyrazolinium iodide 4.0                                                   
     1,2-Dimethyl-3-p-fluorophenyl-5-                                          
     phenyl-2-pyrazolinium iodide         3.6                                  
     1,2-Dimethyl-5-o-tolyl-3-p-tolyl-                                         
     2-pyrazolinium iodide                                                     
                         4.0                                                   
     1,2-Dimethyl-3,5-diphenyl-2-                                              
     pyrazolinium perchlorate                                                  
                         4.0              3.0 3.0                              
     No-Treatment Controls,                                                    
     Infected            -5.6                                                  
                             --  -5.25                                         
                                      --  -6.0                                 
                                              --                               
     __________________________________________________________________________
TBL                                    Table II                                
     __________________________________________________________________________
     (Series 2) Foliar Fungicidal Activity                                     
                        Cuc. Powdery                                           
                                Wheat Powdery                                  
                                        Apple Powdery                          
                                                Barley Powdery                 
                        Mildew  Mildew  Mildew  Mildew                         
     Compound   ppm.fwdarw.                                                    
                        500 100 500 100 500 100 500 100                        
     __________________________________________________________________________
     1,2-Dimethyl-3,5-diphenyl-2-                                              
     pyrazolinium iodide         1.25                                          
                                    3.0 2.6                                    
     1,2-Dimethyl-3-o-tolyl-5-p-tolyl-                                         
     2-pyrazolinium iodide      1.0                                            
     1,2-Dimethyl-5-m-fluorophenyl-3-                                          
     phenyl-2-pyrazolinium iodide                                              
                                1.0 1.0                                        
     1,2-Dimethyl-3,5-di-o-tolyl-2-                                            
     pyrazolinium iodide        2.0 2.0     3.0                                
     1,2-Dimethyl-5-p-fluorophenyl-3-                                          
     phenyl-2-pyrazolinium iodide                                              
                                2.0                                            
     1,2-Dimethyl-3-m-methoxyphenyl-5-                                         
     phenyl-2-pyrazolinium perchlorate                                         
                                3.0 3.0                                        
     1,2-Dimethyl-3,5-di-m-tolyl-2-                                            
     pyrazolinium iodide        1.0 2.0     3.0 1.0 4.0                        
     1,2-Dimethyl-3-phenyl-5-m-tolyl-                                          
     2-pyrazolinium iodide                                                     
                        3.0     1.0 1.0 2.0                                    
     1,2-Dimethyl-5-phenyl-3-m-tolyl-2-                                        
     pyrazolinium iodide        1.0 2.0     2.0                                
     1,2-Dimethyl-5-o-fluorophenyl-3-                                          
     phenyl-2-pyrazolinium perchlorate                                         
                                    3.0                                        
     3,5-Diphenyl-1,2,4-Trimethyl-2-                                           
     pyrazolinium iodide    3.0 2.0 3.0                                        
     1,2-Dimethyl-3-p-fluorophenyl-5-                                          
     phenyl-2-pyrazolinium iodide                                              
                                2.5                                            
     1,2-Dimethyl-5-o-tolyl-3-p-tolyl-                                         
     2-pyrazolinium iodide      2.0                                            
     1,2-Dimethyl-3,5-diphenyl-2-                                              
     pyrazolinium perchlorate   1.5 2.0 3.0                                    
     No Treatment Controls                                                     
     Infected           -6.0                                                   
                            --  -6.0                                           
                                    --  -5.6                                   
                                            --                                 
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the control of plant pathogenic fungi comprising:
      contacting said fungi with a fungicidally effective amount of a compound
      having the formula:
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.2 each represent alkyl C.sub.1 -C.sub.4 ; R.sub.4
      represents hydrogen or methyl and; R.sub.3 and R.sub.5 each represent
      ##SPC6##
PAL  X represents an anion having a charge of from 1 to 3; m is an integer from
      1 to 3 and Y represents a member selected from the group consisting of
      hydrogen, halogen, alkyl C.sub.1 -C.sub.4 and alkoxy C.sub.1 -C.sub.4.
NUM  2.
PAR  2. The method according to claim 1, wherein R.sub.1 and R.sub.2 are each
      methyl; R.sub.4 represents hydrogen or methyl.
NUM  3.
PAR  3. The method according to claim 1, wherein said compound is applied in an
      amount sufficient to provide from 0.56 kg to 11.2 kg per hectare.
NUM  4.
PAR  4. The method according to claim 1, wherein R.sub.1 and R.sub.2 are each
      methyl; R.sub.4 represents hydrogen or methyl; R.sub.3 and R.sub.5 each
      represent a member selected from the group consisting of phenyl,
      monohalophenyl, monomethylphenyl and monoalkoxy (C.sub.1 -C.sub.3) phenyl;
      X is an anion having a single charge; and m is 1. according
NUM  5.
PAR  5. The method according to claim 1, wherein said compound is applied in an
      amount sufficient to provide about 0.56 kg to 4.48 kg per hectare
      according to
NUM  6.
PAR  6. The method according to claim 1, wherein said compound is applied at
      about 100 ppm to 5000 ppm.
NUM  7.
PAR  7. The method according to claim 1, wherein R.sub.1 and R.sub.2 are each
      methyl; R.sub.4 represents hydrogen; or methyl and; R.sub.3 and R.sub.5
      each represent
      ##SPC7##
PAL  X represents an anion having a charge of from 1 to 3; m is an integer
      selected from 1, 2 and 3; and Y represents a member selected from the
      group consisting of hydrogen, halogen, alkyl C.sub.1- C.sub.4 and alkoxy
      C.sub.1 -c.sub.4 .
NUM  8.
PAR  8. The method according to claim 1, wherein said compound is:
      1,2-dimethyl-3,5-di-m-tolyl-2-pyrazolium iodide.
NUM  9.
PAR  9. The method according to claim 1 wherein said compound is;
      1,2-dimethyl-3,5-diphenyl-2-pyrazolinium perchlorate.
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ABST
PAL  Indolyl alkyl amines of the following formula:
      ##SPC1##
PAL  And their salts with organic or inorganic acids. In this formula I, A and
      A.sup.1 denote identical or different alkyl radicals which both together
      have a total of 3-8 C-atoms. R.sup.1 denotes hydrogen, a lower alkyl
      radical having up to 4 C-atoms or a possibly substituted benzyl or benzoyl
      radical. R.sup.2 and R.sup.3 may be the same or different and denote
      hydrogen, a halogen (more particularly chlorine, bromine or fluorine) or
      (possibly halogenated) lower alkyl radicals or (possibly etherified)
      hydroxy radicals. R.sup.4 denotes hydrogen, a lower alkyl radical, an acyl
      group or a (possibly substituted) benzyl radical or the cyano-ethyl group.
      The compounds are useful as anoretics (appetite inhibitors) and can be
      made by various disclosed methods.
BSUM
PAR  This invention relates to novel indolyl alkyl amines of the general formula
      ##SPC2##
PAL  And their salts with organic or inorganic acids. In this formula I, A and
      A.sup.1 denote identical or different alkyl radicals which both together
      have a total of 3-8 C-atoms. R.sup.1 denotes hydrogen, a lower alkyl
      radical having up to 4 C-atoms or a possibly substituted benzyl or benzoyl
      radical. R.sup.2 and R.sup.3 may be the same or different and denote
      hydrogen, a halogen (more particularly chlorine, bromine or fluorine) or
      (possibly halogenated) lower alkyl radicals or (possibly etherified)
      hydroxy radicals. R.sup.4 denotes hydrogen, a lower alkyl radical, an acyl
      group or a (possibly substituted) benzyl radical or the cyano-ethyl group.
      The compounds represented by Formula I and their salts (in particular the
      3-(2'-amino-2'-methylbutyl)-indole and the salts of same such as the
      hydrochloride salt) are useful as anorectic agents for a method of
      inhibiting or reducing appetite in mammals and human beings.
PAR  The novel compounds of the invention are preferably prepared by reacting a
      gramine which is possibly substituted with R.sup.2 and/or R.sup.3 at the
      benzene ring, with a nitroparaffin, the nitro-group of which is fixed to a
      non-terminal C-atom, whereupon the 3-nitroalkyl indol which forms as
      intermediate is condensed with a compound of the formula R.sup.1 --X
      (where X denotes a radical liberated under condensation conditions, for
      example a halogen or an aryl-sulphonic acid radical), if desired, for the
      purposes of introducing a substituent R.sup.1 other than H into the ring
      nitrogen, and then the nitro-group is reduced to the amino-group,
      whereupon if required a radical R.sup.4 other than H is introduced into
      the amino-group. The resulting primary or secondary amines can then, if
      required, be converted to the corresponding salts by the action of organic
      or inorganic acid.
PAR  If it is desired to introduce a substituent R.sup.4 other than hydrogen
      into the primary amino group formed during the reduction, the method to be
      applied naturally depends on the nature of the required substituent
      R.sup.4. If, for example, R.sup.4 is to be the cyano-ethyl group, the
      primary amine is reacted with acrylonitrile under conditions which favour
      an addition reaction. If the group R.sup.4 is to be a hydrocarbon radical,
      the primary amine is most conveniently reacted with a reactive ester of a
      carboxylic acid whose acyl radical gives the required hydrocarbon radical
      by hydrogenation, whereupon the acyl amine forming as condensation product
      is hydrogenated. Reactive carboxylic acid esters useable for this purpose
      are, for example, phenyl formate or benzoyl chloride. Condensation of
      these with the primary amine, for example the
      3-(2'-methyl-2'-aminobutyl)-indole formed by reduction of the nitro group,
      results in intermediates, whose amino-group is substituted with the formyl
      radical or the benzoyl radical respectively. Hydrogenation thereof,
      preferably with lithium aluminium hydride, gives the corresponding
      3-(2'-methyl-2'-methylaminobutyl)- and 3-(2' 1
      methyl-2'-benzylaminobutyl)-indole.
PAR  Examples of indolyl alkyl amines obtained with the process according to the
      invention using 2-nitrobutane are: 3-(2'-methyl-2'-aminobutyl)-indole,
      which may also be termed .alpha.-methyl-.alpha.-ethyl tryptamine, and also
      3-(2'-methyl-2'-methylaminobutyl)-indole,
      3-(2'-methyl-2'-aminobutyl)-5-chloro-indole,
      3-(2'-methyl-2'-aminobutyl)-5-methyl-6-chloro-indole,
      3-(2'-methyl-2'-acetylaminobutyl)- 5-trifluoro-indole,
      3-(2'-methyl-2'-benzylaminobutyl-indole and
      3-(2'-methyl-2'-methylbutyl)-5-ethoxy-indole. If gramine is reacted with
      2-nitropentane, reduction of the primary
      3-(2'-methyl-2'-nitropentyl)-indole leads to
      3-(2'-methyl-2'-aminopentyl)-indole or .alpha.-methyl-.alpha.-propyl
      tryptamine, while the use of 3-nitropentane results in
      3-(2'-ethyl-2'-aminobutyl)-indole or .alpha.,.alpha.-diethyltryptamine.
      Examples of products obtained using nitroparaffins of a higher number of
      carbon atoms are: 3-(2'-propyl-2'-aminopentyl)-indole,
      3-2'-ethyl-2'-aminohexyl)-indole, 3-(2'-butyl-2'-aminohexyl)-indole,
      3-(2'-methyl-2'-aminoheptyl)-indole, 3-(2'-ethyl-2'-amino-octyl)-indole
      and 3-(2'-methyl-2'-aminononyl)-indole.
PAR  Similar derivatives of tryptamine as obtained with the process according to
      the invention have already been described in considerable numbers and have
      been examined in respect of pharmacodynamic properties, of., particularly
      British patent specification nos. 974,894 and 990,092 and J. Chem. Soc.
      1965, 7164 ff. and 7179 ff.; Br. J. Pharmac. Chemother. (1967) 29, 70 ff.
      The stimulant properties on the central nervous system as determined for a
      number of indolyl alkyl amines and functional derivatives thereof were the
      main focus of interest. .alpha.-Alkyl tryptamines have in fact already
      appeared on the market as stimulants and anti-depressants, but have had to
      be withdrawn, in some cases because of undesirable side-effects. The known
      indolyl alkyl amines and indolyl hydroxyl amines have also been found to
      have anorectic (appetite inhibiting) effects, which have been described
      but which are, without exception, so overshadowed by stimulant,
      sympathicomimetic, mono-aminoxidase-inhibiting, motility-increasing and in
      some cases even hallucinogenic effects that it was not possible to think
      of using these compounds as appetite-inhibiting drugs.
PAR  It has now surprisingly been found that a relatively narrow sub-group of
      the class of substituted tryptamine derivatives, namely the
      .alpha.,.alpha.-dialkyl tryptamines, has a pharmacodynamic behaviour which
      clearly differs qualitatively. Its most striking feature is that the
      anorectic effect predominates over a stimulating effect to an astonishing
      degree. This has obviously gone unrecognized because those representatives
      of the said sub-group which exhibit this feature to the optimum extent
      have not hitherto been prepared or described. These novel compounds
      correspond to the general formula I indicated hereinbefore.
PAR  In order to show how clearly .alpha.,.alpha.-dialkyl tryptamines obtainable
      according to the invention are superior to the most closely related known
      tryptamine derivative (.alpha.,.alpha.-dimethyl tryptamine) in respect of
      the gap between the anorectic and the toxic effects, the following Table 1
      gives some results of animal experiments with a single application of the
      substances dissolved in equivalent quantities of HCl. The first column
      gives the respective two alkyl groups which are fixed in the
      .alpha.-position to the otherwise unsubstituted tryptamines.
TBL                Table 1                                                     
     ______________________________________                                    
     .alpha.-Substituents                                                      
               Toxicity  Anorexia  Therapeutic Index                           
               LD 50     ED 50     (LD 50                                      
               Mouse, oral                                                     
                         Rat, oral ED 50)                                      
               mg/kg     mg/kg                                                 
     ______________________________________                                    
     Methyl, ethyl                                                             
                700      15        47                                          
     Ethyl, ethyl                                                              
                620      &gt;50       &lt;12                                         
     Methyl, propyl                                                            
                530      approx. 50                                            
                                   approx. 11                                  
     Propyl, propyl                                                            
                900      &gt;&gt;50      &lt;&lt;18                                        
     known comparison substance:                                               
     Methyl, methyl                                                            
                320      36        9                                           
     ______________________________________                                    
PAR  The quantitatively comparative numerical values given in Table 1 illuminate
      only one partial aspect of the properties of compounds obtainable
      according to the invention. These properties also differ so clearly in
      many respects qualitatively both from the chemically related compounds and
      from the present-day conventional anorectics that they can be designated
      therapeutically applicable appetite-inhibitors of a new type. In
      particular, their pharmacological behaviour differs from that of the
      present-day anorectics of the phenyl ethyl amine or amphetamine group due
      to the absence of sympathicomimetic-cardiovascular and motor-stimulating
      effects. They attenuate the orientation motility and the fighting
      behaviour of mice, lower the blood pressure of cats and dogs, have a
      bradycardic effect, reduce the contraction amplitude of isolated guinea
      pig heart, and in the majority of the experiments lower the pressure in
      the right ventricle of the heart and in the pulmonary artery of narcotized
      cats and dogs, and thus their effect is the exact opposite of the
      amphetamine type of anorectics which have a predominantly
      sympathicomimetic action on the circulation. Since some representatives of
      this class of substance are today regarded as responsible for the
      occurrence of primarily pulmonary hypertonia in man, the different type of
      behaviour pharmacologically on the circulation as exhibited by the
      substances obtainable according to the invention could be very important.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 34.8 g (200 mM) of gramine, 242.5 ml of 2-nitrobutane and 9 g
      of solid sodium hydroxide was heated to reflux temperature in a nitrogen
      atmosphere for 8 hours. The mixture was suction-filtered after cooling.
      The pH of the filtrate was adjusted to 4 with 10% acetic acid (80 ml) and
      the filtrate was washed with five times 180 ml of water. The organic phase
      was treated with activated charcoal and then dried with sodium sulphate.
      Evaporation yielded 43.4 g of residue having a melting point of
      69.degree.-73.degree.C. This was chromatographed on 15 times the quantity
      of aluminium oxide activity III. Evaporation of the combined benzene
      eluates gave 36.6 g of product having a melting point of
      76.5-78.5.degree.C. (yield: 79% of the theoretical), from which
      3-(2'-methyl-2'-nitrobutyl)-indole was obtained by recrystallising from
      benzine to a constant melting point of 79.degree.-81.degree.C.
PAR  Calculated for C.sub.13 H.sub.16 N.sub.2 O.sub.2 (232.3): 13.77% O.
PAR  Found: C.sub.12.8 H.sub.15.4 N.sub.2 13.75% O.
PAR  Reduction: A mixture of 35.5 g (152.4 mM) of
      3-(2'-methyl-2'-nitrobutyl)-indole and 3.55 g of platinum on activated
      charcoal (5%) and 400 ml of ethanol was hydrogenated initially at room
      temperature and 100 atmospheres H.sub.2 initial pressure, whereupon
      heating was continued for 1 hour at 100.degree.C. After filtration of the
      mixture, the filtrate was evaporated and yielded about 31 g of product
      having a melting point of 80.degree.-84.degree.C., which after being
      recrystallised twice from xylene yielded 18.45 g of
      3-(2'-amino-2'-methylbutyl)-indole having a melting point of
      111.5.degree.-112.5.degree.C. in the form of fine, flat, colourless
      needles. (Yield: 60% of the theoretical.)
PAR  Calculated for C.sub.13 H.sub.18 N.sub.2 (202.3).
PAR  Found: C.sub.12.95 H.sub.17.4 N.sub.2.
PAC  EXAMPLE 2
PAR  If the unsubstituted gramine is replaced by the corresponding quantity of
      5-methoxygramine and if the procedure is otherwise identical to Example 1,
      the intermediate obtained is 3-(2'-methyl-2'-nitrobutyl)-5-methoxy-indole
      in the form of needles having a melting point of 125.degree.C. (from
      cyclohexane).
PAR  Calculated for C.sub.14 H.sub.18 N.sub.2 O.sub.3 (262.3): 64.12 C, 6.92 H,
      10.67 N, 18.29 O.
PAR  Found: 64.41 C, 7.01 H, 10.71 N, 17.87 O.
PAR  The corresponding amine (melting point uncertain) was obtained therefrom by
      reduction. Melting point of the hydrochloride salt
      222.degree.-225.degree.C. (from ethylacetate); melting point of succinate
      157.degree.C. (insoluble in ether).
PAC  EXAMPLE 3
PAR  2.5 g of sodium was dissolved in 200 ml of absolute ethanol in a 500 ml
      3-neck flask provided with a dropping funnel with a drying tube, an
      internal thermometer and an agitator, and 11.3 g (110 mM) of 2-nitrobutane
      and 17.4 g (110 mM) of gramine were added. A solution of 19.2 ml (202 mM)
      of dimethyl sulphate in 50 ml of absolute ethanol was then added dropwise
      over a period of 40 minutes and at an internal temperature of
      30.degree.-35.degree.C., whereupon agitation was continued for another 3
      hours at the same temperature. The reaction mixture was then poured into
      800 ml of 5% sodium sulphate solution and the precipitate was filtered off
      and after drying in vacuo yielded 21.0 g of product in crystal form having
      a melting point of 71.5.degree.-73.5.degree.C. (yield 90% of theoretical).
      Recrystallisation from benzine yielded the intermediate
      3-(2'-methyl-2'-nitrobutyl)-indole in the form of colourless matted
      needles, mixed melting point 79.5.degree.-80.degree.C.
PAR  Reduction: A mixture of 90.0 g (388 mM) of the nitro intermediate and 9.0 g
      of palladium catalyst (5% on carbon) and 1000 ml of absolute ethanol was
      covered with hydrogen at a pressure of 25 atmospheres gauge in the
      autoclave whereupon it was heated to 70.degree.C. and agitation was
      continued at this temperature for 7 hours. Filtration, evaporation in
      vacuo, recrystallisation from xylene and processing of the mother liquor
      yielded 74.7 g of 3-(2'-amino-2'-methylbutyl)-indole. (Yield: 95% of the
      theoretical).
PAR  Salt formation: The action of ethereal hydrochloric acid on the amine
      yielded the hydrochloride which, after recrystallisation from
      acetone/methanol or chloroform/methanol, was obtained in the form of white
      needles having the melting point of 225.5.degree.-228.degree.C. and which
      is soluble very satisfactorily in usual alcohols and in water.
PAR  Calculated for C.sub.13 H.sub.18 N.sub.2.HCl (238.8) 65.40 C, 8.02 H, 11.73
      N, 14.85 Cl.
PAR  Found: 65.28 C, 8.14 H, 11.93 N, 14.69 Cl.
PAR  Resolution of racemic mixture: Reaction of the amine obtained as the
      reduction product with 1/2 equivalent (-)-mandelic acid in ethanol and
      recrystallisation of the ether-insoluble intermediate from ethanol yielded
      the mandelic salt of a melting point of 128.degree.-128.5.degree.C.
      .alpha..sub.D.sup.20 = -69.6.degree.
PAR  Calculated for C.sub.21 H.sub.26 N.sub.2 O.sub.3 (354.4) 71.33 C, 7.40 H.
PAR  Found: 71.15 C, 7.75 H.
PAR  This salt was resolved with ammonia; the base was taken up in ether and
      precipitated with ethereal hydrochloric acid. Recrystallisation from
      acetone-methanol yielded the hydrochloride of melting point 225.5.degree.
      - 226.degree.C, .alpha..sub.D.sup.20 = -56.degree. (c = 0.97).
PAR  Found: 65.35 C, 8.22 H, 11.60 N, 14.82 Cl.
PAR  The dextrorotatory hydrochloride was obtained in a similar way.
PAC  EXAMPLE 4
PAR  Reaction of the nitro-intermediate obtained in accordance with Example 1 or
      3, with p-toluenesulphonic acid methyl ester and anhydrous potassium
      carbonate in boiling xylene followed by recrystallisation from benzine
      yielded 1-methyl-3-(2'-methyl-2'-nitrobutyl)-indole in the form of
      colourless needles having a melting point of 75.5.degree.-76.degree.C., in
      which the strong IR band of the initial material at 3500 cm.sup..sup.-1
      (1-NH) no longer appears.
PAR  Calculated for C.sub.14 H.sub.18 N.sub.2 O.sub.2 (246.3) 68.27 C 7.37 H
      11.37 N 12.99 O.
PAR  Found: 68.14 C 7.31 H 11.43 N 13.14 O.
PAR  Reduction in accordance with the process described in Example 1 or 3 yields
      1-methyl-3-(2'-methyl-2'-aminobutyl)-indole (melting point uncertain). A
      salt obtained by reaction of this amine with malic acid melted at
      184.degree.-185.degree.C.
PAR  Calculated for C.sub.14 H.sub.20 N.sub.2.1/2 C.sub.4 H.sub.6 O.sub.5
      (175.2) 67.87 C 8.19 H 9.89 N 14.12 O.
PAR  Found: 67.72 C 8.32 H 10.01 N 13.96 O.
PAR  A possibly isomorphous malic acid salt melted at 215.degree.-220.degree.C
      (from chloroform-ethanol).
PAR  Found: 67.80 C 8.35 H 9.64 N 14.19 O.
PAC  EXAMPLE 5
PAR  The procedure described in Example 3 applied to 5-fluorogramine and
      2-nitrobutane yielded the intermediate product
      3-(2'-methyl-2'-nitrobutyl)-5-fluoro-indole. Melting point
      71.degree.-72.degree.C. (from benzine). Catalytic reduction thereof
      yielded 3-(2'-methyl-2'-aminobutyl)-5-fluoro-indole; melting point of the
      hydrochloride salt 248.degree.-250.degree.C. (from isopropanol).
PAC  EXAMPLE 6
PAR  If the 3-(2'-methyl-2'-nitrobutyl)-5-methoxy-indole obtained as
      intermediate product in Example 2 is methylated by the procedure described
      in Example 4 (or by means of sodium hydride and methyl iodide in
      hexamethyl phosphoric acid triamide),
      1-methyl-3-(2'-methyl-2'-nitrobutyl)-5-methoxy-indole is obtained and
      melts at 95.degree.-96.degree.C. after crystallisation from acetone/water
      and distillation. Catalytic reduction thereof yields
      1-methyl-3-(2'-methyl-2'-aminobutyl)-5-methoxy-indole. Melting point of
      the benzoic acid salt 179.5.degree.-184.degree.C. (insoluble in ether).
PAC  EXAMPLE 7
PAR  Reaction of 3-(2'-methyl-2'-nitrobutyl)-indole obtained as intermediate
      product in Example 1 or 3 with benzyl chloride and sodium hydride in
      dimethylformamide yields 1-benzyl-3-(2'-methyl-2'-nitrobutyl)-indole
      having a boiling point of 110.degree.C./0.06 mm Hg. Reduction thereof
      yields 1-benzyl-3-(2'-methyl-2'-aminobutyl)-indole. The salts formed by
      reaction of this amine with malic acid having the following melting points
PAR  M.P. 263.5.degree. -265.5.degree.C. (from ethanol)
PAR  Calc. for C.sub.20 H.sub.24 N.sub.2 . C.sub.4 H.sub.6 O.sub.5 (426.5):
      67.58 C 7.04 H 6.57 N 18.76 O.
PAR  Found: 68.06 C 7.30 H 6.47 N 18.17 O.
PAR  M.P. 181.degree. - 183.degree.C. (from ethanol/ether)
PAR  Calc. for C.sub.20 H.sub.24 N.sub.2 . 1/2 C.sub.4 H.sub.6 O.sub.5 (359.5)
      73.50 C 7.57 H 7.79 N 11.13 O.
PAR  Found: 73.59 C 7.58 H 7.75 N 11.07 O.
PAC  EXAMPLE 8
PAR  The 3-(2'-methyl-2'-aminobutyl)-indole obtained as reduction product in
      accordance with Example 1 or 3 was reacted with phenyl formate to yield
      3-(2'-methyl-2'-formylaminobutyl)-indole; melting point
      121.5.degree.-124.5.degree.C. (from ether). Reduction thereof with
      LiAlH.sub.4 yielded 3-(2'-methyl-2'-methylaminobutyl)-indole having a
      melting point of 100.degree.-103.degree.C. (from cyclohexane).
PAC  EXAMPLE 9
PAR  The reduction product obtained in accordance with Example 1 or 3 was heated
      to reflux temperature for 1 hour with benzoyl chloride in pyridine, and
      resulted in 3-(2'-methyl-2'-benzoylaminobutyl)-indole having the melting
      point 118.5.degree.-119.5.degree.C. (from xylene). Reduction with
      LiAlH.sub.4 yields 3-(2'-methyl-2'-benzylaminobutyl)-indole; melting point
      of hydrochloride salt 231.degree.-232.degree.C. (from chloroform).
PAC  EXAMPLE 10
PAR  With the same procedure as in Example 9, using p-chlorobenzoyl chloride
      instead of benzoyl chloride,
      3-(2'-methyl-2'-p-chlorobenzoylaminobutyl)-indole was obtained with a
      melting point of 158.degree.-160.degree.C. (from benzine). Reduction
      thereof yielded 3-(2'-methyl-2'-p-chlorobenzylaminobutyl)-indole; melting
      point of the hydrochloride salt 250.degree.-251.degree.C. (from
      isopropanol).
PAC  EXAMPLE 11
PAR  The reduction product obtained in accordance with Example 1 or 3 was heated
      to reflux temperature with acrylonitrile for 72 hours,
      3-(2'-ethyl-2'-.beta.-cyanoethylaminobutyl)-indole forming as product.
      Melting point of the hydrochloride salt 167.degree.-170.degree.C. (from
      butanol).
PAC  EXAMPLE 12
PAR  If the 2-nitrobutane in Example 1 is replaced by the corresponding quantity
      of 2-nitropentane, using the same procedure as in Example 1, the
      intermediate product obtained is 3-(2'-methyl-2'-nitropentyl)-indole;
      melting point 78.degree.-80.degree.C (from petroleum ether). Reduction
      yielded 3-(2'-methyl-2'-aminopentyl)-indole, which after recrystallisation
      from petroleum ether yields needle-shaped crystals of a melting point of
      73.5.degree. to 74.5.degree.C.
PAC  EXAMPLE 13
PAR  If the procedure of Example 3 is applied to the corresponding quantity of
      3-nitropentane instead of 2-nitrobutane, 3-(2'-ethyl-2'-nitrobutyl)-indole
      is initially obtained with a melting point of 92.degree.-94.degree.C.
      (from benzine). Reduction yields 3-(2'-ethyl-2'-aminobutyl)-indole with a
      melting point of 130.5.degree.-131.5.degree.C. (from CCl.sub.4).
PAC  EXAMPLE 14
PAR  If the corresponding quantity of 4-nitroheptane is used instead of
      2-nitrobutane with the procedure according to Example 3,
      3-(2'-propyl-2'-nitropentyl)-indole is initially obtained; melting point
      87.degree.-89.degree.C. (from benzine). Reduction thereof yields
      3-(2'-propyl-2'-aminopentyl)-indole; melting point of the hydrochloride
      salt 215.degree.-217.degree.C. (from acetone).
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of inhibiting or reducing appetite in a mammal or a human
      comprising administering to said mammal or human in need of such treatment
      an effective amount of a compound selected from the class consisting of
      3-(2'-amino-2'-methylbutyl)-indole and its pharmaceutically acceptable
      nontoxic acid addition salts.
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ABST
PAL  6-Aryl-1 or 2H,4H-pyrazolo[4,3-d](2)-benzazepines, e.g. those of the
      formula
      ##SPC1##
PA1  R = h or alkyl
PA1  R.sup.o = H, alkyl, (HO, alkoxy, amino)-alkyl, aralkyl or aryl
PA1  R' = h, oh or alkyl
PA1  R" = h, alkyl, alkoxy, halo or CF.sub.3
PAL  5,6-dihydro- or 5-alkyl-5,6-dihydro-derivatives, N-oxides, acyl derivatives
      or therapeutically useful acid addition salts thereof exhibit antianxiety
      and antidepressant effects.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of new
      6-aryl-1 or 2H,4H-pyrazolo[4,3-d](2) benzazepines, preferably of those
      corresponding to the tautomers of Formulae I and II
      ##EQU1##
      wherein Ph is a 1,2-phenylene radical, Ar is a monocyclic, carbo-cyclic
      aryl radical, R.sub.o is hydrogen, lower alkyl, (hydroxy, lower alkoxy or
      Am)- C.sub.m H.sub.2m or Ar-C.sub.n H.sub.2n, wherein Am is an open or
      cyclic amino group, m is an integer from 1 to 7, n such from 0 to 7, each
      of R.sub.1, and R.sub.2 is hydrogen or lower alkyl and R.sub.3 is
      hydrogen, lower alkyl, hydroxy or lower alkanoyloxy; or a 5,6-dihydro- or
      5-lower alkyl-5,6-dihydro-derivative; an N-oxide of the compounds
      containing no hydrogen attached to nitrogen; or a lower alkanoyl,
      alkoxycarbonyl, AmCO, AmCS or cyano derivative of the compounds containing
      at least one hydrogen attached to nitrogen; or therapeutically useful acid
      addition salts thereof; as well as of corresponding pharmaceutical
      compositions and of methods for the preparation and application of these
      products, which are useful antianxiety and antidepressant agents.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The 1,2-phenylene radical Ph, as well as the aryl radical Ar, are
      unsubstituted or substituted by one or more than one, preferably by one or
      two, of the same or different substituents selected from the group
      consisting of lower alkyl, e.g. methyl, ethyl, n- or i-propyl or -butyl;
      etherified or esterified hydroxy, such as lower alkoxy, e.g. methoxy,
      ethoxy, n- or i-propoxy or -butoxy; or halo, e.g. fluoro, chloro or bromo;
      or trifluoromethyl. The term "lower", referred to above and hereinafter in
      connection with organic radicals or compounds respectively, defines such
      with up to 7, preferably up to 4, carbon atoms.
PAR  Preferred 1,2-phenylene radicals Ph are 1,2-phenylene, (lower
      alkyl)-1,2-phenylene, (lower alkoxy)-1,2-phenylene, (halo)-1,2-phenylene
      or (trifluoromethyl)-1,2-phenylene and preferred aryl radicals Ar are
      phenyl, (lower alkyl)-phenyl, (lower alkoxy)-phenyl, mono- or
      di-(halo)-phenyl or (trifluoromethyl)-phenyl.
PAR  The radical R.sub.o preferably represents hydrogen, lower alkyl or
      Ar-C.sub.n H.sub.2n, wherein n is an integer from 0 to 7, preferably 1 to
      4. It may also represent (hydroxy, lower alkoxy or Am)-C.sub.m H.sub.2m
      wherein m is an integer from 1 to 7 and Am is exemplified by amino, mono-
      or di-lower alkylamino, lower alkyleneimino or mono-aza-, oxa- or
      thiaalkyleneimino, wherein the additional nitrogen, oxygen or sulfur atom
      is separated from the imino-nitrogen by at least 2 carbon atoms, e.g.
      mono- or di-(methyl, ethyl, n- or i-propyl or -butyl)-amino; pyrrolidino,
      piperidino or hexamethyleneimino; piperazino, 4-(lower alkyl, e.g. methyl
      or ethyl)-piperazino; morpholino or thiamorpholino. Preferred amino groups
      Am are mono- or di-lower alkylamino, pyrrolidino, piperidino, piperazino,
      4-(lower alkyl)-piperazino or morpholino.
PAR  The radicals R.sub.1, R.sub.2 and R.sub.3 represent preferably a hydrogen
      atom, but also lower alkyl, above all methyl and R.sub.3 also hydroxy or
      lower alkanoyloxy, e.g. acetoxy, propionyloxy or pivalyloxy.
PAR  The N-oxide is preferably the 5-N-oxide and the acyl derivatives are either
      derived from the compounds containing a primary or secondary Am, or from
      the tautomers of Formula II, wherein R.sub.o is H. Lower alkanoyl
      derivatives are examplified by formyl, acetyl, propionyl or pivalyl
      derivatives, lower alkoxycarbonyl derivatives by methoxy-, ethoxy-, n- or
      i-propoxy- or -butoxy-carbonyl derivatives and AmCO or AmCS by the above
      examples.
PAR  The compounds of the invention exhibit valuable pharmacological properties,
      for example, imipramine-type antidepressant and especially antianxiety
      effects of long duration. This can be demonstrated in animal test, using
      advantageously mammals, such as mice, rats or monkeys, as test objects.
      The compounds of the invention can be applied to the animals enterally,
      e.g. orally, or parenterally, such as subcutaneously or intraperitoneally,
      e.g. in the form of aqueous solutions or starchy suspensions. The dosage
      may range between about 0.1 and 300 mg/kg/day, preferably between about 1
      and 100 mg/kg/day, advantageously between about 2 and 20 mg/kg/day. An
      antidepressant effect is observed, for example, in the amphetamine
      interaction test (P. Carlton, Psychopharmacologia 1961, Vol II, p. 364)
      performed with male albino rats, which are trained to press a bar every 30
      seconds, in order to avoid an electric shock applied through the floor
      grid. In case the animals receive i.p. 0.25 mg/kg/day of amphetamine,
      their performing rate for avoiding said shocks during a test period or
      about 4-5 hours is slightly higher than that of placebo (saline) treated
      animals. In case the animals receive the compounds of the invention (or
      imipramine for control purposes) in the above-mentioned doses, preferably
      at 5 or 10 mg/kg/day i.p. and about 45 minutes later the amphetamine,
      their rate of avoiding the shocks is highest, as compared with that of
      rats receiving (a) saline alone, (b) saline and amphetamine, or (c) the
      compounds of the invention and saline. Primarily, however, the compounds
      of the invention exhibit antianxiety effects in rats or squirrel monkeys,
      advantageously at dosages between about 2 and 20 mg/kg/day. Accordingly,
      they reduce acquired fear or anxiety associated with a psychological
      conflict. It is established by simultaneously rewarding with food and
      punishing with electric shock all lever-pressing responses of the animals
      made in the presence of a discriminative tone stimulus. For example, rats
      first learn to press a lever to obtain milk reward, which is delivered on
      the average of once per two minutes. After this schedule, which lasts 15
      minutes, a tone stimulus of three minute duration is presented. This
      stimulus signals a change from a variable interval schedule of
      reinforcement, to a continuous reinforcement schedule (CRF). During the
      CRF schedule, all lever responses not only produce milk rewards but also
      an electric shock to the animals' feet. During the period in which a shock
      accompanies the food reward, the tone stimulus produces a suppression of
      all lever pressing responses. Thus, for example, administration of
      8-chloro-6- (2-fluorophenyl)-1-methyl-1H,4H-pyrazolo[4,3-d](2)benzazepine
      or salts thereof, a characteristic compound of the invention, appplied at
      about 5 mg/kg/day intraperitoneally to rats or orally to squirrel monkeys,
      reinstate these responses, indicating that the animals tolerate more
      shocks in obtaining the food reinforcement. Accordingly, the compounds of
      the invention are useful antidepressants and in combatting anxiety
      problems. Moreover, they are also valuable intermediates in the
      preparation of other useful products, especially of pharmacologically
      active compounds.
PAR  Particularly useful are compounds of Formulae I and II, in which Ph is
      1,2-phenylene, (lower alkyl)-1,2-phenylene, (lower alkoxy)-1,2-phenylene,
      (halo)-1,2-phenylene or (trifluoromethyl)-1,2-phenylene, Ar is H-Ph,
      R.sub.o is hydrogen, lower alkyl, (hydroxy, lower alkoxy or Am)-C.sub.m
      H.sub.2m, or Ar-C.sub.n H.sub.2n, wherein Am is amino, mono- or di-lower
      alkylamino, or five to seven ring-membered lower alkylenemino, m is an
      integer from 2 to 4, and n such from 0 to 4, each of R.sub.1 and R.sub.2
      is hydrogen or lower alkyl, and R.sub.3 is hydrogen, lower alkyl, hydroxy
      or lower alkanoyloxy, an N-oxide of the compounds containing no hydrogen
      attached to nitrogen, or a lower alkanoyl, alkoxycarbonyl, AmCO or AmCS
      derivative of the compounds containing at least one hydrogen attached to
      nitrogen, or a therapeutically useful acid addition salt thereof.
PAR  Preferred compounds of the invention are those of Formulae I and II,
      wherein Ph is 1,2-phenylene, (alkyl)-1,2-phenylene or
      (halo)-1,2-phenylene, Ar is H-Ph,R.sub.o is hydrogen, alkyl, 2- or
      3-(hydroxy or dialkylamino)-(ethyl or propyl) or H-Ph-methyl, each of
      R.sub.1 and R.sub.2 is hydrogen or methyl, and R.sub.3 is hydrogen or
      hydroxy, the 5-N-oxide, an alkanoyl, alkoxycarbonyl,mono- or
      dialkylcarbamoyl or -thiocarbamoyl derivative of the compounds of Formula
      II wherein R.sub.o is H, and in which compounds alkyl, alkanoyl or alkoxy
      has up to 4 carbon atoms, or a therapeutically useful acid addition salt
      thereof.
PAR  Outstanding are the compounds of Formulae III and IV
      ##SPC2##
PAL  wherein R.sub.3 is hydrogen or hydroxy, R.sub.4 is hydrogen, methyl, ethyl,
      n- or i-propyl,n-, i- or t-butyl, 2- or 3-(hydroxy, dimethylamino- or
      diethylamino)-(ethyl or propyl) or benzyl, each of R.sub.5 and R.sub.6 is
      hydrogen, methyl, fluoro or chloro and R.sub.7 is R.sub.4 or formyl,
      acetyl, (methoxy or ethoxy)-carbonyl, mono- or dimethyl or -ethyl-
      carbamoyl or - thiocarbamoyl, or a therapeutically acceptable acid
      addition salt thereof.
PAR  The compounds of this invention are prepared according to conventional
      methods, for example by dehydrating compounds of Formula V
      ##EQU2##
      and, if desired, converting any resulting product into another compound of
      the invention.
PAR  Dehydration is advantageously performed by pyrolytic action at moderately
      raised temperatures, e.g. in the range between room temperature and the
      melting point of the starting material, preferably between about
      50.degree. and about 150.degree..
PAR  Dehydration is easier achieved with the use of acidic agents,
      advantageously mineral acids, such as hydrohalic, sulfuric or phosphoric
      acids, either in single- or multi-phasic media, e.g. aqueous media for
      said acids and water-immiscible organic solvents for the starting
      material.
PAR  Another process for the preparation of compounds of Formulae I and II
      consists in condensing compounds of Formulae Va or Vb
      ##EQU3##
      and, if desired converting any resulting product into another compound of
      the invention.
PAR  Said condensation is preferably performed under neutral or mildly basic
      conditions, for example in said water-immiscible organic solvents for the
      starting material Va or Vb and in the presence or absence of ammonia or
      other nitrogen bases, such as pyridine, mono-, di- or tri-lower
      alkylamines or -pyridines, at room temperature or up to about 100.degree..
PAR  The 5,6-dihydro-derivatives of compounds I or II are obtained according to
      acidic reduction methods, for example with nascent or catalytically
      activated hydrogen, e.g. electrolytically generated hydrogen or molecular
      hydrogen in the presence of catalysts, such as palladium, or with
      reduction agents, such as complex borohydrides, e.g. sodium
      cyanoborohydride, at a pH at or lower than 6, for example in the presence
      of mineral or carboxylic acids, e.g. hydrochloric or acetic acid.
PAR  The compounds thus obtained can be converted into each other according to
      conventional methods. For example, resulting compounds containing at least
      one hydrogen atom attached to oxygen or nitrogen can be acylated, for
      example, with the use of reactive functional derivatives of the
      corresponding acids, such as halides or anhydrides thereof, e.g. acetyl or
      propionyl chloride, lower alkyl chloroformates, carbamoyl or thiocarbamoyl
      chlorides; acetic anhydride, ketene, isocyanates or isothiocyanates. Said
      primary or secondary amines can also be reacted with reactive esters of
      the respective alcohols, preferably derived from hydrohalic, aliphatic or
      aromatic sulfonic acids, e.g. lower alkyl or aralkyl chlorides, bromides,
      iodides; alkane- or benzenesulfonates, e.g. the mesylate or tosylate, or
      with corresponding aldehydes or ketones and reducing agents, e.g. formic
      acid, in order to obtain sec. or tert. amines respectively. Resulting
      tert. amines can also be converted into 2-N-oxides, for example, by
      treating them with oxidation agents, such as hydrogen peroxide, aliphatic
      or aromatic percarboxylic acids, e.g. peracetic or perbenzoic acid.
      Finally, a resulting base can be converted into a corresponding acid
      addition salt, preferably with the use of a terapeutically useful acid or
      anion exchange preparation, or resulting salts can be converted into the
      corresponding free bases, for example, with the use of a base, such as a
      metal hydroxide, basic salt, ammonia, amine or cation exchange
      preparation, e.g. an alkali metal hydroxide or carbonate. Said acid
      addition salts are preferably such of therapeutically useful inorganic
      acids, such as strong metalloidic acids, for example hydrohalic, e.g.
      hydrochloric or hydrobromic acid; sulfuric, phosphoric, nitric or
      perchloric acid; aliphatic or aromatic carboxylic or sulfonic acids, e.g.
      formic, acetic, propionic, succinic, glycollic, lactic, malic, tartaric,
      citric, ascorbic, maleic, hydroxymaleic, pyruvic phenylacetic, benzoic,
      4-aminobenzoic, anthranilic, 4-hydroxybenzoic, salicylic,
      4-aminosalicyclic, embonic, nicotinic; methanesulfonic, ethanesulfonic,
      hydroxyethanesulfonic, ethylenesulfonic, halogen-benzenesulfonic,
      toluenesulfonic, naphthalenesulfonic, sulfanilic or cyclohexylsulfonic
      acid.
PAR  These or other salts, for example, the picrates, can also be used for
      purification of the bases obtained; the bases are converted into salts,
      the salts are separated and the bases are liberated from the salts. In
      view of the close relationship between the free compounds and the
      compounds in the form of their salts whenever a compound is referred to in
      this context, a corresponding salt is also intended, provided such is
      possible or appropriate under the circumstances. Resulting mixtures of
      isomers can be separated into the single isomers by methods in themselves
      known, e.g. by fractional distillation, crystallization and/or
      chromatography.
PAR  The invention further includes any variant of the present process in which
      an intermediate product obtainable at any stage of the process is used as
      starting material and any remaining steps are carried out, or the process
      is discontinued at any stage thereof, or in which the starting materials
      are formed under the reaction conditions, or in which the reaction
      components are used in the form of their salts. Mainly those starting
      materials should be used in the reactions of the invention that lead to
      the formation of those compounds indicated above as being especially
      valuable.
PAR  The starting material is new and considered as additional subject matter of
      the present invention. It is prepared according to the following formula
      scheme, which is illustrated by the examples herein:
      ##EQU4##
PAR  Compounds of Formula XI exhibit the same or similar antianxiety and
      antidepressant effects as those of I and II.
      ##EQU5##
PAR  The pharmacologically active compounds of the invention are useful in the
      manufacture of pharmaceutical compositions containing an effective amount
      thereof in conjunction or admixture with excipients suitable for either
      enteral or parenteral application. Preferred are tablets and gelatin
      capsules comprising the active ingredient together with (a) diluents, e.g.
      lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine,
      (b) lubricants, e.g. silica, talcum, stearic acid, its magnesium or
      calcium salt and/or polyethyleneglycol, for tablets also (c) binders, e.g.
      magnesium aluminum silicate, starch paste, gelatin, tragacanth,
      methylcellulose, sodium carboxymethylcellulose and/or
      polyvinylpyrrolidone, if desired, (d) disintegrants, e.g. starches, agar,
      alginic acid or its sodium salt, enzymes of the binders or effervescent
      mixtures and/or (e) absorbents, colorants, flavors and sweeteners.
      Injectable compositions are preferably aqueous isotonic solutions or
      suspensions, and suppositories are advantageously fatty emulsions or
      suspensions. They may be sterialized and/or contain adjuvants, such as
      preserving, stabilizing, wetting or emulsifying agents, solution
      promoters, salts for regulating the osmotic pressure and/or buffers. They
      may also contain other therapeutically valuable substances. Said
      pharmaceutical compositions are prepared according to conventional mixing,
      granulating or coating methods respectively and contain about 0.1 to 75%,
      preferably about 1 to 50% of the active ingredient.
DETD
PAR  The following examples, illustrating the invention, are not to be construed
      as being limitations thereon. Temperatures are given in degrees
      Centrigrade and all parts wherever given are parts by weight.
PAC  Example 1
PAR  The mixture of 1 g of
      8-chloro-4-dimethylaminomethylidene-1-phenyl-3,4-dihydro-2-benzazepin-5-on
     e, 0.33 g of hydrazine hydrate and 45 ml of methanol is refluxed for 4
      hours and evaporated under reduced pressure. The residue is taken up in
      the minimum amount of acetone-ethanol, the solution acidified with
      ethereal hydrogen chloride and the precipitate formed filtered off, to
      yield the 8-chloro-6-phenyl-1H,4H-pyrazolo[4,3-d](2)benzazepine
      dihydrochloride of the formula
      ##SPC3##
PAL  melting at 268.degree. - 270.degree..
PAR  The starting material is prepared as follows: The mixture of 68 g of
      5-chloro-2-methylbenzoic acid and 170 ml of thionyl chloride is refluxed
      for 1 hour, evaporated under reduced pressure and the residual acid
      chloride dried in a high vacuum. It is taken up in 500 ml of benzene and
      the solution added dropwise to the suspension of 100 g of anhydrous
      aluminum chloride and 600 ml of benzene while stirring and cooling with an
      ice bath. Thereupon the bath is removed and the mixture stirred at room
      temperature for 16 hours. It is combined with some ice, followed by 340 ml
      of 2N hydrochloric acid and the mixture stirred for a half hour. It is
      diluted with diethyl ether, the organic layer separated and washed with 5%
      sodium hydroxide and saturated aqueous sodium chloride, dried and
      evaporated under reduced pressure, to yield the
      5-chloro-2-methylbenzophenone showing in the I.R. spectrum a strong band
      at 1660 cm.sup.-.sup.1.
PAR  The mixture of 116 g thereof, 2.2 liters of benzene, 5 g of
      p-toluenesulfonic acid and 120 ml of ethyleneglycol is refluxed on a water
      separator for 48 hours. Thereupon additional 3 g of p-toluenesulfonic acid
      are added and refluxing continued for 40 hours. After cooling the mixture
      in an ice bath, it is washed with ice cold aqueous sodium carbonate,
      dried, evaporated and the residue crystallized from n-hexane, to yield the
      corresponding ethylene ketal melting at 76.degree.-77.degree..
PAR  The mixture of 18 g thereof (dried in a high vacuum), 700 ml of carbon
      tetrachloride, 12.3 g of N-bromosuccinimide and a few crystals of
      2,2'-azobis-(2-methylpropionitrile) is refluxed until all of the
      N-bromosuccinimide has disappeared. It is cooled, filtered and the
      filtrate evaporated under reduced pressure. The residue is immediately
      taken up in 1.1 liters of ice cold methanol and 23.5 ml of thiophenol,
      immediately followed by 225 ml of N methanolic sodium hydroxide. The
      mixture is stirred for 20 hours at room temperature, cooled in an ice bath
      and the precipitate (A) formed filtered off. The filtrate is evaporated
      under reduced pressure, the residue taken up in diethyl ether, the mixture
      washed with cold 2N aqueous sodium hydroxide, dried and evaporated. This
      residue and (A) are combined and crystallized from methanol, to yield the
      5-chloro-2-phenylmercaptomethyl-benzophenone ethylene ketal melting at
      89.degree.-91.degree..
PAR  To the solution of 51.8 g thereof in 610 ml of dry tetrahydrofuran, 101 ml
      of 1.6 molar n-butyl lithium in hexane are added while stirring under
      nitrogen at -67.degree. to -70.degree.. After one hour 400 ml of 6 molar
      ethyleneoxide in tetrahydrofuran are added during five minutes, the
      temperature allowed to rise to -35.degree. and the mixture stirred for two
      hours at room temperature. It is evaporated under reduced pressure, the
      residue taken up in 400 ml of dioxane, 400 ml of 2N hydrochloric acid are
      added and the mixture refluxed for one hour. It is concentrated under
      reduced pressure to about half its volume, the concentrate extracted with
      methylene chloride, the extract dried and evaporated, to yield the
      5-chloro-2-(3-hydroxy-1-phenylmercaptopropyl)-benzophenone, showing in the
      NMR spectrum a quartet at .theta. = 4.65 ppm.
PAR  To the mixture of 58.2 g thereof, 28 ml of N,N-diisopropylethylamine and
      700 ml of diethyl ether, 21.6 ml of methanesulfonyl chloride are added
      dropwise while stirring at 0.degree.. After 16 hours the mixture is washed
      with ice cold 5% hydrochloric acid, ice water and ice cold aqueous
      carbonate, dried and evaporated under reduced pressure and below
      30.degree.. The residual methanesulfonate is taken up to 700 ml of
      methanol, saturated with ammonia, while stirring and after two hours the
      solution is again saturated with ammonia. It is allowed to stand at room
      temperature for 14 days, the precipitate (B) formed filtered off and the
      filtrate evaporated. The residue is taken up in diethyl ether, the
      solution extracted with 2N sulfuric acid, the aqueous solution made basic
      with 30% aqueous sodium hydroxide and extracted with methylene chloride.
      The extract is dried, evaporated, the residue combined with (B) and
      recrystallized from methanol, to yield the
      8-chloro-1-phenyl-5-phenylmercapto-3,4-dihydro-2-benzazepine melting at
      118.degree.-119.degree..
PAR  The solution of 10 g thereof in 100 ml of methylene chloride is neutralized
      with 5.6 ml of 5.4N ethereal hydrogen chloride and evaporated. The residue
      is taken up in 100 ml of methylene chloride and 83 ml of molar
      triethyloxonium tetrafluoroborate in methylene chloride are added while
      stirring under nitrogen. After 24 hours the mixture is evaporated under
      reduced pressure, the residue dissolved in 160 ml of dimethylsulfoxide and
      the solution stirred under nitrogen at 50.degree. for 6 hours. It is
      evaporated under reduced pressure, the residue taken up in diethyl ether,
      the solution washed with water and extracted with 5% hydrochloric acid.
      The pH of the acidic solution is adjusted to 8 with sodium carbonate and
      the mixture extracted with diethyl ether. The extract is washed with water
      and saturated aqueous sodium chloride, the washings re-extracted with
      diethyl ether, the combined extracts dried and evaporated. The residue is
      taken up in the minimum amount of acetone, the solution neutralized with
      methanesulfonic acid in acetone and the precipitate formed filtered off,
      to yield the 8-chloro-1-phenyl-3,4-dihydro-2-benzazepin-5-one
      methanesulfonate melting at 185.degree.-186.degree..
PAR  It is taken up in water, the solution made basic with aqueous sodium
      carbonate and extracted with diethyl ether. The extract is dried and
      evaporated, to yield the corresponding free base.
PAR  The mixture of 2.2 g of 8-chloro-1-phenyl-3,4-dihydro-2-benzazepin-5-one
      and 15 ml of dimethylformamide-dimethylacetal is refluxed for one hour and
      the excessive reagent removed under reduced pressure at a temperature not
      exceeding 135.degree.. The residue is crystallized from diethyl ether, to
      yield the
      8-chloro-4-dimethylaminomethylidene-1-phenyl-3,4-dihydro-2-benzazepin-5-on
     e; m.p. 179.degree.-180.degree..
PAC  EXAMPLE 2
PAR  The solution of 1.74 g of
      8-chloro-6-(2-fluorophenyl)-10a-hydroxy-1-methyl-3a,10a-dihydro-1H,4H-pyra
     zolo[4,3-d](2)-benzazepine in 60 ml of chloroform is stirred with 100 ml of
      0.1 N hydrochloric acid for 15 minutes, the pH of the aqueous phase
      adjusted to 8 with aqueous sodium carbonate and the mixture again stirred
      for 5 minutes. The organic layer is separated, dried, evaporated and the
      residue recrystallized from diethyl ether-hexane, to yield the
      8-chloro-6-(2-fluorophenyl)-1-methyl-1H,4H-pyrazolo-[4,3-d](2)benzazepine
      melting at 128.degree.-130.degree.. The corresponding dihydrochloride
      melts at 190.degree. with decomposition.
PAR  The starting material is prepared as follows: The solution of 141 g of
      .alpha.,p-dichlorotoluene in 200 ml of tetrahydrofuran is added dropwise
      to an ice-cold saturated solution of dimethylamine in 1 liter of
      tetrahydrofuran and the mixture stirred for 2 days at 25.degree.. It is
      diluted with diethyl ether, washed with 2N aqueous sodium hydroxide, the
      organic layer dried, evaporated, the residue distilled and the fraction
      boiling at 106.degree./12 mm Hg collected, to yield the
      N,N-dimethyl-4-chlorobenzylamine.
PAR  To the solution of 81.6 g thereof in 1.5 lt of diethyl ether 360 ml of 1.6
      molar n-butyl lithium in hexane are added dropwise while stirring at
      0.degree.-5.degree. under nitrogen. After 3 hours the solution of 58 g of
      2-fluorobenzonitrile in 1.5 lt of diethyl ether is added dropwise while
      stirring, the mixture refluxed for 3 hours and stirred at room temperature
      for 16 hours. Thereupon crushed ice and 265 ml of 5N hydrochloric acid are
      added, the mixture refluxed for 1/2 hour, cooled and the aqueous layer
      separated. It is made basic with 30% aqueous sodium hydroxide, extracted
      with methylene chloride, the extract dried, evaporated and the residue
      dried in a high vacuum at 100.degree., to yield the
      3-chloro-2'-fluoro-6-dimethylaminomethyl-benzophenone melting at
      91.degree.-92.degree..
PAR  To the solution of 138 g thereof in 3.2 lt of methylene chloride, that of
      55 g of cyanogen bromide in 300 ml of methylene chloride is added dropwise
      while stirring and cooling with ice. After stirring overnight, the mixture
      is evaporated under reduced pressure at 40.degree.. The residue is taken
      up in 2.4 lt of methanol 56.8 ml of thiophenol are added, followed by 596
      ml of N methanolic sodium hydroxide, the mixture stirred for 2 hours at
      0.degree. and overnight at room temperature. It is cooled again, filtered
      and the residue washed with methanol, to yield the
      3-chloro-2'-fluoro-6-phenylmercaptomethyl-benzophenone melting at
      81.degree.-82.degree..
PAR  The mixture of 144.6 g thereof, 386 g of p-toluenesulfonic acid, 800 ml of
      ethylene glycol and 3 lt of benzene is refluxed at the water separator for
      19 days and evaporated under reduced pressure, to yield the corresponding
      ethylene ketal melting at 69.degree..
PAR  Said ketal is further processed analogous to the method shown for the
      5-chloro-2-phenylmercaptomethyl-benzophenone ethylene ketal in the
      previous example, to yield the
      8-chloro-1-(2-fluoro-phenyl)-4-dimethylaminomethylidene-3,4-dihydro-2-benz
     azepin-5-one melting at 224.degree.. (The analogously prepared
      2-chlorophenyl- compound melts at 207.degree.).
PAR  2 g thereof are added to the solution of 0.7 g of methylhydrazine in 100 ml
      of ethanol, the mixture refluxed for 45 minutes and evaporated under
      reduced pressure. The residue is recrystallized from ethyl acetate-hexane,
      to yield the
      8-chloro-6-(2-fluorophenyl)-10a-hydroxy-1-methyl-3a,10a-dihydro-1H,4H-pyra
     zolo[4,3-d](2) benzazepine melting at 114.degree.-115.degree..
PAC  EXAMPLE 3
PAR  The mixture of 0.72 g of
      8-chloro-1-(2-chlorophenyl)-4-dimethylaminomethylidene-3,4-dihydro-2-benza
     zepin-5-one, 0.64 g of benzylhydrazine and 35 ml of ethanol is refluxed for
      45 minutes and evaporated under reduced pressure. The residue is taken up
      in 20 ml methylene chloride, the solution washed with aqueous sodium
      bicarbonate and stirred with 6 ml of N hydrochloric acid for 20 minutes.
      The aqueous solution is made basic with sodium carbonate, the mixture
      stirred, the organic layer separated, dried and evaporated. The residue is
      taken up in the minimum amount of ethanol, the solution acidified with
      ethereal hydrogen chloride and the precipitate formed filtered off, to
      yield the
      1-benzyl-8-chloro-6-(2-chlorophenyl)-1H,4H-pyrazolo[4,3-d](2)benzazepine
      hydrochloride melting at 218.degree.-221.degree..
PAC  EXAMPLE 4
PAR  To the solution of 3.3 g of
      8-chloro-6-(2-chlorophenyl)-1H,4H-pyrazolo-[4,3-d](2)benzazepine and 50 ml
      of dimethylformamide, 0.72 g of 57% sodium hydride in mineral oil (washed
      three times with diethyl ether) are added and the mixture stirred for 30
      minutes. Thereupon 1.45 g of methyl iodide in 10 ml of toluene are added
      and the mixture stirred at room temperature for 16 hours. It is diluted
      with diethyl ether, washed with water, dried and evaporated. The residue
      is chromatographed on silica gel and the column eluted with chloroform, to
      yield a faster moving fraction, yielding after evaporation, the
      8-chloro-6-(2-chlorophenyl)-2-methyl-2H,4H-pyrazolo[4,3-d](2)benzazepine
      of the formula
      ##SPC4##
PAL  melting at 160.degree.-161.degree., and a slower moving fraction, yielding
      the corresponding 1-methyl-isomer, the hydrochloride of which melts at
      209.degree.-211.degree..
PAC  EXAMPLE 5
PAR  The mixture of 0.33 g of
      8-chloro-6-(2-chlorophenyl)-1H,4H-pyrazolo[4,3-d](2)benzazepine, 0.141 g
      of ethyl chloroformate, 0.16 g of pyridine and 10 ml of methylene chloride
      is stirred at room temperature for 2 hours. It is diluted with chloroform,
      washed with aqueous sodium bicarbonate, the organic phase separated, dried
      and evaporated. The residue is taken up in the minimum amount of acetone
      and the solution neutralized with ethereal hydrogen chloride, to yield the
      8-chloro-6-(2-chlorophenyl)-2-ethoxycarbonyl-2H,4H-pyrazolo[4,3-d](2)benza
     zepine hydrochloride melting at 151.degree.-152.degree..
PAC  EXAMPLE 6
PAR  To the solution of 0.33 g of 8-chloro-6-(2-chlorophenyl)
      1H,4H-pyrazolo[4,3-d](2)benzazepine in 10 ml of methylene chloride, the
      mixture of 0.16 g of dimethylcarbamoyl chloride and 0.15 g of pyridine is
      added and the whole stirred for 2 hours at room temperature. The mixture
      is diluted with methylene chloride, washed with ice-cold aqueous sodium
      carbonate, dried and evaporated under reduced pressure. The residue is
      chromatographed on silica gel and eluted with benzene-methanol(95:5), to
      yield the
      8-chloro-6-(2-chlorophenyl)-2-dimethylcarbamoyl-2H,4H-pyrazolo[4,3-d](2)be
     nzazepine melting at 175.degree.-176.degree..
PAC  EXAMPLE 7
PAR  The solution of 1.45 g of
      8-chloro-6-(2-fluorophenyl)-1H,4H-pyrazolo[4,3-d](2)benzazepine and 1.4 ml
      of methylisocyanate in 20 ml of tetrahydrofuran is refluxed for 5 hours
      under nitrogen and evaporated under reduced pressure. The residue is taken
      up in chloroform, the solution filtered through a column of 15 g of silica
      gel, the first fractions collected, evaporated and the residue
      recrystallized from diethyl ether, to yield the
      8-chloro-6-(2-fluorophenyl)-2-methylcarbamoyl-2H,4H-pyrazolo[4,3-d](2)benz
     azepine melting at 192.degree.-193.degree..
PAC  EXAMPLE 8
PAR  The suspension of 0.5 g of
      3-chloro-6-(1-methyl-4-aminomethyl-5-pyrazolyl)-2'-fluorobenzophenone
      monophosphate in 20 ml of 0.5N aqueous sodium hydroxide and 50 ml of
      methylene chloride is shaken for 5 min., the organic layer separated,
      dried and evaporated, to yield the
      8-chloro-6-(2-fluorophenyl)-1-methyl-1H,4H-pyrazolo[4,3-d](2)benzazepine
      melting at 128.degree.; it is identical with that obtained according to
      Example 2.
PAR  The starting material is obtained as follows: The solution of 10 g of
      3-chloro-2'-fluoro-6-phenylmercaptomethyl-benzophenone ethylene ketal
      (Example 2) in 50 ml of methyl iodide is refluxed under nitrogen for 5
      days. It is evaporated and the formed methyl phenyl thioether distilled
      off at 60.degree./0.1 mm Hg, to yield the
      3-chloro-2'-fluoro-6-iodomethyl-benzophenone ethylene ketal.
PAR  The mixture of 9.6 g thereof, 5 g of sodium bicarbonate and 50 ml of
      dimethylsulfoxide is stirred for 20 minutes at 110.degree., cooled and
      poured onto ice. The mixture is extracted with diethyl ether, the extract
      washed with water and saturated aqueous sodium chloride, dried, evaporated
      and the residue recrystallized from diethyl ether-hexane, to yield the
      3-chloro-2'-fluoro-6-formylbenzophenone ethylene ketal melting at
      103.degree.-105.degree..
PAR  To the solution of 1.6 g thereof in 60 ml of diethyl ether, 3 ml of 2.3
      molar methyl lithium in diethyl ether are added while stirring and cooling
      with ice. After 5 minutes 20 ml of water are added cauteously, the organic
      layer separated, washed with saturated aqueous sodium chloride, dried and
      evaporated, to yield the
      3-chloro-2'-fluoro-6-(1-hydroxy-ethyl)-benzophenone ethylene ketal showing
      in the NMR-spectrum a doublet at .theta.=1.1 ppm (in deuterochloroform).
PAR  To the solution of 1.8 g thereof in 100 ml of diethyl ether, 25 ml of the
      solution (obtained from 100 g of sodium dichromate dihydrate, 300 ml of
      water, 136 ml of concentrated sulfuric acid and diluting it with water to
      500 ml) are added while stirring. After 40 minutes the mixture is poured
      on ice, the organic phase separated and washed with aqueous sodium
      bisulfite, water, aqueous sodium bicarbonate and saturated aqueous sodium
      chloride. It is dried and evaporated, to yield the
      6-acetyl-3-chloro-2'-fluorobenzophenone ethylene ketal showing in the NMR
      spectrum a singlet at .theta.=2.4 ppm.
PAR  The mixture of 1.1 g thereof and 7 ml of dimethyl formamide dimethylacetal
      is refluxed for 16 hours and evaporated under reduced pressure, to yield
      the 3-chloro-6-(3-dimethylaminoacryloyl)-2'-fluoro-benzophenone ethylene
      ketal showing in the NMR-spectrum a broad singlet at .theta.=2.7 ppm.
PAR  The mixture of 1.3 g thereof, 0.3 g of methylhydrazine and 25 ml of ethanol
      is refluxed for 7 hours under nitrogen and evaporated. The residue is
      chromatographed on silica gel and the column eluted first with benzene,
      then diethyl ether and the ether eluate collected, to yield the
      3-chloro-2'-fluoro-6-(1-methyl-5-pyrazolyl)-benzophenone ethylene ketal
      showing in the NMR-spectrum a singlet at .theta.=3.1 and a doublet at
      .theta.=5.95 ppm.
PAR  The solution of 650 mg thereof in 2.7 ml of ethylene dichloride is added
      dropwise to the complex, prepared from 265 mg of dimethylformamide and 555
      mg of phosphorous oxychloride, while cooling with ice, and dissolved in
      1.8 ml of ethylene dichloride, while stirring and the mixture is refluxed
      for 2 hours under nitrogen. After cooling the solution of 2.45 g of sodium
      acetate trihydrate in 3.6 ml of water is added and the mixture refluxed
      for 15 minutes. It is diluted with methylene chloride and water, the
      organic layer separated and dried, to yield the 3-chloro-2'-fluoro-
      6-(1methyl-4-formyl5-pyrazolyl)-benzophenone ethylene ketal, showing in
      the NMR-spectrum a band at .theta.=9.13 ppm.
PAR  The mixture of 660 mg thereof, 3 ml of pyridine and 170 mg of O -
      methyl-hydroxylamine hydrochloride is stirred for 16 hours at room
      temperature and evaporated under reduced pressure. The residue is taken up
      in chloroform and the solution filtered through a short column of silica
      gel, to yield the corresponding methoxime.
PAR  The mixture of 130 mg thereof, 25 ml of diethyl ether and 100 mg of lithium
      alluminum hydride is stirred at room temperature for 16 hours. Thereupon
      0.1 ml of water, 0.1 ml of 15% aqueous sodium hydroxide and 0.3 ml of
      water are added, the mixture filtered and the filtrate extracted with N
      hydrochloric acid. The acidic layer is separated, made basic with 2N
      aqueous sodium hydroxide, extracted with methylene chloride, the extract
      dried and evaporated, to yield the
      3-chloro-6-(1-methyl-4-aminomethyl-5-pyrazolyl)-2'-fluorobenzophenone
      ethylene ketal, showing in the NMR-spectrum a singlet at .theta.=3.03 and
      a triplet at .theta.=8.0 ppm.
PAR  The mixture of 100 mg thereof, 10 ml of dioxane and 10 ml of 2N
      hydrochloric acid is refluxed for 1 hour under nitrogen and the dioxane
      evaporated. The aqueous solution is cooled, admixed to methylene chloride,
      made basic with 2N aqueous sodium hydroxide and extracted with diethyl
      ether. The extract is dried, filtered into the solution of 50 mg of
      phosphoric acid in 1 ml of ethanol and the precipitate filtered off, to
      yield the
      3-chloro-6-(1-methyl-4-aminomethyl-5-pyrazolyl)-2'-fluorobenzophenone
      monophosphate melting at 180.degree..
PAC  EXAMPLE 9
PAR  To the solution of 2 g of
      8-chloro-6-(2-fluorophenyl)-1-methyl-1H,4H-pyrazolo [4,3-d](2)benzazepine
      in 120 ml of ethanol and 2.2 ml of 3.7N ethereal hydrogen chloride, 1.1 g
      of sodium cyanoborohydride are added and the mixture stirred at room
      temperature for 45 minutes while keeping the pH thereof between 4 and 6 by
      adding more ethereal hydrogen chloride. It is evaporated under reduced
      pressure, the residue take up in methylene chloride, the solution washed
      with ice-water and aqueous sodium carbonate, dried and evaporated. The
      residue is taken up in ethanol, the solution neutralized with ethereal
      hydrogen chloride and the precipitate collected, to yield the
      5,6-dihydro-derivative of said starting compound.
PAR  The mixture of 2g thereof, 5.5 ml of formic acid and 5.5 ml of 37% aqueous
      formaldehyde is refluxed for 2 hours, poured onto ice and made basic with
      aqueous sodium hydroxide to pH=11. The mixture is extracted with methylene
      chloride, the extract dried, evaporated and the residue taken up in
      acetone. The solution is neutralized with ethereal hydrogen chloride and
      the precipitate collected, to yield the
      8-chloro-6-(2-fluorophenyl)-1,5-dimethyl-5,6-dihydro-1H,4H-pyrazolo
      [4,3-d](2)benzazepine hydrochloride melting at 270.degree..
PAC  EXAMPLE 10
PAR  According to the methods illustrated by the previous examples, the
      following compounds of Formulae III and IV are prepared from equivalent
      amounts of the corresponding starting materials: R.sub.6 = Cl, R.sub.3 = H
TBL  No.  R.sub.4    R.sub.5                                                   
                            R.sub.7 Salt    m.p..degree.C                      
     ______________________________________                                    
     1   H           H     --       CH.sub.3 SO.sub.3 H                        
                                           221                                 
     2   CH.sub.3    H     --       2HCl   255                                 
     3   H           F     --        "     225(dec.)                           
     4   n--C.sub.3 H.sub.7                                                    
                     F     --        "     199                                 
     5   H           Cl    --       HCl    220(dec.)                           
     6   (CH.sub.2).sub.2 N(C.sub.2 H.sub.5).sub.2                             
                     F     --       cyclamate                                  
                                           105 "                               
     7   (CH.sub.2).sub.2 N(C.sub.2 H.sub.5).sub.2                             
                     Cl    --       2 HCl  195(dec.)                           
     8   (CH.sub.2).sub.2 OH                                                   
                     F     --       HCl    169                                 
     9   (CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                             
                     F     --       cyclamate                                  
                                           110(dec.)                           
     10  --          F     CH.sub.3  --    139                                 
     11  --          F     CO.sub.2 C.sub.2 H.sub.5                            
                                    HCl    168                                 
     12  --          Cl    CONH--CH.sub.3                                      
                                     --    192                                 
     13  --          F     CON(CH.sub.3).sub.2                                 
                                     --    170                                 
     14  --          Cl    CSNH--CH.sub.3                                      
                                     --    195                                 
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  Preparation of 10,000 tablets each containing 25 mg of the active
      ingredient:
TBL  Formula:                                                                  
     8-chloro-6-(2-fluorophenyl)-1-methyl-                                     
      1H,4H-pyrazolo-[4,3-d](2)benzazepine                                     
                              250.00 g                                         
      dihydrochloride                                                          
     Lactose                  1,956.00 g                                       
     Corn starch              90.00 g                                          
     Polyethylene glycol 6,000                                                 
                              90.00 g                                          
     Talcum powder            90.00 g                                          
     Magnesium stearate       24.00 g                                          
     Purified water           q.s                                              
PAR  Procedure:
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance, lactose, talcum, magnesium stearate and half of the
      starch are mixed in a suitable mixer. The other half of the starch is
      suspended in 45 ml of water and the suspension added to the boiling
      solution of the polyethylene glycol in 180 ml of water. The paste formed
      is added to the powders which are granulated, if necessary, with an
      additional amount of water. The granulate is dried overnight at
      35.degree., broken on a screen with 1.2 mm openings and compressed into
      tablets using concave punches with 7.1 mm diameter, uppers bisected.
PAR  Preparation of 10,000 capsules each containing 10 mg of the active
      ingredient:
TBL  Formula:                                                                  
     8-chloro-6-(2-fluorophenyl)-1-methyl-                                     
      1H,4H-pyrazolo-[4,3-d](2)benzazepine                                     
                              500.0 g                                          
     Lactose                  2,350.0 g                                        
     Talcum powder            150.0 g                                          
PAR  Procedure:
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance is placed in a suitable mixer and mixed first with the
      talcum, then with the lactose until homogenous. No. 2 capsules are filled
      with 300 mg of the mixture, using a capsule filling machine.
PAC  EXAMPLE 12
PAR  The mixture of 450 mg of 3,2'-dichloro-6-(1-t.
      butyl-4-formyl-3-pyrazolyl)-benzophenone, 400 mg of anhydrous sodium
      sulfate and 10 ml of saturated methanolic ammonia is stirred at room
      temperature for 3 days. It is evaporated, the residue taken up in
      methylene chloride, the solution washed with aqueous sodium bicarbonate,
      dried and evaporated, to yield the
      8-chloro-6-(2-chlorophenyl-4-hydroxy-2-t. butyl- 2H,4H-pyrazolo
      [4,3-d](2)benzazepine, showing the NMR-spectrum bands at .theta.=4.92 and
      1.44 ppm.
PAR  The starting material is prepared as follows: To the solution of 17 g of
      potassium t-butoxide in 150 ml of ethyleneglycol, 24 g of 4-chlorophenyl
      propargylketone are added portionwise while stirring at 0.degree.. After
      one hour 9 g of acetic acid are added, the mixture poured onto ice,
      diluted with diethyl ether and the pH thereof adjusted to 8 with sodium
      bicarbonate. The ethereal layer is separated, washed with saturated
      aqueous sodium chloride, dried and evaporated, to yield the
      2-(4-chlorobenzoyl)-acetaldehyde ethylene acetal.
PAR  The mixture of 11.9 g thereof, 11.73 g of pyridinium chloride, 8.97 g of t.
      butylhydrazine and 76 ml of pyridine is stirred at 80.degree. for 23 hours
      and evaporated under reduced pressure. The residue is taken up in
      methylene chloride the solution washed with aqueous sodium bicarbonate,
      dried, evaporated and the residue recrystallized from hot hexane, to yield
      the 1-t. butyl-3-(4-chlorophenyl)-pyrazole melting at 62.degree..
PAR  The solution of 700 mg thereof in 25 ml of diethyl ether and 2.2 ml of 1.6
      molar n-butyl lithium in hexane is stirred at 0.degree. for one hour.
      Thereupon the solution of 480 mg of 2-chlorobenzonitrile in 10 ml of
      diethyl ether is added and the mixture stirred for 51/2 hours at room
      temperature. It is diluted with 30 ml of water, extracted with diethyl
      ether, the extract washed with saturated aqueous sodium chloride and
      evaporated under reduced pressure. The residue is taken up in 20 ml of
      methanol and 5 ml of N hydrochloric acid, the solution refluxed for two
      hours concentrated, the concentrate diluted with methylene chloride and
      neutralized with sodium carbonate. The organic layer is separated, dried,
      concentrated and the precipitate collected, to yield the
      3,2'-dichloro-6-(1-t. butyl-3-pyrazolyl)-benzophenone, melting at
      105.degree.-107.degree..
PAR  To the solution of 370 mg thereof in 1.5 ml of ethylene chloride, that of
      the complex, obtained from 146 mg of dimethylformamide and 306 mg of
      phosphorus oxychloride at 0.degree., in 1 ml of ethylene chloride is added
      and the mixture refluxed for 2 hours. Thereupon the solution os 1.35 g of
      sodium acetate trihydrate in 2 ml of water is added, refluxing continued
      for 15 minutes, the mixture cooled and diluted with methylene chloride and
      water. The organic layer is separated, dried and evaporated, to yield the
      3,2'-dichloro-6-(1-t. butyl-4-formyl-3-pyrazolyl)-benzophenone, showing
      the NMR-spectrum bands at .delta.=9.63, 7.95 and 1.95 ppm.
PAC  EXAMPLE 13
PAR  According to the analogous method described in the previous examples, the
      following compounds of Formula XI are prepared from equivalent amounts of
      the corresponding starting materials:
PA1  a. 4-dimethylaminomethyldiene-1-phenyl-3,4-dihydro-2-benzazepin-5-one, m.p.
      134.degree.-136.degree. (methanesulfonate m.p. 185.degree.-187.degree.);
PA1  b. 8-chloro-4-dimethylaminomethylidene-1-(2-fluoro or
      chlorophenyl)-3,4-dihydro-2-benzazepin-5-one, melting at 224.degree. or
      207.degree. respectively.
PAR  Other compounds XI can be prepared as follows: The mixture of 1.9 g of
      8-chloro-4-hydroxymethylidene-1-phenyl-3,4-dihydro-2-benzazepin-5-one, 30
      ml of ethanol and 0.7 g of morpholine is stirred for 16 hours at room
      temperature and evaporated under reduced pressure. The residue is
      crystallized from diethyl ether, to yield the
PA1  c.
      8-chloro-4-morpholinomethylidene-1-phenyl-3,4-dihydro-2-benzazepin-5-one,
     m.p. 144.degree.-146.degree.;
PAR  The starting material is prepared as follows: To the solution of 2.6 g of
      8-chloro-1-phenyl-3,4-dihydro-2-benzazepin-5-one in 4 ml of diethyl ether,
      0.5 g of sodium hydride in 10 ml of diethyl ether are added and the
      mixture stirred for 1/2 hour. Thereupon 1.2 ml of ethyl formate and 0.1 ml
      of ethanol are added and the mixture refluxed for 24 hours. It is cooled
      in an ice bath, 30 ml of water are added, the aqueous layer separated,
      acidified with 2N hydrochloric acid and the precipitate formed filtered
      off, to yield the
      8-chloro-4-hydroxymethylidene-1-phenyl-3,4-dihydro-2-benzazepin-5-one
      hydrochloride melting at 185.degree. with decomposition.
PAR  It can also be obtained by hydrolyzing 2.1 g of the
      8-chloro-4-dimethylaminomethylidene-1-phenyl-3,4-dihydro-2-benzazepin-5-on
     e with 5 ml of 2N hydrochloric acid at 25.degree. for 2 hours while
      stirring. The precipitate formed is filtered off to yield said
      hydrochloride melting at 185.degree. with decomposition. It is taken up in
      water, the pH of the solution adjusted to 7.5 with aqueous sodium
      carbonate, extracted with methylene chloride, the extract dried and
      evaporated, to yield said starting material melting at
      131.degree.-132.degree..
PAR  In the analogous manner these other compounds are prepared.
PA1  d. 8-chloro-4-(methylamino- or
      3-hydroxypropylamino)-methylidene-1-phenyl-3,4-dihydro-2-benzazepin-5-one,
      melting at 176.degree. and 205.degree. (dec.) respectively;
PA1  e. 8-chloro-4-methylaminomethylidene-1-(2-fluoro- or
      2-chloro-phenyl)-3,4-dihydro-2-benzazepin-5-one hydrochloride, melting at
      225.degree. and 210.degree. (dec.) respectively.
PAR  Tablets or capsules of these compounds are prepared analogous to Example 11
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. An antianxiety and antidepressant pharmaceutical composition comprising
      an anxiolytic or antidepressively effective amount of a compound of the
      formulae
      ##EQU6##
      wherein Ar is unsubstituted phenyl or phenyl substituted by one or two, of
      the same or different substitutents selected from the group consisting of
      lower alkyl, lower alkoxy, halo or trifluoromethyl, Ph is 1,2-phenylene
      substituted by one or two halogen atoms, R.sub.o is hydrogen, lower alkyl,
      (hydroxy, lower alkoxy or Am)-C.sub.m H.sub.2m or AR-C.sub.n H.sub.2n,
      wherein Am is amino, mono- or di-lower alkylamino, lower alkyleneimino or
      mono-aza-, oxa- or thia-alkyleneimino, wherein the additional nitrogen,
      oxygen or sulfur atom is separated from the imino-nitrogen by at least 2
      carbon atoms, m is an integer from 1 to 7, n such from 0 to 7, each of
      R.sub.1 and R.sub.2 is hydrogen or lower alkyl, and R.sub.3 is hydrogen,
      lower alkyl, hydroxy or lower alkanoyloxy, or a 5,6-dihydro- or 5-lower
      alkyl-5,6-dihydro derivative, an N-oxide of the compounds containing no
      hydrogen attached to nitrogen, or a lower alkanoyl, alkoxycarbonyl, AmCO,
      AmCS or cyano derivative of the compounds containing at least one hydrogen
      attached to nitrogen, or a therapeutically useful acid addition salt
      thereof, together with an enterally or parenterally applicable
      pharmaceutical excipient.
NUM  2.
PAR  2. A composition as claimed in claim 1, wherein the effective compound
      corresponds to the formulae
      ##SPC5##
PAL  wherein R.sub.3 is hydrogen or hydroxy, R.sub.4 is hydrogen, methyl, ethyl,
      n- or i-propyl, n-, i- or t-butyl, 2- or 3-(hydroxy, dimethylamino- or
      diethylemino)-(ethyl or propyl) or benzyl, each of R.sub.5 and R.sub.6 is
      fluoro or chloro and R.sub.7 is R.sub.4 or formyl, acetyl, (methoxy or
      ethoxy)-carbonyl, mono- or dimethyl or -ethyl-carbamoyl or -thiocarbamoyl,
      or a therapeutically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A composition as claimed in claim 1, wherein the effective compound is
      the
      8-chloro-6-(2-fluorophenyl)-1-methyl-1H,4H-pyrazolo[4,3-d]-(2)benzazepine,
      or a therapeutically useful acid addition salt thereof.
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ABST
PAL  The use of polyether antibiotics and their pharmaceutically acceptable
      cationic salts and esters in oral treatment and prevention of swine
      dysentery is described.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention is directed to the use of polyether antibiotics, e.g.,
      monensin, dianemycin, A204, X206, nigericin and X537A as well as the
      pharmaceutically acceptable cationic salts and esters thereof in the
      treatment and prevention of swine dysentery. All the antibiotics and their
      salts are known and publications directed to their preparation are as
      follows:
PAR  Antibiotic X537A is a designation given to a crystalline antibiotic
      produced by a Streptomyces organism isolated from a sample of soil
      collected at Hyde Park, Massachusetts. Lyophilized tubes of the culture
      bearing the laboratory designation X537 are deposited with the United
      States Department of Agriculture, Agricultural Research Service, Northern
      Utilization Research and Development Division, Peoria, Illinois. The
      culture, given identification number NRRL 3382 by the Agricultural
      Research Service, has been made available to the public through the NRRL.
PAR  Antibiotic X537A is prepared by growing the Streptomyces organism in an
      aerated submerged culture, with the pH of the broth adjusted to about
      neutral, i.e., about 6.5 to 7.5. The medium utilized contains a nitrogen
      source, such as yeast, a yeast derived product, corn meal, soy bean meal
      and the like, with soybean meal being the most preferred; and a
      carbohydrate source, such as beet, molasses, and the like, with brown
      sugar being the most preferred. The fermentation is carried out at
      slightly elevated temperatures, i.e., between about 25.degree.and
      35.degree.C. with the preferred incubation temperature being about
      28.degree.C. After an incubation of 4 to 6 days, the fermentation broth is
      filtered and the antibiotic recovered by extraction.
PAR  Antibiotic X537A has a structural formula as given below:
      ##SPC1##
PAR  A detailed description of its preparation is found in U.S. Pat. No.
      3,715,372. The compound is known to have activity as a coccidiostat agent
      and as an antibacterial agent.
PAR  Dianemycin has been characterized as having the following structural
      formula:
      ##SPC2##
PAL  Steinrauf et al., Biochemical and Biophysical Research Communications 45,
      1279-87 (1971).
PAR  Gorman et al., U.S. Pat. No. 3,577,531 gives the description, preparation
      and characteristics of dianemycin and refers to a previous article about
      it by Lardy et al., Arch. Biophysics 78, 587-97 (1958).
PAR  Dianemycin is a fermentaton product of an organism which is a strain of
      Streptomyces hygroscopicus and is on an unrestricted deposit under the
      identification number NRRL 3444 in the Northern Utilization Research and
      Development Division, Agricultural Research Service, U.S. Department of
      Agriculture, Peoria, Ill.
PAR  Nigericin has been known for some time under the names helexin-C,
      antibiotic X464, antibiotic K178, polyetherin A, and azalomycin M. Its
      structure was characterized by Steinrauf et al., Biochemical and
      Biophysical Research Communications 33, 29 (1968). Its structural formula
      is depicted below:
      ##SPC3##
PAL  Harnes et al., Antibiotics and Chemotherapy I, 594-96 (1951) originally
      mentioned nigericin. It was also described by Gorman et al., U.S. Pat. No.
      3,555,510.
PAR  The organism which produces nigericin is a strain of Streptomyces
      violaceoniger which is on unrestricted deposit under the identification
      number NRRL B1356 in the Northern Research and Utilization Development
      Division, Agricultural Research Service, U.S. Department of Agriculture,
      Peoria, Ill. The preparation of nigericin is described in U.S. Pat. No.
      3,794,732.
PAR  Monensin was described by Haney et al., U.S. Pat. NO. 3,501,568. The
      substance known as monensin is actually a mixture of four components.
      These four components are included in the term "monensin" as used herein.
      The structural formula indicated below is the acid form of the component A
      of monensin.
      ##SPC4##
PAR  Monensin is the fermentation product of an organism which can be found on
      unrestricted deposit under the number ATCC 15413 in the American Type
      Culture Collection, Rockville, Md.
PAR  The antibiotic A204 is described and its preparation shown in U.S. Pat. No.
      3,797,732. The term A204 is used to designate the different components
      obtained by fermentation in the presence of Streptomyces albus under
      aerobic conditions in a culture medium containing assimilable sources of
      carbon, nitrogen and inorganic salts. The organisms were first isolated
      from soil samples obtained from Perry, Fla.
PAR  According to U.S. Pat. No. 3,797,732, the organism capable of producing
      antibiotic A204 has been placed on permanent deposit, without restriction,
      with the culture collection of the Northern Utilization Research and
      Development Division, Agricultural Research Service, U.S. Department of
      Agriculture, Peroia, Ill. and is available to the public under culture
      number NRRL 3384.
PAR  Component I of A204 is the most important and the most abundant. Component
      II constitutes about 5% of the mixture of A204 components produced. The
      other components are obtained in smaller quantities. The components of
      A204 are included in the term "Antibiotic A204". The structural formula
      indicated below is that of the acid form of A204 I.
      ##SPC5##
PAR  The antibiotic X206 was reported for the first time in 1951 by Berger et
      al., JACS 73, 5295-98 (1951). The Streptomyces organism from which one is
      able to obtain antibiotic X206 is available at Center International
      d'Information sur Les Antibiotiques (International Center for Information
      on Antibiotics) Liege, Belgium, which lists the organism on page 31 of its
      Bulletin No. 3 (1966). X206 is characterized as being a molecule being
      very similar to those of other antibiotic compounds useful in the present
      process. Its formula has been depicted by Blount et al., Chemical
      Communication, 1971, 927-928 as follows:
      ##SPC6##
PAR  A method for the preparation of X206 is shown in U.S. Pat. No. 3,794,732.
PAR  The antibiotics which may be used in the present invention are all acids
      and react with organic and inorganic bases to form salts. Examples of
      mineral bases forming pharmaceutically acceptable cationic salts with the
      antibiotics include the alkaline metal hydroxides such as lithium
      hydroxide, sodium hydroxide and potassium hydroxide; the carbonates and
      the bicarbonates of alkaline metals such as lithium carbonate and sodium
      bicarbonate; hydroxides and carbonates of alkaline earth metals such as
      calcium hydroxide, magnesium carbonates; and similar mineral bases.
PAR  As examples of organic bases forming pharmaceutically acceptable salts with
      the antibiotics are lower alkyl amines, primary, secondary and tertiary
      hydroxy lower alkyl amines such as ethylamine, isopropylamine,
      diethylamine, methyl-n-butylamine, ethanolamine and diethanolamine. The
      ammonium salts of the antibiotics are prepared with ammonia or ammonium
      hydroxide.
PAR  The pharmaceutically acceptable esters of the acid group of antibiotics are
      obtained easily. For example, the alkyl esters such as methyl, isopropyl
      and butyl esters, cycloalkyl esters such as cyclopropyl and cyclohexyl
      esters, and aryl esters such as phenyl ester, can be obtained by reaction
      of the acid with a diazo derivative of the substituent to be added.
PAR  It is equally possible to obtain esters by acylation of one or more
      hydroxyl groups of these antibiotics. For example, esters are obtained by
      acylation with groups such as formyl, acetyl, hexanoyl and benzoyl groups
      or by a reaction with an anhydride of the acyl group to be added. The
      salts and esters of the antibiotics as described above are all useful in
      the process of this invention.
PAR  Swine dysentery is one of the most common swine diseases diagnosed in the
      United States. Additionally, the disease is prevalent in many other
      countries and annually causes many thousands of dollars losses in stock to
      swine growers around the world. It has recently been discovered that a
      large spirochete is the causative organism of the disease. This organism,
      Treponema hyodysenteriae, has now been isolated and shown to be capable of
      producing the disease [Harris, D. L. et al.:Swine Dysentery-1 Inoculation
      of Pigs with Treponema hyodysenteriae (New Species) and Reproduction of
      the Disease, Vet. Med/SAC 67: 61-64: 1972]. The test data recited
      hereinafter concerns tests conducted with this organism. It must be noted
      that it is not known whether T. hyodysenteriae is the sole causative
      organism of swine dysentery. From the data available, however, it can be
      concluded that it is a primary source of the infection.
PAR  The compounds described herein as being effective compounds in treating
      swine dysentery are all antibiotics with related structures. Each of the
      antibiotics has a chain of oxygenated rings with a single carboxylic acid
      group at one end of the molecule and one or more hydroxyl groups at the
      other end of the molecule.
PAR  All the active antibiotics in the present method form an unusual complex
      salt with a monovalent cationic metallic ion. A complex forms between one
      molecule of the antibiotic and one metallic ion. The atoms of oxyen to be
      found in the connected rings of the antibiotic molecule form a complex
      with a metallic ion. Thus, the antibiotic molecule forms a loop or ball
      around the ion. A weak covalent bond forms between the ion and each oxygen
      atom. The ends of the molecule are joined to each other by hydrogen bonds
      between the carboxyl group and a hydroxyl group located at the opposite
      end of the antibiotic molecule. Thus, the ion is completely enclosed in
      the antibiotic molecule. The unusual result is that the metallic salt of
      the antibiotic is insoluble in water but is soluble in the organic
      solvents. The compounds also form salts with other cations such as
      ammonium salts and amine salts.
PAR  It is expected that other antibiotics having the structures and general
      properties which have just been described could be used in the present
      method. These compounds clearly fall within the intended scope of the
      present invention.
PAR  The active ingredients and their pharmaceutically acceptable salts or
      esters have been found to control swine dysentery when administered to
      provide the active compound at levels as low as 0.0055% by weight of the
      feed ration. For effective prevention of swine dysentery, the active
      compounds or their pharmaceutically acceptable esters and salts can be
      administered at levels from about 0.0027% by weight to about 0.055% by
      weight preferably at about 0.015% by weight of the diet.
PAR  For control and prevention of swine dysentery, it is preferred, in
      accordance with the present invention, to administer the antibiotic in
      feed ration. Therefore, the preferred method comprises administering to
      swine ad libitum a ration containing from about 0.0027% by weight to about
      0.05% by weight active compound free acid or equivalent amount of a
      pharmaceutically acceptable salt or ester thereof.
PAR  As used herein "control" refers to treatment of infected animals and
      "prevention" refers to treatment of uninfected susceptible animals.
      Usually, less concentration of active compound is needed to achieve
      prevention than control since less severe conditions exist.
PAR  When in accordance with the invention the active compound is to be
      administered to swine in the form of an intimate admixture with a
      commercial dry feed ration, a premix or feed supplement is likewise
      contemplated. Such a premix can advantageously contain from about 1% by
      weight to about 99% by weight active compound or equivalent amount of a
      salt or ester thereof. Additionally, such a premix or feed supplement can
      contain inert carriers or diluents such as, for example, processed grain
      by products such as soybean mill runs and ground rice hulls, inorganic
      carriers such as oyster shell flour, anticaking agents such as calcium
      silicate and the like and may additionally contain compatible medicaments.
      A suitable premix can likewise be prepared by simply adding the desired
      concentration of active compound to a measured quantity of any commercial
      swine feed. A preferred premix is obtained using processed grain
      by-products. Such a premix can be added to commercial feed and intimately
      mixed therewith to effect uniform distribution thereby assuring an
      effective concentration level of active compound. The feed supplement or
      premix containing the active compound can be readily mixed with swine
      rations by any conventional technique for mixing feed. For convenience in
      commercial use, it has been found that premixes containing from about 1%
      by weight to about 80% by weight active compound are preferred, with a
      premix containing about 15% by weight being most preferred.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAR  This example illustrates typical feed supplement formulations suitable for
      use in the method of the invention. A premix is made from the following:
TBL  Ingredient             Grams/Kilogram                                     
     ______________________________________                                    
     Active Compound            150.0                                          
     Calcium Silicate (Microcel E)                                             
                                20.0                                           
     Calcium Carbonate (Oyster Shell Flour)                                    
                                830.0                                          
     Total Weight              1000 gms.                                       
     ______________________________________                                    
PAR  Procedure:
PAR  The active compound is blended with Microcel E to make a pre-mix. The
      oyster shell flour is placed in a suitable mixer, the pre-mixer is added
      and the entire amount is mixed until homogeneous.
PAR  This premix is then added to commercial swine ration at the rate of 2
      lb./ton to yield a concentration of about 136 gm./ton. The commercial
      feeds to which this premix is added may be free of other medicaments or
      may contain other medicaments if the final mixture is compatible
      therewith.
PAR  A premix is made from the following:
TBL  Ingredient             Grams/Kilogram                                     
     ______________________________________                                    
     Active Compound            150.0                                          
     Calcium Silicate (Microcel E)                                             
                                20.0                                           
     Soy Oil                    20.0                                           
     Soy Meal Run (toasted, extracted,                                         
     milled soy)                800.0                                          
     Total Weight              1000 gms.                                       
     ______________________________________                                    
     or                                                                        
     Ingredient             Grams/Kilogram                                     
     ______________________________________                                    
     Active Compound            150.0                                          
     Calcium Silicate (Microcel E)                                             
                                10.0                                           
     Soy Oil                    20.0                                           
     Ground Rice Hulls          820.0                                          
     Total Weight              1000 gms.                                       
     ______________________________________                                    
PAR  Procedure:
PAR  The soy meal run or ground rice hulls is placed in a suitable mixer and
      about 20 grams (2% by weight of final mixture) of the soy oil slowly added
      thereto and the whole thoroughly mixed. The quantity of soybean (soy) oil
      is just sufficient to make the premix non-dusty and to prevent
      classification of the active compound and may be varied from lot to lot.
      The active ingredient with Microcel E is then added thereto and the whole
      thoroughly mixed unitl homogeneous.
PAR  These premixes are then combined with commercial feed formulations at the
      rate of 2 pounds per ton to yield final levels of active compound of 136
      grams/ton.
PAC  EXAMPLE 2
PAR  Inoculum for 12 pigs to be designated as carrier pigs was obtained as
      follows: An original pure strain of Treponema hyodysenteriae (strain
      B-224) was isolated from an outbreak of swine dysentery in Illinois and
      passed twice in isolation units in pigs from a specific pathogen free herd
      or a disease controlled herd. Crude inoculum from the second passage was
      utilized to inoculate pigs in isolation from the disease controlled herd.
      Two of these pigs exhibiting mucohemorrhagic enteritis typical of swine
      dysentery were sacrificed. Intestinal scrapings of the colon and caecum
      were collected and diluted one to one with PBS, i.e., phosphate buffer
      solution. A sample of this material was found to be free of Salmonella
      spp. and to contain large numbers of the large spirochete T.
      hyodysenteriae which was isolated in pure culture.
PAR  Winthin 4 hours of collection, the buffered suspension of intestinal
      scrapings was used to inoculate 12 pigs designated hereafter as carrier
      pigs with 20 cc per os. Six days later, signs of swine dysentery began to
      appear in the carrier pigs. Ten days after inoculation, the surviving 10
      carrier pigs (two had died of swine dysentery) were sacrificed. Two of
      these had only mild lesions of swine dysentery and were discarded. From
      the remaining pigs, colon contents and mucosal scrapings were pooled,
      diluted with PBS, and 20 ml. of this inoculum was administered per os to
      each of 48 experimental pigs. The experimental pigs were placed in 12
      pens, each holding 4 pigs and fed non-medicated ration for five days. At
      that time, the rations containing from 0 to 136 grams/ton of active
      ingredient were fed ad libitum for 28 days after which non-medicated basal
      ration was fed 11 days to all pigs and the experiment was terminated. Each
      day, the number of pigs with diarrhea and hemorrhagic enteritis was noted.
      Pigs which died were necropsied and lesions of swine dysentery noted.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Summary of Effect of Dietary Antibiotic X-537A for Control of Swine       
     Dysentery                                                                 
                        Group A                                                
                              Group B                                          
                                    Group C                                    
                                          Group D                              
     __________________________________________________________________________
     Antibiotic X-537A in ration, g/ton                                        
                        0     34    68    136                                  
     Avg. daily intake, mg./lb.                                                
                        0     0.7   1.6   3.7                                  
     Pigs started       12    12    12    12                                   
     Losses, mortality (+ culls)                                               
                        5(1)  3     1(2)  2                                    
     Avg. diarrhea days per pen,                                               
     experiment days 1-28.sup.a) :                                             
      Diarrhea days     81    61    56    66                                   
      Hemorrhagic diarrhea days                                                
                        63    32    30    26                                   
     Avg. diarrhea days per pen,                                               
     experiment days 20-39.sup.b) :                                            
      Diarrhea days     30    18    21    11                                   
      Hemorrhagic diarrhea days                                                
                        24    13    7     10                                   
     Avg. pig weight, lb.                                                      
      Initial (all pigs)                                                       
                        45.1  43.2  43.2  45.0                                 
      Initial (survivors)                                                      
                        47.4  46.6  43.1  45.7                                 
      Survivors after 28 days                                                  
                        71.3  75.2  67.3  77.9                                 
     Avg. daily gain, days 1-28                                                
                        0.85  1.02  0.87  1.15                                 
     Feed efficiency, days 1-28.sup.c)                                         
                        0.289 0.364 0.332 0.350                                
     Avg. daily feed, days 1-28.sup.c)                                         
                        2.88  2.67  2.61  3.33                                 
     __________________________________________________________________________
      .sup.a) Of a total of 112 pig days (4 pigs/pen .times.  28 days).        
      Corrected for mortality due to swine dysentery (SD).                     
      .sup.b) Of a total of 44 pig days (4 pigs/pen .times. 11 days). Corrected
      for SD mortality.                                                        
      .sup.c) Corrected for mortality.                                         
PAR  The results above clearly indicate that the feeding ad libitum of a feed
      formulation containing about 34 to about 136 grams/ton active compound is
      highly efficacious in the control of swine dysentery and a feed containing
      about 136 grams per ton in efficacious in the majority of cases.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the control of swine dysentery which comprises orally
      administering ad libitum to swine infected with swine dysentery sufficient
      amount of a ration containing from about 0.0055% by weight to about 0.055%
      by weight of, as the active compound, antibiotic X537A or equivalent
      amount of a pharmaceutically acceptable salt thereof to provide about 1.6
      to 3.7 mg. per pound of animal per day of said antibiotic.
NUM  2.
PAR  2. The method according to claim 1 wherein the ration contains from about
      34 to about 136 grams/ton of said active compound or equivalent amount of
      a pharmaceutically acceptable salt thereof.
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ABST
PAL  Products having analgesic and antipyretic activity are provided having the
      formula:
EQU  R -- Z -- R'
PAL  in which each of R and R', which may be the same or different, represents a
      phenyl or pyridyl radical which is optionally substituted by at least one
      substituent selected from a halogen atom, --NO.sub.2, --CONH.sub.2 --,
      --OC.sub.2 H.sub.5, OCH.sub.3, --CH.sub.3, --COOC.sub.2 H.sub.5,
      --COOCH.sub.3, --COOH and --OCH.sub.2 --COOH radical; Z represents a
      radical selected from --CH=N-- and &gt;CH--NH-- in which the radical &gt;CH-- of
      said amino group forms part of a heterocyclic structure of the formula:
      ##EQU1##
      in which the two carbon atoms connected by a double bond form part of the
      radical R or R'. Specific compounds include
      2-(2'-carboxamido-anilino)-o-phthalide and 2-(2' or
      4'-ethoxy-anilino)-o-phthalide.
BSUM
PAR  The present invention relates to new products obtained by reacting a
      primary amine and an aldehyde.
PAR  The products according to the invention are products of the formula:
EQU  R -- Z -- R'
PAL  in which each of R and R', which may be the same or different, represents a
      phenyl, which is preferred, or pyridyl radical, which can optionally be
      substituted by at least one substituent selected especially from a halogen
      atom, --NO.sub.2, --CONH.sub.2, --OC.sub.2 H.sub.5, --OCH.sub.3,
      --COOC.sub.2 H.sub.5, --COOCH.sub.3, --COOH and --OCH.sub.2 --COOH
      radicals, and Z is an imine diradical of formula --CH = N-- or an amino
      diradical of formula CH--NH-- in which the radical CH-- of said amino
      radical forms part of a heterocyclic structure of the formula:
      ##EQU2##
      in which the two carbon atoms connected by a double bond form part of the
      radical R. R and R' typically represent a phenyl radical optionally
      substituted by --Cl, --COOH, --COOCH.sub.3, --CONH.sub.2, --CH.sub.3 or
      --OC.sub.2 H.sub.5.
PAR  The new products can be prepared, according to this invention, by a process
      which comprises heating under reflux substantially equimolar amounts of an
      aldehyde of the formula: R--CHO and of a primary amine of the formula:
      R'--NH.sub.2 dissolved in a suitable solvent, such as ethanol or methyl
      ethyl ketone or a mixture of such solvents, and precipitating the product
      obtained by cooling.
PAR  The desired product can be recovered by, for example, filtration and
      purified by, for example, cyrstallisation from an alcohol e.g. ethyl
      alcohol or an aqueous alcoholic solution until a compound is obtained
      which has a definite and constant melting point.
PAR  When the aldehyde R-CHO does not carry a carboxylic acid group on a carbon
      adjacent to that carrying the aldehyde group, the condensation products
      obtained have an imine structure; these products can thus be represented
      by the general formula:
EQU  R--CH = N--R'.
PAR  on the other hand, when the aldehyde R-CHO does carry a carboxylic acid
      group on a carbon adjacent to that carrying the aldehyde group, the
      condensation products obtained have a phthalide structure which can be
      represented by the following formula:
      ##EQU3##
      in which the ring
      ##EQU4##
      is the R ring. In other words the phenyl or pyridyl radical which R and R'
      represent can be divalent as well as monovalent.
PAR  The products of this invention possess useful anti-inflammatory, analgesic,
      hypothermal and antipyretic activity. Thus the present invention also
      provides pharmaceutical compositions containing an effective amount of at
      least one product of the present invention, together with an appropriate
      carrier or diluent. The products can be administered orally, rectally or
      percutaneously.
PAR  Taking account of their diverse pharmacological activities and their low
      toxicity, the compounds of the present invention can be used in human
      therapy, in inflammatory and algesic conditions, especially:
PAR  In rheumatology: chronic inflammatory rheumatism, degenerative rheumatism,
      abarticular diseases and gout,
PAR  In functional re-training,
PAR  In traumatology: sprains, tendinitis, sore muscles and after-effects of
      fractures, and
PAR  In dermato-phlebology: phlebites, periphlebites, varices and cellulitis.
PAR  They can be administered orally, rectally and percutaneously, in numerous
      pharmaceutical forms such as tablets, dragees, gelatine-coated pills,
      capsules, suppositories, ointments and gels. Naturally, they can be
      combined with vehicles suited to these pharmaceutical forms.
PAR  The oral forms suitably contain 0.100 g to 1.500 g per unit dose, the
      suppositories 0.250 g to 1 g and the ointments and gels 5 to 10% by
      weight.
PAR  The average daily posology is 2 to 3 doses with oral administration, 1 to 2
      doses with rectal administration and 2 to 3 applications with percutaneous
      administration.
PAR  Naturally, the duration of the treatment depends on the condition being
      treated.
DETD
PAR  The following Examples further illustrate the present invention.
PAC  EXAMPLE 1
PAR  18 g of p-formyl-phenoxyacetic acid and 13.7 g of anthranilic acid are
      heated in approximately 150 ml of methyl ethyl ketone under reflux for 2
      hours; after precipitation and recrystallisation from aqueous ethanol, 24
      g of condensation product are obtained, having a melting point of
      200.degree.C; the yield is 80%.
PAC  EXAMPLE 2
PAR  15 g of phthalaldehydic acid and 13.7 g of o-ethoxy-aniline in
      approximately 180 ml of acetone are heated under reflux for 2 hours. After
      precipitation and recrystallisation, 19 g of 3-(o-ethoxyaniline)-phthalide
      are obtained having a melting point of 115.degree.C; the yield is 70%.
PAC  EXAMPLE 3
PAR  13.7 g of anthranilic acid and 10.7 g of isonicotinic aldehyde in
      approximately 150 ml of methyl ethyl ketone are heated under reflux for 2
      hours; after precipitation and recrystallisation from aqueous ethanol, 18
      g of N-(4-pyridyl-methylene)-anthranilic acid are obtained having a
      melting point of 120.degree.C; the yield is 80%.
PAC  EXAMPLE 4
PAR  16.2 g of 2,6-dichloro-aniline and 15 g of o-phthalic acid aldehyde,
      dissolved in 120 ml of diethyl ketone, are heated under reflux for 4
      hours. After evaporation of the solvent and recrystallisation, 21 g (70%
      yield) of 2-(2',6'-dichloro-anilino)-phthalide are obtained having a
      melting point of 150.degree.C.
PAR  The majority of the compounds are crystalline powders, the melting point of
      which varies from 120.degree. to 260.degree.C; the following products can
      be prepared according to an analogous process:
     N-salicylidene-2,4,5-trichloro-aniline                                    
                              M.p. 136.degree.C.                               
     3-N-(2'-methoxybenzylidene)carboxy-aniline                                
                              M.p. 260.degree.C.                               
     2-N-(2'-carboxymethoxy-benzylidene)carboxy                                
     aniline                  M.p. 180.degree.C.                               
     3-N-(2'-carboxymethoxy-benzylidene)carboxy                                
     aniline                  M.p. 145.degree.C.                               
     4-N-(2'-carboxymethoxy-benzylidene)carboxy                                
     aniline                  M.p. 254.degree.C.                               
     2-N-(4'-carboxymethoxy-benzylidene)carboxy                                
      aniline                 M.p. 200.degree.C.                               
     3-N-(4'-carboxymethoxy-benzylidene)carboxy                                
     aniline                  M.p. 240.degree.C.                               
     4-N-(4'-carboxymethoxy-benzylidene)carboxy                                
      aniline                 M.p. 260.degree.C.                               
     3-N-(picolinylidene)carboxy-aniline                                       
                              M.p. 207.degree.C.                               
     N-(picolinylidene)carboxy-aniline                                         
                              M.p. 130.degree.C.                               
     3-N-(nicotinylidene)hydroxy-aniline                                       
                              M.p. 260.degree.C.                               
     2-N-(nicotinylidene)carboxy-aniline                                       
                              M.p. 110.degree.C.                               
     2-(3-hydroxy-anilino)-o-phthalide                                         
                              M.p. 148.degree.C.                               
     2-(2'-carboxy-anilino)-o-phthalide                                        
                              M.p. 260.degree.C.                               
     2-(2'-carboxamido-anilino)-o-phthalide                                    
                              M.p. 225.degree.C.                               
     2-(4'-carboxy-anilino)-o-phthalide                                        
                              M.p. &gt;260.degree.C.                              
     2-(3'-trifluoro-anilino)-o-phthalide                                      
                              M.p. 144.degree.c.                               
     2-(2',4'-dichloro-anilino)-phthalide                                      
                              M.p. 148.degree.C.                               
     2-(2',6'-dichloro-anilino)-phthalide                                      
                              M.p. 150.degree.C.                               
     2-(2',6'-dimethyl-anilino)-phthalide                                      
                              M.p. 132.degree.C.                               
     2-(2',4'-dimethyl-anilino)-phthalide                                      
                              M.p. 156.degree.C.                               
     2-(2',4',6'-trichloro-anilino)-o-phthalide                                
                              M.p.  58.degree.C.                               
     2-(2'-carbomethoxy-anilino)-o-phthalide                                   
                              M.p. 220.degree.C.                               
     2-(2'-ethoxy-anilino)-o-phthalide                                         
                              M.p. 115.degree.C.                               
     2-(3'-ethoxy-anilino)-o-phthalide                                         
                              M.p. 118.degree.C.                               
     2-(4'-ethoxy-anilino)-o-phthalide                                         
                              M.p. 179.degree.C.                               
     2-(4'-carboxy-3'-hydroxy-anilino)-o-phthalide                             
                              M.p.  68.degree.C.                               
     2-(2'-methyl-3'-chloro-anilino)-o-phthalide                               
                              M.p. 186.degree.C.                               
     2-(2-methyl-4'-chloro-anilino)-o-phthalide                                
                              M.p. 196.degree.C.                               
     2-(2'-methyl-5'-chloro-anilino)-o-phthalide                               
                              M.p. 168.degree.C.                               
     2-(2'-methyl-6'-chloro-anilino)-o-phthalide                               
                              M.p.  68.degree.C.                               
     2-(4'-methyl-3'  -chloro-anilino)-o-phthalide                             
                              M.p. 191.degree.C.                               
     bis-(2-o-phthalido)-meta-phenylene-diamine                                
                              M.p. 260.degree.C.                               
     2-(2'-chloro-4'-nitro-anilino)-o-phthalide                                
                              M.p. 204.degree.C.                               
PAR  These products are insoluble in water and carbon tetrachloride; they are
      sparingly soluble in ethyl alcohol and chloroform and sparingly soluble in
      acetone and tetrahydrofurane, and soluble in pyridine.
PAR  The insolubility of these products in carbon tetrachloride makes it
      impossible to investigate them by N.M.R. On the other hand,
      microanalytical determinations gave the expected results. Moreover, the
      I.R. spectra of the products dispersed in nujol or mixed with potassium
      bromide show (where expected) the absorption characteristic of the
      aromatic imine group at 6.15 .mu. and of the lactone carboxyl group of
      phthalides at 5.7 .mu..
PAR  The compounds thus produced showed considerable anti-inflammatory,
      analgesic and anti-pyretic activities.
PAR  Pharmacological and toxicological investigations gave the following
      results:
PAR  The pharmacological investigation was directed towards the
      anti-inflammatory, analgesic and antipyretic action, a few Examples of
      which follow by way of illustration.
PAC  EXAMPLE 5
PAC  Investigation of anti-inflammatory activity.
PAR  Rats which received a phlogogenic substance such as a solution of
      formaldehyde or carragenine in the pads of their feet, and to which 250
      mg/kg of the products according to the invention were administered orally
      at the same time, had their oedema markedly inhibited relative to those
      which had not ingested the product. The same result was obtained in the
      case of rats which had received 400 mg/kg, administered orally, of the
      product according to the invention 30 minutes before plantar injection of
      serotonine.
PAR  The compounds of the present invention can also act when the oedema is
      developed. Thus, 6 hours after the injection of kaolin under the same
      conditions as above, rats which had received 400 mg/kg of product
      according to the invention, administered orally, also had their oedema
      considerably reduced.
PAR  Finally, it was found that the products according to the invention possess
      very valuable anti-inflammatory activity at smaller repeated doses. Thus
      rats into the sides of which cotton pellets were introduced, via the skin
      of the back, thus causing the formation of granulomas, and which had
      received 100 mg/kg of product according to the invention for 10
      consecutive days, had their granulomatous tissue considerably reduced
      relative to untreated control rats.
PAR  In this investigation of the anti-inflammatory activity, some of the
      compounds proved to be particularly effective, as is shown in the Table
      below.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Anti-inflammatory activity                                                
     Products according                                                        
                   Dose   Injection of                                         
                                 Injection of                                  
     to the invention                                                          
                   administered                                                
                          carragenine                                          
                                 serotonine                                    
     __________________________________________________________________________
     3-N-(4'-carboxymethoxy-                                                   
     benzylidene-carboxy-                                                      
                   400 mg/kg     X                                             
     aniline                                                                   
     N-salicylidene-2,4,5-                                                     
                   250 mg/kg                                                   
                          X                                                    
     trichloro-aniline                                                         
     2-(4'-ethoxy-anilino)-                                                    
                   250 mg/kg                                                   
                          X                                                    
     o-phthalide                                                               
     2-N-(4'-carboxymethoxy-                                                   
     benzylidene)-carboxy-                                                     
                   250 mg/kg                                                   
                          X                                                    
     aniline                                                                   
     2-(2',6'-dichloro-                                                        
                   100 mg/kg                                                   
     anilin)-phthalide                                                         
                   10 consec-                                                  
                   utive days                                                  
     __________________________________________________________________________
     Products according   Cotton Decrease in                                   
     to the invention                                                          
                   Kaolin pellets                                              
                                 oedema                                        
     __________________________________________________________________________
     3-N-(4'-carboxymethoxy-                                                   
     benzylidene)-carboxy-       38.2 %                                        
     aniline                                                                   
     N-salicylidene-2,4,5-       20.6% (carra-                                 
                   X                                                           
     trichloro-aniline                                                         
                   X             genine)                                       
                                 15% (kaolin)                                  
     2-(4'-ethoxy-anilino)-                                                    
     o-phthalide                 55 %                                          
     2-N-(4'-carboxymethoxy                                                    
     benzylidene)-carboxy-       34 %                                          
     aniline                                                                   
     2-(2',6'-dichloro-                                                        
     anilino)-phthalide   X      34% (pellets)                                 
     __________________________________________________________________________
PAC  EXAMPLE 6
PAC  Investigation of analgesic activity.
PAR  A batch of mice weighing approximately 20 g, which were sensitive to
      phenyl-p-benzoquinone, that is to say mice in which phenyl-p-benzoquinone,
      when administered intraperitoneally, causes a very characteristic twist
      syndrome, was selected.
PAR  Half of these mice had previously received 250 mg/kg of product according
      to the invention, administered orally. The number of twists made by the
      mice after injection was counted and a marked decrease in this number was
      observed in the case of the treated mice.
PAR  Certain compounds proved to be particularly interesting analgesics, as is
      shown in the following Table:
TBL  Analgesic activity in mice which had reacted to an                        
     injection of phenyl-p-benzoquinone.                                       
     Products according                                                        
                      Dose       Percentage                                    
     to the invention administered                                             
                                 activity                                      
     ______________________________________                                    
     2-(2'-carboxamido-                                                        
     anilino-o-phthalide 250 mg/kg                                             
                      70%                                                      
     2-(2'-ethoxy-anilino)-o                                                   
     phthalide 250 mg/kg                                                       
                      70%                                                      
     2-(2',4'-dimethyl-                                                        
     anilino)-phthalide                                                        
                      250 mg/kg  50%                                           
     ______________________________________                                    
PAC  EXAMPLE 7
PAC  Anti-pyretic activity.
PAR  The products according to the invention proved to be anti-pyretic agents,
      without however changing the body temperature of the animals. Thus, for
      example, mice which were known to possess a normal body temperature and
      which had received 250 mg/kg of product according to the invention, did
      not have their body temperature changed during the 24 hours following
      ingestion.
PAR  On the other hand, mice which received 10 ml/kg of pyrogenic solution,
      administered subcutaneously, and then, 4 hours after, ingested 250 mg/kg
      of the product according to the invention, returned to a normal
      temperature very rapidly.
PAR  Determination of the LD 50 demonstrated the low degree of damage of these
      compounds with respect to mice. The great majority of the compounds
      according to the invention have an LD 50, after a period of 24 hours,
      greater than 2 g/kg. Several have an LD 50 greater than 5 g/kg.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pharmaceutical composition having analgesic, anti-inflammatory, and
      anti-pyretic activity which comprises, as the active ingredient, an
      analgesic, anti-inflammatory and anti-pyretic effective amount of at least
      one compound selected from the group consisting of compounds of the
      formula R--Z--R', in which each of R and R', which may be the same or
      different, represents a phenyl radical which is optionally substituted by
      at least one substituent selected from a halogen atom, --OC.sub.2 H.sub.5,
      --OCH.sub.3, --CH.sub.3, --COOC.sub.2 H.sub.5, --COOCH.sub.3, and --COOH
      radical; and Z represents CH--NH-- in which the radical CH-- of said amino
      group forms part of a heterocyclic structure of the formula
      ##EQU5##
      in which the two carbon atoms, connected by a double bond, form part of
      the radical R or R' in association with a pharmaceutically acceptable
      carrier material.
NUM  2.
PAR  2. A composition according to claim 1 which contains from 0.1-1 gram per
      unit dose of said active ingredient.
NUM  3.
PAR  3. A pharmaceutical composition according to claim 1 wherein R and R' are
      unsubstituted phenyl or phenyl substituted by at least one --Cl, --COOH,
      --COOCH.sub.3, --CH.sub.3, or --OC.sub.2 H.sub.5 radical.
NUM  4.
PAR  4. A pharmaceutical composition having an analgesic, anti-inflammatory, and
      anti-pyretic activity which comprises, as the active ingredient, an
      analgesic, anti-inflammatory, and anti-pyretic effective amount of at
      least one compound selected from the group consisting of
      2-(2'-carboxamido-anilino)-o-phthalide;
      2-(2',6'-dichloroanilino)-o-phthalide;
      2-(2',4'-dimethyl-anilino)-o-phthalide; 2-(2'-ethoxy-anilino)-o-phthalide;
      and 2-(4'-ethoxy-anilino)-o-phthalide in association with a
      pharmaceutically acceptable carrier material.
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PAL  Disclosed herein are 2-(4-biphenyl)-cyclopropane carboxylic acids, which
      compounds are useful in alleviating inflammation, pain, hypoglycemia and
      ketosis.
PARN
PAR  This application is a division of our application Ser. No. 177,871 filed
      Sept. 3, 1971, and now U.S. Pat. No. 3,857,880.
BSUM
PAR  This invention relates to compositions of matter which may be considered as
      the chemical series of 2-(4-biphenyl)cyclopropane carboxylic acid
      compounds and to processes for making and using such compositions.
PAR  The invention sought to be patented in one of its composition aspects is
      described as residing in the concept of a chemical compound having the
      molecular structure of cyclopropane having a carboxy moiety attached to
      one of the ring carbon atoms and a para-biphenyl nucleus attached to a
      different carbon atom of the cyclopropane ring. Each of the rings of the
      aforesaid biphenyl radical can optionally be further substituted. Also
      included within this concept are the pharmaceutically acceptable salts and
      esters of the aforesaid cyclopropane carboxylic acids.
PAR  The invention sought to be patented in another of its composition aspects
      resides in the concept of a pharmaceutical formulation having
      anti-inflammatory, analgesic, hypoglycemic and antiketotic properties
      containing a novel composition of matter of this invention.
PAR  The compositions of this invention may be represented by formula:
      ##SPC1##
PAL  Wherein X, Y and Z are independently selected from the group consisting of
      hydrogen, halogen, trifluoromethyl, nitro, hydroxy, lower alkyl and lower
      alkylthio and R' is hydrogen, an alkyl radical having 1 to 12 carbon
      atoms, or a pharmaceutically acceptable cation.
PAR  As used herein the term "lower alkyl" means straight chain or
      branched-chain radicals having up to four carbon atoms as illustrated by
      methyl, ethyl, isopropyl, isobutyl, and the like. X is preferably in the
      meta position relative to the cyclopropyl moiety and Y is preferably in
      the para position, particularly para-halo.
PAR  The term "pharmaceutically acceptable cation" includes any cation which
      forms biphenyl cyclopropane carboxylic acid salts which do not create any
      difference in kind of pharmaceutical activity from that shown by the
      corresponding free acid. Such cations can be used to provide greater
      solubility or greater ease in formulation than the free acid.
      Representative of such salts are those wherein the cation is an alkali
      metal such as sodium or potassium, ammonium, substituted ammonium such as
      diethanolammonium or such metal cations as calcium or aluminum. Similarly,
      the pharmaceutically acceptable esters of the free cyclopropane carboxylic
      acids are those which are used in pharmaceutical formulations and which do
      not create any difference in kind of pharmaceutical activity from that
      shown by the free cyclopropane carboxylic acid. The esters themselves do
      not change the characteristic application of the free acid but merely
      facilitate application or formulating of the compounds, as for example, by
      increasing solubility. When hydrolyzed in the body, these esters yield the
      free cyclopropane carboxylic acid and a pharmaceutically acceptable
      alcohol, e.g. ethanol. The R' moiety may be further functionally
      substituted to increase polarity, solubility, and other such
      characteristics, such R' groups including dialkylaminoalkyl (e.g.
      dimethylaminoethyl) and glycerol esters. Such esters are considered to be
      the full equivalent of the free cyclopropane carboxylic acids.
PAR  It is to be noted that formula I embraces both cis- and trans- geometric
      isomers as well as optical isomers. It is to be understood that this
      invention embraces all such isomers, although it is recognized that
      variations in efficacy are to be expected. Cis- and trans- isomers of the
      compounds of this invention can generally be separated by conventional
      fractional crystallization techniques or by preferential hydrolysis of the
      ester. Generally the trans ester hydrolyzes first and thus it can readily
      be separated from the cis- isomer. A desired d- or l-optical isomer can be
      isolated from the racemate in the conventional manner via salt formation
      with an optically active resolving base such as d-amphetamine. The
      techniques of salt formation and separation of the salts as by fractional
      crystallization are well known to those skilled in the art.
PAR  The compounds of formula I can be prepared by reducing an appropriately
      substituted acetophenone (II) with a suitable reducing agent such as
      sodium borohydride and then dehydrating the corresponding carbinol (III),
      as for example, by the use of phosphorous pentoxide or potassium bisulfate
      to form the corresponding styrene (IV). A reagent such as ethyl
      diazoacetate can then be added to product IV to form the corresponding
      biphenyl cyclopropane carboxylic acid ethyl ester (V). The latter ester is
      then hydrolyzed to the free acid (I), as for example, using potassium
      hydroxide. This reaction scheme can be depicted as follows:
      ##SPC2##
PAL  wherein X, Y and Z have the meanings described above.
PAR  The compounds of this invention may also be produced by other processes.
      For example, the styrene of formula IV can be oxidized using, for example,
      potassium permanganate and sodium iodate, to the corresponding
      benzaldehyde. The latter can be condensed with ethylcyanoacetate in the
      presence of a catalytic amount of piperidine to yield the corresponding
      benzal cyanoacetate. The latter can be added along with an equivalent of
      sodium hydride to a suspension of trimethylsulfoxonium iodide in
      dimethylsulfoxide. The
      ethyl-2-(4-biphenyl)-cyclopropane-1-cyan-1-carboxylate product is then
      hydrolyzed with one equivalent of potassium hydroxide in ethanol to yield
      the 2-(4-biphenyl)-1-carboxy-1-cyanocyclopropane. The latter is
      decarboxylated heating and hydrolyzed with strong base to give the desired
      2-(4-biphenyl)-cyclopropane-1-carboxylic acid.
PAR  The compounds of this invention can also be produced by photolyzing the
      solution of the styrene of formula IV and bromomalononitrile in a suitable
      solvent such as methylene chloride. Cf. Boldt et al., Ber. 100, p. 1282
      (1967). The product, the corresponding 2-(4-biphenyl)-1,1-dicyanopropane,
      can then be preferentially hydrolyzed to the mono acid and then
      decarboxylated under the conventional conditions to yield the
      corresponding cyclopropane mono nitrile which is hydrolyzed to the desired
      cyclopropane carboxylic acid.
PAR  In still another manner the compounds of this invention can be prepared by
      adding bromine to the corresponding acetophenone of formula II in ether in
      the presence of a catalytic amount of aluminum chloride. The resultant
      phenacyl bromide is then condensed with the sodium salt of ethyl
      cyanoacetate to yield the ethyl phenacyl cyanoacetate. The latter is then
      reduced to the corresponding carbinol with sodium borohydride in methanol.
      This carbinol can then be reacted with thionyl chloride in benzene to
      yield the corresponding ethyl chlorocyano acetate which can then be
      reacted with sodium hydride in tetrahydrofuran to effect closure of the
      cyclopropane ring. The resultant ethyl biphenyl cyclopropane
      cyanocarboxylate can then be hydrolyzed under mild conditions to the
      cyanocarboxylic acid. The latter is then decarboxylated and hydrolyzed to
      the desired free acid under strongly alkaline conditions.
DETD
PAC  EXAMPLE 1
PAC  Preparation of cis- and trans- 2-(4-biphenyl)-cyclopropane carboxylic acid
PAR  14.4 g. of ethyldiazo acetate is added with stirring to a solution of 15 g.
      of 4-vinyl-biphenyl in 52 ml. of xylene at 90.degree.C. over a 25 minute
      period. The mixture is heated to 150.degree.C. over a 5 hour period. The
      cooled reaction mixture is filtered and washed with benzene. 8.7 g. of
      this crude cis and trans mixture of ethyl-2-(4-biphenyl)-cyclopropane
      carboxylate are dissolved in 80 ml. ethanol to which is added a solution
      of 2.65 g. of potassium hydroxide in 10.9 ml. water and the mixture is
      refluxed overnight. The reaction mixture is filtered and the white
      crystalline potassium salt is washed and dried. The salt is suspended in 1
      liter of hot water and acidified. The white solid precipitate is filtered
      and dried overnight. A first crop is recrystallized from 300 ml. of
      acetonitrile and is found to be the pure trans isomer, m.p.
      186.degree.-187.degree.C. A second crop is produced by evaporating the
      acetonitrile and crystallizing the residue from isopropyl ether. This
      product is the pure cis- isomer, m.p. 151.degree.-153.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of cis- and trans- 2-(4'chloro-4-biphenyl)-cyclopropane
      carboxylic acid
PAR  18 g. of 4'-chloro-4-vinyl-biphenyl is substituted in place of the
      4-vinyl-biphenyl in Example 1. Following the same workup there is
      recovered trans-2-(4'-chloro-4-biphenyl)-cyclopropane carboxylic acid,
      m.p. 200.degree.-200.5.degree.C. and
      cis-2-(4'-chloro-4-biphenyl)-cyclopropane carboxylic acid, m.p.
      175.degree.-176.degree.C.
PAR  Similarly, by substituting the corresponding substituted p-phenyl styrene
      analogues for p-phenylstyrene in Example 1, one can analogously prepare
      the corresponding cyclopropane carboxylic acids, as for example:
PA0  cis-2-(4'-fluoro-4-biphenyl)-cyclopropane carboxylic acid,
PA0  trans-2-(3-chloro-4-biphenyl)-cyclopropane carboxylic acid,
PA0  trans-2-(4'-trifluoromethyl-4-biphenyl)-cyclopropane carboxylic acid,
PA0  cis-2-(2,4'-dichloro-4-biphenyl)-cyclopropane carboxylic acid,
PA0  cis-2-(3'-hydroxy-3-thiomethyl-4-biphenyl)-carboxylic acid,
PA0  trans-2-(4'-nitro-3-bromo-4-biphenyl)-cyclopropane carboxylic acid,
PA0  cis-2-(4'-thiomethyl-4-biphenyl)-cyclopropane carboxylic acid,
PA0  cis-2-(3'-methyl-4'-chloro-2-hydroxy-4-biphenyl)-cyclopropane carboxylic
      acid,
PA0  trans-2-(3-nitro-4'-isobutyl-4-biphenyl)-cyclopropane carboxylic acid and,
PA0  trans-2-(2',4'-dichloro-3-methyl-4-biphenyl)-cyclopropane carboxylic acid.
PAR  The relief of inflammation by the administration of an anti-inflammatory
      agent without any untoward side effects being induced by this
      anti-inflammatory agent has long been desired. Steroids having
      cortisone-like activity have previously been employed to relieve
      inflammation. The use of steroid therapy, however, suffers from the
      drawback of such side effects as electrolyte imbalance, water retention
      and the like. The prior art has taught the use of certain non-steroidal
      compounds in the treatment of inflammatory conditions, but these have also
      been found to exhibit deleterious side effects, typically ulceration of
      the gastrointestinal tract. The novel compounds of this invention markedly
      lessen this ulcerative effect and thus they tend to exhibit high
      functional use indices.
PAR  It is known that the potency of a drug in delaying the appearance of edema
      in a rat's paw is closely correlated with its potency as an
      anti-inflammatory agent. Based thereon, the Carrageenin Induced
      Inflammation (Carrageenin Paw) Test is recognized as a standard
      pharmacological test for determining anti-inflammatory activity. The
      biphenyl cyclopropane carboxylic acids described herein exhibit an
      activity as evidenced by this test equal to or greater than that of the
      commonly used nonsteroid anti-inflammatory agent, phenylbutazone. Thus,
      the biphenyl cyclopropane carboxylic acids described herein are useful in
      treating inflammation, especially that associated with rheumatoid and
      osteoporosis joint diseases, collagen diseases, bursitis, gouty arthritis,
      spondylitis and the like.
PAR  On the basis of standard tests such as the aforesaid Carrageenin Paw Test,
      it is concluded that the effective anti-inflammatory dosage of the active
      ingredients of the compositions of this invention is within the range of
      about 1 to 20 mg. per kg. of mammalian body weight. These dosages can be
      administered once daily or can be divided and taken at given intervals
      during the day. In each specific instance, however, the attending
      diagnostician will determine the dosage, amount and frequency taking into
      account related health factors of the subject.
PAR  Compounds of this invention also tend to exhibit marked analgesic effects.
      From standard pharmacological observations such as the Mouse Antiwrithing
      Screen, it is concluded that the effective analgesic dosage is also within
      the range of about 1 to 20 mg. per kg. of mammalian body weight.
PAR  Similarly, the compounds of this invention are useful as hypoglycemic
      agents, that is to lower blood sugar levels. They are also useful as
      antiketotic agents, i.e. to lower the level of ketone bodies in the
      bloodstream associated with improper glucose metabolism, e.g. diabetes.
      Based on standard tests for such hypoglycemic and antiketotic activity,
      e.g. the alloxanized mouse test, the mode of administration and dosage are
      the same for the latter indications as for the anti-inflammatory
      indication.
PAR  The compounds of this invention may be administered alone or combined with
      other medicaments. In any event, a suitable pharmaceutically acceptable
      carrier is generally employed. A carrier is selected according to the
      route of administration to be used as well as according to the physical
      properties of the compounds and standard pharmaceutical practice. In a
      preferred embodiment the compositions of this invention are administered
      orally, although parenteral and topical administration are also
      contemplated. The preparations containing the active ingredients of this
      invention may be in the form of tablets, capsules, syrups, elixirs,
      suspensions, ointments, creams and the like.
PAR  In the formulations of pharmaceutical preparations there can be employed
      such substances which do not react with the compounds, as for example,
      water, gelatin, lactose, starches, magnesium stearate, talc, vegetable
      oils, benzyl alcohols, gums, polyalkylene glycols, and petroleum jelly.
      The following examples show typical tablet, capsule and parenteral
      formulations incorporating the tangible embodiments of this invention. The
      formulations are illustrative merely and no limitation is intended.
PAC  EXAMPLE 3
PAC  Enteric Coated Tablet Formulations
TBL  Formula                    Mg./core                                       
     ______________________________________                                    
     Trans-2-[4-biphenyl]-cyclopropane                                         
      carboxylic acid           100.0                                          
     Citric Acid                1.0                                            
     Lactose, USP               33.5                                           
     Dicalcium phosphate        70.0                                           
     Pluronic F-68              30.0                                           
     Sodium Lauryl sulfate      15.0                                           
     Polyvinylpyrrolidone       15.0                                           
     Carbowax 1500              4.5                                            
     Carbowax 6000              45.0                                           
     3A alcohol, 50 ml./1000 cores                                             
     Corn starch                30.0                                           
     Dry:                                                                      
       Sodium Lauryl sulfate    3.0                                            
       Magnesium stearate       3.0                                            
     Tablet weight              350.0                                          
     ______________________________________                                    
PAR  Procedure - The trans-4-biphenyl-cyclopropane carboxylic acid is mixed with
      the citric acid, lactose, dicalcium phosphate, pluronic and sodium lauryl
      sulfate. The above mixture is screened through a No. 60 screen and damp
      granulated with an alcoholic solution consisting of polyvinylpyrrolidone,
      Carbowax 1500 and 6000. Add additional alcohol, if necessary, to bring
      powders to a pasty mass. Add corn starch and continue mixing until uniform
      granules are formed. Pass through a No. 10 screen, tray and dry in oven at
      100.degree.C. for 12-14 hours. Reduce dried granulation through a No. 16
      screen, add sodium lauryl sulfate and magnesium sulfate, mix and compress
      into desired shape on a tablet machine.
PAR  Coating - The above cores are treated with a lacquer and dusted with talc
      to prevent moisture adsorption. Sub-coat layers are added to round out the
      core. A sufficient number of lacquer coats are applied to make the core
      enteric. Additional sub-coats and smoothing coats are applied to
      completely round out and smooth the tablet. Color coats are applied until
      desired shade is obtained. After drying the coated tablets are polished to
      give the tablets an even gloss.
PAC  EXAMPLE 4
PAC  Capsule Formulation
TBL  Formula                   Mg.capsule                                      
     ______________________________________                                    
     Trans-2-(4-biphenyl)-cyclopropane                                         
      carboxylic acid          100.00                                          
     Citric acid               1.00                                            
     Pluronic, F-68            40.00                                           
     Sodium lauryl sulfate     20.00                                           
     Lactose                   238.00                                          
     Magnesium stearate        1.00                                            
                               400.00                                          
     ______________________________________                                    
PAR  Procedure - Mix together trans-[4-biphenyl]-cyclopropane carboxylic acid,
      citric acid, pluronic, sodium lauryl sulfate and lactose. Pass through a
      No. 80 screen. Add magnesium stearate, mix and encapsulate into the proper
      size 2 piece gelatin capsule.
PAC  EXAMPLE 5
PAC  Parenteral Suspension
TBL         Formula              Mg.                                           
     ______________________________________                                    
     Cis-2-(4'-chloro-4-biphenyl)-cyclopropane                                 
      carboxylic acid microppt   50.0                                          
     Sodium citrate              10.0                                          
     Tween 80                    1.0                                           
     CMC 7 LP                    5.0                                           
     Methylparaben, USP          1.8                                           
     Propylparaben, USP          .2                                            
     Benzyl alcohol              9.0                                           
     Purified water ad q.s. 1 ml.                                              
     ______________________________________                                    
PAL  Sterile micro-precipitate 2-(4'-chloro-4-biphenyl)-cyclopropane carboxylic
      acid is dispersed in a 10X sterile filtered concentrate of Tween 80 and
      sodium citrate. When dispersed a 1.33X sterile filtered vehicle of the
      remaining components is added. When uniformly dispersed sufficient water
      for injection is added to final volume. The product is then stored under
      aseptic conditions until packaged into multiple dose vials.
PAR  Numerous variations of the above-described compositions and methods will be
      apparent to one skilled in the art within the spirit of the present
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for lowering the level of ketone bodies in the bloodstream in a
      ketotic mammal comprising administering to said mammal a therapeutically
      effective amount for lowering the level of ketone bodies in the
      bloodstream in said mammal of a composition of the formula
      ##SPC3##
PAL  wherein X, Y and Z are independently hydrogen, halogen, trifluoromethyl,
      hydroxy, nitro, lower alkyl or lower alkylthio; and R' is hydrogen, an
      alkyl having 1 to 12 carbon atoms or a pharmaceutically acceptable cation.
NUM  2.
PAR  2. A method according to claim 1 wherein X, Y and Z are each hydrogen.
NUM  3.
PAR  3. A method according to claim 1 wherein Y is para-halo and X and Z are
      hydrogen.
NUM  4.
PAR  4. A method according to claim 1 wherein R' is hydrogen.
NUM  5.
PAR  5. A method according to claim 1 wherein said composition is
      trans-2-(4-biphenyl)-cyclopropane carboxylic acid.
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PAL  N-Higher aliphatic amino acids, lowe-alkyl esters thereof and their salts
      are useful for controlling numerous plant diseases. They exhibit excellent
      protective effect rather than curative effect and have no phytotoxicity,
      extremely low mammalian toxicity and cause no risk of pollution toward
      soils.
PARN
PAR  This is a continuation of application Ser. No. 219,554, filed Jan. 20,
      1972, now abandoned.
BSUM
PAR  The present invention relates to an agricultural and horticultural
      fungicidal agent and to a method for the use thereof, and more
      particularly the present invention relates to fungicidal compositions for
      agricultural and horticultural use in which N-higher aliphatic acyl amino
      acids having an aliphatic acyl group of 8 - 22 carbon atoms, lower alkyl
      esters thereof and their salts are the active ingredients. The term
      "fungicidal composition or agent", as used in the present specification
      and claims, is meant to also include a bactericidal composition or agent.
PAR  Compounds of heavy metals such as copper, mercury and arsenic, as well as
      organophosphorus and organic chlorine compounds have been practically used
      for the control of plant diseases, but each of these fungicides cannot be
      necessarily said to be satisfactory one, because of its pollution toward
      soils, its strong medicinal harm on plants, its residual toxicity in food
      crops, its high mammalian toxicity or its irritation to skin and eyes of
      human.
PAR  As the result of having ardently studied compounds which do not possess any
      of the above faults as recognized in the fungicides previously used and
      which exhibit preventive effect against the fungal plant diseases, it has
      now been found that N-higher aliphatic acyl amino acids, lower alkyl
      esters thereof and their salts exhibit excellent preventive effect against
      numerous plant diseases such as rice blast and rice leaf blight which are
      the main diseases of rice plants citrus melanose, cucumber anthracnose,
      cucumber phytophthora rot, cucumber powdery mildew, cucumber downy mildew,
      tomato leaf mold, tomato late blight, tomato leaf spot and others, and
      that they have no phytotoxicity and have extremely low mammalian toxicity
      and cause no risk of pollution toward soils.
PAR  The N-Higher aliphatic acyl amino acids, lower alkyl esters thereof or
      their salts which may be employed as the active ingredients of the
      fungicidal compositions of the present invention are amino acid
      derivatives having a higher aliphatic acyl group introduced into the amino
      group of various amino acids or lower alkyl esters thereof. The higher
      aliphatic acyl radical may be any one derived from saturated or
      unsaturated fatty acids having 8 to 22 carbon atoms, preferably 12 to 18
      carbon atoms, for example, an acyl radical derived from a single fatty
      acid (such as decanoic acid, lauric acid, palmitic acid, stearic acid,
      oleic acid or linolenic acid), an acyl radical derived from a naturally
      originating mixed fatty acid (such as coconut oil fatty acid) or an acyl
      radical derived from the synthetic fatty acid (inclusive of a branched
      chain fatty acid).
PAR  The amino acid components are acidic amino acids such as glutamic acid,
      aspartic acid, a-aminopemalic acid, .alpha.-aminopimeric acid,
      diaminodicarboxylic acids such as .alpha.,.alpha.'-diaminocitric acid,
      .alpha.,.alpha.'-diaminoglutaric acid and .alpha.,.alpha.'-diaminoadipic
      acid; neutral amino acids such as glycine, phenylglycine, alanine,
      .alpha.-aminobutyric acid, valine, norvaline, leucine, isoleucine,
      norleucine, phenylalanine, p-nitrophenylalanine, tryptophane and proline;
      basic amino acids such as lysine, ornithine, arginine, histidine,
      citrulline, and isolysine. Other example of the neutral, acidic, and basic
      amino acids are sulfur-containing amino acids such as methionine,
      cysteine, cystine, homocystine, penicillamine, .beta.-thiolleucine and
      ethionine; hydroxyamino acids such as threonine, serine, tyrosine,
      nitrotyrosine, .beta.-hydroxyleucine, homoserine and oxyproline; N-methyl
      or N-ethyl derivatives of those .alpha.-amino acids; .omega.-lower alkyl
      esters of acidic amino acids such as glutamic and aspartic acids; lower
      alkyl esters of basic amino acids such as lysine, ornithine, arginine and
      citrulline; O-acyl or O-methyl derivatives of hydroxyamino acids;
      N.sup..omega.,N.sup..omega.-di-lower alkyl or N.sup..omega.-acyl
      derivatives of basic amino acids such as lysine and ornithine. In addition
      to these .alpha.-amino acids, .beta.-amino acids such as .beta.-alanine
      and .beta.-amino-isobutyric acid; amino acids such as .gamma.-aminovaleric
      acid and .omega.-aminocaproic acid, and N-methyl, N-ethyl derivatives of
      these amino acids may be also employed. These amino acids or their
      derivatives may be optically active L- and O- forms or racemic form.
PAR  Among the N-higher aliphatic acyl amino acid lower alkyl esters, especially
      N.sup..alpha.-higher aliphatic acyl basic amino acid lower alkyl esters
      are preferable, because of their excellent preventive effect against plant
      diseases. In this case, suitable lower alkyl esters are those containing 1
      to 4 carbon atoms such as methyl, ethyl, propyl and butyl esters.
PAR  As the salts of N-higher aliphatic acyl amino acids, alkali metal salts
      such as lithium, sodium and potassium salts, ammonium salt, and salts with
      organic bases such as methylamine, triethylamine, diethylamine and
      ethanolamine may be employed. Also N.sup..alpha.-higher aliphatic acyl
      lower alkyl esters may be employed in the form of their acid addition
      salts, especially their non-phytotoxic salt. Examples of such acid
      addition salts are salts with inorganic acids such as hydrochloric acid
      and sulfuric acid; and salts with organic acids such as optically active
      or inactive pyroglutamic acid, optically active or inactive acidic amino
      acid (e.g. glutamic or aspartic acid), lactic acid, citric acid, acetic
      acid and the like.
PAR  N-Higher aliphatic acyl amino acids may be easily obtained by the
      well-known method in which an amino acid is reacted with a higher
      aliphatic acyl halide having 8 - 22 carbon atoms in the presence of a
      suitable inorganic or organic base such as sodium hydroxide, potassium
      hydroxide or triethylamine. N-higher aliphatic acyl basic amino acid lower
      alkyl esters may also be easily obtained at low cost by the known method,
      but they are usually obtained in the form of their acid addition salts
      from the point of view of crystalline nature. For example,
      N.sup..alpha.-higher aliphatic acyl derivative of a basic amino acid lower
      alkyl ester salt selected from the group consisting of arginine lower
      alkyl ester salt, histidine lower alkyl ester salt and citrulline lower
      alkyl ester salt may be obtained from the corresponding basic amino acid
      lower alkyl ester salt by the method in which the basic amino acid lower
      alkyl ester salt is dissolved in an organic solvent such as chloroform or
      benzene and acylated by reacting with a higher fatty acid halide having 8
      - 22 carbon atoms in the presence of an organic amine such as
      triethylamine and thereafter the resulting product is contacted with an
      inorganic or organic acid. Also, for the preparation of
      N.sup..alpha.-higher aliphatic acyl derivative of basic amino acid lower
      alkyl esters selected from the group consisting of ornithine lower alkyl
      ester salt and lysine lower alkyl ester salt, N.sup..omega.-substituted
      basic amino acid lower alkyl ester, amino group at the .omega.-position
      being substituted with a suitable protective radical such as carbobenzoxy
      radical, is reacted with a higher fatty acid halide according to the
      similar manner as in the above to produce the corresponding
      N.sup..omega.-substituted-N.sup..alpha.-higher aliphatic acyl derivative,
      from which the protective group is liberated and thereafter the resulting
      product is contacted with an inorganic or organic acid.
PAR  The outstanding feature of the active ingredients of the fungidical
      compositions of the present invention is that although they do not show an
      appreciable fungicidal or bactericidal activity against plant disease
      fungi or bacteria in vitro test, they exert noticeable preventive effect
      for the first time when applied to plants in vivo test and they have not
      phytotoxic effect on the plants and show an appreciable plant growth
      promoting action.
PAR  The active ingredients of the present invention is especially useful in
      controlling the following susceptible fungi (and bacteria) which attack
      food crops: Pirocularia oryzae, the organism which causes rice blast;
      Xantomonas oryzae, the organism which causes rice leaf blight; citrus
      melanose; Colletotrichum lagenarium, the organism which causes cucumber
      anthracnose; Phytophthora parasitica, the organism which causes cucumber
      phytophthora rot; Sphaerotheca fuliginea, the organism which causes
      cucumber powdery mildew; Pseudoperonospore cubensis, the organism which
      causes the cucumber downy mildew; Cladosporium fulvum, the organism which
      causes tomato leaf mold; Phytophthora fulvum, the organism which causes
      tomato leaf mold; Phytophthora fulvum, the organism which causes tomatoe
      late blight; Stemphylium lycopersici, the organism which causes tomato
      leaf spot and others.
PAR  The active ingredients of the fungicides in the present invention may be
      directly applied to the susceptible plant surface or they may be applied
      thereto in any formulation such as granules, dusts, emulsifiable
      concentrates, wettable powders, pastes, oil agents, aerosols, fogs or
      fumigants with suitable solid carriers, liquid carriers, emulsifying and
      dispersing agents and so on, in a manner similar to the formulations
      well-known in the art. Examples of these carriers include clay, kaoline,
      bentonite, acidic terra abla, diatoraceous earth, calcium carbonate,
      nitrocellulose, starch, acacia, carbon dioxide gas, freon and the like.
      Also, auxiliary agents, which are usually employed in formulations, e.g.
      surface active agents which serve as spreads, dispersing and emulsifying
      agents may be adequately compounded. Examples of such surface active
      agents are soap, higher alcohol sulfate, alkyl sulfonate, alkylaryl
      sulfonate, quaternary ammonium salt, polyalkylene oxide and the like. The
      preferred concentration of the active ingredient in the fungicidal
      composition is about 5 - 95% by weight for use as emulsifiable
      concentrates or wettable powders, while the preferred concentration about
      0.1 - 50% by weight for use as dusts or oil agents. However, these
      concentrations may be adequately varied depending on the purpose of use.
PAR  The amount of the fungicidal composition to be applied may vary according
      to such factors as the formulation of the composition, the type of the
      active ingredient, or the concentration of the active ingredient in the
      composition. Usually, it is about 10 g/10 ares to 2000 g/10 ares,
      preferably 50 g/10 ares to 1000 g/10 ares, as the active ingredient. If
      desired, greater amounts can be applied.
PAR  The active ingredients of this invention may also be employed in admixture
      with herbicides, insecticides, other fungicides, soil conditioners and
      fertilizers such as urea, ammonium sulfate, ammonium phosphates, potassium
      salts and so on.
PAR  The results of an acute oral toxicity test of the active ingredient used in
      the present invention is that its LD.sub.50 is about 6 g/kg in the case of
      N-lauroyl-L-valine. This is an extremely low toxicity.
PAR  One example of a test to determine pollution toward soils will be shown
      below.
PAR  In order to estimate rapid degradation of N-lauroyl-L-value by
      microorganisms, utilization of N-lauroyl-L-valine as sources of carbon and
      nitrogen by aerobic bacteria in the scale of a test tube was examined.
PAR  Microorganisms: Nine kinds of aerobic bacteria were used.
PAR  Culture medium: 0.1% KH.sub.2 PO.sub.4. 0.04% MgSO.sub.4. 7A.sub.2 O. 3%
      CaCO.sub.3. 0.05% Yeast extract (Difco) 1.0% Sodium N-Lauroyl-L-valinate
      pH 7.0. Total volume is 10 ml in each test tube (60 ml. vol.).
PAR  Culture method: A loopfull of cells grown on a bouillon agar slant for 24
      hrs. at 30.degree.C was inoculated into a test tube. Shaking culture was
      performed for 48 hrs. at 28.degree.C.
PAR  Results are shown in Table A.
TBL                Table A                                                     
     ______________________________________                                    
     Microorganisms                                                            
                   AJ. No.   Other No.    State                                
                                          of                                   
                                          Growth                               
     ______________________________________                                    
     Pseudomonas aeruginosa                                                    
                   AJ 2116   ATCC    10145  ++++                               
     Ps. ovalis    AJ 2011   IAM     1002   +++                                
     Ps. desmoyltica                                                           
                   AJ 2003   IAM     1089   ++                                 
     Achromobacter guttatus                                                    
                   AJ 2410                  ++++                               
     Flavobacterium citreum                                                    
                   AJ 2452   IAM     1158   +                                  
     Serratia marcescens                                                       
                   AJ 2682   IAM     1021   ++                                 
     Micrococcus flavus                                                        
                   AJ 1021   ATCC     400   +                                  
     Bacillus cereus                                                           
                   AJ 1264   IAM     1029   +                                  
     Corynebacterium equi                                                      
                   AJ 1376                  +                                  
     ______________________________________                                    
PAL  The state of growth was measured by eye-measurement.
DETD
PAR  The following examples illustrate the production of various formulations
      for application of the fungicidal composition according to this invention.
      Parts are given therein as parts by weight.
PAC  EXAMPLE 1
PAR  Twenty parts of N-lauroylglycine, 2 parts of white carbon, 2 parts of
      sodium lignin sulfonate, 4 parts of polyoxyethylene alkyl ether and 72
      parts of clay were mixed together and milled to obtain 100 parts of
      wettable powder.
PAC  EXAMPLE 2
PAR  Two parts of N-cinnamoyl-L-phenylalanine and 98 parts of talcum were mixed
      to obtain 100 parts of dust.
PAC  EXAMPLE 3
PAR  Twenty parts of N-stearoyl-DL-alanine, 10 parts of a mixture of a mixture
      of polyoxyethylene alkyl allyl ether and sodium alkylaryl sulfonate, 20
      parts of methanol and 50 parts of water were mixed until a suspension was
      formed. As a result, 100 parts of an emulsifiable concentrate were
      obtained.
PAC  EXAMPLE 4
PAR  Ten parts of N-lauroyl-DL-p-nitrophenylalanine, 15 parts of starch, 72
      parts of bentonite and 3 parts of sodium lauryl alcohol sulfate were mixed
      together and milled to obtain 100 parts of granules.
PAR  The evaluation of the effectiveness of the fungicidal compositions of this
      invention against numerous plant disease fungi was accomplished by the
      following experimental examples.
PAR  Experimental Example 1: inhibitory test against rice blast disease (in pot
      test)
PAR  Rice stubbles (variety "Jukkoku") were planted in synthetic resin pots of 6
      cm in diameter, ten rice stubbles being planted per pot and were grown in
      the greenhouse. Various wettable powders prepared according to Example 1
      were diluted with water to 500 ppm as the final concentration of test
      compound and each of the dilute aqueous solutions was applied to the rice
      plant seedlings of the 4-leaf stage at a rate of 50 ml per pot using a
      spray-gum, and allowed to dry.
PAR  Spores of rice imochi blast (Piricularia cryzae) which had been cultivated
      in a chaff culture medium containing yeast extract, soluble starch,
      saccharose and chaff were suspended in water; and sprayed inoculation on
      the rice plant seedlings uniformly. The rice plant seedlings treated in
      the above manner were placed in an inoculation box at 28.degree.C. and
      relative humidity of above 95% to be infected with Piricularia oryzae. Two
      days after infection, the number of disease lesions per leaf were counted
      and the preventive value was calculated according to the following
      equation:
      ##EQU1##
PAR  The results obtained were as shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
                Average number                                                 
                             Preventive                                        
     No. of test                                                               
                of disease   value                                             
     compound   lesions per leaf                                               
                             (%)       Phytotoxicity                           
     ______________________________________                                    
     1          1.7          95        --                                      
     2          6.6          80        --                                      
     3          8.9          73        --                                      
     4          7.3          78        --                                      
     5          11.0         67        --                                      
     6          6.6          80        --                                      
     7          5.9          82        --                                      
     8          11.0         67        --                                      
     9          9.9          70        --                                      
     10         11.6         65        --                                      
     11         7.6          77        --                                      
     12         11.6         65        --                                      
     13         8.9          73        --                                      
     14         5.6          83        --                                      
     15         7.4          88        --                                      
     16         11.0         67        --                                      
     17         5.9          82        --                                      
     18         10.7         68        --                                      
     19         7.3          78        --                                      
     20         9.9          70        --                                      
     "Kitazin-P"                                                               
                6.9          79        --                                      
     Untreated plant                                                           
                33.0          0                                                
     ______________________________________                                    
     (Note)                                                                    
      Test compounds                                                           
     No. 1   :    N-lauroylglycine                                             
     No. 2   :    N-lauroyl-L-valine                                           
     No. 3   :    N-lauroyl-DL-P-nitrophenylalanine                            
     No. 4   :    N-stearoyl-L-phenylalanine                                   
     No. 5   :    N-oleoylglycine                                              
     No. 6   :    sodium N-stearoylglycinate                                   
     No. 7   :    N-stearoyl-DL-alanine                                        
     No. 8   :    sodium N-lauroylphenylalaninate                              
     No. 9   :    N-myristoylglycine                                           
     No. 10  :    sodium N-lauroyl-L-aspartate                                 
     No. 11  :    N-lauroyl-L-threonine                                        
     No. 12  :    N-caprinoyl-L-phenylalanine                                  
     No. 13  :    N-lauroyl-L-leucine                                          
     No. 14  :    N-undecylenoyl-L-leucine                                     
     No. 15  :    N-lauroylsarcosine                                           
     No. 16  :    N-caprinoyl-DL-methionine                                    
     No. 17  :    N-cocoyl*-DL-valine                                          
                   *cocoyl: residue of coconut oil fatty acid                  
     No. 18  :    N-oleoyl-DL-isoleucine                                       
     No. 19  :    N-lauroyl-L-valine ethyl ester                               
     No. 20  :    sodium N-myristoyl-L-glutamate                               
     Control fungicide "Kitazin-P" (trade name, product of Kumiai              
     Chemical Industrial Co., Ltd. emulsifiable concentrate                    
     containing S-benzyl O,O'-diisopropyl phosphorothiolate) was               
     sprayed at 500 ppm. -: no phytotoxicity was observed.                     
PAR  Similar inhibitory tests against rice blast were conducted with various
      wettable powders containing N.sup..alpha.-higher aliphatic acyl basic
      amino acid lower alkyl esters instead of the N-higher aliphatic acid as an
      active ingredient. The results obtained are summarized in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                Average number                                                 
                             Preventive                                        
     No. of test                                                               
                of disease   value                                             
     compound   lesions per leaf                                               
                             (%)       Phytotoxicity                           
     ______________________________________                                    
     21         8.5          75        --                                      
     22         2.4          93        --                                      
     23         6.2          82        --                                      
     24         7.3          78        --                                      
     25         5.1          85        --                                      
     26         6.2          82        --                                      
     27         6.8          80        --                                      
     28         7.3          78        --                                      
     "Kitazin-P"                                                               
                6.5          81        --                                      
     Untreated plant                                                           
                34.2          0                                                
     ______________________________________                                    
     (Note)                                                                    
      Test compounds                                                           
     No. 21  :    N.sup..alpha.-myristoyl-L-arginine ethyl ester.DL-pyro-      
                  glutamate                                                    
     No. 22  :    N.sup..alpha.-cocoyl-L-arginine ethyl ester.DL-pyro-         
                  glutamate -No. 23 : N.sup..alpha.-myristoyl-L-lysine methyl  
                  ester hydro-                                                 
                  chloride                                                     
     No. 24  :    N.sup..alpha.-lauroyl-L-ornithine methyl ester hydro-        
                  chloride                                                     
     No. 25  :    N.sup..alpha.-myristoyl-L-histidine methyl ester hydro-      
                  chloride                                                     
     No. 26  :    N.sup..alpha.-lauroyl-L-citrulline methyl ester.DL-pyro-     
                  glutamate                                                    
     No. 27  :    N.sup..alpha.-lauroyl-L-arginine ethyl ester.DL-pyro-        
                  glutamate                                                    
     No. 28  :    N.sup..alpha.-stearoyl-L-arginine ethyl ester.DL-pyro-       
                  glutamate                                                    
PAR  Experimental example 2: inhibitory test against rice leaf blight
PAR  On the rice plant needlings of the 4 - 5 - leaf stage grown in the
      greenhouse similarly to Experimental example 1, each of the dilute aqueous
      solutions (concentration of test compound: 500 ppm) of various wettable
      powders prepared according to Example 1 was sprayed at a rate of 50 ml per
      pot and then allowed to dry.
PAR  Cells of bacterial leaf blight (Xantomonas oryzae) cultivated in a
      bacterial leaf blight culture medium at 27.degree.C for 3 days were
      suspended in water and inoculated with a needle to the highest and second
      highest leaves of the rice plant. In two to three weeks after inoculation,
      these leaves were infected with Xantomonas oryzae and the length of
      disease lesion per stalk was measured for the evaluation of effectiveness.
      The preventive value was calculated according to the following equation:
      ##EQU2##
PAR  The obtained results were as shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
                length of disease                                              
                          Preventive                                           
     No. of test                                                               
                lesion per stalk                                               
                          value                                                
     compound   (mm)      (%)   Phytotoxicity                                  
     __________________________________________________________________________
     2          30.2      59    --                                             
     3          37.5      50    --                                             
     6          29.3      61    --                                             
     7          27.0      64    --                                             
     8          35.3      53    --                                             
     9          32.3      57    --                                             
     10         34.5      54    --                                             
     11         29.3      61    --                                             
     15         25.5      66    --                                             
     16         31.5      58    --                                             
     18         30.0      60    --                                             
     "Kumiai Phenazine"                                                        
                15.2      80    --                                             
     "Mikasa Sunkel"                                                           
                26.2      60    --                                             
     Untreated plant                                                           
                75        0                                                    
     __________________________________________________________________________
      (Note)                                                                   
      Nos. of test compounds used are the same as those of test compounds in   
      table 1.                                                                 
      "Kumiai Phenazine" (trade name, product of Kumiai Chemical Industrial Co.
      Ltd., wettable powder containing phenazine 5-oxide) was sprayed at 62 ppm
      "Mikasa Sunkel" (trade name, product of Mikasa Chemical Industrial Co.,  
      Ltd., wettable powder containing nickel dimethyldithiocarbamate) was     
      sprayed at 1500 ppm.                                                     
PAR  Experimental example 3 : inhibitory test against Citrus melanose
PAR  a. Test plant: shoots of about 3 years grown seedlings of citrus "Onshu" (2
      - 4 trees planted in about 20 cm claypot)
PAR  b. Solution used for test
PAR  Each of various wettable powders prepared according to Example 1 was
      diluted with water to 500 ppm as the final concentration of test compound
      and then sprayed uniformly on the test plants at a rate of 40 ml per two
      claypots.
PAR  As control fungicide, "Daisen" [trade (trade name, product of Nihon-Nohyaku
      Co., Ltd., wettable powder containing zinc ethylene bis
      (dithiocarbamate)]was sprayed at 1000 ppm.
PAR  c. Inoculum and the method of inoculation
PAR  In order to prepare suspension of pycnospores, distilled and sterilized
      water was poured on the culture twigs with citrus melanose in a test tube.
      The suspension containing about 200 of pycnospores was prepared under the
      observation of microscope of 150 magnification and then sprayed
      inoculation on the test plants treated as above. After inoculation, the
      test plants were placed in the inoculation box at 27.degree.C and relative
      humidity of above 95% for about 3 days. Then, they were transferred into
      the greenhouse.
PAR  d. The method of inspection
PAR  About 2 - 3 weeks after inoculation, the entire leaves of shoots was
      inspected for the development of disease and the state of infection was
      evaluated on a scale of 0 to 3 as follows:
PA1  0 : no disease
PA1  1 : 1 -- 50 of disease spots
PA1  2 : 51 -- 150 of disease spots
PA1  3 : above 151 of disease spots
PAR  The extent of infection and the preventive value were calculated according
      to the following equations (I) and (II), respectively.
      ##EQU3##
      wherein n.sub.1, n.sub.2 and n.sub.3 are number of leaves inspected to be
      the states of infection 1, 2 and 3, respectively and N is the total number
      of leaves.
      ##EQU4##
PAR  e. The results obtained were as shown in Tables 4 and 5.
TBL                Table 4                                                     
     ______________________________________                                    
     (N-acyl amino acid)                                                       
                Extent                                                         
     No. of test                                                               
                infection Preventive value                                     
     compound   (%)       (%)         Phytotoxicity                            
     ______________________________________                                    
     1          15        72          --                                       
     3          26        50          --                                       
     4          21        60          --                                       
     6          17        68          --                                       
     8          22        59          --                                       
     10         14        74          --                                       
     14         19        65          --                                       
     16         24        54          --                                       
     18         26        50          --                                       
     "Daisen"   20        62          --                                       
     Untreated plant                                                           
                53         0                                                   
     ______________________________________                                    
      (Note)?                                                                  
      Nos. of test compounds used are the same as those of test compounds in   
      Table 1.                                                                 
TBL                Table 5                                                     
     ______________________________________                                    
     (N.sup..alpha.-acyl basic amino acid ester)                               
                Extent of                                                      
     No. of test                                                               
                infection Preventive value                                     
     compound   (%)       (%)         Phytotoxicity                            
     ______________________________________                                    
     21         15        73          --                                       
     22         17        70          --                                       
     23         21        64          --                                       
     24         18        68          --                                       
     27         14        75          --                                       
     28         15        73          --                                       
     "Daisen"   16        71          --                                       
     Untreated plant                                                           
                57         0                                                   
     ______________________________________                                    
      (Note)?                                                                  
      Nos. of test compounds used are the same as those of test compounds in   
      Table 2.                                                                 
PAR  Experimental example 4 : inhibitory test against cucumber downy mildew
PAR  Cucumber seeds (variety "Shinhikari No. A") were planted in seed-beds at
      the biginning of October, three cucumber seeds being planted per seed-bed,
      and they were grown in a greenhouse made of vinyl resin. This experiment
      was performed as three-repeated cultivation.
PAR  Each of various wettable powders prepared according to Example 1 was
      diluted with water to 500 ppm as the final concentration of test compound
      and sprayed on the cucumber seedlings using a shouldering-sprayer four
      times in total on the 30th of April, the 6th, 12th and 19th of May so as
      to wet both sides of the leaves thoroughly with the liquid dispersion each
      time. The test plants treated thus were left to spontaneous infection. On
      the 23rd of May, the state of infection was inspected with respect to both
      sides of ten leaves ranging from the 11th to 20th leaf, and the preventive
      value was calculated according to the following equation:
      ##EQU5##
PAR  The results obtained were as shown in Tables 6 and 7.
TBL                                    Table 6                                 
     __________________________________________________________________________
     (N-acyl amino acid)                                                       
            Number of   Number of                                              
     No. of leaves                                                             
                  Preventive                                                   
                        leaves                                                 
                              Preventive                                       
     test   infected                                                           
                  value infected                                               
                              value Phytotox-                                  
     compound                                                                  
            (outside)                                                          
                  (%)   (inside)                                               
                              (%)   icity                                      
     __________________________________________________________________________
     1      4     67    6     73    --                                         
     3      6     50    9     59    --                                         
     4      7     42    10    47    --                                         
     7      5     58    8     64    --                                         
     8      3     75    7     68    --                                         
     9      7     42    9     59    --                                         
     12     4     67    6     73    --                                         
     13     7     42    9     59    --                                         
     18     5     58    7     68    --                                         
     "Daconil"                                                                 
            6     50    12    45    --                                         
     Untreated                                                                 
     plant  12     0    22     0                                               
     __________________________________________________________________________
      (Note)?                                                                  
      Nos. of test compounds used are the same as those of test compounds in   
      Table 1.                                                                 
PAL  "Daconil"(trade name, product of Kumiai Chemical Industrial Co., Ltd.,
      wettable powder containing tetrachloroisophthalonitrile) was sprayed at
      1250 ppm.
TBL                                    Table 7                                 
     __________________________________________________________________________
     (N.sup..alpha.-acyl basic amino acid ester)                               
            Number of   Number of                                              
     No. of leaves                                                             
                  Preventive                                                   
                        leaves                                                 
                              Preventive                                       
     test   infected                                                           
                  value infected                                               
                              value Phytotox-                                  
     compound                                                                  
            (outside)                                                          
                  (%)   (inside)                                               
                              (%)   icity                                      
     __________________________________________________________________________
     21     5     55    8     47    --                                         
     22     7     45    9     40    --                                         
     23     7     45    8     47    --                                         
     24     6     52    8     47    --                                         
     27     6     52    9     40    --                                         
     "Daconil"                                                                 
            5     55    7     53    --                                         
     Untreated                                                                 
     plant  13     0    15     0                                               
     __________________________________________________________________________
      (Note)?                                                                  
      Nos. of test compounds used are the same as those of test compounds in   
      Table 2.                                                                 
PAR  It will be understood from the results of inhibitory and phytotoxic tests
      that the active ingredients of the present invention exhibit satisfactory
      effect in controlling numerous plant diseases and have no phytotoxicity.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of protecting plants from attack by plant disease fungi or
      bacteria which comprises applying onto a fungus-susceptible plant a
      fungicidal amount of a compound selected from the group consisting of an
      N-acyl derivative of a neutral amino acid wherein said acyl moiety is
      selected from the group consisting of decanoic acid, lauric acid, palmitic
      acid, stearic acid, oleic acid, linolenic acid, coconut oil fatty acid,
      myristic acid, capric acid and undecylenic acid and said neutral amino
      acid is selected from the group consisting of glycine, phenylglycine,
      alanine, .alpha.-aminobutyric acid, valine, norvaline, leucine,
      isoleucine, norleucine, phenylalanine, p-nitrophenylalanine, tryptophane,
      proline, methionine, threonine and sarcosine or the lithium, sodium,
      potassium or ammonium salts of said N-acyl derivative of a neutral amino
      acid.
NUM  2.
PAR  2. The method of claim 1 wherein said N-acyl derivative of an amino acid is
      N-lauroylglycine.
NUM  3.
PAR  3. The method of claim 1 wherein said N-acyl derivative of an amino acid is
      N-lauroylsarcosine.
NUM  4.
PAR  4. The method of claim 1 wherein said N-acyl derivative of an amino acid is
      N-stearoylalanine.
NUM  5.
PAR  5. The method of claim 1 wherein said N-acyl derivative of an amino acid is
      N-undecylenoyl-leucine.
NUM  6.
PAR  6. The method of claim 1 wherein said N-acyl derivative of an amino acid is
      N-cocoylvaline.
NUM  7.
PAR  7. The method of claim 1 wherein said compound is applied in an amount of
      from 10 g/10 ares to 2000 g/10 ares.
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ABST
PAL  Covers a .gamma.-glutamyl amide of dopamine selected from the group
      consisting of
      ##EQU1##
      and a pharmaceutically acceptable acid addition salt thereof. Also covers
      the use of said .gamma.-glutamyl amide to increase renal blood flow by
      administering said amide to warm-blooded mammals.
PARN
PAC  HISTORY OF THIS APPLICATION
PAR  This application is a divisional of Ser. No. 408,902, filed by us on Oct.
      23, 1973  now U.S. Pat. No. 3,903,147.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dopamine has been reported to be useful in treating congestive heart
      failure and shock. In addition, certain amino acids of dopamine have been
      found useful as renal vasodilators and antihypertensive agents. (For
      example, see U.S. Pat. No. 3,676,492.) However, compounds disclosed in the
      just-mentioned patent and others which are used as renal vasodilators have
      the drawback that they also produce undesirable systemic hemodynamic
      changes.
PAR  It would be a distinct advance in the art if a compound could be discovered
      which has utility as a renal vasodilator but which does not also produce
      systemic hemodynamic changes such as increase in arterial blood pressure,
      heart rate, left ventricular systolic pressure, etc.
PAC  SUMMARY OF THE INVENTION
PAR  We have now discovered compounds which are useful as renal vasodilators,
      and yet do not produce unwanted hemodynamic changes. In brief, these
      compounds are .gamma.-glutamyl amides of dopamine selected from the group
      consisting of
      ##EQU2##
      and a pharmaceutically acceptable acid addition salt thereof. We have also
      discovered a method of increasing renal blood flow of warm-blooded animals
      by administering to said mammals at least an effective amount of the above
      renal vasodilator compound. Lastly, we have discovered that useful
      pharmaceutical compositions may be made using the dopamine amide as the
      active portion along with a pharmaceutically acceptable carrier.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of the invention may be prepared by a wide variety of
      methods. The following examples illustrate typical procedures:
PAC  EXAMPLE I
PAC  Preparation of [N.sup.5 -.beta.-(3,4-Dihydroxyphenyl)-Ethyl]-Glutamine
      Hydrochloride
PAR  Reaction:
      ##SPC1##
      ##SPC2##
PAC  Preparation of N-CBZ-O.sup.5 -Succinimido-L-Glutamic Acid O-Benzyl Ester
PAR  To a solution of N-CBZ-L-glutamic acid-.alpha.-benzyl ester (0.057 mole,
      21.8 g.) and N-hydroxysuccinimide (0.057 mole, 6.6 g.) in 100 ml. of
      dioxane was added with stirring at room temperature (0.057 mole, 12.0 g.)
      of dicyclohexylcarbodiimide. After 24 hours stirring at room temperature
      the mixture was filtered to remove dicyclohexylurea. The filtrate was
      concentrated in vacuo to give an oil. This oil was taken up in ethanol:
      ether (1:2) and cooled to give 22.4 g. (84%) of a crystalline solid, m.p.
      104.degree. - 6.degree..
PAC  Preparation of N-CBZ-[N.sup.5 -.beta.(3,4-Benzyloxyphenyl) Ethyl]-Glutamine
      O-Benzyl Ester
PAR  A solution of the active ester (0.048 mole, 22.4 g.) and dibenzyldopamine
      .HCl (0.048 mole, 17.8 g.) in 100 ml. of DMF was treated with
      triethylamine (0.1 mole, 14 ml.) and stirred at room temperature for 4
      hours. The solution was then diluted with water to give an oil which
      solidified on standing. The white solid was collected and washed well with
      water. The moist solid was dissolved in boiling absolute ethanol, filtered
      and allowed to crystallize. The solid was collected and washed with
      ethanol to give, after drying at 60.degree. overnight, 29.4 g. of the
      protected amide, m.p. 126.degree. - 8.degree..
TBL  ______________________________________                                    
     Microanalysis for C.sub.42 H.sub.42 N.sub.2 O.sub.7                       
                    Molecular weight 686.8                                     
     Calc. %        Found %                                                    
     ______________________________________                                    
     C 73.45        73.52                                                      
     H  6.16        6.27                                                       
     N  4.08        4.13                                                       
     ______________________________________                                    
PAC  Preparation of [N.sup.5 -.beta.-(3,4-Dihydroxyphenyl) Ethyl]-Glutamine
      Hydrochloride
PAR  A suspension of the protected amide (0.0365 mole, 25 g.) from step 2 was
      reduced in a Parr apparatus in ethanol containing 5.0 g. 5% Pd.C and 1 eq.
      of concentrated HCl. After uptake was complete, the catalyst was filtered
      and washed with ethanol. The filtrate was concentrated in vacuo to give,
      upon repeated azeotroping with methanol, a glass. This glass was dried
      under high vacuum at 60.degree. for 24 hours to give 11.3 g. (97%) of
      [N.sup.5 -.beta.-(3,4-dihydroxyphenyl)ethyl]-glutamine.HCl.
TBL  ______________________________________                                    
     Microanalysis for C.sub.13 H.sub.19 ClN.sub.2 O.sub.5                     
                    Molecular weight 318.76                                    
     Calc. % for 1% H.sub.2 O                                                  
                    Found %                                                    
     ______________________________________                                    
     C 48.50        48.46                                                      
     H  6.07        6.18                                                       
     N  8.70        8.46                                                       
     ______________________________________                                    
PAC  EXAMPLE II
PAC  Preparation of N.sup.5 -[.beta.-(3,4-Dihydroxyphenyl) Ethyl]-Glutamine
PAR  A Parr bottle is charged with 1.6 g. 5% Pd.C catalyst, 150 ml. ethanol and
      15.5 g. (0.03 mole) of N-CBZ-[.beta.-(3,4-dibenzyloxyphenyl)ethyl]
      glutamine O-benzyl ester. This is reduced until a theoretical uptake of
      H.sub.2 is complete. The mixture is diluted with an equal volume of water,
      filtered and concentrated in vacuo to give a white solid. Crystallizing
      from methanol (decolorizing with aid of Norite) gives 7.0 g. (80%) of
      white solid, m.p. 198.degree. - 200.degree. dec.
PAR  Microanalysis for C.sub.13 H.sub.18 N.sub.2 O.sub.5.1/2 H.sub.2 O = 291.31
      g./mole
TBL  Calc. %        Found %                                                    
     ______________________________________                                    
     C 53.60        53.58                                                      
     H  6.57        6.98                                                       
     N  9.62        9.08                                                       
     ______________________________________                                    
PAR  The compounds of this invention are renal vasodilators and have been found
      to significantly increase renal blood flow in test animals. The compounds
      are useful as specific renal vasodilators which may be useful as
      antihypertensive agents, diuretics, agents used to treat shock and
      congestive heart failure and compounds used to treat edema, and to
      detoxify poisons such as barbituates.
PAR  Anesthetized dogs were tested to measure the increase in renal arterial
      blood flow after being administered with a compound of the invention. With
      regard to the anesthetized dogs, the following test procedure was
      employed:
PAR  Dogs of either sex, weighing between 9 and 15 kg. were anesthetized with
      barbital sodium (250 mg./kg. intravenously) following sedation with
      morphine sulfate (3 mg./kg. subcutaneously), 30 minutes earlier. A
      polyethylene catheter was placed in the abdominal aorta via the femoral
      artery to monitor the aortic blood pressure. Another polyethylene cannula
      was advanced into the left ventricular cavity via the left carotid artery
      to record left ventricular peak systolic pressure (LVSP). Heart rate was
      counted from lead II electrocardiogram. A precalibrated electromagnetic
      flow probe (Carolina Medical Electronics) and an occluding cuff were
      positioned around the right renal artery through a retroperitoneal
      approach. Zero blood flow was obtained by inflating the occluding cuff for
      a short period (10-30 seconds). Aortic blood pressure, left ventricular
      pressure, heart rate and renal blood flows were recorded continuously on a
      Grass Model 7 Polygraph.
PAR  In four anesthetized dogs, dopamine and the compound of Example I, [N.sup.5
      -.beta.-(3,4-dihydroxyphenyl)-ethyl]-glutamine hydrochloride were compared
      after intravenous injections. Whereas the renal vasodilator action of
      dopamine (150 .mu.g./kg. i.v.) was accompanied by pronounced increase in
      arterial blood pressure, heart rate, left ventricular systolic pressure
      and dp/dt. Comparable increases in renal blood flow after treatment with
      the subject glutamine hydrochloride were obtained without such changes. In
      fact one could give a maximum single dosage of the glutamine hydrochloride
      up to 2500 .mu.g./kg. to increase the renal blood flow for a period of
      82.5 .+-. 5.5 minutes without any systemic cardiovascular action. Thus, as
      can be seen from Table I below, there is a clear disassociation between
      the renal vasodilator action and systemic hemodynamic effects for the
      compound of Example I, but not for dopamine.
TBL                                    Table I                                 
     __________________________________________________________________________
     Effect of Intravenous Injection of [N.sup.5 -.beta.-(3,4-Dihydroxyphenyl)-
     Ethyl]-Glutamine Hydrochloride                                            
     and Dopamine in the Anesthetized Dogs                                     
                        Renal Blood Flow                                       
                                   Mean Aortic                                 
                                            Left Ventricular                   
                        %     Duration                                         
                                   Blood Pressure                              
                                            Systolic Pressure                  
                                                       Max. dpDT               
                                                              Heart Rate       
     Compound  .mu.g./kg., I.V.                                                
                        Change                                                 
                              (min)                                            
                                   % Change % Change   % Change                
                                                              %                
     __________________________________________________________________________
                                                              Change           
     Dopamine  15.0     31.3  7.5  -15.8    -14.6      27.8   14.6             
                        .+-.10.3                                               
                              .+-..9                                           
                                   .+-. 4.8 .+-. 4.1   .+-. 9.8                
                                                              .+-. 3.9         
               150.0    25.5  23.8 84.4     99.1       272.8  55.5             
                        .+-.10.9                                               
                              .+-.8.2                                          
                                   .+-.11.2 .+-.11.6   .+-.50.6                
                                                              .+-.19.5         
     Example I 25.0     2.2   6.8  0        0          0      0                
     [N.sup.5 -.beta.-(3,4-                                                    
                        .+-.4.3                                                
                              .+-.1.2                                          
     Dihydroxy-                                                                
     phenyl)-Ethyl]-                                                           
               75.0     9.8   14.5 0        0          0      0                
     Glutamine          .+-.1.2                                                
                              .+-.7.6                                          
     Hydrochloride                                                             
               250.0    24.0  17.8 0        0          0      0                
                        .+-.3.1                                                
                              .+-.3.0                                          
               750.0    32.2  41.0 0        0          0      0                
                        .+-.5.7                                                
                              .+-.9.4                                          
               2,500.0  29.6  82.5 0        0          0      0                
                        .+-.5.8                                                
                              .+-.5.5                                          
     __________________________________________________________________________
      MEAN .+-. SEM; N = 4?                                                    
      O Means less than .+-. 15%?                                              
PAR  We have also studied the time-course effect of the compound of Example I
      and dopamine, which effect for said compound differs characteristically
      and significantly from that of dopamine. The largest single i.v. dose of
      dopamine which did not produce an overall cardiovascular stimulation (15
      .mu.g./kg.) increased the renal blood flow for only 5 - 10 minutes. The
      compound of Example I, on the other hand, in the highest nonpressor i.v.
      dose (2500 .mu.g./kg.) increased the renal blood flow for an average of 82
      minutes.
PAR  In summary then, it has been found that [N.sup.5
      -.beta.-(3,4-dihydroxyphenyl)-ethyl]-glutamine hydrochloride is a highly
      unusual selective renal vasodilator. After administering the compound, one
      notes the following unusual properties: marked increase in renal blood
      flow, prolonged duration of action, minimal systemic hemodynamic actions
      even in extremely large doses, and maintenance of activity even after
      intraduodenal administration.
PAR  The compounds of the invention can be administered in dosages of from about
      0.01 mg./kg. up to about 2500 mg./kg. dependent upon the route of
      administration, either single dose or by infusion.
PAR  While the compounds can be administered as a free base, it is generally
      preferred to employ the compounds as their pharmaceutically acceptable
      acid addition salts. Such salts are easily prepared by methods known to
      the art. The base is reacted with either the calculated amount of an
      organic or inorganic acid in an aqueous miscible solvent, such as acetone
      or ethanol, with isolation of the salt by concentration and cooling, or
      with an excess of the acid in an aqueous immiscible solvent, such as ethyl
      ether or chloroform, with the desired salt separating directly. Exemplary
      of such organic salts are those made with such acids as maleic, fumaric,
      benzoic, ascorbic, pamoic, succinic, bismethylenesalicyclic,
      methylsulfonic, ethanesulfonic, acetic, propionic, tartaric, salicylic,
      citric, gluconic, lactic, malic, mandelic, innamic, citraconic, aspartic,
      stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene
      sulfonic, cyclohexylsulfamic, and theophylline acetic acids as well as
      with the 8-halotheophyllines, for example, 8-chlorotheophylline and
      8-bromotheophylline. Exemplary of such inorganic salts are those with
      hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nitric
      acids. Of course, these salts may also be prepared by the classical method
      of double decomposition of appropriate salts which is well known to the
      art. Also included within the purview of this invention are the nontoxic
      quaternary ammonium salts which include those formed with alkyl halides
      (e.g., methyl chloride, isobutyl bromide, dodecyl chloride and cetyl
      iodide), benzyl halides (e.g., benzyl chloride) and dilower alkyl sulfates
      (e.g., dimethyl sulfate).
PAR  The compounds useful in the practice of the present invention are generally
      formulated into pharmaceutical compositions comprising, as an active
      ingredient, at least one of the active agents in association with a
      pharmaceutical carrier or diluent. The compounds useful in the practice of
      the invention exhibit both oral and parenteral activity and can be
      formulated in dosage forms for oral or parenteral administration.
PAR  Solid dosage forms for oral administration include capsules, tablets,
      pills, powders and granules. In such solid dosage forms, the active
      compound is admixed with at least one inert diluent such as sucrose,
      lactose or starch. Such dosage forms can also comprise, as is normal
      practice, additional substances other than inert diluents, e.g.,
      lubricating agents such as magnesium stearate, sweetening and flavoring
      agents, and the like. In the case of capsules, for example, the active
      agent may be the sole ingredient.
PAR  Liquid dosage forms for oral administration include pharmaceutically
      acceptable emulsions, solutions, suspensions, syrups, and elixirs
      containing inert diluents commonly used in the art, such as water. Besides
      inert diluents, such compositions can also include adjuvants, such as
      wetting agents, emulsifying and suspending agents, and sweetening,
      flavoring and perfuming agents.
PAR  Preparations according to this invention for parenteral administration
      include sterile aqueous or nonaqueous solutions, suspensions or emulsions.
      Examples of nonaqueous solvents or vehicles are propylene glycol,
      polyethylene glycol, vegetable oils, such as olive oil and injectable
      organic esters such as ethyl oleate. Such dosage forms may also contain
      adjuvants such as preserving, wetting, emulsifying and dispersing agents.
      They may be sterilized by, for example, filtration through a
      bacteria-retaining filter, by incorporating sterilizing agents into the
      compositions, by irradiating the compositions, or by heating the
      compositions. They can also be manufactured in the form of sterile solid
      compositions which can be dissolved in sterile water, or some other
      sterile injectable medium immediately before use.
PAR  The dosage of active ingredient in the composition of this invention may be
      varied; however, it is necessary that the amount of the active ingredient
      shall be such that a suitable dosage form is obtained. The selected dosage
      depends upon the desired therapeutic effect, on the route of
      administration, and on the duration of the treatment.
PAR  The following further illustrates pharmaceutical compositions in oral
      dosage form:
PAR  In order to prepare capsules, the following procedure was employed:
      Specifically, here sufficient pharmaceutical composition was formulated to
      prepare 1000 capsules. 25.00 g. of [N.sup.5
      -.beta.-(3,4-dihydroxyphenyl)-ethyl]-glutamine hydrochloride was
      preblended with 212.5 g. of lactose, U.S.P. and 12.5 g. of talc, U.S.P.
      The preblend was then passed through a suitable screen and the screened
      powders were then blended. The powders were then filled into gelatin size
      No. 3 capsules. The filled weight of 10 capsules was 2.50 g. The filled
      capsules were then cleaned with sodium chloride.
PAR  The following formulation is a typical tablet formula which may be used to
      incorporate the compound:
TBL                Table II                                                    
     ______________________________________                                    
     Ingredient           Amount/Tablet                                        
     ______________________________________                                    
     Starch U.S.P. Corn   13      mg.                                          
     [N.sup.5 -.beta.-(3,4-dihydroxyphenyl)-                                   
     ethyl]-glutamine hydrochloride                                            
                          50      mg.                                          
     Calcium Phosphate Dibasic NF                                              
     Dihydrate            132     mg.                                          
     Water Purified U.S.P. Distilled                                           
                                  q.s.                                         
     Magnesium Stearate   1       mg.                                          
     Talcum (Talc U.S.P.) Powder                                               
                          4       mg.                                          
                          200     mg.                                          
     ______________________________________                                    
PAR  Tablets are prepared by using the above formula as follows: First a
      granulating step is carried out. Here a starch paste is made by adding 8
      mg. of cornstarch to water and then heating. The compound is then milled
      with 5 mg. of additional cornstarch in an equal volume of calcium
      phosphate dibasic through a 40 mesh screen into a mass mixer. After
      sufficient mixing the balance of the calcium phosphate dibasic is milled
      through the 40 mesh screen and thereafter added to the mixer.
PAR  The hot cornstarch paste is then also added to the mixer and mixing is
      carried out until a granular stage is reached. In some instances
      additional warm water may be added, if necessary. Granulation is carried
      out through a 5/8inch band. The granulated mixture is dried in a hot air
      oven at 50.degree. C. overnight to 1.0% L.O.D. (Brabender 1/2 hr.). After
      drying the mixture is sifted and then ground to 16 mesh.
PAR  Lubricating is carried out by charging half of the granulation into a
      blender. Talc and magnesium stearate are screened through a 30 mesh screen
      and charged into the blender. The remainder of the granulation is added
      and blended 15 minutes.
PAR  In order to form tablets compression of the granulated material is carried
      out by using a 9/32 inch standard convex punch. The resultant tablets have
      a hardness of 7 - 9 and 10 tablets weigh 2.00 g.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of increasing renal blood flow of warm-blooded mammals which
      comprises administering to said mammals at least an effective amount of a
      renal vasodilator compound comprising a .gamma.-glutamyl amide of dopamine
      selected from the group consisting of
      ##EQU3##
      and a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. The method of claim 1 wherein said salt is a hydrochloride salt.
NUM  3.
PAR  3. A pharmaceutical composition in unit dosage form effective in increasing
      renal blood flow which comprises an active portion comprising a
      .gamma.-glutamyl amide of dopamine selected from the group consisting of
      ##EQU4##
      and a pharmaceutically acceptable acid addition salt thereof; and a
      pharmaceutically acceptable carrier.
NUM  4.
PAR  4. The composition of claim 3 wherein said amide is a hydrochloride salt.
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ABST
PAL  Novel pesticidal compounds of the formula:
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 are the same or different and are selected from
      the group consisting of lower alkyl of from 1 to 4 carbon atoms; R.sub.3
      and R.sub.4 are the same or different and are selected from the group
      consisting of hydrogen, halogen, and lower alkyl of from 1 to 4 carbon
      atoms, n = 1 or 2 provided that when n is 2 then R.sub.1 and R.sub.2 are
      the same as R.sub.3 and R.sub.4 are the same.
PAL  The compounds are combined with carriers to prepare compositions and are
      useful in controlling insect pests either as an insecticide or behavioral
      modifier and are particularly effective as miticides.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The starting materials for the compounds are disclosed in U.S. Application
      Ser. No. 366,999, filed June 1, 1973, now U.S. Pat. No. 3,887,619.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Novel compounds of the Formula I, useful as insecticides, miticides, or
      insect behavioral modifiers. Compositions comprising a compound of the
      Formula I with a carrier and a method for reducing the population of
      undesirable insect pests.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of the Formula I
      ##SPC2##
PAL  wherein R.sub.1 and R.sub.2 are the same, R.sub.3 and R.sub.4 are the same
      and n is 1; are prepared by reacting 2 moles of a compound of the formula:
      ##SPC3##
PAL  With 1 mole sulfur dichloride (SCl.sub.2) in the presence of an acid
      scavenger.
PAR  Similarly, wherein n is 2, sulfur monochloride (Cl-S-S-Cl) is substituted
      for sulfur dichloride.
      ##SPC4##
PAR  To prepare compounds of the Formula I wherein R.sub.1 and R.sub.2 are
      different and R.sub.3 and R.sub.4 are different and n is 1; one mole of
      compound of Formula II with substituents R.sub.1 and R.sub.3 is reacted
      with one mole of sulfur dichloride in the presence of one mole of tertiary
      amine and is then added to one mole of compound of Formula III with
      substituents R.sub.2 and R.sub.4 in the presence of one mole of tertiary
      amine.
PAR  The procedure is also applicable when R.sub.1 and R.sub.2 are the same (or
      different) and R.sub.3 and R.sub.4 are the same (or different).
PAR  In the foregoing formulae R.sub.1 and R.sub.2 are the same or different and
      are selected from the group consisting of lower alkyl of from 1 to 4
      carbon atoms, R.sub.3 and R.sub.4 are the same or different and are
      selected from the group consisting of hydrogen, halogen, and lower alkyl
      of from 1 to 4 carbon atoms.
PAR  Lower alkyl of from 1 to 4 carbon atoms can be methyl, ethyl, propyl, butyl
      or isomeric forms thereof. Halogen can be fluorine, chlorine, bromine, or
      iodine.
PAR  The starting compounds of the Formula II are disclosed in copending
      application Ser. No. 366,999, filed June 1, 1973, now U.S. Pat. No.
      3,887,619.
PAR  The above described reactions are advantageously carried out in the
      presence of an inert organic solvent. An inert organic solvent is defined
      herein as a solvent for the formamidine reactant (II) which does not enter
      into reaction with the reaction mixture components or in any way alter the
      desired course of the reaction. Illustrative of inert organic solvents are
      tetrahydrofuran, benzene, diethylether, and methylene chloride. Preferred
      as the inert organic solvent is tetrahydrofuran.
PAR  The proportion of solvent employed is not critical, but advantageously is a
      sufficient quantity to solubilize the reactant formamidine (II).
PAR  During the course of the above illustrated reaction, hydrochloric acid is
      generated as a by-product. Preferably this acid is removed from the
      reaction mixture as it forms. This may be accomplished by conventional and
      known methods, for example by adding an acid acceptor compound to the
      reaction mixture. Examples of acid acceptor compounds are the tertiary
      amines such as trimethylamine, triethylamine, tripropylamine,
      tributylamine, pyridine and the like.
PAR  Although the above reaction may be carried out over a broad range of
      temperature conditions, i.e., from about -30.degree. C. to about reflux
      temperature for the reaction mixture, it is preferably carried out at
      about 0.degree. C.
PAR  Progress of the above reaction may be followed by conventional analytical
      methods, such as for example by nuclear magnetic resonance analysis which
      will show spectral characteristics of the product compounds (I) or by
      thin-layer chromatography which will show the appearance of product
      compounds (I). Upon completion of the reaction, the desired compounds (I)
      are readily separated from the reaction mixture by conventional methods
      such as by filtration to remove solid residues and distillation to remove
      solvents.
PAR  The compounds of the Formula I are particularly advantageous commercially
      as invertebrate pesticides. For example, they are relatively stable both
      in storage and upon application in the field thus providing a long-lasting
      residual effectiveness.
PAR  In addition to killing invertebrate pests on contact, the compounds of the
      invention are absorbed by the vascular system of many plants, for example
      by cotton plants, and act systemically to kill the adult pests feeding
      upon the plant. Thus their period of pesticidal activity is further
      extended and non-feeding insects, i.e., insects not harmful to the plant
      are not unnecessarily killed during the whole period of pesticidal
      activity.
PAR  Compounds of the invention are also ovicidal, and are particularly
      effective in the control of acarine pest populations by this ovicidal
      action. Lepidopterous ova are also particularly susceptible to the
      compounds of the invention.
PAR  The compounds of the Formula I are also advantageous in that they exhibit
      relatively low mammalian toxicity and are non-phytotoxic at effective
      concentrations.
PAR  The invention also comprises invertebrate pesticidal compositions which
      comprise a pesticidally acceptable carrier and a pesticidally effective
      amount of a compound (I) of the invention. The compositions are useful in
      the method of the invention which is a process for controlling
      invertebrate pests, which comprises applying to a situs, effective amounts
      of the compounds (I) of the invention.
PAR  By the term "situs" I mean plants such as ornamentals, food crops, fruit
      trees, textile producing plants, berry bushes, lumber forests, farm yards,
      animal shelters, buildings, sanitary land-fill areas and like sites which
      are infected with or are potential infestation sites for invertebrate
      pests controllable with the compounds (I) of the invention.
PAR  The novel compounds (I) of the invention are useful in controlling
      invertebrate pest populations, i.e., in killing adults and ova of
      invertebrate pests or animals of the Phylum Arthropoda, for example those
      of Class Insecta such as those of the order Coleoptera as illustrated by
      the cotton boll weevil (Anthonomus grandis Boheman); those of the order
      Lepidoptera as illustrated by the southern army worm (Prodenia eridania
      Cramer); those of Class Arachnida such as those of the order Acarina as
      illustrated by the two-spotted spider mite (Tetranychus telarius Linnaeus
      or Tetranychus urticae Koch).
PAR  In addition to being effective in pest control through to modality of
      lethal effect, the compounds are effective in control as a behavioral
      modifier. For example young Lepidopteran larvae, aphids and mites are
      repelled by the chemicals on treated foliage, resulting in a marked
      reduction in population density. Adult moths are repelled and refuse to
      oviposity on treated plant parts. In addition, adult moths undergo chronic
      toxicity symptoms, i.e., increased wing beating with a resultant loss of
      wing scales and a premature death.
DETD
PAR  The following examples are illustrative of the process and products of the
      present invention but are not to be construed as limiting.
PAC  EXAMPLE 1
PAC  N,N"-Dithiobis[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine]
PAR  To 3.65 g. (0.02 mole) of N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine
      in 100 ml. tetrahydrofuran is added 2.22 g. (0.022 mole) triethylamine.
      The reaction mixture is cooled to 10.degree. C. in an ice bath and 1.35 g.
      (0.02 mole) sulfur monochloride is added to the stirred solution. The
      reaction mixture is stirred without cooling for 1/2 hour. The solid is
      filtered off and the solvent removed. The residue is chromatographed over
      100 g. of silica gel using benzene as the solvent to obtain 2.0 g. (47%
      yield) of a white crystalline product which has a melting point of
      56.degree.-57.degree. C.
PAR  Analysis: Calc'd. for C.sub.18 H.sub.20 Cl.sub.2 N.sub.4 S.sub.2 : C,
      50.58; H, 4.72; N, 13.11. Found: C, 50.44; H, 4.98; N, 13.00.
PAC  EXAMPLE 2
PAC  N,N"-Thiobis[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine]
PAR  To 23.74 g. (0.13 mole) N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine in
      250 ml. tetrahydrofuran is added 14.14 g. (0.14 mole) triethylamine. The
      reaction mixture is cooled to 10.degree. C. in an ice bath and 6.7 g.
      (0.065 mole) of sulfur dichloride is added to the stirred solution. The
      reaction mixture is stirred without cooling for 1/2 hour, the solid
      filtered off, the solvent removed, and the product recrystallized from
      Skellysolve B to obtain a white crystalline product, 16.3 g. (65% yield),
      m.p. 124.degree.-126.degree. C.
PAR  Analysis: Calc'd. for C.sub.18 H.sub.20 Cl.sub.2 N.sub.4 S: C, 54.68; H,
      5.10; N, 14.17. Found: C, 54.89; H, 5.14; N, 14.00.
PAC  EXAMPLE 3
PAC  N'-(2-methyl-4-chlorophenyl)-N'"-2,4-xylyl-N,N"-thiobis[N-methylformamidine
     ]
PAR  To a solution of 9.13 g. (0.05 mole) of
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine in 200 ml. of methylene
      chloride is added 5.05 g. (0.05 mole) of triethylamine. The reaction
      mixture is cooled to -10.degree. C. and a solution of 5.15 g. (0.05 mole)
      sulfur dichloride in 5 ml. methylene dichloride is added dropwise keeping
      the temperature below 0.degree. c. After addition the reaction mixture is
      allowed to warm to 15.degree. C. About two-thirds of the methylene
      chloride is removed and 200 ml. of hexane added. The remainder of the
      methylene chloride is removed and an additional 100 ml. of hexane added.
      This suspension containing the formamidine sulfenyl chloride is added
      quickly to a solution of 8.1 g. (0.05 mole)
      N-methyl-N'-2,4-xylylformamidine and 5.05 g. triethylamine in 300 ml. of
      hexane with cooling and stirring. The reaction mixture is stirred for 1
      hour at room temperature, filtered, and the solvent removed to leave a
      solid. The crude product is taken up in 200 ml. hexane solution and
      extracted with 6 g. of citric acid in 100 ml. of water. The hexane
      solution is dried over MgSO.sub.4, filtered, the solvent removed, and the
      residue recrystallized from Skellysolve B to yield 3.5 g. (18.6%) of
      product, m.p. 96.degree.-98.degree. C.
PAR  Analysis: Calc'd. for C.sub.19 H.sub.23 ClN.sub.4 S: C, 60.87; H, 6.18; N,
      14.94. Found: C, 60.82; H, 5.96; N, 14.84.
PAC  EXAMPLE 4
PAC  N,N"-Thiobis[N'-2,4-xylyl-N-methylformamidine]
PAR  Following the procedure of Example 2 but substituting
      N-methyl-N'-2,4-xylylformamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine, and toluene for
      tetrahydrofuran, the product is collected as a light amber oil (85%
      yield). The TLC and NMR were reasonable for the desired product.
PAR  Analysis: Calc'd. for C.sub.20 H.sub.26 N.sub.4 S: C, 67.76; H, 7.39; N,
      15.80; S, 9.05. Found: C, 67.48; H, 7.62; N, 15.61; S, 9.27.
PAC  EXAMPLE 5
PAC  N,N"-Thiobis[N'-(2-methyl-4-bromophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 2 but substituting
      N-methyl-N'-(2-methyl-4-bromophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine the product is collected
      and recrystallized from ethyl acetate to obtain a white crystalline
      product (57% yield), m.p. 127.degree.-129.degree. C.
PAR  Analysis: Calc'd. for C.sub.18 H.sub.20 Br.sub.2 N.sub.4 S: C, 44.65; H,
      4.16; N, 11.57. Found: C, 44.42; H, 4.34; N, 11.34.
PAC  EXAMPLE 6
PAC  N,N"-Dithiobis[N'-2,4-xylyl-N-methylformamidine]
PAR  Following the procedure of Example 1, but substituting
      N-methyl-N'-2,4-xylylformamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine the product is
      chromatographed over silica gel to obtain a viscous oil. The NMR and TLC
      were reasonable for the desired product.
PAR  Analysis: Calc'd. for C.sub.20 H.sub.26 N.sub.4 S.sub.2 : C, 62.12; H,
      6.78; N, 14.49. Found: C, 61.69; H, 6.88; N, 14.15.
PAC  EXAMPLE 7
PAC  N,N"-Dithiobis[N'-(2-methyl-4-bromophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 1, but substituting
      N-methyl-N'-(2-methyl-4-bromophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine the product is
      recrystallized from ethyl acetate to obtain a white crystalline product
      (67% yield), m.p. 102.degree.-104.degree. C. The NMR was reasonable for
      the desired product.
PAR  Analysis:  Calc'd. for C.sub.18 H.sub.20 Br.sub.2 N.sub.4 S.sub.2 :  C,
      41.87; H, 3.90; N, 10.85.   Found: C, 42.15; H, 3.93; N, 10.95.
PAC  EXAMPLE 8
PAC  N,N"-Thiobis[N'-(2-methyl-4-iodophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 2 but substituting
      N-methyl-N'-(2-methyl-4-iodophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine the product is prepared.
PAC  EXAMPLE 9
PAC  N,N"-Thiobis[N'-o-tolyl-N-methylformamidine]
PAR  Following the procedure of Example 2, but substituting
      N-methyl-N'-o-tolylformamidine for N-methyl-N'-(2-methyl-4
      -chlorophenyl)formamidine the product is prepared.
PAC  EXAMPLE 10
PAC  N,N"-Thiobis[N'-(2,4-diethylphenyl)-4-methylformamidine]
PAR  Following the procedure of Example 2, but substituting
      N-methyl-N'-2,4-diethylphenylformamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine the product is prepared.
PAC  EXAMPLE 11
PAC  N,N"-Thiobis[N'-(2-ethyl-4-chlorophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 2, but substituting
      N-methyl-N'-(2-ethyl-4-chlorophenyl)formamidine for
      N-methyl-N'-(2-methyl-4 -chlorophenyl)formamidine the product is prepared.
PAC  EXAMPLE 12
PAC  N,N"-Thiobis[N'-(2-isopropyl-4-chlorophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 2, but substituting
      N-methyl-N'-(2-isopropyl-4-chlorophenyl)formamidine for
      M-methyl-N'-(2-methyl-4-chlorophenyl) formamidine the product is prepared.
PAC  EXAMPLE 13
PAC  N,N"-Thiobis[N'-(2-methyl-4-fluorophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 2, but substituting
      N-methyl-N'-(2-methyl-4-fluorophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine the product is prepared.
PAC  EXAMPLE 14
PAC  N,N"-Dithiobis[N'-(2-methyl-4-iodophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 1 but substituting
      N-methyl-N'-(2-methyl-4-iodophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine the product is prepared.
PAC  EXAMPLE 15
PAC  N,N"-Dithiobis[N'-(o-tolyl-N-methylformamidine]
PAR  Following the procedure of Example 1, but substituting
      N-methyl-N'-o-tolylformamidine for N-methyl-N'-(2-methyl-4-chlorophenyl)
      formamidine, the product is prepared.
PAC  EXAMPLE 16
PAC  N,N"-Dithiobis[N'-(2-ethyl-4-chlorophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 1, but substituting
      N-methyl-N'-(2-ethyl-4-chlorophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl) formamidine, the product is
      prepared.
PAC  EXAMPLE 17
PAC  N,N"-Dithiobis[N'-(2,4-diethylphenyl)-N-methylformamidine]
PAR  Following the procedure of Example 1, but substituting
      N-methyl-N'-2,4-diethylphenylformamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine, the product is prepared.
PAC  EXAMPLE 18
PAC  N,N"-Dithiobis[N'-(2-isopropyl-4-chlorophenyl)-N-methylformamidine]
PAR  Following the procedure of Example 1, but substituting
      N-methyl-N'-(2-isopropyl-4-chlorophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine, the product is prepared.
PAC  EXAMPLE 19
PAC  N,N"-Dithiobis[N'-(2-methyl-4-fluorophenyl-N-methylformamidine]
PAR  Following the procedure of Example 1, but substituting
      N-methyl-N'-(2-methyl-4-fluorophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine, the product is prepared.
PAC  EXAMPLE 20
PAC  N'-(2-methyl-4-chlorophenyl)-N'"-(2,4
      -diethylphenyl)-N,N"-thiobis[N-methylformamidine]
PAR  Following the procedure of Example 3, but substituting
      N-methyl-N'-2,4-diethylphenylformamidine for
      N-methyl-N'-2,4-xylylformamidine, the product is prepared.
PAC  EXAMPLE 21
PAC  N'-(2-ethyl-4-chlorophenyl)-N'"-(2-ethyl-4
      -bromophenyl)-N,N"-thiobis[N-methylformamidine]
PAR  Following the procedure of Example 3, but substituting
      N-methyl-N'-(2-ethyl-4-chlorophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine, and
      N-methyl-N'-(2-ethyl-4-bromophenyl)formamidine for N-methyl-N'-
      2,4-xylylformamidine, the product is prepared.
PAC  EXAMPLE 22
PAC  N'-(2-isopropyl-4-fluorophenyl)-N'"-2,4-xylyl-N,N"
      -thiobis[N-methylformamidine]
PAR  Following the procedure for Example 3, but substituting
      N-methyl-N'-(2-isopropyl-4-fluorophenyl)formamidine for
      N-methyl-N'-(2-methyl-4-chlorophenyl)formamidine, the product is prepared.
PAR  The pesticidal compounds (I) may be employed to control invertebrate pest
      populations, in their pure forms. However, it is preferred that they be
      applied to a situs in the form of a composition, comprising the compound
      (I) and a pesticidally acceptable diluent or carrier. Pesticidally
      acceptable carriers or diluents are well known in the art. For example,
      those compounds (I) which are solids at ambient temperatures may be
      formulated as granulars, dusts, wettable powders, emulsifiable
      concentrates, aqueous dispersions, solutions, and flowable creams for
      application to insects, mites, objects, or a situs. Those compounds (I)
      which are liquids at ambient temperatures may be formulated as
      emulsifiable concentrates, aqueous dispersions, suspensions, solutions,
      aerosols and the like.
PAR  Illustratively, dusts are readily formulated by grinding a mixture of the
      solid compounds (I) and a pulverulent carrier in the presence of each
      other. Griding is conveniently accomplished in a ball mill, a hammer mill,
      or by air-blast micronization. A preferred ultimate particle size is less
      than 60 microns. Preferably, 95% of the particles are less than 50
      microns, and about 75% are 5 to 20 microns. Dusts of that degree of
      comminution are conveniently free flowing and can be applied to inanimate
      matter, fruit trees, crop plants, and soil so as to effect thorough
      distribution and coverage. Dusts are particularly adapted for effectively
      controlling invertebrate pests such as insects and mites over wide areas
      when applied by airplane. They are also indicated for application to the
      undersides of plant foliage.
PAR  Representative pulverulent diluent carriers which are pesticidally
      acceptable are the natural clays such as China, Georgia, Barden,
      attapulgus, kaolin, and bentonite clays; minerals in their natural forms
      as they are obtained from the earth such as talc, pyrophyllite, quartz,
      diatomaceous earth, fuller's earth, chalk, rock phosphates and sulfates,
      sulfur, silica and silicates; chemically modified minerals such as washed
      bentonite, precipitated calcium silicate, synthetic magnesium silicate,
      and colloidal silica; and organic flours such as wood, walnut shell,
      soybean, cottonseed, and tobacco flours, and free-flowing hydrophobic
      starches.
PAR  Dusts may also be prepared by dissolving a compound (I) in a volatile
      solvent such as methylene chloride, mixing the solution with a pulverulent
      diluent carrier and evaporating the solvent.
PAR  The proportions of pulverulent carrier and compound (I) may be varied over
      a wide range depending upon the pests to be controlled and the conditions
      of treatment. In general, dust formulations contain up to about 50% (on a
      weight basis) of the compound (I) or a salt thereof as the active
      pesticide ingredient. Dusts having as little as 0.001% of the active
      ingredient may be used, but a generally preferred proportion is from about
      0.50% to about 20% of the compound (I).
PAR  Dispersible powder formulations are prepared by incorporating a surfactant
      in a dust composition prepared as described above. By incorporating from
      0.1% to about 12% of a surfactant in a dust, a dispersible powder is
      obtained which is particularly adapted for further admixture with water
      for spraying on inanimate matter and products, fruit trees, field crops,
      and soil. Such dispersible powders may be admixed with water to obtain any
      desired concentration of compound (I) and the mixture may be applied in
      amounts sufficient to obtain predetermined rates of application and
      uniform distribution. Preferably dispersible powders contain from about 10
      percent to about 80 percent by weight of compound (I) as the active
      pesticide ingredient.
PAR  The surfactants employed may be characterized as capable of reducing the
      surface tension of water to less thatn about 40 dynes per centimeter in
      concentrations of about 1% or less.
PAR  Representative surfactants conventionally employed for preparing
      dispersible powder formulations include alkyl sulfates and sulfonates,
      alkyl aryl sulfonates, sulfosuccinate esters, polyoxyethylene sulfate,
      polyoxyethylenesorbitan monolaurate, alkyl-aryl polyester sulfates,
      alkylaryl polyether alcohols, alkyl naphthalene sulfonates, alkyl
      quaternary ammonium salts, sulfated fatty acids and esters, sulfated fatty
      acid amides, glycerol mannitan laurate, polyalkylether condensates of
      fatty acids, lignin sulfonates, and the like. The preferred class of
      surfactants for preparing compositions of this invention are blends of
      sulfonated oils and polyalcohol carboxylic acid esters such as the
      commercially available Emcol H-77, blends of polyoxyethylene ethers and
      oil-soluble sulfonates such as commercially available Emcol H-400, blends
      of alkyl aryl sulfonates and alkylphenoxy polyethoxy ethanols such as the
      commercially available Tritons X-151, X-161, and X-171, e.g., about equal
      parts of sodium dodecylbenzenesulfonate and isooctylphenoxy polyethoxy
      ethanol containing about 12 ethoxy groups, and blends of calcium
      alkyl-aryl sulfonates and polyethoxylated vegetable oils such as
      commercially available Agrimul N.sub.4 S. The sulfate and sulfonate
      surfactants discussed above are preferably used in the form of their
      soluble salts, for example, their sodium salts.
PAR  If desired, dispersants such as methyl cellulose, polyvinyl alcohol, sodium
      ligninsulfonates, and the like may be included in the dispersible powder
      compositions of this invention. Adhesive or sticking agents such as
      vegetable oils, naturally occurring gums, casein, and others may also be
      included. Corrosion inhibitors such as epichlorohydrin and anti-foaming
      agents such as stearic acid may also be added if desired.
PAR  Granular compositions of this invention are convenient for application to
      soil when persistence is desired. Such compositions are readily applied by
      broadcast or by localized, e.g., in-the-row applications. The individual
      granules may be any desired size from 30 to 60 mesh up to 20 to 40 mesh,
      or even larger. Granulars are prepared by dissolving the active compound
      in a solvent such as methylene chloride, xylene, or acetone and applying
      the solution to a quantity of a granulated absorbent carrier.
      Representative granulated absorbent carriers are ground corn cobs, ground
      walnut shells, ground peanut hulls, and the like. When desired, the
      impregnated granulated absorbent carrier may be coated with a coating that
      will preserve the integrity of the granular until it is applied to an
      object or situs favorable for release of the active ingredient. Such
      coatings are well known in the art.
PAR  The compounds (I) of the invention may also be admixed with other known
      pesticides to form compositions of the invention. For example, they may be
      mixed with malathion, azinphosmethyl, carbaryl, methoxychlor, and like
      pesticidal compounds.
PAR  The compounds (I) of the invention may be applied to insects, mites,
      objects, or a situs in aqueous sprays without a solid carrier. Such
      aqueous sprays are advantageous for certain types of spray equipment and
      conditions of application as is well known in the art. They are also
      advantageous when uniform dispersions, homogeneous solutions, or other
      easily mixed aqueous sprays are desired.
PAR  Aqueous sprays without a solid carrier are prepared from concentrated
      solutions of the compounds (I) of the invention in an inert organic
      solvent carrier. The inert organic solvent carrier may be one that is
      miscible or immiscible with water. The compounds (I) that are somewhat
      soluble in water may be dissolved in a water miscible solvent carrier,
      e.g., ethanol and mixed with water to give homogeneous solutions. The
      compounds (I) that are less soluble in water may be dissolved in a solvent
      carrier that is immiscible with water and the solution dispersed in water
      to give a uniform dispersion, e.g., an emulsion.
PAR  In an oil-in-water emulsion, the solvent phase is dispersed in the water
      phase and the dispersed phase contains the compound (I). In this way,
      uniform distribution of a water insoluble compound (I) is achieved in an
      aqueous spray. A solvent carrier in which the compounds (I) are highly
      soluble is desirable so that relatively high concentrations of the
      compound (I) can be obtained. One or more solvent carriers with or without
      a co-solvent may be used in order to obtain concentrated solutions of the
      compounds (I), the main consideration being to employ a water-immiscible
      solvent for the compound (I) that will hold the compound in solution over
      the range of concentration useful for applying to invertebrate pests or a
      situs.
PAR  The emulsifiable concentrate compositions of the invention are preferred
      compositions prepared by dissolving the compound (I) as the active
      ingredient and a surfactant such as one of those previously described, in
      a substantially water-immiscible solvent carreri (i.e., a solvent carrier
      which is soluble in water to the extent of less than 2.5% by volume at
      temperatures of the order of 20.degree.C. to 30.degree.C.), for example,
      cyclohexanone, methyl propyl ketone, summer oils (a paraffinic,
      intermediate distillation fraction having a viscosity range from 40 to 85
      seconds Saybolt and an unsulfonatable residue over 90 percent), ethylene
      dichloride; aromatic hydrocarbons such as benzene, toluene, and xylene,
      and high-boiling petroleum hydrocarbons such as kerosene, diesel oil, and
      the like. When desired, a co-solvent such as methyl ethyl ketone, acetone,
      isopropanol, and the like may be included with the solvent carrier in
      order to enhance the solubility of the compound (I). Aqueous emulsions are
      prepared by mixing the concentrate with water to give any desired
      concentration of compounds (I).
PAR  Advantageously, the concentration of compound (I) in emulsifiable
      concentrates will range from about 5 percent to about 50 percent by
      weight, preferably from about 10 percent to about 40 percent. A
      concentrate comprising 20 percent by weight of the compound (I) dissolved
      in a water-immiscible solvent of the kind noted above may be admixed with
      an aqueous medium in the proportions of 13 ml. of concentrate with 1 gal.
      of medium to give a mixture containing 700 parts of compounds (I) per
      million parts of liquid carrier. Similarly, 1 qt. of a 20 percent
      concentrate mixed with 40 gals. of water provides about 1200 ppm (parts
      per million) of a compound (I). In the same manner, more concentrated
      solutions of active ingredient may be prepared by adjusting upward the
      proportion of compound (I).
PAR  The above described concentrate compositions of the invention which are
      intended for use in the form of aqueous dispersions or emulsions may also
      contain advantageously a humectant, i.e., an agent which will delay the
      drying of the composition in contact with material to which it has been
      applied. Conventionally used humectants are exemplified by glycerol,
      diethylene glycol, solubilized lignins, such as calicum ligninsulfonate,
      and the like.
PAR  For use in an aerosol, the compound (I) may be dissolved in acetone or a
      mixture of acetone and a heavy petroleum oil and mixed in a thick-walled
      canister or bomb with a propellent such as methyl chloride or
      dichlorodifluoromethane.
PAR  The compositions containing compounds (I) of the invention may be applied
      to invertebrate pests or pestiferous sites by conventional methods. For
      example, an area of soil, a building, or plants may be treated by spraying
      wettable powder suspensions, emulsions, or solutions from powder sprayers
      or from hand-operated knapsack sprayers. Dusts can be applied by power
      dusters, or by hand-operated dusters. Creams and ointment formulations may
      be applied to objects for prolonged protection from insects and mites.
PAR  It will of course be appreciated by those skilled in the art that the
      conditions encountered when applying the method and compositions of this
      invention to actual practice can vary widely. Among the variables that may
      be encountered are the degree of infestation by pests, the particular pest
      to be controlled, the specific compound (I) employed, the particular situs
      being treated, the age or degree of development of plants to be protected,
      the prevailing weather conditions, such as temperature, relative humidity,
      rainfall, dews, and like environmental conditions. Dependent upon the
      variables encountered in a given situation, the amount of compounds (I) to
      be employed as an effective amount, the frequency of application and the
      technique of application will be adjusted for optimum effect, as those
      skilled in the art well appreciate.
PAR  In general, efficacy of the compounds (I) against invertebrate pests has
      been demonstrated at concentrations of 1000, 500, 100, 50 and even 30 ppm
      of the novel compounds (I) depending upon the specific pest to be killed.
      Some invertebrate animal pests will be more sensitive to the compounds (I)
      than others. Methods of testing a given compound (I) to determine the
      maximum effective concentration required for killing a specific
      invertebrate pest are well known; see for example U.S. Pat. Nos.
      3,474,170; 3,476,836; and 3,479,029. In general, effective amounts of the
      compounds (I) for pesticidal activity is obtained when the compounds (I)
      are applied at concentrations of about 30 to about 6000 ppm, preferably at
      concentrations of about 100 to about 4000 ppm.
PAR  The following example illustrates compositions of the invention
      (percentages hereafter are w/w unless otherwise specified):
PAC  EXAMPLE 23
PAR  An emulsifiable concentrate having the following percentage composition:
TBL  N,N"-dithiobis[N'-(2-methyl-                                              
      4-chlorophenyl)-N-methyl]-                                               
      formamidine          15.0%                                               
     Technical alkyl naphthalene                                               
      boiling at 238.degree. to 293.degree. C.                                 
      (Velsicol AR50)      19.7%                                               
     Xylene                17.4%                                               
     Acetone               17.4%                                               
     Ethylene dichloride   25.4%                                               
     Blend of alkyl aryl sulfonates                                            
      and alkylphenoxy polyethoxy                                              
      ethanols (Triton X-151)                                                  
                            5.1%                                               
PAL  was prepared by mixing 15.0 lbs. of
      N,N"-dithiobis[N'-(2-methyl-4-chlorophenyl)-N-methyl]formamidine, 19.7
      lbs. of Velsicol AR50, 17.4 lbs. of xylene, 17.4 lbs. of acetone, 25.4
      lbs. of ethylene dichloride, and 5.1 lbs. of Triton X-151.
PAR  6.67 Lbs. of the concentrate mixed with 10 gals. of water gave a spray
      emulsion containing about 11,000 ppm of active ingredient.
PAR  The composition is useful in treating apples for control of the two-spotted
      spider mite when applied at a rate of 10 gals. per acre.
PAC  EXAMPLE 24
PAR  An emulsifiable concentrate having the following percentage composition:
TBL  N,N"-dithiobis[N'-(2-methyl-                                              
      4-chlorophenyl)-N-methyl]-                                               
      formamidine          40.0%                                               
     Technical alkyl naphthalene                                               
      boiling at 238.degree. to 293.degree. C.                                 
      (Velsicol AR50)      13.7%                                               
     Xylene                12.3%                                               
     Acetone               11.3%                                               
     Ethylene dichloride   17.7%                                               
     Blend of alkyl aryl sulfonates                                            
      and alkylphenoxy polyethoxy                                              
      ethanol (Triton X-151)                                                   
                            5.0%                                               
PAL  was prepared by mixing 40.0 lbs. of
      N,N"-dithiobis[N'-(2-methyl-4-chlorophenyl)-N-methyl]formamidine, 13.7
      lbs. of Velsicol AR50, 12.3 lbs. of xylene, 11.3 lbs. of acetone, 17.7
      lbs. of ethylene dichloride, and 5.0 lbs. of Triton X-151.
PAR  1.67 Lbs. of the concentrate mixed with 10 gals. of water gave a spray
      emulsion containing about 8,000 ppm of active ingredient.
PAR  The composition is useful in treating cotton for control of the cotton
      bollworm when applied at a rate of 20 gals. per acre.
PAC  EXAMPLE 25
PAR  Following the procedure of the preceding Examples 23 and 24 compositions
      are similarly prepared substituting each of the compounds prepared in
      Examples 2 through 22, inclusive, for the
      N,N"-dithiobis([N'-(2-methyl-4-chlorophenyl)-N-methyl]formamidine.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.2 are the same or different and are selected from
      the group consisting of lower alkyl of from 1 to 4 carbon atoms; R.sub.3
      and R.sub.4 are the same or different and are selected from the group
      consisting of hydrogen, halogen, and lower alkyl of from 1 to 4 carbon
      atoms, and n is 1 or 2 provided that when n is 2 then R.sub.1 and R.sub.2
      are the same and R.sub.3 and R.sub.4 are the same.
NUM  2.
PAR  2. A compound according to claim 1 which is
      N,N"-dithiobis-[N'-2,4-xylyl-N-methylformamidine].
NUM  3.
PAR  3. A compound according to claim 1 which is
      N,N"-dithiobis-[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine].
NUM  4.
PAR  4. A compound according to claim 1 which is
      N,N"-dithiobis-[N'-(2-methyl-4-bromophenyl)-N-methylformamidine].
NUM  5.
PAR  5. A compound according to claim 1 which is
      N,N"-thiobis-[N'-(2-methyl-4-bromophenyl)-N-methylformamidine].
NUM  6.
PAR  6. A compound according to claim 1 which is
      N,N"-thiobis-[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine].
NUM  7.
PAR  7. A compound according to claim 1 which is
      N,N"-thiobis-[N'-(2,4-xylyl)-N-methylformamidine].
NUM  8.
PAR  8. A compound according to claim 1 which is
      N'-(2-methyl-4-chlorophenyl)-N'"-2,4-xylyl-N,N"-thiobis[N-methylform-amidi
     ne].
NUM  9.
PAR  9. An agricultural composition for controlling insect pest populations
      comprising an effective amount of a compound of the formula:
      ##SPC6##
PAL  wherein R.sub.1 and R.sub.2 are the same or different and are selected from
      the group consisting of lower alkyl of from 1 to 4 carbon atoms; R.sub.3
      and R.sub.4 are the same or different and are selected from the group
      consisting of hydrogen, halogen, and lower alkyl of from 1 to 4 carbon
      atoms, and n is 1 or 2 provided that when n is 2 then R.sub.1 and R.sub.2
      are the same and R.sub.3 and R.sub.4 are the same; in association with an
      agricultural carrier.
NUM  10.
PAR  10. A composition according to claim 9 wherein the said compound is present
      in a concentration of from about 0.003 w/w to about 80% w/w.
NUM  11.
PAR  11. A composition according to claim 10 wherein the said compound is
      N,N"-thiobis[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine].
NUM  12.
PAR  12. A composition according to claim 10 wherein the said compound is
      N,N"-dithiobis[N'-2,4-xylyl-N-methylformamidine].
NUM  13.
PAR  13. A composition according to claim 10 wherein the said compound is
      N,N"-dithiobis[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine].
NUM  14.
PAR  14. A composition according to claim 10 wherein the said compound is
      N,N"-dithiobis[N'-(2-methyl-4-bromophenyl)-N-methylformamidine].
NUM  15.
PAR  15. A composition according to claim 10 wherein the said compound is
      N,N"-thiobis[N'-(2-methyl-4-bromophenyl)-N-methylformamidine].
NUM  16.
PAR  16. A composition according to claim 10 wherein the said compound is
      N,N"-thiobis[N'-(2,4-xylyl)-N-methylformamidine].
NUM  17.
PAR  17. A composition according to claim 10 wherein the said compound is
      N'-(2-methyl-4-chlorophenyl)-N'"-2,4-xylyl-N,N"-thiobis[N-methylformamidin
     e].
NUM  18.
PAR  18. A process for controlling insect pest populations which comprise
      applying to a situs effective amounts of a compound of the formula:
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 are the same or different and are selected from
      the group consisting of lower alkyl of from 1 to 4 carbon atoms; R.sub.3
      and R.sub.4 are the same or different and are selected from the group
      consisting of hydrogen, halogen, and lower alkyl of from 1 to 4 carbon
      atoms, and n is 1 or 2 provided that when n is 2 then R.sub.1 and R.sub.2
      are the same and R.sub.3 and R.sub.4 are the same.
NUM  19.
PAR  19. The process of claim 18 wherein the compound is
      N,N"-thiobis[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine].
NUM  20.
PAR  20. The process of claim 18 wherein the compound is
      N,N"-dithiobis[N'-2,4-xylyl-N-methylformamidine].
NUM  21.
PAR  21. The process of claim 18 wherein the compound is
      N,N"-dithiobis[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine].
NUM  22.
PAR  22. The process of claim 18 wherein the compound is
      N,N"-dithiobis[N'-(2-methyl-4-bromophenyl)-N-methylformamidine].
NUM  23.
PAR  23. The process of claim 18 wherein the compound is
      N,N-thiobis[N'-(2-methyl-4-chlorophenyl)-N-methylformamidine].
NUM  24.
PAR  24. The process of claim 18 wherein the compound is
      N,N"-thiobis[N'-(2,4-xylyl)-N-methylformamidine].
NUM  25.
PAR  25. The process of claim 18 wherein the compound is
      N"-(2-methyl-4-chlorophenyl)
      -N'"-2,4-xylyl-N,N"-thiobis-[N-methylformamidine].
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ABST
PAL  Addiction to opiate drugs, e.g., heroin, is treated by administering a
      beta-adrenergic-receptor-blocking drug, e.g. propranolol, which is found
      to block the rewarding and euphoric effects of the narcotic and to prevent
      the recurrence of hunger for the narcotic after withdrawal with methadone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the treatment of narcotic addiction and
      particularly addiction to opiate drugs such as heroin.
PAR  Narcotic addiction and its treatment may be said to involve two factors.
      One may be considered primarily physiological and involves all the acute
      sickness withdrawal symptoms which occur when the narcotic drug is
      discontinued, including nausea, chills, nervousness, etc. The second
      factor may be considered both physiological and psychological and involves
      the immediate rewarding and euphoric effects of taking the drug, a strong
      desire or hunger to resume taking the drug after withdrawal, anxiety, etc.
PAR  It is known that both categories of drug addiction effects can be blocked,
      and withdrawal or detoxification effected, by treatment with agents, of
      which methadone is the most widely used. But methadone is itself addictive
      and its use in withdrawal is desirably restricted to treatment periods of
      not more than a few weeks to carry the addict through the acute withdrawal
      stage. Methadone is not a good agent for maintaining abstinence from the
      drug after withdrawal is achieved. The search continues for a satisfactory
      maintenance agent, for use after withdrawal with methadone, and the answer
      has not previously been found.
PAR  The present invention is based on the discovery that known medicaments,
      previously used as beta-receptor blocking agents, or beta-adrenergic
      blocking agents, primarily in the treatment of cardiac arrythmias, have a
      surprising and powerful effect in blocking major psychological effects and
      at least some physiological effects of opiate drugs, including
      particularly the immediate rewarding and euphoric effects, and recurring
      "hunger" for the drug. The agents effective in this way are not found to
      relieve the acute physiological opiate-withdrawal symptoms. Accordingly
      while these agents do not appear adequate alone to support withdrawal from
      opiate drugs, they are of use to supplement agents such as methadone in
      withdrawal, and more importantly, to provide a maintenance and supportive
      treatment following withdrawal through the acute sickness stage with such
      agents as methadone.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, opiate addiction is treated by the
      administration of any of a number of known beta-receptor-blocking agents
      to the addict as a supplement to withdrawal medication or as subsequent
      supportive and maintenance medication.
PAR  Such known beta-receptor blocking agents include, for example, those listed
      in the article entitled Clinical Pharmacology of Beta-Receptor-Blocking
      Drugs by C. T. Dollery, J. W. Paterson and M. E. Conolly, published in
      Clin. Pharmacol Ther. 10: 765-799, Nov.-Dec. 1969.
PAR  A preferred compound for use in accordance with the invention is
      propranolol, having the following formula:
      ##SPC1##
PAR  Compounds related to propranolol may be used, having modified molecular
      structure as represented by the following formula:
      ##SPC2##
PAL  in which n is zero or 1, R is H or OH, and R' is a straight or branched
      chain alkyl radical having from 1 to 4 carbon atoms.
PAR  In the new use, the beta-receptor-blocking agent is pre-administered, that
      is, administered in advance, to be present when the narcotics user
      administers the narcotic to himself or may be tempted to do so. The dosage
      may be the same as that when the agent is used for its
      beta-receptor-blocking effect, for example, in the case of propranolol, up
      to 40 mg. per day in 10 mg. oral doses. However, the narcotics blocking
      effect is obtained with much smaller oral dosage, for example, with
      propranolol in oral doses of from 5 mg. to 10 mg. per day given in either
      single or divided doses. Oral medication may be replaced or supplemented
      by injections of the agent. Dosage should be adjusted to suit the patient
      and his condition, and should be sufficient to produce a significant level
      of blocking effect against the narcotic used.
DETD
PAR  The following examples illustrate the invention:
PAC  EXAMPLE I
PAR  A 27 year old white male, who had been administering heroin intravenously
      for over a year, has withdrawn from heroin through the use of methadone on
      three separate occasions. However, in each instance the patient, after
      apparently being successfully withdrawn, thereafter began injecting
      heroin. After being withdrawn from heroin for the third time the patient
      was instructed to ingest 10 milligrams of propranolol 4 times a day. While
      taking propranolol he injected himself with heroin but found that heroin
      now failed to elicit in him the usual and expected euphoria.
PAR  Because he kept on using heroin to alleviate the narcotic withdrawal
      symtoms, a fourth effort to withdraw the patient from heroin through the
      use of methadone was made. The patient was instructed to ingest 40
      milligrams of methadone a day for the first 5 days; 30 milligrams of
      methadone a day for the following 4 days; and 20 milligrams of methadone
      per day for the last 3 days. In addition, the patient was instructed to
      continue to ingest 10 milligrams of propranolol 4 times a day. The patient
      stopped taking methadone after 7 days, but continued to take propranolol
      regularly for another 32 days, during which the patient was free from
      craving for narcotics and did not take any heroin, and at the end of which
      the patient decided to stop taking propranolol.
PAR  The patient reported that the propranolol blocked the immediate rewarding
      and euphoric effects that he usually obtained from intravenously injecting
      heroin, that it prvented the subsequent development of "nodding," and,
      also, that it prevented the recurrence of heroin hunger or craving after
      he was withdrawn on methadone. Propranolol also reduced his symtoms of
      anxiety, but it did not relieve him of his heroin abstinence symptoms,
      withdrawal with the help of methadone being necessary to avoid these
      symtoms.
PAC  EXAMPLE II
PAR  In more than 20 additional cases of heroin addiction, propranolol was
      administered to test for its narcotics-blocking effect, both by the
      present applicant and by an independent methadone treatment clinic. In
      some cases, it was administered concurrently with methadone; in other
      cases, propranolol was administered by itself. Dosages were in the range
      of from 10 mg. to 30 mg. per day, by mouth. The results were obtained by
      reports from the patients and by observations at the independent clinic.
      All cases confirmed the conclusions found in Example I, namely, that the
      administration of propranolol effectively blocked the euphoric rewarding
      effects of subsequently-administered heroin. At first, most hereon addicts
      found this surprising. They did not attribute this effect to the
      propranolol medication, but blamed the quantity or the quality of the
      heroin they had used. Some were frankly angry for having wasted their
      money. When further trials convinced them that the effect was produced by
      the medication, they all thought it would be of great help in the
      treatment of heroin addiction.
PAC  EXAMPLE III
PAR  A double blind study was made with a number of patients addicted to heroin.
      A 10 mg. per day dose of propranolol and an indistinguishable placebo were
      administered in random order and the patients reported the results of
      subsequent administration of heroin. The results confirmed the blocking
      effects of propranolol as described in Examples I and II.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of blocking the euphoric rewarding effects experienced by one
      addicted to an opiate drug comprising administering to the addict
      propranolol in a dosage of at least 5 milligrams per day.
NUM  2.
PAR  2. A method, as claimed in claim 1, wherein the propranolol is administered
      orally.
NUM  3.
PAR  3. A method, as claimed in claim 2, wherein the dosage is about 10 - 40
      milligrams per day.
NUM  4.
PAR  4. A method of reducing an addict's craving for an opiate drug comprising
      administering to the addict propranolol in a dosage of at least 5
      milligrams per day.
NUM  5.
PAR  5. A method, as claimed in claim 4, wherein the propranolol is administered
      orally.
NUM  6.
PAR  6. A method as claimed in claim 4, wherein the dosage is about 10-40
      milligrams per day.
NUM  7.
PAR  7. In the method of treating opiate addiction comprising withdrawing the
      addict from the opiate by administering methadone to the addict, the
      improvement comprising administering propranolol to the addict in a dosage
      of at least 5 milligrams per day at least during the period that methadone
      is administered in order to block the euphoric rewarding effects of the
      use of the opiate and to reduce the craving therefor.
NUM  8.
PAR  8. An improvement, as claimed in claim 1, wherein the propranolol is
      administered orally.
NUM  9.
PAR  9. An improvement, as claimed in claim 1, wherein the propranolol dosage is
      about 10 - 40 milligrams per day.
NUM  10.
PAR  10. An improvement, as claimed in claim 1, wherein the administration of
      propranolol is continued after the addict is withdrawn from the opiate.
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ABST
PAL  Compounds of the following general structure are useful in treating
      conditions of delayed hypersensitivity:
      ##EQU1##
      wherein [W] represents an aromatic polycyclic nucleus selected from
      fluoranthene, fluorene, fluoren-9-ol, fluoren-9-one, carbazole, N-(lower)
      alkyl carbazole or anthraquinone; Y represents carbonyl, divalent sulfur
      or oxygen; with the proviso that when Y is carbonyl, [W] is other than
      fluoren-9-ol or anthraquinone; A represents a straight or branched
      alkylene chain of from 1 to 6 carbon atoms; and each of R.sup.1 and
      R.sup.2 represents hydrogen, lower alkyl of from 1 to 4 carbon atoms, or
      alkenyl of from 3 to 6 carbon atoms having the vinyl unsaturation in other
      than the 1-position; and pharmaceutically useful acid addition salts
      thereof.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the use of bis-amine derivatives in the treatment
      of conditions of delayed hypersentitivity.
PAC  DESCRIPTION OF PRIOR ART
PAR  Bis-amine derivatives of fluoranthene are described in U.S. Pat. No.
      3,707,471 and Great Britain patent 1,304,651. Bis-amine derivatives of
      fluorene and fluoren-9-one are described in U.S. Pat. Nos. 3,592,819,
      3,692,907 and Great Britain patent 1,286,755. Bis-amine derivatives of
      fluoren-9-ol are described in U.S. Pat. Nos. 3,592,819 and 3,692,907.
      Bis-amine derivatives of anthraquinone are described in Belgian patent
      767,210, which is equivalent to pending U.S. application Ser. No. 37,312.
      Each of these disclosures describes the compounds therein as being useful
      as antiviral agents and do not suggest or render obvious the use of the
      compounds disclosed herein in the treatment of conditions of delayed
      hypersensitivity.
PAC  SUMMARY OF INVENTION
PAR  Compounds of the following general Formula I are useful in treating
      conditions of delayed hypersensitivity:
      ##EQU2##
      wherein [W] is an aromatic polycyclic nucleus selected from fluoranthene,
      fluorene, fluoren-9-ol, fluoren-9-one, carbazole, N-(lower)alkylcarbazole,
      or anthraquinone; Y is selected from carbonyl, oxygen or divalent sulfur
      with the proviso that when Y is carbonyl, [W] is other than fluoren-9-ol
      or anthraquinone; A is a straight or branched alkylene chain of from 1 to
      6 carbon atoms; and each of R.sup.1 and R.sup.2 is selected from hydrogen,
      straight or branched lower alkyl of from 1 to 4 carbon atoms, or alkenyl
      of 3 to 6 carbon atoms having the vinyl unsaturation in other than the
      1-position. Pharmaceutically acceptable acid addition salts of the
      compounds of general Formula I are within the scope of this invention.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The compounds of general Formula I are bis-amine derivatives fluoranthene,
      fluorene, fluoren-9-ol, fluoren-9-one, carbazole, N-(lower)alkyl carbazole
      and anthraquinone as represented by the following respective general
      Formulas II to VII.
      ##SPC1##
PAR  In the above general Formula II to VII, Y represents carbonyl, oxygen, or
      divalent sulfur except that in Formulas IV and VII, Y is other than
      carbonyl; A, R.sup.1 and R.sup.2 have the meanings defined in general
      Formula I. In Formula VI, R.sup.3 represents hydrogen or lower alkyl of 1
      to 4 carbon atoms such as, methyl, ethyl, n-propyl or n-butyl.
PAR  In the compounds of general Formula II one of the basic substituent groups
      as represented by
      ##EQU3##
      is attached to any one of the carbon atoms of the naphthalene portion of
      the tetracyclic nucleus and the other such basic substituent is attached
      to any one of the carbon atoms of the benzenoid ring of the tetracyclic
      nucleus. In the compounds of general Formulas III to VII, one of the basic
      substituent groups as represented by
      ##EQU4##
      is attached to any one of the carbon atoms of one of the benzenoid rings
      of the tricyclic nuclei and the other such basic substituent is attached
      to any one of the carbon atoms of the other benzenoid ring of the
      tricyclic nuclei.
PAR  Illustrative examples of straight or branched lower alkyl groups which
      R.sup.1 and R.sup.2 may represent in general Formulas I to VII are methyl,
      ethyl, n-propyl, isopropyl, n-butyl and tert-butyl.
PAR  Illustrative examples of straight or branched alkylene chains which A may
      represent are methylene, ethylene, propylene, isobutylene,
      2,2-dimethylbutylene, 2-methylpropylene, and pentylene.
PAR  Illustrative examples of compounds of general Formula I are
      3,9-bis(2-dimethylaminoethoxy)fluoranthene,
      3,9-bis-(4-diethylaminobutoxy)fluoranthene,
      3,8-bis(5-diallylaminopentoxy)fluoranthene,
      2,7-bis(3-diisopropylamino-propyl/fluorene,
      2,7-bis(2-dibutylaminoethoxy)fluorene,
      3,6-bis(3-dimethylaminoisobutoxy)fluoren-9-ol,
      2,7-bis(2-dimethylaminoethoxy)fluoren-9-ol,
      2,7-bis(3-diethylaminopropoxy)-fluoren-9-one,
      2,5-bis(2-aminoethoxy)fluoren-9-one,
      3,6-bis(4-dimethylaminobutoxy)carbazole,
      2,7-bis(5-diethylamino-2,2-dimethylbutoxy)fluorene, N-ethyl
      3,6-bis(4-diallylaminobutoxy)carbazole,
      3,9-bis(3-diethylaminopropylthio)fluoranthene,
      2,7-bis(4-methylaminobutylthio)-fluoren-9-one,
      2,7-bis(3-dimethylaminoacetyl)fluorene,
      3,9-bis(4-diethylaminobutyryl)fluoren-9-one,
      2,6-bis(4-dipropylaminobutoxy)anthraquinone,
      2,7-bis(3-dimethylaminopropoxy)anthraquinone,
      2,5-bis(diisobutylaminopropionyl)fluorene,
      2,8-bis(5-diallylaminovaleryl)fluorene,
      3,6-bis(4-diethylaminobutyryl)carbazole, and N-n-propyl
      3,6-bis(3-diethylaminopropionyl)carbazole.
PAR  Pharmaceutically acceptable acid addition salts of the base compounds of
      this invention are those of any suitable inorganic or organic acid.
      Illustrative suitable inorganic acids are hydrochloric, hydrobromic,
      sulfuric, and phosphoric acids. Illustrative suitable organic acids are
      lower aliphatic hydrocarbon monocarboxylic acids, such as, glycolic or
      lactic acid; lower aliphatic lower alkoxyhydrocarbon monocarboxylic acids,
      such as, methoxyacetic or ethoxyacetic acids; lower aliphatic lower
      alkanoyl-hydrocarbon monocarboxylic acids, such as, pyruvic acid; lower
      aliphatic hydrocarbon dicarboxylic acids, such as malonic, succinic,
      methylsuccinic, glutaric, .alpha.-methylglutaric, .beta.-methylglutaric,
      itaconic, maleic, citraconic, homocitraconic, or fumaric acid; lower
      aliphatic hydroxy hydrocarbon dicarboxylic acids, such as, malic or
      tartaric acid; lower aliphatic lower alkoxy-hydrocarbon dicarboxylic
      acids, such as, .alpha.,.beta.-dimethoxysuccinic or ethoxymaleic acid;
      lower aliphatic hydrocarbon tricarboxylic acids, such as, aconitic or
      tricarballylic acid; lower aliphatic hydroxyhydrocarbon tricarboxylic
      acids, such as, citric acid. Additionally organic sulfonic acids, such as
      lower alkane sulfonic acids, for example, methanesulfonic or
      ethanesulfonic acid, or lower hydroxy-alkane sulfonic acids, for example,
      2-hydroxyethane sulfonic acid are suitable. Particularly useful are
      pharmacologically acceptable acid addition salts with mineral acids, such
      as hydrochloric acid. Mono- or di-acid salts may be formed, and the salts
      may be hydrated, for example, monohydrate, or substantially anhydrous.
PAR  Introduction of an antigen, or a foreign substance, into an organism
      results in a specific immunological response changing the reactivity of
      the organism towards the antigen and substances closely resembling the
      antigen. This response is usually a heightened reactivity to the antigen.
      This heightened reactivity is due in part to the production of antibodies
      which can result in an immediate hypersensitivity and in part to a
      cell-mediated immunity which can result in delayed hypersensitivity.
      Cell-mediated immunity is dependent upon the presence of cells sensitized
      to antigen, primarily thymus-modified lymphocytes, which specifically
      interact with the antigen. Macrophages are also involved in the processing
      of antigen and in the effector mechanisms leading to dealyed
      hypersensitivity.
PAR  The type of substances which elicit delayed hypersensitivity are many and
      various. They may be organic chemicals, including drugs, simple chemical
      derivatives, or protein-containing antigens of micro-organisms, such as,
      bacteria, viruses, fungi or protozoa, or tissue antigens. Conditions of
      delayed hypersensitivity are associated with numerous pathological
      disorders, for example, contact hypersensitivity in the skin, rejection of
      tissue grafts or transplants, autoimmune diseases and certain infectious
      diseases. Such pathological disorders often involve, in addition to the
      cell-mediated delaysd hypersensitivity responses, humoral antibody
      responses involving the production of antigen-specific antibodies.
      Generally, treatment of these disorders has been with immunosuppressive
      agents, such as, purine analogs, folic acid antagonists, alkylating agents
      and corticosteroids. Such agents have been found to be non-specific in
      their immunosuppressant effects, that is they suppress both the humoral
      antibody and delayed (cell-mediated) hypersensitivity responses. [Drug
      Therapy 1, no. 4, pp. 3-16 (1971)]. The compounds disclosed herein are
      unique in that they suppress only the delayed hypersensitivity response
      without concurrent suppression of the humoral immune response.
PAR  The compounds disclosed herein suppress delayed hypersensitivity responses
      thereby rendering the compounds useful in patients in the treatment of
      conditions of delayed hypersensitivity resulting from infectious diseases,
      specifically tuberculosis, streptococcus, staphylococcus and pneumococcus
      diseases, typhoid fever, undulant fever, chancroid, whooping-cough and
      leprosy; toxoids and vaccines, particularly diphtheria toxoid and smallpox
      vaccination; contact hypersensitivity in the skin, specifically from
      nickel salts, primrose or poison ivy, poison oak and paraphenylene
      diamine; rejection of tissue grafts and transplants; and autoimmune
      diseases, specifically rheumatoid arthritis, systemic lupus erythematosus,
      glomerular nephritis, rheumatic fever, ulcerative colitis, diabetes
      mellitus, pernicious anemia, coeliac disease, primary atypical pneumonia,
      Hashiomoto's thyroiditis, multiple sclerosis, peripherial neuritis,
      pemphigus, Addison's disease and Grave's disease.
PAR  The utility of the compounds disclosed herein in the treatment of
      conditions of delayed hypersensitivity is manifested by the ability of the
      compounds to suppress delayed hypersensitivity reaction in vitro in the
      macrophage migration inhibition test (MMIT) and in vivo in the
      experimental allergic encephalomyelitis (EAE) test, which are well
      recognized tests for detecting agents or compounds effective in treating
      conditions of delayed hypersensitivity. Immunology for Students of
      Medicine, 3rd edition, 1970, F. A. Davis Company, pp. 498-500; Federation
      Proceedings 27, No. 1, pp. 3-15, (1968); Advances in Immunology 5, pp.
      131-208 (1966).
PAR  As used herein, the term patient means warm blooded animals, particularly
      mammals and humams. The compounds disclosed herein may be administered to
      a patient orally, parenterally, or topically either alone or in the form
      of pharmaceutical preparations. Pharmaceutical preparations containing
      conventional pharmaceutical carriers and as active ingredients compounds
      of this invention can be employed in unit dosage forms such as solids, for
      example, tablets, capsules and pills, or liquid solutions, suspensions, or
      emulsions for oral and parenteral administration. The quantity of compound
      administered can vary over a wide range to provide from about 0.1 mg/kg
      (milligrams per kilogram) to about 200mg/kg of body weight of the patient
      per day, and preferably from about 1 mg/kg to 100mg/kg of body weight of
      the patient per day, to achieve the desired effect. Unit doses can contain
      from about 5 mg to 1.0 g of a compound of this invention and may be
      administered, for example, from 1 to 4 times daily.
PAR  The compounds of general Formula I wherein Y is oxygen or divalent sulfur,
      that is, bis-amino ether and thioether derivatives may be prepared by the
      reaction of one equivalent of a diol or dithiol derivative of the formula
EQU  HR.sup.4 --W --R.sup.4 H                                   Formula VIII
PAL  wherein R.sup.4 represents oxygen or divalent sulfur; and [W] represents
      fluoranthene, fluorene, fluoren-9-ol, fluoren-9-one, carbazole,
      N-(lower)alkyl carbazole, or anthraquinone; with two equivalents of a
      aminoalkylhalide of the formula
      ##EQU5##
      wherein Hal represents chlorine, bromine or iodine; A is a straight or
      branched alkylene chain of from 1 to 6 carbon atoms; and each of R.sup.1
      and R.sup.2 is hydrogen, straight or branched lower alkyl of from 1 to 4
      carbon atoms, or alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position, in the presence of a base.
      Typical aminoalkyl halides are, for example, 2-diethylaminoethylchloride,
      3-dimethylaminopropylbromide, 3-dipropylaminoisobutylchloride, and
      3-diallylaminopropylchloride.
PAR  Alternatively the bis-aminoalkylene ether and thioether derivatives of
      general Formula I may be prepared by the reaction of a
      bis-.omega.-haloalkylether or thioether derivative of the formula
EQU  Hal-A-R.sup.4 --W --R.sup.4 -A-Hal                         Formula X
PAL  wherein Hal, A, R.sup.4 and [W] have the meanings defined hereinabove with
      an amine of the formula
      ##EQU6##
      wherein R.sup.1 and R.sup.2 have the meanings defined hereinabove. The
      bis-.omega.-haloalkyl ether and thioether derivatives of Formula X are
      obtained by the reaction of a diol or dithiol derivative of [W] with a
      haloalkylhalo, that is, Hal-A-Hal wherein Hal and A have the meanings
      defined hereinabove, in the presence of a base.
PAR  Suitable bases for the above described reaction are sodium methoxide,
      sodium hydride, sodium amide, sodium hydroxide, and potassium hydroxide.
      Suitable solvents include aromatic hydrocarbons, such as benzene, toluene
      and xylene; halogenated aromatics, such as, chlorobenzene; aprotic
      solvents, such as, N,N-dimethylformamide, N,N-dimethylacetamide, and
      dimethylsulfoxide; alcohols, such as, ethanol or isopropyl alcohol;
      ketones, such as, acetone, ethers, such as, tetrahydrofuran or dioxane;
      water; or mixtures of these solvents.
PAR  When either soidum methoxide, sodium amide or sodium hydride, for example,
      is used as the base, the reaction is carried out in an anhydrous medium,
      such as anhydrous toluene or chlorobenzene. About 2.5 equivalents of the
      base is added to a suspension of a diol or dithiol derivative of Formula
      VIII, in the anhydrous solvent, and the mixture is heated. In the case
      where sodium methoxide is used, the methanol formed may be removed
      advantageously by azeotropic distillation. About 2.5 equivalents of the
      halide, either an aminoalkylhalide or a haloalkylhalo derivative is added,
      and the mixture heated to reflux for a period which may vary from about 4
      to 24 hours. The products are isolated by customary procedures.
PAR  In the method where an alkali hydroxide, such as potassium hydroxide is
      used as the base, two different procedures may be used. In the one
      procedure a 25 to 50 per cent aqueous solution of the alkali hydroxide
      (about 2.5 equivalents) is added to a suspension of a diol or dithiol
      derivative of Formula VIII in a suitable aromatic solvent, for example
      xylene. This mixture is then heated to boiling, stirring being optional,
      and the water removed by azeotropic distillation. The reaction mixture,
      now being essentially anhydrous, is treated with about 2.5 equivalents of
      either an aminoalkylhalide or a haloalkylhalo derivative. In the other
      procedure the reaction is carried out in a heterogenous medium of water
      and an aromatic hydrocarbon, such as, toluene or xylene. For example, one
      equivalent of a diol or dithiol derivative of Formula VIII is suspended in
      the aromatic hydrocarbon. To this suspension is added about 2.5
      equivalents of a hydrohalide salt of an aminoalkylhalide derivative or a
      haloalkylhalo derivative in a minimum volume of water after which a 25 to
      50% solution of the alkali hydroxide (about 5  equivalents when using an
      aminoalkylhalide derivative and about 2  equivalents when using a
      haloalkylhalo derivative) is added with efficient stirring. This mixture
      is heated to reflux for about 6 to 24 hours, and the product is isolated
      from the hydrocarbon layer.  The reaction between the
      bis-.omega.-haloalkylether or thioether derivative of Formula X and an
      appropriate amine may be carried out under a variety of conditions. For
      example, the compound of Formula X may be heated together with a large
      excess of the amine, the excess amine serving as both the reaction medium
      and the hydrohalide acceptor. Or, 1 equivalent of the
      bis(.omega.-haloalkyl)ether or thioether, and 4 equivalents of the amine
      may be heated together in one of a number of different types of solvents,
      for example, in aromatic solvents, such as, benzene, toluene, xylene, or
      chlorobenzene; or lower molecular weight alcohols, such as, methanol,
      ethanol or isopropyl alcohol; or lower molecular weight ketones, such as,
      acetone or methyl ethyl ketone. The reaction between the halo compound and
      the amine is usually promoted by the addition of either sodium or
      potassium iodide, the iodide being used in either catalytic or
      stoichiometric amounts. In some cases, it may be advantageous to use only
      2 equivalents of the amine for each equivalent of the
      bis-.omega.-haloalkylether or thioether, an excess of either powdered
      potassium carbonate or sodium carbonate being used as the hydrohalide
      acceptor.
PAR  Additional methods for the preparation of bis-aminoalkylene ether and
      thioether derivatives of fluoranthene are set forth in U.S. Pat. No.
      3,707,471; of fluorene, fluoren-9-ol, and fluoren-9-one are set forth in
      U.S. Pat. Nos. 3,592,819 and 3,692,907; and of 2,6- and
      2,7-bis-piperidinoalkylene ether anthraquinone derivatives are set forth
      in Belgian patent 767-201; and the appropriate portions or each disclosure
      are incorporated herein by reference thereto. The additional methods set
      forth in these disclosures may be appropriately applied to the preparation
      of bis-aminoalkylene ether and thioether derivatives of,
      carbazole,N-(lower)alkyl carbazole, and anthraquinone wherein the position
      of substitution is other than 2,6- or 2,7-.
PAR  The compounds of general Formula I wherein Y is carbonyl, and [W]
      represents fluoranthene, fluorene, carbazole, and N(lower)alkyl carbazole,
      may be prepared by an amination reaction of a bis-.omega.-haloalkanoyl
      derivative of the formula
      ##EQU7##
      wherein Hal is chlorine, bromine or iodine; A is a straight or branched
      alkylene chain of from 1 to 6 carbon atoms; and [W.sup.1 ] represents
      fluoranthene, fluorene, carbazole, or N-(lower)alkyl carbazole; with an
      amine of the formula
      ##EQU8##
      wherein R.sup.1 and R.sup.2 have the meanings defined in general Formula
      I.
PAR  The amination reaction may be carried out under a variety of conditions.
      For example, a compound of Formula XI may be heated together with a large
      excess of the amine, the excess amine serving as the reaction medium and
      the hydrohalide acceptor. Or, one equivalent of a compound of Formula XI
      and four equivalents of the amine, may be heated together in one of a
      number of different types of solvents, for example, in aromatic solvents,
      such as, benzene, toluene, or xylene; ethers, such as, tetrahydrofuran, or
      dioxane; ketones, such as, acetone or butanone; aprotic solvents, such as
      N,N-dimethylformamide, N,N-dimethylacetamide, or dimethyl sulfoxide; or
      mixtures of these solvents with water. The reaction between a compound of
      Formula XI wherein Hal is Cl and the amine is frequently promoted by the
      addition of either sodium iodide or potassium iodide, the iodide being
      used in either catalytic or stoichiometric amounts. In some cases, it may
      be advantageous to use only two equivalents of the amine for each
      equivalent of the bis-.omega.-haloalkanoyl derivative, an excess of an
      inorganic base, such as, powdered sodium carbonate or potassium carbonate
      being used as the hydrohalide acceptor. The reaction will proceed normally
      in 12 hours to two weeks at temperatures of from -30.degree. to
      150.degree.C.
PAR  Alternatively, the amination reaction may be carried out on a derivative of
      a compound of Formula XI, such as, the bis-ketal derivative that may be
      prepared by allowing the bis-.omega.-haloalkanoyl derivative and an excess
      of ethyl orthoformate to react in the presence of an acid catalyst such as
      hydrochloric acid for several days in a polar solvent such as ethanol or
      tetrahydrofuran.
PAR  The bis-.omega.-haloalkanoyl derivatives of Formula XI can be prepared by a
      Friedel-Crafts acylation reaction of an appropriate aromatic polycyclic
      compound as represented by [W.sup.1 ]. Suitable acylating agents which may
      be used are, for example, chloroacetyl chloride, bromoacetyl bromide,
      3-chloropropionyl chloride, 4-chlorobutyryl chloride,
      5-chloro-4-methylvaleryl chloride and 4-chloro-3-ethylbutyryl chloride.
PAR  The acylation reaction may be carried out in a variety of solvents and
      under catalysis of a variety of Lewis acids. The temperature and duration
      of the reaction may be varied to allow for optimum reaction conditions. A
      preferred procedure is to combine one equivalent of an appropriate
      aromatic polycyclic compound as represented by [W.sup.1 ] with 2.5
      equivalents of an acylating agent in methylene chloride followed by
      portionwise addition of aluminum chloride. The temperature of the reaction
      is maintained below zero degrees with continuous stirring. After the
      additions are complete the temperature may be elevated to
      25.degree.-40.degree.C for 12 to 36 hours. The reaction mixture is worked
      up in the usual manner by decomposing the complex with ice water/HCl. The
      product obtained is recrystallized from methylene chloride, chloroform, or
      the like. The procedure may be varied such that there is a reverse
      addition of acylating agent and Lewis acid, or a reverse addition of
      aromatic polycyclic compound and Lewis acid. The more reactive halogen
      derivative, that is, the bis-.omega.-iodoalkanoyl derivative, may be
      prepared from the corresponding bis-chloro derivative using a halogen
      exchange reaction under the conditions generally employed in the
      Conant-Finkelstein reaction.
PAR  The acylation reaction described above results in bis-.omega.-haloalkanoyl
      derivatives of Formula XI wherein the position of substitution on the
      various aromatic polycyclic compounds is the following:
      3,9-bis-.omega.-haloalkanoylfluoranthene;
      2,7-bis-.omega.-haloalkanoylfluorene;
      3,6-bis-.omega.-haloalkanoylcarbazole; or N-(lower)alkyl carbazole.
PAR  The bis-aminoalkanoyl derivatives of general Formula I wherein [W]
      represents fluoranthene, fluorene, carbazole, or N-(lower)alkylcarbazole,
      A is an alkylene chain of from 3 to 6 carbon atoms and R.sup.1 and R.sup.2
      are other than hydrogen may be prepared by the reaction of a dinitrile
      derivative of the formula
EQU  NC--W.sup.2 --CN                                           Formula XII
PAL  wherein [W.sup.2 ] represents fluoranthene, fluorene, carbazole, or
      N-(lower)alkylcarbazole with a Grignard reagent of the formula
      ##EQU9##
      wherein R.sup.5 is bromine or chlorine; m is an integer of from 3 to 6;
      and R.sup.6 and R.sup.7 are straight or branched lower alkyl of from 1 to
      4 carbon atoms or alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position. The reaction will proceed in
      from 1 to 24 hours at a temperature ranging from room temperature to about
      80.degree.C. The Grignard reagent may be prepared by reacting magnesium
      and an aminoalkyl C.sub.3-6- halide wherein the halide is bromine or
      chlorine; a preferred solvent for this reaction is tetrahydrofuran. The
      dinitrile derivatives of Formula XII may be prepared from known diamines
      by a Sandmeyer reaction on the tetrazonium salts or from known
      dicarboxylic acid derivatives by dehydration of the corresponding amides
      by standard procedures.
PAR  The bis-aminopropionyl derivatives of general Formula I wherein [W]
      represents fluoranthene or fluorene, and both of R.sup.1 and R.sup.2 are
      not hydrogen, may also be prepared by a Mannich reaction of a bis-acetyl
      derivative of the formula
      ##EQU10##
      wherein [W.sup.3 ] represents fluoranthene or fluorene, with an amine of
      the formula
      ##EQU11##
      wherein R.sup.1 and R.sup.2 have the meanings defined in general Formula I
      with the proviso that both R.sup.1 and R.sup.2 are not hydrogen, in the
      presence of formaldehyde. By combining one equivalent of a compound of
      Formula XIV and two or more equivalents an amine with three or more
      equivalents of formaldehyde the reaction will proceed in from a few
      minutes to 24 hours in solvents such as water, acetic acid, ethanol,
      butanol, dioxane, and tetrahydrofuran and at temperatures equivalent to
      the reflux temperature of the solvent. In this reaction either of two
      sources of formaldehyde may be employed. When formalin is used the
      reaction may be conducted with a suspension of a compound of Formula XIV
      or a co-solvent such as methanol may be added to allow the reaction to
      proceed in a homogeneous medium. When the source of formaldehyde is
      paraformaldehyde the reaction is carried out in an organic solvent such as
      those mentioned above. It is sometimes desirable to add a slight excess of
      hydrochloric acid to promote depolymerization of paraformaldehydr either
      during the reaction or at the end of the reaction.
PAR  The amine employed in this reaction may be added to the reaction medium as
      the hydrochloride salt or as the base form with subsequent in situ
      formation of the hydrochloride salt by the addition of hydrochloric acid.
PAR  The bis-acetyl derivatives of Formula XIV may be prepared by a
      Friedel-Crafts acylation reaction on fluoranthene or fluorene, or by a
      reaction of a bis-acid chloride derivative of fluoranthene or fluorene
      with dimethylcadmium which can be prepared from methyl Grignard and
      cadmium chloride. The bis-acid chlorides can be prepared by conventional
      procedures.
PAR  The bis-aminoalkanoyl derivatives of fluoren-9-one, that is, compounds of
      general Formula I wherein Y is carbonyl and [W] represents fluoren-9-one
      can be prepared by oxidation of the corresponding fluorene
      bis-aminoalkanoyl derivatives, the preparations of which are described
      hereinabove. This oxidation reaction may be carried out using dichromate
      anion such as sodium dichromate or potassium dichromate as the oxidizing
      agent. The reaction will proceed in from 15 minutes to 6 hours at a
      temperature of from 80.degree.C to 120.degree.C. The amount of oxidizing
      agent is limited to the stoichiometric quantity required for oxidation of
      the 9-methylene group of the fluorene derivative. Suitable solvents for
      this conversion are, for example, water, acetic acid and tert-butyl
      alcohol, or combinations of these solvents. For example, by combining
      three moles of a bis-aminoalkanoyl fluorene derivative of general Formula
      I, wherein Y is carbonyl, and [W] is fluorene, dissolved in acetic acid
      with four moles of sodium dichromate and refluxing the mixture for 1 to 3
      hours, the corresponding fluoren-9-one derivative is obtained.
PAR  Additional methods for the preparation of compounds of general Formula I
      wherein Y is carbonyl and [W] is fluoren-9-one are set forth in Great
      Britain patent 1,286,755.
PAR  The following specific examples are illustrative of the compounds of
      general Formula I.
PAC  EXAMPLE 1
PAC  Bis(3-diethylaminopropoxy)fluoranthene dihydrochloride
PAR  To 200 ml of water containing 16.0 g (0.4 mole) of sodium hydroxide and
      15.7 g (0.067 mole) of 3,9-dihydroxyfluoranthene are added 200 ml of
      toluene and 27.9 g (0.15 mole) of 3-diethylaminopropyl chloride
      hydrochloride, and the heterogeneous reaction mixture is stirred at reflux
      for 24 hours. After cooling, the organic layer is washed with water, dried
      over magnesium sulfate, and concentrated in vacuo. The residue is
      crystallized from ether to give
      3,9-bis(3-diethylaminopropoxy)-fluoranthene which is converted to the
      dihydrochloride salt with ethereal HCl and recrystallized from
      methanolbutanone, M.P. 235.degree.-236.5.degree.C.
PAC  EXAMPLE 2
PAC  3,9-Bis(2-diethylaminoethoxy)fluoranthene dihydrochloride
PAR  When 2-(diethylamino)ethyl chloride hydrochloride is used in place of
      3-(diethylamino)propyl chloride hydrochloride, and the procedure of
      Example 1 is followed, 3,9-bis(2-diethylaminoethoxy)fluoranthene
      dihydrochloride is obtained. M.P. 220.degree.-222.degree.C.
PAC  EXAMPLE 3
PAC  3,9-Bis(3-diethylaminopropylthio)fluoranthene dihydrochloride
PAR  When in the procedure of Example 1, fluoranthene-3,9-dithiol is substituted
      for 3,9-dihydroxyfluoranthene,
      3,9-bis(3-diethylaminopropylthio)fluoranthene dihydrochloride is obtained.
PAC  EXAMPLE 4
PAC  3,9-Bis(2-dimethylamino-1-methylethoxy)fluoranthene
PAR  To 450 ml of chlorobenzene is added 10.6 g (0.033 mole) of
      fluoranthene-3,9-diol diacetate, 10.4 g (0.066 mole) of
      2-dimethylamino-1-methylethyl chloride hydrochloride and 7.2 g (0.132
      mole) of sodium methoxide, and the mixture is stirred at reflux for 24
      hours, then cooled and filtered. The filtrate is washed with several
      portions of water and dried over anhydrous magnesium sulfate. The
      chlorobenzene is evaporated in vacuo, leaving an oily residue which is
      chromatographed as the free base on alumina using chloroform as the eluant
      to give 3,9-bis-(2-dimethylamino-1-methylethoxy)fluoranthene.
      .lambda..sub.max.sup.EtOH 243, E.sub.1 cm.sup.1% 1060.
PAR  The preparation of additional Examples of bis-amine ether and thioether
      derivatives of anthraquinone are set forth in U.S. Pat. No. 3,707,471 and
      the appropriate Examples disclosed therein are incorporated herein by
      reference thereto.
PAC  EXAMPLE 5
PAC  2,7-Bis(2-diethylaminoethoxy)fluoren-9-one dihydrochloride
PAR  A solution of 2-diethylaminoethyl chloride [obtained from 15.5 g (0.09
      mole) of 2-diethylaminoethyl chloride hydrochloride] in 100 ml of toluene
      (dried over molecular sieves) is added to a mixture of 6.4 g (0.03 mole)
      of 2,7-dihydroxyfluoren-9-one and 3.3 g (0.06 mole) of sodium methoxide in
      200 ml of toluene (dried over molecular sieves). This mixture is heated to
      reflux with stirring for three hours. Upon cooling, the mixture is
      filtered to remove the precipitated sodium chloride. The toluene solution
      is washed three times with water, then once with a saturated sodium
      chloride solution and dried over anhydrous magnesium sulfate. This mixture
      is filtered, and the filtrate acidified to Congo Red with ethereal
      hydrogen chloride. The solid which precipitates is filtered,
      recrystallized from butanone with enough methanol added to effect
      solution, and the product dried at 100.degree.C for 24 hours under vacuum
      to give 2,7-bis(2-diethylaminoethoxy)fluoren-9-one dihydrochloride. M.P.
      235.degree.-237.degree.C.
PAC  EXAMPLE 6
PAC  2,7-Bis(2-butylmethylaminoethoxy)fluoren-9-one dihydrochloride
PAR  When in the procedure of Example 5, 2-butylmethylaminoethyl chloride is
      substituted for 2-diethylaminoethyl chloride,
      2,7-bis(2-butylmethylaminoethoxy)fluorne-9-one dihydrochloride is
      obtained. M.P. 240.degree.-243.degree.C.
PAC  EXAMPLE 7
PAC  2,7-Bis(2-dimethylaminoethoxy)fluoren-9-one dihydrochloride
PAR  A. To a stirred, refluxing mixture of 21.2 g (0.10 mole) of
      2,7-dihydroxyfluoren-9-one and 43.0 g (0.30 mole) of
      1-bromo-2-chloroethane in 400 ml of water is added dropwise, over a period
      of 30 minutes, 80 ml (0.20 mole) of 10% aqueous sodium hydroxide. After
      complete addition of the alkali, the mixture is refluxed with stirring for
      eighteen hours. Upon cooling, the supernatant water layer is decanted and
      the residue taken up in ethanol. The solid that separates is filtered,
      washed with ethanol, and dried in the air, M.P. 161.degree.-174.degree.C.
      The material is dissolved in chloroform, washed with 10% aqueous sodium
      hydroxide, with water and dried over anhydrous magnesium sulfate. The
      mixture is filtered, the solvent evaporated, the residue recrystallized
      from a mixture of five parts ethanol to one part chloroform and the
      product air dried to give intermediated
      2,7-bis(2-chloroethoxy)fluoren-9-one, M.P. 135.degree.-139.degree.C.
PAR  B. A mixture of 4.4 g (0.013 mole) of 2,7-bis(2-chloroethoxy)fluoren-9-one,
      2 g (of potassium iodide and 100 ml of 40% aqueous dimethylamine in 50 ml
      of tetrahydrofuran is heated with stirring at 122.degree.C for sixteen
      hours in a Parr pressure reactor. The solvent is removed in vacuo and the
      residue taken up in water. The aqueous solution is made basic with 10%
      sodium hydroxide and extracted with ether. The ether solution is washed
      twice with water, then with saturated sodium chloride solution and dried
      over anhydrous magnesium sulfate. The mixture is filtered and the filtrate
      acidified to Congo Red with ethereal hydrogen chloride. The ether is
      decanted from the oil which precipitates and the oil recrystallized, once
      from butanone with enough methanol added to effect solution, and twice
      from methanol alone. The product obtained is dried at 100.degree.C under
      vacuum to give 2,7-bis(2-dimethylaminoethoxy)-fluoren-9-one
      dihydrochloride. M.P. 278.degree.-280.degree.C (dec.).
PAC  EXAMPLE 8
PAC  2,7-Bis(2-diethylaminoethoxy)fluorene dihydrochloride
PAR  A solution of 2-diethylaminoethyl chloride [obtained from 12.9 g (0.075
      mole) of 2-diethylaminoethyl chloride hydrochloride] in 100 ml of toluene
      (dried over molecular sieves) is added to a mixture of 4.9 g (0.025 mole)
      of 2,7-dihydroxyfluorene and 2.7 g (0.05 mole) of sodium methoxide in 200
      ml of toluene (dried over molecular sieves). This mixture is refluxed with
      stirring for three hours. Upon cooling the mixture is filtered to remove
      the precipitated sodium chloride. The toluene solution is washed three
      times with water, then once with a saturated sodium chloride solution and
      dried over anhydrous magnesium sulfate. This mixture is filtered and the
      filtrate acidified to Congo Red with ethereal hydrogen chloride. The solid
      which precipitates is filtered, dissolved in butanone with enough methanol
      added to effect solution, decolorized with charcoal, and the product
      obtained at 80.degree.C under vacuum,
      2,7-bis(2-diethylaminoethoxy)fluorene dihydrochloride. M.P.
      213.degree.-216.degree.C.
PAC  EXAMPLE 9
PAC  2,7-Bis(2-diethylaminoethoxy)fluoren-9-ol dihydrochloride
PAR  A total of 2.3 g (0.06 mole) of sodium borohydride is added in small
      portions to a stirred solution of 9.7 g (0.02 mole) of
      2,7-bis(2-diethylaminoethoxy)fluoren-9-one dihydrochloride in 200 ml or
      methanol, maintaining the mixture at 0.degree.C throughout the addition.
      The mixture is allowed to warm to room temperature and the solvent removed
      in vacuo. The residue is taken up in 10% hydrochloric acid, the mixture
      extracted with ether, and the aqueous acidic solution evaporated in vacuo.
      The residue is dissolved in methanol, cooled at -20.degree.C, and the
      inorganic material which precipitates removed by filtration. The filtrate
      is evaporated in vacuo, the residue dissolved in water and made basic with
      10% aqueous sodium hydroxide. The liberated free base is extracted into
      ether, the ether extract washed with water and dried over anhydrous
      magnesium sulfate. The mixture is filtered, the filtrate evaporated, the
      residue taken up in isopropyl alcohol and acidified to Congo Red with
      ethereal hydrogen chloride. The precipitated product is collected and
      recrystallized three times from a mixture of isopropyl alcohol and
      methanol to give 2,7-bis(2-diethylaminoethoxy)fluoren-9-ol
      dihydrochloride. M.P. 192.degree.-194.degree.C.
PAC  EXAMPLE 10
PAC  2,7-Bis(3-dibutylaminopropoxy)fluorene dihydrochloride
PAR  When in the procedure of Example 8, 3-dibutylaminopropyl chloride is
      substituted for 2-diethylaminoethyl chloride,
      2,7-bis(3-dibutylaminopropoxy)fluorene is obtained. M.P.
      170.degree.-172.degree.C.
PAC  EXAMPLE 11
PAC  2,7-Bis(2-diethylaminoethylthio)fluorene dihydrochloride
PAR  When in the procedure of Example 8, fluorene-2,7-dithiol is substituted for
      2,7-dihydroxyfluorene, 2,7-bis-(2-diethylaminoethylthio)fluorene
      dihydrochloride is obtained.
PAR  The preparation of additional Examples of bis-amine ether and thioether
      derivatives of fluorene, fluoren-9-ol and fluoren-9-one are set forth in
      U.S. Pat. Nos. 3,592,819 and 3,692,907, and the appropriate Examples
      disclosed therein are incorporated herein by reference thereto.
PAC  EXAMPLE 12
PAC  N-Ethyl-3,6-carbazolediol
PAR  To 700 ml of water containing 80 g (2.0 mole) of sodium hydroxide is added
      85 g (0.27 mole) of N-ethyl-3,6-carbazolediol diacetate. The reaction
      mixture is heated for one hour then acidified with 3N hydrochloric acid to
      give N-ethyl-3,6-carbazolediol which is recrystallized from ethanol-water.
      M.P. 190.degree.-200.degree.C (dec.).
PAC  EXAMPLE 13
PAC  3,6-Bis(2-diethylaminoethoxy)-N-ethylcarbazole bis-dihydrogen citrate
      hemihydrate
PAR  To 350 ml of water containing 25 g (0.62 mole) of sodium hydroxide is added
      22.7 g (0.1 mole) of N-ethyl-3,6-carbazolediol, 68.7 g (0.4 mole) of
      2-diethylaminoethylchloride hydrochloride and 700 ml of toluene. The
      heterogeneous reaction mixture is refluxed with stirring for 24 hours,
      after which the toluene layer is separated, washed with several portions
      of water, dried and evaporated in vacuo. The resulting oily residue is
      purified by column chromatography on alumina using ether as the eluant.
      The product is converted to the bis-dihydrogen citrate salt and
      recrystallized from methanol-butanone. M.P. 100.degree.-105.degree.C.
PAC  EXAMPLE 14
PAC  3,6-Bis(2-diethylaminoethoxy)-N-ethylcarbazole dihydrochloride
PAR  A mixture of 15.5 g (0.05 mole) of N-ethyl-3,6-carbazolediol diacetate,
      17.2 g (0.1 mole) of 2-diethylaminoethylchloride hydrochloride, 10.8 g
      (0.2 mole) of sodium methoxide and 400 ml of chlorobenzene is refluxed for
      24 hours. Upon cooling, the reaction mixture is filtered, and the filtrate
      is washed with several portions of water, dried over anhydrous magnesium
      sulfate, diluted with ether and acidified with ethereal HCl. The resulting
      precipitate is separated and recrystallized from methanol-ethyl acetate to
      give 3,6-bis(2-diethylaminoethoxy)-N-ethylcarbazole dihydrochloride. M.P.
      208.degree.-210.degree.C.
PAC  EXAMPLE 15
PAC  3,6-Bis(3-dimethylaminopropoxy)-N-ethylcarbazole dihydrochloride
PAR  Following the procedure of Example 14, only substituting for
      2-diethylaminoethylchloride hydrochloride, 15.8 g (0.1 mole) of
      3-dimethylaminopropylchloride hydrochloride,
      3,6-bis(3-dimethylaminopropoxy)-N-ethylcarbazole dihydrochloride is
      obtained. M.P. 239.degree.-240.degree.C.
PAC  EXAMPLE 16
PAC  1,8-Bis(2-diethylaminoethoxy)carbazole bis-dihydrogen citrate
PAR  Following the procedure of Example 13, only substituting for
      N-ethyl-3,6-carbazolediol, 19.9 g (0.1 mole) of 1,8-carbazolediol and
      using 37.8 g (0.22 mole) of 2-diethylaminoethyl chloride hydrochloride,
      1,8-bis(2-diethylaminoethoxy)carbazole bis-dihydrogen citrate is obtained.
PAC  EXAMPLE 17
PAC  3,6-Bis(2-diethylaminoethoxy)-N-methylcarbazole bis-dihydrogen citrate
PAR  Following the procedure of Example 13, only substituting for
      N-ethyl-3,6-carbazolediol, 21.3 g (0.1 mole) of
      N-methyl-3,6-carbazolediol, 3,6-bis(2-diethylaminoethoxy)-N-methylcarbazol
     e bis-dihydrogen citrate is obtained.
PAC  EXAMPLE 18
PAC  3,6-Bis(2-dihexylaminoethoxy)-N-ethylcarbazole dihydrochloride
PAR  Following the procedure of Example 14, only substituting for
      2-diethylaminoethylchloride hydrochloride, 28.4 g (0.1 mole) of
      2-dihexylaminoethylchloride hydrochloride,
      3,6-bis(2-dihexylaminoethoxy)-N-ethylcarbazole dihydrochloride is
      obtained.
PAC  EXAMPLE 19
PAC  3,6-Bis(2-ethylaminoethoxy)-N-ethylcarbazole dihydrochloride
PAR  A. To a stirred mixture of 31.3 g (0.1 mole) of N-ethyl-3,6-carbazolediol
      diacetate and 39.4 g (0.3 mole) of 1-bromo-2-chloroethane in 400 ml
      chlorobenzene is added 0.2 mole of sodium methoxide. Upon complete
      addition of the alkali, the mixture is refluxed with stirring for 18
      hours, then cooled. The supernatant water layer is decanted and the
      residue is taken up in ethanol-chloroform to give
      3,6-bis(2-chloroethoxy)-N-ethylcarbazole.
PAR  B. A mixture of 35.2 g (0.1 mole) of
      3,6-bis(2-chloroethoxy)-N-ethylcarbazole, 4.5 g (0.1 mole) of ethylamine,
      2.0 g of potassium iodide and 100 ml of tetrahydrofuran is heated with
      stirring at 100.degree.C for 24 hours in a Parr pressure reactor. The
      solvent is removed in vacuo, and the remaining residue is treated with
      dilute sodium hydroxide and ether. The ether layer is washed twice with
      water, dried over magnesium sulfate and acidified with ethereal HCl to
      give 3,6-bis(2-ethylaminoethoxy)-N-ethylcarbazole dihydrochloride which is
      recrystallized from methanol-ethyl acetate.
PAC  EXAMPLE 20
PAC  3,6-Bis(2-diethylaminoethylthio)-N-ethylcarbazole dihydrochloride
PAR  When in the procedure of Example 14, N-ethyl-carbazole-3,6-dithiol is
      substituted for N-ethyl-3,6-carbazolediol,
      3,6-bis(2-diethylaminoethylthio)-N-ethylcarbazole dihydrochloride is
      obtained.
PAC  EXAMPLE 21
PAC  2,6-Bis(2-diethylaminoethoxy)anthraquinone dihydrochloride
PAR  A. A solution of 12 g (0.3 mole) of sodium hydroxide in 15 ml of water is
      added, with efficient stirring, to a boiling mixture of 36 g (0.15 mole)
      of 2,6-dihydroxyanthraquinone suspended in 250 ml of xylene. With
      continued stirring, the mixture is heated to reflux, the water being
      removed from the mixture by collection in a Dean-Stark distilling
      receiver. When all of the water has been removed, a solution of
      2-diethylaminoethyl chloride in 250 ml of xylene is added. This solution
      is prepared by dissolving 100 g (0.58 mole) of 2-diethylaminoethyl
      chloride hydrochloride in 20 ml of water, covering the solution with 200
      ml of xylene, chilling the mixture to about -5.degree.C, and with rapid
      stirring, adding a solution of 45 g of potassium hydroxide in 35 ml of
      water. The xylene layer is decanted from the thick slurry of inorganic
      salt and water, which is washed with another 50 ml of xylene. The combined
      xylene extracts are dried with anhydrous magnesium sulfate and filtered.
      With continued rapid stirring, the resulting mixture is heated to reflux
      for another 28 hours.
PAR  B. The mixture is poured into 500 ml of water. The yellow solid which
      separates at the xylene/water interface is removed by filtration with
      suction, washed thoroughly with hot water and dried. This major portion of
      the free base, M.P. 177.degree.-180.degree.C, is recrystallized from a
      mixture of hot methanol and a small volume of chloroform to give the pure
      base, M.P. 179.degree.-180.degree.C. Another 5-10 per cent of base can be
      obtained by working up the xylene layer. The pure base is dissolved in
      chloroform, the solution acidified to Congo Red with ethereal hydrogen
      chloride, diluted with ether, and the yellow precipitate filtered with
      suction. The dihydrochloride salt obtained is suspended in boiling
      methanol (15-20 ml per gram) and a vary small volume of water is added to
      effect solution. This solution is filtered, reduced about one-fourth in
      volume, diluted with additional methanol, then chilled. The recrystallized
      dihydrochloride is filtered and dried in a vacuum oven at 100.degree.C to
      give 2,6-bis(2-diethylaminoethoxy)anthraquinone dihydrochloride, which
      melted with decomposition at 274.degree.-275.degree.C (or lower if the
      rate of heating the capillary tube was slower).
PAC  EXAMPLE 22
PAC  2,6-Bis(2-diisopropylaminoethoxy)anthraquinone dihydrochloride
PAR  With efficient stirring, 100 g (0.42 mole) of 2,6-dihydroxyanthraquinone is
      dissolved in 500-700 ml of about 10% potassium hydroxide solution. This
      solution is filtered to remove a small amount of insoluble material, then
      evaporated to dryness in a rotary evaporator. The reddish brown solid is
      dried in a vacuum oven at 100.degree.C, ground to a fine powder, then
      redried at 100.degree.C. A stirred suspension of 30 g of the powdered
      diphenoxide, containing about 24 g (0.075 mole) of the dipotassium salt of
      2,6-dihydroxyanthraquinone, in 200 ml of xylene is heated to reflux and a
      small amount of water collected in the Dean-Stark distilling receiver. A
      solution of 2-diisopropylaminoethyl chloride in 100 ml of xylene, is added
      and the resulting mixture heated to reflux for about 24 hours. The
      reaction mixture is poured into water and worked up as in Example 21 (B)
      to give 2,6-bis(2-diisopropylaminoethoxy)anthraquinone dihydrochloride.
      M.P. 254.degree.-256.degree.C (dec.).
PAC  EXAMPLE 23
PAR  2,6-Bis(2-dimethylaminoethoxy)anthraquinone dihydrochloride
PAR  A well-stirred mixture of 12 g (0.05 mole) of 2,6-dihydroxyanthraquinone,
      400 ml of chlorobenzene, 50 ml of methanol, and 5.4 g (0.10 mole) of
      sodium methoxide is heated to boiling, and the methanol distilled from the
      mixture. When the boiling point of the distillate reaches about
      130.degree.C, the mixture is allowed to cool below 100.degree.C. Then, a
      solution of 2-dimethylaminoethyl chloride in 200 ml of chlorobenzene,
      prepared from 43.2 g (0.30 mole) of 2-dimethylaminoethyl chloride
      hydrochloride, is added and the resulting mixture heated to reflux with
      continued stirring for 24 hours. When cool, the mixture is poured into 400
      ml of about one per cent sodium hydroxide solution. The aqueous layer is
      extracted with chloroform. The combined organic fractions are washed well
      with water, dried over anhydrous magnesium sulfate, filtered, and the
      solvents removed under reduced pressure in a rotary evaporator. The
      residue is dissolved in isopropyl alcohol and the solution acidified to
      Congo Red by the addition of ethereal hydrogen chloride. The
      dihydrochloride salt is recrystallized again from isopropyl alcohol to
      give 2,6-bis(2-diisopropylaminoethoxy)anthraquinone dihydrochloride. M.P.
      278.degree.-280.degree.C (dec.).
PAC  EXAMPLE 24
PAC  2,7-Bis(2-diethylaminoethoxy)anthraquinone dihydrochloride
PAR  When in the procedure of Example 22, 2,7-dihydroxyanthraquinone and
      2-diethylaminoethyl chloride are respectively substituted for
      2,6-dihydroxyanthraquinone and 2-diisopropylaminoethyl chloride,
      2,7-bis(2-diethylaminoethoxy)anthraquinone dihydrochloride is obtained.
      M.P. 232.degree.-234.degree.C (dec.).
PAR  The preparation of additional Examples of bis-amine ethers of anthraquinone
      are set forth in Belgian patent 767,210 and the appropriate Examples
      disclosed therein are incorporated herein by reference thereto.
PAC  EXAMPLE 25
PAC  3,9-Bis(dimethylaminoacetyl)fluoranthene dihydrochloride dihydrate
PAR  A mixture of 15.0 g (0.042 mole) of 3,9-bis(chloroacetyl)fluoranthene, 100
      ml of 40% dimethylamine and 7.0 g of potassium iodide in 200 ml of
      butanone is placed in a Parr bomb and heated at 70.degree.-80.degree.C
      with stirring for 2 hours. The reaction mixture is cooled and poured into
      2.0 liters of ice water, and the solid which precipitates is filtered off,
      dissolved in chloroform and dried over magnesium sulfate to give the free
      base of the desired product. The free base is converted to the
      dihydrochloride salt and recrystallized from methanol-acetone to give
      3,9-bis(dimethylaminoacetyl)fluoranthene dihydrochloride dihydrate. M.P.
      285.degree.-288.degree.C.
PAC  EXAMPLE 26
PAC  3,9-Bis(diethylaminoacetyl)fluoranthene dihydrochloride
PAR  Following the procedure of Example 25 only substituting for dimethylamine,
      50 ml of diethylamine, 3,9-bis(diethylaminoacetyl)fluoranthene
      dihydrochloride is obtained. M.P. 248.degree.-250.degree.C.
PAC  EXAMPLE 27
PAC  3,9-Bis(4-diethylaminobutyryl)fluoranthene dihydrochloride
PAR  A solution of 15.0 g (0.037 mole) of 3,9-bis(4-chlorobutyryl)fluoranthene,
      100 ml of diethylamine, 2.0 g of potassium iodide and 100 ml of
      tetrahydrofuran (THF) is heated at reflux with stirring for 3 days and
      filtered. The filtrate is poured onto ice water and the oil which
      separates is decanted and dissolved in ether. The ether solution is washed
      with a water-saturated sodium chloride solution, dried over magnesium
      sulfate and filtered. The filtrate is acidified with ethereal HCl, and the
      resulting precipitate is recrystallized twice from methanol-butanone to
      yield 3,9-bis(4-diethylaminobutyryl)fluoranthene dihydrochloride. M.P.
      236.degree.-239.degree.C.
PAR  The preparation of additional Examples of bis-amine ketone derivatives of
      fluoranthene are set forth in Great Britain patent 1,304,561, and the
      appropriate Examples disclosed therein are incorporated herein by
      reference thereto.
PAC  EXAMPLE 28
PAC  2,7-Bis(diethylaminoacetyl)fluorene dihydrochloride
PAR  A mixture of 250 ml of tetrahydrofuran, 14.0 g (0.044 mole) of
      2,7-bis(chloroacetyl)fluorene and 100 ml of diethylamine, previously
      cooled to 0.degree.C, is stirred at room temperature for 54 hours,
      filtered and the filtrate evaporated to dryness. The residue is dissolved
      in ethanol, and this solution is treated with excess ethanolic hydrogen
      chloride to yield the dihydrochloride salt. The product is precipitated by
      the addition of a large volume of ether and purified by recrystallization
      from methanolethyl acetate. M.P. 225.degree.-228.degree.C.
PAC  EXAMPLE 29
PAC  2,7-Bis(5-diethylaminovaleryl)fluorene
PAR  A mixture of 30.0 g (0.074 mole) of 2,7-bis(5-chlorovaleryl)fluorene, 2.0 g
      of potassium iodide, 200 ml of diethylamine and 100 ml of tetrahydrofuran
      is stirred and heated in a Parr bomb at 120.degree.C for 24 hours. The
      reaction mixture is combined with 300 ml of water, and the volume
      concentrated to 100 ml. Following the addition of 300 ml of water, the
      resulting precipitate is filtered and recrystallized once from
      ether-acetone and once from ether to yield
      2,7-bis(5-diethylaminovaleryl)fluorene. M.P. 78.degree.-80.degree.C.
PAC  EXAMPLE 30
PAC  2,7-Bis(5-diethylaminovaleryl)fluoren-9-one
PAR  A solution of 12.0 g (0.025 mole) 2,7-bis(5-diethylaminovaleryl)fluorene,
      prepared in Example 29, 2.0 ml 40% benzyltrimethylammonium hydroxide in
      pyridine and 200 ml pyridine is stirred at room temperature while oxygen
      is bubbled through the solution at a rate of 500 ml/min. for a total of
      four hours. The reaction mixture is evaporated to dryness leaving a
      residue which is chromatographed on alumina using chloroform as the
      eluant. The solvent is removed from the reaction collected leaving a solid
      which is recrystallized once from chloroform-petroleum ether to yield
      2,7-bis(5-diethylaminovaleryl)fluoren-9-one. M.P.
      108.degree.-109.5.degree.C.
PAC  EXAMPLE 31
PAC  2,7-Bis(dimethylaminoacetyl)fluoren-9-one
PAR  A mixture of 15.0 g (0.045 mole) of 2,7-bis(chloroacetyl)fluoren-9-one, 100
      ml of 40% dimethylamine and 7.0 g of potassium iodide in 200 ml of
      butanone is placed in a Parr bomb and heated at 70.degree.-80.degree.C
      with stirring for 2 hours. The reaction mixture is cooled and poured into
      2 liters of ice water, and the solid which precipitates is filtered off,
      dissolved in chloroform and dried over magnesium sulfate to give
      2,7-bis(dimethylaminoacetyl)fluoren-9-one.
PAR  Additional Examples for the preparation of bis-amine ketone derivatives of
      fluorene and fluoren-9-one are set forth in Great Britain patent
      1,286,755, and the appropriate Examples disclosed therein are incorporated
      herein by reference thereto.
PAC  EXAMPLE 32
PAC  3,6-Bis(4-dimethylaminobutyryl)-N-ethylcarbazole bis acid fumarate
PAR  A mixture of 15.8 g (0.039 mole) of
      3,6-bis(4-chlorobutyryl)-N-ethylcarbazole, prepared from N-ethylcarbazole
      and 4-chlorobutyryl chloride, 75 ml of 40% aqueous dimethylamine and 2 g
      of potassium iodide in 175 ml of p-dioxane is heated in a reaction bomb
      with stirring for 44 hours. The reaction mixture is concentrated to
      one-half its original volume in vacuo and diluted with 500 ml of water.
      The semi-solid which separates is dissolved in ether and washed repeatedly
      with water and dried over magnesium sulfate to give the free base which is
      treated with fumaric acid and recrystallized from butanone to give
      3,6-bis(4-dimethylaminobutyryl)-N-ethylcarbazole bis acid fumarate. M.P.
      94.degree.-98.degree.C.
PAC  EXAMPLE 33
PAC  3,6-Bis(5-diethylaminovaleryl)-N-methylcarbazole
PAR  Following the procedure of Example 32, only substituting respectively for
      3,6-bis(4-chlorobutyryl)-N-ethylcarbazole and dimethylamine the
      appropriate molar equivalent amount of
      3,6-bis(5-chlorovaleryl)-N-methylcarbazole, prepared from
      N-methylcarbazole and 5-chlorovaleryl chloride, and an excess of
      diethylamine, 3,6-bis(5-diethylaminovaleryl)-N-methylcarbazole is
      obtained.
PAC  EXAMPLE 34
PAC  2,6-Bis(4-diethylaminobutyryl)-N-methylcarbazole
PAR  To a solution of 2.5 equivalents of 3-diethylaminopropylmagnesium chloride
      and 3-diethylaminopropylchloride in tetrahydrofuran, is added dropwise a
      solution of 1 equivalent of 2,6-dicyano-N-methylcarbazole, which is
      prepared by treatment with dimethylsulfate in the presence of sodium
      hydroxide and subsequent dehydrating the diamide by heating with
      phosphorous pentoxide, in tetrahydrofuran. When the addition is complete
      the reaction mixture is gently refluxed for 2 hours, then stirred at room
      temperature for several hours. The resulting complex is decomposed by
      treatment with saturated ammonium chloride, and the organic material is
      extracted with chloroform. The chloroform layer is treated with dilute HCl
      with warming. The aqueous solution is filtered, made alkaline and
      extracted with ether. The ether extract is dried over magnesium sulfate
      and evaporated to dryness to give
      2,6-bis(4-diethylaminobutyryl)-N-methylcarbazole.
PAC  EXAMPLE 35
PAC  3,6-Bis(4-aminobutyryl)carbazole dihydrochloride
PAR  An ethanolic solution of 1 equivalent of
      3,6-bis-(4-chlorobutyryl)carbazole, prepared from carbazole and
      4-chlorobutyryl chloride, and 2.4 equivalents of hexamethylenetetramine
      are reacted at reflux for 36 hours. The solution is acidified with 3N HCl,
      digested for several hours and the solvent removed under reduced pressure
      to give the desired product which is recrystallized from methanol-ethyl
      acetate.
PAC  EXAMPLE 36
PAC  3,6-Bis(dimethylaminoacetyl)-N-ethylcarbazole dihydrochloride dihydrate
PAR  A mixture of 14.6 g (0.042 mole) of 3,6-bis(chloroacetyl)-N-ethylcarbazole,
      prepared from N-ethylcarbazole and chloroacetyl chloride, 100 ml of 40%
      dimethylamine and 7.0 g of potassium iodide in 200 ml of butanone is
      placed in a Parr bomb and heated at 70.degree.-80.degree.C with stirring
      for 2 hours. The reaction mixture is cooled and poured into 2.0 l of ice
      water. The solid which precipitates is filtered off, dissolved in
      chloroform and dried over magnesium sulfate to give the free base of the
      desired product which is subsequently converted to the dihydrochloride
      salt and recrystallized from methanol-acetone to give the desired product.
PAC  EXAMPLE 37
PAR  An illustrative composition for tablets is as follows:
TBL                          Per Tablet                                        
     (a)  2,7-bis(2-diethylaminoethoxy)-                                       
          fluoren-9-one dihydrochloride                                        
                                 100.0     mg                                  
     (b)  wheat starch           15.0      mg                                  
     (c)  lactose                33.5      mg                                  
     (d)  magnesium stearate     1.5       mg                                  
PAL  A portion of the hweat starch is used to make a granulated starch paste
      which together with the remainder of the wheat starch and the lactose is
      granulated, Screened and mixed with the active ingredient, that is, (a),
      and the magnesium stearate. The mixture is compressed into tablets
      weighing 150 mg each.
PAC  EXAMPLE 38
PAR  An illustrative composition for a parenteral injection is the following
      wherein the quantities are on a weight to volume bases.
TBL                           Amount                                           
     (a)  N-ethyl-3,6-bis(2-diethylamino-                                      
          ethoxy)carbazole dihydrochloride                                     
                                 100.0     mg                                  
     (b)  sodium chloride        q.s.                                          
     (c)  water for injection to make                                          
                                 10.0      ml                                  
PAL  The composition is prepared by dissolving the active ingredient, that is
      (a), and sufficient sodium chloride in water for injection to render the
      solution isotonic. The composition may be dispensed in a single ampule
      containing 100 mg of the active ingredient for multiple dosage or in 10
      ampules for single dosage.
PAC  EXAMPLE 39
PAR  An illustrative composition for hard gelatin capsules is as follows:
TBL                        Per Capsule                                         
     (a)  2,6-bis(2-diisopropylaminoethoxy)-                                   
          anthraquinone dihydrochloride                                        
                                 200.0     mg                                  
     (b)  talc                   35.0      mg                                  
PAR  The composition is prepared by passing the dry powders of (a) and (b)
      through a fine mesh screen and mixing them well. The powder is then filled
      into No. 0 hard gelatin capsules at a net fill of 235 mg per capsule.
PAC  EXAMPLE 40
PAR  An illustrative composition for pills is as follows:
TBL                        Per Pill                                            
     (a)  3,9-bis(2-dimethylaminoacetyl)-                                      
          fluoranthene dihydrochloride                                         
                                 200       mg                                  
     (b)  corn starch            130       mg                                  
     (c)  liquid glucose         20        ml                                  
PAR  The pills are prepared by blending the active ingredient (a) and the corn
      starch then adding the liquid glucose with thorough kneading to form a
      plastic mass from which the pills are cut and formed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of treating conditions of delayed hypersensitivity which
      comprises administering to a patient in need thereof a compound selected
      from the formula
      ##EQU12##
      wherein [W] is an aromatic polycyclic nucleus selected from fluoranthene,
      fluorene, fluoren-9-ol, fluoren-9-one, or anthraquinone; Y is selected
      from carbonyl, divalent sulfur, or oxygen with the proviso that when Y is
      carbonyl, [W] is other than fluoren-9-ol or anthraquinone; A is selected
      from a straight or branched alkylene chain of from 1 to 6 carbon atoms;
      and each of R.sup.1 and R.sup.2 is selected from hydrogen, straight or
      branched lower alkyl of from 1 to 4 carbon atoms, or alkenyl of 3 to 6
      carbon atoms, having the vinyl unsaturation in other than the 1-position;
      and pharmaceutically acceptable acid addition salts thereof, in an amount
      effective to suppress delayed hypersensitivity.
NUM  2.
PAR  2. A method of claim 1 wherein Y is oxygen.
NUM  3.
PAR  3. A method of claim 2 wherein [W] is fluoren-9-one.
NUM  4.
PAR  4. A method of claim 3 wherein the compound is
      2,7-bis(2-diethylaminoethoxy)fluoren-9-one or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  5.
PAR  5. A method of claim 2 wherein [W] is fluoranthene.
NUM  6.
PAR  6. A method of claim 5 wherein the compound is
      3,9-bis(3-diethylaminopropoxy)fluoranthene or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  7.
PAR  7. A method of claim 2 wherein [W] is anthraquinone.
NUM  8.
PAR  8. A method of claim 7 wherein the compound is
      2,6-bis(2-dimethylaminoethoxy)anthraquinone or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  9.
PAR  9. A method of claim 1 wherein Y is carbonyl.
NUM  10.
PAR  10. A method of claim 9 wherein [W] is fluorene.
NUM  11.
PAR  11. A method of claim 10 wherein the compound is
      2,7-bis(2-diethylaminoacetyl)fluorene or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  12.
PAR  12. A method of claim 9 wherein [W] is fluoranthene.
NUM  13.
PAR  13. A method of claim 12 wherein the compound is
      3,9-bis(2-dimethylaminoacetyl)fluoranthene or a pharmaceutically
      acceptable acid addition salt thereof.
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ABST
PAL  Fungicidally active compounds, compositions containing the same and methods
      for making and using such compounds wherein the fungicidally active
      compounds include 1-substituted anthraquinones (and the acyl esters,
      carbamates and carbonates thereof), the 1-substituted anthraquinone having
      the formula:
      ##SPC1##
PAL  Wherein R is hydrogen or acyl, X is halo such as chloro, fluoro or bromo, Z
      is hydrogen, halo such as chloro, fluoro or bromo, nitro, sulfo or lower
      alkyl, Y is hydrogen, halo or lower alkyl, and W is hydrogen, hydroxy,
      halo or lower alkyl. Preferably R is hydrogen, X is halo, Z is hydrogen,
      halo such as chloro, fluoro or bromo or lower alkyl, Y is hydrogen, chloro
      or lower alkyl, and W is hydrogen, alkyl or chloro.
PARN
PAR  This is a continuation of application Ser. No. 358,081, filed May 7, 1973,
      now abandoned.
BSUM
PAR  The 1-substituted anthraquinones as set out hereinafter are novel:
PAL  A. compounds of the formula:
      ##SPC2##
PAL  Wherein R is hydrogen or acyl, Y is a member selected from the group
      consisting of chloro, bromo, fluoro, lower alkyl and hydrogen, Z is a
      member from the group consisting of chloro, bromo, fluoro, nitro, lower
      alkyl and hydrogen, W is a member selected from the group consisting of
      chloro and hydrogen with the proviso that when W is chloro, X is a member
      selected from the group consisting of chloro, bromo and fluoro, and when W
      is hydrogen, X is fluoro,
PAL  B. the carbonates, carbamates and metal salts of said group member (a)
      wherein R is hydrogen, and
PAL  C. the carbonates and carbamates of the compounds of the formula:
      ##SPC3##
PAL  Wherein R is hydrogen, W is a member selected from the group consisting of
      hydrogen, hydroxy, halo and lower alkyl, and X and Y are as above defined.
PAR  This invention relates to fungicidal compositions, and methods of making
      and using the same. More particularly, it relates to compounds and methods
      for using the same in eliminating certain fungi which are harmful to
      valuable food crops, but which are substantially non-toxic to the growing
      crops themselves or to animals or humans.
PAR  The compounds of the invention are particularly effective against powdery
      mildew, tomato late blight and the like. The pathogens giving rise to such
      conditions constitute pests which have markedly decreased the yield of
      deciduous fruits such as apples, and of vegetables such as beans, tomatoes
      and cucumbers.
PAR  The fungicidal compositions of the invention can be applied onto the food
      crop prior to any infection thereof with the pathogen, thus preventing
      such infection or minimizing its spread. The compounds can also be applied
      after infection by the fungi has taken place with a marked diminution or
      elimination of the infection.
PAR  The fungicidally active compounds of this invention include 1-substituted
      anthraquinones and the acyl esters, carbamates and carbonates thereof,
      wherein the 1-substituted anthraquinones have the formula:
      ##SPC4##
PAL  Wherein R is hydrogen or acyl, X is halo such as chloro, fluoro or bromo, Z
      is hydrogen, halo such as chloro, fluoro or bromo, nitro, sulfo or lower
      alkyl, Y is hydrogen, halo or lower alkyl, and W is hydrogen, hydroxy,
      halo or lower alkyl.
PAR  Certain of the above compounds are novel. The novel compounds are those
      compounds corresponding to the following formula:
PAL  (a) compounds of the formula:
      ##SPC5##
PAL  wherein R is hydrogen or acyl, Y is a member selected from the group
      consisting of chloro, bromo, fluoro, lower alkyl and hydrogen, Z is a
      member selected from the group consisting of chloro, bromo, fluoro, nitro,
      lower alkyl and hydrogen, W is a member selected from the group consisting
      of chloro and hydrogen with the proviso that when W is chloro, X is a
      member selected from the group consisting of chloro, bromo and fluoro, and
      when W is hydrogen, X is fluoro,
PAL  b. the carbonates, carbamates and metal salts of said group member (a)
      wherein R is hydrogen, and
PAL  c. the carbonates and carbamates of the compounds of the formula:
      ##SPC6##
PAL  wherein R is hydrogen, W is a member selected from the group consisting of
      hydrogen, hydroxy, halo and lower alkyl, and X and Y are as above defined.
PAR  Illustrative of the compounds coming within the purview of this invention
      (Formula I) and having fungicidal activity are the following:
      4-chloro-1-hydroxyanthraquinone; 2,4-dichloro-1-hydroxyanthraquinone;
      4-bromo-1-hydroxyanthraquinone; 4-chloro-3-methyl-1-hydroxyanthraquinone;
      4-chloro-3-methyl-2-bromo-1-hydroxyanthraquinone;
      4-chloro-2-bromo-1-hydroxyanthraquinone;
      4,5,6,7,8-pentachloro-1-hydroxyanthraquinone;
      2,4,5,6,7,8-hexachloro-1-hydroxyanthraquinone;
      4,5,6,7,8-pentachloro-3-methyl-1-hydroxyanthraquinone;
      4-chloro-3-methyl-2-bromo-1-hydroxyanthraquinone;
      4-chloro-3-methyl-2-nitro-1-hydroxyanthraquinone;
      4,6-dichloro-1-hydroxyanthraquinone;
      4,7-dichloro-3-methyl-1-hydroxyanthraquinone;
      2,4,6-trichloro-1-hydroxyanthraquinone;
      4,6-dichloro-3-methyl-1-hydroxyanthraquinone;
      4-fluoro-1-hydroxyanthraquinone; and the acyl esters, carbamates and
      carbonates of the above 1-hydroxyanthraquinones.
PAR  The invention also encompasses the metal salts of the foregoing compounds
      and in particular the zinc, calcium, manganese, ferric, copper, sodium and
      potassium salts. The salts are prepared in the conventional manner, for
      example in the case of the zinc salt by reaction of diethyl zinc with the
      corresponding 1-hydroxyanthraquinone. The reaction is conducted under
      exclusion of oxygen. The diethyl zinc is added to the
      1-hydroxyanthraquinone in the form of its partial solution in toluene,
      benzene or like solvent. The diethyl zinc is added in the stoichiometric
      quantity in order to produce the desired salt. The salt which then
      precipitates out is recovered from the reaction mixture in the
      conventional manner.
PAR  The substituted-1-hydroxyanthraquinones of this invention can be prepared
      by a Friedel-Crafts reaction in the presence of AlCl.sub.3.NaCl employing
      as the starting material the appropriate phthalic anhydride and an
      appropriately substituted phenol, for example as follows:
      ##SPC7##
PAR  The novel carbamates of the invention can be prepared by reaction of the
      appropriate carbamyl chloride with the substituted-1-hydroxyanthraquinone
      in the presence of an acid acceptor such as pyridine, triethylamine and
      the like. In similar fashion, the carbonate of the invention can be
      prepared by the reaction of a chloro carbonate with the
      substituted-1-hydroxyanthraquinone.
PAR  Illustrative of the esters, carbamates and carbonates are those wherein R
      in the above set out formula represents
      ##EQU1##
      --CO.sub.2 C.sub.2 H.sub.5, --CO.sub.2 CH.sub.3, --C(O)N(CH.sub.3).sub.2,
      --C(O)N(C.sub.2 H.sub.5).sub.2, --COC.sub.3 H.sub.7, etc.
PAR  The compounds of the invention are applied to the plant to be protected in
      the form of aqueous dispersions thereof. All of the compounds coming
      within the above set out formula are water insoluble and must be ground
      with a suitable surfactant and then spray-dried or similarly treated to
      obtain wettable powders. The powders can then be extended with the
      conventional dispersing agents and fillers such as diatomaceous earth,
      talc, calcium sulfate and the like. At the point of application, the
      fungicide is rewetted and sprayed onto the foliage using concentrations of
      1-125 ppm.
PAR  In order to establish the effectiveness of the agents of the invention as
      mildewcides, screening tests were conducted as follows.
PAR  Bean seeds (variety Bountiful) were planted in the conventional manner.
      Twenty days following planting, the plants were treated in quintuplicate
      with the test agent using a 150 parts per million in water dispersion with
      a co-solvent by spraying the first outer trifoliate leaf to the point of
      run-off. The control plants were sprayed with water.
PAR  Thirty days after treatment, the same leaf was inoculated with the bean
      powdery mildew (Erysiphe polygoni). Eleven days following inoculation, the
      number of lesions on the leaf were recorded. By comparing the average
      number of lesions for each agent used to the average obtained for the
      controls, the percentage of disease reduction was obtained as follows:
      ##EQU2##
      where A = number of lesions for agent C = number of lesions in control
PAR  When 1-hydroxy-4-chloroanthraquinone was used as active agent, 11 lesions
      per leaf were noted, whereas in the controls, 337 lesions per leaf were
      observed. Thus, 1-hydroxy-4-chloroanthraquinone afforded 97% protection.
      In the screening, using the test as just described, the following results
      were obtained:
TBL                                   Disease                                  
     Name              Structure      Protection                               
     __________________________________________________________________________
     4-chloro-2-methyl-                                                        
     1-hydroxyanthra-                 93%                                      
     quinone                                                                   
     2,4,6-trichloro-1-                                                        
     hydroxyanthra-                   99%                                      
     quinone                                                                   
     4-chloro-1-hydroxy-                                                       
     anthraquinone                    97%                                      
     4,6-dichloro-1-                                                           
     hydroxy-3-methyl-                94%                                      
     anthraquinone                                                             
     3,4-dichloro-1-                                                           
     hydroxyanthra-                   94%                                      
     quinone                                                                   
     4-chloro-3-methyl-                                                        
     1-hydroxyanthra-                 99%                                      
     quinone                                                                   
     4-fluoro-1-hydroxy-                                                       
     anthraquinone                    82%                                      
     4,7-dichloro-1-                                                           
     hydroxyanthra-                   78%                                      
     quinone                                                                   
     1-hydroxyanthra-                 77%                                      
     quinone                                                                   
     2,3,4-dichloro-1-                                                         
     hydroxyanthra-                   45%                                      
     quinone                                                                   
     4,5,6,7,8-                                                                
     pentachloro-1-                                                            
     hydroxyanthra-                   46%                                      
     quinone                                                                   
     4-bromo-1-hydroxy-                                                        
     anthraquinone                    68%                                      
     4-bromo-2-sulfo-                                                          
     1-hydroxyanthra-                 70%                                      
     quinone sodium salt                                                       
     3-methyl-4-chloro-                                                        
     1-butyroxy-anthra-               43%                                      
     quinone                                                                   
     2,4-dichloro-1-                                                           
     hydroxyanthra-                   26%                                      
     quinone                                                                   
     2-bromo-4-methyl-                                                         
     1-hydroxyanthra-                 55%                                      
     quinone                                                                   
     ethyl, 2,4-                                                               
     dichloro-1-                                                               
     anthraquinonyl                   34%                                      
     carbonate ester                                                           
     2,4-dichloro-                                                             
     1-acetoxy-anthra-                32%                                      
     quinone                                                                   
     3-methyl-                                                                 
     4,5,6,7,8-                                                                
     pentachloro-1-                   20%                                      
     hydroxyanthra-                                                            
     quinone                                                                   
     __________________________________________________________________________
PAR  The 1-hydroxy-4-chloro-3-methyl derivative evidenced some systemic effects
      and, namely, some translocation in the plant with transport of the
      protective effect. The use of this just mentioned compound as well as of
      1-hydroxyanthraquinone resulted in some injury to the plant at the
      concentration reported. In addition to the protection from infection with
      fungi as hereinabove set out, the novel compounds of the invention are
      also able to eradicate the fungi after the same has appeared, i.e., the
      compounds of the invention have curative powers as well as preventative
      activity.
PAR  The tests carried out in this connection were conducted by planting the
      same bean seeds as referred to above, thereafter when the same were seven
      days old, they were inoculated with powdery mildew (Erysiphe polygoni)
      fungus. After another seven days had elapsed, the bean leaves were treated
      with the compounds as hereinafter set out, using 150 and 75 parts per
      million as shown below. The controls were entirely untreated. Toward the
      end of the fourth week the lesions were counted as above described and the
      disease reduction similarly calculated. The compounds provided disease
      reduction as follows:
TBL  Structure         ppm Disease Reduction, %                                
     __________________________________________________________________________
                       150 100                                                 
                        75 100                                                 
                       150 100                                                 
                        75 100                                                 
                       150 100                                                 
                        75 100                                                 
     __________________________________________________________________________
PAR  In a further series of tests, the following compounds were evaluated for
      fungicidal activity including foliar, soil and systemic activies:
      ##SPC8##
TBL  No. X Y   Z    R       W.sub.(5)                                          
                               W.sub.(6)                                       
                                   W.sub.(7)                                   
                                       W.sub.(8)                               
     __________________________________________________________________________
      1. Cl         H       OH         Cl                                      
      2. Cl         H                                                          
      3. Cl    Cl   CH.sub.2 CO.sub.2 C.sub.2 H.sub.5                          
      4. Br    SO.sub.3 Na                                                     
                    H                                                          
      5. Cl    NO.sub.2                                                        
                    H                                                          
      6. Cl         H       (zinc salt)*                                       
      7. Cl         H       Cl Cl  Cl  Cl                                      
      8. Cl                                                                    
           CH.sub.3 H                                                          
      9. Br         H                                                          
     10. Cl                                                                    
           CH.sub.3 H       Cl Cl  Cl  Cl                                      
     11. Cl                                                                    
           Cl       CH.sub.3 COO                                               
                            Cl Cl  Cl  Cl                                      
     12. Cl                                                                    
           CH.sub.3                                                            
               Cl   CH.sub.3 COO                                               
                            Cl Cl  Cl  Cl                                      
     13. Cl         CO.sub.2 C.sub.2 H.sub.5                                   
     14. Cl                                                                    
           CH.sub.3                                                            
               Br   H                                                          
     15. Cl                                                                    
           Cl  Br   H       Cl Cl  Cl  Cl                                      
     16. Cl                                                                    
           CH.sub.3                                                            
               NO.sub.2                                                        
                    H                                                          
     17. Cl    Br   H                                                          
     18. Cl         CO.sub.2 CH.sub.3                                          
     19. Cl                                                                    
           CH.sub. 3                                                           
                    CO.sub.2 CH.sub.3                                          
     20. Cl         C(O)N(CH.sub.3).sub.2                                      
     21. Cl                                                                    
           CH.sub.3 C(O)N(CH.sub.3).sub.2                                      
     22. Cl    Cl           Cl Cl  Cl  Cl                                      
     __________________________________________________________________________
      *Compound is in the form of its zinc salt                                
PAR  The compounds displayed varying degrees of activity with compounds Nos. 1,
      2, 3, 7, 8, 9, 10, 11, 12, 13, 17, 19 and 21 evidencing particularly
      favorable activities.
PAR  In still another series of experiments, the following compounds were
      evaluated as foliar protectants against bean and cucumber mildew:
TBL          Rate in                                                           
                    % Disease Control                                          
     Compound No.                                                              
               ppm      Bean Mildew Cucumber Mildew                            
     ______________________________________                                    
     2         300      100         100                                        
               75       100         100                                        
               19       100         97                                         
     7         300      100         100                                        
     (zinc salt)                                                               
               75       98          100                                        
               19       79          97                                         
     Untreated           100%       Infected                                   
     ______________________________________                                    
DETD
PAR  The following examples are given for further illustrating the invention and
      are in nowise to be construed as a limitation thereof.
PAC  EXAMPLE I
PAC  Protection Against Powdery Mildew
PAR  Five parts of 1-hydroxy-4-chloroanthraquinone were dissolved in 100 parts
      of acetone. The resulting solution was poured into 66,000 parts of water
      under thorough stirring. The suspension thereby obtained was sprayed to
      incipient run-off on the primary leaves of bean plants. These leaves had
      previously been infected with the powdery mildew fungus Erysiphe polygoni
      to the extant that about 20% of the leaf area was covered. The control
      plants were sprayed with water. In about five days the control plants were
      100% infected. The bean plants which has been treated with
      1-hydroxy-4-chloroanthraquinone, however, showed only 31% coverage of the
      leaf area with the pathogen. The bean leaves of the infected plants which
      had been treated with 1-hydroxy-4-chloroanthraquinone did not possess the
      white powdery lesions which were easily visible on the untreated control
      plants. Under the microscope, the infected lesions were observed to have
      well developed numerous conidia while the treated leaves had very few and
      then poorly developed conidia.
PAR  Conidia which were collected from healthy plants germinated well, while
      those from the diseased leaves did not germinate.
PAR  Control of Erysiphe cichoracearum, i.e., cucumber mildew, using
      1-hydroxy-4-chloroanthraquinone was nearly as good as that observed in the
      case of the bean pathogen.
PAR  Powdery mildew on apple leaves was equally well controlled with
      applications of 75 ppm active ingredient.
PAR  Spore germination tests run on both the powdery mildew as mentioned above,
      established that 4 ppm of 1-hydroxy-4-chloroanthraquinone completely
      inhibited their germination. At 2 ppm, 1-hydroxy-4-chloroanthraquinone was
      90% effective on the bean pathogen but ineffective on the cucumber
      pathogen.
PAC  EXAMPLE 2
PAR  The effectiveness of 1-hydroxy-2,4,6-trichloroanthraquinone was tested
      against wheat rust as an eradicant as follows. Diseased plants were
      treated at 300 ppm two days after inoculation. After six days the disease
      reduction was 81%. Similarly the foliage was treated with 150 ppm two days
      before inoculation with the same wheat rust. After ten days the disease
      reduction was 94% compared to the controls.
PAC  EXAMPLE 3
PAR  In the same manner as set out in Example 2, 1-chloro-4-hydroxyanthraquinone
      was tested for use as a wheat rust eradicant. It provided a 31% disease
      reduction in each case.
PAC  EXAMPLE 4
PAR  A mixture of 10.2 g. of 4-chloro-1-hydroxyanthraquinone, 17 g.
      diethylcarbamyl chloride, and 62 cc. of pyridine were refluxed overnight.
      The solution which was obtained was cooled and added to 400 cc. of water
      containing 50 cc. concentrated HCl. Following filtration, the tan filter
      cake was washed with water and dried. A new compound,
      4-chloro-1-anthraquinonyl diethylcarbamate having a melting point of
      148.degree.-150.degree.C was recovered.
TBL  ______________________________________                                    
             Analysis                                                          
                    Calc'd   Found                                             
     ______________________________________                                    
             C      65.7     64.64                                             
             H      4.68     4.48                                              
             N      4.11     5.0                                               
              Cl    10.42    9.86                                              
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Employing the same procedure set out in Example 2,
      4-chloro-3-methyl-1-anthraquinonyl diethylcarbamate was prepared by the
      reaction of diethylcarbamyl chloride with
      4-chloro-3-methyl-1-hydroxyanthraquinone. The melting point of the novel
      2,4-chloro-3-methyl-1-anthraquinonyl-diethylcarbamate thereby obtained was
      165.degree.-168.degree.C.
TBL  ______________________________________                                    
             Analysis                                                          
                    Calc'd   Found                                             
     ______________________________________                                    
             C      64.5     64.05                                             
             N      3.78     3.84                                              
              Cl    9.45     9.42                                              
             H      4.35     4.93                                              
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  The same procedure as set out in Example 2 was followed and
      4-chloro-1-anthraquinonyl dimethylcarbamate having a melting point of
      182.degree.-184.degree.C was obtained by reacting dimethylcarbamyl
      chloride with 4-chloro-hydroxyanthraquinone.
PAC  EXAMPLE 7
PAR  Analogously to Example 2, 4-chloro-3-methyl-1anthraquinonyl carbamate
      having a melting point of 192.degree.-198.degree.C was prepared by
      reacting dimethylcarbamyl chloride with
      4-chloro-3-methyl-1-hydroxyanthraquinone.
PAC  EXAMPLE 8
PAR  Using the procedure of Example 2, 2,4-dichloro-1-anthraquinonyl
      dimethylcarbamate having a melting point of 225.degree.-230.degree.C was
      prepared by reaction of dimethylcarbamyl chloride with
      2,4-dichloro-1-hydroxyanthraquinone.
PAC  EXAMPLE 9
PAR  The process of Example 2 was followed but reacting in this instance
      piperidinyl carbamyl chloride and 4-chloro-1-hydroxyanthraquinone to
      produce 4-chloro-1-anthraquinonyl piperdinyl carbamate having a melting
      point of 195.degree.-199.degree.C.
PAC  EXAMPLE 10
PAR  A mixture of 13 g. 4-chloro-1-hydroxyanthraquinone, 225 cc. acetone, 10 g.
      triethylamine and 11 g. of ethyl chloro carbonate were refluxed. The
      resultant solution was filtered to remove the triethylamine hydrochloride
      and starting anthraquinone present, the filtrate evaporated to dryness and
      slurried with a water and acetone mixture. The resultant slurry was
      filtered, the solid material washed with water and dried. The yield of
      4-chloro-1-anthraquinonyl ethyl carbonate having a melting point of
      112.degree.-115.degree.C amounted to 9g.
TBL  ______________________________________                                    
             Analysis                                                          
                    Calc'd   Found                                             
     ______________________________________                                    
             C      61.8     61.64                                             
             H      3.3      3.76                                              
              Cl    10.6     10.05                                             
     ______________________________________                                    
PAC  EXAMPLES 11-15
PAR  Employing the same procedure as discussed in Example 9, the following
      carbonates were prepared:
PAR  4-chloro-3-methyl-1-anthraquinonyl ethyl carbonate having a melting point
      of 150.degree.-154.degree.C was prepared by the reaction of ethyl
      chlorocarbonate with 4-chloro-3-methyl-1-hydroxyanthraquinone.
PAR  4-chloro-1-anthraquinonyl methyl carbonate having a melting point of
      230.degree.-235.degree.C was prepared by reaction of methyl
      chlorocarbonate with 4-chloro-1-hydroxyanthraquinone.
PAR  4-chloro-3-methyl-anthraquinonyl methyl carbonate having a melting point of
      152.degree.-155.degree.C was prepared by reaction of ethyl chlorocarbonate
      with 4-chloro-3-methyl-1-hydroxyanthraquinone.
PAR  2,4-dichloro-1-anthraquinonyl ethyl carbonate having a melting point of
      132.degree.-142.degree.C was prepared by reaction of ethyl chlorocarbonate
      with 2,4-dichloro-1-hydroxyanthraquinone.
PAR  2,4-dichloro-1-anthraquinonyl n-butyl carbonate having a melting point of
      90.degree.-97.degree.C was prepared by reaction of n-butyl chlorocarbonate
      with 2,4-dichloro-1-hydroxyanthraquinone.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fungicidal composition comprising a fungicidal amount of a compound
      selected from the group consisting of
PAL  a. a compound of the formula:
      ##SPC9##
PAL  wherein R is a member selected from the group consisting of hydrogen and
      acyl having 2 to 4 carbon atoms; X is a member selected from the group
      consisting of chloro, fluoro and bromo; Z is a member selected from the
      group consisting of hydrogen, chloro, fluoro, bromo, nitro, sodium sulfo
      and lower alkyl; Y is a member selected from the group consisting of
      hydrogen, halo and lower alkyl; and W is a member selected from the group
      consisting of hydrogen, hydroxy, halo and lower alkyl; and
PAL  b. a metal salt thereof selected from the group consisting of zinc,
      calcium, ferric, manganese, sodium, potassium and copper in admixture with
      a suitable carrier therefor.
NUM  2.
PAR  2. The composition according to claim 1 wherein said compound is
      2,4,6-trichloro-1-hydroxyanthraquinone.
NUM  3.
PAR  3. The composition according to claim 1 wherein said compound is
      4,6-dichloro-3-methyl-1-hydroxyanthraquinone.
NUM  4.
PAR  4. The composition according to claim 1 wherein said compound is
      4-chloro-3-methyl-1-hydroxyanthraquinone.
NUM  5.
PAR  5. The composition according to claim 1 wherein said compound is
      4-fluoro-1-hydroxyanthraquinone.
NUM  6.
PAR  6. The composition according to claim 1 when said compound is
      4,7-dichloro-1-hydroxyanthraquinone.
NUM  7.
PAR  7. A method of combating fungus infections which comprises applying to
      plants having such infection a fungicidally effective amount of a
      composition according to claim 1.
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ABST
PAL  This disclosure is directed to novel ethers of the formula:
EQU  CF.sub.3 CH.sub.a X.sub.b --O--CF.sub.2 CH.sub.c F.sub.d Cl.sub.e
PAL  wherein X is fluorine, chlorine or bromine, preferably fluorine, a is 1 or
      2, b is 0 or 1, a plus b are 2, preferably both a and b being 1, c is 0 or
      1, d is 0 to 2, e is 0 to 2, c plus d plus e are 3, preferably each of c,
      d, and e is 1, and a plus c are 1 or 2, preferably 2, with the proviso
      that when e is 1 or 2, X is fluorine or bromine, preferably fluorine. The
      compounds having less than eight fluorine atoms per molecule are useful as
      anesthetics, and all of the compounds are useful as solvents and
      dispersants for fluorinated materials. A highly preferred compound useful
      as an anesthetic is 1,2,2,2-tetrafluoroethyl
      1',1',2'-trifluoro-2'-chloroethyl ether.
PARN
PAR  This is a division of application Ser. No. 170,954, filed Aug. 11, 1971,
      now U.S. Pat. No. 3,764,706.
BSUM
PAR  This invention relates to the novel ethers of the formula:
EQU  CF.sub.3 CH.sub.a X.sub.b --O--CF.sub.2 CH.sub.c F.sub.d Cl.sub.e
PAL  wherein X is fluorine, chlorine or bromine, preferably fluorine, a is 1 or
      2, b is 0 or 1, a plus b are 2, preferably both a and b being 1, c is 0 or
      1, d is 0, 1 or 2, e is 0, 1 or 2, c plus d plus e are 3, preferably each
      of c, d, and e is 1, and a plus c are 1 or 2, preferably 2, with the
      proviso that when e is 1 or 2, X, if present, is fluorine or bromine,
      preferably fluorine. Preferably when e is 1 or 2, b is 1. These ethers
      which have less than 8 fluorine atoms per molecule, especially 6 or 7
      fluorine atoms per molecule, can be used to produce anesthesia in
      anesthetic-susceptible mammals. All of the ethers of this invention are
      easily miscible with other organic liquids, including fats and oils, and
      have useful solvent properties. These ethers are useful, for example, as
      solvents for fluorinated olefins and other fluorinated materials such as
      fluorowaxes. The ethers can also be used to prepare pastes and dispersions
      of such fluorine-containing materials useful for coatings and the like,
      and can be used as degreasing agents. In the latter capacity, for example,
      the ether compounds of this invention can be used as solvents to remove
      grease or other oily substances from metal surfaces that are to be
      painted.
PAR  A highly preferred compound of the invention is 1,2,2,2-tetrafluoroethyl
      1',1',2'-trifluoro-2'-chloroethyl ether having the formula CF.sub.3
      CHF--O--CF.sub.2 CHFCl. This compound is normally a clear, colorless
      liquid with an ethereal odor. This ether has the following physical
      properties: b.p. 65.5.degree.C. at 760 mm.; vapor pressure 175 mm. at
      25.degree.C.; specific gravity 1.52; and molecular weight 234.5. The
      compound is nonflammable, soda lime stable, and a potent anesthetic for
      inhalation anesthetic-susceptible mammals.
PAR  The compounds of the present invention can be prepared by the fluorination,
      chlorination or bromination of the corresponding halogen-containing ethers
      to substitute one or two additional halogen atoms per molecule in place of
      hydrogen atoms of the feed. The ethers of the invention may also be formed
      by the replacement of a halogen atom on the feed by another halogen atom,
      e.g., the substitution of a fluorine atom for a bromine atom. Suitable
      feedstocks for these reactions can be obtained in several ways and one
      procedure involves the reaction of a perhalogenated ethylene with
      2,2,2-trifluoroethanol. The perhalogenated ethylenes have the formula
      CF.sub.2 =CX.sub.2 in which X is fluorine or chlorine. These reactions can
      be conducted in the presence of potassium hydroxide and a small amount of
      .alpha.-pinene. Suitable temperatures for the reactions are generally in
      the range of about 30.degree. to 50.degree.C.
PAR  The chlorination or bromination of the ethers resulting from the foregoing
      reaction can be conducted with the use of molecular chlorine or bromine.
      Chlorine can be reacted conveniently at temperatures of about 50.degree.
      to 60.degree.C. in the presence of light. In the reaction gaseous chlorine
      can be passed into the liquid ether feed, and the chlorine can be added to
      the reactor at the approximate rate it reacts. If desirable, the reactor
      can be cooled to control the reaction temperature. Bromination of the
      ethers can be effected by passing a mixture of gaseous bromine and an
      inert gas such as nitrogen along with ether feed in the vapor phase
      through a reaction zone maintained at elevated temperatures, e.g. about
      400.degree. to 550.degree.C. In either of these reaction systems the
      products can be separated by fractional distillation or gas chromatography
      techniques.
PAR  The ethers of this invention can be made by a fluorination process
      involving the use of molecular fluorine. For example CF.sub.3 CH.sub.2
      OCF.sub.2 CHFCl can then be converted to a mixture containing CF.sub.3
      CHFOCF.sub.2 CHFCl, CF.sub.3 CH.sub.2 OCF.sub.2 CF.sub.2 Cl and CF.sub.3
      CHFOCF.sub.2 CF.sub.2 Cl, all compounds of the present inventions, by
      reaction with gaseous fluorine to replace one of the hydrogen atoms on the
      1-carbon atom which bears two hydrogen atoms and/or replace the hydrogen
      atom on the 2-carbon atom bearing a chlorine atom. The fluorination can be
      accomplished by mixing the feed compound with carbon tetrachloride or
      other fluorine and/or chlorine-containing alkane solvents which are
      preferably perhalogenated, and then contacting the mixture with gaseous
      fluorine at reduced temperatures, e.g. below about 0.degree.C., preferably
      about -20.degree. to 0.degree.C. Lower alkyl ethers which are
      perhalogenated with one or both of chlorine or fluorine may also be
      suitable solvents. Hydrogen fluorine is evolved from the reaction mixture
      during this fluorination procedure and the Hf can be collected by passage
      of the evolved gases through a water scrubber. After a substantial amount
      of the feed ether has reacted, the desired products can be separated from
      the reaction mixture by gas chromatography. This fluorination procedure
      can be used to prepare various compounds of the invention from the
      corresponding ethers.
DETD
PAR  The following examples will serve further to illustrate the present
      invention.
PAC  EXAMPLE I
PAC  Preparation of the Intermediate CF.sub.3 CH.sub.2 OCF.sub.2 CHF.sub.2
PAR  Tetrafluoroethylene (400 g.) was added as a gas at 300-500 psi to a stirred
      one liter autoclave containing a solution of potassium hydroxide (50 g.)
      in CF.sub.3 CH.sub.2 O (400 cc.) and also a small amount of .alpha.-pinene
      (10 g.). The autoclave was heated to 40.degree.C. to initiate the
      reaction. The reaction then proceeded smoothly with a slight exotherm and
      was maintained at 35.degree.-45.degree.C. The crude product was washed
      with water and then fractionally distilled to obtain 350 g. of CF.sub.3
      CH.sub.2 OCF.sub.2 CHF.sub.2, b.p. 55.5.degree.C. at 760 mm.
PAC  EXAMPLE II
PAC  Preparation of CF.sub.3 CHClOCF.sub.2 CF.sub.2 H
PAR  CF.sub.3 CH.sub.2 OCF.sub.2 CF.sub.2 H (140 g.) was reacted with chlorine
      gas at a temperature of 50.degree.-60.degree.C. in a glass apparatus in
      the presence of incandescent light. When 0.7 mole of chlorine per mole of
      ether had reacted, the crude product weighed 157 g. and contained 60%, of
      CF.sub.3 CHClOCF.sub.2 CF.sub.2 H as shown by gas chromatography. This
      product was separated and purified by fractional distillation and
      preparative vapor phase chromatography. The product analyzed as follows:
PAR  Calculated for C.sub.4 H.sub.2 ClF.sub.7 O: C, 20.5; H, 0185, b.p.
      66.degree.C. Found: C, 20.8; H, 1.03.
TBL  Specific gravity   1.5                                                    
     Vapor pressure     175 mm. Hg./25.degree.C.                               
     Odor               slight                                                 
     Flammability       non-flammable                                          
PAL  The structure CF.sub.3 CHClOCF.sub.2 CF.sub.2 H was confirmed by the n.m.r.
      and infrared spectra.
PAC  EXAMPLE III
PAC  Preparation of CF.sub.3 CHBrOCF.sub.2 CF.sub.2 H
PAR  CF.sub.3 CH.sub.2 OCF.sub.2 CF.sub.2 H (110 g.) was reacted with bromine
      (125 g.) by passing a mixture of the two diluted with a stream of nitrogen
      through a 12 inch .times. 1 inch glass tube heated to 475.degree.C. The
      effluent product was condensed in a "Dry Ice" trap and purified by
      fractional distillation and preparative gas chromatography to give
      CF.sub.3 CHBrOCF.sub.2 CF.sub.2 H., b.p. 80.degree.C., n.sub.D.sup.25
      1.3155. This product analyzed as follows:
PAR  Calculated for C.sub.4 H.sub.2 F.sub.7 BrO: C, 17.4; H, 0.74. Found: C,
      17.52; H, 0.73.
TBL  Specific gravity   1.8                                                    
     Vapor pressure     100 mm. Hg./25.degree.C.                               
     Odor               not unpleasant                                         
     Flammability       non-flammable                                          
PAC  EXAMPLE IV
PAC  Preparation of CF.sub.3 CHFOCF.sub.2 CF.sub.2 H
PAR  CF.sub.3 CH.sub.2 OCF.sub.2 CF.sub.2 H (100 g.) was fluorinated at
      -20.degree.C. in CCl.sub.4 (350 cc.) in a glass reactor using fluorine
      diluted with argon (F.sub.2 at 80 cc./min. argon at 160 cc./min.). After
      seven hours, conversion of the feed ether to CF.sub.3 CHFOCF.sub.2
      CHF.sub.2 was 28 mole %. The product CF.sub.3 CHFOCF.sub.2 CHF.sub.2 was
      isolated by distillation and preparative gas chromatography, b.p.
      41.degree.C., and analyzed as follows:
PAR  Calculated for C.sub.4 H.sub.2 F.sub.8 O: C, 22.0; H, 0.92. Found: C, 22.1;
      H, 0.9.
TBL  Specific gravity   1.4                                                    
     Vapor pressure     430 mm. Hg./25.degree.C.                               
     Odor               None                                                   
     Flammability       non-flammable                                          
PAL  The assigned structure was confirmed by the n.m.r. spectrum.
PAC  EXAMPLE V
PAC  Preparation of CF.sub.3 CHFOCF.sub.2 CHCl.sub.2 and CF.sub.3 CHFOCF.sub.2
      CFCl.sub.2
PAR  CF.sub.3 CH.sub.2 OCF.sub.2 CHCl.sub.2 (232 g.) (proposed as in Example I
      but using CF.sub.2 = CCl.sub.2 instead of CF.sub.2 = CF.sub.2) was
      fluorinated in Freon 113 (CCl.sub.3 CF.sub.3) (850 cc.) at -20.degree.C.
      in a glass reactor using fluorine diluted with argon, (F.sub.2 at 80
      cc./min., argon at 160 cc./min.). After seven hours, 42% of the starting
      ether was converted to a mixture of CF.sub.3 CHFOCF.sub.2 CHCl.sub.2 and
      CF.sub.3 CH.sub.2 OCF.sub.2 -- CFCl.sub.2. CF.sub.3 CHFOCF.sub.2
      CHCl.sub.2, b.p. 89.degree.C., n.sub.D.sup.20 1.3261, was isolated by gas
      chromatography and analyzed as follows:
PAR  Calculated for C.sub.4 H.sub.2 Cl.sub.2 F.sub.6 O: C, 19.19; H, 0.8. Found:
      C, 19.2; H, 0.88.
TBL  Specific gravity   1.54                                                   
     Vapor pressure     58 mm. Hg./25.degree.C.                                
     Odor               ethereal                                               
     Flammability       Non-flammable                                          
PAR  The resulting mixture of fluorinated ethers can be further fluorinated
      using the same conditions to give additional quantities of CF.sub.3
      CHFOCF.sub.2 CFCl.sub.2, b.p. 75.degree.C., which can be separated by gas
      chromatography. This product analyzed as follows:
PAR  Calculated for C.sub.4 HCl.sub.2 F.sub.7 O: C, 17.85; H, 0.37. Found: C,
      18.10; H, 0.40.
TBL  Specific gravity   1.67                                                   
     Vapor pressure     120 mm. Hg./25.degree.C.                               
     Flammability       non-flammable.                                         
PAC  EXAMPLE VI
PAR  2,2,2-Trifluoroethyl 1',1',2'-trifluoro-2'-chloroethyl ether (CF.sub.3
      CH.sub.2 OCF.sub.2 CHFCl) (216.5 g., 1.0 m.) (prepared as in Example I but
      using CF.sub.2 = CFCl instead of CF.sub.2 = CF.sub.2) in 900 ml. of carbon
      tetrachloride was fluorinated at -15.degree.C. in a glass flask using 33%
      fluorine in argon (F.sub.2 at 80 cc./min., argon at 160 cc./min.) at a
      rate of 0.2 mole fluorine per hour. After seven hours, 36% of the starting
      ether had been converted to fluorinated products, and the reaction mixture
      analyzed as follows:
PA1  0.9% CF.sub.3 CHF-- O--CF.sub.2 CF.sub.2 Cl
PA1  2.35% CF.sub.3 CH.sub.2 --O--CF.sub.2 CF.sub.2 Cl
PA1  2.59% CF.sub.3 CHF--O--CF.sub.2 CHFCl
PA1  5.56% CF.sub.3 CH.sub.2 --O--CF.sub.2 CHFCl
PA1  88.53% CCl.sub.4
PAL  The products CF.sub.3 CHF--O--CF.sub.2 CHFCl, CF.sub.3 CH.sub.2 OCF.sub.2
      CF.sub.2 Cl, and CF.sub.3 CHFOCF.sub.2 --CF.sub.2 Cl were separated from
      unreacted starting ether and were recovered by fractional distillation.
      These ether products were further purified by preparative gas
      chromatography. The preparative gas chromatography products separated were
      as follows:
PAR  CF.sub.3 CHFOCF.sub.2 CHFCl, b.p. 65.5.degree.C. Calculated for C.sub.4
      H.sub.2 ClF.sub.7 O: F, 56.6%. Found: F, 56.6%.
TBL  Specific gravity   1.52                                                   
     Vapor pressure     175 mm. Hg./25.degree.C.                               
     Odor               ethereal                                               
     Flammability       non-flammable                                          
PAR  CF.sub.3 CH.sub.2 OCF.sub.2 CF.sub.2 Cl, b.p. 57.degree.C. Calculated for
      C.sub.4 H.sub.2 ClF.sub.7 O: F, 56.6%. Found: F, 56.7%.
TBL  Specific gravity   1.48                                                   
     Vapor pressure     240 mm. Hg./25.degree.C.                               
     Odor               ethereal                                               
     Flammability       non-flammable                                          
PAR  CF.sub.3 CHFOCF.sub.2 CF.sub.2 Cl, b.p. 42.5.degree.C. Calculated for
      C.sub.4 HClF.sub.8 O: F, 60.1%. Found: F, 60.1%.
TBL  Specific gravity   1.52                                                   
     Vapor pressure     410 mm. Hg./25.degree.C.                               
     Flammability       non-flammable.                                         
PAL  The identity of each of these ether products was confirmed by the nuclear
      magnetic resonance (n.m.r.) spectrum.
PAC  EXAMPLE VII
PAC  Preparation of CF.sub.3 CHBrOCF.sub.2 CHFCl
PAR  CF.sub.3 CH.sub.2 OCF.sub.2 CHFCl (104 g.) and bromine (85 g.) were
      vaporized in a stream of nitrogen at 15-20 l/hr. The gaseous mixture was
      then passed through a 1 inch .times. 12 inch glass tube at 475.degree.C.
      The crude product (137 g.) was condensed in a "Dry Ice" trap and purified
      by fractional distillation and preparative gas chromatography. The product
      CF.sub.3 CHBrOCF.sub.2 CHFCl had b.p. 109.degree. C., n.sub.D.sup.20
      1.3525 and analyzed as follows:
PAR  Calculated for C.sub.4 H.sub.2 BrClF.sub.6 O: C, 16.25; H, 0.68. Found: C,
      16.34; H, 0.57.
TBL  Specific gravity   1.9                                                    
     Vapor pressure     30 mm. Hg./25.degree.C.                                
     Odor               not unpleasant                                         
     Flammability       non-flammable                                          
PAL  The structure of the product ether was confirmed by the n.m.r. and infrared
      spectra.
PAR  In order to determine the potency of the ethers of the present invention as
      inhalation anesthetics in combination with oxygen, tests were carried out
      on mice. The compounds tested were at least 99.5% pure as determined by
      vapor phase chromatography. In the tests, the ether compound is
      administered to test mice by a standard procedure in which a measured
      quantity of the agent is placed in a laboratory jar and allowed to
      completely vaporize so as to give a calculated vapor concentration. The
      test mice are then quickly placed in the jar and observed. Anesthesia is
      determined by observing the righting reflex of the mice. Recovery time is
      measured beginning when the mice are transferred from the test jar to room
      air and ending when the mice are observed to be able to walk.
PAR  In such tests the 1,2,2,2-tetrafluoroethyl
      1',1',2'-trifluoro-2'-chloroethyl ether induced a light level of
      anesthesia in 53 seconds when used at a vapor concentraiton of 2%. The
      induction was accompanied by brief excitement. Recovery required 75
      seconds. At 2.5% concentration the induction period lasted 40 seconds and
      recovery required 52 seconds. There was brief excitement during induction
      and recovery. Respiration slowed to 64 per minute during maintenance of
      the anesthesia, but the color of the mice remained good.
PAR  Thus it is seen that the compound 1,2,2,2-tetrafluoroethyl
      1',1',2'-trifluoro-2'-chloroethyl ether exhibited good anesthetic
      properties in inhalation anesthetic-susceptible mammals, giving rapid
      induction and recovery and moderate respiratory depression. The compound
      is soda lime stable, and lends itself well to effective use as an inhalant
      anesthetic in respirable mixtures containing life-supporting
      concentrations of oxygen.
PAR  Using a 2.5% vapor concentration of 2-chloroperfluoroethyl
      2',2',2'-trifluoroethyl ether a low level of anesthesia was induced with
      hyperexcitability in 7 minutes. One of five mice died of respiratory
      failure during maintenance of the anesthesia. The animals were excitable
      in recovery and one became cyanotic, but survived.
PAR  Using a 1.25% vapor concentration of 2-hydroperfluoroethyl
      1'-chloro-2'-2'-2'-trifluoroethyl ether, very light anesthesia was induced
      in the mice in 4.7 minutes. Respiration was slowed and animals rose to
      their feet when stimulated. At 2.5% concentration there was deep
      anesthesia in 1.3 minutes; recovery required 1.9 minutes. Respirations
      were abdominal during maintenance of the anesthesia, and the animals were
      hyperflexic and twitching during recovery. At 5% concentration the
      induction required 0.5 minute and the recovery took 3.9 minutes. The
      anesthesia was very deep at this concentration, one mouse in five arching
      its back during maintenance, and two in five arching theirs during
      recovery. There was jumping and twitching, and respiration was very
      depressed. Recovery was accompanied by marked tremors.
PAR  The compound 1-bromo-1-hydroperfluoroethyl 2'-hydroperfluoroethyl ether
      when used at 1.0 % vapor concentration induced anesthesia in 1 minute 14
      seconds; recovery therefrom required 3 minutes 12 seconds. Maintenance at
      this concentration was marked by motor activity at the start, leading to
      flaccidity and much respiratory depression. At 1.5% vapor concentration
      anesthesia was induced in 1 minute 8 seconds and recovery required 4
      minutes 2 seconds. Induction was accompanied by much excitement.
      Maintenance proceeded as with 1% concentration, with the respiration rate
      being depressed to 20 per minute. At 2.5% vapor concentration there was
      marked excitement on induction, which required 43 seconds, and the
      respiration rate fell to 16 per minute. Recovery took 6 minutes 37
      seconds.
PAR  Using 1-bromo-2,2,2-trifluoroethyl 2'-chloro-1',1',2'-trifluoroethyl ether
      at 0.25% vapor concentration required 2 minutes 32 seconds to induce a
      light anesthesia with moderate respiratory depression during maintenance.
      Recovery took 6 minutes 13 seconds. At 0.5% concentration the induction
      occurred in 2 minutes 35 seconds and the recovery in 4 minutes 58 seconds.
      The excitement phase during induction was long, and moderate respiratory
      depression was observed during maintenance. At 0.75% concentration the
      inducement required 1 minute 16 seconds; again it was with excitement. The
      respiration rate fell to 40-60 per minute during maintenance. Recovery
      took 9 minutes. A level of 2.5% vapor concentration was lethal to all of
      the test mice.
PAR  Using 0.5% vapor concentration of 2,2-dichloro-1,1-difluoroethyl
      1',1',2',2'-tetrafluoroethyl ether, induction of a very light anesthesia
      required 1 minute 29 seconds and recovery therefrom took 52 seconds. The
      induction was accompanied by mild excitement. At a level of 1.0% a light
      anesthesia was induced, again with mild excitement, in 35 seconds.
      Respiration was jerky and gasping during maintenance. Recovery required 3
      minutes 24 seconds. Smooth induction occurred in 10 seconds when using
      2.5% vapor concentration. There was some respiratory depression during
      maintenance and mild cyanosis in recovery. The recovery took 9 minutes and
      the mice were sluggish afterwards.
PAR  At a vapor concentration of 5%, the compound 1,2,2,2-tetrafluoroethyl
      1',1',2'-trifluoro-2',2'-dichloroethyl ether induced anesthesia in the
      test mice in 1 minute 30 seconds. The animals were restless in
      maintenance, with gasping, jumping, urination, and some cyanosis. The
      recovery was with excitement and required 35 seconds.
PAR  The compounds 2-chloro-1,1,2,2-tetrafluoroethyl
      1',2',2',2'-tetrafluoroethyl ether and 1,2'-dihydroperfluorodiethyl ether
      were both tested at 2.5% and 5.0% vapor concentrations and were observed
      to have a sedative effect on the mice; but they did not induce anesthesia.
PAR  Examples of other halogenated diethyl ethers which I have considered as
      possible anesthetics are listed below, but none was satisfactory.
TBL  ______________________________________                                    
     Compound       Properties                                                 
     ______________________________________                                    
     CF.sub.3 CH.sub.2 -O-CF.sub.2 CHFCl                                       
                    Convulsant                                                 
     CF.sub.3 CH.sub.2 -O-CF.sub.2 CF.sub.2 H                                  
                    Convulsant                                                 
     CF.sub.3 CHCl-O-CF.sub.2 CHFCl                                            
                    Convulsant                                                 
     CF.sub.3 CH.sub.2 -O-CH.sub.2 CF.sub.3                                    
                    Convulsant                                                 
     CF.sub.3 CH.sub.2 -O-CF.sub.2 CH.sub.2 F                                  
                    Convulsant                                                 
     CF.sub.3 CH.sub.2 -O-CF.sub.2 CHFBr                                       
                    Anesthetic, convulsant                                     
                    properties.                                                
     ______________________________________                                    
PAR  The effective amount of the compounds of this invention to be employed
      depends on the level of anesthesia to which the mammal is to be brought,
      the rate at which anesthesia is to be induced, and the length of time over
      which anesthesia is to be maintained. Minor volume percentages, for
      example about 0.25 to 5%, or somewhat more, of the compounds in respirable
      mixtures containing life-supporting amounts of oxygen can be employed. The
      amount used should be sufficient to provide a significant anesthetic
      effect, but not so much as to produce unacceptable deleterious side
      effects. The person controlling the anesthesia can easily regulate the
      amount of the ether to be used, starting with a small amount, e.g. about
      0.25%, and gradually increasing the amount until the desired plane of
      anesthesia is reached. By then monitoring the physical properties of the
      mammal, as is the usual procedure, the duration and plane of anesthesia
      can be readily controlled.
PAR  It should be understood that the foregoing disclosure relates to preferred
      embodiments of the invention and that it is intended to cover all changes
      and modifications of the examples of the invention herein chosen for the
      purpose of the disclosure which does not constitute departure from the
      spirit and scope of the invention.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. An inhalant anesthetic composition comprising CF.sub.3 CHF--O--CF.sub.2
      --CHCl.sub.2 and oxygen in suitable proportions for use as an anesthetic.
NUM  2.
PAR  2. The method of anesthetizing an anesthetic-susceptible mammal which
      comprises administering by inhalation to said mammal an
      anesthetically-effective amount of an ether compound of the formula
EQU  CF.sub.3 CHF--O--CF.sub.2 CHCl.sub.2
PAL  as an inhalation anesthetic, while administering life-supporting amounts of
      oxygen.
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ABST
PAL  A novel spray-drying technique process, and the resulting composition, for
      preparing a high density, agglomerated vitamin-containing composition
      having improved tableting characteristics.
PARN
PAR  This is a division of application Ser. No. 242,789 filed Apr. 10, 1972, and
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Spray dried agglomerated and densified products are often essential to
      provide free-flowing material having the physical characteristics
      necessary for direct compression tableting technique.
PAR  Heretofore, free-flowing powder materials were prepared by dusting dried
      powders with a suitable dusting agent to minimize the development of
      static electricity and thereby prevent sticking and blocking of the powder
      flow path. Examples of such dusting agents, which are well-known in the
      art, include starch, starch esters and silicic acid.
PAR  In addition, agglomeration could be achieved by various wet or dry
      techniques. For example, wet granulation includes both the rotating drum,
      extrusion techniques and instantizing apparatus.
PAR  The formation of free-flowing spray-dried high density agglommerates
      suitable for direct compression tablet manufacture was, heretofore, not
      achieved using spray-drying techniques. Spray-drying depends on rapid
      evaporation rates which are obtained through a high spray surface-to-mass
      ratio (i.e., fine particlesized materials). However, if large particulates
      and agglomerates of the spray feed are formed during the passage through
      the drying zone, these semi-dried particles tend to adhere on the walls of
      the spray chamber and thereon accumulate large masses of a wet product.
      This is especially true with the spray droplets formed from vitamin E
      emulsions formulated with a gelatin base, vitamin B.sub.2 slurry in a
      film-forming base and vitamin A emulsion prepared in either acacia or a
      gelatin base.
PAR  It is an object of this invention, therefore, to prepare free-flowing, high
      density coated agglomerated material suitable for direct compression into
      tablets using spray-drying techniques.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to a spray-drying process for preparing free-flowing
      high density agglomerates suitable for direct compression into tablets. It
      has been found that the introduction of ultra-fine (i.e., 2-15 microns)
      particle sized absorbents into the spray chamber leads to the formation of
      coated high density, free-flowing agglomerates which pass through the
      drying zone without the above described deleterious effects of wall
      adhesion and wet mass accumulation associated with prior art processes.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Free-flowing high density agglomerates suitable for direct compression into
      tablets, prepared by the process of this invention, i.e., the introduction
      of ultra-fine particle-sized absorbents into the spray chamber, can be
      obtained by either of two modifications.
PAR  In the first modification the absorbents are metered directly into the
      spray chamber. The quantity of absorbent metered into the chamber ranges
      from about 1% to about 5% by weight based on the weight of the spray-dried
      product. The fine particle size absorbent immediately coats the semi-dried
      droplets as well as the chamber wall thus preventing buildup of material
      on the chamber wall and the consequent deleterious formation of large
      masses of wet product. In addition, the presence of the absorbent
      minimizes the development of static electricity both during the
      spray-drying step and on the resulting dry agglomerates.
PAR  In the second modification, a mixture of absorbent and previously fine
      particle-sized spray-dried material is directly metered into the spray
      chamber by a suitable valve arrangement. The mixture is immediately picked
      up by the high velocity air stream from the air disperser in the chamber
      and is intimately admixed with the atomized wet spray product, thereby
      forming coated agglomerates which dry readily. This second modification
      results in formation of large dried agglomerates when the metered
      admixture comprises from about 1 to about 15% by weight of the absorbent
      and from about 85 to about 99% by weight of the fine particle-sized
      spray-dried product. Examples of the fine particle-sized spray-dried
      materials include vitamin E encapsulated in hydrolyzed gelatin, vitamin A
      encapsulated in hydrolyzed gelatin, vitamin A encapsulated in gum acacia,
      vitamin D encapsulated in hydrolyzed gelatin, riboflavin encapsulated in
      maltrin and spraydried stabilized calcium pantothenate.
PAR  The process claimed herein is, of course, limited to fomulations which can
      be dried by spray-drying techniques. The preferred materials for use in
      this process are vitamin slurries or emulsions. Representative emulsions
      include vitamin A-hydrolyzed gelatin, riboflavin-maltrin and, in
      particular, a vitamin E-hydrolyzed gelatin emulsion as described in U.S.
      Pat. No. 3,608,083 (Ser. No. 734,540).
PAR  The preferred embodiment of this invention is the preparation of a
      free-flowing, high density agglomerated vitamin E product suitable for
      direct compression tableting techniques. Vitamin E comprises a group of
      natural substances known as tocopherols. They are fat soluble, closely
      related chemical compounds found in vegetable oils such as wheat germ oil,
      rice oil, soy bean oil and the like. .alpha.-Tocopherol has the greatest
      biological activity per unit weight while its isomers beta, gamma, delta,
      epsilon, zeta and eta-tocopherols have vitamin E activity to a lesser
      extent. The tocopherols and their esters such as tocopheryl acetate,
      tocopheryl palmitate, tocopheryl succinate and the like are normally
      water-insoluble and oily, waxy, or low melting, which properties make them
      unsuitable for certain pharmaceutical applications, particularly, those in
      which a powder is required, e.g., vitamin tablets and capsules. Any of
      these tocopherols, their esters or compounds convertible to either
      tocopherols or their esters are suitable for use in the process of this
      invention. However, in order to insure the desired stability of vitamin E
      activity in the final powder it is preferred to use tocopherol esters.
      Typical suitable esters are the acetate, palmitate, succinate and the
      like. The preferred ester used according to this invention is
      dl-.alpha.-tocopheryl acetate. Sufficient tocopheryl acetate is utilized
      to insure that the resulting spray-dried powders contain from about 40% to
      about 60% by weight of vitamin E, i.e., the amount of vitamin E activity
      present in the powder is that which would be present if the vitamin E
      activity is present as pure vitamin E.
PAR  The aforesaid tocopheryl esters are emulsified with a hydrolyzed gelatin
      having a O Bloom and a molecular weight range of from 9,000 to 11,000. The
      amount of hydrolyzed gelatin in the final powder generally varies from
      about 60% to about 40% by weight. A hydrolyzed gelatin which is
      representative of those suitable for use in this invention is, e.g.,
      marketed by Croda Colloid. While this soluble protein is representative of
      the hydrolyzed gelatins useful herein, this invention is, of course, in no
      way limited to the use of a particular hydrolyzed gelatin.
PAR  The tocopheryl ester and hydrolyzed gelatin are emulsified by admixing a
      45% hot hydrolyzed gelatin stock solution with a warm
      dl-.alpha.-tocopheryl acetate. The admixture is then homogenized by the
      rapid agitation of a Homo mixer. The resulting emulsion, diluted with
      water to about 45% solids to give a proper spray viscosity, has a particle
      size range in the dispersed phase of from below 1 micron to about 3
      microns. In addition, other vitamin emulsions, i.e., those of vitamins A,
      B.sub.2, D and various admixtures thereof prepared in gelatin or gum
      acacia bases and suitable for spray drying, can be used in the process as
      claimed in this invention.
PAR  One representative emulsion of vitamin A is constituted of 610 parts by
      weight of gelatin, 150 parts by weight of sucrose, 40 parts by weight of
      EMQ, 200 parts by weight of vitamin A palmitate and water, q.s. to make
      40-50% solids emulsion.
PAR  Another representative example is a riboflavin emulsion constituted of 216
      parts by weight of riboflavin, 80 parts by weight of oyster shell flour,
      104 parts by weight of maltrin and 380 parts by weight of water.
PAR  These spray dryable emulsions and slurries can contain optional additives
      as may be desired. For example, since hydrolyzed gelatin solutions readily
      support microbiological growth, it is preferred to add preservatives to
      protect the emulsion during preparation and holding prior to spray drying.
      The preservatives are added to the water used to prepare the gelatin
      solutions so that a level of about 0.4% to about 0.6%, preferably about
      0.5%, of, for example, sodium benzoate and about 0.15% to about 0.25%,
      preferably about 0.2%, of, for example, sorbic acid, result in a final 45%
      by weight hydrolyzed gelatin solution.
PAR  Of critical importance in the process claimed in this invention is the
      introduction of ultra-fine absorbents (i.e., glidants) into the spray
      chamber. These absorbents or glidants are, in the main, silicic acid,
      silicon dioxide or various silicates. However, materials other than these
      may be equally effective since it is not so much the chemical compositions
      of the absorbents but rather their physical properties which are critical
      to this process. To be effective, the absorbent must be substantially
      insoluble in cold water, resistant to wetting by water, have an
      appreciable capacity to absorb and/or adsorb water and oil (i.e., an oil
      absorption capacity of from about 150 to about 400 pounds per 100 pounds),
      be free-flowing, do not develop static electricity, have a particle size
      range from about 2 microns to about 16 microns and have a surface area of
      from about 175 to about 360 m.sup.2 /gm. Suitable materials include
      silicic acid, silicas, alkali metal silicates, magnesium carbonate, kaolin
      clays, dicalcium phosphate, tricalcium phosphate and the like.
      Representative commercial materials include Syloid, Cab-O-Sil, Aerosil,
      Supernat, Santocel, Zealox and Polysilicic acid. The preferred material
      for the process of this invention is silicic acid, a white, amorphous
      powder, insoluble in water and having the emperical formula
      SiO.sub.2.sup.. x H.sub.2 O.
PAR  Another critical factor in the process is the feed rate of the emulsion or
      slurry. In the usual spray-drying operation, the emulsion feed is so
      regulated as to form small particles which dry before hitting the walls of
      the dryer chamber. These small particles have poor tableting
      characteristics, however. By increasing the feed flow, i.e., flooding,
      larger particles can be formed. These particles, which are not dried
      before striking the walls of the dryer chamber, adhere on the walls and
      build up as a semi-solid plastic mass, a condition known as ringing.
      However, when a absorbent or glidant is added to the drying chamber,
      operation under flooding conditions produces the desired large particles
      which are then coated with absorbent, agglomerate and and dry. There is no
      wall adhesion and a freeflowing high-density, large particle-size product
      results.
PAR  In the process of this invention, an emulsion is spray dried using a
      standard Spray Drying Apparatus. Inlet and outlet temperatures are
      adjusted to an optimum and the emulsion is fed at a high feed rate through
      the atomizer into the Dryer Chamber. The absorbent is then metered into
      the chamber through a top inlet valve positioned above an atomizer wheel
      rotating at a fixed rpm. The flow rate of absorbent is adjusted to achieve
      a concentration of from about 1% to about 5% by weight based on the weight
      of the spray-dried product. As soon as the drying system is balanced, the
      atomizer wheel speed and the outlet temperature are lowered by increasing
      the feed rate of the emulsion over the atomizer wheel causing a flooding
      condition. These adjustments cause the atomized spray droplets to increase
      in size, remain in a thermoplastic state longer, agglomerate and densify.
      The semi-dried agglomerates are prevented from adhering to the drying
      chamber wall by the coating of the glidant on both the particle surface
      and the chamber wall.
PAR  The agglomerated vitamin E product prepared by the process of this
      invention can be used in many ways as, for example, directly in food
      premixes, in dry water dispersible preparations as dilutions for bulk
      sales using feed carriers and in the preparation of tablets. The product
      has a moisture content range of 1-5% by weight and a bulk density range of
      25-32 pounds/ft.sup.3. A minimum of 95% of the material passes through a
      No. 20 U.S. standard sieve. From 75-100% of the particles have particle
      sizes of from 74 to 287 microns.
PAR  The vitamin E product has tableting properties which are essential for the
      manufacture of high potency coated and uncoated tablets by a direct
      compression procedure. Heretofore, such high potency vitamin E tablets
      were difficult to manufacture because of poor flow properties, sticking of
      the powder product to the tablet machine table, variations in tablet
      weights, soft tablets, laminating of tablets and cracking of coated
      tablets.
DETD
PAR  the following examples illustrate this invention.
PAC  EXAMPLE 1
PAR  This example illustrates the procedure for the preparation of a
      free-flowing, high density agglomerated formulation of vitamin E acetate
      suitable for direct compression to tablets.
PAR  One kilogram of sodium benzoate and 2 kilograms of sorbic acid are
      dissolved in 547 kilograms of distilled water by heating to
      65.degree.-70.degree.C. 450 kilograms of hydrolyzed gelatin (Croda
      Colloid) are then added slowly with agitation. The agitation is continued
      for 2 hours with the slurry maintained at 70.degree.-80.degree.C.
      Agitation is then stopped and the temperature is maintained at
      70.degree.C. overnight to eliminate the air from the heavily foamed
      gelatin solution.
PAR  The hot hydrolyzed gelatin stock solution is transferred to a homogenizing
      kettle equipped with a Homo-Mixer. Rapid agitation is begun with the
      Homo-mixer and 600 kilograms of dl-.alpha.-tocopheryl acetate, previously
      heated to 40.degree.-50.degree.C., is slowly added. Distilled water is
      added at this time if needed to insure proper pumping action of the
      Homo-Mixer during emulsification.
PAR  In operation the primary emulsion is cycled through a sonic homogenizer,
      e.g., Homo-Mixer, back to the emulsion kettle to check the emulsion
      microscopically for particle size distribution in the dispersed phase.
      When an emulsion of suitable dispersed particle size, i.e., 1-3 microns,
      is prepared, the solids concentration is adjusted to insure proper
      viscosity by the addition of sufficient distilled water to make the total
      used 740 kilograms. The emulsion is then passed through the sonic
      homogenizer into a suitable storage vessel.
PAR  The inlet temperature of a 14 foot Bowen Dryer is adjusted to 325.degree.F.
      and the outlet temperature adjusted to 200.degree. -210.degree.F. The
      operation of the spray dryer is started using water. When the system is
      well balanced, the water is shut off and the vitamin E/hydrolyzed gelatin
      emulsion is fed to the Dryer. The atomizer wheel speed positioned below
      the absorbent inlet is set initially at 12,000- 13,500 rpm and the flow
      rate of silicic acid glidant, metered into the Dryer through a top inlet
      valve, is adjusted to provide a glidant concentration approximately equal
      to 2-3% of the concentration of the spray-dried product. The atomizer
      wheel speed is then adjusted downward to 8,000-9,000 rpm and, after 5
      minutes, the Dryer outlet temperature is adjusted to
      195.degree.-180.degree.F. By these adjustments, the emulsion feed rate is
      increased causing the spray droplets to increase in size and agglomerate.
      The wet agglomerate particles are coated with the glidant prior to
      impinging on the drying chamber wall. There is no adhesion and thus the
      thermoplastic particles have a long drying period.
PAR  In operation, it is often necessary to adjust the aforesaid drying
      conditions to optimize the physical properties (density, particle size
      distribution) of the agglomerated spray-dried product.
PAR  The resulting material is a white, free-flowing powder having a bulk
      density of 25-30 pounds per cubic foot and a moisture content of 1.0-4% by
      weight.
PAR  The agglomerates have the following typical particle-sized distribution:
TBL  U.S. Standard Mesh    % Retained                                          
     ______________________________________                                    
     On 60 mesh            14.0-40.0                                           
     On 80 mesh            22.0-28.0                                           
     On 100 mesh           7.2-7.0                                             
     On 200 mesh           30.4-17.5                                           
     Through 200 mesh      26.4-7.5                                            
     ______________________________________                                    
PAR  To show the significant improvement achieved by the use of this
      free-flowing, high-density, agglomerated product in comparison to material
      prepared by the standard spray-drying techniques, the following vitamin E
      chewable tablet (200 IV/tablet) and vitamin E sugar coated tablet (200
      IV/tablet) formulations were evaluated using direct compression
      techniques.
TBL  ______________________________________                                    
     Formulation (mg./tablet)                                                  
                     Chewable Sugar Coated                                     
     ______________________________________                                    
     Vitamin E acetate, 50%                                                    
                       400        400                                          
     spray-dried                                                               
     cocoa             22         --                                           
     Silicic Acid      35          50                                          
     Sugar Tab         311.5      --                                           
     ______________________________________                                    
PAR  The results are tabulated below:
TBL  A. Chewable Formulations                                                  
              Standard        Agglomerated                                     
              Spray-Dried     Spray-Dried                                      
     ______________________________________                                    
     Tableting                                                                 
     Characteristics                                                           
                Poor Flow         Good Flow                                    
                Laminating of Tablets                                          
                                  No Lamination                                
                Sticking to Machine                                            
                                  No Sticking                                  
                Table                                                          
     Tablet Hardness                                                           
     (Strong Cobb                                                              
     Units, SCU)                                                               
                Capping to 5      12-24                                        
     ______________________________________                                    
     B. Sugar-Coated Formula-                                                  
     tions                                                                     
                Standard          Agglomerated                                 
                Spray-Dried       Spray-Dried                                  
     Tableting                                                                 
     Characteristics                                                           
                Capping           Excellent                                    
                Not suitable for tablets                                       
     Tablet                                                                    
     Hardness                                                                  
     (Strong Cobb                                                              
     Units, SCU)                                                               
                No tablets        20-25                                        
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  This example illustrates the procedure for the preparation of free-flowing,
      high-density, agglomerated formulation of an agricultural dry vitamin A
      palmitate, potency 325,000 vitamin A units per gram.
PAR  610 kilograms of low Bloom hydrolyzed gelatin are added slowly with
      agitation to 610 kilograms of distilled water heated to
      65.degree.-70.degree.C. The agitation is continued for two hours with the
      slurry maintained at 70.degree.-80.degree.C. Agitation is then stopped and
      the temperature is maintained at 70.degree.C. overnight to eliminate the
      air from the heavily foamed gelatin solution.
PAR  The hot hydrolyzed gelatin stock solution is transferred to a homogenizing
      kettle equipped with a Homo-Mixer. Rapid agitation is begun with the
      Homo-Mixer and a mixture of 200 kilograms of vitamin A palmitate and 40
      kilgram EMQ (1,2-dihydroxy-6-ethoxy-2,2,4-trimethylquinoline) previously
      heated to 40.degree.-50.degree.C. is slowly emulsified. 150 kilograms of
      sucrose are slowly added to the emulsion with continued agitation.
      Distilled water is added at this time if needed to insure proper pumping
      action of the Homo-Mixer during emulsification.
PAR  In operation the primary emulsion is cycled through a sonic homogenizer to
      insure the preparation of an emulsion with suitable dispersed particle
      size, i.e., less than 1-3 microns. The solids concentration is adjusted to
      insure proper viscosity by the addition of sufficient distilled water to
      reduce the total solids content of the emulsion to 40-45%. The emulsion is
      then passed through the sonic homogenizer into a suitable storage vessel.
PAR  The inlet temperature of a 14 foot Bowen Dryer is adjusted to 400.degree.F.
      and the outlet temperature adjusted to 270.degree.-280.degree.F. The
      operation of the spray dryer is started using water. When the system is
      well balanced, the water is shut off and the vitamin
      A-antioxidant-hydrolyzed gelatin emulsion is fed to the Dryer. The
      atomizer wheel speed positioned below the absorbent inlet is set initially
      at 12,000-13,500 rpm and the flow rate of silicic acid absorbent-glidant,
      metered into the Dryer through a top inlet valve, is adjusted to provide a
      glidant concentration approximately equal to 2-3% of the concentration of
      the spray-dried product. The atomizer wheel speed is then adjusted
      downward to 8,000-9,000 rpm and after five minutes, the Dryer outlet
      temperature is adjusted to 255.degree.-245.degree.F. By these adjustments,
      the emulsion feed rate is increased causing the spray droplets to increase
      in size and agglomerate. The wet agglomerate particles are coated with the
      glidant prior to impinging on the dryer chamber wall. There is no adhesion
      and thus the thermoplastic particles have a longer drying period.
PAR  In operation, it is often necessary to adjust the aforesaid drying
      conditions to optimize the physical properties (density, particle size
      distribution) of the agglomerated spray-dried product.
PAR  The resulting material is a tan, free flowing-powder having a bulk density
      of 35-45 pounds per cubic foot and a moisture content of 1 to 5% by
      weight.
PAR  The agglomerates are free-flowing and have enhanced stability compared to
      regular spray-dried powders.
PAC  EXAMPLE 3
PAR  This example illustrates a procedure for the preparation of free-flowing,
      high density, agglomerated, non-dusting, static-free riboflavin, 50% using
      a slurry as the feed material for the Spray Dryer.
PAR  104 kilograms of Maltrin 15, a hydrolyzed cereal product, are dissolved in
      380 kilograms of water. 80 kilograms of oyster shell flour are then added
      with rapid agitation followed by 216 kilograms of riboflavin. The
      resulting slurry has a 51.32% solids content.
PAR  The inlet temperature of a 14 foot Bowen Dryer is adjusted to 350.degree.F.
      and the outlet temperature adjusted to 225.degree.-235.degree.F. The
      operation of the spray dryer is started using water. When the system is
      well balanced, the water is shut off and the riboflavin slurry is fed to
      the Dryer. The atomizer wheel speed positioned below the absorbent inlet
      is set initially at 12,000-13,500 rpm and the flow rate of silicic acid
      glidant, metered into the Dryer through a top inlet valve, is adjusted to
      provide a glidant concentration approximately equal to 2-3% of the
      concentration of the spray-dried product. The atomizer wheel speed is then
      adjusted downward to 8,000-9,000 rpm and after 5 minutes, the Dryer outlet
      temperature is adjusted to 220.degree.-205.degree.F. By these adjustments,
      the emulsion feed rate is increased causing the spray droplets to increase
      in size and agglomerate. The wet agglomerate particles are coated with the
      glidant prior to impinging on the dryer chamber wall. There is no adhesion
      and thus the thermoplastic particles have a longer drying period.
PAR  In operation, it is often necessary to adjust the aforesaid drying
      conditions to optimize the physical properties (density, particle size
      distribution) of the agglomerated spray-dried product.
PAR  The resulting material is a brown, free-flowing, non-dusting, static-free
      powder having a bulk density of 35- 36 pounds per cubic foot and a
      moisture content of 4-5% by weight.
PAR  The agglomerates are free-flowing and, from the viewpoint of direct usage
      in premix operation are dust-free, and non-static with good particle size
      distribution.
PAC  EXAMPLE 4
PAR  This example illustrates the procedure for the preparation of an
      agglomerated formulation of dry vitamin E acetate using a mixture of
      ultrafine absorbent and previously spray-dried material as the absorbent
      feed.
PAR  A 200 gallon, jacketed Pfaudler kettler is charged with 50 gallons of
      distilled water, 1.75 kilograms of sodium benzoate and 0.7 kilogram of
      sorbic acid and heated to 65.degree.-75.degree.C. 153 kilogram of
      hydrolyzed gelatin (O Bloom and molecular weight of 7,000-11,000) are
      slowly added with constant agitation. 30 kilograms of warm
      (35.degree.-40.degree.C.) dl-.alpha.-tocopheryl acetate are slowly added
      to 50 kilograms of the hydrolyzed gelatin solution at
      50.degree.-60.degree.C. with stirring using a Homo-Rod Mixer until
      emulsification is complete. Sufficient distilled water is then added to
      reach about a 45% solids emulsion which provides a proper spraying
      viscosity.
PAR  The emulsion is then spray dried using a 14 foot Bowen Dryer with an inlet
      temperature of about 325.degree.-350.degree.F. and an outlet temperature
      of about 210.degree.-225.degree.F. The resulting product is white, has
      particles in the range of from about 20 to about 30 microns, a bulk
      density of about 18.5 pounds per cubic foot and a moisture content of
      about 1%.
PAR  This finely spray-dried vitamin E, 50% is intimately mixed with 4-12% of
      Micro-Cel C absorbent. Micro-Cel C is calcium silicate having an average
      particle size of 3.4 microns, an oil absorption capacity of 100-300
      lbs./100 lbs. and a surface area of 175 m.sup.2 /gram.
PAR  Another emulsion, constituted as described in Example 1 above, is than
      prepared for spray drying. The 14 foot Bowen Dryer is set up for cyclone
      collection. Operation is started using water as the feed with the initial
      inlet temperature set at 325.degree.F. and the initial outlet temperature
      set at 210.degree.F. When the system is balanced, the feed water is
      replaced by the vitamin E emulsion. As the same time, the atomizer wheel
      speed is adjusted initially to 11,000-13,500 rpm. The top inlet feeder is
      adjusted to permit a flow rate of the admixture of Micro-Cel C absorbent
      and finely spray-dried vitamin E, 50% so as to provide a concentration
      approximately equal to 1-2% of the concentration of the spray-dried
      product. The atomizer wheel speed is adjusted downward to 8,000 to 11,000
      rpm. After 5 minutes the outlet temperature is also adjusted downward to
      195.degree.-180.degree.F., thus increasing the feed rate to flooding
      condition which results in the formation of large particle size droplets.
      These wet atomized particles of vitamin E emulsion collide with the dried
      particles of absorbent and vitamin E/hydrolyzed gelatin to form large
      agglomerates coated with the absorbent which are easily dried and
      collected. The moisture content, bulk density and particle size range are
      the same as reported for the agglomerated material in Example 1 above.
PAC  EXAMPLE 5
PAR  This example illustrates the procedure for the preparation of a
      free-flowing, high density, agglomerated flavor oil encapsulated powder.
PAR  610 kilograms of low bloom hydrolyzed gelatin are added slowly with
      agitation to 610 kilograms of distilled water heated to
      65.degree.-75.degree.C. The agitation is continued for 2 hours with the
      slurry maintained at 70.degree.-80.degree.C. Agitation is then stopped and
      the temperature is maintained at 70.degree.C. overnight to eliminate the
      air from the heavily foamed gelatin solution.
PAR  The hot hydrolyzed gelatin stock solution is transferred to a homogenizing
      kettle equipped with a Homo-Mixer. Rapid agitation is begun with the
      Homo-Mixer and 152.5 kilograms of a flavor oil (e.g., orange oil, grape
      flavor, pineapple flavor), previously heated to 40.degree.-50.degree.C.,
      is slowly added and emulsified.
PAR  The emulsion is cycled through the sonic homogenizer to prepare an emulsion
      with suitable dispersed particle size, i.e., less than 1-3 microns. The
      solids concentration is adjusted to insure proper spray viscosity, i.e.,
      about 180-200 centipoises per second, by the addition of sufficient
      distilled water. The emulsion is then passed through the sonic homogenizer
      into a suitable storage vessel.
PAR  The inlet temperature of a 14 foot Bowen Dryer is adjusted to 325.degree.F.
      and the outlet temperature adjusted to 200.degree.-210.degree.F. The
      system is balanced using water after which the water is shut off and the
      flavor oil-hydrolyzed gelatin emulsion is fed to the Dryer. The atomizer
      wheel speed positioned below the absorbent inlet is set initially at
      12,000-13,500 rpm and the flow rate of silicic acid absorbent-glidant,
      metered into the Dryer through a top inlet valve, is adjusted to provide a
      glidant concentration approximately equal to 2% by weight of the
      concentration of the spray-dried product. The atomizer wheel speed is then
      adjusted downward to 8,000-9,000 rpm and, after 5 minutes, the Dryer
      outlet temperature is adjusted to 195.degree.-180.degree.F. By these
      adjustments, the emulsion feed rate is increased causing the spray
      droplets to increase in size and agglomerate. The wet agglomerate
      particles are coated with the glidant prior to impinging on the Dryer
      chamber wall. There is no adhesion and thus the thermoplastic particles
      have a long drying period.
PAR  The resulting material is an agglomerated, free-flowing, flavor oil
      encapsulated powder having a bulk density of 35.4 pounds per cubic foot
      and a moisture content of 1.5% to 2.5% by weight.
CLMS
STM  We claim:
NUM  1.
PAR  1. A spray-dried, free-flowing, Vitamin A powder composition suitable for
      use in direct compression tableting techniques which comprises, in
      percents by weight based on the total weight of the powder composition,
      from about 15% to about 30% of vitamin A palmitate, from about 50% to
      about 65% of a hydrolyzed gelatin of low Bloom, from about 10% to about
      20% sucrose, from about 2% to about 6% of
      1,2-dihydroxy-6-ethoxy-2,2,4-trimethylquinoline and from about 1% to about
      5% of silicic acid; said composition in the form of agglomerated particles
      having a bulk density range of from about 35 pounds to about 45 pounds per
      cubic foot.
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PAL  Scrap dough having connected areas and resulting from cutting spaced dough
      shapes from a continuous sheet of dough is continuously returned to the
      mixer after additional new dough ingredients are added to the mixer and
      before full development of the new dough. The scrap dough is continuously
      mixed with the new dough until full development of the new dough occurs.
BSUM
PAR  There have been machines for making cookies and other dough products not
      made of yeast leavened dough in which the scrap resulting after the
      cookies or other similar products have been cut from the dough, is fed
      back to the hopper from which the dough is fed to the cutting mechanism.
      In machines for making cookies and such other products in which a mixer is
      provided, in combination with the cutting mechanism, the scrap is fed back
      to the hopper that supplies the dough to the cookie making machine, but
      there is no means provided for mixing the scrap dough with the dough that
      is supplied to the hopper. Also, in the making of such products as
      macaroni, spaghetti, etc., in which the products produced are extruded by
      the machine, some waste is returned to a duct that feeds it to a
      centrifugal separator and from that it passes into a mixer. The scrap
      material, however, is not from a yeast leavened dough that has been
      sheeted.
PAR  It has been the practice to collect the scrap from cutting dough shapes
      from a sheet of yeast leavened dough, to accumulate a quantity of the
      scrap in a suitable container and periodically dump the accumulated scrap
      into a continuous mixer in which the ingredients of the dough, from which
      the dough shapes are to be cut, are mixed into a uniform mass and the mass
      developed into a dough. This results in the dough discharged from the
      mixer being variable in character as it leaves the same both as to the
      amount of fermentation and the wetness thereof. This makes it difficult to
      produce a uniform product from doughs produced by a continuous mixer that
      have had a relatively large amount of scrap added thereto in the mixer
      periodically.
PAR  It is the purpose of my invention to incorporate the scrap from a dough
      sheet that has had dough shapes cut therefrom into a new dough mixture in
      such a way that the resulting product of the mixing of the new dough and
      the scrap dough will be uniform in character as to the quantity of scrap
      therein as it leaves the continuous mixer. This is highly desirable in
      order to produce a uniform product from the doughs that are supplied to
      the cutting mechanism, when the dough shapes that have been cut from the
      dough are processed to produce a food product in which said dough shapes
      are incorporated.
PAR  By continuously returning the scrap left from cutting dough pieces out of a
      sheeted band of leavened dough, as the scrap is formed, to the continuous
      mixer in which the dough ingredients are mixed and developed into a newly
      mixed dough, in such a manner that the scrap dough is introduced to the
      mass being mixed continuously with the new dough that is being developed
      by the mixer, a uniform amount of the scrap material will be continuously
      introduced into the new dough during the mixing operation thereof to
      produce a uniform mixture of the added scrap and the new dough and the
      resultant dough mixture discharged from the continuous mixer will be
      uniform and capable of producing uniform products from the dough shapes
      cut therefrom.
DRWD
PAR  Other objects and advantages of my invention will appear as the description
      of the drawings proceeds. I desire to have it understood, however, that I
      do not intend to limit myself to the particular details shown or described
      except as defined in the claims.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view partly in elevation and partly in plan
      showing the arrangement of apparatus provided for making the dough shapes
      and for carrying out my method of producing the dough mixture containing
      the scrap dough produced by the apparatus.
PAR  FIG. 2 is a detail perspective view showing the means for transferring the
      scrap dough from the cutting table conveyer to a return conveyer extending
      to the continuous mixer and,
PAR  FIG. 3 is a longitudinal sectional diagrammatic view through the mixer
      showing a fragmentary portion of the discharge end of the scrap dough
      return conveyer.
DETD
PAR  Referring in detail to the drawings, in FIG. 1 a continuous mixer 5 is
      whown which is provided with suitable mixing mechanism comprising a
      plurality of shafts 6 with paddles 7 thereon that are so arranged as to
      convey the contents of the mixer from adjacent the entrance end 8 thereof
      to adjacent the exit end 9 thereof. The dough ingredients are supplied to
      the continuous mixer 5 adjacent the entrance end 8 thereof through
      suitable conduits 10, 11 and 12, the conduit 10 extending from a suitable
      flour container 13 to which flour is supplied so as to keep a
      predetermined minimum amount therein, the details of the means for
      providing for a controlled supply of flour not being shown. Water and
      other liquid ingredients of the dough are supplied in a controlled manner
      through a conduit 11 emptying into the mixer 5 near the entrance end 8
      thereof and other dry ingredients of the dough mixture, including yeast,
      are supplied to the dough mixer near the entrance end 8 thereof through
      conduit 12 from a container 14, which is supplied with a suitable mixture
      thereof, in a controlled suitable manner. A partition or baffle 15 may be
      provided in the body portion of the mixer 5 to prevent any of the
      ingredients from passing into the portion of the mixer body to the right
      of said partition until after the ingredients have been engaged by at
      least one or more of the paddles 7.
PAR  The agitating means comprising the paddles 7 not only moves the mixer
      contents toward the exit end 9 of the body portion of the mixer 5, but
      also first incorporates the wet and dry ingredients into a mass in which
      the ingredients are uniformly mixed and then as the contents of the mixer
      pass toward the exit end 9 thereof, exert pulling forces on the mass of
      dough to fully develop the dough. A discharge outlet 16 is provided in the
      underside of the mixer 5 from which the developed dough passes onto a belt
      conveyer 17. A stream of developed dough 18 thus is provided on the
      conveyer belt 17.
PAR  The conveyer belt 17 discharges onto a conveyer belt 19 which passes
      through a chamber 20 in which the temperature and humidity are suitably
      controlled so as to be favorable to the fermentation of the dough 18
      passing through the same on the belt. The stream of dough 18, after having
      been fermented in the chamber 20, passes into the hopper 21 of an extruder
      22 which is similar to that shown in the patent to Jorgensen et al. U.S.
      Pat. No. 2,888,886, having a dough pump incorporated therein, such as
      shown in said patent, to discharge a uniform stream 23 of extruded dough
      in the form of a flat faced strip therefrom which passes over at least a
      pair of conveyer belts 24 and 25, which are provided with flour dusters 26
      and 27, to apply a coating of dusting flour to both faces of said strip
      23. The floured strip 23 then passes into a proofer 29 in which it passes
      over a plurality of conveyer belts 28 successively so as to provide the
      desired time period during which said extruded dough strip is subjected to
      fermentation. A discharge belt 30 conveys the dough strip 23 from the
      proofer to a sheeting mechanism, which is provided with sheeting rollers,
      such as shown in the patent to Sticelber U.S. Pat. No. 2,699,737, that
      have an inner load sustaining metallic core and a sleeve of teflon
      surrounding the core. The sheeting mechanism is shown diagrammatically at
      31, being provided with pairs of sheeting rollers 32 and 33, and 34 and
      35. The sheeting mechanism discharges the stream of dough, in the form of
      an imperforate band 36, which is of uniform width and thickness, onto the
      conveyer belt 37 to which a coating of dusting flour is supplied by the
      flour duster 38. The conveyer belt 37 operates over a suitable cutting
      table 39, with which a cutting roll 40 cooperates to cut the dough shapes
      41 out of the imperforate sheet 36. One of the cut dough pieces 41 is
      shown in FIG. 1 at the right end of the conveyer 37 on the same and
      another such cut dough shape 41 is shown as passing off the conveyer belt
      37 onto a conveyer belt 42 which conveys the cut dough pieces or shapes 41
      to other mechanism where the other ingredients of the food product in
      which the dough shapes are used are added to the dough shapes 41 for
      producing the product in which the dough shapes are used. A transfer
      conveyer 43 extends upwardly at an angle from the conveyer belt 37 and is
      independently driven so as to operate at a higher rate of travel than the
      conveyer belt 37.
PAR  In carrying out my method the continuous length 44 of dough scrap remaining
      after the dough shapes 41 have been cut therefrom is manually directed
      onto the transfer conveyer 43. The dough, due to the processing thereof up
      to where the shapes 41 are cut therefrom, is of such a character that the
      dough has sufficient strength that after being started on the transfer
      conveyer 43, the connected areas of scrap dough that remain between the
      dough shapes cut out of the same will not separate but will continue to
      remain connected together as the scrap is transferred onto the transfer
      conveyer belt 43 and is carried by it to a conveyer belt 45. The conveyer
      belt carries the stream of connected scrap back to the mixer 5, which is
      provided with an opening 46 in the top thereof, below the discharge end of
      the conveyer belt 45 so that a continuous stream of dough scrap carried by
      the conveyer belt 45 will be continuously discharged at a uniform rate
      into the body of the mixer 5 in spaced relation from the discharge end
      thereof, so that the stream of dough scrap will be uniformly and
      thoroughly mixed with the mixing dough ingredients before the dough being
      mixed in the continuous mixer 5 is completely developed.
PAR  The conveyer belt 43 is driven by a motor 47 through a suitable speed
      controlling device 48 at a lineal speed slightly greater than the lineal
      speed of the conveyer belt 37 so that the conveyer belt 43 exerts a slight
      pulling action on the band of scrap dough 44 to continuously pull it off
      the belt 37 after it has been started on the belt 43 manually, (See FIG.
      2). The continuous stream of scrap dough 44 will thus be continuously fed
      into the mass of new dough 49 in the mixer 5 while it is being mixed (See
      FIG. 3), the scrap dough 44 being uniformly mixed with the new dough 49
      before the uniform mixture 50 is discharged through the outlet 16.
PAR  While dough disks circular in shape are shown in the drawings which would
      be of the character used in making such products as pizzas and tortillas,
      the method is usable for incorporating scrap dough from which dough shapes
      of other shapes and sizes than shown have been cut, such as the scrap
      resulting from cutting out suitable dough shapes for making pretzels,
      frozen pies, biscuits, English muffins, doughnuts, and what bakers refer
      to as "sweet goods". The size and number of dough shapes shown in the
      drawings as cut out of the dough band 36 in FIG. 2 is not the size and
      number cut from any dough band for any particular product, but is merely
      illustrative of any dough shape, the cutting of which from a band of
      sheeted dough produces a continuous connected stream of scrap.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. The method of continuously making a uniform dough mixture, containing
      scrap sheeted leavened dough in a continuous dough mixer comprising
      continously mixing into a new dough the dough ingredients required for
      said new dough and feeding a continuous length of connected areas of said
      scrap dough in a substantially uniform stream into the mass of mixing new
      dough ingredients in said mixer prior to completion of development of said
      new dough, and continuing the mixing of said scrap dough with said new
      dough ingredients to the full development of said new dough.
NUM  2.
PAR  2. The method claimed in claim 1 in which the connected areas of scrap
      dough are produced by cutting spaced dough shapes from a continuous
      imperforate band of said sheeted leavened dough.
NUM  3.
PAR  3. The method claimed in claim 1 in which the scrap dough is yeast
      leavened.
NUM  4.
PAR  4. The method claimed in claim 2 in which the scrap dough is yeast
      leavened.
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PAL  A process for the production of a protein food, especially cheese, which
      comprises coagulating the coagulable proteins of a milk, treating the curd
      obtained by ultrafiltration on at least one semi-permeable membrane and
      collecting a concentrated curd of which the dry solids content and the
      ratio by weight of proteins to non-proteins are substantially equal to
      those of the end product.
BSUM
PAR  This invention relates to a process for the production of protein foods,
      especially cheese.
PAR  The manufacture of cheese by conventional methods generally involves a
      succession of separate operations, the first of which is the preparation
      of a coagulum or curd. In this operation, the casein in the milk is
      coagulated by the action of an enzyme or enzymatic system, such as rennet,
      or by biological acidification obtained by adding lactic ferments.
      Acidification may optionally be combined with the action of the rennet.
      The curds obtained are either rennet curds or lactic curds, depending upon
      the relative proportions of rennet and ferments used, the intermediates
      being in the form of half-rennet, half-lactic curds. Coagulation, of which
      the effect is to transfer the casein from a colloidal phase to a
      precipitated phase, is accompanied by the formation of a liquid known as
      serum or whey which entrains the water soluble substances, such as serum
      proteins (lactalbumin for example), lactose, non-complexed mineral salts,
      etc. and which is expelled more or less rapidly and more or less
      spontaneously.
PAR  Separation of the liquid and precipitated phases is carried out or
      completed during the operation known as "draining" where the curd,
      previously cut and disposed on a surface or in suitable moulds, exudes the
      serum. The cutting or subdividing of the curd is an important operation
      because, by increasing the syneresis surface, it enables the draining
      rate, which is partly responsible for the chemical composition of the
      curd, to be adjusted. It is for this reason that a predominantly rennet
      curd drains very rapidly, which does not allow the serum to become
      sufficiently acidified under the influence of the lactic ferments to
      entrain the mineral substances fixed to the casein. A curd of this kind is
      hardly "demineralised" and its further processing gives cheeses of the
      hard or cooked curd kind. By contrast, predominantly lactic curds, whose
      draining is sufficiently slow for the serum to dissolve and to entrain all
      the mineral substances, are highly demineralised and lead in particular to
      cheeses of the fresh curd type. There is obviously a whole range of curds
      having an intermediate composition from which cheeses of the soft curd or
      semi-firm curd kind are produced.
PAR  In traditional cheese making, draining is an operation of fairly long
      duration which necessitates large rooms specially adapted for this purpose
      and considerable manual labour. In addition, cheeses of the "fresh curd"
      type are manufactured, as previously mentioned, from lactic curds which
      only exude the serum very slowly. Normally, draining is carried out in
      bags or, better still, by centrifuging, operations which are either
      labour-intensive or involve additional outlay on machinery.
PAR  An object of the present invention is to obviate these disadvantages. The
      invention relates to a process for the production of a protein food,
      especially cheese, which comprises coagulating the coagulable proteins of
      a milk to provide a curd, treating the curd obtained by ultrafiltration on
      at least one semi-permeable membrane and collecting a concentrated curd of
      which the dry solids content and the ratio by weight of proteins to
      non-proteins are substantially equal to those of the protein food.
PAR  In the context of the invention, milk is, on the one hand, a milk of animal
      origin, such as milk obtained from cows, goats, ewes, cow buffalos,
      zebras, mares, asses, camels, etc. This milk can be a milk in the "native"
      state, a standardised and/or homogenised milk, a reconstituted milk, a
      skimmed milk or, finally, a milk which has been subjected to the
      treatments commonly applied in dairy technology, for example
      pasteurisation, UHT (ultra-high temperature) sterilisation or HTST
      (high-temperature short time) sterilisation. On the other hand, the term
      milk as used in the context of the invention also applies to the milk
      commonly known as "vegetable milk", i.e. an extract of optionally treated
      vegetable matter, such as the leguminosae (soya, chick-peas, lentils,
      etc.), or oleaginous plants (for example rape, sesame or cotton), extracts
      of this kind containing proteins in solution or in colloidal suspension
      which can be coagulated by the conventional techniques referred to above,
      by chemical action and/or under heat. Vegetable milks of this kind may
      have been subjected to heat treatments similar to those applied to animal
      milks. They may also have been subjected to treatments that are specific
      to them, such as decolouration, deodorisation and treatments for
      suppressing undesirable tastes. Finally, the word milk as used in the
      context of the invention also applies to mixtures of animal and vegetable
      milks, each of them optionally having been subjected to the preliminary
      treatments described above. Most preferably, the starting material in the
      process of the invention is a cow's milk which may have a protein to
      lactose ratio in the range 0.5:1 to 0.9:1. The milk is desirably
      substantially free of fat, as this facilitates the ultrafiltration
      operation. For example, a skimmed milk, containing 7 to 11% dry matter may
      be used.
PAR  The concentrated curd is the "retained" fraction which does not pass
      through the semi-permeable membrane and which therefore contains the
      compounds of high molecular weight, especially the proteins. Finally, the
      end product in the context of the invention is the product ready for
      packing, which by no means implies that the product in question cannot be
      subjected to complementary technological treatments such as, for example,
      enrichment with fats, aromatisation or colouring or, in the case of a
      product of the cheese type, subsequent development such as, for example,
      maturing and/or ripening.
PAR  The phenomena of coagulation by rennet and by biological acidification were
      discussed earlier. They are well known among experts and need not be
      described here. Coagulation can also be induced by chemical action, for
      example by the addition of metal cations or of a mineral acid, such as
      hydrochloric acid, or of an organic acid such as citric acid or lactic
      acid, or even, within certain limits, by heat, although an excessive or
      over-prolonged increase in temperature is prejudicial to the proteins.
      Finally, coagulation can, if necessary, be satisfactorily carried out by
      any combination of the means described above.
PAR  Ultrafiltration is a technique in which the constituents of a mixture are
      separated according to their molecular weight. For this purpose, the
      mixture to be treated is passed under an adequate pressure through a
      semi-permeable membrane which allows the constituents of low molecular
      weight to pass through relatively easily, whilst the constituents of high
      molecular weight are retained. It is essential to generate turbulence in
      order to avoid polarisation at the level of the membrane which would have
      an adverse effect upon the efficiency of the operation. The selectivity of
      this membrane, which is also known as the "separation zone" (minimum
      average molecular weight of the substances which do not pass through) is
      obviously governed by its chemical and/or physical constitution.
      Commercially available membranes are usually made of cellulose acetate,
      polyvinyl chloride or polyacrylonitrile.
PAR  The curd, having the same composition as the milk starting material is
      passed through a membrane designed to retain all the proteins, but to
      allow through all the non-proteins. The working pressure and temperature
      should be compatible with the mechanical strength of the membrane or
      membrane/support assembly. In general, the pressure is from 1 to 60 atms
      and the temperature from 0.degree. to 70.degree.C. In order not to affect
      either the integrity or the properties of the curd, it is best to apply
      temperatures in the range from 5.degree. to 30.degree.C and pressures in
      the range from 1 to 20 atms.
PAR  In order to provide the end product with particular characteristics, the
      process according to the invention can be completed by various additional
      and optional operations such as, for example, modification of the starting
      milk by any means known to the expert, by the addition of proteins for
      example, or even homogenisation or milling. The concentrated curd itself
      can be subjected to homogenisation or milling. It can be packed as such or
      converted into powder form, for example by lyophilisation. It is possible
      to add to the curd fats, flavourings, aromatics, spices and/or colourants,
      or to increase its volume by whipping or to inoculate it with
      microorganisms for developing a particular flavour and/or for modifying
      its texture during maturing and/or ripening.
PAR  For practical application, the process according to the invention
      necessitates the use of an "ultrafiltration module" which generally
      comprises a large number of membranes arranged in series and in parallel
      on supports in the form of porous plates arranged adjacent one another at
      regular intervals, or in the form of porous tubes arranged in bundles.
      Ultrafiltration modules are available on the chemical industry market.
      These modules can be used in different ways. In a first batch-type
      application, a batch of curd is ultrafiltered, the concentrated curd
      separately collected and, on completion of the operation, reintroduced
      into the ultrafiltration module. These operations are continued until the
      concentrated curd has the required composition. Another, semi-continuous
      application also starts with a batch of curd, except that in this case the
      concentrated curd formed is continuously recycled through the tank which
      initially contained the batch of starting curd. Development of the
      compositions as a function of time is preferably predetermined for a given
      curd, other factors remaining constant, with the result that it is
      possible during production to obtain a suitable concentrated curd simply
      by selection of the ultrafiltration time. Another method of application
      which is of commercial interest because it is continuous, is based on the
      use of an assembly of identical or different modules arranged in series
      and comprising as many units as is necessary to obtain the required
      concentrated curd.
PAR  In one particular embodiment of the invention, a curd is prepared by the
      coagulation, with lactic ferments and traces of rennet, of a skimmed milk
      containing approximately 9% of dry solids and having a protein to lactose
      ratio of about 0.7. After standing for 12 to 36 hours at around 15.degree.
      to 25.degree.C, a lactic curd of thin consistency is obtained. By virtue
      of its thin consistency, this lactic curd can readily be pumped and
      introduced into an ultrafiltration module. It is ultrafiltered under a
      pressure of from 1 to 20 atms, preferably under a pressure around 10 atms,
      at a rate of about 4000 to 5000 l/h/m.sup.2 of membrane at a temperature
      in the range from 5.degree. to 30.degree.C, advantageously at a
      temperature of 20.degree.C. This operation has one major advantage over
      traditional draining insofar as the serum proteins, normally eliminated
      with the whey, remain in the concentrated curd, thereby increasing the
      overall yield of the conversion of milk into cheese by approximately 12%,
      based on the end product. In addition, it is found that, in spite of the
      apparent relative viscosities of the milk and curd, the curd can be
      ultrafiltered much more easily because the surface area of membrane
      required for the same volume is reduced by a factor of 3 to 4.
PAR  In this embodiment, the concentrated curd collected has a dry solids
      content of from 10 to 20%, preferably from 13 to 15%, these values
      corresponding to a protein: lactose ratio of 1.2 to 1.6. A concentrated
      curd of this kind is in fact a cheese of the fresh curd type which is
      either edible as such or which can be modified by the addition of fats,
      flavourings, aromatics, spices and/or colourants. If necessary, all these
      products can be pasteurised or sterilised.
PAR  The following Examples illustrate the application of the process according
      to the invention, although it is by no means limited to the conditions
      described therein.
DETD
PAC  EXAMPLE 1
PAR  300 liters skimmed cows milk having a solids content of 9%, which has been
      pasturised for 30 seconds at 90.degree.C in a plate-type pasteuriser, are
      poured into a 400 liter tank equipped with an outlet pipe, followed by the
      addition of 1.5 cc of 1/10,000 rennet and 6 liters of mesophile lactic
      starters. After standing for 24 hours at a temperature 19.degree.C, a curd
      of friable texture with a pH-value of less than 4.6 is obtained. The
      outlet pipe of the tank is then connected through a positive displacement
      pump (make PCM, type L 62 G) to the inlet end of an ultrafiltration module
      (make ABCOR, type UF 44 S) comprising 20 cellulose acetate membranes, each
      with a surface area of 0.2 m.sup.2, wound around porous cylindrical
      supports. The 20 membranes are arranged in two groups of 10 membranes fed
      in parallel. By means of the pump, the curd is delivered into the module
      at a rate of 16,000 l/h, the concentrated curd being recycled to the tank
      commensurate with its concentration. All these operations take place at
      ambient temperature, i.e. at around 20.degree.C. After 1 hour and 15
      minutes, the installation is stopped and a product with a dry solids
      content of 13% and a protein:lactose ratio of 1.2 is collected in the
      tank. After cooling to 10.degree.C, this product is in the form of a
      malleable paste edible as white skim-milk curd cheese. The texture is
      homogeneous and smooth and does not necessitate subsequent homogenisation
      or milling.
PAC  EXAMPLE 2
PAR  18 kg of cream containing 500 g of fats per kg and 4.5% of non-fat solids
      are added to 100 kg of concentrated curd with a dry solids content of 13%
      obtained as described in Example 1. Homogenisation gives a mixture with a
      total dry solids content of 19.3% and a ratio by weight of fats to
      non-fats of 40%. This mixture constitutes a fresh cheese which can be
      eaten as such or following the addition of fresh or dry parsley, crushed
      garlic, pepper and/or salt.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a protein food, especially cheese, which
      comprises coagulating the coagulable proteins of a vegetable or an animal
      milk to provide a curd, treating the curd obtained by ultrafiltration on
      at least one semi-permeable membrane and collecting a concentrated curd of
      which the dry solids content and the ratio by weight of proteins to
      non-proteins are substantially equal to those of the protein food.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the curd is treated by
      ultrafiltration at a pressure in the range from 1 to 20 atms.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein the curd is treated by
      ultrafiltration at a temperature in the range from 5.degree. to
      30.degree.C.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein a concentrated curd with a dry
      solids content of from 10 to 20% is collected.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the milk is a skimmed milk.
NUM  6.
PAR  6. A process according to claim 1, in which the curd is homogenised or
      milled before ultrafiltration.
NUM  7.
PAR  7. A process according to claim 1, in which the concentrated curd is
      homogenised or milled.
NUM  8.
PAR  8. A process for the preparation of a cheese which comprises coagulating
      the coagulable proteins of a skimmed milk to provide a curd, treating the
      curd by ultrafiltration at a temperature of 5.degree. to 30.degree.C and
      collecting a concentrated curd having a dry matter content of 10 to 20% by
      weight.
NUM  9.
PAR  9. A process as claimed in claim 8, wherein the curd is treated by
      ultrafiltration at a pressure in the range from 1 to 20 atms.
NUM  10.
PAR  10. A process according to claim 8, in which at least one of a fat, a
      flavouring, a seasoning, a spice and a colouring is added to the
      concentrated curd.
NUM  11.
PAR  11. A process according to claim 8, in which the curd is homogenised or
      milled before ultrafiltration.
NUM  12.
PAR  12. A process according to claim 10, in which the concentrated curd is
      homogenised or milled.
NUM  13.
PAR  13. A process for the production of a protein food comprising the steps of
PA1  coagulating the coagulable proteins of a vegetable or an animal milk to
      provide a curd while transferring casein in the milk from a colloidal
      phase to a precipitated phase and simultaneously forming a liquid serum
      entraining water soluble substances including serum proteins therein; and
PA1  ultrafiltrating the curd under a pressure of from 1 to 60 atmospheres and a
      temperature of from 0.degree. to 70.degree.C to retain said serum proteins
      in the curd while removing said liquid serum and to thereby obtain a
      concentrated curd of which the dry solids content and the ratio by weight
      of proteins to nonproteins are substantially equal to those of the protein
      food.
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ABST
PAL  A process for making fat-free flavorless peanut flakes having utility as a
      high protein food extender by forming an aqueous mix of finely ground raw
      peanuts, or raw peanuts from which a part of the oil has been removed by
      mechanical pressure, drying the mix into a thin stratum, and extracting
      the oil with a solvent such as hexane. The process includes making
      full-fat, or partially defatted, flavorless shelf-stable peanut flakes or
      flour by the removal of volatile flavor compounds from an aqueous
      emulsion-suspension of finely ground raw peanuts, heating the
      emulsion-suspension to high temperatures, and dehydrating the cooked
      emulsion-suspension. Antioxidants and metal complexing agents may be added
      to the emulsion-suspension prior to dehydration. The aqueous
      suspension-emulsion is useful for preparation of milk-like beverages after
      removal of volatile flavor compounds, before or after dehydration.
      Defatted, partially defatted, and full-fat peanut flakes are useful in
      formulations for sandwich spreads, confections, imitation meat-type items,
      breakfast cereals and in peanut butter to modify consistency and reduce
      stickiness in the mouth, and as extenders for meat poultry, and fish.
BSUM
PAR  Peanuts are highly valued in many areas of the world as a source of oil for
      food and industrial uses, since they have a protein content of 27 to 30%,
      and an oil content of about 50%. The oil is usually obtained by hydraulic
      or screw pressing. In these processes it is necessary to heat the peanuts
      to high temperatures to obtain an efficient release of the oil. This
      results in scorching and browning of the material known as "press cake,"
      from which the oil has been expressed. Since it is not possible to remove
      all of the oil by pressure alone, about 6 to 15% of the oil usually
      remains in the press cake. To obtain an oil-free press cake, it is
      necessary to extract residual oil by means of solvents. However, because
      of the high temperatures generated in the pressing operation, the oil-free
      residue is dark in color and of poor flavor. For these reasons, the press
      case from oil mills is usually not suitable for use in human foods, and is
      sold as an animal feed ingredient.
PAR  In U.S. Pat. Nos. 3,689,287 and 3,800,056, the applicant has described
      processes for manufacturing precooked peanut flakes having satisfactory
      shelf life even though the flakes contain considerable quantities of oil.
      It has also been shown in U.S. patent application Ser. No. 453,615 filed
      Mar. 22, 1974, that whereas raw peanuts have a prolonged shelf life, the
      shelf life of peanut flakes containing oil is dependent to a considerable
      degree on the time-temperature relationships in cooking the water slurry
      of finely ground peanuts prior to drying. It was postulated that
      pro-oxidants are formed during limited cooking, and that these
      pro-oxidants are inactivated, or that oxidation inhibitors are formed,
      during further cooking, especially at elevated temperatures. It has been
      found that these effects of heat treatments are due chiefly to changes
      occurring in the non-oil portion of the peanut material.
PAR  As indicated in U.S. Pat. Nos. 3,689,287 and 3,800,056, low fat, high
      protein peanut flakes may be prepared from precooked full-fat peanut
      flakes by solvent extraction. While this is a feasible method of preparing
      essentially fat-free flakes, the applicant has improved the process for
      producing fat-free flakes and peanut oil in a manner that greatly
      increases the rate of production and thus increases commercial
      feasibility. When used in large scale operations, this process will not
      only yield excellent quality peanut oil, but will also provide essentially
      oil-free, white, flavorless, peanut flakes with a protein content of 54 to
      60% which may be used to increase the protein content of many foods.
PAR  A 100% increase in the rate of production is achieved by drying an uncooked
      aqueous slurry of finely ground peanuts rather than a cooked slurry. When
      the slurry is cooked, the proteins coagulate and starch gelatinizes.
      causing a great increase in consistency. Because of this, it is essential
      to use more water in preparation of a slurry which is to be cooked than in
      preparation of a slurry which is not to be cooked, since the consistency
      of the slurry must fall within limits which permit it to spread evenly
      onto the surface of the drum for drying.
PAR  In the processes described in U.S. Pat. Nos. 3,689,287 and 3,800,056, dry
      peanuts are ground to a very fine state, mixed with water, and cooked
      prior to drum drying. Drum drying of an uncooked slurry prepared in this
      manner results in leakage of peanut oil as the material is being dried.
      The effect of this is that the oil drops from the drum surface, resulting
      in an economic loss, and oily flakes which cannot be handled in a
      satisfactory manner. It has now been found that no oil leakage occurs when
      an uncooked slurry of finely ground peanuts is dryed if the fine grinding
      is conducted in the presence of water. This method, described in U.S.
      patent application Ser. No. 453,615, involves grinding raw shelled whole
      peanuts, or peanuts from which a portion of the oil has been removed by
      pressure, with water to form a slurry of smooth consistency. Another
      advantage of this method is that fine grinding, mixing, and emulsification
      are completed in one operation with resultant savings in time.
PAR  Since the purpose of the process of the present invention is to produce
      fat-free peanut flakes and peanut oil, cooking prior to drying is not
      necessary since essentially no oil remains in the flakes after solvent
      extraction, and thus the flake cannot become rancid. Rancidity occurs as a
      result of oxidation of fats or oils. The oil is also of good quality, and
      has excellent shelf life after extraction from the flakes.
PAR  The inventive process provides a flaked form of the peanut from which the
      oil is easily removed by solvent extraction, thus yielding white defatted
      flakes of high quality since the damaging effects of the high temperatures
      generated in hydraulic and screw pressing are avoided.
PAR  This new process involves breaking the plant cells, which contain the oil,
      by grinding. Obviously, it is not commercially feasible to extract oil
      from a pasty mass of finely ground dry peanuts. On the other hand, oil is
      easily extracted from the flakes which are formed by drying the slurry
      prepared by disintegrating the peanuts in the presence of water. The
      texture of the flakes formed in this manner facilitates immediate
      penetration of the extraction solvent.
PAR  Flakes prepared by the process described in this application are instantly
      rehydratable and have excellent water absorption and water holding
      capacity. These properties are important with respect to certain uses for
      flakes in food products, as for example in extending ground beef, fish or
      poultry.
PAR  Further advantages of the process described in this application are that
      various materials may be added to the water slurry of finely ground
      peanuts. By this means, the added materials are incorporated into the
      flakes formed by drying the slurry. Among such materials are soy flour or
      protein, cottonseed flour or protein, food coloring such as caramel color,
      nutritionally essential amino acids and other substances which improve the
      color, texture, flavor, or nutritive values with respect to intended food
      uses. Antioxidants and synergists may be added to the slurry, if
      desirable, to protect the extracted oil from oxidation.
PAR  To produce the highest quality flakes, it is preferable that the red skins
      be removed from the shelled peanuts. Depending upon the ultimate use of
      the flakes, it may be also desirable to remove the hearts which have a
      bitter flavor. Shelled peanuts which have been blanched to remove red
      skins are commercially available and may be used in this process. It is
      preferable not to use peanuts which have been roasted prior to or after
      blanching.
PAR  As previously indicated, some of the oil may be removed from the peanuts by
      mechanical pressure prior to processing them into flakes by the method
      described in this application provided that the method used for removing
      some of the oil does not cause heat damage to the non-fat constituents
      (protein and carbohydrates). Peanuts from which some of the oil has been
      removed by mechanical pressure as described in U.S. patent application
      Ser. No. 453,615, are suitable for this purpose.
PAR  A convenient method for forming the aqueous slurry of finely ground peanuts
      involves an initial coarse grinding of the peanuts through 1/8 -inch holes
      in the plate of a grinding mill, such as a meat grinder on a Reitz
      Disintegrator, in order to reduce the particle size of the peanuts without
      breaking enough oil cells to yield an oily sticky mass. The coarse peanut
      meal obtained in this manner is then combined with only enough water to
      form a slurry which can be transferred to a second mill where it is ground
      through a fine screen or passed between the rotating carborundum rotor and
      stator of a colloid-type mill where the clearances are set to yield a
      slurry of smooth consistency free of any particulate matter. In addition
      to the grinding action, the oil is emulsified by this treatment, and the
      emulsion is stabilized by the soluble protein constituents of the slurry.
      The slurry may be conveniently dried on a double or single drum dryer,
      assuming that the moisture content of the slurry is adjusted to provide a
      suitable consistency for the type of drum dryer which is used. The peanut
      flakes formed by this method should be subjected to solvent extraction as
      soon as possible to avoid oxidation of the oil. Solvent extraction
      equipment which can be used for this purpose is commercially available.
PAR  A further improvement has been effected with regard to the methods for
      producing the oil-containing precooked dehydrated peanut flakes and spray
      dried products described in U.S. patent application Ser. No. 453,615. In
      has been found that, although the dehydrated peanut materials produced by
      the processes described in that application have a very bland flavor, it
      is possible to reduce the flavor to an essentially zero level if the
      peanut-water slurry is treated to remove volatile flavor compounds prior
      to processing it into dehydrated forms. This was conveniently accomplished
      in an agitated thin film evaporator operated at atmospheric pressure or
      under vacuum. The compounds which are responsible for the flavor of raw
      peanuts are removed with the water vapor which evaporates from the thin
      film of slurry. The presence of the compounds in the condensate of
      evaporated water may be readily detected as a strong unpleasant raw odor
      and flavor. The slurry, after passage through the thin film evaporator, or
      any other suitable equipment to remove volatile flavor compounds is then
      precooked and dehydrated as described in U.S. patent application Ser. No.
      453,615.
PAR  The peanut-water slurry after passage through the thin film evaporator is
      excellent as a base for a milk-like beverage. When such a slurry was
      diluted with water to a protein content of about 3.0%, and an oil content
      of 5.0% (one part full-fat peanut material and nine parts water), the
      appearance was essentially that of whole cow's milk. It was flavored to
      closely resemble cow's milk by the addition of a small amount of cream
      flavoring and sugar.
PAR  When it is desirable to produce the base material for the milk-like
      beverage, the peanuts may be finely ground before mixing with water, as
      described in U.S. Pat. Nos. 3,689,287 and 3,800,056, or the peanuts may be
      finely ground with water as described in U.S. patent application Ser. No.
      453,615.
PAR  Fat-free drum dried peanut flakes are excellent as meat extenders since the
      protein has been rendered insoluble by drum drying. On the hand, proteins
      in thinly sliced defatted peanuts are largely soluble in water and enzymes
      are still active.
DETD
PAR  In the following, a number of a examples are given to illustrate more
      fully, the various methods by which the fat-free flakes were produced from
      ground unroasted peanuts.
PAC  EXAMPLE 1
PAR  Five pounds of blanched unroasted peanuts were ground through 1/8-inch
      holes in a grinder such as the type used to grind beef. The coarsely
      ground peanuts were mixed with 5 pounds of water and passed through a
      colloid mill equipped with carborundum-surfaced rotor and stator set for a
      clearance of about 0.004 to 0.010 inch. (Other types of mills might be
      used provided that the slurry formed is an emulsion-suspension of oil and
      finely divided solids.) The smooth slurry was dried on a drum dryer and
      scraped off with doctor blades, forming a dry stratum which was broken
      into flakes. The flakes were then extracted with hexane to remove oil.
      Hexane was evaporated from the flakes. The fat-free flakes obtained were
      white, odorless, and flavorless, with a protein content of between 55-60%.
      Peanut oil of good quality was obtained by distillation of hexane from the
      extract.
PAC  EXAMPLE 2
PAR  Five pounds of blanched peanuts, from which about one-half of the oil had
      been expressed by applying pressure, were ground through 1/8-inch holes in
      a meat grinder. The coarsely ground peanuts were mixed with 7 pounds of
      water and passed through a colloid mill equipped with carborundum-surfaced
      rotor and stator set for a clearance such that the material which passed
      through the mill had a smooth consistency. The clearance was usually set
      between 0.004 and 0.010 inch. The smooth slurry was dried on a drum dryer
      and scraped off the revolving drum, forming a dry stratum which was broken
      into flakes. The flakes were then extracted with a fat solvent such as
      hexane to remove oil. After evaporation of hexane from the flakes they
      were completely free of flavor and were white in color. The flakes are
      instantly rehydratable in water. The dry flakes were, for some purposes,
      ground into flour or powder form. Hexane was removed from the oil by
      evaporation, and the oil was then suitable for refining in the usual
      fashion.
PAC  EXAMPLE 3
PAR  Peanuts were processed as described in Examples 1 and 2 with the exception
      that, after blanching to remove red skins, the hearts (epicotyl and
      hypocotyl) were separated from the cotyledons and discarded prior to
      grinding the cotyledons. (The hearts contain substances which have a
      slightly bitter flavor, and if the finished peanut flakes are to be used
      in very bland foods it may be advantageous to remove the majority of the
      hearts from the peanuts.)
PAC  EXAMPLE 4
PAR  Peanuts were processed as described in Examples 1 and 2 with the exception
      that substances such as oil insoluble food coloring (caramel coloring) or
      flavors, nutrients such as amino acids, vegetable and animal proteins,
      and/or carbohydrates were incorporated into the slurry prior to drying it.
PAC  EXAMPLE 5
PAR  Five pounds of blanched unroasted peanuts were ground through 1/8-inch
      holes in a grinder. The coarsely ground peanuts were mixed with about 5
      pounds of water and passed through a colloid mill equipped with
      carborundum-surfaced rotor and stator set for a clearance between about
      0.004 and 0.010 inch. This slurry, of smooth consistency, was mixed with
      about ten pounds of water. It was then passed into an agitated thin-film
      evaporator. The outer jacket of the evaporator was heated to a temperature
      between about 212.degree. and 300.degree.F. The flow rate of the slurry
      through the evaporator was such that the chemical compounds which cause
      uncooked peanuts to have a "raw peanut flavor" were removed along with the
      water which evaporated from the thin film of slurry as it passed through
      the evaporator. The condensed water vapor which was removed from the the
      peanut slurry had a pronounced unpleasant odor. When the process was
      conducted to reduce the moisture content of the emulsion-suspension from
      about 75% water to 66%, or less, all raw peanut flavor was removed from
      the emulsion-suspension, or slurry, leaving it essentially flavorless. The
      slurry was then heated under pressure to a temperature between about
      212.degree. and 325.degree.F in a scraped surface heat exchanger or by
      direct contact with injected steam or by a combination of both of these
      heating methods. Within this temperature range the desired effects which
      result in stabilizing the oil against oxidation are achieved by heating
      for longer times at the lower temperatures or shorter times at the higher
      temperatures. The required time at any temperature can be provided by
      suitable holding equipment. Prolonged holding at the higher temperatures
      must be avoided to avoid damaging the quality of the product. Heating as
      long as 60 minutes at 212.degree.F and about 1 second at 325.degree.F have
      been found to be satisfactory; however, in continuous commercial operation
      it would obviously be impractical to hold the product for prolonged
      periods of time at elevated temperatures.
PAC  EXAMPLE 6
PAR  The procedure in this example was the same as in Example 5 with the
      exception that after passage through the heat exchanger, the cooked
      emulsion-suspension was drum dried or spray dried as has been described in
      U.S. Pat. Nos. 3,689,287 and 3,800,056, and U.S. patent application Ser.
      No. 453,615.
PAC  EXAMPLE 7
PAR  The procedure in this example is the same as in Example 5 with the
      exception that the thin-film evaporator was operated under vacuum by
      connecting a vacuum pump or steam ejector to the condenser. It was thus
      possible to remove water and raw peanut flavors at relatively lower
      temperatures.
PAC  EXAMPLE 8
PAR  The procedure in the example is the same as in Examples 5 and 6 with the
      exception that the emulsion-suspension was not dehydrated and was used in
      preparation of a milk-like beverage. Water was added to the
      emulsion-suspension, after removal of volatile flavor compounds in the
      agitated thin-film evaporator, to achieve the desired protein to oil
      ratio. When full-fat peanuts are used as the starting material, a dilution
      of 1 part peanut-solids with 9 parts water provides a beverage with about
      3.0% protein and 5.0% oil. If peanuts from which one-half the oil has been
      removed are used as the starting material, a dilution of the deflavored
      emulsion-suspension suspension to achieve a peanut to water ratio of 1 to
      9 provides a beverage with 4.1 percent protein and 3.0% oil. Cow's milk
      contains about 3.2% protein and 3.5 to 4.0% fat. Other suitable methods
      might be used to remove volatile flavors.
PAC  EXAMPLE 9
PAR  The procedure in this example is the same as in Example 5 with the
      exception that flash evaporation of a portion of the water, brought about
      by direct contact of the emulsion-suspension with superheated steam at
      about 300.degree.F, was used to remove the chemical compounds which are
      responsible for raw peanut flavor. Other methods of evaporation might also
      be used. For example a similar porcess can be conducted at reduced
      pressure (in vacuum).
PAR  In the United States, over five hundred million pounds of peanut butter are
      consumed each year and hundreds of millions of pounds of peanuts are
      roasted or used in confections. The major percentage of the world's
      peanuts are crushed to obain peanut oil, and the protein-rich residue is
      used for animal feed or fertilizer.
PAR  When peanuts are roasted or fried in oil, they develop the flavor with
      which they are usually associated, however, when peanuts are processed
      into flakes or other forms as described in U.S. Pat. Nos. 3,689,287,
      3,800,056 and U.S. patent application Ser. No. 453,615 filed Mar. 22,
      1974, the roasted flavor does not develop. Thus, the flakes, spray dried
      flour, or other forms may be flavored and colored as desired and are
      instantly rehydratable. These basic food ingredients may be produced with
      protein contents ranging from about 30 to 60% protein and 0 to 50% oil. It
      is possible to utilize these new basic ingredients in developing a variety
      of food products having good nutritional values and acceptability in the
      human diet.
PAC  A. PRECOOKED PEANUT FLAKES IN CONFECTIONS
PAC  Coconut-flavored Candy Candy
PAR  Precooked peanut flakes may be used as a substitute for ground or grated
      coconut in confections when a method of preparation is followed which
      maintains the integrity of the texture of the peanut flake or other
      dehydrated form. Thus, highly acceptable coconut flavored candy has been
      produced by the formula and procedure given in Example 1. Since the
      confection is formulated to achieve the desired consistency without
      cooking, and the moisture content is limited, the peanut flakes do not
      lose their structural identity, and thus the texture of the confection
      resembles that of certain types of coconut candy. Other proportions of
      peanut flakes, powdered sugar and glucose syrup may also be used.
PAC  EXAMPLE 10
PAR  Imitation coconut candy was prepared by using the following ingredients:
PAR  720 g partially defatted precooked peanut flakes
PA1  1816 g confectioner's sugar
PA1  1040 g corn syrup (light Karo)
PA1  200 g 70% sorbitol
PA1  12 Tbl. coconut flavor
PA1  2 tsp. vanilla flavor
PAL  The peanut flakes and powdered sugar were combined. The corn syrup, coconut
      flavor, vanilla flavor and sorbitol were combined with the peanut flakes
      and sugar. The mixture was formed into pieces of suitable size which were
      coated, if desired, with one of several available coatings for
      confections. In many tests, taste panelists reported the product was
      coconut candy and acceptance ratings for this product were exceptionally
      high. Full-fat, partially defatted, or defatted peanut flakes may be used
      in preparing the imitation coconut candy. The composition of full-fat
      peanut flakes most closely resembles that of coconut, as shown in Table I.
PAC  IMITATION ALMOND PASTE AND MARZIPAN
PAR  One of the major ingredients of Marzipan is almond paste which is very
      expensive. Precooked peanut flakes or precooked spray dried peanut flour
      may be used to prepare imitation almond paste with considerable economy.
      Peanut paste prepared by fine grinding of precooked full-fat peanut flakes
      is devoid of raw or roasted peanut flavor and may be flavored to closely
      resemble almond paste. The composition of almonds and peanuts may be
      compared in Table I. By the addition of vegetable oil to precooked peanut
      paste the composition and consistency can be adjusted to closely resemble
      that of almond paste. Peanut paste was prepared by passing precooked
      full-fat peanut flakes through a colloid mill equipped with carborundum
      surfaced rotor and stator. Other suitable mills may also be used.
PAC  EXAMPLE 11
PAR  Imitation almond paste was prepared by milling precooked full-fat peanut
      flakes or precooked spray dried full-fat peanut flour to achieve fine
      particle sizes. A colloid mill equipped with carborundum rotor and stator
      set for a clearance of from about 0.012 inch was used, but other suitable
      grinding devices may also be employed. During reduction of the solids to
      fine particle sizes, oil is released and a paste is formed. Almond flavor
      was added to this paste to achieve a flavor resembling that of almond
      paste. Vegetable oil was incorporated, as required to give the material
      the consistency of almond paste. (Almonds, Table 1, have a higher oil
      content than peanuts.) In a typical instance, 400 grams of precooked
      peanut paste, having a composition of about 29% protein, 49% oil, 17%
      carbohydrate, 2.0% fiber, 2.0% ash, and 3.0% moisture, was combined with
      40 grams of peanut oil. Other oils, such as corn cottonseed, or soybean
      may be used. This paste was flavored to resemble almond paste by adding
      synthetic almond flavor. The imitation almond paste may be used in
      preparation of Marzipan and in any recipe or food formulation which
      requires almond paste, for example in certain baked products.
PAC  EXAMPLE 12
PAR  Imitation Marzipan was prepared by using the following ingredients:
PA1  400 grams peanut paste
PA1  12 tsp. almond flavoring
PA1  40 grams vegetable oil
PA1  225 grams corn syrup (light Karo)
PA1  500 grams confections's sugar
PAR  40 grams 70% sorbitol
PAR  Precooked peanut paste was prepared by passing precooked full-fat peanut
      flakes through a colloid mill equipped with carborundum surfaced rotor and
      stator set for a clearance of about 0.010 inch. 400 grams of this paste
      was mixed with 40 grams of vegetable oil, 225 grams of corn syrup (glucose
      syrup), 500 grams of confectioner's sugar and 40 grams of 70% sorbitol.
      Concentrated almond flavor was added to obtain a distinct flavor of
      almonds. The mixture was molded into fruit shapes using Marzipan molds.
      Molding and release properties were excellent. When appropriately shaped
      and colored taste panelists could not distinguish this Marzipan from that
      made with almond paste.
PAC  B. NON-STICKY TEXTURIZED PEANUT BUTTER
PAR  Peanut butter is a popular cracker and sandwich spread. Its major defect is
      a tendency to stick to the roof of the mouth. Peanut butter is also used
      in confections. In attempting to produce peanut flakes with the flavor of
      peanut butter, the flakes were mixed with peanut butter in several
      proportions. Since peanut butter has a very low moisture content, about 2
      to 3%, the physical integrity of the flakes is maintained. In the course
      of this work, it was discovered that the addition of peanut flakes to
      peanut butter greatly reduced the gummy, sticky character of peanut butter
      as judged by "mouth feel." The peanut flakes became coated with peanut
      butter, and the flavor of the peanut butter was not diluted or decreased;
      however, the presence of the flakes dispersed throughout the mass of
      peanut butter decreased the ability of the finely divided peanut butter
      particles to remain in gummy masses and to adhere to each other. Since the
      "Standard of Identity" established by the Food and Drug Administration for
      peanut butter requires that 90% of the material in peanut butter be
      derived from peanuts, addition of peanut flakes probably would not be
      considered adulteration, and peanut butter containing peanut flakes could
      be labeled Peanut Butter.
PAR  Peanut flakes may be added to peanut butter in preparation of confections.
      Consistency is controlled by the ratio, by weight, of the peanut flakes to
      peanut butter. The greater the percentage of peanut flakes, the stiffer
      the consistency. A mixture of peanut butter and peanut flakes having a
      stiff consistency may be formed into pieces and coated with chocolate or
      other suitable coatings for confections. Powdered sugar or sugar syrup may
      be added to the peanut butter-peanut flake mixture. In these applications
      full-fat, partially defatted, or defatted peanut flakes may be used.
PAC  EXAMPLE 13
PAR  Peanut Flakes in Peanut Butter Spreads. About 400 grams of commercially
      prepared peanut butter was warmed over hot water to soften it. More
      specifically, it was heated in the top of a double boiler pan to a
      temperature of about 140.degree.F. About 100 grams of precooked peanut
      flakes were added and incorporated by stirring. The warm mixture was
      poured into jars and allowed to cool. After cooling the "texturized peanut
      butter" was spreadable and stickiness in the mouth was greatly reduced
      when compared to a control sample without added peanut flakes. In
      commercial practice, the peanut flakes would be combined with the peanut
      butter while it is hot from the grinding process to which the roasted
      peanuts are subjected.
PAC  EXAMPLE 14
PAR  About 50 grams of peanut flakes were stirred into 400 grams of hot
      (125.degree. to 170.degree.F) peanut butter. The mixture was poured into
      jars and allowed to cool without being disturbed. The product was less
      sticky than the control sample.
PAC  EXAMPLE 15
PAR  Peanut Flakes in Peanut Butter Confections. About 600 grams of commercially
      produced peanut butter at a temperature of about 150.degree.F was combined
      with about 200 grams of precooked full-fat peanut flakes. The mixture was
      spread into a layer about 1/2inch thick. After it become cool it was cut
      into squares and dipped into melted chocolate to form a coating of
      chocolate. In a variation of this, finely powdered sugar and/or corn syrup
      (Karo) was added to the peanut butter - peanut flake mixture to provide a
      sweet flavor. In a typical formulation, powdered sugar in an amount of
      about 10% of the weight of the peanut butter -- peanut flake mixture was
      added. The texture of these confections is controlled by the relative
      proportions of peanut flakes and peanut butter and sugar and syrup.
PAC  C. SANDWICH AND CRACKER SPREADS
PAR  Since peanut butter first became commercially available about 80 years ago,
      many attempts have been made to use it in formulations for sandwich and
      cracker spreads having various flavors. In spite of these efforts, the
      overriding flavor characteristic of all of these products has been that of
      roasted peanuts. The availability of precooked peanut flakes now makes
      possible the creation of dry storage stable sandwich and cracker spread
      mixes having flavors such as bacon and onion, ham, cheese, chicken and
      others. These products have no residual peanut flavor. In preparing these
      products, it is necessary to rehydrate the flakes with about an equal
      weight of water to achieve a spreadable consistency. Thus, a spread
      prepared from precooked full-fat peanut flakes contains about 15% protein,
      25% oil, and 8% carbohydrate. A spread prepared from partially defatted
      precooked peanut flakes (40% protein, 33% oil) contains about 20% protein
      and 16.5% oil. The protein and fat contents of potted meat type products
      average about 15.5 and 18.0%, respectively.
PAC  EXAMPLE 16
PAR  Bacon and Onion-flavored Spread. Bacon-onion flavored spread mix was
      prepared by combining the following flavoring substances with precooked
      full-fat peanut flakes:
PA1  93 grams precooked full-fat peanut flakes
PA1  4 grams dehydrated bacon bits
PAR  3.5 grams salt
PA1  4 grams dehydrated onion flakes
PA1  3.5 grams synthetic bacon flavor powder
PA1  1.0 gram garlic powder
PA1  0.2 grams garlic powder
PA1  caramel coloring (powder)
PAR  The dry mix which was formed was storage stable without refrigeration. The
      mix is then combined with about an equal amount water by weight, and 30-60
      grams of mayonnaise to form a spreadable consistency. The proportions
      listed above for the flavor susbstances can be varied slightly to suit
      individual tastes. Partially defatted precooked peanut flakes may alse be
      used but full-fat flakes are preferred.
PAC  EXAMPLE 17
PAR  Cheese-flavored Dry Mix for Making Cracker or Sandwich Spreads. A dry mix
      which was storage stable without refrigeration and from which a cheese or
      cheese-onion or cheese-garlic flavored spread was conveniently prepared
      was formulated with 93 grams (3 1/3 oz.) precooked full-fat peanut flakes
      and minor proportions of substances to create the desired flavor sensation
      when the mix was combined with about an equal weight of water and about 30
      to 60 grams of mayonnaise to form a spreadably consistency. The following
      proportions of peanut flakes and flavor materials in the dry mix was
      statisfactory, but the proportions of flavor substances may be varied
      slightly to suit individual tastes.
PA1  93 grams precooked full-fat peanut flakes
PA1  7 grams synthetic cheddar cheese flavor
PA1  1.5 grams salt
PA1  2.0 grams dehydrated onion flakes
PA1  0.2 grams garlic powder
PA1  cheese coloring (powder)
PAC  D. POTATO CHIP DIPS
PAR  Almost all dips for potato chips and other similar snack items are prepared
      using cream cheese, cottage cheese (or other cheeses) or sour cream. These
      products must be kept refrigerated. In preparation of dips they are mixed
      with flavoring ingredients and thinned to the desired consistency with
      milk. Precooked peanut flakes or precooked spray-dried peanut flour,
      preferably full-fat, was used as a replacement for the cheese and sour
      cream in formulating very palatable dips. Flavor ingredients usually
      employed in formulating dips were mixed with the peanut flakes to make dry
      mixes for dips. The dry mixes are storage stable for at least six months
      when stored at room temperature. In preparation for use they need only be
      rehydrated with water. The dips prepared using peanut flakes contain a
      higher percentage of protein than those prepared from cream cheese or sour
      cream.
PAC  EXAMPLE 18
PAR  Cheese-flavored Dip. Mixes such as were described in Examples 16 and 17
      were rehydrated with about 11/2 to 2 times their weight of water. The
      rehydrated mixes were passed through a colloid mill equipped with
      carborundum surfaced rotor and stator set for a clearance such that
      thorough homogenation and disintegration of all solid particles occurs.
      Typically, the clearance was set for 0.006 to 0.010 inch. In some
      instances, a stabilizer such as alginate was added to the dry mix in
      amounts to improve consistency of the colloid-milled dip. Usually, the
      desired results were obtained when the dip contained about 0.02 percent of
      alginate or other stabilizer.
PAC  E. IMITATION MEAT-TYPE PRODUCTS AND EXTENDED MEAT AND POULTRY PRODUCTS.
PAR  Products having texture characteristics resembling those of certain
      luncheon meats may be made using a precooked peanut material as the major
      component in addition to water. The flakes must be rehydrated with
      approximately an equal weight of water, mixed with an edible binding agent
      such as dehydrated egg albumen, starch, or other suitable substances. The
      desired flavor, for example, ham, beef or chicken, salt, and flavor
      enhancers, one of which is monosodium glutamate, are added. The mixture is
      packed firmly into a mold or container, sealed and heated until it has
      congealed. If precooked full-fat peanut flakes are the chief source of
      protein and oil, and dehydrated egg albumen is the binding agent, the
      finished imitation meat product has a protein content of about 18% and an
      oil content of about 22%. If precooked partially defatted peanut flakes
      (40% protein, 33% oil) are used, the finished imitation meat item contains
      about 23% protein and 15% oil. All meat bologna contains only about 13.3%
      protein and 22.8% fat.
PAR  Rehydrated precooked peanut flakes may be combined with diced or ground
      meats, poulty, or fish in various porportions in the preparation of
      extended meat items. Palatability and acceptability, in taste tests, of
      these products has been excellent. Important cost savings would be
      expected because of the relative high price of meat.
PAC  EXAMPLE 19
PAR  Imitation Luncheon Meats. A ham-flavored luncheon-type imitation meat
      product was made by the process of combining the following materials in
      proportions indicated.
PA1  454 grams (1 pound) precooked full-fat peanut flakes
PA1  454 milliters (1 pound) water
PA1  45 grams dehydrated egg albumen
PA1  14 grams salt (NaCl)
PA1  9 grams monosodium glutamate
PA1  18 grams synthetic ham flavors and spices
PA1  Food coloring sufficient to provide a ham-like
PA1  color in the mix
PAL  The food coloring was added to the water which was then combined with the
      peanut flakes and other components of the mix. The albumen binds the
      materials together under the influence of heat. The proportions of flakes,
      albumen, and water were selected to give a realistic luncheon meat texture
      in the finished product. Albumen was very effective as the binding agent
      and adds protein to the product, but other binders such as starch might be
      used. Diced or ground ham may be incorporated into the mix. The mixture
      was packed firmly into a size 303-406 can which was then sealed and heated
      for about 30 minutes at 240.degree.F. After the can had cooled to about
      70.degree.F, the top and bottom was cut off and the imitation meat product
      was removed. Other types of molds or containers have also been used,
      including flexible casings.
PAC  EXAMPLE 20
PAR  Boneless Chicken Roll. A boneless chicken flavored roll, containing about
      one-third cooked chicken and two-thirds rehydrated peanut flakes was made
      by the process of combining the following materials in the proportions
      indicated.
PA1  454 grams precooked full-fat peanut flakes
PA1  454 milliters chicken broth (essentially fat free)
PA1  454 grams diced or ground cooked chicken
PA1  45 grams dehydrated egg albumen
PA1  27 grams salt (NaCl)
PAR  9 grams monosodium glutamate
PA1  14 grams synthetic chicken flavor
PAL  The diced chicken, peanut flakes and other dry components were combined
      with the chicken broth. The mixture was packed firmly into size 303-406
      cans and heated for about 30 minutes at 240.degree.F to cause the albumen
      to bind the ingredients together to form a mixture similar to that of
      roasted sliced chicken or turkey. The cans were allowed to cool to room
      temperature, or below, the top and bottom were cut off, and the chicken
      roll was removed. It was sliced on a meat slicer with revolving disc blade
      into slices about 1/16 to 1/8-inch thick.
TBL                Table 1                                                     
     ______________________________________                                    
     COMPOSITION OF PEANUTS, ALMONDS, AND COCONUT                              
                Peanuts  Almonds    Coconut                                    
     ______________________________________                                    
     % Protein    26.3       18.6       7.2                                    
     % Fat        48.4       54.2       64.9                                   
     % Carbohydrate                                                            
                  17.6       19.5       23.0                                   
     % Ash        1.9        3.0        1.4                                    
     % Water      5.4        4.7        3.5                                    
     ______________________________________                                    
CLMS
NUM  1.
PAR  1.  A process for producing flavorless thermostable fat-free peanut flakes
      having utility as a high protein food extender comprising the steps of:
PA1  coarsely grinding blanched unroasted peanuts so as to release only a
      minimum amount of peanut oil;
PA1  mixing one part of the coarsely ground peanuts with one to two parts of
      water by weight;
PA1  disintegrating the solids and homogenizing the mixture to form a suspension
      of finely divided peanut particles and emulsified oil;
PA1  drying the emulsion-suspension on a drum dryer to form flakes; and
PA1  extracting oil from the flakes with a solvent and evaporating residual
      solvent from the flakes to obtain fatfree high protein flakes.
NUM  2.
PAR  2. The method as recited in claim 1 additionally comprising the step of
      evaporating solvent from the extracted oil to obtain oil of good quality.
NUM  3.
PAR  3. The method as recited in claim 1 wherein prior to the said step of
      mixing coarsely ground peanuts with water said method comprises removing a
      portion of the oil from the peanuts by means of pressure in a manner which
      does not cause browning discoloration.
NUM  4.
PAR  4. The method as recited in claim 1 additionally comprising the step of
      pulverizing said flakes into a powder to form a flour of high protein.
NUM  5.
PAR  5. The method as recited in claim 1 wherein prior to said step of grinding
      said method comprises removing the skins and hearts from the peanuts.
NUM  6.
PAR  6. The method as recited in claim 1 wherein prior to said step of drying
      the method comprises adding a flavoring and/or coloring agent to the
      suspension.
NUM  7.
PAR  7. The method as recited in claim 1 wherein prior to said step of drying
      the method comprises adding proteins, carbohydrates, cereal flours, amino
      acids, or other nutrients to the suspension.
NUM  8.
PAR  8. The method as recited in claim 1 wherein said step of grinding and
      homogenizing is accomplished in a colloid mill having rotor and stator
      surfaces capable of disintegrating solids.
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ABST
PAL  A dry comestible is coated with a dipeptide sweetening compound applied in
      the form of an aqueous foam to the surface of the comestible.
BSUM
PAR  This invention relates to processes for handling and applying dipeptide
      sweeteners to dry comestible products generally and ready-to-eat breakfast
      cereal products specifically.
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, dipeptide sweeteners such as the methyl ester of L-aspartyl L-3
      phenylalanine and similar lower alkyl esters of aspartylphenylalanine have
      been evaluated as a possible sweetening compound to be applied to food
      products such as ready-to-eat breakfast cereal. Theoretically, this
      sweetener could serve as a substitute for conventional sugars which are
      used as coatings on the food products like flaked or puffed ready-to-eat
      cereals. Reduction in the level of surface-applied sugar on such products
      is thought to improve the comestible from the standpoint of its lessened
      caries-inducing character.
PAR  Such dipeptides are quite sweet and, therefore, must be applied in a form
      wherein they are relatively dispersed to avoid localized organoleptic
      reactions which offset the contribution that might otherwise be provided
      from the sweetener being localized on the food product surface. On the
      other hand, in attempting to apply a relatively dilute solution to a
      ready-to-eat breakfast cereal product, the application of the compound is
      unsatisfactory since it has been found that the particles thereof tend to
      flake off the food product. Moreover, it had been thought by those skilled
      in the art that water as a diluent for such dipeptide sweeteners,
      hereinafter referred to as APM, was impractical due to the relative
      insolubility of the APM and the degradation thereof in aqueous medium.
      Other attempts to employ a more compatible diluent such as alcohol or fat
      are impractical for one reason or another. In the case of fat, the level
      thereof necessary to effectively disperse sweetener is too high.
PAC  STATEMENT OF THE INVENTION
PAR  This invention is founded on the discovery that water and APM can be
      converted into a stable, sprayable foam without degradation of the APM and
      that this foam can be applied onto the comestible product, i.e. a
      ready-to-eat breakfast cereal product. The thusly coated product does not
      undergo an undesirable loss of functionality as a sweetener during
      storage.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  In preparing the foamy composition of this invention, a relatively
      saturated aqueous solution of the APM is prepared which in any event is
      operative to fully wet the particles of APM. This mixture may then be
      converted by any one of a number of means known to those skilled in the
      art into a foam suspension having a light, uniform condition of high
      overrun as by passage through an homogenizer or otherwise; thus, instead
      of homogenization, the foam can be generated by mixing the APM and water
      in a pressurized vessel and causing the solution thereof to undergo such
      expansion as creates a light delicate reticular structure which can then
      be applied as such in the form of a spray by atomization means.
PAR  Advantageously, this foam effectively disperses the APM so that despite its
      sweetening intensity, it is organoleptically evenly distributed throughout
      the surface of the food product. By employing water as a diluent, it is no
      longer necessary to use costly other solvents such as fat as a carrier.
      Moreover, by using water, rancidity and shelf-life problems stemming from
      the use of carriers such as fat are minimized due to the unexpectedly
      inert nature of small quantities of water per se in the amounts necessary
      to create the foam and apply it as such to the food product.
PAR  Generally, the foam will be applied as a very minor weight percent of the
      food product and typically in the neighborhood of 0.01% to 5%, commonly
      less than 2% and preferably, in any event, less than 3%, the level of foam
      applied being dependent upon the intended sweetness and the amount of
      water that may be indeed tolerated by the food product, since an excessive
      amount of water can contribute towards instability. For most dry
      alimentary food products and dry comestibles, the overall composition
      should have a moisture content less than 10% as the result of the APM foam
      emulsion being applied; and applications to products such as ready-to-eat
      breakfast cereal products and the like will involve adding that amount of
      foam which does not cause an increase in moisture content above 7% and
      more preferably above 5%. The sweetening power of the APM and like
      dipeptides is 100-300 fold that of sucrose and so the level in the foam
      will be used at that level whereat the intended sweetness comparable to
      sucrose is organoleptically desired in the so-called presweetened form of
      food products; e.g. ready-to-eat breakfast cereal puffs and flakes.
PAR  Should too high a level of water be added to the comestible by the
      dipeptide foam, the coated product may be dried by heat or otherwise, care
      being exercised to avoid heating the APM above 160.degree.F or that
      elevated temperature whereat degradation may ensue.
DETD
PAC  OPERATIVE EXAMPLE
PAR  A mixture of 80% water and 20% APM is prepared and mixed for a short period
      of time by gradually adding the APM to the water with spoon mixing thereby
      creating a solution of APM which is highly saturated. The APM level added
      should not be in that excess which limits its ability to be sprayed upon
      being homogenized and foamed. This mixture is then fed into a C. W.
      Logeman Hand Homogenizer, cf. U.S. Pat. No. 2,064,402, and is pumped to
      discharge a light uniform foam suspension. Four to seven grams of the foam
      in a glass container is weighed out depending upon the percentage of
      sweetener to be applied to a breakfast cereal product; in this example a
      charge of 400 grams of toasted corn flakes was coated with the stated
      quantity of foam.
PAR  The filled glass container is part of a common atomizing spray mechanism
      adapted to be used to dispense fine particles, the spray nozzle being
      equipped with a depending tubular stem which is located within the body of
      the foam and under the action of the atomizer causes the foam to be sucked
      through the stem into the atomizing nozzle from the container and be
      transmitted in the form of a fine particulate dispersion. The foam is
      sprayed in this form onto the cereal flakes as they are tumbled in a
      conventional revolving coating reel. The foam created had a sweetening
      power equivalent to 150 parts of a comparable weight of sucrose. After the
      application of the foam, it is not necessary to dry the aqueous
      application as it is in such a small amount.
PAR  The invention provides a broad novelmethod of applying APM uniformly to
      cereal or other food pieces, the foam being quite uniform, pumpable,
      sprayable and stable without settling out of APM particles. The foam thus
      provides an improved delivery system which unexpectedly does not result in
      degradation of the dipeptide despite its aqueous nature.
PAR  Having described the invention by reference to the preferred best mode of
      practicing it, the invention will not be interpreted in accordance with
      the set of accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for sweetening a dry alimentary comestible coated with a lower
      alkyl ester of L-aspartyl L-phenylalanine dipeptide sweetening compound
      which comprises forming a relatively saturated aqueous solution of the
      dipeptide and water, converting the solution into a foam, applying the
      foam as a surface coating onto the comestible.
NUM  2.
PAR  2. The process of claim 1 wherein the foam is sprayed onto the comestible.
NUM  3.
PAR  3. The process of claim 1 wherein the comestible is a dry ready-to-eat
      breakfast cereal.
NUM  4.
PAR  4. The process of claim 3 wherein the cereal is in a flaked form.
NUM  5.
PAR  5. The process of claim 3 wherein the cereal is in a puffed expanded form.
NUM  6.
PAR  6. The process of claim 5 wherein the cereal is gun puffed.
NUM  7.
PAR  7. The process of claim 5 wherein the cereal is oven puffed.
NUM  8.
PAR  8. The process of claim 1 wherein the sweetener is APM.
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ABST
PAL  A food for fish and invertebrates which is compatible with the ecology in a
      closed circuit salt water aquarium containing both fish and invertebrates
      contains broken sea urchin eggs, water, sodium nitrite, sodium chloride,
      and citric acid. The food is compounded by breaking the sea urchin eggs
      and blending them with the preservatives and water, and by pasturizing the
      blended material. In preferred form, the food is also homogenized.
BSUM
PAR  This invention relates to improvements in food for sea life and to the
      method of making the same.
PAC  BACKGROUND
PAR  The oceans present a rather constant environment for the life it holds.
      While temperature and salinity and other environmental factors may vary
      from place to place, in any given region of the ocean those environmental
      factors remain quite constant. As a consequence, the creatures of the sea
      have generally not developed adaptive mechanisms. That is true both for
      invertebrates and for fish, although fish can often tolerate more change
      in environmental conditions than can the invertebrates.
PAR  Their inability to adapt to changed conditions has made it very difficult
      to preserve sea life in aquariums. Attempts to reproduce the environment
      of the ocean in small aquariums, less than several thousands of gallons in
      size, have met with failure because it is not practical to deal with
      excretions as they are in the sea. Those excretions are largely ammonia
      which is highly toxic both to fish and to invertebrates. The only
      practical way that has been discovered to eliminate the ammonia in
      aquariums is to rely upon reduction to nitrate form by bacterial action
      coupled with periodic replacement of part of the aquarium water.
      Typically, 25 percent of the aquarium water is replaced monthly. Moreover,
      it is necessary to remove a major portion of unused food, especially the
      protein matter, if water quality is to be maintained in a non-toxic
      condition.
PAR  Most salt water fish can live for an indefinite period in water that is
      subjected to that kind of a purification program. Even invertebrates,
      which as a class are much less adaptable than fish, can live for long
      periods of time in water that is treated in that fashion and which does
      not contain fish. Survival of the invertebrates is much less certain when
      they are combined with fish. The chemical balance is so delicate that
      introduction of even one additional fish in a forty gallon sized aquarium
      may result in the death of some invertebrates before the additional
      ammonia discharge can be accommodated by an increase in bacterial action.
PAR  Since it is usually not possible to furnish the inhabitants of an aquarium
      with the kind of food that they lived on in the sea prior to being
      captured, it is necessary to provide a substitute food, and that
      substitute must be one that will provide adequate nourishment for the
      creatures without upsetting the ecological balance in their synthesized
      environment. To provide a food that can be accommodated by that ecological
      system is one of the objects of the invention.
PAR  The filter feeders, the tube worms, anemones, corals, and the like, subsist
      on plankton in their natural environment. No practical means has been
      found to supply plankton for smaller aquariums. The problem is to find a
      substitute capable of adequately nourishing the filter feeders and the
      fish, too, if possible. The substitute must have a mechanical form which
      permits its being eaten or filtered by both kinds of creatures and it must
      be compatable with aquarium ecology. While not essential, it is very
      desirable that the food be such that it is visible when placed in the
      aquarium to enable a determination that the food actually has reached the
      filter feeders.
PAR  The synthesized environment sometimes includes medicinal substances
      introduced to treat ailments suffered by the fish. In general, salt water
      invertebrates are unable to tolerate those medicines, so they, or the
      fish, must be removed to a hospital tank before the fish are treated. The
      food provided by the invention does not overcome that problem, but it does
      have the advantage that it does not appear to affect the action of most of
      the medicinal substances that are currently employed for treating fish
      ailments.
PAR  The problem of maintaining an ecological balance is coupled with the
      mechanical problem of getting food to the filter feeders. The filter
      feeders are generally located at the bottom of the aquarium, whereas the
      food must be introduced from the top of the aquarium.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a food for sea creatures which
      is compatible with the ecological system which is maintained in salt water
      aquariums. It is an object to provide food that is useful both for
      invertebrates and for fish. It is an object to provide a food for filter
      feeders which can be dispersed in the water in the vicinity of those
      creatures, and in that connection, it is an object to provide a food that
      will form a visible cloud, thus to enable determination that the food is
      actually reaching its goal. Another object is to provide a food which will
      be dispersed through the water of an aquarium with minimum settling to the
      bottom so that excess food can be removed by a conventional protein trap.
PAR  These several objects are accomplished in the invention by providing a food
      consisting largely of sea urchin eggs which have been beaten so that the
      eggs have been opened and constitute a uniform mass. The mass is
      pasturized and, in the preferred form, is homogenized. In the preferred
      form of the invention, the sea urchin eggs are preserved against
      destructive bacterial action by the addition of small quantities of sodium
      sulfite and by the addition of citric acid so that a pH of 5.3 to 6.5 is
      maintained. It is preferred that the sea urchin eggs be washed in fresh
      water. However, that removes natural salts. To return that salt, which
      acts as a preservative, from 4 to 7 grams of salt is added to each
      kilogram of washed sea urchin eggs.
PAR  Those ingredients are combined with water. Food intended for filter feeders
      and small fish contain approximately equal parts, by weight, of sea urchin
      eggs and fresh water. That composition is advantageously packaged in a
      container, such as a squeeze bottle, which enables the food to be squirted
      into the body of aquarium water from above, whereby a cloud is formed and
      dispersion is facilitated. When the object is to feed larger fish, the
      proportion of water is advantageously reduced so that the water content is
      approximately one-third, by weight, of the content of sea urchin eggs.
PAR  The food is prepared by blending, pasturizing and homogenizing a mixture of
      sea urchin eggs and water. In the preferred process for making the food,
      preservative materials are added to the mixture prior to blending. During
      blending, or beating, the sea urchin eggs are broken and blended into a
      homogeneous smooth liquid. The preservatives are throughly blended with
      the sea urchin eggs. In any event, the preservatives should be added prior
      to the pasturization step. The addition of between 10 and 12 grams of
      sodium sulfite per kilogram of sea urchin eggs will serve to preserve the
      product for 6 months or more without refrigeration. It is preferred that
      the food be kept cool, but even that is not necessary if citric acid is
      added to lower the pH of the food to a value of between 5.3 to 6.5. About
      4 to 7 grams of citric acid is added.
PAR  One of the advantages of the invention lies in the fact that the protein
      content of the food may be increased by merely adding protein rich animal
      matter to the sea urchin mixture. Vegetable proteins are not acceptable,
      but animal proteins are. The preferred protein supplement is finely
      divided dried shrimp. The quantity of that material should not exceed the
      quantity of sea urchin eggs. Increasing the proportion of supplemental
      protein material does not affect the chemical problem, but it does have an
      adverse effect on the mechanical quality of the food. Too much
      supplemental material tends to prevent formation of a cloud that disperses
      through the whole aquarium.
PAR  If supplemental protein is added, it is advantageously added at the
      blending stage. It is blended with the sea urchin eggs to form a uniform
      liquid, or viscous paste material. The supplemental protein material
      should be dried or otherwise treated so that it will not be subject to
      deteriorating bacterial action. That rule must be observed so that the
      ratio of preservative sodium sulfite can be maintained in the range of 10
      to 12 grams per kilogram of sea urchin eggs.
DETD
PAR  The preferred form of food according to the invention includes washed sea
      urchin eggs combined with the preservatives sodium sulfite in the amount
      of 10 to 12 grams per kilogram of sea urchin eggs, sodium chloride in the
      amount of 4 to 7 grams per kilogram of sea urchin eggs, and citric acid in
      a quantity sufficient to bring the pH of the food to a value between 5.3
      to 6.5. Four to 7 grams of citric acid is usually enough. The mixture
      includes substantially equal parts, by weight, of sea urchin eggs and
      fresh tap water. That mixture is beaten and blended and homogenized and
      pasturized to a smooth uniform liquid. Salt water may be substituted for
      tap water, but tap water is preferred because the product, when made with
      fresh water, is suitable for feeding fresh water fish as well as salt
      water creatures. When salt water is used, less sodium chloride is added to
      the urchin eggs.
PAR  That preferred food is advantageously prepared by mixing washed and cleaned
      sea urchin eggs and water and preservative materials, and supplemental
      dried animal protein matter, if any, followed by blending of the mixture
      such that the individual sea urchin eggs are broken open and such that a
      uniform smooth liquid is formed. That smooth liquid is then pasturized at
      a temperature between 140.degree. and 185.degree.. Either before or after,
      but advantageously after, the pasturization step, the mixture is
      homogenized by forcing it through a homoginizer at a pressure equal to or
      greater than 100 kilograms per square centimeter.
PAR  If it is desired to supplement the protein content of that preferred
      material, a finely divided animal protein substance is added. In the
      preferred embodiment, finely divided dried shrimp is added. The dried
      shrimp is added to the other ingredients prior to the blending stages so
      that it is subjected to blending, pasturization, and homogenization along
      with the other ingredients. When the food is intended for consumption by
      larger fish other than "fry", the food is made as described above with the
      exception that a smaller quantity of water is employed. The water content
      may be reduced to as little as one-third of the combined weight of sea
      urchin eggs and supplemental protein matter, if any. As before, fresh
      water is preferred so that the resultant food will be suitable both for
      fresh water and salt water fish. Salt water, similar in composition to
      ocean water, may be substituted for fresh water if the food is destined
      only for salt water fish.
PAR  Although I have described certain specific embodiments of my invention, I
      am full aware that many modifications thereof are possible. My invention,
      therefore, is not to be restricted except insofar as is necessitated by
      the prior art.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of preparing food for sea life which comprises the steps of:
PA1  beating sea urchin eggs to break them open and reduce them to a homogeneous
      mass;
PA1  adding a quantity sufficient to preserve said eggs, when homogenized, of
      sodium sulfite preservative to the eggs; adjusting the pH to a value in
      the range of 5.3 to 6.5;
PA1  homogenizing the mixture of preservative and sea urchin eggs; and
PA1  pasturizing the mixture.
NUM  2.
PAR  2. The method defined in claim 1 in which the amount of sodium sulfite is
      10 to 12 grams of sodium sulfite to 1 kilogram of sea urchin eggs.
NUM  3.
PAR  3. The invention defined in claim 2 in which the pH of the mixture is
      adjusted to the range 5.3 to 6.5 by the addition of citric acid and in
      which a quantity of sodium chloride between 4 and 7 grams per kilogram of
      sea urchin eggs is added to the mixture.
NUM  4.
PAR  4. The method defined in claim 1 in which a mixture of sea urchin eggs,
      sodium sulfite in the amount of 10 to 12 grams per kilogram of eggs, dried
      shrimp matter in an amount less than the amount of sea urchin eggs, water
      in the amount of 250 grams to 1 kilogram of water per kilogram of the
      combined urchin eggs and dried animal matter, a trace of salt, and citric
      acid to bring the mixture of a pH between 5.3 to 6.5, is blended to a
      smooth mixture prior to homoginization and pasturization.
NUM  5.
PAR  5. A food for sea life comprising the blended homogenized and pasturized
      combination of washed sea urchin eggs and sodium sulfite in the ratio of
      10 to 12 grams of sodium sulfite to 1 kilogram of sea urchin eggs.
NUM  6.
PAR  6. The invention defined in claim 5 in which said sea urchin eggs are
      washed and said food includes sodium chloride in the ratio of 5 to 8 grams
      to 1 kilogram of washed sea urchin eggs and citric acid in an amount such
      that the pH of the combination is between 5.3 to 6.5.
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PAL  Boily's "Industrial Oil and Fat Products" by Mattil et al., Published by
      Interscience Publishers, N.Y., 3rd Edition, 1964, p. 291.
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ABST
PAL  The useful life of cooking oil is increased by treating the cooking oil
      with a food compatible acid to counteract the adverse effect of food
      juices which are dissolved in the cooking oil. The cooking oil is
      generally also contacted with a suitable adsorbent, such as an activated
      carbon, to adsorb soluble oxidized and/or pyrolytic contaminants.
BSUM
PAR  The present invention relates to the treatment of cooking oils.
PAR  Cooking oils employed for cooking foods, as for example in deep fat fryers,
      are generally treated to separate insoluble material therefrom and thereby
      prolong the life of the cooking oil. Not withstanding such treatment, the
      cooking oil is generally used for only about 1 to 3 days, and must be
      discarded after such time. Accordingly, there is a need to increase the
      useful like of such cooking oils.
PAR  The principal object of the present invention is to increase the useful
      life of cooking oils.
PAR  In accordance with the present invention, the useful life of a cooking oil
      is increased by contacting the cooking oil with a food compatible acid,
      followed by separation of the oil and acid. Applicant has found that one
      of the factors contributing to the relatively short useful life of cooking
      oil is the presence, in the oil, of soluble food juices, i.e., the soluble
      food juices have an adverse effect on the cooking oil in that such soluble
      food juices limit the useful life of the cooking oil, and that by
      contacting the oil, with a food compatible acid, the adverse effects of
      the soluble food juices are counteracted, thereby increasing the useful
      life of the cooking oil.
PAR  The acid which is employed for treating the cooking oil may be any one or
      more of a wide variety of food compatible acids, such as citric, tartaric,
      acetic, phosphoric, malic. The treatment is preferably effected with
      citric acid or a blend of two or more of the food compatible acids.
PAR  The acid is preferably employed as an aqueous solution in that an aqueous
      solution of the acid can be easily separated from the cooking oil. It is
      to be understood, however, that the acid may be used with other vehicles,
      provided that such other vehicle is capable of being separated from the
      cooking oil.
PAR  In accordance with one embodiment of the invention, a soluble inert salt,
      such as sodium chloride, is added to the aqueous solution of the food
      compatible acid to change the density thereof and thereby facilitate
      separation of the aqueous acid solution from the cooking oil. Any compound
      which does not adversely affect the cooking oil or the food compatible
      acid can be employed to change the density of the acid treating solution,
      and the use of a salt to change the density is particularly applicable to
      a batch operation.
PAR  The acid solution is employed in amounts sufficient to counteract the
      adverse effects of the food juices in the cooking oil. The concentration
      of the acid in the solution can vary over a wide range, and as should be
      apparent to those skilled in the art, lower concentrations require the use
      of greater amounts of solution and/or more frequent replacement of the
      acid treating solution. The selection of an optimum concentration is
      deemed to be well within the scope of those skilled in the art from the
      teachings herein.
PAR  Although applicants do not intend to limit the overall scope of the present
      invention by theoretical reasoning, it is believed that the acid reacts
      with the food juices thereby rendering the food juices water soluble,
      whereby the food juices are extracted from the cooking oil into the
      aqueous acid treating solution. It is to be understood, however, that in
      some cases, it is also possible that the acid reacts with the food juices
      to counteract the adverse effects, without making the food juices water
      soluble or extractable; i.e., the reaction product of the food juices and
      acid reduces and/or eliminates the adverse effect of the food juices on
      the useful life of the cooking oil. Accordingly, the present invention
      resides in contacting the cooking oil with a food compatible acid to
      counteract the adverse effect of soluble food juices, irrespective of
      whether the food juices are in fact extracted into the aqueous acid.
PAR  The conditions at which the treatment is effected can vary over a wide
      range. Thus, for example, the treatment can be effected at temperatures
      from room temperature up to the boiling point of the treating solution at
      the prevailing pressure. The specific temperature conditions employed have
      not been found to have a significant effect on the treatment.
PAR  The cooking oil may be regenerated in a batch or a continuous operation.
      The cooking oil is generally treated by introducing and dispersing the
      cooking oil in the acid treatment solution, with the treated oil rising
      through the treatment solution and forming a separate layer above the
      treatment solution. It is to be understood that other procedures could be
      employed, such as for example, a continuous countercurrent extraction or
      centrifugation. The selection of a particular procedure for effecting
      contact between the cooking oil and treatment solution to extract food
      juices from the cooking oil is deemed to be well within the scope of those
      skilled in the art from the teachings herein.
PAR  It has been found that the used cooking oil contains, in addition to the
      soluble food juices, soluble oxidized contaminants and/or soluble
      pyrolytic contaminants. These contaminants can also be removed from the
      cooking oil by contacting the cooking oil with any one of a wide variety
      of known adsorbents to thereby adsorb such contaminants. As representative
      examples of such adsorbents, there may be mentioned: fullers earth, silica
      gel, bauxite, activated carbon, alumina, diatamaceous earth, etc. The
      preferred adsorbent is an activated carbon. The adsorbing step may be
      effected before or after, preferably after, the treatment with a food
      compatible acid, as hereinabove described.
PAR  The cooking oil generally also contains insoluble contaminants which can be
      separated therefrom, as known in the art; e.g., by filtration.
DRWD
PAR  The invention will be further described with respect to the following
      drawing wherein:
PAR  The drawing is a simplified schematic flow diagram of a continuous
      operation for treating cooking oil in accordance with the present
      invention.
DETD
PAR  Referring to the drawing, a cooking operation which uses a cooking oil is
      schematically indicated as 10. Thus, for example, such a cooking operation
      could be comprised of one or more friers which use cooking oil for the
      cooking, for example, of vegetables, such as onions, potatoes etc; meats,
      fish, or fowl.
PAR  Cooking oil which is to be treated is withdrawn from cooker 10 through line
      11 and passed through a heat exchanger 12 wherein the cooking oil is
      cooled by indirect heat transfer with treated cooking oil being returned
      to cooker 10, as hereinafter described. The cooled cooking oil in line 13,
      which includes pump 14 and check valve 15, is introduced into an
      extraction vessel schematically indicated as 16. A cooler 20 is optionally
      employed in the event further cooling of the cooking oil is required to
      prevent boiling of the treating solution. The extraction vessel includes a
      body of treating liquid, schematically indicated as 17, for counteracting
      the adverse effect of the food juices in the cooking oil. As hereinabove
      described, the treating liquor is comprised of a solution of a food
      compatible acid or acids. The cooking oil is preferably introduced into
      the treating liquid 17 in a dispersed state to increase the contact
      between the cooking oil and treating solution. For example, the cooking
      oil can be bubbled into the treating solution.
PAR  The cooking oil introduced into vessel 16 rises through the treating
      solution 17 whereby the cooking oil is contacted with the treating
      solution to thereby counteract the adverse effect of the soluble food
      juices. As a result of the density difference between the cooking oil and
      treating solution, the cooking oil forms a separate phase, schematically
      indicated as 18, above the treating solution.
PAR  Cooking oil, essentially free of food juices, is withdrawn from extraction
      vessel 16 through line 19 and passed through an adsorption zone 21,
      including a suitable adsorbent, such as activated carbon, to remove
      soluble oxidized and pyrolyzed contaminants therefrom. In the adsorption
      zone, some or all of the insoluble components may be separated from the
      cooking oil by filtration through the adsorption media. If required, a
      separate filter could be provided for separating insoluble components from
      the cooking oil.
PAR  In accordance with a preferred embodiment, the adsorption zone 21 is
      provided with means for heating the oil to prevent solidification thereof
      during periods when the cooking oil is to be treated, and the fryer is not
      in operation. Thus, for example, during non-working hours, the cooking oil
      from the cooking operation can be passed through the treating operation
      with the heating means activated to maintain the cooking oil in a fluid
      state. It is also to be understood that such a heating means need not be
      provided in the adsorption zone in that the heating means could be
      employed as a separate piece of equipment.
PAR  The cooking oil withdrawn from zone 21, through line 22, is passed through
      heat exchanger 12 wherein the cooking oil is heated by indirect heat
      transfer with the cooking oil withdrawn from cooker 10. The heated cooking
      oil from heat exchanger 12 is recycled to cooker 10 through line 23.
PAR  It is to be understood that the body of treating liquid 17 in vessel 16
      must be periodically replaced in order to maintain the effectiveness
      thereof.
PAR  It is also to be understood that it is not necessary to treat the cooking
      oil at the rate at which juices are formed. Accordingly, cooking oil can
      be periodically withdrawn from the cooker for treatment, as hereinabove
      indicated. If possible all or a portion of the treatment cycle can be
      effected when the cooker is not in operation.
PAR  It is further to be understood that although the process for treating
      cooking oil in accordance with the present invention has been hereinabove
      described with respect to a continuous operation, such treatment can be
      effected as a batch operation.
PAR  The present invention is particularly advantageous in that the useful life
      of a cooking oil is greatly increased and in this manner, overall costs
      are reduced. Thus, for example, cooking oil, at a temperature of
      180.degree.F, is passed, at a rate of 2 to 3 gallons per hour, through 2
      gallons of aqueous citric acid, containing 8 oz. of citric acid, with the
      treating solution being changed every 24 hours. The cooking oil is
      employed for cooking over a period of at least 1 week.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for treating a used cooking oil which has been employed for
      the cooking of food, comprising:
PA1  contacting the used cooking oil with a solution having dissolved therein a
      food compatible acid in an amount and concentration sufficient to extract
      from the cooking oil food juice components in the oil derived from the
      food being cooked; and
PA1  separating the acid solution from the cooking oil prior to reuse of said
      cooking oil to thereby increase the life of the cooking oil.
NUM  2.
PAR  2. The process of claim 1 wherein said solution is an aqueous solution of
      the food compatible acid which is immisible with the cooking oil whereby
      the cooking oil and aqueous solution are separated by phase separation.
NUM  3.
PAR  3. The process of claim 2 wherein the food compatible acid is selected from
      the group consisting of citric, malic, phosphoric, acetic and tartaric
      acid and mixtures thereof.
NUM  4.
PAR  4. A process for treating a cooking oil used for the cooking of food in a
      cooking zone, comprising:
PA1  withdrawing from the cooking zone cooking oil having food juice components
      therein derived from the food being cooked;
PA1  contacting the cooking oil with an aqueous solution of a food compatible
      acid in an amount and concentration sufficient to extract food juice
      components from the cooking oil;
PA1  separating the cooking oil from the aqueous solution prior to reuse of said
      cooking oil;
PA1  contacting the cooking oil with an adsorbent to adsorb soluble oxidized and
      pyrolytic contaminants; and
PA1  recycling the cooking oil to the cooking zone.
NUM  5.
PAR  5. The process of claim 4 wherein the adsorbent is activated carbon.
NUM  6.
PAR  6. The process of claim 4 wherein the food compatible acid is selected from
      the group consisting of citric, acetic, phosphoric, malic and tartaric
      acids and mixtures thereof.
NUM  7.
PAR  7. The process of claim 6 wherein the aqueous solution of food compatible
      acid is immisible with the cooking oil and the cooking oil and aqueous
      solution are separated by phase separation.
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PAL  The enhancement of foodstuffs is effected by the addition of a small but
      effective flavor-modifying amount of a compound from the group of
      compounds having the general formulae
      ##SPC1##
PAL  Wherein R.sub.1 is an alkyl or acetyl group and R.sub.2 is hydrogen or a
      methyl group, with the proviso that R.sub.1 and R.sub.2 together comprise
      at least 2 carbon atoms; and
      ##SPC2##
PAL  Wherein R is an alkyl group.
PARN
PAR  This is a division of now-abandoned application Ser. No. 243,866, filed
      Apr. 13, 1972, which is a division of application Ser. No. 70,560, filed
      Sept. 8, 1970, now U.S. Pat. 3,702,253; which latter application is a
      continuation of now-abandoned application Ser. No. 543,069, filed Apr. 18,
      1966, which is a continuation-in-part of now-abandoned application Ser.
      No. 452,342, filed Apr. 30, 1965.
BSUM
PAR  The invention relates to flavor agents in general. More particularly the
      invention relates to chemical compounds or compositions which have been
      found to have utility in the alteration of flavor or flavor
      characteristics of substances, whether naturally occurring or synthetic.
      Still more particularly the invention relates to a group of chemical
      compounds which have been found to be useful in the area of flavor-note
      alteration, whether by the enhancement of flavors or flavor-notes that are
      characteristic in a substance, by the alteration of a flavor or a
      flavor-note from a less to a more desirable one, or by the complete or
      partial masking of a flavor or flavor-note.
PAR  As is generally recognized by those familiar with the art, the science of
      flavor technology is an extremely complex one. Although much is known
      about flavor and flavor technology there is still a great deal to be
      learned in the field and the body of scientific literature is being
      rapidly expanded by those working in the area. The technology of flavor
      synthesis and blending of various flavor elements to achieve certain
      desirable results is of great commercial importance at the present stage
      of industrial advance. Commercial production of consumer goods from
      synthetic startinng materials is becoming more and more common, and
      desirable, as world population continues to increase its demands upon the
      finite capacity for the production of natural products. Industry is also
      continually seeking means of upgrading natural products -- methods of
      altering or enhancing the qualities of taste of less desirable natural
      products -- usually more abundant -- into more desirable product
      qualities. Often, for example, a product can be made commercially
      attractive only by masking or blanking out an undesirable flavor
      component. Formerly, before the advent of the flavor chemist and his
      technology, this unit of production would have been lost, or at least,
      would have had to have been re-processed to a useable quality. By the use
      of specifically designed flavoring agents, however, the undesirable flavor
      note can be eliminated or masked with another desirable one, and the
      expensive and time-consuming re-processing step eliminated or the
      production batch saved for use. Too, it is common in some segments of the
      industry, particularly the food industry, to add flavor agents to
      production units to enhance or bring out a desirable flavor
      characteristics of products -- and by so doing to render the product more
      desirable from a consumer preference standpoint.
PAR  It is the object of this invention therefore, to provide the flavor
      technologist with additional tools for his use in the alteration of food
      flavors, whether it be flavor or flavor-note alteration generally or the
      enhancement or improvement of flavor or flavor notes specifically.
PAR  It is a further object of the invention to furnish a group of chemical
      compositions which have utility in the technology of flavor alteration,
      whether added to solid or liquid compositions for human consumption, and
      which may be used in either solid or liquid form.
PAR  A further object of the invention is to describe a group of chemical
      compounds having desirable utility as flavor agents which may be prepared
      synthetically, thus enabling the food technologist to alter or enhance his
      product without drawing upon a natural product for the flavor agent.
PAR  A still further object of the invention is to describe a group of chemical
      compounds capable of synthesis from readily available organic substances
      which may be used singly or in combination to alter the flavor or flavor
      notes of compositions for food use, whether used in micro-quantities such
      as parts-per-million or in larger quantities, as the dictates of the end
      results may require.
PAR  Other objects will become apparent to those skilled in the art as the
      description proceeds.
PAR  Thus, in accordance with the concept of the instant invention, there is set
      out below a group of compounds which have been found to have utility as
      flavor agents and to represent valuable materials to the food technologist
      who wishes to alter the flavor components of foods or food products either
      liquid foods or beverages, such as fruit and vegetable juices, milk,
      coffee, tea, cocoa, chocolate, and the like or solid foods such as
      cereals, flours, confections, vegetables, meats, etc. The flavor agents
      may be used either in liquid or solid form and are used in quantities
      designed to give the desired results, as will be more clearly explained as
      the description proceeds.
PAR  The chemical compounds which have been found to have utility as flavor
      agents may be generally classified as phenol and phenol ether compounds.
PAR  The flavor agents or flavor modifying compositions of this invention are
      available to the food technologists in a variety of forms. It is usually
      preferable to use the agents in the form of a solution, for ease of
      dilution, exactitude of measurement, efficiency of distribution in the end
      use, etc. However the chemical nature of the compound, its solubility in
      acceptable solvents, its stability, and other characteristics may dictate
      the form in which it is used.
PAR  The amounts of the agents used is also subject to wide variation, of
      course. More concentrated materials, and those with the greatest degree of
      flavor modifying ability will be used in lesser amounts. Some degree of
      experimentation is, of course, required to achieve the desired results. A
      small, but flavor modifying amount, of the agents is blended with the
      material whose total flavor is to be altered, the amount depending upon
      the end result desired.
PAR  Two different types of methods were used in testing the compounds listed in
      this specification for their utility as flavor agents, flavor modifiers,
      flavor alteration agents, flavor-note enhancers, and the like. The first
      type method (A) served the purpose of determining the intrinsic taste,
      flavor and aroma of each individual compound. The second type methods (B)
      and (C) were used for testing the flavor- and aroma-modifying or
      -enhancing effects of the compounds hereinafter listed on coffee products
      and more particularly on spray-dried soluble coffee products commercially
      known as "instant coffee".
PAC  METHOD A
PAR  The vehicle used for testing the flavor compounds was a 65% solution of
      cane sugar in tap water. The flavor compounds were incorporated in this
      sugar syrup in the form of 1% or 1 per 1000 by weight solutions in 96%
      ethyl alcohol. The concentration of the flavor compounds in the sugar
      syrup varied between about 0.005 and 5 g. for 100 liters of syrup
      according to the varying strength of flavor compounds. Samples of each
      flavored sugar syrup were submitted to the members of the tasting panels.
      After tasting the samples each member had to give an evaluation of each
      flavor compound in terms of descriptive words.
PAR  In the evaluation of materials for the alteration or enhancement of coffee
      flavor or of coffee flavor notes it is essential that the equipment used,
      coffee pots, cups, spoons, measuring equipment, etc. be absolutely clean
      prior to use.
PAC  METHOD B
PAR  The coffee base was prepared by dissolving 1 g. of a commercial spray-dried
      soluble coffee in boiling water. A sufficient number of pots was prepared
      to provide one pot for each flavor agent to be evaluated plus one control.
      The flavor agent was added to the coffee base in the form of a 1% or 1 per
      1000 by weight alcoholic solution at concentrations varying between 0.005
      and 5 g. of flavor agent for 100 liters of coffee base. The measured
      quantity of the flavor agent was added to a pot of the coffee base
      material, stirred well, and poured immediately into cups for the
      organoleptic evaluation. The taste tests were made within a short time
      (not more than 15 minutes) after the final composition to be tested was
      prepared.
PAR  The organoleptic evaluation involved grading a series of cups that were
      coded, the taster merely rating the coded cups against the standard or
      control which did not contain the flavor agent. The standard was placed at
      the first position in a series of cups. The tasters were asked to
      ascertain whether or not there existed differences in the flavor of the
      samples to be tested as compared with the control. The tasters were
      furthermore asked to describe and characterize the various flavor notes
      and types determined.
PAC  METHOD C
PAR  Using boiling Crystal Spring Water, to provide a clean starting taste, a
      1.35% solution of relatively bland tasting commercially available
      spray-dried soluble coffee was prepared. The containers used -- preferably
      the lower portion of a glass coffee maker -- was absolutely clean, as was
      the other equipment used, e.g. cups and spoons.
PAR  A sufficient number of containers, or pots, were used to accomodate each
      flavor fraction to be studied, plus one control. The flavor fraction was
      measured carefully with a micro-syringe, adding from 2 to 150 microliters
      of the flavor fraction per pot. The mixture of coffee solution and flavor
      fraction was stirred and immediately poured into cups for tasting. At
      least 5 experienced tasters are used. The tasting should begin at least
      within 15 minutes after the solution is prepared. If not, the solution
      should be discarded and fresh solution prepared.
PAR  The cups are coded and the samples are not identified. A standard sample is
      included in which no flavor fraction has been added. The taster is asked
      to identify and describe the flavor enhancement or modification noted.
DETD
PAR  In the following specific description of the phenol and phenol ether
      compounds there is first given the structural formula followed by a list
      of members of the group which have been found to have outstanding utility
      in the concept of this invention. Immediately following the chemical name
      of each member there is given the commercial source or a literature
      reference giving a method for its preparation. Commercially available
      products will be identified by the abbreviation c.a., and may be obtained
      from FLUKA, A. G., Buchs S. G., Switzerland; ALDRICH CHEM. CO., Milwaukee,
      Wis.; DR. F. RASCHIG GMBH, Ludwigshafen a. Rh., West-Germany; or K & K
      LABORATORIES INC., Plainview, NY. 11803.
PAR  In those instances wherein new compounds are described a detailed method of
      preparation is given following the list of the group members. New
      compounds will be identified by the abbreviation n.c.
PAR  The results of the organoleptic evaluation tests are set out in the Table
      following the detailed description of the group of compounds
PAC  I -- PHENOLS AND PHENOL ETHERS
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC3##
PAL  wherein R.sub.1 represents alkyl or acetyl and R.sub.2 represents hydrogen
      or methyl, with the proviso that R.sub.1 and R.sub.2 together comprise at
      least 2 carbon atoms;
      ##SPC4##
PAL  wherein R represents alkyl.
PAR  Examples of compounds defined by the above formulae:
PAR  (1), (2) and (3) include:
TBL  (1) a.                                                                    
           2-ethyl-phenol     c.a.                                             
     b.    3-ethyl-phenol     c.a.                                             
     c.    4-ethyl-phenol     c.a.                                             
     d.    4-isopropyl-phenol Compt.rend. 177, 433                             
                               (1923)                                          
     e.    2,3-xylenol        c.a.                                             
     f.    2,4-xylenol        c.a.                                             
     g.    2,5-xylenol        c.a.                                             
     h.    2,6-xylenol        c.a.                                             
     i.    3,4-xylenol        c.a.                                             
     j.    3,5-xylenol        c.a.                                             
     k.    2-hydroxy-acetophenone                                              
                              c.a.                                             
     l.    2-hydroxy-propiophenone                                             
                              Org.Synth.13, 90                                 
                               (1933)                                          
     m.    4-hydroxy-propiophenone                                             
                              Org.Synth.13, 90                                 
                               (1933)                                          
     n.    5-methyl-2-hydroxy-aceto-                                           
                              Ann. 460, 83 (1927)                              
           phenone                                                             
     (2) a.                                                                    
           2,3,5-trimethyl-phenol                                              
                              c.a.                                             
     b.    2,4,6-trimethyl-phenol                                              
                              c.a.                                             
     c.    2,4,5-trimethyl-phenol                                              
                              c.a.                                             
     d.    3,4,5-trimethyl-phenol                                              
                              c.a.                                             
     (3) a.                                                                    
           4-ethyl-2-methoxy-phenol                                            
                              c.a.                                             
     b.    4-propyl-2-methoxy-phenol                                           
                              Helv. 8, 334 (1925)                              
     The present group also comprises the single compound                      
     (4) a.                                                                    
           4-vinyl-1,2-dimethoxy-benzene.                                      
PAR  Evaluation test data are set out in TABLE I below.
PAC  ORGANOLEPTIC EVALUATIONS
PAR  As was described above, the compounds of this invention were subjected to
      organoleptic evaluation tests either in a syrup base (A), or one of the
      two soluble coffee bases (B and C). The following table gives therefor the
      results of these organoleptic evaluations. In the table, the Roman numeral
      refers to the number of the group from which the test compounds were
      selected. The column headed "Number" refers to the number of the test
      compound of the corresponding group. The column headed "Test" gives the
      Method of the Test, as described hereinbefore, and the column headed
      "Quantity" sets out the amount of the Test Compound used in grams per 100
      liters of the base material.
TBL                TABLE I                                                     
     ______________________________________                                    
     ORGANOLEPTIC EVALUATION TABLE                                             
     ______________________________________                                    
     Number                                                                    
           Test   Quantity   Organoleptic Characterization                     
     ______________________________________                                    
     (1)a. A      3.0        phenolic taste                                    
     (1)b. A      0.05       phenolic, burnt taste                             
     (1)c. A      0.01-0.05  phenolic taste                                    
     (1)c. C      0.027      solvent-like                                      
     (1)d. A      0.01       burnt taste                                       
     (1)d. C      0.027      phenolic                                          
     (1)e. A      0.01       cresolic taste                                    
     (1)f. A      0.01       burnt taste                                       
     (1)f. B      0.02-0.04  roasted, dark flavor                              
     (1)g. A      0.01       phenolic taste                                    
     (1)h. A      0.02       sweet, burnt taste                                
     (1)h. B      0.04       coffee, coffee grounds note                       
     (1)i. A      0.1-0.2    slightly burnt taste                              
     (1)j. A      0.15       balsan taste                                      
     (1)j. B      0.1        coffee grounds note                               
     (1)k. A      1.5        tangerine taste                                   
     (1)l. A      1.0        phenolic note                                     
     (1)m. A      1.0        phenolic note                                     
     (1)n. A      6.0        phenolic note                                     
     (2)a. A      1.0        burnt, coffee taste                               
     (2)a. B      1.0        wood flavor note                                  
     (2)b. A      0.01       coffee grounds note                               
     (2)c. A      2.0        phenolic note                                     
     (2)d. A      5.0        phenolic note                                     
     (3)a. A      0.05-0.1   burnt taste                                       
     (3)a. B      0.1-0.2    smoky roasted flavor -(3)b. A 1.0 weak earthy     
                             note                                              
     (4)a. A      0.25-0.5   smoky taste                                       
     (4)a. B      0.4        roasted, coffee grounds note                      
     ______________________________________                                    
PAR  As has been stated above the compounds having utility in the concept of
      this invention may be added to substances in varying amounts to alter or
      to modify the flavor of the substance by masking or blanking out
      undesirable flavors, by enhancing or fortifying desirable flavor or flavor
      notes, or by adding to the original substance an entirely new and
      different flavor. As will also be apparent to those skilled in the art
      various mixtures or blends of the flavor agents described may be used to
      achieve a desired flavor or flavor note. If, for example, one wishes to
      enhance a certain flavor note, or group of flavor notes present in a
      substance such as coffee, one needs only mix together certain of the
      described flavor agents to obtain the desired result.
PAR  It should be kept in mind, as will be appreciated by those
      skilled-in-the-art, that with many flavors it is possible to imitate the
      natural flavor by selecting a limited number of the flavor enhancing
      substances examplified above. Coffee aroma, on the other hand, is much
      more complex than the ordinary flavoring materials and may necessitate the
      combination of many more of the examplified ingredients for reproduction.
PAR  It will also be understood that whereas the preferred embodiment of this
      invention is directed toward the enhancement or modification of coffee
      flavors, the concept of the invention has much wider application. While
      some of the compounds may be characterized by terms which are not directly
      related to coffee flavors, these compounds, when used in more complex
      formulae, may contribute desirable flavor notes to the overall flavor and
      aroma.
PAR  To summarize briefly this invention relates to a group of chemical
      compounds which have been found to have utility for the alteration or
      modification of the flavor of other materials. These compounds, called
      flavor agents or flavor modifiers, may be used in minute quantities to
      enhance the natural flavor of substances to which they are added, or to
      alter or modify a flavor which is undesirable, or to impart to a substance
      additional or different flavors or flavor notes. The flavor agents of the
      invention are used in minor, but flavor altering amounts, in any case, in
      quantities sufficient to obtain the desired results. The flavor modifiers
      are of particular importance and usefulness in the modification,
      alteration or enhancement of the flavor of coffee beverages made from
      soluble coffee and the preferred embodiment of the invention contemplates
      their use in conjunction with such products.
PAR  The flavor agents of the invention may be added at a convenient step in the
      soluble coffee process such as plating the dried soluble coffee with a
      desired dilution of the flavor agent in an acceptable solution followed by
      drying. In certain instances the desired agent may be added directly to a
      concentrated coffee extract and the mixture dried into a soluble coffee
      product which contains the flavor agent as an integral part thereof. Other
      methods of incorporation of the agents will suggest themselves to those
      skilled in the art and may, of course, be used without departing from the
      inventive concept, which may be described as being a composition of matter
      comprising a combination of a soluble coffee product, however prepared,
      whether liquid or solid, concentrated or dilute, which contains combined
      therewith a minor, but flavor modifying amount, of a flavor agent as
      described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As a new composition of matter a soluble coffee material having added
      thereto a minor, but flavor-modifying amount of a compound selected from
      the group of compounds having the general formulae:
      ##SPC5##
PAL  wherein R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms; and
      ##SPC6##
PAL  wherein R is ethyl or propyl.
NUM  2.
PAR  2. The soluble coffee of claim 1 wherein the added compound is selected
      from the group of compounds having the general formula:
      ##SPC7##
PAL  wherein R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms.
NUM  3.
PAR  3. The soluble coffee of claim 2 wherein the added compound is
      2-ethyl-phenol.
NUM  4.
PAR  4. The soluble coffee of claim 2 wherein the added compound is
      3-ethyl-phenol.
NUM  5.
PAR  5. The soluble coffee of claim 2 wherein the added compound is
      4-ethyl-phenol.
NUM  6.
PAR  6. The soluble coffee of claim 2 wherein the added compound is
      4-isopropyl-phenol.
NUM  7.
PAR  7. The soluble coffee of claim 2 wherein the added compound is 2,3-xylenol.
NUM  8.
PAR  8. The soluble coffee of claim 2 wherein the added compound is 2,4-xylenol.
NUM  9.
PAR  9. The soluble coffee of claim 2 wherein the added compound is 2,5-xylenol.
NUM  10.
PAR  10. The soluble coffee of claim 2 wherein the added compound is
      2,6-xylenol.
NUM  11.
PAR  11. The soluble coffee of claim 2 wherein the added compound is
      3,4-xylenol.
NUM  12.
PAR  12. The soluble coffee of claim 2 wherein the added compound is
      3,5-xylenol.
NUM  13.
PAR  13. The soluble coffee of claim 2 wherein the added compound is
      2-hydroxy-acetophenone.
NUM  14.
PAR  14. The soluble coffee of claim 2 wherein the added compound is
      2-hydroxy-propiophenone.
NUM  15.
PAR  15. The soluble coffee of claim 2 wherein the added compound is
      4-hydroxy-propiophenone.
NUM  16.
PAR  16. The soluble coffee of claim 2 wherein the added compound is
      5-methyl-2-hydroxy-acetophenone.
NUM  17.
PAR  17. The soluble coffee of claim 1 wherein the added compound is selected
      from the group of compounds having the general formula:
      ##SPC8##
NUM  18.
PAR  18. The soluble coffee of claim 17 wherein the added compound is
      2,3,5-trimethyl-phenol.
NUM  19.
PAR  19. The soluble coffee of claim 17 wherein the added compound is
      2,4,6-trimethyl-phenol.
NUM  20.
PAR  20. The soluble coffee of claim 17 wherein the added compound is
      2,4,5-trimethyl-phenol.
NUM  21.
PAR  21. The soluble coffee of claim 17 wherein the added compound is
      3,4,5-trimethyl-phenol.
NUM  22.
PAR  22. The soluble coffee of claim 1 wherein the added compound is selected
      from the group of compounds having the general formula:
      ##SPC9##
PAL  wherein R is ethyl or propyl.
NUM  23.
PAR  23. The soluble coffee of claim 22 wherein the added compound is
      4-ethyl-2-methoxyphenol.
NUM  24.
PAR  24. The soluble coffee of claim 22 wherein the added compound is
      4-propyl-2-methoxyphenol.
NUM  25.
PAR  25. A composition selected from the group consisting of foodstuffs and
      beverages having added thereto a minor, but flavor-modifying amount of a
      compound selected from the group of compounds having the general formulae:
      ##SPC10##
PAL  where R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms; and
      ##SPC11##
PAL  wherein R is ethyl or propyl.
NUM  26.
PAR  26. The composition of claim 25 wherein the added compound is selected from
      the group of compounds having the general formula:
      ##SPC12##
PAL  where R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms.
NUM  27.
PAR  27. The composition of claim 25 wherein the added compound is
      2-ethyl-phenol.
NUM  28.
PAR  28. The composition of claim 25 wherein the added compound is
      3-ethyl-phenol.
NUM  29.
PAR  29. The composition of claim 26 wherein the added compound is
      4-ethyl-phenol.
NUM  30.
PAR  30. The composition of claim 26 wherein the added compound is
      4-isopropyl-phenol.
NUM  31.
PAR  31. The composition of claim 26 wherein the added compound is 2,3-xylenol.
NUM  32.
PAR  32. The composition of claim 26 wherein the added compound is 2,4-xylenol.
NUM  33.
PAR  33. The composition of claim 26 wherein the added compound is 2,5-xylenol.
NUM  34.
PAR  34. The composition of claim 26 wherein the added compound is 2,6-xylenol.
NUM  35.
PAR  35. The composition of claim 26 wherein the added compound is 3,4-xylenol.
NUM  36.
PAR  36. The composition of claim 26 wherein the added compound is 3,5-xylenol.
NUM  37.
PAR  37. The composition of claim 26 wherein the added compound is
      2-hydroxy-acetophenone.
NUM  38.
PAR  38. The composition of claim 26 wherein the added compound is
      2-hydroxy-propiophenone.
NUM  39.
PAR  39. The composition of claim 26 wherein the added compound is
      4-hydroxy-propiophenone.
NUM  40.
PAR  40. The composition of claim 26 wherein the added compound is
      5-methyl-2-hydroxy-acetophenone.
NUM  41.
PAR  41. The composition of claim 25 wherein the added compound is selected from
      the group of compounds having the general formula:
      ##SPC13##
NUM  42.
PAR  42. The composition of claim 41 wherein the added compound is
      2,3,5-trimethyl-phenol.
NUM  43.
PAR  43. The composition of claim 41 wherein the added compound is
      2,4,6-trimethyl-phenol.
NUM  44.
PAR  44. The composition of claim 41 wherein the added compound
      2,4,5-trimethyl-phenol.
NUM  45.
PAR  45. The composition of claim 41 wherein the added compound is
      3,4,5-trimethyl-phenol.
NUM  46.
PAR  46. The composition of claim 25 wherein the added compound is selected from
      the group of compounds having the general formula:
      ##SPC14##
PAL  wherein R is ethyl or propyl.
NUM  47.
PAR  47. The composition of claim 46 wherein the added compound is
      4-ethyl-2-methoxy-phenol.
NUM  48.
PAR  48. The composition of claim 46 wherein the added compound is
      4-propyl-2-methoxy-phenol.
NUM  49.
PAR  49. A process for the alteration of the natural flavor of the soluble
      coffee material which comprises adding thereto a minor, but
      flavor-modifying amount of a compound selected from the group of compounds
      having the general formulae:
      ##SPC15##
PAL  wherein R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms; and
      ##SPC16##
PAL  and
      ##SPC17##
PAL  wherein R is ethyl or propyl.
NUM  50.
PAR  50. The process of claim 49 wherein the added compound is selected from the
      group of compounds having the general formula:
      ##SPC18##
PAL  wherein R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms.
NUM  51.
PAR  51. The process of claim 50 wherein the added compound is 2-ethyl-phenol.
NUM  52.
PAR  52. The process of claim 50 wherein the added compound is 3-ethyl-phenol.
NUM  53.
PAR  53. The process of claim 50 wherein the added compound is 4-ethyl-phenol.
NUM  54.
PAR  54. The process of claim 50 wherein the added compound is
      4-isopropyl-phenol.
NUM  55.
PAR  55. The process of claim 50 wherein the added compound is 2,3-xylenol.
NUM  56.
PAR  56. The process of claim 50 wherein the added compound is 2,4-xylenol.
NUM  57.
PAR  57. The process of claim 50 wherein the added compound is 2,5-xylenol.
NUM  58.
PAR  58. The process of claim 50 wherein the added compound is 2,6-xylenol.
NUM  59.
PAR  59. The process of claim 50 wherein the added compound is 3,4-xylenol.
NUM  60.
PAR  60. The process of claim 50 wherein the added compound is 3,5-xylenol.
NUM  61.
PAR  61. The process of claim 50 wherein the added compound is
      2-hydroxy-acetophenone.
NUM  62.
PAR  62. The process of claim 50 wherein the added compound is
      2-hydroxy-propiophenone.
NUM  63.
PAR  63. The process of claim 50 wherein the added compound is
      4-hydroxy-propiophenone.
NUM  64.
PAR  64. The process of claim 50 wherein the added compound is
      5-methyl-2-hydroxy-acetophenone.
NUM  65.
PAR  65. The process of claim 49 wherein the added compound is selected from the
      group of compounds having the general formula:
      ##SPC19##
NUM  66.
PAR  66. The process of claim 65 wherein the added compound is
      2,3,5-trimethyl-phenol.
NUM  67.
PAR  67. The process of claim 65 wherein the added compound is
      2,4,6-trimethyl-phenol.
NUM  68.
PAR  68. The process of claim 65 wherein the added compound is
      2,4,5-trimethyl-phenol.
NUM  69.
PAR  69. The process of claim 65 wherein the added compound is
      3,4,5-trimethyl-phenol.
NUM  70.
PAR  70. The process of claim 49 wherein the added compound is selected from the
      group of compounds having the general formulae:
      ##SPC20##
PAL  wherein R is ethyl or propyl.
NUM  71.
PAR  71. The process of claim 70 wherein the added compound is
      4-ethyl-2-methoxy-phenol.
NUM  72.
PAR  72. The process of claim 70 wherein the added compound is
      4-propyl-2-methoxy-phenol.
NUM  73.
PAR  73. A process for the alteration of the flavor of a composition selected
      from the group consisting of foodstuffs and beverages which comprises
      adding thereto a minor, but flavor-modifying amount of a compound selected
      from the group of compounds having the general formulae:
      ##SPC21##
PAL  wherein R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms; and
      ##SPC22##
PAL  wherein R is ethyl or propyl.
NUM  74.
PAR  74. The process of claim 73 wherein the added compound is selected from the
      group of compounds having the general formula:
      ##SPC23##
PAL  wherein R1 is methyl, ethyl, propyl, acetyl or propionyl and R2 is hydrogen
      or a methyl group, with the proviso that R1 and R2 together comprise at
      least two carbon atoms.
NUM  75.
PAR  75. The process of claim 74 wherein the added compound is 2-ethyl-phenol.
NUM  76.
PAR  76. The process of claim 74 wherein the added compound is 3-ethyl-phenol.
NUM  77.
PAR  77. The process of claim 74 wherein the added compound is 4-ethyl-phenol.
NUM  78.
PAR  78. The process of claim 74 wherein the added compound is
      4-isopropyl-phenol.
NUM  79.
PAR  79. The process of claim 74 wherein the added compound is 2,3-xylenol.
NUM  80.
PAR  80. The process of claim 74 wherein the added compound is 2,4-xylenol.
NUM  81.
PAR  81. The process of claim 74 wherein the added compound is 2,5-xylenol.
NUM  82.
PAR  82. The process of claim 74 wherein the added compound is 2,6-xylenol.
NUM  83.
PAR  83. The process of claim 74 wherein the added compound is 3,4-xylenol.
NUM  84.
PAR  84. The process of claim 74 wherein the added compound is 3,5-xylenol.
NUM  85.
PAR  85. The process of claim 74 wherein the added compound is
      2-hydroxy-acetophenone.
NUM  86.
PAR  86. The process of claim 74 wherein the added compound is
      2-hydroxy-propiophenone.
NUM  87.
PAR  87. The process of claim 74 wherein the added compound is
      4-hydroxy-propiophenone.
NUM  88.
PAR  88. The process of claim 74 wherein the added compound is
      5-methyl-2-hydroxy-acetophenone.
NUM  89.
PAR  89. The process of claim 73 wherein the added compound is selected from the
      group of compounds having the general formula:
      ##SPC24##
NUM  90.
PAR  90. The process of claim 89 wherein the added compound is
      2,3,5-trimethyl-phenol.
NUM  91.
PAR  91. The process of claim 89 wherein the added compound is
      2,4,6-trimethyl-phenol.
NUM  92.
PAR  92. The process of claim 89 wherein the added compound is
      2,4,5-trimethyl-phenol.
NUM  93.
PAR  93. The process of claim 89 wherein the added compound is
      3,4,5-trimethyl-phenol.
NUM  94.
PAR  94. The process of claim 73 wherein the added compound is selected from the
      group of compounds having the general formula:
      ##SPC25##
PAL  wherein R is ethyl or propyl.
NUM  95.
PAR  95. The process of claim 94 wherein the added compound is
      4-ethyl-2-methoxy-phenol.
NUM  96.
PAR  96. The process of claim 94 wherein the added compound is
      4-propyl-2-methoxy-phenol.
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ABST
PAL  An edible jelly having improved spreading characteristics and ability for
      withstanding heat is made by incorporating into the recipe finely-divided,
      water-insoluble organic particles consisting of 85 to 95% by weight of
      beta-1, 4 glucan intimately associated with 5 to 15% by weight of sodium
      carboxymethyl cellulose having a degree of substitution of 0.75 .+-. 0.15.
BSUM
PAR  This invention relates to an edible jelly, particularly a fruit jelly and
      more especially a pectin or starch jelly having improved spreadability and
      resistance to heat. While the invention is believed to find its greatest
      utility in connection with a pectin jelly, it is also useful in connection
      with a starch jelly. The improved spreadability enables the jelly to be
      deposited mechanically and pumped under high shear forces in a high speed
      mechanized operation and the improved heat stability makes it ideally
      suitable as a topping or filling for bakery goods which are subjected to
      baking temperatures of 193.degree. to 217.degree.C. for 15 minutes or so.
PAR  Conventional bakery jellies are subject to weeping (syneresis) when the
      structure is fractured mechanically, and they will not withstand the
      effects of oven heating unless extremely high levels of fruit (30 to 50%)
      are incorporated, generally a prohibitive practice because of the cost.
      Although there has been some success with bakery fillings using modified
      starch formulations, the starch level necessary to maintain structure
      alters the fine texture typical of the pectin jellies and often
      contributes to a thick pasty character, gum-like after baking and
      unacceptable to the baker. Flavor and color also are adversely affected by
      the high starch content required for the fruit type fillings.
PAR  Formulations for typical bakery jellies combine pectin, sugar, acid and
      water into an interlocking network having a unique fibrous structure
      similar to a fishnet. Within this structure, thin layers of sugar syrup
      are free to flow through the various pockets created by the structure. The
      greater the concentration of pectin present, the firmer and more inelastic
      the developed structure. Application of a shearing force severs the
      fibrous network and allows the sugar to flow (weep) from the jelly. The
      change is irreversible. A similar structural alteration occurs with local
      heating of the syrup and disruption of the fibrous network, allowing the
      solution to escape.
PAR  It is an object of the present invention to provide an edible jelly having
      improved spreadability and heat-resistance.
PAR  It is a further object of this invention to incorporate in both pectin
      jellies and starch jellies another gel-forming material which results in a
      jelly-like product having mechanical stability not subject to syneresis
      even when fractured mechanically or when subjected to the degree of heat
      normally encountered in baking.
PAR  Yet another object of the invention is to provide a method of preparing an
      edible jelly having improved spreadability and heat-resistance.
PAR  Basically, the above objects are accomplished by incorporating in the jelly
      recipe a small amount (about 1%) of finely-divided water-insoluble organic
      particles consisting of 85 to 95% by weight of beta-1, 4 glucan intimately
      associated with 5 to 15% by weight of sodium carboxymethyl cellulose
      having a degree of substitution of 0.75 .+-. 0.15.
PAR  This invention constitutes an improvement over that of the U.S. patent to
      Battista U.S. Pat. No. 3,023,104 which describes the use, in various
      foods, of cellulose crystallite aggregates having a level-off degree of
      polymerization.
PAR  As described in the United States patent to Durand et al. U.S. Pat. No.
      3,539,365, the water-insoluble, water-dispersible beta-1, 4
      glucan-containing material is prepared from the source material by a
      combination of a chemical degradation and mechanical attrition. Chemical
      degradation may be effected by any of the common well-known methods. A
      specific method for the commercial production of this type of dispersible
      material is disclosed in U.S. Pat. No. 2,978,446 to Battista et al. In
      this method, the source material, that is, native or regenerated forms of
      cellulose, is subjected to a 2.5N hydrochloric acid solution at its
      boiling point for 15 minutes. Obviously, more dilute acid may be utilized
      by raising the temperature of the mass while maintaining an elevated
      pressure. Other known methods for degrading the cellulose source materials
      by the use of other acids and by alkalis are also satisfactory. The
      degraded material is subsequently attrited, preferably in the presence of
      an aqueous medium, so as to provide the required small particle size.
PAR  The amount of energy required for the necessary attrition will be dependent
      upon the specific raw material. For example, a dilute hydrochloric acid
      treatment of regenerated forms of cellulose produces a material
      substantially all of which is attritable to the desired particle size by
      merely dispersing the same in an aqueous medium with a conventional
      electrically driven kitchen beater in a matter of a few minutes. Wood
      pulps and cotton linters, however, after a similar hydrolysis treatment
      require a substantial amount of energy input and, accordingly, a greater
      attrition period is used in equipment which is more severe in its
      attriting action. The relative proportions of larger sized particles in
      the degraded material also varies inversely with the severity of
      hydrolysis of the source material. Accordingly, the amount of energy
      required for the required attrition will also vary inversely with the
      severity of hydrolysis of the source material.
PAR  The mechanical attrition may be effected by the use of various standard
      equipment such as kitchen mixers, planetary mixers, ball mills, attrition
      mills, high speed shearing devices and the like. Also, the residue of the
      hydrolysis treatment preferably in the presence of an aqueous medium may
      be subjected to a shearing action and to a rubbing action between the
      particles by forcing the mixture of residue and aqueous medium through
      passages of limited cross-section such as found in perforated plates. The
      attrition should be sufficient to produce a mass wherein at least about 1%
      by weight and preferably at least 30% of the particles have an average
      length not greater than about 1.0 micron as determined by electron
      microscopic examination. Some of the particles in such a mass may have a
      length or maximum dimension as low as a few hundredths of a micron.
PAR  The beta-1, 4 glucan may be derived by any desired chemical degradation
      method applied to a selected cellulose material. Upon completion of the
      desired degradation, the residue is collected as a filter cake and is
      thoroughly washed to remove soluble impurities. The washed cake,
      preferably containing about 40% solids, is then subjected to mechanical
      disintegration. In the chemical degradation treatment and subsequent
      washing, microcrystalline cellulose is freed by cleaving the cellulose
      chains in the amorphous regions but the individual crystallites still
      remain bound together due to hydrogen bonding. These individual
      crystallites must be separated or peeled from the treated fiber or
      fragment. During the disintegration, newly created surfaces are formed as
      the microcrystals are separated from the degraded material and unless the
      individual microcrystals are maintained in a separated condition they will
      rebond. In order to obtain an efficient shearing, the solids content of
      the mass being subjected to disintegration should be sufficiently high to
      provide an efficient transfer of the shear forces. On the other hand, the
      solids content should not be so high as to allow the separated
      microcrystals to coalesce and form large aggregates owing to insufficient
      water present to hydrate with the newly created surfaces of the
      microcrystals.
PAR  In accordance with the preferred procedure, the water-soluble sodium
      carboxymethyl cellulose is introduced in a dry powder form during this
      stage of the attrition process. Alternatively, a concentrated solution or
      a water paste of the water-soluble sodium carboxymethyl cellulose is
      introduced, the water content of the solution or paste being taken into
      account to provide the required water content of the mass being attrited.
      The water content also must be sufficient so as to hydrate the sodium
      carboxymethyl cellulose during the attrition process. As attrition
      proceeds, sufficient amounts of the dissolved sodium carboxymethyl
      cellulose should be present so as to at least partially coat the
      microcrystals as they are freed from the degraded fibers or particles.
PAR  It has been discovered that in order to effect the required attrition to
      separate the microcrystals and maintain them in individual state and to
      hydrate the sodium carboxymethyl cellulose, the solids content of the mass
      when first subjected to attrition should be at least 35% but should not
      exceed about 60%. When attrition is carried out at above about 50% solids,
      the solids content must be reduced by adding water slowly while still
      continuing the attrition in order to hydrate the surface of the
      microcrystals as the aggregates formed by the attrition at high solids are
      separated by further attrition at the lower solids content.
PAR  Upon completion of the attrition and mixing operations, the mass is then
      dried. Any desired drying method may be used. A particularly satisfactory
      drying method is a drum drying method wherein the disintegrated mass is
      spread as a thin film, for example, about 0.01 inch in thickness, on
      heated drums. In order to facilitate the spreading of the wet mass as a
      continuous film on the drying drum, the mass is subjected to additional
      attrition and mixing as additional water is added so as to reduce the
      solids content of the mass to a range of from about 25 to 35%. This
      further attrition continues the freeing of the microcrystals and
      additional sodium carboxymethyl cellulose is hydrated and dissolved so as
      to maintain the freed microcrystals as individual, discrete particles and
      to at least partially coat the microcrystals with sodium carboxymethyl
      cellulose. Both cellulose and sodium carboxymethyl cellulose will absorb
      moisture from the atmosphere and, accordingly, the material is dried to a
      moisture content of about 3 to 10%. The dried film is removed and may be
      readily ground to a powder and is preferably ground to a size such that
      all of the material passes through a 60 mesh screen and it is then
      collected in a suitable storage bin or in desired packages.
PAR  Alternatively, upon completion of the attrition and mixing operations, the
      material may be transferred to a suitable mixing vessel and water added to
      form a slurry containing from 3 to 10% solids. The slurry is then spray
      dried to a moisture content of about 3 to 10% and a dry powder collected.
PAR  Attrition may also be effected in the absence of sodium carboxymethyl
      cellulose. Obviously, the solids content should be sufficiently high to
      provide an efficient transfer of the shear forces but should also be low
      enough to prevent coalescence of the separated microcrystals and maintain
      the freed microcrystals as individual, discrete particles. Upon completion
      of attrition, a solution of sodium carboxymethyl cellulose is added,
      preferably slowly, and attrition and mixing continued so as to provide a
      thorough mixing and at least partially coat the individual microcrystals.
      Alternatively, dry sodium carboxymethyl cellulose may be added making
      certain that sufficient water is present to hydrate the sodium
      carboxymethyl cellulose and keep the particles separated. Where the
      product is to be drum dried, the solution of sodium carboxymethyl
      cellulose may provide the water necessary to reduce the solids content to
      a level necessary to facilitate the spreading of a continuous film of the
      wet mass on the surface of the drying drum. When dry sodium carboxymethyl
      cellulose is added, water must be added to obtain the desired solids
      content. If the product is to be spray dried, the mass is transferred to a
      suitable mixer and water added to form a slurry containing 3 to 10% solids
      and then spray drying.
PAR  For the purposes of the present invention, the sodium carboxymethyl
      cellulose should have sufficient unsubstituted hydroxyl groups so that the
      sodium carboxymethyl cellulose can hydrogen bond to the individual
      cellulose microcrystals upon drying. The substitutent groups should be
      sufficient to impart water-solubility. The sodium carboxymethyl cellulose
      necessary for the purposes of this invention has a degree of substitution
      of 0.75 .+-. 0.15. In the class of so-called low and medium viscosity
      grades of sodium carboxymethyl cellulose, the viscosity of 2% solutions
      may vary within a range of about 20 to 800 centipoise. In the class of
      high viscosity grades of sodium carboxymethyl cellulose, the viscosity of
      1% solutions may vary up to about 2200 centipoise. Sodium carboxymethyl
      cellulose having a degree of substitution outside this range does not
      prevent hornification or partial hornification of the cellulosic material
      during drying. This effect on the dried material may be termed a barrier
      effect and an effective barrier prevents the irreversible bonding or
      hornification of the microcrystalline cellulose during drying.
      Subsequently, when the dried material is placed in water and subjected to
      a mixing or beating step, the dried material readily disperses in the
      water and forms a firm gel.
PAR  It has been found that an edible jelly having improved spreadability and
      heat-resistance to structural change and therefore particularly useful for
      bakery fillings and toppings may be provided by incorporating the
      particular above-described water-insoluble organic particles into the
      recipe. The use of this material, when introduced into the recipe at the
      right time, in the right way and within a rather narrow weight range
      considerably improves the spreadability and heat-resistance of jellies
      employing either pectin or starch as the jelling agent, these being the
      most commonly used.
PAR  In accordance with this invention, the first step in preparing the edible
      jelly is to disperse in water a relatively small amount of the
      above-described finely-divided water-insoluble organic particles
      consisting of 85 to 95% by weight of beta-1, 4 glucan intimately
      associated with 5 tp 15% by weight of sodium carboxymethyl cellulose
      having a degree of substitution of 0.75 .+-. 0.15. This dispersion is
      stirred vigorously until smooth and viscous, which may take from about
      five to ten minutes. When making a pectin jelly, pectin or a
      pectin-sucrose blend is stirred into the organic particle dispersion while
      heating to solubilize the pectin. The same amount of heat and stirring is
      actually required as with an ordinary pectin jelly but the organic
      particle dispersion is cloudy and it cannot be readily ascertained
      visually when the pectin is in solution. Thus, the best procedure is to
      heat to boiling since this assures that the pectin will go into solution.
      It is essential that the pectin not be added until after the
      water-insoluble organic particles have been dispersed because the pectin
      being water-insoluble will tie up the water if added first so that the
      water-insoluble organic particles cannot disperse. Sucrose, an artificial
      coloring and, if desired, a preservative, are then added and mixed in,
      after which the desired flavoring, either natural or artificial, is added.
      Finally, a food acid such as citric, fumaric, adipic, maleic, or the like
      is added in an amount sufficient to reduce the pH down to the range of
      about 2.8 to 3.3 whereupon the jelly forms.
PAR  The above-described water-insoluble organic particles should constitute
      between 0.1 and 3.0% of the weight of the jelly, preferably from about 0.5
      to 1.5%. If these particles amount to over about 3% of the weight of the
      jelly, the desired handling and spreading properties will not be brought
      about. If the amount is less than 0.5% of the weight of the jelly, heat
      stability is not achieved. If desired, and it will generally be
      economically advantageous, a relatively small amount of starch or
      carboxymethyl cellulose may be added to the recipe. It has been found that
      these materials enhance or supplement the function of the water-insoluble
      organic particles so that smaller amounts of these particles may be
      employed. If starch or carboxymethyl cellulose is employed, it is not used
      in amounts sufficient to be the gelling agent which, in the foregoing
      procedure, is still the pectin.
PAR  Structural continuity of the pectin jelly containing the particular herein
      referred to water-insoluble organic particles permits these jellies to be
      mechanically deposited and mechanically spread, thus making for higher
      speed and more efficient production of such bakery goods as cookies and
      the like. The high heat resistance affords the option of permitting the
      jelly to be deposited and/or spread before baking without penalizing the
      organoleptic properties of the finished product. Prior to this invention,
      it has been a common practice to deposit a pectin jelly on bakery goods
      such as cookies prior to baking but unless the jelly is deposited in a
      depression provided in the cookie dough, the jelly runs off of the product
      during baking, which not only spoils the appearance of the product but
      forms sugary deposits in the oven making frequent cleaning necessary. With
      a jelly containing the particular hereinbefore described finely-divided
      water-insoluble organic particles, the jelly can be deposited on a flat
      horizontal surface of the bakery product and it will remain as deposited
      during baking, thus avoiding fouling the oven. This heat-resistance of the
      jelly will be especially advantageous for use with bakery products which
      are now sold at retail in frozen, unbaked form since, when such products
      are baked in the home, the non-dripping of the jelly into the oven will be
      especially appreciated.
PAR  A pectin gel prepared as set forth above has the appearance of containing
      fruit puree, although none is present. However, the highest level practice
      of the invention does call for using real fruit and the fruit is added to
      the dispersion of the water-insoluble organic (cellulosic) particles and
      pectin-sucrose blend. It is essential that the fruit be added before the
      citric acid because the dispersion starts to jell immediately upon the
      addition of the citric acid. As previously mentioned, with conventional
      bakery pectin jellies, it is necessary to use a high level of fruit (30 to
      50%) to provide heat stability if the jelly is to be deposited on the
      bakery goods before baking. When the previously decribed particular
      water-insoluble organic particles are included in the recipe a fruity
      flavored tasty jelly that will remain structurally stable under baking
      temperature is achieved with a much lower level of fruit. In fact, the
      fruit need constitute only about ten percent of the total weight of the
      jelly to produce a highly desirable taste and appearance.
PAR  In addition to improving the spreadability and heat resistance of a pectin
      jelly, the present invention also improves these qualities of a jelly
      employing starch as the gelling agent, while permitting the use of lower
      levels of starch. Here again, the first step in preparing the jelly is to
      disperse the aforesaid water-insoluble particles in water. To this
      dispersion is stirred in fruit, sucrose, artificial coloring and if
      desired, a preservative. A starch slurry is then added to this mixture in
      a relatively small amount, the starch constituting less than 4% of the
      entire formula. While with the pectin jelly described above, the pectin is
      added before the fruit; in the case of the starch jelly the fruit is added
      before the starch. Once the starch is added, the mixture starts to jell
      making it impractical if not impossible to add the fruit later. Finally, a
      food acid is added in an amount to balance or bring out the flavor. In the
      case of a pectin jelly, the acid is needed to cause the mixture to jell
      but with the starch jelly, it is not needed for that purpose.
PAR  One example of what has been found to be a tasty jelly having excellent
      spreadability and which does not break down under baking conditions has
      the following formulation:
TBL   Ingredient           Percent by Weight                                   
     ______________________________________                                    
     Cellulose stabilizer* 1.000                                               
     Water                 16.725                                              
     Pectin, 150 grade     0.850                                               
     Sucrose               14.800                                              
     Raspberries           10.000                                              
     FD&C Red. No. 2 (4%)  0.150                                               
     FD&C Yellow No. 6 (4%)                                                    
                           0.050                                               
     Caramel coloring (20%)                                                    
                           0.225                                               
     Sodium benzoate       0.060                                               
     Modified starch       2.000                                               
     Corn syrup 64DE       53.400                                              
     Imitation Raspberry flavoring                                             
                           0.020                                               
     Citric acid (50%)     0.720                                               
     ______________________________________                                    
      *Consisting of from 85% to 95% by weight of B-1,4 glucan intimately      
      associated with 5% to 15% by weight of sodium carboxymethyl cellulose    
      having a degree of substitution of 0.75 .+-. 0.15.                       
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. An edible jelly having improved spreadability and heat-resistance
      comprising a mixture of a gelling agent, sucrose, flavoring, a food acid,
      water and finely-divided water-insoluble organic particles consisting of
      from 85 to 95% by weight of beta-1, 4 glucan intimately associated with 5
      to 15% by weight of sodium carboxymethyl cellulose having a degree of
      substitution of 0.75 .+-. 0.15, said organic particles constituting at
      least about 0.5% of the weight of the mixture.
NUM  2.
PAR  2. The jelly of claim 1 wherein said organic particles constitute between
      about 0.5 and 1.5% of the weight of the mixture.
NUM  3.
PAR  3. The jelly of claim 1 including real fruit.
NUM  4.
PAR  4. The jelly of claim 1 wherein the gelling agent is pectin.
NUM  5.
PAR  5. The jelly of claim 4 including starch.
NUM  6.
PAR  6. The jelly of claim 1 wherein the gelling agent is starch.
NUM  7.
PAR  7. The method of preparing an edible jelly having improved spreadability
      and heat-resistance comprising dispersing in water finely-divided
      water-insoluble organic particles consisting of from 85 to 95% by weight
      of beta-1, 4 glucan intimately associated with 5 to 15% by weight of
      sodium carboxymethyl celluose having a degree of substitution of 0.75 .+-.
      0.15, adding pectin to the dispersion, heating sufficiently to solubilize
      the pectin, adding sucrose and artificial coloring, mixing the foregoing,
      adding flavoring and adding sufficient food acid to form a jelly, said
      water-insoluble organic particles constituting between about 0.5 to 1.5%
      of the weight of the jelly.
NUM  8.
PAR  8. The method of claim 7 comprising adding a starch slurry, heating to
      gelatinize and stirring immediately prior to adding the food acid.
NUM  9.
PAR  9. The method of preparing an edible jelly having improved spreadability
      and heat-resistance comprising dispersing in water finely-divided
      water-insoluble organic particles consisting of from 85 to 95% by weight
      of beta-1, 4 glucan intimately associated with 5 to 15% by weight of
      sodium carboxymethyl cellulose having a degree of substitution of 0.75
      .+-. 0.15, adding to the dispersion sucrose and artificial coloring,
      mixing the foregoing, adding flavoring, adding a starch slurry, heating to
      gelatinize, then adding sufficient food acid to balance the flavor, said
      water-insoluble organic particles constituting between about 0.5 to 1.5%
      of the weight of the jelly.
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PAL  Single-cell protein material, having low purine content and high nutritive
      value, is obtained in high yield by subjecting aqueous cell creams to
      temperature, pH adjustment, and washing treatments for controlled periods
      of time. This process can involve methionine or cystine enrichment of the
      products produced thereby.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years much attention has been directed toward the development of
      new sources of protein for human consumption. There exists a need for
      protein material which can be incorporated in foods or usable as a basic
      proteinaceous substance for human consumption. Rapid increases in world
      population have made the continued dependence on traditional sources of
      protein highly impractical. Moreover, the supply of protein from typical
      sources of protein, such as animal meat and certain vegetables, is
      inadequate to provide balanced diets sufficient to satisfy needs of humans
      throughout the world. These factors coupled with the difficulties
      associated with providing protein from traditional sources because of
      drought, flooding and both animal and crop diseases gives critical
      significance to this situation.
PAR  One possible solution to the problem of supplying the ever increasing need
      for food protein is provided by processes for the bio-synthetic
      manufacture of protein through the growth of microorganisms on hydrocarbon
      or other substrates. It is known, for example, that microorganisms such as
      fungi, bacteria and yeast, which are grown by single-cell reproduction,
      contain high proportions of proteins and can be utilized directly in foods
      as wholecell material or can be treated to recover protein isolate. Recent
      efforts have shown that microorganisms, grown on hydrocarbon substrates
      can be successfully used in animal feeds; but as yet these microorganisms
      have not been commercially accepted in food preparations suitable for
      human consumption.
PAR  With the development of successful processes for the synthetic production
      of protein-containing microorganisms (sometimes referred to herein as
      single cell proteins), an urgent need has developed for methods of
      texturizing such single-cell protein materials in a manner sufficient to
      render them suitable for use in food products. Generally, single-cell
      protein is initially produced as a wet paste and then is subsequently
      converted into dry powder form. This dry powder, similar in appearance and
      feel to flour, lacks the texture and food-like sensation to the mouth
      necessary to make an attractive food. Moreover, when placed in water, the
      powdered single-cell protein rapidly reverts back to single-cell form.
PAR  Ideally, therefore, it is desirable to impart properties such as chewiness,
      crispness, resistance to dispersion in water and the like to such
      single-cell proteins in order that they may be used to full advantage as
      additives to and substitutes for natural foods.
PAR  Various techniques are known in the art for effecting texture formation in
      soy bean based protein, such techniques are not generally applicable to
      single-cell technology and are ineffective in such application.
PAR  The use of "texturized vegetable proteins" (hereinafter referred to as TVP)
      in food products, especially as meat extenders or analogs has been
      increasing rapidly. Many people predict that the market for TVP may reach
      10% of all domestic meat consumption by the year 1985. The technology of
      texturizing soy protein is well established. Presently, there are mainly
      two types of TVP produced on the market. Namely, the expanded vegetable
      protein is made by a thermoplastic extrusion technique and the spun
      vegetable protein by a fiber spinning technique. TVP is characaterized as
      having structural integrity and identifiable texture. These features
      enable it to withstand hydration in cooking and other procedures used in
      preparing the food.
PAR  In order for single-cell proteins (SCP) to compete with vegetable seed
      proteins and to share the protein market in the future, it has to be
      texturized and processed for the removal of purine.
PAR  The human metabolic system produces uric acid as in the metabolism of
      purine. Since man does not have a uricase enzyme system, uric acid is not
      further broken down and is excreted with urine. Because uric acid has a
      very low solubility in water it will accumulate in the body in crystalline
      form if produced in larger quantities than the body can excrete. This may
      lead to the conditions known as gout and kidney stone formation. It is,
      therefore, recommended by many nutritionists that the purine intake in
      diet be kept at a low level.
PAR  Microbial cells, or single-cell protein (SCP) materials, contain from 4 to
      30% or more nucleic acids according to their growth rates and the phase of
      growth. Usually, the higher nucleic acid contents of the microbial cells
      are associated with rapid growth phases. If the microbial cells are to be
      used as a protein source in human feeding, nutritionists recommend
      generally that the amount of nucleic acids contributed by SCP to diet
      should not exceed 2 grams per day which is equivalent to 0.36 grams of
      purine bases.
PAR  The calculated ribonucleic acid (RNA) contents of some conventional protein
      sources are given in Table I. These vary from 0 to 4%. The RNA content of
      SCP generally ranges from 8 to 18% for exponential growth phase cells. In
      SCP intended for human consumption the RNA content should preferably be
      reduced to about 2% on cell dry weight basis. Again, the level of 2% RNA
      on a cell dry weight basis is equivalent to 0.36 grams of purine bases.
TBL                TABLE I                                                     
     ______________________________________                                    
     RNA Content (Calculated) of Various Protein Sources                       
            FOOD          % RNA                                                
     ______________________________________                                    
            Milk          0                                                    
            Beans         1.7                                                  
            Salmon        2.4                                                  
            Chicken       2.9                                                  
            Beef          3.7                                                  
            Pork          4.1                                                  
            Liver         9.3                                                  
            Anchovies     14.5                                                 
            SCP           8 to 18                                              
     ______________________________________                                    
PAR  A preferred way of utilizing SCP material is in the form of whole cells. In
      this form, there is a need for the development of means for removing
      nucleic acids from the microbial cell material. This is desirably
      accomplished with a minimum loss of protein materials from the cells in
      order to maintain the nutritional attractiveness of such SCP materials.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a two-step extraction process for
      substantially reducing the purine content of single-cell proteins. It has
      been found that nutritive materials such as B-vitamins, amino acids,
      peptides and proteins, carbohydrates, nucleotidic material and minerals
      are extracted from the yeast cells by hot water having a temperature of
      about 70.degree. to about 90.degree.C. The extraction process is carried
      out over a period of about five to about ten minutes. The cells are
      separated and treated by a second extraction where the cells are extracted
      at a temperature of about 85.degree. to 95.degree.C with a dilute alkali
      solution having a pH of about 8.5 to about 10.0 for a period of from about
      5 to about 30 minutes. The alkali-extracted cells contain very low purine
      content of less than 0.3% by weight. These low purine containing cells can
      be combined with varying amounts of the water soluble materials obtained
      from the first extraction step resulting in a reconstituted product. The
      reconstituted product will contain a low purine content ranging from 0.3
      to 0.7% as compared to a level of 1.8 to 2.0% existing in untreated cells.
      The yield of the reconstituted product can be as high as 90% based on the
      weight of the starting cell material. When the alkali-extracted fraction
      is not reconstituted in the manner above mentioned, the yield will be
      about 72%.
PAR  Optimally, both the reconstituted product and alkali-extracted fraction can
      be fortified with a nutrient such as methionine or cystine.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This invention discloses a novel method for reducing the purine content of
      unicellular microorganisms together with the novel and improved food
      products obtained thereby.
PAR  It has been found that the purine content of single-cell microorganisms can
      be reduced in accordance with the two step extraction process as outlined
      in FIG. 1. The steps involved in this process are as follows:
PAR  1. Yeast cream in a concentration of 10 to 14 wt.% is heated to 70.degree.
      to 90.degree.C. through a heat exchanger for a residence time of about 5
      to about 10 minutes;
PAR  2. the heated cell suspension is cooled down rapidly to the room
      temperature and the cells are separated and washed by centrifugation into
      cell concentrate;
PAR  3. the supernatant (Extract-1) is to be directly reconstituted into the
      final product, or sent to the zone wherein purine related substances are
      removed by any effective method of fractionation;
PAR  4. the washed cell concentrate from step (2) is resuspended in water to
      produce a cell suspension of 10 to 14 wt.% (dry basis);
PAR  5. a base solution such as NaOH, NH.sub.4 OH or NaCO.sub.3 is added to the
      suspension of step (4) in order to raise the pH level to about 8.5 to
      about 10.0 (e.g. the amount of NaOH added corresponds to 0.7 to 1.6% of
      cell (dry basis));
PAR  6. the cell suspension is then heated to about 85.degree. to about
      95.degree.C. through a heat exchanger for a residence time of about 5 to
      about 30 minutes;
PAR  7. the heated suspension is cooled rapidly to room temperature before
      subjecting it to centrifugation;
PAR  8. the alkali-extracted cells, having low purine content, are water-washed,
      neutralized (to pH 7.0) and separated into a cell concentrate;
PAR  9. the alkaline supernatant (Extract-2) is sent for further processing into
      by-product; and
PAR  10. the cell concentrate of step (8) is directly dried into product of low
      purine content, or combined with varying amounts of extract (Extract-1)
      from step (3) to produce dried reconstituted products containing low
      levels of purine.
PAR  Optimally, in step (10), an additive such as methionine or cystine can be
      incorporated into the product to further improve its nutritive value.
PAR  It has thus been possible, by application of this inventive process, to
      obtain single-cell protein material in the form of intact cells and having
      a nucleic acid content substantially below 2 wt.% which is equivalent to
      0.36 grams of purine bases.
PAR  The novel process offers the advantage of being able to prepare
      "tailor-made" products having desirable levels of purine. This is easily
      accomplished by varying the amount of Extract-1 in the reconstitution step
      during drying. Obviously, it costs more to produce products containing
      lower levels of purine because of the lower yields. However, this process
      affords the distinct advantage of being able to make "whole families"
      (closely related) of low purine containing products based on different
      purine content which can be used for various food applications.
PAR  The practice of this invention is broadly applicable to microorganisms and
      particularly to those organisms classified as bacteria, yeast and fungi.
      By way of illustration bacteria such as those listed in Table II, yeast
      such as those listed Table III and fungi such as those listed in Table IV
      are suitable microorganisms.
PAC  TABLE II -- Suitable Bacteria
PA1   Acetobacter sp.
PA1  Arthrobacter sp.
PA1  Bacillus subtilis
PA1  Corynebacteria sp.
PA1  Micrococcus sp.
PA1  Pseudomonas sp.
PAC  TABLE III -- Suitable Yeasts
PA1  Candida curvata
PA1  Candida lipolytica
PA1  Candida pulcherima
PA1  Candida utilis
PA1  Hansenula anomala
PA1  Hansenula miso
PA1  Oidium lactis
PA1  Saccharomyces carlsbergensis
PA1  Saccharomyces fragilis
PA1  Trichosporon cutaneum
PA1  Saccharomyces cerevisiae
PA1  Candida parapsilosis
PA1  Hansenula wickerhamii
PA1  Pichia pastoris
PA1  Pichia haplophyla
TBL                TABLE IV                                                    
     ______________________________________                                    
     Suitable Fungi                                                            
     Aspergillus niger Penicillium notatum                                     
     Aspergillus glaucus                                                       
                       Penicillium chrysogenum                                 
     Aspergillus oryzae                                                        
                       Penicillium glaucum                                     
     Aspergillus terreus                                                       
                       Penicillium griseofulvum                                
     Aspergillus itaconicus                                                    
     ______________________________________                                    
PAR  Candida utilis, Saccharomyces cerevisiae, Saccharomyces fragilis, and
      Saccharomyces carlsbergensis are preferred starting materials for the
      process of this invention, however, because each has been generally
      regarded by the F.D.A. as safe for use in food products.
PAR  Microbial cells suitable for the process of this invention may be grown
      aerobically in either a batch or continuous manner. Any suitable
      carbon-affording substrate may be employed although, for purposes of
      preparing SCP products for use in foods, an ethanol substrate is
      preferred. Any conventional combination of mineral nutrient elements may
      be employed. A convenient source of nitrogen is ammonia which may also be
      supplied to the fermentor as required to maintain the pH of the
      fermentation broth, preferably within the range from 3.5 to 5.5. Cells
      which have been grown at a rapid rate usually have a higher nucleic acid
      content while those grown more slowly tend to have a more permeable cell
      wall. Either of these types, as well as cells grown under oxygen-limiting
      or substrate-limiting conditions may be usefully treated according to the
      present invention to afford improved and acceptable foods and food
      components suitable for human consumption.
PAR  The following schematic diagram serves to illustrate the steps involved in
      the practice of this invention.
      ##SPC1##
DETD
PAC  EXAMPLES
PAR  The following examples are illustrative, without implied limitation, of my
      invention.
PAC  EXAMPLE I
PAR  Yeast cells, Candida utilis (ATCC-9256), were harvested from a continuous
      culture which was grown on ethanol under conditions wherein the cell
      growth was limited by oxygen. A yeast cream containing 10 wt.% yeast cells
      in aqueous ethanol was prepared. The yeast cream was heated rapidly to
      80.degree.C. and maintained at that temperature for 5 minutes. The heated
      yeast cream was cooled rapidly to room temperature and subjected to
      centrifugation thereby separating the fraction (Extract-1) from the cell
      mass. The treated cells were mixed with water and formed an aqueous
      suspension containing 10 to 14 wt.% yeast cells. A 10% solution of sodium
      hydroxide (NaOH) was added to the aqueous cell suspension raising the pH
      to 9.5. The amount of NaOH used was equivalent to 1.3% of the cell dry
      weight. The aqueous cell suspension, containing dilute alkali, was heated
      rapidly to 90.degree.C. and maintained at that temperature for 10 minutes
      before being cooled rapidly to room temperature. The treated cell was
      separated and again suspended in water thereby forming an aqueous cell
      suspension having a cell concentration of 10 to 14 wt.%. The pH of the
      cell suspension was adjusted to 7.0 by the addition of six normal
      hydrochloric acid (HCl)). The neutralized cell suspension was washed with
      water by centrifugation. The cell suspension was dried and yielded a
      product containing a very low level of purine bases.
PAC  EXAMPLE II
PAR  The process of Example I was repeated except that prior to drying the cell
      suspension, it was combined with the water extract (Extract-1) to give a
      reconstituted product. Yields and the purine content in various fractions
      are shown in Table II.A.
PAC  EXAMPLE III
PAR  The process of Example I was repeated except that a solution of methionine
      at a dosage of 1.2% of the dried cell product was added to the cell
      suspension of low purine containing cell material before it was spray
      dried.
PAR  Samples of both methionine enriched products and non-methionine enriched
      products were tested for Protein Efficiency Ratio (PER). The results of
      the tests are shown in Table I.A.
TBL                TABLE I.A                                                   
     ______________________________________                                    
                       Methionine                                              
                       content g/16                                            
     Sample            g. nitrogen     PER                                     
     ______________________________________                                    
     Regular torula yeast                                                      
                       1.4             1.88                                    
     Low-purine yeast cell                                                     
                       1.6             1.58                                    
     Methionine enriched                                                       
     low-purine cell   3.9             2.34                                    
     ______________________________________                                    
TBL                                    TABLE II.A                              
     __________________________________________________________________________
     Composition of Purines (Adenine & Guanine) in Various Fractions           
     of Alkaline Extracted Yeast Products.sup.(1)                              
                     Yield of        Purines                                   
                                            Purines                            
     Fractions and   Dry Wt.                                                   
                           Adenine                                             
                                Guanine                                        
                                     (A + G).sup.(3)                           
                                            Content  Daily Intake Limit        
     Products        gm    gm   gm   gm     %    A/G of Product,               
     __________________________________________________________________________
                                                     gm.sup.(2)                
     (1) Untreated Cells                                                       
                     100   0.87 1.00 1.87   1.87 0.87                          
                                                     19                        
     (2) Water Extract (EX-1)                                                  
                     18    0.23 0.14 0.37   2.06 1.64                          
                                                     --                        
     (3) Alkaline Extract (EX-2)                                               
                     10    0.56 0.74 1.30   13.00                              
                                                 0.76                          
                                                     --                        
     (4) Low-Purine Cell                                                       
                     72    0.08 0.12 0.20   0.28 0.67                          
                                                     129                       
     (5) Reconstituted Cell                                                    
       (2) + (4)     90    0.31 0.26 0.57   0.63 1.20                          
                                                     57                        
     __________________________________________________________________________
      .sup.(1) Purine composition is determined by paper chromatographic       
      analysis after the samples are hydrolyzed by 1 normal HCl at 100.degree.C
      for 1 hour.                                                              
      .sup.(2) Based on a daily limit of 2 grams of yeast RNA, or 0.36 grams of
      purine bases.                                                            
      .sup.(3) "A"  represents Adenine and "G"  represents Guanine.            
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for substantially reducing the purine content while increasing
      the yield and nutritive value of single-cell protein material, intended
      for use in food products and derived from unicellular microorganisms grown
      in a fermentor aerobically in a suitable fermentation broth, comprising
      the steps of:
PA1  a. preparing an aqueous cell cream containing from 10 to 14 wt.% (dry
      basis) of single-cell protein material;
PA1  b. heating the cell cream to a temperature within the range from about
      70.degree. to about 90.degree.C. for a period of about 5 to about 10
      minutes;
PA1  c. centrifuging the heated cell cream to provide (1) a supernatant aqueous
      phase and (2) a heat-treated cell concentrate;
PA1  d. adding water to the heat-treated cell concentrate from step (c) (2) to
      provide an aqueous cell cream containing from 10 to 14 wt.% (dry basis) of
      single-cell protein material;
PA1  e. maintaining the pH of the aqueous cell cream provided in step (d) at a
      pH of about 8.5 to about 10.0 by adding a base solution as needed, and
      heating the cell cream to a temperature within the range from about
      85.degree. to 95.degree.C. for a period of about 5 to about 30 minutes;
PA1  f. centrifuging the aqueous cell cream of step (e) to provide (1) a
      supernatant and (2) a treated cell concentrate, having substantially
      reduced purine content;
PA1  g. adjusting the pH of the cell concentrate provided in step (f)(2) to
      about 7.0 by adding hydrochloric acid;
PA1  h. washing the pH adjusted cell concentrate of step (g) with water by
      centrifugation;
PA1  i. combining (1) the water-washed heat-treated cell concentrate produced in
      step (h) with (2) the supernatant aqueous phase produced in step (c)(1);
      and
PA1  j. drying the mixture of step (i) to give a reconstituted product.
NUM  2.
PAR  2. The process of claim 1 wherein:
PA1  a. the supernatant aqueous phase provided in step (c)(1) is subjected to
      fractionation to provide (1) a purine depleted fraction and (2) a purine
      concentrated fraction;
PA1  b. the water-washed heat-treated cell concentrate produced in step (h) is
      combined with the purine depleted fraction produced in step (a)(1); and
PA1  c. the mixture of step (b) is dried to give a reconstituted product.
NUM  3.
PAR  3. The process of claim 2 wherein the combined mixture of step (b) is
      fortified with an amino acid selected from the group consisting
      essentially of methionine and cystine.
NUM  4.
PAR  4. The process of claim 1 wherein the base solution in step (e) is selected
      from the group consisting of ammonium hydroxide, sodium hydroxide and
      sodium carbonate.
NUM  5.
PAR  5. The process of claim 1 wherein the cell cream comprises about 10 wt.%
      cells.
NUM  6.
PAR  6. The process of claim 1 wherein the unicellular microorganism is a
      bacteria, yeast or fungi.
NUM  7.
PAR  7. The process of claim 6 wherein the unicellular microorganism is a yeast.
NUM  8.
PAR  8. The process of claim 7 wherein the unicellular microorganism is a yeast
      selected from the class consisting of Saccharomyces cerevisiae,
      Saccharomyces carlsbergensis, Saccharomyces fragilis and Candida utilis.
NUM  9.
PAR  9. The process of claim 8 wherein the yeast is Candida utilis.
NUM  10.
PAR  10. The process of claim 1 wherein the combined product of step (i) is
      fortified with amino acids selected from the group consisting essentially
      of methionine and cystine.
NUM  11.
PAR  11. The process of claim 10 wherein the base solution in step (e) is
      selected from the group consisting of ammonium hydroxide, sodium hydroxide
      and sodium carbonate.
NUM  12.
PAR  12. The process of claim 11 wherein the unicellular microorganism is a
      yeast.
NUM  13.
PAR  13. The process of claim 12 wherein the yeast is selected from the class
      consisting of Saccharomyces cerevisiae, Saccharomyces carlsbergensis,
      Saccharomyces fragilis and Candida utilis.
NUM  14.
PAR  14. The process of claim 13 wherein the yeast is Candida utilis.
NUM  15.
PAR  15. The product prepared by the process of claim 1.
NUM  16.
PAR  16. The product prepared by the process of claim 2.
NUM  17.
PAR  17. The product prepared by the process of claim 3.
NUM  18.
PAR  18. The product prepared by the process of claim 10.
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PAL  A surface of a work piece is provided with an adherent, thin but uniform,
      coating layer of a chemical compound by forming the chemical compound by
      explosive conversion of a substance into a gaseous state and in one
      working process, and applying the resulting compound to such surface by
      means of a surge current discharge.
BSUM
PAR  The invention concerns a process of producing chemical compounds by
      explosive conversion of a material into a gaseous phase, and to apply the
      compound so formed to a surface of a base within one working process by
      means of surge current discharge.
PAR  In many and various fields of process application it is necessary to apply
      thin layers which are wear- and/or corrosion-resistant. Such processes, to
      be industrially attractive, should allow rapid operations, brief
      chronological cycles and layers of specific thickness at predetermined
      tolerances; such layers should be so smooth that there will be no need for
      subsequent treatment; and, finally, should definitely prevent the
      formation of clusters or changes.
PAR  The trochoidal contact surfaces of the radial cylinders of internal
      combustion engines provide a typical example for the application of
      wear-resistant layers on a work piece. Such contact surfaces must meet
      very stringent requirements as to wear as well as to surface quality.
PAR  In order to apply finely distributed material to a carrier, there is known
      a process involving a chemical operation wherein gaseous or liquid basic
      materials are conveyed through a converter which contains carrier material
      together with a finely distributed catalyst. Such carrier material usually
      consists of porous bodies which are placed in a suitable salt solution
      with a catalyst in order to be coated, with the catalyst precipitating
      from the solution. The finer the catalyst material, the greater will be
      the activity of the catalyst. However, this known process cannot attain
      the maximum of feasible activity because this always leads to butte-type
      deposits, i.e. deposits having isolated projecting portions of the
      catalyst material.
PAR  Such butte-type, disadvantageous deposits of catalyst material will also
      occur in case of catalyst electrodes for thermo-chemical cells with liquid
      electrolyes. Such electrodes are usually prepared from a porous carrier,
      forming a frame, into which is imbedded a catalyst material. For example,
      the carrier material, together with "Raney"-nickel, is pressed to form an
      electrode, and subsequently is sintered. This is followed by an activating
      process wherein the aluminum of the Raney-nickel is separated, with the
      result that the nickel will be present in finely distributed form.
      However, this activating process is time-consuming and requires strict
      control because the greater portion of the nickel will also go into
      solution. This process has the additional disadvantage that it is limited
      to a narrow field of application.
PAR  It is also known (through published German application Ser. No. 1,253,990)
      to coat a corrosion-resistant metal in such manner that it is exposed
      first to thermally decomposable, gaseous compounds of these
      corrosion-resistant metals, and that these adsorbed (or absorbed)
      compounds are then treated at higher temperatures. In this manner there is
      generated a coherent protective coating. However, this process is limited
      to a few metals only,-- such as chromium, nickel, copper, titanium,--
      which have the property of binding gaseous hydrides, halogenides or
      carbonyl compounds.
PAR  It is obvious that the above-discussed, known processes are not
      particularly suitable to accomplish trochoidal contact surface coatings
      (the typical example mentioned above). These processes are too slow for
      the mass-production of such engines, and they do not result in layers of
      specific thickness at predetermined tolerances.
PAR  It is an object of the present invention to develop a process which makes
      it possible to coat work pieces of any shape and size; to accomplish a
      uniform coating within a reasonably short period of time; and positively
      to prevent the formation of clusters.
PAR  This and other inventive objects are accomplished according to the
      invention in such manner that the material to be vaporized consists of at
      least two chemically different substances, with at least one of the
      substances being an electric conductor. The compound so produced is then
      applied to a surface of a work piece by means of surge current discharge,
      thus attaining a very efficient adhesion to the carrier material and, by
      the appropriate arrangement of the electrodes or current lead-ins
      respectively, as well as a uniform coating without cluster formation. The
      process can be carried out by use of a material component in the solid,
      liquid or gaseous state.
PAR  The invention is based on the realization that it is possible, at the
      plasma state generated by a surge current discharge, to create chemical
      compounds or alloys, to be placed with substantial kinetic energy onto a
      carrier material which is arranged adjacently.
PAR  The materials to be vaporized are additionally characterized by the
      preferred features that the electrically conducting component envelops the
      other component or components, or else is enveloped by said other
      component or components. To give a concrete example: a wire is surrounded
      by a small tube or jacket consisting essentially of the other material
      component. The electrically conducting component can be formed by an
      electron or ion conductor. It is also possible to provide, in addition to
      a component which is electrically conducting at room temperature, at least
      one other component which is ion-conducting at high temperature only. It
      is also feasible that the conductor proper represents the chemical
      reaction component, or that the conductor surrounds the reaction
      component, or is surrounded by the reaction component.
PAR  In further development of the invention, the reaction components are
      arranged in immediate proximity to the base to be coated by vapor, or the
      reaction components can form the surface of this base. In practice, this
      is accomplished for example by using a thin film of polyethylene as the
      surface, in order to produce carbides. One or more gaseous reaction
      components can be present within one reaction area.
PAR  In order to produce within a very short period of time a layer possessing a
      particularly efficient adhesive strength, it is further possible to
      combine the electrically conducting component with a component which
      consists of an explosive reaction mixture.
PAR  The invention offers the following advantages:
PAR  Two process steps are accomplished by one surge current discharge. The
      triggering of a surge current discharge causes a chemical reaction; it
      accelerates the particles produced by such reaction, thereby securely
      coupling the nascent particles with the surface to be coated. Duplication
      is particularly easy to accomplish because the thickness of the coating is
      proportional to the mass of the conductive material used for vaporization.
      Uniform coatings will be attained by the appropriate placement of the
      substance to be vaporized.
PAR  The following are typical examples of the process according to this
      invention:
PA1  a. As material to be vaporized there is used titanium wire coated with
      polyethylene, which substances are converted into TiC by the surge current
      discharge. The article, so formed, is hurled onto a work piece located
      nearby, for example a steel bearing, thus making the bearing surface more
      resistant to wear.
PA1  b. Another example uses as basic material copper imbedded in tungsten,
      which mass is vaporized in the form of pins or wire; the liquid coppermelt
      droplets are hurled, together with any tungsten particles sweated on the
      surface, onto the work piece to be coated, for example onto an arc contact
      piece made of copper. The resulting adherent coating increases the piece's
      resistance to burning.
PA1  c. As vaporizing material there is used a Ti tubule filled with liquid or
      pasty hydrocarbons. There is formed, similar to Example 1, titanium
      carbide which can be applied to various work piece surfaces, forming a
      wear-resistant surface layer.
PA1  d. As vaporizable material there is vaporized under an ammonia atmosphere a
      metal rod which is suitable for the formation of nitrides. The ammonia
      decomposes within the hot discharge zone, and forms, at least in part, a
      nitride compound. The nitride deposits in the form of a coating on a
      suitable base.
PAC  SPECIFIC EXAMPLE OF THE PROCESS
PAR  The Example a is described below in detail. The Examples b to d can be
      accomplished similarly.
PAR  A bundle of Ti-wires, which are coated with polyethylene, are connected to
      the terminals of a surge current battery in such manner that the component
      electric currents are distributed uniformly over the wires. For example, a
      surge current battery can be used as described in "ETZ" -- B Bd. 16
      (1964), H. 18, pages 529 to 535. The apparatus is equipped for at least 15
      kWsec and for a voltage range of 10 to 40 kV, with the discharge frequency
      ranging approximately from 20 to 100 kHz. The bundle of wires to be
      vaporized is concentrically surrounded by a steel sleeve to be interiorly
      coated. The steel sleeve has a diameter of 30 mm and a length of 100 mm.
      The entire arrangement is located within a bell-jar which is evacuated to
      10.sup.-.sup.3 to 10.sup.-.sup.4 torr.
PAR  A surge current discharge is now generated, with a duration of
      approximately 4 .times. 10.sup.-.sup.5 to 2 .times. 10.sup.-.sup.4 second.
      The bundle of wires explodes and partially vaporizes at temperatures of
      several thousand degrees Celsius. The polyethylene splits into carbon and
      hydrogen, with most of the carbon combining with Ti into Ti-carbide, which
      latter deposits at high kinetic energy on the surface of the steel sleeve
      to be coated. The resulting coating of TiC is uniform and very adherent.
PAR  In case of the example given, the TiC coating has an approximate thickness
      of 1 .mu.m, but it is possible by use of a larger wire bundle, or by
      repeated coatings, to obtain carbide coatings of 100 .mu.m and above.
PAR  In view of the skin effect, the thickness of the material to be vaporized,
      or of the wires respectively, should normally not exceed 0.8 to 1 mm.
PAR  The term "vaporization" used above does not imply necessarily that the
      coating material vaporizes to a great extent, or even completely. If
      materials with a high melting point are being used, there will form either
      fine molten droplets or small solid particles, which is entirely
      sufficient to carry out the invention.
PAR  If the material to be vaporized and the surface to be coated are arranged
      properly, uniform and very stable coatings will result.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process of forming and applying a layer of a reaction product to a
      surface of a base, which comprises:
PA1  bringing together at least two chemically different components, one of
      which is an electric conductor, and the other is a solid or liquid in
      imediate contact therewith, in immediate proximity to said base, and
PA1  explosively forming a reaction product of said components by effecting a
      surge current discharge through said conductor, thereby generating a
      plasma state in which said formed reaction product is hurled against the
      surface of said base.
NUM  2.
PAR  2. Process according to claim 1, wherein a material component is present in
      the solid state.
NUM  3.
PAR  3. Process according to claim 1, wherein a material component is present in
      the liquid state.
NUM  4.
PAR  4. Process according to claim 1, wherein the electrically conducting
      component of the material envelops the other component or components.
NUM  5.
PAR  5. Process according to claim 1, wherein the electrically conducting
      component of the material is enveloped by said other component or
      components.
NUM  6.
PAR  6. Process according to claim 1, wherein the conductor proper is a
      chemically reactive component.
NUM  7.
PAR  7. Process according to claim 1, wherein the reaction components are
      arranged in immediate proximity to the base to be coated by vapor or form
      the surface of this base.
NUM  8.
PAR  8. Process according to claim 1, wherein at least one gaseous reaction
      component is present within one reaction area.
NUM  9.
PAR  9. Process according to claim 4, wherein the other component consists of an
      explosive reaction mixture.
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ABST
PAL  A deposit of a reinforcing material is formed on an aluminium alloy piston
      by spraying one or more regions of the piston with a copper-based material
      from an electric-arc spray gun which produces molten particles of a heat
      content sufficient to produce an effective metallurgical interaction with
      the piston alloy so that the copper-based material is bonded to the region
      or regions of the piston.
BSUM
PAC  SUBJECT OF THE INVENTION
PAR  The present invention relates to pistons, and more particularly to a method
      for reinforcing one or more areas of an aluminium alloy piston with a
      wear-resistant material.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It has been proposed hitherto to reinforce areas of an aluminium alloy
      piston such as the piston skirt, lands, or ring grooves by spraying on
      wear-resistant metal such as stainless steel, usually by means of an
      oxygen/combustion gas metallising gun. In order to obtain a satisfactory
      deposit it has hitherto been the practice first to pre-heat the surface to
      an elevated temperature in excess of 150.degree.C and initially to spray a
      coating of a bonding material in order to provide good adhesion for a
      subsequently sprayed deposit of a hard-wearing material. It has also been
      proposed to apply a coating of, for instance, stainless steel to an
      aluminium alloy by spraying the material directly onto a surface,
      pre-heated to at least 150.degree.C, with a metallising gun operated with
      an excess of oxygen, or by applying stainless steel in liquid form
      directly to a surface preheated to at least 315.degree.C and relying on a
      high degree of pre-heat alone to ensure satisfactory bonding.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method of forming a deposit of an
      reinforcing material on a aluminium alloy piston which includes the step
      of spraying one or more regions of the piston with a copper-based material
      from an electric-arc spray gun which produces molten particles of a size,
      velocity and heat content sufficient to produce an effective metallurgical
      interaction with the piston alloy so that the copper-based material is
      bonded to said one or more regions of the piston.
PAR  It has been found that a good bond to the piston can be achieved according
      to the method of the invention without the necessity to first
      substantially pre-heat the piston.
PAR  The reinforcing material may be applied in a single spraying operation,
      without a separate bond coating, in which case the spraying parameters of
      the electric-arc spray gun are varied during the spraying process so that
      the initially sprayed material is deposited under conditions leading to
      good adhesion to the piston alloy, and the subsequent portion of the
      deposit is sprayed under conditions providing good inter-particle
      cohesion, machinability and wear-resistance.
PAR  Alternatively, the spraying operation may be carried out in two stages in
      which case the initially deposited material is applied with an
      electric-arc gun operated under conditions leading to a bond coat having
      good adhesion to the piston, and the subsequent deposit is applied by any
      spraying process capable of providing a deposit with suitable cohesive and
      wear-resisting characteristics.
PAR  Preferably the electric-arc spray gun includes two consumable wires of the
      metallic material to be sprayed which are connected to an electrical power
      source and disposed such that an arc is struck between the wires, and the
      molten metal produced by the arc is atomised by a blast of gas, such as
      compressed air, from a nozzle situated behind the arc, and the atomised
      metal particles are projected onto the surface region or regions of the
      piston to be coated.
PAR  The initial coating layer on the piston is sprayed at a relatively high
      voltage and/or relatively low air pressure in order to provide a high bond
      strength to the surface of the piston, whilst the subsequent layer or
      layers may be electric-arc sprayed at a relatively lower voltage and/or
      higher air pressure. Alternatively, the subsequent layer or layers may be
      applied by means of a different spraying process, such as the plasma-arc
      process or the oxygen/combustion gas metallising process, and may then be
      of a different material from that of the initially-applied layer.
PAR  If desired, the piston may be warmed prior to the spraying of the coating,
      typically to 75.degree. - 125.degree.C. This may be advantageous in order
      to ensure the removal of surface contaminants, such as moisture, and may
      also reduce the stress in the final coating. It is, however, a feature of
      this invention that substantial pre-heating of the piston in order to
      secure satisfactory bonding of the bond coat or wear-resisting deposit is
      not required.
PAR  After the spraying operation is completed, excess material is removed by
      grinding or machining and, where the spraying is carried out in the region
      of the ring groove, the ring groove is machined or ground into or through
      the deposit.
PAR  In a preferred form of carrying out the method of the invention, one
      electrode of the electric-arc spray gun, preferably the anode, is
      copper-based alloy which exhibits a high bond strength to an aluminium
      alloy piston when sprayed with a relatively high voltage and/or relatively
      low air pressure. This alloy may be phosphor or aluminium bronze, copper
      chromium, or cupro-nickel, The other electrode may also be of a
      non-ferrous alloy but is preferably of steel, which may be a low alloy or
      a stainless steel. Where dissimilar materials are used the resulting
      deposit consists of a physical mixture of the two component materials,
      forming what is known as a pseudo-alloy. Such composites exhibit good
      machining characteristics and may also offer better reinforcement of a
      piston ring groove than either component material alone. For instance, the
      wear resistance of a steel may be combined with the good bearing
      properties of a bronze. However, both anode and cathode may,
      alternatively, be of a stainless steel or a low-alloy steel.
PAR  More specifically an aluminium-alloy piston to be provided with one or more
      reinforced ring grooves is recessed on its periphery in the region where
      the groove or grooves are to be formed and is degreased and mechanically
      roughened, for example, by grit-blasting. Where appropriate, the piston is
      then warmed in the region to be reinforced, usually to a temperature of at
      least 75.degree.C, in order to remove surface contaminants and/or to
      reduce residual stress in the coating. The spray deposit is then applied
      by one or more spray guns whilst the piston is rotated about its axis.
PAR  In the single-stage process the initially deposited layer is electric-arc
      sprayed at a relatively high arc voltage and/or a relatively low air
      pressure, and subsequent layers are sprayed at a relatively lower voltage
      and/or a relatively higher air pressure. The spraying operation may be
      carried out with either a single electric-arc spray gun or a plurality of
      electric-arc spray guns operating together, or alternatively with a series
      of single guns or groups of guns operating in succession.
PAR  In the two-stage process a bond layer is applied with a single electric-arc
      spray gun or a plurality of electric-arc spray guns operating together or
      in succession. Each such gun is operated under conditions favouring a high
      bond strength, in particular a relatively high arc voltage and/or a
      relatively low air pressure, and a coat of 0.002-0.008 in (0.05-0.20 mm)
      thickness is typically applied. A hard wearing reinforcement of a suitable
      ferrous or non-ferrous alloy, or of a pseudo-alloy, is then applied by
      means of an electric-arc gun, a plasma-arc gun, or an
      oxygen/combustion-gas metallising gun, or by means of a plurality of such
      guns operating together or in succession.
PAR  After completion of the spraying process, the excess material is then
      removed by grinding or machining and the ring groove machined or ground
      into or through the deposit. Other regions of the piston periphery may
      also be reinforced in a similar manner.
PAR  Where only a single gun or a series of single guns is employed for the
      spraying operation, it is preferable that the gun be oscillated so as to
      incline it to the piston at a continuously varying angle throughout the
      spraying operation, in order to ensure good adhesion over the whole region
      to be sprayed and a high density of the deposited reinforcement.
      Alternatively, the piston itself is oscillated. Similarly, where two or
      more spray guns are used, they are preferably inclined to the region to be
      sprayed at different angles. Whether a single gun or a plurality of guns
      is used, the piston is rotated continuously on its axis and may also be
      reciprocated along its axis, continuously or intermittently.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The method of carrying out the invention will now be further described, by
      way of example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagram illustrating one manner of carrying out the method
      according to the invention, and
PAR  FIGS. 2a through 2d illustrate various geometries of reinforced piston ring
      grooves which may be produced by the method of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a sprayed-on coating 1 of wear resistant metal is
      deposited in a stepped recess 2 in the wall of an aluminium-alloy piston
      3. The coating material is sprayed from two electric-arc spray guns,
      generally indicated at 4 and 5, wherein the electric-arc is struck between
      a cathode wire 6 and an anode wire 7, the wires being connected to a D.C.
      voltage source (not shown). The molten metal produced from the electrodes
      by the arc between them is dispersed into particles of high heat content
      and projected on to the region of the piston to be coated by means of
      compressed air fed through the nozzle 8 located behind the arcs. The arc
      voltages and air pressure may be varied during the spraying operation as
      previously described in order to control the particle size and velocity.
      The piston is rotated about its axis and the spray guns are inclined
      and/or oscillated during a spraying operation, also as previously
      described. Subsequent to the spraying on of the deposit of wear resistant
      metal, the ring groove is cut into or through the deposit.
PAR  FIG. 2a is a section through a piston ring groove 9 reinforced by a sprayed
      deposit 1 of hard metallic material within the recess 2. FIG. 2b shows an
      alternative shape for the recess 2 in which the hard material is
      deposited. FIG. 2c shows an embodiment wherein the recess 2 is of
      sufficient depth that the subsequently machined groove 9 does not extend
      right through the deposit 1. FIG. 2d illustrates a form wherein the recess
      2 containing the deposit 1 extends over a region sufficient to reinforce
      two adjacent ring grooves 9 and 10.
PAR  Some specific examples of carrying out the method according to the
      invention will now be given.
PAC  EXAMPLE 1
PAR  An aluminium alloy piston was provided with an aluminium bronze/stainless
      steel reinforcement of the top ring groove, as follows. At a convenient
      stage of manufacture a groove was machined into the piston periphery to
      receive the sprayed deposit. The piston was degreased, grit-blasted with
      alumina grit, and warmed to ensure the removal of surface contaminants
      (about 90.degree.C), in the region of the groove. A sprayed pseudo-alloy
      deposit was then applied using an electric-arc gun operated with aluminium
      bronze as the anode wire and stainless steel as the cathode wire. An air
      pressure of 40 p.s.i. (280 kN/m.sup.2) and an arc voltage of 42 volts was
      used to apply the initially-deposited layers and an air pressure of 65
      p.s.i. (450 kN/m.sup.2) and an arc voltage of 30 volts to apply subsequent
      layers. The surplus sprayed material was removed by machining and the
      piston was finished in the usual manner, the top ring groove being
      machined through the sprayed reinforcement, (as in FIG. 2a).
PAC  EXAMPLE 2
PAR  A piston was manufactured generally as in Example 1 except that the piston
      was first warmed to about 125.degree.C, to ensure the removal of surface
      contaminents and to reduce stress in the final coating, and the arc
      voltage was maintained at 27 volts through-out the spraying operation. The
      air pressure was controlled at 45 p.s.i. (310 kN/m.sup.2) to apply the
      initial layers of sprayed deposit and 70 p.s.i. (480 kN/m.sup.2) to apply
      subsequent layers.
PAC  EXAMPLE 3
PAR  A piston was provided with the top and second ring grooves reinforced with
      phosphor bronze/stainless steel, generally as in Example 1 but with the
      spraying carried out as follows. The piston was grooved generally as in
      FIG. 2d to receive the sprayed deposit, grit-blasted and warmed to about
      125.degree.C. A bond coat of aluminium bronze of about 0.003 in. (0.08 mm)
      thickness was then applied using an electric-arc gun operated at an
      arc-voltage of 28 volts and an air pressure of 45 p.s.i. (310 kN/m.sup.2).
      The wear-resistant deposit was then built-up with an electric-arc gun
      operated at an arc voltage of 27- 28 volts and an air pressure of 70
      p.s.i. (480 kN/m.sup.2) one electrode being of phosphor and the other of
      stainless steel.
PAC  EXAMPLE 4
PAR  Several plain aluminium alloy piston bodies were electric-arc sprayed with
      different materials to enable a comparison of coating bond strength to be
      made with a coating applied to a substantially pre-heated piston with an
      oxygen/combustion gas metallising gun using a separate bond-coat. In each
      case the coating was applied to the plain peripheral face of the piston,
      the deposit being subsequently machined so as to leave bands of coating in
      a form suitable for shear strength tests to be carried out on the region
      of the interface.
PAR  Piston bodies were grit-blasted, warmed to 75.degree.C, and electric-arc
      sprayed at an arc voltage of 27- 28 volts throughout. An air pressure of
      45 p.s.i. (310 kN/m.sup.2) was used to apply the initially deposited
      layers and an air pressure of 70 p.s.i. (480 kN/m.sup.2) to apply
      subsequent layers. Using aluminium bronze throughout for both anode and
      cathode a bond shear strength of 48.0 MN/m.sup.2 was obtained. Using
      bronze throughout for the anode and steel for the cathode, a value of 40.5
      MN/m.sup.2 was obtained for an aluminium bronze/stainless steel mixture
      and a value of 44.0 MN/m.sup.2 for a phosphor bronze/low carbon steel
      mixture. A further piston body was arc-sprayed in two stages after
      grit-blasting and then warming to 75.degree.C, as before. A bond coat of
      aluminium bronze of about 0.005 in. (0.13 mm) thickness was first applied
      at an arc voltage of 28 volts and an air pressure of 45 p.s.i. (310
      kN/m.sup.2), and then a build-up coating of stainless steel applied at an
      arc voltage of 28 volts and an air pressure of 70 p.s.i. (480 kN/m.sup.2).
      A bond shear strength of 51.1 MN/m.sup.2 was recorded.
PAR  For the purposes of comparison, further bodies were grit-blasted,
      pre-heated to 180.degree.-200.degree.C and sprayed in two stages using a
      standard oxyacetylene metallising gun. A bond coat of about 0.005 in.
      (0.13 mm) thickness of a proprietary nickel-aluminium composite (Metco
      405) was first applied and the coating then built-up with stainless steel.
      A mean bond shear strength of 40.3 MN/m.sup.2 was recorded.
PAC  MATERIALS
PAR  In examples 1 - 4 the spraying wires employed in the electric-arc guns were
      of the following nominal compositions:
PA1  Aluminium bronze -- 9% aluminium, 1% iron, balance copper
PA1  Phosphor bronze -- 7% tin, 0.1% phosphorus, balance copper
PA1  Stainless steel -- 18% chromium, 8.5% manganese, 5% nickel, 0.15% max.
      carbon
PA1  Low carbon steel -- 0.8% manganese, 0.1% carbon
PAR  The electric-arc guns employed in examples 1-4 were either "Metco" type RG
      electric-arc guns or Metallisation "Arcspray" guns type 200 or 400.
PAR  Although the examples are specifically directed to the reinforcement of
      piston ring grooves, it will be understood that the method of the
      invention may also be applied to the reinforcement of other regions of a
      piston, such as the piston skirt, piston crown or lands.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a deposit of a reinforcing material on an aluminium
      alloy piston which includes the step of spraying one or more regions of
      the piston with a copper-based material from an electric-arc spray gun
      whose operating arc voltage and gas pressure are adjusted to produce
      molten particles of a size, velocity and heat content sufficient to
      produce an effective metallurgical interaction with the aluminium alloy of
      the piston at a temperature below the boiling point of said alloy, whereby
      the copper-based material is bonded to said one or more regions of the
      piston.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the copper-based material forms
      a bond coat and the deposit of reinforcing material is subsequently
      applied by a different spraying process.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the piston is initially
      degreased and mechanically roughened in the region or regions where the
      deposit is to be formed.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the piston is warmed prior to
      the electric-arc spraying operation to remove surface contaminants and/or
      to reduce stress in the coating.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein relative movement is effected
      between the piston and the electric-arc spray gun or guns during the
      spraying operation
NUM  6.
PAR  6. A method as claimed in claim 5, wherein the or each spray gun is
      oscillated so as to incline it to the piston at a continuously varying
      angle throughout the spraying operation.
NUM  7.
PAR  7. The method as claimed in claim 1, wherein the piston is provided with a
      recess in the region of the or each ring groove to be reinforced, the
      reinforcing material is deposited in the or each recess, and a ring groove
      is subsequently cut into or through the deposit.
NUM  8.
PAR  8. A method as claimed in claim 1, wherein the copper-based material is
      both a bonding material and the reinforcing material and the molten
      copper-based material produced by the electric arc is projected by a
      stream of gas and is initially sprayed at a relatively low gas pressure
      not substantially exceeding 45 p.s.i., and then subsequently sprayed at a
      higher gas pressure of at least 65 p.s.i., so that the initially sprayed
      material is deposited under conditions providing good adhesion to the
      piston alloy and the subsequent portion of the deposit is sprayed under
      conditions providing good inter-particle cohesion, machinability and
      wear-resistance.
NUM  9.
PAR  9. A method as claim in claim 8, wherein the arc voltage for the initially
      sprayed material is of the order of 40 volts and the arc voltage for the
      subsequently sprayed material is of the order of 30 volts.
NUM  10.
PAR  10. The method as claimed in claim 1, wherein the electric-arc spray gun
      has a pair of arc electrodes and wherein one electrode of the electric-arc
      spray gun is composed of a material selected from aluminium bronze,
      phosfor bronze or copper-nickel alloy.
NUM  11.
PAR  11. The method as claimed in claim 10, wherein the other electrode of the
      electric-arc spray gun is composed of a material selected from aluminium
      bronze, copper-nickel alloy or stainless steel, or a low carbon steel.
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ABST
PAL  A method of manufacturing an electrically conducting layer on an internal
      wall part of a cathode-ray tube wherein by the addition of an alkali or
      ammonium sulphate or nitrate to a suspension consisting of a conducting
      material and a binder, a suspension is obtained which, upon drying on the
      wall, provides a layer in which substantially no gas bubbles are formed
      during the firing of the tube.
BSUM
PAR  The invention relates to a method of manufacturing an electrically
      conducting layer on an internal wall part of a cathode-ray tube comprising
      the following steps: (1manufacturing a suspension comprising at least an
      electrically conductive material and a binder as well as an addition to
      influence the adhesion, the hardness and the resistance against shrinkage
      and wear; (2) providing a layer of the said suspension on the wall part;
      3) drying the layer of the said suspension and firing the cathode-ray
      tube.
PAR  The invention also relates to a cathode-ray tube manufactured according to
      said method.
PAR  Such a method of manufacturing an electrically conducting layer on an
      internal wall part of a cathode-ray tube is known from the published Dutch
      patent application Ser. No. 6,608,315. A cathode-ray tube manufactured
      according to said method comprises in an evacuated envelope a
      configuration of electrodes for generating one or several electron beams,
      a display screen on an internal wall part of the envelope and the said
      electrically conductive layer. In such cathode-ray tubes said layer is
      obtained by providing the said suspension on an internal part of the wall
      of the cathode-ray tube by means of a brush, by pouring or spraying it on
      it. The layer is then dried With hot air and the cathode-ray tube is
      fired. In most cases said layer forms a conductive layer between an anode
      of the said configuration of electrodes and the display screen. The latter
      serves as a target for the said electron beams and hence obtains the
      character of a second anode. An electric connection to the anode of the
      said configuration of electrodes is often made via a lead-through in the
      tube wall of the cathode-ray tube and the said layer. The object of the
      said layer is also to create a field-free space in a region of the
      cathode-ray tube where the electron beams are not deflected. The said
      layer is usually dull black so that thermal energy is optimally radiated
      which is in favour of the thermal management in the cathode-ray tube.
PAR  An important condition which is imposed upon the said electrically
      conducting layer is that during assembly and the use of the cathode-ray
      tube no separate parts of the material of the layer are formed. Said
      separate parts may be formed, for example, in that gas bubbles formed in
      the layer during the firing of the cathode-ray tube, are fractured during
      the assembly. Actually, said separate parts may interrupt the path of the
      said electron beams and hence be a cause of picture defects. Breakdowns
      and shortcircuits may also occur in the said configuration of electrodes.
      The behaviour of the said layer may be influenced according to the
      published Dutch patent application Ser. No. 6,608,315 by adding
      organo-metal compounds to the suspension so that an improved adhesion,
      hardness and resistance to shrinkage and wear is achieved.
PAR  It is an object of the invention to provide an improved method of
      manufacturing an electrically conducting layer on an internal wall part of
      a cathode-ray tube. Another object of the invention is to obtain a layer
      which does not produce any separate parts in the said cathode ray tube
      both during use and during assembling the cathode ray tube. Still another
      object of the invention is to provide an addition for the said suspension
      which infuences the adhesion, hardness and flexibility of the said layer
      and moreover prevents the formation of gas bubbles during the firing of
      the cathode ray tube in the layer.
PAR  Accordng to the invention, a method of the type mentioned in the first
      paragraph is characterized in that the said addition to infuence the
      adhesion, hardness and resistance to shrinkage and wear consists of one or
      several inorganic salts of the group of alkali and ammonium sulphates and
      alkali and ammonium nitrates.
PAR  The insight in the mechanism which occurs during the action of said salts
      is not complete. It is known indeed that the layer obtains a flexible
      character and has a porous structure so that the formation of gas bubbles
      during firing the cathode-ray tube is prevented.
PAR  In a method of manufacturing an electrically conductive layer on an
      internal wall part of a cathode ray tube, the said addition to the
      suspension consists preferably of sodium nitrate. A few advantages of
      sodium nitrate are: (1) that it disintegrates upon firing, in which oxygen
      is released which oxidises contaminations in the tube and thus stimulates
      the degassing: (2) that nitrates are generally cheaper than the
      organo-metal compounds known from the prior art. Good results are obtained
      if from 1 to 10 % by weight of the solid part of the said suspension
      consists of alkali or ammonium sulphate or alkali and ammonium nitrate.
      There is an optimum effect if 4% by weight of the solid part of the said
      suspension consists of sodium nitrate.
PAR  The invention will be described in detail with reference to the
      accompanying drawing which shows a cathode-ray tube manufactured according
      to the invention. It comprises an envelope 1 in which a configuration of
      electrodes 2 for generating at least one electron beam, a display screen 3
      constructed from a fluorescent layer 4 and an electrically conducting
      layer 5 on the inner wall of the envelope 1 are present. I--I is the axis
      of the cathode-ray tube. The lining layer can be obtained, for example, as
      folllows. An aqueous suspension in which 20-30 % by weight of graphite
      powder as a conducting material, 10-15 % by weight of an alkali metal
      silicate, for example potassium silicate, as a binder, and 4 % by weight
      of sodium nitrate, completed to 100 % with water, is obtained by thorough
      mixing. The resulting suspension is provided on at least a part of the
      inner wall of the envelope by means of a brush, by spraying or pouring.
      The layer is then dried after which the cathode-ray tube traverses in a
      furnace a temperature range in which temperatures up to 450.degree.C
      occur. The layer hardens and adheres to the surface of the envelope, shows
      no unevenesses caused by gas bubbles in the layer and has a sufficiently
      large flexibility so that no separate parts are formed in said cathode-ray
      tube during assembly and during the use of the cathode-ray tube. Another
      possibility of obtaining an good suspension is to mix 150 g of iron oxide
      (Fe.sub.2 O.sub.3) with 30 g of graphite. This mixture is the electrically
      conducting material. Added to said mixture as a binder are 150 g of alkali
      metal silicate, for example, potassium silicate and as an addition 4 g of
      sodium nitrate (Na NO.sub.3). 170 Ml of water are added to the whole. An
      electrically conducting layer can be obtained from this suspension in a
      manner analogous to the method described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing an electrically conducting layer on an
      internal wall part of a cathode-ray tube comprising the steps of: (1)
      manufacturing a suspension comprising at least an electrically conducting
      material and a binder as well as an addition consisting of one or a
      mixture of more than one inorganic salt selected from the group of alkali
      and ammonium sulphates and alkali and ammonium nitrates, to infuence the
      adhesion, the hardness and the resistance against shrinkage and wear of
      said material; (2) providing a layer of the said suspension on the wall
      part; and (3) drying the layer of the said suspension and firing the
      cathode-ray tube.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein 1% to 10 % by weight of the
      solid part of the said suspension consists of the said inorganic salts.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein said addition is sodium nitrate.
NUM  4.
PAR  4. A method as claimed in claim 3, wherein substantially 4% by weight of
      the solid part of the said suspension consists of sodium nitrate.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein said electrically conducting
      material is graphite.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein said electrically conducting
      material is a mixture of iron oxide with grahite.
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ABST
PAL  There is disclosed a method for simultaneously applying a relatively thin
      coating of photosensitive material to both sides of a continuously moving
      horizontally aligned metallic strip wherein the strip is submerged within
      a tank assembly having the material therein. The strip is then withdrawn
      at a predetermined rate and in a substantially vertical direction from the
      tank assembly through a drying chamber having at least one pair of heater
      members positioned therein.
PARN
PAC  CROSS REFERENCE TO OTHER APPLICATIONS
PAR  This application is a division of Ser. No. 289,180, filed September 14,
      1972 and now U.S. Pat. No. 3,875,900, and assigned to the assignee of the
      present invention.
BSUM
PAR  The apparatus as set forth in this application is also applicable to the
      method described in co-pending application Ser. No. 387,762, filed Aug.
      13, 1973, and assigned to the assignee of the present invention.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to coating methods and particularly to coating
      horizontally aligned moving metallic strips.
PAR  More specifically, this invention relates to applying relatively thin
      coatings to both sides of a moving horizontally aligned metallic strip and
      to drying the coatings thereon.
PAR  Even more specifically, this invention relates to applying and drying thin
      coatings of photosensitive material to both sides of a metallic strip to
      eventually be utilized as aperture masks in color television cathode ray
      tubes.
PAR  As it is known in the art, most color television cathode ray tubes employ
      an apertured metallic mask positioned within the tube to aid in directing
      the electron beams emitted from the tube's electron guns in striking the
      tube screen. These beams excite in a pre-established manner the pattern of
      cathodoluminescent materials positioned on the screen to produce a desired
      color. A typical apertured mask contains hundreds of thousands of openings
      therein for this purpose. As can be appreciated, producing masks of this
      variety is a highly complicated and precision demanding process.
PAR  Previous methods for manufacturing apertured masks for color television
      tubes have substantially included coating a thin metallic strip with a
      photosensitive material, drying the material thereon, photoprinting a
      desired pattern on the strip, removing selective portions of the coating
      from the strip, and thereafter subjecting the strip to an etching step
      whereby the unprotected metal surfaces are etched through.
PAR  Heretofore, the application and dryig of the photosensitive coatings on the
      metallic strip have been achieved while the strip was in a substantially
      vertical position. As described in detail in U.S. Pat. No. 2,791,514 the
      coating material is applied in liquid form to the top marginal edge of the
      thoroughly cleaned metallic web and allowed to flow downward freely over
      both faces of the webbing. This is accomplished as the metal webbing
      travels edgewise through a coating station.
PAR  While this and similar methods have resulted in a coating being applied to
      both faces of a metallic strip, the uniformity of thicknesses of these
      coatings across the entire width of the strip has remained questionable.
      On far too many occasions, the coating thickness at the bottom of the
      strip proved greater than that at the top, most usually as a result of
      thicker concentrations of material accumulating at the bottom and not
      being able to dry at a sufficient rate with those along the upper
      surfaces. As can be appreciated, in precisely defined articles such as
      aperture masks, this difference in thicknesses can result in misalignment
      of the photoprinters during the photoprinting phase to thereby produce an
      uneven pattern of exposed or unexposed areas. Additionally, nonuniform
      thicknesses of the coatings can result in unequal rates of etching of the
      metal during the etching phase, therby resulting in some openings being
      larger than others.
PAR  It is believed, therefore, that a method for applying relatively thin
      uniform coatings to both sides of a moving substantially horizontally
      aligned metallic strip which would overcome the above cited disadvantages
      of prior art methods would constitute an advancement in the art.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore, an object of this invention to provide a apparatus method
      for applying relatively thin coatings to both sides of moving metallic
      strip.
PAR  It is a further object of this invention to provide a method for applying
      said coatings which obviates the above-cited disadvantages of prior art
      methods.
PAR  It is a still further object of this invention to provide a method for
      coating moving metallic strips as said strips move through the apparatus
      in a substantially horizontally aligned relationship.
PAR  An even further object of this invention is to provide a method for
      applying relatively thin coatings of photosensitive material to both sides
      of metallic strips to be eventually utilized in the production of aperture
      masks for color television cathode ray tubes.
PAR  In accordance with one aspect of the present invention, there is provided a
      method for applying the above coatings to horizontally aligned moving
      strips comprising the steps of supplying a strip, applying a thin coating
      to both sides of the strip by submerging the strip within a tank assembly
      having coating material therein, continuously agitating the surface of the
      coating material in the area immediately surrounding the strip as the
      strip exits the tank, withdrawing the strip from the tank, and
      accumulating the strip after the coatings have dried thereon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the coating apparatus of one
      embodiment of the present invention.
PAR  FIG. 2 is a side elevational view of the coating means employed in one
      embodiment of the present invention.
PAR  FIG. 3 is an isometric view of the coating means as illustrated in FIG. 2.
PAR  FIG. 4 is an isometric view of the alignment means utilized in one
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages, and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above-described drawings of the invention.
PAR  In FIG. 1, one embodiment of a coating apparatus 10 in accordance with the
      present invention is illustrated and shown to comprise a supply means 11,
      preparatory cleaning means 13, surface preparation means 15, coating means
      17, drying means 19, and a power driven take-up means 21. More
      specifically, supply means 11 comprises a payoff spool member 23 which
      contains several windings of a metallic strip 25 thereon. The strip is fed
      off in a direction shown to a payoff control station 27 which operates in
      conjunction with spool 23 to prohibit slackening and consequently possible
      deforming of the strip at this position of the apparatus. Control station
      27 comprises a pair of substantially vertically aligned roller members 29
      and 31 supported in an upright frame 33. It is understood that spool 23
      and control station 27 are but illustrative examples of several
      substantially similar operating devices known in the art which could
      perform these functions and are not intended to restrict the concept of
      the present invention in any way.
PAR  Should the coating apparatus 10 be employed in the manufacture of aperture
      masks for color television cathode ray tubes or similar relatively thin
      and fragile articles, it is often desirable to protect the wound strip
      with backing paper or similar material. This paper is interwound onto
      spool 23 between each layer of strip 25 by the manufacturer of the
      unfinished strip. It is, therefore, necessary to provide a means for
      unwinding this paper concurrently with the unwinding of the strip. To do
      so, a paper winder (not shown) may be simply attached to frame 33 above
      roller member 29. This winder, several varieties of which are known in the
      art, may be electrically driven or mechanically linked to the rotating
      spool 23 or rollers 29 and 31.
PAR  From control station 27 the strip 25 is fed to preparatory cleaning means
      13 which is shown to comprise a plurality of stationary sprayer members 35
      positioned within chamber 37 and along both sides of strip 25. Sprayers 35
      are supplied with cleaning solution by pump 39 which recirculates solution
      from a collection reservoir positioned within the base of chamber 37. As
      the solution strikes the surface of strip 25 passing therebetween, it
      falls to the reservoir below and is recycled. Although almost any of the
      well known industrial degreasers can be utilized as a cleaning solution,
      Applicants prefer a caustic solution comprised basically of sodium
      hydroxide and available from Fremont Industries, Shakopee, Minnesota,
      under the trade name Fremont 61. Cleaning means 13 serves to remove any
      residue or other contaminants which may have accumulated on strip 25
      either during manufacture or packaging.
PAR  Strip 25 is then passed through opening 41 in a wall of chamber 37 where it
      enters rinsing means 43 comprised of several stationary spraying nozzles
      45. Nozzles 45 are positioned within a housing 47 adjoining chamber 37 and
      are adapted for providing a spray onto the strip's surfaces as they pass
      therebetween. Similar to the operation of cleaning means 13, the rinsing
      solution striking the strip surfaces falls to a reservoir located in the
      bottom of housing 47 where it is recycled to nozzles 45 by pump 49. The
      main purpose of rinsing means 43 is to substantially remove any of the
      preparatory cleaning material left on strip 25 from the previous
      operation. When utilizing the previously described caustic or chemically
      similar solutions, water is sufficient to use as a rinse.
PAR  From rinsing means 43, strip 25 passes to surface preparation means 15
      which is shown to comprise a plurality of individual spray assemblies 51
      located within housing 53. Preparation means 15 prepares the surfaces of
      strip 25 for the coatings to be applied thereto by providing a spray of
      echtant material, i.e. hydrochloric, nitric, or sulfuric acid. Basically,
      this material roughens the surfaces of strip 25, thereby increasing their
      adhering ability for a subsequent coating. After surface preparation means
      15, strip 25 is subjected to another water rinsing means 55 to remove the
      echtant material therefrom. As in the case of preparatory cleaning means
      13 and rinsing means 43, the solutions used for the echtant material in
      surface preparation means 15 and the water in rinsing means 55 may be
      recycled utilizing a pumping apparatus or similar device. Pump 57 recycles
      echtant solution in housing 53 from a reservoir in the base of the housing
      back to spray assemblies 51 while a similar recycling apparatus (not
      shown) returns water to nozzles 59 in rinsing means 55.
PAR  having completed the rinsing cycle to remove the echtant, the strip is now
      substantially prepared to receive the prescribed coatings. To do so, strip
      25 is passed over roller 61 and then in a substantially downward direction
      to coating means 17, shown to comprise a tank assembly 63, overflow
      reservoir 65, circulatory means 67, and filtering means 69. Additional
      components of coating means 17, to include a submerging means and coating
      surface agitating means, will be described in reference to FIGS. 2 and 3.
      Additionally, a more detailed explanation of the operating procedure of
      the coating means will be provided with description of these figures.
PAR  Strip 25 is withdrawn from coating means 17 in a substantially vertical
      direction within a chamber 71 of drying means 19. Positioned within
      chamber 71 is a pair of opposed heater assemblies 73 between which strip
      25 is vertically passed. Heater assemblies 73 are spaced apart from strip
      25 and at a height from coating means 17 in accordance with the chemical
      formulations of the coating material employed, as will be explained. The
      heating assemblies preferred by Applicants are low temperature infra-red
      type heaters, rated at approximately 750 watts per square foot and
      uniformly emitting radiation at a wavelength of 3 microns. Similar type
      heaters have also been utilized with varying degrees of success, among
      these, pairs of 250 watt heat lamps. Although only one pair of heater
      assemblies is illustrated in FIG. 1, this is not intended to constitute a
      restriction to the proposed invention in that additional pairs may also be
      used concurrently.
PAR  The coating material utilized by Applicants is one well known in the art of
      manufacturing color television aperture masks, that being dichromated
      glue, often referred to in the industry as "fishglue". This photosensitive
      material is preferred to have a specific gravity of between 0.962 and
      1.040. Applicants have found that glues within these particular specific
      gravity ranges may be withdrawn at suitable production rates, usually
      between 8 and 45 inches per minute, permitted to drain for an established
      period on the metallic strip, and then subjected to the heater assemblies.
PAR  As illustrated in FIG. 1, coating apparatus 10 occupies at least two floor
      levels during operation. On the first level are positioned the supply
      means 11, preparatory cleaning means 13, surface preparation means 15, and
      coating means 17. On the second or upper level is positioned the power
      driven take-up means 21. Located substantially between the first and
      second level is drying means 19, positioned at a height (dimension h)
      approximately 7 feet above the surface of the coating material in tank
      assembly 63. It has been found that providing this spacing between the
      coating material surface and the heater assemblies permits a sufficient
      time period for the coating material on the strip to settle downwardly as
      the strip proceeds upward at the predescribed rates. This period of
      uniform downward drainage, coupled with the drying heat from the heater
      assemblies results in smooth and uniformly dimensioned coatings being
      formed on both surfaces of the moving strip.
PAR  It is understood that variations to the above combinations could be
      permitted while still attaining a desired product. For example, a coating
      solution having a specific gravity other than one within the ranges
      described may require a different rate of withdrawal of the strip from the
      coating tank. Additionally, this may in turn require a change in the
      height of the heater assemblies. It also may be required to increase the
      withdrawal rate substantially above the range described. This in turn
      would require either an increase in the heat output for the heater
      assemblies, or possibly lowering them and thereby reducing dimension h.
      For all intended purposes, however, Applicants prefer the combination of
      distances, formulations, and ranges as disclosed in this specification to
      achieve a uniformly coated article.
PAR  After passing through heater assemblies 73, strip 25, which now has a dried
      coating thereon, passes over roller 75. Roller 75, as will be further
      described in FIG. 4, may be an adjustable roller for taking up possible
      slack in strip 25 or for aligning the strip to assure a relatively
      straight path of movement through apparatus 10. This alignment procedure
      will also be more adequately described with the description of FIG. 4. An
      important point to remember regarding roller 75 and all rollers engaging
      strip 25 after the coating has dried thereon is that these rollers must be
      coated with a resilient material to thereby eliminate the possibility of
      marring or similar disfigurement to the surface of the coating as the
      strip passes thereover. Applicants utilize either teflon or rubber coated
      rollers at this position as well as for those in take-up means 21. Rollers
      engaging strip 25 before the coating material has been applied need not be
      coated with resilient material and may be either of steel or similar
      metallic composition.
PAR  From roller 75, strip 25 is drawn to take-up means 21. A take-up control
      station 77 operates in conjunction with power driven spool 79 to provide a
      means whereby strip 25 is accumulated after passing through the coating
      apparatus. Power for spool 79 is supplied by motor 81 immediately
      adjoining spool 79 and mechanically joined thereto by belt 83.
PAR  With particular reference to FIGS. 2 and 3, there is illustrated the
      coating means 17 of the present invention. Means 17 is shown to comprise a
      tank assembly 63, overflow reservoir 65 (shown in phamtom in FIG. 2),
      circulatory means 67 (shown in phantom in FIG. 2) and filtering means 69.
      Additionally, coating means 17 comprises a submerging means 85 for
      submerging strip 25 within coating material 87 in tank assembly 63 and an
      agitating means 89 for continuously agitating the surface of coating
      material 87 in the immediate area surrounding strip 25 as it is withdrawn
      from coating material 87. Positioned within tank assembly 63 is a tray
      member 91 which has a pair of troughlike openings 93 and 95 therein. Tray
      91 is rigidly affixed within tank 63 by a plurality of adjusting screws 97
      which protrude through the walls of tank 63 and into the sides of the
      tray. Each of screws 97 has a retaining nut 99 thereon for adjusting the
      tension on the screw and against the wall of the tank assembly. In FIGS. 2
      and 3, tray member 91 is illustrated as having two troughlike openings,
      one at the position of entrance of the strip into the coating material and
      the other at the position of exit. For intended purposes, however, only
      one troughlike opening is essential -- that being the one located near the
      exiting area of the strip. This is primarily necessary because of the
      residue or similar undesirable material buildup which would occur on a
      relatively stable surface of coatings of this particular variety. As will
      be explained, troughlike opening 93 is continuously supplied with an
      agitated surface and thereby prohibits any possible buildup as previously
      described. Opening 95 is also included, though not altogether necessary,
      to assure a residue free area surrounding the strip at the entrance
      position into the coating solution. It is remotely possible that residue
      could adhere to the incoming strip at this point, be carried down into
      tank 63, and thereafter become a part of the coating on the strip. This
      would consequently produce a flaw in the coating and result in an
      unsatisfactory article. The purpose of opening 93 is primarily to prohibit
      such a possible buildup on the surface of strip 25 as the strip exits the
      coating means and proceeds upward to the heater assemblies. Again, as can
      be readily understood, a flaw in the coating would be the end result.
PAR  providing the continuously agitated surface at openings 93 and 95 is
      accomplished by circulatory means 67, in this case a standard artificial
      pump, which forces coating material continuously through a piping
      arrangement interconnecting the pump and the tank assembly. More
      specifically, pump 67 forces coating material 87 through a filtering means
      69 to remove any possible residue and then through pipe 101 into the
      bottom of tank assembly 63. Material 87 is forced upward to overflow the
      provided troughlike openings 93 and 95 while still not spilling over the
      walls of tank 63, which are substantially higher than the sides of tray
      91. The overflow of material 87 exits tank 63 via pipe 103 and thereafter
      into overflow reservoir 65 where it is recycled by pump 67. As can be
      appreciated, overflow reservoir 65 and filtering means 69 are not
      essential to providing the continuously agitated surface and may therefore
      be eliminated from the circulatory system. If this is preferred, pump 67
      can be directly connected to tank 63 and recirculate material 87 thereto.
PAR  Submerging means 85 is shown in FIGS. 2 and 3 as comprising a roller member
      105 substantially submerged in coating material 87. Strip 25 engages
      roller 105 and is therefore assured of complete submergence in material
      87. Roller 105 is aligned within tank 63 by a frame assembly having two
      support arms 107 and 109. A secondary roller 117 can also be included in
      submerging means 85. Roller 117, located on the side of roller 105 first
      engaging strip 25, has proven to be of substantial assistance in assuring
      a uniform coating to both sides of strip 25 by applying a lateral pressure
      against the newly deposited coating. It iss believed that this lateral
      pressure, in addition to that pressure provided by larger roller 105,
      effectively forces coating material 87 against both surfaces of strip 25
      with substantial force to increase the adhering ability of the coating on
      these surfaces. This is not to be construed as a restrictive factor
      regarding the present invention, however, because suitable coatings are
      attained on strip 25 without employing a secondary roller. However, as
      noted, utilization of roller 117 has resulted in coatings having increased
      adhering ability. Roller 117 is attached to submerging means 85 by a pair
      of brackets 119 and 121 (not shown) which in turn have a pair of swing
      arms 123 and 125 rotatably joined thereto. Arms 123 and 125 each have a
      bearing positioned at one end therein for holding center shaft 127 of
      roller 117. To increase the aforedescribed lateral pressure exerted
      against strip 25, additional weight can be added to roller 171 by affixing
      such weights to arms 123 and 125 respectively. Conversely, a roller of
      heavier material could also be employed.
PAR  With reference to FIG. 4, there is illustrated an alignment means 129 for
      assuring a relatively straight path of movement of strip 25 through
      apparatus 10. As noted, a particularly desirable position for alignment
      means 129 is at the top of drying chamber 71, thereby utilizing roller 75.
      As strip 25 passes over roller 75, it occasionally has a tendency to move
      laterally (in direction a or b) with the direction of forward movement of
      the strip. As can be appreciated, should strip 25 move laterally to such
      an extent that it entirely or even partially slips off roller 75, severe
      damage to the strip and components of apparatus 10 would occur. Therefore,
      strip 25 is maintained in a relatively straight forward direction of
      movement with minimal lateral deflection by aligning means 129, which
      comprises an adjusting mechanism 131 movably affixed to a second opposing
      end 133 of roller 75. In turn, first opposing end 135 of roller 75 is
      rotatably affixed to movable bearing 137. Adjusting mechanism 131 is
      indirectly actuated by electrical switch 139 which has a movable contact
      arm 142 affixed thereto which in turn is continually in contact with an
      edge of strip 25. Accordingly, switch 139 is electrically connected to a
      valving mechanism (not shown) which in turn control a fluid means (not
      shown) for supplying fluid to opposing ends of a cylindrical actuator 140
      to force movement of connecting rod 141 in either the m or n direction.
      Because the valving means and fluid means as described are common in the
      art, it is not felt necessary to illustrate them here. Additionally, it is
      remembered that any of the components illustrated for aligning means 129
      may be adequately substituted by similar functioning components and still
      retain the desired results.
PAR  As strip 25 moves laterally to a position as illustrated in phantom
      (direction a), moveable arm 142 is moved to position y thereby actuating
      adjusting mechanism 131 to move end 133 in the direction as denoted by n.
      This movement provides for greater pressure by roller 75 against strip 25
      on the side of the roller toward end 133. Increased pressure in this area
      substantially increases the adherence between strip and roller at this
      point and consequently moves strip 25 laterally in direction b.
      Conversely, if strip 25 moves laterally far enough in direction b to
      permit arm 142 to reach the x position, switch 139 again actuates
      mechanism 131, moving second opposing end 133 in the m direction. This
      results in greater adherence between strip and roller on the end of roller
      75 toward first opposing end 135, causing the strip to be moved laterally
      in the a direction. In actuality, strip 25 continually moves laterally
      throughout the coating operation, though for only minimal distances at a
      time.
PAR  Thus, there has been shown and described a method for applying and drying a
      relatively thin uniform coating to both sides of a substantially
      horizontally aligned moving metallic strip.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      thereof without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for simultaneously applying a relatively thin coating of
      photosensitive material sensitized by a dichromate ion to both sides of a
      substantially horizontally aligned metallic strip for utilization in
      aperture masks for color television cathode ray tubes and for drying said
      material thereon, said method comprising:
PA1  continuously supplying a moving substantially horizontally aligned metallic
      strip along a predetermined path;
PA1  applying a relatively thin coating of photosensitive material to both sides
      of said metallic strip by substantially submerging said strip within a
      tank assembly having said photosensitive material therein;
PA1  overflowing said tank assembly to continuously agitate the surface of said
      photosensitive material in the area immediately surrounding said metallic
      strip as said strip exits said tank assembly in a substantially vertical
      direction;
PA1  withdrawing said metallic strip from said tank assembly at a predetermined
      rate in a substantially vertical direction;
PA1  drying said photosensitive material on said strip; and
PA1  accumulating said metallic strip after said photosensitive material has
      dried thereon.
NUM  2.
PAR  2. The method according to claim 1 wherein said photosensitive material is
      dichromated glue.
NUM  3.
PAR  3. The method according to claim 2 wherein said dichromated glue has a
      specific gravity ranging essentially from about 0.962 to about 1.040.
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ABST
PAL  Leaks in closed cooling systems containing an aqueous medium as the
      coolant, are sealed by electroless deposition of a metal or metal
      containing compound from a water soluble, easily reducible metal compound.
      A complexing agent may be added to the coolant to assist in solubilizing
      the easily reducible metal compound. In one embodiment, the reducible
      metal compound is formed in situ by attacking the conduit walls of the
      cooling system so as to form solubilized compounds, or compounds which can
      be solubilized by addition of suitable complexing agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 293,641 filed Sept.
      26, 1972, now U.S. Pat. No. 3,850,657.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for sealing leaks in a closed cooling
      system containing an aqueous medium as the coolant.
PAR  2. Description of the Prior Art
PAR  The known sealants for sealing leaks in closed cooling systems, such as
      automobile radiators, generally consist of a suspension of organic or
      inorganic substances. These sealants are added to the cooling water so
      that as the water escapes through the leak, the suspended matter gradually
      accumulates around the leak until it becomes completely closed off. The
      disadvantage of such substances, however, is that high concentrations of
      suspended matter are required to effect good leak sealing properties. As
      the concentration is increased, however, the damages of causing blockages
      in small cross-sectional area conduits in the cooling system increases.
PAR  Accordingly, a need continues to exist for a technique of sealing leaks in
      closed cooling systems, which does not depend upon the presence of large
      concentrations of suspended matter, with its consequent risk of causing
      blockages in desired passages within the system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to provide a novel sealant
      technique which can be used in closed cooling systems.
PAR  It is another object of this invention to provide a novel sealing technique
      which does not depend upon the presence of high concentrations of
      suspended matter to effect sealing.
PAR  A further object of this invention is to provide a technique for sealing
      leaks in closed cooling systems without a consequent increase in the risk
      of blocking small cross-sectional area conduits within the system.
PAR  These and other objects of this invention, as will hereinafter become more
      readily apparent from the following description, have been attained by
      sealing leaks in cooling systems which use an aqueous medium as the
      coolant, by use of an electroless deposition of a metal or a metal
      containing compound from a water soluble, easily reducible metal compound.
      A complexing agent may be added to the coolant to enhance solubilization
      of the reducible metal compound.
PAR  In one embodiment, the walls of the cooling system are formed from a metal
      which can be attacked to form a solubilized compound in situ or a compound
      which can be solubilized by addition of a suitable complexing agent.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention an easily reducible metal compound is
      added to the aqueous media of the cooling system. The metal compound
      selected may be one that can be reduced to the metallic state, or one
      which may be reduced to form another metallic compound wherein the metal
      is in a lower valence state. It is only essential that the product of the
      reduction reaction be relatively insoluble in water. A wide variety of
      different metal compounds can be used for this purpose, and the particular
      selection will depend upon the particular use requirements.
PAR  Suitable metals forming the compounds, include Cu, Bi, Cr, Fe, Mn, Mg, Zn,
      Al, Sb, Ca, Ba, Sr, Hg, Ag, Au, Sn, Ni, Cd, Pb, Co, Pt, Rh, Ir, Pd and the
      like. Preferred are Cu, Ag, Au, Sn, Ni and Cd compounds. These metals may
      be formed from a wide variety of different reducible compounds. Such
      compounds include the hydroxides or oxides of inorganic or organic salts;
      particularly the sulfates, the halides, such as bromides, iodides or
      chlorides; the nitrates; acetates; oxides; cyanides; oxalates; or the
      like.
PAR  For instance, particularly suitable metal compounds include copper sulfate,
      silver sulfate, gold sulfate, tin sulfate, nickel sulfate, cadmium
      sulfate, silver chloride, gold chloride, tin chloride, nickel chloride,
      cadmium chloride, copper chloride, copper nitrate, silver nitrate, gold
      nitrate, nickel nitrate, cadmium nitrate, copper acetate, silver acetate,
      tin acetate, nickel acetate, cadmium acetate, copper oxide, silver oxide,
      gold oxide, tin oxide, nickel oxide, cadmium oxide or the like.
PAR  In some instances, the metal compound is not water soluble and it is
      necessary to solubilize the compound by reaction with a complexing
      ammonia, hydrazine, ethylene diamine, tetracetic acid, hydrocyanic acid
      citric acid, tartaric acid, or an alkali salt of said acids. Further
      suitable complexing agents are nitrilotriacetic acid (MTA), triethylamine,
      1,2-diaminocyclohexane tetraacidicacid, ethylene diamine,
      diethylenetriamine, triethylenetetramine, S-methylmercaptoacidicacid,
      N,N-diethylthiocarbamaicacid, .beta. ,.beta.'
      ,.beta."-triaminotriethylamine.
PAR  Complex formation is facilitated by maintaining the pH of the aqueous media
      in an alkaline condition. While pH values of greater than 7 are suitable
      for this purpose, best results are attained at pH values of 9-10. If the
      complexing agent does not sufficiently alkalize the water, an alkali such
      as NaOH, NaCO.sub.3, KOH, KCO.sub.3, NaCHCO.sub.3, NH.sub.4 OH, an organic
      amine, or the like may be added for pH adjustment.
PAR  By this means, such ordinarily insoluble metal compounds, as silver or gold
      chloride, nitrate, or oxide, or tin oxide, can be solubilized and used in
      the reduction reaction.
PAR  The quantity of complexing agents required to effect solubilization will,
      of course, depend upon the particular metal compound being complexed and
      the particular complexing agent. In general however, a good rule of thumb
      is to use 10.sup..sup.-6 to 1 mole of the complexing agent.
PAR  In some instances the electroless precipitation is not of the metal in its
      zero valence state, but of a metal compound wherein the metal is in a
      lower valence state than in the starting reducible compound. For instance,
      higher valence state salts of copper, iron, nickel, tin, cobalt, gold,
      lead, chromium, or the like, and in particular the oxides of these metals,
      may be reduced to insoluble lower valence state compounds.
PAR  The hydroxides, oxides or organic or inorganic metal salts may be added to
      the coolant system, or may be formed in situ by attacking the metal walls
      of the cooling system conduits. For instance, metal oxides can be formed
      by introducing air or another oxidizing agent such as hydrogen peroxide
      into the cooling system having copper or tin walls so as to form soluble
      corrosion products such as copper oxides or tin oxides or hydroxides.
      Alternatively, sulfates or chlorides can be formed by introduction of
      hydrochloric acid or sulfuric acid. These soluble oxides than can be
      precipitated to either their free metal form, or to their lower valence
      state form by electroless deposition initiated with an appropriate
      reducing agent.
PAR  In carrying out this invention, the quantity of the soluble cation
      introduced through the reducible compound is preferably from
      10.sup..sup.-8 to 1 molar with especially good results being attained when
      the quantity of reducible cations is between 10.sup..sup.-7 to
      10.sup..sup.-3 moles. This concentration can be attained either in situ as
      above described, or by introduction through a suitable inlet means such as
      a dosing pump.
PAR  When the soluble reducible metal compound is formed in situ such as by
      forming corrosion products, in a clean cooling system, i.e., one not
      already containing significant corrosion products in the coolant, the
      quantity of corrosion products in the coolant can be easily controlled by
      the quantity of O.sub.2 or other corrosive agent introduced into the
      system. When the coolant already contains significant quantities of
      corrosion products by its normal operation, it is only necessary to add
      the reducing agent with the optional complexing agent.
PAR  In copper tubing systems, good results are attained when copper corrosion
      products are found in situ using 0.001 to 0.2 ppm O.sub.2 to form 0.01 to
      0.2 ppm copper compound. Solubilization of the often insoluble copper
      compounds is attained by introduction of a complexing agent such as
      hydrazine.
PAR  The quantity of reducing agent required, of course, will depend upon the
      stoichiometry of the system and the degree of reduction required, whether
      to the free metal state, or to some intermediate state. In general,
      therefore, the quantity of reducing agent will be from 10.sup..sup.-6 to 1
      molar.
PAR  The techniques of this invention, of course, requires that the metal
      compound be selected such that it is not autogeneously reduced to a
      precipitate form by the conduit walls of the cooling system. That is to
      say that certain metals which are commonly used as structural materials in
      forming cooling tubes, can have a reducing activity on certain soluble
      metal compounds. Such metals include aluminum, zinc or low-alloy steels.
      By use of conventional knowledge in the art, namely an EMF table, one can
      rapidly determine which metal compounds would not be appropriate for use
      when using cooling systems which have been constructed from such metals.
PAR  While it is not completely understood, it is theorized that the electroless
      precipitation technique of this invention acts to cause the build-up of a
      precipitate in the vicinity of the leak as the aqueous medium is
      discharged through the opening or split in the system. The build-up of
      precipitate proceeds to the point in which the leak becomes completely
      blocked.
PAR  As above-described, the reducible metal compound can be added to the
      aqueous media either in situ or by addition through a dosing pump, or
      other suitable metering device. The reducing agent, together with the
      optional complexing agent, may be added simultaneously and with the
      reducible metal compound, if such a metal compound is introduced from
      external sources. If the coolant is escaping from the system, it may be
      necessary to introduce additional amounts of the reducing agent and/or the
      reducible metal compound, and/or the complexing agent, if one is used. It
      has been found that usually it is necessary to add repeated amounts of
      reducing agent, whereas additional amounts of complexing agent does not
      seem to be frequently needed.
PAR  Having generally described the invention, a more complete understanding can
      be obtained by reference to the following example which is included for
      purposes of illustration only and is not intended to be limited unless
      otherwise specified.
PAC  EXAMPLE
PAR  A leak in a water cooled generator rotor having a closed copper tubing
      cooling system which was losing cooling water at a rate of 40 liters/hour
      under a pressure of 80-100 bar, was sealed by adjusting the copper cation
      content of the water to approximately 0.2 ppm using an O.sub.2 content of
      about 0.2 ppm. The pH of the water was increased to between 9 and 10 and
      morpholine added until the concentration of complexing agent was
      10.sup..sup.-4 molar hydrazine sold commercially under the name Levoxin,
      Bayer Leverkusen, was introduced into the system as the reducing agent
      until the level present in the coolant was 10.sup..sup.- 10.sup. molar.
PAR  The loss of water decreased with time finally stabilizing at about 0.1
      liter/hour. The copper cation concentration fell to 0.01 to 0.02 ppm
      during the same period.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A method for sealing leaks in a closed cooling system which contains an
      aqueous medium as the coolant, which comprises:
PA1  introducing into the coolant a water-soluble, reducible metal hydroxide,
      inorganic salt, organic salt, or a complex thereof, of a metal selected
      from the group consisting of Cu, Bi, Cr, Fe, Mn, Mg, Zn, Al, Sb, Ca, Ba,
      Sr, Hg, Ag, Au, Sn, Ni, Cd, Pb, Co, Pt, Rh, Ir, and Pd, or a
      water-soluble, reducible metal oxide of a metal selected from the group
      consisting of:
PA1  Bi, Cr, Fe, Mn, Mg, Zn, Al, Sb, Ca, Ba, Sr, and Hg, wherein the
      concentration of said soluble metal cation ranges from 10.sup..sup.-8 to 1
      molar; and
PA1  introducing a reducing agent into said coolant in a concentration between
      10.sup..sup.-6 and 1 molar, so as to cause electroless deposition of the
      metal or a corresponding metal compound wherein the metal is present in a
      lower valence state, whereby leaks in the closed cooling system are
      sealed.
NUM  2.
PAR  2. The method of claim 1, wherein said reducible compound is produced in
      situ by corrosive action of the cooling water on the cooling pipes.
NUM  3.
PAR  3. The method of claim 2, wherein the corrosive products are induced by the
      addition of air into the coolant.
NUM  4.
PAR  4. The method of claim 1, wherein said deposition is of a metal in the zero
      valence state.
NUM  5.
PAR  5. The method of claim 1, wherein said deposition is of a metal compound,
      wherein the metal is in a lower valence state than said reducible
      compound.
NUM  6.
PAR  6. The method of claim 1, wherein said reducible metal is in the form of a
      complex with a complexing agent in order to enhance the solubility of said
      compound.
NUM  7.
PAR  7. A method of claim 1, wherein said metal hydroxide, inorganic salt,
      organic salt, or metal complex is comprised of a metal selected from the
      group consisting of Cu, Ag, Au, Sn, Ni, Cd, Pb, Co, Pt, Rh, Ir and Pd.
NUM  8.
PAR  8. The method of claim 7, wherein said metal compound is copper oxide.
NUM  9.
PAR  9. The method of claim 8, wherein said copper oxide is formed in situ as a
      corrosion product of the copper walls of the conduits of said closed
      cooling system.
NUM  10.
PAR  10. The method of claim 9, wherein said corrosion products are enhanced by
      the addition of an oxidizing agent into the coolant.
NUM  11.
PAR  11. The method of claim 10, wherein said oxidizing agent is oxygen.
NUM  12.
PAR  12. The method of claim 6, wherein said complexing agent is morpholine.
NUM  13.
PAR  13. The method of claim 1, wherein the pH of the aqueous medium is adjusted
      to between 7 and 10.
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ABST
PAL  In the preparation of low friction thread for use in the manufacture of
      bearings the thread is first rendered bondable, is then coated in a bath
      of bonding resin, is led vertically out of the bath and the resin is cured
      to the B-stage, and the B-stage thread is wound into spools for subsequent
      use.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 317,111, filed Dec.
      21, 1972, now abandoned which is a continuation-in-part application of my
      earlier filed application Ser. No. 76,110, filed Sept. 28, 1970, entitled
      WINDING METHOD OF PRODUCING A LOW FRICTION SURFACE, now abandoned.
      Reference should also be made to my co-pending application Ser. No.
      316,844, filed Dec. 20, 1972.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the treatment of low friction thread to render it
      bondable and to the coating of the thread with a bonding resin so that the
      thread is conditioned for subsequent use in the manufacture of low
      friction surfaces on structural bearing elements and related uses.
PAC  BACKGROUND OF THE INVENTION
PAR  In the aforesaid applications I have disclosed methods of making bearing
      structures wherein a bondable and resin impregnated low friction thread is
      wound onto a structural bearing element and the resin cured to form a low
      friction surface on the element. In the present application I amplify upon
      the treatment of the thread preparatory to winding it upon the structural
      bearing element. This method of treatment of the thread is not restricted
      to the preparation of low friction thread for use only in the manufacture
      of bearings, or bearings of the kind illustrated in the aforesaid
      applications, but is also applicable to the treatment of thread for use in
      the manufacture of related products as, for example, are disclosed in my
      co-pending applications Ser. No. 332,419, entitled LOW FRICTION SEAL,
      filed Feb. 14, 1973, now U.S. Pat. No. 3,841,644, and Ser. No. 321,566,
      entitled BUSHING AND METHOD OF MAKING SAME, filed Jan. 8, 1973.
PAR  Heretofore I have disclosed in my U.S. Pats. Re.24765 and Nos. 3,037,893;
      2,885,248 and 3,094,376, BEARING STRUCTURES AND METHODS OF MAKING THE
      SAME, wherein low friction threads are woven with bondable threads into a
      cloth, and the cloth is bonded to a structural bearing element to form a
      low friction surface thereon. While bearings thus formed have enjoyed
      substantial commercial success, there are certain problems in the use of
      the cloth, among which is the difficulty in coating the same with the
      proper amount of bonding resin. The interstices between the warp and woof
      of the cloth as well as the interstices in the thread itself take up (or
      sometimes do not adequately take up) the resin during the coating of the
      cloth which readily leads to a variable cloth-to-resin ration that is
      difficult to control. In the absence of close control of the
      cloth-to-resin ratio, bearings made with the cloth exhibit undesirable
      variations in both thickness, wearability and the bond of the cloth to the
      structural bearing element to which the cloth is secured.
PAR  The aforementioned problems inherent in the use of the cloth, as well as
      certain other problems, are obviated by the method of making bearings
      disclosed in my aforesaid pending applications. One of the reasons for
      this is that I am able to accurately control the amount of resin in the
      low friction layer which makes up the bearing surface, or in other words
      the resin-to-fiber ration. This arises from the fact that instead of resin
      impregnating the thread in the form of a cloth, I impregnate the thread
      itself in the form of a strand or yarn, and I am able to accurately
      control much more reliably the ratio of resin-to-thread.
PAR  However, the impregnation of the thread or yarn in strand form is not free
      of difficulties. Following considerable experimentation I conceived the
      method herein disclosed which is yielding satisfactory results.
PAC  SUMMARY OF INVENTION
PAR  I have discovered that accurately controllable resin impregnation and
      cross-sectional shaping of the thread and B-stage curing of the resin can
      be obtained by leading the thread, or yarn, lengthwise as a continuously
      moving strand into a resin bath whose resin-to-solvent ratio and viscosity
      are carefully controlled. In the bath the thread passes between nip rolls
      where the thread is squeezed and released to cause the resin to be forced
      and drawn into the body of the thread between the fibers thereof to fill
      the thread and intimately coat the fibers. From the nip rolls the thread
      is led to shaping rolls immersed in the resin bath where the impregnated
      thread is re-shaped and sized following the squeezing action of the nip
      rolls. From the shaping rolls the thread is led vertically out of the bath
      and through a B-staging heater. Beyond the heater and at a point where the
      resin is in the B-stage condition, the thread direction may be altered for
      winding into spools for subsequent use in the manufacture of bearings and
      the like. There is no physical contact with the thread between the time it
      leaves the bath and the point at which the resin is cured to the B-stage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation of apparatus for carrying out the
      method;
PAR  FIG. 2 is a schematic perspective view showing a plurality of thread spools
      in association with the apparatus of FIG. 1; and
PAR  FIG. 3 is a cross-sectional view of a shaping and sizing roll taken along
      line 3--3 of FIG. 1.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The first step in the preparation of the low friction thread to render it
      usable in the method of making bearing structures as disclosed in my
      companion applications hereinabove mentioned, is to treat it so that the
      thread has a bondable structure, viz. it may be bonded to itself and to a
      substrate. Those skilled in the art are well aware of the difficulty of
      resin bonding low friction filaments such as Teflon and polyethylene. Two
      approaches for rendering the thread bondable are disclosed in my
      applications, Ser. No. 76,110, filed Sept. 28, 1970, and Ser. No. 316,844.
      First, the bundles of low friction fibers may be intertwined or twisted
      with bundles of bondable fibers such as Dacron, cotton, nylon or the like,
      and the resulting composite thread is thereby rendered bondable. The other
      approach is to vacuum plate a thin layer of silver or other metal, or an
      oxide, fluoride or sulphide of a metal on the low friction fibers thereby
      rendering them bondable. The term bondable low friction thread as used
      herein refers to a thread which has been treated in either of these two
      fashions, or in any other suitable fashion, to provide a thread structure
      which can be securely bonded through the use of resins of the character
      herein described. The thus prepared thread may conveniently be wound into
      cones or spools illustrated at 10 in FIGS. 1 and 2 of the drawings.
PAR  The second phase in preparing the thread is to impregnate it with the
      bonding resin and shape and size the thread to predetermined
      configuration. As shown schematically in FIGS. 1 and 2 this involves
      arranging a plurality of the spools or cones 10 of the bondable thread
      adjacent a resin bath and leading the thread T laterally off the spools
      (to prevent twisting) and over a directional grooved roll 14 and into the
      bath.
PAR  The bath is shown schematically as comprising a tank containing the bonding
      resin R in the A-stage or liquid stage. In this stage the resin normally
      will comprise resin dissolved or in solution in a solvent which acts as a
      carrier or vehicle. The concentration of the resin-to-solvent and the
      viscosity of the bath may be widely varied as desired and as found
      necessary to provide the proper impregnation and coating of the thread.
      The particular resin-to-solvent ratio and viscosity will vary in
      accordance with the particular resin and solvent being employed, the
      nominal diameter of the bondable thread, the speed with which the thread
      is moved through the bath, the characteristics desired in the final
      produce, and other variables which will be appreciated by those skilled in
      the art. In one typical example, the following were found satisfactory:
PA1  Thread: 50-50 composite Teflon (trademark of DuPont for
      polytetrafluroethylene) and Dacron (trademark of DuPont for a polyester),
      nominal diameter 0.0135 inches.
PA1  Resin: Phenol formaldehyde in an ethyl alcohol solvent having a
      resin-to-solvent ratio of 1 to 1.
PA1  Speed of Thread: 30 feet per minute.
PAR  The resin in the bath may comprise any bonding resin suitable for the
      intended end use, for example, thermosetting resins such as urea
      formaldehyde, melamine formaldehyde, urethane resins and the like. Where
      operating temperatures of bearings to be formed using the thread are
      sufficiently low, thermoplastic resins may be employed.
PAR  After entering the bath the thread is led between plural sets of nip rolls
      15, 16, 17 and 18 where the thread is alternately squeezed and released to
      force the resin through the thread to insure full impregnation. While two
      sets of rolls are shown, any number to effect full impregnation may be
      employed. The upper roll of each set preferably is steel, such as
      stainless steel, while the lower roll has a somewhat resilient surface,
      and for this purpose may be rubber like or rubber-like surfaced.
PAR  From the nip rolls the thread passes to shaping and sizing rolls 20 and 22.
      These rolls are provided with relatively deep grooves, as shown in FIG. 3,
      having an inwardly tapering throat 26 terminating in a semi-circular
      bottom 28 which is of a determined size. As the thread enters the tapering
      throat it is reduced gradually to the diameter of the semi-circular bottom
      of the groove and has a cylindrical shape imparted thereto on opposite
      sides by the companion or complementary action of the two rolls so that
      the emerging thread T' is of essentially cylindrical cross-section of
      determined diameter. It will be noted that the rolls 20 and 22 are
      overlapped so that the thread follows a zigzag path whereby the deflection
      of the thread in its passage through the roll grooves will aid in the
      sizing and shaping of the thread cross-section. While the bottom 28 of the
      grooves is shown as semi-circular, it is within the purview of the
      invention that the bottom could be square to give the thread a square
      cross-section, or any other desired shape.
PAR  Only two rolls 20 and 22 are shown in FIG. 1 for the sizing and shaping
      function. A greater number may in some instances be found desirable, and
      the axis of additional sets of rolls may be disposed at 90.degree. or some
      other suitable angle to the rolls 20 and 22 for further shaping of the
      thread cross-section shape. The sizing and shaping rolls also serve to
      further insure full impregnation of the thread by the resin as the
      re-shaping of the thread following its flattening by the nip rolls will
      serve to force resin through the interstices around the thread fibers.
PAR  From the sizing and shaping rolls the thread is led vertically, as at T',
      out of the bath and the resin on the thread is caused to solidify to a
      non-tacky condition before reaching rollers 30 and 31 from whence it
      passes to the pulling rolls 33, 35 and 37 and thence to a reciprocating
      thread guide 39 which winds it uniformly on spools 32 for subsequent use.
      In the case of thermosetting resins, the resin is cured to the B-stage
      wherein the resin solvent is driven out and the resin alone remains on the
      thread in an essentially non-tacky yet incompletely cured condition. This
      curing or solidifying step is of importance in at least the following
      respects. First, handling of the coated thread prior to resin
      solidification will disturb the coating so that it will not be uniform
      along the thread. Second, it is important in the case of thermosetting
      resins that all or substantially all the resin solvent be removed so that
      during subsequent C-stage curing escape of solvent will not disturb the
      integrity of the resin bond. Third, the sizing and shaping of the thread
      and the amount of resin coating thereon which is intended to be effected
      should not be subject to random variables which will disturb control in
      the final coated thread. I have found that these and other desiderata may
      be obtained when this step is carried out as illustrated and herein
      described.
PAR  By leading the thread vertically out of the bath directly from the sizing
      and shaping rolls, runoff of resin is uniformly back down the thread
      toward the bath as the thread leaves the bath. The amount of this runoff
      before fixation by the B-staging can be varied by increasing and
      decreasing thread speed, varying viscosity of the resin bath, and
      importantly by the character of the curing phase of the method. I have
      concluded that effective and controllable curing can be best accomplished
      utilizing a dielectric heater or oven wherein the resin can be quickly
      heated to the B-staging temperature. This heater is disposed closely
      adjacent the bath and the thread is led directly thereto and vertically
      upwardly through the radio frequency field created therein.
PAR  The heater is illustrated in FIG. 1. It comprises a closed housing 34
      having thread-receiving and emitting openings 36 and 38 and purge air
      inlet and outlet 40 and 42. Within the housing are two staggered banks of
      electrodes 44 and 46 between which the thread passes and between which is
      established a R/F field as indicated in the drawings. The electrodes of
      bank 44 are similarly polarized and the electrodes of bank 46 are
      similarly polarized opposite that of bank 44, and the polarity as between
      the two banks is rapidly and continuously reversed as, for example, at the
      rate of 25 or more megahertz. The field thus created between the banks
      will cause rapid oscillation of the polar molecules (dipoles), ions and
      free electrons in the resin thereby generating heat within the resin
      itself and causing it to cure. Dielectric heaters of this type are
      manufactured by Fitchburg Industrial Products of Fitchburg, Mass., and
      others. Purge air may be supplied by suitable blower means, not shown,
      which air may be preheated to more readily entrain vapors removed from the
      resin during curing.
PAR  By regulating the distance between the banks of electrodes and/or the
      electrode voltage and frequency the rate of resin curing may be controlled
      as is understood in the art. By the time the thread reaches rolls 30 and
      31 the resin should be cured to the B-stage. Rolls 30 and 31 may be of a
      configuration similar to roll 22, with the grooves in the two rolls
      serving to keep the threads separated as, for example, is shown coming off
      roll 14 in FIG. 2.
PAR  The rolls 30 and 31 serve to shape the thread and size it so that the
      thread conforms to desired specifications. For this purpose the rolls may
      be formed of stainless steel and may be heated so that the resin is
      softened slightly to facilitate the sizing and shaping function. In some
      instances it may be desirable to effect a "burnishing" action on the
      thread and in this instance the rolls 30 and 31 may be differentially
      driven with respect to thread speed so that the burnishing action is
      carried out as the thread passes through the roll grooves.
PAR  The thread passes from roll 31 around roll 37 and around roll 35. Rolls 33
      and 35 rest upon roll 37 so that the thread is gripped by the rolls. Rolls
      35 and 37 may be driven by suitable electric motor, not shown. In fact,
      these pulling rolls may provide the sole source of force for pulling the
      thread off the spools 10 through the bath, the heater and the shaping
      rolls 30 and 31 so that the thread is maintained under tension from the
      time it leaves the spools 10 until it passes through the rolls 30 and 31.
      Suitable take-up drive is provided for the spool 32 to wind the thread
      thereon after it clears the pulling rolls. A level winder is schematically
      shown at 39 which reciprocates along the spool 32 to uniformly wind the
      thread thereon. It will be understood that the number of spools 32 will
      correspond to the number of spools 10 so that each thread is wound onto
      its individual spool 32.
PAR  It will of course be understood, that by virtue of having cured the resin
      to the B-stage prior to winding it into the spools 32 that the thus
      impregnated turns of thread may be readily unwound therefrom for
      subsequent use in the methods of bearing manufacture disclosed in my
      aforesaid patent applications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a bondable low friction thread, comprising:
PA1  treating lengths of low friction thread to render the thread bondable by
      providing a thread comprised of low friction filaments intertwined with
      lengths of bondable filaments,
PA1  passing the thread lengthwise through a bath of bonding resin to apply the
      same thereto,
PA1  leading the thread lengthwise vertically out of the bath and while
      supporting it in a vertical position curing the resin on the thread to the
      B-stage, and
PA1  winding the B-staged thread into spools for subsequent use.
NUM  2.
PAR  2. The method of claim 1 wherein the low friction filaments are comprised
      of filaments of polytetrafluroethylene.
NUM  3.
PAR  3. The method of claim 1 wherein the bondable filaments are filaments
      selected from a group consisting of a polyester and cotton.
NUM  4.
PAR  4. The method of claim 1 wherein the resin is a thermosetting resin.
NUM  5.
PAR  5. The method of claim 1 wherein the resin is a thermosetting resin
      selected from the group consisting of phenol formaldehyde,
      ureaformaldehyde, melamine formaldehyde and urethane resins.
NUM  6.
PAR  6. The invention defined by claim 1 characterized in that following curing
      of the resin on the thread to the B-stage the thread is sized and shaped
      in cross section before winding the B-stage thread into spools for
      subsequent use.
NUM  7.
PAR  7. The invention defined by claim 6 characterized by burnishing the thread
      at the time of sizing and shaping the B-stage thread.
NUM  8.
PAR  8. The method defined by claim 1 characterized by alternately squeezing and
      releasing the thread within the resin bath as it passes therethrough.
NUM  9.
PAR  9. The method defined by claim 8 characterized by sizing and shaping the
      thread within the resin bath following the squeezing and releasing action
      to re-shape and size the cross section of the thread.
NUM  10.
PAR  10. The invention defined by claim 9 characterized in that the sizing and
      shaping is carried out by shaping rolls within the resin bath, and the
      coated thread is led directly from the shaping rolls vertically out of the
      bath to the dielectric oven without intermediate handling, and curing the
      resin to the B-stage in the oven.
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ABST
PAL  A method of forming an active surface on a solid, e.g. for use of the solid
      as an adsorbent, catalyst carrier or contact or reactant catalyst,
      comprising adding a mixture of binders to a solution or suspension of an
      activatable substance (reactant), the binder mixture containing
      water-insoluble synthetic-resin substances which can be swelled by water
      only to a limited extent.
PARN
PAR  This application is related to my copending application Ser. No. 256,323
      filed May 24, 1972 (now U.S. Pat. No. 3,849,180 ).
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of forming surfaces of solid
      materials having a high effective surface area and, more particularly, to
      a method of producing solid materials having highly active surfaces for
      adsorption, catalysis or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  In various chemical processes, technologies or related fields, it is
      necessary to provide a solid body or material with a high effective
      surface area or a highly active surace. For example, many chemical
      reactions are catalyzed or promoted by the presence of active sites on a
      solid substance, merely by reason of the existence of such sites or the
      presence thereat of catalytically effective substances. Similarly,
      adsorption in a function of the activity of the surface and, in general,
      it can be said that fluid interactions are promoted by surfaces having a
      high activity or by solid materials having an active surface.
PAR  Various treatments are known to provide the necessary highly active solid
      surface and, in general, it is recognized that high-surface activity is a
      function of a high ratio of effective surface area to volume or weight. A
      high ratio of effective surface area to weight or volume (high specific
      area) is generally associated with the fine subdivision of the material on
      the solid surface and thus many of the activating techniques are designed
      to deposit or form upon a support resistant to the medium to which it is
      subjected, a substance with a fine subdivision or in a highly subdivided
      state.
PAR  Thus solids having surfaces which are to be involved in a reaction, either
      as a reaction promoter or regulator or as a reaction participant, must
      generally be in a state of fine subdivision if homogeneity is to be
      insured and, in the case of reaction promoters, a high reaction rate is
      desired. To avoid the need to continuously mix a finely divided solid with
      the reactants and thereafter recover the solids from the reaction product
      (mixing and separation) at a high operating and equipment cost, it is
      known to precipitate the solids from solutions and to deposit them on
      supports having large surface areas or to form the solids into porous
      bodies. The loss in activity which thus results in rendering the active
      solids more compact is generally tolerable when the advantage of a
      distributed state of the solid is considered.
PAR  Widely differing requirements must be met by active solids as noted above,
      especially when they are provided in a compact state. They must, for
      example, be wear-resistant (i.e. resistant to abrasion by fluids and
      fluid-entrained solids with which they may come into contact), must have a
      high capacity which does not materially drop over long periods (high
      useful life), must have a degree of subdivision although compact which
      will sustain high reaction rates, and must be chemically resistant so that
      the compact does not deteriorate in the presence of the reaction system.
      Generally it is not possible to provide a solid system having a high
      surface area which meets all of these requirements since all or several of
      them are mutually exclusive.
PAR  To produce solid ion-exchange agents, for example, high-molecular-weight
      microporous bodies are made from low-molecular-weight substances by
      processes well known in the macromolecular chemical arts, i.e. by
      polymerization techniques. Any functional groups which may be contained in
      the starting substances or which may be provided by subsequent treatment
      deriving from only a limited number of possibilities, e.g. acidic, basic,
      redox-promoting (reduction-oxidation catalyst) and complexing groups. From
      this small variety of possible functional groups, it is not possible to
      provide the full spectrum of properties which may be necessary for a
      particular active solid. Materials which are deposited on activated carbon
      and on like porous supports, must adhere firmly and, frequently, a
      satisfactory bond cannot be obtained because of the nature of the support
      or the nature of the active materials to be applied thereto. In many
      cases, a firm bond degenerates with the change in pH or some other
      properties of the medium with which the solids are contacted. The active
      materials may thereby be lost in the reaction medium and the solid phase
      rendered useless.
PAC  Objects of the Invention
PAR  It is the principal object of the present invention to provide an improved
      method of making a solid phase having high surface activity or active
      surface area, e.g. for the promotion of a reaction in a fluid, whereby the
      aforementioned disadvantages are obviated.
PAR  It is another object of the invention to provide a system having high
      surface activity for the purposes described.
PAC  Summary of the Invention
PAR  The present invention is based upon my discovery that certain materials
      which have hitherto been used to limit surface activity can be used under
      specific conditions to provide highly effective surfaces for the promotion
      of chemical and physical reactions, e.g. catalytic or adsorptive activity.
      It has been known for considerable time that surfaces prone to attack can
      be preserved by applying to them film-forming materials which interpose a
      barrier between the substrate and an attacking environment such that
      further attack upon the substrate or initial attack is delayed or
      prevented. Now I have found that certain materials, long recognized for
      the purpose of protecting a substrate against surface attack and hence for
      limiting interaction at a surface between the fluid environment and a
      solid, may be used to provide surfaces of high activity to promote
      chemical reactions and the like.
PAR  More particularly, I have found that active solids having a wide spectrum
      of specific properties and, in many cases, improved properties with
      similar materials, can be obtained with high wear resistance, high
      reactive or adsorptive capacity, high physical or chemical stability, and
      high reaction rate by adding a mixture of binders to a solution or
      suspension of at least one activatable substance (i.e. a substance which
      is active or can be made active in the sense mentioned above) and coating
      the resulting composition onto a support, the coating being tough, firmly
      adherent and swellable. It has been found that such systems are effective
      as described and also for the bonding of peptizable reactants and that the
      binders should include at least one component which acts as a flocculating
      agent for at least one of the active or reactive substances.
PAR  I have found that the formation of active solid systems is particularly
      simple if the mixture of binders contains water-insoluble substances or
      substances which are only slightly swellable in water and which impart
      toughness, integrity and adhesive strength to the coating; the binders
      also include a component which is soluble and/or swellable in water and
      which, when combined with the water-insoluble components, is trapped in
      the coating so that it cannot be readily dissolved out and thereby render
      the coating swellable to such an extent that the coating is sufficiently
      permeable to allow access between the active substance and the reactant
      medium in contact with the coating.
PAR  It is particularly surprising that water-insoluble synthetic-resin
      materials, which are stable in alkaline and acid solutions and which are
      known as paint vehicles based on acrylic esters in latex or other
      dispersed form, may be used in spite of the fact that paints based on such
      systems have been used effectively to prevent interaction between a solid
      surface and a corrosive environment.
PAR  The binders may be acrylic esters in the form of homopolymers or in the
      form of copolymers with vinyl esters, stryrene, vinyl ethers, vinyl
      chloride and vinylidine chloride, by way of example. Suitable substances
      which are soluble or swellable and may be present in the binders as
      flocculating agents are the polyacrylates, polyacryla esters,
      acrylic-ester copolymers, polyacrylomides and polyethylene imines.
PAR  The mixture of binders may have a ratio of water-insoluble synthetic-resin
      substances and water-soluble or water-swellable synthetic-resin substances
      varying within wide limits and depending on the properties desired in the
      resulting coating. For example, where the coating is to have a high
      tenacity and wear resistance, the proportion of water-insoluble substances
      may be relatively high whereas, for a coating with a higher reaction rate
      or higher capacity, the proportion of water-soluble or water-swellable
      resins may be higher. Best results are obtained with 0.1 to 5% by weight,
      preferably 1% by weight, water-soluble synthetic-resin substances and 10
      to 1000% by weight preferably 200% by weight, water-swellable
      synthetic-resin substances based upon the quantity of water-insoluble
      resins. This corresponds to a ratio of the water-insoluble synthetic resin
      to the flocculating agent of 20 to 1000:1 where the flocculating agent is
      water-soluble and a ratio of 10:1 to 1:10 where the flocculating agent is
      water swellable. A coating formed in these proportions has a high
      permeability and high wear resistance. It is of course desirable to use
      both water-soluble and water-swellable synthetic-resin materials in
      combination.
PAR  The activity of the coating may be increased by the addition of soluble or
      insoluble substances to the solution or suspension from which the coating
      is formed and which are removed or decomposed in situ, in whole or in
      part, when the coating has been formed on the support so that pores are
      left in the coating. These materials are generally referred to herein as
      "removable substances" and are present, in addition to the water-soluble
      or water-swellable synthetic resins mentioned previously.
PAR  The removable materials can include any substance which meets the
      above-mentioned solubility requirements, for example, simple organic
      compounds such as sugars and urea which do not dissolve in the coating
      composition but remain as small crystals so that upon solubilization,
      discrete pores are provided. Simple salts such as chlorides, sulfates,
      acetates and oxylates, generally of metals of the alkali and
      alkaline-earth group, substances which decompose by gas formation such as
      carbonates and hydrogen carbonates which can be activated by heating or by
      acid, colomites, chalk and sulfites may be employed. Mixtures of these
      poreforming substances may be used and the upper limit as to the
      proportion which can be employed, according to the present invention, is
      determined only by the mechanical destruction of the layer. In other
      words, any amount of these materials may be used as long as the integrity
      of the coating remains intact. Preferably 5% by weight of soluble or
      low-solubility substances and 50% by weight of insoluble substances may be
      used based on the total content of the dry binder.
PAR  It has been found that highly viscous solutions and/or suspensions of the
      binder, which have a filamentary or ropey characteristic when coated onto
      the substrate, are undesirable and it is thus important to maintain the
      viscosity such that a film forming coating of uniform and homogeneous
      distribution results. This control of the visocity may be obtained by
      adding monomeric or polymeric amines and amino alcohols, which not only
      act as viscosity modifiers but also as plasticizers, in amounts up to
      1000% by weight based upon the total water-insoluble synthetic resin
      content.
PAR  The substrates which may be used may be any which are stable in the working
      medium and the surfaces may be smoothed, contoured or roughened.
      Surprisingly, smooth surface substrates are not disadvantageous because
      the porosity of the coating and the high surface activity thereof may
      replace the otherwise essential roughened surface. Substrates may be
      omitted entirely if only small amounts of a fluid are to be reacted, e.g.
      a small quantity of liquid, in which case the reacting fluid is simply
      contacted with droplets of the composition. For reactions with large
      quantities of liquid it is desirable to coat packing bodies or plates
      disposed in a stacked or closely-packed relation in the reaction cell or
      chamber. Alternatively, floating supports may be coated with the
      composition. Reaction cells containing floating bodies coated with the
      composition of the present invention have the advantage that they are of
      simple construction, enable relatively close packing of the coated bodies,
      offer little resistance to the downward flow of the reactant liquid and
      preclude detrimental action by entrained air. The cell liquids can be
      drained completely so that the quantities of liquid required for rinsing,
      if a change in liquids is desirable, is substantially reduced.
PAR  Best results have been obtained when the composition is coated onto foamed
      or foamable synthetic-resin material of the polystyrene or polyurethane
      type. The material may be foamed before it is coated with the composition
      or during its coating or admixture therewith, or subsequently during a
      drying step. If the material is preformed, part of the binder may be added
      in an amount such that it will not be seriously affected by the foaming so
      that the light weight mass is loosely bonded for convenient handling.
PAR  The sequence in which the components of the mixture are combined is of no
      significance to the result which is produced. However, it has been found
      to be advantageous to mix the liquids together and mix the solids together
      and thereafter form the coating composition by blending the solids, the
      mixed solids and liquids and mixing the substrate particles or bodies
      therewith. Of course, the substrate bodies can be mixed with either the
      liquid component or the solid component and thus can be present when the
      two components are combined.
DETD
PAC  SPECIFIC EXAMPLES
PAC  EXAMPLE 1
PAR  0.2 kilograms of a flocculating agent consisting of polyacrylamide are
      dissolved in 20 kilograms of a low-viscosity dispersion (25%) of an
      acrylate copolymer which is conventional as a paint vehicle. 20 kilograms
      diethanolamine are added to the viscous, film-forming solution to render
      it spreadable. This mixture and 40 kilograms of a high-viscosity
      dispersion of an acrylic ester copolymer conventional as a paint vehicle,
      50 kilograms calcium stannate, 1 kilogram sodium hydrogen carbonate and 10
      kilograms prefoamed Styropor P 455 (polystyrene) beads are intimately
      blended until a uniform sticky coating has been formed on each Styropor
      particle. The material is dried in loosened layers at temperatures up to
      about 100.degree.C. The process can be considerably accelerated even at a
      low temperature by a circulation of air, the use of a vacuum, and
      tumbling. It will be highly desirable to tumble and at the same time to
      supply warm air through the tumbling mechanism.
PAR  Together with or without the supports on which the material is dried and
      which consists of paper, sheet metal, perforated sheet metal, or the like,
      the material is coarsely crushed and is activated by being reacted with
      hot hydrochloric acid of about 1% concentration. The disintegration into
      the individual particles will be accelerated by kneading, stirring or
      other mechanical agitation. Because the material is buoyant, it should be
      immersed into the hydrochloric acid by a perforated plate or the like. It
      will be desirable to perform the activation in a closed rotary drum, which
      is provided with suitable internal fixtures to break the flow.
PAR  The end of the reaction is indicated by a change in color from gray to
      yellow. When washed with water, the mass is ready for use and will resist
      even 60% sulfuric acid at 70.degree.C.
PAC  EXAMPLE 2
PAR  The same mixture is prepared as in Example 1.
PAR  In this case, 0.2 kilograms flocculating agent consisting of polyacrylamide
      are added as an aqueous solution of 1% concentration. 2 kilograms
      polyethylene imine are added to thicken the mixture.
PAC  EXAMPLE 3
PAR  The same mixture is prepared as in Example 1.
PAR  In this case, 1 kilogram sodium hydrogen carbonate as a pore-forming agent
      is replaced by a mixture of 0.5 kilograms sodium hydrogen carbonate, 10
      kilograms chalk and 2.5 kilograms common salt.
PAR  When it is desired to reduce the buoyancy of the coated particles in the
      working media, any desired insoluble substances, preferably barite or lead
      sulfate, may be admixed in the required amounts to the mixtures.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for bonding a particulate active solid consisting of calcium
      stannate to pieces of polystyrene substrate, which comprises:
PA1  depositing said calcium stannate on the polystyrene from an aqueous medium
      containing essentially:
PA1  a. at least one water-insoluble synthetic resin selected from the group
      which consists of copolymers of acrylic esters with styrene, vinyl ethers,
      vinyl esters, vinyl chloride, and vinylidene chloride, and
PA1  b. at least one further synthetic resin, water-soluble or water-swellable
      substance serving as a flocculating agent for said calcium stannate, said
      flocculating agent being a polyacrylamide or a polyethylene imine, the
      ratio of said synthetic resin (a) to said flocculating agent (b) is
      water-soluble or within the range 10:1 to 1:10 where said flocculating
      agent is water-swellable.
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ABST
PAL  Knitted cotton fabrics in tubular form are impregnated to 20 to 35% wet
      add-on of crosslinking agent by any of several techniques including
      sprinkling, spraying, printing, or slop padding the solution of
      crosslinking agent to the outer surfaces of the fabric tube, or
      transferring the solution of crosslinking agent from impregnated material
      to the outer surfaces of the fabric tube, followed by a mechanical
      agitation step wherein the impregnated tubes are mechanically agitated at
      elevated temperatures under closed conditions, thereby eliminating agent
      migration toward fabric surfaces during drying of the cotton containing
      knitted fabrics in chemical treatments for smooth-drying properties and
      dimensional stabilization.
BSUM
PAR  This invention relates to chemical treatments of cotton and other
      cellulosic knitted fabric in tubular form. More particularly, this
      invention relates to a process for chemical finishing of
      cellulose-containing knitted fabrics to effect uniform crosslinking
      throughout the fabric. Specifically this invention relates to a new method
      of impregnation of the crosslinking chemicals prior to drying and curing
      of the impregnated textile, the novelty comprising two steps, application
      of the crosslinking agent to the tubular textile to achieve a wet add-on
      of 20 to 35% such that about 2 to 9% solids as crosslinking agent is
      applied to the fabric, and mechanical agitation of the textile in this
      moist state at elevated temperatures in a closed system to afford uniform
      and complete penetration of the crosslinking agent throughout the fibers
      in the fabric. Hereinafter this novel method of textile finishing is
      referred to as uniformly distributed low wet add-on.
PAC  Field to Which This Invention Relates
PAR  To all of the presently employed processes for producing knitted fabrics
      with improved smooth-drying properties and good dimensional stability, the
      common step is impregnation (via padding) of the knitted fabric with a
      solution of crosslinking agent and catalyst to a wet add-on of from about
      70 to 100%. The most common finishing operation uses the pad-dry-cure
      process. In this process, after the padding step, the fabrics are first
      dried at slightly elevated temperatures (60.degree. to 100.degree.C) and
      then cured at high (150.degree. to 165.degree.C) temperatures. In a
      variation of this process garments are fabricated from the dried
      (sensitized) fabric, desired creases are pressed into the garment, and the
      completed garment is cured at high temperatures. This is a
      sensitize-crease-cure, or post-cure, technique.
PAR  In another process, after impregnation as mentioned above, the fabrics are
      dried and cured in one step (shock- or flash- curing).
PAC  The Problem
PAR  In both of these processes, as the water is dried from the fabric, the
      crosslinking agent migrates from the interior of the fabric to the outer
      surfaces, and, in the case of fabrics processed in tubular form, from the
      inner surfaces to the outer surfaces of the fabric tubes as well, causing
      non-uniform crosslinking throughout the fabric, compounding the problem.
      Because many knitted fabrics are finished in the tubular form in which
      they come off a circular knitting machine, and are slit, if at all, for
      stripe matching after the curing step, there is ample opportunity for
      migration to occur. In these multiple-layered fabrics a heat gradient
      probably exists between the surfaces and also between the layers during
      drying. This migration is a factor in producing poor hand of fabric. It
      also causes migration of non-substantive direct dyes during
      after-finishing for smooth-drying properties. This migration also causes
      non-uniform pick-up of optical brighteners from laundry detergents during
      washing of the chemically finished fabrics.
PAR  If a maximum and excess amount of water is introduced into the fabric
      during the impregnation step, migration will occur during drying, and
      methods to produce uniform treatments must, in some manner, reverse the
      migration of crosslinking agent from the surfaces back to the interior of
      the fabric. If only the amount of water necessary for carrying the
      crosslinking agent uniformly throughout the capillaries of the fabric were
      introduced into the fabric on application of crosslinking agent, the
      opportunity for migration to occur at all during drying could be
      eliminated. Therefore, the problem is to apply the crosslinking agent so
      that it is distributed uniformly throughout the fabric without the use of
      an amount of water that is so large as to cause the migration on drying
      that disturbs the uniform distribution.
PAC  The Prior Art
PAR  Methods reported to eliminate this agent migration have employed techniques
      which either retard the drying step or introduce a two stage drying step
      broken by a time lapse greater than five hours between stages after
      impregnation to a wet add-on of from 80 to 100% (see "Migration and
      Diffusion of Finishing Agents in Drying" Textile Research Journal 38, pp.
      176-182 (1968). These techniques allow sufficient time for back diffusion
      of the agent to occur, reversing migration and thus minimizing the
      nonuniformity of distribution. These techniques, although successful in
      improving uniformity, require an extension of finishing time to a point
      not economically feasible for the American textile industry.
PAC  Object of the Invention
PAR  The chief objective of the instant invention is to create a process for
      imparting to tubular fabrics smooth-drying properties and dimensional
      stability that uniformly distributes the crosslinking agent throughout the
      entire fabric without the need for inclusion of a time delay of several
      hours to redistribute the crosslinking agent throughout the fabric and
      that reduces the amount of unnecessary water present in the fabric at the
      time of impregnation, thus lessening the drying time.
PAC  How the Objective is Achieved
PAR  We have found that the crosslinking agent can be uniformly distributed
      throughout a knitted fabric in tubular form by a combination of reducing
      the wet add-on of the crosslinking formulation of the textile to a minimum
      amount necessary to carry the crosslinking agent throughout the fibers and
      mechanically agitating the moist textile at slightly elevated temperatures
      for a short period of time to promote complete penetration of crosslinking
      agent throughout the capillaries of the fabric. The crosslinking
      formulation includes, in addition to the crosslinking agent, a catalyst,
      and a surfactant.
PAR  Crosslinking agents suitable for use in this invention are the methylol
      amide group of agents such as dimethylol ethyleneurea or dimethylol
      dihydroxyethyleneurea. The specific crosslinking agent selected, however,
      is not integral to the process of the invention and any crosslinking agent
      which imparts durable-press properties and dimensional stability to
      cellulose-containing knitted textiles is suitable for use in the instant
      invention.
PAR  Catalysts suitable for use in this invention are of the latent-acid types
      and include magnesium chloride hexahydrate and zinc nitrate hexahydrate.
      Any catalyst that promotes the reaction between crosslinking agent and
      cellulose, however, is suitable for use in the instant invention.
PAR  Surfactants for use in this invention are those that promote diffusion of
      the crosslinking solution throughout the capillaries of the
      cellulose-containing knitted fabric and include the class containing octyl
      phenols etherified with poly (oxyethylene) glycol.
PAR  Although there may be many variables to the instant invention which would
      be covered by the process of the instant invention, the instant invention
      can be described as a process for imparting smooth-drying, or
      durable-press, properties and dimensional stabilization to
      cellulose-containing fibrous material, the process comprising:
PAR  a. applying to the tubular knitted cotton textile by sprinkling, spraying,
      printing, slop padding, by transfer from impregnated material, or by any
      other conventional manner, to a wet add-on of from 20 to 35%, an aqueous
      solution containing from 12 to 25% of a crosslinking agent, an acid-type
      catalyst, and a non-ionic surfactant, followed by passage of the moist
      textile through squeeze rolls, and
PAR  b. mechanically agitating the impregnated textile under closed conditions
      to prevent water evaporation at temperatures ranging from 45.degree. to
      75.degree.C for times ranging from 10 to 15 minutes, and
PAR  c. further processing the textile of uniformly distributed low wet add-on
      by the common dry-cure, or sensitize-crease-cure techniques, with drying
      times reduced if desired, because of the lessened amount of water present
      in the fabric.
PAC  The Impregnation Step
PAR  A wet add-on of 20 to 35% crosslinking formulation is achieved by several
      techniques. Two of the techniques that are effective are:
PAR  a. spraying the surfaces of the knitted fabric tube to the above mentioned
      wet add-ons by the use of a spraying device containing the crosslinking
      formulation under air pressure so that a fine, uniform mist contacts the
      fabric surfaces, followed by passage of the moist fabric through squeeze
      rolls, and
PAR  b. impregnating, by a dip and nip process, two sheets of absorbent
      material, such as knitted or woven fabric, or polyurethane foam sheeting,
      to a wet add-on of 80 to 100% then placing the knitted tube between these
      two impregnated layers and passing the resultant four-layered assembly
      between two squeeze rolls to transfer to the knitted tube a wet add-on of
      20 to 35%.
PAR  In both of these techniques it is desirable to include in the crosslinking
      formulation a surfactant that decreases the surface tension of the
      solution, fosters positive adsorption of the solution at the interface
      between capillaries of the fiber and aids penetration of the crosslinking
      agent throughout the entire fabric.
PAC  The Mechanical Agitation (Milling) Step
PAR  The mechanical agitation step consists of sealing the moist fabric from the
      atmosphere for from 10 to 15 mintues in a rotating drum so that the
      temperature inside the drum is from 45.degree. to 75.degree.C. In the
      instant invention for the purposes of laboratory demonstration, the moist
      fabrics were sealed in heat resistant plastic bags before placing inside a
      rotating drum to which hot air was supplied and exhausted to maintain the
      above mentioned temperature. On a larger scale, however, in commercial
      applications of this method, sealing the fabrics in plastic bags is not a
      necessary or integral part of the packaging procedure during milling.
PAC  Summary of the Invention
PAR  In summary, this invention provides a process for imparting a uniform
      finish to knitted materials containing a cellulosic component to produce a
      product with improved smooth-drying, or durable press properties and
      dimensional stability. The advantages of smooth-drying and dimensional
      stability are well known and are a necessity for garments that are
      acceptable to the American consumer. The uniformity of treatment achieved
      by this process is a necessity in eliminating bloom, streaks, and
      off-shades of dyes in fabrics treated for durable press and in eliminating
      uneven pickup of additives from laundering during garment use.
PAR  The following examples are provided to illustrate the practice and results
      of the process of the instant invention and are not in any way intended to
      limit the scope of the invention. All percentages shown in the examples
      are percentages by weight of the total solution. Current test methods of
      the American Association of Textile Chemists and Colorists (AATCC) and
      American Society for Testing Materials (ASTM) were used in evaluating the
      textile properties of the fabrics. The resistance of crosslinked cotton to
      dyeing in the ASTM D 1464-63 test, Differential Dyeing Behavior of Cotton,
      was used as a criterion for uniformity of treatment and extent of agent
      migration. In this modified test, the green dye was omitted from the
      procedure. The shade differences in dye resistance between surfaces of the
      same layer of the fabric tube were rated using the Gray Scale, with T
      indicating the layer facing upward and B indicating the layer facing
      downward during horizontal processing. The fact (f) is the technical face
      of the fabric and was to the outside of the fabric tube during processing;
      the back (b) is the technical back of the fabric and was to the inside of
      the fabric tube during processing. The Gray Scale Ratings also are an
      indication of the evenness of pick-up of optical brightener between fabric
      surfaces during subsequent laundering of the crosslinked fabrics, a fact
      known to those skilled in the art. Nitrogen contents were determined by
      the Kjeldahl method.
DETD
PAC  EXAMPLE 1
PAR  The outer surface of each layer of samples of a 3.07 sq.yd/lb. cotton
      jersey fabric of 20/1 yarn knitted in a cross-tuck pattern, and in tubular
      form, was sprayed to the indicated wet add-ons with an aqueous solution
      containing 20% dimethylol dihydroxyethyleneurea (DMDHEU), 6.0% magnesium
      chloride hexahydrate, 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol. This
      step was followed by passing the sprayed tubular knit through squeeze
      rolls. The impregnated fabric was then sealed in heat resistant plastic
      bags and mechanically agitated (milled) for 15 minutes in a rotating drum
      to which air was supplied and exhausted at elevated or ambient
      temperatures in order to maintain the temperature inside the drum at the
      values indicated in Table I. After the milling step the samples were dried
      at 70.degree.C for 10 minutes and cured at 160.degree.C for 3 minutes. The
      cured samples were washed and tumbled dry before testing. A tubular sample
      not mechanically agitated and a tubular sample padded from an aqueous
      solution containing 6% dimethylol dihydroxyethyleneurea, 1.8% magnesium
      chloride hexahydrate and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol to a
      wet add-on of 90-100% were dried and cured as above to give samples for
      comparison. The wet add-on, milling conditions, percent nitrogen and
      differences in face to back receptivity to a direct dye as shown by the
      Gray Scale Rating for each layer of the tube are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
              Milling                                                          
     Wet      Conditions  Nitrogen    f/b Gray Scale                           
     Add-On   Time Temp   Content (%) Rating                                   
     (%)      (min)  (.degree.C)                                               
                              T     B     T     B                              
     ______________________________________                                    
     Spray-mill                                                                
     26        0     --       --    --    2     2                              
     28       15     25       1.0   1.2   3     3                              
     27       15     45-57    1.3   1.2   4     4                              
     27       15     57-69    1.1   0.9   4     4                              
     28       15     65-75    1.4   1.2   5     5                              
     Conventional pad-dry-cure                                                 
     90-100   0      --       --    --    4     1                              
     ______________________________________                                    
PAR  The data indicate that completely uniform treatment throughout the fabric
      is attained in the sample sprayed to give a low wet add-on combined with
      milling at 65.degree. to 75.degree.C for 15 minutes. A conventional
      pad-dry-cure procedure did not produce a uniform treatment. Milling the
      samples with low add-on at temperatures of 45.degree. to 65.degree.C
      increased the uniformity of treatment but did not completely eliminate
      agent migration. Other tubular samples padded in the conventional manner
      with solutions containing 6% dimethylol dihydroxyethyleneurea and milled
      for 15 minutes at 25.degree.C and 65.degree. to 75.degree.C before drying
      and curing conventionally had face/back Gray Scale Ratings of 2 for each
      layer of the tube after dyeing, indicating that the combination of low wet
      add-on and milling is necessary for eliminating agent migration.
PAC  EXAMPLE 2
PAR  The outer surface of each layer of tubular samples of patterned cotton
      jersey mentioned in Example 1 was sprayed to the wet add-ons listed in
      Table II with aqueous solutions containing 12,16 and 20% dimethylol
      dihydroxyethyleneurea (DMDHEU), magnesium chloride hexahydrate as 30% of
      agent weight and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol. This
      step was followed by passing the sprayed tubular knit through squeeze
      rolls. The impregnated fabric was then sealed in heat resistant plastic
      bags and milled for 15 minutes at 65.degree. to 75.degree.C, dried, cured
      and washed as described in Example 1. Wet add-ons, nitrogen content and
      comparison of face/back receptivity to a direct dye by Gray Scale Ratings
      for each layer of the tube are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                        Nitrogen                                               
     DMDHEU   Wet       Content       f/b Gray Scale                           
     In Spray Add-On    (%)           Rating                                   
     (%)      (%)       T       B       T     B                                
     ______________________________________                                    
     20       28        1.4     1.2     5     5                                
     16       29        0.9     0.9     4     4                                
     12       50        1.1     1.2     4     4                                
     ______________________________________                                    
PAR  Spraying to 29% wet add-on from a solution containing 16% dimethylol
      dihydroxyethyleneurea increases the uniformity of agent throughout the
      fabric, but does not produce complete uniformity. Spraying to 50% wet
      add-on from a solution containing 12% dimethylol dihydroxyethyleneurea
      also increases, but does not produce complete uniformity of agent
      throughout the fabric. The sample sprayed from a 20% dimethylol
      dihydroxyethyleneurea solution and milled at 65.degree. to 75.degree.C for
      15 minutes does produce a fabric with a completely uniform treatment.
PAC  EXAMPLE 3
PAR  The outer surface of each layer of tubular samples of patterned cotton
      jersey mentioned in Example 1 was sprayed to the indicated wet add-ons
      with aqueous solutions containing 20% dimethylol dihydroxyethyleneurea, 6%
      magnesium chloride hexahydrate and 0.1%
      29-(isooctylphenoxy)-1,3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol. This
      step was followed by passing the sprayed tubular knit through squeeze
      rolls. The impregnated fabric was then sealed in heat resistant plastic
      bags and milled for 5, 10, and 15 minutes at 65.degree. to 75.degree.C as
      described in Example 1. Drying, curing and washing of the cured samples
      were performed as described in Example 1. Wet add-ons, nitrogen content
      and comparison of face/back receptivity to a direct dye as shown by Gray
      Scale Ratings for each layer of the tube are shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                         Nitrogen                                              
     Wet      Milling    Content       f/b Gray Scale                          
     Add-On   Time       (%)           Rating                                  
     (%)      (Min.)     T       B       T     B                               
     ______________________________________                                    
     28       15         1.4     1.2     5     5                               
     30       10         1.5     1.0     5     5                               
     28        5         1.5     1.0     4     4                               
     ______________________________________                                    
PAR  Spraying to 28 to 30% wet add-ons, followed by milling at 65.degree. to
      75.degree.C for from 10 to 15 minutes produces fabrics with a completely
      uniform treatment throughout each fabric layer.
PAC  EXAMPLE 4
PAR  The outer surface of each layer of tubular samples of patterned cotton
      jersey mentioned in Example 1 and of the same patterned cotton jersey
      which had been premercerized were sprayed to the indicated wet add-ons
      with aqueous solutions containing 20% dimethylol dihydroxyethyleneurea, 6%
      magnesium chloride hexahydrate and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol, passed
      through squeeze rolls and milled for 15 minutes at 65.degree. to
      75.degree.C as described in Example 1. Drying, curing, and washing of the
      cured samples were performed as described in Example 1. Wet add-ons,
      nitrogen content and comparison of face/back receptivity to a direct dye
      as shown by Gray Scale Ratings for each layer of the tube are shown in
      Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                 Wet      Nitrogen                                             
                 Add-On   Content     f/b Gray Scale                           
     Fabric      (%)      (%)         Ratings                                  
                    T     B       T       B                                    
     ______________________________________                                    
     Unmercerized.sup.1/                                                       
                 28       1.4     1.2   5     5                                
     Mercerized.sup.2/                                                         
                 31       1.6     1.6   5     5                                
     ______________________________________                                    
      .sup.1/ Sample unmercerized before crosslinking                          
      .sup.2/ Sample mercerized at original dimensions for 3 minutes with 20%  
      NaOH, soured with 5% acetic acid, rinsed in water and dried before       
      crosslinking.?                                                           
PAR  Reduction of wet add-on to under 32% combined with milling at 65.degree. to
      75.degree.C is effective in producing a completely uniform treatment in
      mercerized as well as unmercerized fabric.
PAC  EXAMPLE 5
PAR  Tubular samples of the patterned cotton jersey mentioned in Example 1 were
      padded in the conventional manner to 90 to 100% wet add-on with a solution
      containing 6% dimethylol dihydroxyethyleneurea and 1.8% magnesium chloride
      hexahydrate. The padded samples were dried on horizontal pin frames at
      70.degree.C for 4 minutes and 40 seconds to the indicated wet add-ons. The
      partially dried samples were then removed from the frames and milled in
      heat resistant plastic bags as described in Example 1 at 25.degree.C or
      65.degree. to 75.degree.C for 15 or 30 minutes before remounting on
      horizontal pin frames to complete the drying at 70.degree.C for 5 minutes
      and 20 seconds. The samples were cured for 5 minutes at 160.degree.C and
      washed as described in Example 1. The effectiveness of milling tubular
      fabric in a two stage drying process, as indicated by face/back
      receptivity to a direct dye as shown by Gray Scale Ratings for each layer
      of the tube is shown in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Wet Add-On  Milling                                                       
     After 1st   Conditions       f/b Gray Scale                               
     Dry Step    Time     Temp.       Rating                                   
     (%)         (Min)    (.degree.C) T     B                                  
     ______________________________________                                    
     33          30       25          3     3                                  
     31          15       25          3     3                                  
     33          30       67-75       2     3                                  
     34          15       67-75       2     3                                  
     ______________________________________                                    
PAR  In none of these samples does the mechanical or heat energy promote back
      migration during the milling step to compensate for the migration that
      occurs during the first stage of drying to produce a non-uniformity of
      agent distribution. All of the Gray Scale Ratings are 3 or below. A sample
      that was also padded conventionally to 90 to 100% wet add-on, mounted on
      pin frames, sealed in a plastic bag and batched at 25.degree.C for 30
      minutes with no mechanical agitation before drying and curing
      conventionally, and a sample padded conventionally to 90 to 100% wet
      add-on, partially dried to 30% wet add-on, sealed in a heat resistant
      plastic bag at 70.degree.C for 15 minutes with no mechanical agitation
      before completion of drying and curing conventionally, both also have
      face/back Gray Scale Ratings of 3 or under. For shortened time processing,
      reduced add-on before the drying step as well as milling is necessary for
      uniformity of treatment.
PAC  EXAMPLE 6
PAR  Single layers of the cotton patterned jersey described in Example 1 and
      measuring 15 in. .times. 16 in. were padded to 90 to 100% wet add-on with
      an aqueous solution containing 16 or 20% dimethylol dihydroxyethyleneurea
      (DMDHEU), magnesium chloride hexahydrate as 30% of agent weight, and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol.
      Tubular samples of the same jersey, measuring 12 in. .times. 13 in. were
      placed between these padded single layers of knitted fabric (transfer
      medium) and the resultant multiple layered assembly was passed between
      squeeze rolls to transfer the crosslinking agent to the outer surfaces of
      the tubular samples. The tubular samples, of wet add-on listed in Table VI
      were, either mechanically agitated (milled) at 65.degree. to 75.degree.C
      for 5, 10, or 15 minutes as described in Example 1 before drying, curing,
      and washing as described in Example 1, or dried, cured and washed with the
      milling step omitted. Nitrogen content and the Gray Scale Ratings for each
      layer of the tubular samples are shown in Table VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
     DMDHEU                                                                    
     Concentration                                                             
     Padded to                                                                 
     Transfer  Wet      Milling  Nitrogen  f/b Gray                            
     Medium    Add-On   Time     Content   Scale                               
     (%)       (%)      (Min)    (%)       Rating                              
                       T     B       T      B                                  
     ______________________________________                                    
     20        31        0       0.9   1.0   2    2                            
     20        31        5       0.9   0.8   3    3                            
     20        31       15       0.8   0.8   5    5                            
     16        29       10       0.6   0.6   4    4                            
     16        27       15       0.6   0.6   5    5                            
     ______________________________________                                    
PAR  The Gray Scale Ratings show that a uniform treatment of the knitted fabric
      tubes can be obtained by a reduction of wet add-on to 31% or less via
      transfer from layers impregnated from 16 to 20% solutions.
PAC  EXAMPLE 7
PAR  The crosslinking agent and catalyst used to produce a uniformly distributed
      low wet add-on are by no means limited to dimethylol dihydroxyethyleneurea
      (DMDHEU) and magnesium chloride hexahydrate. Single layers of the cotton
      patterned jersey described in Example 1 were padded as described in
      Example 6 with aqueous solutions containing 20% dimethylol
      dihydroxyethyleneurea (DMDHEU), zinc nitrate hexahydrate as 10% of agent
      weight and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol; 20%
      dimethylol ethyleneurea (DMEU), zinc nitrate hexahydrate as 10% of agent
      weight and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol, or 20%
      dimethylol ethyleneurea (DMEU) magnesium chloride hexahydrate as 30% of
      agent weight, and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,24,27-nonaoxanonacosan-1-ol. The
      crosslinking agent solution was then transferred from the impregnated
      transfer mediums to tubular samples of the same jersey, the moist tubular
      samples milled for 15 minutes at 65.degree. to 75.degree.C, dried, cured
      and washed as described in Example 6. Durable press ratings, nitrogen
      content, shrinkage in the wales direction after one home laundry cycle,
      and face/back receptivity to a direct dye as shown by Gray Scale Ratings
      for each layer of the tubular samples are shown in Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
                                         f/b                                   
                   Nitrogen                                                    
                           Durable Wales Gray                                  
     Crosslinking                                                              
              Wet  Content Press   shrinkage                                   
                                         Scale                                 
     Agent and                                                                 
              Add-on                                                           
                   (%)     Rating  (%)   Rating                                
     Catalyst (%)  T   B   T   B   T     T B                                   
     __________________________________________________________________________
     DMDHEU-                                                                   
     Zn(NO.sub.3).sub.2 .6H.sub.2 O                                            
              22   0.5 0.6 4.0 3.9 4.8   5 5                                   
     DMEU-                                                                     
     Zn(NO.sub.3).sub.2 .6H.sub.2 O                                            
              23   0.9 0.8 4.3 4.0 4.6   5 5                                   
     DMEU-                                                                     
     MgCl.sub.2 .6H.sub.2 O                                                    
              22   1.0 0.9 4.3 4.1 4.6   5 5                                   
     __________________________________________________________________________
PAR  The fabrics have good durable press properties and dimensional stability
      acceptable for outerwear end uses. The Gray Scale Ratings show that a
      uniform treatment is obtained by a reduction of wet add-on to 23% or less
      via transfer from layers of cotton jersey impregnated from 20% solutions
      of methylol amide crosslinking agents containing latent acid catalysts,
      combined with a mechanical agitation step of 10 to 15 minutes at
      65.degree. to 75.degree.C.
PAC  EXAMPLE 8
PAR  The transfer medium is by no means limited to cotton fabrics. Single layers
      of 1/2 in. thick polyurethane foam sheeting were padded to 90 to 100% wet
      add-on with solutions containing 20% dimethylol dihydroxyethyleneurea, 6%
      magnesium chloride hexahydrate and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol as
      described in Example 6. The crosslinking agent solution was then
      transferred from these layers of polyurethane foam to the patterned cotton
      jersey mentioned, and as described in, Example 6. One of the tubular
      samples so processed was dried and cured conventionally with no milling
      step. The other sample was milled for 15 minutes at 65.degree. to
      75.degree.C, as described in Example 1, before conventionally drying,
      curing and washing. Nitrogen contents and receptivity to a direct dye as
      shown by face/back Gray Scale Ratings for each layer of the tubular fabric
      are shown in Table VIII.
TBL                TABLE VIII                                                  
     ______________________________________                                    
            Milling       Nitrogen    f/b                                      
     Wet    Conditions    Content     Gray Scale                               
     Add-on Time    Temp      (%)       Rating                                 
     (%)    (min)   (.degree.C)                                                
                              T     B     T     B                              
     ______________________________________                                    
     22      0      --        2.1   0.7   1     1                              
     35     15      65-75     1.7   1.7   5     5                              
     ______________________________________                                    
PAR  A uniform treatment can be obtained if polyurethane foam sheeting is used
      as the transfer medium in the process described in Example 6.
PAC  EXAMPLE 9
PAR  Tubular samples of the patterned cotton jersey mentioned in Example 1 were
      given crosslinking treatments that were uniform throughout the fabric
      according to the spray-mill process described in Example 6. In both of
      these processes the crosslinking solution contained 20% dimethylol
      dihydroxyethyleneurea, 6% magnesium chloride hexahydrate and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol. The
      textile properties of the fabrics from these two processes, with those of
      an untreated fabric are shown in Table IX.
TBL                                    TABLE IX                                
     __________________________________________________________________________
                       Resistance to                                           
              Bursting Flat Abrasion                                           
                                   Durable                                     
              Strength (Stoll Test)                                            
                                   Press                                       
              (psi)    (cycles)    Rating                                      
     Treatment                                                                 
              T     B  T       B   T       B                                   
     __________________________________________________________________________
     Untreated fabric                                                          
                 93        184         2.5                                     
     Spray-mill                                                                
              39    34 151     123 3.9     3.7                                 
     Transfer-mill                                                             
              --    -- 134     158 3.8     3.6                                 
     __________________________________________________________________________
PAR  The fabrics have good durable press properties, and strength and resistance
      to flat abrasion similar to those in samples processed conventionally.
      That knitted cotton fabrics processed to the durable press levels shown in
      this example have dimensional stability acceptable for outerwear end uses
      is known to those skilled in the art.
PAC  EXAMPLE 10
PAR  Single layered samples of the patterned cotton jersey described in Example
      1 were padded with 20% dimethylol dihydroxyethyleneurea, 6% magnesium
      chloride hexahydrate and 0.1%
      29-(isooctylphenoxy)-3,6,9,12,15,18,21,24,27-nonaoxanonacosan-1-ol to 25
      to 30% wet add-on by the transfer technique described in Example 6. One
      sample was mechanically agitated in a heat-resistant plastic bag at
      65.degree. to 75.degree.C for 15 minutes before oven drying and curing,
      and the other sample was dried and cured without a milling step. After
      dyeing with a direct dye, the samples were examined for uneven
      distribution of agent by comparing Gray Scale Ratings, both face/back, and
      surface/interior, on examination of fabric cross-sections. The results
      from these treatments are presented in Table X.
TBL                TABLE X                                                     
     ______________________________________                                    
             Shade difference Gray Scale Rating                                
     Technique                                                                 
             face/back        surface/interior                                 
     ______________________________________                                    
     Milled  5                5                                                
     Not milled                                                                
             5                1                                                
     ______________________________________                                    
PAR  A combination of lowered wet add-on and mechanical agitation is necessary
      for producing uniform distribution, even in single layers of fabrics.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for imparting to tubular knitted cotton textiles the enhancing
      qualities of durable press and dimensional stability by means of a
      chemical finish that is uniform throughout the fibers of the fabric and
      results in generally superior properties of the textile and in elimination
      of shade and color differences between fabric surfaces on subsequent
      dyeing, the process comprising:
PA1  a. impregnating the tubular knitted cotton to a wet pick-up of from 20 to
      35% with an aqueous solution containing:
PA2  1. a methylol amide crosslinking agent,
PA2  2. an acid catalyst, and
PA2  3. a non-ionic surfactant, and
PA1  b. mechanically agitating the impregnated textile for from 10 to 15 minutes
      at temperatures of from 45.degree. C. to 75.degree. C. while preventing
      water evaporation from said textile;
PA1  c. drying the mechanically agitated moist textile; and
PA1  d. curing the dry textile at an elevated temperature.
NUM  2.
PAR  2. The process of claim 1 wherein the impregnation is effected by spraying
      the surface of the textile.
NUM  3.
PAR  3. The process of claim 1 wherein the methylol amide crosslinking agent is
      selected from the group consisting of dimethylol ethyleneurea and
      dimethylol dihydroxyethyleneurea, the acid catalyst is selected from the
      group consisting of magnesium chloride hexahydrate and zinc nitrate
      hexahydrate, and the surfactant is produced by the etherification of octyl
      phenol with poly(oxyethylene) glycol.
NUM  4.
PAR  4. The process of claim 1 wherein the impregnation is effected by
      transferring the aqueous solution from a knitted cotton fabric padded in
      said solution to a wet pick-up of 80-100% by passing through squeeze
      rolls.
NUM  5.
PAR  5. The process of claim 1 wherein the impregnation is effected by
      transferring the aqueous solution from polyurethane foam sheeting padded
      in said solution to a wet pick-up of 80 to 100% by passing through squeeze
      rolls.
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ABST
PAL  A method for the protection of blanc areas of sheet metal otherwise coated
      with layers of synthetic materials, lacquers, foils or the like, wherein
      the said blanc areas are covered by applying a liquid, viscous or solid
      rust-protective agent by frictional contact, spraying, welding or
      cementing and a machine for carrying out the above method, comprising
      means for applying a liquid or pasty rust-protective agent and/or tape or
      cord on said areas by temporarily moving the means for applying these
      agents and/or tapes or cords towards, along and away from the sheet metal
      and, if desired, pressing the same on and/or drying the same on the sheet
      metal.
PARN
PAR  This is a continuation of application Ser. No. 56,197, now abandoned, which
      is a continuation of application Ser. No. 681,694, which is now abandoned.
BSUM
PAR  Sheet metal is usually protected from corrosion by being covered with
      lacquer. However, on the one hand it is difficult, to produce a faultless
      lacquer surface, and on the other hand the coating of lacquer is little
      resistant to scratching and impacts and is soon destroyed at weak spots by
      rust creeping under it. A much more durable protection is constituted by
      foils of synthetic material, which are cemented hot on the sheet metal, or
      layers of synthetic material, which are rolled as a pasty mass on the
      sheet metal. Such layers are resistant to impact, and can be produced in
      many different colours. They may, moreover, be made with patterns, texture
      and grains. Their use involves many advantages, but their economic
      treatment constitutes difficulties. They can be welded only, when the
      layer is removed from the areas to be welded. In order to restore a closed
      surface layer these areas have to be closed again. For this purpose no
      economically bearable methods have been available yet, so that coated
      sheet metal is used but little, in spite of its advantages. Since only the
      surfaces of the sheet metal are coated with layers, their edges remain
      uncoated, and so are likewise the cut edges formed when cutting the sheet
      metal to shape. In order to attain a perfect and durable protection from
      rusting, the edges of sheet metal have also to be covered.
PAR  Accordingly there exists the problem of protecting sheet metal, covered in
      various ways, on the blank or stripped areas thereof from corrosion, and
      to re-coat the same there, so that the work piece has on all sides a
      perfect rust-protecting layer. Moreover, machines and devices are to be
      developed which allow a quick and economic applying of the
      rust-protection, and which in particular can be fitted into a production
      line for mass production.
PAR  According to a first method, an absorbent material, e.g. a sponge, soaked
      with a liquid rust-protective agent, is conducted along the blank zones of
      the sheet metal -- by moving either the sheet metal or the sponge. Thereby
      the blank zones are coated. The sponge is attached in a simple way to a
      closure wall of a storage container for the liquid agent, and is pressed
      by a spring on the edge to be coated. For arcuate edges or edges
      positioned transversely of the direction of transport of the sheet metal
      the coating device is placed on a carriage and is guided along the edge of
      the sheet metal by the aid of rails. For the introduction of the sheet
      metal an orifice formed by resilient slot ledges is provided.
PAR  When the edges of the sheet metal have projecting or receding edge
      portions, e.g. triangular punched-out zones, the orifice and the sponge
      are adapted to these edge portions. By pressing these edge portions on the
      sponge for a short time, the same are coated with lacquer.
PAR  For coating the edges of holes within the area of the sheet metal the
      absorbent material is mounted on a cone, whose cross section is adapted to
      that of the hole. The cone forms at the same time a storage container for
      the lacquer. When pressing-in the cone of the sponge, the cut edge of the
      hole is coated. For intense coating, the cone of the sponge may be mounted
      on a shaft, and turned by a motor. The driven cone with the sponge is then
      mounted on the container by the aid of a seal.
PAR  For coating at a higher rate, rollers covered with absorbent material are
      provided, whose axes are positioned transversely of the plane of the sheet
      metal. When being pushed along the edge of the sheet metal, the roller
      rotates. The roller is supplied uniformly with a rust-protective agent by
      contacting a transfer roller mounted side-by-side with it, which transfer
      roller in turn receives further supply from a drip tube of the container.
PAR  Rust-protective agents of higher viscosity are applied by means of spray
      nozzles, whereby the blank areas of adjacent layers are to be covered. For
      this purpose resilient slot ledges of the spray device casing are
      constructed as cover ledges. In a modification the cover is formed by
      adhesive tape, the protruding portion of which forms a protective hood for
      the spray nozzle. Moreover, strippers covered with felt may be mounted on
      the device.
PAR  A comparatively thick protective layer results from the use of pasty
      rust-protective agents. Moreover, strips stripped of their layer on the
      surface of a sheet metal panel may be filled with pasty synthetic
      material, and thus a uniform layer may be produced. For applying the
      paste, rotatable rollers or circulating belts are used, which are pressed
      against or moved along the blank areas, past which the blank areas are
      pushed. According to a first embodiment, the roller dipping into a trough
      for the rust-protective agent extends along an edge or a strip; according
      to a second embodiment the axis of the applying roller is perpendicular to
      the edge; according to a third embodiment a pair of rollers extends along
      the margin, stripped of its layers on both sides, of a sheet metal panel;
      and according to a fourth embodiment, roller portions for the coating of
      strips are mounted on the shafts of the rollers. The supply rollers driven
      by a motor and the troughs for the rust-protective agent can be readily
      dismantled and easily cleaned, so as to be capable of working with
      two-components media such as putty, adhesive cement etc., which are stable
      in the mixed condition for a short time only. Finally the pasty substance
      may be applied firstly to a belt, and then be pressed, together with the
      belt, on the sheet metal, and thus be cemented to it. Thus strip-shaped
      recesses in comparatively thick layers of synthetic material or foils may
      be filled in and closed.
PAR  According to a third method, a coating resistant to scratching and impacts
      is applied by the cementing-on of tapes preferably consisting of the same
      foils as those which serve for coating the sheet metal. Advantageously the
      tape has been previously provided with adhesive, i.e. a self-adhesive tape
      is used, which is only to be applied and to be pressed on. In a first
      device, a reel of adhesive tape is mounted on a carriage, which is guided
      by rollers between the edge to be covered of the sheet metal and a rail
      lying parallel thereto. The adhesive tape drawn from the reel is folded
      about the edge of the sheet metal by a prefolding funnel, and is pressed
      by two presser-rollers onto the upper- and under-side of the stripped area
      of the sheet metal panel, and is cut off at the end of the sheet metal
      edge. In a second device, for edges positioned transversely of the
      direction of transport of the sheet metal panel, the carriage is pulled by
      means of a chain by a motor. In a third embodiment, the adhesive tape is
      stretched out by two rollers lying one above the other; the edge of the
      sheet metal panel is pushed towards the middle of the tape and is then
      pushed together with the tape folding itself between the rollers, whereby
      the tape is pressed on. For projecting or receding portions of the edge,
      e.g. a triangular cut-out in the edge, an orifice of corresponding shape
      with clamping jaws is provided, in front of which the adhesive tape is
      stretched out. When pressing on the tape, blades make incisions in the
      tape in such a manner that the tape can be folded about the edges. Holes
      in the surface of the sheet metal have likewise bare edges. For the
      purpose of covering the holes, an adhesive disc from below, and an
      adhesive disc from above, are cemented on the edges of the hole, and
      within the hole the two adhesive discs are cemented on one another. For
      treatment on a machine, the adhesive discs are firstly cemented on a
      tension belt, one such belt being stretched out above and one below the
      holes in the sheet metal; the adhesive discs are punched out, and are
      pressed against the sheet metal and against each other. The tension belt
      can be pulled along step-wise by a winding-on reel. In a modification, an
      expandable adhesive ring is pressed with its outer edge against the edge
      of the hole; then it is bent with its inner portion through the hole; and
      finally pressed on the opposite edge of the hole. For this purpose a
      compressed air cylinder is provided with an elastically inflatable upper
      portion, and is compressible between a holder ledge and an opposite ledge.
PAR  According to a fourth method, tapes or cords of synthetic material are
      heated, together with the adjacent layers, to their welding temperature,
      and are then interwelded by pressing. The heating may be effected by
      infra-red radiation. In a machine with a stretched-out weldable tape and
      with the edge of the sheet metal standing in front of the same, the
      infra-red radiators are formed arcuate, and are arranged in front of the
      tape and above as well as below the sheet metal edge. When the welding
      temperature of the tape is reached, the sheet metal is automatically
      pushed against the tape and between presser rollers, and the tape is thus
      interwelded with it. The heating may alternatively be effected by a hot
      air blower. On a carriage guided along the sheet metal edge and carrying a
      tape reel, pre-folding funnel and presser rollers, a hot air blower is
      mounted, whose upper and lower outlet nozzles extend along the sheet metal
      edge and blow the hot air into the pre-folding funnel. Instead of a
      weldable tape, a weldable cord could be used. The heated cord is firstly
      pressed against the edge by a presser roller, and is then welded to the
      sheet metal edges by means of a pair of form rollers as well as by a pair
      of presser rollers. Finally the welding temperature may be established by
      electrically heated elements. For the coating of a gap in the corner
      between two mutually abutting angular turn-ups, a piece of weldable cord
      and an electrically heated form member filling that corner are inserted.
      The gap in the corner can be covered from outside with a piece of weldable
      cord by the aid of a pivotable form member. The form members are guided or
      pivoted on a support platform for the work piece, and can be pressed on by
      means of levers. The layers adjacent to the welded zones are protected
      from overheating by cooling plates or by water-cooled tubes.
PAR  For sheet metal panels, which run along a production line, the
      rust-protective devices are moved for short periods into contact with the
      sheet metal panels. For this purpose the individual devices are provided
      each with an advance device, and the advance as well as the retraction
      thereof is controlled automatically. The advance device comprises a casing
      with the advance means, and a slider advanced by them carrying the
      treatment device. By lowering the advance device, a switch initiates the
      advance and the treatment, and by the advancing treatment device abutting
      a second switch, the treatment is terminated and the return movement is
      made possible. In a first advance device a compressed air cylinder with
      piston is provided as the advance means, which pushes an applying means
      with sponge against the sheet metal edge. Instead of the applying means, a
      hot air drier for the coated edge may be mounted. In a second embodiment
      an inflatable hose serves as the advance means.
PAR  The treatment device consists in a covering means, by which the adhesive
      tape is pressed-on by the aid of inflated hoses. In a third advance device
      an electromagnet is provided as the advance means. The treatment device
      comprises an endless supply belt running over rollers, which is covered
      with absorbent material.
PAR  Protection from corrosion can be attained also on formed sheet metal panels
      interwelded into finished products e.g. the doors of a motor car body. The
      un-coated edges could be coated with lacquer in one operation by means of
      an applying device. For this purpose the applying device extends all round
      along the edges, forming a frame. This frame is hollow and forms at the
      same time a storage reservoir. It tapers downwardly forming an orifice
      filled with absorbent material and having a convergent slot for receiving
      the edges. When for welding purposes also the adjacent margins have been
      stripped, the sponge has a slot, which embraces the margins. The edges
      could alternatively be covered by an adhesive tape. For arcuate edges, the
      adhesive tape is pressed on from outside by means of a carriage guided on
      rails, and is folded over the edges by a roller. With straight edges, the
      adhesive tape is stretched out in a simple way over the edges by the aid
      of a tension belt and of a winding-up reel. The applied and stretched-out
      adhesive tapes are folded over the edges and pressed on by means of
      clamping jaws. These clamping jaws are mounted on a frame, which can be
      raised or lowered, and which may carry also the storage reels and the
      motor-driven winding-on reels. Inflatable hoses may serve as the presser
      means.
DRWD
PAR  In the accompanying drawings the various methods are illustrated and the
      devices and machines are shown, which are required for carrying out the
      methods.
PAR  FIGS. 1 and 2 show a device for applying a rust-protective agent with a
      sponge to straight edges, in transverse section and plan view,
      respectively.
PAR  FIGS. 3 and 4 show a similar device for recessed edges, in transverse
      section and plan view, respectively.
PAR  FIG. 5 shows a similar device for the edges of holes, in transverse
      section.
PAR  FIG. 6 shows an applying device with rotatable sponge rollers, in
      transverse section.
PAR  FIG. 7 shows an applying device with spray nozzles with a covering closure
      ledge, in transverse section, and
PAR  FIG. 8 shows a similar device for the covering of edges with an adhesive
      tape.
PAR  FIG. 9 shows a stripper in plan view.
PAR  FIGS. 10 and 11 show a device for applying pasty agents with a horizontal
      roller, in elevation and plan view, respectively,
PAR  FIG. 12 shows a similar device with vertical roller, in part-sectional
      elevation,
PAR  FIG. 13 shows a similar device with a pair of rollers, in transverse
      section,
PAR  FIG. 14 shows a similar device with roller portions for stripped
      strip-shaped zones, in front elevation,
PAR  FIG. 15 shows a similar device with a tape to be applied, in side
      elevation,
PAR  FIGS. 16 and 17 show a device for the covering of edges with a tape drawn
      off a reel, for sheet metal edges lying in the direction of transport, in
      elevation and plan view, respectively,
PAR  FIG. 18 shows a similar device for sheet metal edges positioned
      transversely of the transport direction, in cross section,
PAR  FIGS. 19 and 20 show a device for the covering of edges with a tape
      stretched out in front of presser rollers, in tranverse section and plan
      view, respectively,
PAR  FIGS. 21 and 22 show a device for the covering of edges having receding
      portions, in plan view and transverse section, respectively,
PAR  FIG. 23 shows a blade for making incisions into a tape, for a device
      according to FIGS. 21, 22, in elevation,
PAR  FIG. 24 shows a tension belt with an adhesive disc, in plan view,
PAR  FIG. 25 shows a device for the punching-out and pressing-on of adhesive
      discs, before the punching, in elevation,
PAR  FIG. 26 shows the same device after the punching, in part-sectional side
      elevation,
PAR  FIG. 27 is a view corresponding to FIG. 26 during the pressing-on,
PAR  FIG. 28 shows a piece of sheet metal with a hole, covered by two adhesive
      discs, in plan view,
PAR  FIG. 29 shows a piece of sheet metal with a hole, covered by a single
      adhesive ring,
PAR  FIG. 30 shows a folding and pressing-on device for adhesive rings in
      sectional side elevation, during the folding-over,
PAR  FIG. 31 shows the same device in side elevation when pressing-on.
PAR  FIG. 32 shows a welding device for a stretched-out tape, with infra-red
      radiator, in transverse section,
PAR  FIGS. 33 - 35 show a similar device with hot air blower and a tape drawn
      off a reel, in elevation, plan view and transverse section, respectively.
PAR  FIGS. 36 and 37 show a similar device with a weldable cord in elevation and
      plan view, respectively,
PAR  FIGS. 38 and 39 show a welding device for a corner gap in sectional
      elevation and plan view, respectively,
PAR  FIG. 40 shows a device for a sheet metal panel lying on a production line,
      with a compressed air advance device, for an applying device with sponge,
      in transverse section,
PAR  FIG. 41 shows a similar device for a drying means,
PAR  FIG. 42 shows an advance device with inflatable hose for a device for the
      covering of edges,
PAR  FIG. 43 shows an electromagnetic presser device for an applying device with
      endless sponge belt,
PAR  FIG. 44 shows a frame-shaped applying device with sponge for the edges of
      the door of a motor car body, in transverse section,
PAR  FIG. 45 shows a similar device for the edges and adjacent margins,
PAR  FIG. 46 shows a device with a rail and carriage for covering the curved
      edges of the door of a motor car body, in plan view.
PAR  FIG. 47 shows on a larger scale the carriage with storage reel for the tape
      and drive, in plan view,
PAR  FIG. 48 shows on yet a larger scale a transverse section of the rails, the
      carriage and the door of the motor car body,
PAR  FIG. 49 shows two means fixed to a common frame, for stretching out an
      adhesive tape for covering the straight edges of the door of a motor car
      body, in plan view,
PAR  FIG. 50 shows the frame, provided with a presser device for the margin,
      prior to the pressing operation, in transverse section,
PAR  FIG. 51 corresponds to FIG. 50 and shows the stage of pressing the adhesive
      tape to the edges of the door of the motor car body.
DETD
PAR  Simple rust-protection is attained by applying liquid agents such as
      lacquer. In this operation, the visible adjacent surfaces, which are
      already covered with layers and have their final appearance, must not be
      affected by droplets or spray.
PAR  Such a device for applying a rust-protective agent is illustrated in FIGS.
      1 and 2. A container 307 has on top a socket for filling in a liquid
      rust-protective agent e.g. a lacquer, and has on the right hand side an
      orifice 306 formed by inwardly bent resilient ledges 307a. The container
      is subdivided by a slidable partition wall 311, extending between the
      bottom 307b and top 307d, into a storage chamber 307e and an applying
      chamber 307f. The partition wall has bores 313, through which the agent
      penetrates into an absorbent material, e.g. a sponge 310. The partition
      wall with the sponge is forced by springs 312 sideways towards the edge
      301a of a sheet metal panel 301. The sponge is cambered in the horizontal
      and vertical planes, in order that only the edge 301a be wetted, while the
      upper- and under-side of the sheet metal panel remains free of droplets.
      Moreover two brackets with rollers 304 are fixed to the bottom 307b, and
      two further brackets with rollers 305 are fixed to the top 307d, by means
      of screws 308. The rollers run with recessed rims on rails 302, 303 in
      such a manner, that the applying device is moved along a sheet metal panel
      301, and that the edge 301a thereof can be covered with lacquer.
PAR  For greater numbers of products the sponge is constructed as a strip of the
      length of the edge, and is simply pressed on the edge. For very large
      numbers of products the sponge is arranged in ring-shape around the sheet
      metal panel, and the contour of the panel is coated by raising and
      lowering the same.
PAR  For sheet metal panels, which are moved along a production line, the edges
      lying in the direction of transport may be coated by containers 307
      fixedly arranged to the left and right of the transport belt. For sheet
      metal edges positioned transversely of the transport direction, a movable
      container 307 in accordance with FIGS. 1, 2 is provided.
PAR  FIGS. 3, 4 show an applying device for the edges of sheet metal panels
      which have projecting and receding edge portions. A container 41 is
      composed of a storage reservoir 41a for a liquid rust-protective agent,
      and a lower, protruding applying portion 41b. The protruding applying
      portion 41b is adapted to the receding edge portions of a triangular
      punched cut-out having the edges 21d, e. The front wheels of the applying
      portion are drawn inward and form an orifice closed by an absorbent
      material, e.g. by a sponge 42. This sponge is supported by a U-profile 43,
      adjustable by means of screws 43a and slots 43b, and limits the
      penetration of the sheet metal. The outflow of the agent is regulated by a
      screw 44 on the lid of the reservoir, which allows air to flow into the
      reservoir through a transverse bore 44a and longitudinal bore 44b. By
      pressing-on the sheet metal, the receding edges 21d, e are coated with the
      agent. Together with the upper and lower layer of synthetic material, 21b
      and 21c, respectively, this affords complete protection of the sheet metal
      panel 21a against corrosion.
PAR  For protruding corners of a sheet metal panel the orifice is provided with
      inwardly directed edges.
PAR  The cut edges of holes within the area of the sheet metal may be coated by
      means of cylindrical or conical sponges. The cone according to FIG. 5 fits
      into a circular stamped-out hole 21g of a sheet metal piece 21. The cone
      may, however, have oval, rectangular or irregular cross section, and may
      serve for the treatment of holes of various diameters.
PAR  In detail, the device comprises a hollow cone 71 with rows of perforations
      76. The hollow cone serves as a reservoir for the liquid, and is covered
      with absorbent material 77. For comparatively viscous agents and more
      intense application thereof the cone may be driven by a motor. For this
      purpose the hollow cone 71 is mounted rotatably on a cylindrical storage
      reservoir 72, and sealed by a ring 78. A shaft 73 fixed to the bottom of
      the conical end portion 71 is supported on the cover of the reservoir by a
      ball bearing 80, and carries on its upper end a belt pulley 74 for a
      driving belt 75. The stationary reservoir 72 has a supply pipe 79. The
      agent reaches the sponge 77 through bores in the bottom of the reservoir
      and through the rows of perforations 76 in the rotatable hollow cone 71.
      The device is clamped, adjustably, on two carrier ledges 81. These carrier
      ledges can be raised and lowered mechanically.
PAR  Uniform and reliable application of the rust-protective agent is attained
      by pre-distribution and by moving the absorbent material, so that always
      new portions of the sponge, freshly supplied with the agent, come into
      contact with the edges. In accordance with FIG. 6 such a device 161
      comprises a storage reservoir 161a with regulator screw 162, a drip
      orifice 165 and an applying chamber 161b. Underneath the drip orifice 165
      a transfer roller 163 is journalled on a vertical axle, and contacts an
      applying roller 164 journalled likewise. In front, the applying chamber
      161b has a slot 166 and two resilient closure ledges 167, which may be
      covered with felt. In front of the closure edges there is a table 168 with
      the sheet metal panel 160 resting on it. The sheet metal panel is forced
      by the closure ledges against the applying roller 164, and is moved
      perpendicular to the plane of the drawing. Thereby, the applying roller
      164 is rotated, and with it also the transfer roller 163, whereby some
      agent is supplied continuously to the cut edges. Alternatively, the sheet
      metal panel may be stationary, and the device may be moved.
PAR  When the rust-protective agent lends itself badly to being applied by an
      absorbent material, spraying devices are used. The device according to
      FIG. 7 comprises a casing 176, which has on the right hand side a slot for
      introducing the sheet metal panel 160. In this casing, a spraying chamber
      176a is divided off by a pair of resilient closure ledges 177 wherein a
      spray nozzle 175 is mounted. The closure ledges may be kept closed by the
      additional aid of compression springs 178. The sheet metal panel
      penetrates only so far between the closure ledges 177 that its edge is
      flush with the inner ends of the closure ledges. The sheet metal panel may
      be pushed along a nozzle, or conveniently, a series of nozzles 175 so
      arranged, that the edge is covered with lacquer in one operation. The
      device is fixed on a carrier bar 179 and, together with the latter, is
      pushed mechanically against the sheet metal panel resting on a support
      168.
PAR  In a simpler embodiment according to FIG. 8 the layers of the sheet metal
      panel 160 are protected by tapes 180 cemented on to it. These tapes are
      cemented on only over half their width; their protruding portions are
      turned up so as to flare out and to form a protective hood for the nozzle
      175.
PAR  In accordance with FIG. 9 an excess of the rust-protective agent, which may
      have got to the upper- or under-side of the sheet metal panel 160 can be
      removed by strippers 181 with felt lining 182. These strippers are mounted
      on a carrier ledge 183.
PAR  When the areas stripped of a layer are to be coated as thickly as the
      adjacent layers, pasty adhesives, putties, metal cements or the like are
      applied in the form of films. Preferably, two-components agents are used
      in order to attain better adhesion. Their use is more difficult, since
      they are lasting in the mixed condition for a short period only, the
      so-called "pot-time". The components coming into contact with the
      substances must be cleaned after the lapse of the pot-time, and for this
      purpose they must be capable of being readily assembled and dismantled.
      The coating substances may have the same colour as the previously applied
      layers. After the setting of the coating substances the same form a
      uniform surface, and protect the sheet metal from corrosion.
PAR  For the purpose of applying such pasty substances, smooth rollers or
      circulating belts are provided. The substances may also be applied to
      tapes of synthetic material, and be cemented together with the tapes to
      the work piece. The applying rollers may be arranged parallel or
      perpendicular to the plane of the sheet metal.
PAR  In accordance with the first embodiment illustrated in FIGS. 10, 11 a
      roller journalled at one end and positioned horizontally dips into a
      trough 204 containing the substance to be applied, this roller being
      driven by a motor 202. A distributor 205, which is mounted rotatably and
      is adjustable by means of a nut 206, determines the thickness of the layer
      201a of the substance. The roller is pushed over a spindle 203 and is held
      there by a screw 216. The spindle 203 is journalled in a casing 211a,
      which carries also the driving motor 202. The casing is fixed to a frame
      211b, c, d, e of a carriage supported by rollers 214. The frame carries an
      angle profile 212 as a support of a trough 204 containing a
      rust-protective agent, whose other side rests on a detachable support
      ledge 213. A sheet metal panel 208 rests on a supporting table 207, which
      panel is provided on top and bottom with a layer 208a, b, respectively.
      The un-coated edge 208c is directed towards the rollers and lies so high
      that, when advancing the device with rollers 214 running on rails 215, the
      lower corner of the edge contacts the roller tangentially on top or at the
      upper third. In the latter case, the lower corner of the edge scrapes off
      the rust-protective agent and fills the triangular gap between corner and
      roller. Then the device is withdrawn. By a short advance of the deivce,
      the edge 208c is coated.
PAR  When strip-shaped blank areas, e.g. on the margins of interwelded
      components, are to be coated, an upper supporting table 209 is used. The
      underside of the work piece 210 resting on it is contacted by the upper
      side of the roller, and thus provided with a rust-protective agent. This
      may be done in the direction of movement of the roller or in the opposite
      direction, for which purpose the motor may be constructed for left hand or
      right hand run.
PAR  For the purpose of cleaning, the roller 201 is to be drawn off the spindle
      203 forwardly, after unscrewing the screw 216, and likewise the
      distributor after unscrewing the nut 206. After detaching the support
      ledge 213 the trough 204 can be pulled out.
PAR  A further coating machine is illustrated in FIG. 12, which machine is
      suitable for the coating of edges positioned transversely of the direction
      of transport of the sheet metal panels. A vertically positioned applying
      roller 221 and a supply roller 222 arranged parallel and adjacent to it
      dip with their lower ends into a trough 223 containing a rust-protective
      agent. The supply roller lifts the rust-protective agent by means of a
      screw thread 222a and transfers the same to the applying roller 221, aft
      of which a distributor 224 guides the rust-protective agent to the level
      of the surface to be coated, and determines the thickness thereof. The two
      rollers are pushed over spindles 203 and 203a, respectively, and are kept
      there readily detachably by means of nuts 216, 216a, respectively. The
      spindles are journalled in the top 225a of a casing 225. The spindle 203
      is driven by a motor 202, and drives the spindle 203a in the same sense of
      rotation by means of pulleys and a belt 227. The top 225a of the casing is
      connected with the bottom 225b thereof by walls 225c, d. On the underside
      of the bottom, a chain 226 and rollers 214 are arranged, in order that the
      device may be guided on the rails 215 along the surface to be coated,
      which in this case is an edge 208c of a sheet metal panel 208 covered with
      layers 208a, b. The sheet metal panel lies fixedly on a support 207. The
      supply roller 222 raises the rust-protective agent and transfers the same
      to the applying roller 221. The distributor determines the thickness of
      the layer. Upon continued rotation the applying roller 221 contacts the
      work piece 208 and coats the same, while the machine is pulled along the
      edge of the work piece.
PAR  A third embodiment is illustrated in FIG. 13. The coating machine comprises
      two long rollers 231, 232, which are arranged one above the other. The
      lower spindle 251 is journalled in a vertical slot 211c and is pressed
      against the upper roller 232 by springs. The roller 231 of the lower
      spindle dips into a trough 235 containing a rust-protective agent. Above
      the upper roller 232 a trough 236 is arranged, whose outlet opening is
      controllable by means of a ledge 237 by the aid of a screw 238. The
      spindle 252 of the upper roller 232 is driven by a motor 202, and the
      lower spindle 251 is driven by a crossed rubber belt 234, so that both
      rollers turn towards the work piece at the contacting sides. The rollers
      are journalled in side portions 211a of the structure 211, which has a
      bottom plate 211b. The troughs 235, 236 rest on angle profiles, which
      connect the side portions 211a with each other. In front of the machine
      lie rails 241 for a work piece transport carriage 239 running on rollers
      240. The carriage 239 carries the sheet metal panel 208 coated with layers
      208a, b, which had been removed from the left hand side margin. The
      stripped zones 208e, c, d are to be re-coated. For this purpose the
      stripped margin is pushed between the rollers, where it is covered with
      the rust-protective agent, until the carriage 239 abuts an electric end
      switch 242, whereby the coated sheet metal panel is redrawn.
PAR  A somewhat modified embodiment is shown in FIG. 14. It serves for the
      re-coating of stripped strip-shaped zones. On spindles 251, 252 lying one
      above the other the roller portions 253 are mounted adjustably by means of
      arrester screws. The roller portions have the width of the strips to be
      coated. The roller portions on the lower spindle 251 dip into troughs 235
      containing a rust-protective agent, while the roller portions on the upper
      spindle 252 are supplied from troughs 236 having controlled outlets 237,
      238. The sheet metal panel 208 covered by layers 208a, b is pushed between
      the roller portions, whereby the rust protective agent gets into the
      stripped strips. A bottom plate 211b carries the side portions 211a for
      the support of the spindles 251, 252 and of the troughs 235, 236.
PAR  Instead of using rollers or roller portions, the rust-protective agent may
      be applied to the work piece by endless belts, which run over rollers. For
      this purpose endless belts may be used, which run over rollers and are
      supplied with a rust-protective agent at one point, and are then brought
      into contact with the work piece for delivering the agent to the same, as
      shown in FIG. 43.
PAR  The transferring belt may be used at the same time also for the coating.
      Such a belt-operated coating machine is illustrated in FIG. 15. A trolley
      280 is guided by pairs of rollers 285 and 286 on a rail of I-profile.
      Between the walls 280a a two-armed lever 270 is mounted on an axle 281.
      This lever carries on its outer end a roller 271 with a belt of the same
      width as the strip to be coated. This belt is guided over a guide roller
      276, a support plate 275 and a further guide roller 277 to a presser
      roller 278 mounted on the other end of the lever 270. Behind this presser
      roller another presser roller 279 is arranged, which is subjected to
      spring bias. Above the support plate 275 there is arranged a reservoir 273
      for the rust-protective agent. At the bottom of the reservoir a transfer
      roller 274 is journalled, which protrudes through an opening in the
      reservoir and coates the belt with the agent to be applied while this belt
      passes by. The two-armed lever 270 may be lifted off the work piece by a
      spring 282, and may be pressed against the work piece by a compressed air
      system comprising a cylinder 283, air supply pipe 283a and piston 284. The
      work piece, a sheet metal panel 208 coated by layer 208a, b, rests on a
      support or has a stripped strip. The belt-operated coating machine is
      guided along this strip by the aid of the rail 287 and of a drive. The
      belt is firstly coated by the transfer roller with the agent to be
      applied, e.g. a setting cement, which is then firmly applied by the
      presser roller 279.
PAR  A lasting protection of the edges is attained by covering the edges with a
      tape. For sheet metal covered with layers of synthetic material this tape
      may consist of the same foil as that, with which the sheet metal is
      coated. Preferably the tape is made at one side as a self-adhesive tape,
      so that it has only to be pressed-on for attachment.
PAR  Such a device for the covering of edges with a self-adhesive tape is
      illustrated in FIGS. 16, 17. It comprises a carriage 323 having a bottom
      plate 323a, which carries an axle for a reel 315 of adhesive tape. The
      adhesive tape 315a is supplied over a deflector roller 316 to a
      pre-folding funnel 317, which folds the adhesive tape about the cut edge
      301a of the sheet metal panel 301. The funnel is mounted adjustably
      between the bottom plate 323a and a top plate 323b.   Subsequently, an
      upper and a lower roller 318 press the adhesive tape against the sheet
      metal panel, whereby it is attached thereto. At the left hand end of the
      carriage a cutter 321 for the adhesive tape is mounted. The carriage has
      both in front and on the rear, pairs of rollers 320, one pair of which
      runs with their grooves on the edge 301a of the sheet metal panel, and the
      other on a rail 319. When the device is pushed to the right, the edge 301a
      of the sheet metal panel is continuously covered by the adhesive tape
      315a. Outside the sheet metal panel 301 the device rests on rollers 322.
      The device is suitable e.g. for edges lying in the direction of transport
      of the sheet metal panel.
PAR  For edges positioned transversely thereof, a device according to FIG. 18 is
      provided. In a casing 327 a reel 315 of adhesive tape is journalled. The
      adhesive tape 315a is supplied over a deflector roller 316 to a
      pre-folding funnel 317, and is then pressed on to the sheet metal panel
      301 by means of presser rollers 318. On the upper- and under-sides of the
      casing 327 pairs of rollers 320 are journalled, which run with their
      grooves on upper and lower rails 324. These rails are arranged above and
      below a roller track 328 for the sheet metal panel 301. For moving the
      device, an endless chain 326 is attached to the underside of the device
      which chain runs over sprocket wheels. One such sprocket wheel is driven
      from the output pulley 325a of a motor 325 through a pulley 325c and a
      belt 325b. By pulling the device along the sheet metal panel, the edge of
      the panel is covered with the adhesive tape, and subsequently the device
      is returned to its starting position. The covered sheet metal panel may
      then be carried away in the transport direction.
PAR  A further embodiment of a device for covering the edges with an adhesive
      tape is shown in FIGS. 19, 20. This device 355 comprises a hollow carrier
      355a, which carries on both ends bearing plates 355b for journalling an
      upper presser roller 351a and a lower presser roller 351b. The upper
      presser roller is journalled in a vertical slot 355c and is pressed by
      springs 352 against the lower roller. Outside the rollers a reel 350 of
      adhesive tape is journalled on the carrier. The adhesive tape 350a is
      stretched out in front of the rollers by a deflector roller. Then the
      sheet metal panel 301 is pushed against the adhesive tape 350a, and then
      together with the adhesive tape further into the gap between the presser
      rollers, and finally through the presser rollers 351a, b, whereby the
      adhesive tape is firstly folded about the edge 301a of the sheet metal
      panel, and then pressed-on. Thus, by a short movement of the sheet metal
      panel forward and back, the edge is covered by the adhesive tape. For this
      purpose, the sheet metal panel 301 rests on balls 354, which are
      journalled in a support 353.
PAR  The corners can be covered likewise by an adhesive tape. The device
      according to FIGS. 21 - 23 is an embodiment for the covering of
      stamped-out recesses in the margin, e.g. of triangular shape, having edges
      21b, 21c, which may have been previously covered with lacquer. A base
      plate 46 carries at one end an axle 47, over which a reel 48 of adhesive
      tape is pushed. The adhesive tape 49 is passed over a deflector roller 50
      and a stretching means 51 for the adhesive tape whose tensioning plate 51a
      stands on edge perpendicular to the plane of the adhesive tape and
      protrudes from a pair of clamping jaws 55a, b. The plate 51a is guided
      between two angle profiles 57a, b, and extends with a disc 51b into a tube
      54, which disc is biased outwardly by a compression spring 53. On both
      sides of the plate 51a there extend clamping jaws 55a, b, which are turned
      back inwards, and whose shape and length is adapted to the cut-outs
      punched from the margin. By the side of the tensioning plate 51a, blades
      56, FIG. 23, are arranged for making incisions in the adhesive tape at the
      inner corner 21a. Blades 58a, b are also arranged on the outer ends of the
      clamping jaws 55a, b, for cutting of the self-adhesive tape at the outer
      corners 21d, e of the punched cut-outs. The tape 49 is further conducted
      to a tape attachment 52. Since upon the stretching means 51 for the tape
      abutting the work piece, the tape becomes slack, the tape attachment is
      provided with a longitudinal slot 52a, in which a pin 52b fixed to the
      bottom plate 46 is guided, and is held under spring bias by a compression
      spring 52c. When pushing the device towards the work piece 21, firstly the
      tensioning plate 51 with the adhesive tape 49 reaches the inner corner
      21a; then the blades 56 make incisions in the adhesive tape; the clamping
      jaws 55a, b press the adhesive tape against the work piece, beginning at
      the outer corners 21d, e owing to the angle of the orifice slightly
      exceeding that of the cut-out; and the blades 58 cut it off. Thus the work
      piece is protected against rust, in conjunction with the adhesive tape 59
      previously applied to the straight edges.
PAR  In addition to the outer edges of sheet metal panels the edges of holes
      within the area of the sheet metal are to be covered. For this purpose,
      self-adhesive rings 86 (FIG. 28) are used, whose outer diameter 86c
      exceeds that of the holes 89a, and whose inner diameter 86b is smaller
      than that of the holes. According to a first embodiment, one ring 86 is
      pressed from above, and one ring from below against the sheet metal 89,
      and is cemented-on there; moreover the inwardly protruding portions of the
      rings are pressed against each other and cemented to one another. Thus the
      edges of holes or cut-outs are protected from corrosion. A device
      operating on this principle is illustrated in FIGS. 25 - 27. For the
      continuous supply of the self-adhesive rings 86 of an external diameter
      86a the same are firstly cemented on a tension belt 85 having punched
      holes 85a (FIG. 24, right hand side), concentrically to the punched holes
      (FIG. 24, left hand side), and the tension belt with the self-adhesive
      rings is rolled up in reels 85 (FIG. 25). Below and above the work piece
      89 with holes 89a a tension belt 85 is stretched out in such a manner,
      that the self-adhesive rings 86 are in juxtaposition to the cut-outs 89a.
      By means of an upper and a lower stamp 87 comprising a punch 87a and die
      87b, a self-adhesive ring 86 of the outer diameter 86c (FIG. 28) is
      produced (FIG. 26) and is presssed by the punch 87a against the work piece
      89 and/or the opposite ring 86 and is cemented-on there (FIG. 27). For the
      purpose of holding the self-adhesive ring 86, each punch 87a has on top in
      its centre a holder head 87d,  which can be depressed against the bias of
      a spring 87c. Each holder head 87d is surrounded by a rubber ring 87e,
      which presses the self-adhesive rings 86 within the cut-outs of the work
      piece against one another (FIG. 27). For the introduction of further
      self-adhesive rings into the device, the tension belt is wound on reels on
      the right hand side. A finished covered cut-out is shown in FIG. 28.
PAR  According to a second embodiment of single expandable self-adhesive ring is
      used for the covering. This self-adhesive ring 104 is firstly cemented
      with its outer periphery to the work piece; the portion protruding into
      the cut-out is bent through this cut-out in the work piece; and is then
      pressed against the work piece (FIGS. 30, 31). The device 102 comprises a
      cylinder 102a fixed to a carrier ledge 101 and having an air supply pipe
      106. Into its upper portion a hollow body of rubber 103 is inserted, which
      has, within the cylinder, a thick-walled portion 103a, and outside a
      thin-walled cylinder 103b, and on top a solid cone 103c. The outer
      diameter of the thin-walled cylinder 103b is smaller by twice the layer
      thickness of the self-adhesive ring than the diameter of the cut-out 89a
      in the work piece. After pushing a self-adhesive ring 104 over the solid
      cone 103c the device is raised by means of the carrier ledge 101; the cone
      penetrates through the cut-out 89a in the work piece; the self-adhesive
      ring is bent up inside, and pressed on the work piece outside. Then a
      counter-plate 107 bears down from above on the solid cone, while
      compressed air expands the thin-walled cylinder 103b from inside, whereby
      the upstanding portion of the self-adhesive ring is pressed on the work
      piece. A covered cut-out is shown in FIG. 29.
PAR  The covering of the edges with a tape may be effected alternatively by
      welding instead of by cementing. For this purpose the coated edges of the
      sheet metal and the tape are to be heated to the welding temperature of
      the latter.
PAR  According to a first embodiment, the stretched-out tape and the sheet metal
      panel lying in front of it, which is covered on both sides with synthetic
      material, are heated by infra-red radiation to the welding temperature of
      the synthetic material, and then compressed by being pushed between
      rollers. A device of this kind is illustrated in FIG. 32. On a base body
      480 there are journalled: two hollow rollers 484, 485, which are capable
      of being cooled by water and pressed against each other by springs; a reel
      482 of a weldable tape 481; and a deflector roller 843. In front of the
      weldable tape and below as well as above the sheet metal panel 444 covered
      by layers 444a, b infra-red radiators 488, 489 are arranged, screened by
      baffles and insulating plates. Behind and below the insulation, cooling
      plates and water-cooled tubes 496 and 497 are arranged, in order to
      prevent any undesirable heating of the layers 444a, b of the sheet metal
      adjacent to the edge. A slider 492 mounted horizontally slidably in the
      base body carries a support 475 with balls 475a for the easy transport of
      the sheet metal panel, and two electromagnets 494, 495 for arresting the
      sheet metal panel while the covering is in progress. After heating the
      tape and layers to welding temperature, an electromagnet 491 fixed to the
      base body pulls the slider to the left, whereby the edge 444c of the sheet
      metal panel folds the weldable tape and pushes the same between the
      rollers, where it is pressed against the sheet metal. A spring 493 returns
      the slider 492 after the current has been switched off.
PAR  A second embodiment illustrates the heating of the components to be
      interwelded by means of hot air (FIGS. 33 -35). The device comprises a
      carriage 500, which is guided on rollers 509, on the one hand along a
      fixed rail 508, and on the other hand along the edge of the sheet metal
      panel 444. The carriage 500 carries a reel 501 of a weldable tape 502, a
      deflector roller 503, a pre-folding funnel 504 and two presser rollers
      505, 506. A chain 510 pulls the carriage 500 along the edge. In front of
      the pre-folding funnel 504 a hot air device 507 is arranged. An upper and
      a lower hot air duct 507a, b, whose supply pipe 507c is provided with a
      thermometer 507e and a thermostat 507d, issued closely above the edges of
      the sheet metal and by the side of the adhesive tape 502, and raises the
      same to its welding temperature during the run of the presser rollers 505,
      506. Adjacent the edge to be welded, the layers 444a, b of the sheet metal
      panel are protected by a cooling device. The latter comprises an upper and
      a lower cooling tube 496, 497, each with a lateral insulation. Holder
      magnets 494, 495 retain the sheet metal piece lying on a roller track 475.
      The weldable tape and the layers of the sheet metal panel are heated to
      welding temperature of the synthetic material and are then interwelded by
      the presser rollers 505, 506.
PAR  Instead of a weldable tape, a weldable cord 511 may be used in accordance
      with FIGS. 36, 37. The carriage 500 is provided with the same hot air
      device 507, has however, in continuation a presser roller 512, and for
      further deformation a pair of forming rollers 513a, b and a pair of
      presser rollers 514a, b, so that the weldable cord is placed like a tape
      about the cut edge. Cooling and holding means are the same as in the
      preceding Figures.
PAR  In addition to the straight and curved edges, also the cut edges in corners
      and in the angles included e.g. between two turned-up margins of a sheet
      metal piece are to be protected from corrosion. An embodiment using
      weldable cords is shown in FIGS. 38, 39. A sheet metal panel 531 covered
      with layers on both sides, has on the left hand side a downwardly directed
      angular turn-up 531a, and on the forward side (FIG. 39) a downwardly
      turned angular turn-up 531b, which turn-ups are in turn provided with
      turn-ups 531c, d. For the purpose of covering the corner gap of the
      turn-ups 531a, b serves a device 540. This device comprises a base plate
      540a for supporting the sheet metal panel, which plate carries on a
      downwardly directed arm 540b a hand-operated lever 537 for introducing an
      inner heating means 545, and a hand-operated lever 543 for pressing-on a
      presser plate 544 articulated to the base plate. On an upwardly directed
      extension 540c of the base plate, an external heating means may be
      attached, which consists in a tube 542 for hot air and is directed on the
      corner gap as well as on the outer weldable cord 541. The inner heating
      means 545 comprises a body, which fills the space between the sheet metal
      panel and the turn-ups and has a groove 545a and is provided with
      electrical heating. It heats the insides and an internal weldable cord
      534. After heating the cord to welding temperature, the levers 537, 543
      and accordingly the presser plate 544 and the heater body 545 are pressed
      against each other, and the weldable cords 534, 541 are interwelded with
      the coated sheet metal panels 531a, b. For the protection of the outer
      layers, cooling tubes 533a, b are provided.
PAR  For the use of rust-protective devices on sheet metal panels, which are
      treated on a production line, the treatment devices are to be brought for
      short periods to the sheet metal panels, and are to be returned after the
      treatment to a remove position. For this purpose the individual devices
      are provided with advance devices, and the movements towards and away from
      the sheet metal panels are automatically controlled. Such an advance
      device may comprise a casing with an advance means and a slider moved by
      the latter, which carries a treatment device. By lowering the advance
      device into abutting an end switch, the advance and the treatment are
      initiated, and by abutting another end switch the same are switched off,
      and the device is returned to the remote position.
PAR  For use as an advance means, a compressed air jack may be provided, and for
      the treatment, a device for the application of liquid rust-protective
      agents may be provided. Such a device for the treatment of sheet metal
      edges lying in or transversely of the direction of transport of the sheet
      metal panel, is illustrated in FIG. 40. This device is composed of an
      applying device 623 and an advance device 629, which brings the applying
      device into contact with the sheet metal edge. The applying device
      comprises a storage reservoir 625, which has on top a regulating screw and
      on the bottom a drip tube, and a sponge chamber 626c arranged underneath,
      which has resilient slot-ledges 626b covered with felt 631. In the sponge
      chamber underneath the drip tube, absorbent material 623a is pushed over a
      plate 624, which is attached to an intermediate wall. The sponge chamber
      is extended rearwardly; it is constructed as a slider 626 and carries at
      the end outwardly directed angular turn-ups 626a serving as abutments to
      return springs 630. In the extension of the sponge chamber a pneumatic
      advance device 627 is arranged, which comprises a cylinder 627a and a
      piston rod 627b, and which bears on the sponge chamber. The pneumatic
      device is attached to the rear wall 629a of a casing 629, whose walls 629b
      overlap forwardly a return spring 630, and are then constructed as a guide
      629c for the slidable sponge chamber 626. When the switch 628 admits
      compressed air into the advance device 627, the slot ledges 626d are
      pushed over the sheet metal panel 609, until its edge 609a abuts the
      sponge 623a, and is coated by the latter. At the same time the switch 632
      is actuated, which vents compressed air from the advance device 627. The
      springs 630 then return the applying device to the rest position.
PAR  For speeding up the operation, a drying device 636 for the coated edges is
      provided. In accordance with FIG. 41, this device comprises an outer tube
      636a, an insulation 636b, and an inner tube 636c, which have an orifice
      626b pointing towards the edge of the sheet metal. At the end of the inner
      tube 636c air is blown in through openings 634; this air is heated by
      heater elements 633, is directed by baffles towards the inserted sheet
      metal edge 609a, and is vented through discharge holes 635. The drying
      device is arranged on a slider 626 with angular turn-ups 626a. In the
      cavity thereof an advance device 627 is accommodated. The latter comprises
      a cylinder 627a, piston and piston rod 627b, a casing 629 with holder
      629b, for the return spring 630 and guide 629c for the return spring 630
      and guide 629c for the slider 626. A switch 628 admits compressed air, and
      another switch 632 lets the same escape, whereby the drying device is
      firstly advanced, and is subsequently returned by the return springs 630.
PAR  A device for covering the edges with an adhesive tape for use on a
      production line is illustrated in FIG. 42, wherein the advance of the
      device towards the sheet metal edge as well as the pressing-on of the
      adhesive tape is effected by compressed air. The device comprises a slider
      626 of rectangular cross section extending along the sheet metal panel
      609, which slider is subdivided by partition walls into a forward chamber
      643 for two clamping jaws 641a, b capable of being pushed apart, and a
      rear chamber for the accommodation of an advance device, and is provided
      on its rear face with angular turn-ups 626a. Between each clamping jaw 641
      and the forward chamber an inflatable air hose 642 with a compressed air
      supply pipe is provided. In the rear chamber, a further hose 644 with air
      supply pipe is arranged in a holder 645 on the rear wall of the casing for
      the advance means 629. The casing for the advance means 629 embraces with
      walls 629b embracing the return springs 630, then forms a guide 629c for
      the slider 626, and is attached on a rail of the structure. In front of
      the slot between the clamping jaws 641a, b an adhesive tape 640 is
      stretched out by means of a tension belt 640a. When advancing the covering
      device, the adhesive tape is torn off the holder belt; it is folded about
      the edge of the sheet metal 609, and pushed between the clamping jaws,
      where it is pressed-on by the admission of compressed air into the hoses
      641a, b. When switching off the compressed air supply, the springs 630
      push the device back, and release the sheet metal panel for continued
      transport. A switch 649 actuates a belt tensioning device for the next
      adhesive tape.
PAR  A further modification is illustrated in FIG. 43. This applying device
      comprises a storage reservoir 625 with a dripping pipe, and is fixed to an
      applying chamber 626, wherein an endless sponge belt 650 circulates over
      rollers 652 by the aid of an electric motor 651. Behind the belt 650
      resilient guide plates 653 are arranged, which effect the pressing of the
      belt against the edge 609a of the sheet metal panel 609. The applying
      chamber 626 is constructed as a slider and is provided with angular
      turn-ups 626a as abutments for return springs 630. The latter are enclosed
      by walls 629b of an advance device 629, which in its forward portion 629c
      forms a guide for the applying chamber 626. On the rear of the casing 629a
      two two-armed levers 655a, are mounted, whose inner arms are each linked
      to the pull rod 654a of an electromagnet 654, and whose outer arms are
      each linked to a push rod 656. These push rods are attached to the
      applying chamber 626. A switch 628 energises the electromagnet 654 when
      the device is lowered on to it, whereby the pull rod 654a is attracted;
      the motor 651 is energised; the applying device is pushed towards the edge
      609a of the sheet metal panel; and the coating thereof is effected. In the
      forward position the switch 632 interrupts the current, so that the
      springs 630 return the device to the rest position.
PAR  Apart from simple sheet metal panels, even formed and interwelded sheet
      metal panels may be protected from rust on their edges. This will be shown
      with reference to the door of a motor car body composed of interwelded
      sheet metal panels.
PAR  A device 114 for coating the outer edges with lacquer is shown in FIG. 44.
      This device comprises a reservoir 114a for the rust-protective lacquer, a
      bottom 115 with holes 115a and a converging extension 114b,  which has a
      slot 114c on the bottom. This extension is filled with absorbent material
      116, whose converging lower end 116a can be placed on the edges 117c of an
      inner wall 117a and of an outer wall 117b of a door 117. For this purpose
      the device is placed around the door along the cut edges thereof. The
      device forms a frame, which can be raised and lowered, and which applies
      lacquer to the cut edges in one stroke. Screws 118 on the top of the
      reservoir regulate the outflow of lacquer by the aid of bores 118a.
PAR  In a modification according to FIG. 45, the lower end of the absorbent
      material 116 is provided with a slot 116b. Thus, not only the cut edges,
      but also the adjacent inter-welded margins 117d, e may be protected from
      corrosion.
PAR  Alternatively, the edges may be covered by an adhesive tape. For this
      purpose an adhesive tape is pressed to the arcuate edges from outside by
      means of an adhesive tape-covering machine, and the protruding half of the
      tape is horizontally folded over on to the cut edges. The adhesive tape is
      stretched out over the straight edges by means of a holder belt capable of
      being severed. Then, clamping jaws, which are capable of being lowered,
      bend all the adhesive tapes downwardly about the edges, and press the same
      on to the work piece, e.g. by the aid of inflatable hoses.
PAR  The covering device for the arcuate edges 117f is guided on rails parallel
      to the edges. This device comprises in accordance with FIGS. 46 - 48 a
      shallow casing 122; a two-armed lever 125 pivoted on an axle 126 whose one
      arm 125a carries on an axle 124 a reel 123 of adhesive tape, and whose
      other arm carries two guide rollers 127a, b, a presser roller 128 for the
      adhesive tape 123a, and a folding-over roller 129; a cutting-off blade
      130, a pneumatic pressing-on device for the presser roller 128, which is
      composed of a cylinder 134, a piston rod 135, a return spring 136 and a
      compressed air pipe 137; rollers 131 mounted on the upper surface of the
      casing and underside thereof, whose grooves are guided on C-shaped rails
      120; and a drive consisting in an electric motor 132 fixed to the casing
      with a friction wheel 132a and an opposite wheel 132b to be pressed on the
      latter by screws 133 below a runner rail 121. At the beginning of the
      guide rails there is mounted a switch 140, which closes the circuit for
      the electric motor 132 and the compressed air supply 137, and at the end
      of these rails there is a switch 141, which cuts off the supply of
      compressed air and changes the polarity of the electric motor 132 for the
      return run. The guide rails with the covering device for the edges are
      mounted on a frame, which may be lowered for the treatment of the door,
      and raised for the latter being transported away.
PAR  For mechanically stretching out an adhesive tape for the straight edges
      117g of the door 117 a belt is used, which is subdivided in the
      longitudinal direction (FIG. 50), half of which is made an adhesive tape
      145 and the other half a tension belt reinforced by threads 145c of
      synthetic plastics and capable of being torn off the adhesive tape 145 by
      the aid of short bars 145b.  In accordance with FIG. 49 a storage reel 146
      of the complete belt is journalled on one side of the door edge to be
      covered, and another reel 148 for winding the belt 145a upon it is
      journalled on the other side of it. By turning the reel 148 stepwise by
      the aid of the motor 147, the adhesive tape is stretched out. In FIG. 49 a
      second identical stretching-out device 146', 147' is provided for the
      second door edge, which lies at a right angle to the first one.
PAR  The storage- and winding-up reels with their drive are mounted on a frame
      154, which can be lowered on the door with the adhesive tapes stretched
      out. This frame carries inner and outer clamping jaws along the door
      edges, which jaws bend the adhesive tape 123a about the arcuate edges 117f
      as well as the adhesive tapes 145 about the edges 117g, and sever the same
      from the tension belts 145a. Laterally of the inner clamping jaw 150a a
      block of rubber 151, and laterally of the outer clamping jaw 150b a hose
      152 is mounted, which is inflatable by an air supply pipe 153. When
      inflated, the air hose bears on the clamping jaws, and the latter press
      the adhesive tapes on the side faces of the edges 117g (FIG. 51). After
      the pressing-on, the air is vented, the frame with the stretching-out and
      pressing-on device is raised, and the door is transported further on.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the protection from corrosion of blank areas of sheet metal
      otherwise coated with a corrosion-proof layer, comprising the steps of
      continuously wetting a porous transfer roller with a rust-protective
      liquid material, rotating said transfer roller in contact with a porous
      applicator, and rotating said porous applicator in contact with the
      exposed blank edge portions of said coated sheet metal, thereby applying
      to said blank areas a permanent layer of said rust-protective material.
NUM  2.
PAR  2. A method for the protection from corrosion of blank areas of sheet metal
      otherwise coated with a corrosion-proof layer, comprising the steps of
      dipping into a container of rust-protective material the lower ends of an
      applicator and a supply roller, lifting a predetermined quantity of said
      rust-protective material along the periphery of said supply roller,
      transferring said quantity of rust-protective agent to said applicator by
      rotating said applicator in contact with said supply roller, distributing
      said quantity evenly over the surface of said applicator, moving an
      exposed blank area of said sheet metal into contact with said applicator,
      and guidably advancing said applicator relative to said sheet metal,
      thereby applying to said blank areas a permanent layer of said
      rust-protective material.
NUM  3.
PAR  3. A method for the protection from corrosion of blank areas of sheet metal
      otherwise coated with a corrosion-proof layer, comprising the steps of
      applying a rust-protective material to a transfer roller, rotating said
      transfer roller in contact with a continuous transfer belt so as to evenly
      coat said belt with said rust-protective material, applying the coated
      surface of said transfer belt to said blank areas, biasing a pressure
      roller into contact with said transfer belt, and guidably moving said
      pressure roller or said coated sheet metal relative to the other, thereby
      pressing against said blank areas a permanent layer of said
      rust-protective material.
NUM  4.
PAR  4. A method for the protection from corrosion of blank edges of stamped-out
      recesses at the margin of sheet metal otherwise coated with a
      corrosion-proof layer, comprising the steps of stretching a length of
      self-adhesive, rust-resistant tape over a resiliently biased tensioning
      plate with the self-adhesive surface of said tape facing one of said
      stamped-out recesses, moving the blank edges of said stamped-out recesses
      into pressure contact with said length of tape, making an incision in said
      length of tape at the inner corner of said stamped-out recess, and folding
      said tape about the blank edges of said stamped-out recess, thereby
      covering said blank edges with an adherent layer of said rust-protective
      tape.
NUM  5.
PAR  5. A method for the protection from corrosion of blank edges of a hole in
      sheet metal otherwise coated with a corrosion-proof layer, comprising the
      steps of applying a disc of self-adhesive, rust-resistant tape having an
      outer diameter exceeding that of said hole to each surface of the coated
      sheet metal surrounding said hole, and pressing the inwardly protruding
      portions of said discs against each other, thereby sealing the edges of
      said hole from corrosion.
NUM  6.
PAR  6. A method as in claim 5, further comprising the step of stamping out from
      the center portion of said discs an opening of diameter smaller than that
      of said hole in said coated sheet metal.
NUM  7.
PAR  7. A method as in claim 5, further comprising the steps of carrying
      self-adhesive, rust-resistant tape on a tension belt, and stamping said
      discs out of said tape through openings in said tension belt.
NUM  8.
PAR  8. A method for the protection from corrosion of blank edges of a hole in
      sheet metal otherwise coated with a corrosion-proof layer, comprising the
      steps of applying a ring of self-adhesive, rust-resistant tape having an
      outer diameter exceeding, and an inner diameter smaller than, that of said
      hole to one surface of the coated sheet metal surrounding said hole, and
      stretching and bending the inwardly protruding portion of said ring
      through said hole and around said blank edges, thereby sealing said blank
      edges of said hole from corrosion.
NUM  9.
PAR  9. A method as in claim 8, further comprising the steps of carrying
      self-adhesive, rust-resistant tape on a tension belt and stamping said
      rings out of said tape through openings in said tension belt.
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ABST
PAL  Sheet moulding compound (S.M.C.) is made by impregnating glass fibre with
      hot polyester resin matrix containing a soluble gelling agent, e.g. sodium
      or potassium stearate which causes the matrix to gel on cooling.
BSUM
PAR  The present invention relates to a process for the preparation of fibre
      reinforced unsaturated polyester resin based thermosetting moulding
      compounds.
PAR  Thermosetting usaturated polyester resin based moulding compounds are well
      known and consist essentially of an unsaturated polyester, an
      ethylenically unsaturated copolymerisable monomer, inert mineral fillers,
      fibrous reinforcing fillers and a catalyst which initiates the
      cross-linking reaction between the copolymerisable monomer and the
      unsaturated polyester resin at the chosen moulding temperature. They are
      commonly prepared and used in two physical forms, dough moulding compounds
      and sheet moulding compounds.
PAR  In dough, sometimes known as bulk, moulding compounds, the fibrous
      reinforcing filler is in the form of randomly dispersed short fibres,
      suitably of length about 1/4" to 1". Until recently, dough moulding
      compounds were commonly prepared by charging all the components except the
      fibrous reinforcement to a batch mixer, such as a Z-blade mixer, mixing
      thoroughly and then adding the fibrous reinforcement in a chopped strand
      form and mixing for a further period of time sufficient to produce a
      homogeneous mixture without causing deleterious degredation of the fibres.
      Recently, processes have been devised for the continuous production of
      dough moulding compounds by placing all the components of the compound
      except the fibrous reinforcement in a bath, passing continuous filaments
      (rovings) of the fibrous reinforcement through the bath to coat them with
      the resin system, and subsequently chopping the coated filaments into
      short lengths. For convenience dough moulding compound made in this way
      will be referred to throughout this specification as rovings moulding
      compound (RMC).
PAR  In sheet moulding compounds (SMC), sometimes known as "Prepreg"
      (preimpregnated mat), the fibrous reinforcing filler is present either as
      a continuous filament mat, chopped strand mat or as chopped fibres
      deposited on a supporting carrier, the fibrous filler being impregnated
      with the unsaturated polyester resin system, giving rise to sheets of
      moulding compound in which the fibres have not been subjected to the
      degrading action of conventional moulding compound mixers.
PAR  To prepare SMC or RMC a polyester resin system of relatively low viscosity
      is required, in order to thoroughly wet out the fibrous reinforcement.
      However, such a resin system has the disadvantage that it gives a product
      which is sticky, making cutting and handling difficult. To overcome this
      problem, additives are included in the polyester resin system to bring
      about a viscosity increase, known as maturation, after impregnation.
      Typical additives used hitherto include the oxides and hydroxides of
      magnesium and calcium. These however, have the disadvantage that the
      viscosity build up is slow i.e. of the order of 24 hours or more, and
      tends to continue throughout the life of the SMC or RMC prior to moulding,
      until a point is reached where the SMC or RMC is too stiff to be of
      practical use. The use of these known additives has the further
      disadvantage in that variable maturation rates arise owing to batch to
      batch variability of the resin.
PAR  It is an object of the present invention to provide a process for the
      prepration of SMC or RMC in which the viscosity build up of the polyester
      resin system to the required level is achieved within a short period and
      does not continue up to a level where the SMC or RMC is too stiff to be
      commercially usable.
PAR  According to the present invention, a process for the preparation of an
      unsaturated polyester resin based SMC or RMC comprises heating a liquid
      unsaturated polyester resin system consisting essentially of an
      unsaturated polyester, a copolymerisable monomer, a polymerisation
      initiator and a gelling agent for the said unsaturated polyester resin
      system to an elevated temperature below that at which cross linking of the
      system occurs, impregnating a fibrous reinforcement with the said hot
      liquid unsaturated polyester resin system and subsequently cooling the
      resultant moulding compound to a temperature at which the liquid
      unsaturated polyester resin system and gelling agent form a gel.
PAR  Unsaturated polyesters for use in SMC or RMC are well known. See for
      example, British patent specification No. 1,098,132. The preferred
      unsaturated polyesters for use in the process of the present invention are
      those which have a relatively high hot rigidity in the thermoset state, so
      that any reduction of rigidity due to the presence of modifying agents is
      offset. Examples of such unsaturated polyesters are those in which more
      than 50 molar percent of their acidic residues are derived from maleic or
      fumaric acids. Examples are polypropylene glycol maleate or fumarate, or
      such unsaturated polyester with a minor proportion of the maleic or
      fumaric residues replaced by isophthalic or carbic acid residues. Also
      suitable are unsaturated polyesters containing more than 50 molar percent
      of maleic and fumaric acid residues and alcohol residues derived from the
      Bisphenol A adducts of ethylene oxide or propylene oxide. Further suitable
      unsaturated polyesters are those in which a minor proportion of the maleic
      or fumaric acid residues are replaced by chloro-acid residues such as
      tetra-chlorophthalic or chlorendic acid residues.
PAR  The copolymerisable monomer is suitably a liquid monomer having
      .alpha.,.beta.-ethylenic unsaturation for example styrene, vinyl toluene
      and diallyl phthalate. Some solid copolymerisable monomers, for example,
      triallyl cyanurate, can also be used in conjunction with a liquid monomer.
      The amount of copolymerisable monomer used is suitably in the range from
      20 to 60% by weight and preferably from 40 to 50% by weight based on the
      total weight of the unsaturated polyester and copolymerisable monomer.
PAR  By gelling agent is meant throughout this specification an agent which is
      soluble in the unsaturated polyester/copolymerisable monomer mixture at an
      elevated temperature and which when the solution is cooled to ambient
      temperatures, e.g. below 30.degree.C, promotes the formation of a high
      viscosity gel. Whether or not a compound is a gelling agent according to
      the present invention can readily be determined by the following simple
      procedure:
PAR  Take from 0.5 to 3 grams of compound and mix with 30 parts of the
      unsaturated polyester/copolymerisable monomer mixture while warming gently
      to a maximum of 90.degree.C until a substantially clear solution is
      obtained. Then cool the solution to ambient temperature, i.e. at least
      below 30.degree.C, and check if gel formation occurs. This may be done by
      having the solution in a 1 inch diameter glass test tube, inverting it
      when cooled and noting whether the mixture remains as a stable gel in the
      upper portion.
PAR  Examples of compounds that can form suitable gelling agents with different
      unsaturated polyester resin systems are sodium stearate and potassium
      stearate. Such materials have been found to be soluble in unsaturated
      polyester/copolymerisable monomer mixture at elevated temperatures of the
      order of 50.degree. to 70.degree.C.
PAR  The time taken for substantial solution of a gelling agent in an
      unsaturated polyester resin system to occur and the temperature at which
      it is easy to achieve substantial solution are dependent on a number of
      factors. Firstly, we have found that the greater the concentration of
      polar groups in the polyester resin system, the easier it is to obtain
      solution and the firmer the resultant gel obtained on cooling. It is
      therefore advantageous to add small amounts e.g. from 0.5 to 3% by weight
      of polar materials to the polyester resin system to improve the ease of
      solution and gel strength. Examples of such materials include hydroxy
      ethyl acrylate, stearamide and polyethylene glycols, the amount added in
      any example being dependent on the concentration of the polar groups
      already present in the unsaturated polyester/copolymerisable monomer
      mixture and the required final gel strength.
PAR  Secondly, we have found that finely divided gelling agents are more readily
      dissolved than agents in other solid physical forms and therefore it is
      preferred that the gelling agent is added in a finely divided form.
PAR  Suitable polymerization initiators for use in the process of the present
      invention are those known for use in thermosetting unsaturated polyester
      resin based moulding compounds. It is an essential feature of the present
      invention that the initiator used has a decomposition temperature that is
      higher than the temperature required to obtain substantial solution of the
      gelling agent in the unsaturated polyester/copolymerisable monomer
      mixture, i.e., the chosen initiator must not initiate and sustain the
      vinyl polymerisation process at a significant level as this would result
      in the crosslinking of the unsaturated polyester and copolymerisable
      monomer at the temperature used for dissolving the gelling agent. They
      preferably have a decomposition temperature above 75.degree.C and include
      benzoyl peroxide, methyl ethyl ketone peroxide, t-butyl hydroperoxide,
      t-butyl perbenzoate and di-t-butyl peroxide. The amount of peroxidic
      initiator used is suitably in the range 0.1 to 5.0% by weight based on the
      total weight of the unsaturated polyester/copolymerisable monomer mixture.
      Also suitable as initiators are the azo compounds which meet the
      decomposition temperature requirements. Examples include 2,2.sup. 1
      -azobis-(2,4-dimethyl valeronitrile), 2,2.sup.1 azobis (2,4,4-trimethyl
      valeronitrile), 2,2.sup.1 -azobis-(2,4-dimethyl- 4-methoxy valeronitrile),
      1,1.sup.1 -azobis-(cyclo-octane carbonitrile), 2,2.sup.1 azobis
      (isobutyronitrile) and azo-1-cyanocyclo-hexane. The quantity of azo
      compound used is suitably in the range of 0.05 to 2.0% by weight, based on
      the total weight of the unsaturated polyester and the copolymerisable
      monomer.
PAR  Suitably the liquid unsaturated polyester resin system constitutes from 20
      to 40 wt % and preferably from 25-35 wt % of the total weight of the SMC
      or RMC prepared by the process of the present invention.
PAR  The fibrous reinforcement in the production of SMC is suitably present in
      the form of a continuous mat or as random fibres. Such fibrous reinforcing
      materials are well known in the art. The preferred fibrous reinforcing
      material is glass fibre. When used in the production of SMC glass fibre is
      suitably either in mat form based on chopped strands or continuous
      filaments, or in the form of loose chopped strands. Suitably the SMC or
      RMC of the present invention contain from 5 to 40% by weight of fibrous
      reinforcement and preferably from 15 to 35% by weight of glass fibrous
      reinforcement based on the total weight of the SMC or RMC.
PAR  The unsaturated polyester resin system for use in the process of the
      present invention may contain a mineral filler. Suitable mineral fillers
      for use in the SMC or RMC are those well known in the art for use in
      unsaturated polyester moulding compositions. The filler may consist
      entirely of a bulking filler, for example calcium carbonate, alumina,
      calcium sulphate, blanc fixe and clays, or may include additionally
      pigment, for example titanium dioxide and fire retarding agents for
      example chlorinated paraffins, pentabromotoluene and antimony oxide. The
      total weight of such fillers used in the SMC or RMC of the present
      invention is suitably in the range 20 to 50% by weight and preferably in
      the range 30 to 40% by weight, based on the total weight of the SMC or
      RMC.
PAR  In a preferred aspect of the present invention, a part of the inorganic
      filler is replaced by a modifier system to control shrinkage on moulding.
      Such modifiers are known for use in thermosetting unsaturated polyester
      resin moulding compositions. By way of example, thermoplastic polymers,
      e.g. polystyrene, polyethylene, polyvinyl chloride, polyvinylacetate and
      polyacrylates and methacrylates when added to the compositions in an
      amount up to about 15% by weight of the total composition greatly reduce
      the mould shrinkage and such compositions are known as "low-shrink"
      compositions. In a particularly preferred aspect of the present invention
      the modifier system comprises a combination of a saturated liquid
      polyester to prevent shrinkage and a thermoplastic polymer to prevent
      exudaton of the saturated liquid polyester on moulding. Such a system
      enables mouldings having zero mould shrinkage or even an expansion when
      compared with the dimensions of the cold mould to be obtained and such
      compositions are known as "non-shrink" compositions. They are described in
      our British patent specification Nos. 1,098,132 and 1,250,631. Suitable
      saturated liquid polyesters for use in such systems include polypropylene
      adipate and polypropylene sebacate used at concentrations in the range  1
      to 20% by weight and preferably 3 to 10% by weight on the total
      composition and suitable thermoplastics include polyvinyl chloride,
      polyethylene, cellulose acetate butyrate, polycaprolactones,
      polyacrylates, polymethacrylates and polystyrene used in an amount
      sufficient to prevent exudation of the saturated liquid polyester,
      suitable quantities being in the range 5 to 45% by weight and preferably
      20 to 30% by weight of the quantity of saturated liquid polyester,
      although larger quantities can be used without deleterious effect.
PAR  While the above systems for preventing shrinkage of the SMC or RMC on
      moulding are effective in the process of the present invention we have
      found that when the SMC and RMC is prepared by the method disclosed
      herein, a saturated polyester can be used as the shrinkage control
      additive without the joint use of a thermoplastic polymer to prevent
      exudation on moulding.
PAR  According to a further aspect of the present invention there is provided an
      unsaturated polyester resin system for the preparation of SMC or RMC which
      comprises an unsaturated polyester, a copolymerisable monomer, a
      polymerisation initiator, a saturated liquid polyester and a gelling agent
      for the said unsaturated polyester resin system as hereinbefore defined.
PAR  The above system, optionally including the aforementioned polar materials,
      is capable of being used to produce SMC or RMC which has non-shrink
      characteristics, and thus gives mouldings of exceptional dimensional
      stability and surface finish.
PAR  The polyester resin systems for use in the process of the present invention
      suitably further contain a vinyl polymerisation inhibitor to prevent the
      premature polymerisation of the system. Lubricants and mould release
      agents are generally present in the compositions in minor quantities.
PAR  In the process of the present invention SMC may be prepared by passing a
      glass fibre mat through the unsaturated polyester resin system which is
      heated to and maintained at an elevated temperature, interleaving the
      wetted mat between polyethylene or cellulose films and passing it through
      compression rolls to effect impregnation of the glass by the resin mix.
      Further kneading and compression may be carried out by ribbed rollers if
      required.
PAR  Alternatively, the SMC may be prepared by coating layers of the polyester
      resin system at an elevated temperature onto two separate polyethylene or
      cellulose films, applying glass fibres produced by chopping glass rovings
      onto the unsaturated polyester resin system before bringing the films
      together to form a composite and passing this composite through
      compression rollers to effect impregnation of the glass by the unsaturated
      polyester resin system.
PAR  In the process of the present invention RMC may be prepared by passing
      continuous glass fibre rovings through a bath containing the unsaturated
      polyester resin system which is heated to and maintained at an elevated
      temperature and subsequently chopping the coated rovings into short
      lengths.
PAR  Any other method suitable for the impregnation of fibrous reinforcement
      with a liquid unsaturated polyester resin system to form SMC or RMC may be
      used in the process of the present invention.
PAR  The unsaturated polyester resin system can be heated to the temperature
      necessary to dissolve the gelling agent by any suitable means. In
      practice, it has been found that the temperature rise brought about by
      high shear mixing of the constituents of the system is often sufficient to
      bring about the solution of the gelling agent.
PAR  The unsaturated polyester resin system and the SMC and RMC formed therefrom
      should be maintained at an elevated temperature sufficient to prevent
      gelation until the fibrous reinforcement is thoroughly wetted by the
      unsaturated polyester resin system.
PAR  After the SMC or RMC is formed gelation is preferably induced by allowing
      the SMC or RMC to cool at ambient or lower temperatures. We have found
      that gelation starts to occur at around 40.degree.C when sodium stearate
      is used as the gelling agent with a typical unsaturated polyester resin
      system. When sufficiently cooled the SMC or RMC is ready for use as a
      moulding compound without further storage or treatment.
PAR  The SMC or RMC prepared by the process of the present invention has the
      advantage that because the whole unsaturated polyester resin system is
      gelled, the exudation of resin components on storage is minimised.
      Further, the use of a warm unsaturated polyester resin system to
      impregnate the fibrous reinforcement gives an SMC or RMC in which the
      fibres have been more thoroughly wetted by the resin system, leading to
      the preparation of improved moulded articles from the SMC or RMC.
DETD
PAR  The process of the present invention is further illustrated with reference
      to the following Example.
PAC  EXAMPLE 1.
PAR  A prelimiary test using 2 grams of sodium stearate in 30 grams of an
      unsaturated polyester resin system had shown that sodium stearate was a
      gelling agent.
PAR  An unsaturated polyester resin composition was prepared from the following
      components:
TBL  Unsaturated polyester resin                                               
     (polypropylene maleate;                                                   
     60 wt % soln. in styrene)                                                 
                             25.0 p.b.w.                                       
     Hexaplas PPA (ICI Ltd.                                                    
     polypropylene adipate)  4.0 p.b.w.                                        
     Polyethylene glycol 4000                                                  
     (E.J.R. Lovelock)       2.0 p.b.w.                                        
     Trigonox X33 (Novadel Ltd.)                                               
     mixed perester catalyst 0.5 p.b.w.                                        
     Zelec NE (Dupont Ltd.)                                                    
     release agent           0.5 p.b.w.                                        
     Butylated hydroxy toluene inhibitor                                       
                             0.1 p.b.w.                                        
     Inorganic filler                                                          
     (Microdol Extra - Norwegian Talc Ltd.)                                    
                             65.9 p.b.w.                                       
     Stearamide              1.0 p.b.w.                                        
     Sodium Stearate "F"                                                       
     (Witco Chemicals) -- gelling agent                                        
                             1.0 p.b.w.                                        
PAC  PROCESS
PAR  All components, with the exception of the filler were charged to a high
      shear dispersion mixer (Torrance). Mixing was carried out adding the
      filler slowly until a homogeneous paste was formed, allowing the
      temperature to rise to 70.degree.C.
PAR  The paste, maintained at a temperature of between 55.degree.-65.degree.C,
      was used to impregnate two layers of 11/2 ounce per foot square chopped
      glass strand mat of glass strand length of 2 inches on a Sheet Moulding
      Compound machine. An SMC, having a glass content of 25%, was thus
      produced. When cooled to ambient temperature, about 20.degree.C, the
      polyethylene film could be cleanly peeled from the composition. A number
      of plies of this material were stacked together and placed in a heated
      matched metal mould a 140.degree.C and subjected to pressure for 3
      minutes. A moulding was produced of high gloss, free from surface ripple,
      and exhibiting nil shrink properties.
PAR  After 4 weeks storage at 20.degree.C no change in stiffness of the material
      was observed. Moreover, no change in moulding performance was noted on
      moulding after 4  weeks storage at 20.degree.C. A further sample of sheet
      was examined after storage for over a year and was found to be still soft
      and pliable and satisfactory for moulding under normal conditions of
      temperature and pressure.
PAC  EXAMPLE 2.
PAR  A series of materials were tested as hereinbefore described for gelling
      properties by heating 2 grams of the material with 30 grams of the
      unsaturated polyester/styrene mixture used in Example 1, until solution
      occurred. The tubes containing the solutions were allowed to cool to
      ambient temperature (about 20.degree.C) and then inverted and the strength
      of the gel examined and any flow noted.
TBL  ______________________________________                                    
                 Comments on test solutions                                    
     Material      Gel form     Flow properties                                
     ______________________________________                                    
     Sodium laurate                                                            
                   Very weak.   Rapid flow.                                    
     Sodium myristate                                                          
                   Weak.        Slow flow -- one                               
                                minute to flow                                 
                                down tube.                                     
     Sodium palmitate                                                          
                   Fairly firm. No flow in five                                
                                minutes.                                       
     Sodium stearate                                                           
                   Strong.      No flow.                                       
     Sodium behenate                                                           
                   Strong.      No flow.                                       
     Sodium hydroxy-                                                           
                   Strong.      No flow.                                       
     stearate                                                                  
     ______________________________________                                    
PAR  From these tests it is clear that the sodium salts of palmitic behenic and
      hydroxystearic acids are gelling agents according to the present invention
      and are capable of giving similar SMC to that of Example 1 which used
      sodium stearate as agent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of an unsaturated polyester resin based
      sheet or rovings moulding compound, consisting essentially of the steps of
      heating a liquid unsaturated polyester resin system consisting essentially
      of an unsaturated polyester, a copolymerisable monomer, a polymerisation
      initiator and a gelling agent for said unsaturated polyester resin system
      to an elevated temperature at which the unsaturated resin system does not
      form a gel but below that at which cross linking of the system occurs,
      said gelling agent being soluble in said mixture of unsaturated polyester
      and copolymerisable monomer at said elevated temperature and being capable
      of initiating formation of a high viscosity gel when said solution is
      cooled from said elevated temperature to below 30.degree.C., impregnating
      a fibrous reinforcement with said liquid unsaturated polyester resin
      system while said resin system is at said elevated temperature, and
      subsequently cooling the resultant moulding compound to a temperature at
      which the liquid unsaturated polyester resin system forms a gel.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the gelling agent is sodium or
      potassium stearate.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein the liquid unsaturated
      polyester resin system is heated to a temperature in the range 50.degree.
      to 70.degree.C.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the liquid unsaturated
      polyester resin system contains a small amount of a polar material.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the polymerisation initiator
      has a decomposition temperature above 75.degree.C.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein the fibrous reinforcement is
      glass fibre in the form of a mat.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the fibrous reinforcement is
      glass fibre in the form of loose chopped strands or rovings.
NUM  8.
PAR  8. A process as claimed in claim 1, wherein the liquid unsaturated
      polyester resin system contains a saturated liquid polyester as shrink
      control agent.
NUM  9.
PAR  9. A process according to claim 1, wherein said gelling agent is selected
      from the group consisting of the sodium salts of palmitic, stearic,
      behenic and hydroxy stearic acids and the potassium salt of stearic acid.
NUM  10.
PAR  10. A process for the preparation of an unsaturated polyester resin based
      sheet or rovings moulding compound, consisting essentially of the steps of
      heating a liquid unsaturated polyester resin system consisting essentially
      of an unsaturated polyester, a copolymerisable monomer, a polymerisation
      initiator and a gelling agent for said unsaturated polyester resin system
      to an elevated temperature at which the unsaturated resin system does not
      form a gel in the range of from 50.degree. to 70.degree.C. but below that
      at which cross linking of the system occurs, said gelling agent being
      soluble in said mixture of unsaturated polyester and copolymerisable
      monomer at said elevated temperature and being capable of initiating
      formation of a high viscosity gel when said solution is cooled from said
      elevated temperature to below 30.degree.C., impregnating a fibrous
      reinforcement with said liquid unsaturated polyester resin system while
      said resin system is at said elevated temperature, and subsequently
      cooling the resultant moulding compound to a temperature below
      40.degree.C. at which the liquid unsaturated polyester resin system forms
      a gel.
NUM  11.
PAR  11. A process according to claim 10, wherein said gelling agent is selected
      from the group consisting of the sodium salts of palmitic, stearic,
      behenic and hydroxy stearic acids and the potassium salt of stearic acid.
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ABST
PAL  Cemented refractory metal carbides are coated with cobalt to a
      predetermined thickness by immersing a cemented refractory metal carbide
      in an aqueous slurry consisting essentially of a cobalt source, a
      hydrazine compound and a buffering agent to provide a pH greater than 7
      and maintaining the temperature of the slurry at from about 65.degree. to
      90.degree.C for a sufficient time to achieve the desired thickness of
      cobalt coating on the external surfaces of the cemented refractory metal
      carbide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to refractory metal carbides. More particularly, it
      relates to refractory metal carbides which have a layer of cobalt over the
      surfaces and metallurgically bonded to the surfaces of the refractory
      metal carbide.
PAR  2. Prior Art
PAR  In U.S. Pat. No. 2,979,811 there is disclosed a method by which some of the
      cobalt used to cement carbide bodies together migrates to the surfaces of
      the refractory metal carbide thereby increasing the wettability of the
      surfaces. In general, the method disclosed in that patent consists of
      heating the refractory metal carbide to a temperature of 950.degree.F to
      1250.degree.F by immersion in a salt bath followed by quenching it in a
      salt bath at a temperature of approximately 1100.degree.F and thereafter
      further quenching it in oil or water. The high temperature bath is
      disclosed as barium chloride and the quenching bath is disclosed as being
      a mixture of sodium cyanide, potassium chloride and potassium cyanate. The
      purpose of obtaining a cobalt coating on a refractory metal carbide is to
      enable the refractory metal carbide to be brazed to other bodies. Such
      brazing is highly satisfactory wherein carbide tool tips are brazed to
      metal. Drilling tools, saw blades, snowmobile runners and the like utilize
      the foregoing concept. While the process disclosed in the foregoing patent
      can produce a material capable of being brazed to another body, it is
      believed apparent that high temperatures and the salt bath used to
      initially heat the body in a cyanide-containing quenching bath affords
      drawbacks from a processing standpoint and does not strengthen the body
      since some of the cobalt used as a binder migrates to the surface. It is
      believed, therefore, that a process which provides an improved coating and
      enables more conventional processing temperatures and less hazardous
      materials to be utilized would be an advancement in the art.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a refractory metal carbide
      having a coating of from about 5-15 micrometers of cobalt metallurgically
      bonded to the external surfaces of the carbide.
PAR  It is another object of this invention to provide a refractory metal
      carbide having a cobalt coating on the surfaces having a higher resistance
      to shear stresses than uncoated refractory metal carbides.
PAR  It is an additional object of this invention to provide a process for
      obtaining a uniform cobalt coating on the external surfaces of a cemented
      refractory metal carbide.
PAR  These and other objects of this invention are achieved in one embodiment by
      a process which comprises immersing a cemented refractory metal carbide in
      an aqueous slurry consisting essentially of a cobalt source, a hydrazine
      compound and a buffering agent to provide a pH of greater than 7 and to
      maintain the temperature of the slurry under controlled conditions for a
      sufficient time to achieve the desired thickness of cobalt coatings on the
      cemented refractory metal carbide.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above description of some of the aspects of the invention.
PAR  The hydrazine compounds which can be utilized in the practice of this
      invention are water soluble hydrazine compounds of the formula H.sub.2
      N--NR.sub.1 R.sub.2 wherein R.sub.1 and R.sub.2 are each selected from the
      group consisting of hydrogen and lower alkyl. By lower alkyl as used
      herein it is meant that the group contains from 1 to 4 carbon atoms.
      Preferred hydrazine compounds include hydrazine, hydrates of hydrazine
      containing various percentages of water, methyl hydrazine and
      unsymmetrical dimethyl hydrazine. For these, hydrazine monohydrate is
      preferred.
PAR  While any cobalt source that is at least soluble to the extent of about 1
      gram per 100 cc of water at 25.degree.C can be used, it is generally
      preferred to use cobalt carbonate since it offers certain economic
      advantages. Additionally during the subsequent reaction which occurs,
      carbon dioxide evolves from the slurry. Thus, no potential contaminating
      material remains in the slurry.
PAR  Although any buffering agent can be used which can achieve a pH greater
      than 7 can be used, potassium carbonate and sodium carbonate are the
      preferred materials.
PAR  Although the strength of the reactants in the aqueous slurry which is
      formed can be varied over quite a large range and achieve the benefits of
      this invention, it is generally preferred to use a concentration of cobalt
      and hydrazine compounds which will yield a total reactant strength of from
      about 5 to about 25% by weight of the aqueous slurry. Although it is not
      an essential characteristic of the slurry, generally a cobalt to nitrogen
      molar ratio of about 1:1 is preferred.
PAR  Cemented refractory metal carbides are known in the art. A refractory metal
      such as tungsten, titanium, tantalum and the like are carburized. One of
      the iron group of metals, generally cobalt or nickel is used to bind the
      particles of carbide together. Generally from about 3 to 25% of the
      cemented body is of the iron group metals and the remainder is one or more
      of the refractory metal carbides. Minor additives for grain growth
      inhibitors, corrosion inhibitors can also be added. More details of
      refractory metal carbides is found in Cemented Carbides, Schwarzkopf and
      Kieffer, MacMillan Co., New York (1960). Although any cemented carbide can
      be coated in accordance with this invention, it has particular application
      for tungsten carbide using a cobalt binder.
PAR  The length of time the cemented carbide is immersed in the hydrazine-cobalt
      slurry determines the thickness of the cobalt coating. For most purposes,
      it is preferred to use a thickness of 5 to 15 micrometers which increases
      the shear strength of the carbide. To obtain a coating of 5 micrometers,
      about 20 minutes is required, for a 15 micrometers thick coating about 40
      minutes is required. A 10 micrometer thickness maximizes the shear
      strength of the carbide and is a preferred embodiment.
PAR  The temperature of the slurry can vary between about 65.degree.C and
      90.degree.C and the coating reaction will occur. Temperatures below about
      60.degree.C are not sufficient to cause an appreciable reaction.
      Temperatures above about 90.degree.C cause evolution of hydrazine from the
      slurry. Temperatures between about 80.degree.C and 85.degree.C are
      preferred and yield a satisfactory processing time.
DETD
PAR  To more fully illustrate the subject invention, the following detailed
      example is presented. All parts and proportions are by weight unless
      otherwise indicated.
PAC  EXAMPLE I
PAR  About 15 parts of hydrazine hydrate, about 20 parts of cobalt carbonate,
      about 2 parts of potassium carbonate are added to about 400 parts of
      water.
PAR  Four specimens of a cemented tungsten carbide containing about 6% by weight
      of cobalt as a binder are immersed in the above slurry and the temperature
      is maintained at 80.degree. to 85.degree.C. Carbide specimens are removed
      from the slurry after 10, 20, 30 and 40 minutes and the thickness of the
      cobalt of each specimen is measured. The following table shows the results
      of the measurements:
TBL            Time          Coating Thickness                                 
     Specimen  (Minutes)     (Micrometers)                                     
     ______________________________________                                    
     1         10            1.1                                               
     2         20            5                                                 
     3         30            10                                                
     4         40            15                                                
     ______________________________________                                    
PAR  Shear strength tests were run on the foregoing samples. Results of these
      tests appear below:
TBL  Specimen  Coating Thickness                                               
                               Shear                                           
               (Micrometers)   (PS 1)                                          
     ______________________________________                                    
     1         1.1             1350                                            
     2         5               1500                                            
     3         10              1750                                            
     4         15              1500                                            
     ______________________________________                                    
PAR  A comparison of the results to the shear strength of an uncoated specimen
      shows that while the 1.1 micrometers coating did not increase the shear
      strength that specimens 2, 3, and 4 have a significantly higher shear
      strength than the uncoated specimen.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process suitable for treating cemented refractory carbide bodies, said
      process comprising:
PA1  a. immersing an uncoated cemented carbide body in an aqueous slurry
      consisting essentially of a cobalt source, a hydrazine compound and a
      buffering agent to provide a pH greater than 7 and;
PA1  b. maintaining the temperature of the slurry at from about 65.degree.C to
      about 90.degree.C for greater than 10 minutes.
NUM  2.
PAR  2. A process according to claim 1 wherein said hydrazine compound is
      selected from the group of compounds of the formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are each selected from the group consisting of
      hydrogen and lower alkyl.
NUM  3.
PAR  3. A process according to claim 2 wherein R.sub.1 is methyl and R.sub.2 is
      hydrogen.
NUM  4.
PAR  4. A process according to claim 2 wherein R.sub.1 and R.sub.2 are methyl.
NUM  5.
PAR  5. A process according to claim 2 wherein R.sub.1 and R.sub.2 are hydrogen.
NUM  6.
PAR  6. A process according to claim 1 wherein said temperature is from about
      80.degree. to about 85.degree.C.
NUM  7.
PAR  7. A process according to claim 6 wherein said hydrazine source is
      hydrazine.
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ABST
PAL  A small-mouthed container having a continuous resinous coating covering the
      interior of said container and end, said interior coating having a
      thickness less than about 1 mil and being free of low molecular weight
      organic matter, is disclosed herein. Typical containers are food and
      beverage containers having cylindrical metal walls and circular
      disc-shaped ends. The coating is typically a comestible coating having a
      thickness of less than 1 mil and having no occluded solvent therein.
      Thermoset resinous coatings are particularly useful.
PAL  A coating is applied by flowing a mixture of gas and fine resin particles
      through a nozzle into the vicinity of a plasma arc flame which at least
      partially melts the surface of said particles and propels said particles
      into a rapidly spinning container having one closed end. A predetermined
      quantity of resin is pulsed through the nozzle to deposit on the interior
      of the container a uniform coating of resin particles. A cured coating can
      be obtained by introducing the particles into a plasma flame for a
      sufficient residence time to liquify substantially said particles and to
      impart sufficient energy therein that said particles cure upon said
      substrate without subsequent addition of energy. Alternatively, the
      container coated with uncured particles can be heated in a curing oven for
      a period and at a temperature sufficient to produce a cured resinous
      coating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Small-mouthed containers, primarily of metal although some heavy duty paper
      containers are prevalent, are utilized for many purposes, most
      predominantly for food and beverage -- the ubiquitous "tin can". Although
      it is not a widely known fact, almost all "tin cans" used for food and
      beverage purposes are coated on the interior with a thin, usually about 1
      mil or less, comestible (food grade) resinous coating. About 60 million
      pounds of resin are utilized each year in coatings for food and beverage
      containers. These organic resinous coatings, which may vary in composition
      dependent upon the ingredient which it will contact, are necessary to
      prevent contamination of the food or beverage by the metal container,
      whether said container is tin plated steel or aluminum. Contamination of
      food and beverage by the metal container generally affects flavor,
      occasionally makes the food or beverage unwholesome, and frequently
      affects appearance. Also, the coating promotes the shelf life of the
      "canned" ingredients.
PAR  A number of different resinous compositions have been utilized with success
      as coatings for metallic containers, particularly food and beverage
      containers. Although water-based coatings have been available for a number
      of years, the films or coating resulting therefrom have not been
      satisfactory for food and beverage containers; for example, beer becomes
      turbid when stored for even short durations in metal containers coated
      with a water-based resinous coating.
PAR  The mainstay of the can coating industry has been organic, solvent-based
      coatings -- in spite of the fact that the solvent, which evaporates upon
      application of the coating, is 80% of the weight of the material and often
      has a greater cost than the resin which remains on the container. Organic,
      solvent-based coatings have been successful, however, because this
      coatings can be applied to metal containers which do not affect
      substantially the taste of the food or beverage. Solvent-based coatings,
      however, have a very distinct disadvantage -- a very large quantity of
      solvent evaporates into the atmosphere adjacent container coatings
      facilities. These organic solvents are generally noxious and frequently
      toxic.
PAR  One approach towards eliminating solvents from container coatings is to use
      100% solids coating systems; e.g., the liquid styrene-polyester systems,
      epoxy resins and the like. Liquid systems containing 100% coatings solids;
      i.e., everything in the liquid system reacts or interacts to become an
      integral part of the resinous (polymeric) coating formed upon a substrate,
      have severe limitations in that few polymeric systems lend themselves to a
      liquid system wherein one of the reactants is dissolved in another
      reactant. Also, those 100% solids liquid systems available have such high
      viscosities that application by spray techniques is impracticable, if not
      impossible, especially when thin films are desired. A further limitation
      of 100% solids coatings for containers is the inclusion in the coating of
      a certain quantity of monomer or low molecular weight polymer which, even
      present as parts per million, produces odor and usually contributes taste
      to the coating.
PAR  Another type of 100% solids coating material is a powdered, resinous
      material. Powder coatings, as the term is commonly used, have been applied
      to objects primarily by fluid bed and electrostatic spray techniques.
      Fluid bed techniques are unsatisfactory to coat food and beverage
      containers since such technique coats both the interior and exterior,
      thereby consuming an uneconomical amount of resin. Also, coatings formed
      in a fluid bed tend to be relatively thick; e.g., 5 mils and greater.
      Electrostatic spray techniques work very well for most objects, although
      coatings less than 1 mil thick are difficult to obtain.
PAR  However, electrostatic spray principles (a charge on the powder and an
      opposite charge on the object to be coated) do not work when the interior
      of a small cylindrical metal container is to be coated. An effect known as
      the Faraday Cage Effect occurs when powder containing an electrostatic
      charge is propelled towards the interior of an oppositely charged metal
      cylindrical container having one end thereon, resulting in formation of a
      partial coating.
PAC  DESCRIPTION OF THE INVENTION
PAR  A small-mouthed container having an end thereon and coated with a thin,
      continuous resinous coating covering the interior, said coating being free
      of low molecular weight organic matter, has now been invented. Small
      containers, especially slender, cylindrical metal containers, are coated
      internally with a variety of resinous coatings so that foods and beverages
      can be safely stored therein.
PAR  The coated containers of this invention possess improved properties in that
      coating-substrate adhesion is improved; the coatings have smooth surfaces;
      coating thickness is uniform; the coatings are free of low molecular
      weight organic materials, particularly organic liquids. The coatings may
      be thermoset or thermoplastic and are generally very thin; i.e., less than
      1 mil.
PAR  The coated container may be formed by either of the two predominant
      methods, the first involving the rolling and seaming of a sheet of metal
      to form a cylinder followed by the bonding thereto of two ends. The
      second, and more recent, technique which is particularly adapted for
      aluminum containers involves drawing and ironing a sheet of metal into an
      elongated cylindrical container of substantially uniform wall thickness
      with one end being an integral part thereof. The coating of either type
      container with a thin, substantially uniform coating on the interior
      thereof according to the instant invention invovlves substantially the
      same technique as described more fully hereinafter.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The figures attached hereto illustrate embodiments of this invention as
      follows:
PAR  FIG. 1 is a perspective view of a cylindrical container;
PAR  FIG. 2 is a cross-sectional view of the container of FIG. 1 along section
      lines 2--2;
PAR  FIG. 3 is a perspective view of a container spray apparatus;
PAR  FIG. 4 is an elevational view of the apparatus of FIG. 3;
PAR  FIG. 5 is an elevational view of a container rotating mechanism;
PAR  FIG. 6 is a resin viscosity chart.
DETD
PAC  CONTAINER DESCRIPTION
PAR  Although containers of various size, shape and construction are within the
      scope of this invention, the invention particularly relates to containers
      which have a relatively small opening; i.e., from about 11/2  inches to
      about 4 inches, a cylindrical wall and a closed end opposite an open end.
      These containers frequently have a depth (length) substantially greater
      than width of the container opening. Containers of this type have broad
      commercial use as food and beverage containers such as containers for dog
      foods, seafoods, soups, soft drinks, beer, and juices. Typical containers
      for foods and beverages have a capacity of less than about 1 quart; i.e.,
      32 fluid ounces.
PAR  In FIG. 1, a typical cylindrical container with closed end thereon is
      illustrated. In FIG. 2, a cross-sectional view of FIG. 1 along section
      lines 2--2, a thin resinous coating is shown adhered to the cylindrical
      container wall. Typically the container wall is relatively thin, being
      from about 3 to about 15 mils. This thickness is fairly common for metal
      containers, which are usually aluminum, tin-free steel or tin plated
      steel, although thicker-walled containers are also utilized, especially
      those constructed of paper walls with an aluminum foil interior and a
      metallic end thereon.
PAR  A coated, cylindrical container 10 is illustrated in FIGS. 1 and 2. As
      illustrated, the longitudinal dimension of the container is substantially
      greater than its diameter. The container has a closed end 11 and an open
      end 12. The entire interior of the container is coated with a film 13
      which has a substantially uniform thickness less than about 1 mil. The
      film is substantially pore-free and contains no occluded organic solvents.
PAR  The container illustrated in FIGS. 1 and 2 is known as a two-piece
      container, since one piece comprising the cylindrical sides and one end
      are formed from a single piece of metal by a drawing and ironing process.
      The second piece, i.e., the disc to close the open end of the container,
      is coated separately and subsequently joined by a double seam and bonded
      to the open end of the coated cylinder.
PAR  Although the following characteristics of the novel container of this
      invention are described primarily with reference to a thin-walled,
      cylindrical container, containers of various other shapes and sizes and
      wall construction; e.g., a composite wall of thin aluminum or steel foil
      and paper plys, are within the scope of this invention.
PAR  The coating adhering to the interior surfaces of the container can be
      either a thermoset or thermoplastic resinous coating which has a higher
      density and lower porosity than a film of similar chemical composition
      applied from a solvent system. The coating contains no free organic
      materials of low molecular weight, particularly liquid organic solvent
      materials, and has improved adhesion in comparison with films of similar
      chemical composition applied from a solvent system. Low molecular weight
      ingredients, such as solvents, monomers, dimers and the like, have a
      molecular weight generally of less than about 150. The film is generally
      less than about 1 mil in thickness and frequently less than 0.5 mils. The
      film is uniform in thickness and because no solvent evaporates from the
      film, the film is blister free. The film is substantially cured, in the
      case of thermoset resins, and substantially cooled, in the case of
      thermoplastic resins, shortly after application so that the coated part
      may be handled and subjected to further fabrication without damage to the
      film.
PAR  Particular thermoplastics, which are useful in providing thin, uniform
      coatings having the characteristics described above, include thermoplastic
      epoxide and phenoxide resins having molecular weights of about 20,000 to
      about 200,000, polypropylene, nylon, polyethylene and the like.
      Thermoplastic epoxide resins adhered to container substrates as a
      continuous, blister-free film are particularly uncommon. Because of the
      high molecular weight of commercial thermoplastic epoxide resins, it is
      possible only to get about 10% by weight of the material dissolved in a
      solvent, which results in high solvent retention, blistering, high
      porosity and generally poor adhesion. Acceptable films for containers for
      the reasons set forth herein and for other reasons have not been derived
      from a solvent based polypropylene or nylon system. Furthermore, the
      solvent of such systems has a great affinity for the polymer which results
      in the presence of about 3 to 5 percent by weight of solvent in dry films.
PAR  Containers having on their interior thin, adherent films of nylon,
      polybutylene, ethylene-maleic acid copolymers, or polypropylene which are
      solvent-free, blister-free and possess a thin, uniform thickness have not
      heretofore been made. Polypropylene has some limitation as an interior
      coating for food and beverage cans as it tends to absorb flavor; however,
      it can be used as a coating for beer containers since some absorption of
      some flavor can be tolerated. A critical characteristic of a beer
      container coating is that it must not add any flavor to the beer. Nylon is
      particularly inert and is especially satisfactory as a coating for food
      and beverage containers, albeit expensive. A thin nylon film, for example,
      thicknesses less than 0.5 mil and preferably less than about 0.3 mil,
      having a pore free, blister free characteristic, are competitive with
      thicker films of less expensive resins. It has not been possible
      previously to form nylon films on the interior of containers from a
      powdered nylon resin in film thicknesses of 0.5 mils and less.
PAR  Thermoset resinous coatings adhered to interior container surfaces include
      thermoset epoxy resins, phenoxy resins, epoxy phenolic resins, epoxy-urea
      resins, acrylic resins and the like.
PAR  Epoxy resins are particularly useful coatings for food and beverage
      containers.
PAC  COATING PROCESS
PAR  The techniques of applying resins, especially thermoset resins, to
      substrates by plasma spray techniques, is set forth in detail in copending
      U.S. patent application Ser. No. 430,094 of common inventorship.
PAR  Although many of the techniques involved in coating a flat surface are
      applicable to coating a container, the coating of a small-mouthed,
      cylindrical container presents unique problems and requires special
      processing techniques to apply thin, continuous coatings over the whole
      container interior. Particular techniques for coating containers involves
      proper energy input to the spray gun, controlled resin feed to the gun,
      and, in particular, controlled, intermittent resin feed, external resin
      introduction point and container rotation.
PAR  FIGS. 3 and 4 illustrate a process for applying a coating to a container
      interior utilizing a plasma spray device. A cylindrical container 10
      having a closed end 11 and an open end 12 is nestled on a cradle 14 which
      rotate the container about its longitudinal axis at speeds of about 500
      rpm to about 5,000 rpm and preferably from about 700 rmp to about 2500
      rpm. The cradle 14 comprises a pair of support rollers 15 and 16, of which
      one support roller 16 is driven by an intermediate roller 17 to impart
      rotation to the container. The intermediate roller 17 is driven by motor
      18 by a belt connecting roller pulley 19 with motor pulley 20. A typical
      electric motor rotates at 1750 1,750 rpm. The rotational velocity of
      container 10 is determined by the diameter of the container and the
      diameters of the intermediate roller 17 and the ratio of the diameters of
      the respective pulleys.
PAR  In FIG. 5 an alternative rotator for a cylindrical container 10 having a
      closed end 11 and an opun end 12 is nestled against an idler roller 21 and
      is driven by a belt 22 passing around an idler pulley 23 and a drive
      pulley 24 which is driven by motor 25. The ratio of diameters of the drive
      pulley 24 to container determines the rotational velocity of the
      container, i.e., a one-to-one ratio results in the container revolving at
      the same rate as the motor driving pulley 24. If the ratio of diameters of
      container to pulley is 2:1, the container will revolve half as fast as
      motor 25.
PAR  A plasma spray device producing a plasma spray and supplied with a
      predetermined, accurately controlled flow of finely divided resinous
      particles is located externally to the container within a few inches of
      opening 12. The spray device is offset from the longitudinal axis of the
      container so that the longitudinal axis of the barrel of the spray device
      encloses an angle of about 5.degree. to about 30.degree. with the
      longitudinal axis of the cylinder.
PAR  Finely divided resinous particles, either thermosettable or thermoplastic
      particles having a thickness genrally less than 100 microns, are fed from
      a precisely controllable, variable feed rate powder feeder at a rate of
      from less than about 1 gram per minute to about 150 grams per minute, with
      a typical rate for plasma spraying of about 3 to 50 grams per minute. A
      uniform flow rate from the powder feeder is required in order to coat
      containers uniformly. Because thin coatings are being applied, a deviation
      in flow rate of as much as 30 percent can cause a particular container to
      receive an insufficient coating.
PAR  The control of powder-gas streams of small weight and volume is not easily
      accomplished. Many commercial powder feeders have no rate control and a
      deviation in flow of 50 to 100% or more is frequently experienced. In
      copending patent application Ser. No. 223,969 filed Feb. 7, 1972 by Robert
      Coucher, one of the applicants herein, an accurately controllable powder
      feeder is disclosed which can feed resins at rates of less than 1 gram per
      minute to 150 grams per minute and more, with a deviation of less than 10%
      at any selected flow rate.
PAR  A carrier gas, such as dry nitrogen, is introduced to the powder feeder 22
      of FIG. 3. The carrier gas flow rate through the powder feeder and through
      delivery tube 25 is from about 1 CFH to about 50 CFH (cubic feet per
      hour). The carrier gas carries the resin through delivery tube 23 to spray
      gun 21. The carrier gas rate is generally related to the resin rate; i.e.,
      lower carrier gas rates are associated with lower resin rates and higher
      carrier gas rates with higher resin rates. Higher carrier gas rates,
      however, may occasionally be utilized with lower resin rates to assist in
      controlling the temperature to which the resinous particles are heated by
      the plasma spray device.
PAR  The plasma spray device, i.e., the spray gun comprises a plasma chamber and
      nozzle for generation of a plasma flame. A gun having a power level of
      about 3 to about 10 kilowatts with an average of about 7 kilowatts is
      particularly advantageous for use in the instant invention. Typical
      coatings applications for cylindrical containers are conducted at a
      voltage of about 30 to 55 volts at 80 to about 150 amps, providing a
      typical operating power of about 2500 to about 5000 watts. As indicated
      herein, argon is a preferred ionizing gas to obtain the lower flame
      temperatures preferred for spraying resin powders, particularly thermoset
      resin powders. Nitrogen may be present in the ionizing gas mixture up to
      about 20% of the mixture with argon being the remaining gas.
PAR  The rotational speed of the container is an important factor in coating
      cylindrical containers with a thin, resinous coating. Proper rotational
      speeds for achieving a thin coating apparently create a vortex within the
      container which distributes the resin particles within the container.
      Rotational speeds below about 500 rpm do not create the proper conditions
      for spraying resinous particles with a plasma spray device inasmuch as the
      resulting coating, if one is formed, is not uniform. Also, backfiring or
      exploding of the fine resin particles within the container tends to occur
      when resin particles are sprayed with a plasma spray device into a
      stationary or slowly rotating two-piece container, i.e., a container which
      has one end in place. A cylinder having two open ends is not coated when
      processed according to the techniques of this invention. A vortex is
      apparently not formed when the cylinder is rotated, and an openk
      stationary cylinder can be sprayed with a powder from a plasma flame
      without backfiring occurring. In neither instance, however, is a
      continuous coating deposited. An open cylinder may be coated in a manner
      similar to that employed with a two-piece container; i.e., placing an end
      on the cylinder or providing an apparent closure on one end by having the
      open end of the cylinder away from the spray adjacent a flat surface so
      that the cylinder has, in effect, a bottom.
PAR  Finely divided resin particles, like fine solid particles of dust, tend to
      be explosive whenever the particles are mixed in air and in the presence
      of an arc or flame. It is surprising that the explosive condition which
      exists when spraying a stationary container with a plasma spray device can
      be overcome by rotating the container at certain rotational speeds.
PAR  As indicated herein, rotational speeds of about 500 to 5,000 rpm and
      preferably from about 700 to 2,500 rpm are preferred for coating small
      diameter containers; i.e., those containers with a diameter less than
      about 4 inches. These containers are usually longer than they are wide and
      have one closed end or a flat surface so close to the end that the effect
      is the same. The process is particularly useful in coating two-piece
      containers inasmuch as it has been found that a cylindrical container
      having two open ends is not properly coated when treated by the process of
      the instant invention unless a flat surface is placed closely adjacent the
      distant open end.
PAR  The spray gun 21 illustrated in FIG. 3 is generally placed from about 1/4
      inch to 5 inches from the mouth of container 10 and preferably from about
      1/2 inch to 3 inches. It is preferred to spray with the spray nozzle close
      to the container mouth so that overspray is minimized and the particle
      energy, both thermal and kinetic, dissipates very little before contacting
      the substrate.
PAR  The interior or a two-piece container rotated as set forth herein is a more
      efficient substrate to coat than a flat substrate. For flat substrates,
      the preferred distance from gun to substrate is about 3 to 5 inches to
      achieve a continuous, cured coating with addition of energy subsequent to
      the spraying process. In contrast, cured, continuous coatings can be
      applied to a substrate with the gun located from 1/4 inch to about 5
      inches from the container mouth, although a distance less than 3 inches is
      preferred to reduce overspray.
PAR  The efficiency of coating containers, with a plasma spray process is
      further evidenced by a comparison of spray times for containers and flat
      surfaces. Utilizing argon as the ionizing gas, a container having an
      interior area of about 36 square inches can be coated with a thin,
      continuous, cured thermoset coating in about 4 to 6 seconds. Under the
      same spraying conditions, a dwell time of about 12 to 18 seconds is
      required to coat a flat substrate of the same area with a continuous,
      cured coating of the same thickness. Utilizing mixtures of nitrogen and
      argon as the ionizing gas, a container having 36 square inches of interior
      area can be coated with a thin, continuous cured coating in about 1 second
      while a flat substrate of the same area requires about 3 to 4 seconds to
      coat the entire area with a cured, continuous film. Although the dwell
      time may be substantially reduced through formulation of thermoset resins
      with ultraviolet sensitizers, faster acting catalysts, and/or faster
      acting accelerators, the spray time for a container will remain several
      orders of magnitude faster than the spray time for a flat substrate of
      comparable area.
PAR  The dwell time to achieve a cured thermoset coating can be substantially
      reduced by preheating the container to about 150.degree. F to about
      250.degree. F. A reduction of about 50% in dwell time is achieved by
      preheating the substrate to about 200.degree. F.
PAR  As indicated hereinabove, one of the distinct advantages of spraying
      resinous particles by means of a plasma arc flame device is the
      importation of sufficient energy, both thermal and kinetic, to cause
      thermoset particles to form fully cured films upon a thin substrate
      without addition of energy from another source. The amount of energy
      imparted to said resin particles, however, may be controlled so that the
      resin particles do not receive sufficient energy to initiate
      polymerization of thermoset particles upon contact of the particles with a
      substrate.
PAR  The exact heat transfer mechanism experienced by the resinous particles has
      not been thoroughly determined. At the lower energy levels it appears that
      the surface of a particle has a much higher temperature than the particle
      interior. It is likely that the surface of the particle is substantially
      liquid even at the lower energy levels of the plasma arc spray device.
      Thus, particles sprayed at a low energy level which form a thin,
      substantially uncured film upon a substrate are likely to experience
      surface temperatures to a certain particle depth which are substantially
      above the melting point of the resin.
PAR  Thin, continuous coatings on the interior of a cylindrical container were
      formed according to the techniques of the instant invention by introducing
      thermoset resinous particles into the area ahead of the tip of a plasma
      arc generated flame and directing the softened particles into the interior
      of a rapidly spinning cylindrical container with a closed end. The
      resulting coating is porous and uncured, but it is substantially evenly
      distributed over the interior surface of the container. A non-porous,
      thin, continuous, cured film results when the container having an uncured
      film adhered thereto is subjected to temperatures in excess of the
      polymerization temperature of the resin for a few minutes in contrast with
      the much longer period required to cure films applied by other techniques
      and cured in the same manner. Even though an uncured resinous coating is
      deposited by this technique, the resinous particles may be in a gelled
      state and require only a small amount of additional energy to effect a
      fully cured, continuous coating.
PAR  An uncured, adherent coating of a thermosettable resin may be formed on the
      interior of a container by reducing the power supplied to the plasma spray
      device or by reducing the time period (dwell time) the container is
      exposed to the resin spray; i.e., the time period during which the
      container is exposed to the plasma flame. For example, an uncured,
      adherent coating can be formed in about 33 seconds dwell time at 1500
      watts or in about 1 second, or less, at 2800 watts. The resin flow rate is
      adjusted to deposit a comparable film thickness. The ionizing gas for the
      spray conditions just mentioned is argon.
PAR  An uncured, adherent coating may be deposited by means of a plasma spray
      generated from an ionizing gas mixture of nitrogen and argon through use
      of a very short dwell time; e.g., less than 1/4second. To achieve an
      uncured coating, a argon to nitrogen ratio of at least about 10:1 is
      preferred. Larger quantities of nitrogen may be utilized if an inert
      diluent gas, i.e., a cooling gas, is introduced into the plasma flame. For
      these purposes the preferred diluent gas is nitrogen.
PAR  Uniform coatings can be applied to a two-piece cylindrical container over a
      period as short as 0.1 second. An accurate, uniform resin feed is required
      to apply uniform coatings within such a short space of time. Fast rotation
      of the container, e.g., 1500 to 2500 rpm or more, is preferred when the
      spray time is 1 second or less. At 1,500 rpm the container rotates 25
      revolutions each second or 2.5 revolutions per 1/10th second. A typical
      dwell time for coating a cylindrical two-piece container is 2/10ths of a
      second.
PAR  A significant feature of the instant invention for coating a continuous
      stream of two-piece containers is the pulsing of predetermined,
      premeasured quantum of resin particles to the plasma spray device. On a
      continuous coating line a steady stream of containers is delivered to a
      rotating apparatus, such as the one illustrated in FIG. 3. A container is
      delivered to a rotating mechanism, rotated and sprayed, then ejected, and
      another container replaces the coated container on the rotating mechanism.
      A pulse of resin is delivered to the plasma spray gun only during the
      period that the container is rotated, which may vary from 0.1 second to
      several seconds but is typically from about 1/4 second to about 1 second.
      A non-spraying period exists during the ejection of the coated container
      and the delivery of the next container to the rotating mechanism. This
      non-spraying period may be about 0.1 second to about 0.5 second. No change
      is made in the plasma flame during the non-spraying period, but no resin
      is fed during this period to reduce the amount of resin particles lost as
      overspray.
PAR  The pulsing of resin feed to the plasma gun is synchronized with the
      rotating mechanism so that the container rotates about one-fourth to
      one-half a turn before the resin feed begins and continues rotating for
      about one-fourth to one-half turn after the resin feed ceases. If the
      container is stationary when resin particles are being sprayed, there is a
      likelihood of "backfiring", i.e., ignition of the resin particles, which
      destroys any coating on the interior of the container. The rotational
      velocity of the container should be sufficient to permit at least one and
      one-half, and preferably two, revolutions of the container during the
      period resin particles are being sprayed into the container.
PAR  The flow of resinous particles during the duration of the spray period
      should be uniform so that the entire interior of the container will
      receive a uniformly distributed coating. Spinning the container at
      rotational speeds sufficient to create a vortex, e.g., 500 rpm and
      greater, assists in distributing the particles.
PAR  A typical two-piece container possesses about 36 square inches of interior
      area. A 1 mil coating thereon (about 20 mgs. per square inch) requires a
      total film weight of about 720 mgs. Thus, a container coating of 0.5 mil
      requires about 360 mgs. of resin to be delivered to the spray gun at a
      uniform rate over a period of, typically, about one-fourth second to about
      one second. A typical resin feed rate for coating containers is from about
      90 grams per minute or more to about 15 grams per minute or less,
      depending upon the desired film weight and the number of containers coated
      per unit time.
PAC  EXAMPLE I
PAR  A cylindrical container about 51/4 inches in length and 21/2 inches in
      diameter, having an open end and a closed end, was placed with the open
      end about 3 inches from the nozzle of a plasma spray gun. A powdered epoxy
      resin having a particle size of about 100 microns was introduced into the
      flame of a plasma spray device supplied with an argon/nitrogen mixture
      having a volume ratio of 10 to 1 at a rate of about 10 CFH and ionized by
      about 40 volts at 70 amps.
PAR  The container in a stationary position was subjected to a flow of liquefied
      resinous particles from plasma flame for a period of about 3 seconds. The
      flame directed into the open end of the container resulted in a flash
      back. No coating resulted on the interior of the container.
PAC  EXAMPLE II
PAR  A stationary container, as in Example I, was subjected to a plasma spray of
      finely divided liquefied particles directed into the open end of the
      container at an angle of about 30.degree. from the longitudinal axis of
      the container. The plasma flame flashed back and no coating resulted on
      the interior of the container.
PAC  EXAMPLE III
PAR  The experiment of Example II was repeated while revolving the container at
      about 50 rpm. The flame flashed back and no coating resulted on the
      interior of the container.
PAC  EXAMPLE IV
PAR  The experiment of Example II was repeated while revolving the container at
      about 1,500 rpm. The container was rotated about 3 revolutions. A thin,
      continuous, cured film was formed over the whole of the container
      interior.
PAC  EXAMPLE V
PAR  Another experiment utilizing a plasma flame substantially identical to that
      used in Example I was directed into the open end of a cylindrical
      container rotated at about 1,500 rpm. The resin spray was directed along
      the longitudinal axis of the container. The container was rotated about 3
      revolutions. A thin, continuous, cured film was formed over the whole of
      the container interior.
PAR  The container from Example V was examined. The film was substantially mar
      resistant and strongly adherent to the container. A second coating was
      applied to the exterior of the container without subjecting the container
      to any heating operation.
PAC  EXAMPLE VI
PAR  A number of two-piece containers (aluminum 12 oz. beer cans) having an
      opening 21/2 inches in diameter and a length of 51/4 inches were coated
      with an epoxy resin having the same characteristics as Epon 1004 catalyzed
      with dicyandiamide substituted dicyandiamide.
PAR  The resinous particles were applied under various conditions by means of a
      plasma spray device having a barrel or nozzle diameter of 0.228 inches and
      having an external resin feed system which introduces the resin into the
      flame zone about 1 inch in front of the nozzle. The resin feed was
      accurately metered to the spray device by means of a powdered feeder of
      the type described in copending application Ser. No. 223,969. The
      containers were spun at a rotational velocity of about 1,500 rpm during
      the coating process. The following table indicates the coating conditions
      and results.
TBL                                    TABLE I                                 
     __________________________________________________________________________
           Gas Ionizing              Powder Feed                               
                                             Power to                          
     Experiment                                                                
           Rate in CFH                                                         
                   Distance from                                               
                             *Dwell Time                                       
                                     Rate in Gms.                              
                                             Plasma Device                     
                                                        Resin Carrier          
     Number                                                                    
           N.sub.2                                                             
                A  Gun to Container                                            
                             in Seconds                                        
                                     per minute                                
                                             Amps  Volts                       
                                                        Gas Rate in            
     __________________________________________________________________________
                                                        CFH                    
     1     0    17 5 inches  6        3 - 10 80    35    2 - 20                
     2     0    17 5 inches  3        6 - 20 80    35   7                      
     3     0    17 5 inches  1       12 - 40 80    35   7                      
     4     0.5  17 5 inches  1       12 - 40 75    45-50                       
                                                        10                     
     5     0    17 5 inches  3        6 - 20 50    30   10                     
     6     0    40 5 inches  0.5      36 - 120                                 
                                             50    30    5 - 20                
     7     3.5  20 5 inches  3        6 - 20 75    40    5 - 20                
      8**  0.5  17 5 inches  3        6 - 20 120                               
     __________________________________________________________________________
        *Dwell time is the time the container was exposed to the plasma sprayed
      resin stream.                                                            
      **Experiment No. 8 involved a thermoplastic cellulose acetate butyrate   
      resin having a particle size of 30 to 75 microns; a melt viscosity of    
      about 100,000 centipoise and a softening point of 350.degree.F.          
PAC  REMARKS
PAC  Experiment Number 1
PAR  Resin particles liquefied; resin flowed on substrate; coating cured. Film
      thickness 0.2 to 0.5 mils.
PAC  Experiment Number 2
PAR  Resin particles semi-liquefied; resin flowed slightly on substrate; coating
      partially cured; cured fully upon further heating to 350.degree. F.
PAC  Experiment Number 3
PAR  Resin particles melted sufficiently to adhere to container interior as a
      uniform deposit of uncured resin coating cured to a continuous film at
      350.degree. for 10 minutes.
PAC  Experiment Number 4
PAR  Resin particles liquefied; resin flowed on substrate; coating cured. Film
      thickness 0.2 to 0.5 mils.
PAC  Experiment Number 5
PAR  Resin particles melted sufficiently to adhere to container interior as a
      uniform deposit of uncured resin coating cured to a continuous film at
      350.degree. for 10 minutes.
PAC  Experiment Number 6
PAR  Resin particles melted only very slightly; particles adhered but remained
      more discreet than Experiment 3; cured upon further heating.
PAC  Experiment Number 7
PAR  Resin particles scorched.
PAC  EXAMPLE VII
PAR  A comparison of the relative adhesion of a coating applied by plasma
      spraying of a powdered resin and of a coating applied to conventional
      solvent techniques was conducted. The coatings were applied to both
      treated and untreated aluminum containers. The treated containers had been
      chromate treated with Amchem Alodine 303 to improve coating adhesion to
      the container.
PAR  The resinous material was a thermoset epoxy comparable to Epon 1004 which
      is available in both powder form and dissolved in an appropriate solvent.
      The powder coating is cured with dicyandiamide while the dissolved resin
      is cured with urea. The solvent-based resin was known to possess adhesion
      properties comparable or better than other available solvent-based resins.
      The powdered resin was applied according to the technique described in
      Example V. The solvent based coating was applied according to conventional
      spraying techniques for containers. The solvent-based coating was cured
      for 10 minutes at 400.degree. F. The coating applied by the plasma spray
      technique was heated at 400.degree. F for several minutes to insure that
      the film was fully cured.
PAR  All the films were in water for thirty minutes. Adhesion of film to
      substrate was determined by applying Scotch tape to the film, then pulling
      off the tape and checking the amount of film removed. The results are
      illustrated in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Adhesion Test                                                             
                               Solvent-                                        
     Substrate   Powder Coating                                                
                               Based Coating                                   
     ______________________________________                                    
     Untreated aluminum                                                        
      container  Good adhesion Poor adhesion                                   
     Treated aluminum                                                          
      container  Excellent adhesion                                            
                               Good adhesion                                   
     ______________________________________                                    
PAR  The powder coating applied by the plasma spray technique exhibited better
      adhesion to both treated and untreated substrates, apparently due to the
      high impact velocity of the particles upon the substrate and improved
      wetting of the substrate during flow-out.
PAR  The superior adhesion of the plasma sprayed coating to untreated substrate
      is significant inasmuch as the chromate treating of substrates is being
      discouraged by the FDA to eliminate the possible inclusion of heavy metal
      ions, e.g., Cr.sup..sup.+6, in foods.
PAC  EXAMPLE VIII
PAR  A steel can was coated with an epoxy coating in a manner similar to Example
      V. A continuous cured coating about 0.5 mils thick was obtained.
PAR  The integrity of the film was evaluated by testing in an Enamel-O-Rater
      made by Waco. The conductivity of coating was determined by filling the
      container with a sodium chloride solution. One electrode is attached to
      the container while another is inserted in the electrolyte, i.e., the
      sodium chloride solution.
PAR  The conductivity of the coating was determined to be between 1 and 5
      milliamps. An acceptable standard in the container industry is 75
      milliamps.
PAR  The techniques provided by the instant invention contribute numerous
      advantages to the container coating art. An especially adherent,
      solvent-free film can be applied to a container interior by a single
      application of resin. For example, steel containers are typically sprayed
      several times with solvent-based coatings to achieve a satisfactory film.
      Solvent-based coatings generally apply only about 0.2 mil of film per
      application. In order to achieve a consistently acceptable film
      conductivity, i.e., a conductivity less than 75 milliamps in an
      Enamel-O-Rater test, a film thickness of about 0.5 to about 0.8 mils is
      generally applied.
PAR  In many commercial operations, a thin film of epoxy, about 0.2 mil, is
      applied from a solvent-based coating. The coating is cured in an oven,
      e.g., by heating at 400.degree. F for about 10 minutes, and a second
      coating applied, which is frequently of a different chemical composition,
      such as a polyvinyl chloride or polyvinyl acetate polymer. The different
      composition may permit the application over an undercured base coat if the
      solvent system used for the second film is not a good solvent for the base
      film. Polyvinyl chloride and acetate coatings are generally desirable
      since they are less expensive than epoxy films, have good properties as a
      comestible coating although they do not adhere well to steel. Since a
      double application of coatings is required, the expense of the film
      becomes significant.
PAR  Epoxy films greater than 0.2 mil thick can be applied by repeated sprayings
      if a solvent-based coating after the previous film is cured. More than one
      application of film is required to produce films which have conductivities
      consistently less than 75 milliamps.
PAR  A further advantage of the plasma applied coatings is that the adhesion is
      generally superior to that of solvent-based coatings. This is especially
      so for untreated aluminum substrates. Plasma sprayed epoxy coatings, for
      example, exhibit about the same degree of adhesion to untreated aluminum
      as epoxy coatings applied from a solvent system have for chromate treated
      substrates. This is significant inasmuch as heavy metal ions, such as
      CR.sup.+.sup.6, are considered toxic and the chromate treatment of
      containers is being discouraged. The improved adhesion realized with
      plasma sprayed coatings is attributed to high impact velocity of the
      resinous particle with the substrate and the ability of the coating to wet
      the substrate, i.e., go into pores and extend over the whole substrate
      surface. Also, under the conditions of application, the viscosity of the
      resin is lower at the movement of impact with the substrate than at any
      time previous or subsequent, thus enabling the coating to flow into the
      pores of the substrate, which is contributed to by the energy of impact.
PAR  Coatings applied to containers by other techniques, e.g., by spraying a
      solvent-based resin, do not impact the substrate with sufficient velocity
      to cause the resin particle to flow. Also, with other powder coating
      techniques, the viscosity of the resin particle is relatively high at the
      moment of impact with the substrate.
PAR  The high impact velocity of resin particles in this invention is provided
      by the flame velocity of the plasma arc device. Flame velocity may be
      regulated by the volume of ionizing gas introduced to the ionizing chamber
      and the diameter of the exhaust hose. For the purposes of this invention,
      a minimum flame velocity of about 600 feet per second is desired. A
      preferred velocity is from about 800 feet per second up to about sonic
      velocities. Sonic and supersonic flame velocities produce good coatings,
      but the accompanying noise is objectionable.
PAR  The ionization temperature also affects flame velocity because the gas
      expands as the gas temperature increases. Thus, a given rate of nitrogen
      to a plasma arc device will produce a much higher gas velocity than the
      same rate of argon to the same device inasmuch as the ionizing temperature
      of nitrogen is about twice that of argon.
PAR  A significant advantage of the instant invention for coating containers is
      that about 75% to about 100% of the energy required to cure a thermoset
      coating is imparted to the film by the plasma spray device. The
      achievement of this result is at least partly due to the efficiency with
      which a plasma spray device has coated the cylindrical interior of a
      container.
PAR  The energy relationship to a coating is manifested by the viscosity-time
      relationship of a plasma sprayed, thermoset coating is illustrated in FIG.
      6. A powdered resin has an initial viscosity A.sub.v, which is relatively
      high, at time A.sub.t. As energy is imparted to the resin, usually in the
      way of heat, the viscosity of the resin begins to drop, i.e., the resin
      becomes more fluid, until viscosity B.sub.v at time B.sub.t is achieved.
      At time B.sub.t sufficient energy has been imparted to the resin and the
      significant polymerization begins, which in the early stages is described
      as gellation of the resin. As energy is continued to be imparted to the
      film, the viscosity of the film rises rapidly as larger molecules are
      formed through polymerization. For many thermoset resins, only slight
      amounts of external energy need be supplied once B.sub.t is achieved
      inasmuch as the polymerization reaction is exothermic.
PAR  It has been found that containers can be rapidly coated with a thermoset
      resin to achieve a gellation stage of at least C.sub.v. At C.sub.v the
      resin has received at least about 75% of the energy required to achieve a
      fully cured state D.sub.v at time D.sub.t. The increase in viscosity after
      gellation begins is rapid. Although the plasma spray may be adjusted so
      that resin particles can be applied with a low level of energy imparted
      thereto, for example, at a viscosity between A.sub.v and B.sub.v in the
      chart of FIG. 6, it is significant that the technique has the capability
      of applying a resin particle to a container interior with a viscosity
      between C.sub.v and D.sub.v, i.e., in a substantially fully cured state
      which requires the impartation of little, if any, additional energy to
      complete the curing of the film.
PAR  The film conductivity test employed in evaluating container coating
      integrity involves impressing a twelve volt constant voltage upon an
      electrolytic cell having as one electrode the container body with a
      stainless steel electrode immersed in an aqueous electrolyte, preferably a
      10% sodium chloride solution. Although other salts such as potassium
      chloride, sodium carbonate and the like at concentrations of about 5 to 35
      percent may be employed. The electrolyte occupies most of the container
      volume.
PAR  The purpose of the film conductivity test is to predict migration of iron
      or aluminum ions from the container into the contents of the container. It
      is estimated that a 12 ounce aluminum beer container having a film
      conductivity of 75 milliamps would experience a migration of about 150 to
      200 parts per million of aluminum ions through the coating and into the
      beer during a storage period of about three months.
PAR  A higher film conductivity (lesser film integrity) can be tolerated for
      beer containers than for soft drink containers because of the greater
      acidity of soft drinks. For example, a film conductivity of 75 milliamps
      is generally regarded as acceptable for beer containers while a 10
      milliamp conductivity is considered an upper limit for soft drink
      containers. The tolerable film conductivity or film integrity may vary if
      the storage time of the container with contents is known to be short; for
      example, a container whose contents are used within one month after
      filling may be acceptable even though it has a film conductivity three
      times as great as a filled container which has a storage life of three
      months.
PAR  Although the invention has been described by reference to specific
      embodiments, it is not intended to be limited solely thereto but to
      include all the modifications and variations falling within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A food container comprising:
PA1  a. a thin-walled metal container having a closed end and an open end;
PA1  b. a continuous comestible resinous epoxy coating cured with dicyandiamide
      or substituted dicyandiamide covering the interior of said container and
      end, said interior coating having a thickness of less than 1 mil and being
      free of low molecular weight organic matter.
NUM  2.
PAR  2. The container of claim 1 wherein said resinous coating is a thermoset
      coating which is at least partially cured.
NUM  3.
PAR  3. The container of claim 1 wherein said coating is blister free.
NUM  4.
PAR  4. The container of claim 1 wherein said coating has a density greater than
      that of coatings of said resinous epoxy when applied from a liquid solvent
      system and cured.
NUM  5.
PAR  5. The container of claim 1 wherein said coating has a porosity
      substantially less than that of coatings of said resinous epoxy when
      applied from a liquid solvent system and cured.
NUM  6.
PAR  6. The container of claim 1 wherein said coating has greater adhesion to
      said container than that of coatings of the same resinous epoxy when
      applied from a liquid solvent system and cured.
NUM  7.
PAR  7. The container of claim 1 wherein said coating has a thickness of less
      than 1/2 mil.
NUM  8.
PAR  8. The container of claim 1 wherein said epoxy resin is cured with
      dicyandiamide catalyst and an accelerator.
NUM  9.
PAR  9. The container of claim 8 wherein said accelerator is selected from the
      class comprising guanadine, pyridine, triazines, hydrozides, piperdine
      amidazoles.
NUM  10.
PAR  10. The container of claim 1 wherein said epoxy resin is free of alcohol.
NUM  11.
PAR  11. The container of claim 1 wherein said resinous epoxy is cured with
      dicyandiamide.
NUM  12.
PAR  12. The container of claim 1 wherein said thin-walled metal container is a
      slender cylinder having a closed end and small open end.
NUM  13.
PAR  13. The food container of claim 1 wherein said thin-walled metal container
      is a beverage container.
NUM  14.
PAR  14. The food container of claim 13 wherein said thin-walled metal container
      is one-piece aluminum container.
NUM  15.
PAR  15. The food container of claim 1 wherein said low molecular weight organic
      matter has a molecular weight less than 150.
PATN
WKU  039476189
SRC  5
APN  334875&
APT  1
ART  164
APD  19730222
TTL  Electrically heated transparent panel
ISD  19760330
NCL  1
ECL  1
EXP  McCamish; Marion E.
NDR  1
NFG  3
INVT
NAM  Gruss; George A.
CTY  Mentor
STA  OH
ASSG
NAM  General Electric Company
CTY  Schenectady
STA  NY
COD  02
RLAP
COD  74
APN  302501
APD  19721031
PSC  03
CLAS
OCL  428 49
XCL  219203
XCL  219522
XCL  219541
XCL  219544
XCL  428 55
XCL  428209
XCL  428210
XCL  428433
EDF  2
ICL  B32B 1500
ICL  B32B 1706
FSC  161
FSS  199;215;216;217;218
FSC  219
FSS  203;522;541;544
FSC  428
FSS  49;55;209;210;433
UREF
PNO  3409759
ISD  19681100
NAM  Boicey et al.
OCL  219522
UREF
PNO  3414713
ISD  19681200
NAM  Reifeiss et al.
OCL  219522
UREF
PNO  3475595
ISD  19691000
NAM  Leclercq
OCL  219522
UREF
PNO  3484584
ISD  19691200
NAM  Shaw, Jr.
OCL  219522
UREF
PNO  3601583
ISD  19710800
NAM  Fujiwara
OCL  219522
UREF
PNO  3612745
ISD  19711000
NAM  Warren
OCL  219522
UREF
PNO  3729616
ISD  19730400
NAM  Gruss et al.
OCL  219522
UREF
PNO  3792232
ISD  19740200
NAM  Zarenko
OCL  219522
LREP
FR2  McDevitt; John F.
FR2  Kempton; Lawrence R.
FR2  Neuhauser; Frank L.
ABST
PAL  An electrically heated transparent panel is described for a laminated
      safety glass window construction having a clear polymer inner layer with a
      pattern of wrinkled resistance wires oriented in a three-dimensional
      non-parallel random fashion so as to reduce glare from the wires when the
      window is used in automotive and other type vehicles. The individual
      resistance wires are partially embedded in the polymer sheet by a
      technique utilizing shrinkage of a thermoplastic polymer from its original
      dimensions when heated to an elevated temperature together with having the
      individual wires change configuration when relaxed from tension forces on
      the wire when first assembled with the polymer sheet. An improved form of
      bus-bar electrode means are connected at each end of the individual
      resistance wires by heat-bonding directly to the thermoplastic polymer
      sheet to provide the composite panel which can thereafter be handled and
      assembled by conventional further heat-bonding as the inner layer of a
      laminated safety glass construction.
PARN
PAR  This is a division of application Ser. No. 302,501, filed Oct. 31, 1972 now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a safety glass window construction
      which is generally suitable for heating vehicle windows including the
      windshield, side and rear windows. More particularly, it relates to a
      glass sandwich having an electrically conducting transparent panel for the
      inner layer which is substantially free from glare when light is
      transmitted through the safety glass window. Specifically, it relates to
      an electrically-conducting transparent panel for a safety glass window
      construction having particular bus-bar electrode means as part of a
      thermoplastic inner layer along with a protruding array of resistance
      wires which enables simplified and more reliable assembly of the final
      window construction along with improved heating of the window.
PAR  In a pending patent application entitled, ELECTRICALLY HEATED WINDOW, Ser.
      No. 166,064, filed July 26, 1971 in the names of George A. Gruss, George
      J. Polanka, and Leslie H. Pfeiler, which is assigned to the assignee of
      the present invention, there is disclosed and claimed a composite sheet
      member which comprises a layer of transparent thermoplastic polymer that
      has been heat-shrunk from its original dimensions by heating to an
      elevated temperature having partially embedded in one major surface a
      plurality of wrinkled resistance wires which lie in closely spaced
      relationship and are oriented with respect to one another in non-parallel
      random fashion so that portions of said individual resistance wires
      protrude from said major surface of the thermoplastic polymer layer and
      form a three-dimensional heating wire construction with improved
      fabrication and operational advantages. As one embodiment of said novel
      transparent heating panel which forms the otherwise conventional inner
      layer for a laminated safety glass window construction, there is also
      described in said earlier filed application certain bus-bar electrode
      means consisting of a single strip of electrically conducting material
      secured at each end of the individual resistance wires to form a
      parallel-connected electrical circuit therebetween. The single strip
      electrodes are in direct physical contact with protruding portions of the
      individual resistance wires and provide a generally reliable termination
      which is not subject to mechanical rupture of the heating wires at the
      electrical terminations. On the other hand, these single bus-bar strips
      are secured by heat-bonding directly to one major surface of the
      thermoplastic polymer sheet with the individual resistance wires being
      secured to the opposing side of the strips. Such termination can result in
      occasional failure of direct electrical contact between the strips and the
      heating wires which is caused by excessive flow of the polymer material
      when the final window assembly is made. Even without excessive flow of the
      plastic material, there can be increased contact resistance from chemical
      reaction between the copper bus-bars and the plastic material after the
      final assembly has been put into use.
PAR  In said earlier filed application referenced above, there are also
      disclosed methods and apparatus for assembling the electrically heated
      transparent panel as well as the final safety glass window assembly. In
      one method of fabricating the electrically heated transparent panel, as
      well as the final safety glass window assembly. In one method of
      fabricating the electrically heated transparent panel, the electrical
      resistance wire forming the heating wire pattern is prestressed to provide
      wrinkles when the resistance wire is not under tension. The prestressed
      wire is thereafter applied under tension to one major surface of the
      transparent thermoplastic polymer sheet in a pattern having closely spaced
      parallel orientation with respect to the individual wires whereupon the
      tension on the individual resistance wires is relaxed while retaining
      physical contact between the pattern of resistance wires and the surface
      of the thermoplastic polymer sheet. During the subsequent heating step,
      the polymer sheet as well as the wires can expand and contract along the
      direction of the wire path. The composite member is then heated by
      applying electrical power to the individual resistance wires so that
      portions of the wires which are in physical contact with the surface of
      the polymer sheet become embedded and the remaining portions of the
      individual wires protrude from the major surface of the plastic sheet. The
      composite member having a bus-bar electrode configuration and the
      resistance wire pattern as above described can thereafter be assembled as
      the inner layer of an otherwise conventional safety glass window
      construction in a variety of already known methods. The final heat-bonding
      step which produces the glass laminate is also generally carried out under
      sufficient heating and compressional forces that significant flow of the
      polymer material occurs.
PAR  A particular apparatus to fabricate the composite member is also described
      in said copending application which utilizes a collapsible drum member
      upon which the member is formed. In so doing, the thermoplastic polymer
      sheet is first wrapped upon the drum followed by application of separate
      heating and bus-bar electrodes, and then followed by winding of
      prestressed resistance wire in the form of a helical coil over the wound
      polymer sheet. The composite member is then formed by collapsing the drum
      a predetermined decrease in diameter and thereafter thermally tacking or
      heat-bonding the resistance wire and the subjacent single element bus-bar
      electrodes to the polymer sheet.
PAR  The products and methods of the present invention constitute improvements
      over said earlier disclosure which can utilize the same general apparatus
      to assemble the electrically heated transparent panel of the present
      invention. Consequently, a detailed description of the same apparatus need
      not be repeated in the present specification except to explain the method
      of carrying out the present invention.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  This invention provides a novel technique for incorporating improved
      bus-bar electrode means in an electrically heated transparent panel of a
      laminated safety glass construction. The overall construction provides a
      laminated safety glass member with improved ability to remove ice and snow
      as well as defrost.
PAR  The object of the present invention, therefore, is to provide a superior
      electrically heated safety glass construction including improved methods
      to form the electrically heated transparent panel. Still a further object
      is to provide an electrically heated laminated window construction having
      improved thermal capacity for defrosting as well as removing ice and snow
      from a windshield wherein the electrically heated transparent panel
      enables a simplified and more reliable assembly of the final glass
      laminate along with improved heating of the window. Still another object
      of the present invention is to provide simple and reliable means of
      assembling resistance wires with a thermoplastic polymer sheet so that the
      composite member can be easily handled thereafter to produce a laminated
      safety glass member by conventional techniques.
PAR  Briefly stated, the improved bus-bar electrode means of the present
      invention which are connected at each end of the individual resistance
      wires to provide a parallel-connected electrical circuit therebetween each
      consists of a thin foil strip of electrically conducting metal having a
      segmented construction which is secured by heat-bonding directly to the
      thermoplastic polymer layer and a continuous foil strip of greater width
      and thickness than said segmented foil strip which overlays the subjacent
      segmented foil strip and is also heat-bonded directly to the thermoplastic
      layer. The individual resistance wires are juxtapositioned at each end
      between the foil strips such that there is direct physical and electrical
      contact between the continuous foil strip and the subjacent segmented
      strip. The subjacent segmented foil strips are further heat-bonded to the
      thermoplastic polymer sheet in the final glass laminate so as to deform
      and partially envelop the exterior surface portion of the individual
      resistance wires which improves the electrical path to the overlying
      principal electrode strips of bus-bars. In this manner of construction,
      the subjacent segmented strips also serve as a barrier to plastic flow of
      the polymer sheet material when the final glass laminate is formed by
      heat-bonding under pressure which otherwise could retard or interrupt the
      electrical path. Finally, the segmented construction of the subjacent foil
      elements provide uniform thermal tacking of the resistance wires to the
      thermoplastic polymer sheet when practicing the present invention as will
      be explained later in more detail.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a curved window member having a laminated
      safety glass construction according to the present invention;
PAR  FIG. 2 is a section 2--2 along one longitudinal marginal edge of the window
      construction shown in FIG. 1; and
PAR  FIG. 3 is a section 3--3 taken through a different marginal edge of the
      same window construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention provides simple and effective means to reduce a major
      difficulty encountered with a parallel arrangement of resistance heating
      wires in a laminated safety glass window. While the glare phenomena
      encountered is not fully understood at the present time, it is believed
      attributable to the wire direction rather than spacing between the
      individual wires. By randomizing the wire direction in accordance with
      practice of the present invention, it becomes possible to distribute light
      reflection or defraction from the individual wires in all directions and
      thereby reduce or eliminate the glare. While a complete randomization of
      the individual wires would be most difficult to achieve, it has been found
      that a controlled randomization having a three-dimensional degree of
      spatial orientation is sufficient to substantially eliminate the glare
      problem.
PAR  Controlled randomization of the resistance wire pattern is obtained by
      applying prestressed resistance wires upon one major surface of the sheet
      of transparent thermoplastic material and thereafter utilizing the ability
      of the polymer material to shrink from its original dimensions when heated
      to elevated temperatures sufficient to embed portions of the individual
      wires in the contacted surface of thermoplastic material. More
      particularly, a pattern of the prestressed resistance wires is applied
      under tension to one major surface of the thermoplastic sheet so that
      individual wires are in closely spaced parallel relationship in the
      composite member so formed which is then heated under conditions
      permitting the individual resistance wires to expand and adopt a
      configuration attributable to the prestressed forces. Subsequent cooling
      of the composite member allows the wires to become partially embedded in
      the softened thermoplastic material and provides the final randomization
      in the wire pattern such that individual wires have a wrinkled or
      irregular crimp at irregular intervals along their length. A non-parallel
      relationship between adjacent wires is thereby formed with portions of the
      wire protruding from the surface of the thermopolymer layer at different
      elevations where not embedded. The final non-parallel wire pattern will be
      governed by thermal expansion differences between the polymer sheet and
      the wire, the nature and extent of prestressed forces applied to the
      resistance wire before incorporation in the polymer surface, and the heat
      shrinkage characteristics of the thermoplastic material. It has also been
      noted during experience with this mode of fabrication that certain
      polyvinyl butyral polymer sheets which are conventionally employed as the
      inner layer in laminated safety glass undergo greater shrinkage in one
      direction along the major surface than in a surface direction
      perpendicular thereto. By aligning the direction of greater shrinkage with
      the wire direction, it thereby becomes possible to further enhance
      randomization of the wire pattern so that a non-parallel configuration
      exists both in the plane of a major surface of the polymer sheet as well
      as in planes at angle thereto.
PAR  The relatively high heating capacity of the wire pattern obtained in the
      foregoing manner is due to using fine wire having a diameter from
      approximately 0.0003 to 0.0009 inch in a spacing from 10 to 30 wires per
      inch. Since it will be recognized that wattage dissipation which can be
      obtained by connecting the wire pattern to a source of electrical energy
      will depend upon contact resistance as well as other factors, it becomes
      desirable to provide an effective and efficient means of connecting the
      wire pattern to the electrical power supply. Toward this end and as a
      principal feature of the present invention, the applicant has discovered
      novel bus-bar electrode means for connected the wire pattern at each end
      of the individual resistance wires as an integral part of the electrically
      heated transparent panel. Said novel bus-bar electrode means along with
      its method of construction will now be described in connection with the
      drawings which accompany this specification.
PAR  Turning now to the drawings, FIG. 1 represents a schematic view of an
      otherwise conventional automobile windshield having a curved contour and
      which includes the substantially glare-free resistance wire pattern
      produced in accordance with the present invention. More particularly, a
      laminated safety glass sandwich 10 is shown which comprises a pair of
      outer glass layers 12 and 14 which are adhesively held together by
      heat-bonding to the electrically heated transparent panel of the present
      invention 16 as an integral construction. Said electrically heated
      transparent panel serving as the inner layer of the safety glass sandwich
      (which is shown more clearly in FIG. 2) is a composite member which
      includes a sheet of transparent thermoplastic polymer 18 having partially
      embedded in one major surface a plurality of wrinkled resistance wires 20
      which are oriented with respect to one another in a three-dimensional and
      non-parallel random fashion. Bus-bar electrode members 22 and 24 form an
      integral part of said composite member and are disposed at each end of the
      individual resistance wires to provide an electrical termination means for
      heating the wires from the available electric power supply in the vehicle.
      Both bus-bar members are disposed longitudinally over most of the
      longitudinal dimension of the window construction and are located both
      proximate as well as parallel to opposing marginal edges 26 and 28 of the
      curved safety glass window construction. In the FIG. 1 embodiment the
      resistance wire pattern 20 is aligned transversely for electrical and
      physical contact at each end of the individual resistance wires so that
      sections 30 and 32 of the wire pattern which lie beyond the extreme ends
      of the longitudinal bus-bar direction are not part of the electrical
      heating system.
PAR  In FIG. 2, there is shown a vertical section through the windshield
      construction of FIG. 1 to more clearly illustrate the bus-bar electrode
      configuration of the present invention. While the degree of
      three-dimensional resistance wire randomization which exists when the
      electrically heated transparent panel is constructed according to the
      invention is somewhat obscured in FIG. 2 by reason of the compression
      forces applied during assembly of the final safety glass window
      construction, there can still be seen portions 34 and 36 of an individual
      resistance wire protruding from major polymer surface 38 of the
      thermoplastic polymer sheet. Thus, it can be seen that portions of the
      individual resistance wires which protrude at different elevations from
      the polymer sheet surface are free to move when compressed by the adjacent
      glass layers during pressure lamination of the final glass sandwich using
      the present electrically heated transparent panel. In so doing, the
      individual resistance wires undergo further random orientation with
      respect to the plane of said major polymer sheet surface in the final
      heat-bonding under pressure. In this manner of fabricating the final
      window assembly it will also be apparent that the thermoplastic polymer is
      relatively free to move during the final heat-bonding step and could
      interfere with the proper electrical termination of the individual
      resistance wires unless means were adapted to prevent such action.
PAR  As can be seen in FIG. 2 taken together with reference to FIG. 1, the
      bus-bar electrode configuration 22 in the final glass laminate consists of
      a thin foil strip 40 having a segmented construction illustrated by slits
      43, 44, and 46 which is secured by heat-bonding to the underlying
      thermoplastic layer and a continuous foil strip 42 of greater width and
      thickness which overlies the subjacent segmented strip and is also
      heat-bonded directly to the thermoplastic layer. The slit openings which
      extend entirely through the segmented strip 40 provide an interrupted
      electrically conducting path when the individual resistance wires are
      thermally tacked to the thermoplastic polymer sheet in a manner to be
      explained in more detail hereinafter. The continuous foil strip is in
      direct contact on one side with the inner surface of glass outer layer 12
      while being in physical and electrical contact on the other side with both
      an individual heating wire 20 and the subjacent segmented strip 40. The
      direct contact between the foil strips which can both be constructed of an
      electricaly conducting metal such as copper is achieved through partial
      deformation of the underlying segmented strip which occurs both during
      thermal tacking of the individual resistance wires to the thermoplastic
      polymer sheet and the final window assembly in a manner also to be further
      explained. The section in FIG. 2 was also chosen to illustrate a tab
      feature 48 of the continuous foil strip 42 which permits electrical
      connection to the vehicle power supply for the window heating system.
PAR  FIG. 3 is a cross-sectional view in the opposite direction of the bus-bar
      electrode means of the present invention. More particularly, a section
      3--3 has been taken through laminated glass window member in a direction
      perpendicular to section 2--2 which is shown in FIG. 2 in order to more
      clearly depict the final assembled configuration of an individual bus-bar
      electrode. Thus, a laminated safety glass construction is shown having the
      glass outer layers 12 and 14 integrally bonded together with the
      electrically heated transparent panel 16 wherein the individual resistance
      wires illustrated at 50, 52, and 54 which make up the heating pattern 20
      are positioned between the continuous foil strip 42 and the subjacent
      segmented strip 40. As can be noted, the subjacent segmented strip has
      been partially deformed to envelop the exterior surface of the individual
      resistance wires in accordance with a preferred method of fabricating the
      electrically transparent panel having such bus-bar electrode means as an
      integral part. It should also be noted in said bus-bar configuration that
      portions of the segmented strip which do not envelop the individual
      resistance wires are in direct physical and electrical contact with the
      overlying continuous strip 42.
PAR  A preferred method of fabricating the electrically heated transparent panel
      having a three-dimensional non-parallel random configuration of resistance
      wires along with the bus-bar electrode members of the present invention
      utilizes the general process described and claimed in the aformentioned
      pending patent application. Hence, the general process which forms no part
      of the present invention need not again be described in the present
      specification except in relation to applying the improved bus-bar means to
      the electrically heated transparent panel. Accordingly, a pair of the
      segmented foil strips are first applied upon one major surface of the
      sheet of transparent thermoplastic polymer which shrinks from its original
      dimensions when heated to an elevated temperature so that each strip is
      located proximate and parallel to an opposing marginal edge of the contour
      defining a curved safety glass window member. Thereafter, a transverse
      pattern of the resistance wires is applied in parallel orientation with
      respect to one another between said segmented foil strips and so that said
      wire pattern extends beyond the segmented strip. This step is followed by
      securing the wire pattern to the same major surface of the polymer sheet
      using electrical heating electrodes placed at the end of the individual
      resistance wires according to the known process. Electrical power can then
      be applied to the heating electrodes so that the polymer sheet and
      resistance wires can expand and contract during heating to embed portions
      of the wires in the surface of the polymer sheet also in accordance with
      the known process. The foil strips are segmented in order to apply
      electrical power uniformly with the heating electrodes since the curved
      contour of the window and the conforming wire pattern provide individual
      resistance wires of unequal length which would otherwise be subject to
      non-uniform heating. The segmented foil strips undergo slight deformation
      during this thermal tacking step sufficient for partial contact with the
      subsequent applied continuous foil strips wires and further provide a
      barrier layer at the electrical terminations to any flow of thermoplastic
      polymer material during the final heat-bonding step of the window
      assembly. The continuous foil strips 42 of sufficient width and thickness
      to satisfy the electrical current carrying requirements and enable direct
      bonding to the same major surface of the polymer sheet are next secured by
      supplemental thermal tacking which can take place after removal of the
      heating electrodes. The customary final heat-bonding step used in
      production of the glass laminate provides further deformation of the
      segmented foil strips wherein said strips envelop the exterior surface
      portion of the individual resistance wires resulting in direct physical
      and electrical contact with the overlying continuous foil strips.
PAR  The above described method of forming the improved bus-bar electrode means
      of the present invention can be carried out upon the same apparatus
      described and claimed in the aforementioned copending application. More
      particularly, said known apparatus employs a collapsible drum member which
      cooperates with mechanical means of prestressing the resistance wires to
      obtain the wrinkled resistance wire configuration. This is accomplished by
      applying a transverse pattern of the prestressed resistance wire under
      tension between the segmented foil strips prior to thermal tacking of the
      resistance wires on the thermoplastic polymer sheet. In the present method
      of applying the bus-bar electrodes, the collapsible drum member of said
      known apparatus can be supplied with template means defining the curved
      window contour. For example, a template pattern for the window of FIG. 1
      would be aligned with its longitudinal dimension in the direction of the
      longitudinal drum axis. Said template means can simply be a scribed
      outline located on the periphery of the drum surface over which the sheet
      of the thermoplastic transparent polymer is wrapped. In employing such
      modified apparatus to fabricate the electrically heated transparent panel,
      the segmented foil strips are applied on the outer surface of the wrapped
      polymer sheet so that each strip is located proximate and parallel to an
      opposing marginal edge of the curved glass window member at the locations
      fixed by the template means. A helical coil of the resistance wire is next
      wound about the drum periphery which is then secured to the outer surface
      of the polymer sheet and with the heating electrodes being next located
      externally of the window area. As a more detailed explanation of carrying
      out the present method with said known apparatus, the process of forming
      the electrically heated transparent panel includes the following steps:
PA1  a. applying the segmented foil strips upon the outer surface of the
      thermoplastic polymer sheet so that each strip is located proximate and
      parallel to an opposing marginal edge of the curved safety glass window
      member,
PA1  b. prestressing the resistance wire to provide wrinkles therein when the
      resistance wire is not under tension,
PA1  c. applying a transverse pattern of the prestressed wire under tension
      between the segmented foil strip so that the wire pattern extends beyond
      the strips and securing the wire pattern to the collapsible drum periphery
      with heating electrodes located externally of the window area,
PA1  d. relaxing tension upon the resistance wires while retaining physical
      contact between the pattern of resistance wires and the surface of
      thermoplastic polymer so that the polymer sheet can contract along the
      direction of the wire path,
PA1  e. supplying electrical power to the heating electrodes sufficient to embed
      those portions of the wire in physical contact with the surface of the
      polymer sheet, and
PA1  f. securing the continuous foil strips by heat-bonding to the same major
      surface of the polymer sheet for direct contact with the individual
      resistance wires and the subjacent segmented foil strips. It will be noted
      in the above method that the foil strips are aligned along the
      longitudinal marginal edges of the curved safety glass member and as
      earlier stated, the continuous foil strips can be applied by a
      supplemental thermal tacking step after the electrically transparent panel
      has been removed from the drum periphery by heating means other than the
      heating electrodes. After securing the continuous foil strips to complete
      the bus-bar electrode means of the present invention, the heating panel
      can thereafter be easily handled to produce a laminated safety glass
      member in the conventional manner.
PAR  Specific operation of the known apparatus to form such electrically heated
      transparent panel would include the following essential steps:
PA1  a. wrapping a sheet of transparent thermoplastic polymer around the
      circumference of the collapsible drum and fixing both ends of the sheet to
      the drum.
PA1  b. applying a pair of segmented foil strips to the outer surface of the
      polymer sheet at locations proximate and parallel to opposing marginal
      edges of the curved safety glass window contour,
PA1  c. winding a helical coil of prestressed resistance wires in closely spaced
      relationship upon the drum periphery in contact with the outer surface of
      the secured polymer sheet and maintaining tension upon each turn of the
      resistance wires,
PA1  d. securing the wire coil to the outer surface of the polymer sheet with
      heating electrodes located between the segmented foil strips and not in
      the area of the window member,
PA1  e. collapsing the drum by predetermined decrease in diameter,
PA1  f. supplying electrical power to the heating electrodes sufficient to embed
      portions of the wire in the surface of the polymer sheet, and
PA1  g. applying the continuous foil strips for direct contact with the
      individual resistance wires and the subjacent segmented foil strips to
      provide the final bus-bar electrode.
PAL  It can be appreciated in the foregoing method that reduction of the drum
      circumference permits the composite member to sag under gravitational
      forces from the drum surface which relaxes the tension forces on the
      resistance wire thereby enabling it to crimp or wrinkle along its length
      while still maintaining point contact with the polymer sheet. When
      electrical energy is supplied by means of the heating electrodes to the
      wire pattern while in this sagged configuration, the polymer material is
      heated to its softening point, thereby permitting portions of the wire
      still in physical contact with the polymer surface to become embedded
      therein. Under these heating conditions, both polymer sheet and wire
      pattern are permitted to expand and contract along the direction of the
      wire pattern depending upon the individual thermal expansion
      characteristics while still remaining in physical contact. It has also
      been noted during this heating operation that the polymer sheet contracts
      visibly while still being heated after first undergoing thermal expansion
      perpendicular to the direction of the wire path. When heating is
      discontinued by interrupting the electrical energy being supplied to the
      wire pattern after the shrinkage has taken place and the composite member
      then allowed to cool, there is produced an adhesive bond at the embedded
      portions of the wire pattern. By further reason of alignment between the
      wire path and the shrinkage direction of the polymer sheet, it can be seen
      that a greater randomization in the final wire pattern as provided than
      otherwise would occur.
PAR  It can be appreciated in the foregoing description of preferred embodiments
      that other methods could be employed to provide an improved bus-bar
      electrode configuration with comparable results. Likewise, it is also
      contemplated to employ the methods herein disclosed in providing the same
      type bus-bar configuration for different heating wire patterns in a safety
      glass window member. As one example, the bus-bar electrodes could be
      oriented in a transverse direction of the window member with the heating
      wire pattern extending in the longitudinal direction. Additionally, the
      present bus-bar configuration could be employed with a non-random parallel
      array of the heating wire to provide certain of the same benefits
      discovered by the applicant. It is intended to limit the present
      invention, therefore, only the scope of the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a composite sheet member for a laminated safety glass construction
      which comprises a layer of transparent thermoplastic polymer which has
      been heat-shrunk from its original dimensions by heating to an elevated
      temperature having partially embedded in one major surface a plurality of
      wrinkled resistance wires which lie in closely spaced relationship and are
      oriented with respect to one another in non-parallel random fashion so
      that portions of said individual resistance wires protrude from said major
      surface of the thermoplastic polymer layer, and bus-bar electrode means
      connected at each end of the individual resistance wires, the improvement
      wherein said bus-bar electrode means consist of a thin foil strip having a
      segmented construction which is secured by heat-bonding directly to the
      thermoplastic polymer layer at each end of the individual resistance wires
      with a continuous foil strip of greater width and thickness which overlays
      the subjacent segmented strip and is also heat-bonded directly to the
      thermoplastic polymer layer at each end of said individual resistance
      wires, and wherein the individual resistance wires are positioned between
      said continuous foil strip and the subjacent segmented strip so that
      portions of the segmented foil strip partially envelops said individual
      resistance wires and there is physical and electrical contact between said
      foil strips.
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ABST
PAL  A method of joining pieces of fabric wherein a high temperature-resistant
      shrinkable film is placed between the overlapping or on the abutting ends
      of fabric, after these have been impregnated with a highly volatile
      solvent for the film, and the ends of the fabric are joined by subsequent
      pressing.
BSUM
PAR  This invention relates to a method of joining fabrics, the joints formed
      being resistant to high temperatures.
PAR  It is known that fabrics may be joined together by stitching. In numerous
      applications, stitching has the disadvantage that the joint is several
      times thicker than the fabric. When the joined fabric is rolled up, the
      roll show bulges which even several layers of fabric are unable to
      eliminate.
PAR  In another process, by which this bulging effect is eliminated, the ends of
      fabrics are joined together with a film by means of high-frequency
      welding. In this process, the film used has to have an extremely high
      dielectric loss factor and as low a softening point as possible so that it
      melts during welding. The disadvantage of this process lies in the
      extremely expensive welding apparatus required. Due to the low softening
      point of the film, the weld seam is often insufficiently
      temperature-resistant and intends to split during subsequent coating with
      plastics material.
PAR  In addition, it has been found that the lengths of fabric become narrower
      under the influence of heat during the coating or being rolled up under
      the pressure of the roll, whereas the joints retain their original width.
PAR  It has now been found that these disadvantages may be eliminated by using
      the inventive method.
PAR  The invention relates to a method of making a high temperature resistant
      shrinkable joint in a fabric which comprises impregnating the ends of a
      fabric with a highly volatile solvent which does not dissolve the fabric,
      placing a high temperature resistant shrinkable film strip, soluble in
      said highly volatile solvent, between the overlapping or on the abutting
      ends of the fabric and applying pressure to the ends of the fabric to
      produce a joint.
PAR  High temperature-resistant, shrinkable films with a thickness of from 20 to
      100 .mu. thick are suitable for the inventive method. Shrinkable films of
      polyhhydantoins which are resistant to temperatures of up to 260.degree.C
      are particularly suitable. Shrinkable films of polyhydantoins, polymers
      which are prepared in accordance with U.S. Pat. No. 3,397,253 are obtained
      from a polyhydantoin solution by casting techniques known per se and by
      subsequently stretching the films thus obtained monoaxially or biaxially
      at temperatures just below the solidification point of the polymer in a
      stretching ratio of from 1.1 to 3.0. These films shrink under the
      influence of solvents or swelling agents or at temperatures above the
      stretching temperature in the proportions according to the stretching
      ratio, provided that they are not mechanically impeded.
PAR  Readily volatile solvents for the films are for example in the case of
      polyhydantoin films methylene chloride.
PAR  The pressure applied to the film during the joining of the fabrics is from
      5 to 55 kg/cm.sup.2. Pressing is normally carried out at 25.degree.C.
      However, the temperature of the pressing may also be increased up to the
      boiling point of the solvent, which further increases the strength of the
      joint, whilst the pressing time, which is normally between 1 second and 1
      minute, may be reduced to periods of considerably less than 1 minute.
PAR  By virtue of the inventive method fabrics of natural and synthetic origin,
      for example cotton fabrics, fabrics of polyesters, polyamides,
      polyurethanes and glass can be joined quickly and very firmly together in
      a temperature-resistant manner to form endless webs of fabric without any
      danger for the joint of splitting in the event of any subsequent coating
      with plastics material. The differences in width between the length of the
      fabric and the joint which occurred inter alia during winding up, may also
      be eliminated by using shrinkable films.
DETD
PAC  EXAMPLE 1
PAR  In order to butt-join webs of a cotton fabric together, the ends of the
      fabrics impregnated with methylene chloride are fitted together
      edge-to-edge, and an approximately 2 cm wide strip of 100 .mu. thick
      shrinkable polyhydantoin film, which has been monoaxially stretched in a
      ratio of 1 : 1.2 is placed on the surface of the ends of the fabrics on
      one side. The joints are pressed for 10 seconds under a pressure of about
      20 kg/cm.sup.2 at a temperature of about 40.degree.c. The strength of the
      joint is generally greater than the strength of the fabric. Accordingly,
      it is not possible to quote the strength of the joint in figures. The
      joint is resistant to temperatures of up to 260.degree.c neither is
      affected by boiling in a 10 % sodium hydroxide solution or boiling in a
      hydrogen peroxide solution, nor damaged by coating the fabric with a melt
      of plasticised PVC at 230.degree. - 250.degree.C.
PAR  When the joined webs of fabric were wound into a roll and stored it was not
      possible to detect any differences in width between the fabric and the
      joint.
PAC  EXAMPLE 2
PAR  A 20 mm wide strip of 100 .mu. thick shrinkable polyhydantoin film
      (monoaxially stretched in a ratio of 1 : 1.2) is placed on both surfaces
      of abutting ends of a woven glass-fibre fabric, the ends of the fabric
      having been wetted with methylene chloride. The joint is pressed for from
      5 to 10 seconds under a pressure of 20 kg/cm.sup.2 at a temperature of
      about 40.degree.C. The strength of the joint is generally greater than the
      strength of the fabric, so that it is not possible to quote any figures.
      The joint is resistant to temperatures of up to 260.degree.C and is
      unaffected by boiling in a 10 % sodium hydroxide solution or by boiling in
      a hydrogen peroxide solution, nor is damaged by coating the fabric with a
      melt of plasticised PVC at 230.degree. - 250.degree.C.
PAR  When the joined webs of fabric were wound into a roll and stored it was not
      possible to detect any differences in width between the fabric and the
      joint.
PAC  EXAMPLE 3
PAR  A strip of an oriented amorphous shrinkable polyhydantoin film (stretched 1
      : 1.2) with a thickness of approximately 40 .mu. is placed between the
      overlapping ends, which have been wetted with methylene chloride of a
      cotton fabric. The ends of the cotton fabric are pressed onto one another
      for about 10 seconds by pressing the joints under a pressure of
      approximately 20 kp/cm.sup.2 at a temperature of about 40.degree.C. The
      strength of the joint is greater than the strength of the fabric, even
      when the strengths are compared at elevated temperature. Accordingly, it
      is not possible to quote any figures for the strength of the joint. The
      joint is resistant to temperatures of up to 260.degree.C and is unaffected
      by boiling in a 10 % sodium hydroxide solution, or by boiling in a
      hydrogen peroxide, nor is damaged by coating the fabric with a melt of
      plasticised PVC, at 230.degree. - 250.degree.C.
PAR  When the joined webs of fabric were wound into a roll and sotred it was not
      possible to detect any differences in width between the fabric and the
      joint.
PAC  EXAMPLE 4
PAR  A strip of oriented, amorphous shrinkable polyhydantoin cast film
      (stretched monoaxially 1 : 1.2) is placed between the overlapping ends,
      wetted with methylene chloride, of a woven glass-fibre fabric. The ends of
      the fabric are pressed onto one another for about 10 seconds at a pressure
      of 20 kg/cm.sup.2  and a temperature of about 40.degree.C. The strength of
      the joint is greater than the strength of the fabric. Accordingly, it is
      not possible to quote any figures for the strength of the joint. The joint
      is resistant to temperatures of up to 260.degree.C. When the fabric was
      wound up, it was not possible to detect any differences in width.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a high temperature resistant shrinkable joint in a
      fabric which comprises impregnating the ends of a fabric with a highly
      volatile solvent which does not dissolve the fabric, disposing a thin high
      temperature-resistant shrinkable strip of film, soluble in said highly
      volatile solvent, between the overlapping or on the abutting ends of the
      fabric and applying pressure to the ends of the fabric to produce the
      joint.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the film is a polyhydantoin film
      of 20 to 100 .mu. thickness.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the solvent is methylene
      chloride.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the strip of film is a
      polyhydantoin.
NUM  5.
PAR  5. A method as claimed in claim 4 wherein the solvent is methylene
      chloride.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the strip of film is stretched
      prior to use in the method.
NUM  7.
PAR  7. A method as claimed in claim 6 wherein the film was prestretched at a
      stretching ratio from about 1.1 to 3.0.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein the sheet of film was monoaxially
      stretched.
NUM  9.
PAR  9. A method as claimed in claim 7 wherein the sheet of film was biaxially
      stretched.
NUM  10.
PAR  10. A method as claimed in claim 1 wherein pressures of from about 5 to 55
      kg/cm.sup.2 are applied.
NUM  11.
PAR  11. A method as claimed in claim 1 wherein the pressing is performed at
      about 25.degree.C.
NUM  12.
PAR  12. A length of fabric including at least one high temperature-resistant
      shrinkable joint prepared by the method which comprises impregnating the
      ends of a fabric with a highly volatile solvent which does not dissolve
      the fabric, disposing a thin high temperature-resistant shrinkable strip
      of film, soluble in said highly volatile solvent, between the overlapping
      or on the abutting ends of the fabric and applying pressure to the ends of
      the fabric to produce the joint.
NUM  13.
PAR  13. A fabric as set forth in claim 12 wherein the strip of film is a
      polyhydantoin film.
NUM  14.
PAR  14. A fabric as set forth in claim 13 wherein the solvent is methylene
      chloride.
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PAL  Multiple layer light transmissive laminates and a method for making them.
      Such laminates are particularly adapted for use as glazing materials. The
      laminates retain light transmissivity after exposure to elevated
      temperatures. The laminates include two or more layers of light
      transmissive sheets such as glass, polymerized methylmethacrylate and the
      like, bonded together by means of a thermosetting resin which is cured in
      the absence of free oxygen and in the absence of oxygen-generating
      polymerization initiators. The curing is achieved by means of radiation
      energy delivered through at least one light-transmissive sheet into the
      resin.
PARN
PAR  This is a division of application Ser. No. 314,387, filed Dec. 12, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to light transmissive laminates and a method of
      making them and more particularly to such laminates wherein two or more
      sheets of light transmissive material are bonded together by means of a
      thermosetting resinous composition.
PAR  2. Description of the Prior Art
PAR  Light transmissive laminates are well known. Safety glass which is employed
      in automobiles and elsewhere is an example of a light transmissive
      laminate formed from two sheets of glass bonded together by means of an
      adhesive resinous substance. Aircraft glazing frequently employs multiple
      layers of glass or similar transparent sheets such as polyermized
      methylmethacrylate, bonded together by means of a suitable light
      transmissive adhesive which may be polymerized methylmethacrylate. In the
      past such laminates have become discolored when exposed to elevated
      temperatures. The canopy of a jet aircraft, for example, becomes quite hot
      as the plane moves through the atmosphere at modern airplane speeds. The
      glazing further is heated significantly when the aircraft is parked on the
      ground in direct sunlight. After several hundred hours of exposure to
      elevated temperatures of the order of 300.degree.F, the adhesive binder
      between the light transmissive sheets deteriorates and the overall light
      transmissive properties of the laminate are diminished. Discolored glazing
      can be observed at many present day aircraft storage facilities.
PAR  In forming laminates from acrylic polymer sheets, the exothermic reaction
      of conventional thermosetting bonding resins may create dimensional
      alterations in the acrylic polymer sheets resulting in vision-distorting
      deformations.
PAR  The present method is especially useful in the production of television
      picture tubes which require a transparent faceplate and also a transparent
      safety coverplate.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the resinous component which bonds the
      light transmissive sheets in a light transmissive laminate is a material
      which is thermosetting via addition-polymerization and which can be cured
      by exposure to radiation such as ultraviolet radiation or electron
      bombardment. The resin is one which is preferably water-white and is
      provided and maintained without the familiar oxygen-generating
      polymerization initiators such as peroxides. Convention thermal cure for
      thermosetting resins employs such oxygen-generating initiators. The
      radiation cures employ instead sensitizer materials such as benzophenone
      and acetophenone which are themselves sensitive to ultraviolet radiation
      and which release free radicals when thus exposed. It is essential that
      the laminate be sealed around its edges to preclude entry of atmospheric
      oxygen in contact with the adhesive. This can be done by means of taping,
      framing, lacquering and the like. The resulting laminates are exposed to
      polymerizing radiation which is delivered through one or more of the light
      transmissive sheets into the resin to effect the cure. The time required
      for the cure may vary according to the resin and according to the
      intensity of the radiation source, but in general exposures of 0.5 to
      about 100 minutes is considered reasonable for curing the laminates.
PAR  Where one or more of the light transmissive sheets comprises an acrylic
      polymer, the present curing system introduces further advantages because
      there is no exotherm when the binder resin is cured by means of radiation.
      The absence of an exotherm avoids dimensional alteration of the acrylic
      polymer sheets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a typical multi-layer laminate of this
      invention;
PAR  FIG. 2 is an enlarged cross-section view taken along the line II--II of
      FIG. 1 showing the construction of the present multi-layer laminate;
PAR  FIG. 3 is a cross-section view of another multi-layer laminate according to
      the invention; and
PAR  FIG. 4 is a view of a typical television picture tube; and
PAR  FIG. 5 is a cross-sectional view of the face of the television tube of FIG.
      4 taken along the line 5--5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
PAR  A typical glass laminate is shown in FIGS. 1 and 2 wherein a pair of light
      transmissive sheets 11, 12 are secured together by means of an interposed
      thermosetting binder 13. The edges of the laminate are sealed by means of
      suitable tape 14 which is applied after the laminate 10 is assembled. The
      purpose of the tape 14 is to preclude entry of atmospheric air into the
      resinous binder 13 along the otherwise exposed edge 15. The tape 14 is one
      embodiment of a perimeter sealing means. Other embodiments include framing
      or lacquering. The perimeter sealing means should span the space between
      the light transmissive sheets 11, 12 over the entire perimeter thereof.
PAR  The light transmissive sheets 11, 12 may be any essentially transparent
      material such as glass, transparent plastics such as
      polymethylmethacrylate, polyesters, vinyl chloride, polycarbonate,
      polyamide, polyurethane elastomer, and the like. The light transmissive
      sheets 11, 12 are preformed to the desired shape of the laminated article
      and are not necessarily flat as indicated in FIGS. 1 and 2. For example,
      where the multiple layer laminate is intended for use as an airplane
      canopy glazing component, the sheets 11, 12 will be provided in a suitably
      contoured shape before they are assembled into the present laminate.
PAR  The adhesive bonding resin 13 is a thermosetting resinous material which
      polymerizes through addition polymerization, is essentially water-white,
      is curable upon exposure to radiation such as ultraviolet radiation or
      electron bombardment, and is essentially free of free oxygen and does not
      contain any oxygen generating polymerization initiators such as benzoyl
      peroxide, cumene hydroperoxide and the like.
PAR  There is no requirement that the two light transmitting sheets 11, 12 be
      fabricated from the same material. They can and in some instances
      desirably are fabricated from different substances.
PAR  Suitable resinous materials include polyacrylic polyesters. A particularly
      desirable resinous substance is the polymerizable reaction product of two
      mols of acrylic or methacrylic acid and one mol of diglycidal ether of
      bisphenol-A, as described in U.S. Pat. Nos. 3,301,743 and 3,373,075. Such
      material is suitably sensitized by the addition of 0.1 - 2.0 per cent by
      weight of an ultraviolet radiation sensitizer such as benzophenone or
      acetophenone.
PAR  With the laminate assembled as shown in FIG. 2, the binding resin is cured
      by delivering polymerizing radiation through one or the other or both of
      the two sheets 11, 12. A suitable source of ultraviolet radiation is
      convention ultraviolet radiation generating lamps which are readily
      available commercially.
PAR  The light transmissive laminates may be prepared in several ways which are
      well-known in the art, i.e., by introducing the polymerizable resin
      between two spaced apart sheets of glass or other transparent material; or
      by applying a coating of the resin to the opposing surfaces of the two
      sheets of glass or other light transmissive material and thereafter
      impressing the coated sheets together.
PAC  EXAMPLE
PAR  A radiation sensitive polymerizable resinous composition was prepared by
      combining 90 parts by weight of a diacrylate resin with 10 parts by weight
      of methylmethacrylate. The diacrylate resin was prepared by combining 2
      mols of methacrylic acid with 1 mol of diglycidal ether bisphenol-A in the
      manner described in U.S. Pat. No. 3,373,075. The resin system was
      sensitized by the addition of one per cent by weight benzophenone. The
      sensitized resin was sandwiched between two sheets of Pyrex brand
      heat-resistant glass, each one-quarter inch thick. The resin thickness was
      one-quarter inch. The overall laminate had a thickness of three-quarters
      inch. The sandwich was cured under a 1 kilowatt mercury vapor lamp exposed
      for 35 minutes. The resulting laminate was water-white. The laminate was
      exposed to a thermal aging test at 300.degree.F for 100 hours without
      experiencing significant loss in light transmission properties.
PAR  Similar laminates were prepared with the glass being replaced by
      transparent acrylic sheets. In these laminates, the acrylic had a
      thickness of 0.125 inch, the resin had a thickness of 0.0132 inch and the
      overall laminate had a thickness of 0.281 inch. The laminate was exposed
      to ultraviolet radiation by means of a one kilowatt mercury vapor lamp
      disposed 12 inches away from the specimen. The exposure was continued for
      2 minutes.
PAR  The resulting laminate had a heat resistance superior to a corresponding
      laminate produced with peroxide-cured castings. The laminate exhibited
      good adhesion between the layers and also displayed good moisture
      resistance when cycled between wet and dry exposures.
PAR  Other suitable ultraviolet radiation initiators include:
      2-naphthalene-sulfonyl chloride; methyl-, ethyl- or butyl- ethers of
      benzoin; and Michler's Ketone.
PAR  A particular preferred embodiment of this invention is the production of
      television picture tubes wherein the tube itself normally has a
      transparent glass faceplate to which a transparent glass safety coverplate
      must be adhered. The present clear laminating plastic is applied between
      the faceplate and the coverplate substantially bubble-free. The laminating
      plastic is cured by addition polymerization of ethylenic unsaturation
      groups and is substantially free of residue of oxygen-generating
      polymerization initiators. The curing preferably occurs from ultraviolet
      exposure of the laminate without substantially increasing the temperature
      of the television tube while the resin is substantially completely cured.
PAR  As shown in FIG. 3, multiple layer laminates 19 may be prepared from plural
      glass sheets 20 and plural resin layers 21.
PAR  A typical television tube 22 is shown in FIG. 4 having a picture face 23.
      The picture face 23 is shown in a cross-sectional view in FIG. 5 as having
      a glass faceplate 24 and a glass coverplate 25 which is overlying and
      spaced apart from the faceplate. A layer 26 of clear laminating plastic
      according to this invention is provided substantially bubble-free between
      the two glass plates 24, 25. Sealing means is supplied spanning the space
      between the faceplate and the coverplate over their entire perimeter to
      preclude exposure of the plastic to air.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multiple layer light transmissive laminate comprising at least two
      light transmissive sheets separated by a cured light transmissive resin
      composition which is essentially free of residues of oxygen generating
      polymerization initiators, said resin serving as a binder between the said
      two sheets, and sealing means spanning the space between the two said
      sheets over the entire perimeter thereof to preclude exposure of the resin
      to air.
NUM  2.
PAR  2. In a television picture tube assembly:
PA1  a glass faceplate and a glass safety coverplate overlying and spaced apart
      from said faceplate,
PA1  a clear laminating plastic between said faceplate and said coverplate
      substantially bubble-free,
PA1  said plastic being substantially entirely cured by addition polymerization
      of ethylenic unsaturation groups and being substantially free of residues
      of oxygen generating polymerization initiators,
PA1  and sealing means along the entire perimeter of said laminating plastic
      spanning the space between the edges of the said faceplate and the said
      coverplate to preclude exposure of the said plastic to air.
PATN
WKU  039476219
SRC  5
APN  558177&
APT  1
ART  212
APD  19750313
TTL  Furnace and method for reducing metal oxides to molten metal
ISD  19760330
NCL  12
ECL  1
EXP  Envall, Jr.; R. N.
NDR  4
NFG  11
INVT
NAM  Collin; Per Harald
CTY  Falun
CNT  SW
INVT
NAM  Sundberg; Yngve
CTY  Vasteras
CNT  SW
ASSG
NAM  Allmanna Svenska Elektriska Aktiebolaget
CTY  Vasteras
CNT  SW
COD  03
PRIR
CNT  SW
APD  19740315
APN  7403480
CLAS
OCL   13 23
XCL   13 26
XCL   13 35
EDF  2
ICL  F27B  308
FSC   13
FSS  20;23;26;35;34
UREF
PNO  2594972
ISD  19520400
NAM  Muehlenkamp
XCL   13 23
UREF
PNO  3244511
ISD  19660400
NAM  Nicaise
XCL   13 23
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  To reduce metal oxides to molten metal, an electrically non-conductive,
      annular hearth is used, the hearth being radially corrugated to form
      radial ridges and valleys. A circumferentially continuous coke bed forming
      a closed electric circuit, is formed on this bed and heated to
      incandescence by electric current passed through the bed in its
      circumferential direction, the current being either induced or applied
      directly. The oxides in particulated form are fed to this bed for
      reduction to molten metal, the metal collecting in the valleys of the
      hearth and thereby being prevented from forming a circumferentially
      continuous melt of higher electrical conductivity than the coke.
      Particulated coke and oxides can be fed continuously to the bed, the
      molten metal being then continuously tapped from the valleys of the hearth
      to thereby prevent the formation of a circumferentially continuous melt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art has proposed the feeding of particulated metal oxides such as
      iron and nickel ores, possibly partially reduced by a pretreatment, to a
      coke bed heated to incandescence, meaning a temperature high enough for
      the coke to react with the oxygen of the oxides and produce molten metal.
      Also, it has been suggested that the coke bed be electrically heated.
PAR  However, there has been no way to electrically heat the coke bed
      efficiently enough to make the above concept commercially practical. It
      is, of course, possible to use an electrically non-conductive hearth for
      carrying the coke bed, but the melt formed by the reduction of the oxides
      is of high electrical conductivity, the coke bed of substantially lower
      electrical conductivity, floating on top of the melt. Consequently, any
      attempt to pass current through the coke bed by any means, inductively or
      directly, means that the current must be largely shunted through the melt,
      the coke bed being heated only by conduction from the melt. The
      maintenance of the coke bed and the feeding of the oxides to this bed,
      present serious problems.
PAR  The object of the present invention is to heat the coke bed electrically by
      passing a current through the coke bed, without the current being shunted
      by the molten metal produced from the oxides, while providing for the
      maintenance of the coke bed and the feeding of the oxides to it in a
      practicable manner.
PAC  SUMMARY OF THE INVENTION
PAR  To attain that object, according to the invention, the coke bed is formed
      on an electrically non-conductive annular hearth having a radially
      corrugated bottom on which the bed is supported to form an annular
      electric circuit in the form of a closed loop facilitating electrical
      heating of the hearth by passing current through the closed circuit it
      forms. For example, an electric inductor coil or coils applied beneath the
      hearth can be used to induce current into the closed circuit formed by the
      coke bed, or heat-resistant electric contacts may be applied to the bed
      directly, possibly at interspaced locations and powered by appropriately
      phased AC to form a current traveling through the coke bed.
PAR  Upon feeding the particulated oxides to the bed, the reduced molten metal
      runs into the valleys of the hearth, the hearth's ridges preventing this
      metal from forming a circumferentially continuous melt which would
      otherwise form to result in a high conductivity shunt circuit under the
      coke bed. The hearth is provided with tap holes for its valleys so that
      the reduced metal is continuously removed, permitting continuous feeding
      of the oxides to the bed together with additional coke for maintaining the
      circumferential continuity of the coke bed.
PAR  The hearth is enclosed by annular walls and a cover over the hearth, and
      when the hearth and walls are circular, oscillatory or uniform relative
      rotation between the hearth and the roof is possible, facilitating
      distribution of the oxides and coke, through the roof, to the annular coke
      bed. The tap holes of the valleys can open inwardly and by way of runners,
      feed the molten metal to a collection point at the axis of the circular
      parts. The feeding through the roof can be by way of chutes distributed
      radially with respect to the hearth and roof, and provided with a control
      timed to feed the coke at least mainly above the hearth's ridges, while
      the oxides are fed at least mainly in the direction of the hearth's
      valleys, during any relative rotation between the hearth and the roof
      through which the feed occurs. The coke bed has a top surface which
      inherently somewhat follows the contour of the hearth, and, therefore, has
      a top surface which is to some extent correspondingly radially corrugated
      to form generally corresponding radial ridges and valleys, feeding of the
      oxides at positions circumferentially displaced from the ridges providing
      further assurance that the molten metal will be prevented from forming a
      circumferentially continuous melt, by the ridges of the hearth bottom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Examples of the present invention are schematically illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a horizontal cross section showing a portion of a furnace
      embodying the principles of this invention, this view showing only a
      sector but with the understanding that a completely circular shape is
      involved;
PAR  FIG. 2 is a vertical section taken on the line A--A in FIG. 1;
PAR  FIG. 3 is a vertical section taken on the line B--B in FIG. 1;
PAR  FIG. 4 is a vertical section showing a modification;
PAR  FIG. 5 is a vertical section showing another modification;
PAR  FIg. 6 is a plan view looking down into a distributor valve which may be
      used for the feeding of the particulated coke and oxides;
PAR  FIG. 7 is a vertical section taken on the line C--C in FIG. 6;
PAR  FIG. 8 is a horizontal section showing a modified coke-oxides feeding
      arrangement;
PAR  FIG. 9 is a cross section taken on the line D--D in FIG. 8;
PAR  FIG. 10 shows the circular contour of the hearth; and
PAR  FIG. 11 is a cross section taken on the line E--E in FIG. 10 and showing
      the ridges and valleys of the hearth bottom together with the coke bed,
      possible slag layer, and the molten metal.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Having reference first to FIGS. 1 through 3, the refractory lined annular
      furnace roof 1 is suspended by a stationary suspension system 1a and
      closes the top of the refractory lined annular furnace vessel 2 which
      rests on a base 3 equipped with wheels 4, the annular shape being in this
      instance truly circular and the furnace vessel 2 being rotative partly or
      completely relative to the fixedly suspended roof 1. Although not shown,
      it is to be understood that a powered drive should be used. The annular
      loop has a large number of supply openings 5 to which the particulated
      materials are carried by a chute system 6. The particulated coke and metal
      oxides can be fed through this system in an intermixed condition. The
      stationary roof 1 is provided with a series of exhaust openings 7
      connected to an exhaust collector pipe 8 for carrying away the gases
      formed by the reactions involved. The roof 1 is sealed to the annular
      walls of the furnace vessel 2, by running seals 9 which may be of the
      sand-seal type. The previously-referred-to tap holes and their runners are
      shown at 10, leading to below the surface of an annular collection of
      molten metal 11 in a collector 12, the metal running over the inner edge
      of this annular collector into a ladle 12.
PAR  The annular coke bed 14 is, in this instance, inductively heated, the
      electric inductor 15 below the vessel's bottom being formed by the usual
      coils 15 having the yoke 16 made of magnetic material, the inductor
      generally conforming to the construction of a typical multi-phase
      inductor, such as can induce a heating current through the coke bed, the
      yokes 16 serving to concentrate the induced field.
PAR  The bottom or hearth of the furnace vessel is radially corrugated to form
      the radial ridges 17 and valleys 18, the latter declining towards the
      tapping holes 10 which are, of course, registered with the valley bottoms.
PAR  In this instance, intermixed particulated oxides and coke are fed by a
      distributor 19 through the chute system 6. It is to be understood that
      initially the coke bed 14 is formed on the hearth, the cover 1 being
      removable to permit this, the cover 1 has been reapplied, and the inductor
      coils 15 powered so that the coke bed has reached an appropriate
      incandescent state. The radially distributed openings 5, therefore,
      discharge the intermixed coke and oxides to the top of the bed 14, the
      carbon and oxygen combining to produce gases drawn off by the various
      exhaust openings 7. The reduction process starts with the constant
      production of molten metal.
PAR  Going now to FIGS. 10 and 11, which both show the radial contour of the
      furnace 2 and the hearth ridges 17 and valleys 18, it can be seen that the
      liquid metal 11 collects in the valleys 18, and flows completely separated
      in the circumferential direction of the hearth, by the ridges 17. These
      valleys 18 decline as shown by FIG. 2, to the tapping arrangements 10, the
      molten metal continuously running into the collector 12. When the
      particulated oxides are in the form of ore, particularly iron ore, a slag
      is formed as shown at S in FIG. 11, the slag floating on the
      circumferentially discontinuos streams of iron 11 and the coke bed 14
      floating on the slag.
PAR  In FIG. 4 the modification shows the annular furnace and its roof as being
      stationary, the mixture of oxide and coke being introduced by a chute
      system 6a similar to the system 6, but in this instance, ejected through
      the jet pipes 20, the streams of particles being fluidized by the
      introduction of compressed gas at 21.
PAR  FIG. 5 serves to show that the mixture can be introduced by way of a hopper
      25 with a screw conveyor 26 extending through the coke bed 14, it being of
      particular interest to note that in this instance a plurality of graphite
      conductors 27 and 28 are positioned inside of the furnace vessel and in
      direct contact with the coke bed 14, so that by powering these conductors
      through power lines 29 with suitably phased AC currents, an electric
      heating current can be formed in the coke bed in its annular or circular
      direction, as in the case when using the inductors 15 previously referred
      to.
PAR  FIGS. 6 and 7 show an example of how the chute system 6 may be fed
      selectively. Thus, the distributor 19 is, in this case, in the form of a
      valve 32 fed through one of the concentric tubes 30 and 31 with the
      oxides, while the coke is fed through the other one of the tubes, holes 33
      and 34 in the bottoms of these tubes being registered alternately by holes
      37 and 38 in the tops of the various chutes of the chute system 6.
PAR  In this case it would be the furnace roof that rotates so the chute system
      6 turns with it, and the various holes are arranged so that as alternate
      ones of the chutes, such as indicated at 6a in FIG. 1, register above the
      valleys 18, the oxides are discharged to these valleys, while the coke is
      discharged through the intervening arms 6b of the chute system, to the
      ridges 17. The top surface of the coke bed 14, at least generally,
      corresponds in contour to the furnace hearth so, as shown by FIG. 11, the
      coke discharge will be as indicated at X in FIG. 11, while the oxide
      charging will be as indicated at Y in this figure.
PAR  By making the chute system 6 with each branch having a large multiplicity
      of distributor pipes opening above the hearth, uniform charging of the
      hearth in the radial direction is possible. By relative rotation between
      the roof and the hearth, circumferential uniformity is possible. The
      relative rotation may be oscillatory such as through an angle of
      30.degree., for example. If the hearth is rotatively oscillated, it should
      be done slow enough to assure that the molten metal remains in the valleys
      and separated by the ridges of the hearth.
PAR  Usually the slag will form, the coke bed floating on the slag so that it
      has substantial mobility, at least over the valleys holding the molten
      metal. The continuous tapping of the molten metal from the valleys can
      also withdraw the slag which can be separated later from the melt.
      Depending on the tapping arrangements, the slag can be tapped off with the
      molten metal sufficiently fast to keep the slag in the valleys and prevent
      it from forming as a continuous layer extending throughout the annular
      hearth beneath the coke bed.
PAR  In FIGS. 8 and 9, a pressurized gas is applied at 39 to a fluidizer 40
      positioned in the furnace roof 1b, the particulated metal oxides being fed
      in at 42 to form a fluidized bed 43 from which it flows over spillways 44
      and feeding openings in the roof 1b, to fall on the sloping sides of the
      ridges formed in the top surface of the bed 14, due to the corrugated
      hearth. The particulated coke required to maintain the bed, is fed through
      the roof 1b through openings 47 which register with the ridges formed in
      the coke bed's upper surface. Radially there should be a large number of
      such arrangements to assure radially uniformed feeding.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A furnace for producing molten metal from particulated metal oxides,
      comprising an annular hearth having a radially corrugated bottom forming
      radial valleys interspaced by radial ridges, a bed of particulated coke on
      said bottom and which is continuous in the bottom's annular direction,
      electric means for heating said bed to incandescence by an electric
      current passed through the bed in said direction, feeding means for
      feeding said oxides and additional particulated coke to said bed, said
      oxides being reduced by the incandescent bed to molten metal which flows
      into said vallyes, and means for removing said molten metal from said
      valleys so that said ridges prevent the molten metal from forming a melt
      that is continuous in said annular direction.
NUM  2.
PAR  2. The furnace of claim 1 in which said electric means is an electric
      inductor below said hearth.
NUM  3.
PAR  3. The furnace of claim 1 in which said electric means comprises electric
      conductors directly contacting said bed.
NUM  4.
PAR  4. The furnace of claim 1 in which said hearth has tapping holes formed at
      the inner ends of said valleys.
NUM  5.
PAR  5. The furnace of claim 4 in which said valleys decline to said tapping
      holes.
NUM  6.
PAR  6. The furnace of claim 5 in which radial runners outside of said hearth
      extend inwardly from said tapping holes to a central location encircled by
      the furnace, and a molten metal collector at said location receives the
      molten metal from said runners.
NUM  7.
PAR  7. The furnace of claim 1 in which said hearth is circular and is covered
      by a correspondingly shaped roof, and said hearth and roof are to some
      degree at least rotative relative to each other, said feeding means being
      positioned through said roof.
NUM  8.
PAR  8. The furnace of claim 7 in which said feeding means feeds said
      particulated oxides and additional coke separately and respectively to
      said valleys and ridges.
NUM  9.
PAR  9. The furnace of claim 1 in which said feeding means forces said oxides
      and additional coke into said bed below its upper level.
NUM  10.
PAR  10. The furnace of claim 1 in which said feeding means forms said oxides
      and additional coke into pressurized-gas fluidized flows which are fed
      above said coke bed.
NUM  11.
PAR  11. A method for producing molten metal from particulated metal oxides,
      comprising forming an annular continuous bed of particulated coke on an
      annular electrically non-conductive hearth, passing an electric current
      through said bed in its annular direction and so as to heat said coke to
      incandescence, feeding said oxides to said bed for reduction to form
      molten metal, and confining said molten metal against forming an annular
      continuous melt on said hearth.
NUM  12.
PAR  12. The method of claim 11 in which the molten metal is confined at
      annularly interspaced locations on said hearth and said oxides and
      additional particulated coke are fed to said bed to extend said reduction
      and form increasing amounts of the molten metal, while removing molten
      metal from said locations to prevent the formation of said annular
      continuous melt.
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PAL  A three-phase high-voltage superconducting cable having three hollow
      superconductors in a trefoil configuration and three heat shields disposed
      radially outward from the superconductors, all enclosed in an evacuated
      pipe. The heat shields are also in a trefoil configuration; they are
      electrically isolated from one another, from the superconductors, and from
      ground in order to suppress the flow of induced currents. The pipe
      provides mechanical protection of the foregoing elements, serves as vacuum
      vessel and carries the a-c shielding current induced by the cable load
      current.
GOVT
PAR  The invention described herein was made in the course of or under a
      contract from the National Science Foundation, an agency of the United
      States Government.
BSUM
PAR  The present invention relates to three-phase superconducting high voltage
      cables that use vacuum for electrical and thermal insulation.
PAR  Background information in connection with low-temperature power cables is
      contained in a journal article entitled "Three Functions of Vacuum in
      Cryocables," Graneau et al., Cryogenics, October 1972, pp. 366-369; see
      also "Current Distribution in the LN2 Cryo-Cable," Afshartous et al.,
      Cryogenics, October, 1970, pp. 402-406. See also, U.S. Pat. Nos. 3,522,360
      (Graneau et al.); 3,542,938 (Graneau); 3,549,780 (Graneau et al.); and
      3,646,243 (Graneau et al.). It is sufficient for present purposes to note
      that a great deal of effort is currently being devoted toward developing
      superconducting cables capable of transmitting large blocks of polyphase
      power over long distances and it is an object of this invention to provide
      such cables.
PAR  Further objects are apparent in the description that follows and are
      particularly delineated in the appended claims.
PAR  The foregoing objects are achieved in a three-phase superconducting cable
      that has three longitudinally extending hollow superconductors in a
      trefoil configuration at the central portion of the cable and in a vacuum
      environment. Disposed radially outward from each superconductor is a
      conductive shield. The three shields act in combination as in infrared
      radiation barrier between the center of the cable and the outside
      environment. Both the hollow superconductors and the shields receive
      cryogenic fluids to effect cooling thereof. An exterior pipe acts to
      enclose the hollow superconductors and the shields.
DRWD
PAR  The invention is hereinafter described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is an isometric view, partly cutaway, showing a short length of
      cable embodying the present concepts;
PAR  FIG. 2 is a view taken upon the line 2--2 in FIG. 1, looking in the
      direction of the arrows;
PAR  FIG. 3 shows a modified portion of the cable in FIG. 1; and
PAR  FIG. 4 is a modified version of the cable of FIG. 1.
DETD
PAR  Turning now to FIGS. 1 and 2, there is shown at 101 a three-phase a-c
      superconducting high-voltage cable. The cable 101 includes three
      longitudinally extending superconductors 1, 2 and 3. Each may consist
      solidly of a superconducting material, or be a composite of one or more
      superconducting layers on the outside backed by a normal metal on the
      inside. Superconducting outer shells are labeled 1A, 2A and 3A,
      respectively, and the inner structural members are labeled 1B, 2B and 3B.
      The conductors 1, 2 and 3 are in a trefoil configuration, that is, in a
      place orthogonal to the cable axis, the centers of the conductor lie on a
      vertical circle and are separated from one another by angles of
      120.degree., as shown.
PAR  The longitudinally extending shields 4, 5 and 6 are disposed radially
      outward from the superconductors so that the two groups of three elements
      form a nested unit in which the superconductors are contained by the three
      shields. The shields 4, 5 and 6 act in combination as thermal radiation
      reflectors for the superconductors by intercepting infrared radiation from
      the vacuum enclosure pipe labeled 7, which acts also as an electromagnetic
      shield.
PAR  The foregoing nested elements comprising the conductors 1, 2 and 3 and
      associated shields 4, 5 and 6, respectively, are housed within the
      longitudinally extending vacuum enclosure 7 disposed radially outward from
      the shields 4, 5 and 6 and electrically isolated therefrom. The conductors
      1, 2 and 3 are are disposed in a vacuum region 17; they are mechanically
      interconnected at longitudinally spaced intervals along the axis by
      electrically insulating supports 8, 9 and 10 and are mechanically
      interconnected to the associated shields at longitudinally spaced
      intervals by further electrically insulating supports 11, 12 and 13,
      respectively; and the composite structure, comprising the superconductors
      1 . . . and the shields 4 . . . which form a bundled unit, is supported
      within the tube 7 by electrically insulating supports 14, 15 and 16. The
      space labeled 18, of course, is also a vacuum space.
PAR  The hollow interiors marked 19, 20 and 21 in the superconductors 1, 2 and
      3, respectively, carry liquid helium or any other cooling fluid that will
      maintain the superconducting state; the longitudinal channels designated
      22, 23 and 24 in the shields 4, 5 and 6, respectively carry liquid
      nitrogen or any other cooling liquid deemed adequate for thermal shielding
      purposes. Both the liquid helium and the liquid nitrogen are preferably
      under pressure; see Kolm, U.S. Pat. No. 3,364,687. Detailed explanations
      on mechanisms for introducing cryogenic cooling fluids to vacuum insulated
      conductors can be found, for example, in said U.S. Pat. No. 3,522,360. A
      detailed explanation of how to handle the thermal contraction in pipes by
      telescopic joints can be found in said U.S. Pat. No. 3,549,780.
PAR  The structural supports members 1B, 2B and 3B are preferably extruded
      aluminum pipes or tubes upon which a superconducting material is bonded.
      The shields 4, 5 and 6 are also extruded aluminum, as is, also, the
      enclosure 7. The bundled unit within the pipe 7 is held in compression to
      simplify the design of the electrical insulators 8, 9, 10, 11, 12, 13, 14,
      15 and 16.
PAR  The hollow superconductors 1 . . . are separated from one another as shown
      for electrical insulation by the insulating supports 11 . . . and the
      vacuum 17. Similarly, gaps 4A, 5A and 6A serve to isolate the shields from
      one another. However, the gaps 4A . . . permit a small amount of heat
      radiation to reach the hollow superconductors. To prevent that from
      happening, the shield shown at 4' in FIG. 3 has an overlap portion 40 that
      extends over the adjacent shield that is designated 6'. The shield 6' and
      a further shield 5', see FIG. 4, have similar overlap portions.
PAR  The three-phase, a-c superconducting cable labeled 101A in FIG. 4 has most
      of the same features as the cable 101, except for the overlap of the
      shields and for transposition of the shields, as now explained. In the
      cable 101A at regular axial distances along the cable, the shields 4', 5'
      and 6' are transposed. Such transposition is effected, as noted in FIG. 4
      by revolving the heat shields at the regions 4", 5" and 6" of the shields
      4', 5', and 6', respectively, to change the angular position or azimuthal
      angle of the shields in the manner shown. Whereas the respective shields
      relative to the conductors 1, 2 and 3 are 4', 5', and 6' at the left part
      of FIG. 4, in the right part of the figure the respective shields are 6',
      4', and 5'.
PAR  The need for the transpositions array arise as follows. The heat shields
      are immersed in the magnetic field generated by the currents in the
      superconductors. This field gives rise to longitudinal voltages induced in
      the heat shields of the same frequency as the load current and of a phase
      relationship determined by the current in the nearest superconductor. By
      way of example, the axial distance between transpositions may be twenty
      yards and the length of a cable considered, three hundred yards. An
      individual heat shield in this portion of the cable will be subjected to
      three longitudinally induced voltage components varying at power
      frequency, having equal amplitudes and the phase relationships of a normal
      three-phase system. Therefore the vector sum of the three components is
      zero. This limits the potential difference that may arise between the heat
      shields and the vacuum enclosure and also between heat shields and the
      superconductors. It therefore reduces the duty imposed on insulators 11,
      12, 13, 14, 15 and 16.
PAR  Further modifications of the invention herein disclosed will occur to
      persons skilled in the art and all such modifications are deemed to be
      within the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A three-phase a-c superconducting high-voltage cable, that comprises:
      three longitudinally extending hollow superconductors in a trefoil
      configuration cooled internally by a cryogenic fluid and in a vacuum
      environment; three longitudinally extending metallic heat shields disposed
      radially outward from the three superconductors, the heat shields being
      cooled by a cryogenic fluid and being electrically isolated from one
      another and from the hollow superconductors; and a longitudinally
      extending metallic vacuum enclosure disposed radially outward from the
      heat shields and electrically isolated therefrom and from the
      superconductors.
NUM  2.
PAR  2. A three-phase a-c superconducting high-voltage cable as claimed in claim
      1 in which the three superconductors are disposed in a vacuum space which
      separates one from the other and are mechanically secured to one another
      at longitudinally spaced intervals along the cable by electrically
      insulating supports.
NUM  3.
PAR  3. A three-phase a-c superconducting high-voltage cable as claimed in claim
      2 in which the heat shields are separated from said vacuum enclosure by a
      vacuum space and are mechanically connected to the vacuum enclosure at
      longitudinally spaced intervals along the cable by further electrically
      insulating supports.
NUM  4.
PAR  4. A three-phase a-c superconducting high-voltage cable as claimed in claim
      1 in which each of the hollow superconductors comprises pipe of normal
      metal to provide mechanical strength to contain the cryogenic fluid
      within, each pipe having at least one continuous superconducting material
      layer bonded thereto and extending the whole length of the pipe.
NUM  5.
PAR  5. A three-phase a-c superconducting high-voltage cable as claimed in claim
      4 in which each of the longitudinal heat shields is extruded aluminum
      having a hollow portion to contain the cryogenic fluid to cool the heat
      shield.
NUM  6.
PAR  6. A three-phase a-c superconducting high-voltage cable as claimed in claim
      5 in which the vacuum enclosure is a further extruded aluminum pipe.
NUM  7.
PAR  7. A three-phase a-c superconducting high-voltage cable as claimed in claim
      1 in which the inner elements within said further extruded aluminum pipe
      are nested, the three hollow superconductors being the innermost elements
      and being separated about 120.degree. from one another in said vacuum
      environment, in which the heat shields are in a trefoil configuration and
      separated from one another by about 120.degree., the center of each heat
      shield being disposed at the same angular location as one superconductor
      and the heat shields being separated from one another by a vacuum space to
      provide electrical isolation.
NUM  8.
PAR  8. A three-phase a-c superconducting high-voltage cable as claimed in claim
      7 in which an optically overlapped arrangment of the heat shields is
      provided so that no direct heat radiation can reach the enclosed cold
      space about the three hollow superconductors.
NUM  9.
PAR  9. A three-phase a-c superconducting high-voltage cable as claimed in claim
      1 in which the superconductors are cooled by liquid helium and the shields
      are cooled by liquid nitrogen.
NUM  10.
PAR  10. A three-phase a-c superconducting high-voltage cable as claimed in
      claim 1 in which the three superconductors and the three heat shields form
      a nested configuration in which the superconductors are the inner elements
      and the heat shields the outer elements, in which the heat shields are in
      a trefoil configuration, one heat shield being disposed radially outward
      from each superconductor, the azimuthal position of the heat shields being
      transposed at regular axial intervals to change the particular heat shield
      disposed radially outward from each superconductor.
NUM  11.
PAR  11. A three-phase a-c superconducting high-voltage cable that comprises:
      three longitudinally extending superconductors in a trefoil configuration
      cooled internally by a cryogenic fluid and in a vacuum environment; three
      longitudinally extending conductive shields disposed radially outward from
      the three superconductors, the conductive shields being cooled by a
      cryogenic fluid and being electrically isolated from one another and from
      the superconductors; and a longitudinally extending conductive vacuum
      enclosure disposed radially outward from the heat shields and electrically
      isolated therefrom.
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ABST
PAL  An appliance for linear bodies having a generally planar spacing member and
      a pair of helically preformed attachment elements which are positioned
      centrally of the spacing member and extend outwardly therefrom in a
      direction substantially normal to the plane thereof. The attaching
      elements engage a single linear conductor and the spacing member maintains
      adjacent conductors in spaced relation thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to linear bodies such as electric
      transmission and distribution lines and, more specifically, to a device
      for maintaining a spaced relationship between a first linear body and an
      adjacent structure, such as a second linear body.
PAR  In modern suspended electrical transmission and distribution systems and in
      other systems wherein linear bodies are strung in close relation, the
      closely spaced conductors running in parallel, because of differential
      wind forces, ice loading and/or electro-magnetic attraction, may swing
      into contact with each other. Such contact may damage the conductors
      either by mechanical abrasion or by current transfer and arcing where the
      operating potentials of the adjacent conductors differ. Moreover, power
      conductors of differing phases may swing into close enough proximity to
      result in arc-over between lines without actual contact. Open wire
      telephone circuits with line wires spaced approximately one foot may, when
      tensioned lightly to avoid the effects of vibration, swing together and
      cause repeated "trip outs" of circuits.
PAR  These various problems have required the introduction of various forms of
      spacers and separators for the purpose of keeping conductors apart. For
      conductors maintained at the same potential, such spacers need not be
      insulating material; but where a potential difference exists, separating
      devices of good dielectric properties must be employed. Examples of such
      prior art separating devices are disclosed in U.S. Pat. Nos. 2,959,632 and
      3,463,870. Generally, the prior art separators utilize a rigid member
      which is permanently attached to both adjacent conductors which are sought
      to be maintained in a spaced relationship. When such separators are
      employed with linear conductors of differing phases, it has been found
      that tracking may occur due to a low current flow which ultimately results
      in the structural failure of the device. Therefore, it has been found
      undesirable to utilize a separating device with linear conductors of
      differing phases which is attached permanently to both conductors.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention is directed toward a separating device
      which will prevent contact between adjacent linear bodies thereby
      maintaining a spaced relationship between such bodies and which is
      permanently attached to only one of the linear conductors, having only
      limited contact with adjacent linear conductors. The separating device of
      the present invention is also constructed so as to withstand extreme
      environmental conditions and the high impact forces which may result from
      the relative movements of the linear conductors. In addition, the
      separating device includes structural features which prevent adjacent
      linear bodies from over-lapping or wrapping over one another due to
      extreme galloping which may occur when the linear conductors are subjected
      to high winds and the like. Finally, the present invention provides a
      separating device for linear bodies which is light weight and which may be
      easily installed by hand without the use of auxiliary tools.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features which are believed to be characteristic of the invention
      are set forth in the appended claims. The invention itself, however,
      together with further objects and attendant advantages thereof, will be
      best understood by reference to the following description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view showing the limited contact separator of the
      present invention in a typical installation; and,
PAR  FIGS. 2 and 3 are end and side elevational views, respectively, showing in
      greater detail the structural features of the limited contact separator of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, the limited contact separator of the present
      invention, designated generally as 10, is shown mounted on a linear
      conductor 12 and disposed between adjacent linear conductors 14.
      Preferably, the separator has a transverse dimension such that under
      normal conditions it is spaced from the adjacent conductors 14. As a
      general rule, it is most desirable that the separator 10 be constructed
      such that its lateral edge is spaced approximately mid-way between
      conductors 12 and 14, as is shown in FIG. 2.
PAR  The limited contact separator includes a substantially planar spacing
      member 20 and a pair of helically preformed attaching elements 22, the
      attaching elements 22 being positioned centrally on the spacing member 20
      and extending outwardly therefrom in a direction substantially normal to
      the plane of the spacing member. Internal diameter of the helically
      preformed attaching elements 22 is nominally smaller than that of the
      conductor 12 so as to insure a secure gripping engagement of the conductor
      by the appliance.
PAR  It is most particularly preferred that the limited contact separator be
      formed from a continuous rod, tube, or the like. Thus, the appliance
      comprises a unitary and integral structure which is more easily
      manufactured and is capable of withstanding the forces generated by the
      impact of the adjacent linear conductors 14. When the limited contact
      separator is utilized with linear conductors of different phases, it is
      important that the device be constructed from a high dielectric material
      such as rigid polyvinyl chloride or polyethylene. Of course, a variety of
      materials may be used in the construction of the present invention and
      these are well known to those skilled in the art.
PAR  The limited contact separator 10 of the present invention may be installed
      on conductor 12 by hand, without the use of auxiliary tools. Preferably,
      the separators are mounted at spaced intervals either on a single
      conductor or on adjacent conductors in alternating sequence so as to
      equalize the load on each conductor throughout the span.
PAR  As can be clearly seen in FIG. 2, the spacing member 20 comprises
      preferably a generally rectangular shaped form. The spacing member 20 may
      also define a helix of closed pitch, as is shown in FIG. 3. This design
      assures that the appliance of the present invention has sufficient
      resilience and flexibility to withstand the forces resulting from lateral
      impact by adjacent linear conductors.
PAR  As has been noted hereinabove, the spacing member 20 and the attaching
      elements 22 may be constructed from a continuous rod. Thus, each attaching
      element also includes a base portion 24 which extends generally in the
      plane of the spacing member 20 outwardly or radially from the attaching
      element and into integral relation with the spacing member 20. As is
      illustrated in FIG. 2, it is most preferable that the base portion 24 of
      each attaching element extend outwardly from the attaching elements 22 in
      a curve of ever-increasing radius to the point where the base portion 24
      integrally joins the spacing member 20. This design further assists in
      providing the desired resilient lateral compression of the appliance.
PAR  In accordance with a preferred embodiment of the present invention, the
      spacing member 20 includes lateral portions 26 which have a concave
      configuration. This design helps to prevent "wrap-over", wherein the
      adjacent linear conductors 14, due to excessive galloping, tend to slide
      over the top of the separator 10, thereby contacting the linear conductor
      12 at points intermediate the limited contact separators. Thus, as an
      adjacent linear conductor 14 gallops, thereby moving vertically with
      respect to linear conductor 12, and into contact with the limited contact
      separator 10, the concave configuration of the lateral portion 26 tends to
      throw the adjacent conductor 14 away from conductor 12 thus preventing
      "wrap-over".
PAR  Of course, it should be understood that various changes and modifications
      of the preferred embodiments described herein will be apparent to those
      skilled in the art. Such changes and modifications can be made without
      departing from the spirit and scope of the present invention and without
      diminishing its attendant advantages. It is, therefore, intended that such
      modifications and changes be covered by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An appliance for linear bodies which will maintain adjacent linear
      bodies in spaced relationship, comprising:
PA1  a substantially planar spacing member having a generally rectangular shape
      with concave lateral portions; and
PA1  a pair of helically preformed attaching elements, each said element being
      positioned centrally of said spacing member and extending outwardly
      therefrom in a direction substantially normal to the plane of said spacing
      member.
NUM  2.
PAR  2. The appliance of claim 1 wherein said spacing member and said attaching
      elements comprise a unitary structure.
NUM  3.
PAR  3. The appliance of claim 1 wherein said spacing member and said attaching
      elements are constructed from a continuous rod-like member, each said
      attaching element having a base portion which extends in the plane of said
      spacing member outwardly therefrom and into integral relation with said
      spacing member.
NUM  4.
PAR  4. The appliance of claim 3 wherein said base portion for each said
      attaching element extends in a curve of everincreasing radius to the point
      where said base portion integrally joins said spacing member.
NUM  5.
PAR  5. The appliance of claim 1 wherein said spacing member also defines a
      helix of closed pitch whereby said spacing member is able to laterally
      compress in order to withstand impact from adjacent linear bodies.
NUM  6.
PAR  6. The appliance of claim 1 wherein said spacing member and said attaching
      elements are composed of a high dielectric material.
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ABST
PAL  A method and apparatus for conducting a television audience survey in which
      a channel switch position detector and a television receiver on/off
      detector is attached to each television receiver in a sampled household
      and the information obtained from the channel switch position detectors is
      transmitted as a pulse train signal via a transmission media to a survey
      center. At the survey center, the pulse train signal is demodulated to
      recover the transmitted information which is processed in a computer as
      statistical data.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to a system for conducting a television
      audience survey and, more particularly, to a method and apparatus for
      transmitting channel switch position information from sampled television
      receivers to a central processing center.
PAR  2. Description of the Prior Art.
PAR  Television audience rating statistics are very important for broadcasting
      stations and sponsors. Therefore, it is a common method of collecting
      these statistics that investigators ask questions of sampled families and
      collect answers. However, this is a slow and uncertain way of collecting
      the desired information. As a result, several systems to collect such
      statistics have been proposed and several kinds of equipment are used.
PAR  In the prior art, equipment for conducting a television audience survey
      consists of recording machines which are attached to television receivers,
      which recording machines are periodically gathered to read and collect
      statistics. The recording machines attached to the television receivers
      include means for detecting the power switch condition and for detecting
      the channel switch number by identifying the switch angle or the frequency
      of the receiver local oscillator. Furthermore, means for recording this
      information on a tape or plate driven by a clock is known.
PAR  In these systems, there are several defects in that it is complicated and
      expensive to record the data within an accurate time and it is expensive
      and time-consuming to collect the records and manually read them out.
      Moreover, the reliability of this statistics is degraded because of the
      absence of samples which are impossible to collect and also because the
      manual reading out of the data causes errors. It is also a substantial
      deficiency that collecting the data and reading and calculating it takes a
      long time so that the results of the survey do not respond quickly to
      sponsors or television broadcasting stations.
PAR  Furthermore, television receivers are now very common and many families
      have plural television receivers. In these cases, the prior method, which
      is based on a single receiver, does not always show suitable statistics of
      all of the television receivers which broadcasting stations and sponsors
      desire.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, these problems are solved by providing
      a system for conducting a television audience survey which makes possible
      real time processing. With the present system, accurate statistics
      concerning a television audience are obtained economically, reliably, and
      inexpensively and it is possible to obtain statistics from each television
      receiver from a family having plural television receivers.
PAR  In accordance with the present invention, a simple detector and transmitter
      are positioned at a sampled television set. This transmitter is connected
      to a central station by a communication line. In the central station, the
      communication line is directly connected to a receiver and a statistic
      processing system.
PAR  The detector and transmitter which are positioned at the sampled television
      set are very simple. The detector obtains information of the receiver
      power switch condition and the channel switch position and the information
      is changed to a train of pulse signals to send through the communication
      line. For the communication system, a public telephone system may be used.
      The pulse signal is conducted to the survey center where the signal is
      demodulated to be connected to a data processing system, i.e. a computer.
      The data input is processed and statistics of the television audience is
      provided at the output of the computer. It is also possible to obtain
      statistics of any state of an angle.
PAR  A specific advantage of the present invention is that for a family having
      plural television receivers, a suitable data collection is available. For
      such a family, plural detectors and a single transmitter are included and
      the information from all the television sets is collected and transmitted
      as a train of pulses.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide a system for
      conducting a television audience survey.
PAR  It is a further object of the present invention to provide a method and
      apparatus for transmitting television switch position information from
      sampled television receivers to a central processing center.
PAR  It is a still further object of the present invention to provide a system
      for conducting a television audience survey which makes possible real time
      processing.
PAR  It is another object of the present invention to obtain accurate statistics
      for a television audience rating.
PAR  It is still another object of the present invention to provide a system for
      conducting a television audience survey economically.
PAR  Another object of the present invention is to avoid the manual treatment of
      collected data when conducting a television audience survey.
PAR  Still another object of the present invention is the provision of a system
      for conducting a television audience survey from a family having plural
      television receivers.
PAR  Still other objects, features, and attendant advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description of the preferred embodiments
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like parts in the
      several figures and wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram showing an embodiment of the present
      invention;
PAR  FIG. 2 is a schematic block diagram of the detector and transmitter portion
      of the embodiment of FIG. 1;
PAR  FIG. 3 is a schematic diagram of the diode encoder of the detector of FIG.
      2;
PAR  FIG. 4 is a schematic block diagram of the detector and transmitter portion
      of the embodiment of FIG. 1 for a family having plural television
      receivers; and
PAR  FIG. 5 is a schematic block diagram of the receiver and demodulator portion
      of the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and, more particularly, to FIG. 1 thereof,
      the present system for conducting a television audience survey is divided
      into three portions by the dotted lines A and B. Left of line A are the
      sampled families, between lines A and B are the communication lines, and
      to the right of line B is the survey center. The television receiver of a
      sampled family having a single receiver is designated by the numeral 1.
      The television receivers of families having plural receivers are
      designated 2 and 3. The operating condition (i.e. on or off) and
      information of the selected channel of television receivers 1, 2 and 3 are
      detected and transmitted by detectors and transmitters 4 and 5, the former
      receiving information from a single receiver and the latter receiving
      information from two or three television receivers. From transmitters 4
      and 5, pulse code signals at the rate of 50 bits per second are
      transmitted to transmission lines 6. Transmission lines 6 from the various
      sampled families are gathered at the survey center and are connected to a
      receiving system 7. In receiving system 7, the signals are demodulated and
      successively selected for conduction to a computer 9 through an interface
      8. Computer 9 processes the data and the results are displayed on a
      display 10 or printed out from a printer 11.
PAR  Referring now to FIG. 2, there is shown the details of detector and
      transmitter 4 of FIG. 1 for a sampled family having a single television
      receiver. The dotted line 1 represents the television receiver and only
      its channel switch 1' and AC power switch 1" are emphasized. When power
      switch 1" of receiver 1 is turned on, the power current is detected by a
      current sensor 12 which energizes a relay coil 13 via an amplifier 12'.
      Relay coil 13 closes a switch 13' which permits AC power to flow via an AC
      to DC converter 24 to the detector and transmitter circuits.
PAR  The angle of channel switch 1' of television receiver 1 is detected by a
      diode encoder circuit 14. Diode encoder circuit 14 may be any well-known
      encoder circuit for converting a selected one of eight inputs into a
      four-digit binary code. A typical diode encoder circuit 14 is shown in
      FIG. 3 and includes a plurality of diodes, each of which is biased to a
      certain reference potential, the diodes being arranged into eight inputs,
      plus an open position, and four outputs. When channel switch 1' is
      connected to one of the eight positions, a binary code on the four outputs
      is generated corresponding to that position.
PAR  Returning to FIG. 2, a sensor 15 detects the code from encoder 14 and
      transmits it directly to a shift register 16. Sensor 15 acts as a buffer
      between diode encoder 14 and shift register 16 so that when switch 1' is
      in an intermediate position, i.e. when channel switch 1' is moving or when
      receiver 1 is set on a position when no broadcasting exists, sensor 15
      does not transmit the code from encoder 14 to shift register 16.
PAR  Detector and transmitter 4 includes a clock pulse generator 17 which
      generates clock pulses synchronized to the commercial power frequency. The
      clock pulses from generator 17 are applied to one input of a mixer 21 via
      a 1/12 frequency divider 18 and a synchronizing signal forming circuit 19.
      The output of circuit 19 is applied to one input of a gate circuit 20
      which receives a signal from clock pulse generator 17 at its other input.
      The output of gate circuit 20 is applied to shift register 16. The output
      of shift register 16 is added to the synchronizing signal from circuit 19
      in mixer 21, the output of which is conducted to an amplifier 22 which
      adjusts the signal level and transmits the signal to line 6.
PAR  In operation, synchronizing signal forming circuit 19 establishes a
      characteristic pulse train which may be detected in receiving system 7 and
      utilized to distinguish valid incoming data. While any suitable pulse code
      may be utilized, signal forming circuit 19 produces six "on" pulses
      following two "off" pulses for every twelve clock pulses, leaving four
      additional clock intervals for transmission of the information stored in
      register 16 before divider 18 restarts the cycle. That is, after frequency
      divider 18 generates an output pulse, synchronizing signal forming circuit
      19 waits two clock intervals and then generates six on pulses. Gate 20
      includes a counting circuit which, upon detection of these six on pulses
      from circuit 19, opens gate 20 permitting four clock pulses from generator
      17 to pass to shift register 16 where the stored information is changed to
      a pulse train which is added to the six on pulses from circuit 19 in mixer
      21 and transmitted to line 6 via amplifier 22.
PAR  Referring now to FIG. 4, there is shown the details of detector and
      transmitter circuit 5 which is positioned in a household having plural
      television receivers 3, designated A, B and C. Circuit elements in
      detector and transmitter circuit 5 which correspond to identical circuit
      elements in detector and transmitter circuit 4, have been given the same
      identifying numeral and to the extent that such circuit elements function
      the same, a detailed explanation is omitted.
PAR  When the power switch 3" of at least one of receivers 3 is switched on, the
      corresponding current sensor 12 detects the power current and energizes
      relay 13 via amplifier 12', as explained previously. Relay coil 13 closes
      switch 13' applying power simultaneously to all circuit elements.
      Simultaneously, the energized current sensor 12 applies a signal to a
      corresponding gate circuit 23 which applies the output of frequency
      divider 18 to the corresponding gate circuit 20. As shown in FIG. 4, the
      outputs of the three shift registers 16 are combined in mixer 21 with the
      output of synchronizing signal forming circuit 19 and the resultant pulse
      train is transmitted to line 6 via amplifier 22.
PAR  In the embodiment of FIG. 4, frequency divider 18 generates an output pulse
      after twenty clock pulses from clock pulse generator 17. After the
      generation of such a pulse, signal forming circuit 19 waits for two clock
      intervals and then produces six on pulses which are applied to mixer 21.
      Gate circuits 20 have counters, as described previously, but each counter
      is set for a different value. Thus, gate circuit 20 associated with
      television receiver A waits for eight pulses after being activated by gate
      23 before applying the output of clock pulse generator 17 to shift
      register 16 to conduct the output therefrom to mixer 21. Gate 20
      associated with television receiver B, waits an additional four clock
      pulses before applying the output of clock pulse generator 17 to its
      associated shift register 16 and gate 20 associated with television
      receiver C waits still an additional four clock pulses before applying the
      output of clock pulse generator 17 to its associated shift register 16.
      Thus, the output of mixer 21 consists of two off pulses, six on pulses,
      and then twelve additional pulses corresponding to the position of channel
      switches 3' in television receivers A, B and C. If any one or more of
      television receivers A, B or C is off, no data pulses will be transmitted
      during its respective time interval.
PAR  Referring now to FIG. 5, there is shown a receiver and demodulator circuit
      7 which is positioned in the surveying center of FIG. 1. Signals received
      from the transmission lines 6 have their level adjusted in attenuators 41
      and amplifiers 42 prior to conduction to the demodulating circuits. The
      input signal train is demodulated to parallel data in shift registers 44
      controlled by clock pulses which are generated from a clock pulse
      generator 46 synchronized to the commercial AC power line and thereby
      synchronized to each transmitter in the sampled families. The output of
      oscillator 46 is supplied to shift registers 44 through a synchronizing
      signal forming circuit 47.
PAR  More specifically, the received pulses arrive at shift register 44 one by
      one, as they were transmitted by detectors and transmitters 4 and 5. Each
      register has either room for four digits for a single channel unit and
      room for twelve digits for a multi-channel unit. As the signal overflows
      from shift register 44, it is applied to a sync detector circuit 48 which
      has room for six digits. Remembering that each data signal is always
      preceded by six on pulses from signal forming circuits 19, sync detector
      48 operates, when filled with on pulses, to send a signal to a data
      register 45 which reads out the stored digits from register 44 which now
      correspond to the transmitted data pulses. Signal forming circuit 47
      ensures that the incoming data pulses are transmitted through shift
      registers 44 at the same rate that they are clocked into line 6 by clock
      pulse generator 17.
PAR  The stored data in data registers 45 are read out by a selecting pulse from
      a select circuit 43 and applied to a computer 50 via an interface circuit
      49. Computer 50 is controlled by a control table 51 and processes the data
      through interface 49. The results are displayed on a display 52 or printed
      out by a printer 53 or stored in a drum or on tape by conventional means
      for use by sponsors and broadcasting stations.
PAR  While the invention has been described with respect to the preferred
      physical embodiments constructed in accordance therewith, it will be
      apparent to those skilled in the art that various modifications and
      improvements may be made without departing from the scope and spirit of
      the invention. Accordingly, it is to be understood that the invention is
      not to be limited by the specific illustrative embodiments, but only by
      the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for conducting a television audience survey comprising:
PA1  means operatively coupled to the channel selector switch of each television
      receiver in a sampled household for detecting the position thereof and for
      generating a pulse code signal including a plurality of data bits
      indicative of said position;
PA1  means for generating a characteristic train of identification pulses;
PA1  means for adding and transmitting over a transmission means said train of
      identification pulses followed by said pulse code signal;
PA1  means operatively coupled to the on/off switch of each said television
      receiver for detecting the operation thereof and for automatically
      activating said channel selector switch position detecting means, said
      identification pulses generating means, and said adding and transmitting
      means when a said television receiver is turned on so as to automatically
      and continuously transmit over said transmission means said train of
      identification pulses and said pulse code signal for each television
      receiver which is on;
PA1  means at a survey center connected to said transmission means for receiving
      information thereon and responsive to the occurrence of said
      characteristic train of identification pulses for demodulating received
      pulse code signals; and
PA1  computer means coupled to said receiving and demodulating means for
      processing said demodulated pulse code signals.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said receiving and demodulating
      means comprises:
PA1  data storage means;
PA1  means for receiving said information from said transmission means; and
PA1  means responsive to the occurrence of said characteristic train of
      identification pulses for transferring said pulse code signals from said
      receiving means to said data storage means, the output of said data
      storage means being applied to said computer means.
NUM  3.
PAR  3. Apparatus according to claim 1 for conducting a television audience
      survey in a household having plural television receivers further
      comprising:
PA1  plural channel selector switch position detecting means, one for each of
      said television receivers, for generating pulse code signals indicative of
      the positions of the channel selector switches of said plural television
      receivers, said adding and transmitting means being responsive to said
      plural channel selector switch position detecting means and said
      identification pulses generating means for serially adding and
      transmitting after said characteristic train of identification pulses the
      pulse code signals from each of said television receivers.
NUM  4.
PAR  4. Apparatus according to claim 3 further comprising:
PA1  plural operation detecting means, one for each of said television
      receivers, coupled to the on/off switches of respective television
      receivers in said sample household, each said operation detecting means
      automatically activating its associated channel selector switch position
      detecting means, said identification pulses generating means, and said
      adding and transmitting means when its respective television receiver is
      turned on.
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ABST
PAL  An apparatus for reading disc-shaped information carriers which are
      provided with substantially circular tracks, in which information is
      stored in coded form, in particular picture information, which information
      carriers are disposed on a turntable, a read unit supplying a control
      signal to a control device for maintaining the reading speed constant.
PAL  The control device comprises at least two mass elements which are connected
      to the turntable symmetrically relative to the axis of rotation of the
      turntable, resiliently in the radial direction and rigidly in the
      tangential direction, which elements are radially movable in response to
      the control signal.
PAL  In one control device each element consists of an axially magnetized
      rod-shaped permanent magnet, which is attached to the turntable by at
      least one radially flexible leaf spring, a coil being disposed around each
      magnet, which coil is connected to the control signal.
PAL  In another control device each element is identically attached to the edge
      of a metal disc via a connecting rod, which disc is disposed centrally and
      loosely around the drive shaft of the turntable, at least one
      electro-magnet being disposed underneath the disc, which electro-magnet
      magnetically cooperates with the disc and is connected to the control
      signal.
PAL  The control signal is to be derived from a pilot signal in the information
      signal.
BSUM
PAR  The invention relates to an apparatus for reading disc-shaped information
      carriers provided with substantially circular tracks, in which
      information, in particular picture information, is stored in coded form,
      which information carriers are disposed on a turn-table, a read unit
      supplying a control signal to a control device for maintaining the reading
      speed constant.
PAR  Such an apparatus in the form of a video record player is known from German
      patent application 2,320,477 which has been laid open for public
      inspection. In said apparatus the track to be followed, which is provided
      with audio and/or video signals, is optically scanned via a tilting
      mirror. Said mirror is driven electro-magnetically by the control signal
      and it is known that said tracking system allows a very high accuracy to
      be obtained. However, the tilting mirror construction is highly
      susceptible to shocks, which would prohibit the use of such a system in a
      mass-produced video recond player.
PAR  It is an object of the invention to mitigate said drawback and the
      invention is characterized in that the control device comprises at least
      two mass elements which are connected to the turntable symmetrically
      relative to the axis of rotation of the turntable, resiliently in the
      radial direction and rigidly in the tangential direction, which elements
      are radially movable in response to the control signal.
PAR  As a result of the radial movement of the elements the moment of inertia of
      the turntable with the elements connected thereto is changed. Owing to the
      law of conservation of momentum the speed of rotation of the turntable
      changes as a consequence of this; transfer takes place immediately, any
      irregularity in the speed of rotation -- (or rather) of the reading speed
      = speed of rotation at the location of the read unit -- is corrected at
      once.
PAR  In an embodiment of the invention each element consists of an axially
      magnetized rod-shaped permanent magnet, which is attached to the turntable
      by at least one radially flexible leaf spring, a coil being disposed
      around each magnet, which coil is connected to the control signal.
PAR  The coil is disposed around the generally pinshaped magnet, whose magnet
      field is parallel to that of the magnet.
PAR  A deviation from the reading speed yields a control signal, so that the
      coil is energized and the magnet is given a radial deflection, which
      directly compensates for the deviation from the reading speed.
PAR  Another embodiment of the invention is characterized in that each element
      in an identical manner is secured to the edge of a metal disc via a
      connecting rod which disc is disposed centrally and loosely around the
      drive shaft of the turntable, while underneath the disc at least one
      electro-magnet is disposed, which magnetically co-operates with the disc
      and is connected to the control signal.
PAR  This yields the advantage that no sliding contacts need be used for the
      revolving turntable.
PAR  The apparatus according to the invention is furthermore provided with a
      measuring system, the control signal being derived from the difference in
      frequency between a pilot tone, which is contained in the information
      signal, and a standard frequency, which pilot tone is compared therewith
      at every instant.
PAR  Preferably the pilot tone consists of the line synchronization frequency in
      the case of video record players.
DRWD
PAR  The invention will be described in more detail with reference to the
      drawing. In said drawing:
PAR  FIG. 1 is a cross-section and
PAR  FIG. 2 a bottom view of a turntable with compensation magnets,
PAR  FIG. 3 is a cross-section and
PAR  FIG. 4 a bottom view of a turntable comprising mass-elements connected to a
      loose disc.
DETD
PAR  FIGS. 1 and 2 schematically show a part of a video record player. Said part
      comprises a turntable 1 which via a shaft 2 is connected to a motor 3 and
      which turntable makes 1500 revolutions per minute during operation.
      Symmetrically relative to the axis of rotation 2 mass elements 4 are
      disposed at the underside 5 of turntable 1. Each mass element consists of
      a pin-shaped permanent magnet 6, which by its ends is clamped between two
      leaf springs 7 and 8. The magnet 6 is clear of the turntable 1 and is
      disposed radially. The magnet is axially magnetized and consists of an
      oxide-ceramic material which is marketed under the name Ferrodur. Around
      the magnet a coil 9 is disposed whose ends 10 and 11 are connected to a
      control signal. The leaf springs 7 and 8 are slack in the radial and stiff
      in the tangential direction. Each facing pair of mass elements 4 is
      symmetrical relative to the axis of rotation 2, i.e. the distance from the
      center of each mass element to the axis of rotation is the same. The coils
      are connected with a control signal of 25 Hz, which frequency corresponds
      to a speed of rotation of 1500 revolutions per minute = 25 revolutions per
      second.
PAR  FIGS. 3 and 4 schematically show an alternative correction system according
      to the invention. The mass elements in this case consist of two facing
      metal rods 20 which are radially attached to the turntable 1 by one leaf
      spring 21. By means of coupling rods 22 and 23 said rods 20 are attached
      to the edge of a disc 27. Said attachment is hinged at the circumference
      at the locations 24 and 25, opposite each other and substantially
      perpendicular to the connection line of the mass elements 20.
PAR  Disc 27 is loosely movable around shaft 2 and is made of copper. Underneath
      said disc two electro-magnets 26 are disposed vertically opposite each
      other. Said magnets are connected to the control signal.
PAR  When the electro-magnets receive a control signal, a vertical magnet field
      develops which via Foucault currents produced in the disc will exert a
      braking force on the disc. As the disc can rotate freely around the shaft,
      the speed thereof is influenced and the mass elements are thus moved so
      that the speed of the turntable is corrected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for reading disc-shaped information carriers which are
      provided with substantially circular tracks, in which information is
      stored in coded form, in particular picture information, comprising a
      turntable on which said information carriers are disposed, a read unit
      means for supplying a reading speed control signal, and a control device
      comprising at least two mass elements which are connected to the turntable
      symmetrically relative to the axis of rotation of the turntable,
      resiliently in the radial direction and rigidly in the tangential
      direction, and means for moving said elements radially in response to the
      control signal.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein each element consists of an
      axially magnetized rod-shaped permanent magnet, which is attached to the
      turntable by at least one radially flexible leaf spring, a coil which is
      connected to the control signal being disposed around each magnet.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein each element is identically
      secured to the edge of a metal disc via a connecting rod, which disc is
      disposed centrally and loosely around the drive shaft of the turntable, at
      least one electro-magnet being disposed underneath the disc, which magnet
      cooperates magnetically with the disc and is connected to the control
      signal.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein the control signal is
      derived from the difference in frequency between a pilot tone, which is
      contained in the information signal, and a standard frequency, which pilot
      tone is compared therewith at every instant.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, wherein the pilot tone consists of
      the line synchronization frequency.
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ABST
PAL  On a record carrier moved at a velocity v = (d . m) a signal is recorded
      which is formed by scanning at a rate of m images of n lines each per
      second. For each scanned image p partial images having x elements per line
      are recorded. The partial images together reform the complete scanned
      image which contains (p . x) elements per line.
BSUM
PAR  The invention relates to a method of recording images fron an electric
      signal which is obtained by scanning a sequence of images at a rate of m
      images per second, each image comprising n lines. The invention also
      relates to a device for carrying out said method.
PAR  As is known, in particular in television the video signals frequently are
      to be stored for various purposes. One of the devices used for this
      purpose utilizes a video signal for forming pictures on the screen of a
      television receiver, a cinematograph camera being disposed in front of the
      screen. Such a system is bulky; moreover, the use of photographic
      techniques means that the exposed film must be developed and hence is not
      directly and immediately ready for use.
PAR  In the last few years it has become possible to record images in the form
      of a video signal on a magnetic tape. The video tape recording device used
      for this purpose has many advantages in respect of the quality of the
      images reproduced from the magnetic tape. In some cases, however, said
      advantages are partly cancelled by the high price, the bulkiness and the
      required degree of accuracy of adjustment of the apparatus, which uses the
      relative movements of the information carrier and of a rotating drum which
      carries the record and playback heads, for processing frequencies in the
      order of a few MHz generally used in television.
PAR  Furthermore electrosensitive paper is known which for example includes a
      metal layer which can be burnt off by contact with an electrode to which
      an electric current is supplied, so that in accordance with the choice of
      the crrent strength and of the thickness of the metal layer the burnt
      spots can be made visible. Instead of opaque paper a transparent base may
      be used. The metal surface in contact with the electrode surface is
      removed by burning over an area the size of which depends upon the
      strength of the current flowing through said electrode. On Feb. 2, 1973
      Applicant filed an application in France under Ser. No. 73 03745,
      corresponding to U.S. patent application Ser. No. 436,529, filed Jan. 25,
      1974 which relates to a write head for a graphic recording apparatus of a
      design permitting at least four electrodes per millimeter to be aligned in
      a direction at right angles to the travelling direction of the record
      carrier.
PAR  It is an object of the present invention to utilize the possibilities
      offered by a write head of the abovedescribed type in conjunction with a
      recording tape coated with a thin opaque layer of an electrosensitive
      metal and to provide a simple method and an apparatus for direct recording
      of cinematographic images, using an electric signal obtained by scanning
      the image sequences to be played back.
PAR  The method according to the invention is characterized in that, starting
      from the signal which corresponds to a single total image of the image
      sequence, p separate partial images, each partial image comprising x image
      elements per line are recorded on a record carrier. The p partial images
      together reconstitute the entire scanned total image having (p.x) image
      elements per line. The p recorded partial images are relatively shifted on
      the record carrier so that the p partial images which correspond to the
      sequentially scanned total images succeed one another on the record
      carrier and the recorded p.sup.th partial image corresponding to a given
      scanned total image concides on the record carrier with, and is completed
      by, the (p-1).sup.st to 1.sup.st partial images which correspond
      respectively to the (p-1) partial images which are scanned after the said
      given total image in the image scanning sequency.
PAR  As used in this specification the terms p.sup.th, (p-1).sup.st indicate
      ordinal numbers such as "fifth" (5.sup.th) and "first" (1.sup.st).
PAR  Assuming for example that the electric signal which corresponds to a
      complete scanned total image causes four partial images to be recorded and
      that the fifth total image of a sequence to be played back has just been
      recorded on the record carrier. Under these conditions the area extending
      across the carrier encompassing the third total image contains elements of
      the second and fourth total images while other similar areas contain
      elements of four consecutive total images.
PAR  Thus some of the total images formed on the record carrier contain
      information of four scanned total images. The frequency at which the total
      images are successively formed on the record carrier, however, remains
      equal to m images per second.
PAR  The method according to the invention is particularly suitable for forming
      cinematographic images from a television signal or video signal. The term
      cinematographic images as used hereinafter shall include visible (although
      not necessarily intelligable) images sequentially recorded in a strip
      shaped carrier representing objects at sequential time periods. In this
      event the field frequency is 50 fields per second (25 total images or
      frames per second); the recorded total images represent the whole of the
      movements performed during four television fields (four partial images),
      which corresponds to 12.5 total images or frames per second; experience
      has shown that cinematographic reproduction at a speed of 12 total images
      or frames per second provides satisfactory reproduction of motion.
      Moreover the sharpness of the recording depends only upon the number x of
      elements chosen for a partial image.
PAR  According to the invention a device for carrying out the abovedescribed
      method is characterized in that it comprises:
PAR  a. p record heads which each have x ordered electrodes arranged in a line
      which extends at right angles to the longitudinal direction of the record
      carrier, while the corresponding electrodes of the p record heads are not
      placed in a line parallel to the longitudinal direction of the record
      carrier and the distance between the centers of the record heads is equal
      to the center distance d of the total images to be recorded,
PAR  b. means for moving the record carrier at a velocity v = (d.m) in the
      direction from the p.sup.th to the first record head,
PAR  c. switching means adapted to apply to the electrodes parts of the signal
      indicating the opacity of successive partial image elements of a line from
      an image to be recorded, the arrangement being such that successively x
      groups which each comprise p electrodes of the same order are selected
      from the x electrodes of each of the p record heads, whereupon in each
      selected group the electrodes are sequentially selected which belong to
      the first, second, . . . , p.sup.th heads respectively, the direction of
      selection of the x groups being determined by the direction in which the
      lines of the image to be recorded are scanned.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a block diagram of a system for carrying out the method according
      to the invention, and
PAR  FIG. 2 shows on an enlarged scale the arrangement of the electrodes of the
      record heads according to an embodiment of the invention.
DETD
PAR  As was stated above, the present invention utilizes the possibility offered
      by a record head of the type described in our co-pending U.S. application
      Ser. No. 436,529, filed Jan. 25, 1974. The said application describes a
      record head construction which enables a large number of electrodes to be
      aligned in a direction at right angles to the direction of movement of the
      record carrier. Moreover these electrodes may be used to obtain recordings
      in the form of spots or pinholes which in accordance with an electric
      voltage applied to the electrodes are burnt in the metal coating of a
      tape-shaped record carrier.
PAR  Referring now to FIG. 1, reference numeral 1 denotes a record carrier. This
      carrier preferably is a tape made of polyethylene terephathalate (known
      under the trade name Mylar) which is coated with a thin but opaque film of
      a readily fusible metal, for example aluminium, zinc or cadmium (or alloys
      of these metals). The resulting record carrier has perforations in its
      edges (not shown) which enables the carrier to be moved at a velocity v =
      (d.m), where d is the distance between the centers of the successive total
      images which constitute a cinematographic film. One of these recorded
      total images is denoted by 2(1). In the formula v = (d.m), m is the number
      of total images per second which are scanned for representation by the
      electric signal. The center distance between recorded total images is
      actually defined by the relationship:
EQU  d = w . .delta. . (.alpha. + 1),
PAL  where
PA0  w is the width of the recorded total image,
PA0  .delta. = a coefficient which determines the height of the recorded total
      image (h = w . .delta.), and
PA0  .alpha. defines the relationship between the duration of the frame flyback
      signal and the proper time for scanning the total image (for, as is known,
      the frame flyback signal is included in the scanning signal having a
      scanning time 1/m of a total image of a sequence to be displayed).
PAR  From the above it will be clear that on the carrier the successively
      recorded images are separated by "white" parts. Because in actual fact the
      center distance between adjacent total images is equal to d, the height h
      of the total image is equal to
      ##EQU1##
      and the height a of the "white" part is equal to
      ##EQU2##
      .
PAR  Above the rear lines of the p total images 2(1) to 2(p) recorded on the
      carrier are shown p record heads 3(1) to 3(p) of the type described in the
      abovementioned patent application. According to said application each head
      comprises x electrodes placed in a line which extends at right angles to
      the longitudinal direction of the record carrier 1. In FIG. 1 the record
      heads 3(1) to 3(p) are shown spaced by a large distance from the record
      carrier 1 so as to make visible the "write points" of the electrodes,
      which in actual fact are in contact with said carrier; moreover only the
      connections of the first and x.sup.th electrodes of each head are shown
      (c(11) and c(x1) for the head 3(1)).
PAR  FIG. 2 shows on an enlarged scale the arrangement of the electrodes of the
      record heads of a device having four heads 3(1), 3(2), 3(3) and 3(4). The
      electrodes of each of the four heads are spaced from one another by a
      distance e, however, the electrodes of, for example, the head 3(1) are
      transversely shifted by distances e/4, 2e/4 and 3e/4 relative to the
      corresponding electrodes of the heads 3(3), 3(2) and 3(4) respectively.
      Other arrangements may be used, for example the electrodes of the head
      3(1) may be shifted by distances e/4, 2e/4 and 3e/4 relative to the
      electrodes of the heads 3(2), 3(3) and 3(4) respectively. The purpose of
      the arrangement is to increase the information content in proportion to
      the number of record heads of the device (four in this case) by recording
      four partial images (in the case under consideration) from the signal
      which corresponds to a total image to be recorded on the record carrier.
      The above will be explained more fully hereinafter.
PAR  Referring to FIG. 1 again, it will be seen that each of the p.x electrodes
      (p heads and x electrodes per head) is capable of receiving a signal sa
      via an associated electrode amplifier from a group of amplifiers 8 and via
      an associated AND gate from a group of AND gates 7. Each AND gate can be
      opened by one of the output signals of a decoder circuit 6.
PAR  It was stated above that the total image sequences to be displayed are
      scanned total image by total image at a rate of m total images per second,
      each total image having n lines; the line scanning frequency hence is
      equal to (m.n). A pulse signal at the frequency (m.n) is applied to a
      frequency multiplier 4 which multiplies it by [p.x(1 + .beta.)], where
      (p.x) is the total number of electrodes. In this expression, .beta. is the
      ratio between the duration of the line flyback signal (that is the time
      which elapses between the end of the scanning of a line and the beginning
      of the scanning of the next line) and the duration of scanning a line.
PAR  The pulse signals of frequency [m.n.p.x (1 + .beta.)] are applied to a
      counter 5 the output of which is connected to the decoder 6. Decoder 6 is
      a common type of decoder such as those used in time multiplex transmission
      systems wherein each successive output of a pulse counter energizes a
      different one of the decoder output terminals. The counter 5 is a ring
      counter having [p.x.(1 + .beta.)] positions, so that during the scanning
      of a line and at the first (p.x) positions the gates of the said group of
      AND gates 7 are sequentially opened to permit the passage of the signal
      sa. The connections between the counter, decoder and gates shown in FIG. 1
      are such that first the first group of electrodes of the record heads 3(1)
      to 3(p) are energized, then the second group of electrodes . . . , and
      finally the x.sup.th electrodes. As indicated in the drawings, the
      electrodes of each recording head are ordered and a group of electrodes
      may be defined as the electrodes of a particular order on all the
      recording heads. Thus the scanning signal is sequentially applied to the
      (p.x) electrodes of the p record heads by successive selections of the p
      electrodes of each group in the successively selected x groups of p
      electrodes each.
PAR  In FIG. 1 the AND gates 7(31), 7 [3 (p-1)], 7(3p), x(31), x [3 (p-1)] and
      x(3P) and the amplifiers 8(31), 8 [3 (p-1)], 8(3p), x'(31), x' [3 (p-1)]
      and x'(3p) are associated with the first electrodes and the x.sup.th
      electrodes of the heads 3(1), 3(p-1) and 3(p) respectively. When all the
      electrodes have been selected the counter is advanced (p.x..beta.)
      positions, that is to say for the duration of the flyback signal,
      returning to the initial position 0 for recording the next line.
PAR  Thus each total image of the sequence to be displayed is recorded on the
      record carrier 1 in the form of p partial images (for example 2(1), . . .
      , 2(p.1), 2(p)). Superposition of these partial images provides the
      initial total image owing to the staggered arrangement of the electrodes,
      as was explained with reference to FIG. 2. Each partial image comprises n
      lines and is recorded with a size the width of which is determined by the
      distance between the first electrode of the head 3(1) and the x.sup.th
      electrode of the head 3(p); the height of the total image is equal to
      d/(.alpha. + 1), as stated above.
PAR  When p partial images which correspond to the first scanned image have been
      recorded and the record carrier has advanced a distance a (during the
      flyback signal), where a is equal to
      ##EQU3##
      as stated above, the device is ready to record p partial images of the
      second scanned total image; the head 3(1) now is located directly over the
      first line of the second partial image which corresponds to the first
      scanned total image, the head 3(p-1) is located over the p.sup. th partial
      image which corresponds to the first scanned total image and the head 3(p)
      is located over a blank part of the record carrier which corresponds to
      the position of the first line of the (p + 1).sup.st partial image
      recorded on the carrier. This "interlacement" of the partial and total
      images yet to be is illustrated in the following Table which is based on a
      device having four record heads.
TBL                                    TABLE                                   
     __________________________________________________________________________
                     recorded total image elements; the digit                  
                     indicates the ordinal number of the                       
                     images to be recorded in the form                         
                     of the electric signal.                                   
     first partial image recorded                                              
                     1   1  1  1  1------------------                          
     on the carrier  1   1  1                                                  
                     1   1                                                     
                     '                                                         
                     '                                                         
                     '                                                         
     second partial image recorded                                             
                     2   1  2   1   2                                          
                                 1  2  1  2----                                
                     '                                                         
                     '                                                         
                     '                                                         
     third partial image recorded                                              
                     312  312  312 312                                         
                                 3------------------                           
     on the carrier  312  312 312 3                                            
                     '                                                         
                     '                                                         
                     '                                                         
     fourth partial image recorded                                             
                      42314231423142314------------------                      
     on the carrier   423142314                                                
                      42314                                                    
                      '                                                        
                      '                                                        
                      '                                                        
     fifth partial image recorded                                              
                      53425342534253425------------------                      
     on the carrier   534253425                                                
                      53425                                                    
                      '                                                        
                      '                                                        
                      '                                                        
     sixth partial image recorded                                              
                      64536453645364536------------------                      
     on the carrier   645364536                                                
                      64536                                                    
                      '                                                        
                      '                                                        
                      '                                                        
     seventh partial image recorded                                            
                      75647564756475647------------------                      
     on the carrier   756475647                                                
                      75647                                                    
                      '                                                        
                      '                                                        
                      '                                                        
     eighth partial image recorded                                             
                      86758675867586758------------------                      
     on the carrier 2 867586758                                                
                      86758                                                    
                      '                                                        
                      '                                                        
                      '                                                        
     ninth partial image recorded                                              
                      97869786978697869------------------                      
     on the carrier   978697869                                                
                      97869                                                    
                      '                                                        
                      '                                                        
                      '                                                        
     __________________________________________________________________________
TBL                TABLE                                                       
     ______________________________________                                    
     SCANNING SEQUENCE OF PARTIAL IMAGES                                       
     ______________________________________                                    
                   1.sub.a    1.sub.e    1.sub.i                               
     (underlined numbers                                                       
                    1.sub.b    1.sub.f    1.sub.j                              
     indicate recording                                                        
     electrodes)    1.sub.c    1.sub.g    1.sub.k                              
     (electrode sequence                                                       
                      1.sub.d    1.sub.h    1.sub.l                            
     shown by letters)                                                         
                   1 1 1                                                       
     Second Partial                                                            
                   2 1 2 1 2 1                                                 
     Image Recorded                                                            
                   12 12 12                                                    
                   2 1 2 1 2 1                                                 
                   2 2 2                                                       
                   1 1 1                                                       
     Third Partial 2 1 2 1 2 1                                                 
     Image         312 312 312                                                 
     Recorded      231 231 231                                                 
                   3 2 3 2 3 2                                                 
                   3 3 3                                                       
                   1 1 1                                                       
     Fourth Partial                                                            
                   2 1 2 1 2 1                                                 
     Image Recorded                                                            
                   312 312 312                                                 
     (First Total  423142314231                                                
     Image Recorded)                                                           
                   342 342 342                                                 
                   4 3 4 3 4 3                                                 
                   4 4 4                                                       
                   1 1 1                                                       
     Fifth Partial 2 1 2 1 2 1                                                 
     Image Recorded                                                            
                   312 312 312                                                 
     (First Partial                                                            
                   423142314231                                                
     Image of Second                                                           
                   534253425342                                                
     Total Image   453 453 453                                                 
     Recorded)     5 4 5 4 5 4                                                 
                   5 5 5                                                       
                   1 1 1                                                       
                   2 1 2 1 2 1                                                 
                   312 312 312                                                 
     Sixth Partial 423142314231                                                
     Image Recorded                                                            
                   534253425342                                                
                   645364536453                                                
                   564 564 564                                                 
                   6 5 6 5 6 5                                                 
                   6 6 6                                                       
                   1 1 1                                                       
                   2 1 2 1 2 1                                                 
                   312 312 312                                                 
     Seventh Partial                                                           
                   423142314231                                                
     Image Recorded                                                            
                   534253425342                                                
                   645364536453                                                
                   756475647564                                                
                   675 675 675                                                 
                   7 6 7 6 7 6                                                 
                   7 7 7                                                       
                   1 1 1                                                       
                   2 1 2 1 2 1                                                 
                   312 312 312                                                 
                   423142314231                                                
     Eighth Partial                                                            
                   534253425342                                                
     Image Recorded                                                            
                   645364536453                                                
     (Second Complete                                                          
                   756475647564                                                
     Image Recorded)                                                           
                   867586758675                                                
                   786 786 786                                                 
                   8 7 8 7 8 7                                                 
                   8 8 8                                                       
                   1 1 1                                                       
                   2 1 2 1 2 1                                                 
                   312 312 312                                                 
                   423142314231                                                
     Ninth Partial 534253425342                                                
     Image Recorded                                                            
                   645364536453                                                
     (First partial                                                            
                   756475647564                                                
     Image of third                                                            
                   867586758675                                                
     Total Image   978697869786                                                
     Recorded)     897 897 897                                                 
                   9 8 9 8 9 8                                                 
                   9 9 9                                                       
     ______________________________________                                    
PAR  From the Table the following will be clear:
PAR  1. To begin with the p.sup.th partial image (that is the fourth partial
      image in the case under consideration) the displayed partial image obtains
      the information content which is determined by the number of electrodes
      (p.x),
PAR  2. the display frequency of the recorded movements corresponds to the
      scanning frequency of the partial image sequences to be displayed,
PAR  3. there is "interlacement" of the p.sup.th order of the partial images (of
      the 4.sup.th order, in the case under consideration).
PAR  (It will be seen that the Table uses the arrangement shown in FIG. 2).
PAR  The device is particularly suitable for recording television signals. As a
      matter of fact, the construction of the record heads as described in our
      abovementioned copending patent application enables four electrodes to be
      aligned per millimeter, which means a pitch of 250 .mu.m, and the tips of
      these electrodes may be pointed so as to trace line sections of the order
      of one quarter of this pitch, that is between 60 and 70 .mu.m, while the
      device comprises four record heads.
PAR  If the record carrier used has a width of for example 50 mm, each record
      head may comprise 160 electrodes, resulting in a total image the width of
      which is of the order of 40mm. The total image may be slightly shifted
      transversely on the tape to allow space along one edge for a sound track
      (the sound track may be recorded by melting the metal coating by means of
      a recording knife which is mechanically moved after the manner of a pickup
      stylus in variable area recording). In the case of four record heads the
      displayed total image comprises 640 elements, resulting in a highly
      acceptable image.
PAR  The gradation of the transparence obtained at the various marked points on
      the metallic coating of the carrier follows the modulation of the video
      signal which is sequentially applied to the electrodes.
PAR  However, in this case (scanning at 50 fields per second at a rate of 2
      interlaced fields per total image, that is 25 total images per second) a
      completely recorded total image actually represents the whole of the
      movements which occur during four television fields, that is to say two
      total images, which means during 1/12.5 second. Thus at the output of the
      device a sequence of total images visible by transmission will immediately
      be available which are entirely comparable to photographically recorded
      total images. Projection at a rate of 50 total images per second may
      immediately take place on a screen, which may if desired be very large, in
      a particularly simple manner by using an objective lens and a flash bulb
      which is triggered by a mark which may be recorded simultaneously with the
      total image (for example at the beginning of the flyback signal). The
      signal of frequency (m.n) applied to the frequency multiplier 4 (FIG. 1)
      then is the line synchronizing signal and is multiplied by 4 times 160 (1
      + .beta.) at the output of the multiplier; only the first 640 positions of
      the counter are active.
PAR  The distance d between the axes of the heads, that is the distance between
      the centers of the total images displayed, is of the order of 38 mm while
      the height of the image is of the order of 30 mm and the record carrier
      moves at a speed of the order of 1.9 m per second. It should be noted that
      the above description is given by way of example only and that to one
      skilled in the art modifications are possible without departing from the
      scope of the invention. For example, the invention may be used for any
      tupe of record carrier and of recording head which together can form marks
      of small diameter which are "modulated" on the carrier so that they can be
      visible by light transmission.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for recording cinematographic images from an electrical signal
      provided by a television type scanner that scans the images at a frame
      frequncy m and at a line frequency n on a longitudinally moving
      electrosensitive tape shaped record carrier, comprising:
PA1  a. an array of p separate ordered recording carrier scanning heads arranged
      along the direction of motion of said record carrier and adjacent said
      carrier, a plurality of ordered separate electrodes in each of said heads,
      the electrodes of each head being aligned in a direction extending
      perpendicularly to the direction of motion of said carrier, the spacing
      between electrodes of all adjacent heads being equal to d, each electrode
      of all p recording heads being located at a different distance from the
      longitudinal edge of said tape-shaped carrier measured in a direction
      perpendicular to the direction of motion of said carrier,
PA1  b. said tape at a velocity V = (d) (M), the head at the end of the array of
      heads that first scans said carrier hereinafter being referred to as the
      p.sup.th head, and the head at the opposite end of the array hereinafter
      being referred to as the first head, and
PA1  c. switching means connected to said electrodes for sequentially selecting
      x different groups of p electrodes, each electrode of any group of
      electrodes having the same order as all the electrodes of said group, and
      for sequentially selecting each electrode of a selected group in the same
      order as the order of the head to which the electrode is connected.
NUM  2.
PAR  2. Device as claimed in claim 1, wherein the distance between all adjacent
      electrodes of each record head is equal to e and wherein the electrodes of
      each head are offset in a direction perpendicular to the direction of
      motion of said carrier through distances
      ##EQU4##
      relative to the electrodes of the (p - 1) further heads.
NUM  3.
PAR  3. Device as claimed in claim 1, wherein said switching means comprises
      means for providing a pulse signal having a frequency equal to a multiple
      of (m.n.p.x), an assembly of (p.x) AND gates which receive a scanning
      signal and having outputs connected to the (p.x) electrodes and a counter
      having (p.x) gate opening outputs for counting the pulses of said pulse
      signal, said gate opening outputs of said counter being connected to
      inputs of said AND gates.
NUM  4.
PAR  4. Device as claimed in claim 3, using an electrical signal whose scanning
      time 1/(m.n) of an image line also includes the duration of a line flyback
      period which is a fraction .beta. of the line scanning time proper,
      wherein the counter of the switching means is further provided with a
      group of (p . x . .beta.) inoperative outputs, said pulse signal frequency
      being equal to [m . n . p . x (1 + .beta.].
NUM  5.
PAR  5. Device as claimed in claim 1, for recording cinematographic images from
      a television signal or a video signal, on a record carrier the width of
      which is at least 40 mm, wherein the device has four record heads each
      comprising 120 electrodes for forming traces of width between 60 .mu.m and
      70 .mu.m on the record carrier, the spacing between successive electrodes
      being about 250 .mu.m, the device further including means to move the
      information carrier at a velocity of about 1.9 m per second, the switching
      means including a frequency multiplier for producing the pulse signal for
      the counter and to which the line synchronizing signal is applied which is
      produced during the production of the video signal.
NUM  6.
PAR  6. Device as claimed in claim 5, wherein the electrodes of the first record
      head are offset through distances of 250/4 .mu.m, 500/4 .mu.m and 750/4
      .mu.m respectively relative to the electrodes of the three remaining
      record heads.
NUM  7.
PAR  7. Device as claimed in claim 6, wherein the electrodes of the first record
      head are shifted through a distance of 500/4 .mu.m relative to the
      corresponding electrodes of the third record head and through distances of
      250/4 .mu.m and 750/4 .mu.m respectively relative to the corresponding
      electrodes of the two remaining heads.
NUM  8.
PAR  8. Method of recording cinematographic images, comprising photoelectrically
      scanning the images in a raster-type scan to convert said images into an
      electrical signal, said raster scanning being at the rate of n lines per
      second and m complete images per second, separating the electrical signal
      corresponding to each total image into p separate partial images, each
      comprising x image elements per line, moving a record carrier in a given
      direction, recording each of said image elements of a first partial image
      corresponding to a first complete image in a spatially separated image
      element position on said moving carrier that is displaced from all other
      image element positions of said first partial image in a direction
      perpendicular to the direction of motion of said carrier, said recording
      step further comprising assembling each of the image elements of said
      first partial image corresponding to said first complete image into p
      groups of image elements and recording each group of image elements in
      positions on said carrier that are spaced from all other groups of image
      elements in a direction parallel to the direction of motion of said
      carrier by a distance d, the spacing between image elements of different
      groups of image elements thereby having components in directions both
      parallel and perpendicular to the direction of motion of carrier,
      continuing said recording of said image elements of said first partial
      image corresponding to said first complete image until px image elements
      corresponding to said entire first partial image have been recorded,
      recording each partial image corresponding to said first complete image at
      a given frequency, said motion of said record carrier being equal to the
      frequency of recording said partial images multiplied by said distance d,
      recording p successive partial images, thereby recording a total image,
      similarly recording subsequent complete images.
NUM  9.
PAR  9. A method of recording cinematographic images as recited in claim 8,
      wherein said raster scan includes a vertical flyback period and wherein
      said step of similarly recording subsequent complete images further
      comprises refraining from recording said image elements during said
      vertical flyback period.
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ABST
PAL  A two-valued image is scanned repeatedly along a single line path at a
      predetermined constant rate and gated out when a transmitter is ready for
      transmission. A plurality of memory devices are used cyclically for
      storing an image signal of successive lines. The signal is gated out for
      processing and then transmitted. In one aspect of the invention,
      two-valued image is scanned on a two-line-at-a-time basis to produce first
      and second discrete sampled signals which are combined one-by-one to form
      four combinations of discrete signals. The combinations are formed into a
      sequence of combination runs. The kinds of combinations and the length of
      combination runs are respectively encoded into binary codes for
      transmission.
BSUM
PAR  The present invention relates generally to facsimile systems, and in
      particular to an apparatus and method for achieving bandwidth compression
      using an array of solid-stage photosensors driven by a pair of
      complementary square wave clocks and a start signal.
PAR  In one aspect of the present invention, an array of photodiodes is scanned
      repeatedly along a single line path to produce a sampled image signal
      which is gated out onto a transmission line only when a transmitter is
      ready for transmission.
PAR  In another aspect of the present invention, bandwidth compression is
      achieved by scanning adjacent two lines simultaneously discretely to
      produce discrete sampled signals which are combined to form combinations
      of white and black signal elements. These combinations are encoded into a
      first binary code to represent the kind of combinations. The combinations
      of discrete signal elements are formed into a sequence of combination runs
      and the length of each combination run is encoded into a second binary
      code. The first and second binary codes are combined to constitute one run
      length and transmitted to a receiver station.
PAR  An object of the present invention is to provide a method for reducing
      transmission time.
PAR  Another object of the present invention is to provide a method for
      efficiently scanning adjacent lines of a two-valued image and forming
      combinations of sampled signals.
DRWD
PAR  The present invention will be better understood from the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1a is a perspective view of a facsimile line scanner applicable to the
      present invention;
PAR  FIG. 1b is a schematic illustration of a lens system for focusing a
      continuous line image onto a plurality of discretely arranged photodiode
      chips;
PAR  FIG. 2 is a circuit block diagram of the line scanner of FIG. 1a;
PAR  FIG. 3 shows various square waveforms employed for driving the circuitry of
      FIG. 2;
PAR  FIG. 4 is an enlarged plan view of a silicon photodiode chip employed in
      the line scanner of FIG. 1a;
PAR  FIG. 5 is a detained circuit diagram of a shift registor and photodiodes
      employed in the photodiode chip of FIG. 4;
PAR  FIG. 6 is a graph illustration showing charge storage characteristic of
      photodiodes employed in the photodiode chip of FIG. 4;
PAR  FIG. 7 is a graph showing relationship between various modes of facsimile
      operation in accordance with the present invention;
PAR  FIG. 8 is a schematic illustration showing a method for encoding a sampled
      signal in accordance with the present invention;
PAR  FIG. 9 is a schematic illustration showing a variation of the method of
      FIG. 8;
PAR  FIG. 10 is a circuit block diagram showing another embodiment of the
      preeent invention;
PAR  FIG. 11 illustrates relationships between various pulses and the position
      of destination marker employed in the practice of the FIG. 10 embodiment;
PAR  FIG. 12 is a perspective schematic view of a solid-state image recorder to
      which still another embodiment of the present invention is applicable;
PAR  FIG. 13 illustrates an arrangement of pin electrodes and auxiliary
      electrode employed in the solid-state image recorder of FIG. 12;
PAR  FIG. 14 is a circuit diagram used for driving the pin and auxiliary
      electrodes of FIG. 13;
PAR  FIG. 15 illustrates relationships of various pulses appearing in the
      circuit of FIG. 14, when the solid-stage recorder is operated in the mode
      of normal scanning;
PAR  FIG. 16 illustrates relationships of various pulses appearing in the
      circuit of FIG. 14, when the solid-stage recorder is operated in the mode
      of pragrammed scanning in accordance with the present invention.
DETD
PAR  A detailed explanation will be made hereinafter in connection with the
      accompanying drawings. FIG. 1a schematically shows the structural
      construction of a line scanning system to which the present invention is
      applicable. A typed or pictorial copy 11 is advanced in the direction of
      arrow A by means of a driving roller 12 and a driving control system
      associated therewith (not shown). The rays of light from a light source 13
      irradiate the copy placed at a distance from the light source, and the
      reflected rays are concentrated onto each silicon chip 15 containing an
      array of 265 photodiodes through a plurality of focusing lenses 14. which
      will be described hereinbelow. A reflecting mirror 17 is provided for
      converging the light to avoid loss of light. That portion of the copy
      which is illuminated is held against a supporting plate 18 on the upper
      surface thereof by means of a plate 19 on the lower surface thereof made
      of material such as glass. The image of an entire line path is divided
      into sections and focussed by the plurality of lenses 14 onto
      corresponding silicon chips (FIG. 1b). The divided images are individually
      focussed on the corresponding silicon chip. It will be noted that a
      plurality of focussing lenses thus enables a continuous entire image to be
      focussed on a plurality of discretely scanned arranged photodiode chips.
PAR  In FIG. 2, there is shown a schematic circuit diagram to which the present
      invention is applicable. An oscillator 21, in synchronism with an external
      signal, generates a clock pulse of f Hz and a start pulse "P" Hz whose
      frequency is 1/N of that of the clock pulse. The clock pulse and the start
      pulse are supplied to a drive circuit 22 which drives the photodiode array
      chips 15 (in this embodiment, eight photodiode chips are employed). The
      drive circuit 22 may be any of the well known circuits or devices, and
      generates several forms of drive pulses 1, S, S', .intg..sub.1,
      .intg..sub.2, .intg.', and .intg..sub.2 ', as shown in FIG. 4. The shift
      registers 23 and 23' are provided, the former being supplied with the
      signal S derived from the drive circuit 22 and the latter being supplied
      with the signal S derived from the drive circuit 22 while the latter is
      supplied with the output signal S' of the drive circuit 22. Each of the
      shift registers 23 and 23' is of eight bits type, the number of the bits
      corresponding to that of the diode arrays. The output signals S and S'
      from the driving circuit 22 are shifted to drive eight pieces of the diode
      arrays 15, i.e., these shift registers serve as a ring counter of eight
      phases, respectively. It may be of course possible to employ other
      suitable circuit constructions. The frequency counter or divider 24 which
      reduces the frequency f Hz is used for producing a shift pulse for the
      shift registers 23 and 23'. The character n designates the number of
      picture elements per chip (In this embodiment there are 256 picture
      elements. Accordingly, one line is comprised of 2048 picture elements (256
      .times. 8 = 2048)).
PAR  FIG. 5 shows a detailed construction of the photodiode array shown in FIG.
      2. As shown in FIG. 5, the photodiode array 15 is a monolithic silicon
      diode array containing a row of 256 photodiodes on the narrow center
      portion of the silicon chip 58. The diodes are scanned by two 128 stage
      MOS shift registers 51 and 54 integrated onto the same silicon chip 58.
      Each shift registor is driven by a pair of complementary square wave
      clocks and a start pulse to initiate each scan as shown in FIG. 4. One
      shift register 54 scans the odd numbered photodiodes while the other 51
      scans the even numbered ones. For this reason, four phase signals,
      .phi..sub.1, .intg..sub.2, .intg..sub.1 ', and .intg..sub.2 ' are used to
      scan the shift registers, and the start pulses S and S' to initiate
      scanning. The .intg..sub.1 and .intg..sub.2 are used to drive one shift
      register 54 and the start pulse S is used for starting it while the
      .intg..sub.1 ' and .intg..sub.2 ' are used for driving the other shift
      register 51 and the start pulse S' is used for starting it. Separate
      output video lines 52 are provided for the odd and even numbered elements.
PAR  A detailed circuit comfiguration of the photodiode array is shown in FIG.
      6, which is comprised of a shift registor 61 consisting of a plurality of
      shift registers and a sensor portion 62 consisting of a plurality of
      photodiodes 63 and field effect transistors 65. The photodiodes are
      operated in the charge storage mode. They integrate for an entire line
      time and empty their charge into an output terminal 64 as they are sampled
      in sequence. When the diodes are illuminated by image light, the
      resistance of the diodes decreases correspondingly so that charges stored
      in the photodiodes discharge. The amount of charges stored in the
      photodiodes is thus proportional to the amount of incident light flux (the
      time and intensity of the light). Read-out operation is performed by
      charging the photodiodes and the amount of the charging current represents
      the light intensity. It is to be noted that since the photodiodes
      discharges their stored energy increasingly with time, they must be
      scanned at a constant interval. The photodiodes are fully charged each
      time the readout operation is completed. The shift registor 61 will charge
      each photodiode 63 in a sequence through corresponding field-effect
      transistors 65. This charging current is the read-out video signal. In
      FIG. 6, scanning rate versus output current relationship is shown.
PAR  In accordance with the present invention, there is provided a variable
      scanning method applicable to the line scanning system of FIG. 2. In FIG.
      2, AND gates 27 and 29, flip-flops 20 and 28 are a pre-amplifier 26
      constitute a read-out control circuit. The pre-amplifier 26 may be any of
      the well known type. The video output signal passing through the AND gate
      27 is controlled by the flip-flops 20, 28 and 29. The photodiode chips 15
      are repeatedly scanned at a repetition frequency f/N Hz. It will be noted
      that the sampled signals are gated out only when a read-out request signal
      is applied to the flip-flop 20 which energizes the AND gate 29 which in
      turn sets the flip-flop 28 to which a start pulse p is also applied. The
      scanning line is advanced to the next line when the video output of one
      line is gated out from the gate 27. Thus, the same line on the copy is
      repeatedly scanned regardless of whether the sampled signal is gated out
      or not. The read out request pulse is generated when the process of the
      information in the preceding line is substantially completed. The
      flip-flop 28 is reset each time the start pulse is applied thereto and is
      set only when the gate 29 is energized. When two read-out request pulses
      are successively applied, the flip-flop 28 is reset temporarily and then
      is returned to the set condition thereby enabling the sampled signals of
      two scanning lines to pass through the gate 27. Thus, the next line is
      read-out each time a read-out request pulse is applied to the read-out
      control circuit. The read-out request signal is generated as soon as the
      preceding sampled signal has been processed, and has no particular
      relation to the start pulse. Accordingly, one read-out operation will be
      made after several lines interval, another will be made immediately after
      the previous line has been read out.
PAR  In one aspect of the present invention, the read-out image signals from the
      gate 27 are placed into a plurality of memory devices on a line-by-line
      basis, processed and gated out sequentially on a line-by-line basis onto a
      transmission line, in order to achieve bandwidth compression. Generally,
      the information in the facsimile system is highly redundant. Thus, it is
      desirable to increase the speed of transmission to effectively utilize the
      transmission line. For carrying out the bandwidth compression, memory
      means are employed for storing the read-out image signal to perform the
      process thereof. Storage of the read-out signal neccesitates that the
      scanning speed is higher than that of the transmission. It is necessary,
      in view of cost, to use a small number of memories. On the contrary, when
      the number of the memories is too small, the effective utilization of the
      transmission line is depreciated; in case where the memory has a small
      capacity, subsequent read-out operation can not be made even if the
      process of the stored image signal in the preceding line is completed,
      thus resulting in a loss of transmission time. The number of the memories
      must be determined taking account of the two requirements mentioned above.
PAR  Assuming that one scanning line has a length of 256 mm and the number of
      picture elements per 1 mm is 8, the total number of the picture elements
      per line is 2045 or 2.sup.11 (256 .times. 8 = 2048 = 2.sup.11). When the
      run-length cording method may be employed for the purpose of bandwidth
      compression, the minimum number of run-length codes per line is comprised
      of 11 bits each run-length representing a sequence of black or white
      signals. The number of the bits required in one line is as follows: 4 bits
      are used to indicate whether these 11 bits are white or black, 16 bits are
      used for supplying the start pulse which appears at the start of each
      line; 1 bit for preventing a syncronous code from appearing in the video
      signal; another set of 16 bits used for checking errors introduced into
      the transmission line. Assuming a telephone line capable of transmitting
      information at 4,800 bauds is used (the check bits of 16 is not used in
      this case), the minimum transmission time of one scanning line is 32/4800
      (= 1/150) seconds. If a transmission rate of 9600 bauds is used, the
      transmission time is 1/300 seconds. However, it is difficult to use the
      telephone line with 9600 bauds without the check bit. If the check bit of
      16 bits is used, the total bits of one line are 48 bits so that the
      transmission time is 48/9600 = 1/200 seconds. The scanning period of one
      line must be less than that of the transmission time of a line to reduce
      the unavailable time occurring in the transmission time. If one shift
      resistor is capable of storing the sampled signal of a complete line, the
      number of shift registers required will be four. These four shift
      registers are used cyclically to store the respective sampled signals
      occurring on the subsequent lines as will be seen from FIG. 8.
      Accordingly, if the sum of the scanning time of one line and the
      processing time is less than that of the transmission time of one line,
      the number of memories may be reduced to three. According to the
      invention, the sampled signal is gated out in such a manner that the
      read-out request pulse is generated only when the memory is made available
      for storing the subsequent signal of a complete line. The copy is advanced
      stepwisely at each scanning line by means of a stepper motor each time the
      information of one scanning line is read out by the application of the
      read out request pulse. It is seen from FIG. 8 that each shift register
      corresponds to each subsequent scanning line at time t.sub.1, a first line
      being for transmission, a second line being read-out a third line being
      processed and a fourth line being under stand-by condition.
PAR  An alternative approach to the bandwidth compression is illustrated in
      FIGS. 9 and 10. The alternative method is a run-length coding applicable
      to the line scanner as described with reference to FIG. 2. In FIG. 8, two
      line paths of a two-valued image on a subject copy are simultaneously
      discretely scanned by means of a pair of parallelly arranged line scanners
      of FIG. 2 to produce first and second discrete signals of black or white.
      The simultaneously occurring discrete signals are combined to form
      possible combinations (in this case four combinations of black and white)
      of signal elements which will be further formed into successive sequence
      of combination runs. The kinds of combination and the length of each
      combination run can be encoded into binary codes suitable for
      transmission. In the exemplary embodiment of FIG. 8, a white-white
      combination run in the initial period of the scanning is represented by
      two bits, "00" and the length of the run (in this case, 6) is represented
      by three bits "101". Although six bits can be represented by "110", one
      bit is substracted from "110"  bits since zero bit is not necessary for
      the run length coding. A white-black combination run is represented by
      "01" and its length is represented by a single bit of "1". Similarly, a
      black-black run is represented by "11" and its length "10", and so on. In
      the present embodiment, two bits are used for indicating the kind of
      combination runs and the reminder four bits for representing the length of
      each combination run. In FIG. 9, a four bit code is employed where the
      first bit "0" is used for representing the mode "00", the first "110" bits
      for the mode "01", "10" for the mode "11", and "111" for the mode "10",
      and the remaining bits except ones used for expressing the mode is
      allotted for indicating run length. If the number of bits falls short for
      representing a lengthy run, additional bits may be used. The mode
      representation of FIG. 9 is different from that of FIG. 10. The reason for
      this is that in the typewritten or pictorial copy, the mode "00"
      (white-white run) occurs most frequently, the mode "11" occurs less
      frequently than the former, and the modes "10" and "01" occur less
      frequently than the mode "11". The control signal should be encoded such
      that there is less likelihood of the control signal being erroneously
      recognized as a video signal. The control signal includes bit and word
      synchronizing codes, line-shift code, end-of-scan code, and error-check
      bits (16 bits, for example). The error-check bits are sent following a
      line-shift code followed by the transmission of an image signal of a
      complete line and then followed by a line-shift code. When an error is
      detected in the receiver, the complete image signal is discarded and the
      scan is shifted to the next line. Although the error-containing line is
      entirely skipped, the skipped line is not perceptible because of the
      narrow line width (1/4 mm) and the redundancy of facsimile line scanning.
PAR  In FIG. 10, there is shown another embodiment of the present invention
      which automatically reads the destination information format printed in
      the upper marginal portion of the subject copy and generates destination
      code signal necessary for establishing a telephone connection to the
      desired destination. An automatic destination code generator in accordance
      with the present invention is generally indicated at reference numeral 100
      and comprises a shift registor 110 to which are applied shift pulse clock
      occurring in synchronism with destination markers indicated in the upper
      marginal portion of a subject copy 101 (FIG. 11). The present embodiment
      contemplates the use of a format as shown in FIG. 2 to be scanned
      preferably by a facsimile system of the type as previously described. The
      format comprises a plurality of blank squares arranged in a row. The one
      at the leftmost position is a reference marker 102a used as an input to
      the shift registor 110 and shifted toward the right in a step along manner
      until it coincides with a destination marker 103a. The position of the
      blank squares thus arranged in a row indicates destination to which the
      subject copy is to be sent and only that portion which is filled in black
      indicates the allocated position of a desired destination. As the
      facsimile starts to scan, a start signal appears on lead 111 which sets a
      flip-flop 112. As the scar proceeds, an image signal, in this instance a
      reference marker signal 102, is generated as it scans across the reference
      marker 102a, energizing an AND gate 113. The reference marker pulse is
      thus placed in the leftmost position of the shift registor 110 and
      subsequently shifted toward the right in a step along manner by means of
      shift pulse clock which is in synchronism with the scanning rate at which
      the destination markers are scanned. As soon as the reference marker pulse
      is placed in the leftmost position, the shift registor 110 generates a
      rest pulse to reset the flip-flop 112 and energizes one input to an AND
      gate 115 by way of an amplifier 116. Simultaneously, a line sampling pulse
      which will be described hereinbelow is applied to lead 114. As the scan
      proceeds, the destination marker 103a is scanned to produce a
      corresponding pulse 103. This energizes the AND gate 115 which in turn
      energizes an AND gate 117 connected to the allocated position of the shift
      registor to which the reference marker signal 102 appears through lead
      118. A coincidence occurs between the two pulses and the AND gate 117 is
      thus energized to produce an output to a flip-flop 119. It will be
      apparent from the foregoing that only one scanning is sufficient to
      determine the position of the desired destination marker. However, the
      scanning may preferably be repeated at least twice in order to ensure
      against any possible error which might be introduced into the system.
      Therefore, the scanning is repeated number of times determined by the line
      sampling pulse referred to above. Assume that the row of destination
      markers has a width of 4 mm and the facsimile is adapted to scan four
      lines per 1 mm the scanning line amounts to 16 lines. However, it is too
      redundant to provide all the 16 lines to ensure against possible errors,
      and therefore the line sampling pulse serves to reduce the number of
      scanning to a predetermined number, for example, 3  lines per 4 mm width.
      In the subsequent scanning, the AND gate 117 produces an output to the
      flip-flop 119. Since the flip-flop 119 has been in the state of set
      condition, the subsequent input pulse turns it to a reset condition,
      producing an output to an AND gate 120 to which the pulse from the AND
      gate 117 is also applied. The AND gate 120 is energized to set a flip-flop
      121. An output appears on lead 122 as an input to an encoder 123 of the
      well known type which comprises, for example, a matrix of
      resistor-rectifier networks. The encoder 123, with an input applied,
      translates it into a destination code in the form of parallelly coded
      signal appearing on leads 124. It will be understood that the flip-flops
      119 and 121 and the AND gate 120 constitute a two-pulse counter (which may
      be a three-pulse counter) and therefore, any type of pulse counter may be
      applicable to the present embodiment. The parallelly coded signal will
      then be converted by means of a parallel-series convertor 125 into a train
      of serially coded signals which may be sent over a transmission line to a
      telephone switching system which establishes a connection to the desired
      destination. The destination code generator 100 may further comprise a
      gate circuit 126 which is gated on by transmission ready signal to pass
      subsequent image signals to the transmission line as soon as the telephone
      connection has been established.
PAR  In still another embodiment of the present invention, there is provided
      means for selectively scanning and reproducing images on a predetermined
      basis by skipping unnecessary portions thereof to achieve compression of
      the transmission time. In FIG. 12 there is shown an example of a
      solid-state electronic image recording apparatus 200 which comprises a
      plurality of pin electrodes, each corresponding to a picture element,
      arranged along the direction of line scanning and auxiliary electrodes 202
      arranged in opposed relationship therewith. A recording roll of paper 203
      is interposed between the two electrodes and transported by means of a
      driving roller 204 and a feeding roller 205 in a direction perpendicular
      to the direction of line scanning. The auxiliary electrodes 202 are
      connected to input terminals designated Group A (FIG. 13) and the pin
      electrodes 201 are equally divided into two groups of terminals Group B
      and Group C each having m terminals. If pulses are applied in a
      predetermined sequential manner to these electrodes, a latent image will
      be formed on the recording paper and a visible image will be developed
      when the paper is moved past a developer 206 which contains an
      image-forming toner supplied through the inlet 207. An example of circuit
      arrangements for carrying out the application of sequential pulses is
      shown in FIG. 14. Firstly, a start signal which occurs at each line scan
      is given to a start signal input terminal 301 to clear the contents, if
      any, in a frequency divider 307 and a flip-flop 308 and also given to the
      leftmost position of a shift register 302. In one aspect of the present
      invention, the auxiliary electrodes 202 are arranged such that any
      adjacent electrode elements (e.g. G.sub.A.sub.-1 and G.sub.A.sub.-2) are
      simultaneously energized to set up a uniform electrical field over the
      substantial portion of the two electrodes, and the pin electrodes 201 are
      arranged such that each of the Groups A and B starts from the central
      portion of an auxiliary electrode (e.g. G.sub.A.sub.-1) and ends at the
      central portion of the adjacent auxiliary electrode (e.g. G.sub.A.sub.-2).
      Otherwise, individual application of pulses to the auxiliary electrodes
      would cause the transitional portions of the auxiliary electrodes to
      produce varying electric field. An image signal when applied to an
      image-input terminal 306 is placed into the leftmost position of shift
      registors 303 and 304 through leads 303a and 304a after amplification by
      an amplifier 306a. A train of clock pulses having a repetition frequency f
      are applied to a clock-pulse input terminal 305, has its frequency divided
      into a submultiple m in the frequency divider 307 whose output sets the
      flip-flop 308. Thus, an AND gate 309 is energized to produce an output to
      the shift register 303 when a subsequent clock pulse is applied to the
      clock-input terminal 305 causing the stored bit to be shifted one step to
      the adjacent bit position. Simultaneously, the output from the frequency
      divider is also applied to the shift register 302 through lead 302a to
      move the start pulse to the next bit position and energize the terminals 1
      and 2 of the Group A, or the auxiliary electrodes 202 (G.sub.A.sub.-1,
      G.sub.A.sub.-2). The clock pulses appearing on the terminal 305 are also
      applied to the AND gates 309 and 310 and energize the AND gate 309 to
      produce an output to the shift register 303, causing it to shift the
      stored bit to the first bit position. Thus, an AND gate 311 is energized
      to produce an output which is amplified at an amplifier 313 and delivered
      to the terminal 1 of the Group B electrodes (G.sub.B.sub.-1). Since the
      flip-flop 308 remains in the set condition until the m the clock pulse is
      counted in the frequency divider or counter 307, the subsequent clock
      pulses cause the AND gate 309 to produce corresponding output pulses and
      thus cause the shift register 303 to shift its content to the adjacent
      position. After the m th clock pulse has been counted, the frequency
      counter produces another pulse which resets the flip-flop 308 and
      energizes lead 310a. In the next cycle of the subsequent m clock pulses,
      an AND gate 310 will be caused to produce output pulses which in turn
      cause the shift register 304 to shift its content to the adjacent
      position. Thus, the image signal appears on terminal 316. Therefore, it
      will be apparent from the foregoing that the shift registers 303 and 304
      are energized alternately and a sequence of tiny dots will be produced on
      the recording paper as the stored bit in the shift register 302 is
      sequentially emptied therefrom. In the foregoing description, the image
      signal is delivered to the opposed electrodes 201 and 202 by means of
      clock pulses occurring at a predetermined fixed intervals as shown in FIG.
      15.
PAR  In accordance with another aspect of the invention, means for compressing
      transmission time is achieved by causing scanner to selectively scan
      predetermined portions of a subject copy. Since every subject copy
      contains blank spaces while bears no information, these blank spaces can
      be skipped to reduce the amount of information to be transmitted. If
      scanning is made on a programmed basis at opposite ends of a transmission
      line, only predetermined portions of a subject copy can be transmitted.
      The programmed scanning at opposite ends of a line can be performed by
      retrieving gate signals respectively for the start and clock signals from
      a storage device such as a computer memory. These gate signals are in the
      form of pulses as shown in FIG. 16 which serve to gate the start pulses
      and clock pulse A, respectively. If a blank space occurs entirely along a
      plurality of complete lines, the start gate pulse gates a plurality of
      start pulses (which equals to the number of complete blank lines) in a
      rapid succession so that the corresponding lines may be skipped. If a
      blank space occurs halfway in a scanning line, the clock gate signal gates
      a plurality of clock pulses A in a rapid succession to skip a plurality of
      auxiliary electrodes. The opposite ends of the system are required to
      start operation so that the start signals are brought into coincidence at
      the initial start. Programming can also be possible by recording necessary
      programmed information in the form of the position and time, or may be in
      the form of numerals indicating the pulse intervals. The number of
      auxiliary electrodes may be recorded for carrying out the line skipping.
PAR  In actual application of the present invention, coding transmission and
      image transmission can be possible over a single transmission line. For
      example, letters, symbols and numerals can be transmitted in the form of
      coded signals and reconstructed at the receiving end of the line using a
      character generator or pattern generator, while complex image will be
      transmitted directly. These different modes of transmission can be
      effected on a programmed basis as previously described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for scanning an image on a subject copy using an array of
      charge storage type photosensors of a facsimile transmitter, comprising
      the steps of: driving said array of photosensors in a sequence at a
      predetermined constant speed repeatedly along a single line path to
      produce a video signal; gating out said video signal onto a transmission
      means when said transmission means is ready for transmission; and shifting
      said subject copy to a subsequent line when said video signal has been
      gated out.
NUM  2.
PAR  2. An apparatus for scanning an image on a subject copy in a given
      direction comprising: a light source for illuminating said subject copy, a
      plurality of N arrays of n photosensors for each array, means for
      focussing light rays modulated by said image onto said arrays of
      photosensors, means for shifting said subject copy in a direction
      perpendicular to said given direction, means for producing clock pulses
      having a repetition frequency f to drive said photosensors, means for
      producing a first train of pulses having a repetition frequency f/N, means
      for producing a second train of pulses having a repetition frequency f/n
      and a shift register.
NUM  3.
PAR  3. A method for scanning an image on a subject copy in a given direction,
      comprising the steps of:
PA1  applying a start pulse to an array of photosensors, said start pulse having
      a predetermined constant retetition rate to produce video signals;
PA1  applying said video signals to a gate circuit;
PA1  gating out said video signals only when a read-out request pulse is applied
      to said gate circuit;
PA1  applying a read-out request pulse to said gate circuit; and
PA1  shifting said subject copy in a direction perpendicular to said given
      direction by the width of a line when said video signals are gated out.
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PAL  A device for selective search of objects using images thereof, comprising a
      number of units connected in series, viz.: a TV-camera producing video
      signals of the object's image, including a scanner and a synchronizer and
      determining the current values of geometric parameters of the object's
      image; an amplitude selector whose video signal clipping level is adjusted
      according to the preset level of the brightness and chromaticity of the
      object's image; a servomechanism controlling displacements of said objects
      relative to the TV-camera; and an initiating pulse oscillator connected to
      said servomechanism. According to the invention, the device is provided
      with a logical unit connected in series between the amplitude selector and
      the servomechanism and coupled to said initiating pulse oscillator, and
      with a TV-camera raster reference line sensor connected to said logical
      unit. The logical unit serves to preset the reference values of geometric
      parameters of the object's image, to measure the current values of
      geometric parameters of the object's image at a preset brightness and
      chromaticity levels and to compare them with the reference values. The
      purpose of the reference line sensor is to pick out any one of the
      TV-camera raster lines to be used as a reference line for said
      measurements of the current values of geometric parameters of the object's
      image at the moment when they cross the raster line in the course of
      mutual displacements of the object and the TV-camera.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to devices for recognition of patterns by
      analysing sets of their informative parameters and, in particular, to
      devices for selective search of objects using images thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention can be advantageously used to search, guide and track objects
      within the field of view of a scanning raster line. It can be employed in
      systems intended to analyse the structures of complex half-tone images of
      various micro- and macro-objects. In particular, it can be used in
      astronomy to automatically track stars and planets; in biology, to perform
      selective search of individual objects for their detailed analsyis on the
      basis of the parameters of their images; in metallography, to analyse the
      structures of polished specimens; in medicine, to study various objects,
      such as cytology preparations for their analysis. In addition, it can be
      used to solve other applied and scientific problems where it is required
      that the process of successively selecting images of objects and passing
      them to a measurement or identification system should be automatic.
PAR  Included in the prior art is a device which selectively searches for and
      tracks an object using its image and which comprises a video pickup, a
      photoelectric scanner, a video signal processor and a servomechanism to
      displace the video pickup with respect to the image being searched.
PAR  This device comprises an optical telescope aimed at a celestial body. The
      image of the celestial body is focused optically on a photoelectric
      scanner that converts the image into a series of pulses whose time of
      generation determines the distance between the fixed coordinate axis and
      the circumference of the celestial body's image. Then, the pulses are
      differentiated and the resulting signals are fed to a computer which
      calculates the coordinates of the center of the celestial body.
PAR  A drawback of the known device lies in that its application is rather
      limited since it is preprogrammed to solve a single specific proble, viz,
      as a horizon sensor, to find the vertical to a partially darkened plant.
      Hence, the device cannot be used to selectively search for an object whose
      image is against the background of a random set of mixed objects having
      different contrasts, chromaticities and geometric sizes. Nor can it be
      used in systems requiring that images of objects should be automatically
      passed in succession for further analysis, since to have a system track an
      object it is necessary to manually pre-aim the optical means of the device
      at the object.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide a device for selective
      search of objects using images thereof, for systems intended to analyse
      structures of complex half-tone images of various micro- and
      macro-objects.
PAC  SUMMARY OF THE INVENTION
PAR  This and other objects are achieved by that a device for selective search
      of objects using images thereof, which comprises four subsystems connected
      in series, viz. a TV-camera serving as a video pickup of the object's
      image, containing a scanner and a synchronizer and determining the current
      values of the geometric parameters of the object's image; an amplitude
      selector wherein the level of video signal clipping is adjusted according
      to a preset level of brightness and chromaticity of the object's image; a
      servomechanism controlling mutual displacements of the objects and the
      TV-camera; and an initiating pulse oscillator coupled to the
      servomechanism. According to the invention, a logical unit is connected in
      series between the amplitude selector and the servomechanism, coupled to
      said oscillator and intended to perform the following functions: preset
      the values of reference geometric parameters of the objects image; measure
      the current values of the geometric parameters of the object's image at
      preset brightness and chromaticity levels and compare the current and
      reference geometric parameters. The device also includes a reference line
      sensor connected to said logical unit to sample at least one line from the
      TV-camera raster, which line is to be used to measure the current values
      of the geometric parameter of the object's image at the moment of their
      crossing said reference line in the course of said mutual displacements of
      the object and the TV-camera.
PAR  It is preferable that the device should comprise an electronic aperture
      unit whose two inputs are connected to the output of the TV-camera and
      whose other inputs and output are connected to the logical unit, the
      aperture unit serving to set the boundaries of that section of at least
      one reference line within which the current values of the geometric
      parameters of the object's image are to be measured.
PAR  The logical unit may include: a measuring pulse counter whose complementing
      input is connected, via a first coincidence circuit, to the amplitude
      selector. A zero reset input is connected to the output of a shaper of
      reset pulses corresponding to the trailing edges of pulses fed to its
      input from the amplitude selector, while the second input of the first
      coincidence circuit is connected to a measuring pulse oscillator. A second
      and a third coincidence circuits have first inputs connected to the output
      of the measuring pulse counter, and second inputs connected to the
      reference line sensor. Third inputs are connected to one of the outputs of
      a commutation flip-flop. The outputs of the second and third coincidence
      circuits are connected directly to the servomechanism and, via a
      collecting circuit, to one of the inputs of the commutation flip-flop,
      while the other input of the latter is connected to the initiating pulse
      oscillator.
PAR  The logical unit may also comprise a measuring pulse counter whose
      complementing input is connected, via the first coincidence circuit, to
      the amplitude selector, the zero reset input is connected to the output of
      the shaper of reset pulses that correspond to the trailing edges of pulses
      applied to the input of the reset pulse shaper from the amplitude
      selector, while the second input of the first coincidence circuit is
      connected to the measuring pulse oscillator; second and third coincidence
      circuits whose first inputs are connected to the output of the measuring
      pulse counter, the second inputs are connected to the reference line
      sensor, the third inputs are connected to one of the outputs of the
      commutation flip-flop, while their outputs are connected to the
      servomechanism directly and, via a collecting circuit, to one of the
      inputs of the commutation flip-flop; a fourth coincidence circuit whose
      first input is connected to the output of the measuring pulse counter, the
      second input is connected to the electronic aperture unit, the third input
      is connected to the second output of said commutation flip-flop, the
      fourth input is connected to one of the inputs of an additional
      commutation flip-flop whose first input is connected to the initiating
      pulse oscillator, while the output of the fourth coincidence circuit is
      connected to the servomechanism and to the electronic aperture unit. The
      logical unit may also include a tracker assembly comprising a fifth and a
      sixth coincidence circuits, whose first inputs are connected to the second
      output of the additional commutation flip-flop, the second input of the
      fifth coincidence circuit is connected to the output of the measuring
      pulse counter, the third input of the fifth coincidence circuit is
      connected to the electronic aperture unit, the second input of the sixth
      coincidence circuit is connected to the TV-camera frame pulse output via a
      shaper of frame pulse trailing edges, while the outputs of these
      coincidence circuits are connected to a search enable flip-flop whose
      output is connected, via an additional coincidence circuit, to the other
      input of the electronic aperture unit and to other inputs of the
      commutation flip-flops, while the second input of this additional
      coincidence circuit is connected to the TV-camera frame pulse output via
      the shaper of the leading edges of frame pulses. The reference line sensor
      may further comprise a counter of double line frequency pulses and two
      decoders whose inputs are connected to the outputs of this counter, the
      complementing input of the said counter being connected to the TV-camera
      double line frequency output, a zero reset input being connected to the
      TV-camera frame synchronizing pulse output, the outputs of the decoders
      being connected to the inputs of the logical unit via respective
      coincidence circuits, and the other inputs of said coincidence circuits
      being connected to the TV-camera blanking pulse output.
PAR  It is preferred that the electronic aperture unit should comprise at least
      two groups of counters to count horizontal and vertical position
      coordinates of the object's, image and of the beam in the raster,
      respectively, each group comprising a counter of the current coordinates
      of the beam's position in the raster and two counters of the coordinates
      of the position of the object's image in the raster coupled to each other
      via circuits comparing these coordinates. The first input of each one of
      these comparison circuits is connected to the output of the counter of
      object image position coordinates, the second input is connected to the
      output of the counter of current beam position coordinates, while the
      outputs of these comparison circuits are coupled to the inputs of
      respective flip-flops and to the first inputs of respective coincidence
      circuits whose second inputs are interconnected and coupled to one of the
      outputs of the logical unit, the output of the flip-flop in each group
      being connected to the input of the logical unit via a coincidence circuit
      common for both groups. The complementing inputs of the counters of object
      position coordinates on the raster are connected to the outputs of
      respective coincidence circuits, the complementing inputs of the counter
      of current beam position coordinates on the raster are connected to the
      TV-camera line synchronizing pulse output and to the TV-camera frame
      synchronizing pulse output, respectively, the complementing input of the
      counter of current beam position coordinates on the raster is connected to
      a count pulse oscillator and the zero reset input of this counter is
      connected to the TV-camera line synchronizing pulse output, while the
      reset inputs of all the counters of object position coordinates are
      connected to one of the outputs of the logical unit.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood from the following detailed
      description of a preferred embodiment thereof with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a general block diagram of a device for selective search of
      objects using images thereof, according to the invention;
PAR  FIG. 2 is a circuit diagram of the logical unit, according to the
      invention;
PAR  FIG. 3 is a circuit diagram of the reference line sensor, according to the
      invention;
PAR  FIG. 4 illustrates the electronic aperture unit, according to the
      invention;
PAR  FIG. 5 is a timing diagram of events during the object search procedure and
      the aperture setting process in the logical unit, according to the
      invention;
PAR  FIG. 6 is a timing diagram of the operation of the tracker assembly in the
      logical unit, according to the invention;
PAR  FIG. 7 and FIG. 8 are timing diagrams of the operation of the electronic
      aperture unit, according to the invention.
DETD
PAC  DISCUSSION OF THE PREFERRED EMBODIMENT
PAR  The proposed device for selective search of objects using images thereof
      comprises a TV-camera 1 (FIG. 1) having a scanner with an output E and a
      synchronizer with outputs A, B, C and D. When the image of an object is
      subjected to line and frame scanning, the TV-camera produces an output
      video signal containing data on the current values of the geometric
      parameters of the image (in FIG. 1 the TV-camera system is shown by an
      arrow). The object's image can be projected onto the light-sensitive
      surface of the TV-camera with the aid of an optical system 2 and a set of
      gauged optical filters 3 for presetting the chromaticity of the object's
      image.
PAR  Connected to the output E of the TV-camera 1 is an amplitude selector 4
      whose video signal clipping level is adjusted according to the preset
      level of the brightness and chromaticity of the object's image. The
      amplitude selector 4 is designed as a conventional limiting amplifier with
      an adjustable threshold of video signal clipping. It serves for bilateral
      clipping of the video signal amplitude at a level which corresponds to the
      preset brightness and chromaticity of the object's image.
PAR  Connected to the output of the amplitude selector 4 is a logical unit 5
      which performs the following operations: presets the values of reference
      geometric parameters of the object's image expressed by a number of pulses
      proportional to preset linear dimensions of images of objects, that are
      crossed by raster lines; measures the current values of geometric
      parameters of a given object's image at preset brightness and chromaticity
      levels, expressed by a number of pulses proportional to the current linear
      dimensions of the object's images; compares these two sets of values.
PAR  The functional features of the logical unit 5 can be best shown when it is
      described in conjunction with a reference line sensor 6 whose inputs are
      connected to a blanking pulse output C, a double line frequency pulse
      output D, and a frame synchronizing pulse output B of the synchronizer of
      the TV-camera 1. The outputs of the reference line sensor 6 are connected
      to the inputs of the logical unit 5. The reference line sensor 6 serves to
      select at least one of the TV-camera raster lines to be used in the
      logical unit 5 to measure the current values of the geometric parameters
      of the object's image when the latter is being crossed by said raster
      line. Due to the fact that both units operate in conjunction, it becomes
      possible to determine the position of the object's image on the TV-camera
      raster. Data on the current position of the object's image on the raster
      are used to control a servomechanism 7, wherefor the outputs of the
      logical unit 5 are connected to the inputs of the servomechanism 7. The
      servomechanism 7 comprises servomotors (not shown) serving to displace the
      object's image along the horizontal and vertical axes, respectively.
PAR  The servomechanism 7 is coupled to the TV-camera 1 and to a base plate
      carrying the objects to be analysed, e.g. to the objective table of a
      microscope (in the drawings, these couplings are shown by dashed lines).
PAR  In case the objects to be analysed are inaccessible as, for instance, in
      astronomy, it is necessary to vary the view angle of the TV-camera 1 with
      respect to the object ensuring thereby mutual displacements of the
      object's image and the TV-camera 1. The same procedure is resorted to in
      case photos of the object are arranged on the objective table of a
      microscope.
PAR  The device is provided with an initiating pulse oscillator 9 whose output
      is connected to the outputs of the logical unit 5 and to those of the
      servomechanism 7.
PAR  It is preferable that the device for selective search of objects using
      images thereof should be provided with an electronic aperture unit 8 which
      has its inputs connected to the frame frequency output B and to the line
      frequency output of the synchronizer of the TV-camera 1, as well as to the
      outputs of the logical unit 5. The output of the electronic aperture unit
      8 is connected to one of the inputs of the logical unit 5. The electronic
      aperture unit is intended to limit that section of at least one reference
      line on the raster where the current values of geometric parameters of the
      object's image are being measured.
PAR  The logical unit in the present embodiment of the proposed device comprises
      a measuring pulse counter 10 (FIG. 2) whose complementing input I is
      connected to the output of the amplitude selector 4 (FIG. 1) via a first
      coincidence circuit 11. Connected to the second input of the coincidence
      circuit 11 is the output of a measuring pulse oscillator 12. The zero
      reset input II of the measuring pulse counter 10 is connected to the
      output of the amplitude selector 4 via a shaper 13 of reset pulses that
      correspond to the trailing edges of pulses applied to its input from the
      amplitude selector 4. The reset pulse shaper 13 can be arranged, for
      instance, as a differentiating unilateral clipper circuit.
PAR  The logical unit 5 also comprises two coincidence circuits 14 (the second)
      and 15 (the third) which have their first inputs I connected to the output
      of the measuring pulse counter 10, their second inputs II connected to the
      respective outputs of the reference line sensor 6 and their third inputs
      III connected to one of the inputs of a commutation flip-flop 16. The
      outputs of the coincidence circuits 14 and 15 are connected directly to
      the outputs of the servomechanism 7 and, via a collecting circuit 17, to
      one of the inputs of the commutation flip-flop 16. In the embodiment under
      consideration, the other input of the commutation flip-flop 16 is
      connected to the initiating pulse oscillator 9.
PAR  If the present embodiment employs the electronic aperture unit 8 (FIG. 1),
      the logical unit 5 additionally comprises a fourth coincidence circuit 18
      (FIG. 2) and a tracker assembly 19. One of the inputs I of the concidence
      circuit 18 is connected to the output of the measuring pulse counter 10.
      The second input II of this coincidence circuit 18 is connected to the
      output of the electronic aperture unit 8. The third input III and the
      fourth input IV of the coincidence circuit 18 are connected to one of the
      outputs of the commutation flip-flop 16 and to the output of an additional
      commutation flip-flop 20, respectively. The output of the coincidence
      circuit 18 is connected to the input of the servomechanism 7 and to the
      input of the electronic aperture unit 8.
PAR  The tracker unit 19 (FIG. 2) comprises a fifth coincidence circuit 21 which
      has one of its inputs I connected to the output of the measuring pulse
      counter 10, and the other input II, connected to the output of the
      electronic aperture unit 8. A sixth coincidence circuit 22 has its first
      input I connected in parallel with the third input III of the fifth
      coincidence circuit 21 and, at the same time, to the other output of the
      additional commutation flip-flop 20. The second input of the sixth
      coincidence circuit 22 is connected to the frame synchronizing pulse
      output B of the TV-camera synchronizer. It is connected via a shaper
      circuit 23 which produces pulses corresponding to the trailing edges of
      said frame synchronizing pulses.
PAR  The outputs of said fifth and sixth coincidence circuits 21 and 22 are
      connected to the respective inputs of an enabling flip-flop 24. The output
      of the enabling flip-flop 24 is connected to the first input I of an
      additional coincidence circuits 25. The second input II of the coincidence
      circuit 25 is connected to the frame synchronizing pulse output B of the
      TV-camera synchronizer. It is connected via a shaper circuit 26 which
      produces pulses corresponding to the leading edges of the frame
      synchronizing pusles. The output of the additional coincidence circuit 25
      is connected to the inputs of the commutation flip-flops 16 and 20 and to
      the input of the electronic aperture unit 8.
PAR  In the embodiment under consideration, comprising the electronic aperture
      unit 8, the output of the initiating pulse oscillator 9 is connected to
      the second input of the additional commutation flip-flop 20.
PAR  The reference line sensor 6 (FIG. 1) comprises a double line frequency
      pulse counter 27 (FIG. 3) whose complementing input I and zero reset input
      II are connected to the double line frequency pulse output D and to the
      frame synchronizing pulse output B of the TV-camera synchronizer,
      respectively. The outputs of the counter 27 are connected, via decoders 28
      and 29, to the first inputs of coincidence circuits 30 and 31. The second
      inputs of these coincidence circuits 30 and 31 are connected to the
      blanking pulse output C of the TV-camera synchronizer. The outputs of the
      coincidence circuits 30 and 31 are connected to the inputs of the logical
      unit 5.
PAR  The purpose of the reference line sensor 6 is to sample, out of a multitude
      of raster lines, one line that is intended to serve as a reference for
      measuring the current values of geometric parameters of the object's
      image.
PAR  The idea of selecting one of the raster lines to serve as reference is
      based on the fact that when the device operates in a certain rectangular
      system of coordinates which is fixed with respect to the raster, the
      number of each line will be one of the raster coordinates. Therefore, if
      the object's image is found on the given reference line, it is possible to
      determine the position of the object's image on the raster along one of
      its coordinate axes.
PAR  The use of two decoders (28 and 29) makes it possible to determine the
      second coordinates of the object's image which is crossed by the reference
      line of the raster. The functions of a reference line can be performed by
      a group of raster lines. In this case, the geometric parameters of the
      object's image to be measured will be the area of the image, its vertical
      dimensions, the shape, the perimeter (the length of the contour) and other
      values describing the image of a flat figure.
PAR  The electronic aperture unit 8 (FIG. 1) comprises two groups of counters.
      One group, containing counters 32, 33 and 34 (FIG. 4), corresponds to the
      horizontal coordinates of the object's image on the raster and to the
      current coordinates of the beam's position on the raster. The other group
      of similar counters 35, 36 and 37 corresponds to the vertical coordinates
      of the object's image on the raster and to the current coordinates of the
      beam's position on the raster.
PAR  These groups of counters select a certain limited area S of the raster
      (FIG. 7) which is preset by the dimensions of the reference image. It is
      within this area that the current values of geometric parameters of the
      object's image are fixed (registered). Each group of the counters 32, 33,
      34 and 35, 36, 37 (FIG. 7) of horizontal and vertical coordinates of the
      object's image and beam's positions in the raster comprises one counter
      (33 and 36) of the current coordinates of the beam's position on the
      raster and two counters (32, 34 and 35, 37) of the coordinates of the
      position of the object's image on the raster. The outputs of said counters
      32, 34 and 35, 37 are connected to respective inputs of comparison
      circuits 38, 39 and 40, 41 whose outputs are connected to respective
      inputs of flip-flops 42 and 43 as well as to one of the inputs of
      respective coincidence circuits 44, 45 and 46, 47.
PAR  The outputs of said coincidence circuits 44, 45 and 46, 47 are connected to
      the complementary input I of respective counters 32, 34 and 35, 37 of the
      coordinates of the position of the object's image on the raster. The
      complementary input I of the counter 33 of the current horizontal
      coordinates of the beam's position on the raster is connected to the line
      synchronizing pulse output A of the synchronizer of the TV-camera 1.
PAR  The zero reset input II of the counter 33 of the current horizontal
      coordinates of the beam's position on the raster is connected to the frame
      synchronizing pulse output B of the synchronizer of the TV-camera 1.
PAR  The complementary input I of the counter 36 of the current vertical
      coordinates of the beam's position on the raster is connected to the
      output of a counter pulse oscillator 48.
PAR  The zero reset input II of said counter 36 of the current vertical
      coordinates of the beam's position on the raster is connected to the line
      synchronizing pulse output A of the synchronizer of the TV-camera 1.
PAR  The coordinate setting inputs II of the counters 32, 34, 35 and 37 of the
      coordinates of the position of the object's image on the raster, forming
      said two groups, are connected to the output of the coincidence circuit 25
      (FIG. 2) of the logical unit 5.
PAR  The outputs of the flip-flops 42 and 43 (FIG. 4) are connected, via a
      common coincidence circuit 49, to the input II of the coincidence circuit
      18 (FIG. 2) in the logical unit 5. The second inputs II of the coincidence
      circuits 44, 45 and 46, 47 are interconnected and coupled to the output of
      the coincidence circuit 18 (FIG. 2) in the logical unit 5 (FIG. 1).
PAR  The device operates as follows.
PAR  When a signal from the initiating pulse oscillator 9 (FIG. 1) is applied to
      the servomechanism 7, the latter produces a command for one of the
      servomotors to start operating (not shown). The latter ensures mutual
      displacement of the object's  image with respect to the raster of the
      TV-camera 1. The image moves in a direction normal to the raster lines. A
      video signal from the output E of the TV-camera 1 is fed to the amplitude
      selector 4 which ensures bilateral clipping of this signal at a level
      which corresponds to the preset brightness and chromaticity of the image.
      The amplitude selector 4 generates pulses applied to the input of the
      logical unit 5, the width of the pulses being proportional to the lengths
      of the object's image chords indicative of the geometric parameters of the
      objects. The logical unit 5 measures the durations of said pulses
      proportional to the lengths of the object's image chords. To do this, the
      unit counts the number of the measuring pulses which fill these pulses and
      compares it with the number of measuring pulses, which corresponds to the
      preset reference dimensions of the object's image. The above measurements
      and comparisons are performed on, at least, one raster line which serves
      as a reference line preset by the reference line sensor 6. The pulse
      corresponding to the number of said reference line is applied to the input
      of the logical unit 5 in the form of a voltage enabling the unit to
      perform the above operations. In order to determine the position of the
      object's image on the raster, the reference line pulse is divided into two
      portions (FIG. 5 k and l) in the present embodiment. Depending on the
      position of the object's image on the raster of the TV-camera 1, one of
      the two outputs of the logical unit 5 connected to the servomechanism 7
      produces a signal, and if the dimensions of the object's image exceed
      those of the preset reference values, this signal will show the position
      of the object's image on the raster, disable the servomotor for vertical
      displacement of the image and enable the servomotor for horizontal
      displacement thereof. To proceed to the selective search of the next
      object's image, the initiating pulse oscillator 9 is switched on again.
PAR  The selective search of an object's image using additional geometric
      parameters peculiar of a flat figure is carried out with the aid of the
      electronic aperture unit described above. In this case, the logical unit 5
      will perform the following additional functions. The above mentioned
      signal of the position of the object's image is used to disable the signal
      applied from the output of the reference line sensor 6, and the logical
      unit 5 measures and correlates the object's image parameters only in that
      section on the raster which is limited by the signal fed from the output
      of the electronic aperture unit 8.
PAR  These signals are presented in the form of a series of gating pulses
      occupying a certain section of the raster area.
PAR  The initial position of the gating pulses in the time domain on the raster
      is selected in accordance with the preset reference dimensions of the
      object's image.
PAR  When pulses proportional to the chords of the object's image coincide in
      time with said gating pulses, the servomechanism 4 receives a command to
      stop the servomotors while the electronic aperture unit 8 will receive a
      signal specifying the dimensions of the raster areas to be scanned.
PAR  The comparison of the pulses produced by the electronic aperture unit 8
      with the pulses arriving from the amplitude selector 4 gives the values of
      the current coordinates of the object's image and establishes the maximum
      dimensions of the latter in the electronic aperture unit 8.
PAR  The object's image as discriminated by the electronic aperture can be
      transferred to any of the known measuring systems for a detailed analysis
      of its structure. As soon as the analysis of this image structure is over,
      the initiating pulse oscillator 9 produces another command to start the
      selective search of the next object's image.
PAR  The logical unit of the device operates as follows.
PAR  Applied from the output of the amplitude selector 4 to the input of the
      first coincidence circuit 11 (FIG. 2) are pulses (FIG. 5a) the duration of
      which is proportional to the lengths of the object's image chords being
      crossed by the raster lines of the TV-camera 1. The output of the
      coincidence circuit 11 (FIG. 2) produces trains of pulses (FIG. 5b) with a
      duty cycle determined by the frequency of the measuring pulse oscillator
      12 (FIG. 5c). The number of pulses in each train is counted by the counter
      10 (FIG. 2). The digit capacity of the counter 10 is selected in
      accordance with the present reference geometric dimensions of the object's
      image so that when the dimensions of the real object's image exceed those
      of the reference one, the counter 10 output will produce a voltage (FIG.
      5d) to be applied to the second, third and fourth coincidence circuits 14,
      15, 18 (FIG. 2) and to the tracker assembly 19. If the fact that the
      length of the object's image chord exceeds that of the reference value
      coincides in time with one of the pulses (FIG. 5e) arriving from the
      reference line sensor 6, the second coincidence circuit 14 or the third
      coincidence circuit 15, respectively, will produce a signal (FIG. 5f)
      which is fed to the servomechanism 7 (FIG. 1) causing the latter to
      produce a command to stop the servomotor and a command to displace the
      object's image either to the left or to the right, respectively.
      Simultaneously, derived at the output of the collecting circuit 17 is a
      signal operating the commutation flip-flop 16 which disables the second
      and third coincidence circuits 14 and 15 and enables the fourth
      coincidence circuit 18. When the object's image being displaced arrives to
      the section of the raster limited by aperture gating pulses (FIG. 5e and
      g) which are applied to one of the inputs of the fourth coincidence
      circuit 18 from the output of the electronic aperture unit 8 (FIG. 1),
      with a pulse being derived at the output of the coincidence circuit 18,
      (FIG. 5h) which serves to adjust the gating pulses of the electronic
      aperture unit 8 or, more exactly, to change the size of the electronic
      aperture. Simultaneously this pulse serves as a command to stop the
      servomotors.
PAR  Derived at the output of the electronic aperture unit 8 are gating pulses
      (FIG. 5i) whose positions on the TV-camera raster correspond to the
      maximum dimensions of the object's image.
PAR  Included in the logical unit 5 is a number of additional elements serving
      "to bring" a subsequent object's image out of the electronic aperture
      area.
PAR  To this end, a pulse arrives to the input of the servomechanism 7 at the
      moment the initiating pulse oscillator 9 (FIG. 1) is turned on. This pulse
      triggers the servomotor serving to displace the object's image vertically
      across the raster of the TV-camera 1. Simultaneously the same pulse
      arrives to the input of the commutation flip-flop 16 (FIG. 2) which cuts
      off the coincidence circuits 14 and 15 and enables the coincidence circuit
      18. If a part of the object's image with a chord exceeding the preset
      reference dimensions (FIG. 6b) happens to fall within the duration of the
      electronic aperture gating pulse (FIG. 6a) during the scanning period, the
      additional coincidence circuit 25 will be disabled at its input controlled
      by the enabling flip-flop 24 at the beginning of the subsequent leading
      edge (FIG. 6c) of the frame synchronizing pulse (FIG. 6d) which is applied
      to the coincidence circuit 25. This is ensured due to the fact that said
      flip-flop 24 will be operated by a signal arriving from the output of the
      fifth coincidence circuit 21. By the moment when a subsequent frame starts
      being scanned, the enabling flip-flop 24 will enable the coincidence
      circuit 25 since this flip-flop will be driven to the opposite stable
      state by the second leading edge (FIG. 6e) of the frame synchronizing
      pulse (FIG. 6d) which passes via the enabled sixth coincidence circuit 22
      from the shaper 26.
PAR  If the object's image does not appear within the electronic aperture pulse
      in the next scanning frame, the coincidence circuit 25 will be enabled and
      the leading edges of the frame synchronizing pulses passing via the shaper
      23 and said additional coincidence circuit 25, will drive the flip-flops
      16 and 20 to the opposite stable state and also reset to zero the counters
      32, 34, 35 and 37 in the electronic aperture unit 8. Thus, the entire
      system becomes ready for the selective search of a next object's image.
PAR  Consider now the operation of individual units of the device in greater
      detail.
PAR  The complementing input I of the counter 27 (FIG. 3) receives double line
      frequency pulses. Appearing at the outputs of the decoders 28 and 29 are
      pulses (FIG. 5 k,l) which correspond to half the length of one of the
      raster lines serving as a reference line once during the period of an
      image scanning frame. To fix the positions of these pulses in the raster
      field the frame synchronizing pulses reset the counter 27 to zero. To
      limit the duration of reference line pulses and match it with the active
      part of the reference line the coincidence circuit 30 and 32 are fed with
      blanking pulses which arrive from the output C of the synchronizer in the
      TV-camera 1. The reference line pulses from the outputs of the coincidence
      circuits 30 and 31 are fed to the logical unit 5 to be correlated with
      pulses proportional to the lengths of the chords of the object's image.
PAR  FIG. 4 is a block diagram of the electronic aperture unit 8 (FIG. 1)
      producing trains of gating pulses (FIG. 7a) which occupy definite
      positions S, in time, on the raster (FIG. 7b) of the TV-camera 1. The area
      of the raster limited by said gating pulses is what is known as electronic
      aperture or the electronic mask confining the above area.
PAR  The gating pulses serving to produce a rectangular electronic aperture are
      shaped with the aid of two groups of similar counters 32, 33, 34 and 35,
      36, 37. The first group of counters shape the pulse (FIG. 7c) whose
      leading and trailing edges correspond to the horizontal coordinates or,
      more exactly, to the numbers of the lines occupied by the electronic
      aperture on the raster of the TV-camera. To this end, the complementing
      input I of the counter 33 of the current horizontal coordinates of the
      beam's position on the raster is fed with line synchronizing pulses (FIG.
      8a) arriving from the line synchronizing pulse output of the synchronizer
      of the TV-camera 1(FIG. 1). The zero reset input II of the same counter 33
      is fed with frame synchronizing pulses arriving from the output B of the
      synchronizer of the TV-camera 1. In the initial position, the zero reset
      inputs II of the counters 32 and 34 of the horizontal coordinates of the
      positions of the object's image on the raster of the TV-camera are set to
      the state which corresponds to the coordinates of the preset reference
      dimensions of the object's image. At the moments when the readings of
      counter pairs 32, 33 and 33, 34 coincide, derived at the outputs of the
      comparison circuits 38 and 39 are pulses (FIG. 8 b,c) which drive the
      flip-flop 42 to one of its stable states. Derived at the output of the
      flip-flop 42 is a pulse (FIG. 8d) whose duration is equal to the time
      interval that corresponds to the number of lines making the difference
      between the readings of the counters 32 and 33. The counters 35, 36 and 37
      of the second group operate in a similar manner. These counters shape
      gating pulses whose leading and trailing edges correspond to the vertical
      coordinates of the electronic aperture on the raster of the TV-camera 1.
      In the initial position, the zero reset inputs II of the counters 35 and
      37 of the vertical coordinates of the position of the object's image on
      the raster of the TV-camera 1 are driven to the state that corresponds to
      the horizontal dimensions of the reference object's image.
PAR  The zero reset input II of the counter 36 of the current coordinates of the
      beam's position on the line in the raster of the TV-camera 1 is driven to
      the zero state by line synchronizing pulses which ensure that the beam
      position coordinates are read out in synchronism. Connected to the
      complementing input I of the same counter 36 is a count pulse oscillator
      48 (FIG. 8e). At the moments when the readings of the counters 35, 36 and
      36, 37 coincide in respective pairs, the outputs of the comparison
      circuits 40 and 41 will produce pulses to drive the flip-flop 43 to an
      opposite stable state. The output of this flip-flop 43 will produce pulses
      (FIG. 8f) whose lengths will be determined by the states of the counters
      35 and 37. From the outputs of the flip-flops 42 and 43, said gating
      pulses indicative of the horizontal and vertical coordinates arrive to a
      common coincidence circuit 49 with a train of gating pulses (FIG. 8g)
      derived at its output, corresponding to the reactor area preset by the
      reference dimensions of the object's image. In case a part of the object's
      image coincides with one of the boundaries of the electronic aperture
      (FIG. 8b shows the pulse proportional to the chord of the object's image)
      in the course of the selective search of that object using the image
      thereof, the input of the respective coincidence circuit 44, 45, 46 or 47
      connected to the output of the logical unit 5 (FIG. 1) will become
      conductive. Derived at the output of each respective circuit 44, 45, 46 or
      47 is a pulse (FIG. 8i) driving the respective counter 32, 34, 35 or 37
      the other stable state, due to which the boundary of the electronic
      aperture coinciding with the object's image will be displaced. The
      displacement of the electronic aperture boundaries will continue until the
      object's image is surrounded completely (FIG.8k). If necessary, the
      maximum dimensions of the electronic aperture can be limited by the preset
      maximum dimensions of the reference object's image by means of selecting
      the respective number of bits for the counters 32, 34, 35 and 37 of the
      coordinates of the position of the object's image.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for selective search of objects using images thereof
      comprising: a TV-camera for producing video signals of the object's image
      and the current values of geometric parameters of the object's image; an
      amplitude selector whose input is connected to the output of said
      TV-camera for adjusting the video signal clipping level so that it
      corresponds to the preset brightness and chromaticity levels of the
      object's image; a logical unit connected to the output of said amplitude
      selector for presetting the reference values of geometric parameters of
      the object's image, to measure the current values of geometric parameters
      of the object at the preset brightness and chromaticity levels and to
      compare them with the reference values; a servomechanism for controlling
      the displacements of the object with respect to said TV-camera and having
      its input connected to the output of said logical unit and the output
      connected to produce relative motion between said TV-camera and said
      object; an initiating pulse oscillator connected to the inputs of said
      logical unit and said servomechanism; a reference line sensor connected to
      said logical unit for picking out at least one of the TV-camera raster
      lines to be used as the basis for said measurements of the current values
      of said geometric parameters of the object's image at the moment when the
      image crosses the raster line in the course of said mutual displacement of
      the object and said TV-camera.
NUM  2.
PAR  2. A device as claimed in claim 1, further comprising an electronic
      aperture unit whose inputs are connected to the outputs of said TV-camera
      and whose outputs are connected to the inputs of said logical unit for
      limiting the area on at least one said reference line where said preset
      values of the object's geometric parameters are being measured.
NUM  3.
PAR  3. A device for selective search of objects using images thereof
      comprising:
PA1  a TV-camera for producing video signals of the object's image and the
      current values of geometric parameters of the object's image;
PA1  an amplitude selector whose input is connected to the output of said
      TV-camera for adjusting the video signal clipping level so that it
      corresponds to the preset brightness and chromaticity levels of the
      object's image;
PA1  a logical unit connected to the output of said amplitude selector for
      presetting the reference values of geometric parameters of the object's
      image, to measure the current values of geometric parameters of the object
      at the preset brightness and chromaticity levels and to compare them with
      the reference values;
PA1  a servomechanism for controlling the displacements of the object with
      respect to said TV-camera and having its input connected to the output of
      said logical unit and the output connected to produce relative motion
      between said TV-camera and said object;
PA1  an initiating pulse oscillator connected to the inputs of said logical unit
      and said servomechanism;
PA1  a reference line sensor connected to said logical unit for picking out at
      least one of the TV-camera raster lines to be used as the basis for said
      measurements of the current values of said geometric parameters of the
      object's image at the moment when the image crosses the raster line in the
      course of said mutual displacement of the object and said TV-camera;
PA1  said logical unit further comprising:
PA1  a measuring pulse oscillator;
PA1  a first coincidence circuit provided with two inputs and an output, the
      first of said inputs being connected to said amplitude selector and the
      second of said inputs being connected to the output of said measuring
      pulse oscillator;
PA1  a shaper producing reset pulses that correspond to the trailing edges of
      pulses arriving from said amplitude selector and having its input
      connected to said amplitude selector;
PA1  a measuring pulse counter provided with a complementing input, a zero reset
      input and an output, said complementing input being connected to the
      output of said first coincidence circuit;
PA1  a second coincidence circuit provided with three inputs and an output, the
      first of said inputs being connected to the output of said measuring pulse
      counter, the second of said inputs being connected to said reference line
      sensor and said output being connected to said servomechanism;
PA1  a third coincidence circuit provided with three inputs and an output, the
      first of said inputs being connected to said output of said measuring
      pulse counter, the second of said inputs being connected to said reference
      line sensor, said output being connected to said servomechanism;
PA1  a collecting circuit provided with two inputs and an output, said inputs
      being connected separately to the respective outputs of said second and
      third coincidence circuits;
PA1  a commutation flip-flop provided with two inputs and two outputs, one of
      said inputs being connected to said third input of said coincidence
      circuit and to said third input of said third coincidence circuit, one of
      said outputs of said commutation flip-flop being connected to said
      initiating pulse oscillator and the second output being connected to the
      output of said collecting circuit.
NUM  4.
PAR  4. A device for selective search of objects using images thereof
      comprising:
PA1  a TV-camera for producing video signals of the object's image and the
      current values of geometric parameters of the object's image;
PA1  an amplitude selector whose input is connected to the output of said
      TV-camera for adjusting the video signal clipping level so that it
      corresponds to the preset brightness and chromaticity levels of the
      object's image;
PA1  a logical unit connected to the output of said amplitude selector for
      presetting the reference values of geometric parameters of the object's
      image, to measure the current values of geometric parameters of the object
      at the preset brightness and chromaticity levels and to compare them with
      the reference values;
PA1  a servomechanism for controlling the displacements of the object with
      respect to said TV-camera and having its input connected to the output of
      said logical unit and the output connected to produce relative motion
      between said TV-camera and said object;
PA1  an initiating pulse oscillator connected to the inputs of said logical unit
      and said servomechanism;
PA1  a reference line sensor connected to said logical unit for picking out at
      least one of the TV-camera raster lines to be used as the basis for said
      measurements of the current values of said geometric parameters of the
      object's image at the moment when the image crosses the raster line in the
      course of said mutual displacement of the object and said TV-camera;
PA1  an electronic aperture unit having inputs connected to the outputs of said
      TV-camera and outputs connected to the inputs of said logical unit for
      limiting the area on at least one said reference line where said preset
      values of the object's geometric parameters are being measured;
PA1  said logical unit further comprising:
PA1  a measuring pulse oscillator, a first coincidence circuit provided with two
      inputs and one output, one of said inputs being connected to said
      amplitude selector and the second of said inputs being connected to the
      output of said measuring pulse oscillator;
PA1  a shaper of reset pulses that correspond to the trailing edges of pulses
      arriving from said amplitude selector, the input of said shaper being
      connected to said amplitude selector;
PA1  a measuring pulse counter provided with a complementing input, a zero reset
      input and an output, said complementing input being connected to the
      output of said first coincidence circuit;
PA1  a second coincidence circuit provided with three inputs and an output, the
      first of said inputs being connected to said output of said measuring
      pulse counter, the second of said inputs being connected to said reference
      line sensor, said output being connected to said servomechanism;
PA1  a third coincidence circuit provided with three inputs and an output, the
      first input being connected to said output of said measuring pulse
      counter, the second input being connected to said reference line sensor,
      and the output being connected to said servomechanism;
PA1  a collecting circuit provided with two inputs and an output, said inputs
      being connected separately to respective outputs of said second and third
      coincidence circuits;
PA1  a first commutation flip-flop provided with two inputs and two outputs, the
      first of said inputs being connected to said third input of said second
      coincidence circuit and to said third input of said third coincidence
      circuit, one of said outputs being connected to the output of said
      collecting circuit;
PA1  a fourth coincidence circuit provided with four inputs and an output, the
      first of said inputs being connected to said output of said measuring
      pulse counter, the second of said inputs being connected to said
      electronic aperture unit, the third of said inputs being connected to the
      second output of said first commutation flip-flop and said output being
      connected to said servomechanism and to said electronic aperture unit;
PA1  a second commutation flip-flop provided with two inputs and two outputs,
      the first of said inputs being connected to said measuring pulse
      oscillator, the second of said inputs being connected to the input of said
      first commutation flip-flop and to said electronic aperture unit and the
      first of said outputs being connected to said fourth input of said fourth
      coincidence circuit;
PA1  a tracker assembly comprising a fifth coincidence circuit provided with
      three inputs and an output, the first of said inputs being connected to
      the output of said measuring pulse counter, the second of said inputs
      being connected to said electronic aperture unit;
PA1  a sixth coincidence circuit provided with two inputs and an output, the
      first of said inputs being connected to said third input of said fifth
      coincidence circuit and to the second output of said second commutation
      flip-flop;
PA1  a pulse shaper whose input is connected to said TV-camera and whose output
      is connected to the second input of said sixth coincidence circuit;
PA1  an enabling flip-flop provided with two inputs and an output, the first of
      said inputs being connected to the output of said fifth coincidence
      circuit and the second of said inputs being connected to the input of said
      sixth coincidence circuit;
PA1  a leading edge pulse shaper whose input is connected to said TV-camera;
PA1  and an addtional coincidence circuit provided with two inputs and an
      output, the first of said inputs being connected to the output of said
      enabling flip-flop, the second of said inputs being connected to the
      output of said pulse leading edge shaper.
NUM  5.
PAR  5. A device for selective search of objects using images thereof
      comprising:
PA1  a TV-camera for producing video signals of the object's image and the
      current values of geometric parameters of the object's image;
PA1  an amplitude selector whose input is connected to the output of said
      TV-camera for adjusting the video signal clipping level so that it
      corresponds to the preset brightness and chromaticity levels of the
      object's image;
PA1  a logical unit connected to the output of said amplitude selector for
      presetting the reference values of geometric parameters of the object's
      image, to measure the current values of geometric parameters of the object
      at the preset brightness and chromaticity levels and to compare them with
      the reference values;
PA1  a servomechanism for controlling the displacements of the object with
      respect to said TV-camera and having its input connected to the output of
      said logical unit and the output connected to produce relative motion
      between said TV-camera and said object;
PA1  an initiating pulse oscillator connected to the inputs of said logical unit
      and said servomechanism;
PA1  a reference line sensor connected to said logical unit for picking out at
      least one of the TV-camera raster lines to be used as the basis for said
      measurements of the current values of said geometric parameters of the
      object's image at the moment when the image crosses the raster line in the
      course of said mutual displacement of the object and said TV-camera;
PA1  said reference line sensor further comprising:
PA1  a double line frequency counter provided with a complementing input, a zero
      reset input and a number of outputs, and two decoders each being provided
      with a number of inputs the number of which corresponds to that of the
      outputs of said counter, and with one output;
PA1  two coincidence circuits, each being provided with two inputs and with an
      output, the first inputs of both coincidence circuits being interconnected
      and coupled to said TV-camera, the second inputs of said coincidence
      circuits being connected separately to respective outputs of said
      decoders, and the outputs of said coincidence circuits being connected to
      said logical unit.
NUM  6.
PAR  6. A device for selective search of objects using images thereof
      comprising:
PA1  a TV-camera for producing video signals of the object's image and the
      current values of geometric parameters of the object's image;
PA1  an amplitude selector whose input is connected to the output of said
      TV-camera for adjusting the video signal slipping level so that it
      corresponds to the preset brightness and chromaticity levels of the
      object's image;
PA1  a logical unit connected to the output of said amplitude selector for
      presetting the reference values of geometric parameters of the object's
      image, to measure the current values of geometric parameters of the object
      at the preset brightness and chromaticity levels and to compare them with
      the reference values;
PA1  a servomechanism for controlling the displacements of the object with
      respect to said TV-camera and having its input connected to the output of
      said logical unit and the output connected to produce relative motion
      between said TV-camera and said object;
PA1  an initiating pulse oscillator connected to the inputs of said logical unit
      and said servomechanism;
PA1  a reference line sensor connected to said logical unit for picking out at
      least one of the TV-camera raster lines to be used as the basis for said
      measurements of the current values of said geometric parameters of the
      object's image at the moment when the image crosses the raster line in the
      course of said mutual displacement of the object and said TV-camera;
PA1  an electronic aperture unit whose inputs are connected to the outputs of
      said TV-camera and whose outputs are connected to the inputs of said
      logical unit for limiting the area on at least one said reference line
      where said preset values of the object's geometric parameters are being
      measured;
PA1  said electronic aperture unit further comprising:
PA1  at least one group of counters of the horizontal coordinates of the
      positions of the object's image and beam in the raster and at least one
      group of counters of the vertical coordinates of the positions of the
      object's image and beam in the raster;
PA1  said group of counters of the horizontal coordinates of the positions of
      the object's image and beam in the raster further comprising:
PA1  a first counter of the current coordinates of the beam's position in the
      raster, having a complementing input, a zero reset input and two outputs,
      and a second and third counters of the coordinates of the object's image
      position in the raster, each of said second and third counters being also
      provided with a complementing input, a zero reset input and an output;
PA1  a first and second comparison circuits, each being provided with two inputs
      and an output, each said input of said first comparison circuit being
      connected to the respective output of said first and second counters and
      each said input of said second comparison circuit being connected to the
      respective output of said first and third counters, and said complementing
      input, and said zero reset input of said first counter of the current
      coordinates of the beam's position in the raster being connected to said
      TV-camera;
PA1  first and second coincidence circuits, each being provided with two inputs
      and with an output, the first of said inputs of each coincidence circuit
      being connected to the output of the respective first and second
      comparison circuit, and said output of each of said coincidence circuits
      being connected to said complementing input of the respective second and
      third counter of the coordinates of the object's image position in the
      raster;
PA1  a first flip-flop with two inputs and an output, the first of said inputs
      being connected to said first input of said first coincidence circuit, the
      second of said inputs being connected to said first input of the second
      coincidence circuit;
PA1  said group of counters of the vertical coordinates of the positions of the
      object's image and beam in the raster further comprising:
PA1  a fourth counter of the current coordinates of the beam's position in the
      raster and having a complementing input, a zero reset input and two
      outputs, and fifth and sixth counters of the coordinates of the object's
      image position in the raster, each also having a complementing input, a
      zero reset input and one output;
PAR  a third and fourth comparison circuits, each having two inputs and one
      output, each of said inputs of said third comparison circuit being
      connected to the respective output of said fourth and fifth counters and
      each said input of said fourth comparison circuit being connected to the
      respective output of said fourth and sixth counters, and said zero reset
      input of said fourth counter of the coordinates of the beam's position in
      the raster being connected to said TV-camera;
PA1  a count pulse oscillator connected to the input of said fourth counter of
      the current coordinates of the beam's position in the raster;
PA1  said zero reset inputs of said second and third counters of the coordinates
      of the object's image position in the raster and belonging to said group
      of counters of the horizontal coordinates and said zero reset inputs of
      said fifth and sixth counters of the coordinates of the object's image
      position in the raster and belonging to said group of counters of the
      vertical coordinates being combined and connected to the output of said
      logical unit;
PA1  a third and fourth coincidence circuits each having two inputs and an
      output, the first input of each of said third and fourth coincidence
      circuits being connected to the output of the respective third and fourth
      comparison circuit and the output of each of said third and fourth
      coincidence circuits being connected to the complementing input of the
      respective fifth and sixth counter of the coordinates of said object's
      image position in the raster;
PA1  a second flip-flop with two inputs and an output, the first of said inputs
      being connected to the first input of said third coincidence circuits, the
      second of said inputs being connected to the first input of said fourth
      coincidence circuit;
PA1  said second input of said first and second coincidence circuits in said
      group of counters of the horizontal coordinates and said third and fourth
      coincidence circuits in said group of counters of the vertical coordinates
      are interconnected and coupled to the output of said logical unit;
PA1  a fifth coincidence circuit common for both groups of counters and provided
      with two inputs and an output, each of said inputs being connected to the
      output of the respective first and second flip-flops and said output being
      connected to said logical unit.
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PAL  A television receiver comprising a first printed circuit board having a
      helical resonator filter, an adjacent channel trap circuit and an
      impedance converter circuit for providing a reduced output impedance, the
      first printed circuit board being secured to the tuner casing, and a
      second printed circuit board having first and subsequent i-f amplifier
      stages, the two printed circuit boards being connected to each other,
      whereby good skirt characteristics can be simply obtained. Also, no
      overall adjustment is required but the tuner and i-f amplifier may be
      adjusted separately, thus providing improved serviceability.
PARN
PAR  This is a continuation of application Ser. No. 373,414, filed June 25,
      1973, now abandoned.
BSUM
PAR  This invention relates to television receivers and, more particularly, a
      television receiver having an improved picture i-f amplifier.
DRWD
PAR  FIG. 1 is a circuit diagram showing part of a prior art television
      receiver.
PAR  FIG. 2 a circuit diagram showing another example of the trap circuit used
      in the above circuit.
PAR  FIG. 3 is a circuit diagram showing part of a television receiver according
      to the invention.
PAR  FIG. 4 shows the construction of a helical resonator filter.
PAR  FIG. 5 is a perspective view showing a tuner and a printed circuit board
      attached thereto.
DETD
PAR  In the picture i-f amplifier circuit of the television receiver, the
      frequency selectivity is usually very important, and the recent trend for
      the frequency selectivity is to require better skirt characteristics.
PAR  The first requirement concerns CATV (community antenna television). In
      CATV, a signal is transmitted through a co-axial cable line, so that the
      signal is subject to attenuation due to loss during transmission.
      Therefore, relays are inserted in the transmission line for amplifying the
      attenuated signal so as to maintain a constant signal level. As a
      reference signal for maintaining the constant signal level the pilot
      signal is inserted outside the channel band. However, since the pilot
      signal level is considerably high, the inserted pilot signal cannot be
      trapped with the usual skirt characteristics, thus adversely affecting the
      reproduced picture. Therefore, it is necessary to extremely improve the
      skirt characteristics.
PAR  By way of example, in a certain region in the United States of America 73.5
      MHz is used as a pilot signal. This frequency is spaced only by 3.75 MHz
      upwardly from the carrier frequency of channel No. 5 in the U.S.A., and
      the amplitude of this pilot signal is very high, being about 10 dB lower
      than the amplitude at the carrier frequency.
PAR  Secondly, it is necessary to provide some measure against the effect of FM
      broadcasting. In regions where the magnitude of the FM signal wave is very
      large, the FM signal frequency adversely affects the picture signal
      similar to the afore-mentioned pilot signal. To cope with this, it is
      necessary to sufficiently attenuate the FM signal frequency band with
      improved skirt characteristics similar to the afore-mentioned measure
      against the pilot signal in the CATV.
PAR  Meanwhile, it is the recent trend in television receivers to use plug-in
      type printed circuit boards for improved serviceability. This type of
      television receiver is assembled by inserting separate printed circuit
      boards individually having a picture i-f amplifier stage, video detector
      stage, video amplifier stage, sound detector stage, audio amplifier stage,
      etc. into a connector provided in the cabinet.
PAR  The prior art picture i-f amplifier circuit in such a television receiver
      will now be described. As shown in FIG. 1, an output transformer T.sub.1
      of the tuner is connected through a shielding wire 2 to an input
      transformer T.sub.2 of the i-f amplifier for double tuning. The output of
      the input transformer is coupled through a self channel sound trap T.sub.3
      and an adjacent channel sound trap T.sub.4 to a transformer T.sub.5 of a
      first amplifier Tr.sub.1 for single tuning. The output of this stage is
      coupled through transformers T.sub.6 and T.sub.7 of a second amplifier
      Tr.sub.2 for double tuning before being added to a third amplifier. The
      circuit generally indicated at 4 is a T-type bridge trap circuit. FIG. 2
      shows the case of using a bifilter trap circuit 4'. In FIG. 2, T.sub.2 '
      is a coil for double tuning, and T.sub.3 ' and T.sub.4 ' are a self
      channel sound trap coil and an adjacent channel sound trap coil each. It
      will be seen that in the prior art double tuning is taken by the converter
      transformer T.sub.1 of the tuner 1 and the input coil T.sub.2 of the i-f
      amplifier circuit 3 assembled on a priinted circuit board, so that it is
      impossible to individually adjust the tuner 1 and circuit 3, that is,
      overall adjustment is always required between tuner 1 and circuit 3. If
      the overall adjustment is insufficient, the skirt characteristic is
      deteriorated, giving rise to the afore-mentioned drawbacks. Also, in a
      plug-in type television receiver, which features improved serviceability
      in that a printed circuit board can be replaced in case of trouble in a
      circuit contained therein, very troublesome overall adjustment is required
      at the time of replacement of the printed circuit board tuner 1.
PAR  The invention will now be described in connection with the accompanying
      drawing.
PAR  FIG. 3 shows an embodiment of the invention. It has separate circuits 5 and
      6. The circuit 5 corresponds to the input side trap circuit 4 in the
      circuit 3 shown in FIG. 1. In this embodiment, the circuit 5 is provided
      on an independent printed circuit board secured to the casing of the tuner
      1, so that it can be adjusted on the side of the tuner.
PAR  FIG. 5 shows the casing 1' of the tuner and the printed circuit board 5'
      secured thereto and carrying the circuit 5.
PAR  Referring again to FIG. 3, C.sub.1, C.sub.2 and C.sub.7 designate coupling
      capacitors, T.sub.2 a helical resonator filter, R.sub.1 a damping
      resistor, and C.sub.3, C.sub.4, C.sub.5, L.sub.1, T.sub.3 and R.sub.2
      elements constituting a T-type bridge trap circuit for trapping the
      adjacent channel sound. A transistor Tr.sub.0 forms a collector follower
      using a collector resistor R.sub.5 of very low impedance (of the order of
      100 ohms). It serves as an impedance converter to provide low output
      impedance for suppressing variations of the waveform and gain due to load.
      The output of the transistor Tr.sub.0 is coupled through the coupling
      capacitor C.sub.7 and a shielding wire 7 to the circuit 6 formed in a
      separate printed circuit board 6. More particularly, the output of the
      circuit 5 is coupled through a coupling capacitor C.sub.8 to the base of a
      transistor Tr.sub.1 constituting the first amplifier. The shielding wire 7
      has a predetermined capacitance per unit wire length, so that the
      selectivity characteristics are greatly affected by fluctuations of the
      wire length. In order to reduce this effect of the fluctuations of the
      wire length, it is necessary to make the output impedance of the circuit 5
      sufficiently low. Accordingly, the collector follower of the transistor
      Tr.sub.0 is inserted.
PAR  FIG. 4 shows the construction of the helical resonator filter T.sub.2. It
      comprises an input coupling coil 11, single layer solenoids 12, 13, and
      14, an output coupling coil 15 and a shield casing 16. This filter T.sub.2
      is presented in an article entitled "Realization of a Filter with Helical
      Components" in "IRE TRANSACTION ON COMPONENT PARTS". Its bandwidth is
      provided through triple tuning by the single layer solenoids 12, 13 and
      14, and its Q is high. Accordingly, by connecting the helical resonator
      filter T.sub.2 and the tuner 1 through the coupling capacitor C.sub.1 the
      skirt characteristic may be improved.
PAR  As has been described in the foregoing, according to the invention it is
      possible to construct a television receiver with a plug-in type printed
      circuit board, which ensures freedom from overall adjustment and richness
      of serviceability without sacrifice in the selectivity characteristics.
PAR  More particularly, according to the invention the helical resonator filter,
      adjacent channel sound trap and impedance converter are provided on the
      same printed circuit board secured to the tuner casing, and the output of
      this printed circuit board is coupled to the first i-f amplifier stage
      provided on a separate printed circuit board, so that the tuner and
      helical resonator filter printed board circuit may be adjusted as an
      integral element.
PAR  In other words, the selectivity is determined by the adjustment of the
      tuner and the printed circuit board provided on its casing, while the
      picture i-f amplifier stage may be adjusted independently. Thus, the
      overall adjustment is not necessary. This means that re-adjustment is not
      required at the time of replacement of the tuner and the i-f amplifier
      printed circuit board, so that it is possible to obtain improved
      serviceability and facilitate the adjusting operation in the manufacturing
      process in mass production.
PAR  Further, since the selectivity of the helical resonator filter is very
      superior, the intermediate frequency selectivity characteristics
      determined by the adjustment of the tuner and printed circuit board
      integral therewith are improved to provide better cross modulation
      characteristics, and also they are not affected by radio interference.
      Furthermore, since the impedance converter circuit is inserted, it is
      possible to suppress variations of the selectivity waveform due to
      variations of the shielding wire length.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The claim: A television receiver set including a tuner casing having a
      tuner circuit, and a circuit means for determining an overall frequency
      selectivity characteristic of a video IF signal, said circuit means
      comprising:
PA1  a. a first IF circuit comprising a first printed circuit board secured to
      said casing and including a filter circuit having a helical filter and an
      adjacent channel trap having an output and connected to said helical
      filter through a capacitor for determining a portion of said overall
      frequency selectivity characteristic and providing the video IF signal,
      and
PA1  b. a second IF circuit being adjusted for determining the portion of said
      overall frequency selectivity characteristic and comprising a second
      printed circuit board separated from but electrically connected through a
      shielded wire to said first IF circuit and including means for amplifying
      the video IF signal, said second IF circuit and said shielded wire being
      adjusted with respect to the portion of the overall frequency
      characteristic determined by said first IF circuit, wherein said first IF
      circuit further includes an impedance conversion circuit connected between
      said channel trap and said shielded wire and having a low impedance for
      suppressing the influence of deviations possibly caused in the adjustment
      of the shielded wire and the second IF circuit to the first IF circuit,
      said conversion circuit comprising a transistor, a first resistor of a low
      impedance pure resistance connected as a collector output load of said
      transistor to said shielded wire, a second resistor connected to the
      emitter of said transistor, and a base bias circuit connected to the base
      of said transistor for applying a fixed DC bias voltage thereto, and
      wherein said base is AC coupled to the output of said channel trap,
      whereby said first and second IF circuits can be substantially
      independently adjusted to obtain the overall frequency selectivity
      characteristic and mutual adjustment therefor of both circuits can be
      dispensed with.
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PAL  Optical diodes are shown in the forms of a mechanically contacted cat
      whisker system and as single and multiple microscopic solid portions in an
      integrated solid mass, defining both the antenna and the junction,
      preferably as a deposit of solid layers upon a substrate, preferably as
      overlapping printed circuit line structures. Arrays of such junctions
      provide enhanced effects.
PAL  In a scanner, read-out from the junctions is shown indirectly, using an
      electron beam, and directly using leads connected to respective antennae.
      Local oscillators directing radiation upon an image disecting array,
      mixing in the junctions with incident radiation from the image create
      superheterodyne beats leading to improved levels of detection. By phase
      locking the local oscillator to the frequency of coherent image -
      illuminating radiation, and detecting phase of the beats relative to the
      illuminating radiation, as well as amplitude, a holographic display of the
      image is achieved.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 389,783 filed Aug. 20, 1973
      which in turn is a continuation-in-part of application Ser. No. 62,380
      filed Aug. 10, 1970 and issued as U.S. Pat. No. 3,755,678.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to generating and detecting radiation, especially
      optical radiation with wavelength lying in the far infrared, infrared,
      visible, or intermediate regions of the spectrum.
PAC  SUMMARY OF THE INVENTION
PAR  The invention features a diode of integrated solid construction comprising
      successive metal deposits having a limited, i.e., microscopic, common area
      at which the deposits are separated by a thin dielectric layer, preferably
      sufficiently thin to allow electron tunneling and preferably the diode or
      a succession of them being achieved by microscopic line structures
      overlapping at their tips, the line structure serving as antennae for
      receiving incident optical radiation to produce an electrical effect.
PAR  A dense array of the devices is featured to resolve an image for scanning
      and holographic purposes.
PAR  Further features and advantages of the invention will appear from the
      following description of preferred embodiments thereof taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a highly magnified diagrammatic plan view of a solid state device
      according to the invention at a first stage of manufacture,
PAR  FIG. 2 is a similar view of the completed device of FIG. 1 and
PAR  FIG. 3 is a diagrammatic side view of the embodiment of FIG. 2;
PAR  FIG. 4 is a diagrammatic side view similar to FIG. 3 of an array of
      series-connected devices similar to the individual device of FIG. 3 and
      FIG. 5 is a diagrammatic plan view thereof;
PAR  FIG. 6 is a plan view similar to FIG. 5 and FIG. 7 a side view similar to
      FIG. 3 of a series-connected array with differing connections between
      antennas for avoiding cancellation effects;
PAR  FIGS. 8, 9 and 10 illustrate various antenna lobes associated with
      respective antennas;
PAR  FIG. 11 gives a symbolic representation of a diode device used in other
      views herein;
PAR  FIG. 12 is a schematic view of an imaging or similar device incorporating
      the diode system of the invention;
PAR  FIG. 13 is a highly magnified, diagrammatic plan view of the array of
      devices employed in FIG. 12;
PAR  FIG. 14 is a diagrammatic view of an image scanning system employing direct
      reading of the voltages at the junctions and employing superheterodyne
      detection;
PAR  FIG. 15 is a view similar to FIG. 14 of a holographic imaging system.
DETD
PAR  According to the invention a solid integrated structure capable of
      generating wave lengths down to 10 microns or shorter (or detecting same)
      is realizable providing the necessary non-linear junction in the form of a
      dielectric layer or layers interposed between fixed conductors. Such
      non-linear junctions realize advantages of vibration-resistant stability,
      compact packing and ruggedness, permitting use in the field. (These
      junctions are for convenience referred to herein as "diodes" although use
      of more than two conductor layers and several dielectric layers to form a
      junction configuration such as triodes, etc., are to be understood
      included.)
PAR  In the presently preferred form this solid diode comprises a deposit of
      solid layers upon a substrate, manufactured in accordance with generally
      known microelectronic methods, and preferably presented together with
      other such diodes in a predetermined array, such as one of the preferred
      arrays described below. For constructing diodes operable in the 10 micron
      range, the techniques of photolithography, e.g., as described in Smith,
      Bachner and Efremow, Journal of Electrochemical Society: Electrochemical
      Technology, May 1971, Vol. 118, No. 5 are applicable, in which deposited
      lines to an accuracy of less than 1 micron are realizable. Alternatively,
      and of particular utility for shorter wave lengths, one may employ the
      methods of electron beam microfabrication such as are described in
      "Microcircuits by Electron Beam", Broers and Hatzaki, Scientific American,
      November, 1972.
PAR  Referring to FIG. 1 the first step in forming a single diode according to
      this aspect of the invention is to deposit upon a substrate 120
      (preferably transparent to the radiation of interest, e.g. silicon or
      aluminum oxide for infrared radiation) a conductive line structure 122
      including antenna leg 124 of tungsten (or in other instances copper,
      nickel or other appropriate conductive material). The antenna leg 124 has
      a width d of the order of 1 micron. According to the next step, the metal
      of this line structure or at least the tip of leg 124 for the point
      contact region is allowed to oxidize, forming what will become a potential
      barrier consisting of a dielectric layer 126 of a few angstrom (of the
      order of 1 nm) thickness. Then, referring to FIGS. 2 and 3 in a third step
      a thin metal layer 128, in this embodiment nickel, is deposited on the
      substrate beyond line structure 122, with a controlled thickness c less
      than 1 micron and slightly overlapping the top of leg 124 in region E, a
      distance t kept small, less than 1 micron. The smallness of overlap t and
      the narrowness d of the tip of leg 124 cooperate to keep the overlap area,
      hence the capacitance of the contact, very low, e.g. the RC time constant
      of the resultant structure permitting response to radiation of wave length
      on the order of 10 microns, or exhibiting an RC time constant as short as
      10 .sup.-.sup.15 sec. (For use at larger wave lengths, e.g. for the far
      infrared region or where many diodes are employed in array, tolerances are
      progressively not as critical. It is also possible, in case of the RC time
      constant being longer than the period of an optical cycle, to operate in
      the "roll off" region. In this case a useful response can still be
      obtained even though the speed of the junction is somewhat slower than the
      frequency of the radiation. For instance for a junction area on the order
      of 1 micron diameter and with a series resistance arising from an antenna
      with an impedance of about 50 (ohm), depending upon the thickness of the
      dielectric layer of say 8.degree.A the speed of response can be about
      10.sup.12 Hz. Such a junction however still will respond to radiation of
      10.mu.. wave length. In this case however, the device will operate at a
      roll off point which is down by a factor of 30 from response at 10.sup.12
      Hz which corresponds to 300 .mu.. Thereafter, a protective layer of
      dielectric transparent to the wave length of interest may be applied over
      the entire structure, as suggested in the dashed lines 129 of FIG. 3.
PAR  For the purpose of producing a second antenna for the diode, layer 128 may
      be made narrow as suggested by dashed lines 130 in FIG. 2, e.g., with a
      width d, or somewhat wiper for ease of fabrication in aligning the first
      and second deposits for overlap.
PAR  As an alternative to the oxidizing step just mentioned, a controlled layer
      of dielectric material of selected barrier potential for the particular
      conditions of interest can be deposited. In such case, after the first
      step of depositing the antenna 124, this structure or its tip is cleaned
      of any oxide layer (e.g., by ion bombardment or electron beam cleaning in
      vacuum). Then a low vapor pressure of the selected dielectric can be
      introduced to provide a thin layer of controlled thickness of a few
      angstroms over the tip or the whole conductor and substrate. Afterward,
      while still operating in vacuum, the third step of depositing layer 128
      can be accomplished.
PAR  Referring to FIGS. 4 and 5, a series array of solid diodes as just
      mentioned is comprised of first and second metal antenna line-structure
      deposits 150 and 152 of different metals such as tungsten and nickel,
      deposited by the techniques mentioned above with a dielectric layer
      interposed in the contact regions of interest. Layers 150 are first
      deposited in spaced-apart relation and then, after provision of the
      dielectric layer, layers 152 are deposited each between and overlapping
      the ends of a pair of layers 150. To enable effective coupling the length
      of each line segment is an odd integer multiple of .lambda./4 where
      .lambda. is the wave length of the highest frequency of interest or longer
      than the V.sub.e attenuation length characteristic of the antenna or is
      non resonant and much less in length than the wave length. This
      construction allows coupling of the incident rays simultaneously with
      several diodes and as well permits radiation to be generated
      simultaneously by several diodes.
PAR  In certain instances where radiation from the diodes is concerned (as well
      as in the detection or utilization of electric signals induced in the
      antenna by incident radiation) special arrangements are provided to
      prevent cancellation of radiation in a given direction (or of rectified
      voltages) from various diodes in the series.
PAR  Referring to FIG. 6 lines 150' of tungsten and subsequent lines 152' of
      nickel are deposited as above however the amount of overlap of each line
      structure 152' is different at its two ends. At the left end L the extent
      of overlap is very limited, in accordance with the preceding embodiments
      to less than 1 micron to provide an R C time constant that enables
      response at the highest frequency of interest. However at the right end R
      of each line 150' the extent of overlap is grossly larger, e.g., several
      microns, and non-responsive. Response to the frequencies of interest and
      mixing them occurs at the ends L but not at ends R, hence no cancellation
      results. (If the two successive overlaps were of the same length, due to
      the reversal of the dissimilar metals, opposite rectification of voltages
      would occur at the two ends with resultant cancellation.)
PAR  In the alternative embodiment of FIG. 7, the overlap of the second deposits
      152 at the two ends are identical in extent. However by means of masking
      or otherwise during application of the dielectric, the dielectric layers
      126 are provided only at the left ends L of lines 152. Thus only at those
      ends are the effective diodes created, the contact between the right ends
      of lines 152 and the adjoining lines 150 being ohmic and not capable of
      producing any rectified voltage or mixing.
PAR  With regard to the solid diodes here described, the dielectric substance
      for layers 126 is chosen to have a nondiffusing characteristic with
      respect to the metals which it contacts under operating conditions.
      Tungsten oxide meets this requirement even in operating conditions at room
      temperature. In other instances working conditions are chosen at cryogenic
      temperatures, e.g., at temperature of liquid helium in order to avoid
      disruptive diffusion. By selectively depositing the dielectric layer, as
      by deposit in vacuum, the barrier potential of the layer material may be
      controlled by selection of the material, its geometry (especially size)
      controlled by masking and its thickness controlled by vapor density and
      duration, all to optimize the particular response being sought.
PAR  The construction and theory of operation of such diodes is further
      discussed in my co-pending application Ser. No. 389,783, the disclosure of
      which is hereby incorporated by reference.
PAR  Going beyond the fabrication of the diodes as printed circuits as just
      described, the various highly accurate microelectronic techniques are also
      used, according to the invention to realize printed matched diodes and
      arrays thereof for parametric generation and detection of electromagnetic
      radiation in the far-infrared, infrared and visible regions.
PAR  According to the present invention it is realized that the well-known
      principles of coupling radio-frequency radiation to free space are
      applicable, with appropriate miniaturized dimensions, to the antenna of
      these infrared and visible radiation generating and detecting devices here
      described, it being possible by available microelectronic techniques to
      manufacture a diode whose antenna is optimally matched to free space
      according to those principles, or to construct a phased array thereof, to
      achieve entirely new optical effects. First the diodes as radiation
      generators will be discussed.
PAR  Referring to FIGS. 8-9, good coupling with free space is obtained by
      employing for an infrared radiation of wave length .lambda., a straight
      antenna of length n.lambda. /2 where n is an integer smaller than about
      10, so that the antenna is no more than a few wave lengths long. FIGS. 8,
      9 and 17b illustrate the antenna lobes produced when the selected value of
      n is 1, 2 and 3 respectively; in the case of 10.6 .mu. radiation the
      overall length of the antennas are 5 .mu., 10 .mu. and 15 .mu.. As n
      increases the principal lobes of the infrared radiation turn toward the
      axis of elongation and therefore involve more ohmic loss and poorer
      coupling; the radiation impedance also increases, though not as
      drastically, as n increases over this region, increasing gradually from
      about 75 .OMEGA.  for antenna length of .lambda./2 until it reaches a
      stable value of about 130.OMEGA..
PAR  The solid diode arrays formed by microelectronic techniques are also
      advantageously provided in two and even three-dimensional arrays, with
      further benefit of improved coupling. Preferred embodiments of these are
      shown in the drawings using the symbol of FIG. 11 to denote a single
      printed diode, with the tunneling region denoted by the circle.
PAR  As has been noted, the printed diodes are also effective to generate
      currents or voltages in response to incident radiation which can be used
      for other purposes, as for detecting the presence of incident radiant
      energy or rectifying or converting such energy to electrical power. In
      such applications the basic considerations for designing the arrays for
      detecting or converting are the same as those for generating radiation.
PAR  Referring to FIGS. 12 and 13 an imaging system is shown in which the light
      pick up device for the image comprises an array 200 of the printed diodes
      202, the diodes sized for response to the wave length of an image
      projected through lens 204 upon a transparent plate 206. The array is
      shown disposed on the back side of the plate, with a diode distribution
      density corresponding to the resolution desired, the antenna of each diode
      being exposed to light rays of a corresponding picture element of the
      image, the rays reaching the diode through the transparent substance of
      the plate 206. For instance if the rays forming the image are of a wave
      length of 10 .mu., the substance of plate 206 may be silicon, which is
      transparent to that radiation.
PAR  Depending upon the amount of radiation present at a give picture element at
      a given instant, the diode corresponding to the element will produce a
      rectified voltage across the diodes. All of the diodes are connectd
      through conductor 208 to common point A. By a raster scan of electron gun
      210, the array is scanned and the instantaneous rectified voltage of each
      diode is read. This is accomplished by the electron beam being focused on
      the end of the antenna of the respective diode, at points indicated by the
      numerals in FIG. 13: 1, 2, 3 . . . n, n+1, n+2. . . , m, m+1, m+2 . . . At
      the instant the beam is focused on a given diode, the current passing
      through the diode junction and reaching commmon point A is indicative of
      the rectified voltage hence the intensity of the radiation then incident
      on the respective diode. The series of voltages produced in each of a
      succession of raster scans may be recorded in numerous ways, to record the
      succession of images; television tube 212 is here shown displaying the
      resultant image, the respective signals from point A controlling the
      blanking device for the T.V. electron gun, the gun being synchronized in
      its raster scan with the scan of read-out gun 210.
PAR  Referring to FIG. 14 instead of employing an electron beam for read-out of
      the image, an alternative method is to bring a lead 300 from each
      individual diode indicated by . . . N, N+1 . . . in the array 200 to pad
      terminals 302 at a convenient location. The voltage signal across each pad
      can then be read and displayed on a T.V. screen 310 successively using
      appropriate electronic circuitry 304, 306.
PAR  In the case of receiving coherent radiation upon the image-responsive array
      200 per FIG. 14 a local oscillator signal from source 312 can also be
      applied for the purpose of detecting each picture element by
      superheterodyning detector 306 with gain in sensitivity. Also, referring
      to FIG. 15 in the case e.g., of receiving back a laser reflection from a
      local source, it is similarly possible also to read-out the phase relation
      of the returning signal relative to the local source to permit display of
      the image holographically using both the phase and signal strength
      information.
PAR  In FIG. 15 transmitter 400 such as a laser transmits a coherent optical
      beam B.sub.1 which illuminates object 402. The reflected rays B.sub.2 are
      gathered by lens 404 and applied to an array 406 of junctions constructed
      as above for dissecting the image into a matrix of image elements. Also
      applied to the array is a beam of coherent radiation from local oscillator
      408 of frequency selected to produce superheterodyne beats with the
      reflected radiation B.sub.2. In this case the frequency of the local
      oscillator 408 is phase locked to the frequency of the transmitted beam
      B.sub.1 by phase locking system 410.
PAR  As above, in a repeating pattern, each junction is read by superheterodyne
      beat detector 412 in this case having a section which produces phase
      information 414 of the beam incident upon each image element junction
      relative to the transmitted beam, and also amplitude information 416. Both
      phase and amplitude information are fed to operate holographic display 418
      according to known principles by which a holographic representation of the
      object 402 is obtained.
PAR  As a specific example of forming the solid devices, one may begin with a
      dielectric substrate such as saphire, transparent to the radiation of
      interest. The surface is coated with a film of organic polymer such as AZ
      1350 resist from Shipley Co., Newton, Massachusetts, a coating which
      de-polymerizes upon exposure to light. The coating may be for instance
      from 5,000 to 20,000 A thick.
PAR  By computer suitable exposure masks are generated for the first and second
      metal deposits. The organic coating is exposed to light through the first
      mask, exposing those lines desired and the resultant depolymerized coating
      is washed away leaving a relief pattern for the first metal deposit.
      Thereupon metal is evaporated in vacuum over the entire crystal, the metal
      at the pattern adhering to the crystal, otherwise to the coating. The
      coating is then washed away as by acetone. Thereupon the dielectric layer
      is formed as by exposing a tungsten first metal to the atmosphere. The
      procedure is then repeated for the second mask, being careful to use
      alignment markings also generated with the first mask, for ensuring
      alignment of the second mask, thereby to obtain the proper amount of
      overlap. These or other such known techniques may be employed in forming
      the diodes according to this aspect of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An imaging system employing an array of devices, each of said devices
      being an electronic device responsive to optical radiation incident
      thereupon to generate an electrical effect dependent upon the said
      incident radiation, and comprising a solid non-metallic substrate, a solid
      metal deposit thereon, a solid dielectric layer upon a portion of said
      metal deposit, and a second solid metal deposit on said substrate, said
      second metal deposit having a limited common area with said first metal
      deposit the respective common portions of said metal deposits being in
      intimate contact with opposite sides of and separated by said dielectric
      layer, said dielectric layer being of limited thickness said common region
      thereby defining a metal to metal junction, a portion of one of said metal
      deposits extending away from said junction having a width related to the
      wave length of said optica radiation and forming an antenna responsive to
      said incident radiation to generate an alternating electrical current at
      the frequency of said radiation and to conduct said current to said
      junction, said junction having a non-linear current-voltage characteristic
      with respect to said current whereby said current and said junction can
      interact to produce said electrical effect, said devices distributed to
      resolve an area upon which radiation is incident, each of said devices
      effective, upon incidence of radiation thereon, to produce a voltage
      across its junction, and means to read out said voltages in a repeated
      fashion.
NUM  2.
PAR  2. The imaging system of claim 1 wherein said devices are all connected to
      a common terminal, and including an electron beam scanner for scanning
      successively said devices, and means responsive to signals on said common
      terminal to produce a display in synchronism with said scan.
NUM  3.
PAR  3. The imaging system of claim 2 wherein said devices are deposited upon a
      dielectric substrate transparent to the radiation of interest, said
      radiation incident upon said device by passing through said substrate, the
      devices in said substrate being exposable directly to said electron beam.
NUM  4.
PAR  4. The imaging system of claim 1 including means for reading the voltages
      across said junctions directly.
NUM  5.
PAR  5. The imaging system of claim 1 including means for applying a radiation
      signal from a local oscillator to each junction, and superhetrodyne means
      for detecting the beat signals provided by the interaction of said local
      oscillator signal and said incident radiation.
NUM  6.
PAR  6. The imaging system of claim 5 including coherent illuminating means for
      an object, said incident radiation comprising reflection from said object
      of said coherent illumination, means to apply to said junctions as said
      local oscillator radiation locked in phase to said illuminating means,
      means for detecting the phase of the resultant beat notes at said
      junctions and a holographic display means connected in circuit with said
      imaging system for representing the image of said object based upon the
      detected values of amplitude and phase of said beat notes.
NUM  7.
PAR  7. A holographic imaging system comprising an array of photo-responsive
      elements arranged to receive thereupon an image reflected from an object
      illuminated by a coherent beam from a transmitter, means to apply also to
      said array a beam from a local oscillator at a frequency which is
      phase-locked to the frequency of said coherent beam thereby to produce at
      each photo-responsive element a beat frequency arising from mixing of said
      reflected beam and local oscillator beam, each photo-responsive element
      having a non-linear current-voltage characteristic and a speed of response
      to enable development of a signal across each element at said beat
      frequency, means to detect the amplitude and the phase of the beat signal
      at each of said photo-responsive elements, and a holographic display
      connected to be responsive to said amplitude and phase information to
      produce a holographic image.
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ABST
PAL  An automatic video signal control circuit for a television receiver
      includes apparatus for generating horizontal and vertical pulse signals to
      effect cancellation of the horizontal and vertical blanking pulse signals
      in a received television signal and for providing a video signal having a
      black level derived from the peak black level in the video portion of the
      received signal and a white level derived from the combined average and
      peak white level in the video portion of the received signal.
PARN
PAC  CROSS-REFERENCE TO OTHER APPLICATIONS
PAR  A concurrently filed application entitled "Pulse Width Control and
      Advancing Circuit" bearing Attorney's Docket number D-7763 U.S. Ser. No.
      446,496 and filed in the name of an inventor of the present application
      relates to a technique for internal development of pulse signals having
      increased width and advanced with respect to a received signal. Also, a
      concurrently filed application entitled "Peak Detector Sample and Hold
      Circuit" bearing Attorney's Docket number D-7730 U.S. Ser. No. 446,397 and
      filed in the name of an inventor of the present application relates to
      circuitry for detecting peak black and white video signal levels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Generally, the television receiver art utilizes a plurality of coupling
      techniques for applying a detected video signal to a display device such
      as a cathode ray tube. For example, AC coupling, DC coupling, AC and DC
      coupling combinations, and back porch clamping of the video pulse signals
      are a few of the more common approaches for applying the detected video
      signal to the display device.
PAR  Unfortunately, AC coupling is responsive to the average signal level
      without regard to the peak black and white signal levels. Thus, the black
      level varies from grey to blacker than black in accordance with the black
      content of the video signal while the white level is similarly
      uncontrolled.
PAR  Also, DC coupling tends to provide fairly good peak white levels and peak
      black level signals for a display so long as the black, white, and sync
      tip levels of the transmitted signal are properly proportioned and
      properly transmitted at a correct level. However, it has been found that
      the above-mentioned proportions and levels tend to undesirably vary from
      station to station and program to program.
PAR  The AC-DC combination can provide some improvement over either one of the
      single coupling techniques but, unfortunately, includes the
      above-mentioned disadvantages of both to a greater or lesser degree.
      Moreover, the back porch clamping of the video signal would be an ideal
      system so long as the transmitted black and white levels were perfect.
      Unfortunately, the transmitted black and white levels vary from station to
      station as mentioned above.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a television receiver
      having an enhanced video signal handling capability. Another object of the
      invention is to provide improved video signal coupling apparatus for
      signal receiver. Still another object of the invention is to provide an
      improved automatic video signal control circuit for a television receiver.
      A further object of the invention is to provide apparatus for utilizing
      the peak black level and a combination of the average and peak white
      levels of the video portion of a received signal in an image display
      device. A still further object of the invention is to effect cancellation
      of the horizontal and vertical blanking pulse signal within a received
      signal and to utilize the peak black level and the combined average and
      peak white levels of the video portion of the received signal to energize
      a display device.
PAR  These, and other and further objects, advantages and capabilities are
      achieved in one aspect of the invention by an automatic video signal
      control circuit wherein cancellation of the blanking pulse signals of a
      received television signal is effected and the peak black level along with
      the combined peak and average white levels of the video portion of the
      received signal are employed to provide the black and white levels viewed
      on a display device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a television receiver employing a preferred
      embodiment of the invention; and
PAR  FIGS. 2A, 2B, and 2C are a schematic illustration of an automatic video
      signal control circuit suitable to the television receiver of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in conjunction with
      the accompanying drawings.
PAR  Referring to the block diagram of FIG. 1, a television receiver includes
      the usual antenna 5 for receiving a transmitted television signal. The
      antenna 5 is coupled to an RF tuner stage 7 which is, in turn, coupled to
      an IF amplifier stage 9 and then to a video detector and amplifier stage
      11.
PAR  The video detector and amplifier stage 11 provides an output signal which
      is applied to an automatic gain control (AGC) network 13 having an output
      coupled back to the RF tuner stage 7 and IF amplifier stage 9. The output
      from the video detector and amplifier stage 11 is also applied to a sync
      pulse separation stage 15 wherein synchronizing pulse signal at horizontal
      and vertical frequencies are separated and applied to horizontal and
      vertical deflection stages, 17 and 19, respectively. The horizontal and
      vertical deflection stages, 17 and 19, each provide horizontal and
      vertical scan output signals which are applied to a display device or
      cathode ray tube 21 and to an automatic video signal control circuit 23.
PAR  The automatic video signal control circuit 23 includes a video signal
      automatic gain control (AGC) network 25 which is coupled to the video
      detector and amplifier stage 11. A back porch clamping circuit 27 is
      coupled to the video signal AGC network 25 and to the horizontal
      deflection stage 17 of the signal receiver. Also, an adjustable DC white
      level potential control 29 is coupled to the video signal AGC network 25.
      Moreover, the output of the video signal AGC network 25 is applied to a
      video amplifier stage 31 which is coupled to the cathode ray tube 21.
PAR  The automatic video signal control circuit 23 also includes an internal
      horizontal and vertical blanking signal generator 33 which is coupled to
      the horizontal and vertical deflection stages, 17 and 19, and by way of a
      blanking signal removal stage 35 to a black peak detector sample and hold
      circuit 37. The black peak detector sample and hold circuit 37 is coupled
      back to the video signal AGC network 25 and to an adjustable DC black
      level potential control 39.
PAR  The video signal AGC network 25 is connected and also coupled by way of an
      average picture level (APL) network 41 to a white peak detector sample and
      hold circuit 43. Moreover, a noise inverter stage 45 is coupled to the
      video signal AGC network 25 and to the output of the blanking signal
      removal stage 35.
PAR  As to operation, it may be generally stated that a received signal which
      includes a video portion as well as horizontal and vertical blanking
      portions is applied to the automatic video signal control circuit 23.
      Therein, an internal horizontal and vertical pulse signal generator 33
      provides horizontal and vertical pulse signals of a width greater than the
      width of the horizontal and vertical blanking pulse portions of the
      received signal whereupon cancellation thereof is effected.
PAR  Also, a black peak detector sample and hold circuit 37 provides a peak
      black level in accordance with the black contained within the scene or
      video portion of the received signal. Similarly, a white peak detector
      sample and hold circuit 43 provides a peak white level in accordance with
      the content of the video portion of the received signal. This peak white
      level signal is modified in accordance with the average picture level of
      the scene as determined by the APL network 41.
PAR  Thus, the automatic video signal control circuit 23 internally generates
      horizontal and vertical pulse signals which cancel the horizontal and
      vertical blanking pulse portions of a received signal. Also, the peak
      black level of the video information is utilized to provide the black
      level for a display device. Further, the peak white level of the video
      information and the average picture level of the video information are
      combined to provide the white level for the display device. Moreover,
      manual adjustments on black and white preference controls are provided for
      individual viewer selection of the desired black and white levels as seen
      on the display device.
PAR  More specifically, FIG. 2 illustrates a preferred embodiment of the
      automatic video signal control circuit 23 of FIG. 1. Herein, a video
      signal available at an input terminal 47 is coupled by a series connected
      resistor 49 and delay line 51 to to a charge storage capacitor 53 with a
      resistor 55 coupling the delay line 51 and capacitor 53 to ground.
PAR  The charge storage capacitor 53 is coupled to the base of a transistor 57
      included in an automatic video signal control circuit such as 25 of FIG.
      1. This transistor 57 has an emitter coupled to the base of a second
      transistor 59 having an emitter connected by resistors 58 and 60 to
      circuit ground. The collector of the transistor 57 is coupled to the
      emitter of a transistor 61. The base of the transistor 61 is coupled by a
      capacitor 63 to circuit ground, by series connected resistors, 64 and 67,
      to a potential source B+, by a capacitor 68 to ground, and by a series
      connected fixed resistor 69 and adjustable resistor or adjustable white
      level potential control 71 to circuit ground.
PAR  The collector of transistor 61 is connected by a resistor 73 to the
      potential source B+ and to the collector of a transistor 75 having a base
      coupled to the emitter of the transistor 61 and the collector of the
      transistor 57. The emitter of the transistor 75 is coupled by series
      connected resistors 77 and 79 to the collector of the transistor 57 and
      and the emitter of the transistor 61. The transistor 75 emitter is also
      coupled to the base of a transistor 81.
PAR  The transistor 81 in conjunction with a transistor 83 are part of a
      comparator circuit with interconnected emitters connected to the collector
      of the transistor 59. The collector of the transistor 81 is coupled to the
      junction 85 of a pair of series connected resistors 87 and 89. The
      resistor 87 is coupled to the emitter of a transistor 91 having a
      collector connected to the potential source B+. The resistor 89 is
      connected to the collector of the transistor 83.
PAR  The base of the transistor 83 is connected to the emitter of a transistor
      93, by series connected resistors 95 and 97 to circuit ground with the
      junction of the series connected resistors 95 and 97 connected to the
      junction of the series connected resistors 77 and 79. The base of the
      transistor 93 is connected by a resistor 99 to the base of the transistor
      75 and by a resistor 101 to the junction of resistor 103 connected to
      circuit ground and resistor 105 connected to the emitter of a transistor
      107.
PAR  The base of the transistor 107 is connected to the emitter and to the
      emitter of a transistor 109. The base of the transistor 109 is connected
      to the emitter of a transistor 111 with the collectors of the transistors
      109 and 111 connected to the potential source B+. The base of the
      transistor 111 is coupled to a white level peak detector and hold circuit
      43 of FIG. 1.
PAR  Referring back to the automatic video signal control circuit 25 and
      particularly the base of the transistor 57, a back porch clamping circuit,
      27 of FIG. 1, is coupled thereto. An input terminal 113 has a flyback
      pulse signal input, such as the output of the horizontal deflection
      circuit 17 of FIG. 1, coupled to resistors 115, 117, and 119 series
      connected to circuit ground. The junction of series connected resistors
      117 and 119 is coupled to a resistor 121 connected by a capacitor 123 to
      circuit ground and to a capacitor 125 connected to circuit ground by a
      resistor 127 and to the base of a transistor 129.
PAR  The emitter of the transistor 129 is connected to ground and the collector
      is coupled by a resistor 131 to the emitters of a pair of transistors, 133
      and 135. The base of transistor 133 is connected to the base of the
      transistor 57 of the video signal control circuit 25. The base of the
      transistor 133 is also connected to the collector which is connected to
      the collector of a transistor 137. The base of the transistor 137 is
      connected to the base and collector of a transistor 139 and by a resistor
      141 to the potential source B+. The emitters of the transistors 137 and
      139 are connected to the potential source B+ and the collector of the
      transistor 139 is connected to the collector of the transistor 135.
PAR  The base of transistor 135 is connected to the junction of a resistor 143
      connected to ground and the emitter of a transistor 145. The transistor
      145 has a collector connected to the potential source B+ and a base
      coupled to circuit ground by way of series coupled diode-connected
      transistors, 147, 149 and 151. The base of transistor 135 is also
      connected to a resistor 153 coupled to the bases of a diode-connected
      transistor 155 and transistor 157. The emitter of the diode-connected
      transistor 155 is coupled by a resistor 159 to circuit ground while
      transistor 157 has a resistor 161 coupling the emitter to ground. The
      collector of transistor 157 is connected to the junction of the emitter of
      transistor 57 and base of transistor 59.
PAR  The output of the automatic video signal control circuit 25 available at
      the junction of the collector of the transistor 83 and resistor 89 is
      applied to the base of a transistor 163. The collector of the transistor
      163 is connected to the potential source B+ and the emitter provides an
      output which is coupled by a resistor 165 to the base of a transistor 167.
PAR  Transistors 167, 169, 171, 173, and 175 form an impulse noise elimination
      network, 45 of FIG. 1. The collector of transistor 167 is coupled to a
      black level peak detector sample and hold means, 37 of FIG. 1, which will
      be explained hereinafter. The emitters of the transistors 167 and 169 are
      connected to the collector of the transistor 171 which has an emitter
      connected to ground by a resistor 177 and a base connected to the resistor
      153 and base of transistor 135 and to the base of transistor 173.
      Transistor 173 has an emitter coupled by a resistor 179 to circuit ground
      and a collector coupled to the base of the transistor 169. A
      series-coupled resistor 181 and diode-connected transistor 175 couple the
      base of the transistor 169 to an output of the automatic video signal
      control circuit 25 at the junction of the resistor 87 and transistor 91.
PAR  Another output of the automatic video signal control circuit 25 available
      at the emitter of the transistor 163 is coupled by way of a filter and
      delay network which includes a resistor 183 connected to ground by a
      capacitor 185 and to the base of a transistor 187. The collector of the
      transistor 187 is connected to ground while the emitter is connected to
      the collector of the transistor 167 of the noise eliminator network 45 and
      to the black level peak detector sample and hold means 37 as will be
      explained hereinafter.
PAR  The output of the filter and delay network available at the junction of the
      resistor 183, capacitor 185, and base of transistor 187 is also applied to
      an average picture level (APL) network. This APL network includes a
      resistor 189 coupled to the junction of the resistor 183 and capacitor 185
      of the filter and delay network and to a resistor 191 connected to ground
      by a capacitor 193. The junction of the resistors 189 and 191 of the APL
      network is coupled to the white level peak detector sample and hold means
      43 in a manner to be explained hereinafter.
PAR  Still another output of the automatic video signal control circuit 25
      available at the emitter of transistor 163 is applied to the collector of
      and base of a transistor 195. The emitter of the transistor 195 is
      connected to ground by a voltage divider which includes series connected
      resistors 197 and 199. The junction of the series connected resistors 197
      and 199 is connected to the base of a transistor 201. the collector of
      transistor 201 is connected to ground while the emitter is connected by a
      resistor 203 to the base and collector of transistor 195 and directly
      connected to the base of a transistor 205 having a video signal amplifier
      capability.
PAR  The collector of the transistor 205 is connected to an output terminal 207
      and by a resistor 209 to the potential source B+. The collector of the
      transistor 205 is also coupled to the base of a transistor 211 and the
      base of a transistor 213. The collector of the transistor 211 is connected
      to the potential source B+ while the emitter is connected to the collector
      of a transistor 215. The transistor 215 has a grounded emitter and a base
      connected to the base and collector of the diode-connected transistor 151.
      The transistor 213 has a collector connected to an output terminal 217 and
      by a resistor 219 connected to a potential source B++. The emitter of the
      transistor 213 is connected to a resistor 221 which is connected to a
      parallel coupled resistor 223 and capacitor 225. A parallel coupled
      inductor 227 and capacitor 229 couple the resistor 223 and capacitor 225
      to ground.
PAR  The emitter of the transistor 205 is connected to a resistor 231 coupled to
      ground by a parallel connected resistor 233 and capacitor 235. The emitter
      of the transistor 205 is also connected to the base of a transistor 237
      having a grounded collector and an emitter connected to the emitter of a
      transistor 239. The emitters of the transistors 237 and 239 are connected
      to the collector of a transistor 241 having an emitter coupled by a
      resistor 243 to the potential source B+. The base of the transistor 241 is
      connected to the base of a transistor 245 having an emitter connected by a
      resistor 247 to the potential source B+ and a collector connected to the
      collectors of the transistor 167 and the emitter of the transistor 187.
PAR  The base of the transistor 241 is also coupled to the base and collector of
      a transistor 249. The emitter of the transistor 249 is connected to the
      collector and base of a transistor 251 having an emitter connected to the
      potential source B+ and base connected to an internal horizontal and
      vertical pulse signal generating means, 33 of FIG. 1, as will be explained
      hereinafter.
PAR  The base and collector of the transistor 249 are connected to circuit
      ground by series connected resistors 253 and 255 and a zener diode 257.
      The junction of the resistor 255 and zener diode 257 is connected to the
      base of a transistor 259 having a collector connected to the potential
      source B+. The emitter of the transistor 259 is connected to the junction
      of the transistor 145 and 147 by a resistor 261 and to the emitter of a
      transistor 263 having a base coupled to the internal horizontal and
      vertical pulse signal generating means 33. The collector of the transistor
      263 is connected to the potential source B+ by a resistor 265. The
      collector of the transistor 263 is also connected to the base of a
      transistor 267 having an emitter connected to the potential source B+ and
      a collector connected to the base of a transistor 269. The collector of
      the transitor 269 is connected to the potential source B+ while the
      emitter is connected by a resistor 271 to ground.
PAR  Referring to the internal horizontal and vertical pulse signal generating
      means 33, which is detailed in a concurrently filed application entitled
      "Pulse Width Control and Advancing Circuit" bearing U.S. Ser. No. 446,496,
      a flyback pulse signal available from the horizontal deflection circuitry,
      17 of FIG. 1, is applied to an input terminal 273. A diode 275 couples the
      flyback pulse signal to the collector of the transistor 205 and via the
      transistors 205 and 237 to the transistor 239.
PAR  The collector of the transistor 239 is connected to ground by a resistor
      277 and to the base of a transistor 279 having a grounded emitter. The
      collector of the transistor 279 is connected to a resistor 281 coupled to
      circuit ground, a resistor 283 coupled to the collector of a transistor
      285, and the base of transistors 287 and 289. Transistor 287 and 289 have
      grounded emitters and the collector of transistor 287 is coupled to the
      base of the transistor 285, resistor 335, and by a diode-connected
      transistor 291 to the junction of a voltage divider including series
      connected resistors 293, 295, 297, and 299 intermediate a potential source
      B+ and ground.
PAR  The emitter of the transistor 285 is connected to ground by a capacitor 301
      and to a potential source B++ by a resistor 303. Also, series connected
      resistors 305 and 307 intermediate the potential source B+ and reference
      potential have a junction coupled by a parallel connected diode 309 and
      capacitor 311 to the emitter of the transistor 285.
PAR  A vertical scan input signal, available from the vertical deflection
      circuitry, 19 of FIG. 1, appears at an input terminal 313. This vertical
      input signal is coupled by a resistor 315 to a capacitor 317 connected to
      ground and by a capacitor 319 to a resistor 321 connected to ground and to
      the base of a transistor 323. The transistor 323 has a grounded emitter
      and a collector coupled to ground by a resistor 325, to the base of a
      transistor 327, and to the collector of a transistor 329.
PAR  The base of the transistor 329 is coupled by a diode-connected transistor
      331 to the collector of the transistor 287 and by series connected
      resistors 333 and 335 to the base of the transistor 285. The emitter of
      the transistor 329 is connected by a resistor 337 to the junction of the
      series connected resistors 333 and 335 and to the emitter of a transistor
      339. Also, a transistor 336 connects the junction of the resistors 333 and
      335 to the potential source B+ with a base connected to the transistor
      251. The transistor 339 has a base connected to the junction of the series
      connected resistors 297 and 299 and a collector connected to the potential
      source B+.
PAR  The transistor 289 has a grounded emitter and a collector providing an
      output signal which is applied to the base of a transistor 341 forming a
      blanking pulse signal removal circuit, 35 of FIG. 1. The base of the
      transistor 341 is connected by a resistor 343 to the base of a transistor
      345 having an emitter connected to ground by a resistor 347 and a
      collector coupled to the black level peak detector sample and hold circuit
      37. Moreover, the emitter of the transistor 341 is coupled to ground by a
      resistor 349 while the collector is connected to the black level peak
      detector sample and hold circuit 37 and to the collector of the transistor
      167 of the noise inverter circuit, 45 of FIG. 1.
PAR  The white and black level peak detector sample and hold circuits, 43 and 37
      respectively, are fully discussed in the co-pending application filed
      concurrently herewith bearing U.S. Ser. No. 446,397 and entitled "Peak
      Detector Sample and Hold Circuit". The white level peak detector sample
      and hold circuit 43 includes a transistor 351 having a grounded emitter
      with a base coupled to the junction of resistors 189 and 191 which are a
      part of the previously-mentioned average picture level (APL) network, 41
      of FIG. 1. The collector of the transistor 351 is grounded and the emitter
      is coupled to the collector of a transistor 353 having an emitter coupled
      by a resistor 355 to the potential source B+ and a base coupled to the
      base of the base of transistor 245, the base of transistor 241, and the
      base and collector of the transistor 249.
PAR  The emitter of the transistor 351 is also connected to the base of a
      transistor 357 having a collector coupled by series connected resistors
      359 and 361 to circuit ground. The junction of the series connected
      resistors 359 and 361 is connected to the base of a transistor 363 having
      a grounded emitter. The collector of the transistor 363 is connected to
      the base and by a resistor 365 to the emitter of a transistor 367 having a
      grounded collector. The emitter of the transistor 367 is connected to the
      junction of a resistor 369 coupled to the potential source B+, a capacitor
      371 connected to ground, and the base of a transistor 373.
PAR  The transistor 373 has an emitter connected to ground by a series connected
      resistor 375 and zener diode 377. The collector of the transistor 373 is
      coupled to the potential source B+ by series connected resistors 379 and
      381. The junction of the series connected resistors 379 and 381 is coupled
      to the base of a transistor 383 having an emitter coupled to the potential
      source B+ and a collector coupled by a resistor 384 to a junction 385. The
      junction 385 is connected by a resistor 387 to the emitter of the
      transistor 357, to a capacitor 389 connected to ground, to a resistor 391
      connected to the resistor 369 and potential source B+, and to the base of
      the transistor 111, which is coupled via transistor 109, transistor 107,
      and transistor 93 to transistor 83 of a comparator circuit in the video
      signal AGC means, 25 of FIG. 1.
PAR  Also, the black level peak detector sample and hold circuit 37 includes a
      transistor 393 having a base connected to the collector of the transistor
      341 of the blanking pulse signal removal circuit, 35 of FIG. 1, to the
      collector of the transistor 167 of the noise inverter circuit, 45 of FIG.
      1, and via the emitter of transistor 187 and resistor 183 to the emitter
      of the transistor 163 of the video signal AGC circuit, 25 of FIG. 1. The
      collector of the transistor 393 is connected to the potential source B+ by
      a resistor 395 while the emitter of the transistor 393 is connected to the
      collector of the transistor 345 and to the base of a transistor 397.
PAR  The transistor 397 has a collector coupled by series connected resistors
      399 and 401 to the potential source B+ with the junction of the series
      connected resistors 399 and 401 connected to the base of a transistor 403.
      The transistor 403 has an emitter connected to the potential source B+ and
      a collector connected to the base of a transistor 405 and via a resistor
      407 to the emitter. The emitter of the transistor 405 is connected to the
      junction of a capacitor 409 coupled to the potential source B+, a resistor
      411 connected to ground, and the base of a transistor 413.
PAR  The transistor 413 has an emitter connected to the potential source B+ by a
      series connected resistor 415 and zener diode 417. The collector of the
      transistor 413 is connected to ground by series connected resistors 419
      and 421. The junction of the series connected resistors 419 and 421 is
      coupled to the base of a transistor 423 having a grounded emitter. The
      collector of the transistor 423 is coupled by series connected resistors
      425 and 427 to the emitter of the transistor 397. The junction of the
      series connected resistors 425 and 427 is coupled to a parallel-connected
      resistor 429 and capacitor 431 connected to ground and to the base of a
      transistor 433.
PAR  The transistor 433 receives a signal at the base thereof and has a grounded
      collector and an emitter coupled to the base of a transistor 435 and via a
      resistor 437 to the emitter. The collector of the transistor 435 is
      grounded and the emitter is connected to the emitter of a diode-connected
      transistor 439. The base and collector of the transistor 439 are connected
      to the base of a transistor 441 which is included in a comparator network
      circuit. The base and collector of the transistor 439 are also connected
      by a resistor 443 to a resistor 445 connected to the collector of the
      transistor 441 and to the emitter of a transistor 447 and collector of a
      transistor 449.
PAR  The emitter of the transistors 441 and 449 are connected by resistors, 451
      and 453, to the collector of a transistor 455 having an emitter connected
      to ground by a resistor 457 and a base connected to the base of the
      transistor 345 and to the base of a transistor 459. Transistor 459 has an
      emitter connected to ground by a resistor 461 and a collector connected to
      the base of the transistor 449 and to the potential source B+ via series
      connected transistors, 463, 465 and 467 and resistor 469.
PAR  Also, the collector of the transistor 459 and the base of the transistor
      449 are connected to the emitter of a transistor 471. The collector of the
      transistor 471 is grounded and the base is connected to a capacitor 473
      coupled to ground and to the alterable arm 475 of an adjustable resistor
      477 which is the DC black level control adjustment. The resistor 477 is
      connected to ground by a resistor 479 and to the potential source B+ by a
      resistor 481.
PAR  Further, the collector of the transistor 441 is coupled back to the base of
      the transistor 91. Thus, a comparator network, including transistors 441
      and 449, receives potentials from the black level peak detector sample and
      hold circuit 37 of FIG. 1 and from the DC black level adjustable control
      39 of FIG. 1. Moreover, the resultant comparison signal is applied to the
      video signal AGC circuit, 25 of FIG. 1, via the transistor 91.
PAR  As to operation, a video input signal with a negative going sync. signal is
      applied to the video signal input terminal 47 and coupled via a delay line
      51 to a charge storage capacitor 53. This charge storage capacitor 53 is
      coupled by way of amplifiers in the form of transistors 57 and 59 to a
      comparator means in the video signal AGC circuit 25. Also, the charge
      storage capacitor 53 is coupled to the base and collector of a transistor
      133 employed in a bi-directional back porch clamping circuit 27.
PAR  The bi-directional back porch clamping circuit 27 receives a flyback pulse
      signal at an input terminal 113. This input signal is integrated to
      provide a sawtooth-shaped signal which is combined with the flyback pulse
      signal and applied to the base of a transistor 129. In this manner,
      conductivity of the transistor 129 is effected only during the back porch
      period of the applied video signal.
PAR  Also, a comparator network includes transistors 133 and 135. A bias of
      about two diode-drops or twice the base to emitter voltage of a transistor
      is applied to the base of the transistor 135 by way of the bias network
      including transistors 145, 147, 149, and 151. The bias at the base of the
      transistor 133 is maintained at the two base to emitter voltage value by
      the charged capacitor 53.
PAR  However, an increase in the charge of the capacitor 53 will raise the base
      voltage of the transistor 133 turning transistor 133 on. Thereupon,
      transistor 135 will be turned off as will transistors 137 and 139. Thus,
      the charge capacitor 53 will discharge by way of transistors 133 and 129.
      Oppositely, a decreased charge on the capacitor 53 will turn off
      transistor 133 and turn on transistor 135. Thereupon, the capacitor 53
      will charge to the desired two base to emitter (2V.sub.be) potential level
      via transistors 129, 135, 139, and 137. Thus, the potential available at
      the input to the storage capacitor 53 is clamped at a given back porch
      level and this clamped back porch level signal is applied via transistors
      57 and 59 to the video signal AGC means 25. Moreover, undesired deviations
      from the clamped back porch level, such as sync pulse signals for example,
      are eliminated by transistors 57 and 59.
PAR  This video signal having a back porch clamped at a 2V.sub.be level is
      applied via the amplifier transistors 57 and 59 to the emitters of the
      transistors 81 and 83 of a comparator circuit. The comparator circuit,
      transistors 81 and 83, pass the signal therethrough in accordance with the
      DC level at the bases thereof.
PAR  Assuming the DC level at the base of transistor 81 is higher than the DC
      level at the base of transistor 83, signal current will flow through the
      transistor 81 and resistor 87 developing a relatively low potential across
      the resistor 87 which is applied via the resistor 89 to the base of the
      transistor 163. If the DC level at the base of transistor 83 is higher
      than the DC level at the base of transistor 81, signal current will flow
      through the transistor 83 and resistors 89 and 87 developing a rather high
      potential across both resistors 89 and 87 which will be applied to the
      transistor 163. Thus, any differential change between the DC potentials at
      the base of the transistors 81 and 83 causes a change in the signal
      strength developed across the resistors 87 and the combination of
      resistors 87 and 89 whereby is determined the signal strength applied to
      the transistor 163.
PAR  The DC potential applied to the base of the transistor 81 is derived from
      an adjustable white level control, resistor 71, and applied via
      transistors 61 and 75 to the base of transistor 81. The DC potential at
      the base of the transistor 83 is a variable DC potential representative of
      the white level of the video signal available at a junction 385 of the
      peak white detection sample and hold circuit 43. This variable DC
      potential is applied to the base of the transistor 83 via transistors 111,
      109, 107, and 93. Thus, circuitry for automatically controlling video
      signal gain in response to DC potential variation at a manual control 71
      and a junction 385 of a peak white level sample and hold circuit 43 has
      been provided.
PAR  As to the DC potential available at the junction 385, an output available
      at the emitter of the transistor 163 is coupled by way of a filter and
      delay circuit to an average picture level (APL) circuit. The filter and
      delay circuit includes the resistor 183 and capacitor 185 whereby the
      video signal and particularly the horizontal blanking portion of the
      applied video signal is delayed. Moreover, the filter tends to eliminate
      very rapid and short-lived sudden charges in the video signal portion of
      the received signal whereby a viewer is not subjected to sudden flashes in
      a viewed scene.
PAR  The average picture level (APL) circuit includes resistors 189 and 191 as
      well as the capacitor 193. The video signal available from the filter and
      delay circuit is averaged out or integrated by the resistors 189 and 191
      and the capacitor 193. Thus, potential at the junction of the resistor 191
      and capacitor 193 is a DC voltage representative of the average picture
      level or average brightness level of the applied video signal.
PAR  It should be noted that the average picture level (APL) circuitry is unique
      in that the system does not rely on arbitrary or preset threshold levels.
      Rather, the average level varies as picture content varies and the APL
      compensation is a function of the transmitted signal solely.
PAR  Further, the video signal available at the output of the filter and delay
      circuit, resistor 183, is applied via resistor 189 to the base of a
      transistor 351. Thus, the average and peak white level signals are applied
      to the transistor 351 which is a part of the white level peak detection
      sample and hold circuit 37.
PAR  The peak white signal is detected by the transistors 351 and 357 and stored
      by the capacitor 389. If the average picture content or APL potential
      available at the junction of resistors 189 and 191 is greater than normal
      implying a high brightness picture scene, the DC potential at the charge
      capacitor 389 and at the junction 385 will be lower than normal. This
      lower than normal DC potential at the junction 385 will be eventually
      applied to the transistor 83 decreasing the signal developed across the
      resistors 87 and 89 which, in turn, effects a reduction in the peak video
      signal appearing at the junction of the resistors 189 and 191. Thus, the
      video signal appearing at the emitter of the transistor 163 is
      automatically maintained at a given brightness level.
PAR  Also, the white peak detector sample and hold circuit 37 is detailed in a
      co-pending application bearing U.S. Ser. No. 446,397. Briefly, a video
      signal with positive going sync. signal is applied to transistor 351 and
      coupled via transistor 357 to the charge capacitor 389 whereat a potential
      representative of the peak and average white signal level is attained and
      applied back to the video signal AGC circuit 25. At the same time,
      collector current flows through the transistor 357 turning on transistors
      363 and 367 whereby capacitor 371 is discharged. In turn, discharge of
      capacitor 371 turns off transistor 373 which turns off transistor 383.
PAR  Should the peak input signal level decrease, the charge capacitor 389 would
      normally charge at a relatively slow rate via the resistor 391. However,
      the rapid rate of charge is effected due to decrease current in the
      transistor 351 and 357 which turns off transistors 363 and 367 whereupon
      capacitor 371 will charge turning on transistor 373. Conduction of
      transistor 373 will result in conduction of transistor 383 and a rapid
      charge path for the charge capacitor 389.
PAR  Thus, the APL network and the white peak level detector sample and hold
      circuit 43 provide a combined average white level and peak white level
      derived from the video portion of a received signal. This combined average
      and peak white level is fed to a video signal AGC circuit 25 wherein an
      average brightness signal level is automatically maintained. Moreover,
      this automatic brightness level is selectively determinable by adjustment
      in accordance with a viewer's desires.
PAR  Referring back to the output of the video AGC circuit 25, the output
      available at the emitter of the transistor 163 is coupled by way of the
      filter and delay circuit, resistor 183 and capacitor 185, and a transistor
      187 to the base of a transistor 393 of the black peak level detector
      sample and hold circuit 37. This black peak level detector sample and hold
      circuit 37 is similar in operation to the white peak level detector sample
      and hold circuit 43 described above and fully detailed in a co-pending
      application bearing U.S. Ser. No. 446,397.
PAR  Briefly, the circuitry detects the peak black level of the video signal and
      applies a DC potential representative of this peak black level to a
      comparator circuit which includes transistors 441 and 449. Also, an
      adjustable black level control in the form of adjustable resistor 477
      provides a DC potential to a transistor 449 in the comparator circuit. A
      resultant differential signal is fed back via the base of a transistor 91
      to the video signal AGC circuit 25 whereby a relatively constant black
      level is automatically maintained.
PAR  Also, the above-mentioned output from the video signal AGC circuit 25 is
      applied to a noise inverter circuit 45. This noise inverter circuit 45
      includes transistors 167 and 169 having a base potential of transistor 169
      slightly lower than the peak porch level of the video signal due to a
      voltage drop through a resistor 181 and transistor 175. Whenever a video
      signal appearing at the emitter of the transistor 163 and applied to the
      base of the transistor 167 is above the base potential applied to the
      transistor 169, transistor 167 will be rendered constructive lowering the
      emitter voltage of the transistor 187 and preventing the noise signals
      from reaching the transistor 393 of the black peak level detector sample
      and hold circuit 37.
PAR  Further, the output signal from the video AGC circuit 25 available at the
      emitter of the transistor 163 is applied via transistor 195, voltage
      divider resistors 197 and 199, and transistor 201 to the video amplifier
      circuit in the form of transistor 205. In turn, transistor 205 is coupled
      to the base of a transistor 213 having a video system output terminal 217.
PAR  Additionally, an internal horizontal and vertical blanker pulse generator
      circuit 33 develops signals for effecting cancellation of the horizontal
      and vertical blanking portions of a received video signal. This circuitry
      is explained and fully detailed in a co-pending application entitled
      "Pulse Width Control and Advancing Circuitry" bearing U.S. Ser. No.
      446,496 and filed concurrently with the present application.
PAR  Briefly, a flyback pulse signal available from the horizontal deflection
      circuitry, 17 of FIG. 1, is applied to a terminal 273. This signal is
      coupled via a diode 275 to collector of transistor 205. The collector of
      transistor 205 is higher than the emitter of transistor 205 in normal
      operation. Thus, the base of transistor 237 is lower than the base of
      transistor 239 and transistor 239 is turned off. When the flyback pulse
      signal is coupled to the collector of transistor 205, the collector of
      transistor 205 is lowered and approaches the emitter voltage of transistor
      205, resulting in combination of transistor 239. The conduction of
      transistor 239 turns on transistor 279 and transistor 279 in conjunction
      with transistors 287 and 285 form a first trigger network. Moreover, this
      first trigger network is coupled to a first charge storage network
      including the potential source B+, series connected resistors 305 and 307,
      diode 309, and capacitor 301.
PAR  Also, a vertical scan signal available from the vertical scan deflection
      circuitry, 19 of FIG. 1, is applied to an input terminal 313 and coupled
      via a transistor 323 to a second trigger network. The second trigger
      network includes transistors 327 and 329 and is coupled to the transistors
      285 and 287 of the first trigger network, via resistor 335 and transistor
      331.
PAR  A second charge storage network includes a resistor 303 coupled to a
      potential source B++, a capacitor 311 connected to the junction of the
      resistors 305 and 307, and a capacitor 301 connected to circuit ground and
      to the transistor 285. Moreover, the base of the transistor 287 is coupled
      to the base of a transistor 289 having an output at the collector thereof.
PAR  Briefly stated, the first trigger circuit has a given threshold level and
      in response to a horizontal flyback pulse signal at the input terminal 273
      provides an output pulse signal at the horizontal frequency scan rate with
      a width greater than the width of the input horizontal flyback pulse
      signal due to the first charge storage network. The second trigger circuit
      network receives a retrace signal at the vertical scan rate at an input
      terminal 313. This vertical retrace signal is coupled to a clamping
      network including the transistor 323 whereby an output signal advanced
      with respect to the applied signal is provided. This advanced output
      signal is applied to the second trigger circuit whereby the threshold
      level of the first trigger circuit is shifted and the second charge
      storage network is employed. Thus, an output signal for effecting blanking
      during vertical retrace is both advanced and widened with respect to the
      retrace signal applied to the vertical input terminal 313.
PAR  Also, the internal horizontal and vertical blanker generator circuit 33
      utilized a clamping network in conjunction with first and second trigger
      circuits and first and second charge storage networks to provide an output
      pulse signal advanced with respect to the vertical retrace portion of a
      received signal. Moreover, the developed pulse signal has a width greater
      than the width of the vertical blanking portion of the received signal.
PAR  Additionally, the internally developed pulse signals having a width greater
      than the horizontal blanking pulse signals and of a width greater than and
      advanced with respect to the vertical retrace pulse portions of a received
      signal are applied by way of a blanking signal removed stage, 35 of FIG.
      1, to the black peak detector sample and hold circuitry, 37 of FIG. 1. The
      developed pulse signals available at the collector of the transistor 289
      are coupled to the base of a transistor 341. In turn, transistor 341
      provides an output signal at the collector which is coupled to the base of
      transistor 393 of the black peak detector sample and hold circuit 37.
PAR  In operation, an internally developed pulse signal available at the
      collector of the transistor 289 is applied to the base of the transistor
      341 rendering transistor 341 conductive. Conduction of transistor 341
      lowers the emitter potential of the transistor 187. Thus, no signal can be
      peak detected by the black peak detector sample and hold circuit 37 during
      the horizontal and vertical blanking periods. Consequently, the darkest
      scene of the video portion of a received signal provides the black level
      of the viewable picture regardless of the variations in sync pulse signals
      or blanking pulse levels.
PAR  Thus, there has been provided a unique automatic video signal control
      circuit. The circuit has numerous advantages over any other known systems
      for controlling a video signal. The circuitry utilizes the darkest portion
      of a received signal to provide the black level and a combination of
      average and peak white levels in the video signal to establish brightness
      of a viewed scene.
PAR  Also, the undesired variations in the blanking level normally encountered
      in known transmitted and received signals are eliminated insofar as the
      viewer is concerned. A unique pulse advancing and pulse widening technique
      is utilized such that the viewed scene is independent of received blanking
      pulse signals. Moreover, signals representative of the average picture
      level (APL) or brightness of a scene are developed without benefit of
      pre-determined threshold levels.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a signal receiver providing a source of video signals, a source of
      flyback pulse signals, and a source of vertical deflection signals in
      response to transmitted television signals containing video signals and
      horizontal and vertical blanking signals, an automatic video signal
      control circuit comprising:
PA1  means coupled to said source of video signals for automatically controlling
      the gain of said video signal;
PA1  means coupled to said source of flyback pulse signals and said source of
      vertical deflection signals for developing pulse signals having a width
      greater than the width of said horizontal and vertical blanking signals;
PA1  means coupled to said means for developing pulse signals having a width
      greater than the width of said horizontal and vertical blanking signals
      for effecting cancellation of said horizontal and vertical blanking
      signals;
PA1  means coupled to said means for automatically controlling the gain of said
      video signal and said means for effecting cancellation of said horizontal
      and vertical blanking signals for peak detecting the black level of said
      video signal;
PA1  means coupled to said means for automatically controlling the gain of said
      video signal for effecting an average white level from said video signal;
PA1  means coupled to said means for automatically controlling the gain of said
      video signal for effecting a peak white level from said video signal
      whereby white and black levels for a display device are derived from the
      darkest scene of a picture and from a combined average and peak brightness
      scene of a picture.
NUM  2.
PAR  2. The automatic video signal control circuit of claim 1 wherein is
      included means coupled to said source of video signals for clamping the
      back porch of the horizontal blanking signal at a fixed level.
NUM  3.
PAR  3. The automatic video signal control circuit of claim 1 including an
      adjustable white level DC control means coupled to said means for
      automatically controlling the gain of said video signal.
NUM  4.
PAR  4. The automatic video signal control circuit of claim 1 including an
      adjustable black level DC control means coupled to said means for peak
      detecting the black level of said video signal.
NUM  5.
PAR  5. The automatic video signal control circuit of claim 1 including a signal
      filter and delay network coupling said means for automatically controlling
      the gain of said video signal to said means for effecting an average white
      level from said video signal.
NUM  6.
PAR  6. The automatic video signal control circuit of claim 1 including a signal
      filter and delay network coupled to said means for automatically
      controlling the gain of said video signal and signal clamping means
      coupling said means for developing pulse signals having a width greater
      than the width of said horizontal and vertical blanking signals to said
      flyback pulse signal source for advancing said generated horizontal and
      vertical pulse signals with respect to the received horizontal and
      vertical blanking signals.
NUM  7.
PAR  7. In a television receiver having vertical blanking and flyback pulse
      signal sources, a video signal source providing video signals which
      include blanking pulse signals having a back porch portion, and adjustable
      DC black and white level potential controls, an automatic video signal
      control circuit comprising:
PA1  back porch clamping means coupled to said flyback pulse signal source;
PA1  video signal AGC means coupled to said video signal source, said back porch
      clamping means, and to said adjustable DC white level potential control,
      said video signal AGC means providing a video output signal;
PA1  internal horizontal and vertical blanking signal generating means coupled
      to said vertical blanking and flyback pulse signal sources for developing
      horizontal and vertical blanking signals;
PA1  black level peak detector sample and hold means coupled to said video
      signal AGC means, said internal horizontal and vertical blanking signal
      generating means, and to said adjustable DC black level potential control;
PA1  average picture level (APL) compensation circuit means connected to said
      video signal AGC means; and
PA1  white level peak detector sample and hold means coupled to said video
      signal AGC means and to said average picture level (APL) compensation
      circuit whereby horizontal and vertical blanking pulse signals in a
      received television signal are cancelled and a combined average and peak
      white level and a peak black level of the received video signal determine
      the black and white levels of a display device.
NUM  8.
PAR  8. The automatic video signal control circuit of claim 7 including noise
      inverter means coupled to said video signal AGC means and to said black
      level peak detector sample and hold means whereby noise signals of a
      magnitude greater than said blanking pulse signals in said video signal
      are cancelled.
NUM  9.
PAR  9. The automatic video signal control circuit of claim 7 including video
      signal amplifier means coupled to said video signal AGC means and
      providing a video output signal.
NUM  10.
PAR  10. The automatic video signal control circuit of claim 7 wherein said back
      porch clamping means includes signal integrating means coupled to said
      flyback pulse signal source.
NUM  11.
PAR  11. The automatic video signal control circuit of claim 7 wherein said
      video signal AGC means includes a comparator means coupled to said
      adjustable DC white level potential control and to said white level peak
      detector sample and hold means whereby the white level of a signal
      available from said video signal AGC means is determined by a comparison
      of said adjustable DC white level potential and the peak white level
      modified by the average white level of the video signal applied to said
      video signal AGC means.
NUM  12.
PAR  12. The automatic video signal control circuit of claim 7 wherein said
      average picture level (APL) compensation circuit is in the form of an
      integrating network.
NUM  13.
PAR  13. The automatic video signal control circuit of claim 7 including a
      filter and signal delay network coupling said average picture level (APL)
      compensation circuit to said video signal AGC means.
NUM  14.
PAR  14. The automatic video signal control circuit of claim 7 including a
      blanking pulse signal removal circuit coupling said inernal horizontal and
      vertical blanking signal generating means to said black level peak
      detector sample and hold means whereby generated blanking signals are
      employed to effect removal of blanking signals from a received video
      signal.
NUM  15.
PAR  15. The automatic video signal control circuit of claim 7 wherein is
      included a comparator means coupled to said adjustable DC black level
      potential control and to said black level peak detector sample and hold
      means for providing a resultant differential signal potential
      representative of the difference between the potential provided by the
      adjustable DC black level potential and the black level of the video
      portion of a received television signal.
NUM  16.
PAR  16. The automatic video signal control circuit of claim 7 wherein said
      internal horizontal and vertical blanking signal generating means includes
      time constant circuit means for developing horizontal and vertical
      blanking signals of a width greater than the width of horizontal and
      vertical blanking signals in a received television signal.
NUM  17.
PAR  17. An automatic video signal control circuit for a television receiver
      having vertical blanking and flyback pulse signal sources, a video signal
      source with video signals having blanking pulse signals with a back porch
      portion, an adjustable black signal level potential control, and an
      adjustable white signal level potential control comprising:
PA1  means coupled to said flyback pulse signal source for back porch clamping a
      video signal having blanking pulse signals;
PA1  means for automatically controlling the gain of a video signal coupled to
      said video signal source, said means for back porch clamping a video
      signal, and said adjustable white signal level potential control;
PA1  means for providing an average picture level potential coupled to said
      means for automatically controlling the gain of a video signal;
PA1  means for peak detecting sampling and holding the peak white level of a
      video signal coupled to said means for providing an average picture level
      (APL) potential and to said means for automatically controlling the gain
      of a video signal;
PA1  means for internally generating horizontal and vertical blanking signals
      coupled to said vertical blanking and flyback pulse signal sources; and
PA1  means for peak detecting sampling and holding the black level of a video
      signal coupled to said means for internally generating horizontal and
      vertical blanking signals, said means for automatically controlling the
      gain of a video signal, and said ajustable DC black level potential
      control whereby the black and white levels of a display device are
      determined by the peak black level and combined peak and average white
      levels of the video portion of a received television signal.
NUM  18.
PAR  18. The automatic video signal control circuit of claim 17 including means
      for filtering and delaying a received signal coupling said means for
      automatically controlling the gain of a video signal to said means for
      providing an average picture level (APL) potential.
NUM  19.
PAR  19. The automatic video signal control circuit of claim 17 including means
      for cancelling noise signals coupled to said means for automatically
      controlling the gain of a video signal and to the junction of said means
      for internally generating horizontal and vertical blanking signals and
      said means for peak detecting sample and holding the black level of a
      video signal.
NUM  20.
PAR  20. The automatic video signal control circuit of claim 17 including a
      blanking pulse signal removal circuit coupling said means for internally
      generating horizontal and vertical blanking signals and said means for
      peak detecting sampling and holding the black level of a video signal.
NUM  21.
PAR  21. The automatic video signal control circuit of claim 17 wherein said
      means for back porch clamping a video signal includes a means for
      integrating a signal coupled to said flyback pulse signal source.
NUM  22.
PAR  22. The automatic video signal control circuit of claim 17 wherein said
      circuitry is in integrated circuit form.
NUM  23.
PAR  23. The automatic video signal control circuit of claim 17 wherein said
      means for back porch clamping is a bi-directional clamping network.
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ABST
PAL  A degaussing winding adapted to be coupled to a first source of varying
      amplitude alternating current potential develops a degaussing flux in the
      proximity of a television picture tube during a degaussing interval. A
      secondary winding coupled to the degaussing winding supplies current to a
      power supply network to develop a first direct current potential during
      the degaussing interval. A further aspect includes means coupling the
      first direct current potential to a horizontal oscillator to enable
      start-up of the horizontal oscillator which provides for the development
      of a second direct current potential by the horizontal deflection system.
      The second direct current potential is coupled to the horizontal
      oscillator and sustains operation of the horizontal oscillator after the
      start-up interval.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a start-up power supply for a television
      receiver.
PAR  It is preferable to manufacture "cold" chassis designs for television
      receivers in which the power line is isolated from as much of the chassis
      as possible to minimize the possibility of electrical shock to the
      operator. One cold chassis design does not utilize a power line frequency
      (i.e., 60 Hz) transformer but develops directly from the power line a
      direct current potential necessary to provide power to the horizontal
      deflection system. The high voltage transformer which is driven by the
      horizontal deflection system operates at approximately 15,750 Hz and
      provides various amplitudes of 15,750 Hz alternating current voltages on
      various isolated windings for developing direct current potential (B+)
      sources for operating various television receiver circuits. This technique
      reduces greatly the receiver transformer weight and still provides cold
      chassis operation.
PAR  The horizontal oscillator required to drive the horizontal deflection
      system is generally isolated from the power line and, therefore, must be
      provided an isolated source of B+. Since the isolated source of B+
      obtained from the high voltage transformer is not developed until the
      horizontal oscillator is in operation, an isolated source of B+ must be
      provided during a start-up interval.
PAC  SUMMARY OF THE INVENTION
PAR  A start-up power supply for a television receiver includes a degaussing
      winding adapted to be coupled to a first source of alternating circuit
      potential and adapted to be  coupled in proximity to display means such as
      a television picture tube for developing a degaussing flux in the display
      means during a degaussing interval. A secondary winding coupled to the
      degaussing winding develops a second alternating current potential
      proportional to the amplitude of the degaussing flux during the degaussing
      interval. Power supply means coupled to the secondary winding develops a
      first direct current potential during said degaussing interval.
DRWD
PAR  A more complete description of the invention is given in the following
      description and accompanying drawing of which:
PAR  FIG. 1 is a block diagram, partially in schematic form, of a start-up power
      supply for a television receiver embodying the invention; and
PAR  FIG. 2 is a lateral section view of a kinescope, magnetic shield and
      degaussing coil assembly embodying the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 a source of alternating current potential (not shown) is coupled
      to a direct current power supply 12 and the series combination of a
      degaussing winding 14 and a positive temperature coefficient resistor 15
      by means of sections 16a and 16b of a power off-on switch 16. Degaussing
      winding 14 produces a degaussing flux in the proximity of a kinescope 18,
      thereby providing for degaussing of metal components of the kinescope 18.
      The degaussing winding 14 is also magnetically coupled to a secondary
      winding 20. Secondary winding 20 is coupled in series combination between
      reference potential and the anode of a rectifying diode 22. The cathode of
      diode 22 is coupled through a parallel combination of a diode 24 and a
      resistor 26 to a storage capacitor 28. The negative terminal of capacitor
      28 is coupled to reference potential. The cathode of diode 22 is also
      coupled through a section 16c of off-on switch 16 to a B+ input terminal
      30 of a horizontal oscillator 32.
PAR  The horizontal oscillator 32 is coupled to reference potential and to a
      winding 34a of an isolation transformer 34. When B+ is applied to terminal
      30 of horizontal oscillator 32, a drive signal is developed across winding
      34a of isolation transformer 34. A winding 34b of isolation transformer 34
      is magnetically coupled to winding 34a and electrically coupled to a
      horizontal deflection system 36. The horizontal deflection system 36 is
      also coupled to the direct current power supply 12. Output terminals 38
      and 39 are coupled to yoke winding 40 mounted on the kinescope 18. The
      horizontal deflection system 36 is also coupled to a series combination of
      a winding 42a of a horizontal output and high voltage transformer 42 and a
      coupling capacitor 44. Output transformer 42 is isolated from the input
      power line and is referenced to chassis ground for safe operation.
PAR  When horizontal deflection system 36 is supplied with direct current
      potential from direct current power supply 12 and a drive signal from
      winding 34b of isolation transformer 34, a deflection current is produced
      in yoke winding 40 and a pulse is produced across winding 42a of high
      voltage transformer 42.
PAR  A direct current power supply 47 includes a winding 42b, magnetically
      coupled to winding 42a of high voltage transformer 42. Winding 42b
      includes a first terminal coupled to reference potential and another
      terminal coupled to the anode of a rectifier diode 46. The cathode of
      diode 46 is coupled through a filter capacitor 48 to reference potential.
      The cathode of diode 46 provides a source of direct current potential (B+)
      when pulses are produced by winding 42b. The cathode of diode 46 is also
      coupled to the anode of a blocking diode 50. The cathode of diode 50 is
      coupled to the input terminal 30 of horizontal oscillator 32.
PAR  A winding 42c of high voltage transformer 42 has a first terminal coupled
      to reference potential and another terminal coupled to a high voltage
      multiplier and rectifier 52. The output terminal 54 is coupled to the
      ultor electrode of kinescope 18. High voltage multiplier and rectifier 52
      produces a high voltage direct current potential at the ultor electrode of
      the kinescope 18 when pulses are produced by winding 42c of high voltage
      transformer 42.
PAR  In operation, when off-on switch 16 is closed, an alternating current is
      provided to the series combination of degaussing winding 14 and the
      positive temperature coefficient resistor 15. initially, the resistance of
      the positive temperature coefficient resistor 15 is relatively low,
      thereby providing for a relatively high magnitude alternating current flow
      through winding 14. As current flows through resistor 15, the temperature
      of resistor 15 is elevated, thereby increasing its resistance and
      decreasing the current flow through winding 14. The reduction in current
      flow through winding 14 is exponential and decreases after a predetermined
      period to a level such that the flux produced by winding 14 is minimal.
      This period of decay of the current through the winding 14 is commonly
      referred to as the degaussing interval.
PAR  During the degaussing interval the metal components of the kinescope 18 are
      demagnitized and thus provide for a desired degree of purity of the color
      field of the kinescope 18 during the period following the degaussing
      interval as long as the television receiver is not moved. In addition,
      during the degaussing interval the flux generated by the winding 14 is
      coupled to secondary winding 20 and provides for a pulsating direct
      current potential at the cathode of diode 22. The first few pulsations of
      the potential at the cathode of diode 22 provide for a charging of
      capacitor 28 through resistor 26 but not through diode 24 since diode 24
      is reverse biased by the potential at the cathode of diode 22. Subsequent
      to the first few pulsations, the potential across the capacitor 28 is
      greater than the peak potential produced at the cathode of diode 22.
      Therefore, after the first few pulsations no current flows through diode
      22 and the flux produced by winding 14 ceases to be non-symmetrically
      distorted by conduction of half-wave rectifier 22 and normal degaussing
      can be accomplished.
PAR  The first few pulsations of the potential at the cathode of diode 22 and
      subsequent to the first pulsations, the potential across capacitor 28 via
      diode 24 is coupled through section 16c of off-on switch 16 to input
      terminal 30 of horizontal oscillator 32. This direct current potential at
      terminal 30 of horizontal oscillator 32 is decoupled from the load
      impedances coupled to B+ by means of diode 50, thereby providing for
      maximum current into the horizontal oscillator 32.
PAR  It can therefore be seen that during the degaussing interval pulsating
      direct current potential is supplied to horizontal oscillator 32 thereby
      providing for the generation of drive signals across winding 34b of
      isolation transformer 34. With sections 16a and 16b of off-on switch 16
      closed, the direct current power supply 12 produces a direct current which
      is coupled to the horizontal deflection system 36. With direct current and
      drive signals supplied to the horizontal deflection system 36, deflection
      current is produced in the yoke 40 and pulses are produced by the winding
      42a of high voltage transformer 42.
PAR  The pulses produced across winding 42a produce pulses across windings 42b
      and 42c. The diode 46 rectifies pulses produced by winding 42b and
      develops a direct current potential across filter capacitor 48, thereby
      providing a source of B+. This B+ is coupled through the diode 50 to
      terminal 30 of horizontal oscillator 32.
PAR  By a proper choice of components, the B+ produced across filter capacitor
      48 will be at a level capable of sustaining the operation of the
      horizontal oscillator 32 before the capacitor 28 discharges below a
      potential which will sustain operation of horizontal oscillator 32.
      Therefore it can be seen that start-up of the horizontal oscillator 32 can
      be provided by means of the secondary winding 20 magnetically coupled to
      the degaussing winding 14.
PAR  Another function of the capacitor 28 is to provide for a storage of
      sufficient charge after the off-on switch 16 is open such that if the
      off-on switch 16 is reclosed before the positive temperature coefficient
      resistor 15 can cool to a level which would provide for a normal
      degaussing interval, capacitor 28 could provide sufficient B+ to the
      horizontal oscillator 32 to reinstate normal operation of the horizontal
      oscillator 32. This is accomplished by the charging of capacitor 28
      through diode 50 and resistor 26 after any initial charge on capacitor 28
      may have been utilized by oscillator 32 or leaked off.
PAR  FIG. 2 is a lateral section view of a kinescope magnetic shield and
      degaussing winding assembly 60. Elements performing the same function as
      elements in FIG. 1 are numbered the same as in FIG. 1.
PAR  A magnetic shield 62 is mounted on kinescope 18 to provide for shielding of
      the metal components of the kinescope from magnetic fields originating
      outside of the kinescope. The degaussing winding 14 is mounted on the
      magnetic shield 62 to degauss the magnetic shield and metal components of
      the kinescope during a degaussing interval referred to in the description
      of FIG. 1.
PAR  The degaussing winding conforms to the periphery of the faceplate 68 of the
      kinescope 18, and preferably has an insulation material wrapped around the
      coil throughout its periphery. In this embodiment a secondary winding 20
      having the same perimeter measurement as the degaussing winding is coupled
      in close proximity to the degaussing winding 14 and both windings are
      wrapped within an insulation material to prevent abrasion of the wire by
      the shield 62.
PAR  Leads 64a and 64b are connected to winding 14 and leads 66a and 66b are
      connected to winding 20 to provide for connection of windings 14 and 20 to
      the circuit of FIG. 1.
PAR  During operation, flux generated by the degaussing winding 14 is coupled to
      the magnetic shield 62 and the metal components of the kinescope 18,
      thereby providing for degaussing of these items during the degaussing
      interval. The flux generated by the degaussing winding 14 is also coupled
      to secondary winding 20 and provides for a potential between terminals 66a
      and 66b required to accomplish start-up as described in FIG. 1.
PAR  Although only one configuration of degaussing coil mounting with respect to
      the magnetic shield is shown in FIG. 2, numerous other configurations
      would yield the advantages of the invention is accordance with that
      described in FIG. 1. For example, the degaussing winding 14 could comprise
      a pair of windings electrically connected together but disposed on
      opposite sides of kinescope 18 and comprise circular, elliptical or saddle
      shape structures extending backwards from the faceplate and shadowmask
      region of kinescope 18 as is well known in the art. In order to practice
      the invention with these other arrangements it is required that winding
      20, or windings 20, be placed in a magnetically-coupled relation to
      winding or windings 14 so that magnetic flux from the latter induces an
      alternating current voltage in the former.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a television receiver, a start-up power supply comprising:
PA1  a degaussing winding mounted in operating proximity to a television picture
      tube for developing a degaussing flux in said picture tube during a
      degaussing interval; means for coupling said degaussing winding to a first
      source of varying amplitude alternating current potential.
PA1  a secondary winding coupled to said degaussing winding for developing a
      second alternating current potential proportional to the amplitude of said
      degaussing flux during said degaussing interval; and
PA1  power supply means coupled to said secondary winding for developing a first
      direct current potential during said degaussing interval.
NUM  2.
PAR  2. In a television receiver, a start-up power supply comprising:
PA1  display means;
PA1  means including a degaussing winding coupled to said display means for
      developing a degaussing flux in the proximity of said display means during
      a degaussing interval;
PA1  means for coupling said degaussing winding to a first source of alternating
      current potential.
PA1  a secondary winding coupled to said degaussing winding for developing a
      second alternating current potential proportional to the amplitude of said
      degaussing flux during said degaussing interval;
PA1  power supply means coupled to said secondary winding for developing a first
      direct current potential during said degaussing interval;
PA1  oscillator means coupled to said power supply means for generating a drive
      signal in response to said first direct current potential;
PA1  means including a deflection circuit coupled to said oscillator means for
      developing a second source of direct current potential for sustaining the
      generation of said drive signal after said degaussing interval; and means
      for coupling said deflection circuit to said source of alternating current
      potential.
NUM  3.
PAR  3. A start-up power supply according to claim 2 wherein said means
      including a deflection circuit includes a blocking diode coupled between
      said second source of direct current potential and said oscillator means
      for preventing loading of said power supply means by said second source of
      direct current potential.
NUM  4.
PAR  4. A start-up power supply according to claim 3 wherein said power supply
      means includes a rectifying diode.
NUM  5.
PAR  5. In a television receiver, a start-up power supply comprising:
PA1  display means;
PA1  means including a degaussing winding coupled to said display means for
      developing a degaussing flux in the proximity of said display means during
      a degaussing interval; means for coupling said degaussing winding to a
      first source of alternating current potential.
PA1  a secondary winding coupled to said degaussing winding for developing a
      second alternating current potential proportional to the amplitude of said
      degaussing flux during said degaussing interval;
PA1  means including a power supply coupled to said secondary winding for
      providing a first direct current potential;
PA1  oscillator means coupled to said power supply means for generating a drive
      signal in response to said first direct current potential;
PA1  means including a deflection circuit coupled to said oscillator means for
      developing a second source of direct current potential for sustaining the
      generation of said drive signal after said degaussing interval; and means
      for coupling said deflection circuit to said source of alternating current
      potential.
NUM  6.
PAR  6. A start-up power supply according to claim 5 wherein said means
      including a deflection circuit includes a blocking diode coupled between
      said second source of direct current potential and said oscillator means
      for preventing loading of said means including a power supply by said
      second source of direct current potential.
NUM  7.
PAR  7. A start-up power supply according to claim 6 wherein said means
      including a power supply includes a rectifying diode coupled to said
      secondary winding for rectifying said first alternating current potential
      to provide said first direct current potential.
NUM  8.
PAR  8. A start-up power supply according to claim 7 wherein said means
      including a degaussing winding includes a positive temperature coefficient
      resistor which increases resistance from a predetermined resistance value
      when said source of alternating current potential is coupled to said
      television receiver.
NUM  9.
PAR  9. A start-up power supply according to claim 8 wherein said means
      including a power supply further includes means including a charge
      capacitor coupled to said oscillator and said rectifying diode for storing
      a charge during a first interval when said alternating current potential
      is coupled to said television receiver and for providing said first direct
      current potential to said oscillator means when said source of alternating
      current potential is decoupled from said television receiver for a second
      interval during which said second direct current potential is dissipated
      and during which said positive temperature coefficient resistor fails to
      return to said predetermined resistance.
NUM  10.
PAR  10. A start-up power supply according to claim 9 wherein said means
      including a power supply further includes a charging resistor coupled to
      said charge storage capacitor, said oscillator means and said rectifying
      diode for providing a controlled charging rate for said charge storage
      capacitor.
NUM  11.
PAR  11. A start-up power supply according to claim 10 wherein said means
      including a power supply further includes a blocking diode coupled to said
      charge storage capacitor, said oscillator means and said rectifier means
      for preventing loading of said secondary winding in excess of that
      provided by said charging resistor and providing an efficient path for
      transfer of charge from said charge storage capacitor to said oscillator
      means.
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ABST
PAL  In a data transmission system which uses frequency-differential phase
      modulation including a composite signal comprising a plurality of carriers
      apparatus is described for receiving and demodulating the aforementioned
      signal. In the receiver the signal, so modulated, is coupled to a
      plurality of correlators which produce d.c. voltages having values
      indicative of the phase states of the carriers. Binary words, similarly
      indicative of the phase states, are derived from the d.c. voltages, and
      these are stored in consecutive form in binary stores. The differences
      between the binary words yield the transmitted data. The outputs of the
      aforementioned correlators are connected to inputs of a time multiplexer
      which acts to connect outputs of two correlators to two multiplexer
      outputs. The outputs of the time multiplexer are connected to a phase
      modulator which produces a phase modulated signal responsive to the time
      multiplexer output signals. The zero crossovers of the phase modulated
      signal are indicative of the phase states of the carriers. A
      phase-sensitive analog-digital converter derives from the aforementioned
      zero crossovers binary words which indicate the phase states of the
      carriers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a circuit arrangement for demodulating a
      frequency-differential, phase-modulated signal which consists of a
      plurality of modulated carriers. At the receiving end the signal is
      conducted to a plurality of correlators whose d.c. voltages assume values
      indicative of the phase states of the carriers. With the d.c. voltages
      emitted from the correlators, binary words indicating the phase states are
      obtained, and these binary words are stored successively in binary stores.
      The transmitted data are then obtained from the differences between these
      words.
PAR  In frequency-differential phase modulation, the data which are to be
      transmitted are transmitted with the aid of the phase difference of two
      carriers which have adjacent frequencies. When the data is restored from
      the modulated signal, the phase states of the carriers are measured by
      means of correlators. If the transmitted signal consists of n carriers, in
      known circuit arrangements, 2n correlators, n phase modulators and n-1
      analogdigital converters are provided for analyzing the phase states of
      the modulated carriers. If, for example the number n = 16, a relatively
      large expenditure for circuitry is required for the 16 phase modulators
      and 15 anolog-digital converters.
PAR  An object of the invention, therefore, is to provide a demodulator for the
      demodulation of a frequency-differential, phase-modulated signal which
      overcomes the foregoing disadvantages and which is characterized by a
      relatively low cost construction.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention the foregoing and other objects are
      achieved in a circuit arrangement of the type described hereinabove
      wherein the outputs of the correlators are connected to inputs of a time
      multiplexer which connects successively the outputs of two correlators to
      two outputs of the time multiplexer. The outputs of the time multiplexer
      are connected to a phase modulator which, in dependence upon the signals
      emmitted via the time multiplexer, emits a phase-modulated signal whose
      zero transitions indicate the phase states of the carriers. The
      phase-modulated signal is conducted to an analog-digital converter which
      is operating in phase sensitive manner and which from the analog zero
      transitions of the phase modulated signal produces the binary words which
      signal the phase states of the carriers.
PAR  The circuit arrangement in accordance with the invention is characterized
      by a relatively low cost because, assuming a number of n carriers and a
      number of 2n correlators, only one single phase modulator and one single
      analog-digital converter are required. The time multiplexer discussed
      hereinabove may be realized in a relatively simple manner with integrated
      modules.
PAR  It is advantageous to employ a phase modulator which comprises two phase
      stages, an adder, a band pass filter and a zero transition detector. In
      dependence upon the polarity of the signal emitted by the time
      multiplexer, one of two phase measuring signals of opposed polarity are
      allowed through to the adder which forms a sum signal. The sum signal is
      conducted to the band pass filter which emits a sinusoidal signal of equal
      period duration to the zero detector which supplies the phase modulated
      signal.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The principles of the invention will be more readily understood by
      reference to a description of a preferred embodiment given below in
      conjunction with the drawings which are described briefly as follows:
PAR  FIG. 1 is a block-schematic diagram showing a system for the transmission
      of data by means of frequency-differential phase modulation;
PAR  FIG. 2 is a more detailed schematic view of the demodulator for the
      demodulation of a frequency-differential, phase modulated signal in the
      FIG. 1 embodiment;
PAR  FIG. 3 is a waveform diagram showing signals which characterize the mode of
      operation of a time multiplexer;
PAR  FIG. 4 is a detailed schematic view of a preferred embodiment of the phase
      modulator in the FIG. 1 embodiment and
PAR  FIG. 5 is a waveform diagram showing signals with which the mode of
      operation of a demodulator for the demodulation of frequency-differential,
      phase-modulated signal mixture will be explained.
DETD
PAR  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  As shown in FIG. 1, from a data source DQ data are emitted to a transmitter
      S. In the transmitter sinusoidal carriers are produced, whose phases are
      altered in intervals of modulation sections. The frequencies of the
      sinusoidal carriers are multiples of a fundamental frequency. A
      frequency-differential, phase modulated composite signal composed of these
      sinusoidal, phase-modulated carriers is transmitted to a receiver EM. The
      phase-modulated signal can be formed, for example, by the modulation of 16
      different carriers. The demodulator DEM is also supplied via the receiver
      with a phase-modulated composite signal. In the generator GEN1, at the
      receiving end, the carriers T1, T2, T3 and T4 are produced and conducted
      to the demodulator DEM. From the demodulator, the demodulated signal G is
      fed to the data sink DS, for example a teleprinter, a data visual display
      unit or a data processing system.
PAR  FIG. 2 shows in more detail the demodulator DEM which has been
      schematically illustrated in FIG. 1, and comprises phase shifting stages
      P1, P2, P3, and P4, correlators K1, K2, K3, K4, K5, K6, K7 and K8, time
      multiplex stage ZM, phase modulator PM, analog-digital converter AD,
      switch SW, stores SP1, SP2, and subtraction stage SB.
PAR  In modulation systems using frequency-differential phase modulation, the
      information is contained in the phase differences of the simultaneously
      transmitted, modulated carriers. In order to restore the information from
      the modulated composite signal A, the phase state of each individual
      carrier is measured by means of the correlators K1 to K8. To simplify the
      illustration, only four carriers T1 to T4 and the correlators K1 to K8
      have been assumed to be provided. The phase shifting elements P1 to P4
      each produce a phase rotation of 90.degree.. The d.c. voltages emitted via
      the outputs of the correlators characterize the phase state of the
      carriers in analog fashion. The function of the demodulator DEM is to
      convert the analog d.c. voltages of the correlators in such manner that
      the output signal G of the modulator successively indicates the phase
      difference of two adjacent carriers in binary form.
PAR  The time multiplexer ZM is composed of the generator GEN2 and of the analog
      switches S1, S2, S3, S4, S5, S6, S7 and S8 connected in the manner
      illustrated in FIG. 2.
PAR  FIG. 3 shows the signals H1, H2, H3 and H4 which are produced with the
      generator GEN2 illustrated in FIG. 2. The top part of FIG. 3 shows two
      modulations sections t1 of the carrier T1 in a diagrammatic illustration.
      The first modulation section commences at the time t4 and ends at the time
      t12, and the second modulation section starts at the time t12 and ends at
      the time t13. Each modulation section is assigned one phase of the
      modulated carrier. During the interval t3 the phases are stored in analog
      form in the correlators K1 to K8, and are signalled with the aid of the
      analog d.c. voltages emitted via their outputs. During the intervals t2
      the analog voltages stored in the correlators are erased. The signals H1
      to H4 produced in the generator GEN2 consist of the pulses which occur
      with a delay within a fraction of the interval t3. During the one values
      of the signals H1 to H4, the switches S1 to S8 illustrated in FIG. 2
      become conductive. In this way the outputs of in each case two correlators
      are successively connected to the inputs of the phase stages PH1 and PH2.
      For example, with the signal H1=1 the output of the correlator K1 is
      connected to the input of the phase stage PH1 and the output of the
      correlator K2 is connected to the input of the phase stage PH2.
PAR  The phase modulator PM comprises a generator GEN3, phase stages PH1, PH2,
      adder stage SU, band pass filter BP, and zero crossover detector DT. Thus,
      the phase modulator PM is supplied at the input with the signals B1 and B2
      whose amplitudes indicate the phase state of the modulated carriers T1 to
      T4 and, via the output of the phase modulator PM, a signal D is emitted,
      whose zero crossovers indicate the phase states of the carriers. The
      signal D is an analog signal and is conducted to the analog
      digital-converter which, in dependence upon the analog zero crossovers of
      the signal D emits the binary signals E1, E2, E3, E4, and E5 which
      represent the phase states in digital form.
PAR  The signals E1 to E5 are conducted via the switch SW represented in FIG. 2
      successively to the binary stores SP1 and SP2. The individual switches SW
      assume the broken line position during the times t7 - t5, and t10 - t9,
      and assume the solid line position during the times t9 - t7, and t11 -
      t10. Thus, with the stores SP1 and SP2 consecutive binary words and phases
      are stored in digital form. The difference of the binary words is formed
      with the subtraction circuit SB, via the output of which there is
      consecutively emitted one of the 32 words G with which the data to be
      transmitted is represented.
PAR  FIG. 4 shows in more detail the phase modulator PM which has been
      schematically illustrated in FIG. 2 and the analog-digital converter AD.
      The phase stages PH1 and PH2 comprise diodes D11, D12, and D21, D22,
      transistors T11, T12, and T21, T22. The adder SU comprises resistors R11,
      R12, R21, R22. The analog-digital converter AD comprises frequency
      dividers FT1, FT2, FT3 and FT4, which produce a frequency division in the
      ratio 2 : 1 and AND gates G1, G2, G3, G4 and G5.
PAR  In the following the mode of operation of the modular illustrated in FIGS.
      2 and 4 will be explained making reference to the signals shown in FIG. 5.
      The signals C11, C12, C21 and C22 are produced in the generator GEN3. The
      signals B1 and B2 characterize, with their amplitudes, the phases states
      of two carriers. The broken lines of the signals B1, B2, F1, F2, L and M
      characterize a voltage of 0 V. With respect to the signals B1, the
      voltages of +0.7 and -0.7 V have been additionally entered. In comparison
      to FIG. 3 the signals in FIG. 5 have been shown on an enlarged time scale.
      This can be clearly seen from the signal H1 which is represented in the
      lower part of FIG. 5 and which assumes a one value from the time t5 until
      the time t7. During the interrogation interval tal, from the time t5 until
      the time t7 the output signals of the correlators K1 and K2 represented in
      FIG. 2 are conducted, as parts of the signals B1 and B2, to the phase
      stages PH1 and PH2. During the following interrogation interval ta2, from
      the time t7 until the time t9 the signals of the correlators K3 and K4 are
      fed, as parts of the signals B1 and B2, to the phase stages PH1 and PH2.
      With the phase stage PH1 the signal F1 is obtained which during the
      interrogation intervals ta1 and ta2 represents the product of the
      amplitudes of the signals C11 and C12 with the signal B1. It is, thus,
      assumed that the voltage of +0.7 corresponds to the factor one so that
      during the interrogation intervals ta1 and ta2 the signal F1 is equal to
      the signal C1 and the signal C12. Here the phase stage PH1 acts in the
      manner of a switch which, with the aid of the two complementary
      transistors T11 and T12, and in dependence upon the polarity of the signal
      B1 allows through either the signal C11 or the signal C12. The phase stage
      APH2 is of similar construction and in the illustrated case, when the
      signal B2 has a negative polarity, the signal C22 is switched through and
      emitted as the signal F2. Because the signals C11, C21 and C12, C22 have a
      phase difference of 90.degree., during an interrogation interval ta1, ta2,
      the pulse edges of the signals F1 and F2 are, likewise, displaced in phase
      by 90.degree.. The two signals F1 and F2 are added in the adder SU
      producing the signal L.
PAR  The function of the band pass filter BP is to suppress harmonics of the
      signal L. The pass band of the band pass filter BP is selected to be such
      that a frequency which is equal to the pulse repetition frequency of the
      signal L is allowed through. In this way the signal M is produced, which
      has the same period duration p as the signal L. The zero crossover
      detector DT emits the signal D which characterizes the zero crossover of
      the signal M.
PAR  The analog-digital converter AD is provided at its input with the analog
      signal D whose zero crossovers characterize the phases of the carriers in
      analog fashion. The frequency dividers FT1 to FT4 are used to obtain from
      the signal N1 the signals N2, N3, N4, and N5 which during the
      interrogation intervals ta1, and ta2 always represent one of the 32
      possible words, each of five bits. Two consecutive words correspond to
      phases which differ from one another by 360/32 = 11.25.degree.. With the
      signal D and the gates G1 to G5 one of these words is selected and
      characterized by the parallel-emitted signals E1 to E5. For example, at
      the times t6 and t8 the gates G3, G5, and G3, G4, G5 are opened so that
      the words E1E2E3E4E5 = 00101 and E1E2E3E4E5 = 00111 are emitted which
      characterizes two specific phases.
PAR  The preferred embodiment described above is intended only to be exemplary
      of the principles of the invention and is not to be considered as defining
      the scope of the invention. It is contemplated that the described
      embodiment can be modified or changed in a variety of ways while remaining
      within the scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a data transmission system using frequency-differential phase
      modulation wherein a source forms a transmitted signal that is constituted
      by a plurality of frequency difference phase modulated carriers, and
      wherein the transmitted data is recovered in the form of binary words
      indicative of the phase states of said carriers, apparatus for
      demodulating said frequency differential phase modulated composite signal,
      comprising:
PA1  means for receiving said transmitted signal,
PA1  a plurality of correlator means responsive to the signals received to
      produce d.c. signals which are indicative of the phase states of said
      carriers,
PA1  time multiplexer means for connecting successively outputs of two of said
      correlator means to two outputs of the time multiplexer,
PA1  phase modulation means having inputs coupled to outputs of said time
      multiplexer means and for producing, in response to said time multiplexer
      output signals, phase modulated signals having zero crossovers which are
      indicative of the phase states of said carriers and
PA1  phase sensitive analog-digital converter means for producing from said
      phase modulated signals binary words which are indicative of the phase
      states of said carriers.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein each said carrier is coupled to
      two of said correlator means and further comprising:
PA1  pairs of analog switches, each said pair having inputs connected to outputs
      of two of said correlator means assigned to a said carrier and having
      outputs,
PA1  first generator means for producing control pulses which occur
      consecutively within a portion of said storage interval, said control
      pulses being coupled to said analog switches to cause the connection of
      the inputs and outputs thereof upon the occurrence of said control pulses.
NUM  3.
PAR  3. The apparatus defined in claim 1 wherein each said phase modulator means
      comprises two phase stages for receiving the outputs of said time
      multiplexer means, adder meanns connected to receive the outputs of said
      two phase stages, a band pass filter connected to the output of said adder
      means, a zero crossover detector which receives said band pass filter
      means output and is connected to the output of said phase modulator means
      and second generator means for producing phase measuring pulses displaced
      and phased from each other by 90.degree. and which are coupled to said two
      phase stages.
NUM  4.
PAR  4. The apparatus defined in claim 3 wherein each said phase stage comprises
      a pair of complimentary transistors having collectors connected in common
      to an output of said time multiplexer means and emitters connected to said
      adder means and diodes connecting bases of said transistors to said second
      generator means.
NUM  5.
PAR  5. The apparatus defined in claim 3 wherein said phase measuring signals
      have a duration equal to that of said control pulses.
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PAL  The present system generates a local PN (Pseudo Noise) sequence
      demodulation bit stream in synchronism with the modulation sequence of a
      received baseband signal. The system is comprised of a PN sequence
      generator for generating a local PN sequence signal in response to the
      pulse rate of a clock signal. A digital delay line generates early and
      late phases of the local PN sequence, which phases are correlated with the
      modulation sequence of the received signal. Early correlation causes
      pulses to be inserted into the train of clock pulses while late
      correlation causes pulses to be deleted from the train of clock pulses. A
      phase error less than a predetermined range (dead band) results in no
      adjustments to the train of clock pulses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention is directed to a digital modulation phase locked loop
      and more particularly to a system for synchronizing a local pseudo-random
      sequence signal generator to a received baseband signal wherein modulation
      was performed using a pseudo-random sequence signal.
PAR  2. Description of the Prior Art
PAR  In communication systems phase locked loops have been used to synchronize a
      variable frequency oscillator in phase or frequency with the carrier
      portion of a received signal. In digital type communication systems the
      problem of phase jitter caused by a lack of synchronization between the
      phase of the local oscillator, usually a train of clock pulses, and the
      carrier or reference signal of the received signal, causes errors in the
      detected bit stream.
PAR  A prior art system of interest is disclosed in U.S. Pat. No. 3,447,085,
      entitled "Synchronization of Receiver Time Base in Plural Frequency
      Differential Phase Shift System" by T. DE HAAS et al. The system disclosed
      in the prior art patent achieves synchronization of the receiver time base
      with the time base of the received signals without the use of pilot tones.
      Locally generated signals are combined with the received signal and
      correlated to derive output signals which vary in accordance with the
      phase difference between the locally generated signals and the time base
      of the received signal. The output signals are fed to decision circuits
      which produce command signals. The command signals are used to control the
      frequency of the receiver time base by adding or deleting pulses from a
      pulse train, to thereby produce a receiver time base signal whose phase
      corresponds to the phase of the time base of the received signals.
PAR  Another prior art circuit of interest is disclosed in U.S. Pat. No.
      3,745,248, entitled "Course Initial Timing Recovery Circuit", by EARL D.
      GIBSON. The circuit of the prior art patent achieves synchronization of a
      locally generated timing signal with the baud rate of a received signal
      without the use of pilot tones. A pair of comparators are used to provide
      output signals each time the received signal crosses through one of
      several preselected thresholds. An EARLY/LATE detector compares the
      locally generated timing signal against the output signals from the
      comparators and provides a first signal when the comparison is late and a
      second signal when the comparison is early. A pulse train generator
      generates the local timing signal which signal is modified by the first or
      second detection provided signals by adding or deleting pulses into the
      local timing signal to synchronize the local timing signal to the baud
      rate of the received signal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a digital modulation phase locked loop wherein the
      phase of a pseudo-noise sequence reference signal is synchronized in phase
      with the pseudo-noise modulation sequence of a received baseband signal by
      the insertion or the deletion of pulses into the pulse train which is used
      to drive the pseudo-noise sequence signal generator. Two correlators are
      used to compare the correlation of the received baseband signal with an
      early phase and a late phase of the pseudo-noise (PN) sequence signal. A
      comparing means compares the correlation signals against fixed reference
      signals to provide signals indicative of the deviation of the correlation
      signals from the fixed reference signals. A comparison which falls outside
      of a fixed range activates the circuitry for adding or deleting pulses to
      the pulse train.
PAR  From the foregoing it can be seen that a primary object of the present
      invention is to provide an improved digital modulation locked loop.
PAR  It is another object of the present invention to provide a digital
      modulation locked loop wherein no correction is applied when the loop is
      within a predetermined locking range.
PAR  It is a further object of the present invention to provide a novel digital
      modulation locked loop wherein the phase of a pseudo-noise sequence
      reference signal is synchronized with the pseudo-noise modulation sequence
      of a received baseband signal.
PAR  These and other objects of the present invention will become more apparent
      and better understood when taken in conjunction with the following
      description and drawings, wherein like characters indicate like parts and
      which drawings form a part of the present application.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B illustrate in schematic block diagram form the preferred
      embodiment of the invention;
PAR  FIG. 2 illustrates waveforms taken at designated locations in the
      embodiment of FIG. 1;
PAR  FIG. 3 illustrates waveforms of the type shown in FIG. 2 corresponding to
      late correlation; and
PAR  FIG. 4 illustrates waveforms waveform taken at designated locations in the
      embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1A and 1B, the clock generator 10, which may be a
      crystal controlled oscillator, provides a signal, which is stable in
      frequency, to the divider 12. The divider 12 divides the stable frequency
      signal by eight and directs the divided signal to a pulse generator 14.
      The pulse generator 14 converts the stable frequency signal into a train
      of pulses which are fed to an input of a NAND gate 16. In the preferred
      embodiment the stable frequency signal is 307.2 KHz. The pulses generated
      by the pulse generator 14 has a period equal to 1/8 of the stable
      frequency signal and a pulse width equal to 0.3 .mu.s. The NAND gate 16
      receives as its other input an INSERT or DELETE signal from AND gate 72.
      In response to the INSERT or DELETE signal a pulse is either added to, or
      deleted from, the pulse train generated by pulse generator 14. The
      resultant pulse train from the NAND gate 16 is further divided by dividers
      18, 20, and 22. The first divide by two stage (not shown) of divider 20 is
      tapped to provide a delay line clock signal having a centered pulse
      repetition rate of 9.6 KHz, which signal is used to clock shift delay line
      registers 36 and 38. The second divide by two stage (not shown) of divider
      22 is tapped to provide a local reference signal having a centered pulse
      repetition rate of 300 Hz. The 300 Hz signal from divider 22 is used to
      drive the pseudo-noise (PN) sequence signal generator 24. The remaining
      output signal from divider 22 is the sample rate signal, having a centered
      pulse repetition rate of 75 Hz, which signal is used to clock flip-flops
      60 and 62 and to drive pulse generators 64 and 66. Pulse generator 64
      generates a pulse having a width of 67 .mu.s upon receipt of a pulse from
      the sample rate signal. The width of the pulse from pulse generator 64 is
      sufficient to insure that at least one pulse will be deleted from the
      pulse train from pulse generator 14, when the pulses are logically
      combined in NAND gate 16. Pulse generator 66 generates a pulse having a
      width of 10 .mu.s upon receipt of a pulse from the sample rate signal. The
      width of the pulse from pulse generator 66 is sufficient to insure that at
      least one pulse will be added to the pulse train from pulse generator 14
      when the pulses are logically combined in NAND gate 16. In partial
      summary, elements 10, 12, 14, 16, 18, 20, and 22 form a digital frequency
      divider chain for providing signals for driving the PN sequence signal
      generator, for sampling received signals, and for clocking early and late
      phases of the PN sequence thru the delay line registers 36 and 38.
PAR  The PN sequence signal generator 24 is comprised of a 4-bit shift register
      26, and feedback logic, which logic is designed to generate a 15-bit PN
      (pseudo-noise) sequence which sequence corresponds to the sequence used to
      modulate the received baseband signal. With the logic shown the invalid
      "all zero's" state of the shift register is inhibited. The shift register
      bit outputs a.sub.1, a.sub.2, a.sub.3 and a.sub.4 are fed to the inputs of
      the NAND gate 28. The bit outputs a.sub.3 and a.sub.4 are also fed to the
      inputs of an EXCLUSIVE-OR gate 30. The output signal from gate 30 is
      inverted by inverter 32 and NAND'ed with the output signal from gate 28 by
      NAND gate 34. The output signal from gate 34 is fed back as an input to
      the shift register 26. The 300 Hz clocking signal from divider 22 provides
      the basic clocking signal for the shift register. The clocking signal
      steps the signal from gate 34 thru the stages of the shift register. The
      output signal PN (t+T/4) from the shift register 26 is early in phase by 8
      bits. The quantity T in the output signal function is equal to one PN
      sequence bit time. The shift register output signal is fed to an 8-bit
      shift register 36 which shift register is clocked by the 9.6 KHz signal
      from divider 20. The signal PN(t) from the output of the shift register 36
      is the in-phase PN sequence signal which is maintained in phase with the
      PN sequence of the received baseband signal within a known dead band
      (tolerance range). The PN(t) signal is fed to a second 8-bit shift
      register 38, which shift register delays the PN(t) signal for 8 bits to
      provide a late phase signal PN (t-T/4). The shift register 38 is clocked
      by the 9.6 KHz signal from divider 20.
PAR  The received baseband signal is fed to inputs of multipliers 40 and 42. The
      early phase signal PN (t + T/4) is multiplied by the baseband signal in
      the multiplier 40 and the product signal is fed to an input of a
      differential amplifier 44 via a low pass filter network comprised of a
      resister 41 and a capacitor 43. The low pass filter network removes
      undesired high frequency signal components from the product signal. The
      late phase signal PN (t-T/4) is multiplied by the baseband signal in the
      multiplier 42 and the product signal is fed to an input of a differential
      amplifier 46 via a low pass filter network comprised of a resistor 45 and
      a capacitor 47.
PAR  Amplifiers 44 and 46 convert the product signals at their inputs into
      corresponding average D.C. voltage output signals, labelled V.sub.E and
      V.sub.L respectively. The signal V.sub.E is fed to an input of a compare
      amplifier 48, via a resistor R.sub.1, and to an input of a compare
      amplifier 50, via a resistor 2R.sub.2.
PAR  The signal V.sub.L is fed to an input of a compare amplifier 50, via a
      resistor R.sub.2 and to an input of a compare amplifier 48, via a resistor
      2R.sub.1. Each input, of amplifiers 48 and 50, is connected to ground
      through a signal developing resistor 10R.
PAR  Diodes 52 and 54 connect the outputs of amplifiers 46 and 44 respectively
      to a summing point. The summing point is connected to a negative bias
      voltage, -V, through resistor R.sub.3 and to compare amplifier 56 through
      resistor 2R.sub.3. The other input of compare amplifier 56 is connected to
      a D.C. sweep threshold voltage source V.sub.S.
PAR  The output signal from compare amplifier 56 is inverted by an inverting
      amplifier 58. A D-type flip-flop 60 receives the output signal from the
      compare amplifier 48 on its D input. A D-type flip-flop 62 receives the
      output from the compare amplifier 50 on its D input. The D-type flip-flop
      provides an output signal which is equal to the input signal that occurred
      one bit time earlier on its input.
PAR  The 75Hz sample rate signal from divider 22 is fed to the clocking inputs
      of flip-flops 60 and 62. The output signal from inverting amplifier 58 is
      fed to the clear and the preset inputs of flip-flops 60 and 62,
      respectively. The Q-output signals from flip-flops 60 and 62 are fed to an
      input of NAND gates 70 and 68, respectively.
PAR  When the input signal, at the negative input of amplifier 56, falls below
      the level of the signal V.sub.S on the positive input of amplifier 56, a
      signal is sent to the clear and reset terminals of flip-flops 60 and 62,
      respectively. Flip-flop 62 then causes pulses to be inserted into the 300
      Hz clock to force a phase sweep of the PN sequence signal. Flip-flop 60 is
      maintained in the cleared state until the phase of the generated PN
      sequence signal is within synchronizing range with the baseband signal.
PAR  The output signal from NAND gate 70 is a retard signal which is fed to an
      input of AND gate 72. The output signal from NAND gate 68 is an advance
      signal which is fed to an input of AND gate 72. The retard or advance
      signal from AND gate 72 is fed to an input of NAND gate 16, so as to
      either delete or to insert pulses in the pulse train from pulse generator
      14.
PAR  Compare amplifiers 48 and 50 compare the amplitudes of the signals V.sub.E
      and V.sub.L to each other relative to the fixed threshold signal, V.sub.T,
      and to the sweep threshold signal, V.sub.S, established by voltage divider
      resistors R.sub.1, 2R.sub.1, and 10R. The resultant control actions are as
      follows:
TBL  .V.sub.E &lt;V.sub.S and V.sub.L &lt;V.sub.S                                    
                       No correlation; pulses are inserted                     
                       to force a sweep of the local PN                        
                       sequence.                                               
     ..vertline.V.sub.E -V.sub.L .vertline.&lt;V.sub.T                            
                       Satisfactory correlation; no con-                       
                       trol action is taken.                                   
     .V.sub.E &gt;V.sub.L +V.sub.T                                                
                       Early correlation; pulses are in-                       
                       serted to advance the phase of the                      
                       local PN sequence.                                      
     .V.sub.L &gt;V.sub.E +V.sub.T                                                
                       Late correlation; pulses are de-                        
                       leted to retard the phase of the                        
                       local PN sequence.                                      
PAR  Referring now to the waveforms of FIG. 2 which illustrate the no phase
      error condition; the baseband input signal is shown varying in amplitude
      between nominal values of +1 and -1, with the +1 value generally denoting
      a binary "one" and the -1 value generally denoting a binary "zero".
PAR  The multipliers 40 and 42 aside from receiving the baseband signal also
      receive the early and the late phase shifted PN sequence signals
      respectively. The phases of the early and the late phase shifted PN
      sequence signals are shifted by +T/4 and -T/4, respectively.
PAR  The output signals from multipliers 40 and 42 are similar in amplitude and
      pulse width, but are shown shifted in phase with respect to each other.
PAR  The D.C. average output signals V.sub.E and V.sub.L from amplifier 44 and
      46, respectively, are therefore equal in amplitude level.
PAR  Referring to the waveforms of FIG. 3 which illustrate the condition of late
      correlation occurring with the same received baseband input signal; the
      early and the late phase shifted PN sequence signals received by
      multipliers 40 and 42, have shifted to the left by an amount corresponding
      to the degree of lateness in the correlation, that is by an amount equal
      to T/4. The output signal from multiplier 40 therefore increases in pulse
      width. The degree of lateness in the late phase shifted PN sequence signal
      brings this signal in phase with the received baseband signal. The output
      signal from multiplier 42 is, therefore, a D.C. signal having a nominal
      amplitude level of +1.
PAR  The D.C. amplitude signals from amplifiers 44 and 46 will therefore have
      nominal amplitude of +0.7 and +1.0, respectively.
PAR  Referring to the waveforms of FIG. 4, the input clock pulse train signal to
      gate 16 is shown as a steady stream of pulses having a repetition rate of
      38.4 KHz. The other input signal to gate 16 is provided by the output
      signal from gate 72 which output signal is the Insert/Delete signal. The
      gate 72 output signal is shown in its three possible states, no
      adjustment, pulse inserted, and pulses deleted, respectively. The
      resultant output signal from gate 16 is also shown in its three possible
      states. The sample rate signal (75 Hz) is shown with its positive going
      transitions only as the flip-flops 60 and 62 only respond to the positive
      going transition of a signal.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital modulation locked loop for generating and for synchronizing a
      generated demodulation sequence signal with a corresponding modulation
      sequence in a received baseband signal, comprising in combination:
PA0  means for generating an early phase pseudo-noise demodulation sequence
      signal the phase of which is controlled by the pulse rate of a train of
      modified clock pulses, which means when in a phase locked condition
      maintains the phase of said pseudo-noise demodulation sequence signal
      advanced in phase with respect to the phase of the pseudo-noise modulation
      sequence of the received baseband signal;
PA0  delay means for delaying said generated early phase pseudo-noise
      demodulation sequence signal by fixed amounts to provide a delayed
      in-phase pseudo-noise demodulation sequence signal and an in-phase
      demodulation sequence signal;
PA0  means for correlating said early phase pseudo-noise demodulation sequence
      signal and the delayed in-phase pseudo-noise demodulation sequence signal
      with the modulation sequence signals of the received baseband signal to
      provide correlation signals the levels of which are indicative of the
      degree of correlation;
PA0  means for establishing fixed reference signals about levels encompassing
      the levels corresponding to desired degrees of correlation;
PA0  comparing means for comparing the levels of said correlation signals
      against said fixed reference signals to provide comparing signals
      indicative of the deviation of said correlation signals from the levels
      encompassed by said fixed reference signals;
PA0  clock means for providing a train of clock pulses to said means for
      generating an early phase pseudo-noise demodulation sequence signal; and
PA0  means for inserting or deleting pulses into said provided train of clock
      pulses as a function of the deviation indicated by said comparing signals
      so as to provide a train of modified clock pulses for increasing the
      correlation of said early phase pseudo-noise demodulation sequence signal
      and said delayed in-phase pseudo-noise demodulation sequence signal with
      said modulation sequence in said baseband signal to maintain
      synchronization between said in-phase modulation sequence signal and the
      corresponding modulation sequence in said received baseband signal.
NUM  2.
PAR  2. The digital modulation locked loop according to claim 1, wherein said
      means for generating an early phase pseudo-noise demodulation sequence
      signal is comprised of:
PA0  a shift register having a plurality of stages, and having at least two
      inputs and an output, one of said inputs connected to receive said train
      of modified clock pulses, with said output connected to said delay means;
PA0  logic means connected between selected stages of said shift register and
      another input to said shift register for feeding back logically combined
      signals from said selected stages to said another input of said shift
      register so as to generate said early phase pseudo-noise demodulation
      sequence signal the phase of which is dependent on the rate of the pulses
      in the received train of modified clock pulses.
NUM  3.
PAR  3. The digital modulation locked loop according to claim 1, wherein said
      means for correlating is comprised of:
PA0  first and second signal multipliers for multiplying said early phase
      pseudo-noise demodulation sequence signal and said delayed in-phase
      pseudo-noise demodulation sequence signal against said baseband signal,
      respectively;
PA0  first and second amplifier means for amplifying the product signals the
      levels of which are from said first and said second signal multipliers,
      respectively, and for providing signals indicative of the degree of
      correlation of the multiplied signals.
NUM  4.
PAR  4. The digital modulation locked loop according to claim 1 and further
      comprising:
PA0  sampling means for sampling the deviation signals of said comparators at a
      preselected rate and for providing said sampled signals as inputs to said
      means for inserting or deleting pulses into said provided train of clock
      pulses.
NUM  5.
PAR  5. A digital modulation locked loop for use with a receiver of the type
      that receives a baseband signal that has been phase modulated by a
      pseudo-noise sequence, for generating a local reference signal which
      reference signal is maintained substantially in-phase with the
      pseudo-noise modulated sequence of the received baseband signal;
PA0  clock means for providing a train of clock pulses;
PA0  gating means responsive to provided insert, or provided delete signals for
      inserting or deleting pulses, respectively, from said train of clock
      pulses to provide a train of modified clock pulses;
PA0  a pseudo-noise sequence generator responsive to the phase of said modified
      clock pulses for generating an early phase local pseudo-noise sequence
      reference signal;
PA0  a first delay means for receiving the generated signal from said
      pseudo-noise signal generator and for delaying said generated signal for a
      fixed time period so as to provide to the receiver a local pseudo-noise
      sequence reference signal which signal is substantially in-phase with the
      pseudo-noise sequence signal used to phase modulate the baseband signal
      received by the receiver;
PA0  second delay means for delaying the substantially in-phase local
      pseudo-noise sequence reference signal for a fixed time period to provide
      a late phase local pseudo-noise sequence reference signal;
PA0  means for correlating said early and said late phase reference signals
      against said received baseband signal and for providing correlation
      signals the levels of which are indicative of the degree of correlation;
PA0  means for establishing fixed reference signals about levels encompassing
      the levels corresponding to desired degrees of correlation;
PA0  comparator means for comparing the levels of said correlation signals
      against said fixed reference signals to provide signals indicative of the
      deviation of said correlation signals from the levels encompassed by said
      fixed reference signals; and
PA0  means for providing an insert or a delete signal to said gating means in
      response to the signals from said comparator means.
NUM  6.
PAR  6. The digital modulation locked loop according to claim 5, wherein said
      pseudo-noise sequence generator is comprised of:
PA0  a shift register having a plurality of stages, at least two inputs and an
      output, one of said inputs connected to receive said provided train of
      modified clock pulses, and said output providing said early phase local
      pseudo-noise sequence reference signal;
PA0  logic means connected between selected stages of said shift register and
      the other input to said shift register for feeding back logically combined
      signals from said selected stages to said other input, so as to generate
      said early phase local pseudo-noise sequence reference signal at said
      output.
NUM  7.
PAR  7. The digital modulation locked loop according to claim 5 wherein said
      means for correlating is comprised of:
PA0  first and second signal multipliers for multiplying said early and said
      late phase local pseudo-noise sequence reference signals respectively,
      against the pseudo-noise modulation sequence in said received signal; and
PA0  first and second amplifier means for amplifying the product signals from
      said first and said second signal multipliers, respectively, and for
      providing signals the levels of which are indicative of the degree of
      correlation of the multiplied signals.
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ABST
PAL  An integrated stereo speaker system in which substantially non-directional
      bass sounds of low frequency are supplied exclusively to an enclosure
      common to right and left channels. Directional sounds in mid-range and
      higher frequencies are supplied to separated right and left treble speaker
      means with respect to which the common bass enclosure is preferably in a
      co-planar central position. Drivers within the common bass enclosure are
      mounted to minimize vibration effects and to obviate standing wave and
      bass cancellation effects. Treble speaker means may comprise multiple
      drivers related to each channel which occupy a vertical polarized axis for
      minimal distortion and best stereo effect.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to stereo speaker systems, and particularly to
      systems combining effective bass reproduction with directional stereo
      response at higher level frequency ranges.
PAR  Sound reproduction systems of the prior art have been compelled to deal in
      compromise fashion with directional and non-directional characteristics of
      sound waves of differing frequency. Two full range monophonic speakers
      give incomplete stereo response since they do not deal adequately with
      directional and non-directional sounds. Bass sounds or sounds at the low
      range of the frequency scale are substantially non-directional since a
      listener does not readily detect pressure differentials. When the
      monophonic speakers are separated for good spacial stereo response many
      bass sounds are largely unheard because of bass cancellation. This occurs
      when, for example, there are two separated speaker enclosures each
      producing identical sound pressure waves primarily in respect to the bass
      notes involved. As these waves move out, they intersect and in part merge.
      The usual result is that the maxima pressure wave of one speaker enclosure
      merges with the minima wave produced from the other. At their points of
      intercept there is a cancellation of the bass notes.
PAR  If the speakers are placed side by side in the listening room, the bass
      response is improved but at the expense of stereo separation.
PAR  Proper placement of the speakers accordingly becomes a compromise in which
      both bass response and stereo effect are to a degree sacrificed.
PAR  Also, in the prior art, excessive vibration in the speaker enclosures has
      been a problem, to the extent that record turntable components cannot be
      mounted on a speaker enclosure without vibrating the relatively lightly
      weighted pickup arm out of a record groove. Moreover, any vibration of a
      speaker enclosure while reproducing a bass note is exactly 180.degree. out
      of phase to the movement of the driver cone. This out of phase
      characteristic distorts the true wave form of the bass note and impairs
      the acoustical output power of the speaker.
PAR  A further problem exists in respect to standing waves. When a bass sound,
      for example, a low range musical note, leaves a speaker placed squarely
      along a wall it travels across the room, strikes the opposite wall, and is
      reflected back toward the speaker. The two waves, the direct and
      reflected, are 180.degree. out of phase with each other, causing standing
      waves which produce null or dead areas in a room, the locations of which
      depends on frequencies involved and the size and configuration of the
      room.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention differentiates between sounds of a directional and
      non-directional nature and utilizes speakers of specifically different
      range reproduction. The speakers are, moreover, arranged for optimal
      listening, with sounds of treble and overtone range being delivered from
      satellite or spaced speaker means while bass drivers of both right and
      left channels are brought together in a common speaker enclosure and
      located centrally of the spaced speaker means. Bass sounds, or sounds at a
      low end of the frequency scale, are delivered exclusively through the
      common bass enclosure. Treble and overtone sounds are delivered
      exclusively through the satellite speakers. The common base enclosure
      provides sound which is constant throughout the listening area and which
      does not interfere with directional, stereo effect sound in treble and
      overtone ranges. In the common base enclosure the driver axes of the
      different channels are brought close together to unify the bass sounds,
      enabling the drivers to work together. Sound from the drivers is blended
      to produce substantially a single wave length of sound in the low
      frequency range. Further, drivers within the common bass enclosure are
      placed in positions of relative angularity such that standing wave effects
      and bass cancellation may be avoided. Panels mount drivers within the bass
      enclosure and are in turn supported by a lattice work of bracing means
      imparting rigidity to the speaker structure without inhibiting natural
      sound reproductions. The common bass enclosure accordingly is vibration
      free to a degree allowing record turntables to be mounted directly
      thereon.
PAR  According to a feature of the satellite speakers, the treble and overtone
      drivers thereof are mounted in a vertically stacked relation causing sound
      to emerge therefrom in a single plane. Multiple driver components in
      either the right or left channel satellite speaker may similarly be
      polarized in a vertical plane, offering in combination with the common
      bass enclosure the means to enjoy full range, high quality sound
      reproduction.
PAR  An object of the invention, in a stereo speaker system, is to deliver both
      good bass reproduction and spacial stereo response.
PAR  Another object of the invention is to deliver unified bass sounds in a
      stereo system exclusively through a common bass enclosure.
PAR  Another object of the invention is to deliver sounds in a treble and
      overtone range on the frequency scale through separated satellite speakers
      in stereo relation and with respect to which unified bass sounds are
      delivered independently from a central source.
PAR  Still another object of the invention is to provide a common bass enclosure
      in which driver components are mounted in a position of angularity
      obviating standing wave effects.
PAR  A still further object of the invention is to provide a bass enclosure in
      which driver components are supported in a manner positively to suppress
      vibration within the enclosure.
PAR  Still another object of the invention is to provide satellite stereo
      speaker means in which individual driver components are in a polarized
      axis in a vertical plane of orientation.
PAR  A still further object of the invention is to reduce both intermodulation
      distortion and doppler effects.
PAR  With the above and other incidental objects in view as will more fully
      appear in the specification, the invention intended to be protected by
      Letters Patent consists of the features of construction and of the parts
      and combinations thereof, as hereinafter described or illustrated in the
      accompanying drawings, or their equivalents.
DRWD
PAR  Referring to the accompanying drawings, wherein is found one but not
      necessarily the only form of embodiment of the invention;
PAR  FIG. 1 is a view in perspective of a speaker stereo system in accordance
      with the illustrated embodiment of the invention featuring a common bass
      enclosure shown in partly diagrammatic form in front elevation, with front
      doors of the enclosure being removed and with driver components being
      omitted;
PAR  FIG. 2 is a view similar to FIG. 1, but taken from the top of the enclosure
      with the top removed and with a lattice-work bracing within the enclosure
      partially omitted;
PAR  FIG. 3 is a view in cross section, taken substantially along the line 3--3
      of FIG. 2;
PAR  FIG. 4 is a detail view in perspective of a system of lattice-work bracing
      comprised in the common bass enclosure;
PAR  FIG. 5 is a diagrammatic view of a speaker system, wherein the satellite
      speakers may embody plural drivers in common vertical planes, connections
      from a stereophonic amplifier being diagrammatically indicated and 5a is a
      schematic illustrating the network arranged for each channel, which is
      identical;
PAR  FIG. 6 is a detail view of satellite speaker means wherein drivers are
      arranged in a single vertical plane; and
PAR  FIG. 7 is a diagram illustrating sound wave effects as produced by the
      common bass enclosure of the invention.
DETD
PAR  Referring to the drawings, an integrated stereo speaker system in
      accordance with the illustrated invention embodiment comprises a floor
      mounted console cabinet 10 which, as will be seen, constitutes a common
      bass enclosure through which all sounds in the low range of the frequency
      scale are delivered, in both right and left channels. Ranging to either
      side of the enclosure 10 in a co-planar relation thereto, are relatively
      smaller table mounted or wall mounted speaker means 11 and 12. The latter,
      as will be seen, are connected to deliver sounds in treble and overtone
      range frequency in respective left and right channels. The system
      accordingly provides for emergence of low frequency substantially
      non-directional sound from a common bass enclosure and for emergence of
      higher frequency, directional sound from satellite speakers in a separated
      relation to one another and in a flanking relation to the enclosure 10.
PAR  It may be commented in connection with the foregoing that the human ear
      does not determine source direction by instantaneous pressure
      differential, but by phase angle measurement, that is, by noting the delay
      in intercept of maxima and minima of sound waves at one ear and at the
      other. It is a time function process. When one ear distinguishes a
      difference in pressure over the other, the brain translates this into
      direction. However, bass notes, which can be defined as any note below 200
      on the Hertz frequency scale, are substantially non-directional. For
      example if a note is a low 8 -foot wave length (136 HZ) the gap between
      the two different sound pressures is 4 feet, approximately three and
      one-half feet longer than the distance between the ears. With this note or
      sound, no direction is detected because of the inadequacy of the pressure
      differential at the ears. In accordance with the instant invention, as
      illustratively indicated in FIG. 1, stereo spacial response is not
      impaired but rather is actually improved. The relatively non-directional
      bass notes remain constant throughout the listening area and do not
      interfere with the directional stereo-producing treble and overtone
      ranges. A system delivering both good bass reproduction and spacial stereo
      response is a basic objective of the present invention, as has been
      indicated.
PAR  In diagram form, the common bass enclosure 10 mounts four bass drivers
      13-16 associated with right channel delivery and four like drivers 17-20
      associated with left channel delivery. Right channel satellite speaker
      means 12 includes a treble driver 21 associated with treble frequency
      sounds and an overtone driver 22 associated with sounds in the overtone
      range. Satellite speaker means 11 comprises like means in the form of
      treble driver 23 and an overtone driver 24 orienting and serving the same
      purpose as members 21 and 22 but in conjunction with the left channel
      delivery. The drivers of the system are appropriately connected in an
      electrical circuit through which electrical energy capable of initiating
      the appropriate sound waves is distributed from a stereophonic amplifier
      25. A connection plate 26 on the amplifier 25 has right channel terminals
      27 and 28 and left channel terminals 29 and 31. From the former,
      conductors 32 and 33 lead through an intermediate connection means 34 to a
      right network connection plate 35. In like manner, conductors 36 and 37
      extend from left channel terminals 29 and 31 through intermediate
      connection means 34 to a left channel network connection plate 38. The
      plate 35 has a pair of in-coming terminals 39 and 41 to which the
      conductors 32 and 33 attach, and, further, has separate sets of out-going
      terminals 42-43 and 44-45 which lead respectively to right channel bass
      drivers 13-16 and right channel treble and overtone drivers 21 and 22. In
      a manner which it is unnecessary here to consider, terminals 39 and 41 are
      appropriately wired to terminals 42-43 and terminals 44-45 to supply
      sounds of low frequency, as for example below 200 HZ, to terminals 42-43
      and to supply sounds above the 200 HZ value to terminals 44-45. At
      connection plate 38, like in-coming terminals 46-47 supply low frequency
      sound to out-going bass terminals 48-49 and supply upper frequency sounds
      to out-going upper range terminals 51-52 effectively to feed a left
      channel network. The right channel network supplies bass drivers 13-16
      through conductors 53-54 achieving a bridging relation, in substantially
      parallel fashion, to the several bass drivers of the right channel. Higher
      range output terminals 44-45 connect through conductors 55 and 56, and
      through intermediately positioning connection plates 57 and 58 to a
      further network distributing connection plate 59 associated with the right
      channel satellite speaker 12. The plate 59 provides input terminals 61 and
      62 and sets of output terminals 63-64 and 65-66. In a manner which it is
      again unnecessary here to consider, the in-coming signal at terminals
      61-62 is split into treble and overtone range frequencies with the former
      being supplied to terminals 63-64 and the latter being supplied to
      terminals 65-66. Conductors 67 and 68 lead from terminals 63-64 to the
      treble driver 21. Conductors 69 and 71 lead from terminals 65-66 to
      overtone driver 22. The left channel network supplies the bass drivers
      17-20 through conductors 70 and 80 achieving a bridging relation, in
      substantially parallel fashion, to the several bass drivers of the left
      channel. In the case of the left channel satellite speaker means,
      conductors 72 and 73 lead through intermediate attachment means 74 and 75
      to network distributing connector plate 76. There input or in-coming
      terminals 77-78 supply treble terminals 79 and 81 and overtone terminals
      82 and 83 with the former being connected by conductors 84 and 85 to
      treble driver 23 and the latter being connected by conductors 86 and 87 to
      overtone driver 24.
PAR  The system accordingly is one to accept signals from the stereophonic
      amplifier 25 and to direct all bass sounds or notes to drivers the axes of
      which are in such relative adjacent relation as to bring about a blending
      or unifying of emitted sound. At the same time, higher frequency sounds
      are delivered to relatively separated left and right channel speaker means
      each of which is in turn structured for separate emission of treble and
      overtone sounds.
PAR  The bass enclosure 10 is common to the right and left channel sets of bass
      drivers 13-16 and 17--20, the sets of drivers being received in the
      enclosure to face generally to the front thereof, which front has doors 88
      and 89. The bass enclosure is further constructed, as shown in FIGS. 2, 3,
      and 4, to provide a base or floor 91, upstanding side walls 92 and 93, a
      back wall 94, and a top 95. Upstanding in the enclosure and substantially
      filling the front thereof are four panels 96, 97, 98 and 99, adjacent
      panels having substantially contiguous edges. The panels extend from top
      to bottom of the enclosure, and, in assembly, extend from side to side
      thereof and are offset toward the front of the enclosure. Still further,
      the panels are placed at an angle to the front of the enclosure, the angle
      in the illustrated instance being on the order of 15.degree.. Adjacent
      panels, moreover, are set to opposing positions of angularity to occupy a
      convergent-divergent relationship to one another. In the panel 96 are
      upper and lower driver openings 101 and 102. In the several panels 97, 98
      and 99 are like, corresponding sets of openings 103-104, 105-106, and
      107-108 respectively. The pair of adjacent panels 98 and 99 may be
      regarded as mounting right channel bass drivers 13-16, while the pair of
      adjacent panels 96-97 may be regarded as mounting left channel bass
      drivers 17-20. The several drivers are, as will be understood,
      accommodated in respective openings 101-108 to face to the front of the
      enclosure. In mounting the drivers within panel openings they are caused
      to occupy a position of parallelism with respect to the panels in which
      they are received. Accordingly, the bass drivers occupy the same position
      of angularity with respect to the front of the enclosure and to one
      another as do the mounting panel 96-99.
PAR  The driver mounting panels 96-99 achieve, as noted, a substantially closing
      relation to the front of the common bass enclosure. In supporting relation
      to the rear thereof is a lattice-work of ribs which include a top rib 109
      centrally positioned in the enclosure and extending from back wall 94 to
      the junction of driver mounting panels 97 and 98. As indicated in FIG. 4,
      the top rib 109 is one of a series of laterally spaced apart upper ribs
      which further include ribs 111 and 112 to either side of the rib 109 and
      which respectively support panels 96 and 97 at the junction thereof and
      panels 98 and 99 at the junction thereof. Still further, as shown in FIG.
      4, the lattice-work of ribs includes bottom ribs 113, 114 and 115 which
      occupy corresponding positions to the ribs 109, 111 and 112 and similarly
      cooperate in backing up the panels 96-97 and 98-99. Other ribs include
      segmented vertical ribs 116, 117 and 118 interconnecting top and bottom
      ribs. Other vertical ribs 119 and 121 at the sides of the enclosure are
      joined by segmented transverse ribs 122, 123 and 124 as well as by
      horizontally disposing side ribs 125 and 126 and central rib 140. At the
      back of the enclosure are upper and lower horizontal ribs 127 and 128
      interconnected by vertically disposing side ribs 129 and 131 and central
      rib 130. Intersecting ribbing 133 and 135 is applied to rigidify the back
      94 of the bass driver enclosure as shown in FIG. 4. The several ribs and
      segments of ribs are joined to one another in a suitable bonding or like
      process and constitute, as will be evident, a substantially rigid
      framework joining structural walls of the enclosure to one another and
      providing positive support for the driver mounting panels. The ribs
      provide limited open space within the enclosure, in the illustrated
      instance no more than one square foot of open space at any interior
      location. They act as a vibration preventing means and inhibit swelling
      and contraction of the walls of the enclosure as may contribute to loss of
      audio output and other undesirable results. Moreover, with the substantial
      elimination of vibration effects, a record turntable maybe mounted
      directly upon the top of the bass enclosure 10 without fear that tracking
      of the lightly weighted pickup arm in the record groove will be adversely
      affected.
PAR  In the satellite speaker means 11, the treble driver 23 and overtone driver
      24 are mounted to orient in a position of vertical alignment. In the
      satellite speaker means 12 is a similar orientation of driver 21 and
      overtone driver 22. The emerging sound at the satellite speakers
      accordingly is polarized in a vertical plane. Treble and overtone sounds
      are delivered separately but blend with single pressural effect on the
      ears of the listener.
PAR  As indicated in FIG. 6, the concept of vertical polarized speaker means for
      the satellite speakers may be carried out using multiple drivers, in a
      preferred embodiment. As shown in FIG. 6, a vertically elongated enclosure
      142 is divided by partitions 143, 144 and 145 into vertically stacked
      driver units. In each unit is an overtone driver 146 and a treble driver
      147 mounting vertically of one another in the same manner as the overtone
      and treble driver elements considered in connection with the satellite
      speaker means 11 and 12. FIG. 5 also shows schematically a modification of
      the invention embodiment utilizing a multiplicity of satellite drivers for
      each channel, per FIG. 6, whereby the drivers are polarized in a vertical
      plane. The application of this modification in the basic circuit in lieu
      of the drivers shown is believed obvious.
PAR  The invention combines the base drivers of stereo channels in a single
      enclosure, the several drivers being brought into a closely assembled
      relation in a manner substantially to unify their axes to cause the
      drivers to work together. They blend emitted sound to produce
      substantially a single sound wave. As before noted, the phenomena of
      standing wave effects and base cancellation are obviated. Contributing to
      this result is the angular mounting of the bass drivers which, in
      accordance with the illustrated embodiment of the invention, mount at a
      15.degree. angle to the front of the enclosure. The opportunity for
      reflected waves which cause standing waves to reach a condition out of
      phase with one another is avoided. Conditions conducive to standing wave
      effects in the listening area as well as inside the common base enclosure
      itself are minimized before they can be created.
PAR  The drivers used for all three ranges, that is, bass range, treble range
      and overtone range, are all matched to reproduce exactly the same sound
      pressure levels for the same voltage input. Therefore, notes reproduced by
      the bass drivers have exactly the same volume level as notes reproduced by
      the treble or overtone drivers. This results in a total frequency response
      of plus or minus 4 decibels from 28 to 18,750 HZ, at a sound pressure
      level of 110 decibels. Satellite speaker means are provided with a
      critical acoustical cutoff at 200 HZ to avoid duplication of sounds
      produced by function of the bass speaker enclosure. As a result
      intermodulation and Doppler distortion are avoided.
PAR  Driver mounting panels 96-99 may be regarded as having baffle functions.
      The common bass enclosure, of which they are a part, is a completely
      closed unit of an infinite baffle type. In a typical, though not
      necessarily limited, construction thereof, the enclosure houses eight 12
      inch drivers, four per channel, and has a volume of 16.10 cubic feet. This
      meets the law of physics in producing a pure 32.70 HZ note, low C. With
      600 square inches of speaker cone area it can reproduce all notes from low
      C up to the 200 HZ cross over at intensities of 110 decibels.
PAR  As heretofore noted, any vibration of a speaker enclosure while reproducing
      a bass note is exactly 180.degree. out of phase to the movement of the
      driver cone. This out of phase characteristic distorts the true wave form
      of that bass note and impairs the acoustical output of the speaker. Within
      the instant common bass enclosure is a wall to wall, top to bottom, front
      to back, three dismensional latticed brace. The largest unbraced surface
      is in the illustrated instance on the order of 122 square inches. The
      provided three-dimensional bracing lattice eliminates all vibrations of
      the enclosure.
PAR  A particularly unique aspect of the invention lies in the construction of
      the common bass enclosure. Such construction has among its results, as has
      been noted, a bringing together of bass drivers of different channels as
      to blend emitted sound in a matter the effect of which is to produce
      substantially a single sound wave.
PAR  Contributing to this, as indicated in FIG. 7, is the relative angularity
      and immediate connection of the driver mounting panels 96-99. The drivers
      of adjacent pairs of mounted drivers, as for example drivers 13-14 and
      drivers 17-18, are in a convergent-divergent relation so that emitted
      sound has a focal point relatively closely adjacent the front face of the
      enclosure. Thus right channel drivers 13 and 14 produce sound intersecting
      at a point P.sub.1, while left channel drivers 17-18 produce sound
      intersecting at a point P.sub.2. The focal points, due to side by side
      relation of the channels, are so closely spaced that the emitted sound
      from the respective channels in effect blend as they move outward, the
      effect of which is to produce a substantially single composite wave W. In
      this fashion the bass sounds of the separate channels are blended so as to
      become uniformly audible throughout the full wave length. Thus, the
      angular disposition of the driver mounting panels insures a blending of
      sounds from the separate drivers of each channel and provides further for
      a bringing of the outputs of respective channels into a closely adjacent
      relation to reinforce each other. The angularity of the mounting panels
      determines the distance to the front of the enclosure at which points
      P.sub.1 and P.sub.2 occur and therefore the origin or starting place of
      unified wave W.
PAR  In the prior art, separate sound waves are produced by each speaker which
      move outwardly independently of one another and achieve a complementary
      relation and produce true sound only at limited positions between the
      speakers. Moreover, not only is full power sound heard only in limited
      areas between the speakers, other points and regions are created in which
      bass cancellation effects cause some sounds to be heard imperfectly or not
      at all. The instant invention obviates the described bass cancellation
      effects and at the same time gives a blended, powerful bass sound uniform
      throughout the room in which the apparatus is contained.
PAR  From the above description it will be apparent that there is thus provided
      a device of the character described possesssing the particular features of
      advantage before enumerated as desirable, but which obviously is
      susceptible of modification in its form, proportions, detail construction
      and arrangement of parts without departing from the principle involved or
      sacrificing any of its advantages.
PAR  While in order to comply with the statute the invention has been described
      in language more or less specific as to structural features, it is to be
      understood that the invention is not limited to the specific features
      shown, but that the means and construction herein disclosed comprise but
      one of several modes of putting the invention into effect and the
      invention is therefore claimed in any of its forms or modifications within
      the legitimate and valid scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrated stereo speaker system supplying multi-channel amplified
      sound deriving from a stereo production, including a bass speaker
      enclosure and relatively separated right and left upper range satellite
      speaker means, said bass speaker enclosure embodying a plurality of bass
      speaker means arranged to exclusively receive all sound waves from said
      channels which are in a low frequency range, and means for providing that
      the sound waves in a treble range and an overtone range in the
      respectively different channels are supplied exclusively to said right and
      left upper range speaker means, said bass speaker means including a pair
      of speakers for each channel, said speakers being paired to have the
      central axes of each pair converge in a direction outwardly of said
      enclosure and the pairs of speakers being mounted in such side by side
      relation that the sounds from the respective paired speakers, each pair of
      which is adapted to transmit sounds from a single channel, blend to
      produce substantially a single wave length of sound, in the low frequency
      range.
NUM  2.
PAR  2. An integrated stereo speaker system according to claim 1, wherein each
      of said upper range speaker means includes separate drivers respectively
      and individually supplied with treble and overtone sounds.
NUM  3.
PAR  3. An integrated stereo speaker system according to claim 1, wherein each
      upper range speaker means comprises a plurality of speaker enclosures, and
      wherein said upper range speaker enclosures each embody a separate driver
      and said enclosures in each said upper range speaker means are placed in
      line so that the drivers therein are arranged in a vertical plane.
NUM  4.
PAR  4. An integrated stereo speaker system according to claim 1 characterized
      by said bass speaker enclosure including a wall portion embodying sections
      in the form of panels arranged in side by side paired relation, the panels
      of each pair thereof being angularly related and mounting said bass
      speakers in their paired side by side relation in arrangement providing
      that the low frequency sound delivered from each channel by way of said
      bass speakers has a focal point a selected distance from said enclosure
      and the focal points deriving from different channels are established in a
      relatively closely adjacent relation to blend the emitted sound to produce
      substantially a single wave length of sound in the said low frequency
      range.
NUM  5.
PAR  5. An integrated stereo speaker system supplying multi-channel amplified
      sound deriving from a stereo production, including a bass speaker
      enclosure embodying a plurality of bass speaker means arranged to
      exclusively receive all sound waves from said channels which are in a low
      frequency range, said bass speaker means including a pair of speakers for
      each channel, said speakers being paired to have the central axes of each
      pair converge in a direction outwardly of said enclosure and the pairs of
      speakers being mounted in such side by side relation that the sounds from
      the respective speakers, each pair of which is adapted to transmit sounds
      from a single channel, blend to produce substantially a single wave length
      of sound in the low frequency range.
NUM  6.
PAR  6. A bass speaker enclosure for use in a stereo system supplying
      multi-channel amplified sound deriving from a stereo production,
      comprising a housing, panels forming a closure to one side of said
      housing, said panels being paired in a side by side angular relation and
      mounting bass drivers paired in side by side corresponding angular
      relation so the central axes of the side by side bass drivers on the
      paired panels converge and intersect forwardly of said enclosure, said
      pairs of angularly related side by side panels being in a side by side
      continuous relation, each pair of panels mounting a set of drivers
      exclusively associated with a selected channel of the stereo production
      and connected exclusively to receive and transmit sound waves in a
      prescribed low frequency range.
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ABST
PAL  A method and circuit for detecting transient noise pulses having
      predetermined characteristics which are contained in an input signal, and
      substituting for the portion of the input signal distorted by the noise
      pulse, an estimate of that portion based upon portions of the input signal
      outside the distorted portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to improvements in transient noise filters
      and, more particularly, but not by way of limitation, to a transient noise
      filter in which portions of an input signal distorted by transient noise
      pulses are replaced by an estimate of the input signal upon the detection
      of a transient noise pulse having predetermined characteristics.
PAR  2. Description of the Prior Art
PAR  Prior art noise filtration systems may be generally classified as frequency
      fitering, dynamic volume control, or clipping. Each of these types of
      circuits has disadvantages, however, when applied to the removal of
      transient noise pulses in such typical applications as the record playback
      or radio reception of audio signals such as music. Due to these
      limitations, none of these systems are fully satisfactory in such
      applications. Since such applications are perhaps the most demanding on
      noise filtration systems, the following discussion will be directed to the
      problems associated with the elimination from a program signal, such
      typical transient noise pulses as those caused by dust or scratches on the
      surface of a phonograph record or by radio static.
PAR  Frequency filtration systems remove predetermined frequency ranges under
      the assumption that the eliminated frequencies contain relatively more
      noise and less signal than the nonfiltered frequencies. While this
      assumption may be valid in general as to those frequencies filtered, these
      systems do not even attempt to remove the components of the noise lying
      within the non-filtered frequencies nor do they attempt to salvage any
      program signal from the filtered frequencies. In effect, these systems
      muffle the noise and also part of the program.
PAR  Dynamic volume control systems modify system gain as a function of the
      signal level thus passing fully only the louder, more noise resistant
      portions of the signal and suppressing the weaker portions. An extreme
      example of this system is utilized in the "squelch" circuit of radios.
      Although there will be the illusion of suppressing faint noise, the
      instantaneous signal to noise ratio is not improved, and there may be the
      illusion of actually amplifying noise transients which are louder than the
      program signal. In some of these systems, the volume change is greater at
      the higher frequencies, thus combining a type of frequency filtering with
      the dynamic volume control. However, the unnatural sound produced by this
      system must be overcome by boosting the volume of weaker passages of the
      program signal at the time it is being recorded, which amplifies during
      playback, the normal flutter in volume and frequency response variations
      caused by system imperfections.
PAR  Clipping circuits prevent the combined program signal plus noise from
      exceeding predetermined limits. Thus, as long as the magnitude of the
      signal remains within the limits, it is passed unaffected but the combined
      signal is clipped to the predetermined level when it contains noise
      components which are of sufficient magnitude to force the total magnitude
      beyond the limits. However, the program signal is similarly clipped when
      its magnitude exceeds the predetermined limits while noise up to the
      limits is passed unaffected. In some systems, the limits are dynamically
      varied as a function of signal magnitude. Sometimes, the output is set to
      zero or some other signal when the clipping limits are exceeded. However,
      since the limits should never be set lower than the current signal level
      waveform peak and in fact should allow a margin of safety for reasonable
      transients in the program signal, these systems in effect act only on
      noise which is greater in magnitude than the program signal and thus are
      of use only for controlling gross noise.
PAR  One such clipping circuit is disclosed in U.S. Pat. No. 3,700,812 issued to
      James C. Springett on Oct. 24, 1972. The Springett circuit utilizes either
      digital or analog devices to compare the amplitude of the envelope of the
      composite signal, as measured over a predetermined time period, to the
      instantaneous amplitude of the signal at the center of the predetermined
      time period, and, when the envelope amplitude is exceeded by the
      instantaneous amplitude, substitutes a pulse whose amplitude is either
      that of the envelope or a signal segment adjacent to the noise segment.
      This system is essentially a clipping circuit which varies the clipping
      level as a function of signal volume. Its ability to discriminate
      transient noise pulses is limited due to its simplistic approach. Further,
      the substitute signal represents at best a gross approximation of the
      desired signal.
PAR  Although combinations of the above described systems have been developed
      which have somewhat improved operating characteristics, the primary
      disadvantage remains that not all of the components of the noise pulse are
      effectively filtered or removed, and not all of the signal is passed. The
      result is still a discernable noise coupled with a loss of signal quality.
PAR  An effective transient noise filter should be capable of detecting noise
      pulses through the examination of more pulse characteristics than
      instantaneous amplitude and should substitute for the noise pulses a
      signal representing a good estimate of the noise distorted portion of the
      program signal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a method and circuit for detecting
      transient noise pulses having predetermined characteristics which are
      contained in an input signal and substituting for the portion of the input
      signal distorted by the noise pulse, an estimate of that portion based
      upon portions of the input signal outside the distorted portion. In order
      to detect the noise pulse, the invention isolates from the input signal or
      an acceptable alternative input signal, those frequency ranges most likely
      to contain significant noise components, determines the envelope of the
      isolated portion, cross-correlates or convolves the envelope signal with a
      predetermined filter function which emphasizes the very rapid rise and
      especially decay rate of the envelope signal which is characteristic of a
      noise pulse, and provides a detection signal when the result of the
      convolution exceeds a predetermined threshold level indicating that a
      pulse having the predetermined pulse characteristics has been detected. In
      the absence of a noise pulse, the input signal, delayed an appropriate
      amount of time to allow for noise detection, is allowed to pass
      unaffected. Upon the detection of a noise pulse, the distorted portion of
      the input signal is replaced by an estimate signal which is a blend of the
      portions of the input signal before and after the distorted portion
      according to a desirable continuously varying weighting function, such as
      may be derived from the autocorrelation function of the input signal.
PAR  An object of the present invention is to provide a method and circuit for
      substantially eliminating transient noise pulses from an applied input
      signal.
PAR  Another object of the invention is to provide a more effective method and
      circuit for detecting transient noise pulses which are contained in an
      input signal.
PAR  Still another object of the invention is to provide an improved method and
      circuit for constructing a signal which is an estimate of and may be
      substituted for, a portion of an input signal containing a transient noise
      pulse.
PAR  One further object of the present invention is to provide an improved
      transient noise filter which applies an improved method and circuit to
      detect transient noise pulses which are contained in an applied input
      signal, and substituting for the distorted portion thereof, an estimate
      signal, constructed by an improved method and circuit, which represents a
      good estimate of the input signal without the noise.
PAR  Other objects and advantages of the invention will be evident from the
      following detailed description when read in conjunction with the
      accompanying drawings which illustrate the various embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates in block diagram form the functional units comprising
      the preferred embodiment of the invention.
PAR  FIG. 2 is a multiline waveform diagram showing the operational
      characteristics of the invention.
PAR  FIGS. 3, 4, 5, 6, 7, 8 and 9 are detailed circuit diagrams showing one
      embodiment of electronic components capable of accomplishing the invention
     .
DETD
PAC  GENERAL THEORY AND METHOD OF OPERATION
PAR  In order to facilitate the description of the method of construction and
      operation of the preferred embodiment of the invention, reference will be
      made as required in the description below to the figures in the following
      manner: references to the functional units of the invention will be made
      to the block diagram of FIG. 1; references to the characteristic response
      signals to a hypothetical applied input signal will be made to the graphs
      of FIG. 2; and references to the electrical components which comprise the
      preferred embodiment of the functional units of FIG. 1 wll be made to the
      electrical circuits of FIGS. 3 through 9. Although the method and
      preferred embodiment of the present invention are illustrated and
      described below in relation to analog means to accomplish the invention,
      it is in no way limited to such apparatus since it is equally capable of
      being accomplished using various digital means including appropriate
      processing by a digital computer.
PAR  The present invention, shown generally in FIG. 1 as transient noise filter
      10, is designed to accept an input signal from an external source such as
      a record player or a radio. The signal input from such a device will
      consist, in general, of a program signal and some undesirable noise
      components introduced by such sources as damaged or dirty record grooves
      or radio static. A segment of one such typical input signal is illustrated
      in graph 1 of FIG. 2. The input signal 12, consisting of program signal 14
      and a noise pulse 16 of pulse width 18, will be used as an example to
      facilitate the explanation below of the method of operation of the
      invention. Input signal 12 displays the significant characteristics of
      thses types of signals - the program signal 14 contains both low and high
      frequencies and displays a typical percussion sound signal envelope which
      is fairly broad and has an especially slow rate of decay, while the noise
      pulse 16 contains predominantly high frequencies on the order of 12 KHz to
      24 KHz but usually also contains low frequency components as illustrated.
      The envelope of noise pulse 16 displays a characteristic bell shape with a
      very rapid rate of decay relative to that of the program signal 14. This
      characteristic difference in the rate of decay of the signal envelope is
      one way that a human listener is able to distinguish between normal
      program transients such as percussion sounds, such as the one shown in
      Graph 1, which are subject to instrument resonance and air dispersion, and
      noise pulses caused by mechanical or electrical defects or interference
      which are not subject to such "mellowing" effects. The transient noise
      filter 10 also takes advantage of this characteristic in order to detect
      the undesirable noise pulses in a manner to be explained below.
PAR  As shown in FIG. 1, input signal 12 may be applied via input terminal 20
      and signal path 22 to the transient noise detection unit 24, the signal
      delay unit 26 and the signal estimation unit 28 of the transient noise
      filter 10. However, since the noise detection unit 24 operates primarily
      on the envelope of the transient noise pulses contained in the applied
      input, there is no requirement for phase or even frequency matching
      between the signal applied to this unit and the signal applied to delay
      unit 26 and estimation unit 28. Ideally, the signal applied to noise
      detection unit 24 would be an alternate input signal containing relatively
      less program signal and more noise, so long as the occurrence times of the
      noise pulses are substantially the same. Examples of such alternate
      signals include the stereo difference signal from a monophonic record
      which contains little or no program signal but which is subject to the
      same scratches or "dust pops" as the sum signal, or, in radio static
      suppression, the signal received at a second, possibly empty, frequency
      channel which contains no program signal but is subject to the same causes
      of transient noise, such as automobile ignitions or lightning. For
      convenience in the discussion below, it will be assumed that input signal
      12 is applied to noise detection unit 24 via signal path 22.
PAR  Within noise detection unit 24, the frequency filter 30 passes those
      frequencies of input signal 12 likely to contain significant noise
      components, a function normally accomplished by a high pass filter. Such a
      filter functions to accentuate the transient noise pulses. The ideal power
      transfer function of frequency filter 30 is approximately
      ##EQU1##
      wherein K = an arbitrary constant
PA1  N(.omega.) = the power spectrum of the transient noise,
PA1  S(.omega.) = the power spectrum of the remaining signal including program
      signal, system noise, and RF interference. Further, the power transfer
      function should have no sharp resonances which would excessively lengthen
      the transient noise pulse decay time and it should substantially attenuate
      those frequencies low enough to directly affect the pulse detection unit
      32. The results of applying such a filter function to the input signal 12
      is shown in graph 2 as HF filtered signal 34. A specific circuit designed
      to implement such a transfer function will be discussed in details below.
PAR  The HF filtered signal 34 is applied via signal path 36 to envelope unit 38
      for determination of the signal envelope. This envelope is a function of
      the absolute value of the amplitude of the HF filtered signal 34. The
      simple absolute valve function of HF filtered signal 34 is shown in graph
      3 as absolute value signal 40. Although the envelope of the absolute value
      signal 40 readily exhibits the characteristic rapid rise and decay rate of
      noise pulse 16, it is possible to further emphasize this characteristic by
      determining the logarithmic function of the absolute value signal 40. The
      envelope of such a log function is shown in graph 4 as log envelope signal
      42 and clearly emphasizes the noise pulse 16. In addition, the use of the
      log function aids in making the detection independent of volume.
PAR  The output signal from envelope unit 38, preferably the log envelope signal
      42, is applied via signal path 44 to the convolution unit 46 of pulse
      detection unit 32. Convolution unit 46 convolves or cross-correlates the
      log envelope signal 42 and a predetermined filter function in a manner
      well known in the art. This filter function should be selected so as to
      emphasize those transient pulses having pulse width within a predetermined
      range and displaying the rapid rise and decay rate characteristic of
      transient noise while rejecting normal program transients. Since the pulse
      detection unit 32 is less able to distinguish those noise pulses whose
      pulse width falls outside the predetermined pulse width range, the
      selection of this range should be made so as to insure that the
      predominance of expected noise pulses falls therein, but without
      encroaching upon the lower end of the pulse width range of normal program
      transients. Further, this pulse width range may vary from application to
      application. For example, for a record played at 33 rpm most noise pulses
      have pulse widths less than 400 .mu. sec, while at 78 rpm the noise pulse
      width will normally be less than 200 .mu. sec. Transient electronic noise
      may be much shorter. A representative convolution filter function, which
      may be considered as the circuit's impulse response curve shown reversed
      for convolution purposes, is shown in graph 5 as filter function 48.
PAR  As should be familiar to those skilled in the art, convolution is a method
      of "multiplying waveforms," such that, when similar waveforms are
      convolved, the resultant convolution signal exhibits greater response when
      the strong points of the two similar waveforms coincide. By analogy to a
      frequency filter, convolution may be considered as a "shape filter," which
      filters an applied waveform according to how well the waveform corresponds
      in shape to a predetermined filter shape or function. Therefore, filter
      function 48 in graph 5 represents the average shape of all transient noise
      pulse envelopes but with particular characteristics to inversely match the
      program transient envelopes. Thus, filter function 48 should emphasize the
      noise transients, even in the presence of program transients, when
      convolved with the log envelope signal 42.
PAR  During convolution, each point of filter function 48 is multiplied by a
      corresponding point of log envelope signal 42. In the positions of the
      waveforms shown in graphs 4 and 5, this multiplication is illustrated for
      three such corresponding points by the dotted lines 50. The product of all
      the multiplications is then summed or integrated to produce a single point
      on the convolution signal 52 of graph 6, as shown by dotted line 54. As
      the log envelope signal 42 shifts continuously with time, this process is
      repeated to produce the continuous convolution signal 52. As may be seen
      by the shape 56 in the convolution signal 52, the "shape filter" does
      emphasize the transient noise pulse.
PAR  Although there are other equivalent ways of performing the "shape
      filtering" function which are well known in the art, the present method
      generally should require fewer components and operations and thus is
      considered as the preferred method for the purposes of this description.
      For example, input signal 12 could be multiply delayed to make
      simultaneously available several points, such as those corresponding to
      the points indicated by dotted lines 50. These delayed signals may then
      have a frequency filter and an envelope function applied to each, to
      obtain the equivalent of points on the log envelope signal 42. These
      signals can then be combined through a resistor bridge constructed
      according to the corresponding points of filter function 48, to produce
      the equivalent of convolution signal 52. Such pulse detection circuits are
      considered as being equivalent to the pulse shape discrimination circuit
      described herein as the preferred embodiment.
PAR  The convolution signal 52 is, as shown in FIG. 1, applied via signal path
      58 to the threshold trigger 60, such devices being generally well known in
      the art. As shown on graph 7 of FIG. 2, the threshold trigger 60 provides
      a detection pulse 62 on detection signal 64 as soon as the level of the
      applied convolution signal 52 exceeds a predetermined threshold level. The
      threshold level of trigger 60 is illustrated on graph 6 by the dotted line
      66 on the convolution signal 52. This threshold level may be varied to
      satisfy the detection sensitivity required in a particular application. In
      order to allow time for the passage of the trailing edge of the noise
      pulse 16, the threshold trigger 60 may maintain the detection pulse 62 for
      a predetermined time period after the level of the convolution signal
      falls below the threshold level. This momentary "latching" effect would
      also tend to mask insignificant reversals in the neighborhood of the
      threshold level.
PAR  One variation which could be highly desirable in certain applications,
      would be to vary the threshold level as a function of the envelope of the
      input signal or selected frequencies thereof, in order to avoid
      introducing noticeable switching noise when a low level noise pulse is
      detected in the presence of a high level program signal. Another useful
      variation would be to provide a detection signal 64 which varies as a
      function of the amount that the convolution signal 52 exceeds the
      threshold level 66, i.e. change the level of the detection pulse 62 in
      steps or continuously, as the level of the convolution signal 52
      fluctuates in excess of the threshold level 66. The usefulness of such a
      variable detection will be illustrated below.
PAR  Since filter function 48 incorporates both the pulse rise and fall
      characteristics of the noise pulse, it should be obvious that a noise
      pulse cannot be detected until after the decay portion of the waveform has
      passed. Thus, the peak value of the convolution signal 52 occurs well
      after the noise pulse 16 on input signal 12. The holding feature of the
      threshold trigger 60 incorporates a further delay from graph 6 to graph 7.
      It is highly desirable, therefore, to delay the input signal 12 a
      predetermined amount to allow time for the transient noise detection unit
      24 to have available the entire noise pulse 16, both rise and fall, before
      deciding to trigger. Such a time delay has been applied to the input
      signal 12 to produce the delayed input signal 68 on graph 8. The time
      delay thus incorporated is also valuable in facilitating the construction
      of the estimation signal as described below, since the signal estimation
      unit 28 has available during the noise pulse 16, not only what the signal
      was before the pulse, but also what it will be after the pulse, thus
      allowing the use of the more accurate interpolation method in place of
      extrapolation.
PAR  Although the preferred embodiment utilizes a non-zero time delay function,
      such a delay is not required for the proper operation of the present
      method. For example, a different convolution filter function that does not
      "observe" fall characteristics can be substituted for the filter function
      48. Using such a function, the transient noise detection unit 24 will
      detect noise pulses less accurately, but the detection will be essentially
      instantaneous, thus no time delay is required. The signal estimation
      process could still be based upon the autocorrelation function as
      described below, but the lack of information as to the future signal will
      make the estimation signal less accurate. Thus, the transient noise filter
      10 will still function when the delay is a zero delay, and it should be
      understood that the amount of delay may be any realizable amount,
      including zero.
PAR  In FIG. 1, the input signal 12 is applied via signal path 22 to delay unit
      26. As described above, the delay unit 26 delays the input signal 12 to
      allow the transient noise detection unit 24 time to operate, then applies
      the delayed input signal 68 of graph 8, via signal path 70, to one input
      terminal of electronic switch 72.
PAR  As shown in FIG. 1, the detection signal 64 is applied by the threshold
      trigger 60 via signal path 74 to the control input terminal of electronic
      switch 72. In the absence of detection pulse 62 from the threshold trigger
      60, that is, when no noise pulse 16 has been detected, the delayed input
      signal 68 is allowed to pass unaffected through electronic switch 72 and
      via signal path 76 to the output terminal 78 of the transient noise filter
      10. Upon detection of a noise pulse 16 and the application of detection
      pulse 62, electronic switch 72 switches from the delayed input signal 68
      on signal path 70 to an estimate signal constructed by the signal
      estimation unit 28 and applied to the other input terminal of electronic
      switch 72 via signal path 80. Upon the termination of detection pulse 62,
      electronic switch 72 should switch back or reswitch to the delayed input
      signal 68. Electronic switch 72 should be constructed so as to switch and
      reswitch smoothly between the delay input signal 68 and the estimate
      signal under the control of transient noise detection unit 24, so that no
      noticeable switching noise is introduced into the output signal.
PAR  As described generally above, the detection of a noise pulse 16 by the
      transient noise detection unit 24 causes the electronic switch 72 to
      switch from the delayed input signal 68 to the estimate signal. This
      estimate signal would ideally be the program portion of the input signal
      without the distorting noise. However, since noise may exist at any
      frequency, it is best not to utilize any part of the noisy portion of the
      input signal in the construction of the estimate signal. The signal
      estimation unit 28, therefore, utilizes that portion of the delayed input
      signal 68 immediately preceding the noise pulse 16 and that portion of the
      input signal 12 immediately following the noise pulse 16. Thus the signal
      delay unit 26 performs the additional useful function of allowing the
      signal estimation unit 28 simultaneous access to both the delayed input
      signal 68 as it is output from electronic switch 72, which may be
      considered to be the "present" as far as the output is concerned, and to
      the input signal 12, which represents the "future" relative to the output
      signal. By utilizing both the imput and output signals, the signal
      estimation unit 28 is able to approximate by interpolation the program
      portion of the input signal which is distorted by the noise pulse 16,
      without relying on any part of the noisy portion. However, in addition to
      estimating the noise distorted program signal in frequency and amplitude,
      the estimate signal should accurately estimate phase in order to prevent
      step noise upon switching.
PAR  In the preferred embodiment, the signal estimation unit 28 estimates the
      program signal by interpolating across or "stepping over" the noisy
      portion of the input signal 12. The estimation signal can be based upon a
      dynamically changing blend of the input signal 12 before (derived
      ultimately from the delayed input signal 68) and after (derived from the
      input signal 12) the noise distorted portion. The ideal time weighting
      function to act upon the two portions may be derived from the
      autocorrelation function of the input signal 12. As is well known in the
      art, the autocorrelation function is a measure of how much, on the
      average, the signal at a given instant is related to the signal at an
      arbitrary time-distance away. It should be clear that when the "present"
      signal is available for use, it is its own perfect estimator. However
      during the interval of the transient noise pulse 16 when the "present" is
      unreliable, the autocorrelation function indicates how much each point of
      time of the non-noisy surrounding signal should count in estimating, based
      on an average signal, what the "present" signal would have been had the
      noise not been present.
PAR  The estimate "based on an average signal" is very good for low frequencies
      and the error is not critical at high frequencies, but for a signal having
      a wavelength near the width 18 of the noise pulse 16, the
      autocorrelation-based interpolation could miss an entire negative
      excursion, and thus detection and elimination of a faint noise in the
      presence of a strong signal of such a wavelength tends to be
      counterproductive. The signal estimation could be improved by determining
      continuously the ideal time weighting function from the autocorrelation of
      the actual signal near the scratch interval, or, more practically, by
      passing the band of offending frequencies around the estimation unit 28
      through a very tight clipping circuit, extreme tightness being feasible
      because transients need not be passed, or by raising the detection
      threshold level in the presence of such frequencies.
PAR  The characteristics of a time weighting function based upon the
      autocorrelation function described above are illustrated graphically in
      graphs 9, 10, 11, 12 and 13 of FIG. 2 which show at selected times, the
      relative weight given the signal segments preceding and following a noise
      pulse interval. At point or time A of graph 9, the relative "present" is
      outside the noise pulse interval and may be passed intact, as indicated by
      the spike on the time weighting function. While this is the ideal
      estimation as explained above, it is most easily implemented by outputting
      the delayed input signal 68 itself. At time B of graph 10, the "present"
      has entered the signal segment that the transient noise detection unit 24
      indicates contains noise, so that the "present" signal without noise is
      not directly available, but may be estimated by blending mostly that
      portion of the input signal preceding the noise interval with a little of
      the input signal following the noise interval. At time C of graph 11, the
      "present" is in the middle of the noise interval and may be estimated by
      blending relatively equal amounts of broader portions of the preceding and
      following signal segments. The widening of the weighting bands evident in
      graph 11 filters those high frequencies whose phase cannot be accurately
      estimated so far from a valid signal reference. At time D of graph 12, the
      estimation emphasis has shifted from the preceding to the following signal
      segment as compared with time B of graph 10. Finally, at time E of graph
      13 the "present" has cleared the noise interval and may again be used
      directly. The area under each of the graphs 9 through 13 represents the
      same area (although it does not appear so, due to differing amplitude
      scales), so as to prevent impulse noise on switching, when the input
      signal contains a low frequency component.
PAR  In signal estimation unit 28, a portion of the "future" may be derived by
      applying the input signal 12 via signal path 22 to gain unit 82 which has
      a gain of K where K = 1. A portion of the "present" may be derived by
      applying the output of the electronic switch 72 via signal path 76 to gain
      unit 84 which has a gain of (1-K). Thus, the sum of the outputs of gain
      units 82 and 84, output from summer 86, exhibits a gain of unity over the
      original signals. The sum signal may then be applied to the minimum phase
      low pass filter 88. The continuous operation of estimation unit 28 allows
      the filter 88 to spread the sum signal back in time and thus maintain a
      portion of the immediate "past" for use when needed. Therefore, the
      estimate signal applied via signal path 80 to the second input of
      electronic switch 72 generally represents a blend of the "past," "present"
      and "future" relative to the delayed input signal 68. However, from the
      instant of noise detection and the switching of electronic switch 72, the
      "present" is eliminated from the feedback loop and its "past" decays as a
      transient, since it is no longer being updated from the delayed input
      signal 68. The "future," from the input signal 12, however, increases in
      strength by feedback or "bootstrapping" itself. The overall result is a
      dynamically changing blend which approximates the time weighting function
      illustrated in graphs 9-13. By varying the value of gain factor K, the
      speed of bootstrapping of the "future" and decay of the past may be
      controlled. If the gain units 82 and 84 also perform a frequency filtering
      function, as they do in the preferred embodiment, the gain constants K and
      (1-k) are specifically intended to refer to the gain of the low frequency
      pass band of the gain units.
PAR  Since feedback through the low pass filter 88 may cause the time weighting
      function to broaden excessively, with resultant step switching noise upon
      the return switching of electronic switch 72 back to the delayed input
      signal 68 when the noise pulse 16 has passed, the narrowing evident in the
      post-transient segment of the graph 12 relative to graph 11 may be
      approximated by providing a gradual return switching by electronic switch
      72. The overall signal output from the transient noise filter 10, shown as
      output signal 90 on graph 14, thus consists of those portions of input
      signal 12 which do not contain distinguishable noise components and the
      estimates for those detected noisy portions which represent the
      interpolated estimate of the underlying program signal.
PAR  Although the preferred embodiment of the present invention is described
      herein as utilizing an interpolation method in performing the estimation
      function described above, it is to be understood that the present method
      is not so limited. It should be clear from the above discussion of the
      signal estimation unit 28 that an extrapolation method may be utilized by
      establishing the value of the gain factor K of gain unit 12 to be zero.
      Thus the gain of gain unit 84 would be one and the output thereof, when
      acted upon by the time spread function of low pass filter 88, will be an
      extrapolation based estimate of the input signal. Such an
      extrapolation-based estimate will usually be less accurate than the
      interpolation-based estimate, but it should suffice for many applications.
      Therefore, as explained above in the discussion of the transient noise
      detection unit 24, the time delay function of time delay 26 may be
      established at zero delay (thus depriving the signal estimation unit 28
      functional access to the "future") without significantly impairing the
      effectiveness of the operation of transient noise filter 10 in many
      applications. The method of the present invention will operate under these
      conditions although the operation of both the transient noise detection
      unit 24 and the signal estimation unit will be somewhat less effective due
      to the considerations explained above.
PAR  If the detection signal 64 were to vary as a function of the amount that
      the convolution signal 52 exceeds the threshold level 66, as discussed
      above, the electronic switch 72 could be constructed to vary between the
      delayed signal 68 and the estimate signal as a function of the detection
      signal 64, thus providing the capability of directly controlling both the
      speed and extent of switching. Such a switch capability is illustrated in
      FIG. 1 by means of the dotted resistor connecting the internal switch
      input terminals of electronic switch 72. The illustration is drawn so as
      to imply the logical and electrical similarity to an electronically
      controlled potentiometer. The electronic gating structure described below
      as the preferred embodiment may be easily modified to facilitate such a
      variable speed blending operation.
PAR  In summary, the transient noise filter 10 may accept as input, a signal or
      signals containing components of program and noise. From these signals,
      those frequencies most likely to contain elements of noise are isolated
      and the envelope determined. As a result of convolving the envelope with a
      predetermined filter function, a threshold trigger is able to detect
      transient pulses having the narrow pulse width and rapid envelope rise and
      decay characteristic of noise pulses. Upon detection of a noise pulse, the
      output of the transient noise filter 10 is switched from the input signal,
      which has been delayed as necessary to allow noise detection, to an
      estimate signal constructed from an autocorrelation-based time-weighting
      function utilizing the reliable signal portion preceding the noise pulse
      and, if available, the portion following the noise pulse.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 3, the input signal 12 applied to input terminal 20 is
      buffered, for convenience of interfacing, by capacitors 92 and 94,
      resistor 96 and operational amplifier (op-amp) 98 with the buffered input
      signal being made available for subsequent use via signal path 100 and
      intermediate terminal F. The buffered input signal is applied to the
      frequency filter 30 comprised of op-amps 102 and 104, capacitors 106, 108,
      110, 112, 114 and 116, and resistors 118, 120, 122, 124, 126, 128, 130,
      132, 134, 136 and 138. The embodiment of the frequency filter 30 shown
      satisifes the operational consideration described generally above, as the
      circuit can provide a rounded transmission peak at 24 KHz and a very rapid
      cutoff below 8 KHz. The HF filtered signal 34 is output from the frequency
      filter 30 via intermediate terminal G.
PAR  As shown in FIG. 4, the output of the frequency filter 30 is applied via
      terminal G to the envelope unit 38. The absolute value signal 40 is
      determined from the HF filtered signal 34 by op-amp 140, capacitors 142
      and 144, resistors 146, 148, 150, 152, 154, 156, 158 and 160, and diodes
      162 and 164. The logarithm of the absolute value signal 40 is determined
      by op-amp 166, capacitor 168, resistors 170, 172 and 174 and diodes 176,
      178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198 and 200. In
      addition, the embodiments of both the absolute value and the logarithm
      circuits incorporate a self-nulling feature to automatically compensate
      biasing in the op-amps. The log envelope signal 42 is determined by
      transistors 202, 204 and 206, capacitor 208, and resistors 210, 212, 214,
      216, 218, 220, 222 and 224, by outputting, via intermediate terminal H, a
      signal which may be described as the positive remainder after the log
      signal has from itself subtracted a signal approximating the low frequency
      envelope of the log signal crests. The more common aspects of the
      construction and use of absolute value, logarithm and envelope determining
      circuits should be familiar to those skilled in this art.
PAR  In FIG. 5, the log envelope signal 42 at terminal H is passed through the
      RC circuit comprised of capacitor 226 and resistor 228 to intermediate
      terminal I. The log envelope signal is also passed through a low pass time
      delay circuit, comprised of op-amps 230, 232, 234, 236, 238 and 240,
      capacitors 242, 244, 246, 248, 250, 252, 254 and 256, and resistors 258,
      260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288,
      290 and 292, to intermediate terminal J.
PAR  As shown in FIG. 6, the signal applied to the input terminal I is applied
      via capacitor 294 and resistor 296 to the positive input of op-amp 298
      while the signal applied to the input terminal J is applied via capacitor
      300, resistors 302 and 304, diodes 306 and 308, and potentiometer 310, to
      the negative input terminal of op-amp 298. The differential combination of
      these signals by op-amp 298 effectively achieves the convolution function
      described above and initiates the noise detection trigger pulse 62 when
      the threshold level 66 set by potentiometer 310 is exceeded. The op-amp
      312, capacitor 314, resistors 316, 318, 319, 320 and 322 and diodes 324
      and 325 complete the threshold trigger unit 60 and include a feedback path
      which tends to discourage a continuous "on" state as well as providing a
      latching effect. The junction between resistors 318 and 320 provides a
      convenient location to extract an output signal for audio indication of
      noise detection. The addition of transistor 326, capacitor 328, resistors
      330, 332 and 334, diode 336 and light emitting diode 338 facilitates
      visual indication that a noise pulse has been detected. As described
      above, the detection signal 64 is output from the threshold trigger 60 via
      signal path 74 and intermediate terminal K is included for ease of
      reference.
PAR  FIG. 7 illustrates an active delay circuit comprised of the single op-amp
      340, capacitors 342, 344, 346 and 348, and resistors 350, 352, 354 and
      356, which provides a relatively constant group delay up to the limit of
      human hearing with negligible variation in frequency response. The circuit
      as shown provides up to 360.degree. of phase shift and additional similar
      circuits may be cascaded to provide the desired delay period as described
      above. Since the circuit efficiently gives two real or complex poles and
      symmetric zeroes, it provides a flat response, limited only by component
      shortcomings, and assures unity gain at low frequencies independent of the
      RC tolerances without requiring trimming. Thus, the circuit as shown
      delays, for a predetermined time dependent upon component selection, the
      input signal 12 before it is output via intermediate terminal L as the
      delayed input signal 68.
PAR  As shown in FIG. 8 and explained above, the detection signal 64 produced by
      the transient noise detection unit 24 is applied via signal path 74 and
      intermediate terminals K to the control input of electronic switch 72. In
      the normal operating state, the pair of complementary field effect
      transistors (FET) 358 and 360 are gated so that the delayed input signal
      68, applied to the FET 358 via intermediate terminal L, is allowed to pass
      through FET 358 and resistor 362 to the basic switch output point 364. in
      this state, FET 360 is gated so that it does not pass the estimate signal
      applied via intermediate terminal N and capacitor 366. Upon application of
      the detection signal 64 via terminal K and diode 368, FET 358 turns "off"
      immediately thereby blocking the noise expected on the delayed input
      signal 68. The detection signal 64 is also applied indirectly via diodes
      370 and 372 causing FET 360 to turn "on" and pass the estimate signal from
      signal estimation unit 28 through FET 360 and resistor 374 to switch
      output point 364. Thus, the application of detection signal 64 causes the
      output of electronic switch 72 to switch immediately from the delayed
      input signal 68 to the estimate signal constructed by signal estimation
      unit 28.
PAR  Upon the cessation of the detection signal 64, FET 358 immediately turns
      "on" and allows the delayed input signal 68 to pass again. However, FET
      360 is maintained in the "on" state until capacitor 376 has discharged.
      Thus this momentary delay in disconnecting the estimate signal results in
      a short period of blending of the estimate signal and the delayed input
      signal 68. This blending has a smoothing effect which reduces reswitching
      noise due to phase or amplitude contrasts.
PAR  The capacitor 378 and resistors 380, 382, 384, 386, 388, 390 and 392
      provide proper biasing and maintain the electronic switch 72 in a balanced
      conditions. From the basic switch output point 364, the output signal is
      applied via capacitor 394 and resistor 396 to the input of buffering
      op-amp 398. The final output signal 90 is applied via signal path 76 and
      coupling capacitor 400 to the output terminal 78. Output signal 90 is also
      made available for feedback to the signal estimation unit 28 via
      intermediate terminal M.
PAR  As shown in FIG. 9, the input signal 12 and the output signal 90, applied
      via intermediate terminals F and M respectively, are passed through the
      resistor bridge comprised of resistors 402, 404, 406 and 408 and summed as
      input to op-amp 410. Effectively, gain factors of K and (1-K) are applied
      to input signal 12 and output signal 90 respectively, before the sum is
      applied to op-amp 410. Op-amp 410, resistors 412 and 414 and the combined
      effects of capacitors 416, 418, and 420 provide the minimum phase low pass
      filter function described generally above.
PAR  In the signal estimation unit 28 therefore, the output signal 90, which is
      in the normal state merely the delayed input signal 68, can be blended
      with a much smaller amount of the raw input signal 12, which is the
      relative "future," and the sum spread back in time by the minimum phase
      low pass filter so as to average the relative "present." During the
      interval of a detected noise pulse, the delayed input signal 68 is
      disconnected from the output signal 90 and its influence decays as a
      transient through the feedback circuit including the low pass filter 88 of
      estimation unit 28. However, the input signal 12 is reinforced through the
      feedback circuit and thus bootstraps itself until it eventually
      predominates the output signal 90. The possibility of step noise on
      switchback to the delayed input signal 68 is minimized by the gradual
      return switching of electronic switch 72 to allow a compensating period of
      blending.
PAR  Changes may be made in the construction and the arrangement of the
      components or the units of the various embodiments as disclosed herein
      without departing from the spirit and scope of the invention as defined in
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for substantially eliminating transient noise pulses in an
      input signal, comprising the steps of:
PA1  receiving the input signal containing transient noise pulses;
PA1  producing a first signal through filtering of the input signal within
      selected frequency limits;
PA1  producing a second signal by detecting the absolute amplitude envelope of
      the first signal;
PA1  developing an envelope signal from said second signal and convolving said
      envelope signal with a predetermined filter function to generate a
      convolution signal;
PA1  detecting pulses in the convolution signal which have predetermined pulse
      amplitude and duration characteristics;
PA1  producing a detection signal when one of said pulses is detected;
PA1  receiving the input signal and producing a third signal delayed relative to
      the input signal by a preselected duration;
PA1  receiving the input signal and producing a fourth signal which is a time
      weighted estimate of the third signal in time versus amplitude; and
PA1  switching between the third signal and fourth signal as controlled in
      response to production of said detection signal to produce an output
      signal.
NUM  2.
PAR  2. The method of claim 1 wherein the first signal is produced through
      frequency filtering that accentuates the transient noise pulses.
NUM  3.
PAR  3. The method of claim 1 wherein the first signal is produced by a
      frequency filtering function accentuating low frequencies.
NUM  4.
PAR  4. The method of claim 1 wherein the step of producing a second signal is
      further characterized as producing said second signal related to the
      logarithmic function of the envelope of the first signal.
NUM  5.
PAR  5. The method of claim 1 wherein the step of producing a second signal is
      further characterized as including the steps of:
PA1  producing a fifth signal related to the absolute value function of the
      first signal; and
PA1  producing said second signal related to the envelope of the fifth signal.
NUM  6.
PAR  6. The method of claim 1 wherein the step of producing a second signal is
      further characterized as including the steps of:
PA1  producing a fifth signal related to the absolute valve function of the
      first signal;
PA1  producing a sixth signal related to the logarithmic function of the fifth
      signal; and
PA1  producing said second signal related to the envelope of the sixth signal.
NUM  7.
PAR  7. The method of claim 1 wherein the step of producing a detection signal
      is further characterized as producing said detection signal when the level
      of the convolution signal exceeds a predetermined threshold level.
NUM  8.
PAR  8. The method of claim 7 wherein the predetermined threshold level varies
      as a function of the envelope of a predetermined set of frequencies of the
      input signal.
NUM  9.
PAR  9. The method of claim 7 wherein the level of the detection signal varies
      as a function of the amount that the level of the convolution signal
      exceeds the predetermined threshold level.
NUM  10.
PAR  10. The method of claim 7 wherein the step of producing a detection signal
      is further characterized as producing said detection signal for at least
      as long as the level of the convolution signal exceeds a predetermined
      threshold level.
NUM  11.
PAR  11. The method of claim 1 wherein the third signal is delayed relative to
      the input signal and related thereto by a constant gain factor.
NUM  12.
PAR  12. The method of claim 1 wherein the step of producing a fourth signal is
      further characterized as producing said fourth signal related to the input
      signal, by blending portions of the input signal preceding and following a
      predetermined time segment of the input signal according to a continuously
      varying weighting function.
NUM  13.
PAR  13. The method of claim 12 wherein the weighting function is related to the
      autocorrelation function of the input signal.
NUM  14.
PAR  14. The method of claim 12 wherein the duration of the predetermined time
      segment varies as a function of the detection signal.
NUM  15.
PAR  15. The method of claim 1 wherein the step of producing a fourth signal is
      further characterized as including the steps of:
PA1  producing a fifth signal related to the input signal by a fifth function
      having a predetermined gain of K, where 0.ltoreq.K.ltoreq.1;
PA1  producing a sixth signal related to the output signal by a sixth function
      having a predetermined gain of (1-K); and
PA1  producing a fourth signal related to the sum of the fifth and sixth signals
      of a seventh function, the fourth signal being an estimate of the third
      signal.
NUM  16.
PAR  16. A method for substantially eliminating transient noise pulses in an
      input signal, comprising the steps of:
PA1  receiving the input signal containing transient noise pulses;
PA1  receiving an alternate input signal containing transient noise pulses whose
      occurrence times are substantially the same as the occurrence times of the
      transient noise pulses in the input signal;
PA1  producing a first signal through filtering of the alternate input signal
      within selected frequency limits;
PA1  producing a second signal by detecting the absolute amplitude envelope of
      the first signal;
PA1  developing an envelope signal from said second signal and convolving said
      envelope signal with a predetermined filter function to generate a
      convolution signal;
PA1  detecting pulses in the convolution signal which have predetermined pulse
      amplitude and duration characteristics;
PA1  producing a detection signal when one of said pulses is detected;
PA1  receiving the input signal and producing a third signal delayed relative to
      the input signal by a preselected duration;
PA1  receiving the input signal and producing a fourth signal which is a time
      weighted estimate of the third signal in time versus amplitude; and
PA1  switching between the third signal and fourth signal as controlled in
      response to production of said detection signal to produce an output
      signal.
NUM  17.
PAR  17. A circuit for substantially eliminating transient noise pulses in an
      input signal, comprised of:
PA1  frequency filtering means receiving the input signal and producing a first
      signal containing those frequencies of the input signal likely to contain
      significant components of the transient noise pulses;
PA1  absolute value determining means receiving the first signal and producing a
      second signal related to the absolute value function of the first signal;
PA1  envelope determining means receiving the second signal and producing a
      third signal related to a function of the envelope of the positive portion
      of the second signal;
PA1  pulse shape discriminating means receiving the third signal and producing a
      fourth signal related to the convolution of the third signal with a
      predetermined filter function;
PA1  threshold trigger means receiving the fourth signal and producing a
      detection signal when the level of the fourth signal exceeds a
      predetermined threshold level;
PA1  time delay means receiving the input signal and producing a delayed input
      signal related to the input signal by a predetermined time delay; and,
PA1  output means receiving the input signal, the delayed input signal and the
      detection signal, having a gating portion for producing an output signal
      varying between the delayed input signal and an estimate signal, as a
      function of the level of the detection signal, and a signal estimating
      portion for producing the estimate signal as a function of the input
      signal and the output signal, the estimate signal being an estimate of the
      delayed input signal.
NUM  18.
PAR  18. A circuit as set forth in claim 17 wherein said envelope determining
      means comprises:
PA1  means receiving said second signal and producing a third signal related to
      a logarithmic function of said envelope.
NUM  19.
PAR  19. A circuit as set forth in claim 17 wherein said pulse shape
      discriminating means comprises:
PA1  cross-correlation circuit means receiving and convolving said third signal
      in accordance with a predetermined filter function to produce said fourth
      signal.
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ABST
PAL  A signal composing circuit suitable for a decoder device of a 4-channel
      matrix stereophonic system comprises two types of circuit units, one being
      a differential type circuit in which the common emitters are connected to
      ground through constant current means, the other having a like circuit
      arrangement as the differential type circuit but having constant current
      means shunted with a capacitor so as to ground the common emitters for
      A.C. signals. The signal composing circuit is suited for monolithic
      integrated circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a signal composing circuit and, more
      particularly, to a signal composing circuit which is suited to a decoder
      device for a 4-channel matrix stereophonic system.
PAR  2. Description of the Prior Art
PAR  A decoder device for a 4-channel matrix stereophonic system requires a
      signal composing circuit which produces signals of predetermined
      coefficients or composed signals from a plurality of input signals in
      order to separate stereophonic signals from composite signals. The basic
      concept of the 4-channel matrix stereophonic system is disclosed by Ito et
      al in U.S. Pat. No. 3,825,684. An improvement thereof is described in
      Material No. EA72-32 (1973-03), "Improvements in Encode-Decode System in
      4-channel Matrix Reproduction" which was published in the meeting of
      Denkionkyo Kenkyukai (Meeting of Technical Group of Electroacoustics)
      joint with Denshitsushin Gakkai (The Institute of Electronics and
      Communication Engineers of Japan), and with Nihon Onkyo Gakkai (The
      Acoustical Society of Japan) on Mar. 26, 1973 and which was issued by
      Denshitsushin Gakkai.
PAR  A circuit, which is composed of a plurality of resistors (called as
      coefficient resistors hereinafter) having one of the ends connected in
      common as an output terminal and the other ends connected to inputs
      signals, respectively, is generally known for composing the input signals.
      When such a circuit is used as a decoder device in a stereophonic system,
      the decoder device further requires phase inverters whose amplification
      factors are set at -1 and amplifiers (referred to as fixed coefficient
      amplifiers hereinafter) whose amplification factors are set at
      predetermined values such as -.sqroot.2, -2 and +2.
PAR  Such a known signal composing circuit, however, has problems as stated
      below.
PAR  1. In order to obtain inverted-phase signals, separate phase inverters
      which serve only for the function of the phase inversion are required.
PAR  2. In order to compose a plurality of signals, coefficient resistors are
      required, and the resistance value of the coefficient resistors must be
      made sufficiently lower than the input impedances of the fixed coefficient
      amplifiers connected to such coefficient resistors, whereas it must be
      made sufficiently higher than the output impedances of signal sources for
      driving the coefficient resistors.
PAR  3. Since separate coefficient resistors, phase inverters and
      fixed-coefficient amplifiers are necessary, the circuit arrangement of the
      signal composing circuit becomes very complicated for obtaining the sum
      component output signal and the difference component output signal from
      the plurality of input signals, and the number of the constituent circuits
      becomes large, with the result that the power consumption becomes high.
      Moreover, the resistance value of the coefficient resistors is
      comparatively large. Therefore, to construct the signal composing circuit
      of such a type into a monolithic semiconductor integrated circuit device
      (hereinafter termed the monolithic IC) becomes very difficult on account
      of the allowable power dissipation of the monolithic IC, the heat sink
      structure of the IC and the integration density of the IC.
PAR  4. Since in the respective signal paths from the inputs to the outputs of
      the signal composing circuit, there are disorderly arranged the
      coefficient resistors, the phase inverters, the fixed coefficient
      amplifiers and so forth, where such circuit components are D.C. coupled in
      order to form the signal composing circuit as an IC, deviations in the
      D.C. level temperature-dependency, the distortion factor characteristic
      and the frequency characteristic arise among the respective composite
      signal output voltages at the composed output terminals.
PAR  5. Since the respective signal paths have coefficient resistors with the
      comparatively high resistance connected in series, large thermal
      resistance noises are generated.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a signal composing
      circuit wherein separate phase inverters for obtaining the inverted-phase
      signals are unnecessary.
PAR  It is another object of the invention to provide a signal composing circuit
      wherein coefficient resistors are unnecessary.
PAR  It is a further object of the invention to provide a signal composing
      circuit wherein deviations in the D.C. level temperature-dependency,
      distortion factor characteristic and frequency characteristic among the
      respective composite signal output voltage are small.
PAR  It is a still further object of the invention to provide a signal composing
      circuit whose power consumption is reduced, to facilitate forming the
      circuit as a monolithic IC.
PAR  It is still a further object of the invention to provide a signal composing
      circuit whose noise characteristic is improved.
PAR  One aspect of this invention is characterized in that, in order to obtain
      composite difference signals from a plurality of input signals, a D.C.
      emitter-coupled differential type signal composing circuit is utilized,
      while in order to obtain other composite output signals, a D.C.
      emitter-coupled signal composing circuit, which has a like circuit
      arrangement as the D.C. emitter-coupled differential type signal composing
      circuit but has the commonly connected emitters grounded for A.C. signals,
      is utilized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a to 1c are circuit diagrams for explaining the basic concept of the
      invention;
PAR  FIGS. 2 to 4 are circuit diagrams of various signal composing circuits
      employing the instant invention; and
PAR  FIG. 5 is a circuit diagram of a decoder circuit of the 4-channel matrix
      stereophonic system employing a signal composing circuit according to this
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  A signal composing circuit according to this invention employs two types of
      circuit units.
PAR  One type of the circuit unit is a differential amplifier whicn, as shown in
      FIG. 1c, comprises a pair of transistors Q5 and Q6 having their emitters
      connected in common through resistors R9 and R10. The connection point of
      resistors R9 and R10 is connected to ground through a constant current
      source 3. The circuit further includes a load resistor R8 through which a
      power source voltage + Vcc is applied to the collector of transistor Q6,
      while the collector of transistor Q5 is directly connected to the power
      source voltage +Vcc.
PAR  The other type of circuit unit is an emitter-coupled amplifier which, as
      shown in FIG. 1a or 1b, comprises a pair of transistors Q1 and Q2 or Q3
      and Q4 having emitters connected in common through resistors R3 and R4 or
      R6 and R7. The connection point of resistors R3 and R4 or R6 and R7 is
      connected to ground through a constant current source 1 or 2. Unlike the
      circuit of FIG. 1c, the connection point of resistors R3 and R4 or R6 and
      R7 is grounded for an A.C. signal through an electric capacitor C1 or C2.
      Thus, the electrical coupling of the emitters is prevented by the
      capacitors.
PAR  The circuit of FIG. 1a further includes load resistors R1 and R2 through
      which power source voltage +Vcc is applied to the respective collectors of
      transistors Q1 and Q2. Since the commonly connected emitters are grounded
      for A.C. signals through the capacitor C1, the circuit of FIG. 1a does not
      function as a differential amplifier but functions as an emitter-common
      amplifier for A.C. signals and supplies output signals -.alpha.A and
      .beta.B from the respective collectors upon receipt of input signals A and
      B applied to the bases of transistors Q1 and Q2. The values of .alpha. and
      .beta. are determined by the resistance ratios R1/R3 and R2/R4,
      respectively.
PAR  The circuit of FIG. 1b further includes a load resistor R5 through which
      power source voltage +Vcc is applied to the commonly connected collectors
      of transistors Q3 and Q4. Similarly to the circuit of FIG. 1a, the circuit
      of FIG. 1b does not function as a differential amplifier and supplies an
      output signal - .gamma.(A+B) upon receipt of input signals A and B. The
      value of .gamma. is determined by the resistance ratio R5/R6 or R5/R7 (R6
      = R7).
PAR  The circuit of FIG. 1c supplies a differential output signal .delta.(A - B)
      upon receipt of input signals A and B. The value of .delta.is determined
      by the resistance ratio R8/ (R10 + R9) (R9 = R10).
PAR  These circuit units of FIGS. 1a to 1c may be employed in a signal composing
      circuit as shown in FIGS. 2, 3 or 4.
PAR  In FIG. 2, the transistor-resistor combinations Q7 and R13, Q8 and R14 and
      Q9 and R15 constitute the constant current sources 1 to 3 of FIGS. 1a, to
      1c, respectively. The circuit constituted by transistor Q34, resistors
      R25, R26, R31 and R32, and capacitor C7 is a bias means for supplying bias
      currents to the bases of transistors Q1 to Q9. A first input signal A is
      applied to the bases of transistors Q1, Q4 and Q5, while a second input
      signal is applied to the bases of transistors Q2, Q3 and Q6. Upon receipt
      of the input signals, the circuit supplies a set of output signals
      -.sqroot.2A, -.sqroot.2B, - (A + B) and A-B, where the resistance ratios
      are selected as follows:
      ##EQU1##
EQU  (R6 = R7 and R9= R10).
PAR  The bipolar transistors Q1 to Q6 may be replaced by insulated gate field
      effect transistors as shown in FIG. 3. In the figure, a plurality of
      signals A to D are applied to the gates of FETs Q1 to Q4, respectively.
      The output signal -A + B of the differential amplifier which is
      constituted by FETs Q1 and Q2, and resistors R16 to R18 with the constant
      current source (Q7 and R13), is applied to the gate of FET Q5, while the
      output - (C+D) of the source common circuit, which is constituted by FETs
      Q3 and Q4, and resistors R19 to R21 with the constant current source (Q8
      and R14) shunted by the capacitor C2, is applied to the gate of FET Q6.
      Then, upon receipt of the input signals, the differential amplifier, which
      is constituted by FETs Q5 and Q6 and resistors R22 to R24 with the
      constant current source (Q9 and R15), supplies an output signal A-B-C-D.
PAR  FIG. 4 shows another signal composing circuit employing the circuit units
      of FIGS. 1b and 1c, which, upon receipt of input signals - (A-B) and -
      (A+B), supplies composite output signals 2A and 2B.
PAR  A decoder circuit for the 4-channel matrix stereophonic system employing a
      signal composing circuit according to this invention is shown in FIG. 5.
PAR  In the figure, the circuit portions enclosed with broken lines are formed
      within a single silicon semiconductor substrate be a well-known
      manufacturing method. LT, RT, C1, C2, C3, . . . . . . B and G are lead
      terminals (pins) of the monolithic IC.
PAR  Right and left 2-channel encode signals RT and LT are applied to the pins
      RT and LT through input coupling capacitors C111 and C112 and input
      coupling resistances R111 and R112, respectively. The first composing
      circuit stage constituted by transistors Q1 to Q9, resistors R1 to R10 and
      R13 to R15 and capacitors C101 and C102 has the same circuit configuration
      as that of FIG. 2. The input signals LT and RT correspond to the input
      signals A and B in FIG. 2.
PAR  Substantially equal D.C. bias voltages obtained from a bias circuit R201,
      R202 and C109 are applied to the respective combinations of the commonly
      connected base electrodes of the transistors Q1, Q4 and Q5 and Q2, Q3 and
      Q6 through resistors R113 and R114. A resistance R41 and a capacitor C103
      for removing power supply ripples are connected to the supply voltage
      feeding line, and they prevent the A.C. ripple component from a voltage
      supply source from leaking to signal paths.
PAR  The first signal composing circuit stage supplies composite output signals
      -.sqroot.2LT, -.sqroot.2RT, -(LT + RT) and LT-RT from the collectors of
      transistors Q1, Q2, Q3 (or Q4) and Q6 to the next stage, i.e. the variable
      gain amplifier circuit stage.
PAR  The variable gain amplifier circuit stage comprises four variable gain
      amplifier circuits, one of which is composed of a P-N-P transistor Q10 as
      well as N-P-N transistors Q14 and Q15, resistances R42, R46, R47 and R101
      and R105, a capacitor C105 and a variable impedance Rr. The transistors
      Q10 and Q15 are amplifier transistors, constant current circuit Q14 and
      R46 is a constant current load of the amplifier transistor Q10, and the
      resistance R42 and the elements R101, C105, R105 and Rr constitute a
      negative feedback circuit. By controlling the impedance of the variable
      impedance Rr, the feedback quantity and voltage gain of the negative
      feedback amplifier circuit can be rendered variable. The other three
      variable gain amplifier circuits have the same circuit function.
PAR  In consequence, an amplified signal of - (1 + r) .sqroot.2 LT can be
      acquired from the output of the first variable gain amplifier circuit
      including the amplifier transistors Q10 and Q15, an amplified signal of
      -(1+l).sqroot.2 RT from the output of the second variable gain amplifier
      circuit including the amplifier transistors Q11 and Q17, an amplified
      signal of -(1 + b) (LT + RT) from the third variable gain amplifier
      circuit including the amplifier transistors Q12 and Q19, and an amplified
      signal of (1 + f) (LT-RT) from the output of the fourth variable gain
      amplifier circuit including the amplifier transistors Q13 and Q21.
PAR  The second signal composing circuit stage comprises three differential
      amplifier circuits constituted by transistors Q22 and Q23, resistors R54,
      R55 and R66 and the constant current source Q30 and R62; transistors Q26
      and Q27, resistors R58, R59 and R68 and the constant current source Q32
      and R64; and transistors Q28 and Q29, resistors R60, R61 and R69, and the
      constant current source Q33 and R65, respectively. The three differential
      amplifier circuits function similarly as the circuit shown in FIG. 1c and
      supply, upon receipt of the signals at the bases of transistors Q22, Q23,
      and Q26 to Q29 from the variable gain amplifier circuit stage, output
      signals (1 + f) (LT - RT) +(1 + l) .sqroot.2 RT, (1 + b) (LT + RT) - (1 +
      r) .sqroot.2LT, and (1 + b) (LT +RT) - (1 + l) .sqroot.2RT from the
      terminals LF, RB and LB, respectively.
PAR  The second signal composing circuit stage further comprises an
      emitter-coupled amplifier circuit constituted by transistors Q24 and Q25,
      resistors R56, R57 and R67 and the constant current source Q31 and R63
      shunted with capacitor C104. The emitter coupled amplifier circuit
      functions similarly as the circuit shown in FIG. 1b and supplies, upon
      receipt of the signals at the bases of transistors Q24 and Q25 from the
      variable gain amplifier circuit stage, an output signal -(1+f) (LT -RT)
      +(1 +r) .sqroot.2 LT from the terminal RF.
PAR  In the second signal composing circuit stage, resistor ratios are set at
      follows:
      ##EQU2##
EQU  (R.sub.56 =R.sub.57).
PAR  The values of the resistances, the capacitors and the supply voltage used
      in the circuit illustrated in FIG. 5 are listed in the following table:
TBL                TABLE                                                       
     ______________________________________                                    
     R1,R2         2.0         k         .OMEGA.                               
     R3,R4         5.18        k         .OMEGA.                               
     R5            1.0         k         .OMEGA.                               
     R6,R7         3.62        k         .OMEGA.                               
     R8            2.0         k         .OMEGA.                               
     R9,R10        3.62        k         .OMEGA.                               
     R13,R14,R15   0.765       k         .OMEGA.                               
     R41           5.5         k         .OMEGA.                               
     R42 to R45    3.46        k         .OMEGA.                               
     R46,R48,R50,R52                                                           
                   8.5         k         .OMEGA.                               
     R47,R49,R51,R53                                                           
                   0.5         k         .OMEGA.                               
     R54 to R61    5.0         k         .OMEGA.                               
     R62 to R65    0.5         k         .OMEGA.                               
     R70           0.5         k         .OMEGA.                               
     R71           19.5        k         .OMEGA.                               
     R66,R68 and R69                                                           
                   10.0        k         .OMEGA.                               
     R67           5.0         k         .OMEGA.                               
     R101 to R104  15.0        k         .OMEGA.                               
     R105 to R108  1.5         k         .OMEGA.                               
     R111, R112    82.0        k         .OMEGA.                               
     R113,R114     22.0        k         .OMEGA.                               
     R201          15.0        k         .OMEGA.                               
     R202          6.8         k         .OMEGA.                               
     C101, C102 and C104                                                       
                   47          .mu.F                                           
     C103          100         .mu.F                                           
     C105 to C108  10          .mu.F                                           
     C111, C112    1.0         .mu.F                                           
     C109          100         .mu.F                                           
     +Vcc          25.0        V                                               
     ______________________________________                                    
PAR  The bias circuit comprises a transistor Q34 and resistors R70 and R71 and
      is connected to the base electrodes of the constant current transistors
      Q7, Q8, Q9, Q30, Q31, Q32, and Q33 in the constant current sources, for
      supplying a common bias voltage, respectively. Because the values of the
      resistors R13, R14 and R15 in the constant current sources are set equal
      to each other, the D.C. constant current flowing in the constant current
      transistors Q7, Q8, and Q9 become substantially equal to each other. And
      furthermore, because the resistance values of the resistors R1, R2, R8 are
      set equal to each other, and the resistance value of the resistor R5 is
      set equal to half that of the resistor R1, the D.C. levels of the output
      signals which are derived from the resistors R1, R2, R5 and R8, become
      substantially equal to each other. Namely, the D.C. collector voltages of
      transistors Q1, Q2, Q3, Q4 and Q6 become equal to each other.
PAR  As shown in the above table, the values of the resistances R101 to R104 are
      equal to each other. Also, the values of the resistances R42 to R45 are
      equal to each other and, the values of the resistances R46, R48, R50 and
      R52 are equal to each other. Therefore, the D.C levels of the output
      signal which are derived from the collector electrodes of the transistors
      Q15, Q17, Q19 and Q21, that is, the D.C. collector voltages thereof,
      become substantially equal to each other.
PAR  Further, the D.C. costant currents of the constant current transistors Q30
      to Q33 become substantially equal to each other, because the values of the
      resistances R62 and R65 are equal to each other. And furthermore, the
      values of resistances R66, R68 and R69 are set equal to each other, and
      the value of resistance R67 is set equal to half that of the resistance
      R66. As a result, the D.C. levels of the output signals which are derived
      from the resistors R66 to R69, that is, the D.C. collector voltages of
      transistors Q22, Q24, Q27 and Q28 become substantially equal to each
      other.
PAR  On the other hand, the D.C. constant bias currents in all types of circuit
      units in the first and second signal composing circuit stages are commonly
      provided by one bias circuit. Therefore, it has become possible to make
      the deviations in the D.C. level temperature-dependency, the distortion
      factor characteristics and the frequency characteristics among the
      respective output signals of the all types of circuit units small.
PAR  The values of the resistances R1-R10, R13-R15 and R41-R71 mentioned in the
      above table are those of resistances formed in the monolithic IC by
      impurity diffusion. This invention, however, is not restricted to such
      monolithic IC only, but it can be employed by connecting discrete circuit
      elements.
PAR  The impedances of the variable impedances Rr, Rl, Rb and Rf are actually
      controlled using the drain-source conductances of P-channel MOS type
      field-effect transistors which are electronically controlled by voltages
      to be applied to the gate electrodes.
PAR  In accordance with the construction and embodiment of the invention of this
      application, the expected objects can be accomplished for the reasons
      stated below.
PA1  1. Phase inverting action is carried out between the base electrodes and
      the collector electrodes of the transistors in the respective D.C.
      emitter-coupled signal composing circuits. The separate phase inverters
      have, therefore, become unnecessary.
PA1  2. The relative voltage amplitude value ratios among the D.C.
      emitter-coupled signal composing circuits, that is, the coefficients of
      the signals can be set by the resistance ratios between the emitter
      resistances and the load resistances of the D.C. emitter-coupled signal
      composing circuits. The coefficient resistors heretofore used only for
      setting the fixed coefficients have become unnecessary.
PA1  3. In the signal paths extending from the input terminals to the signal
      output terminals of the signal composing circuit stages, the D.C.
      emitter-coupled type signal composing circuits similar in the circuit type
      are arranged. It has therefore become possible to make the deviations in
      the D.C. level temperaturedependency, the distortion factor characteristic
      and the frequency characteristic among the respective composite signal
      outputs small.
PA1  4. Since the circuit arrangement is simplified for the reason that the
      separate phase inverters and the coefficient resistors are eliminated,
      power consumption has been reduced. Also, since coefficient resistors of
      comparatively large resistance value become unnecessary, it has become
      easy to put the circuit into the form of the monolithic IC.
PA1  5. in the respective signal paths, the coefficient resistors of high
      resistances are not connected in series. It has, therefore, become
      possible to lower the thermal noise level and to improve the noise
      characteristic.
PAR  This invention is not restricted to the foregoing embodiments but it can
      adopt various aspects of performance. For example, the D.C.
      emitter-coupled type signal composing circuit may be replaced by a D.C.
      grounded electrode-coupled type signal composing circuit which utilizes
      amplifier elements other than the bipolar transistors, such as MOS type
      field-effect transistors and junction type field-effect transistors.
PAR  Furthermore, the invention of this application is not restricted to the
      decoder of the 4-channel matrix stereophonic system, but it is applicable
      to all the cases of acquiring in-phase or inverted-phase signals of
      independent multi-input signals and acquiring the sum signal and the
      difference signal of these signals. For example, in case of acquiring a
      signal - RT, a signal RT may be applied to the base of the transistor Q6
      without applying any signal to the base of the transistor Q5.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to a person skilled in the art, and We therefore do not wish to be limited
      to the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A signal composing circuit for obtaining a plurality of output signals
      which are a function of a plurality of input signals comprising:
PA1  first means for obtaining an output signal which is representative of the
      inversion of an input signal applied thereto, including
PA2  a first and a second amplifier element each having a first, a second and a
      third electrode,
PA2  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      element, respectively, the other ends of said first and second resistive
      elements being connected in common,
PA2  first constant current means connected between the commonly connected other
      ends of the first and second resistive elements and ground potential,
PA2  first load means connected between said second electrode of said first
      amplifier element and a voltage supply, and
PA2  first bias means, connected to the third electrodes of said first and
      second amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof, respectively,
PA2  said input signal being applied to said third electrode of the first
      amplifier element, and said output signal being derived from said first
      load means; and
PA1  second means for obtaining an output signal which is representative of the
      difference of two input signals applied thereto, including
PA2  a third and a fourth amplifier element each having a first, a second and a
      third electrode,
PA2  a third and a fourth resistive element one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      elements, respectively, the other ends of said third and fourth resistive
      elements being connected in common,
PA2  second constant current means connected between said commonly connected
      other ends of the third and fourth resistive elements and ground
      potential,
PA2  second load means, having a resistance value which is substantially equal
      to that of said first load means, connected between the second electrode
      of one of said third and fourth amplifier elements and said voltage
      supply,
PA2  second bias means, connected to the third electrodes of said third and
      fourth amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof, respectively,
PA2  said two input signals being applied to the third electrodes of said third
      and fourth amplifier elements, respectively, and said latter output signal
      which is the difference between said two input signals, being derived from
      said second load means; and
PA1  third bias means, connected to said first and second constant current
      means, for causing each D.C. constant current of said first and second
      constant current source means to be substantially equal to each other,
      whereby the D.C. levels of said output signals of said first and second
      means are subtantially equal to each other.
NUM  2.
PAR  2. A signal composing circuit for obtaining a plurality of output signals
      which are a function of a plurality of input signals comprising:
PA1  first means for obtaining two output signals which are representative of
      the inversions of two input signals, respectively, applied thereto,
      including:
PA2  a first and second amplifier element each having a first, a second, and a
      third electrode,
PA2  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      elements, respectively, the other ends of said first and second resistive
      elements being connected in common,
PA2  first constant current means connected to the commonly connected other ends
      of the first and second resistive elements and ground potential,
PA2  first load means connected between said second electrode of said first
      amplifier element and a voltage supply,
PA2  second load means, having a resistance value which is substantially equal
      to that of said first load means, connected between said second electrode
      of said second amplifier element and said voltage supply,
PA2  capacitive means connected in parallel with said first constant current
      means for grounding the commonly connected other ends of the first and
      second resistive elements for an A.C. signal, and
PA2  first bias means, connected to the third electrodes of said first and
      second amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof respectively,
PA2  said two input signals being applied to said third electrodes of the first
      and second amplifier elements respectively, and said two output signals
      being derived from said first and second load means, respectively; and
PA1  second means for obtaining an output signal which is representative of the
      difference of two input signals applied thereto, including
PA2  a third and a fourth amplifier element each having a first, a second, and a
      third electrode,
PA2  a third and a fourth resistive element one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      elements, respectively, the other ends of said third and fourth resistive
      elements being connected in common,
PA2  second constant current means connected between the commonly connected
      other ends of the third and fourth resistive elements and ground
      potential,
PA2  third load means, having a resistance value which is substantially equal to
      that of said first load means, connected between the second electrode of
      one of said second and third amplifier elements and said voltage supply,
      and
PA2  second bias means, connected to the third electrodes of said third and
      fourth amplifier elements, for supplying substantially equal D.C. bias
      voltages to the electrodes thereof, respectively,
PA2  said latter two input signals being applied to the third electrodes of said
      fourth amplifier elements, respectively, and said output signal, which is
      the difference between said latter two input signals, being derived from
      said third load means; and
PA1  third bias means, connected to said first and second constant current
      means, for causing each D.C. constant current of said first and second
      constant current source means to substantially equal to each other,
      whereby the D.C. levels of said output signals of said first and second
      means are substantially equal to each other.
NUM  3.
PAR  3. A signal composing circuit for obtaining a plurality of output signals
      which are a function of a plurality of input signals comprising:
PA1  first means for obtaining an output signal which is representative of the
      difference of two input signals applied thereto, including
PA2  a first and a second amplifier element each having a first, a second and a
      third electrode,
PA2  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      elements, respectively, the other ends of said first and second resistive
      elements being connected in common,
PA2  first constant current means connected between the commonly connected other
      ends of the first and second resistive elements and ground potential,
PA2  first load means connected between the second electrode of one of said
      first and second amplifier elements and a voltage supply,
PA2  first bias means, connected to the third electrodes of said first and
      second amplifier elements, for supplying substantially equal D.C. bias
      voltages to third electrodes thereof, respectively,
PA2  said two input signals being applied to the third electrodes of said first
      and second amplifier elements respectively, and the output signal, which
      is a difference between said input signals, being derived from said first
      load means; and
PA1  second means for obtaining a sum signal of two input signals applied
      thereto, including
PA2  a third and a fourth amplifier element each having a first, a second and a
      third electrode,
PA2  a third and a fourth resistive element, one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      elements, respectively, the other ends of which are connected in common,
PA2  second constant current means connected between the commonly connected
      other ends of the third and fourth resistive elements and ground
      potential,
PA2  capacitive means connected in parallel with said second constant current
      means for grounding the other ends of the third and fourth resistive
      elements for an A.C. signal,
PA2  means for connecting the second electrodes of said third and fourth
      amplifier element in common,
PA2  second load means, having a resistance value which is substantially equal
      to half that of said first load means, connected between the commonly
      connected second electrodes of said third and fourth amplifier elements
      and said voltage supply,
PA2  second bias means, connected to the third electrodes of said third and
      fourth amplifier elements, for supplying substantially equal D.C. bias
      voltages to said third electrodes, thereof, respectively,
PA2  said latter two input signals being applied to said third electrodes of
      said third and fourth amplifier elements and said output signal
      representative of the sum of said latter two input signals being derived
      from said second load means; and
PA1  third bias means, connected to said first and second constant current
      means, for causing each D.C. constant current of said first and second
      constant current source means to be substantially equal to each other,
      whereby the D.C. levels of said output signals of said first and second
      means are substantially equal to each other.
NUM  4.
PAR  4. The circuit of claim 3, further comprising
PA1  third means for obtaining a difference signal of the output signals of said
      first and second means, including
PA2  a fifth and a sixth amplifier element each having a first, a second and a
      third electrode,
PA2  a fifth and a sixth resistive element one of the ends of which are
      connected to the first electrodes of said fifth and sixth amplifier
      elements, respectively, the other ends of which are connected in common,
PA2  third constant current means connected between the commonly connected other
      ends of the fifth and sixth resistive elements and ground potential,
PA2  third load means connected between second electrode of one of said fifth
      and sixth amplifier elements and the voltage supply, and
PA2  means for directly supplying said third electrodes of said fifth and sixth
      amplifier elements with said output signals of said first and second means
      in a D.C. coupling condition, respectively.
NUM  5.
PAR  5. A signal composing circuit for obtaining a plurality of output signals
      which are a function of a plurality of input signals comprising:
PA1  first means for obtaining an output signal which is representative of the
      inversion of an input signal applied thereto, including
PA2  a first and a second amplifier element each having a first, a second and a
      third electrode,
PA2  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      elements respectively, the other ends of said first and second resistive
      elements being connected in common,
PA2  first constant current means connected between the commonly connected other
      ends of the first and second resistive elements and ground potential,
PA2  first load means connected between said second electrode of said first
      amplifier element and a voltage supply, and
PA2  first bias means, connected to the third electrodes of said first and
      second amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof respectively,
PA2  said input signal being applied to said third electrode of the first
      amplifier element, and said output signal being derived from said first
      load means; and
PA1  second means for obtaining a sum signal of two input signals applied
      thereto, including
PA2  a third and a fourth amplifier element each having a first, a second and a
      third electrode,
PA2  a third and a fourth resistive element, one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      elements, respectively, the other ends of which are connected in common,
PA2  second constant current means connected between the commonly connected
      other ends of the third and fourth resistive element and ground potential,
PA2  capacitive means connected in parallel with said second constant current
      means for grounding the other ends of the third and fourth resistive
      elements for an A.C. signal,
PA2  means for connecting the second electrodes of said third and fourth
      amplifier element in common,
PA2  second load means, having a resistance value which is substantially equal
      to half that of said first load means, connected between the commonly
      connected second electrodes of said third and fourth amplifier elements
      and said voltage supply,
PA2  second bias means, connected to the third electrodes of said third and
      fourth amplifier elements, for supplying substantially equal D.C. bias
      voltages to said third electrodes, thereof, respectively,
PA2  said latter two input signals being applied to said third electrodes of
      said third and fourth amplifier elements and said output signal
      representative of the sum of said latter two input signals being derived
      from said second load means; and
PA1  third bias means, connected to said first and second constant current
      means, for causing each D.C. constant current of said first and second
      constant current source means to be substantially equal to each other,
      whereby the D.C. levels of said output signals of said first and second
      means are substantially equal to each other.
NUM  6.
PAR  6. A signal composing circuit for obtaining a plurality of output signals
      which are a function of a plurality of input signals comprising:
PA1  first means for obtaining the inversions of two input signals, respectively
      applied thereto, including
PA2  a first and a second amplifier element each having a first, a second, and a
      third electrode,
PA2  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      elements, respectively, the other ends of said first and second resistive
      elements being connected in common,
PA2  first constant current means connected between the commonly connected other
      ends of the first and second resistive elements and ground potential,
PA2  first load means connected between said second electrode of said first
      amplifier element and a voltage supply,
PA2  second load means, having a resistance value which is substantially equal
      to that of said first load means, connected between said second electrode
      of said second amplifier element and said voltage supply,
PA2  capacitive means, connected in parallel with said first constant current
      means, for grounding the commonly connected other ends of the first and
      fourth resistive elements for an A.C. signal, and
PA2  first bias means, connected to the third electrodes of said first and
      second amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof, respectively,
PA2  said two input signals being applied to said third electrodes of the first
      and second amplifier elements, respectively, and said two output signals
      derived from said first and second load means, respectively; and
PA1  second means for obtaining a sum signal of two input signals applied
      thereto, including
PA2  a third and a fourth amplifier element each having a first, a second and a
      third electrode,
PA2  a third and a fourth resistive element, one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      elements, respectively, the other ends of which are connected in common,
PA2  second constant current means connected between the commonly connected
      other ends of the third and fourth resistive elements and ground
      potential,
PA2  capacitive means, connected in parallel with said second constant current
      means, for grounding the other ends of the third and fourth resistive
      elements for an A.C. signal,
PA2  means for connecting the second electrodes of said third and fourth
      amplifier elements in common,
PA2  third load means, having a resistance value which is substantially equal to
      half that of said first load means, connected between the commonly
      connected second electrodes of said third and fourth amplifier element and
      said voltage supply,
PA2  second bias means, connected to the third electrodes of said third and
      fourth amplifier elements, for supplying substantially equal D.C. bias
      voltages to said third electrodes of said third and fourth amplifier
      elements, respectively,
PA2  said two input signals being applied to the third electrodes of said third
      and fourth amplifier elements and the output signal representative of the
      sum of said latter two input signals being derived from said third load
      means; and
PA1  third bias means, connected to said first and second constant current
      means, for causing each D.C. constant current of said first and second
      constant current source means to be substantially equal to each other,
      whereby the D.C. levels of said output signals of said first and second
      means are substantially equal to each other.
NUM  7.
PAR  7. A signal composing circuit for obtaining a plurality of output signals
      which are a function of a plurality of input signals comprising:
PA1  first means for obtaining two output signals which are representative of
      the inversions of two input signals, respectively, applied thereto,
      including
PA2  a first and a second amplifier element each having a first, a second and a
      third electrode,
PA2  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      elements, the other ends of said first and second resistive elements being
      connected in common,
PA2  first constant current means connected between the commonly connected other
      ends of the first and second resistive elements and ground potential,
PA2  first load means connected between said second electrode of said first
      amplifier element and a voltage supply,
PA2  second load means, having a resistance value which is substantially equal
      to that of said first load means, connected between said second electrode
      of said second amplifier element and said voltage supply,
PA2  capacitive means connected in parallel with said first constant current
      means for grounding the commonly connected ends of the first and second
      resistive elements for an A.C. signal, and
PA2  first bias means, connected to the third electrodes of said first and
      second amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof, respectively,
PA2  said two input signals being applied to said third electrodes of the first
      and second amplifier elements, respectively, and said two output signals
      being derived from said first and second load means, respectively;
PA1  second means for obtaining an output signal which is representative of the
      difference of two input signals applied thereto, including
PA2  a third and a fourth amplifier element each having a first, a second and a
      third electrode,
PA2  a third and a fourth resistive element one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      elements, respectively, the other ends of said third and fourth resistive
      elements being connected in common,
PA2  second constant current means connected between the commonly connected
      other ends of the third and fourth resistive elements and ground
      potential,
PA2  third load means, having a resistance value which is substantially equal to
      that of said first load means, connected between said second electrode of
      one of said third and fourth amplifier elements and said voltage supply,
      and
PA2  second bias means, connected to the third electrodes of said third and
      fourth amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof, respectively,
PA2  said two input signals of the second means being applied to said third
      electrodes of said third and fourth amplifier elements, respectively, and
      the output signal, which is the difference between said two input signals
      of the second means, being derived from said third load means;
PA1  third means for obtaining a sum signal of two input signals applied
      thereto, including
PA2  a fifth and a sixth amplifier element each having a first, a second and a
      third electrode,
PA2  a fifth and a sixth resistive element, one of the ends of which are
      connected to the first electrodes of said fifth and sixth amplifier
      elements, respectively, the other ends of which are connected in common,
PA2  third constant current means connected between the commonly connected other
      ends of the fifth and sixth resistive elements and ground potential,
PA2  capacitive means connected in parallel with said third constant current
      means for grounding the other ends of the fifth and sixth resistive
      elements for an A.C. signal,
PA2  means for connecting the second electrodes of said fifth and sixth
      amplifier elements in common,
PA2  fourth load means, having a resistance value which is substantially equal
      to half that of said first load means, connected between the commonly
      connected second electrodes of said fifth and sixth amplifier elements and
      said voltage supply,
PA2  third bias means, connected to the third electrodes of said fifth and sixth
      amplifier elements, for supplying substantially equal D.C. bias voltages
      to said third electrodes of said fifth and sixth amplifier elements,
      respectively,
PA2  said two input signals of the third means being applied to the third
      electrodes of said fifth and sixth amplifier elements and an output signal
      representative of the sum of said two input signals of the third means
      being derived from said fourth load means; and
PA1  fourth bias means, connected to said first, second and third constant
      current means, for causing each D.C. constant current of said first,
      second and third constant current source means to be substantially equal
      to each other, whereby the D.C. levels of said output signals of said
      first, second and third means are substantially equal to each other.
NUM  8.
PAR  8. A signal composing circuit for obtaining a plurality of output signals
      which are a function of a plurality of input signals comprising:
PA1  first means for obtaining two output signals which are representative of
      the two inversions of two input signals, respectively, applied thereto,
      including
PA2  a first and a second amplifier element each having a first, a second and a
      third electrode,
PA2  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      elements, the other ends of said first and second resistive elements being
      connected in common,
PA2  first constant current means connected between the commonly connected other
      ends of the first and second resistive elements and ground potential,
PA2  first load means connected between said second electrode of said first
      amplifier element and a voltage supply,
PA2  second load means, having a resistance value which is substantially equal
      to that of said first load means, connected between said second electrode
      of said second amplifier element and said voltage supply, and
PA2  first capacitive means connected in parallel with said first constant
      current means for grounding the commonly connected other ends of the first
      and second resistive elements for an A.C. signal;
PA1  second means for obtaining an output signal which is representative of the
      difference of two input signals applied thereto, including
PA2  a third and a fourth amplifier element each having a first, a second and
      third electrode,
PA2  a third and a fourth resistive element one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      elements, respectively, the other ends of said third and fourth resistive
      elements being connected in common,
PA2  second constant current means connected between the commonly connected
      other ends of the third and fourth resistive elements and ground
      potential, and
PA2  third load means, having a resistance value which is substantially equal to
      that of said first load means, connected between said second electrode of
      one of said third and fourth amplifier elements and said voltage supply;
PA1  third means for obtaining a sum signal of two input signals applied
      thereto, including
PA2  a fifth and sixth amplifier element each having a first, a second and a
      third electrode,
PA2  a fifth and a sixth resistive element, one of the ends of which are
      connected to the first electrodes of said fifth and sixth amplifier
      elements, respectively, the other ends of which are connected in common,
PA2  third constant current means connected between the commonly connected the
      other ends of the fifth and sixth resistive elements and ground potential,
PA2  second capacitive means connected in parallel with said third constant
      current means for grounding the other ends of the fifth and sixth
      resistive elements for an A.C. signal,
PA2  means for connecting the second electrodes of said fifth and sixth
      amplifier elements in common,
PA2  fourth load means having a resistance value which is substantially equal to
      half that of said first load means, connected between the commonly
      connected second electrodes of said fifth and sixth amplifier elements and
      said voltage supply;
PA1  first bias means, connected to the third electrodes of said first, second,
      third, fourth, fifth and sixth amplifier elements, for supplying
      substantially equal D.C. bias voltages to third electrodes thereof,
      respectively;
PA1  first input means, connected to the third electrode of said first, third
      and sixth amplifier elements, for supplying a first input signal to the
      third electrodes thereof;
PA1  second input means, connected to the third electrode of said second, fourth
      and fifth amplifier elements, for supplying a second input signal to the
      third electrodes thereof;
PA1  a first output terminal, connected to the second electrode of said first
      amplifier element, for deriving a first output signal which is
      representative of the inversion of said first input signal;
PA1  a second output terminal, connected to the second electrode of said second
      amplifier element, for deriving a second output signal which is
      representative of the inversion of said second input signal;
PA1  a third output terminal, connected to the second electrode of one of said
      third and fourth amplifier elements, for deriving a third output signal
      which is representative of the difference of said first and second input
      signals;
PA1  a fourth output terminal, connected to the commonly connected second
      electrodes of said fifth and sixth amplifier elements, for deriving a
      fourth output signal which is representative of the sum of said first and
      second input signals; and
PA1  second bias means, connected to said first, second and third constant
      current means, for causing each D.C. constant current of said first,
      second and third constant current means to be substantially equal to each
      other, whereby the D.C. levels on said first, second, third and fourth
      output terminals are substantially equal to each other.
NUM  9.
PAR  9. A four-channel matrix sterophonic decoder circuit for obtaining four
      decoded output signals which are a function of two encoded input signals
      comprising:
PA1  a first signal composing circuit stage having
PA2  first means for obtaining first and second output signals which are
      representative of the inversions of said two encoded input signals,
      respectively, applied thereto, including
PA3  a first and a second amplifier element each having a first, a second and
      third electrode,
PA3  a first and a second resistive element one of the ends of which are
      connected to the first electrodes of said first and second amplifier
      elements, the other ends of said first and second resistive elements being
      connected in common,
PA3  first constant current means connected between the commonly connected other
      ends of the first and second resistive elements and ground potential,
PA3  first load means connected between said second electrode of said first
      amplifier element and a voltage supply,
PA3  second load means, having a resistance value which is substantially equal
      to that of said first load means, connected between said second electrode
      of said second amplifier element and said voltage supply,
PA3  first capacitive means, connected in parallel with said first constant
      current means, for grounding the commonly connected other ends of the
      first and second resistive elements for an A.C. signal, and
PA3  first bias means, connected to the third electrodes of said first and
      second amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes thereof respectively,
PA3  said two encoded input signals being applied to said third electrodes of
      the first and second amplifier elements respectively, and said first and
      second output signals of said first means being derived from said first
      and second load means, respectively;
PA2  second means for obtaining an output signal which is representative of the
      difference of said two encoded input signals, respectively, applied
      thereto, including
PA3  a third and a fourth amplifier element each having a first, a second and a
      third electrode,
PA3  a third and a fourth resistive element one of the ends of which are
      connected to the first electrodes of said third and fourth amplifier
      element, the other ends of said third and fourth resistive elements being
      connected in common,
PA3  second constant current means connected between the commonly connected
      other ends of the third and fourth resistive elements and ground
      potential,
PA3  third load means, having a resistance value which is substantially equal to
      that of said first load means, connected between said second electrode of
      said third amplifier element and said voltage supply, and
PA3  second bias means, connected to the third electrodes of said third and
      fourth amplifier elements, for supplying substantially equal D.C. bias
      voltages to the third electrodes, respectively,
PA3  said two encoded input signals being applied to said third electrodes of
      the third and fourth amplifier elements respectively, and said output
      signal of said second means being derived from said third load means,
PA2  third means for obtaining an output signal which is representative of the
      sum of said two encoded input signals, respectively, applied thereto,
      including
PA3  a fifth and a sixth amplifier element each having a first, a second and a
      third electrode,
PA3  a fifth and a sixth resistive element, one of the ends of which are
      connected to the first electrodes of said fifth and sixth amplifier
      elements, respectively, the other ends of which are connected in common,
PA3  third constant current means connected between the commonly connected other
      ends of the fifth and sixth resistive elements and ground potential,
PA3  second capacitive means, connected in parallel with said third constant
      current means, for grounding the other ends of the fifth and sixth
      resistive elements for an A.C. signal,
PA3  means for connecting the second electrodes of said fifth and sixth
      amplifier element in common,
PA3  fourth load means, having a resistance value which is substantially equal
      to half that of said first load means, connected between the commonly
      connected second electrodes of said fifth and sixth amplifier elements and
      voltage supply, and
PA3  third bias means connected to the third electrodes of said fifth and sixth
      amplifier elements, for supplying substantially equal D.C. bias voltages
      to the third electrodes, respectively,
PA3  said two encoded input signals being applied to said third electrodes of
      the fifth and sixth amplifier elements respectively, and said output
      signal of said third means being derived from said fourth load means, and
PA2  fourth bias means, connected to said first, second, and third constant
      current means, for causing each current of said first, second and third
      constant current means to be substantially equal to each other, whereby
      the D.C. levels of said output signals of said first, second and third
      means are substantially equal to each other;
PA1  a variable gain amplifier circuit stage for controlling the amplitude of
      the output signals of said first signal composing circuit, including
PA2  a first, a second, a third and a fourth variable gain amplifier circuit
      each having an input terminal and an output terminal, for controlling the
      amplitude of a signal supplied to its input terminal, the D.C. levels at
      said output terminals of said variable gain amplifier circuits being
      substantially equal to each other,
PA2  means for supplying the input terminal of said first variable gain
      amplifier circuit with the first output signal of said first means,
PA2  means for supplying the input terminal of said second variable gain
      amplifier circuit with the second output signal of said first means,
PA2  means for supplying the input terminal of said third variable gain
      amplifier circuit with the output signal of said third means, and
PA2  means for supplying the input terminal of said fourth variable gain
      amplifier dircuit with the output signal of said second means; and
PA1  a second signal composing circuit stage having
PA2  fourth means for obtaining a first decoded output signal, including
PA3  a seventh and a eighth amplifier element each having a first, a second and
      a third electrode,
PA3  a seventh and a eighth resistive element one of the ends of which are
      connected to the first electrodes of said seventh and eighth amplifier
      elements,
PA3  the other ends of said seventh and eighth resistive elements being
      connected in common,
PA3  fourth constant current means connected between the commonly connected
      other ends of the seventh and eighth resistive elements and ground
      potential, and
PA3  fifth load means connected between said second electrode of said seventh
      amplifier element and said voltage supply,
PA2  fifth means for obtaining a second decoded output signal, including
PA3  a ninth and a 10th amplifier element each having a first, a second and a
      third electrode,
PA3  a ninth and a 10th resistive element one of the ends of which are connected
      to the first electrodes of said ninth and 10th amplifier elements,
PA3  the other ends of said ninth and 10th resistive elements being connected in
      common,
PA3  fifth constant current means connected between the commonly connected other
      ends of the ninth and 10th resistive elements and ground potential,
PA3  third capacitive means, connected in parallel with said fifth constant
      current means, for grounding the other ends of the ninth and 10th
      resistive elements for an A.C. signal,
PA3  means for connecting the second electrodes of said ninth and 10th amplifier
      elements in common, and
PA3  sixth load means, having a resistance value which is substantially equal to
      half that of said fifth load means, connected between the commonly
      connected second electrodes of said ninth and 10th amplifier elements and
      said voltage supply,
PA2  sixth means for obtaining a third decoded output signal, including
PA3  an 11th and a 12th amplifier element each having a first, a second and
      third electrode,
PA3  an 11th and a 12th resistive element one of the ends of which are connected
      to the first electrodes of said 11th and 12th amplifier elements, the
      other ends of said 11th and 12th resistive elements being connected in
      common,
PA3  sixth constant current means connected between said commonly connected the
      other ends of the 11th and 12th resistive elements and ground potential
      and
PA3  seventh load means having a resistance value which is substantially equal
      to that of said fifth load means, connected between the second electrode
      of said 12th amplifier element and said voltage supply,
PA2  seventh means for obtaining a four decoded output signal, including
PA3  a 13th and a 14th amplifier element each having a first, a second and a
      third electrode,
PA3  a 13th and a 14th resistive element one of the ends of which are connected
      to the first electrodes of said 13th and 14th amplifier elements, the
      other ends of said 13th and 14th resistive elements being connected in
      common,
PA3  seventh constant current means connected between the commonly connected the
      other ends of the 13th and 14th resistive elements and ground potential,
      and
PA3  eighth load means, having a resistance value which is substantially equal
      to that of said fifth load means, connected between the second electrode
      of said 13th amplifier element and said voltage supply;
PA2  means for connecting the output terminal of said first variable gain
      amplifier circuit to the third electrodes of said 10th and 11th amplifier
      elements;
PA2  means for connecting the output terminal of said second variable gain
      amplifier circuit to the third electrodes of said seventh and 14th
      amplifier elements;
PA2  means for connecting the output terminal of said second variable gain
      amplifier circuit to the third electrodes of said seventh and 14th
      amplifier elements; and
PA2  means for connecting the output terminal of said third variable gain
      amplifier circuit to the third electrodes of said 12th and 13th amplifier
      elements; and
PA2  means for connecting the output terminal of said fourth variable gain
      amplifier circuit to said third electrodes of said eighth and ninth
      amplifier elements,
PA2  fifth bias means, connected to said fourth, fifth, sixth and seventh
      constant current means, for causing each current of said fourth, fifth,
      sixth and seventh constant current means to be substantially equal to each
      other, whereby the D.C. levels of said four decoded output signals are
      substantially equal to each other.
NUM  10.
PAR  10. The circuit of claim 9, wherein said fourth and fifth bias means
      comprise a single bias circuit for commonly applying said first, second,
      third, fourth, fifth, sixth and seventh constant current means with an
      operating voltage, respectively.
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ABST
PAL  A pitch analyzer is described which extracts, on a real-time or pipeline
       is, the pitch information from a speech signal. The analyzer converts the
      speech signal to a digital signal, shifts it into a delay line tapped at
      logarithmic intervals and constructs a measure of merit for each of many
      possible pitch periods. These measures are periodically transferred to a
      processor which combines them in a prescribed manner with previous
      information to select the one most-likely current value of pitch.
      Provision is also made, when the application warrants it, to select the
      best pitch value, with a delay of several frames, based on current
      information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the field of communications, and more
      specifically to the processing of analog speech signals to extract pitch
      information therefrom.
PAR  The problem of deriving pitch information from a speech signal occurs in
      nearly all aspects of speech processing, particularly in the vocoder or
      linear predictive coding area, where one must, after deriving an
      instantaneous model of the vocal tract, provide a suitable excitation, or
      fundamental tone, to that model in order to reconstruct the speech.
      Devices have been developed over the past several years to accomplish this
      purpose, but all have disadvantages which are solved by this invention.
      Devices which analyze a signal by first stepping the signal into a shift
      register tapped at regular intervals have significantly reduced accuracy
      as the pitch period decreases, and they require significantly increased
      processing time because of unnecessary accuracy at longer pitch periods.
      Other devices have attempted to derive pitch by locating
      regularly-occurring peaks in the speech signal. These devices are
      ineffective if the signal contains significant amounts of noise. Many
      pitch tracking processes either require extensive amounts of logic and
      computation (such as Fourier transforms) or require several passes through
      the speech signal, thereby prohibiting implementation in real time. It
      would be desirable to have a pitch analyzer which would overcome these
      disadvantages, and it is to this end that this invention is directed.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is well known that the excitation in voiced speech is only
      quasi-periodic, so it is difficult to measure pitch periods precisely.
      However, for most applications, neither the exact times of occurance of
      glottal pulses nor the exact intervals between them are required. This
      apparatus does not attempt to measure the exact pitch period, but rather
      derives a pitch "trajectory" of maximum likelihood such that, if the
      trajectory were used to excite a vocoder or linear predictive coder, a
      listener would consider the reconstructed speech to be closely similar to
      the original. This is accomplished by converting the analog speech signal
      to a digital signal, introducing the digital signal into a delay line,
      tapping the signal at logarithmic intervals, comparing these tapped
      signals with other portions of the signal to obtain a measure of
      likelihood of a number of possible pitch periods according to a
      predetermined rule, and evaluating these measures in the light of past
      history to select the single best pitch period.
PAR  Accordingly, it is an object of this invention to provide an apparatus for
      deriving pitch information from a speech signal.
PAR  It is also an object to provide a pitch analyzer which has a uniform
      accuracy, or resolution, for all pitch periods.
PAR  It is a further object to provide a pitch analyzer which will operate
      reliably despite a noisy signal.
PAR  It is still a further object to provide a pitch analyzer which will operate
      in real time without significant processing delays.
PAR  It is a further object to provide a pitch analyzer which may be built
      cheaply with readily available hardware.
PAR  A pitch analyzer having these and other desirable characteristics might
      include a source of data bits carrying information about the amplitude
      curve of a speech signal to be analyzed, a delay line adapted to receive
      the data bits and including the necessary means for extracting certain of
      the data bits at logarithmic intervals along the delay line; and a
      processor for receiving the extracted data bits and producing an
      electrical signal representative of the amplitude period of the speech
      signal.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a block diagram of a pitch analyzer embodying the invention;
PAR  FIG. 2 is a more detailed block diagram of the accumulators of FIG. 1;
PAR  FIG. 3 is a graphical representation of one point of the curve
      reconstructed by the selection process;
PAR  FIG. 4 is a graphical representation of several points of the curve
      reconstructed by the selection process after the left-to-right pass of the
      processor;
PAR  FIG. 5 is a block diagram of a switching circuit for use in the processor
      of FIG. 1;
PAR  FIG. 6 is a block diagram of the phase 1 connection of the processor of
      FIG. 1;
PAR  FIG. 7 is a block diagram of the phase 2 connection of the processor of
      FIG. 1;
PAR  FIG. 8 is a block diagram of the phase 3 connection of the processor of
      FIG. 1;
PAR  FIG. 9 is a block diagram of the phase 4 connection of the processor of
      FIG. 1; and
PAR  FIG. 10 is a flow chart of part of phases 3 and 4 of the process for
      selecting the best pitch value, which could be used in a programmable
      implementation of the processor of FIG. 1.
DETD
PAC  THEORY OF OPERATION
PAR  A pitch analyzer having the desirable qualities listed above may be
      constructed to operate on an analog speech signal in substantially the
      following manner. The speech signal is converted into a digitized
      electrical representation suitable for storage and manipulation. A series
      of values is derived from this digitized signal. Each such value
      associates with one of a preselected set of pitch period "candidates" a
      rough estimate of the likelihood of that candidate as the current value
      for the pitch period. These signals are sampled periodically, for example
      once every 10 milliseconds (a "frame"), and transferred to a processor for
      selection of a best value. In the example to be described in detail below,
      the function A(t, i) represents these sampled signals and is a measure of
      the "unlikelihood" for the various pitch period candidates, .tau..sub.i.
      Thus, A(t, i) would be small when .tau..sub.i (t) is likely and large when
      .tau..sub.i (t) is unlikely. While a seemingly simple solution is to
      choose for each .tau. the value .tau..sub.i which minimizes the function
      A(t,i), this approach fails an unacceptable proportion of the time for
      "clean" speech and falls apart completely for noisy speech. The approach
      employed in this invention is to consider a sequence of periods
      .tau..sub.i.sbsb.1 , .tau..sub.i.sbsb.2 , . . . . .tau..sub.i.sbsb.t  for
      each frame, such that
PA1  a. A(j,i.sub. j) is small, and
PA1  b. .tau..sub.i.sbsb.t does not differ radically from .tau..sub.i.sbsb.t
      .sbsb.1.
PAL  This second requirement is based upon a known characteristic of pitch,
      i.e., that pitch does not commonly vary radically in a short time
      interval. To evaluate the relative measures of several such sequences, one
      may assign a "score" or "cost" to any such sequence as follows:
      ##EQU1##
      where f.sub.t (i.sub.j, i.sub.j.sub.-1) is small when i.sub.j and
      i.sub.j.sub.-1 are close, and large when they are far apart. A(t, i) may
      be thought of as the intrinsic "cost" of choosing .tau..sub.1 at time t,
      and f.sub.t (i.sub.j, i.sub.j.sub.-1) may be considered the cost of
      changing from pitch .tau..sub.i at time j-1 to 96.sub.i at time j. Thus
      the cost of a sequence of successive pitch values is the total of their
      intrinsic costs plus the sum of the transition costs. It has been
      determined that useful results are obtained with the following functions:
EQU  A(t, i) = AMDF function (more fully defined below)
EQU  f.sub.t (i.sub.j, i.sub.j.sub.-1) = .alpha..sub.t .vertline.log
      (.tau..sub.j /.tau..sub.j.sub.-1) .vertline.
PAL  where .alpha. is a slowly varying scalar value which may be thought of as
      the "inertia" of the pitch tracker. Rules for proper selection of the
      value .alpha. are found hereinbelow.
PAR  In the preferred embodiment, 30 candidates for pitch period are selected
      for each frame of speech. The value "30" may be changed over a broad range
      for varying applications, the value being determined principally by the
      degree of accuracy desired. At a sampling rate of 0.125 msec per sample
      and 80 samples per frame, 5 seconds of speech contains 500 frames and thus
      30.sup.500 possible sequences of pitch values. Obviously, the time and
      speed necessary to evaluate the cost of each such sequence at a feasible
      rate is beyond the limits even of computers, but a process, utilizing the
      concepts of dynamic programming, has been developed to perform the
      evaluation in an efficient manner. The work required per frame is a linear
      function of the number of pitch candidates, and the incremental cost from
      frame to frame is constant. To accomplish this, one computes, for each
      frame t, two arrays, defined as follows:
PA1   W.sub.t (i) = the cost of the cheapest sequence of pitch  values that end
      with .tau..sub.i at time t.
PA1   P.sub.t (i) = the index of the immediately preceeding pitch  period in the
      cheapest sequence just referred to.
PAL  W.sub.t (i), to be referred to as the "winner function", needs only to be
      kept current, while the "pointer vectors" P.sub.t (i) need to be saved for
      the number of frames for which the pitch decision is to be delayed. These
      functions are easily computed recursively as follows:
EQU  W.sub.1 (i) = A (1, i)
      ##EQU2##
      P.sub.t.sub.+1 (i) = value of j which minimizes the above expression.
      Having computed W.sub.t (i) one can see that the best, or optimum, choice
      of pitch period for the current frame is that .tau..sub.i for which
      W.sub.t (i) is minimum. Further, the best choice for the preceeding frames
      are the periods corresponding to P.sub.t (i), P.sub.t.sub.-1 [P.sub.t
      (i)], P.sub.t.sub.-2 {P.sub.t.sub.-1 [P.sub.t (i)]}, etc. In practice, the
      function W.sub.t (i) is diminished by its minimum value prior to the
      computation of W.sub.t.sub.+1 (i) to prevent its growing out of bounds.
PAR  While it would appear that the computational work of formula (1) above is
      proportional to the square of the number of pitch candidates, an
      implementation has been developed in which the work is a linear function
      of the number of pitch candidates.
PAR  First, by choosing logarithmic tapping to select the .tau.-values, a given
      increment or decrement in the index, i, of the .tau.-value always
      corresponds to the same chromatic interval. Therefore, the function
      f.sub.t (i, j) of formula (1) becomes trivial to evaluate because:
EQU  f.sub.t (i,j) = .alpha..sub.t .vertline.log (.tau..sub.i
      /.tau..sub.j).vertline.= .alpha..sub.t .vertline.i-j.vertline.,
PAL  and the equation (1) becomes
      ##EQU3##
PAR  The function A(t, i), to be called the Absolute Magnitude Difference
      Function; or AMDF, measures the dissimilarity, over the recent past, of
      the speech signal to itself at offset .tau..sub.i. Small values of A(t,i)
      constitute a "vote" for .tau..sub.i as the correct pitch period. If s(t)
      is the conditioned speech signal, the AMDF is the attenuated sum, over the
      recent past, of .vertline.s(t) - s(t-.tau..sub.i).vertline.. In this
      embodiment, 30 values of .tau. selected at logarithmic intervals are used,
      and these absolute differences are accumulated, every fourth sample, with
      a decay rate of 31/32 per four samples, and examined once per frame.
PAR  Concentrating on the second summand of the equation (2) above, the
      "intermediate winner function", W(i) is defined:
      ##EQU4##
      The value .alpha. may be visualized as the slope (plus and minus) of a
      pair of rays emanating from a point at height W (j) at x = j on an x-y
      coordinate system as shown in FIG. 3, which represents W.sub.t (j) +
      .alpha. .vertline.i-j.vertline. for a fixed value of j. As .alpha. is made
      large, the slope increases, and conversely, as .alpha. is made smaller the
      slope similarly decreases. For best results, it is desired that .alpha. be
      large when following the trajectory of slowly changing pitch and when more
      reliance is to be put on the previous AMDF's than on the current one. The
      value .alpha. should be small for the capability to follow rapid pitch
      changes and when greater reliance may be placed on the current AMDF. In
      practice it has been found that .alpha. should be proportional to the
      minimum value, m, of A(t+1, i), the proportion varying with the particular
      .tau.-values chosen. In this embodiment .alpha. = (2/5)m has been found to
      give excellent results, but values of .alpha. between m/2 and m/4 were
      found to be satisfactory. In these latter cases, the actual arithmetic
      division could be replaced by a simple shift. In general, .alpha. =
      4m/(number of .tau.-values per octave) gives good results. Results may be
      further improved by preventing great fluctuations in .alpha.. This may be
      done by reinitializing .alpha. to the above selected value at each onset
      of voicing and subsequently accumulating the new value with some decay
      rate, for example, 7/8, per frame during voiced intervals.
PAR  The actual calculation for the intermediate winner function takes advantage
      of the precursive linear nature of the function
EQU  W.sub.t (j) + .alpha..sub.t .vertline.x-j.vertline..
PAL  If we define
      ##EQU5##
      then
      ##EQU6##
PAR  The above minimizations are accomplished as follows: referring to FIG. 4,
      the analyzer operates by starting at x=1 and following the ray W.sub.t (1)
      + .alpha. .vertline.x-1.vertline., by incrementing x, until it exceeds
      W.sub.t (x) at, for example, x=j. Then, W.sub.t (j) + .alpha.
      .vertline.x-j .vertline. is followed until it becomes greater than W.sub.t
      (x). The process is contined, always following a ray until it becomes
      greater than W.sub.t (x) and then picking up the ray emanating from that
      point. During this process it is necessary to record
PAR  W.sub.1 (x) = value of ray currently being followed
PAR  Q.sub.1 (x) = number (or source point) of current ray. It may be noted from
      FIG. 4 that "following" a ray means simply incrementing the base value by
      the amount .alpha. each time x is incremented by one.
PAR  W.sub.t (x) and P.sub.t (x) may be computed in a similar manner by starting
      at the right and following the left-pointing rays, W.sub.1 (x) +
      .alpha..sub.t .vertline.x-j .vertline., decrementing x and choosing
      P.sub.t (x) = Q.sub.1 (j) where j is the base of the "winning" ray at x.
PAR  Adding the computed vector W.sub.t of 30 values to the next series of 30
      AMDF values gives the 30 values for W.sub.t.sub.+1 of the equation (2).
      The minimum of these values indicates the best choice among the 30
      .tau.-values provided the choice is made without processing delay. An
      additional advantage is realized, however, when that choice is delayed
      some number of frames, for example 3. Then, the advantages of hindsight
      may be utilized to determine a best estimate based on the data which
      follows, as well as on that which came before. The pointer vector P is
      used to this end, with the necessity of storing all computed P vectors
      from the present back to the frame in which the delayed decision is made.
      That is, when the present best choice for zero delay is determined as
      above, that choice is traced back thru the pointers for 3 frames, and the
      .tau.-values for pitch period is selected based on the knowledge obtained
      from the additional analysis of the 3 succeeding frames.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows, in block diagram form, a pitch analyzer having the desirable
      qualities described herein above, resulting from the invention. An analog
      speech signal serves as the input to the apparatus. This input may be in
      the form of speech spoken directly into a microphone 20 or from a
      prerecorded source 21 such as a tape recorder. The analog electrical
      signal is fed thru a low pass filter 22 matched to the proposed sampling
      rate, an analog-to-digital converter (ADC) 25 and into a delay line 26.
      The analog-to-digital converter 25 should provide approximately 7 bits
      plus sign at a recommended sampling rate of 8,000 samples per second.
      Higher or lower rates may be used if greater or less pitch resolution is
      required.
PAR  The delay line 26 consists of a number of stages, each of which holds one
      sample (7 bits plus sign) from the ADC 25. The length of the delay line
      i.e., the number of stages, must be sufficient to hold a sample of speech
      whose length is greater than the greatest anticipated pitch period. In the
      preferred embodiment, a 148 stage delay line is used. The samples are
      sequentially shifted from left to right as a new sample enters the
      left-most stage. Thus, the 148th stage holds the value of the sample which
      entered the register 148 steps ago. In addition, certain of the stages can
      be read on a given signal applied to the gates 35a - 35n and 37, and
      transmitted to the adders 36a - 36n. The output of each of the adders 36a
      - 36n is passed through a device 40 which provides on its output the
      absolute value of the input. This value for each of the signals is
      accumulated in a "forgetful" accumulator 41, to be more fully explained
      herein below, with that output periodically sampled and held in a storage
      device 42. The components 35, 36, 37, 40 and 41 may operate at the
      sampling rate of the ADC 25, but acceptable resolution can be obtained at
      lesser rates which are a reciprocal of some integer (eg, 1/2, 1/3, 1/4,
      etc.) times the ADC sampling rate. In the preferred embodiment, these
      components sample every fourth step, or at a rate of 2,000 samples per
      second. Periodically, for example every 10 msec, the values in storage
      device 42, which are the AMDF values defined previously, are transferred
      to a processor 45 which selects the best pitch value according to a
      predetermined rule and provides it to an output terminal 46.
PAR  In the preferred embodiment, the delay line 26 is composed of 148 delay
      stages. The stepping rate of the delay line 26 is the same as the sampling
      rate of the ADC 25, or 8,000 steps per second. It thus takes 148 .times.
      0.125 msec or 18.5 msec for a given sample to propagate through the delay
      line 26.
PAR  For effective operation it has been determined that the signal in the delay
      line 26 need be transferred to the adders 36a-36n no more often than once
      every four samples (i.e., 4 .times. 0.125 msec), and the contents of the
      storage device 42 (i.e., the AMDF function) need be transferred to the
      processor 45 no more often than once every eighty samples (i.e., 80
      .times. 0.125 msec or once per frame). This embodiment is so structured.
PAR  A considerable savings in circuitry and processing time may be realized by
      properly choosing the intervals, or numbers of stages, between taps of the
      delay line 26. Tapping every stage gives greater accuracy which is
      desirable for short pitch periods but is of little value for longer pitch
      periods, and greatly increases processing time. Tapping at greater
      intervals works well for longer pitch periods and significantly reduces
      processing time, but is inadequate for short pitch periods. The solution
      is to space the taps in a substantially logarithmic manner, with short
      intervals between taps at low periods and increasingly greater intervals
      between taps at higher periods. This provides uniform resolution for all
      pitch periods throughout the speech frequency spectrum. For this
      embodiment having 148 stages, tapping the following stages was found to
      work well:
     20  21    22    24  26    28    30    32    34    37                      
     40  43    46    49  52    56    60    64    69    74                      
     79  85    91    98  105   112   120   129   138   148                     
PAL  with .tau.=20 representing 400Hz and .tau.=148 representing 54Hz. Stage "1"
      is the left-most stage of the delay line 26, and stage "148" is the
      right-most stage.
PAR  After each fourth step, the gate 35 is opened to allow the value stored in
      that column of the delay line to enter the adder 36. Simultaneously, the
      gate 37 is opened, allowing the value indicating the magnitude of the
      current signal to enter the adder 36. These values are subtracted and the
      sign is removed at 40, leaving the absolute value of the difference. This
      value is summed in a "forgetful" accumulator 41, and the sum is
      temporarily stored in a stage of the storage device 42.
PAR  The forgetful accumulator 41 is shown in greater detail in FIG. 2. An adder
      50 computes the sum of the absolute value of the difference from adder 36,
      applied to input terminal 53, and the value from a multiplier 51. This sum
      from the adder 50 is stored in a delay stage 52 and in a stage of the
      storage device 42, connected to the accumulator 41 through the output
      terminal 54. The value in the stage 52 is then multiplied by a constant
      value .beta. at 51, and this is fed back into the adder 50. The
      accumulator "forgets" because the constant .beta. is slightly less than
      unity, for example, 31/32. Hence, the value from the multiplier 51 is a
      function of the previous sums from the adder 50, but with each cycle the
      effect of the previous cycles is slightly diminished.
PAR  An apparatus for performing the operation of the processor 45 is shown in
      block diagram form in FIGS. 6, 7, 8 and 9. To simplify these diagrams
      somewhat, a logic circuit 102 is defined as shown in FIG. 5. It is a
      4-input/2-output switching circuit which compares the inputs "b.sub.1 "
      and "b.sub.2 " and provides at output "b" the lesser of the two input
      values. The input "a.sub.1 " or "a.sub.2 " is switched to output "a"
      according to the rule: a = a.sub.1 if b = b.sub.1 ; a = a.sub.2 if b =
      b.sub.2. No detailed description of this switch is provided as its design
      is easily within the abilities of one skilled in the art.
PAR  The processing of one 30-long sample of AMDF's may be accomplished in four
      phases consisting of 30 steps each, the first of which is shown in FIG. 6.
      A delay line 105 consisting of 30 stages, has an input provided at
      terminal 106 from the storage device 42 (FIG. 1) and an output to an adder
      107. The adder 107 is connected to the "b.sub.1 " input of a switching
      circuit 110 and also to a delay line 111 consisting of 30 stages. A second
      input to the adder 107 comes from delay line 111. The b output of circuit
      110 is connected to a delay stage 115, which provides the b.sub.2 input of
      the circuit 110. A delay stage 112 receives data from the a output of the
      circuit 110 and provides data to the a.sub.2 input of the circuit 110. The
      a.sub.1 input comes from a "count down" counter 116.
PAR  FIG. 7 illustrates a diagram of phase two of the apparatus. It, and the
      diagrams of FIGS. 8 and 9 do not represent a different apparatus from that
      of FIG. 6, they merely represent different configurations of the same
      apparatus, with those registers which are inactive during a phase being
      omitted from the figure. This change is configuration may be accomplished
      by simple switching circuits operated between phases. In FIG. 7, a delay
      line 120 of 30 stages provides the b.sub.1 input to a circuit 121 and to
      itself. The b output of the circuit 121 is connected to a delay stage 122
      which is connected to the b.sub.2 input of the circuit 121. A storage
      element 125 provides the "-" input to an adder 126, whose output is
      connected to a delay line 127 of 30 stages. The "+" input to the adder 126
      comes from the output of the delay line 127. A "count down" counter 130 is
      connected to the "c" input of a switch 131 and also to the input of a
      delay line 132 of 30 stages. The delay line 132 is connected to a delay
      line 135 of 30 stages and to the b input of the switch 131. The "d" output
      of the switch is connected to a delay stage 136, which is connected to the
      a input of switch 131.
PAR  The third phase of the processor operation is illustrated in FIG. 8. The
      a.sub.1 and a.sub.2 inputs of a circuit 160 come from a delay line 161 and
      a delay stage 162 respectively. The a output of the circuit 160 is
      connected both to the stage 162 and the delay line 161. The contents of a
      storage element 165 and a delay stage 166 are summed by an adder 167, with
      that sum provided to the b.sub.2 input of circuit 160. The b output is
      connected to a delay line 170 and the stage 166. The delay line 170
      provides the b.sub.1 input to circuit 160. Three delay lines 171, 172, and
      175 are connected in series, with delay line 171 connected to delay line
      172, delay line 172 connected to delay line 175 and delay line 175
      connected to delay line 171. Delay line 175 additionally provides the b
      input to a switch 176. A count down counter 177 is connected to the c
      input of switch 176 and a delay stage 180 is connected to the a input of
      switch 176. The d output of the switch 176 is connected to the stage 180.
PAR  FIG. 9 shows the phase four configuration of the processor apparatus. A
      storage element 137 and a delay stage 140 are connected to an adder 141,
      with the output provided to the b.sub.2 input of a circuit 142. The b
      output of the circuit 142 is connected to the delay stage 140 and to a
      delay line 145. The delay line 145 provides the b.sub.1 input to circuit
      142. The a output of the circuit 142 is connected to a delay stage 146 and
      to a delay line 147, which provide the a.sub.2 and a.sub.1 inputs,
      respectively, of the circuit 142. The a, c, and b inputs, respectively, of
      a switch 150 are received from a delay stage 151, a count down counter 152
      and a delay line 155. The d output of switch 150 is connected to stage
      151. Delay lines 155, 156, and 157 are connected in series, with delay
      line 155 connected to delay line 156, delay line 156 connected to delay
      line 157, and delay line 157 connected to delay line 155.
PAR  By continuing to assume the sampling rates and bit lengths given
      previously, operable dimensions for the various delay lines and stages and
      the counters may be determined. The R1 delay line identified by the
      numeral 105 in FIG. 6 and by the numeral 120 in FIG. 7, must be large
      enough to hold the AMDF values generated by the apparatus of FIG. 1. A
      delay line 30 bits long by 12 bits will suffice. The delay line R2,
      designated 111 in FIG. 6, 127 in FIG. 7, 170 in FIG. 8 and 145 in FIG. 9
      may be 30 bits long by 16 bits. The delay line R3, R4, R5, and R6 must be
      large enough to hold the generated pointer vectors; 30 bits long by 5 bits
      is acceptable. The delay stages designated I and J may be 1 by 5 bits and
      the stages designated A, M, and Z may each be 1 by 16 bits. The count down
      counters must generate the numbers 30 through 1, in that order. The delay
      lines R2 and R3 must be capable of shifting either from right to left or
      from left to right with appropriate switching.
PAR  Prior to the beginning of phase one operation, as illustrated by FIG. 6, a
      number of delay lines and stages must be preset. The count down counter
      116 is preset to 30, the number of AMDF values to be evaluated per frame.
      The counter operates by decrementing its contents by one on each applied
      clock pulse. The stage 115, which after processing will contain the value
      of the minimum AMDF value, should be preset to the maximum value possible.
      Prior to processing of the first set of AMDF values, the contents of stage
      112, delay line 105 and delay line 111 may be preset to 0. Thereafter,
      they will retain the contents held as a result of the completion of phase
      four as illustrated in FIG. 9 and described more fully herein below. The
      value J held in stage 112 will be the pitch index of the frame just
      evaluated and transmitted to output terminal 46 of FIG. 1. The value held
      in the R1 delay line 105 will be the AMDF values for the frame just
      evaluated, and the value in the R2 delay line 111 will be the intermediate
      winner function (IWF) for the preceeding frame. Phase one consists of a
      30-step operation. The previous AMDF values are added to the IWF to
      produce the new winner function (WF) which is stored in the delay line
      111. On each step, the just-generated component of the winner function is
      compared with the value stored in the stage 115, and the lesser of the two
      is stored in stage 115. At the end of the 30-step pass, stage 115 will
      contain the smallest of the WF components. Simultaneously, the stage 112
      will sequentially store the location of the smallest WF component. While
      the old AMDF values are being fed from the R1 delay line to the adder 107,
      the R1 delay line is simultaneously filled with the 30 new AMDF values
      from the delay line 42 of FIG. 1.
PAR  Prior to initiating phase two, a preset step is necessary. The Z stage 122
      must be preset with its maximum possible value and the J stage 136 must be
      preset with the value stored in stage 112 after the completion of phase
      one. The count down counter 130 must be preset with the value 30. On the
      initial pass, the contents of the delay line 132 and 135 are not relevant;
      thereafter, the R3 delay line 132 will contain the consecutive values 1
      through 30 from counter 130, and the R4 delay line 135 will contain the
      previous contents of the R3 delay line 132. As in phase one, phase two
      consists of a single 30-step pass. During that pass, each component of the
      AMDF values stored in the R1 delay line 120 is compared by means of the
      circuit 121 with the current minimum value stored in the stage 122, with
      the lesser of the two values then stored at 122. At the end of the pass,
      the stage 122 will hold the smallest of the AMDF values. Simultaneously,
      the adder 126 subtracts the minimum of the AMDF values, stored in stage
      125, from each of the WF components, stored in the R2 delay line 127, and
      reinserts the diminished WF in R2. At the same time, the count down
      counter 130 places the values 30, 29, 28, . . . 1 into the R3 delay line
      132 as the contents of the R3 delay line are shifted into the R4 delay
      line 135.
PAR  The switch "S", identified by the numeral 131 in FIG. 7, 176 in FIG. 8 and
      150 in FIG. 9, is a 3-input/1-output logic circuit which, if enabled:
      compares the values on inputs a and c and provides, as output d, the value
      on input a if a .noteq. c, or the value on input b if a = c. The switch is
      automatically disabled once the a = c condition is reached. If a delay
      greater than one frame is desired for choosing the pitch index, the switch
      131 will be enabled at the beginning of this pass, thereby storing in the
      stage 136 the pointer index P.sub.t (i) for the immediately preceeding
      pitch period.
PAR  Prior to the phase three operation, a preset step requires the setting of
      the stage 166 to its maximum possible value, the setting of the stage 162
      to 30 and the setting of the stage 165 to the updated ".alpha." as
      computed from delay line 122 according to the rule set forth previously.
      The "count down" counter 177 will be preset to 30.
PAR  The operation of phase three, which completes the "left-to-right" process
      described previously, is accomplished in a 30-step pass. Each component of
      the winner function stored in delay line 170 is compared with the sum of
      the ".alpha." value stored in stage 165 and the value stored in stage 166.
      The lesser of the two are passed by the b output of circuit 160 and stored
      in stage 166 and in the first stage of the delay line 170 as the contents
      of that delay line shift from right to left. In a concurrent operation,
      the index identifying the source of that least value stored in stage 166
      is stored in the I stage 162 when selected by the circuit 160 from the
      contents of the I stage and the R3 delay line 161. If the pitch period
      selection is to be delayed more than two frames, the switch 176 is enabled
      to compare the value stored in the J stage 180 with the value in the
      counter 177. So long as the values are not equal, the value in the J stage
      remains unchanged; once the two values are equal, the value on the b input
      from register 175 is stored in the J stage 180 and the switch 176 is
      disabled. At this point, the value held in the J stage 180 is the pointer
      index traced back two frames. During this operation, the contents of the
      R6 delay line 175 are transferred to the R4 delay line 171, the contents
      of the R4 delay line are transferred to the R5 delay line 172 and the
      contents of the R5 delay line are transferred to the R6 delay line.
PAR  The fourth phase of the operation, shown in FIG. 9, begins after the
      presetting of the count down counter 152 to 30. This phase performs the
      right-to-left process described earlier and, if the choice of pitch period
      is to be delayed more than 3 frames, traces the pitch index back one more
      frame if the circuit 150 is enabled. By stepping the apparatus 30 times,
      the circuit 142 compares each component of the vector stored in the R2
      delay line 145 (shifted from left to right) with the sum of the .alpha.
      value stored in stage 137 and the value stored in stage 140. The lesser of
      these two values is sequentially stored in the stage 140 and shifted into
      the delay line 145. Simultaneously, the circuit 142 keeps in the I stage
      146 the value which came from the R3 delay line 147 the last time that the
      signal on the b.sub.1 input of circuit 142 was shifted into stage 146. The
      value in the I stage 146 is also shifted into the R3 delay line 147. If
      the pitch period decision is to be delayed three or more frames the
      enabled switch 150 compares the a and c inputs, leaving the value stored
      in stage 151 unchanged until that value and the value in the counter 152
      compare. Upon that occurrence, the value on the b input is stored in stage
      151 and the switch 150 is disabled. Concurrently, the values stored in the
      R6 delay line 155 are transferred to the R4 delay line 156, the contents
      of the R4 delay line are transferred to the R5 delay line 157, and the
      contents of the R5 delay line are transferred to the R6 delay line. Upon
      completion of phase four, the analysis of one frame of speech has been
      completed and the apparatus is ready to be returned to the phase one state
      for analysis of additional frames of speech.
PAR  The operations during phases 3 and 4 of the delay lines R2 and R3, and the
      various components they access, is described in a flow chart depicting a
      means for computer implementation in FIG. 10. The process begins at 76
      with the W vector representing the contents of the R2 delay line 170 at
      the beginning of phase 3, and the value .alpha. representing the contents
      of the storage element 165 at the beginning of phase 3. At 77, an
      initialization occurs in which the first component of the pointer vector P
      (1) and a temporary comparison variable P are given the integer value 1. A
      variable I is initialized to 1 to provide a counting indicator, and a
      comparison variable W is given the value of the first component of W. At
      80 the counter value I is incremented. A decision occurs at 81; when the
      counter is greater than 30, phase 3 is completed and the processor shifts
      to 90 to begin phase 4. If the counter I is not greater than 30, W is
      replaced with the value of W +0 .alpha. at 82. A decision then occurs at
      85 to determine whether the pitch trajectory value, W, is greater than or
      less than the computed value W(I). If the trajectory value is less, at 86
      the old W(I) is replaced with the pitch trajectory W. The pointer P(I)
      corresponding to W(I) is replaced with P. Conversely, if W is greater than
      W(I), at 87 W is replaced with W(I) and P and P(I) are replaced with the
      value I. Regardless of whether W is greater than or less than W(I), after
      the proper value substitutions at 86 or 87 the processor returns to 80 for
      incrementing of the counter I and continuation of the analysis.
PAR  Once the process has analyzed the old winner function from left to right as
      described, a similar analysis for phase 4 is performed from right to left
      beginning at 90. There, the counter I is initialized with the value 30. In
      the computer implementation, a saving could be realized by initializing
      the counter I with the value P. This has the effect of immediately
      beginning the analysis at the left-most point of the right-pointing ray
      ending at i = 30. This provides a substantial increase in processor speed
      by eliminating the need to compare the values along the right-pointing
      rays which have already been analyzed. Also at 90, W is replaced with
      W(I). At 91, the counter I is reduced by 1, and the result is compared
      with the value 1 at 92. If I is less than 1, the analysis has gone full
      circle from W(1) to W(30) and back to W(1). The resulting W vector at 95
      is ready to be added to the new AMDF values at adder 61 for processing of
      the next frame of speech. If I is not less than 1, there are more W values
      to be processed. W is replaced by W + .alpha. at 96, and at 97 the new W
      is compared with W (I). If W is less than W (I), W(I) is replaced with W
      and P(I) is replaced by P at 100. If W is not less than W(I), then P is
      replaced by P(I) and W is replaced by W(I) at 101. In the computer
      implementation a further saving can be realized by also replacing I by
      P(I) at 101. In either case 100 or 101, the processor returns to 91 and
      continues.
PAR  For purposes of this description, a specific bit length was assumed for the
      various counters and delay lines so that the examples given previously
      could remain consistent. It is to be understood that the sampling rates,
      number of samples, and bit lengths may all be changed by one skilled in
      the art to meet varying requirements without departing from the scope and
      intent of this invention.
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STM  I claim:
NUM  1.
PAR  1. A pitch analyzer, comprising:
PA1  means for digitizing an analog speech signal;
PA1  a delay line into which said digitized signal may be sequentially inserted;
PA1  means for periodically extracting the contents of selected stages of the
      delay line, the selected stages being spaced at substantially logarithmic
      intervals; and
PA1  means for periodically testing said extracted contents to determine an
      optimum choice of pitch period.
NUM  2.
PAR  2. The pitch analyzer of claim 1, wherein the length of said delay line is
      sufficient to store a sample of speech having greater length than the
      greatest anticipated pitch period.
NUM  3.
PAR  3. The pitch analyzer of claim 2, wherein each column of the delay line
      stores one sample of speech information.
NUM  4.
PAR  4. The pitch analyzer of claim 3, wherein the contents of the delay line is
      sampled at a rate which is a reciprocal of an integer times the delay line
      stepping rate.
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ABST
PAL  A method and apparatus for providing improved telephonic conferences is
      presented. A speaker is selected for each conferee from the signals of the
      other conferees. The peak values of the speaker signal establish a
      variable reference level which another conferee must first exceed in order
      to become the new speaker and establish a new reference level. The
      reference level is continuously allowed to decay so that new speakers may
      gain the floor when the current speaker's peak signals fall below the peak
      signals of another speaker. Both an analog and a digital embodiment of the
      invention are presented.
BSUM
PAC  INTRODUCTION
PAR  This invention is related generally to electronics, more particularly to
      telephonic voice communication and switching, and specifically, to
      conferencing; that is, the creation of a telephone conversation involving
      three or more parties.
PAR  As is well known to those skilled in the art many techniques of a wide
      range of complexity are used to achieve telephone conference connections.
      In analog systems three-party conferences are frequently implemented by
      bridging the third party across an existing two-party circuit, while
      complex conference circuits are reserved for large conferences.
PAR  The advent of Pulse Code Modulation (PCM), digital voice transmission and
      switching systems has stimulated the development of new conferencing
      techniques which operate directly on the digital representation of voice.
      One important reason is that in PCM systems the simple technique of
      connecting the third party to an existing two-party call does not result
      in meaningful addition and mixing of the three digital signals as it does
      in the analog case, and thus in the digital implementation some sort of
      algebraic operation is required even for small conferences.
PAR  Conferencing techniques may be classified as additive or switched, and
      analog and digital mechanizations may be found in the prior art for both
      approaches.
PAR  In the additive technique each conferee receives the algebraic sum of the
      signals of the other conferees. In the switched technique an attempt is
      made to discover which conferee is the speaker. The speaker's signal alone
      is then sent to the other conferees, while the speaker may receive either
      a zero signal or the signal from the previous speaker. Alternatively, in a
      new approach a speaker may be selected for each conferee from the traffic
      offered by the others excluding that conferee's own signal. In this scheme
      the actual speaker hears some "speaker" chosen from the idle conferees. In
      addition to permitting any conferee to interrupt the current speaker, this
      approach offers certain hardware advantages discussed later.
PAR  Analog conference techniques have most often been basically additive.
PAR  Digital approaches may be additive or switched. Berch in a U.S. Pat. No.
      3,551,600 issued Dec. 29, 1970, has reported a straightforward
      implementation in digital form of the additive technique.
PAR  In the digital environment additive techniques suffer from three
      difficulties. First, the range of amplitude levels must be bounded, and
      while each conferee's signal may stay in bounds, the sum may not.
      Pommerening in a U.S. Pat. No. 3,604,855 issued Jan. 2, 1970, deals with
      this problem.
PAR  A second difficulty with additive schemes is that the compressed
      (pseudo-logarithmic) digital representation utilized by all common PCM
      systems must first be converted to linear representation before the
      addition can be performed, and then the result must be reconverted. These
      conversion and reconversion steps can be avoided by utilizing a switched
      technique which operates directly on the compressed representation to
      select a speaker. The switched approach also avoids a third difficulty
      common to both digital and analog realization of the additive approach
      which is the presence in the resulting sum of not only the speaker's
      signal but also the combined idle channel noise from the channels of all
      of the silent conferees.
PAR  For these reasons, the switched approach has most often been proposed for
      digital conferencing circuits, but the known prior art has several
      deficiencies.
PAR  Goodall, et al, in a U.S. Pat. No. 3,508,007 issued Apr. 21, 1970, have
      disclosed a digital switched conference circuit which determines that a
      conferee is speaking when that conferee's signal exceeds a fixed
      threshold. In the event that two or more are speaking, contention for the
      floor is resolved by designating one conferee as chairman. The chairman
      gets the floor as soon as his speech is detected pre-empting any other
      speaker if necessary. Other speakers get the floor provided the chairman
      is not speaking. The first of the other speakers to get the floor may hold
      it as long as desired, and other conferees except the chairman are locked
      out.
PAR  In this approach speech detection is accomplished by determining if a
      conferee's signals exceed a predetermined threshold. This task may be
      accomplished by analog or digital techniques and may or may not include
      filtering to eliminate noise bursts. The strict protocol for gaining the
      floor eliminates the necessity for determining which is the louder of two
      speakers and prevents rapid switching back and forth between speakers.
      This is accomplished at the expense of preventing entirely the ability of
      speakers except the chairman to interrupt other speakers. The ability to
      interrupt exists in additive conference circuits, some switched conference
      circuits, and face-to-face conversation. The designation of a chairman who
      may pre-empt the floor and poll conferees who may have unsuccessfully
      attempted to break-in only partially alleviates the problem. In most
      conferences set up through an automatic switching system the chairman
      would of necessity be designated in an arbitrary fashion with no relation
      to the person who might actually be the most appropriate to chair the
      conference.
PAR  A potentially superior algorithm known as Instant Speaker has been
      disclosed by Pitroda, et al., in U.S. Pat. No. 3,699,264 issued Oct. 17,
      1972. In the simplest embodiment of this approach a set of samples
      consisting of one sample from each speaker is examined. The largest
      amplitude sample is designated as the speaker and that sample is
      retransmitted to all the conferees with the exception of the speaker from
      which it came. The speaker receives the sample from the conferee who was
      previously the speaker. Each time a new conferee becomes the speaker the
      identity of the old speaker is stored away for this purpose, and only this
      information is retained from frame-to-frame. In a superior embodiment of
      the Pitrode et al. invention, the current speaker is also stored from
      frame-to-frame. Then, only the most significant few bits of each
      conferee's samples are used for comparison, resulting in many "ties." Ties
      are then broken in favor of the current speaker resulting in less frequent
      switching from one speaker to another.
PAR  This approach, while satisfactory in an ideal environment, suffers from an
      inability to distinguish reliably between the speaker, and the speaker's
      echo arriving via a different path. Echo, that is reflected signal, is
      present in all telephone systems except those which provide separate paths
      for transmission and reception from end-to-end on each connection. Such
      systems are referred to as four-wire systems. Two-wire systems utilize a
      common path for transmission in both directions. The existing telephone
      system is a mixed system with long-distance transmission, and switches,
      and digital transmission and switching whatever the distance, generally
      implemented on a four-wire basis, while local distribution is accomplished
      on a two-wire basis. Echo occurs at the hybrid circuit, which is the
      two-wire to four-wire conversion point, due to impedance mismatch between
      the two and four-wire circuits. This mismatch is unpredictable and
      variable, and therefore it is impractical to provide sufficiently precise
      compensation at each point to eliminate echo entirely.
PAR  Conference circuits in telephone systems must therefore cope with the echo
      present. Because human tolerance to echo is quite high, elaborate
      procedures for suppressing echo are not normally required or provided in
      telephone systems, except for very long distance transmission, and
      therefore considerable echo is present in most telephone connections,
      although it is frequently not perceived by the user.
PAR  The performance of the Instant Speaker approach has been evaluated under
      echo conditions which might normally be expected. Because of the delay
      between the arrival time of the signal and the echo, at many instants the
      echo will have a larger value than the signal of the speaker received
      directly. Algorithms which determine the speaker on an instantaneous basis
      will often incorrectly choose the speaker echo rather than the true
      speaker. The resulting switching back and forth between speaker and
      speaker echo occurs so rapidly that the result is perceived by the ear to
      be distorted and noisy.
PAR  A fixed threshold cannot be utilized in practical systems to separate
      speaker and speaker echo due to the uncertainty in transmission level
      present in practical systems.
PAR  It is, therefore, an object of the present invention to provide an improved
      conferencing concept and method and apparatus for practicing same.
DRWD
PAR  Other objects and advantages of the present invention may be ascertained
      from a reading of the specification and appended claims with the drawing
      wherein:
PAR  FIG. 1 is a block diagram of an overall switching network including a
      conferencing circuit in a third stage thereof;
PAR  FIG. 2 is a block diagram of a digital version of a conferencing circuit;
PAR  FIG. 3 contains a plurality of timing diagrams for use in explaining FIG.
      2;
PAR  FIG. 4 illustrates an analog version of the inventive concept illustrated
      in FIG. 2;
PAR  FIG. 5 provides a detailed block diagram of one of the multiplexers in FIG.
      2;
PAR  FIG. 6 illustrates a detailed block diagram of a typical comparator circuit
      in FIG. 2; and
PAR  FIG. 7 provides a detailed block diagram of a typical data storage device
      of FIG. 2.
DETD
PAR  The present invention is an improved switched conferencing technique in
      which a speaker is selected for each conferee from the signals of all the
      other conferees.
PAR  This selection is made by comparing the amplitude or magnitude of the
      offered PCM samples (or comparing the analog signals in the analog
      implementation) against a reference level. For the purpose of this
      application, the term magnitude is intended to include both the absolute
      arithmetic value of a binary word for a digital system and the amplitude
      of an analog signal in an analog system. Whenever any signal exceeds the
      reference level then the value of that signal becomes the new reference
      level, and that speaker becomes the new speaker or continues as speaker.
      The signals of the speaker are then forwarded to the listener, and the
      other offered signals are excluded.
PAR  The reference level is continuously diminished at a fixed rate so that new
      speakers may gain the floor. The rate is set so that the reference level
      does not significantly diminish during the time required for an echo to
      return. Thus, so long as the peaks of the speaker's echo or echoes are
      even slightly smaller than the peaks of the speaker's signal, which is
      always the case, switching between speaker and speaker echo will not
      occur.
PAC  FIGURE 1
PAR  The conferencing method presented here was developed as part of a PCM voice
      switching system and is practiced in that system in digital form, but an
      embodiment in analog form is presented as well. In order to lay a
      foundation for the description of the digital embodiment a brief
      description of the digital switching system, shown in FIG. 1, will first
      be given. The digital embodiment of the conference circuit is in fact an
      integral but localized part of the digital switch; thus, only a general
      understanding of the entire switch is required in order to provide a
      foundation for understanding the conference circuit.
PAR  The switch in which the conference circuit is imbedded is a three-stage,
      time-space-time, PCM, switching system which directly connects to D2
      format, T1 carrier PCM, multiplex trunks which in turn terminate in
      ordinary PCM multiplex units commonly referred to as channel banks. Many
      of the detailed features of this switch are novel, but the overall
      organization is familiar to those skilled in this art, and a detailed
      disclosure of the entire switch is not required to understand the
      operation of the conference circuit.
PAR  FIG. 1 illustrates two of up to 64 modules of the switch. In FIG. 1, each
      switch module and its associated channel bank are referred to as "levels",
      and level 0 and level 1 are shown. Up to 64 levels may be implemented
      using the equipment type illustrated.
PAR  Referring to FIG. 1 switch level 0, which will be described first, consists
      of a channel bank unit 10 which terminates 24 voice circuits or channels
      numbered 0 through 23. The channel bank unit consists of two parts. The
      transmit section sequentially samples each voice circuit, converts the
      analog sample to an 8 bit PCM digital representation, and sequentially
      transmits the samples from each circuit over the transmit half of a T1 PCM
      multiplex trunk 14 to the switch module. Within the switch module the
      received samples are demultiplexed and stored in an input data store 16,
      with 24 locations labeled 0 through 23 so that the digitized voice samples
      from channel 0 are stored in location 0, the samples from channel 1 in
      location 1, etc. A new sample simply overwrites the old sample, but by the
      time it is overwritten the old sample has already been forwarded through
      the switch as will be understood presently.
PAR  The output section of the switch module and receive portion of the channel
      bank generally perform the reverse function of that just described. That
      is, the switch module also has an output data store 38 having twenty-four
      locations numbered 0 through 23. PCM samples to be transmitted to a
      particular voice channel of the channel bank associated with module or
      switch level 0 are conveyed by the switching process described below to
      the output data store location of the same number as the channel for which
      they are intended. They are then multiplexed in numerical order onto the
      second half of the T1 PCM multiplex trunk 44 and transmitted to the
      receive section of the channel bank 10, where they are demultiplexed,
      converted to analog form, and sent to their designated voice circuit.
PAR  A second switch level, level 1, is also illustrated in FIG. 1 consisting in
      part of channel bank 12, T1 line to the switch 26, input data store 22,
      output data store 50, and T1 line 56 from the switch to the channel bank
      12. Operation of both levels is similar.
PAR  The switching process then consists of moving PCM digital samples from the
      input data store location associated with the transmitting line to the
      output data store location associated with the receiving line. This
      process must be continuous so that data arrives, flows through the switch
      and out again without inserting or deleting samples.
PAR  In order to accomplish this each output data store input is connected to a
      multiplexer which in turn has access to the input data stores of all 64
      levels, through an interlevel bus of 64 circuits.
PAR  Thus, the output data store 38 of level zero is fed through multiplexer 30,
      and the output data store of level 1 is fed through multiplexer 32. Each
      multiplexer has the same inputs consisting of a single circuit from the
      outputs of each of the 64 input data stores. The outputs of the input data
      stores of levels 0 and 1 are shown explicitly and designated circuits 20
      and 28 respectively, and these go to the first two of 64 inputs of each
      multiplexer numbered 0 through 63, so that the output of the level n input
      data store appears at the nth input of each multiplexer where n ranges
      from 0 through 63.
PAR  Thus, it can be seen that by means of its associated multiplexer the input
      of any level's output data store may be connected to the output of the
      input data store in any of the 64 levels, and the required data transfer
      between input data store and output store can be made for any input
      channel of any level to any output channel of any level.
PAR  In order to accommodate more than one call on a given level, the interlevel
      bus and multiplexers are utilized on a time division basis in which during
      the time that a full set or frame of 24 samples are received and
      transmitted on the T1 trunks, 48 transfers may take place on each circuit.
      The data which are placed on the input data store output circuit, the
      multiplexer connection, and the output data store location into which the
      data received from the multiplexer are placed are controlled by three call
      stores of 48 words each in each level. The connections during each of the
      48 time slots designated 0 through 47 are controlled by the corresponding
      locations in the call stores. This three-step switching process provides
      the rationale for referring to the entire device as a three-stage switch.
PAR  In level 0 the first stage call store 18 controls the data placed on
      circuit 20 from input data store 16 during each time slot. The second
      stage call store 40 controls the multiplexer 30 and thus determines from
      which of the 64 input data stores data will be selected to flow through to
      the output data store 38. Finally, the third stage call store 42
      determines the output data store location into which the data will be
      placed.
PAR  The level 1 first stage call store 24, second stage call store 46, and
      third stage call store 54 serve these same functions in level 1.
PAR  All levels are kept in synchronization by a common clock so that the same
      time slots occur in each level at the same time.
PAR  The data in call stores are utilized in a rotary fashion so that the entire
      process is repetitive. Thus, a particular data transfer path during a
      particular time slot provides a one-way circuit for the PCM voice samples,
      and communication may take place. The normal two-way circuit requires two
      one-way connections. Each one-way connection requires an entry in the
      location corresponding to the same time slot in the source level first
      stage call store and in the destination level second and third stage call
      stores.
PAR  The present invention is not concerned with the overall switch concept. The
      overall switch concept is adequately illustrated in various Bell Telephone
      Laboratories publications as well as patents issued to the assignee of the
      present invention and others. Neither does this disclosure describe
      possibly novel but unclaimed details of the switch shown in FIG. 1.
      However, an important feature of the switching system illustrated in FIG.
      1, and similar systems, is that several inputs may be directed to the same
      output. Thus, inputs A and B might be directed to C. In this case, the
      third stage call store in the level handling voice channel C will have two
      entries corresponding to C. If a conference circuit block 36 of level 0
      and block 48 of level 1, is interposed between the multiplexer and output
      data store in each level then conferencing may be accomplished. The
      conference circuit has access to the third stage call store and recognizes
      data directed to the same output location by similar entries in that
      store.
PAR  Data from several conferees' inputs directed to the output data store
      location of the receiving conferee may be combined according to any of
      several additive or switched conferencing techniques.
PAR  Four similar switch connections from B and C to A; and C and A to B
      complete a three-party conference. Larger conferences may be implemented
      in the same fashion but more connections are required. The improved
      conferencing method and apparatus of this disclosure were reduced to
      practice for use in such a switch as is described above, but may obviously
      be applied in other situations as well.
PAC  DIGITAL CONFERENCING CIRCUIT IMPLEMENTATION
PAR  In FIG. 2, the conferencing circuit 36 and output data store 38 of FIG. 1
      are illustrated in more detail. As may be noted, the input line to the
      circuit provides 48 time slots of bit serial data from the multiplexer.
      Applying this to FIG. 1 this could be the line 34 receiving data from
      multiplexer 30. The output data store 38 of FIG. 1 is also designated as
      38 in FIG. 2. Finally, the output lead of the output data store 38 is also
      designated as 44 as it is in FIG. 1. The parallel to serial conversion and
      modulation circuits which would be required to transmit the data on bus 44
      to the PCM channel bank are not related to the present invention and are
      not shown. The additional detail is provided in having a serial input to
      parallel output block 60 receiving the data on line 34 and supplying this
      to a temporary register 62. Register 62 holds the inputted data until
      utilized by the circuit and during which time the block 60 is receiving
      additional serial bits. The output of block 62 is an eight-bit parallel
      output on bus 64 to multiplexer. The seven-bit magnitude portion of the
      eight bit sign magnitude sample on bus 64 is also fed to the most
      significant seven bits of the eight bit multiplexer 68 and compare circuit
      70, the least significant bit position is filled with a logic 1 in the
      first case and a logic 0 in the second case as indicated by leads 74 and
      72. This arrangement permits decrementing the threshold by one-half step
      and will be more fully explained later. An output of multiplexer 68 is
      supplied to a threshold store block 76 having a control input 78 labeled
      WET. WET, as shown elsewhere in FIG. 2, is a logic 1 upon the occurrence
      of an output write enable (OWE) signal combined with either a fourth frame
      signal (FFR) or a no-activity bit (ACT), or in the alternative is actuated
      to a logic 1 upon the occurrence of an input write enable (IWE)
      simultaneous with a data exceeds threshold (DEXT) signal. An output 80 of
      threshold store circuit 76 is applied in parallel to the compare circuit
      70 as well as to an adder circuit 82. The adder circuit 82 has a further
      input 84 labeled minus delta (-DELTA). A bus 86 provides channel number
      inputs in parallel to a multiplexer 88. The multiplexer 88 has a further
      input as obtained from a third stage call store such as 42 of FIG. 1 on a
      bus 90. These inputs again are in parallel form and represent a specific
      address determining the location accessed in one or more of the random
      access memories or stores such as 76 and 38. Additional random access
      memories are the speaker store 92 and an activity store 94. An output 96
      of the multiplexer 88 is connected to each of these storage devices. The
      multiplexers 68 and 88 as well as additional multiplexers 66 an 98 are
      actuated between one input and the other in accordance with a control
      input labeled input/output. This signal is illustrated as timing diagram C
      in FIG. 3 and the multiplexer is in the input condition when the signal C
      of FIG. 3 is in logic 1 and is in the output condition when this signal is
      a logic 0. In FIG. 3 and FIG. 4 a high waveform level represents a logic 1
      and a low level represents a logic 0.
PAR  While the other multiplexers are operated between one input and the other
      with the input/output signal, multiplexer 100 is operated according to the
      presence (ACT) and the absence (ACT) of an activity signal. The activity
      signal is dependent upon whether or not there is a logic 1 at the output
      of activity store block 94. The inputs to multiplexer 98 are a logic 1 on
      lead 102 and a logic 0 on lead 104. The multiplexer 100 receives a binary
      zero code input on lead 106 and an input from adder 82 on a lead 108. The
      compare circuit 70 provides an output on lead 110 indicative that the data
      magnitude on bus 64 exceeds the threshold on threshold memory output 80. A
      lead 112 provides the time slot number inputs in six bit parallel form to
      the speaker store 92 as well as to compare circuit 114. An output of
      speaker store 92 is supplied as a further parallel input to compare
      circuit 114 on bus 116. An output 118 of the campare circuit is labeled
      SEQT and is indicative of speaker store output equals time slot number.
      The speaker store 92 has a control input 118 labeled WES. The condition
      under which this input becomes a logic 1 to control the speaker store
      block 92 are further indicated elsewhere in this Figure. A similar input
      120 controls the output data store 38 and is labeled WED, and a final
      control input 122 controls the activity store block 194 under the label
      WEA. A PCM zero code input is supplied to multiplexer 66 on a bus 124.
PAR  Referring now to FIG. 3, it will be noted that the timing diagram in line A
      illustrates the time period of various slots during which valid input data
      is present in the NEW DATA register 62. During this time the binary value
      of the number of the time slot 0, 1, 2 . . . etc. is provided on bus 112.
      Line B of FIG. 3 shows time periods which are twice as long and indicate
      time slots during which each of the twenty-four output words will be
      transmitted. As previously indicated in conjunction with the description
      of FIG. 1, each switch module handles a multiplexed trunk of 24 voice
      channels, and provides 48 time slots during which the 24 channels may be
      switched.
PAR  The waveform 3C provides an illustration of the logic values of the
      input/output signal which controls many of the multiplexers of FIG. 2 such
      as block 68.
PAR  The waveform D in FIG. 3 illustrates the input write enable IWE circuit
      signal. Note that the positive pulses occur near the end of the input
      interval during which waveform C is high. The logic 1 pulses of waveform E
      occur near the end of a channel time and occur near the end of the output
      interval of waveform C.
PAR  The final waveform in FIG. 3 is a fourth frame pulse which becomes logic 1
      during each entire fourth frame of 48 time slots and remains in a logic 0
      for the next 144 time slots.
PAR  FIG. 2 is equally well representative of the conference circuit 48 and
      output data store 50 of level 1 shown in FIG. 1. Each switch level is
      substantially identical to the others.
PAC  OPERATION OF FIG. 2
PAR  The operation of FIG. 2 may best be understood by first referring back to
      FIG. 1 and noticing that if FIG. 2 illustrates a portion of level 0
      comprising the conference circuit 36 and output data store 38 of FIG. 1,
      then FIG. 2 receives and appropriately conferences all data which will
      ultimately be transmitted to the channel bank of that level and its 24
      connected subscribers via a line such as 44. In FIG. 1 a connection is
      shown between the conference circuit 36 and output data store 38 and the
      third stage call store 42. The latter connection is via bus 90 to
      multiplexer 88 of FIG. 2.
PAR  The operation of the circuit shown in FIG. 2 may best be understood by
      first reviewing the conference algorithm and the functions of the major
      blocks of FIG. 2.
PAR  During each of 48 incoming time slots, 8 bits of sign-magnitude PCM data
      appear in register 62 after serial to parallel conversion. At the same
      time the third stage call store, block 42 of FIG. 1, provides via bus 90
      of FIG. 2 five bits of address information in the range of 0-23 which
      specifies into which of 24 output data store locations the new PCM data
      shall be placed. An essentially independent but time interleaved operation
      periodically removes this data from the output data store and places it in
      the time slot corresponding to its storage location address on bus 44 for
      transmission to the channel bank. The operations just explained are
      essentially the only operation which would be required if conferencing
      were not implemented. In that case no more than one of the 48 incoming
      time slots would normally have data for any given output storage location.
PAR  Conferencing is implemented by directing to the output data store location
      of each conferee the data from each of the other conferees in the
      conference. Thus, several of the 48 incoming time slots in the case of a
      conference will have data directed to the same output.
PAR  The function of the conference circuit is to choose the data from the
      speakder from among the several conferees' signals presented in the
      different time slots directed to a particular output. Notice that the
      various conferees may be distinguished by means of the time slot number on
      which the data appears.
PAR  The present invention identifies the speaker as that signal with the
      largest peak amplitude value. That value becomes a threshold, and that
      party remains the speaker until another conferee's signal provides a peak
      which exceeds the threshold at which time the speaker designation changes
      to that conferee. If the speaker supplies a signal larger than his own
      currently stored threshold value, then the threshold is increased to
      correspond to the new peak and that party continues as speaker. On the
      other hand, in order to permit another conferee to become the speaker when
      the current speaker finishes speaking, the stored threshold is
      periodically diminished. This diminishing process occurs at a rate
      sufficiently slow that the threshold does not significantly decrease
      during the time required for a speaker echo to return, but sufficiently
      fast that a new conferee can become the speaker quickly when the original
      speaker is in fact finished.
PAR  In order to implement this algorithm FIG. 2 shows three substantially
      similar random access memories each having at least 24 locations capable
      of storing binary data words. The active or selected location is
      determined by a five bit address supplied on bus 96. These memories are
      identified as the threshold store 76, speaker store 92, and output data
      store 38. The contents of the currently addressed location are presented
      in parallel on memory output busses 80, 116, and 44, respectively.
PAR  The memories also have inputs from multiplexer 68, bus 112, and multiplexer
      66, respectively, as illustrated in FIG. 2. Data present on the input will
      be written into the currently addressed location in each memory if a write
      pulse is provided. The write pulse inputs of the three memories are WET,
      78; WES, 118; and WED, 120. The required width of the words in these
      memories in this specific application is 8 bits in the threshold store, 6
      bits in the speaker store, and 8 bits in the output data store. A memory
      similar in function but requiring 24 words only one bit wide is the
      activity store 94, also addressed by bus 96 and having an input from
      multiplexer 98, an output on line ACT and a write pulse input WEA, 122.
PAR  The function of the output data store 38 remains essentially that which has
      been extensively described above; that is, storage of output data prior to
      multiplexing into bus 44.
PAR  The function of the speaker store 92 is to store a six bit word in the
      range 0-47 for each of the twenty-four output channels which identifies
      the current speaker.
PAR  The function of the threshold store 76 is to store an 8-bit word for each
      of the 24 output channels which specifies the magnitude of the current
      threshold which must be exceeded to change speakers on that output.
PAR  The function of the activity store 94 is to store a one-bit word for each
      of the twenty-four channels. This bit is set to a ONE each time the
      corresponding address in the output data store is written and is set to
      ZERO each time that data is subsequently transmitted to the channel bank.
      Thus, when a connection is broken and activity ceases ACT remains a ZERO,
      and this condition is utilized to immediately reduce the threshold to
      zero. This last feature represents refinement which permits a subsequent
      conference to immediately establish its own threshold without first
      exceeding the threshold left over from the previous conference. The old
      threshold would be reduced to zero through the normal diminishing process
      in any event. By studying the timing diagram FIG. 3, and the notes and
      logic equations which are included in FIG. 2, those skilled in the art
      will understand the operation of the circuits of FIG. 2 with relatively
      little explanation. Those skilled in the art will readily understand the
      construction of combinational logic circuits necessary to derive the WET,
      WES, WED, and WEA signals, and such circuits are not shown in the interest
      of clarity as the equations shown in FIG. 2 are believed to be more
      readily understood.
PAR  During the input or first half of each of the 48 time slots new data is
      directed from register 62 through multiplexer 66 to the appropriate
      address in the output data store 38 as specified by the output of the
      third stage call store, 42 of FIG. 1, which is transmitted via bus 90
      through multiplexer 88, and then via bus 96 to the memories.
PAR  Data from multiplexer 66 may or may not be written into the output data
      store as controlled by signal WED, 120, which is in turn defined by the
      logic equation shown in FIG. 2.
PAR  At this same time compare circuit 114 compares the current speaker for the
      specified output channel and output data store location, available at the
      output 116 of the speaker memory, with the present time slot number
      specified on bus 112. If they are equal as indicated by a logic ONE at
      lead 118 of compare circuit 114 output SEQT, then the new data are written
      into the output data store. This will be referred to as the first case.
PAR  In addition, even if the present time slot and current speaker are not the
      same, data may be written if the output DEXT, 110, of compare circuit 70,
      is a ONE indicating that the amplitude of the new data exceeds the
      currently stored threshold for that channel. This will be referred to as
      the second case.
PAR  Thus, as can be seen from the equation for WED, new data will be written in
      the first or second case or both, and as can be seen from the equation for
      WES, the speaker store will be written with the present time slot number
      as well. In the second case, but not the first case, as can be seen from
      the equation for WET, the new data will be stored as a new threshold as
      well.
PAR  Case 1 alone is the situation in which the new data are from the current
      speaker, but the new data amplitude is not larger than the current
      threshold.
PAR  Case 2 alone is the case in which the data from the new speaker exceeds the
      current threshold and a new speaker is designated.
PAR  Case 1 and 2 occurring together correspond to the current speaker exceeding
      his own threshold.
PAR  If neither of the two cases above occurs, then the new data are not written
      and are effectively discarded, because the data are not from the current
      speaker and also the amplitude does not exceed the threshold so a new
      speaker is not designated.
PAR  It can readily be seen that for two-party, non-conference calls in which
      only one time slot carries data for a given output location the speaker is
      always the same and thus no special disabling circuits are required to
      disable the conference circuitry, and the conference circuit handles a
      two-party call as a trivial conference call.
PAR  The behavior of the circuit during input operations has been described.
      During output operations, as designated by waveform C, meaningful activity
      occurs only half as often or once per channel period, as shown by waveform
      E, signal OWE. In the case of input operations discussed previously
      meaningful activity occurred during each time slot as shown by waveform D,
      IWE.
PAR  During input operations and output operations, that is, at every
      opportunity the activity store is written, but with a ONE during input
      operations and a ZERO during output operations. Thus, when activity ceases
      and no time slots carry data for a given output location, the value for
      that location in the ACT memory becomes and remains ZERO.
PAR  During output operations multiplexer 88 supplies the channel numbers of the
      output channels 0-23 to the memories via bus 96 and data is output from
      the corresponding location in the output data store on bus 44.
PAR  Also, during each channel output time during each fourth frame as indicated
      by waveform E of FIG. 3, the threshold stored for the currently specified
      channel is decremented by an amount DELTA through the action of adder 82,
      and returned via bus 108, multiplexer 100, and multiplexer 68 to the
      threshold store, if there is activity in that channel as indicated by the
      output of the activity store ACT at ONE, data is written into the
      threshold memory through the action of the WET pulse as defined by the
      equation shown in FIG. 2. If ACT is a ZERO and ACT is a ONE then a digital
      zero is returned to the threshold store from input 106 of multiplexer 100.
PAR  During output intervals after the current data has been read to the output,
      a PCM zero code is written into the output data store from the bus 124
      input to multiplexer 66. The purpose of this is to leave the PCM zero code
      in the output data store. If the connection continues this code will be
      overwritten by the next sample. If the connection is broken and the
      channel thus becomes idle, then the PCM zero code will not be overwritten,
      and thus the PCM zero code will be transmitted over the idle channel until
      a subsequent connection is made. This feature reduces idle channel noise
      in the idle channel, and reduces crosstalk between the idle channel and
      other channels, but is not necessary for proper conferencing.
PAR  Because new speakers and new thresholds will be established at random times
      with respect to the fourth frame signal during which thresholds are
      decremented, a threshold may be decremented almost as soon as it is
      established or from one to three frames later, and then periodically each
      fourth frame thereafter until a new threshold is established or until the
      threshold reaches a zero.
PAR  In order to prevent too early decrementing of the threshold it was decided
      to decrement the threshold by one-half step. Accordingly, the 7 magnitude
      bits of the PCM sample on bus 64 are entered in the most significant 7 bit
      positions of the threshold store memory 76 through multiplexer 68 and also
      through multiplexer 68 a ONE is placed in the least significant bit
      position via lead 74. A similar shifting operation is performed at the
      input to the compare circuit 70 and a zero in the least significant bit
      position is input via lead 72. Thus, the threshold initially stored is
      one-half step larger than the source signal. This refinement in
      conjunction with the use of a one-half step values for -DELTA on bus 84
      prevents excessive early reduction of the threshold value.
PAC  ANALOG IMPLEMENTATION
PAR  FIG. 4 illustrates that the concept of the present invention can be
      implemented utilizing analog switching techniques as well as digital
      techniques. FIG. 4 shows the type of circuitry required to implement a
      four-party conference circuit for each of four conferees A, B, C, and D.
      The circuit shown selects a signal to be sent to conferee A from the
      signals received from conferees B, C and D. Three other similar circuits
      would be required to select signals for B, C, and D; from the signals of
      A, C and D; A, B, and D; and A, B, and C, respectively.
PAR  This circuit illustrates three conferees B, C and D supplying input analog
      signals on lines 130, 132 and 134. This information is passed through the
      conferencing circuitry to an output line 136 for a fourth conferee A. The
      input signals are supplied through rectifiers 138, 140 and 142 to the
      positive inputs of differential amplifiers 144, 146 and 148, respectively.
      The rectifiers previously mentioned include lowpass filtration so that the
      output follows the envelope of the analog signal. The outputs of the
      differential amplifiers are supplied to AND gates 150, 152 and 154,
      respectively. The differential amplifiers produce a logic 1 output when
      the input labeled (+) is positive with respect to the input labeled (-),
      and a logic 0 output when that is not the case. The inputs from the
      various rectifiers are supplied to the control lead of each of the analog
      switches 156, 158 and 160. The outputs of each of these switches are
      connected together in a common lead 162 to the input of an isolation
      amplifier 164 whose output is connected on a lead 166 to the negative
      input of each of the differential amplifiers 144, 146 and 148. The second
      inputs of each of the AND gates is connected to one of three periodic
      pulsed signals, P1, P2 and P3. An illustration of their respective timing
      is provided in FIG. 4 as well. Outputs of the AND gates are connected to
      the control lead inputs of the corresponding analog switches and also
      connected to the corresponding set inputs of a plurality of set-reset
      flip-flop circuits 168, 170 and 172. The output of AND gate 150 is also
      connected to one input of an OR gate 174 as well as to one input of an OR
      gate 176. An output of OR gate 174 is connected to a reset input of
      flip-flop 170 while an output of OR gate 176 is connected to a reset input
      of flip-flop 172. An output of the AND gate 152 is connected additionally
      to a second input of OR gate 176 as well as to an input of OR gate 178.
      Finally, the AND gate 154 is connected to further inputs of the OR gates
      174 and 178. Outputs of the three flip-flops 168, 170 and 172 are
      connected to the control leads of respective analog switches 180, 182 and
      184. The inputs of these switches are connected to the input leads 130,
      132, 134 while the outputs of each of these analog switches 180, 182 and
      184 are connected in common to the output lead 136 to conferee A.
PAR  The analog switches in each case are illustrated as an insulated gate field
      effect transistor with the control lead as the gate and the remaining two
      terminals the input and output. The intent is that the input shall be
      connected to the output when the control signal is at logic ONE and that
      there shall be no connection with the control input at logic ZERO. Those
      skilled in the art will recognize that for certain logic voltage levels,
      and signal levels insulated gate field effect transistors could in fact be
      utilized as the analog switches while in other cases another type of
      analog switch would be more suitable.
PAR  In operation, it may be assumed that conferee C commences providing the
      largest amplitude signal as compared to conferees B and D. It may be
      initially assumed that the integrating capacitor 163 is in an uncharged
      condition. Thus, any input signal on lead 132 after rectification in
      rectifier 140 will produce a larger signal at the positive input of
      amplifier 146 than is received on the negative input from unity gain
      isolation amplifier 164. The resulting logic 1 output in conjunction with
      timing pulse P2 causes AND gate 152 to turn on switch 158 during P2 and
      charge the integrating capacitor to a given value. This signal output from
      AND gate 152 will also set flip-flop 170 to provide a logic 1 input on the
      control lead of switch 182 and thus directly connect the input signal from
      132 to the output 136. This same signal output from AND gate 152 will,
      through the action of the OR gates connected to the reset inputs of the
      remaining flip-flops 168 and 172 will store a logic 0 in each, thus
      opening analog switches 180 and 184. Since the integrating capacitor has a
      discharge or bleed resistor 165, the reference output used will
      continually decrease as a function of time. Thus, conferee C must provide
      larger peak inputs than either of conferees B and D in order to remain
      connected to conferee A. However, conferee C need not continuously provide
      a larger amplitude signal than established in the integrating capacitor in
      order to remain connected.
PAR  It will be noted that if another conferee such as B provides a larger
      signal than that stored on capacitor 163, the output of comparator 144
      will cause an input to AND gate 150 and at the time of occurrence of
      timing Pulse P1 the resulting output pulse from gate 150 will set
      flip-flop 168 and reset flip-flops 170 and 172 resulting in the connection
      of input B, 130, to output 136 through switch 180, while providing a new
      charge for the integrating capacitor and thus a new reference for the
      remaining conferees to overcome in order to gain or regain the floor.
PAC  DETAILED DESCRIPTION OF FIGS. 5-7
PAR  The remaining figures are merely illustrative of the design used in typical
      blocks within FIG. 2. FIG. 5 is specifically the circuit used to implement
      the multiplexer 88. However, the same or very similar circuitry would be
      used for the other multiplexers such as 60 and 100. As will be noted, four
      of the one-of-two multiplexers in FIG. 5 are enclosed in a dash line. This
      four unit device is sold by Texas Instruments as P/N SN74157 and is called
      a quad two input multiplexer. The remaining two input multiplexer in FIG.
      5 provides the circuitry required for multiplexer 88 of FIG. 2. The
      remainder of this partially illustrated quad two input multiplexer device
      might be used for other purposes or left unused.
PAR  FIG. 6 illustrates a plurality of exclusive OR gates which may be used to
      provide the comparison function of block 114 of FIG. 2.
PAR  While the function of block 114 is to provide an output just in case the
      two inputs are equal, the function of compare circuit 70 is to provide an
      output DECT indicative that the new data is greater than the output of the
      threshold memory. This function may be conveniently implemented using two,
      four bit magnitude comparator circuits, Texas Instruments Corp. P/N
      SN7485. Adder circuit 82 may be implemented utilizing primarily two four
      bit adder circuits, Texas Instruments Corp. P/N SN7483.
PAR  The various store circuits such as 76, 92, 38 and 94 may be any of a
      plurality of types of random access memories. FIG. 7 illustrates four
      random access memories which may be purchased under the part number
      SN7489, which are sixteen word by four bit random access memories. The
      inverters connected to the outputs of the random access memeories were
      required because the random access memories as utilized had inverted
      outputs and these outputs needed to be again inverted in this example. The
      resulting final outputs DATA OUT bits 0-7 correspond to bus 44 in FIG. 2.
      The write enable lead WED, 120', is the inverse of the WED input on block
      38 of FIG. 2, as these memories require a low level write enable signal.
      The address appearing on lead 96 of FIG. 2, is connected to the four low
      order inputs of all the RAM'S while the most significant address bit is
      used as a chip select signal. The eight data inputs would receive data
      from the multiplexer 66 in the FIG. 2.
PAR  The serial input to parallel output shift register 60 of FIG. 2 may be
      implemented using a device such as a Texas Instrument Corp. P/N SN 74164.
PAC  SUMMARY AND OTHER APPLICATIONS
PAR  Both a digital and an analog embodiment of an improved method for providing
      telephonic conferences have been presented. The method features a variable
      reference level which closely follows the peak amplitude of the loudest
      conferee, which is the speaker.
PAR  This reference level then provides a basis for distinguishing between not
      only the speaker and silent conferees, but between the speaker and speaker
      echos, which may be almost as large as the true speaker signal.
PAR  While the digital embodiment described above was a part of a
      time-space-time switching system, it will be realized that the same
      invention concept may be utilized in applications in which any switching
      function is provide separately from the conferencing. FIG. 4 illustrates
      this fact and illustrates that the method may be utilized to provide
      conferencing of signals in analog representation as well as digital
      representation. However, the method may be more useful in digital systems,
      and therefore extensive introductory material was provided in order to
      provide a full description of a digital embodiment.
PAR  Those skilled in the art will realize that in addition to the two
      embodiments presented here various modifications may be made to suit other
      applications. Two such modifications may be of particular interest.
PAR  First, although it is advantageous in some systems such as the digital
      switch discussed here, it is not necessary to utilize the invention to
      separately select a speaker for each conferee from the signals of the
      other conferees. Instead the signals of all conferees may be sent to a
      common embodiment of the invention and a single speaker selected. That
      speaker's signal is then used as the speaker for all conferees. This
      latter approach will be referred to as the common approach. In a superior
      version of this common approach implementation, the selected speaker
      receives either a zero signal, or the signal of the conferee which was the
      speaker prior to the present speaker while the other conferees all receive
      the speaker's signal.
PAR  The superior form of the common approach is adequately discussed in the
      patents cited above in conjunction with various speaker selection methods.
      An important object of the present invention is the realization of
      improved telephonic conferences through the use of the new variable
      reference level selection method disclosed here. This new speaker
      selection method yields superior results utilizing either the common
      approach or the alternative approach; however, the embodiments presented
      here utilize the alternative approach.
PAR  The alternative approach itself appears to be a novel and important
      invention which permits a number of physically separate conference
      circuits in the various switching modules or levels to provide that
      portion of the conference function which is required for the conferees
      connected to each level without any necessity for interaction between
      levels except for the normal switching functions, which are required
      whether or not conferencing is implemented. The known prior art teaches
      the use of one or more conference circuits not fully integrated with the
      normal switching functions and which may require special control actions
      to complete conference calls.
PAR  The alternate approach utilized here permits, for example, the addition of
      a third party to an existing two-party call by simply adding four
      additional connections without rearranging the existing connections. A
      party may similarly be dropped from a conference call by simply deleting
      the appropriate connections.
PAR  The alternative approach may be utilized either with the improved speaker
      selection method presented here or with certain previously available
      methods. Similarly, the improved method of speaker selection utilizing a
      variable reference level may be utilized with either the common or
      alternative approach.
PAR  Second, those skilled in the art will also recognize that it may be
      desirable to prefilter or otherwise process the inputs prior to input to
      the invention. In some cases then, the selection and updating of the
      threshold may be done not on the basis of signal amplitude directly, but
      may utilize some less direct measure of signal size such as root mean
      square value, for example, This was previously mentioned in conjunction
      with the explanation of FIG. 4 in which it was mentioned that the blocks
      identified as "rectifier" would also include a lowpass filter.
CLMS
STM  It is, therefore, our intention that we be limited not to either of the
      specific embodiments illustrated and described but rather to the invention
      wherein what is claimed is:
NUM  1.
PAR  1. The method of determining which of a plurality of source derived input
      signals should be delivered to an output as a destination signal in a time
      frame comprising, the steps of:
PA1  sampling a characteristic indicative of magnitude for each of the source
      signals;
PA1  storing the magnitude sampled as a new reference whenever the present
      sample magnitude exceeds a previous reference;
PA1  decreasing the magnitude of the reference as a function of time; and
PA1  directing to the output, as a destination signal, only the input signals
      obtained from the source last used to establish the reference magnitude.
NUM  2.
PAR  2. Apparatus for determining which source of a plurality of source derived
      input signals should be used for providing an output signal to a
      destination at the end of each of a plurality of time frames comprising,
      in combination:
PA1  means for periodically sampling the magnitude of the signals for each of
      said sources;
PA1  means, connected to said last named means, for storing the magnitude of a
      sampled signal as a new reference whenever the magnitude of the sampled
      signal exceeds the amplitude of a previously established reference;
PA1  means, connected to said means for storing, for decreasing the magnitude of
      the reference as a function of time; and
PA1  means, connected to said means for storing, for presenting at the output
      each time frame only the signals supplied by the source most recently used
      to establish the reference magnitude.
NUM  3.
PAR  3. The method of conferencing a plurality of conferees wherein it is
      desirable that each conferee receive signals from only one of the other
      conferees which one is designated as a communicating conferee, during each
      time frame of a communication comprising the steps of:
PA1  comparing the magnitude of each of the received signals with a reference
      magnitude;
PA1  decreasing the magnitude of the reference as a function of time;
PA1  passing only the largest signal received in a time frame to the receiving
      conferee when the magnitude of at least one incoming signal exceeds the
      reference magnitude; and
PA1  designating the conferee having the signal which last sets a new reference
      magnitude in a given time frame as the communicating conferee during each
      time frame in which the incoming signals do not exceed the reference
      magnitude.
NUM  4.
PAR  4. The method of claim 3 comprising the additional steps of:
PA1  storing an indication of activity during each comparison; and
PA1  erasing the indication of activity each time signals are passed to a
      receiving conferee.
NUM  5.
PAR  5. Apparatus for conferencing a plurality of conferees wherein each
      conferee receives signals from only one of the other conferees (the
      speaking conferee) at a time comprising, in combination:
PA1  means for comparing the magnitude of each of the signals received from each
      of the remaining conferees with a stored reference signal magnitude;
PA1  means, connected to said means for comparing, for decreasing the magnitude
      of the reference as a function of time;
PA1  means, connected to said means for comparing, for outputting only the
      largest signal received in a time frame to the receiving conferee when the
      magnitude of at least one incoming signal exceeds the reference;
PA1  means, connected to said means for comparing, for designating the conferee
      having a signal most recently used to set a new signal reference magnitude
      in a given time frame as the speaking conferee until a new reference is
      set; and
PA1  means, connected to said means for comparing, for outputting to the
      receiving conferees only the presently designated speaking conferee during
      each time frame which the incoming signals do not exceed the reference
      magnitude.
NUM  6.
PAR  6. The apparatus of claim 5 comprising, in addition:
PA1  means for storing an indication of activity in the communication channel
      used by the receiving conferee during each comparison of the received
      signal with the reference;
PA1  means, connected to said means for storing, for erasing the indication of
      activity at a predetermined time during each time frame; and
PA1  means, connected to said means for storing and said means for comparing,
      for immediately decreasing the magnitude of the reference to zero for a
      given communication channel whenever the activity bit for that channel is
      erased prior to the end of a given time frame.
PATN
WKU  039476405
SRC  5
APN  521386&
APT  1
ART  235
APD  19741106
TTL  Method and device for recording data as holograms in a multi-channel
      storage tape
ISD  19760330
NCL  1
ECL  1
EXA  Moore; David K.
EXP  Fears; Terrell W.
NDR  2
NFG  4
INVT
NAM  Ruell; Hartwig
CTY  Otterfing
CNT  DT
INVT
NAM  Pekau; Dietlind
CTY  Krailling
CNT  DT
INVT
NAM  Eschler; Hans
CTY  Munich
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Berlin & Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720124
APN  2203246
RLAP
COD  71
APN  322356
APD  19730110
PSC  03
CLAS
OCL  1791003B
XCL  1791003G
XCL  350  35
XCL  346108
EDF  2
ICL  G11B  700
ICL  H04N  584
FSC  179
FSS  100.3 G;100.3 B;100.3 F
FSC  350
FSS  3.5
FSC  178
FSS  6.7 A
FSC  346
FSS  107;108
FSC  340
FSS  173 LM
LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  A method and apparatus for recording data in parallel extending information
      channels or tracks on a storage tape characterized by the object beam and
      reference beam being commonly and sequentially deflected in a direction
      perpendicular to the parallel information tracks or channels. The
      invention is also directed to a method of retrieving or reading-out the
      information which includes focusing a retrieval beam on the tracks with a
      cylindrical lens to either simultaneously illuminate each of the tracks
      and sequentially detect the information contained in the individual tracks
      or deflecting the focused beam sequentially in a vertical direction from
      track to track for sequentially retrieving the information recorded
      thereon.
PARN
PAR  This is a continuation of application Ser. No. 322,356 filed Jan. 10, 1973
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention is directed to a method and device for sequentially
      recording holograms containing analogue or digital data into parallel
      extending tracks on a storage tape and to a method of retrieving the
      information.
PAR  2. Prior Art:
PAR  Presently known approaches for sequential optical data storage arrange for
      a time-variable signal to be modulated onto a laser beam by pulse
      amplitude modulation to provide an object beam is directed on a photo
      sensitive storage medium along with a constant (in time) coherent
      reference wave to produce interference patterns which are recorded as
      unidimensional or one-dimensional holograms on the moving tape.
PAR  Each modulated pulse corresponds to a hologram whose contrast is a measure
      of the amplitude of the corresponding modulated pulse.
PAR  Another approach, which is disclosed in U.S. Pat. application Ser. No.
      290,796 which was filed on Sept. 21, 1972, and which issued as U.S. Pat.
      No. 3,805,275 on Apr. 16, 1974, utilized noncoherent light for sequential
      optical data storage. In this approach, a pulse amplitude modulated light
      beam is utilized to form unidimensional or onedimensional holograms in
      several parallel tracks on a storage tape, However, in this approach, a
      corrective illumination beam, which is physically and chronologically
      separate, must be used to insure that the overall illumination of the
      storage tape remains constant with each recording.
PAR  Between the incidence of two successive light pulses, the storage medium
      moves onward by a distance or interval .DELTA. x. The magnitude of this
      interval .DELTA. x depends upon the tape feed speed which in turn depends
      upon the band width of the signal being recorded. While it is desirable to
      store the individual holograms as close together as possible for example
      to arrange for the interval .DELTA. x to be at a minimum, the magnitude of
      the interval .DELTA. x cannot be made arbitrarily small.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method and device for recording
      holograms containing data on a storage tape in which either the tape feed
      speed as well as access time can be reduced or the signal to noise ratio
      can be improved while leaving the tape feed speed unaffected. To
      accomplish this, the object beam and the reference beam are directed
      commonly by a deflecting device sequentially in a direction extending
      perpendicular to the tape feed direction to sequentially project the beams
      onto individual tracks or channels of the storage tape. By utilizing a
      plurality of parallel tracks or channels, a higher storage density is
      obtained and the mean access time is reduced in accordance with the number
      of parallel tracks and is lower than the values obtainable with magnetic
      tape storage. Preferably, the object beam, which is preferably a
      pulse-amplitude modulated laser beam and the reference beams are focused
      by cylindrical lens so that unidimensional holograms are recorded. To aid
      in recording and in retrieving the information, additional information
      such as a synchronization signal may be recorded for each vertical
      recording cycle. To retrieve the information from the channels on the
      tape, the invention also is directed to a method in which a beam is
      focused by a cylindrical lens to be either simultaneously projected onto
      all of the channels or sequentially projected by a deflecting means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates an arrangement of holograms in individual parallel
      tracks or channels of a storage tape;
PAR  FIG. 2 is a schematic illustration of a device for recording data in a
      plurality of parallel tracks or channels of a storage medium;
PAR  FIG. 3 is a schematic illustration of a first device for reading-out the
      data stored in a plurality of tracks; and
PAR  FIG. 4 is a schematic illustration of a second device for reading-out
      information stored in a plurality of tracks on a storage medium.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the present invention are particularly useful in
      producing a storage tape 1 which has a plurality parallel tracks or
      channels 2 of which three are shown. The tape 1 during recording and
      read-out is moved in a direction indicated by the arrow X and the channels
      or tracks 2 extend parallel to this direction. The data to be recorded is
      recorded as individual holograms 3 in the parallel channels or tracks 2.
PAR  By sequentially recording the individual holograms 3 in the parallel tracks
      2, the speed of the moving tape 1 can be chosen so that after the end of a
      vertical recording cycle, which is the recording of data extending in a
      row substantially perpendicular to the tracks 2, the tape is advanced by
      an interval .DELTA. x. When compared with a single track recording, the
      multitrack recording can produce the same spacing between adjacent
      holograms 3 in the same track 2 with a reduction in the tape speed during
      recording and reproduction by a factor of 1/N, where N is the number of
      parallel tracks or channels 2. Thus the required tape speed to produce a
      given spacing between holograms in each channel 2 of the storage tape 1 is
      .DELTA. x/N as compared to a tape speed of .DELTA.x for a single track or
      channel storage tape. At the same time the number of bits of data being
      stored per centimeter of tape is increased by the factor N.
PAR  The record the holograms 3 sequentially in one track after the other track
      on the tape 1, a device schematically illustrated in FIG. 2 is utilized to
      perform the method. An object beam 4 of coherent radiation is passed
      through a modulator 6 which has leads for receiving a signal or
      information which is to be modulated onto the object beam. The modulated
      object beam which contains modulated pulses is then focused by a
      cylindrical lens 7 onto a beam splitter 9. At the same time, a reference
      beam 5 of coherent radiation is focused by a cylindrical lens 8 to pass
      through the beam splitter 9. The beam splitter 9 may be a partially
      translucent mirror which passes the reference beam 5 while relfecting the
      object beam 4. The two beams 4 and 5 are directed from the beam splitter
      through a deflecting means illustrated as a deflecting unit 10 which
      directs the beams 4 and 5 sequentially onto the individual tracks 2 of the
      storage tape 1. The deflecting unit 10 deflects the beams 4 and 5 in a
      direction extending perpendicular to the tape feed direction X so that the
      holograms 3 are recorded sequentially in one track after another along a
      line extending substantially perpendicular to the direction X. The
      deflecting unit 10 may be a high speed optical deflecting system such as
      an acusto-optical or an electro-optical deflecting device.
PAR  In order to avoid distorsion of the wave fields being deflected by the
      electro-optical or acousto-optical deflector of the deflecting unit 10,
      object and reference waves with a cylindrical geometry are used. To obtain
      the cylindrical geometry, the cylindrical lenses 7 and 8 and a third
      cylindrical lens 11 are provided. The cylindrical axis of the lenses 7 and
      8 are arranged parallel to the deflection direction and this in turn
      extends perpendicular to the tape feed directon X. The cylindrical lens 11
      is located between the deflection unit 10 and the storage tape 1 and has
      its axis extending parallel to the tape feed direction X so that the lens
      11 may focus the deflected object and reference waves onto the tape 1 to
      form unidimensional or one-dimensional holograms. As illustrated, the
      deflecting unit 10 commonly deflects both the object and reference beams
      in a direction extending perpendicular to the tape direction X so that the
      beams 4 and 5 are sequentially projected on each of the tracks or channels
      2.
PAR  The storage medium can be a normal holographic material. Erasable optical
      recording materials can also be used as well as heat sensitive thermo
      plastics which will record surface relief holograms.
PAR  To retrieve the information, a read-out or retrievel device such as
      schematically illustrated in FIG. 3 can be utilized. In this device, a
      storage tape 1 is passed before a light beam 12 which carries out the
      reconstruction of the signal stored in the form of parallel unidimensional
      holograms 3. The information contained in the holograms is detected by a
      photo detector system or unit such as 15. In the first preferred
      embodiment, the light beam 12 is focused by a cylindrical lens 13 to
      simultaneously illuminate all of the tracks or channels 2. The photo
      detector system 15 is located in the reconstruction plane of the holograms
      3, and has a plurality of individual detector elements with one element
      associated with each track or channel 2. The individual reconstructed
      images of the holograms are focused by a cylindrical lens 14 onto the
      elements of the detector 15. The photo detector system includes an
      electronic scanning switch 16 to sequentially scan the signals appearing
      on the individual detector elements.
PAR  A second preferred embodiment of a read-out or retrieval system is
      illustrated in FIG. 4. A light beam 12, for example a laser beam, is
      focused by a cylindrical lens 13 and is received by a light deflecting
      means 17 which sequentially deflects the beam in a direction perpendicular
      to the tape direction and sequentially directs the beam upon each of the
      holograms contained in the individual channels or tracks 2. As the
      deflected beam moves from track to track to sequentially illuminate the
      holograms, images are sequentially reconstructed. The reconstructed images
      are focused by a cylindrical mirror 14 on a photo detector 15' which is
      located in the reconstruction plane for the hologram. The photo detector
      15' is a slot-like detector whose width is selected in accordance with the
      resolution of the hologram 3.
PAR  In order to achieve an optimum reproduction speed, a divergent reference
      wave and a convergent object wave will be used. To optimize the signal to
      noise ratio and the resolution, the wave front of the read-out light beam,
      in the tape feed direction, must correspond with that of the wave front of
      the reference beam at the time of recording.
PAR  When using the proposed multi-channel storage technique for storing either
      audio or video data and also for storing digital data, it is desirable to
      synchronize the recording and read-out process. To accomplish this
      synchronization, a synchronizing signal is superimposed upon the signal
      being recorded. The synchronizing signal, which will be recorded in the
      first track during a recording process, triggers the vertical light
      deflection from track to track during recording. Thus one synchronizing
      pulse is recorded for each vertical recording cycle which is a complete
      scan in the vertical direction of the tracks or channels 2 of the tape.
      During read-out with the photo detector, the signal recorded in the first
      track triggers a vertical scanning function of the light deflector. When
      storing video signals, this deflection frequency is made equal to the
      recording deflection frequency.
PAR  If it is necessary to be able to arbitrarily address the individual tracks
      of stored bits of information, the position of the tape parallel to the
      tape feed direction is determined by means of a counter which receives the
      synchronization signal. On reaching the desired horizontal position, the
      vertical deflection function is triggered and once again the number of
      tracks is determined by using the counter. The amplitude of the
      synchronization pulse can be used to monitor slight positional
      fluctuations on the part of the storage medium in a direction extending
      perpendicular to the tape feed direction.
PAR  In comparison with the single track recording, the access time with a
      multi-track or channel recording is reduced in accordance with the number
      of parallel tracks or channels present on the storage tape 1. The
      synchronization pulse train, which is recorded in the first track with a
      pulse for each vertical cycle, is exploited for a rapid location of data.
      By counting each of the recorded synchronization signals or pulses with an
      electronic counter during a search phase, the tape can be stopped at the
      desired position to retrieve individual bits of data. The essential thing
      is that the tape speed need not be uniform during the search phase.
      Ultimately the access time is limited by the maximum tape speed which is
      technically possible. However, because of the high storage density, the
      mean access time is shorter than with magnetic tape storage.
PAR  By relinquishing the maximum possible storage density and by increasing the
      interval between adjacent holograms in the same track so that the image
      produced by the individual holograms at the time of reproduction are not
      so close together, the signal to noise ratio may be correspondingly
      improved. The individual reconstructed images can be sharply separated in
      this situation and are easier to read-out or retrieve. Furthermore, this
      reduces the probability of cross talk due to overlapping of neighboring
      images.
PAR  Although minor modifications may be suggested by those versed in the art,
      it should be understood that we wish to employ within the scope of the
      patent granted hereon, all such modifications that reasonably and properly
      come within the scope of our contribution to the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of recording a plurality of one-dimensional holograms
      containing analog or digital data sequentially in multi-channels on a
      storage tape comprising providing a tape having a plurality of parallel
      channels extending along a tape direction; moving the tape in the tape
      direction; pulse amplitude modulating a laser beam to produce an object
      beam having a plurality of modulated pulses with each modulated pulse
      containing a signal to be recorded; providing a reference beam; combining
      the object beam and reference beam into a commonly directed beam by
      focusing one of the beams with a cylindrical lens through a beam splitting
      device and by focusing the other of the two beams with a second
      cylindrical lens at the beam splitting device; directing the combined
      object beam and reference beam through a beam deflecting means and
      focusing the beams with a third cylindrical lens onto the storage tape;
      sequentially deflecting both the object beam and the reference beam
      consecutively on the channels of the storage tape with the direction of
      deflection extending perpendicular to the tape direction to produce a
      recording cycle extending transversely across the channel to record
      one-dimensional holograms in each of the channels sequentially wherein
      each one-dimensional hologram corresponds to each modulated pulse with the
      contrast of the hologram being a measure of the amplitude of the modulated
      pulse.
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PAL  Chiefly by means restricting/specifying the telephone numbers possible to
      dial from a door-attached and else to its purpose adapted telephone, a
      normal public automatic subscriber telephone network in its entire
      ordinary functioning and capacity of communication is being used in the
      specific order to establish a well defined door to tenant communication
      situation in a house of such a door telephone, enabling a visitor to call
      up a tenant and seek admission through the locked door, time-limitable
      conversation between them, and tenant to open the door free of choice. The
      functioning is specific for each house, yet no extra installations or
      arrangements in the common telephone network or in the house are needed,
      but the door telephone beeing conventionally connected with the existing
      telephone network can without measures share its regular and new, anyway
      for general purposes introduced extra services to distinguish the
      function. Thus extra features like particular ringing and overcoming of
      busy line are thereby provisionable, protection against misuse is
      obtained, and can the door in a house that so wishes be opened from an
      outside distance when so called for by post men, emergency personell and
      the like.
BSUM
PAR  This invention relates to a specific use of a public automatic subscriber
      telephone network as a whole, and more particularly to the use beeing
      specific door signalling and opening control purposes of a distinct
      entrance.
PAR  The number of locked entrances is steadily increasing, causing great
      disadvantages for tenants as well as visitors. Devices such as local
      intercom systems are previously known, arranged to allow passage. However,
      these systems have a number of disadvantages, which, despite the fact that
      the entrance door can be kept locked, often prevent installation. These
      systems reguire separate wiring between the main unit and each connected
      tenant unit, each tenant unit must be arranged with a separate signalling
      source, verbal communication unit and impulse source for unlocking the
      entrance door. This makes the installation cost high and also increases
      the risk for malfunction. Irritation is often caused by unauthorized use
      or mistake in the use of call button panels, often difficult to visualize
      and read, which cause irritation by an immediate signal in the associated
      receiver unit when a call button is depressed. Postmen etc. will perhaps
      not allways manage to get in touch with a tenant for opening, or must
      cause inconvenience when seeking to, and if any flaw should occur, repair
      may be difficult to get since no uniform service exists.
PAR  A few systems to this end have been accounted for, as parts employing the
      tenants subscriber telephone sets and some stretch of their lines, but
      these systems can not operate in such a mode, that the advantages of the
      whole automatic public subscriber telephone network with the capacity of
      communication are used, thus maintaining a number of the previously
      mentioned features and disadvantages. In not having any outgoing line to
      the automatic exchanges of the public subscriber telephone network, they
      cannot reach and benefit from said networks own switching exchange
      capacity, even if they were equipped with any common device for or
      associated with dialing telephone numbers. One of these previousely known
      systems requires a separate intercom switching unit, connecting up to the
      various subscriber telephone lines within the actual building, and
      separate intercom wiring to points of such juncture for the communication
      between entrance and tenants, which affects the cost of installation.
      Another type of a previously known system requires for the communication
      between entrance and tenants separate switch and control units preferably
      in the central office for each connected building, separate from the
      public network exchange equipment, said separate equipment having fixed
      connection to each of the ingoing terminals to every subscriber in the
      building concerned. If a large number of such systems are to be connected
      in the C. O. building, a rather complex switching technique must be
      adapted, thus increasing the cost if installation. Both systems, remaining
      basicly intercom, can also be used for unautorized calls or calls by
      mistake which might be of less importance in buildings with a lobby, but
      could be of considerable importance in apartment houses having an entrance
      facing the street. In most houses or buildings, the cost of installation
      is also of utmost importance.
PAR  It is a known fact of to-day, that the general public in the homes have
      access to a well-functioning, selective system of communication, including
      wiring, automatic exchange devices, signalling means, verbal communication
      units and also a good service, i.e. a public subscriber telephone network
      with a connected subscriber telephone set, which can be installed at a
      modest cost for those not presently using this service.
PAR  It is the object of my invention to use all these, and for the purpose
      unaltered, functions for specific signalling and opening purposes of an
      entrance by means of the public telephone network, achieved by the
      introduction of a specifically functioning and to the telephone network
      connected apparatus, adjacent to the entrance.
PAR  It is features of my invention that only one simple installation is
      necessary, regardless of the location and the number of apartments behind
      the entrance, in which the tenants ordinary telephone sets can be used.
      Only one extension connected to a common and easily accessable circuit
      network is necessary, and all more specific functions are includable in
      said extension set, serving at the entrance, said set preferably beeing of
      a uniform design, thus reducing the costs involved to a minimum.
PAR  Other features of the present invention, including the basic principles for
      the function, will be gained from the following description of a possible
      embodiment of the invention as schematically illustrated in the
      accompanying drawing, which is a block diagram representation of one
      illustrative embodiment of my invention, where it is thought, that video
      telephone network has been established and video communication means is
      provided, showing in general the relationship between the parts. Due
      consideration should be given to the fact, that within the disclosed
      principle to use a subscriber telephone network for door signalling and
      opening purposes, by means of suitably connected and designed devices,
      many other technical arrangements also are possible within the scope of
      the invention, since even if the technical arrangement is varied, the
      realizing and introduction of the functioning and to the telephone network
      conventionally connected apparatus at the entrance is the basic feature
      making it possible to utilize the telephone network as herein disclosed.
      As a consequence, the technical solutions of the functions described will
      only be indicated. In this country existing conditions for the subscriber
      telephone networks (Telephone companies, existing devices and technique,
      level of automation, terms etc.) should be considered as existing.
DRWD
PAR  Referring now to the following, a uniform set, "the Entrance Set" as called
      in the drawing, including conventional dialing means, "the Number
      Selector", and -- loudspeaker or handset -- verbal communication unit, and
      possibly a camera unit if video telephone network has been established, is
      installed at the entrance or in the lobby accessable for visitors, and
      connected by the telephone authorities to the public telephone network as
      an ordinary subscriber telephone set. This set does not need a subscriber
      telephone number, but it is possible to dial numbers from same. Normally,
      this set is separated from the telephone network by means of a line power
      switch, "the Network Switch", and connected by a visitor when wishing to
      make a call. By means of the number selector device, the visitor is now
      able to establish conventional telephone contact via the automatic
      subscriber telephone network with any tenants ordinary subscriber
      telephone set, "the Reply Set". The switch indicated as 1 in the enclosed
      drawing is during this operation in position I.
PAR  A visitor would be able to dial any telephone number. However, for door
      signalling purposes only certain telephone numbers can be held relevant,
      i.e. numbers inside the entrance. A device, "the Number Discriminator", is
      included, restricting the use of the entrance set to relevant telephone
      numbers only. It can be programmed for any numbers and is instructed to
      pass on only programmed numbers. This device is preferably programmed by
      the telephone company engineers for the numbers relevant to each entrance,
      which means that out of millions of combinations, the number dialed at the
      entrance set must strictly conform with one of the programmed numbers, if
      a call should be connected to the telephone network. This system protects
      the telephone company from the set being used for ordinary telephone
      calls. It also includes protection for the tenants from unauthorized
      calls. If no panel displaying the names and/or telephone numbers is
      arranged by the entrance set, the visitor must known who lives behind the
      entrance and/or the telephone number, before a signal to a tenant can be
      accomplished. This clearly favours welcome, or at least selected number is
      very low, but in really having an errand to known tenants, telephone
      numbers can easily be gained by common telephone directories if not known
      or forgotten. However, tenants having secret telephone numbers can
      maintain this prtection, and tenants with no desire to communicate with
      visitors, can still have a telephone set, if their telephone numbers are
      not programmed/or removed in the number discriminator.
PAR  From what has been stated above and particularly in view of what will be
      disclosed below, it will become obvious for anybody skilled in the art,
      that primarly, it is the number restriction facilities which make it
      possible to utilize the entrance telephone set for its specific purpose
      and building, despite the fact that it is connected in a conventional way
      to the whole public subscriber telephone network. It is also then obvious
      for any person skilled in the art, that the number restricting device,
      once being discerned, can be designed according to numerous technical
      solutions. The number discriminator can be connected in parallel with the
      number selector as a "passive" component, i.e. letting the dialed number
      pass to the exchange, simultaneously checking each digit and disconnecting
      the call after any wrong digit or whole number, in which case the
      switching capacity of the telephone network might be loaded with many
      unauthorized number selecting operations. It can also be connected in
      series as an "active" component, i.e. first checking/approving the
      selected number, thereafter seizing the line to the central office and
      repeating or self dialing the approved telephone number to the automatic
      exchange. In this case, the switching capacity of the telephone network is
      only loaded with authorized switching operations, which is preferred,
      particularly in view of the advanced LSI-technique now available, making
      small units able to convert key set dialed numbers to a conventionally
      dialed number if required, and which circuits have a programmable memory
      capacity for storage of approved telephone numbers, which, after dialing
      from a key set, which is preferred, are repeated or dialed to the
      switching exchange of the public subscriber telephone network, in the way
      prescribed by said telephone network. Such a circuit can also be adressed
      from a conventional name/signalling panel and dial a programmed number
      depending on the pushbutton depressed, thus equivalent to a common
      automatic dialer, but such a system can be used by unauthorized persons
      and mistakes caused by depression of the wrong key can also occur.
      Preferably, the ordinary subscriber telephone numbers are used for
      signalling purposes from the entrance, since they are best known to all
      wellcome visitors. For certain tenants, e.g. doctors, firms offices, can
      at the same time means for short number selection from the key set be
      arranged for adressing the number discriminator. The method for number
      selection can thus be arranged to suit every type of building in the most
      convenient way. It is now also obvious for any person skilled in the
      trade, that the number discriminator also can be arranged outside the
      actual entrance set, without leaving free access to the full switching
      capabillity of the telephone network.
PAR  Any wrongly dialed number is prevented to pass on, or the network switch is
      caused by the number discriminator to immediately disconnect the entrance
      set from the telephone network, which connection can be re-established by
      a visitor for a new number selecting operation. If however the selected
      number conforms with a number programmed in the number discriminator, an
      ordinary call to that number is connected up by the automatic exchange of
      the telephone network, and so a telephone signal is caused in one of the
      reply sets. When a person answers this call, verbal communication is
      established, i.e. request for entrance, identification etc., but a two-way
      electrical contact suitable for other signalling purposes is also now
      established between the entrance and the reply set. There is no other
      method to establish contact between subscriber telephone sets and an
      entrance set than by a call from the last mentioned set, since the
      entrance telephone set is not allocated a subscriber telephone number and
      normally disconnected from the telephone network. It is therefore a
      certain fact, that only telephone sets with their telephone numbers
      programmed in the number discriminator of the entrance set, of all
      subscriber telephone sets in the public network, can indue any type of
      signal to the entrance set concerned, and only so after having been
      therefrom called up and answered that call. If said entrance set is
      arranged to be influenced by a signal, which can be created by any
      subscriber telephone set in the telephone network, said influence can only
      be created from a restricted number of authorized subscriber telephone
      sets. The entrance set is designed to receive a signal for entrance
      unlocking purposes, created by means of a normal subscriber telephone set,
      now acting as a reply set, said signal being conventional and uniform for
      all entrance sets/reply sets.
PAR  A suitable signal from a reply set according to the described embodiment of
      this invention, could be the movement of the number selecting device to
      digit 9, thereafter releasing same within a short period of time without
      replacing the handset. Thereby, a disconnection is first caused, followed
      by a repeated number of pulses and a reconnection. This can be audiably
      illustrated by means of an ordinary hand set, provided that a party at the
      other end of the line carries out the suggested operation.
PAR  A device, referred to as a "Signal Distinction Unit A + B", included in the
      entrance set, analyses after establishment of contact with a reply set the
      above signal sequence, the unit A sensing the interruption forming the
      first part of the sequence, causing unit A to move switch 1 shown in the
      drawing to position II. The remaining part of the signal sequence, being
      the pulses and the reconnection, can now be sensed by unit B. Reception
      here of the correct pulse sequence within a reasonable restricted period
      of time, followed by reconnection, causes the "Lock Release Impulse
      Generator", which could be a relay, to generate an opening impulse, which
      can be an electrical impulse, to the (electrical) entrance door lock
      connected to the lock impulse generator, said door lock being of any known
      type. When the release of the entrance door lock has been accomplished,
      the entrance set returns to the initially described state of inactiveness.
PAR  The division of the signal distinction unit into two parts A + B, and the
      switch 1 shown in the drawing, are arranged to give protection against not
      desired releases of the entrance door lock. Since the switch 1 must take
      up position II to enable unit B to receive signals, unit B can not be
      manipulated in order to open the entrance from the verbal communication
      unit or the number selecting unit of the entrance set. Since unit B must
      receive the correct pulse sequence within a restricted period of time, a
      disconnection of the call, e.g. caused by the called party hanging up,
      does not initiate the opening of the entrance. The called party can
      thereby refuse to open the entrance door. If unit B does not receive the
      correct pulse sequence within a short period of time, but an other or no
      sequence at all, said unit can be designed to cause the network switch to
      disconnect the connection of the entrance set from the telephone network,
      instead of initiate a lock release. The switch 1 is now returned to
      position I, possibly after a predetermined time delay, thus making it
      possible for the called party to reach the line without being prevented by
      immediate repeated malicious attempts to establish contact from the
      entrance set from any person.
PAR  Since the entrance set is by ordinary means connected to the public
      telephone network, all the extra services offered by this network to the
      subscribers can be shared. Two of these services, presently used in
      certain areas, are "call waiting" and "code ringing". The first mentioned
      service is a particular signal in the handset for a party on the line, if
      a third party is calling the engaged number, whereby the party on the line
      can take said call. The second service mentioned involves different signal
      characters for calls from different types of subscribers. These services,
      to be introduced in many areas, can also advantageously be used for
      entrance sets.
PAR  All functions described above can also be regarded as separate functions,
      interworking by means of electromechanical means, as well as arranged
      outside the entrance set, but preferably arranged as one electronical
      unit, as indicated in the drawing, thus permitting mass production at a
      low cost and simple installations, since the units can be identical for
      all entrance sets, given a separate identity by the programming of the
      number discriminator included in the device. This unit can also be powered
      separately from a line source, as indicated in the drawing, and connected
      in such a way, that it is not used when the entrance door is kept
      unlocked. No dialed numbers or calls will then be connected to the
      telephone network.
PAR  Certain conditions of restriction can also be included in this unit, e.g.
      if the call time should exceed say one minute, if no reply has been
      received after 6 signals, or 15 seconds after the last digit is an
      uncompleted number sequence or no number dialed after connection, said
      conditions in order to avoid malicious use or mistakes.
PAR  According to a foreseen separate embodiment for special purposes or houses,
      a number of entrances are simultaneously but selectively controlled from
      one entrance set, the number discriminator selectively guiding the by a
      reply set generated release impulse for one or more locks on basis of the
      information obtained from the dialed telephone number.
PAR  According to another foreseen separate embodiment for special buildings,
      the key set of the entrance set can at the same time adress a common
      combination lock device, the number dialed being a programmed telephone
      number, being dialed to the telephone network, but being the number
      programmed for in the combination lock, opening the door at once. The same
      confidentiality problems regarding the code for lock release as in all
      combination lock devices will however be present, whereas in a telephone
      conversation there always will be present the not codified checking
      capability of the called party.
PAR  If desired, each entrance set can also be programmed to pass on a common
      number for all entrance sets in the area/city/etc., to be used by post
      men, emergency personell, guards etc., when the opening of a locked
      entrance is by them desired, the entrance door lock being released after
      due control of the calling party from the called party. This number can be
      allocated a distinct subscriber telephone set anywhere in the
      area/city/etc., thus functioning as an opening central. It is easily
      understood, that despite the fact that said number can be dialed from any
      entrance set, release of the entrance door lock will only be affected for
      the entrance from which the call is actually made.
PAR  According to a concluding foreseen separate embodiment of my invention, on
      occasions when it is conveniant and desired to give the general public
      access to common telephone communication from the entrance set, e.g. by
      adapting it as an automatic coin-in-the-slot telephone, and yet maintain
      its specific signal and opening purposes for the entrance door where it is
      located, the number discriminator will permit any number to be connected
      up, but it will activate the signal distinction unit and lock release
      impulse generator only when numbers programmed for are being dialed, this
      for instance achieved by letting the switch 1 shown in the drawing take
      position II only if the dialed number has corresponded with the
      programmed. Since the calling party then pays for the call, all numbers
      can be permitted for general conversation, but since only programmed
      numbers, thus will make lock release possible, only authorized subscriber
      sets can, as above, dial the 9 causing the lock release, and thus the
      entrance set is still specified for its house and purpose. If subscriber
      sets having a number not programmed for in the number discriminator are to
      be reached from the entrance set, their "unprogrammed" numbers must first
      be dialed, and are also in this embodiment allowed to be so resulting in a
      call to such a set, but if the 9 now is being therefrom dialed in return,
      the number discriminator by not having recognised these numbers as
      authorized (programmed) ones, opens up no connection way for that signal
      to reach signal distinction unit B, and thus no door opening control is
      possible for unauthorized though else contactable subscriber telephone
      sets. If, hypothetically, the entrance set is allocated a telephone number
      and has answered a call from any subscriber telephone set, the door lock
      cannot either be released. The number discriminator has still not sensed
      any programmed telephone number having been dialed on the entrance set and
      consequently blocks any signals from reaching signal distinction unit B.
      However, this embodiment is not likely to be often applicable. Since the
      herein first described and preferred embodiment only loads the switching
      capacity of the telephone network with authorized calls, the telephone
      company might well permit gratis calls from the entrance set, being able
      to charge a small extra subscription fee for those wishing to have their
      number programmed for in the number discriminator to cover the costs.
PAR  As has been described, it is basicly the normal functioning of an existing
      telephone network that has been brought to this specific use, by means of
      the entrance set. In doing so, the entrance set must strictly conform to
      the technical specifications for each telephone network. Moreover,
      different types of buildings might prefer slightly different technical
      solutions of the described functions, as can existing technology easily
      provide many. It is to be understood that the above-described arrangements
      are illustrative of the application of the principles of the invention.
      Numerous other arrangements may be deviced by those skilled in the art
      without departing from the sprit and scope of the invention.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. The method of utilizing a public subscriber telephone network for door
      signalling and opening purposes by means of a telephone set connected to
      said telephone network, said set being arranged outside the entrance door
      of an apartment house or any other entrance door and intended for the
      purpose of communication between a visitor and a tenant inside said
      entrance door, when locked, said visitor thus being able to make a call
      from said telephone set, hereinafter called the "entrance set", to the
      subscriber telephone set, hereinafter called the "reply set", of any
      desired tenant, caretaker or other party authorized to release the
      entrance door lock of said entrance door, the communication thus
      established via said telephone network between the entrance set and the
      reply set enabling, apart from conversation, the called party to initiate
      the release of said entrance door lock, said method comprising the steps
      of,
PA0  employing the common public subscriber telephone network, including common
      automatic exchanges, common telephone numbers and common subscriber
      telephone sets for all communication between the entrance set and the
      reply set,
PA0  providing the entrance set with switching means by which it can be coupled
      onto a telephone line going out to the automatic exchanges of said
      telephone network, means for number selecting and means for verbal
      communication,
PA0  providing the entrance set with means connected to said entrance door lock
      responsive to signals received via said telephone network and induced from
      a reply set after establishment of telephone contact between the entrance
      set and any reply set for thereupon releasing said door lock, and
PA0  providing the entrance set, when intended only for contact via the
      telephone network with an authorized party for release of the entrance
      door lock, with number discriminating means, programmable for desired
      telephone numbers or their equivalents, for securing that only said
      programmed numbers will be connected through said telephone network in a
      way that enables reply sets to actuate the release of said entrance door
      lock.
NUM  2.
PAR  2. The method of claim 1 comprising the further steps of employing common
      video transmission units for existing video public subscriber telephone
      network, and providing the entrance set with means for video
      communication.
NUM  3.
PAR  3. The method according to claim 1, wherein said number discriminating
      means comprises a common device as known to the trade under the term
      "automatic dialer" being addressable from said means for number selecting
      to dial any of its programmed telephone numbers.
NUM  4.
PAR  4. In combination with a public automatic subscriber telephone network an
      apparatus having connecting means by which the apparatus can be connected
      to a door lock, comprising:
PA0  switching means by which said apparatus can be coupled onto a telephone
      line going out to the automatic exchanges of said telephone network;
PA0  selecting means for dialing telephone numbers to said telephone network;
PA0  discriminating means for securing that only certain telephone numbers out
      of all those of the whole said telephone network can be selected resulting
      in said telephone networks performing a call to one of said telephone
      networks subscriber telephone sets;
PA0  means for verbal communication with said subscriber telephone; and
PA0  means responsive to signals induced from said subscriber telephone for
      thereupon releasing said door lock.
NUM  5.
PAR  5. The combination of claim 4, wherein said selecting means comprises
      signal generating means for producing signal characters not initially
      forming telephone numbers but subsequently to be transformed to telephone
      numbers.
NUM  6.
PAR  6. The combination of claim 4, wherein said selecting means is key set
      operated.
NUM  7.
PAR  7. The combination of claim 4, wherein said selecting means comprises
      common pushbuttons, each associated with a means for dialing a
      predetermined telephone number.
NUM  8.
PAR  8. The combination of claim 4, further comprising means for short number
      selection of certain predetermined telephone numbers.
NUM  9.
PAR  9. The combination of claim 4, wherein said selecting means also addresses
      a common combination lock device.
NUM  10.
PAR  10. The combination of claim 4, including a means for video communication
      via said telephone network with said subscriber telephone.
NUM  11.
PAR  11. The combination of claim 4, wherein said discriminating means comprises
      a common device as known to the trade under the term "automatic dialer"
      being addressable from said selecting means to dial any of its programmed
      telephone numbers.
NUM  12.
PAR  12. The use of a public subscriber telephone network by means of a
      telephone set connected to said telephone network, said set being arranged
      outside the entrance door of an apartment house or any other entrance
      door, for the purpose of communication between a visitor and a tenant
      inside said entrance door, when locked, said visitor thus being enabled to
      make a call from said telephone set, hereinafter called the "entrance
      set", to the subscriber telephone set, hereinafter called the "reply set",
      of any desired tenant, caretaker or other party authorized to release the
      entrance door lock of said entrance door, the communication thus
      established via said telephone network between the entrance set and the
      reply set enabling, apart from conversation, the called party to initiate
      the release of said entrance door lock, said use comprising the steps of,
PA0  utilizing existing public subscriber telephone network, including existing
      automatic exchanges, existing telephone numbers and telephone sets
      allready possessed by telephone subscribers acting as called party for the
      communication between the entrance set and the reply set,
PA0  providing the entrance set with switching means by which it can be coupled
      onto a telephone line going out to the automatic exchanges of said
      telephone network, means for number selecting and means for verbal
      communication,
PA0  providing the entrance set with means connectable to said entrance door
      lock responsive to signals received over said telephone network and
      induced from a reply set after establishment of telephone contact between
      the entrance set and any reply set for thereupon releasing said door lock,
      and
PA0  providing the entrance set with number discriminating means, programmable
      for desired telephone numbers or their equivalents, for securing that only
      said programmed numbers will be connected through said telephone network
      enabling reply sets to release said entrance door lock.
NUM  13.
PAR  13. The use of claim 12 comprising the further steps of utilizing video
      transmission units for existing video public subscriber telephone network,
      and providing the entrance set with means for video communication.
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PAL  A telephone answering device which uses a magnetic recording tape to play
      back previously recorded messages and to record the caller's message. The
      device is switched into the record mode by a prerecorded tone on the
      magnetic recording tape.
BSUM
PAR  The present invention relates to a telephone answering device and more
      specifically to a telephone answering device which uses magnetic recording
      tape.
PAR  The prior art is replete with telephone answering devices which are quite
      complex and expensive. One such unit has a separate magnetic recording
      tape with a prerecorded message and a second tape to record the caller's
      message. Another unit uses a phonograph record with the prerecorded
      message and a magnetic recording tape to record the caller's message. A
      third unit uses the same magnetic recording tape for the prerecorded
      message and to record the caller's message and uses a mechanical system to
      index the tape. A fourth system uses a short multi-track recording belt in
      which one track has a prerecorded message and the caller's message is
      recorded on one of the other tracks. All of these systems have
      registration problems due to the indexing systems used and are overly
      complex due to the indexing systems and multiple tape handling mechanisms.
PAR  One of the objects of the present invention is to overcome the faults of
      the prior art and to provide a simple, economical and reliable telephone
      answering device.
PAR  Still another object of the invention is to provide a telephone answering
      device which uses only one magnetic recording tape for the prerecorded and
      caller's message.
PAR  It is yet another object of the invention to provide a telephone answering
      device which indexes itself by a tone recorded on the magnetic recording
      tape.
PAR  In general and in one aspect of the invention, there is a tape moving
      mechanism with a record-playback head together with a circuit for
      operating the same, such that in the playback state, the amplifier is
      energized to apply a signal to the telephone line and, in the record
      state, to receive and record a signal from the telephone line. There is a
      record sensor for sensing a record control signal on the tape and a ring
      sensor for initiating the operation of the tape moving mechanism. There
      are at least two tracks on the tape, at least one for messages and another
      for the record control signal.
PAR  Other objects, advantages and features of the invention will become
      apparent from the following description and drawings, which are merely
      exemplary.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the telephone answering device;
PAR  FIG. 2 is a diagram of the recorded messages and tones on the magnetic
      recording tape;
PAR  FIG. 3 is a block diagram of one embodiment of the present invention; and
PAR  FIGS. 4A and 4B show a schematic diagram of one embodiment of the present
      invention.
DETD
PAR  With reference to FIG. 1, a view of the telephone answering device is shown
      having speaker 10 for listening to telephone messages, message light 12 to
      show when the answering device has recorded a call, recording light 14 to
      show that the answering device is recording a message, program switch 16
      to record the answering message, cassette 18 that holds the magnetic
      recording tape, built-in microphone 20 for recording answering messages,
      volume control 22 for varying the volume of the playback speaker 10,
      monitor button 24 for listening in as the answering device is taking a
      message and leave word button 26 when it is desired to leave an in-home
      message. Additionally, there is an off button 28, an on/answer button 30
      that prepares the answering device to record or playback messages, a fast
      forward button 32 and a fast rewind button 34 for rapidly moving the
      cassette recording tape in the forward and reverse directions and a
      playback button 36 for listening to the recorded phone message.
PAR  With reference to FIG. 2, a section of magnetic recording tape 38 is shown
      having a recording track 40 and a message track 42. When a telephone
      ringing signal is sensed, the tape is started to move across the
      record-playback and record sensor head. In the first section 44 of the
      tape 38, no record control signal is on the track 40, so a prerecorded
      answering message on track 42 is played onto the telephone lines. In the
      second section 46 of the tape 38, a record control signal is sensed on the
      track 40, so a telephone caller's message is recorded on the track 38.
      Sections 44 and 46 are repeated many times on the recording tape so that
      many calls can be recorded.
PAR  With reference to FIG. 3, a telephone line is connected to telephone
      terminals 46 which are connected to a telephone 50, ring sensor 52 and two
      terminals of a double pole relay 54A. The other terminals of relay 54A are
      connected to a primary winding 56 of transformer 58. A secondary winding
      60 of the transformer 58 is connected between an emitter terminal of
      transistor 62 and ground.
PAR  A base terminal of the transistor 62 is connected to a Record line 64. A
      collector terminal of the transistor 62 is connected to an emitter
      terminal of transistor 65 and one terminal of Leave Word switch 66.
      Another terminal of the switch 66 is connected to microphone 68 which is
      grounded. A third terminal of switch 66 is connected to a terminal of
      Program switch 70. Another terminal of switch 70 is connected to the
      microphone 68 and the other terminal of switch 70 is connected to
      preamplifier 78A. The output of 78A is connected to an automatic gain
      control 72 and a volume control 74 which is grounded. A Playback switch 76
      can connect the output terminal of the automatic gain control 72 or the
      output terminal of the volume control 74 to the input of the amplifier
      78B. An output terminal of the amplifier 78B is connected to a Playback
      switch 80, the record equalization network 82 and a collector terminal of
      a transistor 84. Another terminal of the switch 80 is connected to a
      speaker 86 and a third terminal of the switch 80 is connected to an AVC
      rectifier 88 which is connected to the control input of the automatic
      volume control 72. The output of record equalizing network 82 is connected
      to the collector of transistor 82A. An emitter terminal of the transistor
      82A is connected to one terminal of a record-playback head 90 and a
      collector terminal of a transistor 92. A base terminal of the transistor
      92 is connected to a play line 94. Emitter terminals of the transistors 92
      and 96 are connected to ground. Base terminals of the transistors 82A and
      96 are connected to the record control signal line 64. A collector
      terminal of the transistor 96 is connected to the other terminal of the
      record-playback head 90 and to capacitor 98. The capacitor 98 is connected
      to a base terminal of transistor 65 and to resistor 100 which is connected
      to the play line 94. A collector terminal of the transistor 65 is
      connected to B+ line 102. A base terminal of the transistor 84 is
      connected to the play line 94. An emitter terminal of the transistor 84 is
      connected to the emitter terminals of the transistors 62 and 104.
PAR  A tone head 106 is connected to an input terminal of an amplifier 108. The
      B+ line 102 is connected to the amplifier 108 through Play switch 110. An
      output terminal of the amplifier 108 is connected to collector terminal of
      the transistor 104 and an input terminal of a rectifier 112. An output
      terminal of the rectifier 112 is connected to an input terminal of an
      inverter 116B through inverter 116A and Program switch 118. The output
      terminal of the inverter 116B is connected to one terminal each of a
      Program switch 118 and a gate terminal of a silicon controlled rectifier.
      Another terminal of the switch 118 is connected to a base terminal of a
      transistor 120. A collector terminal of the transistor 120 is connected to
      the B+ line 102 and an emitter terminal of transistor 120 is connected to
      the Record line 64. Capacitor 122 is connected between the Record line 64
      and a base terminal of the transistor 104. The Record line 64 is connected
      by a resistor 124 to an erase head 126, the other terminal of which is
      grounded. An anode terminal of the silicon controlled rectifier 114 is
      connected to a Message Light 128 which is connected to B+. A cathode
      terminal of the SCR 114 is grounded. An input terminal of the inverter
      116B is connected to an input terminal of motor control circuit 144. The
      ring sensor circuit 130 connects B+ from a power supply 142 to a motor
      control circuit 144, line seize relay coil 54B and B+ line 102. The B+
      line 102 is connected to a collector terminal of a transistor 146 and play
      line 94 by way of a record lamp 148. An emitter terminal of the transistor
      146 is grounded and a base terminal is connected to the Record line 64.
      The power supply 142 is enabled by an On-Answer switch 148A. The line
      seize relay coil 54B is connected to ground by way of the Program switch
      150, Leave Word switch 152, Playback switch 154, Fast Forward switch 156
      and Rewind switch 158. Other terminals of the program, play rewind and
      fast forward switches are connected to the motor control circuit 144.
PAR  Still with reference to FIG. 3, when a telephone ring signal is sensed by
      the ring sensor 52 and the answering device is switched to On-Answer, the
      ring sensor circuit 130 energizes the B+ line 102 and the motor control
      circuit 144 to move the magnetic tape past the record-playback head 90,
      the erase head 126 and the tone head 106. The ring sensor circuit 130 has
      a built-in selectable time delay prior to energizing the circuits and the
      line seize relay coil 54B which actuates the line seize relay contacts
      54A. When the transformer is connected to the telephone line, the
      telephone switch gear switches the caller onto the telephone line. The B+
      on the B+ line 102 energizes the Play line 94 through the record lamp 148,
      but the current flow is insufficient to make it glow. The transistor 92 is
      energized to ground one side of the record-playback head 90. The
      transistors 82A and 96 are not energized and, therefore, do not conduct.
      The signal from the record-playback head is applied to the transistor 65
      by way of the capacitor 98. The transistor 65 is biased on by the voltage
      from the Play line 94 through the resistor 100. Since the transistor 62 is
      not conducting, the signal from the emitter of the transistor 65 is
      applied through preamplifier 78A and the automatic volume control 72 to
      the amplifier 78B. The output signal from the amplifier 78B is applied to
      the transformer winding 60 by the transistor 84 which is turned on by the
      positive voltage on the Play line 94.
PAR  When the record control signal from tape 38, track 40 of section 46 is
      sensed by the tone head 106, amplified by the amplifier 108 and rectified
      by the rectifier 112, it is applied to the inverters 116A and 116B and to
      the SCR 114 which turns on the message light 128. The output terminal of
      the inverter 116B has a positive signal which turns on the transistor 120
      to apply B+ to the Record line 64. The output signal of the inverter 116A
      keeps the motor control circuit 144 in its energized state and restores
      the device to on-hook condition when the record control signal stops. The
      answering message that was played by the answering device tells the caller
      to leave a message when a beep is heard. The beep is heard when current
      flow through capacitor 122 causes the transistor 104 to conduct the
      amplified record control signal from the tape to the transformer winding
      60. This may last for approximately two seconds until the capacitor 122 is
      fully charged and current flow stops, turning off the transistor 104. The
      transistor 62 is turned on by + record line 64, conducting the caller's
      message signal to the automatic gain control 72 and amplifier 78A and 78B
      having equalization circuit 82 for recording. The Record line 64 energizes
      transistor 146 to ground one side of the record lamp 148 to make it glow
      and grounds the positive voltage on the Play line 94, therefor turning off
      the transistors 84 and 92. The positive voltage on the Record line 64 also
      turns on transistor 82A to connect the record-playback head 90 to the
      amplifier 78A for recording and grounds the other side of the head 90 by
      energizing transistor 96. Additionally, the positive voltage of the Record
      line 64 energizes the erase head 126 to erase the tape. Thus, the tape may
      be reused hundreds of times. The emitter current of transistor 82A is the
      record bias for head 90.
PAR  When the section 46 on the magnetic recording tape 38 for recording the
      caller's message runs out, there is no longer a record control signal
      applied to the tone head 106 from the tape, the inverters 116A, 116B no
      longer apply a signal to the motor control circuit 144 and the motor
      control circuit 144. The motor control circuit 144 has a timer which
      limits the off-hook time to approximately 2 minutes. This circuit hangs up
      the device (on-hook) if the normal mechanism fails (tape breaks or end of
      tape or component failure). When circuit 144 de-energizes, shutting off
      the answering device and removing the load on the telephone line, it
      indicates to the telephone switch gear that the telephone has been hung up
      (or placed on hook).
PAR  When the Leave Word switch is operated to record a message in the same
      manner as when the answering device answers the telephone, but by using
      the microphone 68, switch 132 energizes the ring sensor circuit to apply
      B+ to the B+ line 102 and to energize the motor control circuit 144.
      However, switch 152 is open so that the line seize relay coil 54B can not
      be energized. The switch 66 connects the microphone 68 to the preamplifier
      78A, automatic volume control 72 and amplifier 78B for recording a
      message. The answering device will go into the record mode when a record
      control signal on the tape is sensed by the tone head 106 so a message can
      be recorded from the microphone.
PAR  When the Program switch is operated to record an answering message for
      playback when the telephone is taken off the hook by the answering device,
      the ring sensor circuit 130 is energized by the switch 151 to energize the
      motor control circuit 144 and the B+ line 102. The line seize relay coil
      54B can not be energized because it is not grounded due to the opening of
      the switch 150. The microphone 68 is connected into the record circuit by
      the switch 70. Since there is no record control signal recorded on the
      program portion of the tape (track 40 of section 44), switch 118 connects
      the base terminal of the transistor 120 to the output terminal of the
      inverter 116A which is positive when no record control signal is sensed by
      the tone head 106, causing the answering device to go into the record
      mode.
PAR  The fast forward and rewind switches 136 and 138 move the tape rapidly in
      the forward or reverse direction by a mechanical system, inhibit line
      relay 54B and energize motor control circuit 144.
PAR  In the playback mode, the switch 154 energizes the motor control circuit
      144 and also prevents operation of the line seize relay coil 54B. The
      motor control circuit 144 and the B+ line 102 are energized. Since it is
      undesirable to have the answering device go into the record mode during
      the playback mode, switch 110 prevents the B+ from energizing the
      amplifier 108, preventing the record tone from being amplified. The switch
      76 connects a volume control 74 in place of the automatic gain control 72,
      and the switch 80 connects a loudspeaker 86 to the amplifier 78B for
      listening to the recording. The answering device then plays back the whole
      tape as in the normal playback mode.
PAR  With reference to FIGS. 4A and 4B, a complete schematic diagram is shown of
      the telephone answering device, the operation of which is readily apparent
      from the previous description of FIG. 3.
PAR  It should be apparent that variations can be made in the foregoing without
      departing from the spirit of the invention except as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone answering device which connects to the telephone line and
      uses partially prerecorded magnetic recording tape comprising a tape
      transport mechanism having a magnetic record-playback head and an electric
      drive motor for moving the magnetic recording tape in a controlled manner
      across said record-playback head; a motor control circuit for operating
      said tape transport motor; a record-playback amplifier which in its
      playback state amplifies an electrical signal from said record-playback
      head and applies the amplified signal to the telephone lines, in its
      record state amplifies an electrical signal from the telephone lines and
      applies the amplified signal to said record-playback head; a record sensor
      for sensing a record control signal prerecorded on the recording tape to
      control the state of the record-playback amplifier; and a ring sensor for
      energizing said motor control and said record sensor when a ring signal is
      sensed, wherein when a ring signal is sensed, said motor control circuit
      is energized for moving the magnetic recording tape across said
      record-playback head and said record sensor is energized, whereby when
      said record sensor does not sense a record control signal, said
      recordplayback amplifier is in its playback state and a recorded message
      is applied to the telephone lines and when a record control signal is
      sensed, said record-playback amplifier is in its record state and a
      message from the telephone lines is recorded on the tape.
NUM  2.
PAR  2. The telephone answering device as claimed in claim 1 wherein said record
      sensor includes tone head mounted on said tape transport and wherein the
      magnetic recording tape has two tracks, one track for messages and one
      track for a record signal.
NUM  3.
PAR  3. The telephone answering device as claimed in claim 2 wherein said record
      control signal is a tone recorded on the magnetic recording tape.
NUM  4.
PAR  4. The telephone answering device as claimed in claim 1 wherein said record
      sensor may be manually disenabled for playback of recorded messages.
NUM  5.
PAR  5. The telephone answering device as claimed in claim 2 wherein said record
      sensor may be manually enabled without sensing a record signal wherein a
      message may be recorded anywhere along the length of the magnetic
      recording tape on the track for messages.
NUM  6.
PAR  6. The telephone answering device as claimed in claim 1 including a
      microphone wherein said microphone may be used to record a message on said
      magnetic recording tape.
NUM  7.
PAR  7. The telephone answering device as claimed in claim 1 wherein said tape
      transport mechanism has fast forward and rewind operating modes for rapid
      movement of the magnetic recording tape.
NUM  8.
PAR  8. The telephone answering device as claimed in claim 1 wherein said
      record-playback amplifier includes an equalization network for proper
      equalization during the record and playback states.
NUM  9.
PAR  9. The telephone answering device as claimed in claim 1 including an
      automatic gain control to prevent overloading during recording of a
      message.
NUM  10.
PAR  10. The telephone answering device as claimed in claim 1 wherein said motor
      control circuit may be manually enabled for the playback or recording of
      messages and when said motor control circuit is manually enabled, the
      answering device is disconnected from the telephone line.
NUM  11.
PAR  11. The telephone answering device as claimed in claim 1 wherein a beep
      tone signal is derived from the record control signal.
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ABST
PAL  A step by step central office serving coin box subsets is provided with a
      link circuit which on initiation of a call from the coin box sub-set
      connects the line finder circuit through an auxiliary coin trunk circuit
      to the central office equipment. This is performed whether or not a coin
      has been deposited at the coin box sub-set. When the user of the coin box
      sub-set dials the auxiliary coin trunk determines whether
PA1  A. the call is charge or non-charge
PA1  B. if the call is charge whether or not adequate coinage been deposited.
PAL  On this determination the auxiliary coin trunk is freed to serve another
      call. If the call is charge and adequate coinage has not been deposited
      the call is interupted by the link circuit. If the call is non-charge or
      adequate coinage has been deposited, the link circuit connects the line
      finder directly to central office equipment so the call may proceed.
BSUM
PAR  This invention relates to circuitry facilitating the provision of `dial
      tone first` telephone service, from pay stations.
PAR  The conventional arrangement for making calls from pay stations called
      herein `coin box sub sets` involves insertion of a coin before any dialing
      is allowed to have any effect on the telephone network. This has caused
      inconvenience and had serious implications since the intending user of a
      telephone set without a coin could not make those calls which are normally
      `no-charge` including service calls and `operator` calls and could not
      even call the operator in case of emergency. Accordingly the trend has
      been to convert the telephone system to allow calls to be initiated from a
      pay sub-set without payment of a coin. For obvious reasons this is
      referred to as Dial Tone First or D.T.F. System. Such Dial Tone First
      System requires that a check be made first from the digits dialled to
      determine whether or not the call initiated is a `charge` or a `no charge`
      call, and second to determine, in the case of charge calls, the presence
      of adequate coinage and to initiate the necessary steps to prevent the
      completion of a call where the call from the coin box sub set is of a
      charge nature and no money has been deposited.
PAR  Such coin check circuitry and resultant switching equipment represents an
      added expense and space at the central offices converted to Dial Tone
      First (D.T.F. for brevity). This presents a particular problem with
      step-by-step central offices, wherein the lack of common control equipment
      for the incoming lines tends to require coin check and control equipment
      for each coin box trunk.
PAR  The object of the invention is to reduce the numbers of coin check and
      control equipment required for a step-by-step central office equipped with
      dial tone first for coin box sub sets.
PAR  Another object of the invention is to provide circuitry for use with a
      step-by-step central office which allows coin checking and the control of
      equipment to be shared by a number of the coin box trunks.
PAR  The following terms are used herein with the following connotations:
PAR  A subscriber's line comprising `T` and `R` or `Tip` and `Ring` leads,
      connects a subset to central office. As is well known the connection from
      the subscriber's line to central office involves a line finder which, on
      location of the subscriber's line awaiting service extends the connection
      from the coin box sub set to the central office equipment. In the
      extension of such connection the tip and ring or `T` and `R` leads
      referred to will be accompanied by a sleeve or `S` lead. Thus reference in
      the application to extension of a connection will imply extension not only
      of the `T` and `R` leads but where now conventionally used the extension
      of the sleeve lead also.
PAR  The subsets with which this invention are concerned have coin boxes in
      which coins are deposited in payment for `charge` calls and are referred
      to herein as coin box sub-sets.
PAR  A trunk circuit normally extends the connection from the sub-set through a
      line finder to step-by-step control office switching equipment. Where the
      trunk and the connected line finder are to be used with lines from coin
      box sub-sets, the trunk is referred to as a coin box trunk circuit. The
      above definition is still applicable but this invention describes
      circuitry intermediate the line finder and the trunk circuit and carrying
      (or sometimes interrupting) the extended connection.
PAR  A line finder hunts among lines from sub-sets to locate a sub-set, in this
      case a coin sub-set, awaiting connection to a trunk and on such location
      extends the connection from the sub-set for connection to a trunk.
PAR  Under pre-existing step-by-step central office arrangements, the line
      finder is connected to the coin box trunk which the latter is
      conventionally provided with equipment connected to:
PAR  a. check for the presence of the adequate coin for a local call,
PAR  b. be instrumental in collection of or the return of coins deposited if
      this is required.
PAR  The equipment described herein with the exception of the sub-set and the
      line therefrom is all located at central office and sometimes referred to
      as `central office equipment`.
PAR  This invention provides a link circuit between the line finder and its
      associated coin box trunk. The link circuit is designed, when the line
      finder is connected to a subscriber's line (this will be a line to a coin
      box subset), to extend the connection originating with the coin box
      sub-set from the line finder to a circuit herein called an `auxiliary coin
      trunk` and to provide a corresponding connection from the auxiliary coin
      trunk to the coin box trunk. The auxiliary coin trunk is designed to
      determine from the dial pulses corresponding to an initial sub-set of
      digits from the number dialed, whether the call is charge on non charge
      and to determine whether on not a coin is present. Where the auxiliary
      coin trunk contemporaneously determines that a charge call is being made
      and that no coin is present it is designed to prevent the completion of a
      call and preferably to signal the subscriber by tone or announcement, and
      in the event of a no charge call to allow the call to complete in a normal
      manner. The link is designed, in combination with the link circuit, to
      remove the auxiliary coin trunk from the circuit in coin present or no
      charge situations so that the link then connects the line finder directly
      to the coin box trunk. (It will be noted that, while the auxiliary coin
      trunk is making the above described determinations, it extends the sub-set
      connection through its circuitry from the link, back through the link and
      thereby to the coin box trunk. Thus the initial digits in the set of
      dialed digits are not only detected by the auxiliary coin trunk but are
      also passed on to the coin box trunk along with the succeeding dialed
      digits for processing a proper call.)
PAR  It is an advantage of the inventive circuit that the new equipment, added
      to convert the step-by-step office to DTF is achieved with substantially
      no modification of existing equipment. The coin box trunk is altered to
      remove its coin presence check function but the remainder of the circuit,
      including the coin return and coin collect functions remain unchanged.
PAR  However the main advantage of the novel link circuit is that it allows one
      or a small group of auxiliary coin trunks (which tend to contain the more
      expensive equipment) to serve a larger number or larger group of coin box
      trunks. The circuit is designed to take advantage of the fact that the
      checking of the first three or four digits of a dialed number is all that
      is required to determine charge or no charge and that after this and the
      coin presence check is completed, the auxiliary coin trunk may be freed to
      service other coin box trunks. The result of the use of the link circuit
      is therefore, that the number of auxiliary trunk circuits may, in a
      step-by-step central office be much less that the number of coin box
      trunks with the consequent saving in expense and space.
PAR  The link circuit is also preferably designed to provide means for sending a
      signal to the line finder and associated equipment beyond, if the operator
      of the coin box sub-set is too slow in dialling, takes too long between
      dialling consecutive ones of an initial set of the called number digits,
      or takes too long to hang up after receiving a disconnect tone. The object
      of sending such signal is to cause disconnection of the subscriber's line
      from the line finder, freeing the latter for servicing other lines. The
      circuit to be operated by the signal is sometimes referred to as a line
      lock-out circuit.
DRWD
PAR  In drawings which illustrate a preferred embodiment of the invention:
PAR  FIG. 1 shows, in block form, the arrangement in operation of the main parts
      of the circuit,
PAR  FIG. 2 shows the link circuit in detail, and
PAR  FIG. 3 shows the line lock-out circuit.
DETD
PAR  The convention used for relay contacts in the drawings is that a contact,
      (e.g. CT-40) which is open when the relay is released (i.e. not operated)
      is shown as an `X` across the interrupted line while a contact (e.g.
      CT-4C) which is closed when the relay is released is shown as a bar on the
      line which will be interrupted when the relay is operated.
PAR  As shown in FIG. 1, initially, the coin box sub-set going off hook causes
      the line finder to locate and achieve connection to the line to the coin
      box sub-set. In accord with well known telephone design techniques, such
      connection results in the extension of the subscriber's connection through
      the line finder. As will be later explained in detail the inventive link
      circuit then (initially) causes the extension of this subscriber's
      connection from the line finder, through the link, to a cross-bar switch
      to (and through) a circuit for determining coin presence or absence and
      whether the call is `charge` or `non-charge`. This circuit is designated
      an auxiliary coin trunk circuit. The link circuit further is designed to
      extend the subscriber's connection from the auxiliary coin trunk circuit,
      through the link circuit again to the coin box trunk circuit. Connection
      of the auxiliary coin trunk circuit as part of the subscriber's
      connection, results in dial tone being sent to the subscriber at the coin
      box sub-set. As a result the subscriber will normally commence dialling.
      The auxiliary coin trunk circuit is designed so that, by the time an
      initial set of digits of the called number (three in most telephone
      systems) have been dialled from this sub-set, the checking circuits in the
      auxiliary coin trunk have determined whether the call is a `charge` call
      or not and whether or not there is a coin present. In the event that the
      auxiliary coin circuit determined that there is a coin present or that it
      is a no charge call, the link circuit is caused to operate relay CT,
      closing CT-30, CT-40 and opening CT-3C, CT-4C to switch the subscriber's
      extended connection through the line finder directly to the coin box trunk
      and taking the auxiliary coin trunk out of the circuit freeing it at the
      cross bar switch for use with another link circuit and line finder. If,
      with the circuit arranged as shown in FIG. 1, the auxiliary coin trunk
      determines that the call is a charge call and that no coin is present,
      then the link and associated circuitry is designed, on actuation by the
      connected auxiliary coin trunk, to cause disconnection of the line finder
      and hence, the coin box sub-set and subscriber's line from both the coin
      box trunk and from the auxiliary coin trunk, freeing the latter at the
      cross-bar switch for connection to another link circuit. The link also in
      the last event preferably acts to connect an announcement or tone to the
      subscriber's line. To each link circuit there corresponds (or vice versa)
      a line finder and a coin box trunk. Although not intended to be limiting,
      it is contemplated that, commonly, 80 link circuits be each arranged for
      selective connection, via a cross-bar switch to one of 10 auxiliary coin
      trunks.
PAR  In the preferred embodiment, there is also described lock-out circuitry
      whereby, with a coin box sub-set connected to an auxiliary coin trunk, in
      the event of a pause in dialling or the existence of a permanent tone for
      longer than a predetermined period, to open line between the central
      office equipment described and the coin box sub-set. The result is that a
      subscriber who does not commence dialling within a reasonable time, does
      not dial consecutive digits within a reasonable time of each other or does
      not hang up within a reasonable time of receiving a disconnect tone, has
      his coin box sub-set disconnected. This disconnection frees the central
      office equipment for use by other subscribers and thus avoides the
      needless tying up of telephone equipment.
PAR  In FIG. 2 where the link circuit is shown in detail, the line finder
      terminals T1, R1 (which represent points on the extension of the
      subscriber's line through the line finder) are connected by lines TL1 and
      RL1, respectively, to the appropriate terminals T2 and R2 on the cross-bar
      switch for connection to a selected auxiliary coin trunk as determined by
      a selection circuit associated with the cross-bar switch. The selection
      circuitry and the cross-bar switch are not shown as they represent known
      technology easily available to those skilled in the art. Selection
      circuitry and the crossbar switch are shown in U.S. Pat. No. 2,585,904
      which was issued Feb. 19, 1952, A. J. Busch.
PAR  The cross-bar switch is designed so that: connection of lines TL1 and RL1
      therethrough to corresponding lines in the auxiliary coin trunk is coupled
      with connection of T and R lines (not shown) from the output of the
      auxiliary coin trunk circuit through connections on the cross-bar switch
      (ganged with those for TL1 and RL1 to terminals T3 and R3 in the link
      circuit, and therefrom along lines TL2 and RL2 to terminals T4 and R4 of
      the coin box trunk circuit. The connections and relays are as shown.
PAR  The auxiliary coin trunk in addition to its coin check and digit analysis
      circuitry is designed to connect TL1 and RL1, respectively to TL2 and RL2
      so that the circuitry of FIG. 2 in its initial status represents an
      extension of the subscriber's connection from the line finder, through the
      link, the auxiliary coin trunk, the link again to the coin box trunk (from
      where it will be extended to the switching equipment).
PAR  When a line is ready for service then, as is well known, a loop seizure is
      placed upon the line. The line finder then acts to extend such seizure to
      the coin link control circuit, the effect of such seizure on the equipment
      shown in the drawings is to place -48V on line TL1 and ground on path RL2.
PAR  Relays and switches are as shown in FIG. 2. Initially the contacts are in
      their closed or open position as shown, this circuit status connects lines
      TL1, RL1, TL2, RL2 to the cross-bar switch.
PAR  The ganged terminals of the cross-bar switch in closing effect closure of
      the leads HM, ANCT, ON to cooperating equipment in the auxiliary coin
      trunk to the coin link circuit. Leads ON and OH effect the cross-bar
      switch connection to the auxiliary coin trunk.
PAR  Extension of the loop seizure into the coin link circuit places -48 Volts
      on the line TL1 and ground on line RL1, in accord with the well known
      operation of the line finder and associated circuitry, causing relay L in
      the coin link circuit to operate. Operation of relay L closes contacts L-2
      (see lowest central portion of FIG. 2) and operates trunk preference relay
      TP. Operation of the TP relay causes operation of selection of a
      particular auxiliary coin trunk. Such selection grounds lead OH cause
      operation of the cross-bar switch in a manner to connect leads T2, R2, T3,
      R3, ON, HM, ANCT to corresponding leads in the selected auxiliary coin
      trunk. Such selection and the consequent operation of the cross-bar switch
      is well known to those skilled in the art as demonstrated in the Busch
      patent already referred. (It will be noted that FIG. 2 schematically
      indicates four link circuits (one shown in detail) connectable to two
      auxiliary coin trunks by the cross-bar switch.) The link circuit allows
      the reduction in the number of the latter. The actual numbers of link
      circuits and auxiliary coin trunks may, of course, vary widely. One of the
      preferred arrangements offers the facility of combining eighty link
      circuits (each one corresponding to a line finder and a coin box trunk
      circuit) with ten auxiliary coin trunks. Connection of the line finder
      circuit through the link circuit to the auxiliary coin trunk by the
      cross-bar circuitry and preference circuitry, through the wiring of the
      cross-bar switch, causes extension of the connection from T2 and R2
      through the connected auxiliary coin trunk circuit to terminal T3, R3 and
      along lines TL2 and RL2 to terminals T4 and R4. Extension of the aforesaid
      connection to terminals T4 and R4 causes the coin box trunk, in accord
      with conventional and well known design to ground sleeve lead S, causing
      the operation of relay SA. Operation of relay SA operates a relay in the
      auxiliary coin circuit by placing ground on lead ANCT over contact SA-1,
      CT-8 C, TP-30 (TP being then operated) on lead ANCT. The connection of
      ground to lead ANCT readies the auxiliary coin link circuit to determine
      the character of the dialed digits as between charge and no charge calls
      and to determine the presence or absence of a coin. The coin presence
      check circuitry is disconnected in the coin box trunk circuit when the
      link circuit of this invention is used. Thus, independently of whether or
      not a coin is present in the coin box sub-set; under the subject dial tone
      first system, as soon as the above connection to T4 and R4 is made, dial
      tone is sent from the coin box trunk circuit through lines TL2 and RL2,
      the cross-bar switch, the auxiliary coin trunk, the cross-bar switch and
      lines TL1 and RL1 to the coin box sub-set. Dial tone is provided in accord
      with well known techniques and design in the coin box trunk. The receipt
      of dial tone by the user signals him to dial the digits of the number he
      desires to call.
PAR  As previously implied the auxiliary coin trunk circuit contains means to
      determine the character of the dialed digits as between charge and no
      charge calls and means to determine the presence or the absence of a coin.
      Such equipment is readily available and may be of conventional design and
      hence need not be described here. Conventionally no charge calls include:
PAR  a. those starting with O.
PAR  b. service codes having the digits X11 where X may be any digit from 1-9.
PAR  c. service codes having the digits 410X where X may be any digit.
PAR  In some system arrangements, such no charge calls include those starting
      with 1.
PAR  In any event, the circuitry may be designed to discriminate, as desired,
      and in accord with all well known techniques between any selected classes
      of digits for charge and no charge calls. (It being again noted that
      except for disconnection of the `coin present` relay in the coin box
      trunk, this coin box trunk still performs coin collect and return
      functions). In the novel circuit the only friction shifted from the
      existing coin box trunk to the auxiliary coin trunk circuit is the check
      for the presence of the minimum coinage for a local call. Also the
      auxiliary coin trunk circuit is designed to perform the functions
      described at Pg. 8, lines 14-21.
PAR  Operation of the cross-bar switch to connect the link circuit to an
      auxiliary coin trunk is designed to open contacts HON-1 and HON-2
      releasing relay L. The release of relay L causes the slow release of relay
      L1 through the opening of contacts L-10 but further releases relay TP by
      the opening of contacts L-2, returning the contacts of relay TP to the
      position shown in FIG. 2.
PAR  The auxiliary coin trunk circuit now connected to receive the dialed pulses
      is designed, in accord with well known techniques, to determine after the
      necessary number of the digits originally dialed (one to three in the
      no-charge classes outlined above) whether or not the call is in the `no
      charge` class or not. If it is determined that a no charge call is being
      dialled, then the auxiliary coin trunk circuit is designed and connected
      to place ground on lead ANCT to the coin link circuit. Ground on link ANCT
      is applied over line AL, contacts TP-3C, resistance CTR to operate relay
      CT. Relay CT operated locks over CT-80, SA-1 to ground. CT operated, opens
      CT-4C and CT-3C and closes CT-40 and CT-30, disconnecting the auxiliary
      coin trunk circuit, so that subscriber connection at the line finder
      circuit is connected to the coin box trunk circuit bypassing the cross-bar
      switch an the auxiliary coin trunk. The auxiliary coin trunk is provided
      with control circuitry to then allow it to reset its circuitry ready for
      connection to another coin link circuit, and the cross-bar disconnects its
      former connection so that the auxiliary coin trunk is released for use
      with another link circuit and line finder.
PAR  Preferred design of the operation of the auxiliary coin trunk circuit
      provides for a check for the presence of a coin in the coin box sub-set in
      the interdigital pause following the first and following the third dialed
      digit. The result of determination by the auxiliary coin trunk that a coin
      is present will also be the switching of the link circuit to provide an
      extension of the subscriber's connection between the line finder and the
      coin box trunk circuit bypassing the cross-bar switch and the auxiliary
      coin trunk. The result of a determination that a coin is not present,
      together with a determination that it is a charged call is to cause the
      link circuit to interrupt the subscriber's connection to the coin box
      trunk, disconnecting the latter and a further result is the freeing of the
      auxiliary coin trunk circuit. Preferably a tone or announcement is sent to
      the subscriber to induce him to hang up. This preferred arrangement is
      noted to emphasize that the scope of the invention is intended to include
      the inventive link circuit as described and claimed, when combined with an
      auxiliary coin trunk, whether the coin check is made before or during the
      sending of dial tone or only after the last charge or no-charge
      determinant digit; the criteria for successful operation of the system
      including the inventive link circuit being that -- the link is to bypass
      the auxiliary coin trunk and connect the extended subscriber's connection
      through the line finder to the coin box trunk circuit on either coin
      presence or determination of a no charge call and, on the other hand, to
      prevent the call proceeding in charge call situations where no coin has
      been deposited. It is noted however that performing the coin check between
      digits is considered to have an advantage over performing the coin check
      during intervals when the pulsing of digits can be or is taking place
      since contemporaneous pulsing of digits increases the statistical
      likelihood of an error in the coin check.
PAR  In the preferred embodiment the auxiliary coin trunk check circuit operates
      after the first and third digit. Where in the classes previously
      mentioned, of initial sets of digits for no charge calls, the coin check
      after the first digit determines coin present, the auxiliary coin trunk
      circuit is designed to ground the ANCT lead as in the `no charge`
      determination to operate relay CT -- as before, connecting the line finder
      circuit to the coin box trunk circuit at CT-40 and CT-30 bypassing the
      cross-bar switch and the auxiliary coin trunk. When the coin check after
      the first digit determines `no coin present` then the auxiliary coin trunk
      circuit does not ground the ANCT lead but awaits the coin check after the
      third digit. As in the no-charge situation, the auxiliary coin trunk
      circuit is thus released after the initial dialed digits to serve an
      equivalent circuitry.
PAR  After the third digit, if the coin check shows coin present, then relay CT
      is operated as before (unless already operated because it was a no charge
      call). After the third digit, if the coin check shows no coin present (and
      it has been determined that it is a `charge` call), the circuit acts to
      connect -48V to lead ANCT to operate relay ANN. ANN is operated over
      TP-3C, ANNR, relay ANN, CT-9 and SA-1 to ground. ANN then locks over ANN-1
      and SA-1. Operating of relay CT opens contacts CT-4C, CT-3C to cause
      release of the auxiliary coin trunk circuit. ANN operating operates relay
      L over ANN-3, and ANN-11. L operating operates relay L1. L1 operating
      operates relay CT over L1-2, ANN-1 and SA-1. CT operates and opens leads
      TL2 and RL2 to the auxiliary coin trunk to cause its release as previously
      discussed (for use with another link and line finder).
PAR  The operation of relay ANN closed contacts ANN-40 and ANN-12 at the same
      time opening lines TL2 and RL2 at the contacts ANN-8C and ANN-40. If
      option Z is employed, then closure of ANN-40 and ANN-12 will place the
      chosen announcement across the line, TL-1 and RL1 over CT-40, CT-30
      respectively, while if option Y is employed, tone is placed by tone supply
      Y on line RL2; (in either option) to indicate to the user that he should
      go on hook.
PAR  If the calling subscriber goes on-hook, this through the design of the coin
      box sub-set and the line finder causes L to release, which releases relay
      L1. The coin box trunk is designed to then apply a coin potential on T4
      lead and then is designed to release relay SA by removing the ground on
      the S lead followed by the release of relays ANN and CT through the
      opening of contacts SA-1 returning this circuit to normal.
PAR  If, after receiving announcement or reorder tone, the calling subscriber
      does not go on-hook within a predetermined time, determined by timer TM
      (preferably approximately 27 seconds), TM operates its contacts. Timer TM
      may be of any design but it is preferred to use a thermal relay. The
      timing cycle is initiated by the closure of contacts ANN-6.
PAR  When relay TM operates, contacts TM-1 close causing the operation of relay
      PS which then locks over its own contact PS-1 (with the subscriber
      off-hook SA is still operated). The operation of relay PS opens at PS-2,
      the RL1 lead to the coin box trunk circuit and the coin box trunk is
      designed to treat this as a disconnect signal. Closure of contacts PS-3
      holds ANN and CT relays operated during the release functions of the
      auxiliary trunk. Relay PS operating further releases thermal timer TM by
      opening contacts PS-4 Contact PS-50 closes to connect +24 volts to the
      then open contacts SA-2C. When the disconnect signal is indicated to the
      coin box trunk circuit, by the opening of contacts PS-2, the latter in
      accord with well known design applies the coin return or collect potential
      on TL-2 lead over PS-60, ANN-11 then TL-1 lead to return or collect (in
      accord with well known criteria unconnected to the invention) the coin in
      the coin box. Also the coin box trunk circuit is designed to release relay
      SA which releases relay CT by the opening of contacts SA-1. Release of
      relay CT closes contacts CT-3C and CT-4C and the lines TL1-RL1 are
      prepared on the initiation of a new connection to the line finder, to
      connect the latter to an auxiliary coin trunk to process another call.
PAR  Release of relay SA also opens the circuit at SA-10 to cause the release of
      relay PS. PS is therefore designed for slow release sufficient that PS-50
      remains closed long enough after the closure of contacts SA-2C to allow
      the +24 volts to be sent to the sleeve lead of the line finder to operate
      a lock-out circuit to be described.
PAR  The above description covers the situations where the calling subscriber
      goes on hook or does not go on hook after it has been determined that
      there is a charge cell with no or insufficient coin present.
PAR  If the calling subscriber does not dial his first digit within 25 seconds
      from the time he goes off-hook or if he takes more than 25 seconds between
      the 1st and 2nd or between the 2nd and 3rd digits, the auxiliary coin
      trunk is designed to measure such time span and consequent on such
      measurement, to operate a relay and as a result ground is extended over
      lead HM to the link circuit to operate relay PS over TP-11, SA-10 (SA not
      yet released in the situation where the subscriber has not gone on hook
      nor has the thermal relay TM timed out).
PAR  Relay PS operated, opens lead RL2 at PS-2 to the coin box trunk circuit
      which acts as a disconnect signal to the circuit. Relay PS operated also
      operates relay CT which opens lines TL1 and RL1 (at CT-4C and CT-3C) to
      the auxiliary coin trunk to release it and PS operating also connects 24
      volts to the sleeve lead of the line finder over PS-50. The opening of the
      lead RL2 at PS-2 is interpreted by the coin box trunk as an abandoned
      call. The coin box trunk as previously described, is designed as result to
      return or collect the coin in the coin box. The trunk is also designed to
      release relay SA which releases relay CT (as previously described in
      connection with the operation of relay TM) and slow release relay PS. As
      previously described the +24V signal is now applied on the sleeve lead to
      the line finder during the release time of PS relay to operate a relay in
      the lock out circuit.
PAR  There has thus been described circuitry whereby a coin box sub-set may
      complete a call without a coin. The link circuit described herein
      contributes by initially directing the coin box sub-set connection through
      an auxiliary coin box trunk which determines either:
PAR  1. that the call is a no charge call or is a charge call and a coin has
      been deposited,
PAR  2. that the call is a charge call and no coin has been deposited,
PAR  In the first event the link circuit acts to connect the coin box sub-set
      directly to the coin box trunk circuit freeing the more expensive
      auxiliary coin trunk for service on another call.
PAR  In the second event the link circuit acts to send disconnect tone or an
      announcement to the caller and to free the auxiliary coin trunk for
      service or another call.
PAR  Thus in either event the link circuit allows the auxiliary coin trunk to be
      used but to be tied up for only a very short period, the period for
      dialling a first few of the digits in the called number.
PAR  As preferably provided and as shown in the specific embodiment, the link
      circuit preferably provides means, at the actuation of the auxiliary coin
      box trunk to send a signal to the line finder, in the event that
PAR  1. The calling subscriber does not dial his first digit within a
      predetermined time of when he goes off hook, or
PAR  2. The calling subscriber takes too long between any consecutive ones of
      those digits which are processed by the auxiliary coin trunk circuit in
      assessing whether or not it is a no charge call. The link circuit also
      preferably provides means to send a similar signal to the line finder in
      the event that the calling subscriber does not hang up within a
      predetermined time after receiving disconnect tone.
PAR  The signals sent in either case to the line finder are used to lock out the
      subscriber's line as shown in FIG. 3.
PAR  As implied by the dotted lines across the Line Finder circuit in FIG. 1,
      during the connection of a subscriber to the link circuitry, the TR and S
      leads are connected (ganged) through the line finder and to corresponding
      lines between the coin box sub-set lines and the line finder terminals.
      The terminals of FIG. 3 are shown in their position when the coin box is
      not in use and during its normal usage. However when +24 volts is placed
      on the line finder sleeve lead during the contemporaneous closure of
      contacts SA-2C and PS-50 (FIG. 2), this +24 V potential, applied on the
      sleeve lead through the line finder to the circuitry of FIG. 3 operates
      relay LO between the sleeve lead and ground. Operation of the relay LO
      openns the lines T and R at LO-4C and LO-6C. The result of open lines T
      and R looks to the line finder like a disconnect signal and results in the
      line finder freeing itself to service another subscriber's line. As a
      result the line finder and associated equipment are not unduly tied up
      when the subscriber takes too long to dial, does not dial or does not hang
      up.
PAR  It is noted that the relay LO in operating locks over LO-40 to the R lead
      to the sub-set which is grounded when the sub-set is off hook. Closure of
      contacts LO-10 is designed to make signal or announcement at central
      office that the lock-out or off-hook condition exists on the subscriber's
      line. Closure of contacts LO-12 may be used to provide a tone to the
      sub-set. When The sub-set in question goes on hook, the ground connection
      to the R lead is removed releasing relay LO and leaving it in the state
      shown in the drawings.
CLMS
STM  I claim:
NUM  1.
PAR  1. For a step by step central office having connecting lines from sub-sets
      including coin box sub-sets, coin box trunk circuits for connecting to
      coin box sub-sets and a line finder corresponding to a coin box trunk
      circuit for locating the line from such a coin box sub-set when the coin
      box sub-set goes off-hook, and for connecting to said coin box sub-set
      line to extend the sub-set connection; the improvement of providing a link
      circuit for connecting said connected line finder circuit to said coin box
      trunk,
PA1  said link circuit being designed at the initiation of a call to extend the
      connection between the sub-set and said connected line finder to said coin
      box trunk through an auxiliary coin trunk circuit designed to determine
      from the initial digits originating with the coin box sub-set whether the
      call initiated at said sub-set comes within a class of no charge calls,
PA1  means in said link circuit responsive to a signal from the auxiliary coin
      trunk circuit consequent on a determination that said call comes within
      the class of no charge calls, for extending the connection from said
      connected line finder to said coin box trunk, so as to bypass said
      auxiliary coin trunk circuit.
NUM  2.
PAR  2. For a step by step central office, as claimed in claim 1, means
      responsive to said signal consequent on a determination that said call
      comes within the class of no charge calls, to release said auxiliary coin
      trunk circuit, whereby said auxiliary coin trunk circuit is available for
      connection to another link circuit.
NUM  3.
PAR  3. For a step by step central office as claimed in claim 1 including means
      in said link circuit responsive to a determination that a call is in the
      class of charge calls and that there is no coin present for interrupting
      the connection between said detecting circuit and said coin box trunk
      circuit.
NUM  4.
PAR  4. A link circuit designed for use with a step-by-step central office to
      extend a connection via a coin box sub-set from a line finder to a central
      office trunk through an auxiliary con call testing circuit designed for
      use with said link circuit and with similar link circuits,
PA1  said link circuit being designed on the extension thereto of a connection
      from a coin box sub-set via a line finder to extend the connection to said
      auxiliary coin call testing circuit and to extend a corresponding
      connection from said auxiliary circuit to said trunk,
PA1  means responsive to the tests made in said auxiliary coin call testing
      circuit to connect the subscriber's line directly to the trunk bypassing
      said auxiliary coin call testing or to prevent completion of the
      subscriber's call.
NUM  5.
PAR  5. A link circuit as claimed in claim 4, and means, responsive to the tests
      made in said auxiliary coin call testing circuit, to release said
      auxiliary circuit, whereby said auxiliary coin call testing circuit is
      available for connection to another link circuit.
NUM  6.
PAR  6. For a step by step central office having connecting lines from subsets
      including coin box sub-sets, coin box trunk circuits for connection to
      coin box sub-sets and a line finder corresponding to a coin box trunk
      circuit for locating the line from such a coin box sub-set when the coin
      box sub-set goes off hook, and for connecting to said coin box sub-set
      line to extend the subset connection; the improvement of providing a link
      circuit for further extending the line connection from the line finder
      circuit to the corresponding coin box trunk,
PA1  said link circuit being designed at the initiation of a call to extend such
      connection from said connected line finder to the corresponding coin box
      trunk through a circuit designed to detect an initial set of digits
      transmitted from said coin box sub-sets,
PA1  means in said link circuit, responsive to a signal from said detection
      circuit, to provide an extension of said connection from said line finder
      to said corresponding coin box trunk circuit, and to release said
      detection circuit, whereby said detection circuit is available for
      connection to another link circuit
NUM  7.
PAR  7. For a step by step central office as claimed in claim 6, including means
      in said link circuit responsive to receipt of a second signal from said
      detection circuit, to open said extended connection between said detection
      circuit and said trunk circuit.
NUM  8.
PAR  8. For a step by step central office having connecting lines from sub-sets
      including coin box sub-sets, coin box trunk circuits for connection to
      coin box sub-sets and a line finder corresponding to a coin box trunk
      circuit for locating the line from such a coin box sub-set when the coin
      box sub-set goes of hook, and for connecting the to said coin box sub-set
      line to extend the subset connection; the improvement of providing a link
      circuit for further extending the line connection from said connected line
      finder circuit to the corresponding coin box trunk,
PA1  said link circuit being designed at the initiation of a call to extend the
      said connection from said connected line finder to a circuit designed to
      detect an initial set of digits transmitted from said coin box sub-set;
      and to create a corresponding connection between said detection circuit
      and said corresponding coin box trunk circuit,
PA1  means in said link circuit, responsive to a signal from said detection
      circuit, to provide an extension of said connection from said line finder
      to said corresponding coin box trunk circuit, and to release said
      detection circuit whereby said detection circuit is available for
      connection to another link circuit
NUM  9.
PAR  9. For a step by step central office as claimed in claim 8, including means
      in said link circuit responsive to receipt of a second signal from said
      detection circuit, to open said extended connection between said detection
      circuit and said trunk circuit.
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ABST
PAL  A piezoelectric-type electroacoustic transducer composed of two convex or
      concave piezoelectric polymer films each having electrodes on both
      surfaces thereof, said two polymer films being so connected to electric
      wiring that, when the one of the piezoelectric polymer films elongates by
      the action of an electric field in one direction, the other shrinks by the
      action of the same electric field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to a novel electroacoustic transducer
      composed of piezoelectric polymer films, and, more particularly, the
      invention relates to a novel piezoelectric-type electroacoustic transducer
      having such a structure that a vibration system comprising two
      piezoelectric polymer films can receive waves from an electric system and
      deliver the waves to an acoustic system or can receive waves from an
      acoustic system and deliver the waves to an electric system.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is, therefore, to provide a piezoelectric-type
      electroacoustic transducer comprising piezoelectric polymer films.
PAR  Another object of this invention is to provide an improved configuration of
      piezoelectric polymer films capable of being utilized effectively as an
      electroacoustic transducer, such as a speaker, a head phone, a receiver,
      etc.
PAR  That is, according to the present invention, there is provided an
      electroacoustic transducer comprising two piezoelectric polymer films each
      having electrodes on both surfaces thereof, said polymer films being so
      disposed that they form convex or concave segments by maintaining the
      space formed between the two polymer films at a high pressure or a low
      pressure, respectively, and also each of said polymer films being so
      connected to an electric circuit that, when the one of the piezoelectric
      polymer films elongates by the action of an electric current or electric
      field in one direction, the other of the polymer films shrinks by the
      action of the same electric current or field. Alternatively, light-weight
      solids, such as a pumice stone or polymer foam, may be inserted in the
      space formed between the two polymer films to provide the convex states of
      the film instead of maintaining the space at a high pressure.
PAR  A piezoelectric film forms an electric field in a direction by the
      deformation thereof in a direction, and, further, the film is deformed in
      a direction by the application of an electric field in a direction.
PAR  In the following description of this invention, when an electric field in a
      direction is applied to a piezoelectric polymer film and the side of the
      film having the electrode provided with positive charges elongates, the
      side of the polymer film is called the "EN pole or elongation normal
      pole", and the opposite side of the piezoelectric polymer film is called
      the "SN pole or shrinkage normal pole".
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing an embodiment of this invention.
PAR  FIG. 2 is a sectional view of the embodiment of FIG. 1 taken along section
      line A--A, and
PAR  FIG. 3, FIG. 4 and FIG. 5 are sectional views showing other embodiments of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now, in FIGS. 1 and 2, piezoelectric polymer films 1 and 1' have on the
      surface thereof electrodes 2 and 3 and electrodes 2' and 3' respectively.
      The piezoelectric polymer films are disposed with an intermediate
      electrically conductive ring 4 (although such a ring is not always
      necessary in this invention) inserted between the polymer films by
      tightening up by means of conductive flanges 5 and 5' so that the SN pole
      3 of the piezoelectric film 1 faces the EN pole 2' of the polymer film 1',
      and the polymer films 1 and 1' are placed in their convex states by the
      pressure of air or a gas enclosed under pressure in the space 7. The
      assembly of the piezoelectric polymer films is connected to electric
      wiring 11 for conveying sound current. The numeral 6 indicates a sound
      frequency electro electric current source.
PAR  Now, when the sound current applied to the flanges 5 and 5' becomes
      positive, the EN pole 2 of the piezoelectric polymer film 1 and the SN
      pole 3' of the piezoelectric polymer film 1' become positive, i.e., are
      charged positively and thus the polymer film 1 elongates to the position
      shown by the dotted line 1a, while the film 1' shrinks to the position
      shown by the dotted line 1a'. On the contrary, when the flanges 5 and 5'
      are charged negatively, the polymer films 1 and 1' are displaced to the
      position 1b and 1b', respectively. Thus, the two piezoelectric polymer
      films disposed as mentioned above vibrate as a body in response to the
      change in the sound current.
PAR  In the aforesaid embodiment illustrated in FIGS. 1 and 2, the SN pole of
      the piezoelectric film 1 faces the EN pole of the piezoelectric film 1',
      but in another embodiment the EN pole (or SN pole) of the one film may
      face the EN pole (or SN pole) of the other film, as illustrated in FIG. 3.
      In this case, the two films 1 and 1' are insulated from each other by
      means of insulative flange 8 so that the EN pole of one film is not
      electrically connected with the EN pole of the other film. By connecting
      the assembly of the piezoelectric films to an electric circuit 11 as shown
      in FIG. 3, the two piezoelectric polymer films 1 and 1' can be vibrated by
      the same mechanism as in the case of FIGS. 1 and 2.
PAR  Furthermore, in the embodiment shown in FIG. 4, light-weight solids 9, such
      as pumice stone or polymer foam, fill the space between the two
      piezoelectric polymer films 1 and 1' so that the two polymer films are in
      convex states. In this case, the assembly vibrates as in the case of the
      embodiment shown in FIGS. 1 and 2. In the embodiment of FIG. 4, the solids
      9 do not necessarily fill the whole space between the two polymer films
      but, for example, they may be present at only the central portions of the
      space. In the case of inserting such solids in the space between the two
      polymer films, the space is not necessarily closed as a matter of course.
PAR  Moreover, in the embodiment shown in FIG. 5, two piezoelectric polymer
      films 1 and 1' are so disposed by slightly reducing the pressure of the
      space 7' between the two polymer films that the polymer films are in their
      concave states. In this case, the piezoelectric films 1 and 1' also
      vibrate in a body as in the cases indicated above.
PAR  As understood from those examples, the electric wiring in which one of two
      piezoelectric polymer films shrinks when the other film elongates by the
      action of the same directional electric field is obtained by connecting in
      parallel the SN-pole of film 1 and the EN-pole of film 2, and the EN-pole
      of film 1 and the SN-pole of film 2, respectively, so that they have the
      same voltages, and then by making those two polarities connected in
      parallel both electrodes of the electroacoustic transducer.
PAR  Because the piezoelectric-type electroacoustic transducer of this invention
      has the structure as mentioned above, by applying an alternating current,
      such as sound current, to the assembly of the two piezoelectric polymer
      films, a sound vibration can be effectively obtained directly from the
      current and further as mentioned above, the oscillator composed of the two
      piezoelectric polymer films vibrates a body in free space, and thus the
      efficiency of the electric-sound conversion is quite good.
PAR  In the above explanations, the conversion of electricity to sound was
      explained, but, as with other piezoelectric transducers, the piezoelectric
      transducer of this invention can be used for converting the vibration of
      the piezoelectric films to electric change, or a sound-electricity
      conversion.
PAC  EXAMPLE
PAR  After subjecting the both surfaces of a diaxially stretched polyvinylidene
      fluoride film having a thickness of 12 microns to a corona discharging
      treatment, aluminum was vacuum deposited onto the surfaces to provide
      aluminum electrodes on both surfaces of the film. Then, a d.c. electric
      field of 400 kv/cm was applied to both electrodes at 100.degree.C for one
      hour, and, after cooling the film to room temperature while applying the
      same electric field, the electric field was removed to provide a
      piezoelectric polymer film. Two sheets of such piezoelectric polymer films
      were prepared.
PAR  A polyethylene foam was molded into a convex lens having a central
      thickness of 10 mm and a diameter of 75 mm. The polyethylene foam lens
      thus molded was placed between the two piezoelectric polyvinylidene
      fluoride films prepared above, and the periphery of the assembly was
      supported by two aluminum flanges having an outside diameter of 90 mm and
      an inside diameter of 80  mm and also an insulative packing made of
      polyethylene to provide the structure as shown in FIG. 4.
PAR  When a sine alternating current of 20 volts was applied between a terminal
      10 and a terminal 10' of the assembly as shown in FIG. 4 by means of an
      oscillator having an output impedance of 600 ohms, sound pressures above
      110 db were obtained over a range of 50 Hz to 20 Hz. In addition, the
      sound pressure was measured by connecting the aforesaid speaker unit and
      an artificial ear with the ear part of a head phone.
CLMS
STM  I claim:
NUM  1.
PAR  1. A piezoelectric-type electroacoustic transducer comprising two
      piezoelectric polyvinylidene fluoride films each having electrodes on both
      surfaces thereof, said films being so disposed that they face each other
      and are stretched into convex states by means of light weight solids
      inserted in the space between the two films, and said films being so
      connected to an electric circuit that, when the one of the piezoelectric
      films elongates by the action of an electric field in a direction, the
      other of the films shrinks by the action of the same electric field,
      whereby said films vibrate in phase with said solids.
NUM  2.
PAR  2. The piezoelectric-type electroacoustic transducer as claimed in claim 1,
      wherein two different transducer terminals are formed by connecting in
      parallel each pair of piezoelectric electrodes having different
      polarities.
NUM  3.
PAR  3. The piezoelectric-type electroacoustic transducer as claimed in claim 1,
      wherein said two piezoelectric films are disposed such that different
      piezoelectric electrodes thereof face each other, both inner electrodes
      and both outer electrodes thereof being connected, respectively, in
      parallel.
NUM  4.
PAR  4. The piezoelectric-type electroacoustic transducer as claimed in claim 1,
      wherein said two piezoelectric films are disposed such that the
      piezoelectric electrodes having the same polarity face each other, the
      inner and outer electrodes of the different films being connected in
      parallel, respectively.
NUM  5.
PAR  5. The piezoelectric-type electroacoustic transducer as claimed in claim 1,
      wherein said light-weight solids are pumice stone or polymer foam.
NUM  6.
PAR  6. The piezoelectric-type electroacoustic transducer as claimed in claim 1,
      wherein said light-weight solids are a polymer foam formed in the shape of
      a convex lens.
NUM  7.
PAR  7. A piezoelectric-type electroacoustic transducer as defined in claim 1
      wherein said light weight solids are non-conductive.
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ABST
PAL  A balanced demultiplexer for an FM stereophonic receiver includes a
      differentially connected switching circuit, a differentially connected
      crosstalk cancellation circuit and a differential amplifier circuit which
      is connected as a constant current source to the switching and
      cancellation circuits. The switching signal is applied to both the
      switching and cancellation circuits but in reverse phase. An input
      composite signal is applied to the differential amplifier which causes
      crosstalk components to appear in reverse phase at the outputs of the
      switching and cancellation circuits. In order to eliminate distortion due
      to nonlinearities of the input transistor in the differential amplifier,
      an operational amplifier is connected between the emitter and base
      circuits of the transistor to provide negative feedback.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to demultiplexer circuits, and more
      particularly to an improved, low distortion balanced demultiplexer for FM
      stereophonic receivers.
PAR  2. Description of the Prior Art
PAR  In the conventional balanced type demultiplexer circuit to which an input
      signal is applied via a transistor circuit forming a constant current
      supplying source, the base bias potential of the transistor is chosen high
      enough to minimize the signal distortion caused by the use of the
      transistor with its inherent nonlinear characteristic. However, since the
      choice of the base bias potential is limited because of the available
      maximum d-c level of the demultiplexer circuit, it is difficult to obtain
      the desired minimum distortion.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to minimize the signal distortion
      developed at the demultiplexer circuit, and also to increase the freedom
      of the choice of d-c operating point.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific nature of the invention, as well as other objects, aspects,
      uses and advantages thereof, will clearly appear from the following
      description and from the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of a conventional balanced demultiplexer
      circuit;
PAR  FIG. 2 is a schematic diagram of a typical transistor voltage amplifier
      circuit;
PAR  FIG. 3 is a graph of the characteristic distortion curve of the amplifier
      circuit shown in FIG. 2; and
PAR  FIG. 4 is a schematic diagram of the improved balanced demultiplexer
      circuit according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a conventional balanced FM demultiplexing circuit, and more
      particularly its linear switching circuit portion. The transistors Q1 and
      Q2 are differentially connected to each other and form a switching
      circuit, and the transistors Q3 and Q4 are differentially connected to
      each other and form a crosstalk cancelling circuit. Further, the switching
      circuit and the crosstalk cancelling circuit are connected respectively to
      the transistors Q5 and Q6, which form a constant current source and which
      are also connected to each other in a differential manner.
PAR  To the base electrodes of the transistors Q5 and Q6 are supplied base bias
      voltages from a base bias source +V.sub.B through resistors R1 and R2,
      respectively. The base electrode of transistor Q5 is also supplied with a
      composite signal through a capacitor C1. The base electrodes of the
      transistors Q1, Q2, Q3, and Q4 are connected to a source of 38 KHz
      switching signal in such a manner that, for example, a positive half-cycle
      of the switching signal will put Q1 in a conductive state and Q2 in a
      non-conductive state. Thus, the collector current of the transistor Q5 can
      be taken out from the terminal L.sub.out, where the collector resistance
      R3 of the transistor Q1 forms part of the load resistance.
PAR  The composite signal divided by resistances R5, R6, and R7 is phase
      inverted at transistor Q6 and fed out from its collector electrode. The
      crosstalk components included in the signal are cancelled due to the
      action of transistors Q3 and Q4 which form a crosstalk cancelling circuit.
      Therefore, the signal appearing at terminal L.sub.out is improved in
      separation. The R(right) signal can be taken out as the terminal R.sub.out
      in the same way as the L(left) signal mentioned above.
PAR  In order to better understand the operation of the circuit shown in FIG. 1,
      consider first the operation only of the switching circuit comprising Q1,
      Q2 and Q5. On the positive half-cycle of the 38 KHz subcarrier, Q1 is on
      and Q2 is off, while on the negative half-cycle of the subcarrier, Q2 is
      on and Q1 is off. By "on" and "off", what is meant is maximum and minimum
      collector current. When Q1 is on, the collector potential of Q5 is taken
      at terminal L.sub.out as described above. In other words, since the
      composite signal is being applied to the base of Q5, switching operation
      is performed if the subcarrier and the composite signal are in phase.
      There is, however, a crosstalk component that appears at terminal
      R.sub.out as well. This is because an idle current flows in the "off"
      state of Q2 since the operation of Q1 and Q2 is not Class B. Accordingly,
      a part of the collector potential of Q5 appears at the collector of Q2.
      Such a component is crosstalk and appears in phase with a signal appearing
      at L.sub.out. Simultaneously, a subcarrier component of 38 KHz is present
      also; however, the subcarrier component at L.sub.out is of opposite phase
      to that of R.sub.out, since when Q1 is on and Q2 is off, the collector
      potentials are opposite to one another.
PAR  The appearance of these components of the output terminals L.sub.out and
      R.sub.out causes deterioration of channel separation, beat frequencies,
      noise and the like, so that it is necessary to eliminate such components.
      This is achieved with the cancelling circuit comprising Q3, Q4 and Q5.
PAR  For crosstalk cancellation, the composite signal applied to the base of Q5
      is generated at the collector side in reverse phase. At the same time, the
      composite signal appearing at the emitter of Q5 is in phase with the input
      signal at the base, and this signal is applied to the emitter of Q6 after
      being divided by R5, R6 and R7. The signal of the collector of Q6 is in
      phase with the input signal at the emitter of Q6 since Q6 constitutes a
      grounded base amplifier. Thus, the collector signals of Q5 and Q6 are of
      reverse phase.
PAR  When Q1 is on, Q4 is on at the same time. Therefore, the crosstalk
      component generated at the collector of Q2 is in reverse phase with the
      signal generated at the collector of Q4. Since the collector of Q2 is
      connected to the collector of Q4, these components are cancelled if they
      are of the same level. This can be accomplished by making the attenuator
      comprising R5, R6 and R7 adjustable. For example, R7 could be a variable
      resistor, adjustment of which would improve separation by causing the
      level of the cancellation signal at the collector of Q4 to be exactly the
      same as the level of the crosstalk signal at the collector of Q2.
PAR  Subcarrier cancellation is performed by Q3 and Q4. Since the bases of Q1
      and Q4 and the bases of Q2 and Q3 are connected, the subcarrier component
      generated at the collector of Q1 is in reverse phase with the subcarrier
      component generated at the collector of Q3. The same relation holds for Q2
      and Q4. Therefore, since the collectors of Q1 and Q3 and the collectors of
      Q2 and Q4 are connected, the subcarrier components are cancelled.
PAR  Considering the transistor Q5 to which above said composite signal is
      applied, it is well known that the signal distortion in the circuit can be
      reduced by applying a high potential to the base circuit. Take, for
      example, the voltage amplifier circuit shown in FIG. 2 for simplifying the
      explanation of the present circuit. The relationship between the bias
      voltage and the distortion may be illustrated by the characteristic curve
      in FIG. 3, where the base bias voltage V.sub.B of the transistor Q is
      plotted in the horizontal direction and the distortion in the vertical
      direction.
PAR  As shown in this figure, if the voltage V.sub.B is chosen high, the
      distortion will be small. However, when the voltage V.sub.B exceeds a
      certain limit or critical point, the distortion will increase rapidly. To
      move this critical point to a higher value of V.sub.B, the voltage
      V.sub.cc applied to the circuit must be chosen high. The choice of high
      R.sub.c and V.sub.cc may also decrease distortion. The choice of these
      factors is, however, restricted when the device is constructed as an
      integrated circuit. This is particularly true of the transistor Q5 of the
      demultiplexer circuit of FIG. 1.
PAR  Such an inconvenience is solved in the improved circuit shown in FIG. 4
      where corresponding parts as those in FIG. 1 are designated by the same
      symbols. More specifically, a feedback amplifier is connected between the
      emitter and the base circuit of transistor Q5, and the input signal for
      this improved circuit is applied to the input of the feedback amplifier,
      whereby the distortion developed at transistor Q5 is reduced by the
      negative feedback. The improved circuit of FIG. 4 is provided with a
      high-gain operational amplifier A comprising an output terminal connected
      to the base of transistor Q5, a negative input terminal connected to the
      emitter of transistor Q5 through resistor R8, and a positive input
      terminal to be supplied with the input composite signal, whereby the
      amplifier acts as a voltage follower.
PAR  In accordance with the present invention as described hereinbefore, the
      amount of distortion included in the output signal can be made very small
      over a wide range of variation of the base bias voltage because the
      operational amplifier is connected to the transistor Q5 of the constant
      current source in such manner as to include transistor Q5 in the negative
      feedback loop of the amplifier. The improved circuit in accordance with
      the present invention may be effectively used to obtain an FM stereophonic
      demultiplexer with less distortion, particularly when it is applied to an
      integrated circuit. Moreover, in FIG. 4, diode D1 produces a voltage-drop
      corresponding to base-emitter voltage V.sub.BE of transistor Q5. This
      diode is inserted to balance the direct currents applied to two input
      terminals of the operational amplifier A.
PAR  Accordingly, it will be appreciated that even if distortion is generated in
      transistor Q5, that distortion will be cancelled by the negative feedback
      of the operational amplifier A. Consequently, a nondistorted signal
      current flows in the collector of Q5.
PAR  It will be apparent, however, that the embodiment shown is only exemplary
      and that various modifications can be made in construction and arrangement
      within the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a balanced demultiplexer circuit for use in FM stereophonic receivers
      including a differentially connected switching circuit connected to a
      source of switching signal and a transistor amplifier connected as a
      constant current source to said switching circuit, said transistor
      amplifier having a base circuit and an emitter circuit, said base circuit
      being adapted to receive an input composite signal, the improvement
      comprising feedback means connected between said emitter circuit and said
      base circuit for providing negative feedback to the input of said
      transistor amplifier whereby the distortion developed by said transistor
      amplifier is reduced.
NUM  2.
PAR  2. The improvement as recited in claim 1 wherein said feedback means is an
      operational amplifier having positive and negative input terminals and an
      output terminal, said positive input terminal being connected to receive
      said input composite signal, said negative input terminal being connected
      to said emitter circuit, and said output terminal being connected to said
      base circuit.
NUM  3.
PAR  3. The improvement as recited in claim 2 further comprising a source of
      base bias voltage and a diode connected in series to said positive input
      terminal, said diode providing a voltage drop corresponding to the
      base-emitter voltage of said transistor amplifier.
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ABST
PAL  A microphone holder essentially comprises a microphone supporting cylinder
      for mounting a microphone therein, an attaching cylinder located outside
      the supporting cylinder, and a stepped connecting cylinder for connecting
      the supporting and attaching cylinders together, all of which are
      integrally formed of a resilient material to support the microphone in
      suspension, thereby isolating it against oscillations which may be
      imparted thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a microphone holder, and more particularly to a
      microphone holder for use in an electrical instrument which internally
      houses a microphone.
PAR  In electrical instruments such as tape recorders which internally house a
      microphone, an inconvenience is experienced in that oscillations from an
      electric motor or other rotating members may be transmitted through the
      body of such instruments to the microphone to cause a noise therefrom.
PAR  To overcome such an inconvenience, there has been proposed a microphone
      holder including a microphone supporting cylinder which is mechanically
      associated with an externally located attaching cylinder, both integrally
      formed of a resilient material such as rubber. The use of such a
      microphone holder maintains the microphone which is fitted inside the
      supporting cylinder in suspension within the attaching cylinder, and
      produces a substantially improved isolation against oscillations which may
      be transmitted through the body of the instruments by virtue of the
      resilience of the component parts of the holder as well as the effect of
      double structure comprising the supporting and attaching cylinders.
      However, with the microphone holder thus constructed, the transmission of
      an amount of oscillations, though reduced, remains, and therefore, has a
      significant influence upon the performance, and particularly, the
      performance of a highly sensitive microphone.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a microphone holder which
      includes a stepped connecting cylinder located intermediate and
      interconnecting the microphone supporting cylinder and the attaching
      cylinder to thereby produce complete isolation of the microphone against
      oscillations which may be transmitted thereto.
PAR  In accordance with the invention, there is provided a stepped connecting
      cylinder which presents a high resistance to the transmission of
      oscillations, and hence the possibility of the microphone producing noises
      in response to transmitted oscillations can be substantially eliminated.
      In the microphone holder of the invention, the stepped connecting cylinder
      increases the length of a path from the microphone supporting cylinder to
      the anchorage of the attaching sleeve and thus provides an increased
      buffering path length. Also an additional air gap is created between the
      connecting cylinder and the microphone, which substantially improves the
      oscillation isolating effect.
PAR  Moreover, the oscillation isolating effect can be further increased by
      providing at least one reinforcing structure, which may comprise an
      oscillation absorbing structure and/or a reduced wall thickness structure
      at a suitable location of the microphone holder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of the microphone holder constructed in
      accordance with one embodiment of the invention and illustrating the
      manner of its attachment to an electrical instrument;
PAR  FIG. 2 is a partially sectionalized perspective view of the microphone
      holder shown in FIG. 1;
PAR  FIGS. 3 and 4 are cross sections of other embodiments of the invention;
PAR  FIG. 5 is a side elevation of the microphone holder shown in FIG. 4, as
      viewed from the right-hand side of FIG. 4;
PAR  FIG. 6 is a perspective view of a stepped connecting cylinder;
PAR  FIG. 7 is a cross section of a microphone holder constructed in accordance
      with an additional embodiment of the invention;
PAR  FIG. 8 is a side elevation of the microphone holder shown in FIG. 7, as
      viewed from the right-hand side thereof;
PAR  FIGS. 9 to 11 are cross sections illustrating further embodiments of the
      microphone holder of the invention; and
PAR  FIG. 12 is a cross section of the microphone holder taken along the line
      A--A of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a body portion 1 of an electrical
      instrument such as a tape recorder which internally houses a microphone.
      The body portion is provided with a grid assembly 2 of a conventional
      design having a number of perforations 3 for collecting sound and
      transmitting it to a microphone 4 which is located inside thereof and
      carried by a microphone holder 5.
PAR  The microphone holder 5 essentially comprises a microphone supporting
      cylinder 6, an attaching cylinder 7 which is located outside the
      supporting cylinder 6, and a stepped connecting cylinder 8 which connects
      the cylinders 6, 7 together, all of which are integrally moulded from a
      resilient material such as rubber, neoprene rubber, elastic plastics or
      the like.
PAR  At its one end nearer the connecting cylinder 8, the microphone supporting
      cylinder 6 has an inner diameter which is equal to the outer diameter of
      the microphone 4 fitted therein, and the entire cylinder 6 is tapered
      forwardly or toward the grid assembly (see FIG. 2). The connecting
      cylinder 8 includes a step 8a lying in a single plane and connected with
      the end of the microphone supporting cylinder 6 which is remote from the
      grid assembly and a base 8b which is connected with the free end of the
      attaching cylinder 7.
PAR  The attaching cylinder 7 is in a configuration folded back from the
      connecting cylinder 8 and is located externally of the microphone
      supporting cylinder 6. The attaching cylinder 7 is provided with a pair of
      diametrically opposite tabs 7a, 7b having apertures 7a1, 7b1 therein.
      These apertures are engaged by a pair of pegs or joggles 1a, 1b integral
      with the body portion 1, the top of the joggles being swaged to secure the
      microphone holder 5 inside the grid assembly 2. Where the body portion 1
      is formed of a plastic material, the joggles 1a, 1b can be heat swaged.
      However, it should be understood that for a body portion formed of a
      plastic or metal material, the holder 5 can be secured to the body portion
      by any other conventional means such as adhesion, threaded connection or
      crimping. It will be noted that a screen 9 comprising a meshwork, a cloth,
      a porous non-woven fabric of foamed polyurethene or the like is applied on
      the inner surface of the grid assembly 2. The screen 9 may be interposed
      between the body portion 1 and the attaching sleeve 7 to further increase
      the oscillation isolating effect.
PAR  FIGS. 3 to 12 illustrate other embodiments of the invention. In the
      description to follow, it should be understood that the parts having the
      same function as those illustrated in FIGS. 1 and 2 are designated by like
      characters without repeating their description.
PAR  In FIG. 3, the microphone holder 5 includes bellows 10 formed in the
      attaching cylinder 7 so as to serve as a buffering member.
PAR  In FIGS. 4 to 6, the microphone holder 5 includes a modified connecting
      cylinder 11 which is provided with a helical step 11a. The helical
      construction of the step 11a serves as a reinforcing structure, whereby
      the wall thickness of the connecting cylinder 11 can be reduced without
      impairing its strength to hold the microphone 4. In addition, this
      configuration facilitates the removal of a moulded product from a mould
      used and prevents damage to the product. In this instance, the attaching
      cylinder 7 is provided with a surrounding square flange 7c having a pair
      of mounting holes 7a1, 7b1 at its diametrical corners.
PAR  In FIGS. 7 and 8, the connecting cylinder 8 is connected with the
      microphone supporting cylinder 6 at its one end 8a and is also connected
      with the attaching cylinder 7 at its other end or bottom 8b. Spaced
      recesses 8b1, 8b2 and 8b3 are formed in the bottom 8b to reduce its
      thickness, and the portions of the bottom which are located between these
      recesses have an increased thickness to serve as a reinforcing structure.
PAR  In FIG. 9, the microphone 4 is formed with a step 4a at its left-hand end
      which is engaged by a stepped detent 6a formed at the forward end of the
      microphone supporting cylinder 6. The stepped detent 6a serves as a
      reinforcing structure and also as a stop when fitting the microphone 4
      into the supporting cylinder 6. The detent 6a prevents a displacement of
      the microphone 4 as a result of oscillations which may be imparted
      thereto.
PAR  In the arrangement of FIG. 10, a pair of oscillation absorbing
      interconnected cylinders 12a, 12b are arranged between and integrally
      connected with the attaching cylinder 7 and the connecting cylinder 8.
      Increasing the number of connecting cylinders in this manner achieves a
      very satisfactory isolation of oscillations in that they constitute
      together an oscillation absorbing structure by themselves and also
      increase the buffering path which the oscillations must travel before
      being transmitted to the microphone.
PAR  In FIGS. 11 and 12, there is shown an arrangement of the microphone holder
      5 using a modified attaching cylinder 13. The attaching cylinder 13 is
      provided with four semicylindrical ribs 13a, 13b, 13c and 13d which are
      equiangularly spaced around the outer periphery and extend the length of
      the attaching cylinder 13. The remainder of the attaching cylinder 13 has
      a reduced wall thickness. It will be appreciated that the ribs 13a, 13b,
      13c and 13d reinforce the overall structure, thereby permitting a
      reduction in the wall thickness of the cylinder. The attaching cylinder 13
      is provided with a surrounding square flange 13e in which a pair of
      mounting holes 13e1, 13e2 are formed at diametrically opposite corners
      thereof.
PAR  In accordance with the invention, any of the reinforcing structures, the
      oscillation absorbing structures and/or the reduced thickness structure
      can be used either alone or in combination at a suitable location of the
      microphone holder 5. It will be appreciated by one skilled in the art that
      the configuration of the mounting tabs or flanges of the attaching
      cylinders and the number of mounting holes, the number and extent of
      undulations in the bellows, the number of turns in the helical step of the
      microphone supporting cylinder, the number as well as the width and depth
      of the recesses formed in the connecting cylinder, the number of
      connecting cylinders used, or the size and the number of cylindrical ribs
      on the attaching cylinder is a matter of design.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microphone holder for use in an electrical instrument which internally
      houses a microphone, comprising a microphone supporting cylinder for
      mounting a microphone therein, a microphone attaching cylinder located
      outside the microphone supporting cylinder, and a stepped connecting
      cylinder for connecting the supporting and mounting cylinders together,
      all of the cylinders being integrally formed of a resilient material.
NUM  2.
PAR  2. A microphone holder according to claim 1 in which the connecting
      cylinder has a step lying in a single plane.
NUM  3.
PAR  3. A microphone holder according to claim 1 in which the microphone
      supporting cylinder is tapered toward its end which is remote from the
      other end where the tapered cylinder is integrally joined to the
      connecting cylinder.
NUM  4.
PAR  4. A microphone holder according to claim 1, further including at least one
      of a reinforcing structure, an oscillation absorbing structure and a
      reduced thickness structure located at a suitable position on the
      microphone holder.
NUM  5.
PAR  5. A microphone holder according to claim 4 in which the reinforcing
      structure comprises a stepped detent formed on the microphone supporting
      cylinder.
NUM  6.
PAR  6. A microphone holder according to claim 4 in which the reinforcing
      structure comprises a helical step formed in the connecting cylinder.
NUM  7.
PAR  7. A microphone holder according to claim 4 in which the reinforcing
      structure comprises a cylindrical formation on the microphone attaching
      cylinder and having an increased thickness.
NUM  8.
PAR  8. A microphone holder according to claim 4 in which the oscillation
      absorbing structure comprises bellows formed in the microphone attaching
      cylinder.
NUM  9.
PAR  9. A microphone holder according to claim 4 in which the oscillation
      absorbing structure comprises a plurality of interconnected, connecting
      cylinders.
NUM  10.
PAR  10. A microphone holder according to claim 4 in which the reduced thickness
      structure comprises a recess formed in that end of the connecting cylinder
      which is remote from the other end where the connecting cylinder is
      connected with the supporting cylinder.
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ABST
PAL  A shock resistant microphone embodying a piezoelectric transducing element
      that is held in operative disposition with respect to an electrode and a
      diaphragm by a resilient spring also forming a second electrode.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  My invention relates generally to piezoelectric transducers and is more
      particularly directed to such transducers which are used to transform
      sonic or ultrasonic compressional wave signals into corresponding
      electrical signals.
PAR  The uncomplicated construction of my invention provides an
      easy-to-assemble, rugged microphone which may be produced for far less
      than presently known microphones of comparable quality and physical size
      and resistance to shock or other unduly large forces which may be exerted
      on the completed assembly.
PAR  It is therefore an object of my invention to provide an improved microphone
      that may be easily assembled.
PAR  Another object of my invention is to provide a microphone which exhibits a
      high degree of resistance to malfunction due to the subjection thereof to
      large forces.
DRWD
PAR  Other objects and advantages of my invention will become apparent from a
      consideration of the appended specification, claims, and drawings in
      which:
PAR  FIG. 1 is a plan view of an assembled microphone incorporating the
      principles of my invention;
PAR  FIG. 2 is an enlarged elevational view of FIG. 1 of the drawing taken along
      section line 2--2; and
PAR  FIG. 3 is an enlarged sectional plan view taken along section line 3--3 in
      FIG. 2 and includes a plurality of windows to indicate details of the
      preferred embodiment.
DETD
PAR  Referring to FIGS. 1, 2 and 3 of the drawings in which like elements are
      identified with like reference characters, a microphone is shown indicated
      generally by reference character 10 and this microphone is normally of a
      size which characterizes it as a miniature microphone and is in the nature
      of five-eighths to seven-eighths inch in diameter and might be
      incorporated in, for example, portable communications equipment.
PAR  Microphone 10 is comprised of a conductive housing 11 having a top cover 16
      and a bottom cover or disk 31. A shielded microphone cable 34 extends
      toward the interior of conductive housing 11 through an aperture 15. The
      outer braided shield 35 is conductively connected through suitable means,
      not shown, to the outside of housing 11.
PAR  Housing 11 is provided with a top portion 12, a bottom portion 13, a center
      web of smaller diameter 14. An aperture 15 extends thereinto and in
      proximity to web 14. A further washer retaining groove, 39, of suitable
      depth is disposed adjacent the top of web 14 for purposes to be explained
      below.
PAR  Cover member, 16, having a center aperture 24 and a screen 25 is shown
      disposed to close top end 12 of housing 11. A weather resistant cover 26
      is shown disposed on the top of cover 16 and is shown held in place by a
      washer-like retainer 27, both of which may be held in place through the
      use of suitable adhesives or the like.
PAR  The bottom portion 13 of housing 11 is closed by bottom disk 31 which is
      held in place by suitable rolling or rimming of the bottom portion 13 of
      conductive housing 11 thereover. Bottom disk or cover 31 serves to retain
      an assembly comprised of an insulating shoulder washer 28, a contact ring
      washer 29 and an insulating washer 30 in disposition adjacent the lower
      portion of center web 14 of housing 11 in the manner shown in FIG. 2 of
      the drawings.
PAR  Insulating shoulder washer 28 is shown with a small notch 37 at its left
      end for slidably receiving the end of a piezoelectric bender-type element
      to be described below, said notch opening inwardly to the interior of
      microphone 10. In similar manner, a wider notch 38 is shown disposed
      adjacent aperture 15 in housing 11 and serves to expose a portion of the
      top of conductive contact ring 29 whereat conductor 36 of shielded lead 34
      is conductively connected, as by soldering, to conductive contact ring 29.
      It may be seen that insulating shoulder washer 28 and insulation washer 30
      serve to insulatedly support and retain conductive contact ring 29
      therebetween and to provide upwardly and inwardly openings to expose
      surfaces of conductive contact ring 29 through notches 37 and 38,
      respectively.
PAR  Groove 39 is shown disposed adjacent the top edge of center web 14 and
      serves to receive and retain a conductive washer 20 comprised of
      spring-like material. Washer 20 is provided with an enlarged peripheral
      circumferential portion which extends for greater than 180.degree., as
      indicated by reference character 23 and is provided with a second portion
      21 which is of lesser diameter and extends diagonally downwardly toward
      the lower portion of the microphone assembly. Portion 21 includes a
      downwardly extending contact or dimple 22 at its lower lefthand end for
      purposes to be explained below. Washer 20 is preferably provided with a
      circumferential arcuate enlarged portion 23 that is substantially equal to
      the diameter of the outer portion of groove 39, so that conductive member
      20 may be assembled thereto with, for example, high speed production
      machinery and yet be reliably retained in place. The arcuate extent of
      portion 23 should preferably be greater than 180.degree. and less than
      that value which would preclude easy assembly into groove 39 of the
      microphone housing. In one embodiment of my invention, an angular arcuate
      size of 220.degree. was utilized for portion 23 of conductive spring
      washer 20. Groove 39 may be formed by suitable means and it is anticipated
      that under certain conditions, conductive washer 20 may be disposed on top
      of web 14 and held in place by other suitable means, such as a spacer
      washer, suitable adhesives or soldering.
PAR  A diaphragm member 18, shown in the form of transparent plastic, is
      disposed over the top of conductive housing 11 and is held in place by a
      suitable washer 17. The center of diaphragm 18 is connected to a drive pin
      33 which has its lower end connected to a piezoelectric drive member 32
      which may preferably be of the type shown and described in my patent for
      Microphone Having Improved Piezoelectric Transducer Supports, issued Jan.
      9, 1973, as U.S. Pat. No. 3,710,040. The other end of piezoelectric drive
      element 32 is slidably disposed in notch 37 on insulating washer 28 so
      that its lower surface will be in conductive engagement with a portion of
      the top surface of conductive washer 29 and thence to conductor 36 in
      shielded cable 34. The top side of piezoelectric member 32 is connected to
      shield 35 on shielded cable 34 through dimple 22 at the lower downwardly
      depending portion 21 of conductive spring washer 20 and housing 11, which
      is in conductive engagement with the larger outwardly extending peripheral
      portion 23 of conductive spring washer 20, to shield 35 on cable 34.
PAR  It may thus be seen that a complete microphone, as shown in FIG. 2, may be
      easily fabricated from uncomplicated elements.
PAR  Testing of the microphone has exhibited its superior resistance to the
      shock to which portable communications equipment may be subjected while
      retaining the desirable operational characteristics required for such
      apparatus.
CLMS
STM  Having now therefore fully illustrated and described my invention, what I
      claim to be new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. In a microphone having a diaphragm and transducer connected to be driven
      thereby, the combination comprising:
PA1  a hollow housing having a top, bottom and of substantially constant lateral
      cross section;
PA1  elongated transducer means;
PA1  conductive means of like lateral cross section insulatedly mounted in
      proximity to the bottom of said housing;
PA1  an insulating washer of like lateral cross section mounted in proximity to
      the bottom of said housing on top of said conductive means, said washer
      having an inwardly, upwardly, opening notch disposed over said conductive
      means and adjacent to a side wall of said housing whereby the bottom of
      one end of said transducer means may be disposed in said opening in
      conductive supporting engagement on said conductive means; and
PA1  a conductive spring washer having a first portion fixedly mounted
      intermediate the top and bottom of said housing and having an outside
      lateral dimension greater than the lateral interior of said housing for
      more than one-half of the outer peripheral dimension of said housing, and
      a second portion having an outside lateral dimension less than the lateral
      interior dimension of said housing, but greater than that of the interior
      lateral dimension of said insulating washer, for less than one-half of the
      peripheral dimension of said housing, said last named portion extending
      downwardly toward the top of said insulating washer and said transducer
      means and in registration with the notch in said insulating washer,
      whereby the top of said end of said transducer is conductively engaged by
      the second portion of said conductive spring washer.
NUM  2.
PAR  2. The subject matter of claim 1 in which the housing is cylindrical in
      shape.
NUM  3.
PAR  3. The subject matter of claim 2 in which the housing includes an inwardly
      opening groove intermediate its top and bottom ends and the first portion
      of the conductive washer is disposed in said groove.
NUM  4.
PAR  4. The subject matter of claim 1 in which the housing includes an inwardly
      opening groove intermediate its top and bottom ends and the first portion
      of the conductive washer is disposed in said groove.
NUM  5.
PAR  5. The subject matter of claim 1 in which the second portion of the
      conductive spring washer includes a downwardly extending dimple in
      registration with the notch in the insulation washer.
NUM  6.
PAR  6. The subject matter of claim 3 in which the second portion of the
      conductive spring washer includes a downwardly extending dimple in
      registration with the notch in the insulating washer.
NUM  7.
PAR  7. The subject matter of claim 5 in which the housing includes an inwardly
      opening groove intermediate its top and bottom ends and the first portion
      of the conductive washer is disposed in said groove.
NUM  8.
PAR  8. The subject matter of claim 1 in which the housing is comprised of
      current conductive material.
NUM  9.
PAR  9. The subject matter of claim 2 in which the housing is comprised of
      current conductive material.
NUM  10.
PAR  10. The subject matter of claim 4 in which the housing is comprised of
      current conductive material.
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ABST
PAL  A switch apparatus for detecting an imbalance condition between a first
      fluid circuit and a second fluid circuit. The switch apparatus has a
      housing with a bore therein in which a sleeve is located. The sleeve has a
      peripheral section which is electrically non-conductive and a central bore
      therethrough with a first diameter and a second diameter. A first piston
      is located in the first diameter and a second piston is located in the
      second diameter. A pin is connected to the second piston to limit the
      movement thereof in the central bore. When a pressure imbalance occurs,
      the sleeve will move and allow a plunger to move off the non-conductive
      peripheral surface to complete an electric circuit to inform an operator
      of a potential brake system failure.
BSUM
PAR  The invention relates to a pressure imbalance detector, more particularly
      for the motor industry, which can be used in hydraulic brake systems
      having two independent circuits, in order to operate an indicator device
      when one of the brake circuits fails.
PAR  There are known imbalance detectors of the type comprising a housing having
      a bore in which there moves a movable assembly separating two pressure
      chambers which are situated at opposite ends of the bore and are
      connectible to two independent pressure fluid circuits, and a switch
      responsive to movements of one component of the movable assembly out of
      its central, idle position under the influence of a pressure difference
      between the two circuits, the switch being designed to control the
      electrical circuit for an indicating device.
PAR  It is desirable, firstly, for the signal indicating failure of a hydraulic
      circuit to be maintained after the brake pedal is released and, secondly,
      for the detector to return to its idle position automatically after the
      faulty circuit has been repaired. For these reasons designers have
      proposed detectors with movable assemblies comprising a plurality of
      components, which slide relative to each other in a fluid-tight manner and
      have different effective cross-sections depending on their relative
      positions. These components of the movable assembly cooperate with one
      another by means of sliding surfaces whose generatrices are parallel to
      the axis of the bore and are at different distances from this axis. A
      device of the kind referred to is shown in U.S. Pat. No. 3,669,506.
PAR  Known imbalance detectors having the advantages described above, i.e. a
      maintained signal and automatic return to the idle position, have at least
      three components i.e. one housing and a two pieces, each component of the
      movable assembly having tw sliding surfaces cooperating respectively with
      one of the other two components. This design requires extremely narrow
      manufacturing tolerances if the movable assembly is to be assembled
      correctly, since each component is set in position by being fitted to both
      the other components.
PAR  An imbalance detector for a motor vehicle is a safety device, and is not
      called upon to operate very often. The various components of the movable
      assembly may therefore remain inactive for several years, even though the
      vehicle is in use. These special operating conditions make the assembly
      liable to jam in its bore. Designers seek to reduce this risk to a
      minimum, since jamming makes a detector completely ineffective.
PAR  An object of the invention is to provide an imbalance detector with a
      maintained signal and automatic return to the idle position, of a design
      permitting wider tolerances. To this end, the invention proposes an
      imbalance detector of the type described above, in which the movable
      assembly consists of a sleeve slidable in the bore and cooperating with
      the switch, the sleeve being traversed with a central bore with a portion
      of smaller diameter and a portion of larger diameter opening respectively
      into each of the pressure chambers, and of two separate pistons of
      different diameters slidable in the corresponding portions of the central
      bore, each piston cooperating with the housing by an abutment connection
      to limit the stroke of each piston out of a idle central position and
      inwards into the pressure chamber adjacent to the other piston to a slight
      axial play.
PAR  In a preferred embodiment of the invention, the abutment connection between
      the piston of larger diameter and the housing is effected through the
      piston of smaller diameter, the pistons being capable of abutting on one
      another, and the piston of smaller diameter is connected to the housing by
      a double abutment connection with slight axial play on either side of its
      idle cent position.
DRWD
PAR  The invention will be better understood from the ensuing description,
      referring to the single FIGURE representing a section through an imbalance
      detector embodying the invention.
DETD
PAR  The imbalance detector shown in the FIGURE has a housing 10 containing a
      bore 12, closed at each end by a plug 14 or 16. A movable assembly 17
      separates both ends of the bore, defining therein two chambers 18, 20
      connectible independently to two separate brake circuits in a single motor
      vahicle. To this end each chamber communicates with two outlet orifices
      22, 24. By way of example, the orifices 22a, 24a are connected separately
      to the pressure chambers of a conventional tandem master cylinder (not
      shown), whereas the orifices 22b, 24b are connected separately to two sets
      of brake actuators (not shown). The movable assembly is formed of a sleeve
      26, which is slidable in the bore 12 and itself contains a central bore
      consisting of a portion 28 of smaller diameter and a portion 30 of larger
      diameter, separated by a shoulder 29; and of two pistons 32, 34 mounted in
      a fluid-tight manner in the portions 28, 30 respectively of the sleeve 26.
      O-ring seals 36, 38 of different diametrical sections are placed at
      opposite ends of the sleeve to provide a double seal between the wall of
      the bore 12 and each piston. The free ends of each piston project with
      slight radial clearance into cavities provided for this purpose in the
      plugs 14, 16. The plugs act as abutments for the seals when the sleeve is
      moved out of the central, idle position illustrated. Each plug 14, 16
      which should be considered as a part of the housing of the imbalance
      detector, contains an aperture 40 or 42 extending diametrically with
      respect to the bore 12. A pin 44 fixed to the free end of the piston 32 of
      smaller diameter projects into the bore 40 to provide, between the piston
      32 and the housing, a double abutment connection with slight axial play of
      less than one millimeter. In addition, to enable the sleeve 26 and piston
      34 to move freely relative to the piston 32, a compartment 46 is provided
      between these three elements and is connected to the atmosphere by a duct
      48. The position of the bore 40 and the dimensions of the various
      components of the detector are selected in such a way that the stroke of
      each piston out of the idle position illustrated and towards the pressure
      chamber adjacent to the other piston is restricted to a few tenths of a
      millimeter. In the embodiment of the invention here described, of course,
      the abutment connection between the piston 34 and the housing is effected
      by way of the piston 32.
PAR  In this particular embodiment, the sleeve 26 cooperates with a switch
      device connected to the electrical circuit of an indicator device (not
      shown).
PAR  The sleeve, which is of electrically conductive material, has on its
      periphery an insulating ring or central zone 50. The housing, which is
      also of electrically conductive material, contains a bore 52 receiving an
      insulating tubular member 54, to the outer end of which an electrical
      terminal 56 is attached by a metal rivet 58. The terminal 56 is normally
      connected to the supply circuit of the indicator device, whereas the
      housing 10 is connected to the vehicle's earth. A coil spring 60 bearing
      on the rivet 58 urges an electrically conductive plunger 62 slidable in an
      insulating bushing 64 towards the interior of the bore 12.
PAR  The detector just described operates as follows.
PAR  Firstly, it should be noted that the single FIGURE illustrates the various
      components of the detector in their "idle" central position, which they
      occupy when both brake circuits are pressurized and when the pressures in
      the chambers 18, 20 remain substantially equal.
PAR  The pressures prevailing at either end of the sleeve urge the sleeve to the
      left in the FIGURE, so that it abuts on the shoulder 29 for the piston 34,
      and urge the piston 34 on to the piston 32 of smaller diameter. Let us
      assume a slight, momentary imbalance between the pressures in the chambers
      18, 20, for example a pressure reduction in the chamber 18. The sleeve 26
      and both pistons are urged to the right in the FIGURE. Both pistons are
      stopped by the pin, and the shoulder 29 moves off the piston 34. The
      difference between the effective cross-sections of the seals 36, 38
      therefore causes the sleeve to return to the position illustrated,
      provided of course that the pressure reduction in the chamber 18 is only
      momentary. Similarly, a momentary pressure reduction in the chamber 20
      will cause the sleeve and both pistons to move to the left in the FIGURE.
      The piston 32 is stopped by the pin and disengages from the piston 34. The
      difference between the combined effective cross-sections of the seal 38
      and piston 34 and the effective cross-section of the seal 36 pushes the
      sleeve 26 and piston 34 back towards the position illustrated.
PAR  Because the axial clearances or plays between the pin 44 and the edges of
      the aperture 40 are slight, the movements of the piston 32 are very
      restricted, and the sleeve returns to a central idle position
      substantially fixed relative to the housing.
PAR  In this central, idle position the plunger 62 of the switch co-operates
      with the insulating zone 50 of the sleeve, and the indicator device is not
      energized. The zone 50 is wide enough to prevent failure being indicated
      erroneously when the sleeve oscillates about its central idle position.
      This situation may arise when the pressure increase in the brake circuits
      is not completely simultaneous. Lastly, when the driver releases his brake
      pedal, the various components of the movable assembly 17 remain in the
      position illustrated.
PAR  Let us assume that one of the brake circuits fails, for example the circuit
      associated with the chamber 18 of the detector. Under the influence of the
      pressure prevailing in the chamber 20, the movable assembly 17 moves to
      the right in the FIGURE. The piston 32 of smaller diameter is almost
      immediately stopped due to co-operation between the pin 44 and the
      right-hand portion of the bore 40, as is the piston 34 which abuts on the
      piston 32. The sleeve, however, is moved to the right in the FIGURE to
      abut on the plug 14, so that the plunger 62 makes contact with the
      left-hand metal portion of the sleeve 26, so that it works the electrical
      switch and operates the indicator device. It should be noted that when the
      driver releases his brake pedal, the sleeve 26 remains off-centre, and the
      fault signal is maintained. After the repair of the faulty circuit, the
      detector resumes its idle position as explained above the first time the
      brakes are operated, and the switch is off again.
PAR  If the faulty circuit is that associated with the chamber 20 of the
      detector, the sleeve 26 moves to the left in the FIGURE, entraining the
      piston 34. In the same way as before, the plunger 62 makes contact with
      the right-hand metal portion of the sleeve, and the fault signal is
      maintained even after the release of the brake pedal.
PAR  In the embodiment just described, the movement of the piston 34 of larger
      diameter from its idle position towards the chamber 18 stops when it abuts
      on the piston 32 of smaller diameter, which in turn is stopped by abutment
      of the pin 44 on the plug 14. In another embodiment of the invention (not
      shown), however, the piston 34 also has a pin inserted with clearance in
      the bore 42. In this case, to permit the sleeve to move into the chamber
      adjacent to the piston of larger diameter, the axial length of the
      corresponding bore must be increased.
PAR  In this other embodiment of the invention, the double abutment with slight
      axial play just described is replaced by two unidirectional abutments
      between the piston 32 and plug 14 and between the piston 34 and plug 16.
      In this case also, the axial play may be less than one millimeter, so
      limiting the stroke of each piston from its idle position into the chamber
      adjacent to the other piston.
PAR  It should be noted that, because of the special design of the movable
      assembly embodying the invention, only the sleeve 26 bears two sliding
      surfaces, which co-operate in a fluid-tight manner both with the bore 12
      and with each piston respectively. Thus slightly imperfect coaxiality
      during machining of the stepped bore 28, 30 is not fatal to satisfactory
      operation of the device.
PAR  The invention is not restricted to a detector having an electrical switch
      of the type described, which has an insulating ring, but also covers
      detectors with switches of any known type, for example of the type having
      a V-groove on the sleeve.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brake pressure imbalance switch comprising:
PA1  a housing having a bore therein;
PA1  sleeve means slidable in said bore and separating the bore into a first
      pressure chamber and a second pressure chamber, said first pressure
      chamber being connected to a first source of fluid, said second chamber
      being connected to a second source of fluid, said sleeve means having an
      axial bore with a first diameter and a second diameter separated by a
      shoulder;
PA1  first piston means located in said first diameter and extending into said
      first pressure chamber for communicating any fluid pressure in the first
      chamber into said sleeve means;
PA1  second piston means located in said second diameter and extending into said
      second pressure chamber for communicating any fluid pressure from the
      second chamber into said first piston means to maintain said sleeve means
      in a central position in said bore of the housing when the fluid pressure
      in the first chamber and the second chamber is substantially equal;
PA1  pin means connected between said housing for and said second piston
      limiting the movement of said second piston means with respect to said
      sleeve means; and
PA1  cooperating contact means connected to said sleeve means for actuating an
      electrical circuit upon movement of said sleeve means in response to a
      pressure imbalance between the first chamber and the second chamber.
NUM  2.
PAR  2. The brake pressure imbalance switch, as recited in claim 1, further
      including:
PA1  first plug means fixed to said housing having a first central aperture into
      which the first piston means projects, said first piston moving in said
      aperture in response to a first pressure differential until engagement
      with the first plug means to limit the movement of the sleeve means toward
      the first pressure chamber.
NUM  3.
PAR  3. The brake pressure imbalance switch, as recited in claim 2, further
      including:
PA1  second plug means fixed to said housing having a second central aperture
      into which said second piston means extends for movement in response to a
      second pressure differential between the first chamber and the second
      chamber, said plug means having a radial aperture in which said pin means
      is located to limit the axial movement of the second piston in said second
      pressure chamber.
NUM  4.
PAR  4. The brake pressure imbalance switch, as recited in claim 3, further
      including:
PA1  first seal means surrounding said first diameter piston means, engageable
      with said bore of the housing and abutting said first diameter of the
      sleeve means for preventing fluid from being communicated from the first
      pressure chamber; and
PA1  second seal means surrounding said second diameter piston, engaging said
      bore of the housing, and abutting said second diameter of the sleeve means
      for preventing fluid from being communicated from the second pressure
      chamber.
NUM  5.
PAR  5. The brake pressure imbalance switch, as recited in claim 4, further
      including:
PA1  insulating means surrounding said sleeve means to prevent said contact
      means from actuating said electrical circuit when said sleeve means is in
      said axial bore.
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ABST
PAL  An improved method for quenching an arc in an AC circuit breaker having an
      arc chamber in which the arc rotates in a quenching medium between open
      electrodes having ends close together in which the arc is caused to
      generate during its rotation, through a heating of the quenching medium,
      an over-pressure which is maintained beyond the zero crossing of the AC
      current with the gas flow produced by the over-pressure use for blasting
      the arc in the nozzle. Various embodiments for use in medium and high
      voltage switching installations which permit the switching of large
      currents with a simple and inexpensive arrangement are illustrated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to AC circuit breakers in general and more
      particularly to an improved method and apparatus for arc quenching in such
      circuit breakers.
PAR  Circuit breakers in which arc quenching is accomplished by having an arc
      chamber in which the arc rotates in a quenching medium between open
      electrodes, the ends of which are situated close together, are typically
      used in medium voltage and high voltage installations. In particular, they
      are used in installations where the distribution voltage is above 1000 V.
      As is well known in the art, medium and high voltage circuit breakers for
      AC current extinguish at the zero-crossing point of the current. While in
      compressed-gas breakers a physically confined switching arc is subjected
      to the flow of a quenching gas, in breakers with a rotating arc cooling of
      the arc is obtained by imparting to it fast motion in a stationary gas,
      preferably a quenching gas and particularly sulfur hexafluoride SF.sub.6.
      Breakers with a rotating arc require no pressure gradient in the quenching
      gas. Becuase of the rapid travel of the arc bases at opposite electrodes,
      in particular where open ring- or spiral-shaped electrodes are used, very
      little contact burnoff occurs and as a result, a long useful contact life
      is possible.
PAR  In one known embodiment of such a breaker disclosed in the journal
      "Elektrie," No. 10, pages 364 to 366 (1967), there is arranged in series
      with the switching gap a coil which produces a magnetic blasting field
      when the arc current flows through it and is thus referred to as a
      blasting coil. The contact system comprises two electrodes arranged
      concentrically to each other forming a ring gap in which the switching arc
      rotates in an arc-quenching medium under the action of the Lorentz force.
PAR  Shorted turns may also be associated with magnetic blasting coils. These
      cause a displacement of the magnetic field with respect to the current
      curve. As a result, the speed of rotation of the arc remains high as the
      current magnitude within a halfwave of the AC current decreases.
PAR  The arc is extinguished at the zero crossing of the current due to the
      cooling effect of the relative motion between the gas and the arc.
PAR  An arc-quenching arrangement which serves as an overvoltage protection
      device for capacitors is disclosed in German Pat. No. 1,228,334. The arc
      is initiated in a spark gap and rotates between ring electrodes arranged
      parallel to each other and whose beginning and end are situated next to
      each other in such a manner that they form a single layer, flat spiral.
      The electrodes which are situated opposite each other serve as running
      electrodes for the arc which rotates between them under the action of its
      own magnetic field until a mechanically moved insulating member used as a
      deflector for the arc, deflects and lengthens the arc to a quenching
      device consisting essentially of horn-shaped electrodes. The motion of the
      arc is increased between the horn-shaped electrodes by blasting coils,
      through which the current being interrupted flows.
PAR  The quenching of an arc by cooling at the surfaces of an insulator body is
      described in German Pat. No. 819,268. As disclosed therein, an inner
      electrode is coaxially enclosed by a ring electrode in AC breaker having a
      blasting coil whose inner turn forms the periphery of a cylindrical
      quenching chamber serving at the same time as the electrode for the arc.
      An arc is drawn between the electrodes using a movable contact and rotates
      between the electrodes on a circular path. Quenching of the arc by the
      cooling effect of the relative motion is further aided in this breaker by
      the cooling effect of the bottom and top of the flat quenching chamber.
PAR  Although these prior art methods and apparatus work reasonably well, there
      is a need for improved methods of arc quenching due to various
      deficiencies. Prior to summarizing the present invention, a discussion of
      the operation of gas flow breakers which operation is helpful in
      understanding the present invention will be given.
PAR  In what are referred to as gas flow breakers, i.e., high capacity circuit
      breakers using flowing gas as a quenching medium, in which the arc burns
      in nozzle arrangments, the switching capacity is heavily influenced by
      what is referred to as back-up effect. Back-up effect is a certain
      interaction between the quenching gas flow and the arc. In a gas flow
      breaker the arc burns between two contacts, at least one of which is
      generally shaped as a tubular contact and forms at the same time a nozzle
      for the gas flow. However, it is also possible for the contacts to be
      preceded by a separate nozzle. The basic characteristic of all these
      arrangements is that the arc must burn through a hollow space. The hollow
      space may be cylindrical, conical or Laval-tube shape and may be of
      different length. The quenching medium must flow through this hollow space
      forming the nozzle or acting as a nozzle. The quenching medium flow will
      be impeded by an arc therein. Using simple model concepts, two zones can
      be distinguished within the nozzle, an inner hot zone with low density and
      an outer cold zone with high density. The inner zone is formed by the arc
      while the major portion of the total mass passing through the nozzle flows
      through the outer cold zone. The thicker the arc becomes, the wider the
      hot zone becomes. This happens at the expense of the cold outer zone. As a
      result, with increasing arc thickness, the mass flow through the nozzle
      declines. If the arc completely fills the nozzle cross-section, mass flow
      is minimal.
PAR  Thus, flow resistance in the nozzle increases as a function of the power of
      the arc. At the same time, the mass flow through the nozzle decreases as a
      function of the temperature. The removal of the gas heated in the
      quenching chamber for the duration of the arc requires a certain amount of
      time, particularly where large currents are being switched. Furthermore,
      the gas flow adjusts itself only subsequently with a time delay because of
      the mass inertia. In an AC circuit breaker, the arc current varies in
      accordance with the sinusoidal waveform of the current half-waves. In
      interrupting a large current, particularly a short-circuit current, the
      effects mentioned above occur in the vicinity of the current maximum.
PAR  With increasing cooling-down of the arc, a radial gas flow inward occurs
      and thereby a corresponding increase in density. An additional annular
      cross section is thus made available for the gas flow. At the zero
      crossing of the current, the undisturbed steady-state flow which depends
      only on the pressure is not yet reestablished but is reduced by a
      predetermined amount. This flow reduction impedes the cooling of the arc
      and the development of a temperature distribution favorable for quenching
      at the important time interval just prior to the zero crossing.
PAR  The reduced cooling effect in dependence on the decreasing mass flow has a
      consequence that the power released in the quenching chamber cannot be
      removed by the quenching medium. One result of this is a large pressure
      increase in the quenching chamber. The pressure increase can lead not only
      to a reduction of the inflow from the high-pressure part of the circuit
      breaker, but even to a reversal of the flow direction. Through such a
      reverse flow, hot gas can get into the supply canals. If with a then
      decreasing magnitude of the current, the gas flow resumes in the desired
      direction, quenching medium which has already been heated and which may be
      contaminated with metal vapor from the electrodes flows first into the
      quenching arrangement. Because of these effects, designs which largely
      suppress the back-up effect using the special measures have been
      developed. Typical are the measured disclosed in ETZ-A, vol. 90, no. 26,
      pages 711 to 714 (1969). In gas flow breakers, the back-up effect is
      prevented primarily by making the discharge openings of the nozzles
      relatively large, in accordance with the power to be interrupted.
PAC  SUMMARY OF THE INVENTION
PAR  In the literature, only the special case of back-up which takes place when
      the arc itself burns through the nozzle is discussed. The present
      invention is based on the fact that a back-up can also occur even if the
      arc does not burn in the nozzle. It is this basic fact which permits the
      method of the present invention to provide improved operation in the
      rotating arc type of circuit breaker mentioned at the outset. The change
      of mass flow through the discharge openings designed as a nozzle is
      physically important. As the density decreases with increasing temperature
      at a rate faster than the maximum sound velocity possible at the
      constriction of the nozzle, a reduction of the mass flow necessarily
      follows. Such also happens if the arc burns within a limited volume, e.g.,
      within an arc chamber, not through the nozzle but in the vicinity of the
      nozzle, e.g., on its edge, thereby heating the quenching gas.
PAR  The back-up effect which occurs in conjunction with the known quenching of
      an arc by rotation between electrodes arranged parallel to each other can
      lead to a particularly advantageous quenching effect. Thus, the present
      invention essentially comprises using the arc to generate during its
      rotation an overpressure due to heating of the quenching medium is
      maintained beyond the zero crossing of the AC current and which thereby
      results in a gas flow of the quenching medium which is used for blasting
      the arc in a nozzle. With the method of the present invention, a back-up
      effect is this generated in order to bring about, during the current
      halfwave, a pressure build-up in the arc chamber, which then results in a
      flow of the quenching medium through the nozzles.
PAR  The arc revolves in an arc chamber made of insulating material under the
      action of the magnetic fields generated by the arc current. It rotates on
      electrodes disposed opposite each other and which are preferably designed
      as bars. The electrodes may be in the shape of open-ring electrodes or may
      form a spiral. The ends of the electrodes are situated next to each other
      and one end connected to a current lead with the other end having a
      nozzle-like opening. The nozzle establishes a connection with an adjacent
      chamber which is referred to as an equilization chamber. Quenching medium,
      particularly sulfur hexafluoride SF.sub.6, which is heated by the arc in
      the arc chamber can then flow through the nozzle into the equilization
      chamber. The nozzle is designed so that during the gas flow of the
      quenching medium, a back-up effect occurs, thereby resulting in an
      overpressure in the arc chamber. As a result, the flow of quenching medium
      continues beyond the current zero crossing and drives the arc bases, which
      can no longer be moved away from the nozzle over an insultaing gap by the
      current dependent magnetic forces just prior to zero crossing, into the
      nozzles. In this process, the portions of the arc in the vicinity of the
      nozzle and within the nozzle are cooled intensively.
PAR  Contrary to the known gas flow breakers, intensive flow cooling is achieved
      only in the immediate vicinity of the time of the current zero crossing,
      i.e., only at that time is the arc in the vicinity of the nozzle. It has
      been discovered that it is advantageous that the arc be cooled as little
      as possible during the rotation phase, in order to keep the power
      conversion as low as possible. For this reason, particularly fast rotation
      is not required. The rotation of the arc is used primarily to reduce
      burn-off of the electrodes and to heat the quenching medium in the arc
      chamber as uniformly as possible.
PAR  When the current is being switched off, the arc can be drawn from one
      electrode to the other in a simple fashion using a switching bar, which in
      the closed condition protrudes through the nozzles disposed opposite each
      other in the arc quenching chamber. Thus, a switching rod moveable in its
      length-wise direction is provided for operating the breaker. Similarly, a
      switching tube may also be used. For establishing good contact, at least
      one of the nozzles can be equipped with spring contacts or a pressure
      contact device of well known design.
PAR  In some cases, a single equalization chamber arranged above or below a
      cylindrical arc-quenching chamber may be sufficient. In such an
      arrangement, quenching gas flows from one side of the chamber through a
      nozzle and the arc is accordingly influenced by the flow only on one side.
      With such an arrangement of the switching apparatus, the end of the other
      electrode opposite the nozzle can advantageously be provided with a
      pressure or finger contact arrangement of known design.
PAR  The end of the switching rod is then connected with this contact
      arrangement when the breaker is closed. The switching tube or rod moveably
      arranged in one or two nozzles can additionally be guided by a sliding
      contact disposed in the equalization chamber. In an arrangement where two
      equalization chambers are used, such a sliding contact can further be
      provided in addition to the second equalization chamber. In one disclosed
      embodiment, the electrodes comprise a spiral electrode with several turns
      having a mutual spacing of turns which is non-uniform such that a narrow
      gap is produced in at least one place. The narrow gap facilitates the
      jumping of the arc between adjacent turns of the electrodes in the case of
      large currents. The electrodes are connected electrically in series and
      magnetically opposing each other so that what is referred to as a cusp
      field is produced between opposing electrodes. Such a field has a magnetic
      component directed radially toward the electrodes which generates a
      tangentially-directed force on the arc, making the arc rotate.
PAR  In another disclosed embodiment of apparatus for implementing the present
      method, electrodes which contain discharge nozzles in several places for
      conducting the quenching medium from the arc chamber to the equilization
      chamber are provided. The additional nozzles are disposed at points of the
      electrodes where it can be expected that the base points of the arc will
      remain stationary for small magnitudes of the current due to the greater
      curvature or an insulating interruption. In such a case, the magnetic
      driving forces will no longer be sufficient to move the base points away
      from these electrode parts. The sum of the inside nozzle cross sections is
      chosen such that the back-up effect, which is advantageous for the
      generation of the flow, can still take place.
PAR  In each of the disclosed arrangements for implementing the method of the
      present invention, it is advantageous to embed the electrodes of
      conductive material along with at least one nozzle in slots of insulating
      plates or walls of the arc chamber. This prevents the highly curved,
      voltage-carrying edges from projecting into the arc chamber and improves
      the dielectric strength of the chamber considerably.
PAR  In the equlization chambers, additional magnetic blasting coils will
      preferably be provided. The blasting coils are connected to the electrodes
      and their current leads in such a manner that they are bridged, i.e.,
      electrically shorted, by the switching rod or the switching tube when the
      breaker is closed. Thus, they are in the circuit only during the switching
      process. The blasting coils may further be associated with at least one
      shorted turn which produces a phase shift of the magnetic field with
      respect to the arc current. As a result, the driving force acting on the
      arc current will remain relatively large even shortly prior to the zero
      crossing of the current.
PAR  In one disclosed embodiment of the invention for carrying out the method,
      an arc chamber is shaped as a ring with one or two equalization chambers
      also in the shape of the ring arranged concentric to the arc chamber. In
      such a case, the electrodes are situated on the inside cylindrical surface
      of such an arc chamber. In this embodiment, the arc driven by the magnetic
      forces burns in a radial direction to the axis of the chambers and its
      plane of motion forms a circular ring.
PAR  In the annular equilization chamber surrounding the arc chamber, additional
      turns can be arranged and included in the circuit only when the current is
      being switched. These turns generate in the arc chamber, a magnetic field
      with a predominantly axial component, which is therefore perpendicular to
      the arc and constitutes an additional driving force. Additional turns can
      also be provided with at least one short-circuited turn through which a
      phase shift of the magnetic field with respect to the current can be
      produced.
PAR  For limiting the current, electric resistors which are switched into the
      circuit upon operation of the breaker and thereby limit the current to be
      interrupted, e.g., a short-circuit current, to a low value can be included
      in the equalization chambers in addition to or instead of the coils.
PAR  A particular advantage of the apparatus disclosed is that several switching
      devices can be connected in series in a simple manner with a common drive
      associated with the switching rod of the individual switching devices.
PAR  In addition to a gaseous quenching medium such as sulfur hexafluoride, the
      quenching device according to the present invention can also be operated
      with a liquid quenching medium such as oil. In such an embodiment, the oil
      evaporates due to the arc and the oil vapor is used for blasting at least
      one of the arc bases. In such a case, it is advantageous to provide the
      equalization chambers with valves which allow the decomposition products
      to discharge to the outside.
PAR  A particularly advantageous embodiment of the quenching arrangement using a
      liquid quenching medium is obtained through the use of liquid sulfur
      hexafluoride SF.sub.6. Liquid SF.sub.6 has a vapor pressure of 21 atmg at
      20.degree. C and still about 5.1 atm abs at -30.degree. C. Thus, at normal
      ambient temperature, e.g., between 0.degree. and 30.degree. C, an SF.sub.6
      gas atmosphere of 13 to 27 atm abs in a switching chamber partially filled
      with liquid sulfur hexafluoride SF.sub.6 is present. This causes a
      substantial increase of the dielectric strength as compared to a breaker
      operated only with a pure SF.sub.6 gas atmosphere of about 5 to 7 atm abs.
      Since the decomposition products of sulfur hexafluoride recombine to again
      form sulfur hexafluoride upon cooling down, a discharge of the
      decomposition products to the outside is not necessary where this is used
      as the quenching medium. This is a great advantage, particularly for an
      installation in an encapsulated system.
PAR  A further advantageous feature of the quenching aparatus of the present
      invention is the inclusion between the arc chamber and the equalization
      chamber of a discharge opening which is closed and opened as a function of
      the magnitude of the current to be interrupted. For this purpose, the
      closing mechanism can be provided with a magnetic setting device which
      opens the discharge opening in steps for predetermined current values.
      Through the use of this device, the switching arrangement is provided with
      optimum quenching properties over a wide range of currents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a first embodiment of a quenching
      arrangement having two equalization chambers.
PAR  FIG. 2 is a plan view partially in cross-section illustrating a type of
      electrode which can be used in the embodiment of FIG. 1.
PAR  FIG. 3 is a perspective view illustrating current flow through the
      electrode of FIG. 2 and the magnetic fields generated thereby.
PAR  FIG. 3a is a similar view showing the arc rotating during which time back
      pressure is generated.
PAR  FIG. 3b is a view of the same arrangement at the point where the current
      becomes near zero so that the arc will no longer jump the gap.
PAR  FIG. 3c is a similar view showing the arc being driven into the gap into
      the nozzles for extinguishment.
PAR  FIG. 4 is a cross-sectional view of a nozzle electrode of FIG. 1
      illustrating current flow therethrough.
PAR  FIG. 5 is a plan view illustrating another type of electrode which may be
      used.
PAR  FIG. 6 illustrates a still further type of electrode.
PAR  FIG. 7 illustrates a coaxial arrangement of chambers in a second embodiment
      of the quenching arrangement of the present invention.
PAR  FIG. 8 illustrates a further type of electrode.
PAR  FIG. 9 is a cross-sectional view of a third embodiment of the invention in
      which only a single equalization chamber is provided.
PAR  FIG. 10 is a similar view of an arrangement with a single equalization
      chamber which arrangement is particularly adapted for use with a liquid
      quenching medium.
PAR  FIG. 11 is a schematic illustration of a plurality of arrangements
      according to the present invention connected in series.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A first embodiment of a quenching arrangement for carrying out the method
      of the present invention is illustrated on FIG. 1. An essentially
      cylindrically shaped member 8 having a top cover 14 is provided. Centrally
      located within this cylindrical structure is a quenching chamber 2 defined
      by a top partition 4 and a bottom partition 6 along with the cylindrical
      side walls of the cylindrical member 8. The space between the partition 4
      and the top 14 forms a first equalization chamber. A partition 16 along
      with the partition 6 forms a second equalizaation chamber 12. As
      illustrated, the equalization chamber 10 is above the quenching chamber 2
      and the equalization chamber 12 below the quenching chamber 2. The walls
      of the chambers including the cylindrical wall 8, the top 14, bottom 16
      and partitions 4 and 6 may advantageously be made of a heat resistant
      insulating material, such as ceramic or plastic. At the inside surface of
      the partition 4 of the arc chamber 2 and at its bottom partition 6, also
      on the inside, are arranged respective electrodes 20 and 22. One end of
      the electrode 20 is connected with an electrical lead 24 and one end of
      the electrode 22 with an electrical lead 26. The other end of the
      electrode 20 is designed as a nozzle 28 and that of the electrode 22 as a
      nozzle 30. The nozzles 28 and 30 form respective openings in the
      partitions 4 and 6. A switching rod 32 having an outside diameter matching
      the inside diameter of nozzles 28 and 30, protrudes through both nozzles,
      establishing the electrical connection between the electrodes 20 and 22.
      The switching rod can be moved along its axis by a drive, not shown. It is
      brought through a corresponding opening in the bottom 16 of the lower
      equalization chamber 12 and will preferably be guided in an additional
      sliding contact 34 arranged at the bottom partition 16. As shown, it can
      be electrically connected with the lead 26 along with being connected to a
      current supply line 36. The two equalization chambers 10 and 12 can also
      have therein a magnet coil. Shown is a magnet coil 38 in chamber 10 and a
      magnet coil 40 in chamber 12. These produce a magnetic blasting field for
      the arc which is drawn between the electrodes 20 and 22 using the
      switching rod 32. The blasting coils 38 and 40, whose electrical conductor
      connections are not shown in the figure, are connected electrically in
      series and in magnetic opposition. At least one short-circuited turn, also
      not shown on the figure, can be associated with each of the blasting coils
      38 and 40 to cause, in a well known fashion, a phase shift of the magnetic
      field of the blasting coil with respect to the arc current producing the
      field. These short-circuit turns may be arranged, for example, directly at
      the coils 38 and 40 or may partially surround the coils. With such an
      arrangement, they will have a particularly close coupling with the coils.
PAR  Between the arc chamber 2 and the equilization chambers 10 and 12,
      respective check valves 18 and 19 are provided. These are adjusted so that
      they open only upon exceeding a predetermined maximum pressure in the arc
      chamber 2. They thereby make possible a reduction of the pressure by
      providing openings in addition to the nozzles. Also shown on FIG. 1 are
      safety valves 37 and 39 in the wall 8 at the chambers 10 and 12
      respectively. These safety valves which vent to the outside are set to a
      predetermined maximum pressure and may, for example, be spring valves or
      burst diaphragms. These safety devices prevent an explosion of the
      switching device if the current being interrupted assumes values which
      cannot be interrupted by the circuit breaker. Either one or both of the
      safety valves 37 and 39 may be advantageously included.
PAR  As is evident from the cross-sectional plan view through the arc chamber 2
      as shown on FIG. 2, the electrode 20 is an open ring electrode which has
      an approximately uniform distance from the chamber wall 8 and whose ends A
      and C form an opening B in the ring. The end C has a larger cross section
      with its inner opening 29 forming the nozzle whose cross-sectional profile
      is laid out for aerodynamic acceleration and preferably may have the
      profile of a Laval tube.
PAR  During a half-wave of the operating current, which as illustrated on FIG.
      3, flows through the lead 26 along with electrode 22 in the direction
      indicated by the arrow, an arc E is drawn between the ends C of the
      electrodes 20 and 22 as the switching rod 32 is moved downward. In the
      electrode 20, the current flows in the opposite direction, also as
      indicated by arrows on FIG. 3, and leaves the quenching arrangement
      through the lead 24.
PAR  With the directions of current indicated, the two ring-shaped electrodes 20
      and 22 form what is referred to as a cusp field designated by 42 and 44
      and shown in dot-dash lines on the figure. The cusp field has a radial
      component which generates a force K acting on the arc E in the tangential
      direction in the space between the electrodes 20 and 22. The arc is also
      driven by the action of its own electromagnetic force. The latter is
      produced by the loop formation of the electrode parts adjacent to the ends
      C with the arc E. The arc E is driven by this force over the ring opening
      B and it rotates between the electrodes 20 and 22 as shown by FIG. 3a
      until the magnitude of its current has fallen to a predetermined value
      within the half-wave. At this point, illustrated by FIG. 3b, the forces
      are no longer sufficient to drive the arc over the opening B. The pressure
      of the quenching gas heated by the arc within the arc chamber has reached
      a point that the escaping quenching gas forces the ends of the arc into
      the nozzles 28 and 30, as shown by FIG. 3c, where the arc is then cooled
      in a particularly effective manner.
PAR  The back-up effect, however, prevents the arc base from being blown into
      the nozzle 28 or 30 for large current values and a correspondingly large
      arc diameter.
PAR  The entrance of the arc base into the respective nozzle shortly prior to
      the zero crossing is further aided by an additional loop formation between
      the current-carrying part of the nozzle 28, or the nozzle 30 and the
      adjacent part G of the arc E. The current parts F and G are shown on FIG.
      4 in broken lines.
PAR  The arc generated between the ends C is acted upon, with the current path
      assumed above, by magnetic forces which move the arc E of FIG. 3
      counter-clockwise. These forces are formed by the action of the current
      loop in conjunction with the effect of the current which flows in the
      electrodes in the opposite direction and produces the cusp field 42 and
      44. These forces K acting on the arc are proportional to the square of the
      current and are thus large in the vicinity of the peak value of the
      current half-wave. As long as the magnetic forces are large, the arc in
      the chamber 2 rotates and in the process heats the quenching medium
      present therein which may be, for example, sulfur hexafluoride. The
      pressure in the arc chamber 2 thus rises and a flow of quenching medium
      through the openings of nozzles 28 and 30 into the equalization chambers
      10 and 12 is produced. The volume of the arc chamber 2 in conjunction with
      the diameter and the profile of the nozzles 28 and 30 is chosen so that
      the pressure reduction in the arc chamber due to the escaping quenching
      gas takes longer than the respective AC half-wave by which the arc, and
      thus the pressure, was produced. The flow through the nozzles 28 and 30
      thus lasts beyond the zero crossing of the current. Accordingly, the bases
      entering into the nozzles and the adjacent parts of the arc are cooled by
      the nozzle flow only immediately prior to the zero crossing of the arc.
      The nozzle flow from a practical standpoint has almost no influence on the
      arc as long as the current is still large, i.e., in the vicinity of the
      peak value of the current half-wave.
PAR  When the current approaches its zero crossing near the end of the
      half-wave, the magnetic driving forces K on the arc decline relatively
      quickly and no longer can drive the arc over the insulation gap B. This
      occurs at some predetermined current value. At that point, a base of the
      arc E is driven into the respective nozzles 28 or 30. A particularly
      advantageous further embodiment of the quenching arrangement of the
      present invention consists in providing the nozzles 28 and 30 with slots,
      not shown on the figure, which extend radially to the nozzles 28 and 30 in
      the direction of their axes. Advantageously, these slots are filled with a
      heat-resistant insulating material. Such slots aid in the formation of
      loops of current parts F and G shown on FIG. 4.
PAR  It is further advantageous if the electrodes consist essentially of an
      electrically conductive material such as copper or also tungsten copper
      and that the nozzle portion of the electrodes is made of graphite. With
      such an arrangement, after the base points of the arc have passed to the
      nozzle area, metal vapor can no longer be generated.
PAR  An essential part of the quenching arrangement of the pressent invention
      resides in the provision that the arc in its high-current phase heats the
      quenching medium in the chamber 2 and thereby produces an over-pressure
      which causes a quenching medium flow. By this quenching medium flow, the
      base points of the arc are driven, during the low-current portion of the
      cycle into the nozzles and the parts of the arc in the vicinity of the
      nozzle entrance as well as inside the nozzles are cooled intensively by
      the flow of quenching medium.
PAR  A further advantage of the quenching arrangement of the present invention
      is that only a switching rod or switching tube is required to operate the
      breaker. A drive with relatively low power is thus sufficient since the
      quenching medium flow need not be generated by external forces. In
      addition to the illustrated embodiment where the electrodes are an open
      ring, it may also be advantageous in some cases to make the curvature of
      the electrodes such that the ends A and C do not form a ring opening but
      that the ends are always adjacent to an electrode part.
PAR  FIG. 5 shows a slightly different electrode arrangement. This illustration
      which is schematic in form shows an outside housing 58 for the arc chamber
      along with an electrode 48 having not only a nozzle 50 but additional
      nozzles 51, 52 and 53 arranged on the circumference of the electrode which
      is again shaped as an open ring. The diameter of the nozzles 50 through 53
      is chosen so that the sum of the discharge cross sections, i.e., the sum
      of their inside diameters ensures a sufficiently slow pressure reduction
      in the arc chamber enclosed by the wall 58. The advantage of this
      configuration with a plurality of nozzles is that as the zero crossing of
      the current is reached, the arc no longer must travel along the entire
      circumference of the ring electrode 48 to get into a nozzle. Nozzles can
      be distributed over the circumference of the electrode 48 in an
      approximately uniform manner as shown on the figure. Nozzles can also be
      provided at points of the electrode 48 at which the ring-arc base points
      have a tendency to remain stationary, for example in the vicinity of
      deflectors or discontinuities not shown on the figure.
PAR  In some cases it may be advantageous to provide in the partition between
      the arc chamber and an adjacent equalization chamber one or more openings
      which permit equalization, i.e., a flow of gases back into the arc
      chamber. Such equalization may be necessary if one or more interruption
      processes follow after a switching operation with corresponding expansion
      and discharge of the gases heated by the arc.
PAR  In addition to the arc chamber of FIGS. 1 and 2, an embodiment of the arc
      chamber as a closed ring cylinder is also possible. Such an arrangement is
      shown in FIG. 6. In the arrangement illustrated thereon, an electrode 60
      in the form of an open ring is arranged concentrically to chamber walls 62
      and 64 such that the arc burns in the direction of the axis of the ring
      chamber. In this embodiment, the electrode 60 is shown as being provided
      with a plurality of nozzles designated 70 through 73. An equalization
      chamber of similar design can be arranged above or below the ring-shaped
      arc chamber. In the manner described above, the nozzles 70 to 73 will then
      open into one of these chambers.
PAR  FIG. 7 illustrates a further embodiment of the present invention. In the
      arrangement shown thereon, a ring-shaped arc chamber 74 is provided
      defined by side walls 76 and 78. On the inside surfaces of the walls 76
      and 78 respective electrodes 80 and 82 are arranged. Thus, the electrodes
      are arranged concentrical to each other. As shown, they are shaped as open
      rings. The arc chamber 75 is surrounded by a ring-shaped equalization
      chamber 84 through the outer wall 86 of which a switching rod 88 is
      brought. Switching rod 88 establishes electrical contact between a nozzle
      92 associated with electrode 82 and a pressure or spring contact 90 on the
      electrode 80. Furthermore, the switching rod 88 is guided in a sliding
      contact arranged at the inside surface of the wall 86 of the equalization
      chamber 84 and is at the same time connected with a blasting coil 94
      arranged in the equalization chamber. The current lead 96 is coupled to
      the blasting coil 94. A further current lead 98 is connected to the
      electrode 80. The blasting coil 94 is connected so that it is switched
      into the circuit only by the arc drawn by the switching rod 88. In the
      closed condition of the arrangement, the blasting coil is shorted.
PAR  Electrodes 80 and 82 are again interrupted at the points B. The current is
      supplied to the bars by means of current lead 98 and a connecting
      conductor 102 between the blasting coil 94 and the end A of the electrode
      82. During the breaking action, i.e., after the switching rod 88 is
      withdrawn, the quenching medium flows through the nozzle 92 into the
      equalization chamber 84. With the assumed direction of the current which
      is indicated on the current lead 96 by an arrow, the arc is driven
      counterclockwise because of the loop action of the current conductors. The
      arc burns between the concentric electrodes 80 and 82 in the radial
      direction moving in a circular path in a plane perpendicular to the axis
      of the ring chambers.
PAR  Additional magnetic driving force is generated by the fact that the
      current, before it gets to the beginning A of the electrode 80 through the
      line connection 102, is conducted around the cylindrical arc chamber 74 in
      multiple turns of the additional blasting coil 94 in the equalization
      chamber 84. In the arc chamber 74, the blasting coil 94 produces a
      magnetic field with essentially axial components perpendicular to the
      radially burning arc. These forces thus exert, on the burning arc, a
      magnetic force acting in the same direction as the arc's own magnetic
      force as long as the sense of the winding of the blasting coil 94 is
      properly chosen.
PAR  With the breaker closed, the blasting coil 94 is shorted by the line
      connection 104 between the coil 94 and the sliding contact. Thus, the coil
      cannot influence the circuit either by its own conductance nor its
      resistance with the breaker closed.
PAR  In the embodiment of FIG. 7, only a single equalization chamber 84 is
      provided, arranged concentric to arc chamber 74. In some cases, it may be
      advisable to provide a further cylindrical or ring-cylindrical
      equalization chamber arranged inside the arc chamber 74. In that case, the
      contact 90 for the end of the switching rod 88 would also be designed as a
      nozzle protruding through the chamber wall 78 into the further
      equalilization chamber not shown.
PAR  An amplification of the cusp field which is formed by the blasting coils 38
      and 40 in FIG. 1 and by the electrodes 20 and 22 of FIG. 3, can be
      achieved by a particular design of electrodes as shown on FIG. 8. Here the
      electrode 112 is formed essentially as a spiral, whose end is designed as
      a nozzle 114 located approximately on the axis of a cylindrical chamber
      118. The arc which is drawn in a nozzle 114 during the interruption
      process using a switching rod, not shown, can be driven away from the end
      of the electrode more quickly if an additional bridge 116 is arranged
      between the nozzle 114 and electrode 112. Current is then fed in at the
      end A of the electrode 112. At each point of the electrode 112, the
      Lorentz force acting on the arc is directed so that it is driven inward on
      the spiral. In order to obtain a pressure build-up which is as uniform as
      possible in arc chamber 118, the arc should revolve as long as possible on
      a ring-shaped part of the spiral designated R. For this reason, portions
      of the electrode 112 can be brought close together in a region designated
      on the figure as S. As long as the magnitude of the arc current is
      sufficiently large, the arc will always jump to the adjacent outside part.
      Arranging the nozzle 114 at the center of the arc chamber 118 has as its
      advantage that an approximately symmetrical quenching medium flow to the
      nozzle 114 is obtained.
PAR  It is also possible in this embodiment to arrange a plurality of nozzles
      over the electrode 112 much in the manner illustrated on FIG. 5 or 6.
PAR  FIG. 9 illustrates an additional embodiment for implementing the method of
      the present invention. Once again, a cylindrical member 8 is provided
      having a top 4 and a bottom 16. An internal partition 6 divides the
      structure so that it forms an upper quenching chamber 2 and a lower
      equalization chamber 12. In the bottom of the equalization chamber, a
      sliding contact 34 for a switching rod is mounted. Only the current lead
      24 is brought through the top 4. The arrangement of the electrodes 20 and
      22 is essentially the same as that disclosed in connection with FIG. 1
      with the exception that the electrode 20 does not contain a nozzle but
      instead has a pressure or spring contact 128 for contacting the rod 32. As
      before, the rod 32 goes through and contacts the nozzle 30. Thus, all
      discharge from the arc chamber 2 is through the nozzle 30 of the electrode
      22. The contact 128 will preferably be provided with what are referred to
      as finger contacts.
PAR  FIG. 9 also illustrates a further advantageous feature of the quenching
      arrangement of the present invention. The arc chamber 2 is provided with
      an additional opening 132 preferably having a variable cross-section, in
      particular which is controlled by the arc current. This represents an
      additional cross-section for discharge of the quenching medium.
      Preferably, the discharge opening 132 will have a nozzle shape and for
      adjustment has associated therewith, a closing mechanism 130. Closing
      mechanism 130 is controlled by the current being interrupted and opens the
      discharge cross section of the opening 132 preferably by steps as preset
      current values are exceeded. The illustrated closing mechanism essentially
      contains a rod 134 made of an electrically insulating material which on
      its end has a closing cone 136 protruding into the nozzle-shape opening
      132. The other end of the rod 134 is arranged in a movable fashion along
      its axis in a coil 140 through which the arc current flows. The coil is
      fastened to the housing 8 of the quenching arrangement. The bottom portion
      of the rod 134 consists, for example, of iron and can be terminated at its
      lower end by a disc-like enlargement 138. The iron part of the rod 134
      acts as a movable iron core 135 in the coil 140.
PAR  The current to be interrupted flows through the lines 36, 26 and 146 as
      well as through the coil 140 and a further line connection 147 to the
      sliding contact 34. If a short-circuit current occurs, the coil 140 is
      energized to the extent that it pulls in its iron core 135 in the manner
      of a moving-iron ammeter. With the motion of the rod 134 and its closing
      cone 136 therewith, the discharge cross-section of the opening 132 is
      released. A spring 142 inserted between the disc 138 and the bottom of the
      coil channel, not specifically designated, then is placed under tension.
      Depending on the magnitude of the current, particularly of a short-circuit
      current, the nozzle 132 partially opens because the motion of the rod is
      impeded by a second spring 144 with a stronger spring force. If a
      predetermined higher current value is exceeded, the spring 144 is also
      compressed and the cross section of the opening 132 completely released.
      After the current is interrupted, the springs 142 and 144 push the closing
      cone 136 back into the opening 132 to again close it.
PAR  In addition to sulfur hexafluoride SF.sub.6 mentioned above, other gaseous
      media may also be used for quenching. For example, nitrogen and possibly
      also air may be used. A liquid quenching medium such as liquid sulfur
      hexafluoride or oil can also be used. An embodiment designed particularly
      for such a liquid quenching medium is that illustrated by FIG. 10. In this
      arrangement, a cylindrical member 8 is again provided. Within this member,
      the arc chamber 2 is located in the bottom defined by the bottom 6 and
      partition 4. An equalization chamber 10 is located above the arc chamber
      2. The electrode arrangement is essentially the same as that of FIGS. 1
      and 9 except that herein the nozzle 28 rather than the nozzle 30 of FIG. 9
      is provided. In this embodiment, the contact 128 is in the bottom rather
      than the top of the arrangement. Liquid quenching medium 150 is placed in
      the bottom of the arc chamber 2. This liquid quenching medium 150 is
      partially evaporated by the arc which is drawn when the switching rod 32
      is moved from the contact 128 upward. The arc is drawn between the contact
      128 and the nozzle 28. Much in the manner described above, the evaporated
      quenching medium flows through the nozzle 28 into the equalization chamber
      10. After the switching operation the evaporated quenching medium collects
      at the bottom of the equalization chamber 10. The return of the condensed
      quenching medium from the equalization chamber 10 to the arc chamber 2 can
      be facilitated by at least one additional opening 152.
PAR  In order to discharge the decomposition products of the quenching medium,
      at least one check valve 154 located in the wall 8 of the quenching
      arrangement can be provided. The valve will be adjusted to open at a
      predetermined adjustable overpressure.
PAR  Where particularly high operating voltages must be interrupted, an
      arrangement of the present invention such as that shown in schematic form
      on FIG. 11 may be used. Here, three quenching arrangements such as those
      described in the previous figure and designed 160, 161 and 162 coupled in
      series are provided. The quenching arrangements 160, 161 and 162 have
      respective arc chambers 166, 167 and 168. Each is shown as having two
      equalization chambers, the equalization chambers designated 170 and 175.
      The electrical input and output leads are the leads 178 coupled to one
      electrode of the arrangement 160 and 181 coupled to an electrode of the
      arrangement 162. Each electrode is provided with a nozzle, the nozzle
      being designated 184 through 189. In the manner described above, the
      nozzle permits flow of quenching medium from the arc chambers 166 through
      168 into the equalization chambers 170 through 175. Series connection of
      the three arrangements is obtained by the connections 179, connecting the
      arrangements 160 and 161 and 180 connecting the arrangements 161 and 162.
      Each of the quenching arrangements has associated therewith a switching
      rod, the individual switching rods being designated as 194, 195 and 196.
      Preferably, each of the switching rods is connected to a common drive 198
      which is provided with a separate guide 199. With this arrangement, all
      the quenching arrangements 160, 161, 162 are operated by the common drive
      198 together and simultaneously. It should be noted that the quenching
      arrangements can be arranged in tandem, as shown on FIG. 11 as well as
      side by side.
PAR  Because of their particularly compact and space-saving type of
      construction, the quenching arrangements of the present invention are
      particularly well suited for installation in partially or completely
      encapsulated switching systems.
PAR  Thus, an improved method of arc quenching and a number of embodiments for
      carrying out that method have been disclosed. Although a particular method
      and particular embodiments have been illustrated and described, it will be
      obvious to those skilled in the art that various modifications may be made
      without departing from the spirit of the invention which is intended to be
      limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for quenching an arc in an electric AC circuit breaker having
      an arc chamber in which the arc rotates between two open electrodes in a
      quenching medium comprising:
PA1  a. first and second electrodes arranged coaxially and parallel to each
      other in the arc chamber;
PA1  b. first and second leads coupled to the one respective end of each of said
      first and second electrodes;
PA1  c. a nozzle formed at the other end of at least one of said electrodes,
      said nozzle projecting through a wall of the arc chamber;
PA1  d. an equalization chamber on the other side of any wall containing a
      nozzle;
PA1  e. means for selectively electrically coupling said first and second
      electrodes and for drawing an arc therebetween; and
PA1  f. the discharge cross section of said nozzle in conjunction with a
      predetermined volume of the arc chamber being designed so that the
      overpressure produced by the heated quenching medium in said arc chamber
      is maintained beyond the zero crossing of the AC current.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said electrodes are ring
      electrodes.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein only one electrode is equipped
      with a nozzle and the other end of the electrode not containing said
      nozzle is a pressure contact and means for coupling comprise a switching
      rod protruding through said nozzle from the equalization chamber and
      contacting said pressure contact, said switching rod being movable along
      its axis for drawing an arc between said contact and said nozzle.
NUM  4.
PAR  4. Apparatus according to claim 3 and further including at least one ring
      contact in an equalization chamber in the form of a sliding contact
      through which said switching rod is brought.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the other ends of both said first
      and second electrodes are designed as nozzles and said means for coupling
      comprise a switching rod movable in the direction of its axis coupling
      said two nozzles.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein at least one of said two nozzles
      is equipped with a pressure contact.
NUM  7.
PAR  7. Apparatus according to claim 5 and further including at least one ring
      contact in an equalization chamber in the form of a sliding contact
      through which said switching rod is brought.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein each electrode of said first and
      second electrodes forms a plurality of turns approximately in spiral
      fashion, the electrodes being connected electrically in series and
      magnetically in opposition, the mutual spacing of turns on each of said
      electrodes having at least one narrow point.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said arc quenching chamber is
      cylindrical in shape and wherein said nozzle is approximately along the
      central axis of said chamber.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein at least one of said electrodes
      contains a plurality of nozzles formed at several points thereon, each of
      said nozzles forming an opening in the wall of said chamber communicating
      with said equalization chamber.
NUM  11.
PAR  11. Apparatus according to claim 1 wherein said electrodes are made of at
      least two different materials.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein the major portions of said
      electrodes are made of metal and the nozzle portion of graphite.
NUM  13.
PAR  13. Apparatus according to claim 1 and further including a magnetic
      blasting coil arranged in said equalization chamber.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein at least one short-circuited
      turn is associated with said blasting coil.
NUM  15.
PAR  15. Apparatus according to claim 1 wherein said arc chamber is a
      cylindrical ring chamber having a top and bottom through at least one of
      which said nozzles projects.
NUM  16.
PAR  16. Apparatus according to claim 1 wherein said arc chamber and said
      equalization chamber are in the form of ring cylinders with said arc
      chamber and equalization chamber being arranged concentrically to each
      other with said electrodes on the inside cylindrical surfaces of said arc
      chamber. arc current flows.
NUM  17.
PAR  17. Apparatus according to claim 16 wherein said arc chamber is surrounded
      by said equalization chamber and wherein additional turns are provided in
      said equalization chamber through which the arc current flows.
NUM  18.
PAR  18. Apparatus according to claim 17 and further including at least one
      short-circuited turn associated with said additional turns.
NUM  19.
PAR  19. Apparatus according to claim 1 wherein said electrodes are inserted in
      slots formed in the wall of said arc chamber.
NUM  20.
PAR  20. Apparatus according to claim 1 wherein a liquid quenching medium is
      provided in said arc chamber.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said liquid quenching medium is
      liquid sulfur hexafluoride SF.sub.6.
NUM  22.
PAR  22. Apparatus according to claim 1 wherein at least one check valve set to
      open at a predetermined pressure in the arc chamber is provided between
      said arc chamber and said equalization chamber to release an additional
      discharge cross section to the equalization chamber.
NUM  23.
PAR  23. Apparatus according to claim 1 wherein at least one safety valve is
      provided in the wall of said equalization chamber preset to open at a
      predetermined measure for discharge to the outside.
NUM  24.
PAR  24. Apparatus according to claim 23 wherein said safety valve is a burst
      diaphragm.
NUM  25.
PAR  25. Apparatus according to claim 1 and further including:
PA1  a. a nozzle shaped opening between said arc chamber and said equalization
      chamber;
PA1  b. means located in said equalization chamber for closing off said opening;
      and
PA1  c. magnetic means responsive to the arc current for moving said closing off
      means.
NUM  26.
PAR  26. Apparatus according to claim 25 wherein said closing off means comprise
      a closing portion adapted to fit in said opening having on its other end
      an iron portion and said means for moving comprise a magnet coil, said
      iron portion being movable within said magnet coil.
NUM  27.
PAR  27. Apparatus according to claim 26 and further including means to provide
      a stepwise movement of the closing mechanism in dependence on the current
      to be interrupted.
NUM  28.
PAR  28. Apparatus according to claim 27 wherein said means for stepwise motion
      comprise at least two springs of different strength arranged to become
      effective successively with the motion of said closing of means.
NUM  29.
PAR  29. Apparatus according to claim 1 for use in interrupting a high voltage
      wherein a plurality of said arrangements are placed in series and further
      including common drive means for actuating the switching rods of all said
      arrangements in series.
NUM  30.
PAR  30. Apparatus according to claim 1 in combination with an at least
      partially encapsulated switching installation.
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ABST
PAL  An electric switch suitable for use in underground distribution (UD)
      systems includes a conductive housing having at least one pair of
      insulated feed-through bushings mounted thereon. The bushings are adapted
      to receive underground conductor terminations external of the housing and
      electrodes of a circuit interrupter internal of the housing. The circuit
      interrupter is responsive to a mechanism which alternately engages and
      disengages the electrodes. The housing encloses a volume of
      electronegative gas which gas acts to extinguish the arc drawn between the
      electrodes during a switching operation, and to provide electrical
      insulation between the individual electrodes and between the electrodes
      and the conductive housing. The gas is maintained at a sufficiently low
      pressure to prevent liquefication even at low-ambient temperatures.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  This invention relates to electric switches suitable for use in underground
      power distribution systems and, more particularly, to gas-insulated
      switches utilizing electronegative gas.
PAR  Submersible power switches for use in underground distribution systems are
      known. These switches are used to provide means for both interrupting and
      completing underground power distribution circuits. Prior art underground
      distribution switches generally take two forms. The first of these two
      forms is a vacuum interrupter switch wherein the distribution switch
      contact or contacts engage and disengage one another in an atmospherically
      evacuated or vacuum environment. The vacuum environment is relied upon to
      provide insulation between the electrodes and to provide rapid extinction
      of the arc drawn between the electrodes during a switch-opening operation.
      However, it is known that a vacuum type interrupter switch presents
      substantial problems such as: (i) maintaining the vacuum integrity; (ii)
      providing sufficient mechanical clearance between the contact elements of
      the electrodes in the restricted vacuum envelope so as to permit adequate
      electrode contact in the closed-circuit position while assuring BIL (Basic
      Impulse Level) integrity in the open-circuit position; and (iii) premature
      circuit interruption or current-chopping which generates over voltages
      dangerous to the insulation integrity of the vacuum switch and the
      associated external electrical devices.
PAR  The second form of prior art distribution switches is the oil-filled
      interrupter switch wherein a volume of oil surrounds the switching
      electrodes within a housing. However, the attendant arcing in these
      oil-filled switches not only generates gas pressures within the housing
      which can rupture the housing but it also produces explosive gases which
      when combined with the combustible oil may result in a fire hazard.
      Additionally, these prior art oil-filled switches require periodic
      maintenance such as testing or changing of the oil medium.
PAR  The circuit-interrupting properties of a gas-filled circuit interrupter
      utilizing an electronegative gas have been known to the art as exemplified
      in the patent to Lingal, U.S. Pat. No. 2,757,261. An electronegative gas,
      such as sulphur hexafluoride (SF.sub.6) poses several properties which
      make it eminently suitable for use in a circuit interrupter. For example,
      SF.sub.6 is chemically and physiologically inert and non-flammable.
      Further, at atmospheric pressure, the dielectric strength of SF.sub.6 is
      approximately 2.5 times that of air. Perhaps the most valuable intrinsic
      property of SF.sub.6 is its arc-quenching capability. In a simple break
      interrupter, i.e., one wherein the switching is accomplished in still air,
      approximately 100 times as much current can be extinguished using SF.sub.6
      as compared to air, and when this electronegative gas is blown through the
      arc, even at low velocities, the effectiveness compared to a simple break,
      air interrupter is further multiplied to hundreds of times. The Lingal
      patent teaches the art that the current or voltage interrupting ability of
      the electronegative gas is considerably improved by simply increasing the
      pressure of the gas in the switch chamber; and that the interrupting
      ability increases almost directly with the absolute pressure.
PAR  Circuit breakers utilizing the optimum arc-extinguishing ability of an
      electronegative gas, such as SF.sub.6, as taught by the Lingal patent, are
      known to the art as exemplified in U.S. Pat. No. 3,749,869. These circuit
      breakers have increasingly been used at high gas densities and high gas
      pressures in order to optimize the desirable effects as taught in the
      Lingal patent. As well known by those skilled in the art, however, when an
      electronegative gas such as SF.sub.6 is utilized at high pressure, there
      results the hazard that at low ambient temperatures, the gas may become
      liquefied, and this necessarily will cause a drop in its operating
      pressure. The drop of operating pressure is, of course, undesired, as the
      possibility exists that the circuit breaker will be incapable of
      interrupting its current and voltage ratings.
PAR  As illustrated in the U.S. Pat. No. 3,749,869, the prior art attacks the
      above-described liquefication problem by resorting to means for adding
      external heat to the gas as by including a heater element with the
      structure of the circuit breaker. In this manner, workers in the art have
      utilized what heretofore has been regarded as the optimum benefits of an
      electronegative gas while avoiding the highly undesired effects of
      liquefication. However, the added heating means also adds a continuing
      maintenance and reliability problem.
PAR  Another problem associated with prior art high-pressure gas switches is the
      difficulty in maintaining the relatively high pressure levels within the
      enclosed chamber. In order to maintain the high-pressure levels,
      particularly for underground or unattended installations, it has been
      necessary to provide either elaborate sealing means as part of the
      enclosed chamber, or gas-filled, pressurized containers external to the
      enclosed chamber and in communication therewith.
PAR  The gas-insulated switch, in accordance with the present invention,
      overcomes the problems associated with prior art switch gear by combining
      the concept of electronegative gas switching in a unique distribution
      switch configuration, thereby to provide a compact and relatively
      maintenance-free distribution switch which is particularly suited to
      installation below ground and at ground level.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a gas-insulated switch suitable for
      use in underground distribution systems. The switch comprises a conductive
      housing with at least one pair of insulated, feed-through bushings fixedly
      mounted to the housing. Each bushing includes a first conductive portion
      external of the housing for coupling to an underground conductor
      termination and each bushing includes a second conductive portion internal
      to the housing. First and second electrodes are respectively coupled to
      the conductive portions of the pair of bushings. Means are provided for
      moving the electrodes relative to one another during a switching operation
      to alternately engage and disengage the electrodes so that a circuit is
      completed when the electrodes engage and the circuit is interrupted when
      the electrodes disengage. An electronegative gas is provided within the
      housing for extinguishing an electric arc which is drawn between the
      electrodes during a portion of the switching operation, and for insulating
      the individual electrodes with respect to each other and with respect to
      the conductive housing. The gas is maintained within the conductive
      housing at a relatively low pressure to prevent liquefication of the gas
      at relatively low ambient temperatures.
PAR  In a preferred embodiment of the invention means are provided for directing
      a stream of the gas into the arc during the switching operation. However,
      it should be understood that other configurations can be used
      satisfactorily within the scope of the present invention. Some of the
      configurations we have successfully constructed and tested include:
      plainbreak truss blade contacts; truss blade contacts with a "buggy-whip"
      or quick-break auxilliary arcing contact; doublebreak truss contacts; and
      tulip or plug and socket contacts; all of which provide successful
      operation without gas directing means. The illustrated embodiment of the
      invention is preferred because of relatively low arc energies experienced
      during circuit interruption. For example, in comparing a 600 ampere
      "puffer-type" interruption to a 600 ampere plain-break truss contact type
      interruption, the arc energy was only approximately 1/30 as much as the
      arc energy of the plain-break type.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The advantages of this invention will become more readily appreciated as
      the same becomes better understood by reference to the following detailed
      description when taken in conjunction with the accompanying drawing
      wherein:
PAR  FIG. 1 is a pictorial illustration of a typical underground application of
      the gas-insulated switch in accordance with the present invention;
PAR  FIG. 2 illustrates a fragmentary side elevation view of the internal
      structure of the switch shown in FIG. 1;
PAR  FIG. 3 illustrates an end view of the internal structure of the switch
      illustrated in FIG. 2;
PAR  FIG. 4 is a top view of the switch depicted in FIGS. 2 and 3; and,
PAR  FIG. 5 is a view similar to FIG. 3 but which differs by showing a
      fragmentary sectional view taken along the line 5--5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1 there is shown generally at 10 a typical
      application of the underground distribution switch of the present
      invention. A workman 12 is shown standing on the surface of the earth 14
      and holding a "hot-stick" or lanyard 16. The remote end of the lanyard 16
      includes a hook or other suitable means adapted for temporary coupling to
      a first end of a lever arm 18. The other end of lever arm 18 is secured to
      one end of a rocker arm 20 which, in turn, is pivotally mounted at 22 to a
      fixed support member 24. The other end of rocker arm 20 is pivotally
      mounted at 25 to one end of a switch arm 26. Arm 26 is movably mounted,
      for vertical movement, in a suitable opening of the housing of a
      gas-insulated switch 30. Switch 30 is adapted to receive three-phase,
      power source cable terminations 32 and load cable terminations 34
      respectively by way of front bushings 36, 38, and 40, and rear bushings
      36', 38' and 40' (not shown). Switch 30 is mounted to the floor of a
      concrete vault 42, and vault 42 includes a top cover 44 having a suitable
      opening therein to accept the remote end of lanyard 16. In the operation
      of switch 30 of FIG. 1, workman 12 completes or interrupts the underground
      distribution circuit by moving lever arm 18 to one of its alternate
      positions as depicted at 18 and 18'.
PAR  FIG. 2 shows a fragmentary side view of switch 30 of FIG. 1, illustrating
      the internal structure of the gas-operated switch in accordance with the
      present invention. Switch 30 of FIG. 2 includes a hermetically sealed
      housing 45 including a top surface portion 46. Insulated bushings 36, 38
      and 40 are mounted on surface 46.
PAR  Bushings 36, 38 and 40 comprise an insulated portion, as at 36a, projecting
      internally and externally of housing 45 of switch 30. Bushing 36, 38 and
      40 also individually include a conductive member 47 feeding therethrough.
      The external end of member 47 has a reduced and threaded cross-section to
      facilitate connection to an underground cable termination. The internal
      end of member 47 includes a threaded bore as shown at 47a in FIG. 5.
PAR  Bore 47a, as best illustrated in FIG. 5, threadedly engages the upper
      portion of a male electrode 48, and male electrode 48 slidably engages a
      female electrode 50. Female electrode 50 is concentrically and movably
      mounted within a casing 52 by way of fixedly mounted disk 54. Casing 52 is
      suitably attached to bushing 36 by way of a mounting disc 55. The upper
      end of female electrode 50 extends through a slidably mounted disk 56.
      Disk 56 is fixedly secured to female electrode 50 by means of a clamp 57.
      Disk 56 is further secured to a cone 58 as by a screw fastener 60.
PAR  As will be described in greater detail with reference to FIG. 5, electrodes
      48 and 50 are arranged within casing 52 to provide a "puffer" switch. As
      known in the art, a puffer switch acts to provide a blast of gas through
      the associated electrodes during the portion of the switching operation
      when the electrodes disengage. Hermetically sealed housing 45 of switch 30
      encloses a volume of electronegative gas such as SF.sub.6. The inner
      chamber of casing 52 communicates with the enclosed volume of housing 45
      of switch 30 by way of an opening in casing 52 as at 52a.
PAR  The lower end of female electrode 50 is secured to an insulating crossbar
      62 by suitable fastening means such as a half-round clamp 64. Crossbar 62
      is also fastened to the female electrodes corresponding to bushings 38 and
      40 in a similar manner. Finally, crossbar 62 is also coupled to a moving
      member or output arm 65 of a snap-action switch 66 as by nut and bolt
      fastening means 67 and 68. The function and structure of snap-action
      mechanism 66 is described in greater detail in the co-pending application
      of M. Bussen and G. Schurter, Ser. No. 432,065 filed even date herewith
      and assigned to the same assignee as the present invention. Briefly,
      mechanism 66 functions to provide a reversible snap-action, linear
      translation of crossbar 62 after switch arm 26' is translated a given
      vertical distance to thereby alternately engage and disengage each
      associated electrode pair.
PAR  Referring now to FIG. 3 there is shown a fragmentary end view of the
      internal structure of switch 30. A second insulated bushing 36' is also
      mounted on surface 46 and includes a conductive member 47' having a
      reduced cross-section essentially identical to that of member 47 of
      bushing 36. Member 47' projects internally of the housing of switch 30 and
      includes a threaded portion of reduced cross-section as shown at 47a'. A
      flexible cable or strap 70 is coupled to conductor 47' and secured thereto
      by a nut 72. The other end of strap 70 is similarly secured to the lower
      end of female electrode 50. Bushings 36 and 36' thereby provide a pair of
      switch contacts adapted for coupling to an external underground power
      distribution circuit. Switch arm 26' is secured to angle bracket 72 of the
      input arm of snap-action mechanism 66. Arm 26' is slidably mounted within
      a collar 76 which, in turn, is sealed to surface 46 of housing 45 of
      switch 30.
PAR  FIG. 4 illustrates a top view of switch 30 as depicted in FIGS. 2 and 3.
      Bushings 36-40 respectively cooperate with bushings 36'-40' to provide
      three pairs of switch contacts to accommodate a three-phase distribution
      system.
PAR  Referring now to FIG. 5 there is shown a fragmentary end view of switch 30
      with a sectional view of the puffer switch mechanism associated with
      bushing 36 as taken along line 5--5 of FIG. 4. In FIG. 5, electrodes 48
      and 50 are shown in their open or disengaged position. The lower disk 54
      carries a valve 80 mounted thereon. Valve 80 opens and permits the gas
      enclosed by the housing of switch 30 to flow into the volume defined by
      casing 52 when the gas pressure within the casing is less than the gas
      pressure external of casing 52. However, when the gas pressure within
      casing 52 is greater than the gas pressure external to the casing, valve
      80 remains closed. Disk 54 is secured to casing 52 by fastening means 82
      and a suitable sealant to form a relatively gas-tight seal.
PAR  Cone 58 is suitably tapered and formed to provide a cylindrical upper
      portion 58a. The inside diameter of upper portion 58a of cone 58
      cooperates with the outside diameter of male electrode 48 to provide a
      slidable but relatively gas-tight seal. Similarly, the outside diameter of
      disk 56 cooperates with the inside diameter of casing 52 to provide a
      slidable but relatively gas-tight seal. The upper portion of male
      electrode 48 threadedly engages the threaded bore 47a of member 47. Male
      electrode 48 includes a flange portion 84 which secures a washer 86 and
      mounting disk 55 to bushing 36. The outer periphery of mounting disk 55
      engages an inner collar 90. The upper portion of collar 90, in turn,
      engages an O-ring 92 which provides a relatively gas-tight seal between
      bushing 36, collar 90 and casing 52. Disks 54, and 56 and cone portion 58
      are preferably constructed of a material such as Teflon.
PAR  Male electrode 48 includes transverse bores 48a which communicate with a
      longitudinal bore 48b, thereby to provide a passageway therein. Female
      electrode 50 also includes a longitudinal bore 51. The upper portion of
      female electrode 50 is provided with plurality of longitudinal slits 50a
      which resiliently engage male electrode 48 and otherwise provide openings
      which communicate with the longitudinal bore 51 of electrode 50. Finally,
      disk 56 includes one or more apertures 56a. It should be noted that
      transverse bores 48a, longitudinal bore 48b, longitudinal bore 51, slits
      50a and apertures 56 cooperate to provide a continuous passageway between
      the upper and lower portions of casing even when electrodes 48 and 50 are
      engaged.
PAR  The operation of the puffer switch of FIG. 5 is described as follows.
      Assuming initially that the electrodes are in their closed position, it
      can be seen that when crossbar 62 is caused to move in a downward
      direction, in response to the action of snap-action mechanism 66, the
      volume of casing 52 between disks 54 and 56 is decreased and the volume of
      gas between disks 54 and 56 is therefore compressed. When the upper
      portion 58a of cone 58 is below the upper portion of transver bores 48a of
      male electrode 48, an initial flow of gas is established between the
      compressed volume of gas and opening 52a in cylinder 52. That is, the
      compressed gas flows through apertures 56a in disk 56, through slits 50a
      in the upper portion of female electrode 50, through longitudinal bore 48b
      of male electrode 48, through the transverse bores 48a and out of casing
      52 by way of opening 52a. Thus, an initial gas flow is established prior
      to the actual disengagement of electrodes 48 and 50. The initial flow of
      gas through the longitudinal bore 48b of male electrode 48 continues until
      electrodes 48 and 50 initially separate. Once electrode separation occurs,
      a blast of gas is provided between the separating electrodes. At this time
      the flow is provided through apertures 56a in disk 56 and out through the
      upper portion 58a of cone 58. It should be noted that by providing the
      above described initial flow, the subsequent blast is further enhanced.
      Thus, in an underground switching application, the arc developed between
      electrodes 48 and 50 during a switching operation, is rapidly extinguished
      by virtue of the blast of electronegative gas provided by the structure in
      accordance with FIG. 5.
PAR  During the alternate switching operation, when electrodes 48 and 50 are
      caused to engage in response to the action of mechanism 66, the operation
      of the puffer switch of FIG. 5 is as follows. Initially, upper portion 58a
      of cone 58 engages male electrode 48. If valve 80 were not open prior to
      engagement of electrodes 48 and 50, a reduced pressure would result in the
      volume of casing 52 between disk 54 and cone 58. Consequently, the gas
      density in the area between electrodes 48 and 50 would be correspondingly
      decreased. Accordingly, the effectiveness of the electronegative gas as an
      insulating medium during engagement of electrodes 48 and 50 would be
      correspondingly decreased allowing excessive arcing prior to engagement of
      electrodes 48 and 50. However, at this time, valve 80 is open and acts to
      equalize the pressure differential between electrodes 48 and 50, thus
      greatly reducing arcing time prior to electrode engagement. Hence the
      excellent insulating properties of the electronegative gas are maximized
      during the "pre-strike" portion of the engaging operation.
PAR  It should be noted that casing 52 may comprise either an insulated or a
      metallic housing. For example, in certain embodiments of the present
      invention it may be desirable to provide a metallic housing in order to
      provide a more uniform electric field between the electrodes of the puffer
      switch. Housing 45 may also be of either an insulated or metallic
      construction. However, even when constructed of an insulating material,
      housing 45 is preferably provided with conductive surfaces to avoid the
      accumulation of a static charge which, in turn, may result in an operating
      hazard.
PAR  Hermetically sealed housing 45 preferably includes a gas charging valve
      (not shown) mounted on a suitable surface thereof to facilitate
      introduction of the electronegative gas. The operating gas pressure is
      preferably in the range of 0-20 psig. In one constructed embodiment, the
      gas-insulated switch, in accordance with the present invention, provided a
      15 KV, 600 Amp. three-phase power switch. The switch was pressurized with
      SF.sub.6 gas at a pressure level of 5 psig at 70.degree. F. which is only
      5 psi greater than one atmosphere. The switch provided successful
      operation including a BIL (Basic Impulse Level) rating of 95 KV even
      though the total volume defined by the housing was only approximately 5.2
      cu. ft. and the pressure of the electronegative gas was less than two
      atmospheres.
PAR  It will be appreciated by those skilled in the art that prior art
      compressed-gas circuit interrupters, in order to optimize the
      arc-quenching ability of the gas, are operated at high-pressure levels up
      to and including 20 atmospheres of gas pressure. It will also be
      appreciated by those skilled in the art that the relatively low pressure
      level operation as provided by the switch in accordance with the present
      invention eliminates the attendant sealing problem of prior art
      switchgear. Moreover, since the gas-insulated switch of the present
      invention preferably operates within a gas pressure range of 0 to 20 psig,
      the switch can be operated at relatively low ambient temperatures without
      the resulting hazard of the gas becoming liquefied as in prior art
      switchgear.
PAR  It has been found that since an electronegative gas also provides means for
      insulating individual bushing pairs from one another, a gas-insulated
      switch, in accordance with the present invention, can be constructed in a
      relatively compact size. Hence the gas-insulated switch can be installed
      in a small narrow vault. This feature not only reduces its installed cost,
      but it also allows many applications where larger equipment would not fit.
      Additionally, since the gas-insulated switch in accordance with the
      present invention uses a relatively stable gas for an insulating and an
      arc extinguishing medium, there is no danger of the catastrophic failure
      and fire hazard that is possible with oil-filled equipment. Further, since
      the switch is insulated with a relatively stable gas and since it has no
      exposed electrical parts, it is also suitable for use in indoor electrical
      vaults.
PAR  What has been taught, then, is a gas-insulated switch particularly suitable
      for underground distribution (UD) systems. The form of the invention
      illustrated and described herein is the preferred embodiment of these
      teachings, in the form currently preferred for manufacture. It is shown as
      an illustration of the inventive concept, however, rather than by way of
      limitation, and it is pointed out that various modifications and
      alterations may be indulged in within the scope of the appended claims.
CLMS
STM  Having thus described the invention, what we claim as new and desire to
      protect by United States letters patent is:
NUM  1.
PAR  1. A gas-insulated switch for use in underground distribution systems, said
      switch comprising, in combination:
PA1  a conductive housing;
PA1  at least one pair of insulated feed-through bushings fixedly mounted to
      said housing, each bushing having a first conductive portion thereof
      external of said housing for coupling to an underground conductor
      termination, and each bushing having a second conductive portion internal
      to said housing;
PA1  first and second electrodes respectively coupled to said second conductive
      portions of said pair of bushings;
PA1  means for moving said electrodes relative to one another during a switching
      operation to alternately engage and disengage said electrodes, wherein a
      circuit is completed when said electrodes engage and wherein an electric
      arc is drawn between said electrodes during a portion of said switching
      operation;
PA1  an electronegative gas within said housing for extinguishing said arc, and
      for electrically insulating said electrodes from one another and from said
      conductive housing, and wherein said gas is maintained within said
      conductive housing at a pressure sufficient to prevent liquefication of
      said gas at relatively low ambient temperatures;
PA1  means including a casing internal to said housing and surrounding said
      electrodes and an insulated portion of one of said bushings for directing
      a stream of said gas into said arc during said switching operation;
PA1  wherein at least the portion of said casing which surrounds said insulated
      portion of said one of said bushings comprises an insulating material; and
PA1  means for sealingly engaging the insulated portion of said casing with said
      insulated portion of said one of said bushings along a portion thereof
      which is spaced apart from said second conductive portion of said one of
      said bushings.
NUM  2.
PAR  2. The switch according to claim 1, wherein said means for directing a
      stream of gas includes means for equalizing the gas pressure in said
      casing when said electrodes engage.
NUM  3.
PAR  3. The switch according to claim 1, wherein said electronegative gas is
      SF.sub.6.
NUM  4.
PAR  4. The switch according to claim 3, wherein said SF.sub.6 gas is
      pressurized in said housing at a value within the range of 0 to 20 psig.
NUM  5.
PAR  5. The switch according to claim 3, wherein said housing is hermetically
      sealed.
NUM  6.
PAR  6. The switch according to claim 5, wherein said means for moving said
      electrodes includes a snap-action mechanism positioned within said
      housing.
NUM  7.
PAR  7. The switch according to claim 1, including at least three pairs of said
      bushings and means for coupling said three pairs of bushings to a
      three-phase underground distribution system.
NUM  8.
PAR  8. The switch according to claim 1, including valve means mounted on a
      portion of said casing for equalizing the gas pressure in said casing when
      said electrodes engage.
NUM  9.
PAR  9. The gas insulated switch according to claim 1, wherein said casing
      includes a cylinder of insulating material and wherein said sealingly
      engaging means comprises an "O" -ring circumferentially disposed about
      said insulated portion of said one of said bushings and engaging said
      casing in gas-tight relationship therewith.
NUM  10.
PAR  10. The gas insulated switch according to claim 9 including a valve mounted
      on a lower portion of said casing which opens when the pressure of said
      gas within said casing is less than the pressure of said gas external to
      said casing.
NUM  11.
PAR  11. A self-contained and hermetically sealed gas-insulated switch for use
      in power distribution systems, said switch comprising, in combination:
PA1  a conductive and hermetically sealed housing;
PA1  at least one pair of insulated feed-through bushings fixedly mounted to
      said housing, each bushing having a first conductive portion thereof
      external of said housing for coupling to an underground conductor
      termination, and each bushing having a second conductive portion internal
      to said housing;
PA1  first and second electrodes respectively coupled to said second conductive
      portions of said pair of bushings;
PA1  means for moving said electrodes relative to one another during a switching
      operation to alternately engage and disengage said electrodes, wherein a
      circuit is completed when said electrodes engage and wherein an electric
      arc is drawn between said electrodes during a portion of said switching
      operation;
PA1  an electronegative gas within said housing for extinguishing said arc, and
      for electrically insulating said electrodes from one another and from said
      conductive housing, wherein said gas is maintained within said conductive
      housing at a pressure within the range of 0 to 20 psig. thereby to prevent
      liquefication of said gas at relatively low ambient temperatures and to
      permit said housing to be sealed without necessitating an external gas
      containing storage reservoir;
PA1  means including a casing internal to said housing and surrounding said
      electrodes and a portion of one of said bushings for directing a stream of
      said gas into said arc during said switching operation; and
PA1  said casing having at least one opening therein wherein the internal
      portion of said casing communicates with the internal portion of said
      housing which is external to said casing whereby the normal pressure of
      said gas within said casing is equal to the pressure of said gas external
      to said casing.
NUM  12.
PAR  12. A gas-insulated switch for use in a power distribution system, said
      switch comprising, in combination:
PA1  a conductive housing;
PA1  at least one pair of insulated feed-through bushings fixedly mounted to
      said housing, each bushing having a first conductive portion thereof
      external of said housing for coupling to a conductor termination, and each
      bushing having a second conductive portion internal to said housing;
PA1  first and second electrodes respectively coupled to said second conductive
      portions of said pair of bushings;
PA1  means for moving said electrodes relative to one another during a switching
      operation to alternately engage and disengage said electrodes, wherein a
      circuit is completed when said electrodes engage and wherein an electric
      arc is drawn between said electrodes during a portion of said switching
      operation;
PA1  an electronegative gas within said housing for extinguishing said arc, and
      for electrically insulating said electrodes from one another and from said
      conductive housing, and wherein said gas is maintained within said
      conductive housing at a pressure sufficient to prevent liquefication of
      said gas at relatively low ambient temperatures;
PA1  means including a casing internal to said housing and surrounding said
      electrodes and an insulated portion of one of said bushings for directing
      a stream of said gas into said arc during said switching operation;
PA1  wherein at least the portion of said casing which surrounds said insulated
      portion of said one of said bushings comprises an insulating material;
      and,
PA1  means for sealingly engaging the insulated portion of said casing with said
      insulated portion of said one of said bushings along a portion thereof
      which is spaced apart from said second conductive portion of said one of
      said bushings.
NUM  13.
PAR  13. The switch according to claim 12, including at least two pairs of said
      bushings and means for coupling said bushings to a multi-phase underground
      distribution system.
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PAL  The cartridge is interchangeably structured to accommodate various
      servomechanisms for the switch or other operating unit therein, as well as
      to accommodate various electrical arrangements for the pushbutton cap
      which is slidably guided in the open end of the cartridge to operate the
      servomechanism. The cap is releasably latched to each servomechanism by a
      cross-biased latch mechanism which prevents the cap from being shocked out
      of the cartridge, but which can nevertheless be overridden by a finger
      pull on the cap when it is desired to remove the cap from the cartridge.
      When so removed, the cap is tethered to the cartridge, although the tether
      is releasable from the cap, and vice versa, should this become necessary
      or desirable.
PARN
PAR  This is a divisional of application Ser. No. 266,305, filed June 26, 1972.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to reciprocably engageable assemblies, and in
      particular to ones which are releasably latched to one another in the
      engaged condition thereof, and employed as a servomechanism for an
      operating unit which is disposed to be acutated when the assembly is
      reciprocated in one direction thereof. The invention also relates to
      certain features of interchangeability in the assembly, whereby different
      mechanical and/or electrical effects may be achieved from one change to
      another.
PAC  BACKGROUND OF THE INVENTION INCLUDING CERTAIN OBJECTS THEREOF
PAR  Assemblies of this nature are widely used in the electrical industry,
      particularly in electrical cartridges which are mounted on a panel, either
      as individual units, or collectively as a keyboard of the same. Each
      cartridge is equipped with a cap which is slidably guided in the open end
      thereof to serve as the push-button actuator for a servomechanism which is
      mounted in the cartridge in advance of an operating unit, such as a switch
      unit, which is actuated thereby. The cap is usually illuminated to reveal
      intelligence thereon which is indicative of the nature or condition of the
      operating unit, and is preferably removable from the cartridge so that the
      illuminating lamps therein can be replaced when necessary. It is
      desirable, however, that the cap not be totally detachable from the
      cartridge, but instead be tethered to the same, so as to assure that it is
      not separated and lost when it is removed for the relamping operation. It
      is also desirable that the cap be securely latched to the servomechanism,
      when it is returned to the cartridge, so that forces acting on the
      cartridge during normal use and abuse of the same, such as shock forces,
      will not dislodge the cap and prevent it from being always readily
      available for the servo-function.
PAR  One object of the present invention, therefore, is to provide a mechanism
      whereby the cap can be releasably latched to the cartridge, when it is
      inserted therein, and the cartridge can be expected to withstand shock
      forces of limited duration and extent without the cap becoming dislodged
      therefrom, yet the latch mechanism can be overridden by a finger pull on
      the cap when it is necessary or desirable to remove it from the cartridge.
      Another object is to provide a latch mechanism of this nature whereby the
      cap can be latched to the servomechanism in the cartridge, and can become
      a part thereof for purposes of actuating the operating unit in the
      cartridge. A further object is to provide a latch mechanism of this nature
      which is adapted to function with any one of several servomechanisms,
      which may provide among them, for example, a momentary action effect, an
      alternate action effect, a latch and unlatch effect with respect to other
      cartridges in a keyboard of the same, or some other similar special effect
      which is suited to the operation of the unit inboard of the cartridge. A
      still further object is to provide a mounting base for the servomechanism
      whereby it can be readily interchanged with another such mechanism,
      notwithstanding that the same cap is retained and operably latched to the
      servomechanism as described. Still another object is to provide an
      intermediate actuator within the servomechanism, which is operable to
      actuate the operating unit while providing a degree of overtravel for the
      servomechanism otherwise. An additional object is to provide an electrical
      contact assembly, and a mounting technique for the same, whereby various
      electrical arrangements can be achieved in the cartridge, for purposes of
      illuminating the cap in such a way as to reveal different intelligence, or
      different combinations of intelligence on the cap. Still another object is
      to provide a mechanism whereby the cap is tethered to the cartridge, in
      the removed position thereof, yet can be released from the tether by a few
      simple steps that are readily executed with one's hands. Still further
      objects will become apparent from the description of the invention which
      follows hereafter.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and advantages are realized by a releasable latch mechanism
      of my invention which is adapted to cooperate with a relatively
      reciprocable member, and comprises means defining a stop about the path of
      reciprocation of the member, and a latch element which is reciprocable in
      parallel with the member, independently thereof, and yieldably biased in a
      direction lengthwise of the path of reciprocation of the member, into
      engagement with the stop, as well as yieldably biased in a direction
      transverse of the path, to assume a position thereon. The mechanism also
      comprises detent means which are operable to interengage the latch element
      and the member, when the member is reciprocated against the bias on the
      element in the direction transverse of the path; as well as latch release
      means which are operable to disengage the latch element and the member,
      when the member is reciprocated against the bias on the latch element in
      the direction lengthwise of the path.
PAR  Preferably, the latch element has a flexible portion thereof which is
      cantilevered into the path of the member, from a point outside thereof,
      and which is deflectable by the member, relatively out of the path, when
      the member is reciprocated in the direction of the bias on the element,
      lengthwise of the path; but which relaxes into engagement with the member,
      to reciprocate in conjunction therewith, when the member is reciprocated
      in the direction opposed to the bias on the element, lengthwise of the
      path. The latch release means is operable in turn, however, to redeflect
      the portion of the element, relatively out of the path, after the element
      has undergone a period of lost motion, in the direction opposed to the
      bias thereon, lengthwise of the path.
PAR  For example, the member may be elongated in the directions of
      reciprocation, and the flexible portion of the element may take the form
      of a leaf spring which is cantilevered from a carrier element that is
      coaxially disposed with the member, about the path of reciprocation
      thereof, and slidably engageable by the member in the course of
      reciprocation thereof. The detent means may take the form of a recess in
      the member, into which the spring relaxes from the deflected condition
      thereof; and the latch release means may take the form of a bearing
      surface which is inclined to the path of reciprocation of the member, and
      slidably engageable with the spring, to deflect the spring relatively out
      of the recess, after the carrier element has undergone a period of lost
      motion, in the direction opposed to the bias thereon, lengthwise of the
      path.
PAR  In the presently preferred embodiments of the invention, the member
      telescopically engages in a socket which has an annular shoulder therein,
      about the path of the member, and pairs of oppositely disposed ramps
      therein, which are interposed between the shoulder and the mouth of the
      socket, on opposite sides of the path, and inclined toward the opening
      within the shoulder. The carrier element takes the form of a ring which is
      disposed in the socket, coaxially with the path of the member, and has a
      pair of codirected leaf springs on diametrically opposite sides thereof,
      which together with the ring form a U-shaped spring clip within which the
      member is slidably engageable in the course of reciprocation thereof. The
      member has a flange thereon, and the tips of the leaves of the clip engage
      in a circumferential groove in the member, when the flange engages a stop
      adjacent the mouth of the socket. The leaves have flanges thereon,
      however, which slidably engage on the ramps, so as to deflect the leaves
      from one another, when the clip is reciprocated against the bias of a
      coiled spring which is interposed in the socket, between the ring and a
      second annular shoulder therein, that is disposed adjacent the mouth of
      the socket and opposed in orientation to the first mentioned shoulder.
PAR  Where the latch mechanism is used in latching a cap to an open-ended
      cartridge of the type mentioned earlier, the latch element, the stop, and
      the latch release means are normally incorporated into the cap, whereas
      the detent means is embodied on a member in the cartridge. The member may
      take the form of a shaft which is incorporated in a servomechanism for an
      operating unit which is mounted in the cartridge. Moreover, the shaft may
      be reciprocable and may have a flange thereon, so that the operating unit
      can be actuated by unidirectional forces applied to the flange, in the
      direction of reciprocation of the shaft, relatively inward of the
      cartridge.
PAR  Furthermore, the cartridge may be one of a keyboard of the same, and the
      keyboard may have a mechanism incorporated therein whereby the force
      applied to the flange on the shaft of one cartridge, operates to latch the
      respective servomechanism in the operating position thereof, while
      simultaneously releasing the servomechanism of another cartridge, from the
      operating position thereof. Also, in this same connection the shaft in
      each cartridge may be telescopically engaged with the respective
      servomechanism therein, and may be yieldably biased in the direction of
      reciprocation, relatively outward of the cartridge, so that the cap is
      returned to the normal position thereof, each time a force is applied to
      the same. In fact, the bias may be applied to the cap itself, since the
      shaft is latched to the cap.
PAR  Alternatively, the cartridge may have a mechanism incorporated therein
      whereby the force applied to the flange, operates alternately to latch the
      servomechanism in the operating position thereof, and to release the
      servomechanism from the operating position thereof. In this same
      connection, moreover, the alternate action mechanism may be slidably
      engaged on the shaft, between the flange and the cap, and the cap may be
      yieldably biased in the direction of reciprocation, relatively outward of
      the cartridge, so that the cap is shifted between alternate positions
      relatively inward and outward of the cartridge, when the servomechanism is
      latched in and released from the operating position thereof. In fact, the
      bias may be applied to the shaft itself, since the cap is latched to the
      shaft.
PAR  For the details of a latch and unlatch mechanism which may be employed with
      the servomechanism in a keyboard assembly of two or more cartridges, see
      U.S. Pat. No. 3,249,705. For the details of an alternate action mechanism
      which may be employed with the servomechanism, see U.S. Pat. No.
      3,402,379.
PAR  Preferably, each servomechanism is mounted in a multiblock base in which
      the blocks are tandemly arranged so that a block can be added to or
      deleted therefrom for purposes of converting the servomechanism to one
      effect from another.
PAR  In the presently preferred embodiments of the invention, moreover, the
      servomechanism includes an intermediate acutator which is interposed
      between the shaft and the operating unit, and operable to actuate the unit
      while providing a degree of overtravel for the shaft in the operating
      stroke thereof. The actuator comprises a flap that is pivotally mounted
      about an axis which is transverse to and spaced from the operating means
      of the unit, and which is operable against a biasing element which is
      interposed therebetween. It also comprises a U-shaped spring member which
      is pivotably mounted about the same axis, and cooperatively engaged with
      the flap to assume a normally stopped position between the shaft and the
      flap, whereby the shaft operates the flap, and thus the operating means of
      the unit, by compressing the legs of the spring member relatively toward
      one another, to pivot the flap against the bias of the element
      therebetween.
PAR  Once the cap is unlatched from the shaft, it is removable to a position
      outside of the cartridge. In this position, however, the cap is tethered
      to the cartridge, so as to remain attached thereto.
PAR  In the presently preferred embodiments of the invention, moreover, the
      tether and the cap are disengageable from one another in the relatively
      removed position of the cap. The cap has an elongated groove in the base
      thereof, which opens into a foyer at one end thereof, and the tether
      comprises a U-shaped member, the legs of which are flexible in relation to
      one another, and equipped with outturned flanges at the ends thereof which
      engage in the foyer of the cap, through the opening thereto from the
      groove. Preferably, the base of the cap is slidably engageable with the
      open end of the cartridge, the groove is disposed in one of those
      sidewalls of the base which slidably engage with the cartridge, and the
      tether is adapted to nest in the groove when the cap is so engaged in the
      cartridge.
PAR  Where the cap is illuminated, the mounting base in the cartridge includes
      an electrical contact assembly through which the lamps of the caps are
      energized when the cap is inserted in the cartridge. Preferably, the base
      is multiblocked and the blocks are tandemly arranged, as indicated, and
      the assembly includes a printed circuit board which is replaceably clamped
      between a pair of blocks, and equipped with an array of contact points on
      the printed face thereof, as well as an array of contact prongs which are
      attached to the board along one edge thereof, and extend to the rear of
      the face through the base, in a corresponding number of slits for the same
      in the base. The cap is electrically interconnected with the contact
      points, in the inserted condition thereof, and in order to standardize the
      base, while allowing for variable electrical arrangements in the cap, the
      board is interchanged for another board having differing circuitry
      interconnected between the contact points and the points of attachment of
      the prongs along the one edge thereof.
PAR  The cap also has variable partitioning between the lamps thereof, whereby
      other variations can also be obtained, if desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These features will be better understood by reference to the accompanying
      drawings which illustrate certain of the preferred embodiments of the
      invention.
PAR  In the drawings,
PAR  FIG. 1 is a part schematic, part cutaway perspective view of a keyboard
      assembly incorporating features of the invention;
PAR  FIG. 2 is a part cross-sectional view of one cartridge in the assembly,
      with the latch mechanism thereof rotated 45 degrees with respect to its
      normal condition in FIG. 8, and illustrated in the engaged condition
      thereof;
PAR  FIG. 3 is another such part cross-sectional view, illustrating the latch
      mechanism in the disengaged condition thereof;
PAR  FIG. 4 is a larger-scale, part cross-sectional view of the latch mechanism,
      when the mechanism is in the engaged condition thereof;
PAR  FIG. 5 is a part perspective view of the latch mechanism in this condition;
PAR  FIG. 6 is a view similar to that of FIG. 4, when the latch mechanism is in
      the disengaged condition thereof;
PAR  FIG. 7 is a view similar to that of FIG. 5, when the latch mechanism is in
      the disengaged condition thereof;
PAR  FIG. 8 is a cross-sectional view of the cartridge along the line 8--8 of
      FIG. 2;
PAR  FIG. 9 is a part cross-sectional view of the tethering mechanism in the
      cartridge;
PAR  FIG. 10 is a cross-sectional view of the cartridge at the point of the
      printed circuit board therein; and
PAR  FIG. 11 is a part cross-sectional view of the cartridge when the
      servomechanism therein is converted to a different effect.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIGS. 1-10, it will be seen that the keyboard 2
      comprises three distinct cartridge units 4 which are assembled in
      juxtaposition to one another and pinned together crosswise of the assembly
      by a pair of rods 6 which are passed through a series of transversely
      aligned holes 8 in the rear end portions of the cartridges. Each cartridge
      4 comprises an open-ended tubular metal sheath 10 which is square in cross
      section and sized to house a mounting base 12 and the various operating
      components of the unit. The mounting base 12 is assembled from three
      irregularly sized and shaped, hollow-bore plastic blocks 14', 14" and 14'"
      which are tandemly inserted and secured within the rear end portion of the
      sheath 10. The operating components include a triad of
      transversely-apertured, switch modules 16 which are mounted in the
      rearmost block 14'", and a plunger-operated servomechanism 18 which is
      mounted in the forwardmost and intermediate blocks 14' and 14", to actuate
      the spring-loaded contact buttons 20 of the modules 16. The operating
      components also include a multi-pronged electrical contact assembly 22
      which is mounted in the base 12 to energize the lamps 24 of an illuminated
      pushbutton cap 26 which is insertable in the forward end portion or
      vestibule 28 of the sheath 10, for use in operating the switch assembly 16
      through the medium of the servomechanism 18. The contact assembly 22 is
      replaceably structured and mounted so that the lamps 24 can be energized
      in two or more variable combinations of the same. The cap 26 is releasable
      from the sheath when desired, as for example, when it is necessary to
      replace the lamps. In the inserted condition, the cap is telescopically
      engaged with the plunger 30 of the servomechanism, and is operable to
      reciprocate the plunger through the actuating stroke thereof, when a force
      is applied to the cap in the direction relatively inward of the sheath 10.
      In addition, the cap is releasably latched to the of plunger, so that
      should the cartridge experience a shock force of limited duration and
      extent, the force will not separate the cap from the cartridge in the
      direction relatively outward of the sheath. The mechanism 32 for this
      purpose, may be overridden however, by a greater force such as a finger
      pull, when it is desired to release the cap from the cartridge.
PAR  In the released condition, the cap is not freed from the cartridge
      altogether, however, in that the cartridge also includes an elongated
      tether 33 by which the cap is leashed to the sheath, even after it has
      assumed a position relatively outside thereof. See FIG. 1. On the other
      hand, when desired, the tether may be disconnected from the cap, or vice
      versa, to free the cap from the cartridge, when the cap is in this
      condition.
PAR  The operating components of the respective cartridges also include means
      whereby the operating stroke of the servomechanism 18 of one cartridge,
      results in the plunger 30 of that mechanism being latched in the operating
      position thereof, while the plunger 30 in the servomechansim 18 of one of
      the other cartridges, is released from the operating position thereof.
      This effect is produced by a latch and unlatch mechanism 34 which is
      similar to that disclosed in the aforementioned patent, and which is
      disposed crosswise of the keyboard, as an operating component which is
      common to all of the cartridges.
PAR  These various components and features will be better understood by the more
      detailed discussion of the same which follows hereafter.
PAR  Referring firstly to FIGS. 1-3 in particular, it will be seen that the
      sidewalls 10' of each sheath have pairs of spaced vertically aligned tabs
      36 thereon, which are cut and bent inwardly therefrom, adjacent the
      longitudinal centers of the same. The righthand sidewall also has a pair
      of spaced longitudinally aligned staples 38 thereon, that are bent
      inwardly therefrom, to either side of the pair of tabs 36 thereon. In
      addition, the lower rear end edge portion of each sheath is removed to
      form a step 40 on either side thereof, and the holes 8 are provided
      thereabove, to accommodate the connecting rods 6, as indicated; whereas
      the latch and unlatch mechanism 34 is accommodated in a larger L-shaped
      hole 44 which is disposed more forwardly in each sidewall 10' of each
      sheath, that is oriented inwardly of the keyboard when the cartridges are
      assembled.
PAR  The bore 46 of the forwardmost mounting block 14' is deeply counterbored
      from the rear, and to a lesser extent from the front, to form relatively
      deeply inset and shallow shoulders 48 and 50, respectively, therein.
      Moreover, the deeply inset shoulder 48 is rabbetted twice to form to two
      progressively narrower shoulders 52 and 54 therein. Symmetrically arrayed
      about the bore 46 are six smaller bores 56, three above and three below,
      which are also deeply counterbored from the rear to form deeply inset
      shoulders 58 therein. The rear end face of the block 14' is slightly
      relieved about the full array of bores 56, yet short of the outline of the
      block, so as to leave a square-shaped recess 60 in the face, which is
      surrounded by a raised peripheral rim. And lastly, the forward edges of
      the right- and left-hand sidewalls of the block, are deeply rabbetted, so
      as to form shoulders 62 to either side of the block, which abut the tabs
      36 in the sheath 10 when the base is inserted therein. The right-hand
      sidewall also has a deep, longitudinally-extending groove 64 therein,
      which opens to the front of the block, but terminates short of the rear
      end face thereof. The groove 64 in turn has a narrower countergroove 66
      down the center thereof, which is cut through the terminal wall 68 of the
      groove 64, to the rear end face of the block.
PAR  The intermediate block 14" is considerably reduced in thickness,
      longitudinally of the sheath, and has a deeply removed foyer 70 formed in
      the rear end face thereof, which opens to the front through the bore 72
      therein, and is overhung by a corbeled mantel 74, the corbel 76 of which
      has a pair of spaced, rearwardly-directed indexing buttons 78 outstanding
      thereon. The deck 80 of the foyer is slotted, and in addition, has a step
      82 thereon coincident with the face of the corbel 76.
PAR  The rearmost block 14'" has the greatest longitudinal extent, although like
      the intermediate block 14", most of it is removed, in this instance to
      form a deeply inset vestibule 84 in the rear end thereof, the sidewalls of
      which have transversely aligned holes 88 in the upper front corners of the
      same, the insides of which corners have lands 90 formed thereon, which are
      slotted at the rear edges thereof, the slots 92 terminating in coincidence
      with the holes 88. The sidewalls of the vestibule also have pairs of
      notches 94 in the rear edges thereof, and the deck 96 of the vestibule has
      right angular shoulders 97 outstanding on the lower rear end edge portion
      thereof, and is slotted to register with the slots 98 in the intermediate
      block 14", although in the case of the rearmost block, the slots 100
      terminate short of the rear end face thereof, to form a grated end wall
      101 having six horizontally disposed slits 102 therein. The vestibule 84
      opens to the front of the block through the bore 104 therein, which has a
      countersink 106 formed thereabout, in the front face of the block.
PAR  The contact assembly 22 comprises a centrally apertured printed circuit
      board 108 which has an array of contact studs 110 outstanding thereon,
      corresponding in location to the array of bores 56 in the forwardmost
      mounting block 14'. An equal number of L-shaped, end-apertured prongs 112
      is soldered to the lower edge portion of the board, to extend on
      perpendiculars to the rear of the board at sufficient length to pass
      through and beyond the slots 98 and 100, and the grated end wall 101 of
      the base. The circuitry 114 of the board is interposed between the studs
      110 and the solder connections 116 of the prongs 112, and may be
      interconnected in various arrangements from one cartridge to another,
      depending on such considerations as the number and arrangement of lamps in
      the caps, and the number of commons among the prongs from one contact
      assembly to another. In each cartridge, the printed circuit board 108 is
      clamped between the forwardmost and intermediate blocks 14' and 14", and
      is housed within the recess 60 in the rear end face of the forwardmost
      block, with the prongs 112 thereof extending rearwardly through the slots
      98 and 100, and then the grated end wall 101 of the base. Contact is made
      between the lamps 24 of the cap and the studs 110 of the printed circuit
      board, through the medium of six hollow, flanged, spring-loaded contact
      posts 118 which are carried in the bores 56 of the forwardmost block, and
      loaded in the forward direction, against the shoulders 58, under the bias
      of an equal number of coiled springs 120 which are caged within the posts
      about the studs 110.
PAR  Midway the length of the plunger 30 of the servomechanism 18, there is a
      thick radial flange 122 on the shank 124 of the same, the forward end face
      126 of which is chamfered in a sharp taper, and the rear end face 128 of
      which is chamfered in a more gentle taper. The plunger 30 also has a
      deeply inset bore 130 in the forward end thereof, and is equipped with a
      pair of retainer rings 132 and 134 which are slidably engaged on the
      forward end portion of the shank 124, with a coiled spring 136 caged
      therebetween. The opposing faces of the rings are rabbetted to form
      shoulders for seating the spring, and the more forwardly disposed ring 132
      is retained on the plunger by peening over the tip 138 of the same,
      whereas the more rearwarly disposed ring 134 abuts the sharply tapered end
      face 126 of the flange 122 on the plunger, after the flange 122 is
      received in a recess 140 counterbored in the rear end face of the ring
      134.
PAR  Telescoped in the bore 130 of the plunger is an elongated shaft 142 which
      has a wide circumferential groove 144 in the tipped forward end portion
      thereof, and a narrow circumferential groove 146 in the waist portion
      thereof. A E-shaped open-sided retainer clip 148 is engaged in the
      narrower groove 146, and an elastromeric washer 150 and a metal washer
      152, are slipped over the rear end forward end portions of the shaft,
      respectively, in abutment with the clip 148.
PAR  The servomechanism 18 also comprises an intermediate, flap-like actuator
      154, which is interposed between the plunger 30 and the switch modules 16,
      to operate the buttons 20 of the modules under the impetus of the plunger,
      and at the same time to provide for a degree of overtravel on the part of
      the plunger in the operating stroke. The actutor 154 consists of a
      yoke-like sheet metal flap 156 which is pivoted to a trunnion pin 158 and
      has an L-shaped extension 160 thereon, in which there is a slot 162 to
      receive a U-shaped loop 164 formed in a coiled spring 166 which is
      doublewound about the pin 158, to either side of the loop 164, and
      restrained under tension by engaging its ends against the transom 168 of
      the flap.
PAR  Consistent with the disclosure of U.S. Pat. No. 3,249,705 the latch and
      unlatch mechanism 34 for the plunger comprises an elongated backup plate
      170 which is adapted to extend the full width of the keyboard, and has
      sets of upper and lower transversely aligned holes 172 and 174
      therethrough, the lower 172 of which are countersunk and chamfered at the
      forward ends thereof, and the upper 174 of which are disposed in pairs to
      either side of the lower holes 172, and adapted to mate with the buttons
      78 on the intermediate block, for purposes of fixing the plate 170 in the
      foyer 70 of the block, between the step 82 and the corbel 76 of the block,
      and the bulkhead 176 of the rearmost block 14'". The latch and unlatch
      mechanism 34 also comprises a spring-loaded latch plate 178 which
      corresponds to that seen at 30 in FIG. 5 of the patent, and which is
      characterized with holes 180 at spaced intervals that are oversized with
      respect to the flange 122 of the plunger, to function in the manner of the
      holes 30b in the patent. Interposed between the two plates 170 and 178, is
      a pair of end-notched lockout plates 182, the end notches of which are
      V-shaped in cross section and sized to cooperate with the flange 122 on
      the plunger, in the manner of the plates 26 and 28 in the patent, there
      being a plate 182 to either side of the plunger, as in the patent.
PAR  The tethering mechanism 33 comprises a length of wire 184 which is stepped
      at the middle, and reentrantly bent at either end, to form a retainer loop
      for another length of wire 186 which is hooked thereabout within the
      cartridge. The latter piece of wire 186 is essentially U-shaped in
      configuration, and has outturned feet 188 on the ends thereof, for
      engaging the wire 186 on the cap, as shall be explained.
PAR  In assembling the cartridge, the mounting base 12 is inserted in the rear
      end portion of the sheath until the shoulders 62 of the forwardmost block
      abut the tabs on the sideswalls 10' of the sheath, and the shoulders 97 of
      the rearmost block engage in the steps 40 at the rear of the sheath. Then
      the sidewalls 10' are pinched in, about the holes 8, in preparation for
      the rods 6 being added to the same through the notches 94, as the keyboard
      is assembled from the three cartridges. Prior to insertion of the base,
      however, the contact posts 118 are loaded into the bores 56 of the
      forwardmost block, and the circuit board 108 is interposed between the
      forwardmost and intermediate blocks, with the springs 120 of the posts
      surrounding the studs 110 of the board, and with the prongs 112 of the
      board projecting to the rear through the slots 98 and 100, and the grated
      end wall 101 of the base. Also, the reentrant tips of the tethering loop
      184 are engaged in the staples 38 of the sheath, and as the base is added,
      the body of the loop 184 is engaged in the countergroove 66 of the block
      14', with the tethering wire 186 retained thereon. The plunger 30 is
      slidably engaged in the bore 46, 72, 104 of the base, and the clip and
      washer assembly 148, 150, 152 on the shaft 142 of the same, is nested in
      the recess defined by the progressively narrower shoulders 52 and 54 of
      the forwardmost block, so as to restrain the shaft against movement in
      both the sidewise and forward directions thereof. Moreover, the rings 132
      and 134 on the shank 124 of the plunger are interposed between the
      surrounding shoulder 48 of the bore 46, and the bulkhead 190 of the
      intermediate block 14", to provide the necessary loading on the plunger.
      Meanwhile, the flanged rear end portion of the plunger is extended into
      and through the foyer 70 of the intermediate block, and the plates 170,
      178 and 182 of the latch and unlatching assembly are arranged transversely
      thereof, from cartridge to cartridge, through the openings 44 in the
      sheathes. See FIG. 1. Also, the trunnion pin 158 of the flap actuator is
      inserted through the slots 92 in the lands 90 on the sidewalls of the
      rearmost block, and is engaged in the holes 88; after which the switch
      modules 16 are inserted behind the actuator, and are pinned to the
      cartridge in the vestibule 84 of the block, and a coiled spring 192
      engaged about each of the buttons 20 of the same, to bias the actuator
      into the stopped position of FIG. 2.
PAR  The cap 26 has a hollow base 194 which is essentially square-shaped in
      outline, though chamfered at the corners, and which is sized to be
      slidably received in the vestibule 28 of the cartridge. The rear end of
      the base has a spider-like cross section, providing four symmetrically
      arrayed sockets 196 for the lamps 24 of the cap. The lamps are inserted
      into the sockets from the rear, and project into a foyer 198 at the front
      of the cap. The foyer is selectively partitioned by one or more plate-like
      dividers 200, which are slidably engaged in grooves 202 in the forward end
      edges of the webbing 204 of the spider, as well as in grooves 206 in the
      bottom and sidewalls of the foyer 198. The foyer is also defined in part
      by a square-shaped ferrule 208 which is engaged and secured about the
      forward end portion of the base, in a rabbet 210 adapted to receive the
      same, and which has a set of lenses 212 therein, that present
      color-backgrounded intelligence to viewers of the cap, the intelligence
      being coordinated with the combination of lamps in use therebehind, due to
      the presence of the dividers 200 between the lamps.
PAR  When the cap is inserted in the vestibule 28 of the cartridge, the posts
      118' at the four corners of the array of bores 56 in the base 12, contact
      the buttons 214 of the lamps. The two remaining posts 118" contact a pair
      of metal studs 216 which are fixed on the vertical webbing 204 of the
      spider, and which are equipped with bent-over tee flanges 218, the
      bent-over arms of which make contact with the shells 220 of the lamps, to
      ground the same through the posts 118".
PAR  The cap 26 is also equipped with other features which relate to the
      latching and tethering of the same in the cartridge. The body of the
      spider projects to the rear of the base 194, at the confluence of the
      webbing 204, and a stepped embossment 222 is formed thereon, the bore 224
      of which opens to the front through the spider. The bore 224 is
      counterbored from the front, moreover, to form a deeply inset shoulder 226
      therein, adjacent the tip of the embossment; and there is also a
      square-sectioned countersink 228 at the front of the bore 224, which forms
      a seat for a square-outlined washer 230 that is bonded or otherwise
      secured in the countersink 228 behind the dividers 200. To the rear of the
      washer, that is, between the seat 228 and the shoulder 226, the bore 224
      is enlarged to an intermediate depth, in the same section as the washer,
      and pairs of oppositely disposed ramps 232 are formed on oppositely
      disposed walls 234 of the enlargement 236, with inclines that taper
      relatively toward the countersink 228, and inwardly of the bore 224. See
      FIGS. 5 and 7. The ramps 232 provide caming surfaces for an apertured
      U-shaped spring clip 238 which is loaded within the bore 224 behind the
      washer 230, and biased into engagement with the washer, by a coiled spring
      240 which is interposed between the apertured bight portion 242 of the
      clip and the shoulder 226 of the bore. The leaves of the clip 238 are
      oriented crosswise of the ramps 232 and have laterally projecting flanges
      244 at the tips thereof, which are adapted to ride on the ramps, to either
      side of the clip.
PAR  When the cap is inserted in the vestibule 28 of the cartridge, the shaft
      142 of the plunger telescopes within the bore 224 of the cap. The spring
      240 and the aperture 246 in the bight portion 242 of the clip, are sized
      to enable the shaft to pass therethrough, and the washer 230 is also sized
      to receive the head 248 of the shaft. But the gap between the tips 244 of
      the clip, is undersized with respect to the shaft, so that when the head
      248 of the shaft enters the bore 224 through the mouth 250 thereof, it
      readily penetrates the spring 240 and the clip 238, but in reaching the
      washer 230 separates the tips 244, until the tips coincide with the groove
      144 at the rear of the head 248. At this point, the tips snap into
      engagement with the groove, and latch the cap 26 to the shaft 142 when
      they are abutted against the head 248 at the forward end of the groove
      144, under the bias of the spring 240. The bias is sufficient, moreover,
      to withstand shocks of the magnitude which the cartridge may be expected
      to experience in periods of normal use and abuse.
PAR  On the other hand, when desired, the cap may be released from the shaft 142
      by overcoming the bias of the spring 240, such as with a finger pull
      outward of the cartridge. In such a case, the cap undergoes displacement
      relative to the shaft, and the ramps 232 cause the flanged tips 244 of the
      clip to separate, as the ramps undergo displacement forwardly of the
      cartridge. Ultimately, after a short period of lost motion, the tips are
      disengaged from the groove 144, and the cap is freed from the shaft 142,
      and vice versa, for release from the cartridge to the position of FIG. 1.
      At the same time, the spring 240 reengages the clip with the washer 230,
      so that the cycle can be repeated when the cap is returned to the
      vestibule 28 of the cartridge.
PAR  Looking again to FIG. 1, it will be seen that the base 194 of the cap also
      has an inset V-sectioned groove 252 in the near sidewall thereof, that is,
      in the sidewall thereof corresponding to the side of the sheath on which
      the tether 33 is located. The groove 252 extends forwardly from the rear
      end of the base, and terminates at a point coinciding with the forwardly
      oriented face of the spider, so as to open into the foyer 198 of the cap.
      The tethering wire 186 is attached to the cap by orienting the feet 188 of
      the same lengthwise of the groove 252, inserting the foot on one leg of
      the wire into the foyer through the opening 254 thereto and thereafter
      flexing the other leg crosswise of the first leg, until the foot 188 of it
      is juxtaposed with the foot of the first leg, and the wire and the cap can
      be engaged by swivelling one in relation to the other, to enable the foot
      of this other leg to enter the opening 254 as it returns to its normal
      position under the flexure inherent in the wire.
PAR  To disengage the two, the process is reversed.
PAR  FIG. 11 illustrates the manner in which the cartridge may be modified to
      serve as an alternate action device of the type shown in U.S. Pat. No.
      3,402,379. The intermediate block 14" of the mounting base 12 is
      eliminated, as is the plunger 30 and the clip and ring assembly 148, 150,
      152 on the shaft 142 of the servomechanism. Instead, the shaft 142' (FIG.
      11) is modified to carry a circumferential enlargement 256 on the rear end
      thereof, and a jaw clutch mechanism 258 such as that seen in FIG. 3 of the
      patent, is slidably engaged on the shaft 142', between the enlargement 256
      and the shoulders 48, 52, 54 of the forwardmost block. Also, the female
      clutch member 260 has an outturned flange 262 on the rear end thereof,
      which is interengaged between the forwardmost and rearmost blocks 14' and
      14"' in the countersink 106 of the latter block. The clutch release member
      is seen at 264, and operates on the male clutch member 266, alternately to
      actuate and release the intermediate mechanism 154 which corresponds to
      the caged spring unit 46 in the patent.
PAR  The alternate action device of FIG. 11 can be converted into a momentary
      action device, simply by eliminating the fillet portions 268 between the
      ribs 270 of the female member 260 so that the device returns to the normal
      position on each push of the cap. In this way, for manufacturing purposes,
      only the mold of the female member 260 needs to be changed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, an open ended cartridge having an illuminated cap
      reciprocably received ih the open end thereof, and a mounting base
      enclosed therewithin, including an electrical contact assembly through
      which the lamps of the cap are energized, which base comprises a plurality
      of tandemly-arranged blocks, and which assembly includes a printed circuit
      board that is replaceably clamped between a pair of such blocks, and
      equipped with an array of contact points on the printed face thereof, as
      well as an array of contact prongs that are attached to the board along
      one edge thereof, and extend to the rear of the face through the base, in
      a corresponding number of apertures for the same in the base.
NUM  2.
PAR  2. The combination according to claim 1 wherein the cap has a variable
      partitioning between the lamps thereof.
NUM  3.
PAR  3. A method of varying the electrical arrangement of an illuminated cap in
      an electrical cartridge, comprising structuring the cartridge so that the
      lamps of the cap are energized through an electrical contact assembly
      including a printed circuit board that is replaceably secured in the
      cartridge, and equipped with an array of contact points on the printed
      face thereof, as well as an array of contact points along one edge
      thereof, and interchanging the circuit board for another such board having
      different circuitry interconnected between the contact points on the face
      and the contact points along the one edge of the board.
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ABST
PAL  The invention provides a support plate underlying the ceramic cooking
      surface of an induction range with the plate, in addition to increasing
      the safety of the top as it relates to particles dropped thereon, further
      provides means for positioning the working coils of the heating units
      against the undersurface of the sheet and maintaining them in proper
      position against lateral forces generally enncountered during
      transportation. The support plate is dimensioned so as to extend across
      the space defined by opposing flanges of a peripheral trim member engaging
      the edge portion of the ceramic sheet and provides structure for abutting
      securement to the opposing flanges through a fastening member that, in
      establishing the securement of the plate to the flange also forces the
      peripheral area of the sheet against the overlapping portion of the trim
      to establish sealed engagement therebetween. The cooking units are
      supported against the undersurface of the ceramic sheet by a non-metallic
      support bar removably attached to the plate. The assembly thus comprises
      the ceramic sheet, peripheral trim, underlying support plate, the heating
      unit, and support bar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an induction heating cooking unit and more
      particularly to an assembly of the ceramic cooking surface, the heating
      units, and the trim, with an underlying support plate for the ceramic
      sheet that also fixes the position of the heating units held therein by a
      support bar.
PAR  2. Description of the Prior Art
PAR  Induction heating units are uniquely adaptable to a smooth-top ceramic
      cooking surface in that they can be positioned sub-adjacent such cooking
      surfaces with the generated induction fields able to be transmitted
      therethrough with virtually no diminution in strength. Thus, the actual
      cooking surface can be a continuous planar area. However, in that the
      generated induction field of each heating unit has a downwardly as well as
      upwardly directed component, the units could not be held in position
      against the glass surface by an arrangement which included materials
      disposed sub-adjacent the heating unit that would intercept the induction
      field and become heated therefrom, i.e., generally including any metals.
      Thus, heretofore as exemplified by the commercial embodiment of a cooking
      surface utilizing induction heating units and manufactured by the assignor
      of the present invention, the heating coils were sandwiched between the
      undersurface of the glass and a Transite sheet, such as disclosed in U.S.
      Pat. No. 3,796,850 having a common assignee, with the Transite sheet
      extending laterally beyond the fringes of the flux field to permit it to
      be engaged by a metal framework which then urged the Transite sheet
      towards the glass to maintain the coil in this position by a squeezing
      force. However, it was found that during shipment, the shock forces
      encountered by such an arrangement permitted the lateral displacement of
      the heating unit to the extent that upon reaching its destination the
      heating unit was not in alignment with the indicia on top of the cooking
      surface indicating the cooking area. This then required a service call to
      realign the heating unit with such indicia.
PAR  Further, the ceramic sheet was typically framed by a stainless steel trim
      piece and, in that it is important to prevent any spillage from leaking
      between the trim and the glass to the space below generally housing the
      electrical components, the trim was sealed to the glass by depositing
      therebetween a bead of self-curing silicone adhesive. This required
      certain special handling in the assembly of the trim to the glass and
      further required a certain time delay for the adhesive to become cured.
PAR  Also, although the glass cooking surface had sufficient strength, even
      though only partially supported over its lateral extent by the
      sub-adjacent framework, to withstand a standard safety test against
      breakage by objects being dropped thereon, with the electrical equipment
      being generally disposed in a space immediately below the cooking surface,
      it remained possible for an uncommon accident to break through the glass
      surface and thereby expose the electrical equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a support plate preferably a molded glass-filled
      plastic, generally disposed in a supportive position sub-adjacent the
      ceramic cooking sheet and extending, at least in one dimension, from
      adjacent the flanges on opposing sides of the peripheral trim for
      engagement therewith through fastening means that, in addition to drawing
      the flange and support plate together, draw the trim and ceramic sheet
      tightly together to effect, in cooperation with a peripheral gasket, a
      sealing engagement therebetween. Further, the support plate defines
      indexng portions for receiving he heating units in predisposed areas
      corresponding to the identified cooking areas on the sheet, and a support
      bar spanning the cooking areas and removably secured to the support plate
      to vertically hold each unit in place. Finally, the plate provides
      vertical support to strengthen the assembled top against breakthrough
      caused by the dropping of uncommonly heavy objects thereon. By virtue of
      the invention, the ceramic sheets can be disposed within the confines of
      the peripheral trim, the support plate then attached to the trim and the
      heating units positioned by the indexing means of the support plate and
      against the glass sheet and held there by a support bar to define an
      assembled top that can subsequently be mated with a supporting unit such
      as a free standing frame generally enclosing the electrical components.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a bottom plan view of the assembly of the present invention;
PAR  FIG. 2 is a cross-sectional view taken along line II--II of FIG. 1 in its
      proper orientation so that the glass surface defines the top surface; and
PAR  FIG. 3 is a cross-sectional view along line III--III of FIG. 1 showing the
      fastening arrangement of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1, the top assembly 10 of the present
      invention, as seen in the assembled form from the undersurface side,
      includes a generally rectangular sheet of glass ceramic 12 defining a
      generally smooth, planar surface on both sides with indicia 13 visible
      from the upper surface for identifying the actual cooking areas over which
      the cooking vessels are to be placed to intercept the induction field. As
      illustrated the sheet has provisions for four heating units with the
      assembly being completed with respect to only the two units on the left.
      In such assembled relationship, it is noted that the glass 12 is bounded
      about its peripheral edge by a stainless steel trim piece 14 and is
      supported by a plate 16 which provides a generally planar surface in
      facing relationship with the undersurface of glass 12 extending at least
      across one dimension of the glass top so as to have sides 18 in generally
      facing engagement with opposite flanges of the trim 14. The support plate
      is preferably molded of plastic such as a glass reinforced polyester so as
      to retain its strength under relatively high temperature conditions and,
      as seen in FIG. 1, defines a pair of openings 22 each in registry with the
      indicia on the glass which defines the cooking area. Openings 22 are
      configured so as to be able to receive therein the working coil 24 of the
      induction heating unit sometimes referred to herein as a heating unit such
      as the molded coil described in previously identified U.S. patent. A
      support bar 26 (only one being shown) is removably attached to the
      undersurface of support plate 16 as by screws so as to span each opening
      22 and retain the coil therein against vertical displacement and in facing
      engagement with the undersurface of the glass sheet. Finally, to complete
      the assembly, the facing surfaces of the flange of the trim 14 and
      adjacent side of the support plate are respectively secured together
      through a screw-type fastening means 28 appropriately spaced so as to be
      able to support the glass, support plate, heating units, and support bar,
      from the trim and having a particular configuration to be more fully
      described.
PAR  The peripheral trim of the commercially available induction range of the
      assignor corporation of the present invention, defines on its upper
      surface an area for slidably receiving thereon manual controls for each
      unit with the appropriate electrical apparatus disposed immediately
      therebelow.
PAR  Reference is now made to FIG. 2 which shows a cross-section through the
      assembly in this area where the trim member 14 also forms the sliding
      surface on which the manual controls are disposed. (Generally on opposite
      ends of the ceramic sheet). Therefore, the trim member 14 has a generally
      downwardly open channel configuration as at 26 defined by a pair of spaced
      opposing legs, 28, 30, and a top cross-piece 32 having a slight
      indentation 34 formed therein defining the guide for the movable controls
      (not shown). The top 32 extends outwardly from the legs to define
      shoulders 36, 38 with the outer shoulder 36 overlapping a countertop and
      the inner shoulder 38 overlapping the peripheral area of the upper surface
      of the glass sheet 12. It will be noted in this view that a gasket 40 is
      disposed about the peripheral edge of the glass sheet so as to be between
      the shoulder 38 and the upper surface of the glass and between the lower
      surface of the glass 12 and the support plate 16. It is to be understood
      that this gasket 40 extends about the entire periphery of the glass sheet
      to promote the sealed engagement therearound. Also, it will be noted that
      the support plate 16 includes a stepped configuration as at 42 so as to
      define an integral generally horizontally extending member 44 that covers
      the open channel defined by the legs of the trim to provide a generally
      closed box arrangement for housing appropriate electrical control
      components (not shown) immediately below the sliding controls.
PAR  The coil receiving openings 22 formed in the support plate 16 have a
      notched configuration as at 46 adjacent the upper surface of the support
      plate to define a peripheral shoulder for receiving a copper ring 48 which
      heretofore was included in the coil mold and provides a safety device to
      limit the stray induction field. The support bar 26 spanning the opening
      22 to retain the coil in facing engagement with the glass sheet 12 is, in
      the preferred embodiment, a molded glass-filled plastic bar attached to
      the undersurface of the plate 16 as by screws 50 and on which is mounted
      the pan detection device of the previously identified U.S. Pat. No.
      3,796,850. In this manner, the support bar functions both as a retaining
      means for the working coil and as a mounting support for the pan detecting
      components specifically identified in the referenced patent.
PAR  The connection between the trim member 14 and the support plate is more
      clearly shown in FIG. 3 wherein it is seen that the trim member 14 has a
      generally T-shaped configuration which is typical along all edges other
      than those having the manual sliding controls. Thus, the trim includes a
      downwardly-extending flange 52 and a horizontally-extending cross member
      54 which again provides a shoulder 56 for engagement with external planar
      structure such as a counter and an internal shoulder 58 overlapping the
      glass surface in the same manner previously described. The support plate
      16, at least along the side adjacent the flange 52 provides an area of
      increased thickness 60 for added strength in the area of attachment and a
      downwardly extending peripheral lip 62 which, in the assembled position
      shown, provides abutting facing engagement with the downwardly extending
      flange 52 of the trim 14. The thickened peripheral area of the support
      plate includes threaded vertical apertures 64 for receipt therein of a
      screw 66. A mounting tab 68, defining a right-angled stepped configuration
      having a first planar portion 70 for supporting abutment of the
      undersurface of the support plate 16 and a second planar portion 72 for
      supporting abutment of the undersurface of the peripheral lip 62 of the
      plate, with these two last-named portions joined by an intermediate web 74
      and the terminal end of the clip defining a right angle shoulder 76 with
      respect to planar portion 72. It will be noted that an aperture 78 in the
      flange 52 of the trim member is disposed so as to be in alignment with the
      undersurface of the peripheral lip 62 of the support plate, with the
      vertical distance between the undersurface of the lip and the bottom edge
      of the aperture being somewhat less than the thickness of the support clip
      68. Thus, prior to final secured assembly, the clip can be inserted into
      the aperture 78 with the shoulder 76 of the clip extending therethrough
      and the clip assuming an orientation whereby the plate engaging surfaces
      are angularly disposed relative to the support plate. The bottom edge of
      the aperture 78 in the flange provides a fulcrum about which the clip 68
      is then rotated for the proper final facing engagement with the support
      plate; however, by rotating the clip to this position the support plate is
      urged upwardly to accommodate the thickness of the clip between the bottom
      lip of the support plate and the bottom edge of the aperture so that the
      peripheral gasket material disposed between the trim and the glass and
      also between the glass and the support plate is urged to compress to
      insure a sealed condition therealong. In the final position of the clip,
      an aperture 80 in the support plate engaging portion is aligned with the
      threaded aperture in the support plate so as to permit the screw 66 to be
      threadedly inserted to complete the attachment. It is seen that through
      this arrangement, the generally flexible flange of the trim is
      strengthened by virtue of its facing engagement on one side with the
      support plate and its retention in this position by the downwardly
      depending shoulder 76 of the clip, and the gasket is resiliently
      compressed to insure a peripherally sealed engagement between the trim and
      the glass. Thus, with this final assembly step, it is seen that the trim,
      the ceramic sheet and the support plate are securely jointed together.
      Further, with the coil disposed in the openings 22 defined by the support
      plate and then the support bar 26 secured thereto as previously described,
      the cooking surface assembly is complete for mounting on a frame or
      support surface with each coil being readily disassembled for individual
      servicing if necessary without disturbing any other of the assembled
      parts. The assembly of the present invention, in addition to locating the
      heating unit, supporting the glass sheet and providing an attachment that
      permits a peripheral sealed engagement without adhesives, is seen to
      provide integral structure forming the bottom of the compartment housing
      electrical components associated with the manual slide controls and also
      permits the copper ring heretofore retained in the mold surrounding the
      heating coil, to be disposed on the plate as a much less expensive
      manufacturing step.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cooking surface assembly comprising an uninterrupted planar cooking
      top for supporting utensils containing foodstuffs to be heated, a
      plurality of heating units disposed adjacent the undersurface of said
      cooking top; a peripheral trim member for framing the periphery of said
      cooking top; a peripheral gasket interposed between said trim member and
      said top for a generally sealed interface betweem said trim and said top;
      a support plate disposed subadjacent said top and defining means for
      receiving and locating said heating units and permitting installation and
      removal of said heating units from below said support plate; means
      attached to said support plate for releasably supporting said heating
      units against the undersurface of said top, said support plate further
      defining means for facing engagement to at least selected portions of said
      peripheral trim and, fastening means for joining said plate to said trim
      along said portions of facing engagement, said fastening means in the
      final assembled position concomitantly providing a compressive force to
      said gasket.
NUM  2.
PAR  2. A cooking surface assembly according to claim 1 wherein said support
      plate comprises a generally planar molded plastic member disposed
      subadjacent said top and dimensioned so as to extend substantially across
      at least opposing flange areas of said peripheral trim and defining a
      downwardly extending surface adjacent the opposing flange areas for said
      facing engagement between said trim and said plate.
NUM  3.
PAR  3. Structure according to claim 2 wherein said means for receiving and
      locating said heating units comprises openings in said plate generally
      coextensive with said heating units for receipt therein of said units,
      said openings being in registry with indicia on said top defining said
      cooking area.
NUM  4.
PAR  4. A cooking surface assembly according to claim 3 wherein said fastening
      means comprises a clip member having a lip portion received in an aperture
      in the flange of said trim, and a free end extending inwardly of said
      flange, said free end having a plate support area for engagement with the
      undersurface of said plate and an aperture in alignment with a generally
      vertically disposed threaded opening in said plate for receipt
      therethrough of a screw whereby as said screw is tightened upwardly, said
      support area thereof supportingly engages said plate with an upward force
      to compress said gasket and said flange is drawn inwardly by said lip.
NUM  5.
PAR  5. A cooking surface assembly as set forth in claim 4 wherein the upper
      surface of said support plate engages the lower surface of said cooking
      top to assist said top in supporting loads imposed thereon, and a gasket
      also is interposed between the periphery of said cooking top and said
      support plate, said clip member compressing both of said gaskets.
NUM  6.
PAR  6. A cooking surface assembly for an induction range comprising:
PA1  a smooth-top ceramic cooking surface;
PA1  a generally planar support plate disposed subadjacent said cooking surface
      to support a substantial area of said surface, said plate being generally
      coextensive with said surface in at least one dimension;
PA1  a peripheral trim framing said cooking surface and having a first portion
      overlapping the peripheral area of said surface and a second portion in
      facing relation to said plate;
PA1  a peripheral gasket interposed between said trim and said surface to effect
      a generally sealed juncture about said periphery;
PA1  induction heating units;
PA1  openings in said plate for receipt therein of said heating units against
      the undersurface of said top and in proper registry with indicia on said
      top identifying the cooking area, said openings preventing said heating
      units from shifting out of proper registry;
PA1  means for releasably retaining said heating units in said openings against
      said top; and
PA1  means for attaching said trim to said plate in areas of said facing
      relation, said means concomitantly compressing said gasket between said
      overlapping portion of said trim and said peripheral area of said top.
NUM  7.
PAR  7. Structure according to claim 6 wherein said support plate comprises a
      molded plastic member.
NUM  8.
PAR  8. Structure according to claim 7 wherein said trim defines, at least along
      a portion of one edge of said top, a downwardly open channel and wherein
      said plate includes an extension outwardly beyond said edge of said top to
      close the normally open channel and thereby, in conjunction with said
      trim, provides an enclosed volume immediately below said trim.
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ABST
PAL  A laser-radio frequency system for generating a high temperature beam and
      for directing and modulating the combined beam at a workpiece or target.
      The system includes a hollow circular electrode mounted within a circular
      nozzle and spaced apart from the nozzle to define an annular gap. A radio
      frequency generator having a hollow metal coil as its tank coil is
      connected to the nozzle and a pressurized inert gas is fed through the
      tank coil into the nozzle. When the generator is activated, a coherent
      R.F. electron stream is emitted from the electrode and the inert gas flows
      along the annular gap to sheath and focus the stream into an energy beam
      directed toward the workpiece. A laser generator provides a laser beam
      through the hollow portion of the electrode which is reflected and focused
      onto the workpiece; therefore an algebraic summation of both
      electromagnetic energies is obtained at the workpiece in the non-oxidizing
      atmosphere. The radio frequency tank coil may be connected to a source of
      powder for spraying a coating on the workpiece.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 409,167, filed Oct. 24, 1973,
      now U.S. Pat. No. 3,872,279.
BSUM
PAR  This invention relates generally to electronic flames or radio frequency
      (R.F.) energy beams in combination with laser beams to provide an energy
      system for communications, for heating and for otherwise operating on
      workpieces. Much of the background of the R.F. energy beam portion of this
      invention may be found in the U.S. Pat. No. 3,648,015, issued to Thomas E.
      Fairbairn on Mar. 7, 1972.
PAR  The R.F. energy portion of the beam, which is generally known, is generated
      by a conventional radio frequency having a tank coil in its output
      circuit. The tank coil is a hollow metal tube into which inert gas is
      introduced under pressure. The output of the tank coil is coupled through
      a nozzle having an electrode mounted therein, and upon application of
      power to the radio frequency generator, an R.F. electron energy beam is
      emitted from the tip of the electrode and this beam is sheathed and
      focused by the inert gas.
PAR  Unsuccessful attempts have been made to treat certain metals with lasers
      prior to my invention. For example, it is not yet possible to perform deep
      penetration welding of aluminum with only a laser, because aluminum has a
      mirror like finish, and lasers have a high index for reflection off of
      aluminum. Furthermore, the present laser welding units, to weld other
      metals, require lasers generating in excess of 10 kilowatts of power at a
      cost of about $50 per watt, or a total cost in excess of $500,000.
PAR  The present invention contemplates a method and apparatus for providing a
      composite laser-radio frequency energy beam system. Prior to my conception
      of this invention, it was not known that the laser beam could be utilized
      in conjunction with an R.F. plasma type energy beam.
PAR  The present invention includes a radio frequency energy beam generator such
      as a torch, modified over the torch described in my U.S. Pat. No.
      3,648,015, and combined with a laser generator. The torch of the present
      system includes a nozzle having a hollow electrode mounted therein. The
      laser beam is focused through the hollow portion of the electrode, without
      hitting the inner surface of the electrode, along with a low pressure gas.
      The laser is focused on a workpiece such as by an adjustable Cassegranian
      reflector. The energy beam generator is generally set forth in my prior
      patent, and upon energization of the radio frequency generator and
      introduction of an inert gas, the hollow electrode emits the coherent R.F.
      plasma energy beam. The R.F. plasma energy beam is sheathed or surrounded
      by an annular ring of inert gas which limits the scattering of the beam.
PAR  It is an object of the present invention to provide an improved oxidation
      resistant energy system which has a high energy level and heats work much
      faster and more controllably in a unit area of a target than prior art
      systems. Because of these features, the workpiece may be moved more
      rapidly through the beam for deep penetration fusion welds.
PAR  It is another object of the present invention to provide an energy system
      which permits point focusing of an intense portion of the summation of
      both energy beams for rapid traversing of the work, regardless of surface
      reflectivity of the target.
PAR  The present invention provides for a continuous beam which requires less
      peak power for deep penetration welding of metals including aluminum, and
      ceramics at a cost reduction of 10 times that of present lasers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects of the present invention, together with other objects
      and advantages which may be attained by its use, will become more apparent
      upon reading the following detailed description taken in conjunction with
      the drawings.
PAR  In the drawings, wherein like reference numerals identify corresponding
      parts:
PAR  FIG. 1 is a diagrammatic illustration of the laser-R.F. energy beam torch
      of the present invention;
PAR  FIG. 2 is an enlarged, partly sectional illustration of the nozzle and
      electrode of the torch of the present invention;
PAR  FIG. 3 is an enlarged perspective partial illustration of the nozzle and
      electrode of the torch of FIG. 2; and
PAR  FIG. 4 is a side elevation of the electrode as seen in the direction of the
      arrows 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The laser beam-radio frequency energy beam system of the present invention
      includes a radio frequency generator 10 having a conventional output tank
      circuit 11 and a tank coil 12. The choice of the particular radio
      frequency generator may be made by those killed in the art as long as a
      coherent single frequency R.F. sine wave is the output. An exemplary
      circuit is shown in my U.S. Pat. No. 3,648,015 which is hereby
      incorporated by reference. The tank coil is a hollow copper tubing both
      ends of which are electrically and mechanically connected to the tank
      circuit as at 13.
PAR  In addition to the electrical input to the tank coil 12 supplied by the
      R.F. generator 10, there is a pressurized fluid input provided from a
      fluid supply 14. The fluid may be water or may be a gaseous media such as
      oxygen, propane or hydrogen, or other inert gas. An inert gas such as air
      or helium is preferred. A fluid path is defined from a tube 16 through a
      T-fitting 18 and a supply tube 20 to a low voltage, high current point on
      the tank coil 12. Inert gas under very low pressure is introduced at a low
      voltage point of the tank coil to prevent ionization of the gas with its
      resultant effect upon the fittings and the tank coil such as shorting,
      melting and the like.
PAR  A powder material or other aggregate may also be introduced into the tank
      coil for spraying onto a workpiece, from a supply of powder 22. The powder
      or aggregate supply 22, together with a carrier gas 24, are supplied as
      inputs to a secont T-fitting 26. The output of this T-fitting goes through
      a tube 28 to the T-fitting 18. Thus, the powder supply, which is optional,
      is also introduced into a low voltage, high current point of the tank coil
      12 and is conveyed in a smaller tube, not shown, within the tube or tank
      coil 12.
PAR  The output from the tank coil is taken at a high voltage, low current point
      through a tube 30 to an electrically conductive nozzle 32. This provides
      the radio frequency input to the nozzle.
PAR  The laser input is provided by a pair of Q-switched laser amplifiers, such
      as Sylvania's 4A8-CO.sub.2 type, including a first amplifier 34 and a
      second amplifier 36. These are high power amplifiers which are aligned, as
      is conventional, to provide a laser beam which is introduced into the rear
      of the nozzle 32, such as through a focusing lens 38.
PAR  The hollow nozzle 32, which has an outlet orifice 33, includes an electrode
      40 having a main body 41 with a hollow center 42. The nozzle has a curved
      front face which may be highly polished to serve as a mirror as at 44. The
      electrode is mounted within and electrically connected to the nozzle by
      three threaded screws 46 spaced 120.degree. apart and projecting radially
      inwardly towards the hollow center of the electrode. The three threaded
      screws 46 provide a force fit on the outer surface of the electrode and
      the space between the electrode and the nozzle defines an annular air gap
      48. The length of the electrode may extend past the nozzle orifice and may
      be adjusted by first releasing the screws 46 to focus the elctron beam.
PAR  The electrode 40 also includes an extension or ring 50 which is attached to
      the main body 41 of the electrode by a plurality of electrically
      conductive struts or supports 52. The extension 50 also has a hollow
      center 54 and has a rear surface mirror 56 facing the main body 41 and a
      front surface or electrode tip 58.
PAR  A workpiece 60 is positioned a distance away from the electrode tip 58 to
      receive both the laser beam and the electron plasma beam.
PAR  Upon energization of the radio frequency generator 10 and upon application
      of the inert gas, the coherent R.F. electron-plasma energy beam is
      generated. Although the nozzle 32 and the electode tip 58 remain cool, the
      tip 58 emits a high frequency coherent electron-plasma energy stream and
      the inert gas which passes through the annular air gap 48 between the
      electrode body 41 and the nozzle 32 forms an annular sheath which limits
      the outward scattering of the stream and directs and focuses it into a
      beam which annular sheath flows around the extension 50 and impinges onto
      the workpiece. The energy beam goes through the hollow center 54 of the
      extension and is emitted from the tip 58. The R.F. beam will take a
      relatively long time to melt the workpiece (one to three) seconds compared
      to a focused laser beam.
PAR  To provide an improved energy absorption, the laser beam is combined with
      the R.F. energy beam. The laser beam output of the Q-switched laser
      amplifiers proceeds on a straight path through the lens 38, continues
      through an opening 68 in the end of the body 41, through the hollow center
      42 of the electrode 40 and is then reflected back off the rear face 56 of
      the electrode extension. The reflected laser beam is again reflected off
      the curved face 44 of the nozzle 32 onto the workpiece 60. Both the rear
      56 of the extension 50 and the curved face 44 are highly polished to
      reflect the laser beam. Thus they operate as a Cassegranian reflector
      system and still allow the inert gas to pass through the hole or aperture
      54.
PAR  The front face or tip 58 of the electrode extension 50 is typically
      molybdenum, tungsten or platinum.
PAR  The struts 52 are threaded into the curved face 44 so that the electrode
      extension 50 may be moved axially toward or away from the workpiece to
      adjust the focal point 62 where the laser beam impinges upon the
      workpiece.
PAR  The laser beam provides a high energy beam which serves as an energy guide
      for the R.F. energy beam which, in turn, is readily absorbed by the
      workpiece. The combined effect of the laser beam and radio frequency
      energy beam is similar to the operation of a drill bit with the laser beam
      operating similar to a feed screw to "penetrate" or initiate melting of
      the workpiece and with the R.F. electron being operated as the "cut-lip"
      of the blade to melt additional material.
PAR  If it is desired to spray a powder or aggregate fusing or coating onto the
      workpiece, this may be accomplished by activating the powder or aggregate
      supply 22 and its associated carrier gas 24 as set forth in the
      aforementioned patent. The powder follows a second tube which is wound
      within the tank coil 12 and which emerges from the tube 30 as a tube 64
      external to the nozzle (FIG. 1) or as a tube 66 internal to the nozzle
      (FIG. 2), through a window or aperture 67. Optionally, the inert carrier
      gas may always be "on" with the aggregate 22 introduced through fitting 26
      when desired. It is preferred to have gas "on" through inner and outer
      tubes 66 and 30 whether or not powder is being sprayed, to provide for
      laminar flow of the gas and improved beam control.
PAR  The use of the laser beam serves to heat, by ionization and other means,
      the inert gas as it emerges from ring electrode 50 during operation and
      thus the gas reaches the surface of the workpiece at higher temperature
      and higher energy peaks than in the prior art.
PAR  The helium, air, or inert gas emerging from the hollow center 42 of the
      electrode and passing through the hole 54 in the extension 50 conducts the
      R.F. coherent sine wave energy to the workpiece. The helium is ionized
      partially by the laser beam as it travel through the hollow electrode.
      This partially ionized gas stream does not fully ionize until it emerges
      through the electrode extension 50 which is where the R.F. energy is
      supplied to fully generate the R.F. energy beam from the electrode tip 58.
PAR  The R.F. energy E, will also modulate the laser energy E.sub.2 (carrier).
      Both waves are electromagnetic and the algebraic sum and difference for
      energy apply. Thus, using Planck's constant, E.sub.T =hv, where V =
      frequency, and E.sub.T = E.sub.1 + E.sub.2 (algebraic).
PAR  It should be appreciated that the purpose of the lens 38 is to focus the
      laser beam and prevent the laser from damaging the inside walls of the
      hollow electrode body 41. Thus this lens is not necessary and only a
      window is needed if the amplifier is provided with a suitable focusing
      mechanism.
PAR  Similarly, the electrode extension or ring 50 of the Cassegranian type
      mirror or reflector system may be a hollow mirror or lens with a tungsten
      facing to define the electrode tip 58.
PAR  Thus the foregoing is a description of one embodiment of the present
      invention and should not be construed in a limiting sense but only as
      describing the underlying concepts involved. The invention should be
      limited only by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for spraying a coating on a workpiece with a high
      temperature coherent electromagnetic beam emitted from an orifice, by
      generating a single frequency sine wave signal in a hollow electrically
      conductive tubular tank coil of a radio-frequency generator; injecting an
      inert gas and a heat fusable material in a carrier gas into a maximum
      current-low voltage point of said tank coil; convey said inert gas and
      said material in its carrier gas separately through said coil to an exit
      port located at a maximum voltage low-current point of said coil;
      conveying said inert gas from said exit port through a hollow electrically
      conductive outlet tube to a nozzle having an outlet orifice; conveying
      said material from said exit port to said nozzle orifice; transmitting
      said single frequency sine wave signal from said maximum voltage
      low-current point of said coil around a hollow electrode means centrally
      located in said nozzle orifice, while maintaining said electrode means and
      said surrounding nozzle at the same electrical potential; the improvement
      characterized by generating a laser beam; conveying said laser beam
      through said outlet nozzle and through the hollow portion of said
      electrode means; and reflecting said laser beam from the hollow portion of
      said electrode means onto said workpiece and focusing the laser beam
      thereon; whereby said inert gas forms an annular sheath which surrounds
      and focuses into a beam the high temperature coherent
      radio-frequency-plasma electron stream emitted from said electrode means
      and nozzle orifice and said material enters the beam thus emitted and is
      sprayed onto said workpiece with the energy in said beam causing the
      material to be fused on the workpiece as a coating.
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PAL  A laser-radio frequency system for generating a high temperature beam and
      for directing and modulating the combined beam at a workpiece or target.
      The system includes a hollow circular electrode mounted within a circular
      nozzle and spaced apart from the nozzle to define an annular gap. A radio
      frequency generator having a hollow metal coil as its tank coil is
      connected to the nozzle and a pressurized inert gas is fed through the
      tank coil into the nozzle. When the generator is activated, a coherent
      R.F. electron stream is emitted from the electrode and the inert gas flows
      along the annular gap to sheath and focus the stream into an energy beam
      directed toward the workpiece. A laser generator provides a laser beam
      through the hollow portion of the electrode which is reflected and focused
      onto the workpiece; therefore an algebraic summation of both
      electromagnetic energies is obtained at the workpiece in the non-oxidizing
      atmosphere. The radio frequency tank coil may be connected to a source of
      powder for spraying a coating on the workpiece.
PARN
PAR  This is a division of application Ser. No. 409,167, filed Oct. 24, 1973 now
      U.S. Pat. No. 3,872,279.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electronic flames or radio frequency
      (R.F.) energy beams in combination with laser beams to provide an energy
      system for communications, for heating and for otherwise operating on
      workpieces. Much of the background of the R.F. energy beam portion of this
      invention may be found in the U.S. Pat. No. 3,648,015, issued to Thomas E.
      Fairbairn on Mar. 7, 1972.
PAR  The R.F. energy portion of the beam, which is generally known, is generated
      by a conventional radio frequency generator having a tank coil in its
      output circuit. The tank coil is a hollow metal tube into which inert gas
      is introduced under pressure. The output of the tank coil is coupled
      through a nozzle having an electrode mounted therein, and upon application
      of power to the radio frequency generator, an R.F. electron energy beam is
      emitted from the tip of the electrode and this beam is sheathed and
      focused by the inert gas.
PAR  Unsuccessful attempts have been made to treat certain metals with lasers
      prior to my invention. For example, it is not yet possible to perform deep
      penetration welding of aluminum with only a laser, because aluminum has a
      mirror like finish, and lasers have a high index for reflection off of
      aluminum. Furthermore, the present laser welding units, to weld other
      metals, require lasers generating in excess of 10 kilowatts of power at a
      cost of about $50 per watt, or a total cost in excess of $500,000.
PAR  The present invention contemplates a method and apparatus for providing a
      composite laser-radio frequency energy beam system. Prior to my conception
      of this invention, it was not known that the laser beam could be utilized
      in conjunction with an R.F. plasma type energy beam.
PAR  The present invention includes a radio frequency energy beam generator such
      as a torch, modified over the torch described in my U.S. Pat. No.
      3,648,015, and combined with a laser generator. The torch of the present
      system includes a nozzle having a hollow electrode mounted therein. The
      laser beam is focused through the hollow portion of the electrode, without
      hitting the inner surface of the electrode, along with a low pressure gas.
      The laser is focused on a workpiece such as by an adjustable Cassegranian
      reflector. The energy beam generator is generally set forth in my prior
      patent, and upon energization of the radio frequency generator and
      introduction of an inert gas, the hollow electrode emits the coherent R.F.
      plasma energy beam. The R.F. plasma energy beam is sheathed or surrounded
      by an annular ring of inert gas which limits the scattering of the beam.
PAR  It is an object of the present invention to provide an improved oxidation
      resistant energy system which has a high energy level and heats work much
      faster and more controllably in a unit area of a target than prior art
      systems. Because of these features, the workpiece may be moved more
      rapidly through the beam for deep penetration fusion welds.
PAR  It is another object of the present invention to provide an energy system
      which permits point focusing of an intense portion of the summation of
      both energy beams for rapid traversing of the work, regardless of surface
      reflectivity of the target.
PAR  The present invention provides for a continuous beam which requires less
      peak power for deep penetration welding of metals including aluminum, and
      ceramics at a cost reduction of 10 times that of present lasers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects of the present invention, together with other objects
      and advantages which may be attained by its use, will become more apparent
      upon reading the following detailed description taken in conjunction with
      the drawings.
PAR  In the drawings, wherein like reference numerals identify corresponding
      parts:
PAR  FIG. 1 is a diagrammatic illustration of the laser-R.F. energy beam torch
      of the present invention;
PAR  FIG. 2 is an enlarged, partly sectional illustration of the nozzle and
      electrode of the torch of the present invention;
PAR  FIG. 3 is an enlarged perspective partial illustration of the nozzle and
      electrode of the torch of FIG. 2; and
PAR  FIG. 4 is a side elevation of the electrode as seen in the direction of the
      arrows 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The laser beam-radio frequency energy beam system of the present invention
      includes a radio frequency generator 10 having a conventional output tank
      circuit 11 and a tank coil 12. The choice of the particular radio
      frequency generator may be made by those killed in the art as long as a
      coherent single frequency R.F. sine wave is the output. An examplary
      circuit is shown in my U.S. Pat. No. 3,648,015 which is hereby
      incorporated by reference. The tank coil is a hollow copper tubing both
      ends of which are electrically and mechanically connected to the tank
      circuit as at 13.
PAR  In addition to the electrical input to the tank coil 12 supplied by the
      R.F. generator 10, there is a pressurized fluid input provided from a
      fluid supply 14. The fluid may be water or may be a gaseous media such as
      oxygen, propane or hydrogen, or other inert gas. An inert gas such as air
      or helium is preferred. A fluid path is defined from a tube 16 through a T
      fitting 18 and a supply tube 20 to a low voltage, high current point on
      the tank coil 12. Inert gas under very low pressure is introduced at a low
      voltage point of the tank coil to prevent ionization of the gas with its
      resultant effect upon the fittings and the tank coil such as shorting,
      melting and the like.
PAR  A powder material or other aggregate may also be introduced into the tank
      coil for spraying onto a workpiece, from a supply of powder 22. The powder
      or aggregate supply 22, together with a carrier gas 24, are supplied as
      inputs to a second T fitting 26. The output of this T-fitting goes through
      a tube 28 to the T-fitting 18. Thus, the powder supply, which is optional,
      is also introduced into a low voltage, high current point of the tank coil
      12 and is conveyed in a smaller tube, not shown, within the tube or tank
      coil 12.
PAR  The output from the tank coil is taken at a high voltage, low current point
      through a tube 30 to an electrically conductive nozzle 32. This provides
      the radio frequency input to the nozzle. focusing
PAR  The laser input is provided by a pair of Q-switched laser amplifiers, such
      as Sylvania's 4A8-CO.sub.2 type, including a first amplifier 34 and a
      second amplifier 36. These are high power amplifiers which are aligned, as
      is conventional, to provide a laser beam which is introduced into the rear
      of the nozzle 32, such as through a focussing lens 38.
PAR  The hollow nozzle 32, which has an outlet orifice 33, includes an electrode
      40 having a main body 41 with a hollow center 42. The nozzle has a curved
      front face which may be highly polished to serve as a mirror as at 44. The
      electrode is mounted within and electrically connected to the nozzle by
      three threaded screws 46 spaced 120.degree. apart and projecting radially
      inwardly towards the hollow center of the electrode. The three threaded
      screws 46 provide a force fit on the outer surface of the electrode and
      the space between the electrode and the nozzle defines an annular air gap
      48. The length of the electrode may extend past the nozzle orifice and may
      be adjusted by first releasing the screws 46 to focus the elctron beam.
PAR  The electrode 40 also includes an extension or ring 50 which is attached to
      the main body 41 of the electrode by a plurality of electrically
      conductive struts or supports 52. The extension 50 also has a hollow
      center 54 and has a rear surface mirror 56 facing the main body 41 and a
      front surface or electrode tip 58.
PAR  A workpiece 60 is positioned a distance away from the electrode tip 58 to
      receive both the laser beam and the electron plasma beam.
PAR  Upon energization of the radio frequency generator 10 and upon application
      of the inert gas, the coherent R.F. electron-plasma energy beam is
      generated. Although the nozzle 32 and the electrode tip 58 remain cool,
      the tip 58 emits a high frequency coherent electron-plasma energy stream
      and the inert gas which passes through the annular air gap 48 between the
      electrode body 41 and the nozzle 32 forms an annular sheath which limits
      the outward scattering of the stream and directs and focuses it into a
      beam which annular sheath flows around the extension 50 and impinges onto
      the workpiece. The energy beam goes through the hollow center 54 of the
      extension and is emitted from the tip 58. The R.F. beam will take a
      relatively long time to melt the workpiece (one to three) seconds compared
      to a focused laser beam.
PAR  To provide an improved energy absorption, the laser beam is combined with
      the R.F. energy beam. The laser beam output of the Q-switched laser
      amplifiers proceeds on a straight path through the lens 38, continues
      through an opening 68 in the end of the body 41, through the hollow center
      42 of the electrode 40 and is then reflected back off the rear face 56 of
      the electrode extension. The reflected laser beam is again reflected off
      the curved face 44 of the nozzle 32 onto the workpiece 60. Both the rear
      56 of the extension 50 and the curved face 44 are highly polished to
      reflect the laser beam. Thus they operate as a Cassegranian reflector
      system and still allow the inert gas to pass through the hole or aperture
      54.
PAR  The front face or tip 58 of the electrode extension 50 is typically
      molybdenum, tungsten or platinum.
PAR  The struts 52 are threaded into the curved face 44 so that the electrode
      extension 50 may be moved axially toward or away from the workpiece to
      adjust the focal point 62 where the laser beam impinges upon the
      workpiece.
PAR  The laser beam provides a high energy beam which serves as an energy guide
      for the R.F. energy beam which, in turn, is readily absorbed by the
      workpiece. The combined effect of the laser beam and radio frequency
      energy beam is similar to the operation of a drill bit with the laser beam
      operating similar to a feed screw to "penetrate" or initiate melting of
      the workpiece and with the R.F. electron being operated as the "cut-lip"
      of the blade to melt additional material.
PAR  If it is desired to spray a powder or aggregate fusing or coating onto the
      workpiece, this may be accomplished by activating the powder or aggregate
      supply 22 and its associated carrier gas 24 as set forth in the
      aforementioned patent. The powder follows a second tube which is wound
      within the tank coil 12 and which emerges from the tube 30 as a tube 64
      external to the nozzle (FIG. 1) or as a tube 66 internal to the nozzle
      (FIG. 2), through a window or aperture 67. Optionally, the inert carrier
      gas may always be "on" with the aggregate 22 introduced through fitting 26
      when desired. It is preferred to have gas "on" through inner and outer
      tubes 66 and 30 whether or not powder is being sprayed, to provide for
      laminar flow of the gas and improved beam control.
PAR  The use of the laser beam serves to heat, by ionization and other means,
      the inert gas as it emerges from ring electrode 50 during operation and
      thus the gas reaches the surface of the workpiece at higher temperature
      and higher energy peaks than in the prior art.
PAR  The helium, air, or inert gas emerging from the hollow center 42 of the
      electrode and passing through the hole 54 in the extension 50 conducts the
      R.F. coherent sine wave energy to the workpiece. The helium is ionized
      partially by the laser beam as it travel through the hollow electrode.
      This partially ionized gas stream does not fully ionize until it emerges
      through the electrode extension 50 which is where the R.F. energy is
      supplied to fully generate the R.F. energy beam from the electrode tip 58.
PAR  The R.F. energy E, will also modulate the laser energy E.sub.2 (carrier).
      Both waves are electromagnetic and the algebraic sum and difference for
      energy apply. Thus, using Planck's constant, E.sub.T =hv, where V =
      frequency, and E.sub.T = E.sub.1 + E.sub.2 (algebraic).
PAR  It should be appreciated that the purpose of the lens 38 is to focus the
      laser beam and prevent the laser from damaging the inside walls of the
      hollow electrode body 41. Thus this lens is not necessary and only a
      window is needed if the amplifier is provided with a suitable focusing
      mechanism.
PAR  Similarly, the electrode extension or ring 50 of the Cassegranian type
      mirror or reflector system may be a hollow mirror or lens with a tungsten
      facing to define the electrode tip 58.
PAR  Thus the foregoing is a description of one embodiment of the present
      invention and should not be construed in a limiting sense but only as
      describing the underlying concepts involved. The invention should be
      limited only by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for generating a high temperature coherent electromagnetic
      beam by generating a single frequency sine wave signal in a hollow
      electrically conductive tubular tank coil of a radio-frequency generator;
      injecting an inert gas into a maximum current-low voltage point of said
      tank coil; conveying said inert gas through said coil to an exit port
      located at a maximum voltage low-current point of said coil; conveying
      said inert gas from said exit port through a hollow electrically
      conductive outlet tube to a nozzle having an outlet orifice; transmitting
      said single frequency sine wave signal from said maximum voltage low
      current point of said coil around a hollow electrode means centrally
      located in said nozzle orifice; the improvement characterized by:
      conveying a laser beam through said outlet nozzle and through the hollow
      portion of said electrode means, together with a low pressure gas stream;
      and reflecting said laser beam from the hollow portion of said electrode
      means onto said workpiece and focusing the laser beam thereon, while
      allowing said low pressure gas stream to continue directly toward said
      workpiece; whereby said inert gas forms an annular sheath which surrounds
      and focuses the high temperature stream emitted from said electrode means
      and nozzle orifice into a beam.
NUM  2.
PAR  2. The invention of claim 1 and further including injecting a finely
      divided heat fusible material into a maximum current zero voltage point of
      tank coil; and conveying said material through said tank coil and out
      through said exit port to said nozzle orifice; whereby said material
      enters the coherent electromagnetic beam emitted from said nozzle, said
      material being thus sprayable onto workpieces to be deposited and fused
      thereon as a coating.
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ABST
PAL  A cored type arc-welding steel electrode for the welding of 14 gauge to 3/8
      inch thick mild steel wherein the ingredients in the core provide a smooth
      spray arc that is easy to control along with excellent bead appearance,
      low spatter, and good slag removal. The core ingredients include: calcium
      oxide, as a necessary compound, in a prefused mix to lower its
      hygroscopicity; aluminum and magnesium in controlled amounts; and selected
      fluorides.
BSUM
PAR  This invention pertains to the art of electric arc welding electrodes and
      more particularly to a cored type electrode capable of semi-automatically
      depositing weld beads on light gauge steel without the use of external
      shielding gas or flux.
PAR  By "semi-automatic" is meant feeding a welding electrode of indefinite
      length longitudinally past an electric contact forming part of a welding
      gun toward the workpiece to be welded and simultaneously manually
      advancing the gun laterally to deposit a weld bead.
PAR  In the art of semi-automatic welding of light gauge sheet metals, there are
      several methods used to shield the arc from the atmosphere. A solid wire
      and granular flux can be used but it is messy, requires a bulky gun, the
      weld puddle cannot be seen and out-of-position welding is extremely
      difficult, if not impossible. A solid wire and a shielding gas can be used
      and is quite popular, but often has some spatter and requires a bulky gun
      along with the attendant costly pressurized containers, pressure regulator
      valves, etc.
PAR  A self-shielded cored type welding electrode does not have the above
      problems; however, heretofore commercially available cored-type electrodes
      tended to have too high deposition rates for light gauge metals. One
      method used to weld thinner workpieces at the high deposition rates is to
      increase travel speed; however, for semi-automatic welding, this solution
      becomes impracticable because even a highly skilled weldor has difficulty
      accurately controlling the placement of the weld bead if travel speeds are
      much over 40 inches per minute. Another method used to weld thinner
      workpieces is to reduce the deposition rate by reducing the arc current
      and voltage. When this is done with presently available electrodes, the
      arc action deteriorates resulting in large droplet transfer, erratic metal
      transfer, and high spatter.
PAR  The present invention overcomes all of these problems and others and
      provides a cored-type electrode capable of fabricating, lighter
      thicknesses of mild steel which has a smooth spray arc which is easy to
      control with good visibility, low heat and glare, and which produces a
      bead with excellent appearance and low spatter.
PAR  In accordance with the present invention, a cored-type electrode of the
      character described is provided by employing a mixture of principal core
      ingredients including carefully controlled amounts of aluminum and
      magnesium metals, calcium oxide in a novel prefused mix with a metal
      oxide, and certain of the fluorides such as barium flouride, strontium
      fluoride, lanthum fluoride and/or a rare earth fluoride.
PAR  The non-metallics are held below a maximum level of 6.0% of the total
      electrode weight to avoid droplet transfer and/or spatter. No calcium
      fluoride or carbonates are used, since they are detrimental to desired arc
      action at lower current. The magnesium level is carefully controlled for
      optimum arc action. Lower levels than those stated below result in more
      droplet transfer and spatter. Higher levels result in increased arc force,
      spatter, and severe pocking. The calcium oxide is essential for good slag
      removal. Aluminum acts as a deoxidizer and its maximum amount is limited
      by the residuals permissible in the weld bead.
PAR  Calcium oxide in the slag is considered most desirable for good slag
      removal but heretofore could never be used, as such, in cored electrodes
      because of its tendency to pick up moisture during manufacture of the
      electrode and/or during storage of the finished electrode through the seam
      of the steel tube. While calcium oxide per se has been mentioned as a
      possible core ingredient in the literature, because of its hygroscopic
      properties, it has been used in the moisture stable forms of calcium
      carbonate or wollastonite (CaO.SiO.sub.2). In a cored electrode the use of
      calcium carbonate in amounts to leave enough calcium oxide in the slag to
      have the desired improvements on slag removal would result in the release
      of so much carbon dioxide in the heat of the arc as to disrupt the welding
      arc that good welding could no longer be achieved. This was particularly
      so for light gauge welding. In the wollastonite form, the high percentage
      of silicon dioxide not only would reduce the electrode's ability to resist
      porosity but also would add silicon to the weld metal in such amounts as
      to be detrimental to its physical properties.
PAR  Thus, in accordance with the invention, calcium oxide is treated so as to
      be non-hygroscopic or to have its hygroscopicity reduced to an amount that
      moisture pick up will not be detrimental. While various means, e.g.,
      encapsulating, may be employed to reduce these hygroscopic tendencies,
      preferably calcium carbonate (CaCO.sub.3) is mixed with a controlled
      amount of certain of the metal oxides e.g. silicon dioxide, and the
      mixture heated to the melting temperature, thus, driving off the CO.sub.2
      in the calcium carbonate and fusing the resultant CaO and SiO.sub.2
      together.
PAR  The amounts of calcium carbonate and silicon dioxide used must be
      controlled so that an ultimate ratio of approximately two molecular parts
      CaO and one molecular part of SiO.sub.2 (2 CaO.SiO.sub.2) results after
      melting. The minimum ratio is 1.5 parts CaO to one part SiO.sub.2. Such a
      mixture usually has a very high melting point and further in accordance
      with the invention, one or more of at least some of the fluorides
      hereinafter listed which will form part of the core ingredients are
      included in the mix to reduce the melting point of the mix to practical
      limits of manufacture.
PAR  A resulting fused composite of 28.5% CaO, 16.5% SiO.sub.2 and 55% BaF (in
      percents by weight) is preferred. Higher or lower percents of BaF raise
      the melting temperature and result in erosion of the refractory lining of
      the crucible. Whether the resulting product is a mix or compound is
      unknown. The basic point is that the CaO is so shielded from the moisture
      of the atmosphere such that the CaO no longer has hygroscopic tendencies.
      Iron oxide Fe.sub.x O.sub.x or manganese oxide (Mn.sub.x O.sub.x) may in
      some instances be substituted for the SiO.sub.2 with some sacrifice in low
      current operation and slightly more spatter. Where Fe.sub.x O.sub.x or
      Mn.sub.x O.sub.x is used, the molecular ratio of CaO to Fe.sub.x O.sub.x
      or Mn.sub.x O.sub.x can be up to but not greater than 2.0 CaO to 1.0
      Fe.sub.x O.sub.x or 1.0 Mn.sub.x O.sub.x. The preferred molecular ratio
      falls between 1.0 CaO to 1.0 Fe.sub.x O.sub.x and 2.0 CaO to 1.0 Fe.sub.x
      O.sub.x or the substitution of Mn.sub.x O.sub.x for Fe.sub.x O.sub.x in
      those preferred ratios.
PAR  Thus, while CaO is listed independently in the formulations for the light
      gauge metal electrode set out below, it will be understood that in all
      cases in accordance with the invention, it is only used in a manner so as
      to reduce its hygroscopic tendencies, e.g., in a novel fused composite
      with SiO.sub.2 (or Fe.sub.x O.sub.x or Mn.sub.x O.sub.x) and preferably
      one of the listed fluorides. When aluminum and/or magnesium is one of the
      core ingredients, the other metal oxides commonly used as a fluxing
      ingredient in arc welding are undesirable.
PAR  Iron powder is used as a bulking agent in the mix as is conventional in
      cored electrodes.
PAR  The magnesium is preferably added in the form of an aluminum-magnesium
      alloy which appears to retard the boiling of the magnesium so that it can
      be effective in the arc.
PAR  The tube is made from a conventional low carbon mild steel. The electrode
      is for welding in air, i.e., no externally supplied shielding gas or flux
      is used or is desirable.
PAR  The following will indicate generally the ingredients and the preferred
      ranges thereof which may be used in making up our present improved arc
      welding electrode in weight percent of the total electrode weight:
      (Excluding any alloying metals or carbon in the steel tube.)
TBL             Basic Ingredients                                              
                             With Prefused                                     
                             CaO                                               
     ______________________________________                                    
     Aluminum     1.7 to 4.0     1.7 to 4.0                                    
     Magnesium    0.5 to 0.8     0.5 to 0.8                                    
     Barium fluoride                                                           
     or                                                                        
     Strontium fluoride                                                        
     or                                                                        
     Lanthanum fluoride                                                        
     or                                                                        
     Rare earth fluorides                                                      
                  2.0 to 4.5     0.9 to 2.5                                    
     Calcium oxide                                                             
                  0.5 to 0.8     --                                            
     Lithium fluoride                                                          
                  0.0 to 0.3     0.0 to 0.3                                    
     Silicon dioxide                                                           
                  0.25 to 0.4    --                                            
     Carbon       0.0 to 0.4     0.0 to 0.4                                    
     Manganese metal                                                           
                  0.0 to 4.0     0.0 to 4.0                                    
     Fused composite of:                                                       
     28.5% CaO; 16.5%                                                          
     SiO.sub.2 ; and 55% Ba,                                                   
     Sr, La and/or rare                                                        
                  --             1.5 to 3.0                                    
     Earth flourides                                                           
     Iron powder and                                                           
     steel tube   Balance        Balance                                       
     ______________________________________                                    
PAL  the ratio of Calcium oxide to silicon dioxide being held within the limits
      discussed above.
PAR  More specifically, the following specific formulation has been found
      satisfactory in practice:
TBL             Basic Analysis                                                 
                           With Prefused CaO                                   
     ______________________________________                                    
     Aluminum     2.5 to 3.4   2.5 to 3.4                                      
     Magnesium    0.6 to 0.8   0.6 to 0.8                                      
     Barium fluoride                                                           
                  2.5 to 3.4   1.5 to 2.4                                      
     Calcium oxide                                                             
                  0.6 to 0.8   --                                              
     Lithium fluoride                                                          
                  0.1 to 0.2   0.1 to 0.2                                      
     Silicon dioxide                                                           
                  0.3 to 0.4   --                                              
     Carbon       0.25 to 0.34 0.25 to 0.34                                    
     Manganese metal                                                           
                   0.2 to 0.26 0.2 to 0.26                                     
     Fused composite of:                                                       
     28.5% CaO; 16.5%                                                          
     SiO.sub.2 ; 55% BaF                                                       
                  --           2.0 to 2.6                                      
     Iron Powder  12.5 to 16.5 12.5 to 16.5                                    
     Steel tube   remainder    remainder                                       
     A specific preferred formulation is:                                      
     Aluminum (55%) - Magnesium (45%) Alloy                                    
                               1.44                                            
     Aluminum                  2.0                                             
     Manganese metal           .22                                             
     Carbon                    .28                                             
     Iron Powder               13.20                                           
     Barium Fluoride           1.61                                            
     Lithium Fluoride          .18                                             
     Fused composite of: Calcium Oxide 28.5%;                                  
     Silicon Dioxide 16.5%; and, Barium                                        
     Fluoride 55%              2.15                                            
     Steel Tube                Balance                                         
                               100.00%                                         
     ______________________________________                                    
PAR  The various ingredients in finely powdered form are thoroughly mixed,
      deposited in the trough of a U-shaped steel ribbon and the edges of the
      ribbon brought into abutting engagement. The resulting electrode is then
      passed through drawing dies to reduce the external diameter to preferably
      an electrode having either 3/32 inch or 5/64 inch external diameter.
PAR  Typical machine settings for a 3/32 inch electrode are 21 arc volts, 270
      amperes (D.C. -) 1 .+-.  1/8 inch electrode stickout, travel speed 18
      inches per minute to make a 1/4  inch fillet weld.
PAR  For the 5/64 inch electrode, it is preferred to use 18 arc volts, 220 amps
      (D.C. -) 1 .+-.  1/8 inch electrode stickout, travel speed 16 inches per
      minute to make a 3/16 inch fillet weld.
PAR  For the 3/32 inch electrode, a current range of 175-280 amperes is
      preferred and for the 5/64 inch electrode, a current range of 130-240 amps
      is preferred. At higher currents, complete spray transfer results with a
      loss of protection.
PAR  The electrode possesses a smooth spray transfer arc and produces very low
      smoke and smoke residue and practically no spatter.
PAR  The electrode is primarily intended for materials from 14 gauge to 3/8 inch
      thick.
PAR  Because of the low power requirements for the arc and low spatter of the
      electrode, it is possible to use a special copper cone (similar to gas
      welding) on the end of the electrode nozzle as a guide enabling drag type
      welding techniques to be employed on these relatively thin workpieces.
PAR  For out of position welding, it has been found that current settings 20-40
      amperes lower and 1-2 volts lower than those above specified are
      desirable.
PAR  The invention has been described with reference to a preferred embodiment.
      Obviously, modifications and alterations will occur to others upon a
      reading and understanding of this specification and it is our intention to
      include such modifications and alterations insofar as they come within the
      scope of the appended claims.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. In a cored type steel electrode suitable for arc welding in air without
      a shielding gas consisting of the following ingredients in weight percent
      of the total electrode:
TBL  a - Aluminum       1.7 to 4.0                                             
     b - Magnesium      0.5 to 0.8                                             
PA0  c. one or more fluorides selected from the class consisting of:
PA1  Barium fluoride, Strontium
PA1  fluoride, Lanthanum
PA1  fluoride and the rare earth
PA1  fluorides  2.0 to 4.5
PA0  d. one or more oxides selected from the class consisting of:
PA1  Silicon dioxide, iron
PA1  oxide and manganese oxide 0.25 to 0.4
TBL  e - Calcium oxide  0.5 to 0.8                                             
     f - Lithium fluoride                                                      
                        0.0 to 0.3                                             
     g - Carbon         0.0 to 0.4                                             
     h - Manganese metal                                                       
                        0.0 to 4.0                                             
PA0  i. The balance being Iron powder and a steel tube,
PA0  j. The improvement which comprises: the calcium being present in a prefused
      composite with the selected oxide(s) and the selected fluoride(s).
NUM  2.
PAR  2. The cored type steel electrode of claim 1 wherein said ingredients have
      the following range of ingredients in weight percent:
TBL  Aluminum           2.5 to 3.4                                             
     Magnesium          0.6 to 0.8                                             
     Barium fluoride    2.5 to 3.4                                             
     Calcium oxide      0.6 to 0.8                                             
     Lithium fluoride   0.1 to 0.2                                             
     Silicon dioxide    0.3 to 0.4                                             
     Carbon             0.25 to 0.34                                           
     Manganese Metal    0.2 to 0.26                                            
     Iron powder        12.5 to 16.5                                           
     Steel tube         Balance                                                
PAL  the Calcium oxide being present in a prefused composite with the oxide and
      a fluoride.
NUM  3.
PAR  3. The electrode of claim 2 wherein the composite has a molecular ratio of
      from 11/2 to two parts CaO to one part SiO.sub.2 with barium fluoride used
      to reduce the melting point of the composite.
NUM  4.
PAR  4. The electrode of claim 3 wherein the composite has approximately 28.5%
      CaO, 16.5% SiO.sub.2 and 55% BaF.
NUM  5.
PAR  5. The electrode of claim 2 wherein said ingredients consist of:
TBL  Aluminum (55%)-Magnesium (45%) Alloy                                      
                               1.44                                            
     Aluminum metal            2.0                                             
     Manganese metal           0.22                                            
     Carbon                    0.28                                            
     Iron powder               13.20                                           
     Barium fluoride           0.18                                            
     Fused composite of: calcium oxide 28.5%;                                  
     silicon dioxide 16.5%; and barium                                         
     fluoride 55%              2.15                                            
     Steel Tube                Balance                                         
                               100.00%.                                        
NUM  6.
PAR  6. The electrode of claim 1 wherein the composite has a molecular ratio of
      from 11/2 to 2.0 parts CaO to 1.0 part SiO.sub.2 with barium fluoride used
      to reduce the melting point of the composite.
NUM  7.
PAR  7. An arc welding electrode for mild steel comprised of a steel tube having
      flux materials on the inside thereof, said flux materials containing
      aluminum and as an essential ingredient: a fused composite consisting of
      calcium oxide and one or more compounds selected from the class consisting
      of silicon dioxide, iron oxide, and one or more fluorides selected from
      the class consisting of:
PA1  Barium fluoride,
PA1  Strontium fluoride,
PA1  Lanthanum fluoride, and
PA1  Rare earth fluorides
NUM  8.
PAR  8. The electrode of claim 7 wherein the molecular ratio is between 1.5 to
      2.0 CaO to 1.0 SiO.sub.2.
NUM  9.
PAR  9. In an arc welding electrode for welding mild steel in air comprised of a
      steel tube having on the inside thereof fluxing ingredients, the
      improvement which consists in said ingredients including aluminum and as
      an essential ingredient, a prefused composite consisting of: calcium
      oxide; one or more metal compounds selected from the class consisting of:
      silicon dioxide, manganese oxide, and iron oxide, and, one or more
      compounds selected from the class consisting of: barium fluoride,
      strontium fluoride, lanthanum fluoride and the rare earth fluorides.
NUM  10.
PAR  10. The electrode of claim 9 wherein the oxide is of iron and the molecular
      ratio 2.0 - 1.0 calcium oxide to 1.0 iron oxide.
NUM  11.
PAR  11. The electrode of claim 9 wherein the oxide is of manganese and the
      molecular ratio 2.0-1.0 calcium oxide to 1.0 manganese oxide.
NUM  12.
PAR  12. A cored type steel electrode suitable for arc welding in air without a
      shielding gas consisting of the following ingredients in weight percent of
      the total electrode:
TBL  a. Aluminum        1.7 to 4.0                                             
     b. Magnesium       0.5 to 0.8                                             
PA0  c. a fluoride selected from the class consisting of:
PA1  Barium fluoride,
PA1  Strontium fluoride,
PA1  Lanthanum fluoride,
PA1  Rare earth fluorides   2.0 to 4.5
PA0  d. A metal oxide selected from the class consisting of:
TBL         Silicon dioxide, iron                                              
            oxide and[/or]                                                     
            manganese oxide  0.25 to 0.4                                       
     e. Calcium oxide        0.5 to 0.8                                        
     f. Lithium fluoride     0.0 to 0.3                                        
     g. Carbon               0.0 to 0.4                                        
     h. Manganese metal      0.0 to 4.0                                        
     i. Iron powder and                                                        
     Steel Tube              Balance                                           
PA0  j. said calcium oxide being present as a prefused composite with at least
      one of the selected oxides.
NUM  13.
PAR  13. The cored type steel electrode of claim 12 wherein said ingredients
      have the following range of ingredients in weight percent:
TBL  Aluminum           2.5 to 3.4                                             
     Magnesium          0.6 to 0.8                                             
     Barium fluoride    2.5 to 3.4                                             
     Calcium oxide      0.6 to 0.8                                             
     Lithium fluoride   0.1 to 0.2                                             
     Silicon dioxide    0.3 to 0.4                                             
     Carbon             0.25 to 0.34                                           
     Manganese Metal    0.2 to 0.26                                            
     Iron powder        12.5 to 16.5                                           
     Steel tube         Balance.                                               
NUM  14.
PAR  14. In an arc welding electrode for welding mild steel in air comprised of
      a steel tube having on the inside thereof fluxing ingredients including
      aluminum, the improvement which comprises: said ingredients including as
      an essential ingredient, a prefused composite consisting of: calcium oxide
      and one or more metal oxides selected from the class consisting of:
      silicon dioxide, manganese oxide, and iron oxide.
NUM  15.
PAR  15. The electrode of claim 14 wherein the oxide is of iron and the
      molecular ratio is approximately 2.0 to 1.0 calcium oxide to 1.0 iron
      oxide.
NUM  16.
PAR  16. The electrode of claim 14 wherein the oxide is of manganese and the
      molecular ratio is approximately 2.0 to 1.0 calcium oxide to 1.0 manganese
      oxide.
NUM  17.
PAR  17. The electrode of claim 14 wherein the oxide is of silicon and the
      molecular ratio is approximately 1.5 to 2.0 calcium oxide to 1.0 silicon
      dioxide.
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ABST
PAL  A temperature controlled electric heater for severing a web of vinyl film,
      which includes a metallic sheath having internal heater elements arranged
      in a ceramic core and has a thermistor nested in the core and in surface
      contact with the sheath for sensing the temperature of the heater, the
      sheath being adapted to heat sever the vinyl film web on contact
      therewith.
BSUM
PAR  The invention relates to improvements in cartridge type electric heaters
      and is more particularly concerned with heaters of a kind useful in
      apparatus for severing vinyl film, such as in supermarket meat and produce
      wrapping operations. Severing such films requires a substantially constant
      controlled heat, usually at a temperature of about 275.degree.F. when
      severing a poly vinyl chloride film of an average thickness of 7/10 mil.,
      because the heater itself is used as the tool for cutting the film. If the
      heater is too cool (below about 270.degree.F. in the foregoing example),
      the vinyl film will be frayed or torn, and possibly not even cut, so that
      the packaging operation is delayed, inhibited or inefficient. If the
      heater is too hot (above about 290.degree.F. in the foregoing example),
      the vinyl film is burned and produces a smoke or vapor believed toxic to
      the operator of the apparatus (see "Health Hazard Evaluation
      Determination", Report 72-53, issued Sept., 1973, by the United States
      Department of Health, Education and Welfare, Hazard Evaluation Services
      Branch, NIOSH, Cincinnati, Ohio).
PAR  Heretofore, the control of the heater temperature was dependent upon the
      presence of a thermostat or thermocouple in the circuit of the heating
      elements of the heater. However, such units operate between an excessive
      range of temperatures or sense temperature remote from the severing
      surface, and hence it is impossible to maintain the temperature of the
      heater at a pre-set level within a range of close tolerance without
      sophisticated and expensive control equipment.
PAR  The present invention utilizes a thermistor or thermal resistor which is a
      semi-conductor having a large resistance change per degree of temperature
      change. The thermistor is placed in direct surface contact with the heater
      sheath as to be sensitive to the temperature at the severing point, and
      which is operated to maintain the sheath temperature at a pre-set level
      with variations of but a few degrees, to avoid the dangers of inadequately
      severing the film or burning the vinyl.
PAR  Although thermistors are available in many forms, it is preferred to use a
      disc or bead type insulated thermistor. Such thermistors comprise a
      mixture of metallic oxide, such as manganese, nickel, cobalt, iron or
      uranium, which are subjected to several tons of pressure and formed in a
      die to produce a thermistor of a desired shape. The formed thermistors are
      sintered and then coated with silver on its faces, and they may be of any
      size from about .05 inches to 1 inch in diameter. In the present
      disclosure, a very small disc or bead thermistor is utilized, because of
      space and mounting criteria hereinafter more fully discussed. Preferably,
      the thermistor is epoxy encapsulated to insulate possible shorting of its
      leads or body against the heater sheath when placed in operable position.
      In use, the thermistor is arranged within the heater sheath in firm
      contact with the inside surface thereof at its severing surface, so as to
      assume the temperature of the sheath which also contains the electric
      heater elements.
PAR  Preferably, the heater is horizontally disposed and mounted on a wrapping
      table, so that a package may be wrapped with the vinyl film on the table
      and the wrapped film may then be heat severed from its trailing web by
      passing the web adjacent the wrapped package over the heater.
PAR  It is therefore an object of the invention to provide a heater capable of
      severing a web of vinyl film of the character referred to.
PAR  Another object of the invention is to provide a cartridge heater with a
      temperature controlling thermistor formed as an integral part thereof.
PAR  Another object is to provide an electric heater with a solid state
      temperature control element.
PAR  Another object is to provide a heater with novel means to firmly mount a
      thermistor within its sheath.
PAR  Another object is to provide an electric current control means for an
      electric heater that is devoid of moving parts.
PAR  Another object is to provide a heater of the character referred to which is
      very inexpensive and simple to manufacture and one which is very efficient
      and accurate in its use.
PAR  Other objects and advantages of the invention will become apparent with
      reference to the following description and accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view showing the heater assembly mounted on a
      typical wrapping table.
PAR  FIG. 2 is a longitudinal section view of the heater assembly showing the
      medial area broken away and the core in partial elevation.
PAR  FIG. 3 is an enlarged transverse sectional view of the heater taken
      substantially on line 3 -- 3 of FIG. 2.
PAR  FIG. 4 is a fragmentary sectional view taken on line 4 -- 4 of FIG. 3.
PAR  FIG. 5 is a fragmentary sectional view showing a modified arrangement for
      mounting the thermistor between core sections.
PAR  FIG. 6 is a schematic of the electric circuit.
DETD
PAR  Referring to the exemplary disclosure of the heater assembly shown in the
      accompany drawings and particularly to FIG. 1, the heater assembly 10
      preferably is mounted horizontally on and slightly below the wrapping
      surface 11 of a conventional supermarket packaging apparatus 12. Ths
      apparatus includes a supply of vinyl film 13 having a web 14 extending
      therefrom and which is threaded under tension through a slit 15 and over a
      flat area 16 of the wrapping surface 11. A package to be wrapped is placed
      over the web 14 and flat area 16 and the vinyl film is wrapped around the
      package. After the package is wrapped, the film web trailing from the
      wrapped package is brought into contact with the heater assembly 10 and
      the web is heat severed. The wrapped package may then be placed on a hot
      plate to seal the film edges.
PAR  The electric heater assembly 10 comprises a tubular sheath 21, preferably
      of stainless steel and of any required length. The tube is closed at one
      end by an end disc 22 having a mica wafer overlying the inside surface of
      said end disc. Arranged with the sheath through substantially its entire
      length is a ceramic core preferably comprised of a plurality of like
      sections 24. These sections each have a set of four bores or holes 25
      extending axially therethrough, which bores are in register one with
      another to provide continuous passages contiguous with the length of the
      core.
PAR  Two of the passages 25 each contain a heating element, such as the
      nickel-chrome resistance coils 26, as shown. The coils have terminal posts
      27 projecting out of one end of the core, to which are connected electric
      conductor wires 28. The remote ends of the coils 26 are connected together
      with a lead 29, usually formed by stretching the wire of the coils at the
      connecting point between them.
PAR  The remaining two passages or holes 25 in the core section 24a at the
      lead-in end of wires 28 leading to the heater coils 26 have lead-in wires
      31, connected to the thermistor 32. As best shown in FIGS. 3 and 4, the
      said core section 24a has a flat area 33 on its perimeter surface to
      accommodate the thermistor. The thermistor comprises, as stated above, a
      disc or bead, which is preferably epoxy encapsulated and insulated to
      prevent unintended shorting of its leads against the sheath, and which may
      be seated on a resilient pad 34 of dielectric thermal insulating material
      arranged on the flat surface 33 of core section 24a. This pad functions to
      heat insulate the thermistor from the direct heat of the coils and to urge
      the thermistor into firm contact with the inside surface of the sheath 21.
      All voids in the sheath are filled with magnesium oxide powder 35.
PAR  The lead wires 28 and 31 are threaded through a ceramic cap 36, and thence
      out of the sheath, and are connected to respective lead wires 37 and 38
      and in armored cable 39. The cable 39 is secured to the housing of a
      temperature controller 41. As best shown in the FIG. 6 circuitry, the
      leads 38 leading from the termistor are connected in the temperature
      controller 41 to one leg of a bridge circuit 42 having a resistor 43 in
      another leg and an integrated circuit 44 across the output. This
      integrated circuit 44 comprises a comparator-detector 45 with its own
      current supply, such as an RCA CA3079, triggering a conventional triac 46,
      such as a GE SC-136B. The heater coils 26 are connected to another leg of
      the integrated circuit 44 through its triac 46. When the thermistor
      becomes hot, reflecting the temperature of sheath 21, electrical
      resistance is decreased, and that change in resistance is read by the
      comparator-detector 45, which generates a signal to trigger the triac 46
      into a nonconducting condition to shut off passage of current through
      heater coils 26. When the thermistor cools, electrical resistance is
      increased and that change in resistance is read by the comparator-detector
      45, which generates a signal to trigger the triac 46 into conducting
      condition to allow passage of current through heater coils 26. The triac
      preferably is a zero voltage switch device capable only of being placed in
      conducting and non-conducting condition.
PAR  Thus, the alternate heating and cooling of the thermal resistor or
      thermistor, which is extremely heat sensitive, will control on and off of
      the voltage applied to the heater coils, thus maintaining the sheath
      temperature at a pre-set level with the close temperature tolerances
      desired, so that as the temperature applied to the thermistor increases
      the electrical resistance decreases, and as the temperature decreases the
      electrical resistance increases.
PAR  In the FIG. 5 embodiment, the thermal resistor or thermistor 52 is
      sandwiched between adjacent core sections 54a and 54b and protrudes
      slightly from the plane thereof as to contact the sheath 51. The voids in
      the sheath are filled with magnesium oxide powder 35 to hold the thermal
      resistor, coil sections and heater coils in place.
PAR  Preferably, the sheath 21 or 51 (see FIGS. 4 and 5, respectively) is
      roughen, as by sand blasting, as such roughening has been found to aid
      release of the film from the heater during the severing operation. While a
      triac 46 has been shown and described, any positive switching device may
      be utilized for this switching function, such as an SCR or transistor.
      Inasmuch as the thermistor 32 shown in the circuit has a negative
      temperature coefficient, the integrated circuit 44 is of a type adaptable
      to respond to negative changes in resistance, but if a thermal resistor
      having a positive temperature coefficient were utilized the integrated
      circuit would be modified to detect, compare and switch upon positive
      changes in resistance.
PAR  Although I have described preferred embodiments of the invention in
      considerable detail, it will be understood that the description thereof is
      intended to be illustrative only rather than restrictive, as details of
      the structure may be modified or changed without departing from the spirit
      or scope of the invention. Accordingly, I do not desire to be restricted
      to the exact construction shown or described.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric heater assembly for severing a web of plastic film at a
      given temperature, comprising a metallic sheath having an outside
      roughened surface and adaptable to contact said plastic web, dielectric
      core means within and substantially coextensive with said sheath, a
      longitudinal passage within said core means, a heating element extending
      through and secured in said passage, a thermal resistance body arranged
      between said sheath and core means but insulated from said heating element
      and in surface contact with said sheath for sensing the temperature of
      said sheath, a circuit connecting said heating element and said thermal
      resistance body with a source of electric current, and means in said
      circuit responsive to the temperature sensed by said thermal resistance
      body for controlling the flow of current to the heating element to
      maintain said sheath at said given temperature.
NUM  2.
PAR  2. The heater assembly recited in claim 1, wherein said circuit includes
      lead wires extending out of one end of said sheath which connect said
      control means exterior of said sheath.
NUM  3.
PAR  3. The heater assembly recited in claim 1, wherein said circuit control
      means comprises an integrated circuit including a comparator -- detector
      and a switching device.
NUM  4.
PAR  4. The heater assembly recited in claim 1, wherein said circuit control
      means is connected across the output of a bridge circuit.
NUM  5.
PAR  5. The heater assembly recited in claim 1, wherein the core means comprises
      axially aligned sections and the thermal resistance body is arranged
      between two adjacent sections.
NUM  6.
PAR  6. The heater assembly recited in claim 1, wherein all voids in the sheath
      are filled with magnesium oxide powder.
NUM  7.
PAR  7. An electric heater assembly for severing a web of plastic film at a
      given temperature, comprising a metallic sheath adaptable to contact said
      plastic web, a dielectric core means in said sheath substantially
      coextensive therewith, at least one longitudinal passage within said
      sheath, a heating element extending through said passage and secured
      therein by said core means, a thermal resistance body within said sheath
      and arranged between said sheath and core means and substantially in
      surface contact with said sheath, a dielectric thermal insulation pad
      arranged between said thermal resistance body and said core means, a
      circuit connecting said heating means and said thermal resistance body
      with a source of electric current, and means in said circuit for
      controlling the flow of current to the heating element to maintain said
      sheath at said given temperature.
NUM  8.
PAR  8. The heater assembly recited in claim 7, wherein the sheath is tubular.
NUM  9.
PAR  9. The heater assembly recited in claim 7, wherein the core has a flat
      surface upon which the pad and thermal resistance body are seated.
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ABST
PAL  A multipurpose foldable electric stove comprises a tray of heat-conductive
      metal that has an electrical-resistance heating element disposed
      thereacross between opposite walls of the tray and in spaced relation to a
      grill having support legs supported by the tray and foldable legs that are
      hingedly foldable from position substantially flush with the top of the
      grill and position in unfolded upstanding position in excess of 90.degree.
      from the plane of the grill, stop means being provided which is adapted to
      prevent unfolding beyond said upstanding position so that when foldable
      legs are unfolded to upstanding position and said tray is inverted said
      heating element is held spaced from the support on which the foldable legs
      rest for heating something placed underneath the heating element while at
      the same time something may be heated that is resting in the inverted
      bottom of said tray. A pan also is provided for placing underneath said
      tray when in inverted position for holding something to be heated therein.
BSUM
PAC  FIELD OF INVENTION
PAR  The invention relates to stoves and more particularly to a small portable
      electric stove having multipurpose utility.
PAC  BACKGROUND OF INVENTION
PAR  Especially for use when travelling, electric stoves heretofore have been
      proposed which are adapted for occasional use by being plugged into an
      available wall outlet, e.g., in a motel or hotel.
PAR  It is an object of this invention to provide an electric stove of the type
      referred to which possesses improved versatility of use combined with a
      simple compact foldable construction that lends itself to being carried in
      a suitcase or tote bag.
PAC  GENERAL STATEMENT OF INVENTION
PAR  According to this invention, the basic heating unit is in the form of a
      shallow tray which has an electrical-resistance heating element extending
      between opposite marginal walls thereof so as to be in adjacent spaced
      relation to the bottom of the tray. The bottom of the tray overall is flat
      in the sense that it may be rested on a flat surface and in the sense that
      an article such as a coffeepot may be rested on the bottom of the tray
      when the tray is inverted. However, when it is stated that the tray has an
      overall flat bottom this is not intended to exclude the possibility of
      there being a succession of ridges or depressions or apertures which are
      sufficiently small in relation to the overall extent of the bottom of the
      tray so as not to interfere with resting the tray on a suitable support or
      resting an article on the top of the bottom of the tray when the tray is
      inverted.
PAR  In spaced relation above the heating element there is a grill which may,
      for example, be in the form of a succession of substantially parallel bars
      which is held in position by supporting legs that rest on the bottom of
      the tray and that preferably are in such snug adjacent relation to the
      inner surfaces of the walls of the tray so as to minimize movement
      relative to the tray either laterally or at least to a certain extent so
      as to prevent the grill from accidentally falling out when inverting the
      tray. When the tray is right side up an article of food such as a piece of
      bread to be toasted may be placed on top of the grill and when the heating
      element is activated its proximity to the heating element will enable the
      bread to be toasted.
PAR  The stove of this invention also comprises foldable legs which are hingedly
      attached adjacent opposite ends of the grill. These legs may take various
      forms so long as they may be folded about appropriate hinges from position
      substantially flush with the surface of the grill to an upstanding
      position that is at an angle to the plane of the top of the grill that is
      slightly more than 90.degree.. Suitable stop means are provided so as to
      limit the unfolding of the foldable legs beyond the upstanding position
      just described. When the top of the grill is being used for toasting a
      slice of bread, for example, as hereinabove mentioned, the foldable legs
      are normally folded about their hinges to the upstanding unfolded position
      so as to be out of the way. However, this is not absolutely essential in
      the case of use such as toasting a slice of bread.
PAR  The principal function of the foldable legs is that when in upstanding
      unfolded position they serve as legs which support the tray and the
      heating element, when the tray is inverted, so as to position the heating
      element substantially above the surface on which the unfolded foldable
      legs may be placed. When the stove is in this inverted position there
      normally is used therewith a pan which is adapted to rest on the support
      which supports the foldable legs so that the margins of the pan lie
      between the extremities of the foldable legs. The pan may be dimensioned
      so as to have approximately the same lateral dimensions as the tray.
PAR  When the stove is in inverted position including the underlying pan an
      article of food may be placed on the pan and cooked by actuating the
      heating element. For example, one may cook eggs or a patty of ground steak
      or bacon or other food item to be cooked. Alternatively, this space may be
      used to warm rolls or a bun of one kind or another. While the stove is
      being used to warm or cook something underneath the heating element that
      is disposed in the pan the bottom of the tray, which now faces upwardly,
      may be used to heat food or a beverage. For example, a container for
      coffee or for hot water to be used in making tea can be placed on the
      upturned surface of the bottom of the pan which is heated when the
      electrical-resistance heating element is turned on. In order to provide
      efficient conduction of heat through the bottom of the tray the bottom of
      the tray preferably is made of sheet aluminum having adequate structural
      strength such as 16 gauge sheet aluminum.
PAR  It is apparent from the foregoing that an electric stove is provided which
      lends itself very well to such purposes as travel for preparing a simple
      breakfast or to provide a snack at some other time which requires the
      employment of heat either for heating liquid or, for example, cooking. The
      tray ordinarily is square or rectangular but may be made in any desired
      shape. A stove wherein the tray is square measuring 6 .times. 6 inches has
      been found to be very useful when travelling. However, the stove may be
      made larger or smaller and in other shapes. Because the stove can be so
      readily folded so as to be only an inch or so in thickness, the stove when
      folded lends itself very well to being carried in a suitcase or tote bag.
      When one wishes to use it, all that is required is merely to plug it into
      any wall outlet that may be convenient. The stove may be carried in a case
      or by suitably dimensioning the pan in relation to the tray and the
      foldable legs the pan itself may serve as a cover for the foldable stove.
DRWD
PAR  Further objects, features and advantages of this invention will be apparent
      in connection with the illustrative embodiments thereof shown in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of the grill element of the stove of this
      invention;
PAR  FIG. 2 is a perspective view of a typical electrical-resistance heating
      element which may be employed in the stove of this invention;
PAR  FIG. 3 is a perspective view of the tray and of the pan which is used
      underneath the heating element when the tray is in inverted position;
PAR  FIG. 4 is a perspective view of the tray right side up with the grill in
      place and indicating an article of food such as a piece of bread in
      position to be toasted;
PAR  FIG. 5 is a section on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view of the stove with the tray inverted and
      illustrating the use of the stove in cooking food below the heating
      element and in heating a container resting on the upturned bottom of the
      tray;
PAR  FIG. 7 is a side elevation partly in section illustrating how the stove may
      be carried in a container therefor while travelling;
PAR  FIG. 8 is a sectional elevation of a modification of the stove of this
      invention wherein the pan is dimensioned relative to the tray and foldable
      legs so as to serve as a cover when the stove has been folded for
      travelling; and
PAR  FIG. 9 is an elevation partly in section which shows the embodiment of FIG.
      8 when unfolded with the tray inverted for cooking food in the tray
      positioned below the heating element.
DETD
PAR  In FIG. 1 the grill, which is indicated generally by the reference
      character 10, is shown as being provided by a frame comprising parallel
      side members 11 between which there is a succession of substantially
      parallel support bars 12. The side bars 11 are extended at each end so as
      to provide the fixed support legs 13 having feet 14 which are adapted and
      arranged to rest on the bottom of the tray 23 as shown in FIG. 4.
PAR  At each end of the grill the foldable legs 16 are provided. In the
      embodiment shown these legs are in the form of a U such that the bottom of
      the U is adapted to rest on a flat surface when the stove is inverted. The
      sides of the U are extended so as to wrap around the bars 12 at each end
      of the grill, thereby providing a hinge. This wrapped-around extension is
      extended further to provide the stop members 17 which limit the extent to
      which the foldable legs may be opened up. These legs are shown in opened
      up position in FIG. 1 in solid lines and in folded position in dotted
      lines. The stop members 17 are shown coacting with the support legs 13 in
      limiting the extent to which the foldable legs may be unfolded but similar
      functioning may be afforded as, for example, when the parts are
      dimensioned so that the stop members 17 strike the outer surface of the
      margin of the tray when the grill is in position in the tray. Various
      materials may, of course, be used for the grill so long as adequate heat
      resistance is provided. It has been found that 3/32-inch diameter
      stainless steel wire is well adapted not only for providing the desired
      functional utility but also in lending itself to ready fabrication.
PAR  The electrical-resistance heating element shown in FIG. 2 is conventional.
      A suitable form-maintaining sheet 18 of heat-resistant material, such as
      asbestos surfaced with a micaceous coating, may be used for supporting
      elongated electrical-resistance element 19 which is supplied with
      electricity from the heat-resistant lead-in wires 20. A pair of supports
      21 is provided at one end and at the other end there is a support bar 22.
PAR  As shown in FIG. 3, the tray indicated generally by the reference character
      23 may be of simple construction such as that shown comprising the overall
      flat bottom 24 and the upstanding marginal wall 25. The apertures 26
      accommodate the support members 21 of the heating element and in opposed
      relation to the apertures 26 there is a holder 27 having a notch 28
      therein in which the support plate 22 of the heating element fits. The
      holder 27 is detachable as by the screw 29 in order to permit assembly of
      the heating element.
PAR  In FIG. 4 the grill 10, the heating element and the tray 23 are shown in
      assembled relation with the support legs 13 resting on the bottom of the
      tray 23, the foldable legs 16 being in unfolded position. For convenience,
      a handle 30 may be attached to the wall of the tray adjacent the holder 27
      and in the embodiment shown it is illustrated how the electric cord 31
      may, if desired, be carried through the handle to the wires 20 that are
      connected to the electrical-resistance element. In FIG. 4 there is shown
      for purposes of illustration a slice 32 of bread in position to be
      toasted. Since the bottom of the pan becomes quite hot and since certain
      types of surface might be injured by heat, it is desirable when the stove
      is positioned on such a surface to interpose between the stove and the
      surface a sheet 33 of a suitable insulating material which may be carried
      along with the stove while travelling.
PAR  In FIG. 6 the tray 23 is shown inverted and supported by the foldable legs
      which are in unfolded position and which are held in position by the stop
      member 17 making contact with the wall of the tray. When the tray is in
      inverted position the pan 34 normally is used therewith overlying the
      sheet of insulating material 33.
PAR  In FIG. 6 a food to be cooked is indicated for the purposes of
      exemplification by the reference character 35. At the same time something
      to be heated, such as the coffeepot 36 which is indicated in dotted lines,
      may rest on the upturned bottom of the tray 23 so that the stove may be
      simultaneously used for cooking food disposed in the tray and heating a
      beverage such as coffee by the use of the upturned bottom of the tray,
      which also is heated.
PAR  In FIG. 7 the stove, such as that shown in FIGS. 1-6, is shown in folded
      position in a container 37 so as to illustrate how the stove may be
      carried in a suitable container that occupies very little space.
PAR  The embodiment of the invention shown in FIGS. 8 and 9 is similar to that
      shown in FIGS. 1-6 except that the pan 38 is made so that the margins of
      the side wall telescopically slide over the walls of the tray. In order to
      accommodate the foldable legs 16, they are hingedly attached to the grill
      at 39 spaced somewhat inwardly from the walls of the tray by virtue of an
      offset 40 in the support legs 13. In FIG. 8 the stove as thus constructed
      is shown in position with the pan 38 serving as a cover so that the stove
      may be carried in a single assembled unit without the necessity for a
      carrying package. In FIG. 9 this embodiment is shown in unfolded position
      with the tray inverted and the pan 38 disposed underneath the tray in
      spaced relation to the heating element.
PAR  While this invention has been described in connection with certain specific
      embodiments thereof, it is to be understood that this has been done for
      purposes of illustration and that the multipurpose foldable electric stove
      of this invention may be made in various sizes and shapes as may be
      desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multipurpose foldable electric stove which comprises:
PA1  a tray having an overall flat bottom bordered by an upstanding marginal
      wall;
PA1  an electric-resistance heating element extending between and supported by
      opposed portions of said wall in adjacent spaced relation to the bottom of
      said tray;
PA1  a grill comprising a frame having a succession of spaced support bars
      extending thereacross and held in adjacent spaced relation to the upper
      side of said heating element by support legs the lower portions of which
      are disposed adjacent the inner surface of said wall with the extremities
      thereof supported by the bottom of said tray;
PA1  foldable legs hingedly secured adjacent opposite ends of said grill by a
      hinge means which permits opening said legs from folded position
      substantially flush with the upper surface of said grill to unfolded
      upstanding position in excess of 90.degree. with respect to the upper
      surface of said grill; and
PA1  stop means which limits the unfolding of said legs beyond said upstanding
      position,
PA1  said foldable legs being adapted to support said tray substantially spaced
      from a support surface on which said legs are placed when said tray is
      inverted with said legs in unfolded position.
NUM  2.
PAR  2. A multipurpose foldable electric stove according to claim 1 wherein said
      tray is substantially rectangular or square.
NUM  3.
PAR  3. A multipurpose foldable electric stove according to claim 1 which
      additionally comprises a pan adapted for disposition in opposite spaced
      relation to said heating element between the extremities of said foldable
      legs when said tray is inverted.
NUM  4.
PAR  4. A multipurpose foldable electric stove according to claim 3 wherein the
      margins of said pan are dimensioned to slide telescopically over the outer
      surface of the wall of said tray and wherein said foldable legs and said
      grill are dimensioned for permitting the margins of said pan to be slid
      over the outer surface of the wall of the tray when said foldable legs are
      in folded position.
NUM  5.
PAR  5. A multipurpose foldable electric stove according to claim 1 wherein said
      tray is composed of aluminum.
NUM  6.
PAR  6. A multipurpose foldable electric stove according to claim 3 wherein said
      pan is composed of aluminum.
NUM  7.
PAR  7. A multipurpose foldable electric stove according to claim 1 wherein said
      grill is composed of stainless steel wire.
NUM  8.
PAR  8. A multipurpose electric stove according to claim 1 wherein said foldable
      legs are composed of wire, each having its inner end wrapped about a bar
      of said grill to provide a hinge.
NUM  9.
PAR  9. A multipurpose electric stove according to claim 8 wherein said wire
      extends beyond said wrapped-around hinge portion for providing a member
      coacting with a fixed member of said stove to provide a stop for limiting
      the unfolding motion of said legs.
NUM  10.
PAR  10. A multipurpose electric stove according to claim 8 wherein the foldable
      legs respectively adjacent each end of the grill have a U configuration so
      that the bottom of the U is adapted to rest on a supporting surface when
      said tray is inverted with the legs in unfolded position, the inner ends
      of the legs of each U being wrapped about said bar of said grill as
      aforesaid to provide a hinge.
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ABST
PAL  A heating assembly having a protector for its sheet-type heating element,
      which is made from a sheet containing certain electroconductive fibrous or
      particulate materials such as carbon fibers. A detector element is formed
      on an intermediate resin layer having a negative temperature coefficient
      of resistivity, and two electrode layers are adhered to the opposite
      surfaces of the intermediate layer. The detector element is combined with
      or adhered to the sheet-type heating element, so that the whole surface of
      the heating element is completely covered thereby. A controlling circuit
      is connected between the detector element and the sheet type heating
      element.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 334,545,
      filed Feb. 22, 1973 now abandoned.
DRWD
PAC  BRIEF EXPLANATION OF ACCOMPANYING DRAWINGS
PAR  FIG. 1 shows a cross sectional view of the sheet-type heating element and a
      detector element of this invention wherein the detector element is adhered
      to said heating element, and
PAR  FIG. 2 shows an example of a controlling circuit used for the sheet-type
      heating element.
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  This invention relates to a protector for a sheet-type heating assembly
      composed of a sheet-type heating element and a sheet-type detector element
      applied to the whole surface of the heating element.
PAR  The sheet type heating assembly is useful in various fields as a more
      suitable heating device than that composed of electrical resistance wire
      such as nichrome wire, because the sheet-type assembly is characterized by
      the generation of heat evenly over its whole surface area whereas a
      nichrome wire device generates heat unevenly.
PAR  The heating element of above-mentioned sheet-type heating assembly takes
      the form of, in a sense, a multiple network circuit by the arrangement of
      conductive materials throughout the sheet, so that the even heat
      generation occurs at all points of its broad surface area. It is
      impossible to make the same effective sheet type heating element by using
      nichrome wire or other metal wire, because of the difficulty of working
      the wire into the form of such a multiple network circuit.
PAR  Several kinds of sheet-type heating elements are easily made by reference
      to the prior art.
PAR  A thin, mixed paper composed of carbon fiber and employed in this invention
      as a heating element, can be easily obtained by passing a mixture
      consisting of more than 40 percent by weight of carbon fiber and less than
      60 percent by weight of pulp through a paper making machine with suitable
      amounts of binding agent to form a sheet in the thickness range of from
      0.3 mm to 1.5 mm. The surface resistance of this paper is controllable
      within the range of from 5 ohms to 15 ohms by the selection of carbon
      fiber content and thickness of the sheet.
PAR  Another sheet-type heating element which can be used is one which is
      composed of a polymerized carbon layer grafted upon the surface of glass
      fabrics.
PAR  The sheet type heating assembly can be applied to various fields as a
      suitable heating device, such as a cooling tower heater, a roof heater, a
      panel heater for railroad control boxes and living rooms, etc.
PAR  In the use of a sheet-type heating assembly, the localized heat
      accumulation or abnormal over-heating is often caused by the placing of an
      object on the sheet-type heating assembly or by other reasons. These
      localized and abnormal heat accumulations can not be prevented by
      employing the usual controller means, such as thermal fuse or a
      thermostat, as the surface area of the sheet-type heating assembly
      increases. Besides, a thermal fuse, thermostat or the like controller
      means can not be attached to the wide surface of a thin sheet-type heating
      assembly, such as a carpet or blanket.
PAR  Recently, a new type heating assembly was disclosed, and which is composed
      of a specific wire having two continuous fibrous or ribbon-shaped
      conductors, one a heating conductor and the other a signal conductor
      separated from the former by a little distance; and a certain temperature
      sensitive resistive layer, by which abnormal heat generation anywhere
      along the heating conductor can be detected.
PAR  The principle of the actuation in regard to this detection system is to
      convert the leakage current passing from the heating conductor through the
      detection layer to a signal current which controls the electric power
      input to the heating element.
PAR  The rise of temperature in the detection layer is accompanied by a decrease
      thereof the electric resistance of and, consequently, by an increase in
      the leakage current.
PAR  If the local overheating occurs, necessarily accompanied by a rise of
      temperature on the same local area in the detection layer, the leakage
      current will increase in response to the decrease in resistance of the
      detection layer composed of a steadily heating area and an abnormally
      overheating area.
PAR  However, there are many difficulties barring the practicable application of
      this principle to a sheet-type heating assembly.
PAR  Firstly, the heating element of this invention has a sheet shape, in
      contrast to the wire type element having fibrous wire shape, and so the
      detection layer is applied to the whole surface area of the sheet shaped
      heating element in order to detect leakage current caused by abnormal heat
      generation anywhere in the sheet.
PAR  This fact makes it without result to apply a wire shaped conductor as the
      signal current receiver.
PAR  Secondly, the sheet type heating element has roughened surfaces because of
      the discontinuous fibrous or particulate materials, so that any discharge
      from the surfaces would disturb the proper actuation of the detector by
      the leakage current from anywhere in an abnormally over heated region.
PAR  Therefore, the direct use of leakage current flow from a sheet type heating
      element for actuation of protector is to be avoided.
PAR  Other requirements for making use of a sheet type heating element are the
      eveness of the several components, such as the thickness of the detection
      layer, the same resistive value at all points of the sheet etc. This
      invention provides a protector system for a sheet-type heating element,
      which system resolves the above-mentioned difficulties.
PAR  This invention also provides a most effective detection circuit for a
      sheet-type heating assembly incorporating a sheet shaped heating element
      having a broad surface area.
PAR  The said detection circuit excludes the heating element, contrary to the
      prior art, and consists of a thin film layer of temperature sensitive
      resistive materials, such as Nylon 12 film, and two separate plate-shape
      electrodes having the same length and width as the resistive film which is
      sandwiched completely between these electrode plates.
PAR  The detection circuit is connected with the controlling circuit which is
      connected with the heating element which is completely covered with a
      insulating layer, whereby the protector system properly actuated without
      the aforementioned disturbance.
PAR  It is preferable to use direct current in the detective circuit for the
      more reliable actuation.
PAR  As the thickness of the detecting part is less than 0.2 mm., the
      controlling device of this invention can be applied to an extremely thin
      sheet-typed heating element.
PAR  The detecting part and the heating element can be combined with each other
      after laminating both of them; otherwise, the detecting part is adhered to
      the heating element by a binder layer.
PAR  More specific embodiments of this controlling device will be explained with
      reference to the accompanying drawings.
PAR  In a FIG. 1, a detecting part, composed of two electrode layers 3, 3' and
      an intermediate resin layer 2 whose resistivity varies remarkably with the
      change of temperature, is laminated on a sheet type heating element 1.
PAR  In FIG. 2, numerals 4,4' indicate protective resistors, numeral 5 indicates
      a condenser for eliminating the induced current and noise, numerals 6, 7
      indicate amplifier transistors, numeral 8 indicates an electric power
      source for actuating the transistors, numeral 9 shows a variable resistor
      for predetermining the controlling temperature, numeral 11 indicates a
      controlling circuit using a thyristor 10, and numeral 12 indicates an A.C.
      power source.
PAR  The terminals a, b in the FIG. 1 are connected to terminals a', b' in FIG.
      2, respectively.
PAR  The thyristor 10 is usually kept in the "on state", and the electric
      current flows through the sheet type heating element 1 connected to the
      terminals (b) to generate heat. If abnormal overheating is caused at any
      spot on the sheet type heating element, the resistivity of resin layer 2
      decreases, and accordingly, the resistance between the terminals (a) is
      decreased to a faint current flow from the power source 8.
PAR  This faint current is amplified by the transistors 6,7 and their output
      voltage is applied to the gate of the thyristor. As this voltage serves as
      a negative bias, the current angle of the electric current through the
      thyristor becomes small to decrease the current through the heating
      element. The decrease of this electric current changes continuously in
      accordance with the degree of the overheating. The temperature to be
      detected can be predetermined by the variable resistor 9.
TBL  ______________________________________                                    
     EXAMPLE                                                                   
     ______________________________________                                    
     the resin layer                                                           
                   :     Nylon 12 thickness 50.mu.                             
                         surface area    30 cm .times. 40 cm                   
     the electrode layer                                                       
                   :     Aluminum thickness 50.mu.                             
                         surface area    30 cm .times. 40 cm                   
     heating element                                                           
                   :     Carbon fiber-pulp mixing paper                        
                         heating element,                                      
                         surface area     30 cm .times. 40 cm,                 
                         electric power density 250 w/m.sup.2                  
     ______________________________________                                    
PAR  A sheet type heating assembly having the structure as shown in FIG. 1 and
      using the above-listed materials was placed on a heat insulating urethane
      sheet (30 cm .times. 40 cm), and a smaller urethane sheet (20 cm .times.
      30 cm) was put on the heating assembly to cause the heat accumulation and
      localized overheating. The test results are as follows:
TBL  temperature without heat accumulation  50.degree.C                        
                          heat accumulated zone                                
                                         110.degree.C                          
                not controlled                                                 
     temperature with     zone of no heat accumulation                         
     the heat accumu-                    52.degree.C                           
     lation                                                                    
                controlled                                                     
                          heat accumulated zone                                
                                         80.degree.C                           
                          zone of no heat accumulation                         
                                         47.degree.C                           
PAR  As particularly described above, the temperature of the sheet type heating
      assembly increases up to 110.degree.C in 60 min. by placing thereon only
      the heat insulating sheet. The temperature will continue to rise with the
      lapse of time. On the other hand, the temperature of the sheet type
      heating assembly of this invention having the temperature controlling
      device is raised only for 80.degree.C in 10 min. and then kept at that
      temperature.
PAR  Therefore, this invention provides a device capable of detecting the
      localized over-heating of the sheet type heating assembly at any region of
      the latter, controlling continuously the electric current flowing through
      the heating element and thereby keeping the temperature of the sheet type
      heating assembly surface below the predetermined temperature.
PAR  This device can be also used as a temperature controlling device which
      detects the temperature of the whole heating element, in addition to the
      prevention of localized and abnormal overheating.
PAR  While this invention has been described with reference to particular
      embodiments thereof, it will be understood that numerous modifications may
      be made by those skilled in the art without actually departing from the
      scope of this invention.
PAR  Therefore, the appended claim is intended to cover all such equivalent
      variations as coming within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet type heating assembly having a broad surface area and
      comprising: a protecting device composed of an intermediate resin layer
      having a negative temperature coefficient of resistivity and two plate
      shaped electrodes adhered to opposite surfaces of the intermediate layer;
      a sheet type heating element comprising an indefinite number of
      discontinuous conductive materials forming a multiple network circuit, the
      protecting device being combined with the heating element completely by an
      insulating binder; and a temperature controlling circuit connected between
      said electrodes and said heating element for controlling the application
      of electric power to said heating element to maintain the temperature of
      said broad surface below a predetermined value.
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ABST
PAL  A hair dryer with a vapor ejection means, the vapor ejection means includes
      a vapor nozzle, a tank adapted to contain liquid therein, an evaporation
      chamber heated by a heater and a feeder for feeding the liquid from the
      tank into the evaporation chamber. Formation of hot drops is prevented by
      longitudinal inner and outer nozzles, each with a separate discharge ends
      in the vapor nozzle, both with nozzle outer ends. The inner nozzle is
      longitudinally within the outer nozzle, the discharge end of said inner
      nozzle being inward from, and separate from the discharge end of the outer
      nozzle. In both the nozzle discharge ends there are inwardly disposed
      annular recesses to prevent liquid drops from falling from the outer
      nozzle outer end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a hair dryer with a vapor ejection means,
      and more particularly to a compact unit for vapor ejection.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, a water tank was attached to a hair dryer. Vapor was produced
      by directly heating the water in the tank means by means of a heater. The
      vapor produced was made to be ejected through a nozzle of the dryer.
      However, in the case of a hair dryer with above-mentioned structure, since
      the heating had to be continued until all the water inside the tank became
      boiling hot, not only the production of vapor required much time, but also
      the power consumption was considerable; in addition, it was wasteful that
      hot water remained in the tank, even after its use. Moreover, as the
      temperature in the circumference of the tank became high due to heating,
      there was a possibility of failure in the inside. Furthermore, there was
      always some risk during use because of the fact that hot water drops,
      together with the vapor, fell from the nozzle and were liable to scatter
      in all directions.
PAC  OBJECTS OF THE INVENTION
PAR  The object of the invention is to provide a hair dryer with a vapor
      ejection means that does away with the conventional defects and that is
      capable of producing vapor instantly at the time of its use; that consumes
      little electric power; and has been designed to eliminate a possibility of
      internal failure due to heating for the production of vapor; that blows
      off vapor only, there being no apprehension during its application of the
      scattering of the effluence of hot water drops from the nozzle, in other
      words, the hair dryer that can be used with assurance and safety.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, the hair dryer with a vapor ejection means,
      herein contemplated, includes a tank that is so made as to contain liquid
      within it, an evaporation chamber designed to be heated by a heater, a
      feeder that supplies the liquid from the tank to the evaporation chamber,
      and a double nozzle coupled to the evaporation chamber.
PAR  The invention and other objects and advantages thereof will become apparent
      by referring to the attached drawings, and from the following detailed
      description, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an oblique view of a hair dryer with a vapor ejection means
      according to one example of application of this invention;
PAR  FIG. 2 is a plan view of the hair dryer;
PAR  FIG. 3 is a cross-sectional view along the line 3--3 of the dryer shown in
      FIG. 2.
PAR  FIG. 4 is a cross-sectional view showing on an enlarged scale the essential
      parts of the dryer given in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the preferred embodiment of this invention, as shown in the attached
      drawings, the dryer chamber 10 is built up of a cylindrical dryer wall 11,
      there being provided in its front end a main nozzle 12 through which air
      is blown off and a suction port 13 at the rear end. In the rear of the
      dryer chamber 10, there is fixed with a frame 16 the motor 15 provided
      with a fan 14 while in the front of the dryer chamber 10, there is a
      heater holder 17, a NICHROME wire or a heater 18. The above-mentioned unit
      is similar to the conventional technique.
PAR  On the inner side of the afore-mentioned main nozzle 12 is the upper end of
      the shutter 20 being rotatably coupled to a shaft 21. On the inner surface
      of one side of the dryer wall 11 is a working plate 22 with a knob 23 on
      the outside through the dryer wall 11 for operating the working plate. A
      coupling member 24 has one end which is rotatably coupled to the end of
      underside of the afore-mentioned shutter 20 while the other end is
      rotatably linked to the circumference of the working plate 22, it is being
      so constructed that by turning the knob 23, not only the shutter 20 is
      rotated approximately 90.degree. but also the shutter may be kept either
      in the open state or in the closed condition.
PAR  On the underside in the rear of the dryer wall 11 is a handle 25 with a
      pair of switches 26 and 26' on the inside. There is also a lead wire 27
      and a plug 28 for connecting to a power outlet.
PAR  On the underside in front of the dryer wall 11 is a cover 29, and a
      ventilating outlet 30 on the underside with a ventilating port 31 on the
      upper side so as to connect to the dryer chamber.
PAR  Inside the cover 29 is tank 32 that has been so designed as to contain
      liquid or water and can receive water from the outside of the cover 29 by
      opening the cap 60 provided for the purpose (the detail not being shown in
      the drawings). On the upper side of the tank 32 there is an opening 68 to
      which an annular rubber seat 34 is attached; on the underside of a lid 33
      there is set aside on air inlet 36 that has been formed simultaneously
      with the lid 33. Extending into the tank by penetrating through opening 68
      is a feeder or spindle 35. Regarding this spindle, there is a depression
      or recess 66 on its side at the central portion for introducing air into
      the tank from the air inlet 36 during a certain range of ascending stroke
      of the spindle. Attached to the lower end of the spindle is a valve 37
      with a rubber packing 38 attached to its lower surface.
PAR  A spring 39 is provided around the spindle 35 in the space between the lid
      33 and the valve, thereby plugging up opening 40 that has been provided on
      the underside of the water tank 32. A spindle lever 43 is pivotally
      connected to a pin 43' at the front portion of the handle 25.
PAR  A spindle arm 41 is pivotally connected to a pin 42 and is in engagement
      with the spindle lever 43. The tip of the spindle arm 41 is loosely
      coupled to the groove 44 at the upper end of the spindle. Upon pulling the
      spindle lever 43 with fingers in the direction "F" as shown by the arrow,
      the spindle 35 will go up, overcoming the elastic force of the spring 39.
      At the same time, the opening 40 opens, producing a clearance gap between
      the depression 66 in the spindle 35 and the rubber seat 34, thereby
      admitting the inflow of air from the air inlet 36 into the water tank 32
      to cause the dripping down of a water drop W from the opening 40;
      nevertheless, upon a rise to the prescribed position of the spindle 35,
      the air inlet 36 will be shut off by the side surface of the lower side 69
      of the depression in the spindle thereby stopping the inflow of air and,
      even though the opening 40 stays open, the water drops will cease to fall
      down. The spring is so biased that upon the releasing of the spindle lever
      43, the spindle 35 is forced to come down by the action of the spring 39,
      causing the spindle 35 to tightly sit on the rubber seat 34, thereby
      plugging up the opening 40. The evaporation chamber 65 is formed by a
      cup-shaped metal plate 45 that is arranged underneath the above-mentioned
      unit that feeds water little by little. It is provided with a heater 46 on
      the underside of its bottom; and when a water drop W falls from the
      opening 40 into the evaporation chamber 65, this unit is so arranged that
      the water drop W vaporizes instantly.
PAR  There is a passage 47 for vapor following the evaporation chamber 65, that
      has been set up in combination with the tank 32; it is affixed to the
      upper part on the internal surface of the cover 29 by means of a flange 48
      that projects the periphery of the upper rim of the tank 32.
PAR  Between the inner surface of the cover 29 and the tank 32 and the passage
      47 is a gap 67.
PAR  Along the underside of the dryer wall 11 inside the upper part of the cover
      29 is an outer nozzle 49, and on its inside there is set up through the
      medium of a gap 50 an inner nozzle 51, the rear end of the latter is
      coupled to the interior at an intermediate portion of the outer nozzle by
      an annular rim 52. In the respective outer ends 55 and 56 of the outer
      nozzle 49 and the inner nozzle 51, there are recesses or depressions 53
      and 54, facing toward the inside, that prevent the outflow of water drops;
      in addition, the outer nozzle is so disposed as to project forward further
      than the inner nozzle. The rear end of the outer nozzle 49 is closed by a
      closing member 57; and the underside of the rear of the outer nozzle 49 is
      connected to the upper end of the afore-mentioned passage 47 through a
      connecting tube 58. An opening 59 for ventilation is formed in the outer
      nozzle, between the gap 50 and a space 70. The space 70 is connected to
      the outer portion by an opening 71. A drain hole 61 is formed in the lower
      part of the outer nozzle 49.
PAR  The vapor S produced in the evaporation chamber 65, after filling up the
      passage 47, passes through the inner nozzle 51 and becomes mixed with the
      air that has flowed in from the opening 59, subsequently being ejected to
      the outside from the outer nozzle 49.
PAR  If the heater 46 is functioning, with the fan 14 being kept in rotation at
      the same time, when the shutter 20 is closed, cold air C will pass through
      the ventilating port 31 and will be discharged to the outside from the
      outlet 30 after passing through the gap 67.
PAR  The circuit of FIG. 5 shows a rectifier 62, a voltage dropping resistance
      63 and a pair of thermostats 64, 64'. When a switch 26 is shifted to the
      side of the resistance 63, a motor 15 will rotate; consequently, the fan
      14 will turn, permitting the cold air C to be blown out from the main
      nozzle 12. Next, when switch 26' is shifted to the side of the heater 18,
      hot air is blown out.
PAR  And when the switch 26' is changed over to the side of heater 46,
      simultaneously with the ejection of vapor S, cold air C is discharged from
      the outlet 30.
PAR  In the case where vapor is ejected, with the switch 26' for the heater 46
      side being kept "ON", when the lever is pulled after the lapse of about 1
      minute the vapor can be ejected immediately; and also by repeatedly
      pulling the lever at prescribed times, a proper amount of vapor can be
      continuously ejected as desired. Thus, water drop W that has fallen into
      the evaporation chamber is vaporized almost instantly, the efficiency of
      the steam production is excellent and power consumption is small.
      Furthermore, as has been herein described, with the construction of the
      inner nozzle 51 and the outer nozzle 49, water drops are prevented from
      flowing out, allowing only steam to be ejected, by forming the depressions
      or recesses 54 and 53, that face toward the inside, along the
      circumference of the outer ends of the respective nozzles, it is very safe
      for use.
PAR  Moreover, with a shutter mechanism on the inside of the main nozzle 12, the
      overheating inside the cover 29 can be forestalled during the ejection of
      vapor through the discharge of cold air from the outlet 30, in the cover,
      by turning the fan 14, there is no likelihood of producing trouble even
      when kept continuously in operation.
PAR  In case vapor is not used, the dryer with the shutter 20 is kept in its
      open state, allows the ejection of hot air or cold air in the same way as
      for a conventional hair dryer.
PAR  It is to be observed therefore, that the present invention provides for a
      hair dryer which will not drip. Broadly stated, the hair dryer has a
      handle 25, an extended dryer chamber 10 with a rear portion set upon the
      handle in a plane substantially normal to the handle with a nozzle
      extending out from said rear portion with an upper air passage and a lower
      vapor passage, a tank 32 with upper and lower sections for holding liquid
      disposed under the nozzle.
PAR  At said rear portion are air drive means including air suction ports 13,
      fan means 14, driving air through the air and vapor passages, with heater
      means in the air passage, a shutter 20 at the front of the air passage
      including manual means 23 for operating the shutter.
PAR  In tank 32 are liquid outlet means 40 at the lower section thereof, a valve
      37 and spring means 39 biasing the valve in the closed position over said
      outlet means, a feeder rod 68 connected to said valve 37 extending through
      said tank to said upper section and a spindle 41 connected to said feeder
      rod at said upper section including a trigger 43 disposed alongside the
      handle for lifting the valve 37 against the force of the spring 39.
PAR  Disposed under said liquid outlet means 40 is a vaporization chamber
      including a heater 46 therein and a vapor duct 47 extending from said
      vaporization chamber to said nozzle vapor passage.
PAR  In said nozzle vapor passage are inner and outer nozzle means 51, 49 both
      with nozzle outer ends said inner nozzle means having an inner end coupled
      to duct 47, the inner nozzle means being within the outer nozzle means,
      the outer end of said inner nozzle means being inward from and separated
      from the outer end of the outer nozzle means and inwardly disposed annular
      recesses 53, 54 in both said nozzle outer ends thereby preventing liquid
      drops from falling from said outer nozzle outer end.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hair dryer comprising in combination:
PA1  a. a grip handle (25), with an upper section, an elongated upper chamber
      with middle and rear sections, said rear section being connected to and
      disposed above said upper section, in a plane substantially normal to said
      drip handle, a suction opening (13) in said rear section, a dryer chamber
      (10) in said middle section, a longitudinal main nozzle (12) with an
      outlet extending frontwards of said dryer chamber (10);
PA1  b. air drive means (14, 15) in said rear section disposed to suction air
      through said suction opening (13) into said dryer chamber (10) and drive
      the air out of said main nozzle (12), heater means (18) extending
      longitudinally across said main nozzle;
PA1  c. a housing (29) with a front and rear sides; disposed under said main
      nozzle, a tank (32) at the rear side of said housing, for holding liquid,
      a nozzle vapor passage at the front side of said housing under said main
      nozzle, a connecting aperture (31) between said main nozzle (12) and said
      nozzle vapor passage, to allow ventilating air to flow into the housing
      for passage through said housing to a ventilating air outlet provided
      therein, liquid outlet means (40) in said tank (32), a valve (37) and a
      spring means (39) biasing the valve in the closed position in said tank,
      feeder means connected to said valve with a trigger (43) disposed
      alongside said handle for lifting said valve (37) against the force of the
      spring (39), a vaporization chamber (65) with a top disposed under said
      liquid outlet means (40), a heater (46) at the bottom of said chamber (65)
      and a vapor duct (47) extending from said vaporization chamber (65) to
      said nozzle vapor passage;
PA1  d. inner and outer longitudinal nozzle means (51, 49) in said nozzle vapor
      passage both with nozzle discharge ends, said outer nozzle means (49)
      surrounding said inner nozzle means (51) and spaced by a gap from said
      inner nozzle means, said outer nozzle means nozzle discharge end
      projecting further than said inner nozzle means (51) nozzle discharge end,
      said inner nozzle means having an inlet end coupled to said duct (47) said
      inner nozzle means being within said outer nozzle and longitudinally
      smaller than said outer nozzle means, the nozzle discharge end of said
      inner nozzle means being within the outer nozzle means and separated from
      the nozzle discharge end of the outer nozzle means, inwardly disposed
      annular flange recesses (53, 54) in both said nozzle discharge ends for
      preventing liquid drops from falling from said outer nozzle discharge end;
      and,
PA1  e. switch means (26) and a two position switch (26') on said handle, a
      first circuit connecting said switch means (26) and said air drive means
      (14, 15) and a second circuit selectively connecting said switch (26') in
      one position to said heater means (18) and in a second position to said
      heater (46).
NUM  2.
PAR  2. A hair dryer comprising in combination:
PA1  a. a handle (25), an extended dryer chamber (10) with a middle and rear
      portion, said rear portion being set upon said handle in a plane
      substantially normal to said handle, said chamber having a nozzle
      extending out from said middle portion, said chamber and nozzle defining
      an upper air passage, air drive means including air suction ports (13),
      fan means (14) driven by a driver (15) at said rear portion driving air
      through said upper air passage, heater means (18) in said air passage;
PA1  b. a housing (29) with front and rear sides having a vapor nozzle under
      said upper air passage, at said front side, a tank (32) with upper and
      lower sections at said rear side, a connecting aperture (31) between said
      nozzle (12) and said housing to allow ventilating air to flow into the
      housing to ventilating air passages therein and said housing having a
      ventilating air outlet through which air flowing through the ventilating
      air passages is vented to the atmosphere.
PA1  c. liquid outlet means (40) in said tank (32) at said lower section
      thereof, a valve (37) and spring means (39) biasing the valve in the
      closed position over said outlet means, a feeder rod (68) connected to
      said valve (37) extending through said tank to said upper section and a
      spindle (41) connected to said feeder rod at said upper section including
      a trigger (43) disposed alongside said handle for lifting said valve (37)
      against the force of the spring (39);
PA1  d. a vaporization chamber with a top disposed under said liquid outlet
      means (40), a heater (46) at the bottom of said vaporization chamber and a
      vapor duct (47) extending from said vaporization chamber to said vapor
      nozzle;
PA1  e. longitudinal inner and outer nozzle means (51, 49) each with a separate
      discharge ends in said vapor nozzle with a gap therebetween, both with
      nozzle outer ends, said inner nozzle means having an inner end coupled to
      said duct (47), said inner nozzle means being longitudinally within said
      outer nozzle means, the discharge end of said inner nozzle means being
      inward from, and separated from the discharge end of the outer nozzle
      means, and inwardly disposed annular recesses (53, 54) in both said nozzle
      discharge ends to prevent liquid drops from falling from said outer nozzle
      means outer end; and,
PA1  f. means for selectively activating the fan means (14), heater means (18),
      and heater (46).
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ABST
PAL  Each item in a transaction has a card or ticket having markings signifying
      its price and category in machine readable form. As each item is
      purchased, the ticket is inserted into an automatic read-out system. The
      price and category markings are transduced into signals stored in a first
      and second buffer storage, respectively. A code converter connected to the
      second buffer storage operates to furnish a pulse to a corresponding one
      of a plurality of counters in response to each category signal. The
      signals in the first buffer storage are added, in turn, by a price adder
      whose final output therefor shows the total price of all items in the
      transaction. A grand total adder operates in parallel with the price adder
      and is cleared after predetermined time periods rather than after each
      transaction. The signals from the price adder and the grand total adder
      are supplied through multiplexers to series display and printout devices.
      A switch is furnished to convert the system to a computer only by
      disabling the print-out, display, and grand total circuits.
BSUM
PAR  The present invention relates to computer systems for cash registers. In
      particular, it relates to computer systems wherein both the total price of
      articles involved in one particular transaction and the category of the
      articles in the transaction will be determined automatically.
PAR  In the conventional operation of a cash register, each article purchased by
      a customer has a ticket indicating its price to the cashier. The cashier
      then totals the prices of all the articles on a calculator. Such
      computations by a cashier is time consuming and also tends to introduce
      errors into the computation.
PAR  The present invention provides a cash register computing system for
      furnishing first and second output signals respectively signifying the
      total price of the plurality of items in a transaction and the total
      number of items in each of a determined plurality of categories in the
      transaction. It comprises a ticket for each item, the ticket having
      machine readable markings signifying the price and the category of the
      item. The system comprises read-out means for reading out the price and
      category markings and furnishing corresponding price and category marking
      signals. It comprises first and second buffer storage means connected to
      the readout means for storing the price and category marking signals,
      respectively. It further comprises price adder means connected to the
      buffer storage means for adding stored price marking signals read from
      each of the tickets to stored price marking signals read from previous
      tickets in the transaction and furnishing the first output signals
      following addition of stored price marking signals read from the last of
      the tickets in the transaction. The system further comprises a plurality
      of category adder means connected to the second buffer storage means, each
      for counting category marking signals signifying a predetermined one of
      the categories, whereby each category adder means furnishes a signal
      signifying the total number of items in the associated category in the
      transaction.
PAR  It will be noted that a system in accordance with this invention completely
      eliminates the need for the cashier to carry out any operation other than
      the insertion of the ticket into a slot carrying it past the read-out
      means. This, in turn, reduces the waiting time for each customer and
      prevents the introduction of human error into the price charged the
      customer.
PAR  It should further be noted that the tickets for each item are not
      restricted to tickets attached in a department store but may equally well
      be tickets utilized in a restaurant to indicate the type of food sold to a
      customer. The tickets may further be tickets used, for example, in a
      manufacture's inventory proceedings.
DRWD
PAR  Additional advantages and features of the present invention will be more
      clearly understood from the following detailed description, taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 shows a meal ticket usable in the system of the invention;
PAR  FIG. 2 is a block diagram of the overall system;
PAR  FIG. 3 is a more detailed diagram of one of the pulse generating circuits
      of FIG. 2;
PAR  FIG. 4 is a more detailed diagram of the clock pulse generating circuit (J)
      of FIG. 2;
PAR  FIG. 5a is a more detailed diagram of the counter output gating circuit (K)
      of FIG. 2;
PAR  FIG. 5b is a table showing the outputs of the circuit of FIG. 5a in
      response to price markings of the ticket shown in FIG. 1, and the
      associated clock pulses;
PAR  FIG. 5c is a timing diagram corresponding to FIG. 5b;
PAR  FIG. 6a is a more detailed diagram of the pulse sequence furnishing means
      (L) of FIG. 2;
PAR  FIG. 6b is a more detailed diagram of the comparator (550) of FIG. 5a;
PAR  FIG. 6c is a timing diagram illustrating the operation of the circuit of
      FIG. 6a;
PAR  FIG. 7 is a diagram showing the control circuit (N) for driving the
      print-out in display means;
PAR  FIG. 8 is a more detailed circuit diagram of the category counter control
      circuit (X) of FIG. 2; and
PAR  FIG. 9 shows the code converter and category counters associated with units
      H.sub.1 and H.sub.2 of FIG. 2.
DETD
PAR  A preferred embodiment of the present invention will now be described with
      reference to the drawing.
PAR  FIG. 1 shows a meal ticket usable in the present invention. It is a
      beverage ticket and the price of the beverage is 120 yen. The ticket shown
      in FIG. 1 has areas 2 and 2' showing the name of the item purchased, and
      areas 3 and 4 showing the price of the item. Machine readable markings are
      present in a region 5 which is subdivided into a first region 7, carrying
      the price markings, and a second region 6, carrying the category markings.
      Region 5 is divided into three columns A, B, C. The columns each represent
      a decimal place in the price of the item, each horizontal line in colunn A
      representing 1,000 yen, each horizontal line in column B representing 100
      yen and each horizontal line in column C representing 10 yen. Thus the
      price representing 120 yen is represented by two horizontal lines 9 in
      column C, one line in column B and no lines in column A.
PAR  The category marking region 6 comprises several horizontal lines, two in
      the example, and also three columns. Each catagory is signified by a
      different combination of horizontal lines 8, such as the lines in column A
      and in column C shown in FIG. 1. While the horizontal lines shown in FIG.
      1 are in particularly suitable for read-out by optical means, other
      category and price markings, such as pumched holes, magnetic marks, etc.,
      may be used to replace these optical markings. Dotted line 10 indicates
      machine perforations which may be provided if necessary. Horizontal lines
      11, 11', 12 and 12' are also suitable for optical read-out.
PAR  A diagram of the overall system is shown in FIG. 2. The read-out means 13
      comprises three light-emitting diodes a, b and c energized from a power
      supply E. These diodes are positioned so that each illuminates a
      corresponding one of the columns A, B, C of ticket 1 as the ticket passes
      along its predetermined path. As shown, ticket 1 is inserted into a slit
      14 and then transported along a predetermined path extending in the
      direction of columns A, B and C by ticket drive D. In the preferred
      embodiment of the present invention, this ticket drive is a conveyor belt.
      After the ticket has been transported in the direction of the arrow past
      the readout means, it is released from the path through an outlet 14'.
      During the transport of the ticket along the predetermined path, the
      circuit operates as follows:
PAR  When the lower edge p of the ticket first passes point Q just below inlet
      14, a first position detector switch (part of the position control means)
      21 disposed at point Q will operate. The signal for operating switch 21
      may, for example, be produced by interrupting the light beam generated by
      a light-emitting diode disposed on one side of the ticket and falling on a
      photoelectric element or phototransistor disposed on the other side of the
      ticket by the bottom edge of ticket 1. Alternatively, it may be supplied
      by operating a lever or limit switch or by sensing a punched hole or
      magnetic mark provided on the ticket. In any case, operation of the
      detector switch 21 causes an output signal to be applied through amplifier
      31 to the ticket driving motor D. The ticket is then transported downward
      until horizontal line 11' passes through the read-out location where
      light-emitting diodes a, b, c and corresponding photoreceivers a', b', c'
      are positioned. At this point, the bottom end p of the ticket will pass
      position R where a second position control switch 22 will be activated to
      produce an output signal which, after amplification by amplifier 32, is
      applied to a pulse generator circuit F.sub.1. The latter circuit is shown
      in more detail in FIG. 3. Let it suffice to say here that application of a
      pulse to circuit F.sub.1 causes a clear pulse C.sub.1 to be applied to the
      first buffer storage means which comprises counters 4a, b, c. Further, a
      gating pulse G.sub.1 is generated which causes gate F to become
      conductive.
PAR  As the ticket passes the read-out location, the light beams from
      light-emitting diodes a, b and c illuminate columns A, B and C,
      respectively, in such a manner that the respective reflected light will be
      incident on photo-transistor a', b' and c', respectively. The absence of
      such light will thus indicate the presence of price markings 9. These
      price markings in each column will thus be read out in series, applied to
      the respective amplifiers 5a, 5b and 5c and then, respectively, to pulse
      forming circuits 6a, 6b, and 6c. Since gate F is conductive, the read-out
      pulses will be applied to counters 4a, 4b and 4c, respectively. The count
      in each of the counters thus represents the number of price markings read
      out in the corresponding decimal place or column.
PAR  When horizontal line 11 separating the price and category regions passes
      read-out location .alpha., the bottom end p of the ticket will pass by
      point S. This causes the third position control switch 23 to be actuated.
      The resulting position control signal, after amplification in amplifier
      33, is applied to pulse generating circuit F.sub.1 to cancel gating signal
      G.sub.1. It is further applied to the input of pulse generating circuit
      F.sub.2, which causes this pulse generating circuit to generate a clear
      signal C.sub.2 for clearing the part H.sub.1 of the second buffer storage
      means. Further, a gating signal G.sub.2 is generated for enabling the
      counter which is comprised in the second buffer storage means to respond
      to the signals applied at the counting input.
PAR  When the category markings, including, first, mark 8 in line e, pass the
      read-out location, any signals read from any of the columns will be
      amplified by amplifier circuits 5a, 5b and 5c and again formed into pulses
      by pulse forming circuit 6a, 6b and 6c. The signals at the outputs of
      pulse forming circuit 6a, 6b and 6c are then applied to the inputs of unit
      H.sub.1 where they are stored. Specifically, since unit H.sub.1 is a
      binary counter, the output signals of unit H.sub.1 signify 2.sup.0,
      2.sup.1 and 2.sup.2, respectively.
PAR  At the time line 12 passes the read-out location, bottom p of the ticket
      passes point T. The fourth position control switch 24 is thus activated
      and a signal is applied through amplifier 34 to the input of a pulse
      generating circuit F.sub.3. Also, a signal is applied to circuit F.sub.2
      to stop gating pulse G.sub.2 and thereby block the input to unit H.sub.1.
      The pulse applied to unit F.sub.3 causes a clear pulse C.sub.3 to be
      applied to unit H.sub.2 which is the second counter in the second buffer
      storage means. Further, a signal G.sub.3 which enables counter H.sub.2 is
      also applied.
PAR  When line 8 passes the read-out means, the resulting signal at the output
      of pulse former 6c will be applied to the counting input of counter
      H.sub.2. It should be noted that this again is a binary counter, the
      outputs of this counter signifying 2.sup.3, 2.sup.4 and 2.sup.5,
      respectively.
PAR  When line 12' passes the read-out location, the bottom end p of ticket 1
      will pass point U, activating position control switch 25. After
      amplification in amplifier 35, the pulse furnished by switch 25 is applied
      to a pulse generator F.sub.4, causing the generation of pulses R.sub.1 and
      R.sub.2 which will be further discussed below. It is also applied to pulse
      generator F.sub.3 to stop the generation of gating signal G.sub.3, thereby
      preventing any further inputs to counter H.sub.2.
PAR  When the top edge p' of the ticket passes switch U, a pulse is furnished at
      the output of amplifier 35, which stops ticket drive D. The ticket is then
      released from outlet 14'.
PAR  FIG. 3 shows a preferred embodiment of pulse generator F.sub.1. When the
      output of amplifier 32 changes from a high to a low level, a short pulse
      generating circuit which, in a preferred embodiment is a monostable
      multivibrator, furnishes a negative going pulse of relatively short time
      duration. This pulse passes an inverter (NOT circuit) the output of which
      is a positive going pulse C.sub.1. Pulse C.sub.1 is also used to set a
      flip-flop FF.sub.1 which is reset when the output of amplifier 33 makes
      the transistion from positivve to negative. The "1" output of flip-flop
      FF.sub.1 is gating pulse G.sub.1. Pulse generator circuits F.sub.2,
      F.sub.3, F.sub.4 are identical to the circuit shown in FIG. 3 and will not
      individually be shown here.
PAR  Again referring to FIG. 2, the above mentioned pulse R.sub.1 from the
      output of pulse generator F.sub.4 is used to release the cash box in the
      cash register (I, FIG. 2). Pulse R.sub.2 is used to initiate the transfer
      of the data stored in counters 4a, 4b and 4c to the price adder means MT.
      It must be kept in mind that counter 4c stores a binary coded number
      having bits A, B, C, D and representing the tens place of the price of the
      item. Similarly counters 4b and 4a store binary coded decimal signals
      respectively representing the hundreds and thousands decimal place of the
      price of the item. It is now desired that the signals stored in counters
      4c, 4b and 4a be gated in a predetermined order to the output k of circuit
      K. This will be discussed in greater detail with reference to FIG. 5a. The
      .times. 10, .times. 100 .times. 1000 signals required for this gating are
      generated in block J of FIG. 2 which is shown in greater detail in FIG. 4.
PAR  FIG. 4 shows a pulse generator 15 furnishing signals T.sub.1. Signals
      T.sub.1 are applied to counter 16 whose output signals control display
      unit N, as will be discussed in greater detail below. The counter counts
      in accordance with a binary code, a change of state in the last bit D
      being applied to monostable multivibrator 17 which furnishes a relatively
      short duration output pulse t. Pulse t is applied to one input of an AND
      gate 18 whose other input is supplied the 1 output of a flip-flop 19.
      Flip-flop 19 is switched to the SET state (wherein a signal appears at its
      1 output) by position control signal R.sub.2. Pulses T'.sub.1 at the
      output AND gate 18 are applied to a second counter 20. Counter 20 is a two
      bit counter whose outputs are connected in pairs to form the inputs for
      AND gates 40, 41 and 42. The outputs of AND gates 40, 41 and 42, are
      respectively the .times. 10, .times. 100 and .times. 1000 gating pulses
      T.sub.2. It will be noted that, when the count on counter 20 is zero, that
      is with signals 2.sup.0 and 2' energized, no pulse T.sub.2 is furnished.
      For a count of 1 on counter 20, signals 2.sup.0 and 2' are present
      simultaneously, thereby causing AND gate 40 to furnish an output signal.
      For a count of 2 on counter 20 signals 2.sup.0 and 2' are simultaneously
      present, causing AND gate 41 to furnish its output. Finally, AND gate 42
      furnishes an output for count 3 on counter 20. As the count on counter 20
      changes from a count of 3 to a count zero, a change in state of stage 2'
      of counter 20 is used to switch monostable multivibrator 43 to the
      unstable state where it furnishes a short pulse T.sub.4 suitable for
      resetting flip-flop 19. No further pulse T.sub.2 will thus be generated
      until receipt of the next position control signal R.sub.2 following
      inserting of the next ticket.
PAR  The gating pulses T.sub.2 generated in unit J described above are applied
      to the counter output gating circuit of FIG. 5a.
PAR  FIG. 5a comprises four sets of three AND gates each, the outputs of each
      set of AND gates being connected to the inputs of an OR gate. The outputs
      of the OR gates constitute the desired signals k. Each set of AND gates
      has one AND gate gated by the .times. 10 pulse, one gated by the .times.
      100 pulse and one gated by the .times. 1000 pulse. Thus, application of
      the .times. 10 pulse causes a signal to be applied to the second input of
      AND gate 46 in the first set of AND gates and of the corresponding AND
      gates in the remaining sets. The output of OR gate 47 will thus be the A
      bit of counter 4c while the outputs of the remaining OR gates will be the
      B, C, and D bits of counter 4c.
PAR  As shown in FIG. 5b, the signal stored in counter 4a, corresponding to the
      markings in FIG. 1, is a zero. Thus all bits k.sub.A, k.sub.B, k.sub.C and
      k.sub.D will have a low output in response to the .times. 1000 gating
      signal. For counter 4b, having a stored count of one, k.sub.A will have a
      high output while k.sub.B, k.sub.C and k.sub.D will all have low outputs.
      Similarly, counter 4c, having a stored count of two, will have a high
      output from the k.sub.B and low outputs from k.sub.A, k.sub.C and k.sub.D.
      The resulting k outputs are shown in FIG. 5c plotted with respect to time.
      Thus, under control of the .times. 10 t.sub.2 pulse, OR gate 48 will all
      have a high output while OR gates 47, 49 and 50 will all have a low
      output. At the time of the .times. 100 pulse k.sub.A will have a high
      output while k.sub.B, k.sub.C and k.sub.D will all have low outputs. At
      the time of the .times. 1000 T.sub.2 pulse, no pulses will be furnished at
      any of the k outputs. The signals at the k outputs in FIG. 5a are herein
      referred to as the counting signals.
PAR  Each of the counting signals is now to be used to control the furnishing of
      a corresponding pulse sequence to the price adder means, namely counter
      MT. The relevant circuit is shown in FIG. 6a. The pulses furnished by
      pulse generator 15 of FIG. 4 are applied to one input of an AND gate 51.
      To its other input is applied the 1 output of a flip-flop 48. Flip-flop 48
      is set by pulse T'.sub.1, that is a pulse syynchronized with pulses
      T.sub.2. The output of AND gate 51 is a pulse sequence MC which is applied
      to the input of counter MT and to the input of a further counter 49. The
      output of counter 49 is compared in a comparator 50 to the k signals, that
      is the counting signals. Upon coincidence, a signal is furnished at the
      output MS of counter 50 which is used to reset flip-flop 48. It is also
      used to reset counter 49. The pulse sequence MC thus has a number of
      pulses equal to the number signified by each counting signal k.
PAR  A preferred embodiment of comparator 50a is shown in FIG. 6b. As shown in
      FIG. 6b, the ABCD bits of counting signals k are each applied to one input
      of an OR gate 61, 62, 63 and 64, respectively. The corresponding bits of
      the output of counter 49 are applied to the second inputs of these OR
      gates. The output of each OR gate is inverted and applied to the input of
      an AND gate 65. The coincidence signal MS appears at the output or AND
      gate 65. OR gate 61-64 are exclusive OR gates, that is a signal is
      furnished as their outputs only when one of the other of the inputs is
      high and not when both inputs are either high or low. Thus, a signal MS
      can appear only when the output signal of counter 49 is exactly equal to
      the counting signal k, that is when each bit of the output of counter 49
      is equal to the corresponding bit in the counting signal.
PAR  The resulting pulse sequences MC are shown on the so-labeled line in FIG.
      6c. Two pulses are generated on line MC during the time of gating by
      signal .times. 10. The .times. 100 signal causes one pulse to appear on
      line MC since signal MS resets counter 49 and flip-flop 48 after the
      appearance of one pulse. Similarly, the .times. 1000 T.sub.2 signal causes
      no pulse to appear on line MC. These pulses are then added to previous
      totals stored in counter MT. The signal stored in counter MT is thus a
      signal signifying the sum of the prices of all items since the last time
      the counter was cleared. Clearing of the counter takes place by a pulse
      CL.sub.2. This is one of the pulses resulting from the activation by the
      cashier of switch s.sub.3, which will be discussed below.
PAR  The signals on line MC are also applied to the counting input of the grand
      total counting circuit GT. Since the latter is to furnish a signal
      indicating the sum of the prices of all items sold, for example, during a
      day, the clear signal CL.sub.2 is not applied thereto.
PAR  The circuit of FIG. 7 shows the multiplexers required to furnish the
      display signals DP and the printing signals PR required to effect a
      print-out and a display of the numbers stored in counter MT. Let it be
      assumed that counter MT has six columns while counter GT has eight
      columns. This is more than adequate to store the day's total and the total
      for each transaction since each column represents a particular decimal
      place. Since the numbers are stored in a binary coded decimal form, the
      signal in each column will be represented by four bits. Thus, four
      multiplexers m.sub.1 -m.sub.4 are assigned to the GT counter and four
      multiplexers m.sub.5 -m.sub.8 are assigned to the MT counter. The
      information is entered into the multiplexers in parallel, that is the
      first bits in columns 0-7 of counter GT are entered into multiplexer
      m.sub.1 simultaneously, the second bits into multiplexer m.sub.2, etc.
      Similarly, the first bits in columns 0-5 of counter MT are entered
      simultaneously into multiplexer m.sub.5, the second bits into multiplexer
      m.sub.6, etc. The display contemplated for the present invention is a
      display wherein an indicator is furnished for each decimal place. The
      indicators are not continuously energized, but are energized cyclically at
      a sufficiently rapid rate so that persistence of vision causes the output
      to appear steady. This cyclical output of the digits of each decimal place
      is accomplished under control of the signals T.sub.3. Specifically, the A,
      B and C counts from counter 16 of FIG. 3 are used to gate all the bits in
      each column 0-5 in sequence. The D signal of pulses T.sub.3 is used to
      control the output, that is it is used as a strobe so that output signals
      DP appear only when the D signal is low.
PAR  The total stored in counter MT and the total in counter GT are also to be
      available for printout. For this purpose, NAND gates 71-74 each have one
      input connected to receive one bit in the DT signal and a second input
      connected to the D signal of signals T.sub.3. The output NAND gates 71-74
      are applied to the first input further NAND gates 81-84. The second inputs
      of NAND gates 81-84 are connected to the multiplexer outputs of
      multiplexers m.sub.1 -m.sub.4, that is the multiplexer storing GT totals.
      Since the multiplexers operate to furnish a low signal from the "out"
      terminal or a high signal from the "out" terminal in response to a high
      "strobe", signals from counter MT will appear to constitute the PR signals
      when the D signal is high and the PR signals will represent the grand
      total decimal places when the strobe is low. This results from the fact
      that the output of NAND gates 71-74 is high when the strobe is high,
      independent of the DP signal values, while no output is furnished from the
      GT multiplexers when the strobe is low.
PAR  The start of the printer operation is controlled by activation of switch
      S.sub.3 of FIG. 2. Activation of the switch causes a pulse furnishing
      circuit CL similar to circuit F.sub.1, to furnish signals CL.sub.1 and
      CL.sub.2. Signal CL.sub.1 is applied to the starting circuit ST of the
      printer. This furnishes the ST signal which starts the printer by first
      advancing the paper by one line and then printing out in accordance with
      the PR signals furnished, as described above, from the multiplexer unit.
      Pulse CL.sub.2 clears counter MT after the print-out has been finished.
PAR  Further, FIG. 2 shows a switch S.sub.1. Activation of switch S.sub.1 causes
      the paper in the printer to be advanced by one line without subsequent
      printing.
PAR  Switch PW on FIG. 2 is a power switch activation of which will serve to
      clear both counters MT and GT. When switch PW is on, power is supplied to
      all circuits.
PAR  If an error has been made, and the price of the next subsequent ticket is
      to be subtracted from the total in adders MT and GT, switch S.sub.2 is
      pressed. This causes the updown control circuit UD to furnish a signal
      switching both counters to the down-counting state. Upon insertion of the
      next subsequent meal ticket, the counters MT and GT will subtract input
      signals MC from previous totals. When the count has been completed, signal
      T.sub.4 (see FIG. 4) is used to reset the up-down control circuit so that
      the insertion of the next subsequent ticket will again cause counters MT
      and GT to count up. In a preferred embodiment, the up-down control circuit
      is a flip-flop which is set by activation of switch S.sub.2 and reset upon
      receipt of pulse T.sub.4.
PAR  The transfer of signals from the second buffer storage means H.sub.1 and
      H.sub.2 to a plurality of counters, each counting the number of items in a
      particular category, must still be discussed. Referring first to FIG. 9,
      it is seen that the signal outputs of the buffer storage means are applied
      to the inputs of decoder 191 which has 64 outputs, each associated with
      one of the catagories. Each of these outputs P.sub.1 -P.sub.64 is applied
      to the first input of two AND gates A.sub.1, A.sub.1 ' . . . A.sub.64,
      A'.sub.64. The second input to AND gates A.sub.1 -A.sub.64 is a signal
      x.sub.u, while the second input to AND gates A'.sub.1 -A'.sub.64 is a
      signal X.sub.d. The output of AND gate A.sub.1 is applied to the forward
      counting input of a counter 101 while the output of AND gate A'.sub.1 is
      applied to the reverse (down) counting input of the same counter. The
      outputs of the remaining AND gates are similarly connected, all A gates
      furnishing signals to the forward counting inputs and all A' gates
      furnishing signals to the reverse counting inputs of the corresponding
      counters.
PAR  The circuit operates as follows: The category marking signals stored in
      counters H1 and H2 cause energization of one of the outputs P.sub.1
      -P.sub.64. The so-energized output serves to gate the associated AND gate
      to the conductive state. For each ticket, a single pulse is furnished on
      either line X.sub.d or line X.sub.u, as will be discussed with reference
      to FIG. 8. Thus, the count on whichever counter is associated with the
      energized output of the decoder is either advanced or set back by one
      count. As a consequence the number of articles in the particular category
      is signified by the count on each of the counters 101-164. Under normal
      conditions and if no error is made by the cashier, the counters will count
      up. The down counting capability is provided only in case of an error.
PAR  The generation of the signals X.sub.u and X.sub.d will now be discussed
      with reference to FIG. 8. FIG. 8 shows two AND gates 201 and 202, each
      having three inputs. The first input to each of the AND gate is signal
      R.sub.1. The second input of AND gate 201 is signal UD which indicates
      that a down counting is to take place, while the second input of both AND
      gates is a signal SM. Signal SM is an inhibit signal which is furnished
      when switch S4 of FIG. 2 is activated. Switch S4 is activated when the
      system of FIG. 2 is to act as a calculator. This will be discussed further
      below. In any case, signal X.sub.d is furnished in the simultaneous
      presence of signals UD, R.sub.1 and SM. The signal X.sub.u is a single
      pulse generated in response to signal R.sub.1 in the presence of the
      inverted signal UD and SM. Pulses X.sub.d and X.sub.u, when applied to the
      category counters of FIG. 9, cause these counters to be properly advanced
      or decreased, as described in reference to FIG. 9.
PAR  If it is desired that the system of FIG. 2 serve as a calculator only,
      switch S4 is closed, causing a generation of signal SM. Signal SM causes
      the cashier box I to be locked and further inhibits the start signal ST
      for printer PR and, as mentioned with reference to FIG. 9, the generation
      of the pulses for application to the category counters. Signal SM further
      blocks gate M, serving as an input to counter GT, thereby blocking signals
      MC from counter GT. Activation of switch S4 thus causes counts to be added
      to counter MT only. These counts are then displayed in display unit DP but
      are not printed. The 0 output (DP.sub.off) of flip-flop 19 in FIG. 4 is
      introduced to display unit DP to gate the drive signal of display circuit
      and to operate to cut off the display while the signal in unit MT is
      changing.
PAR  It will be evident from the foregoing discussion that the present system,
      as shown in FIG. 2 in a preferred embodiment, is equally adaptable to meal
      tickets in restaurants and to price tags on items being sold in a
      department store as well as many other applications. If a price tag is,
      for example pasted on the article to be sold, the machine perforations 10
      may be used to detach a portion of the price tag and this portion may be
      then inserted into the system of the present invention. The different
      storage units as well as the counters and electric circuits
      interconnecting the same may also be embodied in circuits other than those
      shown in the figures without in any way departing from the spirit of the
      present invention. What is claimed as new and desired to be protected by
      letters patent is set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Cash register computing system for furnishing first and second output
      signals respectively signifying the total price of a plurality of items in
      a transaction and the total number of items in each of a determined
      plurality of categories in said transaction, comprising, in combination, a
      plurality of tickets each carrying machine readable price category
      markings respectively signifying the price and category of at least one of
      said items, each of said tickets having a plurality of columns and a
      plurality of lines intersecting said plurality of columns, said price
      markings being located in a first region of said ticket bounded by a first
      and second one of said lines, said category markings being located in a
      second region of said tickets different from said first region; transport
      means for transporting each said tickets along a predetermined path in a
      direction parallel to said columns; read-out means for reading out said
      price and category markings and furnishing corresponding price and
      category marking signals, positioned at a predetermined location along
      said predetermined path, said read-out means comprising a plurality of
      read-out means corresponding in number to said plurality of columns; first
      and second buffer storage means connected to said read-out means for,
      respectively, storing said price and category marking signals and
      furnishing corresponding stored price and stored category marking signals,
      said first buffer storage means comprising a plurality of counters each
      connected to a corresponding one of said read-out means, each for counting
      the price marking signals furnished by said corresponding one of said
      read-out means and storing a counting signal corresponging to the number
      of so-counted price marking signals; a plurality of position control means
      positioned along said predetermined path, each for furnishing a position
      control signal when a predetermined part of said ticket path is at a
      corresponding predetermined location along said predetermined path, said
      position control means comprising first and second position pulse
      furnishing means for furnishing a first and second position pulse when
      said predetermined part of said ticket path is at said first and second
      predetermined location along said predetermined path respectively; gating
      means connected to said position control means and said first and second
      buffer storage means for controling entry of signals into said buffer
      storage means in response to corresponding ones of said position control
      signals, said gating means comprising a plurality of transmission gates
      connected between said read-out means and said buffer storage means, said
      gating means having a conductive state in the presence of a gating signal
      applied thereto; means for furnishing said gating signals from receipt of
      said first to receipt of said second position pulse; price adder means
      connected to said first buffer storage means for adding said stored price
      marking signals read from one of said tickets to price marking signals
      read from previous ones of said tickets in said transaction and furnishing
      said first output signals following the addition of stored price marking
      signals read from the last of said tickets in said transaction; and a
      plurality of category adder means connected to the output of said second
      buffer storage means, each for counting stored category marking signals
      signifying a predetermined one of said categories only, whereby said
      plurality of category added means furnishes said second output signals
      following addition of stored category marking signals read from the last
      of said tickets in said transaction.
NUM  2.
PAR  2. A system as set forth in claim 1, wherein said means for furnishing said
      gating signal comprises a position control flip-flop having a SET state in
      response to said first position pulse and a RESET state in response to
      said second position pulse.
NUM  3.
PAR  3. The system as set forth in claim 1, further comprising means for
      connecting said first position pulse furnishing means to said plurality of
      counters in such a manner that said counters are reset to zero in response
      to said first position pulse.
NUM  4.
PAR  4. The system as set forth in claim 3, wherein said second buffer storage
      means has a first plurality of storage locations corresponding in number
      to the number of said plurality of read-out means; wherein said gating
      means further comprises means for connecting said first plurality of
      storage locations of said second buffer storage means to said second
      position pulse furnishing means in such a when said third position control
      flip-flop is in a set state.
NUM  5.
PAR  5. The system as set forth in claim 4, wherein said second buffer storage
      means further comprises a second plurality of storage locations
      corresponding in number to said plurality of read-out means; wherein said
      position control means further comprises third and fourth position pulse
      furnishing means for furnishing, respectively, a third and fourth position
      pulse when said predetermined part of said ticket passes a third and
      fourth predetermined location along said predetermined path; means for
      connecting said second plurality of storage locations to said third pulse
      furnishing means in such a manner that said second plurality of storage
      locations is cleared in response to said third position pulse; a third and
      fourth position control flip-flop having a set input respectively
      connected to said third and fourth position pulse furnishing means, each
      of said position control flip-flops further having a set output, a reset
      input and a reset output, means for connecting said reset input of said
      third position control flip-flop to said fourth position pulse furnishing
      means, and means for connecting said set output of said third position
      control flip-flop to said second plurality of storage locations in such a
      manner that signals are transferred from said read-out means to said
      second plurality of storage locations only signals furnished by said
      corresponding one of said photoelectric transducing means and storing a
      counting signal corresponding to the number of so-counted price marking
      signals.
NUM  6.
PAR  6. The system as set forth in claim 5, wherein each of said storage
      locations in said second buffer storage means represents a bit in a binary
      code; further comprising code converter means having a plurality of inputs
      each connected to one of said second buffer storage locations and a
      plurality of outputs corresponding in number to said plurality of
      categories, for furnishing a signal at a corresponding one of said outputs
      in response to each combination of signals at said inputs; and wherein
      said category counter means comprise a plurality of counters one connected
      to each of said outputs of said code converter means, each for counting
      the number of signals at the corresponding one of said outputs, whereby
      each of said counters furnishing a signal signifying the total number of
      items in a predetermined one of said categories in said transaction.
NUM  7.
PAR  7. Cash register computing system for furnishing first and second output
      signals respectively signifying the total price of a plurality of items in
      a transaction and the total number of items in each of a predetermined
      plurality of categories in said transaction, comprising, in combination, a
      plurality of tickets each carrying machine readable price and category
      markings respectively signifying the price and category of one of said
      items, each of said tickets having a plurality of columns and a plurality
      of lines intersecting said plurality of columns, said price markings being
      located in a first region of said ticket bounded by a first and second one
      of said lines, said category markings being located in a second region of
      said ticket different from said first region; transport means for
      transporting said ticket along a predetermined path in a direction
      parallel to said columns; read-out means positioned at a predetermined
      location along said predetermined path, for reading out said price and
      category markings and furnishing corresponding price and category marking
      signals, said read-out means comprising a plurality of read-out elements
      corresponding in number to said plurality of columns; first and second
      buffer storage means connected to said read-out means for, respectively,
      storing said price and category marking signals and furnishing
      corresponding stored price and stored category marking signals, said first
      buffer storage means comprising a plurality of counters each connected to
      a corresponding one of said read-out elements, each for counting the price
      marking signals furnished by said corresponding one of said read-out
      elements and storing a counting signal corresponding to the number of
      so-counted price marking signals; a plurality of position control means
      positioned along said predetermined path, each for furnishing a position
      control signal when a predetermined part of said ticket is at a
      corresponding predetermined location along said predetermined path; gating
      means connected to said position control means and said first and second
      buffer storage means for controlling entry of signals to said buffer
      storage means in response to corresponding ones of said position control
      signals; price adder means connected to said first buffer storage means
      for adding said stored price marking signals read from one of said tickets
      to price marking signals read from previous ones of said tickets in said
      transaction and furnishing said first output signals following the
      addition of stored price marking signals read from the last of said ticket
      in said transaction, said price adder means having a counting input, said
      price adder means further comprising means for applying a plurality of
      pulse sequences to said counting input, each under control of a counting
      signal stored in one of said counters of said first buffer storage means,
      each including a number of pulses equal to the number signified by the
      corresponding one of said counting signals, said means for applying a
      plurality of pulse sequences comprising comparator means having a first
      and second comparator input and a comparator output, for furnishing a
      comparator output signal when the signals at said first and second inputs
      are equal, pulse generator means, pulse counting means having a counting
      output connected to said second input of said comparator means, first
      gating means connected to said position control means, said first buffer
      storage means and first said input of said comparator means, for
      connecting said counters in said first buffer storage means to said first
      input of said comparator means in a predetermined sequence at
      predetermined time intervals following a predetermined one of said
      position control signals, second gating means connected to said first
      gating means, said pulse generator means, said pulse counting means and
      said counting input of said price adder means for connecting said pulse
      generator means to said pulse counting means and said counting input of
      said pulse adder means in synchronism with the application of said signals
      to said first input of said comparator means and for disconnecting pulse
      generator means from pulse counting means and said counting input of said
      price adder means in response to said comparator output signals; and a
      plurality of category adder means connected to the output of said second
      buffer storage means, each for counting stored category marking signals
      signifying a predetermined one of said categories only, whereby said
      plurality of category adder means furnishes said second output signals
      following addition of stored category marking signals read from the last
      of said tickets in said transaction.
NUM  8.
PAR  8. The system as set forth in claim 7, wherein said price adder means has a
      predetermined capacity; further comprising grand total adder means
      connected in parallel with said price adder means and having a capacity
      exceeding said predetermined capacity, for furnishing grand total output
      signals signifying the total price of a plurality of items in transactions
      occurring during a predetermined time interval.
NUM  9.
PAR  9. The system as set forth in claim 8, wherein said grand total adder means
      and said price adder means each comprise up-down counting means operative
      to count down upon receipt of a down control signal; further comprising
      means for furnishing said down control signal under external control,
      whereby said grand total adder means and said price adder means are
      operative to subtract erroneously added prices from said grand total
      output signal and said first output signal respectively.
NUM  10.
PAR  10. The system as set forth in claim 9, further comprising display means
      connected to said price adder means for furnishing a visual output
      corresponding to said first output signals.
NUM  11.
PAR  11. The system as set forth in claim 10, wherein said first output signals
      comprise a plurality of four bit signals each signifying one decimal
      place; further comprising multiplexer means and said display means for
      receiving said first output signals in parallel and furnishing said first
      output signals in series to said display means.
NUM  12.
PAR  12. The system as set forth in claim 11, further comprising printout means
      responsive to print-out signals for printing out data corresponding to
      said print-out signals; and gating means interconnected between said grand
      total adder means and said multiplexer means for furnishing print-out
      signals corresponding to said first output signals and said grand total
      adder output signals to said print-out means.
NUM  13.
PAR  13. The system as set forth in claim 12, wherein said grand total output
      signal comprises a plurality of individual signals each having a plurality
      of bits equal to the number of bits in each of said output signals, each
      corresponding to a predetermined decimal place; further comprising
      additional multiplexer means interconnected between said grand total adder
      means and said gating means for receiving said individual signals in
      parallel and said furnishing individual signals in series to said gating
      means.
NUM  14.
PAR  14. The system as set forth in claim 12, further comprising synchronizing
      means for synchronizing the operation of said multiplexer means; said
      additional multiplexer means, said print-out means and said gating means.
NUM  15.
PAR  15. The system as set forth in claim 14, further comprising computers
      switch means operable upon external activation, for disabling said grand
      total adder means, said display means and said printer means, whereby
      activation of said computer switch means converts said system to a
      calculating system only.
NUM  16.
PAR  16. Cash register computing system for furnishing output signals signifying
      the total number of items in each of a predetermined plurality of
      categories in a transaction, comprising, in combination, a plurality of
      tickets each carrying machine readable category markings signifying the
      category of one of said items; read-out means for reading out said
      category markings and furnishing corresponding category marking signals;
      buffer storage means connected to said read-out means for storing said
      category marking signals and furnishing corresponding stored category
      marking signals; a plurality of category adder means corresponding in
      number to said determined plurality of categories; decoder means having a
      plurality of inputs connected to said buffer storage means and a plurality
      of outputs each connected to one of said category adder means, for
      furnishing a decoder output signal at a corresponding one of said outputs
      in response to each of said stored category marking signals; and means for
      advancing the one of said plurality of category adder means receiving said
      decoder output signal by one count, whereby said plurality of category
      adder means furnishes said output signals following receipt of the decoder
      output signal corresponding to the stored marking signals read from the
      last of said plurality of tickets.
NUM  17.
PAR  17. The system as set forth in claim 16, wherein said read-out means is
      positioned at a predetermined location; further comprising transport means
      for transporting said ticket along a predetermined path including said
      predetermined location; further comprising a plurality of position control
      means positioned along said predetermined path, each for furnishing a
      position control signal when a predetermined part of said ticket passes a
      corresponding predetermined location along said predetermined path; and
      gating means connected to said position control means and said second
      buffer storage means for controlling entry of signals into said buffer
      storage means in response to corresponding ones of said position control
      signals.
NUM  18.
PAR  18. The system as set forth in claim 17, wherein each of said tickets has a
      plurality of columns extending in the direction of transport of said
      ticket and a plurality of lines intersecting said plurality of columns;
      wherein said category markings are in a binary code, each category marking
      comprising a plurality of bits, each bit being represented by the absence
      or presence of a mark in one of said columns along at least one of said
      lines; and wherein said read-out means comprise a plurality of read-out
      elements corresponding in number to said plurality of columns.
NUM  19.
PAR  19. The system as set forth in claim 18, wherein said plurality of read-out
      elements comprises optical read-out means including a source of radiation
      and a plurality of photoelectric transducing means each positioned in such
      a manner that markings in the corresponding one of said columns change the
      quantity of radiation received by said photoelectric transducing means
      when passing said predetermined location, whereby each of said
      photoelectric transducing means furnishes marking signals corresponding to
      markings in a predetermined one of said columns.
NUM  20.
PAR  20. The system as set forth in claim 19, wherein said first buffer storage
      means comprises a plurality of counters each connected to a corresponding
      one of said photoelectric transducing means, each for counting the price
      marking manner that said first plurality of storage locations is cleared
      in response to said second position pulse, and a second position control
      flip-flop having a set input connected to said second position pulse
      furnishing means and a set output connected to said second buffer storage
      means in such a manner that signals are entered into said first plurality
      of storage locations only when said second position control flip-flop is
      in a SET state.
NUM  21.
PAR  21. The system as set forth in claim 20, wherein said price adder means has
      a counting input; further comprising means for applying a plurality of
      pulse sequences to said counting input, each under control of a counting
      signal stored in one of said counters of said first buffer storage means,
      each including a number of pulses equal to the number signified by the
      corresponding one of said counting signals.
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ABST
PAL  There is disclosed apparatus and method for unerasably marking computer and
      other information records and the like in a precise, machine readable
      manner so as to identify the particular record, and to control access to
      the record by providing means for authenticating a control member
      presented for access to the record. The illustrated system involves
      preparing a master card of opaque material through which micro patterns
      have been burned by a laser. This master is used to produce a facsimile
      pattern in a control member and/or the record to be identified and
      retrieved. The facsimile card is used as control member and the micro
      pattern compared with a bank of unique micro patterns to authenticate the
      pattern bearing control member and to identify the record bearing a
      similar micro pattern. The bank of master micro patterns may comprise a
      plurality of master cards, or may conveniently be on a reel or strip of
      material, with separate frames or areas, each having its unique pattern of
      microperforations, with an index corresponding to the indicia of
      individual patterns. Details of such an indexed bank are disclosed in our
      copending application Ser. No. 272,739.
PARN
PAC  RELATED APPLICATIONS AND PATENT
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 272,686, filed July 17, 1972, now U.S. Pat. No. 3,818,190,
      entitled AUTHENTICATION OF ACCESS TO INFORMATION RECORDS, which in turn is
      a continuation of Ser. No. 74,066, filed Sept. 21, 1970, now Pat. No.
      3,677,465, entitled METHOD AND APPARATUS FOR AUTHENTICATION OF INFORMATION
      RECORDS. A related application is our copending application Ser. No.
      272,739, filed July 18, 1972, entitled ACCESS CONTROL SYSTEM, now U.S.
      Pat. No. 3,829,661.
BSUM
PAR  Also, in the matter of security there is no really satisfactory way of
      preventing an unauthorized user from taking a reel of restricted
      information tape and reading it off the tape into a computer or
      transcribing it onto a second tape.
PAC  OBJECTS OF THE INVENTION
PAR  The objects of the invention can be expressed as follows:
PA1  1. to authenticate the ownership of the information record,
PA1  2. to provide an unerasable, machine readable index of identity and/or
      ownership that is impossible readily to identify without a facimile of the
      index pattern,
PA1  3. to provide a type of pattern that is distributed over an appreciable
      length of the record so that it cannot be removed by excising a terminal
      portion of the record,
PA1  4. to provide an authentication system that can be applied to (a) magnetic
      tapes and cards, (b) microfilms and microficne, and (c) punched paper
      tapes and cards, etc.
PA1  5. to provide methods and apparatus for controlling the operation of a data
      reading machine to prevent or modify its operation if the pattern of
      authentication on the medium does not agree with the pattern of a
      facsimile card inserted into the machine to read the authentication.
PA1  6. to provide a method of manufacture of the originals and facsimile card
      copies of the characteristic authentication patterns of different owners,
      and
PA1  7. to provide a method of authentication of an extended length record
      medium that can be applied throughout the length of the medium without
      affecting its use as a data carrying record.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The invention will for convenience, be described in a general way with
      regard to authenticating a magnetic tape record.
PAR  A magnetic tape can be identified as to ownership and to data content by
PA1  a. man readable markings on the reel on which the tape is wound,
PA1  b. man readable markings on the ends of the tape or on the tape leaders.
PAR  Both of these systems can be altered at will by rewinding onto another
      reel, or by cutting off the end of the tape or the leader. The system of
      this invention is unerasable, can be made to be unreadable by the naked
      eye, but easily readable by machine. It can be applied at the ends and
      also at precisely determined positions along the length of the strip or
      tape.
PAR  In one form, the invention provides for applying to the magnetic tape a
      precisely focussed laser beam that can burn small holes through the
      magnetic coating in a specific pattern to form transparent spots through
      the coating that can be read by reflection or by transmission through the
      transparent plastic backing strip. The laser can be applied through a
      corresponding pattern of holes in a thin metal plate or card, originally
      burned through the metal card by laser beam. Similarly the pattern can be
      read photoelectrically by using a facsimile plate and determining whether
      the pattern on the magnetic tape is identical with that on the facsimile
      card.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention and a better understanding of the
      invention will be apparent from the following detailed description taken
      in connection with the attached drawings, in which:
PAR  FIG. 1 represents a portion of an information record to which this
      invention can be applied.
PAR  FIG. 2 illustrates one possible embodiment in the form of a pattern of
      spots applied to a portion of an information strip.
PAR  FIG. 3 illustrates how the pattern of FIG. 2 can be applied at a plurality
      of positions along a strip record.
PAR  FIGS. 4a, 4b, 4c, illustrate two types of spot patterns.
PAR  FIGS. 5 and 6 illustrate two methods of recording an authentication pattern
      on an information record.
PAR  FIGS. 7a, 7b, 7c and 7d illustrate a special coding system and apparatus
      for reading the coded pattern.
PAR  FIG. 8 represents an improved apparatus for reading the pattern.
PAR  FIGS. 9 and 10 represent a preferred embodiment of this invention, and
PAR  FIG. 11 illustrates apparatus by which the master and facsimile cards can
      be produced.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  This invention is applicable to all types of information storage media, but
      will be described in terms of magnetic digital tape. The purpose of the
      authentication are:
PA1  1. to represent in a permanent, unerasable, non-counterfeitable manner the
      ownership of the tape,
PA1  2. to ensure that when the data on the tape is to be used in a computer, or
      transcribed to another magnetic tape or to an archival record medium, the
      tape and the data on it are of the proper ownership.
PA1  3. to ensure that when the tape is to be used in the computer in a specific
      program, the computer will not accept the data unless the tape
      authentication pattern is present and is the correct one.
PAR  One form of authentication is to provide (as in FIGS. 1, 2, and 3) a
      characteristic pattern of machine recognizable spots. These are placed in
      positions on the tape which are not used in the normal information storage
      process. FIG. 1 shows such a tape 10 with magnetized spots or areas 22
      arranged in tracks 12 a,b-n.
PAR  In the intertrack spaces 14 a,b-n are placed markings, spots or small areas
      of a unique character that is readable by machines of a special nature. In
      FIG. 2 are shown a plurality of spots 24 in a two-dimensional array of
      spots arranged on longitudinal lines 14 (in the intertrack areas) and
      transverse spaced lines 16 a,b-n. The pattern 18 of spots 24 is a unique
      (one of a kind) pattern which is used to authenticate the tape. Each owner
      will have a different unique pattern. The invention contemplates also
      using a plurality of similar patterns 18a,  18b-18n arranged along the
      tape in a second unique pattern of spacings or distances, 20a, 20b, 20n
      etc. Thus, by the nature or character of the individual spots 24, by the
      unique spacing pattern 20 of the patterns 18 along the tape 10 is the
      authentication and ownership of the tape confirmed.
PAR  In FIGS. 4a, 4b, are shown a pattern card 30 which can be a thin opaque
      card with a plurality of transparent or perforated areas or spots 32
      arranged in a unique pattern. This pattern is characteristic of a specific
      owner or client, all of whose digital storage media are to be
      authenticated with this pattern. In general, the spots will be
      microscopically small so they can be placed in the inter-track spaces
      without affecting the operation of the magnetic tape in its normal use.
      Also complex patterns can be used that are more difficult to copy or
      counterfeit. These pattern cards can be constructed as shown in FIG. 11.
      Here a thin sheet 124 of high melting or boiling temperature metal is
      placed in conjunction with a laser 112, light modulator 114, mirror 118
      and optics 120 which focusses the laser light 116 to a spot 122 of small
      area and high energy density, sufficient to burn a hole through the thin
      metal 124. The mirror 118 and optics 120 are carried on a frame 126 which
      is adapted to be precisely positioned in perpendicular coordinates (only
      one of which is shown) by screw means 128 and motor 127, as is well known
      in the art. The optics 120 is positioned at predetermined coordinates
      representing the desired pattern, and the holes are burned. These are very
      small, of the order of a few thousandths of an inch in diameter.
PAR  This pattern card or plate 124 is now the master pattern card and is
      carefully stored and guarded. Facsimile copies, such as 132 can be made in
      precisely the same pattern. One way to do this is to use the original card
      124 as a template to control light passage to the facsimile card 132. The
      control 130 is used to weaken the beam 116 so that the card 124 will not
      respond to the laser beam and be evaporated further. However, the
      facsimile card 132 can be made of lower boiling temperature material, so
      that it will selectively respond and evaporate with a beam that will not
      burn 124. The carriage 126 is moved through a raster of positions such
      that as the beam 122 passes over the openings in 124 the light will pass
      through these openings and burn through the sheet 132. Sheet 124 can, for
      example, be titanium or any other of the exotic high temperature metals.
      Sheet 132 can be aluminum or copper or other relatively low melting
      temperature metal. Also the facsimile 132 can be a photographic film that
      can be exposed to a liminois source through the openings in 124. Also it
      can be a plastic sheet with an opaque coating that can be burned off or
      evaporated by the laser beam. One such type of coating is a fully exposed
      and developed (black) opaque silver halide emulsion on plastic film.
      Another type of medium would be a strip of plastic with a very thin layer
      of metal applied by evaporation onto the plastic strip, in vacuum. It will
      be clear also that a certain intensity of the laser beam will be required
      to burn perforations in the magnetic film on the plastic magnetic strip,
      which must be less than the intensity of the beam to burn holes in
      facsimile 132.
PAR  It will be clear that the process of removing material such as metal of the
      plate, or metal or other opaque coating on a transparent base, by the heat
      of the focussed laser beam can be called evaporation, oxidation, burning
      or similar term, all of which will be considered equivalent in this
      application.
PAR  Having the pattern facsimile card, FIGS. 5 and 6 illustrate embodiments of
      this invention in which the facsimile is used to control the placement of
      the authentication pattern onto the record medium. In FIG. 5 is shown the
      magnetic tape 10, with plastic base 36 and evaporizable meltable or
      oxidizable thin opaque layer 38. The tape 10 is adapted to be transported
      longitudinally beneath the facsimile card 30, with its pattern of spots
      (not shown). Placed above the card 30 is a board 40 with a matrix of small
      lenses 42 held in the board. The card 30 and frame 40 are held in fixed
      relative position by guides (not shown) so that the spots in 30 are
      precisely positioned in the matrix of lenses. Light is conducted to the
      lenses by means of optical fibers 44 that are gathered together at their
      other ends 46 to a small area, exposed to the light. A laser 54 has a beam
      55 passing through light modulator 52, to mirror 50, and to optics 48
      which impresses its intense light onto the ends 46 of the optical fibers.
      Thus all the lenses in the plate 40 have light impressed on them. Those
      lenses 42 in matrix positions matching the spots in the facsimile card 30
      will pass light through the openings in the facsimile card focussed on the
      layer 38 of the tape 10. The light from the laser exposed through the
      lenses and focussed on the card 30 is controlled by modulator 52 to be
      intense enough to burn holes through the opaque layer 38 forming
      transparent spots on the tape in the pattern of the facsimile card 30. In
      the mechanism of FIG. 5 the pattern of spots is impressed on the tape 10
      simultaneously and rapidly, so that the recording of the spots can be done
      with the tape moving. In such case (such as where the spots are recorded
      by using the intense light of a pulsed laser, or when a short intense
      pulse of a continuous gas laser is used), the pattern of 30 can be
      repeated at intervals along the strip, the positions of which are
      coordinated with means in the tape handling unit well known in the art,
      that measures length or position along the tape. The positions, or
      distances 20 along the tape (FIG. 3) are chosen in a characteristic
      pattern, which provides additional secrecy and authenticity to the
      authentication of the record tape.
PAR  It will be clear that modifications can be made in FIG. 5, such that the
      fibers 44 can be rounded at their lower ends to form lenses of the proper
      focal length instead of using separate lenses 42. Also, the fibers 44 can
      be illuminated in groups, successively, if the intensity of the laser 54
      is not great enough to illuminate them all at one time.
PAR  While the apparatus of FIG. 5 is designed to impress the entire pattern or
      matrix onto the tape 10 at one time, it is possible to scan the matrix
      with a single laser beam and impress the spots onto the tape successively,
      as shown in FIG. 6.
PAR  In FIG. 6 is shown again the tape 10 with plastic base 36 and opaque layer
      38, and the matrix board 40 of lenses 42 as shown in FIG. 5. However,
      instead of impressing the light 55 from laser 54 simultaneously to all
      points in the matrix, the laser beam 55 is passed through modulator or
      control 52, and as beam 72 to a first rotating mirror 60 driven by motor
      62 and then as beam 74 to a second rotating mirror 64 with drive motor 66.
      The two mirrors are set with their axes at right angles, respectively
      parallel to the two orthogonal axes of the matrix of 40. The motors 66 and
      62 are synchronous and are driven by means of oscillator 68 and frequency
      divider 70 in precise ratio of rotation. Thus the two mirrors sweep out a
      raster of lines superimposed on the rows and columns of the matrix and
      covering all spots of the matrix board 40. By placing the facsimile card
      30 precisely under the board 40, the authentication pattern is impressed
      on the tape.
PAR  In a combination application Ser. No. 60,399 of one of the coapplicants of
      this application, filed Aug. 3, 1970, a method is shown of burning holes
      in a record through perforations in a master card by scanning the pattern
      by a single focussed laser beam. Thus a single precise optics can replace
      the lens board with a plurality of focussing lenses. Such a system would
      be equally applicable to this invention. Those portions of application
      Ser. No. 60,399 pertaining to this laser copying procedure are
      incorporated herein by reference.
PAR  In FIG. 4a the pattern card or facsimile 30 is shown with circular small
      holes or perforations 32. In the recording process, shown in FIGS. 5 and 6
      this type of pattern is used. However, when it comes to reading the
      pattern of holes, the tapes are not laterally guided to the precision of
      the dimensions of the circular holes. Thus, for reading, a slightly
      different facsimile card is used in which the circular holes are extended,
      32' in FIG. 4c, along the direction of the rows 16.
PAR  This can be done in the process of copying a master card to a facsimile
      pattern card by relatively moving the master and the facsimile card along
      the direction of the rows by increments of a size corresponding to the
      dimension of the microperforations, and by scanning the surface of the
      master card between each incremental displacement. Thus, the
      miscroperforations in the facsimile card will each comprise a plurality of
      contiguous circular microperforations, which will comprise, in effect
      microperforations of elongated shape, the elongation being perpendicular
      to the direction of record traverse, and being in the direction of record
      weave or flutter. If the elongated dimension is equal to or greater than
      the weave of the record within the limits of guidance, then each
      microperforation in the record will be positively read by the facsimile
      card irrespective of the weave of the record.
PAR  While the most direct method of providing the elongated microperforations
      is to use a plurality of copying steps, it is also possible, as is well
      known in the art, to use opital means to change a circular point focus to
      a line focus. This utilizes combinations of sperical and cylindrical
      lenses or mirrors, and will provide the elongated oval shape of
      microperforations desired.
PAR  In FIGS. 7a, 7b, 7c and 7d are shown a method for coding spot patterns by
      which differences between the pattern being read and the facsimile pattern
      can be detected very simply. In FIG. 7a is shown the facsimile pattern 154
      and in FIGS. 7b and 7d two possible tape patterns 156 and 156a. A very
      simple pattern of two rows 160a, 160b and two columns 158a, 158b are
      shown, with four possible spot positions in the matrix. With a redundancy
      factor of 2, 4 additional spot positions are shown 160c, 160d for each
      column. The logic is as follows. Assume the pattern has twp transparent
      spots (open circles) (158b, 160a) and (158a, 160b) while the other two
      possible positions are blank (closed small circles). In the second part of
      the pattern, rows 160c and d, the transparent spots and opaque spots are
      interchanged. In FIG. 7c is shown one reading apparatus. Here a lamp, 84,
      optics 86 in box 82 creates a collimated beam of light 87 directed
      upwardly through the tape 156 and the facsimile card 154 to another box
      160 containing optics 162 and PE sensor 164.
PAR  The correct pattern on the tape is the direct opposite of the pattern on
      the facsimile card 154. That is, transparent and opaque spots are
      reversed. This can be done by making the reading pattern card a
      photographic copy of the facsimile card where a negative copy is provided.
      Thus it will be clear, that if the two patterns are alike, wherever a
      transparent spot occurs in one, an opaque spot occurs in the other so that
      when the two overlap there will be no light passed through. On the other
      hand if the two patterns are not identical, light will pass through to the
      P.E.S. 164, which will indicate the discrepancy.
PAR  Consider the pattern 156a to be on the tape. This differs from 154 in
      having an additional (third) transparent spot at (160b, 158a).
      Superimposing the two patterns, it will be seen that light will pass
      through position (158a, 160b). Now, consider that instead of one
      additional transparent spot being present in the tape pattern, there is
      one less transparent spot present. That is, spot (160b, 158b) is missing.
      This is shown in FIG. 7b where spot (158b, 160b) is missing. When the two
      patterns 154 on the facsimile card and 156 on the film are superimposed,
      light will pass through (160d, 158b). Thus, by this system of coding, the
      patterns on the tape and on the facsimile card must have the exact same
      number of spots in the same positions to get the proper pass signal, (no
      light passage), remembering that the patterns are opposite on card and
      film.
PAR  We have, in FIGS. 5 and 6 described two embodiments of apparatus for
      placing or impressing the authentication patterns on the record. Also, in
      FIGS. 7a, 7b, 7c and 7d we show a method of using one particular coding
      system whereby the pattern can be read very simply. In FIG. 8 we will
      further describe an optical system, and in FIGS. 9 and 10 an
      opto-electronic system for comparing patterns on the tape and the
      facsimile card.
PAR  In FIG. 8 we show the tape 10 with opaque layer 38 over transparent support
      web 36, and with microperforations 80 represented in the opaque layer. In
      a housing 82 below the tape is a lamp 84, optics 86 which sends a
      collimated beam 87 up to the tape, illuminating the perforations 80. Above
      the tape is optics 92 which images the pattern of illuminated spots 80
      onto the facsimile card 30. The light 85 passing through the facsimile
      card perforations into the housing 83 is compressed by optics 88 onto the
      photosensor 90. The photosensor 90 acts as an OR gate, by placing a signal
      or line 96 whenever any one of the perforations in card 30 passes light.
      This card is of the type coded as in FIG. 7.
PAR  To be sure that light is passing through the tape or film, a beam divider
      93 takes part of the light passing through the film, and by means of
      optics 94 compresses it onto photosensor 95. So, when there is light on 95
      but no light on 90, we have the correct pattern. A simple logic to handle
      this condition provides a polarity inverter amplifier 97 which provides a
      positive signal when no light reaches 90. This signal and the output of
      sensor 95 both go to an AND gate 99. The AND gate is designed to give an
      output signal to the control 106 only when the same signal appears on both
      input leads, that is, when no light falls on 90 and light falls on 95. The
      signal to the control 106 can operate an alarm 105. Conversely, (as is
      well known in the art) the control 106 can control the signal input to the
      computer (CPU). The magnetic reading heads 100, operating against the tape
      10 have output signals on line 102 which go to the CPU through relays 103.
      The coils 107 of the relays are connected to the control 106. Thus when
      the pattern on the tape matches the pattern on the card, the relay 103
      will pull in and permit operation of the CPU. Other types of control
      (symbolized by line 103) can of course be used, as is well known in the
      art.
PAR  We show schematically in FIG. 8 a lamp 83 and reflector 85 illuminating the
      tape 10 with beam 89. If the spots on the tape are contrasting in color or
      reflectance, the pattern will be imaged onto the facsimile card as before.
      Thus the pattern can be read by light transmission or by light reflection.
PAR  In FIGS. 7 and 8 the patterns on the tape and card are compared as a whole,
      and the choice of whether a match is made or not is dependent on whether
      or not any light reaches the sensor. In FIGS. 9 and 10 we show another
      system in which separate sensors are provided for each point in the
      pattern. Proper electronic logic is then provided to compare corresponding
      points in the pattern to be sure each point location is the same (that is,
      open or closed, transparent or opaque).
PAR  In FIG. 9 we show the tape 10, with opaque layer 38 and translucent or
      transparent web 36. This passes over lamp housing 82 with lamp 84, optics
      86 and collimated beam 87. A plurality of optical fibers 165 leading to PE
      sensors 167 are arranged in a pattern corresponding to the matrix of
      possible positions of spots in the pattern on the tape and card.
      Similarly, a separate lamphouse 82' impresses on a corresponding plurality
      of optical fibers 166 and PE sensors 168 light that passes through the
      microperforations of card 30. Signals from the two groups of sensors go by
      lines 169, 170 to a logic box 172 which signals the control 106 and the
      CPU 104 as in FIG. 8.
PAR  In FIG. 10, we show schematically the sensors 176a, 176b, 176c, etc., from
      the group 167 responsive to the tape, and corresponding sensors 178a,
      178b, 178c, etc., from the group 168, responsive to the card. In general
      there may be a large number of these but for simplicity we show only
      three, and will only show the logic connections to two.
PAR  Leads 180a, 180b go from corresponding sensors 176a and 178a to an AND gate
      182a, which has an output line 188a. When light is applied to both 176a
      and 178a positive signals go to 182a, and under the condition a positive
      signal will appear on 188a. When both 176a and 178a are dark, a negative
      signal appears on their leads 180a, 180b. But the AND gate only works with
      positive signals. So parallel leads 184a, 184b go to polarity inverter
      amplifiers 186a, 186b which convert the negative signals to positive
      signals. These then go to AND gate 182b. The output lines 188a, 188b go to
      an OR gate 190a. The OR gate will put out a positive signal on 192a when
      either one or the other of input leads 188a, or 188b carries a positive
      signal.
PAR  To review, if both 176a and 178a are light a positive signal goes from each
      to 182a which then sends a positive signal to 190a. If both 176a and 178a
      are dark, they put out negative signals which are inverted to positive
      signals by amplifiers 186a, 186b. They then go to the AND gate 182b and
      place a positive signal on 190a. So, whether the two sensors are both
      light or both dark the OR gate 190a sends a positive signal to the final
      AND gate 194. If both 176a and 178a are not alike then 192a carries a
      negative signal. The AND gate 194 has input leads corresponding to each
      pair of sensors, and if each pair are alike, whether light or dark, a
      positive signal appears on the corresponding input to 194, and a positive
      output signal appears on output 196.
PAR  Again, as in FIG. 8, we need to know whether a pattern is in position in
      the tape over the lamphouse 82, so we take leads 198a, 198b, etc. from
      sensors 176a, 176b etc. to OR gate 200. If any one of the sensors shows
      light, then a positive signal appears through 202 to AND gate 204 which
      corresponds to AND gate 99 of FIG. 8. Therefore, if any one of the tape
      sensors shows light and if all pairs of sensors have the same light or
      dark then positive signals will appear on lines 196 and 202 and gate 204
      will send a signal to control 106, and appropriate response can be made as
      discussed in connection with FIG. 8.
PAR  While we speak interchangeably of pattern card, master pattern card and
      facsimile pattern card in the step of impressing the authentication
      pattern on the record and the step of reading the authentication pattern
      and comparing it to the pattern of the pattern card, any of the cards can
      be used and we will simply call them pattern cards. Also, while we speak
      generally of patterns of spots, we mean particularly geometric patterns of
      microscopic spots or microscopic perforations or microperforations, which
      cannot be precisely read by eye, but can be precisely read by optical
      means, by comparison with the precisely prepared pattern card from which
      the pattern on the record medium was originally made.
PAR  While a number of embodiments of this invention have been described and
      illustrated, additional embodiments will be conceived by those skilled in
      the art based on the principles enunciated, all of which embodiments are
      considered to be part of this invention, the scope of which is to be
      determined from the scope of the appended claims.
PAR  Our invention provides an access control for selectively granting access on
      presentation and authentication of a control member comprising a carrier
      means with machine readable indicia thereon and having unique coded micro
      space pattern means. The coded patterns may comprise an array of redundant
      coded patterns, an array of microperforations, etc. Control member
      authentication means includes means responsive to the indicia and a bank
      of the authenticating master patterns, the responsive means selecting the
      appropriate master pattern from the bank, and means for comparison of the
      coded pattern with the authentication pattern selected from the bank of
      master patterns. When the compared patterns correspond, access is
      authorized which may include a print out, a display, a delivery of an item
      carrying a coded pattern, or access to perform a function such as to
      erase, supplement, or revise a record.
PAR  The invention further provides an information storage system, including
      method and apparatus, for controlling and authenticating access to an
      information storage record, comprising the preparation of pattern card
      means containing a predetermined unique geometrical pattern of
      microperforations, by burning the pattern into the pattern carrier means
      using a pulsed, focused beam of laser radiation. Then by using the pattern
      carrier means as a mask, an unerasable authentication pattern of
      micriperforations corresponding to said pattern on the carrier means is
      applied to the record. This can be done by passing continuous focused
      laser radiation through the microperforations of the pattern carrier means
      by scanning laser radiation over the surface of the pattern carrier means.
PAR  Other embodiments include controlling the reading of data from the record
      in response to the comparison of the patterns, and optionally at at least
      two spaced positions along the record and determining the spacing between
      the at least two positions, and further comparing the determined spacing
      with the known coded spacing. The reading of data from the record is
      accordingly controlled in response to the step of comparing the spacings;
      and the comparisons can be made at each of the plurality of spaced
      patterns on the record.
PAR  Although a number of embodiments of our invention have been described and
      illustrated, additional embodiments will become apparent to those skilled
      in the art in view of our disclosure; all such embodiments are considered
      a part of this invention, the scope of which is to be determined by the
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for authenticating access to data storage record, comprising:
PA1  a. means for preparing pattern carrier means containing a predetermined
      unique geometrical micro pattern applied by laser radiation;
PA1  b. means including said pattern carrier means for applying on said record
      an unerasable authentication pattern corresponding to said pattern on said
      carrier means;
PA1  c. means for passing said laser radiation through the said authentication
      pattern by scanning said radiation over the surface of said pattern
      carrier means, said micro pattern of the carrier means being applied to
      the record in a plurality of spaced positions thereon, the spacing between
      the positions being known; and
PA1  d. means including said pattern carrier means for comparing the micro
      pattern on said record in at least one of said positions with the
      authentication pattern of said pattern carrier means.
NUM  2.
PAR  2. A system for authenticating access to a data storage record, comprising:
PA1  a. means for preparing pattern carrier means containing a predetermined
      unique geometrical micro pattern applied by laser radiation;
PA1  b. means including said pattern carrier means for applying on said record
      an unerasable authentication pattern corresponding to said pattern on said
      carrier means;
PA1  c. means for passing said laser radiation through the said authentication
      pattern by scanning said radiation over the surface of said pattern
      carrier means, said micro pattern of the carrier means being applied to
      the record in a plurality of spaced positions thereon, the spacing between
      the positions being known;
PA1  d. means including said pattern carrier means for comparing the micro
      pattern on said record in at least one of said positions with the
      authentication pattern of said pattern carrier means; and
PA1  e. means for comparing the authentication pattern in at least two spaced
      positions on said record and for determining the spacing between said at
      least two positions.
NUM  3.
PAR  3. The system as in claim 2 including means for comparing the determined
      spacing with the known spacing.
NUM  4.
PAR  4. The system as in claim 3 including means for controlling the reading of
      data from said record in response to the means for comparing said pattern
      spacings.
NUM  5.
PAR  5. The system as in claim 1 including means for comparing the
      authentication pattern at each of a plurality of spaced patterns on said
      record and for determining the spacing between such plurality of spaced
      patterns.
NUM  6.
PAR  6. The system as in claim 5 including means for controlling the reading of
      data from said record in response to said means for comparing said
      patterns and a plurality of pattern spacings.
NUM  7.
PAR  7. An access authenticating system comprising;
PA1  a. means responsive to machine readable information indicative of unique
      coded pattern carried by stored means to be retrieved;
PA1  b. a plurality of authenticating unique coded master pattern carrier means;
PA1  c. means responsive to said machine readable information to select the
      appropriate one of said plurality of authenticating unique coded master
      pattern carrier means;
PA1  d. means for comparison of said unique coded pattern on said stored means
      with the appropriate authenticating master pattern on the matching
      selected unique coded master pattern carrier means; and
PA1  e. means authorizing access when the compared patterns match.
NUM  8.
PAR  8. The access authentication system of claim 7 including means authorizing
      access when the compared patterns match.
NUM  9.
PAR  9. The access authentication system of claim 7 wherein the coded pattern
      means includes redundant coded micro patterns.
NUM  10.
PAR  10. The access authentication system of claim 9 wherein the coded micro
      patterns comprise an array of micro-perforations.
NUM  11.
PAR  11. The access authentication system of claim 7 wherein the stored means is
      an item with said coded pattern carried thereby and including means for
      delivery of such item.
NUM  12.
PAR  12. The system of claim 7 in which the stored means is a long strip data
      storage record, means for traversing the record in a record handling means
      including transducer means to read digital data on said data storage
      record means, and including means for stopping the traverse of said data
      storage record means when the coded pattern on said strip record is not
      the selected micro pattern on said coded pattern carrier.
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ABST
PAL  An improved method and apparatus are disclosed for the reading (or sensing)
      and decoding of two frequency "bar coded" or transition coded sensible
      data. The data may take the form of indicia recorded on various media or
      it may be transmitted on a communications channel. The method and
      apparatus include means for simultaneously or separately accommodating
      both variable velocity scan (or distorted reception) conditions and
      non-uniform bar widths in the coded data or other variations in the
      spacing of transition signals in the recorded indicia. Frequency
      variations in transmitted data signals can also be accommodated. Hand held
      sensor or "wand" scanning of coded tangible indicia-bearing media is
      facilitated for either optically or magnetically recorded data indicia.
      Correct interpretation of frequency-distorted transmitted data is also
      made possible.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to recorded indicia or transmitted code
      sensing and decoding methods and apparatus and to data processing systems.
      More specifically, it relates in particular to self-clocking coded data
      indicia sensing and decoding systems and apparatus.
PAC  PRIOR ART
PAR  A large body of prior art exists in which bar width coded indicia (for
      optical scanning) or transition time based magnetic bar widths are
      utilized to encode data in any one of a variety of code formats. Examples
      of such bar codes or transition coding schemes may be found in U.S. Pat.
      No. 3,750,108 to Jensen for example, or U.S. Pat. No. 3,811,033 to Herrin
      et al, or in U.S. Pat. Nos. 3,708,748, 3,701,886, 2,870,429, 2,887,674,
      3,111,576, 3,723,710 and 3,403,377. While a good deal of art exists in
      addition to the aforementioned patents, these are fairly representative of
      the approaches that have been taken in writing, reading and interpreting
      bar coded or transition coded indicia or signals. The systems are
      essentially intended for use with either magnetic or optically encoded
      data. In such systems, the recoded indicia may be optically visible and
      may also be magnetically readable, such as is commonly the case with
      magnetic (MICR) ink characters. Also, the indicia may be optical only with
      contrasting light and dark or colored bars. The indicia may be magnetic
      only with optically invisible magnetically encoded bar patterns which, on
      a magnetic medium, serve the same purpose as optical bars, insofar as
      scanning with a magnetic sensing head versus an optical scanning head is
      concerned. Alternatively, a stream of signal variations may arrive over a
      communications channel in the form of distorted frequency coded signal
      transitions which vary in a manner similar to that produced by a scanning
      head.
PAR  As will be apparent to those skilled in the art, previous patents, such as
      mentioned above, have directed themsevles toward problems of uneven
      spacing of the bars, frequency variations in the signal, or variations in
      indicia spacing which differ from the ideal spacing desired according to
      the coding format. Such variations make the problem of interpreting the
      encoded data difficult. Also, variations in the relative velocity between
      the scanning head, whether it be optical or magnetic, and the data
      records, introduce errors since the transition times, or crossings of the
      edges of optically visible bars or magnetically sensible bars, will vary
      if the scanning velocity varies or if, during encoding, the encoding
      system experienced varying transport velocities.
PAR  While the aforementioned patents are indicative of some general improvement
      in the art of scanning, writing, and decoding these types of coded
      indicia, or interpreting such distorted signals, two inherent problems
      remain essentially unsolved: when the coded indicia are printed with ink
      on paper or other similar media, the ink tends to spread or flow into the
      media and vary the width of the resulting printed indicia. This problem,
      known as "print spread," introduces an inherent source of error since the
      edges of the coded data bars will not occur at the ideal width or spacing
      at which they are desired. As will be apparent to those skilled in the
      art, this problem becomes increasingly significant with increasing print
      spread. It is also apparent that certain types of code format are more
      sensitive to this phenomenon, even given a constant velocity scanning
      operation, than are other codes.
PAR  As will appear in greater detail below, the prior art has not produced an
      acceptable solution to the problem of print spread. Such a solution is a
      prerequisite for the use of a hand held, freely movable wand or scanning
      head approach where the operator moves the wand freely and easily across a
      printed indicia for reading it. Some "hand-wandable" bar code formats have
      been introduced, but the operator is generally required to move the
      sensing wand, or scanner head at a fairly constant velocity and in a
      carefully prescribed manner across the indicia in order to read it
      effectively. The amount of training and skill required to perform this
      operation repeatedly and correctly are a source of great dissatisfaction.
      It is desirable to improve the system to permit an untrained operator to
      move the hand-held sensor at will, without any particular training or
      preparation, across bar coded indicia and consistently read it effectively
      and correctly extract the data therefrom.
PAR  A second inherent problem with the prior art deals with the compensation
      for variations in scanning velocity or transmitted signal frequency
      variations. Systems which depend on the measured time interval between
      signal transitions of previous bar coded bits of data, and which
      compensate internally for variations in these measurements by using a
      continuously varying standard, have met with some success as evidenced by
      the prior mentioned patents such as U.S. Pat. No. 3,811,033.
      Unfortunately, the degree of velocity (or frequency) variation in a hand
      held scanner system is such, as will appear later, that the aforementioned
      systems in the prior art will not function effectively. As a result, the
      coded data will be read inaccurately under certain conditions of high
      acceleration and/or print spread.
PAR  The combination of acceleration (velocity) effects with print spread
      effects compounds the problem and creates seriously detrimental
      difficulties in accurately reading and interpreting coded data encoded
      under these width or transition time-frequency formats. In addition, the
      use of hand held scanners or sensors produces a phenonmenon known as
      "skew" in which, unless the path of the scanner head is directly
      perpendicular to the widths of the bar or the transition coded data, the
      transitions will appear to occur spaced wider in time than they physically
      are on the media. If the scan path produced in hand scanning is a wavy
      line rather than a straight line, the problem is further compounded.
PAC  OBJECTS OF THE INVENTION
PAR  In light of the foregoing problems and inherent difficulties with bar or
      transition coded indicia sensing and decoding systems, it is an object of
      this invention to provide an improved means and method for compensating
      for print spread in printed bar or transition coded data records so that
      they may be effectively sensed with a hand held sensor in an improved
      manner.
PAR  Another object of the invention is to provide an improved encoding/decoding
      technique for use in F2F signal transmission or recording systems.
PAR  A further object of the invention is to provide an improved means and
      method for compensating for acceleration effects in hand held, or other
      non-uniform velocity scanning, or sensing systems in general, or in
      non-hand held systems in an improved manner which effectively compensates
      for all spread, velocity or frequency distortion effects.
PAR  Still another object of the invention is to provide an improved means and a
      method for compensating for the combined effects of print spread and
      acceleration simultaneously.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects of the invention are met by providing a
      means and method for first measuring signal transition time spacings and
      then adjusting an inhibit or signal blocking time to account for the
      amount of print spread and/or acceleration effects detected in the initial
      measuring operation, so that the symbol boundaries in transition codes or
      bar codes, encoded in an improved way, can be isolated and accurately
      interpreted when sensed. Additional means and method are utilized for
      measuring and adjusting the inhibit operation for acceleration alone or
      spread alone accordng to specially derived algorithms as will appear
      later. Combined algorithms for correcting for both print spread and
      acceleration are also derived and developed and embodied in particular
      embodiments which will be discussed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the prior art F2F code and of the
      generally accepted method of decoding or reading such a code. A typical,
      but undistorted, sensor output or signal stream is also shown.
PAR  FIG. 2A illustrates an ideal F2F code pattern and an alternate printing
      technique where only the edges or transition points are printed.
PAR  FIG. 2B illustrates the ideal pattern of FIG. 2A as distorted by spread and
      illustrates an inhibit gate period for blocking the 2F signal transitions.
PAR  FIG. 3 illustrates a schematic timing diagram for the logic operations of a
      preferred embodiment of the invention.
PAR  FIG. 4 illustrates a schematic timing diagram for the logic operations of
      another preferred embodiment of the invention.
PAR  FIG. 5 illustrates a schematic flow chart of a preferred embodiment of the
      invention.
PAR  FIG. 6 illustrates, in schematic form, a logic circuit diagram for several
      preferred embodiments of search or inhibit gate systems described herein.
PAR  FIG. 7 illustrates in more detail an algorithm selector for use in FIG. 5
      and is for spread corrections only.
PAR  FIG. 8 illustrates in more detail an algorithm selector for use in FIG. 5
      and is for both spread and acceleration corrections.
PAR  FIG. 9 illustrates, in schematic form, the logic of a polarity comparison
      decoder for use in FIG. 6.
PAR  FIG. 10 illustrates, in detail, a comparison of the several systems and
      methods in this and in my copending application Ser. No. 522,210.
PAR  FIGS. 11-14 illustrates arbitrary code sequences used in deriving the
      algorithms in Table 1A and 1B.
PAR  FIG. 15 illustrates, in schematic form, a functional flow chart for a
      symbol boundary search technique embodied in FIG. 6.
PAR  FIG. 16 illustrates, in schematic form, a functional flow chart for a
      center or 2F signal transition search technique using a single preamble
      bit symbol boundary search algorithm to generate a 2F search gate
      function.
PAR  FIG. 17 illustrates, in schematic form, a functional flow chart for a
      center or 2F signal transition search technique using two preamble bits
      symbol boundary search algorithms to generate a 2F search gate function.
PAR  FIG. 18 illustrates an algorithm selector logic circuit for use in the
      center transition inhibit technique embodied in FIGS. 5 and 6.
PAR  FIGS. 19-23 illustrate, in schematic logic form, the mathematical
      computation logic circuits for the algorithms in Tables 1A and 1B.
DETD
PAR  Specific embodiments of the present invention, together with flow charts
      illustrating their sequence of operation will be discussed shortly.
      However, since it is necessary to introduce a good many new terms and to
      discuss generally the problem to be encountered and overcome, this
      specification will, for reference and general background information,
      incorporate here by reference the entirety of my copending, commonly
      assigned, application Ser. No. 522,210 filed 11-8-74, where the nature of
      the recording or transmission technique, generally regarded in the art as
      "F2F" encoding, is discussed with relationship to the phenomenon known as
      "print spread." Print spread occurs when such coding techniques are
      applied to printed bar characters or codes. In a second segment of the
      above incorporated application, the problems of acceleration of the sensor
      relative to the data bearing media (or velocity variations during
      encoding, etc.) are discussed as concerns the effect of acceleration on
      accurate reading or sensing. There exists a general lack of success in the
      prior art at handling this problem effectively. In a third section of the
      aforementioned application, the combined effects of print spread and
      acceleration are discussed and specific embodiments developed which
      provide another universal reading technique and apparatus for bar or
      transition coded exhibiting print spread acceleration distortions in the
      signal stream resulting from reading such codes.
PAR  The technique set forth in my aforementioned copending application
      generally involves a means and method for first measuring signal
      transition time spacings and then adjusting a search time to account for
      the amount of print spread and/or acceleration effects detected in the
      initial measuring operation, so that transition codes or bar codes,
      encoded in an improved way, can be accurately interpreted when sensed.
      Additional means and method are utilized in my prior application for
      measuring and adjusting the sense operation for acceleration alone or
      spread alone according to some specially derived prediction algorithms
      therein set forth. Also, combined algorithms for correcting for both print
      spread and acceleration are derived therein and are developed and embodied
      in particular embodiments as discussed therein.
PAR  The difference between my prior application and the invention herein lies
      in the approach taken to encoding and decoding the F2F code format used in
      both, and in the method of isolating a signal element for study. In my
      prior application, the "2F" frequency signal transitions, if any occurred,
      were detected by erecting a search gate of a length predicted according to
      specific algorithms chosen for specific conditions. If a signal transition
      was found during the period the "search gate," as that term was used, then
      a digital 1 was sensed. If no signal occurred during the search gate
      period, a digital 0 was interpreted. The symbol boundaries, or "1F" signal
      transitions in the F2F data signal stream were isolated from the "2F"
      signal transitions by the search gate and were not used except for timing
      and measurement purposes. The inverse of these encoding and interpreting
      functions and techniques is utilized in the present invention. The data
      content of the F2F signal stream is interpreted by isolating and then
      considering the "1F" transitions, or symbol boundary signals as they are
      termed in my aforementioned application, instead of by interpreting the
      presence or absence of "2F.infin. transitions which are blocked instead of
      detected during the search gate time period as discussed therein.
PAR  The algorithms discussed and derived in my noted copending application may
      be used again as taught herein to isolate the "2F" transitions from the
      "1F" transitions, but the "1F" transitions are interpreted instead of the
      "2F" transitions. It will be apparent that what was previously termed a
      "search gate," which searched for and sensed any "2F" signal transitions
      at points intermediate the "1F" symbol boundary signal transitions, may
      now be used herein as an "inhibit gate" to block consideration of the "2F"
      signal transitions and to isolate the "1F" boundary transitions for
      consideration.
PAR  As will be discussed in detail below, the "inhibit gate" function herein
      may use the same prediction algorithms as my previously mentioned
      invention, but in a fashion opposite to that discussed in my previous
      invention. The reason that the same algorithms may be used is that, by
      inhibiting the "2F" signals, the "1F" or symbol boundary signals may be
      isolated for study and interpretation. Atlernatively, new algorithms
      having different forms as derived herein are used in the preferred
      embodiments.
PAR  Turning then to FIG. 1, a schematic representation of the well-known "F2F"
      coding technique, as applied to a magnetic medium, for the digital number
      1011010 is shown. F2F code is known in the art as an abbreviation for
      "frequency and two-frequency," or alternatively, "double frequency"
      coding. In this technique, transitions in the signal stream sensed by an
      appropriate sensor occur at one frequency or at double that frequency.
PAR  The assumption is made for movable scanners, under these ideal conditions,
      that the sensor moves at a constant velocity relative to the data bearing
      medium and that the code was written under constant velocity conditions. A
      digital 1 may be recorded as one signal transition within a given period
      of time T written as illustrated in the upper line of FIG. 1 and sensed as
      shown in the bottom line of FIG. 1. A digital 0 may be represented as not
      transition over a similar time interval T.
PAR  For optically printed bar codes, the top line of FIG. 1 may be thought of
      as a series of single or double width bars with single or double width
      white spaces between the bars. When scanned by a suitable optical sensing
      means, such patterns would produce a signal train similar to that shown in
      the lower line of FIG. 1. Where an electrical signal is produced by a
      magnetic sensing head sensing a magnetically encoded data record, or by an
      optical sensing head scanning a series of black and white bars of varying
      widths, the bottom line of FIG. 1 represents an output signal stream.
PAR  It will be observed, in FIG. 1, that a varying signal is produced at the
      output of a magnetic sensing head when it passes over a suitable
      magnetized medium bearing a pattern of magnetization for the digital
      character 1011010 as shown. The magnetization on the particular medium
      varies between two levels of magnetization as shown. Various equal time
      intervals T are illustrated as spaced along the upper line of FIG. 1. The
      well-known F2F code shown here is already used in magnetic stripe credit
      card reader systems and is written on the credit cards themselves, of
      course. It is also used in a variety of optical scanning devices, such as
      shown generally in the aforementioned U.S. Pat. Nos. 3,750,108 and
      3,811,033. In the magnetic sense, it will be observed in FIG. 1 that a
      transition from one level of magnetization to another occurs midway in the
      interval time T, when viewed from left to right, on the top line of FIG.
      1. This is arbitrarily chosen to represent the digital data bit 1 as
      shown. The succeeding interval time T contains no transition of signal and
      is thus interpreted as a digital data bit 0. Succeeding time intervals are
      shown in which transitions either occur or do not occur to generate the
      codes 11010 following the initial 1 and 0 just discussed.
PAR  The top line in FIG. 1 may be alternatively viewed as either a magnetic
      code pattern on a magnetic media or an optical code pattern, such as a
      series of black and white bars of varying widths, on a sheet of paper as
      was previously discussed. The varying signal levels may then be taken
      either as varying magnetization levels or variable optical reflectivity
      levels between two general values, high and low.
PAR  It is desirable to make a single assumption and suggest that this
      transitional pattern may also be viewed as an analog electrical signal.
      Assuming that a suitable sensor of the desired optical or magnetic type is
      used to scan across the appropriate media, it will produce electrical
      signals which may be suitably amplified and shaped to produce the typical
      waveform shown in the bottom line of FIG. 1. The waveform pattern in the
      bottom line of FIG. 1 corresponds to the transitions in the analog pattern
      in the top line of FIG. 1. All similar waveform figures will, for
      simplicity, be omitted in the figures following FIG. 1. But it should be
      understood that the transitional waveform in the bottom of FIG. 1 contains
      the data and clocking information which would be utilized in logic
      embodiments. As will be readily appreciated by those of skill in the art,
      the production of a suitable waveform involves sensing an analog signal
      with a sensor, converting it to a digital output in an A to D converter or
      similar device, suitable amplifying and shaping the waveform, and
      producing clean square-edged waves, which may be differentiated, etc., to
      produce the waveform in the bottom line of FIG. 1. The foregoing
      operations, being well-understood in the various arts of either optical or
      magnetic sensing, will not be discussed further here. It will be assumed
      that a suitable sensor will be provided together with the necessary
      waveform modifying apparatus to produce a clean square-edged waveform and
      that a suitable sensor scanning a particular encoded media will produce a
      waveform such as shown in the top and bottom lines of FIG. 1.
PAR  F2F coding as just described must, of course, be decoded in order to
      extract from it the data contents of 1 or 0. This is accomplished, in the
      classical sense, as shown in U.S. Pat. No. 3,750,108 for example. It
      involves setting up a gate function which gates the output of the sensor
      to a using system under certain conditions such that, for example, the
      presence of a transitional pulse appearing from the scanner during the
      time in which the search gate is open arbitrarily signifies a binary 1 for
      example, and the absence of a transitional pulse from the sensor during a
      search gate time signifies a digital 0. The classic or ideal timing of the
      required search gate is shown in FIG. 1, in the line of graphical
      transitions labeled "search gate." It is assumed in FIG. 1 that the
      relative velocity between the appropriate sensor and the ideally encoded
      media is constant so that the widths T are all equal.
PAR  It will be readily apparent to those of skill in the art that in order to
      sense the transition which is significant for a binary 1, which occurs
      exactly midway in a time interval T, it is desirable to set up a "search
      gate" to run from the instant a time interval T begins to a point exactly
      equal to 3/4 the time interval T, where the search gate is ended. If a
      transition is detected, it will unambiguously denote a binary 1, whereas
      if no transition is detected, an unambiguous binary 0 will be the
      information content described.
PAR  Given the assumption that T is the intended width of each of the character
      symbol periods, whether they contain a binary 1 or a binary 0, the normal
      length of the search gate to accurately detect the transition significant
      of a 1, without inadvertently picking up the transition at the boundaries
      of a symbol time period T, is equal to 3/4 of a symbol time period T. The
      search gate of the prior art is started at the beginning of each symbol
      time T and is terminated when 3/4 of the previous symbol length is
      reached. A mechanism for providing this result is shown, for example, in
      U.S. Pat. No. 3,750,108, where specific timing circuitry to create the 3/4
      T search gate period is explained. The object of the search gate is to
      permit the response signals in the top line, which originate from the
      binary 1 intermediate symbol transitions, to be detected without confusion
      with the response signal resulting from the symbol boundary transitions
      occurring at either end of each symbol.
PAR  The object of an "inhibit gate," as used in the present invention, on the
      other hand, is to block the intermediate signals from being detected and
      to permit the response signals resulting from the symbol boundary
      transitions to be detected instead. The proper time for terminating an
      inhibit gate is equal to that for terminating a search gate, the period
      thereof being measured from a symbol boundary just passed. The actual
      start of an inhibit gate function would be slightly after a symbol
      boundary signal transition, for example, at 1/8T.sub.n.sub.-1, where
      T.sub.n.sub.-1 is the width of the last symbol. This will be made clear
      when FIG. 3 is discussed below. The boundary transitions correspond to the
      so-called "single frequency" signals.
PAR  Having thus discussed the general field to which the invention relates and
      the basic prior art of F2F coded bar, optical, or magnetic symbols, the
      discussion will now turn to the problem which exists when optical bar
      codes are printed on ordinary media using ink, for example.
PAR  When optical bar codes are printed in the F2F code format as discussed
      above, a phenomenon known as "print spread" takes place. Print spread may
      be defined as the widening of the ink pattern due to spreading and
      diffusion of the ink into the paper medium. The resulting printed black
      bars become wider than originally intended when they were printed. The
      situation compounds itself in complexity since the widening of adjacent
      black bars narrows the intervening white bars or spaces on an optical
      printed media. In the magnetic equivalent of this phenomenon, assuming
      that a magnetic media is "written" with alternating magnetization areas,
      the effect of spread as it is known in the optical printing art can also
      exist, one form of which is known as "intersymbol interference" to those
      in the art.
PAR  Turning to FIG. 2A, an example of a binary code written in F2F format for
      the character 101100 is shown for an ideal F2F code not having any print
      spread. FIG. 2B, shown directly below FIG. 2A, illustrates the situation
      for the same code in which positive print spread, or widening of the
      printed bars, has taken place. In FIG. 2B, the widths of the black bars,
      shown by the cross hatched areas in FIGS. 2A and 2B, are increased by some
      arbitrary and uncontrolled amount due to the flow of ink. FIG. 2B thus
      illustrates a positively spread F2F code pattern. It also represents the
      un-differentiated signal train which would be produced from a primary
      sensor of the optical or magnetic type reading the appropriate coded
      media. The inhibit gate termination time, or length T.sub.ig which would
      be predicted for a given symbol time T.sub.n, may be determined by the use
      of new algorithms chosen from Tables 1A and 1B below, where T.sub.n.sub.-1
      is the width of the previous symbol, T.sub.n.sub.-2 is the width of the
      next previous symbol, .alpha. is a variable term which is chosen at some
      particular value as will be discussed, and K.sub.p is a spread factor as
      discussed and derived in my copending application Ser. No. 522,210.
TBL                                    TABLE 1A                                
     __________________________________________________________________________
     F2F SYMBOL BOUNDARY POSITION SEARCH WINDOW                                
             Conditions    Constant Velocity                                   
                                      Acceleration                             
     T.sub.n.sub.-1                                                            
          T.sub.n.sub.-2                                                       
              T.sub.n.sub.-1                                                   
                 "0" Comp. K.sub.p                                             
                           No Spread  No Spread                                
                                             T.sub.n.sub.-1                    
                           .DELTA. = 2.alpha. T.sub.n.sub.-1                   
                                      .DELTA. = 2.alpha. T.sub.n.sub.-1        
                                             T.sub.n.sub.-2                    
     __________________________________________________________________________
                                          T.sub.n.sub.-1                       
     "0" "0" Even    Pos.  T.sub.n.sub.-1 (1 .+-. .alpha.)                     
                                      T.sub.n.sub.-1                           
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
     "0" "0" Odd     Neg.                                                      
                                          T.sub.n.sub.-1                       
     "0" "0" Odd     Pos.  T.sub.n.sub.-1 (1 .+-. .alpha.)                     
                                      T.sub.n.sub.-1                           
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
     "0" "0" Even    Neg.                                                      
                                          T.sub.n.sub.-1                       
     "1" "0" Forced  Neg.  T.sub.n.sub.-1 (1 .+-. 60)                          
                                      T.sub.n.sub.-1                           
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
     "1" "0" Even                                                              
                                          T.sub.n.sub.-1                       
     "1" "0" Forced  Pos.  T.sub.n.sub.-1 (1 .+-. .alpha.)                     
                                      T.sub.n.sub.-1                           
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
     "1" "0" Even                                                              
                                          T.sub.n.sub.-1                       
     "0" "1" Odd     Pos.  T.sub.n.sub.-1 (1 .+-. .alpha.)                     
                                      T.sub.n.sub.-1                           
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
                                          T.sub.n.sub.-1                       
     "0" "1" Odd     Neg.  T.sub.n.sub.-1 (1 .+-. .alpha.)                     
                                      T.sub.n.sub.- 1                          
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
                                          T.sub.n.sub.-1                       
     "1" "1" Forced  Pos.  T.sub.n.sub.-1 (1 .+-. .alpha.)                     
                                      T.sub.n.sub.-1                           
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
             Even                                                              
                                          T.sub.n.sub.-1                       
     "1" "1" Forced  Neg.  T.sub.n.sub.-1 (1 .+-. .alpha.)                     
                                      T.sub.n.sub.-1                           
                                              (1 .+-. .alpha.)                 
                                          T.sub.n.sub.-2                       
             Even                                                              
     __________________________________________________________________________
     (For leading edge of symbol boundary search window, use -.alpha.; for     
     trailing edge of search                                                   
     window, use +.alpha.; for symbol boundary use .alpha.=0.)                 
         K.sub.p                                                               
     Where:                                                                    
           .ltoreq. .alpha. .ltoreq. 1/2- K.sub.p /4 and 0 .ltoreq. K.sub.p    
           .ltoreq. 1.0                                                        
         4                                                                     
     A = the search window width or the difference between leading and         
     trailing edges                                                            
TBL                                    TABLE 1B                                
     __________________________________________________________________________
     Conditions      Constant Velocity        .DELTA.                          
     T.sub.n.sub.-1                                                            
         T.sub.n.sub.-2                                                        
            T.sub.n.sub.-1 "0"                                                 
                Comp. K.sub.p                                                  
                     With Spread                                               
     __________________________________________________________________________
                              .vertline. K.sub.p .vertline.                    
                         2(1.+-..alpha.)+                                      
                              2                    2T.sub.n.sub.-1             
     "0"                                                                       
        "0"                                                                    
           Even Pos. T.sub.n.sub.-1                                            
                                  and         .DELTA. = 2.alpha.               
                         2-.vertline. K.sub.p .vertline.                       
                                                   2-.vertline.K.sub.p         
                                                   .vertline.                  
     "0"                                                                       
        "0"                                                                    
           Odd  Neg.                                                           
                              .vertline.K.sub.p .vertline.                     
                         2(1.+-..alpha.)-                                      
                              2                    2T.sub.n.sub.-1             
     "0"                                                                       
        "0"                                                                    
           Odd  Pos. T.sub.n.sub.-1                                            
                                  and         .DELTA. = 2.alpha.               
                         2+.vertline. K.sub.p .vertline.                       
                                                   2+ .vertline.K.sub.p        
                                                   .vertline.                  
     "0"                                                                       
        "0"                                                                    
           Even Neg.                                                           
                             .vertline.K.sub.p .vertline.                      
     "1"                                                                       
        "1"                                                                    
           Forced                                                              
                Neg. T.sub.n.sub.-1  (1.+-..alpha.)-                           
                                 and          .DELTA. = 2.alpha.T.sub.n.sub.-1 
                                              3                                
                             4                                                 
     "1"                                                                       
        "0"                                                                    
           Even                                                                
                             .vertline. K.sub.p .vertline.                     
     "1"                                                                       
        "0"                                                                    
           Forced                                                              
                Pos. T.sub.n.sub.-1  (1.+-..alpha.) +                          
                                 and          .DELTA. = 2.alpha.T.sub.n.sub.-1 
                                              1                                
                             4                                                 
     "1"                                                                       
        "0"                                                                    
           Even                                                                
                              .vertline. K.sub.p .vertline.                    
                         2(1.+-..alpha.)-                                      
                              2                    2T.sub.n.sub.-1             
     "0"                                                                       
        "1"                                                                    
           Odd  Pos. T.sub.n.sub.-1                                            
                                  and         .DELTA. = 2.alpha.               
                         2+.vertline. K.sub.p .vertline.                       
                                                   2+.vertline.K.sub.p         
                                                   .vertline.                  
                              .vertline.K.sub.p .vertline.                     
                         2(1.+-..alpha.)+                                      
                              2                    2T.sub.n.sub.-1             
     "0"                                                                       
        "1"                                                                    
           Odd  Neg. T.sub.n.sub.-1                                            
                                  and         .DELTA. = 2.alpha.               
                         2-.vertline. K.sub.p .vertline.                       
                                                   2-.vertline.K.sub.p         
                                                   .vertline.                  
                             .vertline.K.sub.p .vertline.                      
     "1"                                                                       
        "1"                                                                    
           Forced                                                              
                Pos. T.sub.n.sub.-1  (1.+-..alpha.)+                           
                                 and          .DELTA. = 2.alpha.T.sub.n.sub.-1 
                                              2                                
                             4                                                 
           Even                                                                
                             .vertline. K.sub.p .vertline.                     
     "1"                                                                       
        "1"                                                                    
           Forced                                                              
                Neg. T.sub.n.sub.-1  (1.+-..alpha.)-                           
                                 and          .DELTA. = 2.alpha.T.sub.n.sub.-1 
                                              .                                
                             4                                                 
           Even                                                                
     Conditions      Acceleration             .DELTA.                          
     T.sub.n.sub.-1                                                            
         T.sub.n.sub.-2                                                        
            T.sub.n.sub.-1 "0"                                                 
                Comp. K.sub.p                                                  
                     With Spread                                               
     "0"                                                                       
        "0"                                                                    
            Even                                                               
                Pos.     T.sub.n.sub.-1                                        
                             2+.vertline. K.sub.p .vertline.                   
                                          .vertline.K.sub.p .vertline.         
                                                      T.sub.n.sub.-1           
                                                          2+.vertline. K.sub.p 
                                                          .vertline.           
                     T.sub.n.sub.-1  2(1.+-..alpha.)+                          
                                              and .DELTA.=4.alpha. T.sub.n.sub.
                                              -1                               
     "0"                                                                       
        "0"                                                                    
           Odd  Neg.     T.sub.n.sub.-1                                        
                             2-.vertline. K.sub.p .vertline. .sup.2            
                                          2           T.sub.n.sub.-2           
                                                          2-.vertline. K.sub.p 
                                                          .vertline. .sup.2    
     "0"                                                                       
        "0"                                                                    
           Odd  Pos.     T.sub.n.sub.-1                                        
                             2-.vertline. K.sub.p .vertline.                   
                                          .vertline.K.sub.p .vertline.         
                                                      T.sub.n.sub.-1           
                                                          2-.vertline. K.sub.p 
                                                          .vertline.           
                     T.sub.n.sub.-1  2(1.+-..alpha.)-                          
                                              and .DELTA.=4.alpha. T.sub.n.sub.
                                              -1                               
     "0"                                                                       
        "0"                                                                    
           Even Neg.     T.sub.n.sub.-2                                        
                             2+.vertline. K.sub.p .vertline. .sup.2            
                                          2           T.sub.n.sub.-2           
                                                          (2+ .vertline.       
                                                          K.sub.p .vertline..su
                                                          p.2                  
                         T.sub.n.sub.-1                                        
                                .vertline. K.sub.p .vertline.                  
                                         .vertline.K.sub.p .vertline.          
                                                      T.sub.n.sub.-1           
                                                             .vertline.        
                                                             K.sub.p .vertline.
     "1"                                                                       
        "0"                                                                    
           Forced                                                              
                Neg. T.sub.n.sub.-1                                            
                            1-     (1.+-..alpha.)-                             
                                              and .DELTA. = 2.alpha. T.sub.n.su
                                              b.-1       1-                    
                         T.sub.n.sub.-2                                        
                                2        4            T.sub.n.sub.-2           
                                                             2                 
     "1"                                                                       
        "0"                                                                    
           Even                                                                
                         T.sub.n.sub.-1                                        
                                .vertline. K.sub.p .vertline.                  
                                         .vertline.K.sub.p .vertline.          
                                                      T.sub.n.sub.-1           
                                                             .vertline.        
                                                             K.sub.p .vertline.
     "1"                                                                       
        "0"                                                                    
           Forced                                                              
                Pos. T.sub.n.sub.-1                                            
                            1+     (1.+-..alpha.)+                             
                                              and .DELTA.=2.alpha. T.sub.n.sub.
                                              -1         1+                    
                         T.sub.n.sub.-2                                        
                                2        4            T.sub.n.sub.-2           
                                                             2                 
     "1"                                                                       
        "0"                                                                    
           Even                                                                
                         T.sub.n.sub.-1                                        
                              4(1.+-..alpha.)-.vertline. K.sub.p .vertline.    
                                                      T.sub.n.sub.-1           
                                                          1                    
     "0"                                                                       
        "1"                                                                    
           Odd  Pos. T.sub.n.sub.-1           and .DELTA.=8.alpha. T.sub.n.sub.
                                              -1                               
                         T.sub.n.sub.-2                                        
                              2+.vertline. K.sub.p .vertline. .sup.2           
                                                       T.sub.n.sub.-2          
                                                          (2+.vertline.        
                                                          K.sub.p .vertline.).s
                                                          up.2                 
                         T.sub.n.sub.-1                                        
                              4(1.+-..alpha.)+.vertline. K.sub.p .vertline.    
                                                      T.sub.n.sub.-1           
                                                          1                    
     "0"                                                                       
        "1"                                                                    
           Odd  Neg. T.sub.n.sub.-1           and .DELTA.=8.alpha. T.sub.n.sub.
                                              -1                               
                         T.sub.n.sub.-2                                        
                              (2-.vertline. K.sub.p .vertline.).sup.2          
                                                       T.sub.n.sub.-2          
                                                          (2-.vertline.        
                                                          K.sub.p .vertline.).s
                                                          up.2                 
                          T.sub.n.sub.-1                                       
                                  .vertline. K.sub.p .vertline.                
                                                      T.sub.n.sub.-1           
     "1"                                                                       
        "1"                                                                    
           Forced                                                              
                Pos. T.sub.n.sub.-1                                            
                            (1.+-..alpha.)+   and .DELTA.=2.alpha. T.sub.n.sub.
                                              -1                               
                         T.sub.n.sub.-2                                        
                                  4                   T.sub.n.sub.-2           
           Even                                                                
                         T.sub.n.sub.-1                                        
                                  .vertline. K.sub.p .vertline.                
                                                      T.sub.n.sub.-1           
     "1"                                                                       
        "1"                                                                    
           Forced                                                              
                Neg. T.sub.n.sub.-1                                            
                            (1.+-..alpha.)-   and .DELTA.=2.alpha. T.sub.n.sub.
                                              -1                               
                         T.sub.n.sub.-2                                        
                                  4                   T.sub.n.sub.-2           
           Even                                                                
PAR  The conditions for choosing the proper algorithm are the same as those
      developed in my copending application for the factors in Tables 1-5
      thereof, and are as shown therein. Their meaning will be discussed below.
PAR  Equation (1) given below, is the basic statement for terminating an inhibit
      gate where spread exists in the encoded F2F character chain. Equation (1)
      was developed in my copending application for use in terminating a search
      gate, but may be used here as noted above. As the derivation is lengthy,
      it will not be repeated here.
      ##EQU1##
PAR  The spread coefficient is defined as .gamma. and it may be determined on a
      symbol-by-symbol basis. This allows the spread factor .gamma. to vary
      monotonically within a printed character (consisting of multiple bits) and
      from character to character, as will appear below. In order to determine
      .gamma. initially and to set up inhibit gates properly thereafter, the
      present invention provides, in addition to the coded data to be
      interpreted, at least one preamble symbol or bit recorded with the data at
      the time the original data is laid down on the media. The preamble bit,
      which is a particular type of digital 1, provides information to the using
      system which is used to determine the spread coefficient for a new printed
      character. It appears in this invention with each multi-bit printed or
      magnetically encoded or with any other F2F character signal, such as those
      from a communications channel, for example.
PAR  An inhibit gate function would be deleted while the sensing of a preamble
      bit is conducted. The inhibit gate interval for the first bit of data
      following the preamble symbol, regardless of whether the bit is a 1 or a
      0, may be established by determining the spread coefficient .gamma. for
      that character from its preamble symbol. Monotonic changes in the spread
      throughout the character can be corrected for by the continued use of the
      spread algorithm as the character scanning operation proceeds. As was
      fully developed in my copending application, different spread effects
      exist for various time intervals T.sub.n.sub.-2, T.sub.n.sub.-1, etc.,
      depending on their binary 0 or 1 contents.
PAR  It is particularly desirable to provide a means to increase the tolerance
      to acceleration effects in F2F decoding systems. The algorithms summarized
      in Table 2 of my copending application and their derivations which were
      explained previously in that application, provide an accurate means of
      accommodating velocity changes which will accurately predict the
      termination of a search gate, even under high acceleration conditions.
PAR  Having discussed the related problems of compensating for print spread and
      for acceleration effects, it is apparent that a truly versatile system
      must be able to simultaneously compensate for both acceleration and for
      print spread effects. The following discussion will describe such a system
      in some detail, giving specific embodiments and certain improvements in
      the embodiments which form the basis of several truly universally
      functional F2F code reading techniques and apparatus.
PAR  Returning momentarily to FIGS. 2A and 2B, it will be observed that when the
      symbol bars are uniformly spread in width as a result of printing F2F
      characters. It is significant to note that the symbol width of a binary 1
      is constant and is independent of spread. However, the symbol width of
      binary 0's is altered by the spread so that they may be wider or narrower
      than the ideal. The consistency of the binary 1 symbol width, which is
      independent of spread, leads to its choice as a preamble bit to be
      associated with a stand alone multi-bit character. As alluded to
      previously, it is desirable to include with each encoded character a
      preamble bit from which a degree of print spread can be measured and
      computed for correcting for print spread; and it is also desirable to have
      a series of symbol boundary transition signals which can be measured in
      evaluating the degree of acceleration which is being experienced. Two
      binary 1 preamble bits serve this purpose as discussed fully in my
      copending application Ser. No. 522,210.
PAR  For the data bits which follow the preamble bit, or bits, regardless of
      whether the data bits are 1's or 0's, the inhibit gate length is predicted
      by using one of two algorithms listed in Table 1 of my copending
      application for the case T.sub.n.sub.-1 =1 and T.sub.n.sub.-2 =1. The
      choice of the appropriate algorithm from Table 1, given the preceding
      conditions for T.sub.n.sub.-1, will become apparent in the discussion
      which follows. Given positive spread, 2T.sub.A will be greater than
      T.sub.n.sub.-1 and the inverse is true for negative spread. This is
      explained in detail in my copending application and will not be repeated
      here.
PAR  In Table 1 of my copending application, a reproduction of which follows,
      there are five columns.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                 First Order Second Order                                      
     T.sub.n.sub.-1                                                            
         T.sub.n.sub.-2                                                        
           Condition                                                           
                 Solution    Solution                                          
     __________________________________________________________________________
                    (3+ K.sub.p)                                               
                                (3+K.sub.p) (2+K.sub.p)                        
                                             T.sub.n.sub.-1                    
     "0"                                                                       
        "0"                                                                    
            T.sub.n.sub.-1 &lt;T.sub.n.sub.-2                                     
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1)                                      
                             T.sub.sg = (T.sub.n.sub.-1)                       
                    2(2-K.sub.p)                                               
                                2(2-K.sub.p)hu 2                               
                                             T.sub.n.sub.-2                    
                    (3-2 K.sub.p)                                              
                                (3-2K.sub.p) (2-K.sub.p)                       
                                             T.sub.n.sub.-1                    
     "0"                                                                       
        "0"                                                                    
            T.sub.n.sub.-1 &gt;T.sub.n.sub.-2                                     
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1)                                      
                             T.sub.sg = (T.sub.n.sub.-1)                       
                    2(2+K.sub.p)                                               
                                2(2+K.sub.p).sup.2                             
                                              T.sub.n.sub.-2                   
                    (3+ K.sub.p)                                               
                                (3+K.sub.p)                                    
                                         T.sub.n.sub.-1                        
     "0"                                                                       
        "1"                                                                    
            T.sub.n.sub.-1 &lt;T.sub.n.sub.-2                                     
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1)                                      
                             T.sub.sg =                                        
                                     (T.sub.n.sub.-1)                          
                    2(2-K.sub.p)                                               
                                (2-K.sub.p).sup.2                              
                                          T.sub.n.sub.-2                       
                    (3-2 K.sub.p)                                              
                                (3-2K.sub.p)                                   
                                         T.sub.n.sub.-1                        
     "0"                                                                       
        "1"                                                                    
            T.sub.n.sub.-1 &gt;T.sub.n.sub.-2                                     
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1)                                      
                             T.sub.sg =                                        
                                     (T.sub.n.sub.-1)                          
                    2(2+K.sub.p)                                               
                                (2+K.sub.p).sup.2                              
                                          T.sub.n.sub.-2                       
                    (3-2 K.sub.p)                                              
                                (3-2K.sub.p) (2+K.sub.p)                       
                                             T.sub.n.sub.-1                    
     "1"                                                                       
        "0"                                                                    
            T.sub.n.sub.-1 &lt;T.sub.n.sub.-2                                     
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1)                                      
                             T.sub.sg = (T.sub.n.sub.-1)                       
                    4           8            T.sub.n.sub.-2                    
                    (3+ K.sub.p)                                               
                                (3+K.sub.p) (2-K.sub.p)                        
                                             T.sub.n.sub.-1                    
     "1"                                                                       
        "0"                                                                    
            T.sub.n.sub.-1 &gt;T.sub.n.sub.-2                                     
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1                                       
                              T.sub.sg =                                       
                                        (T.sub.n.sub.-1)                       
                    4           8            T.sub.n.sub.-2                    
                    (3+ K.sub.p)                                               
                                (3+K.sub.p)                                    
                                         T.sub.n.sub.-1                        
     "1"                                                                       
        "1"                                                                    
            T.sub.n.sub.-1 &lt;2T.sub.A                                           
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1)                                      
                             T.sub.sg =                                        
                                     (T.sub.n.sub.-1)                          
                    4           4        T.sub.n.sub.-2                        
                    (3-2 K.sub.p)                                              
                                (3-2K.sub.p)                                   
                                         T.sub.n.sub.-1                        
     "1"                                                                       
        "1"                                                                    
            T.sub.n.sub.-1 &gt;2T.sub.A                                           
                  T.sub.sg =                                                   
                         (T.sub.n.sub.-1)                                      
                             T.sub.sg =                                        
                                     (T.sub.n.sub.-1)                          
                    4           4        T.sub.n.sub.-2                        
     __________________________________________________________________________
      To convert the above algorithms to the general form, substitute 4C for th
      numeral 3 wherever it occurs.                                            
PAR  The first two columns define the binary content found to exist in the data
      symbols identified as T.sub.n.sub.-1 and T.sub.n.sub.-2. These are the two
      symbols which precede the symbol in question which is to be sensed and
      interpreted. The third column of Table 1 defines control conditions. The
      third column relates to the width of T.sub.n.sub.-2 symbol being greater
      or less than that of T.sub.n.sub.-1, as defined in detail in my copending
      application. The fourth column lists the first order solution algorithm
      for spread conditions alone for ending a search gate. The fourth column
      thus gives an algorithm which may be used to end an inhibit gate to
      account for print spread alone. The last column lists the algorithm which
      is used to terminate an inhibit gate to account for print spread and
      acceleration.
PAR  As stated earlier, any of the algorithms in Tables 1-5 of my copending
      application Ser. No. 522,210 may be used to yield predictions for
      terminating an inhibit gate. As will appear below, however, preferred
      algorithms in an equivalent but more easily utilized form as shown in
      Tables 1A and 1B herein are used in the preferred embodiments. The
      selection criteria for choosing algorithms for Tables 1-5 of my copending
      application may also be used herein for the algorithms of Tables 1A and
      1B.
PAR  The equivalence of the equations given in Table 5 (which are the same as
      those in Table 1 but having different selection criteria) of copending
      application Ser. No. 522,210 with equations given in Table 1B herein is
      illustrated below.
PAR  Consider the conditions:
PA1  T.sub.n.sub.-1 = 0
PA1  T.sub.n.sub.-2 = 0
PA1  T.sub.n.sub.-1 = Even 0
PA1  K.sub.p = Positive
PAR  The equation given in Table 1B reads:
      ##EQU2##
PAR  The equation given in Table 1 or 5 of my copending application for the same
      selection conditions reads:
      ##EQU3##
PAR  Notice that the coefficient
      ##EQU4##
      is identical in both representations. To prove total identity of the
      expressions, it is only necessary to show that Eq. (c) is true.
      ##EQU5##
PAR  Setting .alpha. = 1/4 (a preferred nominal value) in Eq. (c) gives:
      ##EQU6##
PAR  This result is identical to the right side of Eq. (c). This analysis
      demonstrates that the algorithm for the conditions given above
      corresponding to Tables 1 and 5 of my copending application are
      mathematically identical to the algorithms given in Table 1B of this
      application for the same algorithm selection conditions.
PAR  Equality for each of the algorithms can be demonstrated by proceeding in
      the fashion described above, however, this proof is not given here for the
      sake of simplicity.
PAR  A specific embodiment of an electronic logic circuit constructed to receive
      the transition signals from an appropriate magnetic or optical sensor, or
      from a data transmission channel, assuming those signals have been
      properly amplified and freed from noise, will now be described together
      with a flow chart describing the operation of the logic circuit.
PAR  As will be apparent to those skilled in the art, the algorithms listed in
      Tables 1A and 1B, or in Tables 1-5 of my copending application, require
      the use of some mathematical computation for the division and
      multiplication functions, as well as for the addition and subtraction. It
      might be presumed that a general purpose computer, appropriately
      programmed to carry out these functions, would be suitable to perform
      these operations. However, in the preferred embodiments, this is not the
      case since the use of an expensive general purpose computer, dedicated to
      the task of calculating the various products and quotients, sums, etc.,
      for the algorithms, would be too expensive and cumbersome for use in an
      economical F2F code reader and processor. Therefore, the preferred
      embodiments rely upon integrated circuits with standard logic components
      for carrying out these functions. In light of the now current technology
      and low cost of even so complicated a circuit pattern as will be
      discussed, it is more advantageous to build actual logic circuits to carry
      out the mathematical operations. However, the method involved in solving
      the algorithms and in applying the results is exactly the same and is
      fully equivalent, whether the results are computed on a general purpose
      computer or whether the results occur from the logic manipulations of the
      arithmetic logic circuits to be discussed.
PAR  As was discussed previously, it is desirable to use at least one preamble
      symbol containing a binary 1 bit preceding each F2F coded message so that
      the initial data as to spread may be calculated before the actual reading
      of data is commenced. One or two preamble bits may be used as will be
      discussed, and the advantage of using two preamble bits is that
      acceleration calculations and corrections may be accomplished before
      actually reading the first bit of data, instead of waiting and using the
      first bit of data in addition to the preamble bit (as was first discussed
      in my copending application) for calculating acceleration when only a
      single preamble bit is used.
PAR  Turning to FIG. 3, a timing diagram illustrating the sequence of events
      required in the present invention to decode an F2F (or double frequency
      transition code) using a bipolar sensor and a single preamble bit
      preceding each coded message. FIG. 4 is similar to FIG. 3, except that two
      preamble bits are used to precede the data. FIG. 5 is a system functional
      flow chart which applies to the timing diagrams of FIGS. 3 and 4. FIG. 6
      is a logic diagram in schematic form which shows the circuit embodiments
      for several F2F code scanner and processing systems which may be
      configured for first or second order prediction functions and which are
      operative with two preamble bits and, if desired one preamble bit and a
      data bit, to define and decode F2F characters in correct form with
      acceleration and spread corrections.
PAR  FIG. 7 is a detailed logic diagram for the algorithm selector control logic
      block which is indicated in FIG. 6. Functional logic configurations for
      all of the decode algorithms of Tables 1-5  required to implement both the
      first and the second order system configurations illustrated in FIG. 6 are
      shown in detail in my previous application noted above. Logic
      configurations for the algorithms of Tables 1A and 1B are given herein. A
      discussion of the timing diagrams of FIGS. 3 and 4 will now be given.
PAR  Referring to FIG. 3, there are fifteen horizontal waveform diagrams which
      illustrate various distinct timing functions to be described. The top line
      illustrates double frequency or F2F symbols for a character 00110 which is
      preceded by a single preamble bit consisting of a binary 1. This bit must
      be provided in order to give a print spread compensation measurement prior
      to the initial data bit. The form of the binary 1 preamble bit must be the
      type which begins with a printed black bar (or similar transition
      producer) in the first time slot. This is discussed in detail in my
      aforementioned application as a "Phase A" one.
PAR  Line 2 illustrates a series of bidirectional pulses obtained from either an
      optical or a magnetic sensing means which would scan the code bearing
      medium, or from another source, such as a communications channel. The
      peaks of the sensor pulses in line 2 correspond very closely in time to
      the state transitions of the F2F code in line 1.
PAR  Line 3 illustrates the logic data gate activated to the up level by the
      sensor pulse which corresponds to the end of the first inhibit gate in
      line 6. This gate would be set by the system to stay open for a sufficient
      length of time, or a sufficient number of pulses, to receive a number of
      coded bits according to a prescribed character format.
PAR  Line 4 is labeled "reference pulse gate." The function of this logic
      signal, new in the present invention, is to allow the passage of the first
      data symbol boundary sensor output signal to a register as a reference for
      comparing later signals. In effect, the reference pulse gate sets a
      polarity latch for future comparison. Specifically, the reference pulse
      gate admits the ending transition signal of the binary 1 preamble bit
      which precedes the data.
PAR  The details of the system which will be discussed allow the positioning of
      an inhibit gate at proper times to account for changes in scan velocity
      due to acceleration of the sensor (or due to distortion of the F2F code,
      as written, as the result of the recording mechanism), and/or for print
      spread.
PAR  Line 5 illustrates the search gate timing of my previous application Ser.
      No. 522,210 and is shown for comparison with line 6.
PAR  Line 6 illustrates the inhibit gate utilized to block all double frequency
      signals from being sent to the data shift register. The inhibit gate
      signals correspond, in termination time, to the trailing edges of the
      search gate times in line 5 and are begun at some arbitrary time following
      the reference pulse gate or symbol boundary transitions.
PAR  Line 7 is a reference pulse which is admitted by the reference pulse gate
      in line 4. The polarity of this pulse is important in the present
      invention for decoding the content of uninhibited pulses which follow it.
PAR  Line 8 shows the uninhibited sensor pulses which would be produced by the
      sensor output line 2. These pulses are admitted by the absence of the
      inhibit gate and correspond to the symbol boundary transitions in line 2.
PAR  Lines 9 and 10 are the data signals sent to the data register as the result
      of a polarity comparison decoding process, believed to be new to the
      present invention.
PAR  As shown in lines 9 and 10, a pulse appears on the 1 data line if the
      signal pulse sensed is of the same polarity as the previous pulse. A pulse
      appears on the 0 data line if the signal pulse sensed is of the opposite
      polarity to the previous pulse. This is the essence of the new
      encoding/decoding scheme of the present invention. The reference pulse of
      line 6 is the first pulse used for this comparison (for the first data
      bit) and then the first data bit is used as a reference for the second
      data bit, and so on.
PAR  Line 11 illustrates shift pulses for the data register which pulses are
      derived from the leading edges of the inhibit gate signals.
PAR  Line 12 is the n-pulse count delay for counting of n pulses of data equal
      to n bits in a given code character format. The termination of the n count
      delay resets the entire system.
PAR  Line 13 is the system reset signal activated by a count of n being reached
      in line 12.
PAR  Line 14 is a fixed delay gate initiated by the first data signal
      transition. If n data signals are not received within a specified time,
      the system is reset by this signal and an error or re-scan indication is
      given.
PAR  Line 15 is the reset signal derived from the trailing edge of the delay
      gate of line 14.
PAR  FIG. 4 is similar to FIG. 3 except that there are two preamble bits
      utilized. The use of two preamble bits illustrates an embodiment for which
      second order (acceleration prediction) corrections can be made for the
      initial and all succeeding data bits. Since no prediction function is
      required while sensing preamble bits, (it is already known to the system
      that two preamble bits consisting of 1's must be read, which means that
      five pulses must be sensed prior to receiving data) time registers
      T.sub.n.sub.-1 and T.sub.n.sub.-2 can be filled with measured time
      interval data. This produces a self-clocking system with accurate spread,
      and velocity data prior to reading the coded message. The use of a single
      preamble bit can be accommodated as taught in my copending application
      Ser. No. 522,210, and used to create a second order prediction; however
      the acceleration data must be obtained from time interval measurements
      derived from the first data bit of a coded mssage together with the
      preamble bit, and this is a slightly less desirable method than the use of
      two preamble bits.
PAR  Turning to FIG. 5, a system functional flow chart, which is applicable to
      the timing diagram of FIG. 4, is illustrated. In FIG. 5, incoming pulse
      signals from a from a primary sensor and amplifier, or other source such
      as a communications channel, not a part of this invention, are applied to
      the input of the reading system with the following logic and control
      functions and sequences.
PAR  Starting at the top of FIG. 5A, incoming signals are examined. The question
      is asked whether the first sensor pulse has yet been received. If a pulse
      has been received, a sense pulse counter is incremented by 1 and a time
      counter is started from 0 to count time periods, or clock pulses of a
      reference clock, corresponding to the length of T.sub.n (as has already
      been defined). The terminal data register for holding data to be finally
      outputted is also reset to 0 at this point. The system awaits the receipt
      of a second sensor pulse. When the second pulse is received, it increments
      the pulse counter and initiates the fixed delay gate.
PAR  The system awaits the receipt of the third sensor pulse. When the third
      pulse is received, several actions are taken. First, the sense pulse
      counter is incremented by one and the T.sub.n counter is stopped,
      completing the measurement of the length of the first preamble symbol. The
      T.sub.A counter is started to start measuring the first time slot of the
      next preamble symbol, and the T.sub.n.sub.-2 indicator (or second
      indicator) is set to a "one" state. The contents of the T.sub.n counter
      are stored in a first storage and in a second storage and the content of
      the second storage is loaded into the K.sub.p register. The T.sub.n
      counter and the T.sub.n.sub.-1 storage (the first storage) are reset to 0
      and the T.sub.n counter is started counting again. The system then awaits
      the receipt of the fourth sensor pulse.
PAR  At the receipt of the fourth sensor pulse, the sense pulse counter is
      incremented by one and the reference pulse gate is initiated by the fourth
      sensor pulse, delayed slightly so as to avoid triggering a reference
      pulse, and the system awaits the receipt of the end of the second preamble
      symbol at the fifth pulse. Also, at the receipt of the fourth sensor
      pulse, the T.sub.A counter is stopped and the time period for T.sub.A, the
      first time slot in the second preamble symbol, is loaded in a register in
      the K.sub.p calculation unit. As noted above, the system awaits the
      receipt of the fifth sensor pulse at the end of the second preamble
      symbol.
PAR  At the fifth sensor pulse, the first indicator (or T.sub.n.sub.-1 latch) is
      set to a binary 1 and an odd-even flip flop (or indicator) is set to the
      even state. The sense pulse counter is also incremented by one more count.
      The polarity comparison decoding unit is then activated. The question is
      asked, "is the count in the pulse counter for sensed pulses equal to 6 or
      greater?. " At the point in the system where the two preamble bits or
      symbols have been read, the count will be 5. Therefore, the answer will be
      "no" and the system will stop the T.sub.n register from counting clock
      pulses. At this point, the second preamble symbol length will have been
      measured as a count T.sub.n. An elapsed time counter to allow for the time
      utilized in computation is then started and the count in the T.sub.n
      counter is loaded into the storage for T.sub.n.sub.-1 (or first storage).
      The content of the T.sub.n register is copied also into a register in the
      K.sub.p computation unit to give an initial value for the measurement of
      the second preamble symbol.
PAR  The K.sub.p factor is then computed and stored in the algorithm K.sub.p
      register. The T.sub.A and T.sub.n counters are reset to 0. The T.sub.n
      counter is started from 0 to count clock pulses as a measurement of the
      length of the next symbol. The question is asked, "is this the first data
      bit inhibit gate?, " and when the answer is "yes," the question is again
      asked, is the count in the sense pulse counter 6 or greater? The answer at
      this point will be "no" or "yes" depending on whether another pulse has
      been sensed by this time. If the answer is "no", the system terminates the
      reference pulse gate, initiates the inhibit gate to block the passage of
      pulses, and initiates a delay pulse of 1/2 microsecond duration, for
      example. The data gate latch is then set to the "one" position to raise
      the data gate signal and the system asks, are all of the inhibit gate
      start register stages 0? It awaits the " yes" answer and when the answer
      is "yes," the system stops counting down the inhibit gate start register.
      The question is then asked, have n shift pulses been executed in the data
      shift register, where n is equal to the number of bits to be sensed for an
      arbitrary data character format? If the answer is "no" and the fixed delay
      gate has not terminated, the system awaits the receipt of the next sensor
      pulse, and when that pulse is received, it returns to the point marked
      with an X in a box in FIG. 5 to increment the sense pulse counter again
      and continue operation. If the fixed delay gate has terminated, the data
      in the shift register is transferred to the using system and all registers
      and indicators are reset to 0 except for the terminal data register and
      the system returns to the start.
PAR  If the count in the sense pulse counter is 6 or greater, the data register
      is shifted and the polarity comparson decoder is pulsed; the sense pulse
      counter is incremented by one, and, as above, the question is asked
      whether all of the inhibit gate start register stages are 0, and the
      process continues as above.
PAR  If, when the question is asked whether this is the first data bit inhibit
      gate, the answer is "no," the question as to whether all except the low
      order bit position in the inhibit gate start register are zero is asked at
      once and an affirmative answer is awaited. When a "yes" to this question
      is received, the inhibit gate period is begun, and the question is asked
      whether the sense pulse count is 6 or greater and the system continues as
      above from the point where the "6 or greater" question is asked the second
      time.
PAR  At the first time the question is asked, is the sense pulse count 6 or
      greater, if the answer is "yes," the question is asked whether the pulse
      sensed was a binary 1. If the answer is "yes," the question is asked
      whether the odd-even indicator is odd, and if the answer is "yes" the sign
      of K.sub.p is reversed, the first indicator is set to a 1 (the
      T.sub.n.sub.-1 latch) and a 1 is entered into the data register. The
      T.sub.n.sub.-1 odd-even indicator is then set to even and the T.sub.n
      register is stopped from counting clock pulses. If the pulse sensed is
      determined to be a binary 0 instead, the first indicator of the
      T.sub.n.sub.-1 latch is set to a 0 and the data register is loaded with a
      0, and the odd-even indicator is set to the opposite of whatever state it
      is then in and the system returns to stop the T.sub.n register from
      counting clock pulses as shown.
PAR  At the time the T.sub.A and T.sub.n register as reset to 0 and the T.sub.n
      register is started counting again, the question is also asked, are both
      the first and the second indicator, the T.sub.n.sub.-1 and T.sub.n.sub.-2
      latches respctively, set to the 1 state. If the answer is "no," the system
      continues to the box marked with an A which leads to the algorithm
      selector control logic shown in FIG. 7 (this is the same as that shown in
      FIG. 31 of my copending application, Ser. No. 522,210 referred to
      previously).
PAR  If, however, both the first and the second indicators are in the "one"
      state, the question is asked whether these "one's" represent preamble bits
      and if they do, and a magnetic recording is being read, the question is
      asked whether it is desired to compute K.sub.p. If the answer to this
      question is "yes," the K.sub.p algorithm is examined and the algorithm for
      K.sub.p is computed. The sign of the K.sub.p is entered into a register or
      latch, the latch being set to 0 for K.sub.p negative and the latch being
      set to the 1 state for K.sub.p positive. The value, in absolute terms of
      K.sub.p, is stored in the appropriate storage and the T.sub.n.sub.-1 and
      T.sub.n.sub.-2 and T.sub.A registers in the K.sub.p computation unit are
      all reset to 0.
PAR  If it is not desired to compute K.sub.p, the K.sub.p latch is set to a 1
      indicating a positive K.sub.p and the absolute value of K.sub.p equals 0
      is entered into the algorithm registers.
PAR  If a magnetic recording is not being read, the K.sub.p algorithm register
      is examined and K.sub.p is computed automatically.
PAR  When the algorithm selection has been completed, the algorithm selector
      re-enters the flow chart at the point marked C in FIG. 5 and the question
      is asked whether the predicted inhibit gate termination time has been
      computed. When the computation is finished, the inhibit gate termination
      time and the .DELTA. value for the time to begin the next inhibit gate are
      outputted. The .DELTA. value is loaded into the inhibit gate start
      register. The computed inhibit gate's termination time is transferred to
      an elapsed time compensator unit and the algorithm selector control is
      reset to 0, the elapsed time counter is stopped and the elapsed time that
      has run is subtracted from the predicted inhibit gate termination. If the
      difference is positive, the remainder is stored in the inhibit gate
      termination count down register which is then started counting down, and
      the data content of the T.sub.n.sub.-1 register at the first storage is
      transferred to the T.sub.n.sub.-2 register (the second storage) and the
      T.sub.n.sub.-1 (the first storage) is reset to 0. If the difference is not
      positive, an error has resulted and an error signal is generated, all
      registers or indicators are reset to 0 except for the terminal data
      register and the system returns to start.
PAR  When the T.sub.n.sub.-1 register is reset to 0 and a positive difference
      was found in the elapsed time compensator, the state of the first
      indicator, the T.sub.n.sub.-1 latch, is transferred to the T.sub.n.sub.-2
      latch (or second indicator) and the first indicator is reset to 0, and the
      elapsed time counter is set to 0. The system asks whether all of the
      inhibit gate termination register positions, except for the low order bit,
      are 0 and when they are, the inhibit gate driver latch is set to 0 to end
      the inhibit gate and allow the passage of sense pulses to the polarity
      comparison unit. When all of the stages in the inhibit gate termination
      register are 0, the inhibit gate termination register is stopped counting
      down, the inhibit gate start register for the next inhibit period is
      started counting down, and the question is asked whether n shift pulses
      have been executed and the system continues to operate as was done
      previously at this point in the diagram.
PAR  FIG. 5 also incorporates a number of circled blocks having normally opened
      and normally closed switches designated as S within them. These switches
      are normally open or closed as shown and are utilized to change over the
      flow in the system if no print spread is anticipated in the bar code or in
      the F2F signal being processed so that the system calculates an inhibit
      gate termination time based on acceleration factors alone, as shown in the
      diagram of FIG. 5. The S switches serve to bypass or eliminate functions
      not necessary when acceleration corrections alone are being made.
PAR  What has just been discussed is the system which utilizes and produces the
      timings shown in FIG. 4 for a two preamble symbol F2F code stream. As will
      be apparent to those of skill in the art, a single preamble signal system
      will be built substantially like that shown for two preamble symbols, but
      the first several boxes on the flow diagram would be removed or modified
      so that the functions would be done utilizing the first preamble symbol
      alone. This has previously been shown in my aforementioned copending
      patent application, Ser. No. 522,210 as FIGS. 21A & 21B thereof. Although
      these figures are for a search gate system rather than an inhibit gate
      system, as has been previously discussed, these functions are the inverse
      of one another and the timings and other logic functions are only slightly
      different. The operations for terminating either a search gate or an
      inhibit gate are identical, since the length of these gates is
      approximately the same and the end point is the same.
PAR  Turning to FIG. 6, a logic diagram for three preferred embodiments of F2F
      code interpreting systems are shown. One system is operated according to
      the directions given in the flow chart of FIG. 5. It must be understood
      that the various output algorithm functions will be different and diagram
      6 does not show the specific logic circuits for computing these
      algorithms. These are shown separately in FIGS. 19-23 herein and in FIGS.
      24A-24G of my previous application Ser. No. 522,210 when the algorithms of
      Tables 2-5 of my copending application are used to predict an inhibit gate
      termination.
PAR  It will be apparent to those of skill in the art that what has been
      described is the inverse function of that set forth in my copending
      application Ser. No. 522,210. In this invention, the center transition
      pulse, or double frequency signal, is inhibited or blocked from passing
      through to the interpreting system. The starting point and the duration of
      the inhibit gate function can be identical to those set forth for the
      search gate in Ser. No. 522,210, which allowed only the central pulse or
      transition to pass as set forth.
PAR  From these considerations, it is apparent that the data in the signal may
      be encoded either at the central transition by, its presence or absence,
      or at one of the symbol boundary transitions using some other
      characteristic of this signal itself, such as the polarity or the
      direction of the pulse at the transition. Utilizing symbol boundary
      transitions for encoding the data provides several advantages: A
      transition is actually sensed and must appear during each data bit time to
      be valid, but in the previous system described in my aforementioned
      application, the transition pulse may or may not be present. This
      situation gives rise to an inherent problem in which, due to some error,
      or magnetic intersymbol interference effects, a central transition might
      not be sensed accurately or might have been missed because of noise in the
      data stream and incorrectly interpreted as the presence of a zero. This
      situation gives rise to the possibility of an undetected readout error. By
      encoding the data in the polarity of the symbol boundary transitions, a
      pulse is present at each time data is to be read in an unambiguous fashion
      since it is the polarity of the signal which is important. The absence of
      a signal at the time when a symbol boundary transition is due is signified
      as an error indication.
PAR  Intersymbol interference effects on symbol boundary transition signals is
      less severe than on double frequency signal transitions. This features
      increases the reliability of reading and decoding magnetic encoded data.
      As will be apparent, several modes of encoding and decoding are thus
      possible.
PAR  Turning to FIG. 10, a comparison of four techniques for encoding and
      decoding F2F data is graphically depicted. In the top line (A) a typical
      F2F data stream, which is preceded by two binary 1 preamble symbols as
      taught in my aforementioned application Ser. No. 522,210 is set forth. An
      arbitrary sequence of "zero" and "one" data content assigned to the center
      transition signal in each symbol follows the preamble symbols. At the
      symbol boundaries, small arrows are drawn to shown the direction of the
      pulse, either positive-going or negative-going. These may be viewed as the
      polarity of a sense pulse.
PAR  If the symbol boundary transition is to be utilized as the data bearing
      element, the polarity of the signal must be sensed and interpreted
      relative to some reference.
PAR  In the present system, as set forth in line C of FIG. 10, a reference pulse
      gate is constructed about the terminal symbol transition of the second (or
      last) preamble symbol. The polarity of this symbol boundary transition is
      stored temporarily in a register as the reference, for comparison
      purposes, with the next sensed symbol boundary transition polarity.
PAR  As an arbitrary convention, so as to contain the same data "zero" and "one"
      combinations as set forth with the central transition pulse coding scheme,
      the polarity of the signal, if it matches the reference, is indicative of
      a "one" and if it is not the same as the reference, is indicative of a
      "zero" content.
PAR  By comparing lines B and C of FIG. 10, it will be observed that, but for
      the reference gate signal which is required to pick up the polarity of the
      reference pulse, the duration of the inhibit gate function is exactly the
      same as the search gate function of line C. The major difference is that
      the search gate function of line B, as identified in my aforementioned
      copending application Ser. No. 522,210, allows only the central transition
      signal to pass through to the system for interpretation, while the system
      in line C blocks only the central transition from passing through to the
      system. In this way, the symbol boundary transitions are isolated.
PAR  A technique different from that in Ser. No. 522,210, but also for isolating
      the central transition for study, would be to inhibit the symbol boundary
      transitions by constructing inhibit gates about each symbol boundary as
      shown in line D. This is similar to the system shown in line B, but the
      starting point for the uninhibited or "search portion" in the center of
      each symbol begins slightly later in line D than it does in line B since
      it is necessary to extend a symbol boundary transition inhibit gate on
      both sides of the supposed location for the symbol boundary. This extends
      the inhibit function somewhat into the next symbol; whereas the system
      shown in line B can start the "search" immediately at the symbol boundary
      transition, or shortly thereafter as discussed in my copending application
      Ser. No. 522,210. Line E shows still another variation in which the symbol
      boundaries may be isolated for study by constructing search gates, sensing
      the polarity of the transition present at the symbol boundary, and
      comparing it with a reference as it is done with the system in lince C by
      inhibiting the center pulse.
PAR  It will be observed that lines C, D, and E show systems which differ one
      from another primarily in the element of the symbol which is chosen to
      contain the data and in the manner in which the isolation of the chosen
      element is accomplished. The lengths of the various gates, whether they be
      "search" or "inhibit" gates, are all related to those gates shown in line
      E which could be defined as "symbol boundary transition search gates."
PAR  As will be developed shortly, algorithms for defining "symbol boundary
      search gate" initiation and termination points may be written in a
      universal manner and the predictions developed can be applied to generate
      symbol boundary transition inhibit gates which are the exact inverse of
      symbol boundary transition search gates. The algorithms may also be used
      to inhibit the center transition by constructing a central pulse
      transition inhibit gate as shown in the system of line C and as discussed
      herein as the "center or 2F transition pulse inhibit gate" system.
PAR  With reference to line E of FIG. 10, it may be observed that algorithms
      could be developed for predicting the start of a search gate, SGS, and the
      termination of a search gate, SGT, for a symbol boundary transition in
      each symbol. These algorithms use measurements made on the preamble
      symbols or on preceding data symbols. The technique of making such
      measurements and performing such predictions differs in both the algorithm
      form and in the implementation of it from that shown in my copending
      application Ser. No. 522,210. The algorithms and their method of
      application will be developed below, but some comparison with the
      remaining lines in FIG. 10 is in order.
PAR  It will be observed that the waveform in line D is exactly the same as that
      in line E, but that the symbol transitions at the boundaries in line D are
      inhibited rather than allowed through. The start of the symbol boundary
      inhibit gate, IGS, is exactly the same as the start of the symbol boundary
      search gate, SGS, in line E. Similarly, the termination of the symbol
      boundary inhibit gate, IGT, in line D is exactly the same as the same
      prediction for the search gate termination SGT of line E. Of course, the
      data encoded in line D must be encoded by the presence or absence of the
      central transition, if any, since the symbol boundaries will not be sensed
      or passed through to the system except for timing measurement. Thus the
      data on line D is encoded and decoded in a manner different than that in
      line E where the symbol boundaries themselves are isolated and sensed in
      the polarity is compared with the reference. The central transition on
      line E is blocked from the decoding system and used only for measurement
      purposes for computing spread corrections.
PAR  In line C the center pulse is inhibited and it may be observed that the
      termination of a central pulse inhibit gate, IGT, corresponds to the same
      measurement utilized as the inhibit gate start point or the search gate
      start point of lines D and E for the symbol boundary. It is also seen
      that, for the following symbol, the initiation of the inhibit gate, or the
      inhibit gate start, IGS, corresponds to the termination of the search
      gate, SGT, in line E or the termination of inhibit gate for the boundary
      transition, IGT, in line D. It will thus be apparent that one set of
      predictions based on the spread and acceleration corrections using the
      measurements made from the preamble symbols and any preceding data bits
      may be utilized in any of the systems C, D, and E, although the
      implementations will differ and the method of encoding and decoding the
      data are different.
PAR  In the system of line C, as has been discussed previously, it is necessary
      to construct a reference gate to pick up the polarity of the terminal
      boundary of the preamble symbol. Since the center transition is to be
      inhibited, the first inhibit gate may be begun at any time following the
      end of the preamble symbol, just before the start of data. The reference
      gate pulse itself may be utilized for this purpose as shown in line C. The
      inhibit gate thus begun will be terminated at a point IGT which
      corresponds to the time which could be computed for starting a symbol
      boundary search gate SGS in line E. It is apparent, however, that the data
      present in the symbol boundaries of line C and line E is the same, but
      that the systems of line C and line E are the exact inverse of one another
      in that the center transition is inhibited in line C and only the symbol
      boundaries are permitted to pass, but only symbol boundaries are isolated
      by search gates and passed in line E. The implementations and the circuits
      used differ from one another. Similarly, as is apparent, the basic method
      of isolating the symbol boundaries is the inverse in lines C and E and in
      both instances the central transition is blocked from being decoded in the
      system. It may thus be seen that what is termed a "center transition
      inhibit gate" in line C is exactly equivalent to the period of time lying
      between the "symbol transition search gates" in line E. What is termed the
      end of a "search gate" in line E is the start of what is termed an
      "inhibit gate" in line C, etc.
PAR  Turning to a comparison of lines B and D, it may be seen that inhibiting
      the symbol boundary transitions, as shown in line D, is approximately the
      same as setting up a search gate for the central transition in line B,
      except that the start of the search gate in line B may be earlier in time
      than the prediction which would be generated for the termination of the
      inhibit gate in line D. Since the data information is not encoded at the
      symbol boundaries, the search gate in line B may be started at, or very
      slightly after, a symbol bounary transition while the inhibit gate in line
      D must be begun slightly before the symbol boundary and terminated
      slightly after to insure that the symbol boundary will, in fact, be
      inhibited.
PAR  It should be noted that the algorithms which will be developed below for
      the symbol transition search gate start and end points may be utilized as
      discussed for the symbol transition inhibit gate or for a center
      transition inhibit gate as discussed above. However, these are different
      in form from the algorithms developed for the center transition search
      gate in line B, as defined in my copending application Ser. No. 522,210.
      The reason is apparent: the algorithms utilized for defining a search gate
      in line B take prediction measurements and extend a search gate from a
      symbol boundary time to a search gate termination time, but the algorithms
      developed for the systems of lines C, D, and E utilize measurements and
      predictions which define theoretically where the next symbol boundary
      should occur and then add or subtract a calculated amount to define the
      beginning and end of search gate or inhibit gate times, as appropriate.
      Therefore, the measurements for systems C, D, and E and the predictions
      based thereon reflect essentially a gate positioned about a predicted
      symbol boundary which has not yet occurred, while those in line B
      represent a measurement starting from a symbol boundary which has already
      been sensed.
PAR  As the astute observer will no doubt surmise, the algorithms developed in
      my previous application Ser. No. 522,210 for terminating a search gate,
      i.e., the duration of the search gate, must be in fact the same as the new
      algorithms developed for predicting the start or termination of the search
      or inhibit gate for the system in line E which are reflected as
      measurements about a predicted occurrence of the next symbol boundary
      transition and measured from the first symbol boundary transition when it
      occurs. This is, in fact, the case as will be made clear below.
PAR  In summary, what has been discussed above represents four of the variations
      possible in which data may be encoded and decoded using the F2F signal
      format. Data may be represented by the presence or absence of the central
      or 2F signal transition as has been discussed. This data may be isolated
      either by positively searching for the central transition using algorithms
      such as developed in my copending application Ser. No. 522,210, or the
      central transition itself may be inhibited, using algorithms as developed
      below, so that only the symbol boundary transitions remain for containing
      data as has been discussed above. Similarly, search gates may be
      constructed for positively searching for the symbol boundaries and the
      central pulse, if any, will be inhibited, or the symbol boundaries may be
      inhibited using inhibit gates predicted from the measurements made in the
      system and the central pulse may be isolated for examination.
PAR  Thus, it may be observed that since the same measurements may be utilized
      in a variety of ways which are the inverse of one another and the data may
      be encoded in two different ways, there exist four methods of encoding and
      decoding F2F data by utilizing either a search or an inhibit gate for
      either the central pulse or the boundary transition pulse. It may be seen
      that inhibiting the symbol boundaries is equivalent to searching for the
      central transition and that inhibiting the central transition is
      equivalent to searching for symbol boundaries. However, while it may be
      said that "searching" for a central transition and data encoded by the
      presence or absence thereof is equivalent to "blocking" the boundary
      transitions so that only the central transition is left, the methods are
      fundamentally different. The algorithms for starting and ending the search
      or the inhibit functions are not based on the same type of prediction,
      i.e., searching for the symbol boundary requires the prediction of where
      the symbol boundary should next occur and the use of the predictions thus
      made to isolate a central boundary or to inhibit a central boundary differ
      substantially in method and in implementation from predicting when the
      next search gate for a central transition should terminate to avoid
      interference with a symbol boundary as was done in my previous application
      Ser. No. 522,210. It is now clear that while "searching for symbol
      boundaries" may construct gate periods which can be utilized for, and are
      equivalent to, inhibiting the central pulse, the basic methods differ
      substantially in both the manner of encoding and decoding the data (by the
      part of the symbol which is utilized to carry the data) and by the
      implementation required to carry out the method. Thus, three separate and
      distinct methods in addition to that shown in my copending application
      Ser. No. 522,210 will be described herein. Each method will have a
      different implementation in a preferred embodiment, but all will utilize
      common algorithms to define the appropriate search or inhibit times.
PAR  Turning then to FIG. 11, the algorithms for defining the start and the
      termination of a search gate for a symbol boundary transition such as
      shown in line E of FIG. 10 will be derived. This will be followed by an
      application of these algorithms to the systems of lines C, D, and E of
      FIG. 10.
PAR  Turning now to FIG. 11, a derivation of the first order solution for
      predicting the start and the termination time for a search gate to find
      the symbol boundary will be given for the condition where there is written
      a 1 and a 1 followed by a 1 or a 0. The first order solution is for spread
      only, no acceleration being present. In line A of FIG. 11, a typical F2F
      code is written in the unspread or ideal dimensions for an arbitrary
      sequence 110 or 111. The nominal symbol boundary transition ending the
      final 1 or 0 has its position identified by a vertical dotted line.
PAR  In line B of FIG. 11, the spread configuration for the code of line A is
      illustrated.
PAR  As defined in my copending application Ser. No. 522,210, a spread
      coefficient K.sub.p is defined as or alternatively as
      ##EQU7##
      as shown in FIGS. 5C, 15C, 16, and 17C.
PAR  As defined in my copending application Ser. No. 522,210, T.sub.A is the
      first time slot width of a binary 1 in the spread or unspread condition,
      and T.sub.p is the total width of the symbol under consideration.
      Substituting T.sub.A = T.sub.p /2 + 2S into equation (1) and solving the
      expression for S yields:
      ##EQU8##
PAR  From line B of FIG. 1 it is apparent that the nominal search gate defining
      and isolating the terminal boundary transition for the final 0 or 1 in the
      time period T.sub.p will, in the ideal case, extend from (3/4)T.sub.p to
      (5/4)T.sub.p. This is so, since these are the nominal limits to which the
      search gate can be extended in either direction about the nominal symbol
      transition points without beginning to encroach on the vicinity in which
      the central transitions for a binary 1 would appear in the time period
      T.sub.p or in the following period T.sub.p + 1. The nominal end of the
      search gate T.sub.sg2 is then equal to (5/4)T.sub.p + S as shown beneath
      line B. The width of the search gate on either side of the nominal symbol
      transition boundary line can be defined in the general form as some
      variable .alpha. .times. T.sub.p.
EQU  T.sub.sg2 = (5/4)T.sub.p + S which in turn is equal to T.sub.p + S +
      .alpha.T.sub.p = T.sub.sg2                                (3)
PAL  In equation (3) above, the left-hand side shows a nominal point for
      terminating the search gate. The nominal beginning of the search gate
      T.sub.sg1 would equal:
EQU  (3/4)T.sub.p + S = T.sub.p + S = .alpha.T.sub.p            (4)
PA2  However, T.sub.p = T.sub.1 given the fact that no acceleration is present.
      Also, T.sub.1 = T.sub.n.sub.-1 and T.sub.2 = T.sub.n.sub.-2, in this
      instance, because both are binary 1's and, as explained fully in my
      copending application Ser. No. 522,210, the length of binary 1's in the
      F2F code is not affected by spread.
PAR  Substituting equation (2) in the above expressions for T.sub.1 and T.sub.2
      into equation (3) and equation (4) yields new equations (5) and (6)
      ##EQU9##
      which equals
      ##EQU10##
PAR  As is evident from the above, the expressions for T.sub.sg1 and T.sub.sg2
      are parallel in form. For the general expressions using .alpha. to be
      equal to the nominal ones, consider the following: For the expression in
      equation (5) to be a true representation it can be shown that
EQU  4 (1 + .alpha.) = 5                                        (7)
PAL  and solving equation (6) for .alpha. yields
EQU  .alpha. = 1/4                                              (8)
PAL  Equation (8) defines the nominal value of .alpha.. Referring to FIG. 11 in
      portion C, it can be seen that
      ##EQU11##
PAR  This is the relationship depicted by the measurements shown in line C of
      FIG. 11.
PAR  Substituting the expression for S in equation (2) into equation (9) yields
      ##EQU12##
PAR  Eliminating T.sub.p yields a value for the permissible range which .alpha.
      may take.
      ##EQU13##
PAR  Referring to equations (5) and (6), it should be evident that a general
      expression for the search gate length can be written as follows.
      ##EQU14##
PAR  In equation (12), .alpha. is defined as within the range above and, as was
      pointed out in my copending application Ser. No. 522,210, K.sub.p has a
      minimum value of 0 and a maximum value of 1. This is the equation as it
      appears in Table 1A in the column headed "Constant Velocity Width Spread."
      It is the seventh entry from the top and corresponds to the conditions
      T.sub.n.sub.-1 = 1, T.sub.n.sub.-2 = 1, K.sub.p positive, and the
      T.sub.n.sub.-1 0 odd-even indicator is forced to the even state.
PAR  Turning to FIG. 12, a derivation for the first order solution with positive
      K.sub.p present will be given for the condition 00 followed by a 1 or a 0.
PAR  As with the derivation given for FIG. 11, K.sub.p is defined as equal to
      ##EQU15##
PAR  The expression for S given in equation (2) above, is also the same. From
      line B of FIG. 12, it is apparent that the nominal termination for the
      search gate
EQU  T.sub.sg2 = (5/4)T.sub.p + S = T.sub.p + S + .alpha.T.sub.p.
PAL  It is also apparent that
EQU  T.sub.sg1 = (3/4)T.sub.p + S
PAL  in the nominal condition which equals T.sub.p + S - .alpha.T.sub.p for the
      general case. By looking at lines B and C of FIG. 12, the above
      expressions are obvious. Given the fact that no acceleration is present,
      the fundamental feature of the F2F code dictates that the length of the
      symbols are all equal, without spread present. From line B, it can be seen
      that T.sub.1 = T.sub.n.sub.-1 + 2S in the spread condition, and
      substituting the expression for S from equation (2) yields:
      ##EQU16##
PAR  Now given the fact that no acceleration is present, T.sub.p = T.sub.1 which
      equals T.sub.2, that is, the length of the symbols is constant. It will be
      observed that the above equation is written in terms of T.sub.p and
      T.sub.1, so substituting T.sub.1 for T.sub.p yields:
      ##EQU17##
PAR  Rearranging the above expression to reflect T.sub.1 in terms of
      T.sub.n.sub.-1 yields:
      ##EQU18##
PAR  Eliminating the term S from the expression for T.sub.sg2 and T.sub.sg1
      gives
      ##EQU19##
PAR  Substituting the expression given above for T.sub.p,
      ##EQU20##
      into the above expression for the search gate termination time yields:
      ##EQU21##
      and
      ##EQU22##
PAR  Solving the above two expressions for .alpha. it may be found that the
      nominal value for .alpha. is .alpha. = 1/4 and returning to FIG. 12 line C
      it can be seen that:
      ##EQU23##
      From this it may be found that the permissible range of values for .alpha.
      is exactly as set forth previously for the prior derivation with reference
      to FIG. 11. A generalized form for the above two equations can be
      summarized in one equation as follows:
      ##EQU24##
PAR  This is the equation that appears in Table 1B as the first entry in the
      column headed by the title "Constant Velocity with Spread." FIGS. 13 and
      14, which are shown in the drawing, are for the other combinations of
      digital contents 0 and 1 followed by 1 and 0.
PAR  Using the techniques shown above for FIG. 11 and FIG. 12, the remaining
      algorithms may be derived for the figures as shown for the constant
      velocity code having spread present. For the sake of simplicity, these
      derivations will not be repeated here, as they follow precisely the form
      set forth above using the same substitutions and utilizing the dimensions
      indicated in the respective figures where the algorithm derived from the
      figure is shown with the figure.
PAR  For the second order solution for the situation illustrated in FIG. 12,
      return to line B of FIG. 12. As has been stated previously for the spread
      only system T.sub.sg2 = (5/4)T.sub.p +S which equals T.sub.p
      +S+.alpha.T.sub.p and T.sub.sg1 =(3/4)T.sub.p +S which equals T.sub.p
      +S-.alpha.T.sub.p. As was shown in my copending application Ser. No.
      522,210, an expression for T.sub.p to correct it for acceleration is
      ##EQU25##
PAR  Substituting the expression for T.sub.p into the above expressions for the
      search gate 1 and search gate 2 yields:
      ##EQU26##
      which equals
      ##EQU27##
      and
      ##EQU28##
      which equals
      ##EQU29##
PAR  From the above expressions it is evident that 5/4 = 1 + .alpha. and 3/4 = 1
      - .alpha.. Therefore, in order to satisfy both the nominal values above,
      .alpha. must equal 1/4 as was true before. Substituting the expression for
      ##EQU30##
      and
      ##EQU31##
      gives
      ##EQU32##
      Substituting this value for S into the equation above yields
      ##EQU33##
PAR  From line B of FIG. 12, the expressions for T.sub.1 and T.sub.2 in terms of
      T.sub.n.sub.-1 and T.sub.n.sub.-2, respectively, can be obtained where it
      may be seen that T.sub.2 = T.sub.n.sub.-2 - 2S and T.sub.1 =
      T.sub.n.sub.-1 + 2S. Substituting the expression for S into these
      equations gives:
      ##EQU34##
      and
      ##EQU35##
PAR  Substituting these expressions into the above expressions for the search
      gate yields:
      ##EQU36##
PAR  As may be seen, the equations above are identical in the right-hand portion
      except for the sign of .alpha.. The equations may be written together in a
      general form where the start of a symbol boundary search gate corresponds
      to the use of the minus .alpha. term and the finish of the search gate
      corresponds to the plus .alpha. term as follows:
      ##EQU37##
PAR  This equation appears in Table 1B as the first entry headed by
      "Acceleration With Spread."
PAR  In FIGS. 13 and 14, the situation is drawn for the other combinations of 1
      and 0 as noted above. The derivation for the second order solutions follow
      the same methods as that set forth above using the same substitutions and
      utilizing the dimensions as given in the figures. This leads to the
      derivation of the algorithms listed with the figures. The derivations will
      not be presented here in detail as they do follow the same method as that
      set forth in the example above.
PAR  As will be appreciated by those skilled in the art, the expressions for
      acceleration with spread for the start and end of the search gate can be
      broken down to yield the expression for spread only simply by removing the
      T.sub.1 /T.sub.2 term which provides the expression for correcting for
      acceleration. The resulting expression for constant velocity with spread
      present can be broken down still further into a constant velocity system
      without spread simply by setting K.sub.p = 0. Similarly, if K.sub.p is 0
      in the expression for acceleration with spread present, an expression for
      acceleration only without spread will result. The latter expressions for
      constant velocity and no spread and acceleration without spread are shown
      in Table 1A with the same conditions for T.sub.n.sub.-1, T.sub.n.sub.-2,
      etc., and are easily derived as just discussed from the general
      expressions developed for spread at constant velocity and acceleration
      plus spread.
PAR  Returning now to FIG. 10, line E, it may be appreciated that the algorithms
      developed above can be used to predict the start of a search gate, SGS, or
      the termination of a search gate, SGT, to isolate a symbol boundary
      transition as shown in line E of FIG. 10. These same predictions, with the
      name changed to reflect their use, can be utilized in line D of FIG. 10 to
      construct symbol boundary transition inhibit gates about the symbol
      transition boundaries utilizing the exact same predicted measurements.
      However, in the latter case, the data element is the 2F signal.
PAR  These same conditions may also be utilized in line C to construct a center
      transition signal inhibit function where the termination of inhibit
      function is given by the algorithm which predicts the start of the search
      gate in line E and the beginning of the following inhibit function for the
      following symbol is given by that algorithm which defines the termination
      of the search gate in line E. To implement these expressions for systems
      such as shown in line C of FIG. 10, the initial inhibit gate would be
      started simultaneously with (or at the end of) the reference gate pulse
      and would be terminated at the value calculated using the algorithms for
      line E which yield the start of the search gate time, which is equivalent
      to the end of the inhibit gate time, in line C. This would construct the
      inhibit gate for the first central transition signal in the first data
      symbol in the line of code shown.
PAR  The time to begin the inhibit gate for the second data symbol is yielded
      from the first set of measurements and predictions as equal to the desired
      search gate termination time in line E. The termination of the inhibit
      gate for the second data symbol will be equal to the search gate start
      time in line E predicted for the second symbol using the algorithms which
      relate to line E.
PAR  The proper expressions to choose, therefore, for generating inhibit gates
      in the system illustrated in line C of FIG. 10, are those which pick an
      algorithm based on the 1 and 0 content of the two preceding symbols and
      the sign of K.sub.p and the odd-even considerations as discussed in my
      copending application Ser. No. 522,210 for choosing the proper algorithm
      based on these conditions. Furthermore, by utilizing the minus .alpha.
      term to define the end of the inhibit gate and the plus .alpha. term to
      define the beginning of the inhibit gate for the symbol following the one
      in question, the other inhibit gates for central transitions may be
      developed, and so on.
PAR  It should be obvious that the start and termination times for the various
      gate functions using the algorithms for prediction are measured from the
      symbol boundary at the start of a symbol. An operative system must
      therefore be provided with the means for measuring time periods from
      boundary to boundary and from boundary to intermediate transition in order
      to calculate the factors of K.sub.p, etc., as taught in my previous
      application Ser. No. 522,210. It should also be apparent that the
      algorithms for defining the termination point for central transition
      search gates in Ser. No. 522,210 could be used herein to define the
      termination points for central transition inhibit gates. These are the
      algorithms in Tables 2-5 reproduced below and in Table 1, previously set
      forth.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Conditions    First Order Second Order                                    
     T.sub.n.sub.-1                                                            
         T.sub.n.sub.-2                                                        
            T.sub.n.sub.-2                                                     
               Comp.                                                           
                   Solution    Solution                                        
           (Zero)                                                              
                K.sub.p                                                        
     __________________________________________________________________________
     "0"                                                                       
        "0"                                                                    
           Odd Pos.   T.sub.n.sub.-1                                           
                         3+.vertline. K.sub.p .vertline.                       
                                  T.sub.n.sub.-1                               
                                         2+.vertline. K.sub.p .vertline.       
                                               T.sub.n.sub.-1                  
                                                       1                       
                   T.sub.sg =  T.sub.sg =                                      
                                     3            +.vertline.K.sub.p .vertline.
     "0"                                                                       
        "0"                                                                    
           Even                                                                
               Neg.   2  2-.vertline.K.sub.p .vertline.                        
                                  2      2-.vertline.K.sub.p .vertline.        
                                               T.sub.n.sub.-2                  
                                                       2-.vertline. K.sub.p    
                                                       .vertline.              
     "0"                                                                       
        "0"                                                                    
           Even                                                                
               Pos.   T.sub.n.sub.-1                                           
                         3-.vertline. K.sub.p .vertline.                       
                                  T.sub.n.sub.-1                               
                                         2-.vertline. K.sub.p .vertline.       
                                               T.sub.n.sub.-1                  
                                                       1                       
                   T.sub.sg =  T.sub.sg =                                      
                                     3            -.vertline.K.sub.p .vertline.
     "0"                                                                       
        "0"                                                                    
           Odd Neg.   2  2+.vertline.K.sub.p .vertline.                        
                                  2      2+.vertline.K.sub.p .vertline.        
                                               T.sub.n.sub.-2                  
                                                       2+.vertline. K.sub.p    
                                                       .vertline.              
     "1"                                                                       
        "0"                                                                    
           Odd Pos.   T.sub.n.sub.-1                                           
                                   T.sub.n.sub.-1                              
                                         T.sub.n.sub.-1                        
                                               .vertline. K.sub.p .vertline.   
                   T.sub.sg =                                                  
                         (3-.vertline.K.sub.p .vertline.)                      
                               T.sub.sg =                                      
                                     3     (1 +   -.vertline.K.sub.p .vertline.
     "1"                                                                       
        "0"                                                                    
           Even                                                                
               Neg.   4           4     T.sub.n.sub.-2                         
                                               2                               
     "1"                                                                       
        "0"                                                                    
           Even                                                                
               Pos.    T.sub.n.sub.-1                                          
                                   T.sub.n.sub.-1                              
                                         T.sub.n.sub.-1                        
                                               .vertline. K.sub.p .vertline.   
                   T.sub.sg =                                                  
                         (3+.vertline.K.sub.p .vertline.                       
                               T.sub.sg =                                      
                                     3     (1 -    +.vertline.K.sub.p .vertline
                                                  .                            
     "1"                                                                       
        "0"                                                                    
           Odd neg.   4           4     T.sub.n.sub.-2                         
                                               2                               
                      T.sub.n.sub.-1                                           
                         3-.vertline. K.sub.p .vertline.                       
                                  T.sub.n.sub.-1                               
                                       3     T.sub.n.sub.-1                    
                                                  .vertline. K.sub.p .vertline.
     "0"                                                                       
        "1"    Pos.                                                            
                   T.sub.sg =  T.sub.sg =       -                              
                      2  2+.vertline.K.sub.p .vertline.                        
                                  2+.vertline.K.sub.p .vertline.               
                                       2+.vertline.K.sub.p .vertline.          
                                             T.sub.n.sub.-2                    
                                                  2                            
                      T.sub.n.sub.-1                                           
                         3+.vertline. K.sub.p .vertline.                       
                                   T.sub.n.sub.-1                              
                                       3     T.sub.n.sub.-1                    
                                                   .vertline. K.sub.p .vertline
                                                  .                            
     "0"                                                                       
        "1"    Neg.                                                            
                   T.sub.sg =  T.sub.sg =       +                              
                      2  2-.vertline.K.sub.p .vertline.                        
                                  2-.vertline.K.sub.p .vertline.               
                                       2-.vertline.K.sub.p .vertline.          
                                             T.sub. T.sub.n.sub.-2             
                                                  2                            
                      T.sub.n.sub.-1                                           
                                   T.sub.n.sub.-1                              
                                         T.sub.n.sub.-1                        
     "1"                                                                       
        "1"    Pos.                                                            
                    T.sub.sg =                                                 
                         [3+.vertline.K.sub.p .vertline.]                      
                               T.sub.sg =                                      
                                     3     +.vertline.K.sub.p.vertline.        
                      4           4     T.sub.n.sub.-2                         
                      T.sub.n.sub.-1                                           
                                   T.sub.n.sub.-1                              
                                         T.sub.n.sub.- 1                       
     "1"                                                                       
        "1"    Neg.                                                            
                    T.sub.sg =                                                 
                         [3-.vertline.K.sub.p .vertline.]                      
                               T.sub.sg =                                      
                                     3     -.vertline.K.sub.p .vertline.       
                      4           4     T.sub.n.sub.-2                         
     __________________________________________________________________________
      To convert the above algorithms to the general form, substitute 4C for th
      numeral 3 wherever it occurs.                                            
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Conditions      First Order Second Order                                  
     T.sub.n.sub.-1                                                            
         T.sub.n.sub.-2                                                        
            T.sub.n.sub.-1  "0".vertline.                                      
                 Comp.                                                         
                     Solution    Solution                                      
           (Odd-Even)                                                          
                 K.sub.p                                                       
     __________________________________________________________________________
     "0"                                                                       
        "0"                                                                    
           Even  Pos.   T.sub.n.sub.-1                                         
                           3+.vertline. K.sub.p .vertline.                     
                                    T.sub.n.sub.-1                             
                                          2+.vertline. K.sub.p .vertline.      
                                                T.sub.n.sub.-1                 
                                                        1                      
                     T.sub.sg =  T.sub.sg =                                    
                                       3           +.vertline.K.sub.p .vertline
                                                   .                           
     "0"                                                                       
        "0"                                                                    
           Odd   Neg.   2  2-.vertline.K.sub.p .vertline.                      
                                    2     2-.vertline.K.sub.p .vertline.       
                                                T.sub.n.sub.-2                 
                                                        2-.vertline. K.sub.p   
                                                        .vertline.             
     "0"                                                                       
        "0"                                                                    
           Odd   Pos.   T.sub.n.sub.-1                                         
                           3-.vertline. K.sub.p .vertline.                     
                                    T.sub. n.sub.-1                            
                                          2-.vertline. K.sub.p .vertline.      
                                                T.sub.n.sub.-1                 
                                                        1                      
                     T.sub.sg =  T.sub.sg =                                    
                                       3           -.vertline.K.sub.p .vertline
                                                   .                           
     "0"                                                                       
        "0"                                                                    
           Even  Neg.   2  2+.vertline.K.sub.p .vertline.                      
                                    2     2+.vertline.K.sub.p .vertline.       
                                                T.sub.n.sub.-2                 
                                                        2+.vertline. K.sub.p   
                                                        .vertline.             
     "1"                                                                       
        "0"                                                                    
           Forced       T.sub.n.sub.-1                                         
                                     T.sub.n.sub.-1                            
                                           T.sub.n.sub.-1                      
                                                 .vertline. K.sub.p .vertline. 
                 Neg.                                                          
                     T.sub.sg =                                                
                           (3-.vertline.K.sub.p .vertline.                     
                                 T.sub.sg =                                    
                                       3     1 +    -.vertline.K.sub.p         
                                                    .vertline.                 
     "1"                                                                       
        "0"                                                                    
           Even         4           4     T.sub.n.sub.-2                       
                                                 2                             
     "1"                                                                       
        " 0"                                                                   
           Forced       T.sub.n.sub.-1                                         
                                     T.sub.n.sub.-1                            
                                           T.sub.n.sub.-1                      
                                                 .vertline. K.sub.p .vertline. 
                 Pos.                                                          
                     T.sub.sg =                                                
                           (3+.vertline.K.sub.p .vertline.                     
                                 T.sub.sg =                                    
                                       3     1 -     +.vertline.K.sub.p        
                                                    .vertline.                 
     "1"                                                                       
        "0"                                                                    
           Even         4           4     T.sub.n.sub.-2                       
                                                 2                             
                        T.sub.n.sub.-1                                         
                           3-.vertline. K.sub.p .vertline.                     
                                    T.sub.n.sub.-1                             
                                          3    T.sub.n.sub.-1                  
                                                    .vertline. K.sub.p         
                                                    .vertline.                 
     "0"                                                                       
        "1"                                                                    
           Odd   Pos.                                                          
                     T.sub.sg =  T.sub.sg =       -                            
                        2  2+.vertline.K.sub.p .vertline.                      
                                    2+.vertline.K.sub.p .vertline.             
                                         2+.vertline.K.sub.p .vertline.        
                                                T.sub.n.sub.-2                 
                        T.sub.n.sub.-1                                         
                           3+.vertline. K.sub.p .vertline.                     
                                    T.sub.n.sub.-1                             
                                         3     T.sub.n.sub.-1                  
                                                  .vertline. K.sub.p .vertline.
     "0"                                                                       
        "1"                                                                    
           Odd   Neg.                                                          
                     T.sub.sg =  T.sub.sg =       +                            
                        2  2-.vertline.K.sub.p .vertline.                      
                                    2-.vertline.K.sub.p .vertline.             
                                         2-.vertline.K.sub.p .vertline.        
                                               T.sub.n.sub.-2                  
                                                    2                          
           Forced       T.sub.n.sub.-1                                         
                                     T.sub.n.sub.-1                            
                                           T.sub.n.sub.-1                      
     "1"                                                                       
        "1"      Pos.                                                          
                      T.sub.sg =                                               
                           [3+.vertline.K.sub.p .vertline.]                    
                                 T.sub.sg =                                    
                                       3     +.vertline.K.sub.p .vertline.     
           Even         4           4     T.sub.n.sub.-2                       
           Forced       T.sub.n.sub.- 1                                        
                                     T.sub.n.sub.-1                            
                                           T.sub.n.sub.-1                      
     "1"                                                                       
        "1"      Neg.                                                          
                      T.sub.sg =                                               
                           [3-.vertline.K.sub.p .vertline.]                    
                                 T.sub.sg =                                    
                                       3     -.vertline.K.sub.p .vertline.     
           Even         4           4     T.sub.n.sub.-2                       
     __________________________________________________________________________
      To convert the above algorithms to the general form, substitute 4C for th
      numeral 3 wherever it occurs.                                            
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Conditions     First Order  Second Order                                  
     T.sub.n.sub.-1                                                            
         T.sub.n.sub.-2                                                        
            T.sub.n.sub.-2 "0"                                                 
                 K.sub.p                                                       
                    Solution     Solution                                      
     __________________________________________________________________________
     "0"                                                                       
        "0"                                                                    
           Odd   Pos.  T.sub.n.sub.-1                                          
                          3+.vertline. K.sub.p .vertline.                      
                                        T.sub.n.sub.-1                         
                                             (2+.vertline. K.sub.p .vertline.) 
                                             (3+.vertline.K.sub.p .vertline.)  
                    T.sub.sg =   T.sub.sg = 1/2 T.sub.n.sub.-1                 
     "0"                                                                       
        "0"                                                                    
           Even  Neg.  2  2-.vertline. K.sub.p .vertline.                      
                                        T.sub.n.sub.-2                         
                                             (2-.vertline. K.sub.p .vertline.).
                                             sup.2                             
     "0"                                                                       
        "0"                                                                    
           Even  Pos.  T.sub.n.sub.-1                                          
                          3-2.vertline. K.sub.p .vertline.                     
                                        T.sub.n.sub.-1                         
                                              (3-2.vertline. K.sub.p .vertline.
                                             ) (2-.vertline.K.sub.p .vertline.)
                    T.sub.sg =   T.sub.sg = 1/2 T.sub.n.sub.-1                 
     "0"                                                                       
        "0"                                                                    
           Odd   Neg.  2  2+.vertline. K.sub.p .vertline.                      
                                        T.sub.n.sub.-2                         
                                             (2+.vertline. K.sub.p .vertline.).
                                             sup.2                             
     "1"                                                                       
        "0"                                                                    
           Odd   Pos.  T.sub.n.sub.-1  T.sub.n.sub.-1                          
                                            (3-2.vertline. K.sub.p .vertline.) 
                                            (2+.vertline.K.sub.p .vertline.)   
                    T.sub.sg =   T.sub.sg = T.sub.n.sub.-1                     
     "1"                                                                       
        "0"                                                                    
           Even  Neg.  4               T.sub.n.sub.-2                          
                                            8                                  
     "1"                                                                       
        "0"                                                                    
           Even  Pos.  T.sub.n.sub.-1  T.sub.n.sub.-1                          
                                            (2-.vertline. K.sub.p .vertline.)  
                                            (3+.vertline.K.sub.p .vertline.)   
                    T.sub.sg =                                                 
                          [3+.vertline.K.sub.p .vertline.]                     
                                 T.sub.sg = T.sub.n.sub.-1                     
     "1"                                                                       
        "0"                                                                    
           Odd   Neg.  4               T.sub. n.sub.-2                         
                                            8                                  
           Forced      T.sub.n.sub.-1                                          
                          3-2.vertline. K.sub.p .vertline.                     
                                       T.sub.n.sub.-1                          
                                            3-2.vertline. K.sub.p .vertline.   
     "0"                                                                       
        "1"      Pos.                                                          
                    T.sub.sg =   T.sub.sg = T.sub.n.sub.-1                     
           Even        2  2+.vertline. K.sub.p .vertline.                      
                                       T.sub.n.sub.-2                          
                                            [2+.vertline. K.sub.p .vertline.].s
                                            up.2                               
           Forced      T.sub.n.sub.-1                                          
                          3+.vertline. K.sub.p .vertline.                      
                                       T.sub.n.sub.-1                          
                                            3+ K.sub.p .vertline.              
     "0"                                                                       
        "1"      Neg.                                                          
                    T.sub.sg =   T.sub.sg = T.sub.n.sub.-1                     
           Even        2  2-.vertline. K.sub.p .vertline.                      
                                       T.sub.n.sub.-2                          
                                            [2-.vertline. K.sub.p .vertline.].s
                                            up.2                               
           Forced      T.sub.n.sub.-1  T.sub.n.sub.-1                          
                                            3+.vertline. K.sub.p .vertline.    
     "1"                                                                       
        "1"      Pos.                                                          
                    T.sub.sg =                                                 
                          [3+.vertline.K.sub.p .vertline.]                     
                                 T.sub.sg = T.sub.n.sub.-1                     
           Even        4               T.sub.n.sub.-2                          
                                            4                                  
           Forced      T.sub.n.sub.-1   T.sub.n.sub.-1                         
                                            3-2.vertline. K.sub.p .vertline.   
     "1"                                                                       
        "1"      Neg.                                                          
                    T.sub.sg =                                                 
                          [3-2.vertline.K.sub.p .vertline.]                    
                                 T.sub.sg = T.sub.n.sub.-1                     
           Even        4               T.sub.n.sub.-2                          
                                            4                                  
     __________________________________________________________________________
      To convert the above algorithms to the general form, substitute 4C for th
      numeral 3 wherever it occurs.                                            
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     Conditions    First Order  Second Order                                   
     T.sub.n.sub.-1                                                            
         T.sub.n.sub.-2                                                        
            T.sub.n.sub.-1 "0"                                                 
                K.sub.p                                                        
                   Solution     Solution                                       
     __________________________________________________________________________
     "0"                                                                       
        "0"                                                                    
           Even Pos.  T.sub.n.sub.-1                                           
                          3+.vertline. K.sub.p .vertline.                      
                                        T.sub.n.sub.-1                         
                                             (2+.vertline. K.sub.p .vertline.) 
                                             (3+.vertline.K.sub.p .vertline.)  
                   T.sub.sg =   T.sub.sg = 1/2 T.sub.n.sub.-1                  
     "0"                                                                       
        "0"                                                                    
           Odd  Neg.  2   2-.vertline. K.sub.p .vertline.                      
                                        T.sub.n.sub.-2                         
                                             (2-.vertline. K.sub.p .vertline.).
                                             sup.2                             
     "0"                                                                       
        "0"                                                                    
           Odd  Pos.  T.sub.n.sub.-1                                           
                          3-2.vertline. K.sub.p .vertline.                     
                                        T.sub.n.sub.-1                         
                                             (3-2.vertline. K.sub.p .vertline. 
                                             ) (2-.vertline.K.sub.p .vertline.)
                   T.sub.sg =   T.sub.sg = 1/2 T.sub.n.sub.-1                  
     "0"                                                                       
        "0"                                                                    
           Even Neg.  2   2+.vertline. K.sub.p .vertline.                      
                                        T.sub.n.sub.-2                         
                                             (2+.vertline. K.sub.p .vertline.).
                                             sup.2                             
     "1"                                                                       
        "0"                                                                    
           Forced     T.sub.n.sub.-1  T.sub.n.sub.-1                           
                                           (3-2.vertline. K.sub.p .vertline.)  
                                           (2+.vertline.K.sub.p .vertline.)    
                Neg.                                                           
                   T.sub.sg =                                                  
                         [3-2.vertline.K.sub.p .vertline.]                     
                                T.sub.sg = T.sub.n.sub.-1                      
     "1"                                                                       
        "0"                                                                    
           Even       4               T.sub.n.sub.-2                           
                                           8                                   
     "1"                                                                       
        "0"                                                                    
           Forced     T.sub.n.sub.-1  T.sub.n.sub.-1                           
                                           (2- .vertline. K.sub.p .vertline.)  
                                           (3+.vertline.K.sub.p .vertline.)    
                Pos.                                                           
                   T.sub.sg =                                                  
                         [3+.vertline.K.sub.p .vertline.]                      
                                T.sub.sg = T.sub.n.sub.-1                      
     "1"                                                                       
        "0"                                                                    
           Even       4               T.sub.n.sub.-2                           
                                           8                                   
                      T.sub.n.sub.-1                                           
                          3-2.vertline. K.sub.p .vertline.                     
                                      T.sub.n.sub.-1                           
                                          3-2.vertline. K.sub.p .vertline.     
     "0"                                                                       
        "1"                                                                    
           Odd  Pos.                                                           
                   T.sub.sg =   T.sub.sg = T.sub.n.sub.-1                      
                      2   2+.vertline. K.sub.p .vertline.                      
                                      T.sub.n.sub.-2                           
                                          [2+.vertline. K.sub.p .vertline.].sup
                                          .2                                   
                      T.sub.n.sub.-1                                           
                          3+.vertline. K.sub.p .vertline.                      
                                       T.sub.n.sub.-1                          
                                          3+.vertline. K.sub.p .vertline.      
     "0"                                                                       
        "1"                                                                    
           Odd  Neg.                                                           
                   T.sub.sg =   T.sub.sg = T.sub.n.sub.-1                      
                      2   2-.vertline. K.sub.p .vertline.                      
                                      T.sub.n.sub.-2                           
                                          [2-.vertline. K.sub.p .vertline.].sup
                                          .2                                   
           Forced     T.sub.n.sub.-1  T.sub.n.sub.-1                           
                                           3+.vertline. K.sub.p .vertline.     
     "1"                                                                       
        "1"     Pos.                                                           
                   T.sub.sg =                                                  
                          [3+.vertline.K.sub.p .vertline.]                     
                                T.sub.sq = T.sub.n.sub.-1                      
           Even       4               T.sub.n.sub.-2                           
                                           4                                   
           Forced     T.sub.n.sub.-1  T.sub.n.sub.-1                           
                                           3-2.vertline. K.sub.p .vertline.    
     "1"                                                                       
        "1"     Neg.                                                           
                   T.sub.sg =                                                  
                          [3-2.vertline.K.sub.p .vertline.]                    
                                T.sub.sg = T.sub.n.sub.-1                      
           Even       4               T.sub.n.sub.-2                           
     __________________________________________________________________________
      To convert the above algorithms to the general form, substitute 4C for th
      numeral 3 wherever it occurs.                                            
PAR  In FIG. 6, a discussion of the logic diagram for several embodiments,
      including that of the present invention will be described. In FIG. 6, the
      basic system clock, or timing pulse generator 1, is illustrated
      schematically as having one output. This output is a CP, or clock pulse
      output. Clock 1 comprises, for example, an oscillator operating at the
      basic system clocking frequency, for example, one megahertz and, although
      the oscillator should be stable, drift can be accommodated so long as it
      occurs gradually. The clock would also include suitable waveform shaping
      circuits to produce a steady train of, for example, narrow impulse type
      signals at the basic clocking (oscillator) frequency. The details of such
      an oscillator or multi-vibrator are well-known to those of skill in the
      art and will not be further illustrated or explained here. At various
      points in the logic diagram of FIG. 6, the connections to the basic clock
      1 are illustrated as CP without the interconnecting circuit lines which
      would add undue confusion to the diagram.
PAR  Sensor 2, as has been discussed previously, should be understood as either
      a magnetic read head or an optical pickup system which is scanned across
      the appropriate type of two frequency code media to pick up the
      transitional signals making up the code. An equivalent system would
      receive a signal train of pulses from a communications channel. Sensor 2
      does not, per se, form a part of this invention, but is a state-of-the-art
      piece of equipment which would be employed in generating the basic input
      signals for use in the invention.
PAR  Sensor 2 is connected to an amplifier and signal shaper 3 which is
      continuously activated. The output of amplifier 3 is a train of bipolar
      pulses, amplified and cleaned of spurious noise.
PAR  The primary signals from the amplifier and pulse shaper 3 are applied
      simultaneously to both an inverter 4 and to a cascode inverter (which
      requires two inputs to be "on") 5. The function of the inverter 4 is to
      take any negative-going pulses from amplifier 3 and invert them to
      positive-going pulses. The resulting pulses are applied to the cascode
      inverter 6 to produce negative-going pulses if the cascode inverter 6 is
      also activated by the absence of an "inhibit gate" signal coming from
      inverter 7. The output of the cascode inverter 6, which is negative-going,
      is inverted again in inverter 8 to produce a positive-going pulse. In this
      manner, positive logic can be utilized in the rest of the logic diagram.
      This pulse is identified as the negative pulse because it required a
      negative-going pulse at the input to inverter 4 to generate this output.
PAR  The input to the cascode inverter 5, when inverter 5 is also activated by
      the input from inverter 7 (which is the absence of an inhibit gate signal)
      takes positive-going pulses from amplifier 3 and inverts them to
      negative-going pulses. These signals are reinverted in inverter 9 to
      produce the positive pulse output.
PAR  Both the negative signal and the positive signal are applied to OR gate 10
      and the output of OR gate 10 is the pulse SP.sub.0, or the raw sense
      pulse, which is utilized for timing purposes at various points in the
      logic diagram as illustrated by the symbol SP.sub.0. The interconnecting
      circuit lines are omitted for simplicity. The SP.sub.0 output is also
      applied to a pulse delay unit 11 to generate the delayed pulse signal
      SP.sub.1. This signal in turn, is applied to delay unit 12 to generate the
      delayed signal SP.sub.2 which is, in turn, delayed in delay unit 13 to
      generate signal SP.sub.3 which is again delayed in unit 14 to develop
      pulse SP.sub.4. Pulses SP.sub.1 - SP.sub.4 are also utilized for timing
      purposes at various points in the diagram as indicated.
PAR  In FIG. 6, the initial pulse signal SP.sub.0, and the four delayed
      derivatives of it, are utilized in clocking the various circuit elements
      of FIG. 6. This assures that the sequence of on and off states of the
      various devices is conducted with sufficient time between changes to
      stabilize, as is well-known to those of skill in the art of logic design.
PAR  With the occurrence of sensing the first pulse SP.sub.0, the 1 which is
      resident in the zero stage of register 16 is shifted to the first stage
      and, at the occurrence of the first delayed pulse SP.sub.1, AND gate 17 is
      activated. The output of AND gate 17 is used to produce the terminal data
      register reset signal X, which is utilized elsewhere in the logic diagram.
      Also, the output of AND gate 17, through OR gate 18, is used to set the
      count gate latch 19 to the "on" condition. This, through AND gate 21,
      starts the T.sub.n register, counter 20, counting each clock pulse CP
      which is fed through AND gate 21. The T.sub.A register 22 is not started
      counting at this point since two preamble bits are being used in this
      embodiment and the T.sub.A count will not be started until the first time
      slot in the second preamble bit (begun at the third pulse SP.sub.0).
      However, as discussed in detail in my copending application, the use of
      either half of either preamble bit for measuring T.sub.A is arbitrary.
PAR  At the occurrence of the second pulse SP.sub.0, the 1 which is resident in
      the first stage of shift register 16, is moved to the second stage. At the
      occurrence of the first delayed pulse SP.sub.1 from the second pulse
      SP.sub.0, AND gate 23 is activated. AND gate 23 sets a fixed delay gate
      24, which is a univibrator, to the "on" condition. The "off" condition
      output of delay gate 24, which occurs after the fixed delay period, is
      differentiated in unit 25 to produce a pulse for signalling the end of the
      fixed delay period, "FDG".
PAR  At the occurrence of the third sense pulse SP.sub.0, the 1 in the second
      stage of shift register 16 is moved to the third stage. AND gate 26 is
      activated at the occurrence of the first delayed pulse SP.sub.1 from the
      third sense pulse SP.sub.0. The output of AND gate 26 is applied, through
      OR gate 27, to reset the count gate latch 19. This stops the counting, via
      AND gate 21, of clock pulses in the T.sub.n register, counter 20.
PAR  AND gate 26 is also connected to the T.sub.A count gate latch 29 to start,
      through AND gate 30, the counting of clock pulses CP in the T.sub.A
      register, in counter 22. AND gate 26 also connects to OR gate 31. This
      drives the multiple AND gates 32 to gate the content of counter 20 to the
      T.sub.n.sub.-1 register 33. Also, AND gate 26, through a connection to OR
      gate 34, which sets the second indicator 35 to the 1 state. The count
      T.sub.n is also applied on N lines, to the T.sub.n.sub.-1 register 43 in
      the K.sub.p computation block 44. The count T.sub.n is further applied, on
      N lines, to the T.sub.n.sub.-1, (T.sub.n.sub.-1)/2 and (T.sub.n.sub.-1)/4
      registers 45, 46 and 47, respectively, contained in the algorithm
      computation unit 48.
PAR  The 1 in the third stage of the sense pulse register 16 is also utilized to
      activate, coincident with the second delayed pulse SP.sub.2, an AND gate
      36. Upon coincidence with the third delayed sense pulse SP, the third
      stage of register 16 is used to activate AND gate 37. The output of AND
      gate 36 is fed, via OR gate 39, to gate the output of the T.sub.n.sub.-1
      register counter 33, via AND gates 40, to the T.sub.n.sub.-2 register 41.
PAR  At the occurrence of the third delayed sense pulse SP.sub.3 and the
      coincidence with a 1 being in the third stage of sense pulse shift
      register 16, AND gate 37 is activated. This, via OR gate 49, resets the
      T.sub.n count register 20, and, through OR gate 50, it resets the
      T.sub.n.sub.-1 register 33. Also, through multiple AND gates 51, it
      transfers the content of the T.sub.n.sub.-2 register 41, to the
      T.sub.n.sub.-2 register 52 in the K.sub.p block 44, and to the
      T.sub.n.sub.-2 register 53 in the algorithm unit 48.
PAR  At this point in time, the measurement for the length of the first full
      preamble bit, the count stored in the T.sub.n register 20, has been
      completed, loaded into the algorithm function block 44 for K.sub.p, and
      shifted into the T.sub.n.sub.-1 register 33, and into the T.sub.n.sub.-2
      register 41.
PAR  At the occurrence of the fourth delayed pulse SP.sub.4 derived from the
      third sense pulse SP.sub.0, AND gate 38 is activated. The output of AND
      gate 38 is utilized, via OR gate 18, to set the T.sub.n count gate 19 to
      start counting for measuring the next symbol.
PAR  At the occurrence of the fourth sense pulse SP.sub.0, the 1 in the sense
      pulse shift register 16 is shifted to the fourth stage. Upon coincidence
      with the first delayed pulse SP.sub.1, this activated AND gate 54. The
      output of AND gate 54 produces the following results. It is applied, to
      latch 29, to end the T.sub.A count, through AND gate 30, of clock pulses
      in the T.sub.A register counter 22. This is done since this is the end of
      the first time slot in the second preamble bit, and the width of the first
      time slot in this preamble bit is defined, for use here, as T.sub.A.
PAR  The output from the fourth stage of the sense pulse register 16 is also
      utilized, coincident with the second delayed pulse SP.sub.2, to activate
      AND gate 56. The output of AND gate 56 gates the output of the T.sub.A
      register counter 22, via AND gates 57, on N parallel lines to the T.sub.A
      register 58 contained in the K.sub.p function block 44. The N lines are
      shifted 1 high order bit to create a 2 .times. T.sub.A content in register
      58.
PAR  When the fourth stage of register 16 is "on," AND gate 59 is activated, at
      the occurrence of the fourth delayed pulse SP.sub.4, to set the reference
      pulse gate latch 60 to the "on" condition. This establishes a gate to
      admit the next pulse from the sensors. This is the reference pulse. It is
      used to determine the polarity and content of the first data pulse which
      will follow the reference pulse. This is done in a polarity comparison
      unit 61 which is shown separately in FIG. 9.
PAR  At the occurrence of the fifth sense pulse SP.sub.0, which is the end of
      the second preamble symbol and also the reference pulse, the fifth cell of
      shift register 16 is activated. This produces an output 5 which is
      utilized as a timing and condition signal at several points in the logic
      diagram. Also, coincident with the first delayed pulse SP.sub.1 from the
      fifth sensed pulse SP.sub.0, AND gate 62 is activated. This, via OR gate
      27, resets the count gate latch 19 and halts the counting, through AND
      gate 21, of the T.sub.n register counter 20. This is the end of the second
      preamble bit.
PAR  At SP.sub.1 time, the output of the fifth stage of counter 16 is applied to
      AND gate 62 as noted above. The output of AND 62 is used, through OR gate
      63, to set the elapsed time latch 64. This, through AND gate 65, starts
      the counting of clock pulses in counter 66 to measure the elapsed time
      from the start of data. Also, the output of AND gate 62 is applied to OR
      gate 67 to set the T.sub.n.sub.-1 latch 68, or first indicator, to the 1
      state. The output of AND gate 62 also is applied to OR gate 69 to set the
      odd-even indicator 70, to the even state, Q.
PAR  The output from the fifth cell of shift register 16 is also applied to AND
      gates 71, 72 and 73. AND gate 71 is activated at the occurrence of the
      second delayed pulse SP.sub.2. Its output is utilized, through OR gate 31,
      to gate the output of the T.sub.n register 20 through AND gates 32 as
      before.
PAR  The output from the fifth cell of register 16 is also applied to AND gate
      72. Upon coincidence with the third delayed pulse SP.sub.3, provides an
      output which, via OR gate 77, resets the T.sub.A register counter 22.
PAR  The AND gate 73 is activated by the 1 in the fifth cell of register 16 at
      the occurrence of the fourth delayed pulse SP.sub.4. This signal is
      utilized, via OR gate 18, to set the count gate latch 19 to the "on"
      condition. This restarts, through AND gate 21, the T.sub.n register
      counter 20 counting again.
PAR  AND gate 80, coincident with the occurrence of a clock pulse CP and the 5
      signal, will reset the reference pulse gate latch 60, which ends the
      reference pulse gate.
PAR  When the sixth pulse is sensed, the 1 in the shift register 16 moves to the
      sixth stage. This has the effect of deconditioning AND gate 15 to stop
      further shifting of register 16. Also, the 1 output of the sixth stage of
      register 16 is utilized, as shown by the symbol 6, for several functions.
      This indicates to the system that the preamble symbols have been read and
      that all following pulses passed to the decoder will be symbol boundary
      pulses.
PAR  When AND gate 65 passes clock pulses CP, the elapsed time counter 66 counts
      them during the time that the calculation of the predicted inhibit gate
      termination time is being done in block 48. When the inhibit gate
      prediction is completed in block 48, a completion signal T is issued which
      is applied to reset latch 64 to stop the elapsed time counter 66 before
      the occurrence of the next symbol transition, sense pulse SP.sub.0. Signal
      T also operates AND gates 85 to feed the output from the predicted inhibit
      gate termination time register 86 and from the .DELTA. value unit 74 on N
      lines in parallel to the predicted inhibit gate termination time register
      87 and to the search gate termination (or inhibit gate start) register 42,
      respectively. The T signal is also applied to a delay unit 88 which, after
      a brief delay, causes a reset through OR gate 89 to reset the T.sub.ig
      register 86. The delayed signal T is also applied to reset the algorithm
      selector control logic box 90. These actions reset the algorithm selector
      and the inhibit gate prediction time units to zero, permitting their use
      for the next symbol time T.sub.n.
PAR  The subtractor unit 91 then calculates the difference between the content
      of the predicted inhibit gate termination time, from register 86, and the
      elapsed time from counter 66. The result is outputted on N parallel lines
      via AND gate 92. The result is loaded in parallel into the inhibit gate
      termination register (or search gate start register) 93, which starts
      counting down when the internal clock pulse signal from the subtractor
      unit is applied to the countdown gate latch 94, which sets AND gate 95
      "on" and starts the inhibit gate termination register 93 counting down at
      the rate of clock pulses, CP. The internal clock from the subtractor unit
      is used via OR gate 39, to gate the output of the T.sub.n.sub.-1 register
      33, via AND gates 40, to the T.sub.n.sub.-2 register 41. This same clock
      pulse, delayed slightly in delay unit 96, is utilized through OR gate 100,
      to reset the elapsed time counter 66, the T.sub.n.sub.-1 latch 68 through
      OR gate 97, to the "off" position. Also, via OR gate 50, this delayed
      pulse is used to reset the T.sub.n.sub.-1 register 33 to 0. The undelayed
      clock pulse, as utilized previously, gates the outputs of the
      T.sub.n.sub.-1 latch 68 through AND gates 98 and 99 and OR gate 34 into
      the T.sub.n.sub.-2 latch 35 inputs so that, at the time the T.sub.n.sub.-1
      latch 68 is set to the "off" position by the delayed pulse from delay unit
      96, the content of latch 68 has already been transferred into the
      T.sub.n.sub.-2 latch 35.
PAR  The zero side of the T.sub.n.sub.-1 latch 68, indicating 0, is applied to
      the algorithm selector control 90. The 0 output from the T.sub.n.sub.-1
      latch 68 is transferred via AND gate 98 to the T.sub.n.sub.-2 latch 35 if
      the T.sub.n.sub.-1 latch is in the 0 state when the initial clock pulse
      occurs coming from the subtractor unit. The 0 output from the
      T.sub.n.sub.-2 latch 35 is utilized to provide an input into the algorithm
      selector control box 90.
PAR  With the inhibit gate termination register 93 counting down, eventually all
      the stages of this register, except for the least order bit, reach 0. When
      this occurs, AND gate 101 is activated to provide a reset to the inhibit
      gate latch 79. When the content of the inhibit gate termination register
      93 reaches 0, AND gate 102 is activated to reset the countdown gate latch
      94 to await the start of the next inhibit gate. By this means, the inhibit
      gate termination register is left in the empty state. This also generates
      the S signal.
PAR  The output S from AND gate 102 is utilized to set the countdown gate latch
      75 to the "on" condition. Then, through AND gate 76, the search gate
      termination register (or inhibit gate start register) 42 will be counted
      down at each clock pulse. This is required since at the fifth pulse
      SP.sub.0, data begins and it is necessary to start the "inhibit" gate (or
      end a "search" gate) a short time after data begins.
PAR  The inhibit gate start register (or search gate termination register) 42
      counting down finally reaches the condition in which all but the last, or
      lowest order bits, are 0. At this point, AND gate 78 is activated at the
      next clock pulse CP to produce an output which sets the search gate latch
      79 to the "off" condition to start the inhibit gate for the center pulse
      or end the search gate for the symbol boundary. This raises the inhibit
      gate signal used at several points in the diagram.
PAR  When all bit positions in register 42 are zero, AND gate 110 is activated
      to reset the count gate latch 75 and end counting down of register 42.
PAR  The output of AND gate 102 is also applied to an AND gate 103. Gate 103 is
      fully activated when 2.sup.n shift pulses have occurred, by the content of
      the shift pulse counter 84 via OR gate 104, to set a delay univibrator
      105. The output of delay 105 is differentiated in unit 106 to provide the
      reset R signal. OR gate 104 has three other inputs to drive it to create
      the R signal. They are the fixed delay gate (FDG) pulse from the
      differentiator 25, the output from AND gate 107, and an ERROR indication
      if an error occurs. AND gate 107 is activated by the binary content of
      counter 84 and the SP.sub.0 pulse.
PAR  When the shift pulse counter 84 has counted enough shift pulses to make up
      a complete 2.sup.n code, n being arbitrary, and an inhibit gate is not
      present, the next pulse sensed, SP.sub.0, applies to create a reset R via
      AND gate 107, as stated above. This signal is applied through OR gate 104
      and activates the univibrator 105 whose output is differentiated in
      differentiator 106 to provide a reset signal R which resets all the
      elements in the system where the R symbol is present. The reset signal is
      also used to gate the content of the data shift register 83, via AND gates
      108, to the terminal data register 109.
PAR  Several other control functions occur as follows. At the first delayed
      pulse SP.sub.1 and with a 1 shifted into the sixth position of register
      16, AND gate 113 is activated to set, through OR gate 63, the elapsed time
      counter gate 64 to the "on" position to begin counting elapsed time in
      counter 66. Also, AND gates 114 and 115 are activated to pass the 0 or 1
      data from the data latch 116 to set the first indicator 68 to the 1 or 0
      condition through OR gates 67 and 97, respectively. Also, AND gate 117 is
      activated to reset, through OR gate 27, the T.sub.n count gate latch 19 to
      stop counting pulses to measure T.sub.n in counter 20. Also, in the
      presence of a V signal from the odd-even indicator 70, indicative of an
      "odd" state, AND gate 118 is activated at this time. It transfers the
      contents of the K.sub.p polarity latch, or indicator, 119 to the temporary
      K.sub.p polarity indicator 120, through AND gates 121 and 122,
      respectively. This is done to facilitate reversing the K.sub.p polarity to
      account for an odd 0 following the last sensed 1 as described in detail in
      my aforementioned application Ser. No. 522,210. Additionally, at every
      occurrence of an SP.sub.1 pulse, (after the occurrence of the fifth sensed
      pulse SP.sub.0 which means data will be in latch 116) or the third sensed
      pulse SP.sub.0 if only a single preamble symbol is used, AND gates 123 and
      124 are activated to pass the 1 and 0 content of data latch 116 to the
      input cell of data register 83.
PAR  Note that all SP.sub.0 signals which correspond to the double frequency
      signal transitions in the data stream are blocked by an inhibit gate
      function IG applied through inverter 7 to inverters 5 and 6, which operate
      as AND gates. This is done to prevent loading any 1 or 0 content which
      would otherwise be read if the double frequency pulses were passed to the
      decoder 61 which interprets only the symbol boundary pulses as previously
      discussed.
PAR  As discussed previously, the IG signal is generated by inverter 188 under
      control of the inhibit gate start register (SGTR) 42 and the inhibit gate
      termination register (SGSR) 93 which are, in turn, controlled by the
      predicted inhibit gate length algorithms of Table 1A, 1B or 1-5 of my
      copending application chosen according to the conditions of Tables 1-5 as
      discussed with relation to my copending application Ser. No. 522,210,
      where these algorithms are used for the inverse function as 2F "search
      gate" predictions as was discussed above.
PAR  At the second delayed pulse SP.sub.2, and with a 1 in the sixth cell of
      register 16, AND gate 112 is activated. This controls, through OR gate 31
      and AND gates 32, the transfer of the count in the T.sub.n register 20 to
      the T.sub.n.sub.-1 registers 33, 43, 45, 46, & 47. Also at this time, AND
      gates 125 and 126 are activated to pass the 1 or 0 content of latch 116 to
      the odd-even indicator 70 through OR gate 69 to force indicator 70 to
      "even" if a 1 is present, or to set it to its opposite state if a 0 is
      present. Also, in the presence of a V signal from the odd-even indicator
      70, AND gate 127 is activated to transfer the contents of the temporary
      K.sub.p indicator 120 through AND gates 128 and 129 back to the K.sub.p
      polarity latch 119, in inverted order, to change, through OR gates 130 and
      131, the polarity indicated in latch 119. The original polarity of K.sub.p
      is entered at CP time following the completion of the comparison in
      comparator 132 whose output is passed by AND gates 133 and 134 through OR
      gates 130 and 131.
PAR  Also at every SP.sub.2 pulse during the time a 1 is in the fifth cell of
      register 16, and both the first and second indicators 68 and 35,
      respectively, are both in the 1 state, AND gate 135, a preamble bit
      condition indicator, is activated. This gives an output used to determine
      whether K.sub.p is to be computed since two 1's are necessary to calculate
      a value for K.sub.p. This choice is accomplished as follows. The output of
      AND gate 135 is applied to AND gates 136 and 137. These gates are
      controlled by the output of a switchably controlled latch 138 whose state
      is determined by the setting of selector switch 139. Switch 139 determines
      whether it is necessary to compute a spread coefficient K.sub.p. If a
      magnetic recording is being interpreted, the K.sub.p computation is not
      always necessary. If a K.sub.p computation is not selected, AND gate 136
      deactivates AND gates 140 and 141. AND gate 140, if activated, gives the
      compute K.sub.p command to the K.sub.p unit 44, to the comparator 132 and
      to the computation unit 142 at the SP.sub.0 pulse. AND gate 140 is
      activated by SP.sub.0, plus the output of AND gate 136 and the "yes"
      output of latch 143, which is set by selector switch 144, which allows the
      choice of whether K.sub.p is to be computed or not. AND gate 141 resets,
      through OR gate 145, the T.sub.n.sub.-2 register 52 and T.sub.n.sub.-1
      register 43 and the 2 .times. T.sub.A register 58, when no K.sub.p
      computation is to be done. Also, this output is used to force the polarity
      of the K.sub.p latch 119 positive through OR gate 130 so that a choice of
      algorithm can be made, even though no value for K.sub.p is computed. The
      output of AND gate 141 also is used, through OR gate 146, to reset the
      K.sub.p register 147 in the algorithm computation unit 48.
PAR  Also at the SP.sub.2 pulse, in the presence of an output Z from data gate
      latch 148, AND gate 149 is activated to reset, through OR gate 145, the
      T.sub.n.sub.-2 register 52, T.sub.n.sub.-1 register 43 and the 2 .times.
      T.sub.A register 58, whenever both indicators 68 and 35 are in the 1
      state. This is done because it is necessary to clear the registers prior
      to receiving new measurements at SP.sub.3 time for computing a new value
      for K.sub.p, if required.
PAR  AND gate 150 is activated by the 1 output from the indicators or latches 68
      and 35 to provide, through inverter 151, an input to AND gate 152 whenever
      two 1's are not present and K.sub.p will not be computed, which provides
      an input through OR gate 153 to the algorithm selector control 90 at
      SP.sub.3 pulse time, coincident with a data gate signal from latch 148, to
      allow a selection of an algorithm during data bits when no K.sub.p
      computation is being done.
PAR  At the completion of the K.sub.p computation in unit 142, its result is
      outputted on N lines through AND gate 154 to the K.sub.p register 147. The
      "computation completed" signal from unit 142 is applied to AND gate 154 to
      activate it and also to a latch 155 to set it to the "on" condition. This
      signal is also applied to a delay unit 156, whose output is applied,
      together with the "on" output of latch 155, to an AND gate 157 to provide
      an input to the algorithm selector control 90. This instructs the selector
      to choose an algorithm for predicting the proper termination time of an
      inhibit gate whenever K.sub.p has been computed.
PAR  Other controls are as follows. At the occurrence of the third delayed pulse
      SP.sub.3, and with a 1 in the sixth cell of register 16, AND gate 158 is
      activated to provide an input through OR gates 77 and 49, respectively, to
      reset counters 20 and 22.
PAR  At the fourth delayed pulse SP.sub.4, and with a 1 in the sixth cell of
      register 16, AND gate 159 is activated to provide an input through OR gate
      18 to the count gate latch 19 to start counting in counter 20.
PAR  When the first inhibit gate signal IG from inverter 188 is present and a 1
      is in the fifth cell of register 16, and a clock pulse occurs, AND gate
      160 sets the data gate latch 148 to the "on" condition through a delay
      unit 161.
PAR  In the event that a negative result from the elapsed time compensator,
      subtractor unit 91, occurs, the pulse issued is an "error" signal because
      the computation has run beyond the time for terminating the inhibit gate.
      This error signal, delayed slightly in unit 162 to allow stabilization of
      the system, is applied as a system reset signal R at numerous points in
      the figure as shown.
PAR  After register 16 has a 1 in the sixth cell, the following occurs. The
      countdown of the inhibit gate start register 42 begins when AND gate 102
      detects all 0's in the inhibit gate termination register 93. Also, via AND
      gate 112 and OR gate 31, the count in the T.sub.n register 20 is
      transferred, via AND gates 32, to the T.sub.n.sub.-1 registers. This is
      done for the following reasons.
PAR  First, this is the first symbol transition after the end of the second
      preamble bit. At this and at every data symbol ending, it is necessary to
      open the count gates to begin counting CP's for the receipt of data. This
      is done at every major symbol transition thereafter. The intermediate
      transitions, if any, are blocked by the inhibit gate when it is on and the
      major transitions are allowed through by the not inhibit gate signal at
      inverter 7.
PAR  By referring to the timing diagram FIG. 4 and to the logic flow chart FIG.
      5, the operation of the embodiment in FIG. 6 may now be understood to
      follow the following general pattern: when the system senses the start of
      pulses, the pulses are counted until sufficient pulses have been
      accumulated to determine that the first preamble bit has been sensed. Also
      the period of time for the first three pulses to be sensed is measured as
      a number of clock pulses and is stored for further use as T.sub.n.sub.-2
      in the K.sub.p algorithm unit. The next two clock pulses are also awaited
      and the first time slot in the second preamble bit, T.sub.A, is measured
      as a count of clock pulses. It, too, is stored for the computation of
      K.sub.p. When the fifth pulse is sensed, the end of the two preamble bits
      has been reached and the start of data is at hand. Appropriate steps are
      taken to set the data gate latch and to start timing in the various
      measuring registers and to start calculating a predicted inhibit gate
      termination time based on the two preamble bits which have been read.
      Also, since the second preamble bit has been measured, its time, defined
      as T.sub.n.sub.-1 and the previous T.sub.n.sub.-1 time, defined as
      T.sub.n.sub.-2 in the K.sub.p algorithm unit, are utilized so that K.sub.p
      may be calculated. When K.sub.p has been calculated, and an appropriate
      algorithm based on the condition that T.sub.n.sub.-1 is a 1,
      T.sub.n.sub.-2 is a 1, the polarity of K.sub.p is as calculated, and the
      odd-even flip flop will be set to the even state, the appropriate
      algorithm in the algorithm unit is run using the calculated K.sub.p and
      the two measured T.sub.n.sub.-1 and T.sub.n.sub.-2 periods. This
      determines when the inhibit gate should theoretically be terminated
      following the occurrence of the fifth pulse SP.sub.0. Since the time to do
      these various calculations goes on simultaneously with the inhibit gate,
      an elapsed time count is also maintained for the duration of the inhibit
      gate until the calculation has been completed. The time utilized in
      computation is then subtracted from the predicted inhibit gate termination
      time to provide the corrected inhibit gate termination time. When this
      time has elapsed, the inhibit gate is discontinued. If a pulse is sensed
      during the time that the inhibit gate is on, it is blocked in this system
      and the various latches are not affected. The system then continues
      measuring the time periods. In general, the mode of operation is as
      follows:
PAR  At the start of each data bit, an elapsed time count is begun, an inhibit
      gate is activated, and calculations are performed to predict the ideal
      length for the inhibit gate. When the result is computed, it is compared,
      by subtraction, with the elapsed time. A positive result, indicative of
      the time yet to run to inhibit gate termination, is stored in a counter
      which is then counted down. At the count of zero, or nearly zero, the
      inhibit gate ends. If a pulse occurred, (as one always should) during the
      time the inhibit gate was not on, a 1 or a 0 is stored in the data shift
      register following the polarity comparison decode operation, and operation
      proceeds as detailed above.
PAR  As is apparent in FIG. 6, the apparatus is designed to maintain an account
      of two symbol transition periods. The account kept is a record of the sign
      of K.sub.p and of the states of T.sub.n.sub.-1 and T.sub.n.sub.-2, whether
      a 0 or a 1, and the lengths of the periods T.sub.n.sub.-1 and
      T.sub.n.sub.-2. The algorithms of Tables 1-5 and 1A and 1B show these
      conditions (except for the lengths of T.sub.n.sub.-1 and T.sub.n.sub.-2 )
      as the selective factors for choosing which algorithm is to be applied for
      a given inhibit gate prediction. It will be apparent that the spread
      factor K.sub.p has different effects if it is positive or negative, and
      has a varying effect depending on whether it is applied to a 0 or a 1. The
      type of effects and the order in which these effects occur was discussed
      fully in my copending application Ser. No. 522,210.
PAR  System measurements and computations are utilized to determine the phase of
      a binary 1 along with the degree of print spread which can occur. As has
      been discussed fully in my copending application noted above, the degree
      of print spread is determined by the value of the spread coefficient
      K.sub.p. As is already known, K.sub.p can have a magnitude in the range 0
      .ltoreq. K.sub.p .ltoreq. 1. The polarity of the spread coefficient
      K.sub.p is derived from the time measurements made on the various widths
      of the signal transition periods, as previously discussed, and results in
      either a positive or a negative spread being calculated as previously
      shown. The effect of print spread is to distort the measured width of an
      F2F type 0 symbol, while the width of binary 1's in this coding scheme
      remains constant, regardless of the phase of the 1's.
PAR  The distortionless (considering spread only) property of the F2F type coded
      1 symbol is utilized in this invention.
PAR  The width variation of 0 symbols in the F2F code format, given a print
      spread positive or negative, requires keeping track of whether the 0
      symbol following the last 1 is odd or even in the chain of 0's following
      the 1. It also requires keeping track of whether the last referenced 1 is
      a "phase A" or a "phase B" type of 1. For example, given K.sub.p positive,
      the measured width of odd 0's after a "phase A" type 1 will be wider than
      the unspread 0. Conversely, the even numbered 0's which occur since the
      last referenced 1, are measured to be narrower than the ideal or unspread
      0. The opposite situation occurs for the same 0's following a 1 which
      happens to exhibit a "phase B" characteristic.
PAR  The situation is illustrated in FIGS. 28A and 28B of my copending
      application and will not be repeated here.
PAR  The first and second order inhibit gate prediction algorithms given in
      Tables 1A, 1B and 1-5 utilize the spread constant K.sub.p in the
      calculations. The magnitude and polarity of the spread constant K.sub.p is
      always, at a minimum, measured and computed by the use of one or two
      preamble bits or one or two data 1's, which are provided at the start of
      each F2F coded character sequence, or which occur in the data stream.
PAR  As previously discussed, the preamble bits are binary 1's. It should be
      clear that they must be "phase A" ones which have a bar in the first time
      slot so that the start of the time slot will be properly detected.
PAR  Turning to the system in FIG. 6, it will now be understood that in my
      copending application the T.sub.n.sub.-1 odd-even flip flop 70 keeps track
      of whether the referenced 1 is a "phase A" or a "phase B" 1. In this
      manner, two flip flops were utilized in one preferred embodiment in my
      copending application in order to simplify understanding the system
      operation. As will be readily apparent to those who understand the present
      system, measuring T.sub.n.sub.-1 is equivalent to measuring T.sub.n.sub.-2
      for the next succeeding time period, since the measurement T.sub.n.sub.-1
      in the present time frame becomes T.sub.n.sub.-2 in the next succeeding
      time frame. Given this consideration, it is apparent that a single
      odd-even flip flop can be used to keep track of the odd-even status of a
      T.sub.n.sub.-1 0 bit, in addition to controlling the phase designation of
      the referenced 1 bit.
PAR  Tables 3, 4, and 5 of my copending application Ser. No. 522,210 list
      algorithm conditions needed to control the choice of the prediction
      algorithm given in a single odd-even flip flop as embodied in FIG. 6
      herein. The algorithm selection conditions are noticably different from
      those shown for the two flip flop system utilized in Tables 1-2. Three of
      the four conditions are similar in both systems, i.e., the binary states
      of the T.sub.n.sub.-1 and T.sub.n.sub.-2 latches, and a column which
      identifies the polarity of the computed spread coefficient K.sub.p.
      However, the state of the odd-even indicator listed in Table 3 is the
      reverse of that listed in Table 2. The reversal is obvious, since
      T.sub.n.sub.-2 time is always adjacent to a T.sub.n.sub.-1 time. For
      example, if T.sub.n.sub.-2 and T.sub.n.sub.-1 are both 0's, and
      T.sub.n.sub.-2 is odd, it follows that T.sub.n.sub.-1 must be even and
      conversely, if T.sub.n.sub.-1 is even, T.sub.n.sub.-2 must be odd. The
      difference which exists between the conditions given in Table 2 and Table
      3 is that the T.sub.n.sub.-1 odd-even state is substituted for the
      T.sub.n.sub.-2 odd-even state in Table 3.
PAR  In the system in which the algorithm choice is governed by the conditions
      of Table 3, the odd-even flip flop serves the dual purpose of: keeping
      track of whether the 0 in the T.sub.n.sub.-1 time slot was odd or even and
      if not a 0, the flip flop is forced to the even state, since any
      succeeding 0 following the 1 that must be present will, of course, be odd.
      Secondly, the flip flop, if it is odd and is sensed in the interval
      T.sub.n, the K.sub.p polarity latch is reversed using the flip flop as the
      gate function so that the proper reversal and sign to account for the
      difference in phase A or phase B 1's will be taken account of.
PAR  An actual logic diagram which would be built to utilize the single flip
      flop instead of two, has been illustrated in FIG. 6 using the indicator
      70.
PAR  Returning momentarily to FIG. 5, it will be observed that a plurality of
      symbols which have a circle, a normally open switch, and a symbol S in the
      circle, are shown at various points or on particular functional boxes in
      the flow chart of FIG. 5. The purpose of the S switches is to short out,
      or logically disable, the specific function illustrated or to connect or
      disconnect functions illustrated according to whether the switches are
      shown normally opened or closed. All of the normally open switches would
      be closed and all of the normally closed switches would be opened to
      modify the diagram in FIG. 5 to illustrate a system which corrects for
      acceleration only without any correction for spread. Such systems might be
      used, for example, for magnetic stripe or card readers or for a
      communications channel in which spread might not be present.
PAR  FIG. 32 of my copending application illustrates the algorithm selector
      which would be utilized for a system for which it is desired to do
      acceleration and spread corrections. The algorithm selector portions of
      FIGS. 31 and 32 of my copending application which lie between the boxes
      labeled A and C are intended to be inserted between the same boxes labeled
      A and C on FIG. 5 to complete it, in the event that it is desired to use
      the system described in FIG. 5 for spread only, or for spread and
      acceleration combined corrections, as appropriate. Also, if it is desired
      in either of the flow charts in which spread and acceleration corrections
      are made, the improved formula for the computation of K.sub.p which
      accounts for acceleration in the K.sub.p computations may be utilized as
      described in my copending application.
PAR  Turning now to FIG. 9, a schematic diagram of a functional logic circuit
      for the polar comparison decoder unit 61 shown in FIG. 6 will be given.
      The inputs to the decoder 61 are the data gate signals Z, the reference
      pulse gate signal from the pulse generator 60, and the positive and
      negative outputs P and N from the inverters 8 and 9, processing the
      incoming signals from amplifier 3. A shift pulse from the shift pulse
      driver 82 is also applied as shown. The method of operation for the decode
      technique used is as follows.
PAR  The polarity of the referenced pulse is stored temporarily and the first
      data pulse is compared with it. If the first data pulse has a polarity
      that matches that of the referenced pulse, a 1 is decoded. If the first
      data pulse has a polarity which does not match that of the referenced
      pulse, a 0 is decoded. Following this operation, the polarity of the
      reference pulse is no longer stored and the polarity of the first data
      pulse is stored as the reference for the second data pulse, and so on.
      Since the 2F, or double frequency pulses, are inhibited by the presence of
      the inhibit gate signal from passing through to the positive and negative
      inputs of the decoder 61, the data information is encoded at the symbol
      boundary transitions which signals are passed through as positive and
      negative input signals to decoder 61. The decoder 61 interprets the
      polarity of the signals in a way which makes them correspond to the F2F
      coded data ordinarily written by the presence or absence of the central or
      2F transition pulse in an F2F data stream. By encoding the data at the
      symbol boundary transitions, in the form of signal polarity reversals, the
      characteristics of F2F code which make it possible to measure and correct
      for spread and/or acceleration effects are utilized and any time
      dependence or distance dependence of the decode technique is eliminated.
      The use of the algorithms for predicting the proper end of the data
      inhibition time to block out the central of 2F transition signal pulses is
      made possible by the use of the F2F code format as discussed in my
      previously noted copending application Ser. No. 522,210. By utilizing the
      polarity comparison decode or encode techniques, the data may be encoded
      directly in the form of polarity reversals in the signal stream which are
      not dependent on time, scanner velocity, or print spread. Although the
      resulting encoded F2F data stream may become distorted, as is apparent
      from the nature of the F2F code, it can be corrected as taught in my
      previous application Ser. No. 522,210 because of the unique
      characteristics of utilizing binary 1's as initial measuring symbols from
      which spread and acceleration correction factors may be derived as taught.
PAR  The circuit in FIG. 9 serves to decode the incoming polarity signals by
      comparison one with another as follows.
PAR  When the referenced pulse gate 60 is on, the signal is applied to AND gates
      164 and 165 so that the occurrence of either a positive pulse output from
      the amplifier 3 or a negative pulse output will activate the appropriate
      AND gate 164 or 165. The outputs of AND gate 164 and 165 are applied,
      through OR gates 166 and 167, to set a temporary memory or latch 168 at
      the same time, the incoming positive or negative input pulse is applied to
      AND gates 169 and 170 which are activated when the data gate signal is on.
      This loads the temporary register or latch 171 with the polarity of the
      first data signal received after the receipt of the reference pulse which
      is defined to be a pulse admitted during the time the reference pulse gate
      signal is on.
PAR  Temporary memory 168 has the polarity of the reference pulse set into it as
      previously noted. Its output either on the P or N line, as shown, is then
      compared with the first incoming data pulse in the AND gates 172 through
      175. If the first data pulse happens to be positive, it will be applied to
      AND gates 172 and 175, both of which will also receive an input from the
      data gate signal. However, only AND gate 172 will be fully activated since
      it receives its third input from the positive output of temporary memory
      168. This will give an indication via OR gate 176 that a 1 has been
      decoded. In the alternative, if the reference pulse happens to have been
      negative, and the first data pulse was also negative, AND gate 173 would
      be fully activated to produce a similar one output. If the reference pulse
      is not of the same polarity as the first data pulse, either AND gate 174
      or 175 will be fully activated and the zero output line will be signalled
      through OR gate 177.
PAR  Following the comparison in AND gates 172 through 175 of the first incoming
      data pulse with the reference pulse, a shift pulse is applied to AND gates
      178 and 179 to load the output from temporary memory 171 into memory 168.
      It will be recalled that the contents of temporary memory 171 is the
      polarity of the first data pulse. This polarity is now loaded into
      temporary memory 168 and serves as the reference pulse for the second data
      pulse when it arrives. The second data pulse is loaded into temporary
      memory 171 and becomes, following the next shift pulse, the reference
      pulse (or reference polarity) for the third data pulse, and so on.
PAR  As will be apparent to those of skill in the art, what has been
      accomplished by encoding and decoding the F2F data by means of polarity
      reversals at the symbol boundaries is that the desirable characteristics
      of F2F code, which enable corrections and adjustments to be made for
      acceleration and print spread, can be maintained and utilized to block out
      the central transition or double frequency pulse which can be polarity
      compared with a reference for decoding purposes. This is superior to the
      normal type of F2F encoding and decoding where the presence or absence of
      a signal during a search gate is regarded as the significant data event.
      In the present system, clocking is easier to maintain because a data pulse
      must be received at each symbol, or else an error has occurred.
PAR  It will be apparent that what has been described is a truly universal F2F
      code reading method and apparatus which can handle either optical or
      magnetic code systems with print spread and acceleration, or either
      individually. It is also apparent that a whole new system need not be
      constructed to employ this invention. For example, in given systems which
      have already built a sensor and an amplifier, etc., to produce the F2F
      signal transitions as a record bearing medium is scanned, or F2F data is
      received from a communications medium, one need only build the circuitry
      of the appropriate logic diagram from the present invention, attach it to
      the output of the sense amplifier, and let the output of the circuit so
      produced be the code output to a using system. This is to say, that the
      present invention as an F2F code reading and interpreting system and
      apparatus, stands alone and apart and may be plugged in at will to
      existing systems with full effect.
PAR  What follows will be a description of a flow diagram, in schematic form,
      which defines an embodiment of this system built to operate according to
      the method illustrated in line E of FIG. 10. Following the discussion of
      the schematic flow chart, a logic diagram of a preferred embodiment of the
      invention constructed to carry out the same method will be illustrated and
      discussed. Modifications to the logic diagram and to the flow chart to
      accommodate the systems illustrated on line D will also be given, as will
      a description of a flow chart showing the operation of such a system.
PAR  Turning to FIG. 15, a schematic flow chart of a system built to operate by
      searching for symbol boundary transitions and conducting polarity decode
      operations thereon is illustrated. The operations for reading the first
      two preamble bits are the same as have been previously discussed and will
      not be repeated. Operation will be described commencing with the point
      labeled by an X in a box after which the sense pulse counter is
      incremented and the polarity comparison decode unit is activated. These
      two functions are completed following the receipt of the fifth sensor
      pulse at the end of the second preamble symbol. What next occurs is that
      the T.sub.n register is stopped from counting and the question is asked,
      whether the pulse count is 6 or greater. If the answer is "yes," as is
      will not be at least until the end of the first data bit, a further
      question is asked as to whether the pulse was determined to be a 1. If the
      answer to this question is "no," the T.sub.n.sub.-1 latch or indicator is
      set to 0 and the 0 is entered into the data register and the odd-even
      indicator is clocked to the opposite of whatever condition it is in.
      Operation continues by starting and elapsed time count and initiating the
      timing which must elapse before the start of the next search gate for a
      symbol boundary.
PAR  If the pulse detected when the pulse count was 6 or greater was determined
      to be a 1, a further question is asked as to whether the odd-even flip
      flop is odd. If the answer is "yes," the sign of the K.sub.p polarity is
      reversed, but if the answer is "no," the system continues to the point
      which it reaches after the aforementioned polarity reversal, if necessary,
      and sets the T.sub.n latch to a 1, enters a 1 into the data register, and
      forces the T.sub.n.sub.-1 flip flop to the even state. The chart then
      proceeds to the same point at which the elapsed time counter is started
      and the time to the first search gate is begun.
PAR  The length of the symbol, the count stored in the T.sub.n register, is
      copied into the T.sub.n.sub.-1 register and into the T.sub.n.sub.-2
      registers located in the K.sub.p algorithm computation block. The T.sub.A
      and T.sub.n registers are reset to 0 and start counting at the next clock
      pulse in the T.sub.n register only. At this point, the question is asked,
      whether both indicators, the T.sub.n.sub.-1 and T.sub.n.sub.-2 latches,
      are set to the 1 state. If the answer is "no," the system continues to the
      box marked with the letter A, at which point it enters an algorithm
      selection unit identical to those already discussed.
PAR  If the answer to the previous question was "yes," a further question is
      asked whether these are preamble bits. If the answer is "yes" and a
      magnetic recording is being read, a further question as to whether it is
      desired to compute K.sub.p is asked. If the answer is "no," the K.sub.p
      latch is set to a 1, indicating that K.sub.p is positive, and a value of
      K.sub.p equal to 0 is stored in the registers for K.sub.p ; the
      T.sub.n.sub.-1 and T.sub.n.sub.-2 and T.sub.A registers are all reset to 0
      in the K.sub.p computation unit, and the system continues to box A where
      an algorithm is selected.
PAR  If it is not a magnetic recording or if it is desired to compute K.sub.p
      and is a magnetic recording, the system examines the K.sub.p algorithm
      register and computes K.sub.p according to the algorithm illustrated. When
      this is completed, the question whether K.sub.p is positive is asked. If
      it is, a latch is set to the 1 state, if not, it is set to the 0 state and
      the value of K.sub.p is stored in the appropriate registers. The system
      proceeds to reset the T.sub.n.sub.-1, the T.sub.n.sub.-2 and T.sub.A
      registers in the K.sub.p unit and goes on to select an algorithm.
PAR  When an algorithm has been selected, the system returns to the flow chart
      at box C and asks whether the time from the end of the last preamble bit
      to the starting (or leading) edge of the first symbol boundary search gate
      has been computed yet as a result of the algorithm chosen, and awaits a
      positive answer. When an affirmative answer has been received, the proper
      duration of the search gate for the first symbol boundary is loaded as a
      .DELTA. value into the search gate termination register and the elapsed
      time counter is stopped. The computed ideal time for the start of the
      search gate together with the elapsed time count are transferred to an
      elapsed time comparator unit where the data content of the elapsed time
      counter is subtracted from the predicted time to the start of the first
      search gate. If the difference is positive, no error has occurred and the
      system continues; but if the difference is negative, an error condition is
      signalled and all registers and latches are reset to 0 and the system
      returns to the start.
PAR  Assuming that the difference is positive, the system stores the positive
      difference in the search gate start register and proceeds to count down
      the register. The data contents of the T.sub.n.sub.-1 register is
      transferred to the T.sub.n.sub.-2 register, and the T.sub.n.sub.-1
      register is reset to 0. The state of the T.sub.n.sub.-1 latch is
      transferred to the T.sub.n.sub.-2 latch and the T.sub.n.sub.-1 latch is
      reset to 0, and the T.sub.n.sub.-1 elapsed time counter is set to 0. When
      the search gate start register reaches 0, or nearly 0, the search gate
      driver latch is raised and the polarity comparison unit is activated. When
      all of the search gate start register positions are 0, the countdown of
      that register is stopped and the countdown of the duration register, the
      search gate termination count, or the .DELTA. value from the algorithm
      unit, is begun counting down. When all of the stages in the search gate
      termination register are count down to 0, or nearly 0, the search gate is
      ended and the search gate driver latch is set to 0. When all of the stages
      of the search gate termination register are 0, the countdown is ended and
      a shift pulse is initiated to apply the output from the polarity
      comparison decoder unit to the data shift register, and a shift pulse
      counter is incremented by  1.
PAR  The question is asked, whether a sense pulse was found coincident with the
      search gate. If no pulse was found, an error signal is generated. If the
      pulse was found, the question is asked whether the fixed delay gate has
      terminated. If it has, an error signal is generated, but if it has not yet
      terminated, the question is asked whether N shift pulses have been
      executed, and if not, the system exists at block X and returns in the flow
      chart at the point marked with the block X to continue operation. If N
      shift pulses have been executed, the data is transferred to the data shift
      register, the system is reset, and returns to the initial starting point.
PAR  The logic for accomplishing the aforementioned functions for a symbol
      boundary transition search gate technique with the polarity comparison
      decode have been embodied in FIG. 6. Turning to FIG. 6, a selector switch
      178 is shown, as is another selector switch 179. The selector switches 178
      and 179 would be operated together so that 178 would be thrown to the 1F
      search position and switch 179 would be switched away from the 2F search
      position, so that a reference pulse and the enable signals can be applied
      as shown to the polarity comparison decode unit 61.
PAR  When the search gate start register 93 reaches all 0, except for the last
      or least order bit, AND gate 101 is activated as previously described for
      the center transition inhibit technique. This produces an output which is
      applied to AND gate 180, which is conditioned by the K signal coming from
      selector switch 181 being set to the "on" condition to select a 1F search
      function. Also, switch 182 is set to ground when the 1F search is desired
      so that the output of AND gate 183 will be shunted to ground. Also,
      selector switch 184 would be turned to the "on" position where it would
      also be placed for inhibiting center transition pulses.
PAR  Latch 185 is set to the "on" condition when the fifth sense pulse, the end
      of the second preamble bit, has been reached. This applies an output to
      AND gate 186 which is conditioned by switch 184 and by the output from OR
      gate 187 which may be activated by the reference pulse generator 60.
PAR  The output of AND gate 186, thus fully activated, is applied to an inverter
      188 to produce an inhibit gate signal, if it is desired to inhibit the
      center transition using the symbol boundary search gate algorithms, as was
      previously discussed.
PAR  The output from OR gate 187 is also applied to AND gate 189, which is
      otherwise conditioned with the K symbol is "on" as a result of switch 181
      selecting 1F search technique. When AND gate 189 is "on," its output is
      applied to an inverter 190, the output of which is a 2F search gate
      function for use in another system which will be discussed. The output of
      inverter 190 is applied also to AND gate 183 so that the A for the center
      pulse search gate system can be generated or cut off under the control of
      switch 182 as shown.
PAR  If it is desired to search for a symbol boundary using the circuit diagram
      of FIG. 6, the various control switches 178, 179, 181, 182, 184 are set to
      the appropriate position for conducting a 1F search as identified and the
      operation proceeds as described above. Briefly, the operation is as
      follows:
PAR  When the initiation time for the start of the first symbol boundary search
      has been computed by the algorithm unit, the value is loaded into the
      search gate start register 93 (after that value has been corrected for
      elapsed time.) When the search gate start register 93 counts down to 0,
      the search gate is initiated from AND gate 101 which is applied to latch
      79 to set it to the "on" condition to generate the search gate signal.
      This signal is applied to various points as shown, with the search gate
      signal present and the various control switches 178, 179, 181, 182, and
      184 set to the appropriate positions for the 1F or symbol boundary search,
      the inhibit gate system previously described is not operative, but the
      error detection circuitry works in the same fashion. The presence of a
      search gate function being "on," is the output from latch 79 which is
      applied to AND gate 191. AND gate 191 is activated if a pulse SP.sub.0 is
      sensed during the time that a search gate is "on." If this occurs, an
      output from AND gate 191 resets latch 196 so that no "error" function
      signal will be produced. Latch 196 is originally set to its "on" condition
      by the search gate start signal as illustrated. The output from latch 196
      is applied to AND gate 194 and if the search gate termination signal
      occurs coincident with the output of latch 196, an "error" indication is
      signalled by setting latch 195 to the "on" condition. The output of AND
      gate 194 is also applied to OR gate 104 to generate a system reset, the
      function of which has been discussed before.
PAR  Operation of the system has previously been described in the inhibit gate
      mode for the central or 2F frequency signals, and has just been described
      with relation to the symbol boundary search gate operation. A description
      with the system operative to search for the center transition or 2F pulses
      will now be given.
PAR  The various control switches 178, 179, 181, 182 and 184 are all set to the
      appropriate position for a 2F or center transition search. When the symbol
      boundary search gate start register 93 produces an output, it is applied
      to AND gate 180 which is activated by the presence of a K signal. The K
      signal is produced when switch 181 is set to the 2F position. The output
      from AND gate 180 is applied to set OR gate 192 to drive the condition
      latch 116 to the 0 level so that proper account of the content of the data
      symbols may be made, as will appear shortly. This output is also applied
      to OR gate 193 so that the shift pulse driver 82 will produce a shift
      pulse to shift the pulse counter 84 and the shift register 83 in
      preparation for the receipt of the next bit of data. The output from the
      symbol boundary search gate start register 93 is also applied, as before,
      to latch 79 to produce the search gate signal. This is applied to OR gate
      187 which is also activated by the reference pulse gate if that should
      occur. The output from OR gate 187 is applied to AND gate 189 which is
      activated by switch 181 being on for the 2F or center transition search.
      It is also applied to AND gate 186. AND gate 186 is deactivated by switch
      184 so that no inhibit gate signal will be produced for the 2F or center
      pulse inhibit gate system. AND gate 189, as previously stated, will be
      activated, and, through inverter 190 will produce a 2F search gate signal.
      This is applied to various points in the diagram, where required, and is
      also fed directly to AND gate 183.
PAR  At the presence of a sense pulse during the time that the 2F search gate
      signal is on, AND gate 183 will be activated to produce the A output which
      is applied to OR gate 197 to set a 1 into latch 116. The 2F search signal
      is applied to AND gates 123 & 124 so that, at the occurrence of either a
      pulse during the center transition search gate period or the absence
      during that period, data will be appropriately loaded as a 1 or a 0 from
      the condition outputs of latch 116 through AND gates 123 or 124 to the
      initial cell of the data shift register 83. The polarity comparison decode
      unit 61 is disenabled by switch 179 and the AND gates 114, 115, 125 and
      126 are enabled during the 2F search mode, following the mode of operation
      previously described, so that the proper account of the K.sub.p function
      may be maintained to switch the polarity if K.sub.p is not recomputed with
      each occurrence of a 1.
PAR  Turning now to FIGS. 18-23, the algorithm selector and a description of the
      arithmetic logic circuits for computing the algorithm functions in Tables
      1A and 1B will be explained. Turning to FIG. 18, a schematic diagram for
      the functional logic of an algorithm selector unit 90 as illustrated in
      block form in FIG. 6 is shown. The various inputs to the algorithm
      selector 90 as shown in FIG. 18 are as depicted in FIG. 6. AND gates 198
      and 199 receive the T.sub.n.sub.-2 =0 or 1 input condition. AND gates 200
      and 201 receive the T.sub.n.sub.-1 = 0 and 1 input conditions. Latch 202
      is set to the 0 or 1 input condition corresponding to the T.sub.n.sub.-2
      =0 or 1 content. Latch 203 is set to the 0 or 1 content dependent upon the
      T.sub.n.sub.-1 =0 or 1 content. Both latches 202 and 203 are connected to
      selected pluralities of AND gates 204 to provide one enabling input
      thereto. AND gates 204 are also provided selectively with inputs for the
      sign of the K.sub.p factor from the algorithm computation unit for
      K.sub.p, and with an "even" or "odd" indication from the even-odd flip
      flop for the T.sub.n.sub.-1 =0 being odd or even.
PAR  The selector shown in FIG. 18 is for an eight algorithm unit, or for a
      system which computes search gates for an environment having both spread
      and acceleration present. Selectors for fewer algorithms, such as those
      required where only spread is present, could be constructed along the same
      lines as the selector in FIG. 18, but would be simpler as is obvious to
      those of skill in the art having viewed FIG. 18 for the more complex
      selector circuit.
PAR  The selector circuit in FIG. 18 performs the selection for the functional
      flow chart of FIG. 8.
PAR  When a given AND gate is fully activated, its output is applied to a latch
      206 to select an algorithm 1 - 8. Algorithms 1 through 8 have been given
      arbitrary numbers from bottom to top to correspond to the algorithms
      listed in the last column of Table 1B from bottom to top. OR gates 205 are
      utilized to provide an output whenever the first or second or third or
      fourth AND gates 204 are fully activated since algorithms 7 or 8 may be
      selected under two different sets of conditions as shown in the selection
      factors of Table 1B. The outputs from latches 206 are applied individually
      to AND gates 207 to select the search gate algorithm output and the
      .DELTA. value output from the algorithm selector circuit illustrated in
      FIGS. 19 through 23.
PAR  Turning to FIG. 19, the algorithm computation logic circuits are
      illustrated for performing all of the algorithms listed in Table 1B, in
      the final column, for acceleration and spread combined. FIG. 20
      illustrates th algorithm computation circuit for the condition
      T.sub.n.sub.-1 and T.sub.n.sub.-2 both contain a 0 and the T.sub.n.sub.-1
      may be the odd or even with K.sub.p positive or negative for the situation
      where there is constant velocity, i.e., no acceleration with spread
      present. FIG. 20 is for the most complex mathematical computations for the
      zero-acceleration system with the algorithms listed in Table 1B for that
      condition. It is obvious to those of skill in the art that FIG. 20 may be
      easily modified, such as by changing the signs of the adder and subtractor
      units to obtain other algorithms, or to remove the multiplication or
      divide by two and four factors appropriate to derive the remaining
      algorithms for constant velocity, hence, these will not be given.
PAR  In FIG. 19, the algorithm computation circuit for computing the algorithms
      under zero-acceleration conditions for Table 1B for the constant velocity
      with spread algorithms numbers 1, 2, 5 and 6 (numbered from the bottom of
      Table 1B) is shown. The inputs are the value of T.sub.n.sub.-1 from the
      register for T.sub.n.sub.-1, a numerical 1 value, for the value of
      .alpha., a numerical value of 2, the absolute value of K.sub.p, and the
      numerical value of 4. These values are combined as illustrated to produce
      the plus .alpha. equation terms for algorithm number 1 at the bottom of
      Table 1B in the column headed, "Constant Velocity With Spread." The sign
      of the adder will be changed to obtain the minus .alpha. form and the sign
      of the subtractor unit would be changed to obtain algorithm 2. Algorithms
      5 and 6 are like algorithms 2 and 1, respectively, and hence, would be
      embodied in the same fashion.
PAR  The appropriate output would be selected by AND gate 207 under control of a
      select signal from an algorithm selector such as that shown in FIG. 18 and
      discussed previously.
PAR  With reference to FIGS. 19-23 , it wll be observed that no great detail has
      been indulged in illustrating the functional algorithm circuits for
      addition, subtraction, multiplication, and division. This is done because
      it is within the skill of the art to construct suitable circuits of this
      type and other functional logic circuits to handle these mathematical
      calculations for any of the algorithms in Tables 1A and 1B. For example, a
      standard treatise on the subject matter is, "Arithmetic Operations in
      Digital Computers," by Richards; Van Nostrand, 1955. Other useful articles
      showing hardware for these operational circuits are, "A Signed Binary
      Multiplication Technique," by Andrew D. Booth, appearing in the Quarterly
      Journal of Mechanics and Applied Mathematics, Vol. 4, Part 2, 1951, pages
      236-240. Also, "Fast, Economical Binary Divider," by A. B. Gardiner, in
      Electronics Letters, 18 Nov. 1971, Vol. 7, No. 23, pages 691-692. Another
      article is "A Synchronous Binary Restoring Divider Array," by A. B.
      Gardiner, in Electronics Letters, 9 Sept. 1971, Vol. 7, No. 18, pages
      542-544. It will be understood by those of skill in the art that the
      individual circuits, their appropriate signal voltage levels, and other
      operating conditions, are a matter of design choice depending on the type
      of technology used and are well within the capabilities of the logic
      designer to select, as is indicated by the above publications. Therefore,
      the arithmetic logic functions are illustrated only by signs and no
      attempt is made to show a detailed circuitry which would be produced to
      embody these functions.
PAR  In FIG. 20, the arithmetic logic circuits for algorithms number 3, 4, 7,
      and 8 are shown. As is apparent from Table 1B, the various signs in the
      algorithms listed would be changed appropriately to obtain the desired
      algorithm output, and this has been indicated in FIG. 20. The .DELTA.
      value and the search gate output value are both selected by AND gate 207
      as was previously discussed with relation to FIG. 19 and FIG. 18.
PAR  The specific circuit illustrated in FIG. 20 calculates the form of the
      algorithm which has a minus absolute value of K.sub.p /2 in the numerator
      and a plus absolute value of K.sub.p in the denominator. It is for the
      plus .alpha. term or form of the search gate prediction. It would be
      obvious to change the sign of the .alpha. adder to a subtractor and to
      interchange both signs of the adder and the subtractor as indicated to
      obtain the other algorithms and their various forms and the .DELTA. values
      as indicated in Table 1B.
PAR  FIGS. 21 through 23 illustrate algorithm computation units for calculating
      the values of algorithms 3 through 8 in Table 1B in the column headed
      "Acceleration With Spread." FIG. 21 produces the outputs of the plus
      .alpha. form for algorithm 6, and by changing the appropriate signs as
      indicated, would produce the plus .alpha. form for algorithm 5. The sign
      of the 1 .+-. .alpha. term would be changed as appropriate as indicated in
      FIG. 21.
PAR  FIG. 22 illustrates the algorithm circuitry for algorithms number 3 and 4
      and indicated, together with the .DELTA. values for these algorithms.
PAR  FIG. 23 produces the algorithm outputs for algorithms number 7 and 8
      together with the .DELTA. values.
PAR  As has been pointed out at the bottom of Table 1A, the .DELTA. value is
      merely the difference between calculating the algorithm prediction with a
      plus .alpha. term and doing it again with a minus .alpha. term to define
      the width of the search gate window. The selection of the appropriate
      output is conducted via AND gates 207 from the appropriate output of the
      algorithm selector in FIG. 18 as previously described. The circuitry for
      algorithms numbers 1 and 2 for acceleration with spread have not been
      illustrated as it is obvious to those of skill in the art in view of those
      already shown, how circuitry of this type would be constructed for the
      simpler forms in algorithms 1 and 2.
PAR  As noted previously, the algorithms in Tables 1A and 1B in the form which
      predicts the start of a symbol boundary search gate may also be shown to
      be equivalent to the algorithms in Tables 1-5 which predict the end of a
      2F signal search gate as discussed in my copending application Ser. No.
      522,210. It should, therefore, be apparent, especially for the center
      signal inhibit system and the center signal search system utilizing the
      symbol boundary search gate algorithms, that the algorithms in Tables 1-5
      could be substituted for those illustrated in FIG. 8 as being selected by
      the algorithm selectors and the results would be computed to be
      mathematically equal to the prediction obtained using the algorithms of
      Tables 1A or 1B. However, the algorithms of Tables 1A and 1B are more
      general and useful, since they predict not only the end of a 2F search
      gate, but also predict the point at which a symbol boundary transition
      should occur and predict the trailing edge of a search gate window for
      that symbol boundary. Thus, the algorithms written in the form shown in
      Tables 1A and 1B lend themselves to a variety of applications beyond those
      of Tables 1-5.
PAR  While the present invention has been illustrated in several preferred
      embodiments to show typical modifications which can be made in the
      implementation of the invention, it will be appreciated by those of skill
      in the art that various departures from the specific implementations may
      be made which will still embody the basic methods and techniques and will
      utilize the same general algorithms which have been developed. To that
      end, therefore, the claims which follow are intended not to be limited to
      the specific nature of the circuit embodiments described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an F2F coded data decoder apparatus system, in which the time periods
      or widths between signal transitions corresponding to the two frequencies
      originally used to encode the data may be distorted by spread, when
      received at said decoder, so as to exhibit their signal transition points
      spaced at other than the original frequency transition spacing or times, a
      method of operating said decoder apparatus for interpreting said distorted
      F2F coded data to extract therefrom its correct digital content whenever
      each multibit data block is preceded by at least a binary 1 preamble or
      first symbol having two double frequency time slots, or nominal
      half-symbol widths, by predicting the ieal length of an inhibiting period
      and controlling the duration of said inhibiting period imposed by said
      decoding apparatus for any said double frequency signal transition
      occurring intermediate the single frequency symbol boundary transitions,
      thereby isolating said boundary transitions for interpretation, comprising
      the steps performed by means in said apparatus of:
PA1  a. measuring the width of either of the two time slots in said first
      symbol;
PA1  b. measuring the width of said first symbol and, after said measurement is
      completed, initiating a signal inhibiting time measurement and
      reinitiating steps a) and b) for the next succeeding symbol;
PA1  c. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said first symbol width measurement;
PA1  d. setting a first and a second indicator to a binary 1 state and an
      odd-even indicator to the "even" state;
PA1  e. doubling the measurement made of said time slot;
PA1  f. examining the state of said first indicator and, if it is in the binary
      1 state, dividing the difference between said doubled time slot
      measurement and said symbol width measurement by said symbol width
      measurement;
PA1  g. assigning an algebraic sign to the quotient resulting from step f), said
      sign being positive if said doubled time slot measurement is greater than
      said symbol width measurement and negative if said doubled time slot
      measurement is less than said symbol width measurement when said time slot
      measurement is made of the first time slot in said symbol, and said signs
      being the opposite when said time slot measurement is made of the second
      time slot of said symbol;
PA1  h. selecting an algorithm and predicting an ideal length for said signal
      inhibiting time measurement, said algorithm being selected from the
      following:
      ##EQU38##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2-K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig is
      the predicted ideal length for said signal inhibiting time, T.sub.n.sub.-1
      is the last said symbol width measurement and K.sub.p is the absolute
      value of said quotient, and said algorithm (a), (b), (c), or (d) is
      selected according to the following criteria: if the state of both said
      first and said second indicators is a "one" and said odd-even indicator is
      even, and the sign of said quotient is negative, select algorithm (a); if
      the state of both of said first and second indicators is a "one" and said
      odd-even indicator is even, and the sign of said quotient is positive,
      select algorithm (b); if the state of said second indicator is a "one" and
      the state of said first indicator is a "zero" and said odd-even indicator
      is odd, and the sign of said quotient is positive, select algorithm (c);
      if the state of said second indicator is a "one" and the state of said
      first indicator is a "zero" and said odd-even indicator is odd, and the
      sign of said quotient is negative, select algorithm (d); if the state of
      both said second indicator and said first indicator is a "zero" and the
      state of said odd-even indicator is odd and the sign of said quotient is
      positive, select algorithm (c); if the state of both of said indicator and
      said first indicator is a "zero" and the state of said odd-even indicator
      is odd and the sign of said quotient is negative, select algorithm (d); if
      the state of both said first and second indicators is "zero" and the state
      of said odd-even indicator is even and the sign of said quotient is
      positive, select algorithm (d); if the state of both said first and second
      indicators is "zero" and the state of said odd-even indicator is even and
      the sign of said quotient is negative, select algorithm (c); if the state
      of said second indicator is a "zero" and the state of said first indicator
      is a "one" and the state of said odd-even indicator is even and the sign
      of said quotient is positive, select algorithm (b); if the state of said
      second indicator is a "zero" and the state of said first indicator is a
      "one" and the state of said odd-even indicator is even and the sign of
      said quotient is negative, select algorithm (a);
PA1  i. replacing the state of said second indicator with the state of said
      first indicator;
PA1  j. terminating said signal inhibiting time measurement when it is equal to
      the predicted ideal length resulting from the use of said selected
      algorithm and, following the termination of said signal inhibiting period,
      sensing the next symbol boundary transition signal, storing the polarity
      of said signal in a temporary storage, comparing the polarity of said
      transition with said reference polarity and, if said polarities
      correspond, setting said first indicator to a binary 1 and entering a one
      into a data register, and, reinitiating said signal inhibiting time
      measurement, terminating said reinitiated symbol width measurement, and
      reinitiating said symbol width and time slot measurements for the
      succeeding symbol, and setting said odd-even indicator to the even state,
      and resuming operation at step e), but if said polarities do not
      correspond, entering a "zero" into said data register, setting said first
      indicator to a binary 0, setting said odd-even indicator to the opposite
      state to that it is then in, and terminating said reinitiated symbol width
      measurement, reinitiating steps a) and b) and said signal inhibiting time
      measurement and resuming operation with step h); and
PA1  k. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  2.
PAR  2. The method as described in claim 1, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  3.
PAR  3. The method as described in claim 2, further comprising:
PA1  predicting an ideal length for said inhibiting time measurement by using
      the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  4.
PAR  4. In an F2F coded data decoder apparatus system, in which the time periods
      or widths between signal transitions corresponding to the two frequencies
      originally used to encode the data may be distorted by spread, when
      received at said decoder, so as to exhibit their signal transition points
      spaced at other than the original frequency transition spacing or times, a
      method of operating said decoder apparatus for interpreting said distorted
      F2F coded data to extract therefrom its correct digital content whenever
      each multibit data block is preceded by at least a binary "1" preamble or
      first symbol having two double frequency time slots, or nominal
      half-symbol widths, by predicting the ideal length of an inhibiting period
      and controlling the duration of said period imposed by said decoding
      apparatus for any said double frequency signal transitions occurring
      intermediate the single frequency symbol boundary transitions, thereby
      isolating said boundary transitions for interpretation, comprising the
      steps performed by means in said apparatus of:
PA1  a. measuring the width of either of the two time slots in said first
      symbol;
PA1  b. measuring the total width of said first symbol and, after said
      measurement is completed, initiating a signal inhibiting time measurement
      and reinitiating step b) for the next succeeding symbol;
PA1  c. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said symbol width measurement;
PA1  d. setting a first and a second indicator to a binary 1 state;
PA1  e. doubling the measurement of said time slot;
PA1  f. dividing the difference between said doubled time slot measurement and
      said symbol width measurement by said symbol width measurement;
PA1  g. assigning an algebraic sign to the quotient resulting from said step f)
      said sign being positive if said doubled time slot measurement is greater
      than said symbol width measurement and being negative if said doubled time
      slot measurement is less than said symbol width measurement when said time
      slot measurement is made of the first time slot in said symbol, and said
      signs being the opposite when said time slot measurement is made of the
      second time slot of said symbol;
PA1  h. examining the state of said first indicator and if said first indicator
      is then in the "zero" state, setting an odd-even indicator to the opposite
      of whichever state it is then in, but if said first indicator is then in
      the "one" state, setting said odd-even indicator to the even state;
PA1  i. selecting an algorithm and predicting an ideal length for said signal
      inhibiting time measurement, said algorithm being chosen from the
      following:
      ##EQU39##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is the predicted ideal length for said signal inhibiting time,
      T.sub.n.sub.-1 is the last said symbol width measurement, and K.sub.p is
      the absolute value of said quotient, and said algorithm (a), (b), (c), or
      (d) is selected according to the following criteria: if the state of both
      said first and said second indicators is a "one" and said odd-even
      indicator is even, and the sign of said quotient is negative, select
      algorithm (a); if the state of both of said first and second indicators is
      a "one" and said odd-even indicator is even, and the sign of said quotient
      is positive, select algorithm (b); if the state of said second indicator
      is a "one" and the state of said first indicator is a "zero" and said
      odd-even indicator is odd, and the sign of said quotient is positive,
      select algorithm (c); if the state of said second indicator is a "one" and
      the state of said first indicator is a "zero" and said odd-even indicator
      is odd, and the sign of said quotient is negative, select algorithm (d);
      if the state of both said second indicator and said first indicator is a
      "zero" and the state of said odd-even indicator is odd and the sign of
      said quotient is positive, select algorithm (c); if the state of both said
      second indicator and said first indicator is a "zero" and the state of
      said odd-even indicator is odd and the sign of said quotient is negative,
      select algorithm (d); if the state of both said first and second
      indicators is "zero" and the state of said odd-even indicator is even and
      the sign of said quotient is positive, select algorithm (d); if the state
      of both said first and second indicators is "zero" and the state of said
      odd-even indicator is even and the sign of said quotient is negative,
      select algorithm (c); if the state of said second indicator is a "zero"
      and the state of said first indicator is a "one" and the state of said
      odd-even indicator is even and the sign of said quotient is positive,
      select algorithm (b); if the state of said second indicator is a "zero"
      and the state of said first indicator is a "one" and the state of said
      odd-even indicator is even and the sign of said quotient is negative,
      select algorithm (a);
PA1  j. replacing the state of said second indicator with the state of said
      first indicator;
PA1  k. terminating said signal inhibiting time measurement when it equals said
      predicted ideal length resulting from the use of said algorithm and,
      following the termination of said signal inhibiting period, sensing the
      next symbol boundary transition signal, storing the polarity of said
      signal in a temporary storage, comparing the polarity of said transition
      with said reference polarity, and if said polarities correspond, setting
      said first indicator to a binary 1, entering a "one" into a data register,
      and examining the state of said odd-even indicator, and if it is odd,
      changing the sign of said quotient, but if said signal polarities do not
      correspond, entering a "zero" into said data register and setting said
      first indicator to a binary 0;
PA1  l. terminating said symbol width measurement and reinitiating said symbol
      width measurement and reinitiating said signal inhibiting time measurement
      when said symbol boundary transition is sensed and resuming operation at
      step h); and
PA1  m. storing the polarity of said temporary storage as the next said
      reference polarity.
NUM  5.
PAR  5. The method as described in claim 4, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  6.
PAR  6. The method as described in claim 5, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      precipitated time therefor.
NUM  7.
PAR  7. In an F2F coded data decoder apparatus system in which the time periods
      or widths between signal transitions corresponding to the two frequencies
      originally used to encode the data may be distorted by spread and by
      acceleration effects in the sensing or in the encoding of said data to
      exhibit their signal transition points spaced at other than the ideal
      frequency transition spacing or times, a method of operating said decoder
      apparatus for interpreting said distorted F2F coded data to extract
      therefrom its correct digital content whenever each multibit data block is
      preceded by at least a binary 1 preamble or first symbol having two double
      frequency time slots, or nominal half-symbol widths, by predicting the
      ideal length of an inhibiting period and controlling the duration of said
      inhibiting period imposed by said decoding apparatus for any said double
      frequency signal transitions occurring intermediate the single frequency
      symbol boundary transition, thereby isolating said boundary transitions
      for interpretation, comprising the steps performed by means in said
      apparatus of:
PA1  a. measuring the width of either of the two time slots in said first
      symbol;
PA1  b. measuring the width of said first symbol and, when said measurement is
      complete, storing said measurement in a first and a second storage,
      initiating a signal inhibiting time measurement and reinitiating steps a)
      and b) for the next succeeding symbol and setting a first and a second
      indicator to a binary 1 state and setting an odd-even indicator to the
      even state;
PA1  c. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said symbol width measurement;
PA1  d. doubling the measurement made of said time slot;
PA1  e. examining the state of said first indicator and, if it is in the binary
      "1" state, dividing the difference between said doubled time slot
      measurement and said symbol width measurement by said symbol width
      measurement to yield a quotient;
PA1  f. assigning an algebraic positive or negative sign to said quotient, said
      sign being positive if said doubled time slot measurement is greater than
      said symbol width measurement and negative if said doubled time slot
      measurement is less than said symbol width measurement when said time slot
      measurement is made on said first time slot in said first measuring step,
      but said signs being the opposite if said second time slot was measured in
      said time slot measuring step;
PA1  g. selecting an algorithm and predicting an ideal length for said signal
      inhibiting time measurement, said algorithm being chosen from the
      following:
      ##EQU40##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is the predicted ideal length for said signal inhibiting time,
      T.sub.n.sub.-1 in said last symbol width measurement, T.sub.n.sub.-2 is
      the next to last symbol width measurement, and K.sub.p is the absolute
      value of said quotient, and said algorithm (a), (b), (c), (d), (e), (f),
      (g), or (h) is selected according to the following criteria: if said first
      and said second indicators are in the binary "1" state, and said odd-even
      indicator is even, and the sign of said quotient is negative, select
      algorithm (a); if the state of said first and said second indicators is a
      binary "1", and said odd-even indicator is even, and the sign of said
      quotient is positive, select algorithm (b); if the state of said second
      indicator is a one and the state of said first indicator is a zero and
      said odd-even indicator is odd, and the sign of said quotient is positive,
      select algorithm (c); if the state of said first indicator is a zero and
      the state of said second indicator is a one, and said odd-even indicator
      is odd, and the sign of said quotient is negative, select algorithm (d);
      if the state of said second indicator is a zero and the state of said
      first indicator is a zero and the state of said odd-even indicator is odd
      and the sign of said quotient is negative, select algorithm (f); if the
      state of said second indicator is a zero and the state of said first
      indicator is a zero and the state of said odd-even indicator is odd, and
      the sign of said quotient is positive, select algorithm (e); if the state
      of said second indicator is a zero and the state of said first indicator
      is a zero and the state of said odd-even indicator is even and the sign of
      said quotient is positive, select algorithm (f); if the state of said
      second indicator is zero and the state of said first indicator is zero and
      the state of said odd-even indicator is even and the sign of said quotient
      is negative, select algorithm (e); if the state of said second indicator
      is a zero and the state of said first indicator is a one and the state of
      said odd-even indicator is even and the sign of said quotient is negative,
      select algorithm (g); and, if the state of said second indicator is a zero
      and the state of said first indicator is a one and the state of said
      odd-even indicator is even and the sign of said quotient is positive,
      select algorithm (h);
PA1  h. replacing the state of said second indicator with the state of said
      first indicator;
PA1  i. replacing the content of said second storage with the content of said
      first storage;
PA1  j. terminating said signal inhibiting measurement when it is equal to said
      predicted length resulting from the use of said algorithm and, following
      the termination of said signal inhibiting period, sensing the next symbol
      boundary transition signal, storing the polarity of said signal in a
      temporary storage, comparing the polarity of said transition with said
      reference polarity and, if said polarities correspond, setting said first
      indicator to a binary 1 and, entering a one into a data register, and
      reinitiating said signal inhibiting time measurement, and terminating said
      symbol width measurement, and reinitiating said symbol width and time slot
      measurements and storing said symbol width measurement just completed in
      said first storage, setting said odd-even indicator to the even state, and
      resuming operation at step d), but if said polarities do not correspond,
      terminating said symbol width measurement, reinitiating said measuring
      steps a) and b) and said signal inhibiting time measurement period and
      storing said completed symbol width measurement in said first storage and
      entering a zero into said data register, setting said first indicator to
      the 0 state, setting said odd-even indicator to the opposite of whatever
      state it is then in, and resuming operation with step g); and
PA1  k. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  8.
PAR  8. The method as described in claim 7, further comprising:
PA1  predicting an ideal reiniation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  9.
PAR  9. The method as described in claim 8, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  10.
PAR  10. In an F2F coded data decoder apparatus system, in which the time
      periods or widths between signal transitions corresponding to the two
      frequencies originally used to encode the data may be distorted by spread
      and by acceleration effects in the sensing or in the encoding of said data
      to exhibit their signal transition points spaced at other than the
      original frequency transition spacing or times, a method of operating said
      decoder apparatus for interpreting said distorted F2F coded data to
      extract therefrom its correct digital content whenever each multibit data
      block is preceded by at least a binary 1 preamble or first symbol having
      two double frequency time slots, or half-symbol widths, by predicting the
      ideal length of an inhibiting period and controlling the duration of said
      inhibiting period imposed by said decoding apparatus for any said double
      frequency signal transitions occurring intermediate the single frequency
      symbol boundary transitions, thereby isolating said boundary transitions
      for interpretation, comprising the steps performed by means in said
      apparatus of:
PA1  a. measuring either one of said two time slots in said first symbol;
PA1  b. measuring the total width of said first symbol and, when said
      measurement is complete, storing said measurement in a first and a second
      storage and initiating a signal inhibiting time measurement and
      reinitiating step b) measurement for the next succeeding symbol and
      setting a first and a second indicator to a binary 1 state;
PA1  c. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said symbol width measurement;
PA1  d. doubling said time slot measurement;
PA1  e. dividing the difference between said doubled time slot measurement and
      said symbol width measurement by said symbol width measurement to yield a
      quotient;
PA1  f. assigning an algebraic positive or negative sign to said quotient, said
      sign being positive if said doubled time slot measurement is greater than
      said symbol width measurement and negative if said doubled time slot
      measurement is less than said symbol width measurement, provided that some
      time slot measurement is made on said first time slot in said first
      symbol, said signs being the opposite of said second time slot that was
      measured in said first symbol;
PA1  g. examining the state of said first indicator and if said first indicator
      is then in the "zero" state, setting an odd-even indicator to the opposite
      of whichever state it is then in, but if said first indicator is then in
      the "one" state, setting said first odd-even indicator to the even state;
PA1  h. selecting an algorithm and predicting an ideal length for said signal
      inhibiting time measurement, said algorithm being chosen from the
      following:
      ##EQU41##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is the predicted ideal length for said signal inhibiting time,
      T.sub.n.sub.-1 is said first stored symbol width measurement,
      T.sub.n.sub.-2 is the second stored symbol width measurement, and K.sub.p
      is the absolute value of said quotient, and said algorithm (a), (b), (c),
      (d) (e), (f), (g), or (h) is selected according to the following criteria:
      if said first and second indicators are in the binary 1 state, and said
      odd-even indicator is even, and the sign of sid quotient is negative,
      select algorithm (a); if the state of said first and said second indicator
      is a binary "1", and said odd-even indicator is even, and the sign of said
      quotient is positive, select algorithm (b); if the state of said second
      indicator is a one and the state of said first indicator is a zero, and
      said odd-even indicator is odd, and the sign of said quotient is positive,
      select algorithm (c); if the state of said first indicator is a zero and
      the state of said second indicator is a one, and said odd-even indicator
      is odd, and the sign of said quotient is negative, select algorithm (d);
      if the state of said second indicator is a zero and the state of said
      first indicator is a zero and the state of said odd-even indicator is odd
      and the sign of said quotient is negative, select algorithm (f); if the
      state of said second indicator is a zero and the state of said odd-even
      indicator is odd, and the sign of said quotient is positive, select
      algorithm (e); if the state of said second indicator is a zero and the
      state of said first indicator is a zero and the state of said odd-even
      indicator is even and the sign of said quotient is positive, select
      algorithm (f); if the state of said second indicator is zero and the state
      of said first indicator is zero and the state of said odd-even indicator
      is even and the sign of said quotient is negative, select algorithm (e);
      if the state of said second indicator is a zero and the state of said
      first indicator is a one and the state of said odd-even indicator is even
      and the sign of said quotient is negative, select algorithm (g); and, if
      the state of said second indicator is a zero and the state of said first
      indicator is a one and the state of said odd-even indicator is even and
      the sign of said quotient is positive, select algorithm (h);
PA1  i. replacing the state of said second indicator with the state of said
      first indicator;
PA1  j. replacing the content of said second storage with the content of said
      first storage;
PA1  k. terminating said signal inhibiting measurement when it equals said ideal
      length resulting from the use of said algorithm and, following the
      termination of said signal inhibiting period, sensing the next symbol
      boundary transition signal, storing the polarity of said signal in a
      temporary storage, comprising the polarity of said transition with said
      reference polarity, and if said polarities correspond, setting said first
      indicator to a binary 1 state, entering a one into into a data register,
      examining the state of said first odd-even indicator, and if said first
      odd-even indicator is then in the odd state, changing the sign of said
      quotient to the opposite of whichever sign it is then in, but if said
      polarities do not correspond, setting said first indicator to a binary "0"
      state, and entering a 0 into a data register;
PAR  1.  terminating said symbol width measurement and storing said measurement
      in said first storage and reinitating said symbol width measurement and
      reinitiating said signal inhibiting time measurement when said symbol
      boundary transition is sensed and resuming operation at step g); and
PA1  m. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  11.
PAR  11. The method as described in claim 10, further comprising:
PA1  predicting an ideal reininitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  12.
PAR  12. The method as described in claim 11, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  13.
PAR  13. In an F2F coded data decoder apparatus system, in which the time
      periods or widths between signal transitions corresponding to the two
      frequencies originally used to encode the data may be distorted by spread,
      when received at said decoder, so as to exhibit their signal transition
      points spaced at other than the original frequency transition spacing or
      times, a method of operating said decoder apparatus for interpreting said
      distorted F2F coded data to extract therefrom its correct ditital content
      whenever each multibit data block is preceded by at least two binary 1
      preamble or first symbols having two double frequency time slots, or
      nominal half-symbol widths, by predicting the ideal length of an
      inhibiting period and controlling the duration of said inhibiting period
      imposed by said decoding apparatus for any side double frequency signal
      transitions occurring intermediate the single frequency symbol boundary
      transitions, thereby isolating said boundary transitions for
      interpretation, comprising the steps performed by means in said apparatus
      of:
PA1  a. measuring the widths of both of said preamble symbols;
PA1  b. setting a first and a second indicator to a binary 1 state;
PA1  c. measuring either of the two time slots in either of said first two
      symbols, and at the end of said second symbol, reinitiating the symbol
      width measurement and the time slot measurement for the next succeeding
      symbol and initiating a signal inhibiting time measurement;
PA1  d. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said second symbol width measurement;
PA1  e. examining the state of both said first and second indicators and, if
      both are in the binary 1 state, and if said time slot measurement was made
      in the first time slot of either of said symbols, dividing said time slot
      measurement by said symbol width measurement corresponding to the symbol
      in which said time slot measurement was made and subtracting therefrom
      said second symbol divided by the sum of said first symbol width and said
      second symbol width and doubling the result, to yield a spread correction
      factor, but if said time slot measurement was made in the second time slot
      of either of said symbols, subtracting instead said first symbol width
      measurement divided by the sum of said first symbol and said second symbol
      and doubling the result, to yield a spread correction factor and, if both
      said first and second indicators are not in the binary 1 state, proceeding
      to step g);
PA1  f. assigning an algebraic positive or negative sign to said spread
      correction factor, said sign being positive if the quotient resulting from
      said time slot divided by a symbol width is greater than, and negative if
      said quotient is less than the appropriate said symbol width divided by
      the sum of said first and said second symbol widths and if said time slot
      measurement was made in the first slot of either of said symbols, but said
      sign being the opposite whenever said time slot measurement is made in the
      second time slot of either of said symbols;
PA1  g. examining the state of said first indicator, and if it is in the binary
      1 condition, setting an odd-even indicator to the even state, but if said
      first indicator is not in the binary 1 state, setting said odd-even
      indicator to the opposite of whichever stat it is then in;
PA1  h. selecting an algorithm and predicting an ideal length for said signal
      inhibiting time measurement, said algorithm being chosen from the
      following:
      ##EQU42##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is the predicted ideal length for said signal inhibiting time period,
      T.sub.n.sub.-1 is the last symbol width measurement made, and K.sub.p is
      the absolute value of the result computed in step d) and said algorithm
      (a), (b), (c), or (d) is selected according to the following criteria: if
      the state of both said first and said second indicators is a "one" and
      said odd-even indicator is even, and the sign of said quotient is
      negative, select algorithm (a); if the state of both of said first and
      second indicators is a "one" and said odd-even indicator is even, and the
      sign of said quotient is positive, select algorithm (b); if the state of
      said second indicator is a "one" and the state of said first indicator is
      a "zero" and said odd-even indicator is odd, and the sign of said quotient
      is positive, select algorithm (c); if the state of said second indicator
      is a "one" and the state of said first indicator is a "zero" and said
      odd-even indicator is odd, and the sign of said quotient is negative,
      select algorithm (d); if the state of both said second indicator and said
      first indicator is a "zero" and the state of said odd-even indicator is
      odd and the sign of said quotient is positive, select algorithm (c); if
      the state of both said second indicator and said first indicator is a
      "zero" and the state of said odd-even indicator is odd and the sign of
      said quotient is negative, select algorithm (d); if the state of both said
      first and second indicators is "zero" and the state of said odd-even
      indicator is even and the sign of said quotient is positive, select
      algorithm (d); if the state of both said first and second indicators is
      "zero" and the state of said odd-even indicator is even and the sign of
      said quotient is negative, select algorithm (c); if the state of said
      second indicator is a "zero" and the state of said first indicator is a
      "one" and the state of said odd-even indicator is even and the sign of
      said quotient is positive, select algorithm (b); if the state of said
      second indicator is a "zero" and the state of said first indicator is a
      "one" and the state of said odd-even indicator is even and the sign of
      said quotient is negative, select algorithm (a);
PA1  i. replacing the state of said second indicator with the state of said
      first indicator;
PA1  j. terminating said signal inhibiting time measurement when it equals said
      predicted ideal length for said time measurement resulting from step h)
      and, following the termination of said signal inhibiting period, sensing
      the next symbol boundary transition signal, storing the polarity of said
      signal in a temporary storage, comparing the polarity of said transition
      with said reference polarity and, if said polarities correspond, setting
      said first indicator to a binary 1, entering a one into a data register,
      and examining the state of said first odd-even indicator and if said
      odd-even indicator is in the odd state, changing the sign of said
      correction factor as was assigned to said factor in step f), and, when
      said symbol boundary transition is sensed, terminating said symbol width
      measurement and reinitiating said time slot and symbol width measurements
      for the next succeeding symbol, and resuming operation with step e), but
      if said polarities do not correspond, terminating said symbol width
      measurements at the symbol boundary transition occurring after the
      termination of said signal inhibiting time period, entering a zero into a
      data register, and setting said first indicator to a binary 0,
      reinitiating said symbol width and time slot measurements for the next
      succeeding symbol, and returning to step g); and
PA1  k. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  14.
PAR  14. The method as described in claim 13, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  15.
PAR  15. The method as described in claim 14, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  16.
PAR  16. In an F2F coded data decoder apparatus system, in which the time
      periods or widths between signal transitions corresponding to the two
      frequencies originally used to encode the data may be distorted by spread,
      when received at said decoder, so as to exhibit their signal transition
      points spaced at other than the original frequency transition spacing or
      times, a method of operating said decoder apparatus for interpreting said
      distorted F2F coded data to extract therefrom its correct digital content
      whenever each multibit data block is preceded by at least two binary 1
      preamble or first symbols having two double frequency time slots, or
      nominal half-symbol widths, by predicting the ideal length of an
      inhibiting period and controlling the duration of said inhibiting period
      imposed by said decoding apparatus for any said double frequency signal
      transitions occurring intermediate the single frequency symbol boundary
      transitions, thereby isolating said boundary transitions for
      interpretation, comprising the steps performed by means in said apparatus
      of:
PA1  a. measuring the width of both of said preamble symbols;
PA1  b. setting a first and a second indicator to a binary 1 state;
PA1  c. measuring either one of the two time slots in either of said first two
      symbols, and, at the end of said second symbol, initiating a signal
      inhibiting time measurement, and reinitiating said symbol width
      measurement;
PA1  d. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said second symbol width measurement;
PA1  e. dividing said time slot measurement by said symbol width measurement
      correspondng to the symbol in which said time slot measurement was made
      and subtracting therefrom said second symbol width measurement divided by
      the sum of said first symbol width and said second symbol width and
      doubling the result, to yield a spread correction factor, but if said time
      slot measurement was made in the second time slot of either of said
      symbols, subtracting instead one said first symbol width measurement
      divided by the sum of said first symbol and said second symbol and
      doubling the result, to yield a spread correction factor;
PA1  f. assigning an algebraic positive or negative sign to said resulting
      spread correction factor, said sign being positive if said doubled time
      slot measurement divided by said symbol width is greater than and negative
      if it is less than said either symbol width divided by the sum of said
      second symbol width and said first symbol width and if said time slot
      measurement was made in the first time slot of either said symbol, but
      said signs being the opposite when said time slot measurement is made in
      the second time slot of either of said symbols;
PA1  g. examining the state of said first indicator, and if it is in the binary
      1 condition, setting an odd-even indicator to the even state, but if said
      first indicator is not in the binary 1 state, setting said odd-even
      indicator to the opposite of whichever state it is then in;
PA1  h. selecting an algorithm and predicting an ideal length for said signal
      inhibiting time measurement, said algorithm being chosen from the
      following:
      ##EQU43##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is the predicted ideal length for said signal inhibiting time period,
      T.sub.n.sub.-1 is the last symbol width measurement made, and K.sub.p is
      the absolute value of the result computed in step d) and said algorithm
      (a), (b), (c), or (d) is selected accoding to the following criteria: if
      the state of both said first and said second indicators is a "one" and
      said odd-even indicator is even, and the sign of said quotient is
      negative, select algorithm (a); if the state of both of said first and
      second indicators is a "one" and said odd-even indicator is even, and the
      sign of said quotient is positive, select algorithm (b); if the state of
      said second indicator is a "one" and the state of said first indicator is
      a "zero" and said odd-even indicator is odd, and the sign of said quotient
      is positive, select algorithm (c); if the state of said second indicator
      is a "one" and the state of said first indicator is a "zero" and said
      odd-even indicator is odd, and the sign of said quotient is negative,
      select algorithm (d); and if the state of both said second indicator and
      said first indicator is a "zero" and the state of said odd-even indicator
      is odd and the sign of said quotient is positive, select algorithm (c); if
      the state of both said second indicator and said first indicator is a
      "zero" and the state of said odd-even indicator is odd and the sign of
      said quotient is negative, select algorithm (d); if the state of both said
      first and second indicators is "zero" and the state of said odd-even
      indicator is even and the sign of said quotient is positive, select
      algorithm (d); if the state of both said first and second indicators is
      "zero" and the state of said odd-even indicator is even and the sign of
      said quotient is negative, select algorithm (c); if the state of said
      second indicator is a "zero" and the state of said first indicator is a
      "one" and the state of said odd-even indicator is even and the sign of
      said quotient is positive, select algorithm (b); if the state of said
      second indicator is a "zero" and the state of said first indicator is a
      "one" and the state of said odd-even indicator is even and the sign of
      said quotient is negative, select algorithm (a);
PA1  i. replacing the state of said second indicator with the state of said
      first indicator;
PA1  j. terminating said signal inhibiting time measurement when it equals said
      predicted ideal length for said time measurement resulting from step h)
      and, following the termination of said signal inhibiting period, sensing
      the next symbol boundary transition signal, storing the polarity of said
      signal in a temporary storage, comparing the polarity of said transition
      with said reference polarity, and if said polarities correspond, setting
      said first indicator to a binary 1, entering a one into a data register,
      and examining the state of said odd-even indicator and if said odd-even
      indicator is in the odd state, changing the sign of said spread correction
      factor as was assigned to said factor is step f), and, at said signal
      transition, terminating said symbol width measurement and reinitiating
      said symbol width measurement for the next succeeding symbol, and resuming
      operation with step g), but if said polarities do not correspond,
      terminating said symbol width measurement at said signal transition
      occurring after the termination of said signal inhibiting time period,
      entering a zero into a data register, and setting said first indicator to
      a binary 0, reinitiating said symbol width measurement for the next
      succeeding symbol, and returning to step g); and
PA1  k. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  17.
PAR  17. The method as described in claim 16, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  18.
PAR  18. The method as described in claim 17, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  19.
PAR  19. In an F2F coded data decoder apparatus system in which the time periods
      or widths between signal transitions corresponding to the two frequencies
      originally used to encode the data may be distorted by spread and by
      acceleration effects in the sensing or in the encoding of said data to
      exhibit their signal transition points spaced at other than the ideal
      frequency transition spacing or times, a method of operating said decoder
      apparatus for interpreting said distorted F2F coded data to extract
      therefrom its correct digital content whenever each multibit data block is
      preceded by at least two binary 1 preamble or first symbols having two
      double frequency time slots, or nominal half-symbol widths, by predicting
      the ideal length of an inhibiting period and controlling the duration of
      said inhibiting period imposed by said decoding apparatus for any said
      double frequency signal transitions occurring intermediate the single
      frequency symbol boundary transitions, thereby isolating said boundary
      transitions for interpretation, comprising the steps performed by means in
      said apparatus of:
PA1  a. measuring the width of said first symbol and storing said measurement in
      a second storage;
PA1  b. setting a second indicator to a binary 1 state;
PA1  c. measuring the width of said second symbol and storing said measurement
      in a first storage;
PA1  d. setting a first indicator to the binary 1 state;
PA1  e. measuring either of the two time slots in either of said first two
      symbols, and reinitiating the symbol width measurement and the time slot
      measurement for the next succeeding symbol and initiating a signal
      inhibiting time measurement;
PA1  f. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said second symbol width measurement;
PA1  g. examining the state of both said first and said second indicators and,
      if both are in the binary 1 state, and if said time slot measurement was
      made in the first slot of either of said symbols, dividing said time slot
      measurement by said symbol width measurement corresponding to the symbol
      in which said time slot measurement was made and subtracting therefrom
      said second symbol width measurement divided by the sum of said first
      symbol width and said second symbol width, but if said time slot
      measurement was made in the second time slot of either of said symbols,
      subtracting instead said first symbol width measurement divided by the sum
      of said first symbol and said second symbol and doubling the result, to
      yield a spread correction factor and, if both said first and second
      indicators are not in the binary 1 state, proceeding to step i);
PA1  h. assigning an algebraic positive or negative sign to said spread
      correction factor, said sign being positive if said time slot divided by a
      symbol width quotient is greater and negative if said quotient is less
      than the appropriate said symbol width divided by the sum of said first
      and second symbol widths and if said time slot measurement was made in the
      first slot of either of said symbols, but said sign being the opposite
      whenever said time slot measurement is made in the second time slot of
      either of said symbols;
PA1  i. examining the state of said first indicator, and if it is in the binary
      1 condition, setting an odd-even indicator to the even state, but if said
      first indicator is not in the binary 1 state, setting said odd-even
      indicator to the opposite of whichever statte it is then in;
PA1  j. a step of selecting an algorithm for predicting an ideal length for said
      signal inhibiting time measurement, said algorithm being chosen from the
      following:
      ##EQU44##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is the predicted ideal length for said signal inhibiting time measurement,
      T.sub.n-1 is said first stored measurement, T.sub.n-2 is said second
      stored measurement, and K.sub.p is said result computed in said step f)
      above, and said algorithm (a), (b), (c), (d), (e), (f), (g), or (h) is
      selected according to the following criteria: if said first and said
      second indicators are in the binary "1"  state, and said odd-even
      indicator is even, and the sign of said quotient is negative, select
      algorithm (a); if the state of said first and said second indicators is a
      binary 1 , and said odd-even indicator is even, and the sign of said
      quotient is positive, select algorithm (b); if the state of said second
      indicator is a one and the state of said first indicator is a zero and
      said odd-even indicator is odd, and the sign of said quotient is positive,
      select algorithm (c); if the state of said first indicator is a zero and
      the state of said second indicator is a one, and said odd-even indicator
      is odd, and the sign of said quotient is negative, select algorithm (d);
      if the state of said second indicator is a zero and the state of said
      first indicator is a zero and the state of said odd-even indicator is odd
      and the sign of said quotient is negative, select algorithm (f); if the
      state of said second indicator is a zero and the state of said first
      indicator is a zero and the state of said odd-even indicator is odd, and
      the sign of said quotient is positive, select algorithm (e); if the state
      of said second indicator is a zero and the state of said first indicator
      is a zero and the state of said odd-even indicator is even and the sign of
      said quotient is positive, select algorithm (f); if the state of said
      second indicator is zero and the state of said first indicator is zero and
      the state of said odd-even indicator is even and the sign of said quotient
      is negative, select algorithm (e); if the state of said second indicator
      is a zero and the state of said first indicator is a one and the state of
      said odd-even indicator is even and the sign of said quotient is negative,
      select algorithm (g); and, if the state of said second indicator is a zero
      and the state of said indicator is a one and the state of said odd-even
      indicator is even and the sign of said quotient is positive, select
      algorithm (h);
PA1  k. replacing the contents of said second indicator with the content of said
      first storage;
PA1  l. replacing the state of said second indicator with the state of said
      first indicator;
PA1  m. terminating said signal inhibiting time measurement when it equals said
      predicted ideal length for said time measurement resulting from step j)
      and, following the termination of said signal inhibiting period, sensing
      the next symbol boundary transition signal, storing the polarity of said
      signal in a temporary storage, comparing the polarity of said transition
      with said reference polarity and, if said polarities correspond, setting
      said first indicator to a binary 1 , entering a one into a data register,
      and examining the state of said odd-even indicator and if said odd-even
      indicator is in the odd state, changing the sign of said spread correction
      factor as was assigned to said factor in step h), and, at said signal
      transition, terminating said symbol width measurement, storing said symbol
      width measurement in said first storage and reinitiating said time slot
      and symbol width measurements for the next succeeding symbol, and resuming
      operation with step g), but if said polarities do not correspond,
      terminating said symbol width measurement at said signal transition
      occurring after the termination of said signal inhibiting time period,
      storing said symbol width measurement in said first storage, entering a
      zero into a data register, and setting said first indicator to a binary 0,
      reinitiating said symbol width and time slot measurements for the next
      succeeding symbol, and returning to step g); and
PA1  n. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  20.
PAR  20. The method as described in claim 19, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  21.
PAR  21. The method as described in claim 20, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  22.
PAR  22. In an F2F coded data decoder apparatus system, in which the time
      periods or widths between signal transitions corresponding to the two
      frequencies originally used to encode the data may be distorted by spread
      and by acceleration effects in the sensing or in the encoding of said data
      to exhibit their signal transition points spaced at other than the
      original frequency transition spacing or times, a method of operating said
      decoder apparatus for interpreting said distorted F2F coded data to
      extract therefrom its correct digital content whenever each multibit data
      block is preceded by at least two binary 1 preamble or first symbols
      having two double frequency time slots, or half-symbol widths, by
      predicting the ideal length of an inhibiting period and controlling the
      duration of said inhibiting period imposed by said decoding apparatus for
      any said double frequency signal transitions occurring intermediate the
      single frequency symbol boundary transitions, thereby isolating said
      boundary transitions for interpretation, comprising the steps performed by
      means in said apparatus of:
PA1  a. measuring the width of said first symbol and storing said measurement in
      a second storage;
PA1  b. setting a second indicator to a binary 1 state;
PA1  c. measuring the width of said second symbol and storing said measurement
      in a first storage;
PA1  d. setting a first indicator to the binary 1 state;
PA1  e. measuring either one of the two time slots in either of said first two
      symbols, initiating a signal inhibiting time measurement, and reinitiating
      said symbol width measurement;
PA1  f. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said second symbol width measurement;
PA1  g. dividing said time slot measurement by said symbol width measurement
      corresponding to the symbol in which said time slot measurement was made
      and subtracting therefrom said second symbol width measurement divided by
      the sum of said first symbol width and said second symbol width, and
      doubling the result, to yield a spread correction factor, but if said time
      slot measurement was made in the second time slot of either of said
      symbols, subtracting instead said first symbol width measurment divided by
      the sum of said first symbol and said second symbol, and doubling the
      result, to yield a spread correction factor;
PA1  h. assigning an algebraic positive or negative sign to said resulting
      spread correction factor, said sign being positive if said doubled time
      slot measurement divided by said symbol width is greater than and negative
      if it is less than said either symbol width divided by the sum of said
      second symbol width and said first symbol width if said time slot
      measurement was made in the first time slot of either said symbol, but
      said signs being the opposite when said time slot measurement is made in
      the second time slot of either of said symbols;
PA1  i. examining the state of said first indicator, and if it is in the binary
      1 condition, setting an odd-even indicator to the even state, but if said
      first indicator is not in the binary 1 state, setting said odd-even
      indicator to the opposite of whichever state it is then in;
PA1  j. selecting an algorithm and predicting an ideal length for said signal
      inhibiting time measurement,, said algorithm being chosen from the
      following:
      ##EQU45##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is the predicted ideal length for said signal inhibiting time, T.sub.n-1
      is said first stored measurement, T.sub.n-2 is said second stored
      measurement, and K.sub.p is said result computed in step f) above, and
      said algorithm (a), (b), (c), (d), (e), (f), (g), or (h) is selected
      according to the following criteria: if said first and said second
      indicators are in the binary 1 state, and said odd-even indicator is even,
      and the sign of said quotient is negative, select algorithm (a); if the
      state of said first and said second indicators is a binary 1, and said
      odd-even indicator is even, and the sign of said quotient is positive,
      select algorithm (b); if the state of said second indicator is a one and
      the state of said first indicator is a zero and said odd-even indicator is
      odd, and the sign of said quotient is positive, select algorithm (c); if
      the state of said first indicator is a zero and the state of said second
      indicator is a one, and said odd-even indicator is odd, and the sign of
      said quotient is negative, select algorithm (d); if the state of said
      second indicator is a zero and the state of said first indicator is a zero
      and the state of said odd-even indicator is odd and the sign of said
      quotient is negative, select algorithm (f); if the state of said second
      indicator is a zero and the state of said first indicator is a zero and
      the state of said odd-even indicator is odd, and the sign of said quotient
      is positive, select algorithm (e); if the state of said second indicator
      is a zero and the state of said first indicator is a zero and the state of
      said odd-even indicator is even and the sign of said quotient is positive,
      select algorithm (f); if the state of said second indicator is zero and
      the state of said first indicator is zero and the state of said odd-even
      indicator is even and the sign of said quotient is negative, select
      algorithm (e); if the state of said second indicator is a zero and the
      state of said first indicator is a one and the state of said odd-even
      indicator is even and the sign of said quotient is negative, select
      algorithm (g); and, if the state of said second indicator is a zero and
      the state of said first indicator is a one and the state of said odd-even
      indicator is even and the sign of said quotient is positive, select
      algorithm (h);
PA1  k. replacing the contents of said second storage with the contents of said
      first storage;
PA1  l. replacing the state of said second indicator with the state of said
      first indicator;
PA1  m. terminating said signal inhibiting time measurement when it equals said
      predicted ideal length for said time measurement resulting from step j)
      and, following the termination if said signal inhibiting period, sensing
      the next symbol boundary transition signal, storing the polarity of said
      signal in a temporary storage, comparing the polarity of said transition
      with said reference polarity and, if said polarities correspond, setting
      said first indicator to a binary 1, entering a one into a data register,
      and examining the state of said odd-even indicator and if said odd-even
      indicator is in the odd state, changing the sign of said spread correction
      factor as was assigned to said factor in step h), and, at the signal
      transition, terminating said symbol width measurement, storing said symbol
      width measurement in said first storage, and reinitiating said symbol
      width measurement for the next succeeding symbol, and resuming operation
      with step i), but if said polarities do not corresond, terminating said
      symbol width measurement at said signal transition occurring after the
      termination of said signal inhibiting period, storing said symbol width
      measurement in said first storage, entering a zero into a data register,
      and setting said first indicator to a binary 0, reinitiating said symbol
      width measurement for the next succeeding symbol, and returning to step
      i); and
PA1  n. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  23.
PAR  23. The method as described in claim 22, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  24.
PAR  24. The method as described in claim 23, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  25.
PAR  25. In an F2F coded data decoder apparatus system, in which the time
      periods or widths between signal transitions corresponding to the two
      frequencies originally used to encode the data may be distorted by
      acceleration, when received at said decoder, so as to exhibit their signal
      transition points spaced at other than the original frequency transition
      spacing or times, a method of operating said decoder apparatus for
      interpreting said distorted F2F coded data to extract therefrom its
      correct digital content whenever each multibit data block is preceded by
      at least a binary 1 preamble or first symbol having two double frequency
      time slots, or nominal half-symbol widths, by predicting the ideal length
      of an inhibiting period and controlling the duration of said inhibiting
      period imposed by said decoding apparatus for any said double frequency
      signal transitions occurring intermediate the single frequency signal
      boundary transitions, thereby isolating said symbol boundary transitions
      for interpretation, comprising the steps performed by means in said
      apparatus of:
PA1  a. measuring the width of said first symbol and, when said measurement is
      completed, storing said measurement in a first and a second storage and
      initiating a signal inhibiting time measurement and reinitiating said
      symbol width measurement for the next succeeding symbol;
PA1  b. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said second symbol width measurement;
PA1  c. predicting an ideal length for said signal inhibiting time measurement
      according to the following algorithm:
      ##EQU46##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is said ideal length for said data sensing time measurement,
      T.sub.n.sub.-1 is said first stored width measurement, T.sub.n.sub.-2 is
      said second stored width measurement;
PA1  d. replacing the content of said second storage with the content of said
      first storage;
PA1  e. terminating said signal inhibiting time measurement when it equals said
      ideal predicted length and, following the termination of said signal
      inhibiting period, sensing the next symbol boundary transition signal,
      storing the polarity of said signal in a temporary storage, comparing the
      polarity of said transition with said reference polarity, and if said
      polarities correspond, entering a "one" into a data register and if said
      polarities do not correspond, entering a "zero" into said data register;
PA1  f. terminating said reinitiated symbol width measurement following the
      termination of said signal inhibiting time period at the next occurring
      signal transition and storing said measurement in said first storage,
      reinitiating said signal inhibiting time measurement and said symbol width
      measurement and returning to step c); and
PA1  g. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  26.
PAR  26. The method as described in claim 25, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  27.
PAR  27. The method as described in claim 26, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
NUM  28.
PAR  28. In an F2F coded data decoder apparatus system, in which the time
      periods or widths between signal transitions corresponding to the two
      frequencies originally used to encode the data may be distorted by
      acceleration, when received at said decoder, so as to exhibit their signal
      transition points spaced at other than the original frequency transition
      spacing or times, a method of operating said decoder apparatus for
      interpreting said distorted F2F coded data to extract therefrom its
      correct digital content whenever each multibit data block is preceded by
      at least two binary 1 preamble or first symbols having two double
      frequency time slots, or nominal half-symbol widths, by predicting the
      ideal length of an inhibiting period and controlling the duration of said
      inhibiting period imposed by said decoding apparatus for any said double
      frequency signal transitions occurring intermediate the single frequency
      symbol boundary transitions, thereby isolating said symbol boundary
      transitions for interpretation, comprising the steps performed by said
      apparatus of:
PA1  a. measuring the width of said first symbol and storing said measurement in
      a second storage;
PA1  b. reinitiating said symbol width measurement for said second symbol;
PA1  c. storing as a reference the polarity of the symbol boundary transition
      signal at the end of said second symbol width measurement;
PA1  d. storing said last reinitiated symbol width measurement in a first
      storage, and initiating a signal inhibiting time measurement;
PA1  e. predicting an ideal length for said data sensing time measurement
      according to the following algorithm:
      ##EQU47##
      where .alpha. is a variable coefficient arbitrarily chosen from the range
      K.sub.p/4 to 1/2 - K.sub.p/4 and being optimum at .alpha. = 1/4, T.sub.ig
      is said ideal predicted length for said signal inhibiting time
      measurement, T.sub.n.sub.-1 is said first storage measurement, and
      T.sub.n.sub.-2 is said second storage measurement;
PA1  f. terminating said signal inhibiting time measurement when it is equal to
      said ideal length of said signal inhibiting time measurement predicted
      according to said algorithm and, following the termination of said signal
      inhibiting period, sensing the next symbol boundary transition signal,
      storing the polarity of said signal in a temporary storage, comparing the
      polarity of said transition with said reference polarity, and if said
      polarities correspond, entering a one into a data register but, if said
      polarities do not correspond, entering a zero into said data register;
PA1  g. replacing the content of said second storage with the content of said
      first storage and terminating and reinitiating said symbol width
      measurement at said signal transition following said termination of said
      signal inhibiting time and resuming the operation at step d); and
PA1  h. storing the polarity contents of said temporary storage as the next said
      reference polarity.
NUM  29.
PAR  29. The method as described in claim 28, further comprising:
PA1  predicting an ideal reinitiation time for said signal inhibiting time
      measurement by using the +.alpha. form of said selected algorithm.
NUM  30.
PAR  30. The method as described in claim 29, further comprising:
PA1  predicting an ideal length for said signal inhibiting time measurement by
      using the -.alpha. form of said selected algorithm; and
PA1  reinitiating of said signal inhibiting time measurement at said ideal
      predicted time therefor.
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ABST
PAL  A device for reading from and writing on, magnetic cards for use in a
      desk-top computer having a cover with an introduction slot and an exit
      slot for the cards. The device comprises two parallel guides between the
      introduction and exit slots for defining the path to be traversed by the
      cards, two support plates for the guides disposed perpendicular thereto
      for guiding the lateral edges of the cards and a belt cooperating with
      pressure rollers to entrain the card as it passes through the guides. The
      device also includes a microswitch and a shoe which has two projections
      contacting the non-magnetizable face of the card, the shoe being hinged on
      a lever actuating the microswitch when the card has passed below the
      projections.
PARN
PAR  This is a division of application Ser. No. 246,735 filed on Apr. 24, 1972
      and U.S. Pat. No. 3,828,322.
BSUM
PAR  This invention relates to digital computers and more particularly to data
      handling techniques in these computers; the invention also relates to
      improved means for reading magnetic cards.
PAR  It is often desired to read numerical information out of a computer in a
      certain format which includes symbols. The computer's registers generally
      contain only numbers which, without symbols may be meaningless. For
      example, a register may contain 92441 but what is desired is the date
      9/24/41. According to the invention, the number is placed in one register,
      the symbols in a second, and the registers are properly alined, and the
      number and symbols are shifted in the proper order to a third register.
PAR  According to another aspect of the invention, means are provided whereby
      the number of digits which are used during calculation can be limited. The
      desired limiting number is placed in a shift register which is closed on
      an adder to form a counter, the most significant digit in a working or
      operation register is found, and by appropriately counting and erasing,
      the least significant digits in the working register are eliminated.
PAR  According to another aspect of the invention, means are provided for
      converting from fixed to floating point notation and vice-versa.
PAR  According to another aspect of the invention, an improved magnetic card
      reader uses profiled guides mounted between support plates with one of the
      plates rigidly supporting the reading head. An entrainment belt is used to
      move the card along the path defined by the guides.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the relationship between FIGS. 1a and 1b;
PAR  FIGS. 1a and 1b depict the general block diagram of the preferred
      embodiment of the computer according to the invention;
PAR  FIG. 2 is a block diagram of the timing device used by the computer
      illustrated in FIGS. 1a and 1b;
PAR  FIG. 3 is a diagram of the relationship which exists among signals present
      in the computer according to FIGS. 1a and 1b;
PAR  FIG. 4 illustrates in detail a number of conditioning circuits included in
      the computer according to FIGS. 1a and 1b;
PAR  FIG. 5 illustrates a detail of the reading and/or writing device of FIGS.
      8a and 8b;
PAR  FIG. 6 illustrates the connections which permit the execution of the
      separation instruction;
PAR  FIG. 7 is a perspective view of a programmable electronic computer in which
      there is inserted a device for reading and/or writing on programme
      supports in the form of magnetic cards;
PAR  FIGs. 8a and 8b are a front view and a section, respectively, of a reading
      and/or writing device included in the computer according to FIG. 7.
DETD
PAC  INTRODUCTION
PAR  This portion will introduce the reader to the computing system in which the
      instant invention is used. This computing system is described in detail in
      U.S. Pat. Nos. 3,304,418, 3,469,244, 3,495,222 and 3,636,523 and this
      introductory portion is a condensation of the concepts discussed in detail
      in the above cited patents. The reader who wishes to proceed directly to
      the following chapters should be reminded that each digit present in the
      memory is represented by 8 bits B1-B8. B1 is reserved for tag or flag
      bits, B2 indicates that a digit is actually present in this group of 8
      bits, B3 is the sign + or -, and B4 is the decimal point. Bits B5-B8
      represent the number 0-9 in binary code.
PAR  Referring to FIGS. 1a and 1b, the computer comprises a magnetostrictive
      delay line store LDR which has, for example, 16 conceptual registers P1,
      P2, P3, P4, R, M, A, B, C, D, E, F,C', D', E' and F' which are
      continuously circulating through the line. The line LDR includes a reading
      transducer 11 which feeds a reading amplifier 13, and includes a writing
      transducer 15 fed by a writing amplifier 17.
PAR  Each store register carried by the line LDR can comprise 31 decimal digits
      each digit composed of 8 binary bits; in other words, each register can
      store up to 31 characters of 8 bits each. Both the characters and the bits
      are processed serially. Therefore, a train of 16 .times. 31 .times. 8
      binary signals continuously circulates in the delay line LDR.
PAR  The first 16 binary signals which appear in the line LDR represent
      respectively the first bits of the first decimal digits (or characters) of
      the 16 registers P1, P2, P3, P4, R, M, A, B, C, D, E, F, C', D', E' and
      F', while the following 16 binary signals represent respectively the
      second bits of the first decimal digits of the said registers, and so
      forth.
PAR  If, for example, the binary signals are stored in the line LDR by the
      no-return-to-zero technique, in such manner that they are spaced from one
      another by half a microsecond, the signals belonging to a certain register
      will be spaced from one another by 8 microseconds. Each register contains
      a train of 8 .times. 31 binary signals spaced from one another by 8
      microseconds; the signals belonging to the separate registers are spaced
      from one another by half a microsecond.
PAR  The reading amplifier 13 feeds a serial-to-parallel converter 19 which
      produces on 16 separate output lines LP1, LP2, LP3, LP4, LR, LM, LA, LB,
      LC, LD, LE, LF, LC', LD', LE' and LF' 16 simultaneous signals representing
      the 16 bits contained in the same binary position of the same decimal
      digit of the 16 registers.
PAR  Therefore, at a given instant, 16 signals representing the first bit of the
      first decimal digit of 16 registers are simultaneously present on the 16
      output lines; 8 microseconds later, 16 signals representing the second bit
      of the first decimal digit are present on the said output lines, etc.
PAR  After each group of 16 signals sent simultaneously on the output lines of
      the converter 19 has been processed, it is sent to the parallel-to-serial
      converter 21. The converter 21, in turn, feeds the writing amplifier 17
      with the 16 signals restored to their previous serial order and spaced
      from one another by 1/2 microsecond. The transducer 15 therefore writes
      the signals a-new in the line LDR, either modified or not by the operation
      of the computer, the signals maintaining their original relative
      positions. It is therefore clear that, as it appears to the rest of the
      computing harware, the sole delay line LDR is equivalent to a group of 16
      delay lines operating in parallel, each containing a single register and
      provided with input and output lines.
PAR  The interlacing or the arrangement in interposition of the signals of the
      delay line enables all the registers of the computer to be contained in a
      single delay line provided with a single reading transducer and a single
      writing transducer; the cost of the store is, therefore, substantially the
      same as that of a delay line containing merely a single register.
      Moreover, since the pulse repetition frequency in the delay line is 16
      times greater than in the other circuits of the computer, it is possible
      to obtain good utilization of the storage capacity of the delay line while
      using low-frequency, low-cost, circuits in the other parts of the
      computer.
PAR  Since the delay line store is of a cyclic nature, the operation of the
      computer is divided into successive store cycles, each cycle comprising 32
      digit periods from C1 to C32 and each digit period being divided into 8
      bit periods from T1 to T8.
PAR  Referring to the diagram of FIG. 2, a clock pulse generator 23 produces at
      the outputs of the lines T1 to T8 successive clock pulses of 8
      microseconds, each indicating the corresponding bit periods (as seen in
      the timing diagram of FIG. 3). The output terminal T1 is activated during
      the entire first bit period of each of the 32 digit periods; the output of
      the terminal T2 is similarly activated during the entire second bit period
      of each digit period, etc.
PAR  The clock pulse generator 23 is synchronized with the delay line LDR in
      such manner that the beginning of the nth bit period of the period of the
      mth digit coincides with the instant at which the 16 binary signals
      representing the bits read in the nth binary bit of the mth decimal digit
      of the 16 store registers begin to appear at the outputs of the lines of
      the serial-to-parallel converter 19. These binary signals are stored in
      the converter 19 for the duration of the corresponding bit period. During
      the same bit period, the signals representing the 16 bits produced by the
      processing of the said 16 bits read on the delay line LDR are sent to the
      parallel-to-serial converter 21 and written in the delay line.
PAR  During each bit period, the generator 23 (FIG. 2) also produces 16 pulses
      M1 to M16 (FIG. 3). The pulse M1 defines the reading time, in other words
      the instant at which the serial-to-parallel converter 19 begins to render
      the bits belonging to the current bit period utilizable. The pulse M4
      indicates the writing time, that is the instant at which the bits being
      processed are sent to the parallel-to-serial converter 21 for effecting
      the writing into the delay line LDR.
PAR  The generator 23 comprises an oscillator 25 which, when in operation, feeds
      the pulse distributor 27 with pulses having the frequency of the pulses M1
      to M16. A frequency divider 29 fed by the distributor 27 generates the
      clock pulses T1 to T8. The oscillator is in operation only as long as a
      bistable device controlled by the signals circulating in the delay line
      LDR remains activated.
PAR  Each decimal digit location of the store LDR can contain a decimal digit or
      an instruction. The registers P1 to P4 can be used only to contain the
      instructions of a programme; each register can contain up to 31
      instructions. The registers C, D, E, F, C', D', E' and F' can each be used
      to store up to 31 instructions or up to 30 data digits; the machine
      therefore has a program capacity equal to 372 instructions. The register B
      can be used only for storing data. The store registers are used in the
      following order in the recording of program instructions; P1, P2, P3, P4,
      C', D', E', F', C, D, E, F. The registers M, A and R are operation
      registers, used for storing operands and results of operations.
PAR  The program instructions of the present computer may have three formats.
      The basic format of an instruction is an 8 bit character in which the last
      4 bits represent one of the 14 possible function codes, while the first 4
      bits represent the store register in which the operation is to be
      developed.
PAR  The address part of the instruction may refer to a field which begins with
      the first bit of the first digit or of the 16th digit of a register
      according to whether the same register or the subdivided part is
      addressed. For this reason, the register may be subdivided into two
      sections and store two independent segments of information.
PAR  Among the instructions which are of this basic format, there are the
      arithmetical instructions, transfer instructions, the instructions for
      printing numbers on the internal printer, and a number of jump
      instructions in which the addresses define a recognition code for the end
      of the jump. Also included in this first format type of instruction are
      the instructions for floating point calculation which enable the computer,
      normally operating on a fixed point basis, to calculate on numeric data on
      a floating point basis. A floating point numeric datum is represented by
      means of a coefficient greater than or equal to 0.1 and smaller than 1.
      and the corresponding exponent to base 10.
PAR  The instructions provided allow the conversion of the numeric data from one
      representation to the other. These instructions are as follows:
PAR  Separation instruction: the content of the register A is modified by
      transferring the integral part thereof, i.e. the exponent, to M and
      leaving only the decimal part, i.e. the fixed point part, in A.
PAR  Joining instruction: joins in the register A the integral part of the datum
      contained in the register M to the decimal part of the datum contained in
      A.
PAR  Conversion-to-fixed-point instruction: shifts the point of the content of
      the register A by a number of places equivalent to the value of the datum
      contained in the register M. If the content of M is positive, the point is
      shifted to the right, if it is negative it is shifted to the left.
PAR  Normalization instruction: shifts the point of the numeric datum contained
      in A to precede the first significant digit; stores in M the number of
      steps by which the point has been shifted with a positive sign if the
      shift has occurred to the left and with a negative sign if to the right.
PAR  The instructions of the second format are constituted by a pair of digits
      each of 8 bits B1 to B8 and disposed in a pair of adjacent decimal digit
      locations of the store. Among the instructions which have this format
      there is that for sending a numeric datum to external units with provision
      for control of format. This instruction enables a numeric datum contained
      in the register A to be read out, it being possible to interpose
      punctuation or separating marks or signs or the like between successive
      characters so as to give the read-out particular formats. The first 4 bits
      B1 to B4 of the first digit contain the address of the register from which
      the extraction takes place, while the second 4 bits B5 to B8 contain the
      function code. The second digit selects the particular output device. More
      particularly, the first bit B1 of the second character indicates whether
      the information which is to be read-out is numeric or alphanumeric. The
      following 2 bits B2 and B3 select the particular output device, while the
      fourth bit B4 indicates whether an input or output instruction is
      involved.
PAR  An instruction of the third format is constituted by 8 bits B1 to B8 which
      indicate collectively a function code. To the third format there belong,
      for example, the instructions controlling transfer between predetermined
      logic elements, the calculation of percentages, a number of jump
      operations, indirect addressing, and the addressing of the subdivided
      registers.
PAR  Each decimal digit of the data is represented in the computer by means of 4
      bits B5, B6, B7 and B8 in accordance with a binary decimal code. In the
      delay line store LDR, these 4 bits are recorded respectively in the last 4
      bit locations T5, T6, T7, T8, while the first 4 bit locations are used for
      storing the tag bits. The bit location T4 is used for storing a decimal
      point bit B4, which is "0" for all the digits of a decimal number with the
      exception of the first digit after the decimal point. The bit location T3
      is used for storing a sign bit B3, which is "0" for all decimal digits of
      a positive number and "1" for all the decimal digits of a negative number.
PAR  The bit location T2 is used for storing a digit identification bit B2,
      which is "1" in each decimal digit location occupied and "0" in each
      decimal digit location unoccupied (non-significant zero).
PAR  Therefore, the complete representation of a decimal digit in the store LDR
      requires 7 bit locations, T2, T3, T4, T5, T6, T7 and T8, of a given digit
      location. The remaining bit location T1 is used for storing a service bit
      B1, the significance of which is not necessarily related to the decimal
      digit stored in the said digit location.
PAR  In the following description, a bit stored in a binary bit location a of a
      decimal digit location of a register b is designated by the symbol Bab,
      while the signal obtained when the bit is read on the line LDR is
      indicated by the symbol LBab.
PAR  A bit B1R = "1" stored in the first decimal digit location C1 of the
      register R is used to start the clock pulse generator 23 at the beginning
      of each store cycle. A bit B1E = "1" stored in the 32nd decimal digit
      location C32 of the register E is used to stop the generator 23. A bit B1B
      = "1" stored in the nth decimal digit location of the register B indicates
      that during the execution of a program the following instruction to be
      executed is stored in the nth decimal place of the particular program
      register which is used. A binary 1M = "1" stored in the nth location of
      the register M indicates: that, when the keyboard enters a number in the
      register M, the decimal digit entered thereafter is to be stored in the
      (n-1) decimal digit location, that when an instruction is entered from the
      keyboard the following instruction is to be stored in the nth decimal
      digit location of a store register, that when a number stored in any
      register is printed the digit to be printed is the digit stored in the nth
      decimal digit location of the said register, and finally, that when two
      numbers are added, the digit of the sum stored in the nth decimal digit
      location of the register A is then to be corrected by means of the
      addition of a correction digit introduced therein. A bit B1A = "1" stored
      in the nth decimal place of the register A indicates that the execution of
      the main body of a program has been interrupted at the nth instruction of
      a store register for the purpose of commencing the execution of a
      subroutine. Therefore, the tag bits B1R, B1E are used to represent fixed
      reference points in the various registers (beginning and end,
      respectively), while the tag bits B1A, B1B and B1M represent movable
      reference points within the registers. Moreover, the bit B1M is used
      during the execution of an addition to store in each decimal place the
      information belonging to an operation which is to be executed in the said
      decimal place.
PAR  The operations of regeneration, modification and shifting of the said tag
      bits B1 are carried out by a tag-bit control circuit 33.
PAR  The computer also contains two adders 34 and 35 each of which has a pair of
      input lines 36, 38 and 37, 39 respectively, for receiving simultaneously
      the bits to be added. A sum bit is applied to the output lines 40 and 41,
      respectively.
PAR  Said two adders 34 and 35 are of the type described in the applicants'
      aforecited U.S. Pat. No. 3,304,418.
PAR  Referring to FIG. 1, the computer comprises a read-only store ROM connected
      to the control and arithmetic units in a similar manner to the delay line
      store, of which it can be regarded as an extension. The said store
      contains 512 instructions which constitute a collection of fixed
      subroutines to which access can be gained by means of jump instructions
      during the execution of the main program whenever this may be necessary.
PAR  The read-only store (ROM) 18 is provided with its own addresser 16; the
      characters contained in the ROM issue as eight bits in parallel and are
      serialized by a parallel-to-serial converter 20, which produces on its
      output line 22 eight successive signals, starting from the least
      significant bit, which represent the character being output.
PAR  The operation of the converter 20 is timed by the pulses on the lines T1 -
      T8 of the clock pulse generator 23, so that each of the said signals
      remains on the output line 22 for 8 microseconds, that is for as long as
      each bit issuing from the serial-to-parallel converter 19 remains on the
      corresponding output line.
PAR  Still referring to FIG. 1, the computer comprises two shift registers KA
      and KB formed by eight binary stages KA 1 - KA8 and KB1 - KB8,
      respectively. On the reception of a shift pulse through the terminals 76
      and 77, respectively, the bits stored in the stages KA2 - KA8 and KB2 -
      KB8 are shifted to the stages KA1 - KA7 and KB1 - KB7, respectively. If
      bits are present on the input lines 5 to 12, the shift pulse causes them
      to be transferred to the stages KB1 - KB8, respectively.
PAR  The pulses M4 generated by the pulse distributor 27 (FIG. 2) are used as
      shift pulses for the registers KA and KB, which therefore receive one
      shift pulse during each bit period, or eight shift pulses during each
      digit period. The contents of each stage of each register remain unchanged
      from the pulse M4 of each bit period up to the pulse M4 of the following
      bit period. The bit sent to an input line 78 or 79 of the registers KA and
      KB during a particular bit period is available on the output line 81 or 82
      of the respective register 8 bit periods later, (i.e., one digit period
      later). The registers KA and KB can therefore be regarded as a section of
      the delay line having a length corresponding to one digit period.
PAR  By connecting a store register and one of the shift registers KA and KB in
      a closed loop while all the remaining registers are left with their
      outputs connected directly to their respective inputs, the register
      selected is effectively lengthened by one digit period with respect to the
      remaining registers. Therefore, during each store cycle, the contents of
      the register selected are shifted by one decimal digit place, that is they
      are delayed by one digit period with respect to the other registers.
PAR  Due to the ability of the registers KA and KB to function as delay lines,
      they can also be used as counters according to the method described on
      page 198 of the book "Arithmetic Operations in Digital Computers" by R. K.
      Richards, 1955. When registers input lines 78 and 79 and their output
      lines 80 and 81 are connected to the output lines 40 and 41 and to the
      input lines 36 and 37 of the adders 34 and 35, while the latter lines do
      not receive any signal, the counters count the successive count pulses
      which are sent to two bistable storage devices included in the two adders
      34 and 35 by means of the Count Control Circuit 83 as described in
      applicants' aforecited U.S. Pat. No. 3,636,523.
PAR  The register KB can also be used as a buffer store for temporarily storing
      a decimal digit.
PAR  Finally, the register KB functions as a parallel-to-serial converter in the
      transfer of data or instructions from the keyboard 87 to the store LDR, as
      more fully described in the applicants' aforecited U.S. Pat. No.
      3,469,244.
PAR  The instruction register 89 (FIG. 1b) comprises eight binary stages I1-I8
      containing the 8 bits of the instruction being executed. The register 89
      transfers its contents to the decoder 91, which has outputs Y1 to Y12;
      F1.1 to F1.14; F2.1 to F2.n; F3.1 to F3.n corresponding to the 12
      addressable store registers and the aforesaid instructions, respectively.
PAR  If an instruction of the first format is stored in the register 89, the
      outputs from the stages I1 - I4 to the decoder 91 activate one of the
      address outputs Y1 to Y12. This output selects one of the 12 store
      registers or, if the instruction is a jump instruction, specifies one of
      the jump codes. The inputs I5 - I8 cause the decoder 91 to activate one of
      the function outputs.
PAR  If the instruction belongs to the second format, only the first character
      of the instruction is stored in the register 89; if the instruction for
      output of information with or without control of vertical format is
      stored, one of the outputs Y1 to Y12 is activated by means of the bits B1
      - B4 for the purpose of selecting the store register containing the data
      to be transmitted, while the bits B5 - B8 activate the respective function
      output of the decoder 91.
PAR  In the case of an instruction of the third format, one of the outputs F3.1
      - F3.n of the decoder 91, each corresponding to a special instruction, is
      activated.
PAR  The outputs of the stages I1 - I4 and the output lines of the stages I5 -
      I8 can also be connected through the gates 93 and 95, respectively, to the
      input lines of the stages KB5 - KB8 of the register KB for the purpose of
      printing the address and the function stored in the said stages.
PAR  The gates 93 and 95 are controlled by the AND of the signals T8, M4, A3 and
      P18 and by the absence or the presence of the signal A6.
PAR  A switching network 97 is provided for selectively interconnecting the 16
      store registers, the adders 34 and 35, the shift registers KA and KB, the
      instruction register 16, and the input and output devices for controlling
      the transmission of the data and instructions to and from the various
      parts of the computer. The switching circuit 97 may consist of a diode
      matrix or a matrix of transistor NOR circuits or of similar means of
      switching not having storage properties. The selection of the store
      register designated by the decoder 91 is also carried out by the switching
      network 97.
PAR  The keyboard 87 is employed for introducing the data and instructions and
      for commanding the various functions of the computer. It comprises a
      numerical part 101 formed by 10 numeral keys 0 to 9 for introducing the
      numbers into the store register M through the buffer register KB; in this
      preferred embodiment, the register M is the only store register accessible
      from the numerical keyboard. The keyboard 87 also comprises an address
      part 103 furnished with keys each commanding the selection of a register
      of the delay line store LDR. A function part 105 comprises the keys
      corresponding to the function part of one of the instructions that the
      computer can execute.
PAR  In the embodiment of the invention which is illustrated, the three
      keyboards 101, 103 and 105 control a mechanical encoder constituted by
      code bars cooperating with electric contacts having the aim of producing
      binary signals on the four lines H1, H2, H3 and H4 for representing the 4
      bits of a decimal digit entered on the keyboard 101, the 4 bits of an
      address entered on the keyboard 103, or the 4 bits of a function entered
      on the keyboard 105. The encoder also activates one of the output lines
      G1, G2 and G3 for indicating which of the keyboard 101, 103 and 105,
      respectively, has been utilized. A key 107 for the negative algebraic sign
      and a key 109 for the decimal point generate a binary signal on the lines
      SN and V, respectively, when depressed. The operation of entering a number
      and a decimal point into the memory via the keyboard is described in the
      applicants' aforecited U.S. Pat. No. 3,469,244.
PAR  The computer operates selectively in either three modes, "manual,"
      "automatic" or "program introduction" depending upon the position in which
      the three-position switch 111 has been set; switch 111 generates signals
      PM, PA and IP. During the operation of entering the program, the signal IP
      being present, the address keyboard 103 and the function keyboard 105 can
      be operated for entering the instructions in the program register through
      the buffer register KB. For this purpose, the outputs H1 - H4 of the
      keyboard decoder can be connected through the gate 113 to the inputs 8 -
      11, respectively, of the register KB. The keyboard 101 cannot be operated
      at this same time.
PAR  The gate 113 is controlled by the signal P0 and G1 and, in the presence of
      the signal A40, by the AND of said signal A40 with the signals A7 and
      LB1M, or, in the absence of said signal A40, by the AND of the inverse of
      said signal A40 with the signals A7 and T1.
PAR  During automatic operation, in which the program previously introduced into
      the store LDR is executed, the address keyboard 103 and the function
      keyboard 105 cannot be actuated.
PAR  Automatic operation of the machine is composed of a sequence of phases of
      extraction of the instructions and phases of execution of the
      instructions. During an extraction phase, an instruction is extracted from
      a program register and then transferred to the register 89 through the
      gate 193 as described in the applicants'  aforecited U.S. Pat. No.
      3,469,244. This phase is automatically followed by an execution phase in
      which the computer executes the stored instruction. This phase is
      automatically followed by an extraction phase for the following
      instruction, which is extracted and stored in the place of the preceding
      one, and so on. As long as an instruction is stored in the register 89,
      the store register indicated by the address part of the instruction
      remains continuously selected and the decoder 91 continuously generates
      the function signal corresponding to the function part of the instruction.
PAR  During automatic operation, the numerical keyboard 101 also cannot normally
      be actuated inasmuch as the computer is working on data previously
      introduced into the store. This keyboard can be used for introducing data
      into the register M only when the stop instruction is stored in the
      instruction register 89. It is clear that the use of the stop instruction
      makes it possible to process much more data than the store of the computer
      can contain.
PAR  During manual operation, the numerical keyboard 101 and the address
      keyboard 103 and the function keyboard 105 can be actuated. In this kind
      of operation, the address keyboard 103 and the function keyboard 105 can
      be utilized by the operator for causing the computer to perform a sequence
      of operations similar to any sequence executed during automatic operation.
      To this end, the operator enters an address and a function by means of
      keyboard 87 and these pass through the gates 115 and 117 to the register
      89 in exactly the same way as happens in an instruction extraction phase
      in automatic operation. The two gates 115 and 117 are controlled by the
      signals G2, G3 and PO. By introducing an instruction (address and
      function) from the keyboard, an execution phase for the instruction
      entered is automatically started in a manner substantially the same as
      that of the execution phase in automatic operation. The instruction
      execution phase having been completed, the computer stops and waits for a
      fresh instruction introduced by the operator by means of the keyboard 87.
      When no address key is depressed, the register M is automatically
      addressed. Therefore, in the introduction of one of the four basic
      operations by means of the keyboard, the operator need not address the
      instruction by means of address keyboard. The operator can instead
      introduce a number by means of the numerical keyboard and, in this case,
      the operation selected is extracted on the number introduced. Accordingly,
      during manual operation, any arithmetic operation can be executed either
      on a number previously introduced into the register M by means of the
      numerical keyboard 101, or on the number stored in a store register
      selected by means of the address keyboard 103.
PAR  During automatic working, the functions indicated in the instructions are
      carried out on the data previously introduced into the store. Before
      starting the execution of the automatic program, the operator can enter
      the initial data by first introducing them into the register M through the
      numerical keyboard 101 and then transferring them to the desired register.
PAR  The keyboard 87 comprises a decimal digit printing indicator 301. This is
      positionable in 15 positions to which there correspond 15 binary codes
      emitted by the said indicator 301 in the periods T1 - T5. The said binary
      codes indicate the number, ranging between 0 and 15, of decimal digits
      which are considered in the numeric data output to recording or visual
      display units.
PAR  The keyboard 87 also comprises an additional-decimals indicator 303, which
      is positionable through 12 positions. There corresponds to 11 of the 12
      positions, 11 binary codes emitted by the said indicator 303 in the
      periods T5 - T8, the codes indicating the number of decimal digits which
      are considered in the calculation. These codes are transmitted to the
      switching network 97. In the twelfth position, called the position FL,
      there is obtained as output from the indicator 303 the code 15 which will
      be utilized for stabilizing the total number of digits which are retained
      in the execution of calculations on the basis of fixed length.
      Calculations are carried out on this basis preserving 15 digits in all for
      the results of the calculation operations and cutting off the excess
      decimals.
PAR  The condition register 119 (FIG. 1b) comprises a plurality of bistable
      devices which contains information relating to the instantaneous machine
      conditions, which information is used in the various parts of the computer
      for controlling its operation. The signals leaving the condition register
      119 are indicated collectively by means of the reference letters A in FIG.
      1. The particular configuration and the mode of operation of a part of the
      bistable devices in the embodiment of the invention which is illustrated
      may be similar to what is illustrated and described in the applicants'
      aforecited Pat. No. 3,636,523.
PAR  Returning to the diagram of FIG. 1, the sequence control unit 121 comprises
      a group of state-indicating bistable devices P1 - Pn which are activated
      one at a time. During the computer operation, it passes through the states
      which correspond to the particular bistable devices being activated. The
      computer passes through a sequence of states and executes given elementary
      operations during each of these.
PAR  The particular sequence of the operation states is determined by logic
      circuit 123. On the basis of the current state of the computer, the
      instruction currently stored in the register 89 and indicated by the
      decoder 91, and the actual internal conditions of the computer indicated
      by the condition register 119, the circuit 123 determines which state is
      to follow and activates the output 125 corresponding to the said state.
      After this, the change of state circuit 127 produces a change of state
      timing pulse MG, which enables the AND gate 129 and permits the activation
      of the output 125 for the purpose of activating the bistable device P1 -
      Pn corresponding to the next state.
PAC  OUTPUT FORMAT CONTROL FOR NUMERICAL DATA
PAR  According to one aspect of the invention, means are provided whereby the
      output format of numeric data can be conveniently controlled. For ease of
      understanding, a brief functional description of this control will first
      be given. Two of the recirculating registers, A and M, are used for this
      control sequence. Some register may have the numbers "6592441"
      consecutively arranged therein. What is wanted printed out, however, is
      "659/24/41"; to accomplish this, the number is transferred from some
      memory location to the A register (of course, the number may be entered
      into A from keyboard if it is not in memory). Next, the symbols " / S / S
      " are transferred into the M register. (The symbols "S" stands for "space"
      and signifies nothing except that a character location is being used, that
      is, a bit is present in B2 slot; the "S" must be used in order to aline
      the A and M registers as will be seen). The A and R registers will
      therefore contain:
     A     6       5       9     2     4     4     1                           
     M     /       S       /     S                                             
PAR  Before the number and slashes can be properly printed out as "659/24/41",
      the A and M registers must be alined. This is accomplished by connecting
      the M register to the shift register KA in a closed loop (as
      aforedescribed herein and in the aforecited U.S. patents) in order to
      introduce a delay of one character per memory cycle. Each memory cycle,
      therefore, the contents of the R register will fall behind by one
      character space since the R register now must traverse its normal
      circulation path plus the KA register which is one character long. FIG. 4
      shows how the machine knows when the A and R registers are alined:
      bistable N3 produces an end of alinement signal when, first of all, the
      decimal point bit of the A register is present. As aforedescribed, the
      decimal points in this machine are stored in the fourth bit positions of
      the character slot. So, if at time T4, a bit is present on the A register
      line LA, it means that there is a decimal point associated with that
      character which is leaving the A register. If TA and LA and N4 are all UP,
      N3 will be produced. N4 is set UP in the following manner: The M register
      has been connected in a loop with the KA register so each memory cycle the
      symbols " / S / S " move to the right one space. The second bit position
      of each character indicates whether that character space is being used, as
      has been previously discussed; so if at time 2, there is a bit on LM and
      there is no bit in shift register stage KAI, one knows that the first
      character present in M is just leaving M and going to KA. So when the
      first character is leaving M and the decimal point is encountered in A,
      the registers are alined and N3 signals this fact. The status of the
      registers is now:
     A     6       5       9     2     4     4     1                           
     M                           /     S     /     S                           
PAR  N3 causes the connection between the M register and the KA register, which
      had been made in the Switching Network 97, to be broken and it furthermore
      signals the Tag Bit Control 33 to proceed to place tag bits in the A and M
      registers.
PAR  The actual step-by-step mechanics of placing the tag bits will be described
      shortly; however, the locations where the bits are to be placed are of
      primary interest. There are two items of information which determine where
      the tag bits will be placed, first, the desired number of decimal places
      and, second, the maximum number of characters to be printed out. This
      information is fed into the machine in a manner to be discussed. If no
      decimal places and a maximum of 10 characters are to be printed, then the
      A and M registers will contain:
TBL  A    6       5       9    2     4     4    1    T                         
     M    T                    /     S     /    S                              
PAL  the "T'S" representing tag bits. The tag bits are placed in the first bit
      slots (i.e. B1A and B1M) of the character positions shown above. The tag
      bit is first placed in the A register at the number of places to the left
      of the decimal point as is desired; in the above case, no decimal places
      are desired so the bit is placed directly to the right of the units
      position. Next, starting from the tag bit in the A register, the number of
      desired characters is counted to the left and the tag bit is then placed
      at this position in the M register. In the example under discussion, the
      desired number of characters is 10 so the tag is placed in M ten character
      places to the left of the tag in A.
PAR  After the tag bits have been placed the machine commences the output phase;
      the A register is connected to the KB register which will now function as
      an output buffer. The M register is searched, in the usual manner, for the
      tag and, when it is encountered, it enables the transfer of the
      corresponding character in the A register to the KB register. Each time
      the tag is encountered it is moved to the left one character position.
      Before a character in the A register is transferred to the KB register,
      the corresponding location in the M register is searched to determine
      whether a symbol is present and, if so, this symbol is transferred to KB
      before the corresponding number in A.
PAR  Each symbol in M which is to be read out has a bit in the third bit slot;
      so if there is a bit in M at time T1 (which would be the tag) and there is
      a bit in M at T3, a gate is opened to pass the M character to KB. If there
      is a bit in M at time T1 (tag), no bit in M at T3, pass the A character to
      KB and move the tag to the next M character. The tag is moved and tested
      for by the tag bit control 33 (FIG. 1a) in the conventional manner
      described in our aforecited patents and the registers are connected to KB
      by the conventional gates in Switching Network 77.
PAR  In this manner the numbers 6 5 9 are read into KB, then a bit is detected
      at T3 in M so the M character / is transferred. Next the 4 from A is
      transferred (since "S" in M has no bit in the third position but only in
      the second); KB will then contain "659/24/41" and this can then be sent to
      various output units.
PAR  A more detailed description of the above format control will now be given.
      The instruction which commands the above described operations is a special
      two character instruction of the type disclosed in our aforecited U.S.
      Pat. No. 3,636,523 granted June 18, 1972. The first character of the
      instruction goes to the instruction register 89 (FIG. 1b) from the memory
      LDR via Switching Network 97 in the conventional manner. This instruction
      commands the following character in LDR to go to shift register K13. One
      character of the special two character instruction is therefore in the
      instruction register 89 and the other is in KB. The instruction character
      in the instruction register is handled in the normal way as described in
      our cited patents. That is, the instruction passes through the decoder 91
      which is a m to n digital-to-digital decoder of conventional construction
      which is used as an interface between the instruction register and the
      execution and control circuits. The decoder 91 sets the Condition Register
      119, Sequence Control 121 and Switching Network 97 in the usual manner;
      that is, appropriate gates are enabled by the instruction, so that, as the
      machine passes through its logic states, various functions will be carried
      out.
PAR  The second character of the instruction which is placed in KB is handled
      differently. This character has, of course, 8 bits, the first four can be
      used to control the various aspects of the output units and do not concern
      the format control which forms the subject manner of this invention. For
      example, in this embodiment, B1 is used to tell the output unit whether
      alphabetic or numeric information will be read out, B2 and B3 indicate
      which output unit is to be used, while B4 is used to indicate direction of
      transfer. These 4 bits, which are immediately transferred to the output
      unit concerned, can be used for other functions depending on the type of
      output units utilized. Only the last 4 bits B5 - B8 remain in KB. These
      indicate the desired number of characters to be read out. It will be
      recalled that two items of information were used to control the length of
      the output number; the maximum desired number of decimal places (i.e.
      places to the right of decimal point) AND the number of output characters.
      The maximum desired length is in KB; the desired decimal places are placed
      in the machine by switch 301 found on keyboard 87 (FIG. 1b). After the A
      and M registers are aligned, as aforedescribed, the number of decimal
      places set by 301 pass through Switching Network 97 to shift register KA.
      The two shift registers KA and KB contain, therefore, the information
      needed for setting the tag bits.
PAR  First, the tag bit is set in the A register to the right of the last
      decimal place desired. This is done by first locating the decimal point in
      A (which is found by the coincidence of T4 and an UP bit leaving A). Next
      the register KA is closed in a loop with adder 34 to form a counter (in a
      manner described in our cited patents and in the aforecited Richards
      book). It will be recalled that KA contains the desired number of decimal
      places. Adder 34 and KA proceed to count from the decimal point in A to
      the left until the counter (i.e. adder 34 and KA) overflow and a carry bit
      is issued. While there are 36 character locations in A, assume there were
      only 6, that 2 decimal places were desired, and that the following number
      was in A:
     A              623.069                                                    
PAR  The counter in our example would overflow after a count of 6 and, since the
      number 2 is already entered therein, after four counts a carry bit would
      issue. The four counts to the left from the decimal point in A would be:
      1ST "3", 2ND "2", 3RD "6", 4TH "9"; at this point a tag bit would be
      placed in the B1 position of the digit 6 in A by the tag bit control 33.
PAR  Next the tag bit must be placed in M to limit the maximum number of digits
      to be read out. It will be recalled that the desired maximum number of
      digits is in KB. This register KB is closed on Adder 35 to form a counter,
      the number in KB is complemented, the B1A bit is found (i.e., the tag bit
      in A which has just been placed and which is found by a coincidence of T1
      and an UP bit issuing from A), and the counter counts a number of places
      to the left of the B1A until the counter overflows. At this point tag bit
      control places the tag in M.
PAR  The tags being placed, the number in A and the symbols in M may be read out
      into KB in the manner aforedescribed. The tag bit in M moving to the right
      as each character is transferred from A to KB. Each cycle includes the
      test of whether the tag bit in M is alined with the tag in A. (That is, if
      at any time T1 there are UP bits leaving both register A and M). When the
      tag bits are alined, this indicates that all the desired decimal places
      have been read out and the format control operation stops. The desired
      number will be in KB.
PAC  LIMIT OF DIGITS DURING CALCULATION
PAR  Another aspect of this invention is the provision of means whereby the
      number of digits used during calculations may be fixed. This is done in
      the following manner: Switch 303 (FIG. 1b) is set to the desired number of
      digits to be used during calculations and this selected number is placed
      in shift register KA. The digit limitation is done in one of the working
      or operation registers A; working registers receive the operands and
      results of the various calculations so by limiting the number of digits in
      one of the working registers, one effectively limits the number of digits
      which will be used in future calculations.
PAR  A number is placed in the A operation register. Next the most significant
      digit of the number is found; this is done by means of a simple logic
      operation: if there is an UP bit at time T4 on LA, one knows that the
      decimal point of the number in A is currently leaving LA. The decimal
      point bit causes one input of an AND gate to be set; the other input of
      the AND is set when, at time T2 there is no bit leaving LA. The absence of
      a bit in the B2 slot means that the character is not being used.
PAR  This then is how the most significant digit in A is found; the first
      character to the left of the decimal point which is not being used is, of
      course, the character immediately to the left of the most significant
      digit. A signal is produced by the presense of a bit at T4 in A and an
      absence of a bit at T2 in A; this signal causes the KA register to be
      connected with the Adder 34 to form a counter in a manner aforedescribed.
      KA has the number of desired digits to be used during calculation; the
      counter then counts the number of places to the left of the most
      significant digit in A. This count continues until the counter overflows,
      that in, reaches the count of 36 and signals this fact by producing a
      carry bit. As the counter is counting, the numbers of the A register are
      passing out of LA; however, as long as the count continues, these numbers
      are not read back into A but instead are erased. The carry bit from the
      counter stops the erasure and normal operation continues. So, assume there
      were only 10 places in A instead of 36 and that one had desired to limit
      calculation length to 6 places; A could contain, for example:
TBL  A         X X X 9 7 8 4 . 2 1 3                                           
PAL  with the "X'S" representing the absence of a character. The most
      significant digit, 9, would be found in the manner afore described. KA
      would contain the number 6 so, in our example, a carry bit would not be
      produced until after four counts. The four counts would pass through the
      three blank characters to the left of 9 and through the last digit 3. The
      3 therefore would not be allowed to re-enter the delay line LDR and would
      be lost. The carry bit would cause the machine to return to normal
      operation and the A register would therefore contain:
TBL  A         X X X 9 7 8 4 . 2 1 X                                           
PAC  CONVERSION BETWEEN THE FIXED AND FLOATING POINT NOTATION
PAR  While the machine normally uses fixed point notation, this can be converted
      to floating point. A subroutine which is in LDR or the read-only memory is
      normally used to effect this conversion. The number to be converted is in
      the A register and "0." is in the M register:
TBL  A       1         2       3      .      4                                 
     M       0         .                                                       
PAR  First the registers must be alined; this is done by connecting the M
      register to KB and thereby shifting the "0." to one space to the right
      each memory cycle in a manner completely analogous to that previously
      described in the "Output Format" chapter. One knows the registers are
      alined when there is a bit in both A and M at T4, (B4 being, of course,
      the decimal point slot.).
PAR  Each register is associated with an N20 bistable as seen in FIG. 4; the N20
      tells one if characters are being read out of the associated register. If
      there is a bit leaving the register at T2, this means a character is
      present and N20 is set. It is re-set when there is no bit at T2 (the slot
      B2 being, of course, the slot which tells whether or not a character is
      present).
PAR  Also there is an N7 flip-flop which is set by the decimal point in the A
      register and it is reset by any non-zero number to the left of the decimal
      point; N8 is set by the decimal point in A and remains set. Therefore, if
      N8 is set and N7 is not set, the machine knows it dealing with a whole
      number, while, if N8 is set and N7 is also set, the machine is dealing
      with a fraction.
PAR  M register is connected with the KB register; if N7 is down N8 is up, and
      N20 is up, the A register is connected with the KB register by N21 and the
      number in A and the decimal point are shifted to the right until the N20
      signal disappears. The N20 disappears only when no more digits are leaving
      A. Each time the number in A is shifted, a count is added to the "0." in
      M. Our example was
     A       1        2        3      .      4                                 
     M                         O      .                                        
PAR  After shifting, the registers would contain
TBL          .        1        2      3      4                                 
     3       .                                                                 
PAR  If the number in our example were a fraction, the "0." in M would have been
      shifted to the right and a count subtracted from M each shift.
PAR  The numbers in A and M may now be joined in a single register to read
      3.1234 which means .1234.times.10.sup.3.
PAC  SEPARATING EXPONENT AND MANTISSA
PAR  If a number in scientific notation is to be converted back into normal
      fixed point, the exponent must be first separated from the mantissa by the
      circuit of FIG. 6. Assume 5.73 (i.e., .73.times.10.sup.5) is in A. This
      number is shifted one character at a time into KB and then into KA. Gate
      S4 is closed so that, as a character is shifted into KA, it destroys the
      character which had been previously placed therein. Besides going into KA,
      the characters pass through S1, which is open, and re-enter A.
PAR  In our example, first the "3" and then the "7" would pass through KB and S1
      and be re-written in A; the "3" would also go into KA and would be lost
      when the "7" replaced it therein.
PAR  The "5" has a bit in its B4 slot; that is, the decimal point slot. In order
      to find the digit with the decimal point stage K4 is interrogated at every
      time T8. At time T8 all 8 bits of a number are arranged in KB with B1 in
      KB1, B2 in KB2, and so forth. So if there is a bit in KB4 at time T8, one
      knows that the decimal point number (i.e., "5.") is located therein. N12
      is set by KB4 and T8 and opens gate S3 leading to the M register so that
      the eight bits which represent "5." will be placed in M.
PAR  Register A contains "73" but what must be placed in A is "0.73" with the
      "0." having the same sign (+ or -) as the "73". As the "5." is being
      shifted out of KB into M, it is also being shifted into KA; KA contains
      the "7" having the sign bit B3 in KA3. At time T3, however, the sign bit
      of the "7" is just being forced out of the KA register by the "5".
      Normally, these bits which are forced out of KA are lost because S4 is
      closed; however, at T3, S4 is opened allowing the sign bit B3 to be placed
      in A. N11 (FIG. 4) is produced by the "and" of T2 and KB2; the decimal
      point bit, B4, of "5" will be in KB2 at time T2 causing N11. The
      production of N11 shuts gate S1 so as to prevent the "5." from going into
      A. However N11 was not produced until time T2 thereby allowing the first 2
      bits of the "5" to go into A. The B1 bit is zero in all cases but the B2
      is 1 which indicates that a digit is present and this is needed in A to
      represent the "0." of "0.73". The B2 from the "5" gives the presence bit
      to the "0" and the B3 from the "7," which passes through S4, gives the
      sign bit to the "0.".
PAR  After time T2, N11 is present so gate S1 is closed; however at time T4 the
      decimal point bit of the "5." is just leaving KB and, at this time, S2 is
      opened allowing the bit to pass into A. The bit represents the decimal
      point for "0." and the "0.73" is complete in A and "5." is in M.
PAC  READING AND WRITING ON PROGRAMME CARDS
PAR  The electronic computer according to the invention is provided with a
      device which can be selectively activated both for introducing into the
      internal store program instructions which are contained on magnetic
      supports of the card type, and for extracting and recording on magnetic
      cards data or a particular program or subroutine contained in the internal
      store. The program instructions or the data contained on the said magnetic
      cards are stored serially along a recording track as is described in our
      U.S. Pat. No. 3,495,222. In known desk-top computers which utilize
      magnetic cards, the reading and writing thereon takes place by means of a
      head; the card is moved with respect to the head under the control of an
      entraining device. Therefore, a reader for magnetic cards of the aforesaid
      type requires a constant feed rate for the card and the card itself must
      be alined with respect to the reading and writing head.
PAR  Reading and writing devices for desk-top computers are known in which the
      guides in which the magnetic card slides are produced with metal covers
      which guide the card in the direction of movement. The use of these covers
      does not ensure proper alignment of the card because of the excessive
      tolerance inherent in this type of construction; in order to aline the
      card, use is made of continuously rotating rollers inclined with respect
      to the direction of movement of the card which rollers press the card
      itself against one of the side walls of the cover which acts as a
      reference wall. However this causes wear of the card and, consequently,
      ruins the alignment of the recording track with respect to the magnetic
      head.
PAR  In the known constructions, the reading of and writing on the card is
      obtained with a magnetic head carried by an oscillating arm pressed
      against the card; the problems of alignment between the card and the head
      are complicated by the mobility of the head itself. Moreover, in these
      known constructions, the devices for entraining magnetic cards are formed
      by means of a series of rollers and counter-rollers rotating continuously
      and in contact with the card. However, owing to high entraining speeds,
      these rollers are not sufficient to ensure the absence of sliding between
      the entraining device and the card and breaks therefore occur in the
      movement.
PAR  The reading and writing device according to the invention is characterized
      in that the card is moved by an entraining device along a path defined by
      two guides having parallel profiles and supported by a pair of support
      plates, the reading or writing is effected by a magnetic head co-operating
      with a card-pressing roller, and the profiled guides, which defines the
      path of the card in the direction of the feed movement, are mounted
      between the two support plates which are in turn disposed parallel and at
      right angles to the guides in such manner as to align the said card with
      respect to the magnetic head. The head is fixed to one of the said support
      plates, while the entraining device is a belt movable in the feed
      direction and kept in contact with the card carried along by means of a
      series of counter-rollers.
PAR  FIG. 7 illustrates in perspective view an electronic desk-top computer in
      which the opening 296 for manual introduction of the cards 295 into the
      reading and writing device.
PAR  The device according to the invention for reading and writing on magnetic
      cards (FIGS. 8a, 8b, 5) permits perfect alignment of the card with respect
      to the reading and writing head by employing a pair of plane support
      plates 201 between which there are mounted two parallel profiled guides
      202 and 203 which guide the magnetic card 295 in the direction of movement
      along the feed path. These support plates are parallel and at right angles
      to the said guides and the distance between them, equal to the width of
      the magnetic card, is precisely fixed the spacers 204, 205 and 206; the
      plates 201 act as aligning surfaces.
PAR  The magnetic head 207 is fixed to one of the support plates; in
      correspondence with this head, the guide 203 has a window through which a
      roller 210 is mounted. Roller 210 is mounted on an oscillating support 211
      and is subject to the action of a spring 212.
PAR  The feed or advance of the card 295 is performed by an entraining belt 208
      carried by a driving roller 220 and two return rollers 221 and 222; the
      belt is stretched by tensioning roller 223 mounted on oscillating arm 225.
      This belt, moving parallel to the aligning plates and in the direction of
      advance along the feed path, produces the entraining action by friction on
      the opposite face of the card to that on which recording is effected by
      cooperating with a series of pressure or counter-rollers 231, 232 and 233.
      In correspondence with this belt the profiled guides 202 and 203 have
      windows which enable the belt and the counter-rollers to contact the card.
      The reading and writing device according to the invention therefore
      ensures movement of the card without slipping inasmuch as the entraining
      belt adheres to, or keeps in contact with, the card at its non-magnetized
      face over a portion of the said belt, while on this face there operate
      only a number of counter-rollers which ensure the pressure necessary for
      the movement by acting only by means of a limited series of linear
      contacts.
PAR  On one of the support plates, in a position corresponding to that of the
      magnetic head, there is mounted a device detecting the presence of a card,
      the device being constituted by a control microswitch 260 and an actuating
      means 280. The latter comprises a shoe 261 hinged at the end 290 of a
      lever 262 provided with a tooth 291 for activating the microswitch 260.
PAR  In the portion which comes into contact with the face of the card opposite
      that on which recording is effected, the shoe 261 has two projections 292
      and 293 which obstruct the path of the card; only when the card has passed
      below both the projections of the said shoe is the lever 262 turned
      through an angle sufficient to actuate the control microswitch by means of
      the tooth 291.
PAR  A detailed description of the methods by which a computer effects the
      reading and writing of information, data or instructions on a magnetic
      card is contained in U.S. Pat. No. 3,495,222.
PAR  If the condition of reading of the card is selected, each group of 8
      character bits read on the card is transferred serially along the line H
      in FIG. 1 and stored in the shift register KB. In the interval separating
      two successive characters recorded on the card, the said 8 bits are
      transferred from the shift register KB to the store register addressed at
      that moment. Similarly, if the condition of writing on the card is
      selected, in the interval separating two character locations on the card a
      character is transferred from the store register addressed at that instant
      to the shift register KB. Thereafter, this character is extracted
      sequentially bit by bit from the shift register KB and recorded serially
      on the magnetic card.
PAR  In the reading phase, the internal store registers affected by the
      operation of transfer of data or instructions from a card to them undergo
      an erasure of their previous content on superimposition of the new
      information content. The operation of transfer of data or instructions
      from the store registers to a card or vice versa takes place sequentially
      and automatically for all the registers addressed at the moment of the
      selection of the condition of writing or reading, respectively.
PAR  The computer according to the invention is set up in such manner that the
      interpretation of a "closing instruction" extracted from the internal
      store or from the card and transferred to the shift register KA commands
      the interruption of the writing or reading, respectively, on the card of
      the content of every storage location following that occupied by the
      "closing instruction." In the writing phase, this stopping takes place
      after the said instruction has been recorded on the card. In the phase of
      reading of the magnetic card, the presence of the said instruction in the
      shift register KA inhibits the erasure and introduction of information in
      store locations not yet addressed for storing information read from the
      card.
PAR  The use of this "closing instruction" proves useful, for example, for
      limited programs which do not occupy the entire card track, inasmuch as
      this allows the store part available for the deposit of data to be
      extended and the reading from card of a limited program which terminates
      with this special instruction ensures that possible numeric data
      previously calculated and which are to be re-processed are not erased from
      the computer store.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a desk-top computer having a cover having an introduction slot for
      receiving magnetic cards and an exit slot, a device for reading from and
      writing on, magnetic cards having one non-magnetizable face and one
      magnetizable face, said device comprising:
PA1  two parallel guides disposed between said introduction slot and said exit
      slot, said guides being receptive of the cards for defining a path
      therealong to be traversed by said cards with the faces of each card
      running between said guides;
PA1  two support plates for said guides disposed perpendicular thereto, the
      lateral edges of the cards running along the plates;
PA1  writing and reading means rigidly mounted on one of the support plates in
      correspondence with a predetermined portion of said guides;
PA1  an entrainment belt mounted to contact the non-magnetizable face of the
      card as it passes through said guides; and
PA1  pressure-rollers mounted to contact the magnetizable face of the card for
      cooperating with said belt during entrainment of a card.
NUM  2.
PAR  2. The device according to claim 1, including a mechanism for detecting the
      presence of a card between said guides, said mechanism including a control
      microswitch and actuating means, the actuating means including a shoe
      having two projections for contacting the non-magnitized facr of the card
      and a lever hinged to the shoe and which is pivotally mounted on one of
      the support plates and angularly displaced towards the microswitch
      actuating same when the card passes below both projections.
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ABST
PAL  An odometer that employs a pulse generator, the pulses of which correspond
      to a given increment of linear distance. It has a correction circuit which
      may be set to either add or subtract a pulse after a predetermined number
      of pulses have been counted. This corrects the linear distance measured
      for any cumulated total. Consequently, inaccuracies in the dimension
      represented by each pulse will be periodically compensated for by the
      added or deleted pulse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns odometers in general. More specifically, it
      provides for a highly accurate odometer system, such that cumulative
      errors may be eliminated.
PAR  2. Description of the Prior Art
PAR  Heretofore, it had been difficult to manufacture an odometer system which
      is sufficiently accurate to avoid accumulating substantial errors where
      extremely lengthy linear measurements are involved. For example, in
      certain oil-well-drilling procedures in which linear distance is to be
      measured along the drill string, the measurement should be extremely
      accurate. This is especially so when any error is considered relative to
      the total depth of modern deep wells. The conventional linear measurement
      in such case is made from revolutions of the derrick sheave, and the
      sheave or other odometer wheel employed, invariably has manufacturing
      tolerances which result in a discrepancy when taken with practically any
      unit of linear measurement. Such discrepancy may be either positive or
      negative. But in either case, taken over the great distances involved in
      deep-well operations, it will accumulate a substantial and undesirable
      error.
PAR  Thus, it is an object of this invention to provide means for periodically
      making a unit correction, in order to counteract the above-indicated
      manufacturing error.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention concerns a highly accurate odometer which comprises
      means for measuring a predetermined linear distance repeatedly, and means
      for producing a signal corresponding to each said distance measurements.
      It also comprises means for continually counting the total number of said
      signals, and means for algebraically changing said total count repeatedly
      after each of a predetermined subtotal count in order to correct said
      odometer measurement with a desired degree of accuracy.
PAR  Again, briefly, the invention concerns an odometer for accurately measuring
      long linear lengths. It comprises in combination a wheel driving an
      electric pulse generator. The said pulse generator produces a first
      predetermined number of pulses for each predetermined amount of said wheel
      rotation. The wheel rotation measures a predetermined increment of said
      linear length, depending upon the circumference of the wheel. The
      invention also comprises a pulse shaper, and a total pulse counter for
      indicating said long linear length. In addition, it comprises a subtotal
      pulse counter for determining when a second predetermined number of pulses
      has been reached, and means for comparing a present count representing
      said second predetermined number of pulses with said subtotal pulse
      counter. It also comprises a NAND gate for passing a pulse when said
      present count has been reached by said subtotal counter, and a selector
      switch in the input of said total pulse counter. Also, it comprises an add
      channel for introducing an extra pulse. The add channel comprises a
      time-delay circuit for delaying said NAND gate pulse at least the width of
      one of said shaped pulses, and a pulse regenerator. The add channel also
      comprises an OR gate for passing said total number of shaped pulses in
      addition to said regenerated pulse to an add side of said selector switch.
      In addition, it comprises a subtract channel for removing a pulse. The
      substract channel comprises a delay and regeneration means connected to
      the output of said pulse shaper, as well as an inhibit signal flip-flop
      having an input connected to receive said NAND gate pulse, and an inhibit
      OR gate for passing said delay and regeneration means output to a subtract
      side of said selector switch, except when said inhibit signal is present.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and benefits of the invention will be more
      fully set forth below in connection with the best mode contemplated by the
      inventors of carrying out the invention, and in connection with which
      there are illustrations provided in the drawings, wherein:
PAR  FIG. 1 is a schematic block diagram illustrating in general the elements of
      a system according to the invention;
PAR  FIGS. 2 and 3 are signal pulse diagrams illustrative of the manner in which
      a total count is corrected;
PAR  FIG. 4 is a block diagram illustrating the functional elements that are
      included in the correction circuit shown in FIG. 1; and
PAR  FIGS. 5 and 6 together illustrate the details of an electronic circuit that
      is in accordance with the block diagram of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrate an application of the invention to oil-well drilling,
      i.e., where the linear distance that a drill string penetrates in a
      borehole, is to be measured. It will be understood that the drill string
      is supported from a derrick (not shown) by pulleys and a cable (not
      shown). The pulleys include a sheave 11 that is supported on the derrick,
      as indicated by the caption, and the cable (not shown) travels over the
      pulley sheave 11 in supporting the drill string. Thus, the rotation of the
      derrick sheave, or wheel 11 is a direct measurement of linear units
      related to the diameter of the wheel, and which may be translated into the
      vertical displacement of the drill string. Consequently, such vertical
      distance may be measured from the wheel (sheave) rotation.
PAR  Thus, in FIG. 1, there is shown a portion of the derrick sheave, or wheel
      11, and the amount of rotation thereof is, in turn, measured by a pulse
      generator 12. The generator has an input shaft 13 on which there is fixed
      for rotation therewith at all times, a wheel 14 which, in turn, is in
      frictional (non-slip) contact with the peripheral surface of the wheel 11.
PAR  It will be appreciated by anyone skilled in the art that by this
      arrangement the pulse generator 12 may be designed so as to provide an
      electrical pulse-type signal for each revolution or portion thereof, as
      desired. Of course, the relative sizes of the diameters or circumferences
      of wheels 11 and 14 will determine the number of pulses generated for each
      rotation of wheel 11. The pulses thus generated are transmitted over a
      circuit connection 18 that leads into a correction circuit 19. The pulses
      then pass through the correction circuit 19 and are transmitted via a
      circuit connection 20 to a total pulse counter 23.
PAR  It will be appreciated that the pulse generator 12 might take various forms
      so long as an electrical pulse will be produced for each predetermined
      amount of rotation of the shaft 13. Preferably, generator 12 is a
      bidirectional generator which produces two square waves per revolution,
      which pulses are phased at 90.degree. of rotation.
PAR  Similarly, the total pulse counter 23 might take various forms, and there
      are many conventional electronic counters that would be feasible.
PAR  In order to illustrate the principles of this invention, reference may be
      had to the following illustrative example. Thus, if the wheel 11 should
      have a size such that there are five linear units every revolution, and if
      the measurement were desired in one-tenth units, then a pulse generator
      with its wheel 14 would be designed so as to produce fifty pulses per
      revolution. However, if after constructing such equipment it was found
      that the wheel 11 was 5.05 linear units in circumference every two
      revolutions (i.e., 10 units or 100 counts), 10.1 units would have been
      actually measured by the pulse counter. But, only one hundred counts would
      have been produced. However, by providing a correction circuit according
      to this invention, an added pulse would be generated following every
      one-hundredth pulse from the generator. Therefore, the total count would
      be accurate, as desired.
PAR  The same basic principle is illustrated in FIG. 3. Thus, if a series of
      pulses 26 are being generated, e.g. by generator 12 (FIG. 1), and it is
      desired to add an extra pulse after every four pulses, then the generated
      pulses 30, 31, 32, 33, 34, etc., will be going into the correction circuit
      19 (FIG. 1) (as indicated by the caption in FIG. 3), while corresponding
      pulses 36, 37, 38, 39 and 40 will be coming out, plus an additional pulse
      41 in between pulses 39 and 40, i.e., after the fourth pulse.
PAR  On the other hand, if it is desired to eliminate a pulse, for example,
      after every seventh pulse, then the conditions are illustrated in FIG. 2.
      Here, a series of pulses 43 are being generated and going into the
      correction circuit 19 (FIG. 1), while a corresponding series of pulses 44
      will be coming out, both as indicated by the captions in FIG. 2. However,
      the eighth input pulse 45 will be inhibited, as indicated by a space 46 in
      the series of pulses 44.
PAR  It will be noted from the foregoing that the invention applies
      algebraically. In other words, it may be set so as to either add or
      subtract a count after a predetermined number of counts has been reached.
      In addition, it should be pointed out that the spacing between pulses is
      intentionally illustrated as being non-uniform, because the rate need not
      be constant. It is the amount of rotation of the pulse generator that
      determines when each pulse is generated following the preceding one.
PAR  It may be noted that in practice the accuracy is such as to require a large
      number of pulse counts before making a correction. Therefore, as will
      appear in the more detailed description hereafter, a subtotal count
      capacity of three decimal digits is employed.
PAR  FIG. 4 is a block diagram that illustrates the different functional
      elements which make up the correction circuit 19 of FIG. 1. Thus, in FIG.
      4, the circuit connection 18 goes to a pulse shaper 51, and the output
      therefrom goes over three parallel connections 52, 53 and 54.
PAR  Connection 52 goes to the input of a counter and comparator 57, which unit
      has an output via a connection 58 to a NAND gate 59. The NAND gate 59 has
      an output which goes via a connection 62 to two parallel input circuits
      via circuit connections 63 and 64.
PAR  The connection 63 is an input for a half-cycle delay element 67 that has
      the output thereof connected to the input of a pulse regeneration circuit
      68. There are two outputs from regeneration circuit 68 via connections 71
      and 72. The former leads back to the counter and comparator 57, while
      connection 72 leads to an input of a gate 75. It may be noted here that
      the connection 53 leads to another input of the gate 75. This is an OR
      gate so that when either of the signals is present, there will be a pulse
      passed through over a connection 76 which goes to the "add" side of a
      selector switch 77. If this switch is in the illustrated position, pulses
      appearing on connection 76 will be transmitted via the output connection
      20 to the counter 23 (FIG. 1) which makes a total pulse count.
PAR  The other input circuit connection 64 leads to an element of the
      subtraction channel. The elements for subtracting a pulse include a delay
      and regeneration unit 81 that has the output connection 54 connected to
      the input thereof. The output of unit 81 is connected via a connection 82
      to a "RESET PULSES" unit 83, while a parallel connection 86 goes to an
      input of another gate 87. The other input to the gate 87 goes via a
      connection 90 from a flip-flop unit 91 that has one input over the
      connection 64 and the other input via a connection 92 from the unit 83
      which supplies reset pulses.
PAC  OPERATION OF FIG. 4
PAR  While a more detailed circuit showing will be made hereafter in connection
      with FIGS. 5 and 6, the functional operation of the correction circuit may
      be followed with reference to FIG. 4. Electrical pulses are introduced
      over the input circuit connection 18 from the pulse generator 12 (FIG. 1).
      They are shaped in the pulse shaper 51 for purposes of handling in the
      rest of the electrical circuitry.
PAR  Shaped pulses are sent to the counter and comparator 57 where, by a manual
      preset (to be described more fully below), the number of pulses to be
      counted is determined. When that number is reached, a pulse is passed over
      the connection 58 and through the NAND gate 59. This pulse continues over
      the connection 62 to the parallel input circuits 63 and 64. It is a
      control pulse that acts in both the "add" and the "subtract" channels; and
      the channel that is effective at the correction circuit output connection
      20 is determined by the position of the selector switch 77.
PAR  When the correction pulse is to be added, the selector switch 77 will be in
      the position illustrated. Then the shaped pulses out from shaper 51 will
      be passed over circuit connection 53 to the OR gate 75 and on via
      connection 76 and the switch 77 to output connection 20 that leads to the
      total pulse counter 23 (FIG. 1). Also, each time the subtotal number of
      pulses has been reached, the foregoing control pulse (which goes over the
      input circuit 63) is delayed a half-cycle in unit 67 and regenerated in
      circuit 68. The regenerated pulse then goes over connection 72 to the OR
      gate 75 and on as did the shaped pulses from shaper 51. Consequently, the
      additional correction pulse is added after each subtotal number of pulses.
PAR  The circuit connection 71 merely carries a reset pulse back to the counter
      and comparator 57 in order to start over with the next subtotal count.
PAR  On the other hand, if the correction to be made is subtracted of a pulse
      instead of addition of one, the selector switch 77 will be in the opposite
      position. Then the shaped pulses out from shaper 51 which are passing over
      the circuit connection 54 will go into the delay and regeneration circuit
      81. These delayed and regenerated pulses will go over connection 86 into
      one input of the inhibit OR gate 87. Until the above-described control
      pulse is generated, these pulses go on to the total pulse counter via the
      circuit connection 20.
PAR  When the control pulse appears, it goes over the input circuit 64 to the
      flip-flop 91 and flips it to the opposite state. That applies an inhibit
      signal over the connection 90 so that the gate 87 inhibits the next pulse
      and, consequently, the total number of pulses has one subtracted. It
      should be noted that the control pulse is developed from a shaped pulse
      out of shaper 51 so that it will have flipped the flip-flop 91 before a
      corresponding pulse out from the delay and regeneration circuit 81 appears
      at the gate 87.
PAR  At the end of each of the pulses from citcuit 81, there are reset pulses
      generated in unit 83, including one applied over connection 92 to the
      flip-flop 91 so that it tends to be returned continuously, and all of the
      subtotal number of pulses will be passed through.
PAR  The details of how the correction circuit 19 operates will be made clear
      with reference to FIGS. 5 and 6, which illustrate in greater detail the
      electronic circuits that are employed in conjunction with integrated
      circuit elements, such elements being commercially available.
PAC  CORRECTION CIRCUIT -- DETAIL
PAR  FIGS. 5 and 6 illustrate the details of electronic circuitry that may be
      employed in carrying out the general function of the correction circuit,
      which general functions were described above in connection with FIG. 4.
      Thus, the input circuit connection 18 is shown in FIG. 5 while the output
      circuit connection 20 is shown in FIG. 6. Other circuits of FIGS. 5 and 6
      do not necessarily have a counterpart in FIG. 4, but wherever
      corresponding circuit connections exist the same reference numbers will be
      applied.
PAR  It will be appreciated by anyone skilled in the art that the circuits
      illustrated in FIGS. 5 and 6 make use of integrated circuit units that are
      represented by rectangles. The conventional notations employed indicate
      the type of signal, if any, that is applied to the various terminals,
      fourteen in number, that have internal connections or not, depending upon
      the type of integrated circuiut it is. The internal connections are
      indicated by the various manufacturers, both in block-diagram form
      (functional) and in electrical schematic form, for use in designing
      overall circuits. Consequently, such details need not be specifically
      illustrated here.
PAR  Referring to FIG. 5, it will be observed that the input circuit 18 goes to
      the pulse shaper 51 at a terminal marked B. This integrated circuit unit
      (51) is a monostable multivibrator that shapes the pulses generated by the
      generator 12 (FIG. 1), to be square-wave shape and of uniform width. The
      characteristics are determined by an external resistor 95 and capacitor
      96, in conjunction with the voltage applied to the terminal marked Vcc. It
      will be understood that throughout both FIGS. 5 and 6, all terminals
      marked Vcc have a common DC voltage applied whether or not a common
      circuit connection is illustrated. Where the common circuit is omitted it
      is for clarity.
PAR  The output connections 52, 53 and 54 are parallel branches from the output
      terminal marked Q of pulse shaper 51. Consequently, shaped pulses are
      continuously applied to all three circuits.
PAR  Connection 52 goes to a first decade counter 99 which has a caparator 100
      connected to the binary internal circuits thereof, as indicated by the
      four circuit connections marked D, C, B and A, which have the caption
      "ONES DECADE" adjacent to the comparator 100. The comparator is manually
      set for providing output signals at terminals marked X.sub.1 and Y.sub.1,
      when a predetermined decimal count is reached by the counter 99. This
      manual setting is made by adjusting a multiple switch 103 to close binary
      circuits corresponding to the decimal number in a well-known manner. A
      commercially available thumb-wheel type of switch structure (not shown)
      may be employed which indicates the decimal number that corresponds to the
      binary setting. It will be appreciated that the four switches in multiple
      switch 103 represent the four powers of two, i.e., zero, first, second and
      third, in vertically descending position as illustrated. Thus, the decimal
      number illustrated by the setting shown in seven.
PAR  There are two more decade counters 104 and 105 that are connected in series
      to the output of the first, or "Ones" decade counter 99. Each of these
      counters has a corresponding comparator 108 and 109, respectively, and
      each is individually set for providing output signals at terminals marked
      X.sub.2, Y.sub.2 and X.sub.3, Y.sub.3, respectively, all in the manner
      indicated above regarding comparator 100. A multiple switch 112 is
      connected to the comparator 108, while another multiple switch 113 is
      connected to comparator 109. It may be noted that the decimal number
      setting illustrated is again seven in each case so that the total number
      to be compared with the counter is seven-hundred-and-seventy-seven. It
      will be understood that the set number might be anything desired from one
      to nine-hundred-and-ninety-nine, as determined by the settings of the
      thumbwheel switches 103, 112, and 113.
PAR  The output signals from the comparators 100, 108 and 109 all go to an
      inverter 116 in the manner indicated by the terminal markings. This is
      illustrated by only one completed connection 117 which goes from output
      terminal Y.sub.2 of comparator 108 to input number four (marked IN 4) of
      the inverter 116. Outputs from the inverter 116 go to an integrated
      circuit unit 59 in the manner indicated. This unit 59 acts as a NAND gate,
      as was indicated in connection with FIG. 4, and whenever there is a total
      coincidence between the three decade counters 99, 104, 105 and the
      corresponding numbers set in the comparators 100, 108 and 109, there will
      be an output pulse on the circuit connection 62 which has the caption
      "OUTPUT" in FIG. 5.
PAR  Now referring to FIG. 6, it will be observed that connection 62 divides
      into the parallel connections 63 and 64 in the manner already indicated in
      connection with FIG. 4. Thus, connection 63 leads into the one-half cycle
      delay element 67 which is a monostable multivibrator having an external
      resistor 121 and a capacitor 122, which have the necessary values to make
      the delay at least as long as the width of a pulse coming from the pulse
      shaper 51 (FIGS. 4 and 5). Then a signal at the end of the delay goes over
      a connection 125 to the pulse regeneration circuits 68 which is another
      monostable multivibrator. This one has an external resistor 126 and
      capacitor 127 that are designed to generate a pulse of the same width as
      the shaped pulses generated by the shaper 51.
PAR  The output of the regenerator 68 goes over the connection 72 to one of two
      OR gate inputs of a plural-gate integrated circuit 130, the other input
      being connection 53 which was mentioned above. It should be noted that the
      reference to OR gates may include NOR gates, but the sense of the
      description will be clear to one skilled in the art. The output of this OR
      gate is connected over the add-channel connection 76 to a terminal of the
      selector switch 77 (shown with terminals reversed vis-a-vis FIG. 4), so
      that all of the shaped pulses from shaper 51 are passed to this terminal,
      in addition to an extra pulse at the end of the preset counted number of
      pulses. The extra pulse appears in between the last of the subtotal
      counted number and the next pulse, which is the first of the next
      succeeding subtotal count.
PAR  The other parallel connection 64 leads to an input of the flip-flop 91.
      This is one-half of an integrated circuit of the type known as a "dual J-K
      master-slave flip-flop", and when the pulse appears on circuit connection
      64 from connection 62, it will flip the flip-flop and so produce an output
      signal on the circuit connection 90, which goes to one of the inputs of
      the integrated circuit 130 where it inhibits the next signal from the
      companion input circuit 86.
PAR  Before the inhibit signal from flip-flop 91 appears, the shaped pulses from
      shaper 51 (FIG. 5) are going over the third parallel circuit connection 54
      to a delay unit 131 that is another monostable multivibrator which has an
      external resistor 134 and capacitor 135. This delays the shaped pulses so
      that after they are regenerated in another integrated circuit 138, they go
      over a circuit connection 141 to the connection 86. Consequently, until
      the subtotal count of pulses has been reached, they are all being delayed
      a predetermined amount and transmitted along the subtract channel after
      regeneration. The path includes connections 141 and 86 leading into the
      integrated circuit 130. Then it goes out and in over a circuit connection
      142 in order to invert the pulses which go out over a circuit connection
      145 that leads to one terminal of the selector switch 77. It will be
      observed that in FIG. 6 the selector switch 77 is illustrated in the
      subtract-channel position.
PAR  Necessary reset pulses are generated from the regenerated pulses in the
      subtract channel, i.e., from the output of integrated circuit 138, by
      having another monostable multivibrator unit 148 which has an output
      connection 149. This reset returns the flip-flop 91 to its original state
      after each time it has been flipped to inhibit a pulse in the subtract
      channel.
PAR  Similarly, there is a reset pulse developed by the regenerator 68 that goes
      to the counters 99, 104 and 105 over a circuit connection 152. This resets
      all counters after each subtotal count has been reached, and following the
      foregoing action in the add and subtract channels. In the former, an
      additional pulse is inserted, while in the latter a pulse is inhibited.
      The result, of course, affects the total count transmitted over connection
      20 in the alternative, depending upon the state of the selector switch 77.
PAR  While the invention has been described above in considerable detail in
      accordance with the applicable statutes, this is not to be taken as in any
      way limiting the invention, but merely as being descriptive thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. An odometer for accurately measuring long linear lengths, comprising in
      combination
PA1  a wheel driving an electric pulse generator,
PA1  said pulse generator producing a first predetermined number of pulses for
      each predetermined amount of said wheel rotation,
PA1  said wheel rotation measuring a predetermined increment of said linear
      length depending upon the circumference thereof,
PA1  a pulse shaper,
PA1  a total pulse counter for indicating said long linear length,
PA1  a subtotal pulse counter for determining when a second predetermined number
      of pulses has been reached,
PA1  means for comparing a preset count representing said second predetermined
      number of pulses with said subtotal pulse counter,
PA1  a NAND gate for passing a pulse when said preset count has been reached by
      said subtotal counter,
PA1  a selector switch in the input of said total pulse counter,
PA1  an add channel for introducing an extra pulse, comprising
PA1  a time-delay circuit for delaying said NAND gate pulse at least the width
      of one of said shaped pulses,
PA1  a pulse regenerator, and
PA1  an OR gate for passing said total number of shaped pulses in addition to
      said regenerated pulse to an add side of said selector switch, and a
      subtract channel for removing a pulse, comprising
PA1  a delay and regeneration means connected to the output of said pulse
      shaper,
PA1  an inhibit signal flip-flop having an input connected to receive said NAND
      gate pulse, and
PA1  an inhibit OR gate for passing said delay and regeneration means output to
      a subtract side of said selector switch, except when said inhibit signal
      is present.
NUM  2.
PAR  2. A highly accurate odometer, comprising
PA1   means for measuring a predetermined linear distance repeatedly,
PA1  an electric pulse generator for producing a signal corresponding to each
      said distance measurement,
PA1  an electronic counter for continuously counting the total number of said
      signals,
PA1  means for determining when a predetermined subtotal count has been reached
      comprising a second electronic counter,
PA1  means for algebraically changing the total count by one,
PA1  switch means for selecting whether said change count is added or
      substracted,
PA1  a pulse shaper having an input connected to said pulse generator and
      plurality of output circuits,
PA1  a pair of gates having the outputs thereof connected to said switch means,
PA1  one of said pulse shaper output circuits being connected to said subtotal
      counter means,
PA1  another of said pulse shaper output circuits being connected to one of said
      gates, and
PA1  a third of said pulse shaper output circuits being connected to the other
      of said gates.
NUM  3.
PAR  3. An odometer according to claim 2, further including
PA1  delay and regeneration means connected in series with said third pulse
      shaper output circuit whereby said continuous electronic counter receives
      said pulses with a predetermined delay except when a pulse is inhibitied
      after said subtotal count has been reached.
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ABST
PAL  A console with a keyboard and visual display means is employed for setting
      or adjusting various controller circuit parameters such as control mode
      adjustments of the gain, integral and derivative times, set point, dead
      zone, high and low limit control and alarms, and the like, depending upon
      which such circuits are included in the controller. The parameters so set
      may be displayed by use of the display means under control of the
      keyboard. In addition, other circuit operating conditions such as the
      values of the process signal, error or deviation signal, manipulated
      variable or output signal, and the like, may be displayed by the display
      means under keyboard control. Furthermore manual controller operation
      under keyboard control also is provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Controllers, including indicating controllers, are widely used in process
      control systems to control one or more process variables such as pressure,
      flow, temperature, liquid level, or the like. In a typical system the
      controlled variable is measured and the measured value is fed back for
      comparison with a reference input sp comprising the desired value of the
      controlled variable. An error signal, E, comprising the difference between
      the reference input sp (or set point) and measured value of the controlled
      variable, is supplied as an input to controlling circuits such as dead
      zone comparators, proportional gain amplifiers or multipliers, integral
      and derivative compensation circuits, and the like, for the desired
      controller action. A three mode controller employs the three proportional,
      integral and derivative control actions. The output (i.e. manipulated
      variable) from the controlling circuit or circuits is supplied to the
      controlled system to maintain the controlled variable at the set point.
      Digital, analog or a combination of digital and analog circuitry may be
      employed.
PAR  Prior art controllers often include one or more analog meters at the front
      panel thereof for display of one or more controlled values such as the
      measured value of the controlled variable and the error signal. A dial for
      setting and indicating the set point also is included at the panel.
      Various other control knobs for mode adjustment are included, which often
      are located behind the front panel to reduce the already cluttered
      appearance of the front panel. Generally, no display of the mode
      adjustments other than the physical positioning of the knobs with respect
      to their associated dials is provided. Actual values of many directly
      adjustable and non-adjustable controller circuit parameters can be checked
      only by use of suitable test instruments.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is the provision of a controller system and
      method which overcome the above-described shortcomings and disadvantages
      of the prior art arrangements.
PAR  A futher object of this invention is the provision of a controller whereby
      actual values of many different controller circuit parameters and
      operating conditions at different circuit points may be displayed at the
      controller panel or console.
PAR  A further object of this invention is the provision of a controller of the
      aforementioned type in which the parameter or condition to be displayed is
      readily selected by selector means at the front of the control panel.
PAR  A further object of this invention is the provision of a controller of the
      aforementioned type including a second display to identify the parameter
      or condition selected to be indicated.
PAR  A further object of this invention is the provision of a controller which,
      when operated in a manual, open-loop, mode provides a visual display of a
      measure of the manipulated variable which is supplied to the controlled
      system to facilitate manual setting thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects and advantages are achieved by a controller
      which may have proportional, integral and derivative actions. A plurality
      of storage units are included which contain information such as set point,
      proportional gain, integral and derivative time constants. A console
      having indicator means and a keyboard is provided for such uses as
      entering information into said storage units, displaying the amount to be
      entered and the amount entered in an identified storage unit, and
      displaying circuit conditions at selected circuit locations such as the
      manipulated variable, or output, error signal, or the like, while
      displaying an identification of such circuit location. Counters and
      registers under control of the keyboard are used in the selection of
      circuits and the temporary storage of information to be entered into said
      storage unit.
PAR  The novel features which are believed to be characteristic of the invention
      are set forth with particularity in the appended claims. The invention
      itself, however, both as to its organization and method of operation,
      together with further objects and advantages may best be understood by
      reference to the following description taken in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like reference characters refer to the same parts
      in the several views:
PAR  FIGS. 1A, 1B, and 1C, together, comprise a block diagram showing one form
      of controller embodying this invention used for fluid flow control;
PAR  FIG. 2 is a front view of a controller showing the display means and
      keyboard; and
PAR  FIGS. 3, 4 and 5 are block diagram illustrations of exemplary derivative
      compensation, dead band comparator, and integral compensation units,
      respectively, which may be utilized in the controller shown in FIGS. 1A,
      1B and 1C.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Reference first is made to FIG. 1A wherein there is shown, for purposes of
      illustration, a three mode controller having proportional, integral and
      derivative controller action, in addition to a manual operating mode. In
      the illustrated arrangement the controller is used for the automatic
      control of fluid flow within a pipe 10. Obviously, use of the controller
      for control of other process variables is contemplated.
PAR  Sensing means 12 are located in the pipe 10 downstream of the flow control
      valve 14 to provide a measure of the controlled variable which, in the
      illustrated arrangement, is an analog rate of flow signal. Such flow
      sensing means are well known in the art and require no detailed
      description.
PAR  The analog process signal from the sensing means 12 is applied to a signal
      conditioning unit 16 for setting of zero levels and ranges compatible with
      the controller input circuitry. Typically, the analog signal conditioner
      16 comprises an operational amplifier with a differential input circuit
      and having a high common mode rejection. As noted above in the background
      of the invention analog, digital and a combination of analog and digital
      controller circuits are well known. In the illustrated embodiment, wherein
      digital controller circuitry is employed, the modified analog process
      signal from the conditioning unit 16 is converted to digital form by an
      analog to digital (A/D) converter 18. The exemplary A/D converter has four
      binary coded decimal (BCD) digit outputs provided over 16 lines, and
      decimal place information provided over two lines for locating the decimal
      point before any of the four digits.
PAR  The digital process signal from the A/D converter 18 is supplied to a
      Read/Write process storage unit 20 comprising, for example, a plurality of
      magnetic cores or flip-flops each of which have two stable states.
      Preferably, but not necessarily, the unit 20 comprises non-volatile
      storage means such as a magnetic core array. The magnetic cores function
      as flip-flops which are set by application thereto of the BCD signals from
      the A/D converter 18, and are re-set (demagnetized) by application of
      clock signals cl from clock oscillator 19. The process storage unit 20
      provides a temporary binary storage for the digital output signal from the
      A/D converter 18, the contents of which storage unit is periodically
      updated to store the measure of the process from sensor unit 12. The
      storage unit is periodically cleared, set and read out under control of
      the clock signal cl.
PAR  The four digit process signal with decimal place information is identified
      as pr1, pr2, pr3, pr4 and prd at the output from the process storage unit
      20. The process signal may be manifested at a visual display means 46
      (FIG. 1B) through 18 AND gates 21 when the gates are conditioned to pass
      signals upon energization of the other input lead thereto from an OR gate
      23. The OR gate 23 may be supplied with process (pro), high alarm (ha) or
      low alarm (la) input signals in the presence of any one of which signals
      the OR gate 23 transfers an enable signal to each of the 18 AND gates 21.
      A keyboard 24, shown in FIG. 1B, and associated circuitry including
      function and input counters and decoders 26 and 28, respectively, supply
      many of the control signals employed in the operation of the controller
      described below.
PAR  The process signal from the process storage unit 20 is supplied through a
      digital adder 30 to a digital subtractor 32. In the exemplary arrangement,
      a derivative operation is performed directly on the process signal by a
      derivative compensation circuit 34 having an output which is added to the
      process signal at the digital adder. Digital derivative action may be
      effected by use of a suitable derivative, or tachometer, circuit which
      effectively takes the difference of two successive discrete inputs at
      times t.sub.1 and t.sub.1 + .DELTA. t and divides by .DELTA. t, a fixed
      value. The rate signal from the unit 34, which is added to the process
      signal from process and storage unit 20, provides for stability of
      controller operation, particularly where the process signal is operable
      over a broad range.
PAR  A derivative storage unit 38 associated with the derivative compensation
      unit 34 establishes or sets the value of the derivative constant of the
      unit 34. The storage 38 preferably, but not necessarily, comprises an
      array of magnetic cores, or similar non-volatile storage means, which
      function as flip-flops supplied with the desired derivative constant,
      K.sub.D information. The cores are set by A group signals supplied thereto
      through AND gates 40 in the presence of enter' (ent') and derivative tach
      (drvt) signals at the AND gate inputs. A reset signal from an AND gate 48
      to demagnetize the magnetic cores of the derivative storage unit 38 is
      provided upon simultaneous application of erase (era) or enter (ent) and
      drvt signals to the gate. A suitable derivative compensation unit 34 which
      may be employed in the controller is shown in additional detail in FIG. 3
      described below.
PAR  As will become apparent hereinbelow the A group signals are obtained from
      numerical and decimal point registers 42 and 44, respectively, in which
      numerical and decimal point information is entered through operation of
      the keyboard 24 (FIG. 1B). The ent and drvt signals are derived from the
      keyboard 24 and input counter and decoder 28, respectively. It will here
      be noted that the keyboard 24 and associated registers 42 and 44 are used
      to supply A group signals to other storage units under control of the
      input counter and decoder 28. In the exemplary arrangement the A group
      signals from the registers 42 and 44 comprise four BCD digit outputs over
      16 lines and decimal place information over two lines, for a total of 18
      lines. The block 40 (FIG. 1A) therefore represents 18 AND gates to which
      the 18 individual digit and decimal place lines are connected. All of the
      AND gates 40 have drvt and ent' input lines thereto which must be
      energized in order to enter the A group information into the storage unit
      38. Also, the contents of the registers 42 and 44 are displayed at first
      visual display means 46 (FIG. 1B) to allow the operator to visually check
      the same before entry into an appropriate storage unit upon depression of
      the Enter Key. Additionally, the contents (dt1, dt2, dt3, dt4 and dtd) of
      the derivative tach storage unit 38 are displayed at the visual display
      means 46 (FIG. 1B) through use of 18 AND gates 50 when the drvt signal is
      supplied to the AND gates. With this arrangement the amount to be entered
      into the storage unit 38 and, subsequently, the amount so entered may be
      displayed.
PAR  The derivative compensated process, or feedback, signal from the digital
      adder 30, together with a reference, or setpoint signal sp from a set
      point storage unit 52 are supplied to the digital subtractor 32 where the
      reference signals is subtracted from the modified feedback signal to yield
      an error, or deviation, signal E proportional to the difference
      therebetween. The set point storage unit 52 may comprise an array of
      magnetic cores of the same design as employed in other storage units,
      including the derivative storage unit 38. Resetting of the magnetic cores
      is effected by application of a reset signal thereto from AND gate 54 when
      the gate is supplied with simultaneous erase (era) or enter (ent) and set
      signals. Setting of the cores with the desired set point information is
      effected by application of A group, delayed enter (ent') and set signals
      applied through 18 AND gates 56, and display of the set point storage unit
      contents (sp1, sp2, sp3, sp4, and spd) at the visual display means 46
      (FIG. 1B) is effected through 18 AND gates 58 each of which is supplied
      also with the set signal from the function counter and decoder 26.
PAR  The error signal E from the digital subtractor 32 may be displayed at
      display unit 46 through 18 AND gates 60 upon application of a deviation
      (dev) signal thereto from the keyboard controlled function counter and
      decoder 26. The four BCD digits E1, E2, E3, E4 and decimal place
      information Ed also are supplied over 18 lines to a digital dead band
      comparator unit 62. As is well understood by those skilled in this art, if
      the Error signal falls within the dead band established by the comparators
      62 the output from the comparators is zero (or some zero offset value, if
      desired). So long as the error signal E remains within the dead band, or
      zone, no change in the controller output is produced. The width of the
      dead band is established by the contents of the dead band storage unit 64
      associated therewith. An exemplary dead band comparator which may be
      employed in the unit 62 is shown in FIG. 4 and described in detail herein
      below.
PAR  The dead band storage unit 64 may be of the same magnetic core type as
      derivative 38 and set point 52 storage units and requires no detailed
      explanation. The dead band storage unit memory units are set by
      application of A group, dead zone (dedz) and delayed enter (ent') signals
      thereto through AND gates 66, and are reset to zero by application of a
      reset signal applied thereto through AND gate 68 whose output is high
      whenever simultaneous erase or enter and dedz signals are applied thereto
      from the keyboard 24 and input counter and decoder 28. Also, display of
      the contents of the dead band storage unit 64 at numerical visual display
      means 46 is effected through use of a plurality of AND gates 70 when the
      AND gates are supplied also with the dedz signal input.
PAR  When the error signal E to the dead band comparator 62 exceeds the dead
      zone the output from the comparator responds to such error signal. The
      comparator output E is multiplied by a digital multiplier 72 having an
      output comprising the product of the error signal input E thereto and the
      magnitude of the signal supplied thereto from a proportional gain storage
      unit 74. As with the above-described derivative, set point and dead band
      storage units the proportional gain storage unit 74 may comprise an array
      of magnetic cores which may be reset by the output from an AND gate 76
      when simultaneously supplied with erase (era) or enter (ent) and
      proportional gain (prgn) signals, which may be set by the outputs from AND
      gates 78 upon application of Group A, delayed enter (ent') and prgn
      signals to the input thereof, and the contents of which storage unit may
      be displayed at visual display means 46 through operation of AND gates 80
      upon application of a prgn signal at the inputs thereof. The BCD
      proportional gain storage unit 74 output supplied over 18 lines to the
      digital multiplier 72 and AND gates 80 is identified g1, g2, g3, g4 and
      gd. Digital multipliers of the type employed are well known in the art and
      require no further description.
PAR  The digital multiplier 72 output Eg (comprising the derivative compensated
      error signal E multiplied by the stored proportional gain signal g) is
      supplied over 18 lines to 18 AND gates 82. In the automatic mode of
      controller operation a ma (not manual) signal is supplied to the AND gates
      to enable passage of the Eg signals therethrough. The ma signal is derived
      from a keyboard operated circuit described below.
PAR  In the automatic mode of operation of the exemplary controller, the
      multiplied error signal Eg is supplied to a digital adder 84 through
      integral compensation unit 86 and through OR gates 90 where the integral
      and proportional gain signals are added to provide a manipulated variable,
      or output signal ot1, ot2, ot3, ot4 and otd.
PAR  Integral, or lag, compensation as required is performed at the digitally
      operated integral compensation unit 86 by any well known process. For
      example, the process may include the summation of discrete values of
      Eg.sub.t1, Eg.sub.t2, . . . Eg.sub.tn. Considering a fixed .DELTA. t,
      established by a clock cl input thereto, the conventional low frequency
      Bode break is established by the value of n, beyond which the oldest
      values of Eg.sub.tn.sub.+1, Eg.sub.tn.sub.+2, . . . are successively
      discarded as new values of Eg are added to the summation. Commercially
      available digital integrating means may be employed in this integrating
      process.
PAR  The integral constant for the integrating unit 86 is established by the
      contents of an integral compensation storage unit 90 connected thereto
      over 18 lines. As with above-described storage units, the unit 90 may
      comprise an array of magnetic cores which may be reset by a signal from
      AND gate 92 when supplied with simultaneous erase (era) or enter (ent) and
      integral (int) signals, which is set by application of A group, ent' and
      int signals to a plurality of AND gates 94 connected thereto, and the
      contents in1, in2, in3, in4 and ind of which may be displayed at visual
      display means 46 through AND gates 96 when such gates are simultaneously
      supplied with the int signal. An exemplary digital integrating means which
      may be used in my novel controller is shown in FIG. 5 described below.
PAR  If desired, a derivative compensation unit, together with an associated
      derivative compensation storage unit, not shown, may be included between
      the AND gate 82 output and digital adder 84 input for derivative
      controller action. Such units may be of the same type and function in the
      same manner as the derivative (tach) units 34 and 38 described above, and
      require no additional description. They essentially would replace the
      function of the derivative tachometer units 34 and 38.
PAR  The proportional and integral control signals from the digital multiplier
      and integral compensation units, respectively, are added at digital adder
      84 and the output ot1, ot2, ot3, ot4 and otd from the adder is shown
      supplied through a digital to analog (D/A) converter 106 to a valve
      operator 108 for opening and closing operation of the valve 14 to
      automatically control the flow of fluid in pipe 10. Either an AC or DC
      reference is supplied to the D/A converter 106 for producing an AC or a DC
      analog output compatible with the requirements of the valve operator 108.
PAR  Alternatively, the controller output may be converted to pulses, as by use
      of a digital to pulse rate converter 110 having an output over two lines,
      one line indicating sense or direction, and the other line providing a
      pulse rate proportional to the magnitude of the signal supplied thereto
      from the digital adder 84, which output is suitable for driving a stepper
      motor, or the like. Also, display of the controller output at visual
      display means 46 is effected through AND gates 112 which are conditioned
      for passage of the output signals upon application of an output (out)
      signal to each of the gates, which output (out) signal is provided by the
      function counter and decoder 26 under control of the keyboard 24 (FIG.
      1B).
PAR  The exemplary controller is conditioned for manual operation by removal of
      the ma signal from the input to the AND gate 82 disabling the same thereby
      preventing passage of the Eg signal from the digital multiplier to the
      adder 84. Simultaneously, a ma (manual mode) signal is supplied to an AND
      gate 114 (FIG. 1A) to enable the same for passage of signals from .+-. jog
      generator 116 to the digital adder 84 through the AND gate 114 and OR gate
      90. The generator 116 output is increased positively by application of +
      jog signal at the input thereof together with an 8 or 9 signal thereto;
      the output changing at a slow rate with an 8 signal supplied thereto and
      at a faster rate with a 9 signal. A negative going output from the
      generator 116 is provided by application of a - jog signal thereto,
      together with an 8 or 9 signal for a slow or fast rate of change. The
      generator 116 may simply comprise an analog to digital converter supplied
      with an output from a motor driven potentiometer driven in one direction
      under control of a + jog signal, in the other direction under control of a
      - jog signal, and at a slow or fast rate under control of an 8 or 9 signal
      thereto. The source of the + jog, - jog, 8 and 9 signals is described
      hereinbelow with reference to FIG. 1B.
PAR  Before continuing the description of the controller circuitry, the control
      and display panel 120 of the novel controller will be described with
      reference to FIG. 2. In the illustrated arrangement the panel 120, which
      may comprise the front of the controller, a separate console, or the like,
      is provided with the keyboard 24, the numerical visual display means 46,
      an alphabetic display means 122, and a fixed display means 124 which is
      lighted or unlighted depending upon certain operating conditions.
PAR  The keyboard 24 includes a set of decimal keys numbered 0 and 1-9 for
      successively entering the digits of a multiple digit number up to four
      digits, into the numerical register 42 (FIG. 1B) for subsequent transfer
      to one of the above-mentioned storage units. A decimal place key 126 is
      included for entry of decimal place information into register 44 for
      location of a decimal point before any one of the four digits entered by
      the decimal keys. Erase, function, input and enter keys are also included
      for generation of erase (era), function (fun), input (inp) and enter (ent)
      signals, some of which signals have been mentioned above with reference to
      the description of operation of the controller illustrated in FIG. 1A.
PAR  As mentioned above, AND gated signals from various circuit locations,
      including storage units, may be supplied to the numerical visual display
      means 46 to manifest the operating conditions at such locations. In
      addition, the display means 46 serves to visually manifest the decimal and
      decimal place information entered into the registers 42 and 44 through
      actuation of the decimal and decimal place keys.
PAR  The alphabetic display means 122 is used to manifest the source or type of
      digital information manifested by the numerical display means 46. For
      example, the word PROCESS is displayed, as illustrated in FIG. 2, when the
      process control, or feedback, signal from the process storage unit 20 is
      supplied to the numerical display means 46 through AND gate 21 upon
      enablement of the AND gate by a process (pro), high or low limit alarm
      signal (ha or la) from OR gate 23.
PAR  The fixed display means 124 manifests the process units of the variable
      being controlled. As noted above, controllers are used to control such
      process variables as flow, pressure, temperature, and the like. In the
      exemplary arrangement wherein the controller is used for flow control, the
      flow rate, in gallons per second G.P.S. is displayed. As seen in FIG. 1C,
      a process units display flip-flop 128 is used to energize and deenergize
      the display light 124, the light being energized and deenergized in the
      set and reset states, respectively, of the flip-flop. The flip-flop is set
      by application of a pro, set, dev, + jog, - jog, hi lim, lo lim or dedz
      signal thereto through an OR gate 130, and is reset by application of an
      out, prgn, drvt, or int signal thereto through OR gates 132 and 133. The
      flip-flop 128 also is set by an ent signal at the input to AND gate 131 in
      the absence of a signal from OR gate 132. Also, it is reset by a shift
      signal sh at the input to the OR gate 133. By illuminating the display
      during certain operations and not during other operations the operator can
      tell whether actual operating conditions or the contents of registers 42
      and 44 are displayed at display means 46. Whenever a numerical key is
      depressed to enter information into register 42 a shift signal sh is
      produced to extinguish the process units display 124. This serves as a
      reminder to the operator that the entry key must be depressed to transfer
      information from the registers 42 and 44 to the selected storage. The AND
      gate 131 appropriately inhibits the ent pulse whenever the output from OR
      gate 132 is present, the process units display 124 being extinguished
      whenever out, prgn, drvt, or int signals are present.
PAR  Controllers often are provided with an alarm and/or corrective action
      circuitry for operation when certain operating limits are exceeded. With
      some arrangements, for example, an alarm may be operated if the error, or
      deviation, signal E from the subtractor circuit exceeds a predetermined
      value. In addition, or alternatively, an alarm and/or corrective action
      may be taken if the process signal exceeds a predetermined maximum and/or
      falls below a predetermined minimum value.
PAR  In the exemplary arrangement high and low limit alarm functions are
      provided when the flow rate exceeds or drops below preset maximum and
      minimum values, respectively. As seen in FIG. 1C high and low limit
      storage units 134 and 136 are shown for storing the predetermined maximum
      and minimum values of flow at which the alarm will function. As with other
      storage units described above, the units preferably are of the nonvolatile
      type, such as magnetic core arrays, which cores are reset by simultaneous
      application of era (erase) or ent (enter) and hilim (high limit) or lolim
      (low limit) signals to the respective AND gates 138 and 140. Simultaneous
      application of Group A, ent' and hilim, or Group A, ent' and lolim signals
      to AND gates 142 and 144, respectively, sets the storage units with the
      desired high and low limit values. These limits may be displayed at
      numerical display unit 46 (FIG. 1B) through use of AND gates 146 and 148
      upon application of hilim and lolim signals, respectively, to the gates.
PAR  High and low limit comparators 150 and 152 compare the preset high and low
      limit values from the storage units with the process signal pr from the
      process unit 20 (FIG. 1A) and if the preset values are exceeded, in the
      high or low direction, output signals ha and la, respectively, are
      produced at the comparator outputs. The process signal is displayed
      through AND gates 21 now enabled by an ha or la signal supplied thereto
      through OR gate 23. The ha and la signals also are supplied to an alarm
      display encoder 154 through OR gate 155. The encoder 154 has an output
      when energized, identified as the F group which is supplied to the
      alphabetic visual display unit 122 to spell out the word ALARM. Signals
      from the F group are shown supplied to five of the letter displays of the
      display unit 122 for production of the required five letters ALARM. It
      will be apparent that the alarm signals ha and la also could be used to
      energize an audible or other such alarm means. Also, these signals could
      be employed in the controller to initiate corrective action such as
      shutting down operation, momentarily decreasing or increasing the output
      signal OT in an effort to reduce or increase flow, respectively, to avoid
      the alarm condition, or the like.
PAR  Information for all of the above-mentioned storage means (with the
      exception of the process storage unit 20 which receives its input
      information from the A/D converter 18) is supplied by the operator through
      use of the manually operated keyboard 24. Referring to FIG. 1B the keys
      may comprise push-button switches supplied with power from a bus, not
      shown. The digit key outputs 0-9 are connected to encoder means 156
      comprising a plurality of decimal to binary coded decimal encoders for
      uniquely encoding the decimal digits. The encoder outputs, each over 4
      lines, are supplied through OR gate 158 and delay unit 160 to the set
      terminal of the No. 1 place numerical register 42-1 of the temporary
      storage means 42. The storage means 42 includes four registers 42-1, 42-2,
      42-3 and 42-4, each of which may comprise four flip-flops. The four
      flip-flops of the No. 1 place register are individually set by the four
      lines from the delay unit 160. A delayed enter signal ent" from the enter
      key through delay means 161 is supplied as a clear pulse to all of the
      registers 42 to clear the same.
PAR  All of the decimal keys are connected to an OR gate 162 for production of a
      shift signal sh at the OR gate output every time a decimal key is
      depressed. The shift signal is supplied to each of the registers of
      storage means 42 to shift the contents of the next highest register. The
      contents of the No. 4 place register 42-4 is simply emptied, or erased.
      The shift signal reaches the registers before the delayed set signals
      reach the No. 1 place register 42-1 whereby the register contents are
      shifted before the BCD information from the encoder means 156 reaches the
      No. 1 place register.
PAR  Decimal place information is entered into temporary storage means 44 by the
      dec (decimal) key 126. The storage means 44 may simply comprise four
      registers 44-1, 2, 3 and 4, each of which comprises a signal flip-flop.
      The delayed enter signal ent" from the delay unit 161 is supplied to all
      of the registers as a clear signal to clear the same, the registers 44-2,
      44-3 and 44-4 being supplied with the ent" signal through OR gates 164-2,
      164-3 and 164-4, respectively. A dec (decimal) signal from the decimal
      place key functions to set the No. 1 place flip-flop 44-1 and to clear the
      No. 2, No. 3, and No. 4 place flip-flops by connection through the OR
      gates 164-2, 164-3 and 164-4. The shift signal sh is supplied to all of
      the registers 44-1, 44-2, 44-3 and 44-4 to shift the contents to the next
      higher register, and the last place register being emptied.
PAR  The numerical and decimal place information contained in the registers of
      storage means 42 and 44 is visually manifested at the visual display means
      46. The BCD information from the numerical registers is encoded for use by
      the display elements, such as light emitting diodes, or the like. The
      numerical information is supplied to the display means 46 through OR gates
      166-1, 2, 3 and 4 (each of which blocks represents four OR gates for the
      four BCD lines) whereas the decimal place information is supplied thereto
      through OR gates 168-1, 168-2, 168-3 and 168-4. The same numerical
      information at terminals No. 1P, No. 2P, No. 3P and No. 4P, and decimal
      place information at terminals No. 1 dec, No. 2 dec, No. 3 dec and No. 4
      dec, collectively identified as the A group of signals, is supplied to the
      AND gates which supply set signals to the derivative (tach), setpoint,
      deadband, proportional gain, integral, high and low limit storage units
      described above for storing the information when the selected AND gate is
      enabled.
PAR  The OR gates 166-1, 2, 3 and 4 also may be supplied with AND gated group G,
      H, I and J signals from AND gates at various controller circuit locations,
      including the above-mentioned storage units. In particular, AND gated g1,
      g2, g3 and g4 (proportional gain), in1, in2, in3 and in4 (integral), hi1,
      hi2, hi3 and hi4 (high limit), lo1, lo2, lo3 and lo4 (low limit), dz1,
      dz2, dz3 and dz4 (dead zone), dt1, dt2, dt3 and dt4 (derivative
      tachometer), pr1, pr2, pr3 and pr4 (process), sp1, sp2, sp3 and sp4 (set
      point), e1, e2, e3 and e4 (error) and, ot1, ot2, ot3 and ot4 (output)
      signals may be supplied to the visual display means 46 through the OR
      gates 166-1, 166-2, 166-3 and 166-4, respectively, for visual display
      thereof.
PAR  The decimal place information for these numerals is applied through one of
      the OR gates 168-1, 2, 3 or 4 for location of the decimal point before any
      one of the numerals. No decimal point display indicates that the decimal
      point is located after the 4th place digit. Decimal place information for
      the del, de2, de3 and de4 input termals of the OR gates 168-1, 2, 3 and 4,
      respectively, is obtained from a four position decimal place decoder 170
      (FIG. 1C) having an output at one of the four output lines depending upon
      the binary coded information at the input thereto. The input to the
      decoder 170 is obtained from two OR gates 15 to which the AND gated gd,
      ind, hid, lod, dzd, dtd, prd, spd, ed and otd binary coded decimal place
      signals are supplied.
PAR  Manual operation of the controller, wherein the controller output is under
      direct control of the operator, is established by placing the Manual-Auto
      flip-flop 172 (FIG. 1B) in the set condition. This is accomplished by
      successively depressing the Function key to provide a series of input
      pulses to the Function Counter and decoder 26, to advance the same to the
      out (output) state. It will here be noted that the counter 26, and the
      counter 28, have only one output over one of the output lines, which
      output is advanced in sequence as sequential input pulses are supplied at
      the count input terminals. The Function counter and decoder 26 is advanced
      to the out No. 5 state upon receipt of an inp (input) pulse from the Input
      key. Similarly the Input counter and decoder 28, is advanced to the blank
      No. 10 state upon receipt of a fun (function) pulse from the Function key.
PAR  With the Function counter and decoder 26 in the "out" state, the decimal
      key 126 is depressed for application of a set signal to the flip-flop 172
      through the now enabled AND gate 174. In the set condition the ma output
      of flip-flop 172 is supplied over line 176 to the input counter and
      decoder 28 to advance the same one step from the No. 10 (blank) state to
      the + jog state. The ma signal also is supplied to AND gate 114 (FIG. 1A)
      to enable passage of the output from the jog generator 116 there-through.
      Simultaneously the ma output from the ma flip-flop 172 goes low to disable
      operation of the AND gate 82 to prevent the multiplied error signal Eg
      from reaching the digital adder 84 either directly or through the integral
      compensation unit. Consequently, only the job generator 116 supplies the
      output signal from the controller in the manual mode.
PAR  The jog generator 116 produces an output signal only when simultaneous +
      jog (or - jog) and 8 (or 9) signals are supplied as inputs thereto. In the
      manual operating mode small and large signals, for slow and fast jog, are
      provided upon depression of the 8 and 9 keys, respectively. The - jog
      condition, for control in the opposite direction, is entered from the +
      jog condition by actuation of the input key to advance the input counter
      and decoder 28 from the + jog to the - jog state. The flip-flop 172 is
      reset by advancing the function counter and decoder 26 to the out state as
      by depressing the input key, and then depressing the erase key, whereupon
      a reset signal is supplied to the flip-flop 172 through AND gate 178.
PAR  The function counter and decoder 26 outputs are supplied to encoders 180-1,
      2, 3 and 4 (FIG. 1C) where the pro, set, dev, and out signals are encoded
      and fed through OR gates 184 to the visual display means 122 for visual
      display of the words PROCESS, SETPOINT, DEVIAT, and OUTPUT, respectively,
      during the presence of such signals. Similarly, the + jog, - jog, prgn,
      drvt, int, hilim, lolim, and dedz signals from the input counter and
      decoder are supplied to encoders 182-1 through 8 having outputs which also
      are fed through the OR gates 184 to the visual display means 122 for
      visual display of the words + JOG, - JOG, PROPGAIN, DERIVAT, INTEGRAL,
      HIGHLIM, LOWLIM, and DEADZONE, respectively.
PAR  A block diagram of a derivative compensation circuit 34 of the type which
      may be included in the controller of this invention is shown in FIG. 3 to
      which reference now is made. The process signal from storage 20 is shown
      supplied through an AND gate 200 to a first register 202 under control of
      a delayed clock pulse from delay unit 204. A clock pulse at the input of
      the digital subtractor 206 initiates subtraction of the contents of
      register 202 from register 208. The delayed pulse from delay unit 210
      erases the contents of register 208, the further delayed pulse from delay
      unit 212 shifts the contents of register 202 to the now empty register
      208, and the still further delayed pulse from delay unit 204 gates the
      input signal to the now empty register 202. The output from the digital
      subtractor unit 206 provides a measure of the difference between
      succeeding input signals from the process storage unit 20. This signal is
      supplied to digital multiplier 214 where it is multiplied by the contents
      of the derivative storage unit 38 comprising the derivative constant.
PAR  Reference is made to FIG. 4 wherein details are shown of a comparator which
      may be included in the dead band comparator 62. The digital error signal
      from the subtractor 32 is supplied to an error register 220, and outputs
      from the register 220 and dead band storage 64 are supplied to both a
      digital subtractor 222 and to a comparator logic unit 224. The logic unit
      includes a plurality of AND gates having inputs supplied directly from the
      error register stages, and through inverter amplifiers from the dead band
      storage stages. The AND gate outputs are applied to an OR gate 226.
      Outputs from the digital subtractor 222 and from the OR gate 226 of the
      comparator logic are supplied to AND gates 228 which provide an output
      from the dead band comparator to the digital multiplier 72. The difference
      signal between the dead band storage 64 and error register 220 from the
      digital subtractor appears at the output from the AND gates 228 when the
      comparator logic unit 224 indicates that the error signal exceeds the
      value stored in the dead band storage unit 64.
PAR  Integral compensation, such as provided by unit 86 shown in FIG. 1A, calls
      for an output X.sub.0 to be a function of the input X.sub.i according to
      the equation:
EQU  X.sub.0 = R.sub.I .intg. x.sub.i dt                        (1)
PAL  where K.sub.I = Integral Gain constant.
PAR  The integration process can be defined by a mathematical series as follows:
EQU  X.sub.0 = X.sub.i1 .DELTA. t.sub.1 + X.sub.i2 .DELTA. t.sub.2 + . . .
      X.sub.in .DELTA. t.sub.n                                  (2)
EQU  n .fwdarw. .infin.
EQU  .DELTA. t.sub.n .fwdarw. 0
PAR  The integral compensation break frequency is approximately established by a
      total time over which the series is taken. For example if .DELTA. t.sub.n
      = 0.1 seconds and the total number, n, of the terms of the series summed
      equals 16,384 = 2.sup.14, then:
PAR  Total time = 16,384 terms x.1 seconds per term = 27.3 minutes, and, the
PAR  approximate Break frequency
      ##EQU1##
PAR  A conventional Analog 3 mode process controller would typically have a
      reset range of 0.1 to 50 repeats per minute which is equal to a time
      constant adjust of 10 to 0.02 minutes, respectively. As noted above, if a
      0.1 second .DELTA. t were employed with 16,384 terms a built in time
      constant of approximately 27.3 minutes would be generated. Therefore an
      adjustable 10 to 0.02 minutes time constant can be implemented by
      controlling the value of K.sub.I from 1/(10.times.60) to 1/(.02.times.60).
PAR  A circuit which may be employed for implementing the integral compensation
      is shown in FIG. 5. There, the integral compensation unit 86 is shown
      comprising a circulating storage 250 containing, for example, 16,384
      places and using a circulate time of 0.01 seconds. The clock 252 frequency
      would equal:
      ##EQU2##
PAR  A sample pulse at the input to AND gate 254 would be generated every
EQU  0.01 seconds + 10.sup..sup.-6 secs./16.8384.
PAR  This sample pulse, supplied to the shift storage 250 through the AND gate
      254 and an OR gate 256, would fill the circulating shift storage with
      sampled X.sub.in in 27.3 minutes. Thereafter, each .01 seconds all of the
      stored data, 16,384 terms, would pass by the adder 266 which would sum all
      16,384 terms.
PAR  This sum would represent the series of equation (2). The timing is such
      that the newest piece of data X.sub.in is stored adjacent to the next to
      the newest piece of data X.sub.i (n-1). The erase pulse would be generated
      every 0.01 seconds + 10.sup..sup.-6 secs./16.8384,  but would be advanced
      in time one clock pulse period 10.sup..sup.-6 secs./16.834. This timing of
      the erase pulse would cause it to eliminate the oldest piece of data and
      make room for the newest piece of data. The sum of all 16,384 terms is
      multiplied at multiplier 264 by the integral gain constant K.sub.I
      contained in storage 90, and the output from the multiplier comprises the
      output from the integral compensation unit 86.
PAR  It will be apparent that the invention is not limited to use with the
      specific derivative compensation, dead band comparator and integral
      compensation units shown in FIGS. 3, 4 and 5, respectively, and described
      above, since other such units may be employed.
PAR  Although the operation of the novel controller is believed to be apparent a
      brief description thereof will now be made. After the controller is first
      turned on, the function key would be successively depressed until function
      counter and decoder 26 was placed in the 2 state which generates the set
      signal. Unless special provision is made, which is not shown, the set
      point storage 52 (and other storage units) may contain any number. The
      setpoint information in storage unit 52 is visually displayed at numerical
      display means 46 through operation of AND gates 58 which are supplied with
      the set signal. The word SETPOINT simultaneously is displayed at display
      means 122 through application of the set signal to the encoder 180-2. The
      set signal also is routed via OR gate 130, to the flip-flop 128 to set the
      same thereby energizing the process units display light 124 to display the
      process units which, in the illustrated arrangement are G.P.S. for gallons
      per second.
PAR  If the storage unit 52 does not contain the desired set point, or
      reference, information the function counter and decoder 26 may be stepped
      by successive operation of the function key to the No. 2, (set), state for
      removal of the G, H, I, and J group inputs, and decimal place information
      from decoder 170, to the display means 46. The desired set point
      information then is entered into the temporary storage means (registers 42
      and 44) for subsequent transfer to the storage unit 52. Assume, for
      example, that a set point value of 23.95 gallons per second is desired.
      The number 2 key is depressed for generation of a shift pulse, sh, through
      OR gate 162 which shifts the contents of the registers 42 and 44 to the
      next higher place. The 2 key signal also is encoded by encoder 156 and
      routed through OR gate 158 and delay unit 160 to the No. 1 place numerical
      register 42-1. The 2 entry is displayed at the No. 1 place of the
      numerical display LED of display unit 46.
PAR  Next, the 3 key is depressed whereupon the sh signal shifts the 2 entry
      from register 42-1 to 42-2, and the encoded and delayed 3 key signal is
      applied to the No. 1 place register 42-1. The 3 entry now is displayed at
      the No. 1 place numerical display LED and the 2 entry is displayed at the
      No. 2 place.
PAR  The decimal point key 126 is then depressed to set the No. 1 place decimal
      point register 44-1 and to clear the other registers 44-2, 44-3 and 44-4.
      The decimal point is thereby displayed at the No. 1 decimal place of
      display means 46, behind the previously entered 3. The digits 2 and 3 are
      not shifted with entry of the decimal point since no shift pulse is
      generated by depression of the decimal place key. Next the 9 key is
      depressed generating the sh pulse which shifts the previously entered 23.
      Information one place to the right into the registers 42-3, 42-2 and 44-2
      registers, respectively. Finally, the 5 key is depressed and the
      above-described sequence of first shifting the information in the
      registers 42 and 44 then entering the 5 information in the register 42-1
      takes place. The number 23.95 is thereby visually manifested at display
      means 46.
PAR  If the operator is satisfied that the indicated set point is correct, or
      that which is desired, the function key is successively depressed for a
      (set) output signal from function counter and decoder 26. The Enter key
      then is depressed to erase the set point storage 52 and enter the new
      value therein. When the Enter key is depressed an erase or enter signal
      (era + ent) from OR gate 190 (FIG. 1B) is applied through AND gate 54 to
      clear the storage unit 52 (FIG. 1A). A delayed enter signal, ent', from
      delay unit 192 (FIG. 1B) is supplied to AND gates 56 (FIG. 1A) for entry
      of the selected value into the cleared set point storage unit 52. The A
      group signals, i.e. those from registers 42 and 44, are thereby entered
      into the set point storage unit through the now enabled AND gates 56.
      Although the contents of storage unit 52 are erased before the new value
      is entered, the duration of the erased time is small so that the inertia
      of any practical process under control would prevent any significant
      response. The registers 42 and 44 containing the set point information now
      entered into set point storage are cleared by the delayed ent" signal from
      delay 161; the delay unit 161 providing for a longer delay of the ent
      signal than the delay unit 192. The process units display 124 which was
      extinguished upon receipt of the first shift signal sh is again energized
      upon receipt of an ent signal to the flip-flop 128 through gates 131 and
      130.
PAR  With the registers 42 and 44 cleared, the process, deviation and output
      variables also may be displayed by stepping the function counter and
      decoder 26 by successive actuation of the function key. As noted above,
      these variables are determined by the actual closed-loop system, and are
      not entered as fixed parameters into storage. As the function key is
      successively actuated the process variable, setpoint signal, deviation
      variable, output variable and no output (blank) are displayed; the
      process, deviation and output variables being fed through the AND gates
      21, 60, and 112, respectively, as the gates are enabled by the pro, dev,
      and out signals from the function counter and decoder 26.
PAR  The contents of other storage units are displayed by successive actuation
      of the input key thereby stepping the input counter and decoder 28 to
      provide successive output signals therefrom. By this means the
      proportional gain, derivative compensation, integral compensation, high
      limit, low limit and deadzone compensation parameters contained in storage
      are displayed. Also, information is entered into the storage units which
      are under control of the input counter and decoder 28 by operation of the
      keyboard in the manner described above. Alternatively, the storage units
      may be cleared first before entering the desired information into the
      registers 42 and 44. For example, if the proportional gain storage is to
      be set, the input key is successively depressed to call up the No. 3,
      prgn, signal from the input counter and decoder. If the displayed
      proportional gain is not that which is desired, the erase key may be
      depressed to reset the storage unit 74, and the desired proportional gain
      may then be entered into registers 42 and 44 through successive operation
      of the required decimal and decimal place keys. The register contents then
      are transferred to the proportional gain storage 74 and the registers
      cleared by actuation of the Enter key.
PAR  The invention having been described in detail in accordance with the
      requirements of the Patent Statutes, various changes and modifications
      will suggest themselves to those skilled in this art, which changes and
      modifications fall within the spirit and scope of the invention as defined
      in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a digital process controller having feedback means for producing a
      process signal representative of a process variable to be controlled, a
      reference signal, means responsive to said process and reference signals
      for deriving an error signal in response to the difference therebetween,
      controlling circuit means including multiplier means and having an output
      signal responsive to said error signal for control of the process
      variable, the improvement comprising:
PA1  a console
PA1  fixed circuit parameter multiple-bit erasable storage means at the console
      for storing controlling circuit parameters including a proportional gain
      signal to establish the amount by which said error signal is multiplied by
      said multiplier means,
PA1  a keyboard with key members actuatable by an operator,
PA1  multiple-bit temporary storage means at the console responsive to actuation
      of key members for temporarily storing signals for establishing the fixed
      circuit parameters including the proportional gain signal,
PA1  means under control of said keyboard for transferring information which
      includes said proportional gain signal from said temporary storage means
      to said fixed circuit parameter storage means,
PA1  visual display means at the console for viewing by the operator,
PA1  means for simultaneously displaying at said visual display means the
      identity and measure of signals stored in said temporary storage means,
      including said proportional gain signal, for checking by the operator
      prior to transferring information from said temporary storage means to
      said fixed circuit parameter storage means.
NUM  2.
PAR  2. In a process controller as defined in claim 1 wherein said fixed
      parameter storage means includes:
PA1  means for storing said reference signal transferred thereto under control
      of said keyboard from said temporary storage means.
NUM  3.
PAR  3. In a process controller as defined in claim 1 including:
PA1  means for simultaneously displaying at said visual display means both the
      identity and measure of keyboard selected controller fixed and variable
      circuit parameters.
NUM  4.
PAR  4. In a process controller as defined in claim 1 in which the controller
      output signal for control of the process variable is proportional to the
      time integral of the error signal, and the rate of change of the error
      signal,
PA1  means under control of said keyboard for also displaying at said visual
      display means integral and derivative constants of said controlling
      circuit means.
NUM  5.
PAR  5. In a process controller as defined in claim 3 wherein said error signal
      comprises a variable circuit parameter which is displayable at said visual
      display means.
NUM  6.
PAR  6. In a process controller as defined in claim 3 wherein said output signal
      from said controlling circuit means comprises a variable circuit parameter
      which is displayable at said visual display means.
NUM  7.
PAR  7. In a process controller as defined in claim 3 wherein said process
      signal from said feedback means comprises a variable circuit parameter
      which is displayable at said visual display means.
NUM  8.
PAR  8. In a digital process controller having feedback means for producing a
      process signal representative of a process variable to be controlled, a
      reference signal, means responsive to said process and reference signals
      for deriving an error signal in response to the difference therebetween,
      controlling circuit means having an output signal responsive to said error
      signal for control of the process variable, the improvement comprising:
PA1  a console
PA1  fixed circuit parameter multiple-bit erasable storage means at the console
      for storing controlling circuit parameters,
PA1  a keyboard with key members actuatable by an operator,
PA1  multiple-bit temporary storage means at the console responsive to actuation
      of key members for temporarily storing signals for establishing the fixed
      circuit parameters,
PA1  means under control of said keyboard for transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  visual display means at the console for viewing by the operator,
PA1  means for simultaneously displaying at said visual display means the
      identity and measure of signals stored in said temporary storage means for
      checking by the operator prior to transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  a differentiating circuit responsive to said process signal and having an
      output which is added to said process signal, said differentiating circuit
      including means for storing in said fixed parameter storage means a signal
      representative of the derivative rate time of the differentiating circuit,
PA1  said derivative rate time signal being entered into said fixed parameter
      storage means through transfer from said temporary storage means under
      control of said keyboard.
NUM  9.
PAR  9. In a digital process controller having feedback means for producing a
      process signal representative of a process variable to be controlled, a
      reference signal, means responsive to said process and reference signals
      for deriving an error signal in response to the difference therebetween,
      controlling circuit means having an output signal responsive to said error
      signal for control of the process variable, the improvement comprising:
PA1  a console
PA1  fixed circuit parameter multiple-bit erasable storage means at the console
      for storing controlling circuit parameters,
PA1  a keyboard with key members actuatable by an operator,
PA1  multiple-bit temporary storage means at the console responsive to actuation
      of key members for temporarily storing signals for establishing the fixed
      circuit parameters,
PA1  means under control of said keyboard for transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  visual display means at the console for viewing by the operator,
PA1  means for simultaneously displaying at said visual display means the
      identity and measure of signals stored in said temporary storage means for
      checking by the operator prior to transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  said controlling circuit means including dead band comparator means having
      as an input the error signal,
PA1  said fixed circuit parameter storage means being associated with said dead
      band comparator for storing a signal establishing the band of error
      signals over which no change is produced in the output from said dead band
      comparator.
NUM  10.
PAR  10. In a digital process controller having feedback means for producing a
      process signal representative of a process variable to be controlled, a
      reference signal, means responsive to said process and reference signals
      for deriving an error signal in response to the difference therebetween,
      controlling circuit means having an output signal responsive to said error
      signal for control of the process variable, the improvement comprising:
PA1  a console
PA1  fixed circuit parameter multiple-bit erasable storage means at the console
      for storing controlling circuit parameters,
PA1  a keyboard with key members actuatable by an operator,
PA1  multiple-bit temporary storage means at the console responsive to actuation
      of key members for temporarily storing signals for establishing the fixed
      circuit parameters,
PA1  means under control of said keyboard for transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  visual display means at the console for viewing by the operator,
PA1  means for simultaneously displaying at said visual display means the
      identity and measure of signals stored in said temporary storage means for
      checking by the operator prior to transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  said controlling circuit means including a multiplier to which said error
      signal is supplied,
PA1  said fixed circuit parameter storage means being asociated with said
      multiplier for storing a signal establishing the amount by which said
      error signal is multiplied by said multiplier.
NUM  11.
PAR  11. In a digital process controller as defined in claim 10 wherein said
      controlling circuit means includes an integrating circuit responsive to
      the error signal,
PA1  said fixed circuit parameter storage means being associated with said
      integrating circuit for storing a signal which establishes the integral
      rate constant of the integrating circuit.
NUM  12.
PAR  12. In a digital process controller as defined in claim 11 including a
      differentiating circuit responsive to said process signal and having an
      output which is added to said process signal, said differentiating circuit
      including means for storing in said fixed parameter storage means a signal
      representative of the derivative rate time of the differentiating circuit,
PA1  said derivative rate time signal being entered into said fixed parameter
      storage means through transfer from said temporary storage means under
      control of said keyboard.
NUM  13.
PAR  13. In a digital process controller as defined in claim 11 wherein said
      controlling circuit means includes dead band comparator means having as an
      input the error signal,
PA1  said fixed circuit parameter storage means being associated with said dead
      band comparator for storing a signal establishing the band of error
      signals over which no change is produced in the output from said dead band
      comparator.
NUM  14.
PAR  14. In a digital process controller having feedback means for producing a
      process signal representative of a process variable to be controlled, a
      reference signal, means responsive to said process and reference signals
      for deriving an error signal in response to the difference therebetween,
      controlling circuit means having an output signal responsive to said error
      signal for control of the process variable, the improvement comprising:
PA1  a console
PA1  fixed circuit parameter multiple-bit erasable storage means at the console
      for storing controlling circuit parameters,
PA1  a keyboard with key members actuatable by an operator,
PA1  multiple-bit temporary storage means at the console responsive to actuation
      of key members for temporarily storing signals for establishing the fixed
      circuit parameters,
PA1  means under control of said keyboard for transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  visual display means at the console for viewing by the operator,
PA1  means for simultaneously displaying at said visual display means the
      identity and measure of signals stored in said temporary storage means for
      checking by the operator prior to transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  said controlling circuit means including an integrating circuit responsive
      to the error signal,
PA1  said fixed circuit parameter storage means being associated with said
      integrating circuit for storing a signal which establishes the integral
      rate constant of the integrating circuit.
NUM  15.
PAR  15. In a digital process controller having feedback means for producing a
      process signal representative of a process variable to be controlled, a
      reference signal, means responsive to said process and reference signals
      for deriving an error signal in response to the difference therebetween,
      controlling circuit means having an output signal responsive to said error
      signal for control of the process variable, the improvement comprising:
PA1  a console
PA1  fixed circuit parameter multiple-bit erasable storage means at the console
      for storing controlling circuit parameters,
PA1  a keyboard with key members actuatable by an operator,
PA1  multiple-bit temporary storage means at the console responsive to actuation
      of key members for temporarily storing signals for establishing the fixed
      circuit parameters,
PA1  means under control of said keyboard for transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  visual display means at the console for viewing by the operator,
PA1  means for simultaneously displaying at said visual display means the
      identity and measure of signals stored in said temporary storage means for
      checking by the operator prior to transferring information from said
      temporary storage means to said fixed circuit parameter storage means,
PA1  a .+-. jog generator,
PA1  means under control of said keyboard for disconnecting the output signal
      from the controlling circuit means from the controlled process variable
      and for connecting the output from the .+-. jog generator to said
      controlled process variable for control thereof by the generator output,
      and
PA1  means for simultaneously displaying at said visual display means the output
      from said .+-. jog generator and identity thereof during control of the
      process variable by said .+-. jog generator output.
NUM  16.
PAR  16. In the process controller as defined in claim 15 including:
PA1  means under control of said keyboard for control of the direction and rate
      of change of the process variable by said .+-. jog generator.
NUM  17.
PAR  17. A method of programming a controller of the type having feedback means
      for producing a process signal related to a measure of the process, fixed
      circuit parameter storage means for storing a set point signal, difference
      means responsive to said process and set point signals and providing an
      error signal in response to the difference therebetween, proportional and
      time integral controller action means responsive to said error signal and
      having an output used for control of a process variable, said method
      comprising:
PA1  generating a digital set point signal by means of an operator controlled
      keyboard,
PA1  storing said setpoint signal in a temporary storage means,
PA1  simultaneously visually displaying at visual display means under keyboard
      control both the identity and magnitude of the set point signal held in
      said temporary storage means for visual examination thereof by the
      operator before entry into said fixed circuit parameter storage means,
PA1  transferring the set point signal from the temporary storage means to said
      fixed parameter storage means, and
PA1  repeating the above recited generating, storing, displaying and
      transferring steps for entering proportional and integral time constant
      signals into said fixed parameter storage means for controlling the gain
      and time integral of said proportional and time integral controller action
      means.
NUM  18.
PAR  18. A three-mode process controller comprising:
PA1  feedback means for producing a process signal representative of a process
      variable to be controlled,
PA1  a reference signal source,
PA1  means responsive to said process aand reference signals for providing an
      error signal in response to differences therebetween,
PA1  controlling circuit means having an output signal responsive to said error
      signal for control of the process variable, said controlling circuit
      including a plurality of storage means for storing different fixed
      controlling circuit parameters, including gain, integral and derivative
      time constant signals,
PA1  a manually operated keyboard,
PA1  means under control of said keyboard for selecting a storage means to which
      information may be transferred,
PA1  temporary storage under control of said keyboard for temporarily storing
      signals including gain, integral and derivative time constant signals for
      subsequent transfer to one of said storage means,
PA1  first visual display means connected to said temporary storage for display
      of the contents thereof,
PA1  second visual display means under control of said keyboard for identifying
      a keyboard selected storage means,
PA1  means under control of said keyboard for transferring information from said
      temporary storage to the keyboard selected storage means.
NUM  19.
PAR  19. The process controller as defined in claim 18 including:
PA1  means under control of said keyboard for displaying the contents of a
      keyboard selected storage means at said first visual display means.
NUM  20.
PAR  20. In a process controller having feedback means for producing a process
      signal representative of a process variable to be controlled, a reference
      signal, means responsive to said reference and process signals for
      deriving an error signal in response to the difference therebetween,
      controlling circuit means having an output signal responsive to said error
      signal for control of the process variable, the improvement comprising:
PA1  a console,
PA1  operator actuatable switching means,
PA1  signal energized visual alphabetical and numerical display means at the
      console for the simultaneous display of the identity and measure of
      process controller signals, and
PA1  means under control of said switching means for changing the source of
      signals supplied to said visual display means for the display of any one
      of a plurality of process controller parameters,
PA1  said operator actuatable switching means including at least one key of an
      operator controlled keyboard by means of which inputs to the visual
      display means are cycled upon repeated actuation thereof for operator
      selection of the parameters to be displayed.
NUM  21.
PAR  21. In a process controller as defined in claim 20 wherein said controller
      is of the digital type having digital type fixed circuit parameter storage
      means for storing controller circuit parameters,
PA1  said operator actuatable switching means comprising a keyboard at the
      console having a plurality of key members for generating digital signals,
      and
PA1  means under control of said key members for changing controlling circuit
      parameters.
NUM  22.
PAR  22. In a process controller as defined in claim 20 wherein said plurality
      of displayable process controller signals include process, set point,
      deviation and output signals.
NUM  23.
PAR  23. In a process controller as defined in claim 20 wherein said plurality
      of displayable process controller signals include signals indicative of
      the controller circuit parameters of proportional gain, integral rate and
      derivative time constant.
NUM  24.
PAR  24. In a process controller as defined in claim 20 wherein said process
      controller signals displayable at said visual display means include said
      process, error and output signals.
NUM  25.
PAR  25. In a process controller as defined in claim 20 wherein said process
      controller includes proportional, integral and derivative controller
      circuit means for proportional, integral and derivative controller circuit
      actions,
PA1  digital storage means for storing process control parameters including
      gain, integral and derivative time constant signals for controlling gain,
      time integral and time derivative for the controller circuit actions,
PA1  said process controller signals displayable at said visual display means
      including said gain, integral and derivative time constant signals.
NUM  26.
PAR  26. In a process controller having proportional controller circuit means
      for at least proportional controller circuit action,
PA1  digital storage means for storing process control parameters including a
      gain control signal for controlling the gain for the proportional
      controller circuit action,
PA1  an operator actuable keyboard having a plurality of alphabetic and numeric
      keys for entering process control parameters, including a gain control
      signal, into said digital storage means,
PA1  signal energized alphabetic and numeric visual display means,
PA1  means under control of said keyboard for selective display at said visual
      display means of the identity and value of keyboard selected process
      control parameters including said gain control signal entered into said
      digital storage means.
NUM  27.
PAR  27. In a process controller as defined in claim 26 in which the controller
      circuit means includes means for integral controller action,
PA1  means including said digital storage means for storing an integral time
      constant signal for controlling the time integral for the integral
      controller action,
PA1  means including said keyboard for entering a selected integral time
      constant signal into said digital storage means, and wherein
PA1  said means under control of said keyboard for selective display at said
      visual display means of the identity and value of keyboard selected
      process control parameters includes means for display of the identity and
      value of said integral time constant signal entered into said digital
      storage means.
NUM  28.
PAR  28. In a process controller as defined in claim 26 including controller
      circuit means for derivative controller action,
PA1  means including said digital storage means for storing a derivative time
      constant signal for controlling the time derivative for the derivative
      controller action,
PA1  means including said keyboard for entering a selected derivative time
      constant signal into said digital storage means, and wherein
PA1  said means under control of said keyboard for selective display at said
      visual display means of the identity and value of keyboard selected
      process control parameters includes means for display of the identity and
      value of said derivative time constant signal entered into said digital
      storage means.
NUM  29.
PAR  29. In a process controller as defined in claim 28 including controller
      circuit means for integral controller action,
PA1  means including said digital storage means for storing an integral time
      constant signal for controlling the time integral for the integral
      controller action,
PA1  means including said keyboard for entering a selected integral time
      constant signal into said digital storage means, and wherein
PA1  said means under control of said keyboard for selective display at said
      visual display means of the identity and value of keyboard selected
      process control parameters includes means for display of the identity anf
      value of said integral time constant signal entered into said digital
      storage means.
NUM  30.
PAR  30. In a three-mode process controller having proportional, integral, and
      derivative controller circuit means for proportional, integral and
      derivative controller circuit actions,
PA1  digital storage means for storing process control parameters including
      gain, integral and derivative time constant signals for controlling the
      gain, time integral and time derivative for the controller circuit
      actions,
PA1  an operator actuable keyboard having a plurality of alphabetic and numeric
      keys for entering selected gain, integral and derivative time constant
      signals into said digital storage means,
PA1  signal energized alphabetical and numerical visual display means under
      control of said keyboard for selective display of the identity and value
      respectively of keyboard selected process control parameters including
      said gain, integral and derivative time constant signals entered into said
      digital storage means.
NUM  31.
PAR  31. In a three-mode process controller as defined in claim 30 wherein said
      controller includes feedback means for producing a process signal
      representative of a process variable to be controlled, a reference signal,
      means responsive to said reference and process signals for deriving an
      error signal in response to the difference therebetween and means
      responsive to said error signal for providing a controller output signal
      for control of the process variable,
PA1  said alphabetical and numerical display means including means under control
      of said keyboard for selective display of the identity and value of
      process variables including said process, reference, error and controller
      output signals.
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ABST
PAL  A card reader for reading a Hollerith coded card where the holes in the
      card are scanned by a single array of photo detectors as the card is
      withdrawn from a slot, and where an edge detector determines when the card
      is fully inserted into the slot so as to activate a scanner and signal a
      memory unit to accept data from the scanner, and where an error detector
      detects any improper scanning of the card by counting the number of rows
      scanned and prevents processing of incorrectly generated data.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to apparatus for sensing data bits which
      are carried on a card.
PAR  Data and information have been stored on punched cards in the form of holes
      arranged in columns and rows, generally with a single punched hole in any
      one row.
PAR  Readers have been provided which employ a mechanical probe to detect the
      presence of holes on a card. The mechanical probes enter through the hole
      to complete an electrical circuit physically. Such a procedure is slow and
      can damage the card.
PAR  Photoelectric sensors have been employed in place of the mechanical probes,
      but the card has still been subjected to a friction-based transport past
      the sensors which can damage the card. Card readers have also provided a
      method for reading a card without moving the card, but this required a
      large matrix of photsensitive devices. Card readers in the past required a
      certain dexterity in inserting and removing the card to avoid an error in
      the reading of the card. Furthermore, prior art readers did not allow a
      card owner to retain possession of a card during the reading procedure.
PAR  Thus, there is a need for a card reader which can quickly read a card with
      no chance of damage to the card; which will allow an untrained card owner,
      with a minimal degree of dexterity, to submit a card to a reading
      procedure during which the card owner can retain possession of the card;
      which can detect any possible error by the card owner-operator; and which
      requires but a simple array of sensor elements.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the invention to provide an improved
      card reader which can quickly scan a card which is inserted by a customer,
      and allow the customer physically to retain control of the card at all
      times.
PAR  It is another object of the invention to demand only a minimal degree of
      operator dexterity or training, and to detect any error in the action of
      the operator.
PAR  In accordance with the above objects, there is provided apparatus for
      receiving a card which is inserted by a customer, and which scans the card
      as it is withdrawn from the apparatus by the customer's own hand. Data
      bits on the card are stored by punched holes such that the degree if
      phototransmission through the card will determine the presence or absence
      of a data bit. A single array of photo transmitters and photosensitive
      devices scans the card as it is withdrawn from the apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing the basic operation of a card reader
      embodying the present invention;
PAR  FIG. 2 is an elevational view of a typical data card which is to be
      scanned;
PAR  FIG. 3 is a front view of the reader into which a card is inserted, with
      the top plate removed;
PAR  FIG. 4 is a side cross-sectional view taken along line 4--4 of FIG. 3;
PAR  FIGS. 5A and 5B are a schematic drawing of electrical circuits contained
      within the apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the basic operation of the card reader of the present
      invention and FIGS. 2 - 4 the physical configuration of the reader. A card
      20 (FIG. 2) is inserted into the slot 23 provided as shown in FIGS. 2 and
      3. The edge detector 10 will detect full insertion of the card into the
      slot, and then activate the LED display 11. The display 11 alerts the user
      that the card is ready to be scanned. The edge detector 10 also outputs
      data signals on line 47 to the terminal memory 17. This signifies that the
      data card is properly positioned and that data received by the terminal
      memory 17 may be stored therein. The card 20 is then withdrawn from the
      slot, ideally in a single smooth motion.
PAR  A scanner 12 (FIG. 4) scans the card 20 as it is withdrawn from the slot
      23, and develops data signals for each row of the card which corresponds
      to a data bit located within the row. These signals are passed in parallel
      to an encoder 13, which encodes the decimal output of the scanner 12 into
      a four digit binary. The binary output of the encoder 13 is fed to the
      card reader terminal memory 17 as each row is scanned, by means of the row
      increment detector 14. This device detects the passing of each row past
      the scanner 12. The row increment detector 14 triggers a strobe signal
      (KEYBOARD STROBE on line 37) which allows the binary output from the
      encoder 13 to be accepted by the terminal memory 17. A remote CPU 19 later
      stores and processes the data from terminal memory 17.
PAR  The error detector 15 counts the number of rows which have been scanned by
      monitoring the row increment detector 14 via line 36. When the
      predetermined number of rows has been counted, the error detector 15
      signals gate Z4 via line 46 to prevent generation of the KEYBOARD STROBE
      signal on line 37, so that no further binary outputs of the encoder are
      accepted. If too many rows pass the scanner 12, such as by improper
      extraction of the card, which may occur by a nervous hand withdrawing the
      card, the error detector 15 signals the terminal communication system 18
      via line 45. The terminal communication 18 controls transmission of data
      from the terminal memory 17 to the central processing unit 19. The error
      signal on line 45 thus causes the terminal communication to prevent
      transmission of erroneous data to the CPU 19. The error detector 15 also
      determines when the card has been withdrawn from the scanner 12. If this
      withdrawal occurs before the correct number of rows has been scanned, the
      error detector 15 outputs a signal on line 45 as described above to
      prevent processing of the data stored in the terminal memory 17. The error
      signal which is sent by the error detector 15 on line 45 also causes the
      terminal communication 18 to activate a display 16. This error display 16
      alerts the user than an error in the reading process has prevented proper
      processing of the card's data.
PAR  Referring to FIGS. 2, 3 and 4 in detail, the data card 20 which is used in
      the preferred embodiment has the standard dimensions of 2.125 inches by
      3.375 inches (5.40 cm .times. 8.57 cm), and is constructed of opaque
      material, except for certain punched holes. These holes are located in a
      matrix of hole-sites 21 corresponding to several rows and columns;
      specifically, ten columns and either eight or ten rows. The holes
      correspond to binary 1 data bits, and one such hole is located in each and
      every row to represent a decimal number. One of the card's corners 22 is
      beveled to provide asymmetry for proper positional referencing of the
      card.
PAR  The card is inserted into a reader slot 23 as shown in FIGS. 3 and 4. The
      dimensions of the slot correspond to those of the card. The end opposite
      the receiving aperture of the slot is keyed by corner 24 to allow the card
      to be inserted fully into the slot in only one orientation; i.e., that one
      corresponding to the beveled edge on the card. Once the card has been
      inserted to the full extent of the slot, it is properly positioned to be
      scanned.
PAR  Referring now to FIG. 4, a photo emitter 25 and a photo transistor 26 are
      juxtaposed on opposite sides of the slot such that the light emission from
      the photo emitter is incident on the photo transistor. This photo pair is
      positioned near the bottom of the slot so that the opaque card can only
      block transmission between the two elements when it has been fully
      inserted into the slot. Thus, this photo pair serves as the
      photoresponsive element of the edge detector 10 which detects the leading
      edge of the inserted card. When there is no transmission of the emitted
      light to the photo transistor, the card is known to be fully inserted, and
      is properly positioned to be scanned.
PAR  The scanner 12 is composed of linear arrays of photo emitters 27 and photo
      transistors 28 which are juxtaposed on opposite sides of the slot 23 such
      that the light emission from the photo emitters is incident on the
      respective photo transistors. Thus, each pair serves as a means for
      determining the presence of an opaque or transparent medium between the
      two of them. When the card is properly positioned to be scanned all
      punched holes on the card which correspond to data bits have been inserted
      past the scanner with only the opaque portion of the card lying between
      the arrays of the scanner 12. The card 20 should then be withdrawn from
      the slot 23 with a single smooth action. The actual speed range of
      withdrawal which is acceptable is broad and not critical. The direction of
      motion, however, must be maintained and not reversed once the withdrawal
      has started; such reversal will produce an error signal as explained
      below.
PAR  Referring now to FIGS. 5A and 5B, when the system is energized, a signal is
      input at A to flip-flop Z13 which activates the photo emitters and resets
      the counters within the error detector 15 via line 48. As the card is
      withdrawn, one data hole in each row will pass by its respective scanner
      photo pair. When the hole is in alignment with the photo pair, the emitted
      light received by the photo transistor 28 will cause an output on the
      common-collector connected photo transistor. This output is fed to a
      Schmitt-trigger 29 which produces a square wave representing the presence
      of a data hole at one of the photo pair locations on the scanner. The
      square wave pulses which are output from the Schmitt triggers are weighted
      from 0 to 9, depending upon from which photo pair in the reader they
      originated, to thus represent a decimal number. The square wave pulses are
      fed into an encoder 13 which encodes the decimal input to a four bit
      binary output on lines 30, 31, 32 and 33.
PAR  The binary output from the encoder is stored in the latch 34. The binary
      output on lines 30, 31, 32 and 33 and the output on line 35 from the photo
      transistor corresponding to the decimal 0 (which is not encoded) are
      monitored by the NOR gate 14, which serves as a row increment detector.
      Thus, each time that a data hole aligns with a photo pair in the scanner
      12 a square wave pulse will appear on one of the five inputs to the NOR
      gate 14. This gate provides an output on line 36 which causes a KEYBOARD
      STROBE signal on line 37 by means of monostable multivibrators Z7, Z8 and
      gate Z4. The triggering of the Q output of Z7 and of the KEYBOARD STROBE
      output causes the stored data in the latch 34 to be read into the terminal
      memory 17 by means of lines 38, 39, 40 and 41 during the next cycle of the
      MOS memory 17, which lasts 500 microseconds. The same process occurs for
      each row, with the binary code which corresponds to each data bit being
      input to the terminal memory 17. The last row on the card to be scanned
      contains a check digit, which is used to ascertain that a correct scan has
      bee made on the card. Thus, dual checking is provided, in that the number
      of rows is counted also, as will be explainted below.
PAR  AND gates Z15 connect lines 38- 41 of latch 34 to memory 17 and ensure that
      no erroneous data is transmitted until a true output on edge detector line
      47 is present.
PAR  The card is determined to be out of the scanner area by means of AND gate
      Z1. Since when the card 20 is between the linear arrays 27, 28 of the
      scanner 12 only one data hole will be aligned with a photo pair at any one
      time, the transmission of emitted light to more than one photo transistor
      will imply that the card is not between the scanner 12. The photo pairs
      corresponding to digits 0 and 9 are used to determine thusly the end of
      the card withdrawal by means of lines 35 and 42.
PAR  The output from NOR gate 14 on line 36 is also used to trigger a decade
      counter Z2. Each incrementation of rows by NOR gate 14 is counted until
      the proper number of rows has been counted. This number must be
      predetermined, and is established by means of a jumper output 43 from the
      decade counter Z2 to be either 8 or 10; 10 is used in the present
      embodiment. When the correct number of rows has been counted, the Q output
      of flip-flop Z3 is set. The resulting termination of the Q output prevents
      the production of any further KEYBOARD STROBE signals, by means of AND
      gate Z4.
PAR  When the edge detector 10 senses the leading edge of the card a signal is
      input to the C input of flip-flop Z14, which sets the Q output thereof, on
      line 47. This signal on line 47 is input to monostable multivibrator Z5
      and to NAND gates Z15, and provides a dual checking function. The binary
      data on lines 38-41 will not be fed to the terminal memory 17 without the
      presence of the signal on line 47 at gates Z15; and the Q output of Z5
      will not be set without the coincidence of the signal on line 47 and the
      signal from Z1. The Q output of Z5 triggers Z6 which produces the FUNCTION
      STROBE output on line 44. The FUNCTION STROBE signal signifies the end of
      the card scanning cycle. Thus, an end of card signal is gnerated by Z5
      only after a card has been properly inserted into and then withdrawn from
      the slot. The end of card output from Z6 also is input to NAND gate Z9.
      When the other input of Z9 goes true an ERROR signal is output on line 45.
      This indicates that an incorrect number of rows on the card has been
      scanned. For example, for a ten row card, the Q output of flip-flop Z3
      will be true until the tenth row has been counted. This Q output is input
      to OR gate Z10 thus producing a true output to Z9. Thus, when the Q output
      of Z3 is true (meaning that fewer than 10 rows have been counted), and
      when Z6 goes true (meaning that the card has been fully withdrawn past the
      scanner), a coincidence condition occurs at AND gate Z9 and an ERROR
      signal is produced as mentioned above.
PAR  An error signal is also produced if more than ten rows are counted. Once
      the tenth row has been counted, the Q output of Z3 goes true causing an
      input of Z11 to be true. If another row is counted after this, the decade
      counter output at Z2 goes true, causing the input at Z11 to be true.
      Therefore, AND gate Z11 produces an output which sets Z12. The Q output of
      Z12 thus goes true causing OR gate Z10 to produce a true output and a true
      input at Z9. Thus if the q output of Z12 goes true (meaning that more than
      10 rows have been scanned), when Z6 is true (meaning that the card has
      been fully withdrawn past the scanner), a coincidence condition occurs at
      AND gate Z9 and an ERROR signal is produced as mentioned above.
PAR  This ERROR signal prevents the central processing unit 19 from receiving
      the data stored in the terminal memory 17 and also is used to alert the
      operator by means of the error display 16 that the card must be scanned
      again. This embodiment has been used with 100 percent effectiveness in
      scanning cards or in detecting an error in the scanning process.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for reading a card which has a plurality of data bits located
      in a predetermined plurality of rows and a predetermined plurality of
      columns, wherein there is at least one bit in each row and which
      comprises: receiving means having a slot of a predetermined depth into
      which said card may be inserted; means for detecting insertion of said
      card to said predetermined depth; means for scanning row by row said data
      bits on said card including a linear array of photo emitters, as said card
      is withdrawn from said slot, and providing a data output signal for each
      of said data bits which is scanned; means responsive to said data output
      signals for determining if said predetermined plurality of rows has been
      scanned including means for sensing when a row has been scanned; means
      responsive to said sensing means for counting the number of rows which
      have been scanned and for indicating when the number of rows which have
      been counted equals the number of said predetermined plurality of rows,
      and means for producing an error signal output when the number of said
      rows scanned by said scanning means is fewer than said number of
      predetermined rows including, means for receiving a first output from said
      counting means when the number of rows which have been scanned is less
      than the number of said predetermined plurality of rows, means for
      producing a second output when all of said data bits on said card have
      been withdrawn past said scanning means, and gating means responsive to
      said first and second couputs for producing said error signal output.
NUM  2.
PAR  2. Apparatus as in claim 1 including memory means for storing said data
      bits and gating means responsive to said means for detecting full
      insertion of said card into said slot, to store said data bits.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein said error signal output prevents a
      peripheral data processing unit from receiving said scanned data.
NUM  4.
PAR  4. Apparatus for reading a card which has a plurality of data bits located
      in a predetermined plurality of rows and a predetermined plurality of
      columns, wherein there is at least one bit in each row and which
      comprises: receiving means having a slot of a predetermined depth into
      which said card may be inserted; means for detecting insertion of said
      card to said predetermined depth; means for scanning row by row said data
      bits on said card including a linear array of photo emitters, as said card
      is withdrawn from said slot, and providing a data output signal for each
      of said data bits which is scanned; means responsive to said data output
      signals for determining if said predetermineed plurality of rows has been
      scanned including means for sensing when a row has been scanned; means
      responsive to said sensing means for counting the number of rows which
      have been scanned and for indicating when the number of rows which have
      been counted equals the number of said predetermined plurality of rows;
      and means for producing an error signal output when the number of said
      rows scanned by said scanning means is more than said number of
      predetermined rows including, means for receiving one output signal from
      said counting means when the number of said rows which have been scanned
      exceeds the number of said predetermined plurality of rows, means for
      producing another output when all of said data bits on said card have been
      withdrawn past said scanning means, and gating means responsive to said
      one and another outputs for producing said error signal output when said
      one and another signals are coincident.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said error signal output prevents a
      peripheral data processing unit from receiving said scanned data.
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ABST
PAL  A digital circuit useful in a numerical control system for determining
      during a preliminary execution of a program the axial components of a tool
      offset compensation. During a preliminary operation of the program, the
      sum of the squares of the axial components of displacement of the tool are
      compared to the square of the desired tool offset. When the sum of the
      squares equals or exceeds the square of the offset, the current values of
      the axial components of displacement are stored and used as the axial
      offset components during a subsequent execution of the program.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to numerical control systems and more
      particularly to cutter radius compensation circuits therein.
PAR  A significant problem in any machining process which requires the use of a
      machine tool workhead with tool axis offset from the surface to be
      machined is the determination of the cutter radius compensation which must
      be programmed into the machine tool. When using, for example, a milling or
      grinding tool with radius R, the axis of that tool is offset from the line
      to be machined by that distance R, and programming of the machine tool to
      machine that line requires programming not only of the line to be
      machined, but also of the cutter radius compensation which is the X and Y
      axis components of tool axis offset R. If the line to be machined is
      parallel to the X or Y axis, the problem is simple; R must be added to or
      subtracted from the X or Y value defining the line, the sign being
      determined by the side of the workpiece from which the line is machined.
PAR  The situation is not so straightforward if the line lies at an angle
      .alpha. to the X axis where tan
      ##EQU1##
      and .DELTA. X and .DELTA.Y are the increments of displacement along the X
      and Y axes involved in tracing the line from a point of origin (X.sub.1,
      Y.sub.1) along the line to a point (X.sub.2, Y.sub.2). It can be shown,
      since the radius R of the tool is always at a right angle to the line
      being machined, that X.sup.2 +y.sup.2 = R.sup.2 where x and y are the X
      axis and Y axis components of the tool radius R. It can also be shown that
      ##EQU2##
      AND GIVEN THAT RELATIONSHIP, THE CUTTER RADIUS COMPENSATION CAN BE
      DETERMINED AS X AND Y, AND APPLIED TO THE WORKPIECE COORDINATES FOR
      PROGRAMMING THE MACHINE TOOL.
PAR  Such a determination of x and y requires the formation of the square
      N.sup.2 of various numbers N. Multiplying circuits to achieve such a
      squaring function are well-known. Such multiplying circuits are relatively
      complex, however. The subject invention herein disclosed provided a
      substantially simpler circuit for forming the square of a number, or the
      sum of the squares of two or more numbers, for comparing that square or
      sum of the squares with a known number, and for generating a signal in
      response thereto.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention discloses a simplified squaring circuit for forming
      the square or sum of the squares of one or more increasing numbers, such
      as displacements in a machining operation. This is accomplished by the use
      of the derived numerical relationship
      ##EQU3##
      where N represents the increasing number to be squared. The invention is
      equipped to perform this function by providing a separate first shift
      register for each increasing number, each first shift register
      recirculating and incrementing a first number set (N-1) in response to the
      incremental increases in that number N. With each recirculation, the
      contents of the first shift registers are subjected to multiply by two
      circuits and add one circuits, resulting in a second number set (2r+ 1) in
      response to each incremental increase in the number N, where r represents
      the first number set (N-1). The second number sets (2r+1) are combined and
      accumulated in a second shift register to form a cumulative sum
      representing the square or sum of the squares of the one or more
      increasing numbers. The invention also provides a third register for
      storage of a constant, and a comparator for comparing the contents of the
      second shift register with the stored constant, and for generating a
      signal in response thereto.
PAR  The subject invention may also be used to determine the square root of a
      constant.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the preferred embodiment of the present
      invention.
PAR  FIG. 2 illustrates the machining path along line L of a circular tool with
      a tool axis offset R.
PAR  FIG. 3 illustrates the signs to be attributed to the X and Y coordinates of
      the cutter radius compensation when the workpiece angle .alpha. is always
      considered as an angle to the X axis in the range 0.degree. to 90.degree..
DETD
PAC  DETAILED DESCRIPTION
PAR  There is represented in FIG. 2 a line L to be machined from a point of
      origin (X.sub.1, Y.sub.1) to (X.sub.2, Y.sub.2) using a tool with an
      offset R. The tool axis must therefore move from A.sub.1 to A.sub.2. It
      will be assumed that the tool axis is at A.sub.1 and that it is required
      to determine the coordinates of A.sub.2 in order to correctly program the
      displacement of the tool. The coordinates of A.sub.2 are seen to be
      (X.sub.2 -x, Y.sub.2 + y). Assuming the line L lies at an angle .alpha. to
      the X axis, then tan
      ##EQU4##
      where .DELTA. X and .DELTA. Y are the increments of displacement along the
      X and Y axes in tracing line L from (X.sub.1, Y.sub.1) to (X.sub.2,
      Y.sub.2), Since R is at all time perpendicular to the line L, the angle
      .alpha. is created between R and the Y axis, and tan
      ##EQU5##
      As R is known, and the relationship between x and y is established by tan
      ##EQU6##
      it is possible to determine x and y through the use of the Pythagorian
      theorem x.sup.2 + y.sup.2 = R.sup.2 .
PAR  The numerical control system executes the displacement from the point of
      origin (X.sub.1, Y.sub.1 ) to (X.sub.2, Y.sub.2 ) by supplying
      simultaneous pulse trains whose rates are proportional to .DELTA. X and
      .DELTA. Y respectively, and whose numbers represent .DELTA. X and .DELTA.
      Y respectively. These same pulse trains can be used to determine x and y
      in a preliminary cycle of operations in which the pulses are counted to
      form the numbers N.sub.x and N.sub.y, representing the number of pulses
      along the Xand Y axes respectively, being proportional to .DELTA. X and
      .DELTA. Y. Therefore, tan
      ##EQU7##
      tan
      ##EQU8##
      and when N.sub.x.sup. 2 + N.sub.y.sup.2, = R.sup.2, N.sub.y =x and N.sub.x
      =y.
PAR  A relatively simple method for determining the square of any number N may
      be derived starting from the well-known identity
      ##EQU9##
PAR  The present invention provides a circuit, as will be hereinafter detailed,
      including separate first shift registers for repeatedly recirculating and
      incrementing number sets (N.sub.x -1) and (N.sub.y -1) where N.sub.x and
      N.sub.y represent, in a preliminary cycle of operation, the number of
      pulses along the X and Y axes respectively that would be encountered in
      moving from the point of origin (X.sub.1 ,Y.sub.1) towards (X.sub.2
      ,Y.sub.2). The present invention also includes a second shift register for
      accumulating and adding together the number sets (2r+1) where r
      respresents the number sets (N.sub.x -1) and (N.sub.y -1) successively
      appearing the first shift registers. The resultant cumulative sum in the
      second shift register is
      ##EQU10##
      This resultant is continuously compared with R.sup.2 which is held as a
      known constant in a third register. Since N.sub.x =y and N.sub.y =x when
      N.sub.x.sup.2 + N.sub.y.sup.2 = R.sup.2, the values for N.sub.x and
      N.sub.y at N.sub.x.sup.2 + N.sub.y.sup.2 = R.sup.2 are substituted for y
      and x respectively to determine the coordinates of A.sub.2 which are
      (X.sub.2 - x, Y.sub.2 + Y) in order to correctly program the tool.
PAR  The question of sign, as is customary in such situations, merely requires
      the adoption of a convenient logical convention which must take into
      account the quadrant of operation and the side of line L to which A lies.
      If .alpha. is always treated as an angle to the X axis in the range
      0.degree. to 90.degree., as is shown in FIG. 3, the magnitudes of x and y
      can be computed as explained above, and then the signs shown in FIG. 3 can
      be added.
PAR  A circuit for performing the required operations is shown in FIG. 1. This
      circuit uses serial techniques although it is obvious that parallel
      techniques could be employed. The circuit comprises an input pulse
      generator in the form of a numerical control interpolator 10 which
      produces .DELTA. X and .DELTA. Y pulse trains over circuits 12 and 14,
      respectively, which can be applied via switches 16 and 18 over circuits 20
      and 22 to X and Y servos 24 to control the displacements of the toolhead
      of a machine tool. During a preliminary cycle of operation, however, the
      switches 16 and 18 are set in the positions shown to apply the .DELTA. X
      and .DELTA. Y pulses over circuits 26 and 28 to clock signal generators in
      the form of X cycle and Y cycle circuits 30 and 32. Each of these circuits
      responds to an input pulse to produce a train of clock signals over
      circuits 34 or 36 sufficient to cause a complete recirculation of a first
      shift register 38 or 40, as the case may be. These first shift registers
      commence with the number zero therein and are connected in recirculating
      loops 42 and 44 via add one circuits 46 and 48. With each recirculation,
      the affected first shift register 38 or 40 shifts out its contained
      number, and is incremented. Therefore, when the x or y cycle circuit 30 or
      32 detects an input pulse from the numerical control interpolator 10, and
      produces a train of clock signals over circuit 34 or 36 to the appropriate
      first shift register 38 or 40, the number contained within that shift
      register is a first number set (N.sub.x - 1) or (N.sub.y -1), as the case
      may be, where N.sub.x and N.sub.y represent the total current number of
      pulses emitted in the .DELTA. X and .DELTA. Y pulse trains by the
      interpolator 10. Upon receiving the train of clock pulses, the affected
      first shift register 38 or 40 is recirculated, outputing the first number
      set (N.sub.x -1) or (N.sub.y - 1) as the case may be, and incremented.
      After recirculation and incrementation, the first shift registers 38 and
      40 contain the numbers N.sub.x and N.sub.y, as incrementation renders the
      affected first shift register current. The first shift registers remain
      current, then, until the numerical control interpolator 10 issues another
      input pulse, rendering the number within the first shift register to be
      recirculated (N.sub.x -1) or (N.sub.y -1) as the case may be.
PAR  The first number set outputs N.sub.x -1 and N.sub.y -1 of the shift
      registers are applied to multiply by two circuits 50 and 52 and then to
      add one circuits 54 and 56 whose outputs, equal to a second number set (2r
      - 1) where r represents the first number sets (N.sub.x -1) and (N.sub.y
      -1), are carried on circuits 58 and 60, to be combined by a first OR gate
      62 and accumulated via an adder 64 in a second register 66 whose contents
      represent N.sub.x.sup.2 + N.sub.y.sup.2. The second register 66 is also a
      shift register and, to enable the numbers to be added therein, the second
      shift register 66 is recirculated synchronously with each recirculation of
      the first shift register 38 or 40. To this end, the shift pulses applied
      to these registers via circuits 34 and 36 are also applied to the second
      shift register 66 through a second OR gate 68 via circuit 70. In order
      that X and Y cycles cannot mask each other, it is arranged that the
      interpolator 10 interleaves X and Y pulses in such a manner that when any
      such pulse appears, sufficient time is left for completion of the X or Y
      cycle before any further pulse appears.
PAR  The value of R.sup.2 is preset in a third register 72 and the contents of
      the two registers 66 and 72 are compared by a comparator 74 which produces
      a stop pulse on circuit 76 when N.sub.x.sup.2 + N.sub.y.sup.2 .gtoreq.
      R.sup.2 . The stop pulse prevents the X and Y cycle circuits 30 and 32
      from effecting any further recirculations of the first shift registers 38
      and 40 and also causes the interpolator 10 to accept the values N.sub.x
      and N.sub.y then held in the first shift registers 38 and 40 via circuits
      78 and 80 and to apply these as corrections y and x respectively to the
      programmed Y.sub.2 and X.sub.2 coordinates.
PAR  The trains of pulses .DELTA. X and .DELTA. Y are then re-emitted with the
      switches 16 and 18 changed over, whereby the servos 24 move the cutting
      point of the tool along the line L from the point of origin (X.sub.1
      ,Y.sub.1) to the point (X.sub.2 ,Y.sub.2), by moving the tool axis along
      the parallel line from A.sub.1 to A.sub.2 (FIG. 2).
PAR  It should be pointed out that the subject invention can also be used to
      determine the square root R of a known value R.sup.2. If N is the
      increasing number of input pulses from the interpolator 10, then clock
      cycles from the X cycle circuit 30 in response to the input pulses on
      circuit 26 cause recirculation and incrementation of the first number set,
      (N-1), contained in the first shift register 38 via the circulating loop
      42 which contains add one circuit 46. In response to each recirculation
      and incrementation of the first number set (N-1) a second number set
      (2r+1) is produced in multiply-by-two circuit 50 and add one circuit 54,
      where r represents the first number set (N-1). The second number sets
      (2r+1) are accumulated via adder 64 in the second shift register 66 whose
      contents represent N.sup.2. The constant R.sup.2 is preset in the third
      shift register 72 and the contents of the two registers 66 and 72 are
      compared by the comparator 74 which produces a stop pulse on circuit 76
      when N.sup.2 .gtoreq. R.sup.2. The stop pulse prevents the X cycle circuit
      30 from affecting any further recirculations of the first shift register
      38, and also causes the interpolator 10 to accept the value N then held in
      the first shift register 38 as the square root R of the known value
      R.sup.2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for use with a numerical control having a pulse generator
      for generating trains of X and Y pulses having rates proportional to
      displacement along respective X and Y axes of motion, said apparatus being
      operative during a preliminary execution of a program to produce X and Y
      tool offset signals representing component values along each axis of
      motion for a desired tool radius offset, the apparatus comprising:
PA1  a. cycle control means responsive to the trains of X and Y pulses for
      producing trains of X and Y clock signals, respectively;
PA1  b. X and Y register and one-bit adder loops responsive to corresponding X
      and Y clock signals for incrementing by one X and Y first signals
      contained in the registers in response to the clock pulses, said X first
      signal having a magnitude proportional to the number of X pulses and
      representing the Y tool offset signal and said Y first signal having a
      magnitude proportional to the number of Y pulses and representing the X
      tool offset signal;
PA1  c. X and Y multiplier means responsive to the X and Y first signals
      respectively for multiplying the first signals by two to produce X and Y
      product signals;
PA1  d. X and Y one-bit adder means responsive to the multiplying means for
      adding one to the X and Y product signals to produce X and Y second
      signals representing the square of the X and Y first signals respectively;
PA1  e. adder and storage means responsive to the onebit adder means for summing
      the X and Y second signals;
PAR  f. a storage register for storing a reference signal representing the
      square of the desired tool radius offset; and
PA1  g. a comparator circuit having inputs responsive to the adder and storage
      means and outputs connected to the cycle control and the pulse generator
      for producing a stop signal in response to the sum of the second signals
      being equal to or greater than the reference signal, said stop signal
      terminating the operation of the cycle control means and the pulse
      generator whereby the magnitude of the X and Y first signals at the time
      of occurrence of the stop signals represents the magnitude of the Y and X
      tool offset signals respectively.
PATN
WKU  039476685
SRC  5
APN  3811700
APT  1
ART  236
APD  19730720
TTL  Method and apparatus for controlling pulp refiners
ISD  19760330
NCL  6
ECL  1
EXP  Ruggiero; Joseph F.
NDR  5
NFG  10
INVT
NAM  Al-Shaikh; Al
CTY  Sunnyvale
STA  CA
INVT
NAM  Dahlin; Erik B.
CTY  Saratoga
STA  CA
ASSG
NAM  Measurex Corporation
CTY  Cupertino
STA  CA
COD  02
RLAP
COD  72
APN  299225
APD  19721020
PSC  03
CLAS
OCL  23515112
XCL  162252
XCL  2351501
XCL  241 28
XCL  241 33
EDF  2
ICL  B02C 2500
ICL  G06F 1546
FSC  235
FSS  151.12;151.1;150.1
FSC  241
FSS  28;30;37
FSC  162
FSS  252;253;254;258;262;263;198;261
FSC  444
FSS  1
UREF
PNO  2699095
ISD  19550100
NAM  Irwin
XCL  241 37
UREF
PNO  3490689
ISD  19700100
NAM  Hart et al.
XCL  162252
UREF
PNO  3568939
ISD  19710300
NAM  Brewster et al.
OCL  241 28
UREF
PNO  3657524
ISD  19720400
NAM  Bakke
OCL  235150.1
UREF
PNO  3711687
ISD  19730100
NAM  Stout et al.
XCL  162258
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  Method and apparatus for controlling pulp refiners where a feed forward
      algorithm compensates for the time delay in the effective action of the
      base refiners which are coupled to a high frequency compensating tickler
      refiner by a machine chest which has a significant time lag. In addition,
      efficiency of the control system is enhanced by providing a simple control
      method for a complex series parallel matrix of base refiners where the
      change of specific energy is easily accomplished by a distribution
      algorithm.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation in part of copending application Ser.
      No. 299,225 filed Oct. 20, 1972 in the names of Al Al-Shaikh and Erik B.
      Dahlin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for controlling
      pulp refiners and more particularly to refiners used in manufacturing
      paper.
PAR  U.S. Pat. No. 3,568,939 in the name of Brewster et al discloses in detail
      the existing state of the art in controlling pulp refiners. In general,
      the major refining action is accomplished by a group of base refiners
      arranged in various series and parallel flow paths; a tickler refiner
      provides for fine or high frequency control of the quality of the output
      stock. One such quality in the case of paper is known as freeness.
PAR  An inherent problem in the control of refiners is the time delay between
      the base refiners and the output of the tickler refiner. such delay is
      caused in part by the time constants in the refining operations of all of
      the refiners. In addition, transport delay or lag is caused by a machine
      chest between the base refiners and tickler refiner which serves as a
      mixing tank for the output of the base refiners. Typical values are a time
      constant of five minutes and a transport lag of 3.5 minutes.
PAR  As discussed in the above Brewster patent, if there is a deviation of
      overall refining action from a set point, one would ideally desire that
      the maximum corrective action initially occur at the tickler refiner.
      Then, as the effect of subsequent control action at the base refiners is
      sensed, the loading of the tickler refiner is reduced back to 50% of
      capacity. In order to accomplish the foregoing, Brewster discloses an
      improved control system for adjusting the loading on the base refiners as
      a group.
PAR  However, the prior art does not disclose an integrated control system where
      both the tickler and base refiners are automatically controlled such that
      the output of the tickler refiner is closely maintained at the desired
      target with only minor variations. In addition, where the base refiners
      are arranged in a complex series-parallel matrix no simple control method
      has been provided. Such a method is, of course, very important where an
      overall integrated control scheme is desired.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the invention to provide an improved
      method and apparatus for controlling pulp refiners.
PAR  It is another object to provide an integrated control system for both base
      and tickler refiners.
PAR  It is another object to provide a simple control method for a complex
      series-parallel matrix of base refiners.
PAR  In accordance with the above objects there is provided a control system for
      controlling a predetermined process variable the system having first and
      second manipulated variables upon which the process variable is dependent
      with disparate response times. The system includes first processing means
      for manipulating the first variable the processing means having relatively
      fast dynamic response for allowing high frequency control of said variable
      but being restricted in control range. Second processing means manipulate
      the second variable such processing means having a large control range
      relative to the first processing means but a much longer response time
      relative to the fast dynamic response. The first processing means is
      series coupled to the output of the second processing means. Means are
      provided for sensing the process variable at the output of the first
      processing means and comparing the sensed process variable to a target
      value to provide an error signal. Means responsive to the error signal
      cause the second processing means to manipulate the second variable to
      fully compensate for the error signal. Feedforward means responsive to the
      error signal cause the first processing means to change the first
      manipulated variable from an optimum operating value to a value which
      fully compensates for the error signal and thereafter which gradually
      changes the value back to the optimum value in accordance with the
      response time of the second processing means.
PAR  Feedforward means are responsive to said error signal for causing the first
      output control signal to change from an optimum operating value to
      initially load said tickler refiner means to fully compensate for the
      error signal and thereafter gradually change the loading back to the
      optimum value in accordance with the time delay.
PAR  In addition, there is provided a method of distributing the total energy
      requirement of a matrix of pulp refiners arranged in a plurality of
      parallel lines i where i = l,n each of the parallel lines having one or
      more refiners, j, in series where j = l,m. The method comprises initially
      determining the participation, P.sub.ij, of each of said refiners.
      Thereafter at every control interval the specific energy, E.sub.ij,
      required from a given refiner is determined in accordance with
      ##EQU1##
      where E.sub.T is the average specific energy of all refining and F.sub.i
      is flow through a parallel path, i. Adjusting the loading on a given
      refiner in accordance with any change of E.sub.ij then occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a control system embodying the present
      invention;
PAR  FIG. 2 is a block diagram schematically illustrating the transfer functions
      of FIG. 1;
PAR  FIGS. 3A, 3B and 3C are characteristic curves illustrating the operation of
      FIG. 1;
PAR  FIG. 4 is a generalized block diagram of the base refiner portion of FIG.
      1;
PAR  FIG. 5 is a block diagram representative of an algorithm performed in the
      system of FIG. 1;
PAR  FIG. 6 is a block diagram representative of another algorithm performed in
      the system of FIG. 1;
PAR  FIG. 7 is an example of a series parallel matrix of base refiners; and
PAR  FIG. 8 is a flow chart based on FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is illustrated the overall system of the
      present invention which is logically divided into four horizontal sections
      as illustrated in the drawings. These are the process section 11 where the
      actual processing of, for example, paper pulp is accomplished, a control
      section 12 which is interfaced with process section 11 by interface
      section 13 and an operator section 14. The process section 11 includes
      base refiners, R.sub.1, R.sub.i and R.sub.n in parallel paths which
      receive incoming paper pulp on a flow line 16, refines the paper pulp, and
      thereafter supplies it to a common machine chest 17 where it is mixed
      together. The n indicates any total number of parallel paths and i
      represents any one path. Electrical energy is consumed in each refiner and
      is related to the per unit mass of fiber going through each refiner. This
      is ternmed specific energy and its units are kilowatt-seconds per dry
      gallons per minute. One measure of the specific energy of the refiner or
      its loading is the amount of current which is required by its driving
      electric motor. An equivalent measure is the temperature rise of pulp
      across a refiner.
PAR  A so-called tickler refiner 18 connected to the output of machine chest 17
      provides for fine or high frequency control of the quality or freeness of
      the output stock. Although only one tickler refiner is shown two or more
      may be used in various series-parallel combinations. This output stock is
      in normal course coupled to a headbox 19 which feeds in a manner known in
      the art a layer of paper pulp to a rotating wire mesh 21 to initially form
      a paper sheet or web. The sheet is, of course, thereafter steamed,
      compressed and manipulated to form the final finished sheet material. A
      measure of the grinding or refining action of both the tickler and base
      refiners is termed freeness and this can be measured by a vacuum type
      gauge 22 located at mesh 21.
PAR  Referring now to control section 12 the output of the vacuum gauge 22 on
      line 23 is compared with a vacuum target 24 and the difference on line 26
      is in effect an error signal. A vacuum error may be due either to a change
      of target or variations in the measured value of the vacuum. The error
      signal on line 26 is coupled to the block 27 labeled vacuum control
      algorithm which has an output a specific energy change command
      .DELTA.E.sub.T which is coupled both to the tickler refiner 18 and the
      network of base refiners R.sub.1, R.sub.i, R.sub.n.
PAR  In the case of the tickler refiner, the .DELTA.E.sub.T specific energy
      change signal is processed by a feed forward predictor control unit 28
      which has as its output on line 29 a .DELTA.E tickler or specific energy
      change or loading of the tickler which is required. This is coupled to a
      tickler control algorithm unit 31 which effectuates the desired change in
      loading of tickler refiner 18 by means of tickler interface unit 32. Since
      the specific energy is related to both flow, F, in gallons per minute and
      consistency, C, which is a measure of the water content in the paper pulp
      flow, these values are coupled to the tickler control algorithm through
      the measurement lines 33 and 34. Interface unit 32 accomplishes the change
      of loading on line 36 of the closed loop control which is completed by the
      current sensing line 37 back to interface unit 32.
PAR  In general, the feed forward predictor control unit 28 operates on an
      algorithm which contains a model of the refining process. Based on this
      model, it will predict when the change in base refiners approaches the
      tickler and it will then force the tickler gradually back to its midrange
      with minimal or no disturbance of the vacuum reading on line 23. The
      result of this procedure is the tickler will always be ready for control
      of any upset including high frequency upsets either in the actual vacuum
      due to random variations or in the vacuum target.
PAR  The .DELTA.E output of vacuum control algorithm 27 is also coupled to a
      distribution algorithm unit 38 which properly distributes the required
      change of specific energy to the various base refiners. In FIG. 1 only
      three refiners are illustrated in parallel; however, there can be a
      complex matrix of refiners as illustrated in FIG. 4. The output of the
      distribution algorithm control unit 38 is coupled to a current control
      algorithm unit 39 which is provided for each refiner and is interfaced
      with that particular refiner through an interface unit 41. The loading of
      these refiners is accomplished in the same manner as the tickler refiner.
      Also, the distribution algorithm unit 38 has as inputs the consistency, C,
      for the main flow line 16, the flow rate, F, for each refiner and the
      applied voltage, .alpha.. In addition, there are participation factors for
      each refiner designated P.sub.11, P.sub.ij, P.sub.nm. The overall
      distribution system will be discussed below.
PAR  To provide for manual control, a select switch 42 allows the specific
      energy change line, .DELTA.E.sub.T to be disconnected and the distribution
      output of unit 38 to be coupled to a specific energy target line 43.
PAR  FIG. 2 illustrates the transfer functions of the process of FIG. 1 where
      the feed forward predictor unit 28 has a Z function P(Z) and tickler
      refiner 18 has the function G.sub.2 (s) where s, of course, is the Laplace
      operator. Hold blocks 44 and 46, designated H(s) indicate that the system
      is digital in nature or that there are discrete sampling intervals, T.
      Finally the base refiners R.sub.1,n and the machine chest 17 are indicated
      with the transfer function G.sub.1 (s). The following equations (1), (2)
      and (3) illustrate these functions.
      ##EQU2##
      where k.sub.1 is the vacuum/base refiner, L.sub.1 is the base-vacuum
      transport delay, .UPSILON..sub.1 is the base refiner-vacuum time constant,
      k.sub.2 is the vacuum/tickler gain, L.sub.2 the tickler-vacuum transport
      delay, and .UPSILON..sub.2 the tickler-vacuum time constant. The overall
      process G.sub.T (s) is illustrated by equation (4).
      ##EQU3##
PAR  As may now be apparent, the general problem in the control system as
      illustrated in FIG. 2 is that due to the machine chest which introduces
      long delays, only low frequency disturbances can normally be regulated.
      With the introduction of the tickler refiner, it is possible to control
      high frequency disturbances also. However, the tickler refiner has a
      limited operating range and, therefore, it is important to keep the
      tickler at an optimum or mid range operating state so as to achieve more
      effective control at all times. The feed forward predictor control unit 28
      with its transfer function P(Z) adjusts the tickler refiner's specific
      energy so as to correct immediately for changes in vacuum. Once the base
      refiner's effect is apparent it backs the tickler to its mid range. Of
      course, as discussed in conjunction with FIG. 1, both the base refiners
      and tickler refiner when an upset in vacuum occurs are immediately shifted
      to correct such error. In other words, the .DELTA.E.sub.T error signal is
      supplied both to the base refiners and the tickler refiners. This is
      clearly illustrated in FIG. 2.
PAR  The design criteria for the feed forward controller is illustrated by the
      equation (5).
EQU  P(Z) * Z[H(s) * G.sub.2 (s)] + Z[H(s) * G.sub.1 (s)]   = Z[H(s) * G.sub.T
      (s)]                                                      (5)
PAL  In words, equation (5) states that the combination of the transfer
      functions of the feed forward predictor, the tickler refiner and the base
      refiners and machine chest should equal the overall transfer function of
      the process with, of course, the sampling intervals being compensated for
      by the H(s) function. Substituting equations (1), (2) and (3) and (4) in
      equation (5) yields equation (6).
      ##EQU4##
      where: N1-N2 = Integer value of (L.sub.1 -L.sub.2)/T assuming that L.sub.1
      &gt;L.sub.2. T equals sampling period. Equation (6) can be simplified since
      in most applications the base refiners-vacuum time constant,
      .UPSILON..sub.1, is at least five times the tickler refiner-vacuum time
      constant, .UPSILON..sub.2. Thus, assuming .UPSILON..sub.2 is equal to zero
      equation (6) becomes
      ##EQU5##
      Converting the Z transform algorithm equation (7) into the function of the
      specific energy, E.sub.tick, applied to the tickler and the total average
      specific energy, E.sub.T yields equation (8).
      ##EQU6##
      As disclosed in the above Brewster patent, specific energy may also be
      measured by sensing the temperature rise across a refiner rather than
      measuring current and flow. Thus in equation (8 ) E.sub.tick may be
      replaced by DT.sub.tick and E.sub.T by DT.sub.T where
PA0  Dt.sub.tick = .DELTA. temperature rise across tickler refiner, and
PA0  Dt.sub.t = average .DELTA. temperature required.
PAL  The foregoing substitutions can be made throughout this description. From a
      computer standpoint, equation (8) may be modified to form equation (9).
      ##EQU7##
      where K.sub.1 = e.sup.-.sup.T/.sup..upsilon..sbsp.1
PA0  k.sub.2 = k.sub.1 /k.sub.2
PA0  K.sub.3 = O = e.sup.-.sup.T/.sup..upsilon..sbsp.2
PA0  k.sub.4 = (l.sub.1 - l.sub.2)/t
PA0  k.sub.5 = l - e.sup.-.sup.T/.sup..upsilon..sbsp.1
PA0  n = algorithm output sequence number.
PAL  Note that in equation (9) in practice the last term of the equation would
      not be used since K.sub.3 is equal to zero since .UPSILON..sub.2 equals
      zero. However, if this time is significant, then the last term would be
      utilized and derived from the more complete equation (6).
PAR  FIGS. 3A, 3B and 3C show the operation of the feed forward algorithm when
      as illustrated in FIG. 3A a step change in target is created at zero
      iminutes. Specifically, the target change in inches of vacuum is 3.8
      inches to 4.0 inches. As illustrated in FIG. 3A, in two to three minutes
      the vacuum has been changed to the new target and variations are less than
      .+-.0.1 inches. FIGS. 3B and 3C illustrate respectively the application of
      .DELTA.E.sub.T to the base refiners and the tickler refiner. Initially
      from a time of approximately zero to 4 minutes both the base refiners and
      the tickler refiner are identically loaded to accommodate the step change
      in vacuum. The time constant of the application of .DELTA.E.sub.T is due
      to the vacuum control algorithm which will be discussed below. After the 4
      minute period, the base refiners' specific energy in FIG. 3B remains
      nearly constant over the next 25 minute period, the small variations being
      due to measured vacuum variations. The lower curve of FIG. 3B designated
      "output response base refiners" is the effective response at the vacuum
      measurement point and indicates that in approximately 31/2 to 4 minutes
      the effect of the change in loading of the base refiners begins to be
      felt. Thus, the transport lag between the base refiners and tickler is
      substantially 31/2 minutes; and the time constant, in other words, the 63%
      point, is approximately five minutes. The curve of FIG. 3B is essentially
      the difference between the upper curve of FIG. 3B and FIG. 3C. Finally as
      shown in FIG. 3C, tickler's specific energy at its mid range was 4.0
      kilowatt-second/dry gpm moved to 5.1 and then gradually, using the feed
      forward algorithm process model, returned at approximately the 28 minute
      point to its initial optimum or mid range value.
PAR  Referring now to the vacuum control algorithm unit 27, (FIG. 1) in general
      the overall system of base refiner control, tickler refiner control, and
      the feed forward predictor control appears to the vacuum control algorithm
      as the process with a gain equal to that of the base refiners-vacuum, a
      transport delay equal to that of the tickler-vacuum and a time constant
      equal to that of the tickler-vacuum. The vacuum control algorithm is a
      typical single loop, transport delay, .lambda. tuned algorithm as
      illustrated in equation (10)
EQU  .DELTA.E.sub.T = Q/(G*L) [E.sub.(n) - (l-L) * E.sub.n.sub.-1) ] (10)
PAL  where
PA0  L = 1 - exponential [-T/TC]
PA0  t = sample period
PA0  TC = tickler to vacuum time constant
PA0  Q = 1 - exponential [-LAMBDA * T]
PA0  Lambda = the reciprocal of closed loop time constant with control
PA0  G = tickler to vacuum gain
PA0  E.sub.(n) = present vacuum error
PA0  E.sub.(n.sub.-1) = previous vacuum error.
PAR  Referring now again to FIG. 1, as was discussed above, a distribution
      algorithm unit 38 provides for distribution of any change of specific
      energy among the matrix of base refiners. In many paper mill situations, a
      series parallel arrangement or matrix of refiners is used as illustrated
      in FIG. 4. In general, each of the various parallel paths are designated,
      i, where i varies between l and n and the numbers of refiners in series in
      each parallel path is designated by j which varies between l and m. Thus,
      a generalized refiner is given by the subscript ij. As further illustrated
      in FIG. 4, therefore, the following designations may be made.
PA0  Fi = Flow through refiners Rij (j=l,m) which are in series and have the
      same flow
PA0  Pij = Participation factor for refiner Rij
PA0  Eij = Specific energy of refiner Rij
PA0  E.sub.t = average specific energy of all refining
      ##EQU8##
PAR  The specific energy of the given refiner, E.sub.ij is given by
      ##EQU9##
      where P.sub.T represents an overall participation factor. Since the
      specific energy and arrangement of series refiners is additive, then
      ##EQU10##
      Combining equations (11) and (12) gives
      ##EQU11##
      Substituting for P.sub.T of equation (13) in equation (11) gives the
      distribution algorithm
      ##EQU12##
      As can be seen from equation (14) the major term by which E.sub.T is
      multiplied will remain constant as long as the relative flow through each
      refiner and its participation factor remains unchanged. As discussed
      above, E.sub.ij may be replaced by DT.sub.ij and E.sub.T by DT.sub.T.
PAR  The specific energy required from a given refiner is then converted to the
      required target current I.sub.ij using
      ##EQU13##
      where C is equal to the stock consistency through refiner R.sub.ij and
      .alpha. equals the line voltage (RMS voltage/1000). Specific control of
      refiner current is achieved by comparing the refiner currents' measured
      value, for example, referring to FIG. 1, the measured value of a current
      line returning to interface unit 41, to the target current algorithm
      I.sub.ij and then using typical LAMBDA tuned two term algorithm to
      complete the control action. Of course, as discussed above temperature
      measurements, T, may be used as a measure of specific energy.
PAR  In order to obtain the initial participation factor values the steps of
      FIG. 6 should be performed. Thus, E.sub.ij, the specific energy of each
      refiner in actual operation or a nominal value is computed by the
      associated equation shown in the Figure. Thereafter, the total specific
      energy E.sub.T is computed as shown. Next, each base refiner participation
      factor, P.sub.ij is obtained by multiplying the specific energy for that
      refiner E.sub.ij by the total participation factor, P.sub.T and dividing
      by the total specific energy, E.sub.T. Normally, P.sub.T is 1 but the
      algorithm does not necessarily require this unity relationship. Thus, the
      final participaton factors P.sub.11 . . . P.sub.ij . . . P.sub.nm are
      computed and supplied to the distribution algorithm shown in FIG. 5. Once
      the system is in operation, the operator may at his option change any
      participation factor. When this is done the algorithm of FIG. 6 must again
      be computed.
PAR  for bumpless transfer it is preferable that the values of the participation
      factors be read out for the operator to be used at start up.
PAR  While the control process is being carried on to manufacture, for example,
      paper, if any of the base refiners exceeds its high or low currents, that
      is, saturates, then its participation factor in the distribution algorithm
      shown in FIG. 5 is temporarily set to zero. Once it returns to its
      operating range as a result of a .DELTA.E.sub.T change opposite in sign to
      the one that caused it to saturate then its old participation factor is
      used. If any base refiner is outside of its high or low current range and
      any participation factor is changed by the operator then to calculate the
      new, E.sub.ij, the participation factor should not be set to zero.
PAR  An example of the application of the distribution algorithm of FIG. 5 is
      illustrated in FIG. 7 where two refiners E.sub.11 and E.sub.12 are in
      series in one parallel path which has three quarters of the flow and the
      other refiner E.sub.21 is in a second parallel path by itself which has
      one fourth of the flow. The relative participation factors are indicated.
      From the calculation from the term illustrated in FIG. 5 and from equation
      (14)
      ##EQU14##
      Therefore:
      ##EQU15##
PAR  The above distribution algorithm may also be used to control a matrix of
      tickler refiners.
PAR  Moreover, the distribution algorithm is based upon specific energy for each
      refiner--and the control of energy is open loop; that is, the total energy
      required is initially specified by an operator who also selects
      participation percentages for each refiner as discussed in conjunction
      with FIG. 6. In contrast, the Brewster patent continuously measures total
      specific energy and uses this information in a feedback loop to control
      participation factors and loading of the base refiners.
PAR  The control concept of the present invention is in general applicable to
      many control situations involving other than the specific embodiment
      disclosed. In general, the concept relates to feedback control over a
      process variable (such as freeness) which, may be sensed by and which may
      be controlled by two manipulated variables. In the present invention the
      first and second manipulated variables would be the specific energy
      targets or the loading of the base refiners and the tickler refiner. The
      tickler refiner in general has a fast dynamic response which allows for
      high frequency or fast control of its loading; however it is restricted in
      control range. On the other hand the base refiners have a relatively large
      control range compared to the tickler refiner but a much longer response
      time. The response time is in part due to the inherent time constant of
      the base refiners themselves and the transport lag which is in part due to
      the machine chest connecting the base refiners to the tickler refiner. The
      present invention teaches how to effectively coordinate the two
      manipulated variables so that each one can be used to advantage
      guaranteeing both high frequency control and range control under all
      operating conditions. In other words, the high frequency control
      capability of the tickler refiner would be used to immediately correct any
      disturbance in the process and thereafter the tickler refiner can be
      returned to its midrange automatically and under computer control to
      provide a smooth transition to allow the control action of the base
      refiner to take effect. It is apparent that this control scheme may be
      applied to many other similar processes.
PAR  FIG. 8 is a self-explanatory flow chart based on FIG. 1 with common
      reference numerals indicating corresponding portions from which one
      skilled in the art could easily code a general purpose digital computer.
PAR  Thus, from the foregoing, the present invention has provided an improved
      method and apparatus for controlling pulp refiners and more specifically
      provided an integrated control system for both base and tickler refiners
      and a simple control method for a complex series-parallel matrix of base
      refiners.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control system for controlling the quality of the output stock of a
      group of pulp refiners which include a plurality of base refiners and
      tickler refiner means the output stock of the tickler refiner means being
      used to manufacture sheet material and where the coupling between the base
      refiners and the tickler refiner means includes a significant time delay
      said system comprising: first control means associated with said tickler
      refiner means and responsive to a first input control signal for loading
      said tickler refiner means in accordance with such signal; second control
      means associated with said base refiners and responsive to second input
      control signal means for loading said base refiners in accordance with
      such signal means; means for sensing the quality of the output stock from
      said tickler refiner means and comparing such quality to a target value to
      provide an error signal; means associated with said base refiners and
      responsive to said error signal for causing said second output control
      signal means to load said base refiners to fully compensate for said error
      signal; feedforward means responsive to said error signal for causing said
      first output control signal to change from an optimum operating value to
      initially load said tickler refiner means to fully compensate for said
      error signal and thereafter gradually change said loading back to said
      optimum value in accordance with said time delay.
NUM  2.
PAR  2. A system as in claim 1 where said second control means includes means
      for determining the energy distribution of said plurality of base refiners
      and maintaining said distribution constant even while said second input
      control signal varies the loading of said base refiners.
NUM  3.
PAR  3. A system as in claim 2 where said determining and maintaining means
      includes means for initially determining the participation factor of each
      of said base refiners, means for determining at every control interval the
      specific energy required from each of said refiners in accordance with
      said error signal and said participation factors, and means for adjusting
      the loading on said base refiners in accordance with any change in said
      specific energy.
NUM  4.
PAR  4. A method for controlling the quality of the output stock of a group of
      pulp refiners which include a plurality of base refiners and tickler
      refiner means the output stock of the tickler refiner means being used to
      manufacture sheet material, and where the coupling between the base
      refiners and the tickler refiner means includes a significant time delay
      said method comprising the following steps: sensing the quality of the
      output stock from said tickler refiner means and comparing such quality to
      a target value to provide an error signal; adjusting the loading of said
      base refiners to fully compensate for said error signal; concurrently with
      said base refiner adjustment, adjusting the loading of said tickler
      refiner means to fully compensate for said error signal and thereafter
      gradually returning the loading of said tickler refiner means to its
      original value in accordance with said time delay.
NUM  5.
PAR  5. A control system for controlling a predetermined process variable said
      system having first and second manipulated variables upon which said
      process variable is dependent with disparate response times comprising:
      first processing means for manipulating said fisrt variable said
      processing means having relatively fast dynamic response for allowing high
      frequency control of said variable but being restricted in control range;
      second processing means for manipulating said second variable said
      processing means having a large control range relative to said first
      processing means but a much longer response time relative to said fast
      dynamic response, said first processing means being series coupled to the
      output of said second processing means; means for sensing said process
      variable at the output of said first processing means and comparing said
      sensed process variable to a target value to provide an error signal,
      means responsive to said error signal for causing said second processing
      means to manipulate said second variable to fully compensate for said
      error signal; feedforward means responsive to said error signal for
      causing said first processing means to change said first manipulated
      variable from an optimum operating value to a value which fully
      compensates for said error signal and thereafter which gradually changes
      said value back to said optimum value in accordance with said response
      time of said second processing means.
NUM  6.
PAR  6. A system as in claim 5 where said control system is for pulp, said
      process variable is freeness, said second processing means includes a
      plurality of base refiners, said first processing means includes tickler
      refiner means, said first and second manipulated variables are the
      specific energy targets of said tickler refiner means and said base
      refiners respectively, and where said response time includes both
      transport lag and time constants.
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ABST
PAL  An electrical voting machine is disclosed which uses digital circuits to
      allow each of a number of voters to (1) select one of a number of
      alternative answers to a question and (2) express a selected degree of
      confidence in the selected answer, and then combines digitally the voter
      selections, and displays indications reflecting both the answer
      distribution and the degree of confidence of the voter group in the
      selected answers. Additionally, the machine calculates and displays: the
      total number of voters, a downcount of the number of voters as their votes
      are tallied, a weighted mean of the answer curve, an error signal if the
      number of votes exceeds the number of voters or if there is a circuit
      failure, and an error condition if an attempt is made to tally the votes
      before all voters have voted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to measuring and displaying the vote on a
      given question by a group of voters, and is specifically directed to
      providing an improved method and device wherein the degree of confidence
      of the voters in their votes on a question is measured and indicated
      together with the votes. Still more specifically, the invention is an
      improvement over the voting machine disclosed in Gordon et al. Pat. No.
      3,766,541 which relates to an analog voting machine of this type.
PAR  Voting machines of the type disclosed in said Gordon et al. patent have
      certain disadvantages associated primarily with their nature as analog
      machines. Specifically, machines of this type may have to be recalibrated
      each time the number of voters changes and may have to be further
      recalibrated to compensate for factors such as temperature changes,
      component aging, supply voltage variations and the like. Such
      recalibration may require highly trained personnel and measuring
      instruments to ensure the desired result. Further, voting machines of the
      type discussed above calculate and display only a limited number of
      parameters associated with the vote of a group of voters.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improvement over the voting
      machines of the type discussed above. A specific object is to provide a
      voting machine and method which can easily and conveniently accommodate
      different numbers of voters, which can provide useful indications of the
      voting process that have not been provided by prior art voting machines
      and methods, and which are simple in operation and do not need
      recalibration.
PAR  The invented voting machine comprises a number of voter terminals, one for
      each voter, a display panel, a central control circuit connected to each
      voter terminal and to the display panel, and a remote control terminal
      connected to the central control. Each voter terminal is operated by a
      voter to establish therein an electrical circuit representing the voter
      answer to a question and to establish therein another electrical circuit
      representing the degree of confidence of the voter in the selected answer.
      When all voters have made their selections, the central control circuit
      scans the voter terminals to derive from each a digital electrical signal
      representing the selected answer and a digital electrical signal
      representing the degree of confidence of the voter in the selected answer.
      The central control circuit combines the derived digital signals with each
      other to provide voting result signals suitable for display. Specifically,
      the central control circuit derives a denominator digital signal
      corresponding to the cumulative degree of confidence of all voters in all
      answers given thereby. Additionally, the central control circuit derives,
      for each of the several possible answers, a numerator signal representing
      the cumulative degree of confidence of all voters in that answer. The
      display has a column for each of the several possible answers to the
      question. Each column is illuminated up to a height corresponding to the
      ratio (on a scale of 100) between the numerator signal for that answer and
      the denominator signal. Thus, the illuminated columns provide a histogram
      display which reflects not only the percentage of the votes for each
      answer, but also the degree of confidence of the voters in the selected
      answers.
PAR  Additionally, the invented voting machines may be energized to combine the
      voting results discussed above so as to provide and display a weighted
      mean of the displayed histograms, thereby providing a further indication
      of the thrust of the votes.
PAR  Still additionally, the machine provides and displays: an indication of the
      cumulative degree of confidence of all voters in the answers given by
      them, thereby providing an additional indication of the quality of the
      vote; a signal indicating the total number of voters taking part in each
      vote, this number being decremented as the vote progresses and votes are
      tallied; and, an error condition if an attempt is made to tally the votes
      before all voters have voted of if a voter attempts to vote twice, thereby
      providing a further check on the voting process.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a functional block diagram of the invented voting machine.
PAR  FIG. 2 is a more detailed functional block diagram of the voting machine.
PAR  FIG. 3 is a block diagram illustrating the portion of the machine involved
      in measuring the cumulative degree of confidence of the voters in the
      selected answers.
PAR  FIG. 4 is a block diagram of the portion of the machine involved in
      providing electrical signals for displaying normalized histograms
      representing the voter selections.
PAR  FIG. 5 is a block diagram of the machine portion concerned with measuring a
      weighted mean of the displayed voting results.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the voting machine comprises four major parts: voter
      terminals 1-16, a central control circuit 18, a remote control terminal
      20, and a display panel 22. The 16 voter terminals are identical and each
      comprises a ten-position selector switch 24, a five-position weighting
      switch 26, an indicator light 28 and a row of connector pins 30, of
      course, the number of voter terminals and the number of positions of each
      selector switch 24 and weighting switch 26 are arbitrary, and any other
      suitable numbers may be chosen. The remote control terminal 20 comprises
      three manual switches: a switch 20a labelled "mean", a switch 20b labelled
      "scan" and a switch 20c labelled "reset". The display panel 22 comprises
      11 vertical columns 12 labelled "0 through 10", a three-digit display 34
      which is labelled "weight", a three-digit display 36 which has a label
      "count" next to an indicator light 38 and a label "mean" next to an
      indicator light 40, a manual switch 41 which is labelled "mean", a manual
      switch 42 which is labelled "scan", a manual switch 44 which is labelled
      "reset" and a 16-position switch 46 labelled "voter count". The selection
      switch 24 of each voter terminal is used to register the answer of a voter
      to a question. For example, if the question calls for a "yes" or "no"
      answer, the voter manually places the selector switch 24 at the zero
      position for a "no" answer and at the ten position for a "yes" answer. If
      the question calls for one of eleven (or less) alternative answers to the
      question, the voter manually places the selector switch 24 at the position
      corresponding to the answer selected by him. If the question calls for
      indicating an increment, the voter answers by placing the selector switch
      24 at a selected numerical position. Thus, the selection switch 24
      provides up to 11 discrete selections or alternative responses to a
      particular question. The weighting switch 26 is used to register the
      degree of confidence of the voter in the selected answer. The term "degree
      of confidence" is used here in a generic sense and refers to any
      qualification of an answer, e.g. a qualification reflecting the strength
      of opinion that the voter has when making a selection, the confidence of a
      voter in his answer of judgment, or any other qualifications as to the
      vote, such as the experience of the voter, his degree of involvement with
      a given issue, his knowledge of a subject, etc. The weighting switch 26
      has five positions labelled "0%, 25%, 50%, 75% and 100%. The three
      switches of the remote control 20 are used as follows: the reset switch
      20c is manually energized to reset all appropriate circuits in the voting
      machine prior to a new vote; the scan switch 20b is energized to start the
      tallying of the votes; and the mean switch 20a is energized if it is
      desired to calculate and display a weighted mean of the tallied votes. The
      central control circuit 18 contains the necessary control circuits for
      operating the voting machine in accordance with the invention.
PAR  In operation, the voter count switch 46 in the display 22 is set to the
      number of voters which are to participate in a vote. A question is then
      announced and each voter sets the selection switch 24 and the weighting
      switch 26 of his voter terminal in accordance with his vote on the
      question. The voters then connect their voter terminals to the machine by
      plugging in the connector pins 30 into the appropriate connector board
      (not shown) to thereby establish the necessary electrical connection
      between the participating voter terminals and the central control circuit
      18. The term "electrical connection" is used generally, and includes a
      wireless radio link as well as a hard-wired connection by electrical
      cable. To start tallying the vote, either the scan switch 42 of the
      display panel 22 or the scan switch 20b of the remote control 20 is
      operated. The central control 18 scans the plugged-in voter terminals in
      sequence to first accumulate a number representing the sum of all settings
      of the weighting switches 26 of the voter terminals. The numbers 0, 1, 2,
      3, and 4 are assigned to the five positions of each weighting switch 26 (0
      for 0%, 1 for 25%, etc.), so that the maximum number of weights is 64 --
      when each switch 26 is set at the 100% mark and there are 16 voters. The
      accumulated number of weights is divided by the maximum number of total
      weights for the number of voters taking part in the vote, and the result
      is displayed on the three-digit display 34. For example, if ten voters are
      taking part in the vote, there are ten voter terminals, the maximum number
      of weights is 40 and if each voter indicates 100% confidence in the vote,
      the number displayed on the three-digit display 34 is 100. If each of the
      ten voters selects a 25% confidence in the vote, then the number displayed
      at the three-digit display 34 is 25 (corresponding to the ratio of 10 to
      40). Thus, the weight display 34 displays a number which indicates the
      cumulative confidence of the voters in their votes but does not identify
      the individual choices of the voters or the confidence of an individual
      voter in his answer. When the voter count switch 46 is set to the selected
      number of voters, the corresponding number is displayed at the three-digit
      display 36 and the indicator light 38 is lit to indicate that the
      displayed number is the number of participating voters. As each voter
      terminal is scanned by the central control 18 in the course of
      accumulating the weights selected by the voters, the number displayed at
      display 36 is dimensioned. When all participating voter terminals have
      been scanned, the display 36 should be blank. If it is not, either less
      than all the voters have voted, in which case a number other than 0 is
      displayed at display 36, or a voter has attempted to vote twice, in which
      case an E (for error condition) is displayed. While the number of
      participating voters is being displayed at the three-digit display 36, the
      indicator light 38 labelled "count" on the display panel 22 remains lit.
      In a second scan, the central control 18 again scans each participating
      voter terminal, but this time finds the number of weights given by the
      voters to the individual answers. The central control 18 then divides, for
      each of the 11 possible answer selections, the number of weights given by
      all the participating voters to that answer selection by the total number
      of weights given by all voters to all answer selections. The resulting
      ratio, normalized on a scale of 100, is displayed (but only after all vote
      taking is completed) by illuminating the corresponding one of the eleven
      columns 32 of the display 22 to a corresponding height. The illuminated
      portions of the columns 32 thus provide an illustration of the consensus
      of the voters. For example, a bell-shaped curve indicates consensus, and
      the taller of the curve, the more harmonious the thinking of the voters. A
      bimodal curve indicates either a polarity of opinion and no consensus, or
      a misunderstanding of the question. A low, wide curve shows diversity of
      opinion. If the mean switch 20a (or 41) is energized on the remote control
      20 (or panel 22), then the central control 18 calculates a weighted mean
      of the ratios displayed on the columns 32, and displays the calculated
      number on the display 36, as a two-digit number on a scale of 10. While
      the weighted mean is being displayed, the indicator 40 labelled "mean" on
      the display panel 22 is lit and the indicator light 38 is off.
PAR  A more detailed functional block diagram of the invented voting machine is
      shown in FIG. 2. The number of voters participating in the vote is set at
      the voter count selector 46 and a counter 48 is set to a corresponding
      count. The contents of the counter 48 are displayed at the display 36.
      When the scan switch 20b of the remote control 20 or the scan switch 42 at
      the display panel 22 is energized, a clock 50 is turned on and a scanner
      52 starts applying the clock pulses from the clock 50 to the voter
      terminal which is first in position and has been plugged into the voting
      machine. The first voter terminal has an output which is applied to a
      total weights counter 54, and passes to the output up to four successive
      clock pulses from the clock 50, with the number of pulses depending on the
      setting of the weighting switch 26 of the voter terminal. If the weighting
      switch 26 is set to 0%, no clock pulses are passed to the counter 54; if
      the switch 26 is set to 25%, one clock pulse is passed onto the counter
      54, etc. After the first voter terminal has been scanned in this fashion,
      and the clock pulses (if any) passed thereby have been counted in the
      counter 54, the scanner 52 starts applying the clock pulses to the second
      voter terminal, to thereby add to the contents of the counter 54 a number
      of clock pulses corresponding to the setting of the weighting switch 26 of
      the second voter terminal, etc., until all voter terminals plugged into
      the machine have been scanned in this manner and the counter 54 has
      accumulated a number corresponding to the sum of all the weights chosen by
      all the participating voters for all the answer selections. Each time the
      scanner 54 finishes applying clock pulses to a voter terminal, it applies
      a signal to the number of voters counter 48 to decrement its contents.
      Thus, each time a voter terminal is tallied, the number displayed at the
      number of voters display 36 is decremented by 1 until the display 36 is
      blanked out when all voter terminals have been scanned. When the counter
      48 has counted down to zero, its output to an inverter 48a is zero, and
      the 1 output of the inverter 48a enables an AND-gate 56 to thereby apply
      to a divider 58 the contents of the total weights counter 54. The other
      output of the divider 58 is from a multiplying circuit 60 which multiplies
      by 4 the number of voters provided by the selector 46. The divider 58
      therefore provides at its output the ratio of the total weights provided
      the participating voter terminals and the maximum number of weights
      possible for the participating voters, i.e., a normalized total weights
      number which indicates the overall confidence of the voters in their votes
      on a scale of 100. The output of the divider 58 is applied to the weight
      display 34 of the display 22 panel to be displayed thereon. Note that the
      weight display 34 is not energized until each participating voter terminal
      has been scanned and has been scanned only once (if the output of the
      number of voters counter 48 is anything but 0, the inverse thereof keeps
      the AND-gate 56 disabled). The scanner 52 then starts the second scan by
      again applying the output of the clock 50 to the first voter terminal. The
      voter terminal has 11 outputs corresponding to the 11 possible selections
      of the switch 24. During this second scan each voter terminal passes to
      the output corresponding to the setting of its selection switch 24 up to
      four pulses from the clock 50, with the number of passed pulses
      corresponding to the setting of the weighting switch 26. Thus, if the
      selection switch 24 is set at 9 and the weighting switch is set at 75%,
      the voter terminal 1 applies three clock pulses to its output line
      corresponding to selection 9. There are 11 numerator counters 62-0 through
      62-10, and each of the 11 outputs of each voter terminal is connected to
      the corresponding numerator counter. Each numerator counter accumulates a
      count of the clock pulses applied thereto and each of the voter terminals
      is scanned in a similar manner. Thus, if each of the first and second
      voter terminals applies three clock pulses to the numerator counter 62-1,
      and no other voter has made selection No. 1, the numerator counter 62-1
      will contain the count of 6 at the end of the second scan. When the second
      scan is completed, each of the numerator counters contains a count
      corresponding to the number of weights chosen for the corresponding answer
      by the voters. The contents of each of the numerator counters are applied
      to a normalizing circuit 65, where the contents of each of the numerator
      counters 62-0 through 62-10 are divided by the contents of the total
      weights counter 54. The resulting ratios, as represented on a scale of
      100, are stored in the correspondingly numbered selection counters 64-0
      through 64-10, and the 11 display columns 32 of the display panel 22 are
      illuminated to a height corresponding to the contents of the
      correspondingly numbered selection counter 64. If the mean switch 20a of
      the remote control 20 (or the mean switch 41 of the panel 22) is energized
      at this time, the contents of the selection counters 64-0 through 64-10
      are applied to a weighted mean calculator 66 which multiplies the contents
      of each of the counters 64 by the counter number and divides the resulting
      sum by 10 to thereby provide a two-digit number ranging from 0 through 10.
      The resulting number is applied to the weighted mean display 36, the
      "mean" indicator 40 on the display panel 22 is lit and the "count"
      indicator 38 is disabled. Note that the same display 36 was used for the
      number of voters in the course of the first scan, but has already been
      blanked out and is now used for a different purpose.
PAR  FIG. 3 illustrates in greater detail the portion of the invented voting
      machine involved in measuring the cumulative degree of confidence of the
      voters in the selected answers. The scanner 52 comprises a counter 51
      having thirty-two outputs 51-1 through 51-32 (only sixteen outputs are
      shown in FIG. 3) and 16 AND-gates 53-1 through 53-16, with each of the
      shown outputs of the counter 51 connected as an input to the
      correspondingly numbered AND-gate and with the output of each AND-gate
      connected to the correspondingly numbered voter terminal. Each voter
      terminal includes a serial four-stage shift register 68 receiving the
      output of the correspondingly numbered AND-gate 53. The weighting switch
      26 of each voter terminal comprises a switch which connects any selected
      stage of the shift register 68, or none of the stages, to an OR-gate 54
      whose output is connected to the UP-count input of the total weights
      counter 54 and to the DOWN-count input of the number of voters counter 48.
      Each of the remaining voter terminals include identical components and is
      connected to its correspondingly numbered AND-gate 53 and to the OR-gate
      54a in the same manner; the remaining voter terminals are therefore not
      shown.
PAR  In operation of the circuit shown in FIG. 3, the clock 50 is turned on at
      the beginning of the first scan by the manual energizing of either the
      scan switch 20b or the scan switch 42. The clock then starts applying
      clock pulses to a time divider 50a and to each of the AND-gates 53. The
      counter 51 of the scanner 52 is a ring counter and only its first output
      51-1 is energized for the first four clock pulses, only its second output
      51-2 is energized for the second four clock pulses, etc. Therefore, only
      the AND-gate 53-1 for the first voter terminal is enabled for the first
      four clock pulses, only the second AND-gate 53-2 is energized for the
      second four clock pulses, etc. Depending on the setting of the weighting
      switch 26-1, the first voter terminal passes to the OR-gate 54a only the
      number of clock pulses corresponding to the number of weights selected by
      the first voter. Thus, if the first voter selects zero weights, the sweep
      contact of the switch 26-1 is not connected to any of the stages of the
      shift register 68 and no clock pulses pass onto the OR-gate 54a; if the
      sweep contact of the switch 26-1 is connected to the last stage of the
      shift register 68, only the fourth clock pulse (i.e. only one pulse)
      passes on to the OR-gate 54a, etc. Each clock pulse passed to the OR-gate
      54a is counted up by the total weights counter 54 and simultaneously
      decrements the contents of the number of voters counter 48. After the
      first four clock pulses, the AND-gate 53-1 for the first voter terminal is
      disabled and the AND-gate 53-2 is enabled for the subsequent four-clock
      pulses, etc. At the end of the first scan, the total weights counter 54
      contains a number representing the total weights assigned by all of the
      participating voters to all of the answers selected by them, and the
      number of voters counter 48 contains zero, provided that the voter counter
      selector 46 was set correctly to begin with and provided that each
      participating voter has voted, but only once.
PAR  FIG. 4 shows in greater detail the portion of the invented voting machine
      involved in the second scan and in providing the necessary signals for
      driving the histogram displays. Each voter terminal includes, in addition
      to the shift register 68 and the weighting switch 26 discussed in
      connection with FIG. 3, the selection switch 24 which has one input from a
      corresponding numbered AND-gate 74 and has 11 outputs connected to an
      OR-gate 76 and to the correspondingly numbered AND-gates 78. The second
      scan starts when the seventeenth output of the counter 51 is actuated to
      enable the AND-gates 72-1 associated with the first voter terminal. (There
      are 16 AND-gates 72 each associated with the correspondingly numbered
      voter terminal.) While the seventeenth output of the counter 51 is active,
      and the AND-gate 72-1 is enabled, the number of clock pulses passed to the
      shift register 68-1 corresponds to the setting of the weighting switch
      26-1, as discussed in connection with FIG. 3. These clock pulses, if any,
      are passed to the selection switch 24-1 through the associated AND-gate
      74-1 which is enabled concurrently with the corresponding AND-gate 72-1.
      The switch 24-1 comprises 11 switches connected in parallel and the clock
      pulses from the AND-gate 74-1 pass only through the closed one of these
      eleven switches, to be applied to the OR-gate 76 and to only the
      correspondingly numbered one of the AND-gates 78. The output of the
      OR-gate 76 is applied to the single numerator counter 63 which can be used
      in place of the 11 numerator counters 62-0 through 62-10 of FIG. 2.
PAR  In operation of the circuit shown in FIG. 4, the AND-gates 72-1 and 74-1
      are enabled for the duration of four clock pulses from the clock 50 and up
      to four clock pulses, depending on the setting of the weighting switch
      26-1, are applied to the numerator counter 63, to be counted therein,
      while the AND-gate 78 whose number corresponds to the closed one of the
      eleven parallel switches forming the selector switch 24-1 is enabled, to
      thereby pass to the selection counter the output of the normalizing
      circuit 65, this output being the contents of the numerator counter 63
      divided by the contents of the total weights counter 54, as normalized to
      a scale of 10. For example, if the first voter had selected answer No. 5
      and had selected a 75% confidence in that answer, the numerator counter 63
      contains the count of 3 and the selection counter 64-5 (not shown)
      contains a number which is the quotient of 3 divided by the total number
      of weights accumulated in the counter 54 as discussed in connection with
      FIG. 3. At the end of the first four clock pulses of the second scan, the
      numerator counter 63 is cleared by a pulse from the scanner counter 51,
      and at the beginning of the next sequence of four clock pulses the
      AND-gates 72-2 and 74-1 associated with the second voter terminal (not
      shown) are energized, etc. until all voter terminals have been similarly
      scanned. The downstroke of the output 51-32 of the counter 51, after the
      last clock pulse of the second scan, sets a flip-flop 78 whose output
      enables each of AND-gates 80-0 through 80-10 to apply the contents of the
      selection counters 64-0 through 64-10 to the correspondingly numbered
      drivers 82-0 through 82-10 for the correspondingly numbered columns 32-0
      through 32-10 of the display panel 22.
PAR  FIG. 5 is a more detailed showing of the circuit concerned with measuring
      and displaying a weighted mean of the voting results. As discussed
      earlier, the weighted mean is calculated by multiplying the contents of
      each of the selection counters 64-0 through 64-10 by the number of the
      counter and then displaying the resulting product on a scale of 10.
      Referring to FIG. 5, the contents of the selection counter 64-0 are not
      considered for the weighted mean because the multiplication factor for
      this counter is 0, but the contents of each of the remaining selection
      counters 64-1 through 64-10 are multiplied by a correspondingly numbered
      one of the multipliers 70-2 through 70-10 (the multiplication factor for
      counter 64-1 is 1) and the multiplier outputs are applied to an adder 84
      where they are added to each other. The outputs of the adder 84 are
      divided by 10 at a divider 85, to arrive at a weighted mean on a scale of
      10, and this weighted mean is applied to the mean display of the display
      panel 22 through AND-gate 86 which is enabled by the manual operation of
      the mean display switch 20a of the remote control terminal 20. While the
      weighted mean is displayed at the display 36, the indicator light 40 is
      lit and the count indicator light 38 is turned off.
PAR  Either after the calculation and display of the histograms or after the
      calculation and display of the weighted mean in case the mean switch 20a
      (or the mean switch 41) has been energized, the voting machines goes into
      a quiescent state. For a new vote, each voter unplugs his voter terminal
      to make a new selection of the switches 24 and 26. Note that when either
      of scan buttons 20b and 42 is energized, the machine is reset on the
      downstroke of the button and a scan starts in the upstroke. The machine
      can alternately be reset by manually operating the reset switch 20c of the
      remote control terminal or the reset switch 44 of the display 22. Still
      alternately, a suitable time delay (not shown) may be connected between
      the scan and reset switches 20b and 20c to automatically reset the circuit
      a predetermined time interval after the operation of the scan switch 20b,
      whereby the machine can automatically be reset, for example, ninety
      seconds after the scan switch 20b  is operated.
PAR  Each of the individual elements shown in the drawings is a prior art
      device, and the invention relates to the specific combination of such
      prior art elements which results in the invented system. Referring to FIG.
      1 for example, the display panel 22 comprises eleven columns 32 each
      formed to two parallel, upwardly extending rows each having fifty light
      bulbs 33 behind ground glass. The bottom pair of bulbs is lit to indicate
      that 2% of the votes are for that answer, the bottom two pairs of bulbs of
      a column are lit to indicate that 4% of the votes are for that selection,
      etc. Since there are two columns of fifty light bulbs for each of the
      histograms, the display is redundant in that an answer will be indicated
      properly even if one of each pair of horizontally adjacent bulb burns out.
      The weight display 34 has two digits each comprising seven segments, with
      each segment having a light bulb behind ground glass, and one digit which
      comprises a single upright segment with a light bulb behind it, and the
      display 36 is similar. Each of the indicators 38 and 40 is a light bulb
      behind ground glass. Referring to FIG. 2, and assuming decimal operation
      throughout for simplicity, the clock 50 can be any suitable oscillator
      which can be turned on by either of the scan switches 20b and 42; the
      voter count selector 46 is a rotary switch having sixteen positions; the
      number of voters counter 48 is a decimal counter which can be set to 16
      and has a down count input to decrement the counter contents by 1 with
      each pulse from the scanner 52; the displays 34 and 36 include suitable
      decoding matrices (not shown) to decode the contents of the corresponding
      divider 58, the counter 48 and the calculator 66 respectively into the
      suitable pattern of light bulb drivers (not shown) for indicating the
      contents of the counter 46; the total weights counter 54 is a decimal
      counter which can count up to 64; each of the numerator counters 62 is a
      decimal counter which can count up to 64; the normalizing circuit is a
      fast decimal divider, as is the divider 58; each of the selection counter
      64 is a decimal counter-adder which can count up to 100; and the
      divide-by-4 circuit 60 can be a serial combination of two flip-flops.
      Referring to FIG. 3, the shown portion of the counter 51 is a ring counter
      with sixteen outputs which energizes a single successive output with each
      pulse from the divider 50a; and the shift register 68 has four stages and
      each successive pulse from the corresponding OR-gate 53 turns on another
      stage of the register 68. Referring to FIG. 4, the shown portion of the
      counter 51 is similar to the portion discussed in connection with FIG. 3,
      and the drivers 82-0 are suitable power supplies and decoding networks for
      turning on the lamas of the corresponding columns up to a height
      proportional to the contents of the corresponding selection counter.
      Finally, referring to FIG. 5, each of the multipliers 70-2 through 70-10
      is a decimal multiplier multiplying its input by the indicated factor; the
      adder 84 is a parallel decimal adder adding the indicated 10 inputs and
      the divider 85 is a decimal divider dividing its input by 10. While no
      wireless connection has been expressly disclosed, it should be clear that
      conventional circuits can be used to transmit by modulated carrier the
      signals which are exchanged between the voter terminals, the central
      control, the remote control and the display, so that a group of voters can
      use terminals that are free of connecting wires.
CLMS
STM  We claim:
NUM  1.
PAR  1. A voting machine having a voter terminal for each voter, a central
      control and a display electrically connected to each other, comprising;
PA1  means in each voter terminal for establishing therein an electrical circuit
      corresponding to the voter selection of an alternative answer to a
      question and for additionally establishing therein an electrical circuit
      corresponding to the voter selection of the voter degree of confidence in
      the selected alternative answer;
PA1  means in the central control for deriving a digital electrical signal
      corresponding to each established electrical circuit and for combining the
      derived digital electrical signals to thereby derive a digital denominator
      signal corresponding to the cumulative confidence of all voters in all
      alternative answers selected thereby and for additionally deriving, for
      each alternative answer, a digital numerator signal corresponding to the
      cumulative degree of confidence of all voters in the alternative answer;
PA1  means in the display for visually-displaying, for each alternative answer,
      an indication, on a scale of a selected radix, of the ratio of the
      corresponding numerator digital signal and said signal denominator signal,
      thereby displaying an indication reflecting both the selection of
      alternative answers by the voters and the degree of confidence of the
      voters in the selected alternative answers; and
PA1  wherein the central control includes means for combining selected ones of
      said digital signals to derive thereby an electrical signal corresponding
      to a selected weighted means of the displayed ratio indications, and the
      display includes means for displaying an indication of the last recited
      electrical signal.
NUM  2.
PAR  2. A voting machine as in claim 1 including means for selecting the number
      of voters who are to participate in a vote, means for comparing the number
      of signals derived from the electrical circuits established in the voter
      terminals with said selected number of voters and means for preventing the
      display of said ratio indications in case of a discrepancy in said
      comparison resulting from any inequality between the compared numbers.
NUM  3.
PAR  3. A voting machine as in claim 1 wherein the means in the central control
      for deriving said electrical signals comprise means for scanning the voter
      terminals in a first scan to derive said denominator signal and means for
      scanning the voter terminals in a second scan to derive said numerator
      signals.
NUM  4.
PAR  4. A voting machine as in claim 1 wherein each voter terminal includes
      means for providing up to N counts for a selected alternative answer,
      where N is a positive integer, the number of counts indicating the voter
      degree of confidence in the selected alternative answer, and the means for
      deriving the electrical signals comprise means for totalling all counts
      for all alternative answers from the voter terminals to derive the
      denominator signal and means for individually totalling the counts for
      each alternative answer from the voter terminals to derive said numerator
      signals.
NUM  5.
PAR  5. A voting machine having a voter terminal for each voter, a central
      control and a display electrically connected to each other, comprising:
PA1  means in each voter terminal for establishing therein an electrical signal
      corresponding to the voter selection of one alternative answer to a
      question and for additionally establishing therein an electrical circuit
      corresponding to the voter selection of the voter degree of confidence in
      the selected alternative answer;
PA1  means in the central control for deriving a digital electrical signal
      corresponding to each established electrical circuit and for combining the
      derived digital electrical signals to thereby derive a digital denominator
      signal corresponding to the cumulative confidence of all voters in all
      alternative answers selected thereby and for additionally deriving, for
      each alternative answer, a digital numerator signal corresponding to the
      cumulative degree of confidence of all voters in the alternative answer;
PA1  means in the display for visually displaying, for each alternative answer,
      an indication, on a scale of a selected radix, of the ratio of the
      corresponding numerator digital signal and said digital denominator
      signal, thereby displaying an indication reflecting both the selection of
      alternative answers by the voters and the degree of confidence of the
      voters in the selected alternative answers; and
PA1  wherein the central control includes means for deriving an electrical
      signal corresponding to the number of voters participating in a vote and
      an electrical signal corresponding to the number of voter terminals which
      have established an electrical circuits, means for comparing the two last
      recited electrical signals and means for providing an error electrical
      signal in case of a discrepancy resulting from any inequality between the
      compared signals at the time of combining said derived electrical signals,
      and wherein the display includes means for providing an indication of such
      error signal.
NUM  6.
PAR  6. A voting machine having a voter terminal for each voter, a central
      control and a display electrically connected to each other, comprising:
PA1  means in each voter terminal for establishing therein an electrical circuit
      corresponding to the voter selection of an alternative answer to a
      question and for additionally establishing therein an electrical circuit
      corresponding to the voter selection of the voter degree of confidence in
      the selected alternative answer;
PA1  means in the central control for deriving a digital electrical signal
      corresponding to each established electrical circuit and for combining the
      derived digital electrical signals to thereby derive a digital denominator
      signal corresponding to the cumulative confidence of all voters in all
      alternative answers selected thereby and for additionally deriving, for
      each alternative answer, a digital numerator signal corresponding to the
      cumulative degree of confidence of all voters in the alternative answer;
PA1  means in the display for visually displaying, for each alternative answer,
      an indication on a scale of a selected radix, of the ratio of the
      corresponding numerator digital signal and said digital denominator
      signal, thereby displaying an indication reflecting both the selection of
      alternative answers by the voters and the degree of confidence of the
      voters in the selected alternative answers; and
PA1  wherein the central control includes means for providing an electrical
      signal corresponding to a selected number of voters and means for
      decrementing the last recited signal for each voter terminal from which
      said digital signals corresponding to the established circuits have been
      derived, and wherein the display includes means for displaying an
      indication of the selected number of voters and means for decrementing the
      last recited indication with the decrementing of said electrical signal
      corresponding to the selected number of voters.
NUM  7.
PAR  7. A voting machine as in claim 6 wherein the display comprises a plurality
      of redundant electrical lamps arranged in a column for each of said ratios
      and means for energizing the lamps of each column to a height proportional
      to the value of the corresponding ratio.
NUM  8.
PAR  8. A method of operating a voting machine having a voter terminal for each
      voter, a central control and a display electrically connected to each
      other, comprising the steps of:
PA1  operating each voter terminal to establish therein an electrical circuit
      corresponding to the voter selection of an alternative answer to a
      question and to establish therein an electrical circuit corresponding to
      the confidence of the voter in the selected alternative answer;
PA1  operating the central control to derive a digital electrical signal
      corresponding to each established electrical circuit and to combine the
      derived digital electrical signals to thereby derive a denominator signal
      corresponding to the cumulative confidence of all voters in all
      alternative answers selected thereby and to derive, for each alternative
      answer, a numerator signal corresponding to the cumulative confidence of
      all voters in the alternative answer;
PA1  operating the display to visually display, for each alternative answer, an
      indication, on a scale of a selected radix, of the ratio of the
      corresponding numerator signal and said denominator signal thereby
      displaying an indication reflecting both the selection of alternative
      answers by the voters and the degree of confidence of the voters in the
      selected alternative answers; and
PA1  wherein the step of operating the central control includes the substep of
      combining selected ones of said signals to derive thereby an electrical
      signal corresponding to a weighted mean of the displayed ratio
      indications, and the step of operating the display includes the substep of
      displaying an indication of the last recited electrical signal.
NUM  9.
PAR  9. A method of operating a voting machine as in claim 8 wherein said radix
      is 100 and the step of operating the display includes the step of
      normalizing each ratio indication to a scale of 100 and visually
      displaying the normalized ratio indications.
NUM  10.
PAR  10. A method of operating a voting machine as in claim 8 including the
      steps of selecting the number of voters who are to participate in a vote,
      comparing the number of electrical signals derived from the electrical
      circuits established in the voter terminals with said selected number of
      voters and preventing the displaying of said ratio indications in case of
      a discrepancy resulting from any inequality between the compared numbers.
NUM  11.
PAR  11. A method of operating a voting machine having a voter terminal for each
      voter, a central control and a display electrically connected to each
      other, comprising the steps of:
PA1  operating each voter terminal to establish therein an electrical circuit
      corresponding to the voter selection of an alternative answer to a
      question and to establish therein an electrical circuit corresponding to
      the confidence of the voter in the selected alternative answer;
PA1  operating the central control to derive a digital electrical signal
      corresponding to each established electrical circuit and to combine the
      derived digital electrical signals to thereby derive a denominator signal
      corresponding to the cumulative confidence of all voters in all
      alternative answers selected thereby and to derive, for each alternative
      answer, a numerator signal corresponding to the cumulative confidence of
      all voters in the alternative answer;
PA1  operating the display to visually display, for each alternative answer, an
      indication, on a scale of a selected radix, of the ratio of the
      corresponding numerator signal and said denominator signal thereby
      displaying an indication reflecting both the selection of alternative
      answers by the voters and the degree of confidence of the voters in the
      selected alternative answers; and
PA1  wherein the step of operating the central control indluces the substeps of
      deriving an electrical signal corresponding to the number of voters and an
      electrical signal corresponding to the number of voter terminals which
      have established an electrical circuit, comparing the two last recited
      electrical signals and providing an error electrical signal in case of a
      decrepancy resulting from any inequality therebetween, and wherein the
      step of operating the display includes the substep of providing an
      indication of such error signal.
NUM  12.
PAR  12. A method of operating a voting machine having a voter terminal for each
      voter, a central control and a display electrically connected to each
      other, comprising the steps of:
PA1  operating each voter terminal to establish therein an electrical circuit
      corresponding to the voter selection of an alternative answer to a
      question and to establish therein an electrical signal corresponding to
      the confidence of the voter in the selected alternative answer;
PA1  operating the central control to derive a digital electrical signal
      corresponding to each established electrical circuit and to combine the
      derived digital electrical signals to thereby derive a denominator signal
      corresponding to the cumulative confidence of all voters in all
      alternative answers selected thereby and to derive, for each alternative
      answer, a numerator signal corresponding to the cumulative confidence of
      all voters in the alternative answer;
PA1  operating the display to visually display, for each alternative answer, an
      indication, on a scale of a selected radix, of the ratio of the
      corresponding numerator signal and said denominator signal thereby
      displaying an indication reflecting both the selection of alternative
      answers by the voters and the degree of confidence of the voters in the
      selected alternative answers; and
PA1  wherein the step of operating the central control includes the substeps of
      providing an electrical signal corresponding to a selected number of
      voters and decrementing the last recited signal for each voter terminal
      from which said digital signals corresponding to the established circuits
      have been derived, and wherein the step of operating the display includes
      the substep of displaying an indication of the selected number of voters
      and decrementing the last recited indication with the decrementing of said
      electrical signal corresponding to the selected number of voters.
NUM  13.
PAR  13. A method of operating a voting machine as in claim 12 wherein the step
      of operating the display comprises providing a plurality of redundant
      electrical lamps arranged in a column for each of said ratios and
      energizing the lamps of each column to a height proportional to the value
      of the corresponding ratio.
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ABST
PAL  The present invention relates to signed multiplication logic for
      multiplying two serial binary numbers to obtain a serial binary product,
      the multiplicand containing magnitude and sign information in two's
      complement notation, the multiplier containing magnitude information, and
      the product containing magnitude and sign information in two's complement
      notation, all three bit streams occurring serially at equal word rates
      with the least significant bit first in time. The logic is composed of a
      plurality of largely identical multiplication cells which form partial
      products which are summed in largely identical summation cells to form the
      final product. Each multiplication cell stores a multiplier bit, contains
      a stage of a multiplicand shift register and a stage of a timing waveform
      shift register. Means are provided for truncation of the multiplicand and
      product rounding under timing waveform control. The logic is flexible and
      may be used to form single or double precision products. The design in
      utilizing two largely identical cells, with a minimum of communication
      paths at the cell and multiplication logic boundaries, is optimized for
      large scale integration using metal oxide semiconductor field effect
      transistor technology.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the field of digital computation and more
      particularly to sequential logic used to multiply two serial numbers to
      obtain a serial output, the product reflecting the sign of the
      multiplicand. The invention also relates to a method by which a single
      precision product may be efficiently obtained. The invention utilizes
      logic functions particularly adapted to large scale integration.
PAR  2. Description of the Prior Art
PAR  Multiplication of two binary numbers of m and n bits typically produces a
      product of (m + n) bits. Assuming that "m" and "n" are equal, the product
      is of 2m (or 2n) bits and is said to be of double precision. Since in the
      common case, the digits of the operands are available only to the extent
      enumerated, the least significant half of the bits forming the product may
      not be useful, possibly falling within the range of quantization (or
      other) error present in the operands. In cases where serial operands and
      serial products are concerned, the time and/or equipment required for
      producing the double precision product, and then rounding back down to a
      reasonable word length, may be impractical.
PAR  The serial format is particularly attractive in many computation systems,
      as where the number of input and output terminals is limited, and it is
      efficiently implemented in metal oxide semiconductor integrated circuit
      format. Also, typical signal and data processing requires the capability
      of handling sign and magnitude information. Two's complement notation is
      one of several known formats for signed arithmetic processing.
PAR  In a paper entitled "An Approach to the Implementation of Digital Filters",
      IEEE Transactions on Audio and Electroacoustics, September 1968, a single
      precision multiplication apparatus is described wherein the inputs and
      outputs are serial but in which the operands must be positive. In a second
      paper by Sypherd, "Design of Digital Filters Using Read-Only Memories",
      Proceedings of the National Electronics Conference, 1969, a
      serial-parallel multiplication apparatus is described using a read only
      memory for summation of partial products.
PAR  The implementation of certain logic functions in a manner suitable for
      large scale integration in MOS technology is treated in a book entitled
      MOS Integrated Circuits edited by William M. Penney and Lillian Lau, Van
      Nostrand Reinhold Company, New York 1972.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved serial mutiplication apparatus.
PAR  It is another object of the invention to provide an improved serial
      multiplication apparatus wherein one of the operands is signed.
PAR  It is still another object of the present invention to provide an improved
      serial multiplication apparatus wherein a single precision product is
      obtained without a time penalty.
PAR  It is another object of the invention to provide an improved serial
      multiplication apparatus wherein one of the operands is signed and wherein
      a single precision signed product is obtained.
PAR  It is a further object of the present invention to provide an improved
      serial signed multiplication apparatus of minimum geometry and requiring a
      minimum of communication paths when fabricated in large scale integration.
PAR  It is yet another object of the present invention to provide an improved
      serial signed multiplication apparatus utilizing repetitive cells of like
      design wherein minimum geometry and minimum communication paths at the
      cell and at the apparatus boundaries are achieved when fabricated in large
      scale integration.
PAR  It is an additional object of the present invention to provide a novel cell
      for formation of a partial product in a signed serial multiplier and
      adapted for repetitive use when so utilized, said cell leading to minimum
      geometry and minimum communication paths when fabricated in large scale
      integration.
PAR  It is another object of the present invention to provide a novel apparatus
      for performing complex, signed multiplication of serial data.
PAR  These and other objects of the invention are achieved in a novel signed
      multiplication logic designed for multiplying two serial binary numbers to
      obtain a serial binary product, the multiplicand containing magnitude and
      sign information in two's complement notation, the multiplier containing
      magnitude information and the product containing magnitude and sign
      information in two's complement notation, the multiplier, multiplicand and
      product bit streams occurring serially at equal word rates with the least
      significant bit first in time.
PAR  In accordance with the invention, the multiplication logic comprises a bus
      to which the multiplier bit stream is supplied; a plurality of binary
      storage elements coupled to the bus for storing the successive words of
      the multiplier bit stream, each storage element selecting a bit of
      predetermined significance from each serial multiplier word and storing
      the selected bit until a bit of like significance occurs in the succeeding
      word; a shift register having a plurality of connections at one bit
      intervals to which the multiplicand bit stream is supplied; a plurality of
      multiplication stages each connected for binary bit entry to a binary
      storage element and for multiplicand entry to a connection of the
      multiplicand shift register whose accummulated bits of delay increase in
      correspondence with the significance of the multiplier bit entered, each
      stage multiplying a consecutive selection of the most significant bits of
      a word of the multiplicand by a multiplier bit to form a serial partial
      product timed in correspondence with its significance; and a summation
      network coupled to the output of each of the multiplication stages for
      consolidation of the bit streams representing the partial products into a
      single bit stream equal to the product.
PAR  In accordance with further aspects of the invention, the multiplication
      stages include means for entering less than all of the bits of the
      multiplicand, the least significant bits being truncated in inverse
      relationship with the significance of the multiplier bit entered. In
      particular, the multiplicand bit truncation means comprises means for
      generating a timing waveform having a portion whose duration is equal to
      the bit times of the multiplier, and a second shift register to which said
      timing waveform is supplied having connections at one bit intervals, each
      multiplication stage being connected to said timing shift register to
      obtain a timing signal for controlling the number of the more significant
      bits of the multiplicand entered to correspond with the significance of
      the multiplier bit entered.
PAR  The multiplication is performed by a three input gate to which a delayed
      multiplicand, a stored multiplier bit and the timing signal are applied,
      the timing signals at each stage having a duration which is increased in
      one bit increments in accordance with the delay accorded to the timing
      waveform. The three input gate logically ANDs the three inputs to produce
      an output.
PAR  In accordance with a further aspect of the invention, a bus is provided in
      each multiplication stage for generating a timing signal for control of
      the multiplicand bit entry. The timing gate has one input coupled to the
      fixed delay timing waveform bus to initiate the timing signal and another
      input coupled to the timing wave shift register to terminate the timing
      signal.
PAR  Each multiplication stage additionally comprises means responsive to the
      timing signal to repeat the sign bit of said multiplicand the number of
      bits required to complete the high order portion of the partial product.
      The full length partial product is then obtained by forming a logical OR
      of the output of the three input gate and the output of the sign repeating
      means.
PAR  Summation of the partial products is achieved by a collection of ranked
      summers, each having two serial data inputs and each producing a serial
      data output representing the sum of the two inputs after a one bit delay.
      The summers are arranged in successively diminished ranks until the serial
      data is consolidated into a single stream. Means are also provided in each
      summer for resetting the internally stored carry bits as the least
      significant bit of each word passes through. The reset means comprises one
      or more reset pulse generators which are timed by a connection to the
      timing waveform register and each providing an output pulse at an
      appropriate time to reset the internally stored carry bits.
PAR  The summer in the last rank is provided with means for zeroing one or more
      of the least significant bits of each word of the serial product.
PAR  A rounding value is also introduced to compensate for multiplicand and
      product truncation. The rounding value means comprises one or more pulse
      generators, each having an input coupled to a connection on said timing
      waveform register for sensing passage of a timing waveform at a time
      corresponding to the entry of a bit of a given significance at said first
      rank of summers and producing an output pulse at said time, and an OR gate
      for production of the rounding value to which said pulse generator outputs
      are coupled and producing one or more output pulses corresponding to a
      desired rounding value, the OR gate output being coupled to the input of a
      summer in said first rank for addition to the final product.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The novel and distinctive features of the invention are set forth in the
      claims appended to the present application. The invention itself, however,
      together with further objects and advantages thereof may best be
      understood by reference to the following description and accompanying
      drawings in which:
PAR  FIG. 1 is a block diagram illustrating the signed multiplication logic of
      the invention connected to multiply a multiplicand in two's complement
      notation by a multiplier in sign magnitude notation to produce a product
      in two's complement notation;
PAR  FIG. 2 is a block diagram illustrating the usage of a plurality of signed
      multiplication logic units to perform complex multiplication;
PAR  FIG. 3 is a logic diagram of a serial two's complementer suitable for use
      in the configurations of FIGS. 1 and 2;
PAR  FIG. 4 is a block diagram of the signed multiplication logic;
PAR  FIG. 5 is a sequencing diagram of the handling of the multiplicand and the
      multiplier; the formation of partial products; and their combination to
      obtain the product;
PAR  FIG. 6 is a simplified block diagram of the multiplication input gate used
      repetitively in FIG. 4;
PAR  FIG. 7 is a logic diagram of the multiplication input gate of FIG. 6;
PAR  FIG. 8 is a logic diagram of a serial summer used repetitively in the block
      diagram of FIG. 3; with FIG. 8A illustrating the modification required of
      the last summer for zeroing the output; and
PAR  FIG. 9 is a diagram of control waveforms that are internally derived and
      used to time the operation of the signed multiplication logic of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The block diagram in FIG. 1 illustrates an application of the signed
      multiplication logic of the present invention. The multiplication logic 11
      is coupled to two sources 12, 13 of serial input data and produces a
      single precision product also in serial form. In performing the
      multiplication of two serial input numbers, a very efficient usage of time
      is achieved. The signed multiplication logic produces a single precision
      product requiring only one bit more per word than the multiplicand. If the
      multiplicand is of 12 bits, the output product of 10 bits is formed in an
      output word interval of 13 bit times. The multiplier is fixed in length;
      the multiplicand can be variable in length and is usually longer than the
      multiplier.
PAR  The signed multiplication logic 11 performs two quadrant multiplication.
      The multiplicand (a) from source 12 is provided in two's complement
      notation allowing positive or negative values. The multiplier
      .vertline.b.vertline. from source 13 is a magnitude only. The output of
      the signed multiplier 11 is the product:
EQU  a .sup.. .vertline. b.vertline.
PAL  in two's complement notation. The operand (a), being originally in two's
      complement notation, implicity contains both magnitude and sign
      information, and the product retains both. The multiplier
      (.vertline.b.vertline.), however, is introduced with magnitude information
      only and the product term reflects that magnitude only. Thus, assuming
      that the product of two real operands may be apportioned into four
      quadrants as a function of their signs, the present apparatus may be
      characterized as a two quadrant device:
EQU  (+a) .sup.. (+b); (-a) .sup.. (+b)
PAR  If it is desired to introduce sign information in connection with the
      multiplier b to achieve four quadrant multiplication, i.e.;
EQU  (+a) .sup.. (+b); (-a) .sup.. (+b); (+a) .sup.. (-b); (-a) .sup.. (-b)
PAL  then the sign of the multiplier b may be introduced from a separate source
      14 to control a two's complementer 15, which is coupled to the output of
      the signed multiplier 11 as shown in FIG. 1. When this is done, the
      product at the output of 15 implicitly contains magnitude and sign
      information reflecting both operands and appears in two's complement
      notation.
PAR  The signed multiplication logic of the present invention may be used either
      with a two's complementer 15 in the manner illustrated in FIG. 1 or, when
      the sign of the multiplier is always positive, without the two's
      complementer to obtain the a.sup.. .vertline. b.vertline.quantity.
PAR  The present invention has further application to the performance of complex
      multiplication as illustrated in FIG. 2. In that figure, a first complex
      quantity (a + jb) is multiplied by a second complex quantity (c + jd). The
      product of the multiplication may be represented as having a real part (ac
      - bd) and an imaginary part [j (ad + bc) ]. The (a) multiplicands, applied
      to the inputs of the signed multipliers 1, 3 and the (b) multiplicands,
      applied to the inputs of the signed multipliers 2, 4, are in two's
      complement form. The multipliers applied to the other inputs of the signed
      multipliers 1, 2, 3 and 4 are respectively the magnitudes
      .vertline.c.vertline., .vertline.d.vertline., .vertline.d.vertline.and
      .vertline.c.vertline.. The outputs of the signed multipliers 1 -4
      respectively contain the products (a.sup.. .vertline.c.vertline.);
      (b.sup.. .vertline.d.vertline.); (a.sup.. .vertline.d.vertline.) and
      (b.sup.. .vertline.c.vertline.).
PAR  The data inputs of the two's complementers 5, 6, 7 and 8 are connected to
      the respective outputs of signed multipliers 1, 2, 3 and 4 to convert the
      output products to true four quadrant quantities containing sign and
      magnitude information from both operands. The sign information
      corresponding to the absolute multiplier quantities is coupled to the sign
      input of the two's complementers for this purpose. In particular, the sign
      of multiplier (c) is provided to two's complementer 5; the sign of (d) is
      provided to two's complementer 6, (and a sign inversion to account for the
      (j.sup.2) factor should be introduced at this point); the sign of
      multiplier (d) is provided to two's complementer 7; and the sign of
      multiplier (c) is provided to two's complementer 8. Thus, at the outputs
      of the four two's complementers 5-8 a full four quadrant multiplication of
      their operands occurs and the products appear in two's complement
      notation.
PAR  The complex product is derived by combining the outputs of the four two's
      complementers 5-8. The real part of the output quantity is (ac-bd) and is
      formed by combining the outputs of the two's complementers 5, 6 in the
      summer 9. Similarly, the imaginary part of the output quantity is [j (ad +
      bc)], and is formed by combining outputs of the two's complementers 7 and
      8 in the summer 10.
PAR  The serial two's complementers, element 15 in FIG. 1 and elements 5 to 8 in
      FIG. 2, are illustrated in greater detail in FIG. 3. They are the subject
      of the separate application of John M. Irwin et al. filed Nov. 4, 1974,
      U.S. application Ser. No. 520,542 and entitled "Serial Two's
      Complementer". The two's complementer is designed to take a serial binary
      number in two's complement notation and change the algebraic sign when
      desired. A two's complementer will change the algebraic sign of the
      a.sup.. .vertline.b.vertline. quantity (in two's complement notation) from
      11, thus reflecting the effect of the sign of the quantity
      .vertline.b.vertline.. The output product at 16 is (a.b ) (in two's
      complement notation) and reflects the sign of both input quantities.
PAR  The logical design of the two's complementer is illustrated in FIG. 3. It
      makes preferential use of NAND devices. The design provides a minimum
      geometry configuration when implemented using metal oxide semiconductor
      field effect transistors (MOSFETS) in large scale integration. As shown by
      the dotted outlines in FIG. 3, the serial two's complementer is composed
      of two major blocks, a binary storage element and an exclusive NOR. In
      principle, the circuit senses the first "1" in the bit stream and then
      after a one bit delay, inverts the succeeding bits.
PAR  The binary storage element is implemented by an inverter 20, two NAND gates
      21, 22, a one bit dynamic delay (23). The bit stream from the signed
      multiplication logic 11 is coupled through inverter 20 to the NAND gate
      21, thence through the one bit delay 23 to NAND gate 22. Two other inputs
      of the NAND gate 22 provide control and reset input connections. The
      output of the NAND gate 22 is coupled back to a second input of the NAND
      gate 21 to provide regeneration for the binary storage element.
PAR  The exclusive NOR gate is implemented by two NAND gates 24, 25 and an OR
      gate 26. The NAND gate 24 and the OR gate 26 each have one input connected
      to the complimentary output of the binary storage element. The other
      inputs of the NAND gate 24 and the OR gate 26 are connected to receive the
      bit stream from the signed multiplication logic 11. The output of the NAND
      gate 24 and the OR gate 26 are connected to the separate inputs of the
      NAND gate 25, at the output of which the (a.sup.. b) product appears.
PAR  In the two's complementer, the binary storage element is designed to
      respond to the first "1" in the input bit stream and to produce a change
      in output after a one bit delay. The exclusive NOR, which has one input
      connection coupled to the bit stream from the signed multiplication logic
      11 and the other to the complementary output of the binary storage
      element, is designed to invert the input bit stream when the
      (complementary) output of the binary storage element goes to a zero state.
      The output of the exclusive NOR provides the negated number.
PAR  The operation of the signed multiplication logic may best be understood by
      reference to the block diagram provided in FIG. 4 and to the sequencing
      diagram of FIG. 5. In the following description it is assumed that the
      serial multiplier contains 7 bits of magnitude information which are
      applied to the signed multiplier with the least significant bit first in
      time. Normally, the multiplier is provided with a separate sign bit as
      well. The serial multiplicand is of 12 bits and appears in two's
      complement notation with the least significant bit first and the sign bit
      last. The multiplier and multiplicands are both applied at a word rate
      consistent with a 13 bit times per word period. With the foregoing
      selections, one may obtain a single precision product after a 9 bit
      transport delay rounded from 13 bits to 10 bits and also appearing at a 13
      bit times per word period.
PAR  The components of the multiplication logic, their interconnections, their
      functions, and the sequence in which their functions are performed will
      now be described. In FIG. 4, the novel signed multiplication logic 11 of
      FIG. 1 is depicted in a simplified block diagram. The blocks, while not
      corresponding to logical designations, correspond to "cells", which, in
      the preferred integrated circuit embodiment, are repetitively reproduced
      in largely identical form throughout the logic. The multiplication logic
      may be seen to comprise a succession of seven interconnected
      multiplication or "multiply" input gates 34 through 40, which are cells of
      a first type, and a summation tree including serial summers 41 through 47,
      which are cells of a second type. The multiplication cells, among other
      functions, form the partial products which are summed by the summer cells
      to form the final product.
PAR  The input, internal and output data paths between the cells of the
      multiplication logic are as follows. The serial multiplier
      (.vertline.b.vertline.) input data stream available from bus 31 is
      directly applied to the b.sub.i data input of each multiplication cell (34
      to 40).
PAR  The serial multiplicand (a) input data stream available from line 32 is
      applied directly to the a.sub.1 data input of the initial multiplication
      cell 34 only and indirectly supplied to each of the a.sub.i data inputs of
      the multiplication cells 35 to 40 via successive internal one bit delays.
      The multiplication cells each have internal connections (not shown in FIG.
      4) to enter the multiplicand data stream into that cell for generating the
      partial product associated with that cell. Except for the last, each cell
      is provided with a path containing a one bit delay for transferring the
      multiplicand to the next cell. Thus, the multiplicand data stream directly
      available from line 32 is transferred from multiplication cell 34 with one
      bit delay to the a.sub.2 data input of multiplication cell 35. Similarly,
      the muliplicand data stream is transferred from multiplication cell 35 to
      multiplication cell 36, from 36 to 37, from 37 to 38, from 38 to 39, and
      finally, from 39 to the multiplication cell 40, in which a delay is not
      used. In all, 6 bits of delay are provided in transferring the
      multiplicand from the input of the initial to the input of the terminal
      multiplication cells. The delays form stages of a shift register for the
      multiplicand having seven connections at one bit intervals.
PAR  The partial products formed in the multiplication cells 34 through 40,
      which are serial data streams, are supplied to the first rank (41 through
      44) of summer cells. In particular, the partial product outputs of
      multiplication cells 34 and 35 are applied to the two inputs of the serial
      summer cell 41; the partial product outputs of multiplication cells 36 and
      37 are applied to the two inputs of summer cell 42; similar outputs of
      multiplication cells 38 and 39 are applied to the two inputs of summer
      cell 43 and finally, the partial product output of the last multiplication
      cell 40 is applied, with a rounding value (whose source will be described
      subsequently), to the two inputs of the last of the first rank of summer
      cells 44.
PAR  The partial products are combined in the summer cells 41 through 47 to
      obtain the final product. The summers 41 through 47 are arranged in a
      three rank tree and the process of consolidating the separate streams into
      a single data stream requires a three bit time interval. The summers of
      the first rank (41 through 44) each provide a single data stream after one
      bit of time delay whose value is the sum of the two input data streams.
      The output data streams of the summer cells 41 and 42 in the first rank
      are applied to the separate inputs of summer cell 45 in the second rank.
      The output data streams of first rank summer cells 43 and 44 are applied
      to the separate inputs of the second rank summer cell 46. The outputs of
      the second rank summer cells 45 and 46, which also appear after one bit of
      delay, are then applied to the separate inputs of the third rank summer
      cell 47. The consolidated data stream appears at the output of the serial
      summer 47 after another bit of delay.
PAR  The final product a.sup.. .vertline. b.vertline.of the signed
      multiplication logic appears at the output line 33. Six bits of time delay
      are required for the multiplicand to reach the last multiplication cell
      and 3 bits of delay are required for summation, making a total transport
      delay of 9 bits. A more particularized understanding of the formation of
      the product may be obtained from a consideration of the sequencing diagram
      of FIG. 5.
PAR  The sequencing diagram of FIG. 5 illustrates the sequencing of the
      multiplicand data stream, the multiplier data stream and the formation of
      the product data stream. The multiplicand "a" is multiplied by a bit
      b.sub.i of the multiplier in each multiplication cell (34 to 40) to form
      each partial product (PP1 to PP7). The partial products are then summed in
      the summation tree 41 to 47 to form the single precision final product
      (a.sup.. .vertline. b.vertline.). The diagram shows the truncation of the
      multiplicand, trunction of the final product, rounding of the product to
      compensate for multiplicand and subsequent product truncation to achieve a
      single precision output, and sign bit extension for forming validly signed
      partial products.
PAR  The multiplicand and multiplier positions are plotted against arbitrary bit
      times at the thirteen bit time word rate of all three data streams. The
      sequencing diagram assumes a twelve bit multiplicand "a" occurring during
      the present 13 bit product word and a 7 bit (b1 to b7) multiplier
      .vertline.b.vertline.. Arbitrary bit times of the present word of the
      a.sup.. .vertline. b.vertline.are indicated at the top of the diagram.
      Time T.sub.1 corresponds to initiation of partial product summing using
      summers 41 -47 of FIG. 4. The time increases from right to left so that
      numeric values can be written in natural order with least significant bit
      on the right. The word earlier than the present word thus appears to the
      right in the diagram and the word later than the present word appears to
      the left in the diagram.
PAR  The same multiplicand word having eleven low order bits and a sign bit in
      two's complement notation is tabulated in FIG. 5 at a succession of seven
      positions referenced with respect to the bit times T.sub.1 to T.sub.13. In
      the serial data format applicable to the arithmetic processes herein, the
      least significant bit is first in time and the last bit is a sign bit. In
      the uppermost tabluation of the multiplicand, the bit numbers 5 through 1
      and the sign bit of the multiplicand occur within the bit times T.sub.1 to
      T.sub.6 of the "present" word. In the second tabulation, the multiplicand
      is displaced one bit to the left (or later in time), and the magnitude
      bits 6 through 1 and the sign bit of the multiplicand occur during the
      times T.sub.1 through T.sub.7 of the present word. In each successive
      tabulation, the multiplicand is displaced one bit to the left. In the
      seventh and last tabulation, the bits 11 through 1 and the sign bit occur
      in the bit times T.sub.1 through T.sub.12 of the "present" word. The
      successively displaced tabulations illustrate the passage of a word of the
      multiplicand through successive stages of the shift register whose stages
      are made up of the one bit delays disposed in each multiplication cell and
      utilized by each multiplication cell during a pre-arranged succession of
      bit times.
PAR  The multiplier word is tabulated in a column one bit at a time with the
      bits in a line with successively displaced tabulations of the "present"
      multiplicand word. The least significant bit (b.sub.1) of the multiplier
      is at the top of the column and the most significant bit (b.sub.7) is at
      the bottom of the column. The multiplier word is entered one bit at a
      time, least significant bit first, during the times T.sub.7 to T.sub.13 of
      the prior word time as denoted on the diagram by the circled bits b.sub.1
      to b.sub.7. The entered bits are "latched" in the multiplication cells
      while part or all of the multiplicand word is accessed from a stage of the
      shift register and streams through the portion of the cell forming the
      partial product.
PAR  The final product a..vertline.b.vertline., as implied by the sequencing
      diagram, is formed by successively multiplying a word of the multiplicand
      (a), taken a word or less at a time, by a word of the multiplier, taken
      one bit at a time. If a double precision product is sought, the full
      multiplicand word is used in formation of each partial product. However,
      if a single precision product is sought, consistent with the precision of
      the multiplicand and multiplier, then truncation of the multiplicand prior
      to formation of the product and subsequent rounding of the product is
      desirable. Truncation, as will be detailed, permits very substantial
      savings in time and allows for full serial processing of the input and
      output data streams.
PAR  If a single precision product is formed, the multiplicand is truncated so
      that all bits contributing less than a given value to the final product
      are discarded. With reference to FIG. 5, the value of the bits in the
      multiplicand increase as one proceeds from T.sub.1 to T.sub.13. In
      addition, the upper multiplicand tabulations are multiplied by the least
      significant bits of the multiplier and thus contribute only to the lower
      valued bits of the final product. The lower multiplicand tabulations are
      multiplied by the more significant bits of the multiplier and thus
      contribute to both lower and higher valued bits of the final product. In
      short, the tabulations of the multiplicand have been successively
      displaced in such a way in FIG. 5 that the individual bits of the
      multiplicand contribute values to the final product in direct relation to
      their position along the bit time coordinate.
PAR  Thus, to achieve a given accuracy in the final product, bits in the
      tabulations of the multiplicand occuring before an arbitrary bit time
      (e.g. T.sub.1) are truncated and take no part in forming the individual
      partial products. The first partial product PP1 thus includes the
      multiplication of the last (and most significant) six bits of the
      multiplicand (a) by the least significant bit of the multiplier. In all,
      the seven successive partial products PP1 to PP7 are formed in the
      multiplier cells (34-40) by multiplying the following bits of the
      multiplicand by the enumerated bits of the multiplier.
TBL  ______________________________________                                    
     Partial  Multiplicand (a)                                                 
                             Multiplier .vertline.b.vertline.                  
     Products Bits           Bits                                              
     ______________________________________                                    
     PP1      sign & 1-5     1       (LSB)                                     
     PP2      sign & 1-6     2                                                 
     PP3      sign & 1-7     3                                                 
     PP4      sign & 1-8     4                                                 
     PP5      sign & 1-9     5                                                 
     PP6       sign & 1-10   6                                                 
     PP7       sign & 1-11   7       (msb)                                     
     ______________________________________                                    
PAR  The formation of the final product from the partial products PP1 to PP7 is
      performed by the summation tree of FIG. 4 with a rounding value of 6,
      earlier alluded to and compensating for the statistical average of the
      numbers truncated in the multiplicand and truncated (or zeroed) in the
      product. The rounding value is inserted into the last (44) of the first
      rank of serial summers. As will be subsequently explained, the duration of
      the word marker (illustrated in FIG. 9) or "timing waveform" controls the
      truncation triangle of the multiplicand, and the zeroing of the final
      product. If the duration of the word marker is extended, the truncation
      triangle may be reduced to zero and product zeroing eliminated so as to
      obtain a full double precision product without any loss in accuracy. The
      final product a.sup.. .vertline.b.vertline. is transmitted from the final
      serial summer 47 at 13 bit times per word, with the first three bits in
      times T.sub.1 to T.sub.3 zeroed. The final single product a.sup..
      .vertline.b.vertline. is in a ten bit, two's complement format occuring at
      13 bit times per word.
PAR  In summary, the sequencing diagram of FIG. 5 illustrates the entry of the
      multiplier .vertline.b.vertline. and the multiplicand (a) and the
      formation of the final single precision product a.sup..
      .vertline.b.vertline.. The manipulation of the multiplier, the
      multiplicand, the two truncations, one of which is involved in rounding,
      and extension of the two's complement sign for variable word length
      partial products, is the concern of the following discussion. The details
      of the individual cells making up the muliplication logic and the timing
      of the multiplication process will now be discussed.
PAR  A simplified block diagram of a multiplication cell is illustrated in FIG.
      6. The simplification of FIG. 6 omits a detailed treatment of the
      inversions, such as occur for the delayed word marker; of the delays, such
      as the half bit delay that occurs in the multiplication gate and which
      when added to an initial half bit of delay depicted provides one bit of
      delay of the word at the multiplicand gate; or of the clocking which
      occurs in two phases, .phi..sub.1 and .phi..sub.2. These details are
      illustrated in the logic diagram of FIG. 7 and explained in the text
      associated with that figure.
PAR  In FIG. 6, each multiplication cell contains a multiplicand gate 61, which
      takes the primary role in forming one of the partial products (PP1 to PP7)
      and which uses a selected bit from the multiplier and a variable number of
      the most significant bits of the multiplicand (as described above). Each
      multiplication cell contains a "first" one bit delay 68 formed of two
      one-half bit delays. Two phase inversions, which are not shown in FIG. 6,
      accompany the half bit delays. Since the multiplication input gate
      connections are at one bit intervals only, the taps at the multiplication
      input gate boundaries derive only the uninvered wave. When all the
      multiplier cells are interconnected, the "first" one bit delays 68
      collectively form the multiplicand shift register mentioned earlier. Each
      multiplication cell contains a second one bit delay also formed of two
      one-half bit delays (58, 59) and two inversions (not shown in FIG. 6).
      When all the multiplication cells are interconnected, these "second"
      delays (58, 59) collectively form a second shift register to which a "word
      marker" or timing waveform is applied for setting the word length of the
      multiplicand, timing the multiplier bit selection and timing the
      subsequent summation process. A final element in the multiplication cell
      is the means for regenerating the sign bit required for retaining the
      two's complement notation with a partial product represented by a shifted
      multiplicand.
PAR  The partial product (PP1 to PP7) less the sign regeneration portion is
      formed in the block 61 entitled "Multiplicand Gate " of a given
      multiplication cell (34-40). The multiplicand gate 61 has three inputs and
      a single output and provides a "1" output when all three inputs are "1's".
      Here it should be noted that a "one" or "zero" designation is used
      synomonously with "true" or "false", respectively, or with a signal's
      "presence" or "absence". Also, inversions that may occur in the actual
      implementation are temporarily ignored. The multiplicand (a) bit stream
      from line 32 of FIG. 4 is applied after a delay attributable in part to
      the multiplicand shift register, to a first input of the multiplicand gate
      61; a selected bit (b.sub.i) of the multiplier "b" is derived from bus 31,
      stored by a multiplier bit latch 62 and applied to a second input of 61;
      and a timing control signal is applied from timing gate 57, through
      inverter 65 to the third input of the multiplicand gate 61.
PAR  The multiplicand in a given multiplicand gate 61 is delayed by one bit less
      than the position of the multiplication cell in the FIG. 4 sequence. In
      the first multiplication cell of the FIG. 4 sequence, the multiplicand
      (a.sub.1) from input 32 is directly connected to the first input of the
      multiplicand gate 61 and to the input of the first one bit decay
      (corresponding to 68). In the subsequent multiplication cells, the one bit
      delay (corresponding to 68) is connected to the one bit delay
      (corresponding to 68) in the prior cell. The one bit delays (corresponding
      to 68) are thus serially connected to the multiplicand line 32, and taken
      together form the multiplicand shift register. Since the multiplicand gate
      61 of a given multiplier cell is connected to the input side of the one
      bit delay (68) of the cell, the last multiplication cell (40 in FIG. 4)
      does not require a delay for the multiplicand. The successive delays of
      the multiplicand at the multiplicand gate is zero bits in the first
      multiplication cell 34 (input a.sub.1); one bit in the second (35) (input
      a.sub.2); two bits in the third (36) (input a.sub.3); three bits in the
      fourth (37) (input a.sub.4); four bits in the fifth (38) (input a.sub.5);
      five bits in the sixth (39) (input a.sub.6); and six bits in the seventh
      and last cell (40) (input a.sub.7).
PAR  The enumerated delays of the multiplicand bit stream bring about the
      successive displacements of the multiplicand in the tabulations of FIG. 5.
      Thus, the serial multiplicand data streams through each multiplication
      cell (34-40) for multiplication of the multiplicand (or some part thereof)
      by the multiplier bit entered into that cell. The delays cause each
      successive tabulation to add a less significant multiplicand bit within
      the time limits of the "present" output word. This permits the
      multiplicand to be truncated in the formation of the partial products by
      gating the entry of the multiplicands in all multiplication cells at
      selected bit times (referenced to the product data stream).
PAR  The multiplier bit selected for formation of the partial product at a given
      multiplication cell corresponds to the sequential position of the cell in
      FIG. 4. In other words, the multiplier bits 1 to 7 are selected in
      multiplication cells 34 through 40, respectively. Multiplier bit selection
      in a given multiplication cell entails the multiplier bit latch 62, the
      multiplier strobe 66, the two half bit delays 58 and 59 (and two
      inversions not shown in FIG. 6), which are coupled in the path to the
      "word marker" input 49 of FIG. 4. At input 49, the word marker (w.sub.1)
      which is instrumental in bit selection, commencing at nominal bit time T6
      (FIG. 9), is a "0" for seven bits duration (T.sub.6 - T.sub.13) and is a
      "1" for six bits duration (T.sub.13 - T.sub.6), the sequence repeating at
      the 13 bit times per word period. Since the word marker delays (58, 59)
      are serially connected from cell to cell, the word marker reaches each
      succeeding multiplication cell one bit later. Collectively, the delays
      form a word marker shift register. The strobing connection made in each
      cell to the word marker register is thus one bit later than in the prior
      cell. As will be explained below, the connection within the cell to the
      "word marker register" allows for multiplier bit entry during bit times
      T.sub.7 to T.sub.13 of the prior word.
PAR  The multiplier bit latch 62, which will be treated initially, selects a bit
      from the multiplier bit stream, stores it for the duration of a word (13
      bit times) and couples it to the "second" or multiplier input of the
      multiplicand gate 61. The data input to the multiplier bit latch 62 is
      coupled to the multiplier bus 31 carrying the multiplier bit stream. The
      control input of latch 62 is coupled to the output of the multiplier bit
      strobe 66 for the selection of a particular bit from the bit stream. The
      selected bit from the multiplier bit stream then appears at the output of
      the multiplier bit latch and is coupled to the multiplicand gate 61. The
      multiplier bit latch 62 produces and latches a "1" or "0" at the output
      corresponding to the condition on the multiplier bus 31 when the strobing
      pulse from 66 occurs. The latch holds the "1" or "0" condition until the
      next strobing pulse occurs a word later. At the succeeding pulse, the
      latched value is continued or replaced.
PAR  The multiplier bit strobe 66 produces a strobing pulse at a time (t.sub.1 +
      6) (i.e., T.sub.7 in multiplication cell 34), in response to presence of
      the word marker at its internal connection to the word marker register. As
      shown in FIG. 6, the multiplier bit strobe 66 has two inputs coupled
      respectively to the input and output of the half bit delay 59. By these
      connections it senses passage of the word marker and produces an output
      signal to the latch 62 at a nominal one bit of delay after the edge of the
      word marker at the cell boundary. As previously noted, the block diagram
      of FIG. 6 is simplified in that it does not treat the inversion nor the
      .phi..sub.1 and .phi..sub.2 transmission gate, which together allow the
      strobe to sense the "mid-word" edge of the word marker (i.e., bit time
      T.sub.6 at the input to the first cell). Thus, in the first multiplier
      cell (34), a pulse is produced by the strobe 66 at a nominal bit time
      T.sub.7. Assuming that the multiplier bit stream, also of seven bits
      duration, is in proper synchronism with the word marker, the first bit is
      latched in the first multiplier cell at the nominal bit time T.sub.7 as
      shown in FIG. 5. Subsequently, the second multiplier bit is latched in the
      second multiplier cell 35 at the bit time T.sub.8 ; the third multiplier
      bit in the third cell 36 at time T.sub.9 ; and so on until all seven
      multiplier bits are stored by the bit time T.sub.13 of the earlier word.
PAR  Timing control of the multiplication process in the formation of each
      partial product is effected by the timing gate (57 of FIG. 6; 95 of FIG.
      7). The timing gate 57 has one input coupled to the word marker bus 48 and
      the other input to the word marker register. The first input connection
      provides the word marker at the same time for all cells, while the second
      input connection provides a word marker at successive one bit delays as
      one follows the sequence from cells 34 to 40. The timing gate responds to
      the interval defined by the undelayed and the delayed word marker and
      provides an enabling output during that interval coupled to the third
      input of the multiplicand gate 61.
PAR  Treating the above connections in somewhat greater detail; the bus 48 to
      which one input of the gate 57 is connected, provides the inverted word
      marker w.sub.2. The overline denotes inversion of the word marker and the
      subscript denotes the n -1 bits of delay. The waveforms referred to are
      illustrated in FIG. 9. The other input of gate 57 is connected to the
      output of the 1/2 bit delay (58). Taking into account an unillustrated
      inversion and a half bit of delay at the gate input, the second input
      waveform at the input to gate 57 may also be denoted w.sub.2. The output
      of the gate 57 ANDs the two inputs and is inverted by inverter 65. Thus,
      at the first cell 34, the two NANDed waveforms are anti-coincident and
      produce a "1" output during the period of T.sub.1 to T.sub.6. The
      operation of gate 57 and inverter 65 in that and the successive cells may
      be tabulated as follows:
TBL  Gate 57 and Inverter 65 Output                                            
     ______________________________________                                    
     Cell 34         w.sub.2 .sup.. w.sub.2                                    
                                   = T.sub.1.sub.-6                            
          35         w.sub.2 .sup.. w.sub.3                                    
                                   = T.sub.1.sub.-7                            
          36         w.sub.2 .sup.. w.sub.4                                    
                                   = T.sub.1.sub.-8                            
          37         w.sub.2 .sup.. w.sub.5                                    
                                   = T.sub.1.sub.-9                            
          38         w.sub.2 .sup.. w.sub.6                                    
                                   = T.sub.1.sub.-10                           
          39         w.sub.2 .sup.. w.sub.7                                    
                                   = T.sub.1.sub.-11                           
          40         w.sub.2 .sup.. w.sub.8                                    
                                   = T.sub.1.sub.-12                           
     ______________________________________                                    
PAR  Since the multiplicand gate output depends upon the ANDing of the three
      input quantities, the multiplicand gate in each multiplier cell produces
      an output only during the above indicated timing intervals. As illustrated
      in FIG. 5, these intervals are confined between the vertical dashed line
      52 (to the right) and the diagonal dashed line 53 (to the left). Thus, any
      part of the multiplicand entered prior to the first bit of the present
      word is truncated and not used in forming the partial product.
PAR  For a complete statement of the partial product in two's complement
      notation at the output of each multiplier cell and for proper summation of
      partial products of variable word length, the sign bit must continue
      through the balance of the "present" word. As illustrated in FIG. 5, the
      sign bit extension continues to the left of the diagonal dashed line 53
      until the end of the present word. Sign bit extension is provided by the
      uninverted gate 57, the sign regeneration block 67, and the regenerative
      path through OR gate 63 back to a second input of block 67 which includes
      the one bit delay 64.
PAR  The sign bit is regenerated by the loop comprising 67, 63 and 64 at the
      following bit times in the respective multiplier cells:
TBL  Gate 70 Inputs                                                            
     ______________________________________                                    
     cell 34     w.sub.2 .sup.. w.sub.2                                        
                               = T.sub.7.sub.-13                               
     cell 35     w.sub.2 .sup.. w.sub.3                                        
                               = T.sub.8.sub.-13                               
     cell 36     w.sub.2 .sup.. w.sub.4                                        
                               = T.sub.9.sub.-13                               
     cell 37     w.sub.2 .sup.. w.sub.5                                        
                               = T.sub.10.sub.-13                              
     cell 38     w.sub.2 .sup.. w.sub.6                                        
                               = T.sub.11.sub.-13                              
     cell 39     w.sub.2 .sup.. w.sub.7                                        
                               = T.sub.12.sub.-13                              
     cell 40     w.sub.2 .sup.. w.sub.7                                        
                               = T.sub.13.sub.-13                              
     ______________________________________                                    
PAR  The output of the multiplicand gate 61 and the output of the sign
      regeneration gate 67 are applied to the separate inputs of the OR gate 63
      to produce a complete partial product. The partial product for each
      multiplier cell may be stated in the following Boolean equation:
TBL  PP1 = a.sub.1 .sup.. b.sub.1 .sup.. T.sub.1.sub.-6                        
                      + sgn rgn .sup.. T.sub.7.sub.-13                         
     PP2 = a.sub.2 .sup.. b.sub.2 .sup.. T.sub.1.sub.-7                        
                      + sgn rgn .sup.. T.sub.8.sub.-13                         
     PP3 = a.sub.3 .sup.. T.sub.1.sub.-8                                       
                      + sgn rgn .sup.. T.sub.9.sub.-13                         
     PP4 = a.sub.4 .sup.. b.sub.4 .sup.. T.sub.1.sub.-9                        
                      + sgn rgn .sup.. T.sub.10.sub.-13                        
     PP5 = a.sub.5 .sup.. b.sub.5 .sup.. T.sub.1.sub.-10                       
                      + sgn rgn .sup.. T.sub.11.sub.-13                        
     PP6 = a.sub.6 .sup.. b.sub.6 .sup.. T.sub.1.sub.-11                       
                      + sgn rgn .sup.. T.sub.12.sub.-13                        
     PP7 = a.sub.7 .sup.. b.sub.7 .sup.. T.sub.1.sub.-12                       
                      + sgn rgn .sup.. T.sub.13.sub.-13                        
PAL  where a.sub.1 to a.sub.7 are the multiplicands successively at the inputs
      of gates 34 to 40; b.sub.1 to b.sub.7 are the bits stored at the gates 34
      to 40, and the times T are the bit times referenced to the output word
      (FIG. 5).
PAR  The multiplication cell illustrated in the block diagram of FIG. 6 is
      illustrated in greater detail in the logical design given in FIG. 7. The
      logical design in FIG. 7 employs "MOSFET" technology in which NAND gate
      configurations are most desirable in their use of minimum substrate areas.
      The circuit implementation of the individual gates has not been
      illustrated since it is well known. The blocks in FIG. 6 have logical
      counterparts in FIG. 7.
PAR  The multiplicand gate 61 of FIG. 6 corresponds to NAND gate 71 of FIG. 7.
      The timing gate 57 and inverter 65 of FIG. 6 correspond to the NAND gate
      95 of FIG. 7 and to its interconnection with NAND gates 70 and 71. These
      provide the logical ANDing and the symbolic inversion described above.
PAR  The multiplier bit latch 62 corresponds to transmission gate 73, inverter
      74, OR gates 75, 76, NAND gates 77, 78, and transmission gate 79. The bit
      stream is coupled through the transmission gate 73 to the input of one OR
      (75) and after inversion in 74, to an input of the other OR 76. The
      strobing input is applied from the output of NAND gate 81 (which is the
      counterpart of the multiplier bit strobe 66 of FIG. 61 to the other inputs
      of OR gates 75 and 76. The strobing input from 81 is a short pulse of
      approximately one bit duration. The outputs of the OR gates 75 and 76 are
      then supplied to the respective first inputs of NAND gates 77, 78. To
      achieve latching, the outputs of the NAND gates 77 and 78 are
      cross-coupled back to their other inputs. The output of the multiplier bit
      latch is taken from the output of NAND gate 78 and fed through the
      transmission gate 79 to the "second" input of NAND gate 71.
PAR  The OR gate 63 of FIG. 6 corresponds to NAND gate 72 of FIG. 7. NAND gate
      72 has one input coupled to the output of NAND gate 71 and another coupled
      to the output of NAND gate 70. The sign regeneration block 67 of FIG. 6
      corresponds to the NAND gate 70. The one bit delay 64 of FIG. 6 is
      provided by the transmission gates 82, 84 and the inverters 83, 85. The
      NAND gate 72 has its output coupled back to the input of NAND gate 70
      successively through the delay elements 82, 83, 84, 85 for sign
      regeneration. The partial product output of the cell is derived from the
      output of NAND gate 72.
PAR  The one bit multiplicand delay 68 of FIG. 6 corresponds to transmission
      gate 86, inverter 87, transmission gate 88, inverter 89. The half bit word
      marker delay 58 corresponds to transmission gate 90 and inverter 91. The
      half bit word marker delay 59 corresponds to transmission gate 92 and
      inverter 93.
PAR  The reset pulse generator 69 of FIG. 6 is used for resetting internally
      stored carries in the summers. It corresponds to NAND gate 96 of FIG. 7.
PAR  As earlier described in connection with FIG. 4, the summers 41 to 47
      arranged in three ranks consolidate the seven bit streams from the
      multiplication input gates 34 to 40 into a single bit stream representing
      the sum of the individual bit streams. The consolidation requires one bit
      of time delay per rank. The summers operate in synchronism with the
      multiplication gates and any internally stored carry is reset as the least
      significant bit of each word passes through. The first rank of summers 41
      to 44 have their internally stored carries reset by a signal of the
      nominal bit time T.sub.1 which is available from the NAND gate
      corresponding to 96 of the second multiplication cell 35. The second rank
      of summers 45 and 46 are reset by signal at the nominal bit time T.sub.2
      available from the NAND gate corresponding to 96 of the third multiplier
      cell 36. The final summer 47 is reset by a signal at the nominal bit time
      of T.sub.3 available from the NAND gate corresponding to 96 of the fourth
      multiplier cell 37. All of the summers are alike except for the last (47)
      wherein an output NOR gate is substituted for an inverter for zeroing the
      last three digits of the product. Thus, the summers form a second type of
      cell which is used repetitively in the design of a multiplier. A logic
      diagram of the summer is shown in FIG. 8 and will now be described.
PAR  The summer cell of FIG. 8 is of conventional design and may be regarded as
      formed by three principal blocks shown in dotted outline and several
      ancillary delays. The principal blocks are a first exclusive NOR
      comprising the elements 100, 101 and 102, a second exclusive NOR
      comprising the elements 103, 104 and 105, and the "Carry Logic and Delay"
      comprising the elements 108, 109, 110, 111 and 112. The Carry Logic and
      Delay block develops one bit of time delay through the transmission gate
      110, NAND gate 111 and transmission gate 112. Half bit delays are provided
      at the input to the first exclusive NOR gate by the transmission gates 98,
      99 operating in conjunction with the gates 100 and 102. A half bit of
      output delay is provided by transmission gate 106 operating in conjunction
      with inverter 107.
PAR  The summer cell functions in the following manner. The A and B bit streams
      are applied through half bit delays to the first exclusive NOR. The
      exclusive NOR is composed of two NAND gates 100, 101 and an OR gate 102.
      The inputs of 100, 102 are connected in parallel to the A and B bit
      streams. The outputs of the NAND gate 100 and OR gate 102 are coupled to
      the two inputs of NAND gate 101. The output (A.sym.B) of the first
      exclusive NOR appears at the output of NAND gate 101. Another output
      (A.sup.. B) is derived from the output of NAND gate 100 and applied to one
      input of the carry logic and delay block.
PAR  The second exclusive NOR of the summer is made up of the NAND gate 103, OR
      gate 105, and NAND gate 104. The inputs of 103, 105 are paralleled and
      coupled respectively to the output (A.sym.B) of the first exclusive NOR
      and the carry output (C.sub.i.sub.-1) of the Carry Logic and Delay block.
      The outputs of the NAND gate 103 and OR gate 105 are applied respectively
      to the two inputs of NAND gate 104. The output
      (A.sym.B).sym.C.sub.i.sub.-1 of the second exclusive NOR appears at the
      output of NAND gate 104 and is coupled to transmission gate 106 and
      inverter 107 which provides the second one half bit of delay to the bit
      stream. The summed output A.sym.B.sym.C appears at the output of the
      inverter 107.
PAR  The carry logic and delay is composed of the OR gate 108, NAND gates 109,
      111 and transmission gates 110, 112. Gate 108 has one input coupled to the
      output (A.sym. B) of the first exclusive NOR and its output coupled to one
      input of the NAND gate 109. The other input of the NAND gate 109 is
      connected to the A.sup.. B output of NAND gate 100. The output of NAND
      gate 109 is coupled through the transmission gate 110 to the NAND gate
      111, whose other input connection provides the reset function. The output
      of NAND gate 111 contains the carry (C.sub.i.sub.-1) which is delayed one
      half bit in the transmission gate 112 and coupled in a feedback path back
      to the other input of OR gate 108.
PAR  The logical function of the summer may be outlined in the following table:
TBL  C.sub.i.sub.-1                                                            
            B      A      .SIGMA.                                              
                               C.sub.i                                         
                                    C.sub.i                                    
     ______________________________________                                    
     1      0      0      0    0    1                                          
     1      0      1      1    0    1                                          
     1      1      0      1    0    1                                          
     1      1      1      0    1    0                                          
     0      0      0      1    0    1                                          
     0      0      1      0    1    0                                          
     0      1      0      0    1    0                                          
     0      1      1      1    1    0                                          
     ______________________________________                                    
PAL  where
PA1  C.sub.i = AB + (A.sym.B) C.sub.i.sub.-1 ;
PA1  + denotes the OR function;
PA1  .sym. denotes the exclusive OR function;
PA1  .sym. denotes the exclusive NOR function.
PAR  The rounding value and zeroing illustrated in FIG. 5 may be understood by
      reference to FIG. 4 and FIG. 8A. The rounding value 6 is achieved by use
      of the OR gate 49 which is coupled to the T.sub.2 and T.sub.3 outputs of
      multiplier cells 36 and 37, respectively. These are timed to produce a 1 1
      0 as the bit stream is passing through the first rank of summers 41, 42,
      43 and 44. The addition is made to the input of serial summer 44. The
      zeroing of the last three bits of the product word is achieved by means of
      the OR gate 50 whose inputs are coupled to the T.sub.3, T.sub.4, T.sub.5
      outputs of multiplier cells 37, 38 and 39. As previously explained, these
      correspond to the outputs from the counterparts to NAND gate 96 as shown
      in FIG. 7. The output of the OR gate 50 is coupled through a one bit delay
      51 to a gate provided in the last serial summer 47. The gate to serial
      summer 47 is illustrated in FIG. 8A, where the NOR gate 113 is substituted
      for the inverter 107. The rounding figure is thus introduced at the time
      that the first three, least significant bits are passing through the first
      rank serial summers and the truncation step of the rounding procedure is
      achieved by zeroing the three low order bits emanating from serial summer
      47.
PAR  The signed multiplication logic herein described is organized for a minimum
      number of communication paths at the boundaries of the logic and of the
      cells. The data streams to and from the logic and between the cells
      require only single connections since the data is in serial form. In
      respect to the logic boundaries, they are for entry of the serial data
      stream for the multiplier, entry of the serial stream for the multiplicand
      and for exit of the serial data stream of the final product. At the cell
      boundaries, they are for entry of the multiplier stream, entry and exit of
      the multiplicand data streams, and for exit of the serial data stream of
      the partial product. The requirements for the summer cells are similar
      since the data flows are serial (two in and one out).
PAR  The communication paths allocated to timing functions are somewhat more
      extensive but have been minimized by the use of the timing waveform or
      word marker. The timing requirements include the provision for two phase
      clocking into the logic, and in and out of the individual cells. At the
      boundary to the logic, the timing waveform delayed one bit and inverted
      (w.sub.2) is applied by the bus 48 while the uninverted timing waveform
      (w.sub.1) is entered in the first stage of the timing waveform register.
      At the cell boundaries, a single connection is required for the inverted
      waveform and two connections are required for entry and exit of the
      uninverted timing waveform. Within the cell, a timing signal is generated
      whose termination is controlled by the timing waveform on the shift
      register and whose initiation is controlled by the inverted timing
      waveform on the bus. (The term "timing signal" is used to denote the
      output of the NAND gate 95 (FIG. 7) which is responsive to both timing
      waveforms, as well as the equivalent combination of signals at the input
      to the NAND gate 95 which is, effectively, the word time less the output
      of NAND gate 95.) The two timing waveform connections to the cell provide
      the control required for internal adjustment of the word length of the
      multiplicand and the timing information required within the cell to strobe
      the multiplier bit required for formation of the partial product
      associated with that cell. The timing waveform register also provides the
      timing signals required to reset the summers, zero the final summer and
      introduce the rounding value. This last capability requires only a single
      connection path from each of the individual multiplication cells to the
      subsequent summer cells.
PAR  The foregoing reduction in intercell connections may be explained, in the
      case of the multiplication cells, as resulting from a most efficient
      clustering of the functions into the cells. The "ANDing" essential to the
      multiplication cell is the central function of the multiplication cell and
      it forms the partial product. Grouped about it are the multiplier bit
      latch which stores one multiplier bit at a time, and avoids the need for
      paralleled input connections, and the stages of the two shift registers.
      One register is required to properly delay the multiplicand in accordance
      with the significance of the multiplier bit selected and the other
      register is required for the timing waveform and provides the strobing
      required within the cell for multiplier bit selection and for multiplicand
      truncation as described above.
PAR  The advantage of minimum logic boundary communication paths and minimum
      intercell connection paths is of particular importance in the planar
      execution of the circuitry characteristic of integrated circuit
      fabrication. In such fabrication, connection runs involving metallization
      are particularly expensive since they require large areas of the
      semiconductor chip and underpasses via poly-silicon paths.
PAR  The selection of serial clocking and the selection of serial data flows
      which are extremely flexible in terms of capacity, and the foregoing
      minimization in communication paths help to satisfy the fundamental
      criteria for making the individual cells useful in other equipment
      applications. The cell layouts continue to be applicable and reusable when
      new equipment is created requiring greater or lesser capacity. Thus, the
      cost of equipment redesign is greatly reduced.
PAR  In summary, the multiply input gate described heretofore requires only two
      bused connections and two series connections as inputs, and yields timing
      data and partial products as outputs, plus series connections to the
      adjacent cell. Furthermore, the word marker waveform is specifically
      chosen so that one portion reflects the multiplier word length that is
      fixed by the number of multiply input gates actually implemented in a
      particular design, and total word marker waveform length sets the
      multiplicand word length, which is variable for any given implementation.
      This capability of electrically varying the multiplicand by means of the
      word marker yields design flexibility for data and signal processing
      problems where data precision varies from application to application. Note
      that the multiplicand word length is variable in the upward direction
      only, referenced to some minimum word length below which the internal
      timing of a multiply input gate begins to overlap in an undesirable
      manner.
PAR  For the situation where full double precision products are desired, and
      extra time usage to produce such a product is acceptable, the said signed
      multiplication logic can yield such capability in the following manner. If
      there are b bits in the multiplier, there will be b-1 bits truncated from
      the multiplicand in the top tabulation of FIG. 5. There are three bits in
      the rounding value; hence one should append (b-1) + 3 zeros to the low
      order portion of the multiplicand, and set the word marker for a (b -1) +3
      bit times longer period than the single precision case. The result is a
      product of full double precision.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Signed multiplication logic for multiplying two serial binary numbers to
      obtain a serial binary product, the multiplicand containing magnitude and
      sign information in two's complement notation, the multiplier containing
      magnitude information and the product containing magnitude and sign
      information in two's complement notation, said multiplier, multiplicand
      and product bit streams occurring serially at equal word rates with the
      least significant bit first in time, said multiplication logic comprising:
PA1  a. a bus to which the multiplier bit stream is supplied in words of an "n"
      plurality of bits,
PA1  b. an "n" plurality of binary storage elements coupled to said bus for
      storing the successive words of said multiplier bit stream, each storage
      element selecting a bit a pre-determined significance from each word of
      said multiplier bit stream and storing said selected bit until a bit of
      like significance occurs in the succeeding word,
PA1  c. a shift register having an "n" plurality of connections at one bit
      intervals to which the multiplicand bit stream is supplied,
PA1  d. an "n" plurality of multiplication stages, each connected for multiplier
      bit entry to a binary storage element and for multiplicand entry to a
      connection of said multiplicand shift register whose accummulated bits of
      delay increase in correspondence with the significance of the multiplier
      bit entered, each stage multiplying a consecutive selection of the most
      significant bits of a word of the multiplicand by a multiplier bit to form
      a serial partial product timed in correspondence with its significance,
      and
PA1  e. a summation network coupled to the output of each of said multiplication
      stages for consolidating the bit streams representing said partial
      products into a single bit stream equal to the product.
NUM  2.
PAR  2. Signed multiplication logic as set forth in claim 1 wherein each of said
      multiplication stages include means for entering less than all of the bits
      of the multiplicand, the least significant bits being truncated in inverse
      relationship with the significance of the multiplier bit entered.
NUM  3.
PAR  3. Signed multiplication logic as set forth in claim 2 wherein said
      multiplicand bit truncation means comprises:
PA1  a. means for generating a timing waveform having a portion whose duration
      is equal to the bit times of a multiplier word, and
PA1  b. a second shift register to which said timing waveform is supplied having
      connections at one bit intervals, each multiplication stage being
      connected to said timing shift register to obtain a timing signal for
      controlling the number of the more significant bits of the multiplicand
      entered to correspond with the significance of the multiplier bit entered.
NUM  4.
PAR  4. Signed multiplication logic as set forth in claim 3 wherein each of said
      multiplication stages comprise a three input gate to which a delayed
      multiplicand, a stored multiplier bit and said timing signal are applied,
      the signals at each stage having a duration which is increased in one bit
      increments in accordance with the delay accorded to said timing waveform,
      said three input gates logically "anding" said three inputs to produce an
      output.
NUM  5.
PAR  5. Signed multiplication logic as set forth in claim 4 having in addition
      thereto:
PA1  a. a bus to which said timing waveform is supplied at a fixed delay, and
      wherein
PA1  b. each multiplication stage comprises a gate for producing the timing
      signal for control of multiplicand bit entry, said gate having one input
      coupled to said fixed delay timing waveform bus to initiate said timing
      signal and another input coupled to said timing wave shift register to
      terminate said timing signal.
NUM  6.
PAR  6. Signed multiplication logic as set forth in claim 5 wherein each
      multiplication stage comprises means responsive to said timing signal to
      repeat the sign bit of said multiplicand the number of bits required to
      complete the high order portion of the partial product.
NUM  7.
PAR  7. Signed multiplication logic as set forth in claim 6 wherein means are
      provided to logically "or" the output of said three input gate and the
      output of said sign repeating means to produce a full length signed
      partial product.
NUM  8.
PAR  8. Signed multiplication logic as set forth in claim 7 wherein:
PA1  said sign bit repeating means comprises a three input gate having
PA2  1. first input coupled to said timing waveform shift register at the
      connection associated with said multiplication stage to initiate a sign
      bit repetition,
PA2  2. a second input coupled to said fixed delay timing waveform bus to
      terminate sign bit repetition, and
PA2  3. a third input coupled through a one bit delay to the output of said
      logical "or" means for sign bit regeneration.
NUM  9.
PAR  9. Signed multiplication logic as set forth in claim 7 wherein said
      summation network comprises a collection of ranked summers, each summer
      having two serial data inputs coupled to the outputs of two multiplication
      stages or to the outputs of two summers in a prior rank and producing a
      serial data output representing the sum of the two inputs after a one bit
      delay, said summers being arranged in successively diminishing ranks until
      said serial data is consolidated into a single stream, and means for
      resetting the internally stored carry bits of each rank as the least
      significant bit passes through.
NUM  10.
PAR  10. Signed multiplication logic as set forth in claim 9 wherein said reset
      means comprises one or more reset pulse generators, each having an input
      coupled to a connection on said timing waveform register for sensing
      passage of said timing waveform at a time corresponding to the passage of
      a word through said rank, and each providing an output pulse at said time
      to reset the internally stored carry bits of said rank.
NUM  11.
PAR  11. Signed multiplication logic as set forth in claim 9 wherein the summer
      in the last rank is provided with means for zeroing one or more of the
      least significant bits of each word of said serial product.
NUM  12.
PAR  12. Signed multiplication logic as set forth in claim 11 wherein said
      zeroing means comprises:
PA1  a. a zeroing gate having two inputs and an output, to one input of which
      the consolidated data stream from said last ranked summer is applied and
      to the other input of which a gating signal is applied, said zeroed
      consolidated data stream being derived from the output thereof,
PA1  b. one or more zeroing pulse generators, each having an input coupled to a
      connection on said timing waveform register for sensing passage of said
      timing waveform at a time corresponding to the passage of one of the
      initial bits of a word through said last ranked summer and producing an
      output pulse, and
PA1  c. an "or" gate for control of said zeroing gate having a plurality of
      inputs to which the outputs of said zeroing pulse generators are
      connected, and producing an output upon the occurrence of an input signal,
      the output of said "or" gate being coupled to said other input of said
      zeroing gate.
NUM  13.
PAR  13. Signed multiplication logic as set forth in claim 9 wherein means are
      provided for introducing a rounding value to compensate for multiplicand
      and product truncation.
NUM  14.
PAR  14. Signed multiplication logic as set forth in claim 13 wherein said
      compensating value means comprises:
PA1  a. one or more rounding value pulse generators, each having an input
      coupled to a connection on said timing waveform register for sensing
      passage of a timing waveform at a time corresponding to the entry of a bit
      of a given significance at said first rank of summers and producing an
      output pulse at said time,
PA1  b. an "or" gate for production of said rounding value having a plurality of
      inputs to which said pulse generator outputs are coupled and producing one
      or more output pulses corresponding to a desired rounding value, said "or"
      gate output being coupled to the input of a summer in said first rank for
      addition to the final product.
NUM  15.
PAR  15. A complex multiplier for multiplying a complex multiplicand (a + jb) by
      a complex multiplier (c + jd) to obtain the product (ac - bd) + j (ad +
      bc), said "a" and "b" quantities being in two's complement notation and
      said "c" and "d" quantities being sign and magnitude notation, said
      multiplier, multiplicand and product being in serial form with their
      streams occurring serially at equal word rates with the least significant
      bit first in time, said complex multiplier comprising:
PA1  a. four signed multiplication logic units, to each of which the input
      quantities a and c; b and d; a and d; b and c are coupled to the
      respective inputs thereof and each of which produce an output in two's
      complement notation equal respectively to a c; b d; a d; b c,
PA1  b. four two's complementers each having a data input coupled respectively
      to the output of a corresponding signed multiplication logic unit and each
      having a control input to which the sign of "c", inverted sign of "d",
      sign of "d" and sign of "c" are respectively coupled, and producing an
      output equal respectively to a.sup.. c;-b.sup.. d; a.sup.. d; b.sup.. c;
      and
PA1  c. a first summation network coupled to the output of the first and second
      two's complementers to obtain the real quantity (ac - bd) and a second
      summer coupled to the output of the third and fourth two's complementers
      to obtain the imaginary quantity (ad + bc).
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ABST
PAL  A parallel adder with sequential carry ripple is subdivided into sections.
      Detector circuits are distributed over the various digit positions of the
      adder. Each detector circuit receives the digit pairs of the input
      operands of at least one adder position. The detection circuits indicate
      the beginning or the end of a carry ripple chain by testing the condition
      "both input digits zero or both input digits one". Via a coder, the output
      signals of the detection circuits are combined in the form of group
      indicating signals, each of which corresponds to a predetermined distance
      between the digit positions. By means of the group indicating signals a
      clock circuit is controlled in such a manner that the operating time is
      limited to the time required for carry rippling.
BSUM
PAC  BACKGROUND
PAR  1. Field of The Invention
PAR  The invention relates to a multi-position, binary parallel computing
      arrangement for additions or subtractions, with sequential carry
      propagation and with a clock circuit permitting a variable operating time.
PAR  2. Description of Prior Art
PAR  In parallel adders the clock time for processing two operands is a function
      of the time required for rippling carries, if any. Therefore, it is
      necessary to assume the worst case where a carry has to pass all positions
      of the computing arrangement. As this happens relatively rarely, a fixed
      clock time would lead to considerable idling.
PAR  It is known to shorten the operating time of binary adders by scanning the
      carry signals rippling from one digit position to another for the end of
      the carry processing step ("The Logic of Computer Arithmetic", pp. 79-81,
      by I. Flores, London 1963). Such an arrangement which is also referred to
      as carry-complete adder operates asynchronously. OR-circuits, connected to
      an AND-circuit common to all digit positions, are associated with the
      carry outputs of the individual digit positions. A carry signal appearing
      in one of the digit positions is transmitted to the common AND circuit via
      the OR circuit of the respective digit position. The arrangement is such
      that the carry signals are maintained until the end of an addition. Apart
      from this, each carry connection from one digit position to the next
      higher one consists of two lines, one of which carries the true signal,
      whereas the other carries the negated carry signal. At the beginning of an
      addition, both lines are without signals. After the operands have been fed
      to the adder and addition has begun, a certain signal state occurs within
      the carry connections as the carries are being handled. After this state
      has been reached for all digit positions of the adder, the common AND
      circuit emits an output signal indicating the end of addition. In this
      instance, the operation cycle is discontinued and transmission of the
      result from the result register to the connected units can be initiated.
PAR  This arrangement has the disadvantage of requiring extensive circuitry for
      generating the true and negated carry signals and for determining by
      scanning means whether these carry signals are present in their entirety.
      Furthermore, such an arrangement is intended for use in asynchronously
      operating processors which since they permit the end of a carry processing
      operation being detected at an early state, can utilize the advantage thus
      obtained by immediately initiating subsequent operations. An effective use
      of the known arrangement would necessitate, for example, that immediately
      after the carry rippling step is completed, the result is passed on or
      evaluated, irrespective of the switching state the processor is in at this
      stage. Processors organized in this way are not being used too widely
      because of the extensive circuitry they require. When processors are
      organized the emphasis is rather on synchronous operation, whereby fixed
      clock times are associated with the individual transmission and operation
      cycles.
PAR  On the other hand it is known to provide a varying number of machine cycles
      for specific operations in synchronously operating processors. This is
      done under the control of the operation code of those instructions that
      control the respective operations. The control signals derived from the
      operation code act on the clock circuit which is thus enabled to provide a
      variable number of machine cycles.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the invention to provide a computing arrangement for
      additions and subtractions, which by using few circuits reduces the
      computing time to the required value as determined by carry processing but
      which is nevertheless integratable into the organization of an essentially
      synchronously operating processor. In accordance with the invention, this
      is achieved in that detection circuits are distributed over the digit
      positions, each detection circuit receiving the digit pairs of the input
      operands of at least one adder position, and the various detection
      circuits indicating the beginning or the end of a carry ripple by testing
      the condition "both input digits 0 or both input digits 1", that the
      output signals of the detection circuits, are combined, via a coder, in
      the form of group indicating signals, each of which corresponds to a
      predetermined distance between the digit positions, and that the group
      indicating signals influence the clock circuit in such a manner that the
      operating time is limited to the duration of the carry ripple over the
      shortest digit position distance determined by the group indicating
      signals.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 shows a block diagram of a first embodiment of a parallel adder
      designed in accordance with the invention.
PAR  FIG. 2 shows a logic diagram of a second embodiment of a parallel adder
      designed in accordance with the invention.
PAR  FIG. 3 shows a clock circuit that can be used in connection with the
      computing arrangement of FIG. 2.
PAR  FIGS. 4A and 4B are diagrammatic representations of the clock pulse
      programs generated by the circuit of FIG. 3, and FIG. 5 is a diagrammatic
      representation of various carry ripple chains detected by the logic of
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a binary parallel computing arrangement in the form of an
      adder with sequential carry ripple. The adder has 16 digit positions, of
      which only some are shown. Each digit position comprises a binary full
      adder stage 32 designed in a manner known per se for forming a sum signal,
      e.g., s.sub.l, and a carry signal, e.g., c.sub.l, from two binary operand
      digits, e.g., a.sub.l and b.sub.l, and a carry signal from the preceding
      position, e.g., c.sub.o. The output lines for the sum signals s.sub.n as
      well as the lines for transmitting the carries c.sub.n from one digit
      position to the next higher one are not shown in FIG. 1. Carry
      transmission is effected in a manner known per se in that the carry
      generated in one digit position is transmitted to the next higher digit
      position and is processed together with the operand digits present in that
      position, during which process a further carry may be propagated to the
      next high position, etc. Thus, it is possible for a carry to propagate
      itself from the lowest to the highest digit position before the sum
      signals of all digit positions have been determined. In addition, each
      digit position is associated with two input gates 33,34 through which the
      binary operand signals are applied to the full adder stages. The input
      gates 33, 34 of all digit positions are jointly opened by a clock signal
      on line 35 so that the operand signals can be fed to the full adder
      stages.
PAR  In the embodiment shown, the outputs of the input gates of every fourth
      digit position of the adder are additionally connected to one detection
      circuit 42, 43 and 44 each. The digit positions concerned are the fourth,
      eighth and the twelfth digit position, whereby the labelling of the digit
      positions was chosen in accordance with the ascending position value. The
      detection circuits test the corresponding digit positions for the
      beginning or the end of a carry ripple. To this end each of the detection
      circuits 42 to 44 forms the equivalence function of the two input signals,
      in order to determine whether both input digits have the value 1 or 0. In
      the former case, the detection circuits indicate that a carry is being
      formed in the corresponding digit position and which may propagate itself
      over a number of higher digit positions, thus initiating a potential carry
      ripple chain. This does not take account of the fact that in addition to
      the scanned operand digits, a carry from the next higher digit position
      may be fed to the corresponding digit position. In the latter case the
      scanned digit position would be part of a carry ripple chain starting in a
      lower digit position; however, from the standpoint of the indication
      function of circuits 42, 43, 44 this does not make any difference.
PAR  If the detection circuit detects on the other hand that both operand digits
      scanned have the value 0, this means that a carry ripple chain, if any,
      starting in a lower digit position will terminate at the latest in the
      scanned digit position, as in such a case an incoming carry cannot trigger
      a further carry to the next higher digit position.
PAR  Detection circuits 42 to 44, uniformly distributed over the length of the
      parallel adder, thus subdivide the adder into equally long sections of
      four digit positions each. If each of the three detection circuits 42 to
      44 emits a signal indicating the presence of equivalent input signals,
      this means that carry ripple chains, if any, do not have to pass more than
      four digit positions (chain length K1). Accordingly, the operating time
      required for performing one addition can be such that it corresponds to
      the duration of carry propagation through four digit positions. In FIG. 1,
      this state is indicated by the AND circuit 45 which is connected to the
      outputs of the detection circuits 42, 43 and 44. It is assumed that carry
      ripple or propagation through four digit positions does not take longer
      than one machine cycle. In this case the output signal of the AND circuit
      45 can serve to control a clock circuit not shown in FIG. 1 and which is
      used to limit the computing time to one machine cycle.
PAR  If, on the other hand, the detection circuits 42 and 44, with the exception
      of the detection circuit 43, emit a signal indicating equivalent operand
      digits, this means that processing of the existing operand digits may
      require a carry ripple chain of eight digit positions (chain length K2).
      The same chain length is obtained if detection circuit 43, rather than all
      three detection circuits 42, 43, 44, has previously emitted an indicating
      signal. This also applies to cases in which detection circuit 43 and only
      one of the detection circuits 42 or 44 emit indicating signals. In all of
      these cases the operating time must, as a precaution, be two machine
      cycles long. An AND circuit 36, connected to the detection circuit 43 and
      receiving the output signal of AND circuit 45 via an inverter 48,
      generates a control signal via an OR circuit 37. This signal causes the
      clock circuit not shown to generate two machine cycles. An AND circuit 46,
      connected to the outputs of the detection circuits 42 and 44 and which, in
      addition, receives the output signal of AND circuit 45 via inverter 48,
      generates a corresponding control signal via OR circuit 37. This signal
      causes the clock circuit not shown to generate two machine cycles.
PAR  A further state indicated consists in none of the detection circuits 42, 43
      and 44 generating an output signal. In this instance, the operand
      combination applied to the input of the parallel adder may result in a
      carry ripple chain extending over more than eight positions (chain length
      K3). The processing of carries of such length requires more than two
      machine cycles. To make allowances for the worst case where a carry is
      generated in the first digit position and has to be transmitted as far as
      the 16th digit position, the operation time must be four machine cycles
      long. An AND circuit 47, connected to the outputs of AND circuits 45 and
      46 via inverter 48 and a further inverter 49, emits a control signal if
      none of the detector circuits 42 to 44 indicates that operand digits are
      equivalent. The control signal of AND circuit 47 causes the clock circuit
      not shown to generate four machine cycles for the addition to be carried
      out.
PAR  The foregoing description shows that subdivision of the adder into sections
      and scanning of the digit positions on the boundaries of these sections
      for the presence of equivalent operand digits permit precasting the
      operating time required for performing the addition, since this time is
      solely a function of the length of possible carry ripple chains. The
      detection circuits determine which carry ripple chains are to be expected,
      whereby corresponding control signals for a clock circuit are generated by
      logic circuits 36, 37, 45 to 47 acting as a coder. This, in turn, enables
      the clock circuit to selectively provide one, two or four machine cycles
      as the computing time. Thus, precasting or look-ahead determination of the
      operating time is invariably effected from the standpoint of the worst
      condition experienced during carry processing, although this worst
      condition need not occur during computation. This look-ahead determination
      of the operating time offers considerable time savings without requiring
      extensive circuitry, since on an average only few combinations of the
      operand digits to be processed involve long carry ripple chains. As the
      logic circuits 36, 37, 45 to 47 operate parallel to the adder stages, no
      additional time is required for generating the operating time control
      signals.
PAR  The concept explained above can be rendered more effective by associating
      each scanning circuit with a group of adjacent digit positions, rather
      than with only one such position. A corresponding embodiment is shown in
      FIG. 2. The circuit illustrated in this figure is destined for a binary
      parallel adder with 32 digit positions. For simplicity's sake, FIG. 2
      shows only the detection circuits and the circuit components for
      generating the control signals for the clock circuit of FIG. 3. Deviating
      from the embodiment of FIG. 1, EXCLUSIVE OR circuits 51 are used as
      detection circuits. Each of these EXCLUSIVE OR circuits receives a true
      and a negated digit signal of the operand digits of a digit position.
      Thus, the output signal of each EXCLUSIVE OR circuit 51 corresponds to the
      function of equivalence of two input digits of the same order, as, for
      example, in the case of the detection circuits 42 to 44. EXCLUSIVE OR
      circuits 51 form three groups 52, 53 and 54, each of which represents a
      detection circuit. Dedtection circuit 52 is associated with the digit
      positions 5 to 8, detection circuit 53 with the digit positions 14 to 17,
      and detection circuit 54 with the digit positions 23 to 26. Thus, the
      scheme illustrated in FIG. 5 is obtained according to which the digit
      positions of the adder are subdivided by the three detection circuits 52,
      53 and 54 into four sections, each of which comprise five adjacent digit
      positions.
PAR  One OR circuit 55 to 57, connected to the outputs of EXCLUSIVE OR circuits
      51 of the corresponding detection circuit 52, 53 or 54, is associated with
      each detection circuit 52 to 54. On the outputs of OR circuits 55, 56 and
      57, signals A, B and C are emitted indicating that the associated
      detection circuit 52 contains at least one operand digit pair with
      equivalent operand digits. For signals A, B, C, negated signals A, B, and
      C are generated by inverter circuits 58, 59, 60. By means of AND circuits
      62, operating time control signals EZ, ZZ, DZ, VZ are generated according
      to the pattern shown below.
TBL                TABLE                                                       
     ______________________________________                                    
     A B C                                                                     
     1 1 1       EZ          (one cycle)                                       
     1 0 1       ZZ          (two cycles)                                      
     1 1 0       ZZ          (two cycles)                                      
     0 1 0       ZZ          (two cycles)                                      
     0 1 1       ZZ          (two cycles)                                      
     1 0 0       DZ          (three cycles)                                    
     0 0 1       DZ          (three cycles)                                    
     0 0 0       VZ          (four cycles)                                     
     ______________________________________                                    
PAR  Control signal EZ controls the clock circuit of FIG. 3 to provide only one
      machine cycle, whereas control signals DZ and VZ cause said clock circuit
      to provide three and four machine cycles, respectively, whereby the latter
      four cycles serve to carry out the addition operation. The relation
      between these control signals and the carry ripple time required for one
      addition is shown in FIG. 5 in which the three hatched areas are
      associated with the indicating signals A, B, C of detection circuits 52,
      53, 54. The control signal EZ in accordance with the above table is
      generated when all three detection circuits emit an output signal, i.e.,
      when A, B and C all have the value 1. Such an indication means that each
      of the digit position groups 5 to 8, 14 to 17 and 23 to 2 contains at
      least one operand digit pair with equivalent binary values. Therefore,
      FIG. 5 shows those carry ripple chains that extend over the greatest
      number of positions. The chains concerned include a possible carry ripple
      chain originating in digit position 5 and ending in digit position 17 as
      well as a further possible carry ripple chain originating in digit
      position 14 and terminating in digit position 26. It is assumed that the
      operating speed of the electronic circuits of the adder is sufficiently
      high to permit such carry ripple over eleven digit positions being
      performed during one clock interval or in one machine cycle.
PAR  Control signal ZZ causing two machine cycles to be provided, is generated,
      in accordance with the above table whenever one of two adjacent detection
      circuits 52, 53 or 53, 54 emits no indicating signal A, B or C. In such a
      case carry ripple chains extending over two adjacent adder sections may
      occur. This applies, for example, to carry ripple chain 63 which starts in
      digit position 0 and terminates in digit position 17. Control signal ZZ is
      obtained on the output of an OR circuit 64 connected to a part of the AND
      circuits 62.
PAR  Control signal DZ serves to provide three machine cycles and is generated
      in accordance with the above table whenever two adjacent detection
      circuits 52, 53 or 54 supply no indicating signal A, B or C. In this case
      the carry ripple chains occurring may extend over 26 digit positions, as
      is, for example, the case with carry chain 65 beginning in digit position
      1 and ending in digit position 26. Control signal DZ is obtained from an
      OR circuit 66 connected to two of the AND circuits 62.
PAR  If none of the detection circuits 52, 53, 54 provides an indicating signal,
      control signal VZ is generated which ensures the generation of four
      machine cycles in the clock circuit still to be described. Such a control
      signal for maximum operating times allows for the fact that a carry ripple
      may occur which extends from the lowest to the highest digit position.
PAR  An embodiment of the clock circuit controlled by control signals EZ, ZZ,
      VZ, DZ is shown in FIG. 3. The circuit concerned is one that normally
      generates the clock signals 0, 1 to 6 and that is controlled to
      selectively suppress or skip the clock signals 3, 4 or 5. The circuit
      comprises two registers 71, 72 each of which has three binary positions.
      In addition, a three-position binary adder 73 is provided whose inputs are
      linked to the outputs of register 72 and whose outputs lead to the inputs
      of register 71. The outputs of register 72 are also connected to a decoder
      74 decoding the binary clock count in register 72 into clock control
      signals 0, 1 to 6. The circuit elements to be controlled and contained in
      the processing unit provided with the adder in which the circuit of FIG. 2
      is used, receive these signals via output lines 75 of decoder 74.
PAR  FIG. 4A shows a pulse program of maximum length which is generated by the
      clock circuit of FIG. 3 when the circuit of FIG. 2 emits the control
      signal VZ. This pulse program provides for four computing cycles, viz.,
      clocks 2 to 5. The first and the second operand are fed to the adder
      during clock 0 to 1, respectively. Clock 6 serves to transmit the
      determined result value, for example, for writing this value into a
      storage not shown. Simultaneously, during clock 6, the end of the addition
      is indicated and a subsequent operation, which may be a further addition
      is initiated. The switching processes to be performed during clocks 0, 1
      and 6 are controlled by the signals on the corresponding output lines 75
      of decoder 74.
PAR  The pulse program of FIG. 4A is executed by the circuit of FIG. 3 in the
      following manner. It is assumed that register 72 contains the binary clock
      count 0. Via an AND circuit 69 and an OR circuit 70, a 1 signal is applied
      to the second input of the lowest digit position of adder 73, as at this
      stage neither a control signal for clock 2 nor a control signal for clock
      6 is emitted on the output of decoder 74. This causes the value of
      register 72 to be incremented by 1. Alternate basic clock signals (machine
      cycles) prepare registers 71 and 72 for value input. In accordance with
      this, register 71 receives the result value 1 from adder 73 during clock
      T1. Subsequently, during clock T2 this value is fed to register 72, so
      that the clock control signal 0 on the output of decoder 74 decreases and
      clock control signal 1 appears. The process or step explained above is
      repeated until clock control signal 2 appears on the output of the
      decoder. At this stage AND circuit 69 is inhibited. OR circuit 70,
      however, continues carrying signals because of the existing control signal
      VZ which was assumed to be present in the pulse program of FIG. 4A. Via an
      OR circuit 76, signal VZ is fed to an AND circuit 77 which receives clock
      control signal 2 as a second input signal. Thus, AND circuit 77 supplies
      an output signal which is fed to OR circuit 70 which subsequently feeds a
      further binary 1 to the lowest digit position of adder 73. The count in
      register 72 is again incremented by 1. During this process the clock
      circuit advances through clocks 2, 3, 4 and 5 until it reaches the final
      clock 6.
PAR  If control signal EZ, requiring only one computing cycle, appears in lieu
      of control signal VZ, a signal is fed to the third digit position of the
      adder via an AND circuit 78 during clock 2. As this digit position has the
      binary weight 2.sup.2, adder 73 adds the value 4 to the value 2 in
      register 72, so that result 6 appears initially in register 71 and
      subsequently in register 72. Thus, decoder 74 supplies the clock control
      signal 6 immediately after the clock control signal 2, so that a pulse
      program in accordance with FIG. 4B is obtained. This pulse program
      comprises only one computing cycle, as was demanded by the operating time
      control signal EZ.
PAR  Similarly, the operating time control signals DZ and ZZ are used for the
      different incrementing processes to which the count in register 72 is
      subjected, with coding circuit 76 to 81 forming the necessary increment
      values. In the case of a control signal DZ, the binary value 2 is fed to
      the second digit position of adder 73 via an OR circuit 79, and AND
      circuit 80 and an OR circuit 81 during clock 2. This leads to the value in
      register 72 being incremented by 2 so that subsequently binary value 100
      appears in register 72. This value is decoded by decoder 74 to form a
      clock control signal 4. At this stage AND circuit 69 becomes active once
      again since neither clock control 2 nor clock control signal 6 is
      available. Thus, the value set in register 72 is incremented by 1, so that
      initially clock control signal 5 and after a further incrementing step
      clock control signal 6 is obtained. The operating time allocated to this
      run was three cycles, as demanded by operating time control signal DZ.
      During the indicated run the clock circuit generated clock control signals
      0, 1, 2, 4, 5 and 6, whereas clock control signal 3 was skipped without
      any time losses.
PAR  Similarly, the operation of the circuit in FIG. 3 is limited to two
      computing cycles when the circuit of FIG. 2 emits the operating time
      control signal ZZ. In this case a binary 1 is fed during clock 2 to the
      lowest digit position of adder 73 via OR circuit 76, AND circuit 77 and OR
      circuit 70, whereas via OR circuit 79, AND circuit 80 and OR circuit 81 a
      binary signal with the position value 2 is fed to the next higher digit
      position of adder 73. Thus, the binary increment value 11, which is added
      to the binary value 10 in register 72, is applied to this adder at the
      time indicated. During the subsequent clock T2, the binary value 101 is
      set in register 72. This value causes clock signal 5 to appear on output
      75 of the decoder. The next incrementing cycle proceeds as usual in that
      adder 73 receives increment value 1 via AND circuit 69 and OR circuit 70.
      Thus, processing has progressed as far as clock 6 and the operation cycle
      is ended. The generated pulse diagram is made up of clock control signals
      0, 1, 2, 5 and 6, clocks 2 and 5 of which provide the operating time for
      two computing cycles.
PAR  The above description of the circuit in accordance with FIG. 3 shows that
      the operating time for performing an addition can be selected as a
      function of the control signals EZ, ZZ, DZ and VZ in a pulse program
      synchronized with the machine clock of the processing unit. Each addition
      terminates with the predetermined clock signal that serves to initiate
      subsequent operations. In this manner, operating time savings of as much
      as 70 percent can be obtained when using the circuit of FIG. 2 for a
      greater number of additions.
PAR  The clock circuit of FIG. 3 in a slightly modified form can also be used in
      connection with the embodiment of FIG. 1. As a signal corresponding to the
      control signal DZ will not be formed in the latter circuit, the circuit
      elements processing the signal DZ in the circuit of FIG. 3 can be omitted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A parallel binary computing arrangement comprising:
PA1  an adder having a plurality of stages with sequential carry propagation
      between stages, each stage receiving corresponding digit positions of two
      operands,
PA1  a plurality of detection circuits distributed over the stages of said
      adder, each said detection circuit receiving the operand digits of at
      least one digit position of each operand for providing a detector output
      signal indicating the beginning or the end of a carry ripple by testing
      the condition "both operand digits 0 or both operand digits 1",
PA1  a coder connected and responsive to the output signals of said detection
      circuits for providing one of a plurality of group indicating signals,
      each of which corresponds to a predetermined distance of possible carry
      ripples between digit positions,
PA1  a clock including pulse generating means for providing a repeatable
      sequence of a predetermined number of time pulses; and
PA1  clock modifying means, responsive to said group indicating signals from
      said coder for selectively skipping certain of said time pulses, whereby
      the operating time between the starting time of said clock sequence if
      limited to the duration of the carry ripple over the shortest digit
      position distance determined by said detection circuits.
NUM  2.
PAR  2. A computing arrangement in accordance with claim 1, wherein:
PA1  each of said detection circuits is associated with, and connected to, a
      group of adjacent digit positions, said detection circuits being
      distributed in such a manner that a uniform number of digit positions are
      unconnected on both sides of each such group.
NUM  3.
PAR  3. A computing arrangement in accordance with claim 2 wherein:
PA1  each said detection circuit is connected to four adjacent digit positions.
NUM  4.
PAR  4. a computing arrangement in accordance with claim 3 wherein:
PA1  each of said detection circuits include an EXCLUSIVE OR circuit for each
      digit position, said EXCLUSIVE OR circuit receiving a digit from one
      operand in a true form and a digit from the other operand in a negated
      form.
NUM  5.
PAR  5. A computing arrangement in accordance with claim 4 wherein each of said
      detection circuits further includes:
PA1  an OR circuit connected, and responsive to, said EXCLUSIVE OR circuits for
      providing said detector output signal.
NUM  6.
PAR  6. Computing arrangement in accordance with claim 5 wherein said coder
      includes:
PA1  first, second, third, and fourth group indicating means connected to said
      detection circuit means,
PA1  said first group indicating means responding to an output from all said
      detection circuits for providing a first group indicating signal which
      serves to select a first operating time,
PA1  said second group indicating means responding to the absence of an output
      from one of said detection circuits and an output of two adjacent ones of
      said detection circuits, or from the positive output signal of said one
      detection circuit and the absence of an output from at least one of said
      adjacent detection circuits for producing a second group indicating signal
      which serves to select a second operating time that is longer than the
      first operating time,
PA1  said third group indicating means responding to the absence of an output
      from two adjacent ones of said detection circuits for producing a third
      group indicating signal which serves to select a third operating time
      exceeding the second operating time, and
PA1  said fourth group indicating means responding to the absence of an output
      from all said detection circuits for producing a fourth indicating signal
      which serves to select a fourth operating time exceeding all the other
      operating times.
NUM  7.
PAR  7. A computing arrangement in accordance with claim 6 wherein said clock
      includes:
PA1  a counter; and
PA1  said clock modifying means further includes means connected between said
      coder and said counter for generating increment signals of different
      values in accordance with the one of said group indicating signals
      generated, whereby said counter is caused to skip individual clock cycles.
NUM  8.
PAR  8. A computing arrangement in accordance with claim 7 wherein said counter
      includes:
PA1  a register circuit for storing the current clock count; and
PA1  an adder connected to said register and said clock modifying means, which
      forms a loop together with the register circuit, and which receives the
      current clock count together with said increment signals as input
      operands.
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PAL  The correlator disclosed herein detects in a stream of input pulses a
      plurality of sequences of time spaced signals, each of the plurality of
      sequences having a different one of a plurality of pulse repetition
      intervals disposed within a given pulse repetition interval range. This is
      accomplished by clocking the input pulses into a first shift register by a
      first clock pulse having a given frequency. N groups of n bistable stages
      (N being an integer greater than one and n being an integer greater than
      zero) are disposed at different spaced time positions along the first
      register corresponding to the pulse repetition intervals and the pulse
      repetition interval range. First logic circuitry is coupled to each of the
      N groups of n stages to provide an output pulse when the time spaced
      pulses of the plurality of sequences of time spaced pulses are
      simultaneously present at appropriate ones of the n stages of a given
      number of the N groups of n stages. A second shift register receives on
      its input stage the output pulse from the first logic circuitry. The
      output pulse is clocked through the second register by a second clock
      pulse having the given frequency but phase shifted relative to the first
      clock pulse. The length of the second register is determined by the
      plurality of pulse repetition intervals. A plurality of stages at the end
      of the second register produce through second logic circuitry a gate pulse
      which predicts when the next pulse of each of the plurality of sequences
      should occur. Several embodiments are disclosed which enable the
      production of the output signal from the first logic circuitry when all
      the pulses of the plurality of sequences are present or when there is a
      pulse missing from any of the plurality of sequences. An additional
      embodiment is disclosed which enables the detection of M plurality of
      sequences of time spaced pulses when only (N-1) out of N pulses of each of
      the M plurality of sequences are present employing M first logic
      circuitry. A gate signal is produced by the second register and second
      logic circuitry for each of the output signals from the M first logic
      circuitry to predict when the next pulse of each of the plurality of
      sequences of the M plurality of sequence should occur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to delay line correlators and more particularly to
      digital delay line correlators.
PAR  Delay line correlators known in the prior art including either analog delay
      lines or digital delay lines have been used to detect the pulse repetition
      interval (PRI) between the spaced pulses of a single sequence of time
      spaced pulses by means of a coincidence device (an AND gate) coupled to
      taps of the analog delay line or to flip flop stages of a digital delay
      line wherein the taps and flip flops are spaced along the delay line by
      the PRI intended to be detected.
PAR  Such delay line correlators find use in systems having a highly dense pulse
      environment such as encountered in navigation systems, such as TACAN,
      sonar systems, doppler radar systems, MTI (moving target indicator) radar
      systems, and seismology systems and the like.
PAR  In the foregoing system it may be desired to detect more than a single
      sequence of time spaced pulses having a given PRI. Following the
      techniques of the prior art delay line correlators, it would be necessary
      to provide a separate delay line and coincidence device for each PRI it is
      desired to detect which can lead to a complex and cumbersome detection
      system.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a digital delay line
      correlator employing a single digital delay line capable of detecting a
      plurality of sequences of time spaced pulses present in a stream of input
      pulses, each of the plurality of sequences having a different PRI disposed
      within a given PRI range.
PAR  Another object of the present invention is to provide an arrangement
      coupled to the output of the time correlation detector (the logic
      circuitry coupled to the single delay line) to produce a gate pulse which
      predicts when the next pulse of each of the sequences should occur.
PAR  Still another object of the present invention is to provide a digital delay
      line correlator to detect a plurality of sequences of time spaced pulses,
      each of the plurality of sequences having a different PRI disposed within
      a given PRI range, even when one of the pulses of any of the plurality of
      sequences of time spaced pulses is missing.
PAR  A feature of the present invention is the provision of an arrangement to
      detect in a stream of input pulses at least a first plurality of sequences
      of time spaced pulses, each of the first sequences having a different one
      of a plurality of pulse repetition intervals disposed within at least one
      given pulse repetition interval range comprising: a first source of the
      stream of input pulses; a first means coupled to the source to store the
      stream of input pulses in time such that the time relationship of each of
      the input pulses relative to each other as received from the source is
      maintained, the first means having N groups of n outputs disposed at
      different spaced time positions relative to each other such that the time
      difference between certain ones of the n outputs of adjacent ones of the N
      groups of n outputs define the plurality of pulse repetition intervals and
      the time difference between certain ones of the n outputs of at least one
      of the N groups of n outputs defines the given pulse repetition interval
      range, where N is an integer greater than one and n is an integer greater
      than zero; and second means coupled to the N groups of n outputs to
      provide an output pulse when the time spaced pulses of the first plurality
      of sequences of time spaced pulses are simultaneously present at certain
      ones of the n outputs of a given number of the N groups of n outputs.
PAR  Another feature of the present invention is the provision of a third means
      coupled to the above mentioned second means responsive to the output pulse
      therefrom to produce a gate pulse defining the time at which the next
      pulse of each of the first plurality of sequences should arrive from the
      first source.
PAR  Still another feature of the present invention is the provision of a longer
      digital delay line and a given number of different logic circuitry being
      coupled to selected ones of n bistable stages of each of N groups of n
      bistable stages to produce a plurality of independent output pulses each
      of which is produced by response to a different one of a given number of
      plurality of sequences.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a schematic diagram in block form of one embodiment of the
      digital delay line correlator in accordance with the principles of the
      present invention;
PAR  FIG. 2 is a schematic diagram in block form of another embodiment of the
      time correlation digital delay line and time correlator detector that may
      be incorporated in the system of FIG. 1 in accordance with the principles
      of the present invention;
PAR  FIG. 3 is a schematic diagram in block form of still another embodiment of
      the digital delay line correlator in accordance with the principles of the
      present invention; and
PAR  FIG. 4 illustrates a schematic diagram in block form one embodiment of one
      of the time correlation detectors of the system of FIG. 3 in accordance
      with the principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The drawing and description thereof contained herein refer to certain
      definite clock pulse frequencies, PRI's and PRI ranges. It is to be
      understood, however, that these specific values are only presented for
      purposes of explanation. It would be obvious to one skilled in the art
      employing the techniques of the present invention to modify the specified
      values to meet the specification of particular equipment for detecting
      different PRI's in a different PRI range employing a different clock
      frequency.
PAR  Referring to FIG. 1 there is illustrated therein a digital time delay
      correlator in accordance with the principles of the present invention
      enabling detection of a plurality of sequences of time spaced pulses with
      each of the sequences having a different one of a plurality of PRI
      disposed within a given PRI range.
PAR  A stream of input pulses in a highly dense pulse environment, as
      encountered in the systems mentioned hereinabove under the heading
      "Background of the Invention", is provided from source 1. Source 1 may be
      the output of a pulse stream receiver or a presorting arrangement
      associated with the output of a pulse receiver. The stream of input pulses
      is coupled to a leading edge detector 2 which may include a flip flop
      which is clocked on at the first one megahertz (MHz) clock PA after the
      leading edge of an input pulse and is clocked off at the time of the next
      one MHz clock PA. The resultant pulses correspond to the leading edge of
      the pulses from source 2. The output of detector 2 is coupled to the input
      of time correlation shift register 3 with the input pulses from detector 2
      being clocked into and shifted through register 3 by a one MHz clock PA at
      the output of source 4.
PAR  Shift register 3 includes there along in a time spaced relationship N
      groups of n outputs or bistable stages, where N is equal to an integer
      greater than one and n is an integer greater than zero. For the system
      illustrated in FIG. 1 it is desired to detect a first plurality of
      sequences of time spaced pulses having PRI's in the range of 400
      microseconds (.mu.s) to 401 .mu.s. The detection of these plurality of
      sequences is accomplished by employing the presence of two time spaced
      pulses of each sequence to produce an output signal from time correlation
      detector 5. In the equipment illustrated in FIG. 1 N is equal to two, the
      first group being input stage 6 of register 3 and the second group being
      stages 7 and 8 of register 3, with n being equal to one in the first group
      (stage 6) and n being equal to two in the second group (stages 7 and 8).
      It will be noted that a plurality of delay stages 9 are provided between
      input stage 6 and stages 7 and 8 to provide a sufficient time delay so as
      to enable detection of the plurality of sequences of time spaced pulses in
      the range of 400-401 .mu.s.
PAR  Time correlation detector 5 includes logic circuitry one form of which
      includes OR gate 10 coupled to the binary "1" output of each of the
      bistable stages 7 and 8 and AND gate 11 coupled to the output of gate 10
      and the binary "1" output of input stage 6. AND gate 11 will produce an
      output pulse (binary"1") when a sequence of time spaced pulses produce a
      binary "1" output signal from stage 6 and a binary "1" output signal from
      either of stages 7 and 8 due to the simultaneous presence of the time
      spaced pulses in these stages.
PAR  Thus, for the arrangement just described there is provided a digital time
      delay correlator which will produce an output pulse for any sequence of
      time spaced pulses having a PRI in the range of 400-401 .mu.s.
PAR  To enable the prediction of when the next pulse of any of the sequences of
      pulses which produce an output pulse from AND gate 11 should occur the
      output pulse from AND gate 11 is coupled to the input stage 12 of time
      prediction shift register 13. The output pulses from AND gate 11 are
      clocked into and through shift register 13 by means of a clock pulse TB
      which is provided at the output of delay device 14 having its input
      coupled to the output of source 4. The delay of device 14 is such that
      there is a phase shift between clock PA and clock PB of some predetermined
      amount and more specifically one half of a clock pulse repetition period
      as illustrated in Curves 15 and 16.
PAR  The output pulses from gate 11 are clocked through delay stages 17, the
      number of which are determined by the PRI and PRI range, to four output
      stages 18, 19, 20 and 21 with the resultant PRI range being encompassed by
      the width of the time prediction gate (TPG) produced by time prediction
      gate generator 23 in the form of OR gate 22. As illustrated the inputs to
      gate 22 are coupled to the "1" output of stages 18-21 so that when a pulse
      is shifted through these stages the TPG is provided with a width of 4 us
      which encompasses the pulses being detected. The resultant TPG signal with
      its accompanying time displacement with respect to the output of gate 11
      predicts when the next pulse of the sequences being detected in register 3
      and detector 5 should occur. This TPG signal can be employed with
      equipment (not shown) before source 1, or as a component of source 1, to
      presort the pulses in the stream of input pulses so that only a few pulses
      of a highly dense pulse environment are clocked into register 3 for
      detection in detector 5 after the equipment of FIG. 1 is in operation.
      Thus, the pulses clocked into the input of register 3 are those pulses
      that have the best chance of being time correlated with the previous
      pulses of the detected sequences of time spaced pulses. This presorting
      arrangement under control of the TPG signal output is like a course
      selector prior to the fine detection that takes place in the digital delay
      line correlator including register 3 and detector 5.
PAR  Referring to FIG. 2, there is illustrated therein another embodiment of the
      digital delay line correlator that would be employed in conjunction with
      register 13 and generator 23 to provide the results described with respect
      to FIG. 1, but subject to less error than the arrangement of FIG. 1. It
      will be noted that when switch 24 is in the position illustrated it takes
      three pulses of each sequence of a plurality of sequences to produce an
      output. This will increase the accuracy of detecting pulse sequences
      having PRI's in a PRI range with respect to the arrangement shown in FIG.
      1.
PAR  In the arrangement of FIG. 2 the N groups of n bistable stages are arranged
      along shift register 3 time spaced with respect to each other by the delay
      stages 25 and 26 so as to detect those sequences of time spaced pulses
      having a PRI in the range of 400-401 .mu.s. In the illustration of FIG. 2
      N is equal to three and n is equal to one in the inputs stage 27 (first
      group), n is equal to two as illustrated by stages 28 and 29 (the second
      group) and n is equal to three as illustrated by stages 30, 31 and 31a
      (the third group).
PAR  The correlation detector is modified with respect to the illustration of
      FIG. 1 by including two OR gates 32 and 33, gate 32 being connected to the
      "1" output of stages 28 and 29 and OR gate 33 being coupled to the "1"
      output of stages 30, 31 and 31a. When there is a pulse in either of stages
      28 or 29 and there is a pulse present in either of the stages 30 or 31 or
      31a and there is a pulse present in the input stage 27, AND gate 34 will
      produce an output pulse indicating the detection of a sequence of time
      spaced pulses having a PRI in the range of 400-401 .mu.s. This arrangement
      is considered a three out of three (3/3) digital time delay correlator.
      The output from gate 34 is then coupled through switch 24 to register 13
      with the operation of register 13 and generator 23 being as described
      hereinabove with respect to FIG. 1.
PAR  Occasionally due to noise or other form of interference one of the pulses
      in one of the plurality of sequences may be missing and thus the detection
      of a sequence of time spaced pulses having a PRI in a range of 400-401
      .mu.s would be missed and, therefore, could cause error in other
      processing equipment (not shown) with which the correlator of the present
      invention may be employed.
PAR  To overcome this source of error, detector 5 incorporates therein an
      arrangement to detect any of the sequences of time spaced pulses having
      PRI's in the desired range of PRI's even though one of the pulses of a
      sequence of time spaced pulses is missing. One arrangement is illustrated
      by moving switch 24 to contact 35. In this arrangement AND gate 36
      produces an output for coupling to OR gate 37 when there are pulses
      present in stage 27 and in stages 28 or 29. This latter arrangement is
      very similar to that illustrated in FIG. 1.
PAR  With switch 24 connected to contact 35, AND gate 38 will produce an output
      pulse for coupling to OR gate 37 indicating the presence of a sequence
      having a PRI in the range of 400-401 .mu.s if there is a pulse present in
      stage 27 and there is a pulse present in either of the stages 30 or 31 or
      31a, there being a missing pulse that should occur in either of stages 28
      or 29.
PAR  With switch 24 connected to contact 35, AND gate 38a will produce an output
      pulse for coupling to OR gate 37 indicating the presence of a sequence
      having a PRI in the range of 400-401 .mu.s if there is a pulse present in
      either of the stages 28 or 29 and there is a pulse present in either of
      the stages 30 or 31 or 31a, there being a missing pulse that should occur
      in stage 27.
PAR  The arrangement of detector 5 with switch 24 connected to contact 35 can be
      referred to as a two out of three (2/3) digital time delay correlator.
PAR  As is obvious from the illustration and discussion relative to FIGS. 1 and
      2, the logic circuitry of detector 5 is relatively simple. We will now
      turn to FIG. 3 which illustrates a more complex time delay correlator
      wherein it is desired to detect M plurality of sequences of time spaced
      pulses wherein each of the M plurality of sequences having a different one
      of a plurality of PRI's disposed within a given PRI range with the
      plurality of PRI's being different for each of the M plurality of
      sequences. M is an integer greater than one and as illustrated in FIG. 3
      has the value of ten. The arrangement of FIG. 3 is also such that only
      three of four pulses (where N is equal to four) of any of the M plurality
      of sequences involved will provide an output pulse from its associated one
      of time correlation detectors 5a to 5j. As illustrated it is desired to
      detect a plurality of sequences of time spaced pulses having a PRI in the
      range of 400-401 .mu.s, to detect the plurality of sequences of time
      spaced pulses in the range of 401-402 .mu.s and so forth up to and
      including a plurality of sequences of time spaced pulses having PRI's in
      the range of 409-410 microseconds.
PAR  To accomplish this there are provided ten substantially identical time
      correlation detectors 5 and a lengthened shift register 3. Register 3
      includes register A having n equal to three bistable stages or outputs,
      register B having n equal to twelve bistable stages or outputs separated
      from register A by a register B delay section 39, register C having n
      equal to twenty-two bistable stages or outputs separated from register B
      by the register C delay 40 and register D having n equal to thirty-two
      bistable stages separated from register C by a register D delay 41.
PAR  The logic circuitry of each of the time delay correlation detectors 5a-5j
      include logic circuitry which is associated with certain ones of the
      bistable stages of each of the registers A, B, C and D where the stages of
      the various registers are identified by the letter referencing the
      register with a subscript. For instance, the three stages of register A
      are A.sub.-.sub.1, A.sub.o and A.sub.1. The various stages to which the
      time correlation detectors 5a-5j are connected are illustrated in the
      drawing by the stage identification connected to each of the multiple
      conductors between register 3 and detectors 5 and also in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PULSE REPETITION                                                          
                STAGES IN                                                      
                       STAGES IN                                               
                              STAGES IN                                        
                                     STAGES IN                                 
     INTERVAL IN US                                                            
                REGISTER A                                                     
                       REGISTER B                                              
                              REGISTER C                                       
                                     REGISTER D                                
     __________________________________________________________________________
     400        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.0 B.sub.1 B.sub.2                                 
                              C.sub.0 C.sub.1 C.sub.2 C.sub.3                  
                                     D.sub.-.sub.1 D.sub.0 D.sub.1 D.sub.2     
                                     D.sub.3                                   
     401        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.1 B.sub.2 B.sub.3                                 
                              C.sub.2 C.sub.3 C.sub.4 C.sub.5                  
                                     D.sub.2 D.sub.3 D.sub.4 D.sub.5 D.sub.6   
     402        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.2 B.sub.3 B.sub.4                                 
                              C.sub.4 C.sub.5 C.sub.6 C.sub.7                  
                                     D.sub.5 D.sub.6 D.sub.7 D.sub.8 D.sub.9   
     403        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.3 B.sub.4 B.sub.5                                 
                              C.sub.6 C.sub.7 C.sub.8 C.sub.9                  
                                     D.sub.8 D.sub.9 D.sub.10 D.sub.11         
                                     D.sub.12                                  
     404        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.4 B.sub.5 B.sub.6                                 
                              C.sub.8 C.sub.9 C.sub.10 C.sub.11                
                                     D.sub.11 D.sub.12 D.sub.13 D.sub.14       
                                     D.sub.15                                  
     405        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.5 B.sub.6 B.sub.7                                 
                              C.sub.10 C.sub.11 C.sub.12 C.sub.13              
                                     D.sub.14 D.sub.15 D.sub.16 D.sub.17       
                                     D.sub.18                                  
     406        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.6 B.sub.7 B.sub.8                                 
                              C.sub.12 C.sub.13 C.sub.14 C.sub.15              
                                     D.sub.17 D.sub.18 D.sub.19 D.sub.20       
                                     D.sub.21                                  
     407        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.7 B.sub.8 B.sub.9                                 
                              C.sub.14 C.sub.15 C.sub.16 C.sub.17              
                                     D.sub.20 D.sub.21 D.sub.22 D.sub.23       
                                     D.sub.24                                  
     408        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.8 B.sub.9 B.sub.10                                
                              C.sub.16 C.sub.17 C.sub.18 C.sub.19              
                                     D.sub.23 D.sub.24 D.sub.25 D.sub.26       
                                     D.sub.27                                  
     409        A.sub.-.sub.1 A.sub.0 A.sub.1                                  
                       B.sub.9 B.sub.10 B.sub.11                               
                              C.sub.18 C.sub.19 C.sub.20 C.sub.21              
                                     D.sub.26 D.sub.27 D.sub.28 D.sub.29       
                                     D.sub.30                                  
     __________________________________________________________________________
PAR  The various output pulses produced from correlators 5a-5j are coupled, as
      are the previous embodiments, to a time prediction shift register 13 which
      includes therein not only the four output stages of shift register 13 as
      illustrated in FIG. 1 with its associated register delay, but also an
      input stage for each of the output pulses of detectors 5a-5j. In other
      words, the input section of register 13 includes ten stages. Thus, the
      length of shift register 13 as compared with register 13 of FIG. 1 has
      (M-1) additonal input stages positioned to the left of input stage 12 of
      register 13 illustrated in FIG. 1. Through the means of shift register 13
      and time prediction gate generator 23 a TPG signal is produced for every
      one of the M plurality of sequences of time spaced signals so as to
      predict when the next pulse of each of these sequences of time spaced
      pulses should occur.
PAR  Referring now to FIG. 4, there is illustrated therein one form of the logic
      circuitry associated with selected ones of the stages of each of the
      registers A, B, C and D to produce an output pulse for each of a plurality
      of sequences of time spaced pulses having a PRI in the range of 400-401
      .mu.s. The logic circuitry illustrated in FIG. 4 is determined according
      to the following logic equation.
PAR  Logic equation 1 for a 400 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.0 (D.sub.0 +D.sub.1 +C.sub.0 D.sub.-.sub.1 +C.sub.1   
         D.sub.2)+B.sub.1 (C.sub.1 D.sub.2 +D.sub.1)+C.sub.1 D.sub.1 +C.sub.0  
         (D.sub.0 +D.sub.1)]                                                   
         +A.sub.1 D.sub.3 (B.sub.1 +B.sub.2 +C.sub.2 +C.sub.3)+ A.sub.0        
         A.sub.1 [A.sub.-.sub.1 B.sub.0 C.sub.0 D.sub.0 +B.sub.1 D.sub.2       
         (C.sub.1 +C.sub.2)]                                                   
PAR  Equation 1 can be rearranged as follows:
TBL  Output                                                                    
         =A.sub.0 [B.sub.0 D.sub.0 +B.sub.0 D.sub.1 +B.sub.0 C.sub.0 D.sub.-.su
         b.1 + B.sub.0 C.sub.1 D.sub.2 +B.sub.1 C.sub.1 D.sub.2 +B.sub.1       
         D.sub.1 +C.sub.1 D.sub.1 +C.sub.0 D.sub.0 +C.sub.0 D.sub.1 ]          
         +A.sub.1 D.sub.3 (B.sub.1 +B.sub.2 +C.sub.2 +C.sub.3)+(A.sub.0        
         A.sub.1)(A.sub.-.sub.1 B.sub.0 C.sub.0 D.sub.0)+(A.sub.0 A.sub.1)(B.su
         b.1 D.sub.2)(C.sub.1 +C.sub.2)                                        
PAL  Employing the rearranged equation of equation 1 the various terms of this
      rearranged equation define the logical operation of certain ones of the
      gates 50-83. The gates and type of gates involved in the logical operation
      each of the terms of the rearranged equation 1 are illustrated hereinbelow
      in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     REARRANGED                                                                
     TERMS OF                                                                  
     EQUATION (1)                                                              
            GATES OF FIG. 4 INVOLVED                                           
            PRIMARY    SECONDARY                                               
                               TERTIARY                                        
                                     QUATERNARY                                
                                              QUINARY                          
            GATES      GATES   GATES GATES    GATE                             
     __________________________________________________________________________
     B.sub.0 D.sub.0                                                           
            AND 50                                                             
     B.sub.0 D.sub.1                                                           
            AND 51      NOR 54                                                 
     B.sub.0 C.sub.0 D.sub.-.sub.1                                             
            AND 52      NOT 55  OR 64                                          
     B.sub.0 C.sub.1 D.sub.2                                                   
            AND 53                                                             
     B.sub.1 C.sub.1 D.sub.2                                                   
            AND 56                    AND 65                                   
     B.sub.1 D.sub.1                                                           
            AND 57      NOR 60                                                 
     C.sub.1 D.sub.1                                                           
            AND 58      NOT 61                                                 
     C.sub.0 D.sub.0                                                           
            AND 59                                                             
     C.sub.0 D.sub.1                                                           
            NAND 62, NOT 63                                                    
     A.sub.0                                   OR 83                           
     B.sub.1 +B.sub.2                                                          
            NOR 66, NOT 67                                                     
                        OR 70                                                  
     C.sub.2 +C.sub.3                                                          
            NOR 68, NOT 69      AND 71                                         
     A.sub.1 D.sub.3                                                           
     A.sub.0 A.sub.1                                                           
            NOTS 72&73, AND 74                                                 
     B.sub.0 C.sub.0 D.sub.0                                                   
            NAND 75     AND 76                                                 
     A.sub.-.sub.1                                                             
     A.sub.0 A.sub.1                                                           
            NOTS 72&73, AND 74                                                 
     B.sub.1 D.sub.2                                                           
            NAND 77, NOT 78     AND 82                                         
     C.sub.1 +C.sub. 2                                                         
            NOR 79, NOT 80                                                     
                        AND 81                                                 
     __________________________________________________________________________
PAR  There is presented hereinbelow logic equations 2 to 10 for each of the PRI
      ranges involved in FIG. 3 which were derived from equation (1) and the
      various stage of registers A, B, C and D presented in TABLE I keeping in
      mind that the identified stage below the stage present in equation 1 is
      substituted for the stage present in equation 1.
PAR  Logic equation 2 for a 401 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.1 (D.sub.3 +D.sub.4 +C.sub.2 D.sub.2 +C.sub.3         
         D.sub.5)+ B.sub.2 (C.sub.3 D.sub.5 +D.sub.4)+C.sub.3 D.sub.4 +C.sub.2 
         (D.sub.3 +D.sub.4)]                                                   
         +A.sub.1 D.sub.6 (B.sub.2 +B.sub.3 +C.sub.4 +C.sub.5)+A.sub.0 A.sub.1 
         [.sub.-.sub.1 B.sub.1 C.sub.2 D.sub.3 +B.sub.2 D.sub.5 (C.sub.3       
         +C.sub.4)]                                                            
PAR  Logic equation 3 for a 402 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.2 (D.sub.6 +D.sub.7 +C.sub.4 D.sub.5 +C.sub.5         
         D.sub.8)+B.sub.3 (C.sub.5 D.sub.8 +D.sub.7)+C.sub.5 D.sub.7 +C.sub.4  
         (D.sub.6 +D.sub.7)]                                                   
         +A.sub.1 D.sub.9 (B.sub.3 +B.sub.4 +C.sub.6 +C.sub.7) + A.sub.0       
         A.sub.1 [A.sub.-.sub.1 B.sub.2 C.sub.4 D.sub.6 +B.sub.3 D.sub.8       
         (C.sub.5 +C.sub.6)]                                                   
PAR  Logic equation 4 for a 403 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.3 (D.sub.9 +D.sub.10 +C.sub.6 D.sub.8 +C.sub.7        
         D.sub.11)+B.sub.4 (C.sub.7 D.sub.11 +D.sub.10)+C.sub.7 D.sub.10       
         +C.sub.6 (D.sub.9 +D.sub.10)]                                         
         +A.sub.1 D.sub.12 (B.sub.4 +B.sub.5 +C.sub.8 +C.sub.9)+A.sub.0        
         A.sub.1 [A.sub.-.sub.1 B.sub.3 C.sub.6 D.sub.9 +B.sub.4 D.sub.11      
         (C.sub.7 +C.sub.8)]                                                   
PAR  Logic equation 5 for a 404 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.4 (D.sub.12 +D.sub.13 +C.sub.8 D.sub.11 +C.sub.9      
         D.sub.14)+B.sub.5 (C.sub.9 D.sub.14 +D.sub.13)+C.sub.9 D.sub.13       
         +C.sub.8 (D.sub.12 +D.sub.13)]                                        
         +A.sub.1 D.sub.15 (B.sub.5 +B.sub.6 +C.sub.10 +C.sub.11)+A.sub.0      
         A.sub.1 [A.sub.-.sub.1 B.sub.4 C.sub.8 D.sub.12 +B.sub.5 D.sub.14     
         (C.sub.9 +C.sub.10)]                                                  
PAR  Logic equation 6 for a 405 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.5 (D.sub.15 +D.sub.16 +C.sub.10 D.sub.14 +C.sub.11    
         D.sub.17)+B.sub.6 (C.sub.11 D.sub.17 +D.sub.16)+C.sub.11 D.sub.16     
         +C.sub.10 (D.sub.15 +D.sub.16)]                                       
         +A.sub.1 D.sub.18 (B.sub.6 +B.sub.7 +C.sub.12 +C.sub.13)+A.sub.0      
         A.sub.1 [A.sub.-.sub.1 B.sub.5 C.sub.10 D.sub.15 +B.sub.6 D.sub.17    
         (C.sub.11 +C.sub.12)]                                                 
PAR  Logic equation 7 for a 406 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.6 (D.sub.18 +D.sub.19 +C.sub.12 D.sub.17 +C.sub.13    
         D.sub.20)+B.sub.7 (C.sub.13 D.sub.20 +D.sub.19)+C.sub.13 D.sub.19     
         +C.sub.12 (D.sub.18 +D.sub.19)]                                       
         +A.sub.1 D.sub.21 (B.sub.7 +B.sub.8 +C.sub.14 +C.sub.15)+A.sub.0      
         A.sub.1 [A.sub.-.sub.1 B.sub.6 C.sub.12 D.sub.18 +B.sub.7 D.sub.20    
         (C.sub.13 +C.sub.14)]                                                 
PAR  Logic equation 8 for a 407 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.7 (D.sub.21 +D.sub.22 +C.sub.14 D.sub.20 +C.sub.15    
         D.sub.23)+B.sub.8 (C.sub.15 D.sub.23 +D.sub.22)+C.sub.15 D.sub.22     
         +C.sub.14 (D.sub.21 +D.sub.22)]                                       
         +A.sub.1 D.sub.24 (B.sub.8 +B.sub.9 +C.sub.16 +C.sub.17)+A.sub.0      
         A.sub.1 [A.sub.-.sub.1 B.sub.7 C.sub.14 D.sub.21 +B.sub.8 D.sub.23    
         (C.sub.15 +C.sub.16 )]                                                
PAR  Logic equation 9 for a 408 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.8 (D.sub.24 +D.sub.25 +C.sub.16 D.sub.23 +C.sub.17    
         D.sub.26)+B.sub.9 (C.sub.17 D.sub.26 +D.sub.25)+C.sub.17 D.sub.25     
         +C.sub.16 (D.sub.24 +D.sub.25)]                                       
         +A.sub.1 D.sub.27 (B.sub.9 +B.sub.10 +C.sub.18 +C.sub.19)+A.sub.0     
         A.sub.1 [A.sub.-.sub.1 B.sub.8 C.sub.16 D.sub.24 +B.sub.9 D.sub.26    
         (C.sub.17 +C.sub.18)]                                                 
PAR  Logic equation 10 for a 409 .mu.s PRI
TBL  Output                                                                    
         =A.sub.0 [B.sub.9 (D.sub.27 +D.sub.28 +C.sub.18 D.sub.26 +C.sub.19    
         D.sub.29)+B.sub.10 (C.sub.19 D.sub.29 +D.sub.28)+C.sub.19 D.sub.28    
         +C.sub.18 (D.sub.27 +D.sub.28)]                                       
         +A.sub.1 D.sub.30 (B.sub.10 +B.sub.11 +C.sub.20 +C.sub.21)+A.sub.0    
         A.sub.1 [A.sub.-.sub.1 B.sub.9 C.sub.18 D.sub.27 +B.sub.10 D.sub.29   
         (C.sub.19 +C.sub.20)]                                                 
PAR  The actual logic circuitry for detectors 5.sub.b -5.sub.j can be derived by
      rearranging equations 2 to 10 so that the rearranged terms have the same
      order as the rearranged terms of equation 1. Then employing TABLE II and
      substituting the terms from equations 2 -  10 for the terms of equation 1
      in TABLE II having a corresponding order the type of gate to employ to
      carry out the logic operations of a specific term can be identified from
      TABLE II.
PAR  In view of the foregoing discussion it will be appreciated that the digital
      time delay correlator in accordance with the principles of the present
      invention is capable of detecting a plurality of sequences of time spaced
      pulses with each of the plurality of sequences having a different one of a
      plurality of PRI's in a given PRI range, or M plurality of sequences of
      time spaced pulses where each of the plurality of sequences of each of the
      M plurality of sequences have a different PRI in a given PRI range. This
      is in contrast to the prior art arrangement wherein only a single sequence
      of time spaced pulses can be detected in a digital time delay correlator
      employing a single digital delay line. In addition the output of the time
      correlation detector of the digital time delay correlator in accordance
      with the present invention can be used to produce a gate signal that
      predicts when the next pulse of each of the sequences of time spaced
      pulses producing the output from the correlation detector should occur for
      that particular sequence.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus it is to be more clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An arrangement to detect in a stream of input pulses at least a first
      plurality of sequences of time spaced pulses, each of said first sequences
      having a different one of a plurality of pulse repetition intervals
      disposed within at least one given pulse repetition interval range
      comprising:
PA1  a first source of said stream of input pulses;
PA1  a first means coupled to said source to store said stream of input pulses
      in time such that the time relationship of each of said input pulses
      relative to each other as received from said source is maintained, said
      first means having N groups of n outputs disposed at different spaced time
      positions relative to each other such that the time difference between
      certain ones of said n outputs of adjacent ones of said N groups of n
      outputs define said plurality of pulse repetition intervals and the time
      difference between certain ones of said n outputs of at least one of said
      N groups of n outputs defines said given pulse repetition interval range,
      where N is an integer greater than one and n is an integer greater than
      zero;
PA1  second means coupled to said N groups of n outputs to provide an output
      pulse when said time spaced pulses of said first plurality of sequences of
      time spaced pulses are simultaneously present at certain ones of said n
      outputs of a given number of said N groups of n outputs; and
PA1  third means coupled to said second means responsive to said output pulse to
      produce a gate pulse defining the time at which the next pulse of each of
      said first plurality of sequences should arrive from said first source.
NUM  2.
PAR  2. An arrangement according to claim 1, wherein said first means includes
PA1  a second source of clock pulses having a given frequency, and
PA1  a digital shift register having a plurality of bistable stages, said
      register being coupled to said first and second source to store and
      sequentially shift said input pulses of said stream of input pulses
      therethrough under control of said clock pulses; and each of said N groups
      of n outputs include
PA1  at least one output of n adjacent ones of said certain ones of said
      plurality of bistable stages, the adjacent ones of N groups of said n
      bistable stages being separated by a predetermined number of adjacent ones
      of others of said plurality of bistable stages, said predetermined number
      being determined by said plurality of pulse repetition intervals.
NUM  3.
PAR  3. An arrangement according to claim 2, wherein said second means includes
PA1  first logic circuitry coupled to each of said n bistable stages of each of
      said N groups of said n bistable stages.
NUM  4.
PAR  4. An arrangement according to claim 3, wherein
PA1  N is equal to two or more; and
PA1  said first logic circuitry produces said output pulse when said time spaced
      pulses of at least one of said first plurality of sequences are
      simultaneously present at the appropriate one of said n bistable stages of
      each of said N groups of said n bistable stages.
NUM  5.
PAR  5. An arrangement according to claim 4, wherein
PA1  n is equal to one in that one of said N groups of said n bistable stages
      adjacent to said first source and n is equal to an integer greater than
      one in the remainder of said N groups of said n bistable stages.
NUM  6.
PAR  6. An arrangement according to claim 3, wherein
PA1  N is equal to an integer greater than two; and
PA1  said first logic circuitry produces said output pulse when said time spaced
      pulses of at least one of said first plurality of sequences are
      simultaneously present at the appropriate ones of said n bistable stages
      of (N-1) of said N groups of said bistable stages.
NUM  7.
PAR  7. An arrangement according to claim 6, wherein
PA1  n is equal to an integer greater than one in all of said N groups of said n
      bistable stages.
NUM  8.
PAR  8. An arrangement according to claim 3, wherein
PA1  said stream of input pulses includes M plurality of sequences of time
      spaced pulses, each of said M plurality of sequences having a different
      one of a plurality of pulse repetition intervals disposed within at least
      one given pulse repetition interval range, said plurality of pulse
      repetition intervals being different for each of said M plurality of
      sequences, where M is an integer greater than one;
PA1  the number of said n bistable stages of each of said N groups of said n
      bistable stages being determined by the value of M; and
PA1  M different logic circuitry, each of said M different logic circuitry being
      coupled to selected ones of said n bistable stages of each of said N
      groups of said n bistable stages to produce M independent output pulses,
      each of said independent output pulses responding to a different one of
      said M plurality of sequences.
NUM  9.
PAR  9. An arrangement according to claim 8, wherein
PA1  N is equal to two or more; and
PA1  each of said M logic circuitry produces its associated one of said M
      independent output pulses when said time spaced pulses of at least one of
      said plurality of sequences of each of said M plurality of sequences are
      simultaneously present at the appropriate one of said n bistable stages of
      each of said N groups of said n bistable stages.
NUM  10.
PAR  10. An arrangement according to claim 9, wherein
PA1  n is equal to an integer greater than two in all of said N groups of said n
      bistable stages.
NUM  11.
PAR  11. An arrangement according to claim 1, wherein said third means includes
PA1  a second source of clock pulses having a given frequency,
PA1  a digital shift register having a plurality of bistable stages, said
      register being coupled to said second source and said second means to
      store and sequentially shift said output pulse therethrough from an input
      bistable stage to an output bistable stage under control of said clock
      pulses, the number of said bistable stages being determined by said
      plurality of pulse repetition intervals and a predetermined width of said
      gate pulse, and
PA1  logic circuitry coupled to a given number of said bistable stages including
      said output bistable stage to produce said gate pulse, the value of said
      given number being determined by said predetermined width.
NUM  12.
PAR  12. An arrangement according to claim 1, wherein
PA1  said first means includes
PA2  a second source of first clock pulses having a given frequency, and
PA2  a first digital shift register having a plurality of bistable stages, said
      first register being coupled to said first and second source to store and
      sequentially shift said input pulses of said stream of input pulses
      therethrough under control of said first clock pulses;
PA1  each of said N groups of n outputs includes
PA2  at least one output of n adjacent ones of certain ones of said plurality of
      bistable stages, the adjacent ones of N groups of said n bistable stages
      being separated by a predetermined number of adjacent ones of others of
      said plurality of bistable stages, said predetermined number being
      determined by said plurality of pulse repetition intervals;
PA1  said second means includes
PA2  first logic circuitry coupled to each of said n bistable stages of each of
      said N groups of said n bistable stages; and
PA1  said third means includes
PA2  a third source of second clock pulses having said given frequency but phase
      shifted with respect to said first clock pulses,
PA2  a second digital shift register having a plurality of bistable stages, said
      second register being coupled to said second source and said second means
      to store and sequentially shift said output pulse from an input bistable
      stage to an output bistable stage therethrough under control of said
      second clock pulses, the number of said bistable stages being determined
      by said plurality of pulse repetition intervals and a predetermined width
      of said gate pulses, and
PA2  second logic circuitry coupled to a given number of adjacent ones of said
      bistable stages including said output bistable stage to produce said gate
      pulse, the value of said given number being determined by said
      predetermined width.
NUM  13.
PAR  13. An arrangement according to claim 12, wherein
PA1  N is equal to two or more; and
PA1  said first logic circuitry produces said output pulse when said time spaced
      pulses of at least one of said first plurality of sequences are
      simultaneously present at the appropriate one of said n bistable stages of
      each of said N groups of said n bistable stages.
NUM  14.
PAR  14. An arrangement according to claim 13, wherein
PA1  n is equal to one in that one of said N groups of said n bistable stages
      adjacent to said first source and n is equal to an integer greater than
      one in the remainder of said N groups of said n bistable stages.
NUM  15.
PAR  15. An arrangement according to claim 12, wherein
PA1  N is equal to an integer greater than two; and
PA1  said first logic circuitry produce said output pulse when said time spaced
      pulses of at least one of said first plurality of sequences are
      simultaneously present at the appropriate ones of said n bistable stages
      of (N-1) of said N groups of said bistable stages.
NUM  16.
PAR  16. An arrangement according to claim 15, wherein
PA1  n is equal to an integer greater than one in all of said N groups of said n
      bistable stages.
NUM  17.
PAR  17. An arrangement according to claim 12, wherein
PA1  said stream of input pulses includes M plurality of sequences of time
      spaced pulses, each of said M plurality of sequences having a different
      one of a plurality of pulse repetition intervals disposed within at least
      one given pulse repetition interval range, said plurality of said
      repetition intervals being different for each of said M plurality of
      sequences, where M is an integer greater than one;
PA1  the number of said n bistable stages of each of said N groups of said n
      bistable stages of said first register being determined by the value of M;
PA1  M different first logic circuitry, each of said M different first logic
      circuitry being coupled to selected ones of said n bistable stages of each
      of said N groups of said n bistable stages to produce M independent output
      pulses, each of said M independent output pulses responding to a different
      one of said M plurality of sequences; and
PA1  said second register includes M input stages, each of said input stages
      being coupled to the output of a different one of said M first logic
      circuitry and the number of said bistable stages of said second register
      is increased by (M-1) bistable stages.
NUM  18.
PAR  18. An arrangement according to claim 17, wherein
PA1  N is equal to two or more; and
PA1  each of said M first logic circuitry produce its associated one of said M
      independent output pulses when said time spaced pulses of at least one of
      said plurality of sequences of each of said M plurality of sequences are
      simultaneously present at the appropriate one of said n bistable stages of
      each of said N groups of said n bistable stages of said first register.
NUM  19.
PAR  19. An arrangement according to claim 18, wherein
PA1  n is equal to an integer greater than two in all of said N groups of said n
      bistable stages of said first register.
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ABST
PAL  In known correlation apparatus for identifying the delay between two
      signals, the current polarity of the lagging signal is repeatedly compared
      with sets of successively earlier samples of the polarity of the leading
      signal which are temporarily stored in a binary word register, the results
      are counted for each digit position of the word, and a signal is generated
      indicating the position for which the count first reaches a given value.
      Such apparatus is improved by using as the register a plurality of
      serially connected shift registers which are operated at different
      integrally related speeds.
BSUM
PAR  This invention relates to apparatus for comparing two binary signals, of
      the kind comprising a register operative to store temporarily, in respect
      of each of a series of regularly recurrent instants, a binary word the
      digits of which correspond in sequence to the states of a first one of the
      two binary signals at times earlier by successively greater amounts than
      the relevant one of said series of instants, means for effecting a
      sequence of comparison operations in each of which the state of the second
      of the two binary signals is compared with each of the digits of said
      binary word, means for counting the results of the comparisons separately
      for each digit position of the binary word, and signalling means for
      generating a signal whose form indicates for which digit position of the
      binary word the count first reaches a given value.
PAR  The succession of the states of each digit of the binary word for said
      series of instants corresponds to a series of samples of a delayed version
      of the first binary signal, the delay increasing successively through the
      sequence of digit positions of the binary word. Accordingly, an apparatus
      of the kind specified is operative automatically to give an approximate
      indication of that value of delay between the two binary signals for which
      the cross-correlation function of these signals has its maximum value.
PAR  An apparatus of this kind is disclosed in the specification of U.S. Pat.
      No. 3,810,113. As explained in that specification, a particularly
      important application for such an apparatus arises in connection with
      certain known methods of flow measurement in which flow velocity is
      determined by identifying the time delay between two related noise
      signals, this time delay being inversely proportional to the flow
      velocity. In the specific apparatus described by way of example in the
      aforesaid specification, the register is arranged to operate so that there
      are equal increments of delay between the successive delayed versions of
      the first binary signal corresponding to the different digit positions of
      the binary word. This arrangement has the advantage of facilitating a
      modular form of construction for the apparatus, but in the case of the
      application to flow measurement it has the disadvantage that the maximum
      fractional error of the indicated flow velocity is inversely proportional
      to the identified time delay. This factor may give rise to a requirement
      for an excessively large number of digit positions in the binary word if,
      as will normally be the case, it is required that the maximum fractional
      error of the indicated flow velocity should not exceed a given value over
      a substantial range of velocities.
PAR  It is an object of the present invention to provide an apparatus of the
      kind specified which is improved in this respect.
PAR  According to the invention, in an apparatus of the kind specified the
      register comprises a plurality of shift registers each having a serial
      input and connected in a serial chain so that the stages of all the shift
      registers form a sequence corresponding to the sequence of digit positions
      of the binary word, means being provided for operating the shift registers
      so that those digits of the binary word temporarily stored in the first
      shift register of the chain can change state for each of the instants of
      said series while those digits of the binary word temporarily stored in
      any shift register other than the first in the chain can change state only
      for each Nth one of the instants for which those digits of the binary word
      temporarily stored in the preceding shift register in the chain can change
      state, N being a small integer (preferably two).
PAR  With this arrangement the increments of delay between those delayed
      versions of the first binary signal corresponding to the stages of any
      shift register other than the first in the chain will be N times the
      corresponding increments in respect of the preceding shift register in the
      chain. This enables the requirement referred to above in respect of the
      flow measurement application to be satisfied in any given case with an
      apparatus in which the number of digit positions in the binary word is
      substantially smaller than would be the case if all the delay increments
      were equal.
PAR  Preferably in an apparatus according to the invention the signalling means
      is operative to generate a signal whose form indicates the value of the
      delay for that delayed version of the first binary signal corresponding to
      the digit position of the binary word for which the count first reaches
      said given value.
PAR  The invention will be further described with reference to the accompanying
      drawings, in which:
DRWD
PAR  FIG. 1 is a diagram of a unit which may be used in an apparatus of the kind
      specified;
PAR  FIG. 2 is a diagram of an apparatus for automatically identifying the time
      delay between two related noise signals; and
PAR  FIG. 3 is a diagram of an apparatus similar to that of FIG. 2, but modified
      in accordance with the present invention.
DETD
PAR  In principle the determination of the time delay between two signals A(t)
      and B(t) by cross-correlation requires computation of the function
      ##EQU1##
      for all possible values of the delay parameter y, and the identification
      of that value of y for which the function C(y) has its maximum value. In
      the apparatuses illustrated in FIGS. 2 and 3 this procedure is simplified
      in various ways which enable it to be mechanised in a wholly digital
      fashion. Firstly, instead of computing the function C(y) use is made of
      the polarity form given by the expression
      ##EQU2##
      Secondly, instead of performing a true integration, use is made of
      numerical counting in conjunction with sampling of the signals at discrete
      intervals. Thirdly, the count is evaluated only for a series of discrete
      values of the parameter y. It will be appreciated that these
      simplifications result in some degree of approximation in the
      determination of the time delay, but in general this approximation is of
      an acceptable order.
PAR  Referring now to FIG. 1, the unit shown therein is designated by the
      general reference numeral 1 and comprises a binary shift register 2 having
      a large number (R) of stages 3. The register 2 has a serial input which is
      connected to a first input signal line 4 to which a binary signal may be
      applied, a shift line 5 to which pulses may be applied to determine the
      instants at which the states of the stages 3 may change (between logic 0
      and 1 in either sense), and a set of parallel output lines corresponding
      respectively to the stages 3; the output of the last stage 3 of the
      register 2 is also connected to a serial output line 6. Each stage 3 of
      the register 2 has associated with it means for effecting a sequence of
      comparison operations comprising a clocked coincidence detector 7 and
      means for counting the results of the comparison comprising a pulse
      counter 8, all the detectors 7 and all the counters 8 being identical.
      Each detector 7 has two inputs, one of which is connected to the output of
      the corresponding stage 3 and the other of which is connected to a second
      input signal line 9 to which a binary signal may be applied, and has a
      control terminal which is connected to a coincidence clock line 10 to
      which a train of pulses may be applied; the detectors 7 are operative so
      that each time a pulse is applied to the line 10 a corresponding pulse
      will appear at the output of a particular detector 7 if, and only if, the
      state of the output of the corresponding stage 3 is the same as that of a
      binary signal applied to the line 9. The output of each detector 7 is
      connected to the input of the corresponding counter 8, each counter 8
      having a counting capacity P and being operative so that, starting from a
      condition of zero count, its output will be in the logic 0 state until P
      pulses have been applied to its input, when the output will change to the
      logic 1 state and will remain in this state until the zero count condition
      is restored by the application of a logic 1 signal to the reset terminal
      of the counter; the reset terminals of all the counters 8 are connected to
      a reset line 11. The condition of a counter 8 when its output is in the
      logic 1 state will subsequently be referred to as the overload condition.
PAR  The outputs of the counters 8 are respectively connected to inputs of a
      chain of OR gates 12, the second input of each gate 12 except the first in
      the chain being connected to the output of the preceding gate 12 in the
      chain; the second input of the first gate 12 in the chain is connected to
      a gate input line 13 and the output of the last gate 11 in the chain is
      connected to a gate output line 14. It will be appreciated that a logic 1
      signal will appear on the line 14 whenever any of the counters 8 is in the
      overload condition.
PAR  The unit 1 further comprises a pattern register 15 incorporating a set of R
      binary storage devices 16, which is operative to store temporarily the set
      of states of the outputs of the counters 8. The register 15 has a control
      line 17 arranged so that when a logic 1 signal is applied to the line 17
      the devices 16 are respectively addressed by the outputs of the counters
      8, and while a logic 0 signal is applied to the line 17 the devices 16
      remain in the states in which they were set on the last application of a
      logic 1 signal to the line 17.
PAR  Finally, the unit 1 comprises a second binary shift register 18 having R
      stages 19, which correspond in reverse order to the stages 3 of the
      register 2. The register 18 has a serial input line 20, a serial output
      line 21, a set of parallel input lines corresponding respectively to the
      stages 19 and respectively connected to the outputs of the devices 16, a
      shift line 22, and a control line 23 arranged so that when a logic 1
      signal is applied to the line 23 the stages 19 will be addressed via the
      parallel input lines and hence will take up states in accordance with the
      information temporarily stored in the register 15, and while a logic 0
      signal is applied to the line 23 the shift register 18 will be operable in
      conventional manner under the control of pulses applied to the shift line
      22.
PAR  It will be appreciated that the unit 1 effectively consists of a set of R
      identical sub-units each comprising one of the stages 3 and a string of
      components associated with that stage. The unit 1 therefore readily lends
      itself to a modular form of construction, in which it is built up using
      modules each comprising a fraction of R such sub-units; preferably such
      modules are fabricated by large scale integrated circuit techniques.
PAR  Turning now to FIG. 2, the apparatus illustrated therein comprises a unit 1
      as described above, in which the number R is made 240. The apparatus
      further comprises a pair of polarity samplers 24 and 25 whose inputs are
      respectively connected to terminals 26 and 27 to which in operation there
      are respectively applied the leading and lagging ones of the two noise
      signals to be compared; the outputs of the samplers 24 and 25 are
      respectively applied to the lines 4 and 9 of the unit 1. The apparatus
      further includes a sample pulse generator 28 which generates a train of
      pulses of frequency F pulses per second, these pulses being applied to
      control the operation of the samplers 24 and 25 and also being applied to
      the shift lines 5 and 22 of the unit 1. Each sampler 24 or 25 is
      operative, under the control of the sample pulses from the generator 28,
      to provide a binary signal whose state will change on the application of a
      sample pulse if, and only if, the polarity of the relevant noise signal is
      different from what it was on the application of the previous sample
      pulse; the samplers 24 and 25 may for example each consist of a simple
      polarity detector followed by a stage similar to the stages 3 of the
      register 2. It will be appreciated that, provided the value of F is
      sufficiently high, the output of each sampler 24 or 25 will approximate to
      a binary signal which changes its state whenever the polarity of the
      relevant noise signal changes, and that the outputs of the successive
      stages 3 of the register 7 will be in the form of a series of increasingly
      delayed versions of the output of the sampler 24, the value of the delay
      for the r th of the stages 3 being equal to r/F seconds. The value of f is
      chosen so that the delay (240/F seconds) for the last stage 3 of the
      register 2 exceeds the maximum anticipated value of the time delay to be
      identified; in the case of flow measurement this will of course correspond
      to the minimum expected flow rate.
PAR  The apparatus further includes a coincidence pulse generator 29 which
      generates a train of pulses of frequency G pulses per second, these pulses
      being applied to the line 10 of the unit 1 and also to the input of a
      timing counter 30 which is of similar form to the counters 8, but has a
      counting capacity Q greater than P. It is convenient to make G equal to F,
      in which case the generators 28 and 29 can be one and the same. it may in
      some cases, however, be desired to obtain a more rapid indication of the
      time delay between the noise signals (at the expense of some reduction in
      accuracy) and G will then be made considerably higher than F; in this case
      the generator 28 may conveniently be constituted by a pulse frequency
      divider to the input of which is applied the output of the generator 29.
      In other cases it may be desired to make G less than F, in order to give a
      relatively long integrating time and hence a relatively small statistical
      error in determining the time delay; when this is required the generator
      29 may conveniently be constituted by a pulse frequency divider to the
      input of which is applied the output of the generator 28.
PAR  The output of the counter 30 is connected to one input of an OR gate 31,
      the other input of the gate 31 being connected to the line 14 of the unit
      1, and the output of the gate 31 being connected to the line 17 of the
      unit 1 and to the input of a stage 32, similar to the stages 3 of the
      register 2, which is operative under the control of the pulses derived
      from the generator 28 to delay a binary signal applied to its input by 1/F
      seconds. The output of the stage 32 is connected to the line 11 of the
      unit 1, to the reset terminal of the counter 30, and to one input of an OR
      gate 33 whose output is connected to the line 23 of the unit 1.
PAR  The line 21 of the unit 1 is connected to the other input of the gate 33
      and to one input of an AND gate 34, the other input of the gate 34 being
      connected to the output of the generator 28 and the output of the gate 34
      being connected to a pulse frequency meter 35. The lines 13 and 20 of the
      unit 1 are respectively connected to terminals 36 and 37 to which a
      continuous logic 0 signal is applied in operation, while the line 6 of the
      unit 1 is left unconnected.
PAR  In operation of the apparatus the output of each detector 7 in the unit 1
      consists of a series of pulses occurring whenever, on the occasion of a
      coincidence pulse applied from the generator 29 to the line 10, there is a
      coincidence between the current state of the output of the sampler 25 and
      the state of the output of the sampler 24 at some instant earlier in time
      by an amount equal to the delay corresponding to the stage 3 with which
      the relevant detector 7 is associated; each such series of pulses is
      counted by the corresponding counter 8. Thus, starting from a condition of
      zero count in all the counters 8, after the occurrence of X coincidence
      pulses the numbers registered in the respective counters 8 (assuming that
      none of them has gone into the overload condition) will be approximately
      related to the values of the polarity correlation function
      ##EQU3##
      for a series of values of y respectively equal to the first 240 integral
      multiples of 1/F seconds, where T is equal to X/G seconds and A(t) and
      B(t) are respectively the lagging and leading noise signals; the
      approximation will improve as X, and hence T, increases. It should be
      noted that a number Y registered in one of the counters 8 corresponds to a
      value of the correlation co-efficient equal to 2(Y/X)-1.
PAR  As will be explained more fully below, the apparatus includes signaling
      means which is arranged automatically to identify for which of the
      counters 8 the overload condition first occurs, and hence the value of the
      delay for which the correlation function has its maximum value; the
      apparatus is arranged to operate in repeated cycles, in order to provide
      repeatedly updated information concerning the time delay. The cycles are
      of variable length, each being terminated as soon as any of the counters 8
      or the counter 30 goes into the overload condition. Thus the occurrence of
      such a condition will result in a logic 1 signal appearing at the output
      of the gate 31, and hence after a delay of 1/F seconds at the output of
      the stage 32. All the counters 8 and the counter 30 will then be restored
      to the condition of zero count, causing the signal at the output of the
      gate 31 to revert to the logic 0 state. After a further delay of 1/F
      seconds the signal at the output of the stage 32 will revert to the logic
      0 state, permitting a new counting cycle to commence. It will be seen that
      the minimum value of the integrating time for a cycle is equal to P/G
      seconds, and in order to obtain accurate results this should be made many
      times the maximum expected delay. The maximum value of the integrating
      time for a cycle is equal to Q/G seconds, and Q is chosen so as to ensure
      that the occurrence of an overload condition for one of the counters 8 can
      be regarded as statistically significant; more specifically if the
      detection of a peak in the correlation function regarded as having
      sufficient significance only if the corresponding value of the correlation
      co-efficient is not less than S, Q must be made equal to 2P/(S+1). It will
      thus be appreciated that Q will always be less than 2P, and that the
      occurrence of an overload condition in the counter 30 before any of the
      counters 8 has gone into an overload condition will correspond to a cycle
      in which no significant correlation between the noise signals occurs.
PAR  At the end of each cycle a logic 1 signal will be applied to the line 17
      for a period of 1/F seconds, and the register 15 will then take in
      information concerning the position of any significant peak in the
      correlation function detected during that cycle, the register 15 storing
      this information throughout the next cycle. The stored information
      controls the operation of a delay indicator constituted by the shift
      register 18, the gate 34 and the meter 35.
PAR  The operation of the delay indicator during a given cycle may be explained
      as follows. Assume that during the preceding cycle a significant peak in
      the correlation function has been detected, the position of this peak
      corresponding to a time delay of r/F seconds between the noise signals.
      Throughout the cycle under consideration, therefore, the output of that
      device 16 of the register 15 which corresponds to the r th stage 3 of the
      register 2 will be in the logic 1 state while the outputs of all the other
      devices 16 will be in the logic 0 state. At the beginning of the cycle,
      the application of a logic 1 signal having a duration of 1/F seconds from
      the output of the stage 32 to the line 23 via the gate 33 will cause the
      (241-r)th stage 19 of the shift register 18 to assume the logic 1 state
      while all the other stages 19 assume the logic 0 state. Leaving aside for
      the moment the case where r is one, when the signal applied to the line 23
      reverts to the logic 0 state the shift register 18 will operate in
      conventional manner so that when (r-1) of the sample pulses have been
      applied to the line 22 the last stage 19 of the shift register 18 will
      assume the logic 1 state. This will result in a further logic 1 signal
      having a duration of 1/F seconds being applied to the line 23 via the gate
      33, causing the stages 19 to be reset again according to the information
      stored in the register 15. The whole process will then be repeated
      indefinitely, so that the signal appearing on the line 21 will be in the
      logic 1 state for periods of 1/F seconds recurring with a frequency of F/r
      periods per second; during each of these periods one of the pulses from
      the generator 28 will appear at the output of the gate 34. In the case
      where r is one, the signal appearing on the line 21 will be continuously
      in the logic 1 state so that all the pulses from the generator 28 will
      appear at the output of the gate 34.
PAR  Thus when a significant peak in the correlation function has been detected
      in any given cycle, and the position of this peak corresponds to a time
      delay of r/F seconds between the noise signals, the signal fed to the
      meter 35 throughout the next cycle will consist of a train of pulses of
      frequency F/r pulses per second. The meter 35 will thus give an indication
      inversely proportional to the time delay, and hence in the case of flow
      measurement directly proportional to the flow velocity. It should be noted
      that where the true value of the time delay lies approximately midway
      between two adjacent ones of the quantized values equal to the integral
      multiples of 1/F seconds, the corresponding two of the counters 8 may go
      into the overload condition simultaneously in one cycle. In this case the
      frequency of the signal fed to the meter 35 will always correspond to the
      lower of these two quantized values of the time delay. If a significant
      peak is not detected in any given cycle, the signal appearing on the line
      21 will be continuously in the logic 0 state during the next cycle, so
      that no pulses will appear at the output of the gate 34.
PAR  When the apparatus illustrated in FIG. 2 is used for flow measurement it
      can be shown that, assuming the shape of the peak of the relevant
      cross-correlation function to be symmterical, the maximum fractional error
      of the indicated velocity due to the quantization of the time delay will
      not exceed 2.1% over the range of time delays from 24/F to 240/F seconds,
      corresponding to a 10:1 range of flow velocities; if the assumption
      concerning the symmetry of the peak of the cross-correlation function is
      not made the corresponding figure would be 4.2%. By modifying the
      apparatus in accordance with the present invention, however, it is
      possible to achieve a similar performance while requiring the generation
      of only half the number of delayed versions of the signal appearing at the
      output of the sampler 24.
PAR  Turning now to FIG. 3, there is shown apparatus modified in accordance with
      this invention which is comprised of a plurality of the basic circuits
      shown in FIGS. 1 and 2. The apparatus of FIG. 3 utilizes three of the
      circuits of FIG. 1, there being identified as circuit blocks 1A, 1B and
      1C. Each of the circuit blocks 1A, 1B and 1C thus contains a shift
      register 2A, 2B or 2C, a detector 7A, 7B or 7C, a shift register 18A, 18B
      or 18C and so forth, all as shown and described in connection with FIG. 1.
      The peripheral circuitry to the circuit blocks 1A, 1B and 1C in FIG. 3 is
      the same as the correspondingly numbered peripheral circuitry in FIG. 2,
      with the exception of the frequency dividers 38 and 39, which are provided
      in accordance with this invention. The number R is made 48 for the units
      1A and 1B, and 24 for the unit 1C; in every other respect the units 1A, 1B
      and 1C are identical. The apparatus further comprises components 24 to 37
      identical to the correspondingly numbered components of the apparatus
      shown in FIG. 2. Finally the apparatus comprises two pulse frequency
      dividers 38 and 39 each having a dividing factor of two, the input of the
      divider 38 being connected to the output of the generator 28 and the input
      of the divider 39 being connected to the output of the divider 38. In
      normal operation of the apparatus shown in FIG. 3 it is convenient to make
      G equal to F/4, in which case the divider 39 may be used to perform the
      function of the generator 29.
PAR  The lines 4A, 5A, 9A, 10A, 11A, 13A, 17A, 21A, 22A and 23A of the unit 1A,
      the lines 9B, 10B, 11B, 17B and 23B of the unit 1B, and the lines 9C, 10C,
      11C, 14C, 17C, 20C and 23C of the unit 1C, are all connected in the same
      manner as for the correspondingly numbered lines of the unit 1 in the
      apparatus shown in FIG. 2. The lines 4B and 4C are respectively connected
      to the lines 6A and 6B, the lines 5B and 22B are connected to the output
      of the divider 38, the lines 5C and 22C are connected to the output of the
      divider 39, the lines 13B and 13C are respectively connected to the lines
      14A and 14B, and the lines 20A and 20B are respectively connected to the
      lines 21B and 21C. The line 6C is left unconnected.
PAR  The apparatus shown in FIG. 3 operates in a similar manner to that shown in
      FIG. 2, but the function of generating delayed versions of the signal
      appearing at the output of the sampler 24 is now performed by the shift
      registers 2A, 2B and 2C connected in a serial chain (constituting a binary
      word register) these shift registers respectively being clocked at
      frequencies of F, F/2 and F/4 pulses per second. These frequencies of
      course have values which form a geometric progression with ratio 1/N, N in
      this case being two. The polarity correlation function is thus evaluated
      for only 120 values of y, the delay increment being 1/F seconds for the
      first 48 of these values, 2/F seconds for the next 48 of these values, and
      4/F seconds for the last 24 of these values. The total time delay range
      covered is thus effectively the same as for the apparatus shown in FIG. 2.
PAR  The delay indicator of the apparatus shown in FIG. 3 comprises the shift
      registers 18C, 18B and 18A connected in a serial chain, these shift
      registers respectively being clocked at frequencies of F/4, F/2 and F
      pulses per second. A logic 1 state will therefore be shifted through the
      shift register 18C at half the rate for the shift register 18B, which is
      in turn half the rate for the shift register 18A. As a result when a
      significant peak in the correlation function has been detected in any
      given cycle the frequency of the train of pulses fed to the meter 35
      during the next cycle will again be approximately inversely proportional
      to the time delay between the noise signals, and hence in the case of flow
      measurement directly proportional to the flow velocity.
PAR  The apparatus described above is an example of an apparatus of the kind
      specified in which for each comparison operation the individual
      comparisons between the state of the second of the two binary signals and
      the digits of the binary word are all effected simultaneously. In other
      apparatuses of the kind specified these individual comparisons may be
      arranged to effected sequentially for each comparison operation, the
      contents of the register being updated at each of the series of regularly
      recurrent instants and being recirculated during each interval between
      these instants; in such a case the counting means may conveniently be
      constituted by a set of recirculating stores associated with appropriate
      arithmetic units. The present invention may equally well be utilised in
      this form of apparatus of the kind specified.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for comparing two binary signals, comprising:
PA1  a binary word register comprising a plurality of binary shift registers
      each having a serial input and each comprising a set of serially connected
      stages, said shift registers being connected in a serial chain so that the
      stages of all said shift registers form a sequence defining the sequence
      of digit positions of a binary word stored in said binary word register;
PA1  means for operating said binary word register so that it stores
      temporarily, in respect of each of a series of regularly recurrent
      instants, a binary word the digits of which correspond in sequence to the
      states of a first one of said two binary signals at times earlier by
      successively greater amounts than the relevant one of said series of
      instants, said means comprising means for operating said shift registers
      individually so that those digits of the binary word temporarily stored in
      the first of said shift registers in said chain can change state for each
      of the instants of said series while those digits of the binary word
      temporarily stored in any other of said shift registers can change state
      only for each Nth one of the instants for which those digits of the binary
      word temporarily stored in the preceding one of said shift registers in
      said chain can change state, N being a small integer;
PA1  means for effecting a sequence of comparison operations in each of which
      the state of the second of said two binary signals is compared with each
      of the digits of the binary word temporarily stored in said binary word
      register;
PA1  means for counting the results of the comparisons separately for each of
      said digit positions; and
PA1  signalling means for generating a signal in response to the reaching of a
      given value by the count for any one of said digit positions, said
      signalling means comprising means causing the signal to have a form
      indicating for which of said digit positions the count first reached said
      given value.
NUM  2.
PAR  2. An apparatus according to claim 1, in which said means for operating
      said shift registers is operative so that N is 2.
NUM  3.
PAR  3. An apparatus according to claim 1, in which said signalling means
      comprises means causing the signal to have a form indicating the value of
      the delay for that delayed version of said first one of said two binary
      signals corresponding to that one of said digit positions for which the
      count first reached said given value.
NUM  4.
PAR  4. An apparatus according to claim 1, in which said means for operating
      said binary word register comprises:
PA1  means for applying said first one of said two binary signals continuously
      to said serial input of the first of said shift registers in said chain;
PA1  means for generating a plurality of trains of regularly recurrent clock
      pulses, the number of said trains being equal to the number of said shift
      registers and the respective frequencies of said trains having values
      which form a geometric progression with ratio 1/N; and
PA1  means for applying said trains of clock pulses respectively to said shift
      registers so as to determine the instants at which the states of the
      stages of said shift registers can change, with the frequencies of said
      trains arranged in descending order along said chain.
NUM  5.
PAR  5. An apparatus according to claim 1, further comprising control means for
      repeatedly restoring said counting means to a condition of zero count for
      all said digit positions and thereby causing the apparatus to operate in
      repeated cycles.
NUM  6.
PAR  6. An apparatus according to claim 1, in which said control means comprises
      means operative to restore said counting means to a condition of zero
      count in response to the reaching of said given value by the count for any
      one of said digit positions and also in response to the occurrence of a
      given number of said comparison operations without the count having
      reached said given value for any of said digit positions, said given
      number being between once and twice said given value.
NUM  7.
PAR  7. An apparatus according to claim 1, in which said signalling means
      comprises;
PA1  a pattern register capable of storing a number of binary digits equal to
      the number of said digit positions;
PA1  means for causing said pattern register to store during each cycle a
      pattern of binary digits indicating for which of said digit positions the
      count first reached said given value during the preceding cycle; and
PA1  means for generating during each cycle a signal in the form of a train of
      pulses having a repetition frequency dependent on the pattern stored in
      said pattern register during that cycle.
NUM  8.
PAR  8. An apparatus according to claim 1, in which said signal generating means
      is operative so that said repetition frequency is substantially inversely
      proportional to the value of the delay for that delayed version of said
      first one of said two binary signals corresponding to that one of said
      digit positions for which the count first reached said given value.
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ABST
PAL  A class of pseudo-noise multiplexed codes including coding mates having
      cooperating autocorrelation function which upon detection provides an
      impulse autocorrelation function. The code mates include at least one
      blank digit slot in the repetitious period of at least one of the codes of
      the code mates. One form requires a digit of either binary condition in
      the first and last digit slot of the code structure with the blank slot
      being disposed therebetween. The number of code mates can be increased by
      repeatedly solving the equations of FIG. 5 for the original code mates and
      the resultant new code mates. The interleaving process required in the
      equations is achieved by logic circuitry controlled by a control signal
      having a period equal to the period of a digit slot of the input code
      mates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pulse signalling systems of the code type and
      more particularly to an improved autocorrelation technique for use in such
      pulse signalling systems.
PAR  Correlation techniques have been utilized in the past in signal processing
      systems employing signals in the form of a pulse or sequence of pulses.
      Such pulse signalling systems include, for example, radiant energy
      reflecting systems, such as radar, radio range finders, radio altimeters,
      and the like; pulse communication systems, such as over-the-horizon
      systems employing various types of scatter techniques, satellite
      communication systems and the like; and multiple access systems employing
      address codes to enable utilization of the multiple access system.
      Correlation techniques when employed in radiant energy reflection systems
      enhance the resolution of closely spaced reflecting surfaces and in
      addition, particularly when wide pulse widths are employed, increase the
      average power transmitted. Correlation techniques employed in pulse
      communication systems result in increased signal-to-noise ratios without
      increase of peak transmitter power and minimize multiple paths effects
      (fading). Correlation techniques when employed in a multiple access
      environment also result in increased signal-to-noise ratio without
      increase of transmitter power and if properly coded prevents or at least
      minimizes the interference or crosstalk between one or more address codes.
PAR  According to prior art correlation techniques the received signal is
      processed by obtaining the product of code elements of the received signal
      and code elements of a locally generated signal of the same waveform and
      period as the received signal and integrating the resultant product. The
      optimum output for such a correlation would be a single peak of high
      amplitude which has a width substantially narrower than the pulse width of
      the received signal. Most correlation systems in use today do not produce
      the desired optimum waveform, but rather provide an output whose waveform
      has spurious peaks in addition to the desired high amplitude peak. The
      presence of these spurious peaks is undesirable in that the resolving
      power of radiant energy reflecting systems is reduced, the signal-to-noise
      ratio of pulse communication systems and multiple access systems and the
      minimization of multiple path affects of pulse communication systems is
      reduced to a level below the optimum value.
PAR  Previously a number of improved correlation techniques have been proposed
      that will result in an impulse correlation function. The term "impulse
      correlation function", and more specifically "impulse autocorrelation
      function", as employed herein, refers to a waveform having a single high
      amplitude peak completely free from spurious peaks of lower amplitude
      elsewhere in the waveform.
PAR  One of these proposed improved autocorrelation techniques which is most
      closely related to the present invention is fully disclosed in the
      copending application of F. S. Gutleber, Ser. No. 645,697, filed June 13,
      1967, now U.S. pat. No. 3,519,746. This copending application discloses a
      class of codes including two codes, termed code mates, where the code
      mates have cooperating autocorrelation functions so that when they are
      autocorrelation detected, and the resultant detected outputs are linearly
      added there is provided an impulse autocorrelation function having an
      impulse output at a given time and a zero output at all other times. The
      code mates generated are time or frequency multiplexed for transmission to
      the detector to provide long code sequence to increase the average
      transmitting power. The transmitted multiplexed code mates are separated
      consistent with the type of multiplexing being employed prior to
      autocorrelation detection and linear addition. The number of code mates
      can be increased in accordance with said copending application by
      interleaving each of the original code mates and the different time
      displaced versions thereof to provide a plurality of first codes and
      interleaving one code mate and the complemented version of the other code
      mate of each of the original code mates and the different time displaced
      versions thereof to provide a code mate for each of the first codes. This
      process of increasing the number of code mates can be continued repeatedly
      with the newly generated code mates to further increase the number of code
      mates.
PAR  The codes forming the code mates of said copending application require a
      complete code fill-in to work, that is, a code digit of either binary
      condition had to be present in each digit time slot of the repetition
      period of the code. Thus, the codes had to be repeated and the detection
      process required multiplying and integrating over N code digits for codes
      of length N.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide another class of
      pseudo-noise codes including code mates which do not require complete code
      fill-in to provide the desired impulse autocorrelation function.
PAR  Another object of this invention is to utilize multiplexing techniques for
      the code mates generated to reduce the complexity of code generation and
      yet maintain the advantage of having a long code sequence.
PAR  Still another object of this invention is to provide another class of code
      mates where the codes of the mates may have autocorrelation functions with
      high spurious peaks therein which are eliminated when the detected code
      outputs are linearly added together.
PAR  A further object of this invention is to provide another process operating
      on the original code mates and the resultant code mates to increase the
      number of code mates available.
PAR  Still a further object of this invention is to provide apparatus for
      operating on the original code mates and their resultant code mates to
      increase the number of code mates available and also to increase the
      length of the code mates.
PAR  A feature of this invention is a method of generating codes which upon
      detection will produce an impulse autocorrelation function comprising the
      steps of generating at least a first code having a first autocorrelation
      function and generating at least a second code having a second
      autocorrelation function predeterminedly related to the first
      autocorrelation function to produce upon detection of the first and second
      codes the desired impulse autocorrelation function, where each of the
      first and second codes include a plurality of digit time slots in a given
      repetitious period, at least one of the time slots of at least one of the
      first and second codes being blank.
PAR  Another feature of this invention is the provision of at least one of the
      first and second codes including the presence of a digit having either of
      two different conditions, such as binary "1" and "0" in at least the first
      and last of the digit time slots of the given code structure and said
      blank time slot disposed therebetween.
PAR  Still another feature of this invention is a system for generating codes
      which upon detection will produce an impulse autocorrelation function
      comprising first means to produce a first code and a second code each
      having a plurality of digit time slots and cooperating autocorrelation
      functions to produce upon detection of the first and second codes the
      impulse autocorrelation function, each of the digit time slots having a
      given period, first means to produce a control signal having a period
      equal to the given period, at least one third means coupled to the first
      and second means responsive to the control signal to produce a first
      output code including the digit time slots of one of the first and second
      codes interleaved with the digit time slots of the other of the first and
      second codes, and at least one fourth means coupled to the first and
      second means responsive to the control signal to produce a second output
      code including the digit time slots of one of the first code and the
      complement of the second code interleaved with the digit time slots of the
      other of the first code and the complement of the second code, the first
      and second output codes having cooperating autocorrelation functions to
      produce upon detection of the first and second output codes the impulse
      autocorrelation function.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is an illustration of the required code format for code mates in
      accordance with said copending application;
PAR  FIG. 2 is an illustration of a code format in accordance with the
      principles of the present invention;
PAR  FIG. 3 is an illustration of still another format for the code mates in
      accordance with the principles of this invention;
PAR  FIG. 4 is a tabulation of codes and their autocorrelation functions to
      demonstrate in accordance with the principles of this invention the
      presence of code mates;
PAR  FIG. 5 is a tabulation of equations utilized to increase the number of code
      mates in accordance with the principles of this invention;
PAR  FIGS. 6 and 7 are tabulations of how the code mates of FIG. 4 are expanded
      in accordance with the equations of FIG. 5;
PAR  FIG. 8 is an illustration of other code mates and their autocorrelation
      functions meeting the requirements of the present invention;
PAR  FIGS. 9 and 10 are tabulations of unique code mates produced from the code
      mates of FIG. 8 in accordance with the equations of FIG. 5;
PAR  FIG. 11 is a tabulation of the format and autocorrelation functions of
      still other code mates meeting the requirements of the present invention;
PAR  FIG. 12 is a block diagram of a communication system in which the code
      mates of the present invention may be employed to produce the desired
      impulse autocorrelation function;
PAR  FIG. 13 is a block diagram of a system for carrying out the operation set
      forth by the equations of FIG. 5 repeatedly;
PAR  FIG. 14 is a timing diagram illustrating the operation of FIG. 13;
PAR  FIG. 15 is a block diagram illustrating one form of code generator that may
      be employed in FIG. 13;
PAR  FIG. 16 is a timing diagram illustrating the operation of FIG. 15;
PAR  FIG. 17 is still another block diagram which may be employed as the code
      generators of FIG. 13;
PAR  FIG. 18 is a timing diagram illustrating the operation of FIG. 17;
PAR  FIG. 19 is a block diagram of still another arrangement that may be
      employed for the code generators of FIG. 13; and
PAR  FIG. 20 is a timing diagram illustrating the operation of FIG. 19.
DETD
PAC  DESCRIPTION OF THE pREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the format of two codes forming code mates in
      accordance with said copending application illustrates the requirement
      that there must be a digit of either binary condition in all the digit
      time slots of the sampling information period T.
PAR  Referring to FIG. 2, there is illustrated therein the format of codes No. 4
      and No. 5 of FIG. 4 illustrating one form of code mates that do not
      require complete code fill-in to work. The blank digit time slots equal
      four in the illustration but may be of any number of digit time slots
      consistent with the application in which the code mates are employed. FIG.
      3 illustrates still another form of code mates which may be referred to as
      gapped codes in which it is required that the first and last digit time
      slot include a digit of either of two conditions, such as binary 1 and 0
      with blank time slots being disposed between the first and last digit time
      slots of the code length T.
PAR  As is apparent from FIGS. 2 and 3 complete code fill-in within the
      repetition period T is not required. In addition the codes do not have to
      repeat and the detection process does not have to multiply and integrate
      over the complete repetition period. The advantage of not requiring a
      continuous code structure is that more code mates having autocorrelation
      functions that cooperate to produce one impulse output at a given time and
      on zero outputs at other times are available and their utilization covers
      a much broader field.
PAR  Since the codes forming the code mates are not continuous, translated codes
      are still unique. This allows 2.sup.N - 2 possible codes for a binary code
      sequence containg a code length of N bits. The quantity 2 is subtracted
      since a code with all ones or all zeros are excluded from being possible
      candidates for forming code mates. If in addition, negative codes are
      excluded, the quantity of unique codes q is reduced by a factor of 2
      resulting in the following formula:
EQU  q = 2.sup.N - 2/2 = 2.sup.N.sup.-1 -1.
PAL  considering a code having a code length of four digits and utilizing the
      above equation it is determined that seven unique codes are available
      which are illustrated in FIG. 4 along with their autocorrelation function
      0 aa(t) times the number of code digits N. Inspection of the
      autocorrelation functions of FIGS. 4 reveal that two code mates exist,
      namely, codes No. 4 and No. 5 form first code mates and codes No. 6 and 7
      form second code mates.
PAR  Each of these code mates may be generated into longer codes of length 4
      .times. 2.sup.N. This is accomplished by interleaving the codes of code
      mates to form one of the new codes. The mate for this new code is then
      obtained by interleaving the original code with the negative or complement
      of its mate. These new codes then form code mates of twice the lenth of
      the original code mates. The repeated application of this process then
      results in codes whose length is some power of 2. A general proof
      verifying that the new codes do form code mates is contained in said
      copending application in conjunction with equation (10) to (18). Since it
      doesn't matter which code forming the code mates starts the interleaving
      process and, in addition, since a code having a given sequence of code
      digits and a code having an inverted sequence of code digits have the same
      autocorrelation function then eight new code mates may be generated from
      each existing code mates. The equations representing this process of
      increasing the number of code mates are illustrated in FIG. 5. In general,
      if a code is represented by a and its mate is represented by b and when
      they are interleaved, this process being indicated in FIG. 5 by I, the
      first code digit of the interleaving process is the first code digit of
      the first code in the equation. For instance, equation No. 1 for the code
      reads aIb. If code a = a.sub.1 a.sub.2 a.sub.3 and b = b.sub.1 b.sub.2
      b.sub.3 then the interleaving process would result in a code A = a.sub.1
      b.sub.1 a.sub.2 b.sub.2 a.sub.3 b.sub.3. On the other hand, if equation
      No. 2 is employed, which reads bIa, then the interleaving process would
      result in a code A = b.sub.1 a.sub.1 b.sub.2 a.sub.2 b.sub.3 a.sub.3. This
      designation of which codes start the interleaving process hold forth for
      the other equations shown in FIG. 5 for both the code and its mate. In
      addition, the negative or complement of a code x will be indicated by x
      while an inverted sequence of code x is represented as x. The negative or
      complement of a binary code is achieved by changing each code digit to its
      opposite binary value, that is, 1 becomes 0 and 0 becomes 1. An inverted
      code is obtained by reading the code from the back to the front, that is,
      a.sub.1 a.sub.2 a.sub.3 becomes a.sub.3 a.sub.2 a.sub.1.
PAR  It will now be demonstrated how the code mates formed by code No. 4 and No.
      5, FIG. 4 can be expanded in accordance with the equations of FIG. 5.
PAL  Let
TBL           Code No. 4 = a = 1000                                            
              Code No. 5 = b = 0100                                            
              b = 1011                                                         
              b = 0010                                                         
              b = 1101                                                         
                      F.S. Gutleber 14/15                                      
              a = 0001                                                         
PAL  The above values are utilized in conjunction with equations of FIG. 5 to
      generate the new code mates as illustrated in FIG. 6.
PAR  To demonstrate the code mate expansion process with respect to codes No. 6
      and No. 7, FIG. 4, let
TBL           Code No. 6 = a = 0010                                            
              Code No. 7 = b = 0001                                            
              b = 1110                                                         
              b = 1000                                                         
              b = 0111                                                         
              a = 0100                                                         
PAL  Using these values in the equations of FIG. 5 results in the new code mates
      illustrated in FIG. 7.
PAR  Referring to FIG. 8, there is illustrated therein three code mates of the
      gapped code type along with their autocorrelation function 0aa(t) times N.
      It was illustrated in connection with FIGS. 6 and 7 that by employing the
      equations of FIG. 5 each of the original code mates of FIG. 4 generated
      eight unique code mates. There are instances where while eight code mates
      can be generated for each original code mates the resultant code mates are
      not always unique. This would occur when an inverted code sequence is the
      same as the original code sequence, or when an inverted code sequence is
      the same as the negative or complement of the original code. These
      conditions will become more clear by expanding the three code mates of
      FIGS. 8. First consider the code mates formed by codes No. 8 and No. 9.
      Let
TBL           Code No. 8 = a = 100                                             
              Code No. 9 = b = 1--1                                            
              b = 0--0                                                         
              a = 001                                                          
              b = 1--1                                                         
                      F.S. Gutleber 14/15                                      
              b = 0--0                                                         
PAL  It will be observed from the above tabulated variables to be operated upon
      in accordance with the equations of FIG. 5 that b = b and b = b . Due to
      this situation equation No. 1 = equation No. 3, equation No. 2 = equation
      No. 4, equation No. 5 = equation No. 7 and equation No. 6 = equation No.
      8. Thus, only four unique codes can be generated by employing equations
      No. 1, No. 2, No. 5 and No. 6 resulting in four code mates as illustrated
      in FIG. 9 along with their autocorrelation function 0 aa(t) times N.
PAR  Expanding the code mates formed from codes No. 10 and No. 11 we have the
      following relations.
TBL           Code No. 10 = a = 1-0                                            
              Code No. 11 = b = 1--1                                           
              b = 0--0                                                         
              a = 0-1                                                          
              b = 1--1                                                         
              b = 0--0                                                         
PAL  Here again the condition of b = b and b = b is present. Thus, only four
      unique code mates can be produced in accordance with equations No. 1, No.
      2, No. 5 and No. 6. However, there is also present the condition that a =
      a . In other words, the inverted code sequence is the same as the negative
      or complement of the original code. Under these circumstances, equations
      No. 5 and No. 6 will not produce unique codes, therefore, only two unique
      code mates are capable of being produced from the code mates formed by
      codes No. 10 and No. 11. These new code mates are illustrated in FIG. 10
      along with their autocorrelation function 0 aa(t) times N.
PAR  The code mates formed by codes No. 12 and No. 13 will not produce any
      unique codes since the codes of the third code mates are the inverted code
      sequence of the code formed by codes No. 8 and No. 9. Thus, the six new
      code mates illustrated in FIGS. 9 and 10 are the only unique code mates
      that can be obtained from the code mates of FIG. 8 utilizing the equations
      of FIG. 5.
PAR  Referring to FIG. 11, there is tabulated therein seven additional code
      mates that meet all the requirements of the present invention together
      with their autocorrelation function 0 aa(t) times N. The code expansion
      process, as dictated by the equations of FIG. 5, can be utilized for each
      of the code mates illustrated to generate new code mates. Utilizing the
      techniques set forth hereinabove of identifying the variables that are
      present in the equations of FIG. 5 and examining the resultant code
      sequences, it is possible to determine how many unique code mates will be
      produced by each of the original code mates.
PAR  Codes No. 14 and No. 15 can only produce two new unique code mates as
      identified by equations No. 1 and No. 2 since b = b, b = b and a = a .
PAR  Codes No. 16 and No. 17 can only produce four unique new code mates in
      accordance with equations No. 1, No. 2, No. 5, and No. 6, since b = b and
      b = b .
PAR  Codes No. 18 and No. 19 like codes No. 16 and No. 17 can only produce four
      unique new code mates as determined by equations No. 1, No. 2, No. 5, and
      No. 6 for the same reasons set forth hereinabove with respect to codes No.
      16 and No. 17.
PAR  The code mates formed by codes No. 20 and No. 21, the code mates formed by
      codes No. 22 and No. 23, the mates formed by codes No. 24 and No. 25 and
      the code mates formed by codes No. 26 and No. 27 all have the
      characteristic of producing for each original code mate eight new code
      mates since the code sequences representing the variables of the equations
      of FIG. 5 are in themselves all unique.
PAR  For each of the new code mates produced from the original code mates the
      expansion process defined by the equations of FIG. 5 can be employed for
      each of the code mates to generate still other new code mates having twice
      the length of the code mates from which they are generated. This process
      can be repeatedly continued for all new code mates generated. For
      instance, the new code identified as A and its mate identified as B can be
      substituted in the equations of FIG. 5 by letting A equal a and B equal b.
PAR  Referring to FIG. 12, there is illustrated therein the basic communication
      system that can be employed with the code mates of this invention. The
      system of FIG. 12 is identical to the system disclosed in said copending
      application with the specific details thereof being substantially
      identical to the details disclosed in said copending application with only
      the necessary modifications to provide the gaps and incomplete fillin in
      the codes forming the code mates of the present invention. These gaps and
      lack of fill-in in the codes of the present invention can be obtained from
      the basic code generator of said copending application illustrated in FIG.
      19 by providing no connection between delay line taps and the 1 and 0
      gates at the appropriate time position. Generator 30 generates the code
      mates, either the original code mates or expanded code mates with the code
      being identified as S.sub.1 and its mate as S.sub.2. The output of
      generator 30 is coupled to a multiplexer 31 which may be a time or a
      frequency multiplexer to appropriately multiplex the code S.sub.1 and its
      mate S.sub.2 prior to application to a power amplifier 32 and an antenna
      33 for transmission to a receiving antenna 34 which is coupled to a
      receiver 35. The resultant multiplexed code signals S.sub.1 and S.sub.2
      are coupled to a demultiplexer 36 which is consistent with the type of
      multiplexing being employed. In other words, if time multiplexing is
      employed the demultiplexer must work on a time basis while if frequency
      multiplexing is employed the demultiplexer 36 must operate on a frequency
      basis. The code S.sub.1 and its mate S.sub.2 are coupled to detectors for
      the code mates 37 which may be of the autocorrelation or matched filter
      type. The resultant output of detectors 37 are then coupled to a linear
      adder 38 producing an output to low pass filter 39 which is the desired
      impulse autocorrelation function having an impulse output at a given time
      and a zero output at all other times.
PAR  Referring to FIG. 13, there is illustrated therein an arrangement for
      performing the operations defined by the equations of FIG. 5 and to
      repeatedly carry on this operation to increase the length of code mates
      and the number of code mates to any desired length or number. Base code
      generator 40 is controlled by clock pulses generated by clock source 41
      and a frequency dividing chain including binary dividers 42 and 43. The
      frequency of the clock pulses applied to generator 40 is equal to the bit
      rate of the codes generated in generator 40 and thus has a period equal to
      the period of a digit time slot. The codes a and b are produced by
      generator 40 and applied through switches 44 and 45 to interleaving
      generator 46. The resultant output code mates may then be applied in
      sequence to other interleaving generators identical in structure to
      generator 46, as illustrated by generator 46c and 46n. The only difference
      between the interleaving generators is the frequency or period of the
      control signal provided from the dividers 42 and 43 forming a part of the
      frequency dividing chain. The control signal for each interleaving
      generator input has a frequency equal to the bit rate of that particular
      generator, or in other words have a repetitious period equal to the period
      of a digit time slot of the input code to that particular interleaving
      generator.
PAR  Each of the interleaving generators 46 include an AND gate 47 coupled to
      the code produced by the preceding circuit or the code a output of code
      generator 40 as illustrated in the case of generator 46. The mate code
      from the preceding generator 46 or code b from code generator 40 is
      coupled directly to INHIBIT gate 48 and through phase inverter 49 to
      INHIBIT gate 50. The AND gate 47 and the INHIBIT gates 48 and 50 are
      controlled by a control signal from the frequency divider chain which in
      the case of generator 46 is the output of divider 43. Under control of
      this control signal, linear adder 51 interleaves the digit time slots of
      code a at the output of AND gate 47 and of code b at the output of INHIBIT
      gate 48 to produce a new code A of twice the length of the original code.
      The mate code A' having twice the length as the original codes is produced
      by linear adder 52 which interleaves the digit time slots of code a at the
      output of AND gate 47 and the complemented code b at the output of INHIBIT
      gate 50. Succeeding interleaving generators produce output code mates
      equal to twice the length of the input code mates.
PAR  Referring to FIG. 14, the operation of generator 46 and 46c is illustrated
      where curve A represents the digit time slots of code a, curve B
      represents the digit time slots of code b and curve c represents the
      complement of code b at the output of inverter 49. The control signal from
      divider 43 coupled to generator 46 is illustrated in curve D. The
      interleaved digit time slots of codes a and b are illustrated in curve E
      and is the output of adder 51. The output of adder 52, the interleaved
      digit time slots of code a and the complement of code b, is illustrated in
      curve F. The code sequence in curves E and F represents, respectively, the
      code A and its mate A' which are coupled to interleaving generator 46c.
      The output of phase inverter 49c is illustrated in curve G which is the
      complement of the code sequence in curve F. The control signal for
      generator 46c from divider 42 is illustrated in curve H. The new code
      produced by linear adder 51c is illustrated in curve I and the mate
      thereof at the output of adder 52c is illustrated in curve J and are,
      respectively, the new code A.sub.c and its mate A.sub.c '. This
      interleaving process by utilizing additional interleaving generators 46
      will continue until the desired code A.sub.n and its mate A.sub.n ' is
      produced at the output of at the last interleaving generator, such as
      generator 46.sub.n. The bit rate of the codes produced by generator
      46.sub.n will be at the same frequency as the clock pulses from source 41.
PAR  With switches 44 and 45 in the position illustrated process defined by
      equation No. 1 is achieved. By positioning switch 44 in its other
      position, the code b output of inverted digit sequence code generator 53
      will be coupled to generator 46 and generator 46 will perform the
      operation dictated by equation No. 3. By positioning switch 44 as
      illustrated and moving switch 45 to its other position interleaving
      generator 46 will perform the operation dictated by equation No. 5. By
      moving both switches 44 and 45 to their other position generator 46 will
      perform the operation dictated by equation No. 7.
PAR  It will be observed that due to the timing of the control signals coupled
      to generators 46 the first digit of code a or code a is always the first
      digit of the resultant interleaved codes. Thus, to enable the operation as
      dictated by equations No. 2, No. 4, No. 6 and No. 8 of FIG. 5 there is
      inserted in the frequency divider chain delay 54 equal to t/2, where t
      equals the time period of a digit time slot. The resultant control signal
      from divider 43 is illustrated in curve K, FIG. 14. To ensure that the
      codes produced by generators 40 and 53 are not shifted in time due to the
      shift of the control signal, a suitable delay must be contained in the
      clock input lead to both generators 40 and 53 so that the codes produced
      will have the timing illustrated in curves A and B, FIG. 14. Under the
      condition of the control signal illustrated in curve K, FIG. 14 there will
      be produced at the output of adder 51 and 52 the code sequences
      illustrated in curves L and M FIG. 14, respectively. The complement of the
      code sequence of curve M, FIG. 14 at the output of inverter 49c is
      illustrated in curve N, FIG. 14. The output of divider 42 with delay 54 in
      the circuit is illustrated by curve 0, FIG. 14 with the resultant code
      sequences at the output of adders 51c and 52c being illustrated in curves
      F and Q, FIG. 14, respectively.
PAR  Referring to FIG. 15, there is illustrated therein one form of code
      generator that can be employed in generator 40 including binary counter
      55, AND gates 56 and 57, and OR gate 58 which operates in a well known
      manner on clock pulses, such as from divider 43, illustrated in curve A,
      FIG. 16. AND gates 56 and 57 are coupled to the appropriate outputs of the
      bistable devices forming counter 55 to produce code No. 4, FIG. 1 as
      illustrated in curve B, FIG. 16.
PAR  To produce a code signal, such as code No. 4, FIG. 2, which in affect is a
      three level or condition code, the arrangement of FIG. 17 may be employed.
      FIG. 17 includes binary counter 59. AND gate 60 is connected to the
      appropriate outputs of the first two stages of counter 59 to produce a
      pulse output for the first clock pulse of curve A, FIG. 18. The output
      from AND gate 60 is then coupled to AND gate 61 which in turn is coupled
      to source 62 to provide an indication of a first condition or binary 1
      which in the illustration of FIG. 18 may be represented by a positive
      voltage. AND gates 63, 64 and 65 are connected to the appropriate outputs
      of the first two stages of counter 59 to generate pulse outputs for the
      second, third and fourth clock pulses. The resultant outputs from AND
      gates 63, 64 and 65 are coupled to OR gate 66 and, hence, to AND gate 67
      which has coupled thereto source 68 which provides an indication of a
      second condition or binary 0. As illustrated in FIG. 18, binary 0 may be
      represented by a negative voltage. The last stage of counter 59 just
      counts and produces no useful output and thus OR gate 69 will produce no
      output during the time of the fifth, sixth, seventh, and eighth clock
      pulses but will provide an output during the first four clock pulses due
      to the operation of AND gates 61 and 67 as illustrated in curve B, FIG.
      18. The lack of output, the third condition, during the last four clock
      pulses represents the blanks at the reference level illustrated in the
      last four digit time slots of curve B, FIG. 18. As mentioned in connection
      with FIG. 2, the number of blank digit time slots can be increased or
      decreased from that shown. An increase in the blank time slots can be
      obtained by adding other counter stages to counter 59 and less blank digit
      time slots can be obtained by utilizing appropriate feedback to reduce the
      count of counter 59.
PAR  FIG. 19 illustrates an arrangement for generating code No. 16 of FIGS. 3
      and 11 as illustrated in curve B, FIG. 20. Here again the first condition
      or binary 1 may be represented by a positive value and the second
      condition or binary 0 may be represented by a negative voltage value while
      the third condition, a blank digit time slot, is represented by the
      reference level, such as no output. The code generator of FIG. 19 includes
      binary counter 70 having appropriate feedback to count to five rather than
      to its normal eight. AND gates 71 and 72 are connected to appropriate
      stages and appropriate outputs of these stages to produce a pulse output
      in the first and third digit time slots. The output from AND gates 71 and
      72 is coupled to OR gate 73 and, hence, to AND gate 74 which has coupled
      thereto source 75 to provide the binary 1 indication. AND gate 76 is
      coupled to appropriate ones of the stages and appropriate outputs of these
      stages to produce a pulse output during the fifth time slot in response to
      the fifth clock pulse of curve A, FIG. 20. This output from AND gate 76 is
      coupled to AND gate 77 which has coupled thereto source 78 to provide the
      binary 0 indication. The outputs from AND gates 74 and 77 are coupled to
      OR gate 78 to provide code No. 16 as illustrated in curve B, FIG. 20.
      There will be no output during digit time slots and four thereby producing
      the required blank digit time slots of code No. 16.
PAR  It will be appreciated that there is illustrated FIGS. 15, 17 and 19
      arrangements to produce only the codes, such as code a of generator 40,
      FIG. 13. A similar arrangement would be employed with appropriate
      connection of AND gates to the counter stages to produce the mate for the
      codes illustrated in FIG. 16, 18 and 20.
PAR  Code generator 53 can have a configuration similar to that illustrated in
      FIGS. 15, 17 and 19 but having the AND gates arranged to invert the digit
      sequence of the code or its mate.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for generating codes which upon detection will produce an
      impulse autocorrelation function comprising:
PA1  first means to produce a first code and a second code each having a
      plurality of digit time slots and cooperating autocorrelation functions to
      produce upon detection of said first and second codes said impulse
      autocorrelation function including an impulse output at a given time and a
      zero output at all oother times, each of said digit time slots having a
      given period;
PA1  second means to produce a control signal having a period equal to said
      given period;
PA1  at least one third means coupled to said first and second means responsive
      to said control signal to produce a first output code including the digit
      time slots of one of said first and second codes interleaved with the
      digit time slots of the other of said first and second codes; and
PA1  at least one fourth means coupled to said first and second means responsive
      to said control signal to produce a second output code including the digit
      time slots of one of said first code and the complement of said second
      code interleaved with the digit time slots of the other of said first code
      and the complement of said second code;
PA1  said first and second output codes having cooperating autocorrelation
      functions to produce upon detection of said first and second output codes
      said impulse autocorrelation function.
NUM  2.
PAR  2. A system according to claim 1, wherein
PA1  said third means includes:
PA2  an AND gate coupled to said first means and said second means responsive to
      said first code and said control signal,
PA2  a first INHIBIT gate having an inhibit terminal and an input terminal, said
      inhibit terminal being coupled to said second means responsive to said
      control signal and said input terminal being coupled to said first means
      responsive to said second code, and
PA2  a first linear adder coupled to said AND gate and said first INHIBIT gate
      to produce said first output code; and said fourth means includes:
PA2  a phase inverter coupled to said first means responsive to said second
      code,
PA2  a second INHIBIT gate having an inhibit terminal and an input terminal,
      said inhibit terminal being coupled to said second means responsive to
      said control signal and said input terminal being coupled to said phase
      inverter, and
PA2  a second linear adder coupled to said AND gate and said second INHIBIT gate
      to produce said second output code.
NUM  3.
PAR  3. A system according to claim 1, including
PA1  a plurality of third means coupled in tandem to said first means and each
      other;
PA1  a plurality of fourth means coupled in tandem to said first means and each
      other;
PA1  said second means producing a different control signal for each of said
      third and fourth means, said control signal coupled to an associated one
      of said third and fourth means having a period equal to the period of the
      digit time slot of said first and second output codes of the preceding one
      of said third and fourth means;
PA1  each of said third means except the first of said third means producing
      said first output signal including the digit time slots of one of said
      first and second output codes of the preceding one of said third and
      fourth means interleaved with the digit time slots of the other of said
      first and second output codes of said preceding one of said third and
      fourth means; and
PA1  each of said fourth means except the first of said fourth means producing
      said second output signal including the digit time slots of one of said
      first output code and the complement of said second output code of the
      preceding one of said third and fourth means interleaved with the digit
      time slots of the other of said first output code and the complement of
      said second output code of the preceding one of said third and fourth
      means.
NUM  4.
PAR  4. A system according to claim 3 wherein
PA1  each of said third means includes
PA2  an AND gate coupled to said first means and said second means responsive to
      said first code and said control signal,
PA2  a first INHIBIT gate having an inhibit terminal and an input terminal, said
      inhibit terminal being coupled to said second means responsive to said
      control signal and said input terminal being coupled to said first means
      responsive to said second code, and
PA2  a first linear adder coupled to said AND gate and said first INHIBIT gate
      to produce said first output code; and
PA1  each of said fourth means includes
PA2  a phase inverter coupled to said first means responsive to said second
      code,
PA2  a second INHIBIT gate having an inhibit terminal and an input terminal,
      said inhibit terminal being coupled to said second means responsive to
      said control signal and said input terminal being coupled to said phase
      inverter, and
PA2  a second linear adder coupled to said AND gate and said second INHIBIT gate
      to produce said second output code.
NUM  5.
PAR  5. A system according to claim 1, further including
PA1  fifth means to produce at least a third code having an autocorrelation
      function identical with the autocorrelation function of said first code
      and a sequence of code digits inverted with respect to the code digits of
      said first code; and
PA1  sixth means coupled to said first, third, fourth and fifth means to
      disconnect said first code from the input of said third and fourth means
      and to connect said third code to the input of said third and fourth means
      to cause said third means to produce said first output code including the
      digit time slots of one of said second and third codes interleaved with
      the digit time slots of the other of said second and third codes and to
      cause said fourth means to produce said second output code including the
      digit time slots of one of said complemented second code and said third
      code interleaved with the digit time slots of the other of said
      complemented second code and said third code.
NUM  6.
PAR  6. A system according to claim 5, including
PA1  a plurality of third means coupled in tandem to said first and sixth means
      and each other;
PA1  a plurality of fourth means coupled in tandem to said first and sixth means
      and each other;
PA1  said second means producing a different control signal for each of said
      third and fourth means, said control signal coupled to an associated one
      of said third and fourth means having a period equal to the period of the
      digit time slot of said first and second output codes of the preceding one
      of said third and fourth means;
PA1  each of said third means except the first of said third means producing
      said first output signal including the digit time slots of one of said
      first and second output codes of the preceding one of said third and
      fourth means interleaved with the digit time slots of the other of said
      first and second output codes of said preceding one of said third and
      fourth means; and
PA1  each of said fourth means except the first of said fourth means producing
      said second output signal including the digit time slots of one of said
      first output code and the complement of said second output code of the
      preceding one of said third and fourth means interleaved with the digit
      time slots of the other of said first output code and the complement of
      the second output code of the preceding one of said third and fourth
      means.
NUM  7.
PAR  7. A system according to claim 1, further including
PA1  fifth means to produce at least a third code having an autocorrelation
      function identical with the autocorrelation function of said second code
      and a sequence of code digits inverted with respect to the code digits of
      said second code; and
PA1  sixth means coupled to said first, third, fourth and fifth means to
      disconnect said second code from the input of said third and fourth means
      and to connect said third code to the input of said third and fourth means
      to cause said third means to produce said first output code including the
      digit time slots of one of said first and third codes interleaved with the
      digit time slots of the other of said first and third codes and to cause
      said fourth means to produce said second output code including the digit
      time slots of one of said first code and the complement of said third code
      interleaved with the digit time slots of the other of said first code and
      the complement of said third code.
NUM  8.
PAR  8. A system according to claim 7, including
PA1  a plurality of third means coupled in tandem to said first and sixth means
      and each other;
PA1  a plurality of fourth means coupled in tandem to said first and sixth means
      and each other;
PA1  said second means producing a different control signal for each of said
      third and fourth means, said control signal coupled to an associated one
      of said third and fourth means having a period equal to the period of the
      digit time slot of said first and second output codes of the preceding one
      of said third and fourth means;
PA1  each of said third means except the first of said third means producing
      said first output signal including the digit time slots of one of said
      first and second output codes of the preceding one of said third and
      fourth means interleaved with the digit time slots of the other of said
      first and second output codes of said preceding one of said third and
      fourth means; and
PA1  each of said fourth means except the first of said fourth means producing
      said second output signal including the digit time slots of one of said
      first output code and the complement of said second output code of the
      preceding one of said third and fourth means interleaved with the digit
      time slots of the other of said first output code and the complement of
      said second output code of the preceding one of said third and fourth
      means.
NUM  9.
PAR  9. A system according to claim 1, further including
PA1  fifth means to produce at least a third code and fourth code, said third
      code having an autocorrelation function identical with the autocorrelation
      function of said first code and a sequence of code digits inverted with
      respect to the code digits of said first code and said fourth code having
      an autocorrelation function identical with the autocorrelation function of
      said second code and a sequence of code digits inverted with respect to
      the coded digits of said second code; and
PA1  sixth means coupled to said first, third, fourth and fifth means to
      disconnect said first and second codes from the input of said third and
      fourth means and to connect said third and fourth codes to the input of
      said third and fourth means to cause said third means to produce said
      first output code including the digit time slots of one of said third and
      fourth codes interleaved with the digit time slots of the other of said
      third and fourth codes and to cause said fourth means to produce said
      second output code including the digit time slots of one of said third
      code and the complement of said fourth code interleaved with the digit
      time slots of the other of said third code and the complement of said
      fourth code.
NUM  10.
PAR  10. A system according to claim 9, including
PA1  a plurality of third means coupled in tandem to said sixth means and each
      other;
PA1  a plurality of fourth means coupled in tandem to said sixth means and each
      other;
PA1  said second means producing a different control signal for each of said
      third and fourth means, said control signal coupled to an associated one
      of said third and fourth means having a period equal to the period of the
      digit time slot of said first and second output codes of the preceding one
      of said third and fourth means;
PA1  each of said third means except the first of said third means producing
      said first output signal including the digit time slots of one of said
      first and second output codes of the preceding one of said third and
      fourth means interleaved with the digit time slots of the other of said
      first and second output codes of said preceding one of said third and
      fourth means; and
PA1  each of said fourth means except the first of said fourth means producing
      said second output signal including the digit time slots of one of said
      first output code and the complement of said second output code of the
      preceding one of said third and fourth means interleaved with the digit
      time slots of the other of said first output code and the complement of
      said second output code of the preceding one of said third and fourth
      means.
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ABST
PAL  A system for simulating the insertion of electric resistance values of
      either positive or negative quantity into an electric circuit and for
      cancelling drift errors therefrom.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  This invention described herein was made in the course of or under Contract
      AT(29-1)-1183 with the U.S. Atomic Energy Commission.
BSUM
PAR  This invention relates to an electric resistance simulator and more
      particularly to a system for simulating the addition or subtraction of
      desired resistance values to and from an electric circuit from a remote
      location.
PAR  There are many instances where it is necessary to obtain information
      regarding some phenomenon occurring at a remote location. Frequently the
      phenomenon is observed by a detector-transducer which in conjunction with
      associated electrical circuitry translates some effect of the observed
      phenomenon into electrical signals which are in turn transmitted to a
      location where the signal is recorded and processed into meaningful data.
PAR  Generally, the response of detectors and the circuits utilized with them
      varies with the time, temperature and other changes to the environment in
      which the circuit is utilized. Accordingly, in order for the data obtained
      to accurately represent the phenomenon observed it is necessary that the
      detector circuit be calibrated prior to its use in the aquisition of the
      data.
PAR  Calibration of detector circuits is generally accomplished by individually
      putting a number of resistances of known values into the circuit and
      recording the response of the circuit with each such resistance value.
      This is usually accomplished by physically inserting subtracted
      resistances into the detector circuit. When the phenomenon to be observed
      is truly remote from the data recording station it requires at least two
      technicians, one at the remote location and one at the recording location,
      and a communication system between them. While this is inconvenient and
      cumbersome at best, it can be particularly troublesome in instances where
      the event to be observed does not occur at a set or anticipated time
      and/or the environment in which the circuit is used is subject to changes
      which significantly affect the response of the circuit. Moreover,
      resistance values can not be substracted from the circuit. The inability
      to subtract resistance values is particularly troublesome when the
      detector to be used is of the type which decreases in resistance value
      when excited by a stimulus.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide a resistance
      simulator circuit. It is a further object of the invention to provide a
      resistance simulator circuit which permits accurate resistance values, of
      either positive or negative value, to be added into a circuit from a
      location remote therefrom. It is also an object of the invention to
      provide the capability for sensing the deviation in resistance value of a
      circuit from calibration values and inserting resistance values into the
      circuit to compensate for these deviations.
PAR  Briefly stated, the above indicated and additional objects and advantages
      are achieved by a combination of electric circuit components including a
      first amplifier which provides an output voltage equal to a constant times
      the unknown current in the detector circuit, a multiplier which receives
      the output of the first amplifier as a first input and a second input of a
      selected value to provide an output which is the product of the selected
      value, a constant and the unknown current, and a second amplifier which
      receives the output of the multiplier as a first input and an error
      correction voltage as a second input to provide an output voltage equal to
      the product of a constant, the selected input into the multiplier and the
      unknown current.
PAR  Since of the factors making up the output voltage, the only unknown is the
      current, the output voltage is equivalent to the unknown current times a
      resistance, the value of which can be controlled by the selection of
      values for the second input to the multiplier. Since the value selected as
      the second input to the multiplier can be either negative or positive, a
      selected, simulated resistance value can be either added to or subtracted
      from the circuit of interest.
PAR  The addition of an error memory device permits drift errors in the
      detection circuit to be automatically zeroed out. This is accomplished by
      making the selected input into the multiplier zero, storing the output
      from the combination with that selected zero input and inserting it into
      the second amplifier as an error signal when the detector circuit is in
      operation.
PAR  The above mentioned and additional objects and advantages of the invention
      as well as further understanding of the invention will appear after
      consideration of the following description of a preferred embodiment in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 illustrate the use of the invention in two similar, typical
      circuits, and
PAR  FIG. 3 is a circuit diagram of a preferred embodiment of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Prior to embarking on a description of the resistance simulator according
      to the invention, which is shown in detail in FIG. 3, a brief look at two
      typical detector circuits shown in FIGS. 1 and 2 may be of some benefit.
      Identical components in the figures are identified by the same reference
      character or letter. Both of the circuits 10 and 10' employ a detector
      transducer 11 in a bridge circuit. In FIG. 2 the bridge includes resistors
      12, 14 and 16 with a constant voltage from source 18 applied thereacross
      whereas in FIG. 1 it includes resistor 12 and constant current sources 19
      and 20. Imbalances in the bridge circuits of FIGS. 1 and 2 due to the
      effect of some phenomenon on respective detectors 11 are sensed and
      amplified by amplifier A and the output 21 of amplifier A is utilized as
      an analog of the particular effect sensed by detectors 11. Those familiar
      with the detector circuitry art will appreciate that various components of
      circuits 10 and 10' can be physically positioned some distance away from
      other components.
PAR  Calibration of the circuits 10 and 10' of FIGS. 1 and 2 has heretofore
      generally been accomplished by physically inserting a number of
      resistances of known value in that leg of the bridge containing detector
      11 between junctions 24 and 25 and recording the response of the circuit
      with each. However, the connection of detector 11 into the bridge circuit
      through resistance simulator 30 - shown in block form on FIGS. 1 and 2 and
      in schematic detail in FIG. 3 - permits detector circuits 10 and 10' to be
      calibrated from a remote location and provides other advantages as will be
      presently described.
PAR  The individual components making up the preferred embodiment illustrated in
      FIG. 3 of the resistance simulator 30 according to the invention will now
      be described in conjunction with the function each performs in
      accomplishing the desired result. As shown in each figure of the drawing,
      resistance simulator 30 is connected across points 24 and 25 to complete
      the bridge of a detector circuit such as 10 or 10'. It will be appreciated
      as the description proceeds that the actual physical location of some of
      the components making up simulator 30 will be remote from others in the
      usual application thereof. As will be seen, the effect of simulator 30 in
      the detector circuit is analagous to the insertion of an apparent
      resistance, R.sub.A, of constant, preselected value between points 24 and
      25, the value of R.sub.A being determined by the following.
PAR  Current I in the leg of the bridge including detector 11 flows through
      resistance R thereby developing a voltage drop -E.sub.R = I.sup.. R-
      across the inputs of D.C. amplifier B. The output voltage of amplifier B
      at 34 is equivalent to a constant K.sub.1 times the current I, the value
      of K.sub.1 being the product of the value of resistance R times the
      amplification factor B of amplifier B.
PAR  The output 34 of amplifier B, i.e. K.sub.1 I, is fed into multiplier 32 as
      a first input thereto. The second input into multiplier 32 is a
      preselected input designated f(E) from source 37. Output 39 of multiplier
      32 is therefore the product of the two inputs thereto, K.sub.1 I.sup..
      f(E).
PAR  In the preferred arrangement multiplier 32 would be of the multiplying DAC
      (digital to analog converter) type, source 37 would be a digital computer
      and inputs 36, 36', 36" etc. would be a series of discrete digital inputs
      which would be converted to analog by the multiplying DAC. It will be
      appreciated that while source 37 provides the input f(E) utilized in the
      resistance simulator, a digital computer utilized as source 37 would
      ordinarily be physically located some distance from the remainder of the
      circuit and that the provision of the input f(E) for resistance simulator
      30 would be merely one of many possible functions of the digital computer.
PAR  Output 39 of multplier 32 is connected as the first input 41 of D.C.
      amplifier C. As shown, amplifier C is connected in the differentiating
      mode, the output therefrom appearing across junctions 45 and 47. If the
      second input 42 to amplifier C had a zero value at this point, the output
      of the device across points 24 and 25 would be K.sub.1 If(E)C + IR.
      However, by sensing the voltage between points 45 and 46 and utilizing it
      as the input to amplifier 51, the second input 42 to amplifier C becomes
      equal to K.sub.2 IR. Accordingly, the output of the device across points
      24 and 25 is actually K.sub.1 If (E)C+IR-K.sub.2 IRC. By selecting the
      values of K.sub.2 and C so that their product is one, the output of the
      device becomes K.sub.1 If(E)C.
PAR  Therefore, it can be seen that the output of the device is equivalent to
      the unknown current I times an apparent resistance the value of which is
      equal to the product of the resistance R, amplification factor B,
      amplification factor C and the input f(E). Accordingly, the value of
      apparent resistance R.sub.A can be manipulated to any desired value by the
      manipulation of f(E). Since the value of R.sub.A is independent of I, the
      device can be utilized with either the constant current sources of FIG. 1
      or the constant voltage source of FIG. 2. Moreover, the ability of
      amplifier C to swing either negative or positive permits a negative
      resistance to be simulated by the appropriate manipulation of f(E). Since
      resistance simulator 30 is isolated from other portions of the detector
      circuitry, it floats with the voltage that is induced across detector 11
      at any particular time.
PAR  The addition of error memory device 52, amplifier 53 and the sensing of
      voltage V.sub.E across points 46 and 47 makes it possible to automatically
      compensate for errors that may develop in the system. This is accomplished
      in the following manner.
PAR  Input f(E) is set to zero. With f(E) at zero, voltage V.sub.E sensed across
      points 45 and 47 represents the total error in the circuit. That error is
      amplified by amplifier 53 to provide an output K.sub.2 V.sub.E at 54 which
      is digitized and stored by error memory circuit 52. The K.sub.2 V.sub.E
      input to error memory 52 is then converted to a stored analog signal.
      Inputting f(E), i.e., digital inputs 36, 36', 36" etc. into error memory
      52 allows the error memory to be loaded with K.sub.2 V.sub.E only when
      input f(E) is zero. The K.sub.2 V.sub.E value is combined through
      summation point 56 with the input from amplifier 51 as input 42 to
      amplifier C. Accordingly, the output of the device with the f(E) input set
      at zero will be V.sub.E +IR-(K.sub.2 IRC+K.sub.2 V.sub.E C). Since K.sub.2
      and C are reciprocals, that output would be zero and detector circuits 10
      (and 10') would respond to a sensed stimulus as though no error were
      present therein.
PAR  Connector blocks 61, 62, 63 and 64 permit the resistance simulator to be
      positioned at a location remote from detector 11 and remote from digital
      computer 37.
PAR  The capability which the invention provides to remotely sense and
      manipulate resistance values -- which, it has been found, can presently be
      controlled to within 1/2 of 1% -- and to zero out errors has proven to be
      very beneficial in connection with detector circuitry as previously
      indicated. The ability to leave the simulated resistance in line during
      actual use of the detector circuit is a very useful feature in detector
      circuitry. However, the invention is by no means limited to application
      with detector circuitry. It can be beneficially used in various types of
      circuits where a capacity to change resistance values is necessary or
      desirable. As an example, the change in amplifier gains by the
      manipulation of input resistance values could be readily accommodated
      through use of the invention. Moreover, the ability to add negative
      resistance values to a circuit which the invention provides will
      undoubtedly prompt investigation of its use in the advancement of the
      state of the art in many areas.
PAR  While the fundamental novel features of the invention have been shown and
      described and pointed out as applied to particular embodiments by way of
      example, it will be appreciated by those skilled in the art that various
      omissions, substitutions and changes may be made within the principle and
      scope of the invention as expressed in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A combination of components for simulating the insertion of selected
      resistances of either positive or negative values in an electric circuit
      comprising:
PA1  a. a first amplifier means for providing an output voltage equal to a
      constant times a current in said circuit,
PA1  b. a multiplier operatively connected to said first amplifier for receiving
      said output therefrom,
PA1  c. means for providing a selected input of a manipulated value into said
      multiplier as a second input thereto whereby the output of said multiplier
      is the product of said selected input, a constant and said current, and
PA1  d. a second amplifier means, operatively connected to said multiplier to
      receive said output therefrom as a first input and operatively connected
      to receive an input representative of the input to said first amplifier
      means as a second input, for providing an output of said combination equal
      to the product of a constant, said selected input and said current.
NUM  2.
PAR  2. The combination of claim 1 wherein said first amplifier means include an
      amplifier having a resistance through which said current flows across its
      two inputs whereby the input into said first amplifier means is equal to
      said current times said resistance.
NUM  3.
PAR  3. The combination of claim 2 wherein said circuit is a bridge circuit
      having a detector in one leg thereof and said current flows in said leg
      and through said resistance connected across said amplifier of said first
      amplifier means.
NUM  4.
PAR  4. The combination of claim 2 wherein:
PA1  a. the junctions of said combination with said circuit are at the first
      input of said amplifier of said first amplifier means and the second
      output of said second amplifier means, which second amplifier means is
      connected in the differentiating mode and,
PA1  b. the second input of the amplifier of said first amplifier means is
      connected to the first output of said second amplifier means.
NUM  5.
PAR  5. The combination of claim 4 wherein said circuit is a bridge circuit
      having a detector in one leg thereof and said current flows in said leg
      and through said resistance connected across said amplifier of said first
      amplifier means.
NUM  6.
PAR  6. The combination of claim 1 wherein said selected input is a discrete
      value.
NUM  7.
PAR  7. The combination of claim 6 wherein said selected input is a digital
      input converted to analog.
NUM  8.
PAR  8. The combination of claim 7 wherein said multiplier is of the multiplying
      DAC type.
NUM  9.
PAR  9. The combination of claim 1 additionally including means for sensing
      voltage representative of error in the circuit across selected points in
      said combination and inputting said voltage into said second amplifier
      means as an error signal.
NUM  10.
PAR  10. The combination of claim 9 additionally including means for retaining
      said error signal when said selected input is zero and inputting said
      retained signal into said second amplifier thereby compensating for said
      error signal in the electrical output of said combination.
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ABST
PAL  An adjustable band is removably mounted on the head of a wearer. A light
      unit is mounted on the band for illuminating an area in front of the face
      of the wearer. The light unit comprises a lamp, a battery for energizing
      the lamp, a switch and a circuit electrically connecting the lamp, battery
      and switch in a manner whereby the switch selectively controls the
      energization of the lamp. A magnifying device is movably affixed to the
      band in a manner whereby in selected positions of the magnifying device,
      the magnifying device is over the light unit and magnifies and directs
      illumination produced by the light unit and in other positions of the
      magnifying device, the magnifying device rests on the head of the wearer.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a portable head lamp.
PAR  Objects of the invention are to provide a portable head lamp of simple
      structure, which is inexpensive in manufacture, is used with facility and
      convenience, and functions efficiently, effectively and reliably to
      provide illumination for the user while permitting the hands of the user
      to be free for desired purposes.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a schematic diagram of an embodiment of the portable head lamp of
      the invention;
PAR  FIG. 2 is a side view, on an enlarged scale, of an embodiment of the
      portable head lamp of the invention;
PAR  FIG. 3 is a view, taken along the lines III--III, of FIG. 2, and
PAR  FIG. 4 is a circuit diagram of the light unit of the portable head lamp of
      the invention.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The portable head lamp of the invention comprises an adjustable band 1
      removably mounted on the head 2 (FIG. 1) of a wearer 3.
PAR  A light unit 4 is mounted on the band 1 for illuminating an area in front
      of the face of the wearer 3. The light unit 4 comprises a lamp 5, a
      battery 6 for energizing the lamp, a switch 7 and a circuit 8 electrically
      connecting the lamp, battery and switch in a manner whereby the switch
      selectively controls the energization of the lamp, as shown in FIG. 4.
PAR  A magnifying device 9 is movably affixed to the band 1 by any suitable
      means such as, for example, a pair of pivot pins 10 and 11 (FIG. 2), in a
      manner whereby in selected positions of the magnifying device said
      magnifying device is over the light unit 4, as shown in FIGS. 2 and 3 and
      magnifies and directs illumination produced by said light unit. The
      magnifying device 9 is 11/2 to 2 inches wide. In other positions of the
      magnifying device 9, said magnifying device rests on the head of the
      wearer, as shown in FIG. 1.
PAR  An additional adjustable band, strap or elastic band 1a holds the band 1 on
      the head of the wearer.
PAR  A 3/16 inch magnifying glass or plastic prism 12 is provided in front of
      the light unit 4.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, we do not wish to be limited thereto, for
      obvious modifications will occur to those skilled in the art without
      departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A portable head lamp, comprising
PA1  an adjustable first band removably mounted on the head of a wearer;
PA1  a light unit mounted on the first band for illuminating an area in front of
      the face of the wearer, said light unit comprising a lamp, a battery for
      energizing the lamp, a switch and a circuit electrically connecting the
      lamp, battery and switch in a manner whereby the switch selectively
      controls the energization of the lamp;
PA1  a substantially rigid second band pivotally affixed to the first band; and
PA1  magnifying means affixed to the second band in a manner whereby in selected
      positions of the second band said magnifying means is over the light unit
      and magnifies and directs illumination produced by the light unit, and in
      other positions of the second band said second band rests on the head of
      the wearer and said magnifying means is spaced from the light unit.
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ABST
PAL  This invention relates to an emergency illumination system which is
      attachable to a fender portion of a vehicle and operable to both light the
      area adjacent and about the wheel structure plus outwardly therefrom to
      aid in changing a flat tire and illumination during emergencies. The
      emergency illumination system in one embodiment includes a lighting means
      having a light assembly attached at each fender portion and operable
      through an electrical means to either (1) illuminate all the wheel well
      areas by turning on an emergency flasher system of the vehicle; (2)
      operate a special switch on a turn indicator member to energize all of the
      light assemblies; and (3) having a switch member operable to be connected
      with the respective turn indicator lights so as to illuminate the forward
      ones of the light assemblies for reading house numbers and aid visually
      when turning corners. The emergency illumination system can be used for
      clearance lights on trucks, campers, etc. and constructed of various
      colors. In another embodiment, the emergency illumination system includes
      a lighting means having a self contained battery member to provide an
      independent power supply to each light assembly.
BSUM
PAR  Numerous types of emergency fender lights for vehicles are noted in the
      prior art but the present complicated structures for concealing and
      revealing the emergency light member requiring extensive installations
      costs. Additionally, the prior art structures are easily susceptible to
      damage from rocks thrown by the vehicle's tires and must be covered with a
      protective shield. The use of retractable protective shields are
      undesirable as such becomes rusty and, thus, not easily movable from the
      covered to the operative, open position. Additionally, the prior art
      emergency fender lighting systems are expensive to manufacture and
      difficult to install requiring substantial alterations of the vehicle on
      which the system is being installed.
PAR  In one preferred embodiment of this invention, an emergency illumination
      system is provided including a lighting means interconnected by an
      electrical means to a vehicle power system. The light means includes a
      housing means having a lighting assembly therein attached at each fender
      well area to an edge of a fender section. The housing means includes a
      housing member secured by connector members to the edge of the fender
      section. The housing member is preferably of a generally semicircular disc
      shape and constructed of a clear plastic material having upright parallel
      sidewalls interconnected about its periphery by an endwall and having an
      upper top, flat wall to be placed against the edge of the fender section.
      The arcuate end wall is opaque so that the light is restrained so as to
      emit only through the parallel sidewalls. Additionally, the arcuate end
      wall is provided on each opposite side with stepped portions having a flat
      surface with a hole therein for receiving the connector members which are
      metal screw members. The light assembly is molded in the plastic housing
      means and includes a bulb member connected to a ground wire and a power
      wire. The ground wire is connected to a connector tab mounted on the outer
      surface of one of the stepped portions to receive one of the screw members
      therethrough for grounding to the metal portion of the edge of the fender
      section. The power wire is similarly connected to a terminal member
      exposed on one sidewall of the housing member having a screw member
      threaded therethrough adapted to receive an input power wire. The vehicle
      power system includes a conventional battery member connected to ground
      and connected through an ignition switch member to energize a flasher
      switch and a turn indicator lever. The electrical means of this invention
      includes a supply conductor assembly connected to a control means. The
      supply conductor assembly includes, at each one of the light assemblies,
      the bulb ground wire connected through one of the screw members to the
      edge of the fender section and an additional wire member connected in
      series to all of the various light assemblies plus connected to the turn
      indicator lever. A special switch can be mounted on the turn indicator
      lever such as on the outer end thereof so that when depressed, the series
      wire member is connected to the battery member for turning on all of the
      light assemblies. In an alternate supply conductor assembly, the power
      line can be connected to the emergency flasher system required on
      automobiles so that when the special switch is actuated, the power line to
      the flasher assembly is used to energize the lighting assemblies. The
      flasher switch can be a two stage function so that when pulled out
      completely, the light assemblies would flash along with the turn indicator
      lights so as to make the vehicle readily visible in all directions during
      an emergency.
PAR  In another embodiment of the electrical means, a switch can be supplied on
      the turn indicator lever so that the front ones of the light assemblies on
      respective sides of the vehicle can be energized whenever the turn
      indicator is energized. The left or right front light assembly would be
      energized by the turn indicator lever when the headlight switch is
      actuated to provide substantial visual aid in turning corners and for
      reading house numbers.
PAR  In another embodiment of this invention, a self contained lighting system
      is provided including a lighting means connected to an electrical means
      with the lighting means having a housing means with a light assembly
      therein. The housing means is of that described in the prior embodiment
      having the housing member provided with upright sidewalls, a flat top
      wall, and an arcuate end wall. The light assembly includes a bulb member
      interconnected by a power wire and a ground wire to a battery member and
      having the power wire controlled by a toggle switch member. It is noted
      that the lighting means is completely enclosed within the housing member
      so as to be independently operable and not connected to the vehicle power
      supply.
PAR  One object of this invention is to provide an emergency illumination system
      which is provided with individual light assemblies attachable to
      respective fenders to illuminate both the area within a fender well
      section and an area external therefrom to aid in the changing of the tires
      and special illumination for other emergencies.
PAR  One further object of this invention is to provide an emergency
      illumination system having a lighting means interconnected by an
      electrical means and a vehicle power supply, being operable to (1)
      simultaneously illuminate all light assemblies in the respective fender
      wells; or (2) illuminate a respective light assembly on energization of a
      turn indicator lever for aid in turning corners; or (3) attached to a
      flasher switch circuit of the vehicle operable to provide constant light
      therefrom or flash with the parking lights to aid in the emergency
      signaling.
PAR  Another object of this invention is to provide an emergency illumination
      system having an independent battery operated light assembly mounted
      within an unbreakable housing means which is readily attachable to an
      outer edge of a fender section on a vehicle requiring little effort to
      install same.
PAR  Still, another object of this invention is to provide a self contained
      lighting system having a battery power supply with a switch member to
      energize as necessary for illuminating the respective fender well section
      of a vehicle or used as a clearance light on trucks and campers.
PAR  Still, another object of this invention is to provide an illumination
      system having a lighting assembly mounted in a housing member, the housing
      member constructed of a solid plastic material that (1) resists breakage
      even when struck directly with a hard blow, and (2) has outer smooth
      surfaces so as to prevent the clinging of dirt and the like thereto.
PAR  One further object of this invention is to provide an emergency
      illumination system which is easy to install, reliable in operation,
      economical to manufacture, and simple to use.
DRWD
PAR  Various other objects, advantages, and features of the invention will
      become apparent to those skilled in the art from the following discussion,
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a vehicle having the emergency
      illumination system of this invention attached thereto;
PAR  FIG. 2 is an enlarged exploded perspective view of a light assembly of the
      emergency illumination system of this invention;
PAR  FIG. 3 is a schematic diagram illustrating an electrical means of the
      emergency illumination system of this invention;
PAR  FIG. 4 is a schematic diagram of a second embodiment of an electrical means
      of the emergency illumination system of this invention; and
PAR  FIG. 5 is an enlarged perspective view of a self contained illumination
      system being a second embodiment of this invention.
DETD
PAR  The following is a discussion and description of preferred specific
      embodiments of the emergency illumination system of this invention, such
      being made with reference to the drawings, whereupon the same reference
      numerals are used to indicate the same or similar parts and/or structure.
      It is to be understood that such discussion and description is not to
      unduly limit the scope of the invention.
PAR  In one preferred embodiment of this invention and referring to FIG. 1, an
      emergency illumination system, indicated generally at 12, is shown as
      attached to an automotive vehicle 14. The emergency illumination system 12
      includes a main lighting means 16 interconnected by an electrical means 18
      to a vehicle power supply 20. The lighting means 16 includes a housing
      means 22 having a light assembly 24 therein. Each housing means 22 is
      attached to respective ones of a lower edge 26 of each fender section 28.
      It is noted that the lighting means 16 is mounted over and outward from
      respective ones of vehicle wheel assemblies 30 to provide illumination
      both inwardly and outwardly from the fender edge 26 as will be explained.
PAR  As shown in FIG. 2, the housing means 22 is preferably constructed of a
      clear plastic material being a lucite material or the like and consists of
      a housing member 32 with connector members 34 for securing to the fender
      edge 26. The housing member 32 is provided with vertical, upright parallel
      sidewalls 36 which are interconnected about its periphery by an arcuate
      endwall 38 integral with a flat top wall 40. The sidewalls 36 have a
      translucent surface 42 to permit light to be extended outwardly
      therethrough. The arcuate end wall 38 is opaque as by surface preparation
      so as to prevent transmitting of light therefrom and concentrate light
      emission through the sidewalls 36. The arcuate end wall 38 is of a
      generally semi-circular shape except having opposed stepped portions 43,
      each provided with a flat surface 45 to receive the connector members 34
      therethrough and thereagainst. The connector members 34 are shown as
      elongated metal screws which are adapted to be placed through respective
      spaced, vertical holes 46 securing the housing means 22 against the edge
      of the respective fender sections 28.
PAR  The light assembly 24 is molded within the housing member 32 and includes a
      bulb member 50 having a ground wire 51 and a power wire 53 connected
      thereto. The bulb member 50 is a substantial conventional type being of 12
      volt utilized in power systems in most vehicles. The ground wire 51 has
      its outer end connected to a metal connector tab 54 having a central hole
      56 to be placed about one of the holes 46 for grounding to a respective
      metal screw or connector member 34 to the fender section 28. The power
      wire 53 is connected to a connector tab 57 and a connector bolt 60 molded
      in the plastic housing member 32. The connector bolt 60 is to receive a
      wire member thereon to supply power needed for the light assembly 34.
PAR  As shown in FIG. 3, the vehicle power supply 20 includes a 12 volt battery
      63 having one terminal connected by a line 62 to ground indicated at 64
      and the other terminal connected by a line 66 to the ignition system of
      the vehicle 14.
PAR  The electrical means 18 includes a supply conductor assembly 68 connected
      to a control means 70 to control operation of the light assemblies 24. The
      supply conductor assembly 18 includes each light assembly 24 connected to
      a ground 64 by use of the connector tab 54 and a respective screw member
      34. The light assemblies 24 are connected through the other connector tabs
      57 and power wires 53 in series through a common line 72. As shown in one
      embodiment of the control means 70, the common line 72 can be connected to
      a turn indicator lever 74 through line 76 which, in turn, has power
      supplied thereto from the battery 63 through a conductor line 79. The turn
      indicator lever 74 has a push button on the outer end thereof which may be
      actuated to close a circuit from the battery 63 through lines 79, 76, and
      72 to energize the light assemblies 24 over respective ones of the wheel
      assemblies 30.
PAR  In another embodiment of a control means 80 indicated in dotted lines in
      FIG. 3, a conductor line 81 is connected to a flasher switch 83 which is
      supplied with power through a line 85 from the battery 63. The flasher
      switch 83 operates to continuously flash the tail lights and parking
      lights as a safety feature during an emergency situation. The flasher
      switch 83 can be dual positional so that in one position will work as
      normal but, in a second position, the flasher switch 83 will falsh the
      tail lights and parking lights and energize the respective light
      assemblies 24 in a non-flashing condition.
PAR  As shown in FIG. 4, another embodiment of a control means 90 includes a
      special turn indicator switch 92 which would be operable to actuate
      respective forward ones of the light assemblies 24 on movement of a turn
      indicator lever on turning in respective directions of the light
      assemblies 24. More particularly, this control means 90 includes the
      battery 63 connected by the line 62 to ground 64; a power line 94 from the
      battery 63 connected to a headlight switch 96 to the turn indicator switch
      92; forward ones of light assemblies 24 connected to the turn indicator
      switch 92 by lines 101 and 103; and rear ones of light assemblies 24 are
      connected by lines 104 and 106 to a push button switch 107. The turn
      indicator switch 92 is operable (1) in one condition as a normal switch to
      flash respective turn signal lights; (2) in a second condition whereby, if
      the headlight switch 96 is energized and the turn indicator switch 92 is
      operated, the respective ones of the light assemblies 24 in the direction
      of turning will be energized; and (3) in a third condition, the push
      button switch 107 is operable to energize all of the light assemblies 24
      from a power line 109. The circuit in FIG. 4 would be very desirable
      especially since most automobiles do not have this lateral lighting
      feature and provides safety in turning as oncoming automobiles could
      readily note your intentions.
PAR  In a second embodiment being a self contained illumination system 110 as
      shown in FIG. 5, a lighting means 112 is provided attachable to the edge
      26 of the fender section 28. The lighting means 112 includes a light
      assembly 114 mounted within the housing means 22. The housing means 22
      includes the housing member 32 secured as by the connector members 34 to
      the fender section 28. The housing member 32 includes the parallel upright
      sidewalls 36 with integral top wall 40 and arcuate end wall 38. The light
      assembly 114 includes the bulb member 50 which is connected by a wire 116
      to a switch member 117 through a second wire 119 to a self sufficient
      battery member 121. The switch member 117 is operable in the closed
      condition to convey current through a line 123 from the battery member 121
      to illuminate the bulb member 50.
PAR  In the use and operation of the emergency illumination system 12 as shown
      in FIG. 1, the respective light assemblies 24 are easily mounted in the
      proper position on the fender edge 26 and connected to a power supply
      which can be operated either through (1) a turn indicator lever, (2) a
      flasher switch, or (3) an independent switch for desired illumination.
PAR  Additionally, the turn indicator switch 92 can have a special switch member
      107 thereon as shown in FIG. 4 so can be energized simultaneous as an
      emergency system or the front two light assemblies 24 operate respectively
      with the turn indicator lever 92 to achieve illumination for turning
      corners, reading house numbers, and the like.
PAR  In the use of the self contained illumination system 110 as shown in FIG.
      5, each housing means 22 with the light assembly 114 therein is readily
      attached to the respective fender edge 26. The respective switch member
      117 is operable to energize independently the light assemblies 114 as
      required.
PAR  The self contained illumination system can be constructed with space age
      materials and the battery would last for the life of the vehicle.
PAR  It is noted that the lighting means of this invention is constructed of a
      clear plastic having an opaque outer arcuate edge so that the light
      therefrom is transmitted through the parallel upright sidewalls. This
      provides for the desirable and substantial illumination of the wheel well
      area for changing a tire plus presents substantial lighting outwardly
      therefrom for an emergency signal. Also, the illumination system of this
      invention places substantial light outwardly therefrom so as to present
      necessary light for administrating first aid and other such uses. The
      illumination system of this invention may be operable with the turn
      indicator signals so as to provide lighting for turning corners or reading
      house numbers.
PAR  Although the emergency illumination system 12 and self contained
      illumination system 110 have been described as secured to the fender
      section 28 of a automatic vehicle 14, each lighting means 16 may be
      mounted on the side of large trucks, buses, campers, and other such
      vehicles in order to act as clearance lights. This provides a system of
      economical construction allowing simplicity of replacement and durability.
      The housing means 22 can be constructed of colored, transparent plastic
      such as yellow, red, etc. to provide the proper safety lighting and
      illumination.
PAR  While the invention has been described in conjunction with preferred
      specific embodiments thereof, it will be understood that this description
      is intended to illustrate and not to limit the scope of the invention,
      which is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An emergency illumination system mounted on wheel assembly areas of a
      vehicle, comprising:
PA1  a. a lighting means connected to respective fender sections of the vehicle,
      said lighting means having a light assembly mounted within a housing
      means,
PA1  b. said housing means being of a solid, molded, plastic construction having
      a housing member with upright, parallel sidewalls integral with an end
      wall and a top wall,
PA1  c. said sidewalls being made of a transparent material and said end wall
      having an opaque covering to allow light from said light assembly through
      said sidewalls only to illuminate the respective wheel assembly area and
      an area outward therefrom,
PA1  d. said end wall being opaque to direct light through said sidewalls,
PA1  e. said light assembly enclosed by the molded plastic construction of said
      housing means for durability, and
PA1  f. said fender section having a horizontally extended fender edge and said
      top wall secured against said fender edge.
NUM  2.
PAR  2. An emergency illumination system mounted on a vehicle as safety or
      clearance lighting, comprising:
PA1  a. a lighting means connected to respective fender sections of said vehicle
      having a light assembly mounted within a housing means;
PA1  b. said housing means being of a solid, molded construction having a
      housing member with upright, parallel sidewalls integral with an end wall
      and a top wall,
PA1  c. said sidewalls being made of a transparent material and said end wall
      having an opaque covering to allow light from said light assembly through
      only said sidewalls to illuminate an area thereabout,
PA1  d. said light assembly having a storage battery molded within said housing
      means to provide an independent power source so as to be a self contained
      emergency illumination system,
PA1  e. said housing member of semi-circular disc shape being dirt and breakage
      resistant, and
PA1  f. said sidewalls being vertically extended smooth, parallel surfaces to be
      self cleaning and resistant to adherence of dirt thereto.
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ABST
PAL  A fluorescent lantern includes a tubular extruded body portion closed with
      two covers at the respective opposite ends, one of which is removably
      mounted. A planar reflector, which extends along the length of the
      enclosure proximate to a curved side in the form of a lens, includes a tab
      at one end thereof to which the collector tab of an output transistor is
      mounted, the reflector tab acting as a heat sink for maintaining the
      output transistor at a low operating temperature. A fluorescent bulb
      extends along the length of the enclosure and is disposed between the
      curved lens and the reflector to enhance the amount of light transmitted
      through the lens. Electrical terminals and a switch are connectable to a
      source of direct voltage, either external or to batteries housed within
      the enclosure, and a circuit is disposed within the enclosure for
      converting the direct voltage into an alternating voltage suitable for
      energizing the fluorescent bulb when applied across the latter. Electrical
      contacts are provided for facilitating removal of the cover by completing
      and interrupting the electrical continuity between the switch and the
      circuit means when the cover is respectively mounted and removed from the
      enclosure. The circuit means is controlled by the switch in the mounted
      condition of the cover. In this manner, the bulb may be energized and
      light emitted through the lens when the terminals are connected to a
      source of electrical energy and the switch is moved to the actuating
      position thereof.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to portable lighting means, and more
      specifically to a fluorescent lantern which is compact, simple in
      construction and economical to manufacture.
PAR  Conventional flashlights are known which include tubular body members
      dimensioned to receive storage batteries therein. Flashlights of the type
      commonly used employ a parabolic-type reflector and an incandescent light
      bulb disposed in the region of the focus of the parabolically shaped
      reflector to thereby generate, to the extent possible, a narrow beam of
      light when the bulb is energized.
PAR  It is often desirable, however, to light a given area with other than a
      narrow beam of light. For example, lanterns are frequently utilized in
      camping applications for lighting the interior of tents. Many lanterns of
      the known type for the use in this application utilize a source of fuel
      for generating light. For example, gas, turpentine and other fuels have
      been used to light lanterns used in lighting an entire area. However, many
      lanterns of this type generate a hot flame and this represents a danger
      insofar as starting a fire is concerned. Additionally, the lanterns with
      the hot flame generate a light which is not similar to daylight. Further,
      many of the known lanterns are made from metallic parts which are
      expensive to manufacture and add weight to the lantern which makes it less
      convenient to carry around on trips, such as a camping trip.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a fluorescent lantern
      which is not possessed of the above described disadvantage inherent in
      prior art comparable lanterns.
PAR  It is another object of the present invention to provide a fluorescent
      lantern which is simple in construction and economical to manufacture.
PAR  It is still another object of the present invention to provide a
      fluorescent lantern which includes a housing or body which is formed from
      a section of extruded plastic material.
PAR  It is yet another object of the present invention to provide a lantern as
      suggested in the last-mentioned object which is light in weight and easily
      transportable.
PAR  It is a further object of the present invention to provide a fluorescent
      lantern which emits fluorescent light over a relatively large area as
      opposed to a beam of light as common with prior art flashlights.
PAR  It is still a further object of the present invention to provide a
      fluorescent lantern of the type under discussion which is easily assembled
      and disassembled to change the fluorescent bulb, storage batteries or
      maintain the lantern.
PAR  It is still a further object of the present invention to provide a
      fluorescent lantern as in the last-mentioned object wherein all the
      electrical elements and circuitry are also removable from the housing for
      maintenance and repair.
PAR  It is an additional object of the present invention to provide a
      fluorescent lantern which includes means for connection to an external
      source of direct voltage, as well as including means for connection to
      storage batteries contained within the enclosure or housing of the
      lantern.
PAR  It is yet an additional object of the present invention to provide a
      fluorescent lantern which includes an electrical circuit for converting a
      direct voltage into an alternating voltage suitable for energizing a
      fluorescent bulb or lamp, the circuit including an output transistor
      having a collector tab, and wherein an elongate planar reflector is
      provided having a tab at one free end thereof to which the collector tab
      is connected to thereby remove heat from the collector tab and act as a
      heat sink to the output transistor.
PAR  In order to achieve the above objects, as well as others which will become
      apparent hereafter, a fluorescent lantern in accordance with the present
      invention comprises an at least partially transparent elongate enclosure
      having an open end. A cover is removably mounted on said enclosure to
      cover the open end when mounted on the enclosure. Reflector means is
      provided extending along the length of said enclosure proximate the
      transparent portion thereof and a fluorescent bulb extends along the
      length of said enclosure and disposed between the transparent portion and
      said reflector whereby the latter enhances the amount of light transmitted
      through said transparent portion. Electrical terminal means is provided on
      said cover connectable to a source of direct voltage and a switch is
      similarly mounted on said cover and connected to said electrical terminal
      means. Circuit means, which is disposed within said enclosure, is provided
      for converting a direct voltage into an alternating voltage suitable for
      energizing said fluorescent bulb when applied across the latter.
      Electrical contact means is provided for completing and interrupting the
      electrical continuity between said switch and said circuit means when said
      cover is respectively mounted and removed from said enclosure. In this
      manner, said circuit means is controlled by said switch in the mounted
      condition of said cover to thereby permit energization of said bulb and
      emission of light through said transparent portion when said terminal
      means is connected to a source of electrical energy and said switch is
      moved to the actuating position thereof.
PAR  According to an important feature of the present invention, said circuit
      means includes an output transistor connected to said fluorescent bulb and
      has a metallic collector tab. Said reflector means is in the form of an
      elongate planar metallic member having a tab at one free end thereof, said
      collector tab being mounted on said reflector tab to thereby cause the
      latter to serve as a heat sink for removing heat from the output
      transistor and maintaining the same at a safe operating temperature.
PAR  According to another important feature of the present invention, a
      substantial part of said enclosure forms a portion of an extruded section
      of elastomeric material. Covers provided to close the opposing open ends,
      as well as the enclosure, are made of a plastic material which results in
      a simple and lightweight construction.
PAR  A housing, receivable within said enclosure houses the electrical circuit,
      the reflector being connected to the housing and being removable from said
      enclosure therewith. Contact portions within said cover and at the free
      end of the reflector are aligned and electrically engaged when the cover
      is mounted on said enclosure to provide electrical continuity between the
      electrical terminals and the switch and the circuit. When said cover is
      removed, said reflector and said housing is fully removable from said
      enclosure for changing bulbs, storage batteries, or repairing the lantern.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  With the above and additional objects and advantages in view, as will
      hereinafter appear, this invention comprises the devices, combinations and
      arrangements of parts hereinafter described by way of example and
      illustrated in the accompanying drawings of a preferred embodiment.
PAR  FIG. 1 is a perspective view of a fluorescent lantern in accordance with
      the present invention, showing a portion of an internal covering lining
      broken away to show the manner in which the storage batteries are housed
      within the enclosure;
PAR  FIG. 2 is an enlarged cross sectional view taken longitudinally through the
      top cover of the lantern shown in FIG. 1, showing the locking lever in a
      raised position for unlocking and separating the cover from the enclosure;
PAR  FIG. 3 is a cross sectional view of the lantern taken through line 3--3 of
      FIG. 2;
PAR  FIG. 4 is an exploded view of the electrical circuit, the reflector, and
      the electrical wiring connecting the lamp to the electrical circuit,
      including the contacts for connection of the electrical circuitry to the
      switch and electrical terminals in the top cover of the lantern; and
PAR  FIG. 5 is an electrical schematic of the electrical circuit utilized in the
      present invention for converting a source of D.C. voltage into an
      alternating voltage suitable for energizing the fluorescent bulb when the
      top cover is mounted on the enclosure and the circuit is connected to a
      source of electrical energy by means of the switch in the top cover.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the figures, wherein identical or similar parts are
      designated by the same reference numerals throughout, and first referring
      to FIG. 1, there is shown the fluorescent lantern in accordance with the
      present invention which is generally designated by the reference numeral
      10.
PAR  The lantern 10 generally includes a transparent elongate housing or
      enclosure 12 having a curved front wall 14 having a circular cross section
      and in the form of a convex lens, as best shown in FIG. 3. A flat rear
      wall 16 is spaced from and in opposition to the curved front wall 14. A
      pair of opposing flat sidewalls 18 and 20 extend between the front and
      rear walls. The lantern housing or enclosure 12 generally has a uniform
      cross section along the length thereof and is advantageously made from an
      extruded section of tubing of elastomeric material. For example, the
      enclosure 12 may comprise a length of extruded tubing having the cross
      section shown in FIG. 3 and made from a light transmissive or transparent
      material such as Plexiglass or other acrylic material.
PAR  In the presently preferred shape of the housing or enclosure 12, the cross
      section has two opposing parallel portions representing the sidewalls 18
      and 20 which have a predetermined length as viewed in FIG. 3. A transverse
      portion representing the rear wall extends between the two parallel
      portions at one end of the latter and has a length less than the
      predetermined length of the sidewalls. The outwardly curved portion
      associated or representing the front wall 14 extends between the two
      parallel portions at the other end of the same to form a convex lens along
      one side of the enclosure. As will be evident from the description that
      follows, at least the convex lens or front wall 14 is transparent and
      represents the wall through which the light generated by the lantern is
      transmitted.
PAR  While the sidewalls 18 and 20 and the rear wall 16 are similarly
      transparent in the presently described embodiment, it is possible for the
      sidewalls and rear wall to be opaque so as to conceal the electric
      components, to be described, which are housed within the enclosure 12.
      When the enclosure 12 is extruded in the above suggested manner, an
      alternative to making the wall 16, 18 and 20 opaque is to utilize a cover
      lining 18a which closely follows the interior surfaces of the
      last-mentioned walls.
PAR  The extruded housing or enclosure 12 has one end thereof closed by a end or
      lower cover 22 provided with a frontal aperture 24 through which a nipple
      26 formed on the curved wall 14 may be received. With the lower peripheral
      skirt or edges of the enclosure 12 received within the bottom cover 22,
      the latter is advantageously connected to the enclosure 12 by suitable
      adhesive means so that the cover 22 becomes permanently fixed or attached
      to the enclosure.
PAR  An upper or top cover 28 is generally similarly configurated as the bottom
      cover 22 and is removably mounted on the top of the enclosure 12 for
      closing or exposing the upper opening in the enclosure. The top cover 28
      is similarly provided with an aperture 30 through which a corresponding
      nipple 32 on the curved front wall 14 is receivable for connecting the
      cover to the housing or enclosure in the manner to be described hereafter.
PAR  Referring to FIGS. 1 and 2, the top cover 28 is shown provided with a
      toggle switch, in the form of a single-pole, single-throw switch 34 and a
      recess for defining an external power receptacle in the nature of a male
      power connector 36. Provided in the recess, are a pair of pins 38 and 40
      which are respectively the negative and positive electrical terminals
      which are connectable to a source of direct voltage by means of a
      complementary or mating female connector (not shown) receivable within the
      recess. To assure that the right polarity connection is made, a rib 42 is
      advantageously provided which permits insertion of the female connector in
      only one orientation which results in appropriate alignment of the pins
      38, 40 into the corresponding polarity apertures on the female connector.
PAR  A locking lever 44 is provided which is pivotally mounted on the top cover
      28 about a pin 44a, as shown in FIG. 2. Pivotally connected to the locking
      lever 34 is a locking loop 46, shown in FIGS. 1 and 3 whose closed lower
      end is movable upwardly and downwardly with relation to the top of the
      enclosure 12 as the locking lever 34 is pivoted from its upward or
      extended, open position shown in FIG. 2 to the closed or locking position
      shown in FIG. 1. A projection, nipple or protuberance 46a extends
      rearwardly from the upper portion of the rear wall 16 which is engageable
      by the lower closed end of the loop 46 when the locking lever 44 is moved
      to its downward or locking position. Thus, the closing of the upper open
      end of the enclosure 12 is achieved by first aligning the aperture 30 with
      the nipple 32 and causing the latter to extend through the former. The
      rear end of the top cover 28 is now lowered and, with the locking lever 44
      in its upper or unlocked position, the lower closed end of the loop 46 is
      placed below the extension 46a. Locking is effected by depressing the
      locking lever 44 to its closed position shown in FIG. 1, this slightly
      elevating the closed lower end of the loop and causing the latter to abut
      against the projection 46a in pressure relation. A locking screw 48
      prevents inadvertent opening of the locking lever 44 whereby the top cover
      28 becomes securely fixed to the enclosure 12 by secure engagement with
      the nipple 32 and projection or extension 46a. Provisions for the screw 48
      is made by providing a threaded aperture 28b in the top cover 28 and by
      providing a conical recess surface corresponding to the shape of the
      screwhead. A throughhole 44c in the locking lever 44 permits passage of
      the screw 48 for threaded engagement with the top cover 28.
PAR  Means, in the form of slotted tab 50 may be advantageously provided which
      permits a strap or other holding means to be connected thereto.
PAR  A reflector 52 is provided which extends along the length of the enclosure
      proximate to the front wall or lens 14. The reflector is in the form of a
      planar member which has dimensions corresponding to those of the rear wall
      16 and extends between the other end of the parallel portions which
      correspond to the sidewalls 18, 20 where the latter are connected to the
      curved wall 14. The lens 14 and the planar reflector 15 together form an
      elongate compartment through which an elongate fluorescent bulb 54
      extends, as best shown in FIGS. 1 and 3.
PAR  Electrical terminal means are provided which are connectable to a source of
      direct voltage. As above described, one set of electrical terminal means
      comprise a pair of male pin connectors accessible on the front cover 28
      when the latter is mounted on the enclosure. As to be described hereafter,
      the source of D.C. voltage may be applied through toggle switch 34 to an
      electrical circuit which is housed within a housing 56 disposed within the
      lower region of the enclosure 12. Further electrical terminal means are
      provided which are connectable to electrical storage batteries 58 which
      are housed within the enclosure 12 and represents an internal source of
      direct electrical voltage. For this reason, the lantern 10 is portable and
      may be utilized as are other lanterns in areas where there is no ready
      source of electrical energy. The terminal means for making contact with
      the electrical poles of the storage batteries 58 include terminals or
      contacts 60 mounted on the upper surface of the housing 56 and an
      electrical contact 62, shown in FIG. 2, which is connected to the negative
      pin 38 of the external power receptable 36.
PAR  As best shown in FIGS. 2 and 3, the negative battery contacts 62 and the
      negative pin 38 are connected by means of a strap 64 to one terminal 66 of
      the toggle switch 34, the other terminal 68 of the switch being connected
      to a strap 70 whose further connection is to be described hereafter.
PAR  The other electrical terminal in the upper region of the enclosure 12 is
      the terminal or contact 78 which is in the nature of a rivet mounted or
      supported at the lower end of a standoff or spacer 28c. As shown in FIG.
      2, the electrical contact 62 is in the nature of a cylindrical member
      having a flared edge which is suitable for abutting against the planar
      negative contact of a storage battery. On the other hand, the terminal 78
      is smaller and provided with a rounded head suitable for abutting against
      the smaller positive terminal of a storage battery. The terminals 60 are
      advantageously resiliently mounted and may, within limited degrees, move
      towards and away from the top cover 28 to assure good contact with the
      battery terminals without applying excessive forces against the terminals
      62 and 78 or the cover 28.
PAR  The terminals 60 are shorted or connected to one another by means of a
      shorting strap 60a, shown in dashed outline in FIG. 4 so that the total
      direct series voltage represented by the storage batteries 58 is applied
      across the terminals 62 and 78. As above described, the negative terminals
      38 and 62 are connected to the strap 70 by means of the switch 34. The
      positive terminal 78 is connected to a conductor 76 which has a
      projection, tab or extension 76a whose function will be described
      hereafter. On the other hand, the positive pin 40 is connected to a
      conductor or strap 72 which extends towards the reflector 52, as shown in
      FIG. 3. The free end or contact portion 72a of the strap 72, the
      projection or tab 76a which also serves as a contact portion and the
      contact portion 70a of the strap 70 all extend to substantially equal
      proximity of the reflector 52 as shown in FIG. 3. These contact portions
      serve to complete and interrupt the electrical continuity between the
      switch 34 and the electrical contacts and the circuit means, to be
      described, when the cover 28 is respectively mounted and removed from the
      enclosure 12.
PAR  A transverse support member or plate 80 made out of electrically insulating
      material is provided at one or top free end of the reflector 52, the
      latter being in the nature of a planar metallic member provided with a
      rearwardly extending tab 52a. The support member or plate 80 is
      connectable to the tab 52a by means of a rivet 96 which passes through a
      central aperture 80d in the support member 80 and an aperture 52b in the
      tab 52a.
PAR  A cutout portion 80a is provided in the frontal region of the support
      member 80 for successively receiving the pins 54a and 54b of the bulb or
      lamp 54 and for permitting the pins to be reoriented in a substantially
      transverse position to the original direction of entry for the purpose of
      being securely gripped by a lamp clip 82 which is fixed or connected to
      the support member 80 by means of a rivet 84 which extends through an
      aperture 80b.
PAR  A further pair of apertures 80c and 80e are provided on each side of the
      aperture 80d. The aperture 80c serves to anchor a spring contact or
      contact portion 86 by means of a rivet 88 which passes through the
      aperture 80c. Similarly, the aperture 80e serves to anchor or secure a
      spring contact or contact portion 90 by means of a rivet 92 which extends
      through the aperture 80e.
PAR  A spring contact or contact portion 94 is mounted on the support member 80
      by means of the rivet 96 which extends through the aperture 80b as above
      described. The spring contact or contact portions 86, 90 and 94 are
      positioned and spaced from each other on the support member 80 so that the
      same are aligned with the free ends or contact portions 72a, 70a and 76a
      in electrical abutting contact therewith when the cover 28 is mounted on
      the enclosure 12.
PAR  The reflector 52 is provided with a reflective side 52r which faces the
      curved front wall 14 to optimize the amount of light transmitted through
      the front wall or lens 14. In a presently preferred embodiment, the
      reflector is made from a metal, such as tin, and is provided with a
      polished surface 52r which may be coated with a layer or deposit of
      chromium.
PAR  The spring contact 86 is connected by means of a conductor or lead 98 to
      the electrical circuit to be described. Similarly, the spring contacts 90
      and 94 are connected to the electrical circuit by means of conductors or
      leads 100 and 102. It will thus be noted, that the transverse support
      member 80 is provided at one free end of the reflector 52. A transverse
      circuit board 104 is provided at the other free end of the reflector 52.
      The support member 80 and at least a support portion of the circuit board
      104 extend into the elongate bulb compartment above described and are
      provided with means, namely clips 82 and 106, for supporting the
      fluorescent bulb 52.
PAR  The printed circuit board 104 has electrical components mounted thereon, as
      to be described, on that portion of the board which is on the other side
      of the reflector 52 with respect to the bulb support portion. The lamp
      clip 106, and the cutout portion 104b are adapted to receive the bulb pins
      52a and 52b similarly as are the clip 82 and the cutout portion 80a.
PAR  An important feature of the present invention is that the lower end of the
      reflector 52 is provided with a rearwardly directed tab 52c which has an
      aperture 52d and a slot 52e. An output transistor 120 has a collector tab
      120a which is apertured and is connected to the tab 52c by means of a
      rivet 52f which passes through the aperture in the tab 120a and the
      aperture 52d in the tab 52c. The emitter and collector leads of the
      transistor 120 pass through the aperture or slot 52e for connection to the
      printed circuit board 104.
PAR  With the rivets 96 and 52f in place, it becomes clear that the reflector
      52, the support member 80 and the printed circuit board 104 become one
      unit which may be inserted into and withdrawn from the enclosure 12. When
      the above described assembly is inserted into the enclosure 12, the spring
      contacts or contact portions 86, 90 and 94 are in aligned positions to
      engage the contact portions or free ends 70a, 72a and 76a when the cover
      is mounted on the enclosure.
PAR  The housing 56 is receivable within the enclosure 12, as above described,
      for enclosing the electrical circuit, represented by the schematic in FIG.
      5.
PAR  The printed circuit board 104 is provided with detents 104a one distributed
      on each side and rear edges of the board and the housing 56 is provided
      with downwardly projecting gripping portions provided with apertures 56a
      dimensioned to receive the detents 104a. When the housing 56a is made of a
      plastic material which is somewhat flexible, the gripping portions may be
      snapped over the detents to engage the same and form a cavity or enclosure
      which houses and protects the electrical components to be described.
PAR  With specific reference to FIGS. 4 and 5, the electrical terminals 38 and
      40 are shown in FIG. 5. The negative terminal 38 is connected by means of
      a strap 64 to the switch 34. All these elements are provided on the cover
      28. The electrical storage batteries 58 are shown connected between the
      contacts 62 and 78. The contact 62 is connected to the switch 34 by means
      of strap 64. Thus, the common or ground terminals of both the internal
      supply and the external source are each connected in series with the
      on/off switch 34 provided on the cover 28.
PAR  The positive pin 40 is connected by means of strap 72 and contact portion
      72a to spring contact or contact portion 90 above described. Similarly,
      the positive terminal 78 of the battery is connected by means of conductor
      76 and contact portion or supporting contact 76a to spring contact or
      contact portion 94. The switch 34 is itself connected by means of strap 70
      and spring or contact portion 70a to spring contact or contact portion 86.
      It is thus noted that the electrical circuit up to the spring contact or
      contact portions are disposed within the cover and represent the power
      supply portion of the circuit. A diode 110 is connected between the spring
      contacts 90 and 94 for preventing damage to the active elements in the
      circuit due to a wrong application of polarities to the pins 38 and 40.
PAR  As described above, the contact portion or spring contact 90 is connected
      by means of conductive lead 100 to one terminal of a filter or bypass
      capacitor 112, the other terminal of which is connected by means of lead
      98 to the spring contact 86. The capacitor 112 is relatively large to
      prevent fluctuations and stray disturbances from effecting the operation
      of the circuit. The capacitor 112 as well as the diode 110 also form part
      of the power supply of the circuit.
PAR  A transistor 114 has its emitter connected to the leads 102 with the base
      thereof connected to the lead 100 and the collector thereof to a junction
      point or connecting point between a resistor 116 and a capacitor 118 which
      form a divider circuit extending between the leads 98 and 100. The
      transistor 114, the resistor 116 and the capacitor 118 form an electrical
      switch which triggers or pulses a blocking oscillator which follows. The
      resistor 116 and the capacitor 118 together determine the oscillating
      frequency of the electronic switch. However, the specific frequency or the
      nature of the electronic switch used is not critical for the purpose of
      the present invention, it being understood that other electronic switches
      may be utilized for this purpose.
PAR  The blocking oscillator, which drives the fluorescent bulb or lamp 54
      includes an output transistor 120, which is in the nature of a power
      transistor which may dissipate a substantial amount of energy. For this
      reason, a transistor having a collector which can be directly heat sunk is
      utilized, such as shown in FIG. 4. As described above, the collector tab
      120a is directly connected to the tab 52c of the reflector to remove
      excessive heat therefrom and maintain the temperature of the collector at
      a suitable operating temperature.
PAR  The base of the transistor 120 is connected to a resistor 122 which is in
      series connection with a parallel arrangement of a variable resistor 124
      and a capacitor 126 connected as shown in FIG. 5. The collector of the
      transistor 120 and the potentiometer-capacitor parallel connection is
      connected to a transformer 128 which includes a primary coil 128a and two
      secondary coils 128b and 128c which are magnetically coupled to the
      primary coil. The secondary coil 128c has one terminal end thereof
      connected to the resistor 124 and capacitor 126 with the other terminal
      thereof connected to the collector of the transistor 114.
PAR  The other secondary coil 128 is connected to the lead 100 at one terminal
      thereof and to the collector of the transistor 120 at the other terminal
      thereof. A capacitor 130 is connected in parallel across the secondary
      winding 128b.
PAR  The collector of the transistor 120 is also connected to the reflector 52
      by means of the connection of the tabs 120a and 52c as above described.
      The bulb 54a is energizable by the alternating voltage generated by the
      blocking oscillator across the winding 128a the terminals of which are
      respectively connected to the spring clips 82 and 106.
PAR  As indicated above, the specific nature of the electronic switch and the
      blocking oscillator are not in and of themselves critical and other means
      for energy conversion suitable for energizing a fluorescent bulb may be
      utilized for this purpose. Of importance here is the use of the reflector
      as a heat sink as well as the electrical connections which permit the
      electronic circuitry to be disposed within a lightweight housing with the
      controls and sources of D.C. power input being provided on a removable
      cover. Also to be noted is the very simple construction of the assembly
      formed by the connection of the components shown in FIG. 4 which permits
      the insertion and removal of the assembly into and out of the enclosure 12
      for purposes of maintenance and repair.
PAR  The operation of the circuit shown in FIG. 5 is well known to those skilled
      in the art, the power supply applying a D.C. voltage to the electronic
      switch which in turn converts the D.C. voltage into an alternating trigger
      signal or pulsating signal which causes oscillation of the blocking
      oscillator at the frequency in question with sufficient amplitude
      fluctuations to energize and cause the fluorescent lamp to emit light.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and is not to be
      construed as a limitation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluorescent lantern comprising an at least partially transparent
      elongate enclosure having an open end; a cover removably mounted on said
      enclosure to cover the open end when mounted on said enclosure; reflector
      means extending along the length of said enclosure proximate the
      transparent portion thereof; a fluorescent bulb extending along the length
      of said enclosure and disposed between said transparent portion and said
      reflector means whereby said reflector means enhances the amount of light
      transmitted through said transparent portion; electrical terminal means on
      said cover connectable to a source of direct voltage; a switch mounted on
      said cover and connected to said electrical terminal means; circuit means
      disposed within said enclosure for converting a direct voltage into an
      alternating voltage suitable for energizing said fluorescent bulb when
      applied across the latter; electrical contact means for completing and
      interrupting the electrical continuity between said switch and terminal
      means and said circuit means when said cover is respectively mounted and
      removed from said enclosure; said circuit means being controlled by said
      switch in the mounted condition of said cover to thereby permit
      energization of said bulb and emission of light through said transparent
      portion when said terminal means is connected to a source of electrical
      energy and said switch is moved to the actuating position thereof; said
      electrical terminal means including a plurality of electrical contacts
      internally provided at opposite ends of said enclosure for contacting
      corresponding terminals of storage batteries which are receivable within
      said enclosure; and a housing receivable within said enclosure for
      enclosing said circuit means, said housing being positionable at the end
      of said enclosure opposite to said open end; said contacts being mounted
      on said housing and on said cover, whereby the storage batteries are
      insertable into and removable from said enclosure by removal of said
      cover.
NUM  2.
PAR  2. A lantern as defined in claim 1, wherein said circuit means includes an
      output transistor connected to said fluorescent bulb and having a metallic
      collector tab, and wherein said reflector means comprises an elongate
      planar metallic member having a tab at one free end thereof, said
      collector tab being mounted on said reflector tab, whereby the latter
      serves as a heat sink for removing heat from said output transistor and
      maintaining the same at a safe operating temperature.
NUM  3.
PAR  3. A lantern as defined in claim 1, wherein said enclosure has a uniform
      cross-section along the length thereof, said cross-section having two
      opposing parallel portions having a predetermined length, a transverse
      portion extending between said two parallel portions as one end of the
      latter and having a length less than said predetermined length, and an
      outwardly curved portion extending between said two parallel portions at
      the other end of the same to form a convex lens along one side of said
      enclosure.
NUM  4.
PAR  4. A lantern as defined in claim 3, wherein at least said convex lens is
      transparent.
NUM  5.
PAR  5. A lantern as defined in claim 4, wherein said enclosure is made from a
      transparent material; and further comprising opaque lining means for
      lining the interior surfaces of said enclosure associated with said
      parallel and transverse portions, whereby the interior of said enclosure
      cannot be viewed through the walls represented by said parallel and
      transverse portions.
NUM  6.
PAR  6. A lantern as defined in claim 3, wherein said reflector means comprises
      a planar member having dimensions corresponding to those of the enclosure
      wall represented by said transverse portion, said planar member being
      parallel to said enclosure wall and extending between said other end of
      said parallel portions where the latter are connected to said curved
      portion, said lens and said planar member forming an elongate compartment
      through which said fluorescent bulb extends.
NUM  7.
PAR  7. A lantern as defined in claim 6, further comprising a pair of transverse
      parallel support members provided at the opposite ends of said reflector
      planar member and extending into said elongate compartment; and lamp clips
      mounted on said support members for receiving the pins of said fluorescent
      bulb and supporting the same.
NUM  8.
PAR  8. A lantern as defined in claim 6, further comprising a transverse support
      member provided at one free end of said reflector planar member proximate
      said cover; and a transverse circuit board provided at the other free end
      of said reflector planar member, said support member and at least a
      support portion of said circuit board extending into said elongate
      compartment and being provided with means for supporting said fluorescent
      bulb, said circuit means having electrical components mounted on said
      circuit board portion which is disposed on the other side of said
      reflector planar member with respect to said support portion.
NUM  9.
PAR  9. A lantern as defined in claim 8, wherein said circuit board is a printed
      circuit board.
NUM  10.
PAR  10. A lantern as defined in claim 8, wherein said electrical contact means
      comprises pairs of electrically conductive portions provided on said
      support member and on said cover, each pair of conductive portions being
      aligned with and in electrical contact when said cover is mounted on said
      enclosure.
NUM  11.
PAR  11. A lantern as defined in claim 10, wherein said circuit means is
      connected to said conductive portions on said support member by means of
      lead conductors.
NUM  12.
PAR  12. A lantern as defined in claim 10, wherein said conductive portions on
      said cover are connected to said switch and electrical terminal means by
      means of conductive straps.
NUM  13.
PAR  13. A lantern as defined in claim 12, wherein the free ends of said straps
      form said conductive portions on said cover.
NUM  14.
PAR  14. A lantern as defined in claim 1, wherein said electrical terminal means
      comprises a male pin connector accessible on said cover.
NUM  15.
PAR  15. A lantern as defined in claim 1, further comprising locking means for
      securing said cover to said enclosure to prevent inadvertent separation
      therebetween.
NUM  16.
PAR  16. A lantern as defined in claim 1, wherein the lantern may be energized
      by both internal and external sources of voltage, and wherein said
      electrical terminal means comprises a common ground terminal connectable
      to one polarity of the source of voltage, and two separate terminals each
      connectable to the opposite polarity of the respective source of voltage.
NUM  17.
PAR  17. A lantern as defined in claim 16, wherein said switch is electrically
      connected in series with said common ground terminal.
NUM  18.
PAR  18. A lantern as defined in claim 1, wherein a substantial portion of said
      enclosure forms a portion of an extruded section of elastomeric material.
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ABST
PAL  A lighting fixture is disclosed which utilizes liquid cooling to remove
      heat generated by the lighting devices mounted in the fixture. The
      lighting fixture is removably attachable to a previously installed cooling
      pipe by a wedge or cam rod which engages the surface of the cooling pipe
      and the walls of a groove in the fixture in which the cooling pipe is
      disposed. The reactors and other necessary equipment for the lighting
      devices are mounted in a channel shaped structure which is in heat
      transfer relationship with the cooling pipe so as to remove heat
      therefrom.
BSUM
PAR  1. Field of Invention.
PAR  This invention relates to lighting fixtures, more particularly liquid
      cooled lighting fixtures containing a plurality of lighting devices.
PAR  2. Prior Art
PAR  The lighting requirements in work rooms, offices and similar have increased
      strongly throughout the latest decades. Such requirements can only be
      overcome with modern lamps (fluorescent tubes). Even the most advanced
      fluorescent tubes are developing a large amount of excess heat from the
      electrical energy consumption because only 10-20 % of the energy
      consumption is transformed to light. In order to improve the light
      efficiency, and remove and possibly utilize the developed heat, air
      cooling by means of venting air is much used, but air cooling requires
      complicated channel systems and suffers from various drawbacks. The
      economy and efficiency of a possible heat recovery of the vent air is
      limited.
PAR  One embodiment of a lighting fixture with water cooling is shown in
      Norwegian Pat. No. 81,659 which makes it, theoretically, possible to
      obtain a substantial technical improvement of both air conditioning and
      lighting systems, but water cooled fixtures are only used to a small
      extent because so far no fully satisfactory designs have been available.
      For instance, it appears from the U.S. Pats. Nos. 3,090,454 and 3,507,320
      that such water cooled lighting fixtures are complicated. The fixture
      according to the lastmentioned patent comprises one downwardly open box
      made from aluminum or iron plate having juxtaposed cooling tube loops. The
      air heated by the lighting tubes circulates inside the cavity of the box
      but the cooling efficiency is small, amongst others owing to the very
      small air circulation rates and mutual radiation of the lighting tubes.
      The great resistance to circulating water is limiting the possibilities of
      use.
PAR  In U.S. Pat. No. 3,281,587 there is described a lighting fixture, in which
      two lighting tubes are cooled by means of a common water carrying cooling
      tube. In order to obtain sufficient cooling by moderate cooling water
      temperature, this patent shows cooling bars in contact with the lighting
      tubes and with a metal cooling wall which is indirectly connected to the
      cooling tube; the remaining cooling substantially takes place by heat
      radiation to the cooling wall. The cooling effect of the bars is doubtful
      because they are preventing air circulation around the lighting tubes so
      that the heat transfer by convection is reduced. Since the glass of the
      lighting tubes is heat insulating and very thin no cooling will take place
      at the point of contact outside the lighting tubes. The lighting effect of
      the lighting tubes is furthermore remarkably reduced owing to the
      screening effect of the bars contacting the tubes. In said patent it is
      also mentioned that the contact base may be omitted if particularly low
      water temperatures are used because sufficient cooling may be obtained by
      radiation of heat to the cooling wall. This, however, is not possible
      because the construction shown necessarily causes a too long and
      interrupted path for the heat between the cooling surfaces and the cooling
      tube. Moreover, it appears that the fixture housing proper is not designed
      for use as an effective cooling surface. It is alternatively described as
      made from heat insulating material. It appears from the patent that the
      fixtures comprise a large number of parts so that the production and
      mounting will be very complicated.
PAR  In all of the water cooled lighting fixtures described above, the
      achievement of a somewhat satisfactory cooling is dependent on the use of
      cooling water or other coolant of low temperature. This involves several
      difficulties such as the risk of condensation as well as low efficiency by
      use of a heat pump and/or cooling tower.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to avoid the above mentioned drawbacks and
      create a lighting fixture which is particularly simple and may be produced
      at low costs, which is easy to mount, has particular economic advantages
      as to illumination technics and provides optimum cooling effect for two
      parallel lighting tubes by the use of one single, straight cooling tube.
PAR  Thus, more particularly the invention relates to a box or channel shaped
      lighting fixture comprising an internal cooling body for heat conducting
      contact with a liquid carrying, straight cooling tube which is arranged in
      parallel with and between two lighting tubes or two rows of lighting
      tubes. The cooling body is assembled from two downwardly open sheet metal
      channels forming the fixture box, as well as a downwardly extending
      partition wall between the lighting tubes, said sheet metal channels being
      formed at their upper portions with a groove for the cooling tube directly
      below the roof of the fixture box, said partition wall forming a
      downwardly open channel below said groove.
PAR  According to the further invention, said two sheet metal channels may be
      symmetrical and clamped to each other so that said two portions form the
      whole fixture box as well as the cooling body and surrounding the lighting
      tubes as well as their reactors.
PAR  In a further embodiment of the invention, the lighting tube holders of the
      fixture with their attachments are so arranged that the tubes are kept in
      a position lower than said groove.
PAR  According to the invention said groove may be somewhat deeper than the
      diameter of the cooling tube, and with the registering openings in the
      side walls of the groove for introduction of one or more preferably
      resilient clamping devices forcing the cooling tube downwardly into the
      groove. According to the invention the clamping device may be formed as a
      resilient lever secured to an excenter rod.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is now to be described with reference to the drawings,
PAR  FIG. 1 shows a cross section of a lighting fixture according to the
      invention,
PAR  FIG. 2 shows the cross section of FIG. 1 with the resilient lever in an
      unclamped position,
PAR  FIG. 3 shows a cross section of FIGS. 1 and 2, but with a second embodiment
      of the clamping device,
PAR  FIG. 4 shows a cross section of a portion of a lighting fixture according
      to the present invention, with a third embodiment of the clamping device,
PAR  FIG. 5 shows a cross section of a portion of a lighting fixture according
      to the present invention with a fourth embodiment of the clamping device,
PAR  FIG. 6 shows a clamping device and guide groove in section along line B--B
      in FIG. 5 with the device inserted,
PAR  FIG. 7 shows a section of a modified guide groove with the clamping device
      of FIG. 5 in clamping position, and
PAR  FIG. 8 shows a longitudinal section along line A--A in FIG. 1 and in
      principle corresponding sections of the modifications.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As apparent the fixture box as well as the cooling body of all the
      embodiments may be assembled from sheet metal channels (I and II) formed
      as shown in the drawing.
PAR  The designations or reference numerals used in the drawings are as follows:
PA1  1 -- lighting fixture body
PA1  1' -- roof of the fixture
PA1  2 -- fluorescent lamps or lighting tubes
PA1  3 -- transparent cover
PA1  4 -- open grill
PA1  5 -- partition wall (reflector wall)
PA1  6 -- liquid carrying cooling tube
PA1  7 -- clamping connections (such as screws, clips, spot welds, rivets or the
      like)
PA1  8 -- holders for tubular lamps
PA1  9 -- attachment for holders
PA1  12 -- end wall
PA1  13 -- ballast coil (reactor)
PA1  14 -- heat and/or sound insulating mat
PA1  15 -- foil
PA1  16 -- perforations
PA1  17 -- recess
PA1  18 -- groove for cooling tube
PA1  19 -- underceiling
PA1  20 -- adjustable suspension device for the fixture
PA1  21 -- sealing of the foil along the edges
PA1  22 -- open end portion of the fixture box
PA1  23 -- cover of opening for reactor, capacitor and connecting box
PA1  24 -- channel for electric wiring
PA1  25 -- opening for glow igniter
PA1  26 -- clamping device - resilient lever
PA1  27 -- latching socket - latching lug
PA1  28 -- opening for lighting tube holder
PA1  30 -- central connecting box
PA1  31 -- lateral bracing of partition wall 5
PA1  32 -- bracket - excenterpart - for engaging recess for cooling tube
PA1  33 -- cylindric portion of clamping device
PA1  34 -- tapering half cylindric portion of clamping device
PA1  36 -- screw for securing of reactor
PA1  37 -- stamped guide groove for clamping device
PA1  38 -- separate sheet type guide groove
PA1  39 -- wedge shaped clamping device of sheet metal
PA1  42 -- preferably transparent guide screen for air flow
PAR  The lighting fixture box according to the invention may be mass produced
      from rolled or stamped metal plates. The material best suited is rolled
      aluminum plate material having a thickness of approx. 1 mm. The plate may
      be eloxated prior to production, painted or spray laquered on the
      reflecting side and possibly perforated. In the latter case a light
      reflecting foil of plastic or other suitable material is provided
      externally of the box. This foil is fixed in airtight manner (sealed) to
      the fixture along the edges. Above the lighting box there may be placed a
      heat absorbing mat. By providing the perforated box with an open grill the
      fixture will act as sound proofing in a well known manner.
PAR  The complete fixture box 1 comprises preferably two symmetrically equal
      halves I and II, see FIGS. 1, 2 and 5, the opposite side walls of which
      are mutually connected by means of rivets, welding or similar means.
      Adjacent to the upper horizontal walls or roofs respectively of the
      boxhalves recesses have been provided forming a groove 18 in which is
      placed the cooling tube 6.
PAR  In order to facilitate the introduction of the cooling tube 6 into the
      groove 18 in the upper wall or roof of the fixture box, the walls of said
      groove 18 are preferably diverging.
PAR  As shown in dotted lines (FIG. 1) the two boxshaped fixture halves may have
      inclined side walls. In all the embodiments the separating walls 5 form a
      downwardly open channel below the groove 18, in which the ballast coil and
      all the other electric components are arranged.
PAR  For absorption of the heat generated by the electric components they are
      secured in heat a conducting way in the channel and as near to the groove
      18 as possible, as shown in the drawings. For stiffening the side walls 5
      they can be provided with bracings 31 which may consist of bent portions
      of the side walls.
PAR  The fixtures may be separately arranged with intermediate connections, or
      they may be arranged abutting each other in the longitudinal direction to
      provide luminating bands. The fixtures may be provided with end walls, but
      they may also be made completely or partly without end walls, as shown by
      22, FIG. 8.
PAR  All the embodiments permit a very fast and simple securing of prefabricated
      fixtures to a cooling tube system which is provided in advance below the
      ceiling in the room in question and which is previously pressure tested.
      The tube system is then preferably placed somewhat lower than its final
      position. The fixtures, inclusive all components except lighting tubes and
      grills or covers, are pushed upwardly against the cooling tubes so that
      these are slid into the grooves 18, the fixtures being secured to the
      suspension devices 20 so that the tubes preferably are resting in the
      grooves of the fixtures. The insulating mats are provided at a suitable
      time. The clamping devices shown permit a very high contact pressure
      between the fixtures and the cooling tubes without deformation of the
      relatively thin metal sheets, as well as a very fast securing to the tubes
      by clamping, which may be done separately when all fixtures and
      underceiling are finished and in location. Accordingly, it is of
      particular importance that the clamping onto the tubes can be made inside
      the fixture box itself. The fixtures may further, if necessary, be easily
      and individually demounted. The electric apparatus is easy to reach and
      detachable. In the embodiment of FIG. 1 the channel for the electric
      equipment (reactors, glow igniters, wires etc.) is detachably secured to
      the wall of the groove 18 and other components and the holders for the
      lighting tubes are secured on the channel. Thus, the equipment may be
      disassembled together with and fixed to the channel by releasable screws
      which may be reached from the lower side of the fixture.
PAR  Consequently, the fixtures may be arranged in any underceiling construction
      or freely suspended in the room.
PAR  In a simple embodiment the clamping device consists of a cylindrical metal
      rod of spring steel which is angularly shaped and one arm 32 of which is
      adapted to be inserted through openings a and b in the position shown in
      FIG. 2. As apparent from FIG. 1 the said first arm 32 is formed with a
      bending to provide a cam which, by pivoting of the other arm -- the lever
      32 -- the necessary angle will, engage the upper side of the cooling tube
      6 as the cam assumes an inclined position. The lever 32 may be curved so
      as to straighten when the incurved end portion of the free arm is pushed
      through an opening d in the side wall of the groove 18, see FIG. 8.
PAR  The clamping device according to FIGS. 5, 6 and 7 is formed differently
      from the type of FIGS. 1 and 2.
PAR  The excentric portion of the clamping device may be formed of a relatively
      thick rod of metal, PVC or similar sufficiently strong material having an
      approximately cylindrical portion, a preferably cylindrical portion and a
      stop lug. By first inserting the excentric portion through openings a and
      b or a, b and c, FIG. 3, in the position of FIG. 5 and then turning it
      through a suitable angle by means of the lever 26, a very high contact
      pressure may be obtained between the cooling tube and the groove.
PAR  The guide grooves facilitate the inserting of the excentric rod and protect
      the sheet metal against further deformations.
PAR  The clamping device may also be a resilient wedge 39, as shown in FIG. 4
      and be made of metal or PVC. The wedge 39 is initially pushed in through
      the openings a and b and is then forced into clamping position manually by
      a pair of tongs or similar tool.
PAR  The clamping devices shown may each be used for any of the embodiments
      shown in the drawings.
PAR  Modern lighting fixtures contain a small number of electrical components
      which are mostly standardized all over the world. This is particularly
      true with the fluorescent tubes, which for obtaining the highest possible
      efficiency require a surface temperature of between 35.degree. and
      50.degree.C. This may be achieved by means of the invention by using only
      one cooling tube which will provide the necessary cooling of two parallel
      lighting tubes. Thereby, the highest possible efficiency of the cooling
      tube system is obtained.
PAR  Preferably the complete inner surface of the fixture box is used as an
      active cooling surface by heat transfer by convection and radiation.
      Positioning of the downwardly extending partition wall 5 directly beneath
      the groove 18 avoids not only the problem of mutual radiation of the two
      parallel lighting tubes, but also obtains a considerable absorption of the
      heat radiating from same. The cold partition wall causes an intensive air
      circulation around the lighting tubes and along the cooling walls, as
      indicated by the arrows in FIG. 1, thus a high heat transfer by convection
      is obtained. The possible cover or grid covering the bottom of the box
      will simultaneously be swept by a relatively cold circulating air within
      the fixture box, whereby heat transfer to the room is reduced or even
      eliminated.
PAR  During heating periods, the cooling water heated through circulation in the
      cooling tubes may be used for heating the room, such as by means of the
      so-called radiant ceilings or in radiators and/or for direct heating of
      fresh air (venting air). At demand for hot water of higher temperature,
      heat pumping may take place with very little power consumption.
PAR  Excess heat may also be carried away by known means, such as cooling
      machines, cooling towers, consumption water and similar means.
PAR  In order to obtain an increased cooling effect and/or the possibility of
      using a cooling liquid having relatively high temperature, continuous rows
      of fixtures (see 22, FIG. 5) may be vented longitudinally by means of
      ventilators, either in a closed circuit or by vent air which preferably is
      sucked in from the room at the end portions of the rows. Except for the
      vent places, in this case the cover 3 should be airtight and heat
      insulating.
PAR  The lighting fixture according to the invention may preferably be cooled by
      return water from such metallic cooling ceilings as marketed under the
      trademark "Frenger ceiling".
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A box or channel-shaped lighting fixture, having an internal cooling
      body for heat conducting contact with a straight liquid carrying cooling
      tube arranged in parallel with and between two lighting tubes or rows of
      lighting tubes, comprising; two metal plate channels (I, II) forming the
      lighting fixture (1) surrounding both lighting tubes (2), said channels
      being formed at their junction in the upper portion thereof with an
      upwardly open groove (18) for engaging the cooling tube directly below the
      roof (1') of the fixture; a downwardly extending, double partition wall
      (5) located between the lighting tubes, and contacting said channels to
      transfer heat thereto, said double separating wall (5) forming a
      downwardly open channel which is located below said groove (18) and
      wherein reactors of the lighting tubes (2) are mounted, which reactors are
      fixed in heat conducting manner within the channel.
NUM  2.
PAR  2. A lighting fixture as claimed in claim 1, in which the said two metal
      plate channels (I, II) are symmetrically arranged and are fixedly
      connected with each other at the axis of symmetry.
NUM  3.
PAR  3. A lighting fixture as claimed in claim 1, in which holders (8) for the
      lighting tubes with their fixtures (9) are mounted such that the lighting
      tubes (2) are in a position lower than said groove (18).
NUM  4.
PAR  4. A lighting fixture as claimed in claim 1, in which the depth of said
      groove (18) is greater than the diameter of the cooling tube and wherein
      the side walls of the groove have aligned openings therethrough disposed
      below the upper wall (1') for introduction of at least one resilient
      clamping device which engages the cooling tube so as to force the cooling
      tube (6) downwardly into the groove, said clamping device being introduced
      from the interior of the fixture box.
NUM  5.
PAR  5. A lighting fixture as claimed in claim 4, in which the clamping device
      comprises a resilient rod pivotally attached connected with an excenter
      rod (32 or 34) at right angle to same.
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ABST
PAL  A device for controlling the angular position of turning headlamps of motor
      vehicles comprises a correcting hydraulic circuit connecting an auxiliary
      distributor to the hydraulic circuit transmitting control power. The
      distributor is adapted to alternately be connected to a source of
      hydraulic liquid under pressure and to an exhaust for discharging liquid.
      The distributor permits a compensation for any reduction in the initial
      volume of the liquid in the control transmission circuit or a discharge of
      any excess liquid, such reduction or excess being due to variations in the
      thermal condition of the liquid in the circuit. Means are also provided
      for neutralizing the correcting circuit in all angular positions of the
      steering mechanism other than the straight-ahead driving position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to servo means for controlling the
      orientation of automobile headlamps as a function of the steering
      mechanism position, notably in the case of headlamps adapted to pivot on
      either side of a middle position.
PAR  It is known, with a view to obtain a better front visibility along sinuous
      or winding road sections, to control the direction of the light beams of
      turning front headlamps of a motor vehicle in response to the actuation of
      the steering mechanism or to the position of the steerable wheels, the
      headlamps pivoting laterally in relation to the direction of the path
      followed by the vehicle.
PAR  Hitherto known control devices of this type are based on the use of more or
      less complicated linkage systems, of flexible cables or rods driven
      through mechanical, electromagnetic or hydraulic means providing not only
      the lateral scanning function but also necessary ancillary correcting
      functions, notably the function of returning the device to the
      "straightahead" position requiring a considerable precision and
      reliability in time. These requirements, notably in the case of hydraulic
      systems, are frequently impaired by expansion effects due to thermal
      variations causing the volume of the operating fluid to increase or
      decrease. These variations are in turn a cause of undesired additional or
      insufficient movements leading to a certain detrimental misadjustment of
      the desired angular position of the headlamps. Obviously, although these
      disturbances are scarcely discernible or objectionable during angular
      scanning manoeuvers, they are detrimental and sometimes hazardous on
      account of their permanent nature when the vehicle is driven on straight
      roads.
PAR  Various devices have already been proposed for preventing these
      disturbances, notably by associating with the main headlamp hydraulic
      control circuit an auxiliary circuit wherein any volume variations are
      utilized for compensating variations due to the temperature prevailing in
      the main circuit, such auxiliary circuit being controlled by the expansion
      of an element heated by an electric circuit energized through means
      responsive to the movements of the headlamp proper. This system is
      objectionable because on the one hand it introduces a heating member
      acting with a certain lag or response time, and on the other hand it adds
      to the hydraulic system an electric circuit and a switch for supplying
      current to the heating element, with a consequent likelihood of impairing
      the reliability of the control system.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a device for controlling the orientation of
      headlamps, such device being adapted to palliate the abovementioned
      disturbing effects while avoiding the inconveniences mentioned in the
      foregoing by utilizing only hydraulic members not relying on the use of a
      power source other than that already utilized in hitherto known control
      systems, this device being capable of restoring automatically the
      headlamps to their "straight ahead" position.
PAR  This control device is characterised essentially in that it comprises a
      hydraulic correcting circuit connecting an auxiliary distributor to the
      main or primary hydraulic circuit transmitting the control action to the
      turning headlamps. The distributor is adapted on the one hand to be
      connected in succession to a source of liquid under pressure and to an
      exhaust for draining liquid, and on the other hand to either compensate
      the reduction in the initial volume of liquid available in the main
      control transmission circuit or discharge an excess of such volume. Such
      reduction or excess results from a thermal condition of the liquid in the
      circuit. Means are also provided for neutralising the correcting circuit
      in the steering mechanism positions departing from that corresponding to a
      rectilinear driving path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features characterising this invention will appear as the following
      description proceeds with reference to the attached drawing illustrating
      diagrammatically by way of example a typical embodiment thereof shown in
      the "straight ahead" steering and headlamp position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the single FIGURE of the drawing it will be seen that the
      device according to the present invention comprises primarily a control
      unit including a two-armed bellcrank lever 1 of which one arm 1a is
      pivotally connected to the steering linkage member 2a driven by the
      steering rack 3 driven in turn (through reduction gears 4 and a steering
      column 5) by the steering wheel 6 of the vehicle. The other arm 1b of
      lever 1 is pivotally connected to the outer end of the rod 7 of a piston
      8a slidably mounted in a cylinder 8b of a hydraulic transmitter 8. The
      pivot shaft or fulcrum 9 of lever 1 is rigidly connected to another member
      2b of the steering linkage, which is operatively connected in turn to the
      stub-axle of a steerable wheel 10. The control unit further comprises a
      hydraulic receiver 11 having a cylinder 11b in which a piston 11a is
      slidably mounted, and a pipe line 12 connecting this cylinder 11b to a
      compression chamber 8c of transmitter 8. A rod 13 connects the piston 11a
      on the side opposite the outlet port of pipe line 12 (which is the inlet
      port of cylinder 11b) to an actuating lever 14 rigid with the pivot shaft
      15 of a movable headlamp 16 of the motor vehicle, for example a turning
      headlamp adapted to pivot about the vertical axis of a supporting shaft
      15, on either side of the middle position illustrated in the drawing. A
      return spring 17 constantly urges the lever 14 to counteract any movement
      thereof likely to be caused by the presence of fluid under pressure in
      receiver 11.
PAR  The device comprises on the other hand, according to the present invention,
      a correcting unit incorporating a stop valve 18 having formed in its body
      18a a central bore 18b having a passage extending thereacross connecting
      two opposite sections 19a and 19b of an auxiliary correcting circuit 19. A
      valve member 20 slidably mounted in bore 18b of valve 18 against the force
      of an antagonistic spring 21 is adapted either to cut off the
      communication between the two circuit sections 19a and 19b of correcting
      circuit 19, or to permit the operation of circuit 19 by restoring such
      communication. To this end, the valve member 20 is operatively connected
      to a cam member 22 having a bottom dead centre adjacent the valve 18, cam
      member 22 being rigid with the shaft 9 of the steering mechanism. A roller
      follower 23 is carried by the sliding valve member 20 and permits the
      mutual engagement between valve member 20 and the aforesaid cam member 22,
      the spring 21 urging the valve member 20 to its open-circuit position when
      the roller follower 23 engages a cavity 22a formed at the bottom dead
      centre of cam 22 for restoring fluid circulation through the valve 18. The
      angular setting or timing of cam 22 is such that the bottom dead centre
      corresponding to the free communication in circuit 19 is operative only
      when the vehicle is being driven in the straight ahead condition. The
      first section 19a of correcting circuit 19 is connected to the compression
      chamber 8c of hydraulic transmitter 8, and the second section 19b opens
      into an auxiliary distributor 24.
PAR  This distributor 24 comprises a double-acting piston 24a slidably mounted
      in an axial bore of a cylinder 24b, and the central portion of piston 24a
      has a reduced diameter providing a central annular cavity 24c. Opening
      into cavity 24c located centrally of the cylinder for a piston position
      corresponding to the straight-ahead driving condition of the vehicle is a
      port connected to section 19b of the correcting circuit. This piston 24a
      is operatively connected via a rod 25 to the free end of a driven arm 26
      connected in turn through a resilient torsion member 28 to the pivot shaft
      15 of headlamp 16, such resilient torsion member providing a reduction
      ratio between the angular movement of the headlamp supporting shaft 15 and
      the shaft 27 connected to the distributor 24.
PAR  A feed line 29 from a suitable source of fluid under pressure (not shown)
      and an exhaust line 30 connected to a fluid reservoir open through
      corresponding ports into the cylinder 24b, on opposite sides of the
      central portion corresponding to the aforesaid cavity 24c of the piston in
      the position shown in the drawing.
PAR  This device, as far as the conditions of operation arising when driving the
      vehicle along a straight or substantially straight road are concerned,
      operates as follows:
PAR  The correcting circuit 19 becomes operative as a consequence of the
      backward movement of valve member 20 of stop valve 18 which is caused by
      the force of spring 21, as permitted by the engagement of a roller
      follower 23 in the bottom dead centre cavity 22a of cam member 22. Any
      residual variation in the volume of hydraulic fluid in pipe lines 12 and
      19 (interconnected through the compression chamber 8c of control
      transmitter 8), due notably to temperature changes in relation to a
      preadjusted mean value, causes the piston 11a of control receiver 11 to
      move in one or the other direction. Thus, the actuating lever 14
      operatively connected via rod 13 to piston 11a is shifted angularly, and
      consequently the headlamp 16 is also shifted angularly. This angular
      shift, transmitted from the actuating lever 14 to the driven lever 26
      through resilient element 28, is attended by a movement of translation of
      the double-acting piston 24a in cylinder 24b of distributor 24 in one or
      the other direction, from the inoperative position shown in the drawing.
      Thus, the annular cavity 24c of piston 24a will register either with the
      feed line 29 (in case of contraction of the hydraulic liquid) or with the
      exhaust line 30 (in case of expansion of the hydraulic liquid), thus
      permitting restoration of the volumetric balance by increasing or reducing
      the volume of liquid in the circuit lines 12 and 19. This balance will
      cause the headlamp 16 to resume its straight-ahead drive position, due to
      the action of return spring 17.
PAR  For any angular position of the steering mechanism which departs from the
      rectilinear position, the valve member 20 of stop valve 18 is driven in by
      cam member 22 and thus the communication between the pipe line sections
      19a and 19b is cut off by this valve, whereby the correcting device is
      neutralized.
PAR  Although a specific embodiment of this invention has been described
      hereinabove and illustrated in the accompanying drawing, it will readily
      occur to those skilled in the art that various modifications and changes
      may be made thereto without departing from the scope of the invention as
      set forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In a device for controlling the orientation of vehicle headlamps in
      response to movement of the vehicle steering mechanism, such device being
      of the type including a primary hydraulic circuit having liquid therein; a
      hydraulic transmitter mechanically connected to said steering mechanism
      and hydraulically communicating with said primary hydraulic circuit to
      pressurize said liquid therein in response to movement of said steering
      mechanism; a hydraulic receiver mechanically connected to said headlamps
      and hydraulically communicating with said primary hydraulic circuit to
      move said headlamps in response to pressurizing of said liquid; and means
      for compensating for volume changes of said liquid due to temperature
      variations thereof; the improvement wherein said compensating means
      comprises:
PA1  an auxiliary distributor mechanically connected to said headlamps and
      having an element movable in response to movement of said headlamps;
PA1  a correcting hydraulic circuit hydraulically communicating said auxiliary
      distributor with said primary hydraulic circuit;
PA1  hydraulic liquid supply means for supplying additional liquid to said
      correcting hydraulic circuit upon movement of said element of said
      auxiliary distributor in a first direction;
PA1  hydraulic liquid exhaust means for exhausting liquid from said correcting
      hydraulic circuit upon movement of said element of said auxiliary
      distributor in a second direction; and
PA1  means, responsive to movement of said steering mechanism, for allowing
      communication between said correcting hydraulic circuit and said primary
      hydraulic circuit when said steering mechanism is in a straight-ahead
      driving position, such that liquid will be supplied to and exhausted from
      said primary hydraulic circuit in response to movement of said element of
      said auxiliary distributor, and for interrupting communication between
      said correcting hydraulic circuit and said primary hydraulic circuit when
      said steering mechanism is in any position other than said straight-ahead
      driving position;
PA1  whereby movement of said element of said auxiliary distributor will supply
      additional liquid to or exhaust excess liquid from said primary hudraulic
      circuit only when said steering mechanism is in said straight-ahead
      driving position and only as a result of volume change due to temperature
      variation of said liquid in said primary hydraulic circuit.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein said element of said
      auxiliary distributor comprises a doubleacting piston mechanically
      connected to said headlamp and having a central portion of a reduced
      diameter to provide an annular cavity communicable, upon movement of said
      piston, with said liquid supply means or said liquid exhaust means.
NUM  3.
PAR  3. The improvement claimed in claim 2, wherein said piston of said
      auxiliary distributor is connected by means of a pivoting member and a
      resilient torsion element to said headlamp.
NUM  4.
PAR  4. The improvement claimed in claim 1, wherein communication allowing and
      interrupting means comprises a stop valve interposed in said correcting
      hudraulic circuit, a first portion of said correcting hydraulic circuit
      connecting said stop valve to said primary hydraulic circuit, and a second
      portion of said correcting hydraulic circuit connecting said stop valve to
      said auxiliary distributor.
NUM  5.
PAR  5. The improvement claimed in claim 4, further comprising a cam member
      having a bottom dead center cavity and being rigidly connected to said
      steering mechanism, and wherein said stop valve includes a valve member
      carrying a cam follower, said valve member being biased such that said cam
      follower engages said cam member and rests on said bottom dead center when
      said steering mechanism is in said straight-ahead driving position, said
      valve member thus being moved to allow communication through said stop
      valve between said first and second portions of said correcting hydraulic
      circuit, and at any angular position of said steering mechanism other than
      said straight-ahead driving position said valve member of said stop valve
      is moved by said cam member to interrupt said communication.
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ABST
PAL  Tunneling electronic devices responsive to infrared and far infrared
      radiation are formed by overlapping deposits which define ultra-thin
      dielectric layers (less than about 10 Angstrom thickness) between metal
      layers, and contact areas of the order of 1 micron.sup.2 or less.
      Preferred embodiments feature operation in the negative impedance region,
      particularly using multibarrier structures or operating at low temperature
      with both metals superconductors, and incorporation of the same in
      oscillators and multivibrators. Other embodiments feature two or more such
      devices in the form of triodes having positive feedback achieved by
      radiative or inductive coupling using integrally deposited line structures
      as the respective antennas or inductors. Similar deposited antennas, e.g.
      dipole antennas, are employed to produce radiative outputs from the
      devices achieving, e.g. tunable sources of radiation in the far infrared
      or infrared. The junctions are integrated with thin film structures
      designed to introduce capacitance as well as inductance components for
      appropriate impedance as parts of lumped circuit elements at far IR and IR
      frequencies. These enable tank circuits to be formed resonating in these
      regions. Loop constructions are also shown in which selected overlapped
      regions are sized to form tunneling junctions and other overlapped regions
      are sized or otherwise constructed to avoid non-linear effects. A
      frequency dividing network is shown enabling infrared or far infrared
      frequencies to be subdivided by a series of coupled oscillators
      constructed as above. Nonlinearities of the junction and production of
      reactive components in the junction, i.e. for impedance matching purposes,
      as with the antennas, are achieved by appropriate selection of the input
      frequencies relative to quantized modes of the dielectric layer. By
      appropriate selection, the variety of equivalent circuits can be achieved
      appropriate to such matching. Addition of selected impurities to the
      dielectric layer can serve to introduce the quantized modes in the far IR
      and IR and to enhance the scattering effects upon the AC signal in these
      regions.039474341 c 6
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GOVT
PAR  The invention herein described was made in the course of work performed
      under Contract No. F19628-7--C-0150 with the Electronics Systems Division
      of the Department of the Air Force and under Contract No.
      N00014-67-A-0204-0014 with the Office of Naval Research, Department of the
      Navy.
PARN
PAR  This application is a continuation in part of my co-pending applications
      entitled Generating and Using Coherent Optical Radiation, Ser. No. 389,970
      filed Aug. 20, 1973 and Solid State Optical Junction Devices and Arrays
      and Systems Incorporating Same, Ser. No. 389,783, filed Aug. 20, 1973, now
      U.S. Pat. No. 3,898,453, which in turn are continuations in part of my
      prior application Ser. No. 62,380 filed Aug. 10, 1970, now U.S. Pat. No.
      3,755,678. The disclosures thereof are all thereby incorporated by
      reference.
BSUM
PAR  This invention relates to devices capable of oscillation, radiation,
      amplification, frequency subdivision and other functions at the far
      infrared and adjacent regions of the frequency spectrum. In this invention
      quantum mechanical electron tunneling is employed in a
      metal-dielectric-metal deposit upon a solid substrate. The deposit
      comprises ultra thin dielectric films and microscopic contact areas, and
      is integrated with other components of the device, including inductance
      and feedback antenna arrangements.
PAR  As noted by L. F. Saki in "Long Journey into Tunneling," Science, Mar. 22,
      1974, p. 1149, et seq, the tunneling phenomenon in metal-dielectric-metal
      contracts per se was demonstrated in 1930, and since that time has been
      the subject of extensive research. Also, as noted in that article and
      articles by I Giaever in "Electron Tunneling and Superconductivity,"
      Science, Mar. 29, 1974, p. 1253, et seq, and Davis and Hasack in "Double
      Barrier in Thin Film Triodes," Journal of Applied Physics, Apr. 1963 p.
      864, et seq, such contacts have been known to produce a negative
      resistance characteristic, meaning amplifiers, oscillators, and other
      devices, and have been known also to be useful to form triodes, etc.
PAR  In prior work the dielectric barrier has been of 30 Angstrom or usually
      considerably greater thickness and typical contact areas have been of the
      order of one square millimeter. The relatively large capacitance of such
      contacts, the rapid increase in impedance when one decreases contact area
      for reducing capacitance, and the problems of non-uniformity in deposited
      layers have seemingly limited the practical speed of response of such
      tunneling contacts to frequencies much lower than those of concern here.
PAR  According to the present invention it has been discovered to be possible to
      obtain a true response over a broad range extending into the far infrared
      and infrared regions employing solid deposits having contact areas of the
      order of 1 square micron (1 million times smaller than the above example),
      with dielectric thicknesses of less than about 10 Angstrom (less than 5
      atoms thickness). Significantly it is found that the ultra-thin dielectric
      layer between the metal deposits successfully resists breakdown under the
      applied voltage and current densities and has contact impedance at the
      most of a few hundred ohms (impedance so low that in a larger contact it
      might be considered a metallic short). (For actual test results see the
      paper authored by my colleagues and myself: Small, Elchinger, Javan,
      Sanchez, Bachner and Smythe, Applied Physics Letters Vol. 24, No. 6, Mar.
      15, 1974, P. 275 et seq., the disclosure of which is hereby incorporated
      by reference.)
PAR  Within the parameters of construction described above, tunneling is
      obtained, with response at frequencies of the order of 10.sup.12 Hz and
      higher, with contact capacitance of the order of 10.sup..sup.-12 farad or
      indeed 10.sup..sup.-14 or lower. While a full explanation of these results
      is not yet available, it is probable that a number of compensating factors
      have, fortuitously, and in combination, allowed these results to be
      obtained. Thus, although prediction of non-uniformities in deposit
      thicknesses of about 10A has discouraged experiments, it has been now
      realized that the drastically reduced contact area of the present device
      reduces the probability of non-uniformity effects; and while reduction in
      contact area per se would greatly increase impedance, the reduction in
      barrier thickness more than compensates, while the enlarged current
      densities do not lead to failure perhaps because of increased cooling
      effects attributable to the increase of surface to volume ratio attendant
      with the reduction in size.
PAR  Further, according to the invention, devices including oscillators,
      radiation sources, amplifiers, multivibrators and frequency subdividers
      are constructed incorporating metal-dielectric-metal deposited contact
      regions within the parameters just noted. Preferably these are realized in
      the form of multibarrier structures, i.e. structures having two or more
      layers of dielectric separated by appropriate metal layers in a series
      arrangement or by operating with the metals of the junction in
      superconductive state.
PAR  In certain embodiments the contact exhibits a negative impedance
      characteristic, means are provided to bias the contact into the negative
      impedance region, and the contact is connected in parallel with an
      inductance to define an integrated tank circuit with resonant frequency in
      the desired region. According to one preferred embodiment the RC time
      constant of the circuit is as fast as the speed of response of the contact
      and oscillations take place in the form of CW. In another embodiment where
      the speed of response of the contact is not matched to the RC time
      constant of the circuit, a relaxation oscillator is achieved, its
      oscillation appearing in the form of pulses. In either embodiment
      advantageously a means to alter the bias over the negative impedance curve
      is provided to enable the frequency of oscillation to be pulled, thus to
      achieve a tunable oscillator at far infrared or adjacent frequencies.
PAR  In preferred embodiments an antenna structure is deposited on the substrate
      matched to the frequency of oscillation, for emitting radiation at that
      frequency. According to one preferred embodiment, a contact having a
      negative impedance characteristic is connected across a pair of parallel
      conductors deposited upon the substrate, of length related to the
      oscillation wave length, to provide the inductance of the tank circuit,
      the outer ends of these lines being connected to an antenna structure,
      preferably each line connected to one branch of a dipole antenna.
      According to another preferred embodiment, a loop is formed by multiple
      deposits which also, in a region of juncture, form the effective contact,
      extensions of the deposits forming an antenna.
PAR  In a device according to another preferred embodiment, a multiple barrier
      structure is provided in which an intermediate metal layer forms in effect
      a control grid or base, its voltage controlling the current flowing from
      one side to the other of the structure.
PAR  In another embodiment two or more such devices are provided with the
      collector of the first connected to the control or base of the second. By
      adding a deposited antenna optically coupling the collector of the second
      device with the control or base of the second, a feedback oscillator
      operable in the far infrared region or adjacent frequencies is achieved.
      In similar arrangements monostable and bistable multivibrators are
      achievable.
PAR  In still another embodiment a series of oscillator structures is provided
      of progressively lower resonating frequency, employed to subdivide the
      frequency e.g. of a laser, to a lower frequency, at which it may be
      radiated or conducted through a transmission line. In other embodiments
      selection of input frequencies relative to local quantized modes of the
      dielectric barrier are employed to enhance nonlinearities or to introduce
      nonlinear reactive components.
DRWD
PAR  These and numerous other objects and features of the invention will be
      understood from the following detailed description of certain embodiments
      taken in conjunction with the drawings wherein:
PAR  FIG. 1 is a plan view illustrating initial steps in fabricating a device
      according to the invention;
PAR  FIG. 2 shows a diode device according to the invention;
PAR  FIG. 3 shows a multibarrier diode according to the invention, which with
      addition of dotted portions becomes a triode device;
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 3; and FIG. 4a
      is a diagram of the resulting multibarrier junction;
PAR  FIG. 5 is a current-voltage curve (I vs V) illustrating a negative
      impedance region of active devices employed in certain embodiments;
PAR  FIG. 6 is a plan view of a negative impedance oscillator incorporating an
      active device according to the invention; and FIG. 6a illustrates details
      of fabrication thereof;
PAR  FIGS. 7 and 8 are plan views of alternative embodiments to that of FIG. 6;
PAR  FIG. 9 is a plan view of an oscillator employing triodes and antennas
      providing feedback in accordance with the invention.
PAR  FIG. 10 is a diagrammatic view of a frequency divider network employing a
      series of negative impedance oscillators, responsive to input from a
      laser;
PAR  FIG. 11 is a diagram illustrating the local quantized modes of the
      dielectric barrier of devices according to the invention in relation to a
      far infrared or infrared input; and
PAR  FIGS. 12a, b, c and d illustrate equivalent circuits achievable from
      appropriate selection of the variables of the device of FIG. 11.
PAR  FIG. 13 is a diagram of a parametric frequency down conversion unit.
PAR  FIG. 13a is an illustration of the invention employing a fabre-Perot
      resonator.
DETD
PAR  In the presently preferred form a multibarrier device is manufactured in
      accordance with generally known microelectronic methods, and presented
      with other structure in a predetermined array, such as described below.
      For devices operable in the far infrared and infrared region, the
      techniques of photolithography e.g. as described in Smith, Bachner and
      Efremow, Journal of Electrochemical Society; Electrochemical Technology,
      May 1971, Vol. 118, No. 5 are applicable, in which deposited lines to an
      accuracy of less than 1 micron are realizable. Alternatively, and of
      particular utility for shorter wave lengths, one may employ the methods of
      electron beam microfabrication such as are described in "Microcircuits by
      Electron Beam," Broers and Hatzaki; Scientific American, November, 1972.
PAR  The ultrathin dielectric layer employed in the device according to the
      invention may be obtained by choosing metal which has an inherently thin
      oxide layer (e.g. nickel) or by employing metals usually having thicker
      oxide layers, limiting the amount of oxygen to which the metal is exposed
      and then by applying additional layers of metal and dielectric to seal the
      contact area from further exposure to oxygen. Other dielectric substances
      may be employed too.
PAR  Referring to FIGS. 1 and 4 the first step in forming a device according to
      the invention is to deposit upon a non-conductive substrate 10 (preferably
      transparent to the radiation of interest, e.g. silicon, aluminum oxide or
      sapphire for infrared radiation) a conductive line structure 12 including
      leg 14 of an appropriate first metal, e.g. copper, nickel or aluminum. The
      leg 14 has a width d of the order of 1 micron and a controlled thickness
      of less than 1 micron. The metal of this line structure or at least the
      tip of leg 14 for the contact region is then allowed to oxidize (or is
      coated) to form what will become a potential barrier, a dielectric layer
      16 of a few Angstrom (less than about 1 nm) thickness. Referring to FIG. 2
      in the next step a second conductive line structure 18 with leg 20 similar
      to leg 14 but at right angles to it, of a second metal which may be the
      same or different from the first is deposited on the substrate, with width
      d and a controlled thickness less than 1 micron and slightly overlapping
      in region E the top of leg 14, a distance kept small, preferably less than
      about 1 micron. The metal of this second leg 20 is then provided with a
      dielectric layer 22 as above. Then, referring to FIG. 3, a third
      conductive line structure 24 of a third metal is deposited with leg 26
      similar to leg 14, aligned with it and pointed in the opposite direction.
      It slightly overlaps the top of leg 20 in region E, a distance t, also
      kept small, preferably less than 1 micron.
PAR  The particular metals and oxides or other dielectric are chosen with their
      work functions and similar characteristics in mind, as well as the mode
      and conditions of proposed operation. Thus where it is desired to have a
      nickel and chromium sandwich, with oxide dielectric, it is preferable to
      deposit the nickel first and allow it to oxidize, as it oxidizes more
      gradually than chromium, offering better opportunity to control the oxide
      to obtain the ultra thin oxide layer. Similarly, where the device is
      intended to provide a negative impedance phenomenon in accordance with
      super lattice theory, not only should the various thicknesses, including
      the intermediate metal thickness, be properly designed and controlled to
      ensure conservation of energy and momentum, but also the substances should
      be selected with a view to proper reflectivities, as explained in the
      literature. Where it is desired to have both or only one side of the
      device superconductive appropriate choice of metals is again dictated, to
      employ metals which are superconductive at the chosen temperature of
      operation.
PAR  Under certain circumstances even a diode formed in accordance with FIG. 2
      will produce an I-V characteristic having a region of negative slope, i.e.
      negative resistance, which can lead to negative resistance oscillators.
      One mechanism through which this can occur is by operating at low
      temperature with both metals superconducting, see the tunneling articles
      cited above. Another mechanism for achieving negative impedance is by
      utilization of multi-barrier structures, i.e. structures in which there
      are two or more dielectric layers separated by a metal layer of
      predetermined thickness. FIG. 4 can be taken as a representation of such a
      multi-barrier construction, see also FIG. 4a.
PAR  The multi-barrier structure, constructed in accordance with appropriate
      parameters, can produce a negative impedance region in accordance with
      multi-layer tunneling barrier phenomena of the super lattice, as explained
      by Tsu and Esaki, Applied Physics Letters, Vol. 22, No. 11, June 1, 1973,
      p. 562. In FIG. 3 of that article the I-V curve for the double and triple
      barriers is given, in which regions of negative impedance are clearly
      seen.
PAR  Multi-layer devices within the general parameters given above, i.e. contact
      areas of less than about 1 micron.sup.2 and barrier thicknesses less than
      about 10 Angstrom, can achieve the desired high-speed response while
      demonstrating the negative impedance characteristic just mentioned.
      According to the invention, such a structure is integrated with deposits
      forming a tank circuit, thus to provide a negative impedance oscillator.
PAR  FIG. 5 denotes the current-voltage characteristic curve of such a device,
      and FIG. 6 represents the incorporation of such a device into an
      oscillator.
PAR  In FIG. 6, a multi-barrier diode 30 of the metal-dielectric-metal type (as
      illustrated in FIG. 3) is constructed in accordance with the foregoing
      parameters, having a region of negative slope in its current-voltage
      characteristic and provided with leads 32 and 34 for connection to a
      voltage source to bias the junction into the negative conductance region.
      The junction typically has between its legs 14, 26 a capacitance of the
      order of 10.sup..sup.-12 to 10.sup..sup.-14 farad, the smaller values
      being advantageous for higher frequency operation. A pair of parallel
      electrically conductive line structures 36 and 38 is deposited upon the
      substrate to form an inductive element, the ends 36a and 38a being
      connected to respective sides of the junction. The length of these line
      structures is approximately a quarter wavelength of the frequency of
      interest taking into consideration the fact that the wavelength for the
      integrated structure upon the substrate will be less than the free space
      wavelength of the same frequency. In the embodiment illustrated in FIG. 6,
      these line structures are each less than about 2 microns in width and
      thickness, and the selected spacing S between them is about 5 microns. The
      inductance of the tank circuit is determined in accordance with well known
      theory by the length of the structures 36, 38 which is selected with
      regard to the frequency that will be used in the device.
PAR  The right-hand ends of the parallel line structures 36 and 38 are connected
      to the inner ends of dipole antenna 40, each branch 40a, 40b of this
      antenna extending at a right angle to its respective line structure and
      the overall length of the dipole being approximately a half wavelength of
      the operating frequency. For an example the length of the parallel lines
      36 and 38 may be 10 or 20 or 50 microns (and each branch of the dipole
      antenna the same length) depending upon the frequency at which resonance
      is desired. The capacitance for the thus formed tank circuit is provided
      dominantly by the junction 30, but also in part by the parallel line
      structures 36, 38; the inductance of the circuit is dominated by the
      properly spaced parallel lines; the resistance is dominated by the
      radiation resistance of the antenna; and the more detailed design
      considerations readily follow from known work in negative resistance
      oscillators, tailoring the oscillator expressions to the very small size
      and the very small capacitance and inductance present, and being careful
      to take into consideration effects that the leads 32, 34 may have at very
      high frequency.
PAR  Alternative structures will be evident to those skilled in the art as
      illustrated in FIG. 7 wherein elements identified with primed numerals
      have functions corresponding to those with unprimed numerals in FIG. 6.
PAR  In operation, a DC voltage is applied across pads 32 and 34, sending a
      current through the tunneling contact 30 and driving the tunneling contact
      with the negative impedance region. Then this system will oscillate at a
      frequency determined by the circuit as a whole. The antenna will radiate
      at the resonant frequency, thus providing a source, for instance, of far
      infrared of a frequency determined by the particular dimensions chosen in
      depositing the structure. Also, by changing the bias between the contact
      pads 32 and 34, it is possible to change from one portion to another of
      the negative impedance region of the current-voltage curve of the active
      device, thus to pull the frequency. Using this technique it is possible to
      achieve a tunable range of about 10 percent of the frequency.
PAR  FIG. 6a illustrates how the oscillator of FIG. 6 may be advantageously
      fabricated by first depositing integral metallic structure I defining the
      first metal layer of the active device, first lead 32, inductance line 36
      and the upper branch 40a of the dipole antenna, then after oxidizing,
      depositing a controlled thickness metal layer 42, and after again
      oxidizing, depositing a second line structure II defining the third metal
      layer of the active device, the second lead 34, line 38 and the lower
      branch 40b of the antenna. It may be noted that only three deposits and
      two oxidation steps are required for the construction of the complete
      oscillator.
PAR  Typically a contact area of 1 micron.sup.2 may be assumed with a
      metal-to-metal separation at each dielectric layer on the order of the
      atomic dimension, that is, less than about 10 Angstrom. The inductance L
      provided dominantly by the parallel line structure is of the order of 3
      .times. 10.sup..sup.-12 Henry and the capacitance C is equal to
      10.sup..sup.-14 or 10.sup..sup.-15 farad, contributed dominantly by the
      junction. Accordingly the frequency f is given by:
EQU  f = 1/(2 .pi..sqroot.LC ) .apprxeq. 10.sup.12 Hz
PAR  The dipole antenna 40,/is then constructed with overall length .lambda./2
      of 100 microns suitably corrected to take into account the change in
      wavelength due to the presence of the substrate upon which the antenna is
      deposited.
PAR  As shown in FIG. 8 it is also possible to deposit an integrated structure
      with an active device in a loop where the inductance would appear
      essentially from the loop. Referring to FIG. 8, a first metal deposit 41
      of e.g., 20 micron length and curved to form half of an inductance loop is
      vacuum deposited on the substrate and then allowed to oxidize to provide a
      dielectric layer thereupon. Then intermediate layer 42 is deposited at A
      and oxidized. Subsequently, a second half loop 43 of metal of line width
      and thickness of about 2.mu. is deposited with ends overlapping the ends
      of the half loop 41 at A and at B. The overlap in the area A is sized to
      produce a multi-barrier junction with a contact area of 1 micron.sup.2 or
      less in accordance with the principles outlined above. The area of overlap
      B at the opposite ends of the loop however is sized much larger and
      therefore is effectively shorted by its own capacitance at the frequencies
      of interest. (Or area B may be protected from oxidation effects and an
      ohmic contact formed.) Thus there is provided a tank circuit with the
      inductance of the loop appearing in parallel with the capacitance of the
      junction. Dipole antenna 44 and biasing leads 46, 48, may be provided by
      the same operations employed to form the diode as described in connection
      with FIG. 6a. In this structure the single loop defines the inductance of
      the tank circuit and again the tiny contact establishes the capacitance,
      it being remembered that the very small separation of the metal layers of
      the active device, on the order of the atomic dimension, 5 or 10 Angstrom,
      makes the capacitance of the contact dominant. Typical dimensions and
      parameters for this construction are readily calculated from well known
      theory for any desired operating frequency in accordance with the
      principles discussed above.
PAR  One application of devices according to the invention is as a source of far
      infrared or infrared radiation, tunable by varying the bias voltage on the
      contact and thus shifting the point of operation along the I-V curve in
      the negative impedance region. Thus it can be seen that in a way a new
      laser is formed for generating radiation; and it is possible to
      incorporate the device in a Fabre Perot resonator to achieve a more
      intense radiation level or to employ a phased array of the devices to
      achieve a similar effect.
PAR  The oscillator is particularly useful in spectroscopy and in atomic clocks
      for the purpose of up-conversion or in other instances for the purpose of
      down-conversion, discussed below.
PAR  Multi-barrier active devices such as those described above are also useful
      to provide amplification and feedback controlled circuits. In such cases
      the intermediate metal layer is extended as shown in dotted lines in FIG.
      3. The intermediate metal acts as a control element along the line of the
      theoretical consideration given by Davis and Hosack in "Double Barrier in
      Thin-Film Triodes", Journal of Applied Physics, April, 1963, p. 864, et
      seq. and references there cited, to which reference is made. Feedback from
      one portion of a device to another may be accomplished by radiative
      coupling through antennas deposited as integrated structures with the
      active devices as illustrated in FIG. 9 where two multi-layer active
      devices are deposited upon a substrate. The first device 50 has its
      intermediate metal layer 52 connected to an .lambda./2 antenna leg 54 and
      the second device 56 has its intermediate metal layer 58 connected to the
      emitter 60 of the first device. Also the collector of the second device is
      connected to an .lambda./2 antenna leg 62. The two antenna legs are
      parallel and spaced in accordance with known antenna theory to enable
      positive feedback which thus supports resonance in the selected frequency
      region. As with other such oscillators the system has a band through which
      it can be tuned by varying the bias across the devices by means of bias
      pads 61, 64, 66, and 68.
PAR  Additional elements may be added to obtain more complex circuits as
      indicated in FIG. 9 where in dotted lines a third ultra-thin dielectric
      layer triode is indicated, controlled by the second, and with antenna
      coupled to the second for positive feedback. Thus a phased array of three
      or more active devices can be achieved, all coupled for positive feedback,
      and their antennas also radiating to the outside world at the resonant
      frequency.
PAR  It is further apparent that by appropriately adjusting antenna separation
      negative feedback can be achieved and by appropriate changes in the
      printed circuitry and with reference to the extensive literature on
      circuit theory, both monostable and bistable multi-vibrators can be
      achieved, with obvious application as signal sources and storage
      components in computers and other logic networks operable at speeds
      greatly increased over those heretofore known.
PAR  Negative impedance diode oscillator or a triode configuration used as a
      multivibrator or as a flip-flop circuit element can be used to subdivide
      frequencies. This can be done in accordance with principles well known at
      radio frequencies. See Principles and Applications of Electron Devices,
      Paul D. Ankrum, international Text Book Company. In such devices the
      frequency of oscillation can become synchronized by an external signal. An
      applied voltage of a frequency higher than the free-running oscillation
      frequency of the system can cause it to lock at the frequency of the
      synchronizing signal or it can become locked at a subharmonic frequency of
      it. Accordingly the invention described here enables subdividing
      frequencies starting from far infrared or infrared frequencies. Possible
      applications of this principle include high frequency counter
      applications.
PAR  Referring now to FIG. 10 a laser 80 applies a radiation input 82 of
      infrared wave length .lambda. through lense 84 to a first negative
      impedance oscillator structure 86 which has an antenna input structure 87
      resonant to .lambda.. The same oscillator structure 86 also has an output
      structure 89 resonating at 2.lambda.. The radiation input through lens 84
      at frequency V = c/.lambda. will trigger the oscillator 86 to oscillate at
      frequency V.sub.1 = C/(2.lambda.) which in turn, through its output, is
      coupled to a second stage 90 of similar construction but designed to
      oscillate at frequency V.sub.2 = c/(4.lambda.). As indicated by the dots,
      further stages subdivide the frequencies in additional steps. The output
      can be coupled out for instance by a parallel pair of lines 92 forming a
      transmission line. More elaborate oscillator designs utilizing diodes as
      well as triode configurations can be utilized in accordance to the
      principles well known in the radio frequency regions, see for instance the
      Ankrum reference cited above, and thus multivibrators or flip-flop
      elements can be achieved.
PAR  Reference is made now to the aspect of the invention concerning enhancement
      of nonlinearities in the active devices and introduction of nonlinear
      reactive components as desired by appropriate relation of the operating
      frequencies to the quantized modes. In a diode structure, it is known that
      tunneling electrons can be scattered from local quantized modes of the
      dielectric barrier. This effect has been frequently observed in large area
      tunneling junctions which are not capable of responding at high
      frequencies. In these cases, the effect appears as changes in the DC I-V
      characteristic curve whose onsets occur at fairly well-defined values of
      bias voltages. These voltages correspond to the quantized energies of the
      vibrational modes associated with specific molecular bonds in the
      dielectric barrier (see J. Lambe and R. C. Jakleivic, Phys. Rev. 165, 821
      (1968). Employing the present invention, tunneling junctions can be made
      with a capability of operating at very high alternating frequencies and
      according to a further feature of the invention the input frequencies are
      then chosen to be in the regions where the local quantized modes of the
      dielectric barrier lie. In these regions resonant scattering of
      alternating currents from the local modes will result in dispersive
      effects causing a phase-shift to appear between alternating current and
      the applied voltage. This will in turn introduce inductive or capacitive
      components in the tunneling impedance. These reactive effects will be
      nonlinear functions of the applied voltages. According to this effect, a
      diode junction when used at frequencies close to the resonances of its
      local quantized modes, will show enhanced non-linearities. Beyond this
      according to the invention, in these regions, the nonlinear capacitive or
      inductive effects can be used to match the junctions to the antenna
      structure integrated to it.
PAR  Similar dispersive effects are also expected in multibarrier structures
      (super lattice); i.e. the non-linearities of tunneling impedance, the
      resistive as well as the reactive components of impedance, are enhanced in
      the regions where tunneling electrons resonate with the multibarrier
      structure.
PAR  Referring now to FIG. 11, a printed diode metal-to-metal junction is shown
      where the letters M denote the two metal components and 0 the intervening
      dielectric layer. The levels E.sub.1, E.sub.2, E.sub.3, denote quantized
      energies of the local modes. The voltage V applied across the dielectric
      layer 0 is V = V.sub.0 + v Cos .omega. t (where V.sub.0 is the biasing
      voltage and v the applied radiation field) and a current flows I = I.sub.0
      + i Cos (.omega.t + .phi.) where i is is the amplitude of the alternating
      current and .phi. is the phase shift.
PAR  Depending upon the relationship of the frequency of the voltage applied
      across the metal-to-metal diode structure a phase shift, .phi. , occurs
      between the applied voltage V and the resultant current I. This results in
      the reactive components, as mentioned before and, depending upon the
      particular relationship of the frequency with respect to the exact
      resonances any of the equivalent circuits of FIGS. 12a, 12b, 12c and 12d
      can be realized. The variability of the resistive and inductive components
      indicated in FIG. 12a can be controlled by varying the biasing field
      V.sub.0 as well as the applied radiation field v.
PAR  The effects here described can be introduced or enhanced by utilizing
      impurities in the dielectric layer as it is being deposited. The
      impurities can be for instance H.sub.2 O, or D.sub.2 O or organic
      molecules such as methyl alcohol, etc. Different impurities will give
      different energy spacings.
PAR  Advantages of nonlinear reactive effects in parametric frequency conversion
      and frequency mixing are well-known from previous knowledge in the radio
      and microwave frequency work. All of these previous considerations are
      applicable to the invention described here. For instance in frequency down
      conversion, nonlinear reactive effects will not be limited in efficiency
      by the Manly Row relation and hence can be more efficient as compared to
      application of resistive nonlinear effects. Referring to FIG. 13, an
      example of parametric frequency down conversion is to drive the nonlinear
      junction 90 (constructed according to the techniques described above) at a
      frequency .omega.. By introducing resonant tank circuits 92 and 94 by the
      thin film techniques already mentioned, these circuits being resonant at
      frequencies .omega..sub.1 and .omega..sub.2, such that .omega..sub.1 +
      .omega..sub.2 = .omega., oscillation will then occur at .omega..sub.1 and
      .omega..sub.2 if the amplitude of the driving voltage at .omega. is
      sufficiently large. The outputs at .omega..sub.1 and .omega..sub.2 are
      then taken along the transmission line output coupling 96. The nonlinear
      reactive components employed in this embodiment can be obtained by, e.g.,
      two local quantized modes, one of them having an energy spacing in the
      vicinity of h .omega..sub.1 and the other in the vicinity of h
      .omega..sub.2 where h is the Plank Constant. In addition to a
      tank-circuit, external Fabre Perot resonators can be used to enhance the
      Qs at the appropriate frequencies as suggested in FIG. 13a.
PAR  By limiting the junction contact area to about 1 micron.sup.2 and the
      dielectric thickness to less than 10 Angstrom, the devices according to
      the invention can be operated at frequencies in the submillimeter and far
      infrared region, and at even higher frequencies if precise manufacturing
      techniques such as X-ray or electron beam lithography are used to achieve
      very small dimensions.
PAR  Operation of the active devices in a negative impedance oscillator (whether
      in CW or as a relaxation oscillator) or in feedback arrangements, can in
      certain instances be enhanced by cryogenic cooling.
PAR  It will be understood that while a major aspect of the invention relates to
      the achievement of active devices, especially oscillators and vibrators
      operable in the far infrared and infrared regions, the discoveries,
      particularly with reference to the performance of ultra-thin dielectric
      layers and small areas of the printed structures, as well as the
      associated printed antenna, will lead in certain instances to application
      to adjoining frequency regions, both higher and lower.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic device comprising a substrate and thereon first and second
      metallic overlapping deposits with a dielectric layer therebetween forming
      a metal-dielectric-metal type junction having a contact area of the order
      of 1 micron.sup.2 or less and the dielectric layer thickness being less
      than about 10 Angstrom, said junction being conductive through quantum
      mechanical tunneling effects and having a non-linear current-voltage
      response characteristic.
NUM  2.
PAR  2. The device of claim 1, the current-voltage response curve of said device
      having a negative impedance region, and including connections integrally
      formed with said first and second layers for biasing said device into said
      negative impedance region.
NUM  3.
PAR  3. A device as claimed in claim 1 including an intermediate metallic layer
      between said first and second metallic layers and separated therefrom by
      dielectric layers.
NUM  4.
PAR  4. A device as claimed in claim 1 including on said substrate a linear
      inductor structure connected to and deposited integrally with at least one
      of said metallic layers forming said junction.
NUM  5.
PAR  5. A device as claimed in claim 4 said inductor element and said junction
      connected to form an oscillator.
NUM  6.
PAR  6. The oscillator of claim 5 including on said substrate a metal deposit
      connected to and deposited integrally with at least one of said junction
      forming layers providing a radiating antenna, an antenna responsive to
      oscillations in said oscillator.
NUM  7.
PAR  7. The oscillator of claim 5 wherein said inductor is defined by parallel
      metal line structures deposited upon said substrate, different line
      structures connected to different sides of said contact.
NUM  8.
PAR  8. The oscillator of claim 6 wherein each side of said contact is connected
      to a portion of an antenna structure.
NUM  9.
PAR  9. The oscillator of claim 7 including a deposited dipole antenna
      structure, the branches thereof extending at right angles to said parallel
      metal line structures.
NUM  10.
PAR  10. The oscillator of claim 9 wherein one end of each of said parallel line
      structures is connected to a respective side of said junction and the
      other end is connected to the inner end of a branch of said dipole
      antenna.
NUM  11.
PAR  11. The oscillator of claim 7 wherein the connection between each of said
      line structures to the respective side of said contact is made at a
      mid-portion of said line structure and the inner end of a branch of a
      dipole antenna is connected to and extends outwardly from the mid-portion
      of each of said line structures.
NUM  12.
PAR  12. The oscillator of claim 5 including a first linear structure integrally
      deposited with said first metallic layer of said junction, said junction
      being at an end thereof, and a second linear structure deposited
      integrally with said second metallic layer of said junction, said junction
      being at an end thereof, the ends of said first and second structures
      remote from said junction overlapping and effectively shorted at the
      operating frequencies of the oscillator, the said first and second
      structures forming a loop providing inductance for said oscillator.
NUM  13.
PAR  13. The oscillator of claim 12 wherein said remote ends of said line
      structures which overlap form an ohmic contact.
NUM  14.
PAR  14. The oscillator of claim 12 wherein said other ends of said line
      structure which overlap are separated by a dielectric layer, the area of
      said overlap being substantially greater than 1 micron.sup.2.
NUM  15.
PAR  15. The oscillator of claim 10 wherein opposite sides of said loop are
      connected to the inner ends of respective branches of a dipole antenna
      formed by metal line structures deposited on said substrate.
NUM  16.
PAR  16. The oscillator of claim 5 wherein said device comprises at least two
      layers of dielectric separated by a metal layer, said negative impedance
      region established by a multi-barrier response characteristic.
NUM  17.
PAR  17. The device of claim 1 including a linear antenna structure connected to
      and integrally deposited with at least one of said metallic junction
      layers.
NUM  18.
PAR  18. Two devices as claimed in claim 17, the antenna structures of the
      respective devices positioned to provide feedback between said devices.
NUM  19.
PAR  19. The apparatus of claim 18 wherein each of said devices includes a pair
      of dielectric layers separated by a metal layer which serves as a control
      of the conductance of said device, the control of said first device
      connected to a metal deposit forming a receiving antenna, the collector of
      said first device connected to the control of the second said device, and
      the collector of the second device connected to a metal deposit forming a
      transmitting antenna, said receiving and transmitting antenna arranged in
      coupling relation to provide positive feedback from the second to the
      first device to maintain oscillation.
NUM  20.
PAR  20. A multi-vibrator incorporating the device of claim 1 as the active
      element.
NUM  21.
PAR  21. An electronic device incorporating a plurality of active devices as
      claimed in claim 1 with a feedback arrangement wherein said active devices
      comprise a series of deposits on a substrate having nonlinear current
      voltage characteristics in the far infrared region, each of said deposits
      being integrated with an antenna structure printed upon said substrate,
      said antenna structures disposed in coupling relation to each other, and
      related to their respective active devices to transmit a feedback signal
      between said devices.
NUM  22.
PAR  22. The device of claim 21 wherein said antennas are constructed and
      arranged for positive feedback.
NUM  23.
PAR  23. An oscillator for producing radiation of wavelength .lambda.
      incorporationg the device of claim 22 wherein said antennas are of a
      length .lambda./2 or 3.lambda./2.
NUM  24.
PAR  24. The oscillator of claim 23 wherein three or more of said devices are
      arranged in a phased array for coupled operation.
NUM  25.
PAR  25. An electronic device comprising a substrate and thereon first and
      second metallic overlapping deposits with a dielectric layer therebetween
      forming a metal-dielectric-metal type junction having a contact area of
      the order of 1 micron.sup.2 or less and the dielectric layer thickness
      being less than about 10 Angstrom, said junction being conductive through
      quantum mechanical tunneling effects and having a non-linear
      current-voltage response characteristic, said dielectric layer having
      local quantized modes and means applying to such junction an alternating
      field of frequency in the region of the energy band between local
      quantized modes thereby to produce a response dependent upon the
      interaction of said applied field and said local quantized modes.
NUM  26.
PAR  26. The electronic device of claim 25 having a response to infrared
      radiation and said means applying a field of infrared frequency to said
      dielectric layer.
NUM  27.
PAR  27. The electronic device of claim 25 having a response to far infrared
      radiation and said means applying a field of far infrared frequency to
      said dielectric layer.
NUM  28.
PAR  28. The electronic device of claim 25 said alternating field and said
      quantized modes cooperatively selected to produce enhanced nonlinear
      response of said junction to applied AC fields.
NUM  29.
PAR  29. The electronic device of claim 25 in combination with an antenna, said
      alternating field and said quantized modes cooperatively selected to
      produce a reactive component tending to match the impedance of the
      junction to said antenna.
NUM  30.
PAR  30. An electronic frequency conversion device comprising a series of
      junctions each comprising first and second metallic overlapping deposits
      on a substrate with a dielectric layer therebetween forming a
      metal-dielectric-metal type junction having contact area of the order of 1
      micron.sup.2 or less and the dielectric layer thickness less than about 10
      Angstrom, each said junction conductive through quantum mechanical
      tunneling effects and having a non-linear current-voltage response
      characteristic, each of said junctions associated with other components
      forming an oscillator, the resonant frequencies of the resultant series of
      oscillators progressively varying through the series in accordance with
      multiples of a given wave length, means for coupling said oscillators
      together and means for coupling into a first said oscillator an applied
      radiation field input of wave length related to said given wave length
      such that frequency is converted by the progressive interaction of said
      series of oscillations.
NUM  31.
PAR  31. The device of claim 30 wherein said applied field is of infrared or far
      infrared frequency.
NUM  32.
PAR  32. The device of claim 30 wherein junctions in said series have input and
      output structures mutually related throughout said series, the input
      structure of a given oscillator being resonant at the resonant frequency
      of the output structure of the immediately adjacent oscillator, and the
      output structure of the given oscillator having a resonant frequency
      different by a factor of two from the resonant frequency of the input
      structure of the same oscillator.
NUM  33.
PAR  33. The device of claim 32 wherein each oscillator comprises a dipole input
      antenna and a dipole output antenna, the respective junction connected
      between the branches thereof.
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ABST
PAL  Apparatus for measuring angular displacement of an object in which an
      alternating potential source is applied to the electrodes of a light
      source, such as a gaseous discharge light, resulting in alternating
      illuminations in the medium, e.g., gas, about the respective electrodes,
      which are detected by photodetector means. The light source and the
      photodetector means are mounted such that the distances between the
      photodetector and the respective electrodes vary proportionately with any
      rotation of the object whose angular displacement is being monitored. The
      output signals from the photodetector means are separated and compared
      and, in response thereto, a signal is generated indicative of the angular
      displacement of the object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to optical systems for detecting angular
      displacement and more particularly to a novel device utilizing a gaseous
      discharge lamp and a photodetector to measure angular displacement.
PAR  2. Description of the Prior Art
PAR  Optical systems for measuring angular displacement presently in use and in
      particular, those systems used as pick-offs for gyroscopic instruments,
      have succeeded in resolving the limitations inherent in the more
      conventional systems. Specifically, conventional pick-offs, synchros, or
      the like, add additional weight to the system and produce a coupling or
      counter torque which introduces error and further necessitates the use of
      additional energy to compensate for the increased drag on the gimbal
      system. Prior art optical systems suffer from other limitations. In
      particular, prior art optical systems for measuring angular displacement
      in gyroscopic instruments are composed of numerous parts which require
      extensive and intricate machining in their manufacture and assembly
      thereby adding substantial cost and production time to the manufacture of
      the gyroscopic instrument. For example, see U.S. Pat. No. 3,313,161
      entitled "Means for Measuring Relative Angular Displacement", U.S. Pat.
      No. 3,422,686 entitled "Optical Pick-Off Means for Deriving Signals
      Indicative of Deviation of Rotor Pole from Spin Axis" and U.S. Pat. No.
      3,813,949 entitled "Light Actuated Solid State Pick-Off."
PAR  It is apparent, then, that a device is needed to measure angular
      displacement which is reliable, economical, and not subject to the
      limitations indicated above.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus for measuring angular displacement of an object in which a light
      source, such as a gaseous discharge light, which includes a pair of
      electrodes with a medium situated therebetween and in which an
      illumination occurs when a potential of sufficient magnitude is applied
      across the electrodes, and where the illumination is confined to the
      medium about the electrode which is coupled to the more negative polarity
      of the potential source. An alternating potential source is applied to the
      electrodes to create alternating illuminations in the medium about the
      respective electrodes. A photodetector is utilized for detecting the
      illuminations about both of the electrodes and, in response thereto,
      generates output signals proportionate to the distances between the
      photodetector and the respective electrodes. The light source and the
      photodetector are disposed such that the distances between the
      photodetector and the electrodes vary relative to the angular displacement
      of the object in a manner such that for any variation in the distance
      between the photodetector and one of the electrodes, there will occur a
      corresponsive, proportional and inverse variation in the distance between
      the photodetector and the remaining electrode. The output signals from the
      photodetector associated with the illuminations about the electrodes are
      separated and compared and a response is generated therefrom indicative of
      the angular displacement of the object.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram depicting the circuitry which comprises the
      invention.
PAR  FIG. 2 is a diagram depicting a rotatable device adapted for incorporation
      of the invention.
PAR  FIG. 3 is a graphic diagram illustrating the output signal of the invention
      with respect to the angular displacement of the rotatable device.
PAR  FIG. 4 is a diagram depicting a rotatable device adapted for incorporation
      of the invention in a manner different from that of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 depicts schematically the circuit 10 of the present invention. A
      potential source 11 is connected to the leads 12 and 13 of the primary 14
      of a transformer 15. One of the two leads 12 is coupled to a common
      connection 16, hereinafter referred to as ground. A first electrode 17 and
      a second electrode 18 of a gaseous discharge lamp 19 are coupled to the
      energy source 11 in series with a resistor 20. The secondary 21 of
      transformer 15 is connected between leads 22 and 23 with a center tap 24
      connected to ground 16. A bridge rectifier 25, composed of diodes 26, 27,
      28 and 29 is connected between leads 22 and 23. A pair of capacitors 30
      and 31 are connected to a pair of leads 32 and 33, respectively, which are
      in turn respectively connected to a positive potential reference 34 and a
      negative potential reference 35 of a differential amplifier 36. Lead 32 is
      further coupled to the collector of a phototransistor 37 in series with a
      resistor 38. The collector of phototransistor 37 is coupled to resistors
      39 and 40 through a capacitor 41. The collector of a transistor 42 is
      connected to the junction of resistors 39 and 43. The emitter of
      transistor 42 is connected to ground 16 and the base of transistor 42, in
      series with a resistor 44 and a diode 45, is coupled to lead 23. The
      collector of a transistor 46 is connected to the junction of resistors 40
      and 47. The emitter of transistor 46 is connected to ground 16 and the
      base of transistor 46 in series with a resistor 48 and a diode 49, is
      coupled to lead 22. One lead of a resistor 50 is connected to the junction
      of resistor 43 and the positive reference input 51 of differential
      amplifier 36 and the remaining lead of resistor 50 is connected to ground
      16. The parallel combination of a resistor 52 and a capacitor 53 is
      connected between the output 54 of differential amplifier 36 and the
      junction of resistor 47 and the negative reference input 55 of
      differential amplifier 36.
PAR  The gaseous discharge lamp 19 consists of an enclosure, typically
      cylindrical, housing two electrodes 17 and 18 in a gaseous medium. The
      enclosure is sealed and composed of a translucent material, which is
      preferably transparent. The electrodes 17 and 18 are coplanar and
      non-contiguous and are preferably separated for a substantial proportion
      of their mutual length by a distance X which remains essentially constant.
      The gaseous medium, typically in an inert gas such as neon, is capable of
      producing light when excited by the passage of an electric current through
      it.
PAR  An excitation voltage is applied to electrodes 17 and 18 of the gaseous
      discharge lamp 19 from energy source 11. Initially, in order to achieve
      conduction within the lamp together with the accompanying illumination, a
      high potential, with respect to that required to maintain conduction, is
      required. For example, if a neon light is utilized, the point at which
      conduction initiates will typically occur at approximately 70 volts. A
      characteristic of gaseous discharge lamps is the negative current-voltage
      relationship exhibited during conduction and which requires the use of a
      device, such as resistor 20, to limit the current through the lamp. A
      second characteristic inherent in this device and which is essential for
      the operation of the invention, is the fact that illumination will occur
      within the lamp only in the area circumjacent to the electrode coupled to
      the more negative polarity of the potential source. For example, if lead
      13 is positive with respect to lead 12, and the amplitude of the potential
      across leads 12 and 13 has exceeded the level necessary to initiate
      conduction within the lamp 19, then, only the gas within lamp 19
      circumjacent to electrode 18 will be illuminated, while the gas
      circumjacent to electrode 17 will be extinguished. If an alternating
      potential source is utilized, then, during each cycle there will occur
      within the lamp 19 two separate illuminations, one of which is
      circumjacent to electrode 17 and the other circumjacent to electrode 18.
PAR  FIG. 2 depicts gaseous discharge lamp 19 mounted on a device 62 whose
      angular displacement is to be measured. In FIG. 2 the axis of rotation 61
      for the device 62 whose angular displacement is to be measured, coincides
      with an axis which is coplanar to electrodes 17 and 18 and equi-distant
      therefrom. Therefore, gaseous discharge lamp 19 will rotate simultaneously
      with the device 62 whose angular displacement is to be measured about axis
      61. Furthermore, each electrode will remain a fixed distance, X/2, from
      the axis of rotation 61.
PAR  Phototransistor 37 is positioned in a manner such that the axis 63 of its
      photodetecting means 64 is perpendicular to the axis of rotation 61 and
      tangential to the center line of the electrodes 17 and 18 of gaseous
      discharge lamp 19. Phototransistor 37 will detect the illuminations
      circumjacent to each electrode and convert the same into an electrical
      signal at its collector 56. The magnitude of the electrical signal
      generated by phototransistor 37 is dependent on the intensity of the
      illumination detected by the photodetecting means 64. Moreover, the
      intensity of the illumination detected by the photodetecting means 64 is
      directly dependent on the distance of the electrode from the
      photodetecting means. For example, if electrodes 17 and 18 lie in a plane
      normal to the axis 63 of the photodetecting means 64 of phototransistor
      37, then the magnitude of the electrical signals generated by
      phototransistor 37 for the illuminations circumjacent to both electrodes
      will be identical, since the electrodes are equidistant from the
      photodetecting means 64. If, however, the lamp 19 is rotated about axis 61
      such that electrode 17 is physically closer to the photodetecting means 64
      than electrode 18, then the magnitude of the electrical signal generated
      by phototransistor 37 will be proportionately greater for the illumination
      circumjacent to electrode 17 than for that generated for the illumination
      circumjacent to electrode 18. By determining the difference between the
      magnitudes of the signals generated for these illuminations, the angular
      displacement and the direction of rotation can be monitored.
PAR  FIG. 1 depicts schematically the circuitry comprising the invention 10.
      Energy source 11 provides an alternating potential with which the
      invention may be operated. The frequency of oscillation for the energy
      source is not critical and typically would incorporate the standard 400
      hertz utilized in a wide variety of gyroscopic instruments. The amplitude
      of the potential source 11 must be sufficient to cause conduction within
      the gaseous discharge lamp 19.
PAR  Energy source 11 is coupled to gaseous discharge lamp 19 and to the primary
      14 of transformer 15. Transformer 15 is a step-down transformer employed
      to reduce the potential amplitude of energy source 11 to a level
      compatible with the remaining circuitry of the invention 10. The secondary
      21 of transformer 15 is connected to leads 22 and 23. Connected between
      leads 22 and 23 is a bridge rectifier assembly 25 which in cooperation
      with capacitors 30 and 31 provide positive and negative reference voltages
      for the differential amplifier 36. Additionally, rectifier assembly 25 and
      capacitor 30 cooperate to provide a filtered potential source for
      phototransistor 37. Bridge rectifier assembly 25 is preferably a unitary
      assembly of conventional form but may consist of discrete components as
      indicated by diodes 26, 27, 28 and 29.
PAR  The alternating illuminations emanating from gaseous discharge lamp 19 and
      detected by phototransistor 37 cause a modulated signal to appear at the
      collector 56 of phototransistor 37. The modulated signal is indicative of
      the relative intensities of the respective illuminations detected by
      phototransistor 37. The modulated signal is coupled through capacitor 41
      to a demodulator circuit 57 composed of resistors 39, 40, 43, 44, 47, 48
      and 50, diodes 45 and 49, and transistors 42 and 46. The demodulator
      operates to separate the respective signals, that is, to distinguish the
      signals associated with the illuminations circumjacent to electrode 17
      from the signals associated with the illuminations circumjacent to
      electrode 18.
PAR  During the periods when the gas circumjacent to electrode 18 is
      illuminated, lead 13 will be positive with respect to lead 12. At this
      time, lead 22 will be positive with respect to center tap 24. Furthermore,
      lead 23 will be negative with respect to center tap 24. Therefore, a
      biasing current will flow from lead 22 through the diode 49 and resistor
      48 to the base of transistor 46 and return to ground via the emitter of
      transistor 46. The presence of this biasing current will cause the
      collector-to-emitter junction of transistor 46 to switch from the
      non-conducting state to the conducting state, thereby shunting to ground,
      any potential energy present at the junction of resistors 40 and 47.
      Moreover, since electrode 23 is negative with respect to the center tap
      24, i.e., ground, diode 45 is reversed biased and prevents the flow of
      biasing current to the base-emitter junction of transistor 42. The
      collector-to-emitter junction of transistor 42 will remain in the
      non-conducting state and any potential energy present at the junction of
      resistors 39 and 43 will be unaffected by transistor 42. In this manner,
      demodulator circuit 55 directs the signals, generated by phototransistor
      37 in response to illuminations circumjacent to electrode 18, to the
      negative reference input 55 of differential amplifier 36. In similar
      fashion, the demodulator circuit directs the signals, generated by
      phototransistor 37 in response to illuminations circumjacent to electrode
      17, to the positive reference input 51 of differential amplifier 36.
PAR  Differential amplifier 36 differentially sums the signals present at the
      negative reference input 55 and the positive reference input 51, amplifies
      the difference and couples the amplified difference to lead 54. Since the
      signals corresponding to the illuminations circumjacent to electrodes 17
      and 18 do not occur simultaneously, the parallel combination of resistor
      52 and capacitor 53 is utilized to integrate the output signal with
      respect to the signal received at the negative reference input terminal
      55. The integrator is composed of resistor 52 and capacitor 53 and
      operates to filter both the output of the differential amplifier 36
      coupled to lead 54 and the signal present at the negative reference input
      terminal 55 of differential amplifier 56. The integrator will maintain a
      reference voltage at the negative reference input terminal 55 for
      differential summing purposes in conjunction with the periodic signal
      directed to the positive reference input terminal 51. The values of
      resistor 52 and capacitor 53 should be chosen such that the RC time
      constant is very large with respect to the period of the frequency of
      oscillation of energy source 11. This results in an output signal on lead
      54 which can be maintained in substantially linear form over 180 degree
      segments of rotation of the device 62 whose angular displacement is being
      measured.
PAR  Additionally, any inequality between the illuminations circumjacent to
      electrodes 17 and 18 may be compensated for, if desired, within the
      apparatus by a number of methods. For example, the values of the resistors
      in demodulator circuit 57 coupled to the negative reference input 55 or
      the positive reference input 51 of amplifier 36 may be varied, thereby
      altering the gain and compensating for the inequality accordingly.
PAR  FIG. 3 graphically illustrates the linearity of the output signal level
      present on lead 54 for the full 360 degrees of rotation of the device 62
      whose angular displacement is being measured. As indicated in FIG. 3, the
      signal level for the null position is zero, wherein, the null position
      occurs when electrodes 17 and 18 are equidistant from the photodetecting
      means 64 of phototransistor 37. As the device 62, whose angular
      displacement is being measured, is rotated in the clockwise direction as
      depicted in FIG. 2, the distance between phototransistor 37 and electrode
      17 decreases, while the distance between phototransistor 37 and electrode
      18 increases. The signal level on the output lead 54 of differential
      amplifier 36 begins to increase linearly and continues to increase until
      the device 62 has rotated through +90.degree.. At this point, i.e.,
      +90.degree., the photodetecting means 64 of phototransistor 37 and both
      electrodes 17 and 18 lie within the same plane and therefore the distance
      between phototransistor 37 and electrode 17 is at a minimum while
      conversely the distance between phototransistor 37 and electrode 18 is at
      a maximum.
PAR  Further clockwise rotation of the device 62 whose angular displacement is
      being measured will result in a linear reduction of the output signal from
      differential amplifier 36 since the distance between phototransistor 37
      and electrode 17 begins to increase while the distance between
      phototransistor 37 and electrode 18 begins to increase. A similar result
      will occur when a counterclockwise rotation of the device 63 whose angular
      displacement is being measured resulting in a negative output signal from
      differential amplifier 36 with respect to the null value as indicated by
      FIG. 3.
PAR  It should be noted that while the invention has been described as an
      embodiment wherein the gaseous discharge lamp 19 is affixed to the
      rotatable device 62 whose angular displacement is being measured, the
      invention is not limited to this configuration but instead may encompass a
      variety of mountings. For example, consider the configuration of FIG. 4.
      Phototransistor 71 is affixed to the inner wall of a rotatable cylindrical
      member 72 whose angular displacement is to be measured. Gaseous discharge
      light 73 is mounted to a stationary holder 74 and disposed so that
      electrodes 74 and 75 lie in a plane pependicular to the axis 76 of the
      photodetecting means 77 of phototransistor 71, and further disposed so
      that the center line of electrodes 74 and 75 coincides with the axis of
      rotation 77 of cylindrical member 72. It is apparent that the same
      principle utilized for the configuration of FIG. 2 is utilized in FIG. 4,
      that is, as cylindrical member 72 rotates about axis 77, phototransistor
      71 is maintained at a fixed distance from the center line of electrodes 74
      and 75 while the distances between phototransistor 71 and electrode 74 and
      between phototransistor 71 and electrode 75 will inversely vary relative
      to the direction of rotation of cylindrical member 72. It should be
      further noted that in some situations it may be advantageous to monitor
      the illuminations about each electrode separately and it should be
      apparent that this result is easily accomplished by the incorporation of a
      second phototransistor.
PAR  It will be appreciated, therefore, that the invention is a device for
      measuring angular displacement. The invention exploits the characteristics
      of the gas discharge lamp to provide a reliable and economical angular
      displacement measuring device. The output is in linear d.c. form and
      therefore does not require demodulation, rectification, etc. Furthermore,
      the invention overcomes the need for the intricate machining of a
      plurality of parts coupled with an involved and complicated alignment
      procedure. Additionally, the device is adaptable to virtually any rotating
      device in a variety of configurations as opposed to confinement to a
      single shape or configuration.
PAR  While the invention has been described in its preferred embodiment, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring angular displacement of an object comprising:
PA1  light source means including a first electrode means and a second electrode
      means with a medium therebetween and in which, in response to a potential
      source applied across said first and second electrode means, an
      illumination occurs in the medium about whichever of the first or second
      electrode means is coupled to the more negative polarity of the potential
      source,
PA1  means for alternating the polarity of the potential source applied across
      said first and second electrode means,
PA1  photodetecting means for detecting the alternating illuminations about said
      first and second electrode means and generating output signals relative to
      the distance between the photodetecting means and said first electrode
      means and between the photodetecting means and said second electrode
      means,
PA1  means for mounting said light source means and said photodetecting means
      such that the distances between the photodetecting means and said first
      electrode means and between the photodetecting means and said second
      electrode means vary relative to the angular displacement of the object in
      a manner such that for any variation in distance between the
      photodetecting means and the first electrode means, there is a related
      variation in the distance between the photodetecting means and the second
      electrode means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein means are provided for separating said
      signals generated by said photodetecting means in response to the
      illuminations about said first electrode means from the signals generated
      in response to the illuminations about said second electrode means.
NUM  3.
PAR  3. The apparatus of claim 2 further including means for comparing said
      separated signals responsive to said illuminations about said first and
      second electrode means and generating therefrom an output indicative of
      the angular displacement of the object.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the light source means consists of a
      gaseous discharge light.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the light source means consists of a
      neon lamp.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the photodetecting means consists of a
      phototransistor.
NUM  7.
PAR  7. Apparatus for measuring angular displacement of an object comprising:
PA1  light source means including a first electrode means and a second electrode
      means with a medium therebetween and in which, in response to a potential
      source applied across said first and second electrode means, an
      illumination occurs in the medium about whichever of the first or second
      electrode means is coupled to the more negative polarity of the potential
      source,
PA1  means for alternating the polarity of said potential source applied across
      said first and second electrode means,
PA1  first detecting means for detecting the illuminations about said first
      electrode means and generating output signals relative to the distance
      between the first photodetecting means and the first electrode means,
PA1  second photodetecting means for detecting the illuminations about said
      second electrode means and generating output signals relative to the
      distance between the second photodetecting means and the second electrode
      means,
PA1  means for mounting said light source means and said first and second
      photodetecting means such that distances between the first photodetecting
      means and said first electrode means and between the second photodetecting
      means and said second electrode means vary relative to the angular
      displacement of the object in a manner such that for any variation in the
      distance between the first photodetecting means and the first electrode
      means, there is a related variation in the distance between the second
      photodetecting means and the second electrode means.
NUM  8.
PAR  8. The apparatus of claim 7 further including means for comparing the
      signals generated by said first photodetecting means with the signals
      generated by said second photodetecting means and producing therefrom an
      output indicative of the angular displacement of the object.
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ABST
PAL  A pulsed source of high energy neutrons is used to irradiate the earth
      formations in the vicinity of a well borehole. Gamma rays produced by the
      inelastic scattering of the fast neutrons are observed in four energy
      regions of the gamma ray energy spectrum corresponding to the inelastic
      scattering of neutrons by carbon, oxygen, silicon and calcium. Signals
      representative of the carbon/oxygen, calcium/silicon and carbon plus
      oxygen gamma rays observed are developed. By appropriately combining these
      signals with a separately derived hydrogen index log the quality of coal
      bearing formations or oil shale regions penetrated by the borehole may be
      determined.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 367,299, filed June 5, 1973, now U.S. Pat. No. 3,849,646 and assigned
      to the assignee of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to radiological well logging methods and apparatus
      for investigating the characteristics of subsurface earth formations
      traversed by a borehole and more particularly relates to improved pulsed
      neutron well logging techniques for differentiating and determining the
      quality of coal and oil shale regions in subsurface earth formations
      traversed by a well borehole.
PAR  It has been proposed in the prior art to make a measurement of at least a
      portion of the gamma ray energy spectrum due to inelastic neutron
      scattering events from neutron irradiated earth formations. This has been
      proposed because carbon and oxygen have significant inelastic scattering
      cross-sections while having a relatively small capture cross-section for
      high energy neutrons. Thus, the carbon and oxygen nuclei in formations
      surrounding a borehole will engage in appreciable inelastic scattering
      interactions with the bombarding high energy neutrons. Gamma rays
      resulting from the inelastic neutron scattering interaction (henceforth
      referred to as inelastic gamma rays) may then be detected as a direct
      hydrocarbon indicator. However, this approach has been limited in the past
      to some extent because the inelastic scattering cross-section of carbon
      and oxygen only became appreciable if relatively high energy neutrons are
      available to provide the inelastic scattering interaction. In the past it
      has been difficult to provide sufficient quantities of energetic neutrons
      to reliably perform this type of well log. The development of improved
      pulsed neutron generators has made possible the measurement of the
      inelastic scattering gamma ray energy spectrum from relatively high energy
      neutron irradiated earth formations. It is now possible to measure the
      carbon and oxygen inelastic scattering interactions with 14 MEV neutrons
      generated in pulsed neutron generators of the deuterium-tritium reaction
      type.
PAR  A difficulty encountered in this type of direct hydrocarbon logging has
      been due to the fact that carbon is present in significant amounts in the
      earth's crust in other than hydrocarbon bearing formations. For example,
      limestone formations are largely composed of calcium carbonate and thus a
      water bearing limestone formation can produce more inelastic carbon gamma
      rays than an oil filled shale or sand. The carbon/oxygen ratio of
      inelastic gamma rays has also been found to be a function of porosity, and
      therefore a low porosity oil filled formation may produce less inelastic
      carbon gamma rays than a partially depleted higher porosity formation.
PAR  Another problem in making inelastic gamma ray measurements has been due to
      the fact that the gamma rays generated by the neutron inelastic scattering
      can suffer multiple Compton scattering. Such scattering generally tends to
      make the scattered gamma rays lose energy to some extent with each
      interaction. Thus, a gamma ray having an initial particular energy
      generated by the inelastic scattering of a neutron by a carbon or oxygen
      nucleus can have an apparently different energy by this time it reaches a
      detector in a well logging sonde. However, techniques such as those
      disclosed, for example, in U.S. Pat. No. 3,780,303 have been derived to
      generally alleviate the aforementioned problems. Using techniques of the
      type described in this aforementioned patent, it is possible to derive a
      hydrocarbon log of subsurface earth formations in the vicinity of a well
      borehole by observing the inelastic gamma rays due to the scattering of 14
      MEV neutrons from a pulsed neutron source employing the deuterium-tritium
      reaction.
PAR  In the present invention the carbon/oxygen ratio of subsurface earth
      formations can be used to determine the quality or BTU content of any coal
      beds encountered by a well borehole in penetrating earth formations and
      also to determine the quality or gallons per ton of producable oil in an
      oil shale formation which is encountered by the well borehole. Means are
      provided for distinguishing shale and washed out regions of formations in
      the vicinity of a borehole and for distinguishing limestone and other high
      carbon content earth formation such as dolomite which may be associated
      with oil bearing shales or sands. By combining these measurements with a
      porosity or hydrogen index log the moisture content of the coal or oil
      shale zones may be estimated.
PAR  Accordingly, it is an object of the present invention to provide methods
      for determining the quality of coal bearing earth formations in the
      vicinity of a well borehole.
PAR  Another object of the present invention is to provide an improved technique
      for determining the quality of oil shale formations encountered by a well
      borehole.
PAR  The above and other objects of the present invention are accomplished by
      passing a well tool having a pulsed source of 14 MEV neutrons through a
      fluid filled cased or uncased well bore. Inelastic gamma ray measurements
      of neutrons produced from the pulsed neutron generator are observed in at
      least four different energy regions in the gamma ray energy spectrum
      corresponding to inelastic scattering gamma rays produced by carbon,
      oxygen, silicon and calcium. The carbon/oxygen count ratio of these
      inelestic gamma rays is formed. The calcium/silicon count ratio of the
      inelastic gamma rays is formed and the sum of the carbon plus oxygen
      inelastic gamma rays is formed. The above quantities may be recorded as a
      function of depth in the well borehole. Separately derived well logs
      indicative of the hydrogen index of the formations of interest may then be
      used in conjunction with the inelastic gamma ray scattering measurements
      in order to distinguish coal bearing and oil shale formations in the
      vicinity of the well borehole from other earth formations and to derive a
      quantitative estimate of the quality of the BTU content of the coal
      bearing formation and the amount of oil present in the oil shale
      formations.
PAR  The present invention may be best understood by taking the following
      detailed description thereof in conjunction with the appended drawings in
      which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing the well logging system of the present
      invention.
PAR  FIG. 2 is a schematic well log obtained by the system of the present
      invention when passed through the earth formations depicted in the
      schematically illustrated borehole of FIG. 1.
PAR  FIG. 3 is a gamma ray energy spectrum from inelastic neutrons scattering
      events and showing the placement of the energy windows utilized with the
      well logging system of the present invention, and
PAR  FIG. 4 is a graphical illustration giving the BTU content, or quality, of
      coal as a function of the carbon/oxygen ratio as determined from actual
      elemental compositions.
PAR  FIG. 5 is a graphical illustration showing the oil yield of typical oil
      shales as a function of the constituent weight percent of various
      materials comprising these shales.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring initially to FIG. 1 there may be seen a simplified functional
      representation in the form of a block diagram of well logging apparatus in
      accordance with the present invention. A borehole 2 penetrating earth
      formations 3 is lined with a steel casing 4 and filled with a well fluid
      5. The steel casing 4 is cemented in place by a cement layer 6 which also
      serves to prevent fluid communication between adjacent producing
      formations in the earth 3. The invention may also be used in uncased
      boreholes if desired. In the drawing of FIG. 1 the earth formations 3 are
      shown subdivided into several different types of formations which will be
      discussed subsequently. A shale layer 51 overlies a coal layer 52 which is
      bounded on its bottom portion by a sand layer 53. Beneath the sand layer
      53 is a limestone layer 54 and immediately beneath this a sand layer 55
      having a water filled wash-out portion 56 immediately adjacent the steel
      casing 4. Located beneath the washed-out sand 55 is an oil shale formation
      57 and beneath this formation is located a sandstone formation 58. The
      response of the well logging system of the present invention in these
      zones will be discussed in more detail subsequently.
PAR  The downhole portion of the logging system of FIG. 1 may be seen to be
      basically composed of an elongated fluid tight, hollow body member or
      sonde 7 which during the logging operation is passed longitudinally
      through the casing 4 in a conventional manner by a winch (not shown) and
      is sized for passage therethrough. Surface instrumentation whose function
      will be discussed in more detail subsequently is shown for processing and
      recording electrical measurements provided by the sonde 7. A well logging
      cable 8 which passes over a sheave wheel 9 supports the sonde 7 in the
      borehole 2 and also provides a communication path for electrical signals
      to and from the surface equipment and the sonde 7. The cable 8 may be of a
      conventional armored well logging type and may have one or more electrical
      conductors for transmitting such signals between the sonde 7 and the
      surface apparatus. Alternatively, the cable 8 may comprise an armored
      coaxial cable referred to by those skilled in the art as a tri-axial
      cable.
PAR  Still referring to FIG. 1, the sonde 7 contains a source of high energy
      neutrons 11. The neutron source contemplated for use herein is a pulsed
      neutron source operating from the principle of the deuteriumtritium
      reaction. However, it will be understood by those skilled in the art that
      the invention is not limited thereto. Other types of pulsed neutron
      sources may be used if desired.
PAR  A suitable radiation detector comprising a photomultiplier tube 10 and a
      detector crystal 12 is provided in the sonde 7 for detecting gamma rays
      resulting from the inelastic scattering of high energy neutrons by the
      earth formations 3 surrounding the well borehole 2. A radiation shield 13
      of a neutron moderating material such as paraffin, carbon, iron, lead, or
      steel or suitably interposed layers of such is provided between the
      neutron accelerator 11 and the detector crystal 12 of the apparatus.
      Additionally, a thermal neutron shielding sleeve (not shown) of boron or
      other suitable thermal neutron absorbing material may be provided about
      the detector crystal portion of the sonde on either the interior or
      exterior wall portions thereof. Such a thermal neutron shield reduces the
      probability of thermal neutrons reaching the detector crystal and causing
      neutron activation of the materials comprising the crystal. The detector
      crystal itself 12 may comprise a thallium doped sodium or cesium iodide or
      other like activated material which is optically coupled to the
      photomultiplier 10.
PAR  The scintillation crystal 12 produces a discrete flash of light whenever a
      gamma ray passes therethrough and exchanges energy with its crystal
      lattice structure. The photomultiplier tube 10 generates a voltage pulse
      proportional in height to the intensity of each such scintillation which
      occurs in the crystal 12. The intensity of such scintillations is
      functionally related to the energy of the gamma rays causing the light
      flash. Thus, a voltage pulse generated by the photomultiplier tube has an
      amplitude functionally related to the energy of the corresponding gamma
      ray causing the scintillation. These proportional voltage pulses produced
      by the photomultiplier tube 10 comprise a detector signal which is
      supplied to a linear amplifier 17 via a discriminator 18. The
      discriminator 18 may be used if desired to discriminate, for example,
      against low energy background gamma radiation resulting from thermal
      neutron activation of the detector crystal by the I.sub.127 (n,.gamma.)
      I.sub.128 reaction. A preset bias level may be used to pass only pulses
      from the photomultiplier tube exceeding the height corresponding to these
      gamma rays and including the pulses corresponding to 1.78 MEV gamma rays
      generated in the inelastic scattering of neutrons by silicon. However, the
      discriminator level may be set at a lower energy or eliminated altogether
      if desired.
PAR  The neutron accelerator 11 is preferably operated by a pulsing circuit 14
      which may be of conventional design and which functions to operate the
      accelerator in short duration pulses. The pulsing circuit 14 may be
      controlled by timing pulses from a surface timing reference 39
      communicated over the cable 8 conductors and supplied to a downhole
      reference pulser 20. For example, the pulsing circuit 14 could be
      activated by a timing pulse from the time reference 39 to emit a neutron
      burst of a specified time duration. The frequency of such bursts would
      then be controlled by the surface timing reference 39. Timing reference 39
      could also be located in the downhole sonde if desired instead of at the
      surface as illustrated in FIG. 1.
PAR  In the inelastic scattering measurements contemplated in the present
      invention it may be desirable to use neutron pulses of as short a duration
      as possible. In this application neutron pulses of about 5 microseconds
      duration and which are repeated at repetitive intervals from approximately
      5,000 to 20,000 times or more per second are utilized. At the beginning of
      a neutron pulse from the accelerator 11 there is a sudden and rapid
      buildup of the inelastic gamma ray population in the vicinity of the
      detector. This population is essentially present only during the neutron
      pulse. The thermal neutron capture gamma ray population builds up much
      more slowly and reaches a peak only after cessation of the five
      microsecond neutron pulse. Thus, by using an extremely short duration
      neutron pulse thermal background radiation is reduced to a minimum. Other
      background correction schemes such as those disclosed in the
      aforementioned copending patent application may also be used if desired.
PAR  During the time the neutron accelerator 11 is activated, output signals
      from the photomultiplier tube 10 are conducted via the discriminator 18
      and linear amplifier 17 to a cable driver circuit 19 of conventional
      design. A reference signal having a known amplitude is also supplied by a
      pulser 20 to the input of the discriminator 18. This reference amplitude
      pulse provided by the downhole pulser 20 is utilized in a gain control
      device or spectrum stabilizer 23 to control the gain of the system. This
      function, of course, may be accomplished primarily between the neutron
      pulses as the spectrum stabilizer 23 may be supplied with signals from the
      pulser 20 continuously or in any desired sequence.
PAR  Since both the downhole pulse generator 14 and the surface gate 22 which
      controls the admittance of the data pulses from the downhole tool to the
      succeeding circuitry are operated from the same timing reference 39 it is
      apparent that synchronism may be maintained between the surface equipment
      and the downhole equipment. Thus, the data signals may be gated in a
      manner at the surface to select portions thereof for processing which are
      timed as desired relative to the emission of the neutron burst. In
      acquiring the inelastic gamma ray measurements of the present invention
      only those pulses produced by the photomultiplier 10 during the operative
      cycle of the accelerator 11 are passed by the gate 22 to the pulse height
      analyzer 24 for further evaluation.
PAR  Although not depicted in FIG. 1, it will be understood by those skilled in
      the art that electrical power may be supplied from a conventional type
      surface power source (not shown) via the well logging cable 8 to the
      downhole sonde 7. Suitable power supplies as well known in the art (not
      shown) are provided in the sonde 7 for powering the downhole portion of
      the equipment.
PAR  The output signals from the gate 22 comprise a sequence of count pulses
      resulting from gamma rays detected by the downhole detector crystal 12
      during the time interval that the neutron accelerator 11 is activated.
      These pulses comprise data mainly from gamma rays resulting from the
      excitation of nuclei in the vicinity of the borehole which have been
      excited by the inelastic sacttering of the neutrons emitted by the
      accelerator 11.
PAR  The inelastic gamma rays are supplied to a pulse height analyzer 24. The
      pulse height analyzer 24 may be of conventional design as known in the art
      and having, for example, four or more channels or energy divisions
      corresponding to quantizations of the pulse height of the input pulses.
      The pulse height analyzer 24 functions to sort and accumulate a running
      total of the incoming pulses into a plurality of storage locations or
      channels based on the height of the incoming pulses. The height of these
      pulses, it will be recalled is directly related to the energy of the gamma
      rays causing the pulse. The output of the pulse height analyzer 24 in the
      case of the present invention consists of count pulses occurring in each
      of four energy windows as depicted in FIG. 3.
PAR  Referring now to FIG. 3, the relative count rate of inelastic gamma rays as
      a function of energy is shown as a solid curve 60. It will be observed
      that four energy windows corresponding to silicon (labelled Si), calcium
      (labelled Ca), carbon (labelled C), and oxygen (labelled O) are provided.
      In the practice of the method of the present invention it has been found
      preferable to use a carbon energy window extending from approximately 3.17
      to approximately 4.65 MEV in the gamma ray energy spectrum. The oxygen
      energy window preferably extends from approximately 4.86 to approximately
      6.34 MEV. The silicon energy window is chosen to extend from approximately
      1.65 to approximately 1.86 MEV. The calcium energy window extends from
      approximately 2.50 to approximately 3.30 MEV.
PAR  By using this choice of energy windows, the 4.44 MEV carbon inelastic gamma
      ray scattering peak and the 6.13 MEV oxygen inelastic gamma ray energy
      scattering peak are covered. The corresponding single and double pair
      production escape peaks (which occur typically in a 2 inch diameter by 4
      inch long sodium or cesium iodide crystal such as that used in the present
      invention) are also counted. The optimal choice of energy range for the
      silicon energy window encompasses the 1.78 MEV photopeak for silicon. The
      calcium energy window illustrated in FIG. 3 does not encompass the 3.73
      MEV calcium photopeak due to carbon interference. This window, however,
      does encompass the corresponding single and double pair production escape
      peaks. It will be understood, of course, by those skilled in the art that
      slight variations of this placement of energy windows could be made, if
      desired, without seriously compromising the inventive concepts.
PAR  The number of counts occurring in each of the four energy windows above
      described during the time interval that the downhole detector signals are
      supplied to the pulse height analyzer 24 via the gate 22 are output from
      the pulse height analyzer 24 as four separate digital signals labelled C,
      O, Si, Ca as illustrated in FIG. 1. It will be understood, of course, that
      the individual time interval pulse counts may be integrated over a longer
      period of time for better statistical accuracy as known in the art. The
      carbon and oxygen count rates are supplied to the carbon/oxygen ratio
      computer 27 and to the carbon plus oxygen sum computer 28. The silicon and
      calcium count rates are supplied to the calcium/silicon ratio computer 26.
      The ratio computers 26 and 27 may be of conventional design as known in
      the art. Similarly, the carbon plus oxygen sum computer 28 may be of
      conventional design as known in the art.
PAR  Output signals from the three computers 26, 27 and 28 are supplied to a
      recorder 30. These signals can be recorded as a function of borehole depth
      by the recorder 30 which is mechanically or electronically linked to the
      sheave wheel 9 as indicated by the dotted line 42. A well log 41 of these
      quantities as a function of the borehole depth may then be produced as
      illustrated schematically in FIG. 1.
PAR  It may be shown that the depth of investigation, a measure of the relative
      amount of formation signal, increases gradually with an increase in
      neutron source to detector spacing. However, the number of inelastic gamma
      rays reaching the detector decreases rapidly with increased spacing. For
      the detector illustrated in FIG. 1 with the deuterium-tritium accelerator
      yielding approximately 10.sup.8 neutrons per second and operating at 5,000
      pulses of neutrons per second it has been determined that a detector
      spacing less than 24 inches causes too rapid a counting rate for the band
      width of the cable 8 during the period that the inelastic gamma ray gate
      22 is open. This can lead to a loss of energy resolution in the spectrum
      of the gamma rays being measured due to the phenomenon of pulse pile-up or
      interference on the cable conductor. At source to detector spacing greater
      than approximately 24 inches, at 5,000 neutron pulses per second, the
      number of inelastic gamma rays reaching the detector has been found to
      diminish in an unfavorable manner. For this reason it has been found
      desirable to use a neutron source to detector spacing of approximately 24
      inches in order to achieve optimum counting results when the instrument is
      operated at approximately 5,000 pulses per second. Of course, this
      distance could be changed if improved generators, detectors, or signal
      transmission systems are made available, or if unusual borehold conditions
      are encountered. If higher repetition rates are used for the neutron
      generator with a smaller number of neutrons per burst, then a spacing of
      approximately 22 inches has been found satisfactory while avoiding the
      pulse pile-up.
PAR  Referring now to FIG. 4, a graphical representation illustrating the BTU
      content or quality of coal vs. the carbon/oxygen ratio as determined from
      the actual elemental compositions for different coal grades. The higher
      grades of coal such as anthracite contain less moisture, and hence less
      oxygen, than lower grades of coal such as the brown coal and lignite,
      which are found in the low carbon/oxygen ratio region of the graph of FIG.
      4. The high grade anthracite, semi-hard bituminous, and bituminous coals
      are more nearly pure carbon with less moisture content, and can be seen in
      FIG. 4 to have higher carbon/oxygen ratios. Coal zones encountered by a
      well borehole may thus be distinguished as to their quality or BTU content
      on the basis of the carbon/oxygen ratio as determined by the well logging
      system of FIG. 1.
PAR  Referring now to FIG. 5, the quality of oil shale which is usually
      indicated in gallons per ton of producible oil varies with changes in the
      relative abundance of the basic constitutents of this shale. The primary
      constitutents of oil shales may be categorized as:
PAR  1. Kerogen -- the organic material in the shale from which the oil is
      produced.
PAR  2. Ash -- the mineral content of the processed shale including SiO.sub.2,
      CaO, Fe.sub.2 O.sub.3, Al.sub.2 O.sub.3, and others.
PAR  3. Mineral CO.sub.2, and
PAR  4. Moisture Content
PAR  The carbon/oxygen ratio for ash, mineral CO.sub.2, and water are all in the
      range between 0.0 and 0.5. The carbon/oxygen ratio for kerogen based on
      analysis of a large number of oil shale samples is calculated to be
      between 15 and 25. Therefore, variations in the carbon/oxygen ratio as
      determined by a well logging system such as that of FIG. 1 will be
      primarily controlled by variations in the kerogen content of the shale.
      This kerogen content is directly related to the oil yield or potential
      from the shale as seen in FIG. 5, and thus the carbon/oxygen ratio as
      determined by the system of FIG. 1 in an oil shale is a direct indicator
      of the shale quality.
PAR  Oil shales are also usually found to be dolomitic in nature. The
      calcium/silicon ratio as determined by the well logging tool of FIG. 1 can
      assist in indentifying the dolomitic regions and thus prove valuable in
      identifying the dolomitic regions and thus prove valuable in identifying
      the oil shale regions encountered by a well borehole.
PAR  The carbon/oxygen ratio evaluation of oil shales is virtually independent
      of the presence of the mineral nahcolite (NaHCO.sub.3), since nahcolite
      has a carbon/oxygen ratio approximately equal to 0.33, very low relative
      to kerogen. Nahcolite can appear as a rich oil shale on a conventional
      gamma ray density log since both kerogen and nahcolite have relatively low
      densities. However, the carbon/oxygen ratio of nahcolite in the shale
      should not effect the well log obtained with the system of FIG. 1
      significantly. Thus, zones which could be interpreted as nahcolite
      containing by the well logging system of FIG. 1 could easily be mistaken
      as a rich oil shale using a conventional gamma ray density log by itself.
PAR  The graphical well log representations of FIG. 2 include two moisture
      indicating logs which may be of assistance in evaluating the quality of
      the coal or oil shale encountered. These are the carbon plus oxygen
      inelastic gamma ray count rate signal and the signal labeled H index or
      hydrogen index. The carbon plus oxygen inelastic gamma ray signal is a
      moisture indicator (or porosity indicator) since hydrogen is an efficient
      fast neutron moderator which can interact with the 14 MEV source neutrons
      to lower their effective energy. On the average a neutron undergoing an
      elastic scattering reaction with a hydrogen nucleus (proton) will lose 1/2
      of its initial energy before the scattering reaction. As substantial
      neutron energy (approximately 6 MEV) is required for a neutron to engage
      in an inelastic scattering reaction with oxygen (and slightly less with
      carbon) then a decreased carbon plus oxygen count rate in a coal or oil
      shale zone is an indicator of low moisture content and hence a higher
      quality zone.
PAR  However, a more statistically accurate measurement of the hydrogen index is
      desirable for this evaluation and is provided by the H Index curve of FIG.
      2. This measurement is preferably made by the dual spaced detector
      epithermal neutron porosity logging techniques disclosed in copending U.S.
      patent application Ser. No. 289,901 filed Sept. 18, 1972 and assigned to
      the assignee of the present invention. This Hydrogen Index measurement
      suffers less from borehole fluid salinity effects than other presently
      available techniques. However, other techniques such as conventional
      thermal neutron-gamma ray logs can be used in evaluating the coal or oil
      shale zones (i.e., used to provide the H Index curve of FIG. 2), if
      desired.
PAR  Referring now to FIG. 2, the performance of the well logging system of FIG.
      1 in the schematic earth formations of FIG. 1 is illustrated. In the shale
      region 51 the carbon plus oxygen signal, the carbon/oxygen ratio, and the
      calcium/silicon ratio all remain at a low value. In the coal region 52,
      however, the carbon plus oxygen signal, the carbon/oxygen ratio signal and
      the gamma ray density curve all take on relatively high values. The H
      Index curve is shown to decrease in the coal region 52 because for this
      example the amount of hydrogen was assumed to be less in the coal than in
      the other regions. The calcium/silicon ratio remaining at a low value in
      this region, indicates that this is not a limestone region which could
      erroneously be interpreted as a hydrocarbon region due to its carbon
      content, and thus provides a means for distinguishing the true coal bed 52
      from the water filled limestone situation.
PAR  In the clean sand zone 53 the carbon/oxygen ratio and calcium/silicon
      ratios remain low together with the carbon plus oxygen signal recorded by
      the system of FIG. 1. The H Index curve remains at an intermediate level
      in this region. In the limestone zone 54 the carbon/oxygen ratio assumes
      an intermediate value while the calcium/silicon ratio assumes a relatively
      high value. The carbon plus oxygen inelastic gamma ray signal remains at a
      low value and the H Index curve also indicates a relatively low value in
      the water filled limestone regions. The simultaneous increase in both
      carbon/oxygen and calcium/silicon ratio curves without a corresponding
      increase in the carbon plus oxygen or the H Index signal thus enables this
      zone to be distinguished as a limestone. The water filled sand region 55
      has a wash-out region 56 immediately adjacent to steel casing 4 of the
      borehole and this washout region is assumed to be filled with water in
      FIG. 1. The carbon plus oxygen signal in this region drops to a low value
      as does the carbon/oxygen ratio signal. This is because of the neutron
      thermalizing effects of the water in the washed out region 56. The H Index
      log, on the other hand, indicates an erroneously high reading in this area
      due to the hydrogen content of the water filling the washed out region 56.
      Without the assistance of the other curves the H Index log could be
      interpreted as indicating a hydrocarbon bearing formation. In this region
      the calcium/silicon ratio log assumes an intermediate value which enables
      the region lithology to be identified as sand rather than lime.
PAR  In the oil shale zone 57 the carbon/oxygen ratio assumes an intermediate to
      high value and the H Index log indicates an intermediate value. In this
      region, however, the carbon plus oxygen signal remains at a relatively low
      value enabling this region to be distinguished as an oil shale rather than
      a coal bearing region such as region 52 previously discussed. Finally, in
      the clean sand zone 58 all four curves return to their intermediate or
      base line values indicating a sand region. It should be noted that, as is
      well known in the art, the natural gamma ray, spontaneous potential, or
      other logs can be used to assist in the delineation of shale and coal
      beds.
PAR  The carbon plus oxygen signal illustrated in FIGS. 1 and 2 is a porosity
      indicator which is derived from the fast neutron inelastic scattering by
      summing the counts occurring in these energy regions as depcited in FIG.
      3. A low number of counts in this region indicates a high hydrogen content
      which implies a high porosity earth formation in the vicinity of the well
      borehole. The response of the H Index curve is similar. When using the
      well logging system of FIG. 1 in conjunction with a Hydrogen Index well
      logging tool log as illustrated in FIG. 2, the fluid content and
      hydrocarbon content of the formations may be evaluated by observing the
      relative performance of the four curves as illustrated in FIG. 2, with the
      possible addition of gamma ray, SP, and any other logs if available. The
      calcium/silicon ratio enables limestone regions to be differentiated from
      regions which might otherwise be indicated as having a high hydrocarbon
      content from the carbon/oxygen ratio alone. Once the lithology of the
      region is determined by the comparison of the four curves illustrated in
      FIG. 2 a quantitative estimate of the BTU content of the coal in coal
      bearing formations may be determined by means of comparing with measured
      carbon/oxygen values in known formations. Thus, using the techniques
      described, the lithological characteristics of earth formations in the
      vicinity of a well borehole may be determined, the BTU content or quality
      of any coal beds encountered by the borehole may be determined, and the
      location of oil shale zones penetrated by the borehole may be obtained.
PAR  The above description may make other alternative arrangements apparent to
      those skilled in the art. It is therefore the aim of the appended claims
      to cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for locating and determining the quality of coal beds traversed
      by a well borehole comprising the steps of:
PA1  passing a well tool having a pulsed source of fast neutrons and radiation
      detector through a well bore;
PA1  repetitively irradiating the earth formations in the vicinity of the well
      bore with relatively short duration bursts of fast neutrons;
PA1  detecting, during said neutron bursts, gamma rays resulting from the
      inelastic scattering of fast neutrons by carbon and oxygen, in earth
      formations in the vicinity of the well bore and generating signals
      representative thereof;
PA1  generating signal representative of the carbon/oxygen ratio of inelastic
      gamma rays in earth formations in the vicinity of the well bore;
PA1  determining the location and the quality of said coal beds by comparing
      said carbon/oxygen ratio signal with a predetermined relationship of said
      carbon/oxygen ratio signal as a function of the BTU content of coal.
NUM  2.
PAR  2. The method of claim 1 and further including the steps of generating a
      second signal representative of the calcium/silicon ratio of inelastic
      gamma rays in earth formations in the vicinity of the well borehole and
      using said first and second signals to locate coal beds.
NUM  3.
PAR  3. The method of claim 2 wherein the step of detecting the inelastic gamma
      rays from carbon, oxygen, silicon and calcium is performed by detecting,
      during said neutron bursts, gamma rays having energies essentially in the
      ranges 3.17 MEV to 4.65 MEV for carbon, 4.86 MEV to 6.34 MEV for oxygen,
      1.65 MEV to 1.86 MEV for silicon and 2.50 MEV to 3.30 MEV for calcium.
NUM  4.
PAR  4. The method of claim 1 and further including the steps of making a
      Hydrogen Index log of the earth formations in the vicinity of the well
      bore and using said Hydrogen Index log to assist in the step of
      determining the location of coal beds.
NUM  5.
PAR  5. The method of claim 2 and further including the step of recording as a
      function of borehole depth said first and second signals.
NUM  6.
PAR  6. A method for locating and determining the quality of oil shale zones
      traversed by a well borehole comprising the steps of:
PA1  passing a well tool having a pulsed source of fast neutrons and a radiation
      detector through a well bore;
PA1  repetitively irradiating the earth formations in the vicinity of the well
      bore with relatively short duration bursts of fast neutrons;
PA1  detecting, during said neutron bursts, gamma rays resulting from the
      inelastic scattering of fast neutrons by carbon and oxygen in earth
      formations in the vicinity of the well bore and generating signals
      representative thereof;
PA1  generating a signal representative of the carbon/oxygen ratio of inelastic
      gamma rays in earth formations in the vicinity of the well bore;
PA1  determining the location and kerogen content of said oil shale zones by
      comparing said carbon/oxygen ratio signal with a predetermined
      relationship of said carbon/oxygen ratio signal as a function of the
      kerogen content of said oil shale.
NUM  7.
PAR  7. The method of claim 6 and further including the steps of detecting gamma
      rays resulting from the inelastic scattering of neutrons by silicon and
      calcium and generating a second signal representative thereof.
NUM  8.
PAR  8. The method of claim 7 wherein the step of detecting the inelastic gamma
      rays from carbon, oxygen, silicon and calcium is performed by detecting,
      during said neutron bursts, gamma rays having energies essentially in the
      ranges 3.17 MEV to 4.65 MEV for carbon, 4.86 MEV to 6.34 MEV for oxygen,
      1.65 MEV to 1.86 MEV for silicon and 2.50 MEV to 3.30 MEV for calcium.
NUM  9.
PAR  9. The method of claim 7 and further including the steps of making a
      Hydrogen Index log of the earth formations in the vicinity of the well
      bore and using said Hydrogen Index log to assist in the step of
      determining the location of said oil shale zones by comparing said first,
      second and third signals.
NUM  10.
PAR  10. The method of claim 7 and further including the step of recording as a
      function of borehole depth said first and second signals.
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ABST
PAL  In the isocount scintiscanning, the detector probe is scanned over the
      object plane such that it is stopped at each observation point during the
      time T necessary for the input pulses to reach a preset value N. The count
      rate R = N/T is then calculated electronically and the two-dimensional
      array of said count rate R.sub.i,j, output of said isocount scanner, is
      read in the memory of the display system, which is the subject to the
      present patent. These data are read out from said memory in synchronism
      with the television horizontal sweep signal; each value of count rate
      R.sub.i,j is compared to a reference slice level a.sub.k and if R.sub.i,j
      .gtoreq.a.sub.k, black is assigned to the corresponding picture element on
      the screen; if R.sub.i,j &lt;a.sub.k, white is assigned to the corresponding
      element on the screen. If said slice level a.sub.k is changed sequentially
      with convenient velocity, there is observed on the screen a kind of
      silhouette corresponding to those areas with count rate higher than the
      slice level a.sub.k, and said silhouette moves by changing its form. The
      human sensors are very keen to variations and this process makes the
      detection of details of the picture very easy. Moreover, a two-dimensional
      interpolation is employed in order to display the picture with 3 mm
      .times.  3 mm elements, for example, from data taken 6 mm apart. By this
      expedient, it is possible to compose a scintigram in a shorter scanning
      time, without deterioration of picture quality.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to scintigram display apparatus provided with
      multilevel analyzer that makes easy and precise the analysis of scan data
      gotten by an isocount scintillation scanner. A scintigram display
      apparatus with two-dimensional interpolation which allows composition of a
      high quality scintigram within short scanning time is also described.
PAR  In the isocount scintiscanning, the detector probe is moved rectilinearly
      within the limit switches and within a plane over the object under
      examination. At each observation point, the time T necessary for the
      radiation to reach a preset value N is measured. From said values N and T,
      the count rate R = N/T is calculated electronically and a set of
      two-dimensional array of count rate R.sub.i,j (i = 1, 2 . . . , m; j = 1,
      2 . . . , n) corresponding to each picture element is gathered as data.
PAR  A widely used recording and displaying means of said data has been the
      photographic film. In a photoscintigram the two-dimensional array of
      R.sub.i,j is recorded on the film as a picture element with density
      proportional to R.sub.i,j. The diagnosis is based on said picture
      constituted by variation of gray scale level. It is known, however, that
      the human eye can distinguish at most ten different levels on a
      monochromatic film, a very low perception ability. On the other hand, some
      very unstable parameters such as the adjustment of light source intensity
      and film developing conditions makes the diagnosis based on monochromatic
      film somewhat unstable and with poor reliability.
PAR  On the other hand, in the isocount scintiscan, the data are normally taken
      3 mm apart, for instance, and each picture element is a square 3 mm
      .times. 3 mm. If the measurements are taken 6 mm apart and the present
      value maintained the same N, the observing time may be reduced to about
      1/4. Even considering the time necessary for moving the detector probe and
      the scanning of background region, the entire measuring time may be
      considerably reduced. However, if the picture element size was taken to be
      6 mm square, the resulting scintigram should be rough and constitute an
      embarrassment in its interpretation.
PAR  This invention aims at alleviating the above mentioned difficulties and
      prevents a display apparatus that enables a stable composition of
      scintigrams in an easily interpreted form through multilever analyzer.
      Another objective of this invention is to present a display system that
      shortens the scanning time by composing a scintigram with 3 mm .times. 3
      mm picture elements, for instance, from data taken 6 mm apart, through
      two-dimensional interpolation. This process yields an improved picture
      quality without any loss of details.
PAR  In order to achieve these goals, the count rate R.sub.i,j distributed in a
      two-dimensional array, gathered by the isocount method, are read in the
      memory in the same sequence that they are taken. Then, R.sub.11, R.sub.12
      . . . . R.sub.1n ; R.sub.21, R.sub.22 . . . , R.sub.2n, etc. are read out
      in that order, in synchronism with the television horizontal sweep signal.
      If R.sub.ij is larger than or equal to a certain slice level a.sub.k
      (R.sub.ij .gtoreq.  a.sub.k), black is assigned to the corresponding
      element; if R.sub.ij is smaller than the slice level a.sub.k (R.sub.ij &lt;
      a.sub.k), white is assigned to that element and displayed on the screen.
      By this means, a kind of silhouette corresponding to a section of scan
      data at said slice level a.sub.k is seen on the television screen. If said
      level a.sub.k is changed sequentially at a suitable speed, the silhouette
      gets movement by changing it form. Human sensors are very sensitive to
      variations, particularly the eye, and this procedure makes the feature
      extraction from the scintigram very easy.
PAR  On the other hand, a two-dimensional interpolation that allows display of 3
      mm square pictures elements from data taken 6 mm apart is also presented
      in this invention and is based on the following principle. The object
      plane should be constituted by small square picture elements regularly
      distributed. The measurements are made at the intersections of odd
      numbered horizontal lines with odd numbered vertical lines that constitute
      the boundary of said picture elements. The count rate of each picture
      element is determined by the nearest three measurements in the following
      fashion: a column of height X.sub.ij, the result of measurement, is placed
      at each measuring point; a plane is determined by said three nearest
      columns; the height up to this plane at the center of each picture element
      is adopted as the value of its count rate. The scanning time may be
      reduced considerably by this means, without deterioration of picture
      quality.
PAR  Other objectives, chacteristics, effects, and more details are described by
      the drawings and explanation of the preferred embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects, features and advantages of the present invention will
      become more clear from the following detailed description with respect to
      the drawing wherein:
PAR  FIG. 1 illustrates one possible embodiment of the present invention. It
      shows how the display signal corresponding to black or white is
      constituted from the picture data;
PAR  FIG. 2 shows the conversion of scan data into a sequence of two-colored
      picture elements;
PAR  FIG. 3 illustrates how the data circulate within the memory and buffer
      register BR.
PAR  FIG. 4 shows an example of a sequence of scintigram composed by the present
      invention;
PAR  FIG. 5 is a block diagram of another embodiment of the present invention;
PAR  FIG. 6 is a partial detailed circuitry of FIG. 5; it extracts those R'
      satisfying the relation L R' .ltoreq. L + K;
PAR  FIG. 7 is a block diagram of the circuits that constitute the beam
      intensity modulation signal;
PAR  FIG. 8 is an example of a sequence of scintigram obtained by using the
      circuits shown in FIG. 5;
PAR  FIG. 9 shows the distribution of the measuring points X.sub.ij on the
      object plane;
PAR  FIG. 10 shows the relative positions of picture elements R.sub.ij.sup. k
      around the measuring point X.sub.ij ;
PAR  FIG. 11 illustrates how the value of the count rate R.sub.ij.sup.k of a
      picture element is determined from the measured values X.sub.ij through
      two-dimensional interpolation;
PAR  FIG. 12 is a block diagram of the display system described in the present
      invention;
PAR  FIG. 13 illustrates the situation when the two first odd lines are read in
      the memory;
PAR  FIG. 14 shows the steps used to read in one data in the even lines memory;
PAR  FIG. 15 illustrates the mechanism of constitution of a field on the
      television screen; and
PAR  FIG. 16 shows the read out of data from the main memory described in the
      block diagram of FIG. 12 and the recirculation path.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a multilever analyzer that allows the display of
      scan data gathered by isocount method in an easily analyzable form.
      Moreover, it permits the composition of picture elements with, say, 3 mm
      .times. 3 mm. size, from data taken 6 mm apart, by means of
      two-dimensional interpolation. With this process, said display allows
      composition of a high quality scintigram within short scanning time.
PAL  Multilever Analyzer
PAR  FIG. 1 illustrates an embodiment of the present invention when a shift
      register memory is used as storage means. It is supposed that P = m
      .times. n data R.sub.ij (i = 1, 2 . . . . m; j = 1, 2 . . . . n) are
      already in the memory M, by direct read in or by means of paper or
      magnetic tape. To begin with, the data R.sub.11, R.sub.12 . . . , R.sub.1n
      in line L.sub.1 are transferred to the buffer register BR through the
      switch S. The buffer register BR is a shift register; each stage contains
      a number of bits sufficient to memorize the value of a data R.sub.ij, and
      the data may be shifted from left to right in synchronism with the
      television (not shown) horizontal sweep signal. When the silhouette is
      displayed, the electronic switch S must be turned upwards (contact 1) and
      the data corresponding to one line R.sub.11, R.sub.12 . . . , R.sub.1n are
      recirculated 3 or 4 times. This operation yields the width of each picture
      element on the screen in the vertical direction. The value of R.sub.ij the
      rightmost datum in the buffer register BR, is compared with the present
      slice level a.sub.k, by the comparator circuit CM. If the value of
      R.sub.ij is larger than or equal to a.sub.k, the CM circuit produces a
      signal (B) corresponding to the black level on the screen. If R.sub.ij is
      smaller than a.sub.k, a white level signal (W) is produced by the CM
      circuit. The elements of line L.sub.1 are displayed on the screen by the
      above described process. During the last recirculation of data L.sub.1,
      the electronic switch S is turned downwards (contact 2) and the data of
      the second lime L.sub.2 are transferred into the buffer register BR. All
      the processes are repeated up to line L.sub. m, when everything restarts
      with line L.sub.1. The resulting picture on the television screen is a
      silhouette of a section of the scintigram sliced at a certain level
      a.sub.k. If the slice level a.sub.k is changed, a sequence of section
      silhouettes at those levels is obtained on the screen.
PAR  FIG. 2 illustrates a situation where the data of line L.sub.1 are sliced by
      the reference level a.sub.k and also shows the corresponding sequence of
      black and white picture elements on the television screen.
PAR  FIG. 3 shows the distribution of data in the main memory M after transfer
      of data constituting the first line L.sub.1 to the buffer register BR. In
      other words, the main memory M is also constituted by a shift register so
      that the data in line L.sub.1 are transferred to the buffer register BR
      and at the same time the whole content of the memory M is shifted such
      that line L.sub.1 is recirculated through the tail of the memory M. As
      shown in FIG. 3, after n shift pulses, the data of line L.sub.1 are
      transferred to the buffer register BR and at the same time the content of
      memory M is advanced one row, that is, the content of line L.sub.2 that
      was in the second row are moved to the top, and the data of line L.sub.1
      formerly at the top row are transferred to the last row. From this
      situation, if n more shift pulses are applied, the line L.sub.2 at the top
      of memory M is displayed automatically.
PAR  FIG. 4 is a sequence of pictures taken from the television screen, when the
      silhouettes of a case with metastatic carcinoma of the brain was analyzed
      by the above described method and the value of sequentially changed slice
      level a.sub.k are also indicated below each silhouette. When the slice
      level is lowered to 45, a tumor becomes clearly visible in the posterior
      fossa, as indicated by the arrow in FIG. 4d. Lowering further the slice
      level a.sub.k, some deposits seeming to be abnormal are seen in the
      parietal region, as indicated by the arrow in FIG. 4f. At this stage,
      however, another lesion is suspected but nothing is definite. The slice
      level a.sub.k is lowered further more and finally the existence of a
      second tumor becomes clear. This expedient facilitates a lot of the
      interpretation of scintigrams, avoiding overlook abnormalities. It seems
      that multilever analysis will become a very useful tool for diagnosis in
      clinical medicine. Specially in the cold area (where the count rate
      R.sub.ij is low), a very important area for analysis in the case of the
      brain, even small uptake ratios become clearly distinguishable. This was
      very difficult in the usual photoscintigram.
PAR  It should be noted that the coefficient of variation .epsilon.(R) = .sigma.
      (R) / E (R) of each count rate R taken by the isocount scanner is constant
      (= 1 /.sqroot. N) over the entire observed plane, and as a consequence in
      places where the expectation E (R) is relatively high, the standard
      deviation .sigma. (R) will be also relatively high and it is meaningless
      to vary a.sub.k by a small amount. On the contrary, in places where the
      expectation E (R) is low, the standard deviation .sigma. (R) will also be
      small, allowing a detailed analysis of cold areas.
PAR  Furthermore, the input signal to the television in the multilevel analyzer
      described in the present invention is an electric signal corresponding to
      a numerical value, free from some sensible parameters like light source
      adjustment and film developing conditions involved in the photoscintigram,
      allowing a very stable and reliable picture. Finally, in the above
      description, the input signal to the television produced levels
      corresponding to black and white. That signal, however, is not restricted
      to black and white; any two other colors may be used.
PAL  Extended Multilever Analyzer
PAR  FIG. 5 illustrates a partial block diagram of a second embodiment of the
      present invention. In the first embodiment described above, the
      two-dimensional array of count rate data stored in the memory were
      sequentially read out and compared to a preset slice level a.sub.k. In the
      second embodiment illustrated in FIG. 5, two reference levels L and L + k
      are prepared; if the read out datum R is lower than L, a white picture
      element is produced; if R is higher than L + k, a black picture element is
      produced and if R falls between L and L + k, that picture element will
      have a gray level proportional to R - L. Changing sequentially said
      reference level L from zero to the maximum allowable value, the resulting
      sequence of pictures is observed.
PAR  Each datum (or word) R sequentially read out from the memory corresponds to
      a picture element and is constituted by 8 bits, for example. Two
      comparator circuits 1 and 2 make the comparison of R and L + k or L,
      respectively. Blocks 3 and 4 represent reference level generating circuits
      which produce binary coded values of L + k and L. The gate circuits 5
      selects those elements with count rate R' satisfying the condition L R'
      .ltoreq. L + k and send them to the subtractor 6. The value of R' - L is
      gotten by the subtractor circuit 6, which is converted into an analog
      signal by the digital - to - analog converter 7. The analog signal
      corresponding to R' - L is applied to the television 8, producing a gray
      level proportional to that signal on the screen.
PAR  FIG. 6 illustrates an embodiment of a logical circuit that extracts those
      values of R' among R satisfying the condition L R' .ltoreq. L + k. Each
      bit of R is called R.sub.i (i = 0, 1 . . . , 7), so that eight circuits
      similar to this constitute the entire circuit. IF R &gt; L + k, we will have
      a logical state [R &gt; L + k] = 1, the output of INH-AND circuit will be "0"
      and R.sub.i will not go beyond the gate AND-1. At the same time, the
      condition R &gt; L will yield [R .ltoreq. L] = 0; gate AND-2 will be opened
      and the signal [R&gt; L + k] = 1 will go through gates OR and AND-2, making
      each bit at the output go to logical "1", that is, R' will get its maximum
      value (255 for 8 bits). Now, if L + k .gtoreq. R &gt; L, we will have [R &gt; L
      + k] = 0 and [R .ltoreq. L] = 0; the value of R.sub.i will appear at the
      output terminals through gates AND-1, OR, and AND-2, yielding selection of
      count rates satisfying the condition L &lt; R' .ltoreq. L + k. R.sub.1 '  (i
      = 0, 1 . . . , 7) represents each bit of R'. Finally, when R .ltoreq. L,
      we will have [R .ltoreq. L] =1 and [R &gt; L + k] = 0, making each bit
      R.sub.1 ', at the output, go to the logical "0", that is the smallest
      value.
PAR  FIG. 7 illustrates a circuit that constitutes a signal necessary for
      producing a convenient gray level for those binary coded R' satisfying the
      condition L &lt; R' .ltoreq. L + k. In other words, the subtractor 6
      determines the value R' - L and this difference is transformed to an
      analog signal by the D/A converter 7, producing an intensity modulation
      analog voltage corresponding to a gray level between white and black. In
      this subtractor, when the difference is zero or negative, the logical "0"
      is produced as the output.
PAR  If the value of L is sequentially changed from zero to the maximum value,
      and the above mentioned process is executed, the picture on the television
      screen will not be static but rather will be a sequence of changing
      pictures, making the details at some count rate level appear clearly,
      according to the value of L. FIG. 8 shows an example of liver analyzed by
      this method. If the value of k is taken to be zero (k=0), a binary picture
      is obtained and it corresponds to the first embodiment shown in FIG. 1.
PAR  With the embodiment shown in FIG. 5, the data between L and L + k will be
      displayed by a gray level proportional to its numerical value, so that if
      for instance k = 10, even a single bit will be distinguishable within this
      band. As L is sequentially changed, any detail will be clearly visualized,
      which avoids overlooking lesions. This process is equivalent to an
      enlargement of the dynamic range of the television screen characteristics.
      Two-Dimensional Interpolation
PAR  Another aspect of the present invention is to shorten scanning time by
      displaying a picture element with size of 3 mm .times. 3 mm, for example,
      composed by two-dinensional interpolation from data taken 6 mm apart. An
      example of embodiment is explained by using FIG. 9.
PAR  As shown in FIG. 9, the object plane is sectioned into small square picture
      elements. The intersections X.sub.ij of odd numbered vertical lines with
      odd numbered horizontal lines that constitute the boundaries of each
      picture element, are the observation points where the date are sampled.
      The scintillation detector stops successively just over each X.sub.ij and
      measures the gamma-ray intensity, based on the isocount scanning
      principle. Each count rate obtained at an observation point will be also
      called X.sub.ij, for there is no danger of confusion. Each value of the
      count rate X.sub.ij is recorded on paper or magnetic tape. Once the whole
      scanning is completed, these data are read in the memory of the display
      system. During the display, the count rate R.sub.ij of each picture
      element is calculated from those data X.sub.ij stored in said memory by
      means of two-dimensional interpolation.
PAR  If the four nearest points are considered for two-dimensional
      interpolation, the following relation is used:
      ##EQU1##
      where .alpha..sub.k (k = 1, 2, 3, 4) are weighting factors. The relative
      positions of the picture elements R.sub.i,j.sup.1, R.sub.i,j.sup.2,
      R.sub.i,j.sup.3, R.sub.i,j.sup.4, to the observation point X.sub.i,j are
      shown in FIG. 10.
PAR  As the input pulse train constitutes a Poisson process, and as the
      observing times are not overlapped, the measured values X.sub.i,j in
      Equation (1) are statistically independent. For the sake of simplicity,
      if:
EQU  R = .SIGMA..alpha..sub.k X.sub.k / .SIGMA..alpha..sub.k    (2)
PAL  the expectation E(R) and the standard deviation.sigma. (R) of the count
      rate R of a picture element are given respectively by:
EQU  E (R) = .SIGMA..alpha..sub.k E(X.sub.k) /.SIGMA..alpha..sub.k (3)
EQU  .sigma.(R) = [.SIGMA..alpha..sub.k.sup.2 .sigma..sup.2 (X.sub.k) ] .sup.1/2
      / .SIGMA..alpha..sub.k                                    (4)
PAR  From the above relations, the coefficient of variation is calculated and
      yields:
PAL  .epsilon.(R) = .sigma.(R) / E(R) = [.SIGMA..alpha..sub.k.sup.2
      .sigma..sup.2 (X.sub.k)] .sup.1/2 /.SIGMA..alpha..sub.k E(X.sub.k) (5)
PAR  The full width at half maximum (FWHM) of the collimator response curve on
      the focal plane is usually about 15 mm and if the observations are made 6
      mm apart, for instance, the expectation and the standard deviation of
      X.sub.k may be considered to be very close, that is, E (X.sub.k)
      .congruent. E (X), .sigma. (X.sub.k).congruent..sigma.(X), k = 1, 2, 3, 4.
      Substituting these relations in Equation (5), the following equation is
      obtained:
EQU  .epsilon.(R) .congruent. [.SIGMA..alpha..sub.k.sup.2 ].sup.1/2 .sigma. (X)
      /.SIGMA..alpha..sub.k E (X) =[.SIGMA..alpha..sub.k.sup.2 ].sup.1/2
      .epsilon. (X) /.SIGMA..alpha..sub.k                       (6)
PAR  As the value of each count rate X.sub.i,j is determined by the isocount
      method at the corresponding observation point .epsilon. (X) = 1/.sqroot.N,
      and substituting this value in Equation (6), the fillowing relation is
      obtained:
EQU  .epsilon.(R) [.SIGMA..alpha..sub.k.sup.2 ].sup.1/2
      /.sqroot.N.SIGMA..alpha..sub.k                            (7)
PAR  Many combinations of the weighting coefficients are possible. According to
      the Shannon sampling theorem extended to the two-dimensional case, the
      following approximate result is obtained:.alpha..sub.1 =  9, .alpha..sub.2
      = .alpha..sub.3 = b, .alpha..sub.4 = 1. From the standpoint of
      interpolation, the following combination is adopted: .alpha..sub.1 = 2,
      .alpha..sub.2 = .alpha..sub.3 = 1, .alpha..sub.4 = 0. This is equivalent
      ot take as the count rate of each picture element equal to the height at
      its center up to the triangle determined by the three nearest columns with
      height equal to the respective count rate measured at each observation
      point. This situation is depicted in FIG. 11. In other words, the
      interpolation is proceeded by taking the three nearest measurements.
      Introducing the above coefficients in Equation (1), the following
      relations that determine the count rate of each picture element are given:
EQU  R.sub.i,j.sup.1 = 1/4 [ X.sub.i.sub.-1,j + X.sub.i,j.sub.-1 + 2 X.sub.i,j ]
      (8-a)
EQU  R.sub.i,j.sup.2 = 1/4 [ X.sub.i.sub.-1,j + X.sub.i,j.sub.+1 + 2 X.sub.i,j ]
      (8-b)
EQU  R.sub.i,j.sup.3 = 1/4 [ X.sub.i,j.sub.-1 + X.sub.i.sub.-1,j + 2 X.sub.i,j ]
      (8-c)
EQU  R.sub.i,j.sup.4 = 1/4 [ X.sub.i,j.sub.+1 + X.sub.i.sub.+1,j + 2 X.sub.i,j ]
      (8-d)
PAR  The coefficient of variation given by Equation (7) will become:
EQU  .epsilon.(R) = .sqroot.6 / 4 .sqroot.N.perspectiveto.1 / .sqroot.2.7N (9)
PAR  equation (9) shows that this interpolation yields an effective
      multiplication of the preset number N by a factor of 2.7. The statistical
      fluctuations are reduced by this factor, still improving the picture
      quality.
PAR  FIG. 12 is a block diagram of an embodiment of the display system with
      interpolation. In FIG. 12, blocks 11 and 12 are (read/display buffers) R/D
      buffers -1 and -2; 13 and 14 are main memories; 15 and 16 are line buffers
      -1 and -2, respectively. The system shown in FIG. 12 works in two
      different cycles: "read in" and "display". In the read in cycle, the data
      of one line X.sub.i,j (j = 1, 2, . . . ) are stored in the main memory
      through R/D buffer -1 (block 11). As the scanning is proceeded in a
      reciprocated motion, and it is desirable to store the data as they were
      gathered always in the same direction, it is necessary to store the even
      lines upside down. The R/D buffers and the main memories are constituted
      by shift registers as shown in FIGS. 13 and 14. Odd lines are stored in
      the corresponding main memory 13 directly from R/D buffer -1. The
      mechanism of storing even lines is shown in FIG. 14. If, for example, one
      line is constituted by five words, four pulses are used to circulate the
      whole data and the fifth pulse is used to store one word in the even line
      main memory 14. By repeating this process five times, a complete line is
      stored in the main memory. This mechanism allows to store the whole data
      in the main memory in sequence suited to be displayed in synchronism with
      the horizontal sweep signal of the television.
PAR  The END code on the tape finishes the read in cycle and makes start of the
      display cycle automatically. In this cycle everything moves in synchronism
      with the horizontal and vertical sweep signals of the television. FIG. 15
      shows some details of such a mechanism. The first field on the standard
      television screen is composed of 246.5 lines, among which 240 are
      modulated by the scan data. Three consecutive lines (e.g., lines 2, 3, and
      4 in FIG. 15) are modulated by the same data in order to produce the
      necessary width of a picture element in the vertical direction. During
      this process, these data are recirculated two times within R/D buffers -1
      and -2, connected in series in FIG. 12. During the display of lines 3n +
      1, (n = 0, 1, 2, . . . 79), the data for this line are displayed and at
      the same time the data for the next line are accumulated in said buffer -1
      (11) and -2 (12). The number of interpolated data in each line will be
      twice the number of originally scanned data, so two buffers -1 and -2 with
      the same length become necessary in the display cycle. The data for each
      picture element are determined by the interpolator 17 by using the
      relations (8-a) to (8-d). As shown by these relations, the data of each
      scanned line are used twice alternately, and as the recicculation speed of
      data within the main memory is not enough, line buffers -1 and -2, 15 and
      16, become necessary.
PAR  FIG. 16 shows the distribution of data within the odd line memory 13 after
      transferring the data of the first line to the line buffer -1. In other
      words, the main memory is also constituted by shift registers provides
      with a recirculation path as shown in this figure. The shift pulses are
      synchronized with the television horizontal sweep signal. The read out
      signal of a line is synchronized with the television vertical sweep
      signal.
PAR  The second field is a repetition of the process mentioned above, and both
      fields together constitute a complete frame on the screen.
PAR  As shown in FIG.. 12, the output of R/D buffer -2, block 12, is transformed
      into analog signal by the D/A converter 18, and applied to the television
      19, as beam intensity modulation signal, in order to compose the
      scintigram on the screen. Finally, block 20 in FIG. 12 is the tape reader
      used as the means to transfer the data on a paper type into the display
      system.
PAR  In conclusion, the two-dimensional interpolation allows determination of
      the count rate of each picture element from data sampled sparsely,
      shortening considerably the entire scanning time; some 1/4 measuring
      points are taken relative to the number of picture elements. Due to the
      smoothing effect involved in the interpolation, spurious dots are
      eliminated, improving further the picture quality. Another aspect is the
      elimination of light intensity adjustment and the conditions of film
      development that constitute some sensible parameters in the monochromatic
      film display system. A picture always stable and with adjustable contrast
      is obtained.
PAR  While several embodiments of the present invention have been shown and
      described in detail, further embodiments, modifications and variations are
      contemplated according to the broader aspects of the present invention,
      all as determined by the spirit and scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A scintigram display apparatus employing a television display means
      having a screen, a beam intensity modulator and a sweep signal,
      comprising:
PA1  a. scintillation scanning means for two-dimensionally scanning over an
      object emitting gamma-rays and measuring the input gamma-rays for
      producing a two-dimensional array of output signals correlated to the
      two-dimensional array of gamma-radiation from the object:
PA1  b. memory means for storing the two-dimensional array of said output
      signals from said scintillation scanning means;
PA1  c. means for reading out the data coresponding to one scan line of the
      two-dimensional array from said memory means;
PA1  d. comparator circuit means for comparing each datum from said reading
      means, in synchronism with the television sweep signal, with a preset
      slice level and therby generating a binary signal as the result of such
      comparison;
PA1  e. circuit means for applying said binary signal as the television beam
      intensity modulator to assign two different colors on the screen
      corresponding to the binary signal; and
PA1  f. means for changing sequentially said slice level to produce a
      corresponding sequence of silhouettes of the scanned object on the
      television screen in at least said two colors.
NUM  2.
PAR  2. A scintillation display apparatus as defined in claim 1, further
      comprising a second comparator circuit means for comparing the data from
      said reading means, in synchronism with the television sweep signal, and
      said two comparator circuit means using respectively two reference levels
      L and L + k; said circuit means assigning a white picture element on said
      television screen to those data smaller than L, a black picture element to
      those data larger than L + k, and a gray level picture element in
      accordance with the respective value for those data between L and L + k;
      and said means for changing sequentially changes said reference levels L
      and L + k with a suitable velocity to produce a corresponding sequence of
      silhouettes of the scanned object on the television screen in at least
      said black, white and gray colors.
NUM  3.
PAR  3. The scintillation display apparatus of claim 2, wherein said circuit
      means assigns a gray level varying in intensity between black and white in
      correspondence with the level of the data between L + k and L,
      respectively.
NUM  4.
PAR  4. The scintigram display apparatus as defined in claim 1, wherein said
      scintillation scanning means is an isocount scintillation scanning means
      that will stop at each measurement point of a two-dimensional array of
      measuring points during the time T necessary for the number of input
      gamma-rays to reach a preset value N, and for electronically producing an
      output signal correlated to the count rate R = N/T at each measuring
      point, and wherein said means for reading is a buffer register.
NUM  5.
PAR  5. A scintigram display apparatus as defined in claim 1, wherein said
      scintillation scanning means is an isocount scintillation scanning means
      that will stop at each measurement point of a two-dimensional array of
      measuring points during the time T necessary for the number of input
      gamma-rays to reach a preset value N, and for electronically producing an
      output signal correlated to count rate R = N/T at each measuring point,
      and wherein said means for reading is a buffer register.
NUM  6.
PAR  6. A scintigram display apparatus as defined in claim 5, wherein said
      scintillation scanning means takes measurements only at the intersections
      of odd numbered horizontal scan lines with odd numbered vertical lines,
      which vertical and horizontal scan lines constitute the boundaries of
      small square picture elements of the two-dimensional scan of the object,
      and further including two-dimensional interpolation means for receiving
      the signals and for calculating a separate count rate signal for each of
      said picture elements by considering at least the three nearest scanning
      means output signals corresponding to the three nearest measurement points
      to the picture element, and wherein said circuit means employs said
      picture element count rate signals for correspondingly intensity
      modulating the beam for the respective picture elements on the television
      screen.
NUM  7.
PAR  7. A scintigram display apparatus as defined in claim 6, further comprising
      a second comparator circuit means for comparing the data from said reading
      means, in synchronism with the television sweep signal, and said two
      comparator circuit means using respectively two reference levels L and L +
      k, said circuit means assigning a white picture element on said television
      screen to those data smaller than L, a black picture element to those data
      larger than L + k, and a gray level picture element in accordance with the
      respective value for those data between L and L + k; and said means for
      changing sequentially changes said reference levels L and L + k with a
      suitable velocity to produce a corresponding sequence of silhouettes of
      the scanned object on the television screen in at least said black, white
      and gray colors.
NUM  8.
PAR  8. A scintigram display apparatus as defined in claim 7, wherein said
      circuit means assigns a gray level varying in intensity between black and
      white in correspondence with the level of the data between L + k and L,
      respectively.
NUM  9.
PAR  9. A scintigram display apparatus as defined in claim 1, wherein said
      scintillation scanning means takes measurements only at the intersections
      of odd numbered horizontal scan lines with odd numbered vertical scan
      lines, which vertical horizontal scan lines constitute the boundaries of
      small square picture elements of the two-dimensional scan of the object,
      and further including two-dimensional interpolation means for receiving
      the signals and for calculating a separate count rate signal for each of
      said picture elements by considering at least the three nearest scanning
      means output signals corresponding to the three nearest measurement points
      to the picture element, and wherein said circuit means employs said
      picture element count rate signals for correspondingly intensity
      modulating the beam for the respective picture elements on the television
      screen.
NUM  10.
PAR  10. A scintigram display apparatus as defined in claim 9, further
      comprising a second comparator circuit means for comparing the data from
      said reading means, in synchronism with the television sweep signal, and
      said two comparator circuit means using respectively two reference levels
      L and L + k; said circuit means assigning a white picture element on said
      television screen to those data smaller than L, a black picture element to
      those data larger than L + k, and a gray level picture element in
      accordance with the respective value for those data between L and L + k;
      and said means for changing sequentially changes said reference levels L
      and L + k with a suitable velocity to produce a corresponding sequence of
      silhouettes of the scanned object on the televisionscreen in at least said
      black, white and gray colors.
NUM  11.
PAR  11. A scintigram display apparatus as defined in claim 10, wherein said
      circuit means assigns a gray level varying in intensity between black and
      white in correspondence with the level of the data between L + k and L,
      respectively.
NUM  12.
PAR  12. A scintigram display apparatus employing a television display means
      having a screen, a beam intensity modulator and a sweep signal,
      comprising:
PA1  a. scintillation scanning means for two-dimensionally scanning over an
      object emitting gamma-rays and measuring the input gamma-rays only at the
      intersection of odd numbered horizontal scan lines and odd numbered
      vertical scan lines, which horizontal and vertical scan lines constitute
      the boundaries of small square picture elements of the two-dimensional
      scan of the object for producing a correlated two-dimensional array of
      output signals correlated to the two-dimensional array of gamma-radiation
      from the object;
PA1  b. memory means for storing the two-dimensional array of said output
      signals from said scintillation scanning means;
PA1  c. two-dimensional interpolation means for calculating a separate count
      rate for each of said picture elements from at least the three output
      signals from said scanning means corresponding to the three nearest
      intersection measurment points to the picture element;
PA1  d. read out circuit means for reading out the data stored in said memory
      means and produced by said interpolation means in synchronism with the
      television sweep signal for controlling the television picture on the
      screen to produce a two-dimensional array of picture elements on the
      television screen corresponding to the two-dimensional array of picture
      elements correlated to the measurements made by the scintillation scanning
      means.
NUM  13.
PAR  13. A scintigram display apparatus as defined in claim 12, wherein said
      scintillation scanning means is an isocount scintillation scanning means
      that will stop at each measurement point of a two-dimensional array of
      measuring points during the time T necessary for the number of input
      gamma-rays to reach a preset value N, and for electronically producing an
      output signal correlated to the count rate R = N/T at each measuring
      point.
NUM  14.
PAR  14. A method of displaying a scintigram on a television screen, comprising
      the steps of:
PA1  a. two-dimensionally scintillation scanning over an object emitting
      gamma-rays, measuring the input gamma-rays and producing a two-dimensional
      array of output signals correlated to the two-dimensional array of
      gamma-radiation from the object;
PA1  b. storing the two-dimensional array of said output signals from said
      scintillation scanning step;
PA1  c. reading out the thus stored data corresponding to one scan line at a
      time of the two-dimensional array;
PA1  d. comparing each thus read out datum, in synchronism with the television
      sweep signal, with a preset slice level and thereby generating a binary
      signal as the result of such comparison;
PA1  e. applying said binary signal as the television beam intensity modulator
      to assign two different colors on the screen corresponding to the binary
      signal; and
PA1  f. changing sequentially said slice level and thereby producing a
      corresponding sequence of silhouettes of the scanned object on the
      television screen in at least said two colors.
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ABST
PAL  A method and arrangement for determining the concentration of nitric oxide
     n a gas mixture, particularly exhaust gases, wherein a beam from a
      hollow-cathode tube is directed through a modulator, an absorption cell
      containing a gas mixture with an unknown concentration of nitric oxide,
      and a monochromator, to a beam detector. A readout arrangement displaying
      the concentration of nitric oxide gas is operatively connected to the beam
      detector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method and arrangement for determining the
      concentration of nitric oxide gas in an unknown gas mixture. Such methods
      are important in industry for the testing and assessment of new motors and
      gas turbines, which produce unknown exhaust gas mixtures. The arrangements
      are also utilized for determining air pollution levels in cities and other
      environments which are subject to pollution from exhaust gases, and
      contain nitric oxide gas concentrations.
PAR  Previous known methods of nitric oxide concentration measurement utilize
      nondispersive infrared spectroscopy (NDIR) or chemiluminescence methods.
      The nondispersive infrared spectroscopy method is too inaccurate and too
      insensitive; the chemiluminescence method is not suitable for the
      measurement of rapid changes in gas concentrations in exhaust gases. The
      measurement cell must be operated in a partial vacuum (5 to 10 mm Hg) and
      requires considerable time, and the complete evacuation of gas. This
      method also requires permanent production of ozone in normal operation;
      and an automatic operation is not easily practicable or possible. It is
      also necessary to calibrate the instrument regularly with no gas mixtures
      of known concentrations and to correct the values for quenching effects.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a method and an arrangement for
      determining the concentration of nitric oxide in a gas mixture.
PAR  It is another object of the invention to provide a hollow-cathode tube
      having a can-shaped cathode and an anode, connected to a voltage source,
      which is useful in analyzing gas mixtures in combination with an
      absorption cell.
PAR  It is another object of the invention to provide a modulator capable of
      modulating the emitted radiation from the hollow-cathode tube, into two
      distinct beams corresponding to a reference beam and a measuring beam.
PAR  It is another object of the invention to provide for a combination of a
      hollow-cathode tube, a modulator, and absorption cell, a monochromator,
      and a beam detector, which may be utilized to determine the relative
      concentration of a particular molecule in a gas mixture.
PAR  It is another object of the invention to provide a novel and improved
      hollow-cathode tube including a dosage valve, connected to an air intake
      of the tube, and an exit or air outlet connected with a vacuum pump.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a hollow-cathode tube constructed to the teachings of
      the present invention;
PAR  FIG. 2 is a schematic diagram of an arrangement for measuring the nitric
      oxide level in a test chamber or absorption cell;
PAR  FIG. 3 illustrates a cross section of another embodiment of the
      hollow-cathode tube according to the present invention;
PAR  FIG. 4 is a schematic diagram of an apparatus according to the teachings of
      the present invention, in which a hollow-cathode tube is utilized with a
      measuring and a reference light beam;
PAR  FIG. 5 is a top view of a modulator for the device seen in FIG. 4,
      according to the principles of the present invention; and
PAR  FIG. 6 is an intensity vs. time diagram of the input to the decoder
      representing an electrical signal as found in the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a hollow-cathode tube 1, which produces radiative emissions
      from excited nitric oxide molecules according to the principles of the
      present invention. The tube is constructed from a cylindrical glass body 2
      with a quartz window 3 at one end, and closed at the other end by a cover
      4. Through the cover 4 are passed two ceramic tubes, 5 and 6, in an
      air-tight seal, and electrical conductors 7 and 8 are connected to the
      tubes outside of the glass body 2. In the interior of the glass body 2 is
      a ring-shaped anode, which is connected with the conductor 7; and a hollow
      can-shaped cathode 11 connected with the conductor 8. Both electrodes are
      preferably composed of molybdenum. The anode 9 and the hollow cathode 11
      are connected through the conductors 7 and 8 with a voltage source 12,
      preferably with a stabilized current. Between the hollow cathode 11 and
      the voltage source 12 is an adjustable resistor 13 connected along the
      conductor 8. Connected to the air-tight glass body 2 is an intake pipe 14
      and an exit or outlet pipe 15 for intake and exit of air. The outer intake
      pipe 17 of the intake pipe 14 is connected to the outer ambient
      atmosphere, at normal temperature and pressure; in the pipe 14 is a fine
      dosage valve including a throttle 16, which adjusts the cross section of
      the intake pipe 14 in a continuous and variable manner and so regulate the
      intake of air. The outlet pipe 15 is connected with a vacuum pump 18,
      through which the glass body 2 can be evacuated of air.
PAR  In operation according to the principles of the present invention, the
      throttling valve 16 is adjusted so that the pressure in the interior of
      the hollow-cathode tube would be equal to about 0.5 mm Hg. This pressure
      may be achieved by carefully adjusting the throttling valve 16 until the
      desired pressure is attained.
PAR  FIG. 3 is another embodiment of the hollow-cathode tube according to the
      principles of the present invention. It is constructed in the same manner
      as the hollow-cathode tube in FIG. 1, and the same numerals refer to like
      parts. The electrical conductors and the electrodes are, however, somewhat
      different than the corresponding parts of the hollow-cathode tube of FIG.
      1. Connected with the anode 9 is an electrical conductor 19 comprising a
      thin tube, preferably made of high quality steel. The steel tube 19 is
      surrounded by an insulating ceramic cover 21, and passes through the cover
      4 via an air-tight seal. The inner cavity of the tube-shaped conductor 19
      is connected with a bore hole 22 in the anode 9, and thereby into the
      inner part of the hollow-cathode tube.
PAR  The conductor of the hollow-cathode 11 is also constructed of a tube 23,
      also composed preferably of fine steel. The conductor is also surrounded
      by a ceramic cover 24, having a relatively large inner diameter, such that
      it surrounds the side faces of the hollow cathode 11 itself. The conductor
      23 passes through the cover 4 through an air-tight seal. On the base plate
      of the can-shaped hollow cathode 11 is a bore 25 having a diameter of
      preferably less than 1 mm.
PAR  The electrically conducting tubes 19 and 23 are in this embodiment not only
      the electrical conductors for the anode 9 and the hollow cathode 11, but
      also at the same time the air intake and outlet passageways. The tube 19
      forms the air intake pipe through which air from the outer atmosphere can
      be directed through the bore 22 into the interior of the hollow cathode
      lamp 1. Similarly, the tube-like conductor 19 serves the same purpose as
      the tube 14 in FIG. 1 with a closable dosage valve, which, however, is not
      explicitly shown in FIG. 3. The tube-like conductor 23 serves as the exit
      or outlet tube for the air in the interior of the hollow-cathode tube. It
      is, therefore, similar to the exit tube 15 in FIG. 1, with which a vacuum
      pump is connected, which, however, is not shown in FIG. 3.
PAR  The conductors 19 and 23 operate in the same manner as the conductors 7 and
      8 in the hollow-cathode tube of FIG. 1, in which there is shown a source
      of voltage, and a variable resistor connected between the negative lead of
      the voltage source and the conductor to the cathode, corresponding to
      conductor 23. These elements are not explicitly shown in FIG. 3.
PAR  The operation of the hollow-cathode tube is as follows. Air is admitted
      into the interior of the hollow-cathode tube 1 by means of the dosage
      valve 16, which together with the operation of the vacuum pump, permits an
      operating pressure of about 0.5 mm Hg. At the same time the voltage source
      will produce in the interior of the hollow-cathode tube a cathode current,
      which according to the invention is relatively small. The value of this
      current lies in the range of a milliampere. Through the apparatus as
      taught by the present invention, and through a series of intermediate
      steps, nitric oxide molecules will form from the nitrogen and oxygen in
      the air. In doing so, an excited state of the molecules will be attained.
      In the passage from these excited states to the ground state of the nitric
      oxide molecule, radiation will be emitted, which will be utilized in
      determining and analyzing the proportion of nitric oxide in a gas mixture.
PAR  It is essential that due to the small cathode current and low power
      dissipation an excessive rise in temperature of the gases within the
      hollow-cathode tube is avoided. The power of the tube lies in the range of
      about 0.3 watts. The temperature of the radiating gases is substantially
      at room temperature, as can be ascertained from an examination of the
      "rotational temperature" determined by the nitric oxide radiation. The
      hollow-cathode tube produces a measuring and a reference beam which will
      be described in detail below. The present invention also provides a
      practically unlimited lifetime for the hollow-cathode tube, which is
      significantly important for a nitric oxide measuring device.
PAR  Another advantage of the hollow-cathode tube is that the emission of the
      nitric oxide molecules is free of any background radiation, which may be
      due to other substances in the tube, such as other gases, or atoms
      released from the electrode material. The desired intensity of the emitted
      nitric oxide molecular radiation is optimally achieved through a continual
      passage of fresh air through the tube. In such a case, the following
      values are attained:
PA1  Noise level less than 0.2%
PA1  Long term drift per day less than 1%.
PAR  FIG. 2 is a simplified block diagram of the arrangement for analyzing a gas
      mixture as taught by the present invention. There is illustrated the
      hollow-cathode tube 1, as described above, an absorption cell 31, a
      monochromator 32, a beam detector 33, and a readout indicator 34.
PAR  The absorption cell 31 comprises a container made of special quartz glass,
      through which the beams emanating from the hollow-cathode tube 1 are
      passed. The absorption cell 31 includes an inlet 37 and an outlet 38
      through which the gas mixtures to be analyzed are passed. The
      monochromator 32 is transparent to radiation of a particular wavelength,
      particularly the wavelength of a resonance band of the nitric oxide
      molecular radiation. The resonance band wavelength is preferably at 2269
      Angstroms. The monochromator has a band width of about 20 Angstroms. An
      interference filter may be also utilized at this point of the apparatus.
      The beam detector 33 is, for example, a commercially available
      photomultiplier, which translates the intensity of the incoming radiation
      into proportional electrical signals.
PAR  In operation, the hollow-cathode tube will emit radiation corresponding to
      transitions between rotational energy levels in the electronically excited
      and ground state nitric oxide molecules. This radiation will be directed
      onto the absorption cell 31, and then through the monochromator 32, and
      finally into the beam detector 33, wherein the resulting intensity will be
      reflected by proportional indications on a readout device. A focussing
      lens may be placed before the monochromator 32. In this manner, it is
      possible to analyze the gas mixtures present in the absorption cell 31, in
      that the presence of nitric oxide molecules in the absorption cell will
      respond by resonance absorption to the radiation emitted from the
      hollow-cathode tube. The nitric oxide molecules in the absorption cell
      will thereby become excited, absorbing a portion of the radiation emitted
      by the hollow-cathode tube, and preventing that portion from reaching the
      monochromator 32 and detector 33. Thus, a smaller amount of radiation will
      pass through the monochromator 32 and the detector 33 than in the case in
      which there were no nitric oxide present in the absorption cell 31. This
      decreased intensity of radiation as reflected by lower intensity values
      indicated on the readout device 34, is a direct measure of the
      concentration of nitric oxide in the analyzed gas mixture.
PAR  Accordingly, the determination of the nitric oxide molecule concentration
      in the analyzed gas mixtures is achieved by means of resonance absorption
      of radiation, a technique which is very specific and accurate for the
      molecules in question. Furthermore, it is possible by means of a
      monochromator with a relatively large band width of 20 Angstroms, or a
      corresponding narrow band width interference filter, to construct an
      analyzing arrangement which is essentially very simple.
PAR  Possible interference absorption, such as through continuous molecular
      spectra, is compensated for by means of an arrangement according to the
      teachings of the present invention. The arrangement is illustrated in
      FIGS. 4 and 5. The interfering absorptions can be due to other molecules
      or particles located on the surfaces or in the interior of the absorption
      cell 31. The arrangement consists of placing a modulating unit 42 and a
      deflecting concave mirror 41 in the path of the radiation emitting from
      the hollow-cathode tube 1. The axis of rotation of the modulator 42 is
      essentially parallel to the axis of the emitted radiation from the
      hollow-cathode tube 1. The axis of the modulator is indicated by the
      numeral 43. The modulator comprises two recesses 44, 45 along the diameter
      of the modulator 42, in which are placed cuvettes 46 and 47, respectively.
      Both cuvettes 46 and 47 are constructed similarly of a cylindrical
      container in which the end faces are made of ultraviolet-transparent
      windows of special quartz glass. One of the cuvettes, for example cuvette
      46, is filled and closed with nitric oxide gas, preferably at atmospheric
      pressure. The other cuvette 47 is open and contains air. The thickness of
      the gas layer in the cuvettes is betweeen 2 and 3 mm.
PAR  The modulator 42 is driven around its axis 43 by means of a synchronous
      motor (not shown) at a rate of from 10 to 50 rps. The modulator is so
      arranged so that the gas cuvettes 46 and 47 periodically appear in front
      of the hollow-cathode tube 1, so that the emitted radiation from the
      hollow-cathode tube is transmitted through one or the other of the gas
      cuvettes. The result is that two beams then impinge on the absorption
      chamber 31, one which has passed through a nitric oxide gas in the cuvette
      46, and thereby represents a "filtered" beam, and another beam which has
      not passed through any nitric oxide gas. These two beams will be referred
      to as the "reference beam" and the "measuring beam", respectively.
PAR  Both cuvettes 46 and 47 are constructed in the same manner. Thereby the
      effects of absorption, reflection and scattering of the quartz glass
      windows of the cuvettes will be taken into account. It is also within the
      conception of the invention to provide other gases within the cuvette 47,
      or to utilize an evacuated cuvette 47. The essential point of the
      invention is to permit a hollow-cathode tube 1 to generate a sequence of
      signals, corresponding to sequential measuring and reference beams of
      light. The spectral difference between the beams reflects the fact that
      the reference beam has passed through a volume of nitric oxide gas whereas
      the measuring beam has not done so.
PAR  The modulator 42 also comprises a slit 48 extending circumferentially over
      half of the circular face 42. On one side of the modulator 42 is a lamp
      49, located behind the region of the slit 48 and on the other side of the
      modulator 42 is a light sensitive detector, such as a photocell 51. When
      the modulator 42 is rotated, the slit transmits light through the
      modulator from the lamp 49 to the photocell 51, during which time the
      radiation from the hollow-cathode tube 1 is passing through the cuvette 47
      the light striking the photocell 51 generates an electrical pulse signal.
      When the radiation is passing through the other cuvette 46, the light from
      the bulb 49 is shielded since the slit does not continue on the opposite
      side of the modulator 42, and therefore no electrical signal is generated
      from photocell 51. A pulse is emitted when cuvette 47 lies in the path of
      the radiation from the hollow-cathode tube.
PAR  The slit 48 is so arranged to produce a series of pulses corresponding to
      the rotation of the modulator, and thereby corresponding to the nature of
      the emitted light coming from the modulator.
PAR  The photocell 51 is connected to a conducting wire 52 and thereupon into a
      decoder 53. The elements of the arrangement 31, 32 and 33 have been
      previously described in FIG. 2. The output from the photomultiplier 33 is
      connected to an amplifier 54 and thereby to the decoder 53. The decoder 53
      has two possible outputs 55 and 57, both outputs 55 and 57 are connected
      to a control and storage unit 56. The decoder acts in a well known manner
      to apply the measured signal (corresponding to the measuring beam) to the
      output line 55, and the reference signal (corresponding to the reference
      beam) to the output line 57. The measuring signal is applied to a storage
      element 58, the reference signal applied to a storage element 59 and
      thereby to an amplifier 61, and both signals, connected with an electrical
      divider 62, the output of which is connected to the readout device 34.
PAR  The operation of the arrangement is as follows.
PAR  The absorption cell 31 is filled and continuously supplied with the nitric
      oxide containing gas to be analyzed. The essentially unfiltered measuring
      beam will be directed into the absorption cell 31 and react with the
      nitric oxide molecules therein. The rotation of the modulator disc 42
      results in directing either the measuring beam or the reference beam onto
      the absorption cell. The beam coming from the cuvette 46 filled with NO
      gas results in the reference beam; the beam coming from the cuvette 47
      which is filled with air results in the measuring beam. The reference
      signal is so-called because its intensity should not be effected by the
      presence of nitric oxide gas in the absorption cell. Therefore any
      diminuation of the reference signal as it passes through the absorption
      cell is due to additional interference or absorption with other molecules,
      such as from particles in the gas mixture, an additional molecular
      absorption of the analyzed gases, or contamination of the windows of the
      absorption cell itself. The decoder 53 then serves to distinguish the
      reference signal and the measuring signal by means of the opening or
      closing of the photocell 51, so that the two distinct signals, arising
      from the two distinct beams, are applied to different and distinct storage
      cells 58 and 59.
PAR  FIG. 6 is a time and intensity graph of the reference signal 63 and the
      measuring signal 64. It is clear that since the reference signal has been
      obtained from the reference beam, which has passed through the nitric
      oxide containing cuvette, that this signal is smaller in intensity than
      the measuring signal 64. Reference signal 63 therefore represents the
      "background" whereas the measuring signal 64 represents the nitric oxide
      levels in the absorption cell. These two signals are then separated by the
      decoder 53 and each applied to a storage cell 58, 59. The reference signal
      is also applied to another amplifier 61. The divider 62 then forms the
      quotient of the signals 64 and 63, which is then displayed on the readout
      device 34. The display on the readout device 34 of this so determined
      quotient is a measure of the nitric oxide concentration in the analyzed
      gas mixture.
PAR  The method of the invention depends on the measuring and the reference
      beams coming from the hollow-cathode tube 1. The measuring beam entering
      the absorption cell is essentially unfiltered, whereas the reference beam
      has passed through a cuvette of nitric oxide gas and the beam has been
      subject to considerable absorption. It is utterly essential for the
      invention that the beams passing through the nitric oxide cuvette and
      through the air cuvette have essentially the same spectral
      characteristics. This is made possible by the specific excitation
      mechanism of the hollow-cathode discharge as taught by the present
      invention. The rotational energy distribution within the electronically
      excited state of NO is identical with a distribution which would be
      obtained by heating up NO gas to 1500.degree. Kelvin. It is therefore said
      that the emitting nitric oxide molecules have a "population temperature"
      of rotational energy levels of 1500.degree. Kelvin. On the other hand, the
      gas temperature of the emitting nitric oxide molecules lies at about room
      temperature (300.degree. Kelvin) since the hollow-cathode tube ist
      operated at very low power input, such as 0.3 watts. Therefore, the
      emitted beams consist of a number of rotational spectral lines whose
      rotational distribution corresponds to a temperature of 1500.degree.
      Kelvin while the Doppler-profile of each individual rotational line
      corresponds to a temperature of 300.degree. Kelvin.
PAR  However, rotational lines emitted from highly excited rotational states
      corresponding to the population temperature of 1500.degree. Kelvin cannot
      be absorbed by "cold" NO molecules characterized by a rotational
      population temperature of 300.degree. Kelvin. It is on this physical
      principle that the working of the invention is possible.
PAR  The reference beam will pass through the nitric oxide gas volume of the
      modulator disk and thereby be filtered. As a result a large part of the
      radiation from the hollow-cathode tube is absorbed. Since the nitric oxide
      volume in the modulator disk is, at room temperature, which is
      considerably below the population temperature of the excited molecules, a
      small part of the radiation, namely emissions from rotational levels with
      high quantum numbers, will pass through this nitric oxide gas filter
      without being absorbed. Therefore, the reference beam has an intensity of
      only about 10% of the intensity of the measuring beam after this
      absorption process takes place.
PAR  The measuring beam is subject to absorption in the absorption cell from the
      presence of nitric oxide gas. The reference beam does not react to the
      presence of nitric oxide gas in the absorption cell, and is not absorbed
      or affected since the temperature of this gas is nearly the same as the
      temperature of the gas in the cuvette. The gas mixture being analyzed is
      in general below the population temperature of the excited NO-molecules
      from the hollow-cathode tube. Due to the complicated spectral structure of
      NO-molecular transitions, the rotational spectral lines of the reference
      beam are distributed among the nitric oxide resonance band. The intensity
      distribution of the reference beam has therefore the same spectral band
      width as the intensity distribution of measuring beam, and at every point
      in time is proportional to the intensity of the measuring beam.
PAR  If there is additional absorption interference in the absorption cell, such
      as due to a dirty window plate, or fine particles in the gas mixture, both
      the measuring beam and the reference beam will be affected in the same
      proportions. A quotient of the two beams would therefore represent the
      affect of nitric oxide in the gas mixture, and the interference effects
      would be cancelled out in the quotient. The effects of absorption from
      particulate matter, as well as from statistical fluctuations in intensity
      from the hollow-cathode tube, or other fluctuations arising along the beam
      path, would be successfully eliminated in the quotient-taking operation.
PAR  Although the present invention is described utilizing a resonance band of
      2269A in which to take the quotient of the two beams, other resonance
      bands, such as 2156A, may be used equally as well.
PAR  While the invention has been illustrated and described as embodied in a
      method and arrangement for determining nitric oxide concentration, it is
      not intended to be limited to the details shown, since various
      modifications and structural changes may be made without departing in any
      way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. A method of determining the concentration of nitric oxide (NO) in a gas
      mixture of unknown composition, particularly exhaust gas, comprising the
      steps of pumping air through a hollow-cathode tube and keeping the air
      pressure therein subatmospheric; continuously producing in the tube, from
      the nitrogen and oxegen in the air passing therethrough, excited nitric
      oxide molecules which emit radiation consisting of a plurality of discrete
      rotational spectral lines, by applying a potential difference across the
      anode and cathode of the tube and operating the tube at a current having
      an order of magnitude of about 1 milliampere; directing a beam of such
      radiation through said gas mixture so that such radiation becomes
      attentuated due to resonance absorption by nitric oxide molecules in said
      gas mixture; and measuring said attentuation.
NUM  2.
PAR  2. A method as defined in claim 1, wherein said step of pumping air
      comprises keeping the air pressure in the tube at about 1 mm Hg.
NUM  3.
PAR  3. A method as defined in claim 1, wherein said step of measuring said
      attenuation comprises filtering the attenuated radiation using a filter
      which passes radiation in the frequency range of a resonance band of the
      radiation produced by said excited nitric oxide molecules.
NUM  4.
PAR  4. A method as defined in claim 3, wherein said resonance band has a
      bandwidth of 20 Angstroms and is located at a wavelength of 2269
      Angstroms.
NUM  5.
PAR  5. A method as defined in claim 1, wherein said step of directing such
      radiation through said gas mixture comprises confining said gas mixture in
      an absorption cell.
NUM  6.
PAR  6. A method as defined in claim 1, wherein said step of directing comprises
      directing through said gas mixture a reference beam formed by directing
      radiation emitted from the hollow-cathode tube through a filter before
      passage through said gas mixture, using for the filter a chamber filled
      with nitric oxide having a temperature lower than the population
      temperature of the excited nitric oxide molecules in the hollow-cathode
      tube, and at a different time directing through said gas mixture a
      measuring beam obtained by directing through the gas mixture radiation
      emitted from the hollow-cathode tube but without prior passage through
      said filter, wherein said step of measuring comprises measuring the
      respective intensities of the reference beam and of the measuring beam,
      and forming the ratio of the two intensities, said ratio representing the
      concentration of nitric oxide in said gas mixture.
NUM  7.
PAR  7. A method as defined in claim 6, wherein said step of directing further
      comprises passing said reference beam and said measuring beam through said
      gas mixture alternately and periodically.
NUM  8.
PAR  8. A method as defined in claim 6, wherein the forming of said reference
      beam and of said measuring beam is accomplished using a modulator disk
      located in the path of radiation emitted from the hollow-cathode tube and
      travelling towards said gas mixture.
NUM  9.
PAR  9. A method as defined in claim 7, wherein the passing of said reference
      beam and of said measuring beam through said gas mixture alternately and
      periodically is accomplished by passing the radiation emitted from the
      hollow-cathode tube and travelling towards said gas mixture alternately
      and periodically through a filter comprised of a cuvette filled with air
      and through a cuvette filled with nitric oxide.
NUM  10.
PAR  10. A method as defined in claim 6, wherein said step of measuring further
      comprises sensing said intensities and generating corresponding electrical
      signals, and processing said signals to generate a resultant signal
      corresponding to the ratio of said intensities, said ratio representing
      the concentration of nitric oxide in said gas mixture.
NUM  11.
PAR  11. A method as defined in claim 10, wherein said step of measuring further
      comprises storing at least some of said electrical signals in a signal
      storage element.
NUM  12.
PAR  12. An arrangement for measuring the concentration of nitric oxide (NO) in
      a gas mixture of unknown composition, comprising, in combination, a
      hollow-cathode tube comprised of a container having an inlet and an outlet
      and an anode and a can-like cathode in the container; pump means for
      pumpting air through said tube; valve means connected to said inlet
      operative for keeping the air pressure in said tube subatmospheric; means
      for effecting continuous conversion of nitrogen and oxygen in the air
      passing through said tube into excited nitric oxide molecules which emit
      to outside said tube radiation consisting of a plurality of discrete
      rotational spectral lines; a radiation detector located in the path of the
      radiation emitted from said tube by said excited nitric oxide molecules;
      and in the path of said radiation intermediate said tube and said detector
      an absorption cell for holding said gas mixture.
NUM  13.
PAR  13. An arrangement as defined in claim 12, wherein said means for effecting
      the conversion of nitrogen and oxygen in the air in said tube into excited
      nitric oxide comprises means for establishing a potential difference
      across said anode and cathode and for establishing therebetween a current
      on the order of magnitude of one milliampere.
NUM  14.
PAR  14. An arrangement as defined in claim 12, wherein said radiation detector
      is a photomultiplier.
NUM  15.
PAR  15. An arrangement as defined in claim 12, further including a
      monochromator positioned in the path of said radiation intermediate said
      absorption cell and said detector.
NUM  16.
PAR  16. An arrangement as defined in claim 12, wherein said can-like cathode
      has a bore, said outlet being constructed of metal and connected to said
      bore.
NUM  17.
PAR  17. An arrangement as defined in claim 16, wherein said metal outlet and
      said can-like cathode are electrically conductively connected to each
      other, and wherein said means for effecting conversion includes a voltage
      source electrically connected to said anode and to said metal outlet for
      establishing a potential difference between said anode and cathode with
      the cathode current flowing through said metal outlet.
NUM  18.
PAR  18. An arrangement as defined in claim 12, whrein said inlet is made of
      metal and connected to said anode.
NUM  19.
PAR  19. An arrangement as defined in claim 18, wherein said metal inlet and
      said anode are electrically conductively connected to each other, and
      wherein said means for effecting conversion includes a voltage source
      electrically connected to said cathode and to said metal inlet for
      establishing a potential difference between said anode and cathode with
      the anode current flowing through said metal inlet.
NUM  20.
PAR  20. An arrangement as defined in claim 12, further comprising modulator
      means interposed between said hollow-cathode tube and said absorption
      cell, for producing a measuring beam and a reference beam.
NUM  21.
PAR  21. An arrangement as defined in claim 20, wherein said modulator means
      comprises two filters, the first filter being a cuvette filled with air,
      the second filter being a cuvette filled with nitric oxide, said filters
      being at least part of the time in the path of said radiation.
NUM  22.
PAR  22. An arrangement as defined in claim 21, wherein said filters are
      sequentially and periodically interposed in the path of said radiation,
      said radiation passing through said first filter producing said measuring
      beam, said radiation passing through said second filter producing said
      reference beam.
NUM  23.
PAR  23. An arrangement as defined in claim 21, wherein said modulator means
      further comprises signal means for producing electrical pulse signals
      indicating which of said two filters are in the path of said radiation.
NUM  24.
PAR  24. An arrangement as defined in claim 23, wherein said beam detector
      produces electrical output signals in response to the intensity of said
      radiation directed at said detector; and further comprises decoding means,
      having an input and two outputs, said input being connected with said
      electrical output signals, said two outputs being connected to a divider,
      either of said two outputs being selected by said decoding means on the
      basis of said electrical pulse signals from said signal means.
NUM  25.
PAR  25. An arrangement as defined in claim 15, wherein said monochromator
      operates in the range of the resonance band at 2269 Angstroms.
NUM  26.
PAR  26. An arrangement as defined in claim 23, wherein said modulator means is
      a rotatable disk, whose axis of rotation is parallel to the direction of
      said emitted radiation.
NUM  27.
PAR  27. An arrangement as defined in claim 21, wherein said cuvette filled with
      nitric oxide is at atmospheric pressure.
NUM  28.
PAR  28. An arrangement as defined in claim 21, wherein said cuvettes are
      cylindrically shaped, having two end faces, said faces comprising windows
      capable of transmitting ultraviolet radiation.
NUM  29.
PAR  29. An arrangement as defined in claim 21, wherein the gas layer in said
      cuvettes is between 2 and 3 mm thick.
NUM  30.
PAR  30. An arrangement as defined in claim 21, wherein said disk comprises a
      slit extending circumferentially over half of the face of the disk; and
      wherein said signal means comprise a light source located on one side of
      said disk in the region of said slit and photocell means on the other side
      of said disk in the region of said slit, responsive to said light source
      to produce said pulse signals.
NUM  31.
PAR  31. An arrangement as defined in claim 30, wherein said photocell means are
      responsive to said light source when said cuvette filled with air is
      disposed in the path of said radiation.
NUM  32.
PAR  32. A method of determining the concentration of nitric oxide (NO) in a gas
      mixture of unknown composition, particularly exhaust gas, comprising the
      steps of generating radiation consisting of a plurality of discrete
      rotational spectral lines emitted from excited nitric oxide molecules;
      directing a beam of such radiation through said gas mixture so that such
      radiation becomes attenuated due to absorption by nitric oxide molecules
      in said gas mixture; and measuring the attenuation.
NUM  33.
PAR  33. A method as defined in claim 32, wherein said step of directing
      comprises directing through said gas mixture a reference beam formed by
      directing radiation emitted by said excited nitric oxide molecules through
      a filter prior to passage through said gas mixture, using for the filter a
      chamber filled with nitric oxide having a temperature lower than the
      population temperature of the radiation-emitting excited nitric oxide
      molecules, and directing through said gas mixture a measuring beam
      composed of radiation emitted by said excited nitric oxide molecules but
      without prior passage through said filter, wherein said step of measuring
      comprises measuring the respective intensities of the reference beam and
      of the measuring beam, and forming the ratio of the two intensities, said
      ratio representing the concentration of nitric oxide in said gas mixture.
NUM  34.
PAR  34. A method as defined in claim 32, wherein said step of generating
      radiation comprises generating said excited nitric oxide molecules from
      nitrogen and oxygen in air.
NUM  35.
PAR  35. A method as defined in claim 32, wherein said step of generating
      radiation comprises establishing a stream of air and at a predetermined
      location in said stream continuously generating said excited nitric oxide
      molecules from nitrogen and oxygen in the streaming air.
NUM  36.
PAR  36. A method as defined in claim 32, wherein said step of generating
      radiation comprises establishing a stream of air through a container, and
      continuously converting nitrogen and oxygen in the air in said container
      into said excited nitric oxide molecules while removing the formed nitric
      oxide molecules from the container at the same rate as they are produced.
NUM  37.
PAR  37. A method as defined in claim 34, wherein said generating of excited
      nitric oxide molecules from nitrogen and oxygen in air comprises
      establishing in said air a discharge having a discharge current on the
      order of magnitude of about one milliampere.
NUM  38.
PAR  38. An arrangement for measuring the concentration of nitric oxide (NO) in
      a gas mixture of unknown composition, comprising, in combination, means
      for generating radiation consisting of a plurality of discrete rotational
      spectral lines emitted from excited nitric oxide molecules; means for
      directing a beam of such radiation through said gas mixture so that such
      radiation becomes attenuated due to absorption by nitric oxide molecules
      in said gas mixture; and means for measuring said attenuation.
NUM  39.
PAR  39. An arrangement as defined in claim 38, wherein said means for
      generating radiation comprises means operative for generating said excited
      nitric oxide molecules from nitrogen and oxygen in air.
NUM  40.
PAR  40. An arrangement as defined in claim 38, wherein said means for
      generating radiation comprises means for establishing a stream of air and
      means operative for continuously generating at a predetermined location in
      said stream said excited nitric oxide molecules from nitrogen and oxygen
      in the streaming air.
NUM  41.
PAR  41. An arrangement as defined in claim 38, wherein said means for
      generating radiation comprises a container, means for continuously
      converting nitrogen and oxygen in any air in said container into excited
      nitric oxide molecules, and air-flow-establishing means for continuously
      supplying fresh air into said container while removing previously supplied
      air and the generated nitric oxide molecules therein at a rate
      corresponding to the rate at which the excited nitric oxide molecules are
      produced.
NUM  42.
PAR  42. An arrangement as defined in claim 39, wherein said means for
      generating excited nitric oxide molecules from nitrogen and oxygen in air
      comprises means for establishing in said air a discharge having a
      discharge current on the order of magnitude of about one milliampere.
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ABST
PAL  A patient support of an X-ray unit fabricated from a generally radiolucent
      graphite fiber reinforced epoxy outer shell and an inner foam core.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a fiber reinforced plastic stretcher, and,
      more particularly, to body support platforms fabricated from a plurality
      of layers of graphite reinforced epoxy adapted to use in X-ray systems as
      a radiolucent platform for body support during X-ray photography.
PAC  PRIOR ART
PAR  At the present time, the stage of medical development has widely
      incorporated the X-ray machine into the diagnosis and therapy regimes of
      medicine. High voltage radiation therapy units have found some success in
      the treatment of various cancers, while the common lower voltage units are
      generally used in the photography of bone fractures and some internal
      ailments. A cancer patient, moreover, may be submitted to the bombardment
      from both the diagnostic and the therapy units. In connection with a
      cancer patient, the diagnostic unit generally employs a patient support
      platform upon which the patient is placed during the X-ray photography.
      The X-rays pass through the patient and the body support platform to a
      film cassette located behind the support, photographing the site such as a
      tumor or the like. By fixing the patient's position relative to the
      support platform, accurate coordinates may be established to pinpoint the
      tumor site for subsequent treatment by the therapy unit tuned to the tumor
      coordinates.
PAR  It appears, however, that excessive exposure of the patient is to be
      prevented if harmful secondary ailments are to be avoided. In this
      respect, recent laws have significantly limited the maximum permissible
      X-ray attenuation of the diagnostic body support platform. This
      significant reduction in X-ray attenuation of the support platform
      significantly reduces the power required to penetrate the patient's body
      and the support which reduces the overall radiation imposed upon the
      patient.
PAR  In order to accurately locate the site for subsequent pinpoint treatment by
      the therapy unit, the diagnostic X-ray unit must have some freedom of
      movement to scan the patient's entire body. Therefore, it is generally
      found desirable to employ a patient supporting platform with a viewing
      area, the region in which the pictures are to be taken, which does not
      interfere with the path of the moving X-ray equipment. Generally, a
      cantilevered fixed end support with a free end viewing area offers this
      freedom from interference about the support.
PAR  It appears, however, that a cantilevered supported beam will deflect to an
      applied load according to the beam's stiffness characteristics. Since
      accurate coordinate determination of the tumor location is a purpose of
      the diagnostic unit, the diagnostic body support must exhibit the same
      resistance to deflection and permanent deformation as the therapy unit's
      support to ensure that physical treatment planning (tumor site location)
      conditions are maintained in rigid dimensional conformity with treatment
      conditions. In most cases, however, the therapy unit's support is
      generally deflection free, being fabricated from stiff materials without
      regard to the transparency of the body support.
PAR  It is clear that a diagnostic support of low X-ray attenuation and high
      stiffness characteristics is desirable to prevent overexposure of the
      patient and to accurately dimensionally locate the tumor site. Also, the
      desired contour of the support must not interfere with the path of the
      moving X-ray equipment.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a diagnostic X-ray body support
      platform is provided wherein a portion of the body support is fabricated
      from a plurality of radiolucent layers of high modulus of elasticity
      graphite fibers imbedded in epoxy and disposed about a foam core. The
      graphite fibers provide the balance between the present low X-ray
      attenuation standard and the general freedom from deflection condition. A
      diagnostic body support fabricated in this manner has exhibited an X-ray
      attenuation significantly lower than prior supports, within present
      attenuation standards and within the required rigid deflection response.
PAR  The invented body support is basically a sandwich beam of top and bottom
      shells, with sidewalls generally incorporated in the top and bottom shell,
      about a foam core. A portion of the shells are fabricated from a plurality
      of layers of graphite fiber reinforced epoxy layers oriented along the
      longitudinal axis of the body support, laid up in aluminum molds, vacuum
      bagged and oven cured. A portion of the fiber reinforced epoxy layers are
      fabricated from an unidirectional high modulus of elasticity graphite
      fiber, with the fibers in each layer oriented in the longitudinal
      direction parallel to each other. The longitudinal unidirectional graphite
      fiber layers provide the required low attenuation quality while the
      longitudinal axis orientation of the layers provides the general
      deflection rigidity. Since the foam core has a low shear modulus, the
      fiber epoxy composite side walls must provide the shear strength of the
      body support. In the preferred embodiment of this invention, the vertical
      side walls incorporated in the bottom shell are generally fabricated from
      a two directional fiber, Kevlar 49, matrix. In this manner longitudinal
      layers of two directional fiber epoxy composite are oriented in the
      longitudinal direction of the support, in like manner as the graphite
      layers, and, moreover, provide shear strength as well as deflection
      rigidity due to the two directional nature of the fibers in the layers. It
      is noted that the required shear stiffness would be provided by side walls
      having the graphite layers (of unidirectional fiber) positioned in an
      angular lay up pattern. The transition area, or joint, between the
      graphite fiber layers and the two directional fiber layers is made in
      multiple lap joints.
PAR  In the preferred embodiment of this invention, the vertical side walls of
      the top shell are fabricated from graphite fiber composite in like manner
      as the top shell.
PAR  In the preferred embodiment, the fixed, non viewing, end of the body
      support is fabricated from glass epoxy layers, limiting the use of the
      more expensive radiolucent graphite layers to the viewing area. Therefore,
      a transition region between the viewing area graphite layers and the fixed
      end glass layers is also made in multiple lap joints. Accordingly, the
      bottom shell transition area in which the two directional side walls are a
      part thereof, is made in multiple lap joints of three dissimilar materials
      in two directions, length and width.
PAR  A diagnostic body support fabricated in accordance with this invention
      exhibited substantially reduced X-ray attentuation and sufficient
      deflection rigidity to come within the present standards, not obtainable
      by current body supports.
PAR  Various other objects and advantages will become more apparent from a
      consideration of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the diagnostic X-ray unit with a body
      support fabricated in accordance with the present invention.
PAR  FIG. 2 is a plan view of the body support of FIG. 1.
PAR  FIG. 3 is a side elevation view of a body support showing the fixed end
      attachment.
PAR  FIG. 4 is a bottom view of a body support and the apparatus for attaching
      the support to the X-ray unit.
PAR  FIG. 5 is an end view of a support showing the external endplate.
PAR  FIG. 6 is the other end view of a body support showing the fixed end
      attachement and end plate.
PAR  FIG. 7 is an exploded view of a body support.
PAR  FIG. 8 is an isometric view of the transition overlap of the three
      dissimilar materials of a body support.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is now directed to FIG. 1 of the drawings wherein a diagnostic
      patient body support platform generally designated 10 is shown in its
      functional position between the X-ray unit 12 and a film cassette 14. The
      body support platform is connected to a support stand 16 by any one of a
      number of conventional attaching means.
PAR  The patient body support platform 10, of this invention, is designed to
      meet the current X-ray attenuation, deflection stiffness and permanent
      deformation under load requirements not obtainable by present day patient
      body supports. Also, the body support's cantilevered contour does not
      interfere with the path of the moving X-ray equipment 12.
PAR  Shown in FIGS. 2 through 6 are the plan, elevation, bottom and side views
      of the preferred embodiment, in which the body support has a trapezoidal
      cross section contoured to the geometrical configuration compatable with
      the existing support stand 16. A portion of the body support comprises a
      top shell 20 and a bottom shell 24. The bottom shell 24 is trapezoidally
      shaped having a keel 24B and inclined side walls 24A and 24C. The body
      support's end portions are closed by the external end plates 28 and 29.
      Attached to bottom shell 24 and to end plate 29 is the fixed end
      attachment 30.
PAR  Attention is now directed to FIG. 7 of the drawings wherein an exploded
      view of the preferred body support platform is illustrated. In general,
      the body support platform 10 is basically a sandwich beam having a top
      shell 20, an inner core 22, a bottom shell 24 and internal and external
      end closing means 26, 27, 28 and 29. A portion of the topshell 20 in
      general the viewing end 21 being fabricated from a plurality of layers of
      high modulus of elasticity about 30 .times. 10.sup.6 psi, radiolucent
      unidirectional graphite fiber epoxy composite layers with the fibers
      oriented in the longitudinal direction of the layers and the layers
      oriented in the longitudinal direction of the support for deflection
      rigidity. The side walls 21A and 21B associated with the topshell viewing
      area 21 are also fabricated from a plurality of graphite fiber composite
      layers in like manner as the topshell viewing area 21. A typical topshell
      21 of the type herein invented consists of 5 layers of graphite fiber
      epoxy composite, such as GY 70/Epoxy manufactured by Celanese.
PAR  The remainder of the topshell, in general the fixed non viewing end 40, is
      fabricated from a plurality of layers of glass fabric epoxy oriented in
      the longitudinal direction of the body support. Although not as
      radiolucent as the graphite layers, the glass layers, being confined to
      the non viewing area, do not interfere with the rays passing through the
      support platform. The side walls 40A and 40B are fabricated from a
      plurality of glass epoxy layers in like manner as the non viewing end 40.
PAR  In the topshell, the transition from the graphite to the glass is made in a
      5 inch long multiple lap joint 44 in which the glass layers and the
      graphite layers are distributed such that warping due to differences in
      shrinkage and thermal expansion coefficients is minimal.
PAR  Returning to FIG. 7, the core 22 consists of generally radiolucent
      polyurethane foam. The foam core 22 affords substantial thickness to the
      sandwich structure, for deflection rigidity, while providing low overall
      and uniformity of X-ray absorption. The foam core 22, however, has a very
      low shear modulus, about 1800 psi, and shear strength must be provided for
      in the support's side walls. In the preferred embodiment the side walls
      associated with the bottom shell discussed below provide the required
      shear strength.
PAR  A portion of the bottom shell 24 is fabricated from a plurality of
      unidirectional graphite fiber epoxy composite layers with the graphite
      fibers oriented parallel to each other in the longitudinal direction of
      the layer associated therewith, and the plurality of graphite composite
      layers are oriented in the longitudinal direction of the support. In the
      preferred embodiment illustrated in FIGS. 2 through 7, the bottomshell 24,
      in general the keel 24B and a portion of the inclined side walls 24A and
      24C in the viewing area are fabricated from a plurality of graphite
      composite layers in like manner in the viewing area 21 of the top shell
      20. However, since the body support's shear strength must be provided in
      the side walls, the remainder of the bottomshell, in general the remainder
      of the inclined side walls 24A and 24C and the vertical side walls 24D and
      24E are fabricated from a plurality of two directional fiber epoxy
      composite layers. A suitable radiolucent two directional fiber composite
      is Kevlar 49 as manufactured by Du Pont.
PAR  The two directional fiber epoxy layers are laid up in the side walls in the
      longitudinal direction of the body support in like manner as the graphite
      layers in the remainder of the bottom shell, and provide the necessary
      shear strength and deflection rigidity due to the two directional nature
      of the fibers therein.
PAR  Since, in general, fewer layers are needed in the side walls than in the
      keel, the transition between the graphite layers in the bottomshell 24
      decreases gradually in number from a maximum in the keel to a number which
      will blend in with the two directional, Kevlar, layers. The transition
      between the graphite layers and the two directional fiber layers in the
      inclined side walls 24A and 24C is made in a multiple lap joint and is
      discussed below.
PAR  It is noted that the graphite layers, of unidirectional fibers, being
      positioned in an angular lay up pattern would also provide shear strength
      and deflection rigidity.
PAR  The remainder of the bottomshell, the fixed or non viewing end 41, is
      generally fabricated from a plurality of glass fabric epoxy, as in the
      topshell 40. Glass fabric epoxy in both the topshell 40 and the
      bottomshell 41 reduces production cost, although, it is noted that the
      more expensive graphite fibers could be used in place of the glass epoxy.
PAR  The glass epoxy portion 41, the graphite fiber of portion 24B and a portion
      of 24A and 24C and the two dimensional (Kevlar) fiber composite portion of
      24A and 24C join in the bottom shell transition region 45 in two
      directions, length and width. FIG. 8 is a schematic representation of a
      section of the bottomshell transition region. The graphite layers 50 in
      the keel 24B and a portion of the inclined side walls 24A and 24C are lap
      joined in the length direction with glass layers 60. Also, some of the
      graphite layers 51 in a portion of the inclined side walls 24A and 24C
      similarly join in the width direction the Kevlar 49 fibers 70 in the
      remaining portion of the side walls. Simultaneously, the Kevlar 49 fibers
      75 in the vertical side walls 24D and 24E are lapped joined with the glass
      fibers 65 in the length direction. These Kevlar-glass lapped joints are
      consistent with the graphite-Kevlar transition in the side walls 24A and
      24C and with the decrease of the number of glass layers from the keel into
      the inclined side walls.
PAR  It will be appreciated that since the Kevlar, two directional fibers run in
      two direction in each layer, a layer of this fiber composite placed on the
      outside and inside of the top graphite shell and the multi-material
      bottomshell will protect the outside surface from scratching and increase
      the shell integrity in the width direction.
PAR  In the trapezoidal shaped support of FIGS. 2 through 7, the bottom side
      wall shell 24 generally consists of 15 layers of unidirectional graphite
      fiber, oriented in the length direction, in the keel 24B, and 4 layers of
      Kevlar 49 fibers in the vertical walls and in a portion of the side walls.
      As viewed from the keel, the graphite layers decrease gradually in number
      and blend with the 4 Kevlar 49 layers, in the lap joining method of above,
      as illustrated in FIG. 8.
PAR  In the fabrication of the body support 10, the bottomside wall 24 layers
      are longitudinally laid up in an aluminum mold, vacuum bagged and oven
      cured. The foam core 22 is then formed to fit the bottom-side wall shell
      and along with the internal end plates 26 and 27 it is bonded into the
      bottomside wall shell. The bonding agent or adhesive is an epoxy selected
      to have a low X-ray attenuation as well as the capability of being evenly
      distributed. Since uneven distribution is the largest contributor to
      localized variations in X-ray attenuation of the support, linen sheet is
      used in the bond to retain the adhesive and ensure even distribution
      thereof.
PAR  During bonding of the core 22 to the bottom-side wall shell 24, the
      bottom-side wall shell acts as a molding fixture while pressure is applied
      by vacuum bagging. Upon completion of the bonding operations, the core
      bottom shell unit is trimmed to accept the topshell. The topshell 20
      generally being fabricated from graphite composite layers and glass epoxy
      layers is longitudinally laid up in an aluminum mold, vacuum bagged and
      cured. The cured topshell is bonded to the core bottomshell unit with
      pressure applied by vacuum bagging. Since the side walls provide the shear
      stiffness of the support, the width of the bond between the vertical side
      walls of the bottom shell and the top shell is allowed sufficient contact
      area to compensate for locally imperfect bonding during fabrication.
PAR  Returning to FIG. 7, the external endplate 28 and the external end plate 29
      with the fixed end attachment 30 are bonded to the support's ends and
      bottomshell to complete the support structure.
PAR  The patient support fabricated in accordance with this invention obtained
      the following results with respect to X-ray attenuation and deflection
      stiffness.
TBL                TABLE I                                                     
     ______________________________________                                    
     PROPERTY       REQUIREMENTS  RESULTS                                      
     ______________________________________                                    
     Attentuation   equivalent to 1 mm                                         
                                  equivalent to                                
     (in viewing area)                                                         
                    Al or less    .95 mm Al                                    
     Tip Deflection 0.3" - 0.9"   0.4"                                         
     (300 lb. load)                                                            
     Permanent Deflection                                                      
                       0             0                                         
     (tip loaded to 600                                                        
     lb.)                                                                      
     ______________________________________                                    
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An X-ray machine system having an X-ray emitter, a film cassette and a
      patient support having a longitudinal axis and end portions disposed
      between the emitter and the film cassette wherein the patient support
      comprises, a supporting platform having a shell, a portion of said shell
      being fabricated from a plurality of layers of generally radiolucent
      unidirectional graphite fiber epoxy composite, each layer having a
      longitudinal axis, the graphite fibers in each layer being oriented
      parallel to the longitudinal axis of the layer and the composite layers
      being oriented parallel to the longitudinal axis of the support, an inner
      core fabricated from a generally radiolucent polyurethane foam, said inner
      core being joined to said composite layers by a generally radiolucent
      bonding epoxy, means for closing the end portions of said shell, and means
      for attaching the support to a stand.
NUM  2.
PAR  2. A support as in claim 1 wherein a portion of the shell includes side
      walls fabricated from a plurality of two directional fiber composite
      layers.
NUM  3.
PAR  3. A support as in claim 2 wherein a transition from the graphite fiber to
      the two directional fiber layers is arranged in a lap joint of multiple
      fiber layers.
NUM  4.
PAR  4. A support as in claim 2 wherein a portion of the support is fabricated
      from a plurality of layers of glass fabric epoxy.
NUM  5.
PAR  5. A support as in claim 4 wherein the transition from the glass fabric
      layers to the graphite and the two directional fiber layers is arranged in
      a lap joint of multiple fiber layers.
NUM  6.
PAR  6. A support as in claim 1 wherein a linen sheet is employed in the bonding
      epoxy to contain and evenly distribute said bonding epoxy.
NUM  7.
PAR  7. An article of manufacture comprising, an X-ray patient support having a
      longitudinal axis which includes, a supporting platform having a shell, a
      portion of said shell being fabricated from a plurality of layers of
      generally radiolucent unidirectional graphite fiber epoxy composite, each
      layer having a longitudinal axis, the graphite fibers in each layer being
      oriented parallel to the longitudinal axis of the layer and the composite
      layers being oriented parallel to the longitudinal axis of the support, an
      inner core fabricated from a generally radiolucent polyurethane form, and
      said inner core being joined to said composite layers by a generally
      radiolucent bonding epoxy.
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ABST
PAL  In an X-ray lithographic system, high power X-ray illumination of
      photo-resist coated substrate members is accomplished by projecting a
      collimated X-ray beam, emitted from an extended area X-ray source, through
      the patterned apertures of an X-ray absorbent mask. Improved efficiency is
      achieved by limiting X-ray emission to the discrete portions of the
      extended area emission surface that corresponds to related patterned mask
      apertures.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to X-ray lithography and in particular to apparatus
      for projecting patterned X-ray illumination onto the photo-resist coated
      substrate members employed in X-ray lithographic systems.
PAR  X-ray lithographic systems use X-rays, projected through a mask, to expose
      an X-ray resist. The procedure replicates mask patterns on resist coated
      substrate members. The exposure time depends upon the amount of X-ray
      power available at the mask. Because the system is a projective one, the
      X-rays must be nearly parallel to each other. Thus a point X-ray source is
      commonly used in state of the art systems. Point X-ray sources, however,
      have power limitations that necessitate extended exposure times and
      otherwise limit their usefulness in such systems. Furthermore, the point
      X-ray sources used in currently available systems must necessarily
      illuminate the entire mask surface thereby significantly reducing the
      efficiency of the system. There currently exists therefore the need for
      higher powered, more efficient X-ray sources for X-ray lithographic
      applications. The present invention is directed toward satisfying this
      need.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprehends the use of an X-ray source having a wide area
      X-ray emitting surface to provide a high power X-ray beam. The
      lithographic projection requirement for parallel X-rays is met by the use
      of an X-ray collimator disposed between the wide area X-ray emitting
      surface and the system mask. Improved efficiency is achieved by effecting
      projection of X-rays from only the particular portion of the wide area
      X-ray emitting surface that corresponds to related patterned mask
      apertures.
PAR  It is a principal object of the invention to provide a new and improved
      collimated X-ray source for X-ray lithographic systems.
PAR  It is another object of the invention to provide, for use in an X-ray
      lithographic system, an X-ray source having higher power capabilities than
      currently available point X-ray sources.
PAR  It is another object of the invention to provide a collimated X-ray source
      for X-ray lithographic systems that is more efficient than state of the
      art X-ray sources.
PAR  These, together with other objects, features, and advantages of the
      invention, will become more readily apparent from the following detailed
      description taken in conjunction with the illustrative embodiments in the
      accompanying drawings, wherein like elements are given like reference
      numerals throughout.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a typical X-ray projection apparatus of the type used in
      prior art X-ray lithographic systems;
PAR  FIG. 2 illustrates one presently preferred embodiment of the X-ray
      projection apparatus comprehended by the present invention; and,
PAR  FIG. 3 illustrates an alternative embodiment of the X-ray projection
      apparatus comprehended by the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The current approach toward X-ray projection in X-ray lithographic systems
      is illustrated by the X-ray projection apparatus of FIG. 1. X-ray beam 5
      from point X-ray source 4 illuminates substrate member 7 through mask 6.
      Substrate member 7 is provided with a photo resist coating 8. Mask 6 has
      patterned apertures through which the X-ray beam passes to expose
      appropriate portions of the photo resist in accordance with conventional
      X-ray photo-lithographic techniques. Although this projection apparatus
      provides an acceptably parallel X-ray beam, the power limitations of the
      point X-ray source imply extended exposure times and the need to
      illuminate the entire mask results in severe degradation of system
      efficiency.
PAR  X-ray projection apparatus comprehended by the present invention designed
      to overcome the power limitations of point source X-ray projections is
      illustrated by FIG. 2. Referring thereto, X-ray source 9 having an
      extended area X-ray emitting surface 10 is combined with an X-ray
      collimator 12 to provide a high power parallel ray X-ray beam 19. X-ray
      beam 11 as it is emitted from X-ray source 9 includes rays projected in
      random directions. However, collimator 12 absorbs all such errant X-ray.
PAR  An alternative embodiment of the invention that significantly improves the
      efficiency of the projection system is illustrated by FIG. 3. In this
      arrangement the X-ray source comprises an electron beam source 13 and an
      X-ray target 14. Target 14 is provided with discrete areas 15 that are
      insulated from the remainder of the target by insulator 16. Each discrete
      area 15 is coextensive in area and aligned in register with a
      corresponding patterned aperture 18 in mask 6. Discrete areas 15 are
      maintained at an appropriate voltage level (-10 KV, for example) and the
      remainder of target 14 is at ground potential. As a consequence X-rays are
      projected only from these areas. The X-rays so projected are collimated by
      collimator 12 as in the arrangement of FIG. 2. Collimator 12 can be any
      conventional X-ray collimator. An example of such a collimation is the
      modulation collimator described by McGrath and Harwit in the publication,
      A Wide Spacing Mechanical Collimator, Applied Optics Volume 8, Number 4,
      April 1969. Such a collimator collimates X-rays in both the directions
      perpendicular to its axis by using grids composed of perpendicularly
      crossed slats 17. The grids are stacked directly above one another in such
      a way that the holes line up.
PAR  While the invention has been described with reference to its presently
      preferred embodiments, it is understood that the words that have been used
      are words of description rather than words of limitation and that changes
      within the purview of the appended claims may be made without departing
      from the scope and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an X-ray lithographic system, apparatus for projecting patterned
      X-ray illumination onto a photo resist coated substrate member comprising
PA1  an X-ray source having an extended X-ray emission area,
PA1  an X-ray collimater adapted to collimate X-rays emitted from said X-ray
      source, and
PA1  an X-ray adsorbant mask having patterned X-ray transmitting apertures
      therein positioned proximate to said substrate member and in intercepting
      relationship with X-ray illumination transmitted through said collimator
      said X-ray source being adapted to provide X-ray emission from only
      discrete portions of said extended X-ray emission area, each said discrete
      X-ray emitting portion being substantially coextensive in area to and
      aligned in register with a corresponding patterned X-ray transmitting
      aperture in said X-ray adsorbant mask.
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PAL  "Review of U. V. Laser Physics" Rhodes IEEE Journal of Quantum Electronics,
      Feb. 1974, Vol. 10, No. 2, pp. 168-169.
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ABST
PAL  A method for obtaining efficient production of short-wavelength,
      continuously-tunable ultraviolet light by parametric mixing of optical
      frequency radiation in a nonlinear crystal. The method involves mixing the
      second harmonic of a tunable, visible-wavelength laser, an organic dye
      laser, for example, with the fixed-wavelength output of a near-infrared
      laser, e.g., a Nd:YAG laser, in a conventional nonlinear crystalline
      material such as ADP or KDP.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the generation of coherent,
      short-wavelength ultraviolet radiation, and more particularly to a method
      for generating continuously-tunable UV radiation in the wavelength range
      2000-2500 A.
PAR  In studies involving photon interaction processes, such as photoionization
      and photodissociation processes, there has evolved a need for high
      intensity sources of short-wavelength ultraviolet radiation. There is a
      particular need for high-intensity, wavelength-tunable sources in the
      spectral region below about 2500 A, and more especially below about 2300
      A.
PAR  The development of wavelength-tunable dye lasers and parametric generators
      spanning the visible and near-infrared regions of the spectrum has made it
      possible to obtain continuously-tunable, coherent UV in the range from
      about 4000 A down to about 2300 A by direct frequency doubling in
      nonlinear crystals. Crystals of ammonium dihydrogen phosphate (ADP) are
      commonly used for such phase matched second harmonic generation because of
      the material's high conversion efficiency high transparency and resistance
      to optically induced damage. However, the shortest wavelength at which
      phase matching for second harmonic generation can be achieved with ADP is
      about 2442 A. Shorter wavelengths, down to about 2300 A, can been
      generated by direct frequency doubling in lithium formate monohydrate
      (LFM) crystals. LFM has a lower conversion efficiency than ADP, however,
      an efficiency of about 2 percent at fundamental powers in excess of 50 kW
      having been reported. Nonlinear crystals with sufficient transparency,
      damage resistance, and birefringence to allow direct second harmonic
      generation at wavelengths shorter than about 2300 A are not presently
      available.
PAR  Another approach to the generation of tunable, short-wavelength UV involves
      summing the fundamental and second harmonic of a fixed wavelength
      near-infrared laser with the output of a tunable, visible dye laser. Such
      third order, i.e., threephoton, interaction processes are very inefficient
      and yield unacceptably low outputs unless very high peak power primary
      lasers are used to irradiate the nonlinear mixing crystal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved method for generating tunable,
      coherent ultraviolet radiation at wavelengths in the range of about 2000
      to 2500 A. In general terms, the method comprises parametric mixing in a
      crystal having second order nonlinear polarisability of coherent,
      tunable-wavelength near-ultraviolet radiation with the fixed wavelength
      output of an infrared laser to obtain the desired short-wavelength UV.
      Nonlinear crystals of conventional, high-damage-resistant materials such
      as ADP or KDP (potassium dihydrogen phosphate) are used for mixing.
      According to a preferred embodiment of the invention, tunable coherent UV
      in the 2000-2350 A region is obtained by mixing the second harmonic of a
      tunable-wavelength visible dye laser with the 1064 nm output of a Nd:YAG
      laser in an ADP crystal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail, with reference to
      the accompanying drawings, wherein:
PAR  FIG. 1 illustrates in generalized, block diagram form an optical system
      according to the invention for generating tunable, coherent ultraviolet
      radiation;
PAR  FIG. 2 illustrates an optical system for generating tunable,
      short-wavelength, coherent UV according to a preferred embodiment of the
      invention;
PAR  FIG. 3 is a simplified view, partially broken away and partially in
      section, of an optical frequency sum generator comprised of a nonlinear
      mixing crystal in a temperature-controlled holder; and
PAR  FIG. 4 is a plot of phase matching temperatures for summing 1064 nm and
      near-ultraviolet radiation in ADP to obtain UV in the 2000-2350 A range.
DETD
PAC  DETAILED DESCRIPTION
PAR  In general terms, the present invention comprehends generating tunable,
      coherent, short-wavelength ultraviolet radiation by mixing, or summing, a
      fixed-wavelength coherent infrared signal with longer wavelength UV which
      may be derived, for example, by frequency doubling the output of a
      coherent, wavelengthtunable source in the visible spectrum. Referring to
      the drawings, an optical system for generating tunable, coherent,
      short-wavelength UV by this method is indicated generally at 10 in FIG. 1.
      In system 10, coherent, visible light from a wavelength-tunable source 12,
      such as a parametric generator or an organic dye laser, is frequency
      doubled in a doubler 14 comprised of a nonlinear crystal such as ADP, KDP,
      or ADA (ammonium dihydrogen arsenate). The second harmonic,
      near-ultraviolet (UV.sub.1) component of doubler 14's output is separated
      by a polarizer, or beam divider, 16, then combined with infrared (IR)
      radiation from a fixed-wavelength infrared laser 18, a Q-switched Nd
      crystalline laser, for example, by a suitable beam combiner 20. The
      collinear IR and UV.sub.1 beams from combiner 20 are mixed in sum
      generator 22 by synchronous addition, or phase matching, in an ADP or KDP
      crystal to produce coherent, short-wavelength ultraviolet (UV.sub.2). The
      UV.sub. 2 component of the output beam from sum generator 22 is then
      separated from the IR and UV.sub.1 components by a beam separator, or
      prism, 24.
PAR  Further describing the method of the invention by reference to a specific
      embodiment of system 10, an optical system for generating tunable,
      coherent ultraviolet radiation throughout the range from about 2200 to
      2400 A is indicated generally at 30 in FIG. 2. System 30 includes a
      flash-pumped, Q-switched Nd:YAG laser 32, and a CsDA (cesium dihydrogen
      arsenate) frequency doubler 34. The CsDA crystal comprising doubler 34 is
      mounted in an evacuated enclosure provided with a suitable heater and
      thermostatic controller, and is oriented so that the 1064 nm output of
      laser 32 is coupled into the crystal at 90.degree. to its optical axis.
      Phase matching is achieved by temperature tuning the crystal. The second
      harmonic, 5320 A output from doubler 34 is separated from the 1064 nm
      fundamental by polarizing beam divider 36 and used for transversely
      pumping a rhodamine 6G (R6G) dye laser 38.
PAR  The output of laser 38, a beam of coherent, visible light tunable from
      about 5600 to 6200 A, is coupled into an ADP crystal comprising a
      frequency doubler 40. Doubler 40 is similar to doubler 34, the crystal
      being mounted in an evacuated chamber provided with a suitable heater and
      thermostatic controller, and oriented 90.degree. to the irradiating beam.
      Phase matching for second harmonic generation is accomplished through
      temperature tuning of the ADP crystal. The second harmonic, 2800-3100 A
      ultraviolet output of doubler 40 is separated from the visible wavelength
      fundamental by polarizing beam divider 42, and collinearly combined with
      the 1064 nm beam from beam divider 36 through the use of mirror 44 and
      combining prism 46. The combined, collinear infrared and long-wavelength
      ultraviolet beams then are coupled into the ADP crystal comprising sum
      generator 48.
PAR  Referring to FIG. 3, sum generator 48 includes an ADP crystal 50, suitably
      a 45.degree. Z-cut crystal, mounted in a temperature-adjustable holder 52
      within an evacuated dewar 54. Crystal holder 52 is provided with a heater
      56, a temperature sensor 58 for controlling the heater, and a platinum
      thermometer 60 for measuring the temperature of the crystal. A metal post
      62 connects crystal holder 52 to the underside of a chamber 64 holding a
      supply of liquid nitrogen. As will be understood, the metal post serves as
      a thermal connection between the low temperature (-195.degree. C.) liquid
      nitrogen and the holder. Heater 56 is activated as needed to adjust the
      temperature of holder 52, and hence the temperature of crystal 50, to a
      desired higher value. Optical access to the ADP crystal is provided by a
      pair of fused silica windows 66, 68 aligned with the crystal. Means (not
      shown) also are provided for rotating the crystal with respect to the
      incoming, i.e., irradiating, beam.
PAR  Again referring to FIG. 2, the combined, collinear infrared and
      long-wavelength ultraviolet beams from prism 46 are directed into crystal
      50 as ordinary rays, with the propagation at 90.degree. to the crystal's
      optical axis. Either temperature or angle tuning of the ADP crystal is
      employed to achieve phase matching at the sum frequency, with the
      resultant short-wavelength ultraviolet radiation being generated as an
      extraordinary wave. The temperature required for 90.degree. phase matching
      is plotted in FIG. 4. The output from sum generator 48 is separated into
      its components, 1064 nm IR, long wavelength UV in the 2800-3100 A range,
      and their sum, short wavelength UV in the range of about 2200-2400 A, by a
      fused silica dispersing prism 70.
PAR   Tunable, coherent, ultraviolet can be generated in other portions of the
      2000-2500 A spectral region with the just-described optical system by
      replacing R6G laser 38 with a dye laser having an output in a different
      portion of the visible spectrum. Parametric generators can also be used to
      provide the tunable visible light for frequency doubling into the near
      ultraviolet. As shown in FIG. 4, UV wavelengths as short as about 2000 A
      can be obtained by 90.degree. phase matching of 1064 nm IR with
      appropriate longer-wavelength ultraviolet in ADP. The limits of the
      temperature tuning range (about 2000-2350 A) are set by the nonlinear
      crystal's Curie temperature (-125.degree.C.), and maximum stable operating
      temperature (about 110.degree.C.). For the generation of UV wavelengths
      longer than about 2350 A, phase matching is achieved by angle tuning,
      i.e., adjusting the angle of propagation of the fundamental beams relative
      to the crystal's optical axis. Infrared at wavelengths other than 1064 nm
      may be used in the method of the invention, wavelengths in the range of
      about  950 to about 1100 nm, for example, but it is advantageous to choose
      a value near the infrared absorption edge of the sum generating crystal
      material. The 1064 nm line of a Nd:YAG laser is particularly suitable for
      use with ADP since adequate power, narrow spectral linewidth, and a
      variety of pulse formats are available in neodynium lasers. If desired, a
      KDP crystal may be used for sum frequency generation, but the temperature
      tuning range is more limited. In addition, KDP has a greater
      short-wavelength UV transmission loss.
PAR  Compared with prior art methods of generating short-wavelength coherent
      ultraviolet radiation, the method of the invention provides greater
      improved conversion efficiency. For efficient upconversion of the dye
      laser's second harmonic, the spectral spread of its fundamental preferably
      should not exceed about 1 A, and for best efficiency should be of the
      order of about 0.25 A. The infrared power density P.sub.2 required for
      efficient upconversion of a long-wavelength UV power density P.sub.1 to a
      density P.sub.3 at the sum frequency can be estimated using the relation
      ##EQU1##
      where the nonlinear coefficient d.sub.36 is 1.36 .times. 10.sup..sup.-9
      esu, L is the crystal length in centimeters, n.sub.1o and n.sub.2o are the
      ordinary refractive indicies for the long-wavelength UV and IR,
      respectively n.sub.3e is the extraordinary index for the upconverted UV,
      .lambda..sub.3 is the upconverted wavelength in centimeters, and the power
      densities are in watts per square centimeter. According to this equation,
      a 10 percent conversion efficiency in a one centimeter crystal requires an
      infrared power density near 2 .times. 10.sup.6 watts per square
      centimeter. This level can be easily obtained from a Q-switched Nd:YAG
      laser without tight focusing.
PAC  EXAMPLE
PAR  According to the method of the invention, collinear infrared radiation at
      1064 nm from a flash-pumped, Q-switched Nd:YAG laser and long-wavelength
      UV at 2660 A are brought to a focus with a 30 cm. focal length lens. A 2.5
      centimeter, 45.degree. Z-cut crystal of ADP, mounted in a thermostatically
      controlled holder constructed as shown in FIG. 3, is placed in the
      diverging beam a few centimeters beyond the focus of the lens. The
      collinear beams comprise pulses having a duration of about 10 nanoseconds
      and a pulse repetition rate of about 10 Hz. With an average incident power
      of 130 milliwatts at 1064 nm on the ADP crystal L greater than 50 percent
      average power conversion of the long-wavelength UV to 2128 A UV is
      obtained. The short-wavelength UV output is maintained at a level above
      0.5 milliwatts for periods approaching 1 hour without apparent damage to
      the crystal. Peak output power under these conditions is in excess of 5000
      watts.
PAR  Thus, there is provided an improved method for generating tunable,
      coherent, ultraviolet light at wavelengths in the range of about 2000-2500
      A. Although a preferred embodiment of the method has been described
      herein, it will be understood that variations and modifications are
      possible without departing from the spirit of the invention.
CLMS
STM  It is claimed and desired to secure by letters patent:
NUM  1.
PAR  1. The method of generating tunable, coherent optical radiation having a
      short wavelength ultraviolet component in the range of about 2000 to about
      2500 A which comprises sum frequency phase matching in a crystal having
      second order nonlinear polarisability, coherent infrared radiation having
      a wavelength of about 1060 nm with coherent ultraviolet radiation
      consisting of the second harmonic of the coherent output from a
      wavelength-tunable source of visible-wavelength radiation.
NUM  2.
PAR  2. The method of claim 1, wherein said crystal is of a material selected
      from the group consisting of ammonium dihydrogen phosphate and potassium
      dihydrogen phosphate.
NUM  3.
PAR  3. The method of claim 1 wherein said wavelength-tunable source comprises
      an organic dye laser.
NUM  4.
PAR  4. The method of claim 1 wherein said infrared radiation consists of 1064
      nm radiation from a Nd:YAG laser.
NUM  5.
PAR  5. The method of generating coherent optical radiation having a short
      wavelength ultraviolet component in the range of about 2000-2500 A which
      comprises
PA1  providing a wavelength-tunable source of coherent, visible-wavelength
      radiation,
PA1  frequency doubling the visible-wavelength radiation from said source to
      provide coherent, near-ultraviolet radiation,
PA1  providing coherent infrared radiation having a wavelength in the range of
      about 950-1100 nm, and
PA1  frequency summing said infrared radiation and near-ultraviolet radiation by
      phase matching in a crystalline material having second order nonlinear
      polarisability.
NUM  6.
PAR  6. The method of claim 5 wherein said crystalline material is selected from
      the group consisting of ammonium dihydrogen phosphate and potassium
      dihydrogen phosphate.
NUM  7.
PAR  7. The method of claim 5 wherein said infrared radiation has a wavelength
      of about 1064 nm and said infrared source comprises a Nd:YAG laser.
NUM  8.
PAR  8. The method of claim 5 wherein said source of coherent,
      visible-wavelength radiation is an organic dye laser.
NUM  9.
PAR  9. The method of generating tunable, coherent optical radiation having a
      short wavelength ultraviolet component in the range of about 2000-2350 A
      which comprises
PA1  providing a wavelength-tunable source of coherent, visible-wavelength
      radiation,
PA1  frequency doubling the visible-wavelength radiation from said source to
      provide coherent, near-ultraviolet radiation having a wavelength in the
      range of about 2500 to about 3100 A,
PA1  providing coherent infrared radiation at a wavelength of about 1064 nm, and
PA1  frequency summing said infrared radiation and near-ultraviolet radiation by
      phase matching in an ammonium dihydrogen phosphate crystal.
NUM  10.
PAR  10. The method of generating tunable, coherent optical radiation of a short
      wavelength ultraviolet component in the range of about 2000 to about 2500
      A which comprises
PA1  providing a fixed wavelength source of coherent infrared radiation,
PA1  providing a wavelength-tunable source of coherent, near-ultraviolet
      radiation, and
PA1  frequency summing radiation from said infrared source and radiation from
      said near-ultraviolet source in a crystalline material having second order
      nonlinear polarisability to provide coherent optical radiation within said
      range.
NUM  11.
PAR  11. The method of claim 10, wherein the radiation from said infrared source
      has a wavelength of about 1060 nm, and the radiation from said
      near-ultraviolet source has a wavelength in the range of about 2500 to
      about 3100 A.
NUM  12.
PAR  12. The method of claim 11, wherein said crystalline material is selected
      from the group consisting of ammonium dihydrogen phosphate and potassium
      dihydrogen phosphate.
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ABST
PAL  A radiographic system comprising a radiation source disposed to direct a
      beam of radiation through an adjustable aperture in an aligned
      beam-limiting device and onto an image receptor located at a selected
      distance from the source, and automatic means for making a unidirectional
      final adjustment of the aperture to provide the beam with a
      cross-sectional area which conforms to the size of the image receptor at
      the selected distance from the source.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 354,826, filed Apr. 26, 1973,
      now U.S. Pat. No. 3,863,073.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to automatic collimating systems and is
      concerned more particularly with a radiographic system having adjustable
      beam collimating means for protecting a person from overexposure to
      radiation.
PAR  It is well-known that internal organs of a human body, for example, may be
      examined by exposing a preselected region of the body to radiation, such
      as X-rays, for example, for a limited period of time. However, the
      radiation should be confined to the specific area of the body under
      examination in order to minimize exposure of the patient to the radiation.
      This objective is best achieved by precisely regulating the
      cross-sectional size of the beam irradiating the area of the body being
      examined.
PAR  One type of X-ray apparatus particularly suitable for achieving this
      objective is shown and described in U.S. Pat. No. 3,581,094 granted to L.
      F. Peyser et al and assigned to the assignee of this invention. The
      apparatus disclosed therein includes a beam limiting device or collimator
      having two orthogonally arranged pairs of opposing pivotal plates which
      form a rectangular aperture. The plates are made of X-ray absorbent
      material, such as lead, for example, and serve to regulate the
      cross-sectional size and shape of a beam passing through the aperture. In
      accordance with electrical signals produced by sensing devices suitably
      located in the apparatus, the rectangular aperture is adjusted to provide
      the beam with a cross-sectional size conforming substantially to the
      rectangular area of an X-ray film. Thus, when a patient is positioned
      between the beam limiting device and the X-ray film, only the portion of
      the patient's body selected for study should be irradiated and imaged on
      the film.
PAR  Another type of beam limiting device, which is more suitable for regulating
      the diametric size of an X-ray cone is shown and described in U.S. Pat.
      No. 3,448,270 granted to L. F. Peyser and assigned to the assignee of this
      invention. Briefly, this patent discloses a beam limiting device having an
      exit aperture defined by a thimble-like shutter comprising a plurality of
      X-ray absorbent leaves arranged longitudinally in partial overlapping
      relationship to form a frusto-conical structure. The leaves are pivotally
      mounted and simultaneously adjustable to move into greater or lesser
      overlapping relationship thereby defining the diametric size of a variable
      aperture at the small diameter end of the frusto-conical structure. Thus,
      this beam-limiting device may be adjusted to provide a cone of radiation
      passing through the structure with the proper diameter for impinging on a
      circular image receptor, such as the input screen assembly of an image
      intensifer tube, for example.
PAR  The described beam-limiting devices generally include means for adjusting
      the shutter aperture whereby an emerging X-ray beam is provided with a
      cross-sectional size which conforms substantially to the area of an image
      receptor. However, recent medical investigations completed by the United
      States Public Health Service indicate that the cross-sectional size of the
      X-ray beam, at the plane of the image receptor, should conform even more
      closely to the surface area of the image receptor than current practice
      permits. Thus, it has been found desirable to provide automatic means for
      setting the shutter aperture of the beam-limiting device in a manner which
      will comply with the recommendations of the United States Public Health
      Service. Automatic systems for precisely setting the shutter aperture by
      means of accurate mechanisms which overcome backlash and other forms of
      hysteresis have proved unsatisfactory, because of the undesirable cost
      involved and a tendency of the shutters to "hunt" when reaching a desired
      setting for the aperture. Attempts have been made to overcome this
      tendency to "hunt" by providing a "dead band" which renders the system
      insensitive to small amounts of "overshoot" when the shutters reach the
      desired setting. However, when the aperture is being adjusted, and the
      shutters reach the desired setting, this small amount of overshoot may
      result in the X-ray beam having a cross-sectional area which exceeds the
      allowed tolerances for conforming to the surface area of the image
      receptor.
PAR  Thus, it is advantageous and desirable to provide a radiographic system
      with a beam-limiting device and means for adjusting the shutter aperture
      of the device in a manner which overcomes backlash and other forms of
      mechanical and electronic hysteresis without resorting to prohibitively
      expensive mechanisms and electronic controls for achieving the desired
      accuracy.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides a radiation source disposed to direct
      a beam of radiation through an adjustable beam-limiting device and onto an
      image receptor located at a selected distance from the source, and
      automatic means for adjusting the aperture to limit the beam to a
      cross-sectional size which conforms accurately to the size of the image
      receptor, at the plane of the receptor.
PAR  The automatic means includes detecting means for producing electrical
      signals indicative of the installation of an image receptor in the holder
      and the selection of a desired source-to-image receptor distance (SID).
      The automatic means also includes sensing means for producing electrical
      signals indicative of the image receptor size and the radiation field size
      at the plane of the image receptor.
PAR  The automatic means also includes a collimator monitoring unit including a
      detector monitoring circuit and a sensor monitoring circuit. The detector
      monitoring circuit is provided with input means for receiving electrical
      signals from the detecting means, gating means for producing an electrical
      signal indicative of an installed image receptor and a selected SID, and
      one-shot multivibrating means for producing a predetermined time pulse
      signal in response to a signal from the detector gating means.
PAR  The sensor monitoring circuit includes comparator means for receiving
      electrical signals from the sensing means and producing an output signal
      indicative of any adjustment required in the aperture size, latched gating
      means for allowing further manual closing of the aperture but preventing
      opening of the aperture to a size that allows the radiation field to
      exceed the receptor except in response to output signals from the detector
      monitoring circuit and an opening signal from the comparator means,
      overshoot means for opening the shutter aperture beyond any corrective
      adjustment required by the comparator means and thereby causing closing of
      the aperture for a unidirectional final adjustment thereof, and gating
      means for determining whether the aperture is to close, open or whether
      corrective adjustment is completed.
PAR  In one preferred embodiment, an X-ray source is disposed to direct a
      generally conical X-ray beam through a substantially circular aperture
      formed by a frusto-conical shutter in a beam-limiting device and onto a
      circular input screen assembly of an image intensifier tube located in a
      suitable holder at a selected distance from the source. Detecting means
      are provided for producing electrical signals indicative of the location
      of an image intensifier tube in the holder and the selection of an SID.
      Sensing means are provided for producing electrical signals indicative of
      the diametric size of the useful portion of the input screen, the distance
      of the input screen assembly from the source and the diametric size of the
      aperture to limit the diametric size of the conical X-ray beam such that
      it conforms to the circular area of the useful portion of the input
      screen.
PAR  In another preferred embodiment, an X-ray source is disposed to direct a
      generally conical X-ray beam through a substantially rectangular aperture
      formed by two orthogonally disposed pairs of opposing plates in a
      beam-limiting device and onto a rectangular X-ray film clamped in a
      suitable holder at a selected distance from the source. Detecting means
      are provided for producing electrical signals indicative of the
      installation of a film bearing cassette in the holder and the selection of
      an SID. Sensing means are provided for producing electrical signals
      indicative of the length and width of the film, the distance of the film
      from the source and the length and width of the aperture. The collimator
      monitoring unit is provided with a common detector monitoring circuit
      feeding output signals into dual sensor monitoring circuits, one for
      adjusting the length dimension of the shutter aperture and one for
      adjusting the width dimension thereof. Thus, this collimator monitoring
      unit provides means for limiting the cross-sectional size of the X-ray
      beam such that it conforms to the area of an X-ray film to within the
      desired accuracy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of this invention, the following more detailed
      description makes reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of one type of radiographic system embodying
      the invention;
PAR  FIG. 2 is a schematic view of the radiographic system shown in FIG. 1;
PAR  FIG. 3 is a block diagrammatic view of the basic components required for
      practicing this invention in conjunction with the system shown in FIG. 1;
PAR  FIG. 4 is a block diagrammatic view of the invention as adapted for the
      system shown in FIG. 1;
PAR  FIG. 5 is a schematic diagrammatic view of a typical embodiment of the
      invention as shown in FIG. 4;
PAR  FIG. 6 is a perspective view of another type of radiographic system
      embodying the invention;
PAR  FIG. 7 is a schematic view of the radiographic system shown in FIG. 6;
PAR  FIG. 8 is a block diagrammatic view of the basic components required for
      practicing this invention in conjunction with the system shown in FIG. 6;
PAR  FIG. 9 is a block diagrammatic view of the invention as adapted for the
      system shown in FIG. 6; and
PAR  FIG. 10 is a schematic diagrammatic view of a typical embodiment of the
      invention shown in FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings wherein like characters of
      reference designate like parts throughout the several views, there is
      shown in FIGS. 1 and 2 a radiographic system 10 comprising an X-ray
      generator 12 which includes a hollow cylindrical housing 14 having an
      X-ray tube 16 longitudinally disposed therein. The X-ray tube 16 may be of
      any conventional type embodying an electron emitting cathode 18 and a
      spaced opposing anode 20 within the usual evacuated envelope 22. The
      electrodes of X-ray tube 16 are electrically connected to an X-ray control
      unit 24 by suitable means, such as an interconnecting cable 25 having
      therein an insulated conductor 26 which is connected to the anode 20 and
      two insulated conductors 27 and 28 which are connected to respective
      terminal ends of the cathode 18.
PAR  In operation, the X-ray control unit 24 supplies electrical current through
      the conductors 27 and 28 to heat the cathode 18 to a desired electron
      emitting temperature. By means of conductor 26 and one of the conductors
      27 and 28, the X-ray control unit 24 applies suitable electrical
      potentials to the anode 20 and the cathode 18, respectively, for the
      purpose of establishing a strong electrostatic field therebetween. The
      electrostatic field accelerates emitted electrons from the cathode 18 and,
      in a well-known manner, focusses them onto the anode 20 in a relatively
      small focal spot area 21 which functions as a point source for a resulting
      cone 30 of X-radiation emanating therefrom. Thus, it may be seen that the
      X-ray control unit 24 may prevent the generation of X-ray cone 30 by
      withholding the electrical potentials applied to the cathode 18 and the
      anode 20 of X-ray tube 16 by any suitable means.
PAR  The cone 30 of X-radiation generated in tube 16 passes through an aligned
      port 15 in the cylindrical wall of housing 14 and enters a beam limiting
      device 32 or collimator which may be mounted over the port 15 by any
      suitable means. The beam limiting device 32 may comprise a housing 33
      having an entrance aperture (not shown) adjacent the port 15 of the X-ray
      generator 12 and an opposing exit aperture 34 defined by a thimble-like
      shutter 36 which protrudes outwardly of the housing. The shutter 36 is
      more fully described in the aforementioned U.S. Pat. No. 3,448,270 granted
      to L. F. Peyser and assigned to the assignee of this invention. Briefly,
      the thimble-like shutter 36 comprises a plurality of longitudinally
      extending leaves 37 made of X-ray absorbent material, such as lead, for
      example, arranged in partial overlapping relationship to form a hollow
      frusto-conical structure. The leaves 37 are pivotally mounted at the ends
      adjacent the large diameter opening of the frusto-conical structure and
      are operatively connected to a rotatable ring 38. Rotation of the ring 38
      moves the leaves into greater or lesser overlapping relationship thereby
      varying the diameter of the exit aperture 34 at the small diameter end of
      the frusto-conical structure. Thus, the thimble-like shutter 36 limits the
      diametric size of the X-ray cone 30 as it passes through the beam-limiting
      device 32.
PAR  Located on the exterior of housing 33 is a knob 40 which may be manually
      adjusted to rotate the ring 38 and thereby vary the diameter of exit
      aperture 34 in a controllable manner. Thus, the knob 40 provides means for
      regulating the cross-sectional size of X-ray cone 30 when system 10 is
      operated in the manual mode. The X-ray cone 30 emerging from the beam
      limiting device 32 may pass through an aligned portion 42 of a patient 44
      and be modified in accordance with a density pattern formed by the
      internal organs of portion 42, in a well-known manner. Consequently, the
      modified X-ray cone 30 will convey an X-ray image of these internal organs
      to an aligned image receptor 46 which may comprise an input screen
      assembly 48 of an image intensifier tube 50, for example.
PAR  A suitable image intensifier tube 50 is shown and described in U.S. Pat.
      No. 3,417,242 granted to R. W. Windebank and assigned to the assignee of
      this invention. Briefly, the image intensifier tube disclosed therein
      comprises a generally cylindrical envelope 52 closed at one end by an
      input faceplate 54 of preselected diametric size, and at the other end by
      an output faceplate 56 which is considerably smaller in diameter. Disposed
      adjacent input faceplate 54 is input screen assembly 48 which converts the
      incident X-ray image to an equivalent electron image, in a well-known
      manner. The electron image is electrostatically accelerated from the input
      screen assembly 48 and focussed onto an output screen assembly (not shown)
      which is disposed adjacent the output faceplate 56. The output screen
      assembly converts the accelerated electron image, in a well-known manner,
      into a bright visible image which is viewable through the output faceplate
      56. Thus, the internal organs of portion 42 may be observed while being
      subjected to X-radiation.
PAR  The image intensifier tube 50 may be provided with zooming means comprising
      a coaxially aligned series of spaced electrodes (not shown) disposed
      between the input screen assembly 48 and the output screen assembly, as
      disclosed in the aforementioned Windebank patent. These intermediate
      electrodes are maintained at respective variable electrical potentials
      supplied by a remote control unit 71 having a plurality of potentiometers
      (not shown) therein which may be adjusted by a single control knob 73. The
      potentials applied to the intermediate electrodes shape the electrostatic
      field between the input screen assembly 48 and the output screen assembly
      such that only a portion of the input screen fills the entire output
      screen. Consequently, the imaged portion of the innput screen 48, which
      constitutes the image receptor 46, is reduced in size.
PAR  From the foregoing description, it may be seen that only the X-radiation
      impinging on the imaged portion of the input screen assembly 48 is useful
      in forming the visible image on the output screen of image intensifier
      tube 50. Consequently, if the cross-sectional area of X-ray cone 30, at
      the plane of the image receptor 46, is greater than the area of the imaged
      portion of the input screen, the patient 44 is exposed to unnecessary
      radiation. Therefore, in order to protect the patient 44 from such
      overexposure to X-radiation, it is required that the cross-sectional area
      of the X-ray cone 30 conform closely to the useful area of the image
      receptor 46. From FIGS. 1 and 2, it may be seen that the cross-sectional
      size of X-ray cone 30, at the image receptor 46, is proportional to the
      diametric size of aperture 34 in beam-limiting device 32. Thus, the
      aperture 34 may be adjusted, as by knob 40, for example, to provide the
      X-ray cone 30 with the desired cross-sectional size. However, it has been
      found in a survey conducted by the United States Public Health Service
      that operators of this type of X-ray equipment tend to adjust knob 40 in a
      direction which will provide an X-ray cone having a cross-sectional area
      greater than the area of the image receptor. Consequently, in the practice
      of this invention, the knob 40 is reserved for use only during special
      diagnostic procedures by highly skilled personnel, and automatic means are
      provided for adjusting the cross-sectional size of X-ray cone 30 during
      routine diagnostic procedures.
PAR  Therefore, in accordance with this invention, the image intensifier tube 50
      is supported in a suitable holder 60 having operably mounted thereon a
      receptor detecting means, such as a pressure actuated switch 62, for
      example. One side of switch 62 is connected to the positive side 64 of a
      suitable polarized voltage source (not shown), and the other side of
      switch 62 is connected, by means of a wire lead 66, to a collimator
      monitoring unit 68. Consequently, when an image intensifier tube, such as
      50, for example, is inserted into the holder 60, pressure actuated switch
      62 will be closed thereby sending an electrical signal through wire lead
      66 to the collimator monitoring unit 68. Thus, the electrical signal
      produced by the receptor detecting means indicates that an image receptor
      is installed in position for receiving a radiation image of the subject
      42.
PAR  The holder 60 is supported by a telescopic suspension post 70 on which
      there is mounted the remote control unit 71 and an attached receptor size
      sensing means, such as a potentiometer 72, for example. Potentiometer 72
      includes a conventional resistive element 74 having one end connected to a
      positive terminal 78 of a polarized voltage source (not shown), and the
      other end connected to electrical ground. Thus, there is established along
      the resistive element 74 a graduated series of voltage value which may be
      sensed sequentially by a rotatable wiper arm 76. The arm 76 may be
      mechanically coupled to the control knob 73. As a result, the remote
      control knob 73 positions the wiper arm 76 on the resistive element 74 to
      sense a particular voltage value which is related to the diametric size of
      the imaged portion of the input screen 48. However, since there is a
      corresponding relationship between the respective diametric sizes of the
      imaged portion of the input screen 48 and the image receptor 46, the
      particular voltage value sensed by wiper arm 76 also may be correlated to
      the diametric size of image receptor 46. In this manner, the graduated
      series of voltage values established along resistive element 74 may be
      calibrated to indicate corresponding image receptor sizes, which are
      selected by adjusting control knob 73. Accordingly, the voltage value
      sensed by wiper arm 76 constitutes an electrical signal which is
      indicative of the diametric size of image receptor 46 and which is
      conducted through a connecting wire lead 80 to the collimator monitoring
      unit 68.
PAR  The telescopic suspension post 70 suspends from one end of an overhead
      carriage assembly 82 having a pair of spaced parallel rails 84 along which
      a support block 86 is movable in a conventional manner. The block 86 is
      attached to one end of a second telescopic suspension post 88 which
      extends between the rails 84, in spaced relation therewith, and is
      attached at the opposing end to housing 33 of beam-limiting device 32.
      Thus, moving the block 86 along the rails 84 carries the beam-limiting
      device 32 and attached X-ray generator 12 toward or away from the input
      screen 48 of image intensifier tube 50. As a result, the cross-sectional
      area of X-ray cone 30 at the plane of input screen 48 decreases or
      increases, respectively, in diametric size. Consequently, when adjusting
      the cross-sectional area of X-ray cone 30 to conform to the diametric size
      of input screen 48, a determination must be made of the distances between
      the focal spot 21 in X-ray generator 12 and the input screen 48 of image
      intensifier tube 50, which may be referred to as the "source-to-image
      receptor distance" or simply as "SID".
PAR  Therefore, in order to obtain an accurate measurement of the SID, one end
      of a cable 90 is fixedly attached to support block 86 by any convenient
      means, as by securing it to a pin 87 carried on block 86, for example.
      Cable 90 extends along the carriage assembly 82 and is wound around a
      spring loaded pulley 92 in a well-known manner. Thus, when the X-ray
      generator 12 is moved toward or away from the image intensifier tube 50,
      the cable 90 is respectively wound onto or drawn from the pulley 92. The
      resulting rotation of pulley 92 turns an axial shaft 94 which carries
      adjacent one end thereof a fixedly attached disc 96. The periphery of disc
      96 is provided with a plurality of regularly spaced teeth 98 which
      sequentially engage a spring biased arm of an interrupter switch 100
      thereby causing the switch 100 to open and close at regular intervals. One
      side of switch 100 is connected to a positive terminal 102 of a polarized
      voltage source (not shown), and the other side of switch 100 is connected
      through switches 122 and 124 and wire lead 104 to the collimator
      monitoring unit 68. Thus, switch 100, 122 and 124 constitutes an SID
      detecting means which produces an electrical signal indicative of a
      selected SID and interrupts the signal when the SID is changing.
PAR  The shaft 94 is operatively connected to a rotatable drum 106 which carries
      on its outer periphery a series of irregularly spaced landings 108, each
      of which engages a spring biased arm of a respective switch 110. Closing
      one of the switches 110 sends an electrical current through a respective
      series connected lamp 112 thereby illuminating the lamp to indicate that a
      particular SID value is selected. For example, standard radiographic
      procedures generally require the selection of one of four conventional SID
      values, namely 36 inches, 40 inches, 48 inches, and 72 inches,
      respectively. Thus, each of the landings 108 is precisely positioned on
      the periphery of drum 106 to light a respective lamp 112 and indicate the
      associated SID to within the required degree of accuracy. However, the
      landings 108 may be positioned on the periphery of drum 106 to indicate
      other SIDs, if desired. Also, more than the four landings 108 may be
      carried by the drum 106 to indicate respective SID values in addition to
      the conventional SID values generally selected.
PAR  The axial shaft 94 of pulley 92 also is mechanically coupled to a wiper arm
      118 of a potentiometer 116 whereby turning of the shaft 94 results in
      rotating the wiper arm 118 correspondingly. The wiper arm 118 slidingly
      engages a conventional resistive element 120 having one end connected to
      wire lead 104 and through normally closed switches 122 and 124 to the
      positive terminal 102 of a polarized voltage source (not shown). The other
      end of resistive element 120 is connected to electrical ground. As a
      result, there is established along the resistive element 120 a graduated
      series of voltage values which are calibrated to correspond accurately to
      associated SID values. Consequently, when the shaft 94 positions the wiper
      arm 118 on the resistive element 120, the wiper arm 118 senses a
      particular voltage value which corresponds accurately to the SID selected.
      Thus, the potentiometer 116 constitutes an SID sensing means for producing
      an electrical signal indicative of a selected source-to-image receptor
      distance.
PAR  However, if the block 86 is moved along the rails 84 beyond a maximum SID
      limit, such as 80 inches, for example, the wiper arm 118 carries a
      dielectric cam member 126 which opens the switch 122 thereby preventing
      current flow through the resistive element 120 and the wire lead 104.
      Similarly, if the block 86 is moved along rails 84 to within a minimum SID
      limit, such as 30 inches, for example, the cam member 126 opens switch 124
      thereby preventing current flow through the resistive element 120 and wire
      lead 104. These switches 122 and 124 constitute at least in part limiting
      means for preventing the emission of X-radiation, in the automatic mode,
      when the generator 12 is too far from or too close to the patient 44.
PAR  Mounted in the housing 33 of beam-limiting device 32 is a potentiometer 130
      having a conventional resistive element 132 which is connected at one end
      to electrical ground. The other end of resistive element 132 is connected
      by means of wire lead 128 to the wiper arm 118 of potentiometer 116. Thus,
      the voltage value sensed by the wiper arm 118 is applied across the
      resistive element 132 of potentiometer 130. The resistive element 132 is
      slidably engaged by a wiper arm 134 which is operatively connected to ring
      38 for rotation therewith when shutter aperture 34 is being adjusted, as
      previously described. In this manner, the wiper arm 134 senses the size of
      shutter aperture 34 and is positioned accordingly on the resistive element
      132. Since the voltage applied across the resistive element 132
      corresponds to a selected SID within the allowed range set by switches 122
      and 124, respectively, the wiper arm 134 senses a particular voltage value
      which corresponds to the field size associated with the selected SID, as
      provided by the size of the shutter aperture 34. Thus, the potentiometer
      130 constitutes a shutter aperture sensing means which in conjunction with
      the SID sensing means produces an electrical signal indicative of the
      radiation field size at the plane of the image receptor when the SID is
      within the allowed range. This electrical signal is fed through a
      connecting wire lead 136 to the collimator monitoring unit 68.
PAR  Also mounted in the housing 33 of beam-limiting device 32 is a reversible
      motor 138 having a drive shaft 139 suitably geared to rotate the ring 38
      and thereby adjust the shutter aperture 34. The motor 138 is energized by
      an electrical signal conducted through a wire lead 140 from the collimator
      monitoring unit 68. Thus, as shown in FIG. 3, the collimator monitoring
      unit 68 receives constant value voltage signals from the receptor
      detecting means 62 and the SID detecting means 100, 122 and 124
      respectively. The collimator monitoring unit 68 also receives variable
      value voltage signals from the receptor size sensing means 72 and the
      radiation field size sensing means, 130 in conjunction with 116,
      respectively. From these input signals, the collimator monitoring unit 68
      generates an electrical signal which drives the motor 138 in the proper
      direction for adjusting the shutter aperture 34 as required. While the
      shutter aperture 34 is being adjusted, the field size sensing means is
      adjusted accordingly, thus completing a servo loop. However, adjustment of
      the shutter aperture 34 must be completed before X-ray cone 30 is
      generated in order to protect the patient 44 from exposure to excess
      radiation. Therefore, the collimator monitoring unit 68 sends an
      electrical signal through a connecting wire lead 142 to the X-ray control
      unit 24 for the purpose of preventing generation of X-ray cone 30 until
      the shutter aperture 34 is completely adjusted.
PAR  As shown in FIG. 4, the collimator monitoring unit 68 includes a detector
      monitoring circuit 144, a sensor monitoring circuit 146, and an
      indicator/interlock circuit 148.
PAR  The detector monitoring circuit 144 may include two input transistors 150
      and 152, respectively, the base of transistor 150 being connected to the
      SID detecting means 100, 122 and 124; and the base of transistor 152 being
      connected to the receptor detecting means 62. The transistors 150 and 152
      have their respective emitters connected to electrical ground and their
      respective collectors connected to a source 154 of positive potential. The
      collector of transistor 150 is connected to an SID inverter 156 which has
      its output connected to an input lead 157 of a detector gate 160.
      Similarly, the collector of transistor 152 is connected to a receptor
      inverter 158 which has its output connected to an input lead 159 of
      detector gate 160.
PAR  The output of receptor inverter 158 also is applied to a conductor 164
      which extends into the indicator/interlock circuit 148 to connect to the
      input of a manual indicator inverter 170 and also to an input lead 173 of
      a safety interlock gate 172. Thus, the conductor 164 constitutes one
      output lead of the detector monitoring circuit 144. The output of detector
      gate 160 is connected to the input of a one-shot multivibrator 162, and
      through an inverter 169 to a conductor 166 which constitutes a second
      output lead of the detector monitoring circuit 144. The output of the
      one-shot multivibrator 162 is applied to a conductor 168 which constitutes
      a third output lead of the detector monitoring circuit 144.
PAR  The sensor monitoring circuit 146 is provided with an input comparator 180
      having input leads 182 and 184, respectively. The lead 182 is connected to
      the wiper arm 134 of the shutter aperture sensing potentiometer 130
      through wire lead 136 and the lead 184 is connected to the wiper arm 76 of
      receptor size sensing potentiometer 72 through wire lead 80. Thus, an
      electrical signal indicative of the radiation field size at the selected
      SID is applied to the lead 182, when the selected SID is within the
      allowed range. Similarly, an electrical signal indicative of the diametric
      size of image receptor 46 is applied to the lead 184. These two signals
      are compared electrically in the comparator 180; and if one signal is
      larger than the other, an electrical signal corresponding to the
      difference between the two signals is applied to an output lead 186 of
      comparator 180.
PAR  The output lead 186 of comparator 180 and the output leads 166 and 168,
      respectively, of the detector monitoring circuit 144 are connected to the
      input of a flip-flop gate 188 having a latching feedback loop 190. The
      output of the flip-flop gate 188 is connected to the input of a sequencing
      inverter 192 which has its output connected to an input terminal of a
      sequencing gate 194. A second input terminal of the sequencing gate 194 is
      connected to the output lead 166 of detector monitoring circuit 144. The
      output of sequencing gate 194 is connected to the input of an overshoot,
      one-shot multivibrator 196 and through a lead 199 to the input of an open
      drive OR gate 198. The output of OR gate 198 is connected to the input of
      a motor drive circuit (open) 200, and also to the input of a ready
      indicator inverter 202.
PAR  The output lead 186 of comparator 180 and the output lead 166 of detector
      monitoring circuit 144 also are connected to respective input terminals of
      a close drive gate 204. A third input terminal of close drive gate 204 is
      connected to the output of ready indicator inverter 202 and to an input
      terminal of a ready indicator gate 210. The output of close drive gate 204
      is connected to the input of a close drive inverter 206 and to a second
      input terminal of ready indicator gate 210. The output of close drive
      inverter 206 is connected to the input of a motor drive circuit (close)
      208.
PAR  A third input terminal of ready indicator gate 210 is connected to the
      output conductor 166 of detector monitoring circuit 144. The output of
      ready indicator gate 210 is connected to the input of a ready indicator
      circuit 212 and through a conductor 219 to the input of a ready interlock
      inverter 214. The output of inverter 214 is connected through lead 175 to
      a second input terminal of safety interlock gate 172. The output of safety
      interlock gate 172 is connected to the input of a safety interlock circuit
      176 which, in turn, activates an exposure hold indicator circuit 178 and
      an exposure hold circuit 225.
PAR  A typical embodiment of the circuits shown in FIG. 4 is provided in FIG. 5
      for purposes of illustrating this invention and utilizes conventional
      devices which are readily available on the commercial market.
PAR  Thus, in operation, when an SID is selected, the SID detecting switch means
      100, 122, 124 send a constant value voltage signal to the base of
      transistor 150 thereby rendering it conductive and connecting the
      collector of transistor 150 to ground. The resulting drop to zero
      potential at the input of SID inverter device 156 causes it to send a
      logic One signal through the lead 157 to an input terminal of a detector
      Nand gate 160. However, the Nand Gate 160 does not produce a readiness
      output signal until a similar logic One signal is received at its other
      input terminal from the receptor inverter device 158.
PAR  If an image receptor is not in position to receive a radiation image, the
      receptor detecting switch 62 will not be closed to send a constant value
      voltage signal to the base of transistor 152. Consequently, transistor 152
      will remain nonconductive, and the potential of source 154 will be applied
      to the input of receptor inverter device 158. As a result, the inverter
      device 158 will send a logic Zero signal through the lead 159 to the
      connected input terminal of detector Nand gate 160 which, accordingly,
      will not produce an output readiness signal. However, the logic Zero
      signal produced by the inverter device 158 also will flow through the
      output lead 164 to the manual indicator inverter 170 in the
      indicator/interlock circuit 148. Therefore, the inverter 170 will produce
      a logic One signal which will flow through a load resistor 216 to the base
      of a transistor 218 in the "Manual Operation" indicator 174. Consequently,
      the transistor 218 will conduct and thereby illuminate a Manual Operation
      indicator lamp 220.
PAR  The logic Zero signal applied to the input of inverter 170 also will pass
      through lead 173 to an input terminal of a safety interlock Nand gate 172.
      As a result, the Nand gate 172 will produce at its output a logic One
      signal which will be applied through a load resistor 221 to the base of a
      transistor 222 in the safety interlock circuit 176. Accordingly, the
      transistor 222 will be rendered conductive and permit current to flow
      through a series connected relay coil 224. Consequently, an "exposure
      hold" circuit 225 will be completed by the closing of relay contacts 223
      thereby allowing X-ray exposures to be taken in the manual mode of
      operation. Relay contacts 226 also open, thereby extinguishing the
      "Exposure Hold" indicator lamp 228. Thus, this invention provides means
      for automatically returning system 10 to a manual mode of operation and
      allowing X-ray exposures to occur when an image receptor is not in
      position for automatic operation.
PAR  If, however, an image receptor is supported in the holder 60, the receptor
      detector switch 62 will be closed and will apply a constant value voltage
      signal to the base of transistor 152. Accordingly, the transistor 152 will
      be rendered conductive thereby connecting the collector of transistor 152
      to ground. The resulting drop to zero potential at the input of receptor
      inverter 158 will cause it to send a logic One signal to the input of the
      manual indicator inverter 170 and through lead 173 to the safety interlock
      Nand gate 172. Consequently, the inverter 170 will produce a logic Zero
      signal which will render transistor 218 non-conductive and extinguish the
      "Manual Operation" indicator lamp 220. The logic One signal applied to the
      input of inverter 170 also will be applied through lead 173 to the
      connected input terminal of safety interlock Nand gate 172. Consequently,
      when the other input lead 175 of Nand gate 172 is at a logic One, the Nand
      gate 172 will produce a logic Zero signal which will render transistor 222
      non-conductive and deenergize relay coil 224. Accordingly, the "exposure
      hold" circuit will be actuated by the opening of relay contacts 223 and
      X-ray emission will be prevented by the collimator monitoring unit 68.
      Relay contacts 226 also close thereby illuminating the "Exposure Hold"
      indicator lamp 228.
PAR  The output of detector Nand gate 160 is connected to an inverter 169 which
      is connected in series with the output lead 166 of the detector monitoring
      circuit 144. The output of detector Nand gate 160 also is connected in
      series with an inverter 163 which is connected to an input terminal of a
      Nand gate 161. A second input terminal of Nand gate 161 is connected to
      the positive side of a capacitor 167 having a negative side connected to
      ground, and also is connected through a resistor 165 to the output of
      detector Nand gate 160. Thus, with no image receptor in position, the
      resulting logic Zero signal applied to the input lead 159 causes Nand gate
      160 to produce at its output a logic One signal. As a result, the inverter
      169 applies a logic Zero signal to the output lead 166, and the inverter
      163 applies a logic Zero signal to the connected input terminal of Nand
      gate 161. Also, the logic One signal at the output of Nand gate 160 will
      be applied through resistor 165 directly to the other input terminal of
      Nand gate 161 and will charge the capacitor 167 to a logic One voltage
      value.
PAR  Then, when an image receptor is installed in the holder 60, the resulting
      logic One signal applied to lead 159 in conjunction, with the logic One
      signal to lead 157 causes the Nand gate 160 to change its output signal
      from logic One to logic Zero. As a result, the inverter 169 applies a
      logic One signal to the output lead 166, and the inverter 163 applies a
      logic One signal to the connected input terminal of Nand gate 161.
      However, the capacitor 167 maintains the other input terminal of Nand gate
      161 at the stored logic One signal also for the time required to discharge
      the stored signal through the resistor 165. Thus, for the RC time of the
      resistor 165 and capacitor 167 network, both input terminals of Nand gate
      161 will have a logic One signal. Consequently, during that short interval
      of time the output of Nand gate 161 will drop to a logic Zero and then
      will return to a logic One when capacitor 167 has discharged to a logic
      Zero voltage value. Accordingly, whenever an image receptor is changed and
      an SID is selected, the Nand gate 161 will produce a negative going pulse
      at its output. The timed pulse produced by Nand gate 161 will be applied
      to output lead 168 of the detector monitoring circuit 144.
PAR  The flip-flop gate 188 comprises two Nand gates 185 and 187, respectively,
      which have their outputs connected to respective input terminals of a
      third Nand gate 189. Flip-flop 188 is latched in one of two operating
      conditions by latching loop 190 which connects the output of Nand gate 189
      through a series resistor 181 to an input terminal of Nand gate 185 and
      also to the positive side of a capacitor 183 having its negative side
      connected to ground. The flip-flop 188 is pulsed momentarily by the
      negative going pulse applied to output lead 168 which is connected to the
      other input terminal of Nand gate 185. When thus pulsed, the operating
      condition of flip-flop 188 is determined by the electrical signal applied
      to comparator output lead 186 which is connected to one of the input
      terminals of Nand gate 187. The other input terminal of Nand gate 187 is
      connected to the output lead 166 which has a constant logic One signal
      applied to it when an image receptor is in position and an SID is
      selected.
PAR  If the receptor size signal at the input lead 184 of comparator 180 is
      larger than the field size signal at the input lead 182, the output lead
      186 will have applied to it an electrical signal which is equivalent to a
      logic Zero and indicates that the shutter aperture 34 should be opened. As
      a result, the Nand gate 187 will produce at its output a logic One signal.
      Also, while the negative going pulse applied to output lead 168 is at a
      logic Zero level, the Nand gate 185 will produce at its output a logic One
      signal. Thus, with both input terminals of Nand gate 189 at logic One, it
      produces at its output a logic Zero signal which will be applied to the
      connected input terminal of Nand gate 185. Consequently, the output of
      Nand gate 185 will be maintained at logic One even when the negative going
      pulse in lead 168 returns to a steady logic One value. Therefore, the
      flip-flop device 188 is latched in an operating condition which permits
      opening of the shutter aperture 34.
PAR  The latched logic Zero signal at the output of the flip-flop 188 causes the
      sequencing inverter 192 to send a logic One signal to the connected input
      terminal of a sequencing And gate 194. The function of And gate 194 is to
      determine whether the flip-flop 188 has been unlatched and allowed to flip
      to a shutter opening operative condition due to a transient pulse from
      some other source, such as a momentary power failure, for example.
      Consequently, the other input terminal of And gate 194 is connected to the
      output lead 166 of detector monitoring circuit 144 to insure that an image
      receptor is in position and an SID has been selected. Therefore, with a
      logic One signal on each of its input terminals, the And gate 194 will
      produce at its output a logic One signal.
PAR  Thus, it may be seen that the values of resistor 181 and capacitor 183 are
      selected to provide an RC time constant longer in duration than any
      expected transient pulse in order to avoid unintended unlatching of the
      flip-flop 188 and a consequent undesirable opening of the shutter aperture
      34. Typical values selected for the resistor 181 and capacitor 183 are 330
      ohms and 150 microfarads, respectively, to provide an RC time constant of
      approximately 50 milliseconds. Therefore, the values of resistor 165 and
      capacitor 167 in the detector monitoring circuit are selected to provide
      an unlatching pulse of longer time duration than the RC time constant of
      resistor 181 and capacitor 183. Accordingly, typical values selected for
      resistor 165 and capacitor 167 may be 330 ohms and 200 microfarads,
      respectively, to provide a pulse duration of approximately 65
      milliseconds.
PAR  The overshoot one-shot multivibrator 196 comprises an And gage 193 having
      one input terminal connected through an inverter 191 to the output of
      sequencing And gate 194, and another input terminal connected to the
      positive side of a capacitor 197 and through a resistor 195 to the output
      of sequencing And gate 194, the negative side of capacitor 197 being
      connected to ground. Thus, the logic One output signal produced by
      sequencing And gate 194 charges the capacitor 197 accordingly and is
      applied to the connected input terminal of And gate 193. The same logic
      One signal at the input of inverter 191 causes it to apply a logic Zero
      signal to the other input terminal of And gate 193. Thus, with a logic One
      and a logic Zero signals at its respective input terminals, the And gate
      193 applies a logic Zero signal to a connected input terminal of
      open-drive Or gate 198.
PAR  However, the logic One signal produced by sequencing And gate 194 also is
      applied through a by-pass lead 199 to the other input terminal of Or gate
      198. As a result, the Or gate 198 sends a logic One signal through a load
      resistor 201 in motor drive circuit 200 to the base of a transistor 203
      thereby rendering it conductive. Consequently, current will flow through a
      relay coil 205 which energizes the motor 138 in the housing 33 of
      beam-limiting device 32. Accordingly, the motor 138 will rotate ring 38 to
      pivot the shutter leaves 37 into lesser overlapping relationship thereby
      opening the shutter aperture 34. Since the rotation of ring 38 also moves
      the wiper arm 134 slidingly along the resistive element 132 of aperture
      size sensing potentiometer 130 correspondingly until the field size signal
      applied to the input lead 182 of comparator 180 equals the receptor size
      signal applied to input lead 184. As a result, the electrical signal
      applied to output lead 186 of comparator 180 will change from logic Zero
      to logic One.
PAR  When the electrical signal applied to output lead 186 of comparator 180 has
      changed to logic One, the flip-flop device 188 will change it to its other
      operating condition and will produce an output logic One signal at the
      input of sequencing inverter 192. The flip-flop device 188 will be latched
      in this operating condition. The logic One signal at the output of
      flip-flop device 188 will cause the inverter 192 to send a logic Zero
      signal to the connected input terminal of sequencing And gate 194.
      Consequently, the And gate 194 will produce at its output a logic Zero
      signal which will cause the inverter 191 to apply a logic One signal to
      the connected input terminal of overshoot And gate 193. Since the
      capacitor 197 is charged to a logic One signal, both input terminals of
      the And gate 193 will be at a logic One during the discharge time of
      capacitor 197. Consequently, the And gate 193 will apply a logic One
      signal to the connected input terminal of Or gate and cause it to continue
      to apply a logic One signal to the base of transistor 203, even though the
      other input terminal of Or gate 198 is now at logic Zero.
PAR  As a result, the motor 138 will continue to pivot the shutter leaves 37 and
      the aperture 34 will open beyond the corrective adjustment required
      initially by the comparator 180. Accordingly, the ring 38 will slide the
      wiper arm 134 along the resistive element 132 to produce at the input lead
      182 of comparator 180 a field size signal which is larger than the
      receptor size signal. Therefore, the electrical signal applied to output
      lead 186 will remain at a logic One which indicates that the shutter
      aperture should be closed down. The logic One signal applied to output
      lead 186 will not affect the output of flip-flop device 188 which will
      remain latched with a logic One output. Consequently, when the capacitor
      197 is discharged, the overshoot And gate 193 will produce at its output a
      logic Zero signal. Thus, with both inputs of the Or gate 198 at logic
      Zero, it will apply a logic Zero to the base of transistor 203 thereby
      rendering it non-conductive and stopping motor 138.
PAR  The logic Zero signal produced by Or gate 198 will cause the connecting
      close drive inverter 202 to apply a logic One signal to the connected
      input terminal of close drive Nand gate 204. A second input terminal of
      Nand gate 204 is connected to output lead 186 which is at a logic One. A
      third input terminal of Nand gate 204 is connected to output lead 166
      which also is at a logic One thereby insuring that an image receptor is in
      position and an SID is selected. Consequently, with logic One signals on
      all three input terminals of the Nand gate 204, it will apply a logic Zero
      signal to the input of inverter 206, which, accordingly, will apply a
      logic One signal through a load resistor 209 to the base of a transistor
      207 in the motor drive circuit (close) 208. As a result, current will flow
      through a relay coil 211 which will energize motor 138 to rotate the ring
      38 and pivot the shutter leaves into greater overlapping relationship
      thereby closing the aperture 34.
PAR  The coresponding movement of wiper arm 134 along resistive element 132 will
      produce at the input lead 182 of comparator 180 a field size signal which
      will be equal in magnitude to the receptor size signal applied to input
      lead 184. Consequently, the electrical signal applied to output lead 186
      will change to a logic Zero which will be applied to the connected input
      terminal of Nand gate 204. As a result, Nand gate 204 will send a logic
      One signal to inverter 206 which will apply a logic Zero signal to the
      base of transistor 209 thereby rendering it non-conductive. Thus, relay
      coil 211 will be deenergized and the motor 138 will stop.
PAR  The logic Zero signal now applied to output lead 186 is prevented from
      changing the flip-flop 188 to a shutter opening operative condition by the
      absence of an unlatching pulse from the one-shot multivibrator 162 in the
      detector monitoring circuit 144. Consequently, the flip-flop 188 will
      remain latched in a shutter closing operative condition which permits
      further closing of the shutter aperture 34 by manually adjusting knob 40.
      However, any attempt to open the shutter aperture 34 beyond the diametric
      size of image receptor 46, as by knob 40, for example, will move the wiper
      arm 134 along resistive element 132 of aperture size sensing potentiometer
      130. As a result, the field size signal applied to input lead 182 of
      comparator 180 will become larger in magnitude than the receptor size
      signal applied to input lead 184. Accordingly, the electrical signal
      applied to output lead 186 of comparator 180 will change from logic Zero
      to logic One which will be applied to the connected input terminal of Nand
      gate 204 and result in the motor 138 closing the shutter aperture 34 down
      to its automatically set dimension, as previously described. Consequently,
      the field size signal applied to input lead 182 of comparator 180 again
      will equal the receptor size signal on input lead 184, and the electrical
      signal applied to output lead 186 will change from logic One to logic
      Zero.
PAR  The logic Zero signal applied to output lead 186 of comparator 180 will be
      delivered to the connected input terminal of Nand gate 204. Consequently,
      Nand gate 204 will produce at its output a logic One signal which will be
      sent to a connected input terminal of ready indicator And gate 210. As
      stated previously, the Or gate 198 will have at its output a logic Zero
      signal which will result in an inverter 202 applying a logic One signal to
      a second connected input terminal of ready indicator And gate 210. Also,
      the output lead 166 of detector monitoring circuit 144 will apply a third
      logic One signal to a connected input terminal of ready indicator And gate
      210, thereby insuring that an image receptor is in position to receive an
      X-ray image and that an SID has been selected. Thus, with logic One
      signals on all three of its terminals, the And gate 210 will apply a logic
      One signal through a load resistor 213 to the base of a transistor 217 in
      ready indicator circuit 212. Consequently, the transistor 217 will be
      rendered conductive thereby permitting current flow through the filament
      of a series connected lamp 212. As a result, the "Ready" indicator lamp
      212 will be illuminated to signify that the shutter aperture 34 has been
      completely adjusted to limit an X-ray cone 30 to a crosssectional size
      which conforms to the diametric size of the image receptor 46.
PAR  The logic One signal produced at the output of ready indicator And gate 210
      also will be applied through a conductor 219 to the input of a safety
      interlock inverter 214. As a result, inverter 214 will send a logic Zero
      signal through lead 175 to a connected input terminal of a safety
      interlock Nand gate 172. As stated previously a logic One signal on output
      lead 164 of detector monitoring circuit 144 will be applied through lead
      173 to the other input terminal of Nand gate 172. Consequently, the Nand
      gate 172 will produce at its output a logic One signal which will be
      applied through a load resistor 221 to the base of a transistor 222 in
      safety interlock circuit 176. As a result, transistor 222 will be rendered
      conductive thereby permitting current flow through a relay coil 224, which
      will open contacts 226 in the "Exposure Hold" indicator 178 and will close
      contacts 223 in the "Exposure Hold" circuit 225. Thus, the "Exposure Hold"
      lamp 228 will be extinguished and the "Exposure Hold" circuit will be
      completed thereby permitting the emission of X-rays from the source 21 in
      X-ray generator 12.
PAR  The total elapsed time for completing the entire described cycle from the
      detection of an image receptor 46 and a selected SID to the release of an
      "Exposure Hold" on X-ray emission has been found to be in the range of
      approximately one-tenth of a second to approximately 1 second. Changing
      the image receptor or the SID causes the described beam-limiting system to
      recycle and open the shutter aperture 34 to the maximum allowed dimension.
      During a shutter opening cycle, the automatic system of this invention
      will open the shutter aperture to a size greater than the required
      dimension, because of an overshoot drive pulse supplied by the one-shot
      multivibrator 196 in the sensor monitoring circuit 148. Then, after
      stopping the drive motor 138, the beam-limiting system of this invention
      will close the shutter aperture 34 down to the correct dimension. During a
      shutter closing cycle, the automatic beam-limiting system of this
      invention will merely close the shutter aperture 34 down to the correct
      dimension. Thus, when adjusting the shutter aperture, the automatic system
      of this invention, causes the shutters to go through a unidirectional
      final adjustment whereby the shutters always approach the correct
      dimension from the same direction. In this manner, mechanical backlash,
      electronic lag and other forms of hysteresis are removed from the drive
      system when adjusting the shutter aperture 34. Consequently, the erroneous
      effects due to hysteresis are avoided. It has been found that a
      beam-limiting system embodying this invention can regulate the diametric
      size of the X-ray cone with respect to the area of the image receptor such
      that the sum total of all deviations regardless of sign is well within two
      percent of the SID.
PAR  It is to be understood however, that the automatic system of this invention
      is adaptable for use with other types of radiographic systems. There is
      shown in FIGS. 6 and 7, an X-ray system 230 comprising an X-ray table 231
      whereon a patient (not shown) may be disposed for X-ray examination.
      Slidably inserted beneath the surface of table 231 is an image receptor
      holder comprising a tray 233 having on its upper surface opposing clamps
      235 and 237 which are slidably mounted for simultaneous slidable movement
      toward and away from one another in a well-known manner.
PAR  An image receptor comprising a rectangular, film bearing cassette 239 is
      inserted between the clamps 235 and 237, respectively, and then the clamps
      are slidingly moved into abutting relationship with opposing edges of the
      cassette 239. The clamp 235 carries a pressure actuated switch 232 which
      is closed when the clamp 235 abuts the adjacent edge of cassette 239.
      Thus, the switch 232 constitutes a receptor detecting means which produces
      a constant value electrical signal indicative of the installation of an
      image receptor in the holder. This constant value electrical signal is fed
      to a collimator monitoring unit 234 by means of a connecting wire
      conductor 236.
PAR  A cable 238 is suitably attached at one end to the clamp 235 and is wound
      around a spring loaded pulley 240 which is rotatably mounted at the back
      of tray 233. Mechanically coupled to the pulley 240 for rotation therewith
      is a wiper arm 242 having an end portion which slidably contacts a
      resistive element 244 of a potentiometer 246. The resistive element 244 is
      connected at one end to a positive voltage source 249 and at the other end
      to electrical ground. Consequently, there is established along the
      resistive element a graduated series of voltage values which may be
      calibrated to correspond with the dimension of a cassette 239 held between
      the clamps 235 and 237. This dimension generally, is referred to as the
      "cross-table" or simply "cross" dimension of the cassette 239, the other
      orthogonal dimension of the cassette being referred to as the
      "longitudinal" or simply "long" dimension.
PAR  Although the clamps 235 and 237 do not abut respective edges the X-ray film
      in the cassette there is a corresponding relationship between the
      dimensions of the film and the dimensions of the cassette whereby the
      graduated voltage values established along the resistive element 244 can
      be correlated to the film sizes associated with respective cassette sizes.
      Thus, the potentiometer 246 constitutes a "cross" receptor sensing means
      which produces a variable electrical signal indicative of the "cross"
      dimension of the X-ray film in cassette 239. This electrical signal is fed
      to the collimator monitoring unit 234 by means of a wire conductor 248
      having one end electrically connected to the wiper arm 242 and the other
      end connected into the collimator monitoring unit.
PAR  One end of a pivotal arm 250 lightly contacts a side edge of the cassette
      239 and rotates a wiper arm 252 having an end portion slidably contacting
      a resistive element 254 of a potentiometer 256. The resistive element 254
      is connected at one end to a positive voltage source 249 and at the other
      end to electrical ground. Thus, in a manner similar to that described for
      potentiometer 246, there is established along the resistive element 254 a
      graduated series of voltage values which may be calibrated to correspond
      to respective "long" dimensions of an X-ray film and which may be sensed
      by the slidable arm 252. Accordingly, the potentiometer 256 constitutes a
      "long" receptor sensing means which produces a variable electrical signal
      indicative of the "long" dimension of the X-ray film in cassette 239. This
      electrical signal is fed to collimator monitoring unit 234 through a wire
      conductor 258 having one end connected to the wiper arm 252 and the other
      end connected into collimator monitoring unit 234.
PAR  An upright support post 260 has extending outwardly therefrom a carriage
      assembly 262 which is mounted for slidable movement along the post 260,
      such that it can be moved toward and away from the table 231. Attached to
      the carriage assembly 262 by suitable means, as by pin 264, for example,
      is an end portion of a cable 266 which extends downwardly into a housing
      268 mounted on the table 231. The cable 266 is wound around a
      spring-loaded pulley (not shown) in the well-known manner and rotates the
      pulley as the carriage assembly 262 is moved relative to the X-ray table
      231. Mechanically coupled to the pulley for rotation therewith is an
      interrupter disc 94 having a plurality of teeth 96 on the periphery
      thereof whereby an interrupter switch 100 is intermittently closed and
      opened in a regular manner as the carriage assembly 262 is moved relative
      to the table 231. Thus the switch 100 constitutes an SID detecting means
      which produces an electrical signal indicative of a change in SID, as set
      forth in detail in the previously described embodiment. This electrical
      signal is fed to the collimator monitoring unit 234 through an
      interconnecting conductor 270.
PAR  Rotatable with the disc 100 is a drum 106 having disposed on the periphery
      thereof a series of irregularly spaced landings 108 which actuate
      respective switches 110 to illuminate respective lamps 112 which indicate
      when a respective SID value has been reached, as previously described.
      Also rotatable with the disc 100 is a wiper arm 118 having an end portion
      slidably contacting a resistive element 120 of a potentiometer 116. The
      resistive element 120 is connected at one end to a positive voltage source
      102 and at the other end to electrical ground. Thus, as previously
      described, there is established along the resistive element 120 a
      graduated series of voltage values which may be calibrated to correspond
      to respective source-to-image receptor distances. The wiper arm 118 senses
      a particular value associated with a selected SID and delivers it through
      a conductor 272 to a beam-limiting device 274 which is mounted over the
      port 15 of X-ray generator 12.
PAR  The X-ray generator 12 is movably supported on rails 276 and 278 of the
      carriage assembly 262 such that the X-ray source 21 in generator 12 is
      aligned with the center of the film bearing cassette 239 in tray 233. The
      X-ray source 21 emits a conical beam 31 of X-radiation which egresses
      through port 15 and passes through the beam-limiting device 274. The
      device 274 comprises two orthogonically disposed pairs, 280 and 282,
      respectively, of opposing shutter plates. The plates 280 and 282 are made
      of X-ray absorbent material, such as lead, for example, and are pivotally
      mounted to move simultaneously toward and away from one another, as
      adjusted by respective control knobs 284 and 286, respectively, mounted on
      the exterior of the beam limiting device. Thus, the plates 280 limit the
      "long" dimension of a rectangular aperture 288 formed by the shutter
      plates and the plates 282 limit the "cross" dimension. In this manner, the
      conical beam 31 is provided with a rectangular cross-sectional area which,
      at the plane of the film bearing cassette 239, conforms to the area of the
      X-ray film in the cassette.
PAR  To align the source 21 with the center of the cassette 239, there is
      provided a visible light centering means comprising a mirror 290 centrally
      located on the axial centerline of the beam-limiting device 274 and
      disposed at an angle thereto so as to reflect visible light from a
      suitable source 292 through the rectangular aperture 288. The source 292
      is located offaxis a sufficient distance to project by means of mirror 290
      a virtual image which is optically located at the point source 21 of
      X-radiation. In this manner, it may be determined by the field of visible
      light at the plane of the cassette 239 whether the source 21 and
      beam-limiting device 274 are aligned with the cassette 239. Thus, it may
      be seen that the beam-limiting device 274 is suitable for collimating a
      beam of visible light as well as an X-ray beam.
PAR  The mirror 290 is left in place during an X-ray exposure in order to
      provide the required filtration of soft X-rays. However, it is pivotally
      mounted so as to be rotated off axis when necessary, such as to examine
      the X-ray emitting surface of anode 20, for example. Therefore, in order
      to insure that the mirror 290 is in position during an X-ray exposure,
      there is provided a pressure actuated switch 289 which is closed by the
      mirror 290 when it is rotated off axis. The switch 289 is connected by
      means of conductors 294 to the X-ray control unit 24 whereby X-ray
      emission will be delayed until the mirror 290 is rotated back into
      position for filtering out soft X-radiation.
PAR  In the practice of this invention, there is provided within the housing of
      beam-limiting device 274, two motors, 296 and 298, respectively, each of
      which functions in a manner similar to that of motor 138 in the previously
      described embodiment. Thus, the motor 296 pivots plates 280 toward and
      away from one another to automatically limit the "long" dimension of
      aperture 284; and the motor 298 rotates the plates 281 toward and away
      from one another to limit the "cross" dimension of aperture 288. The
      motors are electrically connected through a cable 300 to the collimator
      monitoring unit 234. Also, the motor 296 is mechanically connected to the
      wiper arm 302 of a "long" aperture sensing potentiometer 306 whereby
      rotation of the shaft of motor 296 to vary the "long" dimension of shutter
      aperture 288 also moves the wiper arm 302 correspondingly along a
      resistive element 304 of potentiometer 306. Similarly, the motor 298 is
      mechanically connected to the wiper arm 308 of a "cross" aperture sensing
      potentiometer 312 whereby rotation of the shaft of motor 298 to vary the
      "cross" dimension of shutter aperture 288 also moves the wiper arm 308
      correspondingly along a resistive element 310 of potentiometer 312.
PAR  Since the particular voltage value indicative of the selected SID is
      impressed across the resistive elements, 304 and 310, respectively, there
      will be established along each of the resistive elements a graduated
      series of voltage values which may be calibrated to correspond to
      respective field size values at the plane of the selected SID. Thus, the
      wiper arm 302 will sense a particular voltage value indicative of the
      field size provided by the opening between "long" limiting shutter plates
      280; and the wiper arm 308 will sense a particular voltage value
      indicative of the field size provided by the opening between "cross"
      limiting shutter plates 282. The wiper arms are connected electrically
      through respective conductors 316 and 318 to the collimator monitoring
      unit 234.
PAR  Thus, as shown in FIG. 8, the collimator monitoring unit 234 will receive
      constant value voltage signals from the receptor switch detecting means
      232 and from the SID switch detecting means 100, 122 and 124. The
      collimator monitoring unit 234 also will receive variable voltage signals
      from the "long" receptor sensing means 246, the "cross" receptor sensing
      means 256, the "long" aperture sensing means 306, and the "cross" aperture
      sensing means 312. With these signals, the collimator monitoring unit 234
      generates an electrical signal to drive the "long" adjustment motor 296,
      and another electrical signal to drive the "cross" adjustment motor 298.
      In this manner, the shutter aperture 288 is automatically adjusted, prior
      to X-ray emission, to provide the X-ray beam with a rectangular
      cross-sectional size which, at the plane of the image receptor, conforms
      to the rectangular area of the X-ray film in cassette. However, in order
      to insure that a patient is not exposed to X-radiation before the aperture
      288 is completely adjusted, the collimator monitoring unit 234 is
      connected through a conductor 315 to the X-ray control unit 24 whereby
      X-ray emission may be delayed until adjustment of the aperture 288 is
      completed.
PAR  As shown in FIG. 9, the "long" sensor monitoring circuit 146a is identical
      to the sensor monitoring circuit 146 described in the previous embodiment,
      and the "cross" sensor monitoring circuit, designated by block 146b, is
      identical to the circuit 146a. The detector monitoring circuit 144a is
      identical to the detector monitoring circuit 144 described in the previous
      embodiment, except the output leads 166a and 168a are connected to
      associated components in the two sensor monitoring circuits, 146a and
      146b, respectively. The indicator/interlock circuit 148a is similar to
      indicator/interlock circuit 148 in the previous embodiment, except the
      safety interlock inverter 214 in the previous embodiment is changed to a
      ready interlock Nand gate 314 to provide means for determining when both
      the "long" and the "cross" shutter adjustments are completed.
PAR  An illustrative embodiment of the circuits shown in FIG. 9 is provided in
      FIG. 10 and utilizes conventional devices which may be of the integrated
      circuit type and may be mounted on a control panel of the printed circuit
      type, for example. A comparison of the illustrative embodiment shown in
      FIG. 5 with the illustrative embodiment shown in FIG. 10 indicates that
      the devices utilized to form circuit 144 are identical to the devices
      utilized to form circuit 144a. Similarly, the devices utilized to form
      circuit 146 are identical to the devices of circuit 146a and would be
      identical to the devices of circuit 146b if shown. Also, the devices
      utilized to form circuit 148 are identical to the devices utilized to form
      circuit 148a except the inverter 214 in circuit 148 is changed to a Nand
      gate 314 in circuit 148a, as previously described. Thus, the circuits
      144a, 146a, 146b and 148a will function in a similar manner to that
      described for the illustrative embodiment shown in FIG. 5.
PAR  From the foregoing, it will be apparent that all of the objectives of this
      invention have been achieved by the structures shown and described. It
      will be also apparent, however, that various changes may be made by those
      skilled in the art without departing from the spirit of the invention as
      expressed in the appended claims. It is to be understood, therefore, that
      all matter shown and described is to be interpreted as illustrative and
      not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radiographic system comprising:
PA1  means for directing an X-ray beam from a source through an adjustable
      shutter aperture and onto an image receptor located at a predetermined
      distance from the source; and
PA1  automatic means for adjusting the shutter aperture to provide the X-ray
      beam with a cross-sectional size conforming to the image receptor at the
      predetermined distance from the source, the automatic means including
      source-to-image distance sensing means for producing an output electrical
      signal corresponding to the source-to-image receptor distance, and shutter
      aperture size sensing means connected to the outpput of the
      source-to-image distance sensing means for modifying said signal in
      accordance with a defining dimension of the actual shutter aperture size
      and producing an associated field size electrical signal corresponding to
      the actual radiation field size at the plane of the image receptor.
NUM  2.
PAR  2. A radiographic system as set forth in claim 1 wherein the shutter
      aperture size sensing means includes signal divider means for converting
      the signal corresponding to the source-to-image receptor distance into a
      graduated series of voltage values corresponding to respective radiation
      field sizes at the plane of the receptor, and conductive tap means in
      electrical contact with the signal divider means and coupled to the
      shutter aperture for selecting from the series a voltage value
      corresponding to the actual associated field size at the plane of the
      receptor.
NUM  3.
PAR  3. A radiographic system as set forth in claim 1 wherein the
      source-to-image distance sensing means includes a source-to-image distance
      potentiometer comprising an elongated resistive element having an
      incremental portion thereof electrically contacted by a wiper arm and
      having established along its length a graduated series of voltage values
      corresponding to respective source-to-image receptor distances, and the
      shutter aperture size sensing means comprises a shutter aperture
      potentiometer having a resistive element electrically connected to the
      wiper arm of the source-to-image distance potentiometer and a wiper arm
      coupled to the adjustable shutter aperture.
NUM  4.
PAR  4. A radiographic system as set forth in claim 1 wherein the automatic
      means also includes receptor size sensing means for producing an
      electrical reference signal corresponding to an equivalent defining
      dimension of the image receptor size.
NUM  5.
PAR  5. A radiographic system comprising:
PA1  means for directing an x-ray beam from a source through an adjustable
      shutter aperture means and onto an image receptor located at a selected
      distance from the source; and
PA1  automatic means for adjusting the size of the aperture in accordance with
      the size of the receptor and the source-to-image receptor distance,
PA1  said automatic means including source-to-image distance sensing means for
      producing an output electrical signal corresponding to the source-to-image
      receptor distance; shutter aperture size sensing means connected to the
      output of the source-to-image distance sensing means for modifying said
      signal in accordance with a defining dimension of the actual shutter
      aperture size and producing an associated field size electrical signal
      corresponding to the actual radiation field size at the plane of the
      receptor; and receptor size sensing means for producing an electrical
      reference signal corresponding to an equivalent defining dimension of the
      image receptor size.
NUM  6.
PAR  6. A radiographic system as set forth in claim 5 wherein the automatic
      means includes collimator monitoring means for comparing the field size
      signal to the reference signal and providing an output signal
      corresponding to the direction and amount of shutter aperture adjustment
      necessary to produce a resultant field size signal substantially equal to
      the reference signal.
NUM  7.
PAR  7. A radiographic system as set forth in claim 6 wherein the automatic
      means includes electromechanical drive means electrically connected to the
      output of the collimator monitoring means for receiving said output signal
      therefrom, and operatively coupled to the adjustable shutter aperture
      means for adjusting the shutter aperture in accordance with said output
      signal.
NUM  8.
PAR  8. A radiographic system as set forth in claim 7 wherein the automatic
      means includes respective detecting means for producing electrical signals
      indicative of an image receptor installed in place to receive the beam of
      radiation, and indicative of a source-to-image receptor distance properly
      selected.
NUM  9.
PAR  9. A radiographic system as set forth in claim 8 wherein the collimator
      monitoring means includes detector monitoring circuit means having
      respective input terminals electrically connected to said respective
      detecting means.
NUM  10.
PAR  10. A radiographic system as set forth in claim 9 wherein the detector
      monitoring circuit means includes gating means for producing an output
      electrical signal indicative of an installed image receptor and a selected
      source-to-image receptor distance.
NUM  11.
PAR  11. A radiographic system as set forth in claim 10 wherein the detector
      monitoring circuit means includes monostable multivibrating means
      electrically connected to the gating means for producing output electrical
      pulse signals indicative of respective changes in image receptor sizes and
      in source-to-image receptor distances.
NUM  12.
PAR  12. A radiographic system as set forth in claim 11 wherein the collimator
      monitoring means includes a safety interlock circuit means electrically
      connected to the detector monitoring circuit means for switching
      automatically from a manual mode of operation to an automatic mode or vice
      versa depending on the installation or removal, respectively, of an image
      receptor.
NUM  13.
PAR  13. A radiographic system as set forth in claim 12 wherein the safety
      interlock circuit means includes means for preventing generation of the
      beam of radiation pending the adjustment of the shutter aperture means to
      obtain a field size signal substantially equal to the reference signal.
NUM  14.
PAR  14. A radiographic system as set forth in claim 11 wherein the collimator
      monitoring means also comprises sensor monitoring circuit means for
      receiving the actual field size electrical signal from the shutter
      aperture size sensing means, and the electrical reference signal from the
      receptor size sensing means, in addition to the output signal from the
      gating means and the output signal from the monostable multivibrating
      means in the detector monitoring circuit, sensing any substantial
      difference in voltage between the actual field size electrical signal and
      the electrical reference signal, and producing an electrical drive signal
      for operating the electro-mechanical drive means.
NUM  15.
PAR  15. A radiographic system as set forth in claim 14 wherein the sensor
      monitoring circuit means includes an electrical comparator having
      respective input terminals connected to the shutter aperture size sensing
      means and the receptor size sensing means and means for producing an
      electrical signal indicative of the difference between the radiation field
      size and the image receptor size.
NUM  16.
PAR  16. A radiographic system as set forth in claim 15 wherein the sensor
      monitoring circuit means includes a flip-flop device having respective
      terminals connected to the output of the comparator, the output of said
      gating means, the output of said monostable multivibrating means and
      having means for latching the flip-flop in a particular mode of operation.
NUM  17.
PAR  17. A radiographic system as set forth in claim 16 wherein the sensor
      monitoring circuit means includes a transient protection gating means for
      producing an electrical signal indicative of the output of the flip-flop
      device and the gating means in the detector monitoring circuit.
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ABST
PAL  A radiation limiting shutter device including a hollow, frusto-pyramidal
      structure having relatively movable walls made of radiation absorbent
      material and defining an entrance aperture of a desired size, each of the
      walls comprising a frusto-triangular plate having serrated sloped edges
      which intermesh with similar sloped edges of respective adjacent plates
      forming the structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to radiation collimator devices and is
      concerned more particularly with an X-ray collimator having adjustable
      entrance shutter means which is sufficiently compact to operate within the
      recessed area of an X-ray generator port.
PAR  An X-ray generator usually comprises an oil-filled housing having therein
      an X-ray tube provided with an electron-emitting cathode and a spaced
      anode target. The cathode generally is disposed to direct a beam of
      electrons onto a small area, known as the "focal spot" area, of the anode
      with sufficient energy to generate X-rays in the target material. As a
      result, X-rays radiate from the focal spot area in all directions within
      the tube envelope. The useful portion of these X-rays pass, in the form of
      a conical beam, through an X-ray transparent window of a radially aligned
      port which is recessed in the wall of the housing. Thus, the focal spot
      area of the anode target ideally functions as a point source of the
      conical X-ray beam emanating from the port of the X-ray generator.
PAR  The X-ray beam may be directed, for example, through a selected region of a
      human patient for a limited interval of time, and impinge on an aligned
      surface area of a rectangular film. In this manner, the internal structure
      of the irradiated region may be reproduced on film for purposes of display
      and diagnostic study. However, in order to protect the patient from
      overexposure to X-radiation, it is required that the irradiated region of
      the patient be no larger than the effective area of the rectangular film.
      Accordingly, there may be mounted over the port of the X-ray generator a
      collimator housing having therein suitable X-ray absorbent shutter means
      for providing an adjustable exit aperture of the desired size. In this
      manner, the conical X-ray beam emanating from the port of the X-ray
      generator may be restricted by the collimator shutter means to the proper
      cross-sectional size and configuration for conforming to the effective
      area of the rectangular film.
PAR  The resulting image produced on the X-ray film by the collimated beam may
      not be sharply defined due to stray X-radiation generated in portions of
      the anode target outside of the focal spot area. In order to minimize the
      transmission of this off-focus radiation, the collimator may include an
      entrance aperture disposed as close as possible to the focal spot area of
      the anode target. Consequently, X-ray collimators of the prior art have
      been provided with entrance shutter means adapted to extend into the
      recessed port area of the X-ray generator. However, these prior art
      entrance shutter means generally operate inefficiently either by allowing
      an excessive amount of off-focus radiation to leak through, or by cutting
      off an excessive amount of useful X-radiation emanating from the focal
      spot area.
PAR  Therefore, it is advantageous and desirable to provide an X-ray collimator
      with adjustable entrance shutter means for efficiently limiting the
      passage of off-focus X-radiation while permitting the passage of
      X-radiation from an aligned X-ray source.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides a radiation shutter device comprising
      a hollow frusto-pyramidal structure having radiation absorbent walls which
      are movable relative to the axial centerline of the structure and define a
      radiation limiting entrance aperture, the walls having adjacent edge
      portions intermeshing with one another to minimize the leakage of
      off-focus radiation between the movable walls of the structure.
PAR  The frusto-pyramidal structure comprises a plurality of frusto-triangular
      plates angularly disposed with respect to one another, and inclined
      relative to the axial centerline of the structure. The base portions of
      the plates are pivotally supported and the opposing ends thereof define
      the radiation limiting entrance aperture. The frusto-triangular plates
      have respective sloped edges which are serrated and intermesh with
      serrated sloped edges of respective adjacent plates forming the structure.
      Each sloped edge of a respective frusto-triangular plate may be provided
      with a plurality of spaced arcuate teeth which are concentrically disposed
      with respect to the associated base corner of the plate. The
      frusto-triangular plates may be resiliently urged toward respective
      positions for defining a fully open entrance aperture, and may be cammed
      toward the axial centerline of the structure to define an entrance
      aperture of relatively smaller size. Thus, the described frusto-pyramidal
      shutter is especially well-suited for interfitting with a recessed port of
      an X-ray generator and may even be fixedly mounted in the port of the
      X-ray generator.
PAR  A preferred embodiment of this invention comprises an X-ray collimator
      device including a housing having protruding therefrom a frusto-pyramidal
      entrance shutter, which is adapted to extend within the recessed port area
      of an associated X-ray generator. Within the housing, the collimator may
      be provided with an X-ray beam collimating shutter comprising two
      orthogonally disposed pairs of opposing pivotal plates which define a
      rectangular exit aperture. The frusto-pyramidal entrance shutter may
      comprise four sloped walls, each wall being a frusto-triangular plate
      which is disposed in registration with one of the beam collimating plates
      within the housing and is movable therewith. Thus, the entrance aperture
      formed by the plates of the frusto-pyramidal shutter is adjustable in
      correspondence with the exit aperture formed by the plates of the beam
      collimating shutter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of this invention, reference is made in the
      following detailed description to the accompanying drawings wherein:
PAR  FIG. 1 is a pictorial view of a collimator embodying this invention and
      attached in operative relationship to an X-ray generator;
PAR  FIG. 2 is an isometric view of the collimator shown in FIG. 1;
PAR  FIG. 3 is an exploded view of the radiation limiting device of this
      invention;
PAR  FIG. 4 is an isometric view of the radiation limiting device shown in FIG.
      3 defining an adjusted entrance aperture; and
PAR  FIG. 5 is an isometric view of the radiation limiting device shown in FIG.
      4 defining a fully open entrance aperture.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings wherein like characters of
      reference designate like parts, there is shown in FIG. 1 an X-ray
      apparatus 10 which includes an X-ray generator 12 having a hollow
      cylindrical casing 14 wherein an X-ray tube 16 is longitudinally disposed.
      Casing 14 generally is filled with a dielectric coolant, such as oil, for
      example, and is provided with externally extending cable terminals 18 and
      20, respectively, whereby electrical potentials are applied to the
      electrodes of X-ray tube 16.
PAR  Within the envelope 22 of X-ray tube 16, an electron emitting cathode 24 is
      disposed to direct a beam of electrons onto a small focal spot area 26 of
      an anode target 28, which may be of the rotating type, for example. The
      electrons impinge on the focal spot area 26 with sufficient energy to
      generate X-rays which radiate therefrom in all directions. Consequently,
      the casing 14 generally is lined with a suitable material, such as lead,
      for example, for absorbing a major portion of the unused X-rays emanating
      from the focal spot area 26.
PAR  The useful portion of the X-rays, thus produced, radiate from focal spot
      area 26 in a conical-shaped beam which passes through an X-ray transparent
      window 30 of a radially aligned port 32. The port 32 is cup-shaped and
      recessed in the cylindrical wall of casing 14 such that the window 30 is
      disposed in close proximity to the focal spot area 26 of anode target 28.
      Thus, the focal spot area 26 functions as a point source of the conical
      X-ray beam passing through the adjacent window 30 of port 32. However,
      off-focus X-radiation generated in portions of the anode target 28 outside
      of the focal spot area 26 also passes through the window 30 of port 32,
      usually at an angle with the axial centerline of the conical X-ray beam
      emanating from focal spot area 26.
PAR  Mounted over port 32, in a well-known manner, is an X-ray collimator 34
      including a housing 36 having protruding therefrom an entrance shutter 38
      of this invention, which is aligned with the focal spot area 26 of anode
      target 28. The entrance shutter 38 comprises a hollow frusto-pyramidal
      entrance structure having sloped walls which extend into the recessed area
      of port 32 and are adjustable with respect to the axial centerline of the
      structure. The sloped walls of entrance shutter 38 are made of X-ray
      absorbent material and define, in close proximity to the focal spot area
      26, an entrance aperture 40 through which the conical X-ray beam emanating
      from focal spot area 26 passes to enter the housing 36 of collimator 34.
      However, the sloped walls of entrance shutter 38 also have intermeshing
      sloped edge portions whereby off-focus radiation is restricted from
      enteringg and passing through the collimator 34. Alternatively, the
      frusto-pyramidal shutter 38 of this invention, independently of the
      collimator 34, may be mounted in the port 32 of casing 14 to restrict the
      passage of off-focus X-radiation out of the X-ray generator 12.
PAR  As shown in FIG. 2, the collimator 34 includes a beam collimating shutter
      42 suitably disposed within housing 36 for providing an emerging X-ray
      beam with a desired cross-sectional size and configuration. The beam
      collimating shutter 42 may comprise two orthogonally disposed pairs of
      opposing pivoted plates 44 and 46, respectively, which define a
      rectangular exit aperture 48. A beam collimating device of the described
      type is shown, for example, in U.S. Pat. No. 3,304,427 granted to the
      inventor and assigned to the assignee of this invention. As more fully
      disclosed therein, the pairs of plates 44 and 46 may be pivoted to provide
      a rectangular exit aperture 48 of a desired size by adjusting suitably
      connected knobs, 51 and 52, respectively, which are located on the front
      of housing 36. The knobs 51 and 52 carry respective pointers 53 and 54
      which indicate on underlying scales, 55 and 56, respectively, the selected
      dimensions of rectangular exit aperture 48.
PAR  The entrance shutter 38 associated with the described beam collimating
      shutter 42 may comprise a hollow frusto-pyramidal structure having four
      sloped walls 60-63, respectively. The walls 60-63 comprise respective
      frusto-triangular plates of X-ray absorbent material, such as lead, for
      example, the smaller end portions of which converge toward the axial
      center line of the structure to form a rectangular entrance aperture 40.
      Each of the plates 60-63 is disposed in registration with a respective one
      of the beam collimating plates 44 and 46, and is movable simultaneously
      therewith to vary the entrance aperture 40 correspondingly with adjustment
      of the exit aperture 48. The plates 60-63 have respective sloped edge
      portions which are serrated and intermesh with similar sloped edge
      portions of adjacent plates forming the frusto-pyramidal structure. Thus,
      off-focus radiation is restricted from leaking between the movable plates
      60-63, respectively, and entering the housing 36 of collimator 32.
PAR  As shown in FIG. 3, the frusto-pyramidal shutter 38 may include a base
      plate 64 made of suitable material, such as aluminum, for example, and
      having flanged arm portions 66 and 68, respectively, which may be attached
      to a fixed support member (not shown) in housing 36. Extending through the
      base plate 64 is a substantially square opening 70 having corners located
      adjacent respective open-ended sleeves 71-74 which have opposing ends
      fixedly attached, as by welding, for example, to the base plate 64. The
      sleeves 71-74 are internally threaded and project outwardly from a flat
      surface of the base plate 64, the sleeves 71 and 73 being of greater
      length than the sleeves 72 and 74. Sleeves 71-74 extend through respective
      aligned apertures 75-78 which are marginally disposed in a circular disc
      80 overlying the base plate 64. Disc 80 is made of a suitable material,
      such as aluminum, for example, and has extending through it a centrally
      disposed opening 82 which is axially aligned with the opening 70 in base
      plate 64.
PAR  Four frusto-triangular plates 60-63, respectively, are pivotally secured,
      as by respective hinge plates 83-86, for example, to edge portions of the
      disc 80 adjacent the opening 82. Each of the hinge plates 83-86 may be
      provided with a respective pair of outwardly extending bolts 92 which pass
      through aligned apertures 94 in the associated frusto-triangular plates.
      The frusto-triangular plates 60-63, respectively, are made of X-ray
      absorbent material, such as lead, for example, and are supported by the
      respective hinge plates 83-86, at an inclined angle with the axial
      centerline of opening 82. Each of the frusto-triangular plates 60-63 has
      sloped edge portions provided with a respective plurality of spaced
      arcuate teeth 96 which are concentrically disposed with respect to the
      associated base corner of the plate. As a result, the teeth 96 on each
      sloped edge portion intermesh with teeth 96 of adjacent plates 60-63,
      respectively, thereby forming the frusto-pyramidal structure.
PAR  The internally threaded sleeves 71-74 also extend through respective
      aligned apertures 97-100 in a ring 102 which is axially aligned with
      opening 82 and superimposed on the disc 80. Thus, ring 102 encircles the
      frusto-pyramidal structure formed by plates 60-63 and is made of a
      suitably smooth material, such as polyethylene, for example, which
      provides a bearing surface for an overlying rotatable ring 104 made of
      suitable material, such as aluminum, for example. Ring 104 is axially
      aligned with the opening 82 and has disposed therein four arcuate-shaped
      slots 105-108 through which the sleeves 71-74, respectively, extend.
      Projecting radially outward from the ring 104 is a fixedly attached arm
      109 whereby the ring 104 may be rotated until the sleeves 71-74 butt
      against ends of the slots 105-108, respectively, depending on the
      direction of rotation. Opposing inner peripheral portions of the ring 104
      extend radially inward and support respective studs 110 and 112 which
      convert the rotation of ring 104 into respective camming actions whereby
      the frusto-triangular plates 60 and 62, respectively, are pivoted in
      opposing directions relative to the axial centerline of opening 82.
PAR  The internally threaded sleeves 71-74 also extend through respective
      aligned apertures 113-116 in a ring 118 which is axially aligned with
      opening 82 and superimposed on the ring 104. Thus, ring 118 also encircles
      the frusto-pyramidal structure formed by plates 83-87, respectively, and
      is made of a suitably smooth material, such as polyethylene, for example,
      Ring 118 not only provides a bearing surface for the underlying rotatable
      ring 104 but also for an overlying rotatable ring 120 made of suitable
      material, such as aluminum, for example. The ring 120 is axially aligned
      with the opening 82 and has disposed therein four arcuate-shaped slots
      121-124, respectively, through which respective sleeves 71-74 extend.
      Projecting radially outward from the ring 120 is a fixedly attached arm
      126 whereby the ring 120 may be rotated until the sleeves 71-74 butt
      against ends of the slots 121-124, respectively, depending on the
      direction of rotation. Opposing arcuate portions of the ring 120 carry
      respective studs 128 and 130 which convert the rotation of ring 120 into
      respective camming actions. As a result, the frusto-triangular plates 61
      and 63, respectively, are pivoted in opposing directions relative to the
      axial centerline of opening 82, independently of the frusto-triangular
      plates 60 and 62, respectively.
PAR  The bolts 92 extending from the respective hinge plates 83-86 and passing
      through aligned apertures 94 in the frusto-triangular plates 60-63,
      respectively, also pass through aligned apertures 132 in contiguous
      mounting flanges 133-136, respectively, and are threadingly engaged by
      respective hold-down nuts 138. The mounting flanges 133-136 are attached
      at right angles to respective sloped camming members 140-143 which overlie
      the studs 110, 128, 112 and 130 respectively. The mounting flanges 133-136
      and the camming members 140-143 are made of suitable material, such as
      aluminum, for example. Each of the mounting flanges 133-136 is provided
      with a turned down tab portion, 144-147, respectively.
PAR  The sleeves 72 and 74 extending from the base plate 64 have open ends
      threadingly engaged by respective screws 150. The longer sleeves 71 and 73
      have protruding open end portions which are encircled by respective coil
      springs 152 and 154, and are threadingly engaged by respective screws 151.
      The spring 152 has extended end portions clamped to respective
      frusto-triangular plates 60 and 63 by the associated tab portions 144 and
      147, respectively. Similarly, the spring 154 has extended end portions
      clamped to respective frusto-triangular plates 61 and 62 by the associated
      tab portions 145 and 146, respectively. Thus, the springs 152 and 154 tend
      to resiliently pivot the frusto-triangular plates 60-63 away from the
      axial centerline of frusto-pyramidal shutter 38.
PAR  As shown in FIG. 4, when the arm 109 is rotated such that the respective
      studs 110 and 112 are urged against the adjacent sloped surfaces of
      overlying camming members 140 and 142, respectively, the frusto-triangular
      plates 60 and 62 are pivoted toward the axial centerline of the
      frusto-pyramidal shutter 38. Accordingly, the teeth 96 on the sloped edges
      of plates 60 and 62 move arcuately relative to the adjacent sloped edges
      of frusto-triangular plates 61 and 63, respectively, and intermesh with
      the spaced teeth 96 thereof. Similarly, when the arm 126 is rotated such
      that the respective studs 128 and 130 are urged against the adjacent
      sloped surfaces of overlying camming members 141 and 143, respectively,
      the frusto-triangular plates 61 and 63 are pivoted toward the axial
      centerline of the frusto-pyramidal shutter 38. As a result, the
      corresponding dimensions of the entrance aperture 36 are reduced
      accordingly.
PAR  However, the entrance aperture 36 is closed down, as described, against the
      resilient pressure exerted by springs 152 and 154, respectively.
      Consequently, as shown in FIG. 5, when the arm 104 is rotated in the
      reverse direction, the springs 152 and 154 pivot the frusto-triangular
      plates 60 and 63, respectively, away from the axial centerline of the
      frusto-pyramidal shutter 38. Similarly, when the arm 126 is rotated in the
      reverse direction, the springs 152 and 154 pivot the frusto-triangular
      plates 63 and 61, respectively away from the axial centerline of the
      frusto-pyramidal shutter 38. As a result, the corresponding dimensions of
      the entrance aperture 36 are increased and the aperture 36 is opened
      accordingly.
PAR  From the foregoing, it will be apparent that all of the objectives of this
      invention have been achieved by the structures shown and described herein.
      It will be also apparent, however, that various changes may be made by
      those skilled in the art without departing from the spirit of the
      invention as expressed in the appended claims. It is to be understood,
      therefore, all matter shown and described herein is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An off-focus X-radiation limiting device comprising:
PA1  a hollow frusto-pyramidal shutter having frusto-triangular walls made of
      X-radiation absorbent material and having pivotal means secured to the
      base portions thereof for permitting movement of the opposing end portions
      relative to the axial centerline of the structure to define a radiation
      limiting aperture;
PA1  each of the walls being a frusto-triangular plate having respective
      pluralities of spaced teeth arcuately disposed on the sloped edges thereof
      and substantially concentric in the plane of the plate with the aligned
      base corner thereof for intermeshing with similarly disposed teeth on
      respective sloped edges of adjacent frusto-triangular walls of the
      shutter; and
PA1  means for controllably pivoting the walls relative to the axial centerline
      of the shutter to vary the size of the aperture.
NUM  2.
PAR  2. A radiation limiting shutter as set forth in claim 1 wherein the means
      for controllably pivoting the walls includes resilient means for pivoting
      the frusto-triangular plates relative to the axial centerline of the
      shutter.
NUM  3.
PAR  3. A radiation limiting shutter as set forth in claim 2 wherein the means
      for controllably pivoting the walls includes camming means for pivoting
      the frusto-triangular plates relative to the axial centerline of the
      shutter.
NUM  4.
PAR  4. An X-radiation collimating device comprising:
PA1  a housing;
PA1  an off-Focus X-radiation limiting shutter including a hollow
      frusto-pyramidal structure extended externally from a wall of the housing
      and having four X-radiation absorbent, frusto-triangular walls pivotally
      supported adjacent the base portions thereof for moving the opposing end
      portions relative to the axial centerline of the structure to define a
      rectangular entrance aperture,
PA1  each of the walls being a frusto-triangular plate having respective
      pluralities of spaced teeth arcuately disposed on the sloped edges thereof
      and substantially concentric in the plane of the plate with the aligned
      base corner thereof for intermeshing with similarly disposed teeth on
      respective sloped edges of adjacent walls of the shutter;
PA1  means for controllably pivoting the frusto-triangular walls relative to the
      axial centerline of the structure to vary the size of the entrance
      aperture; and
PA1  a beam collimating shutter within the housing and having a plurality of
      on-focus X-radiation absorbent elements movably supported to define an
      X-ray beam collimating aperture.
NUM  5.
PAR  5. A radiation collimating device as set forth in claim 4 wherein the
      respective pluralities of spaced teeth are substantially concentric with
      aligned base corners of the associated frusto-triangular plates.
NUM  6.
PAR  6. A radiation collimating device as set forth in claim 4 wherein the
      plurality of X-radiation absorbent elements comprises two orthogonally
      disposed pairs of opposing pivoted plates, each disposed in registration
      with a respective one of the frusto-triangular plates.
NUM  7.
PAR  7. A radiation collimating device as set forth in claim 6 wherein the
      controllable moving means include means for moving the frusto-triangular
      plates in accordance with movement of the corresponding beam collimating
      plates.
NUM  8.
PAR  8. In combination:
PA1  a housing having an X-radiation transparent port recessed in a wall portion
      thereof;
PA1  an X-radiation source within the housing and disposed to direct a beam of
      radiation through the port;
PA1  an off-focus radiation limiting shutter including a frusto-pyramidal
      structure mounted externally over the port and having X-radiation
      absorbent, frusto-triangular walls extended into the recessed area of the
      port and pivotally supported adjacent the base portions thereof for moving
      the opposing end portions relative to axial centerline of the structure to
      define an X-radiation limiting aperture adjacent the source,
PA1  each of the walls being a frusto-triangular plate having respective
      pluralities of spaced teeth arcuately disposed on the sloped edges thereof
      and substantially concentric in the plane of the plate with the aligned
      base corner thereof for intermeshing with similarly disposed teeth on
      respective sloped edges of adjacent frusto-trianglular walls of the
      structure; and
PA1  means operatively connected to the walls for controllably pivoting the
      walls relative to the axial centerline of the structure to vary the size
      of the aperture.
NUM  9.
PAR  9. The combination as set forth in claim 8 wherein the arcuate teeth are
      substantially concentric with respect to the aligned base corner of the
      associated frusto-triangular plate.
NUM  10.
PAR  10. The combination as set forth in claim 9 wherein the moving means
      includes camming means for pivoting the frusto-triangular plates in one
      direction relative to the axial centerline of the shutter and resilient
      means for pivoting the frusto-triangular plates in the opposing direction.
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PAL  An optical embossing reader wherein the presence of embossing at
      predetermined locations on a reflective plane surface is detected
      including means for illuminating a region of said predetermined location
      and light sensing means for receiving light originating from said
      illuminating means reflected from said reflective plane surface. The
      sensing means is positioned relative to the illuminating means and
      predetermined location for the gating by the embossing of the quantity of
      reflected light actually received by the sensing means if the
      predetermined location is embossed.
PARN
PAR  This is a continuation of application Ser. No. 11,707, filed Feb. 16, 1970
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an embossing reader of the type useful
      for detecting the presence of embossed indicia on identification and
      credit cards. Such credit cards have generally had at least an identifying
      number, and frequently the name and address of the card holder disposed
      thereon by means of embossed or raised numbers and letters of a particular
      font. The embossed information is utilized as a printing plate in
      specially designed printing apparatus to provide a permanent record of
      each transaction involving the card.
PAR  In addition to the above described embossed indicia, such identification in
      credit cards are frequently provided with a coded matrix of embossed bars
      or dashes which serve to identify and distinguish each particular card. In
      the art, devices have been utilized to "read" the coded matrix through the
      use of mechanical sensing fingers which enter the recess on the reverse
      face of the embossed bar to provide an indication of the presence of a bar
      at a particular matrix location. These reading devices require the
      additional coded matrix on the card, and in addition, are of quite complex
      construction and expensive.
PAR  With the widespread use of identification and credit cards, it is desirable
      to produce an efficient device for reading the identifying indicia on a
      credit card for transmission to a central location to confirm
      identification of the card, and to facilitate the instantaneous recording
      of the transaction involving the card, as the transaction is consummated.
      Thus, for example, it is contemplated that remote terminals will be
      provided at each commercial establishment or department in a single store
      connected to a central station and that each of said remote terminals will
      be adapted to receive a credit or identifying card, "read" the identifying
      indicia embossed on said card, and transmit the information to the central
      location for verification. In conjunction with such verification, an
      operator could also transmit through said terminal the information
      pertinent to the particular transaction, such as a sale of merchandise for
      crediting to the card holder's account at the central station. By
      providing an optical embossing reader capable of reading the embossed
      indicia directly, the above-described systems are facilitated, the special
      coding matrix on the card may be dispensed with, wear on the card during
      reading is minimized and a more efficient and less complicated "reading"
      device is provided.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an optical reader is
      provided for detecting whether a portion of a reflective surface at a
      predetermined location thereof is raised or recessed, and therefore
      disposed outside the plane thereof, as in embossing in a credit card. The
      device includes means for illuminating a region of the predetermined
      location and light sensing means for receiving light originating from said
      illuminating means reflected from said reflective plane surface. The
      sensing means is positioned relative to the illuminating means and
      predetermined location so that the embossed portion of the reflective
      surface at said predetermined location gates the quantity of such
      reflected light actually received by the light sensing means if said
      portion is embossed or disposed outside the plane of said surface. The
      sensing means is adapted to produce first and second characteristic output
      signals in response to the quantity of light received thereby, said
      signals being representative respectively of the presence or absence of
      embossing at said predetermined location.
PAR  If detection is to be achieved on the raised side of the embossing, the
      embossing at a predetermined location, if present, serves to limit the
      quantity of reflected light actually received by the sensing means. In
      such an embodiment, the sensing means and illuminating means are both
      positioned for spaced relation to the reflective plane surface and may be
      disposed either in spaced relation along the reflective plane surface for
      positioning in facing relation to said reflective plane surface at least
      in part on substantially opposed sides of the predetermined location or,
      in the alternative, with one of the illuminating means and light sensing
      means being positioned to substantially face the predetermined location,
      the other of said illuminating means and light sensing means being
      positioned to substantially face a region of said reflective plane surface
      other than said portion thereof.
PAR  When detection is to be achieved on the recessed side of the card, the
      illuminating means and light sensing means are positioned so as to be
      adjacent the reflective plane surface of said card for the passage of an
      increased quantity of reflected light if the predetermined location which
      may be embossed is recessed relative to the plane thereof. In such an
      embodiment, both illuminating means and light sensing means, at least in
      part, are positioned to face the predetermined location of said card which
      may be embossed.
PAR  In order to detect a particular embossed indicia, such as a numeral, a
      matrix of predetermined locations is examined by the above-described
      detecting arrangement, with at least one sensing device being associated
      with each location on said matrix. The output signals of each of said
      sensing means are applied to decoder means which produces an output signal
      associated with the detected indicia.
PAR  Accordingly, it is an object of this invention to provide a device for
      detecting whether a portion of a reflective plane surface at a
      predetermined location is disposed outside of the plane thereof.
PAR  Another object of the invention is to provide a device for detecting
      embossing at predetermined locations on a reflective plane surface through
      optical means and for producing a characteristic signal representative of
      the presence or absence of embossing at said predetermined locations.
PAR  A further object of the invention is to provide an embossed card reader
      wherein the presence of embossing at predetermined locations on a card
      serves to gate the quantity of light reflected from the surface of said
      card received by sensing means.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  Brief Description of the Drawings
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a plan view of an embossed credit card;
PAR  FIG. 2 is an exploded view of a portion of the credit card of FIG. 1
      showing one embodiment of a fiber optic illuminating and sensing matrix
      according to the invention;
PAR  FIG. 3 is a sectional view taken along lines 3 -- 3 of FIG. 2, showing
      schematically, portions of the optical embossing reader according to the
      invention;
PAR  FIGS. 4 and 5 are sectional views of two further embodiments of the
      embossing reader according to the invention; and
PAR  FIG. 6 is an exploded view of another embodiment of the card of FIG. 1
      showing an embodiment of an illuminating and sensing fiber optic matrix.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the credit or identifying card 10 depicted is
      preferably formed of a thin plate of a plastic material having a
      reflective plane surface 12 on the face thereof. Formed in said surface is
      an identifying number 14 formed by embossing the individual numerals in
      the card. Each embossed numeral projects upwardly from the plane of
      reflective surface 12 and is defined by a corresponding recess in the
      reverse surface of card 10. The numerals 14 in the embodiment of the card
      10 shown in the drawing are in a particular font identified as number
      1428E of the Dashew Business Machines, Inc. The card may also include
      other written indicia as at 16, including the name and address of the card
      holder.
PAR  Referring now to FIGS. 2 and 3, wherein the embossed numeral 7 of card 10
      is more particularly shown, it is seen that each embossed numeral consists
      of a flattened portion 18 projecting from reflective surface 12 and joined
      to said surface by inclined walls 20. The reverse side of card 10 may also
      be provided with a reflective plane surface 22 in which the numeral is
      defined by a recess 24.
PAR  The fonts utilized on credit and identification cards are selected so that
      the various numbers from 0 to 9 may be distinguished from one another by
      merely examining a matrix of predetermined locations in the field occupied
      by each numeral. When drawn in the same field, each numeral from 0 to 9 in
      a particular font will occupy a different combination of predetermined
      locations in said matrix.
PAR  In the embodiment of the invention shown in FIG. 2, the selected matrix has
      seven positions, A, B, C, D, E, F, and G which are examined in accordance
      with the invention to determine the presence of embossing at such
      locations. Thus, in the example shown in FIG. 2, the numeral 7 crosses the
      7 position matrix at four locations, locations A, C, D, and G. The numeral
      2 of the same font would cross said matrix at positions A, C, D, E, and G,
      and in like manner, each of the other numerals from 0 to 9 would cross
      said matrix in a different combination of locations. While a seven
      position matrix is shown in the embodiment of FIG. 2, positions A and G
      may be dispensed with in detecting the particular font shown in said
      figure. The remaining five positions providing sufficient information for
      distinguishing between the different numerals.
PAR  Disposed at each position in said seven position array are the ends of
      illuminating light transmission fiber optic filaments 26A, B, . . . , G
      and reflected light transmission fiber optic elements 28A, B, . . . , G.
      Each of said fiber optic elements 26 and 28 may be formed from one or more
      fiber optic filaments and the ends thereof adjacent card 10 would be
      maintained in the desired matrix by a frame or potting material (not
      shown), as desired. All of the illuminating light transmission elements
      26A, B, . . . , G, are bundled at the other end thereof and disposed with
      their ends facing lamp 30. Said illuminating light transmission fiber
      optic elements transmit the light from lamp 30 along their length so that
      the operative ends 32 thereof serve as a light source for illuminating
      regions of reflective surface 12 of card 10.
PAR  One end of each reflective light transmission element 28A, B, . . . , G, is
      disposed adjacent the operative face of a corresponding photo device 34A,
      B, . . . , G which serves to detect the light received at operative face
      36 of elements 28 and transmitted therealong. Each photo sensitive device
      34 is connected by leads 38 to a decoder 40 which receives the output
      signal of said photo devices and is adapted to produce a characteristic
      output signal representative of each numeral in response to the various
      combinations of input signals obtained along lines 38 from the photo
      devices. The output of decoder 40 may be utilized for transmission to a
      remote station, or to activate a display or recording device.
PAR  Interposed between each illuminating light transmitting element 26 and
      reflected light transmitting element 28 is a spacer 42, provided to
      maintain each pair of elements in the proper spaced relation as more
      particularly described below. The respective operative faces 32 and 36 of
      elements 26 and 28 are positioned so as to be spaced from reflective plane
      surface 12 of card 10. This arrangement permits light projected from
      operative face 32 of illuminating light transmission elements 26 to
      disperse sufficiently so that when said light is reflected from reflective
      plane surface 12, the reflected light will reach operative face 36 of
      reflected light transmission elements 28 in the absence of embossing at
      the predetermined location being examined. Thus, in the embodiment of
      FIGS. 2 and 3, there is no obstacle to the receipt, by reflected light
      transmission element 28B of light originating from illuminating light
      transmission element 26B and reflected from plane surface 12. However, in
      the C position of the matrix, the embossing serves to block substantially
      all of the light originating from illuminating light transmission element
      26C so that little or no reflected light is received by reflected light
      transmission element 28C.
PAR  Since the signal produced by photo devices 34A, B, . . . , G, depends on
      the quantity of light detected thereby, photo device 34C will produce a
      first characteristic signal different from the characteristic signal
      produced by photocell 34B. If the numeral being scanned by the matrix had
      been the numeral 1 of the font shown in FIG. 1, then photo device 34C
      would have produced a second signal similar to the signal produced by
      photocell 34B in the example of FIG. 2 and FIG. 3.
PAR  Decoder 40 is adapted to detect the two different characteristic signals
      producible by each photo device, to distinguish between them, and thereby
      determine whether embossing was present at each particular location in the
      matrix. In effect, the presence of embossing at a particular matrix
      location serves to gate the quantity of light originating from the light
      source disposed at that particular matrix position and received by the
      photo device associated with said position. This result is facilitated by
      the positioning of the respective elements so that the operative ends
      thereof 32 and 36 substantially face opposed sides of the position on the
      card 10 at which embossing may appear.
PAR  A second embodiment of the arrangement according to the invention is shown
      in FIG. 4 wherein like reference numerals are utilized to identify like
      elements. In this second embodiment, spacers 42 are dispensed with and
      reflected light transmission elements 44 are disposed with the operative
      face thereof 46 facing the position on the surface 12 of card 10 at which
      embossing may appear. Thus, operative face 46C faces portion 18 of the
      embossed numeral 7 rather than being disposed on a side of said portion as
      in the case of element 28C of the embodiment of FIGS. 2 and 3. Aside from
      the positioning of reflected light transmission element 44C, the
      embodiment of FIG. 4 operates in the same manner as the embodiment of
      FIGS. 2 and 3 in that the embossing at a particular position serves to
      gate the quantity of light reaching the reflected light transmission
      element disposed at that position by limiting the amount of light reaching
      said reflected light transmission element.
PAR  A third embodiment of the arrangement according to the invention is shown
      in FIG. 5, wherein like reference numerals are utilized to represent
      elements unchanged from the prior embodiment. The third embodiment is
      particularly adapted to scan reflective plane surface 22 of card 10 to
      detect the presence of embossing at predetermined locations by detecting
      the presence of a recess in said surface. As in the other embodiments,
      each position is provided with an illuminating light transmission element
      48A, B, . . . , G, and a reflected light transmission element 50A, B, . .
      . , G. The respective operative faces 52 and 54 of said illuminating light
      transmission and reflected light transmission elements are positioned to
      face the position on surface 22 of card 10 at which embossing may appear.
      Thus, both operative faces 52C and 54C face recess 24. The respective
      elements are positioned so that said operative faces are adjacent the
      reflective plane surface 22. In the absence of a recess at a particular
      position in the matrix, little or no light originating from the
      illuminating light transmission element 48 to the reflected light
      transmission element at said position. However, as in the case of position
      C in FIG. 5, recess 24 permits the dispersion and reflection of light from
      illuminating light transmission element 48C and the receipt of said
      reflected light by reflected transmission element 50C. Thus, photo device
      56C will detect a greater amount of light than photo device 56B and will
      produce a different characteristic signal representative of the presence
      of a recess, and therefore embossing, at position C, but no such recess or
      embossing at position B.
PAR  In a variation of the third embodiment, the illuminating and reflecting
      light transmission elements are aligned along the longitudinal axis of the
      embossing to be detected and facing the portion of surface 12 which may be
      embossed, rather than being aligned transverse to said axis as in the
      other embodiments. This variation would be equally applicable to the
      "reading" of both the raised and recessed sides of an embossed card, the
      only difference being that in "reading" the raised side, the elements
      would be spaced from the surface 12.
PAR  The arrangement according to the invention is not limited in application to
      the particular font shown in FIGS. 1 and 2. Thus, for example, FIG. 6
      shows an exploded view of a reading matrix according to the invention
      disposed in position over the numeral 7 in another font, in this case a
      font designated by identification number 7B1 of the Farrington
      Manufacturing Co. By appropriate selection of the matrix, any numerical or
      alphabetical font, or other indicia embossed on an identification or
      credit card may be detected, provided each position in said matrix
      includes the illuminating and sensing arrangement according to the
      invention. The particular matrix depicted in FIGS. 1, 2 and 6 is shown by
      way of example, and not by way of limitation. Further, the arrangement
      according to the invention can be applied to the detection of any portion
      of a reflected plane surface disposed outside the plane thereof, and is
      not limited in its application to the detection of embossing. Further, the
      arrangement according to the invention can detect embossing or the like in
      reflective surfaces which are curved, by detecting whether a portion of
      such a surface is disposed outside of the tangential plane at said
      location.
PAR  While the embodiments shown in the drawings utilize separate light sources
      at each position in the matrix, two or more positions in said matrix may
      share a common light source so long as the reflected light transmission
      element is disposed, relative to the light source and the position which
      may be embossed, so that embossing at said position serves to gate the
      light reaching the reflected light transmission element. Further, while
      the embodiments of the arrangement according to the invention shown in the
      drawing utilize fiber optic elements in the light source and sensing
      means, such use is not a limitation of the invention and other properly
      disposed light sources and sensing means may be utilized.
PAR  The foregoing arrangement permits the reading of embossed indicia of
      relatively complex shape, such as numerals and letters, an arrangement
      extremely difficult to produce with mechanical sensing devices. Further,
      the arrangement according to the invention utilizes a minimum number of
      components to achieve reading and provides reliability and accuracy
      unavailable in purely mechanical arrangements.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained, and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for detecting an embossment projecting from a portion of a
      reflective surface at a predetermined location on said surface comprising
      means for illuminating a region of said predetermined location including a
      first light transmitting fiber optic element having an illuminating end
      face; light sensing means for receiving light originating from said
      illuminating means reflected from said reflective surface including a
      second light transmitting fiber optic element having a sensing end face;
      and means for positioning said sensing means relative to said illuminating
      means and predetermined location for the limiting, by said portion of said
      reflective surface, of the quantity of such reflected light actually
      received by said sensing means if said portion projects beyond said
      surface, said positioning means positioning said reflective surface so
      that said illuminating end face and said sensing end face are both
      positioned spaced relative to said reflective surface a distance slightly
      greater than the projection of said embossed portion, and so that one of
      said illuminating or sensing end faces is positioned for facing relation
      to a region of said reflective surface on one side of said portion
      thereof, the other of said illuminating or sensing end faces being
      positioned in facing relation to said portion of said reflective surface
      or to a region of said reflective surface on a side of said portion
      substantially opposed to said one side thereof, so that light from said
      illuminating end face and reflected from said reflective surface is cut
      off from said sensing end face by an intervening embossment at said
      portion of said reflective surface, said sensing means producing first and
      second characteristic output signals in response to the quantity of light
      received thereby, said signals being representative respectively of the
      presence or absence of an embossment at said portion of said reflective
      surface.
NUM  2.
PAR  2. A device as recited in claim 1, including means for detecting embossing
      in a plurality of predetermined portions of said reflective surface at a
      matrix of predetermined locations, said detecting means including at least
      one of said illuminating means having a plurality of said first light
      transmitting fiber optic elements for respectively illuminating the
      regions of said matrix at predetermined locations; a plurality of said
      second light transmitting fiber optic elements, each of the sensing end
      faces thereof receiving light originating from said illuminating means
      reflected from one of said predetermined locations; and means for
      positioning said illuminating end faces, sensing end faces and reflective
      surface so that each of said illuminating end faces is positioned for
      facing relation to a region of said reflective surface on one side of the
      portion of said reflective surface at each of said predetermined
      locations, and so that each of said sensing end faces is positioned in
      facing relation to the portion of said reflective surface at the
      associated predetermined location or to a region of said reflective
      surface on a side of said portion substantially opposed to the side of
      said portion faced by said corresponding illuminating end face so that
      light from each said illuminating end faces and reflected from the
      associated region of said reflective surface is cut off from the
      associated sensing end face by an intervening embossment at the associated
      portion off said reflective surface.
NUM  3.
PAR  3. A device for detecting an embossment recessed below a portion of a
      reflective surface at a predetermined location on said surface comprising
      means for illuminating a region of said predetermined location including a
      first light transmitting fiber optic element having an illuminating end
      face; light sensing means for receiving light originating from said
      illuminating means reflected from said reflective surface including a
      second light transmitting fiber optic element having a sensing end face;
      and means for positioning said sensing end face relative to said
      illuminating end face and predetermined location for the passage of an
      increased quantity of said reflected light to said sensing end face if
      said portion is recessed relative to said surface, said positioning means
      positioning both said illuminating and sensing end faces so as to be
      slightly spaced from the plane of said reflective surface, in facing
      relation to non-overlapping adjacent regions of said embossed portion of
      said reflective surface, so that light from said illuminating end face and
      reflected from said reflective surface is cut off from said sensing end
      face by the intervening reflective surface in the absence of a recessed
      embossment in said portion of said reflective surface, said sensing means
      producing first and second characteristic output signals in response to
      the quantity of light received thereby, said signals being representative
      respectively of the presence or absence of a recessed embossment at said
      portion of said reflective surface.
NUM  4.
PAR  4. A device as recited in claim 3, wherein said reflective surface is a
      plane surface.
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PAL  A digital transducer comprises a container having two disparate materials
      therein defining an interface, the interface being movable through the
      container responsive to a force, or forces, applied to one, or both, of
      the materials. A plurality of sensors are spaced along the container for
      sensing the interface, each of which is responsive to the presence of one
      of the materials. Means are included for suppressing the outputs of all of
      the sensing means responsive to the one material except that one sensing
      means which is responsive to the one material and nearest the interface.
BSUM
PAC  BACKGROUND OF THE INVENTION 1. Field of the Invention
PAR  The present invention relates to transducers, and in particular, relates to
      improvements in transducers of the type adapted for detecting the
      interface between two disparate materials and providing a digital signal
      output representative thereof.
PAR  2. Description of the Prior Art
PAR  There are a variety of prior art transducers useful for measuring the
      interface between two disparate materials and providing an electrical
      signal output representative thereof.
PAR  In U.S. Pat. Ser. No. 999,012, Dansinger discloses an aircraft equilibrium
      device employing a curved tube having a flow mass of metallic pellets
      therein and sensing electrodes spaced along the tube in order to detect
      the relative movement of the metal pellets during changes of position
      while the aircraft is in flight.
PAR  Wilkinson, in U.S. Pat. No. 1,106,907, discloses a flow meter employing a
      conductive fluid, e.g., mercury, in a pressurized tube as a means for
      allowing current to flow between the sensing electrodes and a point of
      common potential. The signal output from the sensors then energizes lights
      to provide means for visually indicating the pressure in the tube.
PAR  In U.S. Pat. No. 1,638,814, Epstein shows an arrangement mounted along the
      flow tube for detecting the rise and fall of a conductive fluid therein.
PAR  Hendrickson, in reissue U.S. Pat. Re. No. 19,234, teaches a tilt gauge
      employing a straight tube having plural electrical contacts associated at
      opposite ends of the tube. Another tilt gauge arrangement is disclosed by
      Cole in U.S. Pat. No. 1,974,411.
PAR  An arrangement is taught in U.S. Pat. No. 1,978,392 to Brockdorff in which
      conductive sensors are randomly disposed at varying heights inside a
      chamber.
PAR  A low capacity switch operative when the associated tube or liquid filled
      container is tilted in an appropriate manner is taught in U.S. Pat. No.
      1,982,717 to Wilhelm. A somewhat similar arrangement is disclosed in U.S.
      Pat. No. 2,935,579 to Fishman. Other tilt gauges and liquid switches are
      disclosed by Klinger in U.S. Pat. No. 3,372,386 and Eubank in U.S. Pat.
      No. 3,582,590.
PAR  In the arrangements described above, the electrical signal outputs from the
      sensing means are not readily adaptable to digital data processing
      techniques.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a digital transducer comprising a
      container having two disparate materials therein defining an interface
      therebetween, the interface being movable through the container responsive
      to a force, or forces, applied to one, or both, of the materials. A
      plurality of means are spaced along the container for sensing the
      interface, each of the sensing means responsive to the presence of one of
      the materials. Means are provided for suppressing outputs from all of the
      sensing means responsive to the one material and nearest the interface.
PAR  For purposes of this invention and the description thereof set forth below,
      the term "materials" is broadly construed to include a vacuum. Thus, in
      accordance with this invention, the interface between two disparate
      materials may comprise an interface between a vacuum or partial vacuum and
      a fluid, for example.
PAR  An important aspect of the present invention is the manner in which the
      sensor output suppressing means allows each sensor output to be readily
      employed in a digital format for further data processing.
PAR  In one embodiment according to the present invention, a transducer is
      described employing a sphere with a conductive fluid therein. Other
      improvements are described in the following specification and defined in
      the appended claims.
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PAC  THE DRAWINGS
PAR  FIG. 1 illustrates one embodiment of the present invention shown in
      partially cross section and partially in schematic circuit diagram form.
PAR  FIG. 2 is a front view of a second embodiment of a digital transducer
      according to the present invention.
PAR  FIG. 3 is a cross sectional, side view illustrating a third embodiment of a
      digital transducer in accordance with the present invention.
PAR  FIG. 4 depicts a front view, in cross section, of a fourth embodiment.
PAR  FIGS. 5 and 6 are front cross sections and top cross section views,
      respectively of a fifth embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  Several embodiments of digital transducers in accordance with the present
      invention are described below.
PAC  Example One
PAR  The digital transducer of FIG. 1 is referred to generally as 10. The
      transducer 10 comprises a tube 12 of an insulating material, such as
      glass, communicating with the reservoir 14 having an electrically
      conductive fluid 18 (as mercury) disposed therein. Air 16 or a similar
      inert, nonconductive gas or liquid is separated from the conductive fluid
      18, thereby defining an interface 17 therebetween. A cap 20 having an
      opening 21 therethrough is fitted over the tube 12 at the upper extremity
      thereof.
PAR  Noting the reservoir 14, there is provided an input pipe 22 through which
      air or other fluid is employed to move the conductive fluid 18 responsive
      to an external force (or vacuum). An adjusting screw 24 provides means for
      setting the zero pressure level of the conductive fluid 18.
PAR  The digital transducer 10 is provided with a plurality of electrodes 26
      spaced along tube 12, each electrode 26 extending through the tube 12 and
      adapted to sense the presence of the conductive fluid 18 by conductive
      current from each respective electrode and through the conductive fluid to
      an electrode 28 of common potential (as ground).
PAR  In accordance with the present invention, the digital transducer 10 is
      provided with means for suppressing outputs from all of the electrodes 26
      except that one electrode which is responsive to the presence of the
      conductive fluid 18 and nearest the interface 17. In the embodiment of
      FIG. 1, this means comprises a plurality of transistors, including
      transistors 29, 30 and 31, each of which includes emitter and collector
      terminals 32 and 34 respectively, and a base terminal 36 adapted to
      control current flow between the emitter and collector. As shown in the
      schematic circuit portion of FIG. 1, each electrode 26 is coupled to one
      of the emitters 32 and into the base terminal 36 of the next adjacent
      transistor which senses the next lower level of conductive fluid 18. A
      diode 38 is coupled into this emitter-base connection and is poled to
      allow current flow into the base terminal 36. All of the base terminals 36
      are coupled through respective resistors 40 to a biasing voltage V.sub.cc.
      The collector terminals 34 of the transistors 29-31 provide an output into
      respective load resistors R.sub.L in a manner hereinafter described with
      respect to the operation of the digital transducer 10.
PAR  In operation, the transistors 29-31 of the digital transducer 10 are biased
      to a conduction condition. An appropriate voltage which may be a biasing
      voltage V.sub.cc, for example, is placed between all of the collector
      terminals 34 and the common electrode 28. Thereafter, a pressure which is
      to be measured is exerted on the electrically conductive fluid 18 via the
      pipe 22. Alternatively, a vacuum may be applied through the opening 21 of
      cap 20. As the conductive fluid 18 rises in the tube 12, each successive
      electrode 26 "senses" the interface 17 by completing a current path
      defined by the common electrode 28, through the conductive fluid 18,
      through each electrode 26 in contact with the fluid 18 and through the
      respective transistor 29, 30 or 31 between the emitter and collector
      terminals 32, 30.
PAR  Note that in the specific arrangement of FIG. 1, in which the interface 17
      is just adjacent to the electrode 26 associated with transistor 30 (but
      below electrode 26 with transistor 31), as current flows into the emitter
      terminal 32 of transistor 30, current flows through the diode 38 into the
      base terminal 36 of transistor 29. This turns transistor 29 off. In the
      same manner, the diode below transistor 29 had turned off the previously
      conducting transistor. Accordingly, the only conducting transistor is that
      transistor 30 which is associated with the electrode 26 nearest the
      interface 17. In this way, a single output in a digital format is provided
      corresponding to level of the conductive fluid 18 in the tube 12, which in
      turn, corresponds to the amount of applied force or vacuum. While a
      relatively small number of spaced electrodes 26 are shown in FIG. 1, it
      will be understood by those skilled in the art that the packing density of
      the electrodes 26 may be increased to effect greater resolution of the
      measurement of the fluid level in the tube 12.
PAC  Example Two
PAR  A second example of a digital transducer in accordance with the present
      invention is shown in FIG. 2 and described with reference thereto.
PAR  Noting FIG. 2, this second embodiment, referred to generally as 50,
      comprises a rigid member 52, for example an open ended tube, having a
      plurality of conductive wires 54 fixed to a wall 56 of the member. Each
      wire 54 includes an insulating sleeve 58, with one end of the wire
      exposed. The wires 54 are disposed such that the exposed ends thereof are
      distributed in spaced relationship in a vertical direction one with
      respect to the other when the member 52 is inserted in a conductive fluid
      body 62, described below. The digital transducer 50 of FIG. 2 further
      comprises a bare common return lead 60 fixed along the wall 56. In use,
      the member 52 is placed in a body of a relatively conductive fluid 62,
      such as a lake or ocean. The transducer 50 is useful for determining the
      level of the body 62.
PAC  EXAMPLE THREE
PAR  A third embodiment is referred to generally as 70 in FIG. 3.
PAR  The transducer 70 comprises a hollow sphere 72 formed by concentric rings
      of alternatively conductive and non-conductive materials. (The conductive
      materials are references as 74 and the non-conductive materials as 76.) A
      conductive fluid 78 is disposed within the sphere 72. Although the
      connections to an external circuit are omitted in FIG. 3 for purposes of
      clarity, it will be understood that the conductive rings 74 may be
      connected to a suppression circuit similar to that of FIG. 1, in order to
      sense the interface 79 in the sphere 72 between the conductive fluid 78
      and air, or similar inert material, as described in detail above. The
      transducer 70 of FIG. 3 is useful as both a tilt gauge or as an
      accelerometer, in a well known manner.
PAC  Example Four
PAR  A fourth example is referred to generally as 80 in FIG. 4.
PAR  The digital transducer 80 comprises an upstanding, hollow tube 82 having a
      conductive fluid 84 disposed therein, with a plurality of electrodes 86
      along the tube, in the same manner as the electrodes 26 in FIG. 1. A
      reservoir 88 is provided, with a conduit 90 communicating between the
      reservoir and tube 82. A piston 92 is movably positioned in the reservoir
      by O-ring seals 94. In use, the transducer 80 functions as a digital
      weight scale. When a weight is placed on the piston 92, the fluid 84 moves
      upward in the tube 82, thereby providing an indicia of the weight which
      can be measured as the changing position of the interface 89 between the
      conductive fluid 84 and the inert material 91. Again it will be understood
      that the output suppression circuit of FIG. 1 may be employed with the
      transducer 80 of FIG. 4.
PAC  Example Five
PAR  A digital thermometer according the present invention is shown in FIGS. 5
      and 6.
PAR  The digital thermometer, referred to generally as 100, includes an
      upstanding, hollow tube 102 having a reservoir 104 on the bottom thereof.
      In this example, the fluid 106 within the tube 102 comprises a fluid which
      is opaque to light. Mercury is suitable in this regard. However, it is
      necessary that the other material, normally a vacuum, 108 forming the
      interface 107 with the other fluid 106 be transparent to the passage of
      light.
PAR  The digital thermometer is provided with a photoemitter-sensor arrangement
      whereby light is directed through the tube 102 to detect the level of the
      interface 107 between the two fluids 106, 108. In this embodiment, this
      photoemitter-photodetector arrangement includes a single photoemitting
      lamp 114 disposed alongside the tube 102. The photodetector, in this
      example, comprises an array of discrete photodetectors 110 disposed
      alongside the tube 102 opposite the photoemitter 114, with suitable
      electronics 112, which may be similar to the output suppression circuit of
      FIG. 1. Alternatively, an integrated photodetector array of this type
      manufactured by the Reticon Corporation of Mountain View, California, may
      be employed in place of a discrete array. In operation, the opaque fluid
      blocks the passage of light between the photoemitter 114 and the
      photodetectors 110 a the interface 107 rises in the tube 102. The level of
      the interface 107 is thus detected in a manner similar to that described
      with respect to the digital transducer 10 of FIG. 1.
PAR  A specific cross-sectional arranagement useful for the tube 102 is shown in
      FIG. 6. In this arrangement, the tube 102 is comprised of a transparent
      material, such as glass, formed in a double inverted, convex arrangement,
      with the bore 103 disposed at the intersection of the two inverted, convex
      portions. One side of the tube 102 is provided with an opaque coating 105,
      having an aperture 109 allowing light to exit therethrough.
PAR  Other modifications to the above described examples will be clear from the
      various combinations and arrangements of the various examples described
      above. Further, it will be appreciated by those skilled in the art that a
      wide variety of sensing means may be employed in lieu of the electrical
      and photoconductive means described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digital transducer comprising:
PA1  a container;
PA1  two disparate materials in said container defining an interface
      therebetween, said interface being movable through said container
      responsive to a force applied to one of said materials;
PA1  a plurality of means spaced along said container for sensing said
      interface, each of said sensing means responding to the presence of one of
      said materials;
PA1  means coupled to all of said sensing means for electrically suppressing
      outputs from all of said sensing means responding to said one material
      except that one sensing means which responds to said one material and is
      nearest said interface, said output suppressing means comprising a
      plurality of active circuit elements, each having first and second
      terminals and another terminal for controlling current flow between said
      first and second terminals, one of said first and second terminals of each
      circuit element being coupled to the output of one of said sensing means,
      said control terminal of each said circuit element being coupled to the
      next adjacent circuit element at said one terminal of said first and
      second terminals which is coupled to the output of the corresponding
      sensing means; and means interposed between said control terminal and said
      one terminal of said next adjacent circuit element for allowing current
      flow therebetween only in one direction.
NUM  2.
PAR  2. The apparatus recited in claim 1 further comprising:
PA1  said container being defined by a tube, said tube comprising a transparent
      material having a relatively thick wall defining a double inverted, convex
      arrangement relative to light perpendicular to said tube;
PA1  one of said materials comprising an opaque fluid which expands and
      contracts responsive to changes in temperature;
PA1  said sensing means comprising a plurality of photoemitting devices along
      one side of said tube and corresponding photodetecting means on the
      opposite side of said tube; and
PA1  a reservoir for said fluid communicating with said tube.
NUM  3.
PAR  3. The apparatus recited in claim 1 wherein said material to which said
      sensing means are responsive comprises a conductive fluid.
NUM  4.
PAR  4. The apparatus recited in claim 3 wherein said conductive fluid comprises
      a fluid opaque to light.
NUM  5.
PAR  5. The apparatus recited in claim 3 wherein said conductive fluid comprises
      an electrically conductive liquid.
NUM  6.
PAR  6. The apparatus recited in claim 3 wherein said sensing means are disposed
      along said container, and wherein said fluid moves directly responsive to
      said force.
NUM  7.
PAR  7. The apparatus recited in claim 6 wherein said conductive fluid is opaque
      to light and said sensing means comprises a plurality of photo-sensing
      devices spaced alongside said container and adapted to detect the presence
      of said fluid.
NUM  8.
PAR  8. The apparatus recited in claim 6 further comprising:
PA1  a reservoir for said conductive fluid;
PA1  a conduit for said fluid communicating between said tube and said
      reservoir;
PA1  a piston movably positioned in said reservoir; and wherein
PA1  said piston moves into said reservoir responsive to said force.
NUM  9.
PAR  9. The apparatus recited in claim 6 wherein said sensing means comprises a
      plurality of electrically conductive electrodes disposed along the path of
      movement of said conductive fluid.
NUM  10.
PAR  10. The apparatus recited in claim 9 further comprising:
PA1  a member adapted to be inserted into a body of said conductive fluid, said
      body defining said container;
PA1  said sensing means constituting a plurality of conductive electrodes fixed
      to said member, each said electrode being disposed so that one end thereof
      is distributed in spaced relationship in a vertical direction one with
      respect to the other when said member is inserted into said conductive
      fluid body; and wherein
PA1  said output-suppressing means is coupled to the other end of said
      electrodes.
NUM  11.
PAR  11. The apparatus recited in claim 6 wherein said container comprises a
      sphere.
NUM  12.
PAR  12. The apparatus recited in claim 11 wherein said sphere comprises
      concentric conductive rings.
NUM  13.
PAR  13. The apparatus recited in claim 12 further comprising concentric rings
      of non-conductive material.
NUM  14.
PAR  14. The apparatus recited in claim 13 wherein each said non-conductive ring
      is interposed between conductive rings, with said fluid disposed within
      said sphere.
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PAL  An electrical push button ignition combination lock wired into the electric
      circuit of the motor of a vehicle or power boat. The ignition combination
      lock comprises a box housing plurality of mounted push buttons each joined
      to an individual slidable rod, each of which actuates an electrical
      switch, when the button is pushed. Pushing the proper combination of
      buttons energizes a relay to complete the ignition circuit, while the
      pressing of any of the other buttons grounds the circuit and disables the
      device.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to an electrical push button ignition combination lock
      for a vehicle or boat motor which is connected to the ignition circuit of
      the motor.
PAR  The ignition combination lock comprises a box housing plurality of mounted
      push buttons each joined to an individual slidable rod, each of which
      actuates an electrical switch, when the button is pushed. Pushing the
      proper combination of buttons energizes a relay to complete the ignition
      circuit, while the pressing of any of the other buttons grounds the
      circuit and disables the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a perspective view of the invention in use;
PAR  FIG. 2 illustrates a top perspective view of the switch box;
PAR  FIG. 3 illustrates a sectional view of the switch box; and
PAR  FIG. 4 illustrates a schematic diagram of the electrical circuit of the
      switch box.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates a power boat 12 equipped with the electrical lock switch box
      10 mounted on the dashboard 11 for controlling the motor ignition circuit.
      The box 10 is fitted with a key-operated lock 20 that permits opening of
      the box 10 for resetting of the proper combination of the switch box 10.
PAR  As shown in FIGS. 2-4, the box 10 may have a hinged cover 16 which encloses
      a panel 14 on which numbered and marked push buttons 15 and 19 are
      mounted.
PAR  Each button 15 is fastened to a spring-mounted switch metal rod 17, with
      each rod 17 individually fastened to the common electrical contacts 22 of
      a normally open single pole, single throw electrical switch 42 or 43.
PAR  When pushed by button 15, the rod contacts make the switch contacts 23 of
      the switch 42 or 43 to complete the circuit of a switch 42 or 43. Button
      19A of the start switch operates a similar Normally Open switch 48 and
      button 19B of the Stop switch operates a Normally Closed switch 49.
PAR  The wires from switch contacts 22 lead to a panel 35 on which a fuse 41 and
      a relay 44 are mounted and to which a ground wire 32, a battery wire from
      external battery 34, and a wire 31 from the ignition coil (not shown) is
      led into the housing through an external armored cable housing 36. Panel
      35 may be removed from box 10 when lock 20 is opened, to permit wiring of
      the switches 42 and 43 to set the desired individual combination.
PAR  As shown in FIG. 4, the particular combination of wiring of the preferred
      embodiment has joined switches 42 in parallel and joined switches 43 in
      series.
PAR  The circuit of switches 42 joins the ground circuit 32 to the fuse 41
      through the N.C. stop switch 49 and the N.O. start switch 48, so that if
      any one of push buttons marked "1", "3", or "5" is pressed when the start
      push button 19A is pressed, or when Relay 44 is energized, the fuse 41
      will blow, disabling the circuit until the box 10 is unlocked by lock 20
      and the fuse 41 replaced.
PAR  To connect the ignition circuit 31 of the motor to the battery 34 in proper
      fashion, all switches 43 must be connected by manually pressing push
      buttons 15 marked "2", "4", and "6" and pressing the push button 19A
      marked "Start". This energizes the coil of relay 44 which is then locked
      into the circuit and connects the ignition circuit 31 to the battery
      circuit 33 through N.C. "Stop" switch 49. Pressing of push button 19B
      marked "Stop", opens the relay circuit and de-energizes the ignition
      circuit.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim is new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. An electrical switching device connected to the ignition circuit of the
      motor of a vehicle which permits connection of power to the ignition
      circuit when the proper combination of switches mounted on the device are
      simultaneously manually operated and which disables the electrical circuit
      when one or more disabling switches are manually operated comprising
PA1  a switch box on which a plurality of push buttons are mounted for the
      individual operation of momentary normally open switches, with a first
      group of said switches wired together in series to a circuit for
      connecting a self-latching relay to a power supply circuit, and with
PA1  one or more of a second group of said switches wired in parallel together,
      and to a circuit joining the opposite poles of the power supply circuit,
      together with
PA1  an electrical fuse connected in series with the power supply line leading
      to all the switches of the second group and to one of the switches of the
      first group, such that operation of any of the parallel wired switches
      will cause the fuse to blow,
PA1  said relay having a normally open contactor that joins the ignition circuit
      of the motor through said fuse to the power supply when the relay is in
      the energized state.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the fuse is located in a
      box, the cover of which is fitted with a removable key operated lock.
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PAL  A communication system for an emergency vehicle including a provision for
      selectively producing plural automatically and manually controlled siren
      sounds, the sound broadcast of radio reception and the sound amplification
      of the input to a microphone. A complete momentary-contact, pushbutton
      console may be employed, if desired, by short circuiting all the inputs to
      ground except that corresponding to the mode of operation selected. Start
      up instability is also eliminated. A selector pushbutton performs the dual
      function of manual siren control. Negative feedback from the speaker is
      provided selectively for radio and public address system use. Common use
      of components reduces cost and complexity. For example, common use of a
      voltage controlled oscillator, two amplifier stages, a driver and a
      speaker assembly is made. Radio input is turned on by an alternate action
      switch. As described in the specification, the action of "turning on" the
      radio shorts out all siren functions by firing silicon controlled
      rectifiers. The microphone input is turned on by pushing the "push to
      talk" switch thereon. This action fires all the siren shorting silicon
      controlled rectifiers through a pulse amplifier.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a divisional application of copending application Ser. No. 410,776
      filed Oct. 29, 1973 now U.S. Pat. No. 3,873,980, issued Mar. 25, 1975. The
      benefit of the filing date of said copending application is, therefore,
      hereby claimed for this application.
PAR  This invention relates to electronic gear for use with loudspeakers, and
      more particularly, to a multipurpose apparatus for use on emergency
      vehicles including, but not limited to, ambulances and police patrol cars
      or elsewhere.
PAR  In the past, loudspeaker gear for police patrol cars, for example, have
      been complicated and expensive. The number of possible functions thereof
      has also been limited.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the system of the present invention, the above-described
      and other disadvantages of the prior art have been overcome by providing
      means to select one of a plurality of modes of operation in a sound
      communication or other system.
PAR  The above-described and other advantages of the present invention will be
      better understood from the following detailed description when considered
      in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings which are to be regarded as merely illustrative:
PAR  FIG. 1 is a block diagram of a sound communication system constructed in
      accordance with the present invention;
PAR  FIG. 2 is a schematic diagram of a power supply assembly constructed in
      accordance with the present invention;
PAR  FIG. 3 is a schematic diagram of a multivibrator hereinafter called an AUTO
      MV;
PAR  FIG. 4 is a schematic diagram of a multivibrator hereinafter called a HI-LO
      MV:
PAR  FIG. 5 is a schematic diagram of a manual control circuit constructed in
      accordance with the present invention;
PAR  FIG. 6 is a schematic diagram of a voltage controlled oscillator
      hereinafter referred to as a VCO;
PAR  FIG. 7 is a schematic diagram of first and second amplifier stages;
PAR  FIG. 8 is a schematic diagram of a driver;
PAR  FIG. 9 is a schematic diagram of a speaker assembly;
PAR  FIG. 10 is a schematic diagram of a microphone assembly;
PAR  FIG. 11 is a schematic diagram of a control assembly; and
PAR  FIGS. 12, 13, 14, 15, 16 and 17 are graphs of a group of waveforms
      characteristic of the operation of the sound communication system of the
      present invention illustrated in FIGS. 1 to 11, inclusive.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, in FIG. 1, a sound communication system 20 is shown
      including a power supply assembly 21, an AUTO MV 22, a HI-LO MV 23, a YELP
      MV 24, a manual control circuit 25, a VCO 26, a first amplifier stage 27,
      a second amplifier stage 28, a driver 29, a speaker assembly 30, a control
      assembly 31, a radio 32 and a microphone assembly 33.
PAR  Power supply assembly 21 has output junctions 56, 58 and 60 shown in FIG. 2
      which are maintained at potentials V1, V2 and V3, respectively. Junctions
      56, 58 and 60 are connected by leads, not shown in FIG. 1 for clarity, to
      one or more of the blocks shown in FIG. 1 other than back to power supply
      assembly 21 itself.
PAR  Power supply assembly 21 has a lead TB1-2 connected to speaker assembly 30,
      leads J4-3, J4-1 and J2-4' connected to control assembly 31, and leads
      J2-3 and J2-4 connected to and from microphone assembly 33, respectively.
      Power supply assembly 21 also has a lead J4-2 connected to driver 29, and
      a lead J6-11 connected to first amplifier stage 27.
PAR  The VCO 26 has an output lead J5-1 connected to first amplifier stage 27.
      The VCO 26 has an input lead J3-21 connected from control assembly 31.
PAR  The AUTO MV 22 han an output lead J3-23 connected to control assembly 31.
PAR  The HI-LO MV 23 has an output lead J3-22 connected to control assembly 31.
PAR  The YELP MV 24 has an output lead J3-19 connected to control assembly 31.
PAR  The manual control circuit 25 has an input lead J3-16 and two output leads
      J5-3 and J3-18 connected to control assembly 31.
PAR  First amplifier stage 27 has an input lead J5-1 connected from VCO 26,
      input leads J5-2, J6-10A and J6-10B connected from control assembly 31,
      and an output lead 51' connected to second amplifier stage 28.
PAR  Lead J6-10A is connected from microphone assembly 33 to first amplifier
      stage 27.
PAR  A lead D connects the output of second amplifier stage 28 to the input of
      driver 29.
PAR  Leads TB2-9 and TB2-10 connect the outputs of driver 29 to speaker assembly
      30.
PAR  Speaker assembly 30 has output leads P1-13A and P1-13B connected to
      microphone and control assemblies 33 and 31, respectively.
PAR  Radio 32 has one side grounded through a resistor 40 and has an output lead
      41 which is connected to control assembly 31.
PAR  Power supply assembly 21 is illustrated in FIG. 2 including a relay 51
      having a winding 52, a pole 53 and a contact 54.
PAR  Junctions are provided at 55, 57 and 59 in FIG. 2 in addition to junctions
      56, 58 and 60. A D.C. source of potential is provided at 61 having a
      positive terminal 62 and a negative terminal 63. The negative terminal 63
      is grounded at 64. Junctions 59 and 60 are connected from terminal 63.
PAR  A diode 65 is connected from a junction 66 to a junction 55', and is poled
      to be conductive in a direction toward junction 55'. Junctions 55', 55 and
      56 are connected together. Junctions 57 and 58 are connected together.
PAR  A resistor 67 is connected between junctions 55 and 57. A resistor 68 is
      connected between junctions 57 and 59. A capacitor 69 is connected between
      junctions 56 and 58.
PAR  Junctions are also provided at 71, 71', 72 and 72'. Pole 53 is connected
      from junction 71. Contact 54 is connected to lead TB1-2 in speaker
      assembly 30, shown in FIG. 9.
PAR  Junctions 55' and 72 are connected together.
PAR  Lead J2-3 is connected from junction 72 to lead J2-3 of microphone assembly
      33 shown in FIG. 10.
PAR  Lead J2-4 is connected to a junction 60' from the same lead in FIG. 10.
      Lead J2-4' is connected from junction 60' to the same lead in FIG. 11.
PAR  Junctions 66 and 72' are connected together.
PAR  Lead J4-1 is connected from junction 71' to lead J4-1 of control assembly
      31 shown in FIG. 11. Leads J4-2 and J4-3 are connected from respective
      junctions 72' and 71' to respective leads J4-2 and J4-3 in the respective
      driver 29 and control assembly 31 of FIGS. 8 and 11, respectively.
      Junctions 71' and 72 are connected together. A dotted box 74 includes a
      potentiometer 75 and a power switch 76. The main power is turned off by
      opening switch 76. Switch 76 has a pole 77 which is connected from
      junction 72', and a contact 78 connected from junction 71. Potentiometer
      75 has a winding 79 and a wiper 80. Winding 79 is connected from junction
      60' to potential V3. Movement of potentiometer wiper 80 on winding 79
      adjusts the volume which is produced when the microphone assembly 33 is
      employed in the combination to act as a public address system.
PAR  Potentiometer wiper 80 is ganged with pole 77 of switch 76. Output lead
      J6-11 is connected from potentiometer wiper 80. Lead J6-11 in FIG. 2 is
      connected to input lead J6-11 of first amplifier stage 27 shown in FIG. 7.
PAR  The AUTO MV 22 is illustrated in FIG. 3. The AUTO MV 22 has various
      junctions 82, 83, 84, 85, 86, 87, 88 and 89.
PAR  Junctions 82 and 83 are maintained at potential V2. A capacitor 90 is
      connected between junctions 82 and 84. A differential amplifier 91 is
      illustrated in FIG. 3 having inverting and non-inverting input leads 92
      and 93, respectively.
PAR  Amplifier 91 also has positive and negative power input leads 94 and 95
      connected to potentials V1 and V3, respectively.
PAR  Inverting input lead 92 is connected from junction 84. Non-inverting input
      lead 93 is connected from junction 85.
PAR  A resistor 96 is shown in FIG. 3 connected between junctions 84 and 86.
PAR  Amplifier 91 has an output lead 97 connected to junction 86. Junctions 86
      and 87 are connected together. A resistor 98 is connected between
      junctions 85 and 87. A resistor 99 is connected between junctions 83 and
      85. A resistor 100 is connected between junctions 87 and 88. A capacitor
      101 is connected from junction 88 to junction 83. Junctions 88 and 89 are
      connected together. A resistor 103 is connected from junction 89 to
      potential V1. A lead J3-23 is connected from junction 89 to lead J3-23 of
      control assembly 31 shown in FIG. 11.
PAR  HI-LO MV 23 is shown in FIG. 4 having junctions 104, 105, 106, 107, 108,
      109 and 110. Again, an amplifier 111 is provided with inverting and
      non-inverting input leads 112 and 113, respectively. Amplifier 111 also
      has a positive power input lead 114 connected to potential V1, and an
      output lead 115 connected to junction 108. A capacitor 116 is connected
      between junctions 106 and 104. Junctions 104 and 105 are connected to
      potential V2. The amplifier inverting input lead 112 is connected from
      junction 106. The non-inverting input lead 113 is connected from junction
      107. A resistor 117 is connected between junctions 105 and 107. A resistor
      118 is connected between junctions 107 and 109. A resistor 120 is
      connected between junctions 106 and 108. A resistor 121 is connected
      between junctions 109 and 110. Junctions 108 and 109 are connected
      together. A resistor 122 is connected from junction 110 to potential V1. A
      lead J3-22 is connected from junction 110 to the same lead J3-22 of
      control assembly 31 shown in FIG. 11.
PAR  Negative power input leads to amplifiers 111, 148 and 180 in FIGS. 4, 6 and
      7, respectively, may be provided internally or conventionally.
PAR  Manual control circuit 25 is shown in FIG. 5 including junctions 123, 124,
      125, 126, 127, 128 and 129.
PAR  A resistor 130 is connected from junction 125 to potential V1. Junctions
      123 and 124 are connected to potential V2.
PAR  As used herein, the phrase "connected to potential" is hereby defined to
      mean "connected to a member including, but not limited to, a conductive
      lead or a conductive junction which has a potential".
PAR  In FIG. 5, a resistor Ra is connected from Junction 123 to junction 125. A
      PNP transistor 34 is provided in FIG. 5 having a collector 135, an emitter
      136 and a base 137. A resistor 138 is connected from the base 137 of
      transistor 34 to junction 126, junctions 125 and 126 being connected
      together. A diode 138' is connected between junctions 126 and 127 and is
      poled to be conductive in a direction toward junction 127.
PAR  Junctions 127, 128 and 129 are connected together. Transistor emitter 136
      is connected from junction 128. A resistor 139 is connected between
      junctions 124 and 129. A capacitor 140 is also connected between junctions
      124 and 129.
PAR  A lead J5-3 is connected from junction 128 to the same lead J5-3 of control
      assembly 31 as shown in FIG. 11.
PAR  A resistor 141 and a diode 138" are connected in that order from junction
      128 to lead J3-16. Lead J3-16 is connected to the same lead J3-16 of
      control assembly 31 shown in FIG. 11. Diode 138" is poled to be conductive
      toward resistor 141. Collector 135 is connected to a lead J3-18 through a
      resistor 142. Lead J3-18 is connected to the same lead J3-18 of control
      assembly 31 shown in FIG. 11.
PAR  VCO 26 is illustrated in FIG. 6 having junctions 143, 144, 145 and 146.
PAR  A lead J3-21 is connected from the same lead J3-21 of control assembly 31
      shown in FIG. 11 to junction 143.
PAR  Again, amplifier 148 is a differential amplifier. Amplifier 148 is provided
      with an inverting input lead 149, a non-inverting input lead 150, a
      positive power input lead 151 and an output lead 152. Inverting input lead
      149 is connected from junction 143. Non-inverting input lead 150 is
      connected to potential V2. Positive power input lead 151 is connected to
      potential V1. Junctions 143 and 144 are connected together. A capacitor
      153 is connected between junctions 144 and 145. A unijunction transistor
      154 is provided having a first base 155, a second base 156 and an emitter
      157. Transistor emitter 157 is connected from junction 144. First base 155
      is connected from junction 145. A resistor 158 is connected from second
      base 156 to potential V1.
PAR  Junctions 145 and 146 are connected together. Lead J5-1 is connected from
      junction 146 to the same lead J5-1 of first amplifier stage 27 shown in
      FIG. 7.
PAR  The first and second amplifier stages 27 and 28, respectively, are shown in
      FIG. 7.
PAR  First amplifier stage 27 has five input leads J5-1, J6-10A, J6-10B, J6-11
      and J5-2, and output lead 51'. Stage 27 has junctions 300, 301, 302, 304,
      305 and 306. A capacitor 309 and a resistor 310 are connected in series in
      that order from lead J5-1 to junction 305. Junctions 304, 305 and 306 are
      connected together. A resistor 81 is connected from input lead J6-11 to
      junction 302. Junctions 301 and 302 are connected together. Leads J6-10A
      and J6-10B are connected to junction 300. A resistor 311 and a capacitor
      312 are connected in series in that order from junction 300 to junction
      301. A resistor 313 and a capacitor 314 are connected in series in that
      order lead J5-2 to junction 302. A capacitor 315 is connected between
      junctions 301 and 304.
PAR  First amplifier stage 27 also has junctions 163 and 164. Again, first
      amplifier stage 27 includes an amplifier 165 with an inverting input lead
      166, a non-inverting input lead 167, positive and negative power input
      leads 168 and 169, respectively, and an output lead 170.
PAR  Inverting input lead 166 is connected from junction 304. Non-inverting
      input lead 167 is connected to potential V2. A resistor 171 and a
      capacitor 172 are connected in parallel between junctions 306 and 163.
PAR  Positive and negative power input leads 168 and 169 are connected
      respectively to potentials V1 and V3. Amplifier output lead 170 is
      connected to junction 164. Junctions 163 and 164 are connected together.
PAR  As stated previously, the first and second amplifier stages 27 and 28,
      respectively, are connected over lead 51'.
PAR  Second amplifier stage 28 has various junctions 173, 174, 176 and 177.
PAR  A capacitor 178 and a resistor 179 are connected in series from lead 51' to
      junction 173. Junctions 173 and 174 are connected together. Amplifier 180
      is provided having an inverting input lead 181, a non-inverting input lead
      182, a positive power input lead 183 and an output lead 184. Non-inverting
      input lead 182 is connected to potential V2. Inverting input lead 181 is
      connected from junction 173. Positive power input lead 183 is connected to
      potential V1. Output lead 184 is connected to junction 177.
PAR  In FIG. 7, second amplifier stage 28 has a resistor 187 and a capacitor 188
      connected in parallel between junctions 174 and 176. Junctions 176 and 177
      are connected to a lead D which also connects with the same lead D of
      driver 29 shown in FIG. 8.
PAR  Driver 29 is shown in FIG. 8 including a transformer 189 having a primary
      winding 190 and a secondary winding 191. Winding 190 has leads 192 and
      193. Winding 191 has leads 194 and 195.
PAR  Winding lead 192 is connected from lead D which, in turn, is connected from
      the same lead D of second amplifier stage 28 shown in FIG. 7.
PAR  Winding lead 193 is connected to potential V2.
PAR  Other various junctions are shown throughout the circuit of FIG. 8
      including junctions 198, 199, 200, 201, 202, 203 and 204. A resistor 205
      is connected between junctions 198 and 199. Winding lead 194 is connected
      to junction 198. Winding lead 195 is connected to junction 200. A resistor
      206 is connected between junctions 199 and 200. Junction 199 is connected
      to potential V3. Transistors 207, 208, 209, 210, 211 and 211' are shown in
      FIG. 8.
PAR  Transistor 207 has a collector 212 connected to junction 201, an emitter
      213 and a base 214 connected from junction 198.
PAR  Transistor 208 has a collector 215 connected to junction 201, an emitter
      216 and a base 217 connected from emitter 213. Junctions 201 and 202 are
      connected together. Similarly, junctions 203 and 204 are connected
      together.
PAR  Transistor 209 has a collector 218 connected to junction 202, an emitter
      219 and a base 220 connected from emitter 216.
PAR  Transistor 210 has a collector 221 connected to junction 203, an emitter
      222 and a base 223 connected from junction 200.
PAR  Transistor 211 has a collector 224 connected to junction 203, an emitter
      225 and a base 226 connected from emitter 222.
PAR  Transistor 211' has a collector 227 connected to junction 204, an emitter
      228 and a base 229 connected from emitter 225.
PAR  Lead TB2-10 is connected from emitter 228 to the same lead TB2-10 in
      speaker assembly 30 shown in FIG. 9.
PAR  Lead J4-2 is connected to junctions 202 and 204 from the same lead J4-2 of
      power assembly 21 shown in FIG. 2.
PAR  Lead TB2-9 connected from emitter 219 is connected to the same lead TB2-9
      of speaker assembly 30 shown in FIG. 9.
PAR  Speaker assembly 30 is shown in FIG. 9 including junctions 230, 231, 232,
      233 and 236, junction 236 being grounded.
PAR  A lead TB2-9 is connected from the same lead TB2-9 of driver 29, shown in
      FIG. 8, to junction 230.
PAR  A lead TB2-10 is connected from the same lead TB2-10 of driver 29, shown in
      FIG. 8, to junction 233.
PAR  A resistor 237 is connected between junctions 230 and 231. A resistor 238
      is connected between junctions 232 and 233.
PAR  Transistors 239 and 240 are also provided. Transistor 239 has a collector
      242 connected to junction 231, an emitter 241 connected to one end 251 of
      a primary winding 249 of a transformer 247. Transistor 239 also has a base
      243 connected from junction 230, junctions 231 and 232 being connected
      together. A tap on winding 249 is connected to potential V3.
PAR  Transistor 240 includes a collector 245 connected to junction 232, an
      emitter 244 connected to the other end 252 of winding 249, and a base 246
      connected to junction 233.
PAR  The transformer 247 has a secondary winding 250. Transformer secondary
      winding 250 has a lead 253 connected to a junction 47 via a lead 46, a
      junction being provided at 254 which is formed at the connection between
      lead 253, lead 46, and a lead 255 connected to one side of a speaker 248.
PAR  Secondary winding 250 has its other lead 256 connected to junction 236
      which is grounded. Junction 236 is connected to the other side of speaker
      248 over a lead 257. Junction 232 is connected from lead TB1-2 of power
      supply assembly 21 of FIG. 2.
PAR  Microphone assembly 33 is shown in FIG. 10 including a double-pole, switch
      258.
PAR  Switch 258 has poles 259 and 260 and respective contacts 261 and 262
      therefor.
PAR  Pole 259 is connected to lead J6-10A that is connected to the same input
      lead J6-10A of the first amplifier stage 27 shown in FIG. 7.
PAR  Pole 260 is connected from lead J2-3 which is, in turn, connected from the
      same lead J2-3 of power supply assembly 21 shown in FIG. 2.
PAR  Contact 261 is connected from negative feedback lead P1-13A which, in turn,
      is connected from the same lead P1-13A of speaker assembly 30 shown in
      FIG. 9.
PAR  A microphone 263 is connected from contact 262 to lead J2-4 which lead is,
      in turn, connected to the same lead J2-4 of power supply assembly 21 shown
      in FIG. 2.
PAR  Control assembly 31, shown in FIG. 11, has input leads J3-23, J3-22, J3-19,
      J3-18, J5-3, 41, P1-13B, J4-3, J2-4' and J4-1 connected from the same
      corresponding leads in FIGS. 3, 4, 1, 5, 5, 1, 9, 2, 2, and 2,
      respectively. Control assembly 31 also has output leads J3-21, J5-2,
      J6-10B and J3-16 connected to the same corresponding leads in FIGS. 6, 7,
      7 and 5, respectively.
PAR  In FIG. 11, various junctions are shown throughout the circuit of control
      assembly 31 including junctions 318, 319, 320, 321, 322, 323, 324, 325,
      326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340,
      341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355,
      500, 501, 502, 503, 504, 510, 515 and 517.
PAR  Leads J3-23, J3-22 and J3-19 are connected to junction 318, 319 and 320,
      respectively. A resistor 356 and a diode 357 are connected in series in
      that order from junction 318 to junction 321, diode 357 being poled to be
      conductive in a direction toward junction 321. A diode 358 is connected
      between junctions 319 and 321 and poled to be conductive toward junction
      321. A resistor 359 and a diode 360 are connected in series in that order
      from junction 320 to junction 322, diode 360 being poled to be conductive
      in a direction toward junction 322. Junctions 321, 322 and 323 are
      connected together. Lead J3-18 is connected to junction 323. Lead J3-21 is
      connected from junction 323.
PAR  A diode and a resistor 362 are connected in series in that order from
      junction 318 to potential V1. Diode 361 is connected between junctions 318
      and 324, and poled to be conductive toward junction 324. Resistor 362 is
      connected between junctions 324 and 328. Junction 328 is connected to
      potential V1. A diode 363 is connected from junction 319 to junction 325
      and is poled to be conductive in a direction toward junction 325. A diode
      364 is connected from junction 320 to a junction 326, and is poled to be
      conductive in a direction toward junction 326. A diode 365 is connected
      from lead J5-3 to a junction 327, and poled to be conductive in a
      direction toward junction 327. A resistor 369 is connected between
      junctions 325 and 329. A resistor 370 is connected between junctions 326
      and 330. A resistor 371 is connected between junctions 327 and 330.
      Junctions 328, 329 and 330 are connected together. A silicon-controlled
      rectifier 373 has its anode 374 connected from junction 324 and its
      cathode 375 connected to junction 335. Similarly, silicon-controlled
      rectifiers 376, 377 and 378 have respective anodes 379, 380 and 381
      connected respectively from junctions 325, 326 and 327; and cathodes 382,
      383 and 384 connected to junctions 336, 337 and 338, respectively, and
      gates 385, 386 and 387 connected from junctions 332, 333 and 334,
      respectively. Silicon-controlled rectifier (SCR) 373 has a gate 388
      connected from junction 331. A resistor 389 is connected between junctions
      331 and 335. A resistor 390 is connected between junctions 332 and 336. A
      resistor 391 is connected between junctions 333 and 337. A resistor 392 is
      connected between junctions 334 and 338. Resistor 393, 394, 395 and 396
      are connected respectively from junctions 331, 332, 333 and 334 to
      junctions 344, 343, 342 and 342, respectively. Junctions 344 and 349 are
      connected together.
PAR  Switches are provided at 264, 265, 266, 267 and 268. Each of the switches
      enumerated in the last sentence is a momentary contact pushbutton switch.
      As shown, switch 268 is a single-pole, single-throw switch. Each of the
      switches 264, 265, 266 and 267 is a double-pole, double-throw switch. Each
      of the switches enumerated in the second preceding sentence may be
      identical to the other switches so enumerated, if desired. Some of the
      details of switch 264 will be described. These details may also apply to
      the switches 265, 266 and 267 even though they are not mentioned in
      connection therewith herein. Switch 264 has poles 397 and 264", and
      contacts 400 and 264' engageable by poles 397 and 264", respectively.
      Switch 264 is a "break-before-make" switch, as are the switches 265, 266
      and 267. That is, pole 264" always breaks with contact 264' before pole
      397 engages contact 400.
PAR  Switch 265 has poles 401 and 402 engageable with contacts 403 and 404,
      respectively. Switch 266 has poles 405 and 406 engageable with contacts
      407 and 408, respectively. Switch 267 has poles 409 and 410 engageable
      with contacts 411 and 412, respectively. Switch 268 has a pole 413
      engageable with a contact 414.
PAR  A capacitor 415 is connected from lead J4-3 to junction 349. Poles 397,
      402, 406 and 410 are connected to junctions 341, 340, 339 and 339,
      respectively. Junction 341 is maintained at potential V3. Contacts 400,
      404, 408 and 412 are connected respectively from junctions 338, 337, 336
      and 335.
PAR  Junctions 349, 350, 351, 352, 353 and 354 are connected together. Poles
      264", 401, 405, 409 and 413 are connected respectively to junctions 354,
      353, 352, 351, and 350.
PAR  Junctions 345, 346, 347 and 348 are connected together from input lead J4-1
      to contacts 411, 407, 403 and 264', respectively. Contact 414 is also
      connected from junction 345.
PAR  Control assembly 31 is provided with a transistor 416 having a collector
      417, an emitter 418 and a base 419. A capacitor 420 is connected from lead
      41 to transistor collector 417. The emitter 418 of transistor 416 is
      connected to junction 355. A resistor 421 is connected from junction 355
      to potential V3. Lead J5-2 is connected from junction 355.
PAR  A double-pole, double-throw switch 270 is also provided. Switch 270 is
      stable in either one of its positions. That is, it is not a momentary
      contact switch. Switch 270 has poles 422 and 423 and contacts 424 and 425
      engageable thereby, respectively. Switch pole 423 also has a contact 425'.
      Pole 423 is connected to potential V1. Pole 422 is connected from input
      lead P1-13B from FIG. 9. A resistor 426 is connected from transistor base
      419 to a junction 500. Junction 500 is connected from contact 425. Output
      lead J6-10B is connected from contact 424.
PAR  Junctions 500 and 501 are connected together. Junction 501 is connected
      from contact 425' by a resistor 505. A lamp 506 is connected from junction
      502 to potential V3. A diode 507 is connected between junctions 501 and
      502 and poled to be conductive in a direction toward junction 502. A diode
      508 is connected between junctions 501 and 503 and poled to be conductive
      in a direction toward junction 503. Junctions 503, 504 and 354 are all
      connected together.
PAR  A resistor 509 is connected from lead J2-4' from FIG. 2 to a junction 510.
      A transistor 511 is provided with a collector 512, an emitter 513 and a
      base 514. Base 514 is connected from junction 510. Emitter 513 is
      connected to a junction 515. A resistor 516 is connected between junctions
      510 and 515, junction 515 being connected to potential V3.
PAR  Collector 512 is connected to a junction 517. A resistor 518 is connected
      from junction 517 to potential V1. A capacitor 519 is connected between
      junctions 503 and 517.
PAR  A voltage which appears at junction 89 in FIG. 3 is illustrated in FIG. 12.
      Line 316 is zero volts (V3). The fundamental of the waveform of FIG. 12
      may have a period equal to T.sub.a. In a typical example, T.sub.a might be
      8.0 seconds.
PAR  The voltage which appears on lead J3-22 shown in FIG. 4 is illustrated in
      FIG. 13. Line 317 is zero volts. The period T.sub.h of the waveform shown
      in FIG. 13 may typically be 2.0 seconds.
PAR  The YELP MV 24 may be identical to the AUTO MV 22, if desired, with the
      exception that some circuit values may change so that the YELP equivalent
      of T.sub.a will be different from T.sub.a. The voltage which appears on
      lead J3-19 shown in FIG. 1 at the output of the YELP MV 24 is illustrated
      in FIG. 14. In this illustration, the fundamental period T.sub.y may be,
      for example, 0.5 seconds.
PAR  Transistor 34, shown in FIG. 5, acts substantially as a switch and is
      maintained either at cut-off or at saturation. That is, the transition
      from cut-off to saturation and vice versa is made very rapidly.
PAR  When the button of switch 264 in FIG. 11 is depressed, lead J3-16 in FIGS.
      5 and 11 are connected from lead J4-1 in FIGS. 2 and 11 via contact 264'
      and pole 264". The depression of the button of switch 264 will cause
      junction 128 in FIG. 5 to change in potential as illustrated in FIG. 15
      from V.sub.m1 to V.sub.m2. A voltage directly proportional to that shown
      in FIG. 15 is then applied to the input of the VCO 26 via transistor 34
      (FIG. 5), resistor 142 (FIG. 5), lead J3-18 (FIG. 5) and lead J3-21 (FIGS.
      6 and 11). The frequency of the output signal of VCO 26 will change in
      accordance with this solid line waveform shown in FIG. 15.
PAR  In general, transistor 34 in FIG. 5 cannot turn on until the voltage of
      junction 128 has risen somewhat. For example, it may rise to a point 293
      shown in FIG. 15.
PAR  In FIG. 15, dotted line 294 may be considered ground or V3, if desired.
PAR  When the button of switch 264 in FIG. 11 is no longer depressed, the
      potential of junction 128 in FIG. 5 may then fall as indicated by the
      solid line in FIG. 16. Transistor 34 prevents the VCO 26 from producing an
      output signal of a frequency below a predetermined minimum. The falling
      potential at 128 in FIG. 5 thus no longer affects the operation of the VCO
      26 to the right of point 295 in FIG. 16 because transistor 134 is driven
      to cut-off at point 295.
PAR  The output voltage of VCO 26 which can appear at junction 146 in FIG. 6 may
      have a wave shape as shown in FIG. 17.
PAR  In order to make the foregoing as clear as possible, it should be raised
      that all the functions illustrated in FIGS. 12-17, inclusive, are
      potentials which are graphed not necessarily using the same time scales.
PAR  In FIGS. 15 and 16, the following relations may or may not be used, as
      desired:
PA1  V.sub.m1 = 2V.sub.m3, and
PA1  V.sub.m2 = 6V.sub.m3.
PAL  The term V.sub.m2 may or may not be equal to twelve volts as desired.
PAR  At V.sub.m1 + V.sub.m3 and at V.sub.m2, the frequency of the output signal
      of the VCO 26 may or may not be 500 hertz and 1,500 hertz, respectively,
      as desired.
PAR  The output signal of VCO 26 may be saw-tooth or any other periodic wave.
PAR  AUTO MV 22, HI-LO MV 23 and YELP MV 24 all may be conventional
      multivibrators, or they may be as shown in FIGS. 3, 4 and 3, respectively,
      with the changes to be noted herein.
PAR  In FIG. 2, diode 65 protects all portions of the circuits connected from
      junctions 56, 58 and 60 when battery 61 is connected between terminals 62
      and 63 with the wrong polarity.
PAR  In FIG. 5, when the potential of junction 129 rises above the potential of
      junction 126, transistor 34 is driven to saturation. In this state,
      transistor 34 operates simply as a closed switch.
PAR  When the potential of junction 129 falls below the potential of junction
      126, transistor 34 is cut off and any output signal on lead J3-18 is
      suppressed. In this case, transistor 34 operates as an open switch.
PAR  When switch 264 in FIG. 11 is closed, 12 volts, for example, are impressed
      upon lead J3-16 in FIG. 5 connected to resistor 141. Capacitor 140 then
      charges, and the potential of junction 129 rises to a maximum of, for
      example, 12 volts above line 294 in FIG. 15, i.e. to, for example
      V.sub.m2.
PAR  When pole 264" disengages contact 264' in FIG. 11, capacitor 140, in FIG.
      5, discharges through resistor 139 (see FIG. 16).
PAR  In FIG. 6, the input to VCO 26 is supplied over lead J3-21. The output of
      VCO 26 is supplied over lead J5-1.
PAR  First amplifier stage 27 receives negative feedback over leads J6-10A and
      J6-10B. This feedback is added to the other inputs on leads J5-1, J6-11
      and J5-2 via the arrangement of amplifier stage 27 including all those
      structures therein, the same forming an analog adder. As stated
      previously, the output of first amplifier stage 27 is connected to the
      input of second amplifier stage 28 over lead 51'. Second amplifier stage
      28 has an output lead D. See FIG. 7.
PAR  First amplifier stage 27 receives negative feedback of lead in two ways.
      This negative feedback is supplied over leads J6-10A and J6-10B. The
      feedback over lead J6-10A comes from lead P1-13A of speaker assembly 30
      (FIG. 9) through switch 258 shown in FIG. 10.
PAR  Negative feedback is supplied over lead J6-10B from lead P1-13B of speaker
      assembly 30 (FIG. 9) to lead P1-13B in control assembly 31 of FIG. 11 and
      subsequently to lead J6-10B (FIGS. 7 and 11) through switch 270 (FIG. 11).
PAR  Leads TB2-10 and TB2-9 connect the outputs of driver 29 shown if FIG. 8 to
      speaker assembly 30 (FIG. 9). Lead J4-2 is connected from power supply
      assembly 21 of FIG. 2.
PAR  Driver 29 of FIG. 8 receives an input signal over output lead D of second
      amplifier stage 28 shown in FIG. 7.
PAR  VCO 26 may be entirely conventional or as shown. The same is true of first
      and second amplifier stages 27 and 28, respectively, and driver 29 and
      speaker assembly 30.
PAR  In FIG. 11, resistors 356 and 359 may be considered, if desired, either
      portions of control assembly 31 shown in FIG. 11, or portions of the
      corresponding circuits of AUTO MV 22 and YELP MV 24, respectively. The
      connection of lead J3-18 in FIG. 11 to junction 232, and the connections
      of diodes 357, 358 and 360 to junctions 321, 321 and 322, respectively, in
      effect, at junction 323, combine the outputs of AUTO MV 22, HI-LO MV 23,
      YELP MV 24 and manual control circuit 26 so that they can be impressed,
      one at a time, upon the VCO 26 via output lead J3-21 in FIG. 11 and the
      same lead J2-21 in FIG. 6, which lead is the input lead to VCO 26 in FIG.
      6.
PAR  As will be explained, the potentials of two of the three junctions 318, 319
      and 320, by switching, will always be maintained at potential V3 (ground).
      This means that the desired signal source whose output is impressed upon
      the input of VCO 26 might be loaded or short circuited to ground were not
      diodes 357, 358 and 360 provided. That is the reason that these diodes are
      provided. Resistors 362, 369, 370 and 371 provide current to insure that
      silicon-controlled rectifiers 373, 376, 377 and 378 remain fired after
      they have been fired. Diodes 361, 363, 364 and 365 effectively isolate
      junctions 318, 319 and 320, and lead J5-3, respectively, from junctions
      324, 325, 326 and 327 when the last named four junctions have potentials
      higher than those of junctions 318, 319, 320 and lead J5-3, respectively.
PAR  In FIG. 3, resistor 103 provides a level shift of what otherwise would be
      the output signal of the AUTO MV 22 which would appear at junction 88 so
      that all portions of the waveform thereof are at amplitudes greater than
      zero volts. The same is true of resistor 122 in FIG. 4. The same is true
      of all signals appearing on output lead J3-21 in FIG. 11 under all
      possible modes of operation.
PAR  In FIG. 11, resistors 389, 390, 391 and 392 keep the leakage currents
      through respectively silicon-controlled rectifiers 373, 376, 377 and 378
      from firing them, respectively.
PAR  If desired, switch 270 may be an entirely conventional "alternate action"
      pushbutton switch. That is, it may have a button which when pushed once
      causes the switch to change to one position, and when pushed twice causes
      it to change to the other position thereof. Alternatively, switch 270 may
      be a pushbutton switch having two buttons, one button for one position of
      the switch and one button for the other position thereof. In this case,
      the buttons are mechanically connected so that depressing one button
      causes the other button to be projected outwardly toward the operator and
      vice versa.
PAR  Resistors 393, 394, 395 and 396 are employed to limit the gate currents of
      the respective silicon-controlled rectifiers 373, 376, 377 and 378.
PAR  The depression of the pushbutton corresponding to one of the switches 265,
      266 and 267 causes a respective one of the silicon-controlled rectifiers
      377, 376 and 373 to be cut off while the others are fired. This allows two
      of junctions 320, 319 and 318, respectively, to be short circuited to
      ground (V3). The other one is or is not short circuited depending upon
      whether or not switch 268 is actuated or not, respectively.
PAR  In the case of each of the silicon-controlled rectifiers 373, 376, 377 and
      378, the manner of providing a short circuit or an open circuit is the
      same. For both of these possibilities, only the operation of the
      silicon-controlled rectifiers produced by depressing switch 265 will be
      described in detail.
PAR  When the pushbutton of switch 265 is depressed, pole 401 will engage
      contact 403 and an opening voltage supplied over lead J4-1 will be
      connected to the gates of the silicon-controlled rectifiers from lead J4-1
      via contact 403, pole 401, junction 353, junction 352, junction 351,
      junction 350, junction 349 and through resistors 393, 394, 395 and 396
      from respective junctions 344, 343 and 342, junction 342, the last four
      junctions enumerated being connected from junction 349. In this manner,
      three of the four silicon-controlled rectifiers will fire because those
      corresponding to switches 264, 266 and 267 still have their poles 397, 406
      and 410 in engagement with the respective contacts 400, 408 and 412. The
      poles of the switches 264, 266 and 267 and contacts 400, 408 and 412 thus
      act as three normally closed switches through which the corresponding
      silicon-controlled rectifiers are fired. However, so long as pole 401 is
      in engagement with contact 403 of switch 265, as stated previously, pole
      402 will not be in engagement with contact 404 and silicon-controlled
      rectifier 377 cannot fire because the cathode circuit thereof is opened by
      movement of pole 402 out of engagement with contact 404.
PAR  Switch 268 in FIG. 11 is operable to turn the siren off. that is, moving
      pole 413 of switch 268 into engagement with contact 414 will, when all the
      pushbuttons corresponding to switches 264, 265, 266 and 267 are not
      pushed, fire all of the silicon-controlled rectifiers because all of the
      poles 397, 402, 406 and 410 will lie in engagement with their respective
      contacts 400, 404, 408 and 412. What is meant by a "manual squelch" is
      that, at whatever the condition of the operation of the manual control
      circuit 25 of FIG. 5 when the pushbutton of switch 268 is depressed, the
      audio output of speaker 248 shown in FIG. 9 will immediately be reduced to
      zero.
PAR  It is not always easy to control the operation of the system 20, and its
      individual components and sub-components thereof because of transient
      conditions which can occur when switch 76 in FIG. 2 is first closed. That
      is the reason for the connection from lead J4-3 in FIG. 2 to the capacitor
      415 in FIG. 11, and the reason for the use of capacitor 415 in FIG. 11.
      Closure of switch 76 causes a spike to be impressed upon junction 349 in
      FIG. 11 through capacitor 415 which, when the switches 264-267 are in the
      positions shown in FIG. 11, causes all four of the silicon-controlled
      rectifiers to fire.
PAR  In FIG. 11, transistor 416 operates as a switch which is essentially closed
      when pole 423 of switch 270 engages contact 425. This passes the radio
      input on lead 41 to the first amplifier stage 27 in FIG. 7 via lead J5-2.
      At the same time, negative feedback is supplied to first amplifier stage
      27 from lead P1-13B which is connected to pole 422 of switch 270 in FIG.
      11, the connection to first amplifier stage 27 being made by switch 270
      when pole 422 engages contact 424 and sends the feedback signal to the
      first amplifier stage 27 in FIG. 7 over lead J6-10B. This feedback signal
      is desirable to reduce the amplitude of the audio output of speaker 248
      when the switch of transistor 416 is "closed."
PAR  In a similar manner, feedback is supplied to the first amplifier stage 27
      when switch 258 in FIG. 10 is moved from the position shown to a position
      where poles 259 and 260 engage contacts 261 and 262, respectively. In this
      case, negative feedback is supplied to contact 261 over lead P1-13A and to
      lead J6-10A of FIGS. 7 and 10 through pole 259 shown in FIG. 10.
PAR  In FIG. 11 lamp 506 is fully brilliant when pole 423 engages contact 425.
      Lamp 506 has reduced brilliance when pole 423 engages contact 425'. Diode
      507 keeps transistor 416 from being fired and the SCRs from being fired
      when pole 423 engages contact 425'. Diode 508 keeps lamp 506 from being
      illuminated and transistor 416 from being fired when junction 349 is at a
      high potential.
PAR  When pole 423 engages contact 425, all of the SCRs are fired via diode 508.
PAR  When pole 260 engages contact 262 in FIG. 10, the transient voltage thereby
      created impresses a pulse on junction 503 via capacitor 519 (FIG. 11)
      which fires all of the SCRs. Transistor 511 in FIG. 11 and the circuit
      adjacent thereto forms a pulse amplifier 520 which amplifies the transient
      voltage.
PAC  OPERATION
PAR  The system 20 of FIG. 1 operates as follows. In the first place, switch 76
      in FIG. 2 is closed to supply power. A spike is then transmitted to
      junction 349 in FIG. 11 to fire all four of the silicon-controlled
      rectifiers. VCO 26 then does not receive any input signal over lead J3-21
      shown in FIG. 11. A signal will then be supplied depending upon which
      pushbutton of the switches 264-267 is depressed. Depressing one pushbutton
      will cause the outputs of three of the four leads J3-23, J3-22, J3-19 and
      J5-3 shown in FIG. 1 to be short circuited to ground. The one of the four
      last-mentioned leads not short circuited will then be passed over lead
      J3-21 from control assembly 31 to the input of VCO 26 shown in FIGS. 1 and
      6.
PAR  If switch 264 is operated, only the manually controlled siren sound will be
      produced. Otherwise, the AUTO, HI-LO or YELP siren sounds will be
      produced.
PAR  Should switch 264 be actuated and then deactuated, the audio output of
      speaker 248 may be suppressed simply by placing pole 413 of switch 268 in
      engagement with contact 414 thereof (FIG. 11). In this manner, the audio
      output of speaker 248 may be controlled selectively to provide an output
      corresponding to the outputs of boxes 22, 23, 24 and 25 shown in FIG. 1.
PAR  Should it be desirable to connect the output of radio 32 in FIG. 1 to the
      input of first amplifier stage 27 in FIG. 7, this may be done by moving
      switch 270 in FIG. 11 to a position opposite that shown in FIG. 11. This
      will cause transistor 416 to act as a closed switch, and through pole 422
      and contact 424 of switch 270, connect negative feedback from speaker
      assembly 30 of FIG. 9 over lead P1-13B to lead J6-10B of FIGS. 7 and 11.
PAR  Microphone assembly 33 may be employed by moving poles 259 and 260 (FIG.
      10) into engagement with respective contacts 261 and 262 shown in FIG. 10.
PAR  When the output of AUTO MV 22 is being impressed upon VCO 26, speaker 248
      will produce an electronic siren sound which is in commmon use today.
PAR  When the signal being delivered to the input of VCO 26 is the output of
      YELP MV 24, speaker 248 produces a sound which is commonly used on board
      ship in the U.S. Navy to signal an emergency.
PAR  When the output signal of HI-LO MV 23 is being impressed upon the input of
      VCO 26, speaker 248 produces a sound which is commonly used on emergency
      vehicles in European countries.
PAR  A number of portions of this disclosure may be identical to respective
      portions of copending application Ser. No. 384,889 filed Aug. 2, 1973, by
      G. S. Carroll for SOUND COMMUNICATION SYSTEM now U.S. Pat. No. 3,882,275
      issued May 6, 1975.
PAR  Some of the prior art related to the field of the present invention, but
      not to the invention per se, includes U.S. Pat. No. 3,137,846. Other prior
      art includes Electronic Design 20, Sept. 27, 1967.
PAR  If desired, all the multivibrators disclosed herein may be conventional or
      of a type and for use with operational amplifiers or differential
      amplifiers disclosed in the book Operational Amplifiers by L. P. Hullsman
      (McGraw-Hill Book Co., 1971).
PAR  From the foregoing, it will be appreciated that the adjustment of
      potentiometer 75 in FIG. 2 does not adjust the radio volume but adjusts
      only the public address system volume. If desired, potentiometer 75 in
      FIG. 2 may be turned to produce the lowest volume possible during use of
      the system 20 (FIG. 1) as a system other than a public address system when
      switch 76 in FIG. 2 is closed.
PAR  None, one, two or three of V.sub.m1, V.sub.m2 and V.sub.m3 in FIG. 15 may
      or may not be different from V.sub.m1, V.sub.m2 and V.sub.m3,
      respectively, shown in FIG. 16, and vice versa.
PAR  The phrases "power supply" and "power supply assembly" are hereby defined
      for use herein and for use in all the claims to mean a power supply that
      may or may not include a battery or the like.
PAR  The phrase "means to provide D.C. power" is hereby defined herein and for
      use in all the claims to mean either a D.C. source of potential, an
      equivalent thereof or merely two conductive leads.
PAR  Preferably, radio 32, shown in FIG. 1, is grounded through resistor 40.
      This ground preferably is the same chassis ground that is provided from
      terminal 63 in FIG. 2 at 64 and from winding 52 of relay 51 in FIG. 2.
PAR  As stated previously, VCO 26, shown in FIG. 6, may provide an output signal
      which may or may not be a saw-tooth. In any event, the frequency of the
      output signal of VCO 26 which appears on output lead J5-1 therefrom, as
      shown in FIG. 6, can follow, as is well known, the amplitude of the input
      voltage input thereto supplied over lead J3-21. This following action may
      be faithful or approximate. However, normally, the output signal of VCO
      26, has a frequency of which preferably is approximately proportional to
      the magnitude of the input voltage to the VCO 26.
PAR  The phrase "means connecting," as used herein and as used in all the claims
      in any of its grammatical forms, is hereby defined to include any one or
      more of: a resistor, a diode, any transistor, any switch, any conductor or
      any other component, or otherwise.
PAR  The phrase "ramp voltage" is hereby defined for use herein and for use in
      all the claims to mean either a voltage which increases at least over a
      portion thereof for a predetermined time interval, or a voltage which
      decreases at least over a portion thereof during a predetermined time
      interval. The phrase "ramp voltage" is hereby further defined for use
      herein and for use in the claims to mean a ramp voltage which is either
      linear or non-linear during the times that the ramp thereof is increasing
      or decreasing.
PAR  Diode 65, shown in FIG. 2, may be shorted out and omitted in some cases, if
      desired.
PAR  The phrase "in series" is hereby defined for use herein and for use in all
      the claims to mean in any order.
PAR  The word "energized," as describing a power supply or power supply assembly
      21 herein and in all the claims, is hereby defined as a condition of power
      supply energization including, but not limited to, when battery 61, shown
      in FIG. 2, is connected in power supply assembly 21 as shown in FIG. 2.
PAR  Switch 268 in FIG. 11 may also be considered to be a "SIREN OFF" switch.
PAR  While the button of switch 264 is depressed, the tone which can be heard
      over speaker 248 in FIG. 9 will rise in pitch in the manner such as is
      illustrated in FIG. 15. When the pushbutton switch 264 is released, the
      pitch of the sound emanating from the speaker 248 will follow the curve of
      FIG. 16. However, the pitch of the sound will not fall below point 295 in
      FIG. 16.
PAR  In FIG. 11, junctions 318, 319 and 320 may be considered to be the output
      junctions of AUTO MV 22, HI-LO MV 23 and YELP MV 24, respectively, if
      desired. In FIG. 5, junction 128 may be considered to be the output
      junction of manual control circuit 25 because transistor 34 acts merely as
      a switch.
PAR  Resistor 356 and diode 357, diode 358, resistor 359 and diode 360 (FIG.
      11), the emitter-collector circuit of transistor 34 (FIG. 5) and/or other
      portions of the manual control circuit 25 and resistor 142 (FIG. 5) may be
      described as including, but not limited to, means actuable effectively to
      disconnect or to produce effectively an open circuit between respective
      junctions 318, 319 and 320 and lead J3-18 (FIG. 11), and VCO input lead
      J3-21 shown in FIGS. 6 and 11 when the respective junctions 318, 319, 320
      and lead J5-3 are short circuited to ground, such means also being
      actuable effectively to connect or to produce effectively a conductive
      path through the respective means when one of the other of junctions 318,
      319, 320 and lead J5-3 is short circuited to ground.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sound communication system, the combination comprising: a common
      output lead; at least first and second signal sources with respective
      first and second output leads connected therefrom, the sources being
      constructed in a manner to produce first and second different output
      signals on the respective first and second output leads thereof; and
      selectively operable means for connecting either one of the first and
      second output leads to said common output lead while disconnecting the
      other of the first and second leads therefrom, said selectively operable
      means including first and second junctions connected from the first and
      second leads, respectively, first and second means connected from said
      first and second junctions, respectively, to said common output lead, said
      first means being actuable to produce effectively an open circuit between
      said first junction and said common output lead when said first junction
      is short circuited to ground, said first means being actuable to produce
      effectively a conductive path between said first junction and the common
      output lead when said first junction is not short circuited to ground,
      said second means being actuable to produce effectively an open circuit
      between said second junction and the common output lead when said second
      junction is short circuited to ground, said second means being actuable to
      produce effectively a conductive path between said second junction and the
      common output lead when said second junction is not short circuited to
      ground, said first means and said second means including first and second
      silicon-controlled rectifiers, respectively, having first and second
      anodes, respectively, first and second cathodes, respectively, and first
      and second gates, respectively, third means connecting said first junction
      to said first anode, fourth means connecting said second junction to said
      second anode, first and second double-pole, double-throw, momentary
      contact switch means including first and second normally closed switches,
      respectively, and first and second normally open switches, respectively,
      ganged together in a manner such that each normally open switch breaks
      before the normally closed switch ganged therewith breaks, said first and
      second normally closed switches being connected from said first and second
      cathodes, respectively, to ground, a common input lead, said first and
      second normally open switches being connected in parallel between an
      approximately constant potential conductor and said common input lead, and
      fifth and sixth means connecting said common input lead to said first and
      second gates, respectively.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein one of said first and
      second means includes a diode poled to be conductive in a direction toward
      said common output lead.
NUM  3.
PAR  3. The invention as defined in claim 2, wherein the other of said first and
      second means also includes a diode poled to be conductive in a direction
      toward said common output lead.
NUM  4.
PAR  4. The invention as defined in claim 2, wherein the other of said first and
      second means includes a series connected transistor switch.
NUM  5.
PAR  5. The invention as defined in claim 1, wherein said first and second means
      have third and fourth junctions, respectively, fifth and sixth junctions,
      respectively, and seventh and eighth junctions, respectively, said third
      means including a first diode connected from said first junction to said
      third junction and being poled to be conductive toward the latter, said
      fourth means including a second diode connected from said second junction
      to said fourth junction and being poled to be conductive toward the
      latter, said first and second means including first and second resistors,
      respectively, connected from said third and fourth junctions,
      respectively, to an approximately constant potential conductor, said first
      and second anodes being connected from said first and second junctions,
      respectively, to said third and fourth junctions, respectively, said first
      and second cathodes being connected to said fifth and sixth junctions,
      respectively, said first and second gates being connected from said
      seventh and eighth junctions, respectively, said first and second means
      including third and fourth resistors, respectively, connected from said
      seventh and eighth junctions, respectively, to said fifth and sixth
      junctions, respectively, said fifth and sixth means including fifth and
      sixth resistors, respectively, connected respectively from said seventh
      and eighth junctions to said common input lead, said first and second
      normally closed switches being respectively connected from said fifth and
      sixth junctions to ground.
NUM  6.
PAR  6. The invention as defined in claim 5, wherein one of said first and
      second means includes a diode poled to be conductive in a direction toward
      said common output lead.
NUM  7.
PAR  7. The invention as defined in claim 6, wherein the other of said first and
      second means also includes a diode poled to be conductive in a direction
      toward said common output lead.
NUM  8.
PAR  8. The invention as defined in claim 6, wherein the other of said first and
      second means includes a series connected transistor switch.
NUM  9.
PAR  9. The invention as defined in claim 1, wherein a capacitor and a main
      power switch are provided and connected in series in that order from said
      common input lead to an approximately constant potential conductor adapted
      for connection with the ungrounded positive pole of a grounded negative
      pole D.C. source of potential.
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ABST
PAL  A means of providing signal conditioning, without degradation, for
      transducers having various excitation voltages prior to application to
      systems apparatus for further processing.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government of
      the United States of America for governmental purposes without the payment
      of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic systems fabricated from components which include commercially
      available transducer and processing units from differing sources quite
      often are incompatible.
PAR  TRansducers all too often have differing excitation voltages (or even none
      at all) and cannot be coupled directly to available processing units.
      Redesign of the front end of the processing unit is necessary. The power
      supplies most often encountered are .+-. 15 volts or + 28 .+-. 4 volts. It
      is obvious then that the excitation of the processing unit and the
      transducer may easily differ. In coupling the units together in a system,
      signal quality may be sacrificed.
PAR  Even when the transducer and processing unit have compatible excitation
      voltages, quite often the output from the transducer could be single ended
      or differential which creates further problems for the designer. Disclosed
      herein is a front end device which provides compatible coupling for the
      differing excitation voltages for both the transducer and the processing
      unit and thereby enables a designer to radically extend his selection of
      transducers and processing units.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is characterized by circuitry capable of coupling
      transducers and signal processing devices with differing excitation
      voltages including plus (+) and or minus (-) 15 volts, 28 .+-. 4 volts, or
      no transducer excitation voltage, and transducers having single ended or
      differential output, without degradation of signal quality. The circuitry
      constitutes the front end of signal processing units intended to receive
      transducer signals for processing in selected systems. Therefore, an
      object of the present invention is to provide a front end device having
      circuitry capable of coupling transducers and processing units with
      differing excitation voltage.
PAR  Another object of the present invention is to provide a front end device
      capable of joining transducers with different modes of coupling including
      single ended and differential output to various processing units.
PAR  Still another object of the present invention is to provide a front end
      device for signal processing which extends the range in selection of
      transducers commercially available.
PAR  And still another object of the present invention is to provide a front end
      device which reduces the burden on a systems designer with reference to
      signal constraints when coupling transducers to processing units.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes better
      understood by reference to the following detailed description when taken
      in conjunction with the accompanying drawing wherein FIG. 1 is a block and
      circuit diagram of the preferred embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A major portion of the commercially available transducers have the
      following excitation requirements:
PA1  1. Transducers requiring plus (+) and minus (-) 15 volts DC (such as the
      Endevco Q-flex series of servo accelerometers).
PA1  2. Transducers requiring 28 .+-. 4 volts DC (such as the American Aerospace
      Industries current sensors).
PA1  3. Transducers that do not require any excitation voltage (such as the Dale
      voltage dividers).
PAR  Each of the above three groups of commercially available transducers can be
      further subdivided as:
PA1  a. Single ended outputs; that is, transducers whose signal return path
      coincides with the excitation source return path, or
PA1  b. Differential outputs; that is, transducers having a signal output and
      signal return which are isolated from the excitation source return path.
PAR  Transducer and signal processing units having differing excitation voltages
      or mode of coupling creates problems for the designer. The options
      available to him are:
PA1  1. Build or procure a signal conditioner which is compatible with the
      transducer being used, or
PA1  2. Procure another transducer which will provide the same function and be
      compatible with the signal processing unit, or
PA1  3. Use independent excitation voltage sources for the transducer and the
      signal processing unit. However, it must be noted that one of the
      excitation voltage sources must have a floating output (the transducer, or
      the signal processing unit) otherwise low-frequency signals will be
      sacrificed in order to eliminate DC bias by means of capacitive coupling.
PAR  Referring to FIG. 1, with the present invention, none of the above unwanted
      alternatives are required. SIGNAL HI is applied to terminal 12. SIGNAL LO
      is applied to terminal 13. The + EXCITATION is applied to terminal 14,
      plus and minus 15 volt COMMON excitation is applied to terminal 15, and
      -EXCITATION is applied to terminal 16. Amplifiers 32, 33 and 34 are
      standard, commercially-available operational amplifiers (such as the
      Fairchild .mu.A 741). Amplifiers 32 and 33 are wired to operate as unity
      gain voltage followers and provide approximately 400 megohms input
      impedance for the SIGNAL HI and SIGNAL LO, respectively. Amplifiers 32 and
      33 in conjunction with amplifier 34 form a differential input, unity gain,
      inverting amplifier. Gain accuracy is achieved by carefully matching the
      values of the resistors 36, 37, 35 and 38.
PAR  Power supply 41 is any well-regulated, isolated supply capable of providing
      .+-. 15 volts at terminal 42 and -15 volts at terminal 44 with a common at
      terminal 45. (If only a 30 VDC supply is available, then a post-regulator
      must be added to establish the excitation midpoint COMMON 45.) With power
      supply 41, the differential amplifier can handle all signals that range
      between .+-. 13.3 volts, referred to common 45.
PAR  Switch 17 selects the excitation voltages to be used by the transducer
      input device. When switch 17 is in position 19, the input device receives
      .+-. 15 volts excitation. When switch 17 is in position 18, a Zener diode
      20 is placed in series with the input device and power supply. The Zener
      diode can be any Zener diode that has a Zener voltage between 2 and 6
      volts.
PAR  The purpose of zener diode 20 is to float the power return (-EXCITATION)
      and SIGNAL LO into the operating range of the differential amplifier. The
      amplifier can then reject the common mode offset voltage and shift the
      level of the signal reference point to the amplifier COMMON.
PAR  The use of the Zener diode in conjunction with the differential input
      amplifier makes the circuit compatible with all three categories of
      transducers.
PAR  In operation the circuit is interconnected to the transducer as follows
      with the specified excitation voltage.
PA1  1. .+-. 15 VDC excitation. Switch 17 is placed in position 19. Connections
      are provided for + EXCITATION (+15 volts) 14, -EXCITATION (-15 volts) 16,
      .+-. volts COMMON 15, SIGNAL HI 12, and SIGNAL LO 13. (For these devices
      which do not have an isolated output, the SIGNAL LO is jumpered to the
      .+-. volts COMMON 15.)
PA1  2. 28 .+-. 4 vdc excitation. Switch 17 is placed in position 18.
      Connections are provided for + EXCITATION 14 (+30-V.sub.2 volts),
      -EXCITATION 16 (power return), SIGNAL HI 12 and SIGNAL LO 13 (.+-. 15
      COMMON is not used). (For those devices which do not have an isolated
      output, the SIGNAL LO is jumpered to the - EXCITATION 16).
PA1  3. no excitation source. Since these input devices do not require an
      excitation source, connections need only be provided for the SIGNAL HI 12
      and SIGNAL LO 13. However, SIGNAL LO 13 is normally jumpered to the .+-.
      15 COMMON 15 to prevent the signal from drifting out of the common mode
      range of the amplifier. Switch 17 has no effect on these devices.
PAR  Present state of the art conditioners or signal processers that are
      available have very limited application due to the incompatibility with
      the transducers alluded to above. With the present invention, the range of
      application have included the three most commonly encountered categories
      of transducers commercially available.
PAR  It is contemplated that the circuit shown in this invention will be made
      part of a further processing or signal conditioning unit 51. The reason
      for this is that the circuit as shown only provides signal buffering,
      excitation voltage, and signal level shifting. It is contemplated that
      additional processing of a given device would include signal gain,
      bandpass filtering, system calibration, and finally offset adjustment. The
      present invention, therefore, properly provides an interface between
      commercially available transducers and commercially available processig
      units having the functions enumerated above.
PAR  The aerospace industry has numerous transducers requiring voltages of 28
      .+-. 4 volts on the one hand while devices requiring integrated circuits
      increasingly have settled upon .+-. 15 volts. For example, a sensor may
      require excitation of .+-. 15 volts and, have a single ended output. A
      second sensor may require 28 volts. A curent shunt may require a
      high-voltage isolation amplifier and only + 15 volts excitation. And a
      passive voltage divider may have a differential output and require no
      voltage excitation. Therefore, the present invention has numerous
      applications in both the aerospace industry and electronics area in which
      integrated circuits are used.
PAR  While the invention has been described with reference to specific
      apparatus, it is not intended to be limited thereby, for those skilled in
      the art may make many substitutions and variations without departing from
      the invention's true, scope and spirit, as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal conditioner front-end comprising:
PA1  a differential input inverting amplifier having input terminals for
      transducer SIGNAL HI and SIGNAL LO, .+-.15 VDC, -15 VDC, and COMMON; and
      output terminals for SIGNAL OUTPUT and COMMON:
PA1  first, second, and third operational amplifiers each having terminals for
      inverting and noninverting inputs, +15 VDC, -15 VDC and output;
PA2  the .+-.15 VDC terminal of each of said operational amplifiers connected to
      the +15 VDC input terminals of said differential amplifier,
PA2  the -15 VDC terminal of each of said operational amplifiers connected to
      the -15 VDC input terminal of said differential amplifier,
PA2  the output terminal is connected to the inverting input terminal of each of
      said first and second operational amplifiers; and
PA2  the SIGNAL HI input terminal of said differential amplifier is connected to
      the noninverting input terminal of said first operational amplifier,
PA2  the output terminal of said third operational amplifier is connected to the
      SIGNAL OUTPUT terminal of said differential amplifier,
PA1  a first resistive divider comprising first and second series connected
      matched resistors connected between the output terminals of said first and
      third operational amplifiers with the junction of said first and second
      resistors connected to the inverting input terminal of said third
      operational amplifier;
PA1  a second resistive divider comprising third and fourth series connected
      matched resistors connected between the output terminal of said second
      operational amplifier and the COMMON input terminal of said differential
      amplifier with the junction of said third and fourth resistors connected
      to the noninverting input terminal of said third operational amplifier;
PA1  an excitation voltage selector circuit comprising output terminals for +
      EXCITATION, - EXCITATION, and COMMON;
PA2  the +15 VDC input terminal of said differential amplifier is connected to
      the + EXCITATION output terminal of said selector circuit,
PA2  the COMMON input terminal of said differential amplifier is connected to
      the COMMON output terminal of said selector circuit,
PA1  said excitation voltage selector circuit further including switching means
      having a normally open contact terminal, a normally closed contact
      terminal and a wiper terminal,
PA2  the wiper terminal of said switching means is connected to the -EXCITATION
      output terminal of said selector circuit,
PA2  the normally closed contact terminal of said switching means is connected
      to the -15 VDC input terminal of said differential amplifier; and
PA1  a Zener diode connected between the normally closed and normally open
      contact terminals of said switching means.
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ABST
PAL  A touch actuated electronic switch is disclosed including a surface,
      accessible to the touch of a human, interconnected with a differential
      amplifier. In the preferred embodiment, if increased noise immunity or
      noise protection is desired, a twisted pair of wires is used and
      interconnected at one end with one wire electrically connected to the
      touch surface and the other substantially equal length wire being
      unconnected. Both wires, at the other end, are connected to the input to
      the differential amplifier. A common mode alternating voltage signal is
      then provided to the differential amplifier and a substantial alternating
      frequency output signal shunt is applied to the differential amplifier, in
      the preferred embodiment, across terminals conventionally used for D.C.
      offset null purposes. The output of the differential amplifier is then
      interconnected to an integrator, in the preferred embodiment a capacitor,
      and the integrator is in turn connected to an additional amplifier. The
      output terminals of the additional amplifier, in the preferred embodiment,
      act as an electrical switch with the electrical impedance across the
      output terminals in a first state assuming a high impedance, electrical
      open circuit, or "OFF" switch condition and in the second state assuming a
      low impedance, electrical short circuit, or "ON" switch condition to
      thereby approximate the two states of a conventional mechanical electrical
      switch, the condition assumed by the second amplifier being dependent upon
      whether or not an operator has touched the touch surface.
PARN
PAR  This is a continuation of application Ser. No. 323,303 filed Jan. 12, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND
PAR  The present invention generally relates to switches, more particularly
      relates to electronic switches, and still more particularly relates to
      touch actuated electronic switches.
PAR  A touch actuated electronic switch which operates upon the mere touch of an
      operator and without moving parts is deemed desirable to replace
      mechanical switching in substantially all switch applications.
PAR  Further, a touch actuated electronic switch which can be inexpensively
      fabricated, which can be fabricated in small size, which is reliable,
      which provides a high noise suppression or immunity, which is easily
      fabricated, and which operates upon input currents of a level below that
      dangerous to humans is to be desired.
PAR  The present invention provides a switch having these and other advantages.
PAC  SUMMARY
PAR  The preferred embodiment of a touch actuated electronic switch of the
      present invention includes the touch surface interconnected by a twisted
      pair of wires with the differential input of a differential amplifier. At
      the touch surface, one wire of the twisted pair is electrically
      interconnected with the touch surface and the other substantially equal
      length wire remains unconnected.
PAR  Also, in the preferred embodiment, a common mode voltage is provided from
      the conventional A.C. power lines to the differential input of the
      differential amplifier and a substantial output alternating frequency
      signal shunt is applied to the differential amplifier by the connection of
      a capacitor across terminals conventionally used for D.C. offset null
      purposes. If the differential amplifier is to be of the grounded variety,
      this common mode input may be provided by an electrical interconnection to
      the power lines through a pair of input resistors. If a switch of the
      floating variety is desired, this electrical interconnection can be
      provided, for example, by the electrical oscilllation of the secondary of
      a transformer used in the power supply to the switch.
PAR  The output from the differential amplifier is then provided to an
      integrating capacitor and to an additional amplifier with sufficient power
      capabilities to satisfy the needs of the electronic switch.
PAR  The use of a differential amplifier in the switch of the present invention
      allows increased noise immunity or suppression at least because it allows
      a substantial output signal shunt of the alternating frequency signal.
      Also, the use of a differential amplifier allows the use of a long twisted
      pair input where desirable.
PAR  It is thus a primary object of the present invention to provide a novel
      touch actuated electronic switch.
PAR  It is a further object of the present invention to provide such a switch
      which may be easily fabricated.
PAR  It is a further object of the present invention to provide such a switch
      which may be inexpensively fabricated.
PAR  It is a further object of the present invention to provide such a switch
      which may be fabricated of small size.
PAR  It is a further object of the present invention to provide such a switch
      which is reliable.
PAR  It is a further object of the present invention to provide such a switch
      with high noise suppression or immunity.
PAR  It is a further object of the present invention to provide such a switch
      where sensitivity can be controlled without significant detriment to the
      switching characteristics.
PAR  It is a further object of the present invention to provide such a switch
      which allows the touch surface to be located remotely of the remainder of
      the switch.
PAR  It is a further object of the present invention to provide such a switch
      which allows an increased suppression of ambient signals unrelated to
      actuation of the switch.
PAR  It is a further object of the present invention to provide such a switch
      which can operate on input currents of a level below that dangerous to
      humans.
PAR  These and further objects and advantages of the present invention will
      become clearer in light of the following detailed description of an
      illustrative embodiment of this invention described in connection with the
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic representation of a touch actuated electronic
      switch according to the present invention with various portions of the
      schematic enclosed within dashed lines and a combination of dashed and
      solid lines to indicate major functional blocks.
PAR  FIG. 2 shows an alternate embodiment of the present invention.
DETD
PAC  DESCRIPTION
PAR  In the figures, the touch actuated electronic switch of the present
      invention, generally designated 10, is shown as including a touch surface
      12, a differential amplifier block 14, an integrating means, in the form
      of a capacitor 16, and an additional amplifier block 18. A power supply 20
      providing power to the aforementioned parts is also shown as is a source
      of common mode alternating voltage signal, designated 22.
PAR  With more particularity, touch surface 12 in FIG. 1 is shown as connected
      to inputs 24 and 26 of differential amplifier 14 by a twisted pair of
      wires 28 and 30. Wire 28 is electrically connected between touch surface
      12 and input 26 through a resistor 32 inserted to assure a level of
      current below that dangerous to humans as between touch surface 12 and the
      remaining electronics. Similarly, wire 30 is connected to input 24 through
      a resistor 34 and is of substantially the same length as wire 28,
      extending out and in the vicinity of touch plate 12 but remaining
      unconnected. The twisted pair 28 and 30 is used to obtain a better noise
      suppression or noise immunity in conjunction with differential amplifier
      14.
PAR  Also connected to differential amplifier input terminals 24 and 26 is a
      common mode alternating voltage signal from block 22. With more
      particularity, power supply 20 includes a transformer generally designated
      36 having a primary winding 38 and a secondary winding 40. Primary winding
      38 includes terminals 42 and 44 connected to a source of alternating
      frequency power with terminal 44 shown as connected to earth ground,
      designated 46.
PAR  Block 22 is also connected between terminals 42 of transformer 36 and earth
      ground 46, as by wire 48 having one end connected to terminal 42 and the
      other end connected to a voltage divider resistor 50. Resistor 50 in turn
      is connected to a junction point 52 also connected to an additional
      voltage divider resistor 54 which, in turn, is connected to earth ground
      46 by a wire 56. Block 22 is then connected to inputs 24 and 26 by a wire
      58 extending between junction point 52 within block 22 and a further
      junction point 60 connected to input 24 through a resistor 62 and to input
      26 through a resistor 64.
PAR  The remaining parts of power supply 20 include a rectifying diode 66
      connected between a first terminal 68 of transformer secondary 40 and a
      junction point 70 also connected to one side of a filtering capacitor 72.
      The other connection to capacitor 72 is made to a junction point 74 which
      is also connected to another terminal 76 of transformer secondary 40 and
      to earth ground 46.
PAR  Differential amplifier 14 includes a conventional amplifier, designated 78,
      which in the preferred embodiment is a type of amplifier available in
      integrated form under the number designation "748" from many suppliers.
      The number "748" amplifier, designated 78 in the figures, is quite similar
      if not identical in operation and configuration to a further amplifier
      available in integrated form under the standard numerical designation
      "741" except that terminals designated 80 and 81 in the figures,
      conventionally termed offset null terminals, are interconnected with the
      outputs of the first differential stage in the "748" variety of amplifier
      78 shown in the figures and are interconnected with the emitters of the
      first stage transistors in the "741" amplifier variety, as is well-known
      to those skilled in the art.
PAR  A means for providing a substantial output signal shunt to amplifier 78 at
      the alternating frequency received at inputs 24 and 26 is shown in the
      form of capacitor 82 connected across high impedance terminals 80 and 81,
      previously used for the setting of a D.C. offset null.
PAR  Also, a resistor 83 for setting the state of switch 10 of the present
      invention is connected between terminal 81 and circuit ground 84.
PAR  Thus, amplifier 78 includes transistors 85 to 101, inclusive, diodes 110 to
      114, inclusive, and resistors 120 to 130, inclusive, conventionally
      interconnected between inputs 24 and 26 and an amplifier output 140. A
      bias terminal 142 for amplifier 78 is connected to circuit ground 84 and a
      second bias terminal 146 is connected to the source of positive D.C.
      voltage from power supply 20, as available at junction point 70, by means
      of wire 148, junction point 150, wire 152, junction point 154, wire 156,
      junction point 158, and wire 160. A load resistor 162 is then connected
      between amplifier output 140 and junction point 150.
PAR  Output 140 is also connected to junction point 164 of an additional
      amplifier 165 within differential amplifier 14. In particular, junction
      point 164 is interconnected with junction point 140 by resistor 166 and is
      also connected to the base of a transistor 168, to junction point 154 by a
      resistor 170, and to circuit ground 84 by a resistor 172. Transistor 168
      has its emitter connected to junction point 154 its collector connected to
      the output 174 for composite and its amplifier 14.
PAR  Output 174 of amplifier 14 is then connected to a junction point 176
      through a wire 178. Junction point 176 is further connected to circuit
      ground 84 through a parallel connection of capacitor 16 and a resistor
      180. Junction point 176 is also connected to the input 182 to amplifier 18
      through a resistor 183.
PAR  Amplifier 18 includes a Darlington arrangement of NPN transistors 184 and
      186 having their common collectors connected to junction point 158 through
      a current limiting resistor 188. The base of transistor 184 is connected
      to amplifier input 182, while the emitter of transistor 186 is connected
      to the base of a further NPN transistor 190 and to circuit ground 84
      through a series connection of resistor 192, diode 194, junction point
      196, and resistor 198. The collector of transistor 190 is also connected
      to junction point 158 through a further current limiting resistor 200.
      Junction point 196 is also connected to the emitter of transistor 190 and
      to the base of a further NPN transistor 202 which has its collector
      connected to output 204 of amplifier 18 and its emitter connected to
      circuit ground 84.
PAR  The load resistor for the present invention is generally designated 206 and
      shown as connected between output 204 and junction point 158. It will be
      recognized by those skilled in the art that load resistor 206 may
      represent an actual resistor or any other electronic load for the switch
      10 of the present invention. Depending upon the current requirements of
      the actual load required to be switched, as represented by load resistor
      206, the precise configuration of the electronic switch of the present
      invention will be set. That is, while the switch will always include an
      amplifier 14 having a differential input, the precise number of
      amplification stages will be dictated by the current requirements and
      nature of the load. That is, since the input current desired to be
      utilized is below the threshold found harmful to humans, i.e. below 1
      microamp, the number of amplification stages necessary to amplify and
      sense this current reliably and provide the desired output current to load
      206 will simply be the number of stages required to provide whatever
      output current is desired from the preferred low level input current
      available. Therefore, the configuration of amplifier 14 may change
      radically as by increasing in amplification stages, generally with an
      increasing output current requirements, or decreasing in amplification
      stages. Also, the exact configuration of amplifier 18 will change with
      changing requirements on the switch and may not be required at all.
PAR  Preferred values for various of the components of the switch 10 of the
      present invention may now be given. The voltage provided by power supply
      20 is of a polarity and value compatible with the remainder of the
      circuit. In the preferred embodiment shown, a voltage at junction point 70
      is shown as positive with respect to circuit ground 84 and of a value of
      15 volts. No limitation whatever to this polarity or value is intended.
PAR  Further, as a general comment, while preferred values of electronic
      components are given hereinafter, it will be realized by those skilled in
      the art that no limitation to these values is intended unless specifically
      indicated. The values are given as a guide and as an aid to persons
      lawfully using and utilizing the present invention.
PAR  The value of resistors 32 and 34 are in the megohm range and, as indicated,
      are intended to protect the user of the touch surface 12 from any possible
      electrical shock hazard, electrical insulation breakdown, or the like.
PAR  Resistors 62 and 64 are in the range of 100 kilohms to 50 megohms with a
      preferred value in the area of 5 megohms. With a low value of resistance,
      a lower differential signal input is provided to actuate the switch, as
      will be explained hereinafter. Conversely, a higher value allows an easier
      actuation of the switch by providing a higher differential signal input.
PAR  Resistors 50 and 54 are for voltage division of an alternating voltage
      signal and are generally in the range of 10 kilohms into the megohm area.
      Also, block 22 including these resistors may take other forms and yet
      provide the common mode signal requirements of the present invention.
      These other forms may embody a transformer with an output at the desired
      voltage, possibly a voltage tap on transformer 36 of power supply 20, a
      large series resistor to reduce voltage and current to desired values, an
      oscillator, or the like.
PAR  The value of resistor 83 is in the range of 100 kilohm to 100 megohm with
      the lower range of resistances providing a lower switch sensitivity and
      higher noise immunity.
PAR  The value of capacitor 82 is in the range of 1000 picofarads to 0.1
      microfarad with a sensitivity reduction noticed at approximately 0.05
      microfarad. Operational results have been achieved at values of capacitor
      82 up to more than two microfarads, however, with a decrease in
      sensitivity for the circuit.
PAR  The alternating frequency for which all values are chosen is 60 hertz, the
      conventional powerline frequency available without effort. Other
      frequencies may be used.
PAR  The value of capacitor 16 is on the order of 1000 picofarads and is chosen
      at such value since a capacitor of this size may be currently fabricated
      by integration or a thick film technique so as to be mass produced in
      sizes on the order of a few thousandths of an inch square. The value of
      capacitor 16 is also selected to assure that the output current from
      amplifier 14 is sufficient to charge capacitor 16 within the period of the
      alternating frequency of interest to thus provide a rapid actuation of the
      switch.
PAR  Resistor 180 has been found useful to aid the recycling time of the switch
      of the present invention. Values on the order of 20 megohms have been
      found to provide such an advantage while not substantially discharging
      capacitor 16 in the active mode of the switching circuitry.
PAC  OPERATION
PAR  Basically, the switch 10 of the present invention operates upon the touch
      of surface 12 by an operator. The capacitance of the operator's body,
      found to be approximately 100 picofarads, provides an unbalanced or
      differential input signal to differential amplifier 14 which affects the
      charge of capacitor 16. The charge of capacitor 16 then affects the state
      of amplifier 18 such that the electrical impedance between terminals 204
      and circuit ground 84 take a first state assuming a high impedance,
      electrical open circuit, or "OFF" switch condition or a second state
      assuming a low impedance, electrical short circuit, or "ON" switch
      condition to thereby approximate the two states of a conventional
      mechanical electrical switch, with the condition assumed by the impedance
      between terminals 204 and 84 being dependent upon whether or not an
      operator has touched the touch surface 12.
PAR  More particularly, common mode block 22 provides an alternating voltage
      common mode signal to both unbiased inputs 24 and 26 of differential
      amplifier 14. Because of well-known differential amplifier
      characteristics, there is no change of signal output at output 174 of
      differential amplifier 14, i.e. ideally, equal signals at the differential
      inputs 24 and 26 produces no differing output.
PAR  Assuming amplifier 14 is operated such that the quiescent D.C. voltage at
      output 140 of amplifier 78 is either near the supply voltage appearing at
      junction point 150 or near the voltage appearing at circuit ground 84,
      transistor 168 is either fully conducting or fully nonconducting. Thus,
      the voltage upon capacitor 16 is either the supply voltage or zero
      voltage. This will be the normal condition assuming that amplifier 78 is
      operating in an open loop, full gain condition since its gain is typically
      200,000 volts per volt for a "748" amplifier, and any small D.C. imbalance
      will cause the output to approach its voltage limits.
PAR  The particular state of the output 140 of amplifier 78 is either controlled
      internally, as with some amplifiers, or by other means such as optional
      resistor 83 which by its impedance to circuit ground from terminal 81
      controls the voltage at output 140 of amplifier 78 to near supply voltage
      with no operator's touch at touch surface 12. The state of amplifier 78
      may then be changed by attaching resistor 83 to terminal 80 or by other
      conventional means, if desired.
PAR  Notice that this flexibility in the state of amplifier 78, and thus the
      state of the entire amplifier 14, allows the switch 10 of the present
      invention to exist in either an "ON" or "OFF" switch condition indicated
      above before the operator's touch and the converse switch condition after
      the operator's touch. Further, by appropriate latching or other feedback,
      the switch 10 of the present invention can be made as a latching switch or
      any other switch configuration rather than the momentary switch discussed
      above.
PAR  Assuming for discussion a quiescent condition with the voltage at junction
      point 140 approaching the supply voltage at junction point 150, transistor
      168 is in a cutoff condition during this quiescent state, and no voltage
      exists across capacitor 16. This renders the transistors within amplifier
      18 nonconducting and causes a high impedance to exist across switch
      terminals 204-84.
PAR  Assuming this quiescent condition for the switch, the operator's touch at
      touch surface 12 provides a capacitance of approximately 100 picofarads
      between input 26 to differential amplifier 14 and ground and provides an
      unbalanced or differential signal to amplifier 14. That is, a current
      flows around a loop from block 22, through resistor 64, through resistor
      32, through touch plate 12, through the capacitance of the human, and to
      ground. This current causes an imbalance which causes an input signal to
      differential amplifier 14 causing the amplifier to change states at output
      140.
PAR  It is to be noticed at this point that capacitor 82 across what are
      conventionally direct current offset voltage null terminals provides a
      substantial output shunt which eliminates the effect of small imbalances
      and allow the switch of the present invention to operate. Without this
      output shunt, noise probelms can prevent proper operation of the switch 10
      of the present invention.
PAR  Thus, assuming noise problems have been eliminated and a change of state
      has been caused at output 140 as discussed above, the state of transistor
      168 is changed, capacitor 16 is charged, and the charge upon capacitor 16
      in conjunction with transistor 184 appears as a current source to
      amplifier 18. This input current renders the transistors within amplifier
      18 conducting and causes a change of state in switch 10 such that output
      terminals 204-84 change from a high impedance to a low impedance
      condition.
PAR  It may also be desirable to remove one or more of the connections between
      circuit ground and earth ground in the switch of the present invention and
      float the switch with respect to ground. In this case, the circuitry of
      the present invention can remain unchanged, or block 22 and its associated
      common mode signal may be eliminated if oscillation is provided to
      amplifier 14 through a floating power supply 20 or other technique as set
      forth in application Ser. No. 235,671 filed Mar. 17, 1972 for "Touch
      Actuated Electronic Switch" in the name of Willis A. Larson, now U.S. Pat.
      No. 3,862,432.
PAR  Another embodiment of the present invention is shown generally in block
      form in FIG. 2. In this embodiment, an unbalanced input signal is
      purposely provided to differential amplifier 14 by the addition of
      capacitor 210 between input 26 and earth ground 46. Capacitor 210, in the
      preferred embodiment, is approximately 100 picofarads to substantially
      equal the nominal capacitance of a human. This unbalanced input then
      causes a first output switch state.
PAR  Upon touching surface 12, in this embodiment connected to wire 30, the
      operator adds a capacitance balancing capacitor 210 and the input to
      amplifier 14 is again brought into balance to thus change the output
      switch state and indicate a switch actuation.
PAR  Thus, since the invention disclosed herein may be embodied in other
      specific forms without departing from the spirit or general
      characteristics thereof, some of which forms have been indicated, the
      embodiments described herein are to be considered in all respects
      illustrative and not restrictive. The scope of the invention is indicated
      by the appended claims, rather than by the foregoing description, and all
      changes which come within the meaning and range of equivalency of the
      claims are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A touch actuated electronic switch, comprising in combination:
      differential amplifier means including first signal input means and second
      signal input means for receiving differential signals to be amplified and
      including signal output means for providing an amplified output signal
      related to an input signal received; a touch surface; means for providing
      an electrical connection between the touch surface and an input means to
      the differential amplifier means; means for receiving an alternating
      frequency voltage; means for providing an electrical connection between
      the receiving means and the differential amplifier means to provide a
      substantially equal common mode alternating voltage to the differential
      amplifier input means; integrating means; and means for providing an
      electrical connection between the output means of the differential
      amplifier means and the integrating means.
NUM  2.
PAR  2. The touch actuated electronic switch of claim 1, including means for
      providing a substantial output signal shunt to the differential amplifier
      means at the alternating frequency received from the receiving means.
NUM  3.
PAR  3. The touch actuated electronic switch of claim 2, including additional
      amplifier means including signal input means for receiving a signal to be
      amplified and signal output means for providing an amplified signal
      output; and means for providing an electrical connection between the
      integrating means and the input means of the additional amplifier means.
NUM  4.
PAR  4. The touch actuated electronic switch of claim 3 wherein the means for
      providing an electrical connection between the receiving means and the
      differential amplifier includes impedance means connected to the first
      signal input means and impedance means connected to the second signal
      input means.
NUM  5.
PAR  5. The touch actuated electronic switch of claim 4, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential amplifier means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential amplifier
      means and the second wire connected to the remaining signal input means of
      the differential amplifier means for better providing noise immunity
      between the touch surface and the differential amplifier means.
NUM  6.
PAR  6. The touch actuated electronic switch of claim 2, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential amplifier means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential amplifier
      means and the second wire connected to the remaining signal input means of
      the differential amplifier means for better providing noise immunity
      between the touch surface and the differential amplifier means.
NUM  7.
PAR  7. The touch actuated electronic switch of claim 2, wherein the means for
      providing an electrical connection between the receiving means and the
      differential amplifier includes impedance means connected to the first
      signal input means and impedance means connected to the second signal
      input means.
NUM  8.
PAR  8. The touch actuated electronic switch of claim 7, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential amplifier means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential amplifier
      means and the second wire connected to the remaining signal input means of
      the differential amplifier means for better providing noise immunity
      between the touch surface and the differential amplifier means.
NUM  9.
PAR  9. The touch actuated electronic switch of claim 1 wherein the means for
      providing an electrical connection between the receiving means and the
      differential amplifier includes impedance means connected to the first
      signal input means and impedance means connected to the second signal
      input means.
NUM  10.
PAR  10. The touch actuated electronic switch of claim 1, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential amplifier means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential amplifier
      means and the second wire connected to the remaining signal input means of
      the differential amplifier means for better providing noise immunity
      between the touch surface and the differential amplifier means.
NUM  11.
PAR  11. A touch actuated electronic switch, comprising in combination:
      differential sensing means including first signal input means and second
      signal input means for receiving differential signals and including signal
      output means for providing an output signal related to the input signals
      received; a single touch surface; means for providing an electrical
      connection between the touch surface and an input means to the
      differential sensing means; means for receiving an alternating voltage;
      means for providing an electrical connection between the receiving means
      and the diffential sensing means to provide a substantially equal common
      mode alternating voltage to the input means of the sensing means.
NUM  12.
PAR  12. The touch actuated electronic switch of claim 11, including integrating
      means; and means for providing an electrical connection between the output
      means of the differential sensing means and the integrating means.
NUM  13.
PAR  13. The touch actuated electronic switch of claim 12, wherein the means for
      providing an electrical connection between the output means of the
      differential sensing means and the integrating means comprises
      unidirectional conduction means.
NUM  14.
PAR  14. The touch actuated electronic switch of claim 13, wherein the
      differential sensing means comprises differential amplifier means.
NUM  15.
PAR  15. The touch actuated electronic switch of claim 14, wherein the
      differential amplifier means is arranged to provide substantially open
      loop gain.
NUM  16.
PAR  16. The touch actuated electronic switch of claim 14, including means for
      providing a substantial output signal shunt to the differential amplifier
      means at the alternating frequency received from the receiving means.
NUM  17.
PAR  17. The touch actuated electronic switch of claim 16, wherein the
      differential amplifier means includes offset voltage null terminals and
      wherein the means for providing the substantial output signal shunt
      includes impedance means connected across the offset null terminals.
NUM  18.
PAR  18. THe touch actuated electronic switch of claim 17, wherein the shunt
      impedance means includes a capacitor.
NUM  19.
PAR  19. The touch actuated electronic switch of claim 14, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential sensing means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential sensing
      means and the second wire connected to the remaining signal input means of
      the differential sensing means for better providing noise immunity between
      the touch surface and the differential sensing means.
NUM  20.
PAR  20. The touch actuated electronic switch of claim 14, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  21.
PAR  21. The touch actuated electronic switch of claim 14, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  22.
PAR  22. The touch actuated electronic switch of claim 21, wherein the means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals comprises impedance.
NUM  23.
PAR  23. The touch actuated electronic switch of claim 22, wherein the impedance
      for causing the differential sensing means to assume a preferred output
      state in the absence of input signals comprises a capacitor connected to a
      signal input means of the sensing means.
NUM  24.
PAR  24. The touch actuated electronic switch of claim 12, wherein the
      differential sensing means comprises differential amplifier means.
NUM  25.
PAR  25. The touch actuated electronic switch of claim 24, wherein the
      differential amplifier means is arranged to provide substantially open
      loop gain.
NUM  26.
PAR  26. The touch actuated electronic switch of claim 24, including means for
      providing a substantial output signal shunt to the differential amplifier
      means at the alternating frequency received from the receiving means.
NUM  27.
PAR  27. The touch actuated electronic switch of claim 26, wherein the
      differential amplifier means includes offset voltage null terminals and
      wherein the means for providing the substantial output signal shunt
      includes impedance means connected across the offset null terminals.
NUM  28.
PAR  28. The touch actuated electronic switch of claim 27, wherein the shunt
      impedance means includes a capacitor.
NUM  29.
PAR  29. The touch actuated electronic switch of claim 24, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential sensing means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential sensing
      means and the second wire connected to the remaining signal input means of
      the differential sensing means for better providing noise immunity between
      the touch surface and the differential sensing means.
NUM  30.
PAR  30. The touch actuated electronic switch of claim 24, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  31.
PAR  31. The touch actuated electronic switch of claim 24, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  32.
PAR  32. The touch actuated electronic switch of claim 31, wherein the means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals comprises impedance.
NUM  33.
PAR  33. The touch actuated electronic switch of claim 32, wherein the impedance
      for causing the differential sensing means to assume a preferred output
      state in the absence of input signals comprises a capacitor connected to a
      signal input means of the sensing means.
NUM  34.
PAR  34. The touch actuated electronic switch of claim 12, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential sensing means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential sensing
      means and the second wire connected to the remaining signal input means of
      the differential sensing means for better providing noise immunity between
      the touch surface and the differential sensing means.
NUM  35.
PAR  35. The touch actuated electronic switch of claim 12, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  36.
PAR  36. The touch actuated electronic switch of claim 11, wherein the
      differential sensing means comprises differential amplifier means.
NUM  37.
PAR  37. The touch actuated electronic switch of claim 36, wherein the
      differential amplifier means is arranged to provide substantially open
      loop gain.
NUM  38.
PAR  38. The touch actuated electronic switch of claim 36, including means for
      providing a substantial output signal shunt to the differential amplifier
      means at the alternating frequency received from the receiving means.
NUM  39.
PAR  39. The touch actuated electronic switch of claim 38, wherein the
      differential amplifier means includes offset voltage null terminals and
      wherein the means for providing the substantial output signal shunt
      includes impedance means connected across the offset null terminals.
NUM  40.
PAR  40. The touch actuated electronic switch of claim 39, wherein the shunt
      impedance means includes a capacitor.
NUM  41.
PAR  41. The touch actuated electronic switch of claim 36, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential sensing means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential sensing
      means and the second wire connected to the remaining signal input means of
      the differential sensing means for better providing noise immunity between
      the touch surface and the differential sensing means.
NUM  42.
PAR  42. The touch actuated electronic switch of claim 36, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  43.
PAR  43. The touch actuated electronic switch of claim 42, wherein the means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals comprises impedance.
NUM  44.
PAR  44. The touch actuated electronic switch of claim 43, wherein the impedance
      for causing the differential sensing means to assume a preferred output
      state in the absence of input signals comprises a capacitor connected to a
      signal input means of the sensing means.
NUM  45.
PAR  45. The touch actuated electronic switch of claim 11, wherein the means for
      providing an electrical connection between the touch surface and an input
      to the differential sensing means comprises a twisted pair of wires with
      one wire connected to one signal input means of the differential sensing
      means and the second wire connected to the remaining signal input means of
      the differential sensing means for better providing noise immunity between
      the touch surface and the differential sensing means.
NUM  46.
PAR  46. The touch actuated electronic switch of claim 11, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  47.
PAR  47. The touch actuated electronic switch of claim 11, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  48.
PAR  48. The touch actuated electronic switch of claim 47, wherein the means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals comprises impedance.
NUM  49.
PAR  49. The touch actuated electronic switch of claim 48, wherein the impedance
      for causing the differential sensing means to assume a preferred output
      state in the absence of input signals comprises a capacitor connected to a
      signal input means of the sensing means.
NUM  50.
PAR  50. A touch actuated electronic switch, comprising in combination:
      differential sensing means including first signal input means and second
      signal input means for receiving differential signals and including signal
      output means for providing an output signal related to the input signals
      received; a touch surface; means for providing an electrical connection
      between the touch surface and the input means to the differential sensing
      means comprising a twisted pair of wires of long length, with an end of
      the pair of wires having one wire connected to the first signal input
      means and having the remaining wire connected to the second signal input
      means; means for receiving an alternating frequency voltage; means for
      providing an electrical connection between the receiving means and the
      differential sensing means to provide a substantially equal common mode
      alternating frequency voltage to the input means of the sensing means.
NUM  51.
PAR  51. The touch actuated electronic switch of claim 50, including integrating
      means; and means for providing an electrical connection between the output
      means of the differential sensing means and the integrating means.
NUM  52.
PAR  52. The touch actuated electronic switch of claim 51, wherein the means for
      providing an electrical connection between the output means of the
      differential sensing means and the integrating means comprises
      unidirectional conduction means.
NUM  53.
PAR  53. The touch actuated electronic switch of claim 52, wherein the
      differential sensing means comprises differential amplifier means.
NUM  54.
PAR  54. The touch actuated electronic switch of claim 53, wherein the
      differential amplifier means is arranged to provide substantially open
      loop gain.
NUM  55.
PAR  55. The touch actuated electronic switch of claim 53, including means for
      providing a substantial output signal shunt to the differential amplifier
      means at the alternating frequency received from the receiving means.
NUM  56.
PAR  56. The touch actuated electronic switch of claim 55, wherein the
      differential amplifier means includes offset voltage null terminals and
      wherein the means for providing the substantial output signal shunt
      includes impedance means connected across the offset null terminals.
NUM  57.
PAR  57. The touch actuated electronic switch of claim 56, wherein the shunt
      impedance means includes a capacitor.
NUM  58.
PAR  58. The touch actuated electronic switch of claim 53, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  59.
PAR  59. The touch actuated electronic switch of claim 53, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  60.
PAR  60. The touch actuated electronic switch of claim 51, wherein the
      differential sensing means comprises differential amplifier means.
NUM  61.
PAR  61. The touch actuated electronic switch of claim 60, wherein the
      differential amplifier means is arranged to provide substantially open
      loop gain.
NUM  62.
PAR  62. The touch actuated electronic switch of claim 60, including means for
      providing a substantial output signal shunt to the differential amplifier
      means at the alternating frequency received from the receiving means.
NUM  63.
PAR  63. The touch actuated electronic switch of claim 62, wherein the
      differential amplifier means includes offset voltage null terminals and
      wherein the means for providing the substantial output signal shunt
      includes impedance means connected across the offset null terminals.
NUM  64.
PAR  64. The touch actuated electronic switch of claim 63, wherein the shunt
      impedance means includes a capacitor.
NUM  65.
PAR  65. The touch actuated electronic switch of claim 60, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  66.
PAR  66. The touch actuated electronic switch of claim 60, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  67.
PAR  67. The touch actuated electronic switch of claim 66, wherein the means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals comprises impedance.
NUM  68.
PAR  68. The touch actuated electronic switch of claim 67, wherein the impedance
      for causing the differential sensing means to assume a preferred output
      state in the absence of input signals comprises a capacitor connected to a
      signal input means of the sensing means.
NUM  69.
PAR  69. The touch actuated electronic switch of claim 51, wherein the means for
      receiving the alternating voltage comprises means for receiving and
      alternating voltage at power frequencies.
NUM  70.
PAR  70. The touch actuated electronic switch of claim 50, wherein the
      differential sensing means comprises differential amplifier means.
NUM  71.
PAR  71. The touch actuated electronic switch of claim 70, wherein the
      differential amplifier means is arranged to provide substantially open
      loop gain.
NUM  72.
PAR  72. The touch actuated electronic switch of claim 70, including means for
      providing a substantial output signal shunt to the differential amplifier
      means at the alternating frequency received from the receiving means.
NUM  73.
PAR  73. The touch actuated electronic switch of claim 72, wherein the
      differential amplifier means includes offset voltage null terminals and
      wherein the means for providing the substantial output signal shunt
      includes impedance means connected across the offset null terminals.
NUM  74.
PAR  74. The touch actuated electronic switch of claim 73, wherein the shunt
      impedance means includes a capacitor.
NUM  75.
PAR  75. The touch actuated electronic switch of claim 70, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  76.
PAR  76. The touch actuated electronic switch of claim 75, wherein the means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals comprises impedance.
NUM  77.
PAR  77. The touch actuated electronic switch of claim 76, wherein the impedance
      for causing the differential sensing means to assume a preferred output
      state in the absence of input signals comprises a capacitor connected to a
      signal input means of the sensing means.
NUM  78.
PAR  78. The touch actuated electronic switch of claim 70, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  79.
PAR  79. The touch actuated electronic switch of claim 50, wherein the means for
      receiving the alternating voltage comprises means for receiving an
      alternating voltage at power frequencies.
NUM  80.
PAR  80. The touch actuated electronic switch of claim 50, including means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals.
NUM  81.
PAR  81. The touch actuated electronic switch of claim 80, wherein the means for
      causing the differential sensing means to assume a preferred output state
      in the absence of input signals comprises impedance.
NUM  82.
PAR  82. The touch actuated electronic switch of claim 81, wherein the impedance
      for causing the differential sensing means to assume a preferred output
      state in the absence of input signals comprises a capacitor connected to a
      signal input means of the sensing means.
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ABST
PAL  The disclosed synchronizing circuit employs flip-flops to synchronize a
      data signal to a clock pulse. The two flip-flops are controlled by the
      clock pulse and a delayed data signal to at least one of the flip-flops,
      the other flip-flop also being controlled by a delayed data signal or the
      data signal directly. A temporizing circuit receives the clock pulse and
      the output signal of one flip-flop and delivers a signal having a variable
      time delay according to the phase conditions between the data signal and
      the clock pulse. An AND gate or an appropriately connected JK flip-flop
      receives the output signal of the other flip-flop and the output signal of
      the temporizing circuit to provide the desired synchronized output pulse.
      This synchronizing circuit protects against the flip-flops synchronizing
      in an unstable state due to the critical period of the sampling edge of
      the clock pulse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improvement to electronic synchronizing
      circuits designed to protect them from instability.
PAR  One well known method to synchronize a data signal to a control pulse
      signal without fixed phase relations between them makes use of flip-flops.
      A flip-flop is a two stable state electronic circuit having the ability to
      change from one state to the other on application of a control pulse or
      "clock pulse." The change in the state of the flip-flop takes place on the
      leading or the trailing edge, of the so called "sampling edge," of the
      clock pulse according to the type of flip-flop employed. For each
      flip-flop type, recommended operating conditions indicate a minimum time
      preceding and following the middle of the sampling edge which constitutes
      a critical period in which the received signal on an input must not change
      in state. Experience shows that, when the signal to be synchronized
      changes state during this critical period, the clock pulse may present
      insufficient power to set the flip-flop properly, thus, providing an
      output which is held in the unstable state. Some tests have measured the
      duration of this unstable state, which for a flip-flop having a typical
      switching time of 10 to 20 nanoseconds, may reach several thousand
      nanoseconds. Now in many fields, especially in that of computers, it is
      important that the output signal is stable at the time it is examined.
PAR  A mathematical study of this phenomenom carried out at the Washington
      University (Technical Report No. 15, November 1969) has estimated that the
      probability of the output voltage of a flip-flop being found outside the
      unstable region after a time t is a function such as 1-e t/.tau.(.tau.
      being a time constant characteristic of the employed flip-flop).
      Therefore, a generally selected solution consists of enabling the output
      information of the flip-flop only after a time T after which the
      probability of being in an unstable state is acceptable. However, a
      disadvantage of this solution is the systematic delay of the information
      generated, whereas the probability that the change in the state of the
      signal to be synchronized, on one hand, takes place within the critical
      period and, on the other hand, involves the instability of the output
      state of the flip-flop, is low.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a synchronizing device
      with variable delay enabling taking into account the output information of
      the synchronizing device after a time delay only when the signal to be
      synchronized is in critical phase relations with the sampling edge, i.e.,
      when the change in the state of the signal to be synchronized takes place
      within the critical period.
PAR  A feature of the present invention is the provision of an electronic
      synchronizing circuit employing two stable flip-flops to synchronize a
      data signal by a clock signal, the data signal having no fixed phase
      relation with the clock signal, ensuring the protection of a synchronized
      signal from an unstable state of the flip-flops comprising: two flip-flops
      each receiving the clock signal and the data signal; at least one delay
      circuit coupled to one of the two flip-flops to couple the data signal to
      the one of the two flip-flops after a first given time delay greater than
      a critical period of the flip-flops; a temporizing circuit coupled to the
      one of the two flip-flops receiving the clock signal and the output signal
      of the one of the flip-flops to provide a control signal having a variable
      delay with respect to the clock signal according to the phase relation
      between the clock signal and the data signal; and a logic circuit coupled
      to the temporizing circuit and the other of the two flip-flops to provide
      a stable logical signal representing the output state of the other of the
      two flip-flops when the control signal is present.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a simplified block diagram of a synchronizing device protected by
      a constant delay known in the prior art;
PAR  FIG. 2 is a block and schematic diagram of a synchronizing device with a
      variable delay in accordance with the principles of the present invention
      with the synchronization being made on the leading edge of the data
      signal;
PAR  FIG. 3A is a block and schematic diagram of a synchronizing device with a
      variable delay in accordance with the principles of the present invention
      with synchronization being made on the leading and the trailing edges of
      the data signal;
PAR  FIG. 3B shows a timing diagram of "data" inputs of the flip-flops of FIG.
      3A; and
PAR  FIG. 4 is a detailed block and schematic diagram of the synchronizing
      device according to the principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a prior art synchronizing device with a constant delay
      comprising a flip-flop B, a delay circuit 1 providing a delay T and an AND
      gate 3 with one input terminal connected to the output QB of the flip-flop
      B and the other input terminal connected to the output of delay circuit 1.
      AND gate 3 recopies on its output F the state of the output QB of
      flip-flop B a time T after the sampling edge of the clock pulse S is
      applied, on one hand, to the "clock input" of flip-flop B and, on the
      other hand, to delay circuit 1. The state of the output QB of flip-flop B
      is a function of the state of the data signal R during the critical period
      covering the sampling edge of clock pulse S. The difficulty in estimating
      the probability that the flip-flop B is in an unstable state after a given
      time leads to selecting a high value of T with respect to the switching
      time of the flip-flop. The delay thus introduced in generating of the
      output data F is at least equal to T, which does not constitute a
      negligible loss of time when taking into account the low probability that
      the clock pulse S and the data signal R are in the critical phase
      conditions.
PAR  FIG. 2 is a block and schematic diagram of one embodiment of a
      synchronizing device with a variable delay in accordance with the
      principles of the present invention. FIG. 2 illustrates a synchronizing
      device carrying out a synchronization of the leading edge of a data signal
      R with the sampling edge of a clock pulse S. The synchronization is made
      on the leading or trailing edge according to whether the flip-flops are D
      or J-K type.
PAR  The device shown in FIG. 2 comprises a flip-flop A, triggered by the clock
      pulse S and receiving the data signal R delayed by a time d by the delay
      circuit 2; a flip-flop B, triggered by the clock pulse S and directly
      receiving the data signal R; a temporizing circuit Te, one input being
      connected to the clock inputs of flip-flops A and B and the other input
      being connected to the output QA of flip-flop A; and an AND gate 3
      receiving on its inputs, on one hand, the output signal of temporizing
      circuit Te and, on the other hand, the state of the output QB of flip-flop
      B and recopying on its output F the state of the output QB of flip-flop B,
      when the output of temporizing circuit Te is in the logical state 1.
PAR  The temporizing circuit Te comprises one capacitor C, one terminal of which
      is connected to the ground M; a first charge circuit for capacitor C
      constituted by a resistor 4 receiving the clock pulse S; a second charge
      circuit for capacitor C constituted by a resistor 5 connected to the
      output QA of flip-flop A through a diode D; and a voltage comparator 6
      which is supplied with the voltage across the capacitor C, on one hand, a
      reference voltage Re, on the other hand, and providing a logical state 1
      output to AND gate 3 when the voltage across capacitor C is at least equal
      to reference voltage Re.
PAR  The data signal R is applied to flip-flop A after a delay d, which is
      longer than the duration of the critical period of flip-flops A and B, so
      that, if the output of one flip-flop (QA or QB) is in an unstable state,
      then the output of the other flip-flop is in a stable state. This stable
      state will be one of the logical states 0 or 1. Thus, the outputs QA and
      QB of flip-flops A and B cannot be in an unstable state simultaneously. In
      addition, if the output QB of flip-flop B presents an unstable state, the
      output QA of flip-flop A is then in the state 0, because of the delay of
      the input signal of flip-flop A introduced by the circuit 2. But, if the
      output QA of flip-flop A presents an unstable state, the output QB of
      flip-flop B is then in the state 1. Other output states of flip-flops A
      and B may be also found, namely either both the outputs QA and QB are
      stable in the state 0 or in the state 1, or the output QA is in the state
      0 and the output QB is in the state 1. The operating of the circuit of
      FIG. 2 will be studied for various output states of flip-flops A and B and
      more particularly when one of these presents an unstable state.
PAC  1ST CASE: QA IN THE STATE 0 AND QB IN AN UNSTABLE STATE
PAR  This case may be found when the sampling edge of the clock pulse S and the
      leading edge of the data signal R are in critical phase conditions. The
      clock pulse S charges capacitor C through resistor 4. When the voltage
      across capacitor C reaches the reference voltage Re, this causes the
      output voltage comparator 6 to change from 0 to 1, thus enabling AND gate
      3 which passes the state of the output QB to the output F of AND gate 3.
      The resistance of resistor 4 is selected so that the output QB of
      flip-flop B is stable when the output of comparator 6 is in the state 1,
      i.e., after a time T.
PAC  2ND CASE : QA AND QB IN THE STATE 1
PAR  The state 1 of the output QA of flip-flop A causes capacitor C to be
      charged through resistor 5 and diode D. Capacitor C is also charged by the
      clock pulse S through resistor 4 and the voltage across the terminals of
      capacitor C reaches the reference voltage Re rapidly causing the output
      state of comparator 6 to change state. The state of the output QB is then
      transferred to the output F of AND gate 3 a time t after the sampling edge
      of the pulse S. This time t is smaller as the resistance of resistor 5,
      the apparent resistance of diode D and the propagation times of flip-flop
      A, comparator 6 and AND gate 3 are made smaller.
PAC  3RD CASE: QA IN UNSTABLE STATE AND QB IN THE STATE 1
PAR  This case may be found when the sampling edge of the pulse S and the
      leading edge of the signal supplied by delay circuit 2 from the data
      signal R, are in critical phase conditions. It has been seen (1st case),
      when the output QA is in the state 0 capacitor C is charged, through
      resistor 4, by clock pulse S, but each positive pulse produced on the
      output QA also charges capacitor C through diode D and resistor 5. The
      state 1 of the output QB is transferred to the output F of AND gate 3 when
      the output of comparator 6 changes state, i.e., a time t1 after the
      sampling edge of clock pulse S, which is between the time T (1st case) and
      the time t (2nd case).
PAR  When the outputs QA and QB are stable in states 0 and 1, respectively,
      capacitor C charged through resistor 4 by clock pulse S commands through
      comparator 6 and AND gate 3 the output F to change in state only after the
      time T as in the first case.
PAR  However, since the choice of the synchronization to the leading or the
      trailing edge of the data signal is not predetermined in the most cases
      for the synchronizing two signals, it is desirable to have a circuit which
      provides protection from the unstable state of the outputs of flip-flops
      on both of the edges of the data signal. Such a synchronizing device,
      synchronizing on the leading and trailing edges of the data signal, is
      shown in FIG. 3A. This device again includes the two flip-flops A and B,
      temporizing circuit Te and AND gate 3. FIG. 3 also includes input circuits
      for the data inputs of flip-flops A and B, include a delay circuit 9 and
      an AND gate 7 for flip-flop A and a delay circuit 10 and an OR gate 8 for
      flip-flop B. The data signal R is applied, on one hand, directly to an
      input of AND gate 7 and OR gate 8 and, on the other hand, to the other
      input of circuits 7 and 8 through delay circuit 9 and delay circuit 10,
      respectively. Signals a and b on the data inputs of flip-flops A and B,
      the data signal R and signals R(d1) and R(d2) supplied by delay circuits 9
      and 10 from the data signal are shown in FIG. 3B, in which tp is the
      propagation time of gates 7 and 8.
PAR  It will be noticed in the diagram of FIG. 3B that the leading edge of the
      signal a is delayed with respect to the leading edge of the signal R by a
      time equal to d1 + tp while the leading edge of the signal b is
      synchronized (except for the propagation time tp) with the leading edge of
      the signal R. On the other hand, the trailing edge of the signal a is
      synchronized (except for the propagation time tp) with the trailing edge
      of the signal R while the trailing edge of the signal b is delayed with
      respect to the trailing edge of the signal R by a time equal to d2 + tp.
PAR  The input circuits of flip-flops A and B so constituted allow the case of a
      synchronization on the trailing edge of the data signal being in the same
      working conditions as that of the previously studied case of a
      synchronization on the leading edge of the data signal, i.e., when the
      output QA is in unstable state, the output QB is then in the state 1, and
      when the output QB is in unstable state, the output QA is then in the
      state 0. Moreover, when flip-flops A and B are identical and propagation
      times of gates 7 and 8 equal, two equal values of delay (d1 = d2) can be
      used for delay circuits 9 and 10.
PAR  This configuration of input circuits for flip-flops A and B, enabling two
      equal delays to be used, is found again in the diagram of FIG. 4 which
      illustrates an embodiment of the synchronizing device according to the
      present invention, carrying out a synchronization of the leading and
      trailing edges of the data signal R with the sampling edge of a clock
      pulse S. The diagram of FIG. 4 is derived from the diagram of FIG. 3A and
      differs therefrom by employing a new arrangement of the temporizing
      circuit Te', the flip-flop 19 which replaces AND gate 3 in FIG. 3A and
      adding circuits to reset flip-flops A, B and 19 comprising, on one hand, a
      delay circuit 20 connected to the output of the temporizing circuit Te'
      and the "clear" imputs of flip-flops A and B and, on the other hand, a
      conductor 21 connecting the clear input of flip-flop 19 and the clock
      inputs of slip-flops A and B, thus enabling flip-flop 19 to be reset by
      the clock pulse S.
PAR  The temporizing circuit Te' comprises: one capacitor C and one voltage
      comparator 6 as previously described; a first circuit connected to the
      clock inputs of flip-flops A and B and the common terminal to capacitor C
      and comparator 6 constituted by an inverter circuit 24 and a serially
      connected resistor 17 to which a diode 18 is connected in parallel; a
      second circuit connected between the output QA of flip-flop A and the
      common terminal of capacitor C and comparator 6 including (1) a first NPN
      type transistor 12 the base of which is connected to the output QA through
      a resistor 11 and biased by positive voltage V1 and negative voltage V2
      respectively applied to the collector through a resistor 15 and to the
      emitter through a resistor 14 and (2) a second NPN type transistor 13, the
      base of which is connected to the emitter of first transistor 12, the
      emitter of which is connected to the ground M and the collector of which
      is connected to the common terminal of capacitor C and comparator 6.
PAR  At rest, i.e., when the clock pulse S does not exist, the charge of
      capacitor C is held at a higher voltage than the reference voltage Re of
      comparator 6, because the output of inverter 24 then presents a logical
      state 1. Times T, t and t1 previously defined and elapsed between the
      sampling edge of clock pulse S and the change in state of comparator 6
      output are given by the discharge of the capacitor C either through
      resistor 17 or through transistor 13 saturated by turning to state 1 of
      the output QA of flip-flop A, or by both the discharge circuits
      simultaneously. When voltage across capacitor C reaches reference voltage
      Re, the output of comparator 6 turns to the state 1 thus enabling the
      state of the output QB, which is present at the data input J of flip-flop
      19 to be transferred to the output F of flip-flop 19. The output signal of
      comparator 6 is applied, after a delay D given by circuit 20, to the clear
      inputs of flip-flops A and B, thus, setting the outputs QA and QB to the
      state 0. Likewise the state 0 of clock signal S transmitted by conductor
      21 to the clear input of flip-flop 19 keeps this flip-flop in the state 0
      until the leading edge of the next clock pulse. The state 0 of signal S
      also permits the charging again of capacitor C through diode 18, the
      output of inverter 24 being then in the state 1.
PAR  Thus, the signal which is obtained on the output F of flip-flop 19 when the
      data signal exists, is one whose the trailing edge is synchronized on the
      trailing edge of the clock pulse S and the leading edge is delayed with
      respect to the leading edge of the clock pulse with times T, t or t1
      according to the phase relation existing between the data signal R and the
      clock pulse S.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic synchronizing circuit employing two stable flip-flops to
      synchronize a data signal by a clock signal, said data signal having no
      fixed phase relation with said clock signal, ensuring the protection of a
      synchronized signal from an unstable state of said flip-flops comprising:
PA1  a first source of said data signal;
PA1  a second source of said clock signal;
PA1  two flip-flops each having at least an output, a clock input coupled to
      said second source and a data input;
PA1  at least one delay circuit having an input coupled to said first source and
      an output coupled to said data input of one of said two flip-flops to
      couple said data signal to said one of said two flip-flops after a first
      given time delay greater than a critical period of said two flip-flops;
PA1  said data input of the other of said two flip-flops being coupled to said
      first source;
PA1  a temporizing circuit having two inputs and an output, one of said two
      inputs of said temporizing circuit being coupled to said second source to
      receive said clock signal and the other of said two inputs of said
      temporizing circuit being coupled to said output of said one of said two
      flip-flops to receive the output signal of said one of said flip-flops to
      provide a control signal having a variable delay with respect to said
      clock signal according to the phase relation between said clock signal and
      said data signal; and
PA1  a logic circuit having at least two inputs and an output, one of said two
      inputs of said logic circuit being coupled to said output of said
      temporizing circuit and the other of said two inputs of said logic circuit
      being coupled to said output of the other of said two flip-flops to
      provide a stable logical signal at said output of said logic circuit
      representing the output state of said other of said two flip-flops when
      said control signal is present.
NUM  2.
PAR  2. A circuit according to claim 1, wherein
PA1  said logic circuit being an AND gate.
NUM  3.
PAR  3. A circuit according to claim 1, wherein
PA1  said logic circuit being a JK-type flip-flop.
NUM  4.
PAR  4. A circuit according to claim 1, wherein
PA1  said temporizing circuit includes
PA2  a third source of reference voltage;
PA2  a capacitor having one terminal connected to ground;
PA2  a voltage comparator coupled to said third source and the other terminal of
      said capacitor to compare the voltage across said capacitor with said
      reference voltage, the output of said comparator being connected to said
      one of said two inputs of said logic circuit, and changing logical state
      when the voltage across said capacitor equals said reference voltage;
PA2  first means connected between said other terminal of said capacitor and
      said one of said two inputs of said temporizing circuit responsive to said
      clock signal to enable said voltage across said capacitor to change, after
      a second given time delay greater than said first given time delay, from a
      rest voltage to said reference voltage, and
PA2  second means connected between said other terminal of said capacitor and
      said other of said two inputs of said temporizing circuit enabling said
      output signal of said one of said two flip-flops to change said voltage
      across said capacitor from said rest voltage to said reference voltage
      after a third given time delay less than said second given time delay when
      said output signal exists and is stable and after a fourth given time
      delay disposed between said second and third given time delays when said
      output signal is in an unstable state.
NUM  5.
PAR  5. A circuit according to claim 4, wherein
PA1  said first means provides a slow charging circuit for said capacitor and
      includes
PA2  at least one resistor to receive said clock signal coupled between said one
      of said two inputs of said temporizing circuit and said other terminal of
      said capacitor; and
PA1  said second means provides a fast charging circuit for said capacitor and
      includes
PA2  a diode coupled to said other of said two inputs of said temporizing
      circuit, and
PA2  a resistor in series with said diode and said other terminal of said
      capacitor.
NUM  6.
PAR  6. A circuit according to claim 4, wherein
PA1  said first means provides a slow discharge circuit for said capacitor and
      includes
PA2  an inverter to receive said clock signal having an output and an input,
      said input of said inverter being coupled to said one of said two inputs
      of said temporizing circuit,
PA2  at least one resistor in series between said output of said inverter and
      said other terminal of said capacitor, and
PA2  a diode connected in parallel with said one resistor, said diode charging
      said capacitor in the absence of said clock signal; and
PA1  said second means providing a fast discharge circuit for said capacitor and
      including
PA2  a transistor control circuit having an input and an output, said input of
      said transistor control circuit being connected to said other of said two
      inputs of said temporizing circuit, and
PA2  a switching transistor connected between said output of said transistor
      control circuit and said other terminal of said capacitor, said switching
      transistor being saturated by said transistor control circuit to permit a
      fast discharge of said capacitor.
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ABST
PAL  A charge coupled device analog multiplexer in which a CCD shift register is
      characterized by an array of sets of phase electrodes. A plurality of
      charge packet injection input channels lead to an electrode in each of
      preselected sets in the array. A transfer gate common to all input
      channels admits charge packets to the array. A clock applies shift
      voltages to the array to move said charge packets to the multiplexer
      output where detector means responds to charge packets appearing at the
      output.
BSUM
PAR  This invention relates to a charge couple device (CCD) analog multiplexer.
      In a further aspect, the invention relates to an isolation element charge
      coupled device multiplexer.
PAR  In the fields of communication, sonar, infrared imaging, and radar,
      electronic systems often depend on pulse multiplexing techniques to
      process sensor information to a more suitable and efficient format before
      transmission. By far the best known and most widely used pulse
      multiplexing procedures involve frequency-division or time-division.
      Multiplexing by time-division simplifies the system since relatively
      simple synchronous control replaces modulators, demodulators, carrier
      generators, and bandpass filters normally employed in frequency-division
      systems. Hence, time-division multiplexing systems offer distinct
      advantages in systems application where simplicity, reliability, and
      economics are of utmost importance.
PAR  It is highly desirable to be able to sample and store analog data
      simultaneously and with no intervening analog-to-digital conversion. To
      sample a plurality of signals simultaneously with a single gate pulse and
      then to store the analog data in a manner to be shifted sequentially out
      of the device by a simple clock controlled digital logic circuit has been
      found to be highly desirable. It has been found that charge coupled
      devices, hereinafter referred to as CCD, possess unique features which
      permit a new approach to implementation of time-division analog
      multiplexing in an integrated circuit form.
PAR  The present invention provides the ability in a CCD to store charge packets
      representative of analog data samples from a plurality of parallel input
      channels with subsequent shifting out of the device serially with no
      intervening analog-to-digital conversion.
PAR  More particularly, in accordance with the present invention, a charge
      coupled device analog multiplexer is provided in which a CCD shift
      register is characterized by an array of sets of phase electrodes and in
      which a plurality of charge injection channels are provided with one such
      channel leading to an electrode in each of a plurality of preselected
      electrode sets in the array. The sets of phase electrodes are customarily
      referred to as elements of the CCD. A transfer gate common to all of the
      output channels is then actuated to admit charge packets into the array.
      The charge packets may then be clocked to the output of the array.
PAR  In a further aspect of the invention, the input channels are connected to
      input electrodes which are separated by at least one set of electrodes to
      provide isolation of the charge packets, thereby reducing interchannel
      cross talk.
PAR  In a further aspect, attenuation effects are overcome.
DRWD
PAR  For a more complete understanding of the invention and for further objects
      and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a time-division multiplexer;
PAR  FIG. 2 illustrates a single channel output waveform from a time-division
      multiplexer;
PAR  FIG. 3 is a schematic view of a CCD multiplexer;
PAR  FIG. 4 is a plan view of an embodiment of the present invention;
PAR  FIG. 5 is a sectional view of the unit of FIG. 4 taken along lines 5--5 of
      FIG. 4;
PAR  FIG. 6 is a sectional view of the device of FIG. 4 taken along lines 6--6
      of FIG. 4;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 4;
PAR  FIG. 8 illustrates the relationship between the three phase clock signals
      employed in the system of FIG. 4;
PAR  FIG. 9 illustrates an output preamplifier circuit structure;
PAR  FIG. 10 is a schematic diagram of the circuit of FIG. 9;
PAR  FIG. 11 illustrates the sequence of operations of the system of FIG. 10;
PAR  FIG. 12 illustrates a dual isolation-element CCD multiplexer arrangement;
PAR  FIG. 13 is a schematic diagram of the dual isolation-element multiplexer
      output; and
PAR  FIG. 14 is a timing diagram for the system of FIGS. 12 and 13.
DETD
PAC  FIGS. 1 AND 2
PAR  FIG. 1 is a functional representation of a CCD multiplexer expressed in
      terms of conventional components. A plurality of input channels 10 are
      connected in parallel to a sample and hold unit 12. The input channels 10
      provide signals V.sub.1 . . . V.sub.n whose amplitudes vary with time as
      generally represented by the curves 21 . . . 25. The sample and hold unit
      2 serves a conventional and well known function of sampling the signals
      first at time T and again at time 2T and at like intervals thereafter. The
      samples thus stored in the unit 12 are then sequentially read out by
      action of a commutator 14 so that the output voltage train as a time
      function will appear as illustrated in FIG. 2. Thus, the multiplexer of
      FIG. 1 provides a pulse-amplitude-modulated output for the N inputs of
      FIG. 1. The foregoing operation requires two essential steps, (a) sample
      and hold in unit 12, and (b) commutation of the samples out through a unit
      such as commutator 14.
PAR  The present invention relates to an integrated circuit device which is
      capable of converting M parallel input channels to a single-channel
      pulse-amplitude-modulated output eliminating the need for exact timing of
      synchronized pulse generators to determine the exact time slot in which
      each output channel is sampled as is required in commutator-type systems.
PAR  In accordance with the present invention, sampled information is stored in
      a CCD as charge packets which are sequentially read out of the CCD as an
      output signal.
PAC  FIG. 3
PAR  A basic structure embodying the invention is illustrated in FIG. 3. A CCD
      delay line comprises an optional source 30 and delay line elements 1 . . .
      N, formed in a semiconductor chip such as a P-type silicon substrate.
      Samplers S.sub.1 . . . S.sub.N are provided for entering into delay line
      elements 1-N samples of the signals V.sub.1 . . . V.sub.N. The system
      provides for the simultaneous entry of the charge packets representative
      of samples of signals V.sub.1 . . . V.sub.N followed by clocking the
      packets to a single channel output line 31.
PAC  FIG. 4
PAR  A layout and design of an embodiment of the present invention is
      illustrated in FIG. 4. This embodiment will be recognized as a surface
      channel n-channel, three phase, single level metal CCD multiplexer. It
      will be apparent that a buried channel type CCD multiplexer may also be
      constructed in accordance with the present invention.
PAR  In FIG. 4 an input set of electrodes 40a-40c is adjacent to an isolation
      set 41a-41c which in turn is adjacent to an input set 42a-42c. The
      electrodes 40a-42c are supported on an oxide layer 52 which is formed on
      the top surface of a semiconductor substrate 49. In addition to electrodes
      42a-42c, an elongated transfer gate electrode 45 also is supported on the
      oxide layer 52. Transfer gate 45 has a protrusion 45a which is in
      alignment with the end of electrode 40b. It also has a protrusion 45b
      which is in alignment with the end of electrode 42b. The electrodes
      40a-40c and gate 45 are formed on the oxide layer 52 by conventional metal
      deposition techniques followed by conventional etching techniques.
PAR  The system shown in FIG. 4 is a fragmentary part of a larger structure. The
      three sets of electrodes 40a-c, 41a-c and 42a-c form two input sets and
      one isolation set. In one embodiment, the complete array had 16 sets of
      input electrodes each separated by an isolation set. FIG. 4 is
      representative of the structure. Substrate 49 has two channel stop
      diffusion zones 50 and 51 formed therein. Diffusion zone 51 is a
      continuous zone, one boundary of which corresponds to the dotted outline
      51a. The other channel stop diffusion zone 50 has a boundary indicated by
      the dotted line 50a.
PAR  One edge of the electrode array overlays the edge 50a of channel stop
      diffusion zone 50. The other edge of the electrode array overlays the edge
      51a of channel stop diffusion zone 51. One edge of channel stop zone 50 is
      broken to form inlet channels 60 and 62 and to provide bays for sample
      diodes 70 and 72. Leads 73 and 75 extend from diodes 70 and 72,
      respectively.
PAR  Transfer gate 45 extends the length of the electrode array and overlays
      parts of channels 60 and 62 as well as parts of associated diodes 70 and
      72. Optional source 30, FIG. 3, is provided for introducing minority
      carriers to the Si-SiO.sub.2 interface in order to produce a background
      charge level referred to in the art as a "fat zero."
PAC  FIGS. 5-7
PAR  In FIG. 5, a sectional view taken along lines 5--5 of FIG. 4 illustrates
      details of the input structure. Silicon chip 49 has p+ diffusion zones
      forming the channel stops 50 and 51. A silicon dioxide layer 52 extends
      over the surface of chip 49. An n+ diffusion zone forms diode 70. Contact
      to diode 70 is made through a window 54 in layer 52. An aluminum electrode
      73 contacts diode 70.
PAR  In FIG. 6, the section taken along line 6--6 of FIG. 4 passes through the
      diodes to show the relation between the diodes and the associated channel
      stop diffusion zones 50 and 51. Diodes 70 and 72 are spaced laterally. The
      channel-stop diffusion zone 51 appears to be segmented. Input electrodes
      73 and 75 contact diodes 70 and 72.
PAR  In FIG. 7, phase electrodes 40a-41c appear in section on top of oxide layer
      52.
PAC  FIG. 8
PAR  Once the charge packets are introduced into the channel between stops 50
      and 51, they may then be transferred or clocked in the direction of arrow
      58 by application of transfer voltages to the electrode array. As
      illustrated in FIG. 8, voltage .phi..sub.1 comprises a square wave voltage
      having a period t with the positive pedestal of length slightly less than
      t/2. It is required that pedestals of square waves, trapezoidal or
      otherwise shaped (a) overlap between adjacent phases, as shown, and (b)
      all phases must not be high simultaneously. The waveform .phi..sub.2 has
      the same period t but is delayed 120.degree.. The voltage .phi..sub.3 has
      the same period t but is delayed 240.degree. with respect to .phi..sub.1.
      The three phase voltages .phi..sub.1, .phi..sub.2 and .phi..sub.3 vary
      from some low potential, such as ground, to some positive voltage. In this
      embodiment, substrate 49 was biased to about -5 volts. The voltages
      .phi..sub.1-3 had a range from 0 to + 15 volts. The signal levels
      preferably then had a usable range of from somewhat above 0 volts to not
      more than about +15 volts.
PAR  Waveform .phi..sub.1 was applied to electrodes 40a, 41a and 42a. Waveform
      .phi..sub.2 was applied to electrodes 40b, 41b and 42b. Waveform
      .phi..sub.3 was applied to electrodes 40c, 41c and 42c.
PAR  A waveform .phi..sub.P/S represents the voltage waveform applied to the
      transfer gate 45. It coincides with the center portion of a selected
      pedestal in the waveform .phi..sub.2 and establishes a time gate or window
      during which charge packets simultaneously are admitted to the zone
      between channel stops 50 and 51 through all of the diodes. Such waveform
      would occur at times T, 2T, FIG. 1. Expressed mathematically, the amount
      of charge entering the potential well at the kth element from the output
      at time equal to zero, Q(k,0), is given by Equation 1:
EQU  Q(k,0) = C.sub.ox (V.sub..phi..sbsb.2 - V.sub.t - V.sub.k) (1)
PAL  where C.sub.ox is the oxide capacitance.
PAR  A charge packet, upon reaching the output, changes the output voltage by
      .DELTA.V.sub.o/p, given by
      ##EQU1##
      where Q(0,k) is the amount of charge that is remaining in the charge
      packet initially at the kth element, after being shifted to the output
      node, and C.sub.o/p is the total capacitance associated with this node.
PAR  Charge is transferred into the serial delay line at electrode 40b only when
      a potential well, a virtual drain, is created under electrode 40b and when
      the transfer gate 45 is pulsed by waveform .phi..sub.P/S to a voltage
      greater than the threshold voltage, V.sub.t, above the voltage V.sub.k
      which is the input signal voltage on diode 70a. The charge entering the
      potential well at a kth element from the output is proportional to the
      signal voltage on the input electrode leading to the diode.
PAC  FIGS. 9 and 10
PAR  On the chip 49 a preamplifier structure is provided for sensing each charge
      packet as it arrives at the output end of the multiplexer. This structure
      is useful in the operation of the device, but is not critical to the
      implementation of the multiplexer. Such a system is diagrammatically
      illustrated in FIGS. 9 and 10. FIG. 9 illustrates the structure and FIG.
      10 the circuit involved. Substrate 49 on which the surface oxide layer 52
      is formed and only the last two electrodes are shown. Voltages .phi..sub.2
      and .phi..sub.3 are applied to electrodes 40b and 40c. A field effect
      transistor comprises N+ diffusion zones 80 and 81 together with a surface
      electrode 92. An output diode is formed by zone 80 and is connected by
      conductor 83 to the base of a source-follower field effect transistor
      Q.sub.2 which comprises the N+ diffusion zones 84 and 85 and the surface
      electrode 86.
PAR  An output gate electrode 87 is positioned between .phi..sub.3 electrode and
      zone 80. A constant positive voltage V.sub.D about the same magnitude as
      the peak of voltages .phi..sub.1, .phi..sub.2 and .phi..sub.3 is applied
      to diode 84. A low level constant positive voltage is applied to electrode
      87.
PAR  Charge packets clocked under the .phi..sub.3 electrode cannot spill over
      the surface barrier created by the voltage on electrode 87 until the
      .phi..sub.3 voltage drops. The bias voltage V.sub.sub on the substrate 49
      appears across the diode formed by the diffusion zone 80. Prior to
      clocking a charge packet under the .phi..sub.3 electrode, transistor
      Q.sub.1 is pulsed on by a voltage pulse .phi..sub.PG to precharge diode 80
      to the level of V.sub.PD. Then when phase .phi..sub.3 drops, the charge
      packet spills over and partially discharges diode 80. The circuit
      including electrode 86 is very high impedance. Thus, the charge from diode
      80 is stored and controls conduction through transistor Q.sub.2. This
      controls the output voltage across resistor 88.
PAR  Thus, as shown in FIGS. 9 and 10, the on-the-chip preamplifier consists of
      an MOS precharge device and an MOS source follower which detects the
      output voltage drop caused by arriving charge packets. Diode 80 is
      precharged to a given voltage by a clock .phi..sub.PG prior to being
      partially discharged by the charge packet.
PAR  A key consideration in the performance of a CCD is how efficiently the
      charge packet is transferred from one element to the next. In general,
      there is no net loss of charge. However, a small fraction of each charge
      packet is usually left behind with each transfer. There are several
      different factors which influence the charge transfer efficiency of a CCD
      multiplexer. In a surface-channel device as above described, fast
      interface states are an important loss mechanism. Further, at high
      frequencies, the transfer efficiency becomes limited by diffusion time or
      field-aided-drift velocity effects. The resulting charge loss in the
      trailing packets will eventually become substantial. This is true even in
      buried channel structures, but more pronounced in surface channel units as
      here described. The gaps between the metal electrodes 40a-41c, FIG. 4,
      cannot be made much smaller than 10.sup.-.sup.4 inches with conventional
      integrated circuit photolithography. If the oxide layer in the gap between
      electrodes is exposed, the surface potential cannot be effectively
      controlled at such gaps. As a result, potential barriers or wells may
      exist which can degrade the charge transfer efficiency. In the CCD
      multiplexer here described, the effect of the exposed oxide is still
      greater because the channel stop 50 is interrupted to allow for the
      parallel inputs. At points of interruption, an additional gap exists
      between the serial phase electrode and the transfer gate. Thus, the charge
      transfer efficiency of a CCD multiplexer structure can be inferior to that
      of prior art serial registers which have unbroken channel stops. In the
      multiplexer, charge transfer inefficiency tends to result in two effects
      that would degrade performance. The first is nonuniform attenuation and
      the second is interchannel cross talk. In accordance with a preferred
      embodiment of the present invention, both of these effects are rendered
      insignificant.
PAR  Nonuniform attenuation in a multiplexer normally is to be expected any time
      there is less than 100% transfer of a charge packet. This will be readily
      apparent when it is noted that in FIG. 3 the charge at element 1 undergoes
      only a single element transfer whereas the charge at element N undergoes N
      element transfers, leaving behind a small portion of the charge in the
      course of each element transfer. In serial shift registers, this problem
      is not present because all charge packets undergo the same number of
      shifts. However, in a multiplexer, each charge packet undergoes shifts,
      the number of which differs from the number of shifts of every other
      charge packet.
PAR  Interchannel cross talk is the result of one signal charge packet leaving a
      percentage of its charge behind when shifted so that trailing signal
      charge packets will pick up the residue charge.
PAR  In accordance with the present invention, interchannel cross talk is
      substantially eliminated by the arrangement illustrated in FIG. 4 wherein
      input diodes are associated with sets of electrodes which are separated by
      at least one set of electrodes having no input. In the system illustrated
      in FIG. 4, diode 70 is associated with electrode 40b. Diode 72 is
      associated with electrode 42b. Electrodes 41a, b and c are not associated
      with an input diode. Electrodes 41a-41c form one set of isolation
      electrodes. Isolation electrodes ae clocked by transfer voltage pulses
      .phi..sub.1, .phi..sub.2 and .phi..sub.3 the same as the input electrode
      sets. Charge transfer efficiency of the order of 99.7% per element
      transfer is typical for devices of the character here described. The
      improvement in eliminating cross talk by the present invention will be
      appreciated when it is understood that the following can be shown:
PAR  In a device without isolation, 20 element transfers in a unit (of 99.7%
      efficiency per element transfer) would result in interchannel cross talk
      of about -24db.
PAR  In a like system with isolation, the interchannel cross talk is much less,
      at a level of about -42db.
PAR  Thus, in a preferred embodiment of the invention, the electrode sets
      associated with input diodes will be spaced apart with at least one
      intervening set of isolation electrodes.
PAR  The basic operation of a multiplexer with isolation elements is the same as
      a CCD multiplexer without isolation elements and with inputs at every
      element position except for two aspects: (a) with isolation, input data is
      transferred into the multiplexer at only every other element position; and
      (b) for the same output data rate as in a multiplexer without isolation,
      the clock frequencies of the phase electrodes in a multiplexer with
      isolation must be doubled.
PAR  Two methods can be used to obtain the output voltage signal: (a) monitor
      the voltage fluctuations of the primary charge packet and dump the
      isolation packet; and (b) sum the primary and isolation packets, thereby
      reducing the attenuation resulting from poor charge transfer efficiency.
      Thus, the isolation element CCD multiplexer not only has reduced
      interchannel cross talk, but when operated with summed outputs, makes
      inconsequential the nonuniform attenuation.
PAC  FIG. 11
PAR  In FIG. 11, waveforms 66-68 indicate operation of the system of FIGS. 9 and
      10 in a non-summing mode and waveforms 76-78 indicate operation in the
      summing mode.
PAR  Waveform 66 represents the voltage .phi..sub.3 of FIG. 9. During the
      interval that the waveform 66 is high, the precharge voltage .phi..sub.PG
      goes high to charge the diode 80. That is, the .phi..sub.PG waveform
      includes pedestal 67a during the interval that pedestal 66a exists. This
      causes the output voltage as it appears across resistor 88 to go high as
      indicated by the level of line 68a.
PAR  When the precharge voltage .phi..sub.PG drops, then the output voltage
      drops slightly to line 68b. However, when the pedestal 66a terminates, the
      charge under the last gate electrode spills onto diode 80. This causes the
      level to drop to line 68c. The output voltage level is represented by line
      68c. Line 68c represents the difference between the level 68b and level
      68c. This difference is proportional to the charge packet.
PAR  It will be noted that on the next pedestal of the voltage .phi..sub.3,
      i.e., pedestal 66b, the same sequence takes place except that the charge
      packet under the isolation electrode is much smaller so that the output
      voltage is represented by the difference between the lines 68e and 68f.
      However, responsive to the next pedestal 66c, the charge packet is
      represented by line 68g. Thus, in the non-summing mode, charge packets are
      sensed and the portion of the charge in the isolation packet is dumped.
PAR  Waveforms 76, 77 and 78 illustrate operation in a summing mode. In this
      mode, the precharge pedestal 77a occurs only during the alternate
      pedestals 76a and 76c of the .phi..sub.3 voltage. There is no precharge
      operation during pedestal 76b. This means that when a charge packet flows
      onto diode 80, output level 78c is produced. Later, however, the trailing
      isolation charge passes onto diode 80 to change to the output level 78d.
      By this operation, the charge packet and the charge left in the isolation
      electrodes on a transfer operation are both shifted into the output where
      the sum is sensed.
PAC  FIGS. 12-14
PAR  An embodiment of the invention in which isolation is provided and in which
      the clock frequency of the phase electrodes is the same as the output data
      frequency is illustrated in FIG. 12. This is a dual isolation-element CCD
      multiplexer each half of which has storage nodes 1,2 . . . n. It includes
      the two halves or sections A and B. In this unit, the input voltages
      V.sub.1 and V.sub.3 to be sampled are connected through samplers 101 and
      103. The signals V.sub.2 and V.sub.4 are connected through samplers 102
      and 104. Sampler 101 feeds storage node 1 in section A. Sampler 103 feeds
      node 3 in section A. Sampler 102 feeds node 2 in section B and sampler 104
      feeds node 4 in section B. The output system operates such that the charge
      packets are sensed in the order V.sub.1, V.sub.2, V.sub.3 and V.sub.4 . .
      . V.sub.n.
PAR  The output circuitry for this system is illustrated in FIG. 13 with
      suitable waveforms shown in FIG. 14. The circuit of FIG. 13 will be
      recognized as comprising two circuits such as shown in FIG. 10 together
      with commutation circuitry. More particularly, the transistors Q.sub.A1
      and Q.sub.A2 correspond in function with transistors Q.sub.1 and Q.sub.2
      of FIG. 10. Similarly, transistors Q.sub.B1 and Q.sub.B2 correspond with
      transistors Q.sub.1 and Q.sub.2 of FIG. 10. Transistors Q.sub.A3 and
      Q.sub.B3 are switching transistors and transistor Q.sub.4 is an output
      transistor which is connected to the output resistor.
PAR  The output diode of section A is connected to charge the capacitance
      associated with transistor Q.sub.A2. Transistor Q.sub.A1 provides a
      precharge for section A. Section B is connected to charge the capacitance
      associated with transistor Q.sub.B2 with a precharge being supplied
      through transistor Q.sub.B1. Charge packets are ejected from both sections
      A and B upon the turn off (fall) of the .phi..sub.3 clock pulse. One of
      the packets will be a primary packet and the other an isolation packet.
      When the primary packet is ejected by section A and the isolation packet
      by section B, the primary packet partially discharges the gate capacitance
      of transistor Q.sub.A2. The gate of transistor Q.sub.B2 already is
      partially discharged by a primary charge packet and is now further
      discharged by the isolation packet. The voltage V.sub.B on the gate of
      transistor Q.sub.B2 is representative of the sum of the charge in the
      earlier primary packet and the charge in the present isolation packet.
      Transistor Q.sub.B3 is now pulsed on bringing the gate of transistor
      Q.sub.4 to approximately V.sub.B  - V.sub.T where V.sub.T is a threshold
      voltage for the device since transistor Q.sub.B2 is operated as a
      source-follower. The output voltage then swings toward V.sub.B - 2V.sub.T
      and will hold at this voltage after transistor Q.sub.B3 is turned off. A
      precharge positive pulse is now applied to the gate of transistor Q.sub.B1
      restoring the output node of the multiplexer section B to its initial
      voltage. Upon the next turn off of the .phi..sub.3 clock pulse, a primary
      pulse is ejected from multiplexer section B and an isolation pulse from
      multiplexer section A. The entire sequence is then repeated but with the
      roles of sections A and B interchanged. The output circuitry of the dual
      isolation-element multiplexer functions both as a commutator and as a
      sample and hold gate. Aside from this circuitry, each half of this
      multiplexer is identical to the single isolation-element multiplexer
      described above and will have the same minimization of interchannel cross
      talk.
PAR  Having described the invention in connection with a specific embodiment,
      namely the surface channel, N-channel, three-phase, single level metal CCD
      multiplexer, it will be recognized that one-phase, two-phase and
      four-phase CCD multiplexers may be constructed embodying the present
      invention. Further, multi level conductor type CCD multiplexers may also
      be constructed in accordance with the present invention. They may also be
      of the p-channel type. They may also be of the buried channel type.
PAR  The embodiments of the invention described have involved use of silicon
      substrates as the basic building block. It will be appreciated that
      different semiconductor materials may be employed as the substrate.
PAR  In FIG. 4 channel stop zones 50 and 51 have been described as being two
      separate and presumably isolated zones. It will be understood that they
      are parts of a single diffusion zone, portions of which are shown in FIG.
      4, the diffusion being such that a longitudinal channel extends along the
      surface of the substrate 49 with boundaries 50a and 51a. The end
      boundaries of the channel have not been shown for simplicity in
      illustration.
PAR  Preamplifier structures are shown at the outputs of the units illustrated
      in the drawings. They are built onto the same substrate as the multiplexer
      itself. Such preamplifier structure is useful in the operation of the
      device but need not be included in the same chip and is not critical to
      the implementation of the multiplexer. From the standpoint of
      signal-to-noise characteristics, an on chip construction of the
      preamplifier is preferable. Further, an integrating type preamplifier is
      preferred because of its accuracy.
PAR  The foregoing description shall be taken as embodying the present
      invention. It will be apparent that modifications and changes therein may
      be made by those skilled in the art without departing from the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge coupled device analog signal multiplexer which comprises:
PA1  a. a charge coupled device shift register characterized by an array of sets
      of phase electrodes,
PA1  b. a plurality of charge packet injection input channels, each including
      means for providing charge packet inputs representative of time samples of
      respective analog signal inputs at an electrode location only in a
      pre-selected number of said phase electrode sets less than the total
      number of said sets, the remainder of said sets defining isolation
      electrode sets disposed between said pre-selected electrode sets to
      provide isolation sets not connected to any signal input means,
PA1  c. a transfer gate common to all of said charge packet input means to admit
      said charge packets to said array,
PA1  d. clock means to apply shift voltages to said array to move said charge
      packets to the multiplexer output, and
PA1  e. detector means to detect said charge packets at said output.
NUM  2.
PAR  2. The combination set forth in claim 1 in which:
PA1  a. a pair of said arrays are provided,
PA1  b. said detector means is connected to the outputs of both said arrays, and
PA1  c. said charge packet injection channels are connected to sets in one of
      said arrays separated from said detector means by an odd number of sets
      and connected to sets in the other of said arrays separated from said
      detector means by an even number of sets.
NUM  3.
PAR  3. The combination set forth in claim 2 wherein each of said preselected
      sets comprises three electrodes and wherein one three electrode isolation
      set is positioned between each of said preselected sets.
NUM  4.
PAR  4. The combination set forth in claim 1 wherein each of said preselected
      sets comprises three electrodes and wherein one three electrode isolation
      set is positioned between each of said preselected sets.
NUM  5.
PAR  5. The combination set forth in claim 1 wherein said charge coupled device
      shift register has said array of phase electrodes supported on an
      insulating layer on a semiconductor substrate with channel stop regions
      extending the length of said array and on opposite sides thereof and
      wherein one of said channel stop regions has a plurality of bays leading
      by way of inlet channels from the section of said semiconductor substrate
      between said channel stop regions and wherein said means for providing
      charge packet inputs comprises a diode in each of said bays.
NUM  6.
PAR  6. The combination set forth in claim 1 in which said CCD shift register is
      a surface channel device.
NUM  7.
PAR  7. The combination set forth in claim 1 wherein each said set comprises
      three side-by-side electrodes.
NUM  8.
PAR  8. A charge coupled device analog signal multiplexer which comprises:
PA1  a. a charge coupled device shift register characterized by an array of sets
      of phase electrodes,
PA1  b. a plurality of charge packet injection input channels each including
      means for providing charge packet inputs representative of time samples of
      respective analog signal inputs at an electrode location only in a
      preselected number of said phase electrode sets less than the total number
      of said sets, the remainder of said sets defining isolation electrode sets
      disposed between said preselected electrode sets,
PA1  c. a transfer gate common to all of said charge packet input means to admit
      said charge packets to said array,
PA1  d. clock means to apply shift voltages to said array to shift said charge
      packets to the multiplexer output, and
PA1  e. detector means for detecting said charge packets at said output and for
      summing each charge packet with the charge associated with its trailing
      isolation charge packet.
NUM  9.
PAR  9. A method of operating a charge coupled device analog signal multiplexer
      comprising a charge coupled device shift register including an array of
      sets of phase electrodes, comprising simultaneously injecting charge
      packet inputs into the shift register, said charge packet inputs being
      representative of time samples of respective analog signal inputs to be
      multiplexed and said charge packet inputs being introduced only at phase
      electrode locations in a preselected number of said phase electrode sets
      less than the total number of said sets; selectively applying multi-phase
      clock pulse signals to electrodes of all of said sets of phase electrodes
      to shift said charge packet inputs serially along said shift register to
      an output of said multiplexer, and detecting said charge packets at said
      output to provide a multiplexed output signal.
NUM  10.
PAR  10. A method according to claim 9, wherein said charge packet inputs are
      injected only at alternate phase electrode set locations along said shift
      register.
NUM  11.
PAR  11. A method according to claim 10, wherein each charge packet detected at
      said output during one period of said clock signals is summed with a
      charge packet detected at said output during the next following period of
      said clock signals.
NUM  12.
PAR  12. A charge coupled device analog signal multiplexer which comprises:
PA1  a. a semiconductor substrate on which an insulating layer supports an array
      of sets of side-by-side phase electrodes and in which channel stop regions
      are provided, forming a charge coupled device shift register structure,
PA1  b. a plurality of diode means located in bays in said channel stop regions
      having inlet channels leading only beneath preselected elements in
      pre-determined ones of said sets less than the total number of said sets
      to inject charge packets into said structure representative of time
      samples of respective analog signal inputs to said channels, the remainder
      of the said electrode sets defining isolation sets located between said
      preselected sets and offset from said inlet channels in said channel stop
      regions, said isolation sets not being connected to any signal input
      means,
PA1  c. connections to apply different voltages to members of said sets to shift
      said charge packets along said array; and
PA1  d. detecting means in said structure to detect charge packets arriving at
      the end of said array.
NUM  13.
PAR  13. The combination set forth in claim 12 in which said bays and inlets are
      formed in a channel stop region extending along one boundary of said
      array.
NUM  14.
PAR  14. The combination set forth in claim 12 in which each of said inlets is
      narrower than and underlies an end of one of said electrodes.
NUM  15.
PAR  15. The combination set forth in claim 14 in which a transfer gate
      electrode on said insulating layer extends the length of said array and
      overlays said inlet channels and is spaced from the ends of said
      electrodes.
NUM  16.
PAR  16. The combination set forth in claim 14 in which:
PA1  a. channel stop regions define a plurality of channels in said substrate,
PA1  b. different electrode arrays span each of said channels to form a
      plurality of shift register structures, and
PA1  c. said detector means is connected to the outputs of said structures with
      input connections through said diode means to regularly spaced elements of
      one said array beginning with the set adjacent to said detector means and
      with input connections through said diode means to regularly spaced
      elements of the other said arrays beginning with sets spaced by regularly
      increasing number of said sets from said detector means.
NUM  17.
PAR  17. The combination set forth in claim 16 in which only two channels are
      defined on a substrate.
NUM  18.
PAR  18. In an analog signal time division multiplexer which comprises a
      plurality of signal input channels, each channel including means for
      providing time varying analog input signals, the combination comprising:
PA1  a. a semiconductor substrate on which there is formed an insulating layer
      which supports a plurality of sets of side-by-side phase electrodes and in
      which channel stop regions are provided to form a charge coupled device
      shift register structure,
PA1  b. a plurality of diode means located in bays in said channel stop regions
      having inlet channels corresponding with respective ones of said signal
      channels, said inlet channels leading only beneath pre-selected ones of
      said electrode sets to inject charge packets into said structure, said
      plurality of electrode sets including further electrode sets disposed
      between said pre-selected sets to provide isolation sets not connected
      with any signal input means, and connections to apply different voltages
      to members of said electrode sets to shift said charge packets along said
      shift register structure, and
PA1  c. means in said structure to detect charge packets arriving at the output
      of said shift register structure.
NUM  19.
PAR  19. In an analog signal time division multiplex system comprising a
      plurality of signal input channels, each channel including means for
      providing time varying analog input signals, a charge coupled device shift
      register structure including:
PA1  a. a multi-set array of phase electrodes;
PA1  b. a plurality of means connected with each said input channel for
      providing charge packet inputs representative of time samples of analog
      signal inputs on said respective input channels at an electrode location
      only in pre-selected electrode sets in said array, said array including
      further electrode sets disposed between said pre-selected sets and not
      connected with any charge packet input means;
PA1  c. transfer gate means common to all of said charge packet input means to
      admit charge packets therefrom into said shift register only at said
      pre-selected electrode set locations;
PA1  d. means for clocking along said array charge packets introduced from said
      input means; and
PA1  e. means to detect the charge packets at the end of said array for
      producing a multiplexed analog signal output.
NUM  20.
PAR  20. A charge coupled device analog signal multiplexer which comprises:
PA1  a. a charge coupled device shift register including a first array of phase
      electrode set means and a plurality of charge packet injection input
      channels each including means for providing charge packet inputs
      representative of time samples of respective analog signal inputs at an
      electrode location in each of said phase electrode set means of said first
      array;
PA1  b. transfer gate means common to all of said charge packet input means to
      admit said charge packets to said first array;
PA1  c. disposed between electrode set means of said first array a second array
      of phase electrode set means for receiving charge packets derived from
      time samples of respective analog signal inputs only from an adjacent
      electrode set means of said first array;
PA1  d. clock means to apply shift voltages to said first and second arrays to
      move said charge packets to the multiplexer output, and
PA1  e. detector means to detect said charge packets at said output.
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ABST
PAL  An input signal is fed to one signal lead of a gate or switch and, at the
      same time, to circuitry for initiating and terminating the conduction
      period of the gate. A bistable circuit is controlled by the initiation and
      termination circuitry, and it feeds the control lead of the gate to couple
      a predetermined portion of the input analog signal to an output. The
      initiation and termination circuitry provides for independent selection of
      the polarity of the slope and the amplitude of the incoming waveform in
      defining the start and end points on the incoming waveform for coupling to
      the output.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to a system for selecting a predetermined
      portion of an input analog waveform and coupling only the selected portion
      to the output. Settings are incorporated for selecting the initiation or
      start point of the selected portion of the input waveform to be either on
      a positive or a negative slope, and an additional setting is provided for
      independent adjustment of the amplitude at which the selection commences.
      This amplitude may be either positive or negative. Similarly, settings are
      provided so that the selected portion of the input analog waveform may be
      terminated on either a positive or a negative slope, and again,
      independent settings determine the amplitude of the termination or end
      point of the selected portion of the input waveform.
PAR  The principal object of the present system is to isolate a preselected
      portion of an input analog waveform. Such waveform may be, but not
      necessarily is periodic; and it may be either coherent or non-coherent
      such as a pulse. The isolated portion of the analog waveform may then be
      subjected to further analysis or study.
PAR  The present invention has been used to study the pressure wave of the left
      ventricle of the heart, which wave was recorded from a standard cardiac
      pressure transducer.
PAR  A typical or normal left ventricle pressure wave has an origin in the range
      of -5 to +5mmHg and rises rapidly to 100mmHg or more. It was originally
      desired to isolate the wave segment between +15mmHg and +75mmHg. This
      information is then fed to an integrator which accumulated information for
      1 minute--that is, for 60 to 80 heartbeats. From this information, and
      knowing the total number of heartbeats, a convenient estimation could be
      made and the average time required for the early phase of heart
      contraction. This, in turn, permitted a study to be made of the average
      contraction velocity under different conditions such as heart failure,
      drug influences, etc.
DRWD
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description of a
      preferred embodiment accompanied by the attached drawing.
PAC  THE DRAWING
PAR  FIG. 1 is a circuit schematic diagram, partly in functional block form, of
      a system construction according to the present invention; and
PAR  FIGS. 2A and 2B are idealized graphs of an arbitrary analog waveform which
      illustrate the utilization of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, reference numeral 10 designates an input
      terminal to which the input repetitive analog signal is coupled. The input
      analog signal is fed to a gating or switching circuitry generally
      designated by reference numeral 11 which, in the illustrated embodiment,
      includes a semi-conductor switch in the form of a Field Effect Transistor
      11a, having a drain terminal D, a source terminal S and a gate terminal G
      (which is the control terminal for switching). The input analog signal is
      coupled via a resistor 11b to the drain terminal D, and the selected
      portion of the input analog signal desired to be further analyzed is
      coupled via the source terminal S of the semiconductor switch 11a to the
      negative input terminal of an operational amplifier 11c which feeds an
      output terminal 12.
PAR  A feedback resistor 11d is connected between the output terminal and the
      negative input terminal of the operational amplifier 11c. The positive
      input terminal is connected to the ground through a resistor 11e. Certain
      advantages are derived from this switching circuit arrangement which will
      be described below.
PAR  The input analog signal is also connected to initiation circuitry generally
      designated 15 by means of a first coupling resistor 16, and to termination
      circuitry generally designated by reference numeral 17 by means of a
      second coupling resistor designated 18. Referring first to the initiation
      circuitry 15, its function is to cause the gate or switch 11 to conduct
      responsive to: (a) a preselected slope polarity (positive or negative) of
      the input analog waveform, and (b) a preselected amplitude which may be
      either positive or negative.
PAR  The coupling resistor 16 is connected to a double-pole, double-throw switch
      generally designated by reference numeral 20, and having a first pair of
      input terminals 21, a second pair of input terminals 22 cross-connected to
      the input terminals 21, and a pair of output terminals 23. The function of
      the switch 20 is to select the slope polarity of the input waveform
      (positive for increasing signal or negative for decreasing signal) at
      which it is desired to initiate conducting of the switch 11; hence, it is
      sometimes referred to as a slope polarity selection switch or means.
PAR  The output or movable terminals 23 of the switch 20 are connected directly
      to the input teminals 24a and 24b respectively of a comparator circuit 25
      in the polarity shown.
PAR  The comparator circuit 25 is of conventional design, and is well known in
      the art. It operates in a mode such that its output signal is a logic
      level--i.e., it is either relatively high or relatively low. The output
      signal is relatively high if the input signal on terminal 24a is more
      positive than the input signal at the terminal 24d. The output signal is
      relatively low if the signal at input terminal 24b is more positive than
      the signal at input 24a.
PAR  As mentioned, the input terminals 21 and 22 of the switch 20 are
      interconnected such as to reverse polarity of the output signal from the
      switch depending upon the position of the movable contacts which are
      directly connected to the output terminals 23. In either case, one input
      to the switch 20 is received from the system input terminal 10 by means of
      the coupling resistor 16. The other input terminal is received from a
      reference voltage network generally designated by reference numeral 27.
PAR  The reference voltage network 27 includes a number of resistors which are
      connected between positive and negative voltage supplies, which are of the
      same magnitude. Connected between the positive and negative terminals, and
      in series, are a variable resistor 28, a fixed resistor 29, a
      potentiometer 30, a second fixed resistor 31, and a second variable
      resistor 32. The fixed resistor 29 and 31 are used to limit current. The
      variable resistors 28 and 32 are internal of the apparatus and used to set
      the range of the reference voltage relative to the positive and negative
      supply levels that are available. The potentiometer 30 is used to set the
      reference voltage for the comparator circuit 25.
PAR  The output of the comparator circuit 25 is coupled through a
      differentiating capacitor 35 to the set, S, input of a flip-flop circuit
      36.
PAR  Turning now to the termination circuitry 17, it is similar to the
      initiation circuitry 15 disclosed above, and it need not be discussed in
      much detail for a complete understanding of the invention. Briefly, it
      includes a double-pole, double-throw slope polarity selection switch 38
      which has one input connected to the input terminal 10 via resistor 18,
      and a second input connected to a resistive reference voltage network
      generally designated 39 and similar to the previously described network
      27. The output terminals of the slope polarity selection switch 38 are
      connected to the input terminals of the comparator circuit 40, the output
      of which is coupled through a differentiating capacitor 41 to the reset
      input, R, of the flip-flop circuit 36.
PAR  The 1 output of the flip-flop circuit 36 is connected to the gate control
      lead G of the FET 11a by means of a resistor 37.
PAR  Also connected to the output of the flip-flop circuit 36 is a lamp driver
      transistor 39, in the collector circuit of which is a signal lamp 40. The
      signal lamp 40 is lit whenever the input analog signal is being coupled to
      the output of the system.
PAR  Preferably, the potentiometer 30 in the reference voltage network 27 and
      the corresponding variable resistor in the reference voltage network 39
      are 10-turn potentiometers which are well known in the art. This offers a
      wide range of selection and increases the accuracy of the trigger levels.
      In the positions shown in the drawing, slope polarity selection switches
      20, 38 will provide selection on positive slopes of the input signal; and
      in the other position, they will provide selection on a negative slope.
PAC  OPERATION
PAR  Referring now to FIG. 2A, there is shown an idealized waveform, generally
      designated by reference numeral 50 and assumed to be periodic or at least
      repetitive. It is illustrated merely to demonstrate the operation of the
      system described above. The same waveform is reproduced in FIG. 2B, and
      the darkened portion there represents that portion of the input waveform
      which is selected and coupled to the output 12. That is, the start point
      is designated A, and the termination point is designated B in FIG. 2B.
      Between these two points the output voltage is at a signal level level
      representative of the input signal. At all other times the output voltage
      is at ground.
PAR  It will be observed that the waveform 50 has a first positive cusp 51,
      followed by a first negative cusp 52, a second positive cusp 53, and a
      second negative cusp 54. In FIGS. 2A and 2B, the abscissa is time and the
      ordinate is voltage.
PAR  The cusp 51 has a peak indicated at V1, and it includes a positive slope
      51a and a negative slope 51b. Similarly, the cusp 52 has a negative
      maximum V2, a positive slope 52a, and a negative slope 52b. Similarly, the
      cusp 53 has a positive maximum V3, a positive slope designated 53a, and a
      negative slope designated 53b. Finally, the negative cusp 54 has a
      negative maximum V4, a positive slope 54a, and a negative slope 54b.
PAR  If it is desired to initiate the selection of the input waveform on the
      slope 51a, then the switch 20 is turned to the position shown in the
      drawing (a positive slope polarity selection) and potentiometer 30 is
      turned to the desired positive magnitude which, it will be observed, will
      be less than the magnitude V1. The dial settings on the variable resistors
      are calibrated, of course. If it is desired to select a start point on the
      slope 51b, but at the same amplitude or magnitude, only the switch 20 need
      be thrown.
PAR  If it is desired to initiate the selection of the input waveform on the
      slope 52a, the switch 20 is reversed from the position illustrated, and
      the potentiometer 30 is set to the desired negative level. Following
      through on this selection, it will be observed that as the input waveform
      follows along on the portion 52a, and goes below the level of the selected
      reference voltage, then the input 24b of the comparator circuit 25 will be
      less than the voltage from the reference voltage network 27 at the input
      24a, and the output of the comparator circuit 25 will go positive to
      trigger the flip-flop 36, the output of which will cause the FET 11a to
      conduct because the gate terminal G will be positive.
PAR  The high input impedance of the operational amplifier 11c and the feedback
      causes the negative input terminal to act as a summing junction; hence,
      the voltage drop across the S and D terminals of the FET 11a remains near
      zero. This is advantageous because the switching can occur at various
      levels.
PAR  It will be observed that if the switch 20 is in the position illustrated
      and the magnitude of the reference voltage is set between the positions V1
      and V3, then the initiation point will occur on the slope 53a.
PAR  Referring now to FIG. 2B, if it is desired to select the portion of the
      input waveform 50 which is shown in heavier line, and defined by the start
      point A and the termination point B, then the start slope polarity
      selection switch 20 is set to the reverse position from that illustrated,
      and the termination slope polarity selection switch 38 is left in the
      position illustrated (so as to terminate on a positive slope). The
      reference voltage network 27 is adjusted to generate a reference voltage
      which is negative and of the level indicated at V5 in 2B. Similarly, the
      reference voltage network 39 is adjusted to generate a voltage represented
      by the negative level V6. The width of the voltage pulse on the gate
      terminal D of the semiconductor switch 11a will, of course, vary in time
      according to the selection parameters indicated above.
PAR  Having thus described in detail a preferred embodiment of the invention,
      persons skilled in the art will be able to modify certain of the circuitry
      which has been illustrated, and to substitute equivalent elements for
      those disclosed while continuing to practice the principle of the
      invention; and it is, therefore, intended that all such modifications and
      substitutions be covered as they are embraced within the spirit and scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for selecting a predetermined portion of an input signal and
      for coupling said portion to an output while controlling the length of the
      selected portion comprising:
PA1  controlled gate circuit means having a first signal terminal connected to
      receive said input signal, a second signal terminal connected to said
      output for coupling a selected portion of said input signal thereto, and a
      control terminal;
PA1  initiation circuit means responsive to said input signal for generating a
      start signal including first comparator circuit means having first and
      second inputs, first settable circuit means for generating a first
      reference voltage of predetermined magnitude and polarity, first slope
      polarity selection circuit means for coupling said first reference voltage
      and said input signal to said first and second inputs of said first
      comparator circuit means;
PA1  termination circuit means for generating a termination signal including
      second comparator circuit means having first and second inputs, second
      settable circuit means for generating a second reference voltage of
      predetermined magnitude and polarity, second slope polarity selection
      circuit means for coupling said second reference voltage and said input
      signal to said first and second inputs of said second comparator circuit
      means; and bistable circuit means responsive to said start signal and said
      termination signal and feeding the control terminal of said switch means
      for causing said switch means to conduct in response to said start signal
      and for causing said switch to open in response to said termination
      signal; whereby said start and termination signals may be set to occur
      independently either on a positive or a negative slope of said input
      signal and at a desired voltage level.
NUM  2.
PAR  2. The system of claim 1 wherein said bistable circuit means includes a
      capacitor in series with each input terminal whereby said bistable circuit
      means changes state only in response to changes in the outputs of said
      first and second comparator circuit means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said switch means comprises a switching
      transistor and operational amplifier means having said transistor
      connected in circuit with one input terminal thereof and including
      resistive feedback means connected between said one input terminal and
      said output terminal.
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ABST
PAL  A phase stable limiter in the form of an emitter coupled amplifier. First
      and second parallel connected transistors have their emitters resistively
      coupled with the input terminal at the base of the first transistor and an
      output terminal at the collector of the second transistor. Another
      resistor is connected to the resistively connected emitters and to this
      resistor is connected a grounded variable capacitor. An inductor is
      connected between the base and the collector of the second transistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to phase comparison monopulse radar, and more
      particularly to a phase stable, adjustable phase slope limiter.
PAR  In certain types of monopulse tracking systems, such as the AN/TPN-19 Pulse
      Acquisition Radar, angle error information is contained in the phase of
      the signal processed in the two or three channels of the monopulse
      receiver. To provide gain normalization over the dynamic range, the signal
      is typically processed through limiting IF amplifiers. To assure that
      these limiting amplifiers do not add angle errors of their own to the
      processed signal, the phase shift through the limiter should remain
      constant over the entire dynamic range which is 65 db for the AN/TPN-19.
      An alternative is to allow the phase to vary in a prescribed manner with
      signal level and then match the sum and difference channels, or preferably
      normalizing to a constant phase where testing and aligning is simplified.
      The best phase versus level performance is obtained when the limiter
      bandwidth is very wise, i.e., when as many harmonics of the input signal
      as possible are passed, thus minimizing reflections and recombination, in
      uncontrolled phase, of these high frequency components. In the AN/TPN-19
      radar, for example, the limiter presented here at 74 MHz provides
      excellent performance with typically less than 1.degree. peak variation
      over the 65 db limiting dynamic range.
PAC  SUMMARY OF THE INVENTION
PAR  Improved phase stability versus level performance is obtained by inclusion
      of a tuned circuit in the active limiter circuit, which increases the
      effective stage bandwidth, thus permitting the transmission of a greater
      number of harmonics. Improved performance may be obtained for any
      transistor used as a limiter with a given gain-bandwidth product, f.sub.T.
      Alternatively, for a given phase stability requirement, a lower f.sub.T
      unit may be utilized, at a corresponding cost savings.
PAR  The tuning provided is made moderately low-Q to assure relatively broadband
      spectrum enhancement. Further, a variable reactance is utilized,
      permitting shaping the high frequency response, i.e., adjusting the high
      frequency roll-off characteristic. This has the important advantage and
      unique capability of permitting shaping the phase versus signal level
      characteristic of the limiter. This is an important advantage of the
      invention since it allows, within limits, a means of adjusting to some
      prescribed phase versus level shape, e.g., adjusting for a constant phase
      versus amplitude.
PAR  It is therefore an object of this invention to provide a phase stable
      adjustable phase slope limiter for use in a phase comparison monopulse
      radar that has a broad bandwidth.
PAR  It is another object to provide a limiter that permits adjustment for
      constant phase versus amplitude characteristics.
PAR  It is still another object of the invention to provide a phase stable
      limiter in the form of an emitter coupled amplifier that has good
      isolation between the output and the input, thereby offering low feedback.
PAR  It is yet another object to provide an emitter coupled phase slope limiter
      that has current limiting.
DRWD
PAR  These and other objects, features and advantages of the invention will
      become more apparent from the following description taken in connection
      with the illustrative embodiment in the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing an embodiment of the phase stable,
      adjustable phase slope limiter.
PAR  FIG. 2 is a graph showing typical phase relationships plotted against limit
      levels for the phase stable limiter.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a circuit diagram of the phase stable,
      adjustable phase slope limiter in the form of an emitter coupled
      amplifier. The input is inserted at terminal 11 which is connected to base
      13 of NPN transistor 15. Biasing resistors 17 and 19 are connected to
      collector 21 and emitter 23, respectively, of transistor 15. Parallel to
      transistor 15 and resistors 17 and 19 is NPN transistor 25 having load
      resistor 27 connected to collector 29 and having biasing resistor 31
      connected to emitter 33. B+ power supply 35 is connected to resistors 17
      and 27 with the grounded side of this power supply being connected to base
      37 of transistor 25. The output is obtained from terminal 39, connected to
      collector 29 through capacitor 48 and across inductor 41. Emitters 23 and
      33 are connected to power supply 47 through parallel resistors 19 and 31
      and resistor 46. To the mutual junction of resistors 19, 31, and 46 is
      connected the series combination of resistors 43 and variable capacitor 45
      which is connected to ground.
PAR  Capacitor 45 is added to tune out internal inductance from the transistors
      and external inductance from the conductors thus significantly improving
      the high frequency performance of the circuit; the resistor 43 broadens
      the tuning effect, thus assuring enhancement to many high frequency
      components. Capacitor 45 is made adjustable to permit shaping the high
      frequency response, i.e., emphasizing or deemphasizing certain portions of
      the overall bandpass. In this way the individual stages can be adjusted
      for a flat or other desired shape for the phase response over its dynamic
      range. A large number of limiter stages may therefore be cascaded with the
      phase change over the entire dynamic range held nominally to the phase
      response of each individual stage, thus assuring tracking of multiple
      channels in a monopulse receiver.
PAR  FIG. 2 is a graph of three typical situations wherein the phase is plotted
      against the limit level and shows the stability of the variable phase
      slope limiter in the dynamic range. The abscissa is the input level in
      decibels and the ordinate represents the change in phase angle of the RF
      signal. The limits of the phase adjustment versus input level are shown as
      the upper and lower curve, the curve following the abscissa is the
      channels ideal, final adjustment. In each case center lines 51-53
      signifies the normal slope and the outer lines 55-60 signify the maximum
      variations in both directions from the nominal. The typical variation
      about the nominal slopes are no greater than peaks of 1.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase stable limiter comprising:
PA1  a. a first transistor having a base, emitter, and collector with an input
      terminal at the base;
PA1  b. a second transistor having a base, emitter, and collector with an output
      terminal at the collector;
PA1  c. first and second resistors connected to the emitters of the first and
      second transistors;
PA1  d. a third resistor connected to the first and second resistors;
PA1  e. a grounded capacitor connected to the third resistor;
PA1  f. a first power supply resistively connected to the collectors of the
      first and second transistors;
PA1  g. a second power supply resistively connected to the emitters of the first
      and second transistors; and
PA1  h. an inductor connected through a second capacitor between the collector
      and the base of the second transistor.
NUM  2.
PAR  2. A phase stable limiter according to claim 1 wherein the capacitor is
      variable for slope adjustment.
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PAL  A digitally controlled variable impedance, preferably for use in a current
      normalizer for particle analysis apparatus, includes a variable resistance
      connected to a counting register by a plurality of opto-isolaters in the
      form of light emitting diode-light responsive transistor combinations. The
      register is reset (or preset) to a predetermined count and operates to
      change the impedance value in response to receipt of each pulse of a pulse
      train. A circuit is provided to terminate counting in response to an
      interpulse interval of greater than a predetermined interval to indicate a
      null condition between pulse amplitude, the pulses traversing the
      impedance, and a reference amplitude.
PARN
PAR  This is a continuation of application Ser. No. 380,369, filed July 18,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a current normalizer, and in particular to a
      current normalizer having a digitally controlled variable impedance for
      automatically effecting current normalization in measuring the resistance
      of an electrolyte type particle sensing zone.
PAR  2. Description of the Prior Art
PAR  Sensing zones for particle analysis apparatus are constructed in various
      configurations, one of the most widely used being of the type disclosed in
      U.S. Pat. No. 3,345,502 of Robert H. Berg. This type of sensing zone
      comprises a beaker having an electrolyte containing suspended particles
      therein and an orifice tube containing electrolyte emersed in the
      electrolyte of the beaker. One terminal from a current source is
      positioned within the orifice tube and the other terminal of the current
      source is positioned within the beaker whereby modulations of the
      developed voltage across the orifice in the form of particle pulses may be
      sensed as a sample of suspended particles to be analyzed is caused to flow
      through the orifice. As noted by Geoffrey T. Haigh in his U.S. Pat. No.
      3,745,455, issued July 10, 1973, and as the present invention, assigned to
      Particle Data, Inc., when a particle traverses a given orifice, there will
      be a change in the resistance of the orifice proportional to the product
      of the volume of the particle and the resistivity of the electrolyte. For
      an orifice which measures 10,000 ohms, for example, a 10-ohm change for a
      particle entering a given orifice might be obtained. If the resistivity of
      the electrolyte is changed such that the orifice resistance is 20,000
      ohms, a 20-ohm change will occur for the same particle. However, when a
      current is forced through the electrolyte, some degree of back voltage is
      generated due to polarization at the electrodes.
PAR  Haigh observed that if the current through the electrode is held constant,
      the momentary current change caused by passage of a particle is
      independent of electrolyte resistivity, and that if the voltage drop
      across the orifice alone is held constant, the voltage change caused by
      passage of the particle is independent of electrolyte conductivity. He
      further observed that holding the voltage constant is not practicable;
      whereas, holding current constant may be practically realized. This
      results because, when the amplifier input impedance is nearly matched to
      that of the orifice, as is generally desirable for the best signal to
      noise ratio, the amplifier is sensing partly voltage change and partly
      current change at the orifice. Therefore, the sensed signal is
      proportional to the volume of the particle and some fractional power of
      the resistivity of the electrolyte. Correspondingly, the provision of a
      voltage source to program the orifice is insufficient because the
      counter-emf generated by electrode polarization is a variable.
PAR  In view of the above, Haigh provided current programming of the orifice so
      that a constant voltage drop is provided across the resistance of the
      orifice. As an implementation, the resistance of the orifice for a given
      electrolyte is measured and the system is adjusted to compensate for that
      resistance. The details of the implementation may be had by reference to
      the aforementioned Haigh patent which is fully incorporated herein by this
      reference. It should be pointed out, however, that the current programming
      is effected in that disclosure by means of a potentiometer or the like
      while utilizing the instrument operator for visually observing a scope
      and/or pulse count rate indicator from which to manually adjust the supply
      current.
PAC  SUMMARY OF THE INVENTION
PAR  It is highly desirable and the primary object of the present invention to
      automatically normalize current during measurement of the resistive
      element of the orifice.
PAR  Inasmuch as the present invention may be advantageously utilized in systems
      other than those used for particle analysis, another object of the
      invention is to provide apparatus for automatically varying an impedance
      to obtain a null between a signal developed at the impedance and a
      reference signal.
PAR  Another object of the invention is to achieve a reproducible null point by
      removing human judgment from the system control in addition to the usual
      advantages in replacing the human element in monitoring and control
      situations and freeing a human operator from a degree of tedium.
PAR  According to the invention, an impedance comprising a plurality of weighted
      value resistors is connected in circuit with a current source whose output
      is to be normalized and employed as a standard. The individual resistors
      of the impedance are electrically isolated from and coupled to a counting
      register by means of a like plurality of light emitting diode isolators
      which effect the conductivity of respective transistors to control the
      switching in and out of the resistors by way of respective field effect
      transistors (FET).
PAR  The counting register is clocked in response to trigger pulses from a
      comparator which receives the trigger pulses and a reference level.
      Apparatus in the form of monostable and bistable circuits control the
      operation and reset of the register and monitor the presence of trigger
      pulses to control connection and disconnection of the current normalizer
      and the orifice. According to the invention, therefore, the impedance and
      its control circuits may therefore generally replace the manually operated
      normalizing components such as the elements 22, 16-5, etc of the
      aforementioned prior art circuit of Haigh, and may readily be completely
      integrated with the remainder of that circuit as will be apparent from the
      following detailed description of a preferred embodiment of the invention.
PAR  A primary advantage of the present invention is that entirely digital means
      are employed in controlling current adjustment to provide all of the well
      known advantages of digital circuitry, among those principally including
      the absence of sensitivity to drift factors which are a persistent problem
      in analog circuits of almost every known kind.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features and advantages of the invention its organization,
      construction and operation will be best understood from the following
      detailed description of a preferred embodiment thereof taken in
      conjunction with the accompanying drawing, on which:
PAR  FIG. 1 is a block diagram of a current normalizer; and
PAR  FIG. 2 is a schematic circuit diagram of a digitally controlled variable
      impedance constructed in accordance with the principles of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, a block diagram is illustrated for a current
      normalizer which comprises a generator 1 which produces a train of
      electrical pulses of constant amplitude, a variable impedance 2, apparatus
      3 for passing the pulse train through the impedance in such a manner that
      variance in the impedance effects variance in the pulse train amplitude at
      a detecting point, means 4 for setting a reference amplitude at the
      detecting point, a detector 5 for determining whether and when the pulse
      train amplitude is matched to the reference amplitude, and a means 6 for
      varying the impedance in response to signals from a detector 5. The
      elements 1-5 are fully disclosed in the aforementioned Berg and Haigh
      patents. These disclosures are fully incorporated herein by reference and
      will not be dealt with in detail; however, it should be pointed out that
      element 6 is constituted in the Haigh disclosure by a human operator who
      observes the detector 5, for example a scope, and manually manipulates the
      impedance 2, an ordinary potentiometer.
PAR  The present invention recognizes, first of all, that an off-null signal at
      the detector 5 is inherently digital, and secondly that a digital
      representation of an off-null condition can be transformed to a useful
      analog control. This analog control could be employed for driving a
      servomotor or the like to operate a multi-turn potentiometer in place of
      the manually manipulated potentiometer of the Haigh circuit. However, the
      off-null condition as represented by a digital signal may most
      advantageously be utilized on an entirely digital basis with a
      transformation to a useful analog presentation at the point of
      utilization.
PAR  The aforementioned approach, as noted above, provides all of the well known
      advantages of digital circuitry, principally the absence of sensitivity to
      drift factors.
PAR  In the particular embodiment disclosed herein, the purpose of the invention
      is to inject a current pulse through the impedance 2 in order to achieve a
      ready means for electrolyte conductivity compensation.
PAR  It will be appreciated that inasmuch as the present invention digitally
      controls the impedance 2, there must be some inherent unit impedance
      change corresponding to how finally divided the digital incrementing is
      effected. In the particular embodiment disclosed herein, the circuit was
      designed for 4096 such increments over the full range of variance of the
      impedance 2. Of course, one may increase or decrease this degree of
      resolution to suit any given circumstance by simply adding or subtracting
      binary stages employed for incrementation.
PAR  Referring to FIG. 2, a current normalizer variable impedance for automatic
      normalization is illustrated as generally comprising a counting register
      90 in the lower part of the drawing and a variable impedance 128 in the
      upper part of the drawing (element 2, FIG. 1).
PAR  More specifically, and as will be described in greater detail below, the
      register 90 comprises a plurality of bistable flipflops 90.sub.l -90.sub.n
      which are incremented by a series of trigger pulses received at an input
      96. A plurality of gating, monostable and bistable circuits control the
      operation of the register and a plurality of drivers 116, together with a
      like plurality of light emitting diodes 120 and light responsive
      transistors 122 operatively couple the individual stages of the register
      to corresponding portions of the impedance 128.
PAR  It should be noted that the particular embodiment of the invention
      disclosed herein is unidirectional in the manner in which the variable
      impedance is varied; that is, the variable impedance 128 is set at a
      maximum value upon receipt of an initiating signal and is then reduced by
      the digital varying means including the register 90 until pulses are no
      longer received. This technique is merely illustrative and not intended to
      limit the manner in which the variable impedance may be changed. For some
      applications of the invention, the impedance may be preset to a
      predetermined value and changed in either direction as the particular
      application dictates.
PAR  As disclosed in the aforementioned Berg patent, the controlling influence
      which causes the passage of electrolyte through an orifice of an orifice
      tube is a mercury manometer which includes a start electrode which is
      contacted by the mercury upon release of a vacuum on the manometer to
      provide a "start" signal. In the present circuit, this start signal is
      received at an input 12 in the lower left hand corner of the drawing and
      is effective at an input 14 of a gate circuit 16 to set a monostable
      circuit 18, a delaying monostable circuit which functions to abort any
      "false starts" due to bounce or the like in the start signal caused at the
      mercury contact. The monostable circuit 18 provides an output pulse of,
      for example, approximately 20 msec duration, whose trailing edge "clocks"
      a pair of flip-flops 32 and 34 by way of respective clock inputs 38 and
      44, having data inputs 36 and 42 which carry an initiating signal received
      from the input 12. If the initiating signal is still true at the time of
      the trailing edge of the output 30 of the monostable circuit 18, both of
      the flip-flops 32 and 34 will be clocked high causing four things to
      happen, somewhat simultaneously:
PAR  1. The complementary output 48 of the flip flop 34 goes low providing a
      signal which is inverted by the inverting gate 50 to a high output which
      develops a signal at the junction between a pair of resistors 52 and 54
      for turning on a transistor 56. The transistor 56 provides an output 60 at
      its collector which is connected to the normalizing relay which has a
      primary function of bypassing the input amplifier of the associated
      particle analyzing apparatus and connecting the current normalizer
      directly to the orifice circuit, as disclosed in the aforementioned Haigh
      patent;
PAR  2. The output 46 of the flip-flop 34 goes high and enables a monostable
      circuit 66 by way of an input 62 to a gating circuit 64 which causes the
      monostable circuit to be able to detect the occurrence of null-amplitude
      when pulses are not received for a predetermined interval, say 20 msec
      from a gating circuit 82 which receives the trigger pulses at an input 96
      from the associated particle analyzing apparatus, the monostable circuit
      66 essentially constituting the detector 5 of FIG. 1;
PAR  3. The output signal at the output 46 of the flip-flop 34 also enables the
      trigger gate 82, the gate 82 essentially constituting the entrance point
      between the detector 5 and the digital impedance variance means 6 of FIG.
      1; and
PAR  4. The output 40 of the flip-flop 32 goes high and is inverted by a gate 86
      (and split and inverted by additional such gates for loading reasons where
      necessary) to provide a reset signal on a bus 88 for each of the
      individual stages of the register 90 to reset the impedance value, in this
      particular embodiment to a maximum value.
PAR  An initializing signal is received at an input 92, inverted by a gating
      circuit 94 and applied to the trigger gate 82. The signal received at the
      input 92 is overridden when the normalizing relay is pulled in, as noted
      above and the output of the gate 94 goes high to enable the gate 82 to
      admit pulses from the trigger, also a part of the detector 5 of FIG. 1, in
      that it generates pulses when the pulse train from the pulse generator 1
      has a higher amplitude than the reference amplitude.
PAR  The pulse train rate in this particular embodiment is about 1000/second.
PAR  The first trigger pulse received through the gating circuit 82 is applied
      to the reset input of the flip-flop 32 causing reset of the flip-flop and
      removal of the reset potential from the register 90. Succeeding pulses
      then increment the register.
PAR  The pulse train at the output of the gate 82 is also applied through the
      gating circuit 64 to the monostable circuit 66 holding the output 78
      thereof high as long as no pulses are missing for longer than 20
      milliseconds in the present embodiment.
PAR  The output of the gating circuit 100 supplies a voltage which functions as
      a steady-state digital 1 (true) to those inputs of the register 90 which
      require such a signal in order that the register be able to perform its
      counting job. This potential is also applied to the gating circuit 104.
PAR  When the monostable circuit 66 fails to detect pulses for 20 msec and its
      output 78 goes low, the monostable 106 provides a reset pulse by way of
      its output 114 to reset the flip-flop 34, which in turn causes the
      normalizing relay circuit to be turned off so that the normalizing relay
      drops out and the register is set at the null value.
PAR  At reset, the simple outputs of the flip-flops 90.sub.l -90.sub.n are at
      zero and are all connected to the inputs of respective inverters (drivers)
      116, individually referenced 116.sub.l -116.sub.n. The drivers 116 drive
      light emitting diodes 120, individually referenced 120.sub.l -120.sub.n by
      way of corresponding respective resistors 118.sub.l -118.sub.n. The
      outputs of the drivers are at a predetermined voltage V (for example +5
      volts dc) when the inputs of the drivers are at zero. Inasmuch as the
      other terminals of the light emitting diodes 120 are connected to the
      potential V, the diodes 120 do not have current flowing therethrough and
      are in an off condition. Likewise, the associated transistors 122,
      individually referenced 122.sub.l -122.sub.n, which are optically coupled
      to the light emitting diodes 120 are off. Therefore, no current flows in
      the collector resistors of the transistors 122. Also, the collectors and
      the gates of the FET's are at the same potential as the FET sources and
      the source potential for the collector resistors. The FET sources and
      gates are at equal potential and all of the FET's 126.sub.l -126.sub.n are
      initially connected in circuit in parallel, the impedance elements being
      individually referenced 128.sub.l -128.sub.n and 132. A sample weighting
      of the impedance values is also illustrated in the drawing ranging from
      1.69M down to 374 ohm.
PAR  As pulse counting in the register 90 proceeds, the simple outputs of its
      individual flip-flop circuits 90.sub.l -90.sub.n go positive as required
      during counting, turning on the corresponding light emitting diodes 120
      and their corresponding transistors, and accordingly turning off the
      corresponding field effect transistors 126 to remove the corresponding
      resistive elements from the parallel connected impedance bank 128.
PAR  The array of values of the resistors of the impedance bank is such that the
      reciprocals of the values correspond in relative weighting to the
      significance of their corresponding register flip-flop circuits in the
      counting up process of the register. Accordingly, the current which flows
      through the overall bank of parallel resistors is decremented as each
      individual pulse is counted on the impedance value register, and each such
      decrement is equal for each counting pulse.
PAR  It should be noted that in the embodiment just described, there is a simple
      linear relationship between the pulses from the detector (with respect to
      their number) and the corrective action taken by the digital varying means
      on the variable impedance in arriving at the null-amplitude condition. It
      is readily apparent that the speed with which nulling occurs is a matter
      of the frequency of the pulses and the size of unit change in the
      impedance (relative to a full-scale value).
PAR  The basic concept of converting a particular number of pulses (enter either
      serially or in parallel) to a particular signal value or to a particular
      impedance value is behind virtually all digital/analog converters.
      However, the digital/analog converters are passive transfer devices in the
      sense that their inputs are fixed at what-ever signal is fed in and the
      resultant output is utilized for what-ever purpose might be at hand.
PAR  In the instant invention, however, it should be noted that the output also
      functions as an operational control for the circuit and has an effect on
      how many pulses will be emitted, chopping off the pulses entirely when
      null-amplitude is attained, since the pulses themselves must pass through
      and be transformed into corresponding pulses of different amplitude in the
      resistor bank forming the impedance.
PAR  Therefore, the present invention has taken advantage of several well known
      types of circuits and integrated the same in a cooperable relationship to
      form a system which includes the basic concepts of digital/analog
      conversion, opto-isolation techniques, a constant amplitude pulse
      generator, suitable control logic, a reference amplitude level setting
      circuit and a simple feedback control loop.
PAR  As to the optical isolation technique employed between the register 90 and
      the variable impedance 128, the low voltage circuitry of the register is,
      of course, protected from the high voltage circuits associated with the
      variable impedance 128. For example, the voltage V3 may be at -208 volts
      below system ground with the voltages V1 and V4 at -196 and -230 volts,
      while the supply potential V is +5 volts dc and the potential V5 is -12
      volts dc.
PAR  Although the illustrative embodiment of the present invention employs
      optical isolation, this is merely provided as a nonlimited example in that
      other isolation techniques could be employed, such as relays. Of course,
      solid state isolation is preferred in that it gets away from moving parts
      and deteriorating contacts.
PAR  In a particular circuit construction implementing the invention, the
      bistable circuits were constructed from integrated circuits generally
      known as 7473 circuits, the transistors 122 and the light emitting diodes
      120 from integrated circuits known generally as MOC-1003 circuits, the
      inverters or drivers from integrated circuits generally known by the
      number 858, the monostable circuits and associated gates from integrated
      cicuits generally known by the numbers 7420 and 9601. The diodes employed
      with the monostable circuits were of the type 1 N 914 and the field effect
      transistors are of the type 2 N 4859. The bias resistors 130 for the field
      effect transistors were 50 K, the resistors 124 were 12 M, the resistors
      22, 70 and 108 were 10 K, the resistor 52 was 470 ohm and the resistor 54
      was 5.6 K. The capacitors 24 and 72 were 6 .mu.f, the capacitor 110 was
      330 pf, and the remainder of the capacitors were 0.01 .mu.f.
PAR  Although I have described my invention by reference to a particular
      illustrative embodiment, many changes and modifications of the invention
      may become apparent to those skilled in the art without departing from the
      spirit and scope of the invention. I therefore intend to include within
      the patent warranted hereon all such changes and modifications as may
      reasonably and properly be included within the scope of my contribution to
      the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digitally controlled variable impedance comprising:
PA1  a pulse generator for generating a first train of electrical pulses of
      constant amplitude;
PA1  a variable impedance;
PA1  means for applying the pulse train to said variable impedance to cause
      generation of a second pulse train corresponding to the first pulse train,
      variation of the value of said impedance causing a corresponding variance
      in the amplitude of the pulses of the second pulse train;
PA1  means for setting a reference amplitude value at a detection point;
PA1  digital means operable in response to said first pulse train to vary said
      impedance; and
PA1  detecting means for detecting matching of the amplitude of said second
      pulse train with reference amplitude value and causing said digital means
      to stop varying said variable impedance.
NUM  2.
PAR  2. The invention set forth in claim 1, wherein said digital means comprises
      a counting register connected to receive said first pulse train, said
      register including a plurality of outputs, said impedance comprises a
      plurality of resistors individually associated with said outputs of said
      register, and means coupling and electrically isolating said outputs and
      said resistors and operable in response to pulse count to selectively
      interconnect said resistors.
NUM  3.
PAR  3. The invention set forth in claim 2, wherein said coupling and isolating
      means comprises, for each of said resistors, a light emitting diode
      connected to a corresponding one of said outputs, a light responsive
      transistor optically coupled to said light emitting diode and a field
      effect transistor having a source and a drain connected in series with
      said resistor and a gate connected to said light responsive transistor.
NUM  4.
PAR  4. The invention set forth in claim 1, wherein said detecting means
      comprises a monostable circuit for receiving said first pulse train, said
      monostable circuit operated to its unstable state by the first pulse
      received and maintained in that state by each succeeding pulse occurring
      within a predetermined time interval of the pulse preceding that pulse,
      said monostable circuit connected to said digital means and operable to
      cause said digital means to stop varying said impedance when the interval
      between said pulses becomes greater than said predetermined interval.
NUM  5.
PAR  5. The invention set forth in claim 1, comprising means for presetting said
      register to a predetermined count condition including means for receiving
      a start signal and means for maintaining said register in said
      predetermined count condition until receipt of a predetermined pulse of
      the first pulse train.
NUM  6.
PAR  6. The invention set forth in claim 1, comprising optoisolating means
      connected between said digital means and said variable impedance and
      operated by said digital means to vary the value of said variable
      impedance.
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PAL  An automotive control system utilizes a pulse-generating circuit driven as
      a function of wheel angular velocity to produce electrical signals related
      to vehicle wheel rotation. The signals are shaped, filtered and passed to
      associated equipment, such as regulated braking circuits, to perform the
      regulating function. The frequency doubling circuit is provided to
      accommodate different sensing systems which produce fewer output signals
      for a given angular displacement of a vehicle wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various control systems now utilized in passenger cars require input
      information related to vehicle velocity and/or wheel angular velocity.
      Controlled braking systems generally require a signal related to wheel
      angular velocity to avoid wheel lockup and consequent skidding. This
      signal has been provided by utilizing a "tone wheel", a slotted disc
      driven as a function of wheel rotation, and an inductive sensor positioned
      adjacent the tone wheel to provide frequency-indicating output signals
      which vary in frequency as a function of the vehicle wheel angular
      velocity. Of course other types of sensors, such as a light-emitting unit
      which has its radiation alternately blocked and passed by apertures in a
      driven disc, and a radiation-sensitive sensor or pickup unit, can also be
      used in a place of a tone wheel and inductive sensor. Some control
      circuits were developed for use with a tone wheel having 120 teeth, thus
      providing 120 cycles of the output signal for each complete revolution of
      the tone wheel. Some automotive manufacturers desired to utilize tone
      wheels with only 60 teeth, which necessitated major redesign of the band
      pass and other circuits in the existing control systems. This would entail
      considerable expense and time, and it is clearly desirable to obviate such
      expense and time, if possible.
PAR  It is therefore a primary consideration of this invention to provide an
      automotive vehicle control circuit suitable for use with tone wheels
      having 60 teeth and providing output information at a rate corresponding
      to that of systems employing 120 tooth tone wheels.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is useful in an automotive vehicle having electronic
      circuitry employing a-c information signals of a frequency related to the
      angular velocity of a vehicle wheel. The pulse generating circuit of the
      invention includes a sensor which is positioned to provide
      frequency-indicating output signals which vary in frequency as the vehicle
      wheel angular velocity varies. A differentiating circuit is connected to
      operate on the frequency-indicating signals, to produce both a
      positive-going signal and a negative-going signal during each complete
      cycle of the sensor output signal. A one-shot multivibrator circuit
      includes a capacitor for regulating generation of a rectangular output
      pulse. In particular, a semiconductor switch and a diode are connected to
      effect discharge of the capacitor during both the positive-going and
      negative-going portions of each cycle of the sensor output signal, to
      effect frequency doubling in the control system.
DRWD
PAC  THE DRAWING
PAR  In the drawing like reference numerals identify like components, and in the
      drawing:
PAR  FIG. 1 is a block diagram of a known angular velocity detecting system; and
PAR  FIG. 2 is a schematic diagram, illustrating circuit details of some
      components shown in FIG. 1, together with the frequency doubling circuit
      of this invention.
DETD
PAC  GENERAL SYSTEM DESCRIPTION
PAR  FIG. 1 depicts a segment of a tone wheel 10, connected (over a conventional
      arrangement not illustrated) to be driven as a function of the angular
      velocity of a vehicle wheel. The tone wheel 10 includes a plurality of
      teeth 11 separated by gaps 12. Inductive sensor 13 is positioned adjacent
      the tone wheel so that rotation of the tone wheel provides a
      frequency-indicating signal across winding 13, which signal is then
      applied over conductors 14, 15 to a band pass filter circuit 16. In
      general, the band pass circuit is tuned or conditioned electrically, in
      cooperation with the inductance value of sensor 13, to pass signals within
      a desired frequency range and to attenuate stray noise and spurious
      signals outside the desired frequency range. Band pass circuit 16 passes
      the output signals to a pulse shaper circuit 17, which in turn provides
      trigger signals to a one-shot multivibrator circuit 18 which establishes
      constant-duration signals for use in an associated control system. These
      signals in turn are passed over a line 50 to filter circuit 20 and then
      over an output line 21 for use in related circuitry, such as the
      controlled braking arrangement referred to above. These general circuits,
      together with the physical mounting of the tone wheel and sensor, are now
      known and understood in this art and need not be further described here.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The details of the present invention, and associated circuitry, are set out
      in FIG. 2. As there shown, inductive sensor 13 has its opposite ends
      coupled to conductors 14, 15. A protective resistor 22 is connected
      between line 15 and reference conductor 23. A suitable energizing
      potential must be applied to terminal 24, shown connected to the
      energizing conductor 25, to energize the illustrated circuit.
PAR  Input or band pass circuit 16 includes capacitors 26, 27 and a resistor 28
      connected as illustrated between the sensor and input capacitor 30 of the
      pulse shaping circuit. Pulse shaper circuit 17 includes a pair of
      semiconductor switches, shown as NPN type transistors 31 and 32, each
      having a collector, base and emitter connection, which are also described
      as output, input and common connections. The emitters of transistors 31
      and 32 are connected to reference conductor 23. The base or input
      connection of transistor 31 is coupled to one side of capacitor 30, to one
      side of resistor 28, and over resistor 33 to energizing conductor 25. The
      collector of transistor 31 is connected to both the resistors 34 and 35;
      resistor 35 has its other side connected to energizing conductor 25.
      Resistor 34 completes the signal path between the collector of transistor
      31 and the base of transistor 32. The collector of transistor 32 is
      coupled over a resistor 36 to energizing conductor 25, and the same
      collector is also coupled to capacitor 37 in the differentiating circuit,
      which differentiating circuit also includes resistors 38 and 43. In
      general the differentiating circuit 37, 38, 43 is considered a part of the
      pulse-shaping circuitry.
PAR  In accordance with the present invention, a frequency doubling circuit 40
      is provided. This circuit includes a diode 41, and another semiconductor
      switch shown as an NPN type transistor 42. Resistor 43 in the
      differentiating circuit also functions as a leakage resistor in the
      frequency doubling circuit. The cathode of diode 41 and the base of
      transistor 42 are both coupled to the common connection between resistors
      38 and 43, and the other side of resistor 43 is connected to reference
      conductor 23. The emitter of transistor 42 is also connected to the
      reference conductor. The anode of diode 41 and the collector of transistor
      42 are both connected to a common connection in the one-shot multivibrator
      circuit 18, between resistor 44 and capacitor 45. The series circuit 44,
      45 is connected between the energizing and reference conductors 25, 23.
      The one-shot circuit also includes a resistor 46, having one end coupled
      to the common connection between components 44 and 45, and its other end
      coupled to the base of another NPN type transistor 47, the emitter of
      which is connected to reference conductor 23. The collector of transistor
      47 is coupled over a resistor 48 to energizing conductor 25, and the
      collector is also coupled to an output conductor 50 for providing the
      frequency-doubled signal to a filter 20 or any other suitable system for
      utilizing the wheel angular velocity information.
PAR  In operation, as tone wheel 10 is rotated, the frequency-indicating output
      signal from sensor 13 is produced. Because sensor 13 is inductive in the
      illustrated embodiment, the frequency-indicating signal is generally
      sinusiodal. With other arrangements, such as a lamp (not shown) passing
      light through slits in a tone wheel to strike a light-sensitive
      transistor, the resultant frequency-indicating signal is generally
      rectangular. With either arrangement, the frequency-indicating signal is
      passed through band pass filter 16 to the base of transistor 31. This
      signal is amplified in transistors 31, 32 and appears at the collector of
      transistor 32. The frequency-indicating signal is differentiated across
      circuit 37, 38, 43 to provide a positive-going pulse as the
      frequency-indicating signal begins to go positive, and a negative-going
      pulse when the negative-going portion of the frequency-indicating signal
      is begun. Capacitor 45 in the one-shot circuit is normally charged, and
      transistor 47 is normally conducting; in this steady-state condition the
      output signal on line 50 is low. The charge on capacitor 45 is maintained
      over resistor 44 from the positive energizing conductor 25.
PAR  As the positive-going portion of the frequency-indicating signal appears at
      the collector of transistor 32, a positive-going signal is provided by
      differentiator 37, 38, 43 and this positive spike drives on transistor 42,
      which effectively discharges capacitor 45. This discharge removes the
      drive from the base of transistor 47 and turns it off, allowing the
      potential at its collector to go high, providing a positive-going output
      signal on line 50. After the positive-going spike disappears from the base
      of transistor 42, it is again non-conductive, and capacitor 45 begins to
      recharge over resistor 44. At a time determined by the RC time constant of
      44, 45, transistor 47 is again gated on, driving its collector potential
      low and terminating the output pulse on line 50. Thus the duration of this
      rectangular pulse on line 50 is a function of the circuit constants, and
      not of the frequency of rotation of the tone wheel 10.
PAR  When the negative portion of the frequency-indicating signal begins, a
      negative-going spike is provided over resistors 38, 43 and diode 41
      becomes conductive. Thus capacitor 45 is again discharged and transistor
      47 becomes non-conducting to provide another rectangular output pulse on
      line 50. This operation of the circuit provides the frequency-doubled
      pulses over line 50 to the associated equipment.
PAC  TECHNICAL ADVANTAGES
PAR  The frequency-doubling circuit of the invention has several unobvious and
      important advantages over known arrangement which provide a "brute-force"
      or straightforward frequency doubling. For example, one skilled in the art
      might provide a full-wave rectifier bridge between sensor 13 and the band
      pass circuit, to provide effective frequency doubling as the
      frequency-indicating signal is rectified. However the forward voltage
      drops to cause the diodes to conduct provide a significant limitation on
      the system. In general circuits such as that shown in FIG. 2 are designed
      to operate at a very low power level, even lower than those which cause
      the diodes to conduct. Thus at low speeds of the auto, the diodes in such
      a rectifier bridge would not conduct, and in effect the wheel angular
      velocity signal would be lost. If a transformer is added to the input
      circuit to enhance the sensor output signal, this adds to the bulk and
      expense of the circuit. In addition the rectifier bridge and transformer
      combination would provide a mismatch between the sensor and the band pass
      circuit 16, changing the frequency response characteristics of the circuit
      and necessitating major redesign.
PAR  It is also noted that most straightforward doubling arrangements would
      simply employ another diode instead of transistor 42 coupled in parallel
      with diode 41, with the other diode connected to conduct in the opposite
      direction. However, such an arrangement would be ineffective as it would
      tend to charge capacitor 45 on the positive-going spikes provided by the
      differentiator, rather than discharge the capacitor as required for
      operation of the one-shot multivibrator circuit.
PAR  At this time it is believed that the best mode for practicing the invention
      includes using a circuit such as that shown in FIG. 2.
PAR  In the appended claims the term "connected" means a d-c connection between
      two components with virtually zero d-c resistance between those
      components. The term "coupled" indicates there is a functional
      relationship between two components, with the possible interposition of
      other elements between the two components described as "coupled" or
      "intercoupled."
PAR  While only a particular embodiment of the invention has been described and
      claimed herein, it is apparent that various modifications and alterations
      of the invention may be made. It is therefore the intention in the
      appended claims to cover all such modifications and alterations as may
      fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in an automotive vehicle having electronic circuitry utilizing
      a-c information signals occurring at a frequency related to the angular
      velocity of a vehicle wheel, a pulse-generating circuit comprising:
PA1  a sensor, positioned to provide frequency-indicating output signals varying
      in frequency as a function of variations in the angular velocity of the
      vehicle wheel;
PA1  a differentiating circuit, connected to receive the frequency-indicating
      output signals and to produce both a positive-going signal and a
      negative-going signal during each complete cycle of the sensor output
      signal;
PA1  a one-shot multivibrator circuit, including a first semiconductor switch
      having input, output and common connections and connected to be normally
      conducting, a capacitor coupled between the input and common connections
      of the first semiconductor switch such that upon discharge of said
      capacitor the switch is rendered non-conductive to generate a rectangular
      wave output pulse during the non-conductive period of the first
      semiconductor switch, and a resistor coupled to the capacitor to provide a
      path for charging the capacitor after each discharge to regulate the time
      duration of the rectangular wave output pulse from the one-shot circuit;
PA1  a diode, having its anode coupled to the capacitor in the one-shot circuit
      and its cathode coupled to the differentiating circuit; and
PA1  a second semiconductor switch, having input, output and common connections
      and having its output-common path coupled in parallel with said capacitor,
      and having its input connection coupled to the same point of the
      differentiating circuit as is the cathode of the diode, to complete a
      discharge path for said capacitor upon receipt of each positive-going
      signal from the differentiating circuit.
NUM  2.
PAR  2. A pulse-generating circuit as claimed in claim 1, and further comprising
      a filter circuit coupled to the output side of the one-shot multivibrator
      circuit, to provide a d-c analog signal which varies in amplitude in
      accordance with the variation in frequency of the equal-duration pulses
      produced by the one-shot circuit.
NUM  3.
PAR  3. A pulse-generating circuit as claimed in claim 1, in which the sensor is
      an inductive sensor which produces generally sinusoidal output signals,
      and further comprising a band-pass filter circuit coupled between the
      sensor and the differentiating circuit, to militate against erroneous
      triggering of the differentiating circuit by stray noise pulses.
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PAL  In a regulated supply unit comprising a transistor bridge across one
      diagonal of which is connected the D.C. voltage source and from the other
      diagonal of which is outputted the regulated voltage through an output
      transformer, each pair of diagonally opposite branches of the bridge being
      controlled by a corresponding pair of transistor condition switching
      circuits, the regulation signal is only applied to two of the said control
      circuits which control two branches of the bridge connected to a same pole
      of the D.C. voltage source. Further, as each control circuit comprises a
      transformer across the secondary winding of which is connected the
      collector-emitter space of a transistor and to an intermediate tap of
      which is connected the base of said transistor, a series resistance
      connects the emitter to the corresponding pole of the said winding and to
      the corresponding pole of the diagonal of the bridge.
BSUM
PAC  SHORT SUMMARY OF THE INVENTION
PAR  The present invention concerns improvements in or relating to regulated
      supply units which are specially adapted to be used in information
      processing systems as they are of relatively small volume, reasonably low
      cost and of a high degree of viability.
PAR  The invention is more definitely concerned with that kind of regulated
      supply units which operates on the principle of high frequency switching
      of alternate paths from the D.C. source to the output. The frequency of
      the switching may be of several kilohertz, 20 k.Hz for instance, so that
      the volume of the coils of the transformers and filters, which constitute
      about 60 to 80% of the total volume, is drastically reduced with respect
      to that of the regulated supply units which operate at low frequency
      rates. Further, the efficiency, i.e. the energetic one, of such high
      frequency operated supplies is high.
PAR  A particular structure of the concerned kind is, for instance, described in
      an article by P.F. PITTMAN, R. J. RAVAS & R. W. BRIGGS, entitled
      "Staggered Phase Technique Shrinks Power Conditioners" in
      "ELECTROTECHNOLOGY", vol. 83, June 1968, No. 6, pages 55-58. The structure
      comprises a bridge of four transistors across a diagonal of which is
      connected the voltage source to regulate and across the other diagonal of
      which is outputted the regulated voltage. The transistors of the pairs of
      diagonally opposite branches of the bridge are alternately blocked and
      saturated with a "dead" time interval between the half-periods of the
      control and the regulation is ensured by a signal which controls the
      length of said dead time interval.
PAR  When however, and in contradistinction with the structure described in the
      above referred publication, the regulated voltage outputting arrangement
      comprises a transformer, the operation is no more actually secure for the
      following reason;
PAR  The transformer may begin to auto-oscillate during the dead levels of the
      voltage during the said dead time intervals of the control. The regulation
      is consequently destroyed;
PAR  When the stockage times of the transistors are too lengthy, simultaneous
      conduction and consequent destruction of the transistors of the samely
      supplied branches of the bridge may occur;
PAR  With this kind of control by blocking and unblocking in simultaneous
      condition of the transistors of the opposite pairs of branches of the
      bridge, a variation of the magnetic component of the current may appear
      due to a difference between the times of conduction and between the
      collector-emitter voltages of the transistors from one half-period to the
      other half-period of the switching control. Such a variation leads to an
      unbalance of the currents which pass through the halves of the branches of
      the bridge and said unbalance creates a permanent D.C. current through the
      output transformer. When such a D.C. component comes to a too high value,
      the transformer saturates and the transistors risk destruction.
PAR  The present invention aims to provide a regulated supply unit of the herein
      above defined kind having means for avoiding such risks and drawbacks.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an example of embodiment of a regulated supply unit according
      to the invention,
PAR  FIG. 2 shows diagrams of signals and waveforms concerned in said
      embodiment,
PAR  FIG. 3 shows a partial modification of the embodiment of FIG. 1, and,
PAR  FIG. 4 shows a further modification of said embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the high frequency switching controlled bridge
      comprises four power transistors, Q1 to Q4. The collectors of the
      transistors Q1 and Q2 are connected to one pole, the positive one for
      instance, fo a D.C. voltage source such as a battery B of 48 volts for
      instance. The emitters of the transistors Q3 and Q4 are connected to the
      other pole of the source. Across the battery B is shunt connected a
      condenser C which stores the energy from the source in order to maintain a
      substantially constant potential difference across the poles of the thus
      defined diagonal of the bridge. Across the other diagonal of the bridge is
      connected the primary winding of an output transformer T5. The secondary
      winding of T5 presents a grounded mid-tap and its ends are, through
      Schottky diodes do, connected to the input of a ripple eliminating filter
      comprised of a series inductance coil L and a shunt grounded capacity Co.
      The regulated voltage appears at 50 across Co.
PAR  Each power transistor circuit comprises the secondary winding of a
      transformer, T1 to T4 for the transistors Q1 to Q4. The transistor is
      connected by its collector and its emitter across the secondary winding.
      The connection to the collector includes a series diode d1. The base of
      the transistor is connected to an intermediate tap of the secondary
      winding. Damping resistors r are shunt connected across the two parts of
      the windings defined by said tap. With such a circuit arrangement, each
      transistor works outside its saturation zone. A quick switching diode d is
      connected across the emitter and the collector of each transistor in order
      to avoid that the magnetizing energy of the output transformer 5 can close
      through the transistor and produce a reverse biassing thereof; and said
      diode d reduces the over-voltages across the collector and the emitter of
      the transistor.
PAR  The voltage outputting the filter 60 is compared in a voltage divider 51 to
      a reference voltage V2, which must be understood as being of a negative
      D.C. value. The resulting error signal is applied on an input of an analog
      comparator ACA through an operational amplifier AE. The output (10) of AE
      is a D.C. voltage the level of which depends from the departure of the
      regulated voltage and the reference voltage.
PAR  As a protection of the supply against overloads and short-circuits, it is
      additionally provided to limit the value of the error voltage by means of
      the following circuitry: a current transformer T6 is connected with its
      primary winding in series with the primary winding of the output
      transformer T5 and the potential difference across an adjustable resistor
      Ro across the secondary winding of the transformer T6 is rectified at d2
      and filtered at f1. The rectified voltage is compared by a comparator AL
      to a reference voltage V. The output of AL is brought to point (10)
      through a diode d3. As long as d3 remains blocked, the arrangement does
      not operate but as soon as d3 unblocks, the voltage at point (10)
      decreases, consequently acting in the reverse direction of the regulation
      and introducing a limitation thereof.
PAR  A clock pulse generator TG, issuing the waveform shown on the curve CK of
      FIG. 2, comprises a trigger circuit the frequency of which is adjusted by
      a resistance 52 to a value of, for instance, 400 K.Hz. The pulse frequency
      is divided by five by a Johnson pulse counter comprising, for instance,
      the five stages I to IV and Ico. Only the waveforms (1) and (2) from the
      stages I and II are shown in FIG. 2 as only said waveforms are used for
      the derivation of the signals which control the switching of the
      transistors Q1 to Q4 of the bridge. Said waveforms (1) and (2) are applied
      to circuits Ic1 and Ic2 which divide by two their frequency. Each one of
      the divider circuits Ic1 and Ic2 presents complementary outputs G and G,
      the corresponding waveforms are shown at (6) and (6) for the output of Ic1
      and at (7) and (7) for the output of Ic2.
PAR  The signal (1) is further shifted by one-half of the period of the clock by
      a circuit Ic3 which receives both said signal and the clock signal CK. The
      shifted waveform is shown at (8) in FIG. 2 and applied to an integrator
      circuit Int such as a condenser-resistance network. The saw-tooth waveform
      thus formed at (9) is applied to the other input of the analog comparator
      ACA. The phase of said saw-tooth waveform, of T/2 period with respect to
      the switching control of the bridge is used as a reference phase for this
      control.
PAR  At the output (11) of the analog comparator ACA, a pseudo-rectangular
      signal is available, repeated each T/2 period and of a length proportional
      to the difference between the output voltage of the unit and the reference
      voltage illustrated by the level (10) in FIG. 2. Said pseudo-rectangular
      signals are shown at (11) in the graph (9).
PAR  The primary windings of the transformers T1 to T4 are serially connected
      with transistors 91 to 94 through current-limiting resistors RL. A
      deparasiting network ap is connected in shunt across this series circuit
      supplied by a voltage +v at the level of the collector of its transistor.
      The emitters of 91 to 94 are grounded. The bases of the transistors are
      fed by +v through load resistors rc and switching operation speeding
      networks R1 to R4. The switching control of the condition of each of the
      transistors 91 to 94 passes through an inverter circuit, I1 to I4, from
      the respective outputs of gates E1 to E4 of the NAND type.
PAR  The gates E1 and E3 receive the G signals from the circuits Ic1 and Ic2.
      The gates E2 and E4 receive the G signals from said circuits. The gates E1
      and E2 additionally receive the analog error signal (11). Such
      combinations of signals result, at the level of the power transistors Q1
      to Q4, in conduction periods as shown in the graphs (6.7), (6.7), (6.7.11)
      and (6.7.11) of FIG. 2, on which further the controlled transistors are
      marked. It may be seen that the transistors Q1 and Q3, on the first part,
      and the transistors Q2 and Q4, on the second part, are controlled
      in-phase, whereas the said pairs of transistors are relatively controlled
      in opposition of phases. The times of conduction of the transistors Q3 and
      Q4 are constant whereas the times of conduction of the transistors Q1 and
      Q2 are variable according to the level of the error signal (10).
PAR  The graph 60 of FIG. 2 shows the waveform of the signal outputting at 60
      from the regulated unit, the operation of which may be explained as
      follows:
PAR  Starting for instance from a time instant to where Q1 and Q3 are
      conducting, the voltage V.sub.C of the source B is applied to the primary
      winding of the transformer T5, minus the voltage drop of the
      collector-emitter space of the transistors. The upper diode of the pair is
      conducting.
PAR  At the time instant t1, Q1 blocks. The primary current closes through Q3
      and the diode d of the current of Q4. Its decrease induces an
      electromotive force which generates a small current in the lower diode of
      the pair do.
PAR  At the time instant t2, Q3 blocks. The primary current passes through the
      diodes d of the circuits of the transistors Q1 and Q2 and thereafter
      becomes zero. The magnetizing component of the said current closes at the
      secondary winding of T5 through the lower diode do and the resistive
      component equally divides between the two diodes do.
PAR  The time inverval t2-t3 is the guard interval, equal to one period of the
      clock, of a value equal to 2.5 microseconds, so that the transistor Q3 is
      totally blocked before the transistor Q4 begins to conduct. The stocking
      time plus the descending time of Q3 cannot outpass one half of a
      microsecond for a fixed time interval of conduction for Q3 and Q4 equal to
      22.5 microseconds.
PAR  At the time instant t3, the transistor Q4 becomes conducting for such a
      constant value. The primary current of T5 closes through Q4 and the diode
      d of the circuit of Q3. Its increase generates an electromotive force
      which produces a small current through the upper diode of the pair do.
PAR  At the time instant t4, the transistor Q2 becomes conducting. The full
      voltage V.sub.C is applied to the primary winding of the transformer T5,
      minus the collector-emitter voltage drop of the transistors. The lower
      diode of the pair do is conducting.
PAR  At the time instant to.sup.1, all conditions existing at the time instant
      to are restored and the next cycle is the symmetric image of the cycle
      which has been described; and so forth.
PAR  At the start of operation of the unit, and as long as the auxiliary
      supplies such as +v and -v are not yet stabilized, a Schmitt trigger BS
      issues a signal which, inverted, blocks the gates E1 to E4 and resets to
      zero the Johnson counter and the two-condition circuits Ici, Ic2 and Ic3.
PAR  When required, the regulation can be blocked from the application of a
      blocking signal VB to the base of a transistor QB which, when saturated,
      directly blocks the gates E3 and E4 and, through Ic3 and ACA, the gates E1
      and E2.
PAR  Once the transformers T1 to T4 duly equilibrated, the unbalance is mainly
      due in the bridge to the dispersion on the values of the transistor
      parameters: switching response time intervals and, mainly, stockage time
      and potential across collector and emitter thereof. The provision of a
      secondary winding of the control transformer, T1 to T4, in each power
      transistor circuit, acts as an antisaturation means for a substantial
      reduction of the stocking times of the transistors and a substantial
      reduction of the unbalance at the level of the output transformer. Such an
      arrangement however does not eliminate the imperative sorting of the power
      transistors. Such a sorting is all the more drastic that the power of the
      supply unit must be high. An increase of this power may be provided, as
      known, by paralleling several power transistors across the secondary
      windings of the control transformers T1 to T4.
PAR  In FIG. 3, a modification is shown which enables a better balance of the
      bridge of power transistors. A resistance, P1 to P4, is inserted in each
      power transistor circuit between the emitter of the transistor and the
      pole of the diagonal to which said emitter is connected, which is also the
      point of connection of one end of the secondary winding of the control
      transformer. The resistance r of the transistor circuits of FIG. 1 may or
      not be preserved as the case may be. FIG. 4 shows that, in an arrangement
      wherein several power transistors are connected in parallel across the
      secondary winding of the input control transformer, such a resistor is
      provided between each emitter and such a pole.
PAR  With such a modification, if the electrical current tends to unbalance from
      one branch to the other one of the bridge, if, for instance, the current
      has a tendency to increase on the side Q1-Q3, the voltage drop across P1
      and P3 would increase and this increase would be amplified by the
      corresponding control transformer, (with the own ratio of transfer of said
      transformer). The collector voltage of Q1 and Q3 would then increase in
      the same proportion. This would result in a decrease of the voltage
      applied to the output transformer T5 during the conduction period of Q1
      and Q3. The converse effect would exist for the other pair of transistor
      circuits, Q2 and Q4, of the bridge. Such a decrease of voltage would also
      decrease the regulated current, thereby reinforcing the regulation action
      of the unit.
PAR  The conjugated use of the antisaturation pulse transformers and of the
      emitter resistors highly minimize the unbalance of electrical current in
      the bridge from automatic compensation therefrom of the dispersions in the
      collector-emitter voltages of the transistors and the dispersions of the
      stockage times thereof. Actually a circuitry such as shown in FIG. 3 acts
      as au auxiliary regulation loop, internal to the bridge, the action of
      which concurs to the regulation obtained from the external regulation loop
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A regulated power supply system comprising in combination:
PA1  a. a four legged bridge, each leg of which includes at least one high
      frequency switched power transistor;
PA1  b. a source of DC voltage connected across one diagonal of said bridge;
PA1  c. a regulated output transformer connected across the other diagonal of
      said bridge;
PA1  d. clock controlled time base means;
PA1  e. first and second pairs of switching circuits for said power transistors
      connected to control respectively, pairs of said transistors in diagonally
      opposite legs of said bridge;
PA1  f. first and second circuits connected to said time base means for deriving
      therefrom first and second wave forms in relative phase opposition and
      connect said wave forms to the control inputs of said first and second
      pairs of switching circuits;
PA1  g. each of said switching circuits including a transformer having a center
      tapped secondary winding connected across the collector emitter of at
      least one said power transistor and the tap connected to the base of the
      same transistor;
PA1  h. a reference wave form generator;
PA1  i. an error signal forming circuit connected to compare the secondary
      voltage of said output transformer with a reference voltage;
PA1  j. a regulation signal forming circuit connected to receive said error
      signal and the output of said reference waveform generator and compare
      said signal; and
PA1  k. means applying the output of said regulating signal forming circuit to
      one only of the transistor switching control circuits of said first pair
      and to one of the transistor switching circuits of said second pair, one
      of said switching circuits connected respectively to control two legs of
      said bridge connected to the same side of said DC voltage source.
NUM  2.
PAR  2. A regulated power supply system as defined by claim 1 in which said
      first and second circuits for deriving first and second waveforms in
      relative phase opposition comprise AND gate circuits operating on two
      identical frequency waveforms which are relatively shifted by one period
      of the clock of said time base means and are supplied by said time base
      means.
NUM  3.
PAR  3. A regulated power supply system as defined by claim 2 in which said
      reference waveform generator has its input connected to one of said
      identical frequency waveforms.
NUM  4.
PAR  4. A regulated power supply system as defined by claim 1 including a
      current overflow detector associated with the primary winding of said
      regulated voltage output transformer and an error signal limiting circuit
      connected to subtract the voltage output of said detector from the output
      of said error signal forming circuit.
NUM  5.
PAR  5. A regulated power supply system as defined by claim 1 including a
      plurality of resistors, one connected between the emitter of each power
      transistor and one end of the secondary winding of said control circuit
      transformer.
NUM  6.
PAR  6. A regulated power supply system as defined by claim 5 including a
      plurality of quick switching diodes, one connected respectively across the
      collector-emitter of each said transistor.
NUM  7.
PAR  7. A regulated power supply system as defined by claim 5 including a
      plurality of quick switching diodes, one connected across the collector
      and that end of said resistor remote from said emitter.
NUM  8.
PAR  8. A regulated power supply system as defined by claim 5 including a
      plurality of power transistors connected in parallel across the secondary
      winding of a control transformer in each leg of said bridge, a plurality
      of resistors, one connected between the emitter and diagonal pole of said
      bridge for each transistor.
NUM  9.
PAR  9. A regulated power supply system as defined by claim 1 including a
      circuit connected to detect instability of the voltage supply for said
      switching circuit, and means controlled by said circuit for blocking the
      activation of said waveform forming circuits and said switching control
      circuits during each period of detection of voltage instability.
NUM  10.
PAR  10. A regulated power supply system as defined by claim 1 including a
      regulation blocking circuit connected to de-activate said transistor
      switching control circuits and said reference waveform generator in each
      of its active periods.
NUM  11.
PAR  11. A regulated power supply system comprising in combination:
PA1  a. a four leg bridge, the legs being high frequency switched power
      transistors;
PA1  b. a source of DC voltage connected across a diagonal of said bridge;
PA1  c. an output transformer connected across the other diagonal of said
      bridge;
PA1  d. means deriving a voltage departure error signal from said output
      transformer;
PA1  e. means establishing a first pair of oppositely phased waveforms
      controlled by said error signal;
PA1  f. means establishing a second pair of oppositely phased waveforms
      independent of said error signal;
PA1  g. means controlling two of the legs of said bridge connected to one pole
      of said source of DC voltage by the waveforms of said first establishing
      means; and
PA1  h. means controlling the other two legs of the bridge from said second
      oppositely phased waveforms, said first and second waveforms being
      respectively connected in opposite phase relation between diagonally
      opposite legs of said bridge.
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ABST
PAL  A low resistance closed feedback loop regulated current source for
      supplying a load, the source being of the type including a transistor
      having input and output electrodes respectively connected between voltage
      input and current output terminals, and said transistor having a control
      electrode. The feedback loop includes amplifying means having an output
      connected to the transistor control electrode and having first and second
      inputs providing differential current gain for signal current at said
      inputs and for maintaining minimum differential voltage between said
      inputs. First and second PN semiconductor structures having first and
      second electrodes and having dissimilar junction boundary areas are
      provided with the first electrodes of said structures being connected to
      the respective first and second inputs of the amplifying means. A resistor
      is provided connected between the second electrode of the structure having
      the greater boundary area and the second electrode of the remaining
      structure. Means is provided coupled to sense current output of said
      source and is connected to the second electrode of said remaining
      structure for providing a feedback signal which causes the output of said
      current source to assume a predetermined value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a current source and method of
      operation. More particularly, this invention relates to a current source
      having a closed feedback loop to provide regulated operation.
PAR  Although regulated current sources have heretofore been provided, such
      sources require the use of excessively large resistors, particularly for
      relatively small current outputs. Excessively large resistors require
      large semiconductor area and have high temperature coefficients in
      integrated circuit applications. Thus there is a need for a low resistance
      microcurrent regulated current source.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide an
      improved low resistance low current regulated current source which
      occupies reduced semiconductor area.
PAR  It is a particular object of the present invention to provide an improved
      low resistance microcurrent regulated current source utilizing a
      relatively low value resistor having a low temperature coefficient capable
      of being formed in an integrated circuit structure.
PAR  It is a further particular object of the present invention to provide a
      method for regulation of a low resistance microcurrent constant current
      source.
PAR  The foregoing and other objects of the invention are achieved in a constant
      current source, and method of operation, for supplying a load, the source
      being of the type including a transistor having input and output
      electrodes respectively connected between voltage input and current output
      terminals. The transistor has a control electrode having a feedback loop
      connected thereto. The feedback loop includes amplifying means having an
      output connected to said transistor control electrode and having first and
      second inputs for providing differential current gain for signal currents
      at said inputs and for maintaining minimum differential voltage between
      said inputs. First and second PN semiconductor structures having first and
      second electrodes are provided the structures having dissimilar junction
      boundary areas wherein the first electrodes of the respective structures
      are connected to the respective first and second inputs of the amplifying
      means. A resistor is provided connected between the second electrode of
      the structure having the greater boundary area and the second electrode of
      the remaining structure. Means is provided coupled to sense current output
      and connected to the second electrode of the remaining structure for
      providing a feedback signal which causes the output of said current source
      to assume a predetermined value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing a first embodiment in accord with the
      present invention.
PAR  FIG. 2 is a schematic diagram showing an additional embodiment of the
      current source utilizing an amplifier having dissimilar PN junction
      inputs.
PAR  FIG. 3 is a schematic diagram of an additional embodiment of the present
      invention showing the FIG. 2 circuit together with additional circuitry.
PAR  FIG. 4 is a schematic diagram of a transistor having a plurality of output
      electrodes for utilization in accord with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the present invention is shown having a voltage input
      terminal (V.sub.in) 13 and a current output terminal (I.sub.o) 14. A first
      transistor 16 is included having an emitter 18 connected to terminal 13
      and a first collector 19 connected to terminal 14. The transistor has an
      additional collector 21 and a control electrode 23.
PAR  The current source further includes error amplifying means 26 having an
      output 27 connected to control electrode 23 and having first and second
      inputs 28 and 29. A first PN semiconductor structure 31 is provided having
      a junction boundary area and first and second electrodes connected to the
      respective PN regions. The first or cathode region 32 is connected to
      input 28 amplifier 26 and the second electrode 33 of anode is connected to
      a first terminal of resistor 34. A second PN semiconductor structure 37 is
      provided having a first electrode 38 or cathode and a second electrode 39
      or anode. The remaining lead of resistor 34 is connected to electrode 39
      of structure 37 and also connected to additional collector 21 of
      transistor 16.
PAR  Although not shown, it is apparent that PN structure 31 and 37 and resistor
      34 may be integrally formed in a single semiconductor body. Device 31 and
      37 may be formed by first forming isolated spaced regions of one
      conductivity type in a semiconductor body extending to a surface of said
      body. Next, opposite conductivity regions may be formed entirely within
      the first spaced regions and extending to said surface. resistor 34 may be
      formed simultaneous with the formation of the last formed regions and may
      be formed using conventional diffusion or ion implantation processing
      steps. By conventional masking the respective PN junction boundary areas
      of structures 31 and 39 may be fabricated to be dissimilar such as by
      control of masking techniques such that the boundary area of structure 31
      may be made slightly larger than the area of structure 37. It is further
      to be noted that resistor 34 can be formed by a resistance region in said
      body having a temperature coefficient that can be carefully controlled so
      that the value of resistor 34 can be predetermined to increase with
      temperature.
PAR  The circuit, the structural elements, and their interaction may be
      predetermined in accord with the following:
PAR  Error amplifier 26 is predetermined to have an initial differential
      current, I.sub.id .perspectiveto.0 and further having an initial
      differential voltage V.sub.id .perspectiveto.0.
PAR  In operation, it has been found that the error amplifier 26 having a high
      gain provides a large differential current gain to force equal currents
      I.sub.A and I.sub.B through the structures 31 and 37. Structure 31 has
      been formed to have a greater PN junction boundary area and thus unequal
      current densities (and corresponding unequal voltages thereacross) occur
      at the respective structures 31 and 37. However, error amplifier 26 is
      responsive to provide a minimum or zero differential voltage between
      inputs 28 and 29, thus the differential voltage developed by the unequal
      current densities at structural junctions 31 and 37 respectively, causes
      the resulting differential voltage to appear across resistor 34. As will
      be appreciated, fabrication of very small area differences between
      structures 31 and 37 will provide a small differential voltage and thereby
      a very low current may be generated.
PAR  It is to be noted that the error amplifier 26 differential current gain
      also provides regulation of output current I.sub.o flowing from terminal
      14. As I.sub.o increases in magnitude, a greater proportion of the
      increase in current passes through structure 37 as compared to the current
      that passes through structure 31 thereby producing a differential input
      current which via control electrode 23 decreases the output current
      I.sub.o. The negative feedback function continues until I.sub.id again
      approximates zero and thereby establishes I.sub.o at the predetermined
      current output value.
PAR  The output current value may be predetermined by the following:
EQU  I.sub.A R + V.sub.dA = V.sub.dB                            (1)
PAL  where I.sub.A is the current in the path including the resistor R and
      V.sub.dA and V.sub.dB are the differential voltages which appear across
      the respective structures 31 and 37, based on the assumption that
      V.sub.id, the input voltage differential approximates zero.
PAR  It is well known to those skilled in the art that the voltage across a PN
      diode junction may be expressed as:
      ##EQU1##
      where K is Boltzmann's constant, T is the temperature in degrees Kelvin, q
      is charge, and where initial current I.sub.od is proportional to the area
      of the junction boundary. Substituting:
      ##EQU2##
      It is to be appreciated that in accord with Kirchhoff's current law
EQU  I.sub.out = I.sub.A + I.sub.B                              (4)
PAL  further:
EQU  I.sub.A = I.sub.B (I.sub.id .perspectiveto.0)              (5)
PAL  therefore:
      ##EQU3##
      It is thus to be noted by selecting a junction boundary area of structure
      31 to be slightly larger than the area of structure 37 the 1n of the ratio
      of the areas will be small and a corresponding low output current may thus
      be realized without the necessity of using an excessively large resistor
      R. As was previously noted, it can be seen that I.sub.o may be
      predetermined to have a low temperature coefficient by virtue of selection
      of R which may be formed to have a temperature coefficient such that the
      resistance may be made to increase with temperature offsetting the
      increase in beta of the active transistors in the circuit.
PAR  Referring to FIG. 2, an additional embodiment of the FIG. 1 current source
      is shown. The combination of the previously discussed PN semiconductor
      structures 31 and 37 are now represented by the inputs to transistors 43
      and 49, specifically the PN junction having the greater area being shown
      as first and second paralleled emitter electrodes 44 forming a PN junction
      with base 46 of transistor 43 an emitter 51 forming a PN junction with
      base 52 of transistor 49. PNP transistors 43 and 49 perform the input of
      an emitter input differential amplifier similar to that disclosed in
      copending application Ser. No. 533,141, filed Dec. 12, 1974 and assigned
      to the assignee herein. The bases 46 and 52 are connected to collector 47
      of transistor 43. The collector 47 of transistor 43 is connected to
      collector 55 of transistor 54, an NPN transistor. The emitter 57 of
      transistor 54 is connected to common or ground terminal 55. The base 56 of
      transistor 54 is connected to base 62 of NPN transistor 59. Emitter 63 of
      transistor 59 is connected to the common or ground terminal 55 and
      collector 61 is connected to base 62 and also collector 53 of transistor
      49. Collector 55 of transistor 54 is further connected to base 68 of
      transistor 66, a NPN transistor. Emitter 67 of transistor 66 is connected
      to common or ground terminal 55 and collector 69 is connected to the base
      23 of transistor 16 previously described.
PAR  It is to be appreciated that in operation of the circuit of FIG. 2:
EQU  i.sub.2 r + v.sub.be.sbsb.2 = v.sub.be.sbsb.3
PAL  where I.sub.2 is the current in resistor 34 (R), V.sub.BE.sbsb.2 is the
      base-to-emitter voltage of transistor 43 and V.sub.BE.sbsb.3 is the
      base-to-emitter voltage of transistor 49.
PAR  Assuming relatively high betas for the respective devices, that is,
      .beta..sub.npn and .beta..sub.pnp,
EQU  I.sub.c.sbsb.3 = I.sub.3 = I.sub.c.sbsb.5 = I.sub.c.sbsb.4 ; I.sub.x =
      I.sub.2
PAL  where I.sub.x is the current flowing from the connected base 46 and
      collector 47 electrodes of transistor 43 and I.sub.2 is the current
      flowing through resistor 34 (R). Further:
EQU  I.sub.B.sbsb.6 = I.sub.x - I.sub.c.sbsb.4 = I.sub.2 - I.sub.3
PAL  where I.sub.B.sbsb.6 is the base current of transistor 66
EQU  I.sub.out = .beta..sub.n .beta..sub.p I.sub.B.sbsb.6 = .beta..sub.n
      .beta..sub.p (I.sub.2 - I.sub.3).
PAL  for large .beta..sub.n .beta..sub.p, I.sub.2 -I.sub.3 .perspectiveto. 0
      ##EQU4##
      It is thus to be appreciated that when a voltage input is applied between
      terminals 13 and ground terminal 55 and a load connected between terminal
      14 and terminal 55 that closed-loop differential amplification and
      regulation is obtained. As was previously discussed in conjunction with
      FIG. 1, the error amplifier including transistors 43, 49, 54, 59, and 66
      is responsive to provide initial differential current approximating zero
      and further initial differential voltage between said inputs approximating
      zero. Again it is to be noted that the PN structures previously described
      as 31 and 37 have been included at the respective PN input emitter-base
      junctions of transistors 43 and 49 and said transistors further provide a
      portion of the closed-loop feedback amplification for the current source.
PAR  Referring to FIG. 3 additional circuitry has been added to the circuit of
      FIG. 2 to minimize the effects of beta variations between the respective
      devices. A diode 71 has been included to forward bias transistors 43 and
      49 in order that the respective device base currents are not added to the
      I.sub.x current previously discussed and thereby produce an undesirable
      error. Diode 71 has an anode connected to the interconnected bases 46 and
      52 and a cathode connected to common or ground terminal 55. The connection
      between base 46 and collector 47 has been removed. Moreover, and in like
      manner, an additional transistor 73 is provided having a collector 74
      connected to terminal 13, a base 76 connected to collector 61 and an
      emitter 77 connected to the interconnected bases 56 and 62 to minimize the
      error contributed by the base currents of transistors 54 and 59.
PAR  The connection between collector 61 and base 62 has been removed. Further
      it may be preferably to add an additional resistor 79, connected between
      emitter 77 and common or ground terminal 55, to increase the operating
      current of transistor 73 and thereby operate transistor 73 in the
      increased beta region of the device operating characteristics. An
      additional transistor 82 may be interposed between the collector 69 of
      transistor 66 and the base of transistor 16 for increasing the operating
      current of transistor 66 and thereby permit the transistor to operate in
      the increased beta portion of its operating characteristics. Transistor 82
      has an emitter 83 connected to terminal 13, a base 84 connected to base 23
      of transistor 16 and also connected to collector 86 of transistor 82.
      Collector 86 is connected to collector 69 of transistor 66. In operation
      the circuit of FIG. 3 is identical to that of FIG. 2 differing only in
      that the circuit provides additional circuit elements which minimize beta
      variations of the transistors previously discussed in conjunction with
      FIG. 2.
PAR  Referring to FIG. 4, a multicollector transistor 91 is shown which may be
      substituted for the FIG. 3 combination of transistors 16 and 82. An
      extended base region 92 includes the combination of bases 23 and 84
      previously discussed. A first collector 19 functions similar to the
      previously referenced collector 19 of transistor 16 and is connected to
      output terminal 14. An additional collector may be provided for a second
      output 14'. An additional collector is substituted for collector 21 of
      device 16 previously described and a fourth collector is substituted for
      collector 86 of device 82 previously described. Collector 86 and extended
      base 92 are connected to collector 69 of device 66 previously described.
      Operation of the current source including transistor 91 is identical to
      that previously discussed for the combination of transistors 16 and 82 of
      FIG. 3 with an additional output 14' provided to function identical to
      output 14, although collector areas may be scaled to produce scaled output
      currents.
PAR  Thus it is apparent that there has been provided an improved low resistance
      low current regulated source which occupies reduced semiconductor area.
PAR  Further, there has been provided an improved method and low resistance
      microcurrent regulated current source utilizing a relatively low value
      resistor having a low temperature coefficient when formed in an integrated
      circuit structure.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a current source having a regulating transistor and a feedback loop
      for supplying a regulated current to a load, said transistor having input
      and output electrodes connected between input and output terminals, the
      improvement wherein the feedback loop comprises: amplifying means having
      first and second inputs and an output connected to the control electrode
      of the transistor, first and second PN semiconductor junctions of
      dissimilar areas connected between the output of the transistor and the
      respective inputs of said amplifying means, and a resistor connected
      electrically in series with the PN junction of greater area between the
      output of the transistor and the input of the amplifying means, said
      amplifying means serving to maintain substantially equal currents through
      the PN junctions and a differential voltage substantially equal to zero
      between the inputs of the amplifying means, whereby dissimilar voltage
      drops are produced across the junctions and a corresponding voltage drop
      is developed across the resistor, said corresponding voltage drop serving
      as a reference voltage for determining the level of the current supplied
      to the load.
NUM  2.
PAR  2. In a regulated current source having an input terminal for connection to
      a source of energy and an output terminal for delivering a relatively
      samll, regulated output current to a load: a transistor having an input
      electrode connected to the input terminal, an output electrode connected
      to the output terminal, and a control electrode for controlling the amount
      of current delivered by the output electrode to the output terminal; first
      and second non-linear devices adapted for producing dissimilar voltage
      drops in response to equal currents flowing therethrough; differential
      amplifier means having inputs connected to the non-linear devices and an
      output connected to the control electrode of the transistor; means for
      applying feedback currents having a predetermined relationship to the load
      current to the inputs of the amplifier means through the non-linear
      devices; and a resistive element connected electrically in series with the
      first non-linear device; said amplifier means serving to maintain the
      currents through the non-linear devices substantially equal in magnitude
      and the voltage differential between the inputs of the amplifier means at
      a predetermined level, whereby the feedback currents produce dissimilar
      voltage drops across the non-linear devices and a corresponding voltage
      drop across the resistive element, the voltage drop across the resistive
      element and the resistance of said element determining the level of the
      feedback currents and therefore the level of the load current.
NUM  3.
PAR  3. The current source of claim 2 wherein the non-linear devices are PN
      semiconductor junctions of dissimilar areas.
NUM  4.
PAR  4. The current source of claim 3 wherein the PN junctions are the
      anode-cathode junctions of semiconductor diodes.
NUM  5.
PAR  5. The current source of claim 3 wherein the PN junctions are the
      emitter-base junctions of transistors.
NUM  6.
PAR  6. The current source of claim 2 wherein the transistor has first and
      second output electrodes, the first output electrode being connected to
      the output terminal and the second output electrode being connected to the
      non-linear devices.
NUM  7.
PAR  7. The current source of claim 2 wherein the predetermined voltage
      differential between the inputs of the amplifier means is substantially
      equal to zero volts.
NUM  8.
PAR  8. In a method for supplying a regulated output current to a load from a
      current source having a regulating transistor with input, output and
      control elements, the steps of: applying first and second currents having
      a predetermined relationship to the output current to the inputs of a
      differential amplifier through first and second PN junctions of dissimilar
      areas and through a resistor connected electrically in series with one of
      the junctions, applying the output of the differential amplifier to the
      control electrode of the transistor, and operating the differential
      amplifier to maintain the first and second currents at substantially equal
      levels and to maintain a predetermined voltage differential between the
      inputs of said amplifier, thereby producing dissimilar voltage drops
      across the first and second junctions and a corresponding voltage drop
      across the resistor, the voltage drop developed across the resistor and
      the value of the resistor determining the level of the first and second
      currents and therefor the level of the operating current.
NUM  9.
PAR  9. The method of claim 8 wherein the differential amplifier is operated to
      maintain a voltage differential on the order of zero volts at the inputs
      thereof.
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ABST
PAL  The specification discloses a circuit for sampling charge stored adjacent a
      phase electrode in a charge coupled device and for selectively weighting
      the sampled charge. The circuit includes a first insulated gate field
      effect transistor connected at its source to one end of the phase
      electrode and connected at its drain to receive a clock. A predetermined
      first voltage is applied to the gate of the first transistor. A second
      insulated gate field effect transistor is connected to the other end of
      the phase electrode and is connected at its drain to receive a clock. A
      preselected second voltage is applied to the gate of the second transistor
      in order to control the percentage of charging current applied to the
      phase electrode through the second transistor. The preselected second
      voltage is equal to or less than the predetermined first voltage in order
      to maintain the clock voltage of the phase electrode at a predetermined
      set value. The amount of charging current applied to the phase electrode
      through each of the first and second transistors is detected in order to
      provide a weighted indication of the charge stored adjacent the phase
      electrode. The weighting applied to the sampled charge may be varied by
      varying the preselected second voltage.
BSUM
PAR  The present invention relates to charge transfer devices, and more
      particularly relates to programmable tap weights in charge transfer
      devices.
PAR  Semiconductor charge transfer devices, including charge coupled devices
      (CCDs) and bucket brigades (BBs) are well known and have been used in a
      large number of signal processing applications including shift registers,
      filters and the like. When charge transfer devices are used in transversal
      or matched filters, for example, samples of bits stored in the devices are
      taken at "taps" or phase electrodes. These samples are conventionally
      weighted and then combined to provide the desired filter function.
PAR  Various techniques have been heretofore proposed for sampling the charges
      stored in charge transfer devices and for weighting the sampled charges.
      For example, it has heretofore been proposed to weight stages of a CCD
      matched filter by splitting or dividing phase electrodes into two
      portions, the relative area ratios of the electrodes defining the desired
      weighting. Such split electrode devices are described in patent
      application Ser. No. 320,382, filed Jan. 2, 1973 (U.S. Pat. No. 3,877,056
      issued Apr. 8, 1975), by Walter H. Bailey and entitled "Charge Transfer
      Device Signal Processing System", and assigned to the present assignee.
      However, this technique increases the fabrication complexity of the
      device, and is not adaptable to changing of the desired weighting. A need
      has thus arisen for a technique for allowing selective programming of the
      weighting of sampled stages of a charge transfer device. Such a technique
      should not only enable a relatively wide range of weighting change, but
      should also enable nondestructive sampling of the charge stored under
      selected phase electrodes.
PAR  In accordance with the present invention, a charge transfer device includes
      phase electrodes which receive clock voltage from a first circuit. A
      second circuit is provided to supply variable clock current to the
      electrodes in order to selectively weight the total charging current of
      the electrodes.
PAR  In accordance with another aspect of the invention, a circuit is provided
      for selectively weighting stages of a charge coupled device having a
      plurality of phase electrodes. A first insulated gate field effect
      transistor is connected at its source to one end of one of the phase
      electrodes and is connected at its drain to receive clocks. Circuitry
      applies a predetermined first voltage to the gate of the first transistor
      to provide a desired clock voltage on the phase electrode. A second
      insulated gate field effect transistor is connected to the other end of
      the phase electrode and is connected at its drain to receive a clock.
      Circuitry applies a preselected second voltage to the gate of the second
      transistor in order to control the percentage of charging current applied
      to the phase electrode through the second transistor. Circuitry detects
      the amount of charging current applied to the phase electrode in order to
      indicate the charge stored adjacent the phase electrode.
PAR  In accordance with a more specific aspect of the invention, a circuit is
      provided for sampling charge stored adjacent a phase electrode in a charge
      coupled device and for selectively weighting the sampled charge. A first
      insulated gate field effect transistor is connected at its source to one
      end of the phase electrode. A predetermined voltage is applied to the gate
      of the first transistor. A first switch is operable during a first clock
      period to store a reference voltage on a first capacitor and to discharge
      the phase electrode to circuit ground. The first switch is operable during
      a second clock period to couple the first capacitor to the drain of the
      first transistor to apply charging current to the phase electrode. A
      second insulated gate field effect transistor is connected at its source
      to a second end of the phase electrode. A variable bias voltage is applied
      to the gate of the second transistor to program the desired weighting of
      the sampled charge. A second switch is operable during the first clock
      period to store a reference voltage on a second capacitor. A second switch
      is operable during the second clock period to couple the second capacitor
      to the drain of the second transistor to apply a charging current to the
      phase electrode. The magnitude of the charging current supplied by the
      second transistor is determined by the variable bias voltage. Circuitry is
      provided to sense the decrease in voltage on the first and second
      capacitors after the second clock period for generating a signal
      representative of the sampled weighted charge adjacent the phase
      electrodes.
PAR  In accordance with yet another aspect of the invention, a method of
      sampling and weighting charge stored adjacent a phase electrode of a
      charge coupled device includes applying a first clock signal to the drain
      of a first insulated gate field effect transistor connected at its source
      to one end of the phase electrode. A predetermined bias voltage is applied
      to the gate of the first transistor. A second clock signal is applied to
      the drain of a second insulated gate field effect transistor connected at
      its source to a second end of the phase electrode. A variable bias voltage
      is applied to the gate of the second transistor in order to control the
      amount of charging current applied to the phase electrode through the
      second transistor. The amounts of charging current which is applied to the
      phase electrode by each of the first and second transistors are detected
      in order to generate weighted samples of the charge stored adjacent the
      phase electrode.
DRWD
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description, taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a schematic diagram of a circuit embodying the basic concept of
      the present invention; and
PAR  FIG. 2 is a schematic diagram of a circuit for sampling and weighting
      charges stored in a charge coupled device.
DETD
PAR  Referring to FIG. 1, a portion of a typical charge coupled device (CCD) is
      illustrated. The CCD is comprised of a plurality of phase electrodes 10,
      12 and 14 which span a channel 16 in the conventional manner. As is well
      known, the CCD stores charge in potential wells or packets, and moves the
      charge packets from one phase or clock electrode to another in order to
      function as a shift register. The CCD includes a semiconductor substrate
      which is typically formed of P-type silicon, along with a relatively thin
      insulating layer which may be comprised of silicon oxide. The electrodes
      10-14 comprise only a portion of an array of similar sets of electrodes
      disposed along the length of the channel 16.
PAR  In the conventional CCD, clock or phase signals are sequentially applied to
      the electrodes in order to control the movement of the charge packets
      along the channel. The clock signals charge the phase electrodes to a
      predetermined clock voltage, the charging currents depending on the
      magnitudes of signal charges stored at the storage sites adjacent the
      respective electrodes. Thus, in a three phase conventional CCD, three
      phase signals are sequentially applied to sets of the electrodes.
      Electrodes 10 and 14 are operated in the conventional manner and receive,
      respectively, phase one and phase three clock signals which are applied
      via terminals 18 and 20.
PAR  It is assumed that it is desired to selectively weight the operation of the
      phase two electrode 12 in the CCD shown in FIG. 1. Weighting according to
      the present invention is accomplished with the use of insulated gate field
      effect transistors 22 and 24, commonly termed MOSFETs. MOSFET 22 is
      connected at its source to electrode 12 and is adapted to receive at its
      drain a clocking signal in phase with the clocking voltage that would
      normally be applied to phase two, but the clocking signal at all on times
      being of substantially higher amplitude than such normally applied phase
      two clocking voltage. A second MOSFET 24 is connected at its source to
      electrode 12 and is adapted to receive at its drain the same clocking
      signal. A bias voltage V.sub.G1 is applied to the gate of MOSFET 22,
      V.sub.G1 being equal to the desired amplitude of the phase two clock
      voltage plus the threshold of the transistor. An adjustable bias voltage
      V.sub.G2, which is less than or equal to V.sub.G1, is applied to the gate
      of the MOSFET 24.
PAR  An important aspect of the present invention is that the charging current
      required to raise the potential of the electrode 12, which charging
      current depends on the magnitude of signal charge stored beneath that
      electrode, may be split between the two MOSFETs 22 and 24, and that the
      percentage of the charge being applied to the electrode 12 from the MOSFET
      24 may be adjusted from zero to 50% of the total charge, by changing the
      potential V.sub.G2 applied to the gate of the MOSFET 24. Another important
      aspect of the invention is that if the voltage V.sub.G2 is never allowed
      to exceed voltage V.sub.G1, then the clocking potential applied to the
      electrode 12 is determined by V.sub.G1 and is not altered, although an
      adjustable percentage of the charging current may thus be supplied by the
      MOSFET 24. Since the total charging current to the electrode 12 is
      dependent on the magnitude of the signal charge stored beneath that
      electrode, the charging current supplied respectively by MOSFETs 22 and 24
      represent weighted values or analogs of the stored signal and may be
      integrated to provide weighted output signals, thus achieving
      non-destructure sampling and weighting of the signals stored beneath the
      electrode 12. The present structure thus enables programmable CCD
      weighting to be accomplished.
PAR  FIG. 2 illustrates a circuit embodying the programmable weight technique of
      the invention, and which also enables non-destructive sampling of the
      charge stored beneath the phase two electrodes.
PAR  The sampling circuitry illustrated in FIG. 2 is disclosed in greater detail
      in the copending patent application Ser. No. 517,566 entitled "Method and
      System for Sensing Charges at Distributed Points on a Charge Coupled
      Device", filed Oct. 24, 1974 by the present inventor and assigned to the
      present assignee. As described in the copending patent application, the
      sampling circuitry enables the use of relatively small storage capacitors
      having a capacitance in the range of the capacitance of the phase
      electrodes. The mechanical switches illustrated in FIG. 2 are provided for
      purposes of illustration only, and it is understood that the switches will
      normally be replaced by suitable electronic switching devices in a
      practical circuit environment. For example, the mechanical switches
      illustrated in FIG. 2 could be replaced with the use of insulated gate
      field effect transistors which are operable in response to suitable
      clocking signals conventionally derived.
PAR  Referring to FIG. 2, a plurality of phase electrodes 30-40 span a CCD
      channel 41 in the conventional manner. The CCD illustrated is a three
      phase device, although it will be understood that other phase CCDs can be
      utilized in accordance with the present invention.
PAR  Phase one clock signals are applied to electrodes 30 and 36 and phase three
      clock signals are applied to electrodes 34 and 40 in the conventional
      manner. In the present embodiment, it is assumed that it is desirable to
      sense the charge stored beneath electrodes 32 and 38 and to selectively
      weight the sampled charge. Insulated gate field effect transistors or
      MOSFETs 42 and 44 are connected at their sources to electrodes 32 and 38
      and are connected at their drains to receive a clocking signal in phase
      with the phase two clocking voltage that would normally be applied to
      phase two, but the clocking signal at all on times being of substantially
      higher amplitude than such normally applied phase two clocking voltage.
      The gates of MOSFETs 42 and 44 are interconnected to receive the bias
      signals V.sub.G1, V.sub.G1 being equal to the desired amplitude of the
      phase two clock voltage plus the threshold voltage of the transistor.
PAR  A switch arm 46 is connected with the drain of the MOSFETs 42 and 44 and is
      movable between contacts 48 and 50. Contact 50 is connected to circuit
      ground, while contact 48 is connected to a switch contact 52. A switch arm
      54 is movable between contact 52 and contact 56. Contact 56 is connected
      to a source of reference voltage V.sub.ref. The switch arm 54 is connected
      to a storage capacitor 58 which may be provided with a capacitance equal
      to or slightly above the combined capacitance of the electrodes 32 and 38
      and their associated clock lines. A MOSFET 60 is connected in a source
      follower configuration with the capacitor 58. The gate of the MOSFET 60 is
      connected to a terminal of the capacitor 58, while a reference voltage
      V.sub.B is applied to the drain of the MOSFET 60. The source of the MOSFET
      60 is connected to circuit ground through a load resistance 62 in order to
      provide an output signal which is representative of a percentage of the
      weighted sampled charge beneath electrodes 32 and 38.
PAR  In a similar manner, MOSFETs 64 and 66 are connected at their sources to
      the opposite ends of electrodes 32 and 38 and are connected at their
      drains to receive the phase two clock signal. The gates of MOSFETS 64 and
      66 receive variable voltages V.sub.G2 and V.sub.G2 .sub.' which are
      utilized to control the amount of charging current applied to the
      electrodes through the MOSFETs 64 and 66. The drains of the MOSFETs 64 and
      66 are applied to a switch arm 68 which is movable between the switch
      contacts 70 and 72. Contact 70 is connected to circuit ground, while
      contact 72 is connected to a switch contact 74. A switch arm 76 is movable
      between contacts 74 and a contact 78. Contact 78 is connected to the
      source of reference voltage V.sub.ref. The switch arm 76 is connected to a
      capacitor 80 having the same capacitance as capacitor 58. A source
      follower connected MOSFET 82 is connected at its gate to capacitor 80 and
      is provided with a source of bias voltage V.sub.B. MOSFET 82 is connected
      to circuit ground through a load resistance 84 in order to provide an
      output signal representative of a percentage of the charging circuit
      applied through MOSFET 64 and 66 to the electrodes 32 and 38.
PAR  In the operation of the circuit shown in FIG. 2, during a first clock
      period, the switch arms 54 and 76 are connected respectively to contacts
      56 and 78 such that the capacitors 58 and 80 are charged up to the
      reference voltage V.sub.ref. Also during the first clock period, the
      switch arms 46 and 68 are connected to contacts 50 and 70, respectively,
      in order that the electrodes 32 and 38 are discharged to circuit ground
      via transistors 42, 44, 64 and 66.
PAR  During a second clock period, the timing of which is determined by the
      overall timing of the CCD device and which corresponds to the normal on
      time of the phase electrode two, the switch arms 46 and 54 are moved to
      the illustrated position such that the voltage across capacitor 58 is
      applied through the MOSFETs 42 and 44 to the electrodes 32 and 38.
      Simultaneously, the switch arms 68 and 76 are moved to the illustrated
      positions such that the voltage stored on capacitor 80 is applied through
      the MOSFETs 64 and 66 to the electrodes 32 and 38. The electrodes 32 and
      38 are thus provided with a predetermined voltage equal to V.sub.G1 minus
      the threshold voltage and charging currents which are dictated by the gate
      voltages V.sub.G1, V.sub.G2 and V.sub.G2 .sub.'  and the magnitudes of the
      signal charges present at the electrode sites. Due to the driving of the
      electrodes 32 and 38, the storage voltages across the capacitors 58 and 80
      decrease. The decreases in voltages across the capacitors cause changes in
      the gate biases of the source follower MOSFETs 60 and 82, thereby
      resulting in decreases in the output signals provided by the sources of
      the MOSFETs 60 and 82. These output signals provide weighted indications
      of the amount of signal charge stored underneath the electrodes 32 and 38,
      and may be combined by suitable circuitry to provide the desired filter
      function.
PAR  An important aspect of the invention is that the percentage of the total
      charging current supplied by each of the MOSFETs 64 and 66 to the
      electrodes 32 and 38 respectively may be selectively controlled by control
      of the voltages V.sub.G2 and V.sub.G2 .sub.', while the clocking voltage
      applied to the electrodes 32 and 38 may be maintained at a desired stable
      level equal to V.sub.G1 minus the transistor threshold. Specifically, the
      percent of the total charging current being supplied by MOSFETs 64 and 66
      may be adjusted from zero to 50% by changing the voltages V.sub.G2 and
      V.sub.G2 .sub.'. If the voltages V.sub.G2 and V.sub.G2 .sub.' are not
      allowed to exceed the voltage V.sub.G1 applied to MOSFETs 42 and 44, then
      the overall potential applied to the phase electrodes 32 and 38 is not
      altered and may be maintained at a desired level.
PAR  As an example of the operation of the present system, it will be assumed
      that it is desirable to provide a clock voltage to electrodes 32 and 38 at
      a level of 15 volts. The voltages V.sub.G1, V.sub.G2 and V.sub.G2 .sub.'
      are sufficiently less than the voltage V.sub.ref applied to the capacitor
      that under maximum charge conditions, the voltages on capacitors 58 and 80
      never drop below V.sub.G1. For example, to provide a clocking voltage of
      15 volts, the voltage V.sub.G1 may comprise 15 volts plus the transistor
      threshold, while the voltage V.sub.ref might comprise 35 volts. The
      voltages V.sub.G2 and V.sub.G2 .sub.' could be varied from 0 to 15 volts.
PAR  If the voltages V.sub.G2 and V.sub.G2 .sub.' appled to the gates of the
      MOSFETs 64 and 66 are set at 0 volts, the MOSFETs 64 and 66 are cut off
      and all the charging current to the electrodes 32 and 38 is applied by
      MOSFETs 42 and 44 respectively. As voltages V.sub.G2 and V.sub.G2 .sub.'
      are increased, the amount of current supplied by the MOSFETs 64 and 66
      increases, accompanied by corresponding decreases in the charging current
      supplied by the MOSFETs 42 and 44, respectively. However, as long as the
      voltage V.sub.G2 and V.sub.G2 .sub.' are maintained equal to or less than
      the voltage V.sub.G1, the voltage applied to electrodes 32 and 38 is not
      varied.
PAR  This technique thus enables a wide range of programming of the weighting of
      CCD taps, and provides the functions of the "split electrode" weighting
      techniques without the fabrication complexities and inflexibility
      introduced thereby.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a charge transfer device having electrically continuous phase
      electrodes disposed at charge storage sites of said device and wherein
      said electrodes are selectively connected to voltage sources for supplying
      current to charge said electrodes to a predetermined voltage for transfer
      of signal charge from one storage site to another, the charging current
      supplied to a particular electrode depending on the magnitude of the
      signal charge stored at that storage site, for at least one of said phase
      electrodes:
PA1  first and second circuit means for supplying separate first and second
      charging currents for charging said electrode to said predetermined
      voltage, and means for selectively adjusting the charging current supplied
      by at least one of said first and second circuit means such that said
      charging current supplied by said first and second means represent
      respective weighted values of the signal charge stored at the storage site
      of said one phase electrode, and
PA1  means for integrating at least one of said first and second charging
      currents to produce an output signal that is a weighted sample of said
      stored signal charge.
NUM  2.
PAR  2. The combination of claim 1, wherein said first circuit means comprises a
      first insulated gate field effect transistor having a gate connected to a
      fixed voltage source such that the gate voltage of said first transistor
      determines said predetermined voltage, and wherein said second circuit
      means comprises a second integrated gate field effect transistor having
      its gate connected to receive a voltage adjustable to a value not greater
      than the gate voltage of said first transistor for adjusting the charging
      current supplied by said second transistor to a desired percentage of the
      total charging current supplied by said first and second transistors.
NUM  3.
PAR  3. A circuit for selectively detecting and weighting signals stored at
      selected charge storage sites of a charge coupled device shift register
      having electrically continuous phase electrodes located adjacent charge
      storage sites including said selected charge storage sites of said shift
      register, wherein transfer of signal charge from one charge storage site
      to an adjacent site is effected by selective connection of said electrodes
      to clocked phase voltage sources for supplying current to charge said
      electrodes to a predetermined voltage, the charging current supplied to a
      particular electrode depending on the magnitude of signal charge stored at
      the charge storage site adjacent said electrode, said selective detecting
      and weighting circuit comprising:
PA1  first and second supply voltage lines; for each electrode adjacent one of
      said selected charged storage sites
PA1  circuit means for controlling supply of charging current for charging said
      electrode to said predetermined voltage, said circuit means including a
      first insulated gate field effect transistor having a channel connected
      between said phase electrode and said first supply voltage line; means for
      applying a predetermined first gate voltage to the gate of said first
      transistor to provide a desired clock voltage to said one phase electrode
      to supply through said first transistor charging current to said
      electrode; a second insulated gate field effect transistor having a
      channel connected between said one phase electrode and said second supply
      voltage line; means for applying an individually adjustable preselected
      second voltage not greater than said first gate voltage to the gate of
      said second transistor to control the percentage of charging current
      applied to said one phase electrode through said second transistor; and
PA1  means common to all of said selected phase electrodes for detecting and
      integrating the charging currents applied to said phase electrodes by at
      least one of said first and second transistors in order to provide a
      weighted analog of the total signal charge stored adjacent said selected
      phase electrodes.
NUM  4.
PAR  4. A circuit according to claim 3, wherein said first supply voltage line
      and said second supply voltage line are clocked during a predetermined
      phase associated with said selected electrodes.
NUM  5.
PAR  5. A circuit according to claim 4, wherein said detecting and integrating
      means include a capacitor selectively connectable during said
      predetermined phase to one of said first and second supply lines and means
      for precharging said capacitor to a reference voltage; and circuit means
      for detecting the voltage level stored on said capacitor.
NUM  6.
PAR  6. A circuit according to claim 5, wherein said means for detecting the
      voltage level stored on said capacitor is a source follower amplifier.
NUM  7.
PAR  7. A circuit according to claim 5, wherein said detecting and integrating
      means further includes a second capacitor selectively connectable during
      said predetermined phase to the other one of said first and second supply
      lines and means for precharging said second capacitor to a reference
      voltage; and second circuit means for detecting the voltage level stored
      on said second capacitor.
NUM  8.
PAR  8. A circuit according to claim 7, wherein said second circuit means for
      detecting the voltage level stored on said second capacitor comprises a
      source follower amplifier.
NUM  9.
PAR  9. A circuit for selectively detecting and weighting signals stored at
      selected charge storage sites of a charge coupled device having
      electrically continuous phase electrodes located adjacent charge storage
      sites including said selected sites of said charge coupled device, wherein
      transfer of signal charge from one charge storage site to an adjacent site
      is effected by selective connection of said electrodes to clocked phase
      voltage sources for supplying current to electrodes so connected to charge
      said electrodes to a predetermined voltage, the charging current supplied
      to a particular electrode depending on the magnitude of signal charge
      stored at the charge storage site adjacent said electrode, said circuit
      comprising:
PA1  a first insulated gate field effect transistor connected at its source to
      said phase electrode;
PA1  means for applying a predetermined voltage to the gate of said first
      transistor;
PA1  a first capacitor;
PA1  first switch means operable during a first clock period to store a
      reference voltage on said first capacitor and to discharge said phase
      electrode to circuit ground;
PA1  said first switch means operable during a second clock period to couple
      said first capacitor to the drain of said first transistor to apply
      charging current to said phase electrode;
PA1  a second insulated gate field effect transistor connected at its source to
      said phase electrode;
PA1  means for applying a variable bias voltage to the gate of said second
      transistor;
PA1  a second capacitor;
PA1  second switch means operable during the first clock period to store a
      reference voltage on said second capacitor;
PA1  said second switch means operable during the second clock period to couple
      said second capacitor to the drain of said second transistor to apply
      charging current to said phase electrode;
PA1  said first and second transistors supplying the total charging current for
      said phase electrode during said second clock period, said total charging
      current depending on the magnitude of signal charge stored at the storage
      site adjacent phase electrode and the proportion of said total charging
      current supplied by said second transistor being determined by said
      variable bias voltage; and
PA1  circuit means for sensing the decrease in voltage on each of said first and
      second capacitors after said second clock period for generating respective
      signals representative of weighted samples of said signal charge stored at
      said charge storage site adjacent said phase electrode.
NUM  10.
PAR  10. A circuit according to claim 9, including a plurality of said phase
      electrodes each having individual ones of said first and second insulated
      gate field effect transistors;
PA1  wherein said first switch means and said first capacitor are common to all
      of said first transistors, and said second switch means and said second
      capacitor are common to all of said second transistors; and wherein the
      capacitance of each of said first and second capacitors is in the range of
      the total capacitance of said plurality of phase electrodes.
NUM  11.
PAR  11. A circuit according to claim 9, wherein said first and second
      capacitors are connected to the gates of respective source follower
      amplifiers.
NUM  12.
PAR  12. The circuit of claim 9 wherein said first and second switch means
      comprise insulated gate field effect transistors.
NUM  13.
PAR  13. The method of sampling and weighting a signal stored in the form of a
      charge packet adjacent an electrically continuous phase electrode of a
      charge coupled device comprising:
PA1  applying during a selected clock period a first clock to the drain of a
      first insulated gate field gate transistor connected at its source to said
      phase electrode;
PA1  applying during said selected clock period a predetermined bias voltage to
      the gate of said first transistor;
PA1  applying during said selected clock period a second clock to the drain of a
      second insulated gate field effect transistor connected at its source to
      said phase electrode;
PA1  applying during said selected clock period an adjustable bias voltage of
      magnitude less than or equal to said predetermined bias voltage to the
      gate of said second transistor;
PA1  such that said first and second transistors supply to said phase electrode
      a charging current dependent on the magnitude of said signal charge stored
      adjacent said electrode, to charge said electrode to a voltage dependent
      on said predetermined bias voltage, the proportion of said charging
      current supplied by said second transistor being controlled by said
      adjustable gate voltage;
PA1  and detecting and integrating the amount of charging current supplied by
      one of said first and second transistors to provide a weighted sample of
      said signal stored adjacent said phase electrode.
NUM  14.
PAR  14. A method according to claim 13, including the further step of detecting
      and integrating the amount of charging current supplied by the other one
      of said first and second transistors to provide a further weighted sample
      of said signal stored adjacent said phase electrode.
NUM  15.
PAR  15. A method according to claim 13, further comprising varying the level of
      bias voltage applied to the gate of said second transistor to vary the
      amount of charging current applied to said phase electrode through said
      second transistor and thereby providing an electronically adjustable
      weighting factor for said detected sample.
PATN
WKU  039477061
SRC  5
APN  573276&
APT  1
ART  254
APD  19750430
TTL  Voltage and temperature compensated linear rectifier
ISD  19760330
NCL  5
ECL  1
EXA  Davis; B. P.
EXP  Miller, Jr.; Stanley D.
NDR  1
NFG  1
INVT
NAM  Holmes; Julian C.
CTY  Oxon Hill
STA  MD
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  307310
XCL  307317R
XCL  324119
EDF  2
ICL  H03K  326
FSC  307
FSS  310;317
FSC  324
FSS  119;105;72.5
FSC  321
FSS  8
UREF
PNO  3329896
ISD  19670400
NAM  Groot
OCL  304119
UREF
PNO  3800169
ISD  19740300
NAM  Diaz
OCL  307310
LREP
FR2  Sciascia; R. S.
FR2  Branning; Arthur L.
FR2  Montanye; George A.
ABST
PAL  An improved circuit for compensating for temperature and current variations
     n rectifier circuits used for converting alternating current to a
      proportional direct current, particularly at low voltages. A separate
      rectifier to be used as a circuit standard is maintained in close thermal
      proximity to other rectifiers as part of the conversion circuit. A voltage
      proportional to that across the standard is applied as a bias to a
      terminal of the circuit rectifiers to automatically compensate for
      temperature and current changes in the circuit and thereby provide a more
      accurate rectification of an input voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to alternating current rectifying circuits
      and more particularly to improved techniques for providing current and
      temperature compensated rectifying circuits at low voltages.
PAR  Alternating current to direct current conversion circuits are generally
      well known and usually employ standard solid state diodes to perform the
      conversion. Diodes, however, do not have a linear voltage-current
      relationship at low conduction voltages and therefore fail to provide a
      proportional rectified voltage, particularly at low input voltages. In
      addition, the voltage-current relationship of a diode does not remain
      constant with temperature and thereby causes changes in the conduction
      voltage and conduction impedance to further reduce the accuracy of
      voltage-current rectification.
PAR  Various circuits have been proposed to overcome the above noted
      deficiencies with each exhibiting different degrees of success. As is
      known, if it is desired that the rectified output voltage be proportional
      to the input voltage for both large and small values of input voltage,
      then it is necessary to apply a separate voltage bias to the rectifier so
      that rectification begins at zero input voltage. One such circuit designed
      to perform that function couples a fixed bias voltage to one terminal of
      the rectifier to compensate for the conduction voltage. While this
      particular arrangement provides improved rectification characteristics,
      the same is still subject to inaccuracies since the bias voltage is fixed
      and remains independent of temperature and current changes in the
      conduction voltage and impedance.
PAR  While still many other circuits have been relatively successful in
      providing improved rectifier characteristics, there is still a need for
      new and improved devices capable of operation at both high and low
      voltages and over wide ranges of frequency. Accordingly, the present
      invention has been developed to overcome the specific shortcomings of the
      above known and similar techniques and to provide a technique for more
      precisely and reliably rectifying an alternating input voltage.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a simple
      rectifier circuit for compensating for non-linearities in rectifier
      output.
PAR  Another object of the invention is to provide a rectifier circuit for
      automatically compensating for changes in diode conduction voltage with
      changes in diode current.
PAR  A still further object of the invention is to provide a rectifier circuit
      for automatically compensating for temperature variations in conduction
      voltage and impedance.
PAR  In order to accomplish the above and other objects, the invention provides
      for the formation of a rectifier circuit using a plurality of serially
      connected diodes. All of the diodes are maintained in thermal proximity
      such that temperature variations in any one of the diodes will be
      substantially the same for all of the other diodes in the circuit. A
      resistor dividing network is also connected in series with the diodes and
      the ratio of resistances in the network is set to provide a fixed
      multiplying factor dependent on the number of serially connected diodes.
      The fixed factor from the resistor network is then used to multiply the
      voltage across a chosen diode standard, and applied to a terminal of the
      rectifiers 12. As the temperature of the standard and the current through
      the standard change, the bias voltage across the rectifying diodes is
      automatically varied to provide a more accurate rectification of an input
      voltage.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered with the accompanying drawing wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows a schematic diagram of the temperature and current
      compensating rectifier circuit according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawing, an input voltage source 11 is generally shown
      as represented by an alternating voltage source S and internal impedance
      r. One output from the source 11 is connected to terminal 2 to provide the
      input voltage to be rectified by the rectifiers 12. The rectifiers 12
      (which can be any well known solid state diodes of silicon, germanium,
      etc.) are serially connected to form a group of diodes having the cathode
      of each succeeding diode connected to the anode of the preceeding diode in
      the series. In the present example, the cathode of the first diode in the
      series is connected to the terminal 2 which constitutes the output
      terminal from which the rectified voltage is derived. As shown by the
      drawing, the rectified output is delivered to a load between the output
      terminal and ground as generally represented by the load resistor R.sub.L.
      While a plurality of diodes have been shown to form the group of
      rectifiers 12, a single, or any number of diode rectifiers could just as
      well be used depending on the particular requirements of the circuit.
PAR  According to the present invention, the compensating circuit 13 is coupled
      between the rectifiers 12 and ground to automatically compensate for
      current and temperature changes in the diode rectifiers 12. The
      compensating circuit 13 includes a diode 14 which is substantially
      identical to the diode rectifiers 12 and has its cathode connected to the
      anode of the last diode of the group of rectifiers 12 to form a diode
      standard. The diode 14 and each of the diode rectifiers 12 are maintained
      in thermal proximity to one another (e.g. mounted on same heat sink in
      close physical proximity) so that the diode 14 and each of the rectifiers
      12 are at substantially the same temperature at any given time. The anode
      of the diode 14 is coupled to ground through a series combination of
      resistor R.sub.1 and resistor R.sub.2 which form a divider network.
      Capacitor C.sub.1 is coupled across the anode and cathode terminals of the
      diode 14, while capacitor C.sub.2 is coupled across the series combination
      of resistors R.sub.1 and R.sub.2 so that the capacitors generally form a
      high frequency bypass. Operational amplifier 15 has a positive input
      coupled to the junction between resistors R.sub.1 and R.sub.2 and a
      negative input coupled to the cathode of diode 14. The output of
      operational amplifier 15 is then coupled through resistor R.sub.3 to the
      junction between the diode 14 and the resistor R.sub.1 to provide the
      compensating voltage to the rectifiers 12 at point A.
PAR  The operation of the circuit will now be described with reference to the
      drawing. When a voltage is applied to the rectifiers 12 from a voltage
      source 11, the output will be a rectified voltage determined by the
      characteristics of the diodes 12. In the case of ideal diode rectifiers
      connected as shown, the output voltage would follow an alternating input
      voltage to provide a positive output for positive values of input voltage,
      and zero output for negative values of input voltage starting at 0 volts
      in the alternating input voltage. Solid state diodes, however, do not
      start conduction at 0 volts but, instead, require a bias voltage of a few
      tenths of a volt (dependent on the type of diode used) before conduction
      occurs. At low voltages this inaccuracy in diode conduction voltage causes
      substantial error in the output voltage and prevents the output voltage
      from being proportional to the actual or average input voltage as desired.
      In addition, the diode conduction voltage changes with changes in
      temperature of the diode, and current through the diode, thereby
      increasing the inaccuracies in voltage output for changes in environmental
      and operational conditions. As can be seen, since the conduction voltage
      is temperature and current dependent, the use of a constant bias source to
      offset the conduction voltage error only improves circuit output at a
      particular current and temperature, and still allows errors for changes in
      temperature and current.
PAR  Accordingly, the present invention provides a bias voltage to rectifiers 12
      at point A which changes in accordance with the temperature and current
      changes of the diode 14. This variable bias voltage is derived using
      operational amplifier 15 to multiply the voltage across the diode 14 by a
      fixed factor determined by the number of rectifiers 12. In operation, the
      negative input of the operational amplifier 15 senses the voltage across
      the diode 14 and compares this voltage with the voltage sensed across
      resistor R.sub.1 by the positive input. Because of the high gain of
      operational amplifier 15, any small difference between the voltages at the
      positive and negative inputs of the operational amplifier 15 will be
      indicated by a large voltage output from resistor R.sub.3. Since the
      operational amplifier is connected as a feedback loop, the voltage from
      R.sub.3 will act to maintain the voltages across the diode 14 and resistor
      R.sub.1 at equal value. By circuit analysis, a stable condition will exist
      when the voltage across R.sub.2 is equal to N times the voltage across
      R.sub.1 where N is equal to the number of rectifiers 12. It can then be
      seen that if the ratio R.sub.2 /R.sub.1 is made equal to N, the
      multiplication factor determined by the divider network R.sub.1, R.sub.2,
      will cause the voltage at A to be equal to N times the voltage across
      diode 14 (which is the same as the voltage across R.sub.2). As a result,
      the voltage at A will be made to follow any changes in conduction voltage
      induced by temperature and current changes as sensed by diode 14. The
      proper bias voltage will therefore be maintained to initiate rectification
      at 0 volts and provide an output voltage that is proportional to input
      voltages for high and low voltages.
PAR  According to the present invention, the rectifier circuit can be
      implemented with different component values depending on the operational
      requirements. By way of example, the resistor R.sub.1 can have a value of
      1-50K with R.sub.2 being equal to N times R.sub.1, while capacitors
      C.sub.1 and C.sub.2 can have values of about 0.01 microfarads. Using
      components in these ranges, and presently available operational
      amplifiers, the circuit can be operated effectively from zero to several
      megahertz and beyond. Generally speaking, the circuit is limited to a
      frequency range fixed only by the response of the diodes rather than by
      the compensating circuit elements. However, the response of the circuit
      will be different depending on the frequency of the input voltage. At low
      frequencies the output voltage will be directly proportional to the
      instantaneous input voltage where the bias voltage at A is proportional to
      the instantaneous current through resistors R.sub.1 and R.sub.2. At high
      frequencies the bias voltage at point A tends to be proportional to an
      average current through resistors R.sub.1 and R.sub.2, and therefore does
      not exactly compensate for the conduction voltage error. In either case,
      however, the present invention provides a more accurate and proportional
      D.C. output voltage than a fixed bias source.
PAR  The advantages of the above described circuit are particularly evident
      where reliable response is required under severe environmental conditions,
      such as in upper air research and rocket borne instrumentation
      experiments. Using only conventional and inexpensive elements, a
      proportional rectified voltage can be derived for both high and low
      alternating voltage inputs over various ranges of temperature and current.
PAR  While the circuit has been described with reference to connections designed
      to provide a positive rectified output, it is apparent that the circuit
      could be modified for negative rectification in accordance with the
      teachings of the present invention. In addition, the resistor R.sub.3 in
      the present example was included to form a phase shifting network with
      capacitor C.sub.2 to prevent oscillations at frequencies where oscillation
      might otherwise tend to occur. Some presently available operational
      amplifiers include such phase shifting networks as part of their
      circuitry, and therefore eliminate the need for resistor R.sub.3.
PAR  Obviously many other modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A rectifier compensating circuit comprising:
PA1  at least one diode rectifier having a first and second terminal;
PA1  a standard diode rectifier, having first and second terminals, said first
      terminal being coupled in series to the second terminal of said at least
      one diode rectifier;
PA1  a first resistor coupled in series to the second terminal of said standard
      diode rectifier;
PA1  a second resistor coupled in series with said first resistor and to ground;
PA1  an operational amplifier having a positive input coupled to the junction
      between said first and second resistor, a negative input coupled to the
      first terminal of said standard diode rectifier, and an output coupled to
      the second terminal of said standard diode rectifier; and
PA1  means for coupling an alternating source of input voltage between ground
      and said first terminal of said at least one diode rectifier.
NUM  2.
PAR  2. The circuit of claim 1 wherein the ratio of said second resistor to said
      first resistor is equal to N where N equals the number of rectifiers
      forming said at least one diode rectifier.
NUM  3.
PAR  3. The circuit of claim 2 wherein said standard diode rectifier is coupled
      in thermal proximity with said at least one diode rectifier such that the
      temperature of each is maintained substantially the same.
NUM  4.
PAR  4. The circuit of claim 3 wherein said at least one diode rectifier
      comprises a plurality of serially connected diode rectifiers.
NUM  5.
PAR  5. The circuit of claim 4 wherein the first terminal of each diode
      rectifier is a cathode terminal and the second terminal of each diode
      rectifier is an anode terminal.
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ABST
PAL  An electronic solid state device comprising a layer in which the electrical
      conductivity is controlled by a plurality of isolated discrete regions
      distributed within the bulk of the layer and forming potential barriers
      with semi conductor material of the layer surrounding the discrete
      regions. Electrical charge is stored in the layer by the discrete regions
      and the charging is obtained by the application of a potential pulse
      across the discrete regions. In a preferred operational mode the charging
      potential is applied such that current conduction paths in the layer are
      blocked by the depletion regions associated with the potential barrier for
      applied interrogation potentials across the regions of substantially
      smaller magnitude than the charging pulse. The device may consist of an
      imaging device having high charges gain and particular embodiments
      described consist of an image intensifier, an imaging active photocathode
      and a target plate of a vidicon camera tube.
BSUM
PAR  This invention relates to solid state devices, particularly but not
      exclusively solid state imaging devices suitable for operation in a charge
      storage mode, comprising a body having a layer in which the electrical
      conductivity can be controlled by means of electrical charge stored
      locally in the layer.
PAR  In many electronic applications there exists the requirement for an element
      the electrical conductivity of which can be controlled by means such as
      electromagnetic radiation and capable of operating with a high speed of
      response and providing a high gain. For example, in imaging applications
      there exists a requirement for a photoconductive element having a high
      gain and high speed of response. Conventional photoconductors, such as
      cadmium sulphide, have a relatively high gain but a relatively slow speed
      of response due to the gain mechanism being dependent upon the trapping of
      charge carriers.
PAR  Semiconductor devices operable in a charge storage mode are known, for
      example as target plates of vidicon camera tubes in which an array of p-n
      junctions present adjacent one surface of a semiconductor plate are
      sequentially charged by a scanning electron beam and individually
      discharged during a frame interval by amounts determined in accordance
      with a light image incident at the opposite side of the plate. These
      target plates have certain advantageous properties compared with
      conventional photoconductive target plates but have the disadvantage that
      they require more complex manufacturing techniques and the presence of
      faulty p-n junctions cannot readily be tolerated as this leads to
      irregularities or white spots in the reproduced image.
PAR  Another semiconductor device suitable for operation in a charge storage
      mode is a junction field effect transistor (JFET) and for a description of
      the various configurations of a JFET when used in a charge storage mode
      for imaging applications reference is invited to our a prior Patent by one
      of us, U.S. Pat. No. 3,721,839. The JFET when used in a charge storage
      mode is an ideal device for imaging because in addition to providing a
      high speed of response it also has appreciable gain and non-destructive
      interrogation may be achieved either during a plurality of times in a
      frame interval by application of separate interrogation pulses or
      continuously during a frame interval by application of a constant
      interrogation voltage.
PAR  According to one aspect of the invention a solid state device of the type
      described in the preamble is characterized in that a plurality of discrete
      regions are embedded in the layer and are each surrounded entirely by the
      layer and form a rectifying junction therewith, the discrete regions being
      capable of storing electrical charge by applying across said regions at
      least temporarily a potential difference, the amount of charge thus stored
      and hence at least locally the conductivity of the layer being dependent
      upon the magnitude of the applied potential difference.
PAR  According to another aspect of the invention a solid state device of the
      type described in the preamble and suitable for operation in a charge
      storage mode and comprising a body having a layer in which a plurality of
      isolated discrete charge storage regions are embedded, is characterized in
      that the charge storage regions are formed by isolated regions, which are
      present in the bulk of the layer, are each surrounded entirely by the
      layer and each form a rectifying junction with the layer, the layer having
      electrode means for applying a potential for charging the regions
      electrically and for deriving an output signal indicative of the
      electrical conductivity of at least a portion of the layer and hence of
      the amount of charge stored in said portion.
PAR  According to a further aspect of the invention a solid state device of the
      type described in the preamble comprising a body having a layer in which
      the electrical conductivity can be influenced by electrical charge stored
      locally in the layer, is characterized in that the layer comprises a
      plurality of isolated discrete regions which are present entirely within
      the bulk of the layer and form rectifying junctions with the semiconductor
      material of the layer surrounding the discrete regions, in which on
      application of a suitable potential pulse across at least a portion of the
      layer, the discrete regions in said portion can be charged electrically so
      that depletion layers in the semi-conductor material of the layer
      surrounding the said discrete regions are formed, the layer having
      electrode means for applying said charging potential difference and for
      deriving an output signal indicative of the electrical conductivity of the
      portion of the layer and hence of the charge stored in said portion.
PAR  In these devices in accordance with the invention various advantages arise
      not only in terms of simplicity of structure but also in terms of enhanced
      electrical characteristics such as gain, speed of response and
      photosensitivity as will be described hereinafter in terms of various
      specific forms of the device.
PAR  The discrete regions and their distribution in the layer may be such that
      on applying a charging potential difference of suitable magnitude,
      depletion layers associated with the potential barriers and present
      following removal of the charging potential difference are effective in
      blocking electrical current conduction paths between portions of the layer
      when applying a potential difference between said portions which is of
      substantially smaller magnitude than the charging potential difference.
PAR  Dependent upon the exact form of the device and its intended use various
      electrode configurations may be employed. Thus in one form electrodes are
      present at or adjacent each of the opposite major sides of the layer for
      the application of the charging potential difference. These electrodes may
      each form ohmic connections to the layer.
PAR  When the device is of the form in which electrodes are present at or
      adjacent the opposite major sides of the layer for the application of the
      charging potential difference, these electrodes may also serve for
      deriving output signals indicative of the electrical conductivity in the
      portions of the layer therebetween as determined by the charge stored in
      said portions when deriving said signals. The operation of one such device
      having such an electrode configuration may be considered to be similar to
      a plurality of transverse junction field effect transistor (JFET)
      structures having a common source electrode and drain electrode formed by
      electrodes at opposite major sides of the layer and a plurality of
      non-contacted floating gate zones formed by the discrete regions.
PAR  In another form electrode means are present at or adjacent one major side
      of the layer for the application of the charging potential difference and
      for deriving output signals indicative of the electrical conductivity in a
      lateral direction of the layer in the portions of the layer therebetween
      as determined by the charge stored in said portions when deriving said
      signals. The operation of one such device having such an electrode
      configuration may be considered to be similar to a plurality of lateral
      junction field effect transistor (JFET) structures having a common source
      electrode and drain electrode formed by electrodes at one major side of
      the layer and a plurality of non-contacted floating gate zones formed by
      the discrete regions.
PAR  In some forms of the device the charging of the discrete regions may be
      achieved by the application of a potential difference between ohmic
      electrode connections at opposite sides of the layer. In another form, at
      one major side of the layer an electrode layer is present which forms a
      rectifying junction with the layer, the semiconductor material of the
      layer surrounding the discrete regions being of such a composition that
      the application of the charging potential difference in such manner as to
      bias the rectifying junction in the reverse direction causes a depletion
      region associated with said junction to extend into the layer and
      withdraws on removal of the charging potential to leave charged the
      discrete regions.
PAR  In a further form of the device an electrode connection is present at one
      major side of the layer and the opposite major side of the layer is so
      constructed for scanning by an electron beam for application of the
      charging potential difference.
PAR  In another form of the device an electrode connection is present at one
      major side of the layer and the opposite major side of the layer is so
      constructed to be contacted by a movable conductive plate for the
      application of the charging potential difference across the layer. Such a
      form of the device may be used in a charge pattern producing and transfer
      plate for use in an electrophotographic process.
PAR  In a further form of the device, which also may be used in a charge pattern
      producing and transfer plate for use in an electrophotographic process, an
      electrode connection is present at one major side of the layer and the
      opposite major side of the layer is so constructed for charging by corona
      discharge means for application of the charging potential difference
      across the layer.
PAR  A device in accordance with the invention may have various forms and
      operate in accordance with the selective charging and discharging of
      portions of the layer by externally applied means. For example one form of
      such a device having the charge storage and discharge capability may
      comprise a plurality of memory elements in which the charge condition of
      portions of the layer and hence the conductivity of each element is
      controlled by the magnitude of the charging potential difference, the
      charge condition being representative of stored information and read-out
      of the stored information being provided by externally applied electrical
      means. In other forms the layer is chosen to be photosensitive and of such
      a structure that following removal of the charging potential difference
      the discrete regions can be discharged by radiation absorbed in the
      vicinity of depletion layers associated with the potential barriers, the
      electrical conductivity between portions of the layer being determined by
      the extent of the discharge of the discrete regions in the intermediate
      portions of the layer.
PAR  Such a device which is photosensitive may consist of a solid state imaging
      device suitable for operation in a charge storage mode wherein the time
      taken to discharge said discrete regions is dependent upon the quantity of
      radiation incident in the vicinity of the barriers and such that, on the
      periodic application of voltage pulses each of a time duration short with
      respect to the time constant for the discharge of the potential barriers,
      output signals can be derived following the application of the charging
      pulses, said output signals being indicative of the radiation incident in
      the vicinity of the potential barriers in the interval subsequent to the
      application of the preceding charging pulse.
PAR  The layer comprising the discrete regions may be present in a variety of
      different forms. In one form the layer comprises a semiconductor region
      mainly of one conductivity type having a plurality of buried discrete
      regions of the opposite conductivity type distributed therein. The buried
      discrete regions of the opposite conductivity type may be formed, for
      example by ion implantation. In a preferred form said buried discrete
      regions of the opposite conductivity type are located substantially in at
      least one common plane extending parallel to the opposite major sides of
      the layer. The semiconductor material of the layer may be of a
      polycrystalline nature and in one form the layer is built-up of
      polycrystalline sub-layers in which diffusion of the discrete regions has
      been effected between successive deposition stages.
PAR  In another form the layer comprises a plurality of discrete regions in
      particulate form and randomly distributed in a host semiconductor
      material. In one such device the layer comprises a plurality of
      semiconductor particles characteristic of one conductivity type
      distributed in a host semiconductor material characteristic of the
      opposite conductivity type, for example, p-type zinc telluride distributed
      in a host material of n-type zinc oxide, n-type zinc oxide distributed in
      a host material of p-type zinc telluride, p-type copper sulphide (Cu.sub.2
      S) in a host material of n-type cadmium sulphide, and p-type silicon
      grains in a host material of n-type polycrystalline silicon.
PAR  In another device the layer comprises a plurality of metal particles
      randomly distributed in a host semiconductor material, the metal particles
      forming Schottky barriers with the host semiconductor material, for
      example platinum or lead particles in a host material of n-type zinc
      oxide, and platinum particles in a host material of n-type polycrystalline
      silicon. In general such a layer comprising metal particles forming
      Schottky barriers with a host semiconductor material may be formed with
      metal particles of a high work function metal in combination with an
      n-type semiconductor material or with metal particles of a low work
      function metal in combination with a p-type semiconductor material.
PAR  In a further device the layer comprises a plurality of semiconductor powder
      grains characteristic of one conductivity type and a plurality of
      semiconductor powder grains characteristic of the opposite conductivity
      type, said grains being adhered in a binder. For example the layer may
      comprise p-type zinc telluride grains and n-type zinc oxide grains adhered
      in an organic binder, for example of styrene butadiene copolymer and
      available commercially as "PLIOLITE".
PAR  In yet another device the layer comprises a monograin layer of grains
      characteristic of one conductivity type distributed in host semiconductor
      grains characteristic of the opposite conductivity type, and layers of
      semiconductor material characteristic of the opposite conductivity type
      situated on the opposite major sides of the monograin layer. For example
      such a device may comprise a monograin layer of p-type copper sulphide
      grains distributed in host material consisting of n-type cadmium sulphide
      grains and adhered in a binder, and having n-type sputtered cadmium
      sulphide layers on opposite major sides of the monograin layer.
PAR  A device in accordance with the invention in one form may consist of a
      simple photodetector. In another form it may consist of a self-scanned
      device for providing a video output form of electrical signals, for
      example via a plurality of electrodes forming ohmic connections at one
      side of the layer.
PAR  In another form electroluminescent means are present in series with an
      electrode connection associated with the layer and when the layer is
      photosensitive and operable in a charge storage mode as previously
      referred to, the device may be constructed as a solid state image
      intensifier.
PAR  In a further form electron emissive means are present in series with an
      electrode connection associated with the layer and when the layer is
      photosensitive and operable in a charge storage mode as previously
      referred to, the device may be constructed as a solid state imaging active
      photocathode. The photocathode may be a transmission photocathode or a
      reflection photocathode.
PAR  Another device in accordance with the invention in which the layer is
      photosensitive and operable in a charge storage mode as previously
      referred to, and of such a configuration that an electrode connection is
      present at one major side of the layer and the opposite side of the layer
      is so constructed for scanning by an electron beam for application of the
      charging potential difference, consists of a target plate of a vidicon
      camera tube. In this device the electron beam is employed for depositing
      charge on the discrete regions and the output signals may be derived in
      various ways. In one form the output signals are derived for each
      elemental portion of the layer comprising the discrete regions
      simultaneously with the application of the charging potential difference
      by means of the electron beam. Thus the device may constitute a target
      plate of a vidicon camera tube in which scanning of the layer by the
      electron beam occurs in such manner that the output signal indicative of
      the radiation incident in the frame interval on an elemental portion of
      the layer is derived simultaneously with the recharging of the discrete
      regions associated with said elemental portion of the layer. However in a
      preferred mode the output signal is derived at a later time by means of
      the interrogation with an electron beam, for example, from the same source
      but at a lower potential with respect to the electron beam previously
      applied for the charging of the discrete regions. For example, the
      charging electron beam may be applied at a potential of 30 volts with
      respect of the electrode connection at the opposite major surface of the
      layer and the interrogation electron beam may be applied at a potential of
      3 volts with respect to said electrode connection.
PAR  The use of a device in accordance with the invention as a target plate of a
      vidicon form of camera tube may give rise to many advantages compared with
      conventional target plates. In comparison with those prior art target
      plates whose operation depends on the bulk photoconductivity of various
      layers the advantage of a device in accordance with the invention is that
      the layer behaves as a photoconductor with high gain and a fast response.
      Conventional photoconductors with gain rely on charge trapping to achieve
      the gain and are inherently slow.
PAR  As previously indicated another form of the device in which the layer is
      photosensitive and operable in a charge storage mode may comprise a charge
      pattern producing and transfer plate for use in an electrophotographic
      system having charge gain, whereby at a surface of a plate-shaped body
      comprising the photosensitive layer a charge image is produced
      corresponding to an image incident on the body and for transfer to means,
      for example paper, whereby the image can be developed and made visible. An
      advantage of the use of a device in accordance with the invention for this
      purpose is that the gain of the system enables electrophotography to be
      carried out at reduced light levels compared with existing systems.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIGS. 1(a) to 1(d) inclusive show in cross-section part of an electronic
      solid state device in accordance with the invention in the form of a
      simple optical detector suitable for operation in a charge storage mode,
      the figures also showing the circuit connections for operation of the
      device, and
PAR  FIGS. 2(a) and 2(b) show various voltage waveforms associated in the
      operation of the device shown in FIG. 1;
PAR  FIGS. 3 and 4 show in cross-section and plan view respectively part of a
      further electronic solid state device in accordance with the invention in
      the form of a simple optical detector or storage device suitable for
      operation in a charge storage mode and comprising a monocrystalline
      semiconductor layer, FIG. 3 also showing the circuit connections for
      operation of the device;
PAR  FIG. 5 shows in cross-section part of a further electronic solid state
      device in accordance with the invention in the form of a simple optical
      detector and comprising a layer of semiconductor powder grains of one and
      the opposite conductivity type adhered in an organic binder;
PAR  FIG. 6 shows in cross-section part of another electronic solid state device
      in accordance with the invention in the form of a simple optical detector
      and comprising a monograin layer having powder grains of one and the
      opposite conductivity type;
PAR  FIGS. 7 and 9 show in cross-section parts of electronic solid state devices
      in accordance with the invention and in the form of a solid state image
      intensifier comprising granular layers;
PAR  FIG. 8 shows in cross-section part of another electronic solid state device
      in accordance with the invention in the form of a solid state image
      intensifier comprising a polycrystalline semiconductor layer;
PAR  FIG. 10 shows in cross-section part of an electronic solid state device in
      accordance with the invention in the form of an imaging active cold
      cathode comprising a monocrystalline semiconductor layer;
PAR  FIG. 11 shows in cross-section part of an electronic solid state device in
      accordance with the invention in the form of a vidicon target plate, the
      figure also showing the circuit connections for operation of the target
      plate when present in a camera tube; and
PAR  FIGS. 12(a) to 12(e) inclusive show in cross-sectional views various
      components during successive stages in an electrophotographic process
      which employs an electronic solid state device in accordance with the
      invention in the form of a charge pattern producing and transfer plate.
DETD
PAR  Referring now to FIG. 1, there is shown part of a simple optical detector
      device which is operable in a charge storage mode. The device comprises a
      layer 1 which is formed by a mass of semiconductor material 2 having
      distributed therein a plurality of discrete regions 3 which form potential
      barriers with the semiconductor material 2 surrounding the discrete
      regions 3. In the present example the host semiconductor material 2 is
      granular n-type zinc oxide and the discrete regions 3 consist of grains of
      p-type zinc telluride which form a plurality of rectifying junctions with
      n-type zinc oxide, the granular material being adhered in an organic
      binder. On the opposite major surfaces of the layer 1 there are electrodes
      4 and 5 consisting of tin oxide. The dimensions of the layer 1 are 10 cm
      .times. 10 cm .times. 5 microns thickness and in a practical embodiment
      the layer 1 is provided on a suitable support body. The size of the grains
      of zinc telluride is 1 micron and their distribution in the layer is
      random with a ratio of approximately 10 to 1 of zinc oxide to zinc
      telluride by volume.
PAR  FIG. 1(a) shows the state of the layer 1 with no electrical potential
      applied between the electrodes 4 and 5, the grains 3 being in an
      equilibrium state with small depletion regions 6 associated with the
      rectifying junctions between the grains 3 and the semiconductor material 2
      being present.
PAR  On application of a charging potential difference between the electrode
      layers 4 and 5, said charging potential difference being in the form of a
      voltage pulse V.sub.R, those p-type grains which are situated in close
      proximity to one another become charged. The charging mechanism will now
      be described in terms of the p-type grains shown in the cross-sections of
      FIG. 1. In FIG. 1(a) a dotted line is shown between a number of p-type
      grains distributed in the layer in close proximity to each other. It will
      be clear that due to the small separation of these grains the current
      paths between the electrodes 4 and 5 and in the spaces between these
      grains will be relatively restricted and consequently on application of
      the voltage pulse V.sub.R a large potential difference will exist between
      opposite sides of the grains, that is between the opposite extremities of
      each grain where adjacent to the electrodes 4 and 5. Thus, due to said
      large difference in potential between opposite extremities of a grain, one
      part of the rectifying junction between the grain 3 and the semiconductor
      material 2 will be in a forward bias condition and the other part of the
      rectifying junction will be in reverse bias condition. In FIG. 1 in which
      the host semiconductor material is shown as n-type material and the grains
      distributed therein are shown as p-type grains, the following description
      relates to the application of the voltage pulse V.sub.R in a sense such
      that the electrode 4 is positive with respect to the electrode 5. In the
      grains situated in close proximity in the line shown the parts of the
      rectifying junctions between the grains 3 and the semiconductor material 2
      adjacent the electrode 4 will be in reverse bias condition and the parts
      of said rectifying junctions adjacent the electrode 5 will be in a forward
      bias condition. The forward bias of the parts of the junctions adjacent
      the electrode 5 will cause the injection across said parts of the
      junctions of minority carriers into the host material 2, in this case the
      injection of holes into the n-type host material. In this manner negative
      charge is deposited on the grains and depletion layers are formed around
      the grains associated with the rectifying junctions. FIG. 1(b) shows the
      extent of the depletion regions 7 formed around the grains during
      application of the charging voltage pulse V.sub.R, the parts of the
      depletion regions adjacent the electrode 4 being wider due to the parts of
      the rectifying junctions with which said parts of the depletion regions
      are associated being in a reverse bias condition.
PAR  Subsequent to the application of the charging voltage pulse V.sub.R, the
      charge is stored on the grains and is effective in supporting the
      depletion regions associated with the rectifying p-n junctions between the
      grains 3 and the host material 2. However due to the removal of the
      potential difference across the grains, the positive charge in the
      depletion regions becomes evenly redistributed around the grains and the
      depletion regions are thereby redistributed to be of substantially uniform
      extent around the grains. FIG. 1(c) shows the redistributed depletion
      regions 8 subsequent to the end of the application of the charging voltage
      pulse V.sub.R, the magnitude of V.sub.R being such that the depletion
      regions associated with the rectifying junctions between the grains 3 in
      the line shown in FIG. 1(a) and the host semiconductor material 2
      completely deplete the regions between adjacent grains and are effective
      in blocking the current paths between the electrode layers 4 and 5 when
      applying an interrogation potential between the electrodes 4 and 5 of
      substantially smaller magnitude than V.sub.R. It will be further noted
      that the p-type grains shown lying beyond those in the line of FIG. 1(a)
      are shown as being charged to a lesser extent. This is due to the fact
      that the potential difference across these p-type grains is less than
      those shown in the dotted line on account of the magnitude of their larger
      separation from other p-type grains. It should be noted however that if
      V.sub.R is sufficient to force the reverse biased parts of the junctions
      into breakdown then other p-type grains may charge to a greater extent.
PAR  Subsequent to the application of the charging voltage pulse V.sub.R,
      electrical signals indicative of the electrical conductivity of the layer
      between the electrodes 4 and 5 as determined by the charge stored in the
      intermediate portion of the layer can be obtained by means of applying an
      interrogation potential V.sub.I between the electrodes 4 and 5, the
      magnitude of V.sub.I being considerably less than V.sub.R. In the
      embodiment shown the layer 1 is photosensitive and radiation is shown in
      FIG. 1(d) as being incident at the upper surface of the device, the
      electrode layer 4 allowing the passage of radiation to which the device is
      sensitive. Radiation which is absorbed within a depletion region or within
      a minority carrier diffusion length of a depletion region such as a
      depletion region 8 is effective, through the generation of electron-hole
      pairs, in causing discharge of the p-type grains and the depletion region
      to contract thus opening up the current paths within the n-type host
      material between the electrodes 4 and 5. FIG. 1(d) shows the situation
      where the p-type grains have been partly discharged by the incident
      radiation. The device can be interrogated in a non-destructive read-out
      manner many times subsequent to the application of the charging voltage
      pulse V.sub.R by applying voltage pulses V.sub.I of relatively small
      magnitude between the electrodes 4 and 5. The output voltage V.sub.O is
      measured across the resistor R. This device operates in a charge storage
      mode and in a radiation integrating manner in that the output signals are
      indicative of the radiation incident on the layer in the period following
      the application of the charging pulse. As an alternative to applying a
      series of voltage pulses V.sub.I for the interrogation a constant D.C.
      bias of magnitude V.sub.I may be applied between the electrodes 4 and 5.
      In normal operation a series of resetting charging voltage pulses V.sub.R
      are applied to the electrodes as a signal superimposed on a constant D.C.
      bias V.sub.I. FIGS. 2(a) and 2(b) respectively show the input voltage
      waveform and the output voltage waveform associated with such a mode of
      operation. In a preferred form of operation the magnitude and duration of
      V.sub.R is chosen such that the depletion regions formed around the
      charged p-type grains are effective in blocking the electrical current
      conduction paths between the electrodes 4 and 5 for an interrogation
      potential of smaller manitude than V.sub.R. Following application of the
      resetting charging potential V.sub.R the layer will integrate the free
      charge carriers generated by the incident radiation and the output voltage
      V.sub.O measured while applying the constant D.C. interrogation voltage
      V.sub.I is a measure of the free charge carriers generated by absorption
      of radiation in the depletion regions and within a minority carrier
      diffusion length thereof in the period following application of the
      resetting pulse V.sub.R. FIG. 2(b) shows the output voltage V.sub.O during
      frame intervals t.sub.F.sbsb.1, t.sub.F.sbsb.2, t.sub.F.sbsb.3,
      t.sub.F.sbsb.4, etc. During frame interval t.sub.F.sbsb.1 the incident
      radiation intensity is high, during the frame interval t.sub.F.sbsb.2 no
      radiation is incident, during the frame interval t.sub.F.sbsb.3 radiation
      is incident but of an intensity smaller than in frame interval
      t.sub.F.sbsb.1, and during frame interval t.sub.F.sbsb.4 radiation is
      incident and of an intensity corresponding to the intensity in frame
      interval t.sub.F.sbsb.1. The output voltage V.sub.O rises during
      t.sub.F.sbsb.1 due to the integrating effect of the layer and saturates
      when the grains have fully discharged before falling to zero at the end of
      t.sub.F.sbsb.1 on application of the resetting charge potential V.sub.R to
      block the conduction paths between electrodes 4 and 5. As the incident
      radiation is absent during t.sub.F.sbsb.2 the output voltage V.sub.O
      remains at zero and rises again during t.sub.F.sbsb.3 when radiation is
      incident, the layer again integrating the free charge carriers generated
      during t.sub.F.sbsb.3. The value of the output voltage V.sub.O will depend
      upon the value of the load resistor R and the total charge passing through
      the load resistor R during a frame interval will be much greater than the
      charge displaced from the grains by the incident radiation during that
      interval. When R is small it is possible for the charge gain to exceed
      10.sup.4.
PAR  The device shown in FIGS. 1(a) to 1(d) may be considered as a plurality of
      junction field effect transistor (JFET) structures having a common source
      connection formed by one of the electrode layers 4 and 5 and a common
      drain connection formed by the other of the electrode layers 4 and 5, the
      gate regions of the transistor structures being in a floating condition
      and formed by the grains 3 and the gate rectifying junctions being formed
      by the junctions between the p-type grains 3 and the n-type host
      semiconductor material 2. The channel regions of the JFET structures are
      present in the n-type host material 2 between the grains and are blocked
      in the previously referred to preferred mode of operation. For further
      description of the operation of a JFET structure as an imaging device in a
      charge storage mode reference is invited to U.S. Pat. No. 3,721,839.
PAR  It will be appreciated that the device shown in FIG. 1 may be modified such
      that radiation can be incident at the lower side of the layer 1.
      Furthermore an array of imaging elements can be formed by providing a
      plurality of electrodes at one side of the layer, the charging potential
      being applied between each of said plurality of electrodes and the
      electrode at the opposite side of the layer, for example simultaneously,
      and output signals being derived individually from the plurality of
      electrodes at the said one side of the layer.
PAR  Referring now to FIGS. 3 and 4, these show in cross-section and plan view
      respectively a further embodiment of a simple device which may be
      constructed as an optical detector or information storage device which is
      operable in a charge storage mode. This device comprises a layer 11 of 1
      mm .times. 1 mm cross dimensions formed by an n.sup.+-silicon substrate 12
      of 0.001 ohm.sup.. cm resistivity and 250 microns thickness having an
      n-type epitaxial layer of 10 ohm.sup.. cm resistivity and 20 microns
      thickness thereon. The n-type epitaxial layer is formed by first and
      second n-type layers 13 and 14 each of 10 microns thickness. In the
      vicinity of the interface between the layers 13 and 14 there is an array
      of p-type buried regions 15, each formed by pre-diffusion of boron into
      the surface of the first n-type epitaxial layer 13 prior to the deposition
      of the second n-type epitaxial layer 14. The p-type buried regions 15 are
      regularly distributed and have a surface area of 15 microns .times. 15
      microns and a separation of 5  microns. At the surface of the second
      n-type epitaxial layer 14 there is an n.sup.+-diffused region 16 which is
      contacted by an electrode layer 17 of gold. On the lower surface of the
      n-type substrate 12 there is an electrode layer 18 of aluminum.
PAR  The charge storage mode of operation of the device shown in FIGS. 3 and 4
      is similar to the operation of the device shown in FIG. 1, the application
      of the charging potential difference V.sub.R being effective in charging
      the buried p-type regions 15 and forming depletion regions in the n-type
      material, which depletion regions extend in the current paths between the
      regions 15 and when V.sub.R is of a sufficiently large magnitude may be
      effective in blocking the current paths in the n-type material between the
      electrodes 17 and 18 when applying an interrogation potential V.sub.I of
      substantially smaller magnitude than V.sub.R.
PAR  In the use of the device as a simple optical detector, radiation incident
      at the upper surface which penetrates the electrode layer 17 and is
      absorbed in the depletion regions or within a minority carrier diffusion
      length of the depletion regions will be effective in causing the depletion
      layers to retract thus opening up the current carrying channels. The free
      charge carriers thus generated in a frame interval subsequent to the
      application of the resetting charging potential difference are integrated
      and the output voltage V.sub.O may be obtained using a plurality of
      voltage pulses V.sub.I of substantially smaller magnitude and longer
      duration than V.sub.R or by applying a constant D.C. bias V.sub.I between
      the electrode layers 17 and 18 on which the resetting pulses V.sub.R are
      superimposed.
PAR  The device may also be used for information storage the amount of charge
      stored depending upon the magnitude of a charging setting pulse V.sub.R
      and if the discharge of the discrete p-type regions is due to leakage is
      small then the output signal V.sub.O at some time t.sub.i after applying
      V.sub.R is indicative of the original resetting pulse V.sub.R. In this
      manner a device of the form shown in FIGS. 3 and 4 may be constructed as a
      read-only dynamic store, the electrode configuration being suitably
      modified, for example in such form as to provide each of a plurality of
      separate cells comprising 10 of the discrete p-type regions 15 with
      separate electrode means for the application of the resetting and
      interrogation potentials.
PAR  In a modification of the device shown in FIGS. 3 and 4, the n.sup.+-contact
      layer and electrode layer 16 may be replaced by a metal layer, for example
      of gold, which forms a Schottky barrier with the n-type silicon of the
      epitaxial layer 14. The application of the resetting pulse V.sub.R is then
      such that the Schottky barrier is reverse biased and a depletion layer is
      swept across the n-type layers 14 and 13 and punches-through to the p-type
      regions 15 and on withdrawal leaves the p-type regions 15 charged. The
      application of the interrogation voltage either as a series of pulses or a
      constant D.C. bias is then made in such manner that the Schottky barrier
      is biased in the forward direction. For the construction of such a device
      as an optical detector the Schottky barrier forming metal layer is made of
      such material and is of such thickness as to be able to transmit the
      radiation to which the device is sensitive.
PAR  In another modification the device may be constructed as an array of
      imaging elements each capable of yielding separate signals indicative of
      the radiation incident thereon. This structure may be achieved by
      providing an array of individually connected electrodes at the upper
      surface of the second epitaxial layer 14.
PAR  Referring now to FIG. 5 this shows in cross-section part of another
      embodiment of a simple optical detector device which is operable in a
      charge storage mode. The device comprises a substrate in the form of a
      glass plate 21 of 10 cm .times. 10 cm .times. 0.5 cm. On the upper surface
      of the glass plate 21 there is a radiation transmissive electrode layer 22
      of tin oxide. On the electrode layer 22 there is composite layer 23
      consisting of powder grains 24 of zinc oxide having pellets 25 of platinum
      randomly distributed therein and the grains 24 and pellets 25 being
      adhered as a composite layer of 5 microns thickness by means of an organic
      binder of styrene butadiene copolymer which is available commercially as
      "PLIOLITE". The platinum pellets 25 form Schottky barriers with the zinc
      oxide powder and on the upper surface of the layer 23 there is an ohmic
      contact electrode layer 26 of indium. The distribution ratio of platinum
      pellets to zinc oxide grains is approximately 10 to 1 by volume. The
      average size of the platinum pellets is 1 micron and the average grain
      size of the zinc oxide grains is 0.5 micron.
PAR  The operation of this device in a charge storage mode is similar to that
      described with reference to FIGS. 1 and 2 and FIGS. 3 and 4, the platinum
      pellets 25 being charged on application of the resetting potential
      difference in a manner similar to the charging of the grains 3 in the
      device shown in FIG. 1. The charging of the platinum pellets 25 is
      effective in supporting depletion regions in the zinc oxide powder
      material 24. The depletion regions are associated with the Schottky
      barriers between the platinum pellets 25 and the zinc oxide powder
      material 24 and retract when free charge carriers are generated by
      absorption of incident radiation in the layer in the depletion regions or
      within a minority carrier diffusion length of said depletion regions. The
      device shown in FIG. 5 may be modified to form an array of imaging
      elements by providing a plurality of electrodes at the upper surface of
      the layer 23. In a further modification the electrode layer 22 may be such
      as to form a Schottky barrier with the zinc oxide powder material and the
      resetting charging potential applied in such manner as to cause this
      Schottky barrier to be reverse biased and the depletion layer associated
      therewith to sweep across the layer 23 and on withdrawal to leave the
      platinum pellets 25 charged. The interrogation of the layer or the
      elements of an array is carried out with this Schottky barrier biased in
      the forward direction.
PAR  The embodiment shown in FIG. 6 consists of another simple optical detector
      device suitable for operation in a charge storage mode. The device
      comprises a glass substrate 31 having a radiation transmissive electrode
      layer 32 of tin oxide thereon. On the electrode layer 32 there is a layer
      33 of sputtered n-type cadmium sulphide.
PAR  On the cadmium sulphide layer 33 there is a monograin layer 34 consisting
      of grains 35 of p-type copper sulphide randomly distributed in host grains
      36 of n-type cadmium sulphide, the grains 35, 36 being adhered in an
      organic binder such as "PLIOLITE".
PAR  On the surface of the monograin layer 34 there is another layer 37 of
      sputtered n-type cadmium sulphide.
PAR  The layers 33 and 37 each form rectifying barriers with the p-type grains
      35 of copper sulphide and ohmic connections with the n-type cadmium
      sulphide grains 36. In this manner the p-type copper sulphide grains 35
      are surrounded by n-type material formed by the layers 33 and 37 of
      sputtered n-type cadmium sulphide and the n-type cadmium sulphide grains
      36.
PAR  The operation of this device in a charge storage mode is similar to that
      described with reference to FIGS. 1 and 2, FIGS. 3 and 4, and FIG. 5, the
      p-type copper sulphide grains 36 being charged on application of the
      resetting potential difference V.sub.R between the electrode layers 33 and
      37 in a manner similar to the charging of the grains 3 in the device shown
      in FIG. 1. The charging of the copper sulphide grains is effective in
      supporting depletion regions which extend in the n-type cadmium sulphide
      grains 36 in the monograin layer 34 as well as in the adjoining n-type
      cadmium sulphide layers 33 and 37. The magnitude of the resetting charging
      potential difference V.sub.R may be chosen such that the depletion regions
      effectively block the conduction path across the monograin layer 34 for
      applied potential differences of substantially smaller magnitude than
      V.sub.R. In the operation of the device as an optical detector, radiation
      which is incident on the lower side of the glass plate 31 and is
      transmitted to the depletion regions associated with the junctions between
      the p-type grains 35 and the n-type grains 36 and layers 33, 37 or within
      a minority carrier diffusion length of said depletion regions and there
      absorbed causes free charge carriers to be generated and the retraction of
      the depletion regions. Interrogation potentials V.sub.I or a constant D.C.
      bias may be applied for obtaining an integrated output signal V.sub.O
      indicative of the incident radiation in the period following the
      application of the resetting potential pulse V.sub.R.
PAR  FIG. 7 shows in cross-section part of a two-terminal intensifier device
      which is operated in a charge storage mode. This device comprises a glass
      support 41 10 cm .times. 10 cm .times. 0.5 cm having a radiation
      transmissive electrode layer 42 of tin oxide thereon. On the electrode
      layer 42 there is a layer 43 of 5 microns thickness consisting of n-type
      zinc oxide powder grains 44 having a plurality of grains 45 of p-type zinc
      telluride distributed therein, the grains 44, 45 being adhered in an
      organic binder such as "PLIOLITE". The size of the grains 44, 45 is
      approximately 1 micron and the distribution of n-type zinc oxide grains 45
      to p-type zinc telluride grains 44 is approximately 10 to 1 by volume. On
      the surface of the layer 43 there is a layer 46 of electroluminescent
      material consisting of copper doped zinc oxide and having a thickness of 1
      micron. On the surface of the layer 46 there is a thin radiation
      transmissive Schottky contact electrode layer 47 of platinum.
PAR  In the operation of this device in a charge storage mode resetting charging
      pulses V.sub.R are applied between the electrode layers 42 and 47 to
      charge the p-type zinc telluride grains 45 and for applied potential
      differences of substantially smaller magnitude than V.sub.R to block the
      electrical conduction paths in the n-type zinc oxide powder material 44
      between the grains 45 by the depletion regions associated with the
      rectifying junctions between the p-type grains 45 and the n-type zinc
      oxide powder material 44.
PAR  On application of an interrogation potential V.sub.I  of substantially
      smaller magnitude than V.sub.R, either as a constant D.C. bias or as a
      series of pulses of substantially smaller magnitude than the reset
      charging pulses V.sub.R and of such a polarity that the electrode layer 47
      is negative with respect to the layer 42, any current flow through the
      layer 43 also passes through a portion of the series connected and thus
      reverse biased electroluminescent Schottky barrier structure comprising
      the layer 46 of copper doped zinc oxide and layer 47 of platinum and hence
      radiation will be emitted having an intensity dependent upon the current
      strength which in turn is dependent upon the discharge of the grains 45
      produced by the free charge carriers generated by the incident radiation
      h.gamma..sub.1. Due to the layer 43 being operated such as to provide a
      charge gain the intensity of the emitted radiation h.gamma..sub.2 will be
      significantly greater than the incident radiation h.gamma..sub.1 and due
      to the charge storage operation of the layer 43 the incident radiation
      h.gamma..sub.1 is integrated over the frame periods between the
      application of the resetting charging pulses. The electroluminescent layer
      46 is made thin (1 micron) to achieve a high lateral resistance and means
      may be present to prevent feedback of the emitted radiation to the
      radiation sensitive depletion regions, for example a conductive layer
      having a high lateral resistance and which is opaque to the radiation
      emitted by the layer 46 may be present between the layer 43 and the
      electroluminescent layer 46.
PAR  FIG. 8 shows in cross-section part of another two-terminal solid stage
      image intensifier device which is operated in a charge storage mode. The
      device comprises a glass support 50 having thereon, a semiconductor layer
      51 of n-type polycrystalline silicon which is composed of four separately
      applied layer portions 51a, b, c, d. Between the layer 51 and the glass
      support 50 there is a radiation transmissive electrode layer 53 of gold of
      200 A thickness. The cross-dimensions of the support 50 and layer 51
      thereon are 10 cm .times. 10 cm. The thickness of the support 50 is 0.2 cm
      and the total thickness of the layer 51 is 10 microns. In the layer 51
      there is a plurality of buried discrete p-type regions 52 which extend
      substantially in three common planes substantially parallel to the
      opposite major surfaces of the layer 51. The p-type regions have been
      provided by diffusion of boron into exposed surface portions of the
      polycrystalline silicon layer portions 51a, b, and c between successive
      stages of the deposition of the composite layer 51.
PAR  The p-type regions 52 each have cross-dimensions of 5 microns .times. 5
      microns, a thickness of 2 microns and in the section shown the separation
      between adjacently situated p-type regions in the same plane is 2 microns.
PAR  On the upper surface of the layer 51 there is an electroluminescent layer
      55 of zinc sulphide of 3 microns thickness. A radiation transmissive
      electrode layer 56 of tin oxide of 2,000 A thickness is present on the
      upper surface of the electroluminescent layer 55.
PAR  In the operation of this device in a charge storage mode resetting charging
      pulses V.sub.R are applied between the electrode layers 53 and 56 to
      charge the p-type regions 52 and of such magnitude that blocking of the
      current conduction paths between p-type regions 52 with the charge induced
      depletion regions associated with the p-n junctions between the p-type
      regions 52 and the n-type polycrystalline silicon layer 51 occurs, said
      current conduction paths being blocked for applied potential differences
      of substantially smaller magnitude than V.sub.R.
PAR  On application of an interrogation potential V.sub.I, either as a constant
      D.C. bias or as a series of pulses of substantially smaller magnitude any
      current flow through the layer 51 also pass through a portion of the
      series connected electroluminescent layer 55 of zinc sulphide and thus
      radiation will be emitted having an intensity dependent upon the current
      strength which in turn is dependent upon the discharge of the p-type
      regions 52 produced by the free charge carriers generated by the incident
      radiation which is absorbed in the depletion regions or within a minority
      carrier diffusion length of the depletion regions associated with the
      rectifying junctions between the p-type regions 52 and the n-type
      polycrystalline silicon layer 51. Due to the operation of the layer 51, 52
      in such manner as to provide charge gain the intensity of the emitted
      radiation h.gamma..sub.2 will be significantly greater than the intensity
      of the incident radiation h.gamma..sub.1 and due to the charge storage
      mode of operation the incident radiation h.gamma..sub.1 is integrated over
      the frame periods between the application of the reset charging pulses
      V.sub.R.
PAR  FIG. 9 shows in cross-section part of another embodiment of a two-terminal
      solid state image intensifier device, this embodiment having an
      interdigitated electrode structure. The device comprises a glass substrate
      61 of 10 cm .times. 10 cm .times. 0.5 cm thickness having thereon a layer
      62 of 3 microns thickness and consisting of n-type zinc oxide powder
      grains 63 having a plurality of p-type zinc telluride grains 64 randomly
      distributed therein and adhered in a binder of "PLIOLITE". On the surface
      of the layer 62 there is an electroluminescent layer 65 of zinc sulphide.
      On the surface of the electroluminescent layer 65 there is a
      semi-transparent interdigitated electrode pattern 66, 67 consisting of tin
      oxide.
PAR  The zinc oxide powder grains 63 have an average diameter of 0.5 micron and
      zinc telluride grains 64 also have an average diameter of 0.5 micron. The
      ratio of zinc oxide grains to zinc telluride grains is approximately 10 to
      1 by volume.
PAR  The width of the interdigitated electrodes 66 and 67 is 100 microns and
      their spacing is 100 microns. In this device the electroluminescent layer
      65 has a high lateral resistance and any current flow between an adjoining
      pair of electrodes 66, 67 takes place laterally through the layer 62. Thus
      in operation a resetting potential is applied as a pulse V.sub.R between
      the electrode pairs of 66, 67 and is of such a magnitude that the charge
      induced depletion regions associated with the junctions between the grains
      63 and 64 render the layer 62 non-conductive in a lateral direction for
      applied potentials between the electrode pairs 66, 67 of a magnitude
      substantially less than V.sub.R.
PAR  Radiation, incident from the lower side of the layer 62 and transmitted by
      the glass support, which is absorbed in the layer 62 in the depletion
      regions or with a minority carrier diffusion length of the depletion
      regions causes the depletion regions to retract and thus the lateral
      conductance of the layer increases. The interrogation potential may be
      applied as a series of pulses V.sub.I of smaller magnitude than V.sub.R or
      a constant D.C. bias V.sub.I. The current between electrode pairs 66, 67
      which passes through the electroluminescent layer 65 in a transverse
      direction will be determined by the extent of the discharge of the p-type
      grains 64 produced by the free charge carriers generated by the incident
      radiation absorbed as described, and in turn the intensity of the emitted
      radiation will depend on the magnitude of said transverse current through
      the portions of the layer 65 adjacent the electrodes 66 and 67. As in the
      previously described embodiment, due to the operation of the layer 62 in
      such manner as to provide charge gain the intensity of the emitted
      radiation h.gamma..sub.2 will be significantly greater than the intensity
      of the incident radiation h.gamma..sub.1 and due to the charge storage
      mode of operation the incident radiation h.gamma..sub.1 is integrated in
      the frame periods between the application of the reset charging pulses
      V.sub.R.
PAR  FIG. 10 shows in cross-section part of an embodiment of an imaging solid
      state transmission active photocathode. The device comprises a glass plate
      70 of 2.5 cm .times. 2.5 cm .times. 0.5 cm thickness having thereon an
      n-type semiconductor layer 71 of silicon of 2 cm .times. 2 cm .times. 15
      microns thickness and 10 ohm.cm resistivity. In the layer 71 there is an
      array of isolated discrete buried p-type regions 72 extending in a common
      plane, of 3 microns .times. 3 microns across dimensions, 2 microns
      thickness and 3 microns mutual separation which have been formed by ion
      implantation of boron. At the upper surface of the layer 71 there are
      n.sup.+-diffused surface regions 73 and a silicon oxide surface layer 74.
      At the lower surface of the layer 71 there is an n.sup.+-diffused contact
      layer 75 and a transparent electrode layer 76 of gold. On the surface of
      the insulating layer 74 and in openings in the insulating layer 74
      exposing the n.sup.+-regions 73 there is a layer 77 of p-type silicon of
      0.2 micron thickness and 0.008 ohm.cm resistivity and on the surface of
      the layer 77 there is a plurality of interconnected electrodes 78
      consisting of parts of a metal layer of nickel. The surface of the p-type
      silicon layer 76 has a work function reducing coating comprising caesium
      and oxygen.
PAR  The device is constructed for operation in a charge storage mode wherein a
      resetting potential pulse V.sub.R is applied between the electrodes 76 and
      78 and is effective in charging the p-type discrete regions 72. The
      magnitude of V.sub.R is chosen to be such that the depletion regions
      associated with the p-n junctions between the p-type regions 72 and the
      n-type layer 71 are effective in blocking the conduction path through the
      layer 71 between the electrodes 76 and 78 for applied potentials of
      substantially smaller magnitude than V.sub.R. Radiation incident at the
      lower side of the layer 71 which is transmitted by the glass plate 70 and
      the electrode layer 76, on absorption in the depletion regions or within a
      minority carrier diffusion length of the depletion regions is effective in
      discharging the p-type regions 72 and thus, by the retraction of the
      depletion regions, opening up the conduction path across the layer 71. On
      application of an interrogation potential V.sub.I between the electrodes
      76 and 78 either as a series of pulses or as a constant D.C. bias the
      current flow is determined by the state of charge of the regions 72 and
      V.sub.I is applied such that the electrode 78 is positive with respect to
      electrode 76. In this manner any current flow which occurs will comprise
      the injection of electrons from the n.sup.+-regions 73 into the thin
      p-type silicon layer 77 and thus with the device placed in an evacuated
      enclosure under a suitable external electric field a proportion of the
      electrons thus injected can be caused to emerge from the coated surface of
      the layer 77. As is known in a semiconductor cold cathodes the distance
      between the injecting connection and the emissive surface must be chosen
      to be not substantially greater than electron diffusion length in the
      p-type layer and hence the thickness of the p-type silicon layer 77 is
      chosen accordingly. By operation of the device in a charge storage mode an
      imaging active photocathode is obtained having appreciable gain, a
      radiation pattern incident as shown at the lower side of the device being
      converted into an electron emission pattern as shown at the upper side of
      the device, the conversion being obtained with gain. Isolation between
      individual emissive surface parts of the p-type silicon layer 77 is
      achieved due to the p-type layer having a high resistivity.
PAR  In a modification of the embodiment shown in FIG. 10, the device is so
      constructed that a radiation pattern incident at the upper side of the
      device can be converted into an electron emission pattern also at the
      upper side of the device so that the device constitutes a so-called
      reflection photocathode. This may be effected by providing an n-type layer
      such as layer 71 as an epitaxial layer on an n.sup.+-substrate without the
      necessity of forming a thin semiconductor body on a transmissive support
      such as the support 70 in the previously described embodiment.
PAR  Referring now to FIG. 11 there is shown a further embodiment of a device in
      accordance with the invention and consisting of a target plate 81 of a
      vidicon form of camera tube. The target plate consist of an n-type silicon
      substrate wafer 82 of 200 microns thickness and 20 ohm.cm resistivity
      having thereon a first n-type silicon epitaxial layer 83 of approximately
      9 microns thickness and 15 ohm.cm resistivity and second n-type silicon
      epitaxial layer 84 of approximately 6 microns thickness and also of 15
      ohm.cm resistivity. In the vicinity of the interface between the epitaxial
      layers 83 and 84 there is a plurality of discrete buried p.sup.+-regions
      85, each of substantially circular cross-section of approximately 5
      microns diameter and having a spacing between adjoining peripheries of
      approximately 3 microns. The p.sup.+-regions have a thickness of
      approximately 3 microns and have been formed by selective deposition and
      pre-diffusion of boron into the surface of the first epitaxial layer 83
      prior to the deposition of the second epitaxial layer 84 and subsequent
      diffusion of the born therein as well as into the first epitaxial layer
      83. The inner part of the substrate 82 has been etched away from the side
      thereof remote from the epitaxial layer 83 and the total thickness of the
      inner part of the target plate 81 at which a radiation pattern can be
      received is approximately 15 microns. An n.sup.+-layer 86 of approximately
      0.2 micron thickness is present at the surface of the epitaxial layer 83
      exposed by the removal of the substrate material and this layer has been
      formed by implantation of phosphorus ions using a dose of 10.sup.14
      ions/sq. cm and at an energy of 200 KeV.
PAR  The target plate is mounted in a conventional vidicon envelope which is
      evacuated and comprises an electron gun 87 providing an electron beam 88
      which is deflected in a conventional manner by means not shown. In
      operation a charging electron beam is swept across the surface 89 of the
      target plate at a relatively high potential between the beam and the
      electrode connection to the n.sup.+-substrate 82 and hence to the
      n.sup.+-surface region 86 at the opposite surface of the target plate, for
      example 30 volts, provided by a source 90. The application of the electron
      beam in this manner acts to charge the buried p.sup.+-regions 85
      successively as the beam is swept across the surface 86. The charging
      mechanism is similar to that described with reference to FIG. 1 with the
      main difference being that instead of simultaneously charging the whole
      layer, in the present embodiment the charging of the p.sup.+-regions 85 is
      sequential and according to the passage of the charging electron beam
      across the surface 89. The video output signal V.sub.O across a resistor
      91 can be derived simultaneously with the passage of the charging beam but
      such a method of obtaining an output is not favoured as it fails to
      completely utilise the charge amplification that is inherently provided in
      the device structure. Thus in a preferred form of utilising the target
      plate 81 in the described camera tube, the application of the charging
      electron beam is such as to block the conduction path between opposite
      sides of the layer, for potentials substantially less than the charging
      potential, with the charge induced depletion regions associated with the
      p-n junctions between the p.sup.+-regions 85 and the surrounding n-type
      material of the epitaxial layers 83 and 84. Thereafter for the reading of
      the charge state of the target plate 81 an electron beam is again swept
      across the surface 89 but at a much lower potential, for example 3 volts,
      and the output signals V.sub.O derived across the resistor 91. In this
      manner non-destructive read-out is obtained with the facility of making
      more than one read-out in each frame interval between application of the
      charging electron beam. For each elemental portion of the target plate 81
      the incident radiation is integrated over the period between the
      application of the higher potential charging beam at the surface of the
      elemental portion and the application of the lower potential read-out beam
      at the surface of the elemental portion. Thus this device has appreciable
      gain in addition to a high speed of response.
PAR  It will be appreciated that the structure of the target plate may be
      modified in various ways. For example instead of having discrete
      p.sup.+-regions extending in a single plane, the layer of the target plate
      may have discrete regions extending in a plurality of planes parallel to
      the opposite major sides of the plate such as are present in the
      embodiment shown and described with reference to FIG. 8. Moreover instead
      of using a monocrystalline structure with discrete buried regions formed
      by diffusion as described the target plate advantageously may be formed
      with a photosensitive layer of particulate form such as has been described
      with reference to FIGS. 1, 5, 7, 9. A layer in particulate form of the
      structure and composition as described with reference to FIG. 5 may be
      employed in a vidicon target plate the operation of which is similar to
      that described with reference to FIG. 11.
PAR  FIGS. 12(a) to 12(e) exclusive show successive stages in the use of a
      device in accordance with the invention and consisting of a charge pattern
      producing and transfer plate in an electrophotographic method. The charge
      pattern producing and transfer plate is of 10 cm .times. 10 cm .times.
      approximately 2 cm thickness and consists of a composite layer 93 of 5
      microns thickness of p-type zinc telluride powder grains of 1 micron
      average grain size randomly distributed in n-type zinc oxide powder grains
      of 1 micron average grain size and adhered with an organic binder such as
      "PLIOLITE", the ratio of zinc telluride grains to zinc oxide grains being
      approximately 10 to 1 by volume and the layer being provided on a glass
      support plate 94 of approximately 2 cm thickness with a tin oxide contact
      layer 95 of 0.2 micron thickness between the glass plate 94 and the
      composite layer 93 the tin oxide layer forming an ohmic connection to the
      host n-type zinc oxide grains. In FIGS. 12(a) to 12(d) inclusive the
      p-type zinc telluride powder grains are shown as heavy shaded dots 96 and
      for the sake of clarity of illustration the n-type zinc oxide powder
      grains are not separately shown. In the electrophotographic making of a
      copy of a document the first stage in the process is to uniformly charge
      the layer 93 forming part of the charge pattern producing and transfer
      plate. This is effected by bringing a movable plate 97 of aluminum into
      temporary contact with the upper surface of the layer 93 and while in said
      contact applying a resetting potential pulse V.sub.R across the layer 93
      via electrode connections to the layer formed by the movable metal plate
      97 and the tin oxide layer 95 (FIG. 12(b)). In this manner the p-type zinc
      telluride grains 96 are charged and the value of V.sub.R is chosen such
      that on removal of the plate 97 the charge induced depletion regions
      associated with the p-n junctions between the p-type zinc telluride grains
      96 and the n-type zinc oxide grains render the layer 93 non-conductive for
      applied potentials of substantially smaller magnitude than V.sub.R. During
      this charging the layer 93 is preferably shielded from ambient light.
PAR  An optical image of the document to be copied is then projected onto the
      lower side of the glass plate 94 and is incident for a fixed period in
      order to selectively discharge portions of the layer 93 by amounts in
      accordance with the intensity of the incident light and thus leave a
      charge pattern in the layer 93 which is representative of the optical
      image (FIG. 12(c)). Thereafter a sheet of insulating paper 98 is applied
      to the upper exposed surface of the layer 93 and the movable plate 97
      again placed on the upper surface so that the sheet of insulating paper 98
      is sandwiched between the movable plate 97 and the layer 93. A transfer
      potential V.sub.T is then applied across the layer 93 and the sheet of
      insulating paper via the plate 97 and the tin oxide electrode layer 95 and
      in this manner charge pattern is deposited on the paper sheet 98 in
      accordance with the charge pattern previously produced and stored by the
      layer 93 (FIG. 12(d)). The potential V.sub.T, which is of considerably
      smaller magnitude than that of the resetting potential V.sub.R, is
      maintained for a time sufficient to give the required charge gain, that is
      to develop the charge image sufficiently in the next succeeding stage of
      the process in which, as in one conventional form of electrophotographic
      process, suitable toner particles 99 (FIG. 12(e)) such as carbon particles
      are applied to the paper sheet 98 bearing the charge pattern.
PAR  In another embodiment utilising a device in accordance with the invention
      of a form as shown in FIG. 12(a) the layer 93 is initially flooded at the
      upper surface with a corona discharge. Thereafter an optical image of the
      document to be reproduced is incident at the upper surface of the layer 93
      and is effective in selectively discharging the layer and thus leaving a
      charge image pattern not only in the layer 93 but also on the surface of
      the layer 93. The next stage in the process is the transfer of the charge
      image to the sheet of paper by conventional means.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A solid state device comprising a bulk semiconductor layer having
      distributed within a plurality of isolated discrete regions each forming a
      potential barrier with the semiconductor bulk, said discrete regions being
      embedded within and surrounded by the bulk semiconductor and being at
      floating potential, electrode means coupled to the layer, a source of
      charging potential, means for applying a potential pulse derived from the
      charging source by means of the electrode means across a portion of said
      layer for charging the discrete regions therein to reverse bias their
      barriers producing depletion zones surrounding the discrete regions, the
      discrete regions and potential barriers thereof being of a configuration
      and being distributed within the layer such that following application of
      a charging pulse the discrete regions remain sufficiently charged to
      support depletion zones in the bulk semiconductor that cause a condition
      of low electrical conduction through the layer portion when an
      interrogating voltage is applied thereto, a source of interrogating
      voltage, and means for interrogating the charge condition of the layer
      portion including means for applying a voltage derived from the
      interrogating source by means of the electrode means across said portion
      of said layer.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein the interrogating means includes
      means connected to the electrode means for deriving an output signal
      indicative of the layer portion's charge condition.
NUM  3.
PAR  3. A solid state device as claimed claim 2 wherein the discrete regions and
      their distribution in the layer is such that on applying a charging
      potential difference of suitable magnitude, depletion zones associated
      with the potential barriers and present following removal of the charging
      potential difference are effective in blocking electrical current
      conduction paths between portions of the layer when applying an
      interrogating potential difference between said portions which is of
      substantially smaller magnitude than the charging potential difference.
NUM  4.
PAR  4. A solid state device as claimed in claim 2 wherein electrodes are
      present adjacent each of opposite major sides of the layer for the
      application of the charging potential difference.
NUM  5.
PAR  5. A solid state device as claimed in claim 4, wherein the electrodes are
      present at the opposite major sides of the layer and form ohmic
      connections to the layer.
NUM  6.
PAR  6. A solid state device as claimed in claim 2 wherein electrode means are
      present adjacent only one major side of the layer for the application of
      the charging potential difference and for deriving output signals
      indicative of the electrical conductivity in a lateral direction of the
      layer.
NUM  7.
PAR  7. A solid state device as claimed in claim 1 wherein at one major side of
      the layer an electrode layer is present which forms a rectifying junction
      with the layer, the semiconductor material of the layer surrounding the
      discrete regions being of such a composition and the application of the
      charging potential difference being in such manner as to bias the
      rectifying junction in the reverse and causes a depletion region
      associated with said junction to extend into the layer and withdraws on
      removal of the charging potential difference to leave charged the discrete
      regions which are influenced by the said depletion region.
NUM  8.
PAR  8. A solid state device as claimed in claim 1 wherein an electrode
      connection is present at one major side of the layer and the opposite
      major side of the layer is so constructed for scanning by an electron beam
      for application of the charging potential difference across the layer.
NUM  9.
PAR  9. A device as claimed in claim 8 wherein the device constitutes the target
      for an electron beam, said electron beam being utilized both for applying
      the charging potential and for interrogating the layer's charge condition.
NUM  10.
PAR  10. A solid state device as claimed in claim 1 wherein an electrode
      connection is present at one major side of the layer and the opposite side
      of the layer is so constructed to be contacted by a movable conductive
      plate for the application of the charging potential difference across the
      layer.
NUM  11.
PAR  11. A solid state device as claimed in claim 1 wherein an electrode
      connection is present at one major side of the layer and the opposite
      major side of the layer is so constructed for charging by corona discharge
      means for application of the charging potential difference across the
      layer.
NUM  12.
PAR  12. A solid state device as claimed in claim 1 wherein the layer is
      photosensitive and of such a structure that following removal of the
      charging potential difference the discrete regions can be discharged by
      radiation absorbed in the vicinity of depletion zones associated with the
      potential barriers, the electrical conductivity between portions of the
      layer being determined by the extent of the discharge of the discrete
      regions in the intermediate portions of the layer.
NUM  13.
PAR  13. A solid state device as claimed in claim 12 and comprising of a solid
      state imaging device suitable for operation in a charge storage mode
      wherein the time taken to discharge said discrete regions is dependent
      upon the quantity of radiation incident in the vicinity of the barriers
      and on the periodic application of voltage pulses for charging the
      potential barriers, each of a time duration short with respect to the time
      constant for the discharge of the potential barriers, output signals being
      derived following the application of the charging pulses, said output
      signals being indicative of the radiation incident in the vicinity of the
      potential barriers in the period subsequent to the application of the
      preceding charging pulse.
NUM  14.
PAR  14. A solid state device as claimed in claim 1 wherein the layer comprises
      a semiconductor region mainly of one conductivity type having a plurality
      of buried discrete regions of the opposite conductivity type distributed
      therein.
NUM  15.
PAR  15. A solid state device as claimed in claim 14, wherein said buried
      discrete regions of the opposite conductivity type are located
      substantially in at least one common plane extending parallel to opposite
      major sides of the layer.
NUM  16.
PAR  16. A solid state device as claimed in claim 14 wherein the semiconductor
      material of the layer is of a polycrystalline nature.
NUM  17.
PAR  17. A solid state device as claimed in claim 1 wherein the layer comprises
      a plurality of discrete regions in particulate form and randomly
      distributed in a host semiconductor material.
NUM  18.
PAR  18. A solid state device as claimed in claim 17, wherein the layer
      comprises a plurality of semiconductor particles characteristic of one
      conductivity type randomly distributed in a host semiconductor material
      characteristic of the opposite conductivity type.
NUM  19.
PAR  19. A solid state device as claimed in claim 17, wherein the layer
      comprises a plurality of metal particles randomly distributed in a host
      semiconductor material, the metal particles forming Schottky barriers with
      the host semiconductor material.
NUM  20.
PAR  20. A solid state device as claimed in claim 17, wherein the layer
      comprises a mixture of a plurality of semiconductor powder grains
      characteristic of one conductivity type and a plurality of semiconductor
      powder grains characteristic of the opposite conductivity type adhered in
      a binder.
NUM  21.
PAR  21. A solid state device as claimed in claim 1 wherein the layer comprises
      a monograin layer of semiconductor grains characteristic of one
      conductivity type distributed in host semiconductor grains characteristic
      of the opposite conductivity type, and layers of semiconductor material
      characteristic of the opposite conductivity type situated on opposite
      major sides of the monograin layer.
NUM  22.
PAR  22. A solid state device as claimed in claim 1 wherein electroluminescent
      means are present in series with an electrode connection associated with
      the layer.
NUM  23.
PAR  23. A solid state device as claimed in claim 1 wherein electron emissive
      means are present in series with an electrode connection associated with
      the layer.
NUM  24.
PAR  24. A solid state device as claimed in claim 1 wherein the device
      constitutes a charge pattern producing and transfer plate for use in an
      electrophotographic process.
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ABST
PAL  A piezoelectric beam is fixed at one end and is subdivided into segments,
      each of which is deflected by a logic one in one of the magnitude bit
      locations of a digital word. The total deflection of the beam is related
      to the total magnitude of the digital word. The segment closest to the
      fixed end is controlled by the most significant bit, and the segment
      closest to the free end is controlled by the least significant bit. The
      free end is connected to the cone of a speaker so that the acoustic signal
      resulting from the motion of the cone is related to the digital word. A
      buffer regulates the polarity of the voltages applied to each segment
      according to the sign bit in the word so that the beam deflects in either
      of two directions depending on the polarity of the digital word.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the art of electroacoustic transducers
      and, more specifically, to a digital electroacoustic transducer.
PAR  In the art of communication systems, it has become known to convert analog
      voice signals into pulse code modulated (PCM) signals prior to
      transmission. The PCM signals are transmitted at a constant rate and each
      signal represents a certain magnitude and polarity of the analog voice
      signal at the time in which the analog signal is sampled. Thus, each PCM
      digital word has a number of magnitude bits and polarity bit. Such digital
      transmission permits a greater number of voice signals to be transmitted
      over the same channel because the words may be multiplexed.
PAR  At the receiver, the digital word must be converted to an acoustic signal.
      In one known technique for such conversion, the digital word is first
      converted back to an analog audio signal. Then, the analog signal controls
      an electromechanical transducer in a conventional speaker to produce the
      acoustic wave or signal. However, to the knowledge of the inventor no
      electro-acoustic transducer is known of the type described and claimed
      herein.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a digital to acoustic
      converter which does not require a conversion of a digital signal to an
      analog signal.
PAR  It is another object to provide an apparatus which converts a digital
      signal directly into a displacement of a speaker cone or earphone
      diaphragm.
PAR  According to the present invention, each bit of digital word controls the
      application of a voltage across a segment of a piezoelectric beam. The
      beam is fixed at one end and the total deflection at the free end is
      related to the magnitude of the digital word. The free end of the beam is
      connected to an acoustic device, such as a speaker cone.
PAR  The apparatus according to the invention converts a digital word having a
      plurality of magnitude bit locations into an acoustic wave or signal. The
      apparatus includes a device for converting the magnitude bits into a
      plurality of suitable voltages, a piezoelectric beam having a free and a
      fixed end, means for applying each voltage across one of a plurality of
      elements of the beam and an acoustic device connected to the free end of
      the beam. When the digital word includes a polarity bit location, the
      converting device generates voltages of a first or second polarity
      depending on the presence or absence of a polarity bit. The means for
      applying the voltages across elements of the beam perferably includes a
      first layer of a grounded conductive material on one surface of the beam
      and a second layer of a conductive material on the other surface of the
      beam, the second layer being divided into a plurality of electrically
      separated segments, each of which is connected to one of the voltage
      outputs from the converting device.
PAR  In a preferred embodiment of the apparatus of the invention, the digital
      word is in serial form, and the apparatus includes a device, such as a
      serial to parallel shift register, for converting the device into parallel
      form. A buffer generates voltages of a first or second polarity depending
      on the polarity bit.
PAR  The method according to the invention converts a digital word into an
      acoustic wave by the steps of applying voltages, each of which relates to
      the presence of a bit of the word, across each of a plurality of segments
      of a piezoelectric beam to deflect the beam in relation to the magnitude
      of the word and displacing a speaker cone or earphone diaphragm in
      response to the deflection of the beam.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawing:
PAR  FIG. 1 is a diagram illustrating the principles of the present invention;
PAR  FIG. 2 is a schematic diagram of one embodiment of the present invention;
      and
PAR  FIG. 3 is a diagram illustrating the operation of the apparatus of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, as shown in FIG. 1,
      there is illustrated an apparatus 10 for converting a digital word having
      a plurality of magnitude bit locations 12 into an acoustic signal 13. One
      use for such apparatus resides in telecommunication systems in which
      analog voice signals are transmitted in a pulse code modulated format.
      Basically, in such format, the analog voice signal at transmitter 15 is
      sampled at a constant rate and a digital word is transmitted at each
      sampling, the digital word representing the polarity and magnitude of the
      analog voice signal at the sampling time. In one conventional receiver,
      the digital word is converted back to an analog voice signal which is then
      applied to a conventional speaker. In the present invention there is no
      conversion to an analog signal and the digital signal is converted
      directly into a displacement of a speaker cone. In FIG. 1, the digital
      word 12 has 7 bits. The first bit on the right is the least significant
      bit, and the second to the last bit counting from right to left is the
      most significant bit. The last, or left most, bit represents polarity.
PAR  The digital word is transmitted to the apparatus 10 over a transmission
      line 14, the word 12 being in serial form. The serial word 12 is directed
      to a serial to parallel converter and buffer 16. Here, the magnitude bits
      are converted into parallel form. Preferably, the converter is a serial to
      parallel shift register 18 as shown in FIG. 2. The buffer portion which
      preferably comprise a plurality of gates 19 in FIG. 2 converts the
      magnitude bits into a plurality of voltages suitable for actuating a
      piezoelectric beam.
PAR  A piezoelectric beam 22, which preferably is made of lead zirconate
      titanate, has a free end 24 and a fixed end 26. The end 26 is held secure
      by a suitable support member 28. Each of the plurality of voltage on the
      output wires 30a through 30f is applied across each of a plurality of
      elements of the beam 22 to create a deflection of the free end of the beam
      related to the magnitude of the digital word 12. A suitable acoustic
      device, such as a speaker cone or earphone diaphragm 25 is connected to
      the free end 24 and generates an acoustic signal related to the digital
      word.
PAR  The voltage on wire 30a which represents the most significant bit is
      applied across the element of the beam closest to the fixed end, 25 and
      the voltage on the line 30f which represents the least significant bit is
      connected to the element closest to the fixed end 24. When the MSD is a
      logic one, the free end deflects a greater amount than the deflection
      which occurs when the LSD is a logic one.
PAR  The beam 22 has a first surface 36 which has located thereon a first layer
      38 of a conductive material. A second surface 40 of the beam 22 has
      located thereon a second layer 42 of a conductive material. The second
      layer is divided into a plurality of electrically separated segments 42a
      through 42f. Preferably, the first layer 38 is grounded as shown at 44.
      The layers are made of one of the highly conductive metals, such as
      silver, gold, aluminum etc. and may be deposited on the beam 22 by
      conventional sputtering and/or photomasking techniques. Particularly,
      photomasking techniques may be used for the separation 43 between the
      segments 42a to 42f. To the knowledge of the inventor, all known
      piezoelectric materials are nonconductive so that no insulation is
      required between the layers 38 and 42 and the beam 22. In operation, the
      voltage across a segment of a beam 22 creates an electrical field within
      that segment of the piezoelectric material, and in response thereto, the
      material deflects.
PAR  FIG. 2 illustrates in more detail the operation of the serial to parallel
      converter and the buffer 20 and the manner in which the beam may be made
      to deflect in one of two directions depending on the polarity of the
      digital word 12. For simplicity, a four bit digital word is used with one
      bit being for polarity. It is understood, however, that the invention is
      applicable to digital words having any number of bits. Thus, FIG. 2
      illustrates an electroacoustic transducer for converting a serial digital
      word of the type having a plurality of bit locations including a polarity
      bit and a plurality of magnitude bits having at least a most and a least
      significant bit into an acoustic signal. Acoustic signal refers to the
      generation of an acoustic wave 13 into the atmosphere. The converter 18 is
      a four stage serial to parallel shift register; stage 1 retains the
      polarity bit, and stages 2 through 4 retain the magnitude bits, stage 2
      being for the most significant bit. The buffer 19 converts voltage
      indicating the magnitude bits into a voltage magnitude which is suitable
      for deflecting the beam. In addition, the buffer 19 controls the polarity
      of the beam deflecting voltage depending on the state of the polarity bit
      location.
PAR  Referring more specifically to the buffer 19, a voltage from a source (-V)
      is controlled by a first plurality of gate devices 46.sub.2 through
      46.sub.4 and a voltage from a source (+V) is controlled by a second
      plurality of gate devices 48.sub.2 through 48.sub.4. Preferably, the gates
      46 and 48 are AND gates of the type which provide an output of -V, or +V
      volts whenever all the outputs to the gate are logic "1"s. One of the
      inputs to all of the gates 46 is the true state S1 of the sign bit stage
      of the shift register 18. The inverted state S1 of the sign bit stage is
      applied to all of the gates 48. Thus, when the sign bit is a "1" only
      gates 46 may be enabled, and when the sign is a logic "0", only gates 48
      may be enabled. The true state M2 through M4 of each magnitude bit stage
      of the shift register 18 is applied to one of the gates 46 and 48. Thus,
      for example, if the digital word were 1011, gates 46.sub.3 and 46.sub.4
      would have outputs of -V volts.
PAR  The theory of the operation of the piezoelectric beam is described below
      with the aid of FIG. 3. A beam of length L1 + L2 is fixed at the left hand
      end of the segment L1.
PAR  The deflection for the segment L1 of a piezoelectric beam with the left
      side of L1 being fixed is as follows:
      ##EQU1##
      where .DELTA.X.sub.1 = the verticle displacement of the right side of L1 w
      = width of the beam
PA1  t = thickness of the beam
PA1  V = applied voltage
PA1  d = strain coefficient (0.697 .times. 10.sup.-.sup.6 cm.sup.2 /volt for
      PbZT)
PAR  The deflection at the end of L.sub.2 when L.sub.2 is not energized but
      L.sub.1 is energized is as follows:
EQU  .DELTA.X.sub.2 = .DELTA.X.sub.1 + L2 sin .theta..sub.1
EQU  For small angles of .theta..sub.1
      ##EQU2##
PAR  The deflection with both L2 and L1 energized is approximated as follows:
EQU  .DELTA.X.sub.3 = .DELTA.X.sub.1 + L2 sin .theta. + .DELTA.X.sub.3 ' cos
      .theta..sub.1
      ##EQU3##
EQU  since cos .theta..sub.1 = 1 for small angles of .theta..sub.1
PAR  The above are approximations for a two segment beam. The results for a beam
      having any number of segments may be similarly estimated. While the
      conversion from a digital word to a beam deflection is not precisely
      linear, conversion is more than adequate for many applications, such as in
      telephone systems.
PAR  The following are typical values for a 3 bit transducer.
PA1  minimum deflection + 25.mu.cm
PA1  w = 0.3163 cm
PA1  t = 0.0127 cm
PA1  d = 0.697 .times. 10.sup.-.sup.6 cm.sup.2 /volt
PA1  V = 12 volts
PA1  L = 0.7166 cm
PAR  For a 3 bit transducer, there would be 3 segments each 0.7166 cm long,
      giving a total length of 2.15 cm. A deflection would be about 75.mu.cm.
PAR  The following are typical values for an 8 bit transducer:
PA1  minimum deflection = 25.mu.cm
PA1  Total length = 2.4 cm
PA1  w = 0.3163 cm
PA1  t = 0.00759 cm
PA1  V = 28.7 volts
PAR  The embodiments of the present invention are merely exemplary and those
      skilled in the art will be able to make numerous variations and
      modifications of them without departing from the spirit of the present
      invention. All such variations and modifications are intended to be
      included within the scope of the present invention as defined in the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for converting a sequence of digital words representative
      of speech in a time division multiplexed format into an acoustic signal,
      each word having a plurality of magnitude bit locations comprising:
PA1  a. means for converting the magnitude bits into a plurality of voltages,
      each of which represents the occurrence of a bit in one of the magnitude
      bit locations,
PA1  b. a beam made of a piezoelectric material and having a free and fixed end,
PA1  c. means for applying each of the plurality of voltages across each of a
      plurality of elements of the beam to create a deflection of the free end
      of the beam related to the magnitude of the digital word, the deflection
      being in a direction substantially perpendicular to the length of the
      beam, and
PA1  d. means responsive to the deflection of the free end for generating an
      acoustic signal related to the sequence of digital words.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein the digital word includes a
      polarity bit location and the converting means further includes means for
      converting the magnitude bits into one of a plurality of voltages having a
      first and a second level in response to the state of the polarity bit
      location to cause the free end of the beam to deflect in any one of the
      two directions.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein the voltage representative
      of the most significant bit is applied across the element of the beam
      closest to the fixed end and the voltage representative of the least
      significant bit is applied across the element of the beam closest to the
      free end, the beam elements having substantially equal surface areas.
NUM  4.
PAR  4. The apparatus according to claim 1, wherein the voltages have an
      absolute magnitude greater than zero volts and wherein the applying means
      includes a first layer of a grounded conductive material on a first
      surface of the beam and a second layer of a conductive material on a
      second surface of the beam, the second layer being divided into a
      plurality of electrically separated segments, each of which is connected
      to one of the voltage outputs of the converting means.
NUM  5.
PAR  5. The apparatus according to claim 4, wherein the beam is made of lead
      zirconate titanate.
NUM  6.
PAR  6. An electroacoustic transducer for converting a serial digital word, of
      the type having a plurality of bit locations including locations for a
      polarity bit and a plurality of magnitude bits having at least a most and
      a least significant bit, into an acoustic signal, the transducer being
      adapted to convert digitized audio in a time division multiplexed format
      into an audio acoustic signal comprising:
PA1  a. means for converting the serial digital word into parallel form,
PA1  b. buffer means for converting each magnitude bit into an output voltage of
      a first polarity when a bit is present in the polarity bit location and
      for converting each magnitude bit into an output voltage of a second
      polarity when a bit is absent from the polarity bit location,
PA1  c. a piezoelectric structure including a beam made of a piezoelectric,
      non-conductive material and having fixed and free ends and first and
      second side surfaces, a first layer of a grounded conductive material on
      the first surface of the beam and a second layer of conductive material on
      the second surface of the beam, the second layer being divided into a
      plurality of electrically separated segments having substantially equal
      surface areas, each segment being connected to an output of the buffer
      means with the segment closest to the fixed end being connected to the
      output corresponding to the most significant bit and the segment closest
      to the free end being connected to the output corresponding to the least
      significant bit, the beam being adapted to have its free end deflected in
      a direction corresponding to the polarity of the word and at a magnitude
      corresponding to the magnitude of the word and,
PA1  d. acoustic means connected to the free end for creating an acoustic signal
      in response to the deflection of the free end of the piezoelectric beam.
NUM  7.
PAR  7. The transducer according to claim 6, wherein the buffer means includes a
      first and second plurality of gating means for controlling the application
      of the voltages of the first and second polarities, respectively, to the
      segments of the beam, each of the first gating means being enabled by the
      presence of a polarity bit and by the presence of a respective magnitude
      bit, each of the second gate means being enabled by the absence of a
      polarity bit and by the presence of a respective magnitude bit.
NUM  8.
PAR  8. The transducer according to claim 6, wherein the piezoelectric material
      is lead zirconate titanate.
NUM  9.
PAR  9. The transducer according to claim 7, wherein the gating means include
      AND logic gates.
NUM  10.
PAR  10. The transducer according to claim 6, wherein the acoustic means
      includes a speaker cone connected to the free end of the beam so that the
      speaker cone generates acoustic signals in response to the sequence of
      deflections of the free end of the beam.
NUM  11.
PAR  11. The transducer according to claim 6, wherein the converting means
      includes a serial to parallel shift register.
NUM  12.
PAR  12. A method of converting a sequence of digital words into an acoustic
      signal including the steps of:
PA1  applying each of a plurality of a voltages representative of each magnitude
      bit of the digital word across a plurality of segments of a beam made of a
      piezoelectric material, the beam being fixed at one end and free at
      another end so that the free end deflects in relation to the magnitude of
      each digital word, the deflection being in a direction substantially
      perpendicular to the length of the beam, and
PA1  displacing a speaker cone in response to the deflection of the beam to
      create an acoustic signal related to the magnitude of each digital word.
NUM  13.
PAR  13. The method according to claim 12, further including the step of
      applying the voltage representative of the most significant bit across the
      segment closest to the fixed end, and
PA1  applying the voltage representation of the least significant bit across the
      segment closest to the free end of the beam, the segments having
      substantially equal surface areas.
NUM  14.
PAR  14. The method according to claim 12, wherein the digital word includes a
      polarity bit and wherein the step of applying the voltages includes the
      steps of
PA1  forming a first and second plurality of voltages of different levels in
      response to the state of the polarity bit to cause the beam to deflect in
      one of two directions depending on the polarity of the digital word.
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ABST
PAL  A protector for liquid-filled, submersible electric motors is provided. The
      protector has a resiliently deformable, liquid-filled reservoir which is
      attached to the housing of the electric motor. The motor liquid and the
      reservoir liquid are communicated at the attachment. The protector
      compensates for volume changes of the motor liquid, due to heating or
      cooling thereof, by expansion or contraction of the deformable reservoir.
      By compensating for motor liquid volume changes, internal motor parts are
      protected and isolated from external fluids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the drilling of wells the recovery of liquids from the bottom of the
      well is usually achieved by either the use of pressure to push the liquid
      to the well head or by pumping the liquid to the well head. When pumping
      is utilized the pump itself is lowered down into the well below the liquid
      level. The motors for driving the pumps can be either located near the
      well surface or can themselves be lowered into the liquid at the bottom of
      the well hole. If the pump-driving motors are submerged into the liquid,
      as is most commonly done, problems of motor corrosion can become acute.
      This is especially true for those wells which contain corrosive materials
      such as H.sub.2 S.
PAR  The submersible pump motors are generally filled with lubricating fluid and
      have construction for providing protection against seepage of the
      corrosive well liquid into the motor interior. Some protection against
      seepage is obtained by the use of mechanical seals. Unfortunately, such
      seals are not a panacea for the seepage problems and motor failure will
      still occur. This is due in part to the change in volume of the luricating
      liquid in the motor as motor temperatures rise and fall. When the motor
      temperature rises, because of motor friction and high well temperatures,
      the volume of the lubricating liquid increases which causes seepage of the
      liquid out through the motor seals into the well itself. At this point
      entrance of corrosive well fluids into the interior of the motor is not
      large. However, when the motor temperature falls, the lubricating liquid
      volume decreases causing a "suction" which pulls corrosive well fluids
      through the motor seals into the motor. When this occurs, in wells
      containing H.sub.2 S for example, the sulfide will readily emulsify or
      dissolve into the lubricating liquid and contact the copper motor windings
      resulting in corrosion of the windings. As the windings become badly
      corroded the motor "shorts out" therefore terminating motor life.
PAR  Rubber or synthetic rubber-like diaphrams attached to the motor housing
      have been used to compensate for expansion and contraction of the
      lubricating liquid to provide seal protection. However the use of such
      diaphrams is not an entirely satisfactory solution in wells which operate
      at high temperatures or which contain hydrocarbons as these diaphrams tend
      to deteriorate under such conditions and fail. Failure of the diaphrams
      results in a flooding of the electric motor with corrosive material and
      destruction of the motor.
PAR  Attempts at providing protection against seepage have also been made by
      providing an interface between the lubricating liquid and the well liquid
      in a chamber remote from the motor interior. By maintaining such an
      interface, contact between corrosive materials in the well liquid and the
      motor interior will be prevented provided the corrosive material is not
      soluble in the lubricating liquid. If there is solubility of corrosive
      material, as is the case with H.sub.2 S, maintenance of the interface is
      of little value for insuring long motor life.
PAR  Therefore it is an object of this invention to provide an apparatus which
      protects and isolates submersible electric motors from corrosion over a
      wide range of well conditions.
PAC  THE INVENTION
PAR  The apparatus of this invention provides for corrosion protection for
      liquid-filled, submersible, electric motors. The apparatus includes; a
      liquid-filled, resiliently deformable reservoir; and an attaching
      mechanism for attaching the reservoir to the electric motor housing and
      for achieving communication between the reservoir liquid and the
      lubricating liquid. Preferably, the deformable reservoir is a cylindrical
      metal bellows. An optional and preferred variation of the apparatus of
      this invention is the apparatus as defined above additionally having a
      reservoir shield which at least partially surrounds and encloses the
      reservoir. The shield protects the reservoir from impact damage as the
      apparatus and motor are lowered into the well hole. When using the
      preferred cylindrical metal bellows a cylindrical shield with the bellows
      annularly positioned therein is preferably used. The shield may also be
      filled with liquid to provide a bath in which the liquid-filled reservoir
      will sit. By surrounding the reservoir with liquid, permanent deformation
      of the reservoir due to the weight of the reservoir liquid and
      installation dynamics will less likely occur. Once the apparatus has
      lowered into the well, a temporary seal built into the shield will break
      thus allowing well liquid and shield liquid to be in communication. This
      communication allows well pressure to be "felt" by the reservoir.
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PAR  These and other features of this invention contributing satisfaction in use
      and economy in manufacture will be more fully understood from the
      following description of a preferred embodiment of this invention when
      taken in connection with the accompanying drawings in which identical
      numerals refer to identical parts and in which:
PAR  FIG. 1 is an elevational view, partially in section, showing an apparatus
      of this invention connected to the lower portion of an electric motor
      housing;
PAR  FIG. 2 is a partial elevational, sectional view showing a submersible,
      liquid-filled electric motor connected at its upper end to a pump and at
      its lower end to an apparatus of this invention;
PAR  FIG. 3 is a cross-sectional view taken along lines 3--3 in FIG. 1; and
PAR  FIG. 4 is a partial elevational, sectional view showing another embodiment
      of the apparatus of this invention.
DETD
PAR  Referring now to FIGS. 1-3, it can be seen that a submersible,
      liquid-filled electric motor, generally designated by the letter M, is
      attached to a motor protector of this invention, generally designated by
      the numeral 8, by means of an attachment apparatus, generally designated
      by the letter A. Motor protector 8 includes a liquid-filled bellows 15
      surrounded by a liquid-filled bellows shield 28.
PAR  FIG. 1 illustrates a bellows made up of three generally cylindrical bellows
      sections, an upper section 15a, a central section 15b and a lower section
      15c. Upper bellows section 15a has welded to its upper end hollow pipe
      nipple 16, while bellows section 15c has welded to its lower end pipe cap
      17. Central bellows section 15b interconnects upper bellows sections 15a
      and lower bellows section 15c by way of welded hollow pipe nipples 18 and
      19. Since the protector of this invention prevents leakage of well fluids
      into the motor housing by compensating for increases and decreases in the
      volume of the lubricating liquid in the motor housing, the number of
      bellows sections used will vary. The number used is dependent upon the
      resilient deformation characteristics of the materials of construction,
      the total volume of lubricating fluid in the motor, the difference between
      the ambient temperature and the motor operating temperature, and upon the
      cross-sectional area of the bellows. For example, if the temperature
      difference is great and the material of construction is relatively "stiff"
      a greater number of bellows sections will be required to accommodate the
      volume increase of the lubricating liquid. If the cross-sectional area of
      the bellows is large, then less bellows sections will be required as a
      small extension of the bellows length will accomodate sufficient volume to
      make up for volume changes in the lubricating liquid. As a specific
      example, if the temperature difference is about 200.degree.F, the bellows
      effective cross-sectional area is 27 in.sup.2 and the bellows material is
      of Monel, then seven bellows sections having an expansion capacity of
      about 20.0 inches is suitable. Use of bellows having other cross-sectional
      areas, lengths and materials of construction for particular temperature
      differences can readily be determined by one skilled in the art by simple
      trial and error experimentation. Materials of construction for bellows
      other than that mentioned above may, of course, be used. The only
      requirement for the material is that it be resistant to the type of
      corrosion found in the well and is resiliently deformable. Exemplary of
      suitable materials are stainless steel, Inconel and Monel. A preferred
      material for use in wells in which the corrosive material is H.sub.2 S, is
      Monel.
PAR  To aid in guiding the bellows as it expands and contracts within bellows
      shield 28 spaced apart, radially extending bellows guides 20 and 21 are
      provided. These radially extending guides are welded to pipe nipples 18
      and 19 respectively whereby their outer ends make slidable contact with
      the inner wall of bellows shield 28.
PAR  As before said, bellows shield 28 at least partially surrounds bellows 15.
      As is illlustrated in FIG. 3, bellows 15 is preferably centrally
      positioned within bellows shield 28. (Shield 28 is illustrated in its
      preferred form, i.e., a hollow cylinder). The bottom wall 22 of bellows
      shield 28 has two apertures therein. One of the apertures receives
      destructible plug 23. The other aperture holds a fill value 24.
      Destructible plug 23 may be a fusible plug which has a low melting point
      so that upon lowering of the pump P, motor M, and protector 8 into the
      well, the temperature of the liquid in the well will melt the plug so that
      the well liquid will be in communication with shield liquid SL. This
      liquid-liquid communication is necessary so that the well pressure can be
      transferred to the bellows which will transfer the same to the lubricating
      liquid in the motor housing 58. The plug may be made of metal or metals
      having a melting point of at least 100.degree.F, e.g., Wood's metal. Of
      course destructible plug 23 can also be a plug which will destruct by
      dissolving in the well liquid rather than by melting.
PAR  In some instances it may be desirable not to fill shield 28 with shield
      liquid and in these cases the use of bottom wall 22 is not necessary. The
      use, however, of shield liquid SL is generally desirable as it acts to
      dampen any shocks felt by liquid-filled bellows 15 during lowering of the
      protector 8, motor M, and pump P into the well. Another function of shield
      liquid SL is to prevent the weight of bellows liquid BL from causing
      damaging deformation to bellows 15 prior to insertion into the well.
PAR  Shield Liquid SL is introduced into shield 28 by way of fill valve 24. Air
      vent 25 is open during filling and is closed after shield liquid SL
      escapes therethrough. Fill valve 68 is used to fill bellows 15 with
      bellows liquid BL.
PAR  Bellows shield 28 is welded to the outside of hollow bellows flange 30
      while pipe nipple 16 is welded to the interior of hollow bellows flange
      30. Hollow bellows flange 30 also carries bellows fill valve 68. Hollow
      bellows flange 30 is connected to motor housing flange 32 by means of
      bolts 31 and 31a. Gasket 34 is used to insure a liquid-tight fit between
      the flanges. As can be seen from the drawings, motor housing flange 32 is
      hollow and its reduced diameter upper end screws into the bottom of motor
      housing 58. The hollow upper end of motor housing flange 32 communicates
      with housing aperture 64. As can be understood, housing aperture 64 and
      hollow flanges 30 and 32 allow for communication of bellows liquid BL and
      lubricating liquid LL. As can be seen in FIG. 2, lubricating liquid in the
      upper portion of motor housing 58 is communicated with lubricating liquid
      LL in the bottom portion of motor housing 58 by way of motor ports 50
      provided in transverse wall 47. Drain plug 36 is also connected to motor
      housing 58 to facilitate draining of lubricating liquid for maintenance
      purposes.
PAR  FIG. 2 shows pump P, which may be any type submersible pump, being
      connected by means of shaft 40 which is held by mechanical seal 41 and
      bearing 42, the latter being received in an aperture provided in the top
      43 of motor housing 58. Electric power is transmitted to the interior of
      electric motor M by way of an electrical conduit 45 sealed by means of a
      plug 44. At the bottom portion of shaft 40 is a bearing 40a which is
      received in a central opening in wall 47. The bearing is designed to carry
      the weight of the rotor 46, wire winding 48, plus any additional weight
      placed on the shaft. The pump P is connected to the well head (not shown)
      by suitable well tubing (not shown).
PAR  FIG. 4 illustrates a variation in the mode used to communicate lubricating
      liquid LL with bellows liquid BL. In this mode communication is achieved
      by providing a lubricating liquid pipe 52, which connects the interior of
      hollow motor flange 32 with the hollow interior of motor housing 58. A
      piping protector plate 54 is attached by welding or other suitable means
      to the motor housing 58 and to motor flange 32 to prevent damage to pipe
      52.
PAR  It should be realized that the electric motor illustrated in the drawings
      is only one of many designs for submersible liquid-filled electric motors
      which may be used with the protector of this invention. Adaptation of the
      motor housing flange may be necessary for electric motors having other
      designs than that illustrated in the drawings but such adaptation is
      readily within the skill of those skilled in the art.
PAR  In operation the preferred mode of using the protector of this invention is
      to first connect the protector to the motor housing and then to fill the
      shield with liquid if desired. The shield liquid SL can be any suitable
      liquid which will not boil at well temperatures and is preferably miscible
      with well liquids. The bellows is then filled with bellows liquid BL which
      is the same as the lubricating liquid LL, usually hydrocarbon oil, used in
      the electric motor. The electric motor is then filled to capacity with
      lubricating liquid LL. LL can also be a silicone base oil.
PAR  The advantages of utilizing the protector of this invention are twofold.
      First, the protector completely separates the motor from contact with well
      fluid while allowing for contraction and expansion of the lubricating
      liquid in the electric motor so that volume increases of this liquid will
      not damage motor seals. By not damaging motor seals, of course, well
      liquids are kept from the interior of the motor thereby reducing corrosive
      damage thereto. Another advantage is that since the bellows is resilient,
      it offers a slight spring pressure against the bellows liquid which is
      transmitted to the lubricating liquid thereby maintaining a small positive
      pressure inside of the motor. This small positive pressure will aid in
      preventing entrance of well liquid into the motor should slight motor seal
      leakage occur.
PAR  A further advantage is found in that the protector-isolator assembly
      provides a large surface area over which well fluid passes while the pump
      is running. This surface provides an increased heat transfer area which
      allows the motor to operate at a relatively lower temperature which
      temperature extends motor life.
PAR  Although detail has been shown and described herein above for two
      embodiments of this invention, it is to be understood that various
      modifications and substitutions may be made by those skilled in the art
      without departing from the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for protecting, from corrosive fluids, submersible electric
      motors which are filled with lubricating liquid which includes:
PA1  a. a reservoir shield means being filled with a reservoir shield liquid and
      having an upper end and a lower end, said upper end being permanently
      sealed to prevent reservoir shield liquid leakage from said upper end and
      said lower end being temporarily sealed to prevent reservoir shield liquid
      leakage from said lower end prior to insertion of said shield means in
      said corrosive fluids, said temporary seal being a destructible plug which
      will destruct when said insertion occurs so that said reservoir liquid and
      said corrosive fluids will be communicative one with the other;
PA1  b. a liquid-filled, resiliently deformable reservoir means within said
      reservoir shield means; and
PA1  c. an attaching means for attaching said reservoir means to said electric
      motor housing and for achieving communication between said reservoir
      liquid and said lubricating liquid.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said reservoir means is a bellows.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said reservoir means is a cylindrical
      bellows.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said reservoir shield means is a hollow
      cylinder within which said cylindrical bellows is centrally positioned.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said destructible plug is a fusible
      metal which melts at a temperature above about 100.degree.C.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said lubricating liquid and said
      reservoir liquid are hydrocarbon oil.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said destructible plug is a fusible
      metal which melts at a temperature above about 100.degree.F.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said reservoir means is a metal
      bellows.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said metal bellows is made of Monel.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said metal bellows is a cylindrical
      metal bellows.
NUM  11.
PAR  11. The apparatus of claim 1o wherein said reservoir shield means is a
      hollow cylinder within which said cylindrical metal bellows is centrally
      positioned.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said destructible plug is a fusible
      metal which melts at a temperature above about 100.degree.F.
NUM  13.
PAR  13. The apparatus of claim 11 wherein said cylindrical metal bellows has
      attached to the outer surface thereof spaced apart, radially extending
      bellows guides which slidably contact said hollow cylinder whereby said
      cylindrical metal bellows is maintained in axial alignment within said
      hollow cylinder shield means.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said destructible plug is a fusible
      metal which melts at a temperature above about 100.degree.F.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said lubricating liquid and said
      reservoir liquid are hydrocarbon oil.
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ABST
PAL  A flywheel type magneto generator for a rotary engine comprising a stator
      including generating coil and a rotor including a flywheel connected to
      the output shaft of the rotary engine and magnet field mounted on the
      flywheel, characterized by said flywheel of said rotor having balance
      weight mounted thereon whereby the output shaft of the rotary engine is
      balanced in weight.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention generally relates to a flywheel type magneto generator for a
      rotary engine and more particularly to a magnet rotar connected to an
      output shaft of a rotary engine wherein a balance weight is provided for
      compensate mechanical unbalance of the rotary portion of the rotary
      engine.
PAC  BACKGROUND OF THE INVENTION
PAR  In general, a suitable balance weight is provided which is mounted for
      compensation for mechanical unbalance of a rotary engine in consideration
      of its mechanism. The rotary engine practically used at present comprises
      a rotary journal portion or portions provided eccentrically of the output
      shaft of the engine relative to the axis thereof, on which a rotor is
      held. Therefore, the rotary engine cannot avoid the mechanical unabalance
      of the rotatably moving portion. The extent of such mechanical unabalance
      of the rotary engine is usually several kg/cm which can be compensated by
      mounting a balance weight or weights on the output shaft of the rotary
      engine. The balance weights are commonly provided on both sides of the
      rotary journal portion or portions opposite thereto that is at the angle
      of 180.degree. relative to the rotor journal portion or portions in a
      conventional rotary engine. More particularly, in a rotary engine of dual
      rotor type, one of the rotors has a balance weight mounted on the output
      shaft of the engine opposite to one of the rotor journal portions that is
      at the angle of 180.degree. relative thereto, on which one of the rotors
      is journaled and the other rotor has a balance weight mounted on the
      output shaft of the engine opposite to the other rotor journal portion
      that is at the angle of 180.degree. relative thereto. In addition thereto,
      a flywheel is conventionally mounted on the output shaft of the engine for
      balancing the variation in rotating power applied to the shaft. It has
      been proposed that one of the balance weights is mounted on the flywheel
      for compensation for the unbalance of the rotatably moving parts.
PAR  Of late, it has been tried to use a rotary engine of various features as an
      engine for a bicycle. In the rotary engine for a bicycle, it is necessary
      that a magneto generator is connected to the output shaft of the engine so
      that it is driven thereby to provide the power necessary to ignite the
      engine or to energize lamp load. Conventionally, such magneto generator
      comprises a stator including igniting coil means to supply igniting power
      to the engine and lighting or battery charging coil means, and a bowl-like
      flywheel type magnet rotar rotatably disposed outside of the stator and
      connected to and driven by the output shaft of the engine. Thus, due to
      the balance weight or weights mounted on and the flywheel type magneto
      generator connected to the output shaft of the engine, there has been an
      increase in the length of the output shaft resulting in large size of the
      engine. Such increased length of the output shaft is unpreferable in
      consideration of requirement of lightweight and compactness of the engine
      for a bicycle.
PAC  OBJECT OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide a
      flywheel type magneto generator for a rotary engine wherein balance weight
      means is provided on a magnet rotor of flywheel connected directly to the
      rotary engine for compensating for the unbalance of the rotary engine.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a flywheel type
      magneto generator for a rotary engine comprising a stator including
      generating coil means and a rotor including a flywheel connected to the
      output shaft of the rotary engine and magnet field means mounted on the
      flywheel, characterized by said flywheel of said rotor having balance
      weight means mounted thereon whereby the output shaft of the rotary engine
      is balanced in weight.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and features of the present invention will be
      apparent from the teaching of the following description of preferred
      embodiments of the present invention, taken with reference to the
      accompanying drawings in which;
PAR  FIG. 1 is a perspective view of an assembly of two rotors of a rotary
      engine and a flywheel type rotor of a magneto generator connected to the
      engine;
PAR  FIG. 2 is a vertically sectional view of a magneto generator in accordance
      with one embodiment of the present invention;
PAR  FIG. 3 is an elevational view of the flywheel type rotor of the generator
      of FIG. 2;
PAR  FIG. 4 is similar to FIG. 3, but shows a 12 pole flywheel type rotor;
PAR  FIG. 5 is similar to FIGS. 3 and 4, but shows a 3 pole flywheel type rotor;
PAR  FIG. 6 is similar to FIG. 3, but shows a modification of a flywheel type
      rotor of a magneto generator for a rotary engine;
PAR  FIG. 7 is a cross sectional view of the rotor taken along the line 7--7 of
      FIG. 6;
PAR  FIG. 8 is similar to FIG. 6, but shows further modification of the rotor of
      FIG. 6;
PAR  FIG. 9 shows in elevational view a further modification of the flywheel
      type rotor of FIG. 3;
PAR  FIG. 10 is a cross sectional view of the rotor taken along the line 10--10;
PAR  FIG. 11 shows in elevational view a still modification of the rotor of FIG.
      3; and
PAR  FIG. 12 is a cross sectional view of the rotor taken along the line 12--12
      of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
PAR  PRESENT INVENTION
PAR  Referring now to FIG. 1, there is illustrated a dual rotor assembly 10 for
      a rotary engine including two rotors 12 and 14 securedly mounted on
      respective journal portions 16 and 18 which are in turn secured to an
      output shaft 20 of the engine in an eccentric relation thereto. The dual
      rotor assembly 10 is enclosed in an engine housing 22 (see FIG. 2) so that
      it rotates in a gas tight relationship to the walls of the housing. The
      output shaft 20 may be journaled adjacent to both ends on bearings 24 and
      24' which are in turn mounted on the engine housing 22. A sectoral balance
      weight 26 is provided which is secured to the output shaft 20 for
      compensation for the unbalance W.sub.1 ' by the engine rotor 12, as
      indicated at an arrow W.sub.1 of FIG. 1. It will be seen from FIG. 1 that
      the balance weight 26 is at the angle of 180.degree. relative to the rotor
      journal portion 16. The unbalance by the engine rotor 14 is compensated by
      a magneto generator 30 in accordance with the present invention as
      described hereinafter.
PAR  The magneto generator 30 of the present invention, as shown in FIG. 2,
      comprises a stator 32 mounted on the engine housing 22 and a flywheel type
      magnet rotor 34 connected to the output shaft 20 at the extended end from
      the engine housing. The stator 32 comprises a base plate 36 secured to the
      end wall of the engine housing 22 by a plurality of screws 38 threadedly
      extending through the base plate 36 at the edge and the end wall of the
      engine housing 22. Only one screw 38 is shown in FIG. 2. The base plate 36
      is provided with a center opening 36a through which the end of the output
      shaft extends. it is shown in FIG. 2 that a ball bearing 28 is mounted to
      rotatably bear the output shaft 20 and that an oil seal 29 is provided in
      the opening of the end wall of the engine housing to seal the engine
      housing at the opening. The stator 32 includes an igniting power coil 40
      and a signaling coil 42 which are associated with a breakerless ignition
      circuit (not shown) to ignite the rotary engine, and a lighting or battery
      charging coil 44. The coils 40 and 42 are mounted on a support 46
      extending from the base plate 36 by any suitable means and the coil 44 is
      mounted on a support 48 also extending from the base plate 36 in a similar
      manner.
PAR  The flywheel type magnet rotor 34 of the magneto generator 30 comprises a
      bowl-like flywheel 50 of magnetic material such as iron which is provided
      with a hub 52 flanged to the flywheel 50 by flush bolts 54 and fitted onto
      the tapered end of the output shaft 20 of the engine with a nut 56
      threadedly engaging the threaded portion of the output shaft 20 to secure
      the flywheel 50 thereto so as to rotate the rotor 34 together with the
      output shaft 20. A washer 58 may be interposed between the hub 52 and the
      nut 56. FIG. 1 shows the flywheel type rotor 34 of the magneto generator
      30 connected to the output shaft 20 in the above-mentioned manner.
PAR  As seen from FIGS. 1 and 3, the flywheel 50 at the cylindrical wall has a
      bulge 50a aextending radially and outwardly therefrom so that it is in the
      form of a partially bellied bowl. In the illustrated embodiment of FIGS. 1
      to 3, the rotor 34 is of four pole type and includes four segmental
      magnets 60 to 66 magnetized across the thickness. The magnets 60 to 66 are
      spaced to each other in an equally angular manner relative to the axis of
      the flywheel 50. The magnets 60 to 64 are fixed directly to the equally
      radial inner surface of the cylindrical wall of the flywheel 50 by
      respective flush bolts 68 threadely extending through both flywheel and
      the magnets, but the remaining magnet 66 is fixed to the inner surface of
      the bulged portion 50a of the flywheel 50 with a spacer 70 of magnetic
      material interposed between the bulged portion 50a of the flywheel 50 and
      the magnet 66, by a flush bolt 72 threadely extending through all of the
      flywheel 50, the spacer 70 and the magnet 66. It will be understood that
      respective pole pieces 74 to 80 may be provided on the inner surface of
      the magnets 60 to 66 and secured thereto by the flush bolts 68 and 72
      threadedly also extending therethrough. The magnets, the associated pole
      pieces and the spacer may be secured to each other additionally by
      adhesive. It should be noted that the thickness of the spacer is
      determined so that the pole piece 80 is positioned at the same radius as
      those at which the remaining pole pieces 74 to 78 are positioned relative
      to the axis of the flywheel 50. It should be also noted that the bulged
      portion 50a of the flywheel 50 and the spacer 70 are disposed at the angle
      of 180.degree. relative to the rotor journal portion 18 eccentric to the
      output shaft 20.
PAR  With the arrangement of FIGS. 1 to 3, the mass of the bulged portion 5a of
      the flywheel 50 and the spacer 70 provides the balance weight W.sub.2 to
      the output shaft 20 so as to compensate for the unbalance W.sub.2' by the
      engine rotor 14. In this arrangement, it will be noted that the magnet 66
      provides no balance weight to the output shaft 20 of the engine.
      Accordingly, it is of no significance that the magnet 66 is disposed on
      the bulged portion 50a of the flywheel 50 and therefore, may be displaced
      out of the bulged portion 50a of the flywheel.
PAR  In the illustrated embodiment, a balancing opening 82 may be provided in
      the bottom wall of the bowl-like flywheel 50 opposite to the bulged
      portion 50a to compensate for the unbalance by the engine rotor 14
      together with the bulged portion 50a of the flywheel 50 and the spacer or
      weight element 70. If the bulged portion 50a with the weight element 70 is
      sufficient to compensate for the unbalance of the output shaft 20 by the
      engine rotor 14, then the opening 82 may be eliminated. Also, if only the
      bulged portion 50a is sufficient, then the weight element 72 may be
      eliminated where the magnet 66 is displaced out of the bulged portion of
      the flywheel 50. The extent of the balance weight depends upon the
      thickness and the radius of the bulged portion 50a and therefore, can be
      sufficient to compensate for the unbalance of the output shaft 20 by
      properly determining the thickness and radius of the bulged portion 50a.
PAR  The magnet rotor 34 of FIG. 4 is substantially identical to that of FIG. 3,
      but has 12 rather than 4 poles. Ten magnets 160 to 169 are mounted on the
      bowl-like flywheel 50 in the same manner as that in which the magnets 60
      to 64 of FIG. 3 are mounted while two magnets 171 and 173 are mounted on
      the bulged portion 50a of the flywheel 50 with the common spacer (weight
      element) 70 interposed between the magnets 171 and 173 and the bulged
      portion 50a of the flywheel 50. The same components are designated by the
      same numerals.
PAR  The magnet rotor 34 of FIG. 5 is also substantially identical, but has a
      single magnet 260 fixed directly to the inner surface of the bulged
      portion 50a of the flywheel 50 by a flush bolt 268 threadedly extending
      through the bulged portion 50a and the magnet 260. A pole piece 274 is
      also mounted on the inner surface of the magnet 260 in the same manner as
      that in which the pole pieces 74 to 78 of FIG. 3 are mounted. It should be
      noted that the pole piece 274 on the inner surface is at the same radius
      of the flywheel 50 as that at which the cylindrical wall of the flywheel
      on the inner surface is positioned. Thus, the cylindrical wall of the
      flywheel 50 constitutes the other pole piece of the magnet rotor 34. Thus,
      the magnet rotor 34 of FIG. 5 is of two pole type. With this magnet rotor
      34, the magnet 260 together with the bulged portion 50a of the flywheel 50
      serves to balance the output shaft 20 of the rotary engine in connection
      with the engine rotor 14 of FIG. 1. Also, the same components are
      designated by the same numerals.
PAR  The magnet rotor 34 of FIGS. 6 and 7 is substantially identical to that of
      FIGS. 1 to 3, but has the bulged portion 350a of the flywheel 50 thickened
      so as to eliminate the spacer 70 as shown in FIGS. 1 to 4. In the
      embodiment of FIGS. 6 and 7, the thickened bulged portion 350a may be
      provided with an extension 300 extending from and integral with the edge
      of the cylindrical wall of the flywheel 50 and turned inwardly of and
      engaging against the bulged portion 350a as shown in FIG. 7. It will be
      noted that the turned extension 300 serves the same function as that of
      the spacer 70 of FIGS. 1 to 3.
PAR  The magnet rotor 34 of FIG. 8 is substantially identical to that of FIGS. 6
      and 7, but the thickened bulged portion 50a is provided with a piece 400
      blanked or punched from the bottom wall of the flywheel 50 so as to be
      integral with the flywheel and turned inwardly of and engaging against the
      bulged portion 50a. Numeral 402 shows an oepning formed by blanking the
      piece 400 from the bottom wall of the flywheel. It will be also noted that
      the turned piece 400 serves the same function as that of the spacer 70 in
      FIGS. 1 to 3. In FIGS. 6 to 8 the same components are also designated by
      the same numerals.
PAR  The magnet rotor 34 of FIGS. 9 and 10 comprises a bowl-like flywheel 500
      having a fully cylindrical wall. The flywheel 500 is provided with a
      balance weight 502 comprising a plurality of metal plates 504, 506 and 508
      laminated to each other and disposed around a portion of the outer
      periphery of the flywheel 500. The outermost plate 508 has the opposite
      edges turned inwardly so as to hold the plates 504 and 506 therein and has
      the opposite ends turned to form hooked portions 510 and 512. As seen from
      FIG. 9, the hooked portions extend through the cylindrical wall of the
      flywheel 500 and are turned in an opposite direction to one another to
      latch or attach the balance weight 502 to the flywheel 500. Of course, the
      balance weight 502 should be oriented so that it balances the output shaft
      20 of the rotary engine in connection with the engine rotor 14 as shown in
      FIG. 1. It will be understood that the outermost plate may be welded at
      the opposite ends to the outer periphery of said flywheel.
PAR  The magnet rotor 34 of FIGS. 11 and 12 also comprises a bowl-like flywheel
      600 similar to that of FIGS. 9 and 10, but a balance weight 602 comprises
      a corrugated portion 604 formed in the bottom wall of the flywheel 600.
      Since the corrugated portion 604 has more mass than the other portion of
      the flywheel 600, it serves to balance the output shaft 20 of the rotary
      engine in connection with the engine rotor 14 as shown in FIG. 1. In FIGS.
      9 to 12, the same components are designated by the same numerals.
PAR  While some preferred embodiments of the present invention have been
      illustrated and described with reference to the accompanying drawings, it
      will be apparent to those skilled in the art that various modifications
      and changes in construction and arrangement might be made within the
      spirit and scope of the invention, which is intended to be defined only to
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flywheel type magneto generator for a rotary engine comprising a
      stator including generating coil means and a rotor including a flywheel
      connected to the output shaft of the rotary engine and magnet field means
      mounted on said flywheel, said flywheel of said rotor having balance
      weight means comprising a bulged portion radially and outwardly bellied
      from the cylindrical wall of said flywheel and further comprising a weight
      element mounted on the inner surface of said bulged portion.
NUM  2.
PAR  2. A flywheel type magneto generator as set forth in claim 1, further
      comprising an opening provided in said flywheel in an opposite side of
      said flywheel to said balance weight means.
NUM  3.
PAR  3. A flywheel type magneto generator as set forth in claim 1 wherein two of
      said magnet field means are disposed adjacent to said bulged portion, said
      weight element being interposed between said bulged portion and both of
      said two magnet field means and serving as a spacer therebetween.
NUM  4.
PAR  4. A flywheel type magneto generator as set forth in calim 1, wherein said
      balance weight means comprises a plurality of plates laminated to one
      another and secured to the outer periphery of said flywheel.
NUM  5.
PAR  5. A flywheel type magneto generator as set forth in claim 4, the outermost
      one of said plates having the opposite outer edges turned inwardly so as
      to hold the other plates therein.
NUM  6.
PAR  6. A flywheel type magneto generator as set forth in claim 4, the outermost
      one of said plates having the opposite ends hooked with said hooked ends
      latched to said flywheel.
NUM  7.
PAR  7. A flywheel type magneto generator as set forth in claim 1, wherein said
      balance weight comprises a corrugated portion formed in the bottom wall of
      said flywheel.
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ABST
PAL  A speed sensor for a vehicle wheel has a rotating tone wheel and a
      stationary E-shaped magnetic sensor having a sensing pole of square loop
      magnetic material positioned between two switching poles. A coil is wound
      on the sensing pole and the poles are magnetized to periodically reverse
      the flux in the sensing pole as the teeth on the tone wheel alternately
      pass the switching poles to induce a signal voltage in the coil
      corresponding to wheel speed and substantially free of noise components
      due to misalignment and vibrations of the tone wheel upon relative
      rotation of the tone wheel and magnetic sensor.
BSUM
PAR  The invention relates to adaptive braking systems for use on vehicles, such
      as automobiles or trucks, and more specifically to wheel speed sensors for
      providing the adaptive braking system with information relating to the
      speed and acceleration of the wheels. The invention can be used in the
      adaptive braking system described in U.S. Pat. No. 3,494,671 and may be
      applied to the wheel speed sensors described in U.S. Pat. Nos. 3,626,225;
      3,626,226; 3,626,227; 3,626,228 and 3,629,635. All of the above patents
      are assigned to the same assignee as the present application.
PAR  The present invention reduces the effects of axial tone wheel misalignment
      and axial and radial tone wheel vibration. Axial tone wheel misalignment,
      such as run out or wobble, causes low frequency noise components in the
      speed signal and axial and radial tone wheel vibration cause high
      frequency noise components in the speed signal. In adaptive braking
      systems the speed signal is usually time differentiated to obtain an
      acceleration signal and this causes the noise components to reach
      excessive values. Of course, the low frequency noise components can be
      reduced to an acceptable level by close manufacturing tolerances and
      accurate alignment of the tone wheel, but the cost of this solution is
      much too high for automotive applications. The speed signal must be
      filtered to reduce the high frequency noise components.
PAR  The invention contemplates a speed sensor for a vehicle wheel comprising a
      tone wheel driven by the vehicle and subject to misalignment and
      vibration, the tone wheel being made of magnetic material and having a
      plurality of teeth, and sensing means having a pair of poles of magnetic
      material and a sensing pole of square loop magnetic material positioned
      between the first mentioned poles, the poles being positioned proximate
      the tone wheel teeth, coil means on the sensing pole, and means for
      magnetizing the poles to induce a signal voltage in the coil means
      corresponding to wheel speed and substantially free of noise components
      due to misalignment and vibration of the tone wheel upon relative rotation
      of the tone wheel and sensing means.
PAR  The present invention reduces the noise components to an acceptable level
      even when the tone wheel is warped and axially misaligned and subject to
      severe axial and radial vibrations by using a magnetic sensor having a
      sensing pole of square loop magnetic material. The solution to the problem
      using the invention is relatively inexpensive and more reliable and
      permits broad manufacturing tolerances.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of one embodiment of a wheel speed sensor constructed
      according to the invention,
PAR  FIG. 2 shows a hysteresis curve for square loop magnetic material,
PAR  FIG. 3 is a sectional view of a second embodiment of the invention.
PAR  FIG. 4 is a schematic of a third embodiment of the invention, and
PAR  FIG. 5 is a schematic of a fourth embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, the wheel speed sensor shown in FIG. 1 and
      constructed according to the invention includes a tone wheel 1 of magnetic
      material having a series of equally spaced teeth 3 about its periphery.
      The spaces between the teeth preferably are the same size as the teeth.
      The tone wheel may be secured to the vehicle wheel hub and may be of
      relatively large diameter or it may be frictionally driven and of
      relatively small diameter as described in the above patents. The friction
      drive may be operated by the wheel or drive shaft or in any other suitable
      manner.
PAR  A magnetic sensor 5 has a pair of switching poles 7 and 9 of magnetic
      material secured to a permanent magnet 11 at its ends and a sensing pole
      13 secured to the permanent magnet at its center in E configuration. The
      poles are equally spaced from one another and their center to center
      spacing preferably is the width of one tooth 3. A coil 15 is wound on
      sensing pole 13.
PAR  Pole 13 is made of square loop magnetic material which has a constant flux
      density of about 12,000 gauss. A hysteresis curve for square loop magnetic
      material is shown in FIG. 2. It is apparent from the curve that a small
      change in field strength near zero abruptly reverses the direction of flux
      in the material.
PAR  The magnetic sensor is mounted on a stationary part of the vehicle with
      poles 7, 9 and 13 positioned radially at tooth centers proximate the tone
      wheel. As the tone wheel rotates, when a tooth 3 is positioned opposite
      poles 7 and 13, a space between two teeth is positioned opposite poles 9
      and 13 as shown in FIG. 1. When the tone wheel is in this position, flux
      flows in the direction of the arrow from the magnet through sensing pole
      13, adjacent tooth 3 and pole 7 to the south pole of the magnet. When the
      tone wheel rotates through a distance equal to one tooth to a position
      where a tooth is between sensing pole 13 and pole 9, the magnetic flux
      flows from the north pole of magnet 11 through pole 9, adjacent tooth 3
      and sensing pole 13. The flux abruptly reverses direction through sensing
      pole 13 and generates a pules in sensing coil 15. The flux in sensing pole
      13 reverses direction each time a tone wheel tooth moves across the sensor
      and the sensing pole is magnetically saturated between pulses because of
      the properties of square loop material. The speed signal voltage has a
      relatively large amplitude because of the high flux density in the sensing
      pole at the time of reversal. Axial and radial movement of the tone wheel,
      such as occurs due to vibration or misalignment, does not change the flux
      density or flux direction in sensing pole 13 and induces no noise
      component in the sensing coil.
PAR  FIG. 3 shows a second embodiment of the invention in which the magnetic
      sensor 25 is positioned adjacent the circumference of tone wheel 34. The
      tone wheel comprises a pair of gears or toothed members 37, 39 secured to
      opposing faces of a disk 35. The gears have the same number of teeth and
      are staggered relative to one another with a tooth of one gear adjacent a
      space between two teeth in the other gear.
PAR  Magnetic sensor 25 has a sensing pole 27 of square loop magnetic material
      secured to a member 29 of magnetic material at its center. Permanent
      magnets 31 and 33 form the switching poles and the north pole of magnet 31
      and the south pole of magnet 33 are secured to the opposite ends of member
      29 in E-shaped configuration. A coil 41 is wound on sensing pole 27.
PAR  Magnetic sensor 25 is positioned with sensing pole 27 aligned with disk 35
      and with magnets 31 and 33 aligned with gears 37 and 39, respectively. The
      device operates in the same manner as the embodiment shown in FIG. 1. When
      a tooth on gear 39 is adjacent magnet 33 flux flows from the north pole of
      magnet 33 through the adjacent gear tooth, disk 35, sensing pole 27 and
      member 29 to the south pole of magnet 33. When the tone wheel rotates to a
      position in which a tooth of gear 37 is adjacent magnet 31 flux flows from
      the north pole of magnet 31 through member 29, sensing pole 27, disk 35
      and the adjacent tooth of gear 37 to the South pole of magnet 31. The flux
      reverses direction in sensing pole 37 and induces a voltage pulse in coil
      41. Because sensing pole 33 is made of square loop magnetic material the
      sensing pole is magnetically saturated between pulses and immune to most
      noise components, and the speed signal voltage has a relatively large
      amplitude because of the high flux density in the sensing pole at the time
      of reversal.
PAR  FIG. 4 shows another embodiment of the invention in which the tone wheel 41
      has two concentric rows of slots 43 near its circumference. The rows of
      slots are separated by a continuous portion 45 therebetween. The slots are
      staggered with a slot in one row adjacent the bridge between the slots in
      the other row. A magnetic sensor 25, similar to that shown in FIG. 3, is
      positioned radially at the side of the tone wheel with one of the magnets
      31 aligned with one row of slots 43 and the other magnet 33 aligned with
      the second row of slots and the sensing pole 27 aligned with the
      continuous portion 45 between the rows of slots. As the tone wheel rotates
      the flux in the sensing pole reverses direction each time a bridge between
      the slots moves across the sensor as described in connection with the
      embodiment of FIG. 3. Continuous portion 45 performs the same function as
      disk 35 in FIG. 3 and is part of the return path for flux from magnets 31
      and 33.
PAR  FIG. 5 shows another embodiment of the invention in which a small tone
      wheel 1 may be driven by friction contact with a drum rotating with the
      wheel as described in the above patents. The magnetic sensor 25A is
      similar to the magnetic sensor shown in FIG. 3. Corresponding parts of the
      magnetic sensor in FIG. 5 are designated by the same numeral as in FIG. 3
      with the suffix "A." The magnetic sensor of FIG. 5 differs from the
      magnetic sensor of FIG. 3 in that switching poles 51 and 53 are attached
      to the ends of permanent magnets 31A and 33A, respectively. The tone wheel
      is positioned between switching poles 51 and 53 and the teeth 3A on the
      tone wheel are arranged so that when a tooth is in registry with switching
      pole 51 switching pole 53 is adjacent a space between two teeth and
      sensing pole 27A is adjacent at least one tooth. Likewise, when a tooth is
      in registry with switching pole 53 switching pole 51 is adjacent a space
      between two teeth and sensing pole 27A is adjacent at least one tooth.
      Switching poles 51 and 53 ae shaped so that the ends of the poles
      proximate the teeth are approximately as wide as the teeth.
PAR  In the embodiment shown, switching poles 51 and 53 are separated by
      180.degree. and the sensing pole is positioned 90.degree. from each of the
      switching poles. However, any other suitable angle between the poles may
      be used as long as the switching poles and sensing pole are positioned
      relative to the tone wheel teeth as described above.
PAR  As the tone wheel rotates the flux in the sensing pole reverses direction
      each time a tooth moves across a switching pole as described in connection
      with the embodiment of FIG. 3.
PAR  In the arrangements described the speed signal voltage has a relatively
      large amplitude because of the high flux density in the sensing pole at
      the time of reversal of the flux, and axial and radial movement of the
      tone wheel, such as occurs due to vibration or misalignment, does not
      changge the flux density or flux direction in the sensing pole and induces
      no noise components in the sensing coil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speed sensor for a vehicle wheel comprising a tone wheel driven by the
      vehicle and subject to misalignment and vibration, the tone wheel being
      made of magnetic material and having a plurality of teeth, and sensing
      means having a pair of switching poles of magnetic material and a sensing
      pole of square loop magnetic material positioned between the switching
      poles, the poles being positioned proximate the tone wheel teeth, coil
      means on the sensing pole, and means for magnetizing the poles to induce a
      signal voltage in the coil means corresponding to wheel speed and
      substantially free of noise components due to misalignment and vibration
      of the tone wheel upon relative rotation of the tone wheel and sensing
      means.
NUM  2.
PAR  2. A speed sensor as described in claim 1 in which the teeth on the tone
      wheel are arranged to alternately pass the switching poles to periodically
      reverse the direction of flux in the sensing pole to induce the signal
      voltage in the coil means.
NUM  3.
PAR  3. A speed sensor as described in claim 1 in which the means for
      magnetizing the poles is a permanent magnet.
NUM  4.
PAR  4. A speed sensor as described in claim 3 in which the switching poles are
      secured to the ends of the permanent magnet and the sensing pole is
      secured to the permanent magnet at its center in E-shaped configuration.
NUM  5.
PAR  5. A speed sensor as described in claim 1 in which the switching poles are
      formed by permanent magnets and are secured with the sensing pole in
      E-shaped configuration to a member of magnetic material.
NUM  6.
PAR  6. A speed sensor as described in claim 5 in which the north and south
      poles of the magnets are oppositely disposed.
NUM  7.
PAR  7. A speed sensor as described in claim 1 in which the teeth on the tone
      wheel and the spaces therebetween are the same size and the distance
      between the sensing pole and each of the switching poles is substantially
      the length of one tooth.
NUM  8.
PAR  8. A speed sensor as described in claim 1 in which the tone wheel comprises
      a pair of toothed members separated by a disk-like member therebetween and
      the magnetic sensor is positioned adjacent the circumference of the tone
      wheel with the switching poles adjacent the toothed wheels and the sensing
      pole adjacent the disk-like member.
NUM  9.
PAR  9. A speed sensor as described in claim 1 in which the teeth on the tone
      wheel are formed near the circumference of the tone wheel by two
      concentric rows of slots separated by a continuous portion therebetween,
      the slots in one row being staggered relative to the slots in the other
      row with a slot in one row adjacent the bridge between the slots in the
      other row, and the magnetic sensor being positioned radially at the side
      of the tone wheel with each switching pole aligned with a row of slots and
      the sensing pole aligned with the continuous portion between the rows of
      slots.
NUM  10.
PAR  10. A speed sensor as described in claim 1 in which the switching poles are
      formed of magnetic material attached to permanent magnets secured with the
      sensing pole in E-shaped configuration to a member of magnetic material.
PATN
WKU  039477126
SRC  5
APN  2190184
APT  1
ART  212
APD  19720119
TTL  Frequency transmitter for signaling the slippage of vehicle wheels
ISD  19760330
NCL  14
ECL  1
EXP  Skudy; R.
NDR  1
NFG  1
INVT
NAM  Burckhardt; Manfred H.
CTY  Waiblingen
CNT  DT
INVT
NAM  Lutze; Walter
CTY  Esslingen
CNT  DT
INVT
NAM  Schwerdt; Paul
CTY  Esslingen-Hegensberg
CNT  DT
ASSG
NAM  Daimler-Benz Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19710126
APN  2103381
CLAS
OCL  310168
EDF  2
ICL  H02K 1920
FSC  310
FSS  168;162;169;163;170;164;171;83;88;96
FSC  322
FSS  47
UREF
PNO  3487247
ISD  19691200
NAM  Scheffler
OCL  310168
UREF
PNO  3500091
ISD  19700300
NAM  Jones
OCL  310168
UREF
PNO  3541368
ISD  19701100
NAM  Jones
OCL  310168
UREF
PNO  3604966
ISD  19710900
NAM  Liggett
OCL  310168
UREF
PNO  3649859
ISD  19720300
NAM  Watt
OCL  310168
UREF
PNO  3652886
ISD  19720300
NAM  Riordan
OCL  310168
LREP
FRM  Craig & Antonelli
ABST
PAL  A frequency transmitter combined with a differential gear for the
      transmission of signals to control the slippage of wheels of motor
      vehicles, which consists of a rotating toothed ring member secured at the
      circumference of each output shaft of the differential gear, cooperating
      with a stationary toothed disc that is arranged in the bearing cover of
      the differential gear between the bearing for the spur bevel gear and a
      retaining ring or the like providing a seal with respect to the outside.
BSUM
PAR  The present invention relates to a frequency transmitter combined with the
      differential gear for the transmission of signals to control the slippage
      of the wheels of motor vehicles, which consists of two toothed
      arrangements cooperating with one another, of which one is non-rotatably
      arranged whereas the other rotates, whereby one of the two toothed
      arrangements is magnetically excitable.
PAR  It is known to arrange such types of pulse transmitters, so-called sensors
      at the differential gear of a motor vehicle. They are thereby driven for
      the most part by an intermediate drive, i.e., they are disposed coaxially
      with respect to the shafts of the differential gear, and under certain
      circumstances even with respect to the Cardan shaft. These prior art
      arrangements entail the disadvantage of a relatively complicated
      construction and complex assembly.
PAR  The present invention is concerned with the task to avoid the described
      disadvantages. It solves the underlying problems with the arrangements of
      the aforementioned type in that a rotating toothed means is secured at the
      circumference of each output shaft of the differential gear, which
      cooperates with a stationary toothed means that is arranged in the bearing
      cover of the differential gear between the bearing for the axle drive
      bevel wheel and a retaining ring or similar oil seal providing a seal with
      respect to the outside.
PAR  The construction of the present invention offers the advantage that
      frequency transmitters with high pulse number and high indicating accuracy
      can be structurally combined in a simple manner with the differential
      gear. In that connection, each wheel is then sensed by a frequency
      transmitter.
PAR  The assembly and also the manufacture of such an arrangement is simple and
      relatively inexpensive.
PAR  In principle such types of frequency transmitters may be constructed both
      with passive excitation-generation of the magnetic field by means of a
      coil with the aid of a superimposed d.c. current--as also as so-called
      active frequency transmitter--generation of the magnetic field by a
      permanent magnet. This will become perceptible in the construction of the
      frequency transmitter according to the present invention exclusively in a
      corresponding material selection.
PAR  In one embodiment according to the present invention the stationary part
      arranged in the bearing cover consists of a U-shaped ring open toward the
      inside which is constituted by a disc-shaped armature with teeth at the
      inner circumference, by a spacer sleeve and a disc member closing the
      magnetic circuit. A coil preferably without a winding body is arranged
      according to the present invention on the inside of this ring. The entire
      described package is pressed against a ring shoulder of the bearing cover
      by the pressed-in retaining ring or the like.
PAR  The armature which at the inner circumference forms or receives the teeth,
      consists in a "passive38  frequency transmitter of a stamped-out disc of
      soft magnetic iron. With an "active" frequency transmitter a permanent
      magnet material is used which is manufactured by stamping or sintering and
      is magnetized in the radial direction. The disc part abutting at the
      retaining ring serves the purpose to close the magnetic circuit. With a
      "passive" frequency transmitter this disc part consists of soft magnetic
      iron. With an "active" frequency transmitter either a soft magnetic iron
      or also a permanent magnet material--for the reinforcement of the magnetic
      flux--may be utilized which is magnetized radially in the reverse
      direction as the armature.
PAR  It is further proposed by the present invention that the spacer sleeve be
      provided with a longitudinal slot through which are guided the connecting
      wires of the coil and that an inclined bore in the bearing cover serves
      for the further guidance of the connecting wires toward the outside. Also
      this slotted spacer sleeve serves, as to the rest, to close the magnetic
      circuit.
PAR  The passage of the connecting wires through the slot can be cast out with
      synthetic material, such as, for example, conventional synthetic resinous
      materials known for that purpose.
PAR  According to a further feature of the present invention a bushing with
      press or force fit or the like is mounted on the shaft, on which rotates
      the retaining ring and which simultaneously closes the magnetic circuit.
      Furthermore, it is additionally proposed that a ring be mounted on the
      shaft with a press or force fit or the like which forms the teeth and is
      disposed in the same plane perpendicular to the axis as the armature. Of
      course, it is also possible to combine these two parts into a common
      unitary part. However, it is proposed in any case that the bushing or the
      part serving as running surface for the retaining ring has a larger outer
      diameter than the ring with its teeth. It is achieved in this manner that
      the retaining ring is not damaged during the assembly when pushing through
      the toothed arrangement. Finally, a further proposal of the present
      invention goes to the effect that the disc abutting at the retaining ring
      is provided at the inner circumference with uniformly distributed grooves
      for the passage of oil. In this manner a continuous oil flow through the
      frequency transmitter to the retaining ring and vice versa can be achieved
      so that the latter is well cooled.
PAR  Accordingly, it is an object of the present invention to provide a
      frequency transmitter for the transmission of signals to control the
      slippage of wheels in motor vehicles which avoids by simple means the
      aforementioned shortcomings and drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in a frequency transmitter
      for the signal transmission to control the slippage of the wheels of motor
      vehicles which avoids relatively complicated constructions and time
      consuming assemblies.
PAR  A further object of the present invention resides in a frequency
      transmitter of the type described above which is capable of producing a
      high pulse repetition rate together with high accuracy while permitting a
      relatively simple and inexpensive assembly and manufacture.
PAR  Another object of the present invention resides in a frequency pick-up for
      the signal transmission to control the slippage of wheels in motor
      vehicles which permits an easy assembly without damage to any of the parts
      while at the same time enabling completely satisfactory cooling of those
      parts likely to be heated during operation.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  The single FIGURE is a partial longitudinal cross sectional view through a
      frequency transmitter in accordance with the present invention.
DETD
PAR  Referring now to the single FIGURE of the drawing, the bearing 12 for the
      spur bevel gear or differential housing 13 is mounted in the axle gear
      housing 10 of the rear axle of a motor vehicle by means of the bearing
      cover 11. The output or driven shaft 14 of the differential gear shown
      schematically at 31 extends through the spur bevel gear housing 13 and
      passes over in this case directly into the joint part 15 of a synchronous
      joint of conventional construction. The arrangement, of course, is
      symmetrical to the longitudinal center plane of the differential gear.
PAR  The frequency transmitter generally designated by reference numeral 17 is
      additionally arranged in the bearing cover 11 between the bearing 12 and a
      retaining ring 16 providing an oil seal with respect to the outside. The
      stationary part of the frequency transmitter 17 consists of a disc-shaped
      armature 18 which is provided at the inner circumference with teeth 19. A
      spacer sleeve 20 is slotted in the longitudinal direction so that the
      connecting wires 21 of the winding 22, devoid of a winding body, can be
      extended therethrough. An inclined bore 23 serves for the further guidance
      of the connecting wires in the bearing cover 11. On the other side of the
      coil 22 is arranged a disc part 24 which is provided with longitudinal
      grooves 25 at the inner circumference thereof. The entire package
      described so far is pressed firmly against an annular shoulder 26 of the
      bearing cover 11 by the retaining ring 16 of any conventional construction
      and forms the stator of the frequency transmitter 17.
PAR  A rotor is formed by a sleeve 27 which is pressed onto the shaft 14 and on
      the outer circumference of which runs the retaining ring 16. The sleeve 27
      receives the magnetic flux from the disc member 24 and transmits the
      magnetic flux to a ring member 28 which is again pressed onto the shaft 14
      and is provided at its outer circumference with the teeth 29. This ring 28
      is disposed in the same plane perpendicular to the axis as the armature 18
      so that the two toothed arrangements 19 and 29 are disposed directly
      opposite one another.
PAR  The operation of such a frequency transmitter is known as such and a
      detailed description is therefore dispensed with herein. However, it
      should be mentioned that one or several apertures 30 in the bearing cover
      11 serve for an adequate flow of the oil to the frequency transmitter. The
      oil flows through the teeth as well as through the longitudinal grooves 25
      in the disc member 24 to the retaining 16 so that the latter can be kept
      adequately cooled. A certain circulation is formed thereby so that oil
      constantly flows to and from.
PAR  While we have shown and described only one embodiment in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A frequency transmitter combined with a differential gear for the
      transmission of signals to control the slippage of wheels of motor
      vehicles, which includes two mutually cooperating toothed means of which
      one toothed means is rotatably arranged whereas the other does not rotate,
      and with one of the toothed means adapted to be magnetized, characterized
      in that the rotating toothed means is secured at the circumference of each
      output shaft of the differential gear, said rotating toothed means
      cooperating with a fixed toothed means which is arranged in a bearing
      cover means of the differential gear between a bearing for a spur bevel
      gear housing and a retaining ring means providing an oil seal with respect
      to the outside.
NUM  2.
PAR  2. A frequency transmitter according to claim 1, characterized in that the
      fixed toothed means consists of a U-shaped ring open toward the inside
      which is formed by a disc-shaped armature with teeth, a spacer sleeve and
      a disc member closing the magnetic circuit.
NUM  3.
PAR  3. A frequency transmitter according to claim 2, characterized in that said
      ring accommodates on the inside thereof a winding.
NUM  4.
PAR  4. A frequency transmitter according to claim 3, characterized in that said
      winding is devoid of a winding body.
NUM  5.
PAR  5. A frequency transmitter according to claim 3, characterized in that the
      spacer sleeve includes a longitudinal slot through which are extended the
      connecting wires of the winding, and in that an inclined bore in the
      bearing cover means serves for the further extension of the connecting
      wires toward the outside.
NUM  6.
PAR  6. A frequency transmitter according to claim 5, characterized in that a
      sleeve means is mounted on the output shaft with a force fit, the
      retaining ring means running on said sleeve means and said sleeve means
      closing the magnetic circuit.
NUM  7.
PAR  7. A frequency transmitter according to claim 6, characterized in that a
      further ring means is mounted on the output shaft with force fit, which
      forms the teeth and is disposed in the same plane normally to the axis as
      the armature.
NUM  8.
PAR  8. A frequency transmitter according to claim 7, characterized in that the
      sleeve means has a larger diameter than the further ring means with the
      teeth.
NUM  9.
PAR  9. A frequency transmitter according to claim 8, characterized in that the
      disc member is provided with uniformly distributed grooves at the inner
      circumference thereof for the passage of oil.
NUM  10.
PAR  10. A frequency transmitter according to claim 1, characterized in that a
      sleeve means is mounted on the output shaft with a force fit, the
      retaining ring means running on said sleeve means and said sleeve means
      closing the magnetic circuit.
NUM  11.
PAR  11. A frequency transmitter according to claim 10, characterized in that a
      further ring means is mounted on the output shaft with force fit, which
      forms the teeth and is disposed in the same plane normally to the axis as
      the armature.
NUM  12.
PAR  12. A frequency transmitter according to claim 11, characterized in that
      the sleeve means has a larger diameter than the further ring means with
      the teeth.
NUM  13.
PAR  13. A frequency transmitter according to claim 2, characterized in that the
      disc member is provided with uniformly distributed grooves at the inner
      circumference thereof for the passage of oil.
NUM  14.
PAR  14. A frequency transmitter according to claim 1, characterized in that a
      further ring means is mounted on the output shaft with force fit, which
      forms the teeth and is disposed in the same plane normally to the axis as
      the armature.
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PAL  The apparatus of the invention comprises a cup-shaped metal ring carrying a
      mercury amalgam from which mercury can be released, the ring being held
      within a supporting mass of fibrous insulating material and the entire
      assembly loosely mounted in the tubulation secured to the base plate of a
      display panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  At the present time, mercury vapor is provided in the gas atmosphere of all
      gas discharge display devices to minimize cathode sputtering. The mercury
      is introduced into such devices from a glass capsule held within the glass
      tubulation secured to the envelope. At a selected time in the manufacture
      of the panel, the glass capsule is shattered and mercury vapor enters the
      envelope through a hole therein. When such a mercury capsule is used with
      a flat display panel, the tubulation has to be specially shaped with a
      constricting portion to hold the mercury capsule in place. Such a
      tubulation is expensive.
PAR  In addition, in manufacture of the panel, first, the tubulation is sealed
      off below the mercury capsule, and then, after the mercury has been
      released therefrom, that portion of the tubulation is removed. This is an
      undesirable extra step in the manufacturing process.
PAR  In addition, with a glass capsule of this type, globules of mercury usually
      remain in the tubulation after the capsule has been opened, and some of
      this mercury can enter the panel through the hole in the envelope when the
      panel is handled, and such mercury can cause shorts inside the envelope.
PAR  A mercury capsule is known which comprises a metallic ring having a
      U-shaped cross-section and which carries a quantity of a mercury amalgam
      from which the mercury can be released by the application of heat. Such a
      mercury capsule is considerably cheaper than the glass capsule, and, as a
      result, it would be desirable to be able to use such a device; however,
      the carrier is too large for convenient use in tubulations. In addition,
      when such a carrier or capsule is mounted in a tubulation, it is in
      contact with the glass wall of the tubulation, and, when it is heated by
      RF energy, its heat subjects the tubulation to thermal shock, and the
      tubulation will generally crack.
PAC  Summary of the Invention
PAR  Briefly, the invention comprises a cup-like annular metal mercury capsule
      in a mass of fibrous insulating material which is mounted in the glass
      tubulation of a device which is to receive mercury vapor, the insulating
      material preventing the carrier from touching the glass wall of the
      tubulation, whereby any heat generated in the carrier is not transmitted
      suddenly to the glass wall.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of a display panel embodying the invention;
PAR  FIG. 2 is a sectional view of a portion of the panel of FIG. 1 showing a
      mercury carrier embodying the invention; and
PAR  FIG. 3 is a plan view of the carrier of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Apparatus embodying the invention is useful with substantially any type of
      device which is to contain mercury vapor and into which the mercury is
      introduced from a carrier in a glass tubulation secured to the device. For
      purposes of illustrating the invention, a display panel of the type known
      as a PANAPLEX panel is shown schematically in the drawings and is
      described in relatively general terms. Devices which may use the invention
      are described in greater detail in U.S. Pat. No. 3,868,535.
PAR  Referring to the drawings and to FIGS. 1 and 2, a display panel 10
      embodying the invention includes a base plate 20 of glass, ceramic, or the
      like, which carries a plurality of groups of cathode electrodes 30 in the
      form of segments, shown schematically, which are adapted to be energized
      in different combinations to display characters, as is well known in the
      art. The base plate also carries leads for the cathode electrodes and
      suitable insulating means as required; however, these are not shown, to
      simplify the drawings. The panel 10 also includes an anode electrode (not
      shown) for each group of cathode electrodes, and, in one arrangement, the
      anodes comprise thin films of tin oxide, formed on the lower surface of
      the face plate 50. The base plate and face plate are hermetically sealed
      together with a suitable gas-filled space between them to form the panel
      envelope. A glass tubulation 60, of well known shape, is secured to the
      base plate of the panel in alignment with a hole 70 in the base plate
      which communicates with the interior of the envelope.
PAR  According to the invention, mercury is introduced into the panel 10 from a
      mercury carrier or capsule 80 known as a giver-getter. This capsule, shown
      in FIGS. 2 and 3, comprises a generally cup-shaped ring which carries, in
      the cup portion, a mercury amalgam 90 from which mercury vapor can be
      released by the application of heat. The carrier 80, which is relatively
      thin and has a diameter somewhat smaller than the largest diameter of the
      tubulation, is embedded in a mass 100 of fibrous insulating material, such
      as Fiberfrax, and the assembly is loosely mounted within the tubulation.
      Of course, this is done before the tubulation is secured to the lower
      surface of the base plate. Thus constructed and positioned, the metal
      mercury carrier 80 itself does not touch the glass wall of the tubulation,
      but is insulated therefrom by the Fiberfrax material.
PAR  After the panel has been assembled with the tubulation and mercury carrier
      in place and it is processed as required, radio frequency energy is
      applied to the ring carrier 80 to heat it and to cause mercury vapor to
      escape therefrom and into the panel through the hole 70 in the base plate
      20.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for introducing a vapor into a chamber comprising
PA0  an envelope having a chamber into which a vapor is to be introduced,
PA0  a tubulation secured to said envelope in communication with said chamber,
PA0  a carrier carrying a substance for providing said vapor, said carrier being
      dispsosed in said tubulation, and
PA0  a mass of fibrous material enclosing said carrier and insulating said
      carrier from the wall of said tubulation.
NUM  2.
PAR  2. Apparatus for introducing a vapor into a chamber comprising
PA0  an envelope having a chamber into which a vapor is to be introduced,
PA0  a tubulation secured to said envelope in communication with said chamber
      through a hole in said envelope,
PA0  a carrier carrying a substance for providing said vapor, said carrier being
      disposed in said tubulation, and
PA0  a mass of fibrous material enclosing said carrier and insulating said
      carrier from the wall of said tubulation.
NUM  3.
PAR  3. Apparatus for introducing a vapor into a chamber comprising
PA0  an envelope having a chamber into which a vapor is to be introduced,
PA0  a tubulation secured to said envelope in communication with said chamber,
PA0  an annular metal carrier carrying a substance for providing said vapor,
      said carrier being disposed in said tubulation, and
PA0  a mass of fibrous material enclosing said carrier and insulating said
      carrier from the wall of said tubulation.
NUM  4.
PAR  4. Apparatus for introducing a vapor into a chamber comprising
PA0  an envelope made up of a base plate and a face plate sealed together and
      forming a chamber into which a vapor is to be introduced,
PA0  a tubulation secured to said base plate of said envelope in communication
      with said chamber through a hole in said base plate,
PA0  a carrier carrying a substance for providing said vapor, said carrier being
      disposed in said tubulation, and
PA0  a mass of fibrous material enclosing said carrier and insulating said
      carrier from the wall of said tubulation.
NUM  5.
PAR  5. A display device comprising
PA0  a gas-filled envelope made up of a base plate and a face plate secured
      together,
PA0  a glass tubulation secured to said base plate and communicating with the
      interior of said envelope through a hole in said base plate,
PA0  a metal carrier for a chemical to be released therefrom and introduced into
      said envelope, and
PA0  a fibrous mass surrounding said carrier and insulating said carrier from
      the wall of said tubulation.
NUM  6.
PAR  6. A display panel comprising
PA0  a gas-filled envelope containing a plurality of groups of cathode
      electrodes for displaying characters and at least one anode electrode,
PA0  said envelope comprising a face plate and a base plate hermetically sealed
      together,
PA0  a tubulation secured to said base plate and communicating with the interior
      of said envelope through a hole in said base plate,
PA0  a carrier for a chemical to be released therefrom and introduced into said
      envelope, said carrier being mounted in said tubulation, and
PA0  a fibrous mass surrounding said carrier and insulating said carrier from
      the wall of said tubulation.
NUM  7.
PAR  7. The panel defined in claim 6 wherein said tubulation is of glass and
      said carrier is of metal.
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ABST
PAL  To obtain an iron spectral lamp iron iodide and hydrogen are introduced
      into a discharge lamp.
BSUM
PAR  The invention relates to a metal iodide vapour discharge lamp having a
      discharge vessel which contains a noble gas for starting, a metal and
      iodine in an amount equivalent to that of the metal.
PAR  The known lamps of this type, which predominantly are high-pressure lamps,
      contain as the metal, for example, one or more of the elements thallium,
      indium, sodium and the rare earth elements. These lamps further
      substantially always contain mercury as a buffer gas.
PAR  It is an object of the present invention to provide an iron spectral lamp
      which is suitable for use as a wavelength standard on the basis of the
      iron line spectrum. Known iron spectral lamps use an open iron arc.
      However, such arcs tend to be unstable and unless used in an inert
      atmosphere have an iron line spectrum on which disturbing molecule bands
      are superposed. Furthermore several designs of iron hollow cathode lamps
      are known which, however, have a low overall luminous efficiency and
      require complicated apparatus for their operation.
PAR  According to the invention a discharge lamp of the abovedescribed type may
      be designed as an iron spectral lamp if iron iodide (FeI.sub.2) and
      hydrogen are added to the filling gas in the discharge vessel. Thus this
      lamp contains no mercury.
PAR  At technically controllable wall temperatures up to about 900.degree.C
      elemental iron has a vapour pressure too low to be efficiently used in an
      iron spectral lamp of the type concerned. For this reason the discharge
      vessel contains iron iodide the vapour pressure of which is much higher
      than that of iron. The iron iodide may be introduced in the solid state in
      the form of FeI.sub.2 or as Fe and I.sub.2 in a corresponding
      stoichiometric ratio.
PAR  Such a lamp is ignited in the usual manner by means of a noble gas, for
      example argon and/or krypton. The operating voltage of an arc produced in
      this manner and hence the power that can be supplied and the maximum
      attainable wall temperature of the discharge vessel, however, generally
      are so low that even the iron iodide is insufficiently vaporized. However,
      sufficient vaporization of the FeI.sub.2 is a prerequisite for a
      sufficient supply or excitable iron in the lamp. It is true that the power
      which can be supplied can be increased by the addition of mercury,
      however, this would cause undesirable broadening or shifting of the iron
      spectral lines. Furthermore the undesirable mercury spectrum would be
      produced. According to the invention the wall temperature of the discharge
      vessel is given the value necessary for quantitative vaporisation of the
      iron iodide (about 500.degree.C to 600.degree.C) by the addition of a
      small amount of hydrogen, the iron lines not being perceptibly affected.
PAR  It should be mentioned that it is known to introduce hydrogen into high
      pressure gas discharge lamps which apart from a noble gas contain mercury
      only, for the purpose of increasing the thermal conductivity (Austrian
      Patent Specification No. 196,503).
PAR  Preferably the amount of the added iron iodide is from 0.1 to 5 micromoles
      per cm.sup.3 of the volume of the discharge chamber and the hydrogen
      pressure is from 0.05 to 2 torr. In operation such a lamp has an overall
      pressure of about 100 to 1,000 torr.
PAR  To prevent hydrogen from escaping from the lamp by diffusion the discharge
      vessel may be accommodated in known manner in an outer envelope. In an
      advantageous further embodiment of such a lamp according to the invention
      the outer envelope contains hydrogen at a pressure of from 0.3 to 20 torr.
      This ensures that at the operating temperature the partial hydrogen
      pressures in the discharge vessel and in the outer envelope are
      substantially equal.
PAR  To prevent electric breakdowns in the outer envelope, this may further
      contain a quenching gas, preferably nitrogen, at a pressure between 10 and
      1,000 torr.
PAR  To enable the ultraviolet spectral lines of the iron to emerge, the outer
      envelope may entirely or partly consist of a material which transmits
      ultraviolet, for example quartz.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawing the single FIGURE
      of which is a schematic sectional view of a discharge lamp according to
      the invention.
DETD
PAR  A quartz discharge vessel 1 encloses two tungsten electrodes 2 which are
      connected to current supply leads 4 and 5 by molybdenum lead-ins 3. The
      discharge vessel 1 is accommodated in an outer envelope 6 of vitreous
      silica.
PAR  The inner diameter of the discharge vessel 1 is 15 mm and its volume is 7
      cm.sup.3. The spacing between the electrodes 2 and hence the length of the
      arc is 4 cm. The arc struck between the electrodes 2 has a diameter of
      about 1.5 mm.
PAR  In the cold state the filling of the discharge vessel 1 consists of:
PA1  1 micromole/cm.sup.3 of FeI.sub.2
PA1  argon at a pressure of 20 torr
PA1  H.sub.2 at a pressure of 0.25 torr.
PAR  The filling of the outer envelope 6 in the cold state consists of:
PA1  H.sub.2 at a pressure of 2 torr
PA1  N.sub.2 at a pressure of 400 torr.
PAR  The lamp is operated at an alternating voltage of 95 V.sub.eff and 220
      V.sub.peak and consumes a power of 110 W. The useful life of the lamp is
      500 hours.
PAR  By means of such a lamp intensive iron spectral lines were produced without
      contamination in the line spectrum (not even from iodine or hydrogen). The
      half-value width and the shift of the spectral lines were less than 0.025
      A. Hence the lamp can be used as a wavelength standard in the spectral
      range between 200 nm and 1,000 nm. What is claimed is
CLMS
NUM  1.
PAR  1.  Metal iodide vapour discharge lamp comprising a discharge vessel which
      contains a noble gas for starting, a metal and iodine in an amount
      equivalent to that of the metal, characterized in that in order to obtain
      an iron spectral lamp the discharge vessel contains iron iodide
      (FeI.sub.2) and hydrogen.
NUM  2.
PAR  2. Lamp as claimed in claim 1, characterized in that the amount of iodide
      is from 0.1 to 5 micromoles per cm.sup.3 of the volume of the discharge
      chamber and in that the hydrogen pressure is from 0.05 to 2 torr.
NUM  3.
PAR  3. Lamp as claimed in claim 2 in which the discharge vessel is disposed in
      an outer envelope, characterized in that the outer envelope contains
      hydrogen at a pressure of from 0.3 to 20 torr.
NUM  4.
PAR  4. Lamp as claimed in claim 3, characterized in that the outer envelope
      further contains a quenching gas at a pressure between 10 and 1,000 torr.
NUM  5.
PAR  5. Lamp as claimed in claim 4, characterized in that the quenching gas is
      nitrogen.
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ABST
PAL  A fast warm up cathode comprises a substantially cup-shaped top cap and a
      hollow cylindrical sleeve axially displaced from the top cap. Means are
      provided for joining the sleeve and the top cap into an integral unit. The
      means comprise a plurality of individual rod-like members having
      extremities substantially flat for attachment to the top cap and the
      sleeve. The plurality of rod-like members are equally spaced about the
      periphery of the sleeve and the top cap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to cathodes for cathode ray tubes and more
      particularly to fast warm up cathodes therefor. The fast warm up cathodes
      are designed to provide a warm up time of between four and six seconds.
      This warm up time is to achieve sufficient electron flow capability from
      the cathode to provide a viewable raster on the screen of a cathode ray
      tube.
PAR  Prior art cathodes of this type have been fabricated as two-part elements.
      A first element comprises a substantially cupshaped top cap, the closed
      end of which would be provided with an electron emissive material. A
      sleeve portion which is hollow and cylindrical and generally elongated in
      comparison to the length of the top cap has been provided with cut-out
      portions providing tabs which provide a minimum area contact means for
      attachment to the top cap. The top cap and the sleeve have been fabricated
      from relatively thin material; that is in the area of 3 to 6 thousandths
      of an inch thick. Problems have arisen in the manufacture of this type of
      cathode because of the flimsiness of the attachment portions formed in the
      cathode sleeve. It has been extremely difficult to mass produce these
      cathodes in any given quantity. Accordingly, it would be an advance in the
      art if a suitable cathode of this general description could be provided
      that had greater rigidity and greater ease of fabrication.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to obviate the disadvantages of
      the prior art.
PAR  It is another object of the invention to enhance the manufacturability of
      fast warm up cathodes.
PAR  It is another object of the invention to provide a fast warm up cathode
      that contains a plurality of broadened attachment members which are formed
      to facilitate welding or other attachment to the top-cap and sleeve and
      further provide a simplified egress for the heater to be inserted therein.
PAR  These objects are accomplished in one aspect of the invention by the
      provision of a fast warm up cathode for a cathode ray tube which comprises
      a substantially cup-shaped top cap and a hollow cylindrical sleeve axially
      separated therefrom. The longitudinal axial dimension of the sleeve in
      this instance is approximately equal to that of the top cap. A plurality
      of means are provided for attachment to the cap and stack to form an
      integral unit. The means comprise a plurality of individual rod-like
      members having their extremities providing substantially flat attachment
      surfaces to connect the axially displaced top cap and sleeve. A cathode
      formed in accordance with the above provides all of the advantages of the
      hitherto known fast warm up cathodes and in addition, it is readily
      manufacturable by mass production techniques.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational side view of a cathode constructed in accordance
      with this invention with some areas broken away for purposes of clarity;
PAR  FIG. 2 is a plan view of the cathode of FIG. 1;
PAR  FIG. 3 is a side elevational view of one type of rod-like connecting
      member;
PAR  FIG. 4 is a section taken along the line 4--4 of FIG. 3; and
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims taken in conjunction
      with the above-described drawings.
PAR  Referring now to the drawings with greater particularity, there is shown a
      fast warm up cathode 10 in FIG. 1. Cathode 10 comprises a top cap 12 and a
      hollow cylindrical sleeve 14 which is longitudinally axially displaced
      from top cap 12. The top cap 12 is substantially cup-shaped and has a
      closed portion 16 and a peripheral sidewall 18. The sleeve 14 has a
      diameter slightly larger than the diameter of the top cap 12. A plurality
      of individual rod-like members 20 connect the top cap and the sleeve.
      Rod-like members 20 have their extremities 22 and 24 respectively provided
      with substantially flat attachment surfaces 23 and 25 for attachment to
      the top cap 12 and sleeve 14.
PAR  Further, the members 20 have an offset portion 26 formed intermediate the
      extremities. The flattened surfaces 23 and 25 of the extremities are
      formed on opposite sides of the members 20 and in a plane normal to the
      offset 26. This construction allows for compensation of the different
      diameters between the sleeve 14 and the top cap 12. That is, the flattened
      surface 23 which is formed at extremity 22 contacts the outer surface of
      sidewall 18 of top cap 12 while the flattened surface 25 of extremity 24
      engages the inner surface of sleeve 14. The offset 26 in this instance
      forms an inwardly extending portion of member 20 and facilitates the
      insertion of a heater (not shown) thereinto.
PAR  Rod-like member 20 is shown in greater particularity in FIG. 3 as being
      substantially cylindrical. The extremities 22 and 24 can be formed to
      provide flat surfaces 23 and 25 by a coining operation. This will
      inherently provide a surface that is substantially wider than the diameter
      of member 20 as can be seen in the sectional view of FIG. 4 and FIG. 5.
PAR  As shown in the illustration, at least three broad like members 20 are
      provided equally spaced about the periphery of the top cap and the sleeve.
      While more members 20 could be utilized, it is believed that the minimum
      number which will suffice for suitable support will provide the least
      amount of heat loss, which is of course a critical element in any fast
      warm up cathode.
PAR  While rod-like member has been shown in this instance as having a
      substantially circular cross section, and this is the preferred
      embodiment, other cross sectional materials could be utilized; for
      example, square or rectangular. When such other constructions are
      utilized, however, it would be advisable to provide a sufficient radii on
      the various corners of the members 20 to provide for smooth insertion of
      the heater element into the cathode.
PAR  Also, while flattened areas 23 and 25 have been described as being formed
      by coining, it will be apparent that they could be formed by grinding or
      other methods.
PAR  While there have been shown what are at present considered to be the
      preferred embodiments of the invention, it will be apparent to those
      skilled in the art that various changes and modifications can be made
      herein without departing from the scope of the invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fast warm-up cathode for a cathode ray tube comprising: a
      substantially cup-shaped top cap; a hollow cylindrical sleeve
      longitudinally axially separated from said top cap; and means joining said
      sleeve and said top cap into an integral unit, said means comprising a
      plurality of individual rod-like members having extremities providing
      substantially flat attachment surfaces for said sleeve and said top cap.
NUM  2.
PAR  2. The cathode of claim 1 wherein said members are cylindrical in
      cross-section and said extremities are coined to provide said
      substantially flat, widened surface.
NUM  3.
PAR  3. The cathode of claim 1 wherein said sleeve has a larger diameter than
      said top cap and said members have an offset formed intermediate said
      extremities, said offset compensating for the differences in said
      diameters.
NUM  4.
PAR  4. The cathode of claim 3 wherein said substantially flat surfaces are
      formed by coining opposite sides of said members and fit respectively on
      the inside of said sleeve and the outside of said top cap.
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ABST
PAL  A field emission tip on which a metal adsorbate has been selectively
      deposited, and a method by which it may be manufactured. In a vacuum, a
      clean field emission tip is subjected to heating pulses in the presence of
      an electrostatic field to create thermal field buildup of a selected
      plane. Emission patterns from the selected plane are observed, and the
      process of heating the tip within the electrostatic field is repeated
      until emission is observed from the desired plane. The adsorbate is then
      evaporated onto the tip. The tip constructed by this process is
      selectively faceted, with the emitting planar surface having a reduced
      work function and the non-emitting planar surfaces having an increased
      work function. A metal adsorbate deposited on the tip so prepared results
      in a field emitter tip having substantially improved emission
      characteristics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to field emission tips, and more
      particularly to field emission tips upon which a metal adsorbate has been
      selectively deposited.
PAR  Field emission sources capable of emitting highly focused electron beams,
      such as are used in scanning electron microscopes, are commonly made from
      a single tungsten crystal. As shown in the article "Angular Confinement of
      Field Electron and Ion Emission," by L. W. Swanson and L. C. Crouser,
      Journal of Applied Physics, Vol. 40, No. 12, Nov 1969, pp 4741-4749,
      coating the emission tip with a metal adsorbate, such as zirconium, will
      greatly increase the emission from the tip. Because such a coating process
      requires a very low vapor pressure environment, however, such coatings are
      not commercially feasible. Additional problems from such coatings arise
      because certain planes of a body-centered cubic crystal, such as tungsten,
      have a lower surface density of atoms than others. The lower work function
      of these lower density planes results in greater adsorption on these
      planes than on the more closely packed planes. If these low density
      surfaces are not the ones from which emission is desired, the quality of
      results is diminished.
PAR  A second procedure for improving the emission characteristics of a tungsten
      field emitter, also described in the above article, is by the use of
      thermal field buildup. Procedures have been developed by which faceting of
      selected planes may be produced with a resulting reduction in both angular
      dispersion of emissions from the tip and reduced beam voltage necessary
      for emission. However, such emitters are highly susceptible to temperature
      changes, and tend to be relatively unstable. Additionally, they are very
      susceptible to ion bombardment and thus require a very high vacuum for
      effective operation.
PAR  It is desired to have a coated tip which can be produced and operated at a
      commercially feasible vapor pressure, which has improved stability
      characteristics, and which has both reduced angular beam dispersion and
      increased brightness over field emitters currently available.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention uses a novel combination of known procedures to
      produce an emitter tip having substantially improved performance and which
      may be produced in an unexpectedly high vapor pressure environment.
PAR  Field emitters are commonly made by chemically etching a single crystal of
      tungsten to produce a tip having a radius on the order of 500 angstroms.
      The emission quality of such a tip may be greatly enhanced by altering the
      molecular structure of the tungsten tip to lower the work function of the
      planes where increased adsorption is desired, and increasing the work
      function in regions where less adsorption is desired. Such a molecular
      alteration may be accomplished with thermal field buildup by subjecting
      the emitter tip to heating pulses in the presence of an electrostatic
      field to cause surface migration of the tip atoms along field lines. By
      evaporating, in a vacuum, a metal adsorbate such as zirconium onto a tip
      prepared in this manner, an emitter having significantly increased
      brightness and resolution is obtained. A primary advantage of the
      molecular alteration is that the evaporation may be successfully
      accomplished in a commercially feasible vapor pressure. An emitter tip
      having the desirable qualities described above may be produced by placing
      an etched tip of crystalline material in a suitable vacuum, flashing the
      tip in the presence of an electrostatic field until the tip is clean,
      creating an electrostatic field around the tip, flashing the tip in the
      presence of the electrostatic field until emission is observable from the
      desired plane and evaporating an adsorbate onto the tip.
PAR  Accordingly, it is an object of this invention to produce a new and
      improved field emission tip.
PAR  It is another object to produce an emitter tip upon which a metal adsorbate
      has been selectively deposited.
PAR  A related object of this invention is to produce an emitter capable of
      emitting an electron beam of high resolution.
PAR  Another related object is to produce an emitter tip with increased
      brightness.
PAR  A further object is to provide a method by which emitter tips may be
      selectively coated at commercially feasible vapor pressures.
PAR  It is also an object to produce an emitter tip having reduced surface
      migration from the emission surface.
DRWD
PAR  Other objects and many of the intended advantages of this invention will be
      readily appreciated as the invention is better understood by reference to
      the description below, when taken in conjunction with the accompanying
      diagrams wherein:
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic cross section of a field emitter tip showing atomic
      structure before surface migration;
PAR  FIG. 2 is a schematic cross section of a field emitter tip showing atomic
      structure during the faceting process;
PAR  FIG. 3 is a schematic cross section of the field emitter tip showing
      structure after faceting, and
PAR  FIG. 4 is a schematic cross section of the field emitter tip showing
      deposition into a selected plane after faceting.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The process to be described must be carried out in a vacuum to prevent
      contamination of the emitter tip by adsorption of undesired molecules.
      While the results of the process continue to improve as the vacuum is
      increased, effective field emitter tips have been produced at a vapor
      pressure of 1 .times. 10.sup..sup.-8 Torr. A suitable vacuum for the
      process is thus one having a vapor pressure of 1 .times. 10.sup..sup.-8
      Torr or lower.
PAR  Referring to FIG. 1, the numeral 11 denotes the (100) plane of an emitter
      tip composed of tungsten atoms symmetrically oriented into a single
      crystal. Tungsten has been found to work effectively, but it is not
      intended that the emitter or the process be limited to the use of this
      material. Other metals having crystalline structure such as nickel,
      iridium and molybdenum may also be used with varying degrees of success.
      The (100) oriented crystal has been chemically etched by ordinary
      commercial methods to produce a tip having a radius on the order of 500
      angstroms. The (100) orientation is preferred on a body-centered-cubic
      crystal such as tungsten because the (100) planes are 90.degree. apart.
      Beam resolution is thereby improved because the greater physical distance
      of similarly oriented planes from the tip's apex substantially confines
      emission to the desired emitting plane located there. It is not, however,
      a requirement that the tip be (100) oriented, for other orientations, such
      as along the (310) plane, also give useful results. The (100) orientation
      is additionally preferred because of the high work function resulting from
      its relatively dense molecular packing, and because thermal field buildup
      has been found to produce the greatest reduction in angular dispersion of
      the emitted beam. To remove any small "whiskers" that may have formed
      during the etching process, the tip is flashed, that is, heated at a
      temperature on the order of 1900.degree.K for 0.5 seconds, several times
      or until a clean tungsten emission pattern is observable. The term "clean
      emission pattern" is widely known in the art and has a generally accepted
      meaning. See, for example, FIG. 1 (a) in the above-identified article by
      Swanson and Crouser.
PAR  Because adsorption varies inversely with the work function on a given
      surface, adsorption directly onto the emitter tip of FIG. 1 would result
      in a relatively heavier building up of adsorbed atoms on the rougher
      regions, designed by the numerals 12--12, where the relatively low atomic
      surface density gives the surface a lower work function than on the
      desired (100) plane 11, whose high atomic density gives it a high work
      function. During operation with this tip, surface migration of zirconium
      atoms away from the desired (100) plane would occur because surface
      tension forces from the high radius of curvature would push the atoms
      toward lower energy states near the shank of the tip. Hence, emission from
      the desired (100) plane would be even further reduced.
PAR  By selective roughing, or atomic misalignment of the tungsten lattice
      atoms, the work function may be altered such that adsorption is increased
      on the normally smooth (100) plane while adsorption is decreased on the
      normally rougher regions through surface migration. The surface migration
      from the tip to the shank may be halted by the introduction of an
      electrostatic field. By properly adjusting the electrostatic field,
      surface migration of atoms toward the shank, shown generally at 21 of FIG.
      2, is stopped when the atoms reach the regions 12--12 of low atomic
      density (FIG. 1) immediately below the (100) plane. The same field which
      prohibits further surface migration from the emitter tip causes migration,
      shown generally at 22, from the lower regions of the shank toward the tip.
      This migration will be stopped by the opposing surface tension forces when
      the atoms reach the areas 12--12 of low atomic density. The tungsten atoms
      24--24 which have migrated from their original positions in the crystal
      are held firmly in the regions of lower atomic density because of the
      lower work function there. The result is a relative building up and
      smoothing of the rougher regions 12--12 (FIG. 1) to create a tip surface
      composed of faceted planes. That is, the tip is then composed essentially
      of relatively smooth, planar surfaces with sharply defined edges of
      intersection, as shown by the numerals 31--31 in FIG. 3. In this preferred
      method, the voltage required to obtain a one microamp total emission is
      measured. The field polarity is then reversed to prevent damage to the
      emitter tip, and increased by approximately 30 percent over that which was
      required for one microamp emission. The 30 percent increase was found
      experimentally to produce good results. It is to be understood that
      varying percentages may be used to produce similar results with varying
      degrees of success. The tip is flashed in the presence of this electric
      field until emission is observable, either by measurement or observation,
      from the (100) plane. Often, more than one "flash" in the presence of the
      electric field is necessary to produce the desired emission. The surface
      migration of atoms caused by the combination of electrostatic field and
      heating pulses results in a realignment of the tip atoms to enlarge the
      size of the adjacent planar surfaces. This effectively smooths the
      previously rough regions 12--12 and reduces their sticking coefficients.
      Simultaneously, the electrostatic field creates an atomic misalignment of
      the atoms along the emitting (100) plane to reduce that plane's work
      function and increase its sticking coefficient. The result is shown
      symbolically in FIG. 3.
PAR  Deposition of atoms of zirconium or a similar adsorbate onto the (100)
      plane 32 of FIG. 3 is accomplished by any effective method such as by
      heating a 0.5 cm diameter loop of 8 mil tungsten wire wrapped with 5 mil
      zirconium wire in proximity with the emitter tip. The result is
      substantially as shown in FIG. 4, with a monolayer of zirconium atoms
      41--41 adsorbed onto the (100) plane 42 of the tungsten crystal. Any
      zirconium atoms 44--44 adsorbed onto planes adjacent to the (100) plane
      will be loosely held because of the high work functions created on those
      planes, and will tend to move toward the (100) plane due to the surface
      migration forces. Emissions are thereby effectively restricted to the
      (100) plane, where the faceted edges aid in producing improved resolution
      and the lowered work function aids in increasing emissions for improved
      brightness.
PAR  The above description is of a preferred embodiment of the invention, and
      numerous modifications could be made thereto without departing from the
      spirit and scope of the invention which is limited only as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A field emission tip comprising:
PA1  a base material of a single crystal metal having an emitting planar surface
      and a plurality of non-emitting planar surfaces, said emitting surface
      having a reduced work function due to misalignment of the lattice atoms of
      said crystal metal, said non-emitting surfaces having an increased work
      function due to realignment of the lattice atoms of said crystal metal,
PA1  and a monolayer of metal adsorbate atoms on said emitting surface.
NUM  2.
PAR  2. The tip of claim 1 wherein said crystal metal is tungsten.
NUM  3.
PAR  3. The tip of claim 2 wherein said emitting surface is along the (100)
      plane.
NUM  4.
PAR  4. A process for the selective deposition of a metal adsorbate onto a field
      emission tip of a single crystal metal comprising the steps of:
PA1  placing said tip in a suitable vacuum;
PA1  flashing said tip until said tip becomes clean;
PA1  creating an electrostatic field around said tip;
PA1  flashing said tip in the presence of said electrostatic field, thereby
      creating surface migration of atoms of said single crystal metal along
      said tip until said tip surface is composed of faceted planes, and
PA1  depositing a monolayer of metal adsorbate atoms onto said tip.
NUM  5.
PAR  5. The process of claim 1 wherein flashing said tip in the presence of an
      electrostatic field includes producing an emitting plane and a plurality
      of non-emitting planes on the surface of said tip.
NUM  6.
PAR  6. The process of claim 5 wherein flashing said tip in the presence of an
      electrostatic field includes reducing the work function of the emitting
      planar surface of said tip.
NUM  7.
PAR  7. The process of claim 6 wherein flashing said tip in the presence of an
      electrostatic field includes increasing the work function of the
      non-emitting planar surfaces of said tip.
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ABST
PAL  A low dark current photoconductive body includes an aluminum oxide
      overlayer on a cadmium selenide base layer. A transition region is
      provided at the interface region between the base layer and the overlayer
      and consists of a graded transition of cadmium and selenium with
      increasing amounts of aluminum and oxygen. An alternative body is
      disclosed omitting the overlayer. A blocking contact is provided within a
      portion of the body including the overlayer and/or the transition region.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cadmium selenide photoconductive devices and more
      particularly to photoconductive devices employing cadmium selenide bodies
      which include a blocking contact, or heterojunction, similar in electrical
      characteristics to a p-n junction.
PAR  Cadmium selenide bodies are known which display high photosensitivities
      when employed in photoconductive light sensitive devices. This and other
      advantages makes such cadmium selenide bodies particulary desirable for
      use in photoconductive imaging devices such as camera tubes, or as
      coatings for electrophotographic plates. Unfortunately, unstable and/or
      high dark currents normally associated with such prior art photoconductive
      bodies, have precluded their general commercialization in light sensitive
      devices.
PAR  Recently, researchers in the field of cadmium selenide photoconductors have
      sought to improve the dark current characteristics associated with cadmium
      selenide bodies by incorporating an overlayer of cadmium salt of oxy-acid
      on a base layer of cadmium selenide by somewhat complicated processing
      methods. The purpose of this overlayer is to stablilize and reduce the
      dark current by forming a blocking contact to electrons within the body
      whereby the body may be depleted in a manner analogous to a p-n junction.
      Such a photoconductor body is, for example, described in U.S. Pat. No.
      3,816,787, issued to K. Shimizu et al. on June 11, 1974. Alternative
      cadmium selenide bodies having low and stable dark current characteristics
      are, however, desired wherein less complicated methods may be employed for
      their manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  A low dark current photoconductive body includes in a direction of
      thickness between opposed surfaces: (1) a first material region
      substantially of cadmium selenide, and (2) a second material region
      substantially of aluminum oxide. A transition region is provided at the
      interface between the first and second material regions which consists of
      a graded transition of cadmium and selenium with increasing amounts of
      aluminum and oxygen. An alternative body is disclosed wherein the second
      material region is omitted. A blocking contact is provided within a
      portion of the body including the second material region and/or the
      transition region.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a typical vidicon-type camera tube
      including a preferred target in accordance with the invention.
PAR  FIG. 2 is an exaggerated cross-sectional view of a preferred target of the
      tube of FIG. 1.
PAR  FIG. 3 is a simplified drawing of a reactive sputtering apparatus for
      fabricating the target.
PAR  FIG. 4 is a graph showing a typical workpiece current profile achieved
      within the apparatus of FIG. 3 over a typical exposure period of 90
      minutes.
PAR  FIG. 5 and FIG. 6 graphically depict Auger spectroscopy chemical depth
      profiles for two similar photoconductive bodies made in accordance with
      the invention but subjected to differing exposure periods within the
      apparatus depicted in FIG. 3.
PAR  FIG. 7 is a graph displaying the dark current characteristics at various
      target operating voltages of a preferred embodiment of a target
      substantially as shown in FIG. 2.
PAR  FIG. 8 is an exaggerated cross-sectional view of an alternative structural
      arrangement of a target in accordance with the invention.
PAR  FIG. 9 is an exaggerated cross-sectional view of an alternative target in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a vidicon-type camera tube 10 wherein a
      target 11 is mounted at one end of an evacuated elongated tubular envelope
      14. A transparent faceplate 16 is hermetically sealed to the target end of
      the envelope 14 by means of a conductive sealant ring 17.
PAR  Referring to FIG. 2, the target 11 is shown in greater detail. The target
      11 includes: transparent conductive coating 18 which is formed along an
      inner surface 20 of the faceplate 16 and a photoconductive body 12 which
      is fabricated along a major surface of coating 18 opposite to the surface
      in contact with the faceplate 16. A conductive sealant ring 17 (FIG. 1)
      of, for example, indium makes electrical contact to the coating 18 of the
      target 11 and provides, together with an electron beam forming and
      scanning means 22 (FIG. 1), a means of externally applying an electrical
      potential across opposed surfaces 24 and 26 of the body 12. The electron
      beam forming and scanning means 22 includes necessary electrodes, fixably
      mounted and secured within the elongated interior of the envelope 14, for
      producing and scanning an electron beam along a path across the exposed
      major surface 26 of the body 12. A plurality of electrical lead-in pins 21
      (FIG. 1) are hermetically sealed through a stem portion of an end of
      envelope 14 opposite to the target 11. The pins 21 are electrically
      connected to respective ones of the electrodes internally within the
      envelope 14 in a manner well known in the art.
PAR  Referring to FIG. 2, the photoconductive body 12 comprises in a direction
      of thickness progressing from the major surface 24 to the other opposed
      major surface 26: (1) a first material region 12a substantially of n-type
      cadmium selenide; (2) a second material region 12b consisting of an
      insulating overlayer substantially of aluminum oxide; and (3) a third
      material region 12c consisting of a high resistance chalcogenide compound
      having a resistivity exceeding 10.sup.8 ohm-cm.
PAR  A transition region 12d is provided at the interface region between the
      first and second material regions 12a and 12b and comprises a thin graded
      transition of the materials and/or the individual elements of the abutting
      first and second regions 12a and 12b.
PAR  A semiconductor-insulator blocking contact is within a portion of the
      photoconductor 12 which consists of the transition region 12d and the
      overlayer 12b. The "blocking contact" as herein defined constitutes a
      portion of the photoconductive body 12 having a considerably decreased
      concentration of majority carriers relative to the majority carrier
      concentration associated with the first material region 12a, whereby
      non-photogenerated majority carriers, (i.e. electrons from the electron
      beam) are substantially blocked or prevented from entering or being
      conducted into the first material region 12a of the photoconductive body,
      and whereby photogenerated minority carriers within the first material
      region 12a may be effectively conducted to combine with the
      non-photogenerated majority carriers within the second material region
      12b. The combined depth or thickness of the second material region 12b and
      the transition region 12d is preferably selected to stabilize the dark
      current associated with the operation of the photoconductive body 12 at
      low values over substantial periods of time exceeding 100 hours. In this
      regard, the combined thickness of region 12b and region 12d preferably is
      from approximately 100 Angstroms to approximately 500 Angstroms; however,
      other thicknesses less than about 5000 Angstroms may be employed to
      advantage.
PAR  In preferred embodiments, the photoconductive body 12 is fabricated or
      formed on a transparent conductive coating 18 which has been previously
      deposited along the major surface 20 of the faceplate 16 as shown in FIG.
      2. The transparent conductive coating 18 may for example, comprise a tin
      oxide material, SnO.sub.2, which is predeposited on the faceplate 16 by
      techniques well known in the art.
PAR  In the fabrication of the preferred photoconductive body 12 for the tube
      10, a 1 to 2 micron thick overlayer of cadmium selenide is first vapor
      deposited in a vacuum of preferably less than 10.sup..sup.-5 torr on the
      available major surface of the transparent conductive coating 18 (i.e. the
      "substrate"), while maintaining the substrate at a temperature within the
      range of from about 200.degree. C. to about 500.degree. C.
PAR  The faceplate or substrate 16 which includes the cadmium selenide overlayer
      (i.e. the "workpiece") is preferably thereafter treated as for example, by
      a thermal or baking process to optimize the photoconductive properties of
      the cadmium selenide. The material composition of region 12a is preferably
      primarily polycrystalline and preferably includes crystallites of multiple
      crystallographic phases having substantially uniform cross-sectional
      dimensions (i.e., diameter or width) of substantially less than 20
      microns.
PAR  Referring now to FIG. 3, there is shown a reactive sputtering apparatus for
      fabricating the photoconductive body 12.
PAR  The apparatus 30 includes a cylindrically-shaped dome-like vacuum chamber
      32 enclosed by a base plate 34 and a bell jar 36. A platinum plate anode
      electrode 40 is vertically mounted within the chamber 32 in substantially
      parallel spaced relation from an aluminum ring cathode electrode 42 by
      vertical support posts 46 and 44, respectively. A workpiece holder 52 is
      fixably mounted in a horizontal plane perpendicular to the vertical planes
      along which the respective electrodes 40 and 42 are positioned. The
      workpiece holder 52 comprises an insulated enclosure including a hollowed
      bottom or cup-like portion 58.
PAR  During fabrication, a plurality of target workpieces 59, each of which
      consists of a faceplate 16 including the tin oxide coating 18 and the
      cadmium selenide overlayer 12a (fabricated as previously described), are
      positioned within the interior of the cup-like portion 58. Each workpiece
      59 is positioned such that a surface portion of the first material region
      12a of each workpiece 59 is substantially in aligned relation with one of
      a plurality of mask-like through-openings, or apertures, (not shown)
      extending through the bottom of the cup-like portion 58. A spring assembly
      60, including workpiece holder members 56, is positioned within the
      cup-like portion 58 to secure and retain the aligned workpiece 59 therein
      and to make electrical contact to their respective transparent conductive
      coatings 18. Thereafter, a top plate 61 is secured to the upper lip of the
      cup-like portion 58 and the assembled workpiece holder 52 is thereafter
      fixably positioned within the chamber 32 by means of interconnected
      vertical support post 54.
PAR  The unmasked cadmium selenide surface portions of each of the workpieces 59
      are preferably positioned or aligned along a plane which is parallel to a
      central axis passing through the disc-like platinum plate 40 and aluminum
      ring 42, but displaced therefrom by a perpendicular distance of
      approximately 15cm.
PAR  After the workpieces 59 are mounted within the workpiece holder 52, as
      previously described, the bell jar 36 is placed in registry with the base
      member 34 to form therewith a vacuum seal (not shown). The chamber 32 is
      then evacuated by means of an evacuation system connected to an exhaust
      port 38 in a manner well known in the art to a pressure level of
      preferably less than 10.sup..sup.-2 torr. A direct current voltage of from
      about 600 to about 1500 volts D.C. is then applied between anode and
      cathode electrodes 40 and 42 (via electrical leads 49 and 48,
      respectively) by means of a voltage source V.sub.1. Thereafter, oxygen is
      introduced through an oxygen inlet 37 into the chamber 32 until a suitable
      plasma current level (i.e. the current level through meter A.sub.1) is
      established within the chamber 32. A plasma current level of about 56
      milliamperes is preferred; however, the current may be varied to advantage
      depending upon the size and configuration of the anode and cathode
      electrodes 40 and 42 and the level of electron emission desired from the
      cathode electrode 42. A total or partial pressure of oxygen within chamber
      32 within the range of from about 0.1 to about 0.5 torr has been found to
      be particularly desirable. A plasma cloud or glow discharge field region
      composed of ions of oxygen is created between the electrodes 40 and 42,
      and about their peripheral edges. A variable voltage is thereafter applied
      between the coating 18 of each of the workpieces 59 and the anode
      electrode 40 by an electric circuit arrangement including a voltage source
      V.sub.3, as shown in FIG. 3. Electrons released during glow discharge are
      thereafter accelerated to impinge or bombard each of the exposed, or
      unmasked cadmium selenide surface portions of the workpieces 59.
      Similarly, any negative oxygen ions which may be formed during glow
      discharge are also accelerated and bombard the unmasked surface portions
      of the workpieces 59.
PAR  The variable voltage applied between coating 18 of each workpiece 59 and
      the electrode 40 may be generated, as shown in FIG. 3, by means of the
      voltage source V.sub.3 in series with a variable resistor R.sub.1. The
      voltage of the source V.sub.3 is preferably approximately 25 volts D. C.
      The resistance of R.sub.1 is selected to provide effective adjustible
      control of a current through source V.sub.3 between the cathode electrode
      42 and workpieces 59 at a level measured by the meter A.sub.2. The current
      level through meter A.sub.2 is preferably controlled at an effective level
      whereby the respective exposed unmasked surfaces of the workpieces 59 are
      sufficiently bombarded by electrons to provide proper conditioning or
      activation of each of those surfaces to form a blocking contact. In this
      regard, current level A.sub.2 is preferably maintained or stabilized, at a
      level or average value per unit of exposed or unmasked surface area of the
      workpieces 59, less than about 1 milliampere per cm.sup.2.
PAR  Referring to FIG. 4, there is graphically shown current profile of
      preferred and substantially stable workpiece current levels in
      mA./cm..sup.2 of exposed workpiece area measured on meter A.sub.2 for a
      typical exposure period of 90 minutes.
PAR  Exposure of the workpieces 59 within the apparatus 30 provides controlled
      electron bombardment of each unmasked workpiece surface portion during the
      simultaneous "reactive" sputter deposition of aluminum and oxygen along
      each bombarded surface. Atoms of aluminum and oxygen, or aluminum oxide
      molecules, are continually deposited along the exposed unmasked surface
      portions of each workpiece 59 to a controlled depth related to the length
      of time of that sputter exposure or deposition period (hereinafter
      "exposure period").
PAR  It is believed that the controlled electron bombardment of the exposed
      unmasked surface portions of the workpieces 59 within the apparatus 30
      "reactively" conditions those surfaces by, for example, cleaning and/or
      removing undesirable surface oxides, or other surface contaminants, and
      also possibly provides a controlled heating or activation of those
      surfaces, essential to the fabrication of the blocking contact within the
      second material region 12b and/or the transition region 12d.
PAR  Furthermore, a controlled interdiffusion of the material or elements in the
      region of the interface between the cadmium selenide region 12a and the
      sputter deposited overlayer of aluminum and oxygen occurs whereby the
      transition material region 12d is fabricated. If the exposure period is
      continued for a sufficient length of time, a region 12b substantially of
      aluminum oxide is fabricated over the transition region 12d. The
      workpieces 59 are preferably exposed within the apparatus 30, as described
      above, for a period of time of from about 1 to about 3 hours. Other
      exposure periods may be employed to advantage; however, the time period of
      exposure should be adequate to provide for the formation of a stable and
      effective blocking contact (i.e. a blocking contact having stable
      relatively low dark current characteristics of less than about 20
      nanoamperes) over substantial operating periods of time in excess of 100
      hours. In this regard, a preferred period of exposure for the target 11 is
      believed to correspond to the time period necessary to achieve a thickness
      of the second material region 12b which exceeds approximately 100
      Angstroms.
PAR  Referring to FIGS. 5 and 6, there is graphically depicted a chemical depth
      profile of two substantially similar photoconductive bodies made in
      accordance with the invention, in which differing exposure periods of 4
      minutes and 90 minutes, respectively, were employed within the apparatus
      30. The chemical depth profiles depicted in FIGS. 5 and 6 were obtained by
      Auger spectroscopy methods employing ion milling (i.e. the sputtering off
      of surface atoms). Such analytical techniques are known in the art and are
      thoroughly referenced in "Analytical Auger Electrospectroscopy" by Chuan
      C. Chang, in the book entitled Characterization of Solid Surfaces, edited
      by P. F. Kane and G. B. Larrabee, N.Y., Plenum Press, 1974, on pages
      509-576. Each of the samples depicted in FIGS. 5 and 6 was tested to
      insure operability as a vidicon target over a period of time of less than
      30 minutes prior to analysis to avoid distruction of the target as a
      consequence of the testing or analysis procedure.
PAR  Ion milling of the respective target samples depicted in FIGS. 5 and 6 was
      accomplished at a sputtering rate of approximately 50 Angstroms per minute
      (assuming a unity yield). However, because of possible deviations or
      variations in sputtering, or "ion milling," rates associated with the
      various atomic or elemental compositions of the respective samples at
      various levels, the sputtering rate or ion milling rate conceivably may
      have varied during the analysis within the range of from about 20
      Angstroms per minute to about 100 Angstroms per minute during the overall
      depth profile analysis. In FIGS. 5 and 6, there are graphically shown,
      along the ordinate axis, the "Corrected Auger Peak Heights" which were
      obtained for the various detectable chemical elements after specified
      sputtering or ion milling periods (shown along the abcissa axis) for each
      of the respective target samples being analyzed. An analysis of the data
      used to generate FIGS. 5 and 6 indicates that the Aluminum Auger line
      (e.g. 1396eV.) is shifted downward by about 10eV. in energy which is
      highly indicative of the oxide form of aluminum, that is Al.sub.2 O.sub.3.
PAR  In order to facilitate a uniform comparison of the data presented in FIGS.
      5 and 6, and for establishing a consistent approach for evaluating other
      structures of similar construction, various ones of the material regions
      comprising the respective structures are divided, as shown in FIG. 6, into
      specific material regions having thicknesses approximately delineated by
      the designations "A," "B," "C," and "D" which are uniquely associated with
      the regions 12a-12d, respectively. The boundary divisions between
      respective material regions of each of the structures of FIGS. 5 and 6
      were consistently located substantially at a vertical line of reference
      wherein an average of the two primary minor elements approximately equaled
      33 percent of the average of the two major or predominating elements.
      Thus, in FIG. 6, the boundary between region 12b and 12d (i.e. between B
      and D) was located at the line of reference where the average of the
      Corrected Auger Peak Heights associated with the minor elements of Cadmium
      and Selenium (about 16 1/2) was approximately 33 percent of the average of
      the Corrected Peak Heights associated with Aluminum and Oxygen (about 50).
      Vertical boundaries were also similarly established between regions 12d
      and 12a and between region 12b and 12c of the sample depicted in FIG. 6.
      With respect to FIG. 5, a single vertical boundary is shown between a
      region 12a and a region 12d, for the sample therein depicted, inasmuch as
      the exposure period for that sample (4 minutes) within the apparatus 30
      was substantially shorter than that necessary to form the region 12b in
      the manner previously described. Targets fabricated in this fashion have
      the structure shown in FIG. 9, wherein corresponding designation numbers
      are employed to designate similarities with the target depicted in FIG. 2.
      The target of FIG. 9 does not include the third material region 12c.
      Moreover, the target of FIG. 9 includes only an extremely thin transition
      region 12d of less than about 100 Angstroms in thickness. A target sample
      fabricated in this fashion was tested and found to include a blocking
      contact whereby substantially lower values of dark current were achieved
      over short periods of operation as a vidicon target. On the other hand,
      target samples similar to that depicted in FIG. 6 have been tested for
      longer periods and found to retain substantially stable and low dark
      current characteristics over substantial periods of time in excess of 100
      hours and even approaching, or exceeding, operating periods of 1000 hours.
      It is believed that the incorporation of a transition region 12d and a
      second material region 12b (such as depicted in FIG. 6), substantially of
      aluminum oxide Al.sub.2 O.sub.3, having a combined thickness exceeding
      about 100 Angstroms is particularly preferred for avoiding the degradation
      or deterioration of the blocking contact over longer operating periods of
      time, as vidicon targets, exceeding 100 hours. Alternative structures,
      such as that depicted in FIG. 9, may be employed in later described
      embodiments to particular advantage wherein only an extremely thin
      transition region 12d is required along the exposed unmasked surface of
      the workpieces 59 without the necessity of the additional region 12b. The
      inclusion of the third material region 12c along region 12d or 12b, may
      also assist in stabilizing dark current characteristics over long
      operating periods.
PAR  The material region 12c of the target 11 is preferably included as a
      portion of photoconductive bodies which are fabricated for use as vidicon
      targets, however its inclusion is not critical to the inventive concept
      herein disclosed. The material composition of region 12c preferably
      consists of a chalcogenide of high resistance (i.e. greater than about
      10.sup.8 ohm-cm.) having a secondary emission coefficient of less than
      unity at typically employed target operation voltages (e.g. 5 volts to 50
      volts). Undesirable charging of the scanned surface of the target 11 as a
      consequence of secondary emission is thereby substantially avoided. Also,
      the high resistivity of the material region 12c, minimizes laterial
      leakage of charge along the scanned surface of the target 11 thereby
      substantially preserving for suitable periods of time the charge intensity
      pattern or charge image replica formed along the blocking contact region
      12d. For example, the material of region 12c may comprise a material
      selected from the group consisting of zinc sulfide, arsenic disulfide,
      arsenic trisulfide, arsenic triselenide, thallium sulfide, thallium
      selenide, zinc selenide, cadmium telluride, antimony trisulfide, antimony
      triselenide, and mixtures thereof.
PAR  In the operation of the vidicon 10, (FIG. 10) suitable voltages are applied
      to the lead-in pins 21 and the ring 17 in a manner well known in the art.
      During operation, a light image from the viewed scene passes through the
      faceplate 16 and the transparent conductive coating 18 and generates
      electron-hole carrier pairs in the first material region 12a of
      photoconductive body 12 in accordance with the intensity pattern of light
      from the viewed scene. The blocking contact within the target 11
      substantially prevents electrons from being injected or conducted from the
      electron beam into the cadmium selenide first material region 12a. In
      contrast, photogenerated holes within the region 12a sweep across the
      first material region 12a of the body 12 and eventually recombine with
      electrons accumulated along the opposite portion of the photoconductive
      body 12 which abuts the blocking contact, thereby reducing the electrical
      charge along that portion in accordance with the light intensity pattern
      of the viewed scene. The photogenerated electrons are conducted away from
      the target 11, by means of the transparent conductive layer 18 and by the
      sealant ring 17, to a suitable source of electrical potential connected
      thereto.
PAR  In the operation of the target 11 within a vidicon such as depicted in FIG.
      1, relatively high sensitivities have been achieved at relatively low
      target operating voltages (i.e., 15 volts to 30 volts). Furthermore, novel
      targets fabricated in the preferred manner display stable and low dark
      currents at such operating voltages of less than 10 nanoamperes for
      periods of time exceeding 100 hours. Referring to FIG. 7 there is shown a
      graph comparing the signal current and dark current characteristics of a
      typical vidicon which incorporates a preferred embodiment of the target
      11, fabricated as previously described, relative to various operating
      voltages.
PAR  While the photoconductive body 12 may be fabricated as described above for
      use as a vidicon target 11, a number of alternative and particularly
      useful photoconductive devices may be similarly fabricated. For example,
      in its simplest form a photoconductive device may be fabricated in the
      manner similar to that of the structure depicted in FIG. 2 either as a
      photodiode or as an electrophotographic imaging plate 60 as shown in FIG.
      8. An alternative simpler construction of a photodiode or
      electrophotographic plate might also be employed having a structure
      similar to that depicted in FIG. 9, effectively omitting the second and
      third material regions analogous to regions 12b and 12c.
PAR  Referring specifically to FIG. 8, photoconductive body 70 includes first
      and second material regions 70a and 70b, analogous in function to the
      first and second material regions 12a and 12b, respectively, described
      above with regard to FIGS. 1 and 2. A transition region 70d is fabricated
      between the first and second material regions 70a and 70b of the device 60
      analogous in function to the transition region 12d previously described. A
      blocking contact is also provided within the transition and second
      material regions 70d and 70b as previously described. Preferably, the
      photoconductive body 70 is fabricated by the methods previously described
      with regard to the vidicon target 11, with minor variations herein
      described.
PAR  In the embodiment shown in FIG. 8, electrical contact is established to the
      opposed major surfaces 62 and 64 of the photoconductive body 70 by means
      of a pair of contacting electrodes 68 and 72 respectively. The electrode
      68 may, for example, comprise a transparent conductive coating, such as
      tin oxide, SnO.sub.2, deposited along a transparent supporting substrate
      66 of, for example, glass in a manner similar to that previously described
      for the target 11. The electrode 72 may comprise, for example, a removable
      metal contacting plate.
PAR  With the diode structure shown in FIG. 8, the electrical conductivity of
      the device 60 varies in accordance with the intensity of light impinging
      upon the photoconductive body 70 through the transparent electrode 68. In
      alternative structures, the electrode 68 may comprise a self-supporting
      metal electrode in ohmic contact with the photoconductive body 70, in a
      manner well known in the art, thereby avoiding the need for the substrate
      66.
PAR  Unlike the vidicon 10 previously described, a photodiode such as shown in
      FIG. 8 does not require a third material region 70c, analogous to the
      region 12c of FIG. 2, for the reason that an electron injection contact is
      provided by the electrode 72 which is in direct electrical contact wtih
      the photoconductive body 70. The third material region 12c is preferred
      only for structures employing an electron beam contact for establishing a
      charge pattern within the portion of the photoconductive body abutting the
      blocking contact.
PAR  The photoconductive body 70 may also be used as an imaging plate of an
      electrophotographic device. For such use, a negative charge of electrical
      potential is placed across the surface 64 of the photoconductive body 70.
      This can be achieved by placing the metal electrode 72 temporarily in
      contact with a surface of the material region 70b, and by applying a bias
      between that electrode and the electrode 66. Because of the
      semiconductor-insulator locking contact within the transition and second
      material regions, 70d and 70b, electrons are trapped and accumulated along
      a portion of the photoconductive body abutting the blocking contact.
PAR  The photoconductive body 70 is then exposed to a light image from the scene
      being photographed, such as a printed page. The light image of the viewed
      scene is focussed to impinge upon either major surface 62 and 64 of the
      body 70 through the transparent electrode 68, or alternatively after
      removal of the electrode 72. The light from the image enters the body 70
      to generate electron-hole carrier pairs within the first material region
      70a. Photogenerated holes travel through the transition material region
      70d and the blocking contact to recombine with electrons accumulated along
      the abutting portion of the photoconductive body 70. This leaves a
      residual pattern of accumulated charge carriers along the portion of the
      photoconductive body 70 abutting the blocking contact opposite region 70a,
      which is substantially a charge replica of the image of the scene being
      photographed.
PAR  A source of ink particles is passed over the second material region 70b in
      a structure wherein the contacting electrode 72 may be temporarily moved.
      The ink particles are attracted to the exposed surface portions of the
      material region 70b which are charged by the accumulated negative charge
      so as to provide an ink pattern along its surface. The ink pattern is then
      transferred to a permanent support, such as a sheet of paper, and is
      bonded thereto, such as by heating.
PAR  Unlike prior art cadmium selenide electrophotographic plates, the novel
      above-described employs a photoconductive body having particularly
      desirable characteristics such as, for example, highly stable dark current
      and low operating voltage.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photoconductive device comprising:
PA1  a. a photoconductive body including in a direction of thickness:
PA2  1. a first material region substantially of n type electrical conductivity
      cadmium selenide;
PA2  2. a second material region substantially of aluminum oxide;
PA2  3. a transition region along an interfacing region between said first and
      second material regions consisting of a graded atomic transition of the
      material compositions of said first and second material regions;
PA1  b. a blocking contact within a portion of said photoconductive body
      including said transition and second material regions;
PA1  c. contacting means for applying an electrical potential across opposed
      major surfaces of said body whereby charged carriers may be conducted
      through said body in said direction of thickness in accordance with light
      impinging on said body.
NUM  2.
PAR  2. A photoconductive device in accordance with claim 1, wherein said
      transition region consists of a material having a graded atomic
      composition, progressing in a direction of thickness from said first to
      said second material regions, initially of substantially equal amounts of
      cadmium and selenium substantially as CdSe, to an atomic composition
      substantially of aluminum and oxygen in the ratio of approximately 2 to 3.
NUM  3.
PAR  3. The photoconductive device of claim 2, wherein said cadmium selenide is
      substantially polycrystalline and includes multiple crystallographic
      phases.
NUM  4.
PAR  4. The photoconductive device of claim 3, wherein the combined thickness of
      said second material region and transition region is less than about 5,000
      Angstroms.
NUM  5.
PAR  5. The photoconductive device of claim 4, wherein said body additionally
      includes a third material region on said second material region consisting
      of a high resistance chalcogenide compound having a resistivity of greater
      than 10.sup.8 ohm-cm.
NUM  6.
PAR  6. The photoconductive device of claim 5, wherein said high resistance
      compound consists of a material selected from the group consisting of zinc
      sulfide, arsenic disulfide, arsenic trisulfide, arsenic triselenide,
      thallium sulfide, thallium selenide, zinc selenide, cadmium telluride,
      antimony trisulfide, antimony triselenide, and mixtures thereof.
NUM  7.
PAR  7. The photoconductive device of claim 1, wherein said contacting means
      includes an electrically conductive film on one of said major opposed
      surfaces of said body on said first material region.
NUM  8.
PAR  8. The photoconductive device of claim 7, wherein said film is transparent.
NUM  9.
PAR  9. A photoconductive imaging device in accordance with claim 8, wherein
      said first material region is approximately 1 to 2 microns in thickness,
      and wherein the combined thickness of said transition and second material
      regions is from approximately 100 to approximately 500 Angstroms.
NUM  10.
PAR  10. A camera tube comprising:
PA1  a. an evacuated envelope with a transparent portion,
PA1  b. an electron beam forming and scanning means for scanning an electron
      beam along a path within the envelope; and
PA1  c. a target mounted within the envelope in the path of the electron beam
      and including a major surface for receiving a light image transmitted
      through said transparent portion; the target including:
PA2  1. a photoconductive body including in a direction of thickness:
PA3  i. a first material region substantially of n type electrical conductivity
      cadmium selenide;
PA3  ii. a second material region substantially of aluminum oxide;
PA3  iii. a transition region along an interfacing region between said first and
      second material regions consisting of a graded atomic transition of the
      material composition of said first and second material regions; and
PA2  2. a blocking contact within a portion of said photoconductive body
      including said transition and second material regions.
NUM  11.
PAR  11. A camera tube in accordance with claim 10, wherein said transition
      material region is substantially of contrasting electrical conductivity to
      that associated with said first material region;
PA1  said transition material region having a graded atomic composition,
      progressing in a direction of thickness from said first to said second
      material region, consisting initially of substantially equal amounts of
      cadmium and selenium to an atomic composition consisting substantially of
      aluminum and oxygen in the ratio of approximately 2 to 3.
NUM  12.
PAR  12. A camera tube in accordance with claim 11, wherein the combined
      thickness of said transition and second material regions is less than
      about 5,000 Angstroms.
NUM  13.
PAR  13. A camera tube in accordance with claim 12, wherein said first material
      region is approximately 1 to 2 microns in thickness, and wherein the
      combined thickness of said transition and second material regions is from
      approximately 100 to 500 Angstroms.
NUM  14.
PAR  14. A camera tube in accordance with claim 11, wherein said cadmium
      selenide is substantially polycrystalline and includes multiple
      crystallographic phases.
NUM  15.
PAR  15. A camera tube in accordance with claim 14, additionally comprising a
      third material region consisting of an overlayer on said second material
      region of a high resistance chalcogenide compound having a resistivity of
      greater than 10.sup.8 ohm-cm.
NUM  16.
PAR  16. A camera tube in accordance with claim 15, wherein said high resistance
      compound consists of a material selected from the group consisting of zinc
      sulfide, arsenic disulfide, arsenic trisulfide, arsenic triselenide,
      thallium sulfide, thallium selenide, zinc selenide, cadmium telluride,
      antimony trisulfide, antimony triselenide, and mixtures thereof.
NUM  17.
PAR  17. A camera tube in accordance with claim 16, wherein a portion of the
      surface of said transparent portion within the interior of said envelope
      includes a transparent electrically conductive film having a major surface
      in electrical contact with said first material region of said target.
NUM  18.
PAR  18. A camera tube in accordance with claim 17, wherein said film consists
      essentially of tin oxide.
NUM  19.
PAR  19. A photoconductive device comprising:
PA1  a. a photoconductive body including in a direction of thickness:
PA2  1. a region substantially of n type electrical conductivity cadmium
      selenide, and
PA2  2. a transition region abutting said cadmium selenide region substantially
      of a graded atomic composition, progressing in a direction of thickness
      away from said cadmium selenide region, of initially cadmium selenide to a
      composition of cadmium and selenium with increasing amounts of aluminum
      and oxygen, said transition region including a blocking contact;
PA1  b. contacting means for applying an electrical potential across opposed
      major surfaces of said body whereby charged carriers may be conducted
      through said body in said direction of thickness in accordance with light
      impinging on said body.
NUM  20.
PAR  20. The photoconductive device of claim 19, wherein said cadmium selenide
      is substantially polycrystalline and includes multiple crystallographic
      phases.
NUM  21.
PAR  21. The photoconductive device of claim 20, wherein said body additionally
      includes along said transition region a region consisting of a high
      resistance chalcogenide compound having a resistivity of greater than
      10.sup.8 ohm-cm.
NUM  22.
PAR  22. The photoconductive device of claim 21, wherein said high resistance
      compound consists of a material selected from the group consisting of zinc
      sulfide, arsenic disulfide, arsenic trisulfide, arsenic triselenide,
      thallium sulfide, thallium selenide, zinc selenide, cadmium telluride,
      antimony trisulfide, antimony triselenide, and mixtures thereof.
NUM  23.
PAR  23. The photoconductive device of claim 22, wherein said contacting means
      includes an electrically conductive film on one of said major opposed
      surfaces of said body on said first material region.
NUM  24.
PAR  24. The photoconductive device of claim 23, wherein said film is
      transparent.
NUM  25.
PAR  25. A camera tube comprising:
PA1  a. an evacuated envelope with a transparent portion,
PA1  b. an electron beam forming and scanning means for scanning an electron
      beam along a path within the envelope; and
PA1  c. a target mounted within the envelope in the path of the electron beam
      and including a major surface for receiving a light image transmitted
      through said transparent portion; the target including:
PA2  1. a photoconductive body including in a direction of thickness;
PA3  i. a region substantially of n type electrical conductivity cadmium
      selenide;
PA3  ii. a transition region abutting said cadmium selenide region substantially
      of a graded atomic composition, progressing in a direction of thickness
      away from said cadmium selenide region, of initially cadmium selenide to a
      composition of cadmium and selenium with increasing amounts of aluminum
      and oxygen, said transition region including a blocking contact.
NUM  26.
PAR  26. A camera tube in accordance with claim 25, wherein said transition
      material region is substantially of contrasting electrical conductivity to
      that associated with said first material region.
NUM  27.
PAR  27. A camera tube in accordance with claim 26, wherein said cadmium
      selenide is substantially polycrystalline and includes multiple
      crystallographic phases.
NUM  28.
PAR  28. A camera tube in accordance with claim 27, additionally comprising an
      overlayer on said second material region of a high resistance chalcogenide
      compound having a resistivity of greater than 10.sup.8 ohm-cm.
NUM  29.
PAR  29. A camera tube in accordance with claim 28, wherein said high resistance
      compound consists of a material selected from the group consisting of zinc
      sulfide, arsenic disulfide, arsenic trisulfide, arsenic triselenide,
      thallium sulfide, thallium selenide, zinc selenide, cadmium telluride,
      antimony trisulfide, antimony triselenide, and mixtures thereof.
NUM  30.
PAR  30. A camera tube in accordance with claim 29, wherein an inner surface of
      said transparent portion includes a transparent electrically conductive
      film having a major surface in electrical contact with said cadmium
      selenide region of said target.
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ABST
PAL  The display screen of a colour cathode ray tube comprises a line pattern of
      elongated phosphor regions. The elongate apertures in the shadow mask
      having the shape of an approximately spherical sector are arranged along
      curved lines which during the manufacture of the tube are aligned in one
      flat plane with the central axis of a linear light source located in the
      deflection region.
BSUM
PAR  The invention relates to a cathode-ray tube for displaying coloured
      pictures comprising in an evacuated envelope means to generate at least
      two electron beams the axes of which are located in a flat plane, a
      display screen comprising a large number of linear regions luminescing in
      at least two different colours, and a colour selection electrode which is
      curved in two directions and comprises a large number of elongate
      apertures which are arranged in rows corresponding to the said linear
      luminescing regions, said electron beams being each associated with
      luminescent regions of one colour by means of the said colour selection
      electrode.
PAR  Such a cathode-ray tube is known from the U.S. Pat. No. 2,690,518. The
      linear luminescent regions are generally provided by means of a
      photochemical method in which a photosensitive layer is exposed to the
      light of a light source through the apertures in the colour selection
      electrode. It has been found that an elongate light source, whose length
      direction is substantially parallel to the linear luminescent regions, can
      best be used for this purpose. The rows of elongate apertures are parallel
      in the known tube, which means that their center lines on the curved
      colour selection electrode lie in planes which are parallel to each other
      and to the main axis of the tube.
PAR  It has now been found that with such a colour selection electrode the said
      elongate light source yields linear luminescent regions whose edges are
      undulated. It is the object of the invention to provide a cathode-ray tube
      of the type mentioned in the first paragraph in which the linear
      luminescent regions have substantially straight edges.
PAR  According to the invention, a cathode ray tube of the type mentioned in the
      first paragraph is characterized in that the center line of each of the
      said rows of apertures is located substantially in a transverse flat plane
      coinciding with a line which, in the deflection region of the said
      electron beams, intersects the said normally horizontal flat plane through
      the electron beams at right angles.
PAR  The invention is based on the recognition of the fact that in the case of
      parallel rows of elongate apertures in the colour selection electrode the
      reproductions on the said photosensitive layer of the apertures which are
      located in the elongation of each other enclose a small angle with the
      center line of the reproduction of the whole row. It has been found that
      this is caused by the curvature of the colour selection electrode. As a
      result of this the linear luminescent region which is formed by a
      succession of said reproductions contains a more or less undulating edge.
      The invention prevents this by arranging each elongate aperture of a row
      in one flat plane coinciding with the axis of the elongate light source.
      As is known, the light source must be arranged in the deflection point of
      the relevant electron beam so as to obtain a good correspondance of the
      luminescent regions with the spots of the electron beams. In connection
      herewith, the center line of each row of apertures should be located
      substantially in one plane with a line which, in the deflection region,
      intersects the plane through the electron beams at right angles.
PAR  A favourable construction of the colour selection electrode is such that
      the pitch between the said rows of apertures increases from the center of
      the colour selection electrode towards the edge measured along a line
      through the said center and at right angles to the said rows. As a result
      of this it is prevented that the pitch in the corners becomes needlessly
      small, which is detrimental to the colour purity at that area.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawing, of which,
PAR  FIG. 1 shows a cathode-ray tube for displaying coloured pictures according
      to the invention,
PAR  FIG. 2 is a diagrammatic representation to illustrate the invention,
PAR  FIG. 3 shows the light pattern which is obtained upon exposure through the
      apertures of a conventional colour selection electrode.
PAR  FIG. 4 shows the shape of the linear luminescent regions which are the
      result of FIG. 3, and
PAR  FIG. 5 is an elevation of a colour selection electrode of a tube according
      to the invention.
DETD
PAR  The cathode-ray tube for displaying coloured pictures shown in FIG. 1
      comprises a glass envelope 1 consisting of a face plate 2, a cone 3 and a
      neck 4. An electron gun 5 for generating three electron beams 6, 7 and 8
      is arranged in the neck 4. Prior to their deflection the electron beams 6,
      7 and 8 are located in one plane which in FIG. 1 corresponds to the plane
      of the drawing. The tube furthermore comprises deflection coils 9 for
      scanning, by means of the electron beams 6, 7 and 8, the display screen 10
      which is provided on the inside of the face plate 2. The deflection region
      of the electron beams 6, 7 and 8 is denoted by the arrow 30. The scanning
      occurs according to a frame the lines of which are parallel to the plane
      of the drawing, and in normal use of the tube are horizontal.
      Substantially parallel to and at a short distance from the display screen
      10 a colour selection electrode 11 (shadow mask) is arranged. The shadow
      mask 11 comprises a large number of elongate apertures 10 which are
      arranged in rows having a main direction at right angles to the plane of
      the drawing. The pattern of the apertures 12 is shown in FIG. 5. The
      display screen 10 comprises a large number of linear phosphor regions
      which are arranged in triplets each comprising a green, a blue and a red
      luminescing phosphor strip. A row of apertures in the shadow mask
      corresponds with each triplet in such manner that the electron beam 6
      impinges only on green luminescing phosphor strips and the beams 7 and 8
      impinge only on red and blue luminescing phosphor strips, respectively.
      The display screen 10 is manufactured by providing a photosensitive layer
      with green luminescing phosphor on the face plate 2 and exposing to the
      light of an elongate light source which is arranged in the deflection
      point of the electron beam 6, the shadow mask 11 being mounted in
      operative proximity to the face plate 2. After developing the
      photosensitive layer, a pattern of green luminescing phosphor strips is
      obtained in the places where the electron beam 6 impinges upon the display
      screen 10. The blue and red luminescing phosphor strips are provided in
      the same manner.
PAR  FIG. 2 shows diagrammatically an elongate substantially linear light source
      13 which exposes a face plate 2 with a photosensitive layer via the shadow
      mask 11. A row of elongate apertures in the shadow mask 11 is denoted by
      the line 16. The light of the light source 13 which impinges upon the face
      plate 2 via said row of apertures is denoted by the line 17. The main axis
      of the tube is denoted by 18 and intersects the shadow mask 11 in the
      point 14 and the face plate 2 in the point 15. The face plate 2 and the
      shadow mask 11 are considered spherical to an approximation with a radius
      R which is much larger than the distance from the point of intersection 19
      of the light source 13 with the axis 18 to the point 14. The distance
      between the points 14 and 19 is defined as L. A phosphor line with
      straight edges is obtained when the line 17 is the intersection of a flat
      plane 20 with the face plate 2, in which the flat plate 20 comprises the
      axis 21 of the light source 13. The shape of the line 16 is therefore
      determined by the intersection of the plane 20 with the shadow mask 11. It
      has been found that as a result of this curved rows of elongate apertures
      in the shadow mask are necessary, the concave side of which is directed
      towards the center 14 of the shadow mask 11.
PAR  FIG. 3 shows diagrammatically how the light source 13 is reproduced on the
      face plate 2, when said condition is not satisfied. In that case the light
      source 13 and the rows of elongate apertures in the shadow mask intersect
      each other everywhere at an acute angle except at the x-axis. The light
      spots 22 on the photosensitive layer correspond to a part of a row of
      elongate apertures in the shadow mask, the intermediate spaces are caused
      by the bridges between the apertures. The center line 27 is the
      reproduction of the center line of the row of apertures in the shadow mask
      through the central point of the light source. The left-hand edge 28 is
      the reproduction of the left-hand edge of the row of apertures through the
      lower end of the light source and the edge 29 is the reproduction of the
      right-hand edge of the row of apertures through the upper end of the
      inclined light source. In practice, the light spots slightly merge into
      each other so that an undulated phosphor line 23 is formed as is shown in
      FIG. 4.
PAR  The desired shape of the rows of apertures in the shadow mask 11 can be
      calculated as follows. FIG. 2 shows a coordinate system having an x-axis
      and an y-axis intersecting at the origin 14. The shadow mask 11 is
      considered substantially spherical with radius R. Furthermore the distance
      L between the points 14 and 19 is known and is considerably smaller than
      R. Taking the above stated approximation into consideration, the shape of
      the line 16 is then given by x = x.sub.n (1 - y.sup.2 /2RL), where x.sub.n
      is a parameter which is determined by the distance between the origin 14
      and the point of intersection of the line 16 with the x-axis.
PAR  FIG. 5 shows the shadow mask 11 as well as two rows of elongate apertures
      24 and 25 and the center lines of a number of other rows. Furthermore, the
      x-axis and the y-axis are shown in FIG. 5. As a matter of fact, the row of
      apertures 24 through the center 14 of the shadow mask is straight as
      follows immediately by considering FIG. 2, and from the stated formula it
      follows in connection with x.sub.n = 0 and hence x = 0 for each y. The
      center line of the row 25 is determined by x = x.sub.n (1-y.sup.2 / 2RL).
      It is to be noted that said formula can be applied in practice to the
      shape of the rows of apertures in a flat plate which, after providing the
      apertures, is made spherical with a radius R. Actually, by the
      conventionally used method of bulging the shape of the rows is hardly
      influenced. It should be noted that the shadow mask 11 in practice is not
      truly spherical; the deviations from the truly spherical shape can be
      determined by all kinds of causes which are not related to the invention.
PAR  The described shape of the rows of apertures in the shadow mask has for its
      result that their mutual distance in the x-direction, the pitch of the
      shadow mask, is not constant throughout the shadow mask. The pitch
      decreases with increasing absolute value of y and this effect is most
      prominent at the ends of the x-axis. When the pitch along the x-axis is
      maintained constant this has for its result that the pitch in the corners
      becomes needlessly small, which is detrimental to the colour purity at
      that area. This is counteracted by causing the pitch to increase towards
      the ends of the x-axis, for example in such manner that the pitch is
      constant along the diagonal 26. Therewith the variation of the pitch is
      mainly restricted to the regions at the ends of the x-axis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cathode-ray tube for displaying colored pictures comprising in an
      evacuated envelope means to generate at least two electron beams the axes
      of which are located in one flat plane, means to deflect said electron
      beams in a predetermined deflection region, a display screen comprising a
      large number of linear regions extending in a transverse direction to said
      plane and each luminescing in a different color, and a color selection
      electrode which is curved in two directions and comprises a large number
      of elongate apertures which are arranged in rows assigned to corresponding
      linear luminescent regions, said electron beams being each associated with
      luminescent regions of one color by means of the said color selection
      electrode, the rows of apertures on either side of a central row being
      curved such that the center line of each of the said rows of apertures is
      located substantially in a flat plane coinciding with a line which, in the
      deflection region, intersects the said flat plane through the electron
      beams at right angles, and the pitch between said rows of said apertures
      increasing from the center of the color selection electrode toward the
      edges when measured along a line through the center and at right angles to
      said rows, and being substantially constant when measured along a diagonal
      of the color selection electrode.
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ABST
PAL  A light filtering system for improving the spectral output from fluorescent
      lamps. A filter placed within the lamp envelope between the phosphor
      coating and the arc discharge path between the lamp electrodes, absorbs
      mercury arc radiation in the visible range while passing arc radiation in
      the ultraviolet range to excite the phoshor coating and produce visible
      light emitted through the outer envelope.
PARN
PAR  This is a continuation of application Ser. No. 456,272, filed Mar. 29,
      1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluorescent gaseous discharge lamps of the type
      commonly used as a source of artificial illumination and, more
      particularly, to a filtering system for improving the spectral output of
      such lamps.
PAR  Fluorescent lamps in common use today comprise a tubular envelope with
      electron-emitting electrodes at each end. The envelope is filled with a
      low pressure ionizable medium such as mercury vapor and a rare gas such as
      argon. When a suitable voltage is applied to the electrodes, an electrical
      discharge takes place in the mercury vapor which produces resonance
      radiation of the ionized mercury. This radiation occurs at a number of
      different wavelengths characteristic of mercury often referred to as the
      mercury lines. Part of this radiation is in the ultraviolet range and part
      is in the visible range. The ultraviolet part excites a phosphor coating
      on the inside of the lamp envelope which fluoresces to produce visible
      light emitted by the lamp. The lamp envelope is designed to attenuate a
      substantial portion of the ultraviolet emitted by the mercury arc which
      may be harmful and to pass the visible light from the irradiated phosphor
      coating. However, the lamp envelope also passes the mercury art radiation
      in the visible range which causes distortion in the spectral light energy
      distribution curve of the lamp.
PAR  It is believed that the spectral distortions in the light output of
      fluorescent lamps caused by mercury radiation are a form of light
      pollution which may produce undesirable biological effects in plants,
      animals and man. Research done in this field indicates that natural light
      from the sun is a very important factor affecting life on earth and that
      artificial light sources should approach natural daylight in spectral
      distribution as closely as possible. For that reason it is desirable to
      eliminate from the light output of fluorescent lamps the spectral
      distortions caused by mercury radiation so that the lamp produces light
      with a smooth spectral energy distribution curve more nearly resembling
      natural daylight.
PAR  Accordingly, it is an object of this invention to provide an improved
      fluorescent lamp producing a light output which is free of the spectral
      distortions caused by arc radiation.
PAR  A further object of the invention is to provide a filtering system for a
      fluorescent lamp which prevents mercury arc radiation in the visible range
      from passing outside of the lamp without interfering with the ultraviolet
      radiation which excites the phosphor coating on the lamp envelope to
      produce the desired light output of the lamp.
PAR  Further objects and advantages of the invention will become apparent as the
      following description proceeds.
PAC  SUMMARY
PAR  Briefly, in accordance with the invention a radiation filter is placed
      within the envelope of a fluorescent tube so that it lies between the
      mercury arc discharge path and the phosphor coating on the envelope. The
      filter comprises a material that passes radiation in the ultraviolet range
      and absorbs radiation in the visible range while the filtering provided by
      the lamp envelope has the opposite effect. Due to the combined filtering
      action of the filter and the lamp envelope, the mercury arc radiation in
      the visible range is attenuated by the filter while the mercury arc
      radiation in the ultraviolet range is passed through the filter to excite
      the phosphor coating. Visible light from the phosphor coating is passed by
      the lamp envelope but ultraviolet radiation from the mercury arc is
      attenuated so that only the visible light from the phosphor coating is
      emitted by the lamp. Thus spectral distortions in the visible light
      output, which would otherwise be caused by the mercury arc radiation, are
      eliminated.
DRWD
PAR  For a better understanding of the invention, reference should be to the
      following detailed description taken in connection with the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a fluorescent lamp provided with
      a filtering system in accordance with the present invention.
PAR  FIG. 2 is a cross sectional view of the lamp of FIG. 1 looking in the
      direction of the arrows 2--2.
PAR  FIG. 3 is a graphical representation showing the radiation transmission
      characteristics of the filter.
PAR  FIGS. 4 and 5 are graphical representations showing the spectral energy
      distribution curves of a fluorescent lamp useful in explaining the
      operation of the invention, and
PAR  FIG. 6 illustrates a modified form of the lamp shown in FIG. 1.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a fluorescent lamp 10 comprising an
      elongated tubular envelope 11 which is sealed and evacuated. The envelope
      is made of a suitable material, usually glass, and contains a fill of an
      inert gas such as argon and a small quantity of an ionizable material such
      as mercury so that the lamp can be operated at a low mercury vapor
      pressure usually in the range of 2 to 12 microns. In accordance with the
      usual commercial practice, the entire inner wall of the envelope is
      provided with a coating 12 of known phosphor materials having a
      composition selected to produce the desired visible light spectrum when
      excited by ultraviolet radiation from the lamp arc.
PAR  The envelope 11 is provided with base fixtures 13 and 14 at each end on
      which are mounted terminal pins 15 and 16. The ends of the envelope 11 are
      sealed by stems l7 and 18 through which extend lead-in wires 19 and 20
      connected to the pins 15 and 16. Supported from the inner ends of the
      wires 19 and 20 are cathode electrodes 21 and 22 in the form of a coil
      extending between the inner ends of the lead-in wires. As is well
      understood in the art, these electrodes are coated with suitable
      electron-emitting material such as alkaline earth oxides and may be heated
      to facilitate starting of the lamp by passing an electric current
      therethrough. When a suitable starting voltage is applied across the
      electrodes, an arc discharge takes place through the mercury vapor
      producing resonance radiation of the ionized mercury. This radiation
      excites the phosphor coating 12 to produce visible light in a well known
      manner.
PAR  The resonance radiation of the mercury arc occurs at a number of different
      wavelengths which are characteristic of mercury vapor. These are
      illustrated in FIG. 4 which, for example, shows a typical spectral energy
      distribution curve 23 for a cool white fluorescent lamp. The vertical dash
      line 24 is placed at a cutoff wavelength for the glass envelope 11 which
      is usually in the neighborhood of 400 millimicrons. At wavelengths in the
      visible range above 400 millimicrons the mercury radiation causes
      distortions in the curve 23 illustrated by the peaks 25, 26, 27 and 28
      occurring respectively at 404, 436, 546 and 579 millimicrons. In the
      ultraviolet range below 400 millimicrons mercury radiation also occurs at
      253 and 366 millimicrons. This is illustrated by peaks 29 and 30. These
      are shown as dotted lines since they do not radiate from the lamp being
      attenuated by the glass envelope 11. The mercury radiation at 253
      millimicrons from the low pressure mercury discharge is the one primarily
      absorbed by the phosphor coating 12 to produce visible light in the usual
      fluorescent lamp.
PAR  The fluorescent lamp as thus far described is of conventional construction.
      In operation, it has a visible light output curve, such as curve 23, which
      is distorted because of mercury arc radiation passed by the envelope 11 as
      illustrated by the peaks 25, 26, 27 and 28. It is noted that the mercury
      vapor lines or peaks are conventionally represented in FIG. 4 at 100 times
      their true width and at only 1/100 of their true intensity for convenience
      in graphical representation. Thus the mercury vapor radiation peaks are
      actually much higher than shown as would appear if they were shown as
      monochromatic lines rather than averaged over a 10 millimicron band. For
      the reasons pointed out above, these distortions are undesirable. In
      accordance with the invention, they are eliminated by a filtering system
      which will now be described.
PAR  Mounted within the envelope 11 so as to lie between the arc discharge path
      between electrodes 21 and 22 and the phosphor coating 12 is a tubular
      glass filter member 31. The filter member is centrally supported in a
      position spaced from the side walls of the envelope 11 so that it
      surrounds both electrode 21 and 22 and the arc discharge path
      therebetween. As shown, the filter is supported in this position by
      metallic wires 32, 33, 34 and 35 extending between the ends of the filter
      and the lead-in wires 19 and 20 and attached thereto in any suitable
      manner as by fusing to the filter and welding to the wires.
PAR  The filter member 31 is constructed of a glass or other suitable filter
      material that will pass ultraviolet radiation B from the mercury arc A,
      primarily the 253 millimicron radiation, so that it can excite the
      phosphor coating 12 to produce visible light C. The filter material
      absorbs most of the mercury arc radiation D in the visible range above 400
      millimicrons, and in this way substantially eliminates the distortion
      peaks 25, 26, 27 and 28 shown in FIG. 4. The result is a smooth spectral
      energy distribution curve 23.sup.1 shown in FIG. 5 which more nearly
      resembles the smooth spectral energy distribution curve of natural
      daylight. The ultraviolet radiation B from the mercury arc at 253 and 366
      millimicrons wavelengths passed by the filter member 31 is not emitted by
      the lamp since it is absorbed by the glass envelope 11.
PAR  The radiation transmission characteristics of one suitable material for the
      filter 31 are shown in FIG. 3. This material is a black glass UV
      transmitting filter known as an "Ealing" filter manufactured by the Ealing
      Corporation, Optics Division, 2225 Massachusetts Ave., Cambridge, Mass.
      02140 and identified by their catalog number 26- 5553. The curve 36 shows
      the internal transmittance characteristic of this material for various
      wavelengths in the visible and ultraviolet ranges. Referring to this
      curve, it will be noted that the absorption band for the visible region is
      only about 40 percent transmissive at 400 millimicrons wavelength and is
      less than 10% transmissive through most of its range including the
      significant mercury arc radiation at 436, 546 and 579 millimicrons
      wavelength. On the other hand, in the pass band for the 256 and 366
      phosphor-excitation mercury arc radiation the transmission is 70 percent
      or greater.
PAR  In FIG. 6 there is shown a modified form of the lamp construction of FIG.
      1. Here the filter member 31a has a large diameter so that it abuts the
      phosphor coating 12 on the inner wall of the envelope 11 forming a
      laminated construction. Although the filtering action is essentially the
      same, this construction has the advantage that no supporting wires are
      required to hold the filter in position, the supporting function being
      performed by the outer envelope 11. Also with this arrangement the entire
      space containing the ionized mercury vapor is enclosed by the filter
      material thus insuring that all of the arc radiation will be filtered.
PAR  While the filter 31 is illustrated as being made of glass, it may be made
      of other materials. Thus it may be made of one or more powders having
      suitable radiation absorption characteristics carried on a substrate
      transparent to ultraviolet radiation.
PAR  As will be apparent to those skilled in the art, the invention is not
      limited to a tubular fluorescent lamp of the type illustrated. The
      envelopes may have other shapes and may, for example, be in the shape of a
      bulb with suitable phosphor and filtering materials on the inside of the
      bulb. Also, the invention may be applied to lamps utilizing phosphors or
      fluorescent materials as light transformers wherein the arc discharge
      occurs in other metallic vapors which produce distortions in the light
      output of the lamp.
PAR  The invention is also well adapted for application to special fluorescent
      lamps utilizing a phosphor blend designed to simulate daylight more
      closely than the cool white type illustrated. Such a lamp is disclosed,
      for example, in U.S. Pat. No. 3,670,193. Because the filtering system of
      the present invention eliminates the metallic vapor radiation peaks which
      distort the light output, the result is a closer approach to natural
      daylight than has heretofore been possible with artificial light sources.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In a fluorescent lamp the combination comprising:;
PA1  a. an envelope having a phosphor coating thereon,
PA1  b. an ionizable medium within said envelope,
PA1  c. a pair of electrodes mounted within said envelope between which an arc
      discharge occurs upon operation of the lamp, and
PA1  d. filtering means arranged to extend between said phosphor coating and the
      path of said arc discharge, said filtering means comprising a material
      which has an internal transmittance with respect to arc radiation passing
      therethrough of not less than 70 percent in the ultraviolet
      phosphor-excitation range and not more than 40 percent in the visible
      range whereby the filtering means passes ultraviolet radiation from said
      arc discharge which excites said phosphor coating to produce visible light
      while substantially attenuating radiation from said arc discharge in the
      visible range which would otherwise cause spectral distortion in the light
      output of the lamp.
NUM  2.
PAR  2. The fluorescent lamp of claim 1 wherein the filtering means comprises a
      tubular member arranged to surround the electrodes and the arc discharge
      path therebetween.
NUM  3.
PAR  3. The fluorescent lamp of claim 1 wherein the envelope is formed of a
      material which transmits visible light while substantially attenuating
      radiation from the arc discharge in the ultraviolet range which is passed
      by the filtering means.
NUM  4.
PAR  4. The fluorescent lamp of claim 1 wherein the ionizable medium comprises
      mercury vapor and the filtering means substantially attenuates mercury
      vapor radiation having a wave length greater than approximately 400
      millimicrons while passing mercury vapor radiation having a wavelength
      less than 400 millimicrons.
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ABST
PAL  A first thyristor gate whose conductive state is determined by the polarity
      of a signal applied to its control electrode is connected in series with a
      flash tube for selectively coupling operating voltage from a flash
      capacitor to the tube. The first gate is opened by a signal of a first
      polarity derived from the operating voltage source and generated in
      synchronism with an ignition pulse, which is applied to the trigger
      electrode of the flash tube to energize the tube. An integrating circuit
      energized by a transformer coupled to the flash tube output contains a
      photosensitive element responsive to a portion of the emitted light for
      developing a control voltage that increases in proportion to the total
      light integrated. When the output voltage from the integrating circuit
      reaches a predetermined value, a second thyristor gate whose control
      electrode is coupled to the output of the integrating circuit is opened to
      apply a signal of the opposite polarity to the control electrode of the
      first thyristor gate. This closes the first gate and disables the flash
      tube.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This case is a continuation-in-part of applicant's co-pending co-assigned
      application Ser. No. 17,841, filed Mar. 9, 1970 and entitled "Pulsed Flash
      Tube Regulator Using Thyristor Gate Control", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional devices which automatically adjust the operating duration of a
      flash tube to obtain a predetermined quantity of emitted light employ a
      controllable switch (generally a quench tube of the gas discharge type),
      which is connected in shunt with the flash tube and triggered into
      conduction when the integrated light derived from the emission of the
      flash tube has reached a predetermined value. When the quench tube
      conducts, the exciting energy from flash capacitor bypasses the flash tube
      and is dissipated in the quench tube.
PAR  The portion of the available energy for the flash tube that is dissipated
      in the quench tube represents wasted energy, i.e. energy that does not
      result in useful light output. Also, the successive charging and
      recharging of the flash capacitor to and from a completely or nearly
      completely discharged state following each flash and quench operation
      limits the maximum repetitive speed of the device and increases its
      recycling time.
PAR  One manner of overcoming this disadvantage was proposed in the co-pending,
      co-assigned application Ser. No. 874,935 filed Nov. 7, 1969, now U.S. Pat.
      No. 3,612,947. A first thyristor gate, of the "interruptible" type that
      can be switched both on and off by pulses of respectively opposite
      polarity applied to a control electrode thereof, is interposed in the
      energizing path of the flash tube. The thyristor gate is opened to switch
      the flash tube on by a Schmitt trigger on similar bipolar threshold device
      which is excited by a reference voltage derived from an ignition pulse
      applied to a trigger electrode of the flash tube. A photosensitive element
      operatively associated with the light output of the flash tube generates a
      control signal that varies in proportion to the amount of light
      integrated. The Schmitt trigger is also coupled to the output of the
      integrating circuit in such a manner that when the control signal
      developed at the output of the integrating circuit has reached a
      predetermined value sufficient to overcome the previously established
      reference voltage at the input of the Schmitt trigger, the output polarity
      of the latter reverses to reclose the thyristor gate and terminate the
      flash.
PAC  SUMMARY OF THE INVENTION
PAR  An alternative technique for overcoming the flash inefficiency and
      recycling time problems inherent in the use of shunting quench tubes is
      provided by the instant invention. In an illustrative embodiment, a first
      interruptible thyristor gate is connected in the energizing path of the
      flash tube for selectively coupling operating voltage thereto when the
      gate is opened by a voltage pulse of a first polarity. Such pulse is
      provided via a switching circuit coupled to the flash tube energizing
      circuit, in response to an ignition pulse applied to the flash tube
      trigger electrode. A primary winding of an output transformer associated
      with the output of the flash tube thereupon produces an energizing voltage
      for an integrating circuit of the type described above. The integrating
      circuit in turn generates a control voltage proportional to the integrated
      light. A second control thyristor has its control electrode operatively
      connected to the output of the integrating circuit for triggering the
      second thyristor into conduction when the control voltage reaches a
      specified value. The conductive second thyristor couples a voltage pulse
      of the opposite polarity to the control electrode of the first thyristor
      gate in the flash tube circuit for disabling the flash tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The nature of the invention and its advantages will appear more fully from
      the following detailed description taken in conjunction with the appended
      drawing, whose single FIGURE is a circuit diagram of a
      thyristor-controlled flash tube excitation circuit constructed in
      accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, there is illustrated a conventional flash
      tube 7 (illustratively a gas-filled envelope) which is coupled, through a
      primary winding 15A of a transformer 15 and the transconductive path of a
      first thyristor gate 41, across the terminals of a flash capacitor 4. The
      capacitor 4 may be selectively charged to a relatively high positive
      potential from a D.C. power source 42. As shown, the lower terminal of the
      capacitor 4 and the cathode of the gate 41 are at ground potential.
PAR  The flash tube 7 is further provided with a trigger electrode 6 which is
      coupled to a first secondary winding 14B of an ignition transformer 14. An
      ignition pulse may be applied to the electrode 6 through the transformer
      14 in a known manner by closing a pair of contacts 13 associated with a
      primary winding 14A of the transformer 14.
PAR  The voltage of the charged flash capacitor 4, which is coupled to the flash
      tube 7 when the gate 41 is opened as described below, is not normally
      sufficient by itself to cause emission of light energy from the tube 7.
      However, as described below, such tube will emit light upon the concurrent
      application of an igniting pulse to the trigger electrode 6 through the
      ignition transformer 14. The resulting flash of light energy produced in
      the tube 7 is emitted through the walls of the envelope toward a suitable
      object (not shown). A portion of the light reflected from the object is
      detected by a photosensitive element 21, illustratively a light sensitive
      resistor, which is connected in an integrating circuit 43 as hereafter
      described.
PAR  The D.C. power source 42 includes a relatively low potential battery 1,
      whose voltage is stepped up by a conventional D.C. to D.C. converter 2.
      The relatively high positive voltage at the output of the converter 2 is
      applied through a pair of diodes 3 and 3' to the flash capacitor 4. The
      converter 2 is also provided with auxiliary outputs on a pair of terminals
      e and f. The terminal e is positive with respect to the terminal f, which
      is grounded.
PAR  A junction (designated terminal g) between the diodes 3 and 3' is connected
      to the upper terminal of an auxiliary capacitor 18. The capacitor 18 is in
      series with an isolating diode 19, whose cathode is grounded. The diode
      19, which is maintained in a non-conductive state, serves to hold a
      junction C between it and the capacitor 18 off ground so that such
      junction can be made either positive or negative with respect to ground in
      the manner indicated below.
PAR  The flash tube energizing voltage on the flash capacitor 4 is also coupled
      to the primary winding 14A of the ignition transformer 14 through (1) a
      resistor 8 of an adjustable voltage divider 44 that is connected across
      the capacitor 4; (2) a second pair of resistors 46 and 47; and (3) a
      capacitor 48. Thus, prior to ignition of the flash tube 7, a relatively
      high positive voltage is stored with the polarity indicated across the
      capacitor 48.
PAR  The voltage across the flash capacitor 4 also operates a conventional
      indicator lamp 5 which indicates readiness for flash in a known manner.
      The indicator lamp 5 is coupled as shown between the upper terminal of the
      resistor 8 and a wiper 49 of an adjustable resistor 9 in the voltage
      divider 44.
PAR  The gate 41 is illustratively a cut-off or interruptible thyristor. The
      latter differs from an ordinary thyristor of the thyratron type, in which
      a pulse applied to a control electrode thereof, after initiating
      conduction in the transconductive path of the device, is thereafter
      ineffective to return the device to its nonconductive state. In an
      interruptible thyristor by contrast, the transconductive path, once
      rendered conductive by the application of a pulse of a first polarity to
      its control electrode, may subsequently be cut-off by the application to
      the same control electrode of a pulse of the opposite polarity. In the
      particular arrangement shown in the drawing, the gate 41 may be the
      normally disabled cut-off thyristor designated as Model BT 103 by the
      International Telephone and Telegraph Co. Such a device will open to
      couple energizing voltage from the flash capacitor 4 to the tube 7 when
      the control electrode of the gate exhibits one polarity (illustratively
      positive) with respect to ground and will thereafter re-close to disable
      the tube 7 when the control electrode exhibits the opposite polarity
      (illustratively negative) with respect to ground. The control electrode of
      the gate 41 is connected to the above-mentioned junction C.
PAR  A resistor 37, whose upper terminal is connected to the junction C, is also
      connected across the terminals e and f of the DC power supply 42 through a
      pair of diodes 27 and 36, a resistor 34, and the collector-emitter path of
      a normally disabled transistor switch 31. The base of the transistor 31 is
      coupled via a diode 32 to a terminal d of an auxiliary secondary winding
      14C of the ignition transformer 14, which is initially unenergized.
PAR  Upon the momentary shorting of the contacts 13, the primary winding 14A of
      the transformer 14 is short-circuited through the capacitor 48 to cause
      the capacitor 48 to discharge through the winding 14A. The resulting
      transient through the winding 14A causes a switching pulse to be developed
      at the terminal d via the secondary winding 14C. The pulse at terminal d
      turns on the transistor switch 31 to permit the control electrode C to
      assume a positive voltage with respect to ground and thereby open the gate
      41. The positive voltage on the control electrode is maintained by the
      storage and stabilizing effect of (1) a capacitor 29 connected between the
      cathode of the diode 27 and terminal f, and (2) a Zener diode 35 connected
      between the junction of the resistor 34 and the diode 36 and terminal f.
PAR  The transient through the winding 14A caused by shortcircuiting the
      contacts 13 also causes the application of an ignition pulse to the
      trigger electrode 6 of the flash tube via the secondary winding 14B of the
      transformer 14. As a result, the tube 7, whose main terminals are
      simultaneously energized through the now-open gate 41, is triggered into
      conduction to commence the emission of light energy toward the object to
      be illuminated.
PAR  The sudden conduction of the tube 7 causes a pulse of current through the
      primary winding 15A of the transformer 15 in series therewith, thereby
      generating a corresponding voltage pulse across terminals a-b of a
      secondary winding 15B of the transformer 15. The terminal b is grounded as
      shown. Such voltage pulse is coupled to the input of the integrating
      circuit 43 through a diode 20.
PAR  The integrating circuit 43 includes the combination of the photosensitive
      element 21 and an adjustable resistor 26 serially connected across an
      input capacitor 22. An output capacitor 23 is coupled between a tap point
      51 of the resistor 26 and the terminal b.
PAR  The resistance of the photosensitive element 21 is substantially lowered
      from a normally high value in response to reflected light from the object
      illuminated by the flash tube 7, so that the capacitor 23 charges through
      the element 21 and the resistor 26 to a voltage proportional to the total
      amount of light integrated.
PAR  The integrating circuit 43 controls the conductive state of a second
      thyristor 52 whose transconductive path, when enabled as described below,
      connects the terminal g of the D.C. power source 42 to the grounded
      cathode of the thyristor gate 41. At the same time, point c, which because
      of the charge on the capacitor 18 is negative relative to point g, remains
      coupled to the control electrode of the gate 41. This action effectively
      makes such control electrode negative with respect to ground, thereby
      re-closing the gate 41.
PAR  To accomplish this result, a control electrode 25 of the second thyristor
      52 is connected to the output of the integrating circuit 43 via a diode
      24. The diode 24 and/or the thyristor 52 may be selected (or biased by
      suitable clamping means not shown) so that the control electrode 25 is
      triggered only when the output of the integrating circuit 43 reaches a
      predetermined value indicative of a desired amount of total light energy
      reflected from the illuminated object and detected by the photosensitive
      element 21. With this arrangement, when the light flash has persisted for
      a duration long enough to effect a positive voltage build-up on capacitor
      23 to a value equal to the required trigger voltage on the control
      electrode 25, the transconductive path of the thyristor 52 is enabled to
      connect point g to the ground cathode of the thyristor gate 41 in the
      flash tube circuit, thereby causing point c to assume the required
      negative potential to close the gate. The resultant disabling of the tube
      7 stops the emission of light, and the action of the integrating circuit
      43 is also terminated by the restoration of the high impedance of the
      photosensitive element 21.
PAR  It will be noted that the above-described apparatus employs only so much of
      the energy stored on the flash capacitor 4 as is necessary to produce
      useful emitted light from the flash tube 7. In most instances, this will
      represent an incomplete discharge of the flash capacitor 4. Thus, the time
      necessary to restore full voltage on the capacitor 4 from the D.C. power
      supply 42 in the interval between successive flashes can be relatively
      short compared to the time necessary to fully recharge the capacitor 4
      from a completely discharged state. It will be recognized that this latter
      state is generally reached in prior art arrangements by the use of a
      quench tube in parallel with the flash tube. Hence, rapid and efficient
      operation of the flash unit is assured with the instant arrangement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically adjusting the operating duration of a
      triggerable flash tube to obtain a controllable quantity of light energy
      therefrom which comprises:
PA1  first means including a normally closed controllable gate serially
      connected with the flash tube for applying operating voltage to the flash
      tube when the gate is open, the gate having a control electrode responsive
      to signals of one polarity for opening the gate and responsive to signals
      of the opposite polarity flor closing the gate;
PA1  second means for selectively applying an igniting pulse to the trigger
      electrode of the flash tube, the tube being operated by the simultaneous
      application thereto of operating voltage and an igniting pulse;
PA1  third means responsive to the application of the igniting pulse to the
      trigger electrode for applying a signal of the one polarity to the control
      electrode of the gate to open the gate;
PA1  means coupled to the first applying means and rendered effective upon the
      operation of the flash tube for generating a control signal that varies in
      proportion to the total light energy emitted from the flash tube;
PA1  fourth means including a thyristor having a normally disabled
      transconductive path for reversing the polarity of the signal applied to
      the control electrode of the gate by the third applying means when the
      transconductive path of the thyristor is enabled, the thyristor having a
      control electrode triggerable when a voltage applied thereto is at least a
      predetermined value for enabling the transconductive path of the
      thyristor; and
PA1  means for coupling the output of the generating means to the control
      electrode of the thyristor.
NUM  2.
PAR  2. Apparatus as defined in claim 1, in which the generating means,
      comprises, in combination, integrating means including a photosensitive
      element in operative relation to the light emitted from the flash tube,
      and means for coupling the output of the flash tube to the input of the
      integrating means.
NUM  3.
PAR  3. Apparatus as defined in claim 1, in which the third applying means
      comprises, in combination, a normally disabled transistor for coupling the
      signal of the one polarity to the control electrode of the gate, and means
      coupled to the second applying means for enabling the transistor upon the
      occurrence of an igniting pulse.
NUM  4.
PAR  4. Apparatus as defined in claim 3, in which the second applying means
      comprises an ignition transformer having a primary winding coupled to a
      source of the igniting pulses, a first secondary winding coupled to the
      trigger electrode of the flash tube, and an auxiliary secondary winding;
      and in which the enabling means comprises means for coupling the auxiliary
      secondary winding of the ignition transformer to the base of the
      transistor.
NUM  5.
PAR  5. Apparatus as defined in claim 3, in which the apparatus further
      comprises means for coupling the collectoremitter path of the transistor
      to the first applying means for receiving the signal of the one polarity
      therefrom.
NUM  6.
PAR  6. In an electronic timing apparatus wherein the duration of light energy
      emitted from a flash tube is regulated to produce a predetermined quantity
      of emitted light energy:
PA1  first means including a normally closed controllable gate serially
      connected with the main electrodes of the flash tube for applying
      operating voltage to the main electrodes when the gate is open, the gate
      having a control electrode responsive to signals of one polarity for
      opening the gate and responsive to signals of the opposite polarity for
      closing the gate;
PA1  second means for selectively applying an igniting pulse to the trigger
      electrode of the flash tube, the tube being operated to emit light by the
      simultaneous application thereto by operating voltage and of an igniting
      pulse;
PA1  third means responsive to the application of the igniting pulse to the
      trigger electrode for applying a signal of the one polarity to the control
      electrode to open the gate;
PA1  a transformer;
PA1  means for connecting the primary winding of the transformer in series to
      the output of the flash tube;
PA1  integrating means including a photosensitive element in operative
      association with the light emitted from the flash tube;
PA1  means for coupling the secondary winding of the transformer to the input of
      the integrating means for energizing the latter to produce a control
      voltage that varies in proportion to the light energy emitted from the
      flash tube;
PA1  fourth means including a control thyristor having a normally disabled
      transconductive path for reversing the polarity of the signal applied to
      the gate by the third applying means when the transconductive path of the
      control thyristor is enabled, the control thyristor having a control
      electrode triggerable when a voltage applied thereto reaches a
      predetermined value for enabling the transconductive path of the control
      thyristor; and
PA1  means for coupling the output of the integrating means to the control
      electrode of the control thyristor.
NUM  7.
PAR  7. In an electronic timing apparatus wherein the duration of light energy
      emitted from a flash tube is regulated to produce a predetermined quantity
      of emitted light energy:
PA1  a source of operating voltage;
PA1  a normally closed controllable gate serially connected with the voltage
      source and the main electrodes of the flash tube and operative when opened
      to supply operating voltage to the main electrodes, the gate having a
      control electrode responsive to signals of one polarity for opening the
      gate and responsive to signals of the opposite polarity for closing the
      gate;
PA1  means for selectively applying an igniting pulse to the trigger electrode
      of the flash tube;
PA1  a normally disabled switch having an output connected to the control
      electrode of the gate;
PA1  means for connecting the input of the switch to a predetermined terminal of
      the operating voltage source for applying a voltage of the one polarity
      occurring at said terminal to the input of the switch;
PA1  means responsive to the application of the igniting pulse to the trigger
      electrode for enabling the switch to couple the voltage of the one
      polarity to the control electrode of the gate to open the gate and to
      operate the flash tube so that the latter emits light;
PA1  means rendered effective upon the operation of the flash tube for
      generating a control signal that varies in proportion to the total light
      energy emitted from the flash tube;
PA1  means including a thyristor having a normally disabled transconductive path
      for reversing the polarity of the voltage at said predetermined terminal
      when said transconductive path is enabled and for applying the resulting
      signal of the opposite polarity to the control electrode of the gate, the
      thyristor having a control electrode triggerable when a voltage applied
      thereto is at least a predetermined value for enabling the transconductive
      path of the thyristor; and
PA1  means for coupling the output of the control signal generating means to the
      control electrode of the thyristor.
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ABST
PAL  A dc rejection circuit is provided between each output of a diode matrix
      circuit and a corresponding segment electrode in a liquid crystal display
      panel. The dc rejection circuit may comprise a very simple structure
      comprising a combination of a resistor and a capacitor thereby providing a
      liquid crystal display device which is inexpensive and yet ensuring a long
      service life.
BSUM
PAR  This invention relates to a liquid crystal device, and more particularly to
      a liquid crystal device for displaying a letter, a figure, a mark, etc. by
      applying an ac signal between a common and segment electrodes of a liquid
      crystal display panel.
PAR  In liquid crystal displays, dc drive, ac drive, quasi-ac drive by pulsed
      voltage, etc. have been employed for driving display. Among these methods,
      the dc drive is undesirable from the point of the service life of the
      liquid crystal elements and therefore is not used except in particular
      cases.
PAR  An object of this invention is to provide a liquid crystal device having a
      liquid crystal display panel to which an ac signal is applied through a
      diode matrix circuit and in which dc components generated through the
      diode matrix circuit is prevented from being applied to the display panel,
      so that the panel is driven only with ac components and the service life
      of the same is extended.
PAR  Another object of this invention is to provide a liquid crystal display
      device including a dc rejection or cancelling circuit having an extremely
      simple structure for removing dc components generated in the diode matrix
      circuit.
DRWD
PAR  The description will proceed in connection with the accompanying drawings,
      in which:
PAR  FIGS. 1 and 2 are electric circuit diagrams showing conventional liquid
      crystal display drivers;
PAR  FIG. 3 is an electric circuit diagram showing an embodiment of an ac drive
      circuit in a liquid crystal display device according to this invention;
PAR  FIG. 4 is a detailed electric circuit diagram of an example of the circuit
      of FIG. 3; and
PAR  FIG. 5 is a diagram showing the voltage waveform across the resistance
      R.sub.2 of the circuit of FIG. 4.
DETD
PAR  A conventional ac drive circuit is shown in FIG. 1, in which interlocked
      switches S.sub.1 to S.sub.7 form a matrix circuit for selectively applying
      an ac voltage to segment electrodes a to g for indicating a selected
      figure. In the case of FIG. 1 the numeral "4" is indicated by the segment
      electrodes with all the interlocked movable contactors positioned on the
      fixed contacts (4) of the switches. In such cases, the switching structure
      becomes complicated and expensive.
PAR  FIG. 2 shows a conventional pulse drive circuit which is suitable for
      integrating switching circuits for achieving complicated displays. Such a
      circuit becomes expensive when mass-production is not employed.
PAR  This invention is intended to remove such drawbacks. An embodiment of this
      invention will be described referring to FIG. 3.
PAR  In FIG. 3, a voltage source 2 generates an ac voltage or a square wave
      voltage of duty ratio 1 : 1, which is applied to a display selection
      switch 3 formed of a simple mechanical switch such as a rotary switch or a
      push switch. A diode matrix circuit 4 selectively supplies a voltage to
      respective segment electrodes for achieving a display selected in the
      selection switch 3. Here, diodes are connected in the same direction.
      Thus, when an ac voltage is supplied, the output voltage is produced in a
      half-wave rectified waveform. The current derived from the diode matrix
      circuit 4 is fed back to the voltage source 2 through a resistor R.sub.1
      forming a part of a dc rejection circuit 5. A half-wave waveform is
      generated across this resistor R.sub.1. The ac component of this half-wave
      voltage is picked up through a capacitor C and supplied to a liquid
      crystal display panel 6. When the resistances of the resistor R.sub.1 and
      a resistor R.sub.2 forming a closed circuit with the resistor R.sub.1 and
      the capacitor C are very small compared to the resistance of a segment in
      said liquid crystal display panel 6 and the relation R.sub.2 &gt; R.sub.1
      holds, the integration of current flowing through each segment, i.e. the
      quantity of electricity, becomes zero. In this case, the resistor R.sub.2
      is not particularly necessary. In the figure, numerals 7 and 8 indicate a
      common electrode and segment electrodes provided on the inner surface of a
      pair of glass plates forming the liquid crystal display panel 6.
PAR  FIG. 4 shows a concrete example of the circuit of FIG. 3. In the circuit of
      FIG. 4, an ac voltage signal from a voltage source 2 is applied to a diode
      matrix 4 through one contact selected in a display selection switch 3 to
      generate the output voltage at selected output terminals of the diode
      matrix 4. Output terminals a to g of the diode matrix circuit 4 are
      connected to the respective segment electrodes 8a to 8g of the liquid
      crystal display panel 6 through respective dc rejection circuits 5. Thus,
      in FIG. 4 for example, the numeral "3" is indicated by the selected
      crystal segments connected to the selected output terminals with the one
      contactor positioned on the fixed contact (3) of the switch 3.
PAR  For example, assume that the switch 3 has been placed in position 3 to
      display the numeral 3 on the liquid crystal display panel 6. The output
      voltage of the power transformer 2 is supplied through the switch 3 to the
      "3" terminal of the diode matrix 4. The dots in the diode matrix 4
      indicate that the diodes are connected to the corresponding cross points,
      no electrical connections being made at those points where lines intersect
      without dots.
PAR  During the positive half-cycles of the output voltage across the secondary
      of power transformer 2, current flows through the diodes so that voltages
      are developed across the resistors R.sub.1 connected to the output
      terminals a, b, c, d and g of diode matrix 4. (In FIG. 4, only the
      resistor R.sub.1 connected to terminal a is shown.) During the negative
      half-cycles of the output voltage across transformer 2, the current is
      blocked by the diodes and no output voltage appears across the resistors
      R.sub.1. Consequently, half-wave rectified voltage waveforms are produced
      across the respective resistors R.sub.1 connected to terminals a, b, c, d
      and g, and the AC components of the half-wave rectified voltages are
      applied through the capacitor C to the resistor R.sub.2. Since resistors
      R.sub.1 each have one end connected to the respective segments of the
      liquid crystal display and their other ends to the common electrode, the
      AC voltages developed across respective resistors R.sub.2 are supplied to
      the respective segments of the liquid crystal. Accordingly, with the
      switch 3 placed on position 3, numeral 3 will be displayed on display 6
      because segments a, b, c, d and g will be energized by AC voltages.
PAR  FIG. 5 shows the waveform across the resistor R.sub.2 in the circuit of
      FIG. 4. Due to the existence of the capacitor C, the half-wave rectified
      voltage applied across the resistor R.sub.1 in the dc rejection circuit 5
      becomes a substantial ac voltage of FIG. 5 in which area A = area B.
PAR  This invention is featured by applying a substantial ac voltage as shown in
      FIG. 5 between the common electrode 7 and the segment electrodes 8a to 8g.
      Comparing with the case of applying a half-wave rectified voltage, the
      application of such an ac voltage as in FIG. 5 does not allow charge
      transfer in the liquid crystal and hence ensures a satisfactory long
      service life of the liquid crystal display device. Thus the invention
      provides a very inexpensive display device by the use of liquid crystal
      display segments together with a single selection switch and diode matrix,
      said device also ensuring a higher reliability since the mechanically
      operating part is greatly reduced as compared to the conventional devices
      such as shown by FIG. 1.
PAR  Although the above description describes the case of applying a sinusoidal
      voltage, any ac voltage such as a square wave, saw-tooth wave, etc. can be
      used in this invention. The display device of FIGS. 3 to 5 may be
      advantageously employed as an elevator position indicator or similar
      device.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A liquid crystal display system comprising:
PA1  an AC power source;
PA1  a liquid crystal display panel having a common electrode and a plurality of
      segment electrodes, said segment electrodes being arranged to form desired
      symbols;
PA1  diode matrix means;
PA1  selection switch means having a first contact coupled to said AC power
      source and a plurality of second contacts, each second contact on said
      selection switch means being coupled through said diode matrix means to
      said display panel for energization of the segment electrodes of said
      display panel corresponding to a specific symbol to be displayed, and
PA1  Dc rejection circuit means interposed between said diode matrix means and
      said display panel, said DC rejection circuit means applying only the AC
      components of the voltages at the outputs of said diode matrix means
      across the common electrode and selected segment electrodes of said liquid
      crystal display panel.
NUM  2.
PAR  2. A liquid crystal display panel according to claim 1 wherein said DC
      rejection circuit means comprises a DC rejection circuit for each of the
      segment electrodes of said liquid crystal display panel, each of said DC
      rejection circuits comprising a capacitor coupled between a segment
      electrode and a corresponding output terminal of said diode matrix, and a
      resistor coupled between said corresponding output terminal of said diode
      matrix and the common electrode of said display panel.
NUM  3.
PAR  3. A liquid crystal display panel according to claim 2 comprising a
      plurality of second resistors, one of said plurality of second resistors
      being connected between each of said segment electrodes and said common
      electrode.
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ABST
PAL  Apparatus for changing a dimension of the light-producing area in a display
      element of the type which emits light from any portion of an interface
      zone across which a voltage exceeding a certain threshold is established,
      by varying this voltage. A bias voltage source provides a potential along
      one side of the interface zone, which increases from one end to the other,
      with respect to the other side. The apparatus is particularly well suited
      for an electronic bar graph type indicator. Gas discharge devices such as
      plasma tubes, and LED's are particularly suitable types of display
      elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is related to visual display units whose information can be
      electronically altered. In particular, the invention is related to those
      devices which represent quantities which can conveniently be displayed in
      bar graph form. E.g., this invention may be employed to effectively
      display fluid levels, speed, temperature and other physical quantities
      which must be quickly and clearly discernable, but where great precision
      is not required.
PAR  2. Description of the Prior Art
PAR  Devices are well known which can easily be adapted to provide the same kind
      of display of which this invention is capable, by using a plurality of
      input lines, each to activate a particular segment of the device. See for
      example, U.S. Pat. Nos. 2,988,647; 3,671,938; 3,496,410 (MacIntyre); and
      3,327,163 (Blank). These latter two patents are specifically intended to
      provide an electronic bar graph display, previously pointed out to be the
      most useful embodiment contemplated by the inventors. Readout, Vol. 3, No.
      1, Feb./Mar. 1974, pub. Burroughs Corp., discloses another such device.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention involves apparatus which causes a light-emitting threshold
      device to emit light from any segment of an interface zone across which a
      threshold or greater voltage exists. By "threshold device" is meant those
      devices which produce no discernable emission until the definite threshold
      voltage across any segment of its interface zone is reached. Above the
      threshold, emission occurs from the segment involved although brightness
      may vary with varying voltages above the threshold, and of course, with
      the device involved. The important factor is that a definite non-linearity
      exists at the threshold which prevents emission below the threshold and
      within a relatively short voltage range causes the device to break into
      light emission. The invention is ideally suited to use gas discharge
      devices such as used in plasma display units as the light emitting
      threshold device, in that such a distinct threshold exists for their light
      emission. Another potential candidate for use as the light-emitting device
      is the light emitting diode.
PAR  In a typical embodiment of this invention employing a gas discharge tube to
      form the display element, voltage is applied to the tube between a ground
      plane conductor fixed adjacent one side of the gas chamber of the tube,
      and a conductor having appreciable distributed resistance along its length
      placed adjacent the gas chamber on the opposite side, both extending along
      at least an identical portion of the length of the chamber. A voltage
      source is connected to pass current through the resistive conductor,
      resulting in a voltage gradient along the length of the resistive
      conductor. The voltage may be either AC or DC, but if DC, the conductors
      must be physically contacting the gas mixture. Because of the voltage
      gradient along the resistive conductor, the voltage difference between the
      ground plane conductor and the resistive conductor varies from one end of
      the ground plane to the other. A second variable voltage source is
      connected between the ground plane and the resistive element, whose output
      in response to a control signal, can be varied to set the potential
      between any point on the resistive conductor and the closest point on the
      ground plane to the threshold value.
PAR  In operation, the control signal is set to a value which causes the
      threshold voltage to occur at a desired point between the two conductors.
      Adjacent this point, and at all points where higher voltage between the
      conductors along the gas chamber exists, the gas within the chamber will
      ionize and emit light. By varying the control signal and hence the second
      voltage, the threshold voltage point can be shifted to any desired point
      on the tube. The variable dimension of the light-emitting area provides an
      easily discernable analog indication of the information in the control
      signal. Experience shows that the transition between the light-emitting
      and dark areas is well-defined and its position can be accurately
      controlled.
PAR  In one variation on this basic apparatus the resistive conductor can be
      replaced with a series of spaced-apart electrodes along the original
      location of the resistive conductor, each connected to its neighbor(s) by
      a resistor or impedance. A voltage gradient may be similarly created along
      these electrodes, and light emitted adjacent all electrodes whose voltage
      relative the ground plane exceeds the threshold.
PAR  By proper selection of gas mixture and use of A.C. voltage sources for
      power in a gas discharge display, the voltage necessary to sustain light
      emission once initiated can be decreased to a level significantly below
      that of the threshold voltage. This allows a gas discharge display to
      indicate maximum value attained in any period rather than present value,
      by restricting the variable voltage to maintain the sustaining voltage
      across the entire chamber at all times. The display may be cleared by
      decreasing the variable voltage to below the sustain value.
PAR  Accordingly, one object of this invention is to provide a bar graph
      indication of the magnitude of a quantity in an electronic light-emitting
      threshold device with the application of a single variable control
      voltage.
PAR  A second object is to reduce the complexity of electronic analog
      indicators.
PAR  Another object is to provide an indication of the magnitude of a quantity
      after removal of a signal encoding that quantity.
PAR  Other objects and advantages will be apparent from the detailed description
      which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a simple embodiment of the invention incorporating a conductor
      having distributed resistance.
PAR  FIG. 1b is a graph of voltages associated with the device of FIG. 1a.
PAR  FIG. 2a is a schematic diagram of an operational embodiment which retains
      its indicated value after removal of the control signal.
PAR  FIG. 2b is a graph of voltages associated with the circuit of FIG. 2a.
PAR  FIG. 3 is an alternative embodiment of the display element of FIGS. 1a and
      2a having its ground conductor and electrodes physically located within
      the gas chamber of the display tube.
PAR  FIG. 4 is an alternative embodiment of FIG. 1a employing light-emitting
      diodes as the light source.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an elongate gas discharge tube 101 of conventional
      design and having within it a gas chamber 106 containing an ionizable gas
      is shown with conductors 100 and 102 disposed on opposite sides of tube
      101 (respectively far and near with reference to the viewer) so as to
      place chamber 106 substantially between them. Conductor 100 may take any
      of several forms, such as flat plate 100 shown contacting or adjacent the
      outer surface of tube 101, a highly conductive coating adhering to tube
      106 along the outer surface, or a conductor placed permanently within
      chamber 106 adjacent its (with respect to FIG. 1) far surface. Conductor
      102 is a distributed resistance extending substantially the length of gas
      chamber 106, and of sufficient resistance so as to, in this simple
      embodiment, permit current flow caused by voltage source 107 to be
      approximately an order of magnitude greater than maximum current flow
      between conductors, occurring when light is emitted from entire tube 101.
      Approximate current flow can be determined by application of the teachings
      of well-known compilations of the prior art, such as Materials of High
      Vacuum Technology, Werner Espe, pub. Pergamon Press, copr. 1968, which
      work is hereby made by reference a part of this description. Voltage
      source 107 is connected to end terminals 102a and 102b of conductor 102.
      Voltage source 107, as well as voltage source 103, is usually of the A.C.
      type, but if conductors 100 and 102 are located within gas chamber 106,
      may be D.C. Voltage source 107 is a fixed voltage source and for a
      neon-filled discharge tube six inches long may be on the order of 100 A.C.
      volts R.M.S. This and other voltages discussed hereafter are values of an
      actual experimental system. Variations in the design of tube 101 and the
      gas with which chamber 106 is charged, may require significant deviations
      from these values. 100 v. provides a voltage gradient along conductor 102
      of approximately 17 volts per inch. For the good accuracy of resolution,
      it is desirable that this gradient be within the range of 10-20 volts per
      inch. Voltage source 103 is a variable voltage source whose output,
      assuming a threshold voltage V.sub.t of 270 v., necessary to initiate
      light emission in tube 101 varies between 170 v. and 270 v. A.C.
      responsive to a control signal to terminal 104. It is important that
      voltage sources 103 and 107 be synchronized so that power terminal 105 of
      voltage source 104 is in phase with voltage source 107 at terminal 102a.
PAR  In understanding the operation of the apparatus in FIG. 1a, it is
      convenient to refer to the voltage graph of FIG. 1b. The abscissa
      represents positions along discharge tube 101 with point a being at the
      origin, and the ordinate being the voltage difference .DELTA.V between the
      point on conductor 102 at any position on the gas tube, and conductor 100.
      This voltage changes as the output V.sub.2 of voltage source 103 changes.
      As earlier mentioned, for light emisssion across any portion of the tube
      101, a difference of 270 v. or greater between the conductors at that
      point is required. When V.sub.2 = 170 v., voltage difference between
      conductors 102 and 100 is shown by the so-labeled line in FIG. 1b. At this
      point, only the gas in chamber 106 adjacent point a will be emitting
      light, since only at this point has the threshold voltage V.sub.t been
      equaled or exceeded by .DELTA.V. (The problem of piloting, or providing
      free electrons so as to initiate light emission in a previously completely
      dark tube at the specified V.sub.t will be ignored, as such expedients are
      well known in the art.) As the control signal applied to terminal 104
      increases V.sub.2, the light-emitting length of chamber 106 will extend
      further from point a toward point c. When V.sub.2 = 220 v., .DELTA.V along
      tube 101 is as shown by the line so-labeled, chamber 106 between points a
      and c will be between the portions of conductors 100 and 102 having at
      least 270 v. potential difference between them, and the entire length of
      chamber 106 from point a to point c will be emitting light. When V.sub.2
      is at its maximum of 270 volts, the entire chamber will be emitting light
      because the voltage difference between conductors 100 and 102 is greater
      than 270 v. everywhere. As a greater portion of the length of tube 101
      emits light, a greater current flows from source 103. This current will
      change the voltage drop characteristics in conductor 102. The curves shown
      in FIG. 1b ignore this effect, with little effect on accuracy if current
      flow due to source 107 is large compared to that due to source 103, as
      previously specified. As current flow increases, voltage drop across that
      portion of conductor 102 carrying this increased current also increases,
      with the result that for light emission from a desired length of tube 101
      somewhat more than the specified voltage from source 103 will be
      necessary. Thus, in actual practice, for emission from the entire length
      of tube 101, perhaps 290 v. may be necessary, rather than the ideal 270 v.
      value.
PAR  The significantly greater .DELTA.V at point a when the threshold voltage is
      reached at point b, is a constraint dictating that V.sub.1 be chosen as
      small as possible to prevent variations in brightness from point a to
      point b. It is advisable to select for tube 101 one having brightness
      relatively insensitive to differing voltage levels between conductors 100
      and 102. On the other hand, it is also essential that V.sub.1 be selected
      great enough to provide a voltage gradient along conductor 102 which
      results in a reasonably sharp delineation between the light-emitting area
      of chamber 106, and the unlit area. It has been found that the lit to
      unlit interface in chamber 106 occupies a space equivalent to about 1-2 v.
      in the usual system. Thus, 17 v. per inch will cause an imprecision or
      uncertainty of about 0.1 inch in the position of the light-to-dark
      transition. These are simply matters of engineering judgement which must
      be tailored to the particular application involved.
PAR  Turning next to FIG. 2a, a different implementation of the principles
      explained in conjunction with FIG. 1a is shown. Like-numbered elements are
      identical in the two drawings. However, segments of tube 101 emit light
      from right to left with increasing voltage. Gas within chamber 106 is of
      the type having a minimum sustaining voltage V.sub.s at or above which
      light emission anywhere in chamber 106 will be reliably maintained, and
      which is appreciably lower than the threshold voltage V.sub.t. For
      explanatory purposes, typical values of V.sub.s = 220 v. and V.sub.t = 270
      v. will be assumed, both being A.C. or chopped D.C. generally referred to
      as A.C. hereafter. Selection of an appropriate gas can be done as
      explained by Espe, supra. Resistive conductor 102 is replaced in FIG. 2a
      with electrodes 207, 208, 209, 210 and 211, which are generally aligned
      along the same position that conductor 102 occupies in FIG. 1a, although
      here conductors 102 and 207-211 are shown on edge, rather than in plan
      view. The inherent resistance of conductor 102 is supplied instead by
      resistors 200a-205. Resistors 200a-200d perform the function of dropping
      the voltage uniformly from one to another of the various electrodes
      207-211. Resistors 201-205 are intended to equalize current flow through
      electrodes 207-211, and are chosen such that current flow for each
      electrode 207-211 is approximately the same. Voltage source 103 is again
      controlled by a signal at terminal 104, but for the system of FIG. 2a
      V.sub.2 varies from 0 to 50 v. and is A.C. Voltage source 206 produces a
      fixed A.C. output slightly greater than V.sub.s, or V.sub.3 = 225 v. For
      source 107, V.sub.1 must satisfy V.sub.1 &lt; V.sub.t - V.sub.s. V.sub.1 may
      thus conveniently be 40 v. A.C. All three voltage sources 103, 107, and
      206 must have their + terminals in phase with each other. Switch 212
      allows complete removal of voltage between conductor 100 and electrodes
      207-211. Piloting can be accomplished in any convenient fashion, and will
      not be considered.
PAR  In operation, resistors 200a-200d cause the voltage from source 107 to be
      dropped across electrodes 207-211 in equal amounts of approximately 10 v.
      between each pair of adjacent electrodes 207-211. For operation, switch
      212 must be closed applying the series-connected output of voltages 103
      and 206 between plane 100 and electrodes 207-211. Referring to FIG. 2b,
      the line labeled V.sub.2 = 0 illustrates the voltage between conductor 100
      and each of the electrodes 207-211 when V.sub.2 = 0. As can be seen,
      electrode 207 is slightly (5 v.) above V.sub.2 and electrode 211 is at a
      point slightly below (5 v.) V.sub.t. Electrodes 208-210 have intermediate
      voltages. Since all electrodes 207-211 have potentials with respect to
      plane 100 which are between the threshold and sustain voltages, all those
      which are conducting current and therefore emitting light will continue to
      so conduct. Conversely, those not conducting will be maintained in that
      status. When a signal is applied to terminal 104 the voltage across source
      103 corresponding to the predetermined value of the signal is created. If,
      e.g. the signal on terminal 104 causes V.sub.2 to equal 10 v., the
      condition is as shown in FIG. 2b where the potential from across electrode
      211 to conductor 100 will be approximately 275 v., the potential from
      electrode 210 to conductor 100 will be 265 v. and potentials between
      electrodes 207-209 and conductor 100 will all be less than 265 v. This
      causes the gas in chamber 106 adjacent electrode 211 to conduct and emit
      light, V.sub.t having been exceeded in the neighborhood of electrode 211,
      but not elsewhere. If at some later time, V.sub.2 is increased to 30 v.
      the potential with respect to conductor 100 at electrode 211 will be 295
      v.; at electrode 210, 285 v.; at electrode 209, 275 v.; and below V.sub.t
      for electrodes 207 and 208, as is shown for the voltage line labeled
      V.sub.2 = 30. Similarly, when V.sub.2 is increased to 50 v. voltage
      between each of electrodes 207-211 and conductor 100 will be as shown by
      the line labeled V.sub.2 = 50. Thus, it can be seen that starting with
      electrode 211, light emission adjacent as many electrodes sequentially
      proceding left from electrode 211 can be initiated by appropriately
      controlling the voltage of source 103. By setting V.sub.2 = 0, whichever
      electrodes 207-211 are currently emitting light will continue to do so
      since light emission cannot be extinguished until voltage between an
      individual electrode and conductor 100 is reduced to less than V.sub.s, or
      220 v. in the chosen example.
PAR  The scientific theory concerning such sustaining of light emission is well
      known. Briefly during light emission, capacitive charges are created in
      the walls of tube 101 adjacent each conducting electrode. These wall
      charges assist the firing with the lower sustaining voltage of each gas
      volume adjacent them during each reversal of potential between conductor
      100 and the individual ones of electrodes 207-211. See U.S. Pat. No.
      3,573,542 (Mayer et al.) for a detailed description of gas discharge
      display operation incorporating memory.
PAR  When it is necessary to reset the indication, switch 212 may be opened,
      removing sources 103 and 206 from electrodes 207-211 and extinguishing
      light emission adjacent them. Alternatively, it is also possible to
      extinguish light adjacent only a portion of all the electrodes. If source
      206 is changed so that V.sub.3 = 175 v. and source 103 changed so V.sub.2
      can vary from 0 to 100 v., the 50-100 v. range for V.sub.2 can be used to
      sequentially light electrodes as V.sub.2 increases and the 0-50 v. range
      can be used to sequentially extinguish light emission from electrodes as
      V.sub.2 decreases from 50 v. We have determined that as little as 2 v.
      potential differences between adjacent electrodes can be employed and
      still reliably select the line of demarcation between conducting and
      non-conducting (lit and unlit) electrodes. Thus, from 20-25 electrodes may
      be effectively used when V.sub.t - V.sub.s = 50 v. The gap between
      adjacent electrodes should be such as to ensure a reasonably continuous
      light-emitting area. Experience shows that a certain amount of fringing of
      the light-emitting area within tube 101 will occur, so that an appreciable
      gap between electrodes may be tolerated without any break in the
      continuity of the light-emitting area. Preferred gap size is usually in
      the neighborhood of 0.01-0.1 inch.
PAR  Resistors 201-205 are each of different value, selected so that resistance
      between each individual electrode 207-211 and terminal 213 of source 206
      is a constant. This means that resistor 202 must be greater than resistor
      201 by the quantity of resistance in each resistor 200a-200d. The
      resistance of each resistor 203-205 is similarly greater than that of its
      right-hand neighbor. By so selecting resistors 201-205, approximately
      equal current will flow from each electrode 207-211, and equal intensity
      of light will result as well.
PAR  It is not necessary to employ discrete resistors 200a-200d to create the
      differing potential at each electrode 207-211. A continuous resistive
      conductor such as that of FIG. 1a also can be used to create the potential
      gradient along a side of tube 101 and still retain the memory
      characteristics of the display.
PAR  FIG. 3 disclosed a tube having a conductor 100 and electrode 207 and other
      electrodes all within and disposed on opposite sides of chamber 106. This
      tube can be used if power is to be supplied from continuous D.C. sources,
      in a circuit very similar to that of FIG. 2a. However, for D.C. operation
      no wall charge exists, and hence no appreciable difference between V.sub.t
      and V.sub.s exists, so no memory operation as with FIG. 2a is possible.
PAR  FIG. 4 displays an embodiment employing light-emitting diodes (LEDs) as the
      light emitting devices rather than a gas discharge tube. LEDs 400-404 are
      typical devices of the type, having predetermined forward voltage drops,
      which can be assumed to be 1.5 v. for the purposes of explanation. The
      interface zones of LEDs 400-404 from which light emission occurs
      responsive to a difference of voltage from one side to the other, can be
      made of discrete segments as shown, or continuous without affecting
      operating characteristics. If continuous, a continuous resistance, such as
      resistor 102 of FIG. 1a is more suitable to use therewith. Resistors
      200-200d are all equal-valued as in the apparatus of FIG. 2a, and
      resistors 201-205 are chosen such that total resistance between the
      cathode of their associated diode 300-304 and terminal 213 is
      approximately equal. Because of the much smaller threshold voltage
      involved for diodes 400-404, voltage sources 103 and 107 may have a
      significantly smaller value, say on the order of 5-15 v. each. Resistors
      201-205 should have values that current flow through their associated LEDs
      400-404 will be the few milliamperes necessary to cause light emission.
PAR  Operation of this circuit is smaller to that of the circuit in FIG. 2a. As
      the signal at terminal 104 increases voltage of source 103, voltage
      between the cathode and the anode of diode 404 will increase until the
      forward diode drop is exceeded, at which time diode 404 commences light
      emission. As voltage across source 103 between is further increased,
      diodes 403, 402, 401, and 400 will successively break into light emission
      as their forward diode drops are successively exceeded. Since the
      sustaining voltage is identical here also to the threshold or forward
      voltage drop in these diodes, this circuit also does not have memory
      capabilities. Although only five LEDs 400-404 are shown the circuit can be
      designed to operate with a greater number by appropriately changing the
      voltages of sources 103 and 107 and changing the values of the
      resistances.
PAR  Throughout the previous descriptions, voltages have been shown as dropped
      by the use of resistances. When dealing with A.C. sources, any convenient
      impedance may be used to drop the voltages. It is only necessary that
      values be selected such that voltage phase relationships between
      conductors 100 and 102, and the cathodes and the anodes of FIG. 4, be
      maintained.
CLMS
STM  Having thus described our invention, what we claim is:
NUM  1.
PAR  1. In an electronically powered threshold device light source of the type
      producing visible light from those segments of a two-sided interface zone
      therein across which a voltage difference in excess of a threshold value
      exists, an improvement for producing light from selected segments of the
      interface zone in a preselected order responsive to a control signal, and
      comprising:
PA1  a. a conductor adjacent a first side of the interface zone, and having
      first and second points adjacent first and second segments of the
      interface zone respectively;
PA1  b. an impedance adjacent a second said of the interface zone generally
      spaced across the interface zone from the first side, having first and
      second points adjacent the first and second segments respectively, and
      having appreciable impedance between its first and second points;
PA1  c. a first voltage source of preselected value connected between the first
      and second points of the impedance; and
PA1  d. a second voltage source connected between the conductor and the
      impedance, whose voltage output varies responsive to the control signal
      from a value creating a voltage difference between the first points of the
      conductor and the impedance at least equal to the threshold value, to a
      value simultaneously creating voltage differences between the first points
      of the conductor and the impedance and between the second points of the
      conductor and the impedance both at least equal to the threshold value.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the light source comprises a gas
      discharge element having a chamber containing an ionizable gas, and the
      conductors extend along and adjacent first and second opposing sides of
      the gas chamber.
NUM  3.
PAR  3. The apparatus of claim 2, wherein the impedance comprises a plurality of
      series-connected second impedances, and a plurality of electrodes, each
      electrode connected to a second impedance terminal, placed adjacent the
      second side of the interface zone, and spaced apart from other electrodes.
NUM  4.
PAR  4. The apparatus of claim 3, wherein the electrodes are positioned such
      that the voltage between the first point of the impedance and the various
      electrodes is greater for each electrode more remote from the first
      segment of the interface zone than for each electrode less remote
      therefrom.
NUM  5.
PAR  5. The apparatus of claim 4, wherein the second voltage source is of the
      type whose voltage continuously increases while the control signal swings
      from one preselected value to another.
NUM  6.
PAR  6. The apparatus of claim 3, wherein each electrode is spaced apart from
      each electrode adjacent it such that when it and an adjacent electrode are
      both conducting a substantially continuous area of light emission is
      formed.
NUM  7.
PAR  7. The apparatus of claim 3, wherein each electrode includes an impedance.
NUM  8.
PAR  8. The apparatus of claim 7, wherein each impedance comprising an electrode
      has a value causing current flow through it to be within a preselected
      range while its associated interface zone segment is producing light.
NUM  9.
PAR  9. The apparatus of claim 2, wherein the impedance comprises between its
      first and second contact points a resistive element adjacent at least a
      portion of the second side.
NUM  10.
PAR  10. The apparatus of claim 9, wherein the inpedance comprises a resistive
      coating on a surface of the gas discharge element between its first and
      second points.
NUM  11.
PAR  11. The apparatus of claim 2, wherein the gas discharge element is of the
      type whose threshold voltage exceeds a sustaining voltage below which
      light emission ceases, by a substantial amount when driven by A.C.
      voltage; wherein the first voltage source is of the A.C. type producing a
      potential less than the difference between the threshold and sustaining
      voltages and the second voltage source is of the A.C. type producing an
      output voltage which places the voltage difference between the conductor
      and the impedance along the entire interface zone between the threshold
      and sustaining voltages responsive to a predetermined control signal
      condition.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the second voltage source includes
      means for reducing its output voltage to a level placing the voltage
      differnce between the conductor and the impedance along at least a portion
      of the interface zone below the sustaining voltage responsive to a
      predetermined control signal partial erase condition.
NUM  13.
PAR  13. The apparatus of claim 11, wherein the second voltage source includes
      means for reducing its output voltage to a level placing the voltage
      difference between the conductor and the impedance along the entire
      interface zone below the sustaining voltage responsive to a predetermined
      control signal erase condition.
NUM  14.
PAR  14. The apparatus of claim 11, wherein the second voltage source is of the
      type whose voltage can vary continuously upwardly to a maximum voltage
      placing the voltage difference between each point of the conductor and
      that point of the impedance most nearly adjacent thereto, above the
      threshold voltage.
NUM  15.
PAR  15. The apparatus of claim 11, wherein the interface zone comprises
      light-emitting diode material.
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ABST
PAL  A closed loop controlled amplifier operable on low power is disclosed. The
      amplifier utilizes a relatively slow, high voltage transistor that is
      saturated during the active sweep and cut off during the retrace. A
      dampening network is included which operates during the active horizontal
      deflection time. A current feedback is derived from the horizontal
      deflection yoke to stabilize and control the amplifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to horizontal deflection amplifiers for cathode ray
      tubes, and more specifically relates to a horizontal deflection amplifier
      having utility in producing a high resolution display; i.e., one having a
      substantially perfect linearity correction.
PAR  It is well known that a linear display can straightforwardly be obtained on
      a spherical shaped cathode ray tube. However, since the advent of
      so-called "flat-faced" cathode ray tubes, the horizontal and vertical
      deflection amplifiers must be nonlinear.
PAR  Moreover, it has been generally accepted that a high voltage must be
      applied to the horizontal deflection amplifier in order that the amplifier
      in turn can supply high voltage signals to the horizontal deflection yoke.
PAR  One technique utilized by the prior art was to use class-A amplifiers to
      produce the deflection current. Although these amplifiers were adequate
      for a small deflection of currents, they have not found utility with the
      larger cathode ray tubes because of their low efficiency.
PAR  Another technique is to use a high voltage amplifier that has better
      efficiency than a class-A amplifier. However, this technique requires a
      large amount of power, most of which is dissipated as heat that can damage
      other components.
PAR  Yet another technique is to use a resonant recovery deflection circuit to
      correct the output wave form of the amplifier. This technique can produce
      substantially linear spot deflection on the so called "flat-face" cathode
      ray tube. However, this technique is complex and requires the application
      of relatively high voltage. See Electronic Design, Jan. 4, 1973, pages
      76-80.
PAR  Other techniques are shown in the Hewlett-Packard Company Journal dated
      Feb. 1968, pp. 2 to 8, tilted "A Precision Solid State Television Picture
      Monitor" and in the Hewlett-Packard Data Sheets on Raster Display, Model
      6947A, dated December, 1970.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages by a novel though
      simple approach. More specifically, the disclosed circuit uses closed loop
      control of the amplifier which allows the use of a lower input voltage.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Various features and advantages of the present invention will become more
      apparent upon consideration of the following description, taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 shows a schematic diagram of the horizontal deflection amplifier in
      accordance with the invention; and
PAR  FIG. 2 shows waveform diagrams of electrical signals associated with the
      circuitry of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the amplifier is designed for driving a horizontal
      deflection yoke. The circuit includes an input network 2, an amplifier 4,
      a semiconductor switch 6, a current feedback network 8 and a damping
      network 10.
PAR  The input network 2 conducts current signals from input terminal A to the
      summing junction 12 of amplifier 4. Resistor R1 conducts a .+-. D.C.
      reference to adjust the D.C. bias current in the load. Resistor R2 and a
      capacitor C1 conduct the deflection signal from the deflection signal
      generator to the summing junctions of the amplifier. The deflection
      signal, in the case of a CRT circuit, is the horizontal deflection signal
      for a television monitor. Any desired correction terms, for example, to
      correct for geometric distortion in the display tube, can be included in
      the input signal. If the input signal contains no unwanted D.C. bias
      voltages, capacitor C1 can be eliminated, and resistor R2 connected
      directly to the input signal.
PAR  The amplifier 4 provides both current and voltage gain to the load in
      response to the current conducted through the input network, and
      controlled by the current from the load current feedback network and the
      damping network. The input signal current is applied to the inverting
      input 14 of integrated amplifier A.sub.1. Integrated amplifier A.sub.1  is
      an integrated circuit, wide band, amplifier which provides high open loop
      voltage gain such as Model No. NH0024 by National Semiconductor or Model
      No. HA2520 by Harris Semiconductor. The noninverting input 16 of
      integrated amplifier A.sub.1 is connected to signal ground through
      resistor R5, providing a D.C. reference for the amplifier.
PAR  The +15V and -15V power for the amplifier is filtered by conventional means
      (not shown). Further filtering is provided by capacitor C2 and capacitor
      C3 which are connected to the power supply at integrated circuit A.sub.1.
      Capacitor C8 is used to stabilize integrated circuit A.sub.1, and is
      adjusted to prevent oscillation.
PAR  The output of integrated circuit A.sub.1 is coupled to a unity gain
      noninverting power stage consisting of transistors Q1, Q2, Q3, Q4 and Q5.
      The output of the power amplifier is coupled through junction 18 to the
      semiconductor switch 6.
PAR  The semiconductor switch 6 consists of high voltage transistors Q7 and Q8,
      base bias resistor R11, coupling capacitor C6 and inductor L2. The A.C.
      component of the output signal is coupled through capacitor C6, while the
      D.C. bias current is coupled through inductor L2.
PAR  The voltage reference 20 consists of a 12 volt zener diode, VR.sub.1,
      resistor R10 and Diode CR4 and transistor Q6. The output of voltage
      reference 20 is a nominal 11.4 volts, but is not critical as long as
      transistors Q7 and Q8 can be reverse-biased by the amplifier and the
      reverse base-emitter voltage rating of Q7 and Q8 is not exceeded. The
      diode CR4 permits rapid charge removal from the bases of transistors Q7
      and Q8.
PAR  The inductor L3 provides the stored energy to reverse the load current
      during the retrace time. The resistor R12 is a necessary part of the
      circuit, since the current in inductor L3 does not go to zero. The D.C.
      component of current results in a voltage drop across resistor R12. The
      voltage applied to resistor R12 can be adjusted for the most optimum
      level. Too little voltage will not provide enough current through inductor
      L3 to reverse the load current in load L1 during retrace. Too much voltage
      will not affect circuit operation, but will result in excessive power loss
      in resistor R12. The load L1 is any desired inductive element, for
      example, a deflection yoke for a CRT tube. The inductance of inductance L3
      is small compared with the inductance of inductor L2 but large compared
      with the inductance of load L1.
PAR  The current feedback path consists of a sensing resistor, R15, which
      develops a voltage drop, and resistor R14 which couples the current back
      to the summing junction 14 of the amplifier. Capacitor C5 provides
      stability.
PAR  The damping network consists of diode CR5, potentiometer R16, capacitor C7
      and resistor R13. Only enough damping current is fed back to the summing
      junction to prevent instability. The diode CR5, blocks the damping
      feedback voltage during retrace but conducts during the active scan time
      since the amplifier output is positive during retrace and negative during
      the active scan time.
PAC  OPERATION
PAR  The D.C. term is coupled through the amplifier 4, through inductor L2 and
      is monitored across resistor R15. The A.C. input term shown in FIG. 2a
      consists of a long linear ramp (scan time) and a relatively short voltage
      ramp (retrace time). Since the amplifier is an inverting amplifier, the
      A.C. term monitored by resistor R15, as shown in FIG. 2d is the inverse of
      the input term.
PAR  At time T.sub.o, the input voltage signal from input network 2 to the
      summing junction 12 of amplifier 4 switches from a positive going ramp to
      a negative going ramp. This causes the output of amplifier 4 at terminal
      18, shown in FIG. 2b, to go positive almost instantaneously to the value
      determined by the threashold voltage of transistor Q7 and Q5.
PAR  Current is conducted to the output terminal 18 of amplifier 4 by two paths.
      The first path is from the plus terminal through resistor R12, inductor
      L3, transistor Q7 and transistor Q8 to terminal 18. In the second path,
      the D.C. component is conducted from the ground terminal through resistor
      R15, inductor L1 and inductor L2 to terminal 18 of the amplifier while the
      A.C. component is conducted from the ground terminal through resistor R15,
      inductor L1, capacitor C6, transistor Q7 and transistor Q8 to terminal 18
      of the amplifier.
PAR  The output voltage of amplifier 4 continues to rise slowly until it is
      equal to the constant voltage applied to the bases of transistors Q7 and
      Q8 minus the internal voltage drop of these transistors. When this occurs,
      at time T.sub.1, transistor Q7 and Q8 are turned off, thus blocking the
      two current paths to terminal 18 of amplifier 4. This causes inductor L3
      to generate an inductive voltage surge of several hundred volts. The load
      L1 also attempts to generate a voltage surge but this voltage surge is
      overcome and reversed by the voltage surge of inductor L3 because the
      inductance of inductor L3 is very large compared to the inductance of load
      L1. The resulting voltage at terminal 19 is shown in FIG. 2c.
PAR  The induced voltage of inductor L3 decays until it reaches zero volts at
      time T.sub.2. Since the amplifier 4 is still attempting to maintain a
      constant rate of change of current through load L1 and resistor 15, the
      output of amplifier 4 almost instantaneously goes negative at time
      T.sub.2. The output of amplifier 4 stays negative until time T.sub.3 when
      the cycle is repeated. FIG. 2e shows the resulting voltage load L1 during
      times T.sub.2 to T.sub.3 with a linear scan input. The applied voltage
      slope changes to maintain a constant rate of current change as the
      inductance of L1 varies during the cycle.
PAR  In the foregoing description it will be seen that the present invention
      provides an improved closed loop horizontal deflection amplifier.
PAR  As will be appreciated by those skilled in the art, various modifications,
      omissions and additions may be used in the present invention without
      departing from the scope thereof. Accordingly, it is to be understood that
      the invention shall be limited only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control arrangement for controlling the horizontal deflection of a
      cathode ray display comprising, in combination,
PA1  a controlled amplifier for driving an inductive horizontal deflection yoke
      means, said amplifier providing both voltage and current amplification,
PA1  switching means with at least one transistor, the emitter of said
      transistor connected to the output of said controlled amplifier,
PA1  a first circuit network including a first inductor means and a first
      resistor, said first circuit network connected to a source of positive
      potential and the collector of said transistor,
PA1  a second circuit network including a first capacitor, said inductive yoke
      means and a second resistor connected in series, said second circuit
      network connected to ground and the junction of said first circuit network
      and the collector of said transistor,
PA1  a feedback network and a damping network, said feedback network and damping
      network connected between said second circuit network and the input to
      said controlled amplifier,
NUM  2.
PAR  2. A control arrangement for controlling the horizontal deflection of a
      cathode ray display as defined in claim 1 including a second inductor
      means connected between the emitter of said transistor and the junction of
      said first capacitor and inductive yoke means in said second circuit
      network.
NUM  3.
PAR  3. The control arrangement as set forth in claim 2 wherein said second
      inductor means has a large inductance relative to said first inductor
      means, and wherein said first inductor means has a large inductance
      relative to said inductive yoke means.
NUM  4.
PAR  4. A control arrangement for controlling the horizontal deflection of a
      cathode ray display as defined in claim 3 wherein said controlled
      amplifier includes an integrated circuit amplifier and a unity gain
      noninverting power stage.
NUM  5.
PAR  5. The circuit arrangement as set forth in claim 4 wherein said feedback
      network is further defined as including a third resistor connected in
      parallel with a second capacitor, said third resistor and said second
      capacitor connected between the input of said controlled amplifier and the
      junction of said inductive yoke means and said second resistor.
NUM  6.
PAR  6. The circuit arrangement as set forth in claim 5 wherein said damping
      network includes a first diode and a potentiometer connected between
      ground and the junction of said first capacitor and said inductive yoke
      means in said second circuit, the arm of said potentiometer connected to
      the input of said controlled amplifier through a third capacitor and a
      fourth resistor.
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ABST
PAL  An improved sweep generator circuit suitable for deflection circuits in
      television receivers conventionally includes a condenser chargeable
      through a resistance to establish the sweep. A resistive voltage divider
      and a threshold comparator circuit are each arranged parallel to the
      condenser. The comparator circuit is triggerable to establish a low
      impedance discharge path across the condenser when the charging voltage
      across the condenser exceeds a normal reference voltage from the voltage
      divider. The frequency of the generator is made variable in response to a
      synchronization frequency within predetermined limits by shunting a
      resistance of the voltage divider by a control resistance through an
      electronic switch that is triggerable by the sync pulse train. Normally
      the minimum sync interval determins the heighest frequency of the sweep
      generator; if an additional (disturbance) pulse occurs within such minimum
      sync interval to prematurely establish the shunt connection of the control
      resistance, the condenser will not have had time to charge up to a value
      sufficient to reach the then-reduced reference voltage, and the comparator
      circuit will remain in its high impedance condition until the condenser
      voltage has attained a value equal to the normal reference voltage of the
      divider.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional self-oscillating sweep generators of the type used for
      deflection circuit applications in television receivers employ a condenser
      chargeable from a power supply over a resistance, and a voltage divider
      connected across the supply. A reference voltage derived from the output
      of the voltage divider is connected to one input of a normally disabled
      threshold comparator circuit constructed, e.g. from two complementary
      transistors. The voltage across the condenser is coupled to the other
      input of the comparator circuit. The comparator circuit is effectively
      disposed in shunt with the condenser so that when the reference voltage is
      exceeded by the condenser voltage during the charging thereof, a discharge
      path is provided for the condenser to terminate the sweep and immediately
      thereafter to restore the comparator circuit to its high impedance
      condition.
PAR  When such types of sweep generators are employed as vertical oscillators in
      T.V. receivers and the like, facilities must be provided for varying the
      frequency of the sweep to permit synchronization. In general, such
      variation of the frequency is accomplished by altering the resistance
      ratio of the voltage divider as the syncrate varies to corresponding
      modify the reference voltage. This results in establishing the point
      during the sweep at which the capacitor-shunting comparator circuit is
      switched into its low impedance condition. One problem with conventional
      sweep generators of this type is that the above-mentioned changes in
      frequency can be effected not only by the normal repetitive sync pulses,
      but also by disturbance pulses occurring between successive sync pulses.
      When the sweep circuit responds to such disturbance pulses, the stability
      and/or size of the T.V. picture can be adversely affected.
PAC  SUMMARY OF THE INVENTION
PAR  This problem is solved by the improvments, in accordance with the
      invention, in this type of frequency-controlled sweep oscillator. The
      oscillator is provided with facilities for limiting the frequency
      variation to the range of normal variations in the sync repetition
      frequency so that the circuit is generally insensitive to interpolated
      disturbance pulses.
PAR  In an illustrative embodiment, an additional resistance is connected in
      shunt with one of the resistances of the voltage divider through the
      collector-emitter path of a transistor switch. The base of the transistor
      switch is connected to a suitable source of a train of synchronizing
      pulses, whose repetition rate may vary within normal tolerances (e.g. 8
      Hz). for effecting a corresponding change in the frequency of the sweep
      generator. The magnitude of the additional resistance is chosen such that
      the reduction in amplitude of the reference voltage at the output of the
      voltage divider resulting from the switching in of the additional
      resistance by the synchronizing pulses applied to the transistor switch
      corresponds to the maximum permissible frequency (manifested, e.g., by the
      minimum possible sweep duration) exhibited by the sweep generator during
      normal triggered operation.
PAR  Thus, when the sync pulses are operating at their shortest repetition
      period, the normal triggering of the transistor switch will establish the
      reference voltage of the output of the voltage divider at such a value
      that it will be exceeded by the charging voltage of the capacitor at a
      time corresponding to the minimum permissible sweep duration of the
      oscillator. In the event that a pulse occurs which succeeds the preceding
      pulse by an interval shorter than such repetition period (i.e. upon the
      occurrence of a disturbance pulse interpolated between successive sync
      pulses), the triggering of the transistor switch will occur before the
      capacitor has charged to a value equal to the reduced reference voltage
      corresponding to such triggering, and thereby the comparator circuit will
      remain immune to such disturbance pulses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is furthere set forth in the following detailed description
      taken in conjunction with the appended drawing, in which:
PAR  FIG. 1 is a schematic diagram of a variable-frequency sweep generator
      constructed in accordance with the invention;
PAR  FIG. 2 is a schematic diagram of a modified portion of the
      frequency-changing portion of FIG. 1; and
PAR  FIG. 3 is a curve showing one cycle of a typical sweep wave form generated
      by the circuit of FIG. 3, together with a representation of the range
      within which the sweep duration and thereby the sweep frequency can be
      regulated in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, a frequency-variable sweep generator is depicted
      wherein a condenser 1 is chargeable by means of a potential source U.sub.B
      connected to ground through a resistor 2. The charging operation of the
      condenser results in a linearly increasing voltage at a junction B between
      the resistor 2 and the condenser 1.
PAR  In order to discharge the condenser and thereby terminate the sweep during
      each cycle of the sweep wave form, a threshold comparator circuit
      consisting of a pair of complementary transistors 6 and 7 is connected
      across the condenser 1. The transistors 6 and 7 are normally in their high
      impedance condition so that the shunting effect of the comparator circuit
      on the condenser is normally negligible.
PAR  The sweep oscillator also includes a resistive voltage divider consisting
      of resistors 3 and 4 serially connected between the potential source
      U.sub.B and ground. The output of the divider, taken at a junction A of
      the resistors 3 and 4, is applied to the base of the transistor 6 through
      a base resistor 5. The voltage at the junction A represents a reference
      voltage which ultimately determins the sweep duration of the voltage at
      output point B and thereby the repetition frequency of the sweep
      generator. The collector of the transistor switch is coupled through a
      base resistance 8 to the base of the transistor 7 and to ground via an
      additional base resistance 9. The emitter of the transistor 7 is grounded.
      The collector of the transistor 7 is connected to the output point A of
      the voltage divider 3, 4.
PAR  The comparator circuit represented by the transistors 6 and 7 and the
      associated resistances is designed to be operable into a low impedance
      output state when the reference voltage at point A is exceeded by the
      voltage across the capacitor at point B. For this purpose, the point B is
      connected to the emitter of the transistor 6. Consequently, whenever the
      voltage at point B has charged up to a value that just exceeds the
      reference voltage at point A, the transistors 6 and 7 will be driven into
      conduction and the capacitor 1 will discharge via two paths to ground; (1)
      via the emitter-base path of transistor 6, resistance 5, and the
      collector-emitter path of the transistor 7, and (2) the emitter-collector
      path of transistor 6, the resistor 8, and the base-emitter path of the
      transistor 7. The discharge time constant of the capacitor 1 will in such
      circumstances be determined solely by the values of the base resistance 5
      and 8, and will be relatively immune to variations in the amplification
      factors of the paired transistors 6 and 7.
PAR  The discharge of the capacitor 1 will rapidly proceed until the voltage at
      point B is no longer sufficient to maintain conduction in the transistors
      6 and 7, at which point the comparator circuit will again revert to its
      open circuit state and a new cycle of the sweep will occur.
PAR  It is known that when sweep oscillators of the type just described are used
      in synchronized vertical oscillators for television receivers and the
      like, the repetition frequency of the sweep can be made to track
      variations in the repetition rate of the synchronizing pulses by altering
      the resistance ratio of the voltage divider 3, 4 and to correspondingly
      vary the reference voltage at point A. This is because the point of the
      sweep at which the comparator circuit will be operable into its low
      impedance state will vary with such changes in reference voltage.
      Unfortunately, in known circuits of this type the presence of disturbance
      pulses (i.e. pulses interpolated between the normally regularly occurring
      sync pulses in the pulse train) will indiscriminately cause corresponding
      frequency changes in the sweep circuit and will thereby effect an
      undesirable loss of synchronization of the television picture.
PAR  In accordance with the invention, this disadvantage is overcome by
      providing facilities that limit the change of frequency of the sweep
      circuit to a value that corresponds to the normally expected range of
      deviation of the synchronization pulses during normal television receiver
      operation, thereby effectively "locking out" the disturbance pulses of the
      above-mentioned type. In the illustrative embodiment of FIG. 1, this is
      accomplished by shunting the lower resistance 4 of the voltage divider by
      an additional resistance 11 which is coupled to ground via the
      collector-emitter path of a normally disabled switching transistor 10. The
      base of the transistor 10 is coupled to the conventional source of sync
      pulses whose repetition rate is variable within prescribed limits (e.g. 8
      Hz.) of a normal television receiver. The switching transistor 10 is
      adapted to be switched into conduction momentarily upon the occurrence of
      each synchronizing pulse in the train, and to revert to its open circuit
      state immediately thereafter.
PAR  The value of the resistance 11 is chosen such that when the pulse
      repetition period of the pulses applied to the base of the transistor 10
      is at its minimum permissible value, the corresponding reduction in the
      reference voltage at point A will be sufficient to reduce the sweep
      duration represented by curve 51 (FIG. 3) from an outer limit represented
      at 53 to an immer limit represented at 54. The range between the points 53
      and 54 will thus represent the maximum permissible deviation in the sweep
      repetition frequency during normal television receiver operation. Thus,
      the reference voltage at point A will vary between a value U.sub.max,
      corresponding to point 53, and U.sub.min, corresponding to the point 54,
      over the permissible range of sync repetition period variation.
PAR  With this arrangement, any further reduction in the interval between
      successive pulses of the train applied to the base of the switching
      transistor 10 will cause the voltage at point A to be momentarily reduced
      from the value U.sub.max to the value U.sub.min before be charging voltage
      across the condenser 1 has reached the value U.sub.min. Consequently, the
      threshold comparator circuit consisting of the transistors 6, 7 will not
      be triggered into conduction until the sweep curve 51 has run its full
      cource (i.e., up to its normal outer limit 53). Since the reduction in
      interval of the pulses is normally indicative of the presence of a
      disturbance pulse between the normally regularly recurring sync pulses, it
      will be evident that the inventive arrangement is effective to insulate
      the sweep oscillator from the normally deleterious effects of disturbance
      pulses of this type.
PAR  An additional advantage of the inventive arrangement is that even though
      the point 53 to which the sweep is driven in the presence of disturbance
      impulses may be slightly different from the value within the range between
      the points 53-54 dictated by the instantaneous synchronization frequency,
      such exact point is recoverable within at most several oscillations at the
      sync rate following the disappearance of the disturbance pulse.
PAR  A modification of the arrangement to FIG. 1 is shown in FIG. 2. In this
      arrangement, in which corresponding elements in FIGS. 1 and 2 have been
      given corresponding reference numerals, a current source 12 is serially
      connected with the switching transistor 10 and the resistor 11. The
      function of the current generator 12 is to alter the collector
      characteristics of the transistor 10 during the time that the latter is
      switched into conduction and thereby effect a variation in the reference
      voltage A and thereby in the frequency of the sweep oscillator even in the
      absence of changes in the repetition rate of the synchronization pulses.
      Such application is useful, for example, when the sweep oscillator is
      employed as a vertical oscillator in a TV receiver.
PAR  Within the constraints imposed above, the resistor 11 may be given any
      desired value. Conveniently, the value of the resistor 11 may be made
      equal to that of the resistor 4 of the voltage divider 3,4, whereupon the
      value U.sub.min (FIG. 3) will be somewhat less than one half the value of
      U.sub.max.
PAR  In the foregoing, the invention has been described in connection with
      preferred arrangements thereof. Many variations and modifications will now
      occur to those skilled in the art. It is accordingly desired that the
      scope of the appended claims not be limited to the specific disclosure
      hereincontained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a variable frequency sweep circuit having a condenser changeable
      through a resistance whereby the voltage across the condenser establishes
      the sweep, a voltage divider including at least first and second
      resistances, the divider generating at its output a reference voltage
      determined by the ratio of the resistances, a normally disabled comparator
      circuit having first and second inputs and an output connected across the
      condenser, the output of the comparator circuit normally exhibiting a high
      output impedance when the voltage at its first input exceeds the voltage
      at its second input, the comparator circuit being triggerable to a low
      output impedance when the voltage at its second input exceeds the voltage
      at its first input to terminate the sweep, means for coupling the
      reference voltage to the first input of the comparator circuit and means
      for coupling the voltage across the condenser to the second input of the
      comparator circuit, an improved arrangement for adjusting the frequency of
      the sweep generator which comprises, in combination, a third resistance, a
      normally disabled electronic switch having a trigger electrode and a
      transconductive path, means for serially coupling the transconductive path
      of the switch and the third resistance across the second resistance of the
      voltage divider, and means for coupling the trigger electrode of the
      switch to a normally regularly repetitive train of trigger pulses to shunt
      the third resistance across the second resistance only during the
      occurrence of a trigger pulse, said third resistance being so chosen that
      the reference voltage existing at the output of the voltage divider during
      the momentary shunting of the second resistance by the third resistance is
      a prescribed fraction of the maximum reference voltage to establish a
      correspondingly prescribed time interval within the sweep at which the
      comparator circuit is operable to its low output impedance condition.
NUM  2.
PAR  2. A sweep circuit as defined in claim 1, in which the magnitudes of the
      second and third resistances are substantially equal.
NUM  3.
PAR  3. A sawtooth circuit according to claim 1, further comprising a current
      generator connected in series with the switch and the third resistance.
PATN
WKU  039477258
SRC  5
APN  4133951
APT  1
ART  212
APD  19731106
TTL  Protective system for a capacitor voltage transformer
ISD  19760330
NCL  2
ECL  1
EXP  Trammell; James D.
NDR  1
NFG  3
INVT
NAM  Lucas; Howard R.
STR  398 Lake Promenade
CTY  Toronto, Ontario
CNT  CA
PRIR
CNT  CA
APD  19721109
APN  156085
CLAS
OCL  317 12B
XCL  324126
EDF  2
ICL  H02H  716
FSC  317
FSS  12 B;12 A;12 R
FSC  324
FSS  126
UREF
PNO  2504860
ISD  19500400
NAM  Marbury
OCL  317 12A
UREF
PNO  2756414
ISD  19560700
NAM  Doremus
XCL  324126
UREF
PNO  3497771
ISD  19700200
NAM  Korkka
OCL  317 12R
UREF
PNO  3517263
ISD  19700600
NAM  Okamura et al.
OCL  317 12R
UREF
PNO  3530502
ISD  19700900
NAM  Nishidai
OCL  317 12B
FREF
PNO  1,140,673
ISD  19570300
CNT  FR
OCL  324126
FREF
PNO  1,026,421
ISD  19580300
CNT  DT
OCL  324126
FREF
PNO  1,269,719
ISD  19680600
CNT  DT
OCL  324126
FREF
PNO  1,083,424
ISD  19600600
CNT  DT
OCL  324126
ABST
PAL  Capacitive voltage transformers for measurement of voltage for metering and
      protective relay purposes on high voltage power transmission systems
      including a protective system therefor which consists of modifying the
      inductive value of the inductance in the circuit in response to a
      condition of the circuit which is abnormal to the normal operation
      thereof. The inductive value is varied, in one instance, by short
      circuiting the winding thereof, short circuiting occurring through the use
      of a triggering device operated in response to an over-voltage in the
      system. In another instance, the inductive value is varied by providing a
      further coil magnetically coupled to the inductance and which further coil
      is energized upon triggering of a device in circuit therewith upon
      abnormal operating conditions of the line in response to such abnormal
      condition.
BSUM
PAR  This invention relates to improvements in capacitor voltage transformers
      and more particularly to protective systems therefor.
PAR  The use of capacitor voltage transformers for the measurement of voltage
      for metering and protective relaying purposes on high voltage power
      transmission systems is well known and standards for the performance and
      testing of the same have been developed. In such devices, a high voltage
      capacitor (preferably of conservative design and high insulation
      reliability) is connected between the high voltage line to be measured and
      ground. The capacitor is provided with a tapping point at some
      intermediate voltage, for example, at about 1/20 of the total voltage. A
      small electromagnetic transformer of suitable design is connected from the
      tapping point to ground. The low voltage or secondary winding output of
      the transformer is used to supply the meters, relays or other devices as
      required by the user.
PAR  In the known devices, the high voltage circuit consists of a pair of
      capacitors in series. An intermediate voltage transformer is connected to
      the high voltage circuit at a tapping point between the condensers. An
      inductance is provided either on the high-voltage side of the transformer
      or on its grounded side. The inductance is chosen that the total inductive
      reactance (including the transformer) of the intermediate voltage loop
      will be at or near a resonant condition (at the operating frequency of the
      device) with the total capacitance of the capacitors. This is necessary to
      permit the output voltage of the transformer to be as nearly as possible
      in phase with the H.V. input voltage.
PAR  In practice, most of the inductance is provided by an iron-core reactor
      with a fixed air gap. The inductance is adjusted by means of tappings in
      the windings, (to the desired value) to match the capacitor with which it
      is used. The transformer is also provided with tapping points in its
      windings so that the L.V. output can be adjusted to the desired ratio with
      the H.V. input. It has been found necessary in past practice to provide
      protective gaps either across the capacitors or inductance or both to
      relieve dangerously high overvoltages which might otherwise occur within
      the device as a result of system overvoltage, lightning surges, sudden
      switching, or inadvertent short circuit of the secondary windings. Such
      surges are known to generate a condition known as ferroresonance within
      the devices and many schemes have been developed to make the circuit less
      prone to ferroresonant oscillations or to suppress them if they do occur.
PAR  Most of the schemes to eliminate the problem of ferroresonance of self
      sustained (possibly overvoltage) oscillations within the device involve
      some method of mechanically or electrically (by means of an auxiliary
      transformer, for example) inserting some kind of loading resistance into
      the circuit so that the energy in the oscillations can be speedily
      dissipated and the circuit speedily returned to normal operating
      conditions. In some cases, this ferroresonant damping resistor is
      connected to the low voltage output windings of the transformer.
PAR  The following patents are exemplary of prior art devices and systems:
PA0  Canadian Pat. No. 873,509, issued June 15, 1971 to MICAFIL AG
PA0  Canadian Pat. No. 832,597, issued Jan. 20, 1970 to MICAFIL AG
PA0  Canadian Pat. No. 855,827, issued Nov. 1970 to General Electric Company
PA0  Canadian Pat. No. 744,818, issued Oct. 18, 1966 to Nissin Electric
PA0  Canadian Pat. No. 793,972, issued Sept. 3, 1968 to MICAFIL AG
PA0  Canadian Pat. No. 669,678, issued Sept. 3, 1963 to MICAFIL AG.
PAR  tests have evolved to evaluate the effectiveness of the circuit in
      suppressing ferroresonance which consist of energizing the device in the
      normal manner at 120 percent of its rated voltage, then momentarily
      applying a short circuit to the L.V. output terminals. Effectiveness of
      the circuit is measured in the shortness of time required for the output
      voltage to return to its proper value, after the short circuit is removed.
      The normal requirement is that the output voltage return to normal value
      within 10 cycles. The prior art devices, however, have been found to have
      effects extending beyond the 10-cycle requirement.
PAR  A principal object of the present invention is to provide improvements in
      supressing overvoltage oscillations within the intermediate circuit of the
      device which are caused by the abnormal conditions mentioned above.
PAR  A further object is to provide a system for suppression of transient
      oscillations, returning the output voltage to its proper value
      consistently and in a minimum number of cycles. A still further object is
      to eliminate the previously used protective spark gaps which are regarded
      as having been a necessary evil, since the rapidity with which the voltage
      collapses across a spark gap is so great that additional dangerous
      stresses are generated by their sparking within the windings of
      transformer and inductance.
PAR  Accordingly, there is provided in accordance with the present invention
      improvements in a protective system of a circuit in a capacitor voltage
      transformer which includes an inductance in the circuit thereof minimizing
      the occurrence of dangerous over-voltages therein upon occurrence of an
      abnormal over-voltage applied thereto, permitting the voltage to return to
      normal promptly and smoothly upon removal of the disturbance comprising
      first means to modify the inductive value of said inductance and means
      capable of triggering said first means to operate only above a
      predetermined condition and in response to occurrence of said abnormal
      condition.
DRWD
PAR  The invention is illustrated by way of example in the accompanying drawing,
      wherein:
PAR  FIG. 1 is a schematic circuit of one embodiment;
PAR  FIG. 2 is a schematic of a second embodiment; and
PAR  FIG. 3 is a schematic of a further embodiment.
DETD
PAR  Referring now to the drawing, the high voltage circuit consists of the
      capacitors C.sub.1 and C.sub.2 in series. An intermediate voltage
      transformer T is connected to a tapping point A between the capacitors. An
      iron cored inductance L is lsocated on the grounded side of transformer T.
      Such inductance however could be located between tapping point A and the
      transformer T without materially changing the performance of the device.
PAR  The inductance L has tappings (not shown) for the purpose of adjustment of
      its inductance. A protective device PD is connected across some portion of
      the winding of inductance L as shown in FIG. 1, or alternatively, across a
      suitable additional winding on the same core as shown in FIG. 2. In the
      first instance, the portion of winding concerned may be suitably increased
      in ruggedness to withstand the currents which will flow when the
      protective device becomes conducting. In the second instance, the separate
      section of winding is insulated from the rest, and possibly connected to
      ground at one point or it may be connected in series with the main
      inductance winding or to any point of it. The protective device PD
      consists of a suitable voltage limiting device such as a spark gap G (FIG.
      2) or semiconducting diode D (FIG. 1) in series with a resistance R.
      Resistance R may be partly or wholly composed of the winding resistance of
      the part of inductance L to which the protective device is connected.
PAR  The sole requirement of the protective device is that it become conducting
      when the current in the inductance L (or the voltage across it) has risen
      to a predetermined value. When this occurs, the current in the portion of
      winding to which it is connected is suddenly allowed to rise and that
      portion of the winding is thus effectively short circuited. The voltage
      across the tuning inductance L is thus sharply reduced by the transformer
      action between the short circuited portion and the main winding and
      dangerous overvoltages in the intermediate circuit of the capacitor
      voltage transformer are prevented.
PAR  Several devices of satisfactory characteristics for the protective device
      are available. The protective portion of the winding can be modified to
      use units of relatively low current carrying capability and higher voltage
      withstand levels or units of high current carrying capability coupled with
      low voltage withstand levels. Silicon diodes, zener diodes, triacs or
      other triggerable conductive or semi-conductive devices may be used with
      suitable modifications of the protective winding.
PAR  Satisfactory results have been obtained in a test unit utilizing the
      following components with a high voltage input of 115 K.V: C.sub.1 and
      C.sub.2, respectively 0.006 .mu.f and 0.087 .mu.f, Inductance L arranged
      to be tuned precisely with C.sub.1 + C.sub.2 and having a value of roughly
      81 henries, the protective device D being a gas-filled protective gap with
      a momentary current rating of 5 amperes and a spark-over level of
      approximately 200V rms. The Resistance R in such arrangement was 10 ohms.
      The transformer preferably has the characteristics of minimum losses, i.e.
      lowest copper and iron losses practical, low flux densities so its core
      could not easily be forced into saturation and insulation reliability. The
      low voltage output, by suitable taps, provides operation at desired
      voltages of, for example, 115V or 66.4V or other multiples of the high
      input voltage permitting ready conversion.
PAR  In FIG. 3, there is shown a further modification wherein an iron cored
      inductance L.sub.2 having a condenser C.sub.3 in parallel therewith is
      connected at a top B through a resistance R.sub.2 to a tap E of the
      transformer T. Good results have been found in such an arrangement wherein
      the tap portion E of the transformer T is 140V and the tapped portion B of
      the iron cored inductance L.sub.2 is also 140V. The iron cored inductance
      L.sub.2 is chosen to give 60-cycle resonance with a particular Capacitor
      C.sub.3. In tests, good results have been found utilizing a 10-ohm
      Resistor R.sub.2 and a 10 .mu.f condensor C.sub.3. In the tests, poor
      results were found in having tap T at 220V when the tap point C was at
      140V. It was thus demonstrated that the voltage rating of the inductor
      L.sub.2 should correspond to the portion of the transformer winding to
      which it is connected. It will further be understood that this further
      portion of the circuit may be connected anywhere to the transformer T in a
      similar manner to the connection of the protective device to the
      inductance L described above.
PAR  The operation of the protective device may be described as follows:
PAR  When a disturbance such as a momentarily applied short circuit on the L.V.
      output of the transformer occurs, the impedance of transformer T is
      drastically reduced and inductor L is placed electrically in parallel with
      capacitor C.sub.2, with which it has been adjusted to resonate. The
      voltage of the parallel combination of L and C.sub.2 rises very sharply
      and high currents tend to circulate within the two elements. The
      fast-acting voltage-limiting device (D or G) starts conducting at a
      suitable voltage level effectively short circuiting the portion of the
      winding across which it is connected. This collapses the voltage across
      inductor L and takes it out of resonance with capacitor C.sub.2. The
      voltage at A is thereby prevented from building up to a dangerously high
      level.
PAR  When the disturbance which caused the impedance of transformer T to be
      reduced is passed or removed, the circuit returns to normal operation
      smoothly and with minimum delay. The insulation requirements in
      transformer T and inductance L are considerably reduced by elimination of
      the high voltage surges which would have been generated by the spark-over
      of protective gaps across C.sub.2 or L according to previous practice.
PAR  The foregoing system may be provided as a complete unit for installation,
      or alternatively, existing installations may be converted by modifying the
      inductance L to incorporate the embodiments of FIGS. 1 or 2.
      Alternatively, existing installations may be modified by substituting an
      inductance L in accordance with the present invention for the inductance
      used in existing installations.
PAR  In the foregoing embodiments, the transformer T is provided with two
      secondary windings and a useful burden may be connected in series with one
      of the secondary windings. The other secondary winding may have connected
      in series therewith and adapting circuit or harmonic suppression filter
      consisting of the parallel LC circuit in series with a resistor.
CLMS
STM  I claim:
NUM  1.
PAR  1. Improvements in a protective system of a circuit in a capacitor voltage
      transformer which includes an inductance in the circuit thereof minimizing
      the occurrence of dangerous overvoltages upon occurrence of an abnormal
      overvoltage applied thereto, permitting the voltage to return to normal
      promptly and smoothly upon removal of the occurrence, said improvement
      comprising means short circuiting only a portion of the winding of said
      inductance for modifying the inductive value of said inductance, a
      triggering device in series in said short circuiting means and operative
      only above a predetermined condition and in response to occurrence of said
      abnormal condition and resistance means in series with said triggering
      means whereby the inductance is modified into a resistance by means of
      transformer action thus permitting a smooth transition from a normal
      operation to a dampening mode.
NUM  2.
PAR  2. The system as claimed in claim 1, wherein said resistance is provided
      within the winding of the inductance.
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PAL  A thyristor is shunted by a metal oxide varistor in series with switching
      means which switches abruptly from a normal high-resistance state to a
      low-resistance, current conducting state when the thyristor is subjected
      to a transient surge of reverse bias voltage the magnitude of which is
      higher than a predetermined repetitive peak magnitude and is nearly equal
      to the level at which the thyristor turns on in an avalanche breakdown
      mode. The voltage-current characteristic of the varistor is coordinated
      with the reverse breakdown characteristic of the thyristor so that surge
      current will divide therebetween in such proportions that the maximum
      reverse current flowing through the thyristor is lower than a
      predetermined critical magnitude which can damage the same, whereby the
      thyristor is able safely to participate in the surge-energy dissipating
      process.
BSUM
PAR  This invention relates generally to high power thyristors that can be used
      to form high-voltage solid-state controllable electric valves for
      rectifying or inverting bulk electric power in a high voltage direct
      current (HVDC) transmission system, and more particularly it relates to a
      scheme for protecting such thyristors from damage due to high-energy
      surges of reverse blocking voltage.
PAR  The following U.S. patents and publications are indicative of prior
      approaches in the pertinent art: U.S. Pat. No. 3,246,206-Chowdhuri; U.S.
      Pat. No. 3,629,685-Johansson; 3,793,535-Chowdhuri; General Electric SCR
      Manual, pp. 155 and 326-30 (4th ed. 1967).
PAR  "Thyristor" is a generic name for a family of solid-state bistable
      switches, including silicon controlled rectifiers (SCRs), which are
      physically characterized by a semiconductor wafer having a plurality of
      layers of alternately P- and N-type conductivities between a pair of main
      current-carrying metallic electrodes (designated the anode and the
      cathode, respectively). Such semiconductor devices are equipped with
      suitable gating means for initiating forward conduction between the main
      electrodes on receipt of an appropriate control or trigger signal. Where
      high current ratings are desired (e.g., 1,250 amps average) a
      semiconductor wafer of relatively large area is used, and to obtain high
      voltage ratings (e.g., 2,600 volts peak) the base layers in the wafer are
      made relatively thick. To form a higher voltage solid-state controllable
      electric valve, a plurality of such thyristors can be interconnected in
      series and operated in unison. By suitable interconnecting and arranging a
      plurality of such valves to form an a-c switch or an a-c/d-c converter,
      the flow electric power can be controlled in a high voltage alternating
      current circuit or in an HVDC system.
PAR  During those cyclically recurring intervals when the above-mentioned high
      voltage valve is in an off or blocking state, the valve and its associated
      equipment are prone to being damaged by extra high voltage surges that may
      be produced at random times by a variety of different transient
      disturbances, such, for example, as lightning strokes, bushing flashovers,
      or inverter commutation failures. Such over voltage transient can rise far
      above the working or cyclical peaks of the normal system voltage. To
      divert and suppress these transient surges, a lightning arrester is
      commonly connected across each valve. See, for example, U.S. Pat. No.
      3,513,354-Sakshaug and Kresge. To further protect the individual
      thyristors from forward voltage breakover, it is also desirable to use an
      overvoltage responsive triggering scheme such as the one that is disclosed
      and claimed in prior U.S. Pat. No. 3,662,250-Piccone and Somos. The
      present invention is concerned with protecting the individual thyristors
      from damage during a high-energy transient surge of reverse voltage on the
      valve.
PAR  When a thyristor is subjected to excessive voltage in the reverse direction
      (anode potential negative with respect to cathode), it can switch from a
      reverse blocking state to a reverse current conducting state. This turn on
      action is known as an avalanche breakdown, and the critical level of
      reverse voltage at which it occurs is called the reverse breakdown voltage
      (V.sub.(BR)R). When turned on in this manner the thyristor can conduct a
      substantial amount of reverse current without damage, so long as the
      breakdown occurs on a single-shot basis (non-repetitive) and the reverse
      current does not exceed a destructively high peak nor last longer than a
      relatively brief time. Transient energy is safety dissipated within the
      bulk of the thyristor, and when the surge of reverse current subsides the
      thyristor fully recovers its reverse blocking capability. However, if the
      surge current magnitude and duration exceeds the energy dissipating
      capability of the thyristor during reverse avalanche, it must be
      harmlessly diverted to prevent destruction of the thyristor. A
      conventional lightning arrester cannot be counted on for this purpose
      because its operating speed is likely to be too slow to protect either the
      full valve or each of its constituent thyristors, especially under a
      condition of unequal voltage distribution which occurs when a very
      steep-front surge of abnormally high reverse voltage is applied to the
      converter valve.
PAR  It has heretofore been proposed to suppress overvoltages by connecting
      across individual thyristors a voltage-variable non-linear resistor known
      as a metal oxide "varistor" (MOV). A MOV comprises a sintered body of
      ceramic material (such as zinc oxide plus a small quantity of bismuth
      oxide) whose resistance will switch from an extremely high standby value
      for applied voltages of less than a so-called breakover voltage level to
      very low conducting values for voltages above the breakover level, thereby
      limiting the rise of voltage to a safe maximum level.* The manner in which
      the current (I) in a MOV varies as a power of the voltage (V) across it
      can be expressed by the equation:
      ##EQU1##
      where the constant C equals the magnitude of V when I = 1 ampere, and the
      exponent .alpha. is a number greater than 10.
FNT  *By definition, the peak voltage across a varistor when conducting idling
      current of one milliamp (peak) is referred to as the "breakover voltage,"
      and the maximum level to which the voltage rises when the varistor is
      conducting the instantaneous peak current of an overvoltage transient is
      referred to as the "peak clamping voltage."
PAR  Such a varistor has the desirable features of having a high degree of
      non-linearity, switching with negligible delay time (less than 50
      nanoseconds), having high energy handling capability, and being capable of
      being fabricated in a variety of shapes of various sizes. Its electrical
      characteristics are determined by the geometry of the body formed from the
      polycrystalline material and by the composition thereof, with C being
      primarily a function of the material grain size and .alpha. being
      primarily a function of the grain boundary. More information about metal
      oxide varistors can be found on pages 477-81 of the SCR Manual (5th ed.)
      published in 1972 by the General Electric Co., Electronics Park, Syracuse,
      N.Y. 1320l, and commercially available models are identified in the
      condensed specification on page 656 of the same Manual.
PAR  MOV's that are commercially available at this writing are not entirely
      satisfactory for protecting the thyristors in a solid-state HVDC valve
      from high-energy transient surges of excessive reverse blocking voltage
      because of their tendency to be unstable at very high voltage levels. By
      "unstable" we mean that the voltage-current characteristic of an MOV may
      drift or change with time if the varistor were repeatedly subjected to
      voltage peaks higher than its breakover voltage. Such high voltage levels
      also tend to cause overheating in the MOV, and this too is a degrading
      influence.
PAR  Accordingly, a general objective of our invention is to provide, for
      protecting a thyristor from damage due to excessive reverse blocking
      voltage, of an improved protective scheme that avoids the shortcomings of
      the prior art approaches in the environment of solid-state HVDC electric
      valves.
PAR  In carrying out our invention in one form, we connect across the main
      electrodes of a thyristor the series combination of non-linear resistance
      means, which comprises at least one metal oxide varistor, and switching
      means such as a PNPN semiconductor element poled inversely with respect to
      the thyristor. The switching means is operative to switch abruptly from a
      normal high-resistance state to a low-resistance, current conducting state
      if subjected to a voltage which attains a predetermined breakover value.
      Its switching characteristic is coordinated with the voltage-current
      characteristic of the varistor so as to switch to its current conducting
      state in high-speed response to the magnitude of reverse bias voltage on
      the thyristor increasing to a level which is higher than a predetermined
      repetitive peak reverse voltage (V.sub.RRM) and which nearly equals the
      reverse breakdown voltage of the thyristor. The voltage-current
      characteristic of the varistor is coordinated with the reverse breakdown
      characteristic of the thyristor so that after a surge of reverse bias
      voltage causes the aforesaid switching means to operate, the surge current
      will divide between the thyristor and the parallel-connected varistor in
      such proportions that the maximum reverse current flowing through the
      thyristor is lower than a predetermined critical magnitude which might
      damage the same. As current increases to its maximum value in the
      varistor, the surge of reverse voltage across the parallel thyristor is
      safely limited to the peak clamping voltage of the MOV. At the same time,
      the thyristor is conducting a significant amount of reverse current which,
      while within its inherent reverse avalanche capability, is substantial
      enough (e.g., one-third of the total surge current at the peak magnitude
      thereof) to relieve appreciably the energy dissipating duty of the
      varistor. Consequently the size and the cost of the varistor can be kept
      relatively small. So long as the reverse bias voltage does not exceed
      V.sub.RRM, the aforesaid switching means remains in its normal
      high-resistance state, whereby the varistor is not exposed to the high,
      repetitive reverse voltage peaks which would otherwise jeopardize its
      stability.
PAR  Our invention will be better understood and its various objects and
      advantages will be more fully appreciated from the following description
      taken in conjunction with the accompanying drawings in which:
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PAR  FIG. 1 is a schematic one-line diagram of a high-voltage direct-current
      electric power delivery system including converters using solid-state
      valves in which our invention can be advantageously embodied;
PAR  FIG. 2 is a schematic circuit diagram of a string of serially
      interconnected thyristors comprising one of the valves used in the
      converters shown in block form in FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram of the parallel combination of a
      thyristor and overvoltage protective means illustrating a preferred
      embodiment of our invention and comprising one of the reiterative levels
      which form the valve shown in FIG. 2;
PAR  FIG. 3a is a schematic diagram of a modified form of the switching means
      used in the overvoltage protective means which is illustrated in FIG. 3;
PAR  FIG. 4 is a chart of voltage vs. time showing voltages across the whole
      valve and across certain levels thereof during the early stages of a
      transient surge of reverse blocking voltage;
PAR  FIG. 5 is a chart of current vs. voltage showing the reverse breakdown
      characteristic of a typical thyristor and the voltage-current
      characteristic of a typical metal oxide varistor which can be used in
      practicing our invention; and
PAR  FIG. 6 is a chart of both voltage and current vs. time illustrating a
      half-cycle surge of reverse current through the FIG. 3 circuit, which
      current has a sinusoidal waveform, a peak magnitude of 400 amperes, and a
      duration of 5 micro-seconds.
DETD
PAR  The first two figures of the drawings illustrate one practical application
      of a protective scheme embodying our invention. FIG. 1 is a one-line
      representation of two high-voltage polyphase alternating current electric
      power systems 11 and 12 which are interconnected by a d-c link 13. The a-c
      system 11 comprises a bus 14 to which electricity is supplied by an
      appropriate source 15, and the a-c system 12 comprises a bus 16 from which
      electricity is delivered to a connected load circuit 17. Additional loads
      (not shown) can be connected to the bus 14 of system 11, and other sources
      (not shown) can be connected to the bus 16 of system 12. The separate
      buses 14 and 16 are respectively coupled to opposite terminals of the
      interconnecting d-c link 13 by way of suitable electric power converter
      stations 18 and 19.
PAR  Each of the converters 18 and 19 comprises a conventional arrangement of
      power transformers, a-c/d-c bridges, and means for supplying firing pulses
      to the controllable electric valves which are used to form each bridge.
      Normally the converter 18 is operated in a rectifying mode and the
      converter 19 is operated in an inverting mode, whereby bulk electric power
      can be transmitted in the form of high voltage direct current from the a-c
      system 11 to the a-c system 12. For more information about the art of High
      Voltage Direct Current Power Transmission, see the book of that title by
      Colin Adamson and N. G. Hingorani (published in 1960 by Garraway, Ltd.,
      London, England).
PAR  Each bridge in each of the converters 18 and 19 usually comprises six
      identical solid-state controlled valves arranged in a 3-phase double-way
      6-pulse configuration having three separate a-c terminals and a set of
      positive and negative d-c terminals. In the present state of the art, each
      valve will comprise a string of serially interconnected thyristors which
      have individual voltage ratings lower than the required voltage rating of
      the valve. Such a valve is shown in greatly simplified form in FIG. 2. It
      comprises a plurality of duplicate high-power thyristors 1, 2, 3, ... n
      which are series conneted in polarity agreement between the valve anode 21
      and cathode 22. One of the latter electrodes is adapted to be connected to
      an a-c terminal of the bridge in which the valve is located, and the other
      is connected to one of the d-c terminals of the bridge. For higher current
      ratings, additional thyristors can be respectively connected in parallel
      with the thyristors shown in FIG. 2.
PAR  One each cycle of the a-c system voltage, at a time when a forward bias
      voltage is impressed on the illustrated valve (i.e., when the potential of
      the anode 21 is positive with respect to the cathode 22), all of the
      constituent thyristors 1, 2, 3, ... n are fired or turned on in unison by
      operation of associated control means (not shown) coupled to their
      respective gate electrodes. To ensure proper turnon action, the valve
      should include commutation transient suppressing means (not shown) such as
      described and claimed in U.S. Pats. No. 3,423,664-Dewey and U.S. Pat. No.
      3,626,271Dewey. Once the valve turns on, it will freely conduct load
      current in a forward direction until subsequently turned off by line
      voltage commutation, whereupon it remains off until fired again one cycle
      later. Because of slight discrepancies that commonly exist among the
      individual switching characteristics of a plurality of thyristors, it is
      standard practice to promote voltage sharing among the respective
      thyristors of the valve by connecting in shunt therewith an R-C bypass
      network comprising, across each level of the valve, a voltage equalizing
      series resistor-capacitor subcircuit 23. Each subcircuit typically
      includes a resistor of 10 ohms and a capacitor of four to 10 microfarads.
      The benefits of such a bypass network are more fully explained in the
      first-mentioned Dewey patent.
PAR  The illustrated valve is designed to withstand the voltage applied across
      its anode 21 and cathode 22 during its periodic off or nonconducting
      intervals. At the inverting or "receiving" end of the d-c link 13, this
      voltage will forward bias the valve for most of the nonconducting
      interval, whereas at the rectifying or "sending" end of the link the
      applied voltage reversely biases the valve (i.e., anode potential negative
      with respect to cathode). Although shown grounded in FIG. 2, it should be
      understood that the cathode 22 could alternatively have an absolute
      potential appreciably more negative (or more positive) than ground,
      depending on where the valve is located in the bridge, where the bridge is
      positioned in a pole, and whether the converter is operating in the
      rectifying or inverting mode. When the illustrated valve is reverse
      biased, its anode potential will be negative with respect to ground, but
      if instead of being grounded the cathode 22 were at a relatively positive
      potential, the reverse-biased anode could then have a potential which is
      either equal to or more positive than ground.
PAR  At various times during each nonconducting interval, the valve will be
      subjected to high peak voltages which the associated power system normally
      imposes thereon. In addition, abnormal voltage surges may be randomly
      produced by transient phenomena such as lightning strokes or bushing or
      bush flash-overs. To help prevent damage to the valve due to excessively
      high reverse or forward blocking voltages, suitable voltage surge
      suppressors are commonly used. For this purpose a lightning arrestor 24
      has been shown connected across the valve of FIG. 2. This arrestor is
      relatively slow in operation, and since it is connected across the whole
      valve there is no guarantee that each constituent thyristor of the valve
      will not individually be subjected to excessive voltage. To prevent
      destructive breakover of any of the individual thyristors in the event of
      a steep-front surge of excessive forward bias voltage, it is therefore
      good practice to provide at each level of the valve an over-voltage
      voltage responsive triggering scheme (not shown) such as described and
      claimed in U.S. Pat. No. 3,662,250-Piccone and Somos.
PAR  To prevent damage to any of the individual thyristors if turned on in the
      reverse breakdown mode due to a steepfront surge of excessive reverse bias
      voltage, each level of the valve is shunted by overvoltage protective
      means 25. The latter means is constructed and arranged in accordance with
      our present invention which will soon be explained in conjunction with the
      description of FIGS. 3 and 5.
PAR  In FIG. 2 the capacitors 31, 32, 33, 34 and 41, 42 represent distributed or
      stray capacitances from the constituent thyristors 1, 2, 3, ... n of the
      valve to ground and between multiple levels of the valve. Such stray
      capacitances always exist when a high voltage solid-state valve is
      assembled. Their capacitive values are characteristically small (50 to 100
      picofarads) but non-uniform. When the anode potential of the valve
      abruptly changes with respect to the cathode 22, the stray capacitance
      will significantly influence the voltage division within the
      series-connected string of thyristors, and some of these thyristors may
      consequently be subjected to a disproportionately higher voltage than
      other. To illustrate this effect, assume that a fast rising voltage of
      relatively negative polarity is suddenly applied to the anode 21, thereby
      increasing the charge on each of the various stray capacitances to ground
      (31, 32, etc.). At each level of the valve, the magnitude of charging
      current in the associated stray capacitance is equal to Cdv/dt, where C is
      the stray capacitive value and dv/dt is the rate at which the voltage at
      that particular level is changing with respect to ground. All of the
      resulting charging currents will flow through the subcircuit 23 shunting
      the first thyristor 1 which is closest to the anode 21 where dv/dt is
      highest, whereas a lower current (equal to the total charging current
      minus the increment attributed to the stray capacitance 31) traverses the
      subcircuit 23 which is connected across the next thyristor 2. Therefore in
      this example the first level of the valve initially experiences a higher
      reverse bias voltage than any of the other levels, and there is a
      possibility that the reverse breakdown voltage (V.sub.(BR)R) of thyristor
      1 will be exceeded.
PAR  FIG. 4 demonstrates what can happen in a valve when subjected to a surge of
      reverse bias voltage which rises at a very high rate. It is assumed that
      such a surge superimposed super-imposed on the normal maximum reverse
      blocking voltage of the valve. It is further assumed that the latter
      voltage is 240kv, that there are of the order of 240 thyristors in series
      in the valve, andd therefore that the working peak reverse voltage per
      thyristor (V.sub.RWM) is approximately 1kv. In FIG. 4 the broken line 51
      represents a transient surge of reverse bias voltage on the valve, which
      voltage is increasing in magnitude at a constant rate of minus 1,200kv per
      microsecond. If this increasing voltage were shared uniformly by all
      levels of the valve, the reverse blocking voltage on each thyristor would
      rise at the rate of minus 5kv per microsecond, as is depicted by the solid
      line 52 in FIG. 4. It will be observed that at this average rate of rise,
      the reverse blocking voltage 52 reaches a magnitude of 2kv after 200
      nanoseconds which is approximately the time required for the valve voltage
      51 to attain the threshold or spark-over magnitude of the lightning
      arrestor 24 (assumed to be 480kv), and after an additional 100
      nanoseconds, which approximates the operating time T of the lightning
      arrestor for a voltage surge of 1,200kv/.mu.s, the thyristor voltage 52 is
      still at a safe level of 2.5kv.
PAR  In practice, some of the thyristors (such as thyristor 1 in the example
      given above) can experience a much faster than average rise in reverse
      blocking voltage, and a rate 15 times higher is shown by the line 53 in
      FIG. 4. If the reverse bias voltage on the thyristor 1 continued to
      increase at this higher rate, it would reach a dangerously high level of
      nearly 5kv in only 50 nanoseconds, as is indicated by the straight line
      extension 53a of line 53. This is far in advance of the lightning arrestor
      operation. However, as the reverse bias voltage on thyristor 1 approaches
      3kv, this thyristor has an avalanche breakdown which, in combination with
      the operation of the overvoltage protective means 25, thereafter clamps
      this voltage (as indicated by the bend 53b in the line 53) to a safe
      maximum level.
PAR  A preferred embodiment of the reverse overvoltage protective means 25 is
      shown in FIG. 3. It comprises voltagevariable non-linear resistance means
      61, switching means 62, and wires 63, 64 and 65 which connect the
      resistance means 61 and the switching means 62 in series with each other
      and in parallel with the associated thyristor 1. Preferably the switching
      means 62 comprises a PNPN semiconductor element which is poled inversely
      to the main thyristor 1, and in FIG. 3 it is shown simply as an auxiliary
      thyristor whose gate electrode is connected either internally or directly
      externally to its cathode. This auxiliary thyristor 62 has a normal
      high-resistance state. It is operative to switch abruptly to a
      low-resistance, forward current conducting state if subjected to a voltage
      of a predetermined breakover value V.sub.BO(S). The switching
      characteristic of the auxiliary thyristor 62 is coordinated with the
      voltagecurrent characteristic of the non-linear resistance means 61 so
      that the thyristor 62 will switch to its current conducting state in
      high-speed response to the magnitude of the reverse bias voltage across
      the main thyristor 1 increasing above V.sub.RRM and nearly equaling
      V.sub.(BR)R.
PAR  The non-linear resistance means 61 of the overvoltage protective means 25
      comprises at least one MOV 66; as illustrated in FIG. 3 we prefer to use
      two duplicate MOVs 66 in series. The voltage-current characteristic of
      this means is coordinated with the reverse breakdown characteristic of the
      main thyristor 1 so that when the auxiliary thyristor 62 switches to its
      current conducting state due to a surge of reverse bias voltage, surge
      current will divide between the resistance means 61 and the main thyristor
      1 in such proportions that the maximum value of reverse current in the
      main thyristor 1 does not exceed a predetermined critical magnitude which
      can damage this component.
PAR  For a better general understanding of the requisite coordination between
      the main thyristor and the parallel non-linear resistance means, a typical
      example will now be considered with the aid of FIGS. 5 and 6. In FIG. 5
      the curve 71 represents the voltage-current characteristic of the
      non-linear resistance means 61 (which actually comprises two MOVs 66 in
      series), and the curve 72 represents the reverse breakdown characteristic
      of the main thyristor 1. In this example the main thyristor is assumed to
      have a reverse breakdown level V.sub.(BR)R of approximately 2.8kv, and if
      the instantaneous magnitude of a surge of non-repetitive reverse bias
      voltage increases beyond this level, the main thyristor will experience an
      avalanche breakdown which causes it to switch from a reverse blocking
      state to a reverse current conducting state. The working peak reverse
      voltage across the main thyristor is assumed to be in a range of
      approximately 1.0 to 1.2kv, and the repetitive peak reverse voltage
      (V.sub.RRM) is assumed to be 2.6kv which is more than twice V.sub.RWM.
      (The relatively high magnitude of V.sub.RRM is due to transient
      commutation voltage overshoot associated with those levels of the valve
      whose thyristors have the smallest reverse recovery currents.)
PAR  The voltage-current characteristic 71 of the non-linear resistance means 61
      is defined by the equation I = (V/C).sup..alpha.. Proper selection of the
      exponent alpha and the constant C is based on certain additional given
      information about the avalanche capability of the main thyristor and about
      the nature of the non-repetitive reverse overvoltage transients to which
      the thyristor is exposed. For the present example, it will be assumed that
      such transients involve a half-cycle surge of reverse current having a
      sinusoidal waveform and a period of 5microseconds during which or upon the
      expiration of which the surge either is suppressed by spark over of the
      associated lightning arrestor or otherwise subsides. During this period,
      on a non-repetitive, single-shot basis, the main thyristor can safely
      conduct reverse current up to a predetermined critical maximum or peak
      value I.sub.RM. Typically I.sub.RM = 200 amps, but in some cases it can be
      much higher or lower than this magnitude. In the illustrated example, the
      reverse voltage across the thyristor at 200 amps is approximately
      4050volts. It is further assumed that at this voltage the worst-case peak
      magnitude of surge current which is to be divided between the main
      thyristor and the parallel non-linear resistance means is 500 amperes.
      Consequently a first constraint on the design of the resistance means 61
      is that it conduct more current than the difference (e.g., 300 amps)
      between this peak magnitude of surge current (500 amps) and I.sub.RM (200
      amps) when the magnitude of voltage across it is the same (e.g., 4050
      volts) as the voltage across the thyristor when conducting I.sub.RM. In
      other words, in this particular example the non-linear resistance means
      should have a voltage drop less than 4050 volts when conducting 300 amps.
      The 300-amp, 4050-volt point is shown at X in FIG. 5.
PAR  A second constraint in the selection of the exponent alpha and the constant
      C of the non-linear resistance means 61 is that this means must not
      conduct all of the surge current at the peak magnitude thereof. The main
      thyristor can absorb an appreciable portion of the reverse current surge.
      As a minimum, current in the main thyristor should equal 1% of the
      worst-case peak magnitude of surge current, which in the present example
      is at least 5 amperes. For the illustrated reverse breakdown
      characteristic curve 72, the voltage across the main thyristor is
      approximately 3600 volts when conducting reverse current of 5 amps, and
      consequently the magnitude of current in the non-linear resistance means
      must be no greater than 495 amps at the same voltage. The 495-amp,
      3600-volt point is shown at Y in FIG. 5. Between the points X and Y is a
      range 73 in which the non-linear resistance means 61 will divert from the
      main thyristor 1 between approximately 60 and 99% of the total surge
      current flowing through these paralleled elements at the 500-amp peak
      magnitude thereof.
PAR  Preferably the parameter C of the MOV is given a magnitude approximating
      the reverse breakdown level of the main thyristor, whereby current in the
      non-linear resistance means 61 of FIG. 3 will have a magnitude of 1 ampere
      when the reverse bias voltage across the main thyristor has increased to
      the vicinity of V.sub.(BR)R. Any magnitude within a range of approximately
      plus and minus 15 percent of V.sub.(BR)R is satisfactory for C, and a
      magnitude below this range can be used if desired.
PAR  To obtain the particular voltage-current characteristic 71 shown in FIG. 5,
      we have chosen a constant C of approximately 2800 and an .alpha. of
      approximately 15.7. These parameters satisfy the various constraints
      discussed above. (Persons skilled in the art will understand that if the
      non-linear resistance means 61 actually comprises a serial combination of
      two or more MOVs 66 among which the total voltage V is equally divided,
      the magnitude of C for each of the individual MOVs has to be
      correspondingly reduced.) In this example the 500-amp peak magnitude of
      the reverse surge current is reached at a safe peak clamping voltage of
      approximately 4040 volts, at which point the amount of current flowing
      through the main thyristor 1 is approximately three-fifths as much as the
      current in the parallel non-linear resistance means 61.
PAR  The breakover voltage V.sub.BO(V) of a non-linear resistance means having
      the values of .alpha. and C that are specified in the preceding paragraph
      is approximately 1800 volts which is much lower than the given value of
      V.sub.RRM. To save the resistance means 61 from exposure to this higher
      repetitive peak reverse voltage, our overvoltage protection means 25
      includes the switching means 62 which in FIG. 3 is shown as an auxiliary
      thyristor. The breakover current of the auxiliary thyristor 62 should be
      the same as the idling current of the non-linear resistance means 61,
      namely one milliamp (peak). This is the threshold magnitude of current
      which must flow through the switching means in order to switch from its
      normal high-resistance state to a low-resistance, current conducting state
      when the forward bias voltage across the auxiliary thyristor attains its
      breakover value V.sub.BO(S). In accordance with our invention, the sum of
      V.sub.BO(S) and V.sub.BO(V) exceeds V.sub.RRM and nearly equals
      V.sub.(BR)R. As has been shown by way of example in FIG. 5, V.sub.BO(S) is
      approximately 1000 volts, whereby the auxiliary thyristor 62 breaks over
      when a surge of non-repetitive reverse voltage has attained a magnitude of
      approximately 2800 volts. The switching time of the auxiliary thyristor
      plus the delay time of the metal oxide varistors 66 will approximately
      match the reverse breakdown delay time of the main thyristor, and
      consequently the peak voltage clamping action of the MOVs and the
      avalanche action of the main thyristor take place concurrently.
PAR  If the inherent breakover current of the element used for the switching
      means 62 were lower than one milliamp, it is desirable to connect a
      calibrating resistor 67 of appropriate size in parallel circuit
      relationship therewith so as to increase the current flowing between
      conductors 64 and 65 to substantially one milliamp at the breakover point
      of the auxiliary thyristor. This option is indicated by the broken lines
      in FIG. 3.
PAR  In lieu of the FIG. 3 arrangement of an auxiliary thyristor having a
      V.sub.BO of 1000 volts, the switching means 62 can comprise an auxiliary
      thyristor 62a of slightly higher V.sub.BO value, with the gate electrode
      of the latter thyristor being connected to its anode by way of an
      additional PNPN semiconductor element 68 as is shown in FIG. 3a. The
      breakover voltage value of the additional element 68 is 1000 volts. The
      FIG. 3a arrangement enhances the di/dt capability of the overvoltage
      protective means and is particularly desirable at ambient temperatures
      higher than room temperature.
PAR  FIG. 6 shows the division of current between the main thyristor 1 (i.sub.R)
      and the overvoltage protective means 25 (i.sub.MOV) for a reverse
      overvoltage transient V which is assumed to rise from zero at a rate of
      approximately 20 kv/.mu.s to a relatively flat peak magnitude of 4 kv and
      then to subside after a period of approximately 5 microseconds. The main
      thyristor and the non-linear resistance means in the overvoltage
      protective means have the exemplary characteristics illustrated in FIG. 5.
      The maximum or peak of i.sub.R is approximately one-third the 410-amp peak
      magnitude of the sum (I) of the reverse surge currents i.sub.R and
      i.sub.MOV, and the peak of i.sub.MOV is approximately two-thirds that of
      I. Thus the surge energy dissipation duty is shared jointly by the main
      thyristor in its reverse avalanche state and by the parallel non-linear
      resistance means. The limited amount of energy that the main thyristor has
      to dissipate is sufficiently small to prevent self destruction, yet it is
      large enough to relieve the non-linear resistance means of the burden of
      absorbing the total surge energy.
PAR  While we have shown and described a preferred form of our invention by way
      of illustration, many modifications will probably occur to those skilled
      in the art. For example, the overvoltage protective means 25 could be
      advantageously used to protect other types of devices or switches having
      characteristics similar to the main thyristors 1, 2, etc., previously
      described. We therefore intend by the claims which conclude this
      specification to cover all such modifications as fall within the true
      spirit and scope of our invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An improved scheme for protecting a thyristor having a pair of main
      electrodes adapted to be connected in an electric power circuit where they
      are periodically subjected to a reverse bias voltage (anode potential
      negative with respect to cathode), said thyristor being adapted to switch
      from a reverse blocking state to a reverse current conducting state if the
      instantaneous magnitude of the reverse bias voltage increases to a level
      sufficiently in excess of a predetermined repetitive peak reverse voltage
      to cause an avalanche breakdown therein, wherein the improvement
      comprises:
PA1  a. non-linear resistance means comprising at least one metal oxide
      varistor;
PA1  b. switching means having a normal high-resistance state and being
      operative to switch abruptly to a low-resistance, current conducting state
      if subjected to a voltage which attains a predetermined breakover value;
PA1  c. means for connecting said resistance means and said switching means in
      series with each other and in parallel with said thyristor;
PA1  d. the switching characteristic of said switching means being coordinated
      with the voltage-current characteristic of said resistance means so that
      said switching means will switch to its current conducting state in
      high-speed response to a surge of reverse bias voltage exceeding said
      reverse voltage peak and nearly equaling the reverse breakdown level of
      said thyristor;
PA1  e. said voltage-current characteristic of said non-linear resistance means
      being coordinated with the reverse breakdown characteristic of said
      thyristor so that, when said switching means switches to its current
      conducting state, surge current will divide between said resistance means
      and said thyristor in such proportions that the maximum reverse current
      flowing through said thyristor is lower than a predetermined critical
      magnitude which can damage said thyristor.
NUM  2.
PAR  2. The improvement of claim 1 in which said switching means comprises a
      PNPN semiconductor element poled inversely to said thyristor.
NUM  3.
PAR  3. The improvement of claim 1 in which current of at least a certain
      threshold magnitude must flow through said switching means in order for
      said switching means to switch to said current conducting state when its
      voltage attains said breakover value, and in which a voltage drop of a
      predetermined magnitude will develop across said non-linear resistance
      means when the latter is conducting current of said threshold magnitude,
      the sum of said predetermined magnitude and said breakover value being
      nearly equal to said reverse breakdown level.
NUM  4.
PAR  4. The improvement of claim 3 in which said switching means comprises a
      PNPN semiconductor element poled inversely to said thyristor.
NUM  5.
PAR  5. The improvement of claim 4 in which a resistor is connected in parallel
      circuit relationship with said PNPN element to calibrate the current
      through said switching means so that the magnitude thereof equals said
      threshold magnitude at the breakover point of said element.
NUM  6.
PAR  6. The improvement of claim 1 in which the voltage-current characteristic
      of said non-linear resistance means is coordinated with the reverse
      breakdown characteristic of said thyristor so that when said switching
      means switches to its current conducting state said resistance means will
      divert from said thyristor between approximately 60 and 99 percent of the
      total surge current flowing through both said resistance means and said
      thyristor at the peak magnitude thereof.
NUM  7.
PAR  7. The improvement of claim 1 in which the maximum reverse current flowing
      through said thyristor is less than approximately two-thirds of the
      current in said non-linear resistance means at the peak magnitude of the
      total surge current.
NUM  8.
PAR  8. The improvement of claim 7 in which the maximum reverse current which
      flows through said thyristor is higher than approximately 5 amperes.
NUM  9.
PAR  9. The improvement of claim 1 in which said non-linear resistance means has
      the following voltage-current characteristic: I = (V/C).sup..alpha., where
      I is current in said resistance means, V is voltage across said resistance
      means, .alpha. is a number higher than 10, and C is a constant selected so
      that when the magnitude of V is the same as the magnitude of voltage
      across said thyristor when conducting reverse current equal to said
      critical magnitude, the magnitude of I is greater than the difference
      between the peak magnitude of surge current and said critical magnitude.
NUM  10.
PAR  10. The improvement of claim 9 in which C is selected so that when the
      magnitude of V is the same as the magnitude of voltage across said
      thyristor when conducting reverse current equal to one percent of the peak
      magnitude of surge current, the magnitude of I is not greater than 99
      percent of said peak magnitude.
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ABST
PAL  Two current-carrying paths are connected in parallel between a signal input
      terminal and an internal node to which are connected the gate electrodes
      of insulated-gate field-effect transistors to be protected. One path
      includes the conduction path of a first transistor of one conductivity
      type connected in series with a first diode poled in a direction to charge
      the internal node and the other path includes the conduction path of a
      second transistor of second conductivity type in series with a second
      diode poled in a direction to discharge the internal node. The control
      electrodes of the first and second transistors are connected to points of
      operating potential rendering the first transistor conductive in the
      source follower mode for input signals of one polarity and rendering the
      second transistor conductive in the source follower mode for input signals
      of opposite polarity.
GOVT
PAR  The invention herein was made in the course of or under a contract or
      subcontract thereunder with the Department of the Army.
BSUM
PAR  This invention relates to protection circuits for preventing the rupture of
      the gate insulator of insulated-gate field-effect transistors (IGFETs).
PAR  IGFETs have an extremely high input inpedance resulting from an insulator
      layer placed over the conduction channel between the gate and the
      substrate. To operate the IGFET at practical voltage levels, the insulator
      layer has to be made relatively thin. However, a large potential applied
      across this thin insulator layer causes it to rupture, resulting in a
      short circuit between the gate and the substrate of the transistor, which
      usually is a catastrophic failure.
PAR  The application of a high voltage to the gate may occur either as a result
      of the application of an input signal of large amplitude or due to the
      accumulation of static charge on the gate. Due to the high input impedance
      of the device (typically, the input resistance is greater than 10.sup.14
      ohms and the input capacitance is of the order of 10.sup.-.sup.12 farads)
      even a small static charge on the gate is translated into a high
      potential. Circuits containing IGFETs must be protected against electrical
      transients both during handling (due to build up of static charges) and
      after installations in electrical equipment. Applications where protection
      after installation is needed includes, for example, automotive
      applications where large transients are generated and military
      applications where large electromagnetic pulses are also generated. Many
      circuits are actually more vulnerable when installed in a system since
      they may be interconnected by long leads which pick up large amplitude
      transients from the ambient.
PAR  A variety of protection circuits have been suggested to prevent rupture of
      the gate insulator. One of these includes the use of one or more diodes
      connected in shunt across the gate-source or gate and substrate of IGFETs.
      A single or multi-diode protection scheme is not entirely satisfactory
      under all conditions. First, a high frequency transient may cause the
      rupture of the gate oxide before the diodes can respond. Secondly, the
      application of a signal and operating voltages to the IGFET circuit must
      be sequenced. Typically, a protection diode may be connected at its
      cathode to a point of positive operating voltages and at its anode to the
      gate of an IGFET which, in turn, is connected to a signal input terminal.
      A low impedance signal source applying a positive going signal to the
      input terminal prior to the application of, or after the removal of, the
      positive operating voltage causes a large current to flow through the
      protection diode which may burn out the diode. The destruction of the
      protection diode is just as catastrophic as destruction of the gate oxide
      of an IGFET.
PAR  Another solution is suggested in U.S. Pat. No. 3,395,290. FIG. 1 of that
      patent shows the combination of a diode (e.g. 23) connected between the
      input to the circuit and ground, and a first protecting transistor used as
      an input impedance means connected between the circuit input and the gate
      of a second transistor (e.g. 10) whose gate oxide is to be protected. Such
      a scheme provides some protection for the second transistor, but stress is
      now placed on the first transistor and on the input clamping diode.
PAR  Moreover, a positive, with respect to ground signal applied to the input of
      the circuit may destroy the diode, and destruction of the input diode is a
      catastrophic failure. Also, the circuit of the patent does not provide
      symmetrical protection to stressing potentials of positive and negative
      polarity and there is no symmetrical coupling of input signals because the
      protection transistor operates in the source follower mode for one
      polarity of input signal, and operates in the low impedance common source
      mode for the other polarity of input signal. Thus, the circuit has
      different response times depending on the polarity of the signals which is
      a disadvantage in both linear and digital circuitry.
PAR  Furthermore, the substrates of the protection transistors are so biased
      that a substantial reverse bias is developed under some signal conditions
      between the source and substrate of the transistor which causes its
      threshold voltage to increase. Consequently, the protecting transistor
      cuts off before it can fully discharge the potential at the gate of the
      protected transistor. As a result, the protected transistor may not be
      fully switched from one state to another. This may give rise to erroneous
      circuit operation and to excessive power dissipation in the protected
      transistor.
PAR  Protection circuits embodying the invention preferably comprise the
      conduction path of a first transistor of one conductivity type connected
      in series with a first asymmetrically conductive element between a signal
      input terminal and a node for connection to the gate of an IGFET to be
      protected, and the conduction path of a second transistor of second
      conductivity type connected in series with a second asymmetrically
      conductive device between the signed input terminal and the node. The
      first and second elements are poled to conduct current in opposite
      directions. The control electrodes of the two transistors are connected to
      receive first and second different bias voltages respectively, having a
      polarity to turn on the transistors.
DRWD
PAR  In the accompanying drawings like reference characters denote like
      components; and
PAR  FIG. 1 is a schematic diagram of a circuit embodying the invention;
PAR  FIG. 2 is a schematic diagram detailing the PN junctions associated with
      the protection transistors of FIG. 1;
PAR  FIG. 3 is a schematic diagram of another circuit embodying the invention;
      and
PAR  FIG. 4 is still another schematic diagram of a circuit embodying the
      invention.
DETD
PAR  In the description to follow, IGFETs of P-conductivity type are identified
      by the letter P followed by a particular number and IGFETs of
      N-conductivity type are identified by the letter N followed by a
      particular number.
PAR  The circuit of FIG. 1 includes a complementary inverter I1 comprised of
      IGFET transistors P1 and N1 having their gates connected in common to an
      internal node 12 and having their drains connected in common to an output
      node 14. An offset diode D1 is connected at its cathode to the source of
      transistor P1 and at its anode to conductor 16 to which is applied a
      positive operating voltage of +V.sub.DD volts amplitude. An offset diode
      D2 is connected at its anode to the source of transistor N1 and at its
      cathode to ground conductor 18. A protection diode D3 connected between
      node 12 and conductor 16 is poled in a direction to conduct current from
      node 12 to terminal 16. A protection diode D4 connected between node 12
      and conductor 18 is poled to conduct current from conductor 18 to node 12.
      Transistors P1 and N1 may have their substrates connected to their sources
      or their substrates may be left floating.
PAR  The protection circuit includes IGFET transistors N2 and P2 and diodes D5
      and D6. Diode D5 is connected at its anode to input terminal 20 and at its
      cathode to the drain N2d of transistor N2. The source N2s of transistor N2
      is connected to node 12 and its gate is connected to conductor 16.
      Transistor P2 is connected at its gate to conductor 18, at its drain P2d
      to the anode of diode D6. The sources and drains of transistors N2 and P2
      define the ends of their conduction paths. The cathode of diode D6 is
      connected to input terminal 20. The substrates 52 and 54, of transistor P2
      and N2, respectively, preferably are connected in common with their
      respective sources at node 12, rather than being connected to conductors
      18 and 16, in order to minimize the reverse bias between their source and
      their substrate. The threshold voltage (V.sub.T) of an IGFET increases
      with increasing reverse bias between the source and substrate. By floating
      the substrate or by connecting the substrate of an IGFET to its source,
      the V.sub.T of the transistor is maintained at a relatively low value.
      Transistors N2 and P2 may be formed in bulk silicon or on an insulator
      substrate such as sapphire.
PAR  The operation of the circuit of FIG. 1 will be examined with +V.sub.DD
      volts applied to conductor 16, ground potential applied to conductor 18
      and with an input signal (V.sub.IN) from a signal source (not shown)
      applied to input terminal 20.
PAR  There are two unidirectional conduction paths between node 12 and terminal
      20. One path includes diode D5 and the source-drain path of transistor N2,
      and the other path includes diode D6 and the source-drain path of
      transistor P2. Diode D5 allows conventional current flow only from
      terminal 20 into node 12, and then only when the potential V.sub.IN at
      terminal 20 is more positive than the potential V.sub.12 at node 12. Diode
      D6 allows conventional current flow only from node 12 into terminal 20.
      Due to diode D5, transistor N2 does not conduct when V.sub.IN goes more
      negative than +V.sub.DD volts and due to diode D6 transistor P2 does not
      conduct when V.sub.IN goes more positive than ground potential.
      Consequently, transistors N2 and P2 only conduct in the source follower
      mode and do not conduct in the common source mode. The above holds as long
      as the potentials applied across diodes D5 and D6 do not cause them to
      break down in the reverse direction.
PAR  Assume that V.sub.IN makes a positive going transition from zero volts to
      +V.sub.DD volts and that V.sub.12 is initially at zero volts. Transistor
      N2 conducts current from terminal 20 into node 12 and charges the
      capacitance at node 12. Hence, transistor N2 conducts in the source
      follower mode. Conduction takes place until V.sub.12 reaches +V.sub.DD
      volts less V.sub.TN volts. Until V.sub.IN reaches V.sub.TN volts
      transistor N2 functions like a relatively low impedance transmission gate
      passing V.sub.IN to node 12. V.sub.TN is defined as the threshold voltage
      of transistor of N-conductivity type. The threshold voltage of a
      transistor is that value of gate-to-source potential (V.sub.GS) which must
      be exceeded to make the transistor conduct. Since the gate potential of
      transistor N2 is at +V.sub.DD volts, its source potential cannot rise
      above (V.sub.DD -V.sub.TN) volts. Therefore, when V.sub.12 reaches
      (V.sub.DD -V.sub.TN) volts, transistor N2 stops conducting except for
      leakage currents. Leakage currents flow across the reverse biased PN
      junctions of the transistors and the diodes. Leakage currents tend to
      discharge node 12 and may cause transistor N2 to keep conducting. But, the
      level of conduction is so low that it may be ignored. Even if V.sub.IN
      increases above (+V.sub.DD - V.sub.TN) volts, transistor N2 remains
      nonconducting (except for the leakage current mentioned), causing the
      potential at the drain of transistor N2 to rise. But, its source potential
      (node 12) remains fixed at (V.sub.DD -V.sub.TN) volts. Any V.sub.IN in
      excess of (V.sub.DD - V.sub.TN) volts is developed across the source-drain
      path of transistor N2. This is an important feature of the invention. Once
      node 12 is charged to V.sub.DD - V.sub.TN) volts, transistor N2 functions
      as an extremely high impedance (like an open switch) to the more positive
      input signals. Therefore, under normal operating conditions,-- which may
      be defined as those conditions for which no potentials greatly exceeding
      the ratings of the devices are applied to the circuit-- the gate oxides of
      transistors P1 and N1 are not stressed by large potentials. There are no
      current paths through which high currents can flow and, therefore, the
      circuit components are protected from burn out due to excessive power
      dissipation.
PAR  Assume now that V.sub.IN makes a negative going transition from +V.sub.DD
      volts to zero volts and that node 12 is initially at +V.sub.DD volts.
      Transistor P2 conducts current from node 12 into terminal 20. Transistor
      P2 conducts in the source follower mode, discharging the capacitance at
      node 12 through its source-drain path and diode D6. Transistor P2 conducts
      until V.sub.12 decreases to a value equal to the threshold voltage
      (V.sub.TP) of transistor P2. So long as V.sub.IN exceeds V.sub.TP volts,
      transistor P2 functions like a relatively low impedance transmission gate
      passing V.sub.IN to node 12. V.sub.TP is defined as the threshold voltage
      of transistors of P-conductivity type. When V.sub.12 reaches V.sub.TP
      volts, transistor P2 turns off and no longer conducts (except for leakage
      currents which are of low value and may be ignored).
PAR  Even if V.sub.IN goes more negative than V.sub.TP volts, transistor P2
      remains nonconducting (except for leakage currents) and P2 functions as an
      extremely high impedance (like an open switch). Under normal operating
      conditions, V.sub.12 will remain at V.sub.TP volts as V.sub.IN goes more
      negative than V.sub.TP and the potential at the drain of transistor P2
      follows the negative going signal. Since transistor P2 is nonconductive,
      substantially no current flows through its source-drain path and through
      diode D4. Therefore, the circuit components are protected from burn out
      due to excessive power dissipation and transistors P1 and N1 are protected
      since their gate oxides are not heavily stressed. As mentioned above, this
      is an extremely important feature of the invention.
PAR  When V.sub.IN is more negative than V.sub.12, diode D5 is reverse biased
      and there is no current (except for some leakage) flowing through
      transistor N2 and diode D5.
PAR  Transistors N2 and P2 prevent high and unlimited surges of current to flow
      between terminal 12 and node 20. Under normal operating conditions,
      transistors N2 and P2 conduct in the source follower mode and limit the
      maximum potential swing at node 12 between (V.sub.DD -V.sub.TN) volts and
      +V.sub.TP volts. Furthermore, their source drain impedances limit the
      current surges that can flow.
PAR  With transistor N2 and P2 in the circuit, the application of the operating
      voltages and input signals to the circuit need not be sequenced.
PAR  Transistor N2 prevents the need for sequencing the application of the
      positive operating voltage and the signal source since it prevents the
      flow of high current surges through diode D3. For example, assume that a
      positive going signal is applied to terminal 20 from a low impedance
      source and that the positive voltage applied to conductor 16 is removed or
      not yet applied, so that the voltage on conductor 16 is at or near ground.
      Under such a bias condition, transistor N2 is either barely conducting or
      nonconducting and its source-drain path presents a high impedance between
      terminal 20 and node 12. Thus, with transistor N2 in the circuit, it is
      not necessary that the power supply be applied to the circuit prior to the
      application of signals and that the signal source be removed or
      disconnected prior to the removal of the power supply. Transistor N2 thus
      obviates the need to sequence the application of the power and signal
      source. (Of course, transistor P2 does not conduct under these conditions
      either).
PAR  In an analogous fashion, transistor P2 prevents the flow of excessive
      current through diode D4 in the event a positive operating voltage is
      applied to conductor 18 and ground or a negative potential is applied to
      terminal 20. Transistor P2 is rendered nonconducting by the positive
      voltage applied to its gate and prevents current flow through diode D4 and
      through its source-drain path.
PAR  Although the gates of transistors P2 and N2 are shown connected to the
      power supply lines, it should be appreciated that they could be connected
      to other points of bias potential.
PAR  FIG. 2 is useful in understanding the operation of the protection circuit
      when potentials greatly exceeding the rating of the devices are applied to
      the circuit. These conditions are similar in many respects to those that
      exist when static charges are applied to the circuit. As shown in FIG. 2,
      the sources and drains of IGFETs form PN junctions (diodes) with their
      substrates. These junctions behave in the same general manner as typical
      diodes having a forward conduction characteristic and having a reverse
      breakdown voltage point (V.sub.Z) and being capable of conducting current
      in the reverse direction. The junctions are designed to avalanche or
      breakdown in the reverse directions at potentials considerably below the
      gate oxide rupture point. The PN junctions formed by the drain and source
      of transistors N2 with its substrate 54 are represented by diodes 55 and
      56, respectively. The PN junctions formed by the drain and source of
      transistor P2 with its substrate 52 are represented by diodes 57 and 58,
      respectively. The substrates 52 and 54 may be left floating or may be
      connected as shown by the dashed lines between the substrates and sources
      P2s and N2s.  Junction 55, as well as all the other source/drain to
      substrate junctions, is designed to break down prior to the oxide rupture
      point. For example, where the gate oxide rupture point of the transistor
      of the circuit is in the range of 100 volts, the V.sub.Z of the junctions
      would be, typically, in the 25 to 50 volt range.
PAR  When V.sub.IN goes highly positive, a point is reached when the
      drain-to-substrate junction 55 of transistor N2 breaks down. Following the
      breakdown of junction 55 the potential at the substrate 54 (V.sub.SUB54)
      is equal to V.sub.IN less the V.sub.Z of diode 55 and less the V.sub.BE of
      diode D5. If the substrate 54 is floating, diode 56 is forward biased and
      couples V.sub.SUB54 less its V.sub.BE drop to node 12. If the substrate is
      directly connected to the source, then V.sub.SUB54 is applied to node 12.
      Following the breakdown of diode 55, diode D3 is forward biased and clamps
      the positive signals at node 12 to conductor 16. The maximum positive
      potential applied to node 12, to which the gates of transistors N1 and P1
      are connected, is V.sub.IN - V.sub.Z volts. In addition, diodes D5 and 56,
      though forward biased, and diode 55 though in the avalanche mode, present
      some impedance in series with diode D3 and thus limit the maximum current
      surge. The combination of diodes D5 and D3 and transistor N2 prevents
      large positive voltage excursions at node 12, thereby protecting the gate
      oxides of transistors P1 and N1.
PAR  It should also be noted that the reverse breakdown of junction 55 prevents
      the rupture of the gate oxide of transistor N2. For when diode 55 breaks
      down, the potential across the channel (between gate and substrate) of
      transistor N2 is approximately equal to the V.sub.Z of diode 55 because of
      diode D3. Thus, the gate oxide of transistor N2 is protected and
      transistor N2 absorbs along its conduction path some of the excessive
      potential which would otherwise be applied to node 12.
PAR  Similarly, when V.sub.IN goes highly negative, a point is reached when the
      drain-to-substrate junction 57 of transistor P2 breaks down. When the
      reverse breakdown of diode 57 occurs, the potential at the substrate 52
      (V.sub.SUB52) is approximately V.sub.Z volts more positive than V.sub.IN.
      If the substrate 52 is floating, diode 58 is forward biased and couples
      V.sub.SUB52 plus one V.sub.BE drop to node 12. If the substrate is
      directly connected to the source, the V.sub.SUB52 is applied to node 12.
      Following the breakdown of diode 57, diode D4 is forward biased and clamps
      node 12 to one V.sub.BE drop below the potential on conductor 18. The
      maximum negative potential stress at the gates of transistors P1 and N1 is
      at least V.sub.Z volts less than if transistor P2 were not present. In
      addition, diodes D6 and 58, though forward biased, and diode 57, though in
      the avalanche mode, present some impedance in series with diode D4 and
      thus limit the maximum current surges than can flow between terminal 20
      and node 12 or conductor 18. The combination of diodes D6 and D4 and
      transistor P2 provides both overvoltage protection and current limiting.
      The reverse breakdown of diode 57 protects the gate insulator of
      transistor P2 from rupturing. With diode 57 operating in the reverse
      direction the potential across the gate insulator of transistor P2 is
      approximately equal to the V.sub.Z volts of diode 57 because of diode D4.
      Thus, the gate oxide of transistor P2 is protected and transistor P2
      absorbs along its conduction path some of the excessive potential which
      would otherwise be applied to node 12.
PAR  In the discussion above, it has been assumed that, for positivee going
      signals, diode 55 breaks down before diode D6. Similarly, it has been
      assumed that, for negative going signals, diode 57 breaks down before
      diode D5. If diodes D5 and D6 break down in the reverse direction, the two
      conduction paths connected between node 12 and 20 may conduct current at
      the same time. However, the protection mechanism discussed above still
      controls.
PAR  The drain and source to substrate diodes of transistors P2 and N2 in
      combination with those of the transistors being protected also provide
      protection to the circuit for the static charge condition (when the
      circuit is being handled). Regardless of which one of the input or output
      terminals or which one of the conductors goes positive or negative with
      respect to another terminal or conductor, a conduction path exists which
      decreases or absorbs part of the excessive potential and which limits the
      maximum current surges.
PAR  It has been shown that, in circuits embodying the invention, the input
      signal is not applied directly to the gates of transistors P1 and N1 being
      protected. Instead, the input signal is applied through diodes D5 or D6 to
      the drains N2d or P2d of protecting transistors N2 or P2. Therefore,
      signals must pass through a diode and the conduction path of a transistor
      before being applied to the gate of a transistor. As expected from the
      above discussion, test results indicate that IGFETS are much less
      susceptible to gate oxide rupture when an excessive potential is directly
      applied to their drains rather than when applied to their gates.
PAR  It has also been shown that input signals of positive and negative polarity
      are symmetrically coupled to the internal node 12 of the circuit. Also,
      symmetrical protection is provided to both negative and positive stressing
      potentials.
PAR  It has also been shown that the gate insulators of the transistors having
      their gates connected to node 12 are protected against excessive voltage
      stresses and that the protective circuitry is protected from excessively
      large current surges.
PAR  The combination of transistor P2 and diode D6 in FIG. 1 can only discharge
      node 12 to V.sub.TP above ground potential, where V.sub.TP is the
      threshold voltage of transistor P2. Diode D2 is placed between the source
      of transistor N1 and conductor 18 to ensure that transistor N1 is cut off
      when V.sub.IN goes low, and V.sub.12 is V.sub.TP volts. Diode D2 is
      selected so that the drop across it plus the V.sub.TN of transistor N1 is
      greater than the V.sub.TP of transistor P2.
PAR  Similarly, when transistor N2 conducts, it can only charge node 12 to a
      maximum of (+V.sub.DD -  V.sub.TN) volts. Diode D1 is connected between
      conductor 16 and the source of transistor P1 to ensure that the
      gate-to-source threshold voltage of transistor P1 plus the drop across
      diode D1 is greater than the V.sub.TN of transistor N2. This ensures that
      transistor P1 is cutoff when the potential at node 12 goes to (+V.sub.DD -
      V.sub.TN) volts.
PAR  A problem with the circuit of FIG. 1 is that the maximum output voltage at
      node 14 cannot rise to +V.sub.DD volts due to the forward voltage drop of
      diode D1 and the minimum output at node 14 is more positive than ground
      potential by the forward voltage drop of diode D2. Since the potential at
      node 14 does not swing completely between ground and +V.sub.DD volts the
      noise immunity of the circuit is decreased and it is possible for
      subsequent transistors (not shown) connected to output 14 to be partially
      "on" when they should be off.
PAR  In the circuit of FIG. 3, the use of diodes D1 and D2 is obviated. Instead
      of the offset diodes, a second inverter 12 comprising transistors P3 and
      N3 is used to form a bistable stage in combination with inverter 11.
      Transistors P3 and N3 are connected at their gates to the output 14 of
      inverter I1 and at their drains to node 12. The source of transistor P3 is
      connected to conductor 16 and the source of transistor N3 is connected to
      conductor 18. Transistors P3 and N3 may be high impedance devices and may
      be so small that they require less space than diodes D1 and D2.
PAR  When V.sub.IN makes a positive going transition to +V.sub.DD volts,
      V.sub.12 is at most equal to V.sub.DD - V.sub.TN volts. In the absence of
      inverter I2, transistor N1 is full on and transistor P1 could still be
      conducting. The output 14 of inverter I1 would be close to zero volts but
      there would be a considerable amount of power dissipation due to
      conduction through P1. With inverter I2 present, transistor P3 conducts in
      the common source mode and clamps node 12 to the potential (+V.sub.DD
      volts) on conductor 16. This turns off transistor P1 and turns transistor
      N1 on harder. Similarly, when V.sub.IN goes negative, a residual +V.sub.TP
      volts is present at node 12 in the absence of I2. Transistor P1 would be
      full on, but transistor N1 also may be partially on. The potential at node
      14 would be close to +V.sub.DD volts, but there would be considerable
      power dissipation due to conduction through transistor N1. With inverter
      I2 in the circuit, transistor N3 conducts in the common source mode and
      clamps node 12 to the potential on conductor 18 (e.g., zero volts). This
      maintains P1 fully on and completely turns off transistor N1. The
      potential at node 14 can make substantially the full swing between the
      potentials on power supply lines 16 and 18, and there is substantially no
      conduction and hence no power dissipation through the off transistors.
PAR  The circuit of FIG. 4 is designed to provide greater overvoltage capability
      than the circuit of FIG. 1 by virtue of protection transistors connected
      in series. One of the current carrying paths connected between terminal 20
      and node 12, includes, in addition to diode D5 and transistor N1, diode
      D31 connected at its anode to the source of transistor N1 and the
      drain-source path of transistor N11 connected between the cathode of diode
      D31 and node 12. The gate of transistor N11 is connected to node 16 and a
      diode D30 is connected at its anode to conductor 16 and at its cathode to
      the gate of transistors N11 and N1. The other conduction path connected
      between terminals 20 and 12 includes, in addition to diode D6 and
      transistor P1, diode D41 connected at its cathode to the source of
      transistor P1 and the source-drain path of transistor P11 connected
      between the anode of diode D41 and node 12. The gate of transistor P11 is
      connected to conductor 18 and a diode D40 is connected at its cathode to
      conductor 18 and at its anode to the gate of transistor P1. Connected to
      node 12 are the gate electrodes of transistor P1 and N1 to be protected.
PAR  The operation of the protection circuit is similar to that described for
      FIGS. 1 and 2 above. With +V.sub.DD volts applied to conductor 16 and
      ground potential applied to conductor 18, a positive going input signal
      causes conduction through diodes D5, the drain-source path of transistor
      N1, diode D31 and the drain-source path of transistor N11 to charge node
      12. When V.sub.In approaches (+V.sub.DD - V.sub.TN) volts, conduction
      ceases through transistor N1 and N11 in a similar fashion to that
      described above. If V.sub.IN exceeds V.sub.DD volts, the excess potential
      less 2 V.sub.BE drops is developed across the drain-to-source regions of
      transistors N1 and N11. When V.sub.IN exceeds the reverse breakdown of the
      series combination of the drain-to-substrate diodes of transistor N1 and
      N11, a positive potential is coupled to node 12. Current flows through
      their drain-substrate and source-substrate junctions, into node 12 and
      through diode D3 to conductor 16. If the currents are not excessive, the
      diodes do not burn out and the gate-to-source potentials of transistors N1
      and P1 are held at a low value. Diode D30 protects the gate oxide of
      transistor N1 by providing, in the reverse direction, a V.sub.Z offset
      between the gate of transistor N1 and conductor 16. Diode D30 ensures that
      the drain to substrate diodes of transistor N1 and N11 break down before
      the rupture point of the gate oxide of transistor N1 is reached.
PAR  In a complementary manner, a negative V.sub.IN causes conduction through
      diodes D6 and D41, and the source-drain paths of transistor P1 and P11.
      Current flows until node 12 is discharged close to V.sub.TP volts. If
      V.sub.IN becomes considerably more negative than ground, the excess
      potential less 2V.sub.BE drops is developed across the source-drain paths
      of transistors P1 and P11. When the potential of the negative going
      V.sub.IN exceeds the reverse breakdown of the series combination of the
      drain to substrate diodes of transistors P1 and P11, a negative going
      potential is coupled to node 12. This negative going signal turns on diode
      D4, which clamps conductor 18 to node 12. If the currents are not
      excessive, the diodes will not burn out and the gate to source potentials
      of transistors N1 and P1 will be held at a low value.
PAR  Diode D40 performs a similar function for transistor P1 that diode D30
      performs for transistor N1. That is, diode D40 ensures that the
      drain-to-substrate diodes of transistor P1 and P11 break down before the
      rupture point of the gate oxide of transistor P1 is reached.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A protection circuit for an insulated gate field transistor (IGFET)
      whose gate is connected to an input node, said protection circuit
      comprising:
PA1  first and second asymmetrical devices each having a low impedance forward
      current direction and a high impedance reverse current direction;
PA1  first and second transistors of first and second conductivity types,
      respectively, each having a conduction path and a control electrode;
PA1  a signal input terminal;
PA1  means connecting said first asymmetrical conducting device in series with
      the conduction path of said first transistor between said signal input
      terminal and said input node, with said first asymmetrical conducting
      device connected to conduct current from said signal input terminal to
      said input node in its low impedance direction;
PA1  means connecting said second asymmetrical conducting device in series with
      the conduction path of said second transistor between said signal input
      path and said input node, with said second asymmetrical conducting device
      connected to conduct current from said input node to said input terminal
      in its low impedance direction; and
PA1  means for connecting the control electrodes of said first and second
      transistors to first and second different bias points, respectively.
NUM  2.
PAR  2. The protection circuit as claimed in claim 1, wherein said asymmetrical
      conducting means are diodes; and
PA1  wherein said first and second transistors are IGFETs.
NUM  3.
PAR  3. The protection circuit as claimed in claim 2, wherein said first
      transistor is an IGFET of N-conductivity type and said second transistor
      is an IGFET of P-conductivity type; and
PA1  wherein the first of said bias points receives a relatively positive
      operating voltage and the second of said bias points receives a relatively
      negative operating voltage to bias both the first and second transistors
      in the on condition.
NUM  4.
PAR  4. The protection circuit as claimed in claim 3, wherein said first IGFET
      is formed within a substrate of P-conductivity type and wherein said
      second IGFET is formed within a substrate of N-conductivity type, and
      wherein said substrates are connected to said input node.
NUM  5.
PAR  5. The protection circuit as claimed in claim 3, wherein one end of the
      conduction path of each one of said first and second IGFETs is connected
      to said input node and is the source of its respective transistor and
      wherein the other end of the conduction path of each one of said first and
      second transistors is the drain of its transistor.
NUM  6.
PAR  6. The protection circuit as claimed in claim 1, further including at least
      another transistor of said first conductivity type having its conduction
      path connected in series with the conduction path of said first transistor
      and said first asymmetrical conducting device;
PA1  means connecting the control electrode of said another transistor of first
      conductivity type to said first bias point;
PA1  at least another transistor of said second conductivity type having its
      conduction path connected in series with the conduction path of said
      second transistor and said second asymmetrical conducting device; and
PA1  means connecting the control electrode of said another transistor of second
      conductivity type to said second bias point.
NUM  7.
PAR  7. The protection circuit as claimed in claim 3 further including a first
      unidirectionally conducting element connected between the gate of said
      IGFET and a first point of operating potential and a second
      unidirectionally conducting element connected between the gate of said
      IGFET and a second point of operating potential.
NUM  8.
PAR  8. The combination of:
PA1  first and second terminals for the application therebetween of an operating
      potential; an input node; an output node; and a signal input terminal;
PA1  first and second insulated-gate field-effect transistors (IGFETs) of first
      and second conductivity type, respectively, each IGFET having a drain and
      a source defining the ends of a conduction path, and a gate;
PA1  means connecting the gates of said first and second IGFETs in common to
      said input node; means connecting the drains of said first and second
      IGFETs in common to said output node; means connecting the source of said
      first IGFET to said first terminal; and means connecting the source of
      said second IGFET to said second terminal; and
PA1  a protection circuit comprising:
PA1  first and second diodes;
PA1  third and fourth IGFETs of first and second conductivity type,
      respectively;
PA1  means connecting the conduction path of said third IGFET in series with
      said first diode between said signal input terminal and said input node;
PA1  means connecting the conduction path of said fourth IGFET in series with
      said second diode between said signal input terminal and said input node;
      said second diode being poled in a direction opposite to said first diode;
      and
PA1  means connecting the gate electrode of said fourth IGFET to said first
      terminal and means connecting the gate electrode of said third IGFET to
      said second terminal.
NUM  9.
PAR  9. The combination as claimed in claim 8 wherein said means connecting the
      source of said first IGFET to said first terminal includes a first offset
      element; and wherein said means connecting the source of said second IGFET
      to said second terminal includes a second offset element.
NUM  10.
PAR  10. The combination as claimed in claim 8 further including fifth and sixth
      IGFETs of said first and second conductivity type, respectively, said
      fifth and sixth IGFETs having their gates connected in common to said
      output node and having their drains connected in common to said input
      node; and
PA1  means connecting the source of said fifth IGFET to said first terminal and
      the source of said sixth IGFET to said second terminal.
NUM  11.
PAR  11. The combination as claimed in claim 10 wherein the impedances of the
      conduction paths of said fifth and sixth IGFETs are much greater than the
      impedances of the conduction paths of said first and second IGFETs for the
      same bias conditions.
NUM  12.
PAR  12. The combination as claimed in claim 8 further including:
PA1  a first additional IGFEt of said second conductivity type having its
      conduction path connected in series with said second diode and fourth
      IGFET between said signal input terminal and said input node, and means
      connecting its control electrode to said first terminal; and
PA1  a second additional IGFEt of said first conductivity type having its
      conduction path connected in series with said first diode and third IGFET
      between said signal input terminal and said input node, and means
      connecting its control electrode to said second terminal.
NUM  13.
PAR  13. The combination as claimed in claim 12:
PA1  wherein said means connecting the control electrode of said first
      additional IGFET to said first terminal includes a first additional diode
      connected between said first terminal and said control electrode of said
      first additional IGFET and poled in a direction to forward bias the
      control electrode; and
PA1  wherein said means connecting the control electrode of said second
      additional IGFET to said second terminal includes a second additional
      diode connected between said second terminal and the control electrode of
      said second additional IGFET and poled in a direction to forward bias the
      control electrode.
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ABST
PAL  A network protector relay having trip characteristics which respond not
      only to the direction of the flow of positive-sequence power through the
      breaker outwardly of the network but which will respond to unbalanced and
      simultaneous faults in the feeder network as well. The network protector
      relay in addition to its tripping characteristics includes closing
      characteristics which will permit the automatic closing of a breaker only
      when the phase sequence of the feeder is the same as that of the network,
      there is a proper phase relationship between the network and feeder and
      the magnitude of the feeder voltage is such that power flow will be in a
      direction toward the network.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A common way in which power at low voltage is furnished in locations where
      the load power density is high and where such power is to be relatively
      uninterruptable is by the use of low-voltage grid or spot networks which
      are supplied with power from more than one set of high-voltage feeders
      through voltage reducing transformers. The number of such high-voltage
      feeders which supply the low-voltage network will of course depend upon
      the magnitude of the load which is to be supplied by the network as well
      as the level of reliability or security desired for the network.
PAR  Such feeders supply the low-voltage network through network transformers
      which have their secondary or low-voltage windings connected to the
      low-voltage network through a three-phase circuit breaker. These circuit
      breakers which are controlled by network protector relays are often
      located in vaults in the street and it is desired that the opening and
      closing thereof be automatic. When, for example, it is desired to work on
      the high-voltage feeder and the feeder is de-energized at the sub-station,
      the three phase circuit breaker controlled by the network protector relay
      should open. When the feeder is again energized at the sub-station the
      circuit breaker should automatically close providing however, that the
      phase rotation on both sides of the circuit breaker is the same, that the
      phase relationship between the voltage at the output of the feeder
      transformer and that in the network is within the proper limits, and that
      the magnitude of the network transformer output voltage relative to that
      in the network is proper so that when the circuit breaker is closed power
      will flow into the network.
PAR  A network protector relay designed to open the circuit breaker when the
      positive-sequence power flows outwardly of the low-voltage network, as for
      example that which is required by the magnetizing energy of the network
      transformer and which will close upon proper reenergization of the feeder
      is shown and described in U.S. Pat. No. 3,248,609 dated Apr. 26, 1966 and
      assigned to the same assignee as is this application.
PAR  Under certain fault conditions in the feeder, such as for example a single
      line-to-ground fault, the flow of positive-sequence power will remain in a
      direction from the feeder to the network. Under these conditions the
      network protector relay described in the above identified U.S. Patent
      would not respond to the fault condition until after the sub-station
      breaker opened to deenergize the feeder and the flow of positive-sequence
      power is then flowed outwardly of the low-voltage network. This interval
      could take upwardly of eight cycles which in the case of a 60 HZ line
      would amount upwardly of 130 milliseconds. If the network protector relay
      were capable of detecting the faulted feeder, the three-phase breaker
      connecting the grid or spot network to the transformer could be opened in
      a shorter time period with less damage. If fuses were used in the primary
      feeder which supplies the network transformer they could blow as well as
      those of other primary feeder lines and, depending upon the number of
      primary feeders supplying the network, the result could be low-voltage
      network shutdown.
PAC  SUMMARY OF THE INVENTION
PAR  This invention utilizes the presence of a small amount of negative-sequence
      symmetrical voltage component (which has been found to occur in the
      network under such fault conditions) to rotate the normal 90.degree.
      directional fault responding characteristics of the network protector
      relay so that a prompt opening of the three-phase breaker connecting the
      network transformer with the low-voltage network will occur in advance of
      any fuse blowing or serious damage to the electrical equipment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 schematically illustrate typical feeder bus arrangements for
      energizing low-voltage networks through network transformers and
      three-phase circuit breakers controlled by network protector relays;
PAR  FIGS. 3 and 4 illustrate one form of the normal and rotated trip
      characteristics which may be used in the performance of the invention;
PAR  FIGS. 5 and 6 illustrate a second form of the normal and rotated trip
      characteristics which may be used in the performance of the invention;
      and,
PAR  FIGS. 7A, 7B and 7C together schematically illustrate a network protector
      relay embodying the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings by characters of reference and more particularly
      FIG. 1, the numeral 1 indicates generally a low-voltage power supplying
      network supplied with power through a plurality of feeders 2A and 2B (only
      two of which are illustrated) from first and second sub-station busses 4A
      and 4B through the usual breakers 6A and 6B. The feeder voltage is reduced
      to network voltage through network step down transformers 8A and 8B and
      the network 1 is through the contacts of a three-phase circuit breaker 9A
      and 9B under control of a network protector relay 10A and 10B.
PAR  FIG. 2 shows a similar low-voltage power supplying network 1 supplied with
      power through high-voltage cables 2'A and 2'B from overhead distribution
      feeder 4'A and 4'B through fuses 7'A and 7'B, the transformers 8'A and 8'B
      and three-phase breaker network contacts 9'A and 9'B controlled by network
      protector relays 10'A and 10'B.
PAR  The network protector relays 10 may take the form schematically illustrated
      in FIG. 7 and are supplied with voltage and current quantities from the
      network 1 and feeder 2 as shown in FIG. 7 (not shown in FIGS. 1 and 2).
      The protector relay 10 includes a positive-sequence voltage component
      establishing means or filter 12 having input circuits EA, EB and EC
      supplied from the phase feeder conductors A, B and C through suitable
      potential transformers. The filter 12 may take any suitable form such as
      for example that described and claimed in a copending application Ser. No.
      469,590 filed May 13, 1974 for Symmetrical Component Monitoring Device. As
      described therein, the filter 12 has a single-phase alternating potential
      output quantity which is representative of the positive-sequence voltage
      symmetrical component of the voltage of the feeder conductors A, B, and C.
PAR  This alternating component is supplied through a phase shifter 14 to one
      input terminal 16 of a zero crossing pulse generator 18 having an output
      terminal 20 connected to a conductor or bus 22. The transistor of the
      pulse generator 18 is rendered conducting at the zero degree crossing of
      the voltage wave supplied to the input terminal 16 and energizes the
      conductor 22 for a very short interval. The conductor 22 when so energized
      back biases the diode 24 associated with the gate device 26, which may be
      a field effect transistor, to cause device 26 to conduct (assuming that
      the network breaker is in closed position with its 52a contacts
      maintaining a positive potential in conductor 27 which back biases the
      diode 28) and energize the output conductor 29 with a quantity
      representing the instantaneous magnitude of the positive-sequence current
      component flowing in the feeder conductors A, B, and C.
PAR  This positive-sequence symmetrical current component is derived from a
      positive-sequence symmetrical component establishing means or filter 30
      which has its input terminals IA, IB, and IC energized with a voltage
      quantity representative of the current flowing in the phase conductors A,
      B, and C respectively of feeder 2. As indicated this is obtained by means
      of wye connected current transformers and wye connected loading resistors
      RA, RB, and RC. The output quantity of the filter is connected to the
      field effect transistor or gate 26 through a coupling capacitor and a
      phase shifting network 32. With the arrangement thus recited, the
      conductor 29 is energized once each cycle of the positive-sequence
      symmetrical voltage component to determine the direction of flow of the
      positive-sequence symmetrical current component at the sampling instant
      and thereby the direction of power flow in the conductors A, B, and C.
PAR  This means of detection is more fully described and claimed in a copending
      application of John D. Watson, Ser. No. 433,957, filed Jan. 16, 1974 and
      assigned to the same assignee as is this application. In the Watson
      application, the sample of the positive-sequence current component is
      taken at the 90.degree.  point in the wave of the positive-sequence
      voltage component. Since a zero crossing detector is more desirable for
      many reasons than a maximum value detector, the sample here is taken at
      the 0.degree. point and the positive-sequence current component is phase
      shifted ahead by 90.degree. so the same result is obtained in a more
      desirable manner.
PAR  With the selector switch SW1 in the illustrated position, the conductor 29
      is connected to conductor 33 and there through to the input terminal 34 of
      the error amplifier 36. The sampled signal is amplified by the error
      amplifier 37 and, if it is of at least a minimum predetermined negative
      value, will cause the output of the amplifier 37 to go negative and the
      threshold device 38, which may be a Zener diode, to conduct causing the
      transistors 39 and 41 to conduct. Conduction of transistor 41 provides a
      positive output quantity at the output terminal 40 which is connected by
      conductor 42 to one input terminal 43 of a trip output network 43A. The
      terminal 43 is one of the inputs of an AND network comprising the diodes
      44A, 44B, 44C and 44D. The positive output is supplied a logical 1 signal
      which back biases the diode 44A. This logical 1 signal is maintained
      throughout a complete cycle by a one cycle memory network 41A.
PAR  The positive-sequence current component, as phase shifted by the network
      32, is through conductors 44 and 45 and switch SW1 to the input terminal
      46 of the trip amplitude desensitizing network 47. When the magnitude of
      the positive sequence current component (in a negative polarity) is above
      a desired predetermined minimum value, the network 47 energizes its output
      terminal 48 with a logical 1 quantity which is supplied to a second input
      terminal 49 of the AND network which back biases the diode 44B, which as
      will be discussed below, will supply the final logical 1 signal which
      trips the breaker 9.
PAR  When the error amplifier output terminal 40 became energized, it back
      biased the diode 50 in the trip timer 52 thereby permitting the capacitor
      53 to charge at a timed rate through the resistor 54. When the capacitor
      53 receives a critical change (the end of a desired delay interval), the
      field effect transistor 55 conducts and a logical 1 signal is supplied by
      the conductor 56 to the input terminal 57 to back bias the diode 44C.
      Under these circumstances tripping is delayed for the desired delay
      interval.
PAR  The fourth input terminal 58 of the AND network is connected by a branch
      conductor to conductor 27 which supplies a logical 1 signal thereto
      wherever the 52a contacts are closed. It therefore follows that with its
      breaker 9 closed, at magnitudes of the positive-sequence current component
      of negative polarity above the minimum magnitude at which the threshold
      devices 38 conducts and at a timed out condition of the trip timer 52, the
      instant that the positive-sequence component in the negative direction
      exceeds the magnitude required to cause the trip amplifier desensitizing
      circuit 47 to conduct the first logical 1 signal which is supplied to the
      AND network thereafter causes the transistor 60 to conduct. Conduction of
      transistor 60 results in the pulsatingly energization of the transformer
      62 and the firing of the thyristor 64 and opening of the breaker 9.
PAR  To permit a more rapid opening of the breaker 9 at larger values of the
      positive-sequence current component flowing into the feeder 2, the trip
      timer 52 is provided with a differential amplifier 66 which is connected
      across a bridge network 67 energized with a quantity representative of the
      positive-sequence component current from the filter 30. When the magnitude
      of this component exceeds a predetermined minimum value, the relative
      potentials of the connecting conductors 68 and 69 reverses and the
      amplifier 66 causes the transistor 70 to conduct and energize the resistor
      71. This places a logical 1 signal on the conductor 56 without the
      necessity of waiting for the timing out of the trip timer 52.
PAR  FIG. 3 shows the phase relationship of the positive-sequence voltage and
      positive-sequence current quantities which will cause the tripping or
      non-tripping of the network breaker 9 under the above-discussed balanced
      three-phase voltage conditions at the protector relay 10. In FIG. 3, the
      line E.sub.1 represents the positive sequence symmetrical voltage
      component phasor as supplied by the filter 12 and the phasor I.sub.1,
      represents the magntiude and phase of the positive-sequence symmetrical
      current component as supplied by the filter 30 before being phase shifted
      by the network 32. It should be remembered that this network 32 is
      provided solely for the purpose of using the zero crossing of the
      positive-sequence voltage component to actuate the gate 26 instead of a
      90.degree. actuation thereof so that in reality both the voltage component
      and the current component are utilized in a 90.degree. leading manner with
      respect to the aforesaid copending Watson application.
PAR  The line 72 extends substantially prerpendicularly to the line E1 and when
      the current phasor I.sub.1 is located above this line 72 (assuming a
      balanced three-phase voltage condition) positive-sequence power is flowing
      into the network 1 and no tripping should occur. When however the current
      phasor I.sub.1 lags the voltage phasor E.sub.1 between 90.degree. and
      270.degree. and is of the magnitude, as illustrated, power is flowing
      outwardly of the network 1 and the network protector breaker 9 will trip
      if the magnitude of I.sub.1 exceeds the setting of the trip amplifier
      desensitizing circuit. The calibration 0.1; 0.2; 0.3; 0.4; and 0.5
      represents the locus of the tip of the phasor I.sub.1 for various phase
      relationships of the positive-sequence current component when power is
      flowing outward of the network 1. The setting of the potentiometer P of
      the trip amplifier desensitizing circuit 47 determines which of the
      illustrated semicircles must be exceeded by the magnitude of the
      positive-sequence current phasor I.sub.1 to cause tripping.
PAR  In order to insure a desired margin of reverse power flow before tripping,
      the operating characteristic FIG. 3 is provided with a threshold offset as
      represented by the perpendicular distance between the parallel lines 72
      and 73. This tripping requirement is provided by the threshold device 38
      of the error amplifier 36. As discussed above, the magnitude of the phasor
      I.sub.2 representing the negative power portion of the phasor I.sub.1 must
      exceed the distance between the lines 72 and line 73 as indicated in
      addition to the phasor I.sub.1 extending beyond one of the semicircles for
      tripping to occur. The phasor I.sub.3 represents the reactive portion of
      phasor I.sub.1.
PAR  I have discovered that when certain faults occur in the feeder 2, such as
      for example a single line-to-ground fault, the network protector relay 10,
      which exhibits the illustrated characteristics of FIG. 3, will not cause
      the network breaker 9 to open until after the feeder breaker 6 has opened
      or at least one of the fuses blow. In some cases the breaker 9 may not
      open even after one fuse blows. As discussed above, this may take
      substantial time. This is because these fault conditions result in a
      condition in which the phasor I.sub. 1 will be in the second quadrant of
      FIG. 3 and the positive-sequence power will continue to flow into the
      network 1 as indicated by the phasor I.sub.2 ' and no tripping will occur.
PAR  When a single line-to-ground fault occurs in the feeder 2, the voltages
      therein as well as the voltages in the network 1 will becoome unbalanced.
      This unbalanced condition results in the presence of a negative-sequence
      symmetrical voltage component in the network 1 which is detected by the
      negative-sequence filter 74 which is supplied with voltage quantities
      which exist in the three-phase network 1. The filter 74, as far as its
      contribution to tripping is concerned could be energized from the feeder
      conductors. A, B, and C. As will be set out below, the negative-sequence
      voltage filter is used in connection with the automatic closing of the
      network breaker 9 to prevent its reclosing in the event of a phase rotated
      condition in the network 1. The negative-sequence filter 74, when
      energized from the network voltage, will serve to sense line-to-linie and
      line-to-ground faults in any feeder as well as an incorrect phase rotation
      in the network 1.
PAR  The negative-sequence voltage filter 74 is provided with an output
      conductor 75 the potential of which is controlled by the conductive
      condition of a transistor 76 which, in the absence of a negative-sequence
      voltage component, is non-conducting and a negative potential is supplied
      to the V.sub.1 phase shifter 14. This holds the transistor 78
      non-conducting. When, however, a negative-sequence voltage component
      appears as for example a quantity which is equal to or exceeds 6percent of
      the peak value of the network voltage, the transistor 76 conducts to place
      a positive potential on the conductor 75. This renders the field effect
      transistor 78 conducting to add a capacitor 79 in the shifter network 14
      which delays the rendering of the gate 26 conducting at a time interval
      beyond the 90.degree.measuring point, for example by 60.degree. to the
      150.degree. point. The effect is to lag the angle of the lines 72 and 73
      by this additional angle, as illustrated in FIG. 4. As will be apparent
      from FIG. 4, when this occurs the phasors I.sub.1 ' and I.sub.2 ' both lie
      in the tripping range and the network protector relay 10 will trip the
      network breaker 9 without the necessity of either the fuses 7 blowing or
      the breaker 6 opening. This temporary shifting of the network protector
      characteristics will eliminate tripping when the phasor I.sub.1 lags the
      voltage E.sub.1 by less than 150.degree. and more than 90.degree. as might
      possibly occur and upon which the occurrence of which tripping might be
      desired. Since the rotation of the characteristics occurs only when there
      is a feeder fault and tripping is in progress this is immaterial.
PAR  When the selector switch SW1 is in its other position, the conductor 33 is
      disconnected from the conductor 29 and the conductor 44 is disconnected
      from the conductor 43 and reconnected to the conductor 29 so that the
      sampled quantity I.sub.2 " is supplied to the trip amplifier 47 and (since
      the switch SW1 has now disconnected the AND network input terminal 43 an
      effective logical 1 signal is continually applied) tripping is dependent
      upon the magnitude and phase of phasor I.sub.1 " which is similar to the
      characteristics as shown in FIG. 3 except that the elimination of the
      threshold determination results in the straight line characteristic shown
      in FIG. 5 rather than the semi-circular characteristics of FIG. 3.
PAR  FIG. 6 shows the lagging characteristic situation when negative-sequence
      voltage appears in the work 1. The lag is attained as described above in
      connection with FIG. 4 and need not be repeated. I.sub.1 '" represents a
      possible positive-sequence current characteristic which might exist with a
      line-to-ground fault on one of the feeders 2.
PAR  Automatic closing of the network breaker 9 should occur at all times when
      the feeder 2 is properly energized with respect to the network 1, unless
      the network 1 contains a negative-sequence voltage component. As explained
      above, the presence of the negative-sequence voltage component renders the
      transistor 76 of the V.sub.2 negative-sequence voltage filter 74
      conducting. When transistor 76 conducts it causes transistor 79 to conduct
      and connect the cathode of diode 80 to a -6.8 volt terminal. This results
      in the conductor 81 being maintained sufficiently negative to cause
      conduction of transistor 39 of the error amplifier 36 and energization of
      the one cycle memory 41A to hold transistor 41 conducting to maintain a
      positive potential at output terminal 40 of the error amplifier 36. The
      conductor 42 is also connected to the base electrode of a transistor 82 of
      a close output network 83 through a diode 84 so that the rendering of the
      conductor 42 positive renders the transistor 82 conducting to prevent the
      charging of capacitor 85 which is necessary to cause the thyristor 86 to
      conduct with the resulting energization of the breaker close and trip
      device 87.
PAR  The conductor 81 is also connected to the output terminal 88 of a peak
      sensor 90. This sensor 90 is energized from the positive-sequence voltage
      filter 12. When the peak value of the positive-sequence voltage component
      of filter 12 is of less than a desired magnitude, the amplifier thereof
      does not energize the one cycle memory network 91 thereof and the terminal
      88 will be held at a negative potential and again resulting in the
      energization of the one cycle memory 41A of the error amplifier 36 and the
      inability of the close output 83 to close the breaker 9.
PAR  Transformers TA, TB and TC have their primary windings connected across the
      breaker contacts by which the A, B, and C phases of the network 1 are
      connected to the feeder 2. These transformers TA, TB, and TC have a first
      secondary winding individually energizing master closing circuits CA, CB,
      and CC associated with the phases A, B, and C respectively (the details of
      the CA network only being shown). The voltage signals supplied to the
      networks are phased as shown by the normal "dot" nomenclature. The
      transistor 93 of network CA is arranged to conduct near but preferably
      just ahead of the 270.degree.  point of the A phase network voltage. When
      transistor 93 conducts a momentary conducting pulse is placed on the field
      effect transistor 94. At the near 270.degree. point, the dot end of the
      secondary winding 95 of transformer TA will be negative and the Zener
      diode 96 will establish a positive voltage which overcomes the negative
      bias provided by the potentiometer 97 of the master closing threshold
      network 98. If the phasing is not as desired when transistor 94 conducts
      the branch conductor 100 of conductor 33 will go negative thereby causing
      the error amplifier 36 to provide a positive potential signal to the close
      output 83 and prevent closure of the network breaker 9 as described. The
      same function is provided by the master closing network CB and CC to
      measure the phase relationships of the B and C phases.
PAR  The phasing circuit 102 is similar to the master closing circuits CA, CB,
      and CC except that the base electrode of the transistor 93A is connected
      by one of the capacitors of the associated capacitor bank 104 as
      determined by the selector switch to cause the field effect transistor 94A
      to momentarily turn on at the desired point in the voltage wave. If the
      phasing as determined by the secondary winding 106 of the transformer TA
      is incorrect the branch conductor 100 will be made negative to prevent
      closing as described above.
PAR  The branch conductor 100 is continaully connected to the input terminal 34
      of error amplifier 36 and whenever it is negative will provide positive
      output potential or signal at its output terminal 40. If the breaker 9 is
      closed this is provided from the positive-sequence current component
      filter 30 under control of the gate 26 since the closure of contacts 52a
      provide the necessary reverse biasing to the diode 28 of the gate 26 and
      diode 44D and tripping may occur if the other inputs to the AND network of
      the trip output network 43A become satisfied. If the breaker is open, the
      reverse bias on the diodes 28 and 44D is removed and the gate 26 can no
      longer open to permit energization of the conductor 29 from the filter 30
      or to block transistor 60 which is necessary for tripping because of the
      open contacts 52a.
PAR  With the breaker 9 open, its 52b contacts are closed and a positive
      potential is placed on a conductor 107 which reverse biases the diodes 108
      of the master closing networks CA, CB, and CC thereby permitting the
      transistors 94 to conduct under control of the transistors 93. This
      positive potential condition of the conductor also reverse biases diode
      108A to permit transistor 94A to conduct under control of the transistor
      93A. The conductor 107 is also connected to the cathode of a diode 110,
      the anode of which is connected to the control electrode of a field effect
      transistor 112 which, at selected intervals, connects the conductors 100
      and 81 through a diode 114. The conductor 22 leading from the zero
      crossing generator is also connected to the control electrode of the
      transistor 112 through a diode 116. With the breaker 9 open and 52b
      contacts closed, the transistor 112 will conduct at each zero degree
      crossing of the positive-sequence voltage filter 12. If at this time the
      memory network 91 is charged and there is no negative-sequence voltage
      component output of the filter 74 (transistor 79 is not conducting) and
      all of the master closing networks CA, CB, and CC and phasing circuit 102
      are satisfied, the error amplifier 36 will detect no error and a negative
      output potential at its output terminal 40 will permit blocking of the
      transistor 82 of the close output 83. The capacitor 85 then charges at a
      timed rate to a critical charge and caue the thyristor 86 to conduct and
      close the network breaker 9.
CLMS
STM  What is claimed and is desired to be secured by United States Letters
      Patent is as follows:
NUM  1.
PAR  1. A network protector relay for controlling the connection between a
      polyphase feeder bus and a polyphase network bus, said protector relay
      comprising a first circuit means having a polyphase input adapted to be
      connected to said connection for energization by the current and voltage
      components of the power flowing in said connection, said means including
      elements which determine the magnitude of one of said components with
      respect to the other of said components at first and second time intervals
      in the wave of said other component, selecting means selecting which one
      of said time intervals is operative, said first circuit means having an
      output energized in accordance with the magnitude of said one component, a
      second circuit means having a polyphase input adapted to be connected to
      said network bus for energization by at least one of said voltage and
      current components of said network bus and having an output, said second
      circuit means including a fault detector energized by said one component
      of said network bus and effective to provide said output of said second
      circuit means with an output signal in response to a fault responsive
      condition of said one component of said network bus of at least a
      predetermined magnitude, means connecting said output of said second
      circuit means to said selecting means of said first circuit means, said
      selecting means being effective in the absence of said output signal to
      select said first time interval and effective in the presence of said
      output signal to select said second time interval, and disconnect control
      means connected to said output of said first circuit means, said
      disconnect control means being effective to interrupt the connection
      between said feeder bus and said network bus solely when said magnitude of
      said one component as established by said elements is greater than a
      predetermined desired magnitude.
NUM  2.
PAR  2. The protector relay of claim 1 in which said one component of said power
      components is said current component and said other power component is
      said voltage component.
NUM  3.
PAR  3. The protector relay of claim 2 in which said elements of said first
      circuit means are symmetrical component monitoring devices, one of said
      devices having an output wave representing the positive-sequence
      symmetrical voltage component of said voltage in said connection, the
      other of said devices having an output wave representing the
      positive-sequence symmetrical current component of said current in said
      connection.
NUM  4.
PAR  4. The protector relay of claim 1 in which said first circuit means
      includes a second output energized by a quantity which is a function of
      the magnitude of said one power component, said second output being
      connected to said disconnect control means, said disconnect control means
      being effective to interrupt the connection between said feeder bus and
      said network when the magnitude of said quantity and said one power
      component as established by said elements are both greater than
      predetermined desired magnitudes.
NUM  5.
PAR  5. The network relay of claim 4 in which said first time interval is
      substantially at the 90.degree. point in the wave of said other power
      component and said second time interval is at a point later in the wave of
      said other power component.
NUM  6.
PAR  6. The network relay of claim 5 in which said second time interval is
      substantially at the 30.degree. point in the wave of said other power
      component.
NUM  7.
PAR  7. The network relay of claim 6 in which said one power component is
      proportional to the magnitude of said current component of said power and
      said other power component is said voltage component of said power.
NUM  8.
PAR  8. A network protector relay comprising a positive-sequence symmetrical
      voltage component establishing means and a positive-sequence symmetrical
      current component establishing means, circuit means energizing said
      symmetrical voltage component means and said symmetrical current component
      means with voltage and current quantities from a polyphase network, a
      negative-sequence symmetrical voltage component establishing means
      energized from a polyphase network, a disconnect control means having a
      first input and an output, a gating device having a main path and a
      control gate controlling the conductivity of said main path, first circuit
      means connecting said disconnect control means to said positive-sequence
      current component establishing means including said main path of said
      gating device, second circuit means connecting said positive-sequence
      symmetrical voltage component means to said control gate and including
      selecting means to render said control gate effective to open said main
      path solely at a first or a second selected time interval in the wave of
      said positive-sequence voltage component whereby said input of said
      disconnecting means is energized with a first control quantity having a
      magnitude proportioned to the magnitude of said positive-sequence current
      component existing at the selected one of said time intervals, third
      circuit means connecting said negative-sequence voltage component means to
      said selecting means, said selecting means being effective to select said
      first time interval in the absence of a control signal from said
      negative-sequence voltage component means, said negative-sequence voltage
      component means being effective to establish its said control signal when
      the magnitude of said negative-sequence voltage component exceeds a
      predetermined value, said protector relay further including magnitude
      sensing means sensing the magnitude of said positive-sequence current
      component and effective to cause said disconnect control means to provide
      a tripping signal at its said output solely when the magnitude of said
      positive-sequence current component passed by said gating device is above
      a predetermined minimum value.
NUM  9.
PAR  9. The protector relay of claim 8 in which said second time interval is a
      time interval in the voltage wave of said positive-sequence symmetrical
      voltage component later than said first time interval.
NUM  10.
PAR  10. The protector relay of claim 9 in which said first time interval is
      substantially at the maximum magnitude point in the voltage wave of said
      positive-sequence symmetrical component.
NUM  11.
PAR  11. The protector relay of claim 10 in which said second time interval lags
      said first time interval by substantially 60.degree..
NUM  12.
PAR  12. The protector relay of claim 11 in which includes an AND network having
      a plurality of inputs and an output connected to said input of said
      control means, said first circuit means including a first of said inputs
      of said AND network, a fourth circuit means connecting said
      positive-sequence current component establishing means to a second of said
      inputs of said AND network, said first circuit means including said
      magnitude sensing means to prevent the energization of said first input of
      said AND network unless the magnitude of said poitive-sequence current
      component passed by said main path of said gating device exceeds a
      predetermined magnitude.
NUM  13.
PAR  13. The protector relay of claim 12 in which said fourth circuit means
      includes a second magnitude sensing means, said fourth circuit means being
      effective to actuate said second input of said AND network solely when the
      magnitude of said positive-sequence current component is above a
      predetermined minimum value.
NUM  14.
PAR  14. The protector relay of claim 8 in which said selecting means effective
      to phase shift said positive-sequence symmetrical voltage component, said
      selecting means being effective at the zero crossing of the phase shifted
      positive-sequence voltage component in at least the direction of a change
      of potential polarity in a first direction, and in which said
      positive-sequence symmetrical current component establishing means
      provides a current component output which leads the positive-sequence
      voltage component by 90.degree..
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ABST
PAL  A terminal block carries a plurality of terminals, a plurality of end clips
      connected to certain of the terminals, and a pair of ground clips. The
      terminal block is provided with cavities for receiving surge-protector gas
      tubes which are engaged by the end clips and ground clips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various electrical circuits, including for example telephone circuits,
      require protection against surges of current caused by lightning and the
      like. To afford such protection, surge-protector gas tubes commonly have
      been associated with electrical connector units. Heretofore, the gas tubes
      have been mounted separately from the connector units, and have been
      coupled with the connector units by wires. These arrangements have been
      bulky and inconvenient and expensive to install and maintain.
PAC  SUMMARY OF THE IVENTION
PAR  It is a primary object of the present invention to provide a unitary
      connector unit and surge protector which is compact and inexpensive to
      fabricate and maintain.
PAR  This object is accomplished by providing a single terminal block, formed
      with suitable cavities, recesses and the like, in which are mounted a
      group of side-by-side lengthwise-spaced-apart terminals, a plurality of
      end clips connected to certain of the terminals, and a pair of elongated
      ground clips on opposite sides of the group of terminals. The end clips
      and ground clips are adapted to engage surge-protector gas tubes removably
      received within the terminal block on opposite sides of the group of
      terminals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a surge-protector gas tube terminal
      assembly embodying the principles of the present invention;
PAR  FIG. 2 is a plan view, on an enlarged scale, of the assembly of FIG. 1;
PAR  FIG. 3 is an underside view, on an enlarged scale, of the assembly of FIG.
      1;
PAR  FIG. 4 is a further enlarged partial underside view of the assembly;
PAR  FIG. 5 is a sectional view taken substantially along the line 5--5 in FIG.
      2 looking in the direction indicated by the arrows;
PAR  FIG. 6 is a sectional view taken substantially along the line 6--6 in FIG.
      2 looking in the direction indicated by the arrows;
PAR  FIG. 7 is a sectional view taken substantially along the line 7--7 in FIG.
      2 looking in the direction indicated by the arrows; and
PAR  FIG. 8 is a sectional view taken substantially along the line 8--8 in FIG.
      2 looking in the direction indicated by the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown for example in FIG. 1, the gas tube terminal assembly of the
      present invention comprises an insulative terminal block 10 which may be
      fabricated of a glass-filled polyestor material or other suitable
      insulative material and which presents parallel outer and inner faces 12
      and 14.
PAR  The terminal block 10 is formed with a group of side-by-side
      lengthwise-spaced-apart terminal apertures 16 (FIGS. 2, 6 and 7) extending
      transversely of the outer and inner faces 12 and 14. Each aperture 16
      presents an outer portion 18, an inner portion 20, and an intermediate
      portion 22. Intersecting the outer portions 18 of the terminal apertures
      16 is a lengthwise channel 24. The terminal block 10 is also formed with a
      set or pair of gas tube cavities 26 (FIGS. 3, 4, 5, 7 and 8) on each side
      of the group of terminal apertures 16. The gas tube cavities 26 are open
      at the inner face 14, and the cavities 26 of one set are staggered or
      offset lengthwise in relation to the cavities 26 of the other set. The
      terminal block 10 is further formed with a plurality of slots 28 (FIGS. 3
      and 4) which are open at the inner face 14 and which extend between the
      ends of the gas tube cavities 26 and the inner portions 20 of certain of
      the terminal apertures 16. The terminal block 10 is additionally formed
      with an elongated ground clip recess 30 (FIGS. 2 and 5) on each side of
      the group of terminal apertures 16. Finally, the terminal block 10 (FIGS.
      2, 5, 7 and 8) is formed with a bore 32 and side notches 34 centrally of
      each ground clip recess 30, and with a plurality of openings 36 which
      extend between the ends of the ground clip recesses 30 and the
      intermediate portions of the gas tube cavities 26. The ground clip
      recesses 30 and the openings 36 are open at the outer face 12. Each
      opening 36 includes a side cutout 38 defining interior shoulders 40.
PAR  Disposed in each terminal aperture 16, as shown in FIG. 7, is a
      tuning-fork-shaped terminal 42 which may be fabricated of a tin-brass
      alloy or other suitable conductive material. The terminal 42 comprises arm
      portions 44 lying within the outer terminal aperture portion 18, a body
      portion 46 staked or otherwise secured in the intermediate terminal
      aperture portion 22, and a leg portion 48 extending through and outwardly
      of the inner terminal aperture portion 20. The arm portions 44 and leg
      portion 48 of the terminals 42 are adapted to be releasably connected to
      conventional circuit boards or other circuitry (not shown).
PAR  Extending between the ends of the gas tube cavities 26 and the leg portions
      48 of certain of the terminals 42, as shown in FIGS. 3, 4 and 7, are a
      plurality of right- and left-hand gas tube end clips 50 which may be
      fabricated of a spring temper phosphorus-bronze alloy or other suitable
      spring-like conductive material. Each clip 50 comprises a contact portion
      52 disposed at one end of one of the gas tube cavities 26, an anchor
      portion 54 disposed in the inner portion 20 of the terminal apertures 16
      and connected by a struck-out eyelet portion 56 to the leg portion 48 of
      the adjacent one of the terminals 42, and a web portion 58 disposed in the
      associated one of the slots 28 and interconnecting the contact portion 52
      and the anchor portion 54.
PAR  Disposed in each ground clip recess 30, as shown in FIGS. 2, 5, 7 and 8, is
      a gas tube ground clip 60 which may be fabricated of a spring temper
      phosphorus-bronze alloy or other suitable spring-like conductive material.
      Each ground clip 60 comprises an elongated body portion 62 lying in one of
      the recesses 30, and arcuate spring arms 64 at the opposite ends of the
      body portion 62 and projecting through the terminal block openings 36 into
      the adjacent one of the gas tube cavities 36. The body portion 62 has an
      enlarged central section 66 and a central hole 68 formed with depending
      teeth 70 that frictionally engage the terminal block bore 32 and serve to
      receive a ground connection lug (not shown). The body portion 62 also has
      end flanges 72 formed with ears 74 that are snapped through the recess 30
      and engage the interior shoulders 40 of the terminal block side cutouts
      38.
PAR  Disposed in each of the gas tube cavities 26 is a conventional
      surge-protector gas tube 76 having end disc terminals 78 and an
      intermediate disc terminal 80 (FIGS. 4 and 8). The end terminals 78 are
      frictionally engaged or gripped by the contact portions 52 of the adjacent
      gas tube end clips 50, while the intermediate terminal 80 is frictionally
      engaged or gripped by the adjacent spring arms 64 of the associated gas
      tube ground clip 60. Operationally, the gas tubes 76 serve to divert
      abnormal surges of current through the intermediate terminals 80 and
      ground clip 60 to ground, and thereby prevent such surges of current from
      passing between the terminals 42 having connection with the end terminals
      78. The body portions 62 of the ground clips 60 are formed with apertures
      82 (FIG. 2) through which a rod (not shown) may be pushed to dislodge a
      spent gas tube 76 for replacement.
PAR  While there has been shown and described a preferred embodiment of the
      present invention, it will be understood by those skilled in the art that
      various rearrangements and modifications may be made therein without
      departing from the spirit and scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A surge-protector gas tube terminal assembly comprising: an insulative
      terminal block presenting parallel outer and inner faces and being formed
      with a group of side-by-side lengthwise-spaced-apart terminal apertures
      extending transversely of said outer and inner faces, a set of gas tube
      cavities on each side of said group of terminal apertures, a plurality of
      slots extending between the ends of said gas tube cavities and certain of
      said terminal apertures, an elongated ground clip recess on each side of
      said group of terminal apertures, and a plurality of openings extending
      between the ends of said ground clip recesses and the intermediate
      portions of said gas tube cavities; a plurality of terminals disposed in
      said terminal apertures; a plurality of gas tube end clips each having a
      contact portion disposed at one end of one of said gas tube cavities, an
      anchor portion disposed in one of said terminal apertures and connected to
      the adjacent one of said terminals, and a web portion disposed within the
      associated one of said slots and interconnecting said contact portion and
      said anchor portion; a pair of gas tube ground clips each having a body
      portion disposed in one of said ground clip recesses, and spring arms
      projecting through said openings into the adjacent ones of said gas tube
      cavities; and said contact portions in each of said gas tube cavities
      being adapted to grip the end terminals of a surge-protector gas tube, and
      said spring arms in each of said gas tube cavities being adapted to grip
      the intermediate terminal of a surge-protector gas tube.
NUM  2.
PAR  2. A surge-protector gas tube terminal assembly comprising: an insulative
      terminal block presenting parallel outer and inner faces and being formed
      with a group of side-by-side lengthwise-spaced-apart terminal apertures
      extending transversely of said outer and inner faces with each of said
      apertures presenting an outer portion and an inner portion and an
      intermediate portion, a set of gas tube cavities on each side of said
      group of terminal apertures and open at said inner face, a plurality of
      slots open at said inner face and extending between the ends of said gas
      tube cavities and the inner portions of certain of said terminal
      apertures, an elongated ground clip recess on each side of said group of
      terminal apertures and open at said outer face, and a plurality of
      openings open at said outer face and extending between the ends of said
      ground clip recesses and the intermediate portions of said gas tube
      cavities; a plurality of terminals disposed in said terminal apertures and
      each including arm portions lying within said outer terminal aperture
      portion, a body portion secured in said intermediate terminal aperture
      portion, and a leg portion extending through said inner terminal aperture
      portion; a plurality of gas tube end clips each having a contact portion
      disposed at one end of one of said gas tube cavities, an anchor portion
      disposed in an inner portion of one of said terminal apertures and
      connected to the leg portion of the adjacent one of said terminals, and a
      web portion disposed within the associated one of said slots and
      interconnecting said contact portion and said anchor portion; a pair of
      gas tube ground clips each having a body portion disposed in one of said
      ground clip recesses, and spring arms projecting through said openings
      into the adjacent ones of said gas tube cavities; and said contact
      portions in each of said gas tube cavities being adapted to grip the end
      terminals of a surge-protector gas tube, and said spring arms in each of
      said gas tube cavities being adapted to grip the intermediate terminal of
      a surge-protector gas tube.
NUM  3.
PAR  3. The gas tube terminal assembly of claim 2 wherein said openings include
      interior shoulders, said terminal block is formed with a bore centrally of
      each ground clip recess, and each of said gas tube ground clips includes a
      hole with depending teeth that frictionally engage the adjacent of said
      terminal block bores and are adapted to receive a ground connection lug
      and includes end flanges with ears that engage the adjacent of said
      interior shoulders.
NUM  4.
PAR  4. The gas tube terminal assembly of claim 2 wherein said gas tube cavities
      of one set are staggered lengthwise in relation to said gas tube cavities
      of the other set.
NUM  5.
PAR  5. The gas tube terminal assembly of claim 2 including a surge-protector
      gas tube in each of said gas tube cavities; and each of said gas tubes
      having end terminals engaged by the associated ones of said contact
      portions, and an intermediate terminal engaged by the associated ones of
      said spring arms.
PATN
WKU  039477304
SRC  5
APN  4905539
APT  1
ART  212
APD  19740722
TTL  Telephone line surge protecting device
ISD  19760330
NCL  1
ECL  1
EXA  Salce; Patrick R.
EXP  Miller; J. D.
NDR  3
NFG  7
INVT
NAM  De Luca; Paul V.
CTY  Syosset
STA  NY
INVT
NAM  Carney; William V.
CTY  Valley Stream
STA  NY
INVT
NAM  Fasano; Michael
CTY  South Floral Park
STA  NY
ASSG
NAM  Porta Systems Corporation
CTY  Syosset
STA  NY
COD  02
CLAS
OCL  317 615
XCL  317 62
XCL  337 28
XCL  337 34
EDF  2
ICL  H02H  322
ICL  H02H  720
FSC  317
FSS  16;61.5;62
FSC  179
FSS  184
FSC  337
FSS  15;28;31;32;33;34;148;273;282;196
FSC  339
FSS  36;91;128;147 P
FSC  174
FSS  52 R
FSC  307
FSS  93
UREF
PNO  3274361
ISD  19660900
NAM  Ebensteiner et al.
OCL  337180
UREF
PNO  3285548
ISD  19661100
NAM  Matto et al.
OCL  339128
UREF
PNO  3286255
ISD  19661100
NAM  Sanchez
OCL  339128
UREF
PNO  3535779
ISD  19701000
NAM  Wanaselja
OCL  337 32
UREF
PNO  3543207
ISD  19701100
NAM  Kawiecki
OCL  337 28
UREF
PNO  3587021
ISD  19710600
NAM  Baumbach
OCL  337 32
UREF
PNO  3699500
ISD  19721000
NAM  Borzoni et al.
XCL  337196
UREF
PNO  3849750
ISD  19741100
NAM  Baumbach et al.
OCL  337 32
LREP
FR2  Temko; Charles E.
ABST
PAL  A line voltage surge protecting device for telephone systems which normally
      include means for grounding excessive currents caused by lightening and
      the like. The device includes a gaseous discharge element which becomes
      conductive when the voltage in the line being protected momentarily
      exceeds a predetermined value to conduct current to a source of ground
      potential. A temperature sensitive element responsive to heat generated by
      the gaseous discharge device during prolonged excessive current serves to
      short the gaseous discharge element to ground. The temperature sensitive
      element includes means resiliently biasing the gaseous element for
      movement serving to short the same. A soldered retaining means opposes
      such movement, and heat developed in the gaseous discharge device is
      transmitted to the soldered means by conduction to melt the solder to
      permit the shorting action to occur. The protective structure is disposed
      in a casing element having improved cover means facilitating accessibility
      for repair and resetting of the soldered means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the co-pending application of Paul V. DeLuca, Ser. No. 395,386 filed
      Sept. 10, 1973, and assigned to the same assignee as the instant
      application, there is disclosed a line surge protecting device operating
      in an analogous fashion, the present invention lying in specific
      constructional details permitting facility in repair and simplification in
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention contemplates the provision of a device of the
      class described in which heat developed in the gaseous discharge device is
      directly conducted to the soldered retaining means without the use of a
      resistive heat coil for faster operation. A casing element having a
      detachable cover is provided, the removal of which requires a tool to
      release internally disposed latching means maintaining the cover in
      engaged condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, to which reference will be made in the specification,
      similar reference characters have been employed to designate corresponding
      parts throughout the several views.
PAR  FIG. 1 is a view in elevation of a first embodiment of the invention.
PAR  FIG. 2 is an enlarged fragmentary sectional view of the first embodiment,
      partially in elevation and showing the opening of a casing element thereof
      by removal of an end cap.
PAR  FIG. 3 is a longitudinal central sectional view of the first embodiment.
PAR  FIG. 4 is a view in perspective, partially in section of the first
      embodiment.
PAR  FIG. 5 is a longitudinal central sectional view of a second embodiment of
      the invention, as seen from the plane 5--5 in FIG. 6.
PAR  FIG. 6 is a central sectional view of the second embodiment, as seen from
      the plane 6--6 in FIG. 5.
PAR  FIG. 7 is a schematic electrical wiring diagram showing the interconnection
      of the second embodiment in a telephone line system.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS
PAR  In accordance with the first embodiment of the invention, the device,
      generally indicated by reference character 10, comprises broadly: a
      housing or casing element 11, a grounding prong element 12, circuit
      connecting means 13 and temperature sensitive current grounding means 14.
PAR  The casing element 11 is preferably formed from synthetic resinous
      materials, and includes a main body 16 bounded by side walls 17 and 18, an
      upper wall 19, and a lower wall 20. A separable cover 21 includes a
      manually engageable grip 22 extending longitudinally from an oppositely
      disposed end wall 23. A plurality of flange members 24 interfit with a
      corresponding plurality of interstices 25 on the main body, as best seen
      in FIG. 1, and the cover 21 is maintained on the main body 16 by the
      engagement of flexible tabs 26 on the body within corresponding openings
      27 on the centrally disposed flange members 24 (see FIG. 2). The tabs 26
      are cammed outwardly as shown in FIG. 2 by cam surfaces 28 on the cover,
      and detent portions 29 engage openings 27 when the cover is fully seated.
      The wall 23 is provided with openings 31 which permit the intentional and
      authorized removal of the cover 21 with respect to the body 16 for repair.
      This is accomplished by a tool element 36 having a body 37 from which
      extend a plurality of longitudinally projecting members 38. These members
      are inserted into the openings 31 and are provided with camming surfaces
      33 also capable of spreading the flange members on the body as shown in
      FIG. 2, permitting the cover and tool element to be withdrawn
      simultaneously. Since the detent means which maintains the cover in
      association with the body are otherwise inaccessible, unauthorized opening
      of the device without damage is virtually impossible.
PAR  The grounding prong element 12 is generally similar in construction to that
      in the above mentioned co-pending application, including a supporting
      sleeve 40 surrounding a metallic prong 41 which extends rearwardly to
      contact a metallic plate 42 forming part of the circuit connecting means
      13.
PAR  The circuit connecting means 13 includes a pair of tip contacts 44 and 45,
      as well as a pair of ring contacts 46 and 47, as is well known in the art.
      A conductive strip 48 connects the contact 47 to the winding of a heat
      coil 49, and current is connected back through the heat coil spring 50. A
      similar duplication of structure, not shown, interconnects the tip
      contacts 44 and 45.
PAR  The grounding means 14 are two in number, only one being illustrated in
      FIGS. 3 and 4. Each includes the above mentioned spring 50 which acts upon
      a spring follower 54 supporting a centrally positioned contact member 55.
      The inner end 56 thereof is positioned in a socket 57 in the follower 54.
      The outer end 58 is pointed and adapted when the circuit grounding means
      14 is actuated to make contact with the plate 42 whereby at least one
      circuit is grounded to the prong element 12. This position is illustrated
      in FIG. 4.
PAR  Momentary fluctuations in current will not normally actuate the temperature
      sensitive grounding means 14, and such surges are accommodated by the
      gaseous discharge device 59 in well known manner. Current in this case
      flows from the contact 46 to member 60, to the surface 61 of the gaseous
      discharge device, and from the surface 62 to the plate 42 and thence to
      ground. Once actuated, the gaseous discharge device is bypassed, and the
      current flows directly to ground, again as disclosed in the above
      mentioned co-pending application.
PAR  It will be observed that removal of the cover 21 permits all of the above
      described structure to be removed from the body for servicing and/or
      replacement, without the use of special tools, other than the above
      described tool element 36.
PAR  Turning now to the second embodiment of the invention, illustrated in FIGS.
      5, 6 and 7, the device, generally indicated by reference character 70
      includes a casing element 71 generally similar to that in the first
      embodiment, a plurality of input terminals, one of which is indicated by
      reference character 72, a plurality of output terminals 73, a grounding
      prong element 74 and a cover 75 engaged and disengaged with respect to the
      casing element 71 as in the first embodiment. The second embodiment
      differs from the first embodiment principally in structure which permit
      not only the shunting of excess current surges to ground, but the actual
      opening of the telephone circuits upon the occurrence of a sustained
      overload. Referring to FIG. 7, there is illustrated a schematic diagram
      showing the operation of the second embodiment.
PAR  As in the first embodiment, the device is adapted to bridge a pair of
      inputs 78 and 79 and a pair of outputs 80 and 81. Unlike prior art
      devices, by the use of the second embodiment 70, there are provided a pair
      of switches 82 and 83 which upon the occurrence of sustained overloads
      open to protect the output circuits 80 and 81 until the device is either
      reset or replaced. The device 70 incorporates a known and recently
      developed three element gaseous discharge tube 84 which at all times
      communicates with the grounding prong element 85, and which as a result of
      relative motion between it and the casing element closes switches 86 and
      87 upon the occurrence of sustained overload to permit the gaseous
      discharge device to be discharged to ground.
PAR  Referring to FIGS. 5 and 6, there is illustrated the structure
      corresponding to FIG. 7. A fixed spring anchor 91 is mounted on a wall of
      the cavity formed in the casing element 71, the same mounting a coil
      spring 92 supporting on an opposite end a movable follower 93. The outer
      surface 94 of the follower is curved and corresponds in configuration to
      the outer surface 95 of the gaseous discharge device 84. In the position
      shown in FIG. 5, the device 84 contacts the curved surface 96 of a stop
      member 97 which forms part of the grounding prong element 85. Prior to
      activation, the device 84 is maintained in the position shown in FIG. 6
      against the tension of the spring 92 by a thermally conductive stop rod
      98, the inner end 99 of which contacts the surface 95, and the outer end
      100 of which is disposed within a bore 101 in the member 97. Reference
      character 102 indicates a point at which the rod 98 is soldered to the
      surface 96.
PAR  The end surfaces 103 and 104 of the device 84 communicate with first and
      second conductive strips 105 and 106, respectively, at outer ends 107
      thereof. The inner ends 108 thereof are inwardly bent and communicate with
      mounted contacts 109 each of which is adapted to engage the inner ends 110
      of the terminals 72 and 73 when the device is in the condition indicated
      in FIG. 6.
PAR  During normal operation, the device will remain in this condition, the
      engagement of the contacts 106 with the ends 110 providing the equivalent
      of closing the switches 82 and 83 in FIG. 7. Upon the occurrence of a
      momentary overload, the device 84 will become ionized, and discharged to
      ground through the centrally disposed conductor 113 in FIG. 7, in this
      condition, the switches 86 and 87 being open.
PAR  Should a sustained overload occur, the gaseous discharge device 84 will not
      only ionize, but will become heated, the heat being conducted down the rod
      98 to melt the solder at 102, and allow the rod 98 to move outwardly in
      the bore 101 wherein it projects outwardly of the cover 75 to give a
      visual indication of the condition of the device 70. This movement moves
      the device 84 into direct contact with the member 97, and performs the
      equivalent of closing the switches 86 and 87 and discharging whatever
      charge remains on the device 84 at that time. As the spring 92 expands and
      moves the device 84, the strips 105 and 106 move with the device 84,
      thereby causing the contacts 109 to part contact with the inner ends 110
      of the terminals 72 and 73, thereby opening the circuit being protected.
PAR  The setting of the device 70, assuming no damage to the device 84 requires
      only the removal of the cover 75 and the resoldering of the stop rod 98 to
      its original position shown in FIG. 6, following which the cover 75 is
      replaced in engagement with the casing element 71.
PAR  It is to be understood that it is not considered that the invention is
      limited to the specific details of structure shown and described herein,
      for obvious modifications will occur to those skilled in the art to which
      the invention pertains.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved telephone line surge protecting device comprising: a casing
      element defining a cavity, telephone input and output terminals having
      inner ends communicating with said cavity, a grounding prong element
      penetrating said casing element and communicating with said cavity, a
      temperature sensitive element mounted for sliding movement between first
      and second positions within said cavity, resilient means urging said
      temperature sensitive element from said first to said second position,
      temperature sensitive means resisting said resilient means; said
      temperature sensitive element including a gaseous discharge device and
      electrically conductive members communicating with said gaseous discharge
      device substantially at one end thereof, and having second ends
      communicating with at least one of said input and output terminals when
      said temperature sensitive element is in said first position; said
      temperature sensitive element upon moving from said first position to said
      second position breaking communication of said conductive members with
      said input and output terminals, and establishing communication between
      said gaseous discharge device and said grounding prong element.
PATN
WKU  039477312
SRC  5
APN  5306035
APT  1
ART  344
APD  19741209
TTL  Piezoelectric lighter
ISD  19760330
NCL  4
ECL  1
EXP  Sprague; Kenneth W.
NDR  2
NFG  4
INVT
NAM  Vainer; Ernesto A.
CTY  Buenos Aires
CNT  AR
ASSG
NAM  Manufactura de Articulos para el Hogar "Aurora" Sociedad Anonima
      Industrial Comercial, Inmobiliaria y Financiera
CNT  AR
COD  03
PRIR
CNT  AR
APD  19740614
APN  254216
PRIR
CNT  AR
APD  19740617
APN  254243
CLAS
OCL  317 81
XCL  431255
EDF  2
ICL  F23Q  228
ICL  F23Q  301
FSC  310
FSS  8.7
FSC  431
FSS  255
FSC  317
FSS  81;DIG. 11
UREF
PNO  3271624
ISD  19660900
NAM  Kingma et al.
OCL  310  8.7
UREF
PNO  3307053
ISD  19670200
NAM  Furth
XCL  431255
UREF
PNO  3564341
ISD  19710200
NAM  Nishiura
OCL  431255
UREF
PNO  3576471
ISD  19710400
NAM  Schumacher
OCL  431255
UREF
PNO  3603710
ISD  19710900
NAM  Riveron
OCL  431255
LREP
FRM  Allegretti, Newitt, Witcoff & McAndrews
ABST
PAL  An improved actuation device for a piezoelectric lighter having an axially
      aligned hammer and a piezoelectric impact terminal. An elastic retention
      member engages the hammer as a bias force is imposed thereon. The
      actuation member is adapted to release the hammer by a displaceable
      actuation switch after the hammer passes through a predetermined distance
      thereby causing the hammer to strike the piezoelectric impact terminal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a piezoelectric lighter and particularly
      to an improved actuation device for piezoelectric lighters having a spark
      arrestor equipped with a tension unit as an accessory.
PAR  Known actuation devices include percussion mechanisms having operative
      means housed in metal casings that also form part of the lighter. These
      actuation devices contain, besides the ignition unit, a hammer mounted
      between a pair of springs that provide the striking force and return force
      for the hammer.
PAR  The hammer is positioned as a combined element in the metal casing. The
      casing has a latch operating a runway within the casing that responds to a
      displacement by releasing the load spring. In this type of combination,
      the latch responds to a torsion in the spring which carries the latch to
      its return position.
PAR  This type of mechanism is somewhat complicated and requires a carefully
      adjusted assembly in order to ensure its efficiency. At the same time, the
      mechanism is not sufficiently versatile to be used on any type and shape
      of lighter.
PAR  Likewise, the actuation mechanism cannot be used apart from the casing that
      houses the actuation mechanism since it requires an insulated cabinet.
PAR  On the other hand, ignition units are used in lighters, which utilize
      piezoelectric ceramics or crystals wherein deformation of the
      piezoelectric on returning or impact force can produce a sufficient
      potential difference to produce a spark between the electrodes associated
      therewith. These piezeoelectric materials are shaped as cylindrical
      cartridges with at least one pair of the cartridges being housed axially
      within an adequate casing. One end of the casing is capable of receiving
      an impact to produce a deformation of both cartridges and produce a
      potential difference between its electrodes. The cartridges have their
      positive poles coinciding with the adjacent terminals, and their negative
      poles coinciding with the opposite terminals.
PAR  This arrangement requires accessory elements, such as a high tension
      conductor that, upon emerging from the intermediate contact point between
      both piezoelectric aligned elements, leads to the positive terminals of
      the lighter and a housing or conductor plate in contact with both opposite
      ends of the pair of cartridges and leads to the negative pole.
PAC  SUMMARY OF THE INVENTION
PAR  On the other hand, the present invention provides a more simple concept for
      actuating the ignition unit that eliminates the need for accessory
      connection elements and permits the manufacture of a single, insulated
      closed unit. This closed unit prevents the connection between opposite
      totally independent terminals and have connections between the positive
      and negative terminals respectively, between which the spark originates.
PAR  The extremely simplified form of the unit, permits it to have support means
      directly connected to the electrodes to absorb the repeated impacts.
PAR  An important advantage of the invention is the fact that the actuation
      mechanism, by eliminating the need for having a metal casing for its seat,
      can be directly mounted within the lighter body and is adequately
      insulated therefrom.
PAR  Furthermore, the actuation means of the present invention are directly
      combined with a push button, thus eliminating intermediate binding pieces
      and ensuring a higher efficiency and service life of the assembly.
PAR  Another advantage results from the versatility of the device, since it can
      be used in different forms in lighters and spark arresters, from the most
      sophisticated lighters in the form of pistols, to the most simple type of
      lighters such as those formed by a tubular housing.
PAR  The simplicity of the present invention makes assembly of the lighter
      extremely simple. Also, by maintaining the component springs independent,
      that is an independent return spring for the load hammer, offers
      additional safety in operation.
DRWD
PAR  The other advantages and characteristics of the invention will be found in
      the specification. The several figures comprising part of this
      specification illustrate a preferred embodiment of the piezoelectric
      lighter of the present invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevated view of the actuation device of the present invention
      mounted on a piezoelectric lighter or spark arrester and represented in
      longitudinal section. In FIG. 1 the assembly is in its normal position,
      and shows the ignition unit in the shape of a cartridge, with its
      connections.
PAR  FIG. 2 is an elevated view of the device shown in FIG. 1, that shows the
      assembly in a loaded position. In particular, FIG. 2 shows the manner in
      which the solidary hammer in response to the displacement of the push
      button, is suddenly displaced to produce an impact on the projecting end
      of the impact plate of the ignition unit. The original position of the
      hammer is marked with a dot-dash line.
PAR  FIG. 3 is a side view of another embodiment of the present invention
      wherein the lighter or spark arrester is in a tubular configuration.
PAR  FIG. 4 is a perspective view showing the tubular lighter illustrated in
      FIG. 3 in a dismantled configuration.
PAR  In the different figures the same reference numbers indicate equal or
      corresponding parts and the assembly of the several elements is marked
      with letters.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIGS. 1 and 2, the piezoelectric lighter of the invention includes a
      mechanism a lodged in a housing or cover b that defines the lighter itself
      and which is formed by a pair of symmetrically placed members which abut
      against each other to form a rear body 1. Pipe 2 extends from body 1 and
      terminates in a tube or metal bushing 3. Pipe 2 ensures a firm union
      between the members which form body 1. The terminal end of tube 3 is
      supplied with holes 4.
PAR  The piezoelectric ignition unit c is housed in the rear portion or
      beginning of pipe 2 and is positioned with a rear impact projection 5
      directed towards the butt end of body 1. Positive sheathed conductor 6
      projects forward from unit c and has a bare terminal 6' placed adjacent to
      openings 4 of the end of tube 3. Metal tube 3 defines a negative electrode
      and is connected to the respective pole of the ignition unit c by means of
      a conductor 7 whose terminal 7' is doubled between the outer wall of pipe
      2 and the metal tube 3 that surrounds pipe 2.
PAR  Hammer 8 is positioned within the upper rear portion of body 1 beneath
      cover b and is displaceably guided in a coaxial manner within pipe 2. An
      expansion spring 9 which constitutes part of mechanism a engages hammer 8.
PAR  The housing for hammer 8 and spring 9 has a fixed element 10 in its lower
      part, shorter than the housing seat, under which member 11 is displaceably
      guided and in cooperation with pulsator 12.
PAR  Member 11 is attached, by means of a hooking orifice in a lug 11'
      projecting from member 11, to a spring 13 with its forward portion 13'
      extending toward the seat of hammer 8.
PAR  The operation pulsator 12 cooperates with an expansion spring 14 that
      functions to return pulsator 12 to its original position.
PAR  As may be observed from the description and illustration, the operation of
      the device is very simple and effective. In the inoperative position of
      the device, as illustrated in FIG. 1, the bent terminal 13' of spring 13
      is positioned to engage the end of hammer 8. When the pulsator 12 is
      pressed toward the interior of body b thereby overcoming the tension of
      return spring 14, member 11, which is preferably molded in an integral
      manner with pulsator 12, is displaced and carries with it spring 13. The
      bent terminal end 13' of spring b in turn pushes back hammer 8, thus
      charging the expansion spring 9 against hammer 8.
PAR  During displacement, the bent portion 13' of spring 13 contacts the forward
      edge of element 10 and elastically deforms portion 13' downward and hammer
      8 is released as illustrated in FIG. 2. When hammer 8 is released it is
      suddenly driven by spring 9 and contacts or strikes the projecting
      terminal 5 of the ignition unit c, thereby energizing the piezoelectric
      element and producing sufficient electric voltage to provide a spark
      between the positive electrode 6' and the wall of the metal tube 3. As
      indicated, metal tube 3 is connected to the negative pole by conductor 7.
PAR  When the action on the pulsator 12 ceases, it returns through the force of
      spring 14 to its original position taking with it member 11 and spring 13.
      In this return movement the bent portion 13' of spring 13 returns to the
      initial retention position illustrated in FIG. 1.
PAR  In the embodiment illustrated in FIGS. 3 and 4, the mechanism g is
      positioned in a tubular hollow body b that has an open forward end 4'
      having positioned therein a positive electrode 6'. Electrode 6' is
      retained in position by an inner electrode holder 15 positioned on an
      annular rib 16 within the end of tube 3'. The ignition unit c is
      positioned against the internal projections 17 of tube 3' and has an
      impact projecting terminal 5 facing the hammer 8 (FIG. 3).
PAR  In this embodiment, the return spring 14 is fixed on one end to a
      projection 18 on rear plug 19 on the end of tubular body b'. A push-button
      12' is positioned on the side surface.
PAR  Push button 12' has a pair of substantially parallel (preferably molded
      with the button) and transversally arranged projections 22 which pass
      through a groove 20 in the tubular body b'. Projections 22 project within
      the interior of body b' and contact sliding member 23 comprised of a
      hammer guide. The outside end of partition 22 engages the other end of
      return spring 14. The inside partition 22 engages the load spring 9 of
      hammer 8.
PAR  The sliding member or hammer guide 23 has a forward flange 24 that
      functions to restore hammer 8 to its initial position.
PAR  Parallel partitions 25 are positioned on the side of the ignition unit c
      ahead of and extend beyond the impact terminal 5. Hammer 8 is displaceable
      between partitions 25. A pair of elastic lugs 26 are formed in partitions
      25. The ends 26' of partitions 25 are bent inward, i.e. converge. Lugs 26,
      with their inwardly projecting ends 26', constitute the retention means
      for hammer 8 during the loading of spring 9.
PAR  Button 12' extends through groove 20 of body b'. In addition, a pair of
      side portions 27, are positioned on both sides of the hammer 8 and
      comprise the release means for the hammer upon displacement of push-button
      12' from the inoperative rest position illustrated in FIG. 3.
PAR  When the button 12' is displaced forward to overcome the tension return
      spring 14, the elements 21 of button 12' also draw the hammer guide member
      23, the rear partition 22 of which compresses the load spring 9. Hammer 8
      is retained in position by the bent ends 26' of the elastic lugs 26. In
      the displacement of members 23 the forward flange, which has a small
      height, passes below the impact terminal 5 of the ignition unit c.
PAR  When the side elements 27 of push-button 12' meet the bent ends 26' of lugs
      26, lugs 26 elastically deform outward, that is to say, they open, thereby
      releasing the hammer 8. The tension in the loaded spring 9 impacts against
      the impact terminal 5 of the ignition unit c. The impact causes the
      necessary electric voltage to generate the spark between the positive
      electrode 6' and the wall of the tube 3'.
PAR  As may be observed, the embodiment illustrated in FIGS. 3 and 4, includes
      the basic concept of the invention as otherwise illustrated in FIGS. 1 and
      2.
PAR  The ignition unit c, in FIG. 1, includes a hollow body 28 that houses the
      piezoelectric mass 29 which is positioned between two support disks 30 and
      31. These disks are preferably made of metal and between which, in
      response to the impact, produces a difference in electric potential.
PAR  An impact piece 5' is positioned in front of disk 30, and is restrained by
      the end portions of a hollow body 28. Terminal 5 projects outward from
      impact piece 5 and is struck by hammer 8. Disk 30 is connected to the end
      7" of conductor 7 whose opposite end 7' establishes contact with the metal
      tube 3 and defines the negative electrode.
PAR  The other end of the ignition unit c, between the support disk 31 and the
      bottom of the hollow body 28, houses a metal support plate 32, against
      which the bent terminal 6" of the conductor is positioned. The insulation
      sheath of the conductor 6 projects through bushing 33 formed in body 28
      and has an uninsulated portion 6' facing the openings 4 of the metal pipe
      3.
PAR  The metal mass of the support plate 32 absorbs the impacts produced on
      terminal 5 of the impact member 5', thus ensuring the perfect maintenance
      of the insulation body 28, that houses assembly c, without need for
      special metal casings for the impact member.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A piezoelectric lighter which comprises:
PA1  a. a piezoelectric ignition unit having an impact terminal;
PA1  b. a displaceable actuation switch;
PA1  c. a first biasing means for providing a biasing force to return the
      actuation switch to its original position when displaced;
PA1  d. a movable hammer positioned to strike said impact terminal;
PA1  e. a second independent biasing means for providing a biasing force to
      displace said hammer;
PA1  f. said hammer, impact terminal and second biasing means being in axial
      alignment;
PA1  g. said hammer and second biasing means being positioned in a displaceable
      retention member adapted to be displaced by said actuation switch;
PA1  h. said hammer and actuation switch being detachably connected by an
      elastic retention member;
PA1  i. said elastic retention member comprises a lug adapted to engage said
      hammer and to displace the hammer against the second biasing means in
      response to the actuation switch; and
PA1  j. means for releasing the elastic retention member when the hammer reaches
      a predetermined position thereby causing the hammer to strike the impact
      terminal.
NUM  2.
PAR  2. A piezoelectric lighter as in claim 1 which includes a pair of spaced
      apart lugs, convergingly bent to engage said hammer and said releasing
      means comprises projection elements on said actuation switch positioned to
      engage said lugs and release said hammer when said hammer moves said
      predetermined distance.
NUM  3.
PAR  3. A piezoelectric lighter which comprises:
PA1  a. a piezoelectric ignition unit having an impact terminal, said ignition
      unit being positioned within a hollow elongated housing, said unit further
      characterized in having piezoelectric material positioned between a pair
      of support disks, one of said disks being positioned against said impact
      terminal and adapted to provide a negative pole conductor, the other disk
      being positioned against a metallic absorption plate which is connected to
      a positive electrode;
PA1  b. a displaceable actuation switch;
PA1  c. a first biasing means for providing a biasing force to return the
      actuation switch to its original position when displaced;
PA1  d. a movable hammer positioned to strike said impact terminal;
PA1  e. a second independent biasing means for providing a biasing force to
      displace said hammer;
PA1  f. said hammer, impact terminal and second biasing means being in axial
      alignment;
PA1  g. said hammer and actuation switch being detachably connected by an
      elastic retention member;
PA1  h. said elastic retention member adapted to displace the hammer against the
      second biasing means in response to the actuation switch; and
PA1  i. means for releasing the elastic retention member when the hammer reaches
      a predetermined position thereby causing the hammer to strike the impact
      terminal.
NUM  4.
PAR  4. A piezoelectric lighter as in claim 3 wherein said hollow housing is
      formed from an insulating material having an opening at one end through
      which passes the impact terminal and the other end of the housing adapted
      to provide a seat for the absorption plate wherein the positive electrode
      is folded and placed between the plate and the housing end.
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ABST
PAL  A connector block for interfacing incoming telephone lines to telephone
      central office switching equipment includes a generally rectangular
      elongated mounting panel having a plurality of sockets arranged in groups
      in horizontal rows and vertical columns across a major portion of the
      width of the panel. Each of the socket groups mounts a generally
      rectangular plug-in protector assembly in such a manner that the long side
      of the protector assembly is generally parallel to the horizontal rows of
      socket groups. Adjacent to and associated with each two rows of the socket
      groups is a group of cross-connect pin terminal holes. Integrally formed
      with the edge of the mounting panel adjacent the groups of cross-connect
      pin terminal holes is a fanning strip having a flange portion transversely
      extending from the panel through which flange portion extends a plurality
      of openings to permit access between the front and back of the panel.
PARN
PAR  The present application is a continuation application of patent application
      Ser. No. 336,265, filed on Feb. 27, 1973, and now abandoned.
BSUM
PAR  This invention relates to a connector block for telephone central office
      main distributing equipment and, more particularly, to a new and improved
      connector block for mounting a plurality of plug-in protector assemblies
      in a minimum amount of space.
PAR  For each pair of incoming telephone lines to a telephone central office, a
      plug-in protector assembly is utilized to connect the pair of incoming
      lines to central office switching equipment. The protector assembly also
      protects the switching equipment from high voltage and current surges that
      might occur on the incoming lines. Typically, the protector assemblies are
      mounted on connector blocks so that the connector blocks form an
      electrical interface between the incoming telephone lines and the central
      office switching equipment. One such type of connector block is disclosed
      in U.S. Pat. No. 3,518,611.
PAR  The connector block disclosed in the aforementioned patent provides for the
      mounting of up to 100 such plug-in protector assemblies. Moreover, due to
      the specific geometric configuration of that connector block,
      cross-connect jumper wires utilized with the protector assemblies to
      connect the incoming lines to the central office switching equipment can
      be orderly and efficiently handled. However, the connector block of the
      type disclosed in the aforementioned patent occupies an undesirable amount
      of space. With the increasing number of incoming lines handled at each
      given central office, any decrease in the amount of space occupied by such
      connector blocks would be quite advantageous.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved connector block for use as an electrical interface between
      incoming telephone lines and telephone central office switching equipment.
PAR  Another object of the present invention is to provide a new and improved
      connector block that occupies a minimal amount of space in a telephone
      central office.
PAR  Yet another object of the present invention is to provide a new and
      improved fanning strip for connector blocks.
PAR  Still another object of the present invention is to provide a new and
      improved connector block that mounts plug-in protector assemblies in a
      minimum amount of vertical space.
PAR  In accordance with these and many other objects, an embodiment of the
      present invention comprises a connector block for interfacing a plurality
      of incoming telephone lines to telephone central office switching
      equipment. The connector block has a generally elongated rectangular
      mounting panel with a plurality of sockets arranged in groups in rows and
      columns across a major portion of the width of the panel. Each of the
      socket groups is disposed on the panel so that a plug-in protector
      assembly mounted in the socket group will have its long side generally
      parallel to the rows formed by the socket groups. Also arranged in groups
      adjacent to the socket groups are a plurality of cross-connect pin
      terminal holes. Each group of pin terminal holes is disposed next to two
      rows of socket groups and is associated with the socket groups in the two
      rows. Along a vertical edge of the connector block and adjacent to the pin
      terminal holes is a fanning strip having a flange with a plurality of
      openings extending through the flange to receive cross-connect jumper
      wires that connect the protector assemblies to the central office
      switching equipment.
DRWD
PAR  Many other objects and advantages of the present invention will become
      apparent from considering the following detailed description in
      conjunction with the drawings in which:
PAR  FIG. 1 if an outline illustrating the frontal configuration of a connector
      block embodying the present invention;
PAR  FIG. 2 is a partially cut away frontal perspective view of the connector
      block shown in FIG. 1;
PAR  FIG. 3 is a cut away rear view of the connector block shown in FIG. 2;
PAR  FIG. 4 is a side elevational view of the portion of the connector block
      shown in FIG. 3;
PAR  FIG. 5 is a cross-sectional view of the connector block shown in FIG. 3
      taken along line 5-5 of FIG. 3; and
PAR  FIG. 6 is a cut away perspective rear view of the connector block shown in
      FIG. 2.
DETD
PAR  Referring now more specifically to FIG. 1 of the drawings, therein is
      illustrated a connector block which is indicated generally as 10 and which
      embodies the present invention. The connector block 10 consists of a
      generally rectangular elongated mounting panel 12 having an upper end
      portion 14, a lower end portion 16, and an elongated middle section or
      area 18. The upper end portion 14 has a dovetail edge 20 whereas the lower
      end portion has a dovetail edge 22. The edge 22 is designed to engage with
      the edge 20 of another connector block 10 so that a number of connector
      blocks 10 can be mounted vertically on top of each other to form a
      telephone central office distributing main frame. By minimizing the amount
      of vertical space occupied by the mounting panel 12 between the end
      portions 14 and 16 and by minimizing the width of the mounting panel 12
      between vertical or elongated edges 24 and 26, the number of connector
      blocks 10 that can be disposed in a given telephone central office is
      advantageously increased.
PAR  As illustrated in FIGS. 2 and 3 of the drawings, the upper end portion 14
      has a pair of mounting holes 28 and 30 and the lower end portion 16 has a
      pair of mounting holes 32 and 34. The mounting holes 28, 30, 32, and 34
      are positioned on the connector block 10 so that the holes 28, 30, 32, and
      34 are alignable with holes on a bracket nesting in the telephone central
      office and the connector block 10 is securable to the bracket nesting by
      bolts or the like extending through the holes 28, 30, 32, and 34. When so
      disposed on the bracket nesting, a projecting edge portion 36 of the edge
      20 engages in abutting relationship with a recessed edge portion 38 of the
      edge 22 of another connector block positioned above the connector block 10
      on the bracket. Similarly, a projecting edge portion 40 of the edge 22 is
      designed to engage in abutting relationship with a recessed edge portion
      42 of the edge 20 of another connector block 10 that is mounted directly
      below the connector block 10 on the bracket nesting. In this manner, the
      various connector blocks 10 are properly and securably mounted on the
      bracket nesting.
PAR  In the disclosed embodiment of the connector block 10, each of 100 pairs of
      incoming telephone lines is coupled to the telephone central office
      switching equipment by one of a plurality of plug-in protector assemblies
      44. Each of the 200 incoming telephone lines is coupled to a pin terminal
      that is mounted in one of 100 field test holes 46 in the upper end portion
      14 of the mounting panel 12 and one of 100 field test holes 48 in the
      lower end portion 16. As illustrated in connection with field test hole
      50, each of the field test holes 46 and 48 is round and extends from the
      front of the connector block 10 through a portion of the upper end portion
      14. As best seen in FIGS. 3 and 6, the field test hole 50 becomes square
      shaped near the rear of the connector block 10 and extends through a
      generally square terminal block 52 projecting from the rear of the end
      portion 14. An incoming telephone line associated with the field test hole
      50 is coupled to a pin terminal that is insertable into the field test
      hole 50 through the terminal block 52. Test equipment or the like can be
      inserted into the field test hole 50 from the front of the connector block
      10 and coupled to the incoming telephone line associated with the field
      test hole 50 for testing or the like.
PAR  The middle section 18 of the mounting panel 12 extends between the upper
      end portion 14 and the lower end portion 16. A plurality of pin-grip
      connector holes or sockets are located adjacent the edge 24 and extend
      across a major portion of the middle section 18. The sockets are arranged
      in groups, such as socket groups 56-65, in horizontal rows and vertical
      columns. The socket groups 56-60 form a first or top row 66 in the middle
      section 18. Similarly, the socket groups 61-65 form a second row 68
      directly below the row 66. In the disclosed embodiment, 100 protector
      assemblies 44 are mounted in the socket groups arranged in 20 rows and 5
      columns.
PAR  As illustrated in connection with the socket group 60, each of the socket
      groups 56-65 has five receiving holes or sockets 60a-e, which have a round
      portion extending through a substantial portion of the mounting panel 12.
      Near the rear of the connector block 10 and as best seen in FIGS. 5 and 6,
      each of the holes 60a-e narrows and becomes generally U-shaped. The
      U-shaped portion of the holes 60a-e extends through the rear of the
      mounting panel 12 (FIG. 6). Appropriate connectors are insertable into the
      holes 60a-e.
PAR  The holes 60a-e, with the connectors therein, are designed to receive
      corresponding pins 44a-e (44c and 44d are not shown) of one of the
      protector assemblies 44. As best seen in FIG. 2, when the pins 44a-e are
      inserted into the holes 60a-e, the protector assembly 44 has a long side
      70 disposed in a horizontal direction along and generally parallel to the
      row 66. Another or a short side 72 of the protector assembly 44 is
      positioned vertically or along the vertical columns of socket groups. With
      the long side 70 of the protector assembly 44 mounted on the connector
      block 10 in a horizontal direction rather than a vertical direction, the
      amount of vertical space occupied by the protector assemblies 44 on the
      connector block 10 is advantageously decreased.
PAR  Adjacent the rows and columns of socket groups is a plurality of
      cross-connect pin terminal holes 73. Each of the cross-connect pin
      terminal holes 73, such as cross-connect pin terminal hole 74, is
      generally round and extends through a substantial portion of the connector
      block 10. As best seen in FIGS. 5 and 6, near the rear of the connector
      block 10, the cross-connect pin terminal hole 74 becomes generally
      square-shaped and extends through the rear of the connector block 10.
PAR  The cross-connect hole 74 receives a cross-connect pin terminal (not shown)
      which extends through the hole 74 from both the rear and front sides of
      the connector block 10. As described in more detail hereinafter, the
      cross-connect pin terminal enables each of the protector assemblies 44 to
      be coupled to the telephone office switching equipment by appropriate
      cross-connect jumper wires.
PAR  The pin terminal holes 73 are arranged alongside of the socket groups and
      in groups of twenty holes. One such group of cross-connect pin terminal
      holes is group 76. The group 76 is disposed adjacent to the rows 66 and 68
      and is associated with the protector assemblies 44 mounted in the rows 66
      and 68 enabling minimization of vertical space occupied by the
      cross-connect pin terminal holes 73.
PAR  More specifically, in previously designed connector blocks, a group of ten
      pin terminal holes was associated with each row of socket groups and
      contained three rows of pin terminal holes. Thus, each two rows of socket
      groups required six rows of pin terminal holes. On the other hand, the
      group 76 is associated with the two rows 66 and 68 and only contains five
      rows of cross-connect pin terminal holes for the two rows 66 and 68.
      Accordingly, the vertical space on the mounting panel 12 occupied by the
      cross-connect pin terminal holes 73 is minimized and permits the mounting
      of the short side 72 of each of the protector assemblies 44, rather than
      the long side 70, along the vertical columns of socket groups on the
      mounting panel 12. In this manner, the same amount of the protector
      assemblies 44 can be mounted on the connector block 10 that were mounted
      on previously used connector blocks, but in a lesser vertical space.
PAR  As previously indicated, the connector block 10 serves as an interface
      between incoming telephone lines and the central office switching
      equipment. For example, an incoming telephone line is associated with each
      of the field test holes 46, such as holes 78 and 80. A jumper wire (not
      illustrated) extending along the rear of the connector block 10 from the
      field test hole 78 to the socket group 56 couples the incoming telephone
      line associated with the field test hole 78 to the pin 44a of the
      protector assembly 44 mounted in the socket group 56. The pin 44a is
      internally coupled in the protector assembly 44 to the pin 44b. A
      cross-connect jumper cable or wire extending along the rear of the
      connector block 10 from the socket group 56 couples the pin 44b to a
      cross-connect pin terminal extending from the rear of a cross-connect pin
      terminal hole 82 in the group 76. Likewise, a jumper wire couples the
      incoming telephone line associated with field test hole 80 to the pin 44e
      which is internally coupled in the protector assembly 44 mounted in the
      socket group 56 to the pin 44d. The pin 44d is in turn coupled by a
      cross-connect wire to the pin terminal mounted in a pin terminal hole 84
      in the group 76. Thus, each pair of incoming telephone lines associated
      with two of the field test holes 46 or 48 are coupled through one of the
      protector assemblies 44 to a pair of cross-connect pin terminals mounted
      in cross-connect pin terminal holes 73.
PAR  In order for the protector assembly 44 to protect the central office
      switching equipment from high voltages or current surges on the incoming
      lines, the pins 44a and 44b are coupled to the pin 44c via an arrester
      disposed in the protector assembly 44. Similarly, the pins 44d and 44e are
      coupled to the pin 44c via a second arrester in the protector assembly 44.
      The pin 44c is grounded by means of an appropriate bus terminal or jumper
      wire. Thus, if a high voltage or current surge occurs on either of the
      incoming lines coupled to the pins 44a and 44e, the arrester associated
      with the pin 44a or 44e will short out and couple the pin 44a or 44e to
      ground and the central office switching equipment is protected.
PAR  Once the incoming lines are coupled to the cross-connect pin terminals in
      the holes 73, jumper wires couple to the central office switching
      equipment the cross-connect pin terminals extending from the front of the
      connector block 10. The jumper wires normally extend along the rear of the
      connector block 10. In order to gain access to the front of the connector
      block 10 from the rear thereof, a fanning strip 86 is formed along the
      elongated edge 26 of the mounting panel 12.
PAR  To minimize the horizontal space occupied by the fanning strip 86, the
      fanning strip 86 consists of a relatively narrow flange or projecting
      strip 88 transversely extending generally perpendicularly from the front
      of the mounting panel 12. The flange 88 has a plurality of openings, such
      as openings or apertures 90 and 92, extending along the flange 88 and the
      edge 26 of the connector block 10 to allow access between the front and
      rear sides of the connector block 10. Each two openings, such as the
      openings 90 and 92, are adjacent to a cross-connect pin terminal group,
      such as the group 76, so that the jumper wires are not only protected from
      adjacent connector blocks by the flange 88, but also are easily grouped
      together. For example, the jumper wires coupling the protector assemblies
      44 in the row 66 to the telephone office switching equipment extend
      through the opening 90 whereas the jumper wires associated with the
      protector assemblies 44 in the row 68 extend through the opening 92.
PAR  Each of the openings 90 and 92 has a generally rectangular opening 94 in a
      portion 96 of the flange 88 that extends out from the front side of the
      panel 12. The rectangular opening 94 has generally rounded corners, such
      as corners 98 and 100, to ensure that the jumper wires are not damaged
      during installation. The rectangular opening 94 connects with a recess 102
      in the side or edge 26 of the panel 12 so that the jumper wires can extend
      from the front side of the panel 12 to the rear side of the panel 12.
      Advantageously, the flange type of fanning strip 86 occupies a minimal
      amount of horizontal space and the width of the connector block 10 is
      minimized. In particular, the utilization of the connector block 10
      enables the effective area occupied by the connector block 10 to be almost
      15 percent less than previously utilized connector blocks.
PAR  Although the present invention is described with reference to a single
      illustrative embodiment thereof, it should be understood that numerous
      other modifications and embodiments of the invention can be devised by
      those skilled in the art that will fall within the spirit and scope of the
      principles of this invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A connector block for telephone distributing equipment comprising:
PA1  an elongated mounting panel having front and rear panel faces and first and
      second elongated edges,
PA1  a plurality of sockets in said panel arranged in groups so as to form a
      plurality of socket groups, said socket groups being arranged in a
      plurality of rows and columns on said panel,
PA1  a plurality of terminal holes in said panel positioned adjacent said rows
      and columns of socket groups, said terminal hoeles being arranged in
      terminal hole groups adjacent said socket groups,
PA1  a fanning strip disposed along said first edge of said panel and including
      a flange extending forward beyond said front panel face and an edge
      portion extending toward said rear face from said front face, and
PA1  a plurality of apertures defined in said fanning strip, each aperture
      extending from the front face toward the rear face of the panel in said
      edge portion and extending laterally through said flange from the front
      face to the side of said panel.
NUM  2.
PAR  2. The connector block as set forth in claim 1 wherein each of said sockets
      has a round portion extending from the front panel face of the mounting
      panel through a substantial portion of the mounting panel and a generally
      U-shaped portion extending through the rear panel face of the mounting
      panel.
NUM  3.
PAR  3. The connector block as set forth in claim 1 wherein each of said
      terminal holes has a round shaped portion near said front panel face of
      said mounting panel and a generally square shaped portion near said rear
      panel face of said mounting panel.
NUM  4.
PAR  4. The connector block as set forth in claim 1 including five socket groups
      in each of said rows, 20 socket groups in each of said columns, and twenty
      terminal holes in each of said terminal hole groups.
NUM  5.
PAR  5. The connector block as set forth in claim 1 wherein each two adjacent
      apertures are associated with one of the terminal hole groups.
NUM  6.
PAR  6. A connector block as set forth in claim 1 wherein each of said terminal
      hole groups is positioned adjacent two of said rows of socket groups so as
      to be associated with the socket groups in said two rows.
NUM  7.
PAR  7. A connector block as set forth in claim 1 wherein said panel and said
      flange are one integral piece.
NUM  8.
PAR  8. A connector block as set forth in claim 1 including a plurality of
      protector modules of the type having a pair of opposed long sides and a
      pair of opposed short sides wherein one of said protector modules is
      received in each of said socket groups such that said long sides are
      generally parallel to said rows and said short sides are generally
      parallel to said columns.
NUM  9.
PAR  9. A connector block for telephone distributing equipment comprising:
PA1  a generally elongated mounting panel having first and second opposed panel
      sides, and first and second elongated edges between said first and second
      opposed panel sides,
PA1  a plurality of holes in said panel arranged in a plurality of first hole
      groups, said first hole groups being arranged in rows and columns on said
      panel,
PA1  a plurality of terminal holes disposed between one side of said rows and
      columns of said first hole groups and said first elongated edge of said
      panel, said terminal holes being arranged in a plurality of second hole
      groups,
PA1  a fanning strip disposed adjacent said terminal holes, said fanning strip
      having a projecting portion extending from the first panel side and an
      edge portion extending along said first elongated edge, and
PA1  a plurality of openings formed in said fanning strip, each of said openings
      extending from said first panel side in said projecting portion and
      extending from said first panel side toward said second panel side in said
      edge portion and including a recess in said first elongated edge.
NUM  10.
PAR  10. The connector block as set forth in claim 9 including a plurality of
      field test holes extending through an upper end portion and a lower end
      portion of said panel, each of said field test holes having a generally
      circular shaped portion near said first panel side that extends into a
      generally square shaped hole in a generally square shaped block projecting
      from the second panel side.
NUM  11.
PAR  11. The connector block as set forth in claim 9 wherein each of said second
      hole groups is positioned adjacent two adjacent rows of first hole groups.
NUM  12.
PAR  12. A connector for mounting a plurality of generally rectangular plug-in
      protector assemblies having a pair of opposed long sides and a pair of
      opposed short sides that couple incoming telephone lines to telephone
      equipment, said connector comprising:
PA1  an elongated mounting panel having a pair of faces and a pair of elongated
      side edges,
PA1  a plurality of sockets arranged in socket groups in rows and columns in the
      mounting panel, each of said socket groups being capable of mounting one
      of said protector assemblies such that said long sides are generally
      parallel to said rows and said short sides are generally parallel to said
      columns,
PA1  a plurality of terminal holes disposed adjacent said socket groups,
PA1  a fanning strip disposed adjacent said terminal holes at one of said
      elongated side edges, said fanning strip having a projecting portion
      extending from one of said faces of said panel, and
PA1  a plurality of openings in said fanning strip, each of said openings
      extending from said face of said panel in said projecting portion and
      including a recess in one of said elongated side edges extending between
      said pair of faces.
NUM  13.
PAR  13. A connector as set forth in claim 12 wherein said projecting portion
      projects from said face in a direction substantially perpendicular to the
      plane of said panel.
NUM  14.
PAR  14. A connector block for telephone distributing equipment comprising:
PA1  a generally elongated mounting panel having first and secnd opposed panel
      sides, and first and second elongated edges between said first and second
      opposed panel sides,
PA1  a plurality of holes in said panels arranged in a plurality of first hole
      groups, said first hole groups being arranged in rows and columns on said
      panel,
PA1  a plurality of terminal holes disposed between one side of said rows and
      columns of said first hole groups and said first elongated edge of said
      panel, said terminal holes being arranged in a plurality of second hole
      groups,
PA1  a fanning strip to provide access between said first and second panel
      sides, said fanning strip having a projecting portion extending from said
      first panel side away from said second panel side and having an edge
      portion disposed on said first edge between said first and second panel
      sides, and
PA1  a plurality of openings formed in said fanning strip to provide said access
      between said first and second panel faces, each of said openings extending
      into and through said edge portion into and through said projecting
      portion.
NUM  15.
PAR  15. A connector block for telephone distributing equipment comprising:
PA1  a generally elongated mounting panel having first and second opposed panel
      sides, and first and second elongated edges between said first and second
      opposed panel sides,
PA1  a plurality of holes in said panels arranged in a plurality of first hole
      groups said first hole groups being arranged in rows and columns on said
      panel,
PA1  a plurality of terminal holes disposed between one side of said rows and
      columns of said first hole groups and said first elongated edge of said
      panel, said terminal holes being arranged in a plurality of second hole
      groups,
PA1  a fanning strip integrally formed with said mounting panel and disposed at
      and along said first edge, said fanning strip has a flange portion
      extending out from and transversely from said first panel side,
PA1  a plurality of openings formed in said fanning strip and said panel, each
      of said openings extends through said panel from said first side to said
      second side and through said flange portion.
NUM  16.
PAR  16. A connector block for telephone distributing equipment comprising:
PA1  a generally rectangular mounting panel having front and rear sides and a
      pair of opposed edge portions extending between said front and rear sides,
PA1  a plurality of sockets in said panel arranged in groups in a plurality of
      rows and columns on said panel,
PA1  a plurality of groups of terminal holes in said panel positioned adjacent
      said rows and columns of socket groups,
PA1  a flange end portion projecting transversely from the panel along one edge
      portion of said panel, and
PA1  a plurality of openings extending along said flange portion and in said one
      edge portion of said panel to permit access between the front and rear
      sides of said panel.
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ABST
PAL  A temperature-actuated circuit for controlling the application of an
      electronic circuit. In a typical application, the control circuit shunts a
      circuit which effects enrichment of the fuel mixture for the cold-starting
      of internal combustion engines. In a preferred embodiment, the control
      circuit comprises a temperature-dependent resistance, such as a
      thermistor, which supplies changing voltage with increasing engine
      temperature to the gate of an SCR. After an interval necessary to attain a
      predetermined engine temperature, the altered gate voltage triggers the
      SCR, thereby actuating a relay associated with the enrichment circuit for
      shunting the enrichment circuit from the fuel injection circuit.
      Typically, the enrichment circuit alters the width of square wave signals
      which control fuel delivery, so that bypassing the circuit eliminates the
      altered wave characteristics and provides leaner, more economical
      operation.
PAL  The control circuit components may be selected to provide time delay
      operation, rather than operation controlled by an external temperature.
      Also, the control circuit can include features such as manual override and
      visual and/or audible operation displays.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to systems and methods for controlling the
      application of electronic circuits and, more particularly, to a
      temperature-actuated control circuit for shunting a fuel mixture
      enrichment circuit from a fuel delivery control circuit for internal
      combustion engines.
PAR  2. Description of the Prior Art
PAR  The requirement for increasingly reduced automobile emissions exacerbates
      problems such as cold starting, stalling and backfiring prior to engine
      warm-up, and the hazards inherent to entering and moving with traffic
      prior to engine warm-up. These problems are evident in many fuel injection
      systems, which frequently use computer-type circuits to control the fuel
      mixture and delivery. The problems can be alleviated by providing systems
      for altering the fuel delivery, typically by enrichening the fuel mixture.
PAR  Preferably, in view of the increasing cost and decreasing supply of
      gasoline, systems are also provided for inactuating or bypassing the fuel
      altering or enrichening systems after engine warm-up. Such systems may be
      based on dependency on external temperature variations or on time-delay
      characteristics. However, the prior art systems are relatively complex and
      are therefore more costly and more prone to failure than would be simpler
      systems.
PAR  As may be thus appreciated, it is desirable to have a simple, yet
      effective, and preferably, adjustable, automatic control circuit for
      controlling the operation, or connection to a fuel delivery control
      circuit, of a fuel enrichment circuit.
PAC  SUMMARY OF THE INVENTION
PAR  A temperature-actuated control circuit comprises an SCR, a
      temperature-dependent resistor and a control resistor. The SCR and the
      resistors are inter-connected such that application of a reference
      potential across the SCR applies current across the resistors. The control
      resistor then applies potential to the gate of the SCR, and this potential
      increases due to external heating or I.sup.2 R heating of the
      temperature-dependent resistor, until the SCR fires. The SCR applies a
      signal to a device such as a relay to disconnect (connect) one circuit
      from (to) another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a temperature-actuated control
      circuit embodying the principles of the present invention showing an
      arrangement for connection to a controlled circuit.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown a representation of electronic
      apparatus of circuit 10 which is to be automatically disconnected from
      associated circuit(s) (not shown) upon the attainment of a prescribed set
      of conditions. As will be appreciated by those skilled in the art, the
      circuit 10 and the associated circuit(s) may be of various types. However,
      to illustrate a preferred embodiment, circuit 15 is connected to, and may
      be a portion of, a fuel injection circuit (not shown) and comprises
      apparatus for enrichening the fuel mixture provided by the fuel injection
      circuit.
PAR  Referring further to FIG. 1, there is shown a temperature-actuated control
      circuit 15 which automatically shunts the circuit 10 from, or
      interconnects the circuit 10 with, the fuel injection circuit. Circuit 15
      comprises an SCR 16 which is actuated by the application to gate electrode
      17 of a threshold potential of predetermined magnitude in the presence of
      a reference potential which is within a requisite range applied across
      electrodes 18 and 19. Circuit 15 also comprises a relay 20, coil 21 of
      which is energized by a signal supplied by the actuated SCR 16 for closing
      a normally open set 22 of contacts. In closing, the contacts 22 provide a
      circuit path about the circuit 10, thereby shunting the circuit 10 from
      the illustrative fuel injection circuit. Of course, the contacts 22 may be
      normally closed, so that operation of the relay opens the contacts in
      order to establish a circuit path through the circuit 10 and thereby
      connect the circuit 10 to the fuel injection circuit.
PAR  The reference potential across SCR terminals 18 and 19 is illustratively
      applied via terminals 23 and 24. Because the circuit 15 is particularly
      suitable for use with automobile fuel delivery systems, a reference
      potential of 12 v. will be described hereinafter. The threshold potential
      is applied to gate electrode 17 via circuit path 26, which connects to a
      circuit path containing adjustable resistor (potentiometer) 27,
      temperature-dependent resistor 28, resistor 29 and a normally closed set
      31 of contacts. The contacts 31 are controlled by coil 21 and can be part
      of coil 20. Temperature-dependent resistor 29 may be a thermistor which is
      situated proximate to the engine head, the exhaust manifold, in the
      coolant system, or the like, so that the resistance variation accurately
      reflects a changing temperature associated with engine operation.
PAR  The circuit path formed by resistors 27, 28, 29 and normally closed
      contacts 31 is connected in parallel with SCR 16 and relay coil 21 between
      electrodes 23 and 24. Thus, when the reference potential is applied to
      terminals 23 and 24 (e.g. by turning on the engine ignition), current is
      established across the resistors and contacts, but not across the SCR and
      relay, since for a cold engine, the initial potential at the gate
      electrode 17 is insufficient to actuate SCR 16. For a particular SCR 16,
      the SCR is actuated at the desired engine temperature by appropriate
      selection of (1) the resistance values for resistors 27, 28, and 29, (2)
      the temperature dependence of resistor 28, and (3) the point of connection
      of circuit path 26 (gate electrode 17) to the circuit path containing the
      resistors 27, 28, and 29 and the contacts 31.
PAR  By properly selecting the aforesaid parameters, the potential drop across
      points 32 and 33 (here, across resistor 29) will be insufficient initially
      to fire SCR 16. Then, as the resistance of resistor 28 varies due to
      increasing engine temperature, at a predetermined engine temperature a
      sufficient, threshold voltage is applied to gate electrode 17 to fire the
      SCR 16. Consequently, the SCR applies a signal to the relay coil 21,
      energizing the relay 20 and opening the normally closed contacts 31. This
      removes power from the thermistor. Also, normally open contacts 22 are
      closed, shunting the fuel enrichment circuit 10 from the fuel injection
      circuit and thereby providing a leaner, more economical fuel mixture.
PAR  As will be appreciated from reference to FIG. 1, the control circuit 15
      will continue to shunt circuit 10 until the reference potential is removed
      (by turning off the ignition), at which time the SCR-controlled current
      across the relay 20 stops, and the relay and SCR reset preparatory to
      ignition turn-on.
PAR  The control circuit 15 also has provision for selecting the engine
      temperature at which the fuel enrichment circuit 10 is shunted. That is,
      by adjusting potentiometer 27, the voltage drops across resistors 27, 28
      and 29, and in particular, across resistor 29, can be adjusted to select
      the temperature at which the threshold signal and the shunting of circuit
      10 are attained.
PAR  The point of take-off for the gate electrode 17 may be changed to
      accommodate negative and positive temperature coefficients for thermistor
      28. That is, for a negative coefficient (reduction of resistance with
      increasing temperature), thermistor 28 can be considered as effectively
      being part of resistor 27. Circuit path 26 is then connected to point 34.
      If thermistor 28 has a positive coefficient, it can be considered
      effectively as part of resistor 29. Circuit path 26 is then connected to
      point 36, as shown by the dotted line in FIG. 1.
PAR  An exemplary control circuit 15 will be described based upon one of the
      inventors' fuel injected, 1974 VW model 412 automobile. To alleviate cold
      engine fuel starvation and concomitant problems in this model, a 275-375
      ohm resistor can be installed in series with an engine head temperature
      sensor which is used in the fuel injection circuit. This temperature
      sensor provides signals to the fuel injection "computer" (essentially, a
      square wave oscillator) to determine the width of the square wave signals
      which control the operation of the fuel injection solenoids. The series
      resistor alters the width of the square wave signals in a suitable manner
      to provide a richer fuel mixture. This series resistor corresponds to
      circuit 10 in FIG. 1, and is hereafter referred to as circuit 10 or
      resistor 10.
PAR  Unfortunately, after installation of the resistor 10, the inventors' VW
      fuel mileage for urban and freeway driving decreased from 25 and 29 mpg,
      respectively, to 21 and 25 mpg. This was an approximately 15 percent
      decrease.
PAR  The control circuit 15 was used to shunt the fuel enrichment resistor 10
      from the VW fuel injection circuit after engine warm-up. The SCR 16 used
      for the control circuit 15 was model no. MCR 1906-2 made by Motorola Co.
      This model has a firing point of 0.5 by 0.6 volts D.C. The
      temperature-dependent resistor 28, thermistor model no. WA24W1, by Fenwall
      Electronics, Inc., of Massachusetts, had a nominal resistance of 100 ohms
      at 25.degree. C. The relay 20 was a Potter Brumfield DPDT 12 VDC, model
      KPR11D, or equivalent. Using a resistor 29 of 200 ohms and setting
      potentiometer 27 at 500 ohms, the approximately 12 volt automobile
      charging circuit potential provided the requisite threshold potential at
      gate electrode 17 to fire the SCR 16 and shunt the resistor 10 at an
      engine head temperature of - 100.degree.F to + 120.degree.F. At this
      temperature, the engine was within the range of normal operating
      temperatures and, with fuel enrichment resistor 10 shunted, performed
      without noticeable differences from the non-shunted operation, other than
      a return to the pre-resistor gas mileage.
PAR  The circuit 15 may be used for time delay operation. Here, rather than
      mounting the thermistor 28 to detect engine operating temperature, the
      resistance values of resistors 27, 28 and 29 are selected to allow
      sufficient current to flow through thermistor 28 so that the I.sup.2 R
      heating of the current effects the desired change in resistance of the
      thermistor. Thus, the SCR 16 is fired after a time interval required to
      attain the requisite change in resistance of thermistor 28 and is not
      dependent on an external temperature (engine temperature). In this case,
      the adjustment of potentiometer 27 is actually a time delay adjustment,
      rather than a temperature adjustment.
PAR  Time delay operation was illustrated using the inventors' 12 v. VW
      automobile, a Fenwall Electronics model WA21W1 thermistor, a Motorola
      model MCR-1906-2 SCR, a Potter and Brumfield KRP11D relay, and resistors
      27 and 29 of 250 ohms and 6 ohms, respectively. With these components and
      the resistor 27 set at approximately mid-range, the circuit 15 provided a
      time delay of approximately 10 minutes between ignition turn-on and
      shunting of the resistor 10. This time delay allowed the engine to attain
      normal operating temperature before shunting of resistor 10. The time
      delay can be varied from 0 to 00 with the resistance range of resistor 27.
PAR  As shown in FIG. 1, other features can be incorporated into circuit 15. For
      example, a manual operation circuit 37, comprising, e.g., a manually
      operated switch 38 in series with resistor 39, can be used to actuate the
      circuit 15 for shunting resistor 10 when the vehicle operator determines
      it is unnecessary to wait for automatic actuation. Also, a display circuit
      41, typically comprising an audible and/or visual indicator of circuit
      operation, such as lamp 42, can be used. The indicator means can be
      actuated, e.g., by closing contacts 43 of a relay (not shown) which is
      actuated by the SCR-controlled signal.
PAR  Thus, there has been described a control circuit which can operate in both
      external temperature-dependent and time-delay modes. Exemplary embodiments
      of the circuit and applications thereof have been described. It is to be
      understood that the above-identified embodiments are simply illustrative
      of the principles of the invention and that other modifications may be
      devised without departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature-actuated control circuit for controlling the application
      of a portion of an electrical circuit, comprising:
PA1  resistance means comprising at least a first resistance and a second,
      temperature-dependent resistance in series therewith;
PA1  an SCR connected to said resistance means for generating a signal in
      response to a predetermined threshold signal applied via said resistance
      means to a gate of said SCR in the presence of a reference potential
      applied to said SCR;
PA1  means for selectively applying the reference potential across said
      resistance means and said contact means, such that, upon attainment of a
      predetermined temperature by said second resistance, the threshold signal
      is applied to the gate of said SCR;
PA1  contact means including a pair of normally closed contacts in series with
      said resistance means and actuated in response to the generated signal for
      opening and closing said contacts; and
PA1  circuit path means connected across the electrical circuit portion and
      actuated by the generated signal for controlling the application of a
      circuit path bypassing the electrical circuit portion.
NUM  2.
PAR  2. The temperature-actuated control circuit defined in claim 1, wherein
      said circuit path means is a relay having normally open contacts connected
      across the electrical circuit portion and actuated by the generated signal
      for closing said contacts.
NUM  3.
PAR  3. The temperature-actuated control circuit defined in claim 1 wherein said
      contact means and said circuit path means comprise a relay having a first
      pair of normally closed contacts in series with said resistance means and
      a second pair of normally open contacts connected across the electrical
      circuit portion, said relay being actuated by the generated signal for
      opening and closing said respective first and second contact pairs.
NUM  4.
PAR  4. The temperature-actuated control circuit defined in claim 1, further
      comprising manually operated switching means associated with said
      resistance means and said gate for shunting said second resistance to
      apply the threshold potential to said SCR.
NUM  5.
PAR  5. The temperature-actuated control circuit defined in claim 1 further
      comprising a monitoring circuit actuated by the generated signal for
      displaying the operated or nonoperated state of the temperature-actuated
      control circuit.
NUM  6.
PAR  6. The temperature-actuated control circuit defined in claim 1, wherein
      said second resistor has a negative temperature coefficient and the
      threshold signal is applied to said gate via said first resistance.
NUM  7.
PAR  7. The temperature-actuated control circuit defined in claim 1 wherein said
      second, temperature-dependent resistance is connected to an external
      source of variable temperature such that said control circuit is actuated
      upon said external source attaining a predetermined temperature.
NUM  8.
PAR  8. The temperature-actuated control circuit defined in claim 1 wherein the
      temperature coefficient of said second resistor is such that I.sup.2 R
      heating thereof alters the resistance sufficiently to actuate said control
      circuit.
NUM  9.
PAR  9. A temperature-actuated circuit for controlling the connection of a
      portion of an electrical circuit to the electrical circuit, comprising:
PA1  resistance means comprising first, second, and third resistors connected in
      series via a normally closed circuit path, the resistance of said second
      resistance being temperature dependent and the resistance of said third
      resistor being adjustable;
PA1  an SCR having a first, gate electrode connected between two of said
      series-connected resistors and having second and third electrodes such
      that, in the presence of a potential difference across said second and
      third electrodes, application of a signal of requisite threshold value to
      said gate via at least said first resistor actuates said SCR, thereby
      establishing a current across said second and third electrodes;
PA1  means for applying a potential difference across said second and third
      electrodes and across said resistance means such that upon said second
      resistor attaining a predetermined, temperature-dependent resistance value
      controlled by the adjustment of said third resistor, the threshold signal
      is applied to said gate; and
PA1  relay means connected between the electrical circuit portion and the
      electrical circuit and connected to said resistance means and actuated by
      the SCR current for disconnecting the electrical circuit portion from the
      electrical circuit and for opening the circuit path of said resistance
      means.
NUM  10.
PAR  10. The temperature-actuated control circuit defined in claim 9 wherein
      said second resistor has a negative temperature coefficient and said SCR
      gate electrode is connected between said first resistor and said second
      and third resistors.
NUM  11.
PAR  11. The temperature-actuated control circuit defined in claim 9, further
      comprising namually operated switching means associated with said
      resistance means and said gate for shunting said second resistance to
      apply the threshold potential to said SCR.
NUM  12.
PAR  12. The temperature-actuated control circuit defined in claim 9 further
      comprising a monitoring circuit actuated by the general signal for
      displaying the operated or nonoperated state of the temperature-actuated
      control circuit.
NUM  13.
PAR  13. The temperature-actuated control circuit defined in claim 9 wherein
      said second, temperature-dependent resistance is connected to an external
      source of variable temperature such that said control circuit is actuated
      upon said external source attaining a predetermined temperature.
NUM  14.
PAR  14. The temperature-actuated control circuit in claim 9 wherein the
      temperature coefficient of said second resistor is such that I.sup.2 R
      heating thereof alters the resistance sufficiently to actuate said control
      circuit.
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PAL  An electronic personnel safety sensor is provided capable of causing a
      machine or operation to be shut off to prevent injury to personnel or
      damage to equipment protected, by detecting, indicating, and acting upon a
      predetermined increase or decrease in effective capacitance caused by the
      introduction, or intrusion, or withdrawal of material to or from a field
      or protection zone created by a suitably designed and connected electrode
      structure. The sensor is operable in a fail-safe manner inasmuch as it
      does not contain any single component, part or electrical connection, the
      failure or removal of which would cause the sensor to permit the protected
      machine or operation to operate. The sensor embodies circuitry wherein all
      activated units thereof are connected in series and are furnished an
      enabling signal from a common source. The initial signal may be provided
      from a crystal controlled, amplitude regulated oscillator signal generator
      source and is AC coupled to a modified null electronic capacity sensing
      type bridge. The latter bridge has two symmetrically disposed arms, one of
      which contains a fixed reference capacitor and the other of which contains
      the combination of an antenna and an adjustable capacitance. The latter is
      used to bring the two arms of the bridge to the "null" set condition that
      corresponds with normal operation of the protected machine or implied
      non-penetration of the protection field. The original signal from the
      oscillator is modified by the bridge according to the state of balance.
      The portion of the signal passed on by the bridge is larger at a state of
      unbalance and a minimum but not zero, at optimum balance. This modulated
      signal is again AC coupled to the next stage, i.e., an operational
      amplifier via a suitable transformer but at the input of the operational
      amplifier the signal is processed to produce rectified AC with a polarized
      or DC component that in a specific manner in combination with the adjusted
      characteristics of the operational amplifier causes the latter and the
      following units including a normally open relay which has been moved to a
      closed contact position to deenergize, i.e., to completely and
      precipitously to effectively stop amplifying or passing the original
      signal if the unbalance of the bridge falls outside of prescribed limits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Protective measures must be taken to ensure the safety of personnel
      operating, or those merely in the vicinity of, power presses and other
      like machines where it is impractical to impose mechanical barrier guards.
      The measures frequently used involve a requirement for providing means to
      sense the hands and other vulnerable body parts when the latter violate a
      minimum allowable space or safety margin with respect to the point of
      danger.
PAR  A familiar technique for sensing human or other electrically conductive
      parts is by capacitance. The principle of operation of this type of
      technique is based on the fact that the flesh of the operator is
      sufficiently electrically conducting to allow a properly connected
      sensitive bridge circuit to respond to increased capacitance, i.e., charge
      storage, afforded by the operator's close proximity to an antenna placed
      around the possible entry areas to the point of contact. However, previous
      capacitance sensing systems have either been too expensive, not
      sufficiently fail-safe, or too difficult to set up.
PAR  Insofar as concerns the matter of being fail-safe, many electronic devices,
      especially "binary" or digital, pulse and DC circuits use two information
      conditions, i.e., voltage states. It is convenient for one of the states
      to be at ground, "null", or near zero potential or energy condition and
      the other state to be near a set maximum potential. Unfortunately, in the
      currently popular binary systems component failures usually cause an
      indeterminate condition, i.e., a failure appears to be one normal state or
      another, and in some instances even though the circuit is no longer
      correctly functioning or able to change states a false impression is
      given. In AC circuits, many conditions also can appear like zero signal,
      often a normal state, when a component fails. It is, of course, possible
      to set up level detection circuits to define different signal levels and
      to be able to distinguish them from the OFF state. However, in a
      bridge-type circuit which is the best practical way to achieve the kind of
      sensitivity and stability required for this application, there will always
      be a zero level condition, which can not be distinguished from an "OFF"
      type failure condition. Hence, conventional null or zero level can not be
      used for the machine safe indication, if the sensing device is to be
      considered fail-safe.
PAR  Fail-safe is defined for the aforereferenced type of equipment in an
      American National Standards Document as "designed to revert to an OFF, or
      safeguarding condition, in the event of a power or component failure or
      other detrimental (condition)". There are three ways to design circuitry
      that can be said to achieve the fail-safe character. They are (1) to
      provide redundant circuits, (2) to provide monitoring circuits, or (3) to
      make the basic circuits intrinsically fail-safe. The intrinsic approach is
      by far the best because even though the first two provide for any single
      component's failure and many combinations of failure, it is theoretically
      possible for the redundant circuit and/or the monitoring circuit
      components to fail, as well as the basic circuit. To be truly fail-safe
      any component failure should result in a reaction from the instrument that
      disables the protected machine or operation.
PAR  Therefore, although it has been known heretofore to utilize capacitance
      sensing systems, the prior art forms thereof which have been provided
      heretodate have been characterized by the fact that they are either too
      expensive, not sufficiently fail-safe, or too difficult to set-up. A need
      has thus existed to provide a capacitance sensing system which is
      intrinsically fail-safe. Moreover, a desire has been expressed to provide
      such an intrinsically fail-safe safety system which minimizes the number
      of components needed to be embodied therein, particularly in comparison to
      redundancy and monitoring approaches which require extra components that
      increase the cost of providing and maintaining the system.
PAR  Accordingly, it is an object of the present invention to provide a novel
      and improved electronic personnel safety sensor capable of causing a
      machine or operation to be shut off to prevent injury to personnel or
      damage to equipment being protected.
PAR  It is also an object of the present invention to provide such an electronic
      personnel safety sensor which is operable to perform the desired
      protection function by detecting, indicating, and acting upon a
      predetermined increase or decrease in effective capacitance caused by the
      introduction, or intrusion, or withdrawal of material to or from a field
      or protection zone created by a suitably designed and constructed
      electrode structure.
PAR  It is another object of the present invention to provide such an electronic
      personnel safety sensor which embodies circuitry wherein all of the active
      units thereof are provided with an enabling signal which is derived by
      series passage through the system from a common source.
PAR  A further object of the present invention is to provide such an electronic
      personnel safety sensor which is intrinsically fail-safe for all
      components except the output relay for which redundancy and/or monitoring
      must be provided.
PAR  A still further object of the present invention is to provide such an
      electronic personnel safety sensor which requires for its implementation
      the inclusion in the circuitry of a minimum number of components.
PAR  Yet another object of the present invention is to provide such an
      electronic personnel safety sensor which is relatively inexpensive to
      manufacture, and relatively easy to set-up and deploy.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects can be readily
      attained in an electronic personnel safety sensor which is capable of
      causing a machine or operation to be shut off to prevent injury to
      personnel or damage to equipment being protected, by detecting,
      indicating, and acting upon a predetermined increase or decrease in
      effective capacitance caused by the introduction, or intrusion, or
      withdrawal of material to or from a field or protection zone created by a
      suitably designed and connected electrode structure. Basically, there are
      three possible states of condition which may exist in terms of the
      capacitance sensed by the instrument antenna. First, a normal value
      representing an intact antenna with proper coupling to the instrument and
      no intrusion in the detection zone. In this condition, the control signal
      furnished to the attached machine activates the latter. Second, a
      condition wherein the capacitance increases to a level indicating
      intrusion, for example, by an arm or a hand, and the associated machine is
      deactivated. Third, a condition wherein a capacitance of less than the
      normal is detected which results in machine deactivation and "latching".
      With regard to the latter condition, when this occurs the instrument which
      controls the operation of the machine being protected is required to be
      reset by someone having key-access to the innards thereof. The sensor
      consists of three basic functional parts namely, a power source, the
      electronic circuitry, and the interfacing means between the sensor and the
      controlled machine. In accord with one form of the invention, the power
      source consists of a transformer, bridge rectifier, filter and Zener diode
      regulation. This unit furnishes power derived from 120 V, AC lines to the
      other main units with the ground of the instrument and the feeder line
      being the same. The electronic circuitry which is built around a bridge
      consists of a signal source, a bridge transformer and a transistor
      amplifier which feeds an amplified signal to a meter and an
      amplifier-frequency doubler, the latter consisting of a transformer and a
      transistor, via another transformer. The latter referenced signal is
      applied to a complementary driver-pair of transistors. These transistors
      direct drive a series pair of relays and a lamp. The driven relays form
      with the suitable interface with the machine the third functional part of
      the sensor, i.e., the interfacing means. It should therefore be noted that
      in the sensor of the present invention every stage including the relays
      themselves, is excited by a signal derived from the preceding stage signal
      source. Consequently, if the signal nature, namely the level or frequency,
      changes from a predetermined level the ciruit is designed to deactivate
      the relays. This means that any perturbation along the way will be
      effective to cause deactivation. Moreover, this concept is carried out
      also in the form that the bias for the transistors is derived strictly
      from the signal, except for the source unit.
PAR  In accord with the preferred embodiment of the invention an electronic
      personnel safety sensor is provided which employs as a power signal, a
      controlled sine type signal which is produced from a crystal controlled,
      amplitude regulated oscillator signal generator source. The signal from
      the oscillator is fed to a modified null electronic capacity sensing type
      bridge. This signal is AC coupled through a transformer, therefore any
      perturbation of this signal will be transmitted. In particular, if the
      generator fails for any reason the system will show a non-safe condition.
      The bridge has two symmetrically disposed arms, one of which contains a
      fixed reference capacitor and the other of which contains the combination
      of an antenna and an adjustable capacitance. The latter is used to bring
      the two arms of the bridge to the null condition balance or off balance
      that corresponds to normal operation or implied non-penetration of the
      protection zone. The original signal from the oscillator is modified by
      the bridge according to the state of balance. The signal is larger at a
      state of unbalance and a minimmum, but not zero, at optimum balance. This
      modulated signal is again AC coupled to the next stage, i.e.,  an
      operational amplifier via a suitable transformer but at the input of the
      operational amplifier the signal is processed to produce a polarized DC
      component that in a specific manner in combination with the adjusted
      characteristics of the operational amplifier causes the operational
      amplifier and the following units including a normally open relay which
      has been moved to a closed contact position to energize the machine, to
      deenergize, i.e., to completely and precipitously to effectively stop
      amplifying or passing the original signal if the unbalance of the bridge
      falls outside of prescribed limits.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the circuitry of one embodiment of an
      electronic personnel safety sensor constructed in accordance with the
      present invention; and
PAR  FIG. 2 is a schematic diagram of the circuitry of another emodiment of an
      electronic personnel safety sensor constructed in accordance with the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly FIG. 1 thereof, there
      is depicted therein the circuitry for an electronic personnel safety
      sensor, generally designated by reference numeral 10, constructed in
      accordance with the present invention. The sensor 10 is characterized by
      the fact that it is always in unbalanced operation. Power for the sensor
      10 is derived from the 120 V, AC lines which are also utilized to supply
      power to the machine (not shown) with which the sensor 10 is cooperatively
      associated. More particularly, the circuitry of the sensor 10 is
      connectable in circuit relation with the aforereferenced 120 V, AC lines
      through the terminals 12 and 14. As shown in FIG. 1 the terminal 12 is
      connected through conductor 16, a fuse 18, a junction 20 and conductor 22
      to one side of the primary of a transformer 24. The other side of the
      primary of the transformer 24 is connected in turn to the other terminal,
      i.e., terminal 14 through junctions 26 and 28 by means of conductor 30. It
      will be noted with reference to FIG. 1 that the conductor 30 is connected
      through junction 28 to ground 32.
PAR  The transformer 24 functions to AC couple the power being supplied through
      the terminals 12 and 14 to the normally OFF-NULL bridge, generally
      designated in FIG. 1 by reference numeral 34. To this end, the secondary
      of the transformer 24 is connected through the terminals 36 and 38 to the
      bridge 34. The latter bridge 34 includes four diodes 40, 42, 44 and 46
      electrically connected in circuit relation with the diode 40 being
      connected between terminals 36 and 48, diode 42 between terminals 38 and
      48, diode 44 between terminals 38 and 50 and diode 46 between terminals 36
      and 50. As shown in FIG. 1, the bridge 34 is connected to ground 32
      through terminal 50. Completing the description of the bridge 34, a
      capacitor 52 is connected across the terminals 48 and 50. In addition, the
      bridge 34 is connected through terminal 48 and junction 54 to the
      conductor 56.
PAR  Returning to a consideration of the conductor 30, it will be understood
      with reference to FIG. 1 that the conductor 30 is connected through
      junctions 26 and 58 to the conductor 60. The latter conductor 60 functions
      to connect in circuit relation a Zener diode 62 with the emitter 64 of a
      transistor 66. The Zener diode 62 in turn is connected through junction 68
      to one side of a resistor 70 with the other side thereof being connected
      to the aforereferenced junction 54. In addition, the junction 68 functions
      to connect in circuit relation the resistor 70 with a pair of series
      connected resistors 72 and 74. The resistors 72 and 74 are connected
      through junction 76 and conductor 78 to the base 80 of the transistor 66
      and through junction 76 and conductor 82 to one side of a transformer 84,
      which is connected to ground 32 and which also has connected therewith a
      capacitor 86.
PAR  The other side of the transformer 84 is connected through junctions 88, 90
      and 92 by means of conductor 94 to a potentiometer 96. In addition, the
      aforesaid other side of the transformer 84 is connected through junction
      98 to the collector 100 of the transistor 66. Junction 98 is connected by
      means of conductor 102 in circuit relation with a capacitor 104 and one
      side of the transformer 106. The latter one side of the transformer 106 is
      connected through junction 108 to lead 110 and terminal 112, and to
      capacitor 114 and ground 32. In addition, the aforesaid one side of the
      transformer 106 has connected thereto another capacitor, i.e., capacitor
      116 and is connected by means of conductor 118 and junction 120 to ground
      32. The other end of the transformer 106 has one end thereof connected to
      the base 122 of the transistor 124. The other end of the latter other side
      of the transformer 106 is connected by means of conductor 126 to junction
      128 and therethrough to conductor 130. The latter conductor 130 functions
      to interconnect junctions 120, 128, 132, 134, 136 and 138 to the collector
      140 of the transistor 142.
PAR  Continuing with a description of the circuitry of the sensor 10 depicted in
      FIG. 1 of the drawings, as shown therein the emitter 144 of the transistor
      124 is connected through junction 132 to conductor 130 while the collector
      146 of the transistor 124 is connected through junction 148 and capacitor
      150 in circuit relation with the base 152 of the transistor 154. One side
      of a transformer 156 has one end thereof connected to the previously
      described junction 88. The other side of the transformer 156 is connected
      between the junction 134 and one side of a meter 158. The latter meter 158
      has two other leads, namely, leads 160 and 162 connected thereto. The lead
      160 serves to interconnect the meter 158 with the junction 136 while the
      other lead 162 connects the meter 158 with a normally open switch 164 to
      the midpoint 166 of the series connected pair of resistors 72 and 74.
PAR  Referring now again to the transistor 154, the emitter 168 thereof is
      connected through junction 138 to the conductor 130. The transistor 134
      has its collector 170 connected to one side of the transformer 172. One
      end of the latter one side of transformer 172 is connected to one terminal
      174 of the potentiometer 96. A capacitor 176 is connected across the
      terminals, i.e., terminals 92 and 174 of the potentiometer 96. Returning
      to the transformer 172, the other side thereof has one end connected to
      the base 178 of the transistor 142 and the other end connected to the base
      180 of the transistor 182. The two emitters, i.e., emitters 184 and 186 of
      the transistors 142 and 182, respectively, are interconnected as shown in
      FIG. 1. In addition, the collector 188 of the transistor 182 is connected
      in circuit relation with a lamp 190 and through junction 192 to a
      capacitor 194 and ground 32.
PAR  Completing the description of the circuitry of the sensor 10, the latter as
      depicted in FIG. 1 includes a pair of relays 194 and 196 which are
      cooperatively associated in accord with one embodiment of the invention
      with a three-pole, double throw switch which has been generally designated
      in FIG. 1 by reference numeral 198. Although a 3PDT switch 198 has been
      depicted as being employed in the circuitry of FIG. 1, it is to be
      understood that other suitable conventional forms of switching means could
      be substituted therefor if so desired, without departing from the essence
      of the invention. The relay coils 194 and 196 are interconnected with each
      other and between the junctions 200 and 202. The junction 200 in turn is
      connected to the conductor 56 while the junction 202 is connected to the
      junction 192. A capacitor 204 is connected between the two junctions 200
      and 202. Insofar as concerns the switch 198, by connecting to the
      terminals 206 and 208 a NO mode of operation may be obtained, while the
      terminals 210 and 212 are similarly capable of being utilized for purposes
      of obtaining a NC mode of operation.
PAR  There will now be set forth a description of the mode of operation of the
      circuitry of the sensor 10. The latter consists from the standpoint of
      function of three basic parts. First, there is provided a power source of
      24 volts and 20 volts DC regulated consisting of a transformer 24, a
      bridge rectifier 34, filter and Zener diode 62 regulation. This unit
      furnishes power to the other main units derived from 120 V, AC lines 16
      and 30, which also preferably are the lines which feed the machine (not
      shown) being protected by the sensor 10, with the ground of the latter and
      the feeder line being the same. A 4 amp fuse 18 is preferably employed in
      the manner shown in FIG. 1. The second part of the circuitry of the sensor
      10 is the electronic circuitry which is built around the sensing bridge
      106 and consists of a signal source, namely, transistor 66 and associated
      components, the bridge transformer 106 and the transistor 124, which feeds
      an amplified signal to the meter 158 and the amplifier-frequency doubler
      transistor 154 and the transformer 172 via transformer 156. By means of
      transformer 172, the signal is applied to a complementary driver-pair of
      transistors 182 and 142. The latter pair of transistors 182 and 142 direct
      drive a series pair of relays 194 and 196 and a lamp 190. The latter
      driven relays 194 and 196 form with the suitable interface of the machine
      (not shown) the third function of power interface, as shown.
PAR  It should be noted here that component 156 of FIG. 1 is an inductor that in
      combination with component 150 forms a series resonant circuit, at
      oscillator frequency, and forms a coupling for transistor 154. Moreover,
      it should be noted that transformer 172 is tuned or resonated at twice
      oscillator frequency to, in combination, achieve a "saturation" or
      roll-off characteristic in the amplifier set. The latter arrangement is
      provided by deliberate purposive planning.
PAR  It is important to point out that in the sensor 10 every state, including
      the relays 194 and 196 themselves, is excited by a signal derived from the
      signal source. Consequently, if the signal nature, i.e., level or
      frequency, changes from a predetermined level the circuit is designed to
      deactivate the relays 194 and 196. This means that any perturbation along
      the way will deactivate. This idea is carried out also in the form that
      the bias for the transistors is derived strictly from signal, except the
      source unit. Many of the components and subsystems of the circuitry of the
      sensor 10 have an interlocking effect for exclusion gating. For instance,
      the meter 158 is used to indicate state to the user. In addition, the
      meter 158 measures signal level and thus indicates effective capacity, and
      also serves as a latch if the antenna for instance is removed. This
      component i.e., the meter 158 removes the bias from the transistor 66
      source and shuts down the sensor 10 by dropping the signal to zero. Thus,
      there is double protection and latching indication in the event of antenna
      tempering or out of specification operation. Moreover, this deactivation
      is locked in until switch 164 is opened by a key-equipped person. A
      duality of function is also provided by the lamp 190 which serves as a
      state indicator, i.e., green light for the relay driver circuit.
PAR  Two relay 194 and 196 are preferably used in series so that if one has
      sticking points the other relay can still deactivate the external circuit.
      In accord with the illustrated embodiment of the sensor 10, three PDT
      contacts are provided in each of the relays 194 and 196 for the
      appropriate interlock and to give NC or NO operation, independently, for
      further redundant control. The relays 194 and 196 in the sensor 10 are
      designed to have a 4 amp, 120 V, AC rating per contact set. The power
      requirements for the electronics and power supply of the circuitry of the
      sensor 10 is less than two and one-half watts, which is the worse
      condition, a 4 amp fuse thereby provides protection.
PAR  A little more detail relevant to the operation of the bridge 34 will now be
      set forth. As shown in FIG. 1, the transformer 106 has two branches that
      feed to ground 32 through capacitors 114 and 116. The capacitor 114 is a
      vernier controlled variable condenser with a maximum capacity of 365 pf.
      This component, i.e., capacitor 114 is in parallel with the capacity seen
      at the antenna or sensor terminals. The intent is to maintain a specific
      state of unbalance in the bridge by compensation of the variation in the
      sensor antenna effective normal capacity. Namely, if a sensor electrode of
      low capacity is used, capacitor 114 is increased to compensate. If a
      large, high capacity electrode were used the proper degree of unbalance
      would be achieved by reducing the capacity at the capacity 114. Thus, the
      circuitry of the sensor 10 sees the same value of capacity with a
      relatively wide range of antenna.
PAR  The fail-safe features of the sensor 10 are obtained by the techniques of
      interlocking action, making components and subsystems intrinsically
      fail-safe, or by redundant function. The deactivation point is adjusted by
      the capacitor 114 for the high limit and potentiometer 96 for the low
      limit and the characteristic is shaped by adjustments of the transformers.
      The latter, however, is not regarded as an ordinary, day to day
      adjustment. Therefore, for a given application it is found that a one-knob
      control for the capacitor 114 will suffice.
PAR  Referring now to FIG. 2 of the drawings, there is illustrated therein the
      circuitry of another embodiment of electronic personnel safety sensor,
      generally designated by reference numeral 216, constructed in accord with
      the present invention. The sensor 216 is characterized in that it is a
      balanced bridge at normal or unperturbed condition. This contrasts with
      the sensor 10 which is always in unbalanced operation. Another significant
      difference between the sensor 10 and the sensor 216 lies in the
      sensitivity thereof. More specifically, whereas the sensor 10 operates at
      a typical sensitivity of 3 pf, the sensor 216 is capable of operating at a
      sensitivity of 0.3 pf. For purposes of maintaining clarity of illustration
      in the drawings the circuitry of the sensor 216 has been depicted in two
      parts. However, it is to be understood that as will be described
      subsequently, the two parts are in actuality physically interconnected in
      circuit relation.
PAR  As illustrated in FIG. 2 of the drawings, the sensor 216 consists of five
      major sections, namely, a power supply, an oscillator, a bridge, an
      operational amplifier and a relay driver. Considering first the power
      supply, the circuitry of the sensor 216 is connectable by means of the
      three terminals 218, 220, and 222 to a 3 lead, 120 V, AC, 60 cycle line.
      Terminal 222 is connected to ground 224. Each of the other two terminals,
      i.e., terminals 218 and 220 are connected through junctions 226 and 228,
      respectively, to one side of each of a pair of transformers 230 and 232
      which are interconnected in series relation. The other side of the
      transformer 230 is connected through the terminals 234 and 236 to the
      bridge 238. The latter bridge 238 includes four diodes 240, 242 244 and
      246 electrically connected in circuit relation with the diode 240 being
      connected between the terminals 234 and 248, diode 242 between terminals
      248 and 236, diode 244 between terminals 236 and 250, and diode 246
      between terminals 250 and 234. As shown in FIG. 2, the capacitor 252 is
      connected across the terminals 248 and 250 of the bridge 238. In a manner
      similar to that described above for the transformer 230, the other side of
      the transformer 232 is connected through the terminals 254 and 256 to the
      bridge 258. The latter bridge 258 includes four diodes 260, 262, 264 and
      266 electrically connected in circuit relation with the diode 260 being
      connected between terminals 254 and 268, diode 262 between terminals 256
      and 268, diode 264 between terminals 256 and 270, and diode 266 between
      terminals 270 and 254. In addition, the capacitor 272 is connected across
      the terminals 268 and 270 of the bridge 258.
PAR  Continuing with a description of the power supply portion of the circuitry
      of the sensor 216, the bridge 238 is connected in circuit relation with
      the integrated circuit generally designated in FIG. 2 by reference numeral
      274 while the bridge 258 is connected in circuit relation with the
      integrated circuit generally designated in the same figure by the
      reference numeral 276. More specifically, terminal 248 of the bridge 238
      is connected through a junction 278 to one terminal, i.e., terminal 280 of
      the integrated circuit 274. In addition, the terminal 250 of the bridge
      238 is connected through junctions 282 and 284 to another terminal, i.e.,
      terminal 286 of the integrated circuit 274. Likewise, the terminals 268 of
      the bridge 258 is connected in circuit relation with the terminal 288 of
      the integrated circuit 276 while the terminal 270 of the bridge 258 is
      connected through junction 290 to another terminal, i.e., terminal 292 of
      the circuit 276.
PAR  As seen in FIG. 2 of the drawings, resistor 294 is connected between two of
      the terminals, i.e., terminals 296 and 298 of the integrated circuit 274
      while resistor 300 is connected between the terminals 302 and 304 of the
      integrated circuit 274. In addition, a capacitor 306 is provided connected
      in circuit relation between the terminals 308 and 310 of the integrated
      circuit 274. The integrated circuit 276 is similarly provided wtth a first
      resistor 312 connected between the terminals 314 and 316 thereof, a second
      resistor 318 connected between the terminals 320 and 322 thereof, and a
      capacitor 324 connected between the terminals 326 and 328 thereof. In
      accord with the preferred embodiment of the sensor 216, the integrated
      circuits 274 and 276 each consist of a Type 723IC. However, it is to be
      understood that other type of integrated circuits could also be utilized.
PAR  Referring again to the integrated circuit 274, terminal 310 thereof is
      connected to the sliding contact of a potentiometer 330. The opposite ends
      of the potentiometer 330 are connected respectively in circuit relation
      with the terminal 304 of the integrated circuit 274 and through junction
      284 to the terminal 286 thereof. In like manner, the terminal 328 of the
      integrated circuit 276 is connected in circuit relation with the sliding
      contact of the potentiometer 332. One end of the potentiometer 332 is
      connected to the terminal 322 of the integrated circuit 276 and in series
      with one end of the potentiometer 330. The other end of the potentiometer
      332 is connected through junction 290 to the terminal 292 of the
      integrated circuit 276.
PAR  The interconnection between the power supply portion of the circuitry of
      the sensor 216 depicted in the lower part of FIG. 2 of the drawings is
      effected through the terminals 334, 336, 338 and 340 which appear at the
      left therein. Terminal 338 is employed for purposes of connecting to
      ground 224, while the other three terminals, i.e., terminals 334, 336 and
      340 appear in the center at the top of FIG. 2 and are employed in a manner
      yet to be described.
PAR  With regard next to the oscillator portion of the circuitry of the sensor
      216, a pair of series connected resistors 342 and 344 have one side
      thereof connected by conductor 346 through junctions 348, 350 and 352 to
      the aforedescribed terminal 336. Also, as seen in FIG. 2 junction 350
      functions to connect the conductor 346 to ground 224 through the capacitor
      354. The midpoint of the series connected resistors 342 and 344 is
      connected to the base 356 of the transistor 358 through junction 360. The
      collector 362 of the transistor 358 is connected to one end of one side of
      a variable transformer 364 while the emitter 366 of the transistor 358 is
      connected through junction 368 to ground 224. The other end of the
      aforesaid one side of the transformer 364 is connected in circuit relation
      with a capacitor 370, a crystal oscillator 372 and through junction 360 to
      the base 356 of the transistor 358. In accord with the preferred
      embodiment of the sensor 216, the oscillator 372 comprises a 465 khz
      quartz crystal. Completing the description of the oscillator portion of
      the circuitry of the sensor 216, the other side of the series connected
      resistors 342 and 344 is connected through junction 368 to one end of the
      other side of the transformer 364.
PAR  Reference will now be had to the bridge portion of the circuitry of the
      sensor 216. The transformer 364 functions to couple the signal from the
      oscillator portion of the circuitry to the bridge portion thereof. To this
      end, the other end of the other side of the transformer 364 is connected
      by conductor 374 to the terminal 376 of the bridge 378. Another terminal,
      i.e., terminal 380 of the bridge 378 is connected to ground 224. As
      depicted in FIG. 2, a pair of capacitors 382 and 384 are connected in
      parallel between the terminals 380 and 386 of the bridge 378, while a pair
      of variable capacitors 388 and 390 are connected in parallel for a purpose
      which will be described in more detail subsequently between the terminals
      380 and 392 of the bridge 378. The terminal 392 is also operable for
      purposes of enabling a co-axial cable to be connected thereto. Completing
      the description of the bridge 378, the latter has the ends of one side of
      a first variable transformer 396 connected to the terminals 392 and 376
      and the ends of one side of a second variable transformer 398 connected to
      the terminals 376 and 386.
PAR  The bridge portion of the circuitry of the sensor 216 is coupled by means
      of the aforedescribed transformers 396 and 398 to the operational
      amplifier portion of the circuitry. Namely, one end of the other side of
      the transformer 396 is connected through diode 400 and junction 402 in
      circuit relation with one terminal 404 of the operational amplifier 406.
      Moreover, one end of the other side of the transformer 398 is similarly
      connected in circuit relation through diode 408 and junction 410 to
      another terminal, i.e., terminal 412 of the operational amplifier 406. The
      other end of the aforesaid other side of each of the transformers 396 and
      398 are connected in series relation at a junction 414. The latter
      junction 414 is connected in circuit relation through the junction 416
      with the sliding contact of a potentiometer 418. It will be noted with
      reference to FIG. 2 of the drawings that the junction 416 is connected to
      ground 224. Referring again to the potentiometer 418, the ends thereof are
      connected between the aforereferenced junctions 402 and 410. In addition,
      a capacitor 420 is connected across the potentiometer 418.
PAR  With further reference to FIG. 2 of the drawings, a description will now be
      had of the operational amplifier portion of the circuitry of the sensor
      216. More particularly, as illustrated in FIG. 2 the terminals 336 and 340
      to which reference was had previously are connected through junction 352
      and conductor 422, and conductor 424, respectively, to the terminals 426
      and 428 of the operational amplifier 406. The latter operational amplifier
      406 is provided with two additional terminals, i.e., terminals 430 and 432
      connected in circuit relation with other components of the circuitry of
      the sensor 216 in a manner yet to be described. In accord with the
      preferred embodiment of the sensor 216. the operational amplifier 406
      consists of a Type 709C IC (integrated circuit).
PAR  Returning to a consideration of the terminals 430 and 432, the former is
      connected to one end of one side of a variable transformer 434. Terminal
      432 on the other hand is connected to a resistor 436 and a potentiometer
      438, the latter being connected in series circuit relation. The other side
      of the potentiometer 438 is connected to a junction 440 and thereby to
      ground 224 through a resistor 442. The other end of the aforesaid one side
      of the transformer 434 is connected to a junction 444 to which there is
      also connected a capacitor 446, a resistor 448, and another capacitor 450.
      The other side of the capacitor 446 and the resistor 448 are each
      connected to the aforementioned junction 440. The other capacitor, i.e.,
      capacitor 450 is connected in circuit relation with the potentiometer 438.
PAR  Turning now to a description of the manner in which the operational
      amplifier of the circuitry of the sensor 216 is operatively connected to
      the fifth and final major portion of the circuitry, i.e., the relay driver
      portion, as shown in FIG. 2 the transformer 434 serves to couple the
      former to the latter. More specifically, the other side of the transformer
      434 has one end thereof connected to the base 452 of a transistor 454 and
      the other end connected to the base 456 of the transistor 458. The
      transistor 454 has its collector 460 connected through junction 462 to the
      collector 464 of the transistor 466 while the emitter 468 of the
      transistor 454 is connected to the base 470 of the transistor 466.
      Similarly, the collector 472 of the transistor 458 is connected through
      junction 474 to the collector 476 of the transistor 478. In addition, the
      emitter 484 of the transistor 478 is tied to the emitter 486 of the
      transistor 466.
PAR  Referring again to FIG. 2 of the drawings, the relay driver portion of the
      circuitry of the sensor 216 has been depicted therein as being connected
      in circuit relation with a relay section which has been generally
      designated in FIG. 2 by means of the reference numeral 488. The latter
      referenced relay section includes a multiplicity of relays. Inasmuch as
      the form which the relay section 488 takes will vary from one application
      to another, one embodiment thereof has been depicted in FIG. 2 by way of
      example. However, it is to be understood that the nature of the relay
      section 488 could be varied without departing from the essence of the
      invention. As seen with reference to FIG. 2, the relay driver portion of
      the circuitry of the sensor 216 and the relay section 488 are connected in
      circuit relation in the following manner. Conductor 490 interconnects one
      side of the relay section 488 through junctions 492 and 494 to the
      junction 462. The other side of the relay section 488 is connected by
      means of conductor 496 through junctions 498 and 500 to the terminal 334.
      There is provided a capacitor 502 connected across juncions 492 and 498,
      and a resistor 504 connected across junctions 494 and 500. Finally, it is
      to be understood that the terminals 254 and 256, respectively, of the
      bridge 258 comprise two of the terminals, identified by the same reference
      numerals, i.e., 506 and 508, of the relay section 488. A diode 510 is
      connected between the terminal 256 and the terminal 508.
PAR  There will now be set forth a description of the characteristics of the
      circuitry of the sensor 216. Beginning with the power supply, the latter
      consists of two separate systems. One of the latter produces a regulated
      voltage, i.e., above chassis-ground, adjustable continuously from +7.5
      volts to about +22 volts by means of a conventional Type 723C IC. The
      second, i.e., lower, supply is essentially a mate to the first that
      produces the same voltage range but is negative relative to ground.
      Although two transformers 230 and 232 have been employed in accord with
      the illustrated embodiment of the sensor 216, it is to be understood that
      a single transformer having suitable turns ratio and rating could be
      utilized if so desired without departing from the essence of the
      invention. For minimum drift, the resistors 294 and 312 should be
      approximately equal to the parallel resistance of the two branches of the
      potentiometers 330 and 332 at the operational point. Resistors 300 and 318
      were selected so as to be 9 ohm resistors thereby to give effective
      current limitation at 50 ma. The voltage variation was found to measure
      less than 1 mv/volt line input variation and a voltage variation of -2.5
      mv/50 ma load current change was found. The measured variation due to
      temperature was about -0.2 mv per degree C, with a mean of 24.degree. C,
      to 8.degree. C.
PAR  Attention will now be directed to the oscillator portion of the circuitry
      of the sensor 216. As noted previously, the oscillator is designed to
      operate at about 465 khz. Although the exact frequency of oscillation of
      the oscillator once selected is not critical, the level and frequency
      stability thereof is. More particularly, it is desirable to utilize a
      relatively high frequency since capacitive resistance varies inversely
      with frequency. In addition, it is desirable to employ a part of the
      spectrum where there is a minimum of other activity, namely noise and
      other interference considerations. Also, it is advantageous to select a
      range of frequency wherein amplifiers are easy to handle and AC coupling
      is easy to achieve. For the above reasons as well as others, the frequency
      of the oscillator was purposely chosen to be 465 khz. Howeveer, it could
      also have been 256 khz or 455 khz, i.e., the standard IF frequencies on
      AM.
PAR  The oscillator portion of the circuitry of the sensor 216 as depicted in
      FIG. 2 of the drawings consists of a transistor circuit employing a quartz
      crystal 372 for frequency stability and a regulated power supply and
      thermally optimized bias system to help maintain level. The output is
      transformer coupled by IF type transformer 364 which has a built-in 185 pf
      resonance capacity across the primary. A 330 pf was added to the
      transformer 364 for impedance matching in the secondary so as to permit
      the same type of IF transformers to be employed in four different places
      in the circuitry of the sensor 216. The secondary of the transformer 364
      feeds a small length of co-axial cable to one terminal of the bridge 378.
PAR  With regard to the bridge 378, the 465 khz signal of about 5 volts level is
      fed to the terminal 376 of the bridge 378. This signal divides into two
      branches of the primaries of the IF type transformers 396 and 398 of the
      same type used in the oscillator portion and the coupling between the next
      two stages. These two branches are completed to ground 224 through two
      capacitive legs, symmetrically disposed. Although not specifically shown
      in FIG. 2 of the drawings, there is an important and consistant coupling
      from primary to secondary circuits in the transformers 396 and 398. This
      factor and other design features including a provision for adjustment
      produce a definite minimum but not a true null or zero value as far as the
      AC coupled signal to the next stage is concerned. Note is also to be taken
      of the presence of diodes 400 and 408, capacitor 420 and potentiometer 418
      at the input of the operational amplifier portion of the circuitry of the
      sensor 216. The two symmetrically placed diodes 400 and 408 and the RC
      combination produce a controlled and purposefully DC component as well as
      truncated 465 khz signals in a prescribed ratio. Although a potentiometer
      418 has been illustrated, it is to be understood that if so desired a
      fixed resistor net could be substituted therefor without departing from
      the essence of the invention. This signal is fed to the Type 709C IF
      operational amplifier 406. By varying the operation voltage and the
      feedback net formed of resistor 436, potentiometer 438, resistor 437,
      resistor 442, resistor 448, capacitor 450, capacitor 446 and transformer
      434, it is possible to produce a definite "window" or null or more
      specifically a minimum that can be controlled in width and in specific
      position relative to capacity at the antenna branch and reference branch
      of the bridge 378. In contrast to the conventional application of an
      operational amplifier, in the circuitry of the sensor 316 a relatively
      poor frequency response, particularly since the gain at DC is higher than
      at oscillator frequency, is sought from the operational amplifier 406 and
      the unit is driven to saturation both plus and minus, a zone
      conventionally to be avoided. Poor frequency response is associated with
      low cost IC units.
PAR  The output from the operational amplifier portion of the circuitry of the
      sensor 216 is fed to the IF type transformer 434, i.e., the primary
      thereof, and is AC coupled to the next stage, namely the relay driver.
      Again it will be noted that each state of the circuitry is AC coupled to
      the next stage with a transformer. Furthermore, if there is not signal,
      i.e., the operational amplifier 406 is blocked, the crystal 372 is
      malfunctioning, a broken transformer, etc., no energy is available to the
      relays. More specifically, the transistors 454, 458, 466 and 478 are
      completely cut-off because they must derive their conducting bias from the
      incoming 465 khz signal or there is no current flow. The drive transistors
      454, 458, 466 and 478 are arranged in a complementary array so that even
      in the condition that two transistors are shorted out the relays would not
      close without the 465 khz signal. Two relays in tandem are used to give
      redundant function to take care of the case of a single stuck armature of
      contacts. Fuses, of course, should be used for further protection. The 3
      PDT configuration for the relays permits the employment of two
      electrically isolated control circuits and a directly related to relay
      position lamp indication or signal.
PAR  Although two embodiments of an electronic personnel safety sensor
      constructed in accordance with the present invention have been shown in
      the drawings and described hereinabove, it is to be understood
      nevertheless that other modifications in the construction thereof may be
      made thereto by those skilled in the art without departing from the
      essence of the invention. In this connection some of the modifications
      which can be made in the sensors 10 and 216 have been alluded to
      herinabove while others will become readily apparent to those skilled in
      the art when exposed to the present description and illustration of the
      construction of the sensor 10 and the sensor 216. For example, the 3 PDT
      switch 198 can be replaced by a 2-pole switch or some other conventional
      form of switching means capable of being relay controlled, if so desired,
      without departing from the essence of the invention. As noted above the
      typical sensitivity of the sensor 10 is 3.0 pf. However, through the
      selection of components characterized by a greater degree of stability and
      reliability, it has been found that an improvement can be obtained insofar
      as concerns the sensitivity of the sensor 10. Similarly, the sensitivity
      of the sensor 216 can be improved from a 0.3 pf by, for example, replacing
      the transformers 396 and 398 in the bridge 378 by a pair of commercially
      available, high quality, highly stable resistors and providing suitable
      coupling means from junctions 392 and 386 of the sensing bridge to
      junctions 404 and 412 of the operational amplifier. Moreover, insofar as
      concerns the sensor 216, the crystal 372 thereof may be replaced by a
      functionally equivalent, commercially available component, if so desired,
      without departing from the essence of the invention. Also, the relay
      section 488 of the sensor 216 can take some other form without departing
      from the essence of the invention. For example, although DC type relays
      have been shown as being employed in the circuit and shunt capacitors are
      used to accommodate the non-symmetrical AC input or drive, AC type relays
      with damping windings could be employed, thereby eliminating capacities.
      Finally, although the preferred embodiment of the electronic personnel
      safety sensor consists of the sensor 216, there exists applications,
      particularly where lower parts count and lower cost are factors, wherein
      the use of the sensor 10 will be preferred.
PAR  Thus, it can be seen that the present invention provides a novel and
      improved electronic personnel safety sensor capable of causing a machine
      or operation to be shut off to prevent injury to personnel or damage to
      equipment being protected. Moreover, in accord with the present invention
      such an electronic personnel safety sensor has been provided which is
      operable to perform the desired protective function by detecting,
      indicating, and acting upon a predetermined increase or decrease in
      effective capacitance caused by the introduction, or intrusion, or
      withdrawal of material to or from a field or protection zone created by a
      suitably designed and constructed electrode structure. The electronic
      personnel safety sensor of the present invention embodies circuitry
      wherein all of the active units thereof are provided with an enabling
      signal which is derived in series from a common source. Furthermore, such
      an electronic personnel safety sensor has been provided in accord with the
      present invention which is intrinsically fail-safe for all components
      except the output relay for which redundancy and/or monitoring must be
      provided. Also, in accordance with the present invention such as
      electronic personnel safety sensor has been provided which requires for
      its implementation the inclusion in the circuitry of a minimum number of
      components. Finally, the electronic personnel safety sensor of the present
      invention is relatively inexpensive to manufacture, and relatively easy to
      set-up and deploy.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. An electronic personnel safety sensor operable to cause a machine or
      operation to be shut off to prevent injury to personnel or damage to
      equipment being protected comprising:
PA1  a. a power source including terminal means connectible to a power supply to
      provide to the sensor, said power source further including a bridge
      rectifier and a transformer connected in series circuit relation with said
      terminal means and AC coupled to said bridge rectifier;
PA1  b. electronic circuit means including a signal source and a multiplicity of
      AC coupled selectively saturable subsequent stages connected in series
      circuit relation with said signal source, said signal source providing a
      signal therefrom operable to effect excitation of said multiplicity of AC
      coupled selectively saturable subsequent stages, said electronic circuit
      means also including transformers interposed between successive ones of
      said multiplicity of AC coupled selectively saturable subsequent stages
      operable to provide the AC coupling therebetween, said transformers being
      purposefully tuned to provide said transformers with a preselected
      resonance, said electronic circuit means additionally including a
      capacitance sensing bridge coupled to said signal source having a
      predetermined state of balance condition corresponding to the normal
      operating state of the equipment being protected and operable to modify
      said signal from said signal source according to the deviation from said
      predetermined state of balance condition of said capacitance sensing
      bridge, said capacitance sensing bridge having four legs, two of said four
      legs of said capacitance sensing bridge comprising inductors operable to
      inductively couple said capacitance sensing bridge to one of said
      multiplicity of AC coupled selectively saturable subsequent stages, said
      one of said multiplicity of AC coupled selectively saturable subsequent
      stages comprising amplifying means operable for amplifying said modulated
      signal received thereby from said capacitance sensing bridge, said
      amplifying means being coupled to another one of said multiplicity of AC
      coupled selectively saturable subsequent stages, said another one of said
      multiplicity of AC coupled selectively saturable subsequent stages
      comprising a relay driver; and
PA1  c. relay means connected in circuit relation with said relay driver and
      excitable by said modulated signal received thereby from said relay
      driver, said relay means being deactivated when said modulated signal
      departs from a preestablished level corresponding to said predetermined
      state of balance condition of said capacitance sensing bridge, said relay
      means comprising a pair of redundant relays and associated contacts.
NUM  2.
PAR  2. The electronic personnel safety sensor as set forth in claim 1 wherein
      said signal source of said electronic circuit means comprises a
      transistor.
NUM  3.
PAR  3. The electronic personnel safety sensor as set forth in claim 1 wherein
      one of the other two legs of said four legs of said capacitance sensing
      bridge includes a fixed reference capacitor and the other one of the other
      two legs of said four legs of said capacitance sensing bridge includes an
      antenna and an adjustable capacitance connected in electrical series
      circuit relation with said antenna.
NUM  4.
PAR  4. The electronic personnel safety sensor as set forth in claim 1 wherein
      said amplifying means of said electronic circuit means consists of a
      transistor amplifier.
NUM  5.
PAR  5. An electronic personnel safety sensor operable to cause a machine or
      operation to be shut off to prevent injury to personnel or damage to
      equipment being protected comprising:
PA1  a. a power source including terminal means connectible to a power supply to
      provide power to the sensor, said power source further including a pair of
      integrated circuits, a pair of bridge rectifiers each connected in circuit
      relation with a corresponding one of said pair of integrated circuits, and
      a pair of transformers connected in circuit relation with said terminal
      means and each AC coupled to a corresponding one of said pair of bridge
      rectifiers;
PA1  b. electronic circuit means including a signal source and a multiplicity of
      AC coupled selectively saturable subsequent stages connected in series
      circuit relation with said signal source, said signal source providing a
      signal therefrom operable to effect excitation of said multiplicity of AC
      coupled selectively saturable subsequent stages, said electronic circuit
      means also including transformers interposed between successive ones of
      said multiplicity of AC coupled selectively saturable subsequent stages
      operable to provide the AC coupling therebetween, said transformers being
      purposefully tuned to provide said transformers with a preselected
      resonance, said electronic circuit means additionally including a
      capacitance sensing bridge coupled to said signal source having a
      predetermined state of balance condition corresponding to the normal
      operating state of the equipment being protected and operable to modify
      said signal from said signal source according to the deviation from said
      predetermined state of balance condition of said capacitance sensing
      bridge, said capacitance sensing bridge having four legs, two of said four
      legs of said capacitance sensing bridge comprising inductors operable to
      inductively couple said capacitance sensing bridge to one of said
      multiplicity of AC coupled selectively saturable subsequent stages
      comprising amplifying means operable for amplifying said modulated signal
      received thereby from said capacitance sensing bridge, said amplifying
      means being coupled to another one of said multiplicity of AC coupled
      selectively saturable subsequent stages, said another one of said
      multiplicity of AC coupled selectively saturable subsequent stages
      comprising a relay driver; and
PA1  c. relay means connected in circuit relation with said relay driver and
      excitable by said modulated signal received thereby from said relay
      driver, said relay means being deactivated when said modulated signal
      departs from a preestablished level corresponding to said predetermined
      state of balance condition of said capacitance sensing bridge, said relay
      means comprising a pair of redundant relays and associated contacts.
NUM  6.
PAR  6. The electronic personnel safety sensor as set forth in claim 5 wherein
      one of the other two legs of said four legs of said capacitance sensing
      bridge includes a fixed reference capacitor and the other one of the other
      two legs of said four legs of said capacitance sensing bridge includes an
      antenna and an adjustable capacitance connected in electrical series
      circuit relation with said antenna.
NUM  7.
PAR  7. The electronic personnel safety sensor as set forth in claim 5 wherein
      said signal source comprises a 465 khz crystal control, amplitude
      regulated oscillator.
NUM  8.
PAR  8. The electronic personnel safety sensor as set forth in claim 5 wherein
      said amplifying means of said electronic circuit means comprises an
      integrated circuit operational amplifier operated in a region of near
      saturation.
NUM  9.
PAR  9. The electronic personnel safety sensor as set forth in claim 5 wherein
      said relay driver consists of four transistors connected in circuit
      relation so as to be arranged in a complementary array.
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ABST
PAL  An electrolytic glass encapsulated capacitor has a pressure connection to
      the cathode lead. The glass envelope includes a sintered body having a
      dielectric oxide layer, semiconductor and conducting layers. A porous
      deformable metal layer is sprayed on the conducting layer adjacent the
      cathode lead which extends through the glass. The cathode lead is pressed
      into the deformable layer to provide an improved connection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an electrolytic capacitor tightly sealed
      within a glass envelope, including a sintered body of electrochemical
      valve metal coated with a dielectric oxide film, a semiconductor layer
      arranged thereon, and a conducting layer on the semiconductor layer.
PAR  2. Description of the Prior Art
PAR  The use of electrical capacitors sealed in evacuated glass envelopes with
      terminals which pass through the envelope, is known. As shown in U.S. Pat.
      No. 2,283,723, it is also known to make a glass encapsulated electrolytic
      capacitor having an anode of electrochemical valve metal. Known
      electrolytic capacitors have included a sintered body of electrochemical
      valve metal, a dielectric oxide film, with a semiconductor layer arranged
      thereon and a conducting layer on the semiconductor layer, which are
      sealed in a glass casing.
PAR  There have been no difficulties in sealing electrostatic capacitors in a
      glass casing and it is known which types of electric leads are best suited
      for sealing to glass. In the case of liquid electrolytic capacitors, there
      was a problem of tightly sealing the glass casing without interference
      from the liquid electrolyte. This problem, however, has been solved and
      the sealing of liquids in glass capsules or ampoules is also known.
PAR  Special problems, however, arise when sealing electrolytic capacitors
      having a semiconductor layer within a glass casing. As is well known, the
      semiconductor layer often consists of an oxide film, such as manganese
      dioxide which is mechanically sensitive and difficult to establish contact
      thereto. The contacting of this semiconductor manganese dioxide layer, is
      usually carried out in such a way that a carbon or graphite layer is
      deposited onto the manganese dioxide layer, with a further conducting
      layer in the form of a metal layer such as silver being deposited onto
      this graphite layer. However, the metal or conducting silver layer does
      not adhere very well to the carbon or graphite layer and the latter, in
      turn, does not adhere very well to the manganese dioxide layer
      therebeneath. Due to this relatively poor mechanical connection,
      resistance variations occur in these layers or on the boundary surfaces or
      interfaces, which may cause a considerable variation in the electrical
      properties of the capacitor.
PAR  During the sealing of an electrolytic capacitor into a glass casing,
      difficulties are likely to be encountered with respect to establishing the
      electrical connection to the semiconductor layer or the conducting layer
      arranged thereon, or between the conducting layers and the lead wires
      sealed into the glass casing. It may be possible to solder the conducting
      layer to the sealed-in cathode lead by inserting a piece of solder metal
      into the glass casing sealed on one side, with the capacitor body being
      inserted thereafter and the solder metal being heated to cause the melting
      thereof and effect soldering between the capacitor body and the cathode
      lead. However, it is very difficult to establish a solder connection
      inside the narrow glass casing. A good solder connection requires the
      addition of a suitable flux agent. This, however, encounters difficulties
      in the final sealing of the glass casing, due to the development of gases
      from remainders of the flux agent. The flux agent also has an unfavorable
      influence upon the impedance of the capacitor. Variations of the impedance
      and of the resonant frequency also occur in the case of soldered contacts
      between the capacitor body and the cathode lead in cases where the
      capacitor, subsequent to the sealing of the glass casing, is subjected to
      tempering at a higher temperature for the purpose of stabilizing its
      electrical properties. Accordingly, soldered joints have been found
      unsuitable for use in this particular case.
PAR  Previously known outer conducting metal layers of capacitors were sprayed
      on the semiconductor layer. These layers, however, were generally
      connected to a cathode lead by way of soldering, or consisted of a metal
      or an alloy having a relatively high melting point and no porous
      structure. It has also been known to deposit a layer by spraying small
      plate-shaped particles of copper. This, however, will not result a porous
      metal body because the small plate-shaped particles are placed closely on
      top of each other. Due to the high melting point and the relatively great
      hardness of copper, such a layer is unsuitable for absorbing electrical
      contact pressure.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of the present invention to provide a glass
      encapsulated electrolytic capacitor in which a good electrical contact is
      established between the conducting layer and the cathode lead sealed in
      the glass casing and which has no detrimental effects during both the
      sealing and the subsequent heat treatment.
PAR  This is achieved by an electrical contact between the conducting layer and
      the cathode lead sealed in the glass which provides a pressure contact by
      using a deformable contacting body. Such a pressure contact is capable of
      meeting all requirements placed on the capacitor during its manufacture
      and operation, and avoids variations of impedance and resonant frequency
      of the capacitor while being built into the glass casing. A deformable
      conducting body is used to establish the pressure contact. This deformable
      conducting body establishes the electrical contact between the conducting
      layer on the outside of the capacitor body and the cathode lead as sealed
      into the glass casing.
PAR  Preferably, the deformable conducting body is of a porous metal. Such
      porous metal bodies have the property of deforming under certain pressure,
      but completely absorb the pressure without transferring it to the
      adjoining layers. The necessary contact pressure is thus prevented from
      having a detrimental effect upon the conducting layer of the capacitor and
      upon the semiconductor layer, such as the manganese dioxide layer lying
      therebeneath.
PAR  According to a further embodiment of the invention, the conducting body
      consists of a tin alloy. Alloys of tin, cadmium and lead have proved to be
      particularly suitable. It is of particular advantage to choose the
      composition of the alloy so that its melting point is just above the
      highest temperature occurring inside the casing during the sealing
      operation. At these temperatures, the metal body is particularly easily
      deformable but does not become liquid, since soldering is to be avoided.
      Such a complete or partial liquefaction would destroy the porous structure
      of the metal body and, consequently, the capability of absorbing pressure.
PAR  It has proved to be of advantage for the alloy used for the porous metal
      body to have a melting point of about 220.degree.C. The porous metal body
      may be arranged between the capacitor body and the sealed cathode lead. To
      simplify the assembly and improve the contact between the metal body and
      the outer conducting layer of the capacitor, it is particularly
      advantageous for the porous metal body to be formed directly on the outer
      conducting layer of the capacitor body by spraying the alloy thereon.
PAR  According to a further embodiment of the invention, the end of the cathode
      lead is pressed at least partly into the conducting body. This makes sure
      that a sufficient contact pressure has been exerted to establish the
      contact between the contacting body and the cathode lead and that a
      sufficient contact area is available between the two. In addition, thin
      oxide films on the bordering surfaces are destroyed by the pressure. It is
      also of advantage for the end of the cathode lead to be broadened as it is
      pressed into the conducting body. One example of an embodiment of the
      invention is shown in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows a sectional view taken through a glass-encapsulated
      electrolytic capacitor having a semiconducting layer and deformable metal
      layer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The electrolytic capacitor, shown in a sectional view in the FIGURE,
      consists of a porous body 1 of electrochemical valve metal, particularly
      of a sintered body of tantalum, niobium, aluminum, or other suitable
      electrochemical valve metal. By a suitable forming treatment, a dielectric
      oxide layer, 10, is provided on the entire surface of the
      tantalum-sintered body 1. This dielectric oxide layer is covered with a
      semiconducting layer, 11, produced by thermal decomposition of a
      corresponding manganese compound in the form of manganese dioxide. For the
      purpose of contacting this semiconductor layer, a conducting layer 12 of
      graphite or carbon, is arranged on the semiconductor layer. Further
      conducting layers, which are indicated together in the drawing by the
      reference numeral 2, may be arranged on this graphite or carbon layer. The
      capacitor is secured in the glass envelope 4 through which the two lead-in
      conductors, the cathode lead 5 and the anode lead 9, pass in a tightly
      sealed structure. The anode connection 8 of the capacitor, consists of a
      wire of electrochemical valve metal, such as of tantalum, which is
      connected to the anode lead 9 inside the glass envelope 4. The cathode
      lead portion 6 is sealed in the glass.
PAR  The electrical contact between the outer conducting layer 2 and the cathode
      lead 5 is established by means of a porous conducting body 3 preferably
      consisting of a sprayed metal alloy of tin, cadmium and lead having a
      melting point of about 220.degree.C. During the assembly of the capacitor,
      pressure is exerted via the anode connection 8, so that the end of cathode
      lead 5 is partly pressed into the porous metal body 3, as shown at the
      point indicated by the reference numeral 7. It is also of advantage for
      the end 7 of the cathode lead to be broadened or of greater width inside
      the glass casing 4. In this manner, a pressure contact is established
      between the end 7 of the cathode lead 5 and the porous metal body 3 which
      will not result in an increased impedance or resonant frequency during
      both the manufacture and the operation. Due to the pressure-absorbing
      capability of the porous metal body 3, no pressure is transferred to the
      conducting layers 2 and, consequently, to either the semiconductor layer
      or the dielectric oxide layer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a glass enclosed electrolytic capacitor comprising a glass envelope,
      a sintered metal body within said envelope, a dielectric oxide layer on
      said body, a semiconductor layer on said dielectric oxide layer, a
      graphite conducting layer on said semiconductor layer, a conducting layer
      on the graphite, an anode lead sealed at one end of said envelope and
      connected to one end of said body, and a cathode lead sealed at the other
      end of said envelope, wherein the improvement comprises a deformable metal
      layer on said conducting layer at the other end of said body connected by
      pressure contact to said cathode lead; and said cathode lead pressure
      contact within said metal layer deforms said layer.
NUM  2.
PAR  2. The electrolytic capacitor according to claim 1, wherein said deformable
      metal layer is a porous body.
NUM  3.
PAR  3. The electrolytic capacitor according to claim 2, wherein said deformable
      layer includes a tin alloy.
NUM  4.
PAR  4. The electrolytic capacitor according to claim 3, wherein said deformable
      layer is an alloy of tin-cadmium-lead.
NUM  5.
PAR  5. The electrolytic capacitor according to claim 3, wherein the melting
      point of said alloy is above the highest temperature occurring within said
      envelope during sealing.
NUM  6.
PAR  6. The electrolytic capacitor according to claim 3, wherein said alloy has
      a melting point of about 220.degree.C.
NUM  7.
PAR  7. The electrolytic capacitor according to claim 1, wherein the end portion
      of said cathode lead within said envelope is of greater width than the
      external lead portion.
NUM  8.
PAR  8. The electrolytic capacitor according to claim 2, wherein said
      semiconductor layer is of manganese dioxide and said conducting layer
      includes graphite.
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ABST
PAL  The synthesising of a waveform which upon integration will approximate a
      sinusoid of controllable frequency and amplitude is disclosed. Any desired
      amplitude may be programmed for a particular frequency. The synthesiser is
      suitable as a variable speed AC motor drive. The output waveform is
      synthesised by chopping a square wave using a variable width chop. To
      obtain lower harmonic content, a chopped square wave is Walsh multiplied
      with another square wave of different frequency to produce a pulse width
      modulated waveform having a frequency equal to the frequency difference
      between the square waves. Methods for accurately controlling the
      difference frequency using variable digital dividers are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical waveform synthesis using switching
      circuits and in particular but not solely switching circuit waveform
      synthesisers for use as AC motor drives.
PAR  An alternating current waveform can be derived or synthesised from a direct
      current by appropriately switching the DC source. Equipment for producing
      an AC waveform from a DC source are known as inverters. These inverters
      may be either static or non-static. Static inverters are much preferred
      and may be formed using suitable solid state devices such as thyristors or
      triacs. Whether the inverter be static or non-static the output is a
      complex waveform, whereas it is frequently desirable that the output be
      sinusoidal. Sinusoidal waveforms can be produced be suppressing unwanted
      harmonics contained in the switching circuit output waveform. For example,
      a low pass or integrating filter can be used to pass only the lower
      frequency or fundamental waveform which is generally a sinusoid. In some
      instances the electric circuit or load into which the waveform is injected
      acts as its own integrating filter. Such is the case with the AC electric
      motor. Such a motor can be driven from a simple inverter producing a
      square wave output. If, as would be expected to be the case, the motor was
      3-phase then by the use of a 3-phase inverter the line voltage will have
      reduced low order harmonics even though the phase voltages are square
      waves. However, it is desirable to drive such motors by an AC waveform
      more closely approximating a sinusoid.
PAR  To allow for complete control over the inverter output waveform
      characteristics it is usual to use an external pulse source to switch the
      inverter. The inverter switching pulses are produced by low power
      circuitry and the output from this circuitry (which would normally be a
      unidirectional voltage waveform) is used to switch a static inverter per
      se which in turn switches the power to the load (as a bi-directional
      voltage waveform). The pulse source circuitry may be conveniently formed
      using integrated circuits. It is relatively easy using such techniques to
      synthesise a complex waveform having a variable fundamental frequency
      which may then be used to appropriately switch an inverter. This feature
      is particularly significant since the availability of high power variable
      frequency AC means that AC motors can be used in variable speed
      applications. In most situations the mains supply is AC and, accordingly,
      variable speed AC motor drives must normally include associated rectifier
      and smoothing equipment to produce the inverter input DC. This equipment
      is however already required for DC motor drives which at present
      predominate. A variable speed application where the use of an AC motor
      would be particularly attractive, and incidently where the mains supply is
      DC, is as a power source for vehicles.
PAR  A requirement of an AC motor is that if it is desired to vary motor speed
      by varying the supply frequency, the supply voltage should also be varied
      proportionally to ensure a constant voltage-time product and thus constant
      flux. A known method for satisfying this requirement is to vary the
      voltage of the inverter DC supply by the use of a chopper. For reasons of
      simplicity and economics it would be desirable to control the inverter
      output amplitude by appropriately controlling the low power switching
      pulses.
PAR  A known technique for synthesising a low frequency sinusoid using two state
      switching circuits is to generate a pulse width modulated waveform, the
      width of the pulses being related to the amplitude of the desired sinusoid
      at any instant. This pulse width modulated waveform is then passed through
      an integrating filter designed to pass only the desired sinusoid. A common
      method of obtaining the necessary pulse width modulated waveform is to
      compare a reference sinusoid with a high frequency carrier having a
      trianglular or saw-toothed waveform. This method requires complex linear
      and digital circuitry, particularly for 3-phase systems which require both
      phase balance and voltage amplitude control over wide frequency and
      amplitude ranges. It would be desirable for such a synthesiser to utilise
      purely digital circuitry especially as the derivation of a 3-phase
      sinusoidal signal is thereby simplified.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method and
      apparatus to go at least some way towards satisfying the abovementioned
      desiderata.
PAR  It is a further object of the present invention to provide a method and
      apparatus fo synthesising a complex waveform which upon integration will
      approximate a sinusoid the frequency and amplitude of which can be varied.
PAR  Accordingly, in one aspect the invention consists of a method for
      synthesising a waveform which upon integration will approximate a sinusoid
      of controllable amplitude and frequency. This is accomplished by
      generating at least one base square wave having the selected frequency and
      chopping this square wave once each half cycle with a chopping pulse. The
      chopping pulse width is set according to the desired amplitude of the
      sinusoid.
PAR  In a further aspect the invention consists in a waveform synthesiser for
      producing a waveform which upon integration will approximate a sinusoid of
      controllable amplitude and frequency. The synthesiser includes a square
      wave generator producing at least one base square wave and a variable
      width chopping pulse generator. Logic circuitry associated with the square
      wave generator sets the chopping pulse location relative to each half
      cycle of each square wave. Means are provided for mixing or gating each
      square wave with the chopping pulse to produce as an output a chopped
      square wave. The fundamental component of the integral of this output has
      an amplitude which is a function of the chopping pulse width.
PAR  Preferred forms of the invention include the following features:
PAR  1. a three-phase output waveform,
PAR  2. a high power static inverter output stage,
PAR  3. a second control square wave which is Walsh multiplied with the chopped
      base square wave to produce a pulse width modulated output waveform which
      contains lower hamonics and has a fundamental frequency equal to the
      difference between the fundamental frequencies of the base and control
      square waves, and
PAR  4. a tri-state static inverter output stage with appropriate switching
      circuits which reduces the demand on the switching capabilities of the
      static inverter power switches.
PAR  The invention is particularly useful as a variable frequency AC motor drive
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred forms of the present invention will now be described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of one form of waveform synthesiser in use as a
      three-phase AC motor drive,
PAR  FIG. 2 is a set of waveform diagrams corresponding to the waveforms at
      selected points in the synthesiser of FIG. 1,
PAR  FIG. 3 is a block diagram of a second form of waveform synthesiser in use
      as a three-phase AC motor drive,
PAR  FIG. 4 is a set of waveform diagrams corresponding to the waveforms at
      selected points in the synthesiser of FIG. 3,
PAR  FIG. 5 is a block diagram of a third form of waveform synthesiser in use as
      a three-phase AC motor drive,
PAR  FIG. 6 is a set of waveform diagrams corresponding to the waveforms at
      selected points in the synthesiser of FIG. 5,
PAR  FIG. 7 is a set of waveform diagrams corresponding to the waveforms at
      selected points of a variation of the synthesiser of FIG. 5,
PAR  FIG. 8 is a block diagram of a timing pulse generator producing pulses for
      use in waveform synthesisers, particularly when used as three-phase AC
      motor drives,
PAR  FIG. 9 is a block diagram of a synthesiser of the type shown in FIG. 3
      showing an alternative method of providing the synthesiser with timing
      pulses, and
PAR  FIG. 10 is a set of waveform diagrams corresponding to the waveforms at
      selected points in the synthesiser of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the first embodiment of the invention three-phase square waves are
      generated using a twisted ring counter from which three-phase square waves
      of exact phase balance may be obtained whatever the frequency at which
      they are generated. These square waves when integrated will approximate a
      sinusoid. Amplitude control of the resulting sinusoid is obtained by
      chopping the square waves from one amplitude state to the other twice
      during each wave period. The frequency of the sinusoid is varied by
      varying the frequency of the clock pulse generator feeding the counter.
PAR  If the wave period T is measured from the instant of transition from the
      lower to higher level, at least a portion of the first chopping pulse must
      be within the range T/6 to T/3 and at least a portion of the second
      chopping pulse must be within the range 2T/3 to 5T/6, such that the area
      of each segment in the resultant wave is dependent on the width of the
      chopping pulse.
PAR  Preferably, the maximum width of each chopping pulse is T/6, and if the
      chops lie entirely within the stated ranges, the mean line voltages will
      then decrease from a maximum to zero as the width of the chop increases
      from zero to its maximum value.
PAR  Referring now to FIGS. 1 and 2, the three-phase square waves from a twisted
      ring counter are chopped in the manner described, before being used to
      switch a static inverter. The chopping pulse generator produces a pulse y
      six times every period having a duration T.sub.s /6 where T.sub.s is a
      selected period. The pulse is then inverted and the inverted y chops each
      phase square wave twice during every period within the ranges and up to
      the maximum width stated above. Since the period of pulse y is fixed, the
      width of chop pulse y increases automatically as T is increased. The
      result is an automatic control of the mean of the variable frequency
      three-phase line voltage amplitude which is useful in achieving a simple
      variable speed, constant torque output, control of a three-phase AC motor.
      FIG. 1 is a block diagram of a circuit which realises this preferred
      embodiment. A variable frequency clock pulse generator 10 feeds clock
      pulses at a variable frequency 6f.sub.1 to a twisted ring counter 12
      incorporating three J-K flip-flops FF.sub.1, FF.sub.2, FF.sub.3, having
      utputs Q.sub.1, Q.sub.2, Q.sub.3, and "complemented" or "inverted" outputs
      Q.sub.1, Q.sub.2, Q.sub.3, respectively. The three-phase square waves of
      period T.sub.1 = 1/f.sub.1 are obtained from the outputs Q.sub.1, Q.sub.3,
      Q.sub.2. The clock pulse generator 10 also triggers the chopping pulse
      generator 14 which produces positive going pulses y at the rate of one
      every T.sub.1 /6 . An example of a simple chopping pulse generator would
      be a monostable multivibrator. The chopping pulse period for each phase is
      selected by channelling the inverted pulse y through AND gates 16a, 16b,
      and 16c which are "opened" or "enabled" by signals from the EXCLUSIVE-OR
      gates 18a, 18b, and 18c, as shown. The latter EXCLUSIVE-OR gates are fed
      with signals from the ring counter 12 as shown in the figure, such that
      the AND gates are enabled in correct sequence twice during each period for
      each phase. The channelled y pulses from the AND gates 16 are then mixed
      with the three-phase square waves Q.sub.1, Q.sub.3, Q.sub.2 in
      EXCLUSIVE-OR gates 20a, 20b, and 20c respectively. The resulting chopped
      square wave phase signals V.sub.1, V.sub.2, V.sub.3 from the EXCLUSIVE-OR
      gates 20 which switch the static inverter 19 are shown in FIG. 2 together
      with the resulting line voltages V.sub.L1, V.sub.L2, V.sub.L3, across the
      AC load. At zero chop, when pulse y has width T.sub.1 /6, the original
      three-phase square wave trains Q.sub.1, Q.sub.3, Q.sub.2 emerge unaltered
      from their respective EXCLUSIVE-OR gates 20 while at maximum chop, when
      pulse y has width very much less than T.sub.1 /6, the original square wave
      trains are chopped to square wave trains of 1:1 mark-space ratio and of
      three times the original frequency so that the resulting line voltages
      from the inverter across the load are zero.
PAR  Such a simple waveform generator is only of use as an AC motor speed
      control over limited ranges of speed about the design speed of the motor
      because of the poor quality of the line voltage waveform.
PAR  In a second embodiment of the invention, the quality of the line voltage
      waveform is markedly improved when the phase voltages V.sub.1, V.sub.2,
      V.sub.3 are treated as chopped square wave Walsh functions of fixed
      frequency f.sub.1 and multiplied with another square wave Walsh function
      of variable frequency f.sub.2. Walsh functions are orthogonal functions
      analogous to sine and cosine functions and form the basis of a
      communication theory which is useful in dealing with binary information
      since Walsh functions may assume the values of .+-.1 only. As with sine
      functions multiplication of two Walsh functions will yield a difference
      frequency product. A suitable Walsh function multiplier is an EXCLUSIVE-OR
      gate (or EQUIVALENCE gate). Such multiplication of V.sub.1, V.sub.2,
      V.sub.3 as mentioned above will result in the production of three-phase
      chopped p.w.m. Walsh function waveforms of beat frequency the difference
      in frequency f.sub.2 - f.sub.1, and of sequency (one half of the average
      number of switchings per unit time) the sum of the frequencies f.sub.2 +
      f.sub.1.
PAR  Referring now to FIGS. 3 and 4 the same circuit is used to generate the
      chopped three-phase voltages V.sub.1, V.sub.2, V.sub.3 (these may be
      referred to as the base voltages) as is used in the simple system
      previously described except that pulse y of width variable from zero up to
      1/6f.sub.1 seconds is used for the chop, and the frequency 6f.sub.1 of the
      clock pulse generator 10 is preset to a constant value. Another clock
      pulse generator 11 of variable frequency 2f.sub.2 feeds clock pulses to a
      twisted ring counter 13 incorporating one J-K flip-flop FF.sub.4 which has
      an output Q.sub.4. The output from Q.sub.4 is a square wave voltage
      V.sub.4 of frequency f.sub.2 (which may be referred to as the control
      voltage) which is mixed with each of the chopped three phase square wave
      voltages V.sub.1, V.sub.2, V.sub.3 in the respective EXCLUSIVE-OR gates
      15a, 15b, 15c as shown in the block diagram of the circuit realisation,
      FIG. 3. The resulting three-phase chopped p.w.m. waves V.sub.m1, V.sub.m2,
      V.sub.m3 from the EXCLUSIVE-OR gates 15, which are used to switch the
      static inverter 19, are shown in FIG. 4, together with the resulting line
      voltages V.sub.mL1, V.sub.mL2, V.sub.mL3. With this embodiment it should
      be appreciated that:
PAR  a. The pulse width of each unchopped p.w.m. waveform Vm.sub.1, Vm.sub.2, or
      Vm.sub.3 at any instant of time relates to the instantaneous amplitude of
      a triangular waveform of fundamental frequency f.sub.2 - f.sub.1 rather
      than that of a sinusoid of this beat frequency, but this is a significant
      improvement over the square wave approximation to a sinusoid in the simple
      system already described.
PAR  b. The switching sequency f.sub.2 + f.sub.1 may be made as large or as
      small as desired so that the number of line voltage pulses per unit time
      may be adjusted at will.
PAR  c. Since the beat or difference frequency f.sub.2 - f.sub.1 may be positive
      or negative, the direction of rotation of a three-phase AC motor driven by
      this generator is dependant only on whether f.sub.2 is greater or less
      than f.sub.1. Reversal of rotation is thus possible without the need for
      any switching.
PAR  d. A programmable chop pulse y is used rather than its inverted form. When
      used as previously described it controls the balanced mean line voltages
      V.sub.mL1, V.sub.mL2, V.sub.mL3 between maximum and zero as the
      programmable chop pulse generator varies the chopping pulse width between
      0 and 1/6f.sub.1 seconds. The amplitude of the harmonics are also reduced
      as the chop width is increased so that when the fundamental voltage
      amplitude is reduced to zero the three-phase load is not supplied with
      residual harmonics. When the chop is programmed to the requirements of a
      particular AC motor it ensures that the desired torque output is obtained
      from the machine at all machine speeds by controlling the voltage-time
      product of the supply voltage. This control is both positive and accurate.
PAR  In a less preferred variation the control square wave could be chopped
      before being multiplied with the respective phases of the base square
      wave.
PAR  Such a sophisticated switching system may, in practice, make heavy demands
      on the ability of the static inverter to switch power rapidly and
      efficiently. This is particularly so when chop is employed and the
      switching frequency f.sub.2 + f.sub.1 is high. If this is so, a practical
      improvement may be introduced to alter the mode of operation of the
      inverter and thus reduce the inverter switching rate.
PAR  The normal two-state mode of operation of the static inverter is that of a
      switching circuit with each output phase switched to one of two distinct
      voltage levels only, according to whether the upper level switch or the
      lower level switch is closed at that instant in time. If the static
      inverter incorporates a means of feedback across its switches, the
      switching rate of the inverter may be significantly reduced by a change to
      a tri-state mode of operation.
PAR  Accordingly, in a third embodiment of the invention the inverter phase
      output may be the result of:
PAR  a. The upper level switch being closed so that the output is connected to
      the upper level d.c. bus voltage, or
PAR  b. The lower level switch being closed so that the output is connected to
      the lower level d.c. bus voltage, or
PAR  c. Neither the upper nor the lower level switch being closed so that the
      output voltage is determined by the load current which will then flow
      through the feedback means across the switches. If these be feedback
      diodes and if the load is a significantly inductive circuit, then the
      phase voltage will swing either to the upper d.c. bus voltage or the lower
      d.c. bus voltage level so as to ensure the continuation of load current
      flow through the appropriate feedback diode.
PAR  Condition (c) allows an inverter drive circuit which need not produce high
      switching rate outputs to attain a waveform which upon integration will
      approximate a sine wave. The upper and lower level switches of the
      inverter must, of course, be switched independently and it has been found
      that by mixing the voltages V.sub.1, V.sub.2, V.sub.3 with voltage V.sub.4
      in AND gates, both inverter switches will be turned off at appropriate
      times in the switching sequence. Other methods can of course be used to
      produce a suitable drive for the tri-state inverter.
PAR  Referring now to FIGS. 5 and 6 the same circuit is used to generate the
      chopped three-phase voltages V.sub.1, V.sub.2, V.sub.3 as is used in the
      simple system previously described. Like the sophisticated p.w.m. system
      just described, the frequency 6f.sub.1 of the clock pulse generator 10 is
      pre-set to a constant value and the pulse y of width variable from zero up
      to 1/6f.sub.1 seconds is used for the chop. Again, a clock pulse generator
      11 of variable frequency 2f.sub.2 feeds clock pulses to a twisted ring
      counter 13 incorporating one J-K flip-flip FF.sub.4 which has an output
      Q.sub.4. The output from Q.sub.4 is a square wave voltage V.sub.4 of
      frequency f.sub.2 which is partially mixed with each of the chopped
      three-phase square wave voltages V.sub.1, V.sub.2, V.sub.3 in the
      respective AND gates 17a, 17b 17c and also partially mixed with each of
      the inverted chopped three-phase square wave voltages V.sub.1, V.sub.2,
      V.sub.3 in the respective AND gates 17d, 17e, 17f as shown in the block
      diagram of the circuit realisation, FIG. 5. The three-phase output
      voltages V.sub.S1, V.sub.S3, V.sub.S5 from AND gates 17a, 17b, and 17c are
      used to switch the upper level switches S.sub.1, S.sub.3, S.sub.5
      respectively, of the static inverter 19 while the three-phase output
      voltages V.sub.S2, V.sub.S4, V.sub.S6 from AND gates 17d, 17e and 17f are
      used to switch the lower level switches S.sub.2, S.sub.4, S.sub.6
      respectively, of the static invertor 19. The resultant phase voltages
      V.sub.A1, V.sub.A2, V.sub. A3 from the static inverter are shown in FIG.
      6, together with the resultant line voltages V.sub.AL1, V.sub.AL2,
      V.sub.AL3. Since the phase voltages are load dependent while the inverter
      is switched off, the voltages at these times are represented by blurred
      lines. It is apparent that the performance of this system using the
      tri-state mode of operation of the inverter compares well with that of the
      sophisticated system already described, while the switching speed of the
      inverter is significantly reduced.
PAR  In another suitable low switching rate inverter drive circuit for switching
      the inverter in the tri-state mode, the inputs to AND gates 17a, 17b, 17c
      remain unchanged but the inputs to AND gates 17d, 17e 17f are changed to
      V.sub.1 and V.sub.4, V.sub.2 and V.sub.4, V.sub.3 and V.sub.4
      respectively. In this case the resultant phase voltages from the static
      inverter are shown in FIG. 7 together with the resultant line voltages
      V.sub.AL1, V.sub.AL2, V.sub.AL3. Again, since the phase voltages are load
      dependent while the inverter is switched off, the voltages at these times
      are represented by blurred lines. Other means of switching the inverter in
      the tri-state mode are readily available but will not be detailed here.
PAR  In any system in which the difference of two frequencies f.sub.2 - f.sub.1
      is taken, the difference frequency is very sensitive to small changes in
      f.sub.2 and f.sub.1. This is especially so when f.sub.2 - f.sub.1 is small
      and f.sub.1 and f.sub.2 are large. In the speed control of AC motors by
      the waveform synthesisers of the second and third forms of waveform
      synthesiser, the difference frequency should be able to be specified at
      the input and varied continuously or in constant increments through a
      range of frequencies. It is essential that whatever the difference
      frequency set at the input, the difference frequency of the output
      waveform is identical to this at all times. When a stable difference
      frequency is required, a common method of achieving this is to use one
      stable master oscillator of frequency f.sub.o and to divide this down to
      the two frequencies f.sub.1 and f.sub.2 required using digital dividers.
PAR  When f.sub.o is a fixed frequency this method is satisfactory for the
      generation of the fixed clock frequency 6f.sub.1 but it is unsatisfactory
      for the generation of variable clock frequency 2f.sub.2, since the
      frequency needs to be set and varied in constant increments throughout the
      required frequency range. Varying the divisor in constant increments will
      not of course achieve this. Thus with the second and third forms of the
      waveform synthesiser, clock pulses of an accurate and stable pre-set
      frequency nf.sub.2 /m may be generated by dividing the output frequency
      f.sub.o of a stable high frequency master clock pulse oscillator by
      f.sub.2 /m in a digital divider of variable divisor f.sub.2 /m. The output
      pulses of repetition frequency mf.sub.o /f.sub. 2 are then fed into a
      digital up/reset counter enabled n times/second for 1/n seconds to output
      in parallel form the serial pulse rate. The count accumulated here is
      proportional to the period of f.sub.2 and is of value m/n f.sub.o /f.sub.
      2. This count is used as the variable divisor of a digital divider which
      divides the output frequency f.sub.o of the high frequency master clock
      oscillator. The output pulses of this divider are of the required clock
      pulse frequency
      ##EQU1##
      It should be noted that if n = f.sub.o /K.sub. 2 where K.sub.2 is the
      fixed divisor of a digital divider which divides f.sub.o to produce n,
      then the percentage drift of f.sub.2 is the percentage drift of f.sub.o.
PAR  Referring now to FIG. 8 (the lower half of the block diagram) and the
      waveform synthesisers described pulse frequency 6f.sub.1 is obtained by
      dividing the stable master dock frequency f.sub.o by a constant K.sub.1
      made equal to the expected value of f.sub.o /6 f.sub.1 so that again
      percentage errors in f.sub.1 = f.sub.o /6 K.sub.1 are the percentage
      errors in f.sub.o. The variable clock pulse frequency 2f.sub.2 is obtained
      as described. Since frequency f.sub.1 is fixed, the input f.sub.2 may be
      calibrated exactly as difference frequency
      ##EQU2##
      where m is any required scale factor. The input digital latch store 21
      accepts input frequency f.sub.2 /m and stores this as the variable divisor
      of the digital divider 23 which divides the output frequency f.sub.o of
      the master clock pulse oscillator 22. The clock pulse output of divider 23
      of frequency mf.sub.o /f.sub. 2 is fed to count up the digital up-reset
      counter 24. This counter is enabled f.sub.o /K.sub. 2 =  n times a second
      for 1/n seconds by the output of digital divider 25. Each accumulated
      count of the counter 24 of value mK.sub.2 /f.sub. 2 is fed to the digital
      latch store 26 which stores this number, proportional to the period of
      f.sub.2, as the variable divisor of digital divider 27. The output of this
      divider is f.sub.o f.sub.2 /mK.sub. 2 and if K.sub.2 = f.sub.o /2 m then
      the output clock pulses are of the required frequency 2 f.sub.2. Note that
      since the percentage error in both f.sub.1 and f.sub.2 are the same as the
      percentage error in f.sub.o and always in the same sense, the percentage
      error of f.sub.2 - f.sub.1 is simply the percentage error of f.sub.o,
      whatever the difference frequency.
PAR  As can be seen from the upper half of the block diagram of FIG. 8, the chop
      pulse y for a synthesiser as described may also be realised accurately by
      digital methods. Clock pulses of frequency f.sub.o /K.sub.c (where K.sub.c
      = K.sub.1 /N) from the fixed divider 29 are fed to a down/reset counter
      30. This counter is reset by clock pulses from the fixed divider 28 which
      are of period K.sub.1 /f.sub.o = 1/6f.sub.1. Thus in any sixth of a period
      1/6f.sub.1, f.sub.o /K.sub.c K.sub.1 /f.sub. o = N pulses count down the
      counter 30. During each reset period, a variable number K.sub.v which is
      stored in latch store 31, is read into the counter 30. Since this number
      K.sub.v is not greater K.sub.1 /K.sub.c = N, a pulse will be obtained from
      down counter 30 each sixth of a period 1/6f.sub.1 when counter 30 counts
      through zero. The reset pulse to the counter 30 also resets the NAND gate
      latch 32 so that y is level 1 and y is level 0. The output pulse from
      counter 30 which occurs when it counts through zero, sets the NAND gate
      latch again so that y is level 0 and y is level 1. Thus chop pulse y is
      accurately at level 1 for K.sub.v /N of a sixth of a period T.sub.1 and
      this occurs each T.sub.1 /6, where T.sub.1 = 1/f.sub.1. Input K.sub.v is
      from the input switches controlling beat frequency f.sub.2 - f.sub.1, so
      the chop y may be arbitrarily but accurately adjusted to any desired value
      at any beat frequency. This is necessary when the system is used to
      control the speed of an AC motor, since the chop may be accurately
      adjusted to obtain the desired amplitude/frequency relationship required
      for the motor characteristic.
PAR  When f.sub.o is a continuously variable frequency, then an alternative and
      much simpler realisation may be obtained in which two fixed digital
      dividers are used to generate frequencies f.sub.1 = f.sub.o /K.sub.1 and
      f.sub.2 = f.sub.o /K.sub.2 . The beat or difference frequency is then:
      ##EQU3##
      where the vertical lines imply "the magnitude of". The percentage error in
      f.sub.D is thus simply the percentage error in f.sub.o. When the master
      oscillator frequency f.sub.o is continuously variable over the range 0 -
      f.sub.o - f.sub.o MAX, the difference frequency will be continuously
      variable over the range 0 - f.sub.D - f.sub.o MAX
      ##EQU4##
PAR  Referring now to FIG. 9, the same circuit is used to generate the chopped
      three phase voltages V.sub.1, V.sub.2, V.sub.3 as is used in the systems
      previously described in FIGS. 1 and 3. Chopping pulse y of width variable
      as required from zero to 1/6f.sub.1 seconds, is used for the chop and the
      frequency of the clock pulse generator 10 is continuously variable between
      OHz and f.sub.o MAX. In this simple embodiment K.sub.1 = 6 and the divisor
      K.sub.2 is fixed at some appropriate value which permits suitable line
      voltage waveforms to be obtained from the inverter, while the inverter
      switching rate is kept within permitted limits. It should be appreciated
      that:
      ##EQU5##
      and thus if f.sub.D MAX = 50 Hz, K.sub.1 = 6, K.sub.2 = 8 then f.sub.o MAX
      = 1200 Hz. The waveforms obtained in this case are shown in FIG. 10.
PAR  b. For this simple realisation of the p.w.m. waveforms, while the
      difference frequency is directly proportional to the frequency of the
      clock pulse generator f.sub.o, so too is the switching sequency (the sum
      frequency). Unlike the other methods previously described, since K.sub.2
      can be varied the number of line voltage pulses per period can be kept
      independent of f.sub.o but dependent on the values of K.sub.1 and K.sub.2.
      If K.sub.1 remains constant the number of pulses per period at any given
      value of difference frequency f.sub.D, may be adjusted to an appropriate
      value by switching K.sub.2, provided that the clock pulse frequency
      f.sub.o is simultaneously switched to maintain the desired f.sub.D. The
      effect of switching in this manner is akin to mechanical gear changing and
      can be thus termed "electronic gear changing".
PAR  c. If need be, the motor being controlled may be reversed by extending the
      range of f.sub.D to include:
      ##EQU6##
      as 0 .ltoreq. f.sub.o .ltoreq. f.sub.o MAX , by switching f.sub.1 =
      f.sub.o /K.sub.1 to f.sub.1 = f.sub.o /K.sub.2 at the same time as f.sub.2
      = f.sub.o /K.sub.2 is switched to f.sub.2 = f.sub.o /K.sub.1 when
      frequency f.sub.o = 0 Hz. Alternatively for a three phase output, one pair
      of the three phase output voltages (preferably the low level logic output
      voltages) may be interchanged when f.sub.o = 0 Hz to achieve the same
      effect.
PAR  It should be understood that in this specification where a "phase" is
      referred to this includes the waveform of a synthesiser which has only one
      output (i.e. a single phase synthesiser) rather than a poly-phase output.
      Further, is should be understood that, while the preferred embodiments
      shop in the range of T/6 to T/3 and 2T/3 to 5T/6, chopping in other ranges
      of the base square wave period could be used.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for synthesising a waveform which upon integration will
      approximate a sinusoid having an amplitude proportional to frequency
      comprising: generating at least one base square wave having a selected
      frequency, generating a pulse waveform consisting of a fixed duration
      pulse occurring at least once each square wave half cycle, inverting said
      pulse waveform, enabling said inverted pulse waveform for a predetermined
      fraction of each square wave half cycle, and chopping said square wave
      with said enabled waveform.
NUM  2.
PAR  2. A method according to claim 1 wherein said enabling period is from T/6
      to T/3 and 2T/3 to 5T/6, where T is the square wave period.
NUM  3.
PAR  3. A method according to claim 2 wherein the leading edges of said fixed
      duration pulses are located at T/6 and 2T/3 and have a duration of T.sub.s
      /6, where T.sub.x is a selected minimum period of said square wave.
NUM  4.
PAR  4. A method according to claim 1 wherein a plurality of square waves are
      generated of equal fundamental frequency but differing in phase by equal
      angles to form a poly-phase system and the waveforms of each phase are
      combined to produce the desired waveform.
NUM  5.
PAR  5. A method according to claim 4 wherein three square waves are generated
      of equal fundamental frequency but differing in phase by equal angles to
      form a three-phase system and the waveforms of each phase are combined to
      produce the desired waveform.
NUM  6.
PAR  6. A method of generating variable frequency supply power for an AC motor
      in accordance with claim 5.
NUM  7.
PAR  7. A method for synthesising a waveform which upon integration will
      approximate a sinusoid of controllable amplitude comprising: generating at
      least one base square wave having a selected frequency, chopping each
      square wave once each half cycle with a chopping pulse having a width
      proportional to the desired amplitude of the sinusoid, generating a
      control square wave of different fundamental frequency,, and Walsh
      multiplying said control square wave with the or each chopped square wave
      to produce a chopped pulse width modulated waveform having a fundamental
      frequency equal to the difference of the fundamental frequencies of the
      control and base square waves.
NUM  8.
PAR  8. A method according to claim 7 wherein the width of the chopping pulse is
      a function of the difference of the fundamental frequencies of the control
      and base square waves.
NUM  9.
PAR  9. A method according to claim 7 wherein a plurality of square waves are
      generated of equal fundamental frequency but differing in phase by equal
      angles to form a poly-phase system and the waveforms of each phase are
      combined to produce the desired waveform.
NUM  10.
PAR  10. A method according to claim 9 wherein the three square waves are
      generated of equal fundamental frequency but differing in phase by equal
      angles to form a three-phase system and the waveforms of each phase are
      combined to produce the desired waveform.
NUM  11.
PAR  11. A method of generating variable frequency supply power for an AC motor
      in accordance with claim 10.
NUM  12.
PAR  12. A method according to claim 7 wherein the base and control square waves
      are derived from first and second pulse waves respectively which are
      produced by generating a pulse wave of frequency f.sub.0 which is
      continuously variable, dividing the pulse wave in a first dividing process
      by a factor K.sub.1 to produce said first pulse wave, dividing the pulse
      wave in a second dividing process by a factor K.sub.2 to produce said
      second pulse wave, the two pulse waves having a fundamental frequency
      difference equal to
      ##EQU7##
NUM  13.
PAR  13. A method according to claim 12 wherein K.sub.1 is fixed and K.sub.2 is
      varied in inverse proportion to f.sub.o such that the sum of the pulse
      wave frequencies is kept constant.
NUM  14.
PAR  14. A method according to claim 7 wherein the control and base square waves
      are derived from first and second pulse waves respectively which are
      produced by generating a fixed frequency pulse wave, dividing said pulse
      wave in a first dividing process by a fixed factor K.sub.1 to produce said
      first pulse wave, dividing the pulse wave in a second dividing process by
      a variable factor K.sub.2 to produce said second pulse wave, the second
      division process being performed by setting the first store with a number
      representing the desired difference frequency, dividing said pulse wave by
      a first divider with a divisor set by and equal to the number in the first
      store, counting the serial output of said first divider to convert this
      output to parallel form, setting a second store with the number
      accumulated in said counter in a pre-set time interval, and dividing said
      pulse wave by a second divider having a divisor set by and equal to the
      number in said second store.
NUM  15.
PAR  15. A method for synthesising a waveform which upon integration will
      approximate a sinusoid of controllable amplitude comprising: generating at
      least one base square wave having a selected frequency, chopping each
      square wave once each half cycle with a chopping pulse having a width
      proportional to the desired amplitude of the sinusoid, generatng a control
      square wave of different fundamental frequency, partially Walsh
      multiplying said control square wave with each chopped square wave to
      produce a chopped pulse width modulated waveform having a fundamental
      frequency equal to the difference of the fundamental frequencies of the
      control and base square waves, partially Walsh multiplying the
      complementary forms of said base square waves with the control square wave
      or the complementary form of the control square wave is partially Walsh
      multiplied with each base square wave, to produce dual waveforms with the
      levels of each waveform of a dual being the same for one state only at
      some time in the switching sequence, and converting these dual waveforms
      to single bi-directional tri-state waveforms.
NUM  16.
PAR  16. A method according to claim 15 wherein the width of the chopping pulse
      is a function of the difference of the fundamental frequencies of the
      control and base square waves.
NUM  17.
PAR  17. A method according to claim 15 wherein a plurality of square waves are
      generated of equal fundamental frequency but differing in phase by equal
      angles to form a poly-base system and the waveforms of each phase are
      combined to produce the desired waveform.
NUM  18.
PAR  18. A method according to claim 17 wherein three square waves are generated
      of equal fundamental frequency but differing in phase by equal angles to
      form a three-phase system and the waveforms of each phase are combined to
      produce the desired waveform.
NUM  19.
PAR  19. A method of generating variable frequency supply power for an AC motor
      in accordance with claim 18.
NUM  20.
PAR  20. A method according to claim 15 wherein the base and control square
      waves are derived from first and second pulse waves respectively which are
      produced by generating a pulse wave of frequency f.sub.o which is
      continuously variable dividing the pulse wave in a first dividing process
      by a factor K.sub.1 to produce said first pulse wave, dividing the pulse
      wave in a second dividing process by a factor K.sub.2 to produce said
      second pulse wave, the two pulse waves having a fundamental frequency
      difference equal to
      ##EQU8##
NUM  21.
PAR  21. A method according to claim 20 wherein K.sub.1 is fixed and K.sub.2 is
      varied in inverse proportion to f.sub.o such that the sum of the pulse
      wave frequencies is kept constant.
NUM  22.
PAR  22. A method according to claim 15 wherein the control and base square
      waves are derived from first and second pulse waves respectively which are
      produced by generating a fixed frequency pulse wave, dividing said pulse
      wave in a first dividing process by a fixed factor K.sub.1 to produce said
      first pulse wave, dividing the pulse wave in a second dividing process by
      a variable factor K.sub.2 to produce said second pulse wave, the second
      division process being performed by setting the first store with a number
      representing the desired difference frequency, dividing said pulse wave by
      a first divider with a divisor set by an equal to the number in the first
      store, counting the serial output of said first divider to convert this
      output to parallel form, setting a second store with the number
      accumulated in said counter in a pre-set time interval, and dividing said
      pulse wave by a second divider having a divisor set by and equal to the
      number in said second store.
NUM  23.
PAR  23. A waveform synthesiser for producing a waveform which upon integration
      will approximate a sinusoidal having an amplitude proportional to
      frequency comprising: a square wave generator producing at least one base
      square wave, a pule waveform producing a waveform consisting of a fixed
      duration occurring at least once each square wave half cycle, an inverter
      fed from said pulse waveform generator, logic circuitry associated with
      the square wave generator which enables the inverter output for a
      predetermined fraction of each square wave half cycle, and means for
      mixing or chopping each square wave with the output from said logic
      circuitry.
NUM  24.
PAR  24. A waveform synthesiser according to claim 23, wherein said logic
      circuitry enables the inverter output from T/6 to T/3 and 2T/3 to 5T/6,
      where T is the square wave period.
NUM  25.
PAR  25. A waveform synthesiser according to claim 24, wherein said pulse
      waveform generator produces pulses having leading edges at T/6 to 2T/3 and
      having a duration of T.sub.s /6, where T.sub.s is a selected minimum
      period of said square wave.
NUM  26.
PAR  26. A waveform synthesiser according to claim 23 wherein said square wave
      generator is a poly-phase generator.
NUM  27.
PAR  27. A waveform synthesiser according to claim 26 wherein said square wave
      generator is a three-phase generator.
NUM  28.
PAR  28. A waveform synthesiser according to claim 27 wherein said square wave
      generator comprises a clock pulse generator which triggers a three
      flip-flop twisted-ring counter and each phase is taken from the output of
      a flip-flop.
NUM  29.
PAR  29. A waveform synthesiser according to claim 27 wherein the line waveforms
      are selected as the waveforms to be integrated.
NUM  30.
PAR  30. A waveform synthesizer to claim 28 wherein said pulse waveform
      generator comprises a monostable multivibrator triggered by the output of
      said clock pulse generator.
NUM  31.
PAR  31. A waveform synthesiser according to claim 23 wherein said means for
      mixing are EXCLUSIVE-OR gates.
NUM  32.
PAR  32. A waveform synthesiser according to claim 27 wherein the synthesiser
      output stage is a high power static inverter.
NUM  33.
PAR  33. A variable frequency AC motor drive including the synthesiser according
      to claim 32 wherein the or each inverter output can be connected to the or
      each phase winding of an AC motor.
NUM  34.
PAR  34. A waveform synthesiser for producing a waveform which upon integration
      will approximate a sinusoid of controllable amplitude comprising: a square
      wave generator producing at least one base square wave, a variable width
      chopping pulse generator, producing a pulse the width which determines the
      amplitude of said sinusoid, logic circuitry associated with the square
      wave generator which sets the chopping pulse location relative to each
      half cycle of each square wave, means for mixing or gating each square
      wave with the chopping pulse, a second square wave generator producing a
      control square wave, and a Walsh multiplier means corresponding to each
      phase which is fed by the control square wave and the chopped square wave
      and provides as an output product the desired waveform in the form of a
      pulse width modulated waveform having a fundamental frequency equal to the
      difference of the fundamental frequencies of the control and base square
      waves.
NUM  35.
PAR  35. A waveform synthesiser according to claim 34 wherein the chopping pulse
      generator produces a pulse having a width which is determined by the
      difference of the fundamental frequencies of the control and base square
      waves.
NUM  36.
PAR  36. A waveform synthesiser according to claim 34 wherein the Walsh
      multiplier means is an EXCLUSIVE-OR gate.
NUM  37.
PAR  37. A waveform synthesiser according to claim 34 wherein said square wave
      generator is a poly-phase generator.
NUM  38.
PAR  38. A waveform synthesiser according to claim 37 wherein said square wave
      generator is a three-phase generator.
NUM  39.
PAR  39. A waveform synthesiser according to claim 38 wherein the line waveforms
      are selected as the waveforms to be integrated.
NUM  40.
PAR  40. A waveform synthesiser according to claim 38 wherein six chopping
      pulses are generated each base square wave period and the required two
      pulses per period for each phase are gated to said means for mixing by
      said logic circuitry.
NUM  41.
PAR  41. A waveform synthesiser according to claim 34 wherein said means for
      mixing are EXCLUSIVE-OR gates.
NUM  42.
PAR  42. A waveform synthesiser according to claim 38 wherein the synthesiser
      output stage is a high power static inverter.
NUM  43.
PAR  43. A variable frequency AC motor drive including the synthesiser according
      to claim 42 wherein the or each inverter output can be connected to the or
      each phase winding of an AC motor.
NUM  44.
PAR  44. A waveform synthesiser according to claim 34 wherein the control and
      base square wave generators include a common clock pulse generator which
      comprises: a master pulse oscillator having a continuously variable
      frequency, a fixed divider which divides down the pulses from the master
      oscillator by a factor K.sub.1 to produce as an output a first pulse wave
      which is fed to the base generator, a variable divider which divides down
      the pulses from the master oscillator by a factor K.sub.2 to produce as an
      output a second pulse wave which is fed to the control generator, the two
      pulse waves having a fundamental frequency difference equal to
      ##EQU9##
NUM  45.
PAR  45. A waveform synthesiser according to claim 44 wherein the divisor of the
      variable divider is ganged with the master oscillator frequency in a
      manner which ensures that the sum of the frequencies of the first and
      second pulse waves remains constant with variations in oscillator
      frequency.
NUM  46.
PAR  46. A waveform synthesiser according to claim 44 wherein the first and
      second pulse waves can be interchanged between outputs when f.sub.o = 0
      Hz.
NUM  47.
PAR  47. A waveform synthesiser according to claim 34 wherein the control and
      base square wave generators include a common clock pulse generator which
      comprises a fixed frequency master pulse oscillator, a fixed divider fed
      from the master pulse oscillator which produces the base generator clock
      pulses, a variable divider fed from the master pulse oscillator composed
      of: a first store which may be set to hold a number representing the
      desired difference between the base and control square wave frequencies, a
      first divider fed by the master oscillator with a divisor set by and equal
      to the number in the first store, a counter fed with the serial output of
      said first divider to convert said output to parallel form, a second store
      which is set to hold a number accumulated in said counter in a pre-set
      time interval, a second divider fed by the master oscillator having a
      divisor set by and equal to the number in said second store providing as
      an output the control generator clock pulses.
NUM  48.
PAR  48. A waveform synthesiser according to claim 47 wherein said counter is
      reset by pulses from the output of a fixed divider fed from said master
      oscillator, and said first and second dividers are down counters, the
      start count being determined by the number in the first and second stores
      respectively.
NUM  49.
PAR  49. A waveform synthesiser according to claim 47 wherein the chopping pulse
      generator comprises: a bi-stable set by the base square wave generator
      clock pulses, a store into which a number is set which represents the
      desired chopping pulse width, a down counter the count of which is set by
      said store once every base generator clock pulse, means for deriving
      pulses having a frequency which is a multiple of the base generator clock
      pulses, said counter being fed by these pulses and providing an output at
      zero count which resets the bi-stable, the chopping pulses being taken
      from the bi-stable output.
NUM  50.
PAR  50. A waveform synthesiser according to claim 49 wherein the number in said
      store is fixed with respect to the number set in said first store of the
      variable divider of the clock generator.
NUM  51.
PAR  51. A waveform synthesiser for producing a waveform which upon integration
      will approximate a sinusoid of controllable amplitude comprising: a square
      wave generator producing at least one base square wave, a variable width
      chopping pulse generator producing a pulse the width of which determines
      the amplitude of said sinusoid, logic circuitry associated with the square
      wave generator which sets the chopping pulse location relative to each
      half cycle of each square wave, means for mixing or gating each square
      wave with the chopping pulse, a second square wave generator producing a
      conrol square wave, inverting means corresponding to each phase, and two
      partial Walsh multiplier means corresponding to each phase, one of which
      is fed by the chopped square wave and the other of which is fed by its
      complement, both being fed by the control square wave, or alternatively
      one of which is fed by the control square wave and the other of which is
      fed by its complement with both being fed by the chopped square wave, and
      a tri-state static inverter output stage each phase of which is switched
      by the output from the corresponding two partial Walsh multiplier means.
NUM  52.
PAR  52. A waveform synthesiser according to claim 51 wherein said tri-state
      static inverter output stage includes two individually triggered switches
      connected in series between the positive and negative supplies, and
      feedback means across each switch, the output phase waveform being taken
      from the junction of said switches.
NUM  53.
PAR  53. A waveform synthesiser according to claim 52 wherein said switches are
      thyristors and the feedback means are diodes.
NUM  54.
PAR  54. A waveform synthesiser according to claim 51 wherein the partial Walsh
      multiplier is an AND gate.
NUM  55.
PAR  55. A waveform synthesiser according to claim 51 wherein the chopping pulse
      generator produces a pulse having a width which is determined by the
      square wave frequency.
NUM  56.
PAR  56. A waveform synthesiser according to claim 51 wherein said square wave
      generator is a poly-phase generator.
NUM  57.
PAR  57. A waveform synthesiser according to claim 56 wherein said square wave
      generator is a three-phase generator.
NUM  58.
PAR  58. A waveform synthesiser according to claim 57 wherein the line waveforms
      are selected as the waveforms to be integrated.
NUM  59.
PAR  59. A waveform synthesiser according to claim 57 wherein six chopping
      pulses are generated each base square wave period and the required two
      pulses per period for each phase are gated to said means for mixing by
      said logic circuitry.
NUM  60.
PAR  60. A waveform synthesiser according to claim 51 wherein said means for
      mixing are EXCLUSIVE-OR gates.
NUM  61.
PAR  61. A variable frequency AC motor drive including the synthesiser according
      to claim 51 wherein the or each inverter output can be connected to the or
      each phase winding of an AC motor.
NUM  62.
PAR  62. A waveform synthesiser according to claim 51 wherein the control and
      base square wave generators include a common clock pulse generator which
      comprises: a master pulse oscillator having a continuously variable
      frequency, a fixed divider which divides down the pulses from the master
      oscillator by a factor K.sub.1 to produce as an output a first pulse wave
      which is fed to the base generator, a variable divider which divides down
      the pulses from the master oscillator by a factor K.sub.2 to produce as an
      output a second pulse wave which is fed to the control generator, the two
      pulse waves having a fundamental frequency difference equal to
      ##EQU10##
NUM  63.
PAR  63. A waveform synthesiser according to claim 62 wherein the divisor of the
      variable divider is ganged with the master oscillator frequency in a
      manner which ensures that the sum of the frequencies of the first and
      second pulse waves remains constant with variations in oscillator
      frequency.
NUM  64.
PAR  64. A waveform synthesiser according to claim 62 wherein the first and
      second pulse waves can be interchanged between outputs when f.sub.o = 0
      Hz.
NUM  65.
PAR  65. A waveform synthesiser according to claim 51 wherein the control and
      base square wave generators include a common clock pulse generator which
      comprises a fixed frequency master pulse oscillator, a fixed divider fed
      from the master pulse oscillator which produces the base generator clock
      pulses, a variable divider fed from the master pulse oscillator composed
      of: a first store which may be set to hold a number representing the
      desired difference between the base and control square wave frequencies, a
      first divider fed by the master oscillator with a divisor set by and equal
      to the number in the first store, a counter fed with the serial output of
      said first divider to convert said output to parallel form, a second store
      which is set to hold a number accumulated in said counter in a pre-set
      time interval, a second divider fed by the master oscillator having a
      divisor set by and equal to the number in said second store providing as
      an output the control generator clock pulses.
NUM  66.
PAR  66. A waveform synthesiser according to claim 65 wherein said counter is
      reset by pulses from the output of a fixed divider fed from said master
      oscillator, and said first and second dividers are down counters, the
      start count being determined by the number in the first and second stores
      respectively.
NUM  67.
PAR  67. A waveform synthesiser according to claim 65 wherein the chopping pulse
      generator comprises: a bi-stable set by the base square wave generator
      clock pulses, a store into which a number is set which represents the
      desired chopping pulse width, a down counter the count of which is set by
      said store once every base generator clock pulse, means for deriving
      pulses having a frequency which is a multiple of the base generator clock
      pulses, said counter being fed by these pulses and providing an output at
      zero count which resets the bi-stable, the chopping pulses being taken
      from the bi-stable output.
NUM  68.
PAR  68. A waveform synthesiser according to claim 67 wherein the number in said
      store is fixed with respect to the number set in said first store of the
      variable divider of the clock pulse generator.
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ABST
PAL  A gate control for thyristor converters connected in opposition to
      reversibly drive a D.C. electric motor in which one of the thyristor
      converters operates as a rectifier and the other remains still when the
      motor runs forward, and vice versa. The gate control includes an
      operational amplifier to carry out current control for the converters and
      to generate an output therefrom which follows the motor armature voltage
      during the switchover between converters to prepare for reverse rotation
      of the motor. The other converter, which operates momentarily as an
      inverter to feed electric energy from the motor back to an A.C. electric
      voltage supply thereof to reduce the motor speed, is controlled to enable
      its inverter voltage to coincide substantially with the motor armature
      voltage so as not to cause excessive rushing current from the motor into
      the inverter at the instant of the switchover.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved static Ward Leonard system in which
      two sets of thyristor converters are connected in opposition to reversibly
      energize a D.C. electric motor.
PAR  2. Description of the Prior Art
PAR  A static Ward Leonard system has heretofore been employed to energize a
      D.C. electric motor for driving a blooming mill or a thick plate rolling
      mill which is driven both reversibly and frequently. There are two well
      known types of static Ward Leonard system, one is directed to a current
      circulation type and other to a non-current circulation type.
PAR  The former current circulation type includes two sets of thyristor
      converters connected in opposition so that a D.C. electric motor is driven
      by being energized from the one of the thyristor converters which operates
      as a rectifier to apply its output D.C. voltage to the motor while the
      other thyristor converter momentarily operates as an inverter for
      supplying a regenerative brake to the motor to prepare for reverse
      rotation of the motor. When a signal for reverse rotation of the motor is
      applied to a gate control which is provided commonly to both thyristor
      converters to control gate electrodes thereof, the former converter which
      has been operating as a rectifier is controlled by the gate control
      immediately to reduce its D.C. output current and finally to come to a
      halt. In this event, since the latter converter is retained as an
      inverter, electric energy from the motor is fed back immediately to an
      A.C. voltage supply of the latter therethrough to apply the regenerative
      brake to the motor. The motor is thus controlled to rapidly reduce its
      speed. After finishing that, the latter converter is transferred from
      inverter to rectifier, so that the motor is energized therefrom to start
      reverse rotation.
PAR  Although this system was satisfactory in that it has been capable of making
      the reversible running of the motor smooth, it was unsatisfactory in that
      one of the two thyristors is retained as an inverter during the time the
      motor is rotating by being energized from the other thyristor. As a
      result, there has unsatisfactorily occurred a cross-current flowing from
      the rectifier to the inverter accompanied by an undesired loss of electric
      power.
PAR  There was, therefore, a need to provide reactors in the anti-parallel
      connection circuit of converters to prevent or to reduce the cross-current
      effectively. However, the installation of such reactors has forced the
      static Ward Leonard system not only to be expensive but also to be large
      in size.
PAR  Because of the above, the aforesaid static Ward Leonard system of
      noncurrent circulation type has been developed. The system of this type
      provides two sets of thyristor converters connected in opposition without
      reactors for the prevention of any cross-current between rectifier and
      inverter.
PAR  In this case, one of the converters is used as a rectifier to apply a D.C.
      voltage therefrom to the motor to forwardly rotate it while the other
      converter remains still. As soon as a switchover order signal is applied
      to a gate control of the system, the gate control forces the electric
      control angle of lag of the former rectifier to be larger so that the
      rectifier output current is brought to zero immediately. After that, the
      other converter starts to operate momentarily as an inverter to absorb
      electric energy generated from the motor so that the motor speed is
      effectively reduced under a regenerative effect. As soon as the motor
      speed has reached zero, the other converter is transferred from inverter
      to rectifier to energize the motor therefrom to rotate it in reverse.
PAR  As described above, in accordance with this system, it is readily
      understood that the system can be manufactured not only to be inexpensive,
      but also to be smaller in size because of the lack of reactors for
      reducing cross-current.
PAR  However, in this system, it is very difficult to overcome the rushing
      current which runs from the motor into the converter that has just become
      an inverter. This results from the fact that the amplitude of inverter
      voltage does not coincide with that of the motor armature voltage so that
      the latter is considerably higher than the former when the switchover has
      been made between converters.
PAR  In accordance with the invention, the rushing current has been reduced by
      having the amplitude of the inverter voltage controlled by the gate
      control so as to be as equal as possible to the amplitude of the rectifier
      voltage at the instant of switchover between converters.
PAR  This has been achieved by a gate control which includes a memory device
      therein to memorize a motor speed controlling signal just before beginning
      switchover between two converters so that the gate control angle of lead
      for the converter which has just become the inverter is determined by the
      memorized controlling signal.
PAR  Although this has been somewhat satisfactory, the amplitude of rushing
      current flowing from motor to inverter has remained undesireably high in
      spite of the use of a gate control.
PAR  This was caused by a specific gate control angle of lead of the inverter
      just after the switchover. Although this will be described in detail
      hereinafter, an outline of this will be described here. If the gate
      control angle of lead of the inverter has been selected so as to be small
      enough to cause discontinuance of the inverter current when the switch
      over has just been carried out between converters, the inverter voltage
      will become insufficient in its amplitude as compared with that of the
      rectifier voltage of the motor armature before switchover. The rushing
      current will thus flow from the motor into the converter operating as an
      inverter which may destroy the thyristor elements therein.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a new, unique and
      improved static Ward Leonard system which consists of two sets of
      thyristor converters connected in opposition to reversibly energize a D.C.
      electric motor without the above defects.
PAR  Another object of the invention is to provide such a static Ward Leonard
      system capable of effectively reducing the amplitude of rushing current
      which runs into a converter that forms one component of the system and
      which functions as an inverter just after switchover from the other
      component which has functioned as a rectifier.
PAR  It is a further object of the invention to provide a static Ward Leonard
      system which consists of two sets of thyristor converters and includes a
      gate control which generates gate control signals to one of the converters
      which momentarily functions as an inverter following the motor armature
      voltage during the switchover from one state to another.
PAR  A still further object of the invention is to provide a static Ward Leonard
      system for reversibly energizing a D.C. electric motor which consists of
      two sets of thyristor converters connected in opposition without reactors
      for reducing cross current therebetween, and which is able to make the
      switchover between converters smoothly by minimizing the rushing current
      flowing from the motor to one of the converters which momentarily operates
      as an inverter during switchover.
PAR  Briefly, in accordance with one aspect of the invention in a gate control
      for two sets of thyristor converters connected in opposition for
      reversibly driving a D.C. electric motor in which one of said thyristor
      converters operates as a rectifier for energizing said motor to drive it
      forward and the other remains still when said motor runs forward, said
      gate control comprises means for generating gating pulses synchronized
      with frequencies of an A.C. voltage supply for said converters, a pair of
      gating circuits for applying the gating pulses from said gating pulse
      generating means to gate electrodes of said converters selectively, means
      for comparing the rotational speed signal from said motor with a speed
      reference voltage signal and for feeding the speed deviation voltage
      signal to said pulse generating means to phase shift the gating signals
      for enabling adjustment of output voltage from the one of said converters
      operating as a rectifier to thereby adjust the motor speed to coincide
      substantially with the reference speed indicated by said speed reference
      voltage signal, an operational amplifier having an integrating function
      and effecting current control of said converters by the deviation signal
      when converter current is compared with said deviation derived from said
      speed deviation feeding means for enabling the converter current to be
      substantially equal to the speed deviation, and means for cutting said
      operational amplifier off from said speed deviation feeding means and
      alternatively applying an electrical signal responsive to the motor speed
      and an output feedback signal of said operational amplifier to an input
      terminal of the operational amplifier during switchover from one state to
      another between said two sets of thyristor converters to prepare for
      reverse rotation of said motor whereby the phase control for said gating
      signals emanating from said gate control is controlled following said
      electrical signal responsive to the motor speed during the switchover
      between the thyristor converters.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention will be readily obtained as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings,
      in which:
PAR  FIGS. 1a and 1b are blocked connection diagrams of one embodiment of a gate
      control of thyristor converters for reversibly driving a D.C. electric
      motor in accordance with the invention;
PAR  FIG. 2 shows a logic circuit employed in the gate control of FIGS. 1a and
      1b;
PAR  FIGS. 3a to 3i show wave forms for illustration of the logic circuit
      disclosed in FIG. 2;
PAR  FIG. 4 shows a circuit diagram of a part of the gating pulse generator
      disclosed in FIG. 1b;
PAR  FIG. 5 shows a running mode of the electric motor which frequently effects
      the reversible rotation;
PAR  FIGS. 6a and 6b represent wave forms of a D.C. output voltage and current
      at a particular gate control angle of a three-phase full wave bridge
      connected to a thyristor converter;
PAR  FIG. 7 shows the running modes of thyristor converters disclosed in FIG.
      1b; and
PAR  FIG. 8 is a partial circuit diagram of another embodiment of the invention.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and particularly to FIGS. 1a and 1b thereof,
      there is shown a D.C. electric motor 10 with an armature 11 and an
      external excitation field winding 12. The electric motor is a motor which
      is suited for driving a blooming mill or a thick plate rolling mill, both
      reversibly and frequently. (not shown)
PAR  The external excitation field 12 is excited by a constant D.C. excitation
      current which is fed from an excitation rectifier 13 having either a
      three-phase or a single phase input connected to a three-phase voltage
      supply 14 of commercial frequency through a power transformer 15.
PAR  A static Ward Leonard system is shown by a reference numeral 20 in general
      and the same consists of two sets of thyristor converters 21 and 22 each
      having a three-phase or a single phase full wave bridge connected
      thyristors (not shown). Both A.C. inputs 21 and 22 are connected to a A.C.
      voltage supply 14 through a transformer 16 while the D.C. outputs of the
      same are connected in opposition for reversibly energizing motor armature
      11. Thus, if converter 21 operates as a rectifier while converter 22
      remains still, the motor armature 11 will be able to rotate forwardly. On
      the other hand, when alternative converter 22 operates as a rectifier
      while converter 21 remains still, motor armature 11 will be able to rotate
      in reverse.
PAR  As described hereinbelow, when it is intended to effect reverse rotation of
      motor 10, converter 21 will be controlled to terminate the rectifying
      operation thereof, while alternative converter 22 will be controlled to
      operate momentarily as an inverter for reducing the motor speed. After the
      motor speed has reached approximately zero, converter 22 will be forced to
      function as a rectifier to rotate the motor 10 in reverse.
PAR  In order to effect the above control, there is provided a gate control
      designated by a reference numeral 25 in general, which includes a gating
      pulse generator 25 which is energized from A.C. voltage supply 14 through
      an auxiliary transformer 27 and which is controlled by an electric signal
      as described below.
PAR  The circuit shown in FIG. 3 represents a connection which applies gating
      pulses to a thyristor connected only in phase R of three-phase lines R, S
      and T of A.C. voltage supply 14. The circuit has a transistor 30 connected
      between a positive terminal P and a common terminal, namely zero volts, of
      an auxiliary D.C. constant voltage supply (described below) through a
      resistor R.sub.1.
PAR  For effecting the phase shift control, an interphase voltage e.sub.S-R is
      applied to the base electrode of transistor 30 through a resistor R.sub.2
      while a D.C. voltage e.sub.C is also applied to the same through a
      resistor R.sub.3.
PAR  As will be understood clearly from above, the instance at which interphase
      voltage e.sub.S-R becomes positive, namely at the point of zero voltage
      level, can be varied in accordance with amplitude of the D.C. control
      voltage e.sub.C so that the voltage level at the collector electrode of
      transistor 30 can fall suddently to zero every time by being controlled by
      control voltage e.sub.C to cause a negative going pulse 32. Accordingly,
      it has become clear that gating signals obtained by shaping the negative
      going pulses which are applied to gate electrodes in thyristor elements
      mounted in converters 21 and 22 can be varied in their phases in
      accordance with their anode voltages in accordance with the amplitude
      variation of D.C. control signal e.sub.C.
PAR  Returning again to FIGS. 1a and 1b, particularly to FIG. 1a, there is
      provided auxiliary D.C. voltage supply lines which are illustrated by
      positive, negative and common P, N and "COMMON", for obtaining the speed
      reference voltage signals. The speed reference voltage signal can be
      obtained in accordance with a predetermined polarity and a desired
      amplitude from a potentiometer 33 connected to lines P, N and COMMON
      through a single-pole-double-throw switch 34 as shown.
PAR  For the convenience of illustration, the control signal polarities are
      shown in FIGS. 1a and 1b with respect to the forward running of motor 10.
      Switch 34 is closed leftward to obtain the speed reference of forward
      running from the potentiometer 33 so that a positive signal is applied to
      a summing point 35. On the other hand, a speed signal responsive to actual
      motor speed is also introduced to summing point 35 from a D.C. tachometer
      generator 35 which is directly coupled with the motor shaft.
PAR  The actual motor speed signal has a negative polarity during the forward
      rotation of armature 11. In this event, converter 21 operates as a
      rectifier for energizing the armature 11 with a current having a polarity
      for effecting forward running while the converter 22 remains still. It
      will accordingly be understood that the gating pulses generated from pulse
      generator 26 are conducted to converter 21 for causing rectifier operation
      thereof.
PAR  Since a D.C. motor which drives a reversible rolling mill generally has its
      capacities of the order of several thousand KW, its moment of inertia is
      large enough to almost effect the acceleration during the forward or
      reverse running of the motor.
PAR  Accordingly, the speed reference signal from potentiometer 33 will normally
      overcome the actual motor speed signal or speed feed back signal coming
      from tachometer generator 35 so that the deviation therebetween will have
      a positive polarity during the forward rotation of motor 10.
PAR  The speed deviation is coupled to an operational amplifier 39 to be
      operated therein to generate a signal with a negative polarity which is
      coupled to the pulse generator 26 to phase shift the output pulses
      thereof.
PAR  The polarities of signals on input and output terminals of operational
      amplifiers 39 have been illustrated above. The polarity of the input
      signal for pulse generator 25 should be positive whether converter 21 or
      converter 22 is in operation. The polarities on input and output terminals
      of operation amplifiers which will be described below are shown only by
      positive and negative symbols instead of by detailed illustrations.
PAR  The speed deviation signal from operational amplifier 39 which is for speed
      control for motor 10 is conducted to a second operational amplifier 40
      through either one of contacts 41 and 42. The contacts 41 and 42 have both
      been shown by a symbol of mechanical contact for convenience of
      illustration. However, they may be transistorized static switches which
      are switched by the operational order of the system. The details of
      switching them is not included herein as it is not necessary for an
      understanding of the operation of the present invention.
PAR  The contact 41 closes when converter 21 is in operation while the contact
      42 alternatively closes when converter 22 is in operation. The speed
      deviation signal from operational amplifier 39 is conducted through
      contact 31 to the second operational amplifier 40.
PAR  A summing point 43 is positioned between amplifier 39 and contact 41 in
      order to provide a current feedback signal with a positive polarity
      responsive to an A.C. current in the main A.C. circuit of converters 21
      and 22 during the time converter 21 is in operation. Similarly another
      summing point 44 is provided between amplifier 39 and contact 42 so as to
      provide another current feedback signal with a negative polarity
      responsive to an A.C. current in the main A.C. circuit of converters 21
      and 22 during the time converter 22 is in operation.
PAR  The current feedback signal can be obtained from a current transformer 45
      and is treated in a current detector as generally shown by reference
      numeral 46. The current detector 45 comprises a full wave rectifying unit
      47 with four diode elements having their electrodes connected to opposite
      terminals of a secondary winding of current transformer 45 and a resistor
      48 with a center tap connected to the aforesaid COMMON line. One of the
      terminals of resistor 48 provides a positive current signal which is
      conducted to summing point 43. The other terminal provides a negative
      current signal which is in turn connected to summing point 44 and a zero
      current signal P on which will be described below.
PAR  The operational amplifier 40 is of the conventional integrator type with a
      circuit connected in parallel therewith and having an integrating
      capacitor 50 and a feedback resistor 51 connected in series with capacitor
      50. A contact 52 is provided in parallel with capacitor 50 for resetting
      the integrator during the time converters 21 and 22 are both still.
PAR  The output from amplifier 40 is then introduced to a third operational
      amplifier 55 which is also of the type of integrator with a parallel
      circuit having an integrating capacitor 56 and a negative feedback
      resistor 57. The third amplifier 55 acts as a voltage controlling
      amplifier, the input of which is connected to a main D.C. circuit of
      converters 21 and 22 through conductor 58 serially included in a
      conventional D.C. voltage divider 59 with excellent characteristics of
      electric insulation.
PAR  The feedback voltage signal derived from the D.C. circuit of converters 21
      and 22 is applied to a summing point 60 together with the output from
      operational amplifier 40 so that the D.C. voltage deviation signal is
      coupled from the amplifier 55 to a fourth operational amplifier 61 so as
      to be conducted successively to a power amplifier 68 for amplifying the
      D.C. control signal.
PAR  From the above, it is apparent that the pulse generator 26 is controlled by
      the output of power amplifier 68 to generate the gating pulses which shift
      their phase in accordance with the amplitude of the D.C. control signal.
      The gating pulses are applied to the gate electrodes of the thyristor
      converter 21, during the forward running of the motor 10.
PAR  The pulse generator 26 generates the gate controlling signals in accordance
      with the resultant D.C. control signal caused by three minor feedback
      loops 69, 70 and 72, namely, speed, current and voltage loops. The
      converter 21 generates the D.C. voltage to enable the motor 10 to rotate
      forward with a properly controlled speed under the control provided by the
      resultant D.C. control signal.
PAR  The polarities of inputs and outputs on operational amplifiers have the
      symbols illustrated with respect to the forward rotation of motor 10. In
      the event of reverse rotation of motor 10, it is to be understood that the
      polarities of inputs and outputs of the operational amplifiers are
      reversed.
PAR  This is caused by the reverse or rightward throwing of the switch 34 so
      that the reference speed voltage will change its polarity. Also, as the
      motor 10 is reverse rotated, the polarity of the actual speed feedback
      signal which is fed back from the tachometer generator 36 will be
      reversed. Further, the selection of reverse rotation of the motor 10 will
      force the contact 41 to open and the contact 42 to close so that the
      second minor loop 70 will be altered by loop 71 to feed a negative current
      signal back from current detector 46 to the summing point 44 to be
      compared with the output of operational amplifier 39 which has been
      reversed.
PAR  In the above, if the polarity reversal of the output of operational
      amplifier 61 occurs, the input polarity of pulse generator 26 will be
      undesirably reversed. However, this is effectively avoided by providing a
      further operational amplifier 62 which operates between operational
      amplifiers 55 and 61 and acts as the polarity change amplifier during the
      reverse rotation of motor 10.
PAR  The input terminal of amplifier 62 is connected to the output of amplifier
      55 and the output terminal amplifier 62 is connected to a summing point 75
      provided between amplifiers 55 and 61 through a contact 76 which is of the
      transistorized static switch type and closes only during the reverse
      running of motor 10. The gain of the circuit including amplifier 62 is
      selected to be twice that of the circuit which includes amplifier 55 only.
      Accordingly, even if the output polarity of amplifier 55 has been in
      reverse upon the reverse rotation of motor 10, the polarity of the
      resultant output obtained from summing point 75 generates a positive
      output from operational amplifier 61.
PAR  The system of the present invention is provided with an exchanger device
      for feeding the gating pulses from pulse generator 26 selectively to
      either converter 21 or converter 22 whichever is in operation. The
      exchanger comprises two gating circuits 78 and 79, each having one input
      connected to the output of pulse generator 26. The gates 78 and 79 have
      another input terminal to which a gating signal is applied to open the
      gate. Absence of a gating signal causes the gate to close. The gates 78
      and 79 may be of the AND type.
PAR  When converter 21 is in operation and converter 22 is still, AND gate 78
      opens and AND gate 79 closes to feed the gating signals or pulses from
      pulse generator 26 only to converter 21 through a pulse amplifier 80.
      Similarly, when converter 21 is altered by converter 22, the gate 78
      closes and gate 79 opens to feed the gating pulses from pulse generator 26
      only to converter 22 through a pulse amplifier 81.
PAR  To cause the converters 80 and 81 to change from one to another, there is
      provided a logic circuit generally shown by a reference numeral 82. The
      logic circuit 82 has two inputs, one of which is connected to a negative
      terminal of current detector 46 to receive a signal P to detect zero
      current in the A.C. circuit for converters 21 and 22 and the other of
      which is connected to the output of the operational amplifier 39 to
      receive a state changing signal k of the motor 10 which responds to the
      motor operation from forward rotation to reverse and vice versa.
PAR  From the above, it can be understood that the logic circuit 82 detects both
      the running state signal k for the motor 10 and the signal P in response
      to the stoppage of the converters 21 and 22 and that the logical operation
      is carried out therein as described hereinbelow to change the state of
      output signals a, b, c, l, m and n sequentially.
PAR  The detailed description for the state change of output signals of logic
      circuit 82 will be made hereinafter by referring to FIG. 2 and FIGS. 3a to
      3h. However, there is illustrated the result of one change of state of
      outputs from the logic 82 in order to understand the organic combination
      among the elements disclosed in FIG. 1 and the respective functions
      thereof.
PAR  The logic circuit 82 has a further input 83 which receives an operation
      command signal from a master control board (not shown) for causing the
      logic circuit 82 to be placed into operation.
PAR  When the motor 10 is in its forward running position as stated above, the
      output signals a and m are in the state "1" and signals b, c, l and n are
      in the alternate state "0". If the switch 34 is thrown rightward to cause
      the reverse running of the motor 10, the signal k changes the state from 1
      to 0. However, any state change does not occur in the output signals of
      the logic circuit 82 at this time.
PAR  The speed reference signal voltage from potentiometer 33 reverses its
      polarity causing the generation of a speed feedback signal voltage through
      minor loop 60 to cause the phase of the gating pulses generated from pulse
      generator 26 to lag and to reduce the D.C. output voltage of the converter
      21.
PAR  As a result, the motor current for forward running will reduce until zero
      current is reached sometime thereafter. When the motor current has reached
      zero, the signal P coming from current detector 46 will correspond to zero
      current to change its state from 0 to 1. At this time, the logic 82
      changes the signal 1 from 0 to 1, and the signal a changes from 1 to 0.
      The state change of signal a opens contact 41 and the 1 of signal 1 is
      added to power amplifier 68 to override the control signal from the
      pre-stage amplifier 61. Accordingly, the D.C. control voltage e.sub.C from
      amplifier 68 will remain constant to fix the phase control angle of lag of
      gating pulses from pulse generator 25 at a maximum, i.e., an electric
      angle of 90.degree. for a three-phase full wave thyristor bridge
      rectifier.
PAR  It is additionally noted that the signals b and c remain 0 along with the
      signal a. The logic circuit 82 also generates the signals d and g which
      change from 0 to 1 to close contacts 91 and 92 under the condition of
      simultaneous 0 of all the signals a, b and c. The contact 91 is provided
      for sub-minor loop 93 and the contact 92 is provided for a further
      sub-reference loop 94.
PAR  The sub-minor loop 93 feeds the D.C. output voltage of converter 21 back to
      a summing point 97 while the sub-reference loop 94 feeds the output signal
      of the operational amplifier 62 back to the same point 97 so that the
      operational amplifier 40 which has been operating as a current controlling
      amplifier 40 which has been operating as a current controlling amplifier
      has had to input the deviation voltage signal responsive to the difference
      between the rectifier output voltage or motor armature voltage and the
      voltage control output from operational amplifier 62.
PAR  Even though the motor feeding current becomes zero, the motor 10 still runs
      forward. The motor armature 11 therefore generates a voltage with its
      polarity as shown.
PAR  The operational amplifier 40 is of an integration type and has an input
      terminal with a summing point 97 at which the voltage feed back signal
      from the output terminals of converter 22 or the motor armature terminals
      is confronted with the output of the operational amplifier 62 from
      sub-feed back loop 94.
PAR  It is to be understood that the output from operational amplifier 62 is
      influenced substantially by the output of the operational amplifier 40.
      The output of operational amplifier 62 which in turn is coupled to summing
      point 97 is similar to that of operational amplifier 40 and acts as a
      reference signal to the motor armature voltage from sub-minor loop 93.
PAR  In other words, the operational amplifier 40 generates an output signal
      voltage in accordance with the motor armature voltage which varies from
      hour to hour.
PAR  The output signal voltage of operational amplifier 40 is applied as a
      voltage reference to operational amplifier 55 which functions as a voltage
      amplifier as described above. If desired however, the amplifier 55 can
      operate to merely amplify the input from pre-stage amplifier 40 by cutting
      the minor loop or line 72 by a contact (not shown) which opens during the
      changing of running direction of the motor 10.
PAR  Thus, the output of amplifier 55 is amplified through operational amplifier
      62 to be fed back to the summing point 97 or input of operational
      amplifier 40 as a further feedback voltage signal. The output of amplifier
      55, the amplitude of which is varied to follow the motor armature voltage,
      is applied to the input of operational amplifier 61 and to power amplifier
      63 to control pulse generator 26.
PAR  The signal 1 from logic 81 overrides the above control signal from
      amplifier 55 at the input of power amplifier 68 so that pulse generator 26
      controls the converter 21 as a rectifier which functions under a gate
      controlling angle of 90.degree.. As a result, the output voltage of
      converter 21 is equal to 0.
PAR  Subsequently, the signal 1 from logic 82 changes from 1 to 0 so that the
      output from power amplifier 68 follows the control signal supplied by
      operational amplifiers 40 and 55.
PAR  At the same time, the signal n changes its state from 0 to 1 so that the
      AND gate 79 is opened to conduct the gating signal from pulse generator 25
      to power amplifier 81. Consequently, the converter 22 is enabled for
      operation.
PAR  It is however understood that the gate control angle remains a lag angle
      .alpha. of 90.degree. for converter 21 when converter 21 is operable as a
      rectifier. This angle .alpha. of lag 90.degree. also corresponds to a lead
      angle of 0.degree. for converter 22 where the latter is operable as an
      inverter.
PAR  As is well known, if the converter 22 operates as an inverter at a lead
      angle .gamma. of 0.degree., the converter 22 generates the maximum A.C.
      voltage which in turn functions as a back emf against the motor induced
      voltage. Accordingly, the regenerative current cannot flow from the motor
      10 through converter 22 to A.C. voltage supply 14 at the instant at which
      AND gate 79 is opened.
PAR  The operational amplifier 40 has a memory function by virtue of capacitor
      50 connected in parallel therewith so that if the motor speed is high, the
      gate control signal voltage e.sub.C will have an amplitude sufficient to
      hold the gate angle .gamma. of lead of the converter 22 near 0.degree.. In
      this way, effective regeneration will not occur to absorb the electric
      energy of the motor 10.
PAR  As the motor speed decreases under a mechanical load, the motor armature
      voltage decreases so that the output voltage of the operational amplifier
      decreases following the motor armature voltage. Thus, the gate control
      angle .gamma. of lead increases gradually. Subsequently, converter 22
      begins to function as an inverter.
PAR  It can thus be understood that the variation of the gate angle of lead of
      the converter 22 can occur following the variation of motor armature
      voltage. Accordingly, when the converter is in operation as an inverter,
      the gate control angle .gamma. of lead will have amplitude which does not
      follow the current which flows from motor armature 11 into converter 22.
      Consequently, there can be no damage to the thyristor elements mounted in
      converter 22.
PAR  When the inverter current flows through converter 22, the zero current
      signal P changes from 1 to 0 so that the logic signals b and c change
      their states from 0 to 1 and the logic signals d and g also change from 1
      to 0. In this way, the contacts 91 and 92 open and the contacts 42 and 76
      close so that the gate control 25 is ready for effecting the reverse
      running of the motor 10. However, so long as the forward rotation of the
      motor 10 continues, the speed feedback signal voltage remains negative and
      is added to the speed reference voltage from potentiometer 33 so that a
      speed deviational signal with a large amplitude and positive polarity is
      obtained at the output terminal of amplifier 39.
PAR  The speed deviation signal functions as a current reference which is
      coupled to summing point 44 with the current signal from current detector
      46 and has a negative polarity. Thus, the operational amplifier 40
      amplifies and outputs the current deviational signal with a negative
      polarity. The current deviational signal obtained from amplifier 40 acts
      as a voltage reference and is applied to the summing point 50 to be
      coupled with the feedback voltage from voltage feedback loop 58 from the
      output terminals of converter 22.
PAR  The voltage deviation signal obtained from amplifier 55 has a negative
      polarity and is directed to summing points 75 through a path which
      includes resistor 85 and through another path which includes operational
      amplifier 62, closed contact 76 and resistor 86.
PAR  When the reverse direction or reverse rotation of the motor 10 is ordered
      by the potentiometer 33, the polarity symbols as shown from the
      potentiometer 33 to the output of operational amplifier 55 are reversed.
PAR  However, as there is an added path which includes operational amplifier 62,
      contact 76, resistor 86 and has a gain which is twice that of the path
      which includes operational amplifier 55 and resistor 25, if the input or
      output signal voltage level of the operational amplifier 55 is assumed to
      be constant, the output signal voltage level of operational amplifier 62
      at the upper terminal of resistor 86 is twice that of the rightward
      terminal of resistor 85.
PAR  The polarity of the operational amplifier 62 is reversed so that the input
      voltage signal from the summing point 75 to the operational amplifier 67
      is the same as that when the operational amplifier is not in the circuit.
      The polarity of the input signal for the operational amplifier 61 is
      reversed to that of the output signal of operational amplifier 55.
      Consequently, the power amplifier 68 derives pulse generator 26 to effect
      the gate control for converter 22.
PAR  For clearly understanding the operation of the system in accordance with
      the invention, it is important to understand the property of the prior
      static Ward Leonard System which includes two thyristor converters
      connected in reverse parallel.
PAR  FIG. 5 shows the reversible running of the motor 10 for driving the
      reversible rolling mill. When the first direction, namely forward
      rotation, is selected for the motor 10, it will be accelerated along a
      curve 100 under the control of a converter which is a rectifier. If the
      motor speed becomes a speed at which the reverse rotation will be ordered,
      the converter gates will cut off the gate control signal to stop the
      rectifier operation of the converter. Another rectifier starts to be
      operated as an inverter, momentarily, so that the electric energy of the
      motor 10 is returned to A.C. voltage supply 14 through the inverter to
      brake the motor 10 by regenerative braking. Accordingly, the motor speed
      will be reduced along a curve 101 quickly and when the same has reached
      zero, the converter will change from inverter operation to operate as a
      rectifier to accelerate the motor 10 along a curve 102. In this way,
      reversible running of the motor 10 will be repeated as shown in curves of
      FIG. 5.
PAR  As is well known in the art, it is required that the motor which drives the
      rolling mill have the operational characteristic of quick response of its
      speed control. Accordingly, the motor is provided with an armature rotor
      with a relatively small diameter to reduce the moment of inertia thereof
      and is further provided with an armature winding having a relatively small
      inductance in order to achieve a quick response for the electric speed
      control system.
PAR  If the inductive component of the winding is small, the resistive component
      thereof will not be negligible so that the resistance of the armature
      winding will be large relative to the inductance thereof.
PAR  Referring to FIGS. 6a and b, there is shown the voltage wave forms during
      the rectifier operation of the three-phase full wave bridge connected
      converter in which the gate control angle is selected at an electrical
      angle of lag of 90.degree.. With the lag angle of 90.degree. the rectified
      voltage provides saw-tooth wave forms as shown above the zero line. If the
      load to the rectifier is completely inductive, negative parts of voltage
      equal to the positive parts will result.
PAR  In the event however that the resistive component is relatively high so
      that its effect cannot be neglected, the electric energy which is returned
      by the inductance becomes less than that above so that the negative parts
      will be reduced. As the result, the D.C. output current of the rectifier
      is likely to be cut off as shown in FIG. 6b at times corresponding to the
      space of FIG. 6a. This means that a positive D.C. output voltage appears
      across the output terminals of the rectifier even though the gate control
      angle of lag is fixed to the electric angle of 90.degree..
PAR  Referring to FIG. 7, there is shown the characteristics of the converter
      output voltages to the gate control angle for the converters. The crossing
      point of the X and Y axes shows the point of an electric angle of
      90.degree.. A curve 105 shows the output voltage obtained from converter
      21 by adjusting the gate control angle thereof. Similarly, a curve 106
      shows the output voltage obtained from the converter 22 by adjusting the
      gate control angle thereof.
PAR  Assume that the converter 21 is operating as a rectifier, and that the
      converter 22 is still, and further that the gate control angle .alpha. of
      converter 21 is advanced from 90.degree. to 0.degree., namely from the
      90.degree. position to the right. The output voltage of the converter 21
      will increase along the curve 105 if the load thereof is greatly
      inductive. Alternately, if the gate control angle .gamma. of lead is
      advanced from 90.degree. to 0.degree., namely from the 90.degree. position
      to the left, converter 21 will function as an inverter and increase the
      A.C. output voltage thereof along the curve 105.
PAR  However, if the load is heavily resistive as described above, the D.C. and
      A.C. output voltages of converter 21 will vary along the line 105' in
      accordance with the theory as described above.
PAR  It can be easily understood that the same phenomena will take place in the
      converter 22 so that the D.C. output voltage thereof will vary along the
      curve 106 from the 90.degree. position to the 0.degree., namely leftward,
      in accordance with the advancing of the gate control angle .alpha. of lag
      for converter 22. The A.C. output voltage will also vary along the curve
      106 from the 90.degree. position to the 0.degree., namely rightward, by
      advancing the gate control angle .gamma. of lead, if the load is heavily
      inductive.
PAR  However, if the load is heavily resistive as described above, the D.C. and
      A.C. output voltages of converter 22 will vary along the curve 106' which
      deviates from the curve 106. From the above, it will clearly be understood
      that both converters 21 and 22 operate usually along curves 105' and 106'
      because of the more resistive component of the armature winding of the
      motor 10.
PAR  Accordingly, if the switching from converter 21 to converter 22 when the
      converter 21 is effecting the rectifier operation and the converter 22 is
      still, and if the switching method described above is effected, the A.C.
      output voltage of converter 22 will be considerably less than the D.C.
      input voltage thereto to cause an excess rushing current which will flow
      into the converter 22 when the switch has been made from converter 21 to
      converter 22.
PAR  In other words, as the rightward parts of curves 105' and 106' are employed
      for the aforesaid switching, if the switching is made from converter 21 to
      inverter 22 when the D.C. output voltage of converter 21 shows Ed.sub.1,
      the gate control angle .gamma. of lead for converter 22 is selected at a
      point 107 so that the A.C. output voltage of converter 22 will be Ei.sub.1
      which is considerably less than the D.C. output voltage Ed.sub.1 of
      converter 21.
PAR  Accordingly, it can be understood that if the gate control angle for the
      converter 22 is at a point 108 when the A.C. output voltage Ei.sub.2 is
      substantially equal to Ed.sub.1, there will not occur any rushing current
      flowing into converter 22 when the switching has been made from converter
      21 to 22. It can also be understood that the above is an ideal switching
      condition to which the invention is directed.
PAR  Reference should now be made to FIGS. 2 and 3 together with FIGS. 1a and
      1b.
PAR  First, assume that the motor 10 is running forward or in a first direction
      by being energized from converter 21 which is operating as a rectifier.
      Accordingly, the current reference signal k is 1 as shown in FIG. 3a. At
      the same time the current zero signal P is 1 because of the existence of
      electric current flowing from A.C. voltage supply 14 to converter 21. The
      control order signal is further applied through conductor 83 to the logic
      82.
PAR  As shown in FIG. 2, the logic 82 comprises AND gates 111 to 117, flip flop
      circuits 121, 122 (referred to as FF hereinafter), NOT gates 118 to 120
      and 132, time delay circuits 127 to 129, an OR gate 125, a NAND gate 126,
      a high gain amplifier 131, a diode 133 and a Zener diode 135, respectively
      connected as shown. The left-hand three inputs of the logic 82
      respectively receive signals P, k and the control command from the control
      board (not shown), while the right-hand five outputs thereof generate
      signals l, m, n, d, g, a, b and c respectively as described above.
PAR  For the starting of the system, reference should be made to FIGS. 1a, 1b
      and 2 together with FIGS. 3a to 3l which show the switching of converters
      21 and 22 from one state to another. At the instant of starting, the
      forward running of the motor 10 is selected and the running command signal
      comes from the control board (not shown) through conductor 83 to AND gate
      117. The current remains zero in the ac main circuit for converters 21 and
      22, so that the signal 1 is generated at the output terminal of the high
      gain amplifier 131.
PAR  The forward running of the motor 10 having been selected, a negative signal
      from operational amplifier 39 to diode 133 is cut off so that NOT gate 132
      generates 1 at the output thereof. Accordingly, the two inputs of AND gate
      111 receive the signal 1 together while only one input of AND gate 112
      receives a 1 because of the existence of NOT gate 118. AND gate 111 then
      sets FF 121.
PAR  The logic element or relay logic 123 and 124 are composed of an IC
      manufactured and sold as TD-2001P by Tokyo Shibaura Electric Co., Ltd. in
      Japan, or as MC 661P by Motorola Inc., in USA, and it carries out its
      logic so that if at least one of the input signals to AND gate 116 or 117
      is not present, the relay logic 123 or 124 generates 1. When all of the
      input signals are present, the relay logic 123 or 124 generates 0.
PAR  In the event as described above, AND gate 116 has only two input signals 1
      from FF 121 and the control board while AND gate 117 receives only one
      input signal 1 from control board so that both relay logics 123 and 124
      generate 1 together. Either one of output signals from relay logics 123
      and 124 is coupled to the time delay 127 through OR gate 125, so that AND
      gate 115 receives two input signals 1 at the same time from the time delay
      127 and the high gain amplifier 131. Consequently AND gate 113 also
      receives two input signals 1 coming from FF 121 and AND gate 115 to set
      the FF 122.
PAR  When the FF 122 is set, the output signal 1 is applied to time delay 128 to
      generate signal m. In this way, if the signal m will generate or become 1,
      AND gate 116 receives the input signals 1 to generate 0 from relay logic
      123. Thus NOT gate 119 generates a signal 1 which is in turn conducted to
      close contact 41.
PAR  As soon as the signal m is 1, AND gate 78 of FIG. 1b opens to allow the
      gate controlling pulses coming from pulse generator 26 to be applied to
      the gate electrodes of thyristors mounted in the converter 21. As the
      output signal of relay logic 123 becomes 0, the NOT gate 119 generates the
      signal a of 1. On the other hand, relay logic 134 continues its output 1
      so that output signals b and c of NOT gate 120 cannot be 1. The signal a
      of 1 is conducted to close the contact 41 of FIG. 1a. In this way, the
      gate control circuit 25 of FIGS. 1a and 1b will be established to control
      the converter 21 which is now operated as a rectifier.
PAR  During the beginning of the start, as the motor speed which is fed back
      from tachometer generator 35 to summing point 35 is very small, the speed
      setting signal generated from potentiometer 33 functions to greatly
      advance the gate control angle of converter 21 and to thereby increase the
      D.C. output voltage of the converter 21 for acceleration of the motor 10.
      However, the current feedback signal from current detector 46 to summing
      point 43 through conductor or minor loop 70 and the voltage feedback
      signal from the D.C. circuit of converters 21 and 22 to summing point 60
      will respectively function to moderate the phase control of converter 21.
PAR  In this way, electric motor 10 is accelerated forward along the curve 100
      of FIG. 5. The input signals k and p and the output signals a, b, c, m, n,
      d, g and l of the logic 82 of FIG. 2 are shown in FIGS. 3a and 3i. The
      logical states of those signals before the switching from one converter 21
      to another can be clearly understood from the above description by
      referring more to the left-hand parts of FIGS. 3a to 3h then a time at
      which the current reference k, namely the output signal of operational
      amplifier 39, changes from 1 to 0.
PAR  Assume that the forward running of motor 10 is altered by the switch 34
      from the present position to the right. Of course, the switch 34 can be
      formed of the static type and its switching operation can be controlled by
      a command coming from a control board, a sequence or an industrial
      mini-computer which controls the positioning signal of the material body
      rolled in the rolling mill. Further potentiometer 33 may be driven by an
      electric stepping motor or an electric servo-motor for finely setting the
      speed.
PAR  As the switch 34 has been thrown rightward in FIG. 1a, the speed setting
      signal polarity becomes negative and is added to the speed feed back
      signal. The output signal from operational amplifier 39, which acts as the
      current reference for the second operational amplifier 40, changes its
      polarity from the negative to the positive and has a relatively large
      absolute amplitude. Consequently, the D.C. control voltage e.sub.C which
      is the output from power amplifier 68 will be relatively high so that the
      gate control angle of .alpha. for the converter or rectifier 32 will be
      squeezed rapidly to an electric angle of lag of 90.degree. so as to obtain
      a minimum output voltage from the rectifier.
PAR  When the switching command has been generated as mentioned above, the
      current reference k of FIG. 2 changes from 1 to 0 as shown in FIG. 3a. At
      the same time, the D.C. output current of converter 21 begins to decrease
      as shown in FIG. 3i and reaches zero as shown in FIG. 3a in which the
      expended time interval is shown as t.sub.1.
PAR  As soon as the current has reached zero, the current zero signal P changes
      from 0 to 1 as shown in FIG. 3b. This is achieved by the Zener diode 135
      and the high gain amplifier 131 as follows. During the time the current
      level exceeds the Zener voltage of diode 135, the voltage is substantially
      expended through the Zener diode 135. If the current level comes down to
      be zero, the Zener diode 135 does not perform its function. Accordingly,
      the output of high gain amplifier 131 will increase to saturation so that
      the current zero signal p changes from 0 to 1.
PAR  In this way, two inputs of AND gate 112 are 1 together to reset FF 121 so
      that one of the input signals from FF 121 to AND gate 116 changes from 1
      to 0 to generate 1 from relay logic 123. The 1 of relay logic 123 is
      applied to AND gate 115 through OR gate 125 and the time delay 127 so that
      two inputs of AND gate 115 are 1 together after the delay of time delay
      127. Thus, AND gate 114 receives two signals of 1 to reset FF 122 so that
      the signal m changes from 1 to 0 as shown in FIG. 3c sometime t.sub.2
      after the delay of the time delay 127. The reset signal of FF 122 is
      coupled to the time delay 129 to generate the signal n of 1 sometime
      t.sub.3 after the delay of the time delay 129 in FIG. 3d.
PAR  With respect to other parts of the logic 82, as soon as the current zero
      has occurred to reset FF 121, the output signal of relay logic 123 changes
      from 0 to 1 to change the output signal a of NOT gate 119 from 1 to 0 as
      shown in FIG. 3f.
PAR  The NAND gate has two inputs connected to the outputs of NOT gates 119 and
      120. The signals a, b and c are 0 now so that NOT gates 119 and 120
      generate signals d, g and l of 1 as shown in FIGS. 3e and 3h at the
      beginning of zero current. The 1 of signal 1 can override the D.C. control
      signal e.sub.c from the pre-stage operational amplifiers 40, 55 and 61 to
      fix the gate control angle .alpha. of lag for the converters 21 to
      90.degree..
PAR  In addition, the contacts 91 and 92 are closed by the 1 of signals d and g
      so that the motor armature voltage is fed back to the summing point 97
      through the sub-minor loop 93. Since the contact 41 has been opened, the
      operational amplifier 40 does not operate as a current type but, instead
      operates as a voltage type. As described above, the operational amplifier
      40 is of the integrating type with a capacitor 50 connected in parallel.
      The output signal voltage is amplified through amplifiers 55 and 62 and is
      returned to the summing point 97 through contact 92.
PAR  This means that the output voltage from operational amplifier 40 varies
      following the motor armature voltage so long as the contacts 41 and 42 are
      opened and the contacts 91 and 92 are closed alternately.
PAR  It will be understood that the operation of the amplifier 40 shows a lost
      motion because the logic signals b, c have not yet been generated.
      However, it is important to prepare the gate control angle for the
      converter 22 which will be an inverter shortly in accordance with the
      present motor armature voltage. This will reduce the rushing current
      flowing into the converter 22 from the converter 21 as discussed by
      referring to FIG. 7.
PAR  As described above, since the signal m changes from 1 to 0 under the
      control of time delay 115, the reset signal n of FF 122 will change from 0
      to 1 after some time t.sub.3 governed by the time delay 129. The 1 of
      signal n opens AND gate 79 and enables the gate control signals coming
      from pulse generator 25 to be applied to the alternate converter 22
      through power amplifier 81. However, the gate control angle .gamma. of
      lead is fixed to 0.degree. which corresponds to the angle .alpha. of lag
      of 90.degree. when the converter functions as a rectifier. The converter
      22 must function as an inverter for a period to enable the motor speed to
      be reduced by the regenerative brake.
PAR  As soon as the 1 of the signal n has occurred, the relay logic 124 changes
      its output state from 1 to 0 so that the output signals b and c of NOT
      gate 120 changes from 0 to 1. The NAND gate 126 changes its outputs d, g
      and l from 1 to 0 at the same time. Accordingly, contacts 42 and 76 close
      and at the same time the override signal 1 for power amplifier 68 is
      eliminated and contacts 91 and 92 are opened. However, the current zero
      exists for a while as shown in FIG. 3b. This logic sequence is shown in
      FIGS. 3a to 3i.
PAR  The operational amplifier 40 is returned again to a current operation and
      compares the alternate negative feedback current from current detector 46
      with the alternate positive current reference from operational amplifier
      39 at the summing point 44. Operational amplifier 40 generates a current
      deviational signal which in turn functions as a voltage reference for the
      operational amplifier 55.
PAR  The operational amplifier 55 compares the voltage feedback signal from the
      motor armature 11 with the voltage reference from the pre-stage amplifier
      40 and generates a voltage deviation signal.
PAR  The voltage deviation signal is passed through two paths, one of which
      includes resistor 85 and the other of which includes a high gain amplifier
      circuit consisting of an operational amplifier 62, a contact 76 and a
      resistor 86 which has a resistance of one half that of resistor 85. In
      this way, the output signals from resistors 85 and 86 are combined at the
      summing point 75. Thus, the input level for the operational amplfier 61 is
      equal to that of only the operational amplifier 55. The polarity of the
      input signal for the amplifier 61 can be the reverse of that of the
      operational amplifier 55.
PAR  In this way, all of the elements in FIGS. 1a and 1b are prepared for the
      reverse running of the motor 10. The input and output polarities of the
      operational amplifiers 39, 40, 55 and 61 are reversed to those shown in
      FIGS. 1a and 1b for the reverse running of the motor 10.
PAR  It can be easily understood that the motor 10 reduces its rotational speed
      gradually and mainly under the mechanical load of the rolling mill after
      the reverse rotational signal is generated from the potentiometer 33 by
      the movement of switch 34 rightward.
PAR  After the state changing of the logic signals n, l, b, c, d and g, namely
      during the switching operation of the gate control circuit 25, the gate
      control angle .gamma. of lead will remain at the current value of the
      motor armature voltage by the integrating function of operational
      amplifier 40.
PAR  After the instant of completion of the aforesaid switching operation of the
      gate control circuit 25, converter 22 begins its inverter operation so
      that the current begins to flow and increase gradually in the A.C. main
      circuit as shown in the right-hand of FIG. 3i. Consequently, the motor
      speed is reduced effectively by the regenerative brake circuit flowing
      from the motor 10 to the AC voltage supply 14 of FIG. 1b through the
      converter 22 which now functions as an inverter. The regenerative brake
      current and voltage are smoothly adjusted by the operational amplifiers 40
      and 55.
PAR  After that, the motor 10 comes to a halt and the converter functions as a
      rectifier which generates a D.C. variable voltage for energizing and
      driving the motor 10 in the second direction or reversely under the speed
      command signal from the potentiometer. This has not been described in
      detail because it is conventional to those skilled in the art.
PAR  The switching from reverse running to forward running is made as described
      above except that FF 121 and FF 122 are set by the 1 of the current
      reference signal K.
PAR  In accordance with the modification of FIG. 8, the rotational speed signal
      is conducted from the tachometer generator 36 of FIG. 1b to the summing
      point 97 of the operational point 97 of the operational amplifier 40
      through minor loop 69 and contact 191 which is closed by the 1 of the
      logic signal d. The voltage generated by the tachometer generator 36
      changes in proportion to the motor armature voltage as disclosed in FIGS.
      1a and 1b.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      U.S. is:
NUM  1.
PAR  1. A gate control for reversibly driving a D.C. electric motor comprising:
PA1  a first thyristor converter for operating as a rectifier for energizing the
      motor to drive it forward;
PA1  a second thyristor converter for remaining still during the time the motor
      runs in the forward direction;
PA1  means for energizing the motor from the first thyristor converter and then
      from the second thyristor converter;
PA1  means for connecting an A.C. voltage supply to the converters;
PA1  means for generating gating pulses synchronized with the frequencies of the
      A.C. voltage supply for the converters;
PA1  first and second gating circuits for selectively applying the gating pulses
      from the gating pulse generating means to gate electrodes of the
      converters;
PA1  means for comparing a voltage signal corresponding to the rotational speed
      signal of the motor with a speed reference voltage signal and for feeding
      a speed deviation voltage signal to the pulse generating means to phase
      shift the gating pulses to enable adjustment of the output voltage from
      the converter operating as a rectifier to adjust the motor speed to
      coincide substantially with the reference speed indicated by the speed
      reference voltage signal;
PA1  operational amplifier means having an integrating function for effecting
      current control of the converters in response to the deviation current
      signal by comparing the converter current with the deviation derived from
      the speed deviation feeding means to render the converter current
      substantially equal to the amplitude of the speed deviation; and
PA1  means for dinconnecting the operational amplifier means from the speed
      deviation feeding means and for alternately applying an electrical voltage
      signal responsive to the motor speed and a modified feedback signal from
      the output terminal of the operational amplifier to an input terminal of
      the operational amplifier during the time the converters are switched from
      one state to another to prepare for reverse rotation of the motor so that
      the phase adjustment of the gating pulses emanating from the gate control
      follows the electrical signal voltage responsive to the motor speed during
      the time the thyristor converters are switched from one state to another.
NUM  2.
PAR  2. A gate control according to claim 1 wherein the gating circuits for
      applying the gating pulses to the gate electrodes of the converters
      comprise a first AND gate for introducing the gating pulses to one of the
      converters and a second AND gate for introducing the gating pulses to the
      other of the converters without the first and second AND gates being
      simultaneously on.
NUM  3.
PAR  3. A gate control according to claim 1 wherein:
PA1  the operational amplifier means comprises an operational amplifier for
      controlling the current flowing between the converters;
PA1  the electric motor has an input terminal and a static switch connected in
      series therewith for feeding the armature voltage of the motor back to the
      input terminal of the operational amplifier, and
PA1  the static switch is closed only during the preparatory period of switching
      the converters from one state to another when a reversible running command
      is coupled to the motor.
NUM  4.
PAR  4. A gate control according to claim 1 wherein the operational amplifier
      disconnect means comprises logic means which responds to the switching
      command signal for switching the converters from one state to another for
      responding to the zero current signal from the main circuit of the
      converters and which responds to the running command signal from a master
      control means so that the logic circuit means enables the gate control to
      prepare for switching the converters from one state to another and enables
      the converter about to change from one state to another to prepare for the
      momentary inverter operation.
NUM  5.
PAR  5. A gate control means according to claim 4 wherein:
PA1  the logic means comprises first, second and third operational amplifiers
      connected in tandem and a fourth operational amplifier,
PA1  the first operation amplifier being for the speed control of the motor, the
      second operational amplifier being for the current control of the
      converters and the third operational amplifier being for the voltage
      control of the converters,
PA1  the logic means further comprises a power amplifier to amplify the
      resultant output signal obtained from the first, second and third
      operational amplifiers,
PA1  the output terminal of the third operational amplifier being connected to
      the input terminal of the power amplifier through a first resistor,
PA1  the fourth operational amplifier being connected between the output
      terminal of the third operational amplifier and a summing point located at
      the input terminal of the power amplifier through a normally open static
      switch and a second resistor connected in series therewith,
PA1  a first circuit comprising the third and fourth operational amplifiers, the
      static switch and the second resistor having a gain which is substantially
      twice that of a second circuit which comprises the third operational
      amplifier and the first resistor so that the first circuit switches the
      converters from one state to another by closing the static contact for
      reverse motor running.
NUM  6.
PAR  6. A gate control according to claim 5 wherein
PA1  the logic means comprises an output terminal for generating a signal to
      override the gate control signal generated by the pre-stage operational
      amplifiers, and
PA1  the override signal is applied to the power amplifier when preparation is
      made for the switching of the converters from one state to another in
      preparation for the reverse running the of motor.
NUM  7.
PAR  7. A gate control according to claim 4 wherein
PA1  the logic means further comprises output terminals which generate signals
      for switching the AND gates connected to corresponding converters, and
PA1  the signals are fed alternately and selectively to the AND gates in
      response to the switching of the converters from one state to another.
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PAL  A reversible control circuit for applying voltage pulses of opposite
      polarities to a load whereby the average current flowing in the load is a
      function of the maximum voltage at which the voltage pulses are applied
      and the duty cycle of the control circuit. The circuit may be utilized to
      control an electric motor field wherein the motor shunt field winding is
      connected across a four switch bridge circuit supplied from a direct
      current or rectified alternating current power source. Current flow in the
      field winding through a first pair of switches on opposite sides of the
      bridge can be reversed by opening the first pair of switches and closing
      the second pair of switches. If the switch pairs are alternately closed
      and opened in a rapid cyclic manner, the direction and magnitude of the
      current flow in the field winding can be controlled by varying the duty
      cycles of the switch pairs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to control circuits for supplying current to a load
      in general and more particularly to a reversible control circuit for a
      shunt field winding of a direct current electric motor.
PAR  2. Description of the Prior Art
PAR  Several systems for controlling the speed of a direct current electric
      motor have been disclosed in the prior art. Probably the most simple
      method of speed control is the use of an adjustable resistor in series
      with the armature circuit. The resistance is increased for starting or for
      short-time or intermittent slowdowns in its most common usage, but this
      control has the disadvantage of power loss in the resistor which decreases
      the system efficiency. A second type of speed control involves a constant
      armature voltage and a variable voltage applied to the field or an
      adjustable resistor in series with the field to achieve control over a
      speed range of approximately four or five to one. The maximum torque is
      limited by the permissible armature current and the maximum flux which, in
      turn, is limited by magnetic saturation or by heating of the field
      winding. This type of control has the disadvantage of slow response when
      the field current polarity is reversed to change the direction of rotation
      since larger horsepower motors generally have relatively large field time
      constants.
PAR  Another form of motor speed control involves the use of constant armature
      current and a variable field excitation. In addition to the disadvantage
      of the slow response time of the field, this type of control is less
      common than other controls since constant voltage sources are more readily
      available than constant current sources. Still another form of speed
      control is the constant field current and controlled armature voltage
      type. The armature may be supplied from a controlled rectifier voltage
      supply or a separately excited direct current generator which is commonly
      known as a Ward Leonard system. In another form of speed control, both the
      armature and the field supply voltages may be varied to control speed in
      response to a control circuit which defines a relationship between these
      two voltages as a function of the speed error signal.
PAR  In any of the types of speed control devices described above wherein the
      field is controlled, it is desirable to provide as efficient and as
      economical a control device as possible. Generally, where controlled
      rectifiers are utilized, the current flow is controlled by blocking a
      portion of each alternating current voltage cycle and rectifying the
      portion of the voltage cycle passed to provide an average direct current
      to the field winding. Therefore, more expensive circuit components having
      higher peak current ratings must be utilized than in a circuit where the
      polarity of a direct voltage is alternately reversed to provide the same
      average current at a lower input voltage level.
PAR  U.S. Pat. No. 3,421,065 issued to Lucio Stabile and entitled "Apparatus For
      Controlling The Speed Of Direct Current Electric Motors" discloses a motor
      control which provides a variable voltage to the armature and reverses the
      polarity of the field current in response to a speed error signal. The
      field is supplied with a relatively constant voltage of one polarity when
      the speed of the motor is equal to or less than a reference speed and the
      polarity is reversed to slow the motor if the speed of the motor becomes
      greater than the reference speed. However, this system has the
      disadvantage that the field current polarity reversal is only utilized for
      decreasing the motor speed while a more expensive armature controller is
      utlized to maintain the desired speed.
PAR  U.S. Pat. No. 3,593,077 issued to Richard C. Loshbough and entitled
      "Electrical Circuit For Pulse Fed Inductive Load" discloses a circuit for
      applying current pulses of opposite polarity to a shunt generator field in
      a Ward Leonard speed control system. This circuit applies portions of an
      alternating current wave form as current pulses of opposed polarity and
      controllable magnitude for each polarity to a capacitor across the field
      winding to obtain a net current. However, this control provides only a
      portion of each input voltage cycle to the capacitor so that there are
      discontinuities between the pulses and the capacitance must be large
      enough to store electrical energy to supply current to the field during
      those discontinuities. Furthermore, the magnitude of each current pulse in
      this type of control must e greater than the magnitude of more closely
      spaced current pulse of the same duration to achieve the same net current
      flow.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns a reversible control circuit for supplying
      an average current to a load through the application of voltage pulses of
      opposite polarities. The control circuit is particularly suited for
      utilization with the shunt field winding of a direct current electric
      motor for controlling the motor speed and the direction of rotation. As
      applied to the hoist motor of an elevator system, the motor armature may
      be supplied from a suitable power supply while the present invention
      supplies a variable voltage to the shunt field winding.
PAR  In its preferred embodiment, the control circuit includes a four switch
      bridge circuit supplied from a unidirectional voltage power supply. The
      shunt field winding is connected across the bridge outputs and current
      flows in the winding through a first pair of normally open switches on
      opposite sides of the bridge. This current flow can be reversed to change
      the direction of rotation of the motor by opening the first pair of
      switches and closing a second pair of normally open switches. If the
      switch pairs are alternately closed and opened in a rapid cyclic manner,
      the field will respond to an average current flow the direction and
      magnitude of which can be controlled by varyinig the duty cycles of the
      switch pairs. Since the input current is continuously passed to the field
      winding, without blocking a portion of it, the switching elements can be
      of smaller current capabilities and less expensive than the conventional
      variable voltage field controller because they are not required to switch
      the higher magnitude current pulses generated in a system having
      discontinuities between the current pulses for the same average field
      current.
PAR  It is an object of the present invention to provide an improved current
      controller for supplying an average current to a load.
PAR  It is another object of the present invention to provide an improved
      control circuit for the field current supplied to the shunt field winding
      of a direct current electric motor.
PAR  It is a further object of the present invention to provide a more efficient
      and more economical motor field current controller whereby a lower supply
      current is utilized to generate an average current which permits the use
      of circuit components having smaller peak current capabilities.
PAR  It is another object of the present invention to utilize field forcing to
      effectively decrease the field time constant of an electric motor.
PAR  It is still another object of the present invention to generate voltage
      pulses of opposite polarities whereby the magnitudes and duty cycles of
      the voltage pulses determine the direction and magnitude of the current
      flowing in a motor field winding.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of the present invention;
PAR  FIG. 2 is an ideal waveform representing the control signal output from the
      circuit of FIG. 1;
PAR  FIG. 3 is a functional block diagram of a motor speed control system
      including the present invention;
PAR  FIG. 4 is a more detailed block diagram of the motor speed control system
      of FIG. 3;
PAR  FIGS. 5, 6 and 7 are waveforms generated by the present invention as it
      responds to a change in the demand for output current;
PAR  FIG. 8 is a schematic diagram of the logic and switching controls according
      to the present invention as shown in block form in FIG. 4;
PAR  FIG. 9 is a schematic diagram of the direct current power supply, the
      bridge and the switches connected to the motor field winding according to
      the present invention as shown in block form in FIG. 4;
PAR  FIG. 10 is the ideal voltage waveform in the field winding as developed in
      the circuit of the illustrated embodiment of FIG. 8 of the present
      invention if the impedance of the winding were purely resistive; and
PAR  FIG. 11 is a functional block diagram of a motor speed control for a motor
      armature according to an alternate embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a functional block diagram of the
      present invention which generates a control signal Y on an output line 11
      in response to a command signal X on an input line 12. The command and
      control signals are of opposite polarities so that the control signal Y is
      subtracted from the command signal X at a summing point 13 to produce an
      error signal to an integrator 14. If the command and control signals are
      of equal magnitude the error signal will be zero and the control signal
      will be maintained at that average polarity and magnitude. If the command
      and control signals are not equal in magnitude, then the error signal will
      be of the correct polarity for changing the control signal until the error
      signal once again is zero.
PAR  The integrator 14 generates an average error signal which is combined with
      a feedback signal at a summing point 15 to produce an input signal to a
      comparator 16. The output from the comparator 16 is the feedback to the
      summing point 15 and also controls the switch 17 to connect alternately a
      pair of switch input signals Y.sub.1 and Y.sub.2, on a pair of input lines
      18 and 19 respectively, to the output line 11 to produce the control
      signal Y.
PAR  If the switch input signals Y.sub.1 and Y.sub.2 are voltages of opposite
      polarities, the control signal Y may be represented by the waveform shown
      in FIG. 2. Over a single cycle having a time interval t, the average value
      of the control signal Y will be equal to (Y.sub.1 t.sub.1 - Y.sub.2
      t.sub.2)/t where t.sub.1 and t.sub.2 are the durations of the switch input
      signals. Therefore, the average value of the control signal on the output
      line 11 will have a magnitude which is a function of the magnitude of the
      switch input signals Y.sub.1 and Y.sub.2 and their durations t.sub.1 and
      t.sub.2.
PAR  If .DELTA.Q represents the change in electrical charge over a change in
      time of one cycle .DELTA.t and the integrator 14 is driven toward a zero
      average current signal by the error signal input, then the change in
      charge .DELTA.Q.sub.1 during the time t.sub.1 must be equal the change in
      charge .DELTA.Q.sub.2 during the time t.sub.2. The current i required to
      produce the change in charge can be represented as a derivative so that
      ##EQU1##
      If the Y.sub.1 and Y.sub.2 switch input signals are voltage pulses and X
      is a voltage command signal, then the average value of the voltage command
      signal X may be written in terms of the average value of the voltage
      control signal Y. Since .DELTA.Q.sub.1 equals the change in charge q.sub.1
      due to the switch input signal Y.sub.1 during the time interval t.sub.1
      minus the change in charge q.sub.2 due to the command signal X during the
      time interval t.sub.1 and .DELTA.Q.sub.2 equals the change in charge
      q.sub.3 due to the switch input signal Y.sub.2 during the time interval
      t.sub.2 minus the change in charge q.sub.4 due to the command signal X
      during the time interval t.sub.2,
PA1  q.sub.1 - q.sub.2 =.DELTA.Q.sub.1 = .DELTA.Q.sub.2 = q.sub.3 - q.sub.4
PAL  and
PA1   .sub.t.sbsb.1 (Y.sub.1 - X)dt = .DELTA.Q.sub.1 = - .sub.t.sbsb.2 (-Y.sub.2
      - X)dt.
PAL  Therefore,
PA1   .sub.t.sbsb.1 Y.sub.1 dt 32  .DELTA.Q.sub.1 +  .sub.t.sbsb.1 X dt
PAL  and
PA1   .sub.t.sbsb.2 Y.sub.2 dt = .DELTA.Q.sub.1 -  .sub.t.sbsb.2 X dt
PAL  so that
PAL  Y = ( .sub.t.sbsb.1 Y.sub.1 dt -  .sub.t.sbsb.2 Y.sub.2 dt)/t =
      (.DELTA.Q.sub.1 =  .sub.t.sbsb.1 X dt - .DELTA.Q.sub.2 +  .sub.t.sbsb.2 X
      dt)/t =  .sub.t Xdt/t = X
PAL  and the average voltage command signal X will be equal to the average
      voltage control signal Y. Thus, to this point in the discussion, the
      present invention may be utilized to provide an average voltage to a load
      in response to a voltage command signal and will respond to changes in the
      voltage across the load or the command signal to stabilize at zero error
      between the command signal and the average voltage.
PAR  Referring to FIG. 3, there is shown a functional block diagram of a motor
      speed control system including the present invention. A shunt field direct
      current motor 21 has an armature 22 supplied with current from a suitable
      armature control 23. The armature control 23 converts alternating circuit
      from an armature power supply (not shown) to direct current in the motor
      armature. The motor speed is measured by a tachometer 24 connected to the
      motor output shaft. The tachometer 24 generates an actual speed signal
      which is subtracted from a speed command signal at a summing point 25 to
      produce a speed error signal. The speed command signal on an input line 26
      may be generated by any of a number of well-known signal pattern
      generators (not shown). A field current command generator circuit 27
      generates a field current command signal in response to the speed error
      signal and this field current command signal is the input to a field
      control circuit 28 according to the present invention.
PAR  The field control circuit 28 is responsive to the field current command
      signal and the field current as sensed with a current shunt 29 inserted in
      series with a shunt field winding 31 of the motor 21 to supply a field
      current similar to the waveform shown in FIG. 2. The shunt 29 generates a
      scaled field current signal which is proportional to the actual field
      current and comparable in magnitude to the field current command signal. A
      positive voltage input 32 and a negative voltage input 33 from a field
      power supply (not shown) are alternately connected to the shunt field
      winding 31 to produce the Y.sub.1 and Y.sub.2 voltage pulses. The
      direction of rotation of the motor 21 is controlled by the direction of
      flow of the current in the shunt field winding 31 and the motor speed is
      controlled by the magnitude of the current flow. Both the magnitude and
      the direction of the current flow are functions of the magnitudes and
      durations of the voltage pulses since Y = (Y.sub.1 t.sub.1 - Y.sub.2
      t.sub.2)/t.
PAR  Referring to FIG. 4, there is shown a more detailed functional block
      diagram of the motor speed control system of FIG. 3. The shunt field
      direct current motor 21 has the armature 22 supplied with current from a
      suitable armature control 23 which in turn is connected to a power supply
      (not shown). The motor speed is detected by the tachometer 24 and is
      subtracted from the speed command signal on the input line 26 at the
      summing point 25 to produce a speed error signal. The speed error signal
      generates a field current command signal from the field command generator
      27. The field current command signal and the scaled field current signal
      from the current shunt 29 are the inputs to the field control circuit 28
      which supplies current to the shunt field winding 31 of the motor 21. The
      field control circuit 28 is supplied with positive and negative voltage on
      the input lines 32 and 33 respectively from a field power supply (not
      shown).
PAR  The field control circuit 28 supplies a current waveform to the shunt field
      winding 31 having an average value proportional to the field current
      command signal provided by the field command generator 27. The scaled
      field current is subtracted from the field current command signal at a
      summing point 41 to provide a field current error signal. The field
      current error signal is inverted and integrated by an integrator 42 to
      provide an average field voltage error signal at a summing point 43. The
      switch control signal is subtracted from the average error signal to
      produce an input signal to an integrator 44. The switch control signal has
      a waveform similar to the waveform shown in FIG. 2 and therefore, the
      integrator 44 will generate a sawtooth waveform (skewed by the average
      error signal and switch control signal) which is added to the switch
      control signal at a summing point 45 to generate an input signal to a
      comparator 46. The switch control signal displaces alternate portions of
      sawtooth waveform above and below a zero reference and the positive and
      negative input signals produce a duty cycled square wavefrom from the
      comparator 46.
PAR  Referring to FIGS. 5, 6, and 7, there are shown the waveforms associated
      with the present invention. The waveforms of FIG. 5 are generated when the
      field current command signal of FIG. 5A and the scaled field current of
      FIG. 5B are both equal to zero to produce a zero field voltage error
      signal as shown in FIG. 5C. In order to provide a zero field current, the
      output of the comparator 46 must be comprised of equal intervals for the
      positive and negative polarity portions of the switch control signal of
      FIG. 5D so that t.sub.1 = t.sub.2 and the net current flow through the
      field windings will be zero if the magnitudes Y.sub.1 and Y.sub.2 of the
      voltage pulses are equal. The integrator 44 will generate a sawtooth
      waveform about the zero field voltage error signal as shown in FIG. 5E.
      The sawtooth waveform is displaced from the zero field voltage error
      signal reference point by the addition of the switch control signal to
      produce an input signal for the comparator 46 as shown in FIG. 5F. The
      positive polarity comparator input signals during the t.sub.1 time
      intervals will generate the positive polarity portions of the switch
      control signal waveform of FIG. 5D and the negative polarity comparator
      input signals during the t.sub.2 time intervals will generate the negative
      polarity portions of the switch control signal.
PAR  If a field current command signal is applied as shown in FIG. 6A, it will
      be added to the zero scaled field current signal of FIG. 6B and inverted
      to produce the field voltage error signal of FIG. 6C. The field voltage
      error signal is summed with the switch control signal of FIG. 6D and the
      combined signal is inverted and integrated to generate a sawtooth waveform
      which is skewed by the magnitude of the field voltage error signal as
      shown in FIG. 6E. The integrator output is summed with the switch control
      signal to displace the alternate portions of the switch control signal.
      However, the field voltage error signal has skewed the sawtooth waveform
      so that the zero reference crossing points have been shifted toward the
      transition point from the t.sub.1 to the t.sub.2 time intervals.
      Therefore, the comparator 46 will be switched from a negative polarity
      output to a positive polarity output earlier in the cycle to shorten the
      time interval t.sub.2 and lengthen the time interval t.sub.1 as shown in
      FIG. 7D to provide a net current flow through the field winding which will
      tend to force the field voltage error signal to zero.
PAR  When the scaled field current is equal to the field current command signal,
      the field voltage error signal will be constant as shown in FIGS. 7A, 7B
      and 7C. The switch control signal will be similar to the current pulses in
      the field winding so that a net current flows where t.sub.1 &gt; t.sub.2 as
      shown in FIG. 7D. The integrator output will produce a sawtooth waveform
      from the switch control signal as shown in FIG. 7E and the sawtooth will
      be displaced by the switch control signal to produce the comparator input
      signal of FIG. 7F. The comparator responds to the comparator input signal
      by generating the switch control signal of FIG. 7D to maintain the net
      current in the field winding. Any change in the field current command
      signal will cause the sawtooth to be modified to generate the proper
      square wave switch control signal which changes the field current and
      forces the field voltage error signal to zero.
PAR  The switch control signal is an input to a switch logic circuit 47. The
      logic circuit 47 responds to the switch control signal and a pulse train
      from a clock 48 to generate switching pulses to a pair of switch
      transformer drivers 49 and 51. The frequency of the clock pulse train is
      relatively high as compared with the frequency of the square wave switch
      control signal so that during the t.sub.1 and t.sub.2 time intervals, a
      plurality of switching pulses are generated by the drivers 49 and 51.
      Switch transformer driver 49 controls current flow in the field winding 31
      for a first direction of motor rotation and switch transformer 51 controls
      current flow for the opposite direction of motor rotation. If the drivers
      are responsive to the waveform shown in FIG. 7D as modified by the switch
      logic circuit 47, the plurality of pulses during the time interval t.sub.1
      will generate a corresponding plurality of pulses through a transformer 52
      to a pair of normally open switches, switch A and switch B, to connect the
      field winding 31 to the positive voltage input line 32 through a bridge
      53. Then the plurality of pulses during the time interval t.sub.2 will
      generate a corresponding plurality of pulses through a transformer 54 to a
      pair of normally open switches, switch C and switch D, to connect the
      field winding 31 to the negative voltage input line 33 through the bridge
      53. The bridge 53 is supplied with electrical power from a unipolar
      voltage power supply 55 connected to an alternating current field power
      supply (not shown) through a transformer 56.
PAR  In summary, the present invention, as applied to a direct current shunt
      field motor, supplies field current having an average value which is a
      function of the magnitude and duration of voltage pulses of opposite
      polarities. The actual speed of the motor 21 is subtracted from a speed
      command signal to obtain a speed error signal. The field command generator
      27 is responsive to the speed error signal to generate a field current
      command signal from which is subtracted the scaled field current to obtain
      a field current error signal. The field current error signal is integrated
      and summed with a switch control signal and is integrated by the
      integrator 44 to produce a sawtooth waveform. The sawtooth waveform is
      summed with the switch control signal at an input to the comparator 46
      which generates the switch control signal as a duty cycled square wave. A
      change in the speed command signal or the actual speed signal will produce
      an average field voltage error signal to skew the sawtooth and change the
      crossing points of the waveform to vary the t.sub.1 and t.sub.2 time
      intervals and change the average field voltage to drive the current error
      to zero. The square wave switch control signal is modified by the switch
      logic circuit 47 and clock 48 to apply a plurality of switching pulses to
      the switch transformer drivers 49 and 51 and the transformers 52 and 54.
      The normally open switches A, B, C and D respond to the plurality of
      switch pulses to connect the positive and negative unipolar voltage input
      lines 32 and 33 alternately to the field winding 31 through the bridge 53
      to supply an average current flow.
PAR  Referring to FIG. 8, there is shown a schematic diagram of the logic and
      switching controls of FIG. 4. The scaled field current and field current
      command signal are inputs on a pair of lines 61 and 62 to the summing
      point 41. The polarity of the command signal is the opposite of the
      polarity of the field current signal for the same direction of motor
      rotation so that the command signal is subtracted to generate a field
      current error signal at the inverting input 42-1 of the integrator 42. The
      scaled field current and field current command signals are connected to
      the summing point 41 through a pair of resistors 63 and 64. The integrator
      42 comprises an operational amplifier having an inverting input 42-1, a
      non-inverting input 42-2 and an output 42-3 and a capacitor feedback
      circuit including a pair of capacitors 65 and 66 in series between the
      input 42-1 and the output 42-3 and a resistor 67 in parallel with the
      capacitor 66. With the non-inverting input 42-2 connected to ground
      through a resistor 68, the integrator 42 will invert the field current
      error signal and generate an average field voltage error signal to the
      summing point 43 through a resistor 69.
PAR  The integrator 44 also comprises an operational amplifier having a
      non-inverting input 44-2 connected to ground through a resistor 71 and an
      inverting input 44-1 connected to an output 44-3 through a capacitor 72.
      The summing point 43 receives the switch control signal through a resistor
      73. The square wave switch control signal generates a sawtooth wavefrom
      from the integrator 44 wherein the sawtooth is symetrical about a zero
      reference level. This sawtooth waveform is then applied to the summing
      point 45 through a resistor 74. The switch control signal is also applied
      to the summing point 45 through a resistor 75 to displace the positive and
      negative-going portions of the sawtooth as shown in FIGS. 5F, 6F, and 7F.
      The displaced sawtooth waveform is applied to a non-inverting input 46-1
      of the comparator 46 which responds to the polarity of the voltage applied
      between the input 46-1 and an inverting input 46-2. The positive voltage
      on the input 46-1 during the positive-going portion of the displaced
      sawtooth will turn off the comparator output 46-3 so that a positive
      voltage from a positive power supply (not shown) on a line 76 is applied
      to the base of a NPN transistor 77 through a resistor 78. The positive
      voltage will turn on the transistor 77 to connect the positive voltage on
      the line 76 to a switch control signal line 79 to generate the positive
      polarity portion of the switch control signal during the time interval
      t.sub.1. The negative polarity portion of the displaced sawtooth waveform
      will turn on the comparator 46 to connect a negative voltage from a
      negative voltage source on a line 81 to the output 46-3. The negative
      voltage will turn off the transistor 77 but will be passed by a diode 82
      to the line 79 to generate the negative polarity portion of the switch
      control signal during the time interval t.sub.2.
PAR  The square wave switch control signal on the line 79 is applied to the
      inputs of an exclusive-OR gate 83 through a pair of resistors. In
      describing the circuit logic elements, a positive voltage or true logic
      signal will be represented as a "1" and a zero or negative voltage or
      false logic signal will be represented as a "0". If both of the inputs to
      the exclusive-OR gate 83 receive the same logic signal, a 0 output signal
      will be generated at an output 83-3. If the inputs receive different logic
      signals, a 1 output signal will be generated. During the time interval
      t.sub.1, both inputs 83-1 and 83-2 will be at 1 to generate a 0 at output
      83-3 to an input on each of four negative logic NOR gates 84, 85, 86 and
      87. Each of the NOR gates will generate a 0 if any input is at 1 and will
      generate a 1 if all inputs are at 0. Therefore, each of the NOR gates is
      enabled by the 0 from the exclusive-OR gate 83. The 1 is also present at a
      pair of inputs 88-2 and 89-2 of a pair of exclusive-OR gates 88 and 89
      respectively. The exclusive-OR gate 88 has an input 88-1 connected to a
      positive power supply to place a 1 at the input 88-1 and generate a 0 at
      the output 88-3 to enable the NOR gates 84 and 85.
PAR  The exclusive-OR gate 89 has an input 89-1 connected to ground to place a 0
      at the input 89-1 and generate a 1 at the output 89-3 to disable the NOR
      gates 86 and 87 which generate a 1 at the outputs 86-4 and 87-4. During
      the time interval t.sub.2, the negative polarity portion of the switch
      control signal will cause a current flow from ground through a pair of
      diodes 91 and 92 to effectively place a 0 at the inputs 83-1 and 83-2 of
      the exclusive-OR 83 which generates a 0 to enable the NOR gates 84 through
      87. The 0 at the input 88-2 will generate a 1 from the output 88-3 to the
      inputs 84-3 and 85-3 to disable the NOR gates 84 and 85 which generate a
      0. The "0" at the input 89-2 will enable the exclusive- OR 89 to generate
      a 0 from the output 89-3 to the inputs 86-3 and 87-3 to enable the NOR
      gates 86 and 87. Therefore, during the time interval t.sub.1 the NOR gates
      84 and 85 are enabled to generate switch pulses to the switch transformer
      driver 49 and during the time interval t.sub.2 the NOR gates 86 and 87 are
      enabled to generate switch pulses to the switch transformer driver 51.
PAR  When the switch control signal changes from positive to negative polarity
      during each cycle and from negative to positive polarity between each
      cycle, the capacitor 93 provides a time delay which disables the NOR gates
      84 to 87 for a predetermined time interval to prevent the turning on of
      all the switches A, B, C and D at the same time to short cut the bridge 53
      of FIG. 4. During the time interval t.sub.1, the capacitor 93 has charged
      up to a 1 on the input 83-2 and when the control signal goes negative
      after t.sub.1 to place a 0 on the input 83-1 the capacitor 93 will supply
      a 1 as it discharges to generate a 1 from the output 83-3 and disable the
      NOR gates 84 to 87 until the capacitor has discharged to place a 0 on the
      input 83-2. During the time interval t.sub.2, the capacitor 93 has been
      discharged to place a 0 on the input 83-2 and when the control signal goes
      positive after t.sub.2 to place a 1 on the input 83-1 the capacitor 93
      will supply a 0 as it discharges to generate a 1 from the output 83-3 and
      disable the NOR gates 84 to 87 until the capacitor has charged to place a
      1 on the input 83-2. If there is no output from the comparator 46, the
      input 83-1 will be at 0 and the input 83-2 will receive a 1 from a
      positive power supply through a resistor 94 to generate a 1 at the output
      83-3 and disable the NOR gates 84 to 87.
PAR  A train of alternating 0 and 1 pulses is received on an input line 95 from
      the clock 48 of FIG. 4. An exclusive- OR gate 96 has an input 96-2
      connected to ground to supply a 0 to generate a 0 at an output 96-3 when
      an input 96-1 is at 0 to enable the NOR gates 85 and 87 at a pair of
      inputs 85-2 and 87-2. When the input 96-1 is at 1, a 1 is generated to
      disable the NOR gates 85 and 87 which generate a 0. A NAND gate 97 has a
      pair of inputs 97-1 and 97-2 connected to the input line 95. When there is
      a 0 at either or both inputs the output is at 1 and when both inputs are
      at 1 the output is at 0. Therefore, when the line 95 is at 0, the NAND
      gate 97 produces a 1 to disable the NOR gates 84 and 86 and when the line
      95 is at 1, the NAND gate 97 produces a 0 to enable the NOR gates 85 and
      87. If the frequency of the clock pulse train on the line 95 is relatively
      high as compared with the frequency of the switch control signal on the
      line 79, during the time interval t.sub.1 the NOR gates 84 and 85 will
      generate pulse trains of the same frequency as the clock pulse train with
      the pulse train from the NOR gate 84 being the same as and the pulse train
      from the NOR gate 85 being the inversion of the clock pulse train. During
      the time interval t.sub.2, the NOR gate 85 and 87 will generate pulse
      trains of the same frequency as the clock pulse train with the pulse train
      from the NOR gate 86 being the same as and the pulse train from the NOR
      gate 87 being the inversion of the clock pulse train. These pulse trains
      are the switch pulses to the switch transformer drivers 49 and 51.
PAR  The switch transformer driver 49 responds to the switch pulses from the NOR
      gates 84 and 85 by alternating the current flow through the primary
      winding of the transformer 52. A 1 from an output 84-4 of the NOR gate 84
      will turn on a pair of transistors 98 and 99 to connect the primary
      winding of the transformer 52 between a positive voltage power supply
      +V.sub.A and negative voltage power supply -V.sub.A for current flow in a
      first direction. When the output of the NOR gate 84 changes from 1 to 0,
      the output of the NOR gate 85 changes from 0 to 1 to turn off the
      transistors 98 and 99 and turn on a pair of transistors 101 and 102. The
      transistors 101 and 102 connect the opposite ends of the primary winding
      of the transformer 52 between the positive voltage +V.sub.A and the
      negative voltage -V.sub.A for current flow in the opposite direction.
      Since the pulse trains from the NOR gates 84 and 85 are at a relatively
      high frequency, a train of pulses of alternating polarity will be
      generated which are utilized to control the switches A, B, C and D
      connected to the bridge 53 of FIG. 4.
PAR  The output 84-4 of the NOR gate 84 is connected to the bases of a pair of
      transistors, a NPN transistor 103 and a PNP transistor 104, having their
      emitters connected together. The emitters are connected to a voltage
      divider comprising a resistor 105 connected to a positive voltage power
      supply +V.sub.B and a resistor 106 connected to ground. The collector of
      the transistor 103 is connected to the base of the transistor 98 and to
      the positive voltage +V.sub.A through a resistor 107. When the transistor
      103 is turned off, the positive voltage +V.sub.A is applied to the base of
      the transistor 98 through the resistor 107 and directly to the emitter to
      turn off the PNP transistor 98. When the output 84-4 of the NOR gate 84 is
      at 1, a voltage is applied to the base of the transistor 103 through a
      resistor 108 to turn on the transistor 103 and apply the voltage across
      the resistor 106 to the base of the transistor 98. For example, if the
      voltage +V.sub.B is approximately positive 14 volts and the resistors 105
      and 106 are of equal value, the emitters of the transistors 103 and 104
      will be at approximately positive 7 volts. If the voltage +V.sub.A is
      approximately positive 24 volts and the 1 from the NOR gate 84 is
      approximately positive 14 volts, the transistor 98 will turn on and apply
      the voltage +V.sub.A to the one end of the primary winding of the
      transformer 52 connected to the collector of the transistor 98 through the
      current limiting resistor 109.
PAR  The 1 from the output 84-4 of the NOR gate 84 is also applied to the base
      of the PNP transistor 104 which has its collector connected to the
      negative voltage -V.sub.A which may be approximately negative 24 volts.
      Since the positive 14 volts from the output 84-4 is more positive than the
      positive 7 volts at the emitter of the PNP transistor 104 the transistor
      104 will be turned off. Therefore, the negative voltage -V.sub.A will be
      applied to the emitter of the NPN transistor 102 through a resistor 111
      and to the collector to turn off the transistor 102 so that current must
      flow from the positive voltage power supply +V.sub.A through the
      transistor 98 and the primary winding of the transformer 52.
PAR  When the output 84-4 of the NOR gate 84 is at 0, the base of the transistor
      103 will be at ground to turn off the transistor 103 and apply the
      positive voltage +V.sub.A to the base of the transistor 98 to turn off the
      transistor 98. Since the 0 at the base of the transistor 104 is more
      negative than the positive 7 volts applied to the emitter, the transistor
      104 will turn on to apply the positive 7 volts to the base of the
      transistor 102. The transistor 102 will turn on with the positive 7 volts
      on its base and the negative 24 volts on its emitter to connect the one
      end of the primiary winding of the transformer 52 to the negative 24 volts
      for current flow in the opposite direction.
PAR  The other end of the primary winding of the transformer 52 is connected to
      a similar transistor switching network which is responsive to the pulse
      train from the NOR gate 85. A pair of transistors, a NPN transistor 112
      and a PNP transistor 113, have their emitters connected to a voltage
      divider comprising a resistor 114 connected to the positive voltage
      +V.sub.B and a resistor 115 connected to ground. When the output 84-4 of
      the NOR gate 84 is at 1 to turn on the transistor 98, the output 85-4 of
      the NOR gate 85 is at 0 to turn on the transistor 113 and the NPN
      transistor 99 to connect the negative voltage -V.sub.A to the primary
      winding of the transformer 52. The 0 at the emitter of the transistor 112
      turns off the transistor 112 to apply the positive voltage +V.sub.A to the
      emitter of the transistor 101 through a resistor 116 to turn off the
      transistor 101.
PAR  When the output 84-4 of the NOR gate 84 is at 0 to turn on the transistor
      102, the output 85-4 of the NOR gate 85 is at 1 to turn on the transistor
      112 and the transistor 101 to connect the positive voltage +V.sub.A to the
      primary winding of the transistor 52 through a current limiting resistor
      117. The 1 at the emitter of the transistor 113 turns off the transistor
      113 to apply the positive voltage +V.sub.A to the emitter of the
      transistor 99 through a resistor 118 to turn of the transistor 99.
PAR  Therefore, the primary winding of the transformer 52 will be connected
      between the positive voltage +V.sub.A and the negative voltage -V.sub.A
      for a first direction of current flow by the transistors 98 and 99 and for
      the opposite direction of current flow by the transistors 101 and 102 to
      generate a train of pulses of alternating polarities to the switches A and
      B of FIG. 9 during the time interval t.sub.1. The switch transformer
      driver 51 is similar to the switch transformer driver 49 and responds to
      the pulse trains from the outputs 86-4 and 87-4 of the NOR gates 86 and 87
      to generate a train of pulses of alternating polarities in the transformer
      54 to the switches C and D of FIG. 9 during the time interval t.sub.2.
PAR  Referring to FIG. 9, there is shown a schematic diagram of the direct
      current power supply 55, the bridge 53 and the normally open switches A,
      B, C and D connected to the motor field winding 31 according to the
      present invention as shown in block form in FIG. 4. The transformer 56 is
      connected to an alternating voltage field current power supply (not shown)
      and supplies alternating current to the direct current power supply 55.
      The power supply 55 includes a diode bridge having four diodes 121, 122,
      123 and 124 which full wave rectify the alternating current and charge a
      capacitor 125. The capacitor 125 is connected between the positive voltage
      input line 32 and the negative voltage input line 33 to smooth the
      rectified alternating current to obtain relatively ripple free direct
      current which is supplied to the bridge 53.
PAR  The full-wave rectifying bridge 53 has four diodes 126, 127, 128 and 129.
      These diodes provide a path for current back to the supply so that no
      switch need conduct current in a reverse direction. Each of the diodes 126
      to 129 is connected in parallel with one of the switches A, B, C and D
      respectively. When the transformer 52 is passing pulses to the switches A
      and B during the time interval t.sub.1, the switches A and B will be
      turned on to apply unipolar voltage from the direct current power supply
      55 on the positive voltage input line 32, through the switch B, to the
      field winding 31 and the current shunt 29, through the switch A and back
      to the power supply on the negative voltage input line 33. When the
      transformer 54 is passing pulses to the switches C and D during the time
      interval t.sub.2, the switches C and D will be turned on to apply voltage
      from the direct current power supply 55 on the positive voltage input line
      32, through the switch D, to the current shunt 29 and the field winding
      31, through the switch C and back to the power supply 55 on the negative
      voltage input line 33. If the impedance of the field winding 31 were
      purely resistive, the field current waveform would appear as shown in FIG.
      10 having a cycle duration of t'. Each time the waveform changes
      polarities, the exclusive-OR gate 83 and the capacitor 93 provide a zero
      current interval so that the one pair of transistor switches is completely
      turned off before the other pair of transistor switches is turned on to
      prevent a short circuiting of the bridge 53. However, this zero current
      interval is small as compared with the time intervals of the positive
      polarity and negative polarity portions of the waveform so that the time
      intervals t.sub.1 ' and t.sub.2 ' are approximately equal to the time
      intervals t.sub.1 and t.sub.2 of FIG. 2.
PAR  However, the field winding 31 has a large inductive component which tends
      to sustain current flow in one direction. Therefore, the current flowing
      in the field winding 31 represents an average direct current having a
      magnitude determined by the average voltage applied during the cycle time
      and the impedance of the winding. There will also be a ripple current
      determined by the switching frequency of the transistor switches and the
      time constant of the field winding. The current shunt 29 will generate a
      voltage representing the field current on a line 131 which is the scaled
      field current signal to the summing point 41 of FIG. 4.
PAR  If the time interval t.sub.1 is greater than the time interval t.sub.2, the
      switches A and B will be turned on longer than the switches C and D to
      generate an average current flow from the junction of the diodes 127 and
      128, through the field winding 31 and the current shunt 29, to the
      junction of the diodes 126 and 129. Since the current in an inductor
      cannot be changed by a finite amount in zero time, when the switches A, B,
      C and D are turned off the current will continue to flow in the same
      direction but the path will include the diodes 128 and 129 so that current
      is flowing back into the capacitor 125 of the power source 55. When the
      switches C and D are turned on, the voltage from the power source 55 will
      be applied to the field winding 31 so as to tend to reduce the average
      current flow. When the switches A and B are turned on, the voltage from
      the power source 55 will be applied to tend to increase the average
      current flow. Therefore, the alternate switching of the switches A, B, C
      and D will generate a ripple current centered about the average current
      flowing in the field winding 31. If the time interval t.sub.2 is greater
      than the time interval t.sub.1, the switches C and D will be turned on
      longer than the switches A and B to generate an average current flow from
      the junction of the diodes 126 and 129, through the current shunt 29 and
      the field winding 31, to the junction of the diodes 127 and 128. When the
      switches are turned off, the current will continue to flow in the same
      direction but the path will include the diodes 126 and 127 so that current
      is flowing back into the capacitor 125 of the power source 55.
PAR  Switch B of FIG. 9 is representative of the switches A, B, C and D and
      shows the switch circuit for by-passinig the diode 127 of the bridge 53.
      During the time interval t.sub.1  the transformer 52 passes a train of
      pulses of alternating polarities to the switch B. A "positive" pulse will
      generate current flow from a secondary winding 132, through a diode 133,
      through a pair of resistors 134 and 135 and back to the secondary winding
      132. A "negative" pulse will generate current flow from a secondary
      winding 136, through a diode 137 and through the resistors 134 and 135 and
      back to the secondary winding 136. Therefore, the diodes 133 and 137
      function as a rectifier for the pulses from the switch transformer driver
      49 to provide a direct current switch signal to the base of a transistor
      138. The collector of the transistor 138 is connected to the collector of
      a transistor 139 and the emitter of the transistor 138 is connected to the
      base of the transistor 139 to form a Darlington configuration which has
      the advantage of high current amplification. Therefore, a relatively small
      base current supplied to the transistor 138 can control a relatively large
      field current passing through the pair of transistors 138 and 139.
      Typically, this field current may be of the order of five to ten amperes
      in an elevator hoist motor employing the present invention. The cathode of
      a diode 141 is connected to the collectors of the transistors 138 and 139
      to prevent reverse current flow through the transistors when they are
      turned off. Of course, the transistors 138 and 139 can be replaced by a
      single transistor where high current gain is not required.
PAR  Where the field current required is greater than the current carrying
      capacity of the transistors 138 and 139, the circuit of FIG. 9 may be
      modified to increase its current capacity. Each of the switches A, B, C
      and D can be paralleled by a similar switch which receives a train of
      pulses through the corresponding transformer, 52 or 54, to double the
      current which may be supplied to shunt field winding 31 as each parallel
      switch passes one half of the total current.
PAR  One disadvantage of field current flow reversing to obtain a reversal of
      the direction of rotation of a motor is that the field time constant, and
      therefore the time required to reverse the field, is larger than the
      armature time constant so that a field reversal control has a longer
      response time than an armature reversal control. However, the longer field
      time constant can be overcome by field forcing where two to three times
      the normal field voltage is applied to cause the field to aim for a much
      higher current level to decrease the time required to reach the normal
      operating current level. For example, the voltage V.sub.C across the
      capacitor 125 of FIG. 9 may be 200 volts so that the average voltage
      across the field winding 31 V.sub.f = (V.sub.C t.sub.1 ' - V.sub.C t.sub.2
      ')/t'. If 60 volts is required to produce a 5 to 10 ampere maximum field
      current and t' is approximately 1 millisecond, then t.sub.1 ' =  0.65
      millisecond and t.sub.2 ' = 0.35 millisecond at maximum field current. If
      the field current is to be reversed either t.sub.1 ' or t.sub.2 ' is
      increased to apply the full 200 volts in the correct direction to reverse
      the field current for the full time interval t' until the field current
      has built up to the level required to force the field current error signal
      to zero.
PAR  The present invention can also be utilized to provide reversible current to
      the armature of a direct current motor. For example, in FIG. 9 the field
      winding 31 could be the armature winding of the motor. Referring to FIG.
      11, there is shown a functional block diagram of an alternate embodiment
      of the present invention for controlling the armature of a direct current
      motor. A shunt field direct current motor 151 has a field 152 which can be
      a field winding supplied from a power source (not shown) or a permanent
      magnet. The motor 151 also has an armature which is supplied with current
      from a direct current supply 154 through a bridge 155 similar to the
      bridge 53 of FIGS. 4 and 9.
PAR  The speed of the motor 151 is controlled by the application of a speed
      command signal on an input line 156 which may be generated by any of a
      number of well-known signal pattern generators (not shown). An IR
      compensation circuit 157 generates a signal which represents the IR drop
      in the motor armature 153. The speed command signal and the IR
      compensation signal are added together at a summing point 158 to generate
      a compensated speed command signal. A current limit circuit 159 generates
      a signal which limits the compensated speed command signal to a value such
      that armature current limits are not exceeded. Typically, this signal is
      utilized where safety regulations limit the maximum value of motor torque,
      for example, during the closing cycle of an elevator door operator motor.
      The current limit signal is subtracted from the compensated speed command
      signal at a summing point 161 to obtain a motor voltage command signal.
PAR  The motor voltage from the armature 153 is present on a line 162 and is
      subtracted from the motor voltage command signal at a summing point 163 to
      obtain a motor voltage error signal as an input to an integrator 164. The
      output from the integrator 164 is added to a switch control signal at a
      summing point 165 to generate an input to a comparator 166 which in turn
      generates the switch control signal. The integrator 164 and the comparator
      166 are similar to the integrator 44 and the comparator 46 of FIGS. 4 and
      8. The switch control signal is an input to the switch logic and switches
      167 to alternately turn on switch pairs connected to opposite sides of the
      bridge 155 to apply voltage pulses of opposite polarity to the motor
      armature 153. The voltage pulses of opposite polarity will generate an
      average motor voltage which determines the speed of the motor 151. A choke
      168 is connected in series between the motor armature 153 and the bridge
      155 to increase the inductance and the time constant presented to the
      voltage pulses where the ripple current must be reduced. The ripple
      current may also be reduced by increasing the frequency of application of
      the voltage pulses.
PAR  In summary, the present invention supplies an average current to a load by
      applying alternating voltage pulses of opposite polarities derived from a
      unipolar voltage power source whereby the average current is a function of
      the magnitude of the voltage pulses and their durations. A command signal
      is subtracted from the control signal generated in response to the command
      signal to produce an error signal. The control signal is a duty cycled
      square wave having positive polarity and negative polarity portions which
      are superimposed on the subtracted direct current command signal to
      generate the error signal. The square wave error signal is integrated to
      produce a skewed sawtooth waveform which is added to the control signal to
      displace the positive-going and negative-going sawtooth portions. A
      comparator is responsive to the skewed sawtooth waveform to generate the
      squarewave control signal wherein the time intervals t.sub.1 and t.sub.2
      of FIG. 2 are defined by the extreme points of the skewed sawtooth
      waveform. As utilized in a direct current shunt field motor control
      system, the actual motor speed is subtracted from the speed command signal
      to generate a speed error signal. The speed error signal is utilized to
      generate a field current command signal from which is subtracted the
      scaled field current to produce a field current error signal. The field
      current command signal is the input to and the scaled field current is the
      output from the present invention which controls the motor shunt field
      winding.
PAR  In view of the above, it may be seen that a number of modifications may be
      made to the system of the present invention as to individual components
      and their combinations without departing from its spirit and scope.
      Accordingly, it is to be appreciated that the detailed example set forth
      above is for illustrative purposes and is not to be read in a limiting
      sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for controlling current flow in a load, comprising:
PA1  a power source for supplying unipolar voltage;
PA1  switching means for selectively connecting said power source across said
      load for applying the voltage with a first polarity during a first time
      interval and for applying the voltage with a second polarity opposite said
      first polarity during a second time interval; and
PA1  control means for defining said first and second time intervals including:
PA1  means responsive to the current flowing in said load for generating an
      average voltage error signal;
PA1  means for generating a switch control signal in response to said average
      voltage error signal and said switch control signal for controlling said
      switching means.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein said power source includes a
      source of alternating current power; voltage rectifying means; a
      transformer means connecting said source of alternating current power to
      the input of said rectifying means; and a current storage means connected
      to the output of said rectifying means for supplying unipolar voltage
      power.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein said switching means includes
      a first normally open switch connected between said load and said unipolar
      voltage power source and responsive to said control means for defining
      said first time interval for connecting said unipolar voltage power source
      to said load for applying the voltage with said first polarity during said
      first time interval.
NUM  4.
PAR  4. An apparatus as defined in claim 3 wherein said switching means includes
      a second normally open switch connected between said load and said
      unipolar voltage power source and responsive to said control means for
      defining said second time interval for connecting said unipolar voltage
      power source to said load for applying the voltage with said second
      polarity during said second time interval.
NUM  5.
PAR  5. An apparatus as defined in claim 1 wherein said means for generating an
      average voltage error signal includes a source of a current command
      signal; means for generating a scaled current signal representing the
      current flowing in said load; means responsive to said current command
      signal and said scaled current signal for generating a current error
      signal; and a first integrating means responsive to said current error
      signal for generating an average voltage error signal.
NUM  6.
PAR  6. An apparatus as defined in claim 5 wherein said means for generating
      said switch control signal includes means for generating a square wave
      waveform of a first polarity during said first time interval and means for
      generating a square wave waveform of a second polarity opposite said first
      polarity during said second time interval for said switch control signal.
NUM  7.
PAR  7. An apparatus as defined in claim 6 wherein said means for generating
      said switch control signal includes a second integrating means responsive
      to said average voltage error signal and said square wave switch control
      signal for generating a sawtooth waveform skewed by said average voltage
      error signal.
NUM  8.
PAR  8. An apparatus as defined in claim 7 wherein said means for generating a
      square wave waveform is a comparator responsive to said sawtooth waveform
      and said switch control signal.
NUM  9.
PAR  9. An apparatus for controlling current flow in a load, comprising:
PA1  a power source for supplying unipolar voltage;
PA1  switching means for selectively connecting said power source across said
      load for applying the voltage with a first polarity during a first time
      interval and for applying the voltage with a second polarity opposite said
      first polarity during a second time interval, said switching means
      including a first pair of normally open switches connected to the opposite
      ends of said load and responsive to a switch control signal of a first
      polarity for connecting said power source to said load for applying the
      voltage with said first polarity during said first time interval and said
      switching means including means responsive to said switch control signal
      for generating a first pulse train of alternating polarities during said
      first time interval and transformer means connected between said means for
      generating said first pulse train and said first pair of normally open
      switches; and
PA1  control means for generating said switch control signal having a first
      polarity of a duration defining said first time interval and a second
      polarity opposite said first polarity of a duration defining said second
      time interval.
NUM  10.
PAR  10. An apparatus as defined in claim 9 wherein said switching means
      includes rectifying means connected between said power source and said
      load for blocking current flow in said load.
NUM  11.
PAR  11. An apparatus as defined in claim 10 wherein said rectifying means is a
      full-wave rectifying diode bridge.
NUM  12.
PAR  12. An apparatus as defined in claim 9 wherein said switching means
      includes a second pair of normally open switches connected to the opposite
      ends of said load and responsive to said switch control signal of a second
      polarity for connecting said power source to said load for applying the
      voltage with said second polarity during said second time interval and
      wherein said switching means includes means responsive to said switch
      control signal for generating a second pulse train of alternating
      polarities during said second time interval and said transformer means is
      connected between said means for generating said second pulse train and
      said second pair of normally open switches.
NUM  13.
PAR  13. An apparatus as defined in claim 12 wherein at least one of said
      normally open switches includes a transistor.
NUM  14.
PAR  14. An apparatus as defined in claim 12 wherein at least one of said
      normally open switches includes a pair of transistors connected in a
      Darlington configuration.
NUM  15.
PAR  15. An apparatus as defined in claim 10 wherein said first pair of normally
      open switches are connected in parallel with said rectifying means and
      connected to the opposite ends of said load and wherein said switching
      means includes a second pair of normally open switches connected in
      parallel with said rectifying means and connected to the opposite ends of
      said load, said second pair of switches being responsive to said switch
      control signal of a second polarity for connecting said power source to
      said load for applying the voltage with said second polarity during said
      second time interval.
NUM  16.
PAR  16. An apparatus as defined in claim 15 wherein said switches are
      unidirectional and are of a polarity opposite the polarity of said
      rectifying means.
NUM  17.
PAR  17. An apparatus as defined in claim 12 wherein said means for generating
      said first and second pulse trains includes clock means for defining the
      period of the pulses of said pulse trains.
NUM  18.
PAR  18. An apparatus as deined in claim 17 wherein the period of the pulses of
      said first and second pulse trains is relatively short as compared with
      the durations of said first and second time intervals.
NUM  19.
PAR  19. An apparatus as defined in claim 12 wherein said switching means
      includes time delay means for defining a third time interval during which
      all of said switches are normally open during the transition between said
      first and second time intervals and the transition between said second and
      first time intervals.
NUM  20.
PAR  20. An apparatus as defined in claim 19 wherein said time delay means
      includes a capacitor.
NUM  21.
PAR  21. An apparatus for controlling current flow in a load, comprising:
PA1  a power source for supplying unipolar voltage;
PA1  a full-wave rectifying diode bridge connected between said power source and
      said load for blocking current flow in said load;
PA1  a first pair of transistors each connected in parallel with a diode of said
      rectifying bridge and connected to opposite ends of said load for
      selectively connecting said power source across said load for applying the
      voltage with a first polarity during a first time interval;
PA1  a second pair of transistors each connected in parallel with a diode of
      said rectifying bridge and connected to opposite ends of said load for
      selectively connecting said power source across said load for applying the
      voltage with a second polarity during a second time interval;
PA1  control means for generating a switch control signal having a first
      polarity of a duration defining said first time interval and a second
      polarity opposite said first polarity of a duration defining said second
      time interval;
PA1  means responsive to said switch control signal for generating a first pulse
      train of alternating polarities during said first time interval and for
      generating a second pulse train of alternating polarities during said
      second time interval;
PA1  clock means for defining the period of the pulses of said first and second
      pulse trains wherein said period is relatively short as compared with the
      durations of said first and second time intervals;
PA1  transformer means connected between said means for generating said first
      and second pulse trains and said first and second pairs of transistors;
      and
PA1  time delay means for defining a third time interval during which all of
      said transistors are turned off during the transition between said first
      and second time intervals and the transition between said second and first
      time intervals.
NUM  22.
PAR  22. A control for the field winding of a direct current electric motor,
      comprising:
PA1  a source of a field current command signal;
PA1  means for generating a signal representing the current flowing in said
      field winding;
PA1  control means responsive to said field current command signal and said
      field current signal for defining first and secont time intervals wherein
      said control means includes means responsive to said field current command
      signal and said signal representing field current for generating a field
      current error signal, first integrating means responsive to said field
      current error signal for generating an average field voltage error signal
      and means for generating a switch control signal having said first and
      second time intervals for controlling a switching means wherein said
      switch control signal is generated in response to said average field
      voltage error signal and said switch control signal;
PA1  a direct current power source; and
PA1  switching means responsive to said switch control signal for selectively
      connecting said power source across said field winding for applying the
      voltage with a first polarity during said first time interval and for
      applying the voltage with a second polarity opposite said first polarity
      during said second time interval.
NUM  23.
PAR  23. A control as defined in claim 22 wherein said source of a field current
      command signal includes a source of a speed command signal for said
      electric motor; a source of a signal representing the actual speed of said
      electric motor; summing means responsive to said speed command signal and
      said actual speed signal for generating a speed error signal and means
      responsive to said speed error signal for generating said field current
      command signal.
NUM  24.
PAR  24. A control as defined in claim 22 wherein said means for generating a
      signal representing field current includes a current shunt in series with
      said field winding.
NUM  25.
PAR  25. A control as defined in claim 22 wherein said means for generating said
      switch control signal includes means for generating a square wave waveform
      of said first polarity during said first time interval and of said second
      polarity during said second time interval.
NUM  26.
PAR  26. A control as defined in claim 25 wherein said means for generating said
      switch control signal includes second integrating means responsive to said
      average field voltage error signal and said square wave switch control
      signal for generating a sawtooth waveform skewed by said average field
      voltage error signal.
NUM  27.
PAR  27. A control as defined in claim 26 wherein said means for generating a
      square wave waveform is a comparator responsive to said sawtooth waveform
      and said switch control signal.
NUM  28.
PAR  28. A control as defined in claim 22 wherein said direct current power
      source includes a source of alternating current power; a current
      rectifying means; a transformer means connecting said source of
      alternating current power to the input of said rectifying means; and a
      current storage means connected to the output of said current rectifying
      means for supplying direct current power.
NUM  29.
PAR  29. A control as defined in claim 22 wherein said switching means includes
      a first pair of normally open switches connected to the opposite ends of
      said field winding and responsive to said control means during said first
      time interval for connecting said direct current power source to said
      field winding for applying the voltage with said first polarity.
NUM  30.
PAR  30. A control as defined in claim 29 wherein said switching means includes
      a second pair of normally open switches connected to the opposite ends of
      said field winding and responsive to said control means during said second
      time interval for connecting said direct current power source to said
      field winding for applying the voltage with said second polarity.
NUM  31.
PAR  31. A control for the armature of a direct current electric motor,
      comprising:
PA1  a source of a motor voltage command signal including a source of a speed
      command signal for said electric motor, a source of a signal representing
      the IR drop in said motor armature, summing means responsive to said speed
      command signal and said IR drop signal for generating a compensated speed
      command signal and means responsive to said compensated speed command
      signal for generating said motor voltage command signal;
PA1  means for generating a signal representing the voltage applied to the motor
      armature;
PA1  control means responsive to said motor voltage command signal and said
      applied voltage signal for defining first and second time intervals;
PA1  a power source for supplying unipolar voltage; and
PA1  switching means for selectively connecting said power source across said
      motor armature for applying the voltage with a first polarity during said
      first time interval and for applying the voltage with a second polarity
      opposite said first polarity during said second time interval.
NUM  32.
PAR  32. A control as defined in claim 31 wherein said source of a motor voltage
      command signal includes a source of a current limiting signal representing
      maximum locked rotor torque and wherein said means for generating said
      motor voltage command signal is responsive to said compensated speed
      command signal and said current limiting signal.
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ABST
PAL  A regenerative braking controller for use with a series-wound DC motor
      which drives an electric car for railways or electric automobile and which
      is controlled by a thyristor chopper comprises a series-connected circuit
      including an armature of the DC motor, a field winding thereof and a
      smoothing reactor, a chopper connected in parallel with said
      series-circuit, a diode connected between said parallel circuit and a
      power supply, and a gate controller for applying a gate signal to said
      chopper in succession only during a period of time when said chopper is to
      be rendered conductive.
BSUM
PAR  This invention relates to a device for controlling the regenerative braking
      of a DC motor, particularly to such a device used with the thyristor
      controlled DC series motor.
PAR  Usually, a series-wound DC motor is employed for driving an electric car
      for railways from a point of view of torque characteristics. The control
      of torque and speed has been effected by resistors and contactors for
      inserting the resistors to the motor circuit.
PAR  The controlling by the resistors, however, can effects no continuous
      control and has the disadvantage of great power loss in the resistors.
PAR  To overcome these disadvantages, recently, a device for controlling the DC
      motor by a thyristor chopper has been proposed and is now in practical
      use.
PAR  The device for controlling the DC motor by a thyristor chopper can effect
      continuous control over the whole range of control and thus provides
      comfortable riding for the passengers with the additional advantage of
      reduced power loss.
PAR  In a railway system in which cars are driven by thyristor controlled
      motors, it is common practice for the cars to be equipped with a
      regenerative braking system. According to the regenerative braking,
      electric power is retrieved from the running car during braking operation,
      as is explained in detail hereinafter.
PAR  However, adoption of the rengenerative braking system involves problems to
      be solved, which are also explained hereinafter.
PAR  The main object of this invention is to overcome such problems and provide
      a regenerative braking controller for a DC motor capable of effecting
      smooth regenerative braking.
PAR  Another object of the present invention is to provide a regenerative
      braking controller for a DC electric motor permitting a gate transformer
      to be made small-sized. The present invention is characterized primarily
      in that a regenerative controller for use with a DC motor controlled by
      the thyristor chopper comprises a series-connected circuit including an
      armature of the DC motor, a field winding thereof and a smoothing reactor,
      a chopper connected in parallel with said series-circuit, a diode
      connected between said parallel circuit and a power supply, and a gate
      controller for applying a gate signal to said chopper in succession only
      during a period of time when said chopper is to be rendered conductive.
DRWD
PAR  Other features will become apparent when the following descriptions are
      read with reference to the accompanying drawings.
PAR  FIG. 1 is a main circuit diagram for effecting regenerative braking of a DC
      motor to which the present invention is applicable;
PAR  FIG. 2 is a circuit diagram showing one arrangement of a thyristor chopper;
PAR  FIG. 3 is a fundamental block diagram for regenerative braking control;
PAR  FIG. 4 is a view showing operational waveforms of the chopper;
PAR  FIG. 5 is a view showing one arrangement of a prior art gate controller;
PAR  FIG. 6 is a view showing operational waveforms thereof;
PAR  FIG. 7 is a view showing a particular arrangement of the thyristor chopper;
PAR  FIG. 8 is a view showing operational waveforms of the chopper shown in FIG.
      7;
PAR  FIG. 9 is a main circuit diagram for regenerative braking in which two
      choppers are employed;
PAR  FIG. 10 is a view showing operational waveforms thereof;
PAR  FIG. 11 is a view showing a fundamental arrangement of a gate controller
      according to the present invention;
PAR  FIG. 12 is a circuit diagram showing one arrangement of an oscillator;
PAR  FIG. 13 is a view showing a particular arrangement of essential parts of
      the gate controller;
PAR  FIGS. 14 to 16 are views showing operational waveforms thereof;
PAR  FIG. 17 is a view showing another particular embodiment of essential parts
      of the gate controller;
PAR  FIG. 18 is a diagram showing the magnetizing characteristic of the core of
      a transformer used in the invention;
PAR  FIGS. 19 and 20 are views showing operational waveforms thereof; and
PAR  FIGS. 21 and 22 are views showing operational waveforms of the chopper
      controlled according to the present invention.
PAR  FIG. 1 shows one form of a circuit which has been in practical use for
      effecting regenerative braking of an electric car for railways.
DETD
PAR  In FIG. 1 there are shown a trolley wire L, a pantograph P, and a circuit
      breaker K which supplies loads with the catenary or line voltage upon the
      closing thereof. It is to be noted that there is shown no high speed
      circuit breaker for effecting protective operation upon failures in
      commutation of a chopper CH. A reactor L.sub.F and a capacitor C.sub.F
      constitute a filter for reducing fluctuating of line voltage or current
      resulting from the on-off control of the chopper CH. MSL designates a
      smoothing reactor for reducing fluctuation of motor voltage or current
      resulting from the on-off control of the chopper CH, M an armature of the
      motor, F a series-wound field winding, E the ground or the earth, Ds a
      diode for preventing current from flowing reversely from the trolley wire
      L to the ground when the chopper CH is turned on, and EX an auxiliary
      excitor.
PAR  FIG. 2 shows a particular circuit arrangement of the chopper CH comprising
      a main thyristor MTh, a commutating thyristor ATh, a commutating reactor
      Lo and a commutating capacitor Co. The main thyristor MTh and the
      commutating thyristor ATh are of a reverse conduction type incorporating
      the diodes therein and they have gate terminals G.sub.M and G.sub.A.
PAR  The application of a gate signal to the gate terminal G.sub.M of the main
      thyristor causes the main thyristor MTh or the chopper CH to be turned on.
      A gate signal is applied to the gate terminal G.sub.A of the commutating
      thyristor ATh in a state where the main thyristor is turned on to render
      the commutating thyristor ATh conductive. The turning on of the
      commutating thyristor ATh causes commutating current to flow through a
      closed circuit Co-Lo-ATh-MTh-Co, whereupon its reverse current is produced
      to turn off the main thyristor MTh as well as the commutating thyristor
      ATh, namely, the chopper CH. Let T.sub.1 be an on-period of the chopper CH
      and T be a period of one control operation cycle, then the duty factor
      .alpha. of the chopper is expressed at T.sub.1 /T.
PAR  The regenerative braking is effected by the circuit shown in FIG. 1 in such
      a way that instructed current level I.sub.p is compared with actual motor
      current I.sub.M as shown in a control block diagram of FIG. 3, the error
      signal derived therefrom being applied through an amplifier AMP to a
      control input of a phase shifter APPS to generate therefrom an output
      signal for controlling the duty factor .alpha. of the chopper CH.
PAR  The regenerative braking will be more fully described in conjunction with
      operational waveforms of the chopper CH as shown in FIG. 4.
PAR  At a time t.sub.1, the gate signal is applied to the gate terminal G.sub.M
      of the main thyristor MTh to turn on the chopper CH, thereby
      short-circuiting a series circuit including the armature M of the electric
      motor, the field winding F and the smoothing reactor MSL.
PAR  Thus, a closed circuit is established through M-F-MSL-CH-M. This causes the
      motor current to increase gradually with power stored in the smoothing
      reactor MSL depending on the time constant of the closed circuit and
      characteristics of the motor.
PAR  At a time t.sub.2, the gate signal is applied to the gate terminal G.sub.A
      of the commutating thyristor ATh to turn on the latter. The turning on of
      the commutating thyristor ATh permits the commutation current to flow as
      mentioned earlier, to turn off the chopper CH at a time t.sub.3.
PAR  When the chopper CH is turned off, the motor current flows through a closed
      circuit M-F-MSL-Ds-L.sub.F -K-P-L-E-M, the power being constituted mainly
      of energy released from the smoothing reactor MSL. In other words, at the
      turning off of the chopper CH, the power flows as regenerative current
      from the motor to the trolley wire L. Thus, during the turning off of the
      chopper CH, the regeneration of power is effected while the motor current
      is gradually reduced at a rate depending on the time constant of the
      circuit, the electromotive force of the motor and the catenary voltage.
PAR  Thereafter, the turning on and off of the chopper CH and accordingly
      control of the duty factor is effected in a repetitive manner to effect
      the regenerative braking control.
PAR  It is a usual practice that in effecting the regenerative braking control
      of the DC motor in the above-mentioned manner, the gate signals are
      usually applied to the thyristors constituting the chopper CH through a
      gate transformer. The reason is to provide electrical isolation to the
      gate control circuit adapted for use in a low voltage circuit because the
      chopper CH is in a high voltage circuit.
PAR  The power capacity of the gate transformer is determined by a product of
      the voltage by the time. More specifically, it is determined by the peak
      value of voltage of the gate signal and its duration. For this reason,
      conventionally the gate pulse is made to have a narrow width just enough
      to fire the thyristor as shown in FIG. 4 in order to allow use of small
      gate transformers.
PAR  FIG. 5 shows one embodiment of a gate controller which has conventionally
      been in use. In the following, the gate transformer for the main thyristor
      MTh will be described.
PAR  In FIG. 5 there are shown a gate transformer GT, an input winding N.sub.1
      to which a switching transistor Tr is connected in series, an output
      winding N.sub.2 from which a gate signal voltage V.sub.GM is taken out
      through a diode D at the gate terminals of the main thyristor MTh, a
      resetting winding N.sub.3 to which a resistor R is connected, and a DC
      power line Eo. It is to be noted that the small dots at the windings
      indicate starting points from which the windings are wound.
PAR  The gate transformer GT shown in FIG. 5 is described in detail in the
      specification of the Japanese Patent No. 665896. The operation of the
      transformer will be briefly described in connection with FIG. 6.
PAR  An output V.sub.A from the phase shifter APPS is converted to a pulse
      having a predetermined duration T.sub.G and voltage V.sub.B by a
      monostable multivibrator. The output voltage V.sub.B of the monostable
      multivibrator is applied to the base of the transistor Tr to turn on the
      latter. The turning on of the transistor Tr causes a voltage Eo applied to
      the input winding N.sub.1 to induce a voltage in the output winding
      N.sub.2. The voltage V.sub.GM from the output winding N.sub.2 serves as a
      gate signal which is applied to the gate terminal G.sub.M of the main
      thyristor MTh. The pulse duration of the signal V.sub.GM is equal to that
      of the output signal V.sub.B from the monostable multivibrator. It is to
      be noted that the resetting winding N.sub.3 serves to reset the magnetic
      flux to a predetermined bias value when the transistor is turned off, the
      bias amount being adjusted by the resistor R.
PAR  However, a problem has been found to be encountered at initial stage of the
      start of the regenerative braking. In the following, the problem will be
      described in details.
PAR  During the regenerative braking the motor acts as a series-wound generator.
      The generated voltage E.sub.M from the motor relies only on the residual
      magnetic flux and hence is very small when the braking circuit is
      contructed by being converted from power running circuit. To meet this
      problem, the field winding F is energized by the auxiliary excitor EX. The
      auxiliary excitation is effected in such a way that four series-connected
      motors, for example, generate a voltage of about 100 V at the car speed of
      100 kilometers per hour. On the other hand, inductance L of the smoothing
      reactor MSL for smoothing the motor current has a value of 10 to 15 mH at
      the catenary voltage Vs of 1500 volts in order to prevent the main
      thyristor MTh or the motor from undergoing damages resulting from the
      excessive current due to the failure in commutation of the main thyristor
      CH.
PAR  Assuming, for example, that the car speed is 30 kilometers per hour at the
      beginning of the regenerative braking, the voltage E.sub.M generated from
      the motor with the auxiliary excitation amounts to 30 volts.
PAR  Thus, a rising rate di/dt of the chopper current when the chopper CH is
      turned on is given by
      ##EQU1##
PAR  The pulse duration of the gate signal to the main thyristor MTh is set to
      about 500 .mu.s by the gate transformer GT as shown in FIG. 5. The chopper
      current I.sub.CH amounts to
EQU  di/dt .times. T.sub.G = 2 to 3 [A/ms] .times. 0.5 [ms] = 1 to 1.5 [A]
PAL  before the gate voltage disappears. This current flows through the main
      thyristor MTh.
PAR  It is common practice that the chopper CH has two main thyristors MTh
      connected in parallel as shown in FIG. 7 for the reason of its current
      capacity. Further a plurality of main thyristors are connected in series
      in each branch from the point of view of breakdown voltage. FIG. 7 shows
      the main thyristor MTh having eight thyristor elements connected in
      parallel and in series. For convenience of explanation, each thyristor
      element is given a suffix number of 1 to 8. Thus, the two
      parallel-connected circuits are supplied with the current of 0.5 to 0.75 A
      per each branch circuit.
PAR  On the other hand, the element of, for example, 1000 V and 300 A requires
      latching current (the current required to maintain the turned-on thyristor
      after the gate voltage has disappeared) of 0.5 A to 1 A. Consequently, a
      difference between the current characteristics of the thyristor elements
      in the main thyristor MTh tends to result in the breakdown of the
      thyristor element.
PAR  FIG. 8 shows waveforms in which the different latching current exists
      between the two parallel-connected circuits of the main thyristor MTh. In
      such a state, the thyristor elements MTh.sub.1 to MTh.sub.4 are supplied
      with no current upon disappearance of the gate voltage, while the
      thyristor elements MTh.sub.5 to MTh.sub.8 continue to be supplied with
      current because of their small latching current. This causes the current
      to be concentrated on the series-connected circuit including the thyristor
      elements MTh.sub.5 to MTh.sub.8, thus resulting in excessive current.
PAR  Further, as shown in FIG. 9, two sets of choppers Ch.sub.1 and Ch.sub.2 are
      provided to control the DC motor of the electric car with the phase
      difference of 180.degree. between the operation of choppers CH.sub.1 and
      CH.sub.2 in order to make small the capacities of the smoothing reactor
      MSL and the filter including the reactor L.sub.F and the capacitor C.sub.F
      for reducing the fluctuation. This arrangement causes the pulsation
      frequency of the line current and the motor current to be twice as great
      as that of the arrangement in which one set of chopper is provided,
      thereby permitting the capacity of the filter or smoothing reactor to be
      made small.
PAR  In FIG. 10 there is shown the case where the main thyristors MTh of the
      choppers CH.sub.1 and CH.sub.2 in FIG. 7 have the different latching
      current. The chopper CH.sub.1 has the chopper current I.sub.CH.sbsb.1
      reduced to zero as the gate voltage V.sub.GM.sbsb.1 disappears while the
      chopper CH.sub.2 has the chopper current I.sub.CH.sbsb.2 continuing to
      flow until the chopper CH.sub.2 is turned of even after the disappearance
      of the gate voltage V.sub.GM.sbsb.2. The current is, therefore,
      concentrated on the chopper CH.sub.2 with the result that the main
      thyristor MTh of the chopper CH.sub.2 is broken-down.
PAR  In order to prevent the breakdown of such a main thyristor, there is
      proposed a system with which the unbalance of the current existing between
      the two branch circuits or choppers are detected and the choppers are cut
      off. This, however, results in stopping of the chopping function and the
      regenerative braking control.
PAR  Alternatively, there may be proposed a system in which all the thyristor
      elements of the main thyristors have an identical latching current
      characteristics. This however, disadvantageously results in an increased
      production cost because of the high price of such thyristors.
PAR  Further, there may be proposed another system in which the voltage
      generated from the motor with the auxiliary excitation is increased to
      enhance the current flowing through the main thyristor. However, the
      current flowing through the thyristors or choppers is not always divided
      equally because of the non-uniformness of the resistors and inductances.
      Furthermore, an auxiliary excitor of great capacity is required to effect
      smooth regenerative braking even at a low motor speed. There is, however,
      a limit in making such a large excitor in view of the capacity of the
      power supply installations on the car.
PAR  In order to overcome the above problems, according to the present
      invention, the gate signal is continuously applied to the main thyristor
      of the chopper during a period of time when the main thyristor is to be
      rendered conductive.
PAR  In FIG. 11 there is shown an arrangement of a gate controller for applying
      continuous gate signals to the main thyristor.
PAR  In FIG. 11 an oscillator OSC is driven by an output from the phase shifter
      APPS which sets the duty factor of the chopper CH. The output pulses from
      the oscillator appear alternately at two output terminals thereof. The
      pulse is applied alternately to the gate thereof. The pulse is applied
      alternately to the gate transformers GT.sub.1 and GT.sub.2, the output
      voltages from which are added in the output circuit to produce a gate
      pulse which continues during a period of time (for example, T.sub.1) when
      the chopper is to be turned on.
PAR  For the oscillator may be used a well known astable multivibrator as shown
      in FIG. 12 including transistors Tr, capacitors C, resistors R and diodes
      D.
PAR  With this arrangement, the oscillator provides no oscillation at zero
      output of the phase shifter APPS because the two transistors have their
      base connected to the ground. The output from the phase shifter is applied
      to the bases of the two transistors Tr, whereupon the transistors are
      alternately turned on and off. Thus the pulse signals having the phase
      different by 180.degree. as shown in FIG. 11 are generated at the
      collectors of the two transistors Tr. The oscillation frequency of the
      oscillator is set at, for example, 5 KH.sub.z.
PAR  The gate controller will be in more detail described in conjunction with
      FIG. 13.
PAR  In FIG. 13 the same reference marks as those in FIG. 12 indicate
      corresponding elements. The gate transformers GT.sub.1 and GT.sub.2,
      primary windings (input windings) N.sub.11 and N.sub.21 and transistors
      Tr.sub.1 and Tr.sub.2 serving as a switching transistors constitute series
      connected circuits, respectively, which are connected to the DC power
      supply Eo. Secondary windings (output windings) N.sub.12 and N.sub.22
      produce output voltages which are added through the diodes D.sub.1 and
      D.sub.2. Tertiary windings (resetting windings) N.sub.13 and N.sub.23 are
      connected in series with resistors R.sub.1 and R.sub.2 and further
      connected to a DC power supply V.
PAR  With this arrangement, assuming that winding ratios of the primary windings
      N.sub.11 and N.sub.21 to the third windings N.sub.13 and N.sub.23 are
      chosen so as to be N.sub.11 =  N.sub.21 =  N.sub.13 =  N.sub.23, and
      neglecting a turn-off delay time of the transistors Tr.sub.1, Tr.sub.2,
      the base currents I.sub.B.sbsb.1 and I.sub.B.sbsb.2 of the transistors
      Tr.sub.1 and Tr.sub.2 have the same duration as the collector currents
      I.sub.C.sbsb.1 and I.sub.C.sbsb.2. The voltages V.sub.11 and V.sub.21 on
      the primary windings N.sub.11 and N.sub.21 of the gate transformers have
      the same pulse width and level in the set as well as reset state, so that
      the product of the voltage by the time, i.e., set and reset magnetic
      fluxes are Eot and .phi..sub.s = .phi..sub.R.
PAR  As mentioned above, the gate controller has been briefly decribed but it
      will be described in detail later by way of another embodiment.
PAR  It will be appreciated that a gate pulse which continues during the period
      of time when the chopper is to be turned on is generated with the simple
      and inexpensive arrangement.
PAR  In the description relative to FIG. 13, the turn-off delay time of the
      transistors Tr.sub.1 and Tr.sub.2 has been neglected but it must be
      studied in order to effect excellent controls. In the following, the delay
      time will be described.
PAR  The delay time of the transistor Tr.sub.1 (or Tr.sub.2) causes the duty
      period of the base current I.sub.B.sbsb.1 (or I.sub.B.sbsb.2) to deviate
      from that of the collector current I.sub.C.sbsb.1 (or I.sub.C.sbsb.2),
      thus resulting in the lengthened duration of pulse in the collector
      current. Therefore, also as regards the voltage V.sub.11 (or V.sub.21) on
      the primary winding of the gate transformer, the setting period of the
      magnetic flux in the iron core becomes longer than the resetting period
      thereof with the result that the set magnetic flux .phi..sub.s (Eot') is
      greater than the reset magnetic flux .phi..sub.R (Eot"). Referring to the
      hysteresis characteristics of the iron core in FIG. 16, the magnetic flux
      starting from point 0 and set by way of path 1 can not be returned to the
      point 0 at the resetting because .phi..sub.s is greater than .phi..sub.R,
      thus terminating at a point 2. In this case, the amount to be balanced for
      resetting is .DELTA.tE.sub.o. Next, the setting is effected passing
      through line 3, but the magnetic flux never returns to the point 2,
      terminating in a point 4 with the result of the amount to be balanced of
      2.DELTA. tE.sub.o. The thus repeated operation results in no generation of
      the required output, as the magnetic flux in the iron core is saturated.
PAR  In this case, it will be appreciated that, in order to prevent the magnetic
      flux from being saturated, the voltage developed on the tertiary winding
      N.sub.13 (or N.sub.23) is increased to balance the set and reset magnetic
      fluxes.
PAR  FIG. 17 shows another embodiment of the gate controller which takes into
      consideration the turn-off delay time of the transistor.
PAR  In FIG. 17, the same reference marks as those in FIG. 13 indicate
      corresponding elements. The arrangement in FIG. 17 differs from that in
      FIG. 13 in the point that in the former resetting windings N.sub.13,
      N.sub.23 of the gate transformers GT.sub.1, GT.sub.2 are connected in
      series.
PAR  With such an arrangment, the pulses from the oscillator OSC as mentioned
      above are applied to the bases of the transistors Tr.sub.1 and Tr.sub.2.
      The turning on of the transistor Tr.sub.1 causes the line voltage E.sub.o
      to be applied to the primary winding N.sub.11 of the gate transformer
      GT.sub.1 with the voltage induced in the secondary winding N.sub.12
      thereof. Further the turning on of the transistor Tr.sub.2 causes the line
      voltage E.sub.o to be applied to the primary winding N.sub.21 of the gate
      transformer GT.sub.2 with the voltage induced in the secondary winding
      N.sub.22 thereof.
PAR  IF the magnetic flux in the iron core of the gate transformer rests at a
      point 1 in FIG. 18 prior to the application of the voltage to the primary
      windings N.sub.11 and N.sub.21 of the gate transformers GT.sub.1 and
      GT.sub.2, then the magnetic flux is set to a point 4 through pathes 2, 3.
      The turning off of the transistor Tr.sub.1 or Tr.sub.2 causes the magnetic
      flux to arrive at a point 5. Then, the magnetic flux in the iron core must
      be returned to the point 1 before the transistor Tr.sub.1 or Tr.sub.2 is
      rendered conductive. The reason is that if the magnetic flux remains at
      the point 5, then it is saturated immediately upon the application of the
      voltage to the primary winding N.sub.11 (or N.sub.21) of the gate
      transformer GT, (or GT.sub.2) and no voltage will be induced in the
      secondary winding N.sub.12 (or N.sub.22) thereof. The magnetic flux in the
      iron core can be restored to the point 1 by applying the voltage to the
      tertiary windings N.sub.13, N.sub.23 of the gate transformers GT.sub.1,
      GT.sub.2 to produce a magnetomotive force greater than the coersive force
      AT.sub.c.
PAR  Assuming that the turn ratios of the primary windings N.sub.11 and N.sub.21
      of the gate transformers GT.sub.1 and GT.sub.2 to the tertiary windings
      N.sub.13 and N.sub.23 thereof are equal, then operational waveforms are as
      shown in FIG. 19.
PAR  The conduction of the transistor Tr.sub.1 by the base current
      I.sub.B.sbsb.1 causes the line voltage E.sub.o to appear as the voltage
      V.sub.11 across the primary winding of the gate transformer GT.sub.1. The
      conduction of the transistor Tr.sub.2 by the base current I.sub.B.sbsb.2
      causes the primary winding of the gate transformer GT.sub.2 to be supplied
      with the line voltage E.sub.o. At this time, in the tertiary winding
      N.sub.23 of the gate transformer GT.sub.2 there is induced a voltage in
      the direction opposite to the voltage in the primary winding N.sub.21, the
      magnitude of the voltage depending on the winding ratio of the primary
      winding N.sub.21 to the tertiary winding N.sub.23. The number of turns of
      the primary winding N.sub.21 is equal to that of the tertiary winding
      N.sub.23, so that the voltage induced on the tertiary winding N.sub.23
      becomes equal to the line voltage E.sub.o, the direction being the same as
      that of V.sub.23. When the transistor Tr.sub.2  is rendered conductive,
      the resetting voltage, i.e., the voltage induced on the tertiary winding
      of the gate transformer GT.sub.1 amounts to 2E.sub.o, namely, the sum of
      the line voltage E.sub.o  and the voltage E.sub.o induced on the tertiary
      winding of the gate transformer GT.sub.2 the direction of the voltage
      being opposite to that in the setting. The magnetic flux in the iron core
      is proportional to the product of the voltage by the time. The resetting
      voltage of 2E.sub.o makes the resetting time .tau..sub.R to be .tau./2. In
      this respect, the resetting to the point 1 in FIG. 18 requires the
      resetting time of .tau./2 during which the magnetic flux in the iron core
      is saturated in the negative direction, and no voltage appears on the
      windings of the gate transformers GT.sub.1 during the remaining time of
      .tau./2.
PAR  The resetting of the gate transformer GT.sub.2 is effected by the voltage
      2E.sub.o, i.e., the sum of the line voltage E.sub.o and the voltage
      E.sub.o induced on the tertiary winding N.sub.13 of the gate transformer
      GT.sub.1.
PAR  Such operations are repeated every time an output pulse from the oscillator
      OSC is applied to the bases of the transistors Tr.sub.1, Tr.sub.2.
PAR  The resetting voltage of the gate transformer GT.sub.2 connected to the
      transistor Tr.sub.2 which is operated by the last one of the oscillation
      pulses (the base current I.sub.B.sbsb.1 in FIG. 19) produced during the
      period when the output is generated from the phase shifter APPS amounts
      only to the line voltage E.sub.o because the voltage induced on the
      tertiary winding N.sub.23 is zero as the gate transformer GT.sub.2 is not
      in the set state. Consequently, the resetting time of .tau. is required.
      No practical diffculity, however, occurs because of a sufficient time
      corresponding to the commutation period of the chopper.
PAR  Thus, if the resetting is effected with the arrangement of the tertiary
      windings N.sub.13, N.sub.23 connected in series, then the voltage induced
      in the tertiary windings of the gate transformer during the setting tends
      to accelerate the resetting of the gate transformer which is being reset,
      thereby permitting the resetting time .tau..sub.R to be shortened. As a
      result, the turn-off delay in the transistor as shown in FIG. 20 causes no
      problem, the iron core being completely retunred to the reset state in a
      time of .tau..sub.R.
PAR  As mentioned above, the two gate transformers are alternately driven, the
      outputs from which are added to produce the continuous gate pulses.
      Consequently, the gate transformer may be of small capacity, so far as it
      has the required product of the voltage by the time.
PAR  In the above, the description has been made of the gate controller
      permitting the generation of the continuous gate signals. Thus, it is
      possible to effect the smooth regenerative braking without being affected
      by the non-uniformness of the latching characteristics in the thyristor
      element, by applying the continuous gate signals to the main thyristor of
      the chopper.
PAR  FIG. 21 shows operational waveforms obtained when the two circuits
      including the main thyristors MTh of the chopper CH are connected in
      parallel as shown in FIG. 7. The application of the gate pulses during,
      the period of time when the chopper should be rendered conductive, ensures
      the equally divided flow of current to the two branch circuits.
PAR  Further, FIG. 22 shows operational waveforms obtained when the two choppers
      are employed as shown in FIG. 9. Also in this arrangement, the equally
      divided flow of current to the two choppers is assured.
PAR  As mentioned above, the present invention is intended to apply a continuous
      gate signals during the period of time when the chopper is to be rendered
      conductive in effecting the regeneration braking for the DC electric motor
      which is controlled by the thyristor chopper, and assures that thyristors
      of the chopper are ignited, thus permitting the smooth regenerative
      braking.
PAR  Further, since two gate transformers are employed in the gate controller
      and are alternately drived for generation of the pulse outputs, the sum of
      which is used as the gate signal, a small product of the voltage by the
      time in the gate transformer and accordingly use of small-sized gate
      transformers are allowed.
PAR  It will be apparent that the gate signals may be applied continuously
      during the period of time when the chopper is to be rendered conductive
      also in the accelerating operation of the DC motor, although the
      description has been made of the regenerative braking of the DC motor.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A regenerative braking controller for use with a DC motor, comprising a
      series-connected circuit including an armature of the DC motor, a field
      winding thereof and a smoothing reactor; a thyristor chopper connected in
      parallel with said series-circuit and including at least a main thyristor
      and a commutation thyristor for turning off said main thyristor; a diode
      connected between said parallel circuit and a power supply; and a gate
      controller means for applying a gate signal to the gate of said main
      thyristor continuously during the period of time when said chopper is to
      be conductive and applying a pulse signal to the gate of said commutation
      thyristor at the end of said period of time.
NUM  2.
PAR  2. A regenerative braking controller for use with a DC motor as set forth
      in claim 1, further comprising an auxiliary excitor for energizing said
      field winding at the beginning of the regenerative braking cycle.
NUM  3.
PAR  3. A regenerative braking controller as set forth in claim 1, wherein said
      gate controller means comprises two gate transformers each including an
      input coil, an output coil and a resetting coil; two sets of
      series-connected circuits each including a switching element and said
      input coil of the gate transformer connected to a DC power supply; a
      series-connected circuit including an impedance element and said resetting
      coil connected to said DC power supply; control means for alternately
      turning on and off the switch elements of said two sets of
      series-connected circuits; and an output circuit for summing logic outputs
      from said two gate transformers.
NUM  4.
PAR  4. A regenerative braking controller as set forth in claim 1, wherein said
      gate controller means comprises a phase shifter means for providing
      outputs during a period of time when said chopper is to be rendered
      conductive depending on a deviation of motor current from an instructed
      value of current, and an oscillator means for generating pulses during the
      time when said phase shifter means produces said outputs.
NUM  5.
PAR  5. A regenerative braking controller as set forth in claim 3, wherein said
      resetting coils of the two gate transformers are connected in series.
NUM  6.
PAR  6. A regenerative braking controller as set forth in claim 3, wherein said
      impedance element is a resistor.
NUM  7.
PAR  7. A regenerative braking controller as set forth in claim 3, wherein said
      switching element is a transistor.
NUM  8.
PAR  8. A regenerative braking controller as set forth in claim 3, wherein said
      output circuit is constituted by a diode.
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ABST
PAL  A regenerative brake control system for controlling an armature current of
      DC motor by on-off operation of a chopper through resistor means which is
      connected in series with the DC motor and is appropriately divided into
      sections is disclosed. In the system, the notching operation of the
      resistor means is controlled in such a manner that the duty cycle of the
      chopper immediately following the short-circuiting of one section of the
      resistor means is to be the minimum value tolerable to the chopper.
BSUM
PAR  The present invention relates to a regenerative brake control system for a
      DC motor.
PAR  The DC motor control using a thyristor chopper is in wide commercial use in
      the fields including mainly electric railways. Especially, in the electric
      railways, not only powering but also regenerative brake control of
      electric cars is effected through a chopper in order to achieve an
      improved saving of electric power.
PAR  In the regenerative brake control of DC motor using a thyristor chopper, as
      will be described later, the armature current of the DC motor is compared
      with a reference value and the ON period of the chopper is regulated in
      such a manner as to maintain the armature current constant. In other
      words, when the armature current and the generated voltage is reduced by
      motor deceleration, the ON period of the chopper is automatically
      increased thereby to maintain the armature current constant. When further
      deceleration of the motor causes the ON period of the chopper to be
      increased up to a critical point where it is impossible to increase the ON
      period any more, one section of resistor means inserted in series with the
      motor is short-circuited thereby to increase the armature current. At the
      same time, the chopper is, on the other hand, controlled to decrease the
      ON period thereof so as to prevent an excessive armature current. By
      continued deceleration of the motor, resistor notching operation is
      repeated to short-circuit further section of the resistor means, finally
      resulting in the entire series resistor means being short-circuited.
PAR  In this way, some of the power generated by the motor at the time of
      braking is consumed by the resistor means and the remaining power is used
      for regenerative braking.
PAR  In the conventional regenerative brake control system of the
      above-mentioned type, a great amount of power is consumed by the resistor
      means, leading to low regenerative brake efficiency, as will be mentioned
      later, and also requiring resistor means with a large capacity.
PAR  An object of the present invention is to eliminate the above-described
      disadvantages of the prior art and provide a control system capable of
      regenerative braking with high efficiency.
PAR  According to one aspect of the invention, the regenerative brake control
      system for a DC motor comprises a DC motor, resistor means including at
      least one resistor section in series with the DC motor, switch means for
      short-circuiting the resistor seection of the resistor means, circuit
      means through which regenerative current is passed for regenerative
      braking by returning power generated by the DC motor to a power supply,
      chopper means, connected in parallel to the series-connection of the DC
      motor and the resistor means, for controlling the armature current by
      on-off operation thereof, means for regulating duty cycle of the chopper
      means, means for regulating the operation of the switch means in a manner
      so that the duty cycle immediately after the short-circuiting of the
      resistor section of the resistor means is to be at the minimum value
      tolerable to the chopper means.
DRWD
PAR  The above and other objects, features and advantages will be made apparent
      by the detailed description taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagram showing the fundamental circuit of a known DC motor
      regenerative braking system using a chopper;
PAR  FIG. 2 is a block diagram showing a conventional regenerative braking
      control system;
PAR  FIG. 3 is a diagram for explaining the operation of the conventional
      regenerative braking system;
PAR  FIG. 4 shows power characteristics of the conventional regenerative braking
      system;
PAR  FIG. 5 is a block diagram showing an embodiment of the present invention;
PAR  FIG. 6 is a circuit diagram showing the essential parts of the embodiment
      of FIG. 5;
PAR  FIG. 7 is a diagram for explaining the operation of the control system
      according to the present invention;
PAR  FIG. 8 shows power characteristics of the control system according the
      present invention;
PAR  FIG. 9 is a block diagram showing another embodiment of the invention;
PAR  FIG. 10 is a circuit diagram showing still another embodiment of the
      invention;
PAR  FIG. 11 is a diagram for explaining the operation of the embodiment of FIG.
      10;
PAR  FIGS. 12 and 13 are partial circuit diagrams showing modifications of the
      embodiment of FIG. 10; and
PAR  FIGS. 14 and 15 are circuit diagrams showing modifications of the
      regenerative braking system to which the present invention is applicable.
DETD
PAR  Referring to FIG. 1 showing a typical circuit diagram of the regenerative
      braking control system for electric cars, a DC motor M, a field winding F
      and a smoothing reactor L.sub.2 are connected in series thereby to control
      the armature current I.sub.M of the DC motor M by on-off operation of a
      chopper CH, so that current I.sub.S is returned to DC power supply through
      a diode D and a pantagraph PG during the OFF period of the chopper CH. In
      common practice, a filter comprising a reactor L.sub.1 and a capacitor C
      is used to smooth the regenerative current.
PAR  In the arrangement of FIG. 1, resistor sections R.sub.1 to R.sub.3 are
      operatively inserted by opening switches S.sub.1 to S.sub.3 at the time of
      high motor speed when the voltage generated by the DC motor M exceeds the
      DC source voltage, so that the generated voltage less the voltage drop
      across the resistor sections is prevented from exceeding the source
      voltage. The resistor sections R.sub.1 to R.sub.3 are thus required to
      achieve stable control of regenerative braking current by the chopper CH.
PAR  To facilitate the understanding of the function and advantages of the
      invention, equations concerning the regenerative current, regenerative
      power and voltage balance for the known fundamental circuit of FIG. 1 will
      be described below.
PAR  Let the DC source voltage be E.sub.S, the voltage generated by the motor
      E.sub.M, the regenerative current returned to the power supply through the
      diode D and reactor L.sub.1 be I.sub.S, the aramture current or braking
      current be I.sub.M, the duty cycle of the chopper CH be .gamma. and the
      total resistance of the motor circuit be R; then the following equations
      are obtained:
EQU  regenerative current: I.sub.S = I.sub.M (1 - .gamma.)      (1)
EQU  regenerative power: P.sub.S = E.sub.S.sup.. I.sub.M (1 - .gamma.) (2)
PAL  where the duty cycle .gamma. means the ratio of the ON period of the
      chopper to one cycle of ON-OFF operation, that is, the sum of the ON
      period and OFF period.
PAR  In view of the fact that the voltage across the chopper CH is equal to
      E.sub.S during the OFF period of the chopper CH (on the assumption that
      the capacitance of the capacitor C is large enough) whereas the voltage
      across the chopper CH is 0 during the ON period thereof, it is apparent
      that the average voltage across the chopper CH is E.sub.S (1 - .gamma.).
      Therefore, voltage balance equation (3) is obtained as follows:
EQU  E.sub.S (1 - .gamma.) = E.sub.M - RI.sub.M                 (3)
PAR  description will be made now of the control system according to the prior
      art. A block diagram of a typical conventional regenerative braking
      control system is shown in FIG. 2, and a diagram for explaining the
      operation thereof is shown in FIG. 3. The armature current I.sub.M is
      compared with a reference current value I.sub.P by a comparator 1 and an
      output V.sub.C corresponding to the difference therebetween is produced
      from the comparator 1. A phase shifter 2 is provided for determining the
      duty cycle .gamma. of the chopper CH in response to the output V.sub.C.
      The current control system arranged as mentioned above functions in such a
      way that if the armature current I.sub.M is small as compared with the
      reference value I.sub.P, the duty cycle .gamma., that is, the ON period of
      the chopper CH is enlarged thereby to increase the armature current
      I.sub.M. As a result, when the generated voltage E.sub.M is reduced with
      the decrease in motor speed as shown in graph (a) of FIG. 3, the duty
      cycle .gamma. is automatically increased in the manner as shown in graph
      (b), thereby maintaining the armature current I.sub.M constant.
PAR  When the duty cycle .gamma. reaches the maximum value .gamma..sub.max where
      it is impossible to lengthen the ON period any more, it is detected by a
      duty cycle detector 4 thereby to close the switch S.sub.1 included in the
      main circuit 3. Since the input V.sub.C of the phase shifter 2 is
      proportional to the duty cycle .gamma., the value .gamma..sub.max can be
      detected by monitoring the value V.sub.C.
PAR  The short-circuiting of the switch S.sub.1 causes the voltage drop
      I.sub.M.sup.. R.sub.1 thus far present due to the resistor R.sub.1 to be
      reduced to 0, with the result that the voltage balance expressed by the
      equation (3) is broken, thus leading to an upward tendency of the armature
      current I.sub.M. At this time, the current control system operates again
      to automatically reduce the duty cycle .gamma. in such a manner that the
      armature current I.sub.M is equal to the reference value I.sub.P. The same
      operation is subsequently repeated, thus closing the switches S.sub.2 and
      S.sub.3 in sequence. As a result, the duty cycle .gamma., regenerative
      current I.sub.S and regenerative power P.sub.S undergo changes as shown in
      graphs (b), (c) and (d) of FIG. 3.
PAR  As will be seen from the graph (d) of FIG. 3, if the amount of regenerative
      power is to be increased, it is required to maximize the value of
      P.sub.Smax. Assuming now that the chopper is an ideal one, the amount of
      change .DELTA..gamma. in duty cycle of the chopper is unity, and the
      equation (4) is obtained from the equation (2) as follows:
EQU  P.sub.Smax = E.sub.S.sup.. I.sub.M                         (4)
PAL  assuming that brake is applied at a speed twice the rated speed while
      maintaining the current constant with the rated value, the generated
      voltage E.sub.M is reduced from about 2E.sub.S down to 0. If P.sub.Smax as
      shown in the equation (4) is selected to maximize the regenerative power,
      only one notching step serves the purpose, resulting in the power
      characteristics as shown in FIG. 4. In other words, just half of the power
      generated by the motor is returned as a regenerative braking power.
PAR  Actually, however, variation in braking current ranges from 20% to 150% of
      the rated current and the source voltages E.sub.S undergoes continuous
      change between 40% and 120% of the rated voltage. Under this condition, if
      the change .DELTA..gamma. in the duty cycle at the time of notching
      operation is to be set under unity, the resistor is required to be
      subdivided into two sections or more. Therefore
EQU  P.sub.Smax &lt; E.sub.S.sup.. I.sub.M                         (5)
PAL  the amount of regenerative power is thus reduced below half of the total
      amount of the power generated.
PAR  The less the regenerative power, the more power is required to be consumed
      by the resistor, resulting in reduced regenerative braking efficiency on
      the one hand and in the requirement for a large capacity of the resistor
      on the other hand.
PAR  The present invention is intended to obviate the aforementioned
      disadvantages of the conventional control system and the fundamental
      principle of the invention will be explained below with reference to
      equations.
PAR  Assume that the resistor R is reduced to (R - .DELTA.R) in the equation
      (3), .DELTA.R denoting the resistance of the resistor section
      short-circuited. The right side of the equation (3) is increased by
      .DELTA.R.sup.. I.sub.M . If the original current level I.sub.M is to be
      maintained even after the short-circuiting of the resistor section, the
      duty cycle .gamma. must be regulated in such a manner as to increase the
      left side of the equation (3) by the amount equivalent to .DELTA.R.sup..
      I.sub.M. In other words, the duty cycle .gamma. is required to be reduced
      by .DELTA..gamma. which is given by the relation
EQU  E.sub.S.sup.. .DELTA..gamma. = .DELTA. R.sup.. I.sub.M     (6)
PAR  assume now that the following equation (7) is obtained when the duty cycle
      .gamma. is reduced by .DELTA..gamma. from a value .gamma..sub.1 :
EQU  .gamma..sub.1 - .DELTA..gamma. = .gamma..sub.min           (7)
PAL  where .gamma..sub.min denotes the minimum value of duty cycle .gamma. of
      the chopper CH.
PAR  Thus, the value .gamma..sub.1 is given from the equations (6) and (7) as
      follows:
EQU  .gamma..sub.1 = .gamma..sub.min + (.DELTA.R/E.sub.S) I.sub.M (8)
PAR  the relation of equation (8) may be converted into the following equation
      related to voltage:
EQU  E.sub.S.sup.. .gamma..sub.1 = E.sub.S.sup.. .gamma..sub.min +
      .DELTA.R.sup.. I.sub.M
PAL  therefore
EQU  E.sub.S - E.sub.S.sup...gamma..sub.1 = E.sub.S -
      (E.sub.S.sup...gamma..sub.min + .DELTA.R.sup.. I.sub.M)
PAL  therefore
EQU  E.sub.S (1 - .gamma..sub.1) = E.sub.S (1 - .gamma..sub.min) -
      .DELTA.R.sup.. I.sub.M                                    (9)
PAL  e.sub.s (1 - .gamma..sub.1) represents the average voltage E.sub.CH1 across
      the chopper CH in the case when the value of duty cycle .gamma. is
      .gamma..sub.1, and therefore the equation (9) is given as follows:
EQU  E.sub.CH1 = E.sub.S (1 - .gamma..sub.min) - .DELTA.R.sup.. I.sub.M (10)
PAR  the system according to the invention operates on the fundamental principle
      that the resistor section is short-circuited when the duty cycle .gamma.
      reaches the value .gamma..sub.1 satisfying the equation (8) or when the
      chopper voltage E.sub.CH becomes E.sub.CH1 which satisfies the equation
      (10), as will be explained in detail below with reference to embodiments.
PAR  In FIG. 5 showing a block diagram of an embodiment of the invention, the
      current control system comprising a comparator 1, a phase shifter 2 and a
      main circuit 3 is identical with the conventional one. Reference numeral 5
      shows a resistor notching operation control means for sequentially closing
      resistor notching switches S.sub.1 to S.sub.3 in response to a current
      reference value I.sub.P and an input voltage V.sub.C to the phase shifter
      2.
PAR  A more detailed circuit diagram of the resistor notching operation control
      means of FIG. 5 is shown in FIG. 6. Transistors 51 and 52 and resistors 53
      to 55 constitute a differential amplifier, by the use of which the
      exciting coil 58 of the switch S.sub.1 is energized. The voltage V.sub.B
      obtained through the dividing resistors 56 and 57 is a bias voltage
      corresponding to .gamma..sub.min in the equation (8), and V.sub.P a
      reference voltage corresponding to (.DELTA.R/E.sub.S) .sup.. I.sub.P. The
      current control system regulates the armature current I.sub.M in such a
      manner as to make it coincide with the reference I.sub.P , with the result
      that the voltage V.sub.P assumes a reference voltage corresponding to
      (.DELTA.R/E.sub.S) .sup.. I.sub.M of the equation (8). Therefore, the sum
      of V.sub.P and V.sub.B is equivalent to the duty cycle .gamma..sub.1 shown
      in the equation (8) to which the resistor is required to be notched. The
      input voltage V.sub.C to the phase shifter, on the other hand, corresponds
      to the duty cycle .gamma. of the chopper in operation.
PAR  The operating condition of the regenerative braking effected by the
      aforementioned system is shown in FIG. 7. As will be seen from graph (b)
      of FIG. 7, when the duty cycle .gamma. corresponding to V.sub.C increases
      and reaches .gamma..sub.1 corresponding to V.sub.P + V.sub.B, the exciting
      coil 58 of the resistor notching operation control means 5 is energized
      thereby to close the switch S.sub.1. As a result, the duty cycle .gamma.
      is reduced from .gamma..sub.1 to .gamma..sub.min, and after that it
      increases again as the motor M is decelerated with the resistor R.sub.1
      short-circuited. If the resistance of each resistor section is selected in
      such a way as to obtain R.sub.1 = R.sub.2 = R.sub.3 = .DELTA.R, each
      section is notched at the same level, that is .gamma. = .gamma..sub.1, so
      that the regenerative current I.sub.S and regenerative power as shown in
      graphs (c) and (d) of FIG. 7 respectively are obtained, the graph (a) of
      FIG. 7 in illustrating the voltage generated by the motor.
PAR  According to this embodiment of the invention, the duty cycle .gamma.
      immediately following the notching operation is .gamma..sub.min, and
      therefore the regenerative current I.sub.S is almost equal to the armature
      current I.sub.M, thus permitting the regenerative current to be maximized.
      The maximum regenerative power immediately following the resistor notching
      operation is
EQU  P.sub.Smax = E.sub.S.sup.. I.sub.M (1 - .gamma..sub.min) .apprxeq.
      E.sub.S.sup.. I.sub.M                                     (11)
PAL  which meets the ideal notching condition shown by the equation (4).
PAR  It is obvious from the equation (8) that the less the change .DELTA.R in
      resistance the smaller the duty cycle .gamma..sub.1 at the time point
      where a notching operation is required to be effected, with the result
      that there is less variation in the regenerative power, which further
      approximates P.sub.Smax in graph (d) of FIG. 7.
PAR  Explanation will be made below by referring to the above-mentioned case in
      which brake begins to be applied at twice the rated speed.
PAR  In an ideal state where the number of the sections into which the resistor
      is divided is large enough and the resistance .DELTA.R of each section is
      small enough, the relation between regenerative power and generated power
      is as shown in FIG. 8. In other words, three quarters of the amount of
      power generated by the motor is regenerated while a quarter of the same is
      consumed by the resistor. Thus, according to the invention, the amount of
      regenerative power generated upon brake application on the same condition
      is greatly increased as compared with the conventional system. Further,
      the capacity of the resistor can be reduced.
PAR  EVen though the aforementioned embodiment is concerned with the case in
      which, for the sake of simplicity, the resistance of each resistor section
      is equal, the present invention may be applied with equal effect to the
      case where the respective resistor sections are different in value from
      one another, by determining different values of duty cycle .gamma..sub.1
      as shown in graph (b) of FIG. 7 requiring a notching operation.
PAR  From the equation (8), the duty cycle .gamma..sub.1 at the time point where
      a notching operation is to be performed varies with the source voltage
      E.sub.S, so that the less the source voltage E.sub.S, the higher the duty
      cycle .gamma..sub.1. In the event that the variations in source voltage
      E.sub.S are small, a resistor notching control of practical value is made
      available by setting the value of .gamma..sub.1 corresponding to the
      minimum source voltage. When the source voltage variation is great, on the
      other hand, it is impossible to obtain a regenerative power commensurate
      with the full capacity of the chopper at a high voltage level of the
      source voltage. In order that the power commensurate with the full ability
      of the chopper may be regenerated at a high voltage for the entire range
      of the source voltage, a circuit for compensating for variation in source
      voltage E.sub.S must be added to the resistor notching control means in
      such a way as to change the duty cycle .gamma..sub.1 associated with the
      notching requirement in accordance with the source voltage E.sub.S.
PAR  Referring to the block diagram of FIG. 9 showing means for compensating for
      the variations in source voltage E.sub.S, a divider 6 operates such that
      the input voltage .DELTA.R.sup.. I.sub.P proportional to the reference
      value I.sub.P is divided by the source voltage E.sub.S thereby to produce
      a reference value V.sub.P. The use of this divider makes possible notching
      operation always at an optimum duty cycle against any variation in source
      voltage.
PAR  Instead of using the current reference values as an input to the resistor
      notching control means 5, the motor current I.sub.M may alternatively be
      detected directly to achieve the same purpose. Also, the method shown with
      reference to the foregoing embodiment in which the input to the phase
      shifter is employed as a factor corresponding to the duty cycle .gamma.
      may be replaced by another method in which the duty cycle is detected
      directly from the pulse width associated with the on-off operation or in
      which the voltage across the chopper is detected or the like.
PAR  The diagram of FIG. 10 shows another embodiment of the invention in which
      the resistor sections are short-circuited in accordance with the equation
      (10). In the drawing, only the main circuit and the resistor notching
      system are shown and the current control system is omitted. Reference
      numeral 6 shows a first voltage detector for detecting the source voltage
      E.sub.S, which produces an output signal representing E.sub.S (1 -
      .gamma..sub.min). Numeral 7 shows an armature current detector for
      producing a signal corresponding to the voltage drop .DELTA.R.sup..
      I.sub.M of the resistance .DELTA.R to be short-circuited. The outputs from
      the first voltage detector 6 and the armature current detector 7 are
      applied to a subtractor means 8, and after being converted into E.sub.CH1
      = E.sub.S (1 - .gamma..sub.min) - .DELTA.R.sup.. I.sub.M, applied to a
      comparator 9. The voltage across the chopper CH, on the other hand, is
      detected by a second voltage detector 10 and compared with the voltage
      E.sub.CH1 by the comparator 9.
PAR  Referring to FIG. 11 showing a graph for explaining the operation of the
      system of FIG. 10, the manner in which the chopper voltage E.sub.CH
      changes is illustrated. In other words, at the time point when
      regenerative brake begins with the full resistor inserted at the maximum
      motor speed, the chopper voltage E.sub.CH is at the point P.sub.O, so that
      the difference between the motor voltage E.sub.M and the chopper voltage
      E.sub.CH is born by the resistor sections R.sub.1, R.sub.2 and R.sub.3.
PAR  With the decrease in vehicle speed, the voltage generated is also reduced,
      and therefore in order to maintain a required motor current, the current
      control system increases the duty cycle .gamma. of the chopper, thereby
      reducing the voltage E.sub.CH across the chopper CH.
PAR  When the voltage E.sub.CH reaches the point P.sub.1, the voltage comparator
      9 detects that
EQU  E.sub.CH &lt; E.sub.CH1 = E.sub.S (1 - .gamma..sub.min) - .DELTA.R.sup..
      I.sub.M                                                   (12)
PAL  and short-circuits the appropriate resistor sections. As a result, the
      armature current I.sub.M tends to increase. This upward tendency of the
      armature current I.sub.M, however, is dampened by the repeated
      energization of the current control system whereby the duty cycle .gamma.
      is automatically increased thereby to maintain the armature current
      I.sub.M constant. At this time, the voltage E.sub.CH across the chopper CH
      transfers from point P.sub.1 to P.sub.2 in such a manner as to just
      compensate for the voltage drop .DELTA.R.sup.. I.sub.M due to the
      short-circuited resistor sections. Under this condition, the relation as
      shown in the equation (12) is present and therefore the chopper voltage
      E.sub.CH increases up to the maximum value E.sub.S (1 - .gamma..sub.min)
      controllable by the chopper, with the result that the power P.sub.S, that
      is, I.sub.M.sup.. E.sub.CH regenerated to the power supply reaches its
      maximum.
PAR  Differing from the first embodiment, the second embodiment mentioned above
      has an advantage that the voltage E.sub.CH1 varies with the source voltage
      E.sub.S and therefore there is no need for any means for compensating for
      the variations in source voltage, thus permitting the appropriate resistor
      sections to be short-circuited under the optimum condition always.
PAR  In spite of the second embodiment in which the voltage across the chopper
      CH is detected directly, the relation E.sub.CH = E.sub.M - R.sup.. I.sub.M
      permits the employment of an alternative method by which the chopper
      voltage E.sub.CH is detected indirectly by detecting the motor voltage
      E.sub.M and armature current I.sub.M. Such an alternative method is shown
      in the embodiments of FIGS. 12 and 13. In the embodiment shown in FIG. 12,
      the motor voltage E.sub.M is detected by the voltage detector 11 while the
      voltage drop R.sup.. I.sub.M across the resistor R is detected by another
      voltage detector 12 and subtracted by subtractor means 13, thus producing
      the chopper voltage E.sub.CH = E.sub.M - R.sup.. I.sub.M.
PAR  The embodiment of FIG. 13 is the same as that of FIG. 12 in that the motor
      voltage E.sub.M is detected by the voltage detector 11, but different in
      that in the embodiment of FIG. 13 the armature current I.sub.M is detected
      by a current detector 14 and the result of detection is multipled by the
      resistance R by the multiplier 15, so that the difference between the
      obtained voltage drop R.sup.. I.sub.M and the voltage E.sub.M is produced
      by the subtractor means 13.
PAR  The regenerative braking circuits so far suggested include various
      modifications of FIG. 1. For example, each of the circuits shown in FIG.
      14 and FIG. 15 is a regenerative braking system for controlling a
      plurality of motors M.sub.1 and M.sub.2. In the drawings, reference
      symbols R.sub.1 and R.sub.2 show resistors, S.sub.1 and S.sub.2 switches
      for short-circuiting the resistors, symbols F.sub.1 and F.sub.2 field
      windings, symbols CH, CH.sub.1 and CH.sub.2 choppers, symbols C, C.sub.1
      and C.sub.2 capacitors, symbols D.sub.1, D.sub.2, D.sub.3 and D.sub.4
      diodes, and symbols L.sub.1, L.sub.2 and L.sub.3 smoothing reactors. So
      far as the regenerative braking is regulated by on-off operation of
      chopper means, it is apparent that the present invention is applicable
      with equal effect to these modifications as well.
PAR  It will thus be seen that the objects set fourth above, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A regenerative brake control system for a DC motor comprising: a DC
      motor; resistor means connected in series with said DC motor and including
      at least one resistor section; switch means for short-circuiting said
      resistor section of said resistor means; circuit means through which
      regenerative current is passed for regenerative braking by returning power
      generated by said DC motor to a power supply; chopper means, connected in
      parallel to a series circuit of said DC motor and said resistor means, for
      controlling the armature current of said DC motor by on-off operation
      thereof; means for controlling the duty cycle of said chopper means; and
      means for controlling the operation of said switch means in a manner so
      that the duty cycle immediately following the short-circuiting of said
      resistor section of said resistor means is a minimum value tolerable to
      said chopper means.
NUM  2.
PAR  2. A regenerative brake control system according to claim 1, in which said
      means for controlling the operation of said switch means includes means
      for detecting the fact that the duty cycle of said chopper means reaches a
      certain value which indicates a proper timing to short-circuit said
      resistor section so that the duty cycle immediately following the
      short-circuiting of said resistor section is controlled to be said minimum
      value tolerable to said chopper means; and means for energizing said
      switch means in response to the operation of said detector means.
NUM  3.
PAR  3. A regenerative brake control system according to claim 2, in which said
      duty cycle control means includes comparator means for comparing the
      armature current of said DC motor with a reference value so that the
      armature current is maintained constant by controlling said duty cycle
      depending on the deviation of the armature current from said reference
      value.
NUM  4.
PAR  4. A regenerative brake control system according to claim 3, in which said
      detector means detects the fact that the duty cycle of said chopper
      reaches said certain value in response to the output of said comparator
      and said reference value.
NUM  5.
PAR  5. A regenerative brake control system according to claim 4, in which said
      detector means includes a differential amplifier, said differential
      amplifier having a first input terminal to which an electrical signal
      corresponding to said reference value is applied, said differential
      amplifier having a second input terminal to which an electrical signal
      representing said deviation is applied, said means for energizing said
      switch means being energized in response to the output from said
      differential amplifier.
NUM  6.
PAR  6. A regenerative brake control system according to claim 5, in which said
      resistor means includes a plurality of resistor sections, and said means
      for energizing said switch means includes resistor notching means for
      notching said sections of said resistor means in response to the output
      signal from said differential amplifier.
NUM  7.
PAR  7. A regenerative brake control system according to claim 2, in which said
      detector means includes means for compensating for variations in source
      voltage so as to properly detect the fact that the duty cycle of said
      chopper means reaches said certain value.
NUM  8.
PAR  8. A regenerative brake control system according to claim 5, in which said
      detector means includes means for compensating for variations in source
      voltage so as to properly detects the fact that the duty cycle of said
      chopper means reaches said certain value.
NUM  9.
PAR  9. A regenerative brake control system according to claim 8, in which said
      compensating means includes divider means, said electrical signal
      representing said reference value being applied to said first input
      terminal after being divided by the source voltage.
NUM  10.
PAR  10. A regenerative brake control system according to claim 1, in which said
      means for controlling the operation of said switch means includes first
      means for detecting a voltage of said power supply, second means for
      detecting a voltage across said chopper means, third means for detecting
      the armature current of said DC motor, and means for determining, in
      response to the respective outputs from said first, second and third
      means, a proper timing to short-circuit said resistor section so that the
      duty cycle immediately following the short-circuiting of said resistor
      section is controlled to be said minimum value tolerable to said chopper
      means.
NUM  11.
PAR  11. A regenerative brake control system according to claim 10; in which
      said first voltage detector means detects the voltage E.sub.S of said
      power supply to produce an output representing E.sub.S (1 -
      .gamma..sub.min), where .gamma..sub.min is said minimum duty cycle value
      tolerable to said chopper means; said third means detecting the armature
      current I.sub.M and producing an output corresponding to the voltage drop
      .DELTA.R.sup.. I.sub.M across the resistor section .DELTA.R to be
      short-circuited; said switch control means including subtractor means for
      subtracting the output of said armature current detector means from the
      output of said first voltage detector means, and comparator means for
      comparing the result of subtraction by said subtractor means with the
      chopper voltage E.sub.CH detected by said second voltage detector means;
      said switch means being energized to short-circuit said resistor section
      .DELTA.R at the time point when the condition E.sub.CH &lt; E.sub.S (1 -
      .gamma..sub.min) - .DELTA.R.sup.. I.sub.M is satisfied.
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ABST
PAL  A guidance system for controlling the path of a boat comprising a first
      conductor disposed below the surface of water in a first elongated loop
      and connecting at the terminals thereof across an A.C. source of
      electrical signal and a second conductor driven in a quadrature with the
      first conductor and disposed in a second loop partly superposed over the
      first loop. A first and second orthogonal inductive coil, mounted in the
      boat along a plane parallel to the loop and a plane normal to the loop
      plane and substantially parallel to the centerline thereof sense the
      vertical and horizontal components of the electromagnetic field generated
      about the conductor loops to produce corresponding induced signals
      respectively varying in amplitude and phase according to the amplitude of
      the electromagnetic field and the position thereof. Such induced signal of
      the first and second coils are then clipped by signal limiters and
      connected to a common phase detector to produce a phase angle signal
      indicative of the amplitude of deviation of the coils relative the loops.
      The phase detector output signal is then connected to control a steering
      apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to guidance systems, and more particularly to
      guidance systems responsive to the lateral displacement of a guided object
      from the center of an electromagnetic signal generated by elongated
      conductor loops excited in guadrature by an A.C. electrical signal source.
PAR  2. Description of the Prior Art
PAR  Automatic guidance systems typically take on a variety of forms, the more
      complex of such forms being guidance systems which control a moving object
      both along a preselected path and according to a predetermined sequence of
      velocities. The less complex guidance systems, having generally a wider
      potential application in commercial use, are guidance systems which
      control the lateral displacement of the object along a predetermined path.
      Generally such guidance systems are signal following systems where the
      attitude of the object is controlled in response to lateral deviations
      thereof from the signal center and the resulting dynamics of motion of the
      object complete in the guidance loop. In applications where the attitude
      produced control power of the guided object is weak in comparison with the
      inertia of the object, such as the applications where a relatively large
      displacement boat is controlled to follow a particular signal track, large
      amounts of lead or anticipation are necessary in order to control the
      lateral accuracy of the boat path. Furthermore, even if anticipated, the
      corrective dynamics of motion are typically underdamped and of low
      frequency, resulting in large corrective overshoots. Even if augmented to
      reduce the overshoots the overall gain of such systems is typically low
      and many attempts have been made in the past to reduce the overall loop
      errors. One major contributor producing a low loop gain has been the
      sensor system which functions to identify the tracked signal center as
      well as any deviations therefrom.
PAR  Thus in guidance applications where a mobile object is directed to follow a
      preselected signal track the signal pick-offs or sensors determining the
      signal center and the relative lateral location of the object are
      typically the limiting constraints on the overall tracking accuracy of the
      system. Such guidance loops depend on a linear displacement from the
      signal center and accordingly the inherent characteristics of the loop are
      those of a first order servo having the typical steady state errors which
      are a function of the loop gain and therefore the sensitivity of the
      sensors. Control systems of this kind, when utilized for public conveyance
      purposes, must, however, be both accurate and highly reliable to properly
      perform stationing functions such as docking at loading platforms.
      Heretofore most prior art guidance systems adapted for commercial use
      entailed elaborate sensors requiring extensive augmentation, control power
      and maintenance and care in operation. Furthermore, most such sensing
      devices were amplitude responsive and therefore sensitive to signal
      attenuation or drop off through any medium, while also being constantly
      driven at maximum loop gain, there being no convenient means for passively
      controlling gain where higher accuracy was required. Particularly when
      applied to amusement vehicles such as guided boats floating or propelled
      along preselected channels in waters which are heavily saturated with
      various contaminants thrown there by the passengers, such boats being
      loaded to varying displacement depths, a guidance system which is simple
      and inherently insensitive to the varying attenuation through the medium
      is desirable.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the general purpose and object of the present invention
      to provide a guidance system which can conveniently discriminate the
      signal center of the signal track and is substantially insensitive to the
      received amplitude fluctuations thereof. Another object of the invention
      is to provide a guidance system which is inherently reliable and easy to
      maintain. A further object of the invention is to provide a guidance
      system which is particularly suitable for controlling the horizontal or
      surface path of a floating platform, such as a boat, within narrow canals
      at varying vertical displacements relative submerged signal sources. Yet
      another object of the present invention is to provide a guidance system
      which can be conveniently set to varying gain levels along the path.
PAR  Briefly, these and other objects are accomplished within the present
      invention by disposing a first insulated conductor arranged in a first
      elongated loop in a horizontal plane below the surface of a canal along
      which a boat is to be guided, the two ends of the conductor being
      connected at the ends across a source generating an A.C. electrical
      signal. A second conductor connected to be driven in quadrature, with the
      first conductor is disposed to form a second loop substantially equal to
      the length of the first loop and partly overlapping laterally the first
      loop. The electromagnetic field thus generated about the first and second
      conductors forming the first and second loops is picked up by a first and
      second inductive coil, arranged in normal relationship, the first coil
      being disposed in a plane parallel to the plane of the conductor loops
      while the second coil is disposed in a plane substantially normal and
      parallel to the longitudinal axes thereof. In this manner the first
      inductive coil is responsive to the vertical components of the
      electromagnetic flux around the looped conductors which are invariant with
      lateral displacement within the loop overlap while the second coil is
      responsive to the transverse or horizontal components of the magnetic flux
      and therefore is both phase and amplitude sensitive to the lateral
      displacement therefrom. Since the longitudinal dimension of the loops is
      greater than its width such horizontal components of flux are essentially
      transverse to the longitudinal centerline of the loop. The induced signals
      on the first and second coils are collected at the respective inputs of a
      first and second squaring or clipping circuit and the square wave outputs
      of the clipping circuits are compared in a phase detector to provide an
      error signal indicative in phase and amplitude of the polarity and the
      amount of deviation of the vehicle from the signal center of the magnetic
      field generated about the first and second loops. This error signal is
      then amplified through a conventional servo amplifier which completes a
      servo loop driving a control rudder to correct the deviation.
PAR  In a second embodiment the error signal produced by the phase detector is
      connected to a fore and aft servo loop controlling in complement
      corresponding fore and aft water jets to direct the respective output
      streams thereof into corresponding fore and aft paired complementary
      turning ducts to produce a corrective turning moment about the boat.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a first embodiment of a boat guidance system
      constructed according to the present invention;
PAR  FIG. 2 is a diagrammatic side view of a boat having disposed therein
      guidance sensors constructed according to the present invention;
PAR  FIG. 3 is a field diagram of an electromagnetic field signal developed
      about circular conductors driven by corresponding A.C. signals;
PAR  FIG. 4 is a vector diagram illustrating the amplitude and phase of a
      guidance signal developed by the sensors of FIG. 2;
PAR  FIG. 5 is a top view diagrammatic illustration of yet another embodiment of
      a control system rendered responsive by the sensors of FIG. 2;
PAR  FIG. 6 is a side view diagrammatic illustration of the control system shown
      in FIG. 5; and
PAR  FIG. 7 is a circuit schematic of a detector circuit constructed according
      to the present invention.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  The present invention is directed at a guidance system adapted to select
      the signal center of two superposed electromagnetic fields developed about
      two elongated conductor loops excited in quadrature, and to provide a
      phase responsive signal indicative of the deviation error therefrom. A
      guidance system of this type, responsive to a magnetic field, includes
      inductive pick-ups or coils which are amplitude and phase responsive to
      the flux developed within the magnetic field. In order to isolate any
      measurement variances associated with variations in attenuation inherent
      through any real environment a magnetic field is generated about the two
      loops in quadrature and the combined field flux is resolved by inductive
      sensors having orthogonal response axes in a plane transverse to the
      longitudinal axis of the loops, the induced signal received at the
      respective inductive sensors is then clipped or limited and thereby
      rendered insensitive to any signal losses through the environment, and the
      clipped signal is then compared in a common phase detector to provide a
      control signal indicative in phase and amplitude to the direction and
      amplitude of the deviation error.
PAR  As shown in FIG. 1, a guidance loop, generally designated 10, includes a
      vertically disposed inductive sensor or coil 11 and a horizontally
      disposed inductive sensor or coil 12, coils 11 and 12 being mounted within
      the bow cavity of a boat 15 to respectively sense the vertical component
      of flux and the horizontal component of flux generated by an
      electromagnetic field around two elongated and superposed conductor loops
      16 and 17. Conductor loops 16 and 17 each comprise sections of insulated
      wire respectively connected across the output terminals of corresponding
      power amplifiers 21 and 22. Amplifiers 21 and 22 are conventional low
      output impedance power amplifiers such as the amplifiers Model No. 42280A,
      distributed by the Altec Company, 1515 Manchester Avenue, Anaheim,
      California. Amplifier 21 receives at the input an alternating signal
      developed by an A.C. signal source E while amplifier 22 is driven in
      quadrature with amplifier 21 by a quadrature generator 23 which is also
      driven by the signal source E. Quadrature generator 23 can be any
      conventional quadrature generator (such as an operational integrator
      driven at a relatively high gain to substantially provide zero attenuation
      of the signal developed by source E at the frequency thereof). Accordingly
      loops 16 and 17 have imposed thereacross alternating electrical signals
      which are spaced apart in phase angle by 90.degree.. Loop 16, for example,
      forms a circular conductor which is connected to the amplifier 21 to
      provide a positive and negative or return section thereon. Loop 17 is
      arranged similarly in a positive and return configuration. Loops 16 and 17
      are partly superposed with the positive sections and negative sections
      arranged in adjacent relationship. The positive and negative sections of
      the corresponding loops 16 and 17 are arranged in parallel proximity
      relative each other. The gap thus formed between the centrally arranged
      corresponding positive section of loop 17 and negative section of loop 16
      provides the effective tracking band of the guidance system.
PAR  In order to conserve the power consumption loops 16 and 17 are each
      connected in the manner of a resonating circuit across respective
      secondary windings of output transformers 41 and 42 in amplifiers 21 and
      22, coupled therewith by corresponding capacitors 43 and 44. Also included
      in the loops are corresponding resistors 45 and 46, resistors 45 and 46
      combining with capacitors 43 and 44 and the associated inductance and
      capacitive leakage of the loops 16 and 17 to provide a high Q, or
      resonance, at the driving frequency of the loops.
PAR  As illustrated in FIG. 2, coils 11 and 12 are mounted forwards within the
      bow cavity of the boat 15 to provide a lead factor in the response thereof
      to the lateral displacement of the boat. The vertical displacement
      designated as depth y, which varies with loading, provides a first
      increment of variation to the field levels sensed by the coils, it being
      understood that the field strength around any linear section of a
      conductor drops off as the inverse ratio of the distance squared
      therefrom. Thus the field strength at the coils 11 and 12 is in nonlinear
      inverse proportion to the displacement depth y, being further aggravated
      by the pitching motion of the boat 15, the permeability of the medium and
      any losses occurring across the hull. Such variations in field strength
      convert directly to variations in gain of the loop which controls the
      angular displacement of rudder 34 and therefore the response of the boat
      15 to lateral errors.
PAR  Loops 16 and 17 are driven in quadrature and the combined signal picked up
      by coils 11 and 12 resulting from the superposition thereof will exhibit,
      within the tracking band, a phase relationship which, when converted to
      zero crossings by the clipping circuits, is correlated to the displacement
      of a sensor. In particular the signal developed at coils 11 and 12 results
      from the superposition of the magnetic fields developed by loops 16 and 17
      which is clipped to form a square wave pulse train having pulses bounded
      by the zero crossings of the signal at each coil.
PAR  As illustrated in FIG. 3, the horizontal coil 12 is responsive to the
      vertical components of the magnetic flux designated F.sub.v generated by
      the field around the two conductor loops. The vertical components are
      directly additive and therefore are constant within the band defined
      above. Thus the resulting induced signal vector R on coil 12 is
      substantially constant both in amplitude and phase throughout any lateral
      displacement of boat 15. On the other hand the resulting induced signal
      vector V on coil 11 comprises a combination of the horizontal components
      of the flux designated F.sub.h which are of opposite polarity for the
      corresponding sections of either loop 16 or loop 17. As the sensor is
      displaced towards either side the phase angle of the zero crossing shifts
      over to correspond more with the phase angle of the zero crossing of that
      particular section of the loop.
PAR  These features are particularly adapted to provide a guidance system which
      is responsive to phase only and therefore insensitive to any amplitude
      losses through the environment. More specifically, coils 11 and 12 sense
      the superposed fields generated around both loops 16 and 17, coil 12
      receiving a constant phase field signal to produce a reference signal
      while coil 11 receiving a signal which varies in phase as the respective
      sections of loops 16 and 17 are approached. Clipping circuits 25 and 26
      convert the combined sinusoidal function signal produced by the coils into
      a square wave bounded by the zero crossing of the associated field
      vectors, where the square wave output of clipping circuit 25 is
      essentially constant while the square wave output of circuit 26 varies in
      the phase with the location of coil 12. The square wave signals developed
      by circuits 25 and 26 are amplified to oscillate between fixed limits by
      corresponding amplifier circuits 27 and 28, the outputs thereof being
      collected at a phase detector 31 to provide a control signal C to a
      conventional servo amplifier 32. Servo amplifier 32 drives a servo motor
      33 to control rudder 34 in a particular corrective orientation, driving
      the boat 15 back to the center of the field signal. Amplifier 32 receives
      at its input both the signal C and a feedback signal F across a feedback
      amplifier 37 amplifying a signal developed by a potentiometer 36 connected
      between a D.C. signal B+ and ground and engaged to be mechanically
      actuated along with the actuation of the rudder 34.
PAR  FIG. 4 illustrates the resulting signal vectors developed across coils 11
      and 12. Specifically shown in the right positive quadrant is a signal
      vector R which represents the magnitude and phase angle of the signal
      developed across coil 12. Within the tracking band set forth above the
      phase angle of the signal vector R is substantially constant at
      +45.degree. as developed by vector sum of the vertical field component
      F.sub.v associated with the summation of the superposed vertical field
      components of loops 16 and 17. Thus the signal vector R is constant in
      phase and varies in amplitude as a function of the field strength at the
      coil. The vertical coil 11, on the other hand, produces a signal vector V,
      nominally at 90.degree. with vector R when centered due to the orthogonal
      orientation of this coil with coil 12, which varies in phase angle between
      a 90.degree. phase angle corresponding to the positive lead section of
      loop 17 and 180.degree. phase angle associated with the negative lead
      section of loop about a nominal phase angle of 135.degree. . These lead
      sections define the tracking band as described above. Thus the amplitude
      of signal vector V varies both with phase angle and attenuation of the
      field signal. It is to be further understood that the positive section of
      loop 17 and the negative section of loop 16 serve to define the left and
      right hand limits of the tracking band thereby providing a linear
      correlation between lateral displacement and phase angle of signal vector
      V. In this manner a system of signal sensors is produced which is
      self-referencing by virtue of coil 12 and which is phase responsive to
      lateral deviations from the center of the tracking signal. The signals
      developed across coils 11 and 12 are combined in a phase detector further
      described below which conventionally produces a zero error signal C when
      signal vectors V and R are at 90.degree. phase and a positive or negative
      signal C of increasing amplitude as the phase angle of vector V varies
      between 90.degree.  and 180.degree.. The effective signal gain or phase
      angle versus lateral deviation of signal vector V can be further
      controlled by the width of the tracking band and in order to facilitate
      high accuracy docking the separation between loops 16 and 17 can be
      narrowed as illustrated in FIG. 1 within the section designated S.
PAR  As shown in FIGS. 5 and 6, yet another embodiment of a control system
      responsive to the error signal C includes a fore and aft jet assembly 61
      and 62. Assemblies 61 and 62 each include corresponding water jets 63 and
      64 mounted for horizontal rotation below the bottom surface of boat 15 and
      driven in rotation by corresponding associated servo motors 65 and 66.
      Associated further with the respective water jets 63 and 64 are
      corresponding potentiometers 67 and 68, varying in resistance with the
      angular position of jets 63 and 64, connected in a complementary manner at
      corresponding opposite ends between a source of D.C. signal B+ and ground.
      The respective wiper connections of potentiometers 67 and 68 are fed back
      across associated feedback amplifiers 71 and 72 to the inverting input
      terminals of corresponding servo amplifiers 73 and 74 which are also
      connected at the noninverting terminals to receive the error signal C and
      which connect at the output terminals to drive the associated servo motors
      65 and 66. In this manner two servo loops control in complement the
      angular position of jets 63 and 64 at gain levels set by the sensitivity
      of the potentiometers 67 and 68 and the respective gains of the feedback
      amplifiers 71 and 72.
PAR  In order to increase the control power of the respective control loops each
      assembly 61 and 62 further includes corresponding paired in opposing
      relationship turning ducts 81 and 82 and 83 and 84. Ducts 81 and 82 are
      mounted below the bottom surface of boat 15 to align the input ends
      thereof in a receiving relationship with the high velocity stream
      developed by jet 63, the receiving ends thereof being further spaced apart
      horizontally to permit a free passage of the jet stream therebetween when
      the jet 63 is aligned along the centerline of boat 15. Ducts 81 and 82
      furthermore are of an enlarged cross section to allow for the receipt of
      the entrained boundary layer flow around the jet stream and thereby
      increase the control power thereof. The output ends of ducts 81 and 82 are
      turned in a horizontal plane to provide flow exit along substantially
      opposed axes such that small changes in angular position of jet 63 results
      in large lateral components of force at either output end to produce
      turning moments on boat 15. In a similar fashion the aft jet assembly 62
      drives the jet 64 between turning ducts 83 and 84 in a direction opposite
      to jet 63, as provided by the complementary connection of potentiometers
      67 and 68, to produce an opposing lateral force and a complementary
      turning moment directed by signal C adding to the moment generated by
      assembly 61.
PAR  One example of the particular circuit elements accomplishing the
      amplification function of amplifiers 27 and 28, the clipping function of
      clipping circuits 25 and 26 and the phase detection function of phase
      detector 31 are set forth in the circuit shown in FIG. 7, such circuit
      being adapted to issue the control signal C both to the rudder control
      system shown in FIG. 1 and the water jet controls shown in FIGS. 5 and 6.
      In particular the signal first developed at coil 11 is received in
      clipping circuit 25 across a bandpass filter circuit 91 tuned to the
      excitation frequency of the A.C. signal source E, such filter circuit
      forming a passive bandpass filter having the high frequency cut-off
      substantially set by a capacitor 92 connected in shunt across coil 11 and
      a series connected resistor 93 while the low frequency cut-off is
      substantially set by a coupling capacitor 94 and a shunting resistor 95.
      Similarly the output signal of coil 12 is received in the clipping circuit
      26 across a second bandpass filter 101 including a shunt capacitor 102, a
      series resistor 103, a coupling capacitor 104 and a shunt resistor 105.
      The respective output signals from filters 91 and 101 are received at the
      non-inverting input terminals of corresponding operational amplifiers 111
      and 112 connected in open loop circuit to operate at the typical open loop
      high gain between saturation limits in response to the signals developed
      by coils 11 and 12, amplifier 111 being referenced against a reference
      signal developed by a voltage divider 115 connected at the wiper to the
      inverting input of the amplifier and forming a parallel circuit across
      signal B+ and ground. Similarly, clipping circuit 26 includes the high
      gain operational amplifier 112 referenced to a voltage divider 116,
      amplifier 112 operating between saturating limits for any reel signal
      levels of coil 12. Amplifiers 111 and 112 are respectively connected at
      the outputs thereof across associated coupling resistors 113 and 114 and
      capacitors 117 and 118 to respective amplifiers 27 and 28 at the
      corresponding base terminals of common emitter connected transistors Q1
      and Q2, where the base terminals of transistors Q1 and Q2 are further
      biased relative ground by corresponding base biasing resistors 129 and
      130. The collector terminal of transistor Q1 connects both across a
      collector resistor 121 to the source of D.C. signal B+ and across a
      limiting resistor 123 to a pair of coupling capacitors 125 and 127 to
      corresponding base biasing circuits respectively including resistors 131
      and 133, and 135 and 137 of two push-pull configured transistors Q4 and Q5
      connected by the emitters across signal B+ and ground. The collectors of
      transistors Q4 and Q5 are connected in common across a coupling capacitor
      141 to one end of a primary winding of a transformer T1 in the phase
      detector 31. Similarly the collector of transistor Q2 connects across a
      collector resistor 122 to signal B+ and across resistor 124 to paired
      coupling capacitors 126 and 128 which drive the base biasing circuits,
      including resistors 132, 134, 136 and 138, of push-pull transistors Q6 and
      Q7 also connected across signal B+ and ground. The collectors of
      transistors Q6 and Q7 are again connected across a coupling capacitor 142
      to the phase detector 31 at the midpoint connection of two series
      connected diodes CR1 and CR2 connected cathode-to-anode across a resistor
      162 and coupled by a capacitor 161 to one end of the secondary winding of
      the transformer T1. A second diode series including cathode-to-anode
      connected diodes CR3 and CR4 is connected in parallel bias across diodes
      CR1 and CR2 providing at the midpoint thereof a signal indicative of the
      phase difference between the signals developed across capacitors 141 and
      142. The midpoint signal between diodes CR3 and CR4 is then smoothed by an
      R-C network including a series resistor 163, shunted to ground at both
      ends by capacitors 164 and 165, which drives the base of a transistor Q3
      connected between the signal B+ and an emitter resistor 170 to form an
      emitter follower configuration developing the signal C across the emitter
      resistor 170. In order to provide a null adjustment of the detector 31 the
      midpoint connection between diodes CR1 and CR2 is further connected to a
      biasing circuit including a variable resistor 171 connected between the
      cathode of diode CR1 to the signal B+.
PAR  In this manner the signal developed across coil 11 is clipped by the
      saturating limits of amplifier 111 and converted to a square wave of a
      constant amplitude between B+ and ground by transistors Q4 and Q5 to
      provide a driving signal to the primary winding of transformer T1. The
      secondary winding of transformer T1 is tied to the square wave frequency
      by the capacitor 161 and resistor 162 which is alternatively shorted by
      diodes CR1 and CR2 according to the signal developed across capacitor 142.
      Thus diodes CR1 and CR2 act as a phase splitter biased by the variable
      resistor 171. Any phase difference between the two square wave signals
      causes one of the diodes to conduct more heavily thereby imposing an
      unbalanced output signal at diodes CR3 and CR4. Thus a signal linearly
      indicative of the phase difference between the two square waves is
      produced to control the voltage developed across the emitter resistor 170.
      In this context it is necessary to note that the signal across capacitor
      142 is essentially constant in frequency and amplitude, being indicative
      of the field components picked up by coil 12. The signal across capacitor
      141, on the other hand, is phase responsive to the proximity of coil 11
      relative the adjacent sections of loops 16 and 17. Thus the phase
      difference signal C is directly indicative of the amount of deviation of
      coil 11 from a virtual signal center between the loops. This signal is
      then alternatively utilized to either drive a servo controlling a
      conventional rudder or to drive two servo loops in complement to
      articulate the angular position of two water jets thereby directing a
      proportional amount of the stream into respective ones of the turning
      conduits associated with each jet.
PAR  Accordingly a linear guidance system is formed which is essentially
      insensitive to signal strength variations, and therefore signal noise,
      other than the signal noise in the bandwidth of the driving frequency of
      the loops. Such guidance system, furthermore, includes simple and
      therefore reliable sensors which are compared by circuits which are both
      simple and accurate.
PAR  Obviously, many modifications and variations of the present invention may
      be made with regard to the foregoing detailed description without
      departing from the spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A guidance system for controlling the lateral motion of a mobile object
      along a directed path, comprising:
PA1  a source of A.C. electrical power;
PA1  first signal producing means operatively connected across said source of
      A.C. power, including a first conductor arranged in circuit to form a
      first elongated loop in a plane parallel with the surface of the path, for
      producing a first electromagnetic field signal thereabout according to the
      excitation thereof by said source of A.C. power;
PA1  phase lag means operatively connected at one end thereof across the said
      source of A.C. power for producing an A.C. excitation signal at the other
      end thereof at a predetermined phase relationship with said source of A.C.
      power;
PA1  second signal producing means operatively connected across said phase lag
      means, including a second conductor arranged in circuit to form a second
      elongated loop disposed in substantial parallel arrangement and partly
      overlapping said first elongated loop, for producing a second
      electromagnetic field thereabout according to the excitation of said phase
      lag means;
PA1  first inductive sensor means mounted in said mobile object for producing a
      first sensor signal indicative of the sum of vector components of said
      first and second electromagnetic field signals aligned substantially
      vertical relative the plane of said first and second elongated loops;
PA1  second inductive sensor means mounted in said object for producing a second
      sensor signal indicative of the sum of the vector components of said first
      and second electromagnetic field signals aligned substantially parallel to
      the planes of said loops and substantially transverse to the longitudinal
      axes thereof;
PA1  a first and second clipping means connected to respectively receive said
      first and second sensor signals for producing corresponding first and
      second square wave signals of fixed amplitudes respectively indicative of
      the zero crossings of said first and second sensor signals;
PA1  phase detector means adapted to receive said first and second square wave
      signals for producing a control signal indicative of the phase difference
      therebetween; and
PA1  control means rendered responsive to said control signal for producing
      control forces directing the motion of said mobile object in response
      thereto.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein:
PA1  said first and second signal producing means respectively including a first
      inductive coil disposed in a plane substantially parallel to the surface
      of said path and a second inductive coil disposed in said object in a
      plane substantially vertical relative the surface of said path and
      parallel to the longitudinal axis of said object, said first and second
      coils being responsive to the components of said first and second field
      signals aligned normal to the respective planes thereof.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein:
PA1  said control means further includes a servo amplifier connected to receive
      at a first input terminal thereof said control signal, a servo motor
      connected to be driven according to the polarity and amplitude of the
      output signal from said servo amplifier, force producing means connected
      to be articulated by said servo motor, and signal producing means
      connected to said force producing means for producing a feedback signal
      indicative of the articulation of said force producing means operatively
      connected to a second input terminal of said servo amplifier, said servo
      amplifier producing said output signal according to a predetermined
      combination of said control and feedback signals.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein:
PA1  said force producing means includes a rudder disposed from said object for
      lateral rotation in response to said servo motor.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein:
PA1  said force producing means includes a fluid jet mounted for lateral
      rotation from said object producing a force generating fluid stream
      according to the rotation thereof, a first and second horizontally opposed
      turning duct mounted from said object having receiving openings aligned
      with the central axes thereof in substantially horizontal parallel
      alignment disposed behind said fluid jet to receive selective amounts of
      said fluid stream according to the rotation of said jet therebetween, said
      ducts further including substantially opposed outlets aligned with the
      central axes thereof substantially transverse to the longitudinal axis of
      said object.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein:
PA1  said first and second clipping means respectively include an operational
      amplifier connected to receive the corresponding ones of said first and
      second sensor signals, a push-pull transistor stage including a pair of
      complementary transistors disposed between respective D.C. signals and
      operatively connected to be selectively rendered conductive according to
      the amplitude of said operational amplifier output signal for
      alternatively producing a positive and negative signal of predetermined
      amplitude in response to the polarity of the operational amplifier output
      signal; and
PA1  said phase detector means including a transformer connected at the primary
      winding thereof to the corresponding push-pull transistor stage associated
      with said first clipping means and operatively connected at the secondary
      winding thereof to the corresponding push-pull transistor stage associated
      with said second clipping means, and rectifying means connected in
      parallel across the secondary winding of said transformer for producing
      said control signal indicative of the phase difference between the primary
      and secondary windings of said transformer.
NUM  7.
PAR  7. Apparatus according to claim 3 further comprising:
PA1  a first and second power amplifier respectively connected to corresponding
      ones of said source of A.C. power and to said phase lag means at the input
      thereof respectively including a first and second output transformer
      disposed at the output thereof, first and second resonating means
      respectively connected across and in circuit with the corresponding
      secondary winding of said first and second output transformer at
      respective one ends thereof and respectively connecting to corresponding
      ones of the end terminals of said first and second loops at the other ends
      thereof, said transformers, resonating means and loops combining to form
      resonating circuits tuned to the frequency of said source of A.C. power.
NUM  8.
PAR  8. Apparatus for guiding the lateral motion of a mobile object along a
      directed path, comprising:
PA1  signal generating means for producing a first and second horizontal
      elongated toroidal electromagnetic field in partial longitudinal
      overlapping relationship, said first and second electromagnetic field
      being excited at a preselected frequency of excitation, the frequency of
      said first field being separated in phase from said second field;
PA1  sensing means mounted in said object for selectively sensing the
      corresponding combined field components of said first and second
      electromagnetic fields respectively aligned along axis normal to the plane
      of the torus and along an axis substantially parallel and transverse
      therewith and for producing respective first and second signals indicative
      thereof;
PA1  phase responsive means connected to receive the first and second signals
      from said sensing means for producing a corrective signal indicative of
      the separation of the zero crossings of said first and second
      electromagnetic fields; and
PA1  control means responsive to the corrective signal for controlling the
      lateral motion of the mobile object in response thereto.
NUM  9.
PAR  9. Apparatus for guiding a boat along a predetermined path, comprising:
PA1  signal producing means disposed below the surface of water for producing a
      longitudinal signal aligned along said path;
PA1  signal receiving means disposed in said boat for producing a corrective
      signal indicative of the lateral deviation of said boat relative said
      path; and
PA1  control force generating means mounted from said boat and connected to
      receive said corrective signal for producing complementary lateral forces
      proximate the bow and stern of said boat in response to said corrective
      signal.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein:
PA1  said control force generating means includes a bow and stern fluid jet
      mounted for lateral rotation in complementary response to said corrective
      signal below said boat producing corresponding force generating fluid
      streams according to the rotation thereof, a first and second horizontally
      opposed turning duct pairs mounted from said object longitudinally aft of
      said fore and aft jets having corresponding receiving openings aligned
      with the central axes thereof in substantially horizontal parallel
      alignment disposed respectively behind said bow and stern fluid jet to
      receive selective amounts of said associated fluid stream according to the
      rotation of said jets therebetween, said paired ducts further including
      substantially opposed outlets aligned with the central axes thereof
      substantially transverse to the longitudinal axis of said boat.
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ABST
PAL  A method of controlling a motor in which an elastic element is coupled in a
      sub-critically damped manner to the load and the natural frequency of the
      system which comprises the elasticity of the element and the mass of the
      driven part is utilized to cause the speed of the load to increase and to
      decrease as quickly as possible.
BSUM
PAR  This invention relates to a method of controlling an electric motor which
      may be coupled to a load more or less elastically and in a sub-critically
      damped manner. It should be pointed out that various forms of the said
      elastic coupling may be of used. It may be an elastic connection between,
      for example, a motor shaft and its load, but it may also be constituted by
      the field forces between the rotor and the stator, in which case the term
      "motor" is to be understood to mean the stator with the driving stator
      field only, or by a combination of the said cases. In the case of
      sufficiently large speed variations the elastic coupling may give rise to
      oscillations of the load relative to the motor. These oscillations may be
      troublesome especially in the case of a low degree of damping. During the
      movement they give rise to unstable running and under certain conditions
      they may limit the driving speed. For example, in the case where a load is
      driven by means of a stepping motor, the elastic element is constituted by
      the forces between the stator field and the rotor field, the stepping
      speed is adversely affected by excessive oscillations. On the other hand,
      when the motor is stopped, these oscillations may give rise to undesirable
      hunting around the end position. In order to reduce the duration of the
      oscillations to a minimum, according to a feature of the invention, a
      speed variation is effected in at least one step, each step comprising two
      stages in the first of which the motor is brought from a first speed to a
      second speed, while the load initially persists in its original movement
      and then returns to its equilibrium position relative to the motor, while
      in the second stage of the step the motor is brought from the second speed
      to a third speed such that when the third speed is reached, the load for
      the first time reaches the said equilibrium position, and the difference
      in speed between the motor and the load is then substantially equal to
      zero. This enables the starting of such an arrangement to proceed faster.
      If the arrangement is accelerated from a first speed, which in this case
      is equal to zero, to a second speed, the load will initially lag and then
      resile to its first equilibrium position relative to the motor. The
      invention ensures that at the instant at which the load has reached its
      equilibrium position the speed of the motor is equal to the speed of the
      load (third speed) so that hunting of the load is avoided. In the case of
      small friction losses in the elastic coupling the third speed on starting
      will be substantially twice the second speed. In particular in those cases
      in which when a given critical force is exceeded the elastic coupling may
      assume the next  position, the second speed may be made slightly lower, so
      that the critical force is not exceeded and nevertheless a high speed is
      attained in a short time. When the third speed is reached, this process
      may be repeated by again causing the motor speed to increase in two
      stages. The same procedure is used for stopping, in which in the last but
      one stage the speed of the motor is reduced at so high a rate that the
      speed of the load initially will be higher than that of the motor, while
      at the instant at which the load again reaches its equilibrium position
      relative to the motor the motor is stopped. The speed of the load relative
      to the environment then will be substantially equal to zero. Thus, the
      oscillation of the load relative to the motor is reduced to one half
      cycle.
PAR  If the speed is to be increased or decreased in a plurality of steps,
      according to another feature of the invention, the second stage of one
      step is advantageously made to coincide with the first stage of the next
      step. This reduces to a minimum the time required to attain the entire
      speed variation since now there is no time interval between the steps.
PAR  An arrangement for carrying out the method according to the invention
      includes a signal generator, one output of which is connected to an input
      of a control device, the output of which is coupled to a speed regulator
      to which the motor is connected and which is capable of setting the motor
      speed to at least three values under the command of the said control
      device. In this arrangement, after the motor speed has been switched from
      a first value to a second value by the control device, the signal
      generator delivers a signal to the control device so that, by means of the
      speed regulator, the said motor speed reaches a third value at the instant
      at which the load has first reaches an equilibrium position relative to
      the motor. At that instant the difference in speed between the load and
      the motor has become substantially zero.
PAR  Depending upon the nature and the inertia of the motor, the change from the
      second to the third speed may be effected gradually or even abruptly. For
      directcurrent motors, the regulation will in general take place gradually,
      but in stepping motors in which the magnetic field between the stator and
      the rotor acts as the resilient element, it may be effected abruptly
      because the inertia of the stator field is very small.
PAR  For these motors the control may be effected in a generally known manner
      such as, for example, voltage control in direct-current motors and
      frequency control in stepping motors.
PAR  If the load and the values of the speeds are always the same, in an
      embodiment of an arrangement according to the invention the signal
      generator may be a simple time switch. This switches the motor speed from
      the second value to the third value after a predetermined fixed period of
      time so that the third speed is reached when the speeds of the motor and
      the load are at least substantially equal.
PAR  A control which adapts itself to varying circumstances is obtained if, in
      another embodiment of an arrangement according to the invention, the
      signal generator is a position detector. This measures the position of the
      load relative to the drive and in accordance with the measurement applies
      a signal to the control device which, through the speed regulator, adapts
      the speed of the motor to that of the load.
PAR  In a further embodiment of an arrangement according to the invention for
      controlling a stepping motor, a signal generator includes a forwards and
      backwards counter into which the desired number of steps is introduced and
      an output of which is connected to the control device, while the speed
      controller coupled to it is provided with terminals to which a stepping
      motor may be connected. The speed controller also is connected to a
      backward counting input of the counter for returning a signal at the
      frequency of the motor feed pulses.
PAR  This enables a load to be brought from a first position to a second
      position at optimum speed.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows the principle of the invention,
PAR  FIG. 2 is a graph showing the displacements of the motor and the load as
      functions of time,
PAR  FIG. 3 shows block-schematically an arrangement according to the invention
      including a time switch as a signal generator,
PAR  FIG. 4 shows block-schematically an arrangement according to the invention
      including a position detector as the signal generator, and
PAR  FIG. 5 shows block-schematically a control arrangement for driving a
      stepping motor.
DETD
PAR  Referring now to FIG. 1, the principle of the invention is shown with
      reference to an example in which M denotes a motor, L a load and E an
      elastic coupling, the arrangement taking the form of a frictionless
      pendulum. At an instant t = 0 the displacement of the motor and that of
      the load still are equal to zero, but the motor is switched on to run at a
      first speed v.sub.2. After some time the motor has reached position II,
      whereas the load, owing to its inertia, still is substantially in its
      initial position, although it has already commenced to follow the movement
      of the motor. In position III, the load is clearly moving to its
      equilibrium position relative to the motor, during which movement its
      speed relative to its surroundings is progressively increasing. In
      position IV, the load has just, for the first time, reached its
      equilibrium position relative to the motor and, if the oscillation is not
      damped, it exactly has a speed v.sub.3 = 2.v.sub.2.
PAR  If, as is the case in a known control arrangement, the speed of the motor
      were maintained constant, the load would swing forward relative to the
      motor, then swing backward and so on, resulting in highly undesirable
      irregular running. If, however, according to the invention, in the
      position IV the motor speed is also raised to the value V.sub.3, then, as
      is shown by the position V, the load will move at the same rate as the
      motor. Positions VI to IX indicate the procedure for stopping. In the
      position VI the speed of the motor is reduced to the value V.sub.2 again
      so that the load will swing forward relative to the motor, as is indicated
      in the position VII. Then the load swings back relative to the motor and
      in the position IX has reached its equilibrium position relative to the
      motor again. However, this is exactly the instant at which the speed of
      the load relative to the surroundings has become equal to zero so that
      when the motor is stopped at this instant, the load remains stationary
      relative to its surroundings and to the motor and without oscillation. The
      entire process is shown more fully in FIG. 2 in which the displacement x
      is plotted along the vertical axis and the time t along the horizontal
      axis. The speed v.sub.2 is equal to tan .alpha. so that the displacement
      of the motor is effected along a dot-dash line AC. The displacement of the
      load is indicated by a solid line AC which at point C is tangent to a line
      BC which has a slope .beta., where tan .beta. is equal to 2 tan .alpha.,
      i.e. the speed v.sub.3 of the load is equal to tan .beta. = 2.v.sub.2. If
      the speed of the motor were now maintained constant, the load would swing
      to and fro relative to the motor according to a solid line CDG and so on.
PAR  However, if at an instant C' the motor speed is raised to the value
      v.sub.3, the motor and the load will run as an integral unit along a line
      CE. At an instant E', which corresponds to the point E, the motor speed is
      reduced to v'.sub.2 =  v.sub.2 and the motor continues running along a
      dot-dash line EF, while the load again swings on according to a solid line
      EF. At the point F the load has reached its equilibrium position relative
      to the motor and its speed relative to the surroundings has become equal
      to zero. At this instant the motor is stopped so that no further swinging
      of the load will occur.
PAR  If the motor speed is to be further increased, then the speed of the motor
      may be increased, for example, at an instant H', which corresponds to the
      point H on the line CE, to a value v.sub.4 equal to 3.v.sub.2  = tan
      .gamma. so that the motor moves on along a dot-dash line HK and the load
      again swings on along a solid line HK. At the point K, the load has again
      reached its equilibrium position relative to the motor and the motor speed
      is increased to a value V.sub.5 = 4.v.sub.2 = tan .delta., so that the
      speeds of the motor and of the load are equal again and the motor and the
      load will both travel in unison along a line KL. By enduring that the
      first stage of the second step immediately follows the second stage of the
      first step, so that in FIG. 2 points H and C coincide, the speed increase
      takes place at the highest possible rate. When the pendulum is not
      frictionless, the speeds v.sub.2 and v'.sub.2 will not be exactly equal to
      one another and will have to be adapted to the prevailing conditions. In
      braking, a reverse procedure is followed and therefore two steps each
      consisting of two stages are again used, which is not shown.
PAR  In FIG. 3, a motor M is connected through an elastic coupling E to a load
      L. This motor M is supplied from a speed regulator V, which in turn is
      controlled by a control device B. The input of this control device is
      connected to an output of a signal generator in the form of a timing
      switch T. When the arrangement is switched on, the control device B
      delivers a signal to the speed regulator V, which consequently brings the
      motor M to a speed v.sub.2. However, owing to the elastic coupling E the
      load L initially lags behind the motor. After a given time, during which
      the load first reaches its equilibrium position relative to the motor, the
      timing switch T delivers a signal to the control device B which then
      commands the speed regulator V to bring the motor M to a third speed
      V.sub.3  which is equal to that of the load. As a result, the load and the
      motor will henceforward run stationary with respect to each other. In the
      case of stopping, the same procedure takes place in reverse order.
PAR  In FIG. 4, the timing switch T of FIG. 3 has been replaced by a position
      detector P which is connected to the motor M and to the load L and
      determines their relative positions. In accordance with the difference in
      position a signal is applied to the control device B. During starting the
      motor M is brought to a speed v.sub.2, the load L again lagging initially
      but then moving to its equilibrium position relative to the motor. From
      the difference in the positions of the load L and the motor M the position
      detector P derives a signal which is applied to the control device B. In
      accordance with this signal, the control device B commands the speed
      regulator V to increase the speed of the motor M until, at the instant at
      which the equilibrium position is reached, the speeds of the motor M and
      of the load L are once again equal. The increase in the motor speed may be
      effected comparatively abruptly or gradually. The former will be the case
      when the inertia of the motor itself is very small relative to the load,
      while the latter will happen in all other cases. The motors used may be of
      any type, such as direct-current motors having various kinds of speed
      controls, stepping motors in which the speed is controlled by changing the
      frequency of the supply pulses, and so on. In this arrangement also,
      stopping is effected by using the reverse procedure.
PAR  FIG. 5 shows a circuit arrangement for controlling a stepping motor M in
      which arrangement the signal generator is a forwards and backwardscounter
      C. One input of the counter is connected to the control device B, while
      the speed regulator V coupled to this device is provided with terminals to
      which the stepping motor M may be connected. The speed regulator V is
      connected to a backwards counting input of the counter C for feeding back
      a signal at the frequency of the motor supply pulses. The number of steps
      to be taken by the motor is introduced into the counter C so that the
      control device B receives a signal which it converts into a command for
      the speed regulator V ordering it to bring the speed of the motor from a
      first value v.sub.1, which here is equal to zero, to a second value
      v.sub.2. This is effected by feeding the stepping motor M with pulses at a
      frequency which corresponds to the desired stepping speed of the motor M.
      A signal at the same frequency is applied to a backwards counting input of
      the counter. The load L, which is connected to the motor M through an
      elastic coupling E, will initially lag behind the motor movement and then
      return to its equilibrium position relative to the motor. In the case
      under consideration the load L of the motor M is constant and may, for
      example, be a carriage on which are mounted magnetic heads which scan the
      concentric tracks on a disc of a disc memory. The stepping motor moves
      these heads to the track to be scanned. This arrangement permits of
      determining after which time, i.e. after which number of pulses, the load
      L has again reached its equilibrium position relative to the motor M,
      whereupon the counter C applies a signal to the control device B which
      causes the speed of the motor M to be brought, by way of the speed
      regulator V, to a third value v.sub.3 which is equal to the speed of the
      load L. When the motor is in a position which is remote from the desired
      end position by a given number of steps, the counter C again applies a
      signal to the control device B, which causes the latter to reduce the
      motor speed to the value v.sub.2 by means of the speed regulator V. The
      load L initially continues running at the speed V.sub.3, but then reverses
      direction and at the instant at which it has again reached its equilibrium
      position relative to the motor M, it has a speed relative to the
      surroundings which is equal to zero. This permits the carriage to be
      locked in this position by a mechanical pawl mechanism without large
      forces being exerted thereon by hunting phenomena, for at this instant the
      counter C has reached the desired end position and stops the motor via the
      control device B and the speed regulator V.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of controlling a motor coupled to a load in an elastic
      subcritically damped manner wherein a speed variation is effected in at
      least one velocity step made up of two stages and comprising, bringing the
      motor from a first speed to a second speed during the first stage of said
      step whereupon the load initially persists in its initial movement and
      then moves towards its equilibrium position relative to the motor, and
      bringing the motor from the second speed to a third speed at a time during
      the second stage of said step such that the third speed is reached when
      the load reaches the said equilibrium position for the first time, the
      speed difference between the motor and the load then being substantially
      equal to zero.
NUM  2.
PAR  2. A method as claimed in claim 1, characterized in that the second stage
      of a given step coincides with the first stage of the next velocity step.
NUM  3.
PAR  3. A speed control arrangement for a motor coupled to a load in an elastic
      sub-critically damped manner comprising, a control device having an output
      coupled to a speed regulator which in turn is connected to the motor and
      is adapted to adjust the motor speed to at least three distinct values
      under the command of said control device, a signal generator having an
      output connected to an input of said control device and arranged to apply
      a signal to the control device after the motor speed has been changed by
      the control device from a first value to a second value but before the
      load has reached its equilibrium position relative to the motor, the
      control device being responsive to said signal to cause the motor to reach
      a third value of speed by means of the speed regulator at the instant at
      which the load has for the first time substantially reached said
      equilibrium position relative to the motor whereby the speed difference
      between the load and the motor is substantially equal to zero at said
      instant of equilibrium.
NUM  4.
PAR  4. An arrangement as claimed in claim 3, characterized in that the signal
      generator comprises a timing switch arranged to supply said signal to the
      control device after a predetermined fixed period of time.
NUM  5.
PAR  5. An arrangement as claimed in claim 3, wherein the signal generator
      includes a detector which detects the position of the load relative to its
      equilibrium position to derive a speed control signal for the control
      device in accordance therewith.
NUM  6.
PAR  6. An arrangement as claimed in claim 3 wherein said motor comprises a
      stepping motor and the signal generator includes a forwards and backwards
      counter, means for introducing the desired number of motor steps into the
      counter, means connecting an output of the counter to the control device,
      means connecting the output terminals of the speed regulator to the
      stepping motor, and means connecting the speed regulator to a backwards
      counting input of the counter for feeding back a signal thereto at the
      frequency of the motor supply pulses.
NUM  7.
PAR  7. In a motor speed control system wherein the load is elastically coupled
      to the motor, the system comprising, a control device having an output
      coupled to an input of a speed regulator device, means connecting the
      output of said speed regulator to the motor, said speed regulator being
      responsive to command signals from the control device to adjust the motor
      speed to at least three distinct values in sequence, a signal generator
      having an output connected to an input of the control device for applying
      a signal thereto at a time after the motor speed has been changed under
      command of the control device from a first speed to a second speed but
      before the load has reached an equilibrium position relative to the motor
      for the first time, the control device being responsive to said signal to
      command the speed regulator to adjust the motor speed to a third value
      which is substantially equal to the load speed at the instant the load for
      the first time reaches said equilibrium position.
NUM  8.
PAR  8. A control system as claimed in claim 7 wherein said signal generator
      comprises a detector arranged to detect the position of the load relative
      to the motor and including means for supplying a signal to the control
      device as a function thereof.
NUM  9.
PAR  9. A control system as claimed in claim 7 wherein said control device is
      arranged to supply command signals to said regulator that are independent
      of the load, said system further comprising an elastic coupling member
      between the load and the motor shaft.
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ABST
PAL  There is described a charger and related devices, the charger being capable
      of charging batteries uniformly to a predetermined level by adjusting the
      residual electric amounts in the respective batteries to a uniform level
      prior to the charging operation, thereby avoiding overcharging of a
      particular battery or batteries. The charger ensures that a number of
      batteries be charged in a uniform electric amount or up to a predetermined
      level to preclude inverse charging of an undercharged battery or batteries
      which occurs when a number of differently charged batteries are used in
      series.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  This invention generally relates to electric chargers, and more
      particularly to an electric charger which is adapted to charge batteries
      after discharging them to a certain uniform level to ensure that the
      batteries are charged uniformly to a predetermined level in the subsequent
      charging operation.
PAR  Uniform charging of batteries is desirable when charging a number of
      batteries to prevent overcharging of a particular battery or batteries or
      to prevent inverse charging which a battery undergoes when connected in
      series with more highly charged batteries. The instant invention also
      relates to devices which operate in connection with the charger of the
      nature mentioned above, including an automatic charge stopping device, a
      charge supervising device, an external power source, a spare battery
      compartment and a charging amount adjusting device.
PAC  Description of the Prior Art
PAR  One of the distinctive recent developments in the art is a compact
      nickel-cadmium battery which allows accelerated or rapid charging (several
      minutes or slightly over ten minutes) with a gas releasing valve to
      release gases which would be generated when overcharged. A battery of this
      type is advantageous in that it has only a small internal resistance and
      assures a large discharge current, coupled with the accelerated charging,
      and therefore has been used widely in various electrical appliances or as
      a power source for motor-driven models and other movable toys.
PAR  Where a nickel-cadmium battery of the type just mentioned is used as a
      power source for a model plane, it is often desired to preset the charging
      amount of the battery at a predetermined level to control the flight time
      of the plane. Furthermore, in charging a number of similar batteries by a
      single common charger, it is a common experience that a battery having a
      relatively large residual electric amount is overcharged while a battery
      having a relatively small residual electric amount is undercharged. When a
      number of these overcharged and undercharged batteries are used in series,
      a phenomenon of inverse charging occurs to an undercharged battery or
      batteries particularly where there are irregularities in the electric
      characteristics of the respective batteries, due to accelerated
      discharging of a particular battery or batteries prior to other batteries.
      This phenomenon should be avoided since it often results in failures of
      the batteries in supplying sufficient power and also in deterioration in
      quality and reduction of the service life of the batteries. The
      afore-mentioned phenomenon occurs to an increased degree especially where
      the batteries are charged or discharged with a larger current as compared
      with their capacity.
PAR  For example, for application to an expensive remote control miniature model
      or toy or to a relatively expensive electrical appliance or machine, it is
      the usual practice to employ batteries which have been produced in one and
      the same lot and which have been found after inspection to have uniform
      electric characteristics, connecting a plural number of same batteries in
      series by spot welding or the like to provide a packaged battery of a
      cassette type. However, for an economical reason or for some other reason,
      there may arise the necessity of using in an electrical appliance a number
      of batteries which are of the same type but which have been to be used
      under different conditions. In such a case an operator or user of the
      electrical appliance often finds certain batteries overcharged or
      inversely charged as mentioned hereinbefore.
PAR  The present invention aims at removing the afore-mentioned problems and
      contemplates to solve them by discharging batteries to a predetermined
      level prior to the charging operation so that the respective batteries
      have a uniform or predetermined amount of residual electricity upon
      initiation of the charging operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a charger which is
      adapted to discharge batteries to a predetermined level prior to a
      charging operation for charging the batteries uniformly to the same extent
      in the subsequent charging operation.
PAR  It is another object of the present invention to provide a charger which is
      adapted to eject a charged battery or batteries upon termination of a
      charging time by cooperative action of a timer and a casing or housing of
      the battery.
PAR  It is a further object of the present invention to provide a charger having
      a charging circuit which is adapted to be completed by closing a lid of a
      housing or casing of the charger.
PAR  It is a still further object of the present invention to provide a charger
      having means for stabilizing the charging current during the battery
      charging operation.
PAR  It is a further object of the present invention to provide a charger which
      includes means for allowing a battery to pop up automatically pushing a
      lid of the charger housing open upon completion of charging.
PAR  It is still another object of the present invention to provide a charger
      including an automatic charge stopping device with a particular terminal
      construction to prevent completion of the charging circuit when a battery
      is placed upside down in the charger.
PAR  A further object of the present invention is to provide a compatible
      charger which allows charging from either an internal power source in the
      form of a battery or an external power source.
PAR  Still another object of the present invention is to provide a charging
      circuit device which can handle batteries of different charging currents
      with use of a single power source and a single charging voltage
      supervising device.
PAR  A further object of the present invention is to provide a charger including
      a compartment for accommodating a spare battery or batteries.
PAR  It is another object of the present invention to provide a charger
      including a compartment for accommodating a spare battery and adapted to
      eject the spare battery automatically when a lid of the compartment is
      opened.
PAR  It is still another object of the present invention to provide a charger
      which is adapted to maintain the charging electric amount constant even if
      the power source battery undergoes a voltage drop.
PAR  It is a further object of the present invention to provide a charger
      employing a non-linear resistor element for the stabilization of the
      charging current.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become clear from the following description and the
      appended claims, taken in conjunction with the accompanying drawings which
      show by way of example preferred embodiments of the present invention,
      wherein like numerals are used to designate like parts and in which:
PAR  FIG. 1 is a front view partially in section showing the general
      construction of an electric charger according to the present invention,
      the charger having incorporated therein a discharger;
PAR  FIG. 2 is a perspective view of the charger with a dial means and pockets
      for receiving individually a number of batteries;
PAR  FIG. 3 is an electric circuit diagram of a charger having a discharger
      incorporated therein;
PAR  FIGS. 4A through 4D FIGS. 5A through 5D and FIGS. 6a through 6D are views
      explanatory of the procedures for a full-charging operation;
PAR  FIGS. 7A through 7D are views showing the positions of moving parts after
      completion of a short-time charging operation;
PAR  FIG. 8 is a perspective view showing the manner for a charging operation
      with use of an external power source;
PAR  FIG. 9 is an electric circuit diagram for a charging operation with use of
      an external power source as shown in FIG. 8;
PAR  FIG. 10 is a block and circuit diagram of a charger incorporating within a
      single body a power source, a voltage supervising means and a number of
      pockets for a variety of batteries;
PAR  FIG. 11 is a plan view partially in section of an embodiment having a space
      for storing a small-sized spare battery;
PAR  FIGS. 12 through 14 are fragmentary plan views partially in section showing
      the procedures for inserting or removing a spare battery into or from the
      storing space in the charger of the invention;
PAR  FIG. 15 is an electric circuit diagram of a charger of the invention;
PAR  FIG. 16 is a graphical illustration showing a time-voltage characteristic
      curve obtained with use of a spring type timer; and
PAR  FIG. 17 is a graphical illustratoon showing a time-voltage characteristic
      curve obtained with use of a motor-driven timer.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the accompanying drawings and first to FIG. 1, the charger
      according to the present invention includes a casing or housing 1, a cover
      plate 2 for a timer which will be discussed in detail hereinafter, a dial
      3 of the timer, an internal power source in the form of a battery 4 for
      charging exhaust batteries 5 and a lid 6 hinged to an open upper end of
      the casing 1, the lid 6 forming charging and discharging circuits for the
      exhaust batteries 5.
PAR  When an "OPEN" mark on the dial 3 is in a position below a reference mark 7
      on the cover plate 2 as shown in FIG. 2, the lid 6 may be freely turned up
      or down to open or close the upper end of the casing. In this position,
      exhausted or partially exhausted batteries 5 are put into pockets 8 in the
      casing 1 against the action of a spring 9 and then, after closing the lid
      6 on the casing 1, the timer is actuated by turning the dial 3
      counterclockwise. Upon setting the dial 3, a spring hook 11 on the side of
      the casing 1 is brought into locking engagement with a fixed locking
      member 10 on the lid 6 as will be described hereinlater with reference to
      FIG. 4 and other succeeding figures. After closing the lid 6, if a
      starting button switch (not shown) is depressed, a timer motor is started
      and, as the charging operation proceeds automatically, the dial 3 is
      rotated counterclockwise by means of a timer mechanism. As soon as the
      "OPEN" mark on the dial returns to a position corresponding to or under
      the reference mark 7 on tee cover plate 2, the spring hook 11 on the
      casing 1 is released from the locking engagement with the locking member
      10 on the lid 6 as will be described hereinlater and a charged battery 5
      is ejected upon opening the lid 6 by the restoring action of the spring 9.
      The lid 6 is provided on the inner surface thereof with a connector 12 in
      the form of an elongated flat plate. The connector 12 is provided with a
      contact projection 13 for engagement with a contact 14 on the side of the
      casing 1 when the lid 6 is closed thereon. There is indicated at 15 a
      pilot lamp which serves to stabilize the charging current during the
      charging operation of the exhausted battery 5, and at 16 (FIG. 1) a timer
      mechanism which is mounted on the front side of the casing 1.
PAR  With reference to FIG. 3 showing an electric circuit diagram of the charger
      having incorporated thereinto a discharger according to the present
      invention, when the lid 6 is closed and the dial 3 is turned
      counterclockwise into an operative position, a change-over switch 18 is
      closed on a contact 19 as will be described hereinlater, and upon
      depressing a starting button switch 17, a timer motor 21 is started. By
      the rotation of the timer motor 21, a cam mechanism is actuated and closes
      retaining contacts 22 and 23. The timer motor 21 continues its rotation
      until the retaining contacts 22 and 23 are opened by the cam mechanism.
PAR  For a predetermined time period after the start of the time motor 21
      mentioned above, the cam mechanism retains the changeover switch 18 on the
      contact 19 on the discharge side and the respective exhausted batteries
      are discharged through a resistor 24 by way of contacts 13 and 14 and
      contacts 18 and 19. In this instance, the time period for the predischarge
      is determined such that the amounts of residual electric amounts in the
      respective exhaust batteries become uniform at the end of the
      predischarging operation (of course, with nickel-cadmium batteries, the
      discharge may be continued until the terminal voltages of the respective
      batteries become zero).
PAR  Upon completion of the predischarging operation, the changeover switch 18
      is thrown onto the contact 20 on the side of the power source by means of
      the cam mechanism and retains the same position until the movable contact
      18 is switched again by the cam mechanism. In the meantime, the exhausted
      battery 5 is charged continuedly and the timer motor 21 is kept in
      rotation until the termination of a preselected charging time. Upon
      completion of the charging, the lid 6 is thrown open to eject the charged
      battery 5 by releasing the spring hook 11 which has been held in locking
      engagement with the fixed locking member 10 on the side of the lid 6 in
      the manner described hereinbefore with reference to FIG. 2. Thereafter,
      the timer motor 21 continues its rotation until the retaining contacts 22
      and 23 are opened by the cam mechanism.
PAR  The mechanisms for the discharging and charging operations will now be
      described with reference to FIGS. 4A to 4D and FIGS. 7A to 7D. FIGS. 4A to
      4D show various component parts in positions before loading the exhausted
      batteries (FIGS. 1 to 3), respectively, and wherein;
PA1  1. The "OPEN" mark of the dial 3 is in a position below the reference mark
      7 on the cover plate 2 (FIG. 4A);
PA1  2. the timer mechanism 16 is provided with a sliding plate 25 which is
      rotatable counterclockwise upon setting the dial 3 by a driving force from
      the timer motor 21 and which is adapted to press the spring hook 11 to
      keep the same from locking engagement with the fixed locking member 10 on
      the lid 6 (FIGS. 4B and 4C);
PA1  3. the timer mechanism 16 is provided with a cam mechanism 27 which is
      driven to rotate counterclockwise from the timer motor 21 and which,
      before loading the exhausted batteries, assumes the position shown,
      holding the retaining contacts 22 and 23 open by means of a cam member 28
      (FIG. 4C); and
PA1  4. The cam mechanism 27 is provided with a switching cam member 29 for
      holding the change-over contact 18 in engagement with the contact 20 on
      the side of the source battery (FIG. 4D).
PAR  In the position just mentioned, an exhausted battery 5 is put into a pocket
      8 of the charger and then the lid 6 is closed. In order to attain full
      charging of the battery 5, the dial 3 is turned to bring the mark "S" on
      the dial 3 into registry with the reference mark 7 on the cover plate 2 on
      the casing 1 and a starting button switch (FIG. 3) is depressed to start
      the timer motor (FIG. 3), whereupon the cam mechanism 27 starts to rotate
      counterclockwise as shown in FIGS. 5A to 5D. That is to say, FIGS. 5A to
      5D show the related movable component parts in the positions at the
      initial stage of the discharging operation, and wherein:
PA1  1. When full charging is desired, the dial 3 is held in the position shown
      with the mark "S" of the dial in a position immediately below the
      reference mark 7 on the cover plate 2 (FIG. 5A);
PA1  2. the sliding plate 25 is rotated slightly counterclockwise with the claw
      26 disengaged from the spring hook 11 to allow its locking engagement with
      the fixed locking member 10 on the lid 6 (FIGS. 5B and 5C);
PA1  3. the lid 6 is closed and the contacts 13 and 14 are also closed to
      prepare the discharging circuit for the preliminary discharging operation
      (FIG. 5B);
PA1  4. the retaining contacts 22 and 23 are closed by means of an on-off cam
      member 28 of the cam mechanism 27, placing the timer motor 21 in a
      self-retaining state (FIG. 5c); and
PA1  5. The change-over contact 18 is thrown to the contact 19 on the
      discharging side by means of a switching cam member 29 of the cam
      mechanism 27 to complete the discharging circuit (FIG. 5D).
PAR  Thus, the respective exhausted batteries 5 are discharged simultaneously
      through resistor 24, contacts 18 and 19 and contacts 13 and 14. In the
      meantime, the timer motor 21 continues its rotation through the retaining
      contacts 22 and 23 to rotate the cam mechanism 27 counterclockwise,
      causing the sliding plate 25 of the dial 3 to rotate counterclockwise by
      means of a click stop claw 30 of the sliding plate 25. FIGS. 6A to 6D show
      positions of movable component parts after completion of the discharging
      operation under conditions shown in FIGS. 5A to 5D. In FIGS. 6A to 6D:
PA1  1. the dial 3 has been rotated with respect to the reference mark 7 with
      the "S" mark displaced by, for example, 50 graduations from the reference
      mark 7 (FIG. 6A);
PA1  2. the claw 26 of the sliding plate 25 is held clear of the spring hook 11
      with the lid 6 in the locked state (FIGS. 6B and 6C);
PA1  3. the lid 6 and contacts 13 and 14 are still held in the closed state;
      however, the discharging circuit is held in an inoperative state for the
      reason that will be described hereinlater (due to switching of the
      change-over contact 18) (FIGS. 6B and 6D);
PA1  4. the retaining contacts 22 and 23 are held in the closed state by means
      of the on-off cam member 28 of the cam mechanism 27, still keeping the
      timer motor 21 in rotation (FIG. 6c); and
PA1  5. The change-over contact 18 is closed on the contact 20 on the side of
      the source battery by means of the switching cam member 29 of the cam
      mechanism 27 (FIG. 6D).
PAR  Thus, charging of the respective exhausted batteries 5 is started through
      the charging circuit leading from the source battery 4 through the
      contacts 18 and 20 and resistor 24 to the exhausted batteries 5 as clearly
      shown in FIG. 3. The initiation of the charging operation is controlled by
      the switching cam member 27 of the cam mechanism such that there is always
      a sufficient time allowance for completely discharging the respective
      batteries to a predetermined level before commencing the required
      charging. As the charging operation proceeds, the dial 3 is rotated
      counterclockwise until the lefthand end of the "OPEN" mark on the dial 3
      comes to a position below the reference mark 7. In case of a full charging
      operation, the respective moving parts are returned to the initial
      positions shown in FIGS. 4A to 4D at this time point, the claw 26 of the
      sliding plate 25 pressing down the spring hook 11 out of the locking
      engagement with the fixed locking member 10 on the lid 6. Upon unlocking
      the spring hook 11, the charged batteries 5 are ejected from the pockets 8
      in the casing 1 (FIGS. 1 and 2) by the action of the compression springs
      each provided at the bottom of the respective pockets 8, throwing open the
      lid 6.
PAR  In order to effect a partial charging, the dial 3 is turned to bring a
      graduation representative of a desired extent of charging on the scale of
      the dial 3, for example, a graduation "60" is brought into the position
      immediately below the reference mark 7 instead of the "S" mark and then
      the starting button switch is depressed. The positions assumed by the
      respective moving component parts upon completion of the partial charging
      subsequent to the predischarging operation are shown in FIGS. 7A to 7D.
PAR  The partial charging operation will now be described in greater detail with
      reference to the drawings. In the initial stage of the preliminary
      discharging operation preparatory of the partial charging, the respective
      movable components are in the same positions as shown in FIGS. 5A to 5D
      except that a graduation of a desired charging degree (e.g. 60) on the
      scale of the dial 3 is brought into the position below the reference mark
      7 instead of the "S" mark. Even if the dial 3 is turned counterclockwise
      and set in a position of the desired graduation, the rotational movement
      of the dial 3 is followed only by the sliding plate 25 and the cam
      mechanism 27 is stopped against rotation by means of the click stop claw
      30. The graduation "60" on the scale of the dial 3 is turned
      counterclockwise with respect to the reference mark 7 by means of the
      timer motor 21 of the cam mechanism 27. When a graduation "10" on the dial
      3 comes to a position immediately below the reference mark 7 on the cover
      plate 2 on the casing 1, the charger is placed under the same conditions
      as in FIGS. 6A to 6D except for the position of the dial 3 with respect to
      the reference mark 7, wherein the change-over contact 18 is switched to
      the contact 20 on the side of the power source by means of the switching
      cam member 29 of the cam mechanism 27. That is to say, even in the case of
      a partial charging operation, the predischarge is effected for a time
      period corresponding to "50" graduations on the scale of the dial 3.
PAR  The dial 3, after the graduation "10" registering a position below the
      reference mark 7, continues its counterclockwise rotation for the whole
      time period of the charging operation, and when the lefthand end of the
      "OPEN" mark on the dial comes to the position below the reference mark 7,
      as shown in FIGS. 7A to 7D, the spring hook 11 is pressed by the claw 26
      of the sliding plate 25 and the charged batteries 5 are simultaneously
      ejected out of the respective pockets in the casing, throwing open the lid
      6 to complete the whole operation. Under these circumstances:
PA1  1. The lefthand end of the "OPEN" mark on the dial 3 is in the position
      immediately below the reference mark 7 (FIG. 7A);
PA1  2. the claw 26 of the sliding plate 25 is pressing the spring hook 11 to
      hold the lid 6 in an unlocked state (FIGS. 7B and 7C);
PA1  3. the lid 6 is open and the contacts 13 and 14 are disengaged from each
      other (FIG. 7B);
PA1  4. the retaining contacts 22 and 23 are held in a closed state by means of
      the on-off cam member 28 of the cam mechanism 27 and the timer motor 21 is
      kept in rotation (FIG. 7C); and
PA1  5. The change-over contact 18 is held in engagement with the contact 20 on
      the side of the power source by means of the switching cam member 29 of
      the cam mechanism 27 (FIG. 7D).
PAR  It will be appreciated from the foregoing description that the timer motor
      21 further continues its rotation from the position shown in FIG. 7 to
      rotate the cam mechanism 27 counterclockwise. However, in this instance,
      the spring hook 11 is pressed by the claw 26 of the sliding plate 25, so
      that, even if the click stop claw 30 should tend to rotate the sliding
      plate 25 with the rotation of the cam mechanism 27, the sliding plate 25
      escapes the driving force due to the resiliency of the click stop claw 26
      and does not rotate with the dial 3. Conversely speaking, the click stop
      claw 26 is designed to this effect. Therefore, the cam mechanism 27 solely
      keeps rotation with the timer motor 21 until the cam mechanism 27 comes to
      the position shown in FIG. 4D, whereupon the retaining contacts 22 and 23
      are opened by the on-off cam member 28 of the cam mechanism 27 and the
      timer motor 21 comes to a stop. That is to say, the respective operating
      parts of the charger are returned to their initial positions.
PAR  It will be understood from the foregoing description, that, according to
      the present invention, in either the full charging or partial charging
      operation, the preliminary discharge of the batteries is effected for a
      predetermined time period prior to the charging operation, to bring the
      residual electric amounts in the respective batteries to a certain uniform
      level to prevent overcharging from occurring to any one of the batteries
      to be charged. Therefore, there will be no possibility of the batteries
      being discharged prematurely during use due to undercharging, thus
      precluding inverse charging of an underdischarged battery during use.
PAR  Furthermore, it is possible to charge either only one battery or
      simultaneously a number of batteries by placing them in the desired
      pockets of the charger in the predetermined position. The connector 12
      which is provided on the inner surface of the lid 6 has a flat form so
      that even if a battery 5 is placed in the pocket 8 in an inverted state,
      the connector 12 only contacts an insulative cover on the battery 5
      without allowing conduction through the negative terminal of the battery.
      Therefore, when the battery 5 is placed upside down, the pilot lamp 15 is
      not lit nor the battery 5 is discharged or charged.
PAR  Also even if the source battery 4 is mounted in a wrong inverted position
      on the charger, contact of a negative terminal connecting member 31 with
      the positive terminal of the battery 4 is prevented since the connecting
      member 31 for the negative terminal of the battery is provided in a
      recessed or hollow cylindrical form.
PAR  Furthermore, the click stop claw 26 of the sliding plate 25 is imparted
      with suitable resiliency to yield to a driving force as will be applied
      from the side of the cam mechanism 27 when the sliding plate 25 is in the
      stop position as mentioned above, so that there will occur no breakage or
      trouble even if the dial 3 is turned in a reverse direction.
PAR  Moreover, with the charger construction according to the present invention,
      when the spring 11 is driven from a timer mechanism or other means to
      disengage from the locking member 10 on the lid 6, the battery 5 is
      ejected automatically by the action of the compression spring 9, throwing
      the lid 6 open, to facilitate the removal of the battery from the charger
      and open the charging circuit. The automatic ejection of the charged
      battery or batteries gives notice of the termination of the charging
      operation to the operator and contributes to eliminating the battery
      removal efforts which will otherwise be required. The charging operation
      can be started simply by closing the lid 6.
PAR  FIGS. 8 and 9 show another embodiment of the present invention, wherein the
      charger is operated by an external power source. In order to perform the
      charging operation by means of an external power source, without using an
      internal source battery mounted within the casing of the charger as in the
      preceeding embodiment, a jack 34 of a connector 32 having another plug 33
      at an opposite end for connection to an external power source is inserted
      into a receptacle 35 on the charger body. When the jack 34 is inserted
      into the receptacle containing the jack contact member 35, the fore end
      portion of the jack 34 pushes up and electrically contacts the jack
      contact member 35, thereby opening a normally closed contact 36. On the
      other hand, base portions of the jack 34 are brought into contact
      electrically with a grounding member 37, thus connecting the external
      power source in an operative condition instead of the internal source
      batteries 4. The operations with the external power source are the same as
      with the internal source batteries 4 and are not reiterated herein for
      simplicity of explanation. Needless to say, the external power source
      voltage is maintained at a predetermined level by means of the connector
      32.
PAR  Since the charger of the present invention is built in a compact and
      portable construction which allows use of both internal and external power
      sources, the charger may be utilized conveniently in various places no
      matter whether there is or there is not an access to an external power
      source. Charging with use of an external power source is advantageous from
      an economical point of view particularly when the charger is used for the
      rapidly chargeable type nickel-cadmium batteries which are usually mounted
      on motor-driven amusement cars or carts or other indoor amusement devices.
PAR  FIG. 10 shows an embodiment employing a single and common voltage
      supervising means for controlling a number of nickel-cadmium batteries of
      different charging currents. The existing industrially standardized
      batteries are classified into several types depending upon the capacity of
      the batteries, including an SUBC type, 1/2SUBC type, 1/2AA type and 1/3AA
      type having charging currents of 4A, 3A, 2A and 1A, respectively.
PAR  Referring to FIG. 10, a power source 38 is shown as a means for rectifying
      alternate current for simplicity of illustration. The reference numeral 39
      indicates a voltage supervising means which is, for example, in the form
      of an electronic circuit of a high input resistance, and 8-1 to 8-4
      designate charging pockets for receiving two SUBC type batteries, two
      1/2SUBC type batteries, two 1/2AA type batteries and two 1/3AA type
      batteries, respectively. There are shown at 24-1 to 24-3 charging current
      correcting resistors. In this instance, the charging pockets 8-1 to 8-4
      are respectively designed to receive one or a couple of the same type
      batteries. Batteries of different types should not be placed in one and
      same charging pocket, and the charging operations are carried out type by
      type of the batteries to be charged that is, one charging operation is
      directed to one battery or two of the same type. A predetermined charging
      current is fed respectively to the particular type of battery to be
      charged, that is to say, to the SUBC type by means of the internal
      resistance of the power source 38, to the 1/2SUBC type by means of series
      connection of the internal resistance of the power source 38 and the
      resistance 24-1, to the 1/2AA type by means of a series connection of the
      internal resistance of the power source 38 and resistances 24-1 and 24-2,
      and to the 1/3AA type by means of a series connection of the internal
      resistance of the power source 38 and resistances 24-1, 24-2 and 24-3.
PAR  The charge supervising means 39 is connected to the pocket 8-4 for the
      batteries of the smallest charging current and it will be clear from the
      illustration of FIG. 10 that it is capable of directly detecting the
      charging current to the battery or batteries of the 1/3AA type.
PAR  When charging a battery of the 1/2AA type, resistance 24-3 is connected in
      series between the terminal of the battery and the charging voltage
      supervising means 39. In this instance, however, a 1/3AA type battery is
      not mounted simultaneously with the 1/2AA type, so that there is no
      appreciable voltage drop due to resistance 24-3 and thus the charging
      voltage supervising means 39 can correctly detect the charging current to
      the 1/2AA type battery. In a similar manner, when charging a 1/2SUBC type
      battery or an SUBC type battery, a voltage drop due to the presence of the
      resistances 24-2 and 24-3 or resistances 24-1, 24-2 and 24-3 is only of an
      ignorable degree.
PAR  The circuit arrangement incorporating a single power source and a single
      voltage supervising means has another advantage in that the charging
      voltages may be detected correctly without necessitating provision for a
      charging current correcting resistance, making it possible to produce at a
      low cost a charging circuit device which is compatible with a variety of
      different types of batteries. It will be understood that a resistance may
      be inserted between the point (A) and the voltage supervising means 39 in
      the circuit diagram shown in FIG. 10.
PAR  Referring now to FIGS. 11 to 14, which show another embodiment of the
      invention, the charger is provided with a compartment for storing in a
      safe state a small-sized charged battery or batteries, which would
      otherwise be inadvertently short-circuited, in such as a cloth-insulated
      pocket when carried together with the charger.
PAR  In FIG. 11, the charger is formed with a compartment 40 for storing
      small-sized spare batteries. The spare battery is inserted into and
      removed from the compartment in the manner as shown in FIGS. 12 to 14.
PAR  Charged batteries 5 are stored in a compartment 40 which is provided by the
      utilization of the space which is normally used for mounting source
      batteries 4. As shown in FIGS. 12 to 14, the compartment 40 has a lid 41
      which is provided with a fixed locking member 42 for engagement with
      hooked leaf spring 43 on the body of the charger when the lid 41 is
      closed. In order to open the lid 41, an opening button 44 is depressed in
      the manner shown to release the leaf spring 43 from the locking engagement
      with the fixed locking member 42 on the lid 41. Upon opening the lid 41,
      the stored battery 5 is ejected from the compartment by the action of a
      spring as will be described in greater detail hereinlater.
PAR  For ejecting a charged battery or batteries 5, storing compartment 40 has
      mounted therein a compression spring 45 which is secured at one end to an
      end wall of the compartment together with an angularly shaped leaf spring
      46 which defines the other end of the compartment 40. As seen from in FIG.
      13, upon opening the lid 41, the battery immediately below the lid 41 is
      floatingly raised above the plane of the lid 41 by the restoring action of
      the angular leaf spring 46. However, when the lid 41 is closed, the
      resilient member or angular leaf spring 46 yields into an arcuately
      compressed state as shown particularly in FIG. 12. Therefore, if the lid
      opening button 44 is depressed to release the spring hook 43 from the
      locking engagement with the fixed locking member 42 of the lid 41, the
      angular spring member 46 which has been held in an arcuately compressed
      state tends to restore its non-biased state, throwing the lid 41 open and
      pushing the forwardly positioned one of the batteries 5 out of the
      compartment 40. Upon removing the forwardly positioned battery 5, the
      other battery which has been accommodated in the deeper portion of the
      compartment 40 may be urged toward the forward position beneath the
      opening of the lid 41 by the action of the coil spring 45 simply by
      pressing down a tab at the head of the angular leaf spring 46 as shown in
      FIG. 14. By releasing the tab at the head of the angular leaf spring 46,
      the forwardly displaced battery 5 may also be projected out of the
      compartment 40 in the same manner by the restoring action of the leaf
      spring 46.
PAR  The reference numeral 47 shows a metal cap for covering the space for
      accommodating the source battery 4 on the charger and 48 indicates a
      connector member which serves to electrically connect the cap members 47.
PAR  The provision of the compartment 40 on the charger for accommodating
      charged batteries 5 can contribute to increase the convenience of the
      charger particularly when the charger is used for small-sized batteries
      which are repeatedly put in service (discharge) at an increased frequency.
      Furthermore, according to the embodiment of the invention just described,
      the charged batteries in the storing compartment may be taken out by the
      simplest operation, i.e., simply by depressing the lid opening button 44.
PAR  FIG. 15 shows another embodiment of the invention which is provided with
      means for preventing variations in the amount of electricity to be
      charged, which might be caused due to a voltage drop of the power source
      or the source battery as a result of repeated charging operations. In this
      connection, reference is had to FIG. 16 which shows a time-voltage
      characteristic curve as obtained with use of a mechanical timer (e.g.,
      spring type) which allows no charging time adjustments. Similarly, FIG. 17
      shows a time-voltage characteristic curve as obtained with use of a
      motor-driven timer as in the present invention.
PAR  Referring to FIG. 15, after placing the exhausted batteries 5 in position
      in the pockets on the charger, the charging circuit for the thus placed
      batteries 5 is completed by closing the lid 6. For simplicity of
      illustration, the batteries 5 are shown as being charged from source
      batteries 4 through switch contacts 18 and 20. For the purpose of driving
      a timer (not shown) which is adapted to measure the charging time, a DC
      motor 21 is employed instead of a spring drive. The DC motor 21 is adapted
      to be driven from the source batteries 4 as well as from a non-linear
      resistor element such as a pilot lamp 15. When the timer has been driven
      from the motor 21 to the position preset by way of the indicator portion
      of the timer, the lid 6 is opened automatically and the connector 12
      automatically breaks the charging circuit.
PAR  In FIGS. 16 and 17, the abscissas represent both the cycle of
      charge-discharge operations for small-sized batteries by means of the
      charger of the invention using as a power source four manganese UM - 1
      type batteries and the voltage of the source batteries resulting from the
      repeated charging operations, which the ordinates represent both the
      discharging time duration of the charged small-sized batteries at about
      4.0 amperes and the charging time required for ensuring the discharging
      time with use of manganese UM - 1 type batteries.
PAR  More particularly, in the charging operation with use of a spring-actuated
      timer as in FIG. 16, if the same charging time is preset by way of the
      indicator portion or dial of the timer, the charging time remains the same
      even when the charging operation is effected at an increased frequency or
      even when a voltage drop occurs in the source batteries, since the
      spring-actuated timer rotates at a constant speed. For this reason, the
      discharging time period (which is equal to the serving time period of the
      batteries 5) is in the vicinity of about twenty seconds when the cycle of
      charge-discharge operation is low but becomes about ten seconds when the
      cycle of charge-discharge operation exceeds 40 as indicated at point C in
      FIG. 16. In order to avoid such a variation, the present value of the
      timer has to be corrected by trial and error or by experience. This is
      inconvenient particularly where the batteries are used for model planes
      which are usually required to be on flight for a predetermined time
      period.
PAR  In the embodiment of the invention shown in FIG. 15, however, the timer is
      driven from a motor 21 which is applied with a voltage of the source
      batteries 4, so that the speed of the motor 21 is reduced in accordance
      with the voltage drops of the source batteries 4. As a result, the
      discharging time of the charged batteries 5 becomes substantially uniform
      despite the voltage drops of the source batteries 4. However, the speed
      reduction of the timer motor under the influence of a voltage drop of the
      source batteries due to repeated charging operations does not necessarily
      correspond to a reduction in the charging current and therefore, unless a
      countermeasure is provided, it is difficult to maintain constant the
      amount of electricity to be charged without being influenced by the
      voltage drops of the source batteries from the first to the last minute of
      the service life of the source batteries. It can be attained, however, by
      connecting in series and/or parallel to the timer motor a non-linear
      resistor element 15 which has a resistance value varying automatically in
      response to variations in the voltage of the source batteries, thereby
      maintaining substantially constant the amount of electricity to be charged
      in each charging operation even at an increased frequency. Needless to
      say, as for the non-linear resistor element, there may be employed a pilot
      lamp, thermistor, varistor or the like.
PAR  It will be apparent that the non-linear resistor element such as the pilot
      lamp 15 is, even if inserted in series with the batteries 5, equivalent as
      far as the uniformity of the charging current is concerned.
PAR  In the embodiment under discussion, it is made possible to maintain
      constant the discharging time period of small-sized batteries which are
      charged by one charging operation even if the voltage of the source
      batteries should drop due to an increased charging frequency and thus to
      control correctly the flight time of a model plane or an operating time of
      other motor driven devices simply by presetting a predetermined value by
      means of the timer dial.
PAR  It will be understood from the foregoing description that, according to the
      present invention, the batteries to be charged are once discharged to a
      predetermined same level to effect uniform charging irrespective of the
      amounts of residual electricity in the individual batteries. The efforts
      required on the part of the operator or user during the charging
      operations are lessened to a considerable degree since the charging is
      effected automatically and charged batteries are ejected also
      automatically upon completion of the charging operation, without causing
      variations in the amount of electricity to be charged even when source
      batteries are exhausted. Furthermore, the charger of the present invention
      is capable of charging batteries of different charging currents without
      requiring additional adapting devices. It will also be appreciated that
      the provision of the compartment in the charger in one specific form of
      the invention can give a great convenience in storing charged batteries in
      a safe state.
PAR  Although this invention has been described in connection with its preferred
      embodiment, it will be apparent that the invention is not limited to the
      specific construction and operation shown but is susceptible to various
      changes and modifications without departing from the scope of the novel
      concepts of this invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic electric charger for charging small-sized batteries, which
      comprises: an inner power source battery capable of producing a higher
      voltage than the small-sized battery to be charged; a casing; at least one
      pocket in said casing for accomodating said battery to be charged; a
      timer; a motor driving said timer; a cam mechanism driven by said timer;
      graduated dial means for presetting said timer; a timing cycle circuit
      including said inner power source battery and said motor during which said
      inner power source battery drives said motor for a predetermined fixed
      total cycle period; a predischarging cycle circuit which is operative for
      a predetermined fixed time period of said timer upon actuation of said
      timer; and a charging cycle circuit which is operative for a predetermined
      variable time period of said timer upon termination of said discharging
      time period for effecting the charging operation on said battery said
      predetermined fixed total cycle period being at least equal to the
      combination of said discharging time period and said charging time period.
NUM  2.
PAR  2. An electric charger as defined in claim 1 wherein said discharging and
      charging circuits are opened and closed by electric contacts operated by
      said cam mechanism.
NUM  3.
PAR  3. An electric charger as defined in claim 1, wherein said charging circuit
      comprises a pilot lamp for stabilizing the charging current during the
      charging operation of said battery.
NUM  4.
PAR  4. An electric charger as defined in claim 3, wherein said casing further
      comprises resilient means for retaining said battery compressed
      therewithin said pocket; a hook member provided on said casing for locking
      engagement with said lid and mechanically released from said locking
      engagement upon completion of said charging operation, said battery being
      ejected from the pocket by means of said resilient means as soon as said
      hook member is released from the locking engagement with said lid.
NUM  5.
PAR  5. An electric charger as defined in claim 4, wherein said lid is provided
      with a first contact means and said pocket is provided with a second
      contact means, said first and second contact means completing an electric
      circuit when said battery is in said charging position and breaking said
      electric circuit when said battery is removed from said charging position.
NUM  6.
PAR  6. An electric charger as defined in claim 1, wherein said casing comprises
      a negative terminal supported on a spring and formed in a recessed shape
      to preclude closing of said charging circuit when said battery is mounted
      in an inverted position.
NUM  7.
PAR  7. An electric charger as defined in claim 1, wherein said casing comprises
      a normally closed jack contact connected in series to said inner power
      source, said jack contact being opened when a jack led from an external
      power source is inserted into said jack contact for connecting said
      external power source to said battery to be charged.
NUM  8.
PAR  8. An electric charger as defined in claim 1, wherein said casing comprises
      a lid-protected auxiliary compartment for accomodating therein at least
      one small-sized spare battery.
NUM  9.
PAR  9. An electric charger as defined in claim 8, wherein said auxiliary
      compartment comprises a coil spring and an angular leaf spring, said
      springs being respectively compressed and flexed when small-sized
      batteries are stored in said compartment, said small-sized batteries being
      automatically projected one after another from said compartment upon
      opening said lid thereof.
NUM  10.
PAR  10. An electric charger as defined in claim 1, wherein said motor comprises
      a non-linear resistance element electrically connected thereto, the
      resistance value of said non-linear resistance element varying
      automatically in response to variations in voltage of said inner power
      source battery.
NUM  11.
PAR  11. An automatic electric charger as in claim 1 for simultaneously charging
      a number of batteries of different charging currents, wherein said inner
      power source battery supplies a suitable current to a battery of the
      largest charging current, charging current correcting resistances
      connected in series to said inner power source battery for supplying
      different charging currents respectively to batteries of smaller charging
      currents, and a single detector coupled to each of the batteries through
      said current correcting resistances.
NUM  12.
PAR  12. An electric charger as defined in claim 1 and wherein said cam
      mechanism includes first switch means for maintaining said timer energized
      throughout said fixed total cycle, second switch means for changing over
      to said charging cycle circuit upon termination of said discharging time
      period, and third switch means for opening said charging cycle circuit
      upon termination of said charging time period.
NUM  13.
PAR  13. An automatic electric charger for charging small-sized batteries, which
      comprises: an inner power source capable of producing a higher voltage
      than the small-sized battery to be charged; a casing; at least one pocket
      in said casing for accomodating said battery to be charged; a timer; a cam
      mechanism driven by said timer; graduated dial means for presetting said
      timer; a timing cycle circuit including said inner power source and said
      timer which is operative for a predetermined fixed total cycle period of
      said timer; a predischarging cycle circuit which is operative for a
      predetermined fixed time period of said timer upon actuation of said
      timer; and a charging cycle circuit which is operative for a predetermined
      variable time period of said timer upon termination of said discharging
      time period for effecting the charging operation on said battery said
      predetermined fixed total cycle being at least equal to the combination of
      said dicharging time period and said charging time period and, wherein
      said casing includes a lid for covering said pocket, and means operatively
      connecting said lid to said timer for the automatic ejection of the
      charged battery from said pocket upon termination of the charging cycle
      and upon automatic opening thereof.
NUM  14.
PAR  14. An electric charger as defined in claim 13, wherein said lid has a flat
      elongated metal plate connector thereon for engagement with the positive
      terminal of the battery to be charged for completing an electric circuit.
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ABST
PAL  A lift truck energized from a battery to supply pressurized fluid to
      elevate a load-supporting carriage has an energy recovery system for
      converting kinetic energy of the elevated carriage into battery charging
      current including a fluid motor through which fluid from the lift ram is
      exhausted when the carriage is descending, an alternator driven by the
      fluid motor, a rectifier between alternator and battery, a transistor
      having its emitter-collector circuit in series with the field winding of
      the alternator, and a rate-of-descent adjusting potentiometer for
      selectively varying base drive to the transistor to thereby regulate field
      excitation of the alternator and the regenerative braking of the fluid
      motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a system for converting the potential energy of
      an elevated load such as a load supported on the carriage of a forklift
      truck into useful energy such as battery charging current, and
      particularly to an electrical control for such a system which permits
      adjustment of the rate of descent of the elevated load.
PAR  2. Description of the Prior Art
PAR  It is known in the prior art to provide a potential energy recovery system
      in a forklift truck having means for converting the potential energy of a
      loaded carriage into electrical energy as the carriage descends on the
      mast such as, for example, in U.S. Pat. No. 3,512,072 of A. Karazija et
      al.
PAC  STATEMENT OF THE INVENTION
PAR  It is an object of the invention to provide an improved system for
      recovering the potential energy of a loaded or unloaded mast carriage of a
      forklift truck as it descends on the mast.
PAR  It is another object of the invention to provide an improved electrical
      control for such a potential energy recovery system in a forklift truck
      which permits adjustment of the rate of descent of the carriage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will become apparent from
      the following description taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a side view of a forklift truck having a vertically movable
      carriage and includes a schematic hydraulic circuit for the lift ram which
      emphasizes a hydraulic flow path for the upward extension of the ram;
PAR  FIG. 2 is a view of a schematic hydraulic circuit similar to FIG. 1 but
      emphasizing the hydraulic flow path for the retraction of the ram during
      which battery charging occurs; and
PAR  FIG. 3 is a schematic electrical circuit incorporating a preferred
      embodiment of electrical control for the potential energy recovery system
      of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the invention is shown incorporated in an
      electric lift truck 10 having a pair of drive wheels 12 and a pair of
      steerable wheels 14. A load carriage 16 with its load supporting forks 17
      is raised and lowered on the mast 18 by a piston 19 of the lift ram 20
      that moves in a hydraulic cylinder 21 which is supported on a transverse
      base plate 22 of the mast 18. Hydraulic fluid is admitted to or exhausted
      from hydraulic cylinder 21 as the piston 19 is raised or lowered by means
      of a conduit 54. The piston 19 of the lift ram 20 carries at its upper end
      a suitable pulley 24 over which a lift chain 26 is trained. One end of
      lift chain 26 is connected to the carriage 16 and its other end is
      connected to the base plate 22, whereby extension and contraction of the
      ram 20 is communicated to the carriage 16 through chain 26. The carriage
      16 is guided for reciprocating upward or downward movement by the mast
      structure. The raised carriage 16, whether or not carrying a load,
      represents potential energy which can be converted into kinetic energy on
      downward movement.
PAC  Description of Hydraulic Circuit During Raising of the Carriage
PAR  Pressurized oil or other hydraulic fluid is stored in an accumulator 30.
      Hydraulic fluid is pumped into the accumulator 30 by a pump 31 driven by
      an electric motor M. The suction line of pump 31 is connected to sump 33
      through strainer 34. The output of pump 31 is delivered to accumulator 30
      by conduits 35, 36 in series with one-way check valves 37 and 38. A relief
      valve 40 to sump 33 is connected to pump output line 35. The pressurized
      hydraulic fluid stored in accumulator 30 flows through line 36 and its
      flow-regulating constriction 41, thence to junction 42, and into line 44
      which leads to a proportional electrohydraulic control valve 45 to permit
      hydraulic flow through line 44 whenever control valve 45 is moved from its
      central neutral position to its "raise" or "lower" positions.
PAR  Assume that it is desired to move the piston 19 of lift ram 20 upwardly to
      elevate the carriage 16 on mast 18. It will be noted that control valve 45
      has parallel valve passages 46 and 47 used in connection with extension of
      ram 20 and also has crossed valve passages 48 and 49 used in connection
      with retraction of the ram. For upward movement of carriage 16, control
      valve 45 is electrically moved from its central neutral position to its
      "raise" position shown in FIG. 1 in which valve passage 46 is aligned with
      the hydraulic conduit 44. With the control valve 45 in its "raise"
      position, pressurized hydraulic fluid from conduit 44 passes to the ram 20
      by way of valve passage 46 in control valve 45, a conduit 50 having a
      one-way check valve 51, and a hydraulic conduit 54 connected to conduit 50
      at a junction 55. A flow regulating valve unit 56 installed in line 54 has
      a pair of parallel flow paths including a flow constriction device 57 and
      a one-way check valve 58. One-way check valve 58 permits full hydraulic
      fluid flow toward the lift ram cylinder but prevents fluid flow through
      check valve 58 in a direction away from the ram cylinder. Hydraulic fluid
      exhausting from the lift ram cylinder 21 must pass through flow
      constriction device 57 which prevents excessively rapid descent of
      carriage 16 in the event of rupture of a conduit downstream therefrom or
      failure of the electrical loading means disclosed hereinafter.
PAR  Control valve 45 is provided with a passage 47 which in the FIG. 1 "raise"
      position is aligned with the stationary conduit 60 and with pilot pressure
      conduit 61 to provide drainage to the hydraulic line 64 and to insure that
      a bypass, or holding valve 65 will remain in its closed position under the
      urging of a spring 66 and thereby block communication between conduits 54
      and 64.
PAR  Referring now to FIG. 2 which emphasizes the hydraulic flow path for
      downward movement of carriage 16, it will be noted that control valve 45
      has been moved by solenoid or manual means (not shown) to its "lower"
      position in which the crossed valve paths 48 and 49 respectively
      communicate with: (1) the pilot pressure line 61 leading to the bypass
      valve 65, and (2) the line 50 which leads to junction 55. The pressurized
      fluid from line 44 flowing through valve passage 48 and pilot line 61
      actuates bypass valve 65 from its spring-biased closed position shown in
      FIG. 1 to its open position (shown in FIG. 2) in which valve passage 68
      places hydraulic line 54 leading from the ram cylinder 21 in hydraulic
      communication with the hydraulic bypass line 64. The fluid in lift ram
      cylinder 21 can now exhaust through constriction device 57, junction 55,
      passage 68 in bypass valve 65, bypass line 64 and thence through a fluid
      motor 70 which drives an electrical alternator ALT. Hydraulic fluid
      discharged from fluid motor 70 passes to sump 33 through discharge line
      72. The hydraulic fluid exhausting from the ram cylinder 21 on downward
      movement of piston 19 must pass through constriction device 57 since the
      one-way check valve 58 is seated and is prevented by one-way check valve
      51 from passing through hydraulic line 50. Hydraulic fluid exhausted from
      ram cylinder 21 on the downward movement of carriage 16 is thus directed
      through fluid drive motor 70 which turns alternator ALT.
PAR  As shown in FIG. 3, the stator windings W1, W2, and W3 of alternator ALT
      are coupled through a bridge rectifier BR to a battery BATT so that
      alternating voltages induced in windings W1, W2, W3 are rectified and
      charge the battery when the field winding FLD of alternator ALT is
      excited. Alternator winding FLD is connected in series with a start switch
      START and a resistance R1 across battery BATT so that only a trickle
      unidirectional current flows from battery BATT through winding FLD and the
      alternator excitation field is relatively weak when fluid motor 70 is at
      rest. One stator winding of the alternator such as W1 is coupled through a
      diode D1 and the resistance element of a rate-of-descent adjusting
      potentiometer POT to ground. When the rotor of alternator ALT is driven by
      fluid motor 70, an alternating voltage of relatively low magnitude is
      induced in stator winding W1 by the rotating field flux generated by the
      trickle current flowing through winding FLD. The positive half cycles of
      the alternating voltage induced in winding W1 are passed by diode D1 and
      develop a voltage across potentiometer POT which charges a capacitor C1
      connected between the slider of potentiometer POT and ground to a positive
      potential. The magnitude of the voltage induced in stator winding W1 is
      directly proportional to the rpm of the alternator rotor, and
      potentiometer POT and capacitor C1 integrate the pulses passing through
      diode D1 and charge capacitor C1 to a voltage proportional to the speed of
      the alternator and to the field excitation.
PAR  The emitter-collector circuit of a transistor Q1 is connected in shunt to
      resistance R1, and a Zener diode ZD1 in series with a resistance R2 is
      coupled between capacitor C1 and the base of transistor Q1. Transistor Q1
      is normally turned off so that the unidirectional exciting current from
      battery BATT flowing through field winding FLD is limited by resistance
      R1. When the voltage developed across capacitor C1 reaches a predetermined
      magnitude, Zener diode ZD1 breaks down and applies base drive through
      resistance R2 to transistor Q1 so that it conducts. Current from battery
      BATT now flows through field winding FLD in series with the
      emitter-collector circuit of transistor Q1 and increases the excitation
      field generated by winding FLD.
PAR  When control valve 45 is actuated to its "lower" position, fluid exhausted
      from cylinder 21 drives fluid motor 70 and rotates alternator ALT. When
      the alternator ALT is driven at a predetermined speed, the voltage
      developed across capacitor C1 breaks down Zener diode ZD1 to turn on
      transistor Q1 and thereby apply base drive to transistor Q1 and increase
      the excitation field of the alternator. The rotating alternator field
      induces voltages in stator windings W1, W2, and W3 which are rectified by
      rectifier BR and charge battery BATT to thereby convert the kinetic energy
      of the descending carriage 16 into electrical energy to charge the battery
      BATT.
PAR  The alternator ALT is regeneratively braked when the increased excitation
      field cuts the stator windings W1, W2, and W3 and thereby mechanically
      loads fluid motor 70 to slow the rate of descent of carriage 16. The
      alternating signal induced in winding W1 and applied across potentiometer
      POT is also increased in magnitude and thereby increases the voltage
      developed across capacitor C1 and the base drive to transistor Q1.
      However, the base drive to transistor Q1 can be selectively varied by
      potentiometer POT, thereby permitting selective adjustment of the
      collector current in transistor Q1. Inasmuch as the collector current in
      transistor Q1 also flows through field winding FLD, it will be appreciated
      that the magnitude of the excitation field, the regenerative braking of
      the alternator, the mechanical loading of fluid motor 70, and the rate of
      descent of carriage 16 are all directly controlled by the setting of
      potentiometer POT.
PAR  In alternative embodiments hydraulic valve means (not shown) direct the
      fluid being exhausted from cylinder 21 through pump 31 (instead of fluid
      motor 70) which drives motor M (instead of alternator ALT) in the reverse
      direction so that it acts as a generator to charge battery BATT.
PAR  Where only a single embodiment of our invention has been illustrated and
      described, many modifications and variations thereof will be readily
      apparent to those skilled in the art, and consequently it should be
      understood that we do not intend to be limited to the particular
      embodiment shown and described.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In combination with an electric lift truck energized from an electric
      battery to supply pressurized fluid to a lift ram which elevates a load
      supporting carriage, an energy recovery system for converting the kinetic
      energy of said elevated carriage into battery charging current comprising
PA1  a fluid motor,
PA1  means for directing fluid exhausted from said lift ram through said fluid
      motor when said carriage is descending,
PA1  unidirectional current generating means for charging said battery including
      a rotatable generator driven by said fluid motor and having a field
      winding, and
PA1  means for selectively controlling the rate of descent of said carriage
      comprising transistor means for energizing said field winding to
      regeneratively brake said rotatable generator and said fluid motor which
      drives it during descent of said carriage and means for selectively
      varying the base drive of said transistor means to thereby regulate field
      excitation and the degree of regenerative braking.
NUM  2.
PAR  2. In combination with an electric lift truck energized from an electric
      battery to supply pressurized fluid to a lift ram which elevates a load
      supporting carriage, an energy recovery system for converting the kinetic
      energy of said elevated carriage into battery charging current comprising
PA1  a fluid motor,
PA1  means for directing fluid exhausted from said lift ram through said fluid
      motor when said carriage is descending,
PA1  unidirectional current generating means for charging said battery including
      a rotatable generator driven by said fluid motor and having a field
      winding,
PA1  means for selectively controlling the rate of descent of said carriage
      comprising transistor means for energizing said field winding to
      regeneratively brake said rotatable generator and said fluid motor which
      drives it during descent of said carriage and means for selectively
      varying the base drive of said transistor means to thereby regulate field
      excitation and the degree of regenerative braking, and wherein
PA1  said means for selectively varying base brake includes means responsive to
      a predetermined rpm of said fluid motor for applying base drive to said
      transistor means to turn it on and thereby slow the descent of said
      carriage and charge said battery.
NUM  3.
PAR  3. In the combination of claim 2 wherein said rotatable generator is an
      alternator and including rectifier means between said alternator and said
      battery.
NUM  4.
PAR  4. In an electric lift truck having an electric battery energizing an
      electric motor for supplying pressurized fluid to a lift ram which
      elevates a load supporting carriage, an energy recovery system for
      converting the kinetic energy of said elevated carriage into battery
      charging current and for controlling the rate of descent of said carriage
      comprising, in combination,
PA1  a fluid motor,
PA1  means for directing fluid exhausted from said ram through said fluid motor
      when said carriage is descending,
PA1  an electric alternator having a field winding and being driven by said
      fluid motor,
PA1  rectifier means between said alternator and said battery,
PA1  a transistor having its emitter-collector circuit connected in a series
      circuit with said battery and said field winding,
PA1  means responsive to a predetermined speed of said fluid motor for applying
      base drive to said transistor to turn it on and thereby regeneratively
      brake said alternator, and
PA1  means for selectively adjusting the base drive of said transistor to
      thereby regulate alternator excitation and the rate of descent of said
      carriage.
NUM  5.
PAR  5. In the combination of claim 4 wherein said means responsive to a
      predetermined speed of said fluid motor includes
PA1  means for supplying a unidirectional trickle current from said battery to
      said field winding when said fluid motor is at rest,
PA1  means coupled to an alternator stator winding for deriving a unidirectional
      potential whose magnitude is a function of the rpm of said alternator, and
PA1  means responsive to a preselected magnitude of said unidirectional
      potential for applying base drive to said transistor to turn it on.
NUM  6.
PAR  6. In the combination of claim 5 wherein the magnitude of base drive
      supplied by said last-named means is a function of the magnitude of said
      unidirectional potential, and said means for deriving a unidirectional
      potential includes potentiometer means for adjusting the proportionality
      factor between the voltage induced in said alternator stator winding and
      the magnitude of said unidirectional potential.
NUM  7.
PAR  7. In combination with an electric lift truck having an electric battery
      energizing an electric motor for supplying pressurized fluid to a lift ram
      which elevates a load supporting carriage, an energy recovery system for
      converting kinetic energy of said elevated carriage into battery charging
      current and for controlling the rate of descent of said carriage
      comprising
PA1  a fluid motor,
PA1  means for directing fluid exhausted from said ram through said fluid motor
      when said carriage is descending,
PA1  an electric alternator driven by said fluid motor and having field and
      stator windings,
PA1  rectifier means between said alternator and said battery,
PA1  means for supplying a trickle current from said battery to said field
      winding,
PA1  a transistor connected in a series circuit with said battery andn said
      field winding,
PA1  means coupled to a stator winding of said alternator for deriving a
      unidirectional potential which is a function of the rpm of said alternator
      and the magnetic flux density of the field generated by said field
      winding,
PA1  means responsive to a predetermined magnitude of said unidirectional
      potential to supply base drive to said transistor and thereby increase
      field excitation, whereby charging current is supplied from said rectifier
      means to said battery and said alternator is regeneratively braked, and
PA1  rate-of-descent adjusting means for selectively varying the base drive of
      said transistor to thereby regulate the field winding current and the
      mechanical loading of said fluid motor.
NUM  8.
PAR  8. In the combination of claim 4 wherein said rate-of-descent adjusting
      means for selectively varying the base drive of said transistor includes
      potentiometer means for selectively varying the proportionality factor
      between the voltage induced in said stator winding and the magnitude of
      said unidirectional potential.
NUM  9.
PAR  9. In combination with an electric lift truck having an electric battery
      energizing an electric motor for supplying pressurized fluid to a lift ram
      which elevates a load supporting carriage, an energy recovery system for
      converting the kinetic energy of the raised carriage into battery charging
      current and for controlling the rate of descent of said carriage
      comprising
PA1  a fluid motor,
PA1  means for directing fluid exhausted from said ram when said carriage is
      descending through said fluid motor,
PA1  means for charging said battery including a rotatable generator driven by
      said fluid motor and having a field winding,
PA1  a transistor having its emitter-collector circuit in series with said
      battery and said field winding, and
PA1  means responsive to a predetermined rotational speed of said fluid motor
      for turning said transistor on to energize said field winding and thereby
      charge said battery and slow the descent of said carriage.
NUM  10.
PAR  10. In the combination of claim 9 and including rate-of-descent adjustment
      means for selectively varying the base drive of said transistor to thereby
      regulate field excitation and the regenerative braking of said fluid
      motor.
NUM  11.
PAR  11. In the combination of claim 9 wherein said rotatable generator is an
      alternator and including rectifier means between said alternator and said
      battery.
NUM  12.
PAR  12. In the combination of claim 10 wherein said means responsive to a
      predetermined rotational speed of said fluid motor for turning said
      transistor on includes
PA1  means coupled to a stator winding of said generator for deriving a
      unidirectional potential whose magnitude is a function of the generator
      rotational speed, and
PA1  means including a breakdown device for applying base drive to said
      transistor to turn it on when said unidirectional potential reaches a
      predetermined magnitude.
NUM  13.
PAR  13. In the combination of claim 12 wherein said emitter-collector circuit
      of said transistor is connected in a series circuit with said field
      winding and said battery, and said means for deriving a unidirectional
      potential includes means for supplying a trickle current from said battery
      to said field winding.
NUM  14.
PAR  14. In the combination of claim 13 wherein said means for deriving a
      unidirectional potential includes a potentiometer for selectively
      regulating the proportionality factor between the voltage induced in said
      stator winding and the magnitude of said unidirectional potential, and
      said rate-of-descent adjusting means includes said potentiometer.
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ABST
PAL  A relaxation oscillator having a programmable unijunction transistor for
      producing an A.C. voltage. A variable portion of the A.C. voltage is
      selected and operates connected transistor amplifiers, which in turn cause
      an amplified A.C. voltage to be induced in a transformer. A voltage
      multiplier further increases the voltage and produces an output D.C.
      signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to voltage inverters, and more
      particularly to a highly portable variable voltage inverter.
PAR  One of the problems in designing an inverter of this type has been the one
      of achieving precision without undue complexity. Another problem has been
      the one of producing a highly portable device which will produce a larger
      voltage from a small electric source, for example when the device to be
      supplied with electricity is adapted to be moved from place to place and
      the source of electricity must accompany the device.
PAC  SUMMARY OF THE INVENTION
PAR  The circuit of the instant invention operates to take a low voltage, high
      current D.C. source signal and convert it to a large voltage, low current
      D.C. signal.
PAR  It is an object of the present invention to provide a variable voltage
      inverter which is very precise and yet economical to produce.
PAR  Another object of the invention is to provide a highly portable voltage
      inverter which can produce a high voltage from a low voltage source.
DRWD
PAR  These objects and other features and advantages of this invention will
      become readily apparent by reference to the following drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The appended drawing illustrates the invention wherein the single FIGURE is
      a schematic representation of the circuit of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the circuit of this invention comprises
      generally a relaxation oscillator 11, transistor amplifiers 12, 13, 14, a
      transformer 16, and a voltage tripler 17.
PAR  More particularly, the relaxation oscillator 11 includes a source tap 21
      for receiving the input voltage, and a constant voltage source 18
      including a capacitor 22 connected between the tap 21 and ground 19 and a
      protection diode 23 connected across the capacitor 22. The oscillator 11
      also includes a voltage divider network 24 comprising a resistor 25 and
      the parallel resistors 26, 27. The network 24 is connected to the anode
      gate of a programmable unijunction transistor 28 and biases the transistor
      28. A capacitor 29 is connected across the transistor 28 and to the ground
      19. A resistor 30 is connected between the input tap 21 and the capacitor
      29. The resistor 33 and capacitor 34 provide an RC coupling of the
      oscillator 11 and the first transistor amplifier 12.
PAR  The amplifier 12 is a common emitter amplifier. The capacitor 34 is
      connected to the base of the npn transistor 36. A potentiometer 37 is
      connected to the collector of the transistor 36. A capacitor 40 couples
      the first amplifier 12 to the second transistor amplifier 13.
PAR  The capacitor 40 is connected to the base of the npn transistor 44 of the
      amplifier 13. The transistor 44 is biased by the voltage divider 41
      comprising the resistors 42, 43. A resistor 46 is connected between the
      emitter of the transistor 44 and ground 19. A diode 47 is connected
      between the collector of the transistor 44 and ground 19.
PAR  The third transistor amplifier 14 includes a transistor 51, the emitter of
      which is connected to ground 19, and the base of which is connected to the
      emitter of the transistor 44, a modified darlington amplifier comprising
      amplifiers 13 and 14 being formed thereby. The transistor 51 is mounted on
      a heatsink (not shown), and a diode 53 is connected between the collector
      and emitter of the transistor 51.
PAR  The amplifier 14 is connected to a transformer 16 having primary and
      secondary coils 56, 57. The transformer 16 of the preferred embodiment is
      a D514 Delco Coil (which provides an output of 40,000 KV at 0.05
      milliamps). An input tap 21 and the amplifier 14 are connected to the
      primary coil 56, and the secondary coil 57 is connected to a voltage
      tripler 17 at 61.
PAR  The tripler 17 of the preferred embodiment is a -76-14327-1 Philco Tripler.
      The tripler 17 is connected to ground 19 at 62, through a resistor 73 to a
      voltage meter 71 and resistor 72 at 63, and to the output top 66 at 64.
PAR  When in operation, a steady state D.C. signal is applied to the input tap
      21. The capacitor 22 charges up to the applied voltage and then discharges
      when necessary to maintain a constant voltage between the tap 21 and
      ground 19 and into the oscillator 11. The capacitor 22 acts as a radio
      frequency filter, shorting out high frequency transients due to the
      switching of the programmable unijunction transistor 28. The diode 23
      protects the capacitor 22 by providing a bypass for current going from
      ground 19 to input 21.
PAR  The capacitor 29 charges from the source tap 21 through the resistor 30.
      When the capacitor 29 charges to the voltage at which the programmable
      unijunction transistor 28 will fire or conduct (from the anode through the
      cathode), which voltage has been determined by the biasing network 24, the
      transistor 28 conducts causing the capacitor 29 to discharge and the
      oscillator 11 to pulse. An A.C. voltage, having a sawtooth waveform, is
      thereby input to the capacitor 34.
PAR  The capacitor 34 removes the D.C. component of the voltage waveform input
      so that the voltage applied to the base of transistor 36 is an A.C.
      voltage alternating about the biasing voltage for the base of the
      transistor 36. The alternating voltage causes a variation in the base
      current and therefore the collector current of the transistor 36,
      therefore causing a switching on and off of the transistor 36. An A.C.
      voltage, having a slightly modified squarewave form, is input to the
      potentiometer 37.
PAR  The potentiometer 37 is adjusted to pick up the portion of the A.C. voltage
      desired. For a D.C. voltage output of zero for the circuit, the
      potentiometer 37 is adjusted to pick up only the D.C., voltage from the
      tap 21. For the maximum D.C. voltage output of the circuit, the
      potentiometer 37 is adjusted to pick up the entire A.C. voltage output of
      the transistor 36.
PAR  The capacitor 40 transmits only the A.C. portion of the voltage waveform
      input to it. When the voltage applied to the base of the driving
      transistor 44 increases to a certain value, the transistor 44 switches on,
      switching on the transistor 51. As the voltage falls below that value the
      transistors 44, 51 switch off. As the transistor 51 switches on and off,
      the voltage at the bottom of the primary coil 56 switches between the
      voltage input at tap 21 and a voltage close to zero. A substantially
      greater A.C. voltage is induced in the secondary coil 57, which voltage is
      tripled by the voltage tripler 17 and output at tap 66 as a D.C. voltage.
PAR  It will be understood that the meter 71 and potentiometer 37 and thereby
      the inverter itself enables the operator to obtain an extremely precise
      variation of output voltages in a simple and easy manner.
PAR  Although a preferred embodiment has been disclosed herein, it is to be
      remembered that various modifications and alternate constructions can be
      made thereto without departing from the full scope of the invention, as
      defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A variable voltage inverter comprising:
PA1  a source of D.C. voltage;
PA1  a relaxation oscillator means connected to said source for receiving and
      converting the D.C. voltage signal to a first A.C. voltage signal, said
      relaxation oscillator means including a programmable unijunction
      transistor;
PA1  a first transistor amplifying means for receiving said first A.C. voltage
      signal and providing a second A.C. voltage signal, said first amplifying
      means having a resistor and a first capacitor forming an RC-coupling to
      said oscillator means, said first amplifying means including a
      potentiometer means for selecting and transmitting a variable portion of
      said second A.C. voltage signal, said first amplifying means having a
      second capacitor connected to said potentiometer means;
PA1  a second transistor amplifying means connected by said second capacitor to
      said first amplifying means and actuated by said variable portion of said
      second A.C. voltage signal whereby said second amplifying means is
      switched alternately between conducting and non-conducting states;
PA1  a transformer means connected to said second amplifying means; and
PA1  a voltage multiplier means for producing a stepped-up D.C. voltage signal
      from an input A.C. signal, said multiplier means being coupled to said
      transformer means, whereby a variable D.C. voltage output is obtained.
NUM  2.
PAR  2. A variable voltage inverter as defined in claim 1 wherein said voltage
      multiplier is a voltage tripler.
NUM  3.
PAR  3. A variable voltage inverter as defined in claim 1 wherein said first
      amplification means includes a common-emitter transistor amplifier.
NUM  4.
PAR  4. A variable voltage inverter as defined in claim 1 wherein said second
      amplification means includes first and second transistors, the emitter of
      said first transistor being connected to the base of said second
      transistor.
NUM  5.
PAR  5. A variable voltage inverter as defined in claim 1 and further wherein
      said first A.C. voltage signal has a sawtooth waveform and said second
      A.C. voltage signal has a squarewave form.
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ABST
PAL  A single-ended dc-to-dc converter which comprises a transformer having a
      primary winding which is connected to a d-c voltage source via a switch, a
      secondary winding which is connected to a load via a series valve and a
      choke, and a remagnetizing winding. In order to obtain an output voltage
      from the converter which is higher or lower, as desired, than the d-c
      supply voltage, provision is made for a first controlled by-pass valve to
      be shunted across the series connection of the secondary winding and the
      series valve and for a second controlled by-pass valve, poled in the
      direction of the load current, to be connected in parallel with the series
      connection of the choke and the load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a single-ended dc-to-dc converter and, in
      particular, a single-ended dc-to-dc converter for the pulse control of the
      voltage at an inductive load. 2. Description of the Prior Art
PAR  A single-ended dc-to-dc converter of the transformer type in use today
      typically comprises: a primary winding which is connected to a d-c voltage
      source via a switch; a secondary winding which is connected, via a series
      valve and a choke, to a load with which a by-pass valve is associated; and
      a magnetization reversal winding which is connected to the d-c voltage
      source via a limiting resistor in such a manner that the magnetization
      reversing current flowing in the magnetization reversal winding magnetizes
      the magnetic core of the transformer in a direction opposite that of the
      primary current in the primary winding.
PAR  Such a prior art dc-to-dc converter is used to convert a fixed d-c supply
      voltage into a d-c output voltage of variable magnitude (German
      Auslegeschrift 1,267,322). Moreover, the switch used in such a prior art
      converter is typically a controlled valve, particularly a thyristor (SCR),
      included in a d-c control element, while the by-pass valve employed
      therein is usually an uncontrolled diode, the latter generally being
      shunted directly across the load.
PAR  If in such a single-ended dc-to-dc converter a d-c element is, in fact,
      used as the switch, the quenching capacitor of the control element is
      recharged by means of the energy which is stored in the inductances
      between the d-c control element and the bypass valve. Such recharging is
      broken off when the capacitor voltage reaches the d-c supply voltage of
      the d-c voltage source. If the d-c voltage source has only a small d-c
      voltage and/or if the load current is very large, the capacity of the
      quenching capacitor must be made very large, so that a charge energy
      sufficient for extinguishing the main valve is available. Unfortunately,
      having to employ such a large capacity capacitor considerably increases
      the cost of the converter and, thus, is quite undesirable. Moreover, a
      further disadvantage of such a prior art dc-to-dc converter is that the
      d-c output voltage derived therefrom is generally fixed at a value which
      is above the value of the d-c supply voltage. In some applications,
      however, it may be desirable to have a d-c output voltage available at the
      output of the converter which is of a higher or of a lower value, as
      desired, than the d-c supply voltage.
PAR  It is therefore an object of the present invention to develop a
      single-ended dc-to-dc converter whose d-c output voltage can be higher or
      also lower than the d-c supply voltage. Such a single-ended dc-to-dc
      converter would, therefore, be suited for so-called two-quadrant
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, the above and other objectives are realized by
      including in a single-ended dc-to-dc converter of the above-described type
      a first controlled by-pass valve which is shunted across the series
      connection of the converter secondary winding and the series valve, and,
      in addition, a second by-pass valve, poled in the direction of the load
      current, which is connected parallel to the series connection of the
      converter choke and the load and which preferably is also controlled.
PAR  By including such by-pass valves in the converter, the quenching capacitor
      of the d-c control element, if such element is used as the converter
      switch, can be charged beyond the magnitude of the d-c supply voltage when
      the bypass valves are cut off. Thus, by controlling the firing of one or
      both of the bypass valves, the charging of the quenching capacitor can be
      controlled so that it breaks off only after the negative capacitor voltage
      has reached a predetermined limit. This allows a reduction of the
      heretofore high costs in the design of the quenching capacitor. Regarding
      the operation of the two by pass valves, it should be noted that they can
      be controlled so that they fire together or at different times.
PAR  According to another aspect of the invention, a first method of operating
      the dc-to-dc converter of the invention is described which permits a d-c
      output voltage to be obtained whose magnitude is greater than that of the
      d-c supply voltage. In particular, this is accomplished, according to the
      invention, by triggering the first and second controlled by-pass valves
      together at a time when the absolute value of the negative voltage at the
      secondary winding of the transformer exceeds a predetermined limit which
      is above the magnitude of the d-c supply voltage of the d-c voltage
      source. In accord with this first method, moreover, the d-c output voltage
      can be made to change by providing that the on-off ratio of the switch be
      varied and, in addition, that the points in time when the by-pass valves
      are fired together be periodically held constant.
PAR  According to still another aspect of the invention, a second method of
      operating the dc-to-dc converter of the invention is described which
      permits a d-c output voltage to be obtained whose magnitude is below the
      value of the d-c supply voltage.
PAR  More specifically, this is realized, according to the invention. by firing
      the second controlled by-pass valve at a point in time when the absolute
      value of the negative voltage at the secondary winding of the transformer
      exceeds a predetermined limit which is above the value of the d-c supply
      voltage of the d-c voltage source, and by subsequently firing the first
      controlled bypass valve at a time later than the aforesaid point in time
      by a predetermined time interval. Furthermore, in accord with this second
      method, the d-c output voltage can be made to vary by providing that the
      on-off ratio of the switch be kept constant, the point in time for firing
      the second by-pass valve be fixed, and the point in time for firing the
      first by-pass valve be varied.
PAR  It should be pointed out, moreover, that, in accord with the invention,
      provision is made to permit going from one of the aforesaid methods of
      operation to the other and vice versa.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features and aspects of the present invention will be
      made clearer by making reference to the following detailed description,
      viewed in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 shows a single-ended dc-to-dc converter which includes two
      controlled by-pass valves;
PAR  FIG. 2 shows the control signal characteristics for the single-ended
      dc-to-dc converter of FIG. 1;
PAR  FIG. 3 illustrates a voltage-vs-time characteristic for the voltage across
      a particular one of the by-pass valves of the converter of FIG. 1;
PAR  FIG. 4 shows another voltage-vs-time characteristic for the voltage across
      the aforementioned particular by-pass valve; and
PAR  FIG. 5 illustrates a single-ended dc-to-dc converter of the type shown in
      FIG. 1 which has been modified so as to simultaneously supply a load and a
      battery.
DETD
PAC  DETAILED DESCRIPTION
PAR  It should be noted that, in the discussion to follow, the same reference
      symbols have been used in the figures to designate similar components.
PAR  FIG. 1 shows a single-ended dc-to-dc converter in accordance with the
      invention which can be used, for instance, as an interruption-free power
      supply. A d-c voltage source 2 with the d-c supply voltage U, e.g., an
      uncontrolled rectifier with heavily varying d-c supply voltage U, is
      connected at its terminals 3 and 4 to a series circuit which comprises a
      main valve 5 that can be fired and extinguished, and the primary winding 6
      of a transformer 7. The secondary winding of the transformer 7 is
      designated 8. The turns ratio between the primary winding 6 and the
      secondary winding 8 may be, for instance, 1:1. An uncontrolled series
      valve 9 can further be added to the series circuit.
PAR  The main valve 5, which typically, might be a thyristor, is part of a d-c
      control element, which may, in principle, be of any design and which
      further comprises a quenching arrangement and a reversing arrangement.
      This d-c control element acts as a switch for the primary current flowing
      through the primary winding 6. The quenching arrangement is connected
      parallel to the main valve 5. By means of it, the main valve can be
      extinguished again after being fired. In the present embodiment, the
      quenching arrangement comprises a quenching capacitor 10 in series with a
      controlled quenching valve 11, the latter valve, also, typically, being a
      thyristor. The series connection of capacitor 10 and valve 11, in turn, is
      connected between the anode and the cathode of the main valve 5. As shown,
      the quenching arrangement, if desired, might further include a quenching
      choke 12 connected in series with diode 11. The reversing arrangement, on
      the other hand, comprises the series connection of an uncontrolled
      reversing valve 13 and a reversing choke 14, such serially connected
      elements being connected anti-parallel as shown to the quenching valve 11,
      and, if applicable, to the quenching choke 12.
PAR  The main valve 15 is alternatingly fired by a firing signal at its control
      path and cut off by a firing signal at the control path of the quenching
      valve 11 during variable time intervals.
PAR  The positive terminal 3 of the d-c voltage source 2 is connected with the
      one end of the secondary winding 8 of the transformer 7. To the other end
      of the secondary winding 8, the terminal 17 of a load 18 is connected via
      an uncontrolled series valve 15, e.g., a semiconductor diode, and via a
      choke 16, which is provided for smoothing. The other terminal 19 of the
      load 18, which load has an ohmic and an inductive load component, is
      connected with the negative terminal 4 of the d-c voltage source 2.
PAR  A controlled first by-pass valve 20 is connected on its one side, its
      cathode side, to the junction of the series valve 15 and the choke 16, and
      on the other side, its anode side, to the one end of the secondary winding
      8. To prevent cut-off losses, an uncontrolled valve (not shown) can
      further be connected in series with this by-pass valve 20. The series
      valve 15 and the controlled first by-pass valve 20 are to be considered as
      half-wave rectifiers as far as the secondary winding 8 is concerned.
PAR  Furthermore, a controlled second by-pass valve 21 is provided. This second
      by-pass valve 21 is connected with its cathode to the junction of the
      series valve 15 and the choke 16 and with its anode to the negative
      terminal 4 of the d-c voltage source 2. Thyristors, in particular, can be
      provided as the by-pass valves 20, 21. In some applications, e.g., if the
      d-c supply voltage U is nearly as high as the permissible reverse voltage
      of the main valve 5, the second by-pass valve 21 may be uncontrolled and
      designed as a semiconductor diode.
PAR  The transformer 7 further comprises a magnetization reversing winding 22.
      The latter is connected between the two terminals 3 and 4 of the d-c
      voltage source 2 via a smoothing choke 23 and a limiting resistor 24. The
      connection is made so that the magnetization reversal current driven by
      the d-c voltage source 2 via the magnetization reversal winding 22, the
      smoothing choke 23 and the limiting resistor 24 magnetizes the magnetic
      core of the transformer 7 in a direction which is opposite the direction
      of magnetization resulting from the primary current flowing in the primary
      winding 6.
PAR  It is assumed that a load current I(18) without breaks flows through the
      load 18. Thus, a base load is always to be there. However, the load 18 may
      vary in operation.
PAR  A control unit 25 is provided for alternatingly firing the main valve 5 and
      the quenching valve 11. The conduction time and/or the clock frequency of
      this control unit can be influenced by means of a control signal p at its
      control input. It is assumed here that only the conduction time a of the
      main valve 5 is being controlled by the control signal p, the clock
      frequency being fixed.
PAR  A control unit 26 is provided for firing the first controlled by-pass valve
      20. The former is designed as a timing stage, whose duration or delay time
      is settable by means of a control signal s. On the input side, the control
      unit 26 is addressed by the firing pulses of the second by-pass valve 21,
      which are furnished by a control unit 27. The control unit 26 thus always
      delivers a firing pulse at the point in time which lags the firing pulse
      of control unit 27 and, as a result, the current-take over of the second
      by-pass valve 21, by the settable delay time.
PAR  The control unit 27, which comprises essentially a comparator or a limit
      indicator, compares a limit U*, which is above the times-one value of the
      d-c supply voltage of the d-c voltage source 2, with a voltage which is a
      measure of the negative voltage at the secondary winding 8 of the
      transformer 7. The limit U* is furnished by an adjustable limit setter 28
      which, in the present case, is shown as a potentiometer. The voltage U(10)
      at the quenching capacitor 10 serves as the voltage which is a measure of
      the negative voltage U(8) at the secondary winding 8. As shown, the
      voltage U(10) is taken from across the terminals 30, 31. To ensure that
      only the positive voltage U(10) is compared with the limit U*, a diode 29
      is provided at the input of the control unit 27. This prevents a negative
      voltage U(10) from being passed on. The polarity of the negative voltage
      U(10) is seen from the sign of the charge at the quenching capacitor 10 in
      FIG. 1. Because of the voltage take-off at the quenching capacitor 10, the
      limit U* is chosen so that it is higher than twice the d-c supply voltage
      U. An isolating transformer, not specifically designated, is arranged in
      each of the firing lines of the valves 5, 11, 20, 21.
PAR  According to FIG. 1, there is further provided a control circuit which
      serves to keep the d-c output voltage U(18) constant. Instead of such a
      voltage regulating circuit, a power regulating circuit, for instance, may
      also be provided.
PAR  The control circuit includes a controller 32 which in the customary manner
      furnishes a control signal U(32) for the d-c control element which
      determines the duration of conduction of the main valve 5. The controller
      32, which includes a comparator, determines the control signal U(32) by
      comparison of the d-c output voltage U(18) with a reference value U*(18),
      the latter reference value being taken off at a reference value
      transmitter 43, which is shown as a potentiometer. In dependence on this
      control signal U(32), the firing and extinguishing pulses of the main
      valve 5, as well as the firing pulses for the first controlled by-pass
      valve 20, can be controlled. A distribution circuit 33 ensures that the
      control signal U(32), depending on its magnitude end, therefore, on the
      deviation of the d-c output voltage U(18) from the reference value,
      influences either the firing of the main valve 5 or the firing of the
      first by-pass valve 20.
PAR  The distribution circuit 33 comprises a first circuit including a first
      resistor 34 in series with a first Zener diode 35, which circuit is acted
      upon by the control signal U(32). The voltage drop at the first Zener
      diode 35 is fed as the control signal p to the control unit 25. The
      distribution circuit 33 comprises, furthermore, a second circuit including
      a second resistor 36 in series with a second Zener diode 37, which circuit
      is likewise acted upon by the control signal U(32). The first Zener diode
      35 and the second resistor 36 are connected to a common reference
      potential. The voltage drop taken off at the second resistor 36 is fed as
      the setting sigsnal s to the control unit 26. The Zener voltages U.sub.z
      of both Zener diodes 35, 37 are of equal magnitude here.
PAR  To explain the operation of the distribution circuit 33, the control
      diagram in FIG. 2 will be referred to. More particularly, in FIG. 2 the
      courses of characteristics of the control signal p and the setting signal
      s are shown diagrammatically as a function of a control signal U(32). For
      a small control signal U(32), which corresponds to a short off time b and,
      therefore, to a high output voltage U(18), the control voltage p, shown as
      a solid line, increases linearly with the magnitude of the control signal
      U(32), while the setting signal s, shown as a dashed line, in zero. This
      region, for which U&gt;U (18) holes, is identified by the reference symbol I.
      Here the time delay of the control unit 26 is zero, and the two by-pass
      valves 20, 21, are, therefore, fired simultaneously and at equidistant
      time intervals, and the d-c output voltage U(18) is varied by the on-off
      ratio a/(a+b) of the d-c control element.
PAR  If the control signal U(32) has reached the magnitude of the Zener voltage
      U.sub.z, which is to be considered as a threshold value, the situation is
      reversed. The Zener voltage is chosen so that this reversal takes place at
      the point at which U(18) = U holds. For an increasing control signal U(32)
      in the region II, where the relation U&gt;U(18) holds, the setting signal s
      (dashed line) increases linearly with the control signal U(32), while the
      control signal p (solid line) is held constant at a value of p.sub.o. In
      other words, in this range II, the on-off ratio a/(a+b) of the d-c control
      element is kept constant by the control signal p, and the firing of the
      first by-pass valve 20 is varied in accordance with the setting signal s.
PAR  The choice of the operating point in the control diagram according to FIG.
      2 and, therefore, the choice of whether the d-c output voltage U(18) is in
      region I or II, is made by the adjustment at the reference transmitter 43.
      The control circuit ensures that the d-c output voltage U(18) is kept
      constant at the set operating point.
PAR  In FIGS. 3 and 4 the waveform of the voltage U(A, B) taken between the
      points A and B at the cathode-anode path of the second by-pass valve 21 is
      shown as a function of the time t. In the discussion to follow it has been
      assumed that the quenching capacitor 10 in FIG. 1 has been first charged
      so that it is of opposite polarity to that shown in FIG. 1, that is, that
      it has been charged positive. The capacitor electrode connected with the
      anode of the main valve 5 is, thus, assumed to be initially positively
      charged relative to the other capacitor electrode, which is connected with
      the quenching valve 11.
PAR  If now the main valve 5 is fired by the control unit 25 at a time t(5), the
      main valve 5 takes over not only the primary current through the primary
      winding 6, but also the charge-reversal current of the quenching capacitor
      10. This charge-reversing current flows through the main valve 5, the
      charge-reversing choke 14 and the charge-reversing valve 13. As long as
      the main valve 5 is fired, a positive voltage, which is composed
      additively of the d-c supply voltage U and the secondary voltage U(8),
      exists between the points A and B. This secondary voltage U(8) is induced
      in the secondary winding 8. The polarity of the secondary voltage U(8) is
      marked in FIG. 1 by an arrow. When the charge reversal process of the
      quenching capacitor 10 is completed the quenching capacitor 10 is charged
      with the polarity shown, i.e., negative.
PAR  At a latter time t(11), which is after the firing point t(5) by the "on"
      duration a, the quenching valve 11 is fired by the control unit 25 to
      initiate the quenching of the main valve 5. In general, the time spacing
      between two quenching times t(11) is kept constant. This spacing in time
      is then equal to the duration of the period T = (a + b). The on-off ratio
      a/(a+b) can be adjusted by shifting the firing times t(5) relative to the
      quenching times t(11) by means of the control signal p.
PAR  The quenching capacitor 10 first interrupts the current conduction of the
      main valve 5. Then, it is reversely charged via the quenching valve 11,
      the quenching choke 12, the series valve 9, the primary winding 6 and the
      d-c voltage source 2. In the process, it reassumes the initial polarity,
      which, as above-indicated, is opposite to that indicated in FIG. 1. The
      electrode facing the main valve 5 thus assumes again a positive potential
      and the electrode facing the quenching valve 11, a negative potential.
PAR  This charge reversal of the quenching capacitor 10 will now be discussed in
      further detail. In particular, at the point of extinction t(11), the d-c
      voltage source 2 and the quenching capacitor 10 are connected in series
      with the primary winding 6. The voltage U(A, B) between the points A and B
      is therefore composed of the d-c input voltage U and a component which is
      induced in the secondary winding 8 because of this series connection. With
      a turns ratio of 1:1, which is always assumed in the following, this
      secondary voltage U(8) is equal to the d-c supply voltage U plus the
      capacitor voltage U(10).
PAR  With decreasing charge of the quenching capacitor 10, i.e., with
      progressing reverse charge, the capacitor voltage U(10) and therewith, the
      induced secondary voltage U(8), diminishes, thereby causing the voltage
      U(A, B) to also decrease. When the capacitor voltage U(10) has reached the
      value zero, the secondary voltage U(8) = U, so that the further reduced
      voltage U(A, B) = 2U is present between the points A and B. When the
      positive capacitor voltage U(10) at the re-charged quenching capacitor 10
      has become equal to the d-c input voltage U, then the d-c voltage source 2
      and the quenching capacitor 10 are connected bucking each other. The
      secondary voltage U(8) is now zero, and the voltage U(A, B) = U, i.e.,
      just the d-c supply voltage U, is present between the points A and B.
PAR  It is further assumed that the by-pass valves 20 and 21 are not yet fired,
      so that the load current I(18) cannot commutate to either of these two
      by-pass valves. Therefore, the quenching capacitor is continued to be
      reverse-charged. The capacitor voltage U(10) of the quenching capacitor 10
      therefore continues to rise (with a polarity opposite to that shown). When
      it reaches at a time t.sub.o the value U(10) = 2U, then the secondary
      voltage U(8) has assumed the value U(8) = -U. The secondary voltage thus
      is negative now, and it now has a polarity opposite to that indicated by
      the arrow at the secondary winding 8 in FIG. 1. The voltage U(A, B,)
      between the points A and B is therefore zero. This point in time t.sub.o
      is specially marked in FIGS. 3 and 4 by the reference symbol t.sub.o.
PAR  It is significant that from the time t.sub.o on with progressive recharging
      of the quenching capacitor 10 beyond the value U(10) = 2U, the voltage
      between the points A and B becomes negative. The anode of the controlled
      by-pass valve 21 therefore becomes positive relative to the cathode, so
      that the by-pass valve 21 can carry current from the time t.sub.0 on. The
      negative portions in the waveform of the voltage U(A, B) can be seen in
      FIGS. 3 and 4.
PAR  In the following discussion, the effect of the firing of the two by-pass
      valves 20 and 21 shown in FIG. 1 will be explained for the operating
      cases. The first two operating cases assume that the one by-pass valve 20
      or 21 is fired, while the other remains permanently blocked and carries no
      current; the third operating case assumes the simultaneous firing of both
      by-pass valves 20, 21; and the fourth operating case treats a time-shifted
      firing of both by-pass valves 20, 21.
PA0  Operating Case 1:
PAR  In this case, the second by-pass valve 21 is fired at an adjustable time
      t(21), which, as shown in FIG. 3, is after the point in time t.sub.o. It
      is assumed here that when this second by-pass valve 21 fires, the first
      by-pass valve 20 is omitted or cut off. The second by-pass valve 21
      therefore first at a time t(21) at which the positive voltage U(10) at the
      quenching capacitor 10 exceeds the predetermined limit U*, which is higher
      than twice the value of the d-c supply voltage U. As indicated by the
      limit setter 28, this limit U* is adjustable, so that also the time t(21)
      can be set via this limit U*.
PAR  As long as the controlled by-pass valve 21 has not fired, the recharging of
      the quenching capacitor 10 continues undiminished. Only when the control
      unit 27 ascertains that the condition U(8) = U*&gt;2U is fulfilled, does it
      deliver a firing pulse to the controlled by-pass valve 21. At this moment,
      the voltage U(A, B) goes to 0 V, according to FIG. 3, and the recharging
      of the quenching capacitor 10 by the primary current is terminated very
      quickly. The point in time t(21) is chosen by means of the limit U* so
      that the quenching capacitor 10 is sufficiently overcharged even if the
      d-c supply voltage is low. The voltage U(A, B) remains at the value 0,
      until at the next time t(5) the main valve 5 is fired again. During this
      time interval the inductive energy stored in the choke 16 and in the
      inductive load component can be converted into heat in the closed circuit
      16, 17, 18, 19, B, 21 and A. A secondary current through the secondary
      winding 8 cannot flow during this period. The voltage waveform U(A, B)
      given is shown in FIG. 3 by a solid curve.
PA0  Operating Case 2:
PAR  In this case, the first by-pass valve 20 is now fired instead of the second
      by-pass valve 21. As shown in FIG. 3, the firing is effected by the
      control unit 26 at a settable point in time t(20), which is after the
      point in time t.sub.o. It is assumed here that when the first by-pass
      valve 20 fires, the second by-pass valve 21 is omitted or cut off. The
      first by-pass valve is therefore also fired at a time t(20) when the
      positive voltage U(10) at the quenching capacitor 10 exceeds a limit which
      is not specifically designated and which is higher than twice the value of
      the d-c supply voltage U. This limit is assumed to be settable and further
      to be lower than the limit U*. The point in time t(20) in the example
      according to FIG. 3 is, therefore, closer to the time t.sub.o than the
      time t(21).
PAR  When the first by-pass valve 20 fires at the same t(20), it shorts the
      series circuit consisting of the secondary winding 8 and the series valve
      15. From then on, the secondary winding 8 can no longer make a
      contribution of the voltage U(A, B) which, according to the dot-dashed
      waveform in FIG. 3, is suddenly lifted to the times-one value of the d-c
      supply voltage U. It keeps this value until, at the time t(5), the main
      valve 5 fires. During this time interval the load current I(18) can flow
      in the closed circuit A, 16, 17, 18, 19, B, 4, 2, 3 and 20. It is
      noteworthy that the average U.sub.m (A, B) of this voltage U(A, B) is
      above the value of the d-c supply voltage. This is emphasized in FIG. 3,
      by a dot-dashed horizontal line.
PA0  Operating Case 3:
PAR  The voltage U(A, B) is a measure of the d-c output voltage U(18) at the
      load 18. In the case that this d-c output voltage U(18) is to be higher
      than the d-c supply voltage U, one will proceed in practice so that the
      first and the second controlled by-pass valve 20 and 21, respectively, are
      fired together at the time t(20) = t(21). The points in time t(20) and
      t(21) in FIG. 3 therefore coincide. To vary the average value U.sub.m (A,
      B) and therefore, the d-c output voltage U(18), the common firing time
      t(20) = t(21) is kept constant at a value in the range between the point
      in time t.sub.o and the time t(5). The "on" ratio a/T of the d-c control
      element is changed in this arrangement. It determines the magnitude of the
      d-c output voltage U(18). This mode of operation corresponds to a variable
      operating point in the region I in the control diagram of FIG. 2.
PA0  Operating Case 4:
PAR  It will be seen from FIG. 4 that in the case that the d-c output voltage
      U(18) is to be smaller than the d-c supply voltage U, the points in time
      t(21) and t(20) and be chosen different. One proceeds here so that the
      on-off ratio a/(a+b) is chosen smaller than in the operating case 3.
      First, the second controlled by-pass valve 21 is fired at a point in time
      t(21) at which the absolute value of the positive voltage U(10) at the
      quenching capacitor 10 exceeds the predetermined limit U*. Afterwards, the
      first controlled by-pass valve 20 is first at a point in time t(20) which
      is after the first-mentioned point in time t(21) by a predetermined time
      interval. In this case, to change the average U.sub.m (A, B), which is
      shown as a dotted line in FIG. 4, and therefore, to change the d-c output
      voltage U(18), the on-off ratio a/(a+b) is kept constant, the point in
      time t(21) for firing the second by-pass valve 21 is fixed in a periodic
      manner, and the point in time t(20) for firing the first by-pass valve 20
      is varied. This change is effected by means of the setting signal s at the
      control unit 26 according to FIG. 1. This mode of operation corresponds to
      variable operating point in the control diagram of FIG. 2. A transition
      between the operating cases 3 and 4 is, of course, possible.
PAR  In FIG. 5, the single-ended dc-to-dc converter shown in FIG. 1 is
      supplemnted by several components which comprise a further load circuit
      arranged similarly to the one in FIG. 1. The individual components added
      are identified by a suffix z.
PAR  According to FIG. 5, the terminal 17z of a battery 38 is connected to the
      other end of the winding 8, i.e., to the end not connected with the
      terminals, via a further series valve 15z, which is preferably of the
      controlled design, and via a further choke 16z. The other terminal 19z of
      the battery 38 is connected with the negative terminal 4 of the d-c
      voltage source 2. The series circuit comprised of the secondary winding 8
      and the further series valve 15z is shunted by a further controlled
      by-pass valve 20z, the cathodes of the latter two valves being connected
      with each other. Further, the series circuit comprised of the further
      choke 16z and the battery 38 is shunted by a further second controlled
      by-pass valve 21z,  which is poled in the direction of the charging
      current I(38). The by-pass valves 20z and 21z may, typically, be
      thyristors.
PAR  The operation of this output circuit provided with the suffic z is the same
      as that of the already explained output circuit. Both output circuits may
      be provided here with a separate control circuit corresponding to that in
      FIG. 1. However, it it possible to generate different d-c output voltages
      U(18) and U(38) at the two loads 18, 38. In particular, it is possible to
      keep the d-c output voltage U(18) higher and the d-c output voltage U(38)
      smaller than the d-c supply voltage U. It is thereby possible to supply
      the load 18 in normal operation with a controlled or regulated d-c output
      voltage U(18), while at the same time the battery 38 is charged or
      recharged in a controlled or regulated manner. In the event of trouble in
      the supply by the d-c voltage source 2, the battery 38 can be connected in
      place of this d-c voltage source 2 to the input of the single-ended
      dc-to-dc converter (by means of a switching-over arrangement, not shown)
      and thus be used to maintain the voltage supply at the load 18. The
      single-ended dc-to-dc converter according to FIG. 5 thus constitutes an
      emergency plant.
PAR  In conclusion, it should further be pointed out that a controlled valve,
      for instance, a thyristor, can be used as the further series valve 15z.
      With a series valve 15z of controlled design, particularly low d-c output
      voltage U(38) can be produced. This series valve 15z is fired at the time
      t(5) together with the main valve 5 or after the latter. Thereby, the
      conduction period of the series valve 15z is reduced to a minimum which
      can be smaller than the conduction period a of the main valve 5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A single-ended dc-to-dc converter for use with a d-c voltage source and
      for providing pulse control of the voltage at an inductive load
      comprising:
PA1  a transformer including primary, secondary and magnetization reversal
      windings;
PA1  switch means for connecting said primary winding to said voltage source;
PA1  a first circuit means for connecting said secondary winding to said load,
      said first circuit means including a series valve connected to a choke;
PA1  limiting resistor means for connecting said magnetization winding to said
      voltage source such that the magnetization reversal current which flows
      through said magnetization reversal winding magnetizes the magnetic core
      of said transformer in the opposite direction as the primary current in
      said primary winding;
PA1  a first controlled by-pass valve connected in shunt with a first series
      circuit comprising said series valve and said secondary winding;
PA1  and a second by-pass valve connected in shunt with a second series circuit
      comprising said choke and said load, said second by-pass valve being poled
      in the direction of the current in said load.
NUM  2.
PAR  2. A converter in accordance with claim 1 in which said second by-pass
      valve is controlled.
NUM  3.
PAR  3. A converter in accordance with claim 2 in which said first and second
      by-pass valves are thyristors.
NUM  4.
PAR  4. A converter in accordance with claim 3 in which:
PA1  one end of said series valve and one end of said choke are connected to
      form a common junction;
PA1  the other end of said choke is connected to one end of said load;
PA1  the other end of said series valve is connected to one end of said
      secondary winding;
PA1  the cathode and anode of said first by-pass valve are connected,
      respectively, to said common junction and to the other end of said
      secondary winding;
PA1  and the cathode and anode of said second by-pass valve are connected,
      respectively, to said common junction and the other end of said load.
NUM  5.
PAR  5. A converter in accordance with claim 2 which further includes:
PA1  a first control unit including a comparator for firing said second by-pass
      valve, said control unit providing a firing pulse when a first voltage
      indicative of the negative voltage at said second winding exceeds a limit
      voltage which is above the d-c supply voltage of said voltage source.
NUM  6.
PAR  6. A converter in accordance with claim 5 in which:
PA1  said transformer has a turns ratio substantially equal to 1:1;
PA1  said switch means includes a controlled main valve and a quenching
      arrangement, said quenching arrangement comprising a quenching capacitor
      and being connected in shunt with said main valve;
PA1  said first voltage comprises the voltage across said quenching capacitor;
PA1  and said converter further includes means for applying said voltage across
      said quenching capacitor to said first control unit.
NUM  7.
PAR  7. A converter in accordance with claim 6 which further includes:
PA1  means for developing said limit voltage which permits adjustment thereof;
PA1  and means for applying said limit voltage to said control unit.
NUM  8.
PAR  8. A converter in accordance with claim 5 in which:
PA1  the d-c output voltage provided at said load has a value below that of said
      d-c supply voltage;
PA1  said converter further includes a second control unit for providing firing
      pulses to said first controlled by-pass valve.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 in which said second control unit
      comprises a timing device which is responsive to the firing pulses
      generated by said first control unit.
NUM  10.
PAR  10. A converter in accordance with claim 8 in which said second control
      unit fires a pulse at a point in time when said second by-pass valve is
      fired and takes over current.
NUM  11.
PAR  11. A converter in accordance with claim 8 in which said second control
      unit fires a pulse at a point in time which is a predetermined time
      interval after the point in time at which said second by-pass valve is
      fired and takes over current.
NUM  12.
PAR  12. A converter in accordance with claim 11 in which said predetermined
      internval can be set by a timing signal.
NUM  13.
PAR  13. A converter in accordance with claim 12 which further includes:
PA1  a third control unit for controlling said switch means;
PA1  and a control means for generating first and second output voltages, said
      first output voltage comprising said setting signal and being applied to
      said second control unit and said second output voltage being applied to
      said third control unit.
NUM  14.
PAR  14. A converter in accordance with claim 13 in which said control means
      includes:
PA1  a controller circuit for developing a control signal;
PA1  and a distribution circuit responsive to said control signal for developing
      said first and second output voltages.
NUM  15.
PAR  15. A converter in accordance with claim 14 in which said distribution
      circuit causes said first output voltage to be zero until said control
      signal reaches a predetermined threshold value and, thereafter, causes
      said first output to increase proportionally to said control signal.
NUM  16.
PAR  16. A converter in accordance with claim 1 which further includes:
PA1  a battery;
PA1  a second circuit means for connecting said battery to said secondary
      winding, said second circuit means comprising a second series valve
      connected to a second choke;
PA1  a third controlled by-pass valve connected in shunt with a third series
      circuit including said secondary winding and said second series valve;
PA1  and a forth by-pass valve connected in parallel with a fourth series
      circuit including said second choke and said battery, said fourth by-pass
      valve being poled in the direction of the current charging said battery.
NUM  17.
PAR  17. A converter in accordance with claim 16 in which said fourth by-pass
      valve is controlled.
NUM  18.
PAR  18. A converter in accordance with claim 17 in which each of said by-pass
      valves is a thyristor.
NUM  19.
PAR  19. A converter in accordance with claim 16 in which said second series
      valve is controlled.
NUM  20.
PAR  20. A method of operating a single-ended dc-to-dc converter;
PA1  said converter being of a type which is used with a d-c voltage source,
      provides pulse control of the voltage at an inductive load, and comprises:
PA2  a transformer including primary, secondary and magnetization reversal
      windings;
PA2  switch means for connecting said primary winding in said voltage source;
PA2  a first circuit means for connecting said secondary winding to said load,
      said first circuit means including a series valve connected to a choke;
PA2  limiting resistor means for connecting said magnetization winding to said
      voltage source such that the magnetization reversal current which flows
      through said magnetization reversal winding magnetizes the magnetic core
      of said transformer in the opposite direction as the primary current in
      said primary winding;
PA2  a first controlled by-pass valve connected in shunt with a first series
      circuit comprising said series valve and said secondary winding;
PA2  and a second controlled by-pass valve connected in shunt with a second
      series circuit comprising said choke and said load, said second by-pass
      valve being poled in the direction of the current in said load;
PA2  said method comprising the step of firing said first and second by-pass
      valves together at a point in time in each of a number of time periods
      when the absolute amount of negative voltage at said secondary winding
      exceeds a predetermined limit, said limit being above the supply voltage
      of said source.
NUM  21.
PAR  21. A method in accordance with claim 20 in which:
PA1  said step of firing is such that firing occurs at the same relative point
      in time in each of said periods; and
PA1  said method further includes the step of varying the "on" ratio of said
      switch means.
NUM  22.
PAR  22. A method of operating a single-ended dc-to-dc converter;
PA1  said converter being of a type which is used with a d-c voltage source,
      provides pulse control of the voltage at an inductive load, and comprises:
PA2  a transformer including primary, secondary and magnetization reversal
      windings;
PA2  switch means for connecting said primary winding to said voltage source;
PA2  a first circuit means for connecting said secondary winding to said load,
      said first circuit means including a series valve connected to a choke;
PA2  limiting resistor means for connecting said magnetization winding to said
      voltage source such that the magnetization reversal current which flows
      through said magnetization reversal winding magnetizes the magnetic core
      of said transformer in the opposite direction as the primary current in
      said primary winding;
PA2  a first controlled by-pass connected in shunt with a first series circuit
      comprising said series valve and said secondary winding;
PA2  and a second controlled by-pass valve connected in shunt with a second
      series circuit comprising said choke and said load, said second by-pass
      valve being poled in the direction of the current in said load; said
      method comprising the steps of:
PA1  firing said second by-pass valve at a point in time in each of a number of
      time periods when the absolute amount of negative voltage at said
      secondary winding exceeds a predetermined limit, said limit being above
      the supply voltage of said source;
PA1  and firing said first by-pass valve at a point in time in each of said
      periods which is after said point in time at which said second by-pass
      valve is fired in such period by a predetermined time interval.
NUM  23.
PAR  23. A method in accordance with claim 22 in which:
PA1  the step of firing said second by-pass valve is such that firing occurs at
      the same relative point in time in each of said intervals;
PA1  the step of firing said first by-pass valve is such that said predetermined
      time interval is varied;
PA1  and said method further includes the step of holding the "on" ratio of said
      switch means constant.
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ABST
PAL  Various types of static DC to DC converters are known. Some of these have
      output rectifiers including phase controlled SCRs. The present invention
      eliminates the need for controlled output SCRs by pulse width modulation
      of switching elements in a control circuit controlling the converter
      circuitry itself. This results in the elimination of some switching
      devices, higher reliability and higher-efficiency, A unijunction
      oscillator drives a one-shot multivibrator and a flip flop. The
      unijunction oscillator, one-shot multivibrator and flip flop feed two AND
      gates which are alternately enabled to allow pulses of current to flow
      from a DC source through opposite halves of a primary winding of a
      transformer. The output of the secondary winding is rectified and filtered
      to provide the converter output. Voltage regulation is accomplished by
      controlling the one-shot multivibrator. In one embodiment, paralleling of
      a number of converters is enabled by providing for frequency and pulse
      width synchronization.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to DC to DC converters and in particular to static
      DC to DC converters.
PAR  Various types of static DC to DC converters are already known. These are
      devices which convert one level of DC voltage to another level of DC
      voltage. Such converters are frequently used, for example, in telephone
      offices which already have a battery supply, typically 48 volts. As these
      batteries require charging equipment, it is preferable to use a converter
      rather than provide separate batteries for various voltages which may be
      desired.
PAR  DC-DC regulated converters as presently known are as follows: Power
      switching devices alternately provide power to the primary of a centre
      tapped transformer. The power from the secondary is rectified and
      regulated by one of the following means-
PAR  I Phase control in the rectification.
PAR  II Series regulation
PAR  III Chopper or switching regulation. These methods necessitate the use of
      several power switching devices resulting in relatively high power
      dissipation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention minimizes the use of power switching devices resulting in
      greater reliability and higher efficiency. In addition, sloping of the
      wavefront reduces the undesirable effects of Radio Frequency Interference
      inherent in these devices.
PAR  The present invention eliminates the need for controlled SCRs in the output
      rectifier circuit by controlling the time that switching elements are on
      and off in a control circuit. This eliminates some switching devices and
      results in higher reliability.
PAR  With most known static DC to DC converters, it is difficult to place them
      in parallel for increased output capacity because they tend not to share
      the load equally. One embodiment of the present invention readily allows
      for paralleling of two or even several converters and for ensuring that
      these converters share the load equally. This is done by synchronizing the
      control circuits of the converters both as to pulse frequency and pulse
      width which results in the output pulses being of equal width also.
PAR  Voltage regulation is accomplished with the use of an optical coupler which
      results in complete isolation of the voltage sensing means from the
      feed-back circuitry. This is needed because the regulation is at the input
      and not at output SCRs, the output SCRs having been eliminated and
      replaced by a simple rectifier circuit.
PAR  Current limit sensing is done by means of a blocking oscillator which also
      provides isolation of the current limit circuitry from the output.
PAR  According to the invention there is provided a DC to DC converter
      comprising a control circuit energizable by a source of DC current and
      having a first pair of output terminals connected in series with said
      source of DC current and one half of a center-tapped primary winding of a
      first transformer and a second pair of output terminals connected in
      series with said source of DC current and the other half of said
      center-tapped primary winding. The control circuit produces pulses
      alternately in the two halves of the center-tapped primary winding, the
      first transformer having a center-tapped secondary winding with each half
      of said secondary winding being connected to electronic switching means
      for causing pulses of current to flow from the source of DC current
      alternately in two halves of a center-tapped primary winding of a second
      transformer. The second transformer has a secondary winding connected to a
      full wave rectifier having an output connected to an output filter for
      providing a smooth DC output from the converter. Each of the pairs of
      output terminals is fed by an output transistor fed, in turn, by a driver
      transistor having an input fed by substantially square wave pulses and
      across which is connected a capacitor so that the pulses appearing at the
      output terminals of the control circuit are trapezoidal shaped and thus
      have substantially no harmonics of radio frequency. The control circuit
      comprises a unijunction oscillator driving a flip-flop and a one-shot
      multivibrator and feeding a first input of each of two three-input AND
      gates, the flip-flop having one output feeding a second input of one of
      the AND gates and a second output feeding a second input of the other of
      the AND gates. The one-shot multivibrator also has a pulse output feeding
      a third input of each of the AND gates, each AND gate being associated
      with a different one of the pairs of outputs of the control circuit and,
      when enabled, resulting in current flow from its associated pair of output
      terminals. The converter further comprises feedback means responsive to
      current flow in the output of the converter for regulating the pulse
      duration of the one-shot multivibrator and hence the duration of time that
      the AND gates are enabled, the unijunction oscillator comprising a
      programmable unijunction transistor and the control circuit comprising a
      syn.frequency line, means responsive to firing of the programmable
      unijunction transistor for producing a pulse on the sync.frequency line
      and means responsive to reception of a pulse on the sync. frequency line
      for firing the programmable unijunction transistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a partly block, partly schematic, diagram of a first embodiment
      of a static DC to DC converter according to the present invention,
PAR  FIGS. 2 and 3 together, with FIG. 2 to the left of FIG. 3, form a schematic
      diagram of the control circuit J1 of FIG. 1.
PAR  FIG. 4 is a partly block, partly schematic, diagram of a second embodiment
      of a static DC to DC converter according to the invention, and
PAR  FIGS. 5, 6 and 7, which go together as shown in FIG. 8, comprise a
      schematic diagram of the control circuit J2 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The static DC to DC converter according to the invention is a
      widthmodulated converter which enables a regulated output to be obtained
      with low output noise and low feedback noise to the battery supply. The
      converter is of the driven type rather than the self-oscillating type.
PAR  Referring first of FIG. 1, the converter is fed by a source of DC current
      such as a battery 10 having its positive terminal connected to terminal 12
      and its negative terminal connected to terminal 13 of the converter. The
      converter may be turned on and off by means of a circuit breaker CB. A
      filter comprising inductors L1 and L2, capacitors C1 and C2 and resistor
      R2 prevents noise generated by the converter from being fed back to the
      battery. This is necessary in some situations, such as telephone
      exchanges, where the battery is also connected to other equipment which
      would be adversely affected by electrical noise generated by the
      converter.
PAR  The control circuit J1 is energized by the battery 10, terminal C being
      connected to positive battery and terminal E being connected to negative
      battery. The control circuit J1 has a first pair of output terminals A and
      B connected in series with the battery 10 and one half of the
      center-tapped primary winding of transformer T1 and a second pair of
      output terminals N and O connected in series with battery 10 and the other
      half of the center-tapped primary winding of transformer T1. The control
      circuit J1, to be described in detail later, causes current to alternately
      flow in the two halves of the primary winding of transformer T1. Each half
      of the secondary winding of transformer T1 is connected to electronic
      switching means, in this case comprising transistors Q1 and Q2, for
      causing pulses of current to flow from the source of DC current (battery
      10) alternately in the two halves of the center-tapped primary winding of
      transformer T2. In other words, the resulting impulses in the two halves
      of the secondary winding of transformer T1 cause transistors Q1 and Q2 to
      alternately conduct heavily so that current from the battery flows first
      through the top half of the primary winding of transformer T2 and, on
      alternate half cycles, through the lower half of the primary winding of
      transformer T2. The output of the secondary winding of transformer T2 is
      rectified by full wave rectifier 15, filtered by L3, C3 and C4 and fed to
      the output terminals 16 and 17. Resistor R7 provides a current path when
      there is no load connected to the output terminals 16 and 17.
PAR  Resistor R3 across the secondary of transformer T1 minimizes overshoot that
      is inherent in any transformer of this type with a square wave; i.e.,
      resistor R3 absorbs energy whenever the transformer is turned "off."
PAR  Diodes CR3 and CR4 are backlash diodes preventing any reverse voltages from
      being put on transistors Q1 and Q2 as well as providing input polarity
      protection so that if someone inadvertently puts a reverse battery on the
      input the transistors will not be destroyed. These diodes would then
      forward bias and consequently trip the input circuit breaker CB.
PAR  Note that a resistor R6 is provided in series with the output and leads 18
      and 19 across resistor R6 feed the voltage developed across R6 back to
      terminals J and K of the control circuit J1. The voltage across resistor
      R6 is proportional to the output current and is fed back to the control
      circuit for current limiting purposes as will be made clear in connection
      with the description of FIGS. 2 and 3.
PAR  Leads 20 and 21 are connected directly across the output of the converter
      and fed back to terminals L and M of the control circuit J1. These leads
      provide voltage feedback as will also be further discussed in connection
      with FIGS. 2 and 3.
PAR  The control circuit shown in FIGS. 2 and 3 incorporates a powersaving
      feature including means for directly energizing the control circuit from
      the battery 10 during start-up of the converter and means for indirectly
      energizing the control circuit during normal operation of the converter.
      Specifically, the control circuit is energized from a tertiary winding 11
      on transformer T2 (FIG. 1) during normal operation of the converter, which
      tertiary winding provides a lower voltage than the battery 10. Referring
      to the upper left part of FIG. 2 there is a threshold responsive circuit
      having a first input C and a second input D and an output G connected to
      supply electrical energy to the control circuit on energization line 30.
      The first input C is connected to the positive terminal of the DC source
      (see also FIG. 1) and the second input D is connected to the tertiary
      winding 11 of transformer T2. The threshold responsive circuit is
      responsive to a predetermined voltage level on the second input D so that
      when the threshold level is exceeded electrical energy is supplied to the
      control circuit from input D whereas when the threshold level is not
      exceeded electrical energy is supplied to the control circuit from input
      C.
PAR  The tertiary winding 11 on transformer T2 provides a voltage, rectified by
      diodes CR6 and CR7 and filtered by L4 and C5, resulting in a DC voltage
      between terminals D and E of control circuit J1, terminal E being negative
      and terminal D being positive. As may be seen in FIG. 2, terminal D is
      connected to the collector of transistor Q3 whereas the collector of Q4 is
      is connected directly to the positive terminal of the battery via terminal
      C of the control circuit. Initially transistor Q3 receives no collector
      voltage from tertiary winding 11 of transformer T2 and hence does not
      conduct but transistor Q4 has full battery voltage applied to it and
      immediately conducts to energize the control circuit. Note that the
      emitters of Q3 and Q4 are directly connected together and thus always have
      the same potential while the base of Q3 has a higher potential than the
      base of Q4 because of the forward voltage drop across diodes CR8 and CR9.
      Current flows from terminal C through resistor R8, diodes CR8 and CR9,
      Zener diode CR10 and diodes CR11 and CR12 to the negative terminal E of
      negative energization line 31. This provides base bias for transistors Q3
      and Q4. Once the converter gets started, winding 11 of transformer T2
      provides a voltage via terminal D to the collector of transistor Q3 which
      begins to conduct and, having a higher base voltage than transistor Q4,
      causes transistor Q4 to turn off. The battery voltage may be 48 volts,
      while the voltage supplied by winding 11 may be only of the order of 26
      volts. This arrangement thus provides a power-saving feature.
PAR  Capacitor C7 eliminates transient voltage spikes.
PAR  Unijunction transistor Q5, in a well-known manner, fires when capacitor C8
      reaches a predetermined level, C8 being charged via variable resistor R9
      and fixed resistor R10. When Q5 fires, it produces a narrow pulse across
      resistor R13 which is applied via resistor R12 to the base of transistor
      Q6 comprising a pulse former which converts the spike-shaped output of
      unijunction Q5 to a square pulse having the same base width as the output
      of Q5. A pulse former comprising transistor Q6 drives a flip-flop
      comprising transistors Q7 and Q8 and associated passive circuit elements.
PAR  The output of pulse former Q6 is also fed to diodes CR19 and CR22 and, via
      resistor R19, to the base of transistor Q9. The output of transistor Q7 is
      fed to diode CR20 and the output of transistor Q8 is fed to diode CR23.
PAR  Transistors Q9 and Q10 comprise a one-shot multivibrator which determines
      the time the AND gates are on, i.e., the two AND gates comprising diodes
      CR18-CR20 and CR21-CR23. Normally Q9 and Q10 are on. When the unijunction
      fires, it produces a pulse which causes Q6 to turn on and then off. This
      in turn causes Q9 to turn off and then on again. Now while Q9 is off,
      capacitor C11 charges through resistor R20 and the base-emitter junction
      of Q10. The charge is determined by the voltage divider action of R20 and
      the path provided by CR17 and Q23.
PAR  When transistor Q9 turns on again a negative bias is placed on the
      base-emitter junction of Q10 by the charge on C11 thus turning Q10 off.
      The charge on capacitor C11 will now begin to change by current flow
      through R21 and Q9 and CR11 and CR12. Q10 will turn on again when C11 has
      discharged to the point that its base-emitter junction is forward biased.
      Conduction of transistor Q10 causes transistor Q11 to be cut off thus
      back-biasing diodes CR18 and CR21, i.e., "enabling" these inputs.
PAR  As mentioned above, diode CR20 of the upper AND gate is fed by one output
      of the flip-flop while diode CR23 of the lower AND gate is fed by the
      other output of the flip-flop. Therefore, it is obvious that the two AND
      gates cannot be enabled at the same time. Either the upper AND gate or the
      lower AND gate may be enabled when all three of their diodes are reverse
      biased. Assuming the upper AND gate is enabled by inputs to all three of
      its diodes, capacitor C12 is charged up via resistor R24 resulting in
      positive voltage being applied to the base of transistor Q12, causing it
      to conduct. The output of Q12 is amplified by transistors Q13 and Q14 and
      fed to the base of driver transistor Q15 which in turn drives output
      transistor Q16. The emitter of Q16 connects via terminal A to the negative
      side of the battery while the collector connects via terminal B to the top
      of the primary winding of transformer T1 (see FIG. 1). The conduction of
      Q16 therefore allows a pulse of current to flow in the top half of the
      primary of transformer T1. Current flows from the positive side of the
      battery via terminal 12 to the center tap of the primary of transformer T1
      to terminal B through output transistor Q16 (FIG. 3) to terminal A and
      hence to the negative side of the battery.
PAR  In a similar manner, output transistor Q17, on alternate half cycles,
      conducts current pulses through the lower half of the primary winding of
      transformer T1. As the action of the lower AND gate and associated
      transistors is identical to the action of the upper AND gate and
      associated transistors, no detailed description of this portion of the
      circuit is believed necessary.
PAR  It should be noted that the bases of driver transistors Q15 and Q18 are
      connected to negative terminal E via capacitors C13 and C14 respectively.
      As these capacitors require a finite time to charge up sufficiently to
      make transistors Q15 and Q18 conductive, these transistors cannot be
      turned on and off instantaneously. This means that the current pulses
      produced by Q15 and Q18 and amplified by Q16 and Q17 are trapezoidal in
      shape rather than substantially of square wave shape. It is known that a
      square wave contains many harmonics and these are suppressed by going to a
      trapezoidal wave form. What this means is that undesired radio frequency
      interference is substantially eliminated by the use of capacitors C13 and
      C14 thus eliminating the necessity for shielding of the converter which
      has been necessary in prior art converters in order to meet government
      requirements for suppression of radio frequency interference.
PAR  As mentioned previously, current limiting is done by tapping across
      resistor R6 (FIG. 1) with leads 18 and 19 which connect to terminals J and
      K feeding the input of a blocking oscillator comprising a transistor Q26
      and associated passive circuit elements. When the output reaches a
      predetermined level the blocking oscillator will begin to oscillate. The
      output of the blocking oscillator is rectified and filtered by CR28 and
      C16. Therefore the rectified DC voltage across C16 is directly
      proportional to the output current.
PAR  At a predetermined output current determined by the setting of
      potentiometer R53, transistor Q25 will be forward biased thereby reducing
      conduction of transistor Q24. With reduced conduction of Q24, the voltage
      on the base of npn transistor Q23 will go more negative and hence
      conduction of transistor Q23 is reduced. This affects the charging of
      capacitor C11 via diode CR17 and hence affects the pulse width of the
      one-shot multivibrator discussed above and hence the time during which
      diodes CR18 and CR21 are reverse biased. Variations of this pulse width
      cause variations in the times the AND gates are enabled and hence
      variations in the width of the pulses produced by transistors Q16 and Q17.
      Referring to FIG. 1, it will be obvious that these variations in pulse
      width also affect the time of conduction of transistors Q1 and Q2 and
      hence the output of the converter. Reducing the pulse width reduces the
      output. The pulse rate is constant determined by the setting of resistor
      R9 but the pulse width is variable.
PAR  The anode of Zener diode CR26 is connected to the negative side of the DC
      source and, through diodes CR24 and CR25 and resistor R50, to the positive
      side of the DC source. A junction between CR24 and R50 connects through
      resistor R51 to the emitter of transistor Q24. The emitter of transistor
      Q24 is connected through resistor R46 to the collector transistor Q23.
      Zener diode CR26 thus provides reference voltages for the emitter of Q24
      and the collector of Q23. Diodes CR24 and CR25 are simply temperature
      compensating diodes. Resistor R51 affects the stability of the feedback
      circuit.
PAR  Output voltage sensing is by means of leads 20 and 21 (FIG. 1) connected to
      terminals L and M which feed a light-emitting diode through variable
      resistor R45 and fixed resistor R44. The light emitted by the
      light-emitting diode feeds a light-sensitive transistor, the
      light-emitting diode and light-sensitive transistor combination being
      designated OC1. The light-sensitive transistor feeds a transistor Q22, the
      output of which also feeds transistor Q24. As discussed previously,
      increased conduction of Q24 causes reduced conduction of Q23 thus
      affecting the charging of capacitor C11 and hence affecting the output
      pulse width.
PAR  FIG. 4 is a general overall figure of another converter according to the
      invention including the power circuitry, and so forth, but not details of
      the control circuitry which are shown in FIGS. 5, 6 and 7. In general this
      embodiment is quite similar to that shown in FIG. 1. The battery input is
      fed via terminals 12 and 13 through the input filter made up of inductors
      L1 and L2 and capacitors C3 and C4. The control circuit J2 drives the
      driver transformer T1 which in turn drives the power transistors Q1 to Q4.
      These transistors in turn drive the power transformer T2, whose output is
      rectified by the bridge rectifier BR1. The output from the bridge
      rectifier is filtered through inductors L3 and L4, and capacitors C6 and
      C7. The output from this is passed on through the output polarity
      strapping board TB2 which determines whether or not the output is a
      positive plant or negative plant, i.e., negative or positive ground,
      respectively. Starting from left to right on the figure; I1 is an alarm
      light operated through R15 which is there to eliminate any possibility of
      having a dead short across the battery and to lengthen the life time of
      the lamp because it is not working at full voltage. The lamp I1 is
      operated through the series contacts of the alarm relay K1 and diode CR1.
      Diodes CR1 and CR2 operate the ground circuit of the control board J2. It
      is necessary that the control ground be brought out externally onto
      terminal 1 of terminal board TB3, the "sync. common" so that all the
      control boards in a system (of paralleled converters) are commoned. But if
      only one converter is being used, the ground is applied to the control
      board through diode CR2 to pins 9 and 10 on the control board. CR1 is
      required so that the alarm lamp will be operated during an alarm
      condition. An alarm condition is a failure of the output of the converter
      or an over voltage or an under voltage or a current limit situation and
      this will be explained later. Lamps I2 and I3 are only intended as safety
      devices, i.e., as ballast devices and not as indicating devices. Terminal
      1 of the terminal block TB3 can be seen to be "hot" if it is considered
      that the negative of the battery plant is actually the "hot" side,
      positive being ground. Consequently if a short to ground is put on
      terminal 1, protection is provided by the lamps I2 and I3. But under
      normal conditions these lamps are cold, consequently their resistance is
      very low. When a short is put on they light and their resistance becomes
      very high and the current flow is restricted to a safe level.
PAR  Referring next to terminals 2 and 3 of terminal block TB3, it can be seen
      that these are coupled through relay contacts of K1 to terminals 1 and 3
      of the control board J2, and these are the "sync. frequency" and "sync.
      width" controls which allows one of these converters to operate in
      parallel with one or more other converters of the same type. This
      paralleling operation will be explained in detail later.
PAR  Terminals 4, 5, 6, 7, 8 and 9 of terminal block TB3 provide termination for
      alarm contacts which are extended for alarming purposes in, for example, a
      telephone office, a place where such converters are particularly useful.
PAR  Terminal 10 is a chassis ground used for alarm purposes also.
PAR  Terminals 4 to 10 and associated relay contacts are not essential to the
      present invention and can be omitted if desired without influencing the
      converter operation.
PAR  CB1 is an input circuit breaker and the converter is started and released
      by the operation of this circuit breaker. Capacitors C1 and C2 on the
      input, as well as capacitors C8 and C9 on the output, provide suppression
      of radio frequency interference on the conducted lines. It was considered
      necessary to add these just to suppress some radio frequencies so that the
      converter would meet certain specifications set up by Canadian Standards
      Association. As stated before, capacitors C3 and C4, along with L1 and L2
      make up the input filter for the converter which prevents unwanted
      transients from being fed back to the battery plant in the telephone
      office.
PAR  Resistor R6 provides a discharge path for the capacitors C3 and C4 in the
      filter during times when no other discharge path is provided. On the
      control board J2, resistors R7 and R8 are dropping resistors that are
      required because the control voltages on the control board are around 20
      volts, consequently, dropping resistors are used.
PAR  The alarm relay K1 is illustrated just below the control board and diode
      CR9 across the relay suppresses voltage spikes that are caused when the
      relay is turned off. Auxiliary contacts CB1' on the circuit breaker CB1
      assure that relay K1 will release when the input power is disconnected
      from the converter through opening of circuit breaker CB1.
PAR  Through terminals 4, 5, 6, and 7, of control circuit J2, the driver
      transformer T1 is alternately driven to provide power for the switching
      transistors Q1 to Q4. The driver transformer T1 is driven so that current
      alternately goes from the center tap of the primary of the transformer T1
      to terminals 4 and 5 or from the center tap to terminals 6 and 7 and out
      through the control board to, in this case, a negative side. The
      secondary, in turn, can be seen to drive the bases of either transistors
      Q1 and Q2 or Q3 and Q4. This is done in the case of Q1 and Q2, through a
      diode CR7 and resistors R1 and R2. R5 seen across the secondary is there
      to minimize over-shoot that is inherent in any transformer of this type
      with a square wave. There has to be some resistance to absorb the energy
      whenever the transformer is turned "off."
PAR  Diodes CR7 and CR8 provide protection for the base-emitter junctions of the
      transistors by preventing a negative bias on them which could cause them
      to be destroyed. Resistors R1 and R2 as well as resistors R3 and R4
      provide the means by which, for instance, transistors Q1 and Q2 will share
      their loads.
PAR  R19 and R20 are protection resistors for jacks J3 and J4. Through jacks J3
      and J4 measurements can be made. However, if an accidental short is placed
      on these tip jacks no harm will be caused. Diodes CR3 and CR4 are backlash
      diodes preventing any reverse voltages from being put on the transistors
      as well as providing input polarity protection so that if someone
      inadvertently puts a reverse battery on the input the transistors will not
      be destroyed. These diodes will then forward bias and consequently trip
      the input circuit breaker CB1. As can be seen, either Q1 and Q2 are on or
      Q3 and Q4 are on, alternately driving the two halves of the primary
      winding of the power transformer T2. The control board J2 controls the
      time that these transistors are on and consequently the output from the
      power transformer T2, which is rectified by BR1, will have a varying pulse
      width. As the pulse gets wider, naturally the voltage will go up or more
      power can be provided to the load. Resistor R9 and capacitor C5 provide an
      RC circuit which suppresses inductive switching spikes that could cause
      the rectifier bridge BR1 to be destroyed. L3 provides input filtering.
PAR  The current limit monitoring circuit that exists in this device will now be
      explained. The control circuit monitors the voltage across R10 and R11 and
      the closed contacts of switch S1 in normal operation. However, the switch
      S1 is provided for calibration or testing of the circuit. Resistor R16,
      below switch S1, acts to provide output power or power to the control
      board (terminal Z) for the output circuitry.
PAR  Referring again to the current monitor leads which are across R10 and the
      junction of CR5 and R16 and are connected to terminals 21 and 22 on the
      control board, it will be seen that if the switch contacts S1 are opened
      the voltage being monitored at that time will be the voltage drop across
      R10 and R11 as well as a forward voltage drop across the diode CR5. It is
      approximately 1/2 volt or 500 millivolts, at the point at which the
      circuit will start to current limit. Thus if the contacts S1 are opened
      there will automatically be at least 1/2 volt or more due to the forward
      voltage drop characteristics of the diode CR5. Consequently, if this
      switch S1 is depressed (to open its contacts) the current limit can be
      checked. That is it can be determined if the current limit circuitry is
      working. The current limit circuitry of this converter may not be brought
      into operation for many, many years if the converter is not overloaded.
      Consequently, it is desirable to have some method of checking that the
      current limit circuitry is in good working order.
PAR  The strapping board TB2 just determines which is the "hot" side, negative
      or positive.
PAR  For negative output (positive ground) the output strapping for TB2 is as
      follows:
PA1  8 - 15
PA1  9 - 16
PA1  10 - 17
PA1  11 - 18
PA1  12 - 19
PA1  13 - 20
PA1  14 - 21
PAR  For positive output (negative ground) the output strapping for TB2 is as
      follows:
PA1  1 - 8
PA1  2 - 9
PA1  3 - 10
PA1  4 - 11
PA1  5 - 12
PA1  6 - 13
PA1  7 - 14
PAR  CR6 is an output isolating diode. Consequently, if two or more converters
      are in parallel, and one of those converters has an internal short, that
      internal short will not cause any problems to the other parallel units.
      Output protection is provided by the fuse F1, and R14 is a current jump
      that is used in case an ammeter such as ammeter M2 is not used. A current
      strapping board is complicated by the fact that one should always make
      sure that the ammeter is on the "cold" side, thereby eliminating any
      problems if the ammeter is inadvertently grounded.
PAR  Reference will now be made to FIGS. 5, 6 and 7 which go together as shown
      in FIG. 8 to form a complete schematic of the control board J2 of FIG. 4.
PAR  Basically the control board consists of a unijunction oscillator which
      drives a bistable multivibrator or a flip-flop which in turn controls a
      three-input AND gate and a one-shot multivibrator. This one-shot
      multivibrator is controlled by an analogue circuit which in turn is
      controlled by the output voltage comparator circuit. Now the combination
      of these and the AND gate drive an output circuit which alternately drives
      the driver transistors which are connected to the drive transformer.
      Associated with this circuitry is of course the current limit circuitry
      made up of a blocking oscillator and the comparator circuit and an alarm
      circuit.
PAR  Referring to the upper left-hand side of FIG. 5, diode CR101 provides input
      protection in case there is an input polarity reversal. Capacitor C101
      provides filtering and added capacity for the input. The voltage regulator
      circuit for the input control circuitry is provided by transistor Q101,
      resistor R100 and Zener diode CR102 and diodes CR103 and CR104. This
      circuitry is fairly self-explanatory; it's an emitter-follower type of
      circuitry whereby the base of Q101 is driven through resistor R100. Of
      course this base cannot rise above the voltage determined by Zener diode
      CR102 and diodes CR103 and CR104. Diodes CR103 and CR104 are included to
      provide additional bias; in certain circuits there are in effect two
      grounds and this ensures that certain transistors turn on and turn off.
      Capacitor C102 provides additional capacity for filtering out noise and
      transients.
PAR  Next in the circuit is the phototransistor part of OC3 which is part of the
      overvoltage cut-off circuit.
PAR  It is proposed now to explain Q103 and its associated circuitry and ignore
      for the time being Q102 which actually falls within another part of the
      circuit. Q103 comprises a unijunction oscillator and consists of a
      programmable unijunction transistor. An RC circuit made up of R108, R110,
      R109 (which is an adjustable potentiometer) and a capacitor C104
      determines the frequency at which the unijunction oscillator will operate.
      A programmable unijunction transistor is a four-level device, something
      like an SCR. However, it is necessary that the anode A be more positive in
      potential than the gate G before it will fire. When it fires it will fire
      from the anode A to the cathode K and when it reaches a certain valley
      point it will turn off and charging of capacitor C104 will begin again.
      The voltage divider action of R113 and R114 determines the point at which
      the anode will break over, i.e., the firing point of the programmable
      unijunction transistor. R112 is a stabilizing resistor for the cathode of
      Q103. R111 is a limiting resistor for the signal taken from the cathode
      during normal oscillation. Synchronization of the frequencies between
      paralleled units will be explained later on. Transistors Q104, Q105, Q106
      and resistors R115, R116, R117, R118, R119, R120, R121, R122 and capacitor
      C105 are all part of the synchronization circuit which will be explained a
      little later on. However, getting into the general description, when
      programmable unijunction transistor Q103 fires, it will forward bias or
      turn on transistor Q107 in a similar manner to the first embodiment. This
      in turn will operate the multivibrator or the flip-flop which is made up
      of the various components that are already known i.e., transistors Q108,
      Q109 and associated passive circuit elements. The one-shot multivibrator
      which is exactly the same as used in the first embodiment is made up of
      Q110, C108, Q111, and associated resistors. Transistors Q112, Q113, Q114
      and Q115 and their associated circuitry are required for synchronization
      of pulse width when more than one converter is used in a system and these
      and the synchronization will be explained a little later.
PAR  The circuitry from Q110 to Q115 is essentially the same as in the first
      embodiment. The gating circuitry is exactly the same aand consequently all
      the drive circuitry is the same as the first embodiment with the following
      exceptions:
PAR  Transistors Q119 and Q124 are now driven externally, i.e., now get their
      source of energy externally through resistor R7 (FIG. 4). In the first
      embodiment the corresponding transistors Q15 and Q18 (FIG. 3) got their
      collector voltage from the general control voltage provided on the control
      board. Diodes CR115, CR116 provide a forward voltage drop which ensures
      that transistors Q120 and Q125 turn off completely. Diodes CR117 and 118
      are reversed polarity diodes across the transistors Q120 and Q125 ensuring
      that they are protected against any reverse voltage spikes. The current
      limit circuit is essentially the same as before. It has previously been
      explained where the voltage is obtained between S1 and the junction of L3
      and R10; this voltage is placed across terminals 21 and 22 (FIGS. 4 and 7)
      and the blocking oscillator will start to oscillate in a similar manner to
      that explained previously. In this case there are some differences; some
      more control functions are provided by the current limit circuitry.
      However, a DC level is provided by rectifier action of CR119 and filter
      capacitor C115. The DC level is determined by the setting of potentiometer
      R165 and in a similar manner, transistor Q127 will be gradually turned on
      as the output current approaches its predetermined point. Transistor Q128
      is also turned on when Q127 is turned on. Transistor Q128 provides an
      alarm function by causing the alarm relay K1 to release whenever there is
      over current situation. This will be explained at the time that the alarm
      circuitry is explained but it must be remembered that pnp transistor Q128
      will turn on when Q127 is turned on, some of the collector current of Q127
      being provided through the base emitter junction of transistor Q128. The
      diode CR140 on the collector of Q128 provides protection so that no
      voltage is back-fed through the circuitry into the comparator circuitry.
      The resistor R167 is just a limiting resistor. The Zener diode CR120
      provides the control voltage at which the output circuitry of the analogue
      control circuitry here will operate. The control circuitry here differs
      somewhat from the control circuitry outlined in the first embodiment due
      to the fact that the actual position of the light isolating coupler OC1
      has been changed. The output is monitored and the result of this which is
      sampled at the wiper or control portion of the voltage setting
      potentiometer R13 (FIG. 4) comes in on terminal No. 11. Consider for
      example, the case where the output voltage increases for example due to a
      load being removed. When this occurs, the base current into transistor
      Q129 will be reduced and it will tend to turn down or conduct less. When
      this transistor conducts less, the base current of transistor Q131 will
      decrease and Q131 will conduct less. When transistor Q131 conducts less,
      less current flows through the photodiode of the light isolating coupler
      OC1 reducing its light output. This in turn affects the amount that the
      phototransistor on the isolated side of this coupler OC1 is turned on and
      in turn, in a similar manner as before, will affect the charging of the
      timing capacitor C108 in the one-shot multivibrator thereby affecting the
      pulse width of the output. Most of the circuitry associated in the area of
      Q129 to Q131 is related to stability control and is somewhat complicated
      and not really germane to the invention. However, a brief explanation will
      be given here as to functions of certain components.
PAR  CR121 provides protection to the control circuitry in case an over-voltage
      occurs. It will be noted that it can not go any more positive than the
      control voltage itself. Resistor R171 forms part of the overshoot
      circuitry that is associated with transistor Q130. Capacitor C116,
      resistor R173 and resistor R174 provide an RC timing circuit which
      prevents abnormal overshoots when the converter is turned on. Resistor
      R176, resistor R175, capacitors C117, C118, diodes CR127, CR128, resistor
      R177, diode CR129 are all part of the stability circuit that more or less
      damp the feedback and the gain of this circuit and prevent if from
      oscillating during times of step changes in voltage. Resistor R178 and
      potentiometer R179 provide limiting resistors for the light emitting diode
      in the light isolating coupler OC1. This is also tied in with the
      stability circuit; resistor R179 has to be adjusted in order to provide
      proper feedback. The comparator circuit, or the reference, is made up of
      Zener diode CR126, and forward silicon diodes CR123, 124 and 125. The
      capacitor CC provides some squelching of overshoot transients that might
      cause the circuit to go into oscillation.
PAR  The converter is preferably provided with alarm circuitry although of
      course it is not essential. However, in the embodiment illustrated, some
      of the other components are tied in with the alarm circuitry so some
      explanation is required. The alarm circuitry provides an alarm if a
      converter fails or if there is (a) an over voltage situation that is
      predetermined, (b) an under voltage condition which can be predetermined
      or (c) a current limit situation that can be predetermined. These are all
      determined by potentiometer settings on the control board. The output
      voltage for the alarm circuitry is monitored over terminals 13 and 16 and
      as can be seen, they are placed across two resistor combinations one of
      which is R184 and R188 and the other of which is R186 and 187.
PAR  First of all, consider the low voltage alarm which is monitored by R184 and
      R188. R188 is a potentiometer which can be adjusted to give whatever
      predetermined lower voltage alarm may be required. When the output voltage
      drops before a certain predetermined level, it can be seen that base
      current will start to flow in transistor Q135. The point at which base
      current begins to be conducted is determined by the setting of
      potentiometer R188 and the voltage that is present across Zener diode
      CR136 which is in series with resistors R191 and R192. Thus there is a
      current flow down through R191 and R192 through the base-emitter junction
      of Q135 and down through the potentiometer R188. When this transistor Q135
      is forward biased, it in turn will forward bias transistor Q138. The
      forward biasing of Q138 which turns it on will turn off transistor Q140
      and when transistor Q140 turns off, it in turn will release the alarm
      relay K1. This then is the explanation of how the lower voltage alarm
      works; whenever the correct voltage is reached, there is no base current
      in Q135. Consequently, the result is that Q140 will turn on operating the
      alarm relay. It is to be understood that an alarm is established when the
      alarm relay K1 is released. The point at which the over-voltage alarm
      circuit is actuated is determined by the setting of potentiometer R187.
      When the voltage on the wiper of R187 exceeds a predetermined amount, thus
      forward biasing transistor Q133, transistor Q133 will turn on and in turn
      through R189 will forward bias transistor Q136 which in turn will forward
      bias the pnp transistor Q137 which in turn through resistor R196 will
      forward bias Q138, thereby turning off Q140 and releasing the alarm relay
      K1 to establish an alarm. This same over voltage alarm also provides over
      voltage cut-off at a higher voltage than the over voltage alarm and this
      is achieved by the firing of the programmable unijunction transistor Q141.
      There is a voltage at the anode A of Q141 determined by the output voltage
      or the voltage present at the emitter of Q133 and a voltage at the gate G
      of Q141 taken from the juncture of resistors R191 and R192. When the
      voltage difference between A and G reaches approximately 1/2 volt, the
      programmable unijunction transistor Q141 will fire. When it fires, it will
      conduct current through resistor R190 and the light emitting diode of OC3.
      What happens now is that the alarm is clamped on; the programmable
      unijunction transistor is a latching device. Consequently when the voltage
      starts to drop, the alarm remains clamped on due to the fact that a
      current flow has been established into the base of transistor Q138 thereby
      resulting in Q140 being turned off and relay K1 being released.
      Consequently an alarm condition is established.
PAR  As the same time, whenever the current is established through the light
      emitting diode of OC3, the phototransistor part of OC3 (FIG. 5) is
      affected. The result of the action of this circuitry is to turn the
      converter off. It is completely turned off and no more oscillation occurs.
      This is achieved in the following manner:
PAR  When the current is established through the light-emitting diode of OC3, it
      causes the phototransistor part of OC3 to be forward biased and it
      conducts. When it conducts, it puts resistor R101 across the resistor R103
      which in turn lowers the voltage at the gate of the programmable
      unijunction transistor Q102. This drops the gate voltage below the anode
      voltage of the programmable unijunction transistor Q102 and causes it to
      fire. R105 is selected to provide holding current so that once the
      programmable unijunction transistor Q102 turns on it will not turn off.
      The holding current is sufficient to hold Q102 on until the whole
      converter has been turned off. However, when Q102 has fired, its current
      causes a voltage drop across resistor R104 which is applied to the base of
      transistor Q107 thus turning it on. This disables the rest of the
      circuitry causing it to turn right down. The only way this programmable
      unijunction transistor Q102 can be turned off is for the circuit breaker
      CB1 of the converter (FIG. 4) to be turned off; and it must remain off for
      approximately one minute.
PAR  A further function of the alarm circuitry concerns an over current
      situation. When an over current situation occurs, as previously explained,
      Q128 turns on. When Q128 turns on, it can be seen that it in turn will
      forward bias transistor Q138 thereby establishing an alarm. Resistor R201,
      diodes CR134 and CR135, resistor R183, diodes CR133, CR132 and CR131 are
      all part of the output monitoring circuit. The resistors are tied in with
      the voltage adjust resistor R13 (FIG. 4) and they simply provide a limited
      range over which the voltage can be adjusted. The diodes provide forward
      voltage drops and isolation in such a manner that if the output fuse of
      the converter is removed or ruptures, the control circuitry will not sense
      a very low voltage which would result in a very wide pulse width and a
      very high voltage at the output filters. This provides that the output
      sensing circuit is still sensing some finite voltage.
PAR  Transistor Q139 and diode CR138 are provided so that when the output is
      strapped for a negative plant, that is positive ground, and the fuse is
      removed, transistor Q140 will be turned off thereby establishing an alarm.
PAR  The function of LED-1 will now be explained although it is not important to
      the invention. It is only necessary to know that it is necessary that an
      alarm be established if the output fuse F1 is removed or ruptures. In the
      case where checking is required, and the converter is used in a system of
      paralleled converters, it is necessary to remove the output fuse. If the
      output fuse is removed, an alarm is established immediately. It is
      therefore impossible for the alarm functions to be tested unless another
      indicating device is provided and this is provided by the light emitting
      diode LED-1 which operates and turns on in the same manner that the alarm
      lamp I1 operates except that it is mounted on the control board and it
      works independently of the output fuse. LED-1 is only an indicating device
      and has no other function.
PAR  Diode CR139 just ensures that Q140 will turn off.
PAR  Diode CR137 provides isolation between Q139 and LED-1.
PAR  These converters are intended to be used either singly or in a parallel
      mode. In a parallel mode, it is necessary to ensure that the converters
      equally share the load. According to the present invention this load
      sharing is achieved through synchronization of the control circuitry. To
      ensure that the converters are equally sharing the load, it is necessary
      that the output pulse widths be exactly the same. Consequently, it is
      necessary to synchronize the frequency at which two or more converters in
      the system are operating and also to synchronize the pulse width.
      Frequency synchronization will now be explained.
PAR  Referring to terminal No. 1 on the control board J2 (FIG. 4) this is tied
      by a sync. frequency line though contacts of relay K1 to terminal No. 2 of
      the terminal block TB3. In a system of paralleled converters all the
      terminals "2" (of TB3) are tied together. Consequently, when the
      converters are operating and the alarm relay is operated, one can see that
      all the No. 1 terminals on all control boards are tied together. Consider
      now the converter in the system that has the fastest frequency because the
      converter with the fastest frequency determines the frequency of all the
      other converters in the system. When the unijunction transistor Q103
      fires, it puts a positive pulse through resistor R111 onto the base of
      transistor Q107. This in turn turns on Q107 which through resistor R123
      will turn off Q106. When Q106 turns off, it results in a positive pulse
      being sent out over the sync. frequency line to terminal 1 of control
      board J2. This is provided through resistor R122 and R120. Resistor R121
      is just a hold-down resistor for noise and so forth. Consequently, the
      fastest converter will send out a series of positive pulses over its sync.
      frequency line. Now consider what happens to the slower converters.
PAR  The slower converters will each receive positive pulses coming in on this
      same line, i.e., their sync. frequency line. These positive pulses will be
      fed through resistor R119 and capacitor C105 to the base of a normally
      non-conducting amplifier comprising transistors Q105 and Q104. A positive
      pulse will turn on that transistor Q105 and will in turn turn on
      transistor Q104. When transistor Q104 is turned on, it will place resistor
      R115 in parallel with resistor R114. When this is done, the gate voltage
      on programmable unijunction transistor Q103 will be lowered and
      consequently at that point, the unijunction transistor Q103 will fire and
      thereby operate the rest of its circuitry. So as can be seen, the
      programmable unijunction transistor of the fastest converter will in turn
      cause all the other programmable unijunction transistors Q103 in a system
      of paralleled converters to fire at the same time.
PAR  Much of this circuitry is required so that the loading of the various
      converters will not stop the circuit from operating. Up to eight
      converters can be paralleled at the same time.
PAR  C105 provides a capacitor input connection so that if a dead short is put
      on terminal No. 1 or the sync. frequency line, the system will not falter
      or stop.
PAR  The pulse width synchronization circuit will now be explained. It is
      important to note that the unit with the lowest voltage or the narrowest
      pulse width determines the pulse width of all the other converters. The
      one-shot multivibrator comprising Q110, C108 and Q111 feeds one input of
      each of the diode AND gates via amplifying means including at least one
      normally conducting transistor, in this case actually four transistors
      Q112 to Q115, which is turned off by the pulse output of the
      multivibrator. Transistor Q112 (FIG. 6) determines the point at which the
      output transistors Q120, Q125 will turn on or in other words the pulse
      width. This transistor Q112 is turned on i.e., is conducting until such
      time as the one-shot multivibrator is forward biased and turns it off.
      Transistor Q112 then in turn will control all the other converters. With
      reference to this one can see the feed out through resistor R136 to the
      sync. width line and this in turn is tied through the relay contacts of
      the K1 alarm relay to terminal 3 on the TB3 terminal block. Consequently,
      if one or more of the transistors Q112 are "on" in the control circuitry,
      all other sync. width lines will be held to ground and consequently no
      gates will be enabled in any of the other control boards. Transistors Q113
      and Q114 are required for loading purposes so that up to eight converters
      can be paralleled. However, it should be noted that transistor Q112 will
      hold off all the other converters. When the last Q112 has turned off, then
      all the gates are enabled in all the control circuits and consequently all
      the pulse widths will be the same.
PAR  All the synchronization lines are connected through the alarm relay and
      this is only required so that any defective converter has its control
      circuitry removed from the system once an alarm has been established. A
      further note-resistors R137 and R138 determine the point at which
      transistors Q113 and Q114 turn off.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A DC to DC converter comprising a control circuit energizable by a
      source of DC current and having a first pair of output terminals connected
      in series with said source of DC current and one half of a center-tapped
      primary winding of a first transformer and a second pair of output
      terminals connected in series with said source of DC current and the other
      half of said center-tapped primary winding, said control circuit producing
      pulses alternately in the two halves of the center-tapped primary winding,
      said first transformer having a center-tapped secondary winding with each
      half of said secondary winding being connected to electronic switching
      means for causing pulses of current to flow from said source of DC current
      alternately in two halves of a center-tapped primary winding of a second
      transformer, said second transformer having a secondary winding connected
      to a full wave rectifier having an output connected to an output filter
      for providing a smooth DC output from the converter, each of said pairs of
      output terminals being fed by an output transistor fed, in turn, by a
      driver transistor having an input fed by substantially square wave pulses
      and across which is connected a capacitor so that the pulses appearing at
      the output terminals of the control circuit are trapezoidal shaped and
      thus have substantially no harmonics of radio frequency, said control
      circuit comprising a unijunction oscillator driving a flip-flop and a
      one-shot multivibrator and feeding a first input of each of two
      three-input AND gates, said flip-flop having one output feeding a second
      input of one of said AND gates and a second output feeding a second input
      of the other of said AND gates and said one-shot multivibrator having a
      pulse output feeding a third input of each of said AND gates, each AND
      gate being associated with a different one of the pairs of outputs of the
      control circuit and, when enabled, resulting in current flow from its
      associated pair of output terminals, said converter further comprising
      feedback means responsive to current flow in the output of the converter
      for regulating the pulse duration of the one-shot multivibrator and hence
      the duration of time that the AND gates are enabled, said unijunction
      oscillator comprising a programmable unijunction transistor and said
      control circuit comprising a sync. frequency line, means responsive to
      firing of the programmable unijunction transistor for producing a pulse on
      the sync. frequency line and means responsive to reception of a pulse on
      the sync. frequency line for firing the programmable unijunction
      transistor.
NUM  2.
PAR  2. A DC to DC converter as claimed in claim 1 and further comprising an
      input filter connected between said source of DC current and said control
      circuit.
NUM  3.
PAR  3. A DC to DC converter as claimed in claim 1 wherein said electronic
      switching means comprise transistors.
NUM  4.
PAR  4. A DC to DC converter as claimed in claim 1 wherein the feedback means
      comprises a blocking oscillator fed by a voltage developed across
      resistance means in series with the output of the converter, said blocking
      oscillator producing an output voltage which is fed to a rectifier and
      integrator to produce a control voltage proportional to the output voltage
      of the converter, said control voltage being fed to control means which,
      in turn, affects the duration of output pulses from the one-shot
      multivibrator.
NUM  5.
PAR  5. A DC to DC converter as claimed in claim 1, said converter further
      comprising feedback means responsive to output voltage of the converter
      for regulating the pulse duration of the one-shot multivibrator and hence
      the duration of time that the AND gates are enabled.
NUM  6.
PAR  6. A DC to DC converter as claimed in claim 5 wherein the feedback means
      responsive to output voltage of the converter comprises leads connected
      across the output of the converter and to a light emitting diode producing
      light proportional to the current through it, which light is optically
      coupled to a light sensitive transistor which produces a current which
      affects control means which, in turn, affects the duration of output
      pulses from the one-shot multivibrator.
NUM  7.
PAR  7. A DC to DC converter as claimed in claim 6 wherein said light emitting
      diode is in series with a variable resistor so that the amount of feedback
      current to the light emitting diode can be manually adjusted.
NUM  8.
PAR  8. A DC to DC converter as claimed in claim 4 wherein the integrator
      comprises a resistor in series with a capacitor and potentiometer having a
      movable tap is connected in parallel with the capacitor, the control
      voltage being derived from the movable tap of the potentiometer.
NUM  9.
PAR  9. A DC to DC converter as claimed in claim 1, wherein said unijunction
      oscillator drives said flip-flop and one-shot multivibrator and feeds the
      first inputs of the AND gates via a pulse former.
NUM  10.
PAR  10. A DC to DC converter as claimed in claim 6, wherein said unijunction
      oscillator drives said flip-flop and one-shot multivibrator and feeds the
      first inputs of the AND gates via a pulse former.
NUM  11.
PAR  11. A DC to DC converter as claimed in claim 1, wherein each AND gate, when
      enabled, produces a pulse which feeds an amplifier, which amplifier feeds
      one of said driver transistors.
NUM  12.
PAR  12. A DC to DC converter as claimed in claim 6, wherein each AND gate, when
      enabled, produces a pulse which feeds an amplifier, which amplifier feeds
      one of said driver transistors.
NUM  13.
PAR  13. A DC to DC converter as claimed in claim 1 wherein the programmable
      unijunction transistor has a cathode connected to be negatively biased, an
      anode connected to a capacitor of a frequency-determining charging circuit
      of said unijunction oscillator connected across said DC source and a gate
      connected to a voltage divider connected across said DC source and to said
      means responsive to reception of a pulse on the sync. frequency line for
      firing the programmable unijunction transistor.
NUM  14.
PAR  14. A DC to DC converter as claimed in claim 13 wherein said means
      responsive to reception of a pulse or the sync. frequency line for firing
      the programmable unijunction transistor comprises a normally
      non-conducting amplifier which is turned on by a pulse on the sync.
      frequency line to lower the voltage on the gate of the programmable
      unijunction transistor and hence turn on the programmable unijunction
      transistor.
NUM  15.
PAR  15. A DC to DC converter as claimed in claim 1, wherein the pulse output of
      the one-shot multivibrator feeds said third input of each of said AND
      gates via amplifying means including at least one normally conducting
      transistor which is turned off by the pulse output of the one-shot
      multivibrator, a sync. width line being connected to the output of said at
      least one transistor so that when said converter is paralleled with one or
      more other converters, all of said transistors will be turned off
      simultaneously and hence all of the paralleled converters will have the
      same output pulse width.
NUM  16.
PAR  16. A DC to DC converter as claimed in claim 1, wherein the pulse output of
      the one-shot multivibrator feeds said third input of each of said AND
      gates via amplifying means including at least one normally conducting
      transistor which is turned off by the pulse output of the one-shot
      multivibrator, a sync. width line being connected to the output of said at
      least one transistor so that when said converter is paralleled with one or
      more other converters, all of said transistors will be turned off
      simultaneously and hence all of the paralleled converters will have the
      same output pulse width.
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ABST
PAL  An inverter system having a dc input and an ac output has a fault sensor
      and switching provisions for diverting current to an additional path away
      from overloaded semiconductors of the inverter upon a fault. The system
      has a resonant inductance and capacitance circuit at the dc input, whose
      capacitance discharges through the inductance upon a fault and recharges
      with an opposite polarity to apply the reverse polarity to semiconductors
      of the inverter in an attempt to interrupt the fault. Initially the
      discharge of the capacitance is blocked by a second switching circuit
      until the fault sensor produces a fault indication signal, so that no
      portion of the initial charge of the capacitance is wasted by discharging
      into the faulting semiconductors of the inverter before the current
      diverting path is established.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Inverters that operate from a dc source and have a plurality of
      semiconductors that are periodically rendered conductive and
      non-conductive to supply ac current to a load, are susceptible to a type
      of fault referred to herein as "shoot-through." A shoot-through fault is
      one in which an abnormal combination of the inverter's semiconductors are
      simultaneously conducting so that they almost completely short circuit the
      dc input of the inverter. In many systems the inverter semiconductors
      include both main semiconductors for carrying load current and commutation
      semiconductors. Various circuit techniques have been employed in the past
      to prevent the shooting-through inverter semiconductors from being
      destroyed by heating due to the excessive current that they conduct during
      a shoot-through fault.
PAR  One such protection technique is to provide switchable shunt paths for
      diverting at least some of the current from the shooting-through
      semiconductors, the shunt paths being switched into conduction when a
      fault sensor detects a fault and produces a fault indication signal. Some
      of the shunt current paths that have been employed in the prior art
      include a separate "crowbar" semiconductor connected across the dc input
      terminals of the inverter, commutation semiconductors which in the absence
      of a fault are employed for commutation of the main semiconductors and
      which are all triggered into conduction upon occurrence of the fault
      indication signal, and other ones of the main semiconductors that are
      switched into conduction en masse upon occurrence of the fault indication
      signal to help share the fault current. Often, an impedance is connected
      in series with one of the dc supply lines to limit the total fault
      current.
PAR  The prior art also includes fault interruption circuitry by which an
      attempt is automatically made to stop the fault by momentarily applying a
      reverse voltage to the dc input terminals of the inverter to back-bias the
      inverter semiconductors, whereby their conduction is stopped. One of the
      fault interrupting circuits that has been used for applying a reverse
      voltage to the dc input terminals includes a capacitor that is charged in
      advance of the fault to a "forward" polarity by current flowing into the
      capacitor while the dc input terminals have normal dc voltage. Upon a
      shoot-through fault, the voltage of the dc input terminals becomes very
      low and the capacitance discharges its current through an inductor
      connected in series with the capacitor, and through whatever current paths
      may be available, including the shooting-through inverter semiconductors
      and any shunt current-diverting paths that may have been additionally
      provided to protect the shooting-through inverter semiconductors.
PAR  When the charge on the capacitor has diminished to zero as a result of its
      discharge current, the capacitor current does not cease because the
      inductor then produces a voltage of such polarity as to cause the current
      to continue to flow and to charge the capacitor with reverse polarity. The
      reverse polarity of voltage on the capacitor is applied to the dc input
      terminals of the inverter so as to back-bias the inverter semiconductors,
      and incidentally sometime to back-bias also the additional
      current-diverting paths, in an attempt to clear the shoot-through fault.
      Reference is made for purposes of background to patent application Ser.
      No. 306,521 entitled, "Fuseless Inverter" and filed Nov. 15, 1972, by
      Thomas J. Bernhardt and Frank N. Klein, and to U.S. Pat. No. 3,321,697 to
      Etter, issued May 23, 1967.
PAR  In apparatus of the prior art, some of the energy initially stored in the
      fault clearing capacitor has been dissipated unproductively and even
      counter-productively because some charge from the capacitor flows through
      the shooting-through inverter semiconductors before the fault sensor has
      had sufficient time to recognize the fault and to trigger the shunt
      current diverting paths into conduction. This early discharge from the
      capacitor not only diminishes the amount of energy available for
      subsequently reverse-biasing the inverter semiconductors, but also causes
      additional heating of the already overloaded inverter semiconductors that
      are shooting through.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, switching circuitry is provided that prevents the
      fault-clearing capacitor described above from starting to discharge its
      current upon a fault until the fault sensor has had sufficient time to
      recognize that a fault exists and to initiate conduction in the shunt
      current paths that divert current away from the shooting-through inverter
      semiconductors. Thus the present invention is an inverter system having
      automatic fault-interruption capability, and includes an inverter that has
      semiconductors to supply ac current to a load from a dc source. The
      inverter system also has a fault sensor which, upon a fault, produces a
      signal that actuates additional shunt current paths into conduction, and
      which also unblocks a previously blocked current path so that a charged
      capacitor can be recharged with reverse polarity, whereby the reverse
      voltage on the capacitor back-biases the inverter semiconductors in an
      attempt to interrupt the fault.
PAR  Accordingly, in one aspect of the invention, an inverter system is provided
      with a fault sensor, with switchable shunt current paths that are switched
      into conduction by the fault sensor after a fault has been recognized, and
      with a fault-interruption tank circuit that includes a switching device
      that prevents the start of discharge current from the capacitance of the
      tank circuit until the fault has been recognized by the fault sensor.
      Consequently, the discharge current does not start until the switchable
      shunt current paths are conductive so that the shunt paths can assist in
      conducting discharge and recharge current from the capacitance of the tank
      circuit while it is being recharged with reverse polarity for back-biasing
      the main semiconductors. The switching device is in series with the tank
      circuit and the resulting series circuit is in parallel with a dc input to
      the inverter.
PAR  In another aspect of the invention, an inverter system is provided with
      fault protection capability and fault interruption capability including a
      fault sensor, supplemental current-diverting paths for at least partially
      relieving the shooting-through inverter semiconductors, and a resonant
      circuit of inductance, capacitance, and switching means. The switching
      means holds off the flow of discharge current from the capacitor until the
      fault sensor has recognized a fault so as to be able to establish the
      supplemental current diverting paths, and after recognition of the fault
      the switching means enables the capacitance to provide current flow
      through the inductance and through the supplemental current-diverting
      paths to reverse polarize the capacitance and thereby to back-bias the
      shooting-through inverter semiconductors, with which the resonant circuit
      is connected.
PAR  In still another aspect of the invention, an inverter system is provided in
      which a fault sensor, which can be either an under-voltage sensor, an
      over-current sensor, or both, produces a fault indication signal that
      starts conduction in current-diverting paths, which can be a separate
      crowbar path, additional main semiconductors, or commutation
      semiconductors of the inverter, or combinations thereof, and in which a
      tank circuit is provided for back-biasing the inverter semiconductors, and
      in which a capacitive current flow which is required in the tank circuit
      prior to back-biasing the inverter semiconductors is blocked by a
      switching circuit until such time as the fault sensor produces the fault
      indication signal.
PAR  In a further aspect of the invention, the switching circuit for controlling
      conduction of the capacitor current includes a switchable semiconductor
      poled for conducting the discharge current in one direction upon a fault
      and further includes uni-directional conduction means connected in
      parallel with the switchable semiconductor and poled for conducting
      current in an opposite direction to charge the capacitance with initial
      polarity before a fault begins and during the back-biasing of inverter
      semiconductors.
PAR  In another aspect of the invention, the tank circuit is arranged to
      back-bias not only shooting-through inverter semiconductors but also
      additional shunt current-diverting paths that were rendered conductive
      upon the fault.
PAR  Other aspects and features of the invention are apparent from the
      accompanying description of a preferred embodiment, the claims, and the
      figures herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic circuit diagram of a preferred embodiment, in which
      some portions are shown in block form.
PAR  FIG. 2 is a more detailed block diagram of an undervoltage sensing device
      employed in the embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In a preferred embodiment 10 of the invention, three-phase power is
      converted to dc power by rectification, and is inverted by a semiconductor
      inverter to produce controlled three-phase power for driving a motor, FIG.
      1. A power source 12 provides three-phase ac current through fuses 14,
      through the contacts of a contactor 16, and through series-connected
      inductors 18 to an ac-to-dc conversion circuit 20. The conversion circuit
      20 puts out dc voltage, which is positive on a bus 22 with respect to a
      second bus 24. Fluctuations of the dc voltage across the busses 22, 24 are
      reduced by a filter consisting of a resistor 26, a capacitor 28, and a
      diode 30 which provides for more rapid charging than discharging of the
      capacitor 28.
PAR  Both the positive and negative dc power busses, 22, 24 are connected to
      input terminals of the power stages 32 of a static inverter. A protection
      circuit is connected generally from the positive dc bus 22 to the negative
      dc bus 24. The protection circuit is the principal subject matter of the
      present invention, and will be described further hereinbelow.
PAR  The inverter power stages 32 include three identical subcircuits 34, 36, 38
      that are used for producing phases A, B, and C respectively of three-phase
      output power from the power stages 32, to which a three-phase load
      represented by a motor 40 is connected. The circuit of the inverter power
      stages 32 is conventional and well known to those of ordinary skill in the
      art to which the present invention pertains. It is described briefly
      herein for convenience only.
PAR  The phase A portion 34 of the inverter power stages includes a "main"
      silicon controlled rectifier (i.e., SCR) 42 whose anode is connected to
      the dc bus 22, and whose cathode is connected to a terminal 44. A second
      main SCR 46 has its anode connected to the terminal 44 and its cathode
      connected to the negative dc bus 24. The terminal 44 provides phase A
      power to a conductor leading to the motor 40. In the embodiment being
      described, the SCR 42 is triggered into conduction once per period of the
      inverter's ac output wave by a triggering pulse derived from a timing and
      control circuit 52 and applied to a gate electrode terminal T1 of the SCR
      42. The timing and control circuit 52 is conventional, well known, and
      used in the prior art in the United States. It establishes time intervals
      and supplies control signals to various elements of the entire system 10,
      such as the gate electrode T1 of the SCR 42.
PAR  To provide a positive lobe of phase A output current, the SCR 42 starts to
      conduct current from the positive dc bus 22 to the terminal 44 and thence
      to a phase A terminal of the motor 40; (the direction of conventional
      current is described). Passing through one or more windings of the motor
      40, the current comes out from, at first, the phase B terminal of the
      motor 40, from which it enters the phase B power stage 36. The current is
      then conducted through a main SCR of the phase B power stage, which is
      located similarly to the main SCR 46 of the identical phase A power stage,
      and the current enters to the negative dc bus 24. After a fraction of a
      cycle, and with the SCR 42 continuing to conduct, the conducting main
      semiconductor of phase B is routinely commutated off, and the role of
      conveying the return current from the motor 40 to the negative dc bus 24
      is taken over by a correspondingly located main SCR in the phase C power
      stage 38.
PAR  To terminate the positive lobe of phase A current, conduction through the
      main SCR 42 is terminated by momentarily applying a voltage to the cathode
      of the SCR 42 that is positive with respect to its anode. This
      turning-off, i.e., commutation, of the SCR 42 is accomplished by
      triggering into conduction (at gate T2) a commutation SCR 52 whose anode
      is connected to the positive dc bus 22 and whose cathode is connected to a
      junction 54. An inductor 56 and a capacitor 58 are connected in series
      from the terminal 54 to the terminal 44. The capacitor 58 was previously
      charged with a positive voltage on the capacitor plate that is connected
      with the terminal 44, as will be made more clear below.
PAR  Upon the start of conduction in the commutation SCR 52, the potential of
      the junction 54 is suddenly raised to a potential almost as high as that
      of the positive dc bus 22. The charge on the capacitor 58 cannot change
      instantaneously because rapid current flow is inhibited by the
      series-connected inductor 56. Consequently, when the potential of the
      junction 54 suddenly increases, a sudden increase is experienced also at
      the terminal 44, because of the charged capacitor 58. The potential of the
      terminal 44 is raised temporarily higher than that of the positive dc bus
      22, back-biasing the SCR 42 and extinguishing conduction in it.
PAR  A diode 62 is connected so as to conduct current from the terminal 44 to
      the positive dc bus 22 during back-biasing of the SCR 42. Current
      conducted through the diode 62 and the commutation SCR 52 discharges the
      capacitor 58 and, because of an inertial effect provided by the inductor
      56, charges that capacitor 58 thereafter with an opposite polarity,
      (positive at the junction 54). When current finally ceases in the inductor
      56, the voltage of the capacitor 58 is such as to back-bias the
      commutation SCR 52 to extinguish it.
PAR  Later, when a negative lobe of phase A current is to be provided to the
      motor 40 from the terminal 44, the main SCR 46 is triggered (at gate T3)
      into conduction by the timing and control circuit 52. The anode and
      cathode electrodes of the main SCR 46 are connected to the terminal 44 and
      the negative dc bus 24, respectively. Current flows from the positive dc
      bus 22 through SCRs of phases B and C in turn, to the motor 40, and then
      out through the phase A terminal of motor 40 and through the SCR 46 to the
      negative dc bus 24 during the negative lobe of phase A current. To
      terminate the negative lobe of phase A, the main SCR 46 is commutated off
      in the same way as the main SCR 42 described above. That is, a second
      commutation SCR 66, which is poled to conduct current from the junction 54
      to the negative dc bus 24, is triggered into conduction. This enables the
      charged capacitor 58 to apply to the terminal 44 a potential that is even
      more negative than the potential of the negative dc bus 24. The SCR 46 is
      back-biased, and an oppositely poled diode 68 in parallel with the SCR 46
      discharges and recharges the capacitor 58 with positive polarity at the
      plate connected to the terminal 44. This new polarity back-biases the
      commutation SCR 66 and also provides a charge on the capacitor 58 in
      advance for executing the next extinction of the SCR 42 at the end of the
      next phase A positive lobe.
PAR  In the abnormal event that two main SCRs or two commutations SCRs
      associated with the same phase conduct simultaneously, a short circuit is
      produced from the positive dc bus 22 to the negative dc bus 24. For
      example, the main SCRs 42, 46 of the phase A subcircuit 34 may conduct
      simultaneously by mistake; this condition is referred to as a
      shoot-through fault. The resulting current, although limited somewhat by
      the inductors 18, would damage the shooting-through SCRs if it continued
      more than a very short time. To protect the SCRs of the inverter against
      shoot-through faults and certain other faults that may occur, a protection
      circuit 70 is provided. The protection circuit not only relieves the
      shooting-through SCRs as quickly as possible of the burden of carrying the
      entire short circuit current, but also automatically back-biases the
      shooting-through SCRs in an attempt to eliminate the fault and restore
      normal operation without manual intervention. The technique employed by
      the protection circuit 70 is to sense the occurrence of a fault at the dc
      busses 22, 24 and promptly to divert some current away from the
      shooting-through inverter semiconductors by establishing at least one
      additional current path in parallel with the shooting-through
      semiconductors, and shortly thereafter to back-bias the shooting-through
      semiconductors and the additional path semiconductor in an attempt to
      eliminate the fault and reset the protection circuit.
PAR  The protection circuit 70 includes an under-voltage sensing device 72, an
      overcurrent sensing device 73, a crowbar SCR 74 for diverting current from
      the shooting-through semiconductors by establishing a short circuit across
      the dc busses, a tank circuit comprising a capacitor 76 and an inductor 78
      for commutating off the shooting-through inverter SCRs and the protection
      SCR 74, and a switching circuit that is very important to the invention
      and that includes an SCR 80 and a diode 82. The under-voltage sensing
      circuit 72 is connected to sense the voltage difference between the
      positive dc bus 22 and the negative dc bus 24 and to produce triggering
      pulses when that voltage decreases through a predetermined threshold
      level. The threshold level is less than the voltage normally occurring
      across the dc busses 22, 24 in the absence of a fault. One triggering
      pulse produced by the under-voltage sensing circuit 72 is applied to a
      gate electrode 74g of the SCR 74, whose anode is connected to the positive
      dc bus 22 and whose cathode is connected to the negative dc bus 24. A
      second triggering pulse produced at the same time by the sensing circuit
      72 is applied to a gate electrode 80g of the SCR 80 for purposes described
      below. A third triggering pulse produced 2 milliseconds later by the
      device 72 starts the contactor 16 toward opening, unless the fault has
      been cleared before the 2 millisecond delay expires, as will be described
      further below. Because of its inertia, the contactor 16 requires 20
      milliseconds thereafter to open.
PAR  A diagram of a suitable under-voltage sensing circuit 72, FIG. 2, has the
      voltage of the busses 22, 24 applied to two series-connected resistors 84,
      86. A capacitor 88 connected in parallel with the resistor 86 to the bus
      24 cooperates with the resistors 84, 86 to provide a low-pass filter that
      prevents the under-voltage sensing device 72 from operating in response to
      noise on the dc busses. The capacitor 88 introduces a delay of less than
      0.5 millisecond in sensing. A signal from a junction 85 of the voltage
      divider resistors is connected to an input of a conventional Schmitt
      trigger 90, which has a predetermined transition voltage. A voltage across
      the dc busses that causes transition of the Schmitt trigger is referred to
      herein as the threshold voltage. For values of a voltage at the junction
      85 in excess of the transition voltage the output of the Schmitt trigger
      90 is a high first voltage level, and for junction voltage values below
      the transition level the output voltage of the Schmitt trigger is a second
      voltage level lower than the first.
PAR  The output voltage of the Schmitt trigger 90 is connected by a conductor 92
      to a photo-optic coupler 94 of a conventional commercially available type,
      whose other input terminal 96 is connected to the negative dc bus 24. The
      photo-optic coupler 94 is employed for dc isolation between its input and
      output circuits. The output side of the photo-optic coupler 94 has an
      isolated common terminal 98 and an isolated fixed supply voltage terminal
      100. An output signal Vo from the photo-optic coupler, which passes
      through a switch 122b and an OR gate 118 and appears on a conductor 102,
      is a relatively high voltage level in the presence of an under-voltage
      fault and a relatively low voltage level in the absence of an
      under-voltage fault. When the fault produces a fault signal at the
      conductor 102, the timing and control circuit 52 receives a fault signal
      command on a terminal 52a from the conductor 102, that disables the normal
      routine of firing of the inverter power stage SCRs, in the embodiment now
      being described. The conductor 102 is connected to a oneshot multivibrator
      104 whose 0.1 millisecond output pulse produced at the leading edge of a
      fault signal on conductor 102, is amplified by a power amplifier 106. The
      output of the power amplifier 106 drives a primary winding of a
      transformer 108 that has two secondary windings. The two ends 74g, 74c of
      the first secondary winding are connected to the gate and cathode
      respectively of the crowbar SCR 74 and the two ends 80g, 80c of the second
      secondary winding are connected to the gate and cathode respectively of
      the tank SCR 80.
PAR  The capacitor 76 is charged before occurrence of a fault to a positive
      voltage on its upper plate 76U by a flow of current from the positive dc
      bus 22 through the diode 82 and through the inductor 78 to the upper plate
      76U. Thus the capacitor 76 is charged in advance to a voltage which is
      almost equal to the peak value of voltage occurring on the dc bus 22. When
      the voltage of the positive dc bus 22 starts to decrease as a result of a
      fault, the charge from the capacitor 76 cannot leak off; the diode 82
      blocks discharge current and the tank SCR 80 also blocks discharge current
      because the tank SCR 80 has not been triggered into conduction as yet.
      Even after the voltage on the dc bus 22 has declined below the threshold
      voltage, the capacitor 76 does not discharge until such time as the
      under-voltage sensing circuit 72 has had sufficient time to recognize that
      a fault level of voltage does exist on the dc busses, and to produce a
      triggering signal that renders the crowbar SCR 74 and the tank SCR 80
      conductive.
PAR  When the dc voltage between the busses 22 and 24 decreases so low and so
      long as to operate the Schmitt trigger 90, the signal Vo becomes a high
      voltage, signifying a fault. Thereupon, the one-shot multivibrator 104
      produces an output pulse which is amplified by the amplifier 106, isolated
      and transformed by the transformer 108, and applied to the gate electrodes
      of the SCRs 74 and 80 to trigger both of those SCRs into conduction.
      Current passes through the conductive crowbar SCR 74, diverting most of
      the current that was previously conducted by shooting-through SCRs of the
      inverter power stages, for example, SCRs 42 and 46. At the same time, the
      start of conduction of the tank SCR 80 provides a path through which the
      capacitor 76 can transmit current to the positive dc bus 22.
PAR  In the embodiment being described the crowbar SCR 74 and the tank SCR 80
      are rendered conductive simultaneously. Although such simultaneous
      triggering is not necessary, it is important in the present invention that
      no more than a negligible amount of current be permitted to flow from the
      capacitor 76 through the tank SCR 80 before the crowbar SCR 74 is rendered
      conductive. In circuits of the prior art, the tank SCR 80 was not provided
      and the capacitor 76 started to discharge before the crowbar SCR 74 was
      rendered conductive. Discharge current from the capacitor 76 in the prior
      art flowed initially through the shooting-through SCRs of the inverter
      power stages. This was undesirable for several reasons. First, this
      discharge current aggravated the current overload situation of the
      shooting-through SCRs of the inverter power stages by adding still more
      current to their load, and it therefore increased the likelihood of
      damaging the shooting-through SCRs thermally. Secondly, current discharged
      from the capacitor 76 that passed through the shooting-through SCRs
      thereby traversed circuit elements having a higher voltage drop than the
      crawbar SCR 74 from the positive dc bus 22 to the negative dc bus 24, and
      therefore dissipated more power than in the present invention, wasting
      stored commutation energy.
PAR  In the present invention, the voltage of the positive dc bus 22 with
      respect to the negative dc bus 24 is made smaller during the fault by
      conduction of the crowbar SCR 74 before any appreciable amount of current
      is discharged from the tank capacitor 76. As a result, a greater amount of
      the initially stored energy of the tank capacitor 76 is available to
      charge the tank capacitor 76 in the reverse direction. When an attempt is
      made subsequently to restore the inverter automatically to normal
      operation, this greater amount of energy remaining after reverse-polarity
      recharging of the capacitor 76 makes it easier for the capacitor 76 to
      commutate off the shooting-through SCRs of the inverter power stages and
      the crowbar SCR 74.
PAR  For the reasons just described, discharge of the capacitor 76 is delayed by
      the tank SCR 80 until such time as the under-voltage sensing circuit 72
      recognizes an under-voltage fault and supplies triggering signals to the
      tank SCR 80 and the crowbar SCR 74. A shunt current diverting path is then
      available through the crowbar SCR 74 for conduction of discharge current
      from the capacitor 76 immediately at the start of the discharge of the
      capacitor 76. As the capacitor 76 discharges through the series inductor
      78, the tank SCR 80 and the crowbar SCR 74, the positive voltage on the
      plate 76U of capacitor 76 decreases to zero. The current of the capacitor
      76 does not stop at that time, however, because the inductor 78 then
      produces a positive voltage at its upper terminal 78U with respect to its
      lower terminal 78L which is connected to the capacitor plate 76U. As a
      result, current continues to flow for a time in the direction of an upward
      arrow 110 of FIG. 1 and the capacitor 76 becomes charged with a polarity
      on its lower plate 76L which is positive with respect to its upper plate
      76U.
PAR  Finally, the capacitor current does cease to flow in the direction 110,
      whereupon current starts to flow from the capacitor 76 in an opposite
      direction shown by the arrow 112. This current flow is from the capacitor
      plate 76L, through the diodes 68 and 62 of the phase A inverter power
      stage 34, and through similar diodes in the phase B module 36 and the
      phase C module 38. This current continues to the positive dc bus 22,
      through the diode 82, through the inductor 78 and thence to the upper
      plate 76U of the capacitor 76. While the current flows in the direction
      112 a positive voltage is applied to the dc bus 24 with respect to the dc
      bus 22. This has the effect of back-biasing the shooting-through SCRs of
      the inverter power stages such as the SCRs 42 and 64. The shooting-through
      SCRs could, of course, be the commutation SCRs of any of the three phases,
      for example, the commutation SCRs 52 and 66 of phase A.
PAR  The positive voltage applied by the capacitor 76 to the dc bus 24 with
      respect to the dc bus 22 also serves to back-bias, (i.e. reverse-bias) the
      crowbar SCR 74, thereby extinguishing conduction in the crowbar SCR 74.
      The tank SCR 80 is also back-biased. After a time the back-biasing current
      ceases and the potential of the dc bus 22 becomes positive. If the
      shoot-through fault is eliminated by the back-biasing, the potential of
      the bus 22 rises to a normal positive value with respect to that of the dc
      bus 24, and the fault has been eliminated without need for any
      intervention by an operator. Following an attempt to eliminate the fault
      by back-biasing, several situations are possible. If the attempt to clear
      the fault is successful, so that both the crowbar and the inverter power
      stage SCRs cease conduction as a result of the back-biasing, the voltage
      across the dc busses 22, 24 rises above the threshold level of the
      under-voltage sensing circuit 72, and the signal Vo at the conductor 102
      changes from a fault signal level to a normal signal level. This change to
      a normal signal level serves as a restart command from the conductor 102
      to the timing and control circuit 52. The restart command starts an
      orderly restarting sequence, controlled by the timing and control circuit
      52, which produces firing pulses for the inverter power stage SCRs in the
      orderly predetermined starting sequence.
PAR  In the event that the crowbar SCR 74 and the shooting-through inverter
      power stage SCRs are both extinguished by the back-biasing action, but the
      inverter SCRs start shooting through again as the bus voltage rises,
      another under-voltage condition results, which is sensed by the
      under-voltage sensing device 72, and another attempt is made automatically
      to extinguish the fault. The SCRs are preferably sized for only
      intermittent fault duty; consequently, it is necessary to prevent
      continuous recycling of the fault recovery system. For this purpose, the
      signal of the conductor 102 can be connected to a fault counter in the
      block 52 which, upon counting a third fault, produces an output signal.
      The output signal enters an input 116b of an OR circuit 116 to trip the
      contactor 16, disconnecting the equipment from the ac power source 12. The
      fault counter has a reset input for receiving a reset pulse which is
      produced by a clocking oscillator to reset the fault counter to zero once
      per minute.
PAR  In the event that the back-biasing fails to relieve the fault in the power
      stages, but conduction in the crowbar SCR 74 has ceased, the under-voltage
      sensing circuit 72 continues to sense a fault because the voltage across
      the dc busses 2, 24 remains low. After 2 milliseconds a one-shot
      multivibrator 105, whose output pulse was started at the beginning of the
      fault signal on the conductor 102, times out, and the trailing edge of its
      2 millisecond output pulse actuates the contactor 16 to start its 20
      millisecond disconnect action. In situations in which the fault signal at
      the conductor 102 persists for less than 2 milliseconds, the 2-millisecond
      output pulse from the one-shot multivibrator 105 is blocked from actuating
      the contactor 16 by a 0 signal on an input 107a of an AND circuit 107.
PAR  Upon the back-biasing of the crowbar SCR 74 and the inverter power stage
      SCRs, if the inverter power stage SCRs recover but for some reason the
      crowbar SCR 74 does not recover, the undervoltage sensing circuit
      continues to sense a fault and the one-shot multivibrator 105 sends a trip
      signal to the contactor OR gate 116 to open the contactor 16.
PAR  The tank SCR 80 and its associated circuitry can be employed equally well
      when no separate crowbar SCR such as the SCR 74 is provided, but instead
      current is diverted from the shooting-through SCRs by triggering other
      main SCRs into conduction in previously non-conducting legs of the power
      inverter. It is also clear that commutation SCRs instead of main SCRs or
      instead of a separate crowbar SCR could be triggered into conduction to
      assist in sharing the load of the shooting-through SCRs. Moreover, any
      combination of these various current diverting paths could be employed to
      come to the aid of the shooting-through SCRs in carrying the short-circuit
      current. Switches 120a, 120b, and 120c of FIG. 1 provide for selection of
      current diverting paths.
PAR  The current overload sensing device 73 connected in series circuit with the
      dc bus 22 in the illustrated embodiment, could be employed instead of or
      in addition to the under-voltage sensing device 72 to initiate conduction
      in the protective additional shunt current paths and to trigger the tank
      SCR 80 into conduction. The over-current sensor 73 includes a series
      resistor, an amplifier, a Schmitt trigger, and a photo-optical coupler
      very much as shown in the voltage sensor of FIG. 2. Sensors are selected
      by switches 122a and 122b, FIG. 2.
PAR  The line disconnect device 16 is shown in the preferred embodiment as a
      contactor, but other types of line disconnect devices could be used
      instead.
PAR  In embodiments in which inverter SCRs are fired (an all-fire protection
      scheme instead of a crowbar protection scheme), the fault indicating
      signal from the conductor 102 to the control circuit 52 causes six or
      perhaps all 12 of the inverter SCRs to be fired into conduction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inverter system that supplies power to an ac load from a dc source
      comprising inverter means having input terminals connected with said dc
      source and output terminals connectable for delivering the ac power to the
      load and having a plurality of inverter semiconductor means each
      periodically rendered conductive and non-conductive, sensing means for
      sensing a fault in which at least some of said inverter semiconductor
      means experience a current overload and for producing a fault indication
      signal, first switching circuit means connected with said fault sensor and
      responsive to said fault indication signal and connected for diverting
      thereupon at least a portion of current from said overloaded inverter
      semiconductor means, capacitance means for storing electrical energy,
      means for charging said capacitance means to a first polarity, inductance
      means for storing electrical energy and connected in series with said
      capacitance means, second switching circuit means connected in series with
      said capacitance means and said inductance means for blocking and
      unblocking current flow therethrough, the series circuit of said
      capacitance means, inductance means and second switching circuit means
      being connected in parallel with said dc source, said second switching
      circuit means being responsive to said fault indication signal not earlier
      than said current portion is diverted to discharge said capacitance means
      by current flow through said second switching means and said inductance
      means and to recharge said capacitance means with polarity opposite from
      said first polarity, said capacitance means being connected with said
      inverter input terminals so as to apply said opposite polarity to said
      inverter input terminals, whereby an attempt is made to interrupt said
      fault.
NUM  2.
PAR  2. An inverter system as defined in claim 1 and wherein said first
      switching circuit means comprises separate semiconductor switching means
      connected in parallel with said dc source and distinct from said inverter
      semiconductor means.
NUM  3.
PAR  3. An inverter system as defined in claim 2 and wherein said separate
      parallel semiconductor switching means comprises triggerable avalanche
      semiconductor means, and wherein said capacitance means is connected so as
      to apply said opposite polarity to said separate parallel semiconductor
      switching means to interrupt conduction of said separate parallel
      semiconductor switching means.
NUM  4.
PAR  4. An inverter system as defined in claim 1 and wherein said first
      switching means comprises means for initiating conduction in at least some
      of otherwise non-conducting ones of said inverter semiconductor means for
      diverting said portion of current from said overloaded inverter
      semiconductor means.
NUM  5.
PAR  5. An inverter system as defined in claim 1 and wherein said second
      switching circuit means comprises second semiconductor switching means
      poled for conducting said capacitor current to discharge said first
      polarity of said capacitance means and recharge said capacitance means
      with said opposite polarity, and wherein said means for charging said
      capacitance means to said first polarity comprises uni-directional current
      conduction means effectively in parallel with said second semiconductor
      switching means and poled for conducting current oppositely of said second
      conductor switching means.
NUM  6.
PAR  6. An inverter system as defined in claim 5 and wherein second switching
      circuit means comprises SCR means, and said uni-directional current
      conduction means for charging said capacitance means to said first
      polarity comprises diode means connected from said dc source to said
      capacitance means.
NUM  7.
PAR  7. An inverter system as defined in claim 1 and wherein said sensing means
      comprises voltage sensing means for sensing the voltage of said dc source
      for producing said fault indication signal when said voltage is below a
      predetermined threshold.
NUM  8.
PAR  8. An inverter system as defined in claim 1 and wherein said sensing means
      for sensing a fault comprises current sensing means for sensing the
      current flowing to said inverter means from said dc source and for
      producing said fault indication signal when said current is above a
      predetermined threshold.
NUM  9.
PAR  9. An inverter system that supplies power to an ac load from a dc source
      comprising inverter means having output terminals connected for delivering
      the ac power to the load, said inverter means including a plurality of
      inverter semiconductor means each periodically rendered conductive and
      non-conductive, sensing means for sensing a fault in which at least some
      of said inverter semiconductor means have a current overload and for
      producing a fault indication signal thereupon, first switching circuit
      means connected with said fault sensing means and responsive to said fault
      indication signal and connected for diverting thereupon at least a portion
      of current from said overloaded inverter semiconductor means, capacitance
      means for storing electrical energy, means for charging said capacitance
      means to a first polarity, inductance means for storing electrical energy
      and connected in series with said capacitance means, second switching
      circuit means connected in series with said capacitance means and said
      inductance means for blocking and unblocking current therethrough, said
      second switching circuit means being responsive to said fault indication
      signal not earlier than said current portion is diverted to discharge said
      capacitance means by capacitor current flowing through said second
      switching means and said inductance means and flowing at least in part
      through said first switching circuit means to recharge said capacitance
      means with polarity opposite from said first polarity, said capacitance
      means being connected with said inverter input terminals so as to apply
      said opposite polarity to said inverter input terminals, whereby an
      attempt is made to interrupt said fault.
NUM  10.
PAR  10. An inverter system that supplies power to an ac load from a dc source
      comprising inverter means having an input connected with said dc source
      and having output terminals connected for delivering the ac power to the
      load, said inverter means including a plurality of inverter semiconductor
      means each periodically rendered conductive and non-conductive, sensing
      means for sensing a fault in which at least some of said inverter
      semiconductor means have a current overload and for producing a fault
      indication signal, first switching circuit means connected with said fault
      sensor and responsive to said fault indication signal for diverting
      thereupon at least a portion of current from said overloaded inverter
      semiconductor means, capacitance means for storing electrical energy,
      means for charging said capacitance means to a first polarity, inductance
      means for storing electrical energy and in series with said capacitance
      means, second switching circuit means connected in series with said
      capacitance means and said inductance means for blocking and unblocking
      current flow therethrough said second switching circuit means being
      responsive to said fault indication signal not earlier than said current
      portion is diverted to discharge said capacitance means by capacitor
      current flowing through said second switching circuit means and said
      inductance means and to recharge said capacitance means with polarity
      opposite from said first polarity, said capacitance means being connected
      with said inverter input terminals so as to apply said opposite polarity
      to said inverter input, whereby an attempt is made to interrupt said
      fault.
NUM  11.
PAR  11. An inverter system as defined in claim 10 and wherein said first
      switching circuit means comprises separate switchable semiconductor means
      distinct from said inverter semiconductor means and for diverting said
      portion of current from said overloaded inverter semiconductor means.
NUM  12.
PAR  12. An inverter system as defined in claim 11 and wherein said separate
      switchable semiconductor means comprises SCR means.
NUM  13.
PAR  13. An inverter system as defined in claim 11 and wherein said capacitance
      means is connected so as to apply said opposite polarity to said separate
      switchable semiconductor means to terminate current conduction in said
      separate switchable semiconductor means.
NUM  14.
PAR  14. An inverter system as defined in claim 10 and wherein said first
      switching circuit means comprises means for initiating conduction in at
      least some of those of said inverter semiconductor means that were
      otherwise non-conductive for diverting said portion of current from said
      overloaded inverter semiconductor means.
NUM  15.
PAR  15. An inverter system as defined in claim 10 and wherein said means for
      charging said capacitance means to a first polarity comprises
      uni-directional current conduction means connected with said dc source and
      with said capacitance means for charging said capacitance with said first
      polarity prior to said fault.
NUM  16.
PAR  16. An inverter system as defined in claim 15 and wherein said
      uni-directional conduction means for charging said capacitance means to
      said first polarity comprises diode means connected from said dc source to
      said capacitance means.
NUM  17.
PAR  17. An inverter system as defined in claim 10 and wherein said second
      switching means comprises SCR means.
NUM  18.
PAR  18. An inverter system as defined in claim 10 and wherein said plurality of
      semiconductor means of said inverter means comprises a first plurality of
      main semiconductor means for conducting current to said load and a second
      plurality of commutation semiconductor means for interrupting current flow
      in said main semiconductor means, and wherein said first switching circuit
      means comprises means for rendering conductive all semiconductor means of
      at least one of said first and second plurality of semiconductor means.
NUM  19.
PAR  19. An inverter system as defined in claim 10 and wherein said sensing
      means comprises voltage sensing means for sensing the voltage of said dc
      source and for producing said fault indication signal when said voltage is
      below a predetermined threshold.
NUM  20.
PAR  20. An inverter system as defined in claim 10 and wherein said sensing
      means for sensing a fault comprises current sensing means for sensing the
      current flowing to said inverter means from said dc source and for
      producing said fault indication signal when said current is above a
      predetermined threshold.
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ABST
PAL  A high voltage generator suitably applied to the television receiver has a
      secondary winding divided into three or more units of different numbers of
      turns by a plurality of diodes. Each secondary winding unit has a
      different distance from the primary winding, so that the winding units are
      tuned to different high harmonics of the fifth or higher resonance orders,
      or some of the winding units to the same harmonic of fifth or high order
      and the remaining to harmonics.
BSUM
PAR  The present invention relates to a high voltage generator used for
      generating a DC high voltage for the cathode-ray tube, which is suitably
      applied to the television receiver.
PAR  Generally, the picture tube of the television receiver requires a DC high
      voltage of 7 to 25 KV for accelerating charged particles.
PAR  A well-known conventional device for producing such a high DC voltage
      includes a rectifier device comprising a flyback transformer and a
      rectifier element of high reverse breakdown voltage, or a
      voltage-multiplying rectifier device employing the Cockcroft-Walton
      accelerator circuit having a flyback transformer and a plurality of
      rectifier elements and capacitors.
PAR  In applying any of the above-described devices to the color television
      receiver, it is very important to maintain the produced high voltage as
      constant as possible or to hold the variations of the produced high
      voltage within a predetermined allowable range. This is in view of the
      fact that great variations in high voltage will cause color errors.
PAR  It is also well-known that the variation in high voltage is smaller the
      higher the order of harmonics for resonance.
PAR  The first of the above-mentioned well-known devices has the disadvantage
      that the great number of turns of the secondary winding results in a very
      large turn ratio, which in turn renders very high the value of the
      distributed capacity of the primary winding as converted from the
      secondary winding on the basis of the square of the turn ratio, thus
      limiting the high harmonic resonance up to the unsatisfactory third order.
PAR  The second of the above-mentioned conventional devices, on the other hand,
      is advantageous in that the greater the number by which the voltage is
      multiplied, the high voltage pulse generated may be smaller, so that the
      turn ratio between the primary and secondary windings and hence the
      distributed capacity is reduced accordingly, thereby making possible a
      device capable of a harmonic resonance at a higher order with less
      variation in high voltage. In spite of this advantage, the device under
      consideration must be provided with a plurality of capacitors for its
      rectification system, thus leading to the bulkiness and high cost of the
      device.
PAR  A well-known fact about the flyback transformer is that in order to improve
      the characteristics thereof by reducing the leakage inductance and
      distributed capacity of the secondary winding, the secondary winding is
      divided into a multiplicity of sections by a dividing bobbin. The U.S.
      Pat. No. 3,562,623 discloses a high voltage transformer in which the
      secondary winding arranged on a magnetic core together with the primary
      winding is divided into a plurality of winding units, which are connected
      alternately in series with a plurality of rectifier elements for
      rectification of the voltage across the respective winding units.
PAR  An object of the present invention is to provide an improved high voltage
      generator.
PAR  Another object of the invention is to provide an improved high voltage
      generator with less variation in high voltage.
PAR  Still another object of the invention is to provide a high voltage
      generator in which the coils of the winding are easily insulated.
PAR  According to the present invention, there is provided an apparatus for
      generating a high voltage for the cathode-ray tube comprising a primary
      winding, a secondary winding divided into a plurality of winding units by
      a plurality of diodes, and means for tuning said plurality of winding
      units to at least two high harmonics of odd-numbered orders including the
      fifth-order high harmonics and another high harmonics of a different order
      by changing the winding density distribution of the primary winding on the
      one hand and the number of turns of each winding unit of the secondary
      winding on the other.
PAR  To achieve the above-mentioned objects, the high voltage generator
      according to the present invention is characterized in that the secondary
      winding is divided into three or more winding units each connected in
      series with a diode thereby to constitute a series circuit as a whole, so
      that the combination of the primary inductance such as the deflection yoke
      connected to the secondary winding and the resonance capacitor is tuned to
      high harmonics with the combination of the stray capacity of each winding
      unit of the secondary winding and the leakage inductance to the primary
      winding. As a result, each of the winding units is tuned to high harmonics
      of the fifth or higher order separately, or some of them separately from
      the others.
PAR  The resonance order of high harmonics depends substantially on the product
      of the distributed capacity and the leakage inductance for a given pulse
      width, and therefore it is necessary to take into consideration the
      variation in leakage inductance in addition to the distributed capacity in
      order to determine the order of high harmonics for resonance.
PAR  A well-known method for adjusting the distributed capacity of the high
      voltage generator for the television receiver includes adjusting the
      winding width or height of the secondary winding or changing the ratio at
      which the distributed capacity of the secondary winding is converted into
      that of the primary winding, by dividing the secondary winding into a
      plurality of winding units and by changing the turn ratio between the
      primary and secondary windings. Further, as a method to adjust the leakage
      inductance, the distance between the primary and secondary windings is
      changed or alternatively the number of turns is changed while maintaining
      the turn ratio constant.
PAR  The present invention is based on a couple of ideas mentioned below.
PAR  First, since the secondary winding is divided into a plurality of winding
      units, the distributed capacity of the secondary winding as converted to
      that of the primary winding is very small at the time of independent
      energization of the divided winding units of the secondary winding. The
      resulting remarkable reduction in the distributed capacity of the
      secondary winding as converted into that of the primary side permits a
      resonant state to be achieved at the fifth or higher order harmonics with
      little variation in high voltage.
PAR  Secondly, the leakage inductance is adjusted as desired by changing not
      only the number of turns of each winding unit of the divided secondary
      winding but the winding density distribution of the primary winding.
PAR  In embodying the present invention by dividing the secondary winding into
      three winding units, for example, it should desirably be so constructed
      that two of the winding units be tuned to resonance at the seventh-order
      high harmonics and the remaining one winding unit at the fifth-order high
      harmonics.
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PAR  The above and other objects, features and advantages will be made apparent
      by the detailed description taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a circuit diagram showing the high voltage generator according to
      an embodiment of the present invention;
PAR  FIG. 2 is a winding arrangement in an example of the configuration of the
      circuit illustrated in FIG. 1;
PAR  FIG. 3 is a diagram showing the relation between beam current and high
      voltage;
PAR  FIG. 4 is a graph showing a curve representing the relation between the
      number of order of resonant high harmonics and variations in high voltage;
PAR  FIG. 5 is a winding arrangement in another example of the circuit
      configuration similar to that of FIG. 2;
PAR  FIG. 6 is a sectional diagram showing the construction of the high voltage
      generator having the circuit configuration of FIG. 1 and produced by the
      method shown in FIG. 2; and
PAR  FIG. 7 is a circuit diagram showing the high voltage generator according to
      another embodiment of the present invention.
DETD
PAR  An embodiment of the present invention will be described below with
      reference to the accompanying drawings.
PAR  In FIG. 1 showing the circuit arrangement of the high voltage generator
      according to the invention, reference numeral 1 shows a cathode-ray tube,
      and numeral 2 a transformer including a primary winding 3, a secondary
      winding 4 and an appropriate magnetic medium 5.
PAR  The secondary winding 4 are divided into three winding units or coils 41,
      42 and 43. The winding unit 41 has an end thereof connected to the earth 6
      and the other end connected to the diode 7. The winding unit 42 has an end
      thereof connected to the cathode of the diode 7 and the other end thereof
      to the anode of the diode 8. The winding unit 43 has an end thereof
      connected with the cathode of the diode 8 and the other end connected to
      the anode of the diode 9. The cathode of the diode 9 is connected to the
      anode of the cathode-ray tube 1.
PAR  In the circuit arrangement thus constructed, assuming that the frequency of
      15,734 KHz is involved, the three winding units 41, 42 and 43 are
      energized simultaneously only for several microseconds of the period of
      approximately 63.55 .mu.s during which the diodes 7, 8 and 9 are
      energized, thereby producing a voltage three times higher than the
      high-voltage pulse produced by each winding unit. During the remaining
      period of approximately 60 .mu.s, on the other hand, the winding coils 41,
      42 and 43 are operatively separated from each other and energized
      independently. For this reason, the turn ratio between the primary and
      secondary windings is very small due to the fact that the distributed
      capacity of the winding units 41, 42 and 43 takes the form of series
      connection, thereby remarkably reducing the distributed capacity of the
      secondary side as converted into that of the secondary winding.
PAR  The circuit arrangement of FIG. 1 based on the aforementioned first and
      second ideas is such that the secondary winding is divided into three
      winding units to reduce the distributed capacity thereof, while at the
      same time differentiating the three winding units in the distance from the
      primary winding, with the result that the winding units 41 and 42 are
      tuned to resonance at the seventh high harmonic and the winding unit 43 at
      the fifth high harmonic.
PAR  Description will be made below of an example of means for tuning to
      resonance the winding units 41 and 42 at the seventh-order high harmonic
      and the winding unit 43 at the fifth-order high harmonic, with reference
      to FIG. 2.
PAR  In the example under consideration, the total number of turns of the
      secondary winding is divided into the number of turns 908T of the winding
      41, the number of turns 1064T of the winding unit 42 and the number of
      turns 1158T of the winding unit 43. The primary windng is rendered dense
      at its winding unit 41 side involving a smaller number of turns and coarse
      at the winding unit 43 side involving a greater number of turns. In other
      words, the primary winding is provided in eight densities of 15T, 26T,
      15T, 15T, 15T, 10T, 10T and 10T as viewed from the winding unit 41 side so
      that the winding units are tuned to resonance at the high harmonics of the
      above-mentioned orders respectively.
PAR  In the embodiment under consideration, even though the turn ratio between
      the primary winding and the whole secondary winding is constant, the fact
      that the number of turns is different for each of the winding units of the
      secondary winding causes the conversion ratio between the primary winding
      and the respective winding units of the secondary winding to be different
      from each other, resulting in different distributed capacities for
      different winding units. Further, in adjusting the leakage inductance
      between each of the winding units and the primary winding, in FIG. 1 the
      inductance is first measured between the terminals of the primary winding
      with the respective secondary winding units of 41, 42, and 43
      short-circuited and, in this state, the winding density of the primary
      winding and the leakage inductance between the divided windings are
      adjusted to provide distributed capacity and leakage inductance whose
      product substantially meets condition for resonance with harmonics of
      desired orders.
PAR  According to the present invention, it is possible to tune to resonance the
      two winding units 41 and 42 at the seventh high harmonic and the resulting
      winding unit 43 at the fifth high harmonic by the use of the
      above-described means.
PAR  The high voltage generator according to the invention which is capable of
      dual high harmonics resonance of the fifth and seventh orders as mentioned
      above has the beam current-high voltage characteristics as shown in FIG.
      3. It will be obvious from the diagram under construction that a superior
      characteristic is obtained in which the high voltage generated undergoes
      little change with the increase or decrease in beam current.
PAR  Referring to FIG. 4 showing the variations in high voltage as against the
      resonance orders of high harmonics, an inferior curve A results when the
      winding units 41, 42 and 43 are not in resonance, whereas a curve B having
      a middle point lacking in curve A is obtained when the winding unis 41, 42
      and 43 are in resonant state at the respective high harmonics.
PAR  Another example for achieving the objects of the invention is shown in FIG.
      5, whereby the winding unit 41 is tuned to resonance at the fifth high
      harmonic and the winding units 41 and 43 at the seventh high harmonic.
PAR  In this embodiment, the number of turns of the winding units 41, 42 and 43
      of the secondary winding is the same as that of the example shown in FIG.
      2. The density distribution of the primary winding 3 is such that the
      density thereof is higher toward the winding units 42 and 43 of the
      secondary winding thereby to render the leakage inductance of the winding
      unit 41 greater than that of the winding unit 43, the primary winding 3
      being formed in seven different ways.
PAR  This embodiment has the same characteristics shown in FIG. 3 and FIG. 4 as
      those of the embodiment shown in FIG. 2 and provides a superior device
      with little variations in high voltage.
PAR  The diagram of FIG. 6 illustrates an actual construction of the embodiments
      shown in FIG. 1 and FIG. 2, in which the primary winding 3 is arranged on
      the primary dividing bobbin 10 in eight different divisions, while the
      secondary winding 4 is divided into three winding units on the secondary
      dividing bobbin 11. The winding units 41, 42 and 43 are connected by the
      diodes 7, 8 and 9 respectively thereby to make up a series circuit as a
      whole. The primary and secondary windings are connected by an appropriate
      magnetic medium 12.
PAR  Unlike the above-described manner in which the secondary winding is divided
      and arranged, they may alternatively be divided and arranged in different
      layers with paper or in other proper ways. Also, each winding unit may be
      subdivided into smaller units.
PAR  The present invention enables the high voltage pulses to be reduced in
      amplitude, thereby facilitating insulation. Also, it is possible to obtain
      a low-cost, compact and superior device capable of high harmonic resonance
      with little high voltage variation due to a greatly reduced distributed
      capacity.
PAR  Furthermore, by varying the distance between the primary winding and each
      of the winding units of the secondary winding and by varying the number of
      turns of each winding units of the secondary winding, different resonance
      can be effected for different winding units, thus making it possible to
      obtain a superior device which is subjected to less variations in high
      voltage as a whole.
PAR  A further modification of the invention is shown in FIG. 7. By dividing the
      secondary winding 4 into a plurality of winding units by means of a
      plurality of diodes, different voltages can be applied to the phosphor
      electrode 12, mask electrode 13, funnel electrode 14 and focus electrode
      15 of the cathode-ray tube 1.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matters contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for generating a high voltage for the cathode-ray tube
      comprising a primary winding, a secondary winding divided into a plurality
      of winding units by a plurality of diodes, and means for tuning said
      plurality of winding units to at least two high harmonics of different
      odd-numbered orders including the fifth-order harmonics and another high
      harmonics of a different order by differentiating the winding density
      distribution of said primary winding on the one hand and the number of
      turns of each of said winding units of said secondary winding on the
      other.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said means for tuning provide
      said plurality of winding units to different order harmonics of
      odd-numbered orders equal to and higher than the fifth-order in which at
      least two harmonics of orders include the fifth-order harmonics and
      another order harmonics higher than that of the fifth-order.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein a dividing bobbin is provided
      having dividing winding sections, and wherein said winding units of said
      secondary winding are wound on said winding sections respectively so that
      at least two winding units wound on respective winding sections are
      different in number of turns.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein a primary dividing bobbin and
      a secondary dividing bobbin are provided, each of said primary and
      secondary dividing bobbins having divided winding sections, and wherein
      said primary winding is wound on said winding sections of said primary
      dividing bobbin so that winding portions wound on at least two of said
      winding sections of said primary dividing bobbin are different in number
      of turns to differentiate the winding density distribution of said primary
      winding, said winding units of said secondary winding being wound on said
      winding sections of said secondary dividing bobbin respectively so that at
      least two winding units wound on respective winding sections are different
      in number of turns.
NUM  5.
PAR  5. An apparatus according to claim 1, wherein at least one of said
      plurality of diodes provides means for supplying voltage to electrodes of
      a cathode-ray tube.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein each of said plurality of
      winding units of said secondary winding have a different number of turns
      being a predetermined function of a minimum number of turns of one of said
      winding units.
NUM  7.
PAR  7. An apparatus according to claim 1, wherein said primary winding is
      divided into a plurality of winding units, each of said plurality of
      primary winding units having a different number of turns being a
      predetermined function of a minimum number of turns of one of said primary
      winding units.
NUM  8.
PAR  8. A high voltage generator for a cathode-ray tube of a television receiver
      comprising a primary winding, a secondary winding divided into a plurality
      of winding units by a plurality of diodes, and means for tuning at least
      one of said plurality of winding units to a resonance order of at least
      the fifth-order harmonic and tuning at least another of said plurality of
      winding units to an odd-numbered resonance order higher than said
      fifth-order harmonic, said means for tuning providing a different number
      of turns in each of said secondary winding units and adjusting the winding
      density distribution of said primary winding relative to said different
      number of turns.
NUM  9.
PAR  9. A high voltage generator according to claim 8 wherein said means for
      tuning provides each of said winding units to a resonance order of at
      least the fifth-order harmonic.
NUM  10.
PAR  10. A high voltage generator according to claim 9, wherein one of said
      winding units is provided to the fifth-order harmonics, and the remaining
      winding units are provided to different odd-numbered order harmonics
      higher than that of the fifth-order.
NUM  11.
PAR  11. A high voltage generator according to claim 9, wherein at least two
      winding units are provided to the fifth-order harmonics, and the remaining
      winding units are provided to different odd-numbered orders higher than
      that of the fifth-order.
NUM  12.
PAR  12. A high voltage generator according to claim 8, wherein at least one of
      said plurality of diodes provides means for supplying voltage to
      electrodes of a cathode-ray tube.
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PAL  An electronic thermometer is described that is useful for obtaining oral or
      rectal body temperatures. The thermometer includes a casing on which is
      mounted a scale for visually indicating temperature readings. A plug-in
      connector is used to connect an electrical cord to the casing. Such cord
      terminates in a disposable semiconductor junction through which a constant
      current is made to flow so that the voltage developed across it is
      dependent upon its temperature in a straight line function.
PARN
PAR  This is a division of application Ser. No. 295,448, filed Oct. 6, 1972, now
      U.S. Pat. No. 3,851,528.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electronic circuit for maintaining
      constant current flow through an electrical component while simultaneously
      amplifying voltage changes developed across such electrical component and,
      more particularly, to such a circuit that is especially useful for
      maintaining constant current flow in a temperature probe of an electronic
      thermometer while simultaneously amplifying the voltage changes developed
      across such temperature probe due to changes in its temperature.
PAR  Electronic thermometers which rely on electrical transducers to register
      temperature changes have been devised. However, for various reasons none
      of such electronic thermometers available to date have been able to
      successfully compete with the common mercury-in-glass thermometer. For one
      thing, the temperature transducer or probe of most available electronic
      thermometers leaves much to be desired.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an electronic circuit which is especially
      useful in an electronic thermometer. In its most basic aspects, the
      thermometer includes as its temperature probe, a component having an
      electrical characteristic, such as its resistance to current flow, which
      is dependent in a predetermined manner on the temperature of such
      material.
PAR  The circuitry included as part of the thermometer for registering
      variations in the electrical characteristic of the component and
      translating such variations to temperature readings is especially designed
      to require low power and yet maintain accurate readings at all times. In
      this connection, the circuit utilizes low-powered operational amplifiers
      in providing its various functions. As a particularly important aspect of
      such circuit, it combines certain passive components with a single
      operational amplifier in such a manner that the amplifier is useable not
      only to amplify voltage changes representative of changes in the
      electrical characteristic of the semiconductive material, but also to
      provide a constant current flow through such semiconductive material. This
      use of one amplifier to perform two important functions of the circuit
      considerably reduces the overall power consumed and required by the
      thermometer.
PAR  The preferred circuit includes other features which are important in making
      an electronic thermometer commercially practical. For example, it is
      battery powered and includes an automatic battery cut-off portion which
      assures that no inaccurate readings are obtained at any time due to low
      battery power. In this connection, it should be noted that because of the
      low power requirements of the circuit, it can be run on two small (hearing
      aid size) 2.8 volt batteries, which batteries will provide it with the
      capability of making at least 15,000 temperature readings (30 seconds
      each) before the batteries need be changed.
PAR  As will be described or will become apparent from the following description
      of a preferred embodiment, the electronic circuit of the invention
      includes many other features which are important in the combination.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With reference to the accompanying two sheets of drawings:
PAR  FIG. 1 is an enlarged, perspective view of an electronic thermometer
      incorporating the circuit of the invention; and
PAR  FIG. 2 is a simplified electrical schematic diagram of the thermometer of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference first to FIG. 1, a preferred electronic thermometer
      incorporating the circuit of the invention is generally referred to by the
      reference numeral 11. The showing in FIG. 1 is somewhat enlarged--the
      instrument is actually sized to easily fit within the shirt pocket of a
      nurse or the like who is apt to have continual use for the same. The
      thermometer 11 includes a casing 12 having an indicator 13 mounted on it
      for visually displaying temperature readings. Such indicator 13 is in the
      form of a temperature scale 14 having markings covering the range of
      between, for example, 95.degree. and 105.degree. F, and a moveable needle
      indicator 16 for alignment with specific temperature indicia on the scale
      14. The electronic thermometer 11 is completely self contained. That is,
      the casing 12 encloses the circuitry for controlling the needle 16 and
      also the batteries for powering such circuit and the temperature probe of
      the thermometer. In this connection, a probe cord 17 is connected to the
      circuitry within the casing via a disconnectable plug 18. As is
      illustrated, the cord 17 is flexibly coiled so that when the thermometer
      is not in use, the cord is compact for ease in handling.
PAR  A temperature probe 19 is provided on the free end of the cord 17. Such
      probe is in the form of a small semiconductor diode 21 which is physically
      and electrically shielded from the surrounding environment by a thin
      sheath 20 of, for example, aluminum. As is known, the resistance of a
      semiconductive junction varies with the temperature of such junction. This
      phenomenon is utilized to provide an exceptionally accurate and
      inexpensive low power probe. More particularly, it has been found that if
      the flow of current through a semiconductor junction is maintained
      constant at a selected value, the voltage developed across the junction
      will be proportional to the temperature of the junction in an accurate
      straight line function. Thus, if current flow through a diode is
      maintained constant, measurement of changes in the voltage developed
      across the diode will provide a measurement of a temperature changes in
      such diode. And because a diode has a low mass and consequent low heat
      capacity, its temperature quickly reflects the temperature of its
      surroundings.
PAR  The diode probe is represented in the electrical diagram of FIG. 2 by the
      reference numeral 21'. As is illustrated, the input to such diode is
      provided by a shielded wire 22, through a resistor 25. The resistor 25 is
      provided for the purpose of matching the individual probe and cable
      combinations to the circuitry for a selected constant value of current
      flow. The return path for current flow is through the shielding 23. Both
      the lead 22 and the shielding 23 are part of the probe cord 17.
PAR  The disconnectable plug 18 is represented in FIG. 2 by the dotted line
      enclosure 18'. Such plug not only includes contacts 24 and 26 for
      connecting the temperature probe to the circuit within the casing, but
      also includes contacts 27 and 28 which act, in effect, as a single pole
      switch for connecting the serially connected batteries 29 and 31 to the
      remainder of the circuit. That is, such batteries are only connected to
      the circuit when the probe cord is in place.
PAR  It will be noted that the two serially connected batteries 29 and 31 have
      their common connection (the positive terminal of battery 31 and the
      negative terminal of battery 29) connected to the circuit via a lead 32,
      hereinafter referred to as the circuit common lead or bus. The positive
      terminal of battery 29 is connected to the circuit via a positive power
      bus 33, and the negative terminal of battery 31 is connected to the
      circuit via a negative power bus 34.
PAR  A semiconductor switching circuit is provided as a part of the thermometer
      for simultaneously connecting the buses 33-34 to the positive terminal of
      battery 29 and the negative terminal of battery 31, respectively, with a
      single pole switch as represented by the contacts 27 and 28. The batteries
      and this portion of the total circuit are set apart by the dotted line
      block 35. More particularly, a pair of transistors 36 and 37 are each
      connected between an associated one of the batteries 29 and 31 and one of
      the circuit buses 33 and 34, respectively. The transistor 36 is of the PNP
      type, whereas the transistor 37 is the NPN type. Thus, each of the
      transistors is connected between its associated battery and circuit buses
      in the direction of normal current flow through such transistor.
PAR  As is illustrated, the bases of the transistors are connected to one
      another through a resistor 38 and the single pole switch represented by
      the contacts 27 and 28. The resistance of resistor 38 is such that at the
      lowest useable voltage of the batteries, the base current generated by the
      circuit in each of the transistors will be more than sufficient to drive
      the transistors into saturation at the maximum operating current of the
      electronic thermometer circuit. The result is that upon closure of the
      switch represented by the contact 27 and 28, both of the transistors will
      be driven into saturation at substantially the same instant. This will, in
      effect, switch the batteries 29 and 31 into the circuit simultaneously.
      Thus, the inconsistencies and time delays inherent in double pole
      mechanical switches are avoided. The only difference in the time in which
      the differing potentials represented by batteries 29 and 31 are connected
      into the circuit will be due to the switching time differences between the
      PNP and NPN transistors. This potential time variation is much smaller
      than that which can be expected with a mechanical double pole switch.
      Moreover, any such variation will be consistent at all times so that, if
      necessary, compensation for it can be made.
PAR  Most desirably, the emitter to base reverse breakdown voltage of each of
      the transistors is in excess of the potential of the battery associated
      with the other transistor. Thus, if either or both of the batteries are
      installed incorrectly so as to reverse the polarity from that desired for
      the circuit, one or both of the base-emitter junctions will become reverse
      biased at a potential below the reverse breakdown voltage. This will
      reduce the reverse current going into the circuit to essentially zero, and
      thus will protect it from receiving power of reverse polarity. In this
      connection, polarity is used herein is measured from the potential on
      common bus 32 considered at zero potential.
PAR  The circuit of the electronic thermometer also includes means for
      automatically preventing erroneous operation of the electronic
      thermometer, i.e., inaccurate readings on the temperature scale, due to
      weak battery conditions. In this connection, it should be noted that
      although there are now available compensation circuits for maintaining
      accurate readings as a battery's voltage output diminishes, such circuits
      are not effective after the power of the battery reaches a certain low
      level.
PAR  The automatic battery cut-off portion of the circuit is included within the
      dotted line block 41. Such battery cut-off circuit includes operational
      amplifiers 42 and 43 respectively associated with the batteries 29 and 31.
      Such amplifiers act, in combination with diodes to be discussed, as means
      for both detecting when the associated battery reaches a predetermined
      reduced level below which erroneous readings may be expected, and as means
      for supplying a predetermined potential to the circuit to drive the
      indicator needle off scale and thereby indicate such reduced potential
      condition of a battery. Each of the amplifiers accomplishes this by first
      comparing the output voltage of its associated battery with a constant
      reference voltage. In this connection, a zener diode 44 is included with a
      resistance 45 to act as a constant voltage source. As shown, the positive
      primary input terminal of amplifier 42 is connected through a
      potentiometer 46 to the positive output of the battery 29 via circuit bus
      33. The operational amplifier 43 is similarly connected across the battery
      31, except that it is the negative output of battery 31 which is connected
      through a potentiometer 47 to its negative primary input terminal for
      comparison with a constant negative reference voltage provided by
      connecting its positive primary input terminal to the negative side of
      zener diode 44.
PAR  The positive and negative reference voltages applied respectively to the
      amplifiers 42 and 43 are chosen to be of lower magnitude than the positive
      and negative outputs of the batteries 29 and 31 when the powers of such
      batteries are in the operating range. Moreover, each potentiometer 46 and
      47 is adjusted to provide its associated amplifier with an initially
      saturated positive output voltage when the batteries are at full potential
      (fresh). The particular voltage chosen via each potentiometer to be
      applied to the variable input terminal of each amplifier will depend on
      the predetermined low battery power level chosen to be the cut-off level.
      That is, the resistance provided by each potentiometer should be such that
      when the battery associated therewith reaches the desired cut-off
      potential, the voltage difference applied to the comparing input terminals
      of the associated operational amplifier will become zero.
PAR  It will be recognized that with the above arrangement, as each of the
      batteries weakens, the absolute value of the voltage difference applied
      through the potentiometer to the comparing input terminals of its
      associated operational amplifier will be correspondingly reduced toward
      zero. Until such zero potential difference is reached, the output terminal
      of amplifier 42, for example, is more positive than its positive input
      terminal. Thus, the diode 48 is reverse biased and essentially disconnects
      the feedback loop through resistance 49 from the output to such positive
      input terminal. However, upon the output terminal going slightly beyond
      zero to a negative condition, the diode 48 becomes forward biased and
      closes the positive feedback path around the amplifier. The result is that
      the amplifier rapidly drives itself into negative output saturation.
      Because of the circuitry to be described, this will immediately cause the
      needle (represented in FIG. 2 at 16') on the indicator 13' to be driven
      off scale. Moreover, the output of amplifier 42 will be held at negative
      saturation even if the voltage on its positive input terminal were to
      raise, i.e., the batteries were to show a spurt of additional power. Thus,
      the cut-off circuit not only initially drives the needle off scale when a
      low battery condition exists, but also maintains it there as long as the
      batteries are connected in the circuit to assure that no erroneous
      readings are obtained.
PAR  It will be noted that the output of amplifier 43 associated with battery 31
      is connected through a diode 51 to the feedback path of amplifier 42.
      Thus, a condition of negative saturation on the output of amplifier 43
      caused by the negative voltage provided by battery 31 on its negative
      input terminal becoming slightly positive with respect to its positive
      input terminal will be applied through the diode 51 and resistor 49 to the
      positive input terminal of amplifier 42. This will force the output of
      amplifier 42 to negative saturation as discussed above, which output is
      connected to the remainder of the circuitry. The amplifier 43 then
      provides, in effect, the same function for battery 31 as amplifier 42
      provides for battery 29.
PAR  The output of amplifier 42 is connected through an isolating diode 52 to a
      measuring circuit set off in FIG. 2 by the dotted line block 53. Circuit
      53 performs the actual measurement of voltage changes across the
      temperature probe diode 21' caused by temperature changes. As one of the
      most salient features of the instant invention, the measuring circuit has
      only one operational amplifier for providing both a constant current
      through the diode 21' and the amplifying voltage changes thereacross for
      appropriate operation of the indicator. More particularly, a feedback
      operational amplifier 54 is shown with its primary input terminals
      connected with the zener diode 44 so as to provide a constant voltage
      differential across the resistor 56 and, hence, constant current flow
      therethrough. That is, the negative (inverting) input terminal of the
      amplifier 54 is connected through the resistance 56 to the negative side
      of the diode 44, and the positive (non-inverting) input terminal of the
      amplifier is connected through a potentiometer 57 across such zener diode.
      As will be recognized, this, together with the negative feedback
      connection, will enable the required voltage differential across
      resistance 56 to be initially selected for a chosen constant current flow
      through the temperature probe.
PAR  The feedback connection of the operational amplifier from its output to its
      negative input terminal passes through the temperature probe 21. More
      particularly, a resistance 58 is provided in series with the probe
      assembly which is between the output of the amplifier and its negative
      input terminal. Because of the relatively constant voltage difference
      applied between the ends of the resistance 56, this feedback connection
      through the diode will result in the desired constant current flow
      therethrough whenever the circuit is operating. Thus, because of the
      constant current flow in the diode 21' whenever the resistance of the
      semiconductive material making up the diode 21' changes due to temperature
      changes, the voltage on the output of amplifier 54 will proportionately
      change to indicate such change. Because of the particular circuit
      relationships shown, the voltage change on the output of the amplifier
      will be inversely proportional in a straight line function to temperature
      changes on the probe diode. That is, as the temperature of the probe
      increases, the output voltage of amplifier 54 will move in a negative
      direction a proportionate amount.
PAR  As mentioned before, the amplifier 54 acts in combination with certain
      passive components to not only provide the constant current as discussed,
      but also to amplify the voltage change on its output caused by a
      temperature change. More particularly, a second resistance 59 is connected
      between the constant potential provided by the common bus 32 and a point
      61 between the resistance 58 and the probe assembly. By appropriately
      selecting the ratio of the resistances 58 and 59, the voltage changes
      produced on the output of the amplifier 54 will be amplified compared to
      what they would be if the connection including resistance 59 were omitted.
      To appreciate this, it must be recognized that the current at the common
      connection 61 of the two resistances 58 and 59 to the diode 21' is
      maintained constant at all times because of the amplifier feedback
      connection. By making resistance 59 substantially smaller in value than
      resistance 58, the great majority of the current supplied at the
      connection 61 will be provided by the common bus 32. This will result in a
      larger variation in the output voltage of the amplifier 54 having to be
      applied through the resistance 58 to compensate for any change in the
      current flow through the resistance 59 caused by a change in the
      resistance of the semiconductive material 21'. Thus, the output of the
      amplifier 54 is an amplification of the voltage which would be required to
      maintain the current through the semiconductive material constant in the
      absence of the two resistance arrangement. The combination with the
      amplifier 54, then, of the three resistances 56, 58 and 59 in the circuit
      as described results in the amplifier providing the desired voltage
      amplification as well as a constant current through the temperature probe
      diode.
PAR  Most desirably, the point of zero potential across the meter is chosen to
      be representative of a temperature reading which is within the selected
      temperature range displayed on the indicator. Thus, whenever the probe is
      connected through the plug 18 to the circuitry, if the circuitry is
      operating, the needle will, in general, move. However, if the circuit is
      not operating, the needle will not move. Thus a user has a readily
      available visual check on whether or not the circuitry is in operation
      when the probe cord is initially connected to the circuit.
PAR  The circuit of the electronic thermometer further includes means for
      maintaining a peak temperature reading displayed on the meter for a
      predetermined period of time after the probe temperature starts
      decreasing. That is, when a temperature is taken and the indicator needle
      records the same, that portion of the circuit set apart by the dotted line
      block 62 holds the needle at the temperature reading for a selected period
      of time. More particularly, the capacitor 63 is charged by a potential
      representative of a peak temperature reading, which capacitor applies such
      potential to a current amplifying section of the circuit, set-off by the
      dotted line block 65, for a period of time dependent upon the holding
      circuit.
PAR  The peak temperature holding circuit 62 includes an operational amplifier
      64 and a diode 66 for applying the output potential of the measuring
      operational amplifier 54 to the capacitor 63 without voltage loss. More
      particularly, the positive primary input terminal of the operational
      amplifier 64 is connected to the output of amplifier 54, and the negative
      primary input terminal of the operational amplifier is connected in
      inverse feedback relationship to the diode 66. This arrangement will
      result in the same voltage being applied across capacitor 63 as is applied
      to the positive input terminal of amplifier 64 by the output of measuring
      amplifier 54.
PAR  The timer for controlling the length of time the capacitor 63 maintains a
      peak reading on the meter includes a capacitor 67 which is connected
      through a resistance 68 to the output of measuring amplifier 54. An
      operational amplifier 69 has its negative input terminal connected on the
      measuring amplifier output side of the resistor 68, and its positive input
      terminal connected on the other side of such resistance, whereby the
      voltage drop across such resistance 68 due to changes in the output of the
      measuring amplifier is applied between the negative and positive input
      terminals of the amplifier 69.
PAR  As mentioned before, the output of measuring amplifier 54 is inversely
      proportional to a change in the temperature of the probe. Thus, upon the
      temperature of the probe increasing, the voltage drop across resistor 68
      and, hence, the voltage applied across the operational amplifier 69 will
      be more negative on the measuring amplifier output side of such resistor
      than on the other. The result is that the output of operational amplifier
      69 will be made positive. The circuit is so designed that the output of
      such amplifier also goes positive when the temperature reaches a
      stabilized condition. More particularly, at such time the output of the
      measuring amplifier 54 is constant with the result that there is no signal
      current flow through resistance 68. The resistance 77 has a value
      substantially above that of resistance 78. Thus, when the current flow
      through resistor 68 approaches zero, there is a larger voltage drop across
      resistance 77 due to the input currents of amplifier 69 than there is
      across resistance 78. Thus, the positive input terminal of the amplifier
      is positive relative to the negative primary input terminal, with the
      result that the amplifier output is made positive.
PAR  When the output of amplifier 69 is made to go positive a proportionate
      charge is made to build-up through a diode 71 on a capacitor 72. Moreover,
      the base of the transistor 74 will be positive, with the result that such
      transistor is placed in a conducting condition. Such transistor is
      connected between the negative input terminal of an operational amplifier
      76 and a control terminal of the amplifier so that when the transistor is
      on, the output of such amplifier 76 is, in effect, off so that its output
      does not affect the potential indicative of a temperature rise provided on
      capacitor 63 by amplifier 64. As shown, the negative input terminal of the
      amplifier 76 is connected to its operating current control terminal so
      that its operating voltage is more negative than that on the positive
      input terminal when the amplifier is on. This assures that the output of
      amplifier 76 is positive when it is on so that the capacitor 63 is driven
      positive after the selected period of time.
PAR  As discussed previously, the potential on capacitor 63 is applied to the
      current amplifier section for display as a temperature reading on the
      indicator 13'. When the temperature starts decreasing such as when the
      probe is removed from a patient whose temperature is being measured, the
      timing circuit is activated to begin the timing operation and thereafter
      rapidly remove charge from capacitor 63 so that the peak temperature
      reading is no longer held. More particularly, when the temperature of the
      probe starts decreasing, the capacitor 67 applies its potential across the
      resistor 68 to reverse the relative polarity of the input terminals of
      amplifier 69, with the result that the output of such amplifier goes
      negative.
PAR  It should be noted that the feedback loop including resistor 79 and diode
      80 from the output of amplifier 69 to its positive primary input terminal
      causes a slight "toggle" action to be superimposed on the change of the
      amplifier output from negative to positive. The value of resistance 77 on
      the negative input terminal is selected to be appropriately of a large
      value to cause the same kind of toggling action of the amplifier output in
      its change from positive to negative. This prevents minute changes in the
      probe temperature from reversing the output polarity of amplifier 69.
      Unwanted erratic switching of the timing circuit is thus avoided.
PAR  When the output of amplifier 69 is made to go negative whenever the
      temperature of the probe is decreasing, the capacitor 72 is discharged
      over a period of time dependent upon the value of resistance 81. The
      charge of capacitor 72 controls the voltage across resistance 82 and,
      hence, on the base of transistor 74. Thus, discharge of such capacitor
      results in a lowering of the potential on the base to the point where
      current flow through such transistor is turned off. The turning off of
      such transistor will apply the positive potential of bus 33 to the
      positive input terminal of the amplifier 76 through resistances 83 and 84
      and to the negative input terminal through resistance 83 and diode 85. The
      output of the amplifier 76 will thus be made positive and will provide a
      positive voltage signal to capacitor 63 and provide a positive signal to
      the current amplifier 65 for driving the meter needle 16' off scale in the
      lower temperature direction. Thus, after the temperature of the diode 21'
      reaches its peak value and starts decreasing, the timing circuit holds the
      temperature reading provided by the needle 16' at such peak value for a
      predetermined time after the temperature of the diode 21' starts
      decreasing, and then automatically causes the meter needle to be displaced
      from such temperature reading so that further temperature measurements can
      be made.
PAR  The timing circuit is also arranged so that if during a temperature reading
      hold, the battery cut-off circuit 41 indicates a low battery condition,
      the temperature hold is released and the needle is driven off scale as
      discussed. More particularly, the output of amplifier 42 in the battery
      cut-off portion of the circuit is applied through a diode 86 to the base
      of transistor 74 so that when such output becomes negative as discussed
      above, the transistor will become turned off.
PAR  The current amplifier circuit 65 includes an operational amplifier 87 which
      acts almost identically to the operational amplifier 64, except that it
      acts to transmit the voltage applied to its positive input terminal to the
      positioning mechanism for needle 16' with the large current gain needed to
      operate such mechanism. More particularly, such amplifier controls the
      operation of a pair of NPN and PNP transistors 88 and 89 respectively,
      which are serially connected between the positive and negative input buses
      33 an 34 of the circuit. That is, the output terminal of the amplifier 87
      is connected to the base of each of such transistors to control current
      flow therethrough.
PAR  As is illustrated, the negative input terminal of the amplifier 87 is
      connected to the common emitter connection between the transistors 88 and
      89. Thus, the amplifier 87 will act to set the voltage at the common
      emitter connection at the same voltage as that on its positive input
      terminal or, in other words, on the capacitor 63. However, because of the
      presence of the transistors, the current at such location will be greatly
      amplified relative to the potential current which could flow from the
      capacitor 63.
PAR  The temperature indicator is connected between the common bus 32 and the
      common emitter connection between the transistors 88 and 89. Thus, the
      high current signal voltage at such connection will also be applied to the
      indicator to control alignment of its needle 16' with temperature
      conditions as is desired.
PAR  Although not illustrated, it will be recognized that the electronic
      thermometer circuitry can include a conventional compensation circuit for
      assuring that the thermometer will be accurate over a wide range of
      ambient temperatures. The inclusion of such a compensation circuit is
      especially desirable for electronic thermometers to be used under the wide
      variations of temperature found outdoors.
PAR  It will be appreciated to those skilled in the art from the above
      description that the circuit of the electronic thermometer provides a
      precise and accurate translation of temperature changes of the probe
      semiconductive material to temperature readings on the indicator 13. It
      does so while requiring a minimum of power for operation and no
      non-automatic checking to be overlooked by an operator. And although the
      described embodiment includes all of the features provided by the
      circuitry as discussed above, it will readily be appreciated that the dual
      function amplifier portion of the circuitry has value separate and apart
      from the remainder of the circuitry even though it is especially useful in
      the instant combination. For example, the dual function amplifier is
      useable with other types of transducers and the like in which is it
      desired to maintain a constant current through a device and amplify any
      voltage changes in such device. Thus, it is intended that the coverage
      afforded applicant be limited only by the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronic circuit for maintaining constant current flow to an
      electrical component and amplifying changes in voltage across said
      component comprising a feedback operational amplifier having an output
      terminal, an inverting input terminal and an non-inverting input terminal;
      a feedback path including said electrical component connected from said
      output terminal to said inverting input terminal for maintaining the
      potential at said inverting input terminal at essentially the same
      potential at said non-inverting input terminal; means for applying an
      essentially constant potential to said non-inverting input terminal of
      said amplifier; resistance means, separate from said feedback path,
      connected between a generally constant potential source and said inverting
      input terminal to thereby provide a source of constant current flow
      through said component and said feedback path; said component being
      further connected to said output terminal of said amplifier through a
      first one of a pair of resistances, the second one of said pair of
      resistances being connected between the amplifier output terminal side of
      said component and a generally constant potential source to cause current
      variations in said first resistance which are proportional to potential
      variations at the amplifier output terminal side of said component and any
      voltage changes at said output terminal of said amplifier are proportional
      to but greater than voltage changes at the output terminal side of said
      component, and whereby both constant current flow through said component
      and voltage amplification is obtained with a single operational amplifier.
NUM  2.
PAR  2. The amplifier circuit of claim 1 wherein said first one of said pair of
      resistances has a substantially greater value than the second one thereof
      to provide a ratio of said resistances resulting in amplification of the
      voltage changes at said output terminal of said amplifier.
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ABST
PAL  A circuit having a gated, symmetrical switch is provided for insertion
      between an AC source of power and a load, and prevents a surge current
      from entering the load when the AC input is initially applied. A
      symmetrical negative resistance device that begins conducting at a
      prescribed voltage and remains on as a constant voltage regulator until
      the AC input voltage drops below a sustaining value is connected to
      provide the prescribed voltage to the gate control of the gated
      symmetrical switch. An RC circuit controls the length of time required for
      the AC input voltage to reach the prescribed voltage at the input to the
      symmetrical negative resistance device. At least part of the resistance in
      the RC circuit is of the negative temperature coefficient type, resulting
      in the resistance value decreasing as the temperature of the negative
      temperature coefficient device increases, thereby shortening the time
      after which the prescribed voltage to the symmetrical negative resistance
      device is applied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a circuit for controlling the input AC current to
      a load. More particularly, it pertains to a circuit for limiting the AC
      input to a load when the AC input is initially applied. The circuit
      provides for an incremental increase in the current into the load until an
      equilibrium point is reached.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A common prior art circuit for controlling surge current is one employing a
      timed relay which is closed for a period of time intended to permit
      settling of the switch contacts and damping out of other transients. Then
      the relay contacts are opened, permitting the AC input to be applied to
      the load. This type of circuit has certain applications, but cannot be
      used where the load must not initially receive the total AC input voltage.
      This circuit requires a large relay which does not necessarily open at an
      optimum point with respect to the incoming AC voltage.
PAR  Another prior art circuit in common use is the zero-crossing detector. The
      circuit is designed so that the input AC voltage is applied to the load
      when the voltage wave form crosses through zero. This circuit has many
      applications, but as in the case of the relay controlled circuit mentioned
      above, it cannot be used in a situation where the load device should not
      receive the initial full amplitude of AC voltage.
PAR  This invention provides for a gradually applied portion of the input AC
      voltage until the maximum voltage is ultimately reached.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The surge current limiting circuit utilizes the unique features of three
      electronic devices:
PA1  A gated, symmetrical switch;
PA1  Symmetrical, negative resistance device;
PA1  A negative temperature coefficient device.
PAR  The gated, symmetrical switch allows current flow in either direction when
      the proper amplitude and polarity is present on the gate control. The
      symmetrical, negative resistance device is connected to the gate control
      and permits only a prescribed voltage to be presented on the gate control,
      the voltage being of either polarity. The negative temperature coefficient
      device is part of an RC circuit which is connected to control the amount
      of voltage present at the input of the symmetrical negative resistance
      device. As the negative temperature coefficient device heats up, its
      resistance drops, thereby reducing the time required by the RC circuit to
      reach a predetermined voltage for presentation to the input of the
      symmetrical, negative resistance device. The values of capacitance and of
      the negative temperature coefficient device are selected such that the
      operation is over a range as desired, typically permitting no operation
      for a period of time, for example, 300 milliseconds, to permit the damping
      of any bouncing of the main switch contacts.
PAR  The main object of this invention is to provide a circuit that permits a
      small portion of an input AC voltage as it is applied to a load at a
      predetermined time, incrementing the portion until a desired amplitude and
      time duration is reached.
PAR  This and other objects are set out in the detailed description that follows
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of the surge current limiting circuit.
PAR  FIG. 2 illustrates the input AC waveform, truncated. Also, shown is the
      corresponding output of the gated, symmetrical switch.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates a source of alternating current input present at
      terminal block 18, which is capable of being selectively switched through
      switch 19 to terminals 20 and 21. This input voltage is to be applied to a
      voltage doubling circuit made up of diodes CR6 and CR7, capacitors C1 and
      C2, and resistors R1 and R2.
PAR  Common input A serves to provide one side of the input AC waveform, through
      switch 19 to terminal 20. Common input B, through switch 19, is presented
      on terminal 21. Input C is grounded. The voltage measured across terminal
      20-21 is a voltage that must be limited by surge current limiting circuit
      10.
PAR  The gated, symmetrical switch 11 is a triac. Triac 11 has a main electrode
      12 connected to input terminal 20, and a second main electrode 13
      connected to the anode of rectifying diode CR6 and to the cathode of
      rectifying diode CR7. Gate control electrode 14 of triac 11 is connected
      to one side of symmetrical negative resistance device 15, whose input is
      connected to one terminal of capacitor C3, whose other terminal is
      connected to terminal 20. In the preferred embodiment the negative
      resistance device 15 is a diac. The input terminal of diac 15 is also
      connected to the cathode of bridge diode CR2 and to the anode of bridge
      diode CR4. The input is also connected to negative temperature coefficient
      device 16, which, in this preferred embodiment, is a thermistor. Bridge
      diode CR5 has its anode connected to input terminal 20 and its cathode
      connected to the junction between the cathode of bridge diode CR4 and one
      end of resistor R9, whose other end is connected to input terminal 21. The
      series path of diode CR5 and resistor R9 provides a current flow for
      properly biasing bridge diode CR4. Likewise, the series combination of
      resistor R7 whose one end is connected to terminal 21 and whose other end
      is connected to the anode of bridge diode CR2 and to the anode of bridge
      diode CR3, the diode CR3 provide proper biasing for bridge diode CR2.
PAR  In this preferred embodiment, a second ramp voltage capacitor C4 is
      connected between input terminal 20 and one end of resistor R6, whose
      other end is connected to thermistor 16. The other terminal of capacitor
      C4 is also connected to one end of thermistor 17, the other end of which
      is connected to one end of resistor R2. The other end of resistor R2 is
      connected to input terminal 21. The bridge made up of diodes CR2-CR5 is
      employed to provide a discharge path for capacitors C3 and C4 so that zero
      voltage is present for one-half of each half cycle, positive and negative.
PAR  In the preferred embodiment herein shown, diodes CR6 and CR7 are connected
      respectively to one end of capacitor C1 and resistor R1, and to capacitor
      C2 and resistor R2. This voltage doubling circuit provides a DC output
      across terminals E and F.
PAC  MODE OF OPERATION
PAR  Referring now to FIG. 2, waveform 30 is shown illustrating the input AC
      voltage. Waveform 31 illustrates the output of triac 11. A study of these
      two waveforms illustrates that the conduction angle of the triac is
      selectively varied. When the power is first applied, the resistance of
      each of the termistors 16 and 17 of FIG. 1 is so high that capacitors C3
      and C4 are never charged enough to cause conduction of diac 15, thereby
      keeping the triac 11 cut off for a period of time determined by the
      characteristics of thermistors 16 and 17. In this preferred embodiment,
      these characteristics are selected so that there is no conduction of triac
      11 for a period of approximately 300 milliseconds. This time is chosen, as
      mentioned earlier, to permit the damping of any bouncing of the main
      switch contacts. Therefore, time T1 shown in FIG. 2 is some time in excess
      of 300 milliseconds from the time that the switch 19 is closed. Then triac
      11 begins conducting at 175.degree., shown occurring just before time T2.
      The triac 11 is shown conducting in the opposite direction just before
      time T4. Several cycles later, triac 11 is shown conducting starting at
      time T6 and ending at time T7. During that same full cycle, triac 11 is
      shown conducting in the opposite direction starting at time T9 and ending
      at time T10. This angle of conduction is approximately 30.degree.. At some
      later time, after several cycles of input AC voltage 30 have occurred,
      triac 11 again conducts at time T12 and turns off at time T13, and during
      the same input AC cycle, turns on again in the opposite direction at time
      T15 and turns off at time T16. After several more cycles of the input AC
      voltage 30, the circuit has stabilized and triac 11 begins conduction at
      time T17 which corresponds to 90.degree. and turns off at time T18 which
      corresponds to 180.degree.. During the same input AC cycle, triac 11 again
      conducts in the opposite direction at time T19 and ends conduction at time
      T20, a 90.degree. conduction phase. Waveform 31 illustrates one more
      positive pulse starting at time T21 and ending at time T22, again a
      90.degree. conduction phase.
PAR  Referring again to FIG. 1, when terminal 21 begins going positive, the
      cathode of diode CR4 also begins going positive, keeping it cut off.
      Junction point 25 also begins going positive, but is limited in time by
      the combination of thermistor 16, resistor R6 and capacitor C3. Also, in
      the preferred embodiment, a second capacitor C4 is connected in parallel
      across the series circuit of capacitor C3, thermistor 16, and resistor R6.
      Thermistor 17 and resistor R2 complete the charging path for capacitor C4.
      Dependent on the RC time constant, the voltage at junction 25 goes high
      enough to turn on diac 15, which in turn activates triac 11 by way of
      presenting an appropriate control voltage on gate control 14 of triac 11.
      When the voltage at terminal 21, and at the cathode of CR4 goes to zero
      and then negative, CR4 conducts, and capacitor C3 discharges through CR4,
      resistors R9 and R7 and through bridge diode CR3. Capacitor C4 is also
      discharged through thermistor 17 and resistor R2 and also through R6 and
      thermistor 16 and then through the discharge path described for capacitor
      C3. As thermistors 16 and 17 begin to rise in temperature because of the
      current flow through them, their resistances go down and the charge time
      for capacitors C3 and C4 decreases, causing junction 25 to attain the
      necessary voltage sooner. Likewise, when terminal 21 goes negative, diodes
      CR2 and CR3 are cut off. When the negative potential at junction 25
      reaches a predetermined value, diac 15 again conducts, but in the opposite
      direction, providing negative voltage on gate control 14 of triac 11. This
      negative voltage causes triac 11 to conduct in the opposite direction.
      When terminal 21 goes to zero, and then positive, diode CR2 conducts,
      discharging capacitor C3. The resistances of thermistors 16 and 17
      respectively, decrease, and again the junction 25 reaches its critical
      voltage sooner, thus turning on triac 11 for an incrementally larger
      conduction angle until equilibrium is reached.
PAR  In the preferred embodiment, in a voltage doubling circuit, diodes CR6 and
      CR7 provide a full wave rectified output which is applied to the
      capacitors C1 and C2 and resistor R1 and R2, resulting in a DC voltage
      across output terminal E-F.
PAR  In this preferred embodiment, the operating point of thermistor 17 is
      chosen for a change of approximately 30 to 1. The operating point of
      thermistor 16 is selected for a change of approximately 20 to 1. This
      choice prevents any conduction of triac 11 for a period of approximately
      300 milliseconds -- until the resistance of thermistors 16 and 17
      decreases to the point where the RC charge time becomes small enough to
      permit a critical charge voltage on capacitors C3 and C4.
PAR  The open circuit stage gain can be determined from:
      ##EQU1##
      where: A = stage gain
      ##EQU2##
      The associated phase shift
      ##EQU3##
      The first RC gives f.sub.2 = 117 Hz for a stage gain of:
      ##EQU4##
      With an associated phase shift of
      ##EQU5##
      The total stage gain is determined from combining the first RC with the
      second RC using Thevenian's Theorem:
      ##EQU6##
      The total phase shift seen at the diac is equal to
EQU  .vertline.R.sub.1 C.sub.1 .vertline. + .vertline.R.sub.2 C.sub.2 .vertline.
      + 27.degree. + 48.degree. = 75.degree.
PAL  however, a third phase shift yet must be considered to find the trigger
      point of the triac. This is determined by the breakover point of the diac
      and peak voltage at across the diac input capacitor.
EQU  115 VAC .times. 0.89A.sub.2 .times. 0.69A.sub.2 = 71 VAC RMS
EQU  71 vac .times. 1.414 = 100 vac peak
      ##EQU7##
      resulting in a total phase shift of
EQU  27.degree. + 48.degree. + 16.degree. = 91.degree.
PAL  The diode bridge CR2, CR3, CR4 and CR5 serve to discharge the capacitor C3
      on every half-cycle. This eliminates a hysteresis effect that can produce
      false triac triggers on one or more of the first half-cycles after turn
      on.
PAL  The resistance of each of the thermistors can be related to absolute
      temperature by:
      ##EQU8##
      Where: R.sub.C = Initial Resistance
PA1  R.sub.f = final Resistance
PA1  T.sub.i = Initial Temperature in .degree.K
PA1  T.sub.f = final Temperature in .degree.K
PA1  B = 4115 for Bead Thermistor Material
PAL  For thermistor 17:
      ##EQU9##
      For thermistor 16:
      ##EQU10##
PAR  Those skilled in the art understand that this invention includes a negative
      coefficient of temperature device and is not limited to a thermistor.
      Likewise, any gated, symmetrical switch may be employed and is not limited
      to a triac. For example, a pair of silicon controlled rectifiers,
      oppositely connected could be used. Likewise, the symmetrical, negative
      resistance device may be a diac, or it may be a pair of diodes
      appropriately connected in series to take advantage of the reverse voltage
      characteristic of each.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surge current limiting circuit having input and output means, for
      connection to a source of alternating current input comprising:
PA1  a. gated symmetrical switch means, having a first and second main electrode
      and a gate control electrode, the first main electrode being operatively
      connected to the input means and the second main electrode being
      operatively connected to the output means;
PA1  b. threshold voltage means having an input, and an output connected to the
      control electrode for providing a voltage to the control electrode when a
      prescribed voltage is reached, either positive or negative; and
PA1  c. variable voltage ramp means having an output connected to the input of
      the threshold voltage means and an input connected to receive the
      alternating current, including an RC circuit wherein at least part of the
      resistance is of the negative temperature coefficient type for
      incrementally decreasing the time required for the ramp voltage to reach
      the prescribed voltage, and including a diode bridge circuit operatively
      connected to discharge the capacitance of the RC circuit during the first
      half of each half cycle of the alternating current input.
NUM  2.
PAR  2. The circuit of claim 1 wherein the threshold voltage means is a diac and
      the negative temperature coefficient resistance is a thermistor.
NUM  3.
PAR  3. The circuit of claim 1 wherein the voltage ramp means further comprise a
      diode bridge circuit operatively connected to discharge the capacitance of
      the RC circuit during the first half of each half cycle of the alternating
      current input.
NUM  4.
PAR  4. The circuit of claim 1 wherein the symmetrical switch means comprise a
      triac.
NUM  5.
PAR  5. The circuit of claim 2 wherein the symmetrical switch means comprise a
      triac.
NUM  6.
PAR  6. The circuit of claim 1 wherein the capacitance and thermistor of the RC
      circuit are selected to reach the prescribed voltage, after a
      predetermined time, at 175.degree. and at 355.degree. of the alternating
      current input until equilibrium is reached, at which time the prescribed
      voltage is reached at 90.degree. and at 270.degree..
NUM  7.
PAR  7. A surge current limiting circuit having input and output means, for
      connection to a source of alternating current input comprising:
PA1  a. gated symmetrical switch means, having a first and second main electrode
      and a gate control electrode, the first main electrode being operatively
      connected to the input means and the second main electrode being
      operatively connected to the output means;
PA1  b. threshold voltage means having an input, and an output connected to the
      control electrode for providing a voltage to the control electrode when a
      prescribed voltage is reached, either positive or negative; and
PA1  c. variable voltage ramp means, having an output connected to the input of
      the threshold voltage means and an input connected to receive the
      alternating current, including a first RC circuit wherein at least part of
      the resistance is of the negative temperature coefficient type and
      including a second RC circuit wherein at least part of the resistance is
      of the negative temperature coefficient type.
NUM  8.
PAR  8. The circuit of claim 7 wherein the voltage ramp means further comprise a
      diode bridge circuit operatively connected to discharge the capacitance of
      the first and second RC circuit during the first half of each half cycle
      of the alternating current input.
NUM  9.
PAR  9. The circuit of claim 8 wherein the threshold voltage means is a diac and
      the negative temperature coefficient resistance of each of the first and
      second RC circuits is a thermistor.
NUM  10.
PAR  10. The circuit of claim 9 wherein the symmetrical switch means comprise a
      triac.
NUM  11.
PAR  11. The circuit of claim 7 wherein the capacitance and thermistor of each
      of the RC circuits are selected to reach the prescribed voltage after a
      predetermined time, at 175.degree. and at 355.degree. of the alternating
      current input until equilibrium is reached, at which time the prescribed
      voltage is reached at 90.degree. and at 270.degree..
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ABST
PAL  An AC-DC regulator circuit is disclosed that is suitable for providing a
      constant magnitude, minimal ripple DC supply voltage in response to AC
      line voltages having varying peak amplitudes. The magnitude of the output
      voltage of the regulator is detected and restricted from exceeding a
      predetermined value by a feedback circuit employing a regenerative mode of
      operation. The resulting regulation provides a minimal ripple, constant
      magnitude supply voltage that may be applied to loads that are sensitive
      to voltage magnitude variations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to alternating current (AC) voltage-to-direct
      current (DC) voltage conversion circuits and particularly to a circuit for
      regulating input line voltages, that may vary in peak amplitudes, for
      providing a constant magnitude, minimal ripple amplitude supply voltage.
      Due to the difference between power distribution systems employed by
      different nations, applied line voltages may vary from as low as 90 volts,
      as used in Japan, to as high as 250 volts, as encountered in Europe. In
      the United States there is about a 20 percent variation of the nominal 120
      volts on standard power transmission lines.
PAR  As a result, problems may be encountered by international travellers having
      small appliances, such as electric shavers, travel alarm clocks, or
      blenders, if the working voltage of the driving elements in such
      appliances is exceeded. In particular, some electric shavers contain a
      bulky AC wound motor that is used to drive the shaver heads. Presently, it
      is sometimes necessary to manually switch the shaver thereby tapping the
      correct proportion of the motor windings corresponding to the particular
      line voltage being used. The burden is on the user to see to it that this
      switching is properly performed in accordance with the different line
      voltages that may be encountered while travelling worldwide. If the
      traveller does not correct for the specific line voltages, the shaver may
      be destroyed by excessive currents.
PAR  The AC motor referred to in the previous paragraph also presents a
      production disadvantage in the manufacture of the electric shaver. AC
      motors are bulky and expensive by nature. It is therefore desired to use
      small, inexpensive direct current motors requiring minimum working
      voltage. An AC-to-DC regulator circuit capable of providing a high degree
      of regulation with varying amplitudes of input line voltages is required
      to facilitate the use of such DC motors.
PAR  Although present AC-DC regulators are adequate for regulating input
      voltages that have amplitudes that vary 10 to 20 percent, these regulators
      are not suitable to be used in small appliances in which the peak
      amplitude of the input line voltage varies over 100 percent. To maintain
      nominal working voltages of 100 volts in response to line voltages with
      amplitudes of 250 volts, present regulators generally have to conduct
      currents of large magnitudes. To withstand the resulting power
      dissipation, it is necessary to use high power semiconductor devices and
      heat sinking to provide protection to such devices. This undesirably
      increases the physical size of such regulators. Moreover, power devices
      are expensive and provide disadvantages in a marketing environment that
      demands minimal production costs.
PAR  Another problem common to most present regulators is that of transients.
      Transient voltages can occur during either connection or disconnection of
      the regulator from the line voltage supply. If the transient voltage
      causes a false trigger signal to occur simultaneously with the peak value
      of the applied line voltage, the output voltage of the regulator could
      exceed the rating of the motor and destroy it.
PAR  Thus, a need exists for a regulator circuit providing a constant output
      voltage and which is operable in environments in which extreme amplitude
      variances in line voltages occur and which does not require manual
      switching techniques to protect the circuit. A need also exists to develop
      a regulator circuit which is not damaged by false triggering in response
      to transients.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved AC-DC regulator
      circuit.
PAR  Another object is to provide a regulator circuit which is responsive to AC
      line voltages having peak amplitudes which vary from 90 to 250 volts to
      provide a minimum ripple output voltage having a constant, predetermined
      magnitude.
PAR  A further object is to provide a regulator circuit which discriminates
      against voltage transients to eliminate undesired voltage stresses on
      circuit components.
PAR  A still further object is to provide a regulator circuit which is suitable
      for being included in small appliances having DC motors requiring constant
      supply voltages.
PAR  The regulator circuit structure of the invention is suitable for providing
      a direct current (DC) output voltage of a predetermined magnitude in
      response to alternating current (AC) input voltages that have varying peak
      amplitudes. Moreover, the regulator circuit discriminates against voltage
      transients reducing voltage and current stresses on circuit components.
      The regulator circuit includes a bridge rectifier, an impedance or current
      control device, a sensing circuit, and a regenerative switch employing a
      feedback circuit. The bridge rectifier circuit has input terminals to
      which the AC input voltage is applied and output terminals at which a
      rectified voltage is developed. The impedance of current control device
      has two principal terminals and a control terminal with the first
      principal terminal connected to one of the output terminals of the
      rectifier and the other principal terminal connected to the regulator
      output terminal. A sensing circuit is connected to the control terminal of
      the impedance control device and provides a control signal for increasing
      and decreasing the impedance of the impedance control device whereby
      current is either prevented or allowed to flow respectively.
PAR  A feedback circuit connected in parallel with the two principal terminals
      of the impedance control device provides a feedback signal at an output
      terminal thereof. The regenerative switch is connected to the sensing
      circuit and to the output terminal of the feedback circuit and responds to
      the feedback signal to effectively increase the rate of impedance change
      of the impedance control device. A filtering component connected between
      output terminals of the regulator circuit develop a constant magnitude DC
      voltage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial block and partial schematic diagram illustrating a
      prior art regulator circuit;
PAR  FIG. 2 is a partial block and partial schematic diagram illustrating a
      closed loop regulator circuit of one embodiment of the invention; and
PAR  FIG. 3 is a chart of waveforms illustrating the operation of the circuit of
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A prior art circuit will be described along with some of the problems
      therewith so that the advantages of the regulator circuit structure of the
      present invention can be more fully appreciated. Referring to FIG. 1, a
      prior art series pass regulator circuit is shown.
PAR  An AC input voltage is provided between input terminals 2 and 4 of full
      wave rectifier 6. The full wave rectifier is connected in a conventional
      manner to provide a DC voltage of varying magnitude that is positive at
      output terminal 3 with respect to output terminal 5 in response to the AC
      input voltage at terminals 2 and 4. The rectifier functions as a power
      supply for the prior art regulator transistor 12. Transistor 12 receives
      collector current through resistor 8. The emitter of transistor 12 is
      connected to regulator output terminal 18. Resistor 8 is interposed
      between the collector of transistor 12 and positive terminal 3 of
      rectifier 6. The base of transistor 12 is coupled to positive terminal 3
      of rectifier 6 through resistor 10. The base of transistor 12 is also
      returned to the reference terminal 5 of rectifier 6 through zener diode
      14. Regulator output terminal 20 is connected to reference terminal 5. The
      components 8, 10, 12 and 14 form a prior art, series pass regulator
      circuit 22.
PAR  In operation, the unregulated rectified voltage between terminals 3 and 5
      of rectifier 6, is normally conducted through transistor 12 to load 16. As
      the magnitude of the load voltage exceeds the breakdown voltage of zener
      diode 14, zener diode 14 begins to conduct thereby starving base drive
      current to transistor 12. With less base drive current, the effective
      impedance of transistor 12 increases, which also increases the voltage
      drop between its collector and emitter, and decreases the load voltage
      across load 16. As a result of this operation, the load voltage will not
      increase beyond a predetermined value.
PAR  Several problems are presented by the aforedescribed prior art regulator
      circuit if coupled to power transmission lines having varying line
      voltages as described in the "Background of the Invention". If the
      magnitude of the desired output voltage is much less than the peak
      amplitude of the input AC line voltage, undesirable voltage and current
      stresses are placed on the regulator components. More specifically, a
      large voltage drop is developed across transistor 12 which also may be
      required to provide a large current. Also under these conditions, zener
      diode 14 conducts a large current. Hence, transistor 12 and zener diode 14
      must be "power devices". Such power devices are not only expensive but are
      also bulky, which therefore makes them undesirable where circuit costs and
      space are limited, such as in small appliances.
PAR  Referring to FIG. 2, a closed loop regulator of the preferred embodiment of
      this invention is shown which provides solutions to the aforementioned
      problems. An AC input voltage is provided between input terminals 30 and
      32 of full wave rectifier 34. The rectifier which is connected in a
      conventional manner, provides a varying DC voltage which is positive at
      output terminal 31 of rectifier 34 with respect to the voltage at output
      terminal 33. Rectifier 34 also functions as a power supply for the
      regulator circuit. The collector and base of transistor 42 are coupled to
      the positive terminal of rectifier 34 through resistors 36 and 38,
      respectively. The emitter of transistor 42 is connected to regulator
      output terminal 50 and to filter capacitor 58.
PAR  In this configuration, transistor 42 controls the impedance and thereby
      switches the current off and on between the input of and the output
      terminals of the regulator. Zener diode 44 is connected between the base
      of transistor 42 and terminal 33. The circuit of FIG. 2, as thus far
      described, is the same as the prior art circuit of FIG. 1. To eliminate
      the problems presented heretofore, a switch comprised of transistor 46 and
      a feedback circuit including resistor 40 and 48 is employed in a
      regenerative fashion. Resistors 40 and 48 are connected in series between
      the collector and emitter of transistor 42. The collector of transistor 46
      is connected at the junction of the base of transistor 42 and cathode of
      zener diode 44, and the emitter of transistor 46 is connected to the
      emitter of transistor 42. Base current is supplied to transistor 46
      through resistor 40 with the base of transistor 46 being connected to the
      node between resistor 40 and 48.
PAR  The operation of the circuit of FIG. 2 is explained with the aid of the
      waveform chart of FIG. 3. Rectifier 34 is adapted to receive the AC line
      voltage, waveform 60, between the input terminals thereof and provides a
      rectified voltage, waveform 62, at output terminals 31 and 33. At the
      beginning of the first half cycle of waveform 62, at time T.sub.0, as the
      rectified voltage is going positive, transistor 42 is turned on in
      response to the base current supplied through resistor 38. As the
      magnitude of the rectified voltage continues to increase, transistor 42
      becomes saturated and conducts more current, waveform 70, that charges
      capacitor 58. This action continues until the magnitude of the voltage
      across capacitor 58, as indicated by waveform 66 at time T.sub.1, reaches
      a reference value that is one diode drop below the breakover voltage of
      zener diode 44. Zener diode 44 then begins to conduct, causing transistor
      42 to come out of saturation. The resistive divider comprised of resistors
      40 and 48 then begins to provide base drive to transistor 46 in response
      to the increased voltage dropped across transistor 42. Consequently,
      transistor 46 begins to conduct. As transistor 46 begins to turns on, more
      base drive is removed from transistor 42 rapidly turning it off and
      thereby regeneratively rendering transistor 46 more conductive. Waveform
      68 illustrates that current flows through zener diode 44 only during the
      regenerative switching action just described at time T.sub.1. Therefore,
      zener diode 44 can be a low power device thereby reducing costs and saving
      space.
PAR  As illustrated by waveform 64, between times T.sub.1 and T.sub.2, current
      is supplied to capacitor 58 through resistors 36, 38, 40, 48 and
      transistor 46. The values selected for resistors 36, 38, 40 and 48 are
      such that capacitor 58 will discharge through motor load 52 between times
      T.sub.1 and T.sub.2. In other words, there is not sufficient current
      supplied by the aforementioned resistors to charge capacitor 58 between
      times T.sub.1 and T.sub.2, as illustrated by waveform 66.
PAR  The magnitude of the rectified voltage is decreasing, as shown by waveform
      62, during the last portion of the rectified voltage half cycle.
      Consequently, the value of the rectified voltage eventually approaches the
      voltage level across filter capacitor 58 at time T.sub.2. At time T.sub.2,
      the current supplied to transistor 46 through resistive dividers 36, 40
      and 48 is not sufficient to render transistor 46 conductive. Thus,
      transistor 42 is regeneratively pulled into saturation because of the base
      current supplied to it through resistor 38. Hence, filter capacitor 58 is
      charged between times T.sub.2 and T.sub.3 during the last portion of the
      rectified voltage half cycle. As the output voltage of the full wave
      rectifier drops below the voltage across filter capacitor 58, as shown by
      waveform 64, at time T.sub.3, transistors 42 and 46 turn off. The
      regulator is then ready to repeat the above-described cycle.
PAR  The switch comprising transistor 46 reduces the power dissipation in
      transistor 42 and zener diode 44 in the following manner. Twice during
      each cycle of the AC line voltage, as the rectified voltage passes through
      its peak value, the collector current of transistor 42, as shown by
      waveform 70, is reduced to zero by the switching action of transistor 46.
      Waveform 68 illustrates that current flows through zener diode 44 only at
      the same time that transistor 42 is turning off which is at time T.sub.1.
      Therefore, an undesirable condition that exists in prior art circuits, for
      instance high current density through transistor 12 and zener diode 14
      during peak voltages, is eliminated by the embodiment of FIG. 2.
PAR  Another important consideration relating to regulator circuits is the
      transient condition that occurs when the regulator is initially connected
      to the AC line. The worst possible transient condition occurs in response
      to peak AC line voltages.
PAR  Referring now to FIG. 2, with the AC input voltage at a peak value, the
      voltage applied to the regulator circuit through full wave rectifier 34 is
      also at a peak value. If it is assumed that capacitor 58 is initially
      uncharged, a condition is created wherein maximum power could be
      dissipated through transistor 42. If a substantial amount of current is
      allowed to flow under this condition, transistor 42 could be damaged.
PAR  During the initial conditions, transistor 42 is restricted from turning
      fully on as is explained in the following manner. Transistor 42 is
      selected to have an insufficient beta characteristic so that it cannot
      immediately become saturated in response to the bias voltages developed
      across resistors 36 and 38. Because transistor 42 is not immediately
      saturated, a sufficient voltage magnitude is generated across the voltage
      divider network comprising resistors 40 and 48 to cause transistor 46 to
      conduct. As transistor 46 conducts, the regenerative action previously
      described is repeated whereby transistor 42 is rendered nonconductive.
      Therefore, transistor 42 is protected from being overstressed due to high
      power conditions that may occur when the regulator is initially connected
      to the AC line.
PAR  Varistor 56, which is connected between the collector of transistor 42 and
      circuit ground, serves to protect the regulator circuit against transient
      voltages that may occur during steady state operation. The function of
      varistor 56 is to clamp the voltage appearing at the collector of
      transistor 42 to a level so as to prevent collector-to-emitter breakdown.
      When transistor 42 is normally in a nonconductive state because of the
      regenerative action of transistor 46, if a line voltage transient occurs,
      the collector-to-emitter breakdown voltage of transistor 42 could be
      exceeded. However, varistor 56 is selected such that the voltage transient
      causes varistor 56 to be rendered conductive and thereby effectively
      shunting the transient voltage away from the collector of transistor 42.
PAR  The following table of resistor values is given by way of illustration only
      and lists those values used in the regulator circuit of the type shown in
      FIG. 2 which was actually built and successfully tested.
TBL                TABLE                                                       
     ______________________________________                                    
     RESISTOR (R):            VALUE     RATING                                 
     ______________________________________                                    
     36           ohms         300      3  watts                               
     38           ohms        7500      3  watts                               
     40           ohms        7500      3  watts                               
     48           ohms         100      0.5 watts                              
     CAPACITOR (C):                                                            
     58           microfarads  15       150 volts                              
     TRANSISTOR (T):                                                           
     42                        MJE 340                                         
     46                        MPS A20                                         
     ______________________________________                                    
PAR  Several advantages are obtained by the embodiment of FIG. 2 over prior art
      regulator circuits. In conjunction with regulator circuit 54, a variety of
      different loads that require a specific DC minimum ripple voltage may be
      used in an appliance that has an applied voltage that may vary in
      amplitude. The embodiment of FIG. 2 also provides for minimum power
      dissipating devices to be used, thereby eliminating heat sink problems in
      the use of expensive components.
PAR  While the above detailed description has shown and described the
      fundamental novel features of the embodiment of this invention, it will be
      apparent to those skilled in the art that many changes and modifications
      may be made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A regulator circuit for providing a direct current output voltage of a
      predetermined magnitude at output terminals thereof in response to applied
      alternating current input power, the input power having peak amplitudes
      which vary in magnitude, the regulator circuit comprising:
PA1  rectifier means responsive to said applied input power for deriving
      unidirectional power across first and second output terminals thereof;
PA1  impedance control means having first, second and control electrodes for
      changing the magnitude of the impedance developed across said first and
      second electrodes thereof, said first electrode being connected to one of
      said output terminals of the regulator circuit;
PA1  first resistive means interposed between said first output terminal of said
      rectifier means and said second electrode of said impedance control means;
PA1  voltage reference means for sensing the magnitude of the output voltage of
      the regulator circuit and being momentarily rendered operative to cause an
      initial change in said impedance of said impedance control means, said
      voltage reference means having first and second electrodes, said first
      electrode being operatively coupled to said control electrode of said
      impedance control means and to said first output terminal of said
      rectifier means, said second electrode being connected to said second
      output terminal of said rectifier means and to the other of said output
      terminals of the regulator circuit;
PA1  feedback means connected between said first and second electrodes of said
      impedance control means and having an output terminal for providing a
      feedback signal in response to said impedance change of said impedance
      control means; and
PA1  switching means responsive to said feedback signal for regeneratively
      increasing the rate of impedance change of said impedance control means in
      response to said initial impedance change, said switching means being
      operatively coupled between said output terminal of said feedback means,
      said first electrode of said impedance control means and said first
      electrode of said voltage reference means.
NUM  2.
PAR  2. The regulator circuit of claim 1 wherein said regulator circuit further
      includes in combination:
PA1  filter means connected in series between said first electrode of said
      impedance control means and said second electrode of said voltage
      reference means, said filter means providing a substantially constant
      output voltage across terminals thereof; and
PA1  second resistive means coupling said first electrode of said voltage
      reference means to said first output of said rectifier means.
NUM  3.
PAR  3. The regulator circuit of claim 2 wherein:
PA1  said impedance control means includes a first transistor having emitter,
      collector and base electrodes, said emitter, collector and base electrodes
      being said first, second and control electrodes respectively; and
PA1  said switching means including a second transistor having emitter,
      collector and base electrodes, said emitter electrode being connected to
      said emitter electrode of said impedance control means, said collector
      electrode being connected to said first electrode of said voltage
      reference means and said base electrode being connected to said output
      terminal of said feedback means.
NUM  4.
PAR  4. The regulator circuit of claim 3 wherein said feedback means further
      including in combination:
PA1  third resistive circuit means coupling said collector electrode of said
      first transistor to said output terminal of said feedback means; and
PA1  fourth resistive circuit means connected in series between said emitter
      electrode of said second transistor and said output terminal of said
      feedback means.
NUM  5.
PAR  5. The regulator circuit of claim 4 wherein said voltage reference means
      further comprising a zener diode.
NUM  6.
PAR  6. A circuit for regulating an alternating current voltage suitable for
      providing a constant output voltage in response to alternating current
      voltages that have varying peak amplitudes comprising:
PA1  rectifier means connected to the input of the regulator circuit and
      deriving a rectified direct current voltage at output terminals thereof in
      response to an alternating current voltage supplied to input terminals of
      said rectifier;
PA1  impedance control means having first and second principal terminals and a
      control terminal, said first principal terminal being connected to the
      positive output terminal of said rectifier means, said second principal
      terminals being connected to an output terminal of the regulator circuit;
PA1  voltage reference means for detecting the magnitude of the output voltage
      across a load, said voltage reference means being connected in series
      between said control terminal of said impedance control means and to the
      ground reference output terminal of said rectifier means, and increasing
      the voltage across said impedance control means as the magnitude of said
      load voltage exceeds a predetermined value;
PA1  feedback means connected across said impedance control means and being
      responsive to increases in said voltage across said impedance control
      means and in response thereto providing a control signal of increasing
      magnitude at an output terminal thereof;
PA1  regenerative switching means connected to said voltage reference means and
      to said feedback means being responsive to said control signal from said
      feedback means for effectively increasing said voltage across said
      impedance control means;
PA1  circuit protection means connected between said impedance control means and
      said ground reference output terminal of said rectifier means said circuit
      protection means being responsive to voltage transients and providing
      protection to said impedance control means;
PA1  said sensing means includes a zener diode; and
PA1  said circuit protection means includes a varistor.
NUM  7.
PAR  7. The circuit of claim 6 wherein:
PA1  said impedance control means comprises a transistor of one conductivity
      type; and
PA1  said regenerative switching means comprises a transistor of the same
      conductivity type.
NUM  8.
PAR  8. The circuit of claim 6 wherein said rectification means is also
      connected to provide power for said regenerative switching means.
NUM  9.
PAR  9. A regulator circuit, comprising in combination:
PA1  rectifier means for providing unidirectional power at first and second
      output terminals thereof in response to applied alternating current power
      being supplied to the regulator circuit;
PA1  first resistive means having first and second terminals, said first
      terminal being connected to said first output terminal of said rectifying
      means;
PA1  a transistor switch having base, collector and emitter electrodes for
      alternately conducting and preventing current from flowing therethrough in
      response to the magnitude of the output voltage of the regulator circuit
      being, respectively, less than or substantially equal to or greater than a
      predetermined value, said transistor switch being in a saturated condition
      when said current is conducted therethrough, said collector electrode
      being connected to said second terminal of said first resistive means,
      said emitter electrode being connected to a first output terminal of the
      regulator circuit;
PA1  means having first and second electrodes for sensing when the magnitude of
      the output voltage of the regulator circuit becomes substantially equal to
      or greater than said predetermined value to cause said transistor switch
      to be in a nonsaturated condition thereby causing an initial increase in
      the magnitude of the impedance of said transistor switch, said first
      electrode of said sensing means being connected to said base electrode of
      said transistor switch, said second electrode being connected to said
      second output terminal of said rectifying means and to a second output
      terminal of the regulator circuit;
PA1  feedback means connected to said base, collector and emitter electrode of
      said transistor switch for regeneratively increasing the rate of impedance
      change of said transistor switch when the output voltage becomes
      substantially equal to or greater than said predetermined value; and
PA1  second resistive means coupled between said first output terminal of said
      rectifier means and said base of said transistor switch for providing a
      driving current to said feedback means when said impedance of said
      transistor changes.
NUM  10.
PAR  10. The regulator circuit in accordance with claim 9 wherein said feedback
      means further includes a transistor.
NUM  11.
PAR  11. The regulator circuit in accordance with claim 9 wherein said sensing
      means further includes a zener diode.
NUM  12.
PAR  12. The regulator circuit in accordance with claim 9 wherein:
PA1  said transistor switch includes a bipolar transistor;
PA1  said sensing means includes a zener diode; and
PA1  said feedback means includes a bipolar transistor.
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ABST
PAL  A voltage regulator which includes an electrical circuit for maintaining a
      constant output, said electrical circuit including at least one light
      emitting diode connected to provide a reference voltage and to operate as
      a pilot lamp.
PARN
PAR  This is a continuation of application Ser. No. 356,205, filed May 1, 1973 A
      CONSTANT VOLTAGE CIRCUIT, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates a constant voltage circuit with excellent
      volt-ampere and temperature characteristics for regulating especially a
      low load voltage.
PAR  2. Description of the Prior Art
PAR  The Zener diodes, which are designed to positively utilize their Zener
      effect and avalanche breakdown, have been widely employed as voltage
      reference or constant-voltage devices. A reverse bias current is nearly
      constant until the reverse bias voltage reaches a critical voltage at
      which the reverse current is abruptly and markedly increased. In the
      breakdown region the voltage across a Zener diode remains nearly constant
      independently of wide variation in current flowing therethrough. This
      phenomenon is used to regulate the load voltage against variation in load
      current and against variation in supply voltage. However, the breakdown
      voltage of a Zener diode is generally higher than 6 V even though it is
      lower than a constant voltage regulated by a constant-voltage discharge
      tube or the like. As a result the constant voltage circuit employing a
      Zener diode for regulating a load voltage lower than the breakdown voltage
      of the Zener diode is complex in construction, expensive to fabricate and
      unstable and inaccurate in operation because of the unsatisfactory
      volt-ampere and temperature characteristics of a Zener diode used.
PAR  In general the electronic devices including electronic computers, which
      become more and more complex both in construction and operation, demand
      constant voltage devices which are extremely reliable, stable, and
      accurate in operation. Especially the electronic circuits consisting of
      ICs and LSIs require constant voltage circuits with an extremely small
      voltage fluctuation.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide a
      constant voltage circuit employing an electroluminescent or light emitting
      diode which may overcome the above and other defects encountered in the
      prior art constant voltage devices and may satisfy the demands required
      for the recently developed electronic devices.
PAR  Another object of the present invention is to provide a constant voltage
      circuit which may regulate the load voltage with a higher degree of
      accuracy by utilizing the forward bias characteristics of a light emitting
      diode.
PAR  Another object of the present invention is to provide a constant voltage
      circuit in which light emitted by a light emitting diode is to indicate
      the operation of the constant voltage circuit.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of one
      preferred embodiment thereof taken in conjunction with the accompanying
      drawing in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of one embodiment of a constant voltage circuit
      in accordance with the present invention, and
PAR  FIG. 2 is a graph illustrating the forward bias characteristics of a light
      emitting diode or diodes used in the present invention and of ordinary
      diodes and the reverse bias characteristics of a Zener diode.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, four conventional diodes D.sub.1 -D.sub.4 and a
      capacitor C.sub.1 constitute a rectifier circuit, the output of which is
      applied to the collector of a transistor T.sub.1 and to the base thereof
      through a resistor R.sub.1. The base of the transistor T.sub.1 is
      connected to the collector of a transistor T.sub.2 whose emitter is
      connected to the anode of an electroluminescent or light emitting diode
      LED. The emitter of the transistor T.sub.1 is also connected through a
      resistor R.sub.2 to the anode of the light emitting diode LED. A variable
      resistor is inserted between the emitter of the transistor T.sub.1 and the
      cathode of the light emitting diode LED, and an arm of the variable
      resistor VR is connected to the base of the transistor T.sub.2 in order to
      control the feedback.
PAR  In the circuitry shown in FIG. 1, the light emitting diode is means for
      obtaining a reference voltage; the transistor T.sub.2 is means for
      comparing the output voltage with a reference voltage, thereby detecting
      the error or difference; and the transistor T.sub.1 is means for
      controlling the output voltage in response to the output of the detecting
      means, that is the transistor T.sub.2.
PAR  The forward bias of the light emitting diode LED is derived as a constant
      output voltage, and whether the constant voltage circuit is supplying a
      predetermined constant voltage or not may be detected by the light
      emission by the diode LED. For example when the load current is varied and
      becomes lower than a predetermined level, the base potential of the
      transistor T.sub.2 drops so that the collector current is reduced in
      proportion. As a result the base current of the transistor T.sub.1 is
      increased to supplement the decrease in current flowing through the
      resistor R.sub.2 and the variable resistor VR so that a constant output
      voltage may be always supplied. When the load current is increased, the
      base potential of the transistor T.sub.2 is increased so that the
      collector current is increased. As a result the base current of the
      transistor T.sub.1 is reduced so that the emitter current is reduced. The
      decreased emitter current cancels the increase in current flowing through
      the resistor R.sub.2 and the variable resistor VR so that the output
      voltage may be always maintained at a constant level. In like manner the
      output voltage may be maintained constant even when the input or supply
      voltage is varied.
PAR  In order that the output voltage may be always maintained constant, the
      feedback must be positive and stable. The voltage across a diode must be
      always smaller than the voltage difference between the output voltage and
      the voltage between the emitter and base of the transistor T.sub.2 . A
      Zener diode cannot satisfy the above condition because its breakdown
      voltage is large. However according to the present invention a light
      emitting diode is used so that the above condition may be satisfied and
      the required constant voltage characteristics may be obtained.
PAR  Referring to FIG. 2, the forward bias characteristic curves LED1, LED2 and
      LED3 are for one light emitting diode, two diodes connected in series and
      three diodes connected also in series, respectively. The characteristic
      curve ZD1 represents the reverse bias characteristic of one Zener diode,
      whereas the characteristic curve D5 is for five diodes connected in
      series. The curves D5 and ZD1 have a dull knee or exhibit the poor rising
      characteristic. The steady voltage is gradually increased so that the
      accurate control of a constant voltage cannot be expected. On the other
      hand the curves LED1-LED3 have a sharp knee and exhibit the nearly
      idealistic characteristics. Especially a single light emitting diode
      exhibits the idealistic characteristics for regulating a low constant
      voltage.
PAR  It is to be understood that the present invention is not limited to the
      preferred embodiment described in detail hereinbefore and that various
      modifications can be effected without departing the true spirit of the
      present invention. Furthermore the temperature characteristic of a light
      emitting diode when forward biased will not affect the accurate function,
      and since a light emitting diode emits light when forward biased the
      operator may easily detect the operation of the constant voltage circuit
      when an on-off switch is thrown. In other words, the light emitting diode
      used in the constant voltage circuit in accordance with the present
      invention also functions as an indicating lamp which indicates that the
      power is on.
CLMS
STM  We claim:
NUM  1.
PAR  1. A voltage regulator comprising means for maintaining an output voltage
      constant against voltage variations, wherein said maintaining means
      comprises at least one light emitting diode for providing a reference
      voltage, said light emitting diode having constant voltage characteristics
      in the forward direction thereof.
NUM  2.
PAR  2. A voltage regulator as defined in claim 1, wherein said light emitting
      diode is forward biased.
NUM  3.
PAR  3. A voltage regulator as defined in claim 1, wherein said light emitting
      diode establishes the reference voltage and in addition serves to indicate
      the operation of the voltage regulator.
NUM  4.
PAR  4. A voltage regulator comprising:
PA1  means for supplying a power source voltage;
PA1  a light emitting diode for establishing a reference voltage; said light
      emitting diode having constant voltage characteristics in the forward
      direction thereof;
PA1  means connected to said light emitting diode for comparing a load voltage
      with the reference voltage from said light emitting diode and for
      detecting the difference therebetween; and
PA1  means connected to said voltage supplying means and said detecting means
      for controlling the load voltage in response to an output of said
      detecting means to compensate for variations of the load voltage and the
      power source voltage.
NUM  5.
PAR  5. A voltage regulator as defined in claim 4, wherein said light emitting
      diode is forward biased.
NUM  6.
PAR  6. A voltage regulator as defined in claim 4, wherein said light emitting
      diode established the reference voltage and in addition serves to indicate
      the operation of the voltage regulator.
NUM  7.
PAR  7. A voltage regulator comprising:
PA1  a rectifier circuit having first and second terminals for converting AC
      into DC;
PA1  first and second output terminals adapted to connect a load;
PA1  a light emitting diode for establishing a reference voltage; said light
      emitting diode having constant voltage characteristics in the forward
      direction thereof;
PA1  a first transistor for controlling an output voltage of the voltage
      regulator, the collector-emitter circuit of said first transistor being
      connected between said first terminal and said first output terminal;
PA1  a second transistor for detecting the difference between the output voltage
      and the reference voltage, the collector-emitter circuit of said second
      transistor being connected between the base of said first transistor and
      the anode of said light emitting diode, and the base of said second
      transistor being connected to the center tap of said potentiometer;
PA1  a first resistor for establishing a biasing voltage for said first and
      second transistors, said first resistor being connected between the
      collector and base of said first transistor;
PA1  a second resistor for connecting said light emitting diode and said first
      output terminal; and
PA1  a potentiometer connected between said first output terminal and said
      second output terminal for dividing the output voltage, said potentiometer
      being connected in parallel with a path including said second resistor and
      said light emitting diode.
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ABST
PAL  Two AC-DC regulator circuits are disclosed which are suitable for providing
      a constant minimal ripple DC supply voltage in response to AC line
      voltages having varying peak amplitudes. Each of the regulator circuits
      includes a sensing and a trigger pulse circuit which operates in
      cooperation with a current control circuit to maintain a predetermined
      constant DC load supply voltage. Moreover, undesirable transient trigger
      signals, due to initiation or termination of the AC line voltage, are
      discriminated against providing circuit protection to the applicable load
      to be used. The regulator circuits are suitable for operation in
      environments that may be encountered in worldwide applications, i.e.,
      power distributions that may vary from 90 upwards to 250 volts with
      frequencies of 50 hertz to 60 hertz.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The subject matter of the present application is related to the subject
      matter of a patent application entitled "Circuit For Converting
      Alternating Current Voltages To A Constant Magnitude Direct Current
      Voltage", Ser. No. 476,180, filing date June 4, 1974, filed by Jack R.
      Morgan, and a patent application entitled "An Alternating Current
      Voltage-To-Direct Current Voltage Regulator Circuit", Ser. No. 475,013,
      filing date May 31, 1974, filed by Reuben Wechsler, both applications are
      assigned to the present assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to alternating current (AC) voltage to direct
      current (DC) voltage conversion circuits and particularly to circuits for
      regulating input voltages that have peak amplitudes which may vary for
      providing a constant magnitude, minimal ripple amplitude supply voltage.
      Due to the difference between power distribution systems employed by
      different nations, applied line voltages may vary from as low as 90 volts,
      as used in Japan, to as high as 250 volts, as encountered in Europe. In
      the United States there is about a 20 percent variation in the nominal
      voltage on a 120 volt line.
PAR  As a result of these voltage variations, a problem may be encountered by
      the international traveller having a small appliances, such as either an
      electric shaver or a radio, if the working voltage of the driving or power
      supply components in such appliances is exceeded. Some electric shavers
      contain bulky AC wound motors that are used to drive the shaver heads.
      Presently, it is sometimes necessary to manually switch the shaver to
      thereby tap a correct proportion of the motor windings in correspondence
      to the particular line voltage being used. The burden is on the user to
      see to it that this switching is properly performed in accordance with the
      different line voltages that may be encountered while travelling
      worldwide. If the traveller does not correct for a specific line voltage,
      the shaver motor may be destroyed by excessive currents.
PAR  The AC motor referred to in the previous paragraph also presents a
      production disadvantage in the manufacture of the electric shaver. By
      nature, AC motors are bulky and expensive. It is, therefore, desired to
      use small inexpensive direct current motors with permanent magnet fields
      requiring minimum working voltage. An AC regulator circuit capable of
      providing a high degree of regulation with varying amplitudes of input
      line voltage is required to facilitate the use of such DC motors.
PAR  Although present AC-DC regulators are adequate for regulating input
      voltages that have amplitudes that vary from 10 to 20 percent, these
      regulators are not suitable to be used in small appliances in which the
      peak amplitude of the input line voltage may vary more than 100 percent.
      To maintain nominal working voltages of 100 volts in environments having
      line voltages with amplitudes of 250 volts, present regulators generally
      have to conduct current of large magnitudes. To withstand the resulting
      power dissipation, it is necessary to use high power semiconductor devices
      and heat sinking to provide protection to such devices. This undesirably
      increases the physical size of such regulators. Moreover, power devices
      are expensive and provide disadvantages in a marketing environment that
      demands minimal production costs.
PAR  Another problem common to most present regulators is that of transients.
      Transient voltages can occur during either connection or disconnection of
      the regulator to or from the line voltage supply. If the transient voltage
      causes a false triggering signal to occur simultaneously with the peak
      value of the applied line voltage, the output voltage of the regulator may
      exceed the rating of the motor and destroy it.
PAR  Thus, a need exists for a regulator circuit providing a constant output
      voltage and which is operable in environments in which extreme amplitude
      variances in line voltages occur and which does not require manual
      switching techniques to protect the circuit. A need also exists to develop
      a regulator circuit which is not damaged by false triggering in response
      to transients.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved AC-DC regulator
      circuit.
PAR  Another object is to provide a regulator circuit which is responsive to AC
      line voltages having peak amplitudes which vary from 90 to 250 volts to
      provide a minimum ripple output voltage having a constant predetermined
      magnitude.
PAR  A further object is to provide a regulator circuit which discriminates
      against voltage transients.
PAR  A still further object is to provide a regulator circuit which is suitable
      for being included in small appliances having DC motors requiring constant
      supply voltages.
PAR  The regulator circuit structures of the invention are suitable for
      providing a direct current (DC) output voltage of a predetermined
      magnitude in response to alternating current (AC) input voltages that may
      have varying peak amplitudes. Moreover, a regulator circuit is described
      that discriminates against false triggering signals that are caused by
      transient conditions to thereby prevent output voltage excursions of
      sufficient magnitude to damage the circuit load. The regulator circuit
      structures include a control circuit which provides a direct current
      output voltage across a load in response to the negative slopes of an
      alternating current voltage supply.
PAR  The control circuit comprises a detecting circuit connected to the
      alternating current voltage supply for sensing the negative slopes of the
      alternating current voltage and providing a control signal at an output
      terminal thereof. A switching circuit is connected to the output terminal
      of the detecting circuit and to the alternating current voltage supply and
      provides a direct current voltage of constant magnitude in response to the
      control signal and alternating current voltage supply.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating a series regulator circuit which
      is well known in the art;
PAR  FIG. 2 is a schematic diagram illustrating the open loop series regulator
      circuit of one embodiment of the invention;
PAR  FIG. 3 is a schematic diagram illustrating yet another series regulator
      circuit of another embodiment of the invention; and
PAR  FIG. 4 shows waveforms useful in understanding the functioning of the
      regulator circuits.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A prior art regulator circuit will be described along with some of the
      problems therewith so that the advantages of the regulator circuit
      structures of the present invention can be more fully appreciated.
      Referring to FIG. 1, there is shown a prior art half-wave thyristor series
      regulator circuit. Only the positive half cycle of the applied alternating
      current line voltage at terminals 2 and 10 is utilized by this circuit.
      This is because diode 8, which is connected in series with variable
      resistor 6 and resistor 4; is reverse biased during the negative half
      cycle. Capacitor 12 is connected in parallel across the variable resistor
      6 to complete a reference voltage circuit.
PAR  The line voltage, which is developed across terminals 2 and 10, is also
      supplied to the output portion of the regulator circuit that includes SCR
      20 which is connected in series with the d.c. motor load 22. The gate of
      SCR 20 is connected to the cathode of SCR 20 through resistor 18 and
      capacitor 16. Triggering action of SCR 20 is accomplished through diode 14
      which is interposed between the movable contact of resistor 6 and the gate
      of SCR 20.
PAR  The prior art regulator circuit of FIG. 1 operates by comparing the motor
      voltage across capacitor 16 with a reference voltage obtained at the
      movable contact resistor 6. More specifically, if during the positive half
      cycle of applied line voltage, the motor is loaded such that the voltage
      magnitude across capacitor 16 is less than the generated reference voltage
      magnitude, diode 14 will conduct thereby turning SCR 20 on. SCR 20 will
      remain conductive until such time that the motor voltage magnitude across
      capacitor 16 equals the generated reference voltage thereby turning diode
      14 off, eliminating gate current flow and turning SCR 20 off. The circuit
      of FIG. 1 supplies the correct energy to the motor load by recharging
      capacitor 16 only during the positive half cycle of the applied line
      voltage.
PAR  The above described prior art regulator circuit is not capable of providing
      a constant d.c. output voltage in environments wherein the a.c. line
      voltage may vary in amplitude from 90 to 250 volts. As the applied line
      voltage increases, the voltage applied to the motor will also increase due
      to the charging of capacitor 16, thereby possibly damaging the motor.
PAR  Another fault inherent in the previously described prior art regulator
      circuit is that of false triggering. With capacitor 16 initially
      uncharged, the peak positive value of the applied line voltage will cause
      gate current to flow through diode 14 charging capacitor 16 to the full
      peak value thereby possibly damaging the motor.
PAR  FIG. 2 illustrates an open loop AC-DC series regulator of one embodiment of
      the invention which eliminates the preceding problems. The AC line voltage
      which may vary from 90 to 250 volts in peak amplitude is supplied to the
      regulator circuit of FIG. 2 through switch 34. The resistive divider
      network consisting of resistor 38 is connected in series with variable
      resistor 40 to form a reference voltage circuit. The applied line voltage
      is also supplied to a regulating circuit, comprising filter capacitor 54,
      which is connected in series to limiting resistor 56. Resistor 56 is
      connected to the anode of SCR 58. The cathode of SCR 58 is connected to
      terminal 32.
PAR  SCR 58 is turned on by the gate triggering circuit which is the third basic
      circuit portion of the series regulator of FIG. 2. The gate triggering
      circuit consists of resistor 42 connected to the cathode of zener diode 44
      with the anode of zener diode 44 connected to the base of transistor 50.
      The collector of transistor 50 is coupled to the AC line voltage through
      resistor 52 and to the gate of SCR 58. The emitter of transistor 50 is
      connected to input terminal 32 which is the ground reference terminal for
      the regulator circuit. The base of transistor 50 is connected to terminal
      32 through diode 48. Capacitor 46 is connected between the anode of zener
      diode 44 and resistor 42. The resistor 42 and capacitor 46 are connected
      to the reference voltage circuit at the node between resistors 38 and 40.
      Output terminals 62 and 64 of the regulator circuit are adapted to be
      connected to an appropriate load such as motor load 60.
PAR  The operation of the regulator of FIG. 2 is explained with the aid of FIG.
      4. In response to the closing of switch 34, the line voltage is supplied
      to the reference voltage circuit, comprising the resistive divider network
      of resistors 38 and 40, and to the collector of transistor 50 through
      coupling resistor 52. If it is assumed that the supplied line voltage is
      at the beginning of its positive half cycle, current flows through
      capacitor 46 to the base of transistor 50 thereby rendering transistor 50
      conductive which shunts the regulator portion of the circuit. This action
      continues until the value of the positive half cycle voltage is such that
      zener breakover voltage of diode 44 is reached thereby causing zener
      breakdown to occur. Current is then supplied to the base of transistor 50
      through resistor 42 and zener diode 44. Transistor 50 thereby remains on
      and continues to shunt the regulator portion of the circuit.
PAR  When the voltage developed across capacitor 46 becomes equal in magnitude
      to the open circuit reference voltage developed across resistor 40,
      current ceases to flow into the base of transistor 50, thereby turning
      transistor 50 off. With transistor 50 in an off condition, current is then
      supplied through resistor 52 to the gate of SCR 58 turning it on.
      Capacitor 54 is charged by the current flowing through coupling resistor
      56 and SCR 58. This action continues until capacitor 54 is charged to a
      desired magnitude of working voltage. The voltage developed across
      capacitor 54 is then applied to motor load 60 through output terminals 62
      and 64.
PAR  As the applied line voltage becomes negative, capacitor 54 is kept from
      charging by SCR 58, which is in a reverse biased condition. Diode 48
      shunts the complete portion of the negative half cycle of the line voltage
      away from the emitter-base junction of transistor 50 thereby protecting
      the emitter-base junction from reaching a reverse junction breakdown
      voltage.
PAR  By adjusting resistor 40, SCR 58 is caused to conduct only during the
      declining portion of the positive half cycle of the input line voltage,
      corresponding to a negative slope, thereby charging capacitor 54 only
      during that time that the magnitude of the working voltage of the motor
      will not be exceeded by an amount sufficient to destroy it. Capacitor 54
      is of the correct size allowing it to be supplied enough energy during the
      SCR 58 conduction time such that a minimal ripple DC output voltage is
      maintained across motor load 60, as shown by waveform 126 of FIG. 4.
PAR  Waveforms 120, 122 and 124 of FIG. 4 illustrate three specific examples of
      line voltage inputs corresponding with the related SCR conduction times
      indicated. By examining waveforms 120 and 122, it is seen that if the
      firing point of SCR 58 is kept constant, that the actual SCR conduction
      time is less during conditions of high input line voltages as compared to
      lower input voltages. Therefore the energy supplied to capacitor 54 is
      less which causes the working voltage magnitude to be smaller under
      conditions of maximum supplied line voltage. A remedy to the
      aforementioned problem is to allow SCR 58 to conduct earlier in the
      positive half cycle of applied line voltage, as shown in waveform 24.
      Under these conditions enough energy will be supplied to capacitor 54 so
      that over extreme line voltage variations a minimal ripple DC voltage will
      be seen at the output terminals of the regulator circuit. Resistor 42 of
      the gate triggering circuit provides this variable firing point to SCR 58
      causing capacitor 46 to charge to a higher voltage at high AC line
      voltages than at low AC line voltages. Therefore, gate triggering current
      flows earlier in the positive half cycle turning SCR 58 on earlier.
      Capacitor 54 therefore has more energy supplied to it, which provides for
      a more constant output voltage. Circuit regulation is provided over input
      voltage ranges of 90 to 250 volts.
PAR  Referring to FIG. 3, another embodiment of the invention is shown that
      provides protection against false firing problems that occur in prior art
      circuits. As in the description of the first embodiment of the invention,
      the AC-DC regulator shown in FIG. 3 can be partitioned into the three
      functional circuits: gate voltage sensing circuit 77, a gate signal
      comparator and triggering circuit 93, and a DC regulated output voltage
      circuit 101.
PAR  The AC line voltage at input terminals 70 and 72 is applied to the
      regulator circuit by the closing of switch 74. Resistor 78 and zener diode
      80 are connected in series in that order between switch 74 and input
      terminal 72. Resistor 82 and capacitor 84 are connected in series between
      the midpoint of the connection of resistor 78 and zener diode 80 and
      terminal 72. Resistors 78, 82, zener diode 80 and capacitor 84 comprise a
      voltage translation circuit deriving a linear ramp voltage with an output
      provided at the junction between resistor 82 and capacitor 84 which is
      connected to the anode of programmable unijunction transistor 86. The
      cathode of programmable unijunction transistor 86 is connected to terminal
      72 through coupling resistor 88. A resistive divider network consisting of
      resistor 90 connected in series with resistor 92 is interposed between
      switch 74 and input terminal 72, and which includes a variable voltage
      comparison circuit. The gate of programmable unijunction transistor 86 is
      connected to the node between resistors 90 and 92. A gate trigger voltage
      that appears across resistor 88 at output terminal 89 is applied to the
      emitter of transistor 94. The collector of transistor 94 is returned to
      input terminal 72 through coupling resistor 96. A second resistive divider
      network including resistor 98 connected in series with resistor 100 is
      connected between switch 74 and input terminal 72 and provides another
      variable comparison voltage. The voltage developed across resistor 100 is
      applied to the base of transistor 94. The gate trigger voltage is compared
      by transistor 94 with the reference voltage appearing at the node between
      resistors 98 and 100. If the gate trigger pulse has sufficient magnitude,
      a gate control voltage is developed across resistor 96 at output terminal
      95. Terminal 95 is connected to the gate of SCR 106. The cathode of SCR
      106 is connected to input terminal 72. Filter capacitor 102 is connected
      in series between switch 74 and the anode of SCR 106 through coupling
      resistor 104. An RC snubber circuit consisting of resistor 110 in series
      with capacitor 112 is connected in parallel between the anode and cathode
      of SCR 106. The output of the regulator is taken at output terminals 107
      and 109 thereof providing a minimal ripple DC constant voltage to motor
      108.
PAR  The above described circuit responds to an AC voltage supply that may vary
      in amplitude from 90 to 250 volts and provides a DC voltage output of
      constant magnitude. The aforementioned regulation is obtained by varying
      the conduction time of SCR 106 in accordance to the magnitude of the input
      AC voltage. SCR 106 conducts earlier in the positive half cycle of low
      input voltages than for high input voltages thereby supplying energy to
      capacitor 102 of sufficient quantity to maintain a constant voltage across
      capacitor 102 plates which are adapted to be connected at output terminals
      107 and 109.
PAR  The conduction time of SCR 106 is caused to vary by the functions of gate
      voltage sensing circuit 77 and gate signal comparator circuit 93 in the
      following manner. Responding to the closing of switch 74, the AC input
      voltage is applied to a fixed reference voltage circuit including resistor
      78 and zener diode 80. A linear ramp voltage is derived across capacitor
      84 from a RC ramp circuit comprising resistor 82 and capacitor 84. An
      approximately linear ramp voltage is obtained across capacitor 84 by using
      a relatively high voltage zener diode 80 which develops a fixed magnitude
      of voltage at the input of the RC ramp circuit. The ramp voltage developed
      across capacitor 84 is then applied to anode of programmable unijunction
      transistor 86. Simultaneously, a variable reference voltage is derived by
      dividing the applied input voltage by using a voltage divider circuit
      comprising resistors 90 and 92. The variable reference voltage developed
      at the node between resistors 90 and 92 is applied to the gate of
      programmable unijunction transistor 86. The magnitude of the voltage at
      the anode of programmable unijunction transistor 86 is compared to the
      magnitude of the voltage developed at the gate of programmable unijunction
      transistor 86 causing programmable unijunction transistor 86 to conduct at
      the desired level of the positive half cycle of the applied input voltage.
      As programmable unijunction transistor 86 conducts a gate triggering pulse
      is developed across resistor 88 at terminal 89. Simultaneously, a second
      variable reference voltage is developed at the node between resistors 98
      and 100 from the applied input voltage and is coupled to the base of
      transistor 94. If the magnitude of the gate triggering pulse coupled to
      the emitter of transistor 94 is positive with respect to the magnitude of
      the second variable reference voltage, transistor 94 is rendered
      conductive. As transistor 94 conducts, gate current is supplied to SCR
      106. SCR 106 then conducts during the correct portion of the positive half
      cycle of the input voltage causing current to flow through capacitor 102.
      Thus, the desired output voltage is developed across capacitor 102 and is
      applied to output terminals 107 and 109.
PAR  As the applied input voltage begins its negative half cycle, zener diode 80
      becomes forward biased and thereby shunts the input voltage away from the
      regulator circuit. Capacitor 102 must be a value such that sufficiently
      little discharge occurs through motor 108 during the negative half cycle
      of the input voltage. By selecting the correct value for capacitor 102, a
      constant DC voltage is obtained at output terminals 107 and 109.
PAR  The comparator circuit consisting of transistor 94 and resistors 98 and 100
      insures against false triggering of SCR 106. If a triggering pulse should
      be generated by programmable unijunction transistor 86 earlier in the
      positive half cycle than intended, as a result of transient conditions
      such as switch or plug contact "bounce", capacitor 84 does not have
      sufficient time to charge to a voltage magnitude which would would
      normally be attained at the particular line voltage being utilized. As a
      result, the gate trigger pulse appearing at terminal 89 is not of
      sufficient magnitude to be passed to the gate of SCR 106 by the comparator
      circuit, and false triggering is therefore prevented.
PAR  Resistor 110 and capacitor 112 were selected such that the resulting time
      constant is consistent with the charging rate of capacitor 102, so that as
      SCR 106 conducts, capacitor 102 can be fully charged and at the same time
      limiting the rate of voltage rise across SCR 106 thereby inhibiting false
      firing of SCR due to dV/dT modes.
PAR  Several salient improvements over prior art regulators are accomplished by
      the embodiments of this invention. The AC-DC regulating circuits described
      herein require less power dissipation reducing their cost. Satisfactory
      regulation is also obtained from input line voltages that may vary from 90
      to 250 volts in their peak amplitudes without requiring the need for
      manual adjustment, and false triggering of SCr 106 is restrained thereby
      providing protection to the regulator load.
PAR  While the above detailed description has shown and described the
      fundamental novel features of the embodiments of the invention, it will be
      apparent to those skilled in the art that many changes and modifications
      may be made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An alternating current voltage to direct current voltage regulator
      circuit suitable for providing a constant direct current regulated output
      voltage at output terminals thereof in response to an input alternating
      current voltage of varying peak-to-peak amplitudes applied to input
      terminals comprising:
PA1  voltage reference means receiving the alternating current voltage and
      providing a gating reference voltage;
PA1  gating means connected to said voltage reference means and to the
      alternating current voltage and receiving said gating reference voltage
      and developing a triggering signal;
PA1  regulator means connected to said gating means and receiving said
      triggering signal and the alternating current voltage for deriving a
      regulated and constant direct current voltage at said output terminals
      thereof;
PA1  said triggering signal occuring at substantially a constant magnitude of
      said alternating circuit voltage.
NUM  2.
PAR  2. The alternating current voltage to direct current voltage regulator
      circuit of claim 11 wherein said gating means includes in combination:
PA1  first electron control means having first and second electrodes;
PA1  second electron control means having first, second and third electrodes,
      said first electrode being connected to one of said input terminals of
      said regulator circuit said second electrode being connected to said
      second electrode of said first electron control means;
PA1  first circuit means coupling said gating reference voltage to said first
      electrode of said first electron control means;
PA1  second circuit means also connecting said gating reference voltage to said
      second electrode of said second electron control means;
PA1  third electron control means having first and second electrodes, said first
      electrode being connected to said second electrode of said second electron
      control means, said second electrode being connected to said first
      electrode of said second electron control means; and
PA1  third circuit means coupling the alternating current voltage from the other
      of said input terminals to said third electrode of said second electron
      control means.
NUM  3.
PAR  3. The alternating current voltage to direct current voltage regulator of
      claim 2 wherein said regulator means includes in combination:
PA1  fourth electron control means having first, second and third electrodes,
      said first electrode being connected to said first electrode of said
      second electrol control means, said second electrode being connected to
      said third electrode of said second electron control means;
PA1  fourth circuit means having first and second leads, said second lead being
      connected to said third electrode of said fourth electron control means;
      and
PA1  filter means connected to said other input terminal of the regulator
      circuit and to said first lead of said fourth circuit means.
NUM  4.
PAR  4. The alternating current voltage to direct current voltage regulator of
      claim 3, wherein:
PA1  said first electron control means comprises a zener diode;
PA1  said second electron control means comprises a bipolar transistor of one
      conductivity type; and
PA1  said fourth electron control means comprises a silicon controlled
      rectifier.
NUM  5.
PAR  5. An open loop regulator circuit suitable for providing a substantially
      constant output voltage to a load at output terminals thereof in response
      to an alternating power signal being applied at input terminals, said
      alternating power signal having peak amplitudes which may vary in
      magnitude, said regulator circuit comprising:
PA1  means responsive to said applied alternating power signal for providing a
      triggering signal at an output terminal thereof of a predetermined and
      substantially constant voltage magnitude of said alternating power signal,
      said triggering signal occurring during the portion of the cycle of said
      alternating power signal having a negative slope;
PA1  first capacitive means having first and second terminals, said first
      terminal being coupled to one of said input terminals and one of said
      output terminal of said regulator circuit, said second terminal being
      connected to the other of said output terminals of said regulator circuit;
      and
PA1  means responsive to said triggering signal for charging said capacitive
      means such that a predetermined and substantially constant voltage is
      maintained across said capacitive means to permit a constant voltage to be
      applied to said load, said charging means being connected between said
      second terminal of said capacitive means and the other of said input
      terminals of said regulator circuit.
NUM  6.
PAR  6. The regulator circuit of claim 5 wherein said means for providing a
      triggering signal includes:
PA1  a variable voltage reference means coupled between said input terminals of
      said regulator circuit for providing a voltage signal at an output
      terminal which is related to the voltage of said alternating power signal
      but which is reduced in magnitude;
PA1  first circuit means for providing a driving current signal in response to
      said voltage signal from said variable voltage reference means until such
      time that said predetermined voltage magnitude of said alternating power
      signal is reached at which time said driving current signal is caused to
      decrease to zero, said first current means having an input terminal and an
      output terminal, said input terminal being connected to said output
      terminal of said variable voltage reference means;
PA1  second circuit means having first and second terminals, said first terminal
      being coupled to said one of said input terminals of said regulator
      circuit; and
PA1  first electron control means having first, second and control electrodes,
      said first electrode being connected to said other input terminal of said
      regulator circuit, said second electrode being connected to said second
      terminal of said second circuit means, said control electrode being
      coupled to said output terminal of said first circuit means and said other
      input terminal of said regulator circuit, said first electron control
      means being rendered conductive by said driving current signal and being
      rendered nonconductive when said driving current signal is caused to
      decrease to zero such that said triggering signal is derived at said
      second electrode of said first electron control means only when said first
      electron control means is rendered nonconductive.
NUM  7.
PAR  7. The regulator circuit of claim 6 wherein said first circuit means
      includes:
PA1  second capacitive means connected between said output terminal of said
      variable voltage reference means and said output terminal of said first
      circuit means;
PA1  first resistive means having first and second terminals, said first
      terminal being connected to said output terminal of said variable voltage
      reference means; and
PA1  a zener diode coupled between and second terminal of said first resistive
      means and said output terminal of said first circuit means.
NUM  8.
PAR  8. The regulator circuit of claim 6 wherein said charging means includes:
PA1  second electron control means having first, second and control electrodes,
      said control electrode being adapted to receive said triggering signal and
      first electrode being coupled to said other input terminal of said
      regulator circuit; and
PA1  third circuit means connected between said second terminal of said
      capacitive means and said second electrode of said second electron control
      means.
NUM  9.
PAR  9. The regulator circuit of claim 8 wherein:
PA1  said first electron control means includes a bipolar transistor; and
PA1  said second electron control means includes a silicon controlled rectifier.
NUM  10.
PAR  10. The regulator circuit of claim 5 wherein said means for providing a
      triggering signal includes:
PA1  voltage translation circuit means for deriving a linear ramp voltage signal
      at an output terminal thereof, said voltage translation circuit means
      being coupled between said input terminals of said regulator circuit;
PA1  first variable voltage reference means coupled between said input terminals
      of said regulator circuit for deriving a first reference voltage signal at
      an output terminal thereof which is reduced in magnitude but which is
      related to the voltage of said alternating power signal;
PA1  comparator means responsive to said linear ramp voltage signal from said
      voltage translation circuit means and said first reference voltage signal
      from said first variable voltage reference means for providing a voltage
      control signal at an output terminal thereof in response to the magnitude
      of said linear ramp voltage signal being substantially equal to or greater
      than the magnitude of said first reference voltage signal, said comparator
      means being coupled to said other input terminal of said regulator
      circuit;
PA1  second variable voltage reference means coupled between said input
      terminals of said regulator circuit for providing a second reference
      voltage signal at an output terminal thereof; and
PA1  first electron control means having first, second and control electrodes
      for deriving said triggering signal in response to the magnitude of said
      voltage control signal being greater than the magnitude of said second
      reference voltage signal, said first electrode being coupled to said
      output terminal of said comparator means, said second electrode being
      coupled to said other input terminal of said regulator circuit and to said
      output terminal of said means for providing a triggering signal, said
      control electrode being coupled to said output terminal of said second
      variable voltage reference means.
NUM  11.
PAR  11. The voltage regulator circuit of claim 10 wherein:
PA1  said voltage translation circuit means includes a zener diode coupled
      between said input terminals of said regulator, a ramp circuit connected
      between one electrode of said zener diode, said other terminal of said
      regulator circuit and said output terminal of said voltage translation
      circuit means; and
PA1  said comparator means includes a second electron control means having
      anode, gate and cathode electrodes, said anode electrode being adapted to
      receive said linear ramp voltage signal, said gate electrode being adapted
      to receive said first reference voltage signal.
NUM  12.
PAR  12. The rgulator circuit of claim 11 wherein said charging means includes
      third electron control means being rendered conductive in response to said
      triggering signal, said third electron control means having first, second
      and control electrodes, said control electrode being coupled to said
      second electrode of said first electron control means, said first
      electrode being coupled to said other input terminal of said regulator
      circuit, said second electrode being coupled to said second terminal of
      said first capacitive means.
NUM  13.
PAR  13. The regulator circuit of claim 11 wherein said charging means further
      includes circuit means connected between said first and second electrodes
      of said third electron control means for inhibiting false triggering of
      said third electron control means, said circuit means comprising a
      resistor and a capacitor.
NUM  14.
PAR  14. The regulator circuit of claim 13 wherein:
PA1  said first electron control means includes a bipolar transistor;
PA1  said second electron control means includes a programmable unijunction
      transistor; and
PA1  said third electron control means includes a silicon controlled rectifier.
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ABST
PAL  A circuit for stabilizing the operating voltage across a winding of output
      transformer of a sweep circuit of a cathode ray tube, including a
      plurality of current flow paths presenting resistances which are
      electronically controllable and each connected between a source of
      operating voltage which may fluctuate in amplitude and a respective one of
      a plurality of taps connected along the length of the winding, and a
      system for varying the resistances of the paths in response to changes in
      the amplitude of the operating voltage in such a manner as to maintain the
      voltage across the entirety of the winding substantially constant. The
      circuit is able to utilize inexpensive components while reducing overall
      energy losses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the sweep circuitry of cathode-ray tubes
      and particularly to a circuit for stabilizing the operating voltage acting
      on the sweep transformer in the sweep circuit of a cathode-ray tube, more
      particularly for the line sweep circuit in a television receiver.
PAR  It is known that the line sweep output stage of a television receiver
      requires a stabilized operating voltage to produce a sufficiently constant
      sweep amplitude, even in the presence of a fluctuating mains, or supply,
      voltage. The circuit provided to produce the stabilized operating voltage
      must be able to dissipate the energy resulting as the difference between
      the two extreme modes of operation with minimum and maximum possible mains
      voltage and an approximately uniform current consumption. This energy to
      be handled by the current supply circuit is particularly high in color
      television receivers since these instruments require an operating current
      for the sweep circuit which is about three times greater than that
      required in black and white television receivers.
PAR  The use of a power supply unit including, for example, a regulated series
      transistor for this purpose is not possible without difficulty since
      currently available power transistors cannot process such high leakage
      energies without danger. Moreover, it would be necessary to use expensive
      transistors with very large cooling bodies, which is uneconomical.
PAR  Other power supply units, such as controlled thyristor power units for
      example, require additional measures, such as a choke for example, to
      reduce switching peaks in the thyristor, and such additional measures
      involve relatively high expenditures.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to reduce the energy losses
      occurring in the mains portion of such circuit and to employ inexpensive
      commercially available control means, such as power transistors.
PAR  A further object is to protect such control means from damage by leakage
      energy by means involving only a small amount of circuitry.
PAR  These and other objects according to the invention are achieved by the
      provision, in a system for producing sweep voltages for deflecting the
      beam of a cathode ray tube, which system includes an operating voltage
      source whose output voltage is subject to amplitude variations, and an
      output transformer having a winding, with one end of the winding being
      normally connected to the voltage source, of an improved circuit for
      stabilizing the voltage across the winding. The improved stabilizing
      circuit according to the invention essentially includes a capacitor
      connecting the one end of the winding to a point of common potential for
      the system, at least one voltage-applying tap connected to the winding at
      a point between its ends, at least one electronically controllable
      variable resistance connected between the operating voltage source and the
      tap; a control unit connected to control the resistance of the variable
      resistance as a function of the voltage level across the winding, in a
      manner to maintain the voltage level across the winding substantially
      constant, and a diode connected in series with the variable resistance and
      poled to be conductive in the direction of flow of the sweep
      voltage-producing operating current in the system.
PAR  The present invention has the advantage that no additional circuitry is
      required to stabilize the operating voltage so that a simple one-way, or
      half-wave, rectification, for example, of the mains voltage can serve as
      the operating voltage source. The energy to be processed in the extreme
      case in the stabilizing circuit is less, by about the voltage reduction
      factor of the taps, than in a conventional power unit with a controlled
      series transistor and only one current path is conductive. The control
      means in the current paths must thus handle only a fraction of the maximum
      leakage power to be dissipated. Correspondingly, any cooling means which
      might possibly be required can be small and inexpensive.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block circuit diagram of a preferred embodiment of a circuit
      according to the present invention.
PAR  FIG. 2 is a block circuit diagram of a further embodiment of the circuit
      according to the invention.
PAR  FIG. 3 is a circuit diagram of one form of construction for the block
      circuit diagram of FIG. 2.
PAR  FIG. 4 is a circuit diagram of a further embodiment of the circuit
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows, as a part of the circuitry of a color television receiver,
      the line sweep circuit and its current supply. The horizontal deflection
      coil 38 of the cathode-ray tube 39 is fed by a line sweep output stage 37
      via a capacitor 36 which is also used to equalize deflection errors, or
      tangential errors. The stage 37 operates in a known manner together with
      the line sweep transformer according to the principle of energy recovery.
      A circuit 40 with an oscillator and a driver stage is provided in a known
      manner to control the line output stage.
PAR  The line output stage cooperates in a known manner with the primary, or
      operating, winding 32 of an output transformer 31. The secondary winding
      33 of transformer 31 is connected in a known manner via high voltage
      rectifiers 34 to a terminal 35 at which the high voltage required for
      operation of the picture tube 39 can be obtained.
PAR  The above-described line sweep circuit is supplied with current by a
      circuit including a rectifier 2 and a charging capacitor 3. This half-wave
      rectifier circuit rectifies the alternating mains voltage of, for example,
      220 volts present at terminal 1 so that at point 5 at the output of the
      rectifier 2 a direct voltage is available which, however, contains all of
      the fluctuations of the mains voltage because it is unregulated.
PAR  The line output stage is supplied with current in that, as required, the
      upper winding end 27 of the operating winding 32 of the transformer 31, or
      one of a plurality of taps 28, 29 and 30 of the operating winding is
      connected to switching point 4. The connection between the upper winding
      end and taps 28, 29 and 30, on the one hand, and switching point 4, on the
      other hand, is established by a control circuit 6 which constitutes part
      of the circuit of the present invention.
PAR  The input 5 of control circuit 6 is connected directly to the output 4 of
      the rectifier circuit. From this input 5, four current paths branch out in
      the control circuit 6 of the present embodiment and these paths lead
      respectively to outputs 22, 23, 24 and 25 of the control circuit 6 and to
      respective one of the various taps 27, 28, 29 and 30 of the operating
      winding 32 of the transformer 31, the upper winding end 27 of the
      operating winding being connected to ground via a capacitor 26.
PAR  The current path connected to the upper winding end 27 of the operating
      winding 32 includes a diode 13 while the other current paths each include
      a respective one of the electronically controllable resistors 12, 16 and
      19. The control inputs 15, 18 and 21 of resistors 12, 16 and 19 are
      connected, via input terminal or terminals 7, to the respective outputs of
      a control circuit 8.
PAR  This control circuit 8 has a first input 9 which is connected to switching
      point 27 and a second input 10 which is connected to a terminal 11 to
      which is applied a reference voltage U.sub.Ref. The control circuit 8 is
      constructed so that when the voltage at input 9 drops, resistors 12, 16
      and 19 become current conductive one after the other.
PAR  Circuit 8 operates as follows: The circuit is dimensioned so that at the
      highest occurring mains voltage resistors 12, 16 and 19 will not be
      current conductive but blocking. In this case the operating current, which
      substantially only compensates for the losses in the recovery circuit of
      the line output stage 37, flows via diode 13 to point 27 so that here a
      voltage of 300 volts, for example, can be measured at a high alternating
      mains voltage of usually 220 volts. This voltage serves as an effective
      operating voltage for the line output stage 37, and care must be taken
      that this voltage is stabilized. If the mains voltage drops by a certain
      amount the operating voltage active at point 27 would also drop and change
      the television picture.
PAR  In the circuit according to the invention, however, when the voltage drops
      at point 27, resistor 12 will become increasingly conductive so that a
      voltage of, for example, 270 volts is applied via diode 14 to tap 28 of
      the operating winding 32. This voltage is stepped up accordingly from tap
      28 to the upper winding end 27 so that, with the appropriate dimensions of
      the winding ratio, 300 volts are again measured at end 27. The line output
      stage is thus supplied with the originally effective operating voltage of
      300 volts.
PAR  The process described as stepping up can be explained as follows: If the
      transistor operating as a switch in synchronism with the line sweep
      frequency is conductive in stage 37, then a voltage is present between
      this switch and the presently conductive current path in circuit 6, which
      voltage is stepped up according to the number of turns of the remaining
      winding portion between the tap associated with that current path and
      point 27. This voltage is present at the capacitor 26 which acts as a
      booster capacitor and which maintains this voltage in effect for the time
      during which the switch of stage 37 is not conductive.
PAR  Diode 13 is blocked in the described case of operation, since a voltage of
      +270 volts is present at the anode of diode 13 and a voltage of +300 volts
      at its cathode.
PAR  If the voltage at input 9 of the control circuit 8 drops even further, the
      current paths with resistors 16 and 19 become conductive one after the
      other, diodes 13, 14 and 17 of the preceding current paths being blocked.
      In the present case a minimum alternating mains voltage will provide, for
      example, a voltage of 210 volts for tap 30. With respect to the line
      output stage, this voltage acts the same as a voltage of 300 volts at
      point 27. By continuously controlling resistors 12, 16 and 19 it becomes
      possible to prevent the operating voltage, which is active at point 27,
      from jumping so that it remains almost constant.
PAR  FIG. 2 shows another advantageous embodiment of the circuit of the present
      invention. The same reference numerals as in FIG. 1 indicate components
      with the same or a similar function. For reasons of clarity the stage 37
      which is connected to the operating winding 32 of the transformer 31,
      diodes 34 and the picture tube 39 are not shown.
PAR  The control circuit 6 again contains four current paths which are connected
      to taps 27, 28, 29 and 30 of the operating winding 32. The current inputs
      of resistors 12, 16 and 19 are not all connected directly to input 5 of
      control circuit 6. The above-mentioned resistors are connected in such a
      way that resistor 12 is connected to input 5, while the input of resistor
      16 is connected to the output of resistor 12 and the input of resistor 19
      is connected to the output of resistor 16.
PAR  The input 9 of control circuit 8 is connected to switching point 27 as in
      the circuit of FIG. 1. The output of control circuit 8 does not control
      all resistors 12, 16 and 19 directly at their control inputs, but directly
      controls only resistor 12 via its control input 15. The control of
      resistor 16 at its control input 18 is effected via a control stage 41
      between whose inputs there appears the voltage across resistor 12.
      Similarly, the conductivity of resistor 19 is controlled by the output
      signal from a control stage 42, between whose inputs there appears the
      voltage present across resistor 16.
PAR  If the voltage at input 9 of control circuit 8 has become so low that
      resistor 12 presents a very low resistance value, then stage 41 produces
      at its output a control voltage which controls resistor 16, via its
      control input 18, to make it increasingly conductive.
PAR  If the voltage across resistor 16 continues to decrease because of a
      further reduction in the amplitude of the alternating mains voltage,
      resistor 19 is also made increasingly conductive, by the output signal
      from stage 42 applied to the control input 21 of resistor 19.
      Correspondingly, the above-described process is reversed if the mains
      voltage rises again.
PAR  Diodes 13, 14, 17 and 20 simultaneously prevent passage of the high return
      voltage from line transformer 31 to control circuit 6 and control circuit
      8.
PAR  In the above-described two embodiments of the invention shown in FIGS. 1
      and 2, the controllable resistors need dissipate only a fraction of that
      power leakage which in prior art circuits would have to be dissipated by a
      single power control means.
PAR  FIG. 3 shows a preferred form of construction for the circuits 6 and 8
      shown in block form in FIG. 2. The control circuit 8 of FIG. 2 includes,
      in FIG. 3, a transistor 45, in whose emitter circuit there is connected a
      Zener diode 46 which produces the reference voltage, U.sub.Ref. The base
      of transistor 45 is connected to switching point 27 via a voltage divider
      including resistors 43 and 44. The control voltage which is fed to the
      input 7 of control circuit 6 is obtained at the collector resistor 47 of
      transistor 45.
PAR  The controllable resistor 12 of FIG. 2 is formed by a transistor 48 whose
      base is connected to the input 7 of control circuit 6. The collector of
      transistor 48 is connected to input 5 and its emitter is connected to tap
      28 via diode 14. The resistor 16 in FIG. 2 is formed, in FIG. 3, by
      transistor 52 whose base is connected to the collector of a transistor 51
      which operates as a control stage. The emitter of transistor 52 is
      connected to tap 29 via diode 17, while its collector is connected to the
      emitter of transistor 48. The base of transistor 51 is connected to the
      collector of transistor 48 via a voltage divider including resistors 49
      and 50. The emitters of transistors 51 and 48 are connected together so
      that a voltage representative of the collector-emitter voltage of
      transistor 48 appears between the base and emitter of transistor 51.
PAR  The switching stage including transistor 56 is similar to the switching
      stage which has just been described. The emitter of this transistor is
      connected to the tap 30 of operating winding 32 via diode 20. The
      collector of transistor 56 is connected to the emitter of transistor 52,
      which lies in the preceding current path. The base of transistor 56 is
      controlled by the collector voltage of transistor 55, while the emitter of
      transistor 55 is connected to the emitter of transistor 52. The base of
      transistor 55 is connected to the collector of transistor 52 via a voltage
      divider including resistors 53 and 54.
PAR  In the above-described circuit of FIG. 3, the collector-emitter residual
      voltages of transistors 48 and 52 are monitored by means of transistors 51
      and 55 and are utilized as control values for controlling the conductive
      states of transistors 52 and 56.
PAR  The taps of the operating winding 32 described in the above-mentioned
      circuit may also be the taps of an additional winding on the sweep
      transformer 31.
PAR  In the embodiment of FIG. 3 it is also possible to omit transistors 52 and
      56 so that resistors 16 and 19 of FIG. 2 are constituted by transistors 51
      and 55. On the other hand it is also possible to design the two
      transistors 51 and 52 as well as the two transistors 55 and 56 as a
      Darlington circuit and thus as integrated circuits with three external
      connections, i.e., base, transistor 51; emitter, transistor 52; collector,
      transistor 52.
PAR  In order to prevent the occurrence of voltage peaks in the current paths of
      the control circuit 6 during switching of the diodes, it is advantageous
      to connect the individual current paths to act as capacitors for filtering
      out the voltage peaks. A capacitor 57, shown in broken lines, can be
      provided for this purpose.
PAR  In order to prevent damage to the base-emitter section of the transistor 51
      a protective diode 58 can be connected between the base and the emitter of
      said transistor 51.
PAR  As shown in FIG. 4, which is a circuit diagram of a further embodiment of
      the invention, there is used an additional winding 59 which is provided
      with the voltage-applying taps 27, 28, 29.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for producing sweep voltages for deflecting the beam of a
      cathode-ray tube, which system includes an operating voltage source whose
      output voltage is subject to amplitude variations, an output transformer
      having a winding, with one end of the winding being normally connected to
      the voltage source, a capacitor connecting the one end of the winding to a
      point of common potential for the system, a plurality of voltage-applying
      taps connected to the transformer at respectively different distances from
      the one end of the winding, and a circuit for connecting the operating
      voltage source to different ones of the taps, depending on the operating
      voltage amplitude, in order to stabilize the voltage across the
      transformer, the improvement wherein said circuit comprises: a plurality
      of electronically controllable variable resistance means each connected
      between said operating voltage source and a respective one of said taps; a
      plurality of diodes, each connected in series with a respective one of
      said variable resistance means and poled to be conductive in the direction
      of flow of the sweep voltage-producing operating current; and control
      means connected to control the conductive states of said variable
      resistance means, as a function of the amplitude of the operating voltage,
      in a manner such that upon the occurrence of successively lower operating
      voltage amplitude values, successive ones of said resistance means are
      rendered conductive in the order of the distance of their respective taps
      from said one end of said winding, starting from that one of said
      resistance means connected to that one of said taps which is closest to
      said one end of said winding.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein each said variable
      resistance means has one end connected to its associated tap via its
      respective diode and has its other end connected to the diode connected to
      the adjacent tap in the direction toward said one winding end, at the side
      of the latter diode directed away from its respective tap.
NUM  3.
PAR  3. An arrangement as defined in claim 1 wherein each said resistance means
      after that one of said resistance means whose associated tap is nearest
      said one end of said winding is connected to receive as its control
      voltage the voltage drop across that one of said resistance means
      connected to the adjacent tap in the direction toward said one end of said
      winding.
NUM  4.
PAR  4. An arrangement as defined in claim 1 comprising a further diode
      connected between the operating voltage source and said one end of said
      winding and poled to be conductive in the direction of flow of the sweep
      voltage-producing operating current.
NUM  5.
PAR  5. An arrangement as defined in claim 1 wherein each said variable
      resistance means comprises a transistor whose variable resistance is
      present between its emitter and collector and whose base is connected to
      said control means.
NUM  6.
PAR  6. An arrangement as defined in claim 5 wherein: said control means are
      connected to receive a reference voltage and a comparison voltage
      representative of that present at said one end of said winding; said
      control means has a control output connected to the base of that one of
      said transistors which is associated with the tap nearest said one end of
      said winding for rendering that transistor conductive when the operating
      voltage falls below a certain value.
NUM  7.
PAR  7. An arrangement as defined in claim 6 wherein said control means
      comprises: a control transistor; a Zener diode connected to the emitter of
      said control transistor to provide the reference voltage; and a voltage
      divider having one end connected to said one end of said winding, with the
      base of said control transistor being connected to an intermediate point
      of said voltage divider, which intermediate point provides the comparison
      voltage.
NUM  8.
PAR  8. An arrangement as defined in claim 5 wherein each said transistor other
      than the transistor whose associated tap is nearest said one end of said
      winding has its collector-emitter path connected between its associated
      tap and the point of connection between the tap adjacent its associated
      tap in the direction toward said one winding end and the transistor
      associated with said adjacent tap, and has its base connected to receive a
      control voltage corresponding to the collector-emitter voltage of the said
      transistor associated with said adjacent tap.
NUM  9.
PAR  9. An arrangement as defined in claim 5 wherein said control means comprise
      a voltage divider having an intermediate point, the base of one said
      transistor which is associated with a tap other than the tap nearest said
      one end of said winding being connected to be controlled by the voltage at
      such intermediate point, the collector of said one of said transistors
      being connected to the adjacent tap in the direction toward said one
      winding end, the emitter of said one of said transistors being connected
      to its associated tap, and said voltage divider being connected between a
      point of the common potential for the system and the input of the
      transistor associated with the adjacent tap in the direction toward said
      one end of said winding.
NUM  10.
PAR  10. An arrangement as defined in claim 9 wherein said control means further
      comprise an additional transistor having its base connected to said
      intermediate point of said voltage divider, its emitter connected to the
      collector of said one of said transistors, and its collector connected to
      the base of said one of said transistors.
NUM  11.
PAR  11. An arrangement as defined in claim 10 comprising a protective diode
      connected between the base and the emitter of said additional transistor
      and poled in the direction opposite that of the base-emitter junction of
      said additional transistor.
NUM  12.
PAR  12. An arrangement as defined in claim 1 further comprising a filter
      capacitor connected at the output side of at least one of said variable
      resistance means for suppressing switching voltage peaks.
NUM  13.
PAR  13. An arrangement as defined in claim 1, further comprising an additional
      winding which winding is provided with said voltage-applying taps.
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PAL  A device for geophysical prospecting of ore deposits, wherein the supply
      circuit is made up of a direct-current source provided with apparatus for
      changing current intensity, a main current-carrying electrode having
      electrical contact with an ore body, and an auxiliary current-carrying
      electrode electrically connected with the medium enclosing said ore body.
      Connected in said supply circuit is a current intensity detector connected
      whereto is a series circuit made up of a compensating voltage generator, a
      summing unit and a unit for measuring the potentials of electrochemical
      reactions on the surface of the ore body. The latter unit is connected to
      the main current-carrying electrode. The device includes a unit for
      setting the time of excitation by direct current of the ore body and
      comprises, according to the invention, a series circuit made up of a unit
      for setting values of the potentials of electrochemical reactions on the
      surface of the ore body, a comparator and a control unit. A recording unit
      provided in the device is connected to the unit for setting values of the
      potentials of electrochemical reactions and to the current intensity
      detector to record in the form of polarization curves the relationships
      between the set potentials of electrochemical reactions on the surface of
      the ore body and the currents flowing through the surface of that body,
      which currents account for said potentials. The device also may have at
      least two current-carrying electrodes having contact with the medium
      enclosing the ore body.
PARN
PAR  This is a continuation of application Ser. No. 438,776 filed Feb. 1, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for ore deposit prospecting, and
      more particularly to devices for geophysical prospecting, or exploration
      by the polarization curve method of ore deposits featuring an electronic
      conductivity.
PAR  Known at present is a device for geophysical prospecting of ore deposits by
      the polarization curve method, effecting galvanodynamic excitation of
      electrochemical reactions (cf. U.S. Pat. No. 3.659.192 issued Apr. 25,
      1972).
PAR  The graphical relationship between the intensity of the current I flowing
      through the surface of an ore body and the value of the potential .phi. of
      the electrochemical reaction excited by the flow of said current is
      referred to as "the polarization curve".
PAR  If the recording of polarization curves is accompanied by variations of the
      current flowing through the surface of an ore body according to a preset
      program, the process is referred to as the galvanodynamic method of
      investigating an ore body (the realtionship .phi. = f(I) ), see for
      example U.S. Pat. No. 3,758,846, issued Sept. 11, 1973. If the recording
      of polarization curves is carried out with the potential .phi. of
      electrochemical reactions on the surface of the ore body being set
      according to a program, one speaks of the potentiodynamic method of
      investigating an ore body (the relationship I = f(.phi.) ).
PAR  The above-mentioned device for geophysical prospecting of ore depositis
      comprises a direct-current source with a means for changing current
      intensity, a main current-carrying electrode having electrical contact
      with an ore body and connected to the direct-current source, and an
      auxiliary current-carrying electrode having electrical contact with the
      medium enclosing the ore body and connected to the direct-current source.
      Connected between the direct-current source and one of the
      current-carrying electrodes, for example, the main electrode, is a current
      intensity detector. The device also comprises a unit for measuring the
      potentials of electrochemical reactions on the surface of the ore body.
      Inputs of the unit are connected to a summing unit and the main
      current-carrying electrode. The inputs of the summing unit are connected
      to a non-polarizing measuring electrode and to a compensating voltage
      generator connected to the current intensity detector. Connected to the
      current intensity detector and the potential measuring unit is a unit for
      recording polarization curves, whereas a unit for setting the time of
      excitation by direct current of the ore body is connected to the means for
      changing current intensity.
PAR  Variations of the intensity of the current flowing through the circuit
      including the direct-current source, the ore body and the current-carrying
      electrodes, effected according to a preset program by the unit for setting
      the time of excitation by direct current of the ore body, excite
      successive electrochemical reactions on the surface of said ore body.
      Joint operation of the current intensity detector, the compensating
      voltage generator, the summing unit and the potential measuring unit
      results in discriminating the values of the electrochemical reaction
      potentials at the output of the latter unit, which are recorded by the
      recording unit in the form of relationships (.phi.=f (I) ).
PAR  The polarization curves, which are multistep curves, are used to determine
      the electrochemical reaction potentials which, in turn, are used to
      determine the mineral composition of ore bodies and the values of the
      limiting current intensity of the reactions which help to establish the
      dimensions of ore bodies and other parameters thereof.
PAR  Yet, the galvanodynamic method of exciting electrochemical reactions,
      effected by the known device, has a disadvantage if there are excited
      electrochemical reactions having reaction potentials close to one another,
      it is difficult to distinguish these on a polarization curve. In addition,
      there often occurs a smooth transition from recording the potential of one
      electrochemical reaction to recording the potential of another
      electrochemical reaction (for example, in the case of streak-impregnation
      ores), which may lead to difficulties in determining the electrochemical
      reaction potentials on the polarization curve and, in particular, of the
      values of the limiting current intensity of these reactions and,
      consequently, to errors in determining the mineral composition of ores,
      especially with regard to small concentrations of minerals, as well as
      errors in determining the amount of minerals and the dimensions of ore
      bodies.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to eliminate the above
      disadvantages.
PAR  The invention aims at providing a device for geophysical prospecting of ore
      deposits which would substantially raise the accuracy of determining the
      mineral composition of an ore body and the dimensions thereof.
PAR  This object is attained in a device for geophysical prospecting of ore
      deposits, comprising a direct-current source provided with a means for
      changing current intensity and having electrically connected whereto a
      main current-carrying electrode having electrical contact with an ore
      body, an auxiliary current-carrying electrode electrically connected with
      the medium enclosing said ore body, and a current intensity detector.
      Connected to the latter is a series circuit made up of a compensating
      voltage generator, a summing unit connected to a non-polarizing measuring
      electrode, and a unit for measuring the potentials of electrochemical
      reactions on the surface of the ore body and connected to the main
      current-carrying electrode. The device also includes a unit for setting
      the time of excitation by direct current of the ore body, which is
      electrically connected to a recording unit. The device is provided,
      according to the invention, with a series circuit made up of a unit for
      setting values of the potentials of electrochemical reactions on the
      surface of the ore body. The input of this circuit is connected to the
      unit for setting the time of excitation by direct current of the ore body,
      to a comparator whose other input is connected to the unit for measuring
      the potentials of electrochemical reactions on the surface of the ore
      body, and a control unit whose output is connected to the means for
      changing current intensity. The recording unit is connected to the unit
      for setting values of the potentials of electrochemical reactions on the
      surface of the ore body and to the current intensity detector to record,
      in the form of polarization curves, the relationships between the set
      potentials of electrochemical reactions on the surface of the ore body and
      the current flowing through the surface of that body which account for
      said potentials.
PAR  The object of the present invention is also attained in a device for
      geophysical prospecting of ore deposits, the device comprising a
      direct-current source, electrically connected whereto are at least two
      current-carrying electrodes having contact with the medium enclosing the
      ore body, and a current intensity detector, connected whereto is a series
      circuit made up of a compensating voltage generator, a summing unit
      connected to a non-polarizing measuring electrode, and a unit for
      measuring the potentials of electrochemical reactions and connected with
      another non-polarizing measuring electrode. The device also includes a
      unit for setting the time of excitation by direct current of the ore body,
      eletrically connected to a recording unit, the devivce is provided,
      according to the invention, with a series circuit made up of a unit for
      setting values of the potentials of electrochemical reactions on the
      surface of the ore body and whose input is connected to the unit for
      setting the time of excitation by direct current of the ore body, with a
      comparator whose other input is connected to the unit for measuring the
      potentials of electrochemical reactions on the surface of the ore body,
      and with a control unit whose output is connected to the means for
      changing current intensity. The recording unit is connected to the unit
      for setting values of the potentials of electrochemical reactions on the
      surface of the ore body and to the current intensity detector in order to
      record in the form of polarization curves of the relationships between the
      set potentials of electrochemical reactions on the surface of the ore body
      and the currents flowing through the surface of the ore body which account
      for said potentials.
PAR  It is expedient that the device include an electrical charge measuring
      unit, one input thereof being connected to the current intensity detector,
      and its other input being connected to the unit for setting the time of
      excitation by direct current of the ore body, and a second recording unit
      connected to the output of said unit and to the unit for setting values of
      the potentials of electrochemical reactions to record the relationships
      between the set potentials of electrochemical reactions on the surface of
      the ore body and the electrical charge required to maintain said reactions
      with said potentials.
PAR  The device may comprise a third recording unit connected to the current
      intensity detector and the unit for setting the time of excitation by
      direct current of the ore body in order to record time variations of the
      current intensity with constant potentials of electrochemical reactions on
      the surface of the ore body.
PAR  This makes it possible to substantially raise the accuracy of determining
      the dimensions of an ore body, its mineral composition, and the mineral
      content ratios due to a high resolving power of the device in determining
      the potentials of electrochemical reactions, as well as due to measuring
      the electrical charge consumed for each such reaction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will hereinafter be explained in greater detail with
      reference to a specific embodiment thereof taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a general block diagram of the proposed device for geophysical
      prospecting of ore deposits;
PAR  FIG. 2 is a block diagram of a device for geophysical prospecting of ore
      deposits effecting contactless excitation of electrochemical reactions on
      the surface of an ore body;
PAR  FIGS. 3 and 4 illustrate different versions of the general block diagram of
      the proposed device;
PAR  FIG. 5 is an example of a polarization curve representing the relationship
      between the ore body polarizing current and the electrochemical reaction
      potentials set on the surface of an ore body;
PAR  FIG. 6 is an example of a polarization curve representing time variations
      of the ore body polarizing current with a preset constant potential of
      electrochemical reactions on the surface of an ore body.
PAR  FIG. 7 is a version of a key diagram of the proposed device for geophysical
      prospecting of ore deposits.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the accompanying drawings, the proposed device for
      geophysical prospecting of ore deposits comprises a direct-current source
      1 (FIG. 1) provided with a means 2 for changing the intensity of the
      current through the circuit of the source 1, the means and the source
      making up a controllable direct-current source. The controllable
      direct-current source makes it possible, by applying control signals to
      the control input, to vary the load current within a wide range, from
      values close to zero to nominal values. The controllable source may be
      made on the basis of direct-current machines, for example, amplidynes; it
      may also employ converters of alternating current to direct current
      (rectifiers) which may be adjusted both on the side of alternating current
      and on the side of direct current, for example, with the aid of controlled
      diodes (thyristors).
PAR  The device also comprises a main current-carrying electrode 3 having
      electrical contact with an ore body 4 being prospected, and an auxiliary
      current-carrying electrode 5 which is in contact with the medium enclosing
      the ore body 4. Both electrodes are connected to the controllable
      direct-current source to form a supply circuit therewith. Connected in the
      supply circuit is a current intensity detector 6.
PAR  The main current-carrying electrode 3 is a special well attachment designed
      to provide electrical contact with the ore body by way of forcing the
      current-carrying elements thereof against the walls of the well over a
      large area. This results in low current densities at the points of
      contact.
PAR  As to the auxiliary current-carrying electrode 5, it is a conventional
      grounding attachment, such as metal spikes driven into the ground. The
      auxiliary electrode 5 is meant to transmit direct current from the power
      source to the ore body through the enclosing rock with minimum possible
      losses and consists, as a rule, of a system of conductors buried close to
      the ground surface at some distance from the ore body being prospected.
PAR  A unit 7 for measuring the potentials of electrochemical reactions on the
      surface of the ore body 4 is connected to a summing unit 8 and the main
      current-carrying electrode 3. The summing unit 8 is connected via a
      compensating voltage generator 9 to the current intensity detector 6 and a
      non-polarizing measuring electrode 10 receiving information of the
      potentials of electrochemical processes on the surface of the ore body 4.
      These processes are excited by the flow of polarizing current through the
      supply circuit from the controllable power source.
PAR  The function of the unit 7 for measuring the electrochemical reaction
      potentials is performed by a direct-current amplifier having a stable and
      constant transmission factor and calibrated in the values of the
      potentials of electrochemical reactions on the surface of the ore body 4.
PAR  The compensating voltage generator 9 is designed to obtain voltage whose
      value changes synchronously with variations of the current passing through
      the supply circuit. The transmission factor between the value of the
      current through the supply circuit and the output voltage of the
      compensating voltage generator may vary within a wide range depending upon
      specific conditions encountered when investigating an ore body. In order
      to meet specific purposes, the compensating voltage generator 9 may be
      provided with input and output terminals insulated from one another, i. e.
      a galvanic input-output isolation.
PAR  A unit 11 for setting values of the potentials of electrochemical reactions
      is connected with its input to a unit 12 for setting the time of exciting
      ore body 4 by direct current. The output of unit 11 is connected to a
      comparator 13. A second input of the comparator 13 is connected to the
      output of the unit 7 for measuring electrochemical reaction potentials,
      whereas the output of the comparator 13 is connected via a control unit 14
      to the means 2 for changing the intensity of the current through the
      supply circuit.
PAR  A recording unit 15, which is an XY recorder, is connected with its input X
      to the current intensity detector 6 and with its input Y, to the unit 11
      for setting values of the electrochemical reaction potentials. The
      recording unit 15 employs the rectangular coordinate system and records in
      the form of polarization curves the relationships between the set
      electrochemical reaction potentials and the polarizing current flowing
      through the surface of the ore body 4 which accounts for said potentials.
PAR  The unit 11 for setting values of the electrochemical reaction potentials
      is a set of precision resistors provided with switches (or a variable
      resistor), which are connected to a stabilized power source (not shown);
      the voltage across the output of that source may be set arbitrarily. The
      precision resistor switches (or the variable resistor) are actuated by the
      unit 12 for setting the time of excitation by direct current of the ore
      body 4. The unit 12 may be made in the form of a pulse counter with a
      variable pulse-repetition period (it may also be made in the form of a
      small low-power motor with a reduction gear; the speed of rotation of the
      output shaft of that motor may vary within a wide range depending upon
      specific prospecting conditions). Joint operation of the unit 11 for
      setting values pf the electrochemical reaction potentials and the unit 12
      for setting the time of excitation by direct current of the ore body 4
      determines the rate of electrochemical reactions on the surface of the ore
      body 4. Variations of the rate of electrochemical reactions make it
      possible to determine the optimum conditions for investigating the ore
      body and ensure the maximum effectiveness of the work.
PAR  While searching for minerals or prospecting for ore deposits, one often
      faces a situation when an ore body detected with the aid of geophysical
      apparatus requires detailed investigation, whereas no direct contact
      therewith through a well or prospecting hole has been yet provided. In
      such situations the proposed device for geophysical prospecting of ore
      deposits proves to be highly advantageous. In such cases the supply
      circuit is changed. A current-carrying electrode 16 (FIG. 2) has no
      electric contact with the ore body being prospected and is located on the
      opposite side of the ore body with respect to another current-supply
      electrode 17. The ore body 4 under exploration is found within the field
      of the flow of the electric current of both current-carrying electrodes 16
      and 17; part of the supply circuit current flows through the ore body 4
      and excites electrochemical reactions on the surface thereof. In order to
      record the values of the potentials of the electrochemical reactions
      taking place, the unit 7 for measuring electrochemical reaction potentials
      is connected to the summing unit 8 and to another non-polarizing measuring
      electrode 18 placed at an arbitrarily selected point at some distance from
      the current-carrying electrodes 16 and 17. The foregoing circuit is
      referred to as a system for contactless excitation of electrochemical
      reactions on the surface of an ore body.
PAR  While carrying out measurements with the use of the method of contactless
      excitation of electrochemical reactions, electrical insulation of the
      input and output terminals of the complensating voltage generator 9
      becomes indispensable in order to rule out undesirable polarization of the
      measuring electrode 18 (and also to rule out the possibility of that
      electrode being rendered inoperative) due to the power provided by the
      direct-current source 1.
PAR  Within certain limits, each electrochemical reaction requires for the
      completion thereof a definite electric charge Q irrespective of the rate
      of the process; in view of this, the proposed device for geophysical
      prospecting of ore deposits includes, apart from the above-mentioned
      units, an electrical charge measuring unit 19 (FIG. 3) connected between
      the current intensity detector 6 and the unit 12 for setting the time of
      excitation by direct current of the ore body 4, and a second recording
      unit 20 which is an XY recorder whose input X is connected to the
      electrical charge measuring unit 19, while its input Y is connected to the
      unit 11 for setting values of the electrochemical reaction potentials. The
      recording unit 20 employs the rectangular coordinate system and records in
      the form of polarization curves the relationship between the set
      electrochemical reaction potential and the electrical charge consumed for
      the respective electrochemical reaction.
PAR  Apart from the foregoing units, the proposed device for geophysical
      prospecting of ore deposits may have a third recording unit 21 (FIG. 4)
      which is an XY recorder whose input X is connected to the current
      intensity detector 6 and input Y connected to the unit 12 for setting the
      time of excitation by direct current of the ore body 4. The latter
      recording unit is used to record graphically time variations of the ore
      body polarizing current, provided that the electrochemical reaction
      potential is maintained constant.
PAR  Consider now a version of a key diagram of the proposed device for
      geophysical prospecting of ore deposits as shown in FIG. 7.
PAR  The direct-current source 1 is a controllable rectifier comprising
      non-controlled diodes 31 and 32 and controlled diodes (thyristors) 33 and
      34 connected in a bridge circuit. One diagonal of the bridge circuit is
      connected to an isolation transformer 35, with the other diagonal of the
      bridge circuit being connected to output terminals 36 and 37 via a switch
      38 which changes voltage polarity across the output terminals 36 and 37.
PAR  The control electrode of each of the thyristors 33 and 34 is connected to a
      pulse amplifier 39 with known circuitry built around transistors 40, 41,
      42 and 43. A transformer 44 at the output of the pulse amplifier 39 is
      designed for creating galvanic isolation of the control electrode circuits
      of the thyristors 33 and 34 from the rest of the circuit. Points 45 and 46
      are an input of the pulse amplifier, which is connected to a series
      circuit made up of a resistor 47, a variable resistor 48 and a capacitor
      49. The capacitor 49 is connected to a rectifier built around diodes 50
      and 51 via a current generator whose function is performed by a transistor
      52 connected to the common base circuit. Connected in parallel to the
      capacitor 49 is a transistor 53 designed for periodic discharge of the
      capacitor 49. The base of the transistor 53 is connected to a
      differentiating circuit made up of a resistor 54 and a capacitor 55 which
      are connected to a stabilizer 56 for shaping rectangular pulses from the
      sinusoidal reference voltage across a winding 57 of a transformer 58.
      Built around diodes 59 and 60 is a rectifier for supplying the pulse
      amplifiers 39.
PAR  Connected in the circuit between the output terminal 36 and the switch 38
      is the current intensity detector 6 made in the form of a heavy-duty
      precision resistor. Connected to the current intensity detector 6 is a
      compensating voltage generator 9, while a precision variable resistor 61
      having a scale calibrated in resistance units is connected in parallel
      with the resistor of the current intensity detector 6. The resistor 61 is
      connected via a limiting resistor 62 and integrated breakers 63 and 64 to
      a winding 65 of an isolation transformer 66 whose secondary winding 67 is
      connected to an output capacitor 68 via a resistor 69, forming a filter 1
      and integrated breakers 70 and 71. The base circuits of the integrated
      breakers 63, 64, 70 and 71 are connected via limiting resistors 72, 73, 74
      and 75 to secondary windings 76, 77, 78 and 79 of a supply transformer 80
      whose primary winding 81 is connected to a circuit made of stabilitrons 82
      and 83 connected in series opposition, and which are designed to shape,
      together with limiting resistors 84 and 85, rectangular voltage from the
      sinusoidal reference voltage across a winding 86 of the transformer 58.
PAR  Output terminals 87 and 88 of the compensating voltage generator 9 are
      connected to the capacitor 68 via a switch 89 designed to change the
      voltage polarity across the output terminals 87 and 88 of the compensating
      voltage generator 9.
PAR  The summing unit 8 is made as a conventional direct-current amplifier, the
      first stage thereof employing field-effect transistors 92 and 93, whereas
      in other stages thereof use is made of bipolar silicon transistors 94, 95,
      96, 97, 98, 99, 100 and 101. A summing point 102 is connected to the gate
      of the field-effect transistor 92 and coupled via a resistor 104 to a
      summing input 103 of the summing unit 8 and via a resistor 106, to another
      summing input 105 of that same summing unit 8. In addition, the summing
      point 102 is coupled via a feedback resistor 107 to an output terminal 108
      of the d.c. amplifier.
PAR  One stabilized power source for the d.c. amplifier is built around diodes
      109 and 110 and a stabilitron 111 and another stabilized power source is
      built around diodes 112 and 113 and a stabilitron 114, with said sources
      being connected in series. A common terminal 115 of the series
      interconnected power sources and the terminal 108 make up an output of the
      summing unit 8, connected whereto is the potential measuring unit 7
      comprising a measuring instrument 116, whose scale is calibrated in volts,
      and a limiting resistor 117. The instrument and resistor are connected in
      series.
PAR  The comparator 13 and the control unit 14 are made as a d.c. amplifier of
      the type used in the summing unit 8.
PAR  The first stage of the amplifier is built around field-effect transistors
      and is a balanced stage. An input 120 of the balanced stage is connected
      to the output of the summing unit 8 and the potential measuring unit 7,
      whereas its input 121 is connected to the unit 11 for setting
      electrochemical reaction potentials. The remainder of the d.c. amplifier
      is built around bipolar silicon diodes 122, 123, 124, 125, 126, 127, 128,
      and 129. A terminal 130 and the terminal 115 make up an output of the
      control unit 14, connected whereto is the resistor 47.
PAR  A switch 131 in the compensating voltage generator 9 is designed to connect
      the terminal 115, which is common with the potential measuring unit 7, the
      input of the summing unit 8, the input of the comparator 13, and the
      output terminal 88 of the compensating voltage generator 9, to the
      terminal 36, or the terminal 91, connected whereto is the second
      non-polarizing electrode 18 used with a contactless version of the
      proposed device.
PAR  In the unit 12 for setting the excitation time, the function of a pulse
      generator is performed by a multivibrator built around transistors 140 and
      141. A variable resistor 142 arranged in the base circuits of the
      transistors 140 and 141 is designed to vary the oscillation frequency of
      the multivibrator. Connected to the multivibrator built around the
      transistors 140 and 141 via a switch 143 are six series-connected
      flip-flops 144 built around transistors 145 and 146. The number of the
      flip-flops 144 may be different, depending upon the frequency of the
      multivibrator and the requirements imposed upon the device under specific
      operating conditions. A button switch 148 is coupled via diodes 149 to the
      collectors of the transistors 145 in the flip-flops 144 and is designed to
      set all the flip-flops into the initial state prior to operation. A switch
      150 is designed to vary the numer of the flip-flops 144 in action, due to
      which the frequency of the pulses applied to the potential setting unit 11
      may vary within a wide range.
PAR  Employed in the potential setting unit 11 is the conventional circuitry of
      "code-voltage" converters. The unit 11 comprises series connected
      flip-flops 151 built around transistors 152 and 153, and a switching
      transistor 154. The collectors of the transistors 152 are coupled via
      diodes 155 to the button 148 for setting all the flip-flops into the
      initial state thereof. The counting input of the first one of the
      flip-flops 151 is connected to the switch 150.
PAR  The collectors of the switching transistors 154 are connected to discharge
      resistors 156. The discharge resistors 156, series connected resistors
      157, and load resistors 158 make up a binary voltage divider whose
      potential terminal 159 is connected to the input 121 of the comparator 13.
PAR  Built around diodes 160, 161 and 162, 163 are two series connected
      rectifiers for supplying the flip-flops 144 and 151 and built around a
      diode 164 is a rectifier for supplying the collector circuits of the
      switching transistors 154.
PAC  THEORY OF OPERATION
PAR  Prior to the application of current, there is a balanced potential
      .phi..sub.o on the surface of the ore body 4 (FIGS. 1 and 2) which is due
      to electrochemical processes connected with the oxidation-reduction
      properties of the medium enclosing the ore body 4. If a potential .phi. is
      set on the surface of the ore body 4, which is greater or smaller than the
      balanced potential, there will be no noticeable change in the
      oxidation-reduction processes conditioned by the enclosing medium until
      the potential reaches a value equal to that of the reaction potential with
      respect to some of the minerals contained in the ore body; hence, the
      current flowing from the source 1 is either nil or negligible.
PAR  As the set potential .phi..sub.e reaches the value of the electrochemical
      reaction potential .phi. with respect to some of the minerals contained in
      the ore body, processes are brought about on the surface of the ore body
      connected with the electrochemical reaction in which said mineral is
      involved. This results in a sharp increase in the current through the
      supply circuit, which is consumed to maintain said electrochemical
      reaction. In the course of the accumulation of the products of the
      electrochemical reaction, the rate thereof slows down; simultaneously, the
      intensity of the current from the source 1 is reduced. The current
      intensity is either reduced to zero or to a low level corresponding to the
      balanced rate of the electrochemical reaction involving the mineral being
      investigated, which rate is due to specific conditions of removing the
      products of the electrochemical reaction from the reacting portions of the
      surface of the ore body 4. By way of changing the potential .phi. on the
      surface of the ore body 4 in the positive or negative direction, one
      sooner or later reaches the value of the electrochemical reaction
      potential .phi. with respect to another mineral contained in the ore body
      4. This again raises the intensity of the current from the source 1 and
      then again reduces it due to the accumulation of the products of the
      second electrochemical reaction. Further increase in the set potential
      brings about a new electrochemical reaction, accompanied by a respective
      increase in the current intensity with respect to a third mineral, then to
      a fourth, etc. Thus, by changing the potential .phi. on the surface of the
      ore body 4, it is possible to excite successive electrochemical reactions
      involving different minerals contained in the ore body and record these in
      the form of a polarization curve representing the relationship between the
      intensity of the current I (FIG. 5) and the set potential .phi..sub.e. On
      the polarization curve I = f(.phi..sub.e) the values of the set potential
      .phi..sub.e, corresponding to the maximum current intensity values (points
      a, b, c, d), also correspond to the electrochemical reaction potentials
      with respect to different minerals. These values are known for each
      mineral and are used to establish the presence of some or other mineral in
      an ore deposit. The maximum current value I.sub.max for each
      electrochemical reaction is proportional to the amount of the respective
      mineral in an ore deposit; hence, from the values of I.sub.max one may
      judge of the content and mass of a given mineral in the ore body 4. The
      electrochemical reaction potential .phi. on the surface of the ore body 4
      is measured in the form of voltage U.sub.s between the main
      current-carrying electrode 3 and the non-polarizing measuring electrode
      10. Voltage U.sub.s includes voltage U.sub..phi. taken on the boundary
      between the ore body 4 and the enclosing rock and which contains
      information of electrochemical reaction potentials with regard to
      different minerals, and voltage U.sub.r which is due to the flow of
      current through the ohmic resistors of the supply circuit on the portion
      between the electrodes 3 and 10 (the enclosing rock, the ore body itself,
      the cable in the well, etc.). In order to discriminate the sought-for
      value of U.sub..phi.  at the output of the potential measuring unit 7,
      which in some cases is equal to electrochemical reaction potentials .phi.,
      voltage U.sub.s is applied to the input thereof via the summing unit 8
      simultaneously with the compensating voltage U.sub.k generated by the
      compensating voltage generator 9 and selected to be equal in absolute
      value and opposite in sign to voltage U.sub.r. The compensating voltage
      U.sub.k must change synchronously with the change in the intensity of the
      current I through the supply circuit so that .vertline.U.sub.k .vertline.=
      -.vertline.U.sub.r .vertline.; correspondingly, it is indispensable that
      U.sub..phi. = .phi. at the output of the potential measuring unit 7. The
      synchronization of the change in the compensating voltage U.sub.k and that
      in the intensity of the current I is attained with the aid of a derived
      from the current intensity detector 6 and applied to the input of the
      compensating voltage generator 9. The function .vertline.U.sub.k
      .vertline.= -.vertline.U.sub.r .vertline. is achieved by appropriately
      adjusting the compensating voltage generator 9. From the potential
      measuring unit 7, the electrochemical reaction potential .phi. is applied
      to the comparator 13, while applied thereto simultaneously is the set
      potential .phi..sub.e from the unit 11 for setting potential value. At the
      output of the comparator 13 there is generated a signal to regulate the
      current intensity in the supply circuit via the control unit 14 and the
      means 2 for changing current intensity. If at a certain moment of time the
      electrochemical reaction potential becomes smaller than the set potential
      .phi..sub.e, at the output of the comparator 13 there appears a signal
      necessitating an increase in the intensity of the current I through the
      supply circuit. An increase in the intensity of the current I through the
      supply circuit raises the potential .phi. until .phi. = .phi..sub.e.
      Similarly, if at a certain moment of time the potential .phi. on the
      surface of the ore body 4 is greater than the value of the set potential,
      there appears a signal at the output of the comparator 13, necessitating a
      decrease in the intensity of the current I through the supply circuit. A
      decrease in the intensity of the current I results in a decrease in the
      electrochemical reaction potential .phi. until .phi. = .phi..sub.e. When
      the potential .phi. being measured is equal to the set potential
      .phi..sub.e, there is a signal at the output of the comparator 13
      necessitating a specific current intensity maintained in the supply
      circuit. It does not take much time to establish correspondence between
      the set potential .phi..sub.e and the actual potential .phi. on the
      surface of the ore body 4. The values .phi..sub.e and I are recorded by
      the recording unit 15. As the set potential .phi..sub.e is successively
      changed with the help of the unit 11 for setting the potential values, the
      recording unit 15 records the relationship between .phi..sub.e = .phi. and
      the current I, which corresponds to the polarization curve I = f(.phi.)
      which is used to determine the mineral composition and dimensions of the
      ore body 4.
PAC  OPERATION
PAR  The appended key diagram (FIG. 7) illustrates the operation of the proposed
      device and the sequence of the interaction of its units and of passage of
      signals through the circuits thereof.
PAR  Electric power in the form of alternating current is applied via the
      transformer 35 to the rectifier bridge made up of the diodes 31 and 32 and
      the thyristors 33 and 34, wherefrom resulting direct current is applied
      via the switch 38, the terminal 36 with the main current-carrying
      electrode 3 connected thereto, and the terminal 37, arranged with the
      auxiliary current-carrying electrode connected thereto, to the surface of
      the ore body 4 being explored to excite electrochemical processes thereon.
      The intensity of the excitation current depends upon the thyristors 33 and
      34. If the thyristors 33 and 34 are made conducting by applying a control
      pulse from the pulse amplifier 39 to the control electrode of the
      thyristor as soon as there is positive voltage at the anodes of the
      thyristors 33 and 34, the excitation current is at its minimum.
PAR  The excitation current is decreased if the control pulse from the pulse
      amplifier 39 is applied to the control electrodes of the thyristors 33 and
      34 with a lag (or with a phase shift) with respect to the start of the
      action of the positive voltage upon the anodes of the thyristors 33 and
      34. The excitation current is equal to zero if in the presence of positive
      voltage at the anode of the thyristor no control pulse is applied to the
      control electrodes of the thyristors 33 and 34. A phase shift between the
      control pulse and the start of the action of the positive voltage at the
      anodes of the thyristors 33 and 34 is obtained by comparing the saw-tooth
      voltage across the capacitor 49 to the control voltage across the resistor
      47 and the bias voltage across the resistor 48. The saw-tooth voltage
      across the capacitor 49 originates due to said capacitor being charged via
      the current generator built around the transistor 52 and being discharged
      over equal intervals at moments when the transistor 53 becomes conducting
      under the action of a pulse from the differentiating circuit 54, 55. With
      the voltage across the capacitor 49 being smaller than that across the
      resistors 47 and 48, cutoff voltage is being applied to the input 45, 46
      of the pulse amplifier 39. At a moment when the voltage across the
      capacitor 49 is greater than that across the resistors 47 and 48, the
      transistor 40 becomes conducting, and the pulse amplifier 39 generates a
      control pulse. The circuit is tuned so as to ensure a maximum phase shift
      of the control pulses with a maximum voltage across the resistor 48 and
      zero voltage across the resistor 47, said shift corresponding to zero
      current through the surface of the ore body 4. An increase in the voltage
      across the resistor 47 is bound to reduce the phase shift of the control
      pulse and increase the current through the surface of the ore body 4.
PAR  When using the contact method of exciting the ore body 4, the switch 131
      connects the point 115 to the output terminal 36 signal voltage U.sub.s is
      applied via the terminal 105 connected to the non-polarizing electrode 10,
      and current proportional to the input signal is applied via the resistor
      106 to the summing point 102. Simultaneously, applied to the summing point
      102 via the resistor 104 is the compensating current which is proportional
      to the compensating voltage U.sub.k applied to the point 103 from the
      compensating voltage generator 9. Applied to the summing point 112 is the
      current from the output 108, 115 of the summing unit 8, which is
      proportional to the reaction potential .phi., with said current also being
      applied to the potential measuring unit 7 and the input 120 of the
      comparator 13. Applied to the input 121 of the comparator 13 from the
      therminal 159 of the potential setting unit 11 is the set potential
      .phi..sub.e.
PAR  The difference between the potentials .phi. and .phi..sub.e across the
      outputs 120 and 121 is amplified by the control unit 14 and is applied in
      the form of control voltage, depending upon which is the excitation
      current, from the points 130, 115 to the resistor 47. With normal
      operation of the circuit, the intensity of the excitation current I is
      such as to meet the requirement of a minimum difference between the set
      potential .phi..sub.e and the potential .phi. of the electrochemical
      reaction on the surface of the ore body 4.
PAR  When using the contactless method of exciting the ore body 4, the switch
      131 connects the point 115 to the input terminal 91 connected whereto is
      the second non-polarizing electrode 18. The compensating voltage from the
      current intensity detector 6 in the compensating voltage generator 9 is
      emitted from the galvanic isolation unit built around the transformer 66.
      The compensating voltage U.sub.k from the resistor 61 is applied via the
      limiting resistor 62 to the winding 65 of the transformer 66 by
      successively actuated integrated breakers 63 and 64, with said voltage
      being alternately applied to the right and left portions of the winding
      65. Induced in the core of the transformer 66 is a varying magnetic flux
      which generates alternating voltage across the winding 67. The alternately
      actuated integrated breakers 70 and 71 connect the right and left portions
      of the winding 67 to the output terminals 88 and 87, which is done
      synchronously with the operation of the integrated breakers 63; as a
      result, voltage of the same polarity is discriminated across the output
      terminals. Connected upstream of the output terminals 87 and 88 is a
      filter built around the resistor 69 and the capacitor 68 and designed to
      reduce discontinuous jamming due to the operation of the integrated
      breakers.
PAR  The rest of the circuit's operation is similar to that with the use of the
      contact method which has been described above.
PAR  As the body 4 is being excited by direct current, of great importance is
      the rate of change in the electrochemical reaction potential .phi., which
      is determined both by the dimensions of the ore body and the mineral
      composition thereof.
PAR  The value of the electrochemical reaction potential .phi. is determined by
      the potential .phi..sub.e found at the point 159. Depending upon the state
      of the flip-flops 151, which make up a pulse counter, or the number of
      pulses applied to the input of the first one of the flip-flops 151 from
      the switch 150, the potential .phi..sub.e may be set by steps in a
      discrete manner (there are 256 steps in the specific embodiment of the
      circuit discolsed herein).
PAR  The size and number of the steps are determined by the range of the set
      electrochemical reaction potentials .phi..
PAR  The rate of increase of the potentials .phi..sub.e at the point 159 is
      determined by the repetition period of the pulses sent from the switch
      150. The pulse repetition period is set by the self-oscillation frequency
      of the multivibrator built around the transistors 140 and 141. The
      self-oscillation frequency of the multivibrator may be varied within a
      certain range by the variable resistor 142. The output pulse repetition
      frequency is varied within a wider range by the use of frequency dividers
      built around the flip-flops 144. The number of the flip-flops 144 employed
      in the dividers determines the degree of the decrease in the initial
      frequency of the multivibrator and stems from specific conditions
      associated with investigating the ore body 4.
PAR  To ensure normal operation of the proposed apparatus, it is necessary that
      prior to the start of operation the set potential .phi..sub.e be made
      equal to zero. This is done by setting the switch 148 in the "on"
      position. As a result, the flip-flops 144 of the frequency divider and the
      flip-flops 151 of the pulse counter and the "code-voltage" converter
      assume the initial position. As the switch 143 is closed, pulses from the
      multivibrator built around the transistors 140 and 141 start being applied
      to the frequency divider and, via the switch 150, to the pulse counter
      built around the flip-flops 151 in the "code-voltage" converter. Hence,
      beginning with the moment when the switch 143 is closed, the set potential
      .phi..sub.e at the point 159 is increasing, changing thereby the potential
      .phi. of electrochemical reactions on the surface of the ore body 4.
PAR  Simultaneously, the set potential .phi..sub.e is applied from the point 159
      to the input Y of the recording unit 15. Also applied to the input X
      whereof in the meantime being voltage from the current intensity detector
      6. As a result, a polarization curve is recorded.
PAR  By comparing the values of the electrochemical reaction potentials
      .phi..sub.1, .phi..sub.2, .phi..sub.3, .phi..sub.4, .phi..sub.5 (FIG. 5)
      found on the polarization curve to known tabulated values it is possible
      to establish the presence in ore deposits of such minerals as pyrite
      (.phi..sub.1 = 0.5 V and .phi..sub.5 = -1.35 V), chalcopyrite (.phi..sub.2
      = -0.6 V), galenite (.phi..sub.3 = -0.8 V) and sphalerite (.phi..sub.4 =
      -1.2 V). The values of I.sub.max for electrochemical reactions with
      respect to each mineral, which are also derived from said polarization
      curve, make it possible to establish, for example, that I.sub.max.sbsb.1 &lt;
      I.sub.max.sbsb.4 &lt; I.sub.max.sbsb.3 &lt; I.sub.max.sbsb.2. This is indicative
      of the fact that the mass of pyrite in the ore is greater than that of
      sphalerite, the masses of galenite and chalcopyrite being still greater.
      Relationships have been established (cf. Yu.S.Ryss, "Contact Polarization
      Curve Method for Prospecting Ore Bodies", the Nedra Publishers, Moscow,
      1973) which help to derive from the values of I.sub.max such parameters as
      the area, linear dimensions, mineral content, and mineral masses of ore
      bodies.
PAR  According to Faraday's law, the amount of reacting substances is
      proportional to the electrical charge Q. This value may be registered
      irrespective of the lag of measuring instruments and the rate of
      electrochemical reactions. The recording of the electrical charge consumed
      to maintain an electrochemical reaction makes it possible to raise the
      accuracy of determining the amount of minerals in an ore body and the
      dimensions thereof.
PAR  As electrochemical reactions are being excited on the surface of the ore
      body 4 in the manner that has been described above, the electrical charge
      measuring unit 19 (FIG. 3) multiplies the values of the intensity of the
      current I flowing through the supply circuit by the time intervals
      .DELTA.t determined by the unit 12 for setting the time of excitation by
      direct current of the ore body 4. The result obtained in the form of the
      electrical charge Q is transmitted to the recording unit 20 where it is
      recorded depending upon the potentials .phi..sub.e set by the unit 11 for
      setting electrochemical reaction potentials. The presence of latter unit
      makes it possible to measure the electrical charge consumed for individual
      electrochemical reactions and, consequently, raise the accuracy of
      determining the quantiative mineral composition and dimensions of the ore
      body 4.
PAR  Polarization curves obtained in the coordinates "Q - .phi." (not shown) do
      not differ in their form from those in the coordinates "I - .phi.". The
      values of .phi..sub.1, .phi..sub.2, etc. derived from the curves, as well
      as those of Q.sub.1, Q.sub.2, etc. are used to determine the composition
      and dimensions of the ore body 4, as well as the masses of minerals and
      metals therein.
PAR  With respect to an individual mineral, each electrochemical reaction has a
      specific nature expressed in the rate of the process and reflected in the
      curves which illustrate the relationship between the current intensity and
      the time (FIG. 6) during which an electrochemical process is underway with
      regard to a specific mineral. The polarization curves I = f(t) make it
      possible to use a new parameter, the change in the reaction rate, to
      determine the mineral composition of ore bodies and check the results of
      measurements carried out with the use of the polarization curves I =
      f(.phi.).
PAR  As a potential, for example, .phi..sub.5 (or .phi..sub.2, .phi..sub.3,
      etc.) is set on the surface of the ore body 4 with the aid of the unit 11
      for setting electrochemical reaction potentials, the recording unit 21
      (FIG. 4) records a curve characterizing time variation of the reaction
      rate in the form of the relationship I = f(t) , with the reaction
      potential constant.
PAR  FIG. 6 shows such a curve from which it is seen that the increase in the
      current with the set potential .phi. is different at different moments of
      time; in other words, dI/dt is not constant. The changes are due to
      successive excitation of reactions with respect to different minerals. The
      portion from zero to A covers electrochemical reactions involving the
      first mineral; and up to B, the second mineral; up to C, the third
      mineral; up to D, the fourth mineral. Judging from the number of steps on
      the curve, characterized by the portions OA, AB, BC, CD, it is possible to
      establish the number of minerals in the ore body 4 and the ratios between
      them. As massive ores gradually dissolve into streak ores, the steps
      become less distinct, whereas the time t.sub.1, t.sub.2, t.sub.3, t.sub.4
      of the transition from one process to another increases. Therefore, it is
      possible to judge from the way individual steps manifest themselves and
      from the time values t.sub.1, t.sub.4, t.sub.3, t.sub.4 of the structure
      of ores.
PAR  Thus, the device of the present invention makes it possible to explore an
      ore body with a limited access or without any access thereto, in greater
      detail and with a higher accuracy than any known apparatus. The proposed
      device makes it possible to determine the dimensions of an ore body, the
      mineral composition thereof, especially in the cases of small
      concentrations of minerals, the ratios between different minerals therein,
      etc. It is also no problem, by using the proposed device, to determine
      whether intersections of ore bodies belong to one ore body or to different
      ore bodies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for geophysical prospecting of ore deposits, comprising, in
      combination: a direct-current source provided with a means for changing
      the intensity of a current which excites electrochemical reactions on the
      surface of an ore body; a current intensity detector having an input
      connected to said direct current source; a main current-carrying electrode
      having electrical contact with the ore body and connected to said direct
      current source via said current intensity detector; an auxiliary
      current-carrying electrode having electrical contact with a medium
      enclosing the ore body and also connected to said direct current source
      via said means for changing the intensity of the current; a compensating
      voltage generator having an input connected to said current intensity
      detector, a summing unit with one input connected to the output of said
      compensating voltage generator; a first unit having a plurality of inputs
      for measuring the potentials of electrochemical reactions on the surface
      of the ore body, one input thereof being connected to the output of said
      summing unit and another input connected to said main current-carrying
      electrode; a measuring electrode connected to said summing unit and
      responsive to the electric potential difference with respect to said main
      current-carrying electrode; a second unit for setting the time of
      excitation by direct current of the ore body to effect programmed modes of
      investigating electrochemical processes; a third unit for setting values
      of the potentials of the electrochemical reactions on the surface of the
      ore body, an input at the third unit being connected to said second unit
      for setting the time of excitation by direct current of the ore body; a
      recording unit having a first input connected to said third unit for
      setting values of the potentials of said electrochemical reactions and
      having a second input connected to the current intensity detector for
      recording in the form of polarization curves the relationships between the
      set potentials of the electrochemical reactions on the surface of the ore
      body and the currents flowing through the surface of that body which
      account for the potentials; a comparator to compare voltages applied from
      said third unit for setting values of the potentials of said
      electrochemical reactions, connected whereto is one input of said
      comparator, and from said first unit for measuring the potentials of the
      electrochemical reactions on the surface of the ore body, connected
      whereto is another input of said comparator; a control unit with an input
      connected to the output of said comparator, its output being connected to
      said means for changing current intensity, said later means causing the
      intensity of the current flowing through the circuit of said
      current-carrying electrodes to increase or decrease.
NUM  2.
PAR  2. A device for geophysical prospecting of ore deposits, comprising in
      combination: a direct-current source provided with a means for changing
      the intensity of a current which excites electrochemical reactions on the
      surface of an ore body; a current intensity detector having an input
      connected to said direct current source; two main current-carrying
      electrodes having contact with a medium enclosing the ore body, one of
      said current-carrying electrodes being connected to said direct-current
      source via said current intensity detector and the second current-carrying
      electrode being connected to said direct-current source via said means for
      changing the intensity of the current; two measuring electrodes being in
      contact with the medium enclosing the ore body and responsive to the
      electric potential difference carrying information on the electrochemical
      reactions on the surface of the ore body; a compensating voltage generator
      having an input connected to said current intensity detector; a summing
      unit having an input connected to the output of said compensating voltage
      generator and a second input connected with one of said measuring
      electrodes; a first unit for measuring the potentials of the
      electrochemical reactions on the surface of the ore body, with a first
      input being connected to the output of said summing unit and a second
      input being connected to the second of said measuring electrodes; a second
      unit for setting the time of excitation by direct current of the ore body
      to effect programmed modes of investigating electrochemical processes; a
      third unit for setting values of the potentials of said electrochemical
      reactions on the surface of the ore body with an input being connected to
      said second unit for setting the time of excitation by direct current of
      the ore body; a recording unit having a first input connected to said
      third unit for setting values of the potentials of the electrochemical
      reactions and having a second input connected to the current intensity
      detector in order to record in the form of polarization curves
      relationships between the set potentials of the electrochemical reactions
      on the surface of the ore body and the currents flowing through the
      surface of that body which account for said potentials; a comparator to
      compare voltages applied from said third unit for setting values of the
      potentials of the electrochemical reactions, connected whereto is one
      input of said comparator, and from said first unit for measuring the
      potentials of the electrochemical reactions on the surface of the ore
      body, connected whereto is another input of said comparator, a control
      unit whose input is connected to the output of said comparator, its output
      being connected to said means for changing current intensity, which latter
      means raises or reduces the intensity of the current in said
      current-carrying electrodes.
NUM  3.
PAR  3. A device as claimed in claim 1, further comprising an electrical charge
      measuring unit arranged for determining the electrical charge required to
      maintain each electrochemical reaction, one input thereof being connected
      to said current intensity detector, its other input being connected to
      said second unit for setting the time of excitation by direct current of
      the ore body, and a second recording unit having a first input connected
      to the output of said electrical charge measuring unit and a second input
      connected to said third unit for setting values of the potentials of the
      electrochemical reactions in order to record the relationships between the
      set potentials of the electrochemical reactors on the surface of the ore
      body and the electrical charge consumed to maintain the electrochemical
      reactions with the potentials.
NUM  4.
PAR  4. A device as claimed in claim 1, further comprising a third recording
      unit connected to said current intensity detector and to said second unit
      for setting the time of excitation by direct current of the ore body to
      record time variations of the current intensity with constant potentials
      of the electrochemical reactions on the surface of the ore body.
NUM  5.
PAR  5. A device for geophysical prospecting of ore deposits, comprising, in
      combination: a direct-current source provided with a means for changing
      the intensity of a current which excites electrochemical reactions on the
      surface of an ore body; a current intensity detector having an input
      connected to said direct current source; a main current-carrying electrode
      having electrical contact with the ore body and connected to said direct
      current source via said current intensity detector; an auxiliary
      current-carrying electrode having electrical contact with the medium
      enclosing the ore body and connected to said direct current source via
      said means for changing current intensity; a compensating voltage
      generator with an input connected to said current intensity detector; a
      summing unit having a first input connected to the output of said
      compensating voltage generator; a first unit for measuring the potentials
      of electrochemical reactions on the surface of the ore body, a first input
      thereof being connected to the output of said summing unit, a second input
      thereof being connected to said main current-carrying electrode; a
      measuring electrode connected to a second input of said summing circuit
      and responsive to the electric potential difference with respect to said
      main current-carrying electrode; a second unit for setting the time of
      excitation by direct current of the ore body to effect a programmed mode
      of investigating electrochemical processes; a third unit for setting
      values of the potentials of the electrochemical reactions on the surface
      of the ore body, the input thereof being connected to said second unit for
      setting the time of excitation by direct current of the ore body; a first
      recording unit having a first input connected to said second unit for
      setting values of the potentials of the electrochemical reactions and a
      second input connected to the current intensity detector to record in the
      form of polarization curves the relationships between the set potentials
      of the electrochemical reactions on the surface of the ore body and the
      currents flowing through the surface of that body which account for the
      potentials; a comparator to compare voltage applied from said third unit
      for setting values of the potentials of the electrochemical reactions,
      connected whereto is a first input of said comparator, and from said first
      unit for measuring the potentials of the electrochemical reactions on the
      surface of the ore body, connected whereto is a second input of said
      comparator; a control unit whose input is connected to the output of said
      comparator, its output being connected to said means for changing current
      intensity which raises or reduces the intensity of the current in said
      main and auxiliary current-carrying electrodes, an electrical charge
      measuring unit for determining the electrical charge required to maintain
      each electrochemical reaction, a first input thereof being connected to
      said current intensity detector, a second input thereof being connected to
      said second unit for setting the time of excitation by direct current of
      the ore body, a second recording unit having a first input connected to
      the output of said electrical charge measuring unit and a second input
      connected to said third unit for setting values of the potentials of the
      electrochemical reactions to record the relationships between the set
      potentials of the electrochemical reactions on the surface of the ore body
      and the electrical charge consumed to maintain the electrochemical
      reactions with the potentials; and a third recording unit having a first
      input connected to said current intensity detector and a second input
      connected to said second unit for setting the time of excitation by direct
      current of the ore body to record current intensity time variations with
      constant potentials of the electrochemical reactions on the surface of the
      ore body.
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ABST
PAL  A test circuit for automotive voltage regulators includes means for
      simulating transient battery voltages, a meter for monitoring these
      voltages as related to the operation of the regulator being tested,
      switching means to protect the meter and also to facilitate the reading
      thereof, a test load simulating the field coil of an automotive
      alternator, and an indicator light for determining when the test load is
      energized. The volt meter indicator moves to show increasing voltage and
      returns to zero when the regulator interrupts the current to the test
      load.
BSUM
PAR  The present invention relates to improvements in instruments used for
      testing automotive voltage regulators. In modern automotive vehicles,
      self-rectifying A.C. generators, called alternators, are used to replenish
      the potential of batteries exhausted or reduced by the use of the
      electrical components of the vehicle. The alternator is equipped with a
      field coil on its rotor which increases or decreases the voltage output of
      the alternator depending on the manner in which it is energized. Also, the
      voltage output of the alternator is affected by the speed at which it is
      rotated. The voltage regulator is designed to maintain a substantially
      constant battery voltage output by energizing the alternator field when
      the battery voltage drops below a desired level and by de-energizing the
      alternator field when the battery is recharged.
PAR  When there is a malfunction in the electrical system of an automobile, the
      faulty component must be determined and subsequently repaired or replaced.
      Voltage regulators are generally sealed, self-contained units that cannot
      be repaired, but must be replaced if defective. Various instruments have
      been devised to test voltage regulators, however, most fall short of
      optimum performance.
PAR  In testing a voltage regulator, it is desirable to determine first, if the
      regulator is switching on and off and second, if the regulator is
      switching in the voltage range for which it is designed. The regulator
      tester of the present invention, employs a test load which includes an
      indicator light; so it is a simple matter to determine if the regulator is
      switching. Past testers employed a volt-meter across the output of the
      power supply and a rheostat in series with one side of the power supply
      and when the regulator interrupts the current to the load, the meter than
      reads the full power supply voltage, there being no current drawn by the
      regulator and, therefore, substantially no voltage drop across the
      rheostat. This arrangement not only puts a strain on the volt-meter, but
      also makes it difficult to take accurate readings, since it is necessary
      to notice the voltage reading just before the needle jumps from the
      voltage at cutoff to the pole at the maximum reading of the meter.
PAR  In addition, past voltage regulator testers have supplied regulators with
      currents substantially lower than their designed capabilities, which did
      not give a true indication of the regulator's ability to perform under
      operational conditions. Further, some regulators will not operate when out
      of their normal circuits, and past inventions had no means of supplying
      the missing conditions, making tests of these regulators impossible.
PAR  The principal objects of the present invention are: to provide a voltage
      regulator tester which overcomes the aforementioned difficulties; to
      provide such a tester having a circuit for testing automotive voltage
      regulators which includes a test load that draws an amount of electrical
      current comparable to the amount drawn by the alternator field coil with
      which the regulator is normally used, thereby giving a true indication of
      the regulator's performance; to provide a circuit of such configuration
      that accurate voltage readings and the cut-off voltage are easily taken or
      observed; to provide such a circuit of which the components thereof are
      not subjected to severe strain; to provide a circuit capable of testing a
      great variety of automotive voltage regulators; to provide a voltage
      regulator tester which is economical to manufacture, accurate, versatile,
      and durable in use, and which is particularly well adapted for its
      intended use.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of this invention.
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PAR  The drawings constitute a part of this specification and includes an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the voltage regulator tester.
PAR  FIG. 1 is a perspective view of a voltage regulator test instrument
      employing the present invention.
PAR  FIG. 2 is a simplified block diagram of an automotive electrical system.
PAR  FIG. 3 is a circuit diagram of the voltage regulator tester connected to a
      typical automotive voltage regulator.
PAR  FIG. 4 is a circuit diagram of a conventional voltage regulator tester of
      which the present invention is an improvement.
PAR  FIG. 5 is a circuit diagram of a modified form of the voltage regulator
      tester.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein. However, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a voltage regulator tester adapted to ascertain the
      operability of automotive voltage regulators 2. In an automotive
      electrical system, a battery 3 supplies current to the electrical
      accessories of a vehicle. Use of accessories, including the starter, spark
      plugs, lights, signals, etc., drains away the electrical potential of
      battery 3; therefore, an alternator 6, driven by the engine crank shaft,
      is employed to replenish the lost potential.
PAR  In the alternator 6, alternating current is generated by the interaction
      between the stator windings and the magnetism created by current flowing
      in the field winding 8 of the rotor. Direct current for the field winding
      8 is supplied by the battery 3 through the voltage regulator 2 when the
      voltage regulator 2 senses that the battery potential has dropped below a
      selected level. The alternator 6 contains rectifiers (not shown) which
      convert its A.C. output to D.C. which is fed to the battery 3.
PAR  A typical voltage regulator 2, see FIG. 3, comprises a relay 11 and a
      transistor 12, illustrated as a PNP type transistor. In normal operation,
      the positive side of battery 3 is connected to regulator terminal 14, with
      the negative side of battery 3 connected to the ground 16 of regulator 2
      through the frame of the vehicle. The alternator field coil 8 is connected
      to regulator terminals 14 and 15; therefore, in the illustrated regulator
      2, one side of the alternator field 8 is connected to the positive battery
      potential at regulator terminal 14. The alternator field circuit is
      completed through the emitter 17 and collector 18 of the transistor 12
      when the base-emitter bias is accomplished through normally closed relay
      contacts 20 to ground 16. In this condition, the battery 3 is supplying
      current to the alternator field 8.
PAR  As battery potential builds up, a level is reached at which the magnetic
      pull exerted by relay windings 21 on relay armature 22 overcomes the
      tension of spring 23 whereupon contacts 20 separate. When this happens the
      base-emitter junction 19 is no longer forward biased, therefore, the
      emitter-collector circuit of transistor 12 is open and, with it, current
      to the alternator field 8 is interrupted.
PAR  As with all electromechanical devices, voltage regulators 2 are likely to
      develop malfunctions after a period of use. Since voltage regulators are
      not generally repairable, a means is necessary to test them when
      malfunctions are suspected. FIG. 3 is a circuit diagram of an improved
      voltage regulator tester. In general, the test circuit 1 is adapted to
      simulate the normal environment of a voltage regulator 2 with D.C. power
      supply 25 substituting for the battery 3 and with a test load 26 replacing
      the alternator field 8.
PAR  The power supply 25 is a conventional D.C. power supply adapted to convert
      110 volt alternating current to lower voltage direct current. The power
      supply 25 includes power transformer 27 operative to convert 110 volts
      A.C. received at the primary winding 28 to 24 volts A.C. at the secondary
      winding 29. Also included in the primary circuit are series connected
      circuit breaker 30 and on-off switch 31, parallel connected pilot light
      32, and series connected, normally closed, push button reset switch 33.
      The secondary winding 29 is connected to a full-wave bridge rectifier 34
      whose output is then fed to a pi-network filter containing a resistor 35
      and electrolytic capacitors 36 and 37. A bleeder resistor 38 is connected
      in parallel with capacitor 37. The voltage measured at respective positive
      and negative terminals 39 and 40 of power supply 25 is approximately 24
      volts direct current.
PAR  In the tester, a rheostat 41 is connected between positive supply terminal
      39 and tester terminal 42. In the illustrated embodiment, rheostat 41 has
      a value of 50 ohms and a power capacity of 50 watts. Rheostat 41 is
      operative to vary the voltage measured at respective positive and negative
      tester terminals 42 and 43.
PAR  The voltage regulator tester 1 includes a test load 26 adapted to simulate
      an alternator field coil for the purpose of testing voltage regulators.
      The test load 26 includes a resistor 44 and an incandescent lamp 45
      connected in parallel with resistor 44. In the illustrated circuit,
      resistor 44 has a value of 25 ohms and a power capacity of 12 watts. The
      lamp 45 is adapted to light up when test load 26 is energized and to
      extinguish when the test load 26 is no longer supplied with current. The
      test load 26 is connected to tester terminals 46 and 47.
PAR  In order to monitor the voltage output of power supply 25 as adjusted by
      rheostat 41, a D.C. volt meter 50 is employed with the positive side
      thereof connected to tester terminal 42 and with the negative side thereof
      connected to the collector 51 of an NPN transistor 52. The base 53 of
      transistor 52 is connected through a resistor 54 to tester terminal 46. In
      the illustrated circuit, resistor 54 has a value of 10,000 ohms and a
      power capacity of 1/4 watt. The emitter 55 of transistor 52 is connected
      to tester terminal 47. When the test load 26 is carrying current, the base
      emitter junction 56 of transistor 52 is forward biased, and a voltage
      appears at the collector 51 of transistor 52, as will be explained later.
      When the test load 26 is not carrying current, the base emitter junction
      56 is not forward biased, and no voltage appears at the collector 51. With
      this arrangement, voltage readings may be taken only when the test load 26
      is energized.
PAR  In order to use voltage regulator tester 1 to test a voltage regulator 2,
      the regulator is removed from the automotive circuit and tester terminal
      42 is connected to regulator terminal 14 and tester terminal 43 is
      connected to regulator ground terminal 16. Tester terminal 46 is also
      connected to regulator terminal 14 and tester terminal 47 is connected to
      regulator terminal 15. Rheostat 41 is adjusted to maximum resistance to
      start with, and switch 31 is closed. If the regulator 2 is operating
      properly, as soon as switch 31 is closed, lamp 45 should light up,
      indicating that regulator 2 is supplying current to test load 26.
PAR  The resistance of rheostat 41 is then decreased slowly until the meter 50
      reads approximately 14 volts, at which level, the magnetism created by
      windings 21 of relay 11 acting on the armature 22 thereof overcomes the
      tension of spring 23 thereby opening contacts 20. With contacts 20 open,
      there is no forward bias on the base-emitter junction 19 of transistor 12,
      and consequently, no current can flow through the collector 17 and the
      emitter 18 of transistor 12, and the test load 26 is thereby de-energized.
PAR  When the test load 26 is energized, the negative connection to volt meter
      50 is completed through the collector 51 and the emitter 55 of transistor
      52 and through the emitter 17 and the collector 18 of transistor 12 to the
      ground connection 16 of regulator 2 and thereby to the negative terminal
      40 of the power supply 25. However, when contacts 20 open, transistor 12
      is shut off thereby de-energizing the test load 26, whereupon transistor
      52 is shut off and the needle of meter 50 drops to zero. In practice the
      regulator is connected in circuit with the tester and the rheostat
      gradually moved to increase the voltage until the regulator cuts off the
      charge and thereupon the voltage meter indicator or hand that has been
      gradually advancing on the dial drops back to zero. This stopping and
      reversal of direction of the indicator is easily observable.
PAR  If lamp 45 does not light up when switch 31 is closed, or if the lamp 45
      does not go out at the proper voltage, the regulator is judged defective.
PAR  In a certain type of voltage regulator, excluding the illustrated regulator
      2, certain circuits require completion before the regulator can function.
      Therefore, a push button, normally open switch 57 is connected between
      tester terminals 47 and 43 to thereby render this type of regulator
      operable.
PAR  In order to facilitate the use of tester 1 as a shop instrument, the
      components of the tester 1 are enclosed in a protective cabinet 58.
PAR  The voltage regulator 1 described above is an improvement over a prior
      tester 60, see FIG. 4. In the prior tester, a volt meter 61 is connected
      between terminals 62 and 63. As the cut-off voltage of the regulator 2 is
      reached, by adjusting the rheostat 64, the meter 61 reads the voltage
      across terminals 62 and 63, as current is supplied to the test load 65.
      The meter indicator gradually advances and when the regulator 2 turns off,
      thereby shutting off current to the test load 65, the indicator continues
      in a quick advance to a limit. Since there is no current drawn through
      rheostat 64, there is no voltage drop thereacross, and the meter
      immediately reads the full voltage output of the power supply 60. This
      sudden increase in the meter reading greatly hinders the determination of
      the cut-off voltage of the regulator 2 and also puts a strain on the
      movement of the meter 61.
PAR  The test load 65 is a series connection of a resistor 67 of 10 ohms and
      incandescent lamp 68. The current drawn by the test load 65 is, therefore,
      substantially less than the current drawn by the parallel connection of
      resistor 44 and lamp 45 of the tester 1. With the greater current drawn by
      the test load 26 of tester 1, the regulator 2 is more rigorously tested.
      The improved voltage regulator tester 1 is, therefore, a more reliable
      instrument for testing automotive voltage regulators.
PAR  Most modern automobile electrical systems incorporate 12 volt batteries
      along with electrical components designed for use therewith. However,
      there exist systems which operate at voltages other than 12 volts,
      including various trucks, aircraft and auxiliary power and refrigeration
      units, etc. It is desirable to have a tester for testing voltage
      regulators used in these systems.
PAR  FIG. 5 illustrates a modified voltage regulator test circuit 71 adapted to
      test voltage regulators which operate at 12, 24, 30 and 32 volts. Tester
      71 is substantially similar to tester 1 in construction and operation.
      Modifications include means for selecting appropriate test voltages and
      test load components and a selectable range, dual scale volt-meter for
      monitoring test operations.
PAR  In the power supply 72 of tester 71, identical transformers 73 and 74 each
      have a secondary voltage of 25 volts when supplied with 110 volts A.C. at
      their respective primaries. The primary windings of transformers 73 and 74
      are connected in parallel while their secondary windings are connected in
      series. When switch 75 is in the upper position, as illustrated in FIG. 5,
      transformer 73 only is used, with its 25 volt output available for testing
      12 volt regulators. When switch 75 is in the other positions, illustrated
      as a middle and a lower position, the combined outputs of transformers 73
      and 74 result in a total of 50 volts available for testing 24, 30, and 32
      volt regulators. Transformers 73 and 74 are each similar to transformer 27
      of tester 1. Circuit breaker 76 has twice the current capacity of circuit
      breaker 30 of tester 1 to thereby handle greater currents required in
      testing larger regulators. The remaining components of power supply 72 are
      substantially similar to corresponding components in tester 1.
PAR  Test load 77 includes resistors 78 and 79 which are connected in series.
      Resistors 78 and 79 are each identical to resistor 44 of tester 1. When
      switch 80 is in the upper position, as illustrated in FIG. 5, resistor 78
      only is selected for testing 12 volt regulators. When switch 80 is in the
      positions illustrated as a middle and a lower position, both resistors 78
      and 79 are selected for testing 24, 30 and 32 volt regulators. The
      illustrated upper position of switch 81 selects test lamp 82 only for
      determining when a 12 volt regulator is supplying current to the test load
      77. The illustrated middle and lower positions of switch 81 connect a 75
      ohm, 12 watt resistor 83 in series with lamp 82 to thereby protect lamp 82
      from excessive voltages when testing 24, 30 and 32 volt regulators.
PAR  Volt-meter 84 is a dual scale volt-meter for monitoring the adjustable
      output voltage of power supply 72. The illustrated upper position of
      switch 85 selects a 0-20 volt scale of meter 84 while the illustrated
      middle and lower positions of switch 85 select a 0-50 volt scale thereof.
      Potentiometers 86 are operative to correct the indicator of meter 84 at
      zero voltage as is sometimes necessary when using multi-scaled meters. The
      connection of meter 84 in the circuit is substantially similar to the
      connection of volt-meter 50 of tester, with the negative connection of
      meter 84 through transistor 87 allowing the indicator of meter 87 to
      return to zero when the regulator being tested interrupts the current to
      test load 77.
PAR  It can be obxerved from FIG. 5 that the illustrated middle and lower
      positions of respective switches 75, 80, 81, and 85 are electrically
      identical. The illustrated middle positions are selected for testing 24
      bolt regulators while the illustrated lower positions are used for testing
      30 and 32 volt regulators. The purpose for using different switch
      positions that are electrically the same is to alert the test operator to
      the different operating and cutoff voltages involved to thereby insure
      accurate testing of the respective regulators. In practice, switches 75,
      80, 81, and 85 are combined in a single 4-pole, 3-position rotary switch
      88.
PAR  The connection of tester 71 to a typical regulator 2 is similar to the
      connection of tester 1 thereto. Terminal 89 is connected to regulator
      ground 16; tester terminal 90 is connected to regulator field terminal 15;
      and tester terminals 91 and 92 are connected to regulator battery terminal
      14.
PAR  Operation of tester 71 is substantially similar to the operation of tester
      1 except that the illustrated upper position of rotary switch 88 must be
      selected for 12 volt regulators, the illustrated middle position for 24
      volt regulators, and the illustrated lower position for 30 and 32 volt
      regulators.
PAR  It is to be understood that while we have illustrated and described certain
      forms of our invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What we claim and desire to secure by letters Patent is:
NUM  1.
PAR  1. A voltage regulator tester for testing automotive voltage regulators
      comprising:
PA1  a. an adjustable direct current power source;
PA1  b. a circuit connected to the power source and including a volt-meter for
      monitoring the adjusted voltage output level of said power source, said
      circuit having terminals connecting a voltage regulator to be tested
      thereto;
PA1  c. a test load in the circuit for simulating the field coil of an
      automotive alternator with which a voltage regulator to be tested is
      normally used;
PA1  d. a lamp in the circuit for indicating the presence of electrical current
      in said test load when energized; and
PA1  e. automatic switching means in the circuit to connect said volt-meter to
      said test load when said regulator is supplying electrical current thereto
      and to disconnect said volt-meter when the supply of current to said test
      load is interrupted by the voltage regulator.
NUM  2.
PAR  2. A voltage regulator tester as set forth in claim 1 wherein said test
      load comprises a resistor of selected resistance and wherein said lamp is
      connected in parallel with said resistor to thereby increase the
      electrical current drawn through said regulator.
NUM  3.
PAR  3. A voltage regulator tester as set forth in claim 1 wherein said
      automatic switching means comprises a transistor circuit.
NUM  4.
PAR  4. A voltage regulator tester as set forth in claim 1 wherein a means is
      provided for completing certain peripheral circuits of a type of
      automotive voltage regulator requiring the completion thereof in order to
      become operative.
NUM  5.
PAR  5. A voltage regulator tester as set forth in claim 1 wherein:
PA1  a. said power source is adapted for selectively supplying a plurality of
      output voltage levels;
PA1  b. said test load comprises a plurality of resistors, the appropriate
      combination thereof being selectable for the particular voltage regulator
      being tested;
PA1  c. a voltage limiting resistor is selectively connected in series with said
      lamp when testing voltage regulators normally operating at selected
      voltage levels; and
PA1  d. said volt-meter is a multi-scaled volt-meter, and means are provided for
      selecting the appropriate scale thereof for the particular voltage
      regulator being tested.
NUM  6.
PAR  6. A voltage regulator tester adapted for testing automotive voltage
      regulators, said regulators including, at least, a means for selectively
      connecting and disconnecting an automotive battery to the field coil of an
      automotive self-rectifying generator in response to sensing the voltage
      level of said battery to thereby increase or decrease the voltage output
      of said generator, a positive battery terminal, a negative battery
      terminal, a positive field terminal, and a negative field terminal, said
      tester comprising substantially:
PA1  a. a direct current power source;
PA1  b. a rheostat having one side connected to the positive side of said power
      source, the other side of said rheostat being connected to a first tester
      terminal, and having the negative side of said power source connected to a
      second tester terminal, said rheostat being operative to adjust the
      voltage level as measured at said first and said second tester terminals;
PA1  c. a volt-meter operatively connected for monitoring the adjusted voltage
      output of said power source;
PA1  d. a test load adapted to simultate the field coil of an alternator and
      comprising substantially a resistor of selected resistance, said test load
      having one side thereof connected to a third tester terminal and having
      the other side thereof connected to a fourth tester terminal;
PA1  e. an incandescent lamp in conjunction with said test load, said lamp being
      adapted to glow when said test load is conducting electrical current;
PA1  f. electrical conductors for connecting said first and said second tester
      terminals respectively to said positive and said negative battery
      terminals of said regulator and for connecting said third and said fourth
      tester terminals respectively to said positive and said negative field
      terminals of said regulator;
PA1  g. a first switching means adapted to automatically connect said volt-meter
      to said power source when said test load is conducting electrical current
      and adapted to automatically disconnect said volt-meter when said test
      load is not conducting current.
NUM  7.
PAR  7. The voltage regulator tester as set forth in claim 6 wherein said first
      switching means comprises a transistor circuit wherein the base-emitter
      junction of a transistor is forward biased by the voltage across said test
      load when said test load is conducting electrical current thereby
      providing a collector voltage which is measured by said volt-meter, and
      whereby when said test load is not conducting current no forward
      base-emitter junction bias is present, therefore, zero collector voltage
      is read.
NUM  8.
PAR  8. The voltage regulator as set forth in claim 6 wherein said incandescent
      lamp is connected in parallel with said test load resistor to thereby
      increase the electrical current drawn by said test load.
NUM  9.
PAR  9. The voltage regulator tester as set forth in claim 6 and including:
PA1  a. a second switching means adapted to complete certain peripheral circuits
      in a type of automotive voltage regulator requiring the completion thereof
      in order to become operative;
PA1  b. said second switching means being normally open, momentary contact
      switch connected between said second tester terminal and said fourth
      tester terminal.
NUM  10.
PAR  10. A voltage regulator tester as set forth in claim 6 wherein:
PA1  a. said power source is adapted for selectively supplying a plurality of
      output voltage levels;
PA1  b. said test load comprises a plurality of resistors connected in series
      and a multi-position switch operative to select one or more of said
      resistors at a time to thereby provide the appropriate test load
      resistance for the particular voltage regulator being tested;
PA1  c. a voltage limiting resistor is selectively connected in series with said
      lamp when testing voltage regulators normally operating at selected
      voltage levels; and
PA1  d. said volt-meter is a multi-scaled volt-meter, and means are provided for
      selecting the appropriate scale thereof for the particular voltage
      regulator being tested.
NUM  11.
PAR  11. In a voltage regulator tester adapted for testing automotive voltage
      regulators, said tester comprising an adjustable direct current power
      source having a positive and a negative terminal, a test load simulating
      an automotive alternator field coil and having, when conducting electrical
      current, a positive and a negative terminal, and a volt-meter having a
      positive and a negative terminal, said positive volt-meter terminal
      connected to said power source positive terminal:
PA1  a. an NPN transistor having the base thereof connected through a resistor
      of selected resistance to said test load positive terminal;
PA1  b. said transistor having the emitter thereof connected to said test load
      negative terminal; and
PA1  c. said transistor having the collector thereof connected to said
      volt-meter negative terminal.
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PAL  The disclosure relates to a system and method whereby bimetallic discs as
      well as a completed thermostat can be dynamically tested
      non-destructively. The bimetallic disc can be tested by utilizing its
      magnetic properties, the magnetic properties of the disc being sensed by a
      magnetic transducer under operating conditions to provide a velocity curve
      of disc movement. The thermostat is tested in the same manner as the disc
      with simultaneous monitoring of the electrical switch controlled by the
      disc to insure operation thereof at the ideal point on the disc velocity
      curve.
PARN
PAR  This application is a continuation of Ser. No. 317,481, filed Dec. 21,
      1972, and now abandoned.
BSUM
PAR  This invention relates to a method and system for on-line, dynamic,
      non-destructive testing of bimetallic discs and disc thermostats and more
      specifically, to a method and system for magnetically detecting the
      movement of a thermostatic disc and electrical switch to test the
      thermostatic disc as well as disc type thermostats.
PAR  Present day techniques for testing of bimetallic disc type thermostats as
      well as the bimetallic disc themselves has been very slow and cumbersome
      and often required destructive testing. Present day thermostats of the
      bimetallic disc type are normally tested by periodically removing one from
      a production line and destructively testing it to determine, on a
      statistical basis, the quality of the thermostats being produced.
      Bimetallic discs are tested as to temperature by slowly raising the
      surrounding temperature until the disc snaps and, in this way, determining
      the snapping temperature of the disc. Testing of this type is of long
      duration. Prior art testing techniques for thermostats have tested the
      thermostatic switches by placing a battery across the electrical terminals
      to determine when there was a current flow therethrough. Systems of this
      type are really measuring an on or off condition. Due to the low voltage
      on the battery relative to the normal working conditions of the switches,
      there was no testing for air gap in the switch. In fact, under higher
      voltage conditions, the switch might actually fail to provide an open
      circuit and provide arcing with subsequent quick deterioration of the
      electrical switch contacts.
PAR  In accordance with the present invention, there is provided a dynamic,
      on-line, non-destructive testing method and apparatus for testing
      bimetallic discs as well as disc thermostats which provide a quick and
      accurate determination of bimetallic disc action including the sensing of
      a trapped disc, creep and double snap, base gauge, an estimated value of
      contact pressure, a forecast of device life expectancy, contact bounce,
      estimated temperature differential and variation in construction such as
      cup materials by a simple on-line magnetic testing method and apparatus.
      This testing can be done on-line and can provide one hundred percent
      testing procedures rather than the above-described periodic testing
      measures of the prior art.
PAR  Briefly, in accordance with the present invention, a bimetallic
      thermostatic disc or thermostat is positioned over a heating device which
      provides uniform constant temperature of predetermined value, a magnet
      surrounded by a coil being positioned in magnetic coupling relationship
      with the discs so that movement of the disc will be sensed by the magnet
      and coil and a curve thereof can be displayed on an oscilloscope or other
      similar device to provide an indication of the velocity curve of the disc
      during the snapping action thereof. In normal thermostats, since movement
      of the disc causes movement of a transfer pin which in turn causes the
      opening and/or closing of a switch, the switch opening and/or closing can
      also be viewed in a time relationship with the movement of the disc to
      determine the relationships between disc movement and switch movement. The
      information thereby obtained can be utilized in a manner to be described
      to sense all of the above indicated parameters for evaluation of
      bimetallic discs or disc thermostats, to evaluate their quality and
      efficiency as well as to provide the capability of on-line correction in
      the event certain ones of the above parameters are showing values below
      some minimum value for efficient operation of the device.
PAR  It is therefore an object of this invention to provide a method and
      apparatus for testing disc thermostats and the disc on-line and
      non-destructively.
PAR  It is a further object of this invention to provide a method and apparatus
      for magnetically sensing the movement of a thermostatic disc.
PAR  It is a yet further object of this invention to provide a method and
      apparatus for rapidly testing disc thermostats on-line for disc action,
      contact pressure and bounce and estimated life expectancy.
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiment thereof, which is
      provided by way of example and not by way of limitation, wherein:
PAR  FIG. 1 is a drawing of a testing apparatus in accordance with the present
      invention;
PAR  FIG. 2 is a chart of circuit arrangements for obtaining specified
      measurements from the testing apparatus of FIG. 1; and
PAR  FIG. 3 is a diagram equating actual disc and switch position to measured
      values thereof in accordance with the present invention.
DETD
PAR  When a disc thermostat is placed in contact with a magnetically biased coil
      and heated to its snap temperature the disc movement will alter the
      magnetic field in the coil and produce an output voltage proportional to
      the disc movement or velocity. This output voltage, related to disc
      velocity, plus the thermostat switch operation can be simultaneously
      displayed on a storage type oscilloscope.
PAR  Performance parameters of the disc thermostat can be ascertained from the
      graph displaying the time period in which the disc velocity curve is
      altered by the loading of the thermostat switch.
PAR  The amplitude of the graph (sensor output voltage) is propostional to the
      disc velocity; the higher the velocity the higher the output voltage. The
      area under the curve is an indication of the power developed by the disc,
      and deflections in the curve are indications of the loading or damping of
      the disc velocity caused by operating the thermostat switch. Should the
      switch action occur in the low velocity area of the curve, slow switch
      operation and low power operation of the switch will result, indicating a
      potential creep switch action and failure.
PAR  The above is provided by utilizing a testing system as set forth in FIG. 1.
      In FIG. 1 there is shown a thermostat 1 under test, the thermostat
      including a switch arm 3 having a contact 5 for contacting terminal 7. The
      switch arm 3 in FIG. 1 is biased to be in the closed position as shown and
      is moved to the open position by upward travel of the transfer pin 9. The
      transfer pin 9 in turn rests on a snap action disc 11 of well known type,
      the disc 11 resting in the cup 13. The snapping of the disc 11 causes the
      upward travel of the transfer pin 9. The thermostat 1 is now to be tested
      as described above by the use of the remaining apparatus as will now be
      described.
PAR  The disc 11 is caused to snap to its downwardly cupped state when its
      temperature reaches some predetermined value as designed into the disc.
      Accordingly, there is provided a PTC heater 15 of well known type which
      provides a temperature at or slightly above the snapping temperature of
      the disc. The heater 15 is positioned on a thermal conductor 17 which is
      positioned proximate the disc 11 and beneath the cup 13 in order to
      transfer heat from the thermal conductor 17 to the disc 11. The thermal
      conductor 17 has an aperture therein through which a magnet 19 extends,
      the magnet being positioned within a coil 21. The output of coil 21 is fed
      to a first input channel of an oscilloscope 23. A second input channel of
      the oscilloscope 23 is connected to a battery 25 and the switch arm 3 via
      contacts 5 and 7.
PAR  In operation, the disc 11 is heated to the snapping temperature by the
      heater 15 via the thermal conductor 17. As the disc 11 begins its upward
      movement, the change in magnetic field caused by such movement (the disc
      11 having magnetic properties) is sensed by the coil 21 and provides a
      graph on the oscilloscope 23 of the sensed change in magnetic field. As
      shown in FIG. 2(b), the display on the oscilloscope is proportional to the
      velocity of the disc 11. When the transfer pin 9 has been moved upwardly
      to the point where the contacts 5 and 7 become separated, this change will
      be displayed on channel 2 of the oscilloscope in time relation to the
      movement of disc 11. Any arcing between contacts 5 and 7 or bounce of
      switch arm 3 will be displayed on channel 2.
PAR  Referring now to FIG. 2, it can be seen from FIG. 2(a) that the
      acceleration of the disc 11 can easily be computed by the placement of an
      amplifier and differentiator between the output of the coil 21 and the
      input to channel 1 of the oscilloscope 23. Also, the distance travelled by
      the disc 11 can be computed by the placement of an amplifier and
      integrator between the output of the coil 21 and the input to channel 1 of
      the oscilloscope 23 as shown in FIG. 2(c). The velocity of the disc 11, as
      stated previously, is provided as a direct amplified output from the coil
      21 to the oscilloscope 23. It is also clear from FIG. 2(d) that the
      kinetic energy of the disc 11 can be measured if the mass (M) thereof is
      known and the disc velocity is known from FIG. 2(b). Also, the power
      developed by the disc 11 can be obtained as shown in FIG. 2(e) once the
      energy has been computed as shown in FIG. 2(d) or from measurement of disc
      velocity and disc acceleration as shown in FIGS. 2(a) and 2(b).
PAR  With reference to FIG. 3, FIG. 3(a) shows the graph at channel 2 of the
      oscilloscope 23 for operation of switch arm 3 with respect to time, FIG.
      3(b) shows the graph of the velocity of the disc 11 with respect to time
      and FIG. 3(c) is a diagrammatic view of the position of the disc, transfer
      pin and switch arm at selected times during a snapping cycle of the disc.
      The graphs of FIGS. 3(a) and 3(b) have the same time base.
PAR  It can be seen by reference to FIG. 3 that the disc 11 will initially begin
      to creep prior to snapping and this will be displayed in the velocity
      curve of FIG. 3(b) as "beginning of snap-building velocity", the switch
      being closed as shown in FIG. 3(c). As the disc starts to snap, the
      transfer pin moves against the switch arm, the velocity of the disc
      increasing but the switch still being closed. As the disc snap progresses,
      the contacts 5 and 7 start to part but the current is still passing
      through the switch. The disc snapping then is completed with disc velocity
      again increasing after a falling off, it being seen that the current
      through the switch quickly dropped off to zero shortly after the contacts
      5 and 7 began to open. Finally, the disc starts to "ring" in the snapped
      state, the switch remaining open.
PAR  It can be seen that, in addition to the measurements set forth in FIG. 2 it
      can be determined whether the transfer pin is too long or too short
      depending upon when the switch starts to open. This is shown in dotted
      lines in FIG. 3(a). It can also be determined whether there is contact
      bounce since such bounce would appear in FIG. 3(a) as a plurality of dots
      when current through the switch goes on and off after the initial switch
      opening. Also, the speed of switching from "on" to "off" is seen by the
      fall off of the curve of FIG. 3(a) and this speed can be increased by
      adjusting the length of the transfer pin to open the switch at the point
      in the velocity curve of most favorable velocity. It is therefore apparent
      that various essential disc thermostat and disc parameters are readily
      measurable on-line, non-destructively and at electronic speeds.
PAR  With particular reference to FIG. 3(b) a comparison of the ringing portion
      of the disc velocity curve with a known standard of mechanical resonance
      will enable one to determine if the geometry of the disc has changed in
      any way, as by having an edge crimped or a crack develop in the disc.
      Should such a crack develop in the disc the ringing portion of the curve
      will show a more rapid damping of the disc.
PAR  Although the above-described embodiment has been described with reference
      to an entire switch assembly the characteristics of a free disc can also
      be measured by placing the disc in a suitable support and causing the disc
      to snap. A standard free disc velocity curve can then be used against
      which test discs can be measured. Without the pin and contact arm of the
      switch assembly the curve will include a more pronounced ringing portion
      when compared to the curve shown in FIG. 3(b).
PAR  Though the invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of testing and adjusting a thermostat having a snap acting disc
      displaying magnetic properties, a switch and a transfer pin urged by said
      disc to operate said switch, comprising the steps of
PA1  a. providing a velocity graph on electronic storage means with respect to
      time for said disc during snapping thereof,
PA1  b. providing a graph on electronic storage means with respect to time of
      switch operation of said thermostat during snapping of said disc, and
PA1  c. adjusting the operation of said switch relative to time in response to
      said graphs in (a) and (b).
NUM  2.
PAR  2. A method as set forth in claim 1, wherein step (c) comprises adjusting
      the length of a transfer pin of said thermostat.
NUM  3.
PAR  3. A system for testing and adjusting a thermostat having a snap action
      disc having magnetic properties, a transfer pin and a switch operated by
      movement of said transfer pin in response to movement of said disc,
      comprising,
PA1  a. heater means for heating said disc to its snapping temperature,
PA1  b. a magnetic transducer responsive to movement of said disc to provide an
      indication of said disc movement and
PA1  c. storage means for storing the indication of said disc movement.
NUM  4.
PAR  4. A system as set forth in claim 3 further including a second storage
      means and a source of voltage coupled between said second storage means
      and said switch whereby operation of said switch is stored in said second
      storage means.
NUM  5.
PAR  5. A system as set forth in claim 3 wherein said heater means is positioned
      proximate and in heat coupling relation to said disc.
NUM  6.
PAR  6. A system as set forth in claim 4 wherein said heater means is positioned
      proximate and in heat coupling relation to said disc.
NUM  7.
PAR  7. A system as set forth in claim 5 wherein said heater means includes an
      aperture therein adjacent said disc, said magnetic transducer extending
      through said aperture.
NUM  8.
PAR  8. A system as set forth in claim 6 wherein said heater means includes an
      aperture therein adjacent said disc, said magnetic transducer extending
      through said aperture.
NUM  9.
PAR  9. A system as set forth in claim 7 wherein said magnetic transducer
      includes a magnet and a coil surrounding said magnet, said magnet
      extending through said aperture.
NUM  10.
PAR  10. A system as set forth in claim 8 wherein said magnetic transducer
      includes a magnet and a coil surrounding said magnet, said magnet
      extending through said aperture.
NUM  11.
PAR  11. A method of testing a switch having a snap acting disc displaying
      magnetic properties comprising the steps of
PA1  a. providing a velocity graph on electronic storage means with respect to
      time for said disc during snapping thereof, and
PA1  b. comparing the velocity graph against a known standard to determine
      operational characteristics of the switch.
NUM  12.
PAR  12. A method of testing a snap acting disc displaying magnetic properties,
      comprising the steps of
PA1  a. providing a velocity graph on electronic storage means with respect to
      time for said disc during snapping thereof, and
PA1  b. comparing the velocity graph against a known standard to determine
      operational characteristics of the disc.
NUM  13.
PAR  13. A method according to claim 12 in which the velocity graph includes a
      portion after the disc has snapped and a change in disc geometry can be
      determined by comparing the said portion of the velocity graph with the
      known standard.
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ABST
PAL  A device is disclosed herein for monitoring a power system for the presence
      of faults thereon which cause leakage currents to ground. The device
      includes a test impedance and bridge switching means for connecting the
      test impedance in different combinations to a pair of power lines. A singe
      test impedance is connected in four different configurations to the power
      lines in sequence, and this cycle is continuously repeated. Currents are
      measured for each connection to determine whether or not a leakage or
      hazard current exists which results from a fault load on one or both power
      lines. The device includes control means for operating the test impedance
      switching means, and includes current level detecting means for providing
      an alarm indication in the event a predetermined hazard current exists.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a power line monitoring device or system,
      and more particularly to an improved system of this nature for monitoring
      line isolation and the existence of fault currents resulting from fault
      loads on the power line or lines.
PAR  In various installations wherein a load or loads are connected to a power
      supply, there is the possibility of a fault condition occurring wherein
      there is a current flow to ground, as in the case where a low leakage
      impedance occurs between one or both power lines to ground because of
      faulty insulation or other causes. In many instances a hazardous leakage
      current condition results. It thus is desirable to sense or monitor the
      existence of faults to ground, particularly those occurring on an isolated
      ac power distribution network. A major application for monitoring devices
      of this nature is for hospital use because of the rapidly increasing use
      of electro-medical apparatus in the care of patients. Such apparatus are
      used in hospital intensive care wards, surgeries, and other hospital
      locations, and the monitoring of current leakage to ground is paramount
      for the safety of patients.
PAR  Various types of monitoring devices for monitoring such leakage current to
      ground have been devised. Exemplary systems are described in U.S. Pat. No.
      2,999,231, No. 3,066,284 and No. 3,666,993. The typical system generally
      involves the use of several test impedances connected to the power lines
      for determining the existence of predetermined fault currents.
PAR  The present invention contemplates, in a preferred embodiment thereof, a
      line isolation monitor system which is relatively simple, sensitive and
      efficient, and is particularly adaptable to hospital and other uses. In a
      hospital application, for example, the conventional power supply includes
      a balanced isolated transformer with a floating secondary. When no fault
      condition exists, the patient can be connected to either side of the
      secondary without danger. A high quality ground usually is used throughout
      the system wherein beds, window frames, electrical instruments, and the
      like are all connected to a common ground point, and with the floating
      power system, even if the patient touches one side of the secondary there
      is no problem. However, in the event of the occurrence of a leakage path
      involving current of sufficient magnitude, a hazardous condition exists.
DRWD
PAR  In a preferred embodiment according to the present invention, a relatively
      simple balanced test impedance is employed, and is sequentially connected
      to one or both of the power lines in four predetermined test impedance
      configurations, and this four position sampling is repeated. The current
      which flows as a result of the connection of the test impedance in each of
      the configurations is measured to ascertain whether or not a hazardous
      current level exists. When the current level exceeds a safe level an alarm
      indication is provided. The construction and operation of the invention
      will become more apparent through a consideration of the following
      description, taken in conjunction with the drawings in which:
PAR  FIG. 1 is a block diagram of a preferred embodiment of a line monitoring
      system according to the present invention;
PAR  FIGS. 2a and 2b are simplified circuit diagrams indicating fault load
      conditions on power lines;
PAR  FIG. 2c is a simplified diagram of a test impedance and bridge switching
      circuit therefor, and FIG. 2d is a switching table for the switching
      circuit.
PAR  FIGS. 3a through 3d are simplified circuit diagrams indicating four test
      impedance configurations connected to the power lines in conducting the
      line monitoring operation;
PAR  FIGS. 4a through 4c are three waveforms indicating different combinations
      of fault currents which may exist with respective fault loads shown in
      FIGS. 4d through 4f;
PAR  FIG. 4g is a waveform of switching control signals which are used to
      operate the bridge switches associated with the test impedances and power
      lines; and
PAR  FIGS. 5a through 5c, when arranged as shown in FIG. 5d, illustrate the
      circuit and logic diagram of the present system.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Turning first to FIG. 1, a block diagram of the present system is shown
      wherein a transformer 10 with a primary winding 11 and a secondary winding
      12 represents a typical balanced and isolated transformer power supply,
      such as that used in hospitals. Power lines L.sub.1 and L.sub.2 are
      connected to the secondary 12, and these lines are connected to respective
      lines 14 and 15 of the power distribution system and with which one or
      more loads are connected. The remainder of the system illustrated in FIG.
      1 shows the components of a preferred embodiment of a line monitoring
      system according to the present invention.
PAR  The present system includes a test impedance and switching circuit 18
      therefor which is connected to the power lines L.sub.1 and L.sub.2. As
      will be explained in greater detail subsequently, the circuit 18 includes
      a test impedance and a bridge-type switching circuit for connecting the
      test impedance to the two lines L.sub.1 and L.sub.2 in four different
      impedance configurations. The test impedance includes a center tap at
      which the current to ground is measured by the circuit to the right of 18
      as seen in FIG. 1.
PAR  The test current output from the bridge circuit 18 is applied to an
      amplifier 20, the output of which is applied to a full wave rectifier 21.
      The output of the rectifier 21 is connected to an RC circuit 22. As will
      be apparent, the amplifier 20 amplifies the test current, and the output
      of the amplifier is rectified by the rectifier 21 to provide pulsed half
      sine waves. The RC circuit 22 forms a low pass filter and changes the
      pulsed half sine waves to a stepped waveform. The RC circuit 22 is
      connected to a weighted average detector 23 which functions to provide a
      weighted average output of the input signals thereto as will become more
      apparent when considering the current waveforms of FIGS. 4a-4c. The output
      of the weighted average detector 23 is connected to a summing junction 24
      through a resistor 25. A signal proportional to line voltage is applied to
      the summing junction 24 through a resistor 26 from an isolated line
      voltage reference circuit 27. This line voltage reference is obtained from
      lines 28a and 28b connected to lines L.sub.1 and L.sub.2 through a
      rectifier and filter 29 connected to the reference circuit 27. This
      circuit enables line voltage fluctuations to be subtracted and ignored.
PAR  The summing junction 24 is connected to an amplifier 33, the output of
      which is connected to a meter 35 which indicates the magnitude of the
      leakage or fault current. The summing junction 24 also is connected to an
      alarm circuit 36. This alarm circuit may include several visual
      indicators, as well as an audio alert device. For example, the alarm
      circuit 36 preferably includes an indicator light for indicating a normal
      safe condition, and an indicator light and audible alert for indicating a
      hazardous current condition.
PAR  The system of FIG. 1 also includes a transformer 40 having a primary 41
      connected across the power lines L.sub.1 and L.sub.2, and a secondary 42
      connected to a power supply 43. The center tap of the secondary 42 is
      grounded at 44 as seen in FIG. 1. The power supply 43 serves as the power
      supply for the remaining components of the system of FIG. 1. The secondary
      winding 42 also is connected through a line 46 to a counter circuit 48
      which provides drive signals for the switches of the test impedance and
      switch circuit 18. The line 46 supplies 60 hertz signals as the clock for
      the counter 48. These 60 hertz signals are divided down by the counter to
      8 hertz signals which, in turn, are applied through driver circuits to
      four switches arranged in a bridge-type configuration in the circuit 18.
PAR  Turning now to FIGS. 2a and 2b, these Figures diagramatically illustrate
      fault load conditions. As is seen in each, the secondary 12 of the
      transformer 10 (FIG. 1) is connected to upper and lower lines L.sub.1 and
      L.sub.2. Fault loads are designated Z.sub.L1 and Z.sub.L2. In FIG. 2a,
      both lines are loaded with Z.sub.L1 and Z.sub.L2, the junction between the
      two loads being grounded. This fault loading may be either balanced
      wherein Z.sub.L1 is equal to Z.sub.L2, or may be hybrid wherein Z.sub.L1
      is different from Z.sub.L2 (such as, one may be resistive and the other
      may be reactive). The block labeled Z.sub.T diagramatically designates the
      test impedance which is connected across lines L.sub.1 and L.sub.2 or to
      one line or the other as will be explained later. The diagramatic circuit
      shown in FIG. 2b is similar to that shown in FIG. 2a, but only one line is
      loaded. As shown in FIG. 2b, a load Z.sub.L1 is connected to the upper
      line L.sub.1. Another possible loading is with Z.sub.L2 connected (not
      shown) to lower line L.sub.2. With any of the fault conditions, the
      present monitor system measures the ground current between the test and
      load impedances.
PAR  FIG. 2c illustrates diagramatically the bridge switching circuit by which
      the test impedance Z.sub.T, comprising a resistor 50 and a capacitor 51,
      is connected to the lines L.sub.1 and L.sub.2 in various possible
      combinations. Bidirectional electronic switches 52 through 55 are
      connected with lines L.sub.1 and L.sub.2 and the test impedance Z.sub.T As
      shown. The switches 52 through 55 are selectively turned on and off in
      various combinations so as to cause the impedance Z.sub.T to be connected
      with one or both of lines L.sub.1 and L.sub.2 in the manner shown in FIGS.
      3a through 3d.
PAR  Considering FIGS. 3a through 3d in more detail, the same illustrate the
      four different impedance/power line combinations which are used in the
      present line monitor system. FIG. 3a illustrates the test impedance
      Z.sub.T connected only to line 1, and FIG. 3c illustrates the test
      impedance connected only to line 2. FIGS. 3b and 3d illustrate two
      combinations of connecting the test impedance across the lines L.sub.1 and
      L.sub.2. In the operation of the monitor system. sampling of the lines
      L.sub.1 and L.sub.2 occurs in four-time periods, and FIGS. 3a-3d
      respectively show the four connections for the test impedance Z.sub.T
      which are made in response to output control signals from the counter 48
      (FIG. 1). An exemplary output frequency of the counter is 8 hertz and thus
      the four samples occur at the rate of 7.5 per second (in 133
      milliseconds). This sequence of connecting the test impedance four ways is
      repeated cyclically. Each bridge switch is closed for approximately 66.6
      milliseconds, and the state of one switch changes every 33.3 milliseconds
      to cause a different impedance/line connection to ba made. Thus each test
      impedance configuration (e.g., as shown in FIG. 3a) is connected for 33.3
      milliseconds. FIG. 2d is a table illustrating the conditions of the
      switches 52 through 55 for connecting the impedances as respectively shown
      in FIGS. 3a through 3d. In FIG. 2d, a "0" indicates that the respective
      switch is off and an "X" indicates that the switch is on.
PAR  Before discussing the complete circuit and logic diagram of the system
      shown in FIGS. 5a-5c, the test current waveforms for different types of
      fault loads as illustrated in FIGS. 4a through 4c will be discussed. FIG.
      4a illustrates the test current waveform for four-time periods
      corresponding to the connection of test impedances Z.sub.T1 through
      Z.sub.T4 as shown in respective FIGS. 3a through 3d for a given fault load
      condition. As shown to the right in FIG. 4d, the fault load condition
      involves a fault load Z.sub.L1 of some finite value and an infinite load
      Z.sub.L2. The same type of waveform exists for the opposite situation (not
      shown), that is a finite load Z.sub.L2 connected to L.sub.2 and an
      infinite load Z.sub.L1. In a first time period wherein test impedance
      Z.sub.T1 as shown in FIG. 3a is connected to upper line L.sub.1, there is
      no current since the load is balanced; that is there is no return current
      path between the junction of the resistor 50 and the capacitor 51 of the
      test impedance to ground. In the second time period wherein the test
      impedance Z.sub.T2 as shown in FIG. 3b is connected across lines L.sub.1
      and L.sub.2, as well as in the fourth time period wherein the test
      impedance Z.sub.T4 as shown in FIG. 3d is connected across the lines, the
      current is 0.707 of the maximum value. With a 120 volt ac power system,
      the voltage under this test condition is 60 volts at a 90.degree. phase
      angle and, therefore, less than the maximum current exists. The current is
      equal to = 1/-.sqroot.2 .times. I.sub.max. Finally, in the third time
      period wherein the test impedance Z.sub.T3 as shown in FIG. 3c is
      connected to the lower line L.sub.2, the current is at a maximum, and is
      equal to
      ##EQU1##
PAR  FIG. 4b illustrates the current waveform wherein the load impedances
      Z.sub.L1 and Z.sub.L2 as seen in FIG. 4e are equal, and this condition
      represents a balanced fault loading of lines L.sub.1 and L.sub.2. In this
      case, the waveform for all four-time periods 1 through 4 of FIG. 4b is one
      half the maximum current.
PAR  FIG. 4c illustrates a hybrid loading on both of the lines L.sub.1 and
      L.sub.2 wherein one of the Z.sub.L loads in FIG. 4b is resistive and the
      other is reactive, i.e., Z.sub.L1 = .+-. Z.sub.L2. As can be seen from
      FIG. 4c, the current is 0.707 of maximum in the first time period, zero in
      the second time period, 0.707 of maximum in the third time period, and
      maximum in the fourth time period. From an examination of the waveforms in
      FIGS. 4a and 4c, it will be seen that the waveform in FIG. 4c is the same
      as that in FIG. 4a, but shifted 90.degree.. The waveforms in FIGS. 4a-4c
      illustrate the currents that flow under the four test conditions out of
      the junction of resistor 50 and capacitor 51, and into the input of
      amplifier 20.
PAR  As will be apparent from an examination of the current waveforms in FIGS.
      4a through 4c, it is necessary to detect a predetermined current having
      either of two characteristics. That is, (1) where there is a load on one
      line and a hybrid load on two lines wherein the waveforms of FIG. 4a and
      4c exist, and (2) where there is a balanced load on both lines resulting
      in the level current waveform shown in FIG. 4b. The current waveforms in
      FIGS. 4a and 4c may be considered to be dc waveforms with an ac component,
      and the current waveform in FIG. 4b is a dc level. The monitor circuit
      receives these two types of current waveforms and provides the same
      control output for both as will be explained in detail subsequently.
      Basically, a weighted average of both types of waveforms is taken such
      that an output signal is derived that is the same for the level waveform
      in FIG. 4b as it is for the varying waveforms of FIGS. 4a and 4c. This
      results in a dc error signal derived from these two types of waveforms,
      which error signal is equal for the four test impedance conditions. When
      the error signal reaches a predetermined level or threshold, this
      corresponds with a hazard current condition and an alarm is provided.
PAR  Turning now to FIGS. 5a-5c, the same illustrate when arranged as indicated
      in FIG. 5d the complete circuit and logic system for a preferred
      embodiment of the present line isolation monitor. Input terminals 60 and
      61, shown in the upper left-hand corner of FIG. 5a, represent terminals
      which are connected to the secondary 12 of the power supply transformer 10
      (FIG. 1), and from which lines L1 and L2 extend to the monitor system.
      Both of these lines are fused as shown, and are connected to the primary
      winding 41 of the local power supply transformer 40. This power supply
      merely supplies power to the various circuits and logic boxes, and this
      portion of the circuit will be discussed later.
PAR  The supply lines L1 and L2 extend past the power supply 43 in FIG. 5a and
      are connected to the test impedance and bridge switch 18 at the left side
      of FIG. 5b. The circuit 18 includes a bridge switch comprising four
      optically coupled switches 52 through 55 as seen in FIG. 5b. Each of these
      switches 52 through 55 corresponds to a single-pole, single-throw switch,
      and they are turned on and off under control of the counter 48 (FIG. 5c)
      to be discussed later. These four switches correspond to the four similar
      switches shown in FIG. 2c and operate in the same manner to provide
      four-position sampling of the two lines L.sub.1 and L.sub.2 with the test
      impedance Z.sub.T as described earlier in connection with a discussion of
      FIGS. 2 and 3.
PAR  The upper two switches 52 and 53 are connected to the upper line L1 by
      respective wires 62 and 63, and are connected by respective wires 64 and
      65 to the test impedance Z.sub.T comprising the capacitor 51, a resistor
      50a and a variable resistor 50b. The lower line L2 is connected to the
      switches 54 and 55 by respective lines 68 and 69, and these two switches
      are connected by the respective lines 64 and 65 to the test impedance
      Z.sub.T. The junction 70 between the capacitive reactance 51 and the
      resistance 50a-50b is connected by a line 71, which forms the output of
      the test impedance and bridge circuit 18, as an input to amplifier 20 as
      will be discussed later. Control lines 74 through 77 from the counter 48
      of FIG. 5c are connected to the respective switches 52 through 55 to
      control turn-on and turn-off of these switches. A return ground connection
      for the control signals for these four switches is provided by lines 78
      and 79 connected to a ground line 80. Two of the switches 52 through 55
      together perform the function of a double throw switch.
PAR  Turning more particularly to the switches 52 through 55, all four are
      identical and may each comprise an H11-C2 optically coupled switch sold by
      General Electric. Inasmuch as they all are alike, only the switch 52 will
      be described in detail. The switch 52 includes, as the switch component, a
      light activated silicon controlled rectifier 84 having an anode 85, a
      cathode 86 and a gate 87. As can be seen from FIG. 5b, the power supply
      line L1 is connected to the anode 85 of the switch 84, and the line 64
      from the test impedance Z.sub.T is connected to the gate of the switch 84.
      The cathode is not used, although if desired a resistor can be connected
      from the cathode to the anode to adjust the trigger sensitivity of the
      switch. The switch 52 further comprises a light emitting diode (LED) 89
      connected from the control line 74 to ground through the lines 78 and 80.
      As will be apparent, a signal on the control line 74 causes current to
      flow through the LED 89 to ground, thereby causing the LED to emit light.
      When this occurs, the switch 84 is turned on, thereby connecting the line
      L1 through wires 62 and 64 to the left-hand terminal of the capacitor 51
      of the test impedance Z.sub.T. In a similar manner, a control signal
      applied on line 76 to the switch 54 will cause this switch to turn on and
      thereby connect the lower line L2 through wires 68 and 64 to the left-hand
      terminal of the capacitor 51. Likewise, a control signal on line 75 turns
      on the switch 53 which, in turn, connects upper line L1 to the right-hand
      side of the resistor 50 of the test impedance Z.sub.T. Similarly, a
      control signal on line 77 turns on the switch 55 which connects the lower
      line L2 to the right-hand side of the resistor of the test impedance.
PAR  Through the use of the gate and anode of the semiconductor switch in each
      of the switches 52 through 55, each of these semiconductor switches has
      the characteristics of a transistor but is bipolar (acts the same for
      either polarity applied to the anode-gate thereof). The bridge arrangement
      as shown in FIG. 5b therefore is important in allowing the use of a single
      test impedance Z.sub.T to be used (as distinguished from four or more
      individual test impedances) for connection to the lines in the four
      combinations. Only one adjustment is necessary in set-up of the test
      impedance; that is, resistor 50b is adjusted so that the resistance and
      the capacitive reactive components of the test impedance are equal and the
      test impedance has a 45.degree. phase angle. With this arrangement, the
      response of the test impedance is the same for a resistive or a capacitive
      fault load. Through the use of a single test impedance Z.sub.T, no
      component matching is necessary (as with four separate test impedances),
      and ensures that the test impedance will be identical for each of the four
      samples and enables good accuracy in line monitoring to be achieved.
PAR  Considering the switch 52 further, the same effectively is an optically
      coupled SCR and can be connected directly to the line since there is no
      switching at ground level. Inasmuch as through the use of the anode-gate
      of the switch 84 the characteristics of a transistor are achieved, the
      characteristic curves therefor are symmetrical in both quadrants and,
      therefore, the switch acts both as a PNP and an NPN transistor, depending
      upon which polarity of the line exists at a particular time. The breakdown
      voltages (e.g., 400 volts) of the switch 84 are the same as a SCR and
      essentially equal in both directions. This switching arrangement can be
      used with 120 volts ac or 240 volts ac lines, and with the lines connected
      directly to the anodes of the switches 84 of the switches 52 through 55.
PAR  Each of the switches 52 through 55 is used as a switch, i.e., off or
      saturated. When current is driven into the LED 89, the switch 84 goes into
      saturation for either polarity of the line L1 and, thus, closes
      independently of this polarity. Inasmuch as the switch 52 is not a
      latching device, but is like a transistor, it operates smoothly through
      the zero point without any significant discontinuity and without any
      holding current being required. Thus there are no discontinuity effects
      like those of a conventional SCR, and the switch 84 acts like a saturated
      transistor and conducts if any voltage ac is applied of either polarity.
      The switch 84 also is a current limiting device. Thus, if two of the
      switches (52 and 54 or 53 and 55) overlap slightly in their switching
      functions, all that happens is that a small amount of current flows rather
      than directly connecting the two lines L.sub.1 and L.sub.2 together. Also,
      the operation of these switches 52 through 55 does not place any
      transients on the lines. The test impedance and bridge switch circuit 18,
      thus, is particularly useful in providing a relatively simple, efficient
      and accurate impedance sampling arrangement, and one which does not
      exhibit any problems from the standpoint of potentially shorting together
      the two lines L1 and L2 or applying switching transients thereto.
PAR  As has been noted earlier, the test impedance and bridge switch circuit 18
      provides four-position sampling of the lines L1 and L2 by connecting the
      test impedance Z.sub.T to the lines in the configurations shown in FIGS.
      3a through 3d. Depending upon the particular type of fault load Z.sub.L,
      the output current in line 71 of the bridge will be of the nature of that
      shown in FIGS. 4a, 4b or 4c. This current is applied to the input of an
      amplifier 92 of the amplifier circuit 20 shown in FIG. 5b. An input diode
      circuit 93 is connected to the amplifier as a protective device, and the
      amplifier 92 has a feedback circuit connected therewith. The output of the
      amplifier 92 is applied to a full wave rectifier circuit 21 shown in FIG.
      5b. Preferably, this is a high precision rectifier with no offsets. The
      rectifier circuit 21 includes as its principal components an amplifier 95,
      diodes 96 and 97 and an amplifier 98. Output line 99 provides a series of
      half sine wave pulses of varying heights to the RC network 22 which
      functions as a low-pass filter. This filter changes the pulsed half sine
      waves to a stepped waveform. The waveform from the RC network 22 is
      applied to the weighted average detector 23.
PAR  The weighted average detector 23 has an input terminal 101 which is
      connected through a resistor 102 to a lower input 103 of an amplifier 104.
      The terminal 101 also is connected through a potentiometer 105 and a
      resistor 106 to ground, the tap 107 of the potentiometer being connected
      to the upper input of the amplifier 104 and through a diode 108 to the
      output of this amplifier. A capacitor 109 is connected from the lower
      input 103 to ground. Line 110 provides the output of the weighted average
      detector 23, and this output is a dc voltage with a value proportional to
      the output signal of the bridge 18. The diode 108 functions as an on/off
      switch to change the gain of the amplifier 104. The amplifier output
      causes the diode to turn on when a large input signal occurs, thereby
      reducing the gain of the amplifier, when the input signal drops, the diode
      turns off. The potentiometer 105 enables adjustment of the weighting
      operation.
PAR  The detector 23 thus looks at groups of pulses and provides an average
      weighting thereof depending upon the amplitude of the pulses. In
      particular, when the output signals for the four sampling periods are all
      equal (like as shown in FIG. 4b), then the detector 23 performs a simple
      average thereon. Where the output signals for the four sampling periods
      vary as shown in FIGS. 4a and 4c, the detector 23 weights the average (by
      changing the gain of the amplifier 104 as noted above) such that the
      average of the output bridge waveform is equal to the average when the
      output of the bridge is like that shown in FIG. 4b. This is accomplished
      by weighting any portion of the waveform which is greater than the average
      at a percentage less than the weighting for a portion of the waveform
      which is below the average. That is, when a portion of the waveform is
      below the average, this portion is weighted at a standard level, and when
      above the average, it is weighted at a reduced value. Therefore, the
      result causes the average of waveforms like those shown in FIGS. 4a and 4c
      to be the same as the average of the waveform as shown in FIG. 4b and,
      thus, an equal response is obtained for a balanced or an unbalanced load
      on the power lines.
PAR  The output of the weighted average detector 23 in FIG. 5b is applied by the
      line 110 through a resistor 25 to a summing junction 120 shown to the left
      in FIG. 5c. Inasmuch as this signal is a dc voltage proportional to the
      output signal of the bridge 18, and inasmuch as there normally are line
      voltage variations, it is desirable that the output of the detector 23 be
      compared with a signal proportional to line voltage. Thus, the system of
      FIGS. 5a through 5c includes circuitry for developing a signal
      proportional to line voltage so as to eliminate effects of line voltage
      variation. For example, if the line voltage increases ten percent, so does
      the weighted average signal and, thus, it is desirable to ignore such
      variations. The manner in which this proportional line voltage signal is
      derived and applied through resistor 24 to the summing junction 120 so
      that this voltage and the weighted average may be subtracted from one
      another is described below.
PAR  In order to derive the proportional line voltage signal, a rectifier and
      filter 29 is connected across lines L.sub.1 and L.sub.2 by respective
      wires 130 and 131. This circuit 29 includes a rectifier 132, and a filter
      circuit comprising series resistors 133 and 134 and a shunt capacitor 135.
      The output of the rectifier and filter 29 is a dc voltage proportional to
      the average of the line voltage and is applied by lines 136 and 137 to a
      light emitting diode (LED) 138 of an optically coupled unit 139 employed
      in the isolated line voltage reference circuit 27. The unit 139 includes a
      light responsive transistor 140, and the output of the transistor 140 is
      proportional to the magnitude of the light from the LED 138. The emitter
      of the transistor 140 is connected as the upper input of a differential
      amplifier 141. Output line 142 of the amplifier 141 is connected to an LED
      143 of a unit 144 similar to the unit 139. The units 139 and 144 each may
      be an H11-A2 sold by General Electric. The unit 144 also includes a light
      responsive transistor 145, the emitter of which is connected to the lower
      input of the differential amplifier 141. Line 146, connected to the upper
      end of the LED 143, provides the output of the isolated line voltage
      reference 27, and is connected through the resistor 24 (FIG. 5c) to the
      summing junction 120. A potentiometer and resistive network 147 is
      connected with the inputs of the differential amplifier 141 to allow
      balancing adjustment thereof.
PAR  The isolated line voltage reference 27, thus, is essentially a feedback
      servo. The upper LED 138 is driven through the series resistor 134 by a dc
      voltage proportional to line voltage, and the transistor 140 is controlled
      in response thereto. The current in the lower LED 143 is adjusted to be
      equal to the current in the upper LED 138 by the servo action of the
      circuit including the differential amplifier 141. The optical isolation
      provided by the units 139 and 145 also provides isolation from the power
      lines L.sub.1 and L.sub.2.
PAR  Considering further the signal proportional to line voltage applied through
      line 146 and the resistor 24 to the summing junction 120, as noted earlier
      this signal is mathematically summed with the weighted average signal
      applied through the resistor 25 to the summing junction 120. The latter
      signal is a dc voltage with a value proportional to the output signal of
      the bridge 18 (FIG. 5b). One of these two signals is negative with respect
      to the other and, thus, the signal proportional to line voltage
      effectively is subtracted from the weighted average signal. The resulting
      signal, which is not affected by line voltage variations and which is zero
      when there is no leakage impedance on either or both of the lines L.sub.1
      and L.sub.2 to ground, is applied through a line 150 to the upper input of
      a meter amplifier 151. The output of the meter amplifier 151 is connected
      through a diode 152 to the meter 35. A variable resistor 153 allows
      adjustment of the meter amplifier circuit 33, and the physical scale of
      the meter 35 is calibrated appropriately to indicate the magnitude of the
      leakage current. In addition to the visual output provided by the meter
      35, the system shown in FIGS. 5a-5c also provides other visual and audible
      alarm signals. These are provided by indicator lights and an audio alert
      (such as a sound device sold under the name Sonalert), shown in the lower
      left-hand corner of FIG. 5a. A typical alarm trigger point is 2
      milliamperes RMS, total hazard current on the line. About 0.3 ma results
      from the test impedance Z.sub.T and, thus, about 1.7 ma is the minimum
      external leakage current that is detected in this case. Before proceeding
      to a discussion of these signal devices, the drive circuits therefor which
      are shown in FIG. 5c above the meter amplifier 33 will be described.
PAR  The signal on the line 150 applied to the meter amplifier circuit 33 also
      is applied by a line 156 to the lower input of a threshold detector 157 of
      alarm circuit 36. This threshold detector may be adjusted by means of a
      potentiometer 158 to set the desired alarm level. The output of the
      detector 157 is connected to the lower input of a nor gate 160. An output
      signal from the counter 48 is applied through a line 161 and a series
      connected resistor and capacitor to a rectifier circuit 162, the output of
      which is connected to the upper input of the gate 160. The signal on the
      line 161 also is applied to the upper input of a nor gate 164, the lower
      input thereto being applied from the output of the gate 160. The counter
      input to the alarm circuit causes a pulsating alarm tone to occur. Output
      line 165 from the nor gate 160 provides a signal to indicate that the
      leakage current is below the threshold, and functions to turn on a
      transistor switch 166 which, in turn, turns on a "safe" output Triac
      switch 167. Output line 168 of the gate 164 provides a signal to indicate
      that the leakage current is above the threshold and, thus, an alarm
      condition exists. This signal functions to turn on transistor switch 169
      which, in turn, turns on "alarm" output Triac switch 170. In this manner,
      the alarm circuit 36 provides either a "safe" electrical output or an
      "alarm" electrical output.
PAR  The 37 safe" electrical output from the alarm circuit 36 is applied by a
      line 174 to a "safe" indicator light 175 (lower left-hand corner of FIG.
      5a). In a similar manner, the "alarm" electrical signal is applied by a
      line 177 to a "hazard" indicator light 178 (FIG. 5a). These lights are
      illuminated by these respective electrical signals. The "alarm" signal on
      the line 177 also is applied to an audio alert device 179, the loudness of
      which can be adjusted by an adjustable resistor 180. A selector switch 182
      is provided in the indicator circuitry shown in FIG. 5a, and when switched
      to its right position allows the audio alert 179 to operate under an alarm
      condition, but silences this alert unit when in its left position. An
      indicator 183 visually indicates the position of the switch 182. A test
      switch 185 is provided to allow the system to be tested by applying a pair
      of resistors 186-187 across the power lines L.sub.1 and L.sub.2. When the
      test switch 185 is depressed, a relay 189 moves its switch 190 to its
      upper position thereby connecting the center tap between the resistors 186
      and 187 to ground and placing a fault impedance across the lines L.sub.1
      and L.sub.2. This fault impedance is selected to cause a leakage current
      of approximately two milliamps.
PAR  Turning now to the counter 48 shown in FIG. 5c, the same provides output
      signals for driving the switches 52 through 55 of the bridge switch 18 to
      provide the four-position sampling described earlier. The counter 48
      includes an input line 196 connected to the upper end of the secondary
      winding 42 of the power supply transformer 40 (FIG. 5a). This line 196
      (FIG. 5c) is connected to the input of a pair of series connected nor
      gates 197-198 which function to standardize the 60 hertz line signal to
      suitable digital pulses. The output clock signal from the gate 198 is
      applied by a line 199 to the input of a first stage 200 of the counter 48.
      The counter 48 includes four stages, 200 through 203, connected as shown
      in FIG. 5c. The first stage 200 divides the 60 hertz clock signal down to
      30 hertz, and this signal is applied as an input to the second stage 201.
      The second stage divides this input down to a 15 hertz signal which is
      applied as an input to both the third and fourth stages 202 and 203. These
      latter two stages 202 and 203 are connected as a Gray code counter which
      divides the 15 hertz signal by two down to 7.5 hertz, but the outputs of
      these last two stages are 90.degree. out of phase with each other. The
      outputs of stages 202-203 provide the pulse waveforms (plus the inverse of
      these pulse waveforms, not shown) shown in FIG. 4d. These pulse outputs
      are applied to nor gates 206 through 209. More particularly, the upper
      output of the last stage 203 is connected to the nor gate 206, the lower
      output of the last stage 203 is connected to the nor gate 207, the lower
      output of the stage 202 is connected to the gate 208, and the upper output
      of the stage 202 is connected to the gate 209. Driver transistors 210
      through 213 are respectively connected to the outputs of the gates 206
      through 209. The emitters of these transistors 210 through 213 are
      connected through respective resistors 214 through 217 to output lines 76,
      74, 77 and 75, respectively. These output lines 74-76 are connected to the
      test impedance and bridge switch 18 as noted earlier. The line 76 is
      connected to the LED of bridge switch 54, the line 74 is connected to the
      LED 89 of the bridge switch 52, the line 77 is connected to the LED of the
      bridge switch 55, and the line 75 is connected to the LED of the bridge
      switch 53. The signals on these lines supply current for turning on the
      respective LED's which, in turn, cause the respective associated switches
      to turn on and connect the test impedance Z.sub.T to one or both of the
      lines L.sub.1 and L.sub.2 as explained previously.
PAR  Finally, the system shown in FIGS. 5a through 5c includes a power supply 43
      (FIG. 5a) including a bridge rectifier 230, a voltage regulator 231 and a
      voltage regulator 232. The power supply 43 provides a plus 12 volt output
      on output line 233, and a minus 12 volt output on an output line 234 for
      powering the various circuit and logic components of the system shown in
      FIGS. 5a through 5c.
PAR  The present embodiments of this invention are to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description or abstract of the disclosure, and all changes which come
      within the meaning and range of equivalency of the claims therefore are
      intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for monitoring leakage current to ground in a power system
      having a pair of power lines, comprising
PA1  impedance means for connection to said power lines, said impedance means
      having first and second terminals and a third intermediate terminal,
PA1  switching means coupled to said power lines and to the first and second
      terminals of said impedance means for connecting said impedance means in
      predetermined configurations to one or both of said power lines,
PA1  control means coupled to said switching means for providing four sampling
      periods and for causing said switching means to each assume a given state
      in sequence for, in turn, causing said impedance means to be connected in
      four different configurations to said power lines wherein (a) the first
      and second terminals are connected to the first of said power lines, (b)
      the first and second terminals are connected in one orientation across
      said power lines, (c) the first and second terminals are connected to the
      second of said power lines, and (d) the first and second terminals are
      connected in another orientation across said power lines, and said control
      means causing said sequence to occur repetitively, and
PA1  measuring circuit means connected to said third terminal of said impedance
      means for measuring leakage current therethrough to ground and for
      providing an indication of leakage current.
NUM  2.
PAR  2. A system as in claim 1 wherein
PA1  said impedance means comprises a single circuit having resistive and
      capacitive reactance components.
NUM  3.
PAR  3. A system as in claim 2 wherein
PA1  said impedance means comprises a capacitor connected in series with a
      resistive component, and said first and second terminals are outer
      terminals connected to said switching means and said third terminal is an
      output terminal intermediate said capacitor and resistive component
      connected to said measuring circuit means.
NUM  4.
PAR  4. A system as in claim 3 wherein
PA1  said resistive component comprises a fixed resistor and a variable
      resistor, said variable resistor enabling the resistive and capacitive
      reactance components of the impedance means to be adjusted to be equal and
      enable the impedance means to have a 45.degree. phase angle.
NUM  5.
PAR  5. A system as in claim 1 wherein
PA1  said switching means comprises four optically isolated switches each having
      an input and an output optically isolated from the other, the inputs of
      said switches being connected to said control means, and the outputs of
      said switches being connected to said power lines and to said first and
      second terminals of said impedance means.
NUM  6.
PAR  6. A system as in claim 1 wherein
PA1  said switching means comprises a bridge including four switches, a first
      pair of said switches being connected across said power lines and the
      intermediate terminal between said first pair of switches being connected
      to said first terminal of said impedance means, and a second pair of said
      switches being connected across said power lines and having an
      intermediate terminal connected to said second terminal of said impedance
      means.
NUM  7.
PAR  7. A system as in claim 6 wherein
PA1  said impedance means comprises resistive and capacitive reactance
      components connected in series.
NUM  8.
PAR  8. A system as in claim 1 wherein said measuring means comprises
PA1  amplifier means connected to said third terminal of said impedance means
      for amplifying leakage current through said impedance means,
PA1  full-wave rectifier means connected to the output of said amplifier means,
PA1  filter means connected to the output of said rectifier means, and
PA1  weighted average detector means coupled to said filter means and having
      variable gain for weighting in different predetermined manners leakage
      current from said impedance means.
NUM  9.
PAR  9. A system as in claim 8 wherein
PA1  said measuring means further includes means for providing a power line
      voltage reference, and summing means connected thereto and to said
      detector means for providing a mathematical summation of a line voltage
      reference and the output of said detector means.
NUM  10.
PAR  10. A system as in claim 9 wherein
PA1  said measuring means includes alarm and indicating means connected with
      said summing means for providing respectively an alarm when a
      predetermined magnitude of leakage current exists and an indication of the
      magnitude of leakage current.
NUM  11.
PAR  11. A system as in claim 9 wherein
PA1  said means for providing a power line voltage reference comprises a
      rectifier and filter circuit coupled with a line voltage reference
      circuit, said line voltage reference circuit including means for optically
      isolating the same from said rectifier and filter circuit.
NUM  12.
PAR  12. A system for monitoring leakage current to ground in a power system
      having a pair of power lines, comprising
PA1  a single impedance means comprising resistive and capacitive reactance
      components with which said power lines can be loaded for enabling sampling
      of leakage current to ground, said impedance means having first, second
      and third terminals,
PA1  switching means coupled to said power lines and to the first and second
      terminals of said impedance means for connecting said impedance means in
      predetermined different configurations to one or both of said power lines,
PA1  control means coupled to said switching means for providing sampling
      periods and for causing each of said switching means to assume a given
      state in sequence for, in turn, causing said impedance means to be
      connected in plural different configurations to said power lines wherein
      (a) the first and second terminals are connected to the first of said
      power lines, (b) the first and second terminals are connected across said
      power lines, and (c) the first and second terminals are connected to the
      second of said power lines, and said control means causing said sequence
      to occur repetitively, and
PA1  measuring circuit means connected to said third terminal of said impedance
      means for measuring leakage current therethrough to ground.
NUM  13.
PAR  13. A system as in claim 12 wherein said switching means includes four
      switches caused to assume said given states in sequence by said control
      means for causing said impedance means to be connected in said different
      configurations to one or both of said power lines.
NUM  14.
PAR  14. A system as in claim 13 wherein
PA1  said impedance means comprises a capacitor connected in series with a
      resistive component, and said first and second terminals are outer
      terminals connected to said switching means and said third terminal is an
      output terminal intermediate said capacitor and resistive component
      connected to said measuring circuit means.
NUM  15.
PAR  15. A system for monitoring leakage current to ground in a power system
      having a pair of power lines, comprising
PA1  impedance means comprising a single circuit having resistive and capacitive
      reactance components and having first, second and third terminals,
PA1  switching means coupled to said power lines and to the first and second
      terminals of said impedance means for connecting said impedance means in
      four predetermined configurations to one or both of said power lines,
PA1  control means coupled to said switching means for providing plural sampling
      periods and for causing each said switching means to assume a given state
      in sequence for, in turn, causing said impedance means to be connected in
      said four different configurations to said power lines wherein (a) the
      first and second terminals are connected to the first of said power lines,
      (b) the first and second terminals are connected in one orientation across
      said power lines, (c) the first and second terminals are connected to the
      second of said power lines, and (d) the first and second terminals are
      connected in another orientation across said power lines, and said control
      means causing said sequence to occur repetitively, and
PA1  measuring circuit means connected to said third terminal of said impedance
      means for measuring leakage current therethrough.
NUM  16.
PAR  16. A test impedance and switching circuit for use in a system monitoring
      leakage current to ground in a power system having a pair of power lines,
      comprising
PA1  impedance means comprising a single circuit having resistive and capacitive
      reactance components and having first, second and third terminals, and
PA1  switching means for connection to said power lines connected to the first
      and second terminals of said impedance means for causing said impedance
      means to be connected in four predetermined configurations to said power
      lines wherein (a) the first and second terminals are connected to the
      first of said power lines, (b) the first and second terminals are
      connected in one orientation across said power lines, (c) the first and
      second terminals are connected to the second of said power lines, and (d)
      the first and second terminals are connected in another orientation across
      said power lines, said switching means comprising four switches each
      operable to a given state in sequence for causing said impedance means to
      be connected in said four different configurations to said power lines.
NUM  17.
PAR  17. A circuit as in claim 16 wherein
PA1  said impedance means comprises a capacitor connected in series with a
      resistive component, and said first and second terminals are outer
      terminals connected to said switching means, said resistive component
      comprising a fixed resistor and a variable resistor for enabling the
      resistive and reactive components of said impedance means to be adjusted
      to be equal and enable the impedance means to have a 45.degree. phase
      angle.
NUM  18.
PAR  18. A method of monitoring leakage current to ground in a power system
      having a pair of power lines, comprising the steps of
PA1  connecting an impedance means comprising a single circuit having resistive
      and capacitive reactance components and having first, second and third
      terminals in an ordered sequence of configurations to said power lines in
      four sampling periods, said impedance configurations for said sampling
      periods including said first and second terminals of said impedance means
      being (a) connected to one of said power lines, (b) connected across said
      power lines in a first orientation, (c) connected to the other of said
      power lines, and (d) connected across said power lines in another
      orientation,
PA1  repeating said four period sampling of said power lines, and
PA1  measuring the leakage current from said third terminal of said impedance
      means to ground.
PATN
WKU  039477606
SRC  5
APN  5384966
APT  1
ART  252
APD  19750103
TTL  Integrating component measuring device
ISD  19760330
NCL  6
ECL  1
EXP  Krawczewicz; Stanley T.
NDR  2
NFG  5
INVT
NAM  Noguchi; Hitoshi
CTY  Hachioji
CNT  JA
INVT
NAM  Maeda; Kohichi
CTY  Tachikawa
CNT  JA
INVT
NAM  Kyo; Takeshi
CTY  Hachioji
CNT  JA
ASSG
NAM  Hewlett-Packard Company
CTY  Palo Alto
STA  CA
COD  02
RLAP
COD  71
APN  415855
APD  19731114
PSC  03
CLAS
OCL  324 57R
XCL  324 59
XCL  324 60CD
EDF  2
ICL  G01R 2700
FSC  324
FSS  57 R;60 CD;59
UREF
PNO  3018438
ISD  19620100
NAM  Mustert
OCL  324 57R
UREF
PNO  3319162
ISD  19670500
NAM  Sattinger et al.
OCL  324 57R
UREF
PNO  3771050
ISD  19731100
NAM  Golahny et al.
OCL  324 57R
LREP
FR2  Smith; A. C.
FR2  Jones; Allston L.
ABST
PAL  A method and means for measuring the electric properties of capacitor,
      inductor and resistor elements is described. The element to be measured
      and a reference element are connected in series, and standard A.C. voltage
      is applied to one end of the series circuit whereas a variable voltage is
      applied to the other end of said circuit. The variable voltage is
      controlled in order to zero the voltage or the current at the common
      junction of both the element to be measured and the reference element.
      Said standard voltage and said variable voltage are rectified, and the
      generated D.C. signals are used for charging integrator capacitors. These
      capacitors are then discharged and the ratio of charging and discharging
      time is a measure of the resistance, capacitance and inductance,
      respectively, of the unknown element. Dielectric and magnetic dissipation
      factors may be measured in a similar manner.
PARN
PAR  This is a continuation of application Ser. No. 415,855, filed Nov. 14, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As elements, resistors, inductors and capacitors are generally used. Though
      each of these elements is manufactured individually, it is difficult to
      manufacture pure elements. Capacitors, for example, have some leakage
      resistance, and resistors include some capacitance and inductance. In most
      cases, each of the three kinds of elements includes impurities of the two
      other units.
PAR  A.C. bridge method is usually applied to make precise measurement of value
      of the element including impure components. However, in order to balance
      the bridge circuit, for instance, the voltage across the standard
      component or the standard itself must be adjusted. Additionally, to
      minimize or compensate phase difference caused by the variable voltage
      source or the variable standard, expensive circuit parts or complicated
      circuit composition are needed. As a result, the conventional instrument
      is expensive and lacks reliability in spite of taking more time for
      adjustment.
PAC  Summary of the Invention
PAR  The primary object of the present invention is to provide an improved
      instrument for measuring resistance, capacitance and inductance of
      elements.
PAR  The present invention eliminates above described disadvantages and provides
      a component measuring device having very simple circuit composition
      without losing the advantage of the null method in A.C. bridge method.
PAR  Another object of the present invention is to provide a component measuring
      device in which an integrator is charged by a voltage proportional to the
      resistance component or a voltage proportional to the reactance component
      and discharged by a reference voltage, the charging and discharging times
      being compared and the values of the components being displayed in digits.
PAR  In one embodiment of the present invention, the element to be measured
      (such as resistor, capacitor and inductor) and the reference element are
      connected in series, and a reference signal is provided at one end of the
      serial circuit while a variable signal is automatically adjusted to null
      at least one of the function voltage (and the current function) at the
      common junction of the element to be measured and the reference element.
      When the null voltage is balanced, the variable signal is divided into the
      in-phase component and the 90.degree. shifted component (both in view of
      the reference signal). The integrator capacitor is charged from initial
      level for a certain time with the D.C. signal corresponding to the value
      of the in-phase component or the 90.degree. shifted component, and then
      the charged integrator capacitor is discharged till the initial level with
      a certain D.C. signal corresponding to the reference signal. The ratio of
      the discharging time to the charging time is counted by the electric
      counter and the value of the component to be measured is displayed in
      digits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is the block diagram of a preferred embodiment of the present
      invention.
PAR  FIG. 1B shows a modification in the arrangement of the element to be
      measured and of the reference element, this modification being suitable
      for measuring inductances.
PAR  FIG. 2A is a time diagram illusrating measuring of the capacitance of a
      given element.
PAR  FIG. 2B is a time diagram illustrating measuring of the parallel
      conductance of the same element.
PAR  FIG. 2C is a time diagram illustrating measuring of the dielectric
      dissipation factor of the same element.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1A, 10 is the element to be measured and 12, the
      reference component. The capacitor to be measured, 10, implies capacitance
      Cx and parallel equivalent conductance Gx, 12 is the reference conductance
      Gr. Numerals 14 and 14' indicate A.C. signal sources of common frequency.
      16 indicates a voltage detective circuit, and 18 is a voltage control
      circuit. A.C. voltages e.sub.r and e.sub.x, in opposite phase of each
      other, are provided to both terminals "a" and "b" from the A.C. signal
      source 14 and 14' respectively. The voltage at the connection "c" of both
      components 10 and 12 is compared with the reference potential (or the
      ground potential) at the voltage detective circuit 16, and the control
      signal matching with the value of the difference voltage is transmitted to
      the A.C. signal source 14' over the voltage control circuit 18. If the
      voltage gain in said detective circuit is sufficiently larger than 1, the
      value of said voltage e.sub.x is automatically controlled so that the
      voltage at the said common junction "C" becomes zero.
PAR  The reference signal voltage e.sub.r and the variable signal voltage
      e.sub.x are supplied to the standard resistor 27 or the standard capacitor
      29 through switches 21 and 23 and 25, and lead into the input of the
      synchronous rectifier circuit 33 and 35 through the current-voltage
      converter 31. The said reference signal e.sub.r is fed to the input of the
      first rectifier circuit 33 through 90.degree. phase shifting circuit 32,
      and the reference signal e.sub.r is fed to the input of the second
      rectifier circuit 35. 43 is the first integrator circuit including
      integrator capacitor 42, and 46 is the second integrator circuit including
      integrator capacitor 45, respectively, and 47 and 49 are null level
      detectors. The output voltage E1 of the said first rectifier circuit 33 is
      lead into the first integrator 43 through the switch 37, and the output of
      the said integrator 43 is connected to the null detector 47. The output
      voltage E2 of the second rectifier circuit 35 is, in the same manner, lead
      into the second integrator 46, and the output is connected to the null
      detector 49. 50 indicates a logic circuit to control said switches and a
      gate circuit of a counter according to the output signals of the said null
      detectors 47 and 49. The output pulse Pc of a clock pulse generator
      circuit 51 is fed to the said logic circuit 50 to synchronize the control
      operation with the period of the A.C. signal e.sub.r. 53 and 55 indicate
      gate circuits and 57 and 59 indicate digital displays. The measuring
      procedure according to the present embodiment of the invention is as
      follows:
PAC  I. Measurement of the Capacitance Cx (Refer to the timing diagram in FIG.
      2A)
PAR  First, if the voltage at the common junction "C" of the element to be
      measured, 10 and the reference element 12 is balanced to zero by the
      closed loop circuit including reference element 12, voltage detective
      circuit 16 and voltage control circuit 18. The current flowing to the
      element 10 by virtue of the reference signal voltage e.sub.r is
      proportional to the admittance of the said component 10, and then the
      value of the variable signal voltage e.sub.x is proportional to the said
      admittance. The relation between the reference signal voltage e.sub.r and
      the variable signal voltage e.sub.x when balanced, can be expressed as
      follows:
      ##EQU1##
PAR  Second, the contacts of switches at the time t.sub.0 are assumed as
      follows: 21-22b, 23-24a, 25-26b, 37-36a, and 39-38b. Then the output
      voltage of the current-voltage converter 31, e.sub.3, can be expressed as
      follows:
      ##EQU2##
      Here, K is a constant and Gs, the conductance of the standard resistor 27.
      Then the said signal voltage e.sub.3 is converted into the D.C. voltage
      E1, proportional to the capacitance Cx by means of the first synchronous
      rectifier circuit 33. If the A.C.-D.C. converting ratio at this time is
      .eta.1 (.eta.1=mean value of E1/r.m.s. of e.sub.3), the said D.C. voltage
      E1 can be expressed as follows:
      ##EQU3##
      The D.C. voltage E1 is charged to the capacitor 42 through the serial
      resistor 41. Assume the initial charge of the capacitor 42 at the time
      t.sub.0 is zero. Taking note of the integrator charging time (T1), the
      input voltage e.sub.3 of the rectifier circuit in this case is a
      sinusoidal voltage, and the output voltage is the pulsating voltage of the
      fullwave rectification and not complete D.C. Therefore, unless the input
      voltage to the integrator 43 is integrated for the complete one period of
      the pulsating voltage, an error will arise. Thus, the charging time T1
      should be selected using the period .tau.m' (1/fm) of the A.C. signal as
      follows:
EQU   T.sub.1 = n.sub.1 .tau.m ......                           (4)
PAL  n.sub.1 here is a certain value selected, for example, 10,000 according to
      the full scale value of display 57 (59). This will be easily achieved by
      means of the clock pulse P.sub.c synchronized with the reference signal
      e.sub.r and by means of the logic circuit 50 using this synchronized clock
      pulse to control the switches. Thus, as illustrated in FIG. 2A, the output
      voltage E.sub.01 of the integrator 43 continues to increases from the time
      t.sub.0 to the time t.sub.1, the slope thereby being proportional to the
      capacitance Cx.
PAR  Next, at the time t.sub.1 switches connect 21 to 22a, 23 to 24b, 25 to 26a
      using the control signal from logic circuit 50 (except for 37 and 39). The
      input signal voltage e'3 of the first rectifier circuit 33 at the time is
      expressed as follows:
EQU  e'3 = K.omega.Cs e.sub.r ......                            (5)
PAR  So, the output voltage E1 is
EQU  E'1 = K.omega. Cs .rho. .sub.1 e.sub.r ......              (6)
PAL  The D.C. voltage E'1 is in the opposite polarity to the D.C. voltage E1 and
      is constant. This means the charge of integrator capacitor 42 at the time
      t.sub.1 is discharged with a constant slope by said voltage E1. Then the
      output voltage E.sub.01 of the integrator 43 is detected to be zero by the
      null detector 47 (the time is then t.sub.2), and the logic circuit 50 is
      controlled by the null detector signal. Thus the first operation is
      completed.
PAR  In the integrator capacitor 42, the charged quantity of electricity in the
      time T1 and the discharged quantity of electricity in the time T2 (from
      t.sub.1 to t.sub.2) is the same, so capacitance Cx is directly read by
      counting the number of clock pulses Pc corresponding to discharging time
      T2. That is, gate circuit 53 is opened for the time T2 by the control
      signal from logic circuit 50, and the clock pulse Pc passing during the
      time is counted by the display 57 to indicate the result (n.sub.2).
PAR  The charging and the discharging quantity of the electricity q.sub.1 is as
      follows:
EQU  q.sub.1 = Kk.sub.1 .omega.Cx/Gr Gs .theta..sub.1 e.sub.r n.sub.1 96
      m=Kk.sub.1 .omega.Cs .eta..sub.1 ern.sub.2 .tau.m ....    (7)
PAL  K1, here is the constant value of integrator 43. Thus, the following
      equation (8) can be derived from the above equation (7).
      ##EQU4##
      The unknown capacitance C.sub.x can directly be read on the display 57 by
      counting n.sub.2.
PAR  It is well understood from the above equations (7) and (8) that the
      characteristic values K, .eta., and k1 of the current-voltage converting
      circuit 31, phase discriminator circuit 33 and integrator 43,
      respectively, have the same effect upon charging cycle and discharging
      cycle of the capacitance 42, and that they cancel each other. Thus,
      measuring error will not occur unless the constant values change during a
      single measuring cycle (T1 + T2). Thus, the present invention makes best
      use of the advantage of the null method without having the disadvantages
      of using a galvanometer, the characteristic of which may cause measuring
      errors.
PAC  II. Measuring of the Parallel Equivalent Conductance Gx (Refer to FIG. 2B)
PAR  First, at the time t.sub.0, the relations between switches and junctions
      are as follows: 21-22b, 23-24a, 25-26b, 37-36b, and 39-38a. At this time,
      input signal voltage e.sub.3 of the second synchronous rectifier circuit
      35 is obtained by equation (2), and the output D.C. voltage E2 is obtained
      as follows:
      ##EQU5##
      wherein .eta..sub.2 is the conversion efficiency of the second rectifier
      circuit 35. The above D.C. voltage E2 is charged to the integrator
      capacitor 45 for a certain period T1 through the serial resistor 44.
PAR  Next, at the time t.sub.1, after the period T1, switch 21 is changed over
      to the junction 22a. The output rectification voltage E2' is then as
      follows:
EQU  E2' = KGs .eta..sub.2 e.sub.r ......                       (10)
PAL  After the time t.sub.1, the integrator capacitor 45 is discharged by the
      said D.C. voltage E2', and output voltage E.sub.02 of the integrator 46 is
      detected to be zero level (the time is then t.sub.3) by the null detector
      49, and with this null detect signal logic circuit 50 is controlled. As a
      result, the second gate circuit 55 is opened for the time T3 (from t.sub.1
      to t.sub.3), and the number (n.sub.3) of the clock pulses Pc having passed
      the gate circuit 55 during the time T3 is displayed by the display 59.
PAR  The charging and discharging quantity of the electricity q.sub.2 in the
      integrator capacitor 45 is as follows:
EQU  q.sub.2 = Kk.sub.2 Gx/Gr Gs .eta..sub.2 ern.sub.1 .tau.m = Kk.sub.2
      Gs.eta..sub.2 ern.sub.3 .tau.m ....                       (11)
PAL  k.sub.2 is the constant value of the second integrator 46. Gx is obtained
      from the above equation (11)
EQU  Gx = G.sub.r n.sub.3 /n.sub.1 ......                       (12)
PAL  As the above equation (12) shows, the unknown conductance Gx can be
      directly read on display 59 afterr counting n.sub.3.
PAC  III. Measuring of the Dielectric Dissipation Factor (Refer to FIG. 2C)
PAR  First, the relation between the switches and the junctions at the time
      t.sub.0 is 21-22a, 23-24b, 25-26a, 37-36a, and 39-38b. At this time, the
      output D.C. voltage E1 of the first rectifier circuit 33 is the same as
      the said equation (6). That is:
EQU  E1 = K.omega.Cs .eta..sub.1 e.sub.r ......                 (6')
PAL  The time T4 to charge the above rectified voltage E1 to the integrator
      capacitor 42 is selected by multiplying said time T1 by the reference
      dielectric dissipation factor as follows:
EQU  T4 = n.sub.4 .tau.m = Dsn.sub.1 .tau.m                     (13)
PAL  The dielectric dissipation factor Ds is temporarily defined with the
      conductance Gs of the resistance 27 and the capacitance Cs of the standard
      capacitor 29 as follows:
EQU  Ds = Gs/.omega.Cs ......                                   (13')
PAL  If the frequency of the AC signal fm =1MHz, Cs=100pF, Gs=1m.nu., then
      Ds=1.592, and the time T4 of the above equation (13) is the constant value
      of 1.592 T1.
PAR  Next, at the time t.sub.4 when the above time T4 has ended, switches change
      as follows: 21-22b, 23-24a, 25-26b, and 39-38a (except for 37-36a). At
      this time, the D.C. voltages E1' and E2 obtained in the output of the
      rectifier circuits 33 and 35 are expressed as follows:
      ##EQU6##
      In the first integrator 43, the quantity of the electricity charged to the
      capacitor 42 during the time T4 by virtue of the D.C. voltage E1 is
      discharged by virtue of the rectified voltage E1' after the time t.sub.4.
      If the integrator output E.sub.01 is zero potential at the time t.sub.5
      after the time T5, (the number of pulses during the time T5 is n.sub.5)
      the quantity of the electricity q.sub.3 in the charging and discharging
      cycle is as follows:
EQU  q.sub.3 = Kk.sub.1 .omega.Cs.eta..sub.1 ern.sub.4 .tau.m = Kk .omega.Cx/1Gr
      Gs.eta..sub.1 ern.sub.5 .tau.m ....                       (15)
PAL  and from the above equation the following equation is obtained:
      ##EQU7##
PAR  Next, in the second integrator 46 during said time T5, the capacitor 45 is
      charged by D.C. voltage E2 shown in the said equation (14), and the
      quantity of the electricity q.sub.4 is expressed as follows:
      ##EQU8##
      and associated with the equation (16), the above equation (17) can be
      converted as follows:
      ##EQU9##
      Then, at the time T.sub.5, the positions of switches are 21-22a,
      37-36b(23-24a, 25-26b, 39-38a are left unchanged). The integrator
      capacitance 45 is discharged by the D.C. voltage E2' shown by the equation
      (10) and if the quantity of the electricity is zero at the time t.sub.6,
      the discharging quantity q.sub.4 (corresponding to said charging quantity)
      can be expressed as follows:
EQU  q.sub.4 =  Kk.sub.2 Gs.eta..sub.2 ern.sub.6 .tau.m ......  (18)
PAL  From the above equation (17') and (18), following equation is obtained:
      ##EQU10##
      As above equation (19) shows, the second gate circuit 55 is opened during
      the time T6 (from t.sub.5 to t.sub.6), and the number n.sub.6 of the clock
      pulses having passed the circuit 55 is counted and indicated by the
      display 59 to read directly the unknown dielectric dissipation factor.
PAR  Above description relates to measuring of the capacitance Cx of a
      capacitor, parallel equivalent conductance Gx, and the dielectric
      dissipation factor Dx, and in the case of measuring either Cx or Gx, a
      single integrator circuit is sufficient. As a reference component 12, in
      this case, a resistor is used but a capacitor might be used too.
PAR  In the case of measuring the inductance Lx of an inductor element, its
      series equivalent resistance Rx and the magnetic ddissipation factor DL
      (=Rx/.omega.Lx) of the unknown element 10', (FIG. 1B), the reference
      signal e.sub.r is fed to a reference resistance 12' (its value is Rr) as
      shown in FIG. 1B, and the constant current (e.sub.r /Rr) flows to the
      element 10'. Thus, the voltage drop e.sub.x across said element 10' can be
      taken as a value proportional to (Rx + j.omega.Lx). As the measurement is
      almost the same as the above described capacitor, measurement further
      description can be omitted.
PAR  In the described embodiment of the present invention with for example,
      fm=1MHz and n.sub.1 =10,000 a LCR meter having a counting speed of 10ms
      and a resolution is 10.sup.-.sup.4 may be employed as counting device.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for measuring the electric properties of capacitance,
      inductance and resistance of an element to be measured, said method
      comprising the steps of:
PA1  connecting the element to be measured and a reference element in a serial
      circuit;
PA1  serially connecting a standard A.C. signal source and a variable A.C.
      signal source to the serial circuit;
PA1  controlling said variable signal source to null at least one of a junction
      voltage and a junction current produced at the common junction of the
      element to be measured and the reference element;
PA1  alternately coupling the A.C. signals to a standard circuit to generate a
      signal proportional to the element values of the standard circuit;
PA1  synchronously rectifying the signal proportional to the element values of
      the standard circuit;
PA1  charging and discharging an integrating capacitor in proportion to said
      rectified signals; and
PA1  measuring an electrical property component of said element to be measured
      by counting the ratio of the charging and the discharging times of the
      integrating capacitor.
NUM  2.
PAR  2. The method according to claim 1, wherein the reactive electrical
      component and the resistive electrical component of the element to be
      measured are measured in two separate paths, each path performing the
      steps of:
PA1  synchronously rectifying the signal proportional to the element values of
      the standard circuit;
PA1  charging and discharging an integrating capacitor in proportion to said
      rectified signals; and
PA1  measuring an electrical property component of said element to be measured
      by counting the ratio of the charging and the discharging times of the
      integrating capacitor.
NUM  3.
PAR  3. The method according to claim 2, wherein rectifying of the signals
      proportional to the element values of the standard circuit is controlled
      by the standard A.C. signal in said resistance path and by a 90.degree.
      phase shifted standard A.C. signal in said reactance path.
NUM  4.
PAR  4. An apparatus for measuring the electric properties of capacitance,
      inductance and resistance of an element to be measured comprising:
PA1  a reference element;
PA1  means for connecting the element to be measured and the reference element
      in a serial circuit;
PA1  a source of standard A.C. signal;
PA1  a variable source of A.C. signal having a value that is controlled in
      response to a signal applied thereto;
PA1  means for serially connecting the signal sources to the serial circuit;
PA1  means coupling the signal appearing at the common junction of the element
      to be measured and the reference element to said variable A.C. signal to
      null at least one of a junction voltage and a junction current produced at
      the common junction of the element to be measured and the reference
      element;
PA1  standard circuit means;
PA1  means for selectively impressing said standard A.C. signal and said
      variable A.C. signal on standard circuit means to provide a voltage signal
      proportional to said standard circuit means element values;
PA1  means for synchronously rectifying said standard A.C. signal and said
      variable A.C. signal after passing through said standard circuit means;
PA1  an integrating capacitor;
PA1  means for charging and discharging an integrating capacitor in proportion
      to said rectified signals; and
PA1  means for measuring an electrical property component of said element to be
      measured by counting the ratio of the charging and the discharging times
      of said integrating capacitor.
NUM  5.
PAR  5. The apparatus according to claim 4, comprising two separate paths for
      measuring the reactive electrical component and the resistive electrical
      component of the element to be measured, each of said paths including:
PA1  means for synchronously rectifying said standard A.C. signal and said
      variable A.C. signal after passing through said standard circuit means;
PA1  means for charging and discharging an integrating capacitor in proportion
      to said rectified signals; and
PA1  means for measuring an electrical property component of said element to be
      measured by counting the ratio of the charging and the discharging times
      of said integrating capacitor.
NUM  6.
PAR  6. The apparatus according to claim 5 further comprising means for
      controlling said rectifying means by the standard A.C. signal in said
      resistance path and by a 90.degree. phase shifted standard A.C. signal in
      said reactance path.
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ABST
PAL  A peak level indicator using a field effect transistor having a
      semiconductive substrate with a current path portion, first and second
      semiconductive regions forming a PN junction therebetween, the first
      region being capacitively coupled to the current path portion to form a
      capacitor, and a rectified input signal being applied to the second
      region. The peak level indicator is provided with a level meter indicating
      a current through the current path portion.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of my copending
      application Ser. No. 373,731, now Pat. No. 3,868,718, filed June 26, 1973.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a peak level indicator in which a peak level of
      an electric signal with various levels is indicated by a level-indicating
      meter, a level-indicating lamp or the like.
PAR  2. Description of the Prior Art:
PAR  The conventional peak level indicator of this type or the so-called peak
      meter is provided with a time constant circuit whose rise time is short
      and whose fall time is long. For instance, in the generally known BBC
      method, the rise time is about 10 milliseconds and the fall time is about
      3 seconds. And in the DIN method, the rise time is about 1 to 10
      milliseconds and the fall time is about 2 seconds.
PAR  However, in such time-constant circuits, a special memory capacitor is
      required for storage of electric charge. Therefore, it is difficult to
      form an integrated circuit for the time-constant circuit. Moreover, since
      it is difficult to vary arbitrarily and widely the time constant for the
      blanking of the stored charge, it is difficult to indicate the peak level
      in the wide range of frequencies. The distortion is apt to occur.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a peak level indicator which is
      simple in construction, which requires no special memory capacitor and
      therefore which is easy to be integrated.
PAR  Another object of this invention is to provide a peak level indicator which
      can indicate peak levels of electric signals in a wide range of
      frequencies.
PAR  A further object of this invention is to provide a peak level indicator in
      which an output is less distorted.
PAR  A still further object of this invention is to provide a peak level
      indicator using a novel semiconductor device.
PAR  In accordance with an aspect of this invention, a peak level indicator
      comprises:
PAR  A. A SEMICONDUCTOR DEVICE INCLUDING A SEMICONDUCTIVE SUBSTRATE WITH A
      CURRENT PATH PORTION, FIRST AND SECOND SEMICONDUCTIVE REGIONS FORMING A PN
      junction therebetween, said first region being capacitively coupled to
      said current path portion, and a control electrode connected to said
      second region;
PAR  B. MEANS FOR APPLYING A CURRENT THROUGH SAID CURRENT PATH PORTION;
PAR  C. AN INDICATING MEANS FOR INDICATING SAID CURRENT THROUGH SAID CURRENT
      PATH PORTION; AND
PAR  D. MEANS FOR APPLYING AN INPUT SIGNAL TO SAID CONTROL ELECTRODE.
PAR  The above and other objects, features and advantages of the invention will
      be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross-sectional view of a semiconductor device for a
      peak meter according to one embodiment of this invention;
PAR  FIG. 2A is a graph showing a drain current of a CSJ FET of the
      semiconductor device shown on FIG. 1;
PAR  FIG. 2B is a graph showing a gate voltage of the CSJ FET of the
      semiconductor device shown on FIG. 1;
PAR  FIG. 2C is a graph showing a source-drain resistance of the CSJ FET of the
      semiconductor device shown on FIG. 1;
PAR  FIG. 2D is a graph showing a source-drain voltage of the CSJ FET of the
      semiconductor device shown on FIG. 1;
PAR  FIG. 3 is a circuit representation of the semiconductor device shown on
      FIG. 1;
PAR  FIG. 4A is a wave diagram of a random analog signal applied to an input
      terminal of the semiconductor device shown on FIG. 1;
PAR  FIG. 4B is a wave diagram of the analog signal of FIG. 4A, rectified by a
      full-wave rectifier shown on FIG. 1;
PAR  FIG. 4C is a wave diagram of an output of the semiconductor device shown on
      FIG. 1;
PAR  FIG. 4D is a graph showing an indicating value of a peak meter shown on
      FIG. 1;
PAR  FIG. 4E is a graph showing an indicating value of the peak meter when the
      full-wave rectified analog signal of FIG. 4B is applied directly to the
      peak meter;
PAR  FIG. 5 is a schematic cross-sectional view of a semiconductor device for a
      peak meter according to another embodiment of this invention;
PAR  FIG. 6 is a schematic cross-sectional view of a semiconductor device for a
      peak meter according to a still another embodiment of this invention;
PAR  FIG. 7 is a schematic cross-sectional view of a semiconductor device for a
      peak meter according to a further embodiment of this invention; and
PAR  FIG. 8 is a circuit representation of the semiconductor device shown on
      FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  First, one embodiment of this invention will be described with reference to
      FIG. 1-FIG. 4.
PAR  In FIG. 1, a semiconductor device 1 comprises a charge storage junction
      type field effect transistor 19 (hereafter called CSJ FET). An N-type
      semiconductor region 10 is deposited on a P-type semiconductive region 14
      as a semiconductive substrate 15 by the epitaxial growth method. A P-type
      semiconductive region 2 as a gate region is formed in the N-type
      semiconductive region 10 by the diffusion method.
PAR  The conventional lateral junction type field effect transistor is formed as
      above mentioned. In the semiconductor device 1, an N-type semiconductive
      region 3 is formed in the P-type semiconductive region 2 by the diffusion
      method. A PN junction is formed between the P-type semiconductive region 2
      and the N-type semiconductive region 3. A P-type semiconductive region 4
      is formed in the N-type semiconductive region 10 by the diffusion method.
      The P-type semiconductive region 4 functions as an emitter region for
      injecting carriers.
PAR  An insulating layer 9 made of SiO.sub.2 is deposited on the N-type
      semiconductive region 10. Openings 56, 57 and 58 made in the insulating
      layer 9 are closed by a source electrode 5, a gate electrode 6 and a drain
      electrode 7, respectively. Moreover, an opening 59 made in the insulating
      layer 9 is closed by an emitter electrode 8.
PAR  The gate electrode 6 is connected to an input terminal 41 through a
      full-wave rectifier 50. The source electrode 5 is connected to the ground.
      The drain electrode 7 is connected to the ground through a resistor 43 and
      a DC power source 44 whose negative terminal is connected to the ground.
      The emitter electrode 8 is connected to a current source 45. An output
      terminal 42 is connected to a connecting point of the drain electrode 7
      and the resistor 43. A meter 35 is connected to the output terminal 42.
PAR  Next, operations of the semiconductor device of FIG. 1 will be described
      with reference to FIG. 2A-FIG. 2D.
PAR  Presuming that the full-wave rectifier 50 is not provided, a gate voltage
      V.sub.G shown on FIG. 2B is applied to the gate electrode 6 to put the
      gate electrode 6 into a negative potential. Accordingly, the PN junction
      between the N-type semiconductive region 3 and the P-type semiconductive
      region 2 is forward-biased, while the PN-junction between the P-type
      semiconductive region 2 and the N-type semiconductive region 10 is
      reverse-biased. The whole of the gate voltage V.sub.G is applied across
      the PN junction between the P-type semiconductive region 2 and the N-type
      semiconductive region 10, so that a depletion layer is spread adjacent to
      the PN junction between the P-type semiconductive region 2 and the N-type
      semiconductive region 10. With the spread of the depletion layer, a
      lateral channel 38 extending from the source electrode 5 to the drain
      electrode 7 is narrowed and so a resistance between the source electrode 5
      and the drain electrode 7 is increased. The source-drain voltage V.sub.SD
      obtained from the output terminal 42 is increased with the resistance of
      the channel. The operations of the conventional junction field effect
      transistor (hereafter called J-FET) are substantially the same as the
      above-mentioned, which are illustrated by FIG. 2A-FIG. 2D. The gate
      voltage V.sub.G continues to be applied till time t.sub.o. Since the
      resistance R.sub.SD of the channel is higher, the drain current I.sub.D
      (FIG. 2A) is lower and the source-drain voltage V.sub.SD (FIG. 2D) is
      higher.
PAR  After the gate voltage becomes zero at the time t.sub.o, the PN junction
      between the N-type semiconductive region 3 and the P-type semiconductive
      region 2 is reversed-biased. Accordingly, the channel resistance R.sub.SD
      between the source region and the drain region remains higher due to the
      electric field from the negative charge stored in the P-type
      semiconductive region 2, if holes as minority carriers are not injected
      from the P-type semiconductive region 4. However, since holes are injected
      into the N-type semiconductive region 10 from the P-type semiconductive
      region 4 by the current source 45, a constant current of the holes reaches
      the depletion layer formed due to the electric field from the negative
      charge stored in the P-type semiconductive region 2. The holes are
      recombined with the negative charge. Accordingly, the depletion layer is
      gradually narrowed and the channel resistance R.sub.SD between the source
      region and the drain region is nearly lineraly decreased (FIG. 2C). In
      accordance with the channel resistance R.sub.SD, the drain current I.sub.D
      is nearly lineraly increased (FIG. 2A). The source-drain voltage V.sub.SD
      is nearly lineraly decreased (FIG. 2D).
PAR  Time constants for the decrease of the channel resistance R.sub.SD and the
      increase of the drain current I.sub.D can be varied with the intensity of
      the current from the current source 45. Thus, CSJ FET has the pulse
      response characteristics that the rise time is short and that the fall
      time is long. The time constant for the fall time can be easily varied.
PAR  Next, operations of the peak meter comprising the semiconductor device 1 of
      FIG. 1 will be described with reference to FIG. 3 and FIG. 4A to FIG. 4E.
      FIG. 3 is a circuit representation of the semiconductor device 1 of FIG.
      1. Parts in FIG. 3 which correspond with the parts in FIG. 1 are denoted
      by the same reference numerals, which will not be described in detail.
PAR  When a random analog signal (FIG. 4A) including peak voltage a and b is
      applied to the input side of the full-wave rectifier 50 from the input
      terminal 41, a full-wave rectified signal (FIG. 4B) including peak
      voltages c and d can be obtained from the output side of the full-wave
      rectifier 50. The values of the peak voltages c and d are proportional to
      those of the peak voltages a and b. When the signal of FIG. 4B is applied
      directly to the meter, the meter cannot follow the rapid change of the
      level, since the response of the meter is slow. Accordingly, the meter
      cannot exactly indicate the peak voltages a and b (FIG. 4E). However, in
      this invention, the signal of FIG. 4B is applied to the meter through the
      CSJ FET. Since the CSJ FET has the pulse response characteristics that the
      rise time is short and that the fall time is long, an input signal with
      rapid changes of levels can be converted into a signal with such slow
      changes of levels that even the meter with the slow response can follow.
PAR  When the signal of FIG. 4B including the peaks c and d is applied to the
      gate electrode 6 of the CSJ FET 19, the sawtoothed voltage as the
      source-drain voltage is obtained from the output terminal 42 (FIG. 4C).
      The saw-toothed voltage rises rapidly and falls slowly, due to the charge
      storage effect of the CSJ FET. The time constant for falling is decided by
      the intensity of the current from the current source 45 which supplies the
      holes injected from the P-type semiconductive region 4 as the emitter
      region. When the semiconductor device 1 of FIG. 1 is used in the BBC
      method, the time constant for falling is set to about 3 seconds. And when
      the semiconductor device 1 of FIG. 1 is used in the DIN method, the time
      constant for falling is set to about 2 seconds. When no hole is injected
      from the P-type semiconductive region 4, the time constant for falling is
      about 3 seconds. Therefore, the current source 45 need not be connected to
      the emitter electrode 8 in the BBC method. The CSJ FET without the emitter
      region 4 can be used in the BBC method.
PAR  As above mentioned, the random signal of FIG. 4A is converted into the
      full-wave rectified signal of FIG. 4B by the full-wave rectifier 50. When
      the full-wave rectified signal is applied to the gate electrode 6 of the
      CSJ FET, the signal (FIG. 4C) with the slow change of the levels can be
      obtained from the drain electrode 7 of the CSJ FET. Thus, the signal with
      the rapid change of the levels including the peaks a and b can be
      converted into the signal with the slow change of the levels including the
      peaks e and f. The values of the peak voltages e and f are proportional to
      those of the peak voltages a and b. Consequently, the meter 35 indicates
      the peak voltages as shown on FIG. 4D, with the application of the signal
      of FIG. 4C to the meter 35.
PAR  In the above embodiment, the negative charge stored in the P-type
      semiconductive region 2 is neutralized with the injection of the holes as
      the minority carriers from the P-type semiconductive region 4 as the
      emitter. It may be neutralized with the irradiation of light, instead of
      the injection of the carriers. The PN junction between the P-type
      semiconductive region 2 as the gate region and the N-type semiconductive
      region 10, is reverse-biased with the negative charge stored in the P-type
      semiconductive region 2. When light is irradiated onto the upper surface
      of the semiconductor device 1, carriers (electrons and holes) are
      generated in a transition region, namely the depletion layer to increase
      reverse currents, so that the negative charge stored in the P-type
      semiconductive region 2 is neutralized.
PAR  Next, another embodiment of this invention will be described with reference
      to FIG. 5.
PAR  Parts in FIG. 5 which correspond with the parts in FIG. 1, are denoted by
      the same reference numerals, which will not be described in detail.
PAR  In the semiconductor device 1 shown on FIG. 5, islandlike N-type
      semiconductive regions 11 and 12 are formed in the P-type semiconductive
      region 14 by the diffusion method. Moreover, the P-type semiconductive
      regions 2 and 4, and another P-type semiconductive region 22 are formed in
      the N-type semiconductive regions 11 and 12, respectively by the diffusion
      method. The N-type semiconductive region 3 is formed in the P-type
      semiconductive region 22 by the diffusion method. The insulating layer 9
      made of SiO.sub.2 is deposited on the upper surface of the P-type
      semiconductive region 14. The openings 56, 57 and 58 made in the
      insulating layer 9 are closed by the source electrode 5, the gate
      electrode 6 and the drain electrode 7, respectively. Moreover, openings
      63, 64 and 59 made in this insulating layer 9 are closed by an anode
      electrode 24, a cathode electrode 25 and the emitter electrode 8,
      respectively.
PAR  A J-FET 40 is formed in the N-type semiconductive region 11. A diode 21 and
      the P-type semiconductive region 4 are formed in the N-type semiconductive
      region 12. The P-type semiconductive region 4 functions as an emitter for
      injecting carriers which neutralize the charge stored in the P-type
      semiconductive region 22 of the diode 21. The gate electrode 6 of the
      J-FET 40 is connected to the anode electrode 24 of the diode 21.
      Accordingly, this semiconductor device 1 operates in the same manner as
      the afore-mentioned CSJ FET. Since the charge stored in the P-type
      semiconductive region 22 of the diode 21 is neutralized with the injection
      of the carriers from the P-type semiconductive region 4, this
      semiconductor device 1 operates in the same manner as the one embodiment
      of FIG. 1.
PAR  In the diode 21 of the semiconductor device 1 shown on FIG. 5, the cathode
      electrode 25 is connected to the input terminal 41 through the full-wave
      rectifier 50 and the anode electrode 24 is connected to the gate electrode
      6 of the J-FET 40. In the J-FET 40, the source electrode 5 is connected
      directly to the ground, and the drain electrode 7 is connected to the
      ground through the resistor 43 and the DC power source 44 whose negative
      terminal is connected to the ground. The emitter electrode 8 is connected
      to the ground through the current source 45. The output terminal 42 is
      connected to the connecting point of the drain electrode 7 and the
      resistor 43. The meter 35 is connected to the output terminal 42.
PAR  Next, operations of the semiconductor device of FIG. 5 will be described
      with reference to FIG. 2A-FIG. 2D.
PAR  Presuming that the full-wave rectifier 50 is not provided, the gate voltage
      V.sub.G shown on FIG. 2B is applied to the cathode electrode 25 to put the
      cathode electrode 25 into the negative potential. Accordingly, the PN
      junction between the N-type semiconductive region 3 and the P-type
      semiconductive region 22 is forward-biased, while the PN-junction between
      the P-type semiconductive region 2 and the N-type semiconductive region 11
      is reverse-biased. Accordingly, the whole of the gate voltage V.sub.G is
      applied across the PN junction between the P-type semiconductive region 2
      and the N-type semiconductive region 11, so that the depletion layer is
      spread adjacent to the PN junction between the P-type semiconductive
      region 2 and the N-type semiconductive region 11. With the spread of the
      depletion layer, the lateral channel 38 extending from the source
      electrode 5 to the drain electrode 7 is narrowed and so the resistance
      between the source electrode 5 and the drain electrode 7 is increased. The
      source-drain voltage V.sub.SD obtained from the output terminal 42 is
      increased with the resistance of the channel. The operations of the
      conventional J-FET are substantially the same as the above-mentioned,
      which are illustrated by FIG. 2A-FIG. 1D. The gate voltage V.sub.G
      continues to be applied till the time t.sub.o. Since the resistance
      R.sub.SD of the channel is higher, the drain current I.sub.D (FIG. 2A) is
      lower and the source-drain voltage V.sub.SD (FIG. 2D) is higher.
PAR  After the gate voltage becomes zero at the time t.sub.o, the PN junction
      between the N-type semiconductive region 3 and the P-type semiconductive
      region 22 is reverse-biased. Accordingly, the channel resistance R.sub.SD
      between the source region and the drain region remains higher due to the
      electric field from the negative charge stored in the P-type
      semiconductive regions 2 and 22, if the holes as minority carriers are not
      injected from the P-type semiconductive region 4. However, since the holes
      are injected into the N-type semiconductive region 12 from the P-type
      semiconductive region 4 by the current source 45. The holes are recombined
      with the negative charge stored in the P-type semiconductive regions 2 and
      22. Accordingly, the depletion layer is gradually narrowed and the channel
      resistance R.sub.SD between the source region and the drain region is
      nearly linearly decreased (FIG. 2C). In accordance with the channel
      resistance R.sub.SD, the drain current I.sub.D is nearly linearly
      increased (FIG. 2A). The source-drain voltage V.sub.SD is nearly linearly
      decreased (FIG. 2D).
PAR  The time constants for the decrease of the channel resistance R.sub.SD and
      the increase of the drain current I.sub.D can be varied with the intensity
      of the current from the current source 45. The CSJ FET comprising the
      J-FET 40 and the diode 21 has the pulse response characteristics that the
      rise time is short and that the fall time is long. The time constant for
      the fall time can be easily varied.
PAR  The operations of the peak meter comprising the semiconductor device 1 of
      FIG. 5 are substantially the same as those of the peak meter comprising
      the semiconductor device of FIG. 1.
PAR  In the above embodiment, the negative charge stored in the P-type
      semiconductive region 2 is neutralized with the injection of the holes as
      the minority carriers from the P-type semiconductive region 4 as the
      emitter. It may be neutralized with the irradiation of light, instead of
      the injection of the carriers. When light is irradiated onto the upper
      surface of the semiconductor device 1, carriers (electrons and holes) are
      generated in a transition region, namely the depletion layer to increase
      reverse currents, so that the negative charge stored in the P-type
      semiconductive region 2 is neutralized.
PAR  Next, a further embodiment of this invention will be described with
      reference to FIG. 6.
PAR  This embodiment is substantially the same as the embodiment of FIG. 5,
      except that the J-FET 40 is converted to a MOS FET 31, and that the
      conductivity type of the diode 21, the polarity of the current source 45,
      and the conductivity type of the P-type semiconductor region 4 are
      reversed.
PAR  Parts in FIG. 6 which correspond with the parts of FIG. 5 are denoted by
      the same reference numerals, which will not be descrbied in detail.
PAR  In the semiconductor device 1 of FIG. 6, N-type semiconductor regions 3, 4,
      29 and 30 are formed in the P-type semiconductive region 14, by the
      diffusion method. The N-type semiconductive regions 29 and 30 functions as
      the source region and the drain region of the MOS FET 31, respectively. A
      gate electrode 27 is formed on the insulating layer 9 between the N-type
      semiconductive regions 29 and 30.
PAR  The quantity and the decay of the storage charge of the MOS FET 31 can be
      controlled by the gate voltage V.sub.G supplied to the anode electrode 24
      in such a manner as the semiconductor device 1 of FIG. 5.
PAR  Accordingly, operations of the peak meter comprising the semiconductor
      device 1 of FIG. 6 are substantially the same as those of the peak meter
      comprising the semiconductor device of FIG. 5.
PAR  In the above embodiment, the positive charge stored in the N-type
      semiconductive region 3 is neutralized with the injection of electrons as
      the minority carriers from the N-type semiconductive region 4 as the
      emitter. It may be neutralized with the irradiation of light, instead of
      the injection of the carriers.
PAR  Moreover in the above embodiments, the stored charge is neutralized with
      the carriers injected from the emitter region. However, it may be
      discharged through any discharging path.
PAR  Next, a still further embodiment of this invention will be described with
      reference to FIG. 7 and FIG. 8 in which a discharging path is provided for
      discharging the stored charge, instead of the emitter for injecting the
      carriers. In the semiconductor devices of FIG. 5 and FIG. 6, a discharging
      path may be provided instead of the emitter for injecting the carriers.
PAR  Parts in FIG. 7 which correspond with the parts in FIG. 1, are denoted by
      the same reference numerals, which will not be described in detail.
PAR  In the semiconductor device 1 shown on FIG. 7, the island-like N-type
      semiconductive regions 11 and 12 are formed in the P-type semiconductive
      region 14 as the semiconductive substrate 15 by the diffusion method.
      Moreover, the P-type semiconductive region 2 and another P-type
      semiconductive region 13 are formed in the N-type semiconductive regions
      11 and 12, respectively by the diffusion method. The N-type semiconductive
      region 3 is formed in the P-type semiconductive region 2 by the diffusion
      method. The insulating layer 9 made of SiO.sub.2 is deposited on the upper
      surface of the P-type semiconductive region 14. The openings 56, 57 and 58
      made in the insulating layer 9 are closed by the source electrode 5, the
      gate electrode 6 and the drain electrode 7, respectively. Moreover,
      openings 60, 61 and 62 made in the insulating layer 9 are closed by a
      drain electrode 16, a gate electrode 17 and a source electrode 18,
      respectively. And, an opening 65 made in the insulating layer 9 and facing
      to the P-type semiconductive region 2 is closed by an electrode 68 for
      discharging the stored charge. Thus, the CSJ FET 19 is formed in the
      N-type semiconductive region 11, while a J-FET 20 is formed in the N-type
      semiconductive region 12.
PAR  In the CSJ FET 19 of the semiconductor device 1 of FIG. 7, the gate
      electrode 6 is connected to the input terminal 41 through the full-wave
      rectifier 50, the source electrode 5 is connected directly to the ground,
      and the drain electrode 7 is connected to the ground through the resistor
      43 and the DC power source 44 whose negative terminal is connected to the
      ground. The output terminal 42 is connected to the connecting point of the
      drain electrode 7 and the resistor 43. The meter 35 is connected to the
      output terminal 42. The electrode 68 for discharging the stored charge,
      connected to the P-type semiconductive region 2 of the CSJ FET 19 is
      connected to the drain electrode 16 of the J-FET 20. The gate electrode 17
      of the J-FET 20 is connected to the ground through the DC power source 48
      whose positive terminal is connected to the ground. The source electrode
      18 of the J-FET 20 is connected directly to the ground.
PAR  Next, operations of the semiconductor device of FIG. 7 will be described
      with reference to FIG. 2A-FIG. 2D and FIG. 8.
PAR  Presuming that the full-wave rectifier 50 is not provided, the gate voltage
      V.sub.G shown on FIG. 2B is applied to the gate electrode 6 to put the
      gate electrode 6 into the negative potential. Accordingly, the PN junction
      between the N-type semiconductive region 3 and the P-type semiconductive
      region 2 is forward-biased, while the PN-junction between the P-type
      semiconductive region 2 and the N-type semiconductive region11 is
      reverse-biased. The whole of the gate voltage V.sub.G is applied across
      the PN junction between the P-type semiconductive region 2 and the N-type
      semiconductive region 11, so that the depletion layer is spread adjacent
      to the PN junction between the P-type semiconductive region 2 and the
      N-type semiconductive region 11. With the spread of the depletion layer,
      the lateral channel 38 extending from the source electrode 5 to the drain
      electrode 7 is narrowed and so the resistance between the source electrode
      5 and the drain electrode 7 is increased. The source-drain voltage
      V.sub.SD obtained from the output terminal 42 is increased with the
      resistance of the channel. The operations of the conventional J-FET are
      substantially the same as the above-mentioned, which are illustrated by
      FIG. 2A-FIG. 2D. The gate voltage V.sub.G continues to be applied till the
      time t.sub.o. Since the resistance R.sub.SD of the channel is higher, the
      drain current I.sub.D (FIG. 2A) is lower and the source-drain voltage
      V.sub.SD (FIG. 2D) is higher.
PAR  After the gate voltage becomes zero at the time t.sub.o, the PN junction
      between the N-type semiconductive region 3 and the P-type semiconductive
      region 2 is reverse-biased. If the negative charge stored in the P-type
      semiconductive region 2 of the CSJ FET 19 is not discharged through the
      source-drain of the J-FET 20, the channel resistance R.sub.SD of the CSJ
      FET 19 remains higher. However, a suitable voltage is applied to the gate
      electrode 17 of the J-FET 20 by the DC power source 48, so as to discharge
      the charge stored in the P-type semiconductive region 2. Accordingly, the
      charge is discharged from the source electrode 18 through the source-drain
      of the J-FET 20 in a nearly constant current. A time constant for the
      discharging can be varied with the voltage applied to the gate electrode
      17 from the DC power source 48.
PAR  The depletion layer is gradually narrowed with the discharging.
      Accordingly, the channel resistance R.sub.SD of the CSJ FET 19 is
      substantially linearly decreased (FIG. 2C). And the drain current I.sub.D
      is substantially linearly increased (FIG. 2A). Thus, the CSJ FET has the
      pulse response characteristics that the rise time is short and that the
      fall time is long. The time constant for the fall time can be easily
      varied.
PAR  Consequently, operations of the peak meter comprising the semiconductor
      device 1 of FIG. 7 is substantially the same as those of the peak meter
      comprising the semiconductor device 1 of FIG. 1.
PAR  In all of the above embodiments, the conductivity type of the
      semiconductive region may be reversed, where the polarities of the applied
      signal and the power source are reversed.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein without
      departing from the scope or spirit of the invention as defined in the
      appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. A peak level indicator comprising:
PA1  a. a charge storage semiconductor device including a semiconductive
      substrate with a current path portion, first and second semiconductive
      regions forming a PN junction therebetween, said first region being
      capacitively coupled to said current path portion, and a control electrode
      connected to said second region;
PA1  b. means for applying a current through said current path portion;
PA1  c. an indicating means for indicating said current through said current
      path portion; and
PA1  d. means for applying an input signal to said control electrode.
NUM  2.
PAR  2. A peak level indicator according to claim 1, wherein a PN junction is
      formed between said first region and said semiconductive substrate.
NUM  3.
PAR  3. A peak level indicator according to claim 1, wherein said input signal
      applying means includes a rectifying means.
NUM  4.
PAR  4. A peak level indicator according to claim 1, wherein said semiconductor
      device has a third semiconductive region forming a PN junction with said
      semiconductive substrate and a current supplying means is connected to
      said third region.
NUM  5.
PAR  5. A peak level indicator according to claim 1, further including another
      semiconductor device connected to said first region of said charge storage
      semiconductor device.
NUM  6.
PAR  6. A peak level indicator according to claim 5, wherein said semiconductor
      device is a field effect transistor.
NUM  7.
PAR  7. A peak level indicator adapted for utilizing a charge storage
      semiconductor device in an integrated circuit comprising:
PA1  a. a charge storage junction semiconductor device having a charge storing
      PN junction, an input, and an output;
PA1  b. a rectifying signal input means connected to said charge storage device
      input;
PA1  c. current means connected to said output of the charge storage
      semiconductor device for producing a current which is controlled by said
      charge storage semiconductor device; and
PA1  d. indicating means connected to said current means for displaying a
      current of said current means.
NUM  8.
PAR  8. A peak level indicator of claim 7 in which a discharge means connects
      with said charge storage junction semiconductor device for controlling a
      rate of discharge of said charge storing PN junction.
NUM  9.
PAR  9. A peak level indicator of claim 8 in which said charge storage junction
      semiconductor device comprises a charge storage field effect transistor
      having a channel protion, source and drain electrodes connected at
      opposite ends of said channel portion, and first and second semiconductor
      regions forming a PN junction, said first region being capacitively
      coupled to said channel portion and a control electrode attached to said
      second region, said rectifying signal input means comprising a full wave
      rectifier connected to said gate electrode, said current means comprising
      a power source and impedance connected in series between said drain and
      source electrodes, and said indicating means comprising  a meter connected
      between said drain and source electrodes.
NUM  10.
PAR  10. A peak level indicator of claim 9 in which said discharge means
      comprises a current source connected to a third semiconductor region
      interfaced with said channel region and forming a PN junction at said
      interface.
NUM  11.
PAR  11. A peak level indicator of claim 9 in which said discharge means
      comprises a junction field effect transistor having a drain-source current
      path connected to an electrode in contact with said capacitively coupled
      first semiconductor region.
NUM  12.
PAR  12. A peak level indicator of claim 8 in which said charge storage junction
      semiconductor device comprises a charge storage diode having first and
      second semiconductor regions forming a PN junction, said first region
      being capacitively coupled to a third semiconductor region, an electrode
      being connected to each of said first and second regions, said rectifying
      signal input means comprising a full wave rectifier connected to said
      second region electrode, said current means comprising a field effect
      transistor having a gate connected to said first region electrode and a
      drain-source channel portion connected to a power source and impedance in
      series and said indicating means comprising a meter connected across said
      drain-source FET portion.
NUM  13.
PAR  13. A peak level indicator of claim 12 in which said discharge means
      comprises a fourth semiconductor region interfaced with said third
      semiconductor region to form a PN junction therewith and a current source
      connected to said fourth region.
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PAL  An apparatus and method are described wherein the apparent power fed to an
      alternating current consumer is measured by an active power measuring
      device or counter through which the current passes and which has a
      separate voltage input fed from an amplifier having two inputs. The first
      amplifier input receives a constant, limited auxiliary voltage which is
      induced from the current path and in phase with the consumer current. The
      second amplifier input is used for continuously adjusting the auxiliary
      voltage in accordance with the instantaneous value of the consumer
      voltage. For this purpose a comparing device, such as a bridge circuit,
      may be provided for comparing the consumer voltage with the voltage
      applied to the power measuring device. Variations in the comparison
      control can be transmitted, for example, by a small electric motor or a
      sample and hold circuit which in turn controls a solid state or other
      variable resistance device connected to the second input. In a further
      alternative, the second amplifier input may be a field plate which is
      subject to an electromagnetic flux controlled in accordance with the
      comparing device. In another example, a voltage divider is connected
      across the consumer voltage and has a center tap connected through a
      transistor to the second amplifier input.
BSUM
PAR  The present invention relates to a process and an apparatus for measuring
      the apparent power fed to an alternative current consumer by means of an
      active power measuring device or counter. In industry and manufacture,
      consumers with a complex resistance value, such as motors, transformers
      and fluorescence lamps, are used more and more frequently. This leads to
      the distribution networks being loaded to an increasing extent with
      reactive power.
PAR  There exists the possibility of determining the real power consumption by
      using a reactive power counter in addition to the active power counter,
      but such a solution is too expensive for small consumers as it is
      necessary to provide, maintain and read two individual counters.
PAR  It is the purpose of the present invention to avoid the disadvantages of
      the known devices and particularly to provide a process and a device which
      makes possible counting of apparent power in a most simple manner by using
      only one active power counter.
PAR  According to the present invention, this problem is primarily resolved by
      deviating from the consumer current an auxiliary voltage in phase with the
      consumer current, by continuously tapping the consumer voltage and by
      adjusting the auxiliary voltage independently on the phase position of the
      consumer voltage to the momentary value and then applying it to the
      voltage path of the active power counter. Since in this manner, a voltage
      having the same value as the consumer voltage and in phase with the
      current flowing through the current path is present on the voltage path of
      the active power counter, in the active power counter, without influence
      by phase-shift between voltage and current, the product of these two
      values is measured and counted.
PAR  This invention can be realized in a particularly advantageous manner if,
      for producing the auxiliary voltage, there is provided a current
      transformer in series with the current path of the active power counter,
      the secondary side of said current transformer being thus connected with
      the first input of an amplifier that the output voltage of the amplifier
      is in phase with the current primarily flowing through the current
      transformer, and if a measuring device is provided for determining the
      consumer voltage which is thus connected with a second input of the
      amplifier that the output voltage of the amplifier has the same amplitude
      as the consumer voltage. Depending on the value of the voltage delivered
      by the current transformer, the amplification factor of the amplifier must
      then be fixed, the amplifying degree being possibly even lower than one.
      In order to make the amplifier output voltage nearly independent on the
      secondary voltage of the current transformer varying as a function of the
      consumer current, it is recommended to keep the auxiliary voltage on a
      constant value by means of a limiting circuit known and frequently used in
      most various forms.
PAR  The amplifier output voltage which, as explained above, is determined in
      its phase position by the consumer current and in its amplitude by the
      consumer voltage, can be provided in a particularly simple manner if the
      amplifier comprises a device for varying the amplification degree which is
      controlled by the measuring device. It is evident that the amplifier feed
      voltage can be derived directly from the consumer voltage, i.e. by means
      of rectifying means, one for the positive and one for the negative feed
      voltage. The consumer voltage can, in certain applications, be used
      directly for controlling the second amplifier input or the device for
      varying the amplification degree. If it is necessary to insure in a
      particularly safe manner that the amplitude of the output voltage of the
      amplifier is identical with that of the consumer voltage, it is
      recommendable to provide a comparing device which compares with each other
      the values of the two above-mentioned voltages and delivers, as a function
      of a deviation of the amplifier output voltage, corresponding control
      signals to the measuring device or directly to the second input of the
      amplifier or to the device for varying the amplification degree.
PAR  It is comparatively easy to control the amplification degree of the
      amplifier by means of a variable resistance, a particularly advantageous
      solution consisting in the use of a potentiometer.
PAR  Especially in such a case, it is recommended to provide the measuring
      device with an electromechanical transformer, preferably with a
      positioning motor which is connected with the comparing device and is
      controlled by the same and effects adjusting of the potentiometer as long
      as the output voltage of the amplifier does not correspond to the consumer
      voltage. The comparison between amplifier output voltage and consumer
      voltage can be achieved in a particularly easy and reliable manner if the
      comparison device is a direct current bridge circuit in which, preferably,
      the measuring device is in the transverse path of the bridge.
PAR  It is advantageous for adjusting the amplification degree of the amplifier
      to use also semiconductor elements such as transistors, particularly field
      effect transistors or field plates, in which latter case a coil for
      producing a magnetic field influencing the field plate should be provided
      in series after the measuring device.
PAR  The variation of the amplification degree of the amplifier can of course
      also be realized by means of electronic circuit elements using
      electromechanical transducers. In this case, a so-called sample and hold
      circuit is particularly suitable which is connected with the comparison
      device and assures, by registration of the deviation from the desired
      value and by delivery of corresponding signals to the second input of the
      amplifier or the device for adjusting the amplification degree, continuous
      adjusting of the output voltage of the amplifier to the consumer voltage.
PAR  It is evident that the individual circuit elements and features of the
      circuits can be replaced without difficulty by analogous means and can be
      assembled by persons acquainted with the art to adapt them to the detailed
      solution required in any individual case. Especially, the described
      circuit arrangement may also advantageously be executed as an additional
      device which permits its use as an apparent power measuring device by
      insertion or combination therof into or with installed active power
      counters.
PAR  The invention will hereinafter be explained in more detail by means of an
      example with reference to the attached drawings wherein:
DRWD
PAR  FIG. 1 shows schematically the circuit arrangement of an active power
      counter for use as apparent power counter,
PAR  FIG. 2 the circuit of FIG. 1 with an additional comparison device,
PAR  FIG. 3 the circuit layout of an arrangement according to FIG. 2, and
PAR  FIGS. 4, 5, 6 various embodiments of devices for varying the amplification
      degree of the provided amplifier.
DETD
PAR  According to FIG. 1, an active power counter or watt-meter 2 for one-phase
      alternating current is inserted into the supply conductor of a load on
      consumer 4 with a complex resistance by means of its current path 3. The
      apparent power registered by the power counter 2 is determined by the
      product of the alternating consumer current I.sub.v passing through the
      current path 3 and an alternating voltage Ua applied through a voltage
      path 11. In series with the current path 3 and with the consumer 4, there
      is provided the primary coil 5 of a current transformer 6, the secondary
      coil 7 of which is connected with a first input 8 of a controlled
      amplifier 9. The controlled amplifier 9 preferably is a conventional power
      control amplifier with an output able to supply the voltage path 11 for
      the active power counter 2 with a required voltage (e.g. 220V, 6VA). A
      power control amplifier with an output less than the required voltage may
      also be used by connecting the output of the amplifier to a suitable
      voltage transformer. The input 8 of the amplifier 9 is in this case
      provided as a high ohmic load for the secondary coil 7, in a manner not
      shown, so that an injected current is delivered. In this manner, it is
      assured that, upon tapping of a small portion of the voltage on the
      secondary coil 7, this voltage is indeed in phase with the current flowing
      through the primary coil. Should there still be a small phase deviation,
      this can be completely compensated by compensation elements or RC
      arrangements. By the voltage present at the input 8, which is also in
      phase with the current flowing through primary coil 5 and consumer 4, the
      output voltage Ua is controlled in phase with the consumer current Iv. By
      a voltage detector or measuring device 9a provided in parallel with the
      consumer 4, the consumer voltage Uv is measured and the actual momentary
      output voltage Ua of the amplifier 9 is controlled via a second input 10
      so that the amplification factor of the amplifier 9 is modified and the
      amplitude of the amplifier output voltage Ua corresponds to the amplitude
      of the consumer voltage Uv. The measuring device 9a may comprise, for
      example, a positioning motor and a potentiometer driven by the motor as
      described below with reference to FIG. 3. As an example of such a
      measuring device is the Minifort 320 of the Megatron company. Since the
      amplifier output voltage Ua furthermore, as explained, is caused to be in
      phase with the consumer current Iv by the voltage Uh of the secondary coil
      7, a voltage is applied to voltage path 11 of active power counter 2
      which, in connection with the current Iv passing through current path 3
      permits the formation of the product of consumer voltage Iv and consumer
      voltage Uv without any influence by the momentary phase situation, and
      therefore permits measuring of the apparent power.
PAR  The amplifier 9 shown in the block scheme and the measuring device 9a
      (motor) can be interpreted by persons acquainted with the art in various
      manners and without difficulties so that no detailed explanations will be
      given here. The positioning device 13 may be a potentiometer driven by the
      motor 9a (e.g. a DC-Micromotor-Megatron-Series 20 with a model 24-MS gear
      box and a model S-11 potentiometer).
PAR  FIG. 2 shows schematically an apparent power measuring device with a
      special comparison device 12 (e.g. a Texas Instrument Type 711C
      Comparator) and with an adjusting device 13 which however, as far as the
      remaining circuit elements are concerned, corresponds to the arrangement
      of FIG. 1. As shown, the comparison device 12 is so connected with the
      output of the amplifier 9 on the one hand and with the consumer 4 on the
      other hand that the difference between voltage Uv and voltage Ua can be
      determined. Thereby, the exactitude of the circuit is increased
      essentially since on the slightest deviation between the voltages compared
      with each other, the measuring device 9a receives a corresponding signal
      and accordingly controls a positioning device 13 for modifying the
      amplification degree of amplifier 9 until the voltage Ua again corresponds
      to voltage Uv. In this manner, it is possible to form a most exact product
      even under strong variations of the consumer voltage Uv and under
      disturbing influences acting on amplifier 9.
PAR  FIG. 3 shows the circuit scheme of an arrangement in which the
      amplification degree of amplifier 9 can be modified by variable resistance
      14 (e.g. a model S-11 potentiometer). The resistance 14 is mechanically
      coupled with a positioning motor 15 which is provided in the transverse
      path of a comparison device in the form of a bridge circuit with
      resistance 16, 17, 18 and 19. As shown, the consumer voltage Uv is fed via
      resistance 16 whereas, vis resistance 17, the amplifier output voltage Ua
      is applied. As soon as the two voltages compared with each other are
      different from each other, the bridge gets out of its equilibrium
      condition, and, under control of diodes 20 and 21, a current of such
      duration and under control of diodes 20 and 21, a current of such duration
      and quality flows through positioning motor 15 that, after correspondingly
      adjusting of resistance 14, the amplification factor of amplifier 9 is so
      modified that the output voltage Ua corresponds to consumer voltage Uv.
PAR  To keep the auxiliary voltage Uh present on the secondary coil 7 of current
      transformer 6 which only serves to control the output voltage Ua with
      respect to its phase, the secondary coil 7 is bridged by a limiting
      voltage which consists of a Zener diode 22 (ITT BC and 260B) and of a
      resistance 23 (2000 ohms).
PAR  By appropriate selection of the circuit elements, i.e. with a current
      transformer 6 of appropriate size, a sufficiently big resistance 14 and a
      sufficiently synchronized and closed amplifier 9, variations of amplifier
      elements become only active within a fraction of the required precision,
      the more because amplifier 9 practically acts as control circuit and
      variations of the amplification, for example by wear, are compensated by
      corresponding correction on resistance 14. The positioning motor 15 which
      is preferably provided as extremely small direct current motor is a
      circuit element which is absolutely reliable which assures precision,
      reproducibility of the results and reliability of the additional device to
      the required extent.
PAR  FIG. 4 shows a portion of the circuit to demonstrate the use of a
      transistor 24 as variable resistance which is provided for controlling the
      amplification degree of amplifier 9 and which is controlled by the
      consumer voltage Uv via a voltage divider 25.
PAR  FIG. 5 shows the use of a field plate 26 as variable resistance for
      controlling the amplification degree of amplifier 9. For coupling the
      signal delivered by comparator 12 if there is a difference between the
      required and the actual value, and for storage of these signals, a
      so-called sample and hold circuit 27 is connected in series after the
      comparison device 12 which, upon each difference appearing between the
      required and the actual value, adds or substracts and stores the
      corresponding signals. The stored signals are then fed to a coil 28 the
      electromagnetic field of which influences the field plate 26 and the
      resistance thereof so that the required adjustment of the degree of
      amplification of amplifier 9 is achieved. The field plate 26 and coil 28
      operate as a Hall generator.
PAR  FIG. 6 shows a partial section of a circuit arrangement in which the degree
      of amplification of amplifier 9 is controlled by field effect transistor
      29. This field effect transistor 29, in the example according to FIG. 5,
      is replaced by a sample and hold circuit 27 with a control signal, the
      sample and hold circuit being arranged in the transversal path of a bridge
      circuit consisting of resistances 16, 17, 18 and 19 instead of positioning
      motor 15. In this manner, a reliable and rapid adjustment of the voltage
      Ua to the value of consumer voltage Uv is assured.
PAR  As a whole, the invention, by the use of most simple and known circuit
      elements, the dimensions and selection of which are known to persons
      actuainted with the art, affords the possibility to measure even apparent
      powers by means of conventional active power counters. The shown and
      described circuit arrangement can of course also be used analogously and
      equivalently for power measuring or power control instead of mere power
      counting without thereby leaving the scope of the invention. It is of
      course also possible to register the value of consumer voltage digitally
      and to compare it. In this case, it would only be necessary to transform
      the consumer voltage via an analogous - digital converter, fed to a
      counter and, after comparison with an also digital desired value, again be
      transformed into analogous signals by means of a digital - analogous
      converter so that the amplifier can be controlled accordingly.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring the apparent power fed to an alternating current
      consumer comprising: an active power measuring device having a current
      path therethrough through which, in operation, the consumer current flows
      and including an input separate from said path to which an auxiliary
      alternating voltage is applied so that said measuring device measures
      power as a product of said current and said auxiliary voltage, an
      amplifier for producing said auxiliary voltage and including an output
      connected to the input of said power measuring device and first and second
      amplifier inputs, a transformer having a primary side connected in said
      current path and a secondary side connected to said first input of said
      amplifier so that the auxiliary voltage produced by said amplifier is
      maintained in phase with the consumer current, adjusting means for
      determining the consumer voltage and connected to said second amplifier
      input for adjusting the auxiliary voltage produced by said amplifier to
      the instantaneous value of said consumer voltage.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said adjusting means comprises a
      comparison device having a first input adapted to be connected to the
      consumer and a second input connected to the output of said amplifier so
      that said auxiliary voltage is compared with said consumer voltage, said
      comparison device providing an output representing the difference between
      said auxiliary voltage and said consumer voltage, an adjusting device
      responsive to the output of said comparison device, and a variable element
      adjusted by said adjusting device and connected to the second amplifier
      input to adjust said auxiliary voltage to the instantaneous value of said
      consumer voltage.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said variable element comprises
      a variable electrical resistance.
NUM  4.
PAR  4. Apparatus according to claim 2, wherein said adjusting device comprises
      an electromechanical transducer.
NUM  5.
PAR  5. Apparatus according to claim 2, wherein said adjusting device comprises
      a positioning motor and said variable element comprises a potentiometer
      mechanically connected to said positioning motor.
NUM  6.
PAR  6. Apparatus according to claim 2, wherein said comparison device comprises
      a bridge circuit comprising a first pair of resistances adapted to be
      connected in series across the consumer and a second pair of resistances
      connected in series between the output of said amplifier and the low
      voltage side of said consumer, said adjusting device comprising an
      electromechanical transducer connected between a point on the series
      connection between the resistances of the first pair of resistances and a
      point on the series connection between the resistances of the second pair
      of resistances.
NUM  7.
PAR  7. Apparatus according to claim 2, wherein said comparison device comprises
      a bridge circuit comprising a first resistance, a first rectifier and a
      second resistance connected in series across said consumer and a third
      resistance, a second rectifier and a fourth resistance connected in series
      between the output of said amplifier and the low voltage side of said
      consumer, said adjusting device comprising an electromechanical transducer
      connected between a point on the series connection between the first
      rectifier and the second resistance and a point on the series connection
      between the second rectifier and the fourth resistance, said variable
      element comprising a variable electrical resistance controlled by said
      electromechanical transducer.
NUM  8.
PAR  8. Apparatus according to claim 2, wherein said variable element comprises
      a variable electrical resistance constituted by a semiconductor circuit
      element.
NUM  9.
PAR  9. Apparatus according to claim 2, wherein said adjusting device comprises
      a coil responsive to the output of said comparison device and said
      variable element comprises a field plate responsive to the electromagnetic
      field of said coil.
NUM  10.
PAR  10. Apparatus according to claim 2, wherein said comparison device
      comprises a bridge circuit comprising a first pair of resistances
      connected in series across the consumer and a second pair of resistances
      connected in series between the output of said amplifier and the low
      voltage side of said consumer, said adjusting device comprising a sample
      and hold circuit connected between a point on the series connection
      between the resistances of the first pair of resistances and a point on
      the series connection between the resistances of the second pair of
      resistances, and said variable element comprising a transistor controlled
      by said sample and hold circuit.
NUM  11.
PAR  11. Apparatus according to claim 1, wherein a voltage limiter is connected
      in circuit relationship with said secondary side of said transformer for
      maintaining constant the voltage applied to said first amplifier input.
NUM  12.
PAR  12. Apparatus according to claim 1, wherein said adjusting means comprises
      a voltage divider adapted to be connected across the consumer and a
      transistor connected between the second amplifier input and a central tap
      of said voltage divider.
NUM  13.
PAR  13. A method of measuring the apparent power fed to an alternating current
      consumer, said method comprising connecting a current path carrying the
      consumer current through an active power measuring device, inducing an
      auxiliary voltage from said current path which is in phase with the
      consumer current and is of constant value, continuously adjusting said
      auxiliary voltage in accordance with the instantaneous value of the
      consumer voltage, and applying the adjusted voltage to the power measuring
      device so that the output of said power measuring device is a product of
      said consumer current and the adjusted auxiliary voltage.
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ABST
PAL  Metering kWh in an electrical system is accomplished by generating pairs of
      analog signals, representing current and voltage variables. Each pair of
      analog signals is multiplied together in a direct pulse-width conversion
      in a time-division multiplier network. A constant amplitude triangular
      generator is associated with the multiplier and the multiplier is
      implemented using C-MOS technology. A separate direct pulse-width
      multiplier network is provided for multiplying without introducing any
      phase shift each of the pairs of analog signals to form a series of width
      and amplitude-modulated pulse signals. The series of modulated pulse
      signals is converted in, for example, a low-pass filter to a signal having
      an amplitude representative of average power. For polyphase systems, the
      signals delivered from each of the multiplier channels are summed at the
      low-pass filter. An analog-to-pulse rate converter is used for converting
      the signal representing average power to another series of output pulse
      signals having a variable signal repetition rate proportional to average
      power, each output pulse signal representing a quantized amount of
      electrical energy. A stepping switch and register perform conventional
      accumulation, storage and display functions in response to the series of
      output pulse signals delivered thereto.
BSUM
PAC  CROSS REFERENCES TO RELATED PATENT APPLICATIONS
PAR  A related copending U.S. Pat. application, Ser. No. 361,030, filed May 17,
      1973, in behalf of inventor-applicant M. Milkovic, titled ELECTRONIC
      METERING OF ACTIVE ELECTRICAL ENERGY (kWh) (R.D.-5417), now U.S. Pat. No.
      3,875,509, discloses and claims a method and apparatus for metering kWh in
      polyphase systems.
PAR  Another related copending U.S. Pat. application, Ser. No. 395,142, filed
      Sept. 7, 1973, in behalf of inventor-applicant M. Milkovic, titled
      METERING ELECTRICAL ENERGY (kWh) IN SINGLE PHASE SYSTEMS (R.D.-6569), now
      U.S. Pat. No. 3,875,508, discloses and claims a method and apparatus for
      metering electrical energy in single phase systems. The aforesaid M.
      Milkovic is the same inventor-applicant in whose behalf this patent
      application is filed.
PAR  The entire right, title and interest in and to the inventions described in
      the aforesaid patent applications, as well as in and to the aforementioned
      patent applications and the entire right, title and interest in and to the
      invention hereinafter disclosed, as well as in and to the patent
      application of which this specification is a part, are assigned to the
      same assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to metering active electrical energy by
      solid state electronic techniques and, in particular, in one aspect
      relates to an improved multiplier and method for multiplying analog
      signals representative of current and voltage in the electrical system
      whose energy is being metered.
PAR  Electrical energy (kWh) has been and continues to be metered with the
      familiar rotating disc-type of meter. In addition, the instrumentation and
      metering arts include proposed systems having apparatus employing
      electronic and solid state devices for measuring power and energy. In such
      apparatus, the electronic and solid state devices replace the conventional
      rotating disc.
PAR  Further, there is disclosed and claimed in applicant's copending
      applications referred to above, apparatus and methods for metering
      electrical energy in an electrical system which involves producing analog
      signals from line currents and voltages. Pairs of analog signals,
      representing current and voltage variables, are processed in time-division
      multiplier networks which multiply the analog signals to produce a series
      of width and amplitude-modulated pulse signals, each representing
      instantaneous partial power. Pulse signals from different multiplier
      networks are summed to provide another series of pulse signals, each
      representing instantaneous total power. The series of pulse signals
      representing instantaneous total power are processed through a low-pass
      filter to produce another signal representative of average total power in
      the system. Subsequently, the signal representing average total power is
      processed in an analog-to-pulse rate converter which produces a series of
      output pulse signals, each representing a quantized amount of electrical
      energy. A stepping switch and register perform conventional accumulation,
      storage and display functions in response to the series of output pulse
      signals delivered thereto.
PAR  The multipliers used in the above-referenced copending patent applications
      are described therein as feedback-type up-down integration multipliers,
      which combine the analog input signals to produce a series of output
      pulses in accordance with a sampling frequency with the output pulses
      being amplitude and width-modulated in accordance with the input analog
      signals. As known to those in the art, such feedback type of multipliers
      inherently produce phase shift errors in the pulse with and
      heighth-modulated output signals, with the amount of phase shift errors
      being related to the rate of the sampling frequency compared to the
      frequency of the input analog signals.
PAR  At an ordinary sampling frequency of 10 kHz a pulse-width-amplitude
      multiplier phase shift is about 1.5.degree. at a 60 Hz signal frequency.
      This phase shift of 1.5.degree. can result in a multiplier error of about
      5 percent if the phase shift between two input analog signals being
      multiplied amounts to 60.degree. (power factor equal to 0.5).
PAR  Accordingly, it is one object of the present invention to provide a method
      and apparatus for use in a solid state electrical energy metering system
      for multiplying electrical analog signals representing voltage and current
      in the system to produce a series of amplitude and width-modulated pulses
      without the introduction of phase shift errors.
PAR  It is another object of this invention to provide such a multiplier
      apparatus and method utilizing solid state circuitry which may be
      fabricated in the form of monolithic integrated structures.
PAR  It is another object of this invention to provide an improved triangle wave
      generator and method for use with the multiplier apparatus and method of
      this invention.
PAR  Briefly, in accordance with one embodiment of the invention, there is
      provided an electronic kWh meter which includes means for developing pairs
      of analog signals representative of currents and voltages in the
      electrical system being monitored. The current and voltage analog signals
      in a pair are multiplied in a direct-type pulse modulator, which does not
      generate any internal phase shift, and which functions to multiply the two
      analog signals and produce a series of width and amplitude-modulated pulse
      signals, each representing instantaneous power. If the electrical system
      being monitored is a polyphase system, so that a plurality of multipliers
      are provided, then the pulse signals from the different multiplier
      networks are summed to provide another series of pulse signals, each
      representing instantaneous total power. The series of pulse signals
      representing instantaneous total power are processed through a low-pass
      summing filter which produces another signal representative of average
      total power in the system. The averge total power signal is processed in a
      quantizing analog-to-pulse rate converter which produces a series of
      output pulse signals each representing a quantized amount of electrical
      energy. A stepping switch and register perform conventional accumulation,
      storage and display functions in response to the series of output pulse
      signals delivered thereto.
PAR  Other objects, as well as various features of the invention, appear
      hereinafter from the description of the preferred embodiments taken in due
      consideration in connection with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of one embodiment of the invention in an
      overall system for electronically metering electrical energy.
PAR  FIG. 2 is a typical schematic diagram for the inverters shown in block
      diagram form in FIG. 1.
PAR  FIGS. 3a through 3f show signal waveforms at various points in the
      multiplier of FIG. 1 for varying input signal conditions.
PAR  FIG. 4 is a schematic diagram of one form of reference signal generator for
      generating the reference signal V.sub.T in FIG. 1.
PAR  FIG. 5 is a schematic diagram of an alternate embodiment of a multiplier in
      accordance with the invention.
PAR  FIG. 6 is a schematic diagrm of an additional alternate embodiment of a
      multiplier in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to a description of the various preferred embodiments of the
      invention, there is shown in FIG. 1 a diagrammatic illustration of one
      embodiment of the invention illustrated in combination with a number of
      electronic circuits in an overall system for measuring power and energy.
      The present invention is applicable to active electrical energy metering
      in a single or polyphase electrical phase system. Using the methodology of
      Blondel's Theorem, various parts of signals are developed with one of the
      signals in a pair being proportional to a line current and another of the
      signals in the pair bein proportional to a line voltage. This methodology
      or technique and the number of pairs of signals which must be developed to
      measure the total power in a system having any particular number of phases
      is fully explained in copending patent application Ser. No. 361,030, filed
      May 17, 1973, and Ser. No. 396,142, filed Sept. 7, 1973, the disclosures
      of which are thereby incorporated by reference.
PAR  In FIG. 1 there is shown a pair of input terminals 11 and 12 to which a
      line voltage V.sub.p is applied. Similarly, there is shown a pair of input
      terminals 13 and 14 to which a line current I.sub.p is applied. The line
      voltage V.sub.p is transformed by a potential transformer 16 to a first
      analog signal .+-. v.sub.x which is applied through a resistor R1 to an
      input of a comparator 17. The line current I.sub.p is transformed by a
      current transformer 18 and appears as analog voltages .+-. v.sub.y
      appearing across resistor R2 and an analog voltage .-+. v.sub.y
      (180.degree. out of phase with .+-. v.sub.y) appearing across resistor R3.
      The analog signals .+-. v.sub.y and .-+. v.sub.y form inputs on circuits
      19 and 21 to input terminals 15 and 20, respectively, of a bipolar switch
      22.
PAR  The comparator 17 also receives as an input a cyclically varying reference
      signal V.sub.T from a triangle wave generator 23. The outut of the
      comparator 17 is a linear superposition of the input signals .+-. v.sub.x
      and V.sub.T which is applied to an inverter 24. The output of the inverter
      24 is a signal labeled G' which forms a control input to the bipolar
      switch 22 and which is also applied to an additional inverter 26. The
      output of the inverter 26 is a signal labeled G which also forms a control
      input to the bipolar switch 22.
PAR  The inverter 24 is of the form shown in FIG. 2 comprising a pair of
      complementary MOS field effect transistors Q1 and Q2, which can be
      conveniently fabricated in monolithic integrated circuit form. The
      transistors may include bulk connections to the semi-conductor substrate
      as schematically indicated in FIG. 2 for minimizing capacitance in the
      very low power consumption inverter. The construction of inverter 26 is
      identical to that of 24 so that details of the construction of inverter 26
      are not illustrated.
PAR  The bipolar switch 22 includes a first pair of complementary MOS field
      effect transistors Q3 and Q4, functioning as a first switching element,
      and a second pair of complementary MOS field effect transistors Q5 and Q6,
      functioning as a second switching element. Transistor Q3 receives at its
      gate the signal G' and transistor Q4 receives at its gate the signal G'
      phase shifted 180.degree. by an inverter 27 so as to be in phase with the
      signal G. Transistor Q5 receives at its gate the signal G and transistor
      Q6 receives at its gate the signal G phase shifted 180.degree. by an
      inverter 28 so as to be in phase with the signal G'.
PAR  When the signal G is "high" or positive (so that G' is correspondingly
      "low" or negative), the transistors Q5 and Q6 are turned "on" or are
      conducting, so that the signal .-+. v.sub.y is coupled to the output
      terminal 29. In a similar fashion, if the signal G is low (so that G' is
      high), then transistors Q3 and Q4 are conducting and the signal .+-.
      v.sub.y is coupled to the output terminal 29.
PAR  Transistors Q3 and Q4 are complementary enhancement mode MOD field effect
      transistors with transistor Q3 being an N-channel transistor and
      transistor Q4 being a P-channel transistor. Similarly, the transistors Q5
      and Q6 are complementary MOS field effect transistors with transistor Q5
      being an N-channel device and transistor Q6 being a P-channel device. The
      transistor Q3 through Q6 act as switches for switching the analog v.sub.y
      at the output terminal 29 to form the output v.sub.z in accordance with
      the width-modulated pulse train G (and G').
PAR  The operation of the multiplier arrangement to produce an output signal
      v.sub.z comprising a series of pulses width-modulated in accordance with
      one of the analog signals (v.sub.x) and amplitude-modulated in accordance
      with the other analog signal (v.sub.y) can best be illustrated by
      referring to the waveforms shown in FIGS. 3a through 3f. FIG. 3a is a plot
      of the superimposed signals v.sub.x and V.sub.T at the input of the
      comparator 17 for the case where the one analog signal v.sub.x = 0. In
      this instance, the comparator receives only the reference signal V.sub.T
      which is a triangular wave as shown in FIG. 3a having a frequency f.sub.s.
      The output G of inverter 26 for the case where v.sub.x = 0 is shown in
      FIG. 3b. As can be seen from an inspection of FIG. 3b, the output G is a
      symmetrical pulse train of the same frequency f.sub.s determined by the
      triangular reference wave generator 23. The signal G', which is not
      specifically shown in FIG. 2 at the output of the inverter 24, is a pulse
      train symmetrical to that shown in FIG. 3b, except that it is 180.degree.
      out of phase with the pulse train shown in FIG. 3b. The duty cycle or
      ratio T.sub.A /T.sub.S as indicated on the pulse train in FIG. 3b is given
      by the following equation.
      ##EQU1##
PAR  The switch comprised of transistors Q3 through Q6 is controlled by the
      signals G and G' and receives as inputs the second analog signals .+-.
      v.sub.y and .-+. v.sub.y. The signal v.sub.z forming the output of the
      bipolar switch 22 is thus a series of pulses which are pulse
      width-modulated in accordance with the pulse width of the signals G and
      G', which are amplitude-modulated in accordance with the amplitude
      variations of the analog signal v.sub.y. A waveform of the output v.sub.z
      of the bipolar switch 22 for the case where v.sub.x = 0 is shown in FIG.
      3c. Utilizing equation 1 the instantaneous value of v.sub.z over the time
      period T.sub.S is expressed as follows.
      ##EQU2##
PAR  FIG. 3d is a plot of the value of v.sub.x + V.sub.T for the case where
      v.sub.x &gt; 0 and the two signals have been linearly superimposed at the
      comparator 17. FIG. 3e shows the signal G at the output of the inverter 26
      for the superimposed signals shown in FIG. 3d. As can be seen in FIG. 3e
      the signal G is pulse width-modulated in accordance with the variations of
      the analog signal v.sub.x.
PAR  FIG. 3f is a waveform similar to FIG. 3c but for the case where the analog
      signal v.sub.x &gt; 0, as discussed above in connection with FIGS. 3e and 3d.
      As can be seen from an inspection of FIG. 3f, the output signal v.sub.z is
      a series of pulses whose pulse width is modulated in accordance with the
      variations of the analog signal v.sub.x and whose amplitude is modulated
      in accordance with the variations of the analog signal v.sub.y.
PAR  As illustrated in FIG. 1, the output v.sub.z of the bipolar switch 22 forms
      an input to a summing lowpass filter 31. If the electrical system whose
      energy is being metered is a polyphase system so that a plurality of
      multipliers are provided for multiplying respective pairs of analog
      signals, then the signals from these additional multipliers also form
      inputs to the summing low-pass filter 31. This is schematically
      illustrated in FIG. 1 by the circuit 32 shown in dashed lines.
PAR  In the arrangement shown in FIG. 1, after the integration of the
      instantaneous values of v.sub.z over a period T.sub.L, the signal V.sub.F
      at the output of low-pass summing filter 31 is given by
PAL  Equation 3
EQU  V.sub.F = K.sub.1 V.sub.p I.sub.p cos .theta. = K.sub.2 P
PAL  where K.sub.1 and K.sub.2 are dimensional constants, .theta. is the phase
      angle between V.sub.p an I.sub.p, p is the active power and V.sub.p and
      I.sub.p are RMS values of the signals at the input terminals 11 and 12 and
      13 and 14.
PAR  The function of the analog-to-pulse rate converter 33 is to integrate and
      to quantize the active power (P), which active power is proportional to
      the signal V.sub.F. The analog-to-pulse rate converter 33 can have
      associated therewith a binary divider 34 driven by a crystal oscillator 36
      as fully explained in copending application Serial No. 361,030. Also, as
      fully explained in said copending application, the output of the
      analog-to-pulse rate converter 33 is a pulse train where each pulse
      represents a quantized amount of energy given by the expression
PAL  Equation 4
EQU  W.sub.q = K.sub.3 PT.sub.q
PAL  where K.sub.3 is a dimensional constant and T.sub.q is quantization time.
      Thus, the analog-to-pulse converter 33 delivers a series, or train, of
      pulses at its output with the accumulated number of output pulses
      representing the total electrical energy of the system. The output of the
      analog-to-pulse rate converter 33 is coupled through a low cut-off filter
      37 to the input of a binary divider and amplifier arrangement 38. The
      amplified output from the binary divider and amplifier 38 is coupled to a
      register and display unit 39 which accumulates pulses and operates a
      display to display in decimal digits, for example, the accumulated energy
      in kWh. Suitable circuitry for the elements illustrated in block diagram
      form in FIG. 1 is fully explained in the copending patent applications
      referred to hereinbefore.
PAR  In accordance with one embodiment of the invention, the triangular
      reference signal V.sub.T has a frequency 1/T.sub.S of about 50 to 100
      times the line frequency 1/T.sub.L of V.sub.P and I.sub.P. In accordance
      with one aspect of the invention, a very stable triangle wave generator 23
      has been developed for use in association with the multiplier arrangement
      shown in FIG. 1.
PAR  Referring to FIG. 4, the triangular wave generator 23 comprises an
      operational amplifier 41 having its non-inverting input connected through
      a resistor R4 to a reference potential such as ground and having a
      capacitor C1 connected between its inverting input and the output at a
      terminal 42. The inverting input of the operational amplifier 41 is also
      connected through a resistor R5 to the output at a terminal 43 of a
      bipolar switch comprising complementary MOS field effect transistors Q7
      and Q8 and an additional pair of complementary field effect MOS
      transistors Q9 and Q10. A positive reference potential source + V.sub.R at
      a terminal 44 is switched to the output terminal 43 through the
      transistors Q7 and Q8 and in a similar fashion, a negative reference
      potential source - V.sub.R of identical magnitude to + V.sub.R at a
      terminal 46 is switched through the transistors Q9 and Q10 to the output
      terminal 43.
PAR  The transistors Q7 and Q8 are switched in accordance with the output of an
      NAND gate 47 which has its output directly connected to the gate of
      transistor Q8 (an N-channel MOS field effect transistor) and connected
      through an inverter 48 to the gate of P-channel type MOS transistor Q7. In
      a similar fashion, the switching of transistors Q9 and Q10 is connected in
      accordance with the output of an additional NAND gate 49 which is directly
      connected to the gate of transistor Q10 and which is connected through an
      inverter 51 to the gate of the P-channel type transistor Q9. A comparator
      52 is provided which has one of its inputs connected through a resistor R6
      to the positive reference voltage + V.sub.R and its other input connected
      to a terminal 53 which is connected through a resistor R7 to the terminal
      42 at the output of the operational amplifier 41. The output of the
      comparator 52 forms one input to the NAND gate 47 with the other input to
      the NAND gate 47 being tied to the output of the NAND gate 49. In a
      similar fashion, a comparator 54 is provided which has one input connected
      through a resistor R8 to the negative source of reference potential -
      V.sub.R and which has its other input connected to the terminal 53. The
      output of the comparator 54 forms one input to the NAND gate 49 with the
      other input to the NAND gate 49 being tied to the output of the NAND gate
      47.
PAR  In operation, with a constant input voltage to the inverting input of the
      operational amplifier 41 it functions as an integrator with the inverted
      time integral of the input voltage appearing at the output terminal 42.
      With a constant input voltage, the output at output terminal 42 is thus a
      ramp. By alternately switching the input to the integrator between equal
      amplitude positive and negative reference voltages + V.sub.R and -
      V.sub.R, the signal V.sub.T appearing at terminal 42 is a triangular
      waveform as discussed hereinbefore in connection with FIG. 3a. Assuming,
      for example, that the output signal at terminal 42 is increasing to a
      positive voltage, when some predetermined positive voltage is reached the
      comparator 52, comparing this positive voltage to the voltage appearing at
      its other input connected through resistor R6 to + V.sub.R, generates a
      low output which is coupled to one of the inputs of the NAND gate 4.
      Assuming that the other NAND gate 49 has a high output, then if one input
      to the NAND gate 47 is low then its output is high. Its high output turns
      on transistors Q7 and Q8 which connect the positive source of reference
      voltage + V.sub.R to the terminal 43 which is connected through resistor
      R5 to the inverting input of operational amplifier 41. At the same time
      both inputs to 49 are high and the output of 49 is low, thus Q9 and Q10
      are turned off. When the output voltage 42 of the operational amplifier 41
      reaches the negative reference level -V.sub.R, the comparator 54 output
      goes low and since both outputs of the NAND gate 49 are low the output of
      49 goes and turns on the transistors Q9 and Q10. At the same time both
      inputs of the NAND gate 47 are high thus the output goes low and turns off
      the transistors Q7 and Q8. The output of the operational amplifier 41 at
      terminal 42 thus increase in a ramp fashion towards a positive value. The
      above-described cycle repeats itself so that the signal V.sub.T appearing
      at the terminal 42 is a triangular wave formed by alternately switching
      the input to the integrator between equal amplitude positive and negative
      reference potentials.
PAR  It can be demonstrated that the amplitude of V.sub.T is essentially
      independent of the variation in values of resistor R5 and capacitor C1, or
      of any other component in the circuit for that matter, if the reference
      voltages + V.sub.R and - V.sub.R are held constant. The relative variation
      of V.sub.T is given by
      ##EQU3##
PAR  For dV.sub.R /V.sub.R = 0, any variation of R5 and/or C1 causes a
      compensating variation of T.sub.S (time period of one cycle of the
      triangular wave) in order to keep the quantity dV.sub. T /V.sub.T = 0. A
      variation of T.sub.S does not contribute any kind of significant error to
      the multiplier arrangement shown in FIG. 1.
PAR  Turning now to a consideration of FIG. 4, there is shown a schematic
      circuit diagram of an alternate embodiment of the multiplier arrangement
      of the invention shown in FIG. 1, with this alternate embodiment not
      requiring a separate phase inversion of the control signal G, as is the
      case in the embodiment shown in FIG. 1. Referring to FIG. 5, the analog
      signals .+-. v.sub.x together with .+-. v.sub.y and .-+. v.sub.y are
      developed as before. As before, the analog signal .+-. v.sub.x and the
      reference triangular signal V.sub.T are linearly combined in a comparator
      56 whose output is coupled through a first inverter 57 and a second
      inverter 58 to form the signal G. A bipolar switch is provided comprising
      a first switching element of a complementary pair of MOS field effect
      transistors Q11 and Q12, and a second switching element formed of an
      additional pair of complementary MOS field effect transistors Q13 and Q14.
      The bipolar switch has input terminals 55 and 60 to which the analog
      signals .+-. v.sub.y and .-+. v.sub.y are respectively applied. The output
      signal v.sub.z appears at an output terminal 59 of the bipolar switching
      arrangement. The signal G is coupled to the gates of N-channel transistor
      Q11 and P-channel transistor Q13. The output of an inverter 61, which is a
      G' signal 180.degree. out of phase with G, is coupled to the gates of
      P-channel transistor Q12 and N-channel transistor Q14. With the
      arrangement shown in FIG. 5, when the signal G is high and G'  is
      correspondingly low, transistors Q11 and Q12 are conducting or turned on.
      When the signal G is low, so that G' is correspondingly high, the
      transistors Q13 and Q14 are on transistors Q11 and Q12 are off. In this
      manner, the multiplier arrangement shown in FIG. 5 forms an output v.sub.z
      which is a pulse train in which the width of the pulses is modulated in
      accordance with the width of the pulses G, and in which the amplitude is
      modulated in accordance with the variations of the other analog signal
      v.sub.y.
PAR  Turning now to a consideration of FIG. 6, there is shown still a further
      embodiment of a multiplier arrangement in accordance with one embodiment
      of the invention. In accordance with the embodiment shown in FIG. 6, the
      necessity for obtaining from the current transformer 180.degree. phase
      shifted signals v.sub.y is eliminated.
PAR  Turning now to a detailed consideration of FIG. 6, the first analog signal
      .+-. v.sub.x and the reference signal V.sub.T are linearly superimposed in
      a comparator 62 with the output of the comparator 62 being coupled through
      inverters 63 and 64 to form the output signal G.
PAR  The line current I.sub.p at terminals 66 and 67 is coupled through a
      current transformer 68 and forms the additional analog signal .+-. v.sub.y
      across the resistor R9. The signal .+-. v.sub.y appearing across circuits
      69 and 71 is applied to terminals 72 and 73, respectively, of a bipolar
      switching arrangement. The bipolar switching arrangement shown in FIG. 6
      includes four switching elements each comprising a pair of complementary
      MOS field effect transistors. One pair of complementary transistors Q15
      and Q16 are connected between an input terminal 72 and an output terminal
      74; a second pair of complementary transistors Q17 and Q18 are connected
      together between the input terminal 72 and a reference potential terminal
      76 (which may be connected to ground); a third pair of complementary
      transistors Q19 and Q20 are connected between the reference potential
      terminal 76 and the input terminal 73; and the last pair of complementary
      transistors Q21 and Q22 are connected together between the input terminal
      73 and the output terminal 74. Transistors Q15, Q17, Q19 and Q21 have the
      signal G applied to their gates. Transistors Q16 and Q20 have a signal G'
      (180.degree. out of phase with G) applied to their gates, which signal is
      derived by coupling the signal G through an inverter 77. The transistors
      Q18 and Q22 also have the signal G' applied to their gates, with the
      signal G' being obtained from an inverter 78 to which the signal G is
      coupled as an input.
PAR  In operation, it will be recalled that the signal G is a pulse train with
      the pulse width being modulated in accordance with the variations of the
      analog signal .+-. v.sub.x. The output signal v.sub.z formed at the output
      terminal 74 is a pulse train whose pulse widths are modulated in
      accordance with the variations of G and whose amplitudes are modulated in
      accordance with the variations in the second analog signal .+-. v.sub.y.
PAR  The bipolar switch arrangement function as follows. When the signal G is
      "high" or positive, transistors Q15 and Q16 are turned on and conduct, as
      do transistors Q19 and Q20. For this condition transistors Q17, Q18, Q21
      and Q22 are off or not conducting. For this configuration the terminal 73
      is coupled through conducting transistors Q19 and Q20 to terminal 76,
      which is at ground. The terminal 72 is coupled through conducting
      transistors Q15 and Q16 to the output terminal 74. The signal appearing at
      the output terminal 74 is thus amplitude-modulated in accordance with the
      variations in the signal .+-. v.sub.y.
PAR  If, on the other hand, the signal G is low, then transistors Q17 and Q18
      are conducting, as are transistors Q21 and Q22. Transistors Q15, Q16, Q19
      and Q20 are off or not conducting. For this situation, the terminal 72 is
      coupled through conducting transistors Q17 and Q18 to the terminal 76
      which is at ground potential. The terminal 73 is coupled through
      conducting transistors Q21 and Q22 to the output terminal 74. Thus the
      output signal for this case v.sub.z (where G is low) is a signal whose
      amplitude is modulated in accordance with .-+. v.sub.y.
PAR  Thus, for the arrangement shown in FIG. 6, an output signal v.sub.z is
      obtained whose pulse width is modulated in accordance with the variations
      of .+-. v.sub.z and whose amplitude is modulated in accordance with an
      additional analog signal .+-. v.sub.y. In the embodiment shown in FIG. 6,
      these two analog signals are multiplied in a bipolar switch arrangement
      with it not being necessary to supply to the bipolar switch arrangement
      180.degree. phase shifted signals .+-. v.sub.y and .-+. v.sub.y.
PAR  While the method and apparatus of this invention have been described in
      connection with presently preferred embodiments, it should be obvious that
      modifications to the particularly disclosed embodiments are possible for
      one skilled in the art without departing from the true spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for metering electrical energy in a system comprising the steps
      of generating a first and a second analog signal, one of the first and
      second signals being proportional to a voltage and the other of the first
      and second analog signals being proportional to a current, generating a
      cyclically varying reference signal, comparing one of the first and second
      analog signals to the cyclically varying reference signal to generate a
      pulse train which is width-modulated in accordance with the comparison,
      coupling the other of the analog signals through a bipolar switch with the
      actuation of the bipolar switch being controlled by the width-modulated
      pulse train so that an output pulse train is formed at the bipolar switch
      output which is width-modulated in accordance with one of the analog
      signals and amplitude-modulated in accordance with the other of the analog
      signals.
NUM  2.
PAR  2. A method in accordance with claim 1 including the step of converting the
      output pulse train of the bipolar switch in an analog-to-pulse rate
      converter into a series of output pulse signals wherein each pulse is
      representative of a quantized amount of electrical energy, and
      accumulating the pulses representative of a quantized amount of electrical
      energy.
NUM  3.
PAR  3. An electronic kWh meter for metering electrical energy in a system
      comprising means for generating at least a first analog signal
      representative of a voltage or current in said system and at least a
      second analog signal representative of a current or voltage in the system;
      at least one multiplier for producing an output signal representative of
      the product of said at least first and second analog signals, said
      multiplier comprising means for generating a cyclically varying reference
      signal, comparator means for linearly superimposing said reference signal
      and said first analog signal to form a pulse train which is
      width-modulated in accordance with the comparison of said reference signal
      with said first analog signal, a selectively actuated bipolar switch
      continuously coupling the second analog signal to the multiplier output,
      said switch being actuated by the width-modulated pulse train to form at
      the multiplier output an output pulse train representative of
      instantaneous power which is width-modulated in accordance with the first
      analog signal and amplitude modulated in accordance with the second analog
      signal; summing low-pass filter means to which the outputs of said at
      least one multiplier are connected for forming a pulse train output
      representative of average total system power; and an analog-to-pulse rate
      converter for converting said average total system power pulse train into
      a series of output pulse signals wherein each pulse is representative of a
      quantized amount of electrical energy, and means for accumulating said
      pulses representative of quantized amounts of electrical energy and
      generating a display proportional to the accumulated quantized amounts of
      electrical energy.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein said multiplier includes
      means for generating an additional second analog signal which is phase
      shifted 180.degree. with respect to said second analog signal but equal in
      amplitude thereto, and wherein said bipolar switch comprises an output
      terminal and first and second input terminals, respective first and second
      switching elements coupling said first and second input terminals to said
      output terminal, means coupling said second analog signal to said first
      input terminal and said additional analog signal to said second input
      terminal, said first and second switching elements having switching
      control inputs, and means coupling said width-modulated pulse train to
      said switching control inputs for controlling switching of same.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein each of said first and
      second switching elements comprises a complementary pair of MOS field
      effect transistors and including coupling means for coupling said
      width-modulated pulse train to one of the MOS field effect transistors in
      each pair and an additional means for phase shifting said width-modulated
      pulse train by 180.degree. and coupling said phase shifted width-modulated
      pulse train to the other MOS field effect transistor in each complementary
      pair.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein said coupling means and
      said additional coupling means comprise inverters.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 wherein each of said inverters
      comprises a pair of complementary MOS field effect transistors.
NUM  8.
PAR  8. Apparatus in accordance with claim 3 wherein said bipolar switch
      comprises first and second input terminals, means coupling the second
      analog signal across said first and second input terminals, an output
      terminal, and a reference potential terminal, a first switching element
      coupling said first input terminal to said output terminal, a second
      switching element coupling said reference potential terminal to said first
      input terminal, a third switching element coupling said second input
      terminal to said reference terminal, and a fourth switching element
      coupling said second input terminal to said output terminal, each of said
      first, second, third and fourth switching elements having control inputs,
      and means coupling said width-modulated pulse train to said switching
      control inputs for controlling switching of same.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein each of said first, second,
      third and fourth switching elements comprises a complementary pair of MOS
      field effect transistors and including first means coupling said
      width-modulated pulse train to one of the MOS field effect transistors in
      each pair and second means for phase shifting the width-modulated pulse
      train by 180.degree. and coupling said phase shifted pulse train to the
      other transistor in each complementary pair.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 wherein said first and second
      means comprises inverters.
NUM  11.
PAR  11. Apparatus in accordance with claim 3 wherein said means for generating
      a cyclically varying reference signal comprises an integrator having an
      input and an output, first and second reference potential sources having
      equal amplitude and opposite polarity, and switching means for alternately
      and cyclically coupling said first and second reference potential sources
      to said integrator input whereby the cyclically varying reference signal
      is generated at said integrator output.
NUM  12.
PAR  12. Apparatus in accordance with claim 11 wherein said reference potential
      source are of constant amplitude so that the output of the integrator
      comprises an alternately increasing and decreasing ramp signal forming a
      triangular reference signal.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 wherein said switching means
      comprises first and second comparators, said first comparator having said
      first reference potential coupled to one of its inputs and said second
      comparator having said second reference potential coupled to one of its
      inputs, each of said first and second comparators having said integrator
      output coupled to the other of its inputs, logic means interconnecting the
      outputs of said first and second comparators, said logic means having
      first and second outputs which are interconnected so that when one of the
      first and second outputs is high the other is low and vice versa,
      switching means having first and second input terminals and an output
      terminal, means coupling said first and second input terminals to said
      first and second reference potential sources, respectively, means coupling
      said switching means output terminal to said integrator input terminal, a
      first switch element having a control input and coupling said switching
      means first input terminal to said switching means output terminal, a
      second switch element having a control input and coupling said switching
      means second input terminal to said switching means output terminal, and
      means coupling the first and second outputs of said logic means to said
      control input of said first and second switch elements, respectively.
NUM  14.
PAR  14. Apparatus in accordance with claim 13 wherein each of said first and
      second switch elements comprises a complementary pair of MOS field effect
      transistors.
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ABST
PAL  Method and apparatus for testing DC motors, particularly permanent magnet
      DC motors, involving application of a constant voltage across the motor
      terminals and at an earlier or later time causing a constant current to
      flow through the motor. The constant voltage is applied across the motor
      terminals for a first predetermined time interval during a portion of
      which the current flow through the motor is compared with a reference
      level. If the motor current falls below the reference level during the
      portion of the first predetermined time interval the motor is defective.
      The constant current is caused to flow through the DC motor for a second
      predetermined time interval. If at the end of this second predetermined
      time interval, the DC motor terminal voltage is below a first level or
      above a second level, that is, the terminal voltage is outside an
      established voltage range, then the motor is found to be defective.
BSUM
PAC  BACKGROUND
PAR  This invention relates to method and apparatus for testing a DC motor and
      particularly relates to the testing of a permanent magnet DC motor. The
      following references were found in a search of the prior art: U.S. Pat.
      Nos. 2,890,410 to Holcomb; 3,061,777 to Bendell; 3,177,347 to Cowley;
      3,651,402 to Leffmann; 3,758,857 to Simpson et al; and the publication
      "Measurement of Motor Time Constant," IBM Technical Disclosure Bulletin,
      Volume 14, No. 6, Nov., 1971 by W. L. Lohmeier.
PAR  Although the method and apparatus of the invention is believed to be
      generally suitable for testing other DC motors types, it is particularly
      suitable for the testing of DC motors of the permanent magnet type.
      Permanent magnet DC motors conventionally are tested with a dynamometer.
PAR  In the high volume production testing of permanent magnet DC motors with a
      dynamometer, a fixture is required to hold the motor securely in place and
      to maintain it in precise alignment with a torque coupler. The torque
      coupler connects the motor output shaft to a torque brake. The torque
      brake is used to apply a specified torque to the motor output shaft. Means
      must be provided for applying voltage to the motor terminals and for
      measuring such voltage. An electronic counter is required to measure and
      indicate the motor rpm. An ammeter also is required to indicate the
      current flowing in the motor under test. Typically, these components are
      located in a cabinet structure and each motor to be tested is placed in
      its best fixture and connected to the torque coupler. The motor terminals
      are electrically connected to the cabinet power supply, which applies a
      specific voltage across the motor terminals. A specific torque is applied
      to the output shaft of the motor in the direction opposite to normal motor
      rotation. The maximum current flow through the motor is recorded, as is
      the rpm of the output shaft. If the amperage and rpm are within
      specification limits established for the motor under test, the motor is
      considered acceptable and the test is complete. A complete dyamometer test
      cycle on a high volume production basis requires from 10 to 12 seconds for
      completion.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, apparatus for testing a DC motor includes
      a constant voltage source which is applied across the terminals of the
      motor to be tested for a first predetermined time interval. During this
      first predetermined time interval, the apparatus monitors the current flow
      through the motor to determine if the current falls below a predetermined
      level. Current flow below this predetermined level during the constant
      voltage application is indicative of a defect in the motor, such as an
      open armature winding or open commutator segment. It also may be
      indicative of high resistance in the brush contacts or armature.
PAR  At the end of the first predetermined time interval, the constant voltage
      is removed from the terminals of the motor and it is permitted to come to
      rest. A constant current then is caused to flow through the motor for a
      second predetermined time interval. During this second predetermined time
      interval, the motor terminal voltage is monitored. If at the end of the
      second predetermined time interval the motor terminal voltage is below a
      first level or above a higher second level, that is, if the motor terminal
      voltage then is outside of a predetermined voltage range, the motor is
      determined to be defective. The voltage limits of this range preferably
      are experimentally determined by the testing of a large number of motors,
      for example, 100 motors or more, to provide a statistically significant
      sample of motor terminal voltages at the end of a fixed time interval
      during which constant current flows through the motors being tested. The
      motors of this sample group also may be tested on a dynamometer to
      establish which of the motors are empirically good and which are
      defective. From the resulting data, a distribution curve of motor terminal
      voltages that occur at the end of the fixed time interval is obtained and
      desirable upper and lower limits for the motor terminal voltage may be
      selected to establish the voltage range to be used in constant current
      testing of motors of the type represented by the sample group.
PAR  As previously stated, the constant voltage portion of the test performed by
      the apparatus of the invention is particularly useful in detecting motors
      having open or high resistance circuits. During the constant current
      portion of the test, such motors will have uneven terminal voltages.
PAR  The constant current portion of the test is particularly useful in
      detecting motors having shorted armature windings or the like. This
      produces a low uneven voltage at the end of the aforementioned second
      predetermined time interval. A motor having a low permanent magnet charge
      also will have a low terminal voltage at the end of the second
      predetermined time interval during the constant current test portion. A
      motor having a high permanent magnet charge has a high terminal voltage at
      the end of the second predetermined interval during the constant current
      portion of the test. The test apparatus also will detect motor defects
      such as tight end bearings.
PAR  The invention may be better understood by reference to the detailed
      description which follows and to the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical block diagram of apparatus for testing a permanent
      magnet DC motor;
PAR  FIG. 2 is a schematic electrical diagram of constant voltage and constant
      current power supplies, a permanent magnet DC motor under test, a current
      sensor, and a portion of a constant voltage-constant current switch shown
      in block form in FIG. 1;
PAR  FIG. 3 is a schematic electrical diagram of a timing circuit and the
      remaining portion of the constant voltage-constant current switch shown in
      block form in FIG. 1;
PAR  FIG. 3A provides schematic detail of circuitry in FIG. 3;
PAR  FIG. 4 is a schematic electrical diagram of a constant voltage comparator
      circuit shown in block form in FIG. 1;
PAR  FIG. 5 is a schematic electrical diagram of a constant current comparator
      circuit shown in block form in FIG. 1; and
PAR  FIG. 6 is a schematic electrical diagram of an accept/reject display
      circuit shown in block form in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawings, wherein like numerals refer to like
      parts in the several views, there is shown in FIG. 1 a schematic
      electrical block diagram of circuitry, generally designated by the numeral
      10, suitable for use in testing a permanent magnet DC motor. The circuit
      10 includes a constant voltage power supply 12 and a constant current
      power supply 14. The constant voltage power supply provides a constant
      voltage, through a current sensor 16 and a constant voltage-constant
      current switch 18, to the terminals of a permanent magnet DC motor 20
      under test. The constant current power supply 14 is coupled through the
      constant voltage-constant current switch 18 to the motor 20 under test and
      causes a constant current to flow through the motor 20 when connected
      thereto by the constant voltage-constant current switch 18.
PAR  The current sensor 16 provides a signal to a constant voltage comparator
      circuit 24. The output of the constant voltage comparator is supplied to
      an accept/reject display 26. A constant current comparator circuit 28 is
      coupled to the terminals of the motor 20 under test to provide this
      circuit with a voltage signal equal or proportional to the voltage across
      the terminals of the motor. The output of the constant current comparator
      circuit 28 is supplied to the accept/reject display 26. A timing circuit
      22 controls the operation of the constant current power supply 14, the
      constant voltage-constant current switch 18, the constant voltage
      comparator circuit 24, the constant current comparator circuit 28 and the
      accept/reject display circuit 26.
PAR  In the method of operation of the test apparatus 10, a constant voltage
      from the power supply 12 is supplied through the constant voltage-constant
      current switch 18 to the terminals of a permanent magnet DC motor 20 under
      test. This constant voltage is applied to the motor for a first
      predetermined time interval, and the current sensor 16 senses the amount
      of current flowing through the motor during this first time interval. The
      constant voltage comparator circuit 24 during this first predetermined
      time interval compares a voltage signal, proportional to the current flow
      through the motor, with a predetermined voltage reference level. If at any
      time during the first predetermined time interval the current flow through
      the motor falls below that represented by the predetermined voltage
      reference level, then a memory device within the comparator circuit 24 is
      set to store an electrical signal indicative of the fact that this has
      occurred. At the end of the first predetermined time interval, the
      constant voltage-constant current switch is caused by the timing circuit
      22 to disconnect the constant voltage power supply from the motor. The
      motor, which will have been rotating, is allowed to come to a rest.
PAR  The timing circuit 22 then causes the constant voltage-constant current
      switch 18 to connect the constant current power supply 14 to the motor 20
      under test to cause a constant current to flow through it. Once the
      voltage across the terminals of the motor has reached a threshold, a
      second predetermined time interval is begun during which the constant
      current comparator circuit 28 monitors the voltage across the terminals of
      the motor 20. If at the end of this second predetermined time interval the
      motor terminal voltage is outside of a predetermined voltage range, that
      is, if the voltage across the terminals of the motor is below a first
      level or above a higher second level, then the constant current comparator
      circuit 28 causes a memory device within it to retain an electrical signal
      indicative of the fact that the terminal voltage at the end of the second
      predetermined time interval was outside this range. The timing circuit 22
      then causes the accept/reject display circuit 26, which is coupled to the
      memory devices in the comparator circuits 24 and 28 to indicate whether or
      not the motor under test is acceptable or should be rejected. This
      completes the test cycle and another permanent magnet DC motor may then be
      tested. The total time required to test a fractional horsepower permanent
      magnet DC motor typically is less than 900 milliseconds (ms), which is in
      marked contrast to the 10 to 12 seconds required for dynamometer testing
      of such motors. Moreover, the test method of the invention does not
      require that the shaft of the motor be connected through a torque coupler
      to a torque brake, but rather the motor shaft is freely rotatable.
PAR  FIGS. 2 through 6 are detailed schematic electrical diagrams of the test
      apparatus shown in block form in FIG. 1. In these figures, various
      portions of the electrical circuits are indicated by broken lines and the
      areas within broken line portions are indicated by numerals corresponding
      to those designating the blocks in FIG. 1.
PAR  With particular reference to FIG. 2, it may be seen that the constant
      voltage power supply 12 includes a Hewlett-Packard Model 6268B DC power
      supply 30 having the terminal connections indicated. AC line voltage is
      supplied to the power supply 30 via input terminals L1 and L2. Terminals
      A5, A6 and A7 of the power supply 30 are connected together, as are its
      terminals A2 and A3.
PAR  Terminals B+ and B- of the constant voltage power supply are connected,
      respectively, to leads 32 and 34. The lead 32 is connected through relay
      contacts CR3-1 and by a lead 36 to a terminal 38 of the motor 20. During
      operation of the motor, the terminal 38 is positive relative to its
      opposite terminal 40. The terminal 40 is connected to ground at 42 and is
      connected by leads 44 and 46 to a current shunt 48. The current shunt 48
      comprises the current sensor 16, the voltage across it is directly
      proportional to the current flowing through the motor 20 when the constant
      voltage is applied across motor terminals 38 and 40. The lead 34 connects
      the negative terminal of the current shunt 48 to the B- terminal of the
      constant voltage power supply 30. Preferably, at 50 amperes of current
      flow, the current shunt produces 100 millivolts across its terminals.
      Signal lead wires 54 and 56 are connected, respectively, to the negative
      and positive terminals of the current shunt 48 to convey the millivoltage
      signal across the current shunt to the constant voltage comparator circuit
      24.
PAR  A lead wire 50 connects the negative terminal 40 of the motor 20 to the S-
      terminal of the power supply 30 and a lead 52 connects the positive
      terminal 38 of the motor, when the relay contacts CR3-1 are closed, to the
      S+ terminal of the power supply 30. The power supply 30 maintains a
      constant voltage across its terminals S+ and S-. This constant voltage may
      be adjusted by a variable resistor 51 connected between the power supply
      A3 and S- terminals.
PAR  The constant current power supply 14 includes a Hewlett-Packard model 6268B
      DC power supply 58 connected as a constant current power supply, that is,
      its terminals A6 and A7 are interconnected, as are its terminals S+ and
      B+, its terminals B- and S-, and its terminals A1, A2 and A3. A lead 60 is
      connected to the B+ terminal of the constant current power supply 58. The
      lead 60 is connected by a lead 62, by normally closed relay contacts CR5-1
      and by a lead 64 to the B- terminal of the power supply 58. A lead 66
      connects the lead 64 to the lead 44 connected to the negative terminal 40
      of the motor 20, and the power supply lead 60 is connected by lead 68, by
      normally closed relay contacts CR4-1 and by a lead 70 to the lead 36
      connected to the positive terminal 38 of the motor 20. A signal lead 72 is
      connected through lead 44 to the negative terminal 40 of the motor, and a
      signal lead 74 is connected to the positive terminal 38 of the motor.
      Thus, the voltage across the terminals 38 and 40 of the motor 20 appears
      across the signal leads 72 and 74, which leads are connected to the
      constant current comparator circuit 28.
PAR  The relay contacts CR3-1, CR4-1 and CR5-1 form a portion of the constant
      voltage-constant current switch 18, and, hence, are enclosed by broken
      lines 18a to so indicate. The remaining portion of the constant
      voltage-constant current switch 18 is shown in FIG. 3 and is indicated by
      the numeral 18b.
PAR  The constant current power supply circuit 14 includes a lead 76, connected
      to the terminal A7 of the power supply 58, normally closed relay contacts
      tD1-3, and a lead 78 connected to the terminal A4 of the power supply 58.
      A variable resistor 79 is connected between the leads 76 and 78 to provide
      adjustments of the constant current produced by the power supply 58.
      Terminals L1 and L2 of the power supply 58 are connected to AC line
      voltage to provide its operating power.
PAR  The timing circuit 22 and the portion 18b of the constant voltage-constant
      current switch are shown in FIG. 3. These circuits are supplied with +24
      volts DC connected across voltage supply leads 80 and 82. Supply lead 80
      is positive with respect to lead 82, which is connected to ground
      potential. A control relay CR1 is connected in series with a manually
      operated switch 84, this series circuit being connected across the voltage
      supply leads 80 and 82. A field dissipation diode 86 is connected in
      parallel with the control relay CR1. Control relay CR1 controls the
      operation of relay contacts CR1-1, CR1-2 and CR1-3.
PAR  Relay contact CR1-1 connect the positive voltage supply lead 80 with a
      voltage supply lead 88. A first time delay circuit 91 is connected by a
      lead 106 to the supply lead 88 and by a lead 108 to the supply lead 82.
      Initiation of the first time delay circuit 91 is controlled by the opening
      of the normally closed relay contacts CR1-2 connected between this time
      delay circuit and the ground lead 82. The timing circuit 22 also includes
      a second time delay circuit 92, a third time delay circuit 93, a fourth
      time delay circuit 94, a fifth time delay circuit 95 and a sixth time
      delay circuit 96. The second time delay circuit 92 is initiated by the
      opening of normally closed relay contacts tD-1, the third time delay
      circuit 93 is initiated by the opening of normally closed relay contacts
      tD2-1, the fourth time delay circuit is initiated by the opening of
      normally closed relay contacts CR2-1, the fifth time delay circuit is
      initiated by opening of normally closed relay contacts tD4-1 and the sixth
      time delay circuit is initiated by the opening of normally closed relay
      contacts tD5-1.
PAR  All of the time delay circuits 91, 92, 93, 94, 95 and 96 are identical.
      FIG. 3A shows the schematic electrical detail for the first time delay
      circuit 91. The time delay circuit 91 receives its positive voltage supply
      via supply lead 88 and lead 106. A resistor 101 is connected at one of its
      terminals to the lead 106 and at its other terminal to the cathode of a
      zener diode 103. The anode of the zener diode 103 is connected through the
      lead 108 to the ground voltage supply lead 82. Thus, a regulated voltage
      appears at the lead 105 connected to the junction between the resistor 101
      and the zener diode 103. The movable arm 107 of a variable resistor 109 is
      connected to the lead 105, and the variable resistor 109 is serially
      connected through a resistor 111 and a timing capacitor 113 to the lead
      108. The junction 115 formed between the resistor 111 and the capacitor
      113 is connected through a resistor 117 to the external normally closed
      relay contacts CR1-2. Also, the junction 115 is connected to the emitter
      of a unijunction transistor 119. The base one electrode 121 of this
      transistor is connected through a resistor 123 to the ground lead 108. The
      base two electrode 125 of the transistor 119 is connected through a
      resistor 127 to the lead 105. The gate electrode 129 of an SCR 131 is
      connected to the base one electrode 121 of the unijunction transistor 119.
      The cathode of the SCR 131 is connected to the lead 108 and its anode is
      connected through a relay coil tD1 to the lead 106. A field dissipation
      diode 133 is connected in parallel with relay coil tD1.
PAR  In the operation of the time delay circuit of FIG. 3A, the normally closed
      relay contacts CR1-2 shunt the timing capacitor 113 causing the capacitor
      to be discharged. When the relay contacts CR1-2 open, the regulated supply
      voltage on lead 105 charges the capacitor 113 through the resistors 109
      and 111. The rate at which the capacitor 113 is charged is controlled by
      the magnitude of the resistance 109, which is adjustable. As the capacitor
      113 charges, the voltage at the junction 115 increases to the point where
      the emitter-base one junction of the unijunction transistor 119 is forward
      biased. This produces a positive voltage signal on the gate electrode 129
      of the SCR 131 to render it conductive between its anode and cathode. This
      energizes the relay coil tD1.
PAR  The relay coil tD1 controls relay contacts tD1-1 and tD1-2 and tD1-3.
      Similarly, the second time delay circuit 92 has a relay coil tD2 which
      controls relay contacts tD2-1, tD2-2 and tD2-3. The third time delay
      circuit 93 has a relay coil tD3 which controls relay contacts tD3-1 and
      tD3-2. The fourth time delay circuit 94 has a relay coil tD4 which
      controls relay contacts tD4-1 and tD4-2. The fifth time delay circuit 95
      has a relay coil tD5 which controls relay contacts tD5-1, tD5-2 and tD5-3.
      The sixth time delay circuit 96 has a relay which controls relay contacts
      tD6-1.
PAR  The time delay circuits 91 through 96 are each designed to provide a
      predetermined time delay between their initiation and energization of
      their respective relays. These predetermined time periods, as specifically
      indicated in FIG. 3, are intended for use in the testing of a fractional
      horse-power permanent magnet motor similar to the type which is utilized
      as a motor vehicle heater or air conditioner blower motor. Of course,
      different delay times may be chosen for the testing of other DC motors, or
      even DC motors of the same type but of different specifications.
PAR  In FIG. 2, the constant voltage-constant current switch portion 18b
      includes parallel-connected relay coils CR3 and CR4 and field dissipation
      diodes 100 and 102. This parallel circuit arrangement is connected in
      series with normally closed relay contacts tD2-2 and normally open relay
      contacts CR1-3. Also, a relay coil CR5, connected in parallel with a field
      dissipation diode 104, is connected in series with normally open relay
      contacts tD3-1 and normally closed relay contacts tD6-1.
PAR  In the operation of the test circuitry 10, the motor 20 under test is
      energized and the test initiated upon closure of the manually operated
      switch 84. Closure of the switch 84 energizes the control relay CR1 and
      causes normally open contacts CR1-1 to close supplying DC voltage to the
      supply lead 88 and the various time delay circuits 91 through 96. Relay
      contacts CR1-2 are opened and the first time delay of 150 ms thereby is
      initiated. Relay contacts CR1-3 close to energize control relay CR3.
      Energization of control relay CR3 results in the closure of normally open
      contacts CR3-1 (FIG. 2) and a constant voltage from the power supply 12 is
      applied across the terminals 38 and 40 of the motor under test. The
      constant current power supply 14 is isolated from the motor 20 because
      control relay CR4 is energized concurrently with control relay CR3, and
      normally closed relay contacts CR4-1 in the constant voltage-constant
      current switch circuit 18a are opened.
PAR  After the 150 ms time delay of the first time delay circuit 91, its relay
      tD1 is energized causing the normally closed contacts tD1-1 to open. This
      initiates the interval of the second time delay circuit 92. Also, normally
      closed relay contacts tD1-2 (FIG. 4) and tD1-3 (FIG. 2) are opened. The
      opening of relay contacts tD1-3 allows the constant current power supply
      58 to flow a constant current through normally closed control relay
      contacts CR5-1. This is necessary to allow the current to build to its
      constant value prior to being applied to the motor.
PAR  The opening of the relay contacts tD1-2 allows the input 162 to a NAND-gate
      160 (FIG. 4) to be brought to a high (positive) logic voltage level as a
      result of the connection of this input through a pull-up resistor 154 to a
      +12 volts DC supply lead 158. The other input 164 to this NAND-gate 160
      already is at a high logic level because relay contacts tD2-3 are open and
      this input 164 is connected through a pull-up resistor 156 to the supply
      lead 158. As a result, the output 166 of the NAND-gate 160 is at a low
      logic voltage level. The output 166 is inverted by an inverter 168 and the
      resulting high logic level appearing on the lead 170 is applied to one
      input of a NAND-gate 172. Thus, for the 50 ms time delay of the second
      time delay circuit 92, the input lead 170 to the NAND-gate 172 is at a
      high logic level. The other input 174 to the NAND-gate 172 is obtained
      from the collector of a transistor 144.
PAR  The transistor 144 is part of an amplifier circuit which includes linear
      operational amplifiers 110, 112 and 114. Negative lead 54 from the current
      shunt 48 is connected through an input resistor 122 to the negative input
      of operational amplifier 110. The positive lead 56 from the current shunt
      48 is at ground potential. The positive inputs to the amplifiers 110, 112
      and 114 are connected by a lead 120 to ground potential. A feedback
      resistor 124 connects the output of the amplifier 110 to its negative
      input, and the value of this feedback resistor and the input resistor 122
      are chosen in the embodiment disclosed to provide a gain of 100 for the
      amplifier 110. Lead 116, connected to +15 volts DC, and lead 118,
      connected to -15 volts DC, provide the necessary supply voltage for the
      operational amplifiers.
PAR  The output of the amplifier 110 is connected through an input resistor 126
      to the negative input to the amplifier 112. A feedback resistor 128 is
      connected between the output of the amplifier 112 and its negative input.
      The resistors 126 and 128 are of equal value and provide unity gain for
      the amplifier 112. The output of the amplifier 112 is connected through an
      input resistor 130 to the negative input to the amplifier 114. The
      negative input to this amplifier also is connected through an input
      resistor 132 to the arm 134 of a potentiometer 136. One terminal of the
      potentiometer 136 is connected to ground and its other terminal is
      connected through a resistor 138 to a lead 140 connected to +15 volts DC.
      The lead 140 also is connected through a resistor 142 to the collector of
      the transistor 144. The emitter of the transistor 144 is connected to
      ground and its base is connected through a current limiting resistor 146
      and a blocking diode 148 to the output of the amplifier 114. An indicating
      light 152 is connected to the collector of the transistor 144 and is
      connected through a resistor 150 to the +12 volt DC supply lead 158.
PAR  During the portion of the test that constant voltage from the power supply
      12 is applied to the motor 20 under test, the current shunt 48 monitors
      the current drawn by the motor. The current shunt 48 is a 50 ampere-100 mv
      sensor that produces a voltage linearally related to the amount of current
      flowing through it, for example, a current of 5 amperes drawn by the motor
      would produce a 10 mv voltage drop across the lead wires 56 and 54 which
      form the input to the operational amplifier 110. The operational amplifier
      110 amplifies and inverts this voltage signal. Thus, for example, with the
      signal lead 54 at -10 mv with respect to the positive signal lead 56, the
      output of the operational amplifier 110 would be +1 volt with respect to
      the grounded positive lead 56, the amplifier 110 providing a voltage gain
      of 100. The unity gain amplifier 112 inverts the signal on the output lead
      of the amplifier 110 such that, in the preceding example, the output of
      the amplifier 112 would be -1 volt with respect to the signal lead 56.
PAR  The output signal from the amplifier 112 is applied through the input
      resistor 130 to the negative input to the amplifier 114. The arm 134 of
      the potentiometer 136 has a reference potential on it which is positive
      with respect to ground and which is applied to the negative input of the
      amplifier 114 through the resistor 132. If the output of the operational
      amplifier 112 is below ground potential by an amount greater than the
      amount the arm 134 of the potentiometer is above ground potential, then
      the negative input to the amplifier 114 is negative relative to its
      positive input and the amplifier 114 produces a positive voltage at its
      output which attains a magnitude near that of the +15 volt DC supply
      potential to the amplifier. This positive voltage signal at the output of
      the amplifier 114 forward biases the diode 148 and supplies base-emitter
      current to the transistor 144 which then is rendered conductive in its
      collector-emitter output circuit. This produces substantially ground
      potential on the lead 174 connected to the junction formed between the
      collector of the transistor 144 and the resistor 142. The indicating light
      152 is energized as a result and a low voltage signal is applied to the
      lead 174 input to the NAND-gate 172.
PAR  If the output signal from the operational amplifier 112, which signal is
      negative and proportional in magnitude to the magnitude of the current
      drawn by the motor 20, is smaller in magnitude than the reference voltage
      level on the arm 134 of the potentiometer 136, then the output of the
      amplifier 114 is negative and the diode 148 is reverse-biased and the
      transistor 144 is nonconductive in its collector-emitter output circuit.
      In such case, the indicating lamp 152 is extinguished and the lead 174
      input to the NAND-gate 172 is at a high logic level. Thus, a high logic
      level signal on the lead 174 is indicative of a current, drawn by the
      motor 20 and sensed by the current shunt 48, which is less than a
      reference or predetermined level established by the setting of
      potentiometer arm 134.
PAR  The current I versus time waveform shown in the upper left hand corner of
      FIG. 4 shows the current drawn by a good motor during the constant voltage
      portion of the test. After the current has built up and relay contact
      tD1-2 has opened, the input 170 to the NAND-gate 172 is at a high logic
      voltage level for 50 ms corresponding to the time delay of the second time
      delay circuit 92. If during this 50 ms the logic voltage level on the lead
      174 input to the NAND-gate 172 becomes high to indicate a current drawn by
      the motor less than the predetermined reference level established by the
      potentiometer 136, then the output 176 of the NAND-gate 172 achieves a low
      logic voltage level which is inverted by the inverter 178 to a high logic
      voltage level. A high logic voltage level signal at the output of the
      inverter 178 produces a positive pulse at the gate 182 of the SCR 184
      memory device. Pulse forming capacitors 180 and 186 become charged, but
      thereafter are discharged when the output of the inverter 178 once again
      becomes a low logic level signal. The diode 188 provides a discharge path
      for the capacitor 180.
PAR  The positive pulse on the gate lead 182 of the SCR 184 renders it
      conductive between its anode and cathode. This causes the lead 192 to
      reach substantially ground potential due to current flow from the supply
      lead 158 through the normally open contacts CR1-4, which will have been
      closed upon energization of relay coil CR1, through the resistor 190 and
      through the SCR 184 to the ground lead 56. The memory device or SCR 184
      thus becomes conductive and a low voltage signal appears on the lead 192
      if the current drawn by the motor 20 under test falls below the
      predetermined reference level during the 50 ms interval of the second time
      delay. The SCR 184 remains conductive until the end of the test cycle. If
      the current drawn by the motor does not fall below the predetermined
      level, then the SCR 184 is not energized. At the end of the second time
      delay, the relay contacts tD2-3 are closed to place a low logic level
      signal on the input lead 164 to the NAND-gate 160. This results in a low
      logic level signal on the lead 170 to the NAND-gate 172 and thereafter
      prevents a low logic level from occurring on the output lead 176 of the
      NAND-gate 172. This prevents gating of the SCR 184 once the relay contact
      tD2-3 has closed.
PAR  The energization of the relay tD2 not only signals the end of the 50 ms
      constant voltage portion of the test cycle, but also opens normally closed
      relay contacts tD2-1 to initiate the third time delay. At this time,
      normally closed relay contacts tD2-2 are opened and relay coils CR3 and
      CR4 are de-energized. This causes relay contacts CR3-1 (FIG. 2) to open
      disconnecting the motor 20 under test from the constant voltage power
      supply 12. The relay contacts CR4-1 revert to their normally closed
      condition. The opening of contacts CR3-1 removes the voltage supply to the
      motor 20 and allows its armature to come to rest before the constant
      current portion of the test is initiated. Closed relay contacts CR4-1 set
      up the current path to the motor 20 for the constant current test. Current
      is enabled to flow from the constant current power supply 14 to the motor
      20 when normally closed relay contacts CR5-1 are opened. This current to
      the motor flows through leads 60 and 68, closed contacts CR4-1, lead 36
      and leads 44, 66 and 64. Once the relay contacts CR5-1 open to permit
      constant current to flow into the motor, the time required for the motor
      current to build to its constant value is minimal and considered constant
      for any given family of motors.
PAR  At the end of the 500 ms third interval, which is the power supply transfer
      time interval, the third time delay circuit 93 has its relay coil tD3
      energized. Its normally open relay contacts tD3-1 close permitting current
      to flow through relay coil CR5 (FIG. 3). Normally closed relay contacts
      CR5-1 (FIG. 2) open to cause the constant current from the constant
      current power supply 14 to flow through the motor 20 under test. The motor
      armature begins to rotate under a constant current mode of operation and
      the motor terminal voltage begins to increase from zero. The terminal
      voltage appears across signal leads 74 and 72 and forms the input to the
      constant current comparator circuit 28 shown in FIG. 5. The motor terminal
      between signal leads 74 and 72 is divided by parallel resistors 200, 202
      and 204 connected in series with resistor 208. The junction 206 formed
      between the combination of parallel resistors and the resistor 208 is
      connected through an input resistor 210 to the negative input to an
      operational amplifier 212. The positive input to this amplifier is
      connected to ground potential, which is the potential of the signal lead
      72. The amplifier 212 is connected by a lead 220 to a supply voltage of
      -15 volts DC and by a lead 222 to a supply voltage of +15 volts DC.
PAR  A resistor 214 is connected at one of its terminals to the negative input
      to the amplifier 212 and at its other terminal to the arm of a
      potentiometer 216. One terminal of potentiometer 216 is connected to
      ground potential and its other terminal is connected through a resistor
      218 to the -15 volts DC supply voltage. The output of the amplifier 212 is
      connected through a blocking diode 224 and a current limiting resistor 226
      to the base of a transistor 228. The emitter of the transistor 228 is
      connected to ground and its collector is connected through a pull-up
      resistor 230 to a supply voltage of +5 volts DC. A lead 232 connects the
      junction formed between the resistor 230 and the collector of the
      transistor 228 to the supply voltage terminal of an inverter 234.
PAR  A resistor 235 has one of its terminals connected to +5 volts DC and has
      its other terminal connected through normally closed relay contacts tD3-2
      to ground. The junction formed between the resistor 235 and these relay
      contacts is the input to the inverter 234. The output of the inverter 234
      is connected through a control relay CR2 to +24 volts DC. A field
      dissipation diode 238 is connected in parallel with the relay coil CR2.
PAR  The function of the circuitry just described is to detect a low threshold
      voltage across the motor terminals, which insures that constant current is
      flowing through the motor, prior to initiation of a precisely timed
      interval. Thus, the potentiometer 216 through its arm and the resistor 214
      applies a reference negative voltage level to the negative input to the
      amplifier 212. A positive voltage signal proportional to the motor
      terminal voltage appears at the junction 206. and is applied through the
      input resistor 210 to the negative input to the amplifier 212. When the
      positive voltage at the junction 206 exceeds the negative voltage setting
      on the arm of the potentiometer 216, then the negative input to the
      amplifier 212 becomes more positive than its grounded positive input and
      the amplifier output immediately goes to its full negative level. This
      reverse-biases the blocking diode 224, which protects the transistor 228,
      and changes the previously conductive collector-emitter output circuit of
      the transistor 228 to a non-conductive condition. When this occurs, the
      inverter 234 is enabled because it then receives a +5 volt DC supply
      potential at its supply terminal through the pull-up resistor 230. The
      relay contacts tD3-2 are opened when the relay coil tD3 in the third time
      delay circuit 93 is energized. This will have occurred prior to the
      transistor 228 being rendered nonconductive to provide the supply voltage
      for the inverter 234. When the contacts tD3-2 open, a high logic voltage
      signal is applied to the input of the inverter 234, and with the supply
      voltage on the lead 232, the inverter output becomes a low logic voltage
      level signal. In this condition, the internal output circuit of the
      inverter 234 provides a conduction path for current flow through the relay
      coil CR2 from the +24 volt DC supply to which it is connected. Thus, relay
      coil CR2 is energized when the motor terminal voltage reaches a
      predetermined threshold level.
PAR  The energization of relay coil CR2 causes its normally closed contacts
      CR2-1 (FIG. 3) to open initiating the fourth time delay circuit 94. This
      time delay circuit provides a 250 ms time interval during which constant
      current flows through the motor 20 under test.
PAR  The function of the circuitry in FIG. 5 not yet described in detail is to
      determine whether or not the terminal voltage of the motor 20 under test
      is outside of a selected voltage range at the end of the predetermined 250
      ms time interval. Thus, if the motor terminal voltage at the end of this
      time interval is below a predetermined first level or above a
      predetermined higher second level, then the motor under test is found to
      be defective.
PAR  The low limit of the selected voltage range is determined by an operational
      amplifier 240 and its associated circuitry. The amplifier 240 has its
      positive input connected by leads 242, 244 and 246 to the ground signal
      lead 72 from the negative terminal of the motor 20 under test. A voltage
      signal proportional to the motor terminal voltage is obtained via a lead
      248 connected to the junction 206. The lead 248 is connected through an
      input resistor 250 to the negative input to the amplifier 240. A resistor
      252 also is connected to this negative input and to the arm 254 of a
      potentiometer 256. One terminal of the potentiometer 256 is connected to
      ground and its other terminal is connected through a resistor 258 to -15
      volts DC. Thus, the arm 254 of the potentiometer has a preset negative
      voltage on it which is applied through input resistor 252 to the negative
      input of the amplifier 240. The amplifier 240 is connected by a lead 260
      to +15 volts DC and by lead 262 to -15 volts DC. The output of amplifier
      240 is connected through a blocking diode 264 and a current limiting
      resistor 266 to the base of a transistor 268 whose emitter is connected by
      a lead 270 to the grounded lead 244. The collector of the transistor 268
      is connected through a resistor 272 to +15 volts DC.
PAR  If the motor terminal voltage is above ground potential by an amount
      greater than the amount the arm 254 of the potentiometer 256 is below
      ground potential, then the negative input to the amplifier 240 is more
      positive than its positive input and the amplifier output 240 is negative.
      This maintains the blocking diode 264 reversebiased and prevents
      conduction of the transistor 268. However, should the motor terminal
      voltage fall to a level where the lead 248 exceeds ground potential by an
      amount less than the amount of the arm 254 of the potentiometer 256 is
      below ground potential, then the negative input to the amplifier 240 is
      negative with respect to its positive input and the amplifier output
      becomes positive. This forward-biases the base-emitter junction of the
      transistor 268 to render it fully conductive in its collector-emitter
      output circuit. Thus, conduction of the transistor 268 indicates that the
      motor terminal voltage is below a predetermined reference level determined
      by the position of the arm 254 of the potentiometer 256. The conductive
      state of the transistor 268 is of interest as of the end of the 250 ms
      fourth time delay interval. An indicating lamp 274, connected through a
      resistor 276 to +12  volts DC, is illuminated whenever the transistor 268
      output circuit is conductive.
PAR  A lead 278 is connected to the junction formed between the collector of the
      transistor 268 and the resistor 272. The lead 278 is at a high or one
      logic voltage level when the transistor 268 is nonconductive and is at a
      low or zero logic voltage level when the transistor 268 is conductive. The
      lead 278 forms an input to a NAND-gate 280. The output 282 of the
      NAND-gate forms the input to an inverter 284 whose output 286 is coupled
      through a capacitor 288 to the gate electrode 290 of an SCR 292 used as a
      memory device. The cathode of the SCR 292 is connected to the ground level
      246. A capacitor 294 is connected between the gate electrode 290 and the
      lead 246 and a diode 296 has its anode connected to the ground lead 246
      and has its cathode connected to the junction formed between the
      capacitors 288 and 294. The anode of the SCR 292 is connected through a
      resistor 298 to the lead 194 (see FIG. 4).
PAR  A motor terminal voltage which is above the high limit of the voltage range
      is detected by an operational amplifier 300 and its associated circuitry.
      The amplifier 300 has its positive input lead 302 connected to a ground
      lead 326. A voltage signal proportional to the terminal voltage of the
      motor 20 under test is obtained via lead 304 connected to the lead 248.
      The lead 304 supplies this signal through an input resistor 306 connected
      to the negative input to the amplifier 300. The negative input to the
      amplifier 300 also is connected through an input resistor 308 to the arm
      310 of a potentiometer 312. One terminal of the potentiometer 312 is
      connected to ground and its other terminal is connected through a resistor
      314 to a supply voltage -15 volts DC. The supply voltages for the
      amplifier 300 are obtained via a lead 316 connected to +15 volts DC and a
      lead 318 connected to -15 volts DC. The output of the amplifier 300 is
      connected through a blocking diode 320 and a current limiting resistor 322
      to the base of a transistor 324. The emitter of the transistor 324 is
      connected to ground lead 326 and its collector is connected through a
      resistor 328 and an indicating lamp 330 to +12 volts DC.
PAR  If the voltage signal on the lead 304 is above ground potential by an
      amount less than the amount by which the arm 310 of the potentiometer 312
      is below ground potential, then the amplifier 300 negative input is more
      negative than its positive input and the amplifier output voltage is
      positive, which forward-biases the blocking diode 320 and maintains the
      collector-emitter output circuit of the transistor 324 conductive.
      However, should the voltage signal on the lead 304 exceed ground potential
      by an amount greater than the amount by which the arm 310 is below ground
      potential, then the output of the amplifier 300 is negative, the diode 320
      is reverse-biased and the transistor 324 is nonconductive in its
      collector-emitter output circuit. Nonconduction of the output circuit of
      the transistor 324 is indicative of a motor terminal voltage outside of
      and above the high limit of the predetermined voltage range. The
      indicating lamp 330 is illuminated when the transistor 324 is conductive.
      This lamp 330 and the lamp 274 in the low limit detection circuit are used
      for circuit setup purposes.
PAR  A lead 332 forms the input to an inverter 334 and is connected to the
      junction formed between the collector of the transistor 324 and the
      resistor 328. The output 336 of the inverter 334 forms one input to a
      NAND-gate 338. The output 340 of the NAND-gate 338 is the input to an
      inverter 342 whose output 344 is connected to the output lead 286 of the
      inverter 284.
PAR  The NAND-gate 338 has another input 346 which is connected to a lead 348.
      The lead 348 also is connected as an input to the NAND-gate 280 and is the
      output of an inverter 350. The input 352 to the inverter 350 is the output
      of a NAND-gate 354. An input 356 to the NAND-gate 354 is connected to the
      junction formed between a resistor 358 and normally open relay contacts
      tD5-2. The resistor 358 is connected at its upper terminal to +12 volts DC
      and the relay contacts tD5-2 are connected to ground. The second input 360
      to the NAND-gate 354 is connected to the junction formed between a
      resistor 362 and normally closed relay contacts tD4-2.
PAR  At the end of the 250 ms predetermined time interval during which constant
      current has been applied to the motor 20 under test, relay tD4 in the
      fourth time delay circuit is energized and its normally closed contacts
      tD4-1 (FIG. 3) and tD4-2 (FIG. 5) are opened. When the relay contacts
      tD4-1 open, a 10 ms fifth time delay is initiated. The opening of the
      normally closed relay contacts tD4-2 causes a high or one level logic
      signal to be applied to the input 360 to the NAND-gate 354. At this time,
      the input 356 is at a high or one logic voltage level and, therefore, the
      output 352 of the NAND-gate 354 becomes a low or zero logic level signal.
      The inverter 350 inverts this zero level logic signal to produce a one
      logic level signal on the lead 348. This one level signal on the lead 348
      forms one of the inputs to the NAND-gate 280, and via lead 346, forms one
      of the inputs to the NAND-gate 338. While this one level signal 348 is on
      the lead 348, a one level signal on the input 278 to the NAND-gate 280
      will produce a zero level signal on its output 282. Similarly, a zero
      level signal on the input 332 to the inverter 334 will produce a one level
      signal on the input 336 to the NAND-gate 338 and a resulting zero level
      signal on the output 340 of the NAND-gate 338. A zero level logic signal
      at the output 282 of the NAND-gate 280 is inverted by the inverter 284 and
      produces a one level logic signal on its output lead 286 to gate the SCR
      292 through the pulse forming capacitors 288 and 294. Similarly, a zero
      level logic signal on the output lead 340 of the NAND-gate 338 is inverted
      by the inverter 342 and will gate the SCR 292.
PAR  The SCR 292 is gate only if the terminal voltage of the motor 20 under test
      at the end of the 250 ms predetermined time interval is within the voltage
      range established by the low and high limit detection circuits previously
      described. If the motor terminal voltage is outside of this range at the
      end of the 250 ms time interval, then a zero logic level signal appears on
      the lead 278 and the output 282 of the NAND-gate 280 remains a one logic
      level signal when the one level occurs on the lead 348 input to the
      NAND-gate 280. Thus, the SCR 292 is not triggered conductive. If on the
      other hand, the motor terminal voltage is higher than the upper limit,
      then a logic one level signal appears on the input 332 to the inverter 334
      and its output is a zero level signal. This maintains the output 340 of
      the NAND-gate 338 at a one logic level and again the SCR 292 is not
      triggered to its conductive state. A lead 364 is connected to the anode of
      the SCR 292. When the SCR 292 is conductive, a zero logic level signal
      appears on lead 364 indicating that the motor terminal voltage is within
      the predetermined voltage range. A one logic level signal on lead 364
      indicates that the motor is defective and has a terminal voltage outside
      the predetermined voltage range at the end of the 250 ms constant current
      time interval.
PAR  At the end of the 10 ms fifth time delay interval during which it is
      determined if the motor terminal voltage is outside the predetermined
      voltage range, the relay tD5 in the fifth time delay circuit 95 is
      energized. Its normally closed contacts tD5-1 are opened to initiate the
      time interval of the sixth time delay circuit 96. Also, its contacts tD5-2
      are closed placing the input 356 to the NAND-gate 354 at a zero logic
      level. The output of the NAND-gate 354 becomes a one level signal which is
      inverted by the inverter 350 resulting in the application of a zero logic
      level signal on the lead 348. This holds the output of the NAND-gates 280
      and 338 at a one logic level and prevents the SCR 292 memory device from
      being triggered into a conductive state if it is not already in such
      state.
PAR  With particular reference now to FIG. 6, there is shown the accept/reject
      circuit 26. This circuit includes an inverter 400 whose input is the lead
      192 connected to the anode of the SCR 184 memory device in the constant
      voltage comparator circuit 24. As previously described, the voltage signal
      on the lead 192 is at a low or zero logic level if the motor 20 under test
      is found to be defective during the constant voltage test portion. If the
      motor is not found to be defective during the constant voltage portion of
      the test then the signal on the lead 192 is a one logic level.
PAR  Another input to the circuit 26 occurs on its input lead 364 connected to
      the anode of the SCR 292 memory device in the constant current comparator
      circuit. As previously described, the lead 364 has a zero logic level
      signal if the motor 20 under test is found to be acceptable during the
      constant current test portion. On the other hand, if the motor is found to
      be defective during the constant current test portion, then a one logic
      level signal appears on the lead 364.
PAR  The output of the inverter 400 in the circuit 26 forms an input 402 to a
      NAND-gate 404. The output 406 of NAND-gate 404 forms the input to an
      amplifier 408 whose output 410 is connected through an indicating lamp 412
      to a +12 volts DC voltage supply lead 414. The amplifier 408, and the
      other amplifiers 422, 446 and 434 in the circuit 26, are of the type which
      provide a transistor output to substantially ground potential when the
      amplifier input is at a zero logic level.
PAR  The output 406 of the NAND-gate 404 forms an input 416 to a NAND-gate 418.
      The output 420 of the NAND-gate 418 is the input to the amplifier 422
      whose output 424 is connected through an indicating lamp 426 to the supply
      lead 414.
PAR  In the constant current portion of the accept/reject display circuit 26,
      the lead 364 forms an input to a NAND-gate 430 whose output 432 is the
      input to an amplifier 434. The output 436 of the amplifier 434 is
      connected through an indicating lamp 438 to the voltage supply lead 414.
      The output 432 of the NAND-gate 430 forms an input 440 to a NAND-gate 442.
      The output 444 of the NAND-gate 442 is the input to the amplifier 446
      whose output 448 is connected through an indicating lamp 450 to the supply
      lead 414.
PAR  A resistor 452 has one of its terminals connected to +12 volts DC and has
      its other terminal lead 454 connected through normally closed relay
      contacts tD5-3 to ground. Connected to the lead 454 are leads 456, 458,
      460 and 462 which, respectively, form inputs to the NAND-gates 404, 418,
      442 and 430.
PAR  When the relay coil tD5 in the fifth time delay circuit 95 is energized as
      previously described, the normally closed relay contacts tD5-3 open,
      thereby, to cause a one level logic signal to be applied to the NAND-gate
      inputs 456, 458, 460 and 462. This sets the accept/reject display
      circuitry 26 for subsequent indication of the constant voltage and
      constant test results. If during the constant voltage test portion, the
      motor 20 under test was found acceptable, the resulting one logic level
      signal on the lead 192 causes a zero level signal to appear on the input
      lead 402 to the NAND-gate 404. This causes a one logic level signal to
      appear on its output 406 and this is applied to the input 416 to the
      NAND-gate 418. Thus, both inputs 416 and 458 to the NAND-gate 418 are one
      level signals and a zero logic level signal appears on its output 420. The
      amplifier 422 then provides a ground path which permits current to flow
      from the voltage supply lead 414 through the constant voltage "accept"
      indicating lamp 446, thereby, indicating that the motor has passed the
      constant voltage test portion. However, if a zero logic level signal
      appears on the lead 192 to indicate a motor 20 found defective during the
      constant voltage portion of the test, then a one logic level signal
      appears on the input lead 402 to the NAND-gate 404 and the output 406 of
      this NAND-gate is at a zero logic level. This causes the amplifier 408 to
      provide a ground path which results in illumination of the constant
      voltage "reject" indicating lamp 412.
PAR  As to the constant current portion of the accept/reject display circuitry
      26, a zero logic level signal on the lead 364, indicating a motor found
      acceptable during the contrast current test, produces a one logic level
      signal on the output 432 of the NAND-gate 430. This one logic level signal
      is applied to the input 440 to the NAND-gate 442 and causes a zero logic
      level signal to appear at its output 444. This causes the amplifier 446 to
      provide a ground path for current flow through the constant current
      "accept" indicating lamp 450. If a one logic level signal appears on the
      lead 364, then the output of the NAND-gate 430 is a zero logic level
      signal which causes the amplifier 434 to provide a ground path resulting
      in illumination of the constant current "reject" indicating lamp 438.
PAR  As was previously stated, the sixth time delay period is initiated by
      energization of the relay coil tD5 in the fifth time delay circuit 95. The
      sixth time delay interval is of a length sufficient to permit the
      appropriate indicating lamps in the accept/reject display circuit 26 to be
      illuminated and noted by the operator of the test apparatus. At the end of
      the sixth time delay interval, the relay coil tD6 in the circuit 96 is
      energized causing normally closed relay contacts tD6-1 in FIG. 3 to be
      opened. This de-energizes relay CR5 causing its normally closed contacts
      CR5-1 to close shunting the constant current of the constant current power
      supply 14 and removing this current from the motor 20 under test. The
      operator of the test apparatus then opens manually-operated switch 84.
      This de-energizes control relay CR1 and results in de-energization of the
      relay coils tD1 through tD6 in the time delay circuits 91 through 96.
      Also, when control relay CR1 is de-energized, its contacts CR1-4 in FIG. 4
      open to reset or commutate the SCRs 184 and 292, thereby, completing the
      reset of the circuit 10.
PAR  In conclusion, it is apparent that the test apparatus 10 causes a constant
      voltage to be applied across the terminals of the motor 20 under test for
      a first predetermined time interval. Subsequently, the constant voltage is
      removed and the motor armature is permitted to cease rotation and come to
      a rest. Thereafter, a constant current is caused to flow through the motor
      20 for a second predetermined time interval. During the constant voltage
      portion of the test the current through the motor is monitored to
      determine if the current falls below a predetermined level. During the
      constant current portion of the test, the motor terminal voltage is
      monitored to determine if this voltage is within a predetermined voltage
      range at the end of the second predetermined time interval. A display
      circuit indicates if the motor 20 is acceptable or should be rejected.
PAR  During the constant current portion of the test, the motor terminal voltage
      increases in a substantially linear manner for a certain period of time.
      The second predetermined time interval during which constant current flows
      through the motor 20 preferably is selected to occur during this linear
      portion of the voltage curve. Preferably, the length of the second
      predetermined time interval is chosen such that the motor terminal voltage
      at the end of this interval will not substantially exceed its nominal or
      rated terminal voltage level. Also, the longer the constant current is
      applied to the motor, the greater will be the motor's speed. If the motor
      nominal speed rating is 3,500 rpm, it may, for example, be desirable to
      limit the length of the second predetermined time interval so that the
      motor speed at the end of this interval will be less than its rated value
      or at least less than some maximum value beyond which motor damage is
      likely to occur.
PAR  The rpm of a permanent magnet DC motor is given by the equation:
      ##EQU1##
      where V.sub.T is the motor terminal voltage, I.sub.a is the armature
      current, R.sub.m is the armature resistance including brush contact
      resistance, Z is the number of conductors or turns around each pole and
      .phi. is the magnetic air gap flux per pole.
PAR  The torque equation for a permanent magnet DC motor is:
      ##EQU2##
PAR  During acceleration, the torque T of a permanent magnet DC motor is related
      to its rpm, to time t and to its moment of inertia I by the equation:
EQU  T = 0.1047 (rpm/t) I ft-lbs
PAR  The moment of inertia I for the armature of a motor is given by the
      equation:
      ##EQU3##
      where W is the armature weight in pounds, r is the armature radius in
      feet, and g is the acceleration of gravity in feet per second squared.
PAR  The first two equations given above may be multiplied together to produce
      the equation:
EQU  (rpm) (T) = 7.05(V.sub.T I.sub.a - I.sub.a.sup.2 R.sub.m)
PAL  The expression Wr.sup.2 /2g in the equation for the armature moment of
      inertia may be substituted for the moment of inertia I in the third
      equation and the resulting expression for torque T substituted in the
      preceding equation to produce the equation which follows:
      ##EQU4##
PAR  From the above equation, an approximate second predetermined time interval
      t may be calculated. This may be accomplished by assuming an rpm value to
      which it is desired to limit motor speed and by assuming a constant
      current I.sub.a. These assumed values may be used to calculate the motor
      terminal voltage V.sub.T from the first equation given above. These values
      for I.sub.a, V.sub.T and rpm then may be substituted into the immediately
      preceding equation, along with the values for W and r, and the time t may
      then be calculated. Preferably, the rpm value substituted in the first
      equation will be of a magnitude comparable to that normally used in a
      dynamometer test of a motor of the type involved. The constant current
      I.sub.a may be chosen to be the nominal current rating of the motor or a
      comparable value.
CLMS
STM  Based upon the foregoing description of the invention, what is claimed is:
NUM  1.
PAR  1. Apparatus for testing a DC motor which comprises:
PA1  a constant voltage source of DC electrical energy;
PA1  a constant current source of DC electrical energy;
PA1  first circuit means for connecting said constant voltage source to said DC
      motor for a first predetermined time interval;
PA1  second circuit means for sensing the magnitude of current flow through said
      DC motor when it is connected to said constant voltage source and for
      generating a first electrical signal if said current magnitude falls below
      a predetermined level during at least a portion of said first
      predetermined time interval;
PA1  third circuit means for connecting said constant current source to said DC
      motor to cause a constant current to flow through said DC motor for a
      second predetermined time interval; and
PA1  fourth circuit means for sensing the voltage across the terminals of said
      DC motor during at least a portion of said second predetermined time
      interval and for generating a second electrical signal if said terminal
      voltage is outside a predetermined voltage range at the end of said
      portion of said second predetermined time interval;
PA1  the presence of either said first or second electrical signals being
      indicative of a defect in said motor.
NUM  2.
PAR  2. Apparatus according to Claim 1, wherein said first and third circuit
      means each includes a time interval generating circuit, said time interval
      generating circuits controlling the length of time said constant voltage
      and constant current sources are applied to said DC motor, one of said
      electrical energy sources being connected to said motor and disconnected
      therefrom before the other of said electrical energy sources is connected
      thereto.
NUM  3.
PAR  3. Apparatus according to Claim 2, wherein said test apparatus further
      includes a third time interval generating circuit for generating a third
      predetermined time interval, said first and second predetermined time
      intervals being separated by said third predetermined time interval, said
      third predetermined time interval being of a length permitting said DC
      motor to cause rotation after said one of said electrical energy sources
      in disconnected from said DC motor.
NUM  4.
PAR  4. A method for testing a DC motor, said method comprising the steps of:
PA1  applying a constant voltage across the terminals of said DC motor for a
      first predetermined time interval;
PA1  sensing the current flow through said DC motor during at least a portion of
      said first predetermined time interval;
PA1  with an electrical circuit, generating a first electrical signal if the
      current flow through said DC motor falls below a predetermined level
      during said portion of said first time interval;
PA1  causing a constant current to flow through said DC motor for a second
      predetermined time interval;
PA1  sensing the voltage across the terminals of said DC motor during at least a
      portion of said second predetermined time interval; and
PA1  with an electrical circuit, generating a second electrical signal if the
      terminal voltage of said DC motor is outside a predetermined voltage range
      at the end of said portion of said second predetermined time interval;
PA1  whereby, the occurrence of either of said first or second electrical
      signals may be used to indicate a defect in said DC motor.
NUM  5.
PAR  5. A method for testing a DC motor according to Claim 4, wherein said
      constant voltage is applied across said motor terminals before said
      constant current is caused to flow through said motor, and wherein said
      method further comprises the step of causing said motor to cease rotation
      at the end of said first predetermined time interval and prior to the
      beginning of said second predetermined time interval.
NUM  6.
PAR  6. Apparatus for testing a DC motor which comprises:
PA1  a constant voltage source of DC electrical energy;
PA1  a constant current source of DC electrical energy;
PA1  first circuit means for connecting said constant voltage source to said DC
      motor for a first predetermined time interval;
PA1  second circuit means for sensing the magnitude of current flow through said
      DC motor when it is connected to said constant voltage source and for
      generating a first electrical signal if said current magnitude falls below
      a predetermined level during at least a portion of said first
      predetermined time interval, said second circuit means comprising a
      current shunt for generating a voltage signal proportional to the current
      flow through said DC motor, and an amplifier circuit having an input
      coupled to said current shunt, a gate circuit having an input coupled to
      the output of said amplifier circuit, and a memory device having a
      controlled electrode coupled to the output of said gate circuit, said
      first electrical signal being an electrical state of said memory device
      which state occurs if the magnitude of said current through said shunt
      falls below said predetermined level during said portion of said first
      predetermined time interval;
PA1  third circuit means for connecting said constant current source to said DC
      motor to cause a constant current to flow through said DC motor for a
      second predetermined time interval; and
PA1  fourth circuit means for sensing the voltage across the terminals of said
      DC motor during at least a portion of said second predetermined time
      interval and for generating a second electrical signal if said terminal
      voltage is outside a predetermined voltage range at the end of said
      portion of said second predetermined time interval;
PA1  the presence of either of said first or second electrical signals being
      indicative of a defect in said motor.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said first and third circuit
      means each includes a time interval generating circuit, said time interval
      generating circuits controlling the length of time said constant voltage
      and constant current sources are applied to said DC motor, one of said
      electrical energy sources being connected to said motor and disconnected
      therefrom before the other of said electrical energy sources is connected
      thereto.
NUM  8.
PAR  8. Apparatus according to claim 6, wherein said fourth circuit means
      comprises an amplifier circuit having an input coupled to the terminals of
      said DC motor and to a reference voltage level, said amplifier producing
      an output signal which initiates said second predetermined time interval,
      a low motor-terminal-voltage detection circuit, a high
      motor-terminal-voltage detection circuit, a gate circuit coupled to said
      low and high motor-terminal-voltage detection circuits, a memory device,
      and means for enabling, at the end of said second predetermined time
      interval, said memory device to attain an electrical state indicative of a
      defect in said DC motor if at the end of said second predetermined time
      interval, said low motor-terminal-voltage detection circuit senses a
      motor-terminal-voltage below a first predetermined level or if said high
      motor-terminal-voltage detection circuit senses a motor-terminal-voltage
      above a second predetermined level.
NUM  9.
PAR  9. Apparatus for testing a DC motor which comprises:
PA1  a constant voltage source of DC electrical energy;
PA1  a constant current source of DC electrical energy;
PA1  first circuit means for connecting said constant voltage source to said DC
      motor for a first predetermined time interval;
PA1  second circuit means for sensing the magnitude of current flow through said
      DC motor when it is connected to said constant voltage source and for
      generating a first electrical signal if said current magnitude falls below
      a predetermined level during at least a portion of said first
      predetermined time interval;
PA1  third circuit means for connecting said constant current source to said DC
      motor to cause a constant current to flow through said DC motor for a
      second predetermined time interval; and
PA1  fourth circuit means for sensing the voltage across the terminals of said
      DC motor during at least a portion of said second predetermined time
      interval and for generating a second electrical signal if said terminal
      voltage is outside a predetermined voltage range at the end of said
      portion of said second predetermined time interval, said fourth circuit
      means comprising an amplifier circuit having an input coupled to the
      terminals of said DC motor and to a reference voltage level, said
      amplifier producing an output signal which initiates said second
      predetermined time interval, a low motor-terminal-voltage detection
      circuit, a high motor-terminal-voltage detection circuit, a gate circuit
      coupled to said low and high motor-terminal-voltage detection circuits, a
      memory device, and means for enabling, at the end of said second
      predetermined time interval, said memory device to obtain an electrical
      state indicative of a defect in said DC motor if, at the end of said
      second predetermined time interval, said low motor-terminal-voltage
      detection circuit senses a motor-terminal-voltage below a first
      predetermined level, or if said high motor-terminal-voltage detection
      circuit senses a motor-terminal-voltage above a second predetermined
      level;
PA1  the presence of either said first or second electrical signals being
      indicative of a defect in said motor.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said first and third circuit
      means each includes a time interval generating circuit, said time interval
      generating circuits controlling the length of time said constant voltage
      and constant current sources are applied to said DC motor, one of said
      electrical energy sources being connected to said motor and disconnected
      therefrom before the other of said electrical energy sources is connected
      thereto.
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ABST
PAL  A semiconductor crystal resistivity measuring station comprised of an
      enclosed automatically operated probe apparatus electrically connected to
      a remotely controlled power supply and an electronic computer for
      automatically executing precise electrical resistivity measurements, in
      consecutive increments along a single crystal length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to apparatus for measuring the electrical
      characteristics of crystalline solids from which semiconductor wafers are
      fabricated for the transistor and integrated circuit industry, and more
      particularly to apparatus which measures the electrical resistivity in
      successive increments of as-produced semiconductor crystals.
PAR  2. Description of Prior Art
PAR  In the manfacture of semiconductor crystals from which semiconductor wafers
      are fabricated, there is a process termed crystal pulling which involves
      dipping a seed crystal into a semiconductor melt and then slowly
      withdrawing the seed crystal. The process of crystal pulling involves
      alloying extremely minute amounts of a selected impurity into a crystal to
      enable it to exhibit required conductivity or resistivity characteristics.
      An increase in impurity concentration decreases the electrical resistivity
      characteristic of the raw manufactured crystal. Apparatus utilized in
      manufacture of semiconductor crystals requires a very stable, both
      mechanically and thermally, apparatus having provisions for alloying
      impurities at a very constant rate.
PAR  Recent emphasis has been placed on the development of methods and apparatus
      for accurately and automatically measuring electrical resistivity
      characteristics of semiconductor crystals produced by the crystal pulling
      process so as to quality categorize the raw crystal material for
      subsequent manufacture of semiconductor devices.
PAR  Prior art apparatus utilized in measuring the electrical resistivity of
      as-produced semiconductor crystals, for the purpose of determining
      relative crystal purity, were completely manual in operation for fixturing
      the crystal specimen within the resistivity probe apparatus. Mechanical
      arrangement of the probe apparatus made it difficult to load and unload
      the crystal specimen for rapid electrical resistivity measurements.
      Non-precise resistivity measurements were caused by voltage sensing probes
      that could not conform to the outer surface of the as-produced crystal,
      when actuated perpendicular to the crystal longitudinal centerline.
      Nonuniform electric current fields were created in the vicinity of the
      electrical contactors, which interfaced with the crystal body, providing
      the electric current field necessary for the resistivity measurements.
      Error was introduced into resistivity measurements due to visible light
      induced effects and stray electrical RF signals. A limitation was also
      placed on the allowable geometrical size of the crystalline solid which
      could be accommodated with the resistivity probe apparatus.
PAR  Prior art apparatus proved to be undesirable from the standpoint of
      relative ease of loading the crystal specimen, electrical interface
      contactor design which did not provide a uniform electric field in the
      vicinity of these contactors and light and heat energy induced effects in
      the electrical resistivity measurements derived from the environment of
      the resistivity test apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other shortcomings and problems of the prior art are
      overcome, in accordance with the present invention, by an automatically
      operated electrical resistivity measuring apparatus utilized for executing
      precise electrical resistivity measurements along a single as-produced
      crystal specimen.
PAR  According to an aspect of the present invention, fixturing apparatus is
      provided with the resistivity probe housing whereby a single crystal
      specimen is easily loaded into position and self aligned with respect to
      resistivity probe apparatus. A light cover and shield for attenuating
      stray energy is closed with respect to the probe housing, and all
      subsequent resistivity measuring operations are performed without manual
      intervention.
PAR  According to another aspect of the present invention, electrical contacts
      provide uniform contact to the full area of the crystal end surfaces thus
      providing the crystal rod with a uniform electric current throughout.
PAR  According to still another aspect of the present invention, an electrical
      probe having two electrodes each spaced apart at some preset distance
      measure the electrical voltage drop therebetween at successive increments
      along the entire length of the crystal specimen and thus accommodate for
      manufacturing irregularities along the length of the crystal.
PAR  In summary, the instant invention includes apparatus for rapidly loading a
      crystal specimen and then automatically measuring electrical resistivity
      at predetermined increments consecutively along a specified length of the
      raw crystal specimen.
PAR  The foregoing and other aspects of the present invention will be understood
      more fully from the following detailed description of an illustrative
      embodiment of the present invention in conjunction with the accompanying
      drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an automatic resistivity probe sensing apparatus
      interconnected an electronics cabinet housing computer control unit.
PAR  FIG. 2 shows a movable crystal specimen end support.
PAR  FIG. 3 shows a plan view of crystal specimen offset diameter sensors and
      voltage sensing probes.
PAR  FIG. 4 shows a cross section of the voltage sensing probe shown generally
      on FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This system is a computer controlled, two point resistivity crystal
      measuring station designed to measure and record the electrical
      resistivity of a single crystal specimen without operator intervention.
      The crystal resistivity measuring station comprises two main pieces of
      apparatus electrically interconnected so as to provide computer control
      logic and remote controlled crystal current required to measure electrical
      resistivity in successive increments along a length of a raw crystal
      specimen. The resistivity crystal measuring station computer provides
      hardware control, status checking, in-process diagnostics, alarm routines,
      data acquisition, data manipulation and documentation.
PAR  Now referring to FIG. 1, a crystal resistivity measuring station comprised
      of a resistivity probe housing 8 and a computer control cabinet 10
      interconnected via a common external bus 11. The computer control cabinet
      10 contains a programmable desk top calculator 12, a crystal specimen
      interface control console 13, and is supplied with remote controlled power
      source through electrical cable 14.
PAR  In the preferred embodiment calculator 12 comprises a Hewlett-Packard Model
      9820A with a 429 register memory option, magnetic card input, and ASCII
      interface card, all of which are not shown and located within electronics
      control cabinet 10. Calculator 12 drives external peripherals through
      common external bus 11 using ASCII coded format. The ASCII interface
      controller, located within control cabinet 10, selects the calculator
      ASCII bus, not shown, and delivers machine controlled commands for the
      appropriate peripheral hardware operations within resistivity probe
      housing 8.
PAR  More specifically, the resistivity probe housing 8 is provided with a
      permanently attached base structure upon which a pair of electrically
      insulated crystal support rails 16 and 18 are attached thereto in order to
      facilitate top loading of the crystal specimen with cover 21 in an open
      position. Resistivity probe housing 8 will mechanically accept a crystal
      specimen of cylindrical shape having a diameter up to 4 inches and a
      length from 6 to 30 inches. Electrical current is supplied to a crystal
      body through stationary electrical contact 22 and movable electrical
      contact 23. Contacts 22 and 23 are comprised of a metal screen mesh
      mounted on stationary and movable electrically insulated crystal contact
      supports 24 and 25, respectively. After the crystal is in proper placement
      in the resistivity probe housing 8, movable contact support 25 is coarsely
      adjusted to the crystal specimen length by manually adjusting carriage
      body 25 with carriage base handle 26. Ratchet and pawl mechanism, shown in
      FIG. 2, restrains carriage body 25 in close proximity to the crystal
      specimen. When the resistivity probe housing cover 21 is closed the
      crystal specimen is isolated from all visible light and stray electrical
      RF or electromagnetic signals. All subsequent operations for measuring the
      electrical resistivity of a crystal specimen are performed without manual
      intervention. Final or precision contact adjustment between a crystal rod
      and movable contact 25 is supplied by an air cylinder 28.
PAR  A probe carriage 29 moves relative to a pair of circular guide rods 32 and
      33. Thus both resistivity probe carriage 29 and movable crystal contact
      support 25 can be appropriately positioned. Support rails 16 and 18 are
      tapered along a common edge and thereby utilized to cause the
      cylindrically shaped crystal rod to self align itself upon loading with
      respect to electrical crystal contacts 22 and 23. Generally depicted at 34
      is a voltage probe adapted to move between spaced rails 16 and 18.
PAR  FIG. 2 shows in greater detail the movable crystal contact support 25 on
      the pair of circular guide rods, 32 and 33. A pair of linear ball bearings
      35 and 36 are permanently fixed to crystal contact support 25 through
      mounting brackets 40 and 41, respectively. Coarse manual positioning of
      crystal contact support 25 is achieved by utilizing ratchet pawl 45 which
      is mechanically keyed to ratchet release mechanism 47 through a common
      shaft 46. A plurality of circular guide rod notches 48 are cut into
      circular guide rod 33 in incremental steps in order to receive ratchet
      pawl 45 during coarse positioning of movable crystal contact support 25.
      During final positioning air cylinder 28 under computer control is
      utilized to move piston 46 to further urge electrical contact 23 against
      the end of a crystal specimen so as to lock the crystal specimen between
      contacts 22 and 23 in preparation of the actual resistivity measuring
      cycle.
PAR  FIG. 3 shows resistivity probe carriage 29 mounted on circular guide rods
      32 and 33 through linear ball bearings 50 and 51, which are permanently
      fixed in resistivity probe carriage 29. Permanently mounted to the
      carriage base 29 are two air operated crystal diameter sensing wedges 60
      and 61, which are directly coupled to electrical linear transducers 62 and
      63. Also permanently mounted to the carriage base 29 are a pair of probe
      electrodes 71 and 72 through a common housing 80. Probe housing 80 is air
      operated to move between crystal rod support rails 16 and 18 for
      contacting the crystal specimen from below with probe electrodes 71 and
      72.
PAR  A lead screw 85 is supported by ball bearings, not shown, mounted within
      resistivity probe housing 8 and directly driven by an electric motor, not
      shown. Probe carriage 29 actuation on linear ball bearings 50 and 51 is
      provided by a ball nut 86 which is permanently mounted to carriage base
      29.
PAR  FIG. 4 shows in greater detail a cross section of probe housing 34 utilized
      for voltage measurements along the crystal rod. Electrodes 71 and 72 are
      individually spring loaded with springs 73 and 74, respectively.
      Electrodes 71 and 72 have an adjustable preloaded spring force through a
      set screw 75 and 76, respectively. Prior to loading a crystal specimen
      onto split tracks 16 and 18, the probe housing 34 resides in a lowered
      state. After loading suitable driving means, such as air cylinders, cam
      linkages, electric motors, etc., can be employed to raise the spring
      loaded probe electrodes into engagement with the crystal rod in
      anticipation of the actual electrical measuring cycle.
PAR  Various other modifications and changes may be made to the present
      invention from the principles of the invention described above without
      departing from the spirit and scope thereof, as encompassed in the
      accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor crystal resistivity measuring station comprised of an
      enclosed probe apparatus electrically interconnected to a remotely
      controlled power supply and an electronic computer for automatically
      executing precise electrical resistivity measurements, in consecutive
      increments along a single crystal length, for similar crystal slices, said
      apparatus comprising:
PA1  a. at least two electrically insulated rails fixed with respect to said
      apparatus such that, upon loading a single crystal specimen for electrical
      resistivity measurements, the cylindrically shaped crystal is caused to be
      self aligned with respect to said apparatus;
PA1  b. at least two electrically insulated crystal specimen end supports,
      adjustable so as to accommodate crystal specimens of varying length, which
      provide a mounting base for electrical contacts of high density screen, or
      the like, continuously supported by flexible electrical insulating
      material and an electrical insulating pad; all mechanically fixed so as to
      interface prepared crystal specimen flats, normal to the crystal specimen
      longitudinal center line and on opposite ends, continuously;
PA1  c. and an encasement to isolate said apparatus from visible light,
      electrical RF signals, stray electromagnetic energy and heat transfer by
      convective air currents.
NUM  2.
PAR  2. Apparatus providing the mechanical support and housing of a single
      as-produced semiconductor crystal as defined in claim 1 and further
      including two individually spring loaded electrode probes permanently
      captive within a common probe body which is actuated normal to the crystal
      specimen longitudinal center line making contact at two points along the
      crystal specimen surface for sensing an electrical voltage drop through
      successive incremental lengths of the crystal specimen.
NUM  3.
PAR  3. Apparatus providing the mechanical support and housing of a single
      as-produced semiconductor crystal as defined in claim 1 and further
      including a means to determine the average geometrical cross-sectional
      area of the as-produced semiconductor crystal whose lengthwise incremental
      electrical resistivity is being measured.
NUM  4.
PAR  4. Apparatus providing mechanical support and housing of a single
      as-produced semiconductor crystal as defined in claim 1 and further
      including a means for coarse adjustment, of at least one mechanical
      crystal end support comprising a ratchet release which is mechanically
      keyed to at least one mechanical ratchet pawl through a common shaft, a
      ratchet release guard mechanically mounted to said crystal end support
      base structure and a series of evenly spaced mechanical ratchet notches
      fixed parallel with crystal end support travel rod engaging said ratchet
      pawl keyed to said ratchet release; and at least one air cylinder whose
      piston is directly coupled to said crystal end support and when
      pressurized under program control is utilized to further urge electrical
      contacts against the end of the crystal specimen for final precise
      electrical contact positioning.
NUM  5.
PAR  5. A semiconductor crystal resistivity measuring station comprising:
PA1  a. a housing having a cover;
PA1  b. a pair of electrically insulated rails forming a trough within said
      housing and beneath said cover whereby a cylindrically shaped crystal is
      caused to be centrally self aligned therein when placed on said rails;
PA1  c. a pair of electrically insulated crystal specimen end supports,
      adjustable so as to accommodate crystal specimens of varying length, which
      provide a mounting base for electrical contacts of a high density screen
      for electrically and mechanically contacting the end surfaces of the
      cylindrical crystal; and
PA1  d. means for applying electrical power to said screens whereby a uniform
      electric field is provided in said crystal.
NUM  6.
PAR  6. A semiconductor crystal resistivity measuring station as recited in
      Claim 5 wherein one of said crystal end supports is manually adjustable by
      ratchet release means.
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PAL  The unit incorporates a transceiver, having a channel changing mechanism,
      and a radio, having a radio tuner, enclosed in a common housing for
      conjoint mounting. A transceiver control shaft has an inner end in
      operative connection with the channel changing mechanism and an outer end
      having a first gear secured thereto. A tubular outer shaft extends through
      an opening in the front wall of the housing and has a second gear secured
      to its inner end. An inner shaft extends coaxially through the tubular
      shaft, and respective control knobs are secured to the outer ends of the
      tubular shaft and the inner shaft. A pair of levers have their inner ends
      interconnected by a pivot and their outer ends respectively pivoted on the
      transceiver control shaft and tubular shaft, and an idler gear is freely
      rotatable on the pivot and meshes with the first and second gears to
      constitute a driving connection therebetween. The tubular outer shaft
      extends through an elongated slot in the front wall of the housing, and
      the inner end of the inner shaft is connected by one or more universal
      joints to the radio tuner.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to a combined transceiver and radio unit. Nowadays,
      various kinds of transceivers are widely used as a radiotelephone between
      different or remote places, since they include both transmitting and
      receiving means therein.
PAR  Heretobefore, where used in a car for example, they have been mounted on
      any suitable place such as on or below the dashboard in the driver's
      compartment, separately from radio set.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a combined transceiver and radio
      unit including a transceiver control shaft in operative connection with a
      channel changing mechanism of the transceiver, and having a first gear at
      its outer end, a tubular outer shaft extending through a front wall of a
      common housing and having a second gear on its inner end, and an inner
      shaft extending coaxially through the tubular shaft and in operative
      connection with a radio tuner of the radio, the tubular shaft and the
      inner shafts having respective control knobs on their outer ends, with the
      first and second gears being in driving connection with each other.
PAR  Another object of this invention is to provide a new transceiver and radio
      unit which further comprises a free or idler gear interposed between the
      above two gears in order to enable the coaxial shafts to be shifted
      relatively to the fixedly rotated transceiver control shaft, the free gear
      being mounted on the hinge portion of pivotably connected levers. The
      other ends of these levers are connected to the transceiver control shaft
      and the outer shaft respectively, and a universal joint or joints are
      interposed between the radio tuner and the inner shaft in order to effect
      virtual alignment of the inner shaft and the radio tuner.
PAR  Other objects and advantages of this invention will be apparent from the
      following description of preferred embodiments of this invention made with
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is a plan view of a combined transceiver and radio unit constituting
      an illustrative embodiment of the present invention, the view being partly
      in section.
PAR  FIG. 2 is a front elevational view of the unit, the view being partly in
      section and certain parts being broken away.
PAR  FIG. 3 and 4 are transverse sectional view taken generally along a line
      A--A in FIG. 1, certain parts being selectively broken away in order to
      show respective parts separately from each other.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown, the transceiver and radio unit R has coaxial control knobs 11 and
      11'. The knob 11 is the radio tuning control, while the knob 11' is the
      transceiver control. It will be seen that the knobs 11 and 11' are mounted
      on respective coaxial shafts 1 and 3. The shaft 1 extends through a bore
      3' in the shaft 3. Thus, the transceiver control shaft 3 is freely
      rotatable about the radio tuning shaft 1.
PAR  The radio tuning shaft 1 extends through the front wall 19 and connects at
      the upper inner end thereof to radio tuner 5 through universal joints 2
      and 2' and tuner shaft 5', as shown in FIGS. 1 and 3. The transceiver
      control shaft 3 also extends through a bore 12' in a bushing 12 so that,
      the transceiver control shaft 3 is freely rotatable within the bushing 12.
      It also extends through the front wall 19 and connects, through gear 4
      fixed at the inner end thereof, free gear 6 as shown in FIG. 2, and a
      third gear 8 fixed on the end of a rod 20, to the transceiver channel
      changing mechanism 7.
PAR  The gears 4 and 6 are rotatably supported by a lever 10 and constantly
      engage with each other. Likewise, the gears 6 and 8 are rotatably
      supported by a second lever 9 and constantly engage with each other. The
      levers 9 and 10, the inner ends of which are hingedly connected, are
      pivotable at the inner ends on pivot 21. The rod 20, with the gear 8 on
      the end thereof is journaled by brackets 24 and 25. Thus, gear 4 supported
      on the outer end of the lever 10 can move away from and near to the gear 8
      supported on the outer end of the lever 9 through the pivotable levers 9
      and 10, when the control shafts 1 and 3 are eventually displaced along a
      longitudinal slot 23 formed in the front wall 19.
PAR  A non-rotatable imitation knob 13 is fixed on the outer end of bushing 12'
      and a fitting adapter is secured by a fastening nut to guide the outer
      tubular shaft 3. At the left side of the unit, as viewed in FIGS. 1 and 2,
      there are provided a power switch and volume control knob 16, a tone
      control knob 17 and a balance control knob 18, in a known manner. The
      fixed imitation knob 13 may be provided with an indication 22, such as an
      asterisk.
PAR  Since the present invention is constructed as above, when the radio tuning
      knob 11 is turned, the inner shaft, viz. the radio tuning shaft 1 is
      turned and, through the universal joints 2 and 2', controls the radio
      tuner 5. Likewise, when the transceiver control knob 11' is turned, the
      outer shaft, viz. the transceiver control shaft 3 is turned and
      consequently the gear 4 is turned. Turning of the gear 4 is transmitted
      through the free or idler gear 6 to the gear 8 which, in turn, actuates
      the transceiver channel changing mechanism 7 through the rod 20 journaled
      by the brackets 24 and 25.
PAR  By employment of the universal joints 2 and 2', between the radio tuning
      shaft 1 and the tuner shaft 5', turning of the radio turning knob 11 and
      shaft 1 can be smoothly transmitted to the radio tuner 5 even when said
      shafts 1 and 5' are not aligned. This permits the inner and outer shafts 1
      and 3 to be advantageously located at any desired place along the
      longitudinal slot 23 formed in the front wall 19.
PAR  Though this invention has been hereinbefore described with reference to the
      preferred embodiment illustrated in the drawings, the interposed free gear
      6 and the universal joints 2 and 2' can of course be omitted in the case
      where the shafts 1 and 3 are extended through predetermined, definite, or
      limited hole in the front wall 19.
PAR  Otherwise, various other modifications, alternative constructions and
      equivalents may be employed without departing from the true spirit and
      scope of the invention, as exemplified in the foregoing description and
      defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined transceiver and radio unit, incorporating a transceiver,
      having a channel changing mechanism, and a radio, having a radio tuner,
      enclosed in a common housing, having a front wall, for conjoint mounting,
      said unit comprising, in combination, a transceiver control shaft, having
      an inner end in operative connection with said channel changing mechanism,
      and an outer end; a first gear secured to said outer end of said control
      shaft; a tubular outer shaft extending through an opening in said front
      wall, and having inner and outer ends; a second gear secured to the inner
      end of said outer shaft and in driving connection with said first gear; an
      inner shaft, extending coaxially through said tubular shaft, having an
      inner end in operative connection with said radio tuner, and an outer end;
      respective control knobs secured to the outer ends of said outer and inner
      shafts; a pair of levers having inner ends interconnected by a pivot and
      outer ends respectively pivoted on said transceiver control shaft and said
      outer shaft; and an idler gear freely rotatable on said pivot and meshing
      with said first and second gears to constitute said driving connection
      therebetween; said levers and said idler gear providing for relative
      displacement of said tubular outer shaft relative to said transceiver
      control shaft.
NUM  2.
PAR  2. A combined transceiver and radio unit, as claimed in claim 1, including
      universal joint means constituting the operative connection between said
      inner shaft and said radio tuner.
NUM  3.
PAR  3. A combined transceiver and radio unit, as claimed in claim 2, in which
      said universal joint means comprises two universal joints in series with
      each other.
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PAL  An improved multilevel code transmission system for transmission of a data
      signal in the form of an N-level code signal based on a partial response
      shaping employs a special differential coding prior to partial response
      shaping on the transmitter side and, on the receiver side subsequent to
      partial response decoding, a differential decoding corresponding to the
      differential coding. The system is characterized in that each pair of
      input, parallel binary codes is so arranged that only the most significant
      bit is different from each other and the remaining bits are represented by
      the same binary codes, and in that only the most significant bit is
      affected by the differential coding and decoding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a multilevel data transmission system
      employing the so-called class IV partial response shaping.
PAR  2. Description of the Prior Art
PAR  As an introduction to the description of the present invention, an outline
      of a coder and a decoder based on the partial response shaping of the (1,
      0, -1) format will be explained with reference to the drawings. FIG. 1(a)
      is a diagram of a fundamental coder structure based on the partial
      response shaping of the (1, 0, -1) format (hereinafter referred to simply
      as "partial response shaping"), and FIG. 1(b) is a diagram of a
      fundamental decoder structure for use with the same shaping technique. In
      these figures is illustrated a case of 2N--1 kinds of levels (N being an
      integer not smaller than 3). More particularly, in the coder of the
      transmitter side, input signals consisting of N kinds of symbols S.sub.0,
      S.sub.1, . . . S.sub.N-1 are subjected to modulo-N addition with its
      output signals as delayed by 2T (T being a clock time period for data
      transmission). The resultant output signals are further modulo-N
      substraction with said output signals as delayed by 2T. Accordingly, the
      output signals of the substractor may possibly have 2N--1 kinds of levels
      -(N--1), -(N--2), . . . -1, 0, 1, . . ., (N--1). In the receiver-side
      decoder shown in FIG. 1(b), these signals are subjected to modulo-N
      addition with a number N. In this data transmission system, since a symvol
      Si (i = 1, 2, . . . N--1) of the input signals on the transmitter side
      corresponds to either level i or level -(N--i) in the transmitter output,
      the decoding can be performed easily, and upon occurrence of an error in
      code during transmission the error would not propogate on the receiver
      side.
PAR  With regard to the above-outlined partial response shaping of the (1, 0,
      -1) format, reference should be made to the following publications:
PAR  1. "A New Signal Format For Efficient Transmission" by F. K. Becker, E. R.
      Kretzmer and J. R. Sheehan, B.S.T.J. Vol. XLV, NO. 5, pp. 755-758;
PAR  2. "Generalization of a Technique for Binary Data Communication" by E. R.
      Kretzmer, IEEE Trans. Comm. Tech., 1966, pp. 67-68; and
PAR  3. "Multilevel Partial-Response Signalling" by A. M. Gerrish and R. D.
      Howson, ICC '67 Record 19CP67-1181, p. 186.
PAR  In such a partial response shaping, (1) in the case of transmitting a
      multilevel signal in the form of a base band signal, it should be taken
      into consideration whether or not the signal polarity is inverted in an
      amplifier and the like, while (2) in the case of transmitting a multilevel
      signal in the form of a band-limited amplitude-modulation signal, the
      polarity of the base band signal after demodulation may be possibly
      inverted owing to the fact that the phase of a demodulated carrier wave
      for use in synchronous detection is shifted by 180.degree.. With respect
      to the case (2) above, it is a common practice in the VSB or SSB receiver
      to provide a phase control circuit for demodulated carrier waves such that
      a quadrature component in the demodulated base band signal may be
      maintained at zero. However, it is well-known that in such a case the
      phase of the demodulated carrier wave may be possibly shifted by
      180.degree.. If the polarity of the multilevel signal is inverted in this
      way, the partial response shaping results in level i of the transmitter
      output being received as level (-i) whose demodulated symbol is S.sub.N-i,
      and thus level i and level N--i are no longer identical to each other
      except for level O if N is an odd number, or except for symbols 0 and N/2
      if N is an even number. Similarly, in the case where level -(N--i) has
      been transmitted after partial response shaping in response to a
      transmitter input symbol Si, lelvel N--i would also be received owing to
      polarity inversion, resulting in demodulation of symbol S.sub.N-i, and
      thus the data cannot be transmitted correctly. In this way, upon
      occurrence of polarity inversion, symbol Si would be always mistaken for
      symbol S.sub.N-i. However, the above-referred symbbols S.sub.O and
      S.sub.N/2 are transmitted correctly even upon occurence of polarity
      inversion. In other words, it can be seen that symbols S.sub.i and
      S.sub.N-i form a symbol pair which would be incorrectly transmitted upon
      occurrence of polarity inversion, where i is a positive integer smaller
      than N/2.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a multilevel code
      transmission system employing a partial response shaping, in which
      transmission and reception of a data signal can be carried out correctly
      even if the above-referred polarity inversion should occuur.
PAR  In the coding system according to the present invention, on the transmitter
      side, prior to partial response shaping, special differential coding is
      performed, while on the receiver side, subsequent to partial response
      decoding, differential decoding corresponding to said differential coding
      is performed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Now the present invention will be described in more detail with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram of a multilevel code transmission system
      according to the invention;
PAR  FIGS. 2 (a) and 2(b) are block diagrams of a coder and a decoder,
      respectively, employing a partial response shaping;
PAR  FIGS. 3(a) and 3(b) are block diagrams of a differential coder and
      differential decoder, respectively, according to the present invention;
PAR  FIG. 4 is a transformation table showing the relation between the input
      symbols and the input signals in FIG. 3;
PAR  FIGS. 5(a) and 5(b) are logic circuit diagrams of a differential coder and
      a differential decoder, respectively, as applied to 15-level partial
      response shaping, which forms one preferred embodiment of the present
      invention; and
PAR  FIG. 6 is a transformation table showing the relation between the input
      symbols and the input signals in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the data to be transmitted is supplied in the form of
      a binary signal to a serial to parallel converter 1 via an input terminal
      11. The converter 1 converts this signal into parallel binary signals in
      the number corresponding to the number of levels N of the multilevel
      signal. The parallel binary signals are treated in a differential coding
      circuit 2 and supplied through a precoding circuit 3 to a partial response
      coding circuit 4, which comprises multilevel pulse generators, whereby a
      base band signal is formed. This base band signal is subjected, for
      example, to AM-SSB modulation in a modulator 5. The modulator 5 superposes
      a necessary pilot signal on the modulated signal and supplies its output
      to a transmission channel 12. A demodulator 6 performs the coherent
      detection of the signal transmitted over the channel 12 and obtains the
      base band signal. A discriminator 7 discriminates each digit of the base
      band signal with respect to its level among (2N--1) numbers of levels. The
      resultant signal is decoded into a multilevel signal of N-levels by a
      partial response decoding circuit 8 which, as described, performs modulo-N
      summation of the signal and N. This multilevel signal is converted into a
      binary signal by a parallel to serial converter 10 via an inverse
      converter circuit 9 for the differential coding operaion. The binary data
      signal is an output to be supplied through a terminal 13 to a terminal
      device. Circuits 2, 3, 4, 8 and 9 will further be described below by
      referring to FIGS. 2 and 3. Other circuits are not further described since
      the operations of these circuits are apparent from the foregoing
      description regarding the partial response system, as well as from the
      prior art in transmission circuits.
PAR  Now referring to FIGS. 3(a) and 3(b), these coders and decoders deal with
      binary-coded symbols, which are represented, for example, as shown in FIG.
      4. It is to be noted that in this example N = 2.sup.m is employed. In this
      example, symbol S.sub.i (i = 1, 2, . . ., N-1) corresponds to m
      combinations of binary codes each consisting of parallel m bits, which may
      be either a parallel input of m kinds of data signals or a version of each
      set of m bits in one kind of data in a parallel m bit code, or else which
      may be a version of an input data signal in combined parallel-series form.
      What is important in FIG. 4 is to establish a correspondence between the
      symbols and the binary codes in such manner that between symbol Si and
      symbol S.sub.N-i only the most significant bit (MSB) or B1 is different
      and the other bits are represented by the same binary codes. This
      provision is possible even in a general case where the form of N = 2.sup.m
      is not valid, and binary coding having such a nature is not limited to
      that illustrated in FIG. 4.
PAR  In FIG. 3, reference numerals 21, 22, 23 and 24 designate respectively the
      input terminals for receiving binary bits B.sub.1 (MSB), B.sub.2, B.sub.3
      and so on, Bm (LSB) input terminals; and 31-34, the corresponding output
      terminals of the coder. Reference numeral 14 designates a code detector,
      which can detect symbols other than S.sub.0 if N is an odd number, or
      symbols other than S.sub.0 and S.sub.N/2 if N is an even number. Numeral
      15 designates an AND gate; 16, an exclusive-OR circuit; and 17, a one-bit
      memory circuit, these component elements performing the known differential
      coding with respect to MSB only in the case where the input symbol is
      neither S.sub.0 nor S.sub.N/2 as referred to above. Reference numeral 18
      designates a selector circuit which selects as its output the input
      B.sub.1 (MSB) per se if the input symbol is either S.sub.0 or S.sub.N/2 as
      referred to above, and the differentially coded MSB if the input symbol is
      neither S.sub.0 nor S.sub.N/2 as referred to above. When the input symbol
      is neither S.sub.0 or S.sub.N/2 as referred to above, the AND gate 15 is
      closed to feed a logic "0" to the exclusive-OR circuit 16, so that the
      content of the memory circuit 17 is preserved without any change.
PAR  In FIG. 3(b), reference numeral 101 designates a code detector; 102, an AND
      gate; 103, an exclusive-OR circuit; 104, a one-bit memory circuit; and
      105, a selector circuit which performs code transformation inverse to the
      transmitter code depending upon whether or not the receiver input symbol
      is either S.sub.0 or S.sub.N/2 as referred to above. Though this decoder
      includes a feedback path, it is interrupted if a symbol other than S.sub.0
      and S.sub.N/2 as referred to above is applied to the decoder as an input
      symbol, and therefore, a code error on the transmission path would never
      circulate indefinately within the decoder.
PAR  In the differential coding system as described above, symbols S.sub.i and
      S.sub.N-i are differentially coded in pairs, respectively. Accordingly,
      upon carrying out partial response coding and decoding, even if symbol
      S.sub.i should be mistaken for symbol S.sub.N-i owing to polarity
      inversion on the transmission path, they could be transmitted correctly.
      Since the symbols S.sub.0 and S.sub.N/2 are not mistaken even upon
      occurrence of polarity inversion, they need not be differentially coded.
PAR  A differential coder and a differential decoder to be applied to a 15-level
      data transmission system using partial response shaping (the
      above-described example having a number of N= 8 = 2.sup.3) which
      constitutes one preferred embodiment of the present invention, are
      illustrated in FIGS. 5(a ) and 5(b), respectively. In this case, 8 symbols
      are made to correspond to binary codes B.sub.1, B.sub.2 and B.sub.3 as
      shown in FIG. 6. As seen in FIG. 6, symbols S.sub.1 and S.sub.7, S.sub.2
      and S.sub.6, and S.sub.3 and S.sub.5, respectively, form pairs wherein
      each member within a pair differs from the other only by the MSB. In FIG.
      5(a), numerals 211, 212, and 213 denote input terminals corresponding
      respectively to B.sub.1, B.sub.2 and B.sub.3, shown in FIG. 6, just as
      outputs 221, 222 and 223 correspond to these binary codes. Reference
      numeral 201 designates a gate adapted to emit "1" at an output 231 and 0
      at an output 232 only when its outputs 212 and 213 are both at logic value
      0. Reference numeral 202 designates an AND gate; 203, an exclusive-OR
      gate; 204, a one-bit shift register; 205 and 205', AND gates; and 205",
      and OR gate. The shift register 204 is operated by clock pulses having a
      repetition rate identical to that of the input signals. When both the
      inputs 212 and 213 are 0, the input signal corresponds to symbol S.sub.0
      or S.sub.4, and so this is not differentially coded. In case of symbols
      other than symbols S.sub.0 and S.sub.4, the gates 202 and 205 are opened
      because the output 232 is 1, and also the gate 205' is closed because the
      output 231 is 0, and as a whole they form a differential coder for B.sub.1
      (MSB). Similarly, in FIG. 5(b) inputs 321, 322 and 323 correspond to
      B.sub.1, B.sub.2 and B.sub.3, respectively, in FIG. 6, just as outputs
      311, 312 and 313 correspond to these codes, and reference numeral 301
      designates a gate adapted to emit 1 at an output 331 and 0 at an output
      332 only when its input 322 and 323 are both 0. Reference numeral 302
      designates an AND gate; 303, an exclusive-OR gate; 304, a one-bit shift
      register; 305 and 305', AND gates, and 305", an OR gate. Except for the
      case where the inputs 322 and 323 are both 0, the input signals are
      differentially decoded. In case of symbols other than symbols S.sub.0 and
      S.sub.4, since the output 331 is 0 and the output 332 is 1, the gate 305
      is closed, the gate 305' is opened, and the gate 302 is also opened, so
      that as a whole they form a differential decoder for B.sub.1 (MSB).
PAR  Advantages of the present invention are as follows:
PAR  1. Effective means for resolving problems if given to the date transmission
      system using partial response shaping, in which correct transmission is
      impossible on the conventional transmission paths having the possibility
      of polarity inversion. Moreover, although a method for detecting
      transmission path code errors on the receiver side by making use of a
      redundancy in coding has been thought of in conventional data transmission
      systems ("Error Detection for Partial Response Systems" by J. F. Gunn and
      J. A. Lombardi, ICC '69 Record 69CP402-COM, pp. 46--1.about.46--4), it is
      known that the polarity inversion on the transmission path cannot be
      detected by such method of detection.
PAR  2. Since only MSB is differentially coded and decoded, only one memory
      element for each of transmitter and receiver is required regardless of the
      value of N. Also, the necessary associated logic circuit is of small
      scale.
PAR  3. The advantages inherent to the partial response shaping are not lost at
      all.
PAR  An example showing input and output signals of the circuits of FIGS. 5a and
      5b wherein the code error problem due to the polarity inversion is
      eliminated is shown in Tables 1 and 2, respectively:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     INPUT SYMBOL                                                              
              S.sub.0                                                          
                   S.sub.2                                                     
                     S.sub.6                                                   
                       S.sub.7                                                 
                         S'.sub.0                                              
                             S.sub.5                                           
                               S.sub.3                                         
                                 S.sub.4                                       
                                     S.sub.1                                   
                                         S.sub.0                               
                                           S.sub.4                             
                                             S.sub.7                           
                                               S.sub.2                         
     __________________________________________________________________________
     B1       0    0 1 1 0   1 0 1   0   0 1 1 0                               
     B2       0    1 1 1 0   0 0 0   1   0 0 1 1                               
     B3       0    0 0 1 0   1 1 0   1   0 0 1 0                               
     __________________________________________________________________________
     REGISTER 204                                                              
     OUTPUT     O.sub.(1)                                                      
                   0 0 1 0   0 1 1   1   1 1 1 0                               
     __________________________________________________________________________
     GATE 202                                                                  
              Close                                                            
                   Open  Close                                                 
                             Open                                              
                                 Close                                         
                                     Open                                      
                                         Close                                 
                                             Open                              
     GATE 205                                                                  
     __________________________________________________________________________
     GATE 205'                                                                 
              Open Close Open                                                  
                             Close                                             
                                 Open                                          
                                     Close                                     
                                         Open                                  
                                             Close                             
     __________________________________________________________________________
     221      0    0 1 0 0   1 1 1   1   0 1 0 0                               
     OUTPUT 222                                                                
              0    1 1 1 0   0 0 0   1   0 0 1 1                               
     223      0    0 0 1 0   1 1 0   1   0 0 1 0                               
     __________________________________________________________________________
     OUTPUT SYMBOL                                                             
              S.sub.0                                                          
                   S.sub.2                                                     
                     S.sub.6                                                   
                       S.sub.1                                                 
                         S.sub.0                                               
                             S.sub.5                                           
                               S.sub.5                                         
                                 S.sub.4                                       
                                     S.sub.7                                   
                                         S.sub.0                               
                                           S.sub.4                             
                                             S.sub.1                           
                                               S.sub.2                         
     __________________________________________________________________________
      .sub.(1) The initial state is assumed to be "0".                         
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     RECEIVED SYMBOL.sub.(2)                                                   
                 S.sub.0                                                       
                      S.sub.6                                                  
                           S.sub.2                                             
                             S.sub.7                                           
                               S.sub.0                                         
                                   S.sub.3                                     
                                     S.sub.3                                   
                                       S.sub.4                                 
                                           S.sub.1                             
                                               S.sub.0                         
                                                 S.sub.4                       
                                                   S.sub.7                     
                                                     S.sub.6                   
     __________________________________________________________________________
     321         0    1    0 1 0   0 0 1   0   0 1 1 1                         
     INPUT 322   0    1    1 1 0   0 0 0   1   0 0 1 1                         
     323         0    0    0 1 0   1 1 0   1   0 0 1 0                         
     __________________________________________________________________________
     REGISTER 304                                                              
     OUTPUT        0.sub.(1)                                                   
                      0    1 0 1   1 0 0   0   0 0 0 1                         
     __________________________________________________________________________
     GATE 305    Open Close    Open                                            
                                   Close                                       
                                       Open                                    
                                           Close                               
                                               Open                            
                                                   Close                       
     __________________________________________________________________________
     GATE 305'                                                                 
                 Close                                                         
                      Open     Close                                           
                                   Open                                        
                                       Close                                   
                                           Open                                
                                               Close                           
                                                   Open                        
     GATE 302                                                                  
     __________________________________________________________________________
     311         0    1    1 1 0   1 0 1   0   0 1 1 0                         
     OUTPUT 312  0    1    0 1 0   0 0 0   1   0 0 1 1                         
     313         0    0    1 1 0   1 1 0   1   0 0 1 0                         
     __________________________________________________________________________
     OUTPUT SYMBOL                                                             
                 S.sub.0                                                       
                      .sub.(3) S.sub.6                                         
                           S.sub.6                                             
                             S.sub.7                                           
                               S.sub.0                                         
                                   S.sub.5                                     
                                     S.sub.3                                   
                                       S.sub.4                                 
                                           S.sub.1                             
                                               S.sub.0                         
                                                 S.sub.4                       
                                                   S.sub.7                     
                                                     S.sub.2                   
     __________________________________________________________________________
      .sub.(1) The initial state is assumed to be "0".                         
      .sub.(2) These symbols are decoded outputs of the partial response decode
      for the received signal affected the polarity inversion.                 
      .sub.(3) This is an initial error depending on the initial state of      
      register 304. The remaining output symbols are identical to the input    
      symbols shown in Table 1.                                                
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multilevel code transmission system for transmission of a data signal
      in the form of a 2N-1 level code signal based on a partial response
      shaping, where N is an integer greater than two, comprising:
PA1  a transmitter including
PA2  means for providing said data signal in the form of parallel binary codes;
PA2  means for monitoring each pair of input parallel binary codes representing
      N-i and i levels, where i represents all positive integers smaller than N
      of said N-level code signal, wherein each pair of input parallel binary
      codes is so arranged that only the most significant bit is different from
      each other and the remaining bits are represented by the same binary
      codes;
PA2  means for delivering an output parallel binary code representing i level
      when the level monitored by said monitoring means is N-i or i and the most
      significant bit last monitored by said monitoring means is a binary one,
      and for delivering another output parallel binary code representing N-i
      level when the level monitored by said monitoring means is N-i or i and
      the most significant bit last monitored by said monitoring means is a
      binary zero;
PA2  means for converting the outputs of said delivering means to said 2N-1
      level code signal based on the partial response shaping, said converting
      means including an adder for carrying out modulo-N addition between the
      outputs of said delivering means and a delayed signal, a delay circuit for
      delaying the output of said adder by twice the clock time period for data
      transmission to deliver said delayed signal, and a subtractor for
      subtracting said delayed signal from the output of said adder to deliver
      said 2N-1 level code signal; and
PA2  means for amplitude modulating said 2N-1 level code signal thereby to
      transmit the modulated signal to a receiver;
PA1  and a receiver including
PA2  means for applying a coherent demodulation to said transmitted modulated
      signal thereby to deliver discriminated parallel binary codes;
PA2  means for carrying out modulo-N addition between said discriminated
      parallel binary codes and said N, thereby to regenerate said output
      parallel binary codes;
PA2  means for monitoring each pair of said regenerated input parallel binary
      codes; and
PA2  means for regenerating one of said parallel binary codes which represents
      i-level when the level monitored by the last mentioned monitoring means is
      N-i or i and is equal to the N-i or i level last monitored by the last
      mentioned monitoring means, and for regenerating another of said input
      parallel binary codes which represents N-i level when the level monitored
      by the last mentioned means is N-i or i and is different from the N-i or i
      level last monitored by said last mentioned monitoring means, thereby to
      regenerate said data signal in the form of parallel binary codes.
NUM  2.
PAR  2. A multilevel code transmission system as recited in claim 1, wherein
      said monitoring means in said transmitter includes means for detecting the
      binary code representing the 0 level if N is an odd number and detecting
      the binary code representing the 0 and N/2 levels if N is an even number,
      and said delivering means in said transmitter includes selector means
      responsive to said detecting means for delivering the input most
      significant bit as the output most significant bit when the binary code
      representing the 0 or N/2 levels is detected.
NUM  3.
PAR  3. A multilevel code transmission system as recited in claim 2, wherein
      said monitoring means in said receiver includes means for detecting the
      binary code representing the 0 level if N is an odd number and detecting
      the binary code representing the 0 and N/2 levels if N is an even number,
      and said delivering means in said receiver includes selector means
      responsive to said detecting means for delivering the input most
      significant bit as the output most significant bit when the binary code
      representing the 0 or N/2 levels is detected.
NUM  4.
PAR  4. A multilevel code transmission system as recited in claim 3, wherein
      said delivering means in said transmitter includes an exclusive OR circuit
      having two inputs and an output, the output of said exclusive OR circuit
      being connected to said selector means and one input of said exclusive OR
      circuit being connected to receive the input most significant bit of a
      binary code representing levels other than the 0 or N/2 levels, and a one
      bit memory device connected between the output and the other input of said
      exclusive OR circuit.
NUM  5.
PAR  5. A multilevel code transmission system as recited in claim 4, wherein
      said delivering means in said receiver includes a one bit memory device
      connected to a selector means to receive the input most significant bit of
      a binary code representing levels other than the 0 or N/2 levels or the
      bit currently stored in said memory device if a binary code representing
      the 0 or N/2 levels is monitoring by said detecting means, and an
      exclusive OR circuit having two inputs and an output, the output of said
      exclusive OR circuit being the most significant bit of the output binary
      code, one input of said exclusive OR circuit being connected to receive
      the input most significant bit and the other input of said exclusive OR
      circuit being connected to said memory device when a binary code
      representing levels other than the 0 or N/2 levels is detected by said
      monitoring means.
NUM  6.
PAR  6. In a multilevel code transmission system for transmission of a data
      signal in the form of a 2N--1 level code signal based on a partial
      response shaping, where N is an integer greater than two, a transmitter
      comprising:
PA1  means for providing said data signal in the form of parallel binary codes;
PA1  means for monitoring each pair of input parallel binary codes representing
      N-i and i levels, where i represents all positive integers smaller than N
      of said N-level code signal, wherein each pair of input parallel binary
      codes is so arranged that only the most significant bit is different from
      each other and the remaining bits are represented by the same binary
      codes;
PA1  means for delivering an output parallel binary code representing i level
      when the level monitored by said monitoring means is N-i or i and the most
      significant bit last monitored by said monitoring means is a binary one,
      and for delivering another output parallel binary code representing N-i
      level when the level monitored by said monitoring means is N-i or i and
      the most significant bit last monitored by said monitoring means is a
      binary zero;
PA1  means for converting a part of the input parallel binary codes and the
      outputs of said delivering means to said N-level code signal based on the
      partial response shaping, said converting means including an adder for
      carrying out modulo-N addition between the outputs of said delivering
      means and a delayed signal, a delay circuit for delaying the output of
      said adder by twice the clock time period for data transmission to deliver
      said delayed signal, and a subtractor for subtracting said delayed signal
      from the output of said adder to deliver said 2N-1 level code signal; and
PA1  means for amplitude-modulating said N-level code signal thereby to transmit
      the modulated signal to a receiver.
NUM  7.
PAR  7. A transmitter as recited in claim 6, wherein said monitoring means
      includes means for detecting the binary code representing the 0 level if N
      is an odd number and detecting the binary code representing the 0 and N/2
      levels if N is an even number, and said delivering means in said
      transmitter includes selector means responsive to said detecting means for
      delivering the input most significant bit as the output most significant
      bit when the binary code representing the 0 or N/2 levels is detected.
NUM  8.
PAR  8. A transmitter as recited in claim 7, wherein said delivering means
      includes an exclusive OR circuit having two inputs and an output, the
      output of said exclusive OR circuit being connected to said selector means
      and one input of said exclusive OR circuit being connected to receive the
      input most significant bit of a binary code representing levels other than
      the 0 or N/2 levels, and a one bit memory device connected between the
      output and the other input of said exclusive OR circuit.
NUM  9.
PAR  9. In a multilevel code transmission system for transmission of a data
      signal in the form of a 2N--1 level code signal based on a partial
      response shaping, where N is an integer greater than two, a receiver
      comprising:
PA1  means for applying a coherent demodulation to a transmitted modulated
      signal thereby to deliver discriminated parallel binary codes;
PA1  means for carrying out modulo-N addition between said discriminating
      parallel binary codes and said N, thereby to regenerate output binary
      codes;
PA1  means for monitoring each pair of said regenerated output parallel binary
      codes; and
PA1  means for regenerating an input parallel binary code representing i-level
      when the level monitored by the monitoring means is N--i or i and is equal
      to the N--i or i level last monitored by the monitoring means, and for
      regenerating another input parallel binary code representing N--i level
      when the level monitored by the monitoring means is N--i or i and is
      different from the N--i or i level last monitored by said monitoring
      means, thereby to regenerate said data signal in the form of parallel
      binary codes.
NUM  10.
PAR  10. A receiver as recited in claim 9, wherein said monitoring means
      includes means for detecting the binary code representing the 0 level if N
      is an odd number and detecting the binary code representing the 0 and N/2
      levels if N is an even number, and said delivering means in said receiver
      includes selector means responsive to said detecting means for delivering
      the input most significant bit as the output most significant bit when the
      binary code representing the 0 or N/2 levels is detected.
NUM  11.
PAR  11. A receiver as recited in claim 10, wherein said delivering means
      includes a one bit memory device connected to a selector means to receive
      the input most significant bit of a binary code representing levels other
      than the 0 or N/2 levels or the bit currently stored in said memory device
      if a binary code representing the 0 or N/2 levels is detected by said
      monitoring means, and an exclusive OR circuit having two inputs and an
      output, the output of said exclusive OR circuit being the most significant
      bit of the output binary code, one input of said exclusive OR circuit
      being connected to receive the input most significant bit and the other
      input of said exclusive OR circuit being connected to said memory device
      when a binary code representing levels other than the 0 or N/2 levels is
      detected by said monitoring means.
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ABST
PAL  The feature of the invention is an adaptive equalizer for modulated carrier
      transmission systems in which a received signal is subjected to a Hilbert
      transformation to obtain a second signal having a 90.degree. phase shift
      for all components. The two signals are then passed through a pair of
      filters each and the outputs are cross-combined to generate the cartesian
      coordinate signals of an equalized signal. The coordinate signals are
      combined in a polar converter and are then decoded to detect the amplitude
      and phase data components of the received signal.
PAL  The equalizers are made adaptive by determining at each sampling time, the
      phase and amplitude errors in the signal and using these errors to modify
      the coefficients of the equalizing filters. The phase and amplitude errors
      are recoded into Cartesian coordinates and multiplied by the values of the
      samples at each tap of the filters to generate four error signals for each
      tap. A cross combination of these signals is time averaged and used to
      adjust the corresponding coefficients at the associated taps of the
      equalizer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to data transmission systems wherein modulation of a
      carrier is involved and, more particularly, to the equalization techniques
      intended to compensate for the linear distortions introduced into the
      transmitted signals by the transmission medium.
PAR  When data signals are transmitted through a transmission medium, such as a
      telephone line, each application of a signal to the medium generates
      time-components which, when they are not removed or compensated for, may
      interfere with the transmission of one or more successive data signals if
      the space between signals is lower than a critical value, and can cause an
      erroneous detection of the data signals at the reception site. Such an
      interference, the so-called intersymbol interference, is due to the
      characteristics of the transmission medium itself and is increased by the
      noise which is introduced into said medium by external sources which are
      very often difficult to control.
PAR  As the tendency in the art is to increase the rate of transmitted data, the
      problem raised by the linear distortions introduced by the transmission
      media appears to be of capital importance. In order to solve such a
      problem, it has long been proposed to provide, before data detection, at
      the receiver, for a correction device to correct the received data signal,
      the purpose of the device being to compensate for the linear distortions
      introduced by the transmission medium. Such devices are known under the
      term of equalizers.
PAR  Initially, these equalizers were conceived as networks in which the
      amplitude-versus-frequency, and phase-versus-frequency characteristics
      compensated approximately for the corresponding characteristics of the
      transmission medium so that the combination of the medium with such
      networks might present a relatively constant amplitude-versus-frequency
      characteristic and a comparatively linear phase-versus-frequency
      characteristic. Such systems have been utilized, and are still being
      utilized, for relatively low rate data transmissions, up to 2400 bits per
      second. They have proved inefficient at higher rates.
PAR  A sharp improvement has been obtained by making use of linear equalizers
      bringing recursive or transversal filter techniques into play. A first
      type of linear equalizer has been conceived for a baseband operation,
      i.e., after the signal transmitted by carrier modulation has been
      demodulated. For the application of such a technique to linear modulation
      transmissions (amplitude modulation, vestigal sideband modulation)
      reference is made to the articles by R. W. Lucky in "The Bell System
      Technical Journal" of Apr. 1965 (pages 547 through 588) and Feb., 1966
      (pages 255 through 286) and entitled "Automatic Equalization for Digital
      Communication" and "Techniques for Adaptive Equalization of Digital
      Communication System," respectively.
PAR  For an application to non-linear modulation (phase modulation), reference
      is made to CCITT contribution No. 171, Dec., 1971 for study group Sp.A. In
      that case, demodulation is carried out by means of two carriers in
      quadrature and equalization is carried out on each carrier channel,
      allowing for the interaction between channels.
PAR  In these techniques, the major drawback is that demodulation must be
      carried out on the reception side of the transmission medium and,
      therefore, the carrier signal must be precisely recovered. However, such
      demodulation prevents digital techniques from being used in the
      implementation of the reception unit.
PAR  For this reason, several proposals have been made to enable the equalizer
      to operate directly in the frequency band of the channel wherein the
      transmission is carried out. In regard to such proposals, reference is
      made to the articles by R. W. Lucky and H. R. Rudin, "An Automatic
      Equalizer for General Purpose Communication Channels," and H. R. Rudin,
      Jr., "A Continuously Adaptive Equalizer for General Purpose Communication
      Channels," published in "The Bell System Technical Journal" in issues of
      Nov., 1967 (pages 2179-2208) and July-Aug., 1969 (pages 1865-1884),
      respectively. The disclosed technique consists in continuously
      superimposing a test signal onto the data signal, generating a duplicate
      of such test signal at the reception side and comparing the duplicate with
      the received test signal to define an error which can be utilized for the
      adjustment of the equalizer. Such a technique, in addition to the fact
      that it is relatively cumbersome due to the duplication of the circuits it
      implies, has a drawback in that it increases the noise level; indeed, the
      test signal appears in the form of noise for data signal detection, and
      conversely.
PAR  French Pat. No. 72 01484 filed on Jan. 10, 1972 by the assignee of this
      application, under the title, "Perfectionnement aux systemes
      de'egalisation" proposes to have the equalizer operate in the transmission
      channel but to bring the equalized signal into another frequency range
      wherein an error can be conveniently defined. Such a technique implies
      also a demodulation or modulation, an operation which, though less
      cumbersome than when carried out before equalization, is nevertheless a
      drawback when digital techniques are contemplated.
PAR  For the particular case of phase-modulation, French Pat. No. 72 15578 filed
      on Apr. 26, 1972 by the assignee of this application under the title,
      "Perfectionnements aux egaliseurs pour transmission en modulation de
      phase" discloses a transversal equalizer operating in the transmission
      channel.
PAR  All these equalization techniques in the transmission channel, however,
      have the same defect; the taps in the delay line of the transversal
      equalizer must be time-spaced at a distance less than the time interval
      separating two consecutive data elements, in order to meet the Nyquist's
      criterion. This fact has several consequences: first, the number of taps
      necessary for a given length of the delay line (and therefore,
      practically, for a given equalization quality) is increased. Secondly, the
      correlation between the signals at the various taps introduces instability
      into the equalizer loop when said equalizer operates in the adaptive mode.
      This instability results in a comparatively long time of convergence
      (about several seconds) and some drift of the values of the equalizer
      coefficients after the optimum equalization has been reached.
PAR  French Pat. No. 72 20097 published under Fr. Pat. No. 2 094 041 discloses
      still another technique for the case of phase-modulation: two transversal
      filters are utilized which share the same delay line but with two
      different groups of attenuators. The delay line receives the signal at the
      output of the transmission line after it has been submitted to a
      translation in a higher frequency range. The first group of attenuators
      operates directly upon the signals gathered at the taps of the delay line
      whereas the second group of attenuators operates upon these signals after
      they have been submitted to a 90.degree. phase-rotation over all their
      frequency range (Hilbert transformation). The output signal of the
      equalizer results from the summation of the outputs of the two groups of
      attenuators. This equalized signal is compared with a reference amplitude
      threshold at determined instants in order to supply an error signal. The
      attenuators are adjusted in relation to a correlation between the error
      signal and the signals directly gathered at the taps, for the first group
      of attenuators, and to a correlation between the error signal and the
      signals which have been 90.degree.  rotated, for the second group of
      attenuators.
PAR  Such a technique, with which it is possible to make use of a delay line
      having taps which are separated by the time interval between two adjacent
      data elements on the line, has, however, a few drawbacks. The use of a
      Hilbert transformer on each tap on the delay line is, in actual fact,
      impracticable when digital techniques are involved: the complexity which
      would result therefrom would preclude an economic commercial
      implementation of the device. Furthermore, the frequency transposition
      carried out upstream the equalizer, and imposed both by the necessity of
      achieving simple analog Hilbert transformers and by the method of
      generation of the error signal, also makes an entirely digital
      implementation impossible. Indeed, the sampling of the transposed analog
      signal would have to be made at a very high frequency and the number of
      the samples to be moved through the delay line would be so large as to
      prohibit the use of a practical delay line.
PAR  A technique which is apparently similar to that of the present disclosure
      is published in an article, "Passband-Equalization of Differentially
      Phase-Modulated Data Signals" by R. D. Gitlin, E. Y. Ho, and J. E. Mazo.
      The article is in the Bell System Technical Journal of Feb., 1973,
      starting at page 219 and describes a similar mathematical analysis, but
      the equalizer and tap structure are, so far as can be determined,
      substantially different from the present disclosure.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, the main object of this invention is to provide for an automatic
      carrier-modulation data transmission equalizer which can be easily
      implemented with digital techniques, and without implying any frequency
      modulation or transposition.
PAR  Another object of this invention is to provide an automatic equalizer for
      carrier modulation transmissions, operating within the transmission
      frequency domain by using a delay line provided with taps separated by a
      time equal to the interval between information elements on the
      transmission line.
PAR  A further object of this invention is to provide for a carrier-modulation
      data transmission equalizer which rapidly converges to an optimum
      equalization, and which is stable.
PAR  Generally, this invention proposes a carrier-modulation data transmission
      equalizer wherein a signal r(t) is generated from signal r(t) received
      from the transmission line by submitting r(t) to a Hilbert transformation,
      and then, the signals r(t) and r(t) are applied to two filters having for
      impulse responses, h.sub.1 (t) and h.sub.2 (t); respectively, so as to
      generate the two components y(t) and y(t) of the equalized signal:
      ##EQU1##
      where sign   is representative of a convolution.
PAR  The equalization is made adaptive by generating two error signals .delta.y
      and .delta.y from these components y(t) and y(t), which signals are
      respectively utilized to adjust the impulse responses h.sub.1 (t) and
      h.sub.2 (t) so as to reduce the error at the equalizer output to a
      minimum.
PAR  According to a more specific embodiment, the equalization is made adaptive
      by sampling signals y(t) and y(t) at characteristic instants and by
      generating from the so-obtained samples y.sub.k, y.sub.k, the polar
      coordinates:
      ##EQU2##
      wherefrom the discrete values .rho..sub.k and .phi..sub.k carrying the
      data are decoded as well as the error signals
      ##EQU3##
      These error signals are utilized to generate the cartesian components of
      the error signal .delta.y.sub.k and .delta.y.sub.k, which are, thereafter,
      utilized to adjust the pulse responses h.sub.1 (t) and h.sub.2 (t) in
      order to reduce the error at the equalizer output.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be further described, by way of a non-limiting example,
      with reference to the accompanying drawings.
PAR  FIG. 1 is a schematic diagram of a carrier-modulation data transmission
      system.
PAR  FIG. 2 is a schematic diagram of a receiver for receiving data transmitted
      according to the scheme of FIG. 1, when there are no line distortions.
PAR  FIG. 3 is a schematic diagram of a receiver for receiving data transmitted
      according to FIG. 1, provided with an equalizer for compensating for the
      linear distortions introduced by the transmission channel.
PAR  FIG. 4 is a schematic diagram of a first embodiment of the filtering
      portion of the equalizer.
PAR  FIG. 5 is a schematic diagram of a second embodiment of the filtering
      portion of the equalizer.
PAR  FIG. 6 is a schematic diagram of some of the circuits for adjusting the
      characteristics of the filtering portion of the equalizer.
DETD
PAC  DETAILED DESCRIPTION
PAR  For a better understanding of this invention, it is necessary first to
      point out the problems which are solved by this invention. This is done
      with reference to FIGS. 1, 2, and 3. To make the understanding clearer, it
      will be assumed that the modulation is of the multilevel phase-modulation
      type.
PAR  FIG. 1 is a schematic diagram of a conventional digital data transmission
      system. In multilevel phase-modulation transmission systems, data are
      coded, in coder 1, in the form of sequences of discrete amplitude and
      phase level signals (.rho..sub.n, .phi..sub.n). In the following
      description, the superscript sign .about. will means a discrete value.
      These sequences of discrete values are utilized to modulate a sequence of
      pulses of envelope S(t) and carrier f.sub.o in a modulator 2, in order to
      supply a signal s(t) to be transmitted in the form:
      ##EQU4##
      where T is representative of the time interval between two successive
      actions upon the carrier, i.e., the interval between two data elements
      signalled on the line. T is the reciprocal of the transmission rate of the
      data elements in the line, which is conventionally expressed in bauds. To
      make the understanding clearer, it will be recalled that the transmission
      rate is defined as being the number of actions per second, operated upon
      the carrier. For instance, in a phase-modulated transmission system, the
      transmission rate is 1200 bauds when 1200 phase-shifts are carried out per
      second upon the carrier.
PAR  In order to avoid systematic interference between the data elements on the
      line, it is well-known that the following equation must be satisfied:
      ##EQU5##
      where
      ##EQU6##
      is the spectrum of .sup.-.sup..infin. envelope S(t), i.e., the Fourier
      transform of S(t) and j = .sqroot.-1.
PAR  In addition, in the following description, it will be supposed that signal
      S(t) occupies a limited frequency band, i.e.,
EQU  S(f) = 0 when .ident.f.ident..gtoreq. f.sub.o              (3)
PAR  The signal obtained at the output of transmission line 3 is represented by
      r(t). The instantaneous amplitude and phase of signal r(t) at instants kT,
      where k successively assumes all integer values are recovered in a
      receiver 4 and decoded in a decoder 5 which functions inversely to coder 1
      and provides the received data.
PAR  FIG. 2 is a schematic showing of such a receiver using digital circuits.
      Signal r(t), received from the transmission line, is applied (lower branch
      of the diagram) to a circuit 6 which is a phase-shift network completing a
      90.degree. phase-shift upon all the frequencies in the frequency band
      occupied by r(t). Circuit 6 achieves the Hilbert transformation and will
      be called a Hilbert filter. As is well-known, the transfer function H(t)
      of said filter is such that it completes a phase shift equal to -.pi./2,
      sign f.
PAR  Therefore, signal r(t) which is the Hilbert transform of signal r(t) is
      obtained at the output of circuit 6. It should be noted at this point
      that, instead of having a 90.degree. phase shifter on the lower branch of
      the diagram, it would amount to the same effect if we were to place a
      +45.degree. phase shifter in the upper branch and a -45.degree. phase
      shifter in the lower branch. This remark will apply to the rest of this
      description and will not be repeated for each use of the Hilbert filter.
PAR  According to the assumption made in the above equation 3, signal r(t) can
      be written:
      ##EQU7##
PAR  Signals r(t) and r(t), which will be called in-phase signal and
      in-quadrature signal, respectively, are sampled every T seconds, as
      indicated by the diagrammatic switches 40 in FIG. 2, in order to supply
      samples x.sub.k and x.sub.k, respectively.
PAR  According to the assumption made in the above equation (2), the signals at
      the output of the sampling devices 40 can be written:
EQU  x.sub.k = r(kT) = .rho..sub.k cos (2.pi.f.sub.o kT + .phi..sub.k)
EQU  &lt;
EQU  x.sub.k = r(kT) = .rho..sub.k sin (2.pi.f.sub.o kT + .phi..sub.k)
PAR  These signals x.sub.k and x.sub.k are applied to a coordinate converter 7
      which transforms the cartesian coordinates into polar coordinates, thereby
      supplying:
      ##EQU8##
      that is to say
      ##EQU9##
PAR  The so-obtained values .rho..sub.k and .phi..sub.k are then decoded in a
      decoder 5 (as in FIG. 1) in order to return the transmitted data, after
      term 2.pi.f.sub.o kT is eliminated. Such an elimination presents no
      difficulty since the eliminated term depends only on k, which is the rank
      number of the corresponding sample in the sample sequence as well as the
      rank number of the data element transmitted over the line. This
      elimination can be made either at level decoder 5 or at level coder 1 as
      soon as data are transmitted.
PAR  Heretofore, the system has been studied in the case of an ideal
      transmission line with which it was possible to write r(t)=s(t). Of
      course, in practice, this is never obtained. Therefore, there will now be
      considered the distortion characteristics most currently encountered on
      the transmission lines and, more particularly, on telephone lines. In
      order to make the analysis easier, it is desirable to work upon a complex
      analytic expression of the signals. In the following description, the sign
      // is indicative of a complex quantity.
PAR  The (complex) signal received from the transmission line, therefore, can be
      written:
      ##EQU10##
      where: /b(t)/ is representative of a term due to noise,
      ##EQU11##
PAR  These last two conditions describe the linear amplitude and
      phase-distortion characteristics of the transmission line.
PAR  It is to be noted here that other causes of distortion exist but these are
      not taken into account in order to make the explanation clearer.
PAR  Returning to the schematic diagram shown in FIG. 2, the signals resulting
      from the sampling operation of r(t) and r(t) can be written, in a complex
      form,
EQU  /x.sub.k / = x.sub.k + jx.sub.k = /r(kT)/
PAR  [it should be noted, here, and by way of a verification, that, when there
      is neither noise nor distortion, i.e., S'(t) = S(t), .theta.(t) = 0 and
      /b(t)/=0, the ideal condition is found back:
EQU  /x.sub.k / = /.alpha..sub.k /
PAL  that is to say:
EQU  x.sub.k +jx.sub.k =.alpha..sub.k +j.alpha..sub.k =.rho..sub.k
      cos(2.pi.f.sub.o kT+.phi..sub.k)+j.rho..sub.k sin(2.pi.f.sub.o
      kT+.phi..sub.k)                                           (6)
PAR  Equation (6) is then simply another way of writing the above equation (4).]
PAR  In order to reduce the linear distortion effect and to best approach the
      ideal condition /x.sub.k /=/.alpha..sub.k /; an equalizer, as shown by
      reference 8 in FIG. 3, must be inserted. The function of this equalizer
      will be to generate from input signal r(t), a complex signal:
EQU  /y.sub.k / = y.sub.k + jy.sub.k
PAL  so that /y.sub.k / be as close to /.alpha..sub.k / as possible, i.e.,
      y.sub.k -.alpha..sub.k and y.sub.k - .alpha..sub.k be as small as
      possible. As shown in FIG. 2, the phase and amplitude information in such
      a signal will be recovered by coordinate conversion in converter 7 so as
      to obtain
      ##EQU12##
      and
      ##EQU13##
PAR  To this end, the invention proposes to make use of the complex equivalent
      of an equalization filter. Such a complex filter includes (2N+1) complex
      coefficients which will be referred to as /c.sub.l /=c.sub.l +jd.sub.l.
PAR  The impulse response of a real transversal filter which would have c.sub.l
      for coefficients, will be designated by h.sub.l (t), and the impulse
      response of a real filter which would have d.sub.l for coefficients, will
      be designated by h.sub.2 (t). Signals r(t) and r(t) are applied to complex
      equalizer 8 which will supply a complex equalized signal:
EQU  /y(t)/ = y(t) + jy(t)
PAL  where
EQU  y(t) = h.sub.1 (t) x r(t) - h.sub.2 (t) x r(t)
EQU  y(t) = h.sub.1 (t) x r(t) + h.sub.2 (t) x r(t)             (7)
PAL  where sign x denotes a convolution.
PAR  The sample sequences y.sub.k and y.sub.k will then be obtained by sampling
      signals y(t) and y(t), as indicated by the switches 40 in FIG. 3.
PAR  In the preferred embodiments of this invention which will be described in
      detail with reference to FIGS. 4, 5 and 6, the real filters are
      transversal filters each having a delay line with (2N+1) taps, the taps
      being spaced T apart.
PAR  In that case, equations (7) can be written, when introducing coefficients
      c.sub.l and d.sub.l :
      ##EQU14##
PAR  FIG. 4 shows a preferred embodiment of the equalizer according to this
      invention. Analog signal r(t) as received from the transmission line is
      sampled at a frequency M/T, where M is such that M/T is higher than the
      Nyquist frequency (i.e., twice the highest frequency of the spectrum of
      the transmitted signal). The samples are passed into an analog to digital
      converter 41 which will put a parallel group of signals on a bus 42 for
      each sample. The so-obtained samples are submitted to a second sampling
      operation at a switch 43A at a frequency 1/T in order to produce a
      sampling sequence x.sub.k, and, in parallel, are applied to Hilbert filter
      9. Such a filter may be digitally implemented by means of a conventional
      transversal filter. As noted above, Hilbert filter 9 proceeds to a
      90.degree. phase shift upon each of the frequencies in the spectrum of the
      input signal. The output signal of filter 9 is also sampled at frequency
      1/T by switch 43 in order to produce a sample sequence x.sub.k. The higher
      frequency of sampling of the input to A to D converter 41 is to provide
      the Hilbert transformer 9 with a high speed sample occurrence which will
      enable a more efficient transform operation.
PAR  Samples x.sub.k are applied to a digital delay line 10, for instance,
      parallel shift registers, one for each bit in the x.sub.k sample, and each
      having (2N+1) taps which are T time-spaced. Two sets of multipliers
      M.sub.0.sup.1 through M.sub.2N.sup.1 and M.sub.0.sup.2 through
      M.sub.2N.sup.2 are respectively connected to the 2(N+1) set of delay line
      taps. The multipliers multiply the bits of the signals at the
      corresponding taps by the bits of corresponding coefficients designated by
      c.sub.0 through c.sub.2N and d.sub.0 through d.sub.2N, respectively. The
      outputs of multipliers M.sub.0.sup.1 through M.sub.2N.sup.1 are summed in
      an adder 11 whereas the outputs of multipliers M.sub.0.sup.2 through
      M.sub.2N.sup.2 are summed in adder 12.
PAR  In like manner, samples x.sub.k from switch 43 are applied to a digital
      delay line 13 which, here also, is, for instance, a second paralleled
      shift register with (2N+1) sets of taps which are T time-spaced.
PAR  Two other sets of multipliers M.sub.0.sup.3 through M.sub.2.sub.+N.sup.3
      and M.sub.0.sup.4 through M.sub.2N.sup.4 are connected, one from each set
      to each corresponding tap. The bits of coefficients d.sub.0 through
      d.sub.2N are also supplied to multipliers M.sub.0 through
      M.sub.2.sub.+N.sup.3, respectively and the bits coefficients c.sub.0
      through c.sub.2N are supplied to multipliers M.sub.0.sup.4 through
      M.sub.2N.sup.4, respectively. The outputs of multipliers M.sub.0.sup.3
      through M.sub.2N.sup.3 are summed up in adder 14 and the outputs of
      multipliers M.sub.0.sup.4 through M.sub.2N.sup.4 are summed in adder 15.
PAR  Finally, the outputs of adders 11 and 14 are combined in subtractor 16,
      with a plus sign being assigned to the output of adder 11 and a minus sign
      being assigned to the output of adder 14. The sample sequence y.sub.k is
      obtained at the output of adder 16, i.e.,
      ##EQU15##
      where x.sub.k-l and x.sub.k-l are the signals appearing at the l.sup.th
      taps in the delay lines 10 and 13, respectively.
PAR  Also, the outputs of adders 12 and 15 are combined in adder 17 and are both
      provided with a plus sign in order to generate the sample sequences
      y.sub.k, i.e.,
      ##EQU16##
PAR  Samples y.sub.k and y.sub.k are the two components of the complex equalized
      signal /y.sub.k / coming from equalizer 8, FIG. 3. As said with reference
      to FIG. 3, these samples are converted in decoder 7 in order to supply the
      polar coordinates .rho..sub.k and .phi..sub.k which are representative of
      the phase and amplitude information from which the data are extracted
      through a later decoding operation.
PAR  FIG. 5 shows another embodiment of this invention which will be
      particularly useful when, for any reason, it is necessary to have a
      plurality of samples of the equalized signal at the output of the
      equalizer within a time period T. In the embodiment of FIG. 4, there is
      only one output sample on each output per period T.
PAR  In FIG. 5, the received signal r(t) is still sampled at frequency M/T, and
      the samples are converted in A to D converter 41 to a group of bit signals
      on data bus 42. The samples x.sub.k are applied over bus 42 to the digital
      delay line 18, for instance, a set of parallel shift registers, and the
      samples are applied to Hilbert filter 9 in order to generate samples
      x.sub.k, which are sent into digital delay line 20. It should be noted
      here, that there are M samples each of x.sub.k and x.sub.k per period T.
PAR  Delay lines 18 and 20 have (2N+1) taps each and the taps are still T
      time-spaced and will have M-1 positions between each tap. Multipliers
      M.sub.0 through M.sub.2N receive the bit signals outputted at the
      corresponding taps in line 18 and multiply each of them by the
      corresponding coefficients c.sub.0 through c.sub.2N, respectively. The
      outputs of multipliers M.sub.0 through M.sub.2N are added in adder 21.
      Likewise, multipliers M.sub.0 ' through M.sub.2N ' receive the bit signals
      at the outputs of the corresponding taps in line 20 and multiply each of
      them by the corresponding coefficients d.sub.0 through d.sub.2N,
      respectively. The outputs of multipliers M.sub.0 ' through M.sub.2N ' are
      added in adder 22.
PAR  Finally, the outputs of the two adders 21 and 22 are combined in subtractor
      23 with a plus sign being assigned to the output of adder 21 and a minus
      sign being assigned to the output of adder 22.
PAR  The output of adder 23 supplies the sample sequence y.sub.k :
      ##EQU17##
      where x.sub.k-l and x.sub.k-l are the signals gathered at the l.sup.th
      taps of delay lines 18 and 20, respectively.
PAR  The sequence of samples y.sub.k is obtained by causing the filtered samples
      y.sub.k to pass into a second Hilbert filter 24, the output of which is:
      ##EQU18##
PAR  Since there are M samples y.sub.k and y.sub.k per time period T, the
      samples (y.sub.k, y.sub.k) which will be utilized for the extraction of
      the phase and amplitude information, will be chosen from among the M
      available couples by means of another sampling operation in switches 44
      and 45, this time at a frequency 1/T.
PAR  With respect to the embodiment shown in FIG. 4, this second embodiment
      divides the number of the necessary multipliers by two but multiplies the
      number of the required positions in the delay lines as well as the
      computation rate of the multipliers and adders, by M. Above all, it makes
      it possible to have M sample couples (y.sub.k, y.sub.k) per time period T
      at the output of the equalizer, which may be desirable for reasons which
      are not pertinent to this invention, for instance, for the recovery of
      data synchronization.
PAR  After this description of the two embodiments of the equalizer of this
      invention, the following description sets out the way in which said
      equalizer can be made adaptive, i.e., the structure by which coefficients
      /c.sub.l /=c.sub.l +jd.sub.l are adjusted in order to make the operation
      of the equalizer constantly optimum.
PAR  In a conventional manner, the operation will be considered as optimum when
      the mean square error:
EQU  V = 1/2 /y.sub.k / - /.alpha..sub.k /.sup.2
PAL  is a minimum (the horizontal bar indicates that a time-average is
      concerned, and the two vertical bars indicate that the modulus of the
      complex expression comprised therebetween, is to be considered).
PAR  By introducing error signals .delta.y.sub.k and .delta.y.sub.k defined by
      ##EQU19##
      it will be found
      ##EQU20##
      The minimum of function V is obtained when the (4N+2) components of
      gradient V
      ##EQU21##
      are equal to zero.
PAR  But it should be noted that
      ##EQU22##
      is identical with x.sub.k-l, i.e., the signal present at the l.sup.th tap
      in delay line 10 (FIG. 4) or 18 (FIG. 5) since the only term of
      .delta.y.sub.k -y.sub.k -.alpha..sub.k that depends on c.sub.l is term
      c.sub.l . x.sub.k-l coming from the multiplication made at the l.sup.th
      tap. This result, which will not be developed in order to make the
      description clearer, obviously results from the generation of y.sub.k
      which can be followed on FIGS. 4 or 5. In like manner.
      ##EQU23##
PAR  By replacing these four terms by their so-specified values, it is found
      ##EQU24##
PAR  There can be deduced therefrom the recurrence relations for the adjustment
      of the coefficients
      ##EQU25##
      where exponents (m) and (m+1) are representative of the successive
      iteration steps and .mu., is a scaling parameter.
PAR  FIG. 6 shows a preferred embodiment of the adjusting circuits for adjusting
      all of the coefficients c.sub.l and d.sub.l according to the analysis
      which has just been made.
PAR  Samples y.sub.k and y.sub.k from FIGS. 4 or 5 are applied to coordinate
      conversion circuits 7, see FIG. 2, to supply signals .rho..sub.k and
      .phi..sub.k ; i.e., the phase and amplitude information carried by the
      received signal at the considered characteristic instant. Information
      signal .rho..sub.k is compared, in a comparator 26, with each of the
      different discrete amplitude levels .rho..sub.n utilized during
      transmission. These reference amplitude levels can, in a conventional
      manner, either be specified in advance or obtained during a test period
      prior to actual data transmission, or extracted from evaluations of the
      received data. Comparator 26 supplies to other signal circuits, the
      selected amplitude level .rho..sub.k which, from among levels .rho..sub.k,
      is the closest to the received amplitude information .rho..sub.k ; it also
      supplies on a bus 47 relative amplitude error information
EQU  .delta..rho..sub.k /.rho..sub.k where .delta..rho..sub.k =.rho..sub.k
      -.rho..sub.k.
PAR  Likewise, information .phi..sub.k is compared, in comparator 27, with the
      different discrete phase values .phi..sub.n utilized during transmission.
      Here again, these discrete reference values can be either specified in
      advance or extracted from evaluation of the received data. Comparator 27
      supplies the phase value .phi..sub.k which, from among the .phi..sub.n
      values, is the closest to the received phase information .phi..sub.k ; it
      supplies also phase error information .delta..phi..sub.k = .phi..sub.k -
      .phi..sub.k on a bus 48.
PAR  Values .rho..sub.k and .phi..sub.k supplied by comparators 26 and 27 are
      then decoded in order to supply the data; the corresponding circuits have
      not been shown as they are conventional and not a part of this invention.
      As to error, the information .delta..rho..sub.k /.rho..sub.k and
      .delta..phi..sub.k, the signals on busses 47 and 48, are applied to
      coordinate conversion circuits 28 in order to supply the error information
      in cartesian coordinates on busses 50 and 51:
      ##EQU26##
PAR  These error signals are then used to control modifications of the already
      used coefficients. The remaining circuits of FIG. 6 are for one pair of
      coefficients and are to be duplicated for each pair of coefficients. The
      error signals on busses 50 and 51 are each multiplied by the values of
      both of the non-equalized signals x.sub.k, x.sub.k, which are then present
      at the taps of delay lines 10 and 13 (FIG. 4) or 18 and 20 (FIG. 5) which
      correspond to the pair of coefficients being adjusted. FIG. 6 shows the
      coefficient control circuits for the l.sup.th taps and it is obvious that
      (2N+1) similar circuits are required. The operation of the taps of rank l
      will be described, it being clear that it will be enough to vary l from 0
      to 2N to obtain the coefficient adjustments at each tap.
PAR  According to the above equations 8, signals .delta.y.sub.k on bus 50 are
      multiplied in a multiplier 52 by signals x.sub.k-l and x.sub.k-l which are
      respectively gathered at the l.sup.th taps in the delay lines 10 and 13
      (FIG. 4) or 18 and 20 (FIG. 5) respectively. Likewise, signals
      .delta.y.sub.k are multiplied in multipliers 54 and 55 by the same signals
      x.sub.k-l and x.sub.k-l.
PAR  Adders 29 and 30 respectively receive the outputs of multipliers 52, 53,
      54, and 55 and form the sums:
      ##EQU27##
      i.e., the two components of function "gradient V" for the taps of rank l
      in delay lines 10 and 13 (or 18 and 20). These components are used to
      adjust the corresponding coefficients for the delay lines.
PAR  The values obtained at the outputs of adders 29 and 30 are individually
      accumulated in bidirectional counters 31 and 32, respectively. When the
      contents of a counter reaches a given positive +.gamma., or negative
      -.gamma., value, a corresponding threshold detector 33 or 34 causes the
      addition of a correction factor to a coefficient counter 56 or 57 when the
      counter contents reaches -.gamma., or subtracts the factor when the
      counter contents reaches +.gamma., at the corresponding coefficient. Also,
      at this time, the threshold detector 33 or 34 causes the corresponding
      counter 31 or 32 to be reset to zero through its line 58.
PAR  As a matter of interest, counters 31 and 32 make it possible to generate
      the time-average computation of the output signals of adders 29 and 30,
      and the ratio .beta./.gamma. is the scaling factor designated by .mu. in
      the above formulas (9). Values .beta. and .gamma. which, of course, are
      both positive, must satisfy two contradictory requirements: ratio
      .beta./.gamma. must be sufficiently small in order to ensure the smooth
      convergence of the algorithm defined by formulas (9) towards an optimum
      but, on the other hand, a rapid start of the equalizer toward convergence
      requires of this ratio to be as large as possible. A good compromise
      consists in choosing .beta. high at the start and then in decreasing its
      value as the optimum is approached. The selection of .beta. is determined
      by a pair of single shot circuits 59 and 60 which will be fired at the
      start of reception of a communication. Single shot 59 may remain fired for
      about 100 sampling periods and single shot 60 may remain fired for 200
      periods. The outputs are applied to all of the detectors 33 and 34 where
      they control the selection of the one of the lines 62 which will receive a
      .beta. signal. The lines 62 connect to different orders of the coefficient
      counters 56 and 57 to provide different scaling factors .beta.. Lines 61
      between the detector 33 or 34 and coefficient counters 56 and 57,
      respectively, are the add-subtract control lines.
PAR  The foregoing specification was particularly relative to the description of
      the preferred embodiment of the invention. In order to make this
      description clearer, a number of aspects have been but briefly referred to
      which, as a matter of fact, are not within the scope of this invention. As
      said during the above description, the basic time of the system is the
      sample time period T defined as the reciprocal of the transmission rate of
      the data elements in the line. As a matter of fact, this rate is duly
      defined on the transmission side but its recovery, on the reception side
      at the opposite end of the transmission medium, raises a number of
      problems owing to distortions on the line. Many solutions are well-known
      to those skilled in the art, solutions which, in brief, consist in making
      use of a local clock at the receiver the basic frequency of which is the
      same as the one of the clock utilized at the transmitter to define the
      transmission rate, and in precisely and continuously adjusting the
      frequency and phase of this local clock with the help of the information
      carried by the received data signal. Thus, a basic time T' is defined
      which is as close to T as possible and which is utilized to synchronize
      the operation of the system. Therefore, in practice, value T indicated in
      the description, will, in fact, be replaced by the so-obtained value T',
      but this does not change either the principle or the implementation of
      this invention.
PAR  The details of the coordinate transforming circuits have not been
      specifically described for these circuits are well-known in the art. By
      way of an example, reference is made to the article by J. E. Volder
      published in the review "IRE Transactions on Electronic Computers," Sept.,
      1959, and entitled "The CORDIC Trigonometric Computing Technique," pages
      330-334. Another technique for obtaining the phase is described in French
      Pat. No. 71 47850, filed on Dec. 21, 1971 under the title, "Detecteur de
      phase digital."
PAR  By way of an example, the above system has been implemented for
      eight-phase-modulation transmissions with a rate 1/T of 1600 bauds
      according to the schematic diagram shown on FIG. 4. The Hilbert filters
      were seven-tap transversal filters. The sampling of the received signal
      was made at a rate of 14 400 Hz (M=9) and the digital samples were coded
      with twelve bits. The delay lines of the equalizer filters included nine
      taps each (N=4). Values .beta. and .gamma. were fixed such as follows:
      .gamma.=0.05, .beta.=0.01 for the first one hundred periods T; 0.005 for
      the next following one hundred periods, and, thereafter, 0.0025. From an
      initial state where each of the coefficients c.sub.l and d.sub.l had for a
      value zero except for median coefficient c.sub.5 adjusted to one, the
      equalization was carried out at an average rate of 200ms in a c.sub.1
      conditioned 3002 type line (according to the terminology of A.T.&T.).
PAR  It is to be understood that the preceding description has been given only
      as an example and that numerous alternatives may be considered without
      departing from the spirit and scope of this invention as set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An equalization method for equalizing carrier modulated data signals
      transmitted through a transmission medium which introduces linear
      distortions into the transmitted signals, each equalization method
      including the steps of:
PA1  a. performing a phase transformation on the distorted received signal r(t)
      to obtain a signal r(t) in which the frequency components are in phase
      quadrature with respect to those same components of the received signal
      r(t);
PA1  b. performing a filtering operation on said signals r(t) and r(t), to
      generate two signals y(t) and y(t) representing the in phase and
      quadrature components of an equalized output signal, said signals being
      such that
EQU  y(t) = h.sub.1 (t) x r(t) - h.sub.2 (t) x r(t)
EQU  y(t) = h.sub.1 (t) x r(t) + h.sub.2 (t) x r(t)
PAL  wherein x indicates a convolution operation and h.sub.1 (t) and h.sub.2 (t)
      are the filtering operation impulse responses of two filters, and
PA1  c. recovering information about the phase and amplitude modulation of said
      modulated data signals from said equalized signal components.
NUM  2.
PAR  2. An equalization method as set out in claim 1 in which the step (b) of
      forming signals y(t) and y(t) comprises the steps of:
PA1  b1. applying signal r(t) to a first filter having an impulse response of
      h.sub.1 (t) and to a second filter having an impulse response h.sub.2 (t);
PA1  b2. applying signal r(t) to a third filter having an impulse response of
      h.sub.2 (t) and to a fourth filter having an impulse response of h.sub.1
      (t);
PA1  b3. subtracting the output signal of said third filter from the output
      signal of said first filter to provide signal y(t); and
PA1  b4. additively combining the output signals of said second and fourth
      filters to provide signal y(t).
NUM  3.
PAR  3. An equalizing method as set in claim 2, in which the step (c) comprises
      the steps of:
PA1  c1. converting the cartesian coordinate signals y(t) and y(t) into
      equalized polar coordinate signals .rho.(t) and .phi.(t);
PA1  c2. comparing, at selected intervals, the values of signals .rho.(t) and
      .phi.(t) with reference values to generate amplitude and phase error
      signals .delta..rho. and .delta..phi.;
PA1  c3. converting said error signals .delta..rho. and .delta..phi. into
      cartesian coordinate signals .delta.y and .delta.y; and
PA1  c4. adjusting said filter responses h.sub.1 (t) and h.sub.2 (t) to minimize
      the means square .delta.y.sup.2 + .delta.y.sup.2 of said error signals.
NUM  4.
PAR  4. An equalization method as set out in claim 1 in which the step (b) of
      forming the signals y(t) and y(t) comprise the steps of:
PA1  b1. applying the signal r(t) to a first filter having an impulse response
      h.sub.1 (t);
PA1  b2. applying the signal r(t) to a second filter having an impulse response
      h.sub.2 (t);
PA1  b3. subtracting the output signal of said second filter from the output
      signal of said first filter to generate a signal y(t); and
PA1  b4. subjecting said signal y(t) to a quadrature phase transformation to
      generate a signal y(t).
NUM  5.
PAR  5. An equalizing method as set out in claim 4 in which the step (c)
      comprises the steps of:
PA1  c1. converting the cartesian coordinate signal y(t) and y(t) into equalized
      polar coordinate signals .rho.(t) and .phi.(t);
PA1  c2. comparing at selected intervals, the values of signals .rho.(t) and
      .phi.(t) with reference values to generate amplitude error signals
      .delta..rho. and .delta..phi.;
PA1  c3. converting said error signals .delta..rho. and .delta..phi. into
      cartesian coordinate signals .delta.y and .delta.y; and
PA1  c4. adjusting said filter impulse responses h.sub.1 (t) and h.sub.2 (t) to
      minimize the mean square .delta.y.sup.2 + .delta.y.sup.2 of said error
      signals.
NUM  6.
PAR  6. A signal equalizing device for the receiving end of a data transmission
      system in which a modulated carrier is transmitted through a transmission
      medium which introduces linear distortions to alter a transmitted signal,
      said equalizer providing the in-phase and in-quadrature components of an
      equalized output signal and comprising:
PA1  a. a 90.degree. phase shifting means responsive to said distorted received
      signal to provide two signals r(t) and r(t), one of which has its
      frequency components shifted substantially 90.degree. from the other;
PA1  b. a pair of filtering means each responsive to one of said signals r(t)
      and r(t) and means for combining the outputs of said filtering means to
      generate the in-phase and in-quadrature components y(t) and y(t) of said
      equalized output signal such that
EQU  y(t) = h1(t) x r(t) - h.sub.2 (t) x r(t)
EQU  y(t) = h.sub.2 (t) x r(t) + h.sub.1 (t) x r(t)
PAL  where x represents a convolution operation and h.sub.1 (t) and h.sub.2 (t)
      are the impulse responses of two filters of each of said filtering means;
      and
PA1  c. means responsive to said signals y(t) and y(t) to generate phase change
      and amplitude modulation information representative of data signals being
      transmitted over said medium.
NUM  7.
PAR  7. An equalizing device as set out in claim 6 and in which said pair of
      filtering means comprises:
PA1  b1. a first filter having an impulse response h.sub.1 (t) and a second
      filter having an impulse response h.sub.2 (t), both filters receiving said
      signal r(t);
PA1  b2. a third filter having an impulse response h.sub.2 (t) and a fourth
      filter having an impulse response h.sub.1 (t), both said third and fourth
      filters receiving said signal r(t); and in which said combining means
      comprises:
PA1  b3. subtracting means to combine the output of said third filter
      subtractively with the output of said first filter to generate an
      equalized signal component y(t); and
PA1  b4. an adding means to combine the outputs of said third and fourth filters
      to generate an equalized signal y(t).
NUM  8.
PAR  8. An equalizing device as set out in claim 7 and further including:
PA1  a first sampling device at the output of said transmission medium to sample
      said distorted signal at a rate M/T where 1/T is the transmission rate of
      data signals over the medium and M is an integer such that M/T is greater
      than twice the highest frequency of a received signal;
PA1  a second sampling means at the inputs of said pair of filtering means to
      sample the input signals r(t) and r(t) at a rate 1/T,
PA1  said device being further characterized in that all said filters are
      transversal filters with each including a tapped delay line with a
      plurality of taps spaced T seconds apart.
NUM  9.
PAR  9. An equalizing device as set out in claim 8 and further including:
PA1  a coordinate conversion means to convert said sampled signals y.sub.(k) and
      y.sub.(k) to polar coordinate representation samples .rho..sub.(k) and
      .phi..sub.(k) ;
PA1  a comparing means for each signal .rho..sub.(k) and .phi..sub.(k) to
      compare said signals with reference values and to provide both the best
      reference value and an error signal .delta..rho..sub.(k) or
      .delta..phi..sub.(k) ; and
PA1  correlating devices responsive to said .delta..rho..sub.(k) and
      .delta..phi..sub.(k) signals from said comparing means to determine
      individual modification signals for said filter response coefficients
      h.sub.1 (t) and h.sub.2 (t).
NUM  10.
PAR  10. An equalizing device as set out in claim 6 and in which said filtering
      means comprises:
PA1  b1. a first filter having an impulse response h.sub.1 (t) and receiving
      said signal r(t);
PA1  b2. a second filter having an impulse response h.sub.2 (t) and receiving
      signal r(t);
PA1  b3. a subtractive device for subtractively combining the output signal from
      said second filter with the output signal from said first filter to
      generate an equalized signal component y(t); and
PA1  b4. a second 90.degree. phase shifting means for performing a Hilbert
      transformation on signal y(t) to generate a signal y(t) in which all of
      its frequency components are shifted 90.degree. with respect to signal
      y(t).
NUM  11.
PAR  11. An equalizing circuit as set out in claim 10 and further including:
PA1  a first sampling means at the output of said transmission medium to sample
      said distorted received signal at a rate M/T wherein 1/T represents the
      transmission rate of signals over the medium and M is an integer such that
      M/T is higher than twice the highest frequency received from said
      transmission medium;
PA1  a second sampling means to sample said y(t) and y(t) signals at a rate of
      1/T;
PA1  said equalizing device being further characterized in that said filters are
      transversal filters, each having a tapped delay line with the taps spaced
      apart at a time interval of 1/T,
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PAL  A demodulator produces mark and space signals in response to mark and tone
      signals received from a radio receiver. The signals after detection are in
      the form of characteristic tones and are separated by corresponding band
      pass filters. After separation, AM detection of the mark and space signals
      is accomplished in envelope detectors whose output voltages are D.C.
      voltages. In the absence of noise, the detector voltages are essentially a
      rounded off version of the binary signal (mark) and a rounded off version
      of the complement (space) of the binary signal. These voltages are
      compared and their difference, a binary signal, after filtering is applied
      to a system which automatically computes a mark-space decision threshold
      for a comparator or slicer such that the slicer produces a mark output
      when the filtered output is above the threshold and a space output when
      the signal is below the threshold to achieve optimum detection of the
      mark-space data during fading of either one or both of the carrier waves
      on which such data is transmitted to the radio receiver. The optimum
      decision threshold is computed from the signal peaks which are stored in
      two peak detectors, one for the positive peak and one for the negative
      peak. The peak detectors are periodically discharged to allow a fresh peak
      to be stored and the discharge circuits obtain their cues from state
      changes observed at the slicer output. Hence the decisions themselves
      signal the timing of the discharge of the peak detectors. A delay network
      ensures that the charge stored by each peak detector is not caused by
      noise; and also a sequencing logic circuit prevents the same detector from
      being discharged twice in a row thereby providing additional immunity to
      noise.
BSUM
PAR  The present invention relates to improved means and techniques particularly
      useful in the recovery of data transmitted over different radio frequency
      carriers in the form of digital type information when, as is usually the
      case, one or both of such carriers and the data transmitted thereon fades
      in intensity.
PAR  It is therefore, an object of the present invention to provide improved
      means and techniques whereby such data may be recovered in satisfactory
      form notwithstanding the various conditions of fading.
PAR  A specific object of the present invention is to provide an improved
      demodulator for so called audio frequency shift key (FSK) signals.
PAR  Another specific object of the present invention is to provide a system of
      this character which continuously and automatically effects comparisons in
      accordance with each change from a mark signal to a space signal and vise
      versa.
PAR  Another specific object of the present invention is to provide an improved
      system of this character in which a threshold voltage for production of
      correctly spaced mark and space signals is adjusted automatically in
      accordance with that particular mark or space signal which is being
      received.
PAR  Another specific object of the present invention is to provide an improved
      system of this character in which adjustment of such threshold voltage
      involves a means, such as, for example, a peak detector which is first
      conditioned to receive new information of the mark or space signal then
      present by effective prior erasure of old information derived from prior
      mark or space signals, as the case may be.
PAR  Another specific object of the present invention is to provide improved
      means and techniques which are particularly useful in rendering a system
      of this character immune or fool proof with respect to random noise and
      transient conditions to which the system should not respond.
DRWD
PAR  Other objects and advantages of the present invention will be apparent from
      the following description, reference being made to the accompanying
      drawings wherein:
PAR  FIG. 1 represents in block diagram form and partly in schematic form a
      portion of a radio receiver involving novel demodulating means embodying
      features of the present invention.
PAR  FIG. 2 illustrates three different conditions as a part of the description
      of the present invention.
PAR  FIG. 3 is a block diagram illustrating in more general form some of the
      apparatus illustrated in FIG. 1.
PAR  FIG. 4 illustrates in more detail and in schematic form apparatus
      illustrated in FIG. 1.
PAR  FIG. 5. illustrates corrective action during fading.
DETD
PAR  Referring to FIG. 1, the present invention involves the use of an output
      signal on lead or terminal 9 derived from conventional radio wave
      receiving means 10 which includes antenna means 11 for the reception of
      radio frequency single side band waves having different carrier
      frequencies. Such waves after reception are converted into electrical
      currents or voltages which are suitably amplified, converted and
      demodulated in conventional means 10 so as to produce signals at terminal
      9, such signals being in the range of audio frequencies and are referred
      to in FIG. 1 as the audio frequency shift key input or, in short, an FSK
      signal.
PAR  Such receiving means 10 is tuned to the side of the individual carrier
      frequencies for reception of the FSK signal.
PAR  The terminal 9 is the input terminal of the demodulator circuit which is
      represented in FIG. 1 and involves an amplifier stage 8 and two bandpass
      filters 14, 15 whose function is to separate the two tones of the FSK
      signal on terminal 9 with a so called "mark" signal appearing on lead 16
      and a so called "space" signal appearing on lead 17. These mark and space
      signals are then applied to full-wave detector circuits 18 and 19
      respectively each of which develops an output on corresponding leads 20,
      21 that follows the envelopes of the signals on corresponding leads 16,
      17. These detector output voltages or signals on leads 20, 21 are
      proportional to the square-root of the energy present at and about their
      respective tone-channel filter frequencies.
PAR  The signals on leads 20, 21 are applied to a summation network 23 which
      functions to effectively subtract the voltage on leads 20, 21 with a
      difference voltage being developed on lead 25, such difference voltage
      being representative of the channel (either mark or space) with the most
      energy about its center frequency at that particular instant.
PAR  In FSK transmissions, a signal is transmitted at one carrier frequency when
      a "mark" signal is transmitted and at another carrier frequency when a
      "space" signal is transmitted. The signal on lead 25 may be referred to as
      a "bipolar baseband signal" and is applied to a low pass filter 27 for
      noise reduction purposes. The output of filter 27 appears at junction
      point 29 with the baseband signal at junction point 29 being applied
      simultaneously to one input terminal 31A of a so called "slicer" network
      31 and also input terminals 33A, 35A of peak detector circuits 33 and 35
      respectively.
PAR  The slicer network 31 functions to produce an output signal on output
      terminal 31C in the form of a logical 1 signal when the input baseband
      signal on terminal 29 swings or changes to the "mark" side of zero volts,
      and to produce an output signal in the form of a logical 0 signal when the
      input baseband signal swings or changes to the "space" side of zero volts.
      The signal at terminal 31C is applied to automatic printing means 32 and
      also to other circuitry as described later.
PAR  The point about which the slicer 31 decides whether to output a logical 0
      or a logical 1, referred to as the "decision threshold", need not be zero
      volts but that voltage applied to the other input terminal 31B. Imbalance
      anywhere in the demodulator ahead of the slicer 31 can be corrected by
      setting the decision threshold voltage at a point substantially midway
      between the positive and negative peaks of the baseband signal thus
      assuring equal "mark" and "space" pulse widths as illustrated in FIG. 2
      wherein three conditions namely a "high" a "correct" and a "low" condition
      are illustrated with the threshold T in FIG. 2b being correctly set to
      achieve an output signal duration at 2B which is neither too long as at 2A
      in FIG. 2a nor too short as at 2C in FIG. 2c. See also the following
      description of FIG. 5.
PAR  In accordance with important features of the present invention the
      threshold voltage T is continuously revised in accordance with fading
      conditions which the two carrier waves undergo in their transmission from
      a remotely located transmitter means to the receiver which receives both
      such carriers, one of which carrier waves transmits the "mark" signal and
      the other of which transmits the "space" signal.
PAR  The invention uses to advantage the fact that the fading envelopes of the
      "mark" and "space" signals or tones have a low cross correlation
      coefficient, i.e. when one tone (space or mark carrier) has faded, chances
      are very good that the other tone has not. This frequency - selective
      fading phenomenon yields a diversity effect when the demodulator is
      capable of adjusting its decision theshold in a dynamic fashion to correct
      for the continually changing system imbalance caused by the independent
      fading of the "mark" and "space" tone carriers. It is important to
      operation of printing means 32 that the ratio of "mark" to "space" pulse
      widths remain as nearly as possible to unity. Early and/or late state
      transitions, caused by improper decision threshold voltage on terminal
      31B, referred to as bias distortion, cause increased susceptibility to
      noise in asynchronous start-stop type system.
PAR  In accordance with features of the present invention a threshold correction
      system is provided which is capable of following very fast changes in
      amplitude of a carrier under amplitude fading conditions and yet is
      capable of storing voltages, (whether derived from a peak detector,
      integrator or other means) for several seconds without appreciable changes
      so as to maintain correct decision threshold voltage during reception of
      long strings of one bit type or during hand sending.
PAR  The threshold voltage applied to input terminal 31B is derived using the
      peak detectors 33, 35 each having their input terminal 33A, 35A connected
      to terminal 29 and their corresponding output terminal 33C, 35C connected
      to corresponding input terminals 39A, 39B of summation network 39 whose
      output terminal 39C is connected to slicer input terminal 31B.
PAR  One detector 33 stores the positive peaks of the baseband signal on
      terminal 39A and the other detector 35 stores the negative peaks. These
      detectors 33, 35 have extremely long time constants, approximately 90
      seconds and thus provide an essentially infinite storage time with respect
      to the bit rate. Dynamic correction is made by periodic complete erasure
      of the peak voltages in the detectors, followed by storage of new peak
      values. Specifically as described in more detail herein the previously
      developed negative (-) peak voltage in detector 35 is erased immediately
      following the negative-going baseband signal transition of the threshold,
      -- just before a new negative peak is reached, thus allowing storage of
      the new negative peak. Likewise, the previously developed positive peak
      voltage in detector 35 is erased immediately following the positive-going
      transition past the decision threshold, -- just before the new positive
      peak is reached, thus allowing storage of the new positive peak. This
      erasure of peak detector voltage is caused by the transition of the
      baseband signal at terminal 29 (or 31A) by the threshold voltage then
      present at slicer input terminal 31B with such transition being manifest
      in the form of a signal developed at the slicer output terminal 31C, which
      signal is fed back via lead 43 to input terminals 45A and 46A of
      corresponding identical multivibrators 45, 46, such signals being applied
      to terminal 46A through inverter stage 48 and delay network 47 and to
      terminal 45A through delay network 49.
PAR  The output of each of these multivibrators 45, 46 appearing at
      corresponding output terminals 45B, 46B is applied through corresponding
      diodes 45R, 46R to corresponding input erase terminals 33B, 35B of peak
      detectors 33, 35 so as to modify their outputs appearing at terminals 33C,
      35C. Thus, a "mark " to "space" transition at the output of slicer 31
      (terminal 31C) is used to trigger momentary erasure of the "space" peak
      detector 35 (through multivibrator 45). This erasure occurs shortly after
      the beginning of the arrival of "space" information and is of short
      duration so that the "space" peak detector 35 may completely recover and
      develop at its output a signal representative of the energy content of the
      "space" information still being received. Likewise, erasure and
      development of a signal at the output of detector 33 occurs in response to
      arrival of "mark" information.
PAR  The threshold signal at terminal 31B is computed using only the immediately
      precdeing positive and negative peak values, rather than an average over
      many bits, and is recomputed immediately following each new transition.
      This allows the threshold to follow fading envelopes having components
      frequencies approaching 1/10 the bit rate with substantially no induced
      bias. Rapid fading typifies multipath conditions when the time blurring
      induced by the multiple paths becomes a significant portion of the bit
      duration. The arrangement provides clearly superior reception and clearly
      less bias distortion during reception of characters containing strings of
      one bit type.
PAR  FIG. 5 represents the condition when the "space" information continuously
      fades and the "mark" information is transmitted without substantial
      fading. The zero voltage line is the horizonal line 60 and it will be seen
      that each of the "mark" signal peaks is equidistant from line 60 but due
      to fading each succeeding peak of the "space" signal becomes closer to the
      zero line 60. To counteract this condition the threshold voltage applied
      to input terminal 31B is periodically computed essentially 2 miliseconds
      after (2 milisecond delay in networks 49, 47) transition at terminal 31C
      as indicated by the stepped rising line 62 so that the actual threshold
      voltage T then extends equidistant between the peaks of the "mark" and
      "space" signals to obtain the correct slicer output pulse width discussed
      above in connection with FIG. 2b.
PAR  To prevent spurious operation because of transients and noise immunity
      means are incorporated and these include the use of the delay networks 47
      and 49 and also the lock out means 70 which prevents either one of the two
      multivibrators 45, 46 from being operated twice in succession, i.e.
      without an intermediate operation of the other multivibrator 45, 46. The
      delay networks 47, 49 are particularly useful in preventing a narrow noise
      spike from being interpreted either as a valid transition from "space" to
      "mark" or as a valid transition from "mark" to "space."
PAR  The sequence flip-flop or lock out means 70 is cross-connected between the
      monostable multivibrators 45 or 46 to prevent the same multivibrator
      either 45 or 46 from being discharged twice in a row. This prevents
      unwanted discharge or erasure of a peak detector 33, 35 in response to a
      noise pulse which may appear after the above mentioned 2 millisecond time
      interval.
PAR  The lock out means 70 as seen in FIG. 4 involves essentially NAND gates
      connected as an RS flip-flop. The discharge pulse, for example, from
      multivibrator 46 sets the flip flop in 70 one which locks out
      multivibrator 46. To fire multivibrator 45 two conditions must exist,
      namely first there must be a negative going pulse, and a high voltage must
      exist on one terminal of the multivibrator. Such high voltage an enabling
      voltage is effectively switched between multivibrators 45, 46 by the flip
      flop circuitry 70.
PAR  The delay networks 47, 49 may take different forms, of course, and as
      illustrated in FIG. 4 they involve comparators with an RC charge up
      circuit that may be discharged however in very short time. After 2
      miliseconds the output of IC6 and IC7 is a positive going pulse and those
      are used, provided the associated multivibrator is not locked out, to fire
      such dual tone short monostable multivibrator to cause erasure in the
      associated peak detector and also to lock itself out.
PAR  IC8 in FIG. 4 for achieving lockout may be a quadruple NAND gate.
PAR  It will be appreciated that the individual peak detectors 33,35 each, until
      their corresponding output signals is erased, acts as a storage or memory
      device. When one of such detectors 33,35 has its output signal revised in
      accordance with the intensity of the prevailing polarity of the baseband
      signal, the other output signal of the other detector 33,35 remains
      substantially constant and is compared in comparator 39 with the revised
      output signal. It will be appreciated by those skilled in the art having
      the benefit of the teachings herein that means other than peak detectors
      may be used to perform the functions and achieve the results of peak
      detectors i.e. to effectively measure the "mark" or "space" channel
      amplitude during such "mark" interval as described in more detail above.
      In such case the means 33 measures that amplitude in the "mark" channel
      and makes necessary revision in the control signal at terminal 39A, the
      signal on terminal 39B remaining substantially constant and then when a
      transition or change from "mark" transmission to "space" transmission
      occurs the previously developed signal on terminal 39A remains
      substantially constant with the signal on 39B now being revised in
      accordance with the then prevailing "space" transmission.
PAR  Various conventional uses may be made of the data pulses appearing on
      output terminal 31C. For example, as shown in FIG. 4 such data signals may
      be applied to a light emitting diode circuit 32C and the ouput of that
      circuit after amplification in amplifier stage 32D and rectification in
      rectifier 32E may be applied to printing means P.M.
PAR  While the particular embodiments of the present invention have been shown
      and described, it will be obvious to those skilled in the art that changes
      and modifications may be made without departing from the invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all changes and modifications as fall within the true spirit and scope of
      this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a radio receiving system which includes means for receiving two
      carrier waves that are subject to different fading in their transmission
      from a remote location, and means for deriving two sequential signals with
      each of said signals corresponding respectively to a corresponding one of
      said carrier waves, a variable threshold level detector comprising: first
      means responsive to said deriving means for producing a bipolar baseband
      signal which is representative of differences in amplitude for each
      respective sequwntial signal with positive amplitudes of said baseband
      signal being in accordance with one of said sequential signals and
      negative amplitudes of said baseband signal being in accordance with the
      other one of said sequential signals, second means coupled to said first
      means and comprising first control signal producing means and first
      conditioning means for conditioning said first control signal producing
      means to derive a first control signal representative of the positive
      amplitude of said baseband signal, third means coupled to said first means
      and comprising second control signal producing means and second
      conditioning means for conditioning said second control signal producing
      means to derive a second control signal representative of the negative
      amplitude of said baseband signal, fourth means coupled to said second and
      third means for comparing said first and said second control signals and
      deriving a threshold control signal in accordance with the difference in
      amplitude of said first and said second control signals, fifth means
      coupled to said first and fourth means for comparing said baseband signal
      and said threshold control signal and producing a data output signal,
      sixth means responsive to change in polarity of said data output signal
      from a negative amplitude to a positive amplitude to operate said first
      conditioning means, seventh means responsive to changes in polarity of
      said data output signal from a positive amplitude to a negative amplitude
      to operate said second conditioning means, said first and second control
      signal producing means after being conditioned by operation of their
      corresponding first and second conditioning means  being thereafter
      receptive to change in the corresponding postive and negative amplitude of
      said bipolar signal to correspondingly change said first and second
      control signals.
NUM  2.
PAR  2. In a radio receiving system which includes means for producing two
      sequential signals derived from two corresponding carrier waves that are
      subject to different fading in their transmission from a remote location,
      and a threshold means for indicating which of said two carrier waves is
      received at any instant, the improvement comprising: a source of bipolar
      baseband signal responsive to said producing means, said bipolar baseband
      signal being representative of differences in magnitude of sequential
      signals with magnitudes of one polarity being in accordance with one of
      said sequential signals and magnitudes of the other polarity of said
      bipolar signal being in accordance with the other one of said sequential
      signals, first means coupled to said source and comprising first control
      signal producing means and first conditioning means for conditioning said
      first control signal producing means to produce a first control signal
      representative of said one polarity, second means coupled to said source
      and comprising second control signal producing means and second
      conditioning means for conditioning said second control signal producing
      means to produce a second control signal representative of said other
      polarity, third means responsive to said threshold means output such that
      a change in polarity from said other polarity to said one polarity in said
      output renders said first conditioning means effective to condition said
      first control signal producing means to produce said first control signal,
      fourth means responsive to said threshold means output such that a change
      in polarity from said one polarity to said other polarity in said output
      renders said second conditioning means effective to condition said second
      control signal producing means to produce said second control signal,
      fifth means coupled to said first and said second means for comparing said
      first and second control signals and deriving a threshold control signal
      from said comparison, said threshold means coupled to said source and to
      said comparing means and functioning to compare said baseband signal with
      said threshold control signal and producing an output signal of changing
      polarity with each polarity portion having its duration controlled in
      accordance with said threshold control signal, seventh means coupling said
      threshold means to said third means such that said third means is
      responsive to change in polarity of said output signal, and eighth means
      coupling said threshold means to said fourth means such that said fourth
      means is responsive to change in polarity of said output signal.
NUM  3.
PAR  3. A system as set forth in claim 2 in which said first and said second
      control signal producing means each includes a peak detector circuit for
      producing said first and second control signals.
NUM  4.
PAR  4. A system as a set forth in claim 2 in which said third and fourth means
      each includes a multivibrator circuit controlled by changes in polarity of
      said output signal and producing an output which is applied respectively
      to said first and said second conditioning means to condition said first
      and second control signal producing means for production respectively of
      said first and said second control signals.
NUM  5.
PAR  5. A system as set forth in claim 4 in which said first and said second
      control signal producing means each includes peak detection means having
      an input terminal coupled to said source and an erase terminal coupled to
      the output terminal of the corresponding multivibrator circuit.
NUM  6.
PAR  6. A system as set forth in claim 5 wherein said seventh means comprises
      delay means interposed between the output of said threshold means and each
      control terminal of said multivibrators for delaying operation of said
      multivibrators for a time of approximately 2 miliseconds to prevent their
      operation during such time.
NUM  7.
PAR  7. A system as set forth in claim 6 including means interconnected between
      said multivibrators to prevent non sequential operation of said
      multivibrators.
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ABST
PAL  A device for indicating the intensity of the vertical component of an
       incnt electromagnetic field independently of the frequency or the
      direction of the field uses a dual-loop antenna, current transformers and
      a means for combining voltage signals. The two antenna loops are planar
      and the planes of the loops are disposed orthogonally to each other. The
      loops are arranged to intersect at a common central axis, and the loops
      are thus symmetrically disposed about the axis. When a source of
      electromagnetic radiation is incident on the antenna, a current is
      generated in the loops which is then transformed into a voltage and
      combined to produce an output which is independent of frequency, of the
      direction of the field, and is thus representative of the total vertical
      field intensity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for omnidirectionally measuring the
      intensity of a vertical electromagnetic field independently of frequency
      in a given range, using an antenna to sense the incident field.
PAR  Modern ordnance systems often employ sensitive, electrically-initiated
      explosive elements, known as electroexplosive devices (EED's) to activate
      control and arming devices and to initiate explosive trains. The
      proliferation of EED's has raised the concern of their accidental
      detonation by powerful radar and communications equipment. The frequency
      range of greatest concern is 2MHz to 32MHz, since it is in this range that
      the smallest electromagnetic field intensity can cause accidental EED
      detonation.
PAR  Consequently, it is of great importance to be able to measure, in the 2MHz
      to 32MHz range, small (less than 0.2 volts/meter) vertical electric field
      intensities in which the measurement is omnidirectional, independent of
      frequency, and in standard vertical electromagnetic field intensity units
      of general application. Any field intensity indicating device for the
      protection of EED's must also be able to sum the total resultant field
      when several electromagnetic sources are radiating from a variety of
      directions in the vicinity of the EED. Additionally, such a meter should
      be compact, simple, not subject to drift, nor sensitive to the presence of
      personnel.
PAR  None of the electromagnetic-field intensity measuring devices heretofore
      known have had this capability. The previously used method of measuring
      electromagnetic field intensity in the 2MHz to 32MHz range used a tunable
      narrow-bandwith device. If several sources were radiating, a separate
      measurement for each frequency transmitted would be required, and then
      each of the readings at each frequency had to be converted to field
      strength, and then the square root of the sum of the squares would have to
      be taken to complete the total vertical electromagnetic field strength
      measurement. This meter was also bulky, complicated and subject to drift
      and to the presence of personnel.
PAR  Another device, described in U.S. Pat. No. 3,063,010, uses a symmetrical
      antenna to monitor the thermogenic action of R.F. energy and its potential
      effects on the human body. This device does not measure electromagnetic
      field intensity in standard vertical electric field intensity units,
      however, and thus would be useless to warn against the potential hazards
      of electromagnetic field strength to EED's.
PAR  Another device is described in U.S. Pat. No. 3,130,368 which uses a spiral
      antenna to monitor electromagnetic radiation omnidirectionally and
      independently of frequency within a fixed frequency range. The frequency
      range in which this device operates is from 200MHz to 10GHz. This
      frequency range is far above the 2MHz to 32MHz range in which the greatest
      hazards to accidental EED detonation occur. The device of this patent
      would be ineffective as a warning device against accidental EED detonation
      in this lower frequency range.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the device of the invention comprises; (1) a two-loop antenna
      which generates a current in response to the vertical component of the
      strength of an incident electromagnetic field, omnidirectionally and
      independently of the frequency, within a given range, of the incident
      field; (2) a current transformer connected to each of the antenna loops,
      which generates a voltage signal proportional to the current generated in
      each loop of the antenna; (3) means for combining the voltage signals to
      provide an output signal independent of the angle of arrival of the
      incident electromagnetic field and representative of the total resultant
      intensity of the field; and (4) means for indicating the output signal.
      The loops of the antenna are planar, and the planes are orthogonally
      disposed and intersect to form an axis about which the loops are
      symmetrically disposed. The indicating means may be a meter or an alarm
      circuit or both, or other suitable indicating means.
PAC  STATEMENT OF THE OBJECTS OF INVENTION
PAR  An object of this invention is to indicate, in standard field intensity
      units, the total resultant vertical electromagnetic field intensity of an
      incident electromagnetic field which may radiate from one or several
      sources, independently of frequency and direction, in a frequency range of
      2MHz to 32 MHz.
PAR  A further object of the invention is to indicate the above-described field
      intensity with a device which is sturdy, compact, not subject to drift,
      and is not sensitive to the presence of personnel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustration of one embodiment of an antenna and
      current transformers enclosed within an R.F. shielded box of the device of
      the invention.
PAR  FIG. 2 is an enlarged section of portion 2--2 of FIG. 1 showing a detailed
      construction of the antenna loops.
PAR  FIG. 3 is an enlarged sectional view taken along sectional line 3--3 of
      FIG. 1 showing additional detailed construction of the antenna loops.
PAR  FIG. 4 is a circuit diagram of one embodiment of the means for combining
      voltage signals to provide an omnidirectional, frequency-independent
      output signal.
PAR  FIG. 5 is a block diagram showing an alternative means for combining
      voltage signals to provide an omnidirectional, frequency-independent
      output signal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the antenna 10 of the device of the invention has
      two planar conductive loops 12 and 14. The loops here illustrated are
      square loops, but they may be any shape, such as circular, which will
      detect electromagnetic radiation in the 2MHz to 32 MHz range, without
      departing from the scope of the invention. The planes described by loops
      12 and 14 are orthogonally disposed with respect to each other, as
      illustrated in FIG. 1. In addition, loops 12 and 14 intersect at a common
      central axis 16 so that the loops are symmetrically disposed about axis
      16. This loop arrangement insures that incident vertical electromagnetic
      fields will be detected omnidirectionally, thereby enabling measurement of
      the total vertical incident electromagnetic field.
PAR  Referring to FIG. 2, conductive loop 12 has an inner conductor 18 and outer
      conductor 20, separated by a dielectric layer 22. In the illustrated
      embodiment, outer conductor 20 is fabricated from standard copper tubing
      having a 5/8 inch outside diameter. Outer conducter 20 may have any
      dimensions and may be made of any rigid material consistent with its use
      as an antenna loop for the detection of radiation in the 2MHz to 32MHz
      range. In the illustrated embodimnet, inner conductor 18 is the inner
      conductor of an RG-9 coaxial cable (Joint Army-Navy specification number)
      which may be any dimension smaller than that of the inside diameter of
      outer conductor 20, consistent with its use as an antenna loop and of any
      material consistent with its use as an antenna loop. Dielectric layer 22
      insulates inner conductor 18 from outer conductor 20, centers the inner
      conductor within the outer conductor, reduces distributed capacitance and
      may be any commercially-available dielectric material. In the illustrated
      embodiment, dielectric layer 22 is the dielectric surrounding the inner
      conductor of an RG-9 coaxial cable. The inner conductor of loop 12 is
      joined to the inner conductor of loop 14 by a soldered, welded or brazed
      joint 24. The outer conductors of loops 12 and 14 are not permitted to
      contact each other electrically in the region of the soldered joint so
      that an incident electromagnetic field will independently generate a
      current in each of the loops.
PAR  Referring now to FIG. 3, current transformers 26 and 28 surround the inner
      conductors of loops 12 and 14 respectively, which cross each other but do
      not touch. The transformers are contained within an R.F.-shielded,
      electrically-conductive box 17 and change current induced in the inner
      conductors of the loops by an incident electromagnetic field into voltage
      signals proportional to the current. Transformers 26 and 28 may be any
      standard broadband current probes, such as the Tektronix CT-1, Model P
      6040 probes, which give a transfer ratio of about 5 volts per amp.
PAR  The outer conductors of loops 12 and 14 must be continuously electrically
      connected, in the region of current transformers 26 and 28, in order to
      provide full loop antennas. This electrical connection is accomplished by
      terminating loops 12 and 14 in conductive box 17, and by providing firm
      electrical connections to the box by conductive couplings (not shown).
PAR  Referring now to FIG. 4, the means for combining the transformer-output
      voltage signals to provide an output signal independent of the angle of
      arrival of the incident electromagnetic field and representative of the
      total resultant intensity of the field in which there are one or more
      radiating sources includes for each of the two voltage signals, an R.F.
      amplifier 30, a square law detector 32, an operational amplifier 34 and
      one summing square-rooter 36. The R.F. amplifiers 30 are connected to the
      output of the current transformers by fifty ohm lines 38 which are
      provided with a matched load by termination resistors 40. The gains of
      amplifiers 30 are adjusted to calibrate the field intensity meter 58
      described hereinafter, by injecting a known signal and adjusting the gain
      for the appropriate meter reading.
PAR  Each R.F. amplifier feeds a separate square law detector (enclosed within
      the dotted box 32 of FIG. 3). Each square law detector 32 has two Schottky
      barrier diodes 42 and 44 biased at 20 microamps by resistors 46 to operate
      in the square law region. Filter capacitors 48 filter the R.F. signals to
      provide a steady D.C. input for operational amplifiers 34. Operational
      amplifiers 34 amplify the d.c. voltage outputs of the square law
      detectors. Since the quiescent d.c. voltages are also fed to the
      operational amplifiers, two other diode pairs 50 and 52 are used to
      produce a common mode signal at each of the inputs of the operational
      amplifiers 34. Also, by using matched diodes temperature variations will
      be cancelled by the common mode rejection properties of the operational
      amplifiers.
PAR  Next, the d.c. signal outputs of operational amplifiers 34 form the input
      to the summing square-rooter shown in the dotted box indicated 36. Summing
      square-rooter 36 takes the square root of the sum of output voltage
      signals of amplifiers 34 using amplifier 54 and non-linear feedback
      resistors 56. The resulting signal is directly proportional to the total
      resultant vertical field strength impinging on the antenna and is
      independent of the frequency and the direction of approach of the
      impinging field. This signal may then be indicated on an indicating means
      which may be a D.C. meter 58 and/or may be an alarm circuit 60 which
      actuates an alarm 62 when the electromagnetic environment exceeds a
      predetermined level. The indicating means may also be an alarm circuit
      which responds to increasing field strengths by sounding an alarm at an
      increasing volume.
PAR  The means by which the transformer-output voltages are combined to provide
      an output signal independent of the angle of arrival of the incident
      electromagnetic field and representative of the total resultant intensity
      of the field, in the embodiment illustrated in FIG. 5, utilizes a
      "quad-hybrid." The quad-hybrid enables the elimination of one of the two
      separate square-law detectors of the embodiment illustrated in FIG. 4,
      since it is not necessary to sum the two separate detected signals. The
      quad-hybrid 64 used in the embodiment of FIG. 5 has two input terminals
      and two output terminals. When voltages of V1 and V2 are impressed on the
      two input terminals, the output voltages will have the value
      ##EQU1##
      where V.sub.1 =V.sub.0 cos.theta. V.sub.2 =V.sub.o sin.theta. and V.sub.o
      = magnitude of the transformer output voltage when either loop is oriented
      for maximum response to the given incident field, and .theta. is the
      actual angle of arrival of the field. Thus, the value at either output
      terminal will be proportional to the sum of the electromagnetic field
      where current transformers 26 and 28 are connected to the inputs of
      quad-hybrid 64. This signal is then input to r.f. amplifier 66, then to
      square-law detector 68 and then to operational amplifier 70, which
      provides a signal proportional to the squares of the separate
      electromagnetic radiation sources and is thus representative of the total
      resultant vertical electromagnetic field incident on the antenna. The
      quad-hybrid is commercially available from Anzac Electronics and is model
      number JH-6-4. The resulting output from the operational amplifier 70 is
      then applied to an indicating means which may be, similarly to the
      embodiment of FIG. 4, a d.c. meter 58 and/or an alarm circuit 60 to
      actuate an alarm 62.
PAR  Thus, a device has been provided which indicates the intensity of the total
      resultant vertical electromagnetic field independently of the direction of
      arrival and the frequency of the field within a frequency range of 2 MHz
      to 32 MHz.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A broadband omnidirectional electromagnetic-field intensity indicating
      device operating in the 2 MHz to 32 MHz frequency range comprising:
PA1  an antenna having two planar conductive loops, the planes of said loops
      being orthogonally disposed, and said planes intersecting to form an axis
      about which the loops are symmetrically disposed, wherein an incident
      electromagnetic field will generate a current in each of the loops;
PA1  two current transformers, one connected to each of the loops to convert the
      current therein to proportional voltage signals;
PA1  a square law detector;
PA1  a summing square rooter, said square law detector and said summing square
      rooter combining the voltage signals to provide an output signal
      independent of the angle of arrival of and the frequency of the incident
      electromagnetic field, and representative of the total resultant intensity
      of the field; and, means for indicating the output signal.
NUM  2.
PAR  2. A broadband omnidirectional electromagnetic-field intensity indicating
      device operating in the 2 MHz to 32 MHz frequency range comprising:
PA1  an antenna having two planar conductive loops, the planes of said loops
      being orthogonally disposed, and said planes intersecting to form an axis
      about which the loops are symmetrically disposed, wherein an incident
      electromagnetic field will generate a current in each of the loops;
PA1  two current transformers, one connected to each of the loops to convert the
      current therein to proportional voltage signals;
PA1  a quad-hybrid wherein the voltage signals are combined to provide an output
      signal independent of the angle of arrival of and the frequency of the
      incident electromagnetic field, and representative of the total resultant
      intensity of the field; and,
PA1  means for indicating the output signal.
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ABST
PAL  An automatic gain control system in which a DC voltage proportional to an
      on-channel signal is used to control the gain of the RF stage but is keyed
      from the wide band output of the mixer stage to reduce the possibility of
      mixer overload.
BSUM
PAR  This invention relates generally to automatic gain control of a signal
      amplifying system and more particularly to an automatic gain control
      system for a radio receiver.
PAR  Automobile FM receivers are often subject to many changing electromagnetic
      environments. Sometimes these changes in signal strength and signal
      distribution over the FM band produce unpleasant reception. For example,
      in a metropolitan area where many stations are only 800kHz. apart on the
      dial and physically only 5-10 miles apart in the city, intermodulation
      interference from mixer overload may occur. This results in a "flushing"
      of the station to which the listener is tuned and a "takeover" by a second
      stronger station with a third station in the background. The problem can
      be minimized by reducing the RF gain by perhaps 45dB so that the mixer
      does not see signals of such embarrassing magnitude as to cause
      intermodulation interference. So called "local/distance" switches have
      been provided in receivers for use by the listener in metropolitan areas
      prone to such intermodulation problems. However, when the switch is left
      in the "local" or low gain position the maximum stero signal-to-noise
      ratio obtained even with a very strong signal is 10-20dB less than is the
      case with the switch in the "distance" position. In short, when the switch
      is properly used by the listner a noticeable loss in singal-to-noise ratio
      results in the very area where reception from strong signals should be
      best.
PAR  Various automatic gain control (AGC) systems have been proposed which
      attempt to solve the problem of mixer overloading. Classical AGC systems
      respond to the on-channel signal to reduce the gain of the RF amplifier as
      the strength of the RF signal increases. Since a certain minimum signal
      level is required to fully quiet a stero receiver it is necessary under
      most listening conditions to delay the application of classical AGC to the
      RF stage until the minimum signal input is reached. Otherwise, the
      signal-to-noise ratio will suffer on strong signals. However, if the
      on-channel station is weak in comparison with adjacent stations, the delay
      in applying AGC may result in an overloading of the mixer and
      intermodulation distortion problems at least as great as those occurring
      in a non-AGC receiver.
PAR  In accordance with the present invention a classical AGC system is provided
      but the AGC is keyed from the wide band output of the mixer stage of the
      receiver. More specifically, the classical AGC voltage, developed as a
      function of the strength of the signal to which the receiver is tuned, is
      applied to a transmission gate which is controlled by a level detector
      which responds to the mixer output. Accordingly, under certain
      circumstances, for example, when the receiver is tuned to a strong station
      or is tuned to a weak station in the absence of strong signals in an
      adjacent channel, the AGC system functions in a manner to achieve the same
      results as the delayed classical AGC system. However, under circumstances
      where mixer overload conditions exist, i.e. when the receiver is tuned to
      a weak station and strong adjacent channel signals are present. The mixer
      output exceeds the threshold of the level detector and the AGC voltage is
      applied through the transmission gate to the RF stage. The amount of AGC
      voltage is, however, proportional to the strength of the on-channel
      signals so that the gain of the RF stage is not reduced to the point that
      the on-channel signal is flushed out as would be the case in a "wide band"
      AGC system which applies AGC voltage as a function of the wide band
      voltage.
PAR  It is an object of the present invention to provide an AGC system for a
      signal receiver which substantially alleviates the problem of mixer
      overload.
DRWD
PAR  Further objects and advantages of the present invention will be more
      apparent from the following detailed description which should be read in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram depicting the present invention;
PAR  FIG. 2 is a schematic diagram of a preferred embodiment of the wide band
      detector and gate of FIG. 1.
DETD
PAR  Referring now to the drawings and initially to FIG. 1, a radio signal
      picked up by antenna 10 is amplified by RF amplifier 12 and applied as a
      first input to mixer 14. Mixer 14 has the output of a local oscillator 16
      applied to the second input thereto, which results in mixer 14 producing
      an IF signal output. A selectivity network 18, providing a band-pass
      characteristic appropriate to the particular receiver IF operating
      characteristics, couples the output from the mixer 14 to the input of an
      IF amplifier 20. A second selectivity network 22 further defining the IF
      band-pass, couples the IF signals from the amplifier 20 to an integrated
      circuit generally designated 24 which includes an amplifier-limiter
      section and quadrature detector section and provides an audio output on
      conductor 26 and a tuning meter output on conductor 28. A suitable
      integrated circuit is the RCA-CA3089E disclosed in Linear Integrated
      Circuit application note ICAN-6257 available on request from RCA Solid
      State Division, Box 3200, Summerville, N.J. The application note is
      incorporated herein. The circuit 24 further includes three peak detectors
      which are connected to successive ones of a three stage amplifier-limiter.
      The output on line 28 is the sum of the outputs of the three peak
      detectors and is a logarithmic DC output as a function of input signal. It
      will be understood, of course, that other circuit means may be utilized
      for producing the DC voltage on line 28 as long as the DC voltage produced
      is proportional to the strength of the on-channel signal. The voltage on
      line 28 provides one input to a pass gate 30, the other input of which is
      obtained from a wide band detector 32 which is coupled to the output of a
      mixer 14 through a capacitor 34. The output of the gate 30 controls the
      gain of the RF amplifier 12.
PAR  Referring now to FIG. 2, the detector 32 includes diode-connected
      transistors 36, 38 and 40 and resistor 42 which form a biasing network for
      transistors 44, 46 and 48. Transistors 36, 38 and 40 have twice the
      emitter area of transistors 44, 46 and 48 and have a lower total V.sub.be
      drop relative to transistors 44, 46 and 48. Therefore, transistors 44, 46
      and 48 carry one-half of the current carried by transistors 36, 38 and 40.
      Resistors 50 and 52 are provided in the collector circuits of transistors
      44 and 46 for current limiting purposes. Transistor 54 and diode-connected
      transistor 56 and resistor 58 form a current sink which establishes an
      upper current limit at the collector of transistor 54. The output of the
      mixer 14 is applied through capacitor 34 and a resistor 60 to the base of
      transistor 46. When the AC signal from the mixer 14 exceeds the small
      V.sub.be difference between transistors 36, 38, 40 and 44, 46 and 48, the
      signal is fed to the base of transistor 48 through transistor 46 and
      charges an MOS capacitor 62. As capacitor 62 charges, transistor 48
      conducts and draws current from transistor 64 through resistor 66. The
      current drawn by the transistor 48 is reflected by the transistors 64, 68
      and 70 and appears at the collector of transistor 70. As long as the
      current at the collector of transistor 70 does not exceed the upper
      current limit for the transistor 54, the voltage at point A is low and
      gating transistor 72 is non-conductive. When the output of the mixer 14 is
      of sufficient strength to cause the current at the collector of transistor
      70 to exceed the preset limit of the transistor 54 the voltage at point A
      goes high and transistor 72 is turned on. The voltage swing at the base of
      transistor 72 is limited by the diodes 74 and 76. A current level of
      approximately 50 microamps is established at the collector of transistor
      77 by resistor 78. This current is reflected by the transistors 80 and 82.
      The transistor 84 is provided to permit the collector of transistor 82 to
      saturate to the 8 volt supply. The voltage to the RF amplifier 12 at the
      collector of transistor 72 will be approximately 8 volts until the current
      drawn by the transistor 72 exceeds the 50 microamps at the collector of
      transistor 82. When the current through the transistor 72 exceeds the
      preset level the voltage to the amplifier 12 will drop by the amount of
      excess current drawn through resistor 86. The current drawn through the
      transistor 72 is dependent on the voltage at the conductor 28. Transistor
      88, resistors 90, 92, and diode connected transistor 94 form a current
      sink. The junction between resistors 90 and 92 is connected between PNP
      emitter follower transistors 96 and 98 due to the conductor 28. As the
      voltage on line 28 increases the current drawn by transistor 88 increases
      thereby lowering the voltage and reducing the gain of the RF amplifier 12.
      Accordingly, once the output of the mixer 14 exceeds the threshold level
      established by the detector 32 and turns on the transistor 72 a voltage
      inversely proportional to that appearing on conductor 28 is applied to the
      RF amplifier 12. Until the transistor 72 conducts, no AGC voltage is
      applied to amplifier 12.
CLMS
STM  Having thus described our invention, what we claim is:
NUM  1.
PAR  1. In a signal receiver having an RF amplifier stage, a local oscillator, a
      mixer stage responsive to the outputs of said RF amplifier and said local
      oscillator for effecting a frequency conversion of a received signal, and
      means responsive to the output of said mixer stage for developing a DC
      voltage related to on-channel signal strength, the improvement comprising
      gate means for developing, when enabled, an AGC voltage proportional to
      said DC voltage, level detector means responsive to the output of said
      mixer for enabling said gate means only when the output of said mixer
      stage exceeds a predetermined threshold level, and means for applying said
      AGC voltage to said RF amplifier stage to reduce the gain thereof.
NUM  2.
PAR  2. A signal receiver having an RF amplifier stage, a local oscillator, a
      mixer stage responsive to the output of said RF amplifier stage and said
      local oscillator, and means for developing a DC voltage for decreasing the
      gain of the RF stage with increasing on-station signal strength, a gating
      transistor having emitter, base and collector electrodes, means for
      applying a current proportional to said DC voltage to the emitter of said
      gating transistor, level detector means responsive to the voltage output
      of said mixer for controlling the base electrode of said gating transistor
      whereby said gating transistor is rendered conductive when said mixer
      output exceeds a predetermined threshold level, means for applying a
      voltage proportional to the collector current of said gating transistor to
      said RF amplifier to decrease the gain thereof.
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PAL  An AFC tuning circuit is provided having a tuning capacitance in parallel
      with a series connection of a varactor and an inductance coil. A
      series-connected switch and capacitor are connected in parallel with the
      varactor. Another switch is connected in parallel with a portion of the
      inductance coil. Both switches are open for a lower frequency band and
      closed for a higher frequency band to provide a relatively uniform AFC
      circuit sensitivity for both frequency bands.
BSUM
PAR  The present invention relates to an AFC tuning circuit and, more
      particularly, to an improvement for providing a relatively uniform
      corrective frequency shift in response to a given voltage signal from an
      AFC frequency-drift detecting circuit for a relatively wide range of
      tuning frequencies.
PAR  In a conventional tuner, a radio frequency (RF) signal detected by an
      antenna is amplified and then mixed with a lower frequency signal
      generated by a local oscillator to produce an intermediate frequency (IF)
      signal. Conventional circuitry processes the IF signal to produce signals
      suitable for either a video or an audio transducer. Since numerous
      signals, each utilizing a certain frequency, are transmitted within a
      particular frequency range, a means is required to accurately distinguish
      a particular frequency from all the others. To this end, the tuner
      includes a tuning circuit which has a relatively narrow frequency range so
      that only one signal at a specific frequency will be detected with all
      others being blocked, or filtered, out. Because of the frequency response
      characteristic of the tuning circuit, the IF frequency must be maintained
      accurately. Otherwise, should the IF frequency drift, the tuning circuit
      will filter it out. Consequently, any frequency drift in the transmitted
      frequency and/or the local oscillator frequency must be compensated for by
      the tuning circuit or corrected at the source of the drift. For the latter
      method, should the local oscillator drift, for example, its frequency is
      shifted back to its correct value. For the former method, the tuned
      frequency of the tuning circuit is adjusted slightly to follow the
      frequency drift. An automatic frequency control (AFC) circuit is
      conventionally used to provide this frequency adjustment.
PAR  The conventional AFC circuit is comprised of a frequency-drift detector
      which generates a voltage signal whose magnitude is dependent on the sense
      and magnitude of the frequency drift about the correct frequency. This
      voltage signal is applied to a voltage responsive element in the tuning
      circuit which changes the tuned frequency of the tuning circuit just
      enough to follow the frequency drift. The AFC sensitivity of the tuning
      circuit is based on the amount of frequency shift generated in response to
      a given voltage from the frequency-drift detector.
PAR  Conventional AFC circuits are basically of two types, with each being
      unsatisfactory for a particular reason. Ideally, the ratio between
      sensitivities for various tuning frequencies is unity. However, with the
      first type of circuit, the sensitivity at one end of a frequency band
      varies significantly from the sensitivity for a frequency at the other end
      of the frequency band. This can create serious problems. To use, as an
      example, U.S. VHF television channels 2-13, the sensitivity is higher for
      channel 2 than for channel 13. Thus, if the tuning circuit is designed to
      provide a satisfactory corrective shift for channel 13, then the shift for
      channel 2  will be so wide as to possibly detect signals from a
      neighboring channel as well. On the other hand, should the corrective
      shift be designed to accommodate channel 2, the shift for channel 13 would
      be so small as to render ineffective the drift compensating function of
      the AFC circuit. The second type of circuit provides an improved
      uniformity for the sensitivity in a given frequency band but it is
      particularly sensitive to stray inductance and capacitance which can cause
      oscillation and undesirable discontinuities in its sensitivity
      characteristic curve. Furthermore, it requires certain component values
      which must be precisely adjusted at the factory, a time-consuming
      operation, in order to obtain the improved uniformity.
PAR  It is, therefore, the prime object of the present invention to provide an
      AFC tuning circuit having a relatively uniform sensitivity for a given
      frequency range.
PAR  It is another object of the present invention to provide a simple and
      relatively inexpensive AFC tuning circuit with improved performance.
PAR  It is a further object of the present invention to provide an AFC tuning
      circuit that needs little factory adjustment of the components and is
      relatively insensitive to stray inductance and capacitance.
PAR  In accordance with the above objects, the AFC tuning circuit of the present
      invention has a varactor connected in a series circuit with a tuning
      inductance. The tuning capacitor is connected in parallel with this series
      circuit. Another capacitor is selectably connectable in parallel with the
      varactor by means of a switch and another switch is connected in parallel
      with a portion of the inductance coil. Both switches are open for a lower
      frequency band and are closed for a higher frequency band.
DRWD
PAR  To the accomplishment of the above, and to such other objects as may
      hereinafter appear, the present invention relates to the construction of
      an AFC tuning circuit, as defined in the appended claims and as described
      in this specification, taken together with the accompanying drawings, in
      which:
PAR  FIG. 1 is a prior art AFC tuning circuit;
PAR  FIG. 2 is a modification of FIG. 1;
PAR  FIG. 3 is another prior art AFC tuning circuit;
PAR  FIG. 4 is a modification of FIG. 3;
PAR  FIG. 5 is a circuit shown to facilitate explanation of the invention;
PAR  FIG. 6 is one embodiment of the invention;
PAR  FIG. 7 is another embodiment of the invention; and
PAR  FIG. 8 is a graph showing the sensitivity characteristic curve of the
      invention.
DETD
PAR  The two types of prior art circuits mentioned above are shown in FIGS. 1-4.
      FIG. 1 shows the type which provides a poor sensitivity ratio. An
      inductance coil 2 is connected in parallel with a variable tuning
      capacitor 4. Varactor 6 has its anode connected to ground and its cathode
      to a sensitivity adjusting capacitor 8. The other end of capacitor 8 is
      connected to the junction of coil 2 and capacitor 4. Capacitor 10
      represents the remaining overall capacitance of the circuit (including
      stray capacitance) and is shown as connected between ground and the
      junction of capacitor 4, capacitor 8, and coil 2. The junction of varactor
      6 and capacitor 8 is connected through a resistor 12 to terminal 14. The
      voltage from the frequency-shift detecting circuit (not shown) is
      connected to terminal 14. For this circuit the tuning frequency f is
      expressed as:
      ##EQU1##
      where
      ##EQU2##
      C.sub.6 is the capacitance of the varactor and each of the other
      capacitances represents the value of the correspondingly numbered
      capacitor. After differentiation of equation (1) by C.sub.6,
      ##EQU3##
      Therefore, the sensitivity of the tuning circuit at a particular tuning
      frequency can be expressed as:
      ##EQU4##
      The ratio of sensitivities for two different tuning frequencies f.sub.a
      and f.sub.b can be expressed as:
      ##EQU5##
      C.sub.a and C.sub.b are the total capacitances C of the tuning circuit at
      frequencies f.sub.a and f.sub.b, respectively. In a tuner utilizing
      capacitor tuning,
      ##EQU6##
      By substituting equation (5) into equation (4), the ratio of sensitivities
      at frequency f.sub.a and f.sub.b can be expressed as:
      ##EQU7##
      From equation (6), it is clear that the ratio of sensitivities at two
      frequencies varies in proportion to the cube of the ratio of frequencies.
      This relationship is directly responsible for the serious difficulties
      involved in designing an effective and satisfactory AFC circuit for a
      commonly used frequency band including, for example, channels 2 and 13, as
      discussed above.
PAR  The circuit of FIG. 2 is a modification of FIG. 1. Identical numbers are
      used to indicate the same components. The only change involves inductance
      coil 2 which is divided into two parts 2.sub.a and 2.sub.b, with the
      latter having a switch 16 in parallel with it. In operation, the frequency
      range is divided into two bands. Both of inductances 2.sub.a and 2.sub.b
      are connected in the circuit for the lower frequency band whereas switch
      16 is closed to short out inductor 2.sub.b, leaving only inductor 2.sub.a
      in the circuit, for the higher frequency band. The sensitivity of this
      circuit is represented by
      ##EQU8##
      where C'.sub.a and C'.sub.b represent the tuning circuit capacitances
      which function in cooperation with inductances 2.sub.a + 2.sub.b for one
      band and 2.sub.a for the other band.
PAR  Since the inductance coil 2 (i.e. coils 2.sub.a + 2.sub.b) is used to
      partially tune the circuit, capacitor 4 need not perform the entire tuning
      function by itself. Consequently, a narrower range of capacitance values
      can be used in FIG. 2 to obtain the same frequency range, available with
      the circuit of FIG. 2. Since, therefore,
      ##EQU9##
      the sensitivity ratio of the FIG. 2 circuit, as per equation (7), will be
      an improvement over the sensitivity ratio of the FIG. 1 circuit, as per
      equation (4), but it remains unsatisfactory nevertheless. The sensitivity
      ratio values obtainable with these circuits are shown in Table 1.
TBL                TABLE I                                                     
     ______________________________________                                    
              AFC Sensitivity Ratio                                            
                               .DELTA.f.sub.ch13 /.DELTA.f.sub.ch2             
     ______________________________________                                    
     Circuit of           f.sub.a                                              
                                 .sup.3                                        
                                         16.5                                  
     FIG. 1               f.sub.b                                              
     Circuit of          f.sub.a  C.sub.b                                      
                               .             4.2                               
     FIG. 2              f.sub.b  C.sub.a                                      
     ______________________________________                                    
PAR  To provide an improved sensitivity ratio, the circuit of FIG. 3 has
      varactor 6 connected in a series circuit with the tuning capacitor 4; the
      sensitivity adjusting capacitor 8 being eliminated. Both tuning coil 2 and
      the remaining overall capacitance 10 are in parallel with this series
      circuit. The total capacitance C and the circuit sensitivity f are
      expressed as:
      ##EQU10##
PAR  A comparison of equations (2) and (8) reveals that C.sub.10 has a greater
      effect in the latter when the values of the various capacitances are the
      same. Consequently, the circuit of FIG. 3 is significantly more sensitive
      to any stray capacitance than is the circuit of FIG. 1. If C.sub.10 is
      zero, the sensitivity ratio is:
      ##EQU11##
      where C.sub.4a and C.sub.4b are the capacitances C.sub.4 of tuning
      capacitor 4 at frequencies f.sub.a and f.sub.b, respectively.
PAR  The circuit of FIG. 4 is a modification of the circuit in FIG. 3 with the
      only change being the division of coil 2 into coils 2.sub.a and 2.sub.b.
      Coil 2 has a switch 16 in parallel with it. As discussed above with
      respect to the operation of FIG. 2, this circuit also utilizes both coils
      2.sub.a and 2.sub.b for a lower frequency band while only coil 2.sub.b,
      with coil 2.sub.a being shorted by switch 16, is utilized for the higher
      frequency band. Since by changing the inductances a narrower range of
      tuning capacitances is required, the sensitivity ratio expressed by
      equation (10) is improved, as discussed above with respect to the circuit
      of FIG. 2.
PAR  The sensitivity ratios for the circuits of FIGS. 3 and 4 are shown in Table
      2.
TBL                TABLE 2                                                     
     ______________________________________                                    
              AFC Sensitivity Ratio                                            
                             .DELTA.f.sub.ch2 /.DELTA.f.sub.ch13               
     ______________________________________                                    
                 f.sub.a .sup.3                                                
                         C.sub.4a (C.sub.6 +C.sub.4b)                          
                                    .sup.2                                     
     Circuit of FIG. 3                  2.5 or more                            
                 f.sub.b C.sub.4b (C.sub.6 +C.sub.4a)                          
     Circuit of FIG. 4                                                         
                 same            1.25 or more                                  
     ______________________________________                                    
PAL  A comparison of Tables 1 and 2 reveals that the second type of AFC circuit
      has a better uniformity, with the FIG. 4 embodiment being relatively close
      to the ideal unity. However, this improved performance is achieved only if
      C.sub.10 is at a relatively insignificant value. Thus, great care is
      required to minimize the stray inductance. Otherwise, equation (10) would
      not apply and the sensitivity ratio would deteriorate to approximately 2.
      Also, the circuit is susceptible to stray inductance of the varactor 6
      which can cause oscillation and discontinuities in the sensitivity
      characteristic curve. Furthermore, the circuit, still using the television
      channel example, must satisfy the condition
      ##EQU12##
      are the capacitance values of tuning capacitor 4 at the frequencies used
      for channels 6 and 13, respectively. Therefore, circuit adjustments
      required during the production process may be difficult.
PAR  The present invention is aimed at providing a good sensitivity ratio in a
      circuit that needs little adjustment during its manufacture. The circuit
      of FIG. 5 is shown to facilitate the explanation of the present invention.
      A varactor 6 is connected in series between ground and an inductance coil
      2. Tuning capacitor 4 is connected in parallel with this series circuit.
      Capacitor 10 connected in parallel with the tuning capacitance represents
      the remaining overall capacitance of the circuit. Another capacitor 17 is
      connected in parallel with the varactor 6. The junction of the varactor 6
      and coil 2 is connected by way of resistor 12 to terminal 14. The
      frequency-shift detecting circuit (not shown) is connected to terminal 14.
      The total capacitance C and the circuit sensitivity f of this circuit are:
      ##EQU13##
      Where C.sub.4 is the tuning capacitance, C.sub.6 is the capacitance of the
      varactor 6, C.sub.10 is the remaining overall circuit capacitance, and C
      is the capacitance of capacitor 17.
PAR  The sensitivity ratio obtained from equation (12) for frequencies f.sub.a
      and f.sub.b is:
      ##EQU14##
      where C.sub.a and C.sub.b are the total capacitances of the tuning circuit
      at frequencies f.sub.a and f.sub.b, respectively, and where C.sub.4a and
      C.sub.4b are the capacitance values of the tuning capacitor 4 at
      frequencies f.sub.a and f.sub.b, respectively.
PAR  Since in capacitor tuning
      ##EQU15##
      the sensitivity ratio, obtained by substituting equation (14) into
      equation (13), is:
      ##EQU16##
PAR  Thus, the circuit of the present invention has a sensitivity ratio
      inversely proportional to the ratio of corresponding frequencies, as shown
      in equation (15). In contrast, the conventional circuits discussed above
      involved sensitivity ratios proportional to the cube of the corresponding
      frequency ratio, as shown by equations (6) and (10). This combined with
      the fact that the sensitivity at a high frequency is less than that at a
      low frequency provides the circuit with a stable characteristic which is
      free from oscillation and discontinuities in its sensitivity
      characteristic curve. Furthermore, the stray capacitance C.sub.10 is
      relatively insignificant, as seen from equation (11). Thus, the present
      circuit is for all practical purposes, independent of C.sub.10 and
      requires less component adjustment during production. The resultant value
      of the sensitivity ratio with this circuit over the range of frequency
      from channel 2 to 13 is:
      ##EQU17##
PAR  The circuit lends itself to adjustment of the ratio closer to the optimum
      because capacitor 17 is a factor involved in the determination of circuit
      sensitivity, as should be apparent from equation (12). It is, therefore,
      possible to improve this ratio while retaining the above-mentioned
      advantageous features. This can be done by separating the frequency range
      from channel 2 to channel 13 into two frequency bands. By inserting
      capacitor 17 into the circuit for a particular frequency band, the
      sensitivity ratio of one frequency band can be made approximately equal to
      the sensitivity ratio in the other band. This is the general idea behind
      the circuit of FIG. 6 which shows the tuning coil 2 of FIG. 5 as divided
      into coils 2.sub.a and 2.sub.b and both being connected in series with
      varactor 6. Tuning capacitor 4 and stray capacitance 10 are both in
      parallel with the series circuit. A switch 16 is in parallel with coil
      2.sub.b. Sensitivity adjusting capacitor 17 is connectable in parallel
      with varactor 6 through a switch 18.
PAR  Continuing with the usage of channels 2-13 for the frequency range
      involved, two bands of frequency are selected with one being between
      channels 2 and 6 and the other being between channels 6 and 13. With the
      circuit of FIG. 5 each band will have a somewhat different sensitivity
      ratio. However, by selecting an appropriate value for the sensitivity
      adjusting capacitor 17 the better of the two sensitivity ratios (i.e. the
      one nearer the ideal 1) is chosen as the sensitivity of the entire
      frequency range with the other band being adjusted to this sensitivity by
      switching capacitor 17 into the circuit with the closing of switch 18. In
      the television channel example, such value may be 20-100 pf. In addition,
      the sensitivity ratios of the two bands can be matched irrespective of the
      condition
      ##EQU18##
      discussed above, because insertion of the sensitivity adjusting capacitor
      12 obviates the need for this condition to further simplify component
      selection during production.
PAR  Inductance coils 2.sub.a and 2.sub.b are used to further improve operation
      of the circuit by requiring less of a variation in the tuning capacitance
      of capacitor 4 to enable detection of channels 2 through 13, as discussed
      in detail above and as applicable to this circuit by virtue of equation
      (13).
PAR  In operation, switches 16 and 18 are in the open position for the lower
      frequency band. Consequently, inductor coils 2.sub.a and 2.sub.b are in
      the circuit while capacitor 17 is not. At the transition point between the
      two bands, switches 16 and 18 are moved, respectively, to positions 16'
      and 18'. Now the coil 2.sub.b is shorted and capacitor 17 is inserted into
      the circuit for the upper frequency band. A sensitivity ratio of 1.125 has
      been obtained with this circuit.
PAR  FIG. 7 shows a further embodiment of the present invention. Components
      similar to those used in FIG. 6 are identically numbered. A varactor 6 has
      its anode connected to ground and its cathode to tuning coil 2.sub.b
      which, in turn, is connected to tuning coil 2.sub.a. Another varactor 20
      is connected in series with a capacitor 22. Capacitor 10 representing the
      remaining overall capacitance of the circuit is shown as connected in
      parallel with the series circuit. The junction of capacitors 10 and 22 is
      connected to the free end of coil 2.sub.a. The junction of varactor 20 and
      capacitor 22 is connected to a variable voltage source which causes the
      varactor to change its capacitance in order to tune the circuit to a
      particular transmitted frequency. Thus, varactor 20 and capacitor 22 are
      together equivalent to tuning capacitor 4 in FIG. 5. The AFC
      frequency-drift detector voltage is connected to terminal 14, as is
      conventional. A switching diode 24 is connected in parallel with coil
      2.sub.b through DC blocking capacitors 26 and 28. The cathode of diode 24
      is connected to capacitor 28 whereas its anode is connected to capacitor
      26. The sensitivity adjusting capacitor 17 is connected across varactor 6
      by means of a switching diode 30 and DC blocking capacitor 28. The cathode
      of diode 30 is connected to the junction of capacitor 28 and diode 24 and
      its anode is connected to capacitor 17. The cathodes of both switching
      diodes 24 and 20 are connected to ground through a choke coil 32 whereas
      their respective anodes are connected by means of resistors 34 and 36 to a
      terminal 38. An on-off voltage is applied at terminal 38.
PAR  Operation of the AFC tuning circuit shown in FIG. 7 is as follows:
PAR  When "off" voltage is applied to terminal 38, switching diodes 24 and 30
      (which correspond to switches 16 and 18 in FIG. 6) have a high impedance
      in cooperation with choking coil 32. Therefore, coils 2.sub.a and 2.sub.b
      are operably connected in the tuning circuit. This arrangement is utilized
      for the lower frequency band. For the higher frequency band an "on"
      voltage is applied at terminal 38 and switching diodes 24 and 30
      consequently have a very low impedance. In this condition, coil 2.sub.b is
      shorted out of the circuit and capacitor 17 is placed in parallel with
      varactor 6. Thus, the circuit of FIG. 7 is equivalent in operation to that
      of FIG. 6.
PAR  FIG. 8 is a graph showing the circuit sensitivity for various voltages
      obtained from the frequency shift detector circuit. In the graph, voltage
      from the frequency-drift detector is plotted on the abscissa and the
      frequency shift is plotted on the ordinate. The AFC sensitivity
      characteristic for channels 2, 6, 7 and 13 is shown by way of example.
      Within the range of the graph, the sensitivity is less than 1.5 for
      .DELTA.f&gt;0, and is less than 1.125 for .DELTA.f&lt;0.
PAR  It will be apparent from the foregoing that the advantages of the present
      invention are achieved by connecting an AFC varactor in series with the
      inductance coil and by having a sensitivity adjusting capacitor
      selectively connectable across the varactor for different frequency bands.
PAR  While but two embodiments of the present invention have been here
      specifically disclosed, it will be apparent that many variations may be
      made therein, all within the scope of the instant invention as defined in
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An AFC tuning circuit of the type having detection means for generating
      a voltage signal dependent upon the frequency drift of the circuit, said
      tuning circuit comprising a voltage controlled capacitor operably
      connected to said detection means and responsive to said voltage signal to
      vary the capacitance thereof, an AFC sensitivity determining capacitor
      conditionally connected in parallel to said voltage controlled capacitor,
      said voltage signal from said detection means being applied at the
      junction between said AFC sensitivity determining capacitor and said
      voltage controlled capacitor, means for disconnecting said AFC sensitivity
      determining capacitor from said voltage controlled capacitor, an inductor
      operatively connected in series with said parallel circuit and a variable
      tuning capacitor operably connected in parallel with said series circuit.
NUM  2.
PAR  2. The AFC tuning circuit of claim 1 wherein said inductance comprises
      first and second inductance coils and further comprising means for short
      circuiting one of said coils.
NUM  3.
PAR  3. The AFC tuning circuit of claim 2 wherein said disconnecting means and
      said short circuiting means are jointly actuatable.
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ABST
PAL  A voltage controlled tuner in a television receiver is tuned to a desired
      television channel by sequentially selecting first and second digits
      representative of a desired channel number. The digits are stored in first
      and second memory registers from which corresponding analog tuning
      voltages are developed. Noise immunity circuitry coupled to the memory
      registers assures accurate registration of the channel digits in the
      memory registers by minimizing effects of contact bounce and other
      extraneous noise signals.
BSUM
PAR  This invention relates to tuning systems for television receivers and more
      particularly to a system for accurately storing electrical signals
      representative of a selected channel number in memory registers.
PAR  In many of the more populated areas of the world, television receivers are
      designed to receive signals in a significant number of television
      channels. In a television receiver, for example, of the type used in the
      United States, there are 82 available television channels. It is desirable
      to be able to select any one of these channels with equal ease, that is,
      to have a tuning system in which each channel may be addressed by the same
      process. In one type of channel selection system which provides parity of
      channel address, a series of ten push buttons, or similar input devices,
      numerically representing digits 0 through 9, is incorporated for selecting
      a desired channel. Channel selection is then effected by sequentially
      depressing the push buttons representing the desired channel number. A
      first push button depression represents the tens digit of the channel
      number, for example, 0 if the desired channel number is 2 through 9, and 1
      through 8 if the desired channel number is 10 through 83. A second push
      button depression represents the units digit of the desired channel
      number. The two selected digits are entered into storage (memory)
      registers wherein a numerical value is utilized to operate circuitry
      within the television receiver to place the tuner at the desired channel
      frequency. One particular problem that arises from the use of devices such
      as push button switches is that generally, upon depression, contact bounce
      or a similar repetitive input condition results. This "contact bounce" may
      be detrimental in that erroneous signals may be formed, falsely supplying
      information to the storage registers. Further, noise signals developed in
      the television receiver and surrounding areas may further act to provide
      erroneous signals to the registers unless the registers are only
      conditioned for entry of channel information when such information is
      present. It is, therefore, desirable to provide a digital memory system
      that incorporates means for eliminating erroneous signals from contact
      bounce or similar disturbances and minimizing signal errors due to the
      presence of extraneous signals.
PAR  In accordance with the present invention, a television receiver having
      means for providing electrical signals representative of a channel number
      incorporates a system for accurately storing these electrical signals with
      a high degree of reliability. The system for storing electrical signals
      comprises input means for receiving digital signals representative of
      individual digits of a television channel number. Detecting means are
      coupled to the storing means for determining the presence of digital
      signals. Delay means are coupled to the detecting means for providing a
      control at a predetermined time interval after detection of the presence
      of the digital signals. A switching means is coupled to the delay means
      for providing alternate first and second output signals and is responsive
      to successive ones of the control signals. A first and second register
      means having respective input terminals coupled to the input means and
      respective storage enabling terminals coupled to the switching means is
      operative to respectively store first and second digit-representative
      signals supplied by the input means in respective first and second
      registers in response to signals from the switching means.
DRWD
PAR  The various aspects of the invention will be described below in greater
      detail referring to the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram of a channel selection system incorporating the
      invention; and
PAR  FIG. 2 is a detailed block diagram of the memory apparatus illustrated in
      FIG. 1.
DETD
PAR  With reference to FIG. 1, an assembly including ten touch or push button
      switches 100 (labelled 0 through 9) has buttons one through nine coupled
      to a decimal to binary-coded decimal (BCD) converter 101. The push button
      assembly 100 may be of a type commonly employed in small electronic
      calculators. The output of converter 101 is coupled to a memory 102
      wherein numerical-representative electrical signals are stored. A separate
      line 201 from assembly 100 couples a zero digit output directly to memory
      102.
PAR  Memory 102 is coupled to a BCD to decimal decoder 104 and also to a tuning
      band decoder 106. A numerical display (not shown) may also be coupled to
      memory 102 for providing a display of the selected television channel
      number. Three digital to analog (D/A) converters 108, 110 and 113 are
      coupled to a units output of decoder 104. A fourth D/A converter 112 is
      coupled to a tens output of decoder 104. Transfer gates 114, 116 and 118
      are coupled to the respective outputs of digital to analog (D/A)
      converters 108, 110 and 113. The output terminals of transfer gates 114,
      116 and 118 are coupled in common to a voltage controlled tuner 120
      associated with a television receiver 122. Tuner 120 may include separate
      UHF and VHF tuner portions such as the RCA model KRK-194 UHF tuner and the
      RCA KRK-155 VHF tuner which are shown in RCA Television Service Data, File
      1973, No. C-10, published by RCA Corporation, Indianapolis, Ind. Each of
      the above-named tuners utilizes varactor tuning elements to control tuner
      frequency but it should be recognized that other types of voltage
      controlled tuners may be used as well.
PAR  Band decoder 106 has three output lines 130, 132 and 134 respectively
      coupled to control terminals of transfer gates 114, 116 and 118 and to
      input terminals on band change drive circuit 136. Drive circuit 136 is
      coupled to tuner 120 and provides voltage levels to switch frequency bands
      in tuner 120 as is set forth, for example, in the above-referenced Service
      Data.
PAR  A controllable source of reference voltage 124 is coupled to D/A converters
      108, 110 and 112 and provides a voltage level from which analog tuning
      voltages are derived. An automatic fine tuning (AFT) circuit 126, for
      example, of the type shown in the above-referenced Service Data, is
      located within television receiver 122 and is coupled to the controllable
      reference source 124 through an AFT disable circuit 128. AFT circuit 126
      provides a variable correction voltage for modifying the output voltage
      supplied by the source of reference voltage 124.
PAR  A blanking output from memory 102 is coupled to receiver 122 and to AFT
      disable circuit 128 for inhibiting operation of such circuits as AFT,
      sound and video whenever the channel changing or selection process is in
      progress.
PAR  In the operation of the system shown in FIG. 1, one of the buttons of
      assembly 100, representative of the tens digit of the desired television
      channel, is depressed by the viewer. Although assembly 100 is referred to
      as having push button switches, other type devices which provide contact
      closure or electrical circuit closure may be used. If the desired channel
      is any one of channels 2 through 9, the zero (0) button is depressed. If
      the desired channel is any one of those in the range of channels 10
      through 83, a corresponding tens digit of 1 through 8 is depressed.
      Depression of one of the buttons of assembly 100 produces a signal either
      on one of nine lines (shown diagrammatically as a single line) at the
      output of assembly 100, which signal is coupled to decimal to BCD
      converter 101, or, if the digit is zero, on the tenth line 201 which is
      coupled directly to memory 102. Converter 101 converts the signal derived
      from button assembly 100 into a binary coded decimal (BCD) number and
      transfers it via four lines (shown as a single line 200) to a tens
      register in memory 102 (details of which will be explained later with
      reference to FIG. 2). Upon entry of a first digit of the two digit channel
      command into memory 102, a blanking signal is supplied from memory 102.
      This blanking signal operates to blank the displayed image, mute the sound
      of television receiver 122 and disable the output of AFT signals from AFT
      circuit 126. AFT signals are disabled during channel change to allow
      channel change without any effect by the AFT signals.
PAR  To complete the channel selection command, a units digit 0 through 9 is
      selected. The selected button of assembly 100 is depressed, providing a
      signal on the appropriate one of the ten associated ouptut lines. As
      before, if the number is any of the numbers one through nine, converter
      101 converts the signal from button assembly 100 to a BCD number and
      memory 102 stores this number in an associated units register. A zero is
      coupled directly to memory 102. Upon receiving this second (units) digit
      command, memory 102 ceases providing the blanking signal to television
      receiver 122, restoring sound and video and inactivating AFT disabling
      circuitry 128.
PAR  Eight output lines (shown as a single line) representing the tens and units
      digits of the channel information stored in binary coded decimal form in
      memory 102 are coupled to BCD to decimal decoder 104 and to band decoder
      106. Band decoder 106 decodes the BCD numbers supplied from memory 102 and
      provides output signals on one of, for example, three output lines to
      indicate in which of three bands the selected channel lies. For example,
      channels 2 through 6 may be considered to be in band 1, channels 7 through
      13 may be in band 2 and channels 14 through 83 may be in band 3.
      Additional output lines and decoding circuitry may be added to decoder 106
      for providing output signals corresponding to other bands, for example,
      channels 84 through 89 and 90 through 99, which may then correspond to
      channels used for other functions such as cable television. Output lines
      130, 132 and 134 from band decoder 106 are respectively coupled to the
      control terminals of transfer gates 114, 116 and 118 and provide signals
      to selectively operate one of these gates in response to a channel
      command. Gates 114, 116 and 118 operate to pass a selected one of the
      simultaneously derived analog tuning voltages developed respectively by
      D/A converters 108, 110 and 113 to tuner 120.
PAR  BCD to decimal decoder 104 decodes the information supplied on eight BCD
      lines provided by memory 102 into information supplied on 20 lines (shown
      diagrammatically as two lines labelled "units" and "tens"), the first ten
      of which correspond to a tens digit and the second ten of which correspond
      to a units digit. The unit lines of decoder 104 are coupled to D/A
      converters 108, 110 and 113 and provide a numerical representative signal
      which is to be converted into an analog voltage. Similarly, the tens lines
      from decoder 104 are coupled to D/A converter 112, providing the tens
      digit signal to be converted into an appropriate analog voltage. It is not
      necessary to provide a tens line to converter 110 since the channel
      numbers in the range of 7 to 13 can be uniquely selected with an
      appropriate units digit and the necessary band selection signal (e.g.,
      channel 7 may be represented by the digit seven, while channel 13 may be
      represented uniquely by its units digit 3. The analog voltages derived
      from D/A converters 108 and 110 correspond, respectively, to the tuning
      voltages required to tune tuner 120 to channels 2 through 6 and 7 through
      13. In tuning tuner 120 to channels 14 through 83, however, two D/A
      converters are utilized in order to derive the requisite tuning voltages.
      D/A converter 112 is responsive to the tens digit portion of the channel
      command and provides two voltage outputs which correspond to the end
      channels of a tuning range of eleven channels, i.e., 10-20, 20-30, etc.
      The voltage range provided by converter 112 is further subdivided by
      converter 113 into voltages corresponding to individual ones of the
      channels within the selected eleven channel tuning range. Converter 113 is
      further responsive to the units digit portion of the channel command and
      provides a single tuning voltage at its output corresponding to the
      selected channel in the particular tuning range (e.g., 14 through 83).
PAR  In order to provide the requisite analog tuning voltages, D/A converters
      108, 110 and 112 receive a reference voltage from reference source 124.
      Reference source 124 contains a relatively constant voltage supply. In
      addition, reference source 124 is arranged such that its output voltage is
      modulated by the automatic fine tuning voltage (AFT) developed in
      television receiver 122. AFT voltage developed in television receiver 122
      is responsive to the deviation in frequency between the received
      television signal carrier wave and the frequency which the television
      receiver is tuned to receive. Typically, this frequency deviation is
      sensed in terms of a difference between the frequency of the converted
      intermediate frequency carrier and a fixed tuned circuit. The resulting
      AFT correction voltage is coupled to and operates to change the voltage
      coupled from reference supply 124 to the D/A converters 108, 110 and 112.
      The voltage provided by reference supply 124 varies in response to the AFT
      voltage to change the tuning voltage to tuner 120 and thereby minimize the
      frequency error between the desired received signal and the operating
      condition of the tuner.
PAR  FIG. 2 illustrates a more detailed representation of memory 102. Signal
      input means shown as a single input line 200 in FIG. 1 but which is
      actually four lines as shown in FIG. 2 receives the BCD signals from
      converter 101 (see FIG. 1) and couples these signals in parallel to a
      units register 202, a tens register 204 and an OR gate circuit 206, the
      latter serving as a means for detecting the presence of the digital
      signals. BCD signals provided by converter 101 are inverted in polarity
      with respect to normal coding. That is, for a particular BCD number,
      logical zeros are provided instead of logical ones and vice versa.
      Correspondingly, a logical zero is provided upon depression of an
      individual push button of assembly 100. A single input line 201 couples
      the zero digit output (a logical zero) from push button assembly 100 to OR
      gate circuit 206 (enclosed in the dashed outline). OR gate 206 is
      comprised of two NAND gates and two inverters. A first NAND gate 222 has
      four inputs for receiving BCD signals from line 200 and an output coupled
      to a first inverter 224. Inverter 224 is coupled to an input of a second
      NAND gate 226. A second input of gate 226 is coupled to line 201 for
      receiving zero digit signals. An output of gate 226 is coupled to an input
      of inverter 228. An output of inverter 228 provides the output signals of
      OR gate circuit 206. The output of OR gate 206 is coupled to a delay means
      including a gate 208 which is coupled across a capacitor 210. Gate 208
      operates to maintain capacitor 210 discharged in the absence of enabling
      signals. Capacitor 210 also is coupled to a source of supply voltage
      (+V.sub.cc) through a resistor 212. An input terminal of a pulse forming
      means comprising a monostable multivibrator 214 is coupled to the junction
      of resistor 212 and capacitor 210. A timing circuit comprising resistor
      238 and capacitor 240 is associated with multivibrator 214. Output signals
      provided by monostable multivibrator 214 are coupled to a clock terminal
      (CL) of a flip-flop (bistable circuit) 216 and provide signals for
      changing the output state of flip-flop 216. Flip-flop 216 forms a part of
      a switching means which is responsive to successive control signals from
      monostable circuit 214 for providing alternate first and second output
      signals. That is, flip-flop provides complementary, bilevel output signals
      on Q and Q output terminals. A second monostable multivibrator 218 is
      coupled to the Q terminal of flip-flop 216 and receives enabling signals
      from flip-flop 216. A resistor 230 and a capacitor 232 provide the
      necessary time constant for multivibrator 218. Similarly, a third
      monostable multivibrator 220 having a timing circuit comprised of resistor
      234 and capacitor 236 receives enabling signals from the Q terminal of
      flip-flop 216. An output terminal of monostable multivibrator 218 is
      coupled to a storage-enabling input terminal (S) of tens register 204 for
      allowing storage of the BCD signal on line 200. Units register 202 has a
      storage-enabling input coupled to monostable multivibrator 220 for
      enabling storage of the signals applied to input 200. The above-described
      circuitry is comprised of C-MOS logic components but other type logic
      components such as TTL or DTL may work equally as well.
PAR  Upon application of a first decimal digit of a channel change command from
      push button assembly 100, a BCD signal indicative of this portion (the
      tens portion) of the command is applied to input line 200 or, in the case
      of a zero digit, to input line 201. Signals applied to line 200 are
      coupled to input terminals of NAND gate 222. An input signal (logical
      zero) coupled to NAND gate 222 causes the output of this gate to provide a
      logical one. This logical one is changed to a logical zero at the output
      of inverter 224 and applied to an input of NAND gate 226. In response to a
      logical zero at one of its input terminals, NAND gate 226 provides a
      logical one. This logical one is inverted in inverter 228 and a logical
      zero is provided at the output and, consequently, at the output of OR gate
      circuit 206. Similarly, when a logical zero is applied to line 201, a
      logical zero is provided at the output of OR gate circuit 206. The logical
      zero provided at the output of OR gate circuit 206 and responsive to this
      first portion of a channel change command causes gate 208 to open. In the
      absence of signals, gate 208 is closed shorting capacitor 210 to ground.
      When gate 208 is opened, capacitor 210 begins to charge through resistor
      212 towards the +V.sub.cc supply voltage. Upon capacitor 210 reaching a
      predetermined voltage, for example V.sub.cc /2, monostable multivibrator
      214 triggers, creating a pulse of about 50 milliseconds duration at its
      output which, in turn, triggers flip-flop 216. The 50 millisecond pulse
      duration is facilitated by the time constant of resistor 238 and capacitor
      240 associated with multivibrator 214. Flip-flop 216 is arranged such that
      upon turn-on of television receiver 122, the Q output of flip-flop 216 is
      caused to assume a low state (logical zero) and the Q output to assume a
      high state (logical one). Subsequent channel change commands, as will be
      shown below, provide a sequence of two triggering signals to flip-flop 216
      thereby causing the Q output to sequence through a high state and a low
      state. The Q output of flip-flop 216 therefore remains in a low state
      after each complete (two digit) channel change command. The triggering
      pulse provided by multivibrator 214 and responsive to a first decimal
      digit (i.e., tens command) causes the Q output of flip-flop 216 to change
      from a low state to a high state and in turn trigger monostable
      multivibrator 218. The output pulse from monostable multivibrator 218 is
      of a relatively narrow width of about 300 microseconds and is of
      sufficient duration to allow the BCD signals on input line 200 to be
      accurately stored in register 204 while being short enough to prevent
      erroneous data from entering register 204 when a button of assembly 100 is
      rapidly depressed and released. Release of the depressed push button of
      assembly 100, eliminates signals to OR gate 206, consequently causing gate
      208 to close and rapidly discharge capacitor 210. The succession of delays
      and momentary pulses noted above, have been utilized for minimizing errors
      due to contact bounce, extraneous noise signals and, as noted above,
      erroneous signals created upon rapid depression and release of push
      buttons 100.
PAR  Upon depression of a second digit of the push button assembly 100, a signal
      corresponding to the units portion of the desired channel number is
      applied to input line 200 or in the case of a zero digit, to input line
      201. OR gate 206 once again provides a signal (logical zero) to gate 208,
      opening this gate and allowing capacitor 210 to charge towards the
      +V.sub.cc supply voltage. When the voltage level of capacitor 210 reaches
      a predetermined level (about V.sub.cc /2), monostable multivibrator 214 is
      triggered, producing an output pulse. The output pulse from multivibrator
      214 toggles flip-flop 216 such that the Q output now becomes high. A high
      output from Q triggers monostable multivibrator 220. The output pulse from
      multivibrator 220, formed with the aid of capacitor 236 and resistor 234,
      is similar to that provided by multivibrator 218 and operates to allow
      storage of the BCD information on input line 200 in units register 202.
      The Q output on flip-flop 216 remains high after completion of the channel
      selection command and is used to render AFT disable circuit 128
      ineffective, thereby unblanking the video and sound in television receiver
      122 as mentioned above in connection with FIG. 1.
PAR  Hence, first and second digits of a channel number may be stored with a
      relatively high degree of accuracy while providing additional signals to
      blank the television receiver during the channel change operation. Signals
      stored in registers 202 and 204 may be read out in parallel allowing
      immediate access to the stored information.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a television receiver having means for providing digital signals
      representative of a channel number, a system for storing said channel
      number comprising:
PA1  input means for receiving digital signals representative of individual
      digits of a television channel number;
PA1  means coupled to said input means for detecting the presence of said
      digital signals;
PA1  delay means coupled to said detecting means for providing a control signal
      at a predetermined time interval after detection of the presence of said
      digital signals;
PA1  switching means coupled to said delay means and responsive to successive
      ones of said control signals for providing alternate first and second
      output signals; and
PA1  first and second register means, each having input terminals coupled to
      said input means and each having storage enabling terminals coupled to
      said switching means, said first register being responsive to said first
      output signal and said second register being responsive to said second
      output signal for storing, respectively, first and second
      digit-representative signals supplied by said input means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said delay means comprises:
PA1  a source of voltage;
PA1  a resistor element coupled to said source;
PA1  a capacitor coupled to said source through said resistor element for
      receiving a charging current from said source;
PA1  discharge means coupled across said capacitor for maintaining said
      capacitor discharged in the absence of signals from said detecting means;
      and
PA1  pulse forming means coupled to said capacitor for providing said control
      signal when the voltage across said capacitor reaches a predetermined
      level.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said discharge means is coupled
      to said detecting means for receiving therefrom signals responsive to the
      presence of digital signals representative of a channel number at said
      input means.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said switching means is arranged
      for providing an output signal at said second output terminal upon initial
      energization.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said switching means comprises a
      bistable switch having first and second output terminals for providing
      bilevel complementary output signals and an input terminal for receiving
      said control signal to alternately switch the signal level on said output
      terminals.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said switching means further
      comprises second and third pulse forming means having respective input
      terminals coupled to first and second output terminals of said bistable
      means and having respective first and second output terminals coupled to
      respective storage enabling terminals of said first and second registers
      for providing storage enabling signals of predetermined width to said
      registers in response to signals from said bistable switch.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said first and second register means
      comprises first and second digital registers each having parallel entry
      input terminals for receiving binary coded digits and output terminals
      from which said digits may be read in parallel.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said means for detecting the
      presence of digital signals comprises gating means having input terminals
      for receiving said digital signals and an output terminal for providing
      signals responsive to the presence of said digital signals.
NUM  9.
PAR  9. In a television receiver having means for providing digital signals
      representative of a channel number, a system for storing said channel
      number comprising:
PA1  input means for receiving digital signals representative of individual
      digits of a television channel number;
PA1  means for detecting the presence of said digital signals;
PA1  integrating means coupled to said means for detecting for providing output
      signals having amplitude responsive to the duration of said digital
      signals;
PA1  a first pulse forming means responsive to a predetermined level of said
      output signal for providing a delayed trigger signal of predetermined
      width;
PA1  bistable means having first and second output terminals and an input
      trigger terminal for providing alternate complementary signals at said
      output terminals in response to said trigger signal;
PA1  second and third pulse forming means respectively coupled to said first and
      second output terminals of said bistable means for providing pulses of
      predetermined width in response to signals from said bistable means; and
PA1  first and second register means having respective input terminals coupled
      to said input means and storage enabling terminals respectively coupled to
      said second and third pulse forming means for respectively storing a first
      digit representative signal in said first register and a second digit
      representative signal in said second register in response to signals from
      said second and third pulse forming means.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said integrating means
      comprises:
PA1  a source of voltage;
PA1  a resistor element coupled to said source;
PA1  a capacitor element coupled to said source through said resistor element
      for receiving a charging current from said source; and
PA1  discharge means responsive to signals from said detecting means and coupled
      across said capacitor for maintaining said capacitor discharged in the
      absence of said digital signals.
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PAL  A circuit for terminating the scanning operation of a signal seeking
      receiver includes a double-ended limit detector which responds to the AFC
      voltage developed in the receiver to produce a stop signal when the
      frequency deviations of the IF signal are within a narrow band centered
      about 10.7 Mhz.
BSUM
PAR  This invention relates to signal seeking systems for use in radio receivers
      and more particularly to a signal seeking stopping circuit for FM
      receivers.
PAR  Many radio receivers, particularly those designed for use in automobiles,
      are equipped with signal seeking tuners in which a motorized signal search
      device is manually actuated but automatically deactuated upon receipt of a
      signal of sufficient strength. Signal seeking AM receivers operating on
      this principle provide reasonably good results. However, in FM receivers
      the signal strength alone provides an ambiguous tuning criteria due to the
      three definitely distinguishable maxima of signal response exhibited by
      the FM detector. Unless the FM receiver is tuned about the center
      frequency of the IF band pass, distortions in the recovered audio occur.
      Accordingly, a basic requirement of a signal seeking FM receiver is that
      the signal seeking or search operation be terminated in a manner to
      achieve center tuning.
PAR  The prior art signal seeking receivers utilize a high Q filter peaked at
      10.7 Mhz. responsive to the IF amplifier stage which pass only a narrow
      band of frequency components centered about the 10.7 Mhz. intermediate
      frequency in order to stop the signal seeking operation. One of the
      problems associated with this approach is the difficulty of compensating
      the filter for temperature variation. Since the 10.7 Mhz. filter must be
      matched to the center of the IF band pass, temperature variations can
      result in imprecise termination of the signal seeking operation and
      resulting mistuning of the receiver.
PAR  In accordance with the present invention the automatic frequency control
      voltage provided by the FM detector for controlling the frequency of the
      local oscillator is utilized for activating stop circuitry which
      automatically terminates the signal seeking operation of the receiver. The
      AFC voltage level is sensed by a double-ended limit detector and
      associated circuitry which provides a stop signal when the frequency
      deviations of the IF signal are within a narrow band centered about 10.7
      Mhz. Since off-station noise can produce an AFC voltage level which is the
      same as that produced when the receiver is center tuned, the limit
      detector is inhibited unless the received signal is within the IF band
      pass.
DRWD
PAR  A more complete understanding of the present invention may be had from the
      following detailed description which should be read in conjunction with
      the drawings in which:
PAR  FIG. 1 is a block diagram of the signal seeking FM receiver of the present
      invention; and
PAR  FIG. 2 is a detailed schematic diagram of the stop circuit of FIG. 1.
DETD
PAR  Referring now to the drawings and initially to FIG. 1, an antenna 10 is
      disposed for receiving RF signals which are applied to an FM tuner 12
      which includes RF amplifying, mixer, and local oscillator stages. Scanning
      means generally designated 14 are coupled with the tuner 12 for scanning
      the FM frequency band. The scanning operation causes the tuned frequency
      of the RF stages and oscillator stages of the tuner 12 to be varied and
      the incoming signals are heterodyned to an intermediate frequency at the
      output of the tuner 12. The scanning or signal seeking operation is
      instigated manually and terminated automatically in a manner hereinafter
      described. The output of the tuner 12 is applied to an IF amplifier 16
      which has a band pass centered about the standard intermediate frequency
      of 10.7 Mhz. used in FM receivers. A limiter stage 18 is connected with
      the output of the IF stage 16 for clipping the amplitude of the IF signal
      at a limiting level to obtain an IF limited signal which is applied to an
      FM detector 20 which operates to demodulate and retrieve the information
      transmitted on the incoming carrier signal. The output of a detector 20 is
      coupled to an output circuit 22 including the usual audio amplifier and
      speaker circuits. The detector 20 also provides a DC control voltage which
      varies about a reference voltage corresponding to a frequency of 10.7 Mhz.
      and serves to automatically control the frequency of the local oscillator
      in the tuner 12 to insure that the IF signal remains centered within the
      band pass of the IF amplifier stage 16. For example, the AFC voltage may
      vary about a nominal DC voltage of 4 volts with a range of 2 volts to 6
      volts.
PAR  Termination of the signal seeking operation is accomplished by a stop
      circuit generally designated 24 which responds to the AFC voltage and to
      the output of the limiter stage 18. Referring now to FIG. 2, the scanning
      means 14 may, by way of example, include a motor 26 which is mechanically
      coupled with the tuning means in the FM tuner 12. Rotation of the motor 26
      is initiated manually through a control switch 28 which connects the motor
      26 across a 14 volt supply through a resistor 30. A relay (not shown) is
      also energized by closure of the switch 28 and controls a clutch or brake
      which releases the motor shaft when the relay is energized and brakes the
      motor shaft when the relay is deenergized. A suitable scanning apparatus
      is disclosed in the U.S. Pat. to Kearney et al No. 2,775,895 assigned to
      the assignee of the present invention. The invention is not limited,
      however, to any particular scanning means but may be effectively utilized
      in connection with a variety of scanning devices including those which are
      electronic as opposed to electromechanical as will be appreciated by those
      skilled in the art.
PAR  The stop circuit 24 includes a double-ended limit detector 32 comprising
      operational amplifiers 34 and 36. A bias network for the limit detector 32
      includes a resistor 38, diode 40, and potentiometer 42. The bias network
      is connected at one end to an 8 volt source and at the other end to ground
      through a control transistor 44. The inverting input of the amplifier 34
      and the non-inverting input of the amplifier 36 are connected to opposite
      sides of the diode 40. The AFC control voltage from the detector 20 is
      applied to the non-inverting input of the amplifier 34 and the inverting
      input of the amplifier 36 through a resistor 46. When the transistor 44 is
      conducting the diode 40 establishes a 0.2 volt differential between the
      junctions 48 and 50. The potentiometer 42 may be adjusted to shift the 0.2
      volt window to accommodate changes in the center tuned AFC voltage in
      different receivers. For example, if the AFC voltage varies from a minimum
      of 2 volts to a maximum of 6 volts with a nominal value of 4 volts when
      the receiver is center tuned, the potentiometer 42 may be set to establish
      a voltage of 4.1 volts at the junction 48 which results in a voltage of
      3.9 volts being established at the junction 50. The 0.2 volt differential
      between the junctions 42 and 50 correspond to a frequency deviation of,
      for example, 50 Khz. so that the AFC voltage will fall within the window
      of the detector 32 when the IF signal is 25 Khz. on either side of 10.7
      Mhz. When the AFC voltage is above the upper limit of the 0.2 volt window,
      the output of the amplifier 34 is low and the output of the amplifier 36
      is high. Conversely, when the AFC voltage is below the lower window limit,
      the output of the amplifier 36 is low and the output of the amplifier 34
      is high. When the AFC voltage is between the upper and lower window
      limits, the outputs of both amplifier 34 and amplifier 36 are high.
PAR  A transistor 52 is controlled by the level detector 32. If the output of
      either the amplifier 34 or 36 is low, current flows through resistors 54,
      56 and the appropriate one of the diodes 58 or 60 to bias the transistor
      52 to saturation. When a station is detected, the diodes 58 and 60 are
      back-biased and transistor 52 is cut off. The collector of transistor 52
      is connected to ground through resistors 62 and 64.
PAR  A latch comprising transistor 66, 68 and resistor 70 is released in
      response to closure of the switch 28 and latched when the receiver is
      center tuned.
PAR  When the receiver is off-channel, the AFC voltage is the same as that
      developed when the receiver is center tuned. Accordingly, AFC voltage
      alone is an ambiguous indication of center tuning. Accordingly, the limit
      detector is maintained in a state which permits the motor 26 to continue
      scanning the frequency band until a signal is present in the IF amplifier
      16. This accomplished by a peak detector generally designated 72 which
      controls transistor 44. When transistor 44 is non-conductive the 0.2 volt
      window is shifted toward the 8 volt source so that the AFC voltage is
      always below the lower limit and the output of the amplifier 36 is low.
      This maintains the transistor 52 in a conducting state which permits the
      motor 26 to continue operating. The peak detector 72 includes an
      emitter-follower transistor 74 having its base connected with the limiter
      stage 18. The collector of transistor 74 is connected with the 8 volt
      supply while the emitter is connected through a choke 76 and a resistor 78
      to ground. The choke 76 causes high AC swing-out of the transistor 74 and
      the DC level is blocked by a capacitor 80. The resulting AC signal is
      rectified by a voltage doubler consisting of diodes 82 and 84 and filtered
      by a capacitor 86. The resulting DC level is applied to the base of
      transistor 44 through a sensitivity potentiometer 88 and may be adjusted
      to cause the transistor 44 to be conductive as a function of the signal
      strength of the received signal.
PAR  The operation of the stop circuit 24 is as follows. Assuming that the
      receiver is center tuned to a signal of sufficient strength, the
      transistor 44 will be conducting and the outputs of the amplifiers 34 and
      36 will be high and the transistor 52 will be cut off. Closure of the
      switch 28 energizes the motor 26 which detunes the receiver causing the
      output of one of the amplifiers 34 or 36 to go low which renders the
      transistor 52 conductive which in turn supplies base drive to the
      transistor 66 maintaining the motor 26 energized after the switch 28 is
      opened. As the receiver moves off-channel, the transistor 44 is turned off
      and the output of the amplifier 36 remains low regardless of the AFC
      voltage. If a signal is now received of sufficient strength to render the
      transistor 44 conductive and the receiver is tuned within a 50 Khz.
      bandwidth centered about the center tuned frequency, both outputs of the
      amplifiers 34 and 36 will be driven high turning the transistor 52 off and
      removing base drive from the transistor 66 and the motor 26 stops. With
      the transistor 66 cut off its collector voltage approaches 14 volts
      supplying base drive to the transistor 68. If, because of loss of signal
      or any other reason, transistor 52 is turned on, the motor 26 cannot be
      started because the collector current from transistor 52 is diverted from
      the base of transistor 66 to the transistor 68. Accordingly, once stopped,
      the motor 26 cannot be restarted until the switch 28 is closed.
CLMS
STM  Having thus described our invention, what we claim is:
NUM  1.
PAR  1. In a frequency modulated receiver including tuning means, IF amplifying
      means, and detector means for developing a DC voltage representing the
      frequency of the IF carrier signal for automatic frequency control, the
      combination of means for scanning the frequency band of said receiver said
      scanning means coupled to said tuning means, means for initiating a
      scanning of said frequency band, means responsive to the output of said IF
      amplifier means during said scanning for developing a first control signal
      when the amplitude of the output reaches a predetermined threshold, means
      responsive to said DC voltage for developing a second control signal when
      said DC voltage is within upper and lower voltage limits on either side
      respectively of a voltage corresponding to the center frequency of the
      band pass of said IF amplifying means, and means responsive to the
      coincidence of said first control signal and said second control signal
      for terminating the scanning of said frequency band.
NUM  2.
PAR  2. In a frequency modulated receiver including tuning means, IF amplifying
      means, and means responsive to the output of said IF amplifying means for
      producing a DC voltage representing the frequency of the IF carrier signal
      for automatic frequency control, the combination of, means for scanning
      the frequency band of said receiver, means for initiating the scanning of
      said frequency band, voltage comparator means responsive to said DC
      voltage for developing a controlled output when said DC voltage is between
      predetermined upper and lower voltage levels, bias control means for
      biasing said comparator means for establishing said upper and lower
      voltage levels, said bias control means responsive to the output of said
      IF amplifying means to establish said upper and lower voltage levels
      within the deviation range of said DC voltage when the strength of the IF
      signal reaches a predetermined threshold and establishing said upper and
      lower voltage levels beyond one of the deviation limits of said DC control
      voltage when the strength of the IF signal is below said predetermined
      threshold, and means for terminating the scanning of said frequency band
      in response to said control output of said voltage comparator means.
NUM  3.
PAR  3. A stop circuit for a signal seeking FM receiver including means for
      scanning the frequency band of said receiver, means for initiating the
      scanning of said frequency band, intermediate frequency amplifying means,
      and detecting means for developing a DC voltage representing the frequency
      of the IF carrier signal, said stop circuit comprising double-ended limit
      detector means including first and second operational amplifiers each
      having inverting and non-inverting inputs, means applying said DC voltage
      to the non-inverting input of said first operational amplifier and the
      inverting input of said second operational amplifier, biasing means
      including a diode connected between the inverting input of said first
      operational amplifier and the non-inverting input of said second
      operational amplifier, said bias control means further including a
      transistor switch, means responsive to the output of said IF amplifying
      means for rendering said transistor switch conductive when the strength of
      the IF signal reaches a predetermined threshold, second transistor switch
      means responsive to the output of said limit detector means for developing
      a control signal for terminating the scanning of said frequency band when
      said DC voltage is between the upper and lower limits established by said
      bias control.
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PAL  The comparator comprises a circuit for detecting the sign of the
      phase-shift of the reference signal relatively to the second signal for a
      predetermined phase of the latter. It delivers a corresponding binary
      phase difference signal.
PAL  A second circuit selects those changes in values of the phase difference
      signal which occur for a phase of the reference signal comprised in a
      predetermined phase interval, and are thus surely representative of a
      change in the sign of the frequency difference.
BSUM
PAR  The invention relates to a digital frequency and phase comparator intended
      more particularly for use as an error detecting element in control systems
      for phasesynchronising an auxiliary signal with a reference signal.
PAR  A digital frequency comparator has been proposed in U.S. Pat. No. 3 501
      701, which comparator delivers a two-state binary signal indicating the
      sign of the difference of the two compared frequencies. However, this
      signal is not sufficient if phase control is also desired.
PAR  The object of the present invention is a simple digital frequency and phase
      comparator delivering both a first two-state binary signal indicative of
      the sign of the difference of the phases of the two compared signals and a
      second two-state binary signal indicative of the sign of the difference of
      their frequencies, this second error signal being self-sufficient for use
      in a frequency and phase synchronisation system, while the first error
      signal may be used for accelerating the phase synchronisation.
PAR  According to the invention there is provided a phase and frequency
      comparator having two inputs for respectively receiving a reference signal
      of period T and a second signal, and comprising: a comparison circuit for
      detecting the sign of the phase shift between said signals for a
      predetermined phase .phi..sub.o of each period of the second signal and
      delivering a two-value phase-shift signal; and a second circuit, fed by
      said comparison circuit, for delivering a two-value frequency difference
      signal indicative of the sign of the frequency difference between said
      reference signal and said second signal, said second circuit comprising
      means for detecting those particular changes in the value of said phase
      shift signal occurring for a phase of the reference signal included in a
      limited phase interval comprising one and only one value for which the
      amplitude of the reference signal is zero, and for changing the value of
      said frequency difference signal for each of said particular changes.
DRWD
PAR  The invention will be more readily understood and other features will be
      apparent from the following description with reference to the accompanying
      drawing wherein:
PAR  FIG. 1 is a synoptic diagram of a phase and a frequency comparator
      according to the invention,
PAR  FIG. 2 is a diagram of a control system comprising a comparator according
      to the invention,
PAR  FIG. 3 is a diagram in explanation of the operation of the control system
      according to FIG. 2.
DETD
PAR  Referring to FIG. 1, the phase and frequency comparator comprises two
      inputs 1 and 2 intended to receive respectively a sinusoidal reference
      signal of frequency f.sub.o and an auxiliary signal, and an output 3 for
      delivering a binary signal, the two states of which respectively show that
      the frequency of the auxiliary signal is greater or less than that of the
      reference signal, and an output 4 for delivering a binary signal whose two
      states respectively indicate that the auxiliary signal is leading or
      lagging in phase in relation to the reference signal. The input 1 is
      connected to a limiting amplifier 10 which delivers a square wave, the
      states 1 and 0 of which correspond respectively to the half-cycles [ -
      .pi. , 0] and [0, .pi.] of the reference signal. The input 2 is connected
      to a limiting amplifier 11, the output of which feeds a pulse generator
      circuit 12 which comprises a differentiating circuit followed by a
      monostable trigger circuit; it delivers pulses whose duration (equal to
      the duration of the quasi-stable state of the monostable trigger circuit)
      is short in comparison with the periods of the two signals, and the
      position of which is characteristic of the trailing edges of the output
      signal of the amplifier 11, and hence characteristic of the phase 0
      (modulo 2.pi.) of the auxiliary signal received at 2 if the latter is a
      sinusoidal signal. These pulses are applied to the clock inputs of two
      shift-register stages 13 and 14 connected in cascade. The first stage 13
      is connected by its signal input to the output of the amplifier 10.
PAR  These elements constitute a first part of the comparator.
PAR  On each cycle of the auxiliary signal and for the phase 0 of this signal,
      the first stage 13 receives a clock pulse and samples the square wave
      signal which it receives from amplifier 10. It records a state 1 or 0
      depending on whether the reference signal is lagging or leading in phase
      in relation to the auxiliary signal during the cycle in question. The
      binary signal registered is a characteristic signal of the phase-shift of
      the two signals at the instant of the sampling.
PAR  The output of stage 13 forms the output 4 of the comparator and transmits
      the phase-shift sign in binary form.
PAR  A basic principle of the comparator is to use the phase-shift variations of
      the two signals to determine the sign of their frequency difference. It
      can, in fact, be shown that the changes in the binary phase-shift signal
      correspond to a negative frequency difference (f.sub.o - f.sub.1) if they
      occur from state 0 to state 1 and for a (negative) phase-shift less, in
      absolute value, than a predetermined negative value - E.sub.1 , and a
      positive frequency difference (f.sub.o - f.sub.1) if they occur from state
      1 to state 0 and for a (positive) phase-shift less than a predetermined
      value E.sub.2 , f.sub.o and f.sub.1 2 being the respective frequencies of
      the reference signal and the auxiliary signal. Calculation shows that, for
      a given frequency f.sub.o , E.sub.1 and E.sub.2 respectively depend upon
      the minimum and maximum values of the frequency f.sub.1 which are thus
      limited, the first having a lower threshold and the second an upper
      threshold since E.sub.1  and E.sub.2 must be positive. If a value E =
      E.sub.1 = E.sub.2 is chosen beforehand so that the useful changes in value
      of the phase-shift signal are sufficiently numerous for a desired
      application, a lower and an upper threshold are thereby imparted to the
      frequency f.sub.1 so that the changes in value of the phase-shift signal
      thus unambiguously indicate the sign of the frequency difference if they
      occur for a phase-shift signal, i.e. a phase of the reference signal,
      comprised between - E and E. For instance for E = .pi./2, as in the
      described comparator, these threshold values are respectively 4f.sub.o /5
      and 4f.sub.o /3.
PAR  The second part of the comparator in the example illustrated comprises the
      second shift register stage 14, which reproduces the state of the first
      stage with a delay equal to one cycle of the auxiliary signal, an
      "exclusive OR" gate 15, also called "anticoincidence circuit", the two
      inputs of which receive the output signals of the first and second
      shift-register stages 13 and 14, and a monostable trigger circuit 16 which
      delivers a shortduration pulse for each leading edge of the output signal
      of gate 15. The third part of the comparator comprises a delay circuit 17
      which delivers the square signal from the amplifier 10 with a fixed delay
      equal to one-quarter of the cycle of the reference signal, and by an AND
      gate 18, the two inputs of which receive the delayed square signal from
      circuit 17 and the pulses from circuit 16. The gate 18 transmits the
      pulses from circuit 16 only when they are produced for a reference signal
      phase lying between - .pi./2 and + .pi./2. The pulses transmitted are
      applied to the clock input of a third shift register stage 19, the output
      of which forms the output 3 of the comparator and the signal input of
      which is connected to the output of the first stage 13. The third stage
      registers a state 1 characteristic of a negative frequency difference
      (f.sub.o - f.sub.1) or a state 0 characteristic of a positive frequency
      difference depending upon whether the transition resulting in the clock
      pulse was a transition of the type 0 - 1 or of the type 1 - 0.
PAR  The signal available at output 3 is characteristic of the frequency
      difference sign as from the time when a transition of the phase-shift
      signal is detected. Thereafter it takes the value 1 for a detected
      frequency of the auxiliary signal greater than the frequency f.sub.o and
      the value 0 for a detected frequency of the auxiliary signal less than the
      frequency f.sub.o . This comparator may be considered as a phase
      comparator or as a frequency comparator.
PAR  On the basis of its operating principle it has a wide range of operation;
      it delivers the frequency difference sign without any ambiguity for values
      of the frequency f.sub.1 lying between 4f.sub.o /5 and 4f.sub.o /3. It
      also enables very small frequency differences to be detected provided that
      the comparison is carried out over an adequate number of auxiliary signal
      cycles to enable a transition of the phase-shift signal to be detected.
      However, it does not provide the sign of the phase difference between two
      signals at the same frequency (e.g. those delivered by a single
      generator).
PAR  As regards its properties, the comparator advantageously lends itself to
      use as an error detector in a frequency and phase control system. FIG. 2
      is the diagram of such a control system.
PAR  The circuit according to FIG. 2 comprises a reference oscillator 20 of
      frequency f.sub.o , an oscillator 23 of frequency f.sub.1 , the frequency
      and the phase of which are to be controlled, a comparator of the above
      type, 21, which receives the output signals of the two oscillators, and a
      control circuit 22 disposed between the output 3 of the comparator 21 and
      the frequency control input of the oscillator 23, the output 4 of the
      comparator not being used in this system.
PAR  The oscillator 23 is a variable-frequency oscillator, for example of the
      variable-capacity diode type, the oscillation frequency of which is
      determined by a control voltage. The control circuit 22 is formed by a
      bistable trigger circuit which delivers a voltage + U or a voltage - U
      depending upon the value of the binary signal that it receives, and by an
      integrator which receives the output voltage of the previous circuit and
      feeds the control input of the oscillator 23.
PAR  The operation of the control device will now be described with references
      to FIG. 3, which shows a phase plan of the successive states of the
      control system. The horizontal axis of this phase plan shows the
      phase-shift .phi. = .phi..sub.o - .phi..sub.1 between the two signals,
      while the vertical axis shows their frequency difference (f.sub.o -
      f.sub.1).
PAR  To plot the graph it was assumed that the signal of oscillator 23 at the
      initial time had a frequency less than the frequency f.sub.o and a phase
      lead of about 180.degree. ; the control system is in the state shown by
      point 30. It had also been assumed that the comparator 21 -- which had not
      yet detected any transition of the phase-shift signal -- delivered an
      erroneous indication 1 (characteristic of a negative frequency
      difference). The integrator of circuit 22 delivers an increasing voltage
      to oscillator 23, which tends to reduce the frequency f.sub.1 and increase
      the frequency difference. At the same time there is a phase drift which
      tends to increase the phase-shift .phi. algebraically.
PAR  At the time 31 the phase-shift changes sign and the comparator 21 then
      delivers a correct information 0; the integrator delivers a decreasing
      voltage which by acting on the oscillator 23 tends to increase the
      frequency f.sub.1 ; the phase drift continues in the same direction
      because the frequency f.sub.1 is still below the frequency f.sub.o.
PAR  As the time 32 the phase-shift changes sign but the comparator 21 does not
      detect it and continues to transmit a signal 0.
PAR  At the time 33 the phase-shift changes sign, the comparator detects it and
      transmits a signal 0.
PAR  At time 34 the frequency difference changes sign; this change is not
      detected, the voltage of the integrator continues to decrease and the
      frequency f.sub.1 continues to increase; the phase drift changes
      direction.
PAR  At time 35 the comparator detects a change of sign of the phase-shift from
      state 0 to state 1 and delivers a signal 1; the integrator then delivers
      an increasing voltage and the frequency f.sub.1 tends to decrease; the
      phase drift continues in the same direction.
PAR  At time 36 the frequency difference changes sign without being detected;
      the frequency f.sub.1 continues to decrease but the direction of the phase
      drift is reversed. The system then continues to progress in the same way;
      the error signal and the direction of the correction change sign whenever
      the figurative point passes through the vertical axis, i.e. whenever the
      phase-shift changes sign; the phase drift changes direction whenever the
      figurative point passes through the horizontal axis, i.e. whenever the
      frequency difference changes sign.
PAR  It may be shown that the trajectory of the figurative point tends towards a
      limit cycle which surrounds the point 0 , at which point the phase-shift
      and frequency difference are zero; phase error .phi..sub.2 and a frequency
      error f.sub.2 correspond to this limit cycle and may be made as low as
      required by adjusting the parameters of the control system.
PAR  The invention is not limited to the embodiments described in conjunction
      with FIGS. 1 and 2.
PAR  It will be noted that the phase difference signal appearing at the output 4
      (FIG. 1) of the comparator was not used in the described control system in
      FIG. 2.
PAR  This signal may be used in a control system for modulating the amplitude of
      the correction signal derived from the frequency difference signal,
      according to whether a change of sign of the phase difference signal is or
      is not associated with a change of sign of the frequency difference
      signal; the first case indicates that the control system is in the
      neighborhood of synchronism, so that only a small correction should be
      applied, while the second case indicates that a larger correction is
      required.
PAR  In the described comparator, the changes in the binary phase-shift signal
      are retained when they occur in a limited phase interval comprising the
      value 0. It is also possible, but without further advantage, to take into
      account phase changes provided they occur in a limited phase interval
      comprising the value .pi. , a change from the 1 to the 0 state being then
      indicative of a negative frequency difference (f.sub.o - f.sub.1), and a
      change from the 0 to the 1 state of a positive frequency difference
      (f.sub.o - f.sub.1).
PAR  Of course, the invention is not limited to the embodiments described and
      shown which were solely by way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase and frequency comparator having first and second inputs for
      respectively receiving a reference signal of period T and a second signal,
      and comprising: a comparison circuit coupled to said first and second
      inputs, and comprising means for, each time said second signal has a
      predetermined phase .phi..sub.o for which the amplitude of said second
      signal is zero, determining the sign of the phase-shift, measured between
      - .pi. and + .pi. , of said reference signal relatively to said second
      signal, and delivering to said output a phase-shift digital signal having
      one or the other of two values depending upon the sign of this
      phase-shift; and a second circuit coupled to said first input, and to said
      output of said comparison circuit, comprising comparison means and gating
      means for detecting those particular phase-shift digital signals which
      simultaneously fulfill the two following conditions (i) they differ in
      value from the preceding phase-shift digital signal and (ii) they occur
      while the phase of the reference signal is included in a limited phase
      interval comprising one and only one value for which the amplitude of the
      reference signal is zero, and delivering to said output of said second
      circuit a frequency difference signal, the value of which is equal to the
      value of the last detected one of said particular phase-shift signals.
NUM  2.
PAR  2. A phase and frequency comparator as claimed in claim 1, wherein said
      comparison circuit comprises a limiting circuit for converting said
      reference signal into an intermediate binary signal which changes state
      for the phases .phi..sub.o and .phi..sub.o + .pi. of said reference
      signal, a pulse generator supplying a pulse every time the phase of second
      signal is .phi..sub.o and a sampling circuit for sampling said
      intermediate binary signal by said pulse, the output of said sampling
      circuit delivering said phase-shift digital signal.
NUM  3.
PAR  3. A phase and frequency comparator as claimed in claim 2, wherein said
      comparing means include a memory element for temporarily storing each
      phase-shift digital signal and means coupled to said sampling circuit and
      to said memory element for delivering a control signal upon the digital
      signal stored in said memory element differing from the digital signal
      being delivered by said sampling circuit, and said gating means include
      means for delaying said intermediate binary signal and means for gating
      said control signal by means of the delayed intermediate binary signal,
      said second circuit further comprising a further memory element and means
      for storing the signal delivered by said sampling circuit in said further
      memory element, upon said gating means delivering an output pulse.
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PAL  An inductive load driver apparatus utilizing a current feedback loop having
      two switchable signal paths to provide the fast switching capability to
      drive the ferrite phase shifters on the AWACS antenna.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to operational amplifiers and in
      particular to an inductive load driver apparatus with fast switching
      capability.
PAR  In the prior art, operational amplifiers with push-pull output stages and a
      sensing resistor feedback configuration are used quite extensively in
      electronic design as current amplifiers. Generally, such operational
      amplifiers comprise an I.C. operational amplifier, a push-pull output
      stage and a precision type sensing resistor. The sensing resistor voltage
      Es is controlled by the magnitude of the input voltage Ein and the closed
      loop gain of the network. With the load placed in series with the sensing
      resistor Rx, the standard voltage amplifier has been converted to a
      current amplifier with the current in the load directly proportional to
      the voltage developed across the sensing resistor. The output current in
      this circuit is given by the relationship I.sub.o = Ein A/Rs where A is
      the magnitude of the closed loop gain of the amplifier and Rs is the ohmic
      value of the sensing resistor. If precision type resistors are used for
      those components whose ohmic values enter into the above equation, then an
      accurate current amplifier will be obtained.
PAR  The prior art circuit works quite well as long as the load is purely
      resistive and no major limitations are encountered. However, when driving
      an inductive load, there are other factors to consider which makes the
      task more difficult. One of the primary limitations is how fast can the
      current through the load be changed. The basic limitation comes from the
      Ldi/dt of the coil, or more specifically the magnitude of the power
      supplies in the output stage. The most obvious solution to this problem is
      to use higher voltage power supplies. However, this soon gets out of hand
      due to the added stress on the components and the power that is wasted
      when the circuit is operated in a steady state. The basic problems
      involved in driving inductive loads can be summarized as follows:
PAR  1. Increase complexity in driver and power supply design.
PAR  2. Highly stressed components cause a decrease in reliability and an
      increase in total system cost.
PAR  3. Means of dissipating power to maintain components at a safe operating
      temperature.
PAR  4. Waste in the power consumption because the high voltage supplies are
      only needed for fast switching capability. The present invention provides
      an inductive load driver apparatus which is capable of operating the
      circuit from lower values supplies in the steady state, and switching to
      the higher values supplies during the times when the fast switching
      capability is needed.
PAC  SUMMARY
PAR  The present invention utilizes two paths of signal flow: one for steady
      state operation, and one to allow for the fast switching. The inductive
      load driver apparatus is the standard feedback arrangement, with the load
      in series with a precision sensing resistor, and the voltage across this
      sensing resistor fedback to the input to close the loop. With the
      configuration, as before, the voltage developed across the sensing
      resistor is proportional to the current in the load. The inductive load
      drive apparatus includes a buffer and bias network that is required
      because of the fast switching feature. The second path bypasses the buffer
      and bias circuitry and the output stage and goes through the threshold
      detector and the high voltage pulser stage.
PAR  It is one object of the invention, therefore, to provide an improved
      inductive load driver apparatus that conserves power.
PAR  It is yet another object of the invention to provide an improved inductive
      load driver apparatus that can provide a fast switching capability in the
      order of 450 .mu. sec.
PAR  It is still another object of the invention to provide an improved
      inductive load driver apparatus capable of dissipating power to maintain
      components at safe operating levels and temperature.
PAR  These and other advantages, features and objects of the invention will
      become more apparent from the following description taken in connection
      with the illustrative embodiment in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the inductive load driver apparatus in
      accordance with the present invention,
PAR  FIG. 2 is a graphical representation of the operational amplifier
      responses, and,
PAR  FIG. 3 is a schematic diagram of the phase shifter driver.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown an inductive load driver apparatus
      utilizing an operational amplifier 10 in conjunction with buffer and bias
      unit 12 and output power stage 14 to drive phase shifter 16. In order to
      better understand how the circuit operates, consider a step command
      applied to the input 18 to reset the current in the load to some new
      value. As the input changes with a fast rise time from one level to
      another, the output isn't able to slew as fast because of the Ldi/dt of
      the coil 16 and the operational amplifier goes into saturation. Normally
      it would stay saturated until the current in the coil 16 obtained the
      desired value, at such time the circuit would once again operate in the
      closed loop configuration. However, when the feedback path is opened and
      the operational amplifier saturates at either a positive or negative
      level, either threshold detector circuit 20,22 is triggered. This in turn
      switches in the respective high voltage supply 24,26 and causes the
      current in the coil 16 to change at a faster rate. Once the current in the
      coil 16 reaches the desired level, the closed loop configuration takes
      over and the high voltage supplys 24,26 are removed because the threshold
      level is no longer exceeded. This scheme basically accomplishes two
      things: 1) decreased the switching time; and 2) reduced the power
      consumption.
PAR  The block diagram of FIG. 1 has been mechanized by the circuitry shown in
      FIG. 3. The overall circuit consists of a printed circuit board assembly
      30 (containing the majority of components which are of low power
      dissipation) and a heat sink assembly 32 (to provide a way to dissipate
      the higher power associated with the output stage). The total assembly is
      bolted to the phase shifter, whose temperatures may be accurately
      controlled by circulating FC77 coolant through the unit. The high current
      supplies as well as the connections for the coil are brought in through a
      terminal strip 34 while the other supplies and the input signal come in
      through the board connector 36.
PAR  In FIG. 3 the resistors Rin, Rf, R4 and R.sub.s operational amplifier,
      Z.sup.1, and transistor assemblies Q1 and Q2 make up the basic feedback
      amplifier configuration of FIG. 1. The buffer stage is comprised of
      transistors Q3 and Q4, resistors R5, R6 and R7, and capacitors C4 and C5
      and is simply a NPN/PNP emitter follower. The bias network which is needed
      because of the high voltage pulsor circuits, is made up of resistors R8,
      R9, R10 and R11 and diodes CR1 and CR2. The two diodes in the bias network
      serve a dual role by reducing the cross-over distortion and blocking when
      the high voltage pulsers are on. Under steady state operation this much of
      the circuit functions as previously described with the output current
      given by the relationship .vertline.I.sub.o .vertline. = Ein Rf/Rin Rs.
PAR  The input network will be discussed in greater detail in order to better
      understand the invention and to see what it accomplishes in the driver.
      The first thing about the input network is that it is double-ended. This
      technique is used to cancel out any potential differences that might be
      present in the signal return between where the input is generated and the
      input to the driver. The compensation network, made up of the various
      resistors and capacitors in the front end, shapes the overall
      gain/frequency response to give a stable system with maximum bandwidth for
      a fast switching capability. It may be seen from FIG. 2 that the response
      plot of the coil has an initial corner at approximately 2 KHz and that it
      rolls off from this point with a (-) 1 slope. This (-) 1 slope, when
      combined with the (-) 1 slope of the open loop response of the operational
      amplifier, will yield an overall response that crosses unity gain with a
      (-) 2 slope and the system is only conditionally stable. What is wanted
      through the compensating network is to introduce a (-) 1 slope into the
      response so that the gain/frequency plot will continue to roll off with a
      (1) slope until it crosses unity gain. In this way a stable response is
      guaranteed. Component values were calculated with this fact in mind, and
      at the same time an effort was made to get maximum bandwidth. The various
      responses, for the coil, the op amp, the compensating network and the
      combined responses, can be also seen in FIG. 2. It should be noted in that
      the network between the two inputs of the operational amplifier could have
      been purely resistive, but this would have increased the DC offset of the
      driver. To get around this situation and still maintain the capability of
      shaping the overall response, an R-C network is substituted for the
      resistor between the two inputs to the op amp. In this way the network
      doesn't affect the op amp from a DC standpoint, but merely contributes a
      low frequency pole/zero pair to the already existing pole and zero of
      compensating network. These low frequency corners occur at approximately 3
      Hz and 20 Hz and are several decades removed from the main corners as to
      have neglegible effect in the overall response. The zero/pole combination
      for the lead-lag network occurs at approximately 1.5 KHz and 12 KHz
      respectively. This technique for compensation yields a closed loop
      bandwidth of approximately 5 KHz.
PAR  Returning now to FIG. 3 the circuitry that is employed to give the driver
      the fast switching capability will be dealt with. The threshold detectors
      comprise transistors Q5 snd Q6, resistors R12, R13, R14 and R15, and
      diodes CR9 and CR10. Either one or the other of these detectors will be
      energized depending on whether the input is switching from plus to minus
      or from minus to plus. Under steady state operation the output voltage
      from the operational amplifier is such that neither Q5 or Q6 is
      conducting. Each of the threshold detectors is used to drive a high
      voltage pulser, one for positive voltage and the other for negative
      voltage. These pulser networks are basically a pair of darlington stages
      that are operated in an inverted configuraton. Diodes CR3, CR4, CR5, CR6,
      CR7 and CR8 function as steering/blocking diodes to allow the application
      of the high voltage to the coil and at the same time protect other
      portions of the circuit from being damaged by the higher voltage.
PAR  In order to get a better understanding of how the combined circuits
      operate, a step by step description of the operation of the disclosed
      circuit will be given. In steady state operation, a slow varying signal is
      applied to the input and the circuit functions as a standard feedback
      amplifier. Under this condition the voltage gain is approximately -Rf/Rin
      and the current in the coil is given as .vertline.I.sub.o .vertline. = Ein
      Rf/Rin Rs. Assume that the input signal is at some positive level and a
      fast falling step occurs to command the driver to reset the current in the
      coil to some new positive level. Because of the Ldi/dt of the coil, the
      output of the driver cannot slew as fast as the input, the feedback loop
      is opened and the operational amplifier saturates at its positive
      saturation level. This saturation level of the operational amplifier is
      greater than the threshold level established on transistor Q5 and thus
      causes Q5 to conduct. This in turn causes the darlington pair Q7 and Q9 to
      conduct, applying approximately +50 VDC to the junction of steering diodes
      CR3 and CR5. Diode CR5 allows the application of the +50 VDC directly to
      the coil, which causes the current to switch in a shorter time period.
      While this is occuring, some measures must be taken to insure that other
      components in the circuit are not stressed beyond their maximum ratings.
      The first measure for protection was the addition of diode CR7. In steady
      state operation, this diode is forward biased and allows positive current
      flow to the coil from transistor Q1. When the high voltage is applied
      directly to the coil from the pulser network, this diode then prevents the
      base-emitter junction of Q1 from being reverse biased past its maximum
      rating. It should be noted that transistor Q2 is also non-conducting at
      this time because its base and emitter are essentially at the same voltage
      potential. By looking at the bias network, we can see the importance of
      having diodes CR1 and CR2. With the operational ampifier saturated, the
      voltage level at the emitters of Q3 and Q4 is approximately at this same
      level. The voltage at the junction of resistors R9 and R11 is
      approximately +50 VDC and diode CR2 is reverse biased. This diode not only
      protects transistors Q3 and Q4 when the pulser circuitry is on, but also
      the operational amplifier. These diodes also serve in another capacity
      when the circuit is operating in the standard feedback configuration. They
      insure that only one of the output transistors will be conducting at the
      same time by reverse biasing the base-emitter junction of the other
      transistor. It should be pointed out that the above description applies to
      resetting the current in the coil from some negative level to some
      positive level. When the opposite condition exists, the negative threshold
      detector and high voltage pulser circuits are now energized. The operation
      of the driver at this time is identical to that which has already been
      described except that in the description the corresponding components will
      be referenced. For example: when the positive pulser was energized, it was
      said that diode CR1 in the biasing network was conducting while CR2 was
      reverse biased; for the case when the negative pulser is conducting, diode
      CR2 will be conducting and CR1 will be reverse biased.
PAR  After the current in the coil reaches the desired level, the close loop
      operation once again takes control, the high voltage pulser is deenergized
      and the driver functions as a standard feedback amplifier. It continues to
      function in this steady state mode until the next reset command is
      generated, at which time either one or the other high voltage pulsers will
      be actuated to give the fast switching capability.
PAC  TEST RESULTS
PAR  A prototype model of the present invention was built in April of 1971 and
      tested using an actual shifter as the load. The characteristic impedance
      of the coil of the phase shifter was 2.2 millihenries inductance and 5
      ohms resistance. The maximum differential current to be switched was 7.2
      amperes. The present invention was compared with the standard feedback
      current amplifier and the following results were obtained: 1) the
      switching time for the maximum value of differential current was reduced
      from 650 .mu.sec to 450 .mu.sec; and 2) the average power dissipation,
      based on the same switching time, was reduced by a factor of 1/2. The
      actual closed loop response of the disclosed circuit agreed favorably with
      calculated values and the actual close loop bandwidth was measured as 4.5
      KHz. All theoretical assumptions used in the initial design were proven
      valid during test and the disclosed circuit functioned as was anticipated.
PAR  Although the invention has been described with reference to a particular
      embodiment, it will be understood to those skilled in the art that the
      invention is capable of a variety of alternative embodiments within the
      spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inductive load driver apparatus with fast switching capability
      comprising in combination:
PA1  a feedback current amplifier having an input signal, said feedback current
      amplifier receiving a feedback signal from the load, said feedback signal
      being summed with said input signal to provide an output signal to said
      load, and,
PA1  means for driving an inductive load connected to said feedback current
      amplifier to sense said output signal, said inductive load driving means
      generating a control signal in response to said output signal, said
      inductive load driving means applying a high voltage output signal to said
      load in response to said control signals, said inductive load driving
      means comprises in combination:
PA1  first and second threshold detectors connected to said feedback current
      amplifier to receive said output signal, said first and second threshold
      detectors having first and second predetermined threshold levels
      respectively, said first and second threshold detectors providing first
      and second control signals, respectively, and
PA1  first and second high voltage pulsers connected respectively to said first
      and second threshold detectors, said first and second high voltage pulsers
      being activated by said first and second control signals respectively,
      said first high voltage pulser being responsive to said first control
      signals to provide a first high voltage to said load, said second high
      voltage pulser being responsive to said second control signal to provide a
      second high voltage to said load.
NUM  2.
PAR  2. An inductive load driver apparatus as described in claim 1 wherein said
      first predetermined level is at least +25 volts.
NUM  3.
PAR  3. An inductive load driver apparatus as described in claim 1 wherein said
      second predetermined level is at least -25 volts.
NUM  4.
PAR  4. An inductive load driver apparatus as described in claim 1 wherein said
      first high voltage is at least +50 volts.
NUM  5.
PAR  5. An inductive load driver apparatus as described in claim 1 wherein said
      second high voltage is at least -50 volts.
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ABST
PAL  Apparatus for demodulating phase modulated signals is described. The latter
      signals are produced by modulation of a carrier or harmonically related
      carriers. The modulated signal, constituted by consecutive modulation
      sections, is coupled to an analogue multiplier, the output of which is
      connected to an integrator. The integrator produces the demodulated
      signal. A pulse generator produces a sequence of pulses, each of which
      occurs within a given modulation section. The duration of each pulse
      equals the reciprocal of the fundamental frequency. A carrier
      corresponding in frequency and synchronized with the transmitted carrier
      is produced in the receiver. The transmitted carrier and receiver-produced
      carrier are coupled to the multiplier. The latter carrier is switched
      prior to its application to the multiplier using the output of the pulse
      generator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a circuit arrangement for the demodulation of a
      phase modulated signal which is obtained by the modulation of one or a
      plurality of carriers, the frequencies of which are multiples of a
      fundamental frequency. The signal consists of consecutive modulation
      sections and is conducted to an analogue multiplier. An integrator is also
      provided which is supplied with the output signal of the multiplier and
      which emits a demodulated signal.
PAR  In a known circuit arrangement for the demodulation of a phase modulated
      signal this phase modulated signal is conducted to a multiplier and a
      multiplicative signal is obtained which corresponds to the multiplication
      of the phase modulated signal with the carrier. This multiplicative signal
      is conducted to an integrator, from the output of which the demodulated
      signal is emitted. In order to use for integration only those parts of the
      multiplicative signal which are not affected by any phase shifts in the
      phase modulated signal, either in the transmission path between the
      multiplier and the integrator or within the integrator, there is provided
      an analogue switch which allows response to only those parts of the
      multiplicative signal which are unaffected by phase shifts in the phase
      modulated signal. Thus, undesired parts of the multiplicative signal are
      suppressed using this type of analogue switch. For example, an analogue
      switch of this type can be composed of a plurality of transistor stages.
PAR  The known circuit arrangement for the demodulation of a phase modulated
      signal possesses the disadvantage of a lack of temperature stability
      because the analogue switch, which consists of a plurality of transistor
      stages, displays differing swtiching behavior at different temperatures.
      This type of analogue switch itself necessitates a relatively large
      financial outlay for the circuitry, which increases in accordance with the
      requisite temperature stability of the analogue switch. In spite of this
      high outlay it is not possible to prevent signal distortions which arise
      as a result of the use of the described analogue switch.
PAR  An object of the invention is to provide a circuit arrangement for the
      demodulation of a phase modulated signal which is distinguished by a good
      temperature stability and a low circuitry cost.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention the aforementioned and other objects are
      achieved in a circuit arrangement of the type described hereinabove, there
      is provided a pulse generator which produces a sequence of rectangular
      wave form pulses. Each of the latter pulses occurs during one modulation
      section, and the duration of each pulse is equal to a reciprocal of the
      fundamental frequency. The transmission path, across which a multiplier is
      connected, contains a switching stage which is controlled with the
      rectangular wave form pulses. Also, using the multiplier, as a result of
      the multiplication of the phase modulated signal with the signal which is
      allowed to pass through the switching stage, a multiplicative signal is
      produced and conducted to the integrator.
PAR  The circuit arrangement is characterized in that those parts of the
      multiplicative signal which are to be integrated are not selected, by
      means of a limited integration time, but in that using the switching
      stage, only those parts of the multiplicative signal which are
      subsequently also integrated are in fact produced. Thus, the circuit
      arrangement in accordance with the invention obviates the use of an
      analogue switch in the transmission path between the multiplier and the
      integrator. The outlay required for the switching stage is considerably
      lower than for the analogue switch, because the use of the analogue switch
      in the known circuit arrangement necessitates the connection of a
      relatively complex signal. In contrast in the circuit arrangement in
      accordance with the invention only a relatively simple shaped rectangular
      or sinusoidal carrier must be connected. In this type of switching stage,
      while maintaining a low outlay for circuitry, it is also possible to
      achieve a good temperature stability so that signal distortions such as
      occur with the use of the known circuit arrangement are substantially
      avoided.
PAR  If a particularly low cost together with tolerable temperature stability is
      required, it is desirable to provide the multiplier in the form of two
      parallel connected, complementary transistors which act as double current
      switches. By chopping the phase modulated signal with a rectangular
      carrier, a multiplicative signal is produced which corresponds to the
      produce of the phase modulated signal and of the carrier.
PAR  If a particularly great temperature stability together with a tolerable
      outlay is to be achieved, it is desirable to provide the multiplier in the
      form of two field effect transistors which act as current switches. These
      two field effect transistors are controlled with the phase-modulated
      signal and with the carrier, so that, via the output of the multiplier, a
      multiplicative signal is again emitted to the following integrator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Exemplary, but preferred, embodiments of the invention will be described in
      the following making reference to FIGS. 1 to 7; identical objects
      appearing in more than one figure have been marked with the same
      references.
PAR  FIG. 1 is a block circuit diagram of a data transmission system for phase
      modulated signals.
PAR  FIG. 2 is a block circuit diagram of a circuit arrangement for
      time-differential phase modulation.
PAR  FIG. 3 is a block circuit diagram of a circuit arrangement for
      frequency-differential phase modulation.
PAR  FIG. 4 is a block circuit diagram of a circuit arrangement for the
      demodulation of a phase-modulated signal in a fundamental illustration.
PAR  FIG. 5 illustrates signals which occur in the region of the demodulator
      shown in FIG. 2.
PAR  FIG. 6 is a schematic diagram of a preferred embodiment of a circuit
      arrangement for the demodulation of phase-modulated signals, in which the
      multiplier takes the form of a two parallel-connected, complementary
      transistors, and
PAR  FIG. 7 is a schematic diagram of a preferred circuit arrangement for the
      demodulaton of phase-modulated signals in which field effect transistors
      are employed in the multiplier.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In accordance with FIG. 1, from a data source DQ, data are emitted to a
      transmitter S from which a phase-modulated signal is transmitted to a
      receiver EM. The receiver EM amplifies the received signal and emits a
      phase-modulated signal A to a demodulator DEM. From the demodulator DEM
      the modulated signal G is fed to a data sink DS. The data sink DS can, for
      example, take the form of a teleprinter, a data viewing device, or a data
      processing system.
PAR  In the transmitter S there could be produced a sinusoidal carrier, the
      phase of which is varied at intervals of modulation sections so that a
      phase-modulated signal is conducted to the receiver EM. In most cases the
      phase-modulated signal which is transmitted from the transmitter S to the
      receiver EM is obtained by the modulation of a plurality of carriers, the
      frequencies of which are multiples of a fundamental frequency. For
      example, the phase modulated signal can have been formed by the modulation
      of 16 different carriers. The receiver EM is thus supplied with a signal
      mixture which it amplifies, so that also as phase modulated signal A a
      signal mixture is fed to the demodulator DEM.
PAR  FIG. 2 shows a circuit arrangement for time different phase modulation
      comprising demodulators DEM1, DEM2, a delay stage .phi., and a difference
      stage DIF. The receiver EM thus emits the phase-modulated signal A, and
      from the difference stage DIF the demodulated signal G is emitted to the
      data sink DS. The delay stage .phi. delays the signal A by one modulation
      section.
PAR  FIG. 3 shows a circuit arrangement for frequency-differential phase
      modulation comprising demodulators DEM1, DEM2, DEM3, DEM4 and of the
      difference stages DIF1, DIF2. The phase modulated signals A1, A2, A3, A4
      possess different frequencies which are a multiple of a fundamental
      frequency f. Over the outputs of the difference stages DIF1 and DIF2, the
      demodulated signals G1 and G2 are fed to the data sinks DS1 and DS2.
PAR  FIG. 4 shows a fundamental circuit diagram of the demodulators DEM1, DEM2,
      DEM3, DEM4 which are schematically illustrated in FIG. 1, 2, and 3. This
      demodulator DEM comprises multiplier M, switching stage SCH, carrier
      generator TG, pulse generators IG1, IG2 and of the integrator INT. FIG. 4
      also shows the references of the signals shown in FIG. 5. One demodulator
      DEM is provided for each carrier.
PAR  The multiplier M emits a multiplicative signal which corresponds to the
      product of the signal amplitudes supplied at its input. This multiplier M
      is supplied with analogue signals and emits an analogue, multiplicative
      signal. The multiplier M is supplied with the signal A of which an
      exemplary embodiment is shown in more detail in FIG. 5. In the simplest
      case such a phase-modulated signal A comprises a sinusoidal carrier which
      exhibits phase shifts at the times t1 and t2. Using such phase shifts the
      data are transmitted in known manner. The interval of time between the two
      phase shifts and the times t1 and t2 is referred to as modulation section
      a. The phase shifts occurring at times t1 and t2 in practice are generally
      accomplished over a longer period of time, although this is irrelevant to
      the present invention and therefore will not be discussed in detail.
PAR  In the pulse generator IG1 is produced the signal C which consists of a
      sequence of rectangular pulses. The pulse duration c of these rectangular
      pulses is shorter than the modulation section a, and the phase state of
      these pulses is such that each of these pulses lies within one modulation
      section a. The duration c of the pulses is equal to the reciprocal amount
      of the fundamental frequency f. Thus c = 1/f.
PAR  In the carrier generator TG there is produced a carrier which, in terms of
      its pulse repetition frequency and its phase state is identical to the
      carrier which is modulated in the transmitter S shown in FIG. 1. The
      synchronization of these two carriers is not the subject of the present
      invention and therefore will not be described in detail. The carrier
      produced in the carrier generator TG can be sinusoidal or rectangular. In
      the present case the carrier B has been assumed to be rectangular.
PAR  The transmission path between the carrier generator TG and the multiplier M
      contains the switching stage SCH which in the switching position shown in
      a solid line establishes a direct connection between the carrier generator
      TG and the multiplier M. When the switch shown in the switching stage SCH
      assumes the switching position represented in broken lines, the connection
      between the carrier generator TG and the multiplier M is broken. The
      switching stage SCH is controlled with the binary signal C. The two binary
      values of this signal C and also of the other binary signals are
      referenced 0 and 1. When the signal C=1, the solid switching position is
      set up, and when the signal C=0, the broken-line switching position of the
      switching stage SCH is set up. Thus the signal D is emitted via the output
      of the switching stage SCH to the multiplier M.
PAR  The multiplicative signal E, which corresponds to the produce of the
      signals A and D, is produced in the multiplier M. This multiplicative
      signal E is conducted to the integrator INT and is integrated, resulting
      in the signal G. The pulse generator IG2 produces the erasure signal F
      with the aid of which the integrated amounts are erased shortly after the
      times t1 and t2. Here r1 -- a - c/2.
PAR  The integration time of the integrator INT is not determined by an analogue
      switch which could be arranged, for example, in the transmission channel
      between the multiplier M and the integrator INT. The integrator INT would
      carry out its integrating function during the time period r2. During the
      times e1 and e2 however the multiplicative signal E does not contain any
      integrable components so that in actual fact the integrating function is
      carried out only during the time c, i.e. during the duration of the pulses
      of the signal C.
PAR  FIG. 6 illustrates preferred embodiments of the switching stage SCH, of the
      multiplier M and of the integrator INT. The switching stage SCH comprises
      transistors 11, 12 and of the resistors 13, 14, 15, 16, 17, 18. The
      multiplier M is fed via the circuit point 19 with the signal D and via the
      circuit point 20 with the inverted signal D.
PAR  The multiplier M comprises two parallel-connected, complementary
      transistors 22, 23, diodes 24, 25 and resistors 26, 27, 28, 29, 30 and
      potentiometer 31. The transistors 22 and 23 act as double current switches
      which are controlled using the signals D and D.
PAR  The integrator INT comprises operational amplifier 33, transistors 34, 35,
      resistors 36, 37, 38, 39 and charging capacitor 40. The voltages +u and -u
      are connected at several circuit points of the circuit illustrated in FIG.
      6. These are the same voltages which are entered in FIG. 5 with respect to
      signal F. For the duration r2 of the signal F illustrated in FIG. 5 the
      charging capacitor 40 is charged, and for the duration r1 it is discharged
      via the emitter collector paths of the transistors 34 and 35.
PAR  The function of the switch SCH depicted in FIG. 6 was described with
      reference to FIG. 4, where it was stated that with the signal C=1 the
      switch SCH shown in FIG. 4 takes the position shown in solid lines. In
      that case the signals B and D are equal. We assume that a voltage -U
      allocated to the signal C=1 and a voltage +U is allocated to the signal
      C=0. Under this assumption four forms of operation can be distinguished.
PAR  A first form of operation occurs when the signal C=-U and B=+U, wherein
      transistor 11, operated as a switch, is non-conducting and the transistor
      12, likewise operated as a switch, is conducting. In the case of the
      non-conducting transistor 11 the signal C equals the signal D, and with
      C=-U, also D equals -U. The conducting transistor 12 causes a polarity
      reversal of the signal applied initially. With the signal C=-U, the signal
      D=+U is provided over terminal or switching point 19. Thus, in the first
      case, the signals B and D are equal, both equalling +U.
PAR  In a second case, the transistor 11 becomes conducting with C=-U and B=0
      volt, whereas the transistor 12 becomes non-conducting. In the
      non-conducting transistor 12, the signal D=-U is provided over the
      switching point 19, whereas in the case of the conducting transistor 11
      the signal D=+U is provided from the switching point 20. Since a voltage
      of 0 volt of the signal B corresponds to the lower of the two binary
      values of the signal D in FIG. 5, in this second case, too, the signal B
      equal the signal D.
PAR  A third case occurs with the signal C=+U and B=+U, in which case both
      transistor 11 and 12 are non-conducting, so that with the signal C=+U the
      signal D=+U is provided from the switching point 20 and the signal D=-U
      from the switching point 19. In this third case, the signals B and D are
      opposed to one another, as shown in FIG. 5 prior to the instant t1.
PAR  A fourth case occurs if with the signal C=+U the signal B=0 volt again
      renders non-conductive both transistors 11 and 12. As in the third case,
      we have the signals D=-U and D=+U. Thus, in the third and fourth cases,
      the signal D=+U appears regardless of the binary value of the signal B.
      This is also apparent from FIG. 5, where prior to the instant t1 with the
      signal C=0 corresponding to the voltage +U the signal D takes the lower of
      the two binary values, regardless of whether the signal B takes the binary
      value +U or 0 volt prior to the instant t1.
PAR  Transistors 22 and 23 of the multiplier M operate as double-current
      switches which are controlled through the signal D or D. The diodes 24 and
      25 serve, respectively, for the protection of the transistors 22 and 23.
      The diode 24 prevents the feeding of a positive voltage to the base of the
      transistor 22, and the diode 25 prevents the feeding of a negative voltage
      to the base of the transistor 23.
PAR  A first case can be distinguished wherein the signals D=+U and D=-U are
      applied to the multiplier M. In this first case, the diode 24 and the
      transistor 22 are non-conducting, whereas the diode 25 and the transistor
      23 are conducting. In this first case, the signal A is transmitted to the
      output of the multiplier M over the transistor 23 and resistor 30, whereby
      a "one" value is allocated to the signal D=+U. Thus, by multiplying the
      latter "one" value with the amplitude of the signal A one obtains the
      signal A.
PAR  A second case occurs when D=-U and D=+U. In this second case, the two
      diodes 24 and 25, as well as the two transistors 22 and 23 are
      nonconducting. The signal E=0 volt is then provided at the output of the
      multiplier M, as shown in FIG. 5, throughout the duration of the lower of
      the two binary values of the signal D.
PAR  The signal F shown in FIG. 5 is applied to the integrator INT depicted in
      FIG. 6. The emitter-collector junctions of the transistors 34 and 35 are
      blocked with the signal F=-U, so that the capacitor 40 is charged
      throughout the duration of r2. Thus, during this time r2, an integration
      is performed by means of the operational amplifier 33 and the capacitor
      44.
PAR  With the signal F=+U, the emitter-collector junctions of the transistors 34
      and 35 become conducting so that the capacitor 40 is discharged throughout
      the duration r1. As shown in FIG. 5, the capacitor 40 is alternately
      discharged throughout the duration r1 and charged throughout the duration
      r2.
PAR  FIG. 7 shows further preferred embodiments of the switching stage SCH which
      is schematically illustrated in FIG. 4, of the multiplier M and of the
      integrator INT.
PAR  The switching stage SCH represented in FIG. 7 comprises transistors 42, 43,
      resistors 44, 45, 46, 47 and diodes 48 and 49. Via the circuit points 50
      and 50, the signals D and D, respectively, are emitted to the multiplier
      M.
PAR  In FIG. 7 the switch SCH causes the signals B and D to be equal to each
      other. Again, four forms of operation are possible.
PAR  With the signal C=1 corresponding to a voltage -U and with the signal B=+U
      we have a first case, wherein diode 48 is conducting, diode 49 is
      nonconducting, transistor 43 is conducting and the transistor 42 is
      non-conducting. A signal D is provided from the collector of the
      transistor 43 over the switching point 50, whereas a signal D is provided
      from the collector of the transistor 42 over the switching point 50. Thus,
      in this first case, the signal D=+U is provided over the switching point
      50.
PAR  A second case occurs when signal C=-U and when signal B=0 volt, wherein the
      diodes 48 and 49 are non-conducting, the transistor 43 is nonconducting,
      and the transistor 42 conducting. In this second case, the signal D=0 volt
      is transmitted over the switching point 50, so that in the first and
      second cases the signals B and D are equal.
PAR  A third case occurs with the signals C=+U and B=+U, wherein the diodes 48
      and 49 and the transistor 43 are conducting, and the transistor 42 is
      nonconducting.
PAR  A fourth case is obtained when signal C=+U and B=0 volt, wherein the diode
      48 and the transistor 42 are non-conducting, and the diode 49 and the
      transistor 43 are conducting. In the third and fourth cases, the signal
      D=+U is provided over the switching point 50 regardless of whether the
      initially applied signal is B=+U or B=0 volt.
PAR  Field-effect transistors 51 and 52 of the multiplier M shown in FIG. 7 are
      controlled with the signals D and D, respectively. Again, two cases can be
      distinguished.
PAR  A first case occurs when signal D=0 volt, wherein the diode 54 and the
      field-effect transistor 51 are conducting. Thus, the signal A is provided
      as signal E over the output of the multiplier M. This is a multiplication,
      wherein the value "one" is allocated to the signal D=0 volt, so that the
      product of the value "one"  with the amplitude of the signal A is provided
      over the output of the multiplier M. In this first case, the diode 53 and
      the field-effect transistor 52 are non-conducting.
PAR  A second case occurs when signal D=+U, wherein the diode 54 and the
      field-effect transistor 51 are non-conducting, whereas the diode 53 and
      the field-effect transistor 52 are non-conducting. In this case, the
      signal A is blocked so that a signal of 0 volt is provided over the output
      of the multiplier M. The integrator INT shown in FIG. 7 is fully identical
      with the integrator already described and shown in FIG. 6, so that no
      further description is needed.
PAR  Circuit arrangements for the demodulaton of a phase modulated signal which
      are constructed in accordance with FIG. 6 and 7 are characterized by a
      large modulation range of the signal A. The amplitudes of the signal A are
      thus able to vary within a large amplitude range without any impairment of
      the demodulation.
PAR  The preferred embodiments described hereinabove are intended only to be
      exemplary of the principles of the invention. It is contemplated that the
      described embodiments can be modified or changed while remaining within
      the scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus in a receiver for demodulating a phase modulated signal,
      which signal is constituted by at least one carrier and a consecutive
      series of modulation section, wherein the received modulated signal is
      coupled to an analogue multiplier, the output of which is coupled to an
      integrator which emits a demodulated signal, the improvement comprising:
PA1  first pulse generator means for producing a sequence of rectangular pulses,
      each of which occurs within a different one of said modulation sections,
      said pulses being of a duration equal to the reciprocal of the fundamental
      frequency of the carrier,
PA1  means in the receiver for generating a local carrier signal corresponding
      in frequency with the carrier signal of said received modulated signal and
      in phase therewith, and
PA1  switching means for connecting said local carrier signal to said
      multiplier, said switching means being operable to connect said local
      carrier signal to said multiplier responsive to the output of said pulse
      generator means,
PA1  said multiplier producing an output having a value which is the product of
      said received carrier signal and said switched local carrier signal.
NUM  2.
PAR  2. The improved apparatus defined in claim 1 further comprising:
PA1  second pulse generator means for producing a sequence of rectangular
      erasure pulses, each of which occurs at the beginning of a said modulation
      section, each said pulse having a duration equal to less than half the
      difference between the duration of a said modulation section and the
      duration of a pulse from said first pulse generator means, the output of
      said second pulse generator being coupled to said integrator.
NUM  3.
PAR  3. The improved circuit arrangement defined in claim 1 wherein said
      multiplier comprises:
PA1  first and second complementary transistors,
PA1  a first and second diodes connected, respectively, to conduct said switched
      local carrier signal to the bases of said first and second transistors,
PA1  means connecting said received modulated signal to the emitters of said
      first and second transistors and
PA1  first and second resistors connected, respectively, to the collectors of
      said first and second transistors and the output of said multiplier.
NUM  4.
PAR  4. The improved apparatus defined in claim 1 wherein said switching means
      comprises:
PA1  third and fourth transistors,
PA1  means connecting said local carrier signal to the base of said third
      transistor,
PA1  means connecting the output of said first pulse generator means to the base
      of said fourth transistor, and
PA1  an operating voltage source having one polarity connected to the emitters
      of said third and fourth transistors and the other terminals connected to
      the collector of said fourth transistor,
PA1  the portion of said local carrier signal permitted to pass through said
      switching means and the complement thereof appearing at, respectively the
      collectors of said third and fourth transistors.
NUM  5.
PAR  5. The improved apparatus defined in claim 2 wherein said integrator
      comprises:
PA1  operational amplifier means,
PA1  charge storage means,
PA1  a controllable switching path, and
PA1  means connecting said charge storage means in series with said controllable
      switching path and input and output terminals of said operational
      amplifier means
PA1  said controllable switching path being rendered conductive by pulses from
      said second pulse generator means to discharge said charge storage means.
NUM  6.
PAR  6. The improved apparatus defined in claim 1 wherein said multiplier
      comprises:
PA1  first and second field effect transistors connected as current switches,
PA1  third and fourth diodes for connecting said switched local carrier signal
      respectively, to the bases of said first and second field effect
      transistors, and
PA1  means connecting said received modulated signal to one terminal of each of
      said field effect transistors, the produce of said received modulated
      signal and said switched local carrier signal being emitted by another
      electrode of said first field effect transistor.
NUM  7.
PAR  7. The improved apparatus defined in claim 6 wherein said switching means
      comprises:
PA1  fifth and sixth transistors each having a collector connected to a
      collector resistance and emitters connected to a common emitter
      resistance,
PA1  an operating voltage source having one polarity connected to said collector
      resistances and the other polarity connected to said common emitter
      resistance and
PA1  means for coupling said switched local carrier signals from said collector
      resistances to the bases of said field effect transistors.
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ABST
PAL  A family of differential amplifiers are described which utilize only MOSFET
      transistors as the active devices. These amplifiers exhibit an infinite
      input impedance and zero input offset and bias currents. The circuits are
      capable of operating over a wide range of DC supply voltages at extremely
      low DC current drain. A differential amplifier is shown which operates
      from a single positive DC supply voltage and which handles a wide range of
      input common mode voltage swings including some negative common mode
      voltages. Another amplifier is shown which operates from a combination of
      a single positive and a single negative supply voltage and which handles a
      wide range of positive and negative input common mode voltage swings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Differential amplifiers typically utilize bipolar transistors for active
      devices. It is characteristic of such amplifiers to have relatively low
      input impedance and high input offset and bias currents. In order to
      overcome these problems, some amplifiers utilize either junction-field
      effect transistors or MOS field effect transistors for the input devices.
      The remaining transistors in the circuit are bipolar transistors, either
      NPN or PNP. These circuits require complex fabrication processes which are
      capable of monolithically integrating the different types of transistors
      in the same circuit. When operated from a single positive supply voltage,
      such amplifiers exhibit poor operation as the input common mode voltage
      approaches ground. Also, a typical one of these circuits cannot operate
      with a negative input common mode voltage.
PAR  In using the techniques described in greater detail hereinafter, it is
      possible to design a complete differential amplifier using only MOSFETs.
      No other type of components is needed in one such configuration. Another
      advantage of a MOSFET differential amplifier over existing differential
      amplifiers is the extremely large input impedance which is characteristic
      of the gate to source impedance of MOSFETs. Since The MOSFET is a voltage
      driven device as contrasted to bipolar transistors which are current
      driven devices, extremely low offset and bias currents can be realized
      using MOSFETs for input transistors. A MOSFET differential amplifier
      exhibits leakage current lying in the range of pico amps rather than in
      the range of nano amps as found in bipolar amplifiers.
PAR  With proper control of the threshold voltages of both the P and N-channel
      transistors, a CMOS differential amplifier operates with an extremely
      large input common mode voltage swing. When such an amplifier operates
      from a single positive supply voltage, it can operate with negative input
      common mode voltage signals. Such as operating mode cannot be easily
      obtained from bipolar amplifiers since V.sub.BE of both the NPN and PNP
      transistors is virtually equal.
PAR  Another advantage of a CMOS differential amplifier is that true
      complementary symmetry can be obtained with a CMOS integrated circuit,
      while true complementary symmetry cannot be obtained when using bipolar
      transistors. It is common knowledge that good PNP transistors cannot be
      made in the same process as good NPN transistors. However, a good
      P-channel device can be made in the same process as a good N-channel
      device. Although a MOSFET device is considerably smaller than a bipolar
      transistor, comfortable gains are obtainable from these CMOS differential
      amplifiers system due to the low capacitance of the MOSFET.
PAR  The CMOS differential amplifiers which are described in this invention
      utilize MOSFETs for active loads. This characteristic offers the following
      advantages:
PAR  a. It makes it possible to design a differential amplifier with MOSFETs
      being the only components used.
PAR  b. It provides large load impedances and, hence, large voltage gain with
      relatively small chip area by increasing gate width(s) and operating the
      load devices in the saturation region.
PAR  c. Utilizing the MOS process technology, active devices can be fabricated
      to have a better match than passive components such as resistors.
      Therefore, using MOSFETs for active loads improves the input offset
      voltage characteristics of the differential amplifier. Since large load
      impedances are realized in small chip areas, low parasitic capacitances
      are associated with these loads which increases the amplifier's slewing
      rate.
PAR  d. Input common-mode voltage swing can be improved by controlling the
      threshold voltages of the load devices.
PAR  A relatively high initial input offset voltage is characteristic of a CMOS
      differential amplifier as compared to a low input offset voltage as being
      characteristic of a bipolar differential amplifier. Statistical data
      obtained on recently integrated CMOS differential amplifiers have shown
      that input offset voltage drift with temperature is as good as those
      obtained from some bipolar transistors.
PAR  An additional advantage of CMOS amplifier over a bipolar amplifier is the
      fact that CMOS amplifiers can be biased at extremely low drain currents
      without appreciable affecting the voltage gain of the amplifier. It is not
      unusual that a CMOS differential amplifier is operated at a 1 to 10 micro
      amp level and still obtain a gain in the order of 20 to 40 dB.
PAR  Various designs of CMOS differential amplifiers are described hereinafter
      that can be operated from either a single positive supply voltage or a
      single negative power supply voltage. It is possible to design a
      monolithically integral CMOS differential amplifier that can offer an
      extremely low power drain level and/or an extremely wide range of supply
      voltages.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a family of differential amplifiers, and more
      particularly it relates to a family of differential amplifier circuits
      using only silicon gate or metal gate MOSFET transistors as the active
      devices.
PAR  It is an object of the present invention to provide a family of
      differential amplifier circuits having a virtually infinite input
      impedance and zero input offset and bias currents.
PAR  It is another object of this invention to provide a family of differential
      amplifier configurations which are capable of operating within a wide
      range of DC supply voltages at extremely low DC current flow.
PAR  Another object of the present invention is to provide a family or
      differential amplifier circuits in which all of the components are
      manufacturable through complementary MOSFET monolithic integration
      processes.
PAR  A still further object of the present invention is to provide a family of
      differential amplifier circuits which are capable of operating from a
      single positive DC supply voltage while maintaining excellent operation
      over a wide range of input common mode voltage swings, including operation
      with negative input common mode voltages.
PAR  It is another object of the present invention to provide a family of
      differential amplifiers which can be supplied from a combination of a
      single positive DC voltage with a single negative DC voltage with
      operation over a wide positive and negative input common mode voltage
      swing.
PAR  A further object of the present invention is to provide a differential
      amplifier which is capable of operating from a single negative DC supply
      voltage which operates over a range of positive input common mode voltage
      swings.
PAR  Another object of the present invention is to provide a family of
      differential amplifiers which operate with a combination of a single
      positive and a single negative supply voltage, and which operate over a
      wide range of positive and negative input common mode voltage swings.
PAR  It is an object of this invention to utilize MOSFETs having a large
      impedance between its drain and source terminals and having a drain to
      source current independent of drain to source voltage as the constant
      current source in all differential amplifier configurations.
PAR  A still further object of this invention is to provide a differential
      amplifier capable of having either a differential or a single ended output
     .
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PAR  These and other objects and features of this invention will become fully
      apparent in the following description of the accompanying drawings herein:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a circuit diagram designation of a P-channel MOSFET;
PAR  FIG. 1b is a circuit diagram designation of an N-channel MOSFET;
PAR  FIG. 2 shows a typical current-voltage relationship of N- and P-channel
      MOSFETs;
PAR  FIG. 3 shows a differential amplifier with a balanced output;
PAR  FIG. 4 shows the differential amplifier of FIG. 3 with an additional
      provision of DC current and offset-voltage adjustments;
PAR  FIG. 5 shows the differential amplifier of FIG. 3 with a bias network
      consisting of one resistor and one P-channel MOSFET;
PAR  FIG. 6 shows a differential amplifier with the DC bias voltage being
      applied to the gate of the current-source MOSFET;
PAR  FIG. 7 shows a differential amplifier with an unbalanced output;
PAR  FIG. 8 shows the differential amplifier of FIG. 7 which provides for DC
      current and offset voltage adjustments;
PAR  FIG. 9 shows the differential amplifier of FIG. 7 with a DC bias voltage
      network consisting of one resistor and one P-channel MOSFET;
PAR  FIG. 10 shows the differential amplifier of FIG. 7 with an unbalanced
      output configuration in which the DC bias is applied to the gate of the
      current source MOSFET;
PAR  FIG. 11 shows the differential amplifier of FIG. 10 in which the DC bias
      voltage is applied directly to the gate of the current-source MOSFET;
PAR  FIG. 12 shows a configuration of a differential amplifier with an
      unbalanced output configuration.
PAR  FIG. 13 is a dual circuit of the circuit shown in FIG. 3.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Throughout the several Figures, the same numeral is used to identify the
      same component.
PAR  Referring to FIG. 1a, there is shown a P-channel MOS field effect
      transistor. The P-channel device operates in substantially the same way as
      the N-channel device. This transistor conducts current between its source
      and drain, when the following two conditions are satisfied: First, the
      drain is at a negative potential with respect to the source; and second,
      the gate is at a negative potential with respect to the source and this
      gate to source potential should exceed in magnitude a certain voltage
      called a threshold voltage of this device.
PAR  Referring to FIG. 1b, there is shown an N-channel MOS field effect
      transistor. The transistor conducts current between its drain and source,
      when the following two conditions are satisfied: First, the drain is at a
      positive potential with respect to the source; and second, the gate to
      source potential is positive and the gate to substrate voltage exceeds a
      certain voltage called a threshold voltage of that N-channel device.
PAR  The family of differential amplifiers described hereinafter comprise (a) a
      bias network, (b) an input stage, (c) a current source, and (d) a load
      configuration.
PAR  An ideal constant current source provides a current which is independent of
      the voltage drop across its terminals.
PAR  Reference is made to the typical MOSFET I-V relationships shown in FIG. 2.
      It is clear that in the saturation region, the drain-source terminals of
      the MOSFET provide near ideal current source. This is due to the fact that
      the drain to source current remains virtually constant as the drain to
      source voltage is varied. The magnitude of the current can be controlled,
      however, by adjusting the gate to source voltage. In the amplifier
      configurations embodied in this invention, the drain to source terminals
      of a MOSFET are utilized for a constant current source whose magnitude is
      adjusted by varying the gate to source voltage.
PAR  In order to guarantee a MOSFET operation in the saturation region, the
      drain to source voltage should exceed a minimum value which is equal to
      the saturation voltage (V.sub.DSAT) which is approximately equal to
      V.sub.GS -V.sub.T where V.sub.GS is the gate-to-source voltage and V.sub.T
      is the threshold voltage which is controlled by such process parameters as
      impurity concentration, oxide thickness, flat band voltage, and surface
      trap density at the interface between gate oxide and the silicon in the
      channel region, etc.
PAR  For an ideal circuit source operation V.sub.DSAT must be minimized to allow
      operation at low drain to source voltages. Also, to allow ideal current
      source operation at large drain to source voltages, the drain to source
      breakdown voltage must be maximized.
PAR  In this context, the DC bias network is that which provides the proper DC
      currents and voltages to the rest of the differential amplifier
      specifically the current source.
PAR  The bias network should: 1) insure that all MOSFETs in the differential
      amplifier, including current source, input, and load MOSFETs, operate in
      the proper mode of operation (all MOSFETs must operate in the saturation
      region); 2) allow for adjustment of total DC current drain; 3) allow
      proper operation over a wide range of temperature; 4) allow proper
      operation with process variations; 5) allow for a wide range of input
      common mode voltage swing; 6) allow proper operation over a wide range of
      DC supply voltages; and 7) provide a means of input voltage offset
      adjustment.
PAR  A suitable input stage should provide: 1) an infinite input impednace, 2) a
      zero input bias and offset currents, 3) a zero input offset voltage, 4) a
      relatively large voltage gain, i.e., greater than 20 db, 5) a low input
      noise characteristic, 6) a high slew rate, and 7) and a large input common
      mode voltage.
PAR  The characteristic of MOSFETs is the large gate to source impedance.
      Therefore, a MOSFET operating in common mode configuration can be utilized
      effectively as an input transistor in a differential amplifier stage to
      provide an extremely large input impedance which is diminished only by
      gate oxide leakage current. Thus, leakage and input currents in the
      pico-amp region can be achieved. This provides several orders of magnitude
      reduction in input offset and bias current characteristics as compared to
      the existing bipolar differential amplifier, i.e., pico-amps rather than
      at best nano-amps.
PAR  Large gains can be obtained by maximizing the gate width to length ratio of
      the input MOSFETs, higher Z/L results in higher Gm, and by utilizing
      MOSFETs for active loads to provide the necessary large load impedances.
      This can be done with small load parasitic capacitance, thus, enhancing
      the slewing rate of the differential amplifier.
PAR  Also, by properly controlling the N-channel and the p-channel MOSFET
      threshold voltages, a wide range of input common mode voltage swings can
      be obtained. Also, negative input common mode voltage operations can be
      obtained even when the differential amplifier is supplied from a single
      positive DC voltage. This is an advantage over bipolar amplifiers since
      the V.sub.BE drop is almost the same for NPN and PNP transistors.
PAR  Referring to FIG. 3, there can be seen a schematic view of a first
      differential amplifier made according to the teaching of the present
      invention. Each of the differential amplifiers include a biasing means
      such as a biasing network 20 as shown in FIG. 3. A typical differential
      amplifier also includes a constant current source 40, an input stage 50,
      and a load network 60.
PAR  The biasing network comprises a plurality of transistors 21, 22 and 23 and
      each include a source, drain and gate electrode. A source electrode 24 of
      the transistor 21 is connected to the minus voltage supply 25. A drain
      electrode 26 of the transistor 21 is connected to a voltage node V.sub.7
      and to a gate electrode 27 of the same transistor 21 as well as a gate
      electrode 28 and a drain electrode 29, respectively, of the transistor 22.
      The source electrode 30 of the transistor 22 is connected to a voltage
      node V.sub.6 and to a gate electrode 31 and a drain electrode 32,
      respectively, of the transistor 23. A source electrode 33 of the
      transistor 23 is connected to the positive supply voltage indicated at a
      terminal 34. The gate electrode 31 of the transistor 23 provides the
      biasing voltage V.sub.B to the remaining portion of the differential
      amplifier at a biasing terminal 35.
PAR  The constant current source 40 comprises a pair of transistors 41 and 42
      and each have source, drain and gate electrodes. A source electrode 43 of
      the transistor 42 is connected to a source electrode 44 of the transistor
      41 and the common connection is connected to the positive voltage supply
      34. A drain electrode 45 of the transistor 42 is connected to a drain
      electrode 46 of the transistor 41, and the common connection is connected
      to a constant current input connection 47 of the load network 60. A gate
      electrode 48 of the transistor 41 is connected to a gate electrode 49 of
      the transistor 42.
PAR  The input stage 50 comprises a pair of transistors 51 and 52 and each have
      a source, drain and gate electrode. A source electrode 53 of the
      transistor 51 is connected to a source electrode 54 of the transistor 52
      and, the common connection is connected to the current input connection
      47. A drain electrode 55 of the transistor 51 is connected to a junction
      56 and the drain electrode 57 of the transistor 52 is connected to a
      junction 58.
PAR  The load network 60 comprises a pair of transistor 61 and 62 and each have
      source, drain and gate electrodes. A gate electrode 63 of a transistor 61
      is connected to a gate electrode 64 of the transistor 62. The gate
      electrode 63 is also connected to a first output terminal 65 by a resistor
      66. The gate electrode 64 of the transistor 62 is connected to a second
      output terminal 67 by a resistor 68. A source terminal 69 of the
      transistor 61 is connected to a source terminal 70 of the transistor 62
      and, the common connection is connected to a source of negative potential
      indicated at 25. A drain electrode 71 of the transistor 61 is connected to
      the junction 56 and, a drain electrode 72 of the transistor 62 is
      connected to the junction 58.
PAR  The differential amplifier circuit shown in FIG. 4 is the same as that
      shown in FIG. 3 except that the transistor 41 and its source, drain and
      gate electrodes 44, 46 and 48 are eliminated from the circuit.
      Additionally, the gate electrode 28 of the transistor 22 is now connected
      to a terminal identified as V.sub.9. The remaining elements are numbered
      as before.
PAR  The differential amplifier shown in FIG. 5 is the same as that shown in
      FIG. 4 except for the elimination of transistors 21 and 22 and their
      replacement by a variable resistor 75 having one end connected to the
      voltage supply 25 and having its second end connected to the drain 32 of
      the transistor 23.
PAR  The differential amplifier shown in FIG. 6 is the same as that shown in
      FIG. 5 except for the entire elimination of a biasing network 20. Any
      suitable biasing circuit can be connected to the input biasing terminal
      35.
PAR  The differential amplifier shown in FIG. 7 is the same as shown in FIG. 3
      except for the elimination of the resistors 66 and 68, and of the
      transistor 41 as described with reference to FIG. 4 and the elimination of
      the first output terminal 65. The gate electrode 63 of the transistor 61
      is now connected directly to the junction 56.
PAR  The differential amplifier as shown in FIG. 8 is the same as that shown in
      FIG. 4 except for the elimination of the resistors 66 and 68 and, the
      elimination of the first output terminal 65. The gate electrode 63 of the
      transistor 61 is now connected directly to the junction 56.
PAR  The differential amplifier shown in FIG. 9 is the same as that shown in
      FIG. 5 except for the elimination of the resistors 66 and 68, and the
      elimination of the first output terminal 65. The gate electrode 63 of the
      transistor 61 is now connected directly to the junction 56.
PAR  The differential amplifier shown in FIG. 10 is the same as that shown in
      FIG. 6 except for the elimination of the resistors 66 and 68 and the
      elimination of the first output terminal 65. The gate electrode 63 of the
      transistor 61 is now connected directly to the junction 56.
PAR  The differential amplifier shown in FIG. 11 is the same as that shown in
      FIG. 7 except for the additional of a pair of transistors 81 and 82
      intermediate the transistor pairs 51 and 61 and 52 and 62, respectively,
      and for the elimination of the transistor 22 in the biasing network 20.
      The trnsistor 81 has a source electrode 83 connected to the junction 56, a
      gate electrode 84 connected to a drain electrode 85 and the common
      connection connected to the drain 55 of the transistor 51. The transistor
      82 has a source electrode 86 connected to the junction 58, a gate
      electrode 87 connected to a drain electrode 88, and the common connection
      connected to the drain 57 of the transistor 52.
PAR  The junction V.sub.6 at the common connection of the gate 31 and the drain
      32 of the transistor 23 is connected to a source electrode 89 of a
      P-channel transistor 90 having drain and gate electrodes. A gate electrode
      91 is connected to a terminal V.sub.9, and a drain electrode 92 is
      connected to ground 93.
PAR  The differential amplifier shown in FIG. 12 is the same as shown in FIG. 11
      except for the elimination of the biasing network 20. The biasing terminal
      35 is available for connection to any suitable biasing circuit.
PAC  OPERATION OF THE CIRCUIT
PAR  FIG. 3 is a circuit schematic of differential amplifier which, with the
      exception of resistors R1 and R2, utilizes only N and P-channel MOS field
      effect transistors. The values of R1 and R2 can be within the range from
      less than 100 kilohms to greater than 1000 megohms without appreciably
      affecting the performance of the amplifier. The amplifier is designed
      primarily to operate from a single positive DC supply voltage. However, it
      can also be operated from two DC power voltages, one positive and one
      negative. All substrates of P and N-channel MOSFETs are connected to the
      most positive and most negative nodes in the circuit, respectively.
PAR  In reference to FIG. 3, the MOSFETs consisting of transistors 21, 22 and 23
      form the DC biasing section 20. Transistors 41 and 42 form a constant
      current source 40. Transistors 51 and 52 form the input stage 50.
      Transistors 61 and 62 in combination with the resistors 66 and 68 are the
      loads for transistors 51 and 52, respectively. In order to insure proper
      operation of the differential amplifier, three sets of MOSFETs each
      consisting of three transistors must be reasonably well matched. The first
      set comprises transistors 23, 41 and 42. The second set comprises
      transistors 22, 51 and 52. The third set comprises transistors 21, 61 and
      62. The gates of transistors 21, 22 and 23 are connected to their
      respective drains. This guarantees the oepration of these transistors in
      the saturation region, provided that their gate to source voltages exceed
      the respective threshold voltages. Transistors 21, 22 and 23 operate
      together as a voltage divider providing the gate voltage to the
      transistors 41 and 42 which are connected in parallel. When operated in
      the saturation region, transistors 41 and 42 act as a constant current
      source. Each of the transistors 41 and 42 draws a current equal to that
      drawn by the transistor 23.
PAR  The gates, sources and substrates of transistors 61 and 62 are connected
      together, respectively. Therefore, if a voltage at terminal V.sub.1 is set
      equal to the voltage at terminal V.sub.4, then transistors 52, 51 and 62
      and 61 draw equal amounts of current thus forcing the voltage at terminals
      V.sub.2 and V.sub.5 to be equal.
PAR  To insure proper operation of the CMOS differential amplifier, transistors
      41 and 42 must operate in the saturation region to provide a high current
      source with a constant current even with variations in the voltage at
      V.sub.3 due to variations in voltage V.sub.1 and V.sub.4. Transistors 51
      and 52 operate in the saturation region for maintaining linear amplifier
      performance.
PAR  Under ideal conditions, if the voltage at the two input terminals V.sub.1
      and V.sub.4 are set equal, then transistors 51 and 52 and 61 and 62 draw
      equal amounts of current and the voltage at terminals V.sub.2 and V.sub.5
      is equal. If a positive differential voltage is applied between terminals
      V.sub.1 and V.sub.4, that is if the voltage at terminal V.sub.1 is at a
      higher positive potential than the voltage at terminal V.sub.4, then
      transistor 52 wants to draw less current than transistor 51. Since
      resistors 66 and 68 draw a minimum current due to their extremely large
      values, then the transistor 62 still draws an equal amount of current as
      transistor 52 and transistor 61 draws an equal amount of current as
      transistor 51. The gate to source voltages of transistors 61 and 62 are
      equal since the two gates and the two sources of these transistors are
      tied, respectively. In order for transistor 62 to conduct less current,
      and become consistent with the current drawn in the transistor 52, the
      drain to source voltage across the transistor 62 is reduced in order for
      that device sustains a lower current flow. The opposite happens to
      transistor 61, in which case the drain to source voltage of transistor 61
      is increased so that the transistor 61 draws an equal amount of current to
      that drawn by the transistor 51. As the voltage at terminal V.sub.1 goes
      positive with respect to the voltage at terminal V.sub.4, the voltage at
      terminal V.sub.4 approaches the negative voltage and the voltage at
      terminal V.sub.5 approaches the positive voltage. Therefore, there is a
      phase inversion between the voltages at terminals V.sub.1 and V.sub.2 and
      the voltage at terminals V.sub.1 and V.sub.5 are in phase. By symmetry,
      the voltages at terminals V.sub.4 and V.sub.2 are in phase but the
      voltages at terminals V.sub.4 and V.sub.5 are out of phase.
PAR  Since P-channel MOSFETs 51 and 52 form the two input stages for this
      amplifier, an extremely large input impedance is expected since the gate
      to source inpedance of the MOSFET is extremely large. With the exception
      of some gate to source leakage current, the zero input bias and offset
      currents are characteristic of this circuit. Since MOSFETs exhibit
      extremely large impedances between their drain and source terminals when
      operated in the saturation region, the active loads consisting of
      transistors 61 and 62 provided an extremely large load impedance to
      transistors 51 and 52, respectively, thus guaranteeing a large voltage
      gain. The values of the resistors 66 and 68 are made large enough so that
      they do not effect the gain of the amplifier appreciably. Their values
      could be anywhere in the range of less than 100 kilohms to several
      thousand megohms.
PAR  Two MOSFETs, 41 and 42, are used for the constant current source 40 in this
      amplifier. Under ideal conditions, all transistors in this circuit are
      operating at the same current level when the two input voltages at
      terminals V.sub.1 and V.sub.4 are equal. Since transistors 23, 22 and 21
      are operating in the saturation region, then for a large range of input
      common mode voltage, transistors 52 and 51 and 42 and 41 also operate in
      the saturation region.
PAR  The circuit shown in FIG. 3 provides a self-biased differential amplifier.
      No bias adjustment is necessary, other than an offset adjustment, when an
      extremely large input common mode voltage swing is expected. Since
      transistors 23, 22 and 21 continue to operate in the saturation region
      regardless of the supply voltage magnitude, this circuit, with the
      exception of the current drain, properly operates independent of the
      supply voltage variation. The only limitation here is that the supply
      voltages are large enough to turn the devices on and that they should be
      small enough so that the devices will not break down. This amplifier
      configuration provides a balanced output configuration. This feature makes
      it possible to use the output voltage at V.sub.2 and V.sub.5 as the input
      voltages to subsequent differential amplifier stages. The connection of
      cascaded differential amplifier stages may arise in the design of the high
      gain operational amplifier or high gain comparator.
PAR  It is to be noted that all substrates of all P-channel devices are
      connected to the most positive supply voltage and, substrates of all
      N-channel MOSFETs are tied to the most negative supply voltage. It is also
      to be noted that the amplifier shown in FIG. 3 can operate from a negative
      input common mode voltage. If the magnitude of the threshold voltage of
      transistors 52 and 51 exceeds the value of the voltage at V.sub.2, then a
      negative input common mode voltage can be allowed. This feature for the
      magnitude of the negative input common mode voltage is enhanced by the
      fact that the substrate of the transistors 52 and 51 are tied to the most
      positive terminal which is V+, thus providing a back gate bias for the
      transistors 52 and 51. This increases the threshold voltage to these two
      transistors.
PAR  The bias network 20 of the circuit shown in FIG. 4 differs from that shown
      in FIG. 3 by the fact that the gate 28 of the transistor 22 is biased
      independently. Therefore, the voltage at terminal V.sub.9 is the bias
      voltage in this situation. A variation of the voltage at V.sub.9 allows
      one to set the current in the differential amplifier. Transistors 21 and
      23 operate in the saturation region. Hence, if the voltage at terminal
      V.sub.9 approaches a small value that results in excessive currents in the
      transistors 23 and 21, since transistors 23 and 21 are operating in the
      saturation region, they force transistor 22 to operate in the linear
      region and hence, they act as current limiters. The voltage at terminal
      V.sub.9 is used as a current adjustment. Since the transistors 62 and 61
      each draw half the current of the transistor 42, then as the voltage at
      terminal V.sub.9 is changing, the currents in the transistors 62 and 61
      also change. Therefore, the voltages at the terminals V.sub.2 and V.sub.5
      are shifted toward the V+ supply voltage and away from the V- supply
      voltage depending on the current that is being carried by both the
      transistors 62 and 61. However, the voltage at the terminals V.sub.2 and
      V.sub.5 still remain equal as the voltage at terminal V.sub.9 is varied.
      This is a very desirable feature since the voltage at terminals V.sub.2
      and V.sub.5 are made such that they are compatible to drive a subsequent
      stage as may be the case in a comparator or an operational amplifier
      circuit utilizing this amplifier as an input stage. This feature then can
      be utilized effectively to minimize the offset voltage of such a
      comparator and operational amplifier design and also in the case of the
      comparator it could minimize the propagation delay times. In the case of
      an operational amplifier, it may allow a larger voltage swing than
      otherwise could be achieved.
PAR  In the circuit shown in FIG. 5, the bias current is controlled by varying
      the value of the resistor 75. The bias current in this network is achieved
      through the combination consisting of the MOSFET 23 and the resistor 75.
      As the magnitude of the resistor 75 is varied, the current in the bias
      network is varied. Since transistors 23 and 42 operate in a current mirror
      configuration, then the transistor 42 conducts equal current to the value
      of current flowing in transistor 23. when the value of current flowing in
      transistors 23 and 42 are made equal, then the variation of the value of
      the resistor 75 controls the current in the transistor 42 and hence, in
      the differential amplifier. By putting a fixed value for the resistor 75,
      as would be the case on an integrated circuit, the range of current that
      the transistors 23 and 42 conduct are defined depending on the supply
      voltage variation.
PAR  The circuit shown in FIG. 4 allows for a relatively fixed current to flow
      in the amplifier independent of the process variations that could affect
      the magnitude of the threshold voltage of the MOSFETs. A variation of the
      value of the resistor 75, which controls the current flowing in the
      transistor 42 affects the magnitudes of the voltages at terminals V.sub.2
      and V.sub.5, the same way that the variation of the voltage at terminal
      V.sub.9 did in the previous circuit shown in FIG. 4. Therefore, the level
      shifting in the voltage levels at terminals V.sub.2 and V.sub.5 can be
      used to properly bias a subsequent stage as would be the case in a
      comparator or operational amplifier. This minimizes the offset and
      maximizes the voltage swing.
PAR  The circuit shown in FIG. 6 is also a balanced differential amplifier. In
      this configuration, the bias network has been eliminated completely and
      bias is provided through applying a bias voltage at the gate of transistor
      42. A variation of the bias voltage controls the current in the transistor
      42 and hence, the current in the differential amplifier. A variation in
      the V.sub.B bias voltage also controls the magnitude of the voltage at
      V.sub.2 and V.sub.5 as was described for the circuit shown in FIGS. 4 and
      5, thereby allowing proper comparator and operational amplifier operation.
      This circuit, however, does not allow any current limiting or any
      self-bias condition.
PAR  The CMOS differential amplifier configurations that are shown schematically
      in FIGS. 7 through 10 are slightly different than those shown in FIGS. 2
      through 6, respectively. The amplifiers shown in FIGS. 7 thorugh 10 are
      unbalanced type differential amplifiers providing only one single output
      lat terminal V.sub.2. This amplifier, however, requires no resistors and
      makes it easier to monolithically integrate using standard CMOS monolithic
      integration technology. If transistor 42 in FIG. 7 were made of two
      transistors, each identical to that of transistor 23, then the same bias
      conditions that were described for the circuit of FIG. 3 will apply for
      the circuit of FIG. 7 under conditions where the voltage at terminals
      V.sub.1 and V.sub.4 are equal. The biasing networks of the differential
      amplifier as shown in FIGS. 7 through 10 are identical to those shown in
      FIGS. 3 through 6 and are used for the same purposes identically.
PAR  The voltage on terminal V.sub.9 in FIG. 8 provides the same function as
      does the voltage on terminal V.sub.9 in FIG. 4. However, in FIG. 8, the
      voltage on terminal V.sub.2 is a more sensitive parameter to a variation
      to the voltage on terminal V.sub.9. If transistor 62 is operating in the
      saturation region, then as the voltage on terminal V.sub.9 is varied, the
      current in transistor 62 also varies. Since transistor 62 is operating in
      the saturation region, then a large variation in the drain to source
      voltage of transistor 62 is necessary to affect the change in current that
      is due to variation in the voltage at terminal V.sub.9. Hence, this
      circuit configuration provides a very effective means of level shifting
      the output voltage at terminal V.sub.2 to make this a more sensitive means
      of offset adjustment and for improving propagation delay in the cae of a
      comparator using this for the differential amplifier or maximizing the
      output voltage swing on an operational amplifier using this amplifier for
      an input stage also.
PAR  The differential amplifier circuit configuration that is shown in FIG. 11
      is a modification of the differential amplifier circuits that were shown
      in FIG. 7 through 10. This circuit is more compatible with operation from
      a dual supply voltage. This circuit uses one positive and one negative
      supply voltage. This circuit also provides an output voltage at terminal
      V.sub.2 which is approximately half way between the V+ supply voltage and
      the V- supply voltage. Under perfect complementary symmetry conditions,
      the voltage at terminal V.sub.2 is made to be at ground potential with
      equal positive and negative supply voltages. The voltage at terminal
      V.sub.9 of the bias network consisting of transistors 22 and 42 are used
      effectively as was described previously for the bias voltages at terminal
      V.sub.9 in FIG. 4 and the voltage at terminal V.sub.8 in FIG. 7. Both of
      these voltages control the current in the transistor 42 and hence, the
      current in the differential amplifier stage and also as an offset voltage
      adjustment making the voltage at terminal V.sub.2 operate at ground
      potential.
PAR  FIG. 12 shows the same differential amplifier circuit configuration of FIG.
      11 with the bias voltage applied to the gate of the transistor 42. In this
      configuration there is no current limiting provision. For all the
      differential amplifier circuits shown, the constant current source is
      adjacent to the V+, and the active load is adjacent to V-. This enables
      the circuits to operate properly with their input common mode voltage from
      less than V- to two Vsat (the saturation voltage) below B+. In order to
      have common mode voltage operate around V+, we can interchange V+ and V-
      and replace all the P-channel MOSFETs with N-channel MOSFETs and all the
      N-channel MOSFETs with P-channel MOSFETs. This, in fact, constitutes the
      dual circuits of all the differential amplifier circuits described
      previously. The dual circuit of FIG. 3 is shown in FIG. 13. The dual
      circuits for FIGS. 4 to 12 can be constructed in a similar manner when the
      circuits of FIGS. 3 through 12 are operating with a single power supply
      voltage. The V- is connected to ground for a single positive power supply,
      and the V+ terminal is connected to ground for a single negative power
      supply. Their dual circuits are generated by interchanging the ground
      terminal and the power supply terminal and by replacing all the P-channel
      MOSFETs with N-channel MOSFETs and all the N-channel MOSFETs with
      P-channel MOSFETs. In order to achieve improved current mirror matching
      with the existing process tolerances a resistor is placed in series with
      the source electrode of each device in the differential amplifier current
      source and its current mirror in the biasing network.
PAR  While there has been shown and described and pointed out the fundamental
      novel features of the invention as applied to the preferred and other
      embodiments, it will be understood that various omissions and
      substitutions and changes in the form and details of the structural
      element may be made by those skilled in the art without departing from the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A differential amplifier comprising:
PA1  a. MOSFET constant current source means for setting an operating current
      level;
PA1  b. differential input means, coupled to said MOSFET constant current source
      means, having a first input terminal and a second input terminal for
      receiving two input signals to be compared, said differential input means
      comprising MOSFET devices of a first conductivity type;
PA1  c. load means comprising MOSFET active load devices of a second
      conductivity type opposite to said first conductivity type, coupled to
      said differential input means and coupled to one or more output terminals
      for producing an output signal responsive to said differential input
      means, said output terminal having a quiescient operating point determined
      by said operating current level;
PA1  d. load bias means coupled to said output terminals and said active loads
      for generating a compensating response to variations in said operating
      current level to maintain said quiescient operating point while also
      maintaining balanced operation of said output signal.
NUM  2.
PAR  2. A differential amplifier as recited in claim 1, and further including:
PA1  a source of potential having at least a first and a second voltage level;
      and
PA1  a MOSFET biasing network connected between said first and second level of
      potential for providing a reference voltage;
PA1  said MOSFET constant current source means responsive to said reference from
      said biasing network for providing a constant current.
NUM  3.
PAR  3. A differential amplifier as recited in claim 1, wherein said
      differential input means comprises:
PA1  a first input device having source, drain and gate electrodes;
PA1  a second input device having source, drain and gate electrodes;
PA1  said source electrodes of said first and second input devices being
      connected together and being coupled to said constant current source
      means;
PA1  said gate electrode of said first input device being adapted to receive a
      first input signal to be compared;
PA1  said gate electrode of said second input device being adapted to receive a
      second input signal to be compared; and
PA1  said first input device and said second input device being MOSFETs of said
      first conductivity type.
NUM  4.
PAR  4. A differential amplifier as recited in claim 2, wherein said biasing
      network comprises:
PA1  an N-channel MOSFET device having source, drain and gate electrodes;
PA1  a first P-channel MOSFET device having source, drain and gate electrodes;
PA1  a second P-channel MOSFET device having source, drain and gate electrodes;
PA1  said source electrode of said N-channel device being connected to said
      first voltage level;
PA1  said gate electrode of said N-channel device being connected to said drain
      electrode of said N-channel device and said drain electrode of said first
      P-channel device and being further connected to said gate electrode of
      said first P-channel device;
PA1  said source electrode of said first P-channel device being connected to
      said drain electrode and said gate electrode of said second P-channel
      MOSFET device;
PA1  said source electrode of said second P-channel device being connected to
      said second voltage level; and
PA1  said junction of said gate electrode and drain electrode of said second
      P-channel device furnishing a reference current.
NUM  5.
PAR  5. A differential amplifier as recited in claim 2, wherein said biasing
      network comprises:
PA1  an N-channel MOSFET device biasing source, drain and gate electrodes;
PA1  a first P-channel MOSFET device having source, drain and gate electrodes;
PA1  said source electrode of said N-channel device being connected to said
      first voltage level;
PA1  said gate electrode of said N-channel device forming a junction with said
      drain electrode of the same device and that junction being connected to
      said drain electrode of said first P-channel device;
PA1  said gate electrode of said first P-channel device being adapted to receive
      an input offset and bias adjust signal;
PA1  said source electrode of said first P-channel device being connected to the
      junction of said gate electrode and said drain electrode of said second
      P-channel device;
PA1  said source electrode of said second P-channel device being connected to
      said second voltage level; and
PA1  said junction of said gate electrode and drain electrode of said second
      P-channel device furnishing a reference current.
NUM  6.
PAR  6. A differential amplifier as recited in claim 2, wherein said biasing
      network comprises:
PA1  a variable resistor having a first and a second terminal, said first
      terminal being connected to said first voltage level;
PA1  a P-channel MOSFET device having source, drain and gate electrodes;
PA1  said second terminal of said resistor being connected to a junction of said
      gate electrode and said drain electrode of said P-channel device;
PA1  said source electrode of said P-channel device being connected to said
      second voltage level; and said junction being a source of reference
      current.
NUM  7.
PAR  7. A differential amplifier as recited in claim 2, wherein said biasing
      network comprises:
PA1  a first P-channel device having source, drain and gate electrodes;
PA1  a second P-channel device having source, drain and gate electrodes;
PA1  said drain electrode of said first P-channel device being connected to
      ground potential;
PA1  said gate electrode of said first P-channel device being adapted to receive
      an input offset and bias adjust signal;
PA1  said source electrode of said first P-channel device being connected to a
      junction of said drain electrode and said gate electrode of said second
      P-channel device;
PA1  said source electrode of said second P-channel device being connected to
      said second voltage level; and
PA1  said junction being a source of reference current.
NUM  8.
PAR  8. A differential amplifier as recited in claim 2, wherein said constant
      current source comprises:
PA1  a first P-channel device having source, drain and gate electrodes;
PA1  said source electrode being connected to said second voltage level;
PA1  said drain electrode connected to said input stage for furnishing a
      constant current to said input stage; and
PA1  said gate electrode of said first P-channel device responsive to the output
      of said biasing network.
NUM  9.
PAR  9. A differential amplifier as recited in claim 8, and further including:
PA1  a resistor connected in series between said source electrode of said first
      P-channel device and said second voltage level; and
PA1  a resistor connected in series between said MOSFET biasing network and said
      second voltage level.
NUM  10.
PAR  10. A differential amplifier as recited in claim 8, and further including:
PA1  a second P-channel device having source, drain and gate electrodes;
PA1  said gate electrode of said second P-channel device being connected to said
      gate electrode of said first P-channel device;
PA1  said drain electrode of said second P-channel device being connected to
      said drain electrode of said first P-channel device; and
PA1  said source electrode of said second P-channel device being connected to
      said source electrode of said first P-channel device.
NUM  11.
PAR  11. A differential amplifier as recited in claim 3, and further including:
PA1  a source of potential having at least a first and a second voltage level.
NUM  12.
PAR  12. A differential amplifier as recited in claim 11, wherein said load
      means comprises:
PA1  a first load device having source, drain and gate electrodes;
PA1  a second load device having source, drain and gate electrodes;
PA1  said source electrode of said first load device being connected to said
      source electrode of said second load device and to said first voltage
      level;
PA1  said drain electrode of said first load device being connected to said
      drain electrode of said first input device for forming a first output
      terminal;
PA1  said drain electrode of said second load device being connected to said
      drain electrode of said second input device for forming a second output
      terminal;
PA1  said gate electrode and said drain electrode of said first load device and
      said gate electrode and said drain electrode of said second load device
      each being coupled to said load bias means; and
PA1  said first load device and said second load device each being MOSFETs of
      said second conductivity type.
NUM  13.
PAR  13. A differential amplifier as recited in claim 12, wherein said load bias
      means comprises:
PA1  a first resistor connected between said gate electrode of said first load
      device and said drain electrode of said same device;
PA1  a second resistor connected between said gate electrode of said second load
      device and said drain electrode of said same device; and
PA1  a conductor connecting said gate electrode of said first load device and
      said gate electrode of said second load device.
NUM  14.
PAR  14. A differential amplifier as recited in claim 12, wherein said load bias
      means comprises:
PA1  a. a conductor interconnecting said drain electrode of said first load
      device, said gate electrode of said same device and said gate electrode of
      said second load device.
NUM  15.
PAR  15. A differential amplifier as recited in claim 13, wherein said MOSFET
      devices of a first conductivity type are P-channel MOSFETs and wherein
      said MOSFET active load devices of a second conductivity type are
      N-channel MOSFETs.
NUM  16.
PAR  16. A differential amplifier as recited in claim 14, wherein said MOSFET
      devices of a first conductivity type are P-channel MOSFETs and wherein
      said MOSFET active load devices of a second conductivity type are
      N-channel MOSFETs.
NUM  17.
PAR  17. A differential amplifier as recited in claim 16, and further
      comprising:
PA1  a third N-channel load device having source, drain and gate electrodes;
PA1  a fourth N-channel load device having source, drain and gate electrodes;
PA1  said source electrode of said third N-channel load device being connected
      to said drain electrode of said first N-channel load device, and said gate
      electrode of said third N-channel load device being connected to said
      drain electrode of said first P-channel input device; and
PA1  said source electrode of said fourth N-channel load device being connected
      to said drain electrode of said second N-channel load device and said gate
      electrode of said fourth N-channel load device being connected to said
      drain electrode of said third N-channel load device, and said drain
      electrode of said third N-channel device being connected to said drain
      electrode of said P-channel input device.
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ABST
PAL  There is disclosed a circuit arrangement of a bipolar device connected in a
      circuit arrangement with unidirectional conducting devices connected
      between the input terminals of a differential amplifier for biasing
      purposes and a simplified electromagnetically coupled signal conditioning
      circuit and power supply and switching circuit combination whereby common
      mode, isolation and overload problems are avoided and the lack of input
      overload indication is overcome.
BSUM
PAR  The present invention is an improvement on applicant's invention, U.S. Pat.
      No. 3,754,193, issued Aug. 21, 1973, entitled "Input Bias and Signal
      Conditioning Circuit For Differential Amplifiers", and relates to
      differential amplifiers and more particularly to input bias, overload
      protection and signaling condition circuits for biopotential and impedance
      pneumograph differential amplifiers.
PAR  In the field of differential amplifiers, and in particular biopotential
      amplifiers, it has been the practice to provide bias to the pair of input
      terminals of the first stage through large valued impedance elements such
      as resistors or through the impedance of a subject being measured and
      connected to the input terminals of the amplifier. The magnitudes of the
      bias coupling resistors are selected to provide the required bias current
      and/or voltage to the input terminals of the amplifier while
      simultaneously furnishing large impedances to both common and differential
      mode signals that may be applied to the amplifier input terminals.
PAR  When differential amplifiers are used or employed for the measurement of
      impedances such as the impedance pneumograph, it has been the practice to
      apply separate signal generators to provide signal conditioning in the
      form of known voltage or current to an unknown impedance of the subject
      being measured and to use the amplifier to measure the current or voltage
      response, respectively.
PAR  Some amplifiers have used electromagnetic coupling in combination with
      modulators and demodulators to obtain common mode rejection and isolation
      between the measurement subject and measurement equipment with associated
      power supplies.
PAR  Applicant's U.S. Pat. No. 3,754,193 discloses input bias and signal
      conditioning circuits for biopotential and impedance pneumograph
      differential amplifiers in which a unique circuit arrangement of
      unidirectional conducting devices is connected between the input terminal
      of a differential amplifier and in which signals are electromagnetically
      coupled from a first input stage to a second input stage by means of low
      level modulators and demodulators and in which signal conditioning circuit
      is electromagnetically coupled to the input terminals of the differential
      amplifier whereby common mode, isolation and overload problems are
      avoided.
PAR  Although applicant's U.S. Pat. No. 3,754,193 and other methods and
      apparatus have served the purpose, they have not proved satisfactory under
      all conditions of service for the reason that considerable difficulty has
      been experienced in reducing the size and complexity of the input isolated
      circuitry to differential amplifiers and providing an indication of input
      overload or disconnect of one or both of the input terminals to the
      differential amplifier from a subject being measured.
PAR  The measurement of electrical signals from a living subject in the presence
      of high common mode signals between the subject and the measurement
      equipment has long been the concern of designers of differential
      amplifiers for biological measurement. The resistor bias impedance
      connected to the input terminals of the amplifier is a source of common
      mode shunting impedance. A high unbalance of impedance to the input leads
      to the amplifier coupled with common mode shunting impedance can produce a
      differential mode input from a common mode signal and degrade the high
      common mode rejection of the amplifier. Where the input circuit to the
      differential amplifier is complex and comprises many components,
      connections, wires and conductors, the shunt capacitance between these
      elements adds further common mode shunting impedance to degrade the
      amplifier performance. Therefore, circuit simplification has always been a
      concern and an objective of biopotential amplifier designers. The present
      invention fulfills this need.
PAR  Another concern of biopotential amplifier designers has been providing an
      amplifier indication that the input electrodes are disconnected from the
      subject being measured. With overload protection as provided in
      applicant's U.S. Pat. No. 3,754,193, it is possible that the differential
      amplifier remains operative in its linear range to produce an output
      signal when the input to the amplifier is being overloaded. When a
      differential amplifier is used with the signal conditioning circuit as
      provided in applicant's U.S. Pat. No. 3,754,193, a disconnected electrode
      at the input terminals will produce an overload voltage condition where
      the signal conditioning current will be fed into the input to the
      amplifier rather than to the subject being measured. Therefore, it is
      desirable to have an indication of this open or disconnected electrode
      condition. The present invention fulfills this need.
PAR  The general purpose of this invention is to provide input bias and
      signaling condition circuits for biopotential impedance pneumograph
      differential amplifiers which embrace all the advantages of similarly
      employed differential amplifiers such as applicant's U.S. Pat. No.
      3,754,193 and which possess none of the aforedescribed disadvantages. To
      attain this, the present invention contemplates a unique circuit
      arrangement of a bipolar device connected in a circuit arrangement with
      the unidirectional conducting devices connected between the input
      terminals of a differential amplifier for biasing purposes and a
      simplified electromagnetically coupled signal conditioning circuit and
      power supply and switching circuit combination whereby common mode,
      isolation and overload problems are avoided and the lack of input overload
      indication is overcome.
PAR  An object of the present invention is the provision of input bias and
      overload protection along with an overload indication while preserving
      high common mode rejection for a differential amplifier.
PAR  Another object is to provide signal conditioning and power supply voltage
      from the common alternating drive signal for the modulator and demodulator
      of a transformer coupled differential amplifier with a minimum of circuit
      components and interconnections whereby high common mode rejection and
      isolation are maintained.
PAR  A further object of the invention is the provision of an input voltage for
      a differential amplifier which drives the amplifier into lock-up when an
      overload input signal is applied to the input terminals of the amplifier.
PAR  Still another object is to provide an indication when the input electrodes
      to a biopotential amplifier are disconnected therefrom or from the subject
      being measured.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings in which like reference numerals designate like
      parts throughout the figures thereof and wherein:
PAR  FIG. 1 illustrates a circuit and block diagram illustrating a preferred
      embodiment of the invention; and
PAR  FIG. 2 is an alternate embodiment of the input bias circuit illustrated in
      FIG. 1.
DETD
PAR  Turning now to FIG. 1, four strings of unidirectional conducting devices
      such as diodes are utilized to provide bias to the input of a differential
      amplifier. A first string comprising diode 6 has the anode thereof
      connected to the anode of zener diode 57 which in turn has the cathode
      thereof connected to input line 13 of the differential amplifier. The
      cathode of diode 6 is connected to a second string comprising diode 7 and
      8. Diodes 6, 7 and 8 are poled in the same direction with the cathode of
      diode 8 being connected to input line 12 of the differential amplifier. It
      should be understood that one or more diodes may be utilized in each
      string depending upon the magnitude of the input signal voltages
      contemplated.
PAR  A third string of unidirectional devices comprising diode 9 is connected in
      series with a fourth string comprising diodes 10 and 11. The third and
      fourth strings are connected between input lines 12 and 13 and poled in
      the opposite direction to diodes 6, 7 and 8 of the first and second
      strings. Again, it should be understood that one or more diodes may be
      used in each string.
PAR  The junction of diodes 6 and 7 and diodes 9 and 10 are connected together
      through resistor 61 to junction 18 of resistors 19 and 20, the other end
      of resistor 19 being connected to a voltage +V and the other end of
      resistor 18 being connected to the floating input circuit ground.
PAR  Lines 12 and 13 are connected to the inputs to amplifiers 14 and 15,
      respectively, the outputs of which are connected to the series combination
      of modulator 31 and winding 32a of transformer 32. Winding 32b of
      transformer 32 is connected between output circuit ground and modulator 33
      which in turn is connected to the input to amplifier 34, having an output
      35. Modulator 31 and demodulator 33 may be semi-conductor switches, such
      as field effect transistors or similar devices well known in the field of
      electronic switching.
PAR  Oscillator 28 drives demodulator 33 directly and is coupled
      electromagnetically through transformer 29 from primary winding 29a
      thereof to secondary winding 29b. Secondary winding 29b is connected
      through coupling capacitor 58 to resistor 59 which in turn is connected to
      input circuit ground. The junction of coupling capacitor 58 to resistor 59
      is connected to the switching or driving input of modulator 31. Oscillator
      28 drives demodulator 33 and modulator 31 in synchronism.
PAR  A rectifier circuit comprising diodes 51 and 52 is connected across
      secondary winding 29b and poled in opposite directions, the cathodes of
      diodes 51 and 52 being connected together and in turn connected to filter
      capacitor 53 which in turn is connected to the floating input circuit
      ground. To complete the rectifier circuit, the center tap 29c of secondary
      winding 29b is connected to input circuit ground. A voltage +V is
      generated across capacitor 53 with respect to input circuit ground.
PAR  Coupling capacitor 42 is connected to one end of secondary winding 29b and
      coupling capacitor 43 is connected to the other end of secondary winding
      29b, the other end of capacitor 42 is connected through resistor 44 to
      input terminal 24 and the other end of capacitor 43 is connected through
      resistor 45 to input terminal 23. Input terminal 23 is further connected
      through resistor 22 to input line 12 and input terminal 24 is further
      connected through resistor 21 to input line 13. Resistor 54 is connected
      between the junction of capacitor 42 and resistor 44 and the junction of
      capacitor 43 and resistor 45. Connected in parallel with resistor 44 is
      the series combination of oppositely poled diodes 55 and 56 having the
      anodes thereof connected together.
PAR  Referring now to FIG. 2, an alternate bias circuit to that shown in FIG. 1
      as illustrated, having two pairs of series connected diodes connected in
      parallel between lines 12 and 13, diodes 46 and 47, comprising one pair,
      have their anodes connected together with the cathode of diode 46
      connected to line 12 and a cathode of diode 47 connected to line 13.
      Diodes 48 and 49, comprising the other pair, have their cathodes connected
      together with the anode of diode 48 connected to line 12 and the anode of
      diode 49 connected to the anode of zener diode 60, the cathode of zener
      diode 60 being connected to line 13. Instead of resistors 19 and 20 being
      joined as illustrated in FIG. 1, a diode 50 is connected between them and
      poled in a direction to be forward biased by resistor 19 connected to
      voltage +V. The junction of diodes 46 and 47 is connected to the cathode
      of diode 50 which is joined to resistor 20 and which in turn is connected
      to input circuit ground. The junction of diode 48 and 49 is connected to
      the anode of diode 50 which is joined to resistor 19. Two or more diodes
      may be inserted in place of each single diode illustrated to provide
      different bias and clamping conditions as required.
PAR  The operation of the input bias circuit with the overload indicating zener
      diode can best be understood by reference to FIG. 1, wherein +V produces a
      bias potential at terminal 18 through the divider network comprising
      resistors 19 and 20. Diodes 7 and 8 are forward biased along with diode 10
      and 11 of the fourth string to provide a bias current into the inputs of
      amplifiers 14 and 15 which may be the bases of NPN transistors. Because of
      the forward voltage drop of diodes 7 and 8 and diodes 10 and 11, diodes 9
      and 6 are reverse biased, respectively. By reason of the small bias
      current required by low-level transistor amplifier input stages typical of
      biopotential amplifiers, a current of very small magnitude is conducted by
      the forward biased diodes. Therefore, the diode impedance is of relatively
      large magnitude compared to a heavily conducting forward bias diode
      therefore resulting in very little loading of the input circuit. Resistor
      61 between junction 18 and the diode circuit provides further isolation,
      if required.
PAR  If a differential input signal is applied between terminals 23 and 24,
      current will be conducted through resistors 21 and 22 and through the
      input impedance of amplifiers 14 and 15. Depending upon the momentary
      polarity of the input signal, current will be conducted into one amplifier
      input and out of the other. This signal current, therefore, subtracts from
      the bias current supplied to one amplifier input and adds to the bias
      current of the other. As the input signal magnitude increases keeping the
      same polarity, a point is reached where signal current becomes the only
      current into one amplifier input, the other input being clamped through
      resistor 61 to the bias potential at junction 18 through the forward
      conducting diode string connected thereto.
PAR  The above circuit function is best analyzed by assuming an input signal
      applied to terminals 23 and 24 having a momentary polarity of plus to
      minus from terminal 23 to 24. The bias current into amplifier 14 increases
      accordingly and the potential of the input line to amplifier 14 increases
      with respect to the bias potential at junction 18. On the other hand,
      current is removed from the input to amplifier 15 causing its input line
      potential to fall relative to the potential at junction 18. The rise and
      fall of these input voltages continues until the input line potential of
      amplifier 14 approaches the junction potential 18. At this point, diodes 7
      and 8, which were forward biased, approach a reverse biased condition. In
      addition, slightly forward biased diodes 10 and 11 become more heavily
      conducting and begin to clamp the input line 13 to amplifier 15 to the
      potential at junction 18 through resistor 61 and through the low forward
      impedance of the forward biased diodes. As the signal current is increased
      further, diodes 7 and 8 are reverse biased and diode 9, which was reverse
      biased becomes forward biased to complete a forward conducting string of
      diodes for the increasing signal current through diodes 9, 10 and 11.
      Therefore, a complete clamping action is performed upon the signal current
      to prevent differential overloading that could cause damage to the input
      amplifiers 14 and 15. In this clamping condition, resistances 21 and 22
      limit the signal current which can be conducted by the clamping diodes.
PAR  For input signals of opposite polarity, a similar action takes place with
      diode strings comprising diodes 6, 7 and 8. However, when diode 6 becomes
      conductive, zener diode 57 is reverse biased in a direction whereby the
      zener diode voltage produced thereacross is connected through the forward
      biased diode string of diodes 6, 7 and 8 to input lines 12 and 13 of
      amplifiers 14 and 15. Consequently, if the zener voltage of diode 57 is
      chosen to have a magnitude sufficient to drive the combination of
      amplifiers 14 and 15 into a lock-up condition, an indication is provided
      for the overload signal condition at the input of the differential
      amplifier. Zener diode 57 produces a rectifying action under overload such
      that when the overload input signal causes diode strings 9, 10 and 11 to
      be forward conducting, a very low voltage drop is impressed at the input
      to the differential amplifier and when diode strings 6, 7 and 8 are
      forward conducting, the zener voltage of diode 57 is impressed across the
      input to the differential amplifier, driving it into lock-up. Therefore,
      the input to the differential amplifier under overload conditions will
      alternately apply a low voltage and then the zener voltage of diode 57 as
      the input signal alternates from one polarity to the other.
PAR  Oscillator 28 operates modulator 31 and demodulator 33 in synchronism to
      provide isolation of the circuit ground of the input stage comprising
      amplifiers 14 and 15 from the circuit ground of the output stage 34
      through transformer 32. This method of isolating common mode signals and
      amplifiers is well known to one skilled in the art of amplifier design.
PAR  In addition, it is known in the art of transformer isolated amplifiers to
      use another winding on the transformer which is used to provide a driving
      source for the modulator to obtain a source of voltage bias from which the
      isolated input stages of the amplifier may be biased or powered. Rectifier
      diodes 51 and 52 are connected to secondary winding 29b on transformer 29
      to rectify the alternating oscillator signal thereby obtaining the supply
      voltage +V from which amplifier stages 14 and 15 are powered. However, it
      is contemplated within the present invention to provide from the same
      winding of transformer 29 from which an alternating signal from oscillator
      28 is generated, signal conditioning for utilization with input stages 14
      and 15 of the amplifier and a driving signal from winding 29b to operate
      modulator 31.
PAR  The alternating voltage of secondary winding 29b is applied through
      coupling capacitors 42 and 43 and resistors 44 and 45, respectively, to
      input terminals 23 and 24. Resistors 44 and 45 are of such magnitude to
      determine the magnitude of the current thus generated. Therefore, when the
      amplifier is used as an impedance pneumograph, the signal conditioning
      current from resistors 44 and 45 is conducted through the impedance of the
      subject connected between terminals 23 and 24 and produces a voltage
      proportional to the magnitude of such impedance. This voltage is amplified
      by the amplifier for further monitoring and measurement. The magnitudes of
      resistors 21, 22, 44 and 45 are generally larger than the impedances
      expected to be encountered from the measurement subjects.
PAR  When an input electrode is disconnected from the subject to be measured or
      disconnected from one of the input terminals 23 or 24 to the differential
      amplifier, the signal conditioning current supplied from the secondary of
      transformer 29 through resistors 44 and 45 is conducted through the input
      bias diode circuit and produces an alternating voltage thereacross of
      overload magnitude. Therefore, the zener voltage of diode 57 will be
      alternately applied between input lines 12 and 13 to drive the amplifier
      into lock-up condition. This lock-up condition therefor is an indication
      of electrode disconnect. Since the frequency of oscillator 28 is usually a
      very high frequency, the differential amplifier will not come out of
      lock-up when the polarity of the overload signal drives diodes 9, 10 and
      11 into a forward biased condition.
PAR  Diodes 55 and 56 are protection diodes for limiting the voltage thereacross
      from exceeding excessive limits which may damage the amplifier.
PAR  Coupling capacitor 58 couples the alternating signal from one-half of
      secondary winding 29b to the driving input of modulator 31. This input may
      be the base of a FET transistor. Resistor 59 provides a bias return to the
      input circuit ground and prevents capacitor 58 from developing a charge
      thereacross due to the input nonlinearities of modulator 31.
PAR  The operation of the circuit of FIG. 2 is very similar to that described in
      respect to FIG. 1. Since diode 50 is forward biased, there is a potential
      drop across diode 50 which reverse biases diodes 38 and 49 and forward
      biases diodes 46 and 47 on the conditions of no input signal. Diodes 46
      and 47 are slightly forward biased to provide the bias described before
      for the inputs to amplifiers 14 and 15, respectively. Therefore, as
      before, a high impedance is maintained in the forward biased diodes. When
      an input signal is applied to the input lines, the maximum voltage drop
      below the voltage at the junction of diode 50 and resistor 19 that either
      input line 12 or 13 can assume is the forward bias voltage drop of two
      diodes in series, including diode 50 and either of diodes 46 and 47
      depending upon whether line 12 or 13 is observed. Further, the maximum
      voltage that line 12 can rise to is two forward biased diode voltage drops
      above the voltage potential at the junction of diode 50 and resistor 20
      and the maximum voltage that line 13 can rise to is two forward drops of
      diodes 50 and 49, plus the zener voltage of diode 60. Therefore, as the
      overload signal alternates between plus and minus polarity with respect to
      lines 12 and 13, the zener diode voltage drop across zener diode 60 will
      be alternately applied to the inputs of the differential amplifiers to
      which the circuit is connected. Therefore, as before, if the zener diode
      voltage of zener diode 60 is selected to drive the differential amplifier
      into lock-up, a lock-up condition is presented to the input of the
      differential amplifier as an indication of overload. Again, if the circuit
      is utilized with a high frequency signal conditioning circuit, the
      amplifier will not follow the instantaneous cycle of the signal
      conditioning frequency and remain in lock-up when an input electrode is
      removed or becomes disconnected from a subject being measured.
PAR  It now should be apparent that the present invention provides a circuit
      arrangement which may be employed in conjunction with biopotential
      amplifiers and impedance pneumographs for providing input bias, overload
      indication and protection and input electrode disconnect indication
      through four strings of diodes in which a zener diode is connected and
      which together are connected in a certain polarity arrangement to a source
      of bias potential and for providing signal conditioning, power supply
      voltage and modulator drive from a common winding coupled to a common
      oscillator in a transformer isolated amplifier for utilization with
      impedance pneumograph amplifiers.
PAR  Although particular components and circuit arrangements have been discussed
      in connection with a specific embodiment of an amplifier constructed in
      accordance with the teachings of the present invention, others may be
      utilized. Furthermore, it will be understood that although an exemplary
      embodiment of the present invention has been disclosed and discussed,
      other applications and circuit arrangements are possible and that the
      embodiments disclosed may be subjected to various changes, modifications
      and substitutions without necessarily departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An input bias circuit of interconnected unidirectional and bipolar
      conductive devices for biasing an amplifier of the type having a pair of
      differential input signal terminals and having a certain input signal
      voltage which drives the amplifier into lock-up, comprising:
PA1  first, second, third and fourth strings of series connected like poled
      unidirectional conductive devices, each string having at least one device
      therein, said first and fourth strings being connected in parallel and
      poled in opposite directions and said second and third strings being
      connected in parallel and poled in opposite directions, thereby forming
      two sets of parallel strings, said two sets being connected in series
      between the pair of differential input signal terminals of the amplifier,
      the junction between said two sets of parallel strings having a voltage
      potential applied thereto for normally providing bias current through said
      first and third strings to the pair of differential input signal terminals
      and for normally rendering said second and fourth strings non-conductive,
      said second and fourth strings alternately becoming conductive to clamp
      each one of the pair of differential input terminals, respectively, to
      said junction potential when the magnitude of an alternating input signal
      renders said first and third strings non-conductive, respectively; and
PA1  a bipolar conductive device having a first voltage drop thereacross when
      conducting in one direction and a second voltage drop when conducting in
      the opposite direction, said second voltage drop being greater than said
      first voltage drop and having a magnitude greater than the amplitude of
      the certain input signal lock-up voltage at the input signal terminals to
      the amplifier and less than a magnitude which damages the amplifier, said
      bipolar device being connected in series with said fourth string and poled
      in a direction to produce said second voltage drop when said fourth string
      becomes conductive, thereby impressing said second voltage drop across the
      input terminals of the amplifier and driving the amplifier into lock-up as
      an indication of excessive voltage input into the amplifier.
NUM  2.
PAR  2. The circuit of unidirectional and bipolar conductive devices described
      in claim 1 wherein said unidirectional conductive devices are diodes.
NUM  3.
PAR  3. The circuit of unidirectional and bipolar conductive devices described
      in claim 2 wherein said first and third strings each includes two diodes.
NUM  4.
PAR  4. The circuit of unidirectional and bipolar conductive devices described
      in claim 3 wherein said second and fourth strings each include one diode.
NUM  5.
PAR  5. The circuit of unidirectional and bipolar conductive devices described
      in claim 4 wherein said bipolar conductive device is a zener diode.
NUM  6.
PAR  6. A diode circuit connected between first and second input terminals of a
      differential amplifier for providing bias and overload protection and an
      excessive input voltage indication, comprising:
PA1  a first diode having the anode thereof connected to the first input
      terminal of the differential amplifier;
PA1  a second diode having the anode thereof connected to the cathode of said
      first diode;
PA1  a third diode having the anode thereof connected to the cathode of said
      second diode, the cathode of said third diode being connected to the
      second input terminal of the differential amplifier;
PA1  a fourth diode having the cathode thereof connected to the second input
      terminal of the differential amplifier, said fourth diode being a zener
      diode having a zener breakdown voltage of a magnitude sufficient to
      lock-up said differential amplifier but not sufficient to cause damage to
      said differential amplifier;
PA1  a fifth diode having the anode thereof connected to the anode of said
      fourth diode;
PA1  a sixth diode having the anode thereof connected to the cathode of said
      fifth diode;
PA1  a seventh diode having the anode thereof connected to the cathode of said
      sixth diode, the cathode of said seventh diode being connected to the
      first input terminal of the differential amplifier; and
PA1  conductive means for connecting the junction to said first and second
      diodes with the junction of said fifth and sixth diodes, said conductive
      means having a voltage potential applied thereto to normally provide bias
      current through said second and third diodes to the second input terminal
      of the differential amplifier and bias current through said sixth and
      seventh diodes to the first input terminal of the differential amplifier,
      said first and fifth diodes being normally reverse biased and becoming
      alternately conductive only when the magnitude of an alternating signal
      current which may be applied to the amplifier input terminals exceeds the
      respective bias current, and said zener voltage of said fourth diode being
      impressed between the first and second input terminals of the differential
      amplifier when said fifth diode becomes conductive, thereby driving said
      amplifier into lock-up indicating an excessive input voltage applied
      thereto.
NUM  7.
PAR  7. In a biopotential amplifier of the type wherein a first stage has a
      first circuit ground and first and second input terminals adapted to be
      connected to an external impedance and wherein the first stage is coupled
      to a second stage having a second circuit ground, the first and second
      grounds being electrically isolated from one another and wherein the first
      and second input terminals are connected to a source of alternating
      current having an internal impedance large in magnitude relative to the
      external impedance and wherein a first diode has the anode thereof
      connected to the first input terminal of the differential amplifier, a
      second diode has the anode thereof connected to the cathode of the first
      diode, a third diode has the anode thereof connected to the cathode of the
      second diode, and the cathode of the third diode connected to the second
      input terminal of the differential amplifier, a fourth diode has the anode
      thereof connected to the second input terminal of the differential
      amplifier, a fifth diode has the anode thereof connected to the cathode of
      the fourth diode, a sixth diode has the anode thereof connected to the
      cathode of the fifth diode, the cathode of the sixth diode being connected
      to the first input terminal of the differential amplifier and wherein
      conductive means connects the junction of the first and second diodes with
      the junction of the fourth and fifth diodes, the conductive means having a
      voltage potential applied thereto to normally provide a bias current
      through the second and third diodes to the second input terminal of the
      differential amplifier and bias current through the fifth and sixth diodes
      to the first input terminal of the differential amplifier, the first and
      fourth diodes being normally reverse biased and alternately becoming
      conductive when the external impedance is disconnected from one or both of
      the amplifier input terminals and the magnitude of the source of
      alternating current applied to the amplifier input terminals exceeds the
      respective bias currents, the improvement comprising:
PA1  a seventh diode connected between the fourth diode and the second input
      terminal of the differential amplifier, said seventh diode having the
      cathode thereof connected to the second input terminal of the differential
      amplifier and the anode thereof connected to the anode of the fourth
      diode, said seventh diode being a zener diode having a zener breakdown
      voltage of a magnitude sufficient to lock-up the differential amplifier,
      but not sufficient to cause damage to the differential amplifier, whereby
      said zener voltage of said seventh diode is impressed between the first
      and second input terminals of the differential amplifier when the fourth
      diode becomes conductive, thereby driving the amplifier into lock-up
      indicating disconnect of the external impedances from the amplifier.
NUM  8.
PAR  8. An impedance pneumograph amplifier for measuring a biological impedance,
      comprising:
PA1  a first amplifier stage having a pair of input and output terminals and a
      first circuit ground, said pair of input terminals being adapted to
      connect said first amplifier stage to an external biological impedance;
PA1  a second amplifier stage having an input and an output terminal and second
      circuit ground;
PA1  first coupling means including a modulator, a transformer and a demodulator
      connected in series between said first amplifier pair of output terminals
      and said second amplifier input terminal and said second circuit ground
      for electrically isolating said first circuit ground from said second
      circuit ground and for coupling a signal between said first amplifier
      output terminals and said second amplifier input terminal and said second
      circuit ground;
PA1  oscillator means connected to said second circuit ground for generating an
      alternating signal with respect to said second circuit ground;
PA1  a transformer and a series resistor and capacitor circuit connected between
      said oscillator means and said first amplifier pair of input terminals for
      coupling said oscillator means alternating signal to said first amplifier
      pair of input terminals, said transformer having a single primary winding
      and a single secondary winding, said single primary winding being
      connected to said oscillator means and said single secondary winding
      having a center tap connected to said first circuit ground, said single
      secondary winding being connected through said series resistor and
      capacitor circuit to said first amplifier pair of input terminals, said
      series resistor and capacitor circuit having an impedance magnitude
      substantially larger than the magnitude of the external biological
      impedance connected to said first amplifier pair of input terminals
      whereby an alternating current proportional to said oscillator means
      alternating signal is conducted to said first amplifier pair of input
      terminals and through said external biological impedance thereby
      generating a voltage between said first amplifier pair of input terminals
      proportional to said external biological impedance connected thereto;
PA1  rectifier means connected to said single secondary winding for rectifying
      said oscillator means alternating signal coupled thereto to provide a
      source of power to supply said first amplifier stage;
PA1  a coupling capacitor connected between one end of said single secondary
      winding and said modulator for providing a signal to activate said
      modulator; and
PA1  a coupling circuit connected between said oscillator means and said
      demodulator to activate said demodulator in synchronism with said
      modulator.
NUM  9.
PAR  9. A circuit of unidirectional devices connected between first and second
      input terminals of a differential amplifier for providing bias and
      overload indication and protection, comprising:
PA1  first and second strings of unidirectional devices connected in series
      between the input terminals and poled in opposite directions;
PA1  third and fourth strings of unidirectional devices connected in series
      between the input terminals and poled in opposite directions, said third
      and fourth strings being poled opposite to said first and second strings;
PA1  a zener diode connected in series with said fourth string and oppositely
      poled thereto to provide a zener voltage when said fourth string is
      rendered conductive, said zener voltage being greater in magnitude than
      the voltage at the input terminals of the amplifier required to cause the
      amplifier to enter a lock-up condition;
PA1  a fifth string of unidirectional devices connected between the junctions of
      said first and second strings and said third and fourth strings; and
PA1  a first and second resistor connected respectively to the junction of said
      first and second strings and said third and fourth strings, the
      unconnected ends of said resistors having a voltage potential applied
      thereacross whereby said first, second and fifth strings are rendered
      conductive to provide bias to the input terminals, said third and fourth
      strings being non-conductive until the magnitude of an input signal
      renders said third and fourth strings conductive and said first and second
      strings non-conductive thereby providing overload protection and
      connecting said zener diode across the input terminals to drive the
      amplifier into lock-up to indicate overload.
NUM  10.
PAR  10. The circuit of unidirectional devices described in claim 9 wherein said
      first, second, third, fourth and fifth strings each include one diode.
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PAL  An improved laser construction having relatively simple single element
      means located in the laser cavity for simultaneously mode-locking and
      frequency doubling the laser output, said single element means including a
      crystal such as a non-linear barium sodium niobate (BSN) crystal properly
      excited to achieve acoustooptic loss modulation as well as to mode-lock
      the laser output, and means for locating the crystal within the laser
      resonator cavity.
BSUM
PAR  Various constructions of mode-locked lasers and various constructions of
      frequency doubling devices for doubling the output frequency of lasers are
      well known in the art and are available commercially. Mode-locking is a
      process whereby a laser is made to emit a repetitive train of short pulses
      at a relatively high repetition frequency. Mode-locking occurs when a loss
      modulator or phase modulator is placed within a laser cavity and driven at
      a frequency equal to the axial cavity mode spacing. For example,
      mode-locking occurs when the laser frequency F = c/2l, where c is the
      speed of light and l is the optical length of the laser cavity. While
      either loss modulation or phase modulation can be used to mode-lock a
      laser, there are difficulties encountered in the use of phase modulation
      to mode-lock a laser such as a neodymium:yttrium-aluminum-garnet (Nd:YAG)
      laser. The more serious problems encountered when using phase modulation
      include objectionable phase state switches and other instabilities
      typically observed in series pulse stretching which occurs when the laser
      output is also frequency doubled. For these and other reasons the use of
      phase modulators as a means to mode-lock and frequency double has not been
      successful and has not been widely used. In the present device such means
      have been replaced by the use of loss modulation means. The present means
      accomplish mode-locking and frequency-doubling using a single properly
      located crystal, preferably a barium sodium niobate (BSN) crystal although
      other crystals can also be used including for example lithium niobate
      crystals as well as others which will be described. BSN crystals are
      usually preferred, however, because they have better non-linearity
      characteristics. In prior constructions such means were made to function
      as a phase modulator through application of an electrooptic effect, and
      these devices functioned as a laser frequency doubler through their
      non-linear optical effect, but never in the past has such a device
      simultaneously functioned as both a mode-locker and as a frequency
      doubler. In the present device, on the other hand, a single BSN or other
      non-linear crystal is all that is required, and as will be explained
      hereinafter it simultaneously produces both of the desired effects.
PAR  The closest known prior art is U.S. Pat. No. 3,648,193 issued to Foster et
      al which covers a mode-locked, frequency doubled laser. The approach
      disclosed in the Foster et al patent has the deficiencies cited above
      including the fact that it uses phase modulation which produces
      undesirable phase state switches and other instabilities and it produces
      serious objectionable pulse stretching which occurs when the frequency
      doubling takes place. Other attempts to produce the desired results have
      used a separate non-linear crystal and a loss modulator, but unfortunately
      commercially available acoustooptical loss modulators which operate at
      frequencies in the range of several hundred MegaHertz (MHz) are
      inefficient and produce low modulation depth, both of which are serious if
      not fatal disadvantages. Furthermore, in all known prior attempts to solve
      the named shortcoming, two intercavity laser components are required
      including a non-linear crystal cavity and an acoustooptical loss modulator
      cavity, and in these devices, each of the elements employed contribute to
      the cavity losses thereby working a further serious usually fatal handicap
      to these devices and also increases the size, complexity and cost of such
      devices. The most serious problems encountered in the dual cavity, dual
      element constructions were the wide pulses that were produced and the
      unstable operation which resulted from the low modulation depth available.
      Therefore, all known prior art constructions including those that are
      phase modulators and those that use two components, have been
      unsatisfactory for many purposes including use in space communication
      systems and the like. The low modulation depth characteristics of the
      known devices have been especially limiting.
PAR  The present construction overcomes these and other disadvantages and
      shortcomings of the prior art by teaching the construction and operation
      of a combination mode-locker and frequency doubler unit using a single
      crystal such as a single BSN crystal mounted in a laser cavity. The use of
      a single crystal properly excited to achieve acoustooptic loss modulation
      as well as to mode-lock the laser is at the heart of the present improved
      construction. The construction of an acoustooptic loss modulator usually
      also involves a difficult and costly procedure as compared to use of an
      electrooptic phase modulator. Therefore, while a number of attempts have
      been made to build and operate a mode-locked, frequency doubled Nd:YAG
      laser using a single crystal as a phase modulator and frequency doubler,
      the present construction is the first so far as known that uses a
      non-linear frequency doubling BSN or like crystal as an acoustooptic,
      rather than as an electrooptic modulator. The fact that an acoustooptic
      modulator serves both to mode-lock and to double the frequency of a laser
      gives it distinct advantages over the prior devices including those
      discussed above. Partly this is because it enables the laser to be
      mode-locked and frequency doubled by a single component located within the
      resonator cavity thereby substantially reducing the resonator loss while
      simplifying the laser design. These advantages are substantial especially
      when incorporated into a laser transmitter designed for use in a
      communication system wherein low loss, small physical size, high
      reliability and good stability are necessary requirements. Of almost equal
      significance is the fact that the modulation efficiency using the subject
      device is much higher and is able to produce a modulation depth per watt
      that is higher by a factor of 2 as compared to devices fabricated from
      materials such as fused silica, which is the material most used in
      commercial mode-lockers. The greater modulation depth that is achievable
      with the present construction also results in narrower second harmonic
      output pulses and for this reason also produces a far more stable laser
      operation.
PAR  The pulse widths observed using the present construction are narrower than
      with any known prior art construction and the operation is substantially
      free of those instabilities that have plagued earlier designs such as
      phase state switches, relaxation oscillations, and pulse shape anomalies
      such as pulse peaking and other pulse distortions.
PAR  It is therefore a principal object of the present invention to provide an
      improved and much simplified laser device having both mode-lock and
      frequency doubling characteristics.
PAR  Another object is to achieve mode-locking and frequency doubling in a laser
      device such as a Nd:YAG laser device by the addition of a single element
      located in the laser cavity.
PAR  Another object is to achieve improved modulation depth characteristics in a
      mode-locked frequency doubled laser construction.
PAR  Another object is to improve the stability and reliability of laser
      devices.
PAR  Another object is to reduce loss in a laser construction having mode locked
      and frequency doubling characteristics.
PAR  Another object is to substantially reduce the size of laser devices used in
      laser communication and other systems.
PAR  Another object is to achieve improved mode-locked and frequency doubled
      laser operation using a single element mounted in a laser cavity, which
      element has acoustooptic characteristics as distinguished from
      electrooptic characteristics and operates as a loss modulator.
PAR  Another object is to at least double the modulator depth per watt
      characteristic of laser devices having mode-locked and frequency doubling
      characteristics.
PAR  Another object is to use a non-linear frequency doubling crystal such as a
      barium-sodium-niobate crystal to mode-lock and frequency double a laser.
PAR  Another object is to provide a more efficient laser source for use in laser
      communication systems and other similar devices.
PAR  Another object is to substantially simplify the construction of a Nd:YAG
      laser capable of operating as a mode-locked frequency doubling device.
PAR  Another object is to minimize phase state switching, impulse stretching and
      other distortions in laser operations.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent after considering the following detailed specification, which
      discloses preferred forms of the subject device in conjunction with the
      accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view showing the external structural details of a
      laser assembly incorporating the features of the present invention;
PAR  FIG. 2 is a schematic diagram of an acoustooptic mode-locked frequency
      doubling crystal unit for use with the subject invention;
PAR  FIG. 3 is a schematic diagram of a laser device constructed according to
      the present invention;
PAR  FIG. 4 is a schematic diagram showing another embodiment of a laser
      resonator device incorporating means to mode-lock and frequency double the
      laser output; and,
PAR  FIG. 5 is a side view partly broken away to show the internal construction
      of the laser device shown in FIG. 1.
DETD
PAR  Referring to the drawings more particularly by reference numbers, number 10
      in FIG. 1 refers generally to a laser assembly constructed according to
      the present invention. The assembly 10 is contained in a housing 12 which
      has aligned input and output tubes 14 and 16, and is associated with a
      laser including a laser cavity 18 such as the laser cavity of Nd:YAG
      laser. In an actual construction the size of the housing 12 can be made to
      be as small as approximately two inches by two inches by one inch thick or
      even smaller. The container 12 has a mounting post 20 or other mounting
      provision and electrical connectors 22, 24, 26 and 28 provided on the
      housing 12 at the locations shown. During operation a laser beam passes
      through opening 30 in the housing tube 14 and through a crystal member
      located in the housing which may be a barium sodium niobate BSN crystal
      32. The location of the crystal in the housing is shown more clearly in
      FIG. 5. The crystal 32 is at the heart of the present invention and is
      mounted between two thermally and electrically insulating nylon or similar
      type rods 34 and 36, and similar heater means such as boron nitride
      heaters 38 and 40 are positioned or slipped respectively onto the nylon
      rods 34 and 36. The heaters have high resistance coils which are energized
      to produce and maintain a desired operating temperature in the housing 12
      and around the crystal 32. The heater coils are connected to a suitable
      source of heater voltage by the connections 22 and 24. The connections 26
      and 28 are provided to make connection to thermister means 41 also located
      in the housing and provided to monitor the temperature therein and to
      control current flow to the heater coils to maintain a predetermined
      temperature condition. This is important to the operation but the means
      for accomplishing temperature control are well known and available and are
      not part of the present invention as such.
PAR  The crystal member 32 is held accurately between the heaters 38 and 40 by
      applying compressive force to the nylon rods 34 and 36 using screws or
      other means in the nylon rod holders located in the side walls of the
      housing 12. Heater coils 42 and 44 are shown wound on the two spaced boron
      nitride heater elements 38 and 40 and thermisters 46 for oven temperature
      control and a thermal couple 48 for crystal temperature monitoring are
      also provided.
PAR  Referring to FIG. 2, an acoustic transducer 50 is bonded to a side surface
      of the BSN crystal 32 by bonding means 52. The opposite side of the
      transducer from the side adjacent to the crystal has an electrode 54
      attached thereto. The transducer 50 is driven by means of a small section
      of semirigid coaxial cable 56 which is shown as a piece of 50 .OMEGA.
      coaxial cable. One end of the coaxial cable 56 is connected to an outside
      mounting bulkhead 58 on the housing 12 and the opposite end of the cable
      is connected to an RF source shown as 250 MHz source 60. The front and
      rear optical faces of the crystal 32 are laser polished to be flat,
      parallel and anti-reflective coated at the frequency of the laser light
      which in case shown is 1.06 .mu.m and 0.53 .mu.m and these are the crystal
      faces 62 and 64 in FIG. 2. The RF source 60 produces acoustic standing
      waves in the crystal 32 which are illustrated by the dotted lines 66. Also
      as shown in FIG. 2 the crystal is oriented so that the incoming laser
      radiations enter at the Bragg angle .theta..sub.B and the principal output
      is labeled "Transmitted Beam," Another output labeled "Diffracted Beam" is
      wasted in the present construction. It is to be understood that there will
      be inputs and outputs to and from both opposite directions to and from the
      crystals in the present device.
PAR  In all acoustooptic mode-lockers, loss modulation is achieved by Bragg
      diffraction of the incident laser beam from an acoustic standing wave in
      the acoustooptic medium. This means that when a 1.06 .mu.m laser beam
      propagates down the B-axis of the of the crystal 32 at the Bragg angle as
      shown in FIG. 2, it is polarized normal to the C-axis (see associated
      diagram of crystal axes orientations).
PAR  The transducer 50 is polished to a thickness such that the fundamental half
      wave thickness resonance occurs at 250 MHz. The RF energy fed to the
      transducer 50 at 250 MHz by the matching network 56 therefore excites the
      acoustic standing waves 66 in the crystal 32. The acoustic standing waves
      produce a relatively thick optical phase grating in the crystal for which
      the diffraction efficiency varies sinsuoidally at twice the frequency of
      the RF drive 60 or at 500 MHz. By the same token the diffraction loss
      produced in the crystal 32, which can be represented as I.sub.D /I.sub.o,
      can be calculated given several pertinent parameters as follows:
EQU  I.sub.D /I.sub.o = sin.sup.2 {.pi./.lambda..sub.o .sqroot.2l/H P.sub.a
      M.sub.2 sin.omega.t}
PAL  In this equation:
PA1  I.sub.d is the intensity of the diffracted radiation,
PA1  I.sub.o is the intensity of the incident radiation,
PA1  .lambda..sub.o is the wave length of the incident radiation
PA1  l is the length of the acoustic column,
PA1  H is the height of the acoustic column
PA1  P.sub.a is the one way circulating acoustic power, and
PA1  M.sub.2 is a constant that represents an acoustooptic figure of merit.
PAR  It is to be further noted in connection with the structure shown in FIG. 2
      that the peak loss as well as the zero loss occur twice during each cycle
      of the 250 MHz RF voltage applied to the transducer 50. The instantaneous
      diffraction loss is made up of a d.c. time average portion and the higher
      even harmonics of the 250 MHz RF drive. At relatively low acoustic power
      levels only the 500 MHz component is significant, but at peak diffraction
      losses greater than about 10 percent the modulation becomes peaked and
      distorted and useless for many purposes.
PAR  As already pointed out, the crystal 32 is a device which is mounted in a
      laser resonator such as in a Nd:YAG laser resonator to simultaneously
      achieve mode-locking and frequency doubling, for example, in the case of
      an infrared 1.064 .mu.m laser to change the laser output from the infrared
      to the visible greenish range and to mode-lock the output. The laser in
      this as in other cases oscillates simultaneously at a number of different
      frequencies separated by the fundamental frequency c/2l as aforesaid.
      These frequencies correspond to the axial standing wave mode in the
      resonator. Normally, the different modes present oscillate independently
      and are not phase coherent. The laser output is therefore continuous but
      with fluctuations occurring at harmonics of the basic or fundamental
      frequency c/2l. In a mode-locked laser, a loss modulator is operated
      within the cavity at a frequency equal to the c/2l axial mode spacing and
      the modulation side bands serve to couple energy from one mode to the next
      so that ultimately a self-consistent phase locked situation is obtained.
      The time domain output of the laser consists of a series of spaced pulses
      at a frequency equal to c/2l.
PAR  Frequency doubling in a laser cavity is a parametric process whereby the
      infrared Nd:YAG fundamental radiation in the situation illustrated at 1.06
      .mu.m is converted to visible green radiation at 0.53 .mu.m. The
      dielectric constant of barium sodium niobate (BSN) is non-linear at
      optical frequencies, and an electromagnetic (E/M) wave at the fundamental
      frequency produces a dielectric polarization component at twice the
      fundamental frequency. This harmonic polarization is the source of an
      electromagnetic wave at the harmonic frequency. The crystal 32 is oriented
      such that the harmonic (E/M) wave and the fundamental (E/M) wave propagate
      at the same velocity, i.e., are phase matched, and, as the beam propagates
      through the crysal, part of the fundamental beam is converted to second
      harmonic radiation, and this is the part that is coupled out of the laser
      by means of a dichroic mirror or other similar frequency separator. The
      advantage of frequency doubling is that the detectors that can be used are
      more sensitive in the visible output range, external modulation of the
      laser output is far easier to achieve, and the system optics involved can
      be much smaller. These are important advantages especially when designing
      a laser source for a communication system such as for a space
      communication system where it may be necessary for some units to be
      mounted in space vehicles where available space and weight limitations are
      critical. Use of a single one of the subject crystals accomplishes both
      the desired frequency doubling and the mode-locking and this has important
      advantages over other devices which require two or more separate elements
      to accomplish the same thing.
PAR  FIGS. 3 and 4 show several embodiments of Nd:YAG cavities 68 and 68A
      employing a single element crystal unit such as the crystal unit 32 shown
      and described above. The laser cavities 68 and 68A in each case includes a
      laser rod 70 and 70A which in the FIG. 4 construction is shown axially
      aligned and optically positioned between a Brewster window 72 and a lens
      74. The resonator also includes a first resonator mirror 76 (or 76A) which
      is located on one side of the Brewster window and a second resonator
      mirror 78 (or 78A) which is shown located on the opposite side of the
      crystal unit 82 (or 82A). In the FIG. 3 construction the crystal unit and
      mirror 78 are located substantially on the axis of the laser rod 70 while
      in the FIG. 4 construction the mirror 78A and the crystal unit 82A are on
      a different axis than the axis of the laser rod 70A. The two resonator
      mirrors 76A and 78A in the FIG. 4 construction are maintained in optical
      communication with each other by means of another mirror such as folding
      mirror 80 oriented at an angle relative to the axis of the laser rod 70A
      so as to reflect the principal laser energy, which in the case illustrated
      is infrared energy at a 1.064 .mu.m toward and through the BSN crystal 82A
      and from there to the resonator mirror 78A. The mirrors 78 and 78A may be
      dichroic mirrors which pass visible greenish radiation at 0.532 .mu.m and
      reflect the infrared at 1.064 .mu.m back through the crystal 82 (or 82A).
      The part of the energy at 0.532 .mu.m that passes through the resonator
      mirror 78 or 78A forms the principal radiation output from the subject
      device. The other part of the laser energy at 1.064 .mu.m which reaches
      the mirrors 78 and 78A but has not been converted by the crystal 82 to the
      higher frequency (lower wavelength) is reflected by the resonator mirror
      78 or 78A and passes back through the crystal 82 (or 82A) and in so doing
      has an additional portion thereof converted to the higher frequency. The
      process is repeated and each time the laser beam passes through the
      crystal more of the radiation is converted to the higher frequency.
PAR  The folding mirror 80 in the FIG. 4 construction is able to pass the small
      additional shorter wavelengths (higher frequency energy) to another mirror
      84 but it reflects the lower frequencies and redirects them back through
      the laser rod 70. These longer wave lengths that are reflected by the
      mirror 80 back through the laser are again reflected by the mirror 76 and
      the laser action described is repeated indefinitely.
PAR  The small amount of laser energy at 0.532 .mu.m which impinges on the
      folding mirror 80 coming from the laser rod 70 as well as that coming from
      the resonator mirror 78A through the crystal 82A will pass through the
      folding mirror 80 and be directed toward the mirror 84 which produces a
      secondary laser output 86 also at 0.532 .mu.m. If the device is
      constructed properly the 0.532 .mu.m output at 86 will be substantially
      less than the same high frequency output from the resonator mirror 78A at
      88, and for some applications the output at 86 is useful for control and
      synchronizing purposes. In FIG. 4 arrows are included to indicate the
      direction of travel of the laser energy at the different frequencies. Also
      one or both of the resonator mirrors 76 (or 76A) and 78 (or 78A) may be
      dichroic mirrors which are frequency selective to permit passage
      therethrough of one frequency while blocking passage and reflecting
      another frequency. These mirrors may also be constructed to reflect all of
      the energy that impinges thereon particularly the mirror 76.
PAR  The subject device including the laser means must be provided with suitable
      auxiliary equipment such as the cavity cooling and other means which are
      required to maintain the lasing rod at a desired operating temperature,
      and other temperature control means may also be required to control the
      temperature of the crystal 32 (or 82 and 82A). In a typical situation the
      crystal 32 is maintained at a temperature of about 90.degree. .+-.
      0.025.degree. C. The RF drive for the crystal must also be controlled to
      within a relatively narrow band of input power such as to within about
      .+-. 5 mW, and this can be accomplished through the use of an automatic
      feedback loop or other similar means which are in existence.
PAR  The polarized operation of the subject laser can be obtained by using a
      thin quartz plate inserted into the resonator cavity at Brewster's angle.
      This functionally replaces the Brewster B Angle quartz modulator otherwise
      used to provide linear polarization of the laser. This plate can be
      removed, however, if the folding mirror 80 provides adequate polarization
      discrimination. The natural polarization selection occurs since there is a
      difference in the folding mirror loss for the two polarizations, and the
      low loss polarization will be selected. It is not entirely settled as to
      whether the quartz plate can be removed without detriment. The pumping of
      the laser can be accomplished by known means such as by a suitable lamp
      and this is not part of the present invention. The laser mirrors 76,
      (76A), 78, (78A), 80 and 84 are preferably mounted on ball and socket
      mirror mounts to facilitate adjustments of the device.
PAR  In operation, the crystal 32 (or 82 or 82A) is mounted to receive the
      optical output of the laser in the manner shown in FIGS. 2, 3 and 4, and
      the crystal 32 is excited by the RF source 60 and the matching network 56
      which are coupled thereto by means of the transducer 50. This establishes
      the acoustic standing waves 66 in the crystal 32 which are shown in FIG. 2
      of the drawing by dotted lines parallel to the crystal B axis orientation.
      The input laser energy which is continuous laser eneagy, is directed at
      the crystal 32 at the Bragg angle as shown in FIG. 2, and the output
      energy from the crystal which is under control of the applied RF source is
      a mode-locked laser beam otherwise described as a source of repetitive
      laser pulses at twice the frequency of the input laser energy. The
      mode-locking or modulating takes place due to the applied acoustic
      standing wave and the frequency doubling effect is simultaneously produced
      due to the characteristics of the crystal 32 as aforesaid. Being able to
      accomplish both of these desired results by using a single crystal element
      properly mounted in the laser cavity and properly controlled represents a
      significant and important advantage over all known means for accomplishing
      the same or similar results, and it does so with substantially improved
      operating stability. This makes the device more reliable than known
      devices and it can be made to be much smaller and more compact than any
      known device used for the same or similar purposes.
PAR  While the subject device has been described using the specific crystals of
      barium-sodium-niobate (BSN) and lithium niobate, other crystal substances
      having non-linear characteristics can also be used although probably with
      some sacrifice in the quality of the outputs they produce. One example of
      a crystal that can be used to produce a mode-locked output at an
      ultraviolet wavelength rather than at a visible fundamental wavelength is
      ammonium dihydrogen phosphate (ADP) used with an argon ion laser system.
      Another example is the use of a proustite crystal to frequency double and
      mode-lock a carbon monoxide (CO), a hydrogen fluoride (HF), a carbon
      dioxide (CO.sub.2), or other similar infrared chemical or gas laser. Still
      another practical example of a laser mode-locker and frequency doubler is
      to use a strontium-barium-niobate (SBN) crystal with a solid state
      erbium:YAG laser.
PAR  The main difficulty for mode-locking and frequency doubling a laser system
      is that there are a very limited number of non-linear dielectric crystals
      available that will operate for a given system and the above examples,
      while capable of producing operative systems have some disadvantages which
      may limit their usefulness for certain purposes. Of those crystals that
      have been tested only BSN and LNB (lithium niobate) have been used with
      any substantial success is Nd:YAG lasers, although some degree of success
      has been enjoyed using lithium iodate (LiIO.sub.3), alpha hydrogen diodate
      (.alpha.HIO.sub.3), lithium formate (LiCHO.sub.2) and potassium dihydrogen
      phosphate (KDP). In general therefore, any laser can be mode-locked and
      frequency doubled using the disclosed technique given a suitable
      non-linear dielectric crystal.
PAR  Thus there has been shown and described improved means for mode-locking and
      simultaneously frequency doubling the output of a laser such as the output
      of a Nd:YAG laser, which means fulfills all of the objects and advantages
      sought therefor. It will be apparent to those skilled in the art, however,
      that many changes, modifications variations and other uses and
      applications of the subject device are possible and all such changes,
      modifications, variations and other uses and applications which do not
      depart from the spirit and scope of the invention are deemed to be covered
      by the invention which is limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laser construction including a laser cavity and means in the cavity
      which when stimulated produce a laser output, said laser cavity having an
      optical axis and a pair of spaced reflectors positioned thereon, the
      improvement comprising means positioned in the laser cavity in optical
      communication with the laser output to mode-lock and frequency double the
      laser output, said means including an acoustooptical crystal member having
      mutually perpendicular crystalline axes one of which is oriented at the
      Bragg angle with respect to the optical axis of the laser, transducer
      means attached to a side surface of the crystal member that is
      substantially parallel to the optical axis of the laser, means for
      exciting the transducer at a frequency equal to one-half of the axial mode
      spacing (c/2l) for the laser cavity to establish an acoustic standing wave
      in the crystal member which produces loss modulation at a frequency of
      (c/2l), said crystal being selected from crystal materials that have
      non-linear characteristics so that it is capable of converting the laser
      energy of one wavelength to laser energy at half the said one wavelength.
NUM  2.
PAR  2. The laser construction defined in claim 1 wherein the laser is a
      neodymium YAG laser and the crystal member is a barium-sodium-niobate
      crystal.
NUM  3.
PAR  3. The laser construction defined in claim 1 wherein the laser is a
      neodymium YAG laser and the crystal member is a lithium niobate crystal.
NUM  4.
PAR  4. The laser construction defined in claim 1 wherein the laser is a
      neodymium YAG laser and the crystal is a lithium iodate crystal.
NUM  5.
PAR  5. The laser construction defined in claim 1 wherein the laser is a
      neodymium YAG laser and the crystal is an alpha-hydrogen-diodate crystal.
NUM  6.
PAR  6. The laser construction defined in claim 1 wherein the laser is a
      neodymium YAG laser and the crystal is a lithium formate crystal.
NUM  7.
PAR  7. The laser construction defined in claim 1 wherein the laser is a
      neodymium YAG laser and the crystal is a potassium dihydrogen phosphate
      crystal.
NUM  8.
PAR  8. The laser construction defined in claim 1 wherein the laser is an argon
      ion laser and the crystal is an ammonium dihydrogen phosphate crystal.
NUM  9.
PAR  9. The laser construction defined in claim 1 wherein the laser is a carbon
      monoxide laser and the crystal is a proustite crystal.
NUM  10.
PAR  10. The laser construction defined in claim 1 wherein the laser is a
      hydrogen fluoride laser and the crystal is a proustite crystal.
NUM  11.
PAR  11. The laser construction defined in claim 1 wherein the laser is a carbon
      dioxide laser and the crystal is a proustite crystal.
NUM  12.
PAR  12. The laser construction defined in claim 1 including a Brewster window
      mounted in the laser cavity on the optical axis thereof.
NUM  13.
PAR  13. The laser construction defined in claim 1 wherein at least one of the
      laser cavity reflectors is a dichroic mirror capable of reflecting laser
      energy of said one wavelength and of passing the laser energy of half said
      one wavelength.
NUM  14.
PAR  14. The laser construction defined in claim 1 wherein the laser cavity
      includes a active laser member positioned on the optical axis between the
      spaced reflectors, one of said reflectors being oriented to reflect the
      laser output at said one wavelength back through the laser member.
NUM  15.
PAR  15. The laser construction defined in claim 14 including a beam-folding
      mirror positioned in alignment with the optical axis in position to
      reflect the laser energy received from the laser member to one of said
      spaced reflectors.
NUM  16.
PAR  16. In the laser construction defined in claim 1 means to maintain the
      temperature in the laser cavity at a predetermined temperature condition.
NUM  17.
PAR  17. Means to simultaneously mode-lock and frequency double the output of a
      laser including a laser cavity defined by a pair of spaced reflector
      members arranged in optical communication and means for establishing a
      lasing condition between said spaced reflector members, the improvement
      comprising a crystal member positioned in the laser cavity in optical
      communication between the spaced reflectors, said crystal having an axis
      oriented at the Bragg angle with respect to the optical axis of the laser,
      said crystal member having non-linear characteristics at the frequency of
      the laser so as to double the frequency of laser energy passing
      therethrough, and means to excite the crystal member at a frequency equal
      to one-half of the axial mode spacing (c/2l) for the laser cavity to
      establish an acoustooptical standing wave therein which produces loss
      modulation at a frequency of (c/2l).
NUM  18.
PAR  18. The means defined in claim 17 wherein the laser is a neodymium YAG
      laser and the crystal is selected from the group consisting of
      barium-sodium-niobate, lithium niobate, lithium iodate,
      alpha-hydrogen-diodate, lithium formate, and potassium dihydrogen
      phosphate.
NUM  19.
PAR  19. The means defined in claim 17 wherein the means to excite the crystal
      member include transducer means attached to the crystal, and a source of
      radio frequency energy coupled to the transducer means.
NUM  20.
PAR  20. Apparatus for producing a mode-locked laser beam having a frequency
      that is the second harmonic of the fundamental laser frequency comprising
      a laser oscillator including a laser medium and spaced mirrors defining a
      laser-resonant cavity of predetermined length determinative of the
      fundamental frequency of the laser beam, and a single acoustooptic crystal
      disposed within said cavity for simultaneously mode-locking said beam and
      for interacting with the latter to produce the optical second harmonic
      thereof, said crystal having an axis oriented at the Bragg angle with
      respect to the optical axis of the laser, and means for modulating said
      crystal including means to establish an acoustic standing wave in the
      crystal, said last named means including a crystal transducer attached to
      the crystal, a source of RF energy, and a transmission line coupling the
      RF source to the transducer to produce acoustooptical standing waves in
      the crystal at a frequency equal to one-half of the axial mode spacing
      (c/2l) for the resonant cavity which operates to loss modulate the laser
      beam.
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ABST
PAL  To prevent deleterious effects from the sputtering of the cathode of a
      laser, the cathode surface portions exposed to the gaseous filling within
      the laser envelope are coated with a vaporizable metal. The coated cathode
      surface portions are held during laser operation at a temperature within a
      small range of values including the vaporization temperature of the metal
      coating the cathode surface. The atoms of the coating metal are sputtered
      off of the cathode surface by ion bombardment during operation but are
      immediately redeposited from the vapor of the coating metal adjacent to
      the cathode surface. Cataphoretic containment of the metal vapor within
      the central portion of the laser envelope is obtained by providing access
      to the cathode electrode from an anode electrode in each end of the
      envelope only through insulating tubular members having a length-to-inner
      diameter ratio greater than 2 and optimally around 5.
BSUM
PAR  This invention is directed to a laser device and in particular to a hollow
      cathode laser tube of the type comprising an anode electrode and a cathode
      electrode within an envelope having a gaseous filling. Surface portions of
      the anode and cathode electrodes are exposed to the gaseous filling to
      provide a gaseous discharge within the envelope between the electrodes.
PAC  BACKGROUND OF THE INVENTION
PAR  A laser device having a hollow cathode has many advantageous
      characteristics compared to one utilizing a small capillary discharge
      tube. The hollow cathode laser can be fabricated simply, resulting in a
      low-cost laser device. It lends itself to the use of ceramic and metal
      parts which can be brazed together to form a rugged tube structure. The
      design has a compactness, which is not often obtained with other types of
      lasers and it can be provided with a short overall length, as compared to
      most laser devices. A hollow cathode metal vapor laser can be operated at
      low voltages, around 300 volts, thus requiring only a simple power supply
      for its operation. The hollow cathode laser provides, in some
      applications, light emission of wavelengths not found in a capillary laser
      tube using the same lasing materials. Since the hollow cathode laser
      operates with a positive voltage-to-current characteristic, modulation of
      the laser output can be accomplished simply by varying the discharge
      current.
PAR  However, it is well recognized that hollow cathode lasers have severe
      material problems. For example, the cathode electrode of a laser using a
      metal vapor undergoes an intense ion bombardment, which causes a rapid
      sputtering of the cathode surface metal. After only a few hours of
      operation, the sputtered material covers insulating surfaces and obstructs
      the optical paths through the laser bore. The sputtering action also may
      cause the cathode to disintegrate and loss in the gaseous filling.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the cathode surface is protected from
      sputtering due to ion bombardment by a coating of vaporizable metal held
      at a temperature within a small range of values including the vaporization
      temperature of the metal coating. The protective metal coating is
      sputtered off and is immediately redeposited from its vapor phase to
      maintain a constant coverage of the cathode surface.
PAR  The total cathode surface exposed to the gaseous filling within the tube is
      held at substantially the same temperature to assure a uniform covering of
      the metal coating over the cathode surface. Means are provided for heating
      the cathode to the temperature at which the coating is retained on the
      cathode surface, or if the cathode normally operates above this
      temperature, the means would include structure for cooling the cathode and
      holding it at the required temperature.
PAR  The metal vapor is contained within a central cathode region of the
      envelope by cataphoretic action obtained by providing access to the
      cathode region from an anode electrode in each end portion of the laser
      envelope only through insulating tubular members, each having a
      length-to-inner diameter ratio greater than 2 and optimally around 5.
DRWD
PAR  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a laser device, in accordance
      with a first embodiment of the invention.
PAR  FIG. 2 is a longitudinal, sectional view of a laser device, in accordance
      with a second embodiment of the invention.
PAR  FIG. 3 is a sectional view of the device of FIG. 2 in the plane 3-3.
DETD
PAR  The laser device 10 of FIG. 1 comprises a closed envelope 11 having a
      gaseous filling. A cathode electrode 12 comprises a metal tube, such as of
      molybdenum forming a portion of the envelope. The cathode tube 12 has an
      inner tubular surface 13, exposed to the gaseous filling within the
      envelope. To one end of the tube 12 is sealed one end of a glass tubular
      member 14 coaxially aligned along the axis of tube 12. The opposite end of
      the glass tubular member 14 is closed by an optical element, such as a
      light-transparent window 16 positioned at Brewster's angle to the axis of
      member 14. At the opposite end of the cathode tube 12 is sealed one end of
      a second glass tubular member 18 coaxially alinged with tube 12. Tubular
      member 18 is also closed by a light transparent window 20 inclined at
      Brewster's angle to the axis of the laser device. Tubular portions 15 and
      17 of the glass members 14 and 18 have small internal diameters close to
      the value of the internal diameter of cathode tube 12.
PAR  Within the tubular member 14 is mounted a tubular anode electrode 22, which
      is positioned between the window 16 and the cathode tube 12 and coaxially
      with the tube 12 and the tubular member 14. In a similar manner, a second
      tubular anode 24 is coaxially mounted in the tubular member 18 between the
      cathode tube 12 and the window 20. A pair of reflecting mirrors 26 and 28
      are spaced from respectively opposite ends of the envelope 11 and in
      alignment with the common axis of the laser device, whereby the tubular
      anode and cathode electrodes enclose portions of the optical cavity of the
      laser. The anode electrodes 22 and 24 are connected by an appropriate
      circuit 30 through leads 32 and 34, respectively sealed through the glass
      walls of the tubular members 14 and 18. Circuit 30 connects the anodes to
      a positive potential terminal of a voltage source 36 and the cathode tube
      12 is connected to a negative terminal of the power source 36 through a
      lead 38.
PAR  In fabricating the laser device of FIG. 1, a sufficient amount of a
      vaporizable metal, for example, cadmium, is inserted within the envelope
      11 together with an amount of helium gas. The potential difference applied
      by circuit 30 between the cathode tube 12 and the two anode electrodes 22
      and 24 initiates a gaseous discharge within the envelope, which supports a
      lasing action of the cadmium ions. Light from this action is reflected
      between mirrors 26 and 28 and is transmitted through at least one of the
      mirrors to provide an output light beam from the laser.
PAR  During the operation of metal vapor lasers, of the type shown in FIG. 1,
      wherein the cathode is a hollow tubular member forming a portion of the
      optical cavity of the laser, the surface of the cathode exposed to the
      gaseous filling within the tube undergoes a severe ion bombardment by the
      heavy metal ions of the discharge, which causes a rapid sputtering away of
      the cathode material. This seriously limits the life of the laser due to
      the sputtered material being driven onto the insulating surfaces and onto
      portions of the optical path along the laser axis. The sputtering can also
      be so intense as to cause portions of the cathode to disintegrate.
PAR  In accordance with the invention, the gaseous filling within the laser
      envelope includes the vapor of a metal. The cathode surface exposed to the
      gaseous filling within the laser envelope is maintained at a temperature
      within a small range of values including the vaporization temperature of
      the metal vapor. At this temperature, the cathode surface will sorb over
      its surface a film of the metal which is protective and prevents
      sputtering of the cathode electrode surface by ion bombardment. The metal
      of the protective film is sputtered off instead and is immediately
      redeposited from the vapor of the metal within the hollow cathode.
PAR  In the embodiment of FIG. 1, the inner surface 13 of the cathode electrode
      12, which is exposed to the gaseous filling of helium and cadmium vapor,
      is held at a temperature within a small range of values including the
      vaporization temperature of the cadmium vapor. During operation of the
      laser, the exposed cathode surface 13 at this temperature sorbs a film of
      cadmium. Cadmium atoms are sputtered off by the ion bombardment, but are
      immediately redeposited from the cadmium vapor within the cathode
      electrode 12. The protective film of cadmium prevents the sputtering of
      the metal surface 13 of the cathode electrode 12. It is best that all of
      the cathode surface 13, which is exposed to the gaseous filling of the
      laser, be kept at an equitemperature to assure a uniform covering of the
      cadmium metal over the cathode surface. If one part of the cathode surface
      13, for example, becomes too hot, the cadmium film will be driven off and
      the exposed cathode surface portion will be subject to sputtering damage.
PAR  The film of cadmium is formed on the cathode surface 13 when the cathode
      surface is held at or close to the temperature of vaporization of cadmium.
      For optimum operation of a cadmium laser this temperature may be about
      300.degree.C. This temperature is not critical within a small range of
      values of 10 to 20 degrees. To maintain all of the cathode at
      substantially an equitemperature, a heavy copper block 40 is fitted around
      the outer surface of the cathode tube 12 and in intimate contact with the
      tube 12 to provide a good heat transfer between the block 40 and the
      cathode tube 12. A thermostatic control 42 is attached to the metal block
      40 and is connected in series in a circuit 44 with a heating coil 46
      wrapped around the outer surface of the block 40 and with a source of
      electrical energy 48. It may be necessary, if the operating temperature of
      laser 10 is above the vaporization temperature of the cadmium, to provide
      a means for cooling the cathode tube 12 from the higher temperature to a
      temperature within the small range of operative values including the
      vaporization temperature of the cadmium. Appropriate cooling devices are
      known and can be used as the operative conditions dictate.
PAR  It is a well-known fact that in thermodynamic equilibrium the metal vapor
      pressure is directly related to the temperature of vaporization of the
      metal. We define here the temperature of vaporization as that
      corresponding to the metal vapor pressure outside the cathode surface.
      This metal vapor pressure is in turn related to the temperature of the
      cadmium reservoir in the tube.
PAR  A cathode surface immersed in a cadmium vapor will reach an equilibrium
      coverage of cadmium, at which point the rate of arrival of cadmium atoms
      or ions equals the rate of departure of cadmium from the surface. Two
      groups of cadmium particles arrive at the surface, namely
PAR  1. neutral atoms from the vapor phase
      ##EQU1##
      where N.sub.Cd is the vapor density of cadmium outside the cathode
      surface, and c is the average thermal velocity of cadmium;
PAR  2. cadmium ions from the plasma
      ##EQU2##
      where J.sub.p is the ion current density directed towards the cathode
      surface and e is the electronic charge.
PAR  Also two groups of cadmium atoms depart from the surface, namely
PAR  1. cadmium atoms sputtered away by the impinging ions
      ##EQU3##
      where .kappa. is the sputtering yield (atoms sputtered per ion)
PAR  2. desorption rate of cadmium atoms
      ##EQU4##
      where K.sub.2 varies slowly with cadmium coverage, .phi..sub.d is the
      desorption heat which decreases with coverage, T.sub.2 is the cathode
      temperature, and k is the Bolzmann constant.
PAR  In equilibrium
EQU  .GAMMA..sub.a1 + .GAMMA..sub.a2 = .GAMMA..sub.d1 + .GAMMA..sub.d2
PAR  The equation shows that the surface coverage of cadmium depends on surface
      temperature T.sub.2.
PAR  Temperature T.sub.2 is defined as being at or near the vaporization
      temperature of cadmium, when the equilibrium equation yields a surface
      coverage of cadmium equal to a substantial fraction of a monolayer.
PAR  A further feature of the embodiment of FIG. 1 is the positioning of the
      anode electrodes 22 and 24 between the cathode tube 12 and the optical
      elements 16 and 20. This arrangement of electrodes causes the positive
      metal ions to be repelled from the anode electrodes toward the tubular
      cathode 12 and results in a cataphoretic action which retains the cadmium
      vapor within the cathode tube 12. Thus, the cadmium does not drift to
      cooler portions of the envelope where it would be condensed and be lost to
      the operation of the laser device. This cataphoretic containment of the
      cadmium vapor prevents the metal vapor from drifting to the optical
      windows 16 and 20, where it would condense and reduce light transmission
      through the windows. The cataphoretic containment of the cadmium vapor
      enables the use of a single, more expensive isotope of the cadmium metal
      without loss of the metal during the operation. The length-to-inside
      diameter ratio of the glass envelope portions 15 and 17 between the
      cathode tube 12 and anodes 22 and 24, should be above 2 and typically 5 or
      more to maximize the cataphoretic action. The length of cathode tube 12 is
      around 20 millimeters and its inside diameter and those of tubular
      portions 15 and 17 are around 3 millimeters.
PAR  A second embodiment of the invention which retains all of the advantages of
      the device of FIG. 1 is disclosed in detail in FIG. 2. The device 50 of
      FIG. 2 consists of a tubular envelope 52 having a gaseous filling of
      cadmium and helium and comprising a heavy thick cathode tube 54 formed of
      Kovar (Trademark) with an axial bore 68. A thin metal sleeve 70 of
      molybdenum is tightly fitted into the bore 68 to form the cathode surface
      71 exposed to the gaseous filling of the envelope. Tube 54 is coaxially
      joined to a pair of anode cups 56 and 58, respectively, which are sealed
      by their rims to surfaces of ceramic wafers 60 and 62. To the opposite
      surfaces of the ceramic wafers are heremetically sealed the ends of the
      cathode tube 54, as shown. Each wafer 60 and 62 includes a tubular boss 64
      and 66, respectively, which are tightly fitted into the opposite ends of
      the bore 68.
PAR  The ends of the cathode tube 54, which are sealed to the two ceramic discs
      60 and 72, are machined to provide relatively thin wall portions 72 and 74
      of the cathode. These wall portions form heat dams to further aid in
      maintaining the cathode tube 54 at the operating temperature required.
      Through the bottom of each anode cup is formed a respective aperture 57
      and 59 aligned with the axis of cathode tube 54. Light reflecting mirror
      blocks 61 and 63 are sealed across the apertures 57 and 59 to form an
      optical cavity extending between the mirror blocks along the common axis
      of the cathode and anode electrodes.
PAR  The anode electrodes 56 and 58, as well as the cathode tube 54, are
      connected into an operative circuit 76 with a voltage power source 78 to
      provide a gaseous discharge between the anodes 56 and 58 and cathode 54.
      The means provided to maintain the inner exposed cathode surface 71 at a
      temperature within a small range of values including the vaporization
      temperature of cadmium may be of any appropriate kind and may include a
      thermostat control 80 connected into an electrical circuit 81 with a known
      device 82 for either heating or cooling the heavy cathode tube 54 as the
      operating conditions require.
PAR  As shown in FIGS. 2 and 3, the thin cathode tube 70 has a plurality of
      slots forming recesses 84 extending longitudinally between the two cathode
      tubes 54 and 70. Passageways 86 extend from the slots or recesses 84 to
      the exposed inner surface 71 of the thin tube 70. The cadmium on the inner
      cathode surface 71 will diffuse through passages 86 into recesses 84 to
      provide a substantial source of cadmium metal during laser operation. The
      recesses 84 may be formed in either tube 54 or 70.
PAR  The design of the laser device of FIGS. 2 and 3 permits the inner exposed
      surface 71 of the cathode to be formed of a refractory metal, such as
      molybdenum, and the massive thick tube 54 to be of a less expensive metal,
      such as Kovar (Trademark) or copper, having good heat conductivity. A
      single-piece, massive, thick metal tube may be used as an alternate
      structure, wherein the recesses 84 are formed within the cathode tube
      below the surface of the central bore.
PAR  The tubular bosses 64 and 66 are provided with an operable length-to-inside
      diameter ratio to support a cataphoretic action which prevents the cadmium
      vapor from moving through the ceramic bosses 64 and 66 into the anode
      regions of the envelope.
PAC  GENERAL CONSIDERATIONS
PAR  The embodiments described above use a gaseous filling of helium and
      cadmium. Also, cadmium is used as the protective metal coating over the
      exposed cathode coating. Other metals may be used in place of cadmium,
      such as zinc, strontium, lead, antimony and selenium, as examples. The
      metal used need not be a lasing material, if the presence of the metal
      vapor as part of the gaseous filling does not restrict the lasing action
      of the laser. The melting temperature of the cathode material must always
      be higher than the vaporization temperature of the coating metal.
PAR  The design of the device of FIGS. 2 and 3, provides a simple, inexpensive
      structure, which may be as short as 10 cm. in length. Longer laser tubes
      can be fabricated using this design as one segment of a multisegment tube.
      The cathodes would be similar to tube 54, and would be assembled along a
      common axis alternating with open anode rings separated from the adjacent
      cathodes by ceramic spacers similar to washers 60 and 62.
PAR  As mentioned above in the laser device of FIGS. 1 and 2 the arrangement of
      the anode electrodes, one at each end of the cathode electrode, during
      laser operation provide a cataphoretic pumping action, which retains the
      cadmium vapor within the hollow cathode electrodes. This prevents
      dissipation of the cadmium metal to other parts of the laser envelope
      where it would condense and thus shorten the life of the laser. Because of
      this retention of the cadmium metal within the plasma discharge, it is
      economically feasible to use a more expensive single isotope, such as
      cadmium 114. Use of the pure isotope increases the laser gain four times
      for the same length of the envelope. This permits the use of shorter laser
      envelopes around 10 centimeters in length.
PAR  The laser devices described are embodiments of the invention specifically
      applied to hollow cathode lasers. The invention is equally applicable to
      any cathode electrode exposed to an ion bombardment which induces a
      deleterious sputtering of the exposed cathode surface during laser
      operation. The cathode electrode need not be a portion of the laser
      envelope, although it is easier to maintain the operating temperature of
      the cathode, if it is accessible outside of the laser envelope. The anode
      electrodes have been described and shown as annular electrodes. The anode
      may be of other configurations, such as single wire electrodes, for
      example.
PAR  The above described cataphoretic containment action is dependent upon the
      laser envelope 11 in FIG. 1 being divided by the tubular glass insulator
      portions 15 and 17, and the envelope 52 in FIG. 2 being divided by the
      ceramic insulator washers 60 and 62 into end portions and a central
      portion. Thus, the anode electrodes in each end portion of the envelope
      have access to the respective cathode electrode in the central envelope
      portion only through the tubular insulator portions 15 and 17, and 64 and
      66. The retention of the metal vapor within the central cathode portion of
      the envelope increases with the ratio of the length-to-inside diameter of
      the insulator portions 15, 17, 64 and 66. The ratio should be greater than
      2 and optimally around 5. A ratio larger than 7 is operable but
      unnecessarily lengthens the laser envelope. The central portion of the
      laser envelope need not be limited to a single cathode electrode, as
      shown. A plurality of cathode electrodes alternating with anode electrodes
      may be placed within the central envelope portion and cataphoretic
      containment of the metal vapor within this central envelope portion can be
      achieved as described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A laser device comprising a closed envelope, a gaseous filling within
      said envelope, an anode electrode and a cathode electrode having surface
      portions within said envelope exposed to said gaseous filling, said
      cathode surface portions being coated with a vaporizable metal, and means
      for retaining said coated cathode surface portions at a temperature within
      a small range of values including the vaporization temperature of said
      vaporizable metal.
NUM  2.
PAR  2. The laser device in accordance with claim 1, wherein the vaporizable
      metal is a lasing material in its vapor form.
NUM  3.
PAR  3. The laser device in accordance with claim 1, wherein the cathode
      temperature retaining means includes a metal block in intimate contact
      with said cathode electrode, and means connected to said metal block to
      maintain the temperature of said block within said small range of values.
NUM  4.
PAR  4. The laser device in accordance with claim 3, wherein said cathode
      electrode is a portion of said envelope with an external part of said
      cathode extending outside of said envelope, said metal block being in
      intimate contact with said external cathode part.
NUM  5.
PAR  5. The laser device in accordance with claim 3, wherein said cathode
      electrode is a hollow metal tube forming a part of said envelope with the
      outer surface of said metal tube being external of said envelope, said
      metal block being in intimate contact with said outer tube surface.
NUM  6.
PAR  6. The laser device in accordance with claim 1, wherein said cathode
      electrode is a thick metal block and forms a part of said means for
      retaining said coated cathode surface portions at said temperature.
NUM  7.
PAR  7. The laser device in accordance with claim 1, wherein said cathode is a
      thick metal tubular block, having an axial bore, said coated cathode
      surface portions extending along said bore, said cathode block forming a
      part of said cathode temperature retaining means.
NUM  8.
PAR  8. A laser device in accordance with claim 1, wherein said cathode
      electrode comprises a hollow metal tube axially aligned with two optical
      elements, each of said optical elements spaced from a different end of
      said metal tube, said anode electrode comprising an annular member spaced
      from and coaxial with said metal tube and positioned between one of said
      optical elements and said metal tube, and a second anode electrode
      comprising a second annular member spaced from and coaxial with said metal
      tube and positioned between the other one of said optical elements and
      said metal tube.
NUM  9.
PAR  9. A laser device comprising an envelope, a gaseous filling within said
      envelope, an anode electrode, having at least a part thereof, within said
      envelope, a tubular cathode electrode spaced from said anode electrode and
      forming a portion of said envelope with the outer surface of said tubular
      cathode electrode being external of said envelope, the inner tubular
      surface of said cathode electrode being within said envelope and coated
      with a vaporizable metal, and means for retaining said coated cathode
      surface at a temperature within a small range of values including the
      condensation temperature of said vaporizable metal.
NUM  10.
PAR  10. A laser device in accordance with claim 9, wherein said cathode
      electrode includes at least one recess formed within the cathode electrode
      and spaced from said inner coated surface, and a passage connecting said
      recess with said inner coated cathode surface.
NUM  11.
PAR  11. A laser device in accordance with claim 9, wherein said tubular cathode
      electrode includes a thick heat-conductive metal tube with a central
      coaxial bore therethrough, a thin metal tube tightly fitted coaxially
      within said bore, the inner surface of said thin metal tube forming said
      inner tubular cathode surface.
NUM  12.
PAR  12. A laser device in accordance with claim 11, including at least one
      recess between said thin metal tube and said thick metal tube, and a
      passage through said thin metal tube connecting said recess with said
      coated inner thin-tube surface.
NUM  13.
PAR  13. A laser device in accordance with claim 9, including first and second
      ceramic washers each having a central aperture therethrough, said envelope
      including a metal cup coaxially sealed around its lip to one surface of
      said first ceramic washer, said tubular cathode electrode being coaxially
      sealed around one end to the other surface of said first ceramic washer
      and coaxially sealed around its other end to one surface of said second
      ceramic washer, and said envelope including a tubular electrode coaxially
      sealed around one end to the other surface of said second ceramic washer,
      said metal cup comprising said anode electrode and said tubular electrode
      comprising a second anode electrode.
NUM  14.
PAR  14. A laser device in accordance with claim 9, including a first and second
      ceramic washer each having a central aperture therethrough, said envelope
      including a first metal cup coaxially sealed around its lip to one surface
      of said first ceramic washer, said tubular cathode electrode being
      coaxially sealed around one end to the other surface of said first ceramic
      washer, and coaxially sealed around its other end to one surface of said
      second ceramic washer, a second metal cup forming another portion of said
      envelope and coaxially sealed around its lip to the other surface of said
      second ceramic washer, one of said metal cups comprising said anode
      electrode and the other one of said metal cups comprising a second anode
      electrode.
NUM  15.
PAR  15. A laser device comprising a longitudinally extending envelope having a
      central portion and two end portions, a first insulator member separating
      said central portion of said envelope from one end of said envelope, a
      second insulator member separating said central envelope portion from the
      other end portion of said envelope, at least one tubular cathode electrode
      within said central envelope portion, said first insulator member having a
      tubular portion coaxially aligned with said cathode electrode and
      extending between said central and one end envelope portions, a first
      anode electrode within said one end portion of said envelope and adjacent
      to said tubular portion of said first insulator member, a second insulator
      member having a tubular portion coaxially aligned with said cathode
      electrode and extending between said central and other end portions of
      said envelope, and a second anode electrode within said other end portion
      of said envelope and adjacent to said tubular portion of said second
      insulator member, the ratios of the length to the inside diameter of said
      tubular portions of said first and second insulator members being greater
      than 2.
NUM  16.
PAR  16. A laser device in accordance with claim 15, wherein said tubular
      insulator portions are coaxially joined to the ends of said tubular
      cathode electrode.
NUM  17.
PAR  17. A laser device in accordance with claim 15, wherein the inner surface
      of said tubular cathode electrode is coated with a vaporizable metal, and
      means for retaining said coated cathode surface at a temperature within a
      small range of values including the condensation temperature of said
      vaporizable metal.
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PAL  A diode ring mixer in which a coupling loop between two ferrite spheres is
      constructed as a double conductor. The coupling loops for the symmetrical
      input and symmetrical output are branched off in a coupling space halfway
      their line length.
BSUM
PAR  The invention relates to a diode ring mixer comprising four diodes which
      are series connected in a closed ring, two non-adjacent junctions of the
      diodes being connected, via a first pair of conductors, to a signal
      source, the other pair of non-adjacent junctions being connected, via a
      second pair of conductors, to an oscillator, one of the two conductor
      pairs being coupled to a ferromagnetic filter such that the two conductors
      are symmetrically arranged with respect to a symmetry plane of a body of
      high-frequency gyromagnetic material, the body being magnetically
      prepolarized with an intensity such that magnetic resonance occurs in the
      material and that the body is magnetically coupled to an output line
      perpendicular to both conductors.
PAR  A mixer of this kind is used, for example, as a mixing stage in radio
      receivers or television receivers. However, the known mixer requires an
      electrically fully symmetrical local oscillator capable of supplying
      balanced signal voltages of very high frequency over the entire tuning
      range. This necessitates a complex construction of the oscillator.
PAR  The invention has for its object to provide a particularly simple
      construction of the mixer of the kind set forth in the form of a
      high-frequency band-pass filter, in which notably an oscillator having a
      comparatively simple construction can be used.
PAR  The mixer according to the invention is characterized in that the
      gyromagnetic body is prepolarized parallel to a plane through the
      conductor and perpendicular to the said symmetry plane . . .
DRWD
PAR  One embodiment of the device according to the invention will be described
      in detail hereinafter with reference to the drawing.
PAR  FIG. 1 diagrammatically shows the diode ring mixer according to the
      invention,
PAR  FIG. 2 shows the circuit of the diode ring mixer according to the
      invention, and
PAR  FIG. 3 shows a spatial construction of the diode ring mixer according to
      the invention by way of example.
DETD
PAR  In FIG. 1, point 1 of an input circuit receives an input signal having a
      frequency of, for example, between 59 MHz and 200 MHz, which is transposed
      to a frequency to be transmitted, for example, in this case the 35 MHz
      intermediate frequency of a television receiver. This intermediate
      frequency can be taken off again in an output circuit at point 2. The
      blocks 3 and 4 diagrammatically represent coupling spaces which are
      interconnected by a coupling conductor 5. In the coupling space 3 a
      voltage from a local oscillator having a frequency of, for example,
      between 2000 MHz and 2900 MHz, is applied in the direction of the current
      path 6, and in the coupling space 4 a voltage from another local
      oscillator having a frequency of, for example, 2 GHz, is applied in the
      direction of the current path 7. The oscillator frequency for the current
      path 6, for example, may be adjustable, while the voltage applied to the
      current path 7 may have a fixed oscillator frequency.
PAR  FIG. 2 shows further details. The input side is again denoted by 1. At this
      point the input signal is applied as an odd signal, i.e. a signal whose
      currents are in phase-opposition in the two conductors of a conductor
      pair. The third conductor, which can be realised i.e. by the common
      reference point, for 1 example, earth is denoted by 8. As already shown in
      FIG. 1, the intermediate frequency signal can be taken off again as an odd
      signal at point 2. The third conductor is again the common reference
      point, for example earth, and is again denoted by 8. In this embodiment a
      first conductor pair and a second conductor pair 2 are constructed as
      microstrip lines which are connected between two non-adjacent junctions of
      a diode ring mixing circuit 9 in the input circuit, and between two
      non-adjacent junctions of a diode ring mixing circuit 10 in the output
      circuit. The other conductor pairs, corresponding to the other
      non-adjacent junctions of the diode ring mixing circuits 9 and 10 and
      comprising the conductors 11 and 12 in the input circuit and the
      conductors 13 and 14 in the output circuit, are constructed partly as
      microstrips and partly as round conductors arranged in the interior of a
      housing of a high-frequency ferromagnetic filter, referred to hereinafter
      as band-pass filter, the ends of the said conductors situated in the
      housing forming a coupling loop which is denoted by 15 for the input
      circuit and by 16 for the output circuit. These coupling loops are
      situated in the coupling spaces, as will yet be described with reference
      to FIG. 3, around the coupling bodies 17 and 18, respectively, the
      conductors 11 and 12, and 13 and 14 being symmetrically arranged with
      respect to a symmetry plane of the body 17 and 18, respectively. This
      coupling body is a body of gyromagnetic material, for example, a YIG
      sphere. Also provided around the YIG spheres in the coupling space is an
      output line 19. Between the two coupling spaces this coupling line 19
      consists of two conductors in the form of a double line, the ends of this
      double line being interconnected by a loop on each side. This loop is
      denoted in the input circuit by 20, and by 21 in the output circuit. These
      loops are arranged about the coupling bodies 17 and 18 such that the two
      conductors are symmetrically arranged with respect to the coupling bodies
      17 and 18 and are perpendicular to the conductors 11 and 12, and 13 and
      14, respectively, to be coupled, a polarizing magnetic direct voltage
      field, denoted by H.sub.a, being present in the plane of the loops 20 and
      21, the said field being denoted by the arrows 22 at the left and the
      right in FIG. 2 and having an intensity such that gyromagnetic resonance
      occurs at the operating frequency.
PAR  The current paths which are symbolically denoted by 6 and 7 in FIG. 1 are
      the connections 6 and 7 in FIG. 2, because the oscillator frequencies, for
      example, of the tunable oscillator 23 in the input circuit and of the
      fixed oscillator 24 in the output circuit, are applied thereto, i.e.
      halfway the loop formed by the conductors 11 and 12, and 13 and 14,
      respectively, each of which is situated in one of the coupling spaces. The
      reference 8 denotes the common reference points for the oscillator
      voltages which correspond to the described reference points 8. It will be
      obvious that the oscillator voltages are asymmetrically applied, i.e. as
      an even signal which is a signal whose currents are in phase in the two
      conductors of a conductor pair, the intermediate frequency voltage being
      applied as an odd signal and also being taken off as an odd signal.
PAR  FIG. 3 shows an embodiment of a construction according to the invention.
      The said connections 1 of the input circuit are shown at the left in FIG.
      3, whilst the outputs 2 for the intermediate frequency voltage are shown
      at the right top in FIG. 3. The conductor parts constructed as microstrips
      are denoted by 1' in the input circuit, and by 2' in the output circuit,
      whilst the conductors to be coupled and entering the housing, being
      perpendicular to the microstrip conductors, are denoted by 11 and 12 in
      the input circuit and by 13 and 14 in the output circuit in accordance
      with FIG. 2. The ends of these conductors are connected to the loop-shaped
      parts situated in the coupling space. This loop-shaped part constitutes
      the connection between the conductors 11 and 12 and is again denoted by 15
      in the input circuit and by 21 in the output circuit. The coupling bodies
      also have the same references; 17 is the coupling body in the input
      circuit and 18 is the coupling body in the output circuit. The double
      coupling line is again denoted by 19 and again comprises the two loops 20
      and 21 on its ends. The connection points for the oscillator voltage are
      again denoted by 6 in the input circuit and by 7 in the output circuit,
      whilst the corresponding terminals are denoted by 6' and 7', respectively.
      FIG. 3 also shows the circuit for the polarizing magnetic field. This
      circuit comprises the two pole plates 25 and 26 between which the
      permanent magnets 27 and 28 which interconnect the two ends of the pole
      plates are arranged. These permanent magnets 27 and 28 have magnetic
      fields, the directions of which are denoted by the arrows 29 and 30, with
      the result that in the coupling space a polarising magnetic direct voltage
      field having a direction as denoted by the arrow 31 is present. The
      microstrip lines are provided on a substrate, for example, of Al.sub.2
      O.sub.3. This substrate is denoted by 32. For the sake of clarity, this
      Figure does not show that on the substrates 32 a metal layer is provided,
      each time on the side facing inwards, the said layer constituting an
      electrode having a large surface area and being deposited on the substrate
      32, for example, by metallization. These substrates are furthermore
      provided with passages for the conductors 11, 12, 13, 14, and 6 and 7,
      respectively.
PAR  As already stated, a diode ring mixer of this kind operates in the GHz
      range. The mixing signal, representing the frequency-shifted input signal,
      is symmetrically derived, i.e. in phase-opposition, from the diode ring
      mixer 9 in the input circuit and is applied to the first coupling space,
      and is subsequently symmetrically apllied, i.e. in phase-opposition, to
      the second coupling space in the output circuit, whilst the voltage of the
      oscillator signal, in accordance with the invention, is asymmetrically
      applied, i.e. in phase, to the relevant coupling space of the YIG filter,
      the YIG filter coupling only the signal in phase-opposition (odd signal),
      because the direction of the polarizing magnetic field is perpendicular to
      the magnetic field lines of the HF field formed by the signal in
      phase-opposition and parallel to the magnetic field lines of the HF field
      formed by the signal which is in phase. It is to be noted that the input
      signal which is odd cannot couple, because this signal is situated outside
      the band of the filter.
PAR  The device according to the invention can also be used as a multiple
      converter in so-termed IC television tuners. The selective uncoupling of
      the input signal to the intermediate frequency is then optimum. The direct
      coupling of the filter results in an optimum bandwidth and a very simple
      construction.
PAR  It is to be noted that the diode ring mixer can also be realized using a
      gyromagnetic filter having only one YIG sphere. In that case the coupling
      line 19 and the coupling body 18 are omitted in the circuit as shown in
      FIG. 2, and the line pair 13, 14 is arranged in a plane perpendicular to
      the line pair 11, 12 and parallel to the polarizing magnetic field H.sub.a
      such that the loop 21 is situated in a symmetry plane of the coupling body
      17.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A diode ring mixer comprising four diodes which are series connected in
      a closed ring, a first pair of conductors connected to two non-adjacent
      junctions of the diodes to apply thereto an input signal, a first local
      oscillator, a second pair of conductors symmetrically connected between
      the other two junctions and said first oscillator, a ferromagnetic filter
      including a body of a high-frequency gyromagnetic material, said second
      pair of conductors being coupled to said body and symmetrically arranged
      in a first plane of symmetry of said body, said body being magnetically
      prepolarized parallel to a plane through the second pair of conductors and
      perpendicular to said first plane of symmetry, the intensity of
      prepolarization being such that magnetic resonance occurs in the material,
      and an output line including two output conductors forming a loop
      magnetically coupled to said body and symmetrically arranged in a second
      plane of symmetry of said body perpendicular to said first plane of
      symmetry.
NUM  2.
PAR  2. A diode ring mixer comprising an input ring of four diodes, an output
      ring of four diodes, input terminals connected to two non-adjacent
      junctions of the diodes in said input ring, output terminals connected to
      two non-adjacent junctions of the diodes in said output ring, two pairs of
      first conductors connected, respectively, to the other non-adjacent
      junctions of said rings, said first conductors being arranged in a first
      plane, a ferromagnetic filter including two bodies of high frequency
      gyromagnetic material symmetrically arranged in said first plane between
      the pairs of said first conductors, two local oscillators each connected
      to an assigned pair of the first conductors, said gyromagnetic bodies
      being magnetically prepolarized in a second plane perpendicular to said
      first plane and with such an intensity that magnetic resonance occurs in
      the material, a pair of second conductors arranged in said second plane
      parallel to the direction of prepolarization and perpendicular to said
      first plane, said second conductors being magnetically coupled to said
      gyromagnetic bodies.
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PAL  The invention concerns acoustic surface wave devices with multistrip
      couplers. The coupler of such a device comprises two arrays of N
      conductive strips connected by a connecting array and having at least one
      characteristic, such as for example their periodicity which is distinct
      for the two arrays. In modifying, for example, the ratio p.sub.1 /p.sub.2
      of the periodicities of the arrays, the operation of this device is
      modified. This device permits in particular the construction, for wide
      frequency bands of utilisation of n dB couplers, energy concentrators or
      unidirectional transducers.
BSUM
PAR  The present invention relates to acoustic surface wave devices comprising
      arrays of parallel conductive strips disposed along the propagation paths
      of acoustic waves, perpendicularly to said direction of propagation.
PAR  As is known, for example from French Pat. No. 72.15968 published under U.S.
      Pat. No. 2,135,303 and entitled "Dispositif a ondes acoustiques de
      surface" the purpose of the arrays of conductive strips is to provide a
      coupling between plurality of acoustic surface wave propagation paths so
      as to transfer entirely or partly the energy from one path to another
      path. Several different applications are possible, such as for example
      concentration of acoustic surface wave beams, by acting on the number of
      conductive strips of the arrays and their phase shifts. However, an
      important disadvantage of the known devices is that their operating
      frequency band is relatively narrow. It is particularly crucial for beam
      concentrators in which the arrays employed for each of the paths have a
      phase shift of one quarter of an acoustic wavelength.
PAR  An object of the present invention is to overcome this drawback and to
      provide devices which are capable of operating in a wide frequency band.
PAR  According to one feature of the present invention such a result is obtained
      by employing non identical arrays one or more parameters of which (such as
      their periodicity, their width or the widths of their conductive strips)
      are chosen in a ratio which is different from one.
DRWD
PAR  Further features and advantages of the present invention will be apparent
      from the ensuing description given merely by way of example with reference
      to the accompanying drawings in which:
PAR  FIG. 1 shows an embodiment of a device according to the invention employed
      as an energy concentrator;
PAR  FIG. 2 shows another embodiment of a device according to the invention
      employed as a coupler;
PAR  FIG. 3 shows a modification of the embodiment and utilisation of the
      coupler shown in FIG. 2, and
PAR  FIG. 4 shows another modification of the embodiment and utilisation of the
      device shown in FIG. 3.
DETD
PAR  FIG. 1 schematically shows in plan an embodiment of a device according to
      the invention. In this device, an acoustic surface wave transducer 11, for
      example of the interdigital comb type and having a width L1, defines a
      first propagation path 21 for acoustic waves on the surface of a first
      substrate 1 which is for example of piezoelectric material. Disposed on
      this path 21, perpendicular to the direction of propagation of the waves,
      is an array 31 of N metal conductive strips which are parallel to each
      other and have a constant spacing or pitch, equal to p1. In the same way
      as for the substrate 1, a transducer 12 having a width L2 defines on the
      surface of a second substrate 2 a propagation path 22 on which there is
      disposed an array 32 of parallel metal conductive strips, also in the
      number of N and having a constant spacing or pitch equal to p2. The two
      substrates 1 and 2 are preferably as close to each other as possible and
      are even advantageously made of the seme block; conductive strips 33
      interconnect the respective strips of the arrays 31 and 32.
PAR  Different studies have been made concerning the propagation of acoustic
      surface waves under arrays of parallel conductive strips, such as that
      published in the article by Messrs. MAERFELD and TOURNOIS entitled
      "Perturbation theory for the surface wave multistrip coupler" on pages 115
      and 116 of Electronics Letters volume 9, No. 5 of Mar. 8, 1973.
PAR  Different parameters affect the propagation of an acoustic surface wave
      under an array of parallel metal conductive strips, such as for example
      the periodicity p of these strips, their width a and their number N. A way
      for modifying the propagation velocity v of a wave under such an array may
      be to provide additional capacitors between the strips and the earth. The
      maximum variation thus obtainable is defined by the value K.sup.2, which
      is termed the apparent coupling coefficient and which has for expression
      ##EQU1##
      in which v.sub.b is the velocity of the waves under the strips being in an
      open circuit, v.sub.c is the same velocity in a short circuit and v.sub. R
      the Rayleigh velocity.
PAR  If there are disposed between adjacent conductive strips additional
      capacitors of the same value q, the velocity v of the acoustic surface
      wave under the strips is then defined by the equation
      ##EQU2##
      in which C is the initial capacity between two adjacent strips.
PAR  In the device shown in FIG. 1, these additional capacitors are constituted
      in respect of the array 31 by the array 32 and vice versa. The velocity
      v.sub.1 of the acoustic surface wave which would be propagated under the
      array 31 if the path 22 was not piezoelectric is then given by the
      equation:
      ##EQU3##
      in which K.sub.2.sup.2 is the apparent coupling coefficient of the path
      22, C.sub.2 the actual capacity between strips of the array 32 and q.sub.2
      the additional capacity provided by the array 31, the capacity C.sub.3 of
      the array 33 being neglected.
PAR  If p.sub.1 and p.sub.2 are the respective periodicities of the arrays 31
      and 32, the apparent velocity v.sub.22 of the waves on the path 22, seen
      from the path 21, is equal to
      ##EQU4##
PAR  It is shown that for a number N.sub.T of conductive strips, there is a
      total energy transfer between the paths 21 and 22 and vice versa when the
      condition v.sub.22 = v.sub.1 is satisfied.
PAR  If it is now considered that the paths 21 and 22 are both simultaneously
      piezoelectric, an account must be taken of the fact that there are thus
      two modes of propagation for this structure; one of these modes, termed
      the symmetric mode, of velocity V.sub.S has amplitudes of the same sign on
      the paths 21 and 22 whereas the other, of velocity V.sub.a, termed the
      antisymmetric mode, has amplitudes of opposite signs on the same paths.
PAR  By a mathematical reasoning, it is shown then that the fraction W of energy
      transferred from the path 21 to the path 22 is equal to
      ##EQU5##
      in which V.sub.as.sbsb.1 is the velocity of the antisymmetric mode on the
      path 21 and V.sub.as.sbsb.2 is the velocity of the antisymmetric mode on
      the path 22, seen from the path 21, and also with
      ##EQU6##
      in which .lambda.1 represents the acoustic wavelength on the path 21. The
      condition of total energy transfer is then double and is written on one
      hand X.sup.2 = 0  and on the other hand N = N.sub.T. In order to have
      X.sup.2 = 0 it is sufficient that
      ##EQU7##
      which is the previously mentioned condition. As concerns the condition N =
      N.sub.T, it amounts to choosing the number N of conductive strips in such
      a way that the phase shift between the symmetric and antisymmetric modes
      is equal to .pi. for the interaction length.
PAR  Different applications can be envisaged for the device described
      hereinbefore, depending on whether one modifies certain of its parameters
      such as the ratio p.sub.1 /p.sub.2, the width a of the conductive strips
      or the widths L.sub.1 and L.sub.2 of the propagation paths 21 and 22.
PAR  Thus the device shown in FIG. 1 may be employed to provide an energy
      concentrator, that is to say a reduction in the width of the acoustic
      waves beam emitted, without loss of energy. For this purpose, the number N
      of conductive strips of the arrays 31 and 32 is chosen to be equal to
      N.sub.T, which value has been defined hereinbefore. The array 32 is chosen
      to have a width L.sub.2 less than L.sub.1 and equal to the desired width
      of the beam. Under these conditions, the velocities v.sub.2 and v.sub.1
      cannot be equal since the additional capacities q.sub.1 and q.sub.2 are
      very different. In order to satisfy the total transfer condition
      ##EQU8##
      it is therefore necessary to choose the periods p.sub.1 and p.sub.2 to be
      different. This equation is written again:
      ##EQU9##
PAR  If the substrates 1 and 2 are chosen to be identical and preferably in one
      block and in taking into account the fact that L.sub.1 is much greater
      than L.sub.2, for example L.sub.1 /L.sub.2 .gtoreq. 10, the foregoing
      equation is simplified and becomes:
      ##EQU10##
      since there is a proportionality between the ratios q/C and L.sub.1
      /L.sub.2.
PAR  This simplified equation therefore defines the ratios p.sub.1 /p.sub.2 of
      the periodicities of the arrays 31 and 32 that must be chosen to obtain a
      concentration of the beam of width L.sub.1 into a beam of width L.sub.2. A
      similar result can also be obtained by choosing  p.sub.1 /p.sub.2 = 1 but
      in suitably choosing the widths a.sub.1 and a.sub.2 of the conductive
      strips of each one of the networks 31 and 32, bearing in mind that the
      apparent coupling coefficients K.sub.1.sup.2 and K.sub.2.sup.2 are known
      functions of these widths a.sub.1 and a.sub.2.
PAR  As shown by the device of FIG. 1, in an energy concentrator according to
      the invention, it is unnecessary that the two propagation paths 21 and 22
      be parallel to each other, it being understood that a concentrator in
      which they are in fact parallel operates just as well. This concentrator
      may be employed in a wide frequency band in contradistinction to known
      concentrators in which a constant phase shift of .lambda./4 between the
      corresponding bands of the two arrays employed is necessary to obtain the
      total energy transfer, which limits the frequency band of utilisation.
PAR  By way of example, a beam 4mm wide is reduced in a ratio of 10 by employing
      an energy concentrator according to the invention having two arrays 31 and
      32 having 190 conductive strips each, these strips having a width a.sub.1
      = a.sub.2 = 5.mu. and the pitch of the arrays being respectively chosen
      equal to p.sub.1 = 10.1.mu. and p.sub.2 = 10.mu. for an acoustic
      wavelength .lambda..sub.1 = 27.mu.
PAR  A device according to the invention, in particular similar to that shown in
      FIG. 2, may also be employed for coupling propagation paths such as 21 and
      22 and distributing therebetween the energy of the incident beam. A n dB
      coupler, n being any suitable number, can thus be constructed provided
      that 10 log W = n; W is, as defined hereinbefore, the fraction of energy
      transferred from the path 21 to the path 22.
PAR  In known multistrip couplers p.sub.1 = p.sub.2 and v.sub.1 = v.sub.2.
      Therefore
      ##EQU11##
      To obtain for example a 3dB coupler, it is necessary to choose N= (N.sub.T
      /2). Then, a small variation of N.sub.T with the frequency produces a non
      negligible variation of W, which constitutes an important limitation of
      the frequency band of utilisation of this coupler. With a coupler
      according to the invention, N = N.sub.T is advantageously chosen in such
      manner as to have available the maximum frequency band of utilisation,
      since the device is then less sensitive to the variation of N.sub.T
      bearing in mind that sin.sup.2 .pi.N/2N.sub.T is maximum.
PAR  There is thus obtained:
      ##EQU12##
      which permits choosing either the ratio p.sub.1 /p.sub.2 or the values of
      a.sub.1 and a.sub.2 satisfying this equation.
PAR  The coupler shown in FIG. 2 has two arrays 31 and 32 having respectively
      distinct pitches p.sub.1 and p.sub.2 advantageously disposed on a common
      piezoelectric substrate 1 and having the same width L. The references 11
      to 13 designate acoustic surface wave emitting and receiving transducers,
      for example of the interdigital comb type. By way of example, in order to
      produce a 3 dB coupler there are chosen a.sub.1 = a.sub.2 = 5.mu., p.sub.1
      = 10,2.mu., p.sub.2 = 10.mu., .lambda..sub.1 = 30.mu. and N = 78
      conductive strips.
PAR  In the embodiment shown in FIG. 2, the paths 21 and 22 are parallel;
      however, they could just as well be non-parallel. The arrangement of the
      conductive strips is then for example that shown in FIG. 1.
PAR  FIG. 3 shows a modification of the embodiment and utilisation of a 3 dB
      coupler having characteristics similar to those mentioned for the device
      shown in FIG. 2 but also permitting sum paths and difference paths. If A
      and B are the amplitudes of the signals respectively emitted by the
      transducers 11 and 14, it is shown that the amplitudes of the signals
      received by the transducers 12 and 13 are respectively proportional to A +
      B and A - B.
PAR  As concerns the device shown in FIG. 4, it constitutes a modification of
      the device shown in FIG. 2, in which the paths 21 and 22 are colinear. The
      emitting transducer 40 is chosen to be of the symmetrical type and is
      located between and at equal distance L.sub.o from the arrays 31 and 32.
      The connecting array 33 is then constituted by curved lines. The operation
      of this device is similar to that of the device shown in FIG. 3 in that it
      comprises a sum path and a difference path. Owing to the symmetrical
      structure of the emitting transducer 40, the same signal is sent to the
      two paths 31 and 32 so that at the output of one path no signal is
      received, whereas at the output of the other path the transducer 12
      receives the whole of the emitted signal. Such a device is for example
      advantageous in the construction of a unidirectional transducer.
PAR  In a modification of the structure shown in FIG. 4, in which the transducer
      40 is eliminated and in which a wave is emitted by the transducer 12, the
      assembly comprising the arrays 31, 32 and 33 operates as a reflector and
      returns all the energy in the direction of the transducer 12 owing to the
      combinations of signals on the sum and the difference paths of this
      device. The foregoing description has described a few applications of the
      device according to the invention and it must be understood that this
      encompasses any other application in which there would be used a structure
      employing two interconnected arrays of parallel conductive strips having
      different characteristics of periodicity or width of the strips.
PAR  As concerns the construction of these devices, it employs the known
      technique of metal deposit through masks. The phenomenon principally
      employed since it seems to be the most advantageous is the reciprocal
      transformation of electrical energy into mechanical energy by the
      piezoelectric effect, but the invention may also operate with any other
      effect, such as the electromotive effect or the electrostiction effect for
      example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acoustic surface wave device comprising:
PA1  a substrate made of a material able to propagate surface acoustic waves;
PA1  at least two paths at the surface of said substrate, for propagation of
      surface acoustic waves, the material assuming said propagation along each
      one of said two paths being the same for said two paths;
PA1  at least one input transducer disposed on said substrate for converting
      high frequency electrical waves applied thereto into acoustic waves
      propagating along a first one of said two paths;
PA1  at least one output transducer disposed on said substrate for converting
      surface acoustic waves propagating along the second one of said two paths
      into electrical waves;
PA1  and an acoustic surface wave coupler disposed on said substrate for
      providing a coupling between said first and second paths, said coupler
      comprising a first array of N parallel conductive strips having a width
      a.sub.1, a periodicity p.sub.1 and a length l.sub.1, disposed on said
      substrate across said first path and a second array of N parallel
      conductive strips having a width a.sub.2, a periodicity p.sub.2, and
      length l.sub.2 disposed on said substrate across said second path, said
      strips being in each path disposed perpendicularly to the direction of
      propagation of acoustic waves when propagating along said paths and said
      two arrays being interconnected by a connecting array of N conductive
      strips;
PA1  said strips of said first and second arrays having on the one hand for each
      one of said two arrays, the same width and the same periodicity and having
      on the other hand at least one of said two geometrical parameters: width,
      and periodicity, which is different in said two arrays.
NUM  2.
PAR  2. A device as claimed in claim 1, for constituting an energy concentrator
      in which the length L.sub.2 of the strips of the second path is less than
      the length L.sub.1 of the strips of the first path, one input transducer
      being disposed at the input of said first path and one output transducer
      being disposed at the output of said second path, in which the number N of
      conductive strips of each array is chosen to be equal to a value N
      corresponding to a phase shift of .pi. between the symmetric and
      antisymmetric modes of propagation of acoustic waves on said paths, and
      wherein the ratio of the periodicities of the arrays is chosen to be equal
      to
      ##EQU13##
      K.sub.1.sup.2 and K.sub.2.sup.2 being the apparent coupling coefficients
      for said two paths.
NUM  3.
PAR  3. A device as claimed in claim 1, for constituting a n dB coupler, wherein
      one input transducer is disposed at the input of said first path, and one
      output transducer is disposed at the output of each of said two paths,
      wherein the number N of conductive strips of each array is chosen to be
      equal to a value N.sub.T corresponding to a phase shift of .pi. between
      the symmetric and antisymmetric modes of propagation of acoustic waves on
      said paths and wherein the ratio p.sub.1 /p.sub.2 is chosen in such manner
      as to satisfy the equation:
      ##EQU14##
      in which v.sub.1 and v.sub.2 represent the velocities of the acoustic
      waves under the arrays and V.sub.as.sbsb.1 and V.sub.as.sbsb.2 the
      velocities of the antisymmetric mode on the two coupled paths.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein a further input transducer for
      sending waves to the coupling is disposed at the input of said second path
      in such a way that the waves sent in said two paths by said two input
      transducers when the device is operating reach the coupler in phase, and
      wherein n is chosen to be equal to -3, said two output transducers then
      receiving respectively, one transducer the sum of the amplitudes of the
      input signals emitted, and the other the difference of said amplitudes.
NUM  5.
PAR  5. A device as claimed in claim 1, for constituting an unidirectional
      transducer wherein the number N of conductive strips of each array is
      chosen to be equal to a value N.sub.T corresponding to a phase shift of
      .pi. between the symmetric and antisymmetric modes of propagation of
      acoustic waves on said paths, wherein said two paths for propagation are
      colinear, and wherein the input transducer is a transducer of symmetrical
      type disposed between the two paths at equal distance from the two arrays
      of said two paths so that the signals emitted in opposite directions by
      said transducer when the device is operating reach the two arrays of the
      coupler in phase, the ratio p.sub.1 /p.sub.2 being chosen in such manner
      as to satisfy the equation:
      ##EQU15##
      in which v.sub.1 and v.sub.2 represent the velocities of the acoustic
      waves under the arrays and V.sub.as.sbsb.1 and V.sub.as.sbsb.2 the
      velocities of the antisymmetric mode along said two coupled paths.
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ABST
PAL  A dual-coupled monolithic crystal element is connected to a crystal filter
      to bypass signals of a predetermined frequency which are applied through
      the filter. The shunt connected crystal element can be used with a
      bandpass filter to bypass frequencies at which the crystal filter produces
      a spurious response so that such frequencies will not appear in the filter
      output. Alternatively, the monolithic element can be selected to bypass
      frequencies adjacent the edges of a band which is selected, to provide
      sharp attenuation at the edges of the band thereby providing a very steep
      filter characteristic. The monolithic element includes a flat quartz wafer
      with electrodes provided on both sides at two separate portions of the
      wafer to form two resonant portions coupled through the wafer. The
      electrodes of one portion are connected across the input or the output of
      the crystal filter, and both electrodes of the other resonating portions
      are grounded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Crystal filters have been provided having different frequency response
      characteristics, such as a bandpass response, as required for various
      different applications. Although such crystal filters can provide very
      sharp selectivity, the crystal may have spurious responses which result in
      unacceptable frequency attenuation levels in the reject region of the
      filter. In an attempt to overcome this problem, additional crystals may be
      added to the filter. However, this makes the crystal filter design much
      more complex and may produce other problems.
PAR  Bandpass crystal filters have been provided using dual coupled monolithic
      crystal resonators, but such filters have not had sufficient attenuation
      at frequencies adjacent the filter passband for use in some applications.
      To provide a filter of a different known design, with additional crystal
      elements to overcome the problems, would result in a complex and expensive
      crystal filter configuration.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a dual-coupled
      monolithic crystal resonator connected to a crystal filter to bypass a
      predetermined frequency band, to thereby modify the frequency response of
      the crystal filter.
PAR  Another object of the invention is to provide a dual-coupled monolithic
      crystal resonator with a crystal filter, to bypass a predetermined
      frequency band at which sufficient attenuation of signals is not produced
      by the filter because of spurious responses of the crystals thereof.
PAR  A further object of the invention is to provide a bandpass crystal filter
      with a dual-coupled monolithic crystal resonator constructed and connected
      to short circuit frequencies adjacent the bandpass of the crystal filter
      to provide an overall frequency characteristic having high selectivity at
      the edges of the band.
PAR  In accordance with the invention, filters which satisfy desired frequency
      attenuation requirements adjacent the passband, but which have a frequency
      range in which the filter fails to satisfy requirements because of
      spurious responses, can be modified by connecting a dual coupled
      monolithic crystal resonator across the input of the filter so that
      signals at the frequencies at which the filter provides insufficient
      attenuation are shorted or bypassed and are not passed to the filter
      output. This makes it possible to provide the desired frequency response
      while retaining a relatively simple filter configuration. The spurious
      response may be at frequencies displaced from the bandpass of the filter
      or may be closely adjacent to the bandpass of the filter. The use of two
      dual-coupled monolithic crystal resonators having frequencies closely
      adjacent to the bandpass, acts to deepen the sides of the bandpass
      response and to remove undesired responses closely adjacent the bandpass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a circuit diagram of a filter circuit in accordance with the
      invention;
PAR  FIG. 2 illustrates the response of the filter of FIG. 1;
PAR  FIG. 3 shows a filter circuit of a second embodiment of the invention; and
PAR  FIG. 4 shows the response curve of the circuit of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, FIG. 1 shows one application of the
      dual-coupled monolithic crystal resonator of the invention. In FIG. 1
      there is shown a crystal filter of the bandpass type, with the bandwidth
      at 60 db to the bandwidth at 3db having a shape factor greater than 1.2:1.
      This crystal filter has an input terminal 10 from which signals are
      applied to the input tuned circuit 12. The crystal filter proper includes
      crystals 14, 15, 16 and 17 which are connected in a bridge or lattice
      configuration. A parallel circuit including bifilar coil 19 having a
      grounded center tap bridged by capacitor 31 is connected from the junction
      between crystals 14 and 15 to the junction between crystals 16 and 17. The
      selected signals are applied across output tuned circuit 18 and to output
      terminal 20. The filter which has been described is of known
      configuration.
PAR  FIG. 2 shows by solid line A the response curve of the filter of FIG. 1.
      This has a bandpass response which can be provided at a desired frequency
      band by selection of the frequency characteristics of the crystals. In
      addition to the bandpass response characteristic, spurious responses of
      the crystals provide points or dips B in the filter characteristic at
      which the attenuation or rejection provided by the filter drops to very
      low values. This will cause the filter to pass signals at these particular
      frequencies, which is objectionable.
PAR  In FIG. 1 there is connected, ahead of the filter which has been described,
      a single monoliithic element 22 which includes a quartz wafer 24 having
      electrodes 25, 26 and 27 thereon. The electrode 25 and the portion of the
      electrode 27 opposite thereto form a first resonating portion which is
      connected between the input terminal 10 and the reference potential or
      ground. A second resonating portion is formed by the wafer 24, the
      electrode 26 and the portion of electrode 27 opposite the electrode 26.
      Both electrodes of this second resonating portion are connected to the
      reference potential or ground. The first and second resonating portions
      are mechanically coupled through the wafer.
PAR  The monolithic resonating element 22 provides low impedance over a band of
      frequencies, which can be selected at a predetermined frequency band by
      control of the dimensions of the wafer and the electrodes. The overall
      response of the resonating element 22 is shown by curve C in FIG. 2. The
      element 22 is connected to form a hunt or bypass circuit which bypasses
      frequencies in the predetermined frequency band. By selecting this band to
      encompass the frequencies which are not sufficiently attenuated or
      rejected by the crystal filter including crystals 14, 15, 16 and 17,
      signals of these frequencies are not passed to the filter being shunted by
      the bypass circuit. This will provide a combined response as shown in FIG.
      2 by the portion A and the dashed portion D. Accordingly, signals of the
      frequencies which are passed by the dips B in the response curve of the
      crystal filter will be substantially removed by the bypass circuit so that
      they will not appear at the output 20 of the crystal filter.
PAR  FIG. 3 shows the use of the dual-coupled monolithic crystal resonators in
      connection with a crystal filter of the sideband type with the bandwidth
      at 60 db to the bandwidth at 2 db having a shape factor less that 1.2.:1.
      The crystal filter in this circuit uses all dual-coupled monolithic
      crystal resonators and provides a symmetrical bandpass response. Signals
      applied to the input terminal 30 are developed across tuned circuit 32 and
      applied to three dual-coupled monolithic crystal resonators 34, 36 and 38
      which are connected in series. Each resonator has two resonating portions,
      with the signal being applied to the electrode of one portion and taken
      off from an electrode of the second portion. The resonators each has an
      electrode which is common to both portions thereof and which is connected
      to the reference potential or ground. The crystal filter of FIG. 3 is of
      known construction and may  include a capacitor 40 bridging the two
      resonating portions of the resonator 34, and a capacitor 42 coupling the
      output portion of resonator 34 and the input portion of resonator 36. A
      similar coupling capacitor 44 is provided between the output portion of
      resonator 36 and the input portion of resonator 38, and the two portions
      of resonator 38 are bridged by capacitor 46. The signal from the output
      portion of resonator 38 is applied to tuned circuit 48, and the signal
      developed across the tuned circuit 48 is applied to output terminal 50.
PAR  As previously stated, the crystal filter which has been described in FIG. 3
      is of known construction and provides a response characteristic as shown
      by the solid line curve in FIG. 4. The filter provides a bandpass response
      which is substantially symmetrical. It is noted that the response has dips
      E adjacent the passband which fall below the desired attenuation level.
PAR  In FIG. 3, the dual-coupled monolithic crystal resonators 52 and 54 are
      connected between the input terminal 30 and the reference potential, and
      between the output terminal 50 and the reference potential, respectively.
      Each of these elements is of the same construction as the element 22 in
      FIG. 1, with a first resonating portion having electrodes connected to the
      signal conductor and the reference potential, and a second portion having
      electrodes both of which are connected to the reference potential, coupled
      through the wafer to the first portion. Each of the resonators 52 and 54
      provides a low impedance over a band of frequencies, as shown by the curve
      C of FIG. 2. By selecting the dimensions of the wafers and the electrodes
      of the resonators 52 and 54, the frequency bands at which the low
      impedance occurs can be selected to be adjacent the edges of the passband
      of the filter of FIG. 3, so that the response characteristics is changed
      to that shown by the dashed lines F in FIG. 4. This will bypass the
      signals adjacent the edges of the passband to provide greater attenuation
      in these regions and sharpen the sides of the bandpass characteristic.
      This is shown by the dotted portions F applied to the response curve in
      FIG. 4.
PAR  The use of dual-coupled monolithic crystal elements as illustrated and
      described makes it possible to provide desired filter characteristics by a
      very simple means. The use of such an element in a band pass filter to
      remove spurious responses is more effective than the use of a more complex
      filter design to eliminate such responses, as less crystal elements are
      required and the insertion loss is not substantially increased. In the
      sideband filter, the monolithic crystal elements act to steepen the sides
      of the response curve and to increase the attenuation of undesired
      responses, without use of a complex filter configuration and with no
      substantial increase in insertion loss. The dual-coupled monolithic
      crystal elements can also be advantageously used in other crystal filter
      applications.
CLMS
STM  We claim:
NUM  1.
PAR  1. A shunt circuit for use with an electrical filter having an input signal
      conductor, an output signal conductor, a reference potential and which has
      a predetermined response characteristic, for bypassing signals of a
      predetermined frequency band which are applied between said signal
      conductor and said reference potential, including in combination,
PA1  a piezoelectric element including a body of material having piezoelectric
      characteristics with first and second coupled portions,
PA1  electrode means on said body forming first and second pairs of electrodes
      associated with said first and second portions, respectively, said
      electrodes of each of said pairs being positioned on opposite sides of
      said body,
PA1  first conductor means connecting said electrodes of said first pair between
      said input signal conductor and said reference potential, and
PA1  second conductor means connecting both of said electrodes of said second
      pair of electrodes to said reference potential.
NUM  2.
PAR  2. The circuit of claim 1 wherein said piezoelectric element is a
      monolithic crystal resonator including a flat body made of quartz.
NUM  3.
PAR  3. The circuit of claim 2 wherein said electrode means includes first and
      second spaced electrodes on one side of said flat body and a third
      electrode on said body opposite said first and second electrodes, with
      said first electrode and a portion of said third electrode forming said
      first pair of electrodes, and said second electrode and a portion of said
      third electrode forming said second pair of electrodes.
NUM  4.
PAR  4. A circuit for use with an electrical filter coupled between an input
      signal conductor an output signal conductor and a reference potential, and
      which includes at least one crystal and has a desired frequency pass
      characteristic and an undesired pass characteristic at a predetermined
      frequency resulting from spurious responses of the crystal, such circuit
      passing undesired signals at said predetermined frequency and including in
      combination,
PA1  a piezoelectric element including a wafer of material having piezoelectric
      characteristics which forms first and second mechanically coupled
      portions, and a pair of conducting electrodes on opposite sides of said
      wafer at each of said portions,
PA1  conductor means connecting said electrodes on said first portion between
      said input signal conductor and the reference potential, and connecting
      both of said electrodes on said second portion to said reference
      potential,
PA1  said piezoelectric element and said conductor means forming a resonator
      which has low impedance at said predetermined frequency which has low
      impedance at said predetermined frequency which bypasses the undesired
      signals at said predetermined frequency.
NUM  5.
PAR  5. The circuit of claim 4 wherein said piezoelectric element is a
      monolithic resonator including a flat body made of quartz.
NUM  6.
PAR  6. The circuit of claim 5 wherein said pair of conducting electrodes on
      said first portion of said wafer includes a first electrode on one side of
      said flat body and a portion of electrode means on the opposite side of
      said flat body, and said pair of conducting electrodes on said second
      portion of said wafer includes a second electrode on said one side of said
      flat body and a different portion of said electrode means on said opposite
      side of said body.
NUM  7.
PAR  7. A circuit for use with an electrical filter having an input signal
      conductor and an output signal conductor and which is coupled to a
      reference potential, and which includes at least one crystal and has a
      desired bandpass characteristic and undesired pass characteristics at
      first and second predetermined frequencies adjacent the opposite edges of
      the desired passband, such circuit bypassing signals at said predetermined
      frequencies and including in combination,
PA1  first and second piezoelectric elements each including a wafer of material
      having piezoelectric characteristics which forms first and second
      mechanically coupled portions, a pair fo conducting electrodes on each of
      said portions and cooperating with said wafer to form a resonator, and
      means connecting said electrodes on said second portions of said elements
      to the reference potential,
PA1  said first piezoelectric element being constructed so that said pair of
      electrodes on said first portion thereof present a low impedance at the
      first predetermined frequency, and said second piezoelectric element being
      constructed so that said pair of electrodes on said first portion thereof
      present a low impedance at the second predetermined frequency,
PA1  first conductor means connecting said electrodes on said first portion of
      said first element between the input signal conductor and the reference
      potential, and
PA1  second conductor means connecting said electrodes on said first portion of
      said second element between the output signal conductor and the reference
      potential.
NUM  8.
PAR  8. The circuit of claim 7 wherein each of said piezoelectric elements
      includes a monolithic resonator including a flat body made of quartz.
NUM  9.
PAR  9. The circuit of claim 8 wherein each of said piezoelectric elements
      includes electrode means on one side of said flat body, and said pair of
      conducting electrodes on said first portion of said wafer includes a
      portion of electrode means and a first electrode on the opposite side of
      said flat body, and said pair of conducting electrodes on said second
      portion of said wafer includes a different portion of said electrode means
      and a second electrode on said opposite side of said body.
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ABST
PAL  Method and a tool for accurately aligning the axis of a flexible waveguide
      of circular section with another similarly shaped element of a
      telecommunication line, such as another flexible waveguide or a terminal,
      in which an accurately machined tool having a first cylindrical portion
      expansible in diameter and a second portion with an outer cylindrical
      surface accurately co-axial with the first portion is inserted into the
      waveguide with the first portion therein and the second portion extending
      therefrom. The first portion is expanded until it engages the inner
      surface of the waveguide and then a frusto-conical sleeve is mounted
      around the waveguide end in accurate axial alignment with the inner
      surface of the waveguide using a further sleeve mounted on the second
      portion of the tool. The space between the sleeve around the waveguide end
      and the outer surface of the waveguide is filled with a purable resin,
      e.g., epoxy resin, which sets holding the last-mentioned sleeve co-axial
      with the inner surface of the waveguide. The end of the waveguide is
      levelled using a milling machine supported by said second portion of said
      tool. The other element is similarly prepared, and the sleeves are joined
      by bolts and an accurately ground ring encircling surfaces at the sleeve
      ends.
PARN
PAR  This is a division of application Ser. No. 426,495 filed Dec. 20, 1973, now
      U.S. Pat. No. 3,898,727.
BSUM
PAR  The present invention relates to a method for joining two elements in axial
      alignment, especially elements of telecommunication lines, at least one of
      the elements being a flexible waveguide.
PAR  It is known that waveguides may be classified in two categories, the first
      of which comprises rigid waveguides, having a length of a few meters, for
      example, not more than five meters, and the second comprises flexible
      waveguides. The uninterrupted length of flexible waveguide can be much
      greater than the uninterrupted length of rigid waveguides. For example,
      flexible waveguides can have a length of 200 meters since they are
      constituted by a plurality of helically wound, conductive coils enclosed
      in a sheath of insulating, preferably thermoplastic, material. An example
      of a flexible waveguide is described in Italian Pat. No. 892,933 filed on
      May 8, 1970 by the same applicant.
PAR  One of the advantages provided by the second category of waveguides with
      respect to the first is that of requiring a smaller number of joints to
      build up a transmission line. Since the presence of each joint causes an
      attenuation of the signals transmitted through the waveguide, it is
      evident that the total attenuation for a transmission line comprising
      flexible waveguides is considerably smaller.
PAR  In order to avoid the occurrence of disturbances in the transmitted signals
      at the joints, it is necessary to maintain the two lengths of flexible
      waveguide to be joined in substantially perfect axial alignment. This
      result, however, is difficult to obtain because of the flexibility of the
      waveguides, which makes determination of the location of their geometrical
      axes rather difficult. This difficulty is further increased if it is
      desired to adopt hot welding methods, namely, methods usually adopted for
      conventional electric cables, to join the waveguides to each other or a
      terminal.
PAR  The present invention has, as one object, a method for joining two lengths
      of flexible waveguides or a flexible waveguide and another element of a
      transmission line, for example, a terminal, which keeps at a low level the
      degree of attenuation produced by the joint and which ensures that the two
      elements to be joined have substantially perfectly aligned axes, avoiding
      therefore, troublesome disturbances in the transmitted signals.
PAR  In accordance with the present invention for joining two elements of a
      telecommunication line, at least one of which is constituted by a flexible
      waveguide, the method comprises the following steps:
PA1  1. locating accurately the geometrical axes of the inner surfaces, which
      are of substantially cylindrical form, of each of said elements;
PA1  2. locking each of said elements in an exactly centered position with
      respect to the corresponding longitudinal geometrical axis; and
PAR  3. bringing together the end portions of the two elements to be joined and,
      after having aligned their geometrical axes, joining the two portions with
      relatively easily releasable connecting means.
DRWD
PAR  The objects and advantages of the invention will be apparent to those
      skilled in the art from the following description of the presently
      preferred embodiment thereof, which description should be considered in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view, partly in section, of an end portion of a
      flexible waveguide associated with the apparatus of the invention employed
      to locate the axis of the waveguide accurately;
PAR  FIG. 2 is a view similar to FIG. 1 showing the installation of part of the
      connecting means;
PAR  FIG. 3 is a view similar to FIG. 2 showing apparatus which may be used in
      trimming the end of the waveguide; and
PAR  FIG. 4 is a side elevation view, partly in section, of a completed joint
      between a pair of flexible waveguides.
DETD
PAR  In FIG. 1 a length of flexible waveguide W comprises a wire or strap 1,
      made of enamelled copper or aluminum, helically wound up with very close
      turns and covered with a protective structure 2. The latter comprises a
      sheath of thermoplastic material and, in some cases, also comprises a
      winding of tapes and an armor of steel wires. See, for example, the
      Italian Pat. No. 892,933 referred to hereinbefore.
PAR  The first operation to be effected is that of locating exactly the
      geometrical axis of the waveguide, that is, the geometrical axis of the
      inner surface 3 of the helically wound strap 1. Said surface 3 is
      substantially cylindrical and is similar to the outer surface of the
      protective structure 2. However, because of the unavoidable irregularities
      which occur during its formation, the latter outer surface is not exactly
      rectilinear in section and varies in radius with respect to the axis of
      the inner surface  3.
PAR  In order to locate said geometrical axis of the inner surface 3, resort is
      had to a rigid elongated body 4, the parts of which are manufactured and
      assembled with very close tolerances. Said body 4 comprises an inner shaft
      5 and, mounted about it, with a predetermined small clearance, a tubular
      outer shaft 8. The inner shaft 5 has a first threaded end 6, which is
      provided with an extension 7, and a second threaded end 15.
PAR  The outer shaft 8 has a first threaded end 10, a cylindrical portion 30
      adjacent to it, a threaded portion 11 at about midway of its length, and,
      beyond the portion 11, at the side opposite to the end 10, a portion 12
      tapered as a frustum of cone, and another cylindrical portion 13. The
      frusto-conical portion 12 and the cylindrical portions 13 and 30 are
      accurately sized with the same tolerance degree and their longitudinal
      axes lie on the same straight line.
PAR  The end 6 of the inner shaft 5 engages with an internally threaded,
      adjusting knob 9, which abuts against the end 10 of the outer shaft 8.
      Around the portion 13 of the latter, there is slidably mounted a bushing
      14, which is held in place at the other end 15 of the inner shaft 5 by
      means of its flange-shaped portion 16 and a threaded ring 17 engaging the
      threads at the end 15.
PAR  The outer surface of the bushing 14 is tapered as a frustum of cone, the
      tapes being identical to the tapes of the portion 12 of the outer shaft 8.
      A hollow, cylindrical sleeve 18 is supported at one end by the outer
      surface of the bushing 14 and at its other end by the surface portion 12.
      The sleeve 18 is longitudinally cut so as to provide a plurality of
      longitudinal slots therein and thereby to provide a plurality of fingers
      expansible like the jaws of locking pliers and engageable at their outer
      surfaces with the inner surface 3. The inner end surfaces of the sleeve 18
      engaging the outer surface of the bushing 14 and the surface portion 12
      are tapered like the surfaces they engage. The outer surface of the sleeve
      18 is cylindrical and accurately sized.
PAR  By rotating the knob 9, the inner shaft 5 and the outer shaft 8 move
      relative to each other so that as a result, the outer surface of the
      bushing 14 and the surface portion 12 cause the sleeve 18 to expand, and
      it is thereby possible to vary the outer diameter of the sleeve 18.
PAR  In order to locate accurately the geometrical axis of the inner surface 3
      of the end portion of the helically wound strap 1, the rigid body 4 is
      introduced into the end of the waveguide W to be joined, in such a way
      that the portion thereof disposed to the right of the frusto-conical
      portion 12 (FIG. 1) protrudes from the end of the waveguide W.
PAR  By turning the knob 9, the outer diameter of the sleeve 18 is increased
      from the minimum value it has at the time of the introduction to a value
      equal to the nominal diameter of the inner surface 3 of the helically
      wound strap 1. In this way, the correct interengagement is obtained, which
      locks the sleeve 18 against said inner surface 3. The axial position of
      the rigid body 4 inside the waveguide is established, and, if necessary,
      adjusted by means of another threaded bushing 19, which engages the
      threaded portion 11 of the outer shaft 8 and which abuts against a ring
      20, slidable on the shaft 8 and provided with a sealing gasket 21. By
      changing the position of the bushing 19, the gasket 21 is caused to abut
      against the front of the helically wound strap 1 at the terminal end of
      the length of the waveguide W.
PAR  Owing to the high degree of precision in which the various parts
      constituting the rigid body 4 are manufactured and assembled, it is thus
      possible to determine the exact location of the geometrical axis of the
      inner surface 3 of the strap 1, since said axis is coincident with the
      axis, of the rigid body 4.
PAR  By means of an appropriate tool, a portion of the sheath 2 adjacent to the
      end of the waveguide W is then removed. In this way, a corresponding
      portion 31 (FIG. 2) of the outer surface of the helically wound strap 1 is
      bared, and this facilitates, as described hereinafter, the adhesion
      between the joining member or body and the waveguide W (FIG. 2).
PAR  After this phase, the preparation of the joint body is started. A metallic
      frusto-conical sleeve 32 is arranged about the end portion of the
      waveguide W. Said sleeve 32 is supported at its end of greater diameter by
      means of a flanged ring 33. A counter-flange 33' and the ring 33 are
      secured to the flange 32a of the sleeve by bolts, a spacing ring 29 being
      interposed between the flange of the ring 33 and the flange 32a. The inner
      surface of the ring 33 has a predetermined radial clearance with respect
      to the outer surface of the sheath 2, which, as mentioned hereinbefore, is
      not regular. A sealing ring 34 is slidably mounted between the flange 33
      and the counterflange 33', so as to fit on the outer surface of the sheath
      2 without applying forces on said sheath 2 directed perpendicularly to the
      axis of the waveguide W.
PAR  The wall of the frusto-conical sleeve 32 is provided with a through-hole 35
      to allow the escape of air during the subsequent step of the present
      method, as described hereinafter. The smaller diameter end of the
      frustoconical sleeve 32 is flattened by grinding and is, moreover, bolted
      to a flange 36 situated at one end of a cylindrical sleeve 37. More
      precisely, the flange 36 is located outwardly of the ring 20 and tightly
      engages the gasket 21 with which said ring 20 is provided. The cylindrical
      sleeve 37 has its inner surface accurately sized with such an inner
      diameter as to closely fit the cylindrical, accurately sized portion 30 of
      the outer shaft 8, which is a part of the rigid body 4.
PAR  The length of the cylindrical sleeve 37 is such that the latter reaches the
      threaded end 10 of the outer shaft 8. Therefore, its axial position along
      the rigid body 4 can be adjusted by means of a threaded ring nut 38
      engaging the threads on said end 10. The flange 36 is provided with a
      through-channel 39, through which it is possible to pour the material
      constituting part of the joint body, which material may, for example, be
      an epoxy resin.
PAR  Said last-mentioned resin material fills the inside of the frusto-conical
      sleeve 32, expelling the air therein contained through the through-hole
      35. Moreover, said material, upon polymerizing and cooling, adheres
      completely to the outer surface of the sheath 2 of the waveguide, as well
      as to the outer end portion 31 of the helically wound strap 1.
PAR  As a consequence of cooling, the poured material can become at least
      partially detached from the inner surface of the frusto-conical sleeve 32.
      In this case, it is possible to lock the latter on the frusto-conical
      surface of the poured and set material by removing the spacing ring 29 and
      by tightening the bolts which secure the flange of the ring 33 and the
      counter-flange 33' to the flange 32a. In this way, the complete adhesion
      of the sleeve 32 to the surface of the poured material is re-established.
PAR  The smaller diameter end of the sleeve 32 will be substantially exactly
      co-axial with the inner surface 3 of the helically wound strap 1 because
      of the way in which the frusto-conical sleeve 32, which encloses it, is
      made and assembled.
PAR  After the complete cooling of the poured resin, the cylindrical sleeve 37
      and the ring nut 38 are removed by disengaging the bolts which secure the
      frusto-conical sleeve 32 to the flange 36. The front section of the
      helically wound strap 1 at its end portion 31 is then levelled and ground
      together with the corresponding portion of resin surrounding it, so that
      the length of waveguide W terminates exactly at the smaller diameter end
      portion of the sleeve 32.
PAR  In order to obtain a particularly accurate joining, it is advisable to
      carry out said levelling operation with the equipment illustrated in FIG.
      3, which ensures that the finished front section of the length of the
      waveguide W is nearly exactly perpendicular to the axis of the inner
      surface 3 of the strap 1.
PAR  The equipment illustrated in FIG. 3 comprises a milling tool 22 actuated by
      a motor 23 which is supported, by means of a stanchion 24, by a
      cylindrical sleeve 25. The accurately sized inner surface of the sleeve 25
      closely fits the accurately sized portion 30 of the outer shaft 8 and is,
      therefore, substantially exactly co-axial with the rigid body 4 of which
      said shaft 8 forms a part. The sleeve 25 is, moreover, connected to the
      threaded end 10 of the outer shaft 8 through a threaded ring nut 26, which
      can be rotated in such a way as to displace appropriately the milling tool
      22 to obtain the desired levelling.
PAR  When the levelling is over, the above-described levelling equipment and the
      rigid body 4 are removed from the waveguide, the latter after having
      unscrewed the knob 9 to reduce the diameter of the sleeve 18. At this
      time, it is possible to carry out the accurate joining of the length of
      waveguide W, dealt with above, with another length which has been
      subjected to a similar treatment or to a terminal.
PAR  FIG. 4 illustrates the joining of one length A of waveguide to another
      length B of waveguide. The lengths A and B are mutually butt-spliced and
      are joined together by bolts 40 and with the interposition of a centering
      ring 41, situated at the ends of smaller diameter of the frustoconical
      sleeves 32 and 32' having internally thereof the resin bodies 43 and 43'
      obtained by pouring resin material therein as described hereinbefore.
PAR  The ring 41 is internally ground, so as to closely fit the supporting
      surfaces at the ends of the sleeves 32 and 32', and two sealing rings 42
      are disposed on opposite sides thereof. In this way, said ring 41 is
      exactly centered between the two frusto-conical sleeves 32 and 32 ', so
      that it is ensured that the latter have their axes perfectly aligned.
PAR  The advantages of the method according to the present invention are
      evident. In fact, the joint body and the inner surface of the helically
      wound strap of the corresponding length of waveguide accurately aligned
      cooperate. Consequently, the lengths of waveguide which are connected
      together by said joining method have their axes perfectly aligned, and the
      disturbances or attenuations which occur as a result of the lack of
      alignment of the axes are practically eliminated.
PAR  In addition, the joint can be easily disassembled since it is sufficient to
      remove the bolts 40 and the ring 41, and this is desirable for a
      transmission line comprising flexible waveguides.
PAR  It is to be understood that the above-described joining method can be
      adapted, after the suitable modifications apparent to those skilled in the
      art, for connecting a length of flexible waveguide with another element of
      a transmission line, such as, for example, a terminal for the line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A joint between the adjacent ends of a pair of waveguide communication
      elements, at least one of said elements being a flexible, hollow waveguide
      having cylindrical inner and outer surfaces and the other element also
      being hollow and having cylindrical inner and outer surfaces, said joint
      comprising a pair of hollow, rigid sleeves having an inner diameter
      greater than the diameters of the outer surfaces of said elements, one of
      said sleeves being mounted around the end portion of one of said elements
      and the other of said sleeves being mounted around the end portion of the
      other of said elements, said sleeves being mounted with an end of one
      adjacent the end of the other and each of said sleeves having a
      substantially cylindrical portion at its last-mentioned end and an
      outwardly extending flange spaced from its last-mentioned end, a centering
      ring intermediate the flange of one sleeve and the flange of the other
      sleeve and closely fitting around the cylindrical portions of both
      sleeves, means securing the flange of one sleeve to the flange of the
      other sleeve, and a solid resin material filling the spaces between the
      interior surface of each sleeve and the exterior surface of each element.
NUM  2.
PAR  2. A joint as set forth in claim 1, wherein each of said sleeves is
      frusto-conical and the smaller diameter ends are adjacent each other.
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ABST
PAL  An extremely rigid support structure for mounting the tuning coils and for
      guiding the movement of the core carriage, includes a coil case which is a
      one-piece molded element having integral indicator guide slot and core
      carriage guide rods, with the guide rods being fastened to the front
      portion of the structure by means of screws which pass through the front
      portion and mate with threaded apertures in the guide rod ends which are
      in abutting relation with the front portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of radio tuners and more specifically
      to the design of a tuner assembly which is sufficiently rigid to prevent
      significant frequency deviation caused by flexing and deformation of the
      support structure.
PAR  2. Prior Art
PAR  As tuner designs have become more sophisticated and at the same time more
      standardized, many attempts have been made to eliminate the remaining
      defects. One of these defects is a tendency for the frequency to shift due
      to deformation of the supporting structure particularly when selecting
      predetermined frequencies by operation of the pushbuttons. The criticality
      of this becomes apparent when it is realized that a longitudinal movement
      of only 0.0004 inches (0.01 mm) by a core within a coil can cause
      frequency change of as much as 1 kH. With the necessarily light weight of
      tuner support structures, a shift of this magnitude can be caused by many
      factors, pressure against the front support plate being one of the most
      important. While some previous tuner designs have combined the guide rods
      for the core carriage assembly with the coil housing, they have still
      served only for core carriage guidance. Therefore, the ends of the guide
      rods were merely brought through apertures in the front plate and left
      free. While this type of design serves for general guidance of the core
      carriage motion, it does little to stabilize or rigidize the entire
      structure. In particular, such a design fails to maintain the
      front-to-back dimension constant or provide improved alignment of the
      cores within the tuning coils.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a stronger, more
      rigid support structure for a radio tuner.
PAR  It is a specific object to provide this added rigidity particularly in
      regard to the front support plate.
PAR  It is a particular object of the invention to gain by this greater rigidity
      an improvement in frequency stability under stress.
PAR  The present invention accomplishes the above-mentioned objectives by means
      of an improved structural design. The housing for all of the tuning coils
      is cast in one piece and includes, integrally, the guide slot for the dial
      indicator mechanism and the core carriage guide rods. The guide rods are
      extended to the front support plate and are firmlly mounted to the plate
      by machine screws which extend through the front plate and mate with a
      threaded aperture in the end of each guide rod. This configuration
      virtually eliminates flexing or yielding in the support structure, thus
      preventing displacement of the coil cores within the coils due to such
      dimensional changes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a general perspective view of a pushbutton tuner including the
      improved tuning mechanism support structure according to the invention.
PAR  FIG. 2 is a partial top view of the interior of the tuner.
PAR  FIG. 3 is an exploded perspective view of the support structure of the
      tuner according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawing wherein like numbers have been employed
      throughout to designate like components, there is illustrated in FIG. 1 a
      typical radio tuner 10 utilizing pushbutton 11 for selecting certain
      predetermined frequencies. A knob 12 controls the combined on-off switch
      and volume control. A knob 13 provides continuously variable control of
      the tuning drive mechanism 14 (FIG. 2).
PAR  Referring now to FIGS. 2 and 3, the tuning drive mechanism 14 includes the
      tuning knob 13 and a shaft 15 having a pinion gear 16 on its inner end
      which coacts with a crown gear 17, a clutch mechanism 18 and gears 20 and
      21 to drive a treadle bar mechanism 22 (partially shown). As is known in
      the art, the rotation of the treadle bar mechanism, is translated into
      reciprocal movement of a core carriage 23 for moving a plurality of cores
      24 into and out of a like number of tuning coils 25. All of the tuning
      coils are retained in a one-piece molded coil housing 26 which, with a
      front support plate 27 and a support frame 28 supports the entire tuning
      mechanism. A terminal board 29 is mounted on the back of the coil housing
      26 for making electrical connections to the coils contained in the
      housing. The coil housing 26 includes integrally cast, laterally extending
      members 30 with apertures 31 for receiving two tabs 32 of the support
      frame 28, by which means mechanical and electrical connections are made.
      The housing also includes an integrally cast guide slot 33 and two guide
      rods 34. The guide slot and a crank 35, pivotally mounted by a pin 36 on a
      tab portion 37 of the front support plate 27 and having a pin 38 on the
      crank 35 for coacting with a slot 39 in core carriage 23, form portions of
      the dial indicator assembly (remaining parts not shown). Crank 35 operates
      the pointer assembly in a manner known in the art in response to core
      carriage movements. Guide slot 33 guides the pointer assembly in a manner
      known in the art by receiving a guided portion slideably therein. The
      front support plate 27 is joined to the support frame 28 by means of
      apertures 40 in the front plate and tabs 41 on the frame. The guide rods
      34 of the coil housing 26 support and guide the motion of the core
      carriage 23 by means of three apertures 42 in three tab portions 43 of the
      core carriage. The outermost ends of the guide rods 34 are internally
      threaded to mate with two screws 44 which pass through apertures 45 in the
      front support plate 27. A significant measure of strength and rigidity is
      thereby added to the overall structure and, in particular, the
      front-to-back dimension of the structure and the positioning of the cores
      within the coils are maintained to very close tolerances. Thus the general
      operation and frequency stability of the tuner are greatly improved under
      conditions of physical stress applied to the tuner.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the tuner for a radio receiver, a tuning assembly comprising:
PA1  a plurality of coils for tuning the receiver;
PA1  carriage means adapted for reciprocating movement;
PA1  drive means for moving the carriage means;
PA1  manual control means for controlling the drive means to select a desired
      frequency;
PA1  pushbutton control means for predetermining certain desired frequencies and
      for selecting one of the predetermined frequencies;
PA1  a plurality of tuning coil cores mounted on the carriage means for movement
      therewith, the movement of the cores being within and coaxial with the
      coils;
PA1  a support structure having a front portion and rear portion, the latter
      portion including as one portion thereof a one-piece molded housing for
      receiving all of the tuning coils;
PA1  first guide means integral with the housing for guiding the movement of the
      core carriage;
PA1  screw means for fastening the first guide means to the front portion of the
      support structure, the front portion having apertures for allowing passage
      of the screw means;
PA1  threaded means integral with the first guide means for receiving the screw
      means, whereby the front-to-back dimension of the support structure
      remains substantially constant.
NUM  2.
PAR  2. A tuning assembly according to claim 1 and wherein the outer ends of the
      first guide means are in abutting relationship with the front portion of
      the support structure when the screw means are mated with the threaded
      means.
NUM  3.
PAR  3. A tuning assembly according to claim 1 and further including an
      insulating terminal board mounted on the back of the one-piece housing for
      making electrical contact with the tuning coils housed therein.
NUM  4.
PAR  4. A tuning assembly according to claim 1 and further including an
      indicator assembly pivotally and slideably mounted for indicating the
      particular frequency chosen, and second guide means integral with the
      housing for guiding the movement of the indicator assembly.
NUM  5.
PAR  5. A tuning assembly according to claim 4 wherein the second guide means is
      a formed slot, and further including a bell crank pivotally mounted on a
      portion of the support structure, and wherein the indicator assembly is
      pivotally mounted on the bell crank and slideably mounted in the formed
      slot.
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ABST
PAL  A television tuner includes a rotatable turret and a plurality of coil
      forms positioned in the turret. There is a pair of tuning coils mounted on
      each coil form and an adjustable tuning screw extending outwardly from
      each end of each coil form. The housing mounting the rotatable turret
      includes means for adjusting the tuning screws at opposite ends of each
      coil form. The turret is detented within its housing such that there are
      twice as many detented positions of the turret as there are coil forms and
      such that at each detented position only one tuning screw can be adjusted.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to the field of television tuners and
      particularly to means for providing channel selection and fine tuning
      voltages for a varactor television tuner.
PAR  Another purpose is a tuning means of the type described which provides
      parity between VHF and UHF channels.
PAR  Another purpose is a turret-type TV tuner utilizing coil sticks in which
      each coil stick has two tuning coils and adjusting means at each end of
      each coil stick.
PAR  Another purpose is a structure of the type described having a detent
      arrangement in which there are twice as many detented positions as there
      are coil sticks, with each coil stick carrying two tuning coils.
PAR  Another purpose is a TV tuning arrangement of the type described which
      includes means for varying the Q of each tuning coil.
PAR  Another purpose is a means for providing television tuning voltages which
      includes a plurality of coil sticks, a pair of tuning coils mounted on
      each stick, and means at each end of a turret housing for adjusting the Q
      of each coil.
PAR  Other purposes will appear in the ensuing specification, drawings and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a front view of the tuner housing,
PAR  FIG. 2 is a back view of the tuner housing,
PAR  FIG. 3 is an enlarged vertical section along plane 3--3 of FIG. 1,
PAR  FIG. 4 is a section along plane 4--4 of FIG. 3, and
PAR  FIG. 5 is a plan view of a coil stick used in the turret disclosed herein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It is conventional practice in providing channel selection and fine tuning
      voltages for varactor diodes to utilize potentiometers, one for each
      channel or switch position. However, the cost of the potentiometers
      becomes prohibitive when there is an attempt to provide the same basic
      channel selection and tuning for VHF and UHF channels. Although the
      present invention should not be limited to any particular number of switch
      positions, a 36-position switch arrangement has been found to be
      practical, as it provides for 12 VHF positions and 24 UHF positions. With
      three UHF channels allotted to each position, the entire band of 70 UHF
      channels and 12 VHF channels can be covered in a single switching
      mechanism.
PAR  The fine tuning voltage for both the VHF and UHF channels may be provided
      by Q variable inductances. The Q variation is obtained by substituting
      cold rolled steel adjusting screws in place of the aluminum screws which
      are customarily used in a conventional memory fine tuning mechanism for
      varying the tuner oscillator frequency. Cold roller steel has a
      resistivity which is relatively high in comparison and, when used as an
      adjustable core material, the resultant power dissipation caused by the
      induced eddy currents in the core is reflected back as an apparent loading
      resistance. The Q of the coil is therefore substantially reduced. At the
      same time, however, cold rolled steel has a permeability in excess of
      unity, which creates an increase of inductance of the coil which
      approximately cancels out the decrease of inductance due to the short
      circuit turns effect of the solid metal core, with the net result that the
      inductance change due to the core is almost zero. Only the Q varies
      significantly as a function of the position of the core within the coil.
PAR  By providing a generally constant frequency signal, and by coupling this
      signal to a sensing circuit which includes a Q variable inductance, it is
      possible to vary the amplitude of the oscillator signal in accordance with
      core position and thus to control the output voltage from the sensing
      circuit which is subsequently rectified and used as a fine tuning voltage.
PAR  The above-described circuit is specifically claimed in my co-pending
      application. The present invention relates to the mechanical design of the
      channel selection switch.
PAR  The mechanical tuner arrangement provides for 36 detented positions of the
      turret and 18 coil sticks or coil forms, each with two coils wound about
      it. There are tuning screws extending outwardly from each end of each coil
      stick and there are fine tuning means at each end of the housing
      supporting the turret. The contacts for the coil sticks and the fine
      tuning means are so arranged that at each position of the detented turret
      only one adjusting screw will be arranged for fine tuning and the contacts
      on only one coil form will be positioned for contact by electrical contact
      arms.
PAR  In FIGS. 1 and 2 housing is indicated generally at 10 and may include a
      front wall 12, a rear wall 14 and a bottom 16. Rotatably journaled in the
      front and rear walls 12 and 14 is a rotatable shaft 18. The shaft 18
      mounts a turret indicated generally at 20.
PAR  Circumferentially positioned about and fastened to the turret 20 are a
      plurality of coil sticks or coil forms indicated at 22 and shown in detail
      in FIG. 5. Support discs 23 and 25 at opposite ends of the turret support
      the coil forms. As clearly shown in FIG. 4, there is an insulation strip
      or bar or cam 24 positioned between each pair of adjacent coil forms.
PAR  Each coil form may include a pair of coils. Looking particularly at FIG. 5,
      one such coil is indicated at 26 with the other being indicated at 28.
      Each coil form includes a pair of cold rolled steel adjusting screws, one
      such screw being indicated at 30 in FIG. 3 and the other being indicated
      at 32. The adjusting screws extend outwardly from opposite ends of the
      coil forms.
PAR  There are a plurality of terminals 35 which extend through each of the coil
      forms and each has a wire receiving notch 34 on the inner radial side and
      a contact receiving portion 36 on the opposite or other radial side. The
      notches 34 will be used in positioning and winding the coils 26 and 28
      about the coil form.
PAR  There are a pair of voltage divider resistors indicated at 27 and 29 (FIG.
      5) which are connected to three of the terminals 35 on the coil forms.
      Thus, the coil forms not only carry the coils themselves, but also voltage
      divider resistors which may be used to provide the platform voltages for
      VHF and UHF tuning. In addition, as particularly shown in FIG. 5, there
      are a pair of adjacent contacts indicated at 37 and 39 which are connected
      by a single wire 41. Thus, those contacts not directly connected to the
      coils 26 and 28 may be used to provide various switching functions. For
      example, UHF/VHF B+ switching, as well as VHF high and low band switching,
      may be accomplished by other portions of the coil forms. Thus, the coil
      forms perform multiple functions, i.e. providing a means for carrying
      voltage divider resistors, providing a support for the tuning coils, as
      well as providing the various switching functions for the tuner.
PAR  Looking particularly at FIG. 4, the housing 10 may include a mounting board
      38, which may be a printed circuit board containing a number of circuit
      elements. The board 38 mounts two sets of long flexible cantilever contact
      arms, one such set being indicated at 40 and the other set being indicated
      at 42. The set of contact arms 40 are positioned against an insulation
      strip 24, whereas, the set of arms 42 are positioned against the contact
      arm receiving portions 36 of the terminals extending outwardly from a
      particular coil form.
PAR  A detent wheel is indicated at 44 (FIG. 3) and, as indicated above, may
      have twice as many detent positions as there are coil forms. Thus, each
      coil form will have two detented positions. In one position the tuning
      screw 30 at the front end of the coil form may be adjusted, whereas, at
      another position the tuning screw 32 at the rear end of the coil form may
      be adjusted. A detent spring is indicated at 46 in FIG. 2 and is fastened
      to the housing by a suitable screw or the like 48 and has a curved portion
      50 which fits within the adjacent notches 52 of the detent wheel 44.
PAR  As shown in FIG. 3, the rotatable channel selection shaft 18 mounts a fine
      tuning shaft 54 which is concentric with the shaft 18 and rotatable
      relative thereto. The fine tuning shaft 54 drives a fine tuning gear 56
      which in turn is positioned to drive a rotatable tuning member 58. Shaft
      54 has a gear portion 66 which is in mesh with a gear 68 mounted on offset
      shaft 70. Also mounted on shaft 70 is a small gear 69 which drives fine
      tuning gear 56. A spring 60, mounted behind the front wall 12 of the
      housing, normally biases a pinion 62, part of the fine tuning member 58,
      out away from a tuning screw 30. The member 58 has a coil spring or clutch
      member 64 wrapped around it, with the opposite ends of the spring being in
      contact with portions of the front wall 12 of the housing. Details of this
      structure are shown in copending Ser. No. 414,326, filed Nov. 9, 1973.
PAR  The coil spring 64 functions as a clutch. Initial rotation of member 58,
      caused by fine tuning gear 56, will cause the member 58 to pivot to the
      position shown in FIG. 3 in which pinion 62 is in contact with screw 30.
      After the initial movement to a a position in which fine tuning can occur,
      further rotation of gear 56 will cause rotation of member 58, and thus
      pinion 62, to adjust the fine tuning screw 30. As indicated above, this
      movement for the front screws will only take place at alternate detented
      positions of the turret.
PAR  Offset fine tuning adjustment shaft 70 extends between the front and rear
      walls 12 and 14. Thus, rotation of fine tuning shaft 54, which will cause
      rotation of fine tuning gear 56, will also cause rotation of shaft 70
      which, through a gear 71, is in rotatable engagement with rear fine tuning
      gear 72. Fine tuning gear 72 is identical with fine tuning gear 56 and
      similarly is arranged to cause rotation of a tuning member 74 having a
      pinion 76 which can be positioned for engagement with tuning screws 32.
      Thus, wherever fine tuning shaft 54 is rotated, both tuning gears 56 and
      72 will rotate through shaft 70 and their respective tuning members and
      tuning pinions 62 and 76 will be moved through the clutch springs toward a
      fine tuning screw. However, there will only be a fine tuning screw
      positioned for adjustment at one end of the turret. In the next position
      of the turret the fine tuning screw at the opposite end of the turret will
      be positioned for adjustment.
PAR  As indicated above, there are two sets of contact arms, indicated at 40 and
      42. When a particular coil stick has its terminals in contact with one set
      of arms, for example the set 42 as indicated in FIG. 4, the opposite set
      of arms 40 will bear against an insulation strip 24. The particular coil
      form which is thus electrically connected into the tuner circuit will also
      have its adjustment screw positioned for engagement by an appropriate fine
      tuning member. At the next position of the turret a different coil form
      will have its screw positioned for adjustment and the contact arm set 40
      will be in contact with that particular coil form's terminals.
PAR  Thus, within a single rotatable turret having a predetermined number of
      coil forms or coil sticks, it is possible to have twice that many tuning
      positions. this is accomplished by having two coils on each coil form and
      fine tuning elements at opposite ends of the turret.
PAR  Whereas the preferred form of the invention has been shown and described
      herein, it should be realized that there may be many modifications,
      substitutions and alterations thereto.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A means for providing TV tuning signals including a housing, a turret
      rotatable in said housing, a plurality of coil forms mounted on said
      turret for rotation therewith, a pair of tuning coils on each coil form,
      independent adjustable tuning means at each end of each coil form,
PA1  a rotatable shaft extending outwardly from said housing for use in rotating
      said turret, cooperating detent means on said shaft and housing,
PA1  and means operable from one end of said housing for effecting individual
      independent rotation of said adjustable tuning means.
NUM  2.
PAR  2. The structure of claim 1 further characterized in that said coils are
      wound generally adjacent opposite ends of each coil form, said adjustable
      tuning means including adjustable screw elements extending outwardly from
      opposite ends of each coil form.
NUM  3.
PAR  3. The structure of claim 2 further characterized in that each of said
      screw elements includes a steel portion for use in varying the Q of its
      associated coil.
NUM  4.
PAR  4. The structure of claim 1 further characterized in that each of said coil
      forms includes radially outwardly extending contact means, and a plurality
      of contact arms attached to said housing and positioned for engagement
      with said contact means.
NUM  5.
PAR  5. The structure of claim 4 further characterized by and including two sets
      of contact arms, with each set of contact arms being positioned for
      engagement with alternate coil forms.
NUM  6.
PAR  6. The structure of claim 5 further characterized by and including
      insulation strips positioned between adjacent coil forms and extending
      radially outwardly from said turret, said insulation strips being
      positioned for engagement with alternate sets of contact arms, such that
      at one detented position of said turret, one set of contact arms is in
      engagement with said contact means on a particular coil form, with the
      other set of said contact arms being in engagement with an insulation
      strip.
NUM  7.
PAR  7. The structure of claim 6 further characterized in that said sets of
      contact arms are positioned, within said housing, for engagement with
      generally opposed portions of said turret.
NUM  8.
PAR  8. The structure of claim 1 further characterized in that there is an
      adjustable tuning means extending outwardly from each end of each coil
      form, means mounted at each end of said housing for effecting individual
      rotation of said adjustable tuning means.
NUM  9.
PAR  9. The structure of claim 8 further characterized by and including a shaft
      journaled in said housing and connecting said means for rotating said
      adjustable tuning means.
NUM  10.
PAR  10. The structure of claim 8 further characterized by and including means
      mounted on said rotatable turret shaft for causing rotation of said means
      for rotating said adjustable tuning means.
NUM  11.
PAR  11. The structure of claim 1 further characterized in that there are twice
      as many detented positions of said turret as there are coil forms.
NUM  12.
PAR  12. The structure of claim 11 further characterized by and including an
      adjustable tuning screw extending outwardly from each end of each coil
      form, and a rotating gear at each end of the housing positioned for
      engagement with a tuning gear, the rotating gear at one end of the housing
      being positioned for engagement with tuning screws at alternate detented
      positions of said turret, with the rotating gear at the opposite end of
      the turret being positioned for engagement with the alternate other tuning
      screws, such that at each detented position of the turret, only one
      rotating gear is positioned for engagement with a tuning screw.
NUM  13.
PAR  13. The structure of claim 12 further characterized by shaft means
      connecting said rotating gears.
NUM  14.
PAR  14. The structure of claim 13 further characterized by and including a
      tuning member concentric with and mounted on said rotating turret shaft,
      rotation of said tuning member causing rotation of said shaft means.
NUM  15.
PAR  15. The structure of claim 12 further characterized by and including clutch
      means mounted with each of said rotating gears, and spring means adjacent
      each of said rotating gears normally biasing said gears away from said
      tuning screws.
NUM  16.
PAR  16. The structure of claim 1 further characterized by and including a
      plurality of contacts extending outwardly from each coil form, resistor
      means connected between contacts on each coil form.
NUM  17.
PAR  17. The structure of claim 16 further characterized in that a pair of said
      contacts are interconnected for use in performing switching functions by
      the coil forms.
NUM  18.
PAR  18. The structure of claim 17 further characterized in that said tuning
      coils are connected to contacts other than said interconnected contacts
      and said contacts connected to said resistor means.
NUM  19.
PAR  19. A means for providing TV tuning voltages including a housing, a turret
      rotatable in said housing, a rotatable shaft extending outwardly from said
      housing for use in rotating said turret, detent means for positioning said
      turret and shaft within said housing, a plurality of coil forms mounted on
      said turret for rotation therewith, there being twice as many detented
      positions of said turret as there are coil forms, a pair of tuning coils
      wound about opposite ends of each coil form, adjusting screws extending
      outwardly from each end of each coil form, and means, mounted on each end
      of said housing, for causing rotation of said adjusting screws.
NUM  20.
PAR  20. The structure of claim 19 further characterized by and including steel
      portions for said adjusting screws for varying the Q of each coil.
NUM  21.
PAR  21. The structure of claim 19 further characterized by and including two
      sets of contact arms mounted on said housing and extending toward said
      turret, a plurality of insulating strips, one such strip being positioned
      between each pair of adjacent coil forms, in each detented position of
      said turret, one set of contact arms being positioned for contact with an
      insulating strip and the other set of contact arms being positioned for
      contact with a foil form.
NUM  22.
PAR  22. The structure of claim 19 further characterized by and including means
      at one end of said housing for causing rotation of said means, mounted on
      each end of said housing, for rotating said adjusting screws.
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ABST
PAL  A solenoid coil is connected in series with an electric motor. The spring
      which urges the solenoid plunger away from the coil is of such strength
      that it will yield to the magnetic attraction of the coil when the
      motor-starting inrush current is flowing through the coil, but will not
      yield when the motor-running current is flowing through the coil. Thus the
      solenoid plunger reciprocates each time the motor is started. The solenoid
      plunger is formed of a flat sheet of magnetic material curled into the
      shape of a hollow cylindrical shell. The solenoid frame has a forked
      portion through which the plunger extends, the forked portion having
      sufficient depth to minimize side loading of the plunger. An end of the
      frame is also shaped to act as a spring in holding the solenoid parts in
      assembled relationship.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to solenoids and more particularly to solenoids that
      are used in combination with electric motors. In the past, when it was
      desired to reciprocate the plunger of a solenoid in order to perform
      mechanical work during starting of a motor, e.g. to dispense detergent in
      an automatic washer, it has been necessary to provide a relay capable of
      energizing the solenoid during starting, and also of de-energizing the
      solenoid to provide a return stroke for the solenoid plunger. In
      accordance with this invention, however, an improved solenoid arrangement
      has been devised that will accomplish both plunger movements without a
      relay circuit. The solenoid of this invention also incorporates other
      improvements as described hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  A solenoid coil is connected in series with an electric motor. There is
      spring means urging the solenoid plunger away from the coil which is of
      such strength that it will yield to the magnetic attraction of the coil
      when the motor-starting inrush current is flowing through the coil but not
      when the motor-running current is flowing through the coil. In the
      preferred embodiment, the solenoid plunger is formed of a flat sheet of
      magnetic material curled into the shape of a hollow cylindrical shell.
      Also in the preferred embodiment, the solenoid frame has a portion which
      coacts with the plunger to minimize side loading of the plunger, and the
      frame has a portion which is shaped to serve as a spring in holding the
      solenoid parts in assembled relationship.
PAR  One object of this invention is to provide an improved solenoid which is so
      constructed that, when it is coupled in series with an electric motor, the
      plunger is reciprocated in both an inward and a return direction in
      response to motor-starting inrush current.
PAR  Another object of this invention is to provide, in a solenoid, an improved
      plunger which is lighter in weight, lower in eddy current loss, and less
      expensive than the solenoid plungers heretofore known in the art.
PAR  A further object of this invention is to provide, in a solenoid, a frame
      portion which is shaped to act as a spring for holding the parts of the
      solenoid in assembled relationship.
PAR  An additional object of this invention is to provide, in a solenoid, a
      frame portion having means arranged to minimize side loading on the
      solenoid plunger.
PAR  Other objects, advantages, and features of the invention will be apparent
      to those skilled in the art from the description which follows.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing one embodiment of the
      invention connected in series with an electric motor and switch therefor.
PAR  FIG. 2 is a longitudinal sectional view of one embodiment of the invention.
PAR  FIG. 3 is a front end view taken as indicated by the line 3--3 of FIG. 2.
PAR  FIG. 4 is a rear end view taken as indicated by the line 4--4 of FIG. 2.
PAR  FIG. 5 is a bottom view taken as indicated by the line 5--5 of FIG. 4.
PAR  FIG. 6 is a perspective view partially cut away, of the solenoid plunger
      used in FIG. 2.
PAR  FIG. 7 is a perspective view of the solenoid frame shown in FIGS. 2 through
      5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a schematic diagram of one embodiment of the invention which
      comprises a coil 10, a magnetic plunger 12, and a spring 14, the latter
      normally urging the plunger 12 away from coil 10. Coil 10 is connected in
      series with an electric motor 16 and with a toggle switch 18. When toggle
      switch 18 is closed, 115 volts AC current is applied across the series
      combination of motor 16 and coil 10. This causes an initial starting
      inrush current through motor 16 and coil 10. After the motor 16 has
      started, the current through motor 16 and coil 10 drops to the running
      level for the motor, which may be as low as 20% of the starting inrush
      level. The spring 14 is selected to be of such strength as to allow
      plunger 12 to move against spring 14 in response to the magnetic
      attraction of the starting inrush current through coil 10, but the spring
      is stronger than the running level current. Thus, during the time interval
      that the starting inrush current is flowing through motor 16 and coil 10,
      typically in the order of 0.1 seconds, the magnetic plunger 12 is
      attracted toward coil 10 and moves theretoward against the force of spring
      14, compressing spring 14 as it moves. When the current through motor 16
      and coil 10 drops down to the running level, the attraction between coil
      10 and magnetic plunger 12 drops below the force of compressed spring 14,
      which therefore causes plunger 12 to move away from coil 10 back toward
      its starting position. This produces a reciprocal movement of plunger 12
      which may be utilized by conventional mechanical linkages, not shown to
      perform useful work, e.g. to dispense detergent in an automatic washer.
      Heretofore, in order to obtain a return movement of the plunger in a
      similar situation, it has been necessary to provide a special relay
      arrangement.
PAR  FIGS. 2 through 7 show the preferred physical structure for the solenoid of
      this invention. The coil 10 is wound upon a bobbin 20 having a cylindrical
      bore 22 for slideably receiving the plunger 12. The bobbin has a
      cylindrical projection 9 at one end (see FIGS. 5 and 7) which has an
      axially-extending slot 8. The slot communicates with the interior bore of
      the extension and provides for drainage of moisture from the slot. Such
      moisture might at times be pulled into the bore 22 of the core by the stem
      52 during operation, as much moisture is present in a washing machine
      where this type of solenoid might be used. A pair of electrical terminals
      24 are attached to the bobbin 20 and to the ends of coil 10 by
      conventional means. An end piece 26 which includes an insulating hood 28
      for terminals 24 and a hollow cylindrical shell 30 for plunger 12 is held
      against the left hand end of bobbin 20 (referring to FIG. 2) by a U-shaped
      frame 32 (FIG. 8). The frame 32 is made out of spring steel and is shaped
      to embrace the ends of bobbin 20 and end piece 26 to hold the two pieces
      together. For this purpose, the frame 32 has a forked end to provide two
      rear legs 34 which are notched at 36 to engage around the cylindrical end
      38 (FIG. 4) of bobbin 20. The opposite end of frame 32 is also forked to
      provide two front legs 40 which are notched at 42 to engage the
      cylindrical end 30 (FIG. 3) of end piece 26. The forked end provides a
      deep recess whose bottom 44 is sufficiently spaced from the plunger end as
      to minimize side loading on the plunger 12 as described hereinafter.
PAR  The rear legs 34 are at an acute angle (a) with respect to the base and are
      bent into a shallow V-shape, the apex 46 of which is aligned with the
      notches 36 so as to apply spring force to the cylindrical end 38 (FIG. 4)
      of bobbin 20. Due to the angle (a) and to the V-bends, and as best shown
      in FIG. 5, the spring force of frame 32 is applied only along the apex 46
      of the bend in the rear legs 34.
PAR  The magnetic plunger 12 is preferably formed of a flat sheet of iron or
      steel which is curled up as shown in FIG. 6 to form a hollow cylinder 48.
      The opposite ends 51 of the rolled-up sheet 48 are preferably adjacent
      each other as shown. In this particular embodiment, hollow cylinder 48 is
      fitted around a molded plastic core 50 having a stem 52 which projects
      from the end of bobbin 20 as indicated by the dashed lines in FIG. 2 when
      magnetic plunger 12 is moved outwardly. The spring 14 (FIG. 2) normally
      urges the plunger 12 against the end of cylinder 30. In addition to acting
      as a mechanical linkage for plunger 12, stem 52 also acts as a support for
      spring 14. The use of a curled-up sheet of iron or steel for the plunger
      12 reduces its cost in comparison to a solid steel plunger and also
      reduces its weight and its eddy current losses.
PAR  As described above, the spring 14 is of such strength that it will yield to
      the electromagnetic attraction of coil 10 when the starting inrush current
      of motor 16 is flowing through coil 10 but will not yield when the normal
      running current of motor 16 is flowing through coil 10. Therefore, when
      the motor 16 is started, plunger 12 is moved to the right in FIG. 2,
      causing stem 52 to be extended beyond the end of bobbin 20 as indicated by
      the dashed lines in FIG. 2. This movement of stem 52 can be used to
      transmit movement to a mechanical linkage or other means of performing
      useful work, e.g. to dispense detergent in an automatic washer.
PAR  One of the problems in the prior art solenoid constructions is that the
      U-shaped opening of the frame of the solenoid, through which the plunger
      extends, causes unequal magnetic forces to act laterally on the plunger to
      thus place a side load thereon and cause the plunger to scrape against the
      side of the hollow cylinder within which the plunger moves. These unequal
      forces are due to the fact that the frame portion at the bottom of the
      U-shaped opening is close to the plunger to exert a magnetic force thereon
      whereas there is no opposite frame portion at the opposite side of the
      U-shaped opening. To minimize such side loading, a deep recess with a
      bottom 44 (FIGS. 3 and 7), which is spaced a substantial distance from the
      plunger and cylinder 30, is used. A tongue 54 (FIG. 3) is formed on the
      end of the end piece 26 and projects through the recess 44 to extend
      transversely therein so as to prevent frame 32 from rotating relative to
      the cylinder 30.
PAR  It is preferred to employ an extra washer 55 at the end of the device
      between the legs 34 and the end of the bobbin covering 56. The washer has
      a cylindrical extension 57 which is shaped to surround the cylindrical
      projection 9 of the bobbin. The washer extension 57 will have an axial
      slot registering with the slot 8 of the bobbin extension through which
      moisture may drain. Both the bobbin extension 9 and the washer extension
      57 are preferably cut off at an oblique angle as shown in FIGS. 5 and 7.
      The bobbin covering is formed by a molded coating of suitable plastic
      material which covers the wound bobbin of FIG. 7 and the end piece 58 of
      the bobbin. The extra washer 55 provides additional electrical insulation
      as a safeguard.
PAR  Various changes and modifications may be made without departing from the
      spirit of the invention, and all of such changes are contemplated as may
      come within the scope of the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an electric circuit having an electric motor and having a starting
      switch for said motor, a solenoid having a coil and having a plunger
      mounted for movement in one direction as a result of magnetic attraction
      when the coil is energized, and there being spring means associated with
      the plunger to normally urge the latter in a return direction, the
      improvement comprising having the solenoid coil in series in the electric
      circuit with said motor and starting switch, and having said spring means
      of less strength than the strength of the magnetic attraction between the
      coil and plunger when motor-starting inrush current is flowing through
      said coil but being of greater strength than the strength of said magnetic
      attraction when motor-running current is flowing through the coil to
      automatically cause quick return movement of the plunger while the coil is
      still energized, whereby quick movement of the plunger in both directions
      is initiated whenever the motor is started.
NUM  2.
PAR  2. In a solenoid having a coil, a magnetic plunger mounted for movement in
      one direction as a result of magnetic attraction when the solenoid is
      energized, and spring means associated with said coil to normally urge
      said plunger in a return direction, said spring means being of less
      strength than the magnetic attraction between the coil and plunger when
      the current flowing through said coil on initial energization is above a
      predetermined level, but being of greater strength than the magnetic
      attraction when current thereafter drops below said predetermined level to
      cause return movement of the plunger while the coil is still energized,
      whereby there is automatic movement of the plunger in both directions
      following initial energization of the coil.
NUM  3.
PAR  3. The solenoid of claim 2 and further comprising a magnetic frame for said
      solenoid having a forked end embracing one end of said plunger, said
      forked end encluding a U-shaped opening with an open end and a closed end,
      said closed end being spaced sufficiently from the sides of said plunger
      as to minimize side loading due to unequal magnetic forces acting
      laterally on the plunger.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein the legs of one of said spaced
      ends of the frame are transversely kinked along a transverse line, with
      said transverse line yieldingly bearing against the end of the coil
      housing and constituting the only contact between said frame end and said
      coil housing.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 in which said coil housing is circular
      in cross section, and in which said transverse line of kink bears against
      the end of the coil housing along a diameter thereof.
NUM  6.
PAR  6. Apparatus as claimed in claim 4 wherein the legs which are transversely
      kinked are bent from the base of the U-shaped frame, with the portions of
      said legs which are near the line of bend at an acute angle with respect
      to the base of the U-shaped frame.
NUM  7.
PAR  7. In a solenoid having a coil, a magnetic plunger mounted for movement
      within said coil so that a portion is movable into and out of an end
      thereof, a magnetic frame for said solenoid having forked ends with each
      forked end including spaced legs, one end of said plunger projecting
      through one of said forked ends, said last-mentioned forked end including
      a U-shaped opening with an open end and a closed end, said closed end
      being spaced sufficiently from the sides of said plunger as to minimize
      side loading due to unequal magnetic forces acting laterally on the
      plunger, the coil being wound on a bobbin, and said bobbin having a
      cylindrical extension at one end, in which the spaced legs at one end of
      the frame embrace said cylindrical extension, and in which there is an
      electrical insulating washer surrounding the cylindrical extension of the
      bobbin and located between the spaced legs and the end of the coil
      housing, said washer having a cylindrical extension surrounding the
      cylindrical extension of the bobbin and also embraced by the spaced legs
      of the frame.
NUM  8.
PAR  8. In a solenoid having a coil, a magnetic plunger mounted for movement
      within said coil so that a portion is movable into and out of an end
      thereof, a magnetic frame for said solenoid having forked ends with each
      forked end including spaced legs, one end of said plunger projecting
      through one of said forked ends, said last-mentioned forked end including
      a U-shaped opening with an open end and a closed end, said closed end
      being spaced sufficiently from the sides of said plunger as to minimize
      side loading due to unequal magnetic forces acting laterally on the
      plunger, the coil being wound on a bobbin having end portions and there
      being an end piece having a cylindrical extension aligned with and of a
      size to accommodate said plunger, and in which the spaced legs at one end
      of the frame embrace said cylindrical extension to maintain said end piece
      in assembled relationship against one end of the bobbin, said cylindrical
      extension having a closed outer end forming a stop to limit the return
      stroke of the plunger.
NUM  9.
PAR  9. Apparatus as claimed in claim 7 in which there is an electrically
      insulating end piece having a cylindrical extension positioned adjacent
      the end of the bobbin which is opposite the end of the bobbin having said
      washer, and in which spaced legs at the adjacent end of the frame maintain
      said end piece in assembled relationship with the cylindrical extension
      aligned with and of a size to accommodate the plunger, said cylindrical
      extension having a closed outer end forming a stop to limit the return
      stroke of the plunger.
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ABST
PAL  A motor timer comprises a prefabricated timing mechanism block including a
      drive motor, a reduction gear, a clutch and a timing gear; a prefabricated
      contact mechanism block including a leaf-spring contact assembly and an
      actuating member for actuating the leaf spring contact interconnecting;
      and means for assemblying the blocks at a final stage of assembly.
BSUM
PAR  The present invention relates to a motor timer, or more in particular to a
      small compact motor timer.
PAR  In the conventional motor timer, unit component elements such as a
      reduction gear, a clutch, a contact mechanism or an electromagnetic device
      are arranged in such a complicated manner that it is difficult to
      introduce a belt production system for mass-production in which a
      plurality of prefabricated blocks of component elements are assembled at
      the final production step. Further, variations in quality of the component
      elements are cumulatively reflected in the finished product as a whole.
PAR  An object of the present invention is to provide a motor timer which has
      obviated the above-mentioned disadvantages.
PAR  Another object of the invention is to provide a motor timer which comprises
      a separately prefabricated gear mechanism unit including a drive motor, a
      clutch system, and a reduction gear on the one hand; and an
      electromagnetic relay including a contact mechanism and an electromagnetic
      device having an electromagnetic coil and an armature, the contact
      mechanism being mounted on one side of the electromagnetic device; so that
      the assembly job is completed only by mounting the electromagnetic relay
      on the underside of the gear mechanism unit.
PAR  Still another object of the invention is to provide a motor timer which
      comprises: a gear mechanism block including drive motor, a clutch, and a
      reduction and other gears; and a contact mechanism block including a
      leaf-spring contact assembly integrated with a cam device for energizing
      the leaf-spring contact assembly, the contact mechanism block being
      mounted on one side of the electromagnetic device block; so that the
      above-described three blocks prefabricated in separate steps are easily
      assembled by means of screws or the like.
PAR  A further object of the invention is to provide a motor timer in which the
      direction of operation of the contacts is at right angles to the direction
      of operation of the electromagnetic device so as to prevent the attraction
      and repulsion of the electromagnetic device from influencing the operation
      of the contacts.
DRWD
PAR  The above and other objects, features and advantages will be made apparent
      by the detailed description taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a front view of a motor timer showing an embodiment of the
      present invention;
PAR  FIG. 2 is a side view showing a part of the motor timer of FIG. 1;
PAR  FIG. 3 is a disassembled perspective view showing the contact mechanism
      block of the motor timer of FIG. 1;
PAR  FIG. 4 is a perspective view showing the manner in which the timing
      operation cam is engaged;
PAR  FIG. 5 is a disassembled front view showing each block making up the motor
      timer of FIG. 1; and
PAR  FIG. 6 is a partial sectional view showing the clutch mechanism.
DETD
PAR  The invention will be now described in detail with reference to embodiments
      shown in the accompanying drawings.
PAR  Reference symbol A shows a timing operation gear mechanism block containing
      a pair of support plates 3 and 4 supported by support members 1 and 2. A
      reduction gear 5, a clutch mechanism 6 and an indication or timing gear 7
      are held between the support plates 3 and 4. Reference numeral 8
      identifies a drive motor mounted on the underside of the lower support
      plate 4. The bearing shaft of the indication or timing gear 7 is projected
      upwardly from the upper support plate 3, and a pointer 9 is attached to
      the projecting portion of the bearing shaft and rotates with the
      indication or timing gear 7.
PAR  A protrusion 7a is formed at a certain portion on the upper surface of the
      indication or timing gear 7, so that when the indication or timing gear
      has rotated through a predetermined angle, the protrusion 7a presses the
      top 10a of a trip lever 10 into pivotal motion, with the result that the
      lower end of the trip lever 10 is disengaged from a later described cam or
      contact actuating member 20. The trip lever 10 is adapted to pivot about a
      central pivot point and, as will be described, its lower end normally
      engages an engaging means 20d provided at a portion of the contact
      actuating member 20 so as to prevent the contact actuating member or cam
      20 from being actuated. The actuation of the contact actuating member 20
      is allowed when the trip lever 10 is pivoted to disengage its lower end
      from engaging portion 20d.
PAR  The clutch mechanism 6 has an upper gear 61 and a lower gear 62 provided
      with intermeshing teeth 61a and 62a formed on opposed surfaces of the
      upper and lower gears 61 and 62 respectively. An operation shaft 61b fixed
      on the upper gear 61 is loosely passed through the lower gear 62 to
      project downwardly through a hole in the lower support plate 4. The top of
      the operation shaft 61b, on the other hand, is supported by a support
      member 3a formed by a partially bent portion of the upper support plate 3
      and, at the same time, is maintained pressed down by a spring plate 11
      placed opposedly thereto. The upper gear 61 mesh engages the indication or
      timing gear 7 and the lower gear 62 is coupled with a drive gear 8a of the
      drive motor 8 through the reduction gear 5 (represented by a single gear
      in the drawing), so that the rotation of the drive gear 8a is transmitted
      to the indication gear 7 through the reduction gear 5 and the clutch
      mechanism 6 as long as the teeth 61a are intermeshed with the teeth 62a of
      the lower gear 62 by the pressure applied to the upper gear 61 from the
      spring plate 11.
PAR  Reference symbol B identifies an electromagnetic device block comprising an
      electromagnetic coil 13 and a fixed iron core 14 disposed inside of a yoke
      12 substantially in the shape of a rectangular channel.  Reference numeral
      15 is an armature having its base end portion rotatably supported on one
      of the side plates of the yoke 12. Counterclockwise turning bias is
      supplied normally to the armature 15 by a tension spring 16 hung between
      the base end portion of the armature 15 and the fastening point 12a of the
      yoke 12.
PAR  The channel shaped yoke 12 has its top bent horizontally to form fastening
      portions 12b and 12c adapted to be secured to the lower support plate 4 of
      the timing operation gear mechanism block A with screws or like fastening
      means, thus coupling the electromagnetic device block B to the timing
      operation gear mechanism block A.
PAR  The right and left side plates 12d and 12e of the yoke 12, when coupled
      with the timing operation mechanism block A, are situated inwardly of the
      horizontal ends of the mechanism block A, so that the tension spring 16 as
      well as the contact mechanism C (which will be later described) is
      contained within the width of the timing operation gear mechanism block A.
PAR  Reference symbol C identifies the contact mechanism block comprising a
      support frame 17, a pin 18 disposed crosswise on the top of the support
      frame 17, an instantaneous operation member or cam 19 for closing or
      opening contacts instantaneously, a timing operation member or cam 20 for
      timely closing or opening of contacts, tension springs 21 and 22 for
      applying counterclockwise turning bias to the operation members or cams 19
      and 20 respectively, and a leaf spring contact assembly 23 adapted to be
      opened and actuated to selectively close and open the contacts thereof by
      the operation members 19 and 20 respectively. The support frame 17 has a
      back plate 17a at both ends of which upright side plates 17b and 17c are
      provided, and the pin 18 for supporting the operation members or cams is
      mounted therebetween. The back plate 17a is provided also with partitions
      17d and 17e in parallel with the side plates 17b and 17c for isolating the
      instantaneous operation contacts, timing operation contacts and motor
      contacts which will be described later. Further, the back plate 17a is
      provided on the top thereof with an engaging groove 17f having a
      channel-shaped section, which engaging section 17f is adapted to engage a
      notch formed on a part of the yoke 12 making up a part of the
      electromagnetic device block B. Reference numeral 17g is a through hole
      for fastening a fixing means or screw, and 17h is a window hole.
PAR  The leaf spring contact assembly 23 comprises a first movable contact
      assembly 231 including movable contact plates 231b and 231d with their
      bases molded to an insulating body 231a; a second movable contact assembly
      232 comprising movable contact plates 232b, 232c and 232d with their bases
      molded to an insulating body 232a; and a fixed contact assembly 233
      including fixed contact plates 233b, 233c and 233d with their bases molded
      to an insulating body 233a. The first movable contact assembly 231, the
      fixed contact assembly 233 and the second movable contact assembly 232 are
      attached to each other in that order. The insulating bodies 231a, 233a and
      232a are secured to the back plate 17a of the support frame 17 by means of
      a pair of fastening members 234 each comprising a substantially U-shaped
      spring plate bent horizontally.
PAR  The operation members 19 and 20 which are rotatably mounted on the pin 18
      have substantially inversely L-shaped sides and are supported on the pin
      18 at their corners. The horizontal portion 19a of the instantaneous
      operation member or cam 19 is projected through the window hole 17h
      provided at the top of the back plate 17a of the support frame 17 and
      further, when the support frame 17 is mounted on the yoke 12 of the
      electromagnetic device block B, the horizontal portion 19a is projected
      into the electromagnetic device block B, so that the lower surface of the
      horizontal portion 19a is opposed to a contact piece 15a provided at the
      tip of the armature 15, while the upper surface of the horizontal portion
      19a is opposed to the lower end of the operation shaft 61b of the clutch
      mechanism 6 making up a part of the timing mechanism block A.
PAR  Since the force of the tension spring 21 is weaker than that of the tension
      spring 16, the instantaneous operation member or cam 19, in the
      de-energized state of the electromagnetic device block B, is turned
      clockwise by the force applied thereto through the armature 15 overcoming
      the force of the spring 21 which applies counterclockwise turning bias to
      the cam 19. As a result, the horizontal portion 19a causes the operation
      shaft 61b of the clutch mechanism 6 to be pushed upward, so that the teeth
      61a of the upper gear 61 of the clutch mechanism 6 is disengaged from the
      teeth 62a of the lower gear 62 thereof, thus de-actuating the clutch
      mechanism 6. Of course, the rotation of the cam 19 is limited within a
      predetermined angular range by means of a stopper (not shown) disposed at
      an appropriate position.
PAR  The vertical portion 19b of the instantaneous operation member or cam 19
      has a pair of extensions 19c and 19d on both sides of its lower end, which
      extensions 19c and 19d are positioned between the upper ends of the
      movable contact plates 231b and 232b of the leaf-spring contact assembly
      23, so that when the cam 19 is in its normal state the extension 19c
      pushes the movable contact plate 231b outward to thereby open the contact
      between the movable contact plate 231b and the fixed contact plate 233b
      and the extension 19d allows the movable contact plate 232b to move inward
      to thereby close the contact between the movable contact plate 232b and
      the fixed contact plate 233b, and vice versa when the operating member or
      cam 19 is actuated to rotate counterclockwise.
PAR  The movable contact plates 231b and 232b and the fixed contact plate 233b
      constitute the instantaneous contact means. Tension spring 21 is supported
      between the horizontal portion 19a of an instantaneous operation member or
      cam 19 and the engaging portion 17i which protrudes from the back plate
      17a of the support frame 17 for normally imparting the counterclockwise
      turning bias to the operation member or cam 19.
PAR  The timing operation member or cam 20 and the instantaneous opeation member
      or cam 19 are rotatably supported by the pin 18 of the support frame 17.
      The horizontal portion 20a, like the horizontal portion 19a of the
      instantaneous operating or cam 19, is projected from the window hole 17h
      of the back plate 17a of the support frame 17 into the electromagnetic
      device block B. Thus the contact piece 15a provided at the tip of the
      armature 15 of the electromagnetic device block B is opposed to the lower
      surface of the horizontal portion 20a, so that the counterclockwise
      rotation of the armature 15 in the de-energized state of the
      electromagnetic device block B causes the horizontal portion 20a to be
      pushed upward by the contact piece 15a thereby rotating the operation
      member or cam 20 in the clockwise direction. In order to assure this
      operation, the spring 22, like the spring 21, is weaker than the spring
      16.
PAR  The timing operation member or cam 20 has a pair of vertical portions 20b
      and 20c arranged axially thereof. The vertical portion 20b is inserted
      between the respective upper ends of the movable contact plates 231d and
      232d of the leaf-spring contact assembly 23, so that when the operation
      member or cam 20 is in its normal position the clockwise rotation of the
      operation member or cam contact between the movable contact plate 231d and
      the fixed contact plate 233d is maintained open and, at the same time, the
      contact between the movable contact plate 232d and the fixed contact plate
      233d is closed, and vice versa when the operation member or cam 20 is
      allowed to rotate counterclockwise. The vertical portion 20c, on the other
      hand, has one of its sides in contact with movable contact plate 232c of
      the leaf-spring contact assembly 23 in such a manner that when the
      operation member or cam 20 is in its normal position the contact between
      the movable contact plate 232c and the fixed contact plate 233c is
      maintained in the closed state, and vice versa when the operation member
      or cam 20 is allowed to rotate counterclockwise.
PAR  Further, the operation member 20 has an engaging portion 20d on its side
      opposite to the horizontal portion 20a, which engaging portion 20d is
      engaged with the lower end portion of the trip lever 10 already described
      with reference to the timing operation gear mechanism block A thereby to
      normally limit the counterclockwise turning bias applied to the operation
      member or cam 20 by the tension spring 22. When the indication or timing
      gear 7 making up a part of the timing operation gear mechanism block A is
      rotated through a predetermined angle to cause the protrusion 7a formed on
      the top of the indication or timing gear 7 push the top 10a of the trip
      lever 10, the lower end portion of the trip lever 10 is disengaged from
      the engaging portion 20d of the timing operation member or cam 20, thereby
      releasing the operation member or cam 20 to be freely rotated
      counterclockwise.
PAR  The movable contact plates 231d and 232d and the fixed contact plate 233d
      of the leaf-spring contact assembly 23 subjected to on-off operation by
      the timing operation member or cam 20 constitute a timing contact means,
      while the movable contact plate 232c and the fixed contact plate 233c
      constitute the input contact section for the drive motor 8 of the timing
      operation gear mechanism block A.
PAR  The thus arranged contact mechanism block C has the leaf-spring contact
      assembly 23 secured in advance to the support frame 17 by means of the
      fastening members. Also, the instantaneous and timing operation members or
      cams 19 and 20 are rotatably supported at the top of the support frame 17
      by means of the pin 18. After the engaging groove 17f on the top of the
      support frame 17 is engaged with the notch formed on a part of the yoke 12
      of the electromagnetic device block B, the contact mechanism block C is
      mounted on one side of the yoke 12 by means of the screw 24.
PAR  Of course, for certain reasons in the fabricating steps, the support frame
      17 and the leaf-spring contact assembly 23 are simultaneouslly attached
      together to the yoke 12 of the electromagnetic device block B by means of
      the screw 24, without previously attaching the leaf-spring contact
      assembly 23 to the support frame 17 by means of fastening members 234.
PAR  The operation of the motor timer according to the present invention will be
      now described hereinafter.
PAR  Upon the application of an exciting signal to the electromagnetic coil 13
      of the electromagnetic device block B, the electromagnetic device block B
      is energized thereby to attract the armature 15 toward the fixed core 14.
      The instantaneous operation member or cam 19 which has thus far been
      prevented from being rotated counterclockwise by the contact piece 15a
      secured to the top of the armature 15 is set free and caused to rotate
      counterclockwise by means of the tension spring 21, with the result that
      the vertical portion 19b of the instantaneous operation member or cam 19
      opens the contact between the movable contact plate 232b and the fixed
      contact plate 233b and allows the contact between the movable contact
      plate 231b and the fixed contact plate 233b to be closed, thereby
      producing an instantaneous signal. Thus, these contacts 231b, 232b and
      233b constitute the instantaneous contact means of the leaf-spring contact
      assembly 23.
PAR  At the same 2 the operation shaft 61b making up a part of the clutch
      mechanism 6 of the timing operation gear mechanism block A which has thus
      far been lifted upward by the horizontal portion 19a of the operation
      member or cam 19 is set free, whereupon the spring plate 11 opposed to the
      top of the operation shaft 61b causes the operation shaft 61b to be pushed
      downward. Accordingly the upper gear 61 of the clutch mechanism 6 is
      pushed down and the teeth 61a are caused to engage the teeth 62a of the
      lower gear 62, thereby actuating the clutch mechanism 6.
PAR  The horizontal portion 20a of the timing operation member or cam 20 of the
      contact mechanism block C which has thus far been pushed up by the contact
      piece 15a of the armature 15 in the same manner as the instantaneous
      operation member or cam 19, is set free by the downward attraction of the
      armature 15. under this condition, however, the operation member or cam 20
      is still prevented from counterclockwise rotation by the lower end portion
      of the trip lever 10 which still engages the engaging portion 20d.
PAR  On the other hand, the contact between the movable contact plate 232c and
      fixed contact plate 233c forming the input contact section for the drive
      motor 8 of the leaf-spring contact assembly 23 is still maintained at this
      time in the closed state by the vertical portion 20c of the timing
      operation member or cam 20, and therefore the drive motor 8 is started
      simultaneously with the excitation of the electromagnetic device, so that
      the rotation of the drive motor is transmitted to the indication or timing
      gear 7 through the drive gear 8a, the reduction gear 5 (only part of which
      is shown), and the clutch device 6.
PAR  After rotation of the indication or timing gear 7 through a predetermined
      angle, that is, with the lapse of a predetermined timing period, the
      protrusion 7a formed on the top of the indication or timing gear 7 pushes
      against the top 10a of the trip lever 10 and thus causes the trip lever 10
      to rotate about its central supporting point. As a result of the rotation
      of the trip lever 10, the engaging portion 20d of the timing operation
      member or cam 20 is disengaged, so that the timing operation member or cam
      20 is set free for counterclockwise motion by means of the tension spring
      22. The counterclockwise rotation of the vertical section 20b of the
      timing operation member or cam 20 opens the contact between the movable
      contact plate 232d and the fixed contact plate 233d and allows the contact
      between the movable contact plate 231d and the fixed contact plate 233d to
      be closed thereby producing a timing signal. Thus, these contacts 231d,
      232d and 233d constitute the timing contact means of the leaf-spring
      contact assembly 23.
PAR  At the same time as the generation of the timing signal, the vertical
      portion 20c of the timing operation member or cam 20 opens the contact
      between the fixed contact plate 233c and the movable contact plate 232c
      which constitute the input contact for the drive motor 8, thus stopping
      the rotation of the motor 8.
PAR  It will be obvious that as a result of the de-energization of the
      electromagnetic device block B the operation shaft 61b of the clutch 6,
      the instantaneous operation member or cam 19, and the timing operation
      member or cam 20 are pushed upward by means of the contact piece 15a of
      the armature 15 into their original or normal positions.
PAR  As mentioned above, the present invention is characterized in that the
      component elements of the motor timer are divided into three blocks
      including the timing operation gear mechanism block A having gears and the
      drive motor 8; the electromagnetic device block B; and the contact
      mechanism block C having the leaf-spring contact assembly 23 and the
      operation members or cams 19 and 20 for performing on-off operation of the
      leaf-spring contact assembly 23. These prefabricated blocks A, B and C are
      appropriately coupled and assembled in the final manufacturing process. In
      this way, the assembly work is greatly facilitated on one hand and an
      improved quality control or stock control results from the fact that the
      blocks A, B and C may be prefabricated separately in different shops on
      the other hand.
PAR  Another advantage of the invention lies in the manner of the arrangement of
      the blocks in which the electromagnetic block B placed side by side with
      the contact mechanism block C is positioned on the underside of the timing
      mechanism block A, thus makinga compact timer by the efficient utilization
      of available space. making a addition, the contact devices are
      concentrated, thus making the wiring job easy. Furthermore, by replacing a
      specific block, it is possible to change the characteristics of the timer.
      Moreover, in the case of any failure of a block, only that particular
      block may be removed for repair work, resulting in great practical
      advantage.
PAR  Further, the fact that the direction of operation of the contact means is
      substantially perpendicular to that of the armature of the electromagnetic
      device prevents any shock caused by the attraction or repulsion of the
      armature of the electromagnetic device from adversely affecting the
      operation of the contact means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motor timer comprising:
PA1  a prefabricated timing gear mechanism block including a drive motor,
      reduction gear means coupled with said drive motor, a timing gear for
      performing a timing operation, and clutch means for selectively connecting
      and disconnecting said reduction gear means to and from said timing gear;
PA1  a prefabricated electromagnetic means block disposed on the underside of
      said gear mechanism block and including a substantially channel-shaped
      yoke, electromagnetic coil means mounted in said yoke, and armature means
      adapted to be actuated in response to the energization of said
      electomagnetic coil means;
PA1  a prefabricated contact mechanism block including a spring contact assembly
      having first and second contact groups, first cam means releasably engaged
      with said armature means and adapted to effect the opening and closing
      operation for said first contact group as soon as said first cam means has
      been released from said engagement with said armature means in response to
      the actuation of said armature means, means for actuating said clutch
      means in response to the actuation of said first cam means, second cam
      means releasably engaged with said armature means for effecting the
      opening and closing operation for said second contact group, and means for
      operatively connecting said timing gear with said second cam means to
      allow said second cam means to effect the opening and closing operation
      for said second contact group after the lapse of a predetermined period of
      time following the releasing of said second cam means in response to the
      actuation of said armature means; and
PA1  means for securing said gear mechanism block, said electromagnetic means
      block and said contact means block to one another.
NUM  2.
PAR  2. A motor timer according to claim 1, in which the direction of operation
      of said first and second contact groups of said spring contact assembly is
      substantially perpendicular to that of said armature means.
NUM  3.
PAR  3. A motor timer according to claim 2 in which said prefabricated contact
      mechanism block further includes a frame body including at least one
      partition for isolating said contact groups from each other, said spring
      contact assembly being mounted on the lower portion of said frame body,
      and a support pin mounted crosswise on the top of said frame body for
      rotatably supporting said first and second cam means.
NUM  4.
PAR  4. A motor timer according to claim 2 in which said prefabricated contact
      mechanism block further includes a contact barrier construction
      comprising:
PA1  a frame body including side plates on both sides thereof and a back plate;
PA1  a mounting structure formed adjacent the lower end of said frame body for
      attaching thereto an insulating base comprising a portion of said spring
      contact assembly;
PA1  a pin disposed crosswise adjacent the top of said frame body and between
      said side plates for supporting said first and second cam means;
PA1  at least one partition provided on the back plate of said frame body for
      isolating said first and second contact groups of said spring contact
      assembly from each other; and
PA1  an engaging portion comprising a mounting structure provided on the top of
      said frame body.
NUM  5.
PAR  5. A motor timer according to claim 2 in which said prefabricated timing
      gear mechanism block further includes upper and lower parallel support
      plates, said drive motor being mounted on the underside of said lower
      support plate; said clutch means including upper and lower clutch gears
      respectively having engaging teeth on opposite surfaces thereof, said
      upper clutch gear being fixed on an operation shaft passing therethrough,
      said operation shaft being loosely passed through said lower clutch gear
      and projecting downwardly from said lower support plate, said operating
      shaft having its top end pressed downwardly by means of a spring plate and
      being supported on said armature means, said timing gear being in mesh
      with said upper clutch gear and having an upper shaft which projects
      through said upper support plate, and a timing operation indicator
      attached to the projecting portion of said upper shaft.
NUM  6.
PAR  6. A motor timer comprising:
PA1  a timing mechanism block including a pair of support plates disposed in
      parallel to each other, reduction gear means supported between said
      support plates, a timing gear disposed between said support plates for
      performing a timing operation, clutch means supported between said support
      plates for selectively connecting and disconnecting said reduction gear
      means to and from said timing gear, a drive motor mounted on one of said
      support plates and coupled with said reduction gear means, and a clutch
      operation shaft for actuating said clutch means;
PA1  an electromagnetic means block disposed on the underside of said timing
      mechanism block; and
PA1  a contact mechanism block disposed on one side of said electromagnetic
      means block and including a leaf-spring contact assembly having first and
      second contact groups, first and second operation members disposed on the
      top of said leaf-spring contact assembly for effecting the opening and
      closing operation for said first and second contact groups respectively,
      means for normally applying a turning bias in one direction to each of
      said first and second operation members to thereby cause said first and
      second operation members to effect the opening and closing operation for
      said first and second contact groups, respectively, when turning is
      allowed, and trip lever means adapted to be actuated in response to the
      timing operation of said timing gear, said first operation member having
      first engaging means releasably engaged with an armature means of said
      electromagnetic means block for limiting the rotation of said first
      operation member by said turning bias applies thereto and second engaging
      means adapted to be operatively engaged with said operation shaft of said
      clutch means so that the rotation of said first operation member is
      allowed when said first engaging means is released in response to the
      energization of said electromagnetic block means and at the same time said
      second engaging means allows said operation shaft of said clutch means to
      be actuated to thereby bring said clutch means into its actuated state,
      said second operation member having third and fourth engaging means
      releasably engaged with said armature means and said trip lever means
      respectively so that said trip lever means causes said fourth engaging
      means to be released from the engagement with said trip lever means in
      response to the timing operation of said timing gear after the lapse of a
      predetermined period of time following the releasing of said third
      engaging menas from the engagement with said armature means upon the
      energization of said electromagnetic means block, thereby allowing the
      rotation of said second operation member by said turning bias applied
      thereto.
NUM  7.
PAR  7. A motor timer according to claim 4, in which said first and second
      operation members have horizontal portions forming said first and third
      engaging means respectively, and also vertical portions for effecting the
      opening and closing operation for said first and second contact groups
      respectively.
NUM  8.
PAR  8. A motor timer according to claim 4, in which said first and second
      operating members are rotatably supported adjacently to each other on a
      support shaft located crosswise on the top of said leaf-spring contact
      assembly.
NUM  9.
PAR  9. A motor timer according to claim 4 in which said contact mechanism block
      further includes a frame body including at least one partition for
      isolating said contact groups from each other, said leaf-spring contact
      assembly being mounted on the lower portion of said frame body, and a
      support pin mounted crosswise on the top of said frame body for rotatably
      supporting said first and second operation members.
NUM  10.
PAR  10. A motor timer according to claim 4 in which said contact mechanism
      block further includes a contact barrier construction comprising:
PA1  a frame body including a pair of opposed side plates and a back plate
      therebetween;
PA1  a mount formed adjacent the lower end portion of said frame body for
      attaching thereto an insulating base of said leaf-spring contact assembly;
PA1  a pin disposed crossswise adjacent the top of said frame body and between
      said side plates for supporting said first and second operation members;
PA1  a least one partition provided on the back plate of said frame body for
      isolating said first and second contact groups of said leaf-spring contact
      assembly from each other; and
PA1  an engaging portion comprising a mount provided on the top of said frame
      body.
NUM  11.
PAR  11. A motor timer according to claim 4 in which said clutch means includes
      a pair of clutch gears respectively having engaging teeth on opposite
      surfaces thereof, one of said clutch gears being fixed on said clutch
      operation shaft, said clutch operation shaft passing loosely through the
      other of said clutch gears and projecting outwardly from one of said
      support plates, said operation shaft being urged toward said other clutch
      gear by spring means in engagement therewith and being supported on said
      armature means, said reduction gear means connecting the shaft of said
      motor to said other clutch gear, said timing gear being in mesh engagement
      with said one of said clutch gears and having an indicator shaft which
      projects through the other one of said support plates, said indicator
      shaft being provided at its free end with a timing operation indicator.
NUM  12.
PAR  12. A motor timer comprising:
PA1  a timing mechanism section including a drive motor, a reduction gear device
      coupled with said drive motor, a timing gear for performing a timing
      operation, and a clutch device for selectively connecting and
      disconnecting said reduction gear device to and from said timing gear,
      said clutch device comprising a pair of upper and lower gears having
      respectively engaging tooth sections on their opposite surfaces, said
      clutch device further having an operation shaft secured to one of said
      upper and lower gears;
PA1  an electromagnetic device disposed on the underside of said timing
      mechanism section; and
PA1  a contact mechanism disposed on one side of said electromagnetic device and
      including a leaf-spring contact assembly having an instantaneously
      operated contact group and a timing operated contact group, and an
      instantaneous operation member and a timing operation member both
      supported rotatably on the top of said leaf-spring contact assembly for
      effecting the opening and closing operation for said instantaneously
      operated contact group and said timing operated contact group
      respectively, said instantaneous operation member being susbstantially
      inversely L-shaped and having a horizontal portion the upper surface of
      which is in contact with the lower end portion of said operation shaft,
      said operation shaft being set in vertical motion in response to the
      actuation of said instantaneous operation member thereby to perform the
      connection between said upper and lower gears of said clutch device.
NUM  13.
PAR  13. A motor timer according to claim 10 in which said contact mechanism
      further includes a frame body including at least one partition for
      isolating said contact groups from each other, said leaf-spring contact
      assembly being mounted on the lower portion of said frame body, and a
      support pin mounted crosswise on the top of said frame body for rotatably
      supporting said instantaneous operation and timing operation members.
NUM  14.
PAR  14. A motor timer according to claim 10 in which said contact mechanism
      further includes a contact barrier construction comprising:
PA1  a frame body including side plates on both sides thereof and a back plate;
PA1  a mount formed on the lower end portion of said frame body for attaching
      thereto an insulating base of said leaf-spring contact assembly;
PA1  a pin disposed crosswise on the top of said frame body and between said
      plates for supporting said instantaneous operation and timing operation
      members;
PA1  at least one partition provided on the back plate of said frame body for
      isolating said contact groups of said leaf-spring contact assembly from
      each other; and
PA1  an engaging portion comprising a mount provided on the top of said frame
      body.
NUM  15.
PAR  15. A motor timer according to claim 10 in which said timing mechanism
      section further includes upper and lower parallel support plates, said
      motor being mounted on the underside of said lower support plate, said
      operation shaft being secured to said upper clutch gear and passing
      therethrough, said operation shaft being loosely passed through said lower
      clutch gear and projecting downwardly from said lower support plate, said
      operation shaft being pressed down by spring means and being supported on
      an armature of said electromagnetic device, said timing gear being in mesh
      engagement with said upper clutch gear and having an upper shaft which
      projects through said upper support plate, said upper shaft being provided
      at its free end with a timing operation indicator.
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ABST
PAL  An automatic reset timer having a motor and a separate solenoid operated
      clutch. The solenoid also actuates a switch to timing position, through a
      first latch, the switch being held there by a second latch. Both latches
      are released by the timing mechanism. The double latch allows the switch
      to remain in timing position regardless of the solenoid position. A
      solenoid lever is mounted behind a mechanism plate and carries mode
      selectors for setting the type of control of the switch and clutch by the
      solenoid. These mode selectors are accessible through openings in the
      plate normally covered by the timer motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electro-mechanical timing devices and more
      particularly to timers of the automatic reset type.
PAR  In many timing applications it is necessary to start and control the timer
      from a remote point and also have the time cycle adjustable. This has led
      to use of motor driven automatic reset timers in which a spring return
      timing mechanism resets to an adjustable starting position when a clutch
      is released. To start a timing cycle, the clutch is engaged and the
      mechanism drives to a "timed out" position in which one or more switches
      transfer from "timing" position to "timed out" position.
PAR  In some applications it is required to delay operation of the timer switch
      until the end of the time cycle. This is known as delay timing. In this
      case the timer switch is returned from timed-out to timing position prior
      to the start of the cycle so that no timer switch operation takes place at
      the start of the cycle.
PAR  In other applications it is necessary to energize a load at the start of
      the cycle and to deenergize it at the end of the cycle. This is known as
      interval timing. This type of operation requires more mechanism than
      simple delay timing, either built into the timer or a relay external to
      the timer.
PAR  In certain applications it is required or permissable for the timer to
      reset to starting position in response to a power interruption. Here the
      timer clutch is released in response to deenergization of an
      electromagnet. This is known as "on delay".
PAR  In other cases it is necessary for the timer to hold its position in case
      of power failure. In others it is required to reset in response to making
      of the control circuit. The timer clutch disengages in response to
      energization of the electromagnet. This is known as "off delay".
PAR  The different requirements met in the field in addition to the basic
      requirements of "on delay", "off delay", and "interval" are many. In some,
      the cycle start must be from closure of the control circuit, in others
      from control circuit opening. In some the control circuit action is only
      momentary. In others it is sustained. These various requirements have
      required numerous models of timers and in addition considerable outside
      circuitry to get the results needed.
PAR  In order to reduce models required and also reduce outside circuitry it has
      been common to build timers with two "delay" switches actuated by the
      timer and two "instantaneous" switches actuated by the electromagnet.
      These switches have individual terminals allowing the user to connect them
      in various manners to obtain different results from the timer. This is
      expensive. The customer must buy more than he needs. He must spend
      considerable time cross-wiring the switches. In addition, often half of
      the switches are used up cycling the timer so that they are not available
      for controlling external loads.
PAR  My copending application Ser. No. 333,767 filed Feb. 20, 1973, shows an
      automatic reset timer with multiple switches and with separate mode
      selectors for the switches and clutch at the back of the timer. This makes
      a single model of timer easily converted to give the results needed for
      the application and simplifies or eliminates external circuitry. This
      timer is in the expensive and high class field and its cost precludes its
      use in many applications not requiring this degree of quality.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The primary object of the invention is the provision of a simple low cost
      automatic reset timer in which a single timer assembly can be adjusted
      without disassembly to give a variety of different responses to an
      external control circuit.
PAR  In accordance with the invention, a main mechanism plate houses a timer
      mechanism and solenoid, and also supports an external timer motor. The
      solenoid actuates the timer switch and clutch in independent manners
      through a lever which bodily carries switch and clutch mode selectors.
      These selectors are adjustable from outside the timer through openings in
      the plate.
PAR  Another object of the invention is the provision of a timer in which a
      solenoid drives the switch to timing positions and in which the switch
      stays in this position independently of the solenoid. In accordance with
      the invention, the solenoid drives the switch to timing position through a
      driving latch and the switch is then held in timing position by a holding
      latch. The timing mechanism releases both latches simultaneously.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a front view of a timer embodying the invention with the front
      cover removed to show the mechanism;
PAR  FIG. 2 is a side view of FIG. 1 with the front cover broken away;
PAR  FIG. 3 is a top view of FIG. 1 with the switch removed and the top cover
      broken away;
PAR  FIG. 4 is a side view taken on line 4--4 of FIG. 3 with the side of the
      cover removed;
PAR  FIG. 5 is an enlarged sectional view of the main shaft assembly and clutch
      operating mechanism; p FIG. 6 is an enlarged view of the solenoid lever
      and mode selector assembly.
PAR  FIGS. 7 and 8 are fragmentary views showing the clutch and solenoid
      operation when the clutch mode selectors are set for "on-delay";
PAR  FIGS. 9 and 10 are similar views showing the clutch and solenoid operation
      when the clutch mode selectors are set for "off-delay";
PAR  FIG. 11 is a fragmentary view showing the switch operator in timed-out
      position which releases the clutch;
PAR  FIG. 12 is a fragmentary view showing the switch operator held in timing
      position by the holding latch, with the clutch engaged;
PAR  FIGS. 13 and 14 are fragmentary views showing the solenoid and switch
      operation when the switch mode selector is set for shifting the switch to
      timing position on a break in the solenoid circuit;
PAR  FIGS. 15 and 16 are similar views showing the solenoid and switch operation
      when the switch mode selector is set for shifting the switch to timing on
      a make of the solenoid circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1, 2 and 3 reference character 1 indicates generally a
      mounting base or bracket having a timer base portion 2 and rearwardly
      extending mounting legs 3 and 4. This supports a plunger operated enclosed
      switch 5 having an operating plunger 6. The base 1 also supports a front
      housing member and mechanism base generally indicated as 7, this housing
      member including a front wall 8, side walls 9 and 10, a bottom wall 11 and
      a top wall 12 which is notched to fit over the switch 5.
PAR  This front wall 8 supports a setting shaft assembly 14 (FIG. 5) including a
      sleeve 15 which is press fit over a shaft 16 and rigidly supports a
      setting plate 17 carrying a stop pin 18. The friction hub 15 is formed
      with a shoulder bearing against the front plate 8, a reduced diameter
      portion extending through the plate and receiving a tension washer 19 and
      a press-on type retainer 20. It will be apparent that rotation of the
      adjusting shaft 16 sets the angular position of the stop pin 18.
PAR  A stud 22 is secured in the rear enclosure plate 2 and extends forwardly
      into an opening in the rear of shaft 16. Preferrably the stud 22 includes
      a clutch bearing portion 23 which receives the hub 24 of the clutch
      operator generally indicated as 25. The outline of this clutch operating
      means 25 is more clearly shown in FIG. 12 and is a lever having a bearing
      on pivot 23 and a clutch gear supporting arm 26. It also includes
      oppositely acting operating surfaces 27 and 28 located at opposite sides
      of pivot 23. It also includes a third operating surface 29 which is
      engaged by the switch operator as will be later described.
PAR  The clutch gear supporting arm 26 terminates in a hub 31 (FIG. 5) which
      receives a shaft 32 which carries clutch gear 33 and pinion 34. As shown
      in FIG. 12, the gear 33 when the clutch is engaged meshes with the pinion
      35 of the timer motor 36 (FIG. 3). The pinion 34 which is driven by gear
      33 meshes with timing gear 37 having a pin 38 extending both forwardly and
      rearwardly. This timing gear is held in place on shaft 16 by a suitable
      retainer and is formed with a hub receiving a reset spring 39. When the
      clutch operator 25 is in the position shown in FIG. 12, gear 33 meshes
      with the motor pinion 35, this driving the timing gear 37 in a
      counterclockwise direction as seen in FIG. 1 against the action of the
      reset spring 39. When the clutch operator 25 is rotated slightly clockwise
      as shown in FIG. 1, the gear 33 disengages from the motor pinion 35, this
      allowing the reset spring 39 to rotate the timing gear clockwise until pin
      38 engages stop pin 18 on the setting plate 17. Thus when the clutch is
      disengaged the timer resets to its starting point.
PAR  The plunger 6 of the enclosed switch 5 is actuated by a switch operator
      generally indicated as 40. This switch operator as shown in FIGS. 1 and 3
      includes a hub 41 fitting over a pin 42, this hub supporting an arm 43
      which extends to the left to an offset portion 44 which engages the switch
      plunger 6. This offset portion 44 merges with a latch supporting portion
      45 carrying latch studs 46 and 47. Latch stud 47 extends forwardly as
      shown in FIG. 4 and pivotally supports a lifting latch 48 while stud 46
      extends rearwardly and supports a holding latch 49. The lifting latch 48
      includes an operating portion 50 which extends inwardly under the timing
      gear 37 and is actuated by pin 38 at the end of the time cycle. The latch
      48 also includes a downwardly extending latching portion 51 which is
      arranged to be engaged by the end 52 of a lifting lever or driven actuator
      means generally indicated as 53. This lifting lever is more clearly shown
      in FIG. 16 in which the other parts have been broken away to more clearly
      show it. It includes a hub 55 which fits over the hub 41 of the switch
      operator in a manner permitting free relative motion between these two
      parts. This lifting lever also includes an operating surface 56 which is
      to the right of pivot pin 41 and an operating surface 57 which is the top
      of a recess 58 formed in the back of the lever (see FIG. 3). Lever 53 also
      includes a downwardly depending portion 59 which leads to the lifting
      surface 52.
PAR  The outline of the holding latch 49 is more clearly shown in FIG. 12. This
      latch extends downwardly from its bearing and has a latching surface 61
      which engages a tab 62 struck out from the back plate 2. This latch also
      includes a forward extension 63 which is engaged by a rearwardly extending
      tab 64 on the lifting latch 48 (FIG. 13). The tab 64 and pin 63 are
      located relative to each other in a manner to cause the latching surface
      62 of latch 49 to release from tab 62 at the same time that latch 48
      releases from the end 52 of the lifting lever.
PAR  From the description thusfar, it will be apparent that a downward force
      applied to operating surface 56 or an upward force applied to operating
      surface 57 of the drive lever 53 will cause this lever to rotate
      clockwise. This will bring the latching end 52 of the drive lever into
      engagement with the lower end 51 of lifting latch 48. After parts 51 and
      52 engage, lever 53 and switch operator 40 rotate in unison about pivot
      42, this causing upward movement of the switch plunger 6. Then the switch
      operator 40 is lifted to the point where the holding latch 49 clears the
      stationary tab 62, latch 49 will drop in place and hold the switch
      operator in its raised position independently of the drive means
      consisting of the drive lever 53 and lifting latch 48. This position in
      which the switch operator is raised and held in raised position, is the
      timing position for the timer. At this time, surface 65 on the switch
      operator has disengaged the abutting surface 29 on the clutch operator 25
      as shown in FIG. 12. This allows the clutch operator to rotate
      counterclockwise until gear 33 meshes with the motor pinion 35. If the
      timer motor is now energized, it will drive the timing gear 37
      counterclockwise as seen in FIG. 1. As the end of the time cycle
      approaches, the pin 38 on the timing gear engages the operating end 50 of
      the lifting latch 48 and starts moving it counterclockwise toward
      releasing position. Also the tab 64 at the back of latch 48 engages pin 63
      on the holding latch 49 (FIG. 13) and moves this latch toward releasing
      position. At the end of the timing cycle, both latches release
      simultaneously and the switch operator 50 drops back to timed-out position
      as shown in FIGS. 1 and 11. Here operating surface 65 on the switch
      operator 40 has engaged the operating surface 29 on clutch operator 25 and
      caused gear 33 to disengage the motor pinion 35. The clutch is thus
      disengaged and the reset spring 39 for the timing gear 37 rotates this
      gear clockwise back to the starting point where pin 38 engages stop pin
      18. Summarizing, the parts are moved into timing position by applying
      power to the drive lever 53, this power being applied to the switch
      operator through latch 48. Once the parts are in timing position they are
      held there by the holding latch and no further application of force to the
      drive lever 53 is required. When the parts reach timing position, the
      clutch is engaged and the timer drives to the timed-out position where
      both latches are released. Release of the driving latch 48 in effect
      disables the drive means for the switch operator and the switch operator
      can return back to timed-out position regardless of the position of the
      power lever 53.
PAR  Referring to FIG. 12, it will be apparent that the clutch may also be
      released by applying either a downward force to the operating surface 27
      of the clutch operating lever or an upward force to the operating surface
      28 of this same lever. The clutch lever 25 and switch power lever 53 are
      actuated by the solenoid 70 through an adjustable selective drive means
      which will now be described.
PAR  A solenoid lever or driving actuating means 71 is attached to a hub 72
      fitting over a shaft or pivot 73 preferrably attached to the front plate 8
      and extending into the back plate 2. This lever is generally flat and
      extends closely adjacent the back plate 2 as shown in FIGS. 3 and 5. This
      plate extends across the back of the housing and includes an out-turned
      portion 75 which extends into a notch in the solenoid plunger 76. This
      solenoid lever 71 is biased in a clockwise direction by a torsion type
      spring 78 carried by hub 72. It will be apparent that when the solenoid 70
      is deenergized as shown in FIG. 1 the spring will rotate the lever to its
      counterclockwise limit of rotation which is determined by bottom of hold
      79 in the solenoid lever engaging the pin 22 which passes through this
      hold as shown in FIG. 5. When the solenoid is energized, the plunger 76
      will move downwardly as shown in FIG. 1 and act through ear 75 to rotate
      lever 71 counterclockwise against the action of its biasing spring.
PAR  As shown in FIG. 6, the solenoid lever carries a clutch on-delay mode
      selector 80, a clutch off-delay mode selector 81 and a switch mode
      selector 82. The mode selector 80 is of spring material and lies in front
      of the solenoid lever, being attached thereto by a rivet 82 which is set
      so as to permit rotation of the mode selector 80 relative to solenoid
      lever 71. This mode selector carries an operating abutment means 83 which
      is preferrably a pin having a shoulder and a reduced portion which is
      upset behind the mode selector. This pin extends into a double recess
      having an active upper circular opening and a lower inactive opening. The
      back end of abutment or selective engaging means 83 is accessable from
      outside of the timer case through an opening 85 which is normally covered
      by the timer motor 36. It may be adjusted from its active position to its
      inactive position and vice versa by applying a pointed tool into the back
      of the stud and pushing it forwardly to release the end from the recess in
      the solenoid lever. After the end of pin 83 clears the lever, it is free
      to rotate and may be rotated to its other position where it snaps into
      place. This arrangement thus provides spring means for allowing movement
      of the mode selector and detent means for retaining the selector in its
      adjusted position. The off-delay mode selector 81 may be identical with
      the on-delay selector 80 and includes a pin 86 which may be set at either
      active or inactive position.
PAR  The switch mode selector 82 includes a stud 87 which is identical with stud
      83 and fits into active and inactive recesses formed in the plate. This
      mode selector 82 also includes a stud 88 which extends forwardly in
      identical manner to the other studs. As shown in FIG. 16 the stud 88 is in
      position to co-act with the operating surface 56 of the power lever 53. It
      will be apparent that when this stud is in its active position as shown,
      making of the solenoid circuit will energize same causing the plunger 76
      to move down and rock the solenoid lever counterclockwise. Stud 88 will
      now engage the operating surface 56 of the power lever 53 which causes
      this lever to rotate clockwise and raise the switch operator to timing
      position. Stud 88 when active thus causes the timer to shift to timing on
      make of a circuit and is thus referred to as "M." When the stud 88 is in
      its active position, which is down as seen in FIG. 6, the stud 87 is in
      its bottom detent which is its inactive position. The stud 87 when active,
      is in its upper position and held there by its holding detent. In this
      position, when the solenoid drops out, it engages the lifting surface 57
      for the power lever 53 and it moves the mechanism to timing position. Stud
      87 thus, when active, causes the timer to shift to timing on a break in
      the solenoid circuit and is thus referred to as "B."
PAR  When an on-delay clutch is desired the on-delay mode selector 80 is set to
      its active position and the off-delay selector 81 is set to its inactive
      position. This arrangement is shown in FIGS. 7 and 8. When the solenoid is
      out as shown in FIG. 7, the on-delay actuator engages the left hand
      operating surface 28 of the clutch lever and rotates the lever to clutch
      disengaged position. When the solenoid is energized the on-delay selector
      drops permitting counterclockwise rotation of the clutch lever engaging
      the clutch. As the off-delay selector is in its inactive position it is up
      and out of the way and does not interfere with engagement of the clutch.
PAR  In off-delay clutch operation it is desired, the on-delay abutment 83 is
      moved down to its inactive position and the off-delay abutment 86 is moved
      down to its active position. This setting is shown in FIGS. 9 and 10. When
      the solenoid is out as shown in FIG. 9, neither abutment engages the
      solenoid lever and the clutch is engaged as shown. However, when the
      solenoid is energized, the off-delay abutment 86 engages operating surface
      27 of the solenoid lever 25 rotating this lever clockwise to disengage the
      clutch.
PAR  If solenoid operation of the clutch is not desired, both clutch mode
      selectors are placed in their inactive positions. When in these positions
      neither abutment 83 or 86 will engage the clutch lever regardless of the
      position of either the solenoid lever or clutch lever. It will be noted
      from FIG. 11 that the clutch is disengaged by the timing mechanism at the
      timed-out position. Hence it is unnecessary for the solenoid to have any
      effect on the clutch in order for the timer to go through its cycle.
PAR  Referring now to the switch mode selector, FIGS. 13 and 14 show the action
      occuring when the selector is set for B active. This setting of the switch
      mode selector automatically makes the B stud 87 active and the M stud 88
      inactive. This setting of the mode selector is used when it is desired for
      the timer to transfer from the timed-out to timed position on a break in
      the solenoid control circuit. This setting would be used for an on-delay
      timer or for an interval timer in which the cycle is to start on a break
      in the control circuit. FIG. 13 shows the position of the switch operator
      in the timed-out position with the solenoid energized. As the M stud 88 is
      in its inactive position it has not interferred with the counterclockwise
      rotation of drive lever 53 to its down position. Also the B stud 87 is in
      its down position due to the solenoid being energized. The switch operator
      40 is thus down allowing the switch to be in its timed-out position. At
      this time the end of the switch operator 40 is engaging the stationary
      stud 90 which limits its downward travel and a space exists between the
      end of lifting latch 48 and the lifting surface 52 of drive lever 53. The
      switch operator 40 is thus in its timed-out position and the clutch is
      disengaged as shown in FIG. 11.
PAR  When the solenoid is deenergized, its biasing spring rotates the solenoid
      lever 71 clockwise and the B stud 87 engages the lifting surface 57 of
      drive lever 53 rotating it clockwise about its pivot. This first takes up
      the space between the surface 52 and the end of the latch. Thereafter
      rotation of the drive lever causes corresponding rotation clockwise of the
      switch operator 40 to the timing position shown in FIG. 14. At this time
      the operator 40 is also held in its timing position by the holding latch
      49 (FIG. 12). Also the switch operator has released the clutch lever 25
      allowing the clutch to engage. As the holding latch is now holding the
      switch operator in timing position independently of the lifting latch 48
      it is now immaterial whether the solenoid is in or out in order for the
      switch operator to remain in timing position. All that is necessary now in
      order to complete a timing cycle is for the solenoid to be in position for
      allowing clutch engagement and for the timer motor to be energized. When
      these conditions are met, the timer runs through its cycle and
      simultaneously releases both the holding latch and the lifting latch
      permitting the parts to move back to the timed-out position as shown in
      FIG. 11. In order to start a new cycle, the solenoid must be in its
      energized position after completion of the time cycle as shown in FIG. 13
      in order for the lifting latch 48 to return to latching position.
PAR  From the foregoing it will be apparent that setting of the B switch mode
      selector 87 to its active position, will cause the timer to shift from its
      timed-out position to timing position when the control circuit to the
      solenoid is broken. When other conditions are met causing the timer motor
      to run and the clutch to engage, the timer will run through its cycle and
      return to the timed-out position.
PAR  FIGS. 15 and 16 show the action occuring when the switch M mode selector 88
      is set to its active position. At this time the B abutment 87 is in its
      inactive position. FIG. 15 shows the positions of the parts when the
      solenoid is out and the timer is in its timed-out position. At this time
      the switch operator 40 is down and its motion is limited by the stud 90.
      The end of lifting latch 48 is in the path of the end 52 of the drive
      lever. The M stud 88 is adjacent the operating surface 56 of the drive
      lever and the inactive B stud 87 has not interferred with the downward
      travel of the drive lever. When the solenoid is energized, it rotates the
      lever 71 counterclockwise and the M abutment 88 engages surface 56 of the
      drive lever causing it to rotate clockwise about its pivot. This acts
      through the latch 48 to lift the switch operator 40 to its timing position
      where it is now held by the holding latch 49. As the switch operator is
      now held in timing position by the holding latch it is immaterial whether
      the solenoid is energized or deenergized in order for the timer to remain
      in timing position. As shown in FIG. 12, the clutch is permitted to engage
      by the switch operator. All that is necessary now in order to complete a
      timing cycle is for the motor to be energized and for the solenoid to be
      in position for the clutch to engage. When these conditions are met the
      timer runs through its time cycle and releases the holding and lifting
      latches and the switch operator returns to its timed-out position as shown
      in FIG. 11 where the clutch is disengaged by the switch operator
      independently of the solenoid position.
PAR  In some applications it may be desirable for the switch position to be
      dependent on the solenoid position during the time cycle. For example in
      an interval timing application it may be desirable for the switch to
      return from timing to timed-out in the event the solenoid is deenergized
      during the cycle. In such applications the holding latch 49 may be omitted
      so that the switch operator position is dependent upon the solenoid.
PAR  From the foregoing it will be apparent that the invention provides a low
      cost automatic reset timer in which the response in clutch operation and
      in transferring of the switch from timed-out to timing are independently
      adjustable. It will be further apparent that these adjustments can be made
      without disassembling the timer through openings in the back plate of the
      timer which are normally covered by the timer motor. It will be further
      apparent that setting of the mode selectors for the clutch and switch
      operation provide for many different responses or "models" of timers.
      Setting of the mode selectors for the particular application simplifies
      control circuitry and also simplifies stocking problems for dealers. One
      basic model replaces a wide variety of standard and special models
      heretofore required. While a preferred form of the invention has been
      showed and described it is obvious that many modifications may be made
      without departing from the spirit and scope of the invention as defined in
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automatic reset timer having a timer motor and mechanism
      components including a spring return timing element and drive means
      including a clutch whereby the timing element is driven in one direction
      when the clutch is engaged and returns to a starting point when the clutch
      is disengaged, a clutch operating lever for controlling the clutch, said
      clutch lever having a pivot, a first operating surface on one side of the
      pivot and a second operating surface on the other side of the pivot, an
      electromagnet, an operator actuated by the electromagnet and adjacent to
      the clutch operating lever, means including an enclosure plate for at
      least partially enclosing the mechanism components, the clutch lever and
      the operator, said operator being mounted near said plate on one side
      thereof, and first and second abutment means bodily carried by the
      operator and arranged to cooperate with the first and second operating
      surfaces respectively of the clutch lever to cause movement thereof in
      response to movement of the electromagnet, each abutment means being
      adjustable on the operator between an active position where it is operable
      to cause movement of the clutch lever and an inactive position where it
      has no effect on the clutch lever, and means accessible from the other
      side of the plate for adjusting the positions of said abutment means.
NUM  2.
PAR  2. In an automatic reset timer having a timer motor and mechanism
      components including a spring return timing element and drive means
      including a clutch whereby the timing element is driven in one direction
      when the clutch is engaged and returns to a starting point when the clutch
      is disengaged, an operator for the clutch having one position in which the
      clutch is engaged and another position in which the clutch is disengaged,
      an electromagnet, adjustable motion transmitting means between said
      electromagnet and said operator arranged to apply power from the
      electromagnet to the operator and move the operator from one of its
      positions to its other position, said motion transmitting means including
      driving actuator means actuated by the electromagnet and driven actuator
      means causing movement of the operator to its timing position, one of said
      actuator means including a pivot, and adjustable selective engaging means
      bodily carried by one actuator means for engaging the other, said
      selective engaging means being arranged to provide engagement on one side
      or the other of the pivot and reverse the direction of movement of the
      operator relative to the electromagnet, said selective engaging means
      including a member permanently attached to its actuator means and movable
      between an active position and an inactive position, and means including
      spring means and detent means associated with said member for holding it
      in at least one of its positions.
NUM  3.
PAR  3. In an automatic reset timer having a timer motor and mechanism
      components including a spring return timing element and drive means
      including a clutch for driving the timing element in one direction when
      the clutch is engaged and returning the timing element to a starting point
      when the clutch is disengaged, a control device, an operator for the
      control device having a timing position and a timed-out position, an
      electromagnet, adjustable motion transmitting means between said
      electromagnet and said operator arranged to apply power from the
      electromagnet to the operator and move the operator from its timed-out
      position to its timing position, said motion transmitting means including
      lever means having a pivot, a first operating surface for the lever means
      on one side of the pivot and a second operating surface for the lever
      means on the other side of the pivot, a second operator actuated by the
      electromagnet and located adjacent the lever means, and first and second
      abutment means bodily carried by the second operator and arranged to
      cooperate with the first and second operating surfaces respectively, said
      abutment means being adjustable from active positions to inactive
      positions for determining whether the first operator is moved to timing
      position by energization or deenergization of the electromagnet.
NUM  4.
PAR  4. The combination recited in claim 3 in which the motion transmitting
      means between the electromagnet and operator includes latching means, the
      motion being transmitted through the latching means, and means operated by
      the timing element for releasing the latching means.
NUM  5.
PAR  5. The combination recited in claim 3 including latching means for holding
      the operator in timing position independently of the electromagnet, and
      means operated by the timing element for releasing the latching means.
NUM  6.
PAR  6. The combination recited in claim 4 including a second latching means
      arranged to hold the operator in timing position independently of the
      electromagnet, and means for releasing the second latching means
      substantially simultaneously with the first latching means.
NUM  7.
PAR  7. In an automatic reset timer having a timer motor and mechanism
      components including a spring return timing element and drive means
      including a clutch for driving the timing element in one direction when
      the clutch is engaged and returning the timing element to a starting point
      when the clutch is disengaged, a control device, an operator for the
      control device having a timing position and a timed-out position, an
      electromagnet, adjustable motion transmitting means between said
      electromagnet and said operator arranged to apply power from the
      electromagnet to the operator and move the operator from one of its
      positions to its other position, said motion transmitting means including
      driving actuator means actuated by the electromagnet and driven actuator
      means causing movement of the operator to its timing position, one of said
      actuator means including a pivot, and adjustable selective engaging means
      bodily carried by one actuator means for engaging the other, said
      selective engaging means being arranged to provide engagement on one side
      or the other of the pivot and reverse the direction of movement of the
      operator relative to the electromagnet, said selective engaging means
      including a member permanently attached to its actuator means and movable
      between an active position and an inactive position, and means including
      spring means and detent means associated with said member for holding it
      in at least one of its positions.
NUM  8.
PAR  8. The combination recited in claim 7 in which the motion transmitting
      means between the electromagnet and operator includes latching means, the
      motion being transmitted through the latching means, and means operated by
      the timing element for releasing the latching means.
NUM  9.
PAR  9. The combination recited in claim 7 including latching means for holding
      the operator in timing position independently of the electromagnet, and
      means operated by the timing element for releasing the latching means.
NUM  10.
PAR  10. The combination recited in claim 8 including a second latching means
      arranged to hold the operator in timing position independently of the
      electromagnet, and means for releasing the second latching means
      substantially simultaneously with the first latching means.
NUM  11.
PAR  11. In an automatic reset timer having a timer motor and mechanism
      components including a spring return timing element and drive means
      including a clutch for driving the timing element in one direction when
      the clutch is engaged and returning the timing element to a starting point
      when the clutch is disengaged, a control device, an operator for the
      control device having a timing position and a timed-out position, an
      electromagnet, adjustable motion transmitting means between said
      electromagnet and said operator arranged to apply power from the
      electromagnet to the operator and move the operator from one of its
      positions to its other position, said motion transmitting means including
      driving actuator means actuated by the electromagnet and driven actuator
      means causing movement of the operator to its timing position, one of said
      actuator means including a pivot, and adjustable selective engaging means
      bodily carried by one actuator means for engaging the other, said
      selective engaging means being arranged to provide engagement on one side
      or the other of the pivot and reverse the direction of movement of the
      operator relative to the electromagnet, a clutch operator having one
      position in which the clutch is engaged and another position in which the
      clutch is disengaged, adjustable motion transmitting means between the
      clutch operator and the electromagnet, said last mentioned motion
      transmitting means including a second driven actuator means driven by said
      driving actuator means and a second selective engaging means bodily
      carried by one of said last mentioned actuator means, said second
      selective engaging means being arranged for reversal of motion of the
      clutch operator relative to the electromagnet.
NUM  12.
PAR  12. The combination recited in claim 11 in which the clutch is also
      released by movement of the first operator to its timed-out position, and
      in which the second selective engaging means is settable to prevent
      actuation of the clutch operator by the electromagnet.
NUM  13.
PAR  13. The combination recited in claim 11 in which the motion transmitting
      means between the electromagnet and operator includes latching means, the
      motion being transmitted through the latching means, and means operated by
      the timing element for releasing the latching means.
NUM  14.
PAR  14. The combination recited in claim 11 in which the motion transmitting
      means between the electromagnet and operator includes latching means, the
      motion being transmitted through the latching means, and means operated by
      the timing element for releasing the latching means.
NUM  15.
PAR  15. The combination recited in claim 13 including a second latching means
      arranged to hold the operator in timing position independently of the
      electromagnet, and means for releasing the second latching means
      substantially simultaneously with the first latching means.
NUM  16.
PAR  16. In an automatic reset timer having a timer motor and mechanism
      components including a spring return timing element and drive means
      including a clutch for driving the timing element in one direction when
      the clutch is engaged and returning the timing element to a starting point
      when the clutch is disengaged, a control device, an operator for the
      control device having a timing position and a timed-out position, means
      biasing said operator toward its timed-out position, an electromagnet,
      drive means including a latch between said electromagnet and operator
      whereby motion of the electromagnet causes movement of the operator from
      its timed-out position to timing position through said latch, and means
      actuated by said timing element for releasing the latch to cause return of
      the operator to timed-out position.
NUM  17.
PAR  17. The combination recited in claim 16 including a second latch arranged
      to hold the operator in timing position independently of said first latch
      and drive means, and means actuated by the timing element for releasing
      both latches substantially simultaneously.
NUM  18.
PAR  18. In an automatic reset timer having a timer motor and mechanism
      components including a spring return timing element and drive means
      including a clutch for driving the timing element in one direction when
      the clutch is engaged and returning the timing element to a starting point
      when the clutch is disengaged, a control device, an operator for the
      control device having a timing position and a timed-out position, an
      electromagnet, means independent of the electromagnet continuously biasing
      said operator towards its timed-out position, drive means between the
      electromagnet and operator whereby motion of the electromagnet in one
      direction causes movement of the operator against its bias to timing
      position, means including a latch independent of the electromagnet for
      holding the operator in timing position, means for causing movement of the
      electromagnet in the opposite direction and starting said timing element,
      and means actuated by the timing element for releasing the latch to cause
      return of the operator to timed-out position.
NUM  19.
PAR  19. The combination recited in claim 18 in which the drive means between
      the electromagnet and operator includes a latch which when released
      disables the drive means, and means actuated by the timing element for
      releasing both latches substantially simultaneously.
PATN
WKU  039477916
SRC  5
APN  5404630
APT  1
ART  212
APD  19750113
TTL  Locking device having low control power for an electrical device
ISD  19760330
NCL  8
ECL  1
EXP  Broome; Harold
NDR  3
NFG  4
INVT
NAM  Hennemann; Jean
CTY  Homblieres
CNT  FR
ASSG
NAM  UNELEC
CTY  Cedex
CNT  FR
COD  03
PRIR
CNT  FR
APD  19740122
APN  74.02091
CLAS
OCL  335167
XCL  200320
XCL  335172
EDF  2
ICL  H01H 7302
FSC  335
FSS  167;168;169;170;171;172;173;174;175
FSC  200
FSS  320
UREF
PNO  3748609
ISD  19730700
NAM  Wallace et al.
OCL  335174
UREF
PNO  3808567
ISD  19740400
NAM  Maier
OCL  335167
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  Locking device of low control power for an electrical device having,
      between the locked part and the locking control element, a locking
      assembly having a rolling movement. This locking assembly has a rotating
      bearing and at least one coaxial disk is installed floating in a yoke
      connected with the control element. The device is installed more
      particularly on circuit-breakers for which it ensures accurate
      controlling, low consumption of power and high reliability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention concerns a locking device having low control power
      for an electrical device and comprising, between a locked part and a
      control element for the locking operation, a locking assembly and relates
      more particularly to the measurements to be taken both at the level of the
      structure of the said device and at the level of the kinetic drive chain
      intended for ensuring the accuracy of its operation with the required
      speed and the saving of power consumed by the manoeuvring of the said
      control element.
PAR  2. Description of the Prior Art
PAR  It is already known, at the level of the locking contacts, to replace the
      sliding friction by the very slight rolling friction, using parts having a
      relative rolling movement. It is more particularly known to arrange, as an
      assembly locking two superimposed rolling elements between which is
      inserted and pressed together by the locking force, a rod used for
      controlling the locking operation. Moreover, the fact of subjecting the
      control rod to the total locking effort, entails, more particularly, the
      difficulty of obtaining an accurate positioning of the parts subjected to
      a great stress. Moreover, the necessary guiding of the control rod having
      a linear movement induces spurious efforts which may be great if the
      system is badly balanced or on account of an inaccurate positioning.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to obviate such a disadvantage by
      the use of a locking assembly comprised between the intermediate locked
      part and the locking control element. That locking assembly is formed by a
      rotating bearing and at least one coaxial disk respectively in rolling
      contact at its periphery with the said intermediate locked part and with a
      support surface; whereas the said assembly is installed floating at one of
      the ends of the said control element.
DRWD
PAR  The aim and the other characteristics of the invention will become apparent
      from the example of embodiment, having no limiting character and in
      connection with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the locking device according to the invention connected up to
      a circuit-breaker.
PAR  FIGs. 2a, 2b and 2c show the locking device in the respective positions:
      before, during and after unlocking.
PAR  FIG. 3 is an exploded perspective view of the locking assembly according to
      FIG. 2.
PAR  FIG. 4 shows an axial cross-section view of the locking assembly according
      to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the locking device 1 is connected up to the circuit-breaker 2
      provided with a tilting handle 3 enabling, by its movement in the
      direction of the arrow 4, the closing of the mobile contact 5 on the fixed
      contact 6 of the circuit-breaker 2.
PAR  The intermediate or bolt 7 locked by the locking device 1 acts as a bolt
      for the part 8 in the control mechanism for the circuit-breaker 2, by
      means of the cleat 9 which it bears.
PAR  The locking device 1 is used for the automatic opening of the
      circuit-breaker by action on the control lever 10 rotating about its axis
      11 under the effect of a force directed along the arrow 12, so that the
      locking assembly 13 releases the intermediate part 7 whose rotation about
      axle 14 releases, in its turn, the mechanism of the circuit-breaker 2 and
      ensures the separating of the contacts 5 and 6, the part bearing the
      contact 5 rotating about axis 15. This assumes, of course, that before the
      manual closing by means of the tilting handle 3, the tripping of the
      mechansim is effected by moving the handle 3 in the direction of the arrow
      16.
PAR  The locking assembly 13 itself comprises a bearing 17 rotating about an
      axle 18 and comprised between two coaxial disks 19 installed on the axle
      18 and in rolling contact at their periphery with the fixed axle 11. The
      axle 18 is installed floating in the hollowed parts or slots 20 of the
      yoke 21 forming one of the ends of the control lever 10; whereas a fixed
      spring 22 permanently presses on the disks 19 with an effort which is very
      slight but sufficient for keeping the locking assembly 13 in position.
PAR  In the locking position, the bearing 17 is in contact at its periphery at
      two points 23 and 24 with the locked intermediate part 7, ensuring,
      respectively, the locking contact and the position of the locking assembly
      13; whereas the disks 19 bear against the axle 11.
PAR  In FIGS. 2a, 2b, 2c, the parts fulfilling the same functions have the same
      reference numerals as those corresponding to them in FIG. 1 assigned to
      them. Moreover, the pressure spring 22 of the locking assembly 13 is not
      shown.
PAR  In FIG. 2a, the intermediate part 7 is locked and its point of contact 23
      with the locking assembly 13 is such that the extension of the line
      perpendicular to the periphery of the bearing 17 at the said point 23 and
      passing through the point 25, which is the axis of symmetry of the shaft
      18, be offset but near to the axis of symmetry 26 of the fixed axle 11 and
      on the same side as the part 7; in this way, on the one hand, the point 25
      is on the same side as the part 7 with respect to the straight line
      connecting together the points 23 and 26 and the angle a formed by the
      straight lines 23, 25 and 23, 26 is very small. The stop 27, fixed on the
      yoke 21, determines, by its contact with the part 7, the position of the
      locking assembly 13 when it fulfills the locking function.
PAR  In FIG. 2b, by actuating the control lever in the direction of the arrow
      12, the locking device has been set in motion, the contact of the stop 27
      with the part 7 has ceased and the locking contact point of the part 7 by
      the assembly 13 has reached point 29, so that the three points 29, 25 and
      26 are alined.
PAR  To make the locking device pass from the position in FIG. 2a to that in
      FIG. 2b, it was necessary to exert an effort on the locking assembly 13.
      Designating as F the locking force, that is, the force exerted at 23 by
      the part 7 on the assembly 13 in the direction of the straight line 23, 25
      and neglecting the rolling friction forces exerted on the assembly 13 both
      at the point 23 and at the contact points of the disks 19 with the fixed
      axle 11, it may be admitted that the force applied at 25, perpendicularly
      to the straight line 23, 25 is proportional to the product Fa, the
      smallness of the angle a allowing the merging of the sine and the arc:
      this is the force which should be overcome to effect the unlocking and the
      elementary work being proportional to Fa da, da representing the
      elementary variation of the angle, the power to be provided for passing
      from the position in FIG. 2a, in which the original angle is a, to that in
      2b, in which the final angle is zero, is proportional to a2 and
      consequently very small.
PAR  To pass from the position in FIG. 2b to that in 2c, no effort is needed,
      for the tangential force exerted on the point 25 has changed direction
      after having been cancelled and then, the spring of the mechanism of the
      circuit-breaker 2 provides the movement power of the device.
PAR  In FIG. 3, the spring 22 bears against the disks 19 to keep the locking
      assembly 13 in position in the hollowed parts or slots 20 of the yoke 21
      in which the ends of the shaft 18 supporting the rotating bearing 17
      revolve. Moreover, that spring 22 automatically ensures the return to the
      locking position such as shown in FIG. 2a of the locking assembly 13 and
      of the control lever 10 at the time of the circuit-breaker tripping
      operation, an operation which has the effect of bringing the locked part 7
      into its original-position as in FIG. 2a. That automatic return can be
      effected only if the action on the control lever 10, in the direction of
      the arrow 12 has ceased. In the contrary case, it is then impossible to
      trip the locking mechanism and hence to close the circuit-breaker.
PAR  In FIG. 4, the rotating bearing is a ball bearing 30 with balls 31, whose
      internal cage 32 is force fitted on the shaft 18 whereas the external cage
      33 acts as a bearing surface for the part 7 (FIG. 3). The disks 19 are
      fitted onto the shaft 18 so that during the operations, only the rolling
      forces of the disks 19 on the fixed axle 11 are brought into play.
PAR  This device, due to the use of rolling friction forces, cancels the
      uncertainties concerning their values, this giving rise to the double
      advantage of the accuracy of the position of the device in the locking
      state and of the precision of its operation based on that state.
PAR  Moreover, taking into account the reduction of the forces to be brought
      into play, the device has a lighter structure, slighter wear and hence
      greater reliability and speed of operation than those in known devices.
PAR  It is self-evident that the description of these few variants has no
      exhaustive character, but that the protection sought by the present
      application comprises all the variants corresponding to the general
      definition which has been given thereof and more particularly those using
      equivalent means to those described and within the understanding of the
      man in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Locking device having a low control power for locking an electrical
      device including a lockable part, said control device comprising: a
      locking control element, a locking assembly operatively positioned between
      said lockable part and said locking control element and responsive to
      movement of the locking control element to release said lockable part; the
      improvement wherein: a bolt is operatively positioned between said locking
      assembly and said lockable part for selectively locking and unlocking said
      lockable part and in turn being selectively locked by said assembly, and
      wherein said assembly comprises a rotating bearing and at least one
      coaxial disk, said bearing and said disk respectively being in rolling
      contact at their periphery with said bolt and with a fixed bearing surface
      and wherein said bearing assembly is floatingly mounted on said control
      element.
NUM  2.
PAR  2. The locking device as claimed in claim 1, wherein said rotating bearing
      comprises a shaft mounted for rotation within slots provided within a yoke
      connected to a lever and constituting said control element, a pair of
      coaxial disks fixed to said shaft, a ball bearing is provided between said
      disks including an external cage whose diameter is smaller than that of
      said coaxial disks and having an internal cage interposed between said
      disks internally of said external cage and in contact with said shaft.
NUM  3.
PAR  3. Locking device having low control power for an electrical device
      according to claim 1, wherein: the bearing surface is a fixed cylindrical
      axle.
NUM  4.
PAR  4. Locking device having low control power for an electrical device
      according to claim 3, wherein: the control element is installed to rotate
      on the fixed cylindrical axle.
NUM  5.
PAR  5. The locking device having low control power for an electrical device
      according to claim 4, wherein: a spring biases the locking assembly in
      position in the yoke and ensures an automatic return of the locking
      assembly and of the control element to the position corresponding to the
      locking when the bolt is brought back to that same position.
NUM  6.
PAR  6. The locking device having low control power for an electrical device
      according to claim 1, wherein: at the end of the locking movement, an
      auxiliary support means ensures, for the axle of the locking assembly a
      position near to the line joining the locking contact to the cylindrical
      support axle and situated, in relation thereto on the same side as the
      bolt.
NUM  7.
PAR  7. The locking device having low control power for an electrical device
      according to claim 6, wherein: a stop installed near the end of the yoke
      of the control element forms an auxiliary bearing means co-operating with
      the front end of the bolt.
NUM  8.
PAR  8. The locking device having low control power for an electrical device
      according to claim 6, wherein: the rotating bearing of the locking
      assembly forms a support means by making a second contact with the bolt.
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ABST
PAL  A relay is constructed to have movable contacts on flat contact carriers
      extending e.g. from a swivel armature and moving in a space between
      corresponding flat yoke legs. The contacts on the carrier cooperate with
      fixed but resiliently mounted contacts. The carriers have permanent
      magnets to obtain magnetic blowing of any arc, and air flow around the
      carrier is confined to run transverse thereto also across the carrier
      contact surfaces. Both actions on the arc extend transverse to the
      direction of carrier movement upon relay actuation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electromagnetic relay with moving contacts
      which are operated by an armature and cooperate with fixed contacts.
PAR  Practically all kinds of electromagnetic relays are constructed in such a
      way that an armature in the form of a pivoting armature, rotating armature
      or the like, is operated electromagnetically, thereby causing displacement
      of contacts which, for example, disengage or engage corresponding fixed
      contacts. Moving contacts as well as fixed contacts are usually mounted on
      contact springs. To this end, moving contacts can be operated by operating
      bridges or the like which are influenced by the armature.
PAR  Opening the contacts in all such relays, particularly those adapted for
      switching high power, results in an arc as a result of which the contact
      surfaces are destroyed. Such a destruction of the contacts also
      substantially reduces the service life of the relays because, on the one
      hand, contacts with a destroyed surface no longer reliably provide an
      adequately low transfer or contact resistance and, on the other hand,
      contact burning also influences all the other operating values of the
      relay to a substantial extent. For example, the contact pressure of burned
      contacts is reduced. Moreover, the springs of burnt contacts store less
      energy so that the armature motion which is effected or influenced by the
      spring force is slowed down and, depending on the construction, causes
      slower contact opening speeds and accordingly increased contact burning or
      involves other disadvantages.
PAR  Arcing between opening contacts of a relay rapidly renders such a relay
      useless, particularly if the spark gap is maintained for a prolonged
      period and carries a heavy current. Contact burning of this kind can be
      retarded to a certain extent by using high-grade contact material. There
      are naturally limits to this procedure, so that the service life of a
      relay and its reliability depends in the first place on the extent to
      which it is possible to avoid prolonged, severe arcing between opening
      contacts. Advantages in this and other respects are obtained by
      encapsulating the entire relay or at least the contacts in a protective
      atmosphere, but this procedure is costly and therefore not always
      possible.
PAC  DESCRIPTION OF THE INVENTION
PAR  The object of the present invention is to provide an electromagnetic relay
      in which contact burning is substantially reduced in a simple manner.
PAR  According to the preferred embodiment of the present invention it is
      suggested to improve an electromagnetic relay having moving contacts
      actuated by an armature and cooperating with fixed contacts in that a
      magnetic flux path is established which extends perpendicularly to the
      direction of motion of the contacts and parallel to the contact surfaces
      and that the magnetic flux is effective at least while the moving contacts
      are in motion. A magnetic flux of this kind applies a force on an arc
      between opening contacts, which force extends parallelly to the contact
      surfaces and perpendicularly to the direction of contact motion as well as
      to the direction of flux, so that an arc of this kind is moved over the
      contact surfaces and does not remain at specific places. Contact erosion
      on the contact surfaces through arcing is thus substantially reduced, and
      the service life of the relay prolonged because any spot on the contact
      surfaces are considerably less extensively heated by the arc.
      Appropriately, the magnetic flux is perpendicular to the contact lines
      when linear contacts are used. In this way the magnetic flux forces an arc
      to travel along the contact lines. This can be readily achieved because
      the distance between the contact lines of opposing contacts is and remains
      always uniform.
PAR  The flux can be generated in different ways, still incorporating specific
      principles of the invention. For example, permanent magnets may be used or
      the flux can be generated by electric energization to obtain magnetic
      blowing force, which displaces a spark or an electric arc in the manner
      described above. One appropriate embodiment of the invention provides that
      a permanent magnet or a magnetically conductive member is associated with
      the armature and/or the moving contacts and produces a flux component
      which extends in the stated direction.
PAR  The present invention also provides either solely or in conjunction with
      the provision of means for displacing an arc that the armature and/or the
      moving contacts or elements supporting the same are constructed in
      sufficiently broad form and are arranged together with the fixed contacts,
      so that motion of the moving contacts produces an airflow for cooling and
      for reducing the plasma between the opening moving and fixed contacts. A
      powerful airflow of this kind also substantially counteracts the
      production of a spark or an electric arc and its continued establishment.
PAR  To generate such a powerful airflow, the invention appropriately provides
      that the moving contacts are mounted as contact surfaces on contact
      carrier members which are rigidly coupled to the relay armature at the end
      thereof, and the air space above and below the armature end and the
      contact carrier member is closed towards the top and bottom. In this way
      the air displaced as a result of armature motion on one side of the
      armature and of the carrier members is utilized mainly for compensating
      the low air pressure which is produced on the receding side of the
      armature and of the contact carrier member as displaced. Since the air
      space at the top and bottom is closed, such compensation cannot be
      obtained from the ambient air as this would result in some circumstances
      in there being either no airflow or only a slight airflow parallel to the
      contact surfaces.
PAR  In order to obtain a further increase of such an airflow which is parallel
      to the contact surfaces, it is advantageous if the air space above and
      below the armature end and of the contact carrier members is closed
      substantially to all sides, with the exception of one side, and in such a
      way that armature motion is accompanied by air compensation flow which is
      confined to flow spaces above or below the armature and between top or
      bottom sides of the armature and of the contact carrier member and here
      substantially only to the free side of the contact carrier. This ensures
      that the air compensation flow from one side of the armature and
      associated carrier members to the other side thereof takes place
      substantially in only one or two analogous flow directions, so that a
      powerful flow is produced in a specific direction parallel to the contact
      surfaces in each instance. Flow of this kind naturally cools an electric
      arc or spark particularly extensively and also dilutes the plasma required
      for maintaining a spark or electric arc to a particularly marked extent.
      To this end the side which is distal with respect to the armature is
      advantageously left free for air compensation, because this provides the
      longest possible path and, therefore, the greatest possible air velocity
      for the compensation flow of air from one side to the other. Accordingly,
      this also results in optimum "blowout" of an electric arc or spark.
PAR  When using elongated contacts, for example, linear contacts, these are
      appropriately and advantageously aligned so that their longitudinal
      extension is orientated in the direction of the side which is left free
      for air compensation. Elongated contacts of this kind close the air space
      on the entire afore-mentioned side for as long as the contacts are closed
      and provide for a particularly powerful suction flow of air at the moment
      at which the contacts are open. A strong airflow will blow almost
      exclusively between the lines of contact and being thus utilized almost
      entirely for cooling the contact surfaces and for diluting the plasma of
      the opening arc. Since the arc of such elongated contacts is displaced in
      the direction of the longitudinal extension of the contacts by virtue of
      the magnetic flux provided to this end, it follows that the air stream
      which passes perpendicularly to the longitudinal extension of the contacts
      produces particularly powerful dilution of the plasma which maintains the
      spark gap, because the velocity of airflow is added geometrically to the
      speed of the spark or electric arc as it is magnetically blown in the
      lateral direction. Given this flow direction, the air will cool the
      appropriate space more effectively than would be the case if the air
      flowed in the direction of the travelling arc because in this case the
      airflow would be extensively heated by the arc in the critical region.
      Given such airflow, the plasma would also be detrimentally displaced
      towards the travelling arc.
PAR  If the moving contacts are constructed as contact surfaces on contact
      carrier members which are associated with the armature, the permanent
      magnet or magnets are mounted on the contact carrier members directly
      adjacent to the contact surfaces in order to produce the desired magnetic
      flux for displacing the arc. This enables a particularly powerful flux
      component to be produced parallelly to the contact surfaces. The magnetic
      flux can flow to yokes or pole pieces which are required for operation of
      the relay and are positioned at the top and bottom, or the flux can flow
      to pole surfaces which are specially provided to this end. Instead of
      permanent magnets one can use magnetically conductive members constructed
      for mounting the contact carrier member to the armature. In this way the
      contact carrier members are mounted by the same element which produces a
      flux for acting on the spark gap without requiring any additional
      expenditure.
PAR  A particularly simple construction airflow provides for control without
      additional expenditure, if the air space above and below the armature end
      and above and below the contact carriers is closed at the top and bottom
      by two correspondingly wide yokes which extend in the direction of the
      drive members in this region and are associated with the relay assumed to
      be provided with a rotating armature. No additional expenditures is
      therefore required for confining the air space at the top and bottom
      because such confining is already provided by the yokes which are in any
      case required. Even better guiding of the airflow is obtained in a simple
      and appropriate manner by lateral bounding of the air space between the
      two yokes in the zone thereof through connecting surfaces between the said
      yokes. Connecting surfaces of this kind may be obtained by simple adhesive
      foil which is provided between the yokes or by encapsulation of the relay.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  The FIGURE is a perspective view of a bistable polarized retentive relay in
      which some parts are shown in sectioned form in the interests of clarity.
DETD
PAR  Proceeding now to the detailed description of the drawings, the relay
      illustrated has two quadrilateral yokes 1 and 2, which could be regarded
      as rings or annuloids of rectangular contour, each yoke having four legs
      accordingly. A permanent magnet 3 and an intermediate piece 4 is disposed
      between two adjacent legs of yokes 1 and 2, there being a corresponding
      assembly interposed between the two oppositely located legs of the two
      yokes. These intermediate pieces 4 function as spacers and are quite
      accurately machined. The same is true for the magnets 3, so that the
      distance between the two yokes 1 and 2 is accurately determined therewith.
PAR  A bobbin or coil carrier 6 is disposed in the open space in and as between
      the central portions of yokes 1 and 2; this carrier 6 carries an
      energizing coil 5, while a pivoting armature 7 is disposed inside of
      bobbin 6. Armature 7 has a shaft or axle 8 for journalling the armature in
      plastic aperture disks 9. These disks are mounted in carrier 6. The
      armature 7 can pivot in one or the opposite direction and its extremeties
      or arm ends can engage diagonally opposed yoke legs, serving as pole-shoes
      accordingly.
PAR  As all parts are circumscribed by the yokes, they can generally be made
      relatively wide, especially in the region of the permanent magnets, so
      that the thickness of the latter which must be of a definite volumetric
      capacity, can be kept relatively small. This offers a number of
      significant advantages; among them is that these permanent magnets may
      have a relatively low magnetic internal resistance, which is important
      from the point of view of increasing the sensitivity of the relay. Since
      the permanent magnets are actually situated in the magnetic circuit of the
      excitation flux, that flux would have to be made greater in proporation to
      any increase in the magnetic resistance in the magnetic circuit.
PAR  The gap between the two yokes needs only be partly filled by the flat
      permanent magnet 3, the remainder being occupied by soft iron parts 4. In
      such a case, the thickness of the permanent magnets and that of the soft
      iron parts determines the spacing between the yokes 1 and 2. In view of
      the ample space made available by the use of wide yokes, the soft iron
      parts may in this case be designed so as to form a magnetic shunt; by this
      means the smallest possible magnet volume and the lowest possible internal
      resistance of the permanent magnet system situated between the yokes may
      be arrived at for a given relay by suitable optimization.
PAR  The two ends of armature 7 each carry two laterally extending contact
      carriers 10 and 11, made e.g. of plastic material. These carriers are
      secured to the respective armature arm by means of a magnetizable rod or
      bar 13, which is inserted in a slot 12 at the particular armature end.
      Each of the carriers 10 and 11 has a contact surface 14 on its respective
      upper or top side, and another contact surface 15 on its lower side.
      Hence, these contact surfaces are moved up and down on pivot motion by the
      armature 7 and constitute non-captive contacts. The entire arrangement has
      eight such contact surfaces, the sub-assembly as illustrated in the front
      of the perspective illustration is dublicated in the rear.
PAR  Each contact surface on the rocking or pivoting armature cooperates with a
      stationary contact 16 having curved, cylindrical contour as facing the
      respective armature contact. Contacts 16 are stationary in the sence that
      they are not mounted on the armature, but they are displaceable due to
      mounting on leaf springs, such as 17. A leaf spring 18 is shown partially,
      carrying also a contact, such as 16, which cooperates with a contact
      surface 14 on an upswing of the armature.
PAR  Due to the swivel, pivot or rocking motion and displacement of the
      armature, one arm of the armature will deflect two springs 17, while the
      other arm deflects two springs 18, with a reversal of deflection action on
      pivoting to the respective other position. The illustrated position of the
      armature shows the end which is visible in the front due to perspective
      illustration, in up position, so that contact carriers 10, 11 deflect the
      two visible springs 18. The rear end of the armature is down accordingly
      and has deflected the two springs corresponding to 17. Each armataure end
      does not abut a yoke leg directly, but sits on a stop sheet 33.
PAR  The relay has four corner assemblies, one assembly being shown in greater
      detail and being comprised of spacer pieces 19, 20 and 21. These leaf
      springs 17 and 18 are secured to these spacer assemblies. These assemblies
      actually serve as mounting structures in that rivets, such as 22, hold
      spacer assemblies and yokes together in the four corners. The springs are
      mounted with the assembly in that fashion and the rivets force
      super-imposed parts together. Not all of the spacers 19, 20, 21, springs
      17, 18 and yokes 1 and 2 have all of the illustrated recesses and
      protrusions in all four corners.
PAR  Each contact surface 14 and 15 is connected to an elongated spring, such as
      25, running parallel to the armature and providing current to the
      respective contact surfaces. The spring doubles back and is run to the
      outside through the respective, associated corner piece 20.
PAR  The ends of contact springs 17 and 18 as well as of springs 25 are
      constructed to lead to connections in and at the respective closest corner
      element 20. These connections may be connected to or engage springs 29 of
      a plug connector 30. The connector 30 is constructed as a frame into which
      the entire relay yoke structure has been inserted. The springs 29 are
      equipped with soldering pins or lugs 31, which can be soldered onto a
      printed circuit board.
PAR  The plug connector 30 is constructed as a frame and has adequate dimensions
      for receiving the yokes as riveted together. The height of depth of that
      frame should not exceed the height of the yoke assembly. This way, no
      additional head room has to be provided for, the frame 30 as
      circumscribing the yoke assembly encases the yoke assembly and the top and
      bottom opening of the yoke structure may be covered by a thin foil. The
      yoke assembly may be just stuck into the frame, and two of its sides cover
      the laterally open space between those yoke legs which serve as pole
      shoes. Two opposite sides of frame 30 have recesses 32, so that the yokes
      as assembled can be gripped by at least one yoke, so that the yoke
      assembly can be removed from the frame.
PAR  The legs of the yoke themselves cover all contact-making parts of the relay
      and are relatively wide. This wide construction does not only serve as
      protection, but the permanent magnets 3 may also have very large base
      surfaces and offer, therefore, very small internal resistance
      (reluctance). As stated, the magnetizable spacers 4 provide for a magnetic
      shunt path which reduces the magnetic resistance regarding energizing flux
      still further, while the volume of magnetized material is quite small. The
      sensitivity of the relay benefits greatly from this feature.
PAR  Each carrier 10 and 11 has additionally two permanent magnetics 26 and 27
      providing one magnetic flux component in direction of the respective
      contact surfaces 14 and 15. These particular flux components establish a
      force acting on an arc or spark between a contact surface on the one hand
      and in direction of longitudinal extension of that counter contact so as
      to drive the spark in axial direction as far as the cylindrical contour of
      the contact 16 is concerned. Therefore, such an arc will not remain
      stationary at the point of development and will not burn a hole. Rather
      the arc will migrate along the contact surfaces and will not unduly heat
      anyone spot. Damage is avoided or at least minimized by such a provision.
PAR  In lieu of the two small permanent magnet rods 26, 27, one can construct
      rod 13 as permanent magnet. Still alternatively, if the rod 13 is made of
      soft magnetic material, stray and leakage flux can be put to use and is
      appropriately run into such rod to obtain the same effect of moving an arc
      over the contact surfaces.
PAR  Owing to the relatively large cross-section of the yokes and of the
      armataure made possible by the construction and technique of the
      invention, permanent magnets do not produce any detrimental effects on the
      contact actuating members in respect of a too rapid saturation of the flux
      path provided for the adhesion of the pivotal armature and for the
      actuation thereof.
PAR  The magnetic action of the permanent magnets or of analogous magnetization
      as setting up a magnetic blowing field along the contact surfaces (which
      is the direction of perspective foreshortening in the perspective view),
      is supplemented by an air blowing action resulting from the following.
PAR  As stated above, yokes as well as armature and also the laterally extending
      contact carriers 10 and 11 are of flat, wide construction. Bearing in mind
      that these contact carriers are moving inside of the gap as set up by wide
      vertically facing yoke arms, e.g. 1a, 2a, it appears that upon contact
      actuation rather large quantities of air are being displaced. That gap is
      now to be closed laterally by foils such as 40 along the outside of the
      assembly as well as by a foil on the inside of the yoke assembly having
      also, in the drawing, vertical extension and laterally closing off the gap
      spaces between those yoke legs (between which the carriers 10 and 11
      move). The inside foils will respectively extend on one side each right
      next to the armature 7 and where reaching into that gap space and on the
      respective other sides to the corner pieces. This way the inside foils
      face individually carriers 10 and 11.
PAR  If the carriers 10 and 11 are about as wide as the yoke legs, then the air
      flows e.g. from above the armature and the carriers in opposite directions
      along but underneath yoke arm 2a; assuming, of course, that this end of
      the armature moves up. Considering more closely carrier 11, air will flow
      across contact surface 14 towards and around end 11a to the space below
      (see arrow 41). The air will then flow along yoke leg 1a and below the
      carrier 11 towards the armature. The airflow around carrier 10 is
      symmetrical thereto. In the case of armature actuation in the opposite
      direction, the airflow will reverse accordingly and will run always
      predominantly along the yoke legs and carriers. Specifically, then, the
      airflow above and below the contact carrier runs predominantly along the
      yoke extension, transverse to the cylinder axis as defined by the
      cylindrical contact surface portion of contacts 16 and here particularly
      across the line along a contact 16 that has just been opened as well as
      across the line on contact 15 which was just engaged therewith. This
      airflow runs also transverse to the magnetic blowing field as resulting
      from the magnets 26, 27. Some air will also flow down along these foils,
      such as 40, but the foils impede significantly any significant flow, which
      bypasses the just disengaged contact surfaces. The main airflow will have
      a definite component in the stated direction, whereby on the side of the
      carrier (upper or lower as the case may be) carrying the contact surface
      (14 and 15) being subject to contact opening, air will always be blown
      towards the armature across the respective surface, transverse to the
      direction of magnetic blowing.
PAR  The blowing dilutes any air and cools the contact surfaces which is
      beneficial for the life of the relay and avoids undue or premature
      burning. The air pumping action is supplemented by the springs 17 and 18
      for the following reasons. As the contact carriers and armature have, for
      example, a down position, spring 17 is deflected down. These springs 17
      and 18 are also rather wide. If the armature pivots, so that the contact
      carriers are moved up, the contact 16 on the deflected spring 17 does not
      yet disengage from the carrier contact, so that the air space does not yet
      participate significantly in an air compensating flow. The still closed
      contacts on that side serve also as a barrier against any flow around e.g.
      the end 11a of carrier 11. The air above is thus slightly compressed as
      carrier 11 moves towards flat spring 18. Thus, as soon as contact 16/15
      opens, a rather strong airflow is induced around end 11a and across
      surface 15 as just receding from contact 16 on spring 17, forcefully
      blowing against any arc in transverse direction as it migrates along
      contact 16 under magnetic blowing action as described.
PAR  The invention is not limited to the embodiments described above, but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electromagnetic relay having at least one movable contact on an
      armature and cooperating with at least one stationary contact, the
      improvement comprising at least one of the contacts constructed and
      contoured to have curved cylindrical surface contour, so that the contacts
      make contact along a line of contact closing only, extending transversely
      to the direction of movement of the movable contact, when the relay is
      actuated; and means for generating a magnetic flux extending transversely
      to the said direction of movement of the contacts as well as transversely
      to said line and parallel to and in the vicinity of the contact surfaces,
      so that any arc is forced along said line following opening of the
      contacts and for at least a period during which the movable contacts are
      being moved.
NUM  2.
PAR  2. An electromagnetic relay as claimed in claim 1, and including means for
      conducting the magnetic flux from the armature to said contact on the
      armature, the flux extending perpendicularly to the line of contact
      making.
NUM  3.
PAR  3. An electromagnetic relay as in claim 1, wherein the means include at
      least one permanent magnet on a carrier for the moving contacts for
      producing the magnetic flux.
NUM  4.
PAR  4. In an electromagnetic relay having a swivel armature having an end that
      moves in one or the opposite direction upon energization of the relay, the
      combination comprising:
PA1  a flat contact carrier extending from said armature end, moving therewith
      and including magnetic conductive means;
PA1  a contact on said carrier moving therewith in one or the opposite
      direction;
PA1  a stationary contact disposed and constructed to define a line of contact
      closing when making contact with the contact on said carrier, said line of
      contact extending transversely to said direction of moving; and
PA1  said magnetic conductive means providing a magnetic flux in the vicinity of
      said line of contact closing, transversely thereto as well as transverse
      to said direction of moving, so that any arc is forced along said line
      upon opening of the contacts.
NUM  5.
PAR  5. In an electromagnetic relay having a movable armature, moving in one or
      the opposite direction upon actuation of the relay, the combination
      comprising:
PA1  a flat contact carrier extending from a moving end of the armature in a
      direction transverse to said direction of moving;
PA1  a contact on the carrier moving therewith;
PA1  a stationary contact, the contacts being constructed so that at least one
      of them has a cylindrical contour for making of contact between the
      contacts along a line, which extends parallelly to the flat contact
      carrier and transversely to said direction of moving; and
PA1  means for providing a magnetic flux transverse to both, said direction of
      moving and said line of making contact to cause any arc to move along said
      line upon opening of the contacts.
NUM  6.
PAR  6. In an electromagnetic relay, having an armature with at least one end
      moving in one or the opposite direction upon energization of the relay,
      the combination comprising:
PA1  a flat contact carrier extending from the armature and having two narrow
      sides extending away from the armature and a narrow end joining the sides
      opposite the armature;
PA1  a contact on said carrier extending parallel to said end and moving
      therewith;
PA1  a stationary contact, the contacts having contour of at least one convex
      cylindrical surface, so that they make contact along a line;
PA1  means for confining an air-space around said contacts, so that upon
      movement of the contacts away from each other air is moved across the
      contact carrier, transverse to the line of contact and around said end;
      and
PA1  means for providing magnetic blowing action along said line of contact
      making and transverse to said direction of contact moving to move an arc
      developing between the contacts along a path of mininum distance between
      the contacts in any instant, the air flowing transversely to the movement
      of the arc.
NUM  7.
PAR  7. In an electromagnetic relay having at least one movable contact on an
      armature and cooperating with at least one stationary contact, the
      improvement comprising:
PA1  at least one of the contacts constructed and contoured to have curved
      cylindrical surface contour, so that the movable contact and the
      stationary contact make contact along a line of contact closing only, said
      line extending transversely to the direction of movement of the movable
      contact when the relay is actuated;
PA1  means for generating a magnetic flux extending transversely to the said
      direction of movement of the contacts as well as transversely to said line
      and parallel to and in the vicinity of the contact surfaces, so that any
      arc is forced along said line following opening of the contacts and for at
      least a period during which the movable contacts are being moved; and
PA1  means for producing an airflow across said line for cooling and thinning
      the plasma as developed between the opening moving and the stationary
      contact.
NUM  8.
PAR  8. An electromagnetic relay as in claim 7, wherein the moving contacts are
      mounted on a carrier being constructed to be sufficiently broad and being
      arranged together with the stationary contact, so that motion of the
      moving contact produces the airflow across said line for the cooling and
      the thinning of the plasma.
NUM  9.
PAR  9. An electromagnetic relay as in claim 8, wherein the contact carrier is
      rigidly connected to the armature, and means to close the air space above
      and below the armature end and the contact carriers.
NUM  10.
PAR  10. An electromagnetic relay as in claim 9, wherein the air spaces above
      and below the armature end carrying the contact carrier as well as above
      and below the carrier are substantially closed on all sides with the
      exception of one side in such a way that armature motion permits airflow
      between top and bottom of the armature and of the contact carrier to take
      place substantially only on the one free side of the latter.
NUM  11.
PAR  11. An electromagnetic relay as in claim 10 wherein the longitudinal
      extension of elongated contacts extends in the direction of the side which
      is left free for air compensation.
NUM  12.
PAR  12. In an electromagnetic relay having a movable armature, moving in one or
      the opposite direction upon actuation of the relay, the combination
      comprising:
PA1  a flat contact carrier extending from a moving end of the armature in a
      direction transverse to said direction of moving;
PA1  a contact on the carrier moving therewith;
PA1  a stationary contact, the contacts being constructed so that at least one
      of them has a cylindrical contour for making of contact between the
      contacts along a line, which extends parallelly to the flat contact
      carrier and transversely to said direction of moving of the contacts; and
PA1  means for confining an air space adjacent to said contact, above and below
      of said carrier as well as to those sides of the carrier respectively in
      front of and behind the line and the direction of arc movement, but
      leaving space at a transverse carrier end to obtain an air-flow
      transversely to said line and around said end of the carrier opening of
      the contacts, the contacts as well as the carrier having at least
      approximately similar dimensions in the direction of said line.
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ABST
PAL  A multi-layer toroidal deflection yoke includes a flared ferrite core and
      grooved ring members respectively disposed at the large and small diameter
      ends of the core to determine the position of several layers of toroidally
      wound conductor turns which form the deflection windings. The large
      diameter ring member includes radially extending tabs forming conductor
      receiving pockets therebetween. Each pocket has a width less than the
      combined diameters of the generally side-by-side conductor turns wound in
      the pocket. Each pocket includes first and second conductor seat portions
      at different heights so that the first conductor turn is retained in the
      first seat portion by a first tab and the second seat, the second
      conductor turn is retained by the first conductor turn and a second tab
      and subsequent conductor turns are similarly retained.
BSUM
PAC  BACKGROUND OF THe INVENTION
PAR  This invention relates to a multi-layer toroidal deflection yoke including
      front and rear ring members for retaining conductor turns.
PAR  It is known that precision and repeatability can be achieved in winding
      toroidal deflection yokes for television receivers by retaining each
      conductor turn of a given winding distribution in grooved ring members
      located at the front and rear portions of the deflection yoke core. The
      technology making this precision winding possible has permitted deflection
      yoke designers to utilize specific winding distributions for providing
      self-converging and raster correction features in the deflection yoke
      itself, resulting in less complex television receiver designs.
PAR  Particularly when these precision toroidal deflection yokes are utilized
      with relatively large screen size picture tubes having relatively wide
      deflection angles such as 110.degree., it may be necessary to add
      additional conductor turns to enhance the sensitivity of the vertical
      deflection coils or to add additional conductor turns for forming
      quadrature windings to aid in converging the three beams of a color
      picture tube when the windings are suitably energized. To accommodate a
      relatively large number of conductor turns, it has been the practice in
      the past to wind multiple layers of turns, with the succeeding layers of
      conductor turns at the small diameter portion of the yoke lying above and
      interleaved between conductor turns of the next preceding layer. However,
      these turns flare outwardly towards the large diameter portion of the
      yoke, resulting in more spacing between conductors so specific grooves in
      the large diameter ring member must retain each conductor turn. As the
      number of conductor turns increases, the radially extending tabs defining
      the conductor turn retaining grooves must necessarily become thinner.
      Eventually a point is reached whereat the tabs are so thin that the
      molding thereof becomes difficult as the plastic ring member material does
      not flow readily into the small crevices of the mold. Even should molding
      be successful, the tabs are so thin that a lateral stress on the tabs such
      as caused by returning the conductor turn at a nonradial angle along the
      outside surface of the yoke may cause the tabs to bend, thereby possibly
      resulting in the conductor turn slipping out of its groove or the bent tab
      preventing the entry of another conductor turn in the next adjacent
      groove. Obviously it is desirable to provide an arrangement for precision
      placement and retention of the conductor turns.
PAC  SUMMARY OF THE INVENTION
PAR  A multi-layer toroidal deflection yoke includes a hollow flared ferrite
      core and first and second conductor turn retaining ring members
      respectively disposed at the small diameter rear portion and the large
      diameter front portion of the core for fixedly retaining a plurality of
      conductor turns toroidally wound around the core for forming a deflection
      winding. The second ring member includes a plurality of radially extending
      separated tabs, the separation between two adjacent tabs defining a
      conductor turn receiving pocket, the pocket width being less than the
      combined diameters of generally side-by-side conductor turns to be
      received therein. The pocket includes adjacent first and second conductor
      turn seat portions having different heights such that successive conductor
      turns disposed in the pocket are disposed laterally and vertically from
      each other in firm support.
DRWD
PAR  A more detailed description is given in the following description and
      accompanying drawing of which:
PAR  FIG. 1 is a partial cutaway view of a deflection yoke embodying the
      invention;
PAR  FIG. 2 is an enlarged partial front section view taken along the section
      lines 2--2 of FIG. 1 and showing details of conductor turn placement at
      the large and small diameter portions of the deflection yoke; and
PAR  FIG. 3 is a partial sectional view taken along section lines 3--3 of FIG. 2
      and showing details of the large diameter ring member of the deflection
      yoke.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. is a partial cutaway view of a deflection yoke 10 embodying the
      invention. A hollow flared generally cylindrical ferrite core 11 has a
      ring member 12 at its rear or small diameter portion and a ring member 13
      at its front or large diameter portion. Ring member 12 has a plurality of
      radially extending grooves 15 for retaining conductor turns 14 and 14a in
      desired locations at the rear of the yoke. Active conductor turns 14 wound
      along the inside flare of core 11 provide the desired magnetic deflection
      field when suitably energized. Conductor turn portions 14a are the return
      conductors extending from the front to the rear of the yoke on the outside
      of core 11. Ring member 12 may be permanently fastened to core 11 by a
      bonding agent such as epoxy.
PAR  Front ring member 13 includes a circular shoulder portion 13a which forms a
      press fit over the front outer circumference of core 11 to fixedly retain
      ring member 13 in relation to core 11 and rear ring member 12. Ring member
      13 includes a plurality of radially extending tabs 16 defining a plurality
      of conductor turn receiving pockets between each two adjacent tabs 16. The
      pocket includes a first seat portion 16a and a second seat portion 16b
      adjacent to each other but of different heights for retaining conductor
      turns 14.
PAR  FIG. 2 is an enlarged partial front section view taken along the section
      lines 2--2 of FIG. 1 and showing details of conductor turn placement at
      the large and small diameter portions of the deflection yoke 10. In FIG.
      2, front ring member 13 includes around its outer circumference a
      plurality of radially extending tabs 16. Tabs 16 are spaced apart from
      each other by an angular separation .THETA..sub.2. The space between
      adjacent tabs 16 forms a pocket which includes a first seat portion 16a
      adjacent to a higher seat portion 16b. Seat portions 16a and 16b may have
      their seating surfaces molded slightly concave as illustrated to aid in
      the retention of conductor turns seated thereon. Along the inner
      circumference of ring member 13 are a plurality of grooves 17 which are
      molded into the ring member to aid in the positioning and retaining of the
      conductor turns. It is noted that there are two grooves 17 associated with
      each pocket defined by tabs 16. Adjacent grooves 17 are separated by an
      angle .theta..sub.1, which is one-half of .theta..sub.2. End views of
      conductors represented by numbered circles are illustrated adjacent front
      ring member 13 and rear ring member 12.
PAR  The grooves 15 of rear ring member 12 are not visible in the FIG. 2 view as
      they are behind the ring member 12 as viewed in FIG. 2. A plurality of
      conductor turns 1, 1', 1", etc. form a first layer of conductor turns at
      the rear of the deflection yoke adjacent the inner circumference of rear
      ring member 12. The return conductors at the rear of the yoke in FIG. 2
      are not illustrated to simplify the drawing. Similarly, conductors 2, 2',
      3, 3', and 4 and 4' find respective second, third and fourth conductor
      layers at the rear or small diameter portion of the yoke. It is noted that
      at the rear of the yoke the second layer of conductors is retained by
      their being interleaved between conductors of the first layer; a similar
      arrangement is used to position and retain the conductor turns of the
      third and fourth layers.
PAR  A reference line 18 shows the alignment relationship of the parts of the
      front and rear ring members and the respective conductor turns. Conductor
      turn 1 is brought forward from rear ring member 12 to lie in a specific
      groove 17, which is bisected by reference line 18, of front ring member 13
      and from there to lie in a seat portion 16a between the tabs 16. From
      there the conductor is returned along the outside of the yoke to form a
      conductor turn designated by 1'. When the second layer is wound, a number
      2 conductor illustrated interleaved between conductors 1 and 1' at the
      rear of the yoke is wound forward to lie in another groove 17 of front
      ring member 13 to seat portion 16b of ring member 13 and from there is
      retruned to form a conductor turn to prime. A conductor number 3 of a
      third conductor layer is wound forward to be retained by conductors 1 and
      2 on the inner circumference of ring member 13 to be retained at the outer
      circumference thereof by tab members 16 and conductor 2. A conductor 4
      from the fourth layer at the small diameter portion of the yoke is
      similarly retained by the front ring member 13 as illustrated.
PAR  It is noted that the distance between surfaces of adjacent tabs 16 is less
      than twice the diameter of the conductor wire. This dimensioning together
      with the offset height of seat portion 16a relative to seat portion 16b
      allows the conductors to be spaced from each other laterally and
      vertically and firmly retained by the tabs 16 and adjacent conductors as
      additional layers are wound. Thus, there is precision placement of each of
      the conductors from each of the layers because only two tabs 16 are
      required to support four conductors. Tabs 16 may be made relatively wide
      and hence do not present the molding and bending problem described above.
      At the same time, each conductor has precision spacing and firm retention
      as illustrated in FIG. 2. This precision spacing and firm retention
      permits an exact winding distribution to be achieved even with four or
      more layers of conductors.
PAR  FIG. 3 is a partial sectional view taken along section lines 3--3 of FIG. 2
      and shows the side view details of front ring member 13. In the
      illustrated embodiment the angle .theta..sub.2 defining the spacing
      between adjacent conductors at the small diameter portion of the
      deflection yoke is twice as large as .theta..sub.1 defining the spacing
      between grooves 17 at the front portion of the deflection yoke. Thus, for
      example, if there were 328 conductor receiving grooves 17 in front ring
      13, there would be half of that or 164 conductor turns in the first layer
      at the rear portion of the yoke if all of the spaces were filled. With the
      described arrangement, the tightly packaged layered conductors at the rear
      of the yoke are flared outwardly in a less dense spatial distribution but
      are nonetheless held in precision alignment at the front of the yoke and
      are firmly retained by the front ring member arrangement according to the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-layer toroidal deflection yoke comprising:
PA1  a hollow flared ferrite core;
PA1  first and second conductor turn retaining ring members respectively
      disposed at the small diameter rear portion and the large diameter front
      portion of said core for fixedly retaining a plurality of conductor turns
      toroidally wound around said core for forming a deflection winding;
PA1  said second ring member including a plurality of radially extending
      separated tabs, the separation between two adjacent tabs defining a
      conductor turn receiving pocket, said pocket width being less than the
      combined diameters of generally side-by-side conductor turns to be
      received therein, said pocket including adjacent first and second
      conductor turn seat portions having different heights such that successive
      conductor turns disposed in said pocket are disposed laterally and
      vertically from each other.
NUM  2.
PAR  2. A multi-layer toroidal deflection yoke according to claim 1 wherein said
      second ring member includes a plurality of radially extending grooves
      separated from said tabs and pockets and aligned relative to said tabs and
      pockets for retaining said conductor turns laterally prior to their
      disposition in said pockets.
NUM  3.
PAR  3. A multi-layer toroidal deflection yoke according to claim 1 wherein the
      edges of said tabs are rounded for guiding said conductor turns into said
      pockets.
NUM  4.
PAR  4. A multi-layer toroidal deflection yoke according to claim 2 wherein one
      conductor turn from each of a plurality of conductor turn layers at the
      small diameter portion of said yoke is disposed in one of said pockets.
NUM  5.
PAR  5. A multi-layer toroidal deflection yoke according to claim 4 wherein two
      of said grooves in said second ring member are associated with each of
      said pockets.
NUM  6.
PAR  6. A multi-layer toroidal deflection yoke according to claim 5 wherein said
      first ring member includes one-half the number of radially extending
      grooves as said second ring member.
NUM  7.
PAR  7. A multi-layer toroidal deflection yoke according to claim 6 wherein said
      tabs and pockets are formed on the outer circumference of said second ring
      member and said grooves are formed adjacent the inner circumference of
      said second ring member.
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ABST
PAL  A metal strip on a magnetic core body, provided with an air gap, for a coil
      means, is connected to a surface of the magnetic material such that an
      assembly similar to a bimetal is formed. Variations in temperature then
      cause variations of the length of the air gap.
PARN
PAR  This is a continuation of application Ser. No. 417,548, filed Nov. 20,
      1973.
BSUM
PAR  The invention relates to a core body for a coil or transformer, comprising
      a core consisting of two core parts of ferromagnetic material which are
      fixed together such that an air gap is defined between two surfaces of the
      core parts, said core being connected to a non-magnetic element having a
      temperature coefficient which differs from that of the core material, said
      element being arranged such that the resulting different coefficients of
      expansion cause a variation of the length of the air gap and adjust the
      reluctance of the core as a function of the temperature.
PAR  The magnetic material may be a suitable magnetic alloy or ferrite, and is
      usually formed to hollow-shaped bodies for the core parts. Each core part
      comprises a central tubular portion which is enclosed by one or more coil
      windings and which is connected to a concentric outer wall by way of an
      integrally formed end wall. The outer wall is normally slotted to provide
      an outlet for leading out the ends of the coil windings.
PAR  Two core parts are joined such that they enclose a coil winding which may
      be arranged on a coil form. The core parts are fixed in this position by
      an adhesive or clamp arrangement, and the ends of the coil windings are
      connected to a tag board. The resulting inductive component can be very
      readily assembled, and it has a compact shape and good magnetic screening.
PAR  To enable the reluctance of the magnetic circuit formed by the two core
      parts to be adjusted, one of the tubular portions may be ground back along
      its axis so that in the resulting magnetic circuit an air gap will be
      produced.
PAR  The length of the air gap can be determined roughly by the grinding process
      during manufacture of the core. However, to enable an adjustment of the
      assembled core to be effected, a tube of magnetic material which acts as a
      partial magnetic shunt is inserted in a central opening of the core and
      located across the air gap. The tube is held in a cylindrical carrier and
      can be moved by a screwing action along the axis of the core. This
      movement of the tube relative to the air gap thus enables the effective
      length of the gap to be varied in a reliable and stable manner.
PAR  Where a ferrite material is used for a core which has an air gap, it is
      usual to assume that the following theoretical formula applies:
      temperature coefficient of inductance of the gapped core assembly =
      normalised material temperature coefficient x effective permeability of
      the core.
PAR  The temperature coefficient of inductance is usually positive for a ferrite
      core and it is comparatively large both in value and tolerance. For
      example, the normalised material temperature coefficient is commonly 0.5
      to 1.5 .times. 10.sup..sup.-6 .degree.C.sup..sup.-1, (parts per million
      per degree centrigrade), and taking an effective permeability of 100, it
      is seen that the temperature coefficient of inductance of the gapped core
      assembly may vary from 50 to 150 ppm .degree.C.sup..sup.-1 (parts per
      million per degree centrigrade).
PAR  In a tuned circuit comprising a ferrite core coil and resonating capacitor
      it is necessary to compensate for the positive temperature coefficient of
      the coil with an additional capacitor having a negative temperature
      coefficient.
TBL  Component              Contribution to                                    
                            tuned circuit                                      
                         temperature                                           
                                    temperature                                
     Type      Value     coefficient                                           
                                    coefficient ppm                            
                         ppm .degree.C.sup.-.sup.1                             
                                    .degree.C.sup.-.sup.1                      
     ______________________________________                                    
     ferrite                                                                   
     core coil 300 .mu.H +100       +100                                       
     silver mica                                                               
     capacitor 15000 pF  +25        +25                                        
     ceramic                                                                   
     capacitor 330 pF    -5000      -125                                       
     ______________________________________                                    
PAR  The temperature coefficient of the tuned circuit is then 0 ppm
      .degree.C.sup..sup.-1 (parts per million per degree centrigrade).
PAR  The need to add an extra capacitor for temperature compensation increases
      the manufacturing cost of the tuned circuit and of course each one of
      these components has a manufacturing tolerance. Therefore in order to
      achieve good temperature coefficient compensation it is necessary to
      select a ceramic capacitor having the correct negative temperature
      coefficient for a particular batch of ferrite cores. Alternatively,
      ceramic capacitors having the same negative temperature coefficient are
      used and different capacitor values are selected.
PAR  A more satisfactory method of overcoming this difficulty would be to find
      some way of constructing a magnetic core assembly in which the inductance
      is not significantly affected by temperature changes. The present
      invention was devised in an attempt to find a solution to this problem.
PAR  Therefore, the core body according to the invention is characterized in
      that the non-magnetic member consists of a thin metal plate which is held
      in intimate contact with a surface of the core.
DRWD
PAR  A number of embodiments according to the invention will be described in
      detail hereinafter with reference to the accompanying drawings, in which:
PAR  FIGS. 1, 2 and 3 show respectively a perspective view, plan view and side
      elevation of one embodiment of a core body according to the invention,
PAR  FIG. 4 is an axial cross-sectional view on an enlarged scale of the core
      parts taken along the line IV--IV in FIG. 2,
PAR  FIG. 5 is similar to FIG. 4 and shows in an exaggerated manner the effect
      on the core parts of a rise in temperature,
PAR  FIGS. 6, 7 and 8 are different examples of temperature-compensating
      members, and
PAR  FIG. 9 is an axial cross-sectional view of a core including a
      temperature-compensating member in the form of an annulus.
DETD
PAR  type of the core body chosen for the embodiments of FIGS. 1 to 8 had an
      effective magnetic path length of 25.6 mm and an effective magnetic volume
      of 810 mm.
PAR  As appears from FIGS. 1 to 3, the core body comprises an upper core part 1
      and a corresponding lower core part 2 of ferrite material which are
      clamped together by means of spring clips 3. A coil winding 4 carried on a
      coil former is placed between the core parts before the clamping
      operation, and the connections from the windings are made to connecting
      pins 51 supported on a tag board 5 which forms part of the coil former.
PAR  FIG. 4 is an enlarged cross-sectional view along the line IV--IV in FIG. 2.
PAR  A brass strip 6 is secured to the outside surface of the upper core part 1
      utilizing means which ensure a stable joint without creep or relaxation.
      The means used in this instant was an epoxy resin adhesive. Since the
      brass strip has a different coefficient of linear expansion from that of
      the ferrite material this construction is comparable to that of a bimetal.
      The core includes an air gap 7 which is formed by grinding away some of
      the tubular central portion 11 of the core part 1.
PAR  FIG. 5 shows in an exaggerated manner the resulting effect on the core
      parts caused by a rise in temperature. The broken lines denote the
      distortion produced in the upper core part 1 by the expansion of the
      member 6. One effect of the distortion is to cause the air gap 7 to
      lengthen, and this has the effect of reducing the inductance of the coil,
      thus reducing the temperature coefficient of inductance.
PAR  In a first series of experiments, the width of the brass strip was kept
      constant at 6.8 mm and the length of the strip was varied. The tests were
      first made on an ordinary coil without the member 6, and the tests were
      repeated after the member had been fixed in place.
PAR  The results obtained were as follows:
TBL           Length     temperature coefficient of                            
     Coil     of         inductance in ppm .degree.C.sup.-.sup.1               
     number   member                                                           
            in mm    without member                                            
                                   with member                                 
     ______________________________________                                    
     1        7.0        109           49                                      
     2        8.0        120           43                                      
     3        9.0        118           18                                      
     4        10.0       123           28                                      
     5        11.0       105            8                                      
     ______________________________________                                    
PAR  For a second series of experiments, the width of the member was kept
      constant at 6.8 mm and the length of the member was also constant at 11.0
      mm. The purpose of this series was to determined the reproducibility of
      the effect of the member on the temperature coefficient of inductance of
      the overall assembly.
PAR  The results obtained were as follows:
TBL  Coil        Temperature coefficient of                                    
     number      inductance in ppm .degree.C.sup.-.sup.1                       
     ______________________________________                                    
               without member                                                  
                            with member                                        
     ______________________________________                                    
     6           109            6                                              
     7            99            5                                              
     8           103            -3                                             
     9           114            17                                             
     10          125            21                                             
     ______________________________________                                    
PAR  In both series the temperature coefficient measured with the metal member
      on the core was found to be stable with temperature cycling.
PAR  The use of brass for the material of the member 6 was found to be
      attractive because this metal expands in a regular fashion and it has a
      higher coefficient of linear expansion than that of ferrite. It therefore
      enables the temperature coefficient of inductance of the core assembly to
      be reduced in a controlled way. It would alternatively be possible to use
      a material for the member 6 which has a lower coefficient of linear
      expansion than that of ferrite, and in this case the air gap would tend to
      contract so that the temperature coefficient of the inductance would still
      vary in a predetermined manner. A construction of this kind might be
      attractive in an electrical circuit desired for an application where
      temperature sensitivity is required.
PAR  FIG. 6 is a plan view of the temperature-compensating member 6 which has
      made from a short length of this brass strip material. If the core body is
      intended to be used for a transformer pot core, the member 6 may be just a
      plain rectangle of brass.
PAR  However, if the core body is used for a variable coil, the member 6 should
      preferably include a central hole 8 which, during the construction of the
      core body, is aligned with the central hole of the core. After the usual
      inductance adjuster has been inserted in the coil, the hole 8 will allow
      this adjuster to be reached with a non-magnetic adjusting tool so that the
      normal adjustment procedure can be carried out.
PAR  FIG. 7 shows an alternative embodiment of the temperature-compensating
      member 6 which was designed in such a way that the cross-sectional area is
      approximately uniform along the length of the strip.
PAR  FIG. 8 shows a further embodiment of the member 6 in the form of an
      annulus. This embodiment is particularly suitable for use with pot-type
      core bodies in which the coil former is completely enclosed by the core
      parts. With this type of core body, the cross-section in any plane through
      the core axis is the same.
PAR  FIG. 9 is a cross-sectional view of such a pot-core in which a member 6, in
      the form of the annulus of FIG. 8, has been secured around the periphery
      of the upper core part 1. Instead of being joined together by means of
      clamps, the two core parts 1, 2 in this instance have been adhesively
      joined and the same adhesive has been used to fix the member 6 in place. A
      member 6 in the form of an annulus works in a similar way to the flat
      strip shaped member and causes similar distortion of the upper core part
      as that shown in FIG. 3. The use of the annular member 6 is believed to be
      more suitable for an application in which the pot-core is axially
      symmetrical.
PAR  The pot core of FIG. 9 includes a brass nut 9 which is cemented to the
      lower core part and which can cooperate with an adjuster for adjustment of
      the reluctance of the core thus formed. In a different embodiment, it
      would be possible to use a different form of adjustment of the core. If
      the core is used in a transformer, an adjuster need not be provided in
      some cases.
PAR  The foregoing descriptions of the embodiments of the invention have been
      given merely by way of example, and a number of modifications may be made
      without departing from the scope of the invention. For instance, it is not
      essential that the temperature-compensating member should be secured to
      only one of the two core parts because in some applications both core
      parts can carry a compensating member. The invention is not limited to its
      use for core bodies of ferrite material; other compositions of a different
      suitable magnetic core material such as magnetic alloys can also be used.
      An alternative adhesive suitable for securing a brass strip to a ferrite
      material is a polydiacrylic ester adhesive. If there is sufficient room
      within the hollow interior of the core, the temperature-compensating
      member can alternatively be fitted internally instead of being attached to
      the outside of the core.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A core body for a coil means, comprising a core including two core
      members composed of ferromagnetic material which are fixed together so
      that an air gap is defined between two surfaces of the core members, a
      non-magnetic member comprising a thin metal plate having a temperature
      coefficient of expansion which differs from that of the ferromagnetic core
      material, said non-magnetic member being held in intimate contact with a
      surface of the core and located outside of the main flux path of the core
      body and arranged such that the resulting different coefficients of
      expansion cause a variation of the length of said air gap with temperature
      to thereby adjust the reluctance of the core as a function of the
      temperature.
NUM  2.
PAR  2. A core body as claimed in claim 1, characterized in that the
      non-magnetic metal plate member has a strip-like shape and further
      comprising means independent of said metal plate member for clamping said
      first and second core members together to restrain relative axial movement
      therebetween.
NUM  3.
PAR  3. A core body as claimed in claim 1, characterized in that the nonmagnetic
      member is annular.
NUM  4.
PAR  4. A core body as claimed in claim 1 wherein the non-magnetic metal plate
      member is cemented to the core so that differential rates of thermal
      expansion between the metal plate and the core cause a deformation of the
      shape of one core member to cause said variation in the length of said air
      gap.
NUM  5.
PAR  5. An inductor comprising first and second core members composed of
      ferromagnetic material having a temperature coefficient of expansion, said
      core members being disposed in axial alignment and fixed together so as to
      define a magnetic circuit including an air gap between two opposed
      surfaces of the core members, a winding coupled to at least one of said
      core members, a nommagnetic member comprising a thin plate having a
      different temperature coefficient of expansion than that of the
      ferromagnetic core material, and means for fixing said thin plate in
      intimate contact with a surface of at least one core member so that the
      different temperature coefficients of expansion of the core material and
      the plate material cause the length of said air gap to vary with
      temperature and thereby adjust the core reluctance as a function of
      temperature.
NUM  6.
PAR  6. An inductor as claimed in claim 5 wherein the plate is composed of a
      metal material having a temperature coefficient of the same polarity as
      that of the core material.
NUM  7.
PAR  7. An inductor as claimed in claim 5 wherein the plate is composed of brass
      and the core members are composed of ferrite material.
NUM  8.
PAR  8. An inductor as claimed in claim 5 wherein the plate is composed of a
      metal material and the first and second core members further define an
      axial cylindrical channel, said plate including a hole axially aligned
      with said channel.
NUM  9.
PAR  9. An inductor as claimed in claim 5 wherein the plate is composed of a
      metal material and has an annular shape.
NUM  10.
PAR  10. An inductor as claimed in claim 5 wherein the plate is composed of a
      metal material and each of the core members includes a tubular central
      part, said tubular parts being in axial alignment with confronting
      surfaces forming said air gap, thin metal plate is fixed to an outer
      surface of one of said and said core members which outer surface is
      perpendicular to the axis of the tubular part.
PATN
WKU  039477959
SRC  5
APN  4963881
APT  1
ART  213
APD  19740812
TTL  Transformer winding means and methods
ISD  19760330
NCL  6
ECL  1
EXP  Kozma; Thomas J.
NDR  3
NFG  8
INVT
NAM  Donnelly; Donald E.
CTY  Edwardsville
STA  IL
INVT
NAM  McElroy; Jerry W.
CTY  St. Louis
STA  MO
INVT
NAM  Ehlmann; Arlie H.
CTY  Barnhart
STA  MO
ASSG
NAM  Emerson Electric Co.
CTY  St. Louis
STA  MO
COD  02
CLAS
OCL  336184
XCL  336 84
XCL  336 96
XCL  336192
XCL  336198
EDF  2
ICL  H01F 2730
FSC  336
FSS  198;208;192;184;96;84;134;180;185
UREF
PNO  790581
ISD  19050500
NAM  Lovejoy
OCL  336134
UREF
PNO  1703408
ISD  19290200
NAM  Smith
XCL  336192
UREF
PNO  1891456
ISD  19321200
NAM  Smith
XCL  336198
UREF
PNO  1960033
ISD  19340500
NAM  Smith
XCL  336198
UREF
PNO  2343725
ISD  19440300
NAM  Wilson
XCL  336 96
UREF
PNO  2355477
ISD  19440800
NAM  Stahl
XCL  336198
UREF
PNO  3150230
ISD  19640900
NAM  Goodman
XCL  336192
UREF
PNO  3354417
ISD  19671100
NAM  Davis
XCL  336192
UREF
PNO  3553621
ISD  19710100
NAM  Lane
OCL  336192
UREF
PNO  3665358
ISD  19720500
NAM  Leuck et al.
XCL  336198
FREF
PNO  150,315
ISD  19550600
CNT  SW
OCL  336198
LREP
FR2  Becker, Sr.; Paul A.
ABST
PAL  A transformer winding having a very large number of turns of wire is
      divided into a plurality of connected portions each wound on a separate
      flanged bobbin with the start end and the finish end of each winding
      portion secured to radial tabs on the bobbin flanges. The wound bobbins
      are mounted end to end on an iron core and the winding portions thereon
      are connected in series. Alternate methods of connecting the winding
      portions in series are also disclosed.
BSUM
PAR  This invention relates to transformers and particularly to improved winding
      means and methods for transformer windings having a very large number of
      turns of wire.
PAC  BACKGROUND OF THE INVENTION
PAR  Since the advent of insulative spools or bobbins, many transformer windings
      which were previously layer wound are now bobbin wound. It is well known
      in the art that bobbin winding, which can be completely automated, is
      inherently faster and more economical than layer winding. However, some
      windings, such as those consisting of a very large number of turns, have
      heretofore continued to be layer wound because it is impractical to wind
      all the wire on a single bobbin. For example, such a single bobbin winding
      would require a relatively narrow winding space in order to withstand the
      voltages between layers of turns and especially the high transient
      voltages produced at the instants when the winding is energized and
      de-energized. Such a narrow winding space would consequently require a
      large number of layers which would result in winding size which would be
      unacceptable when used in devices in which the overall size of the device
      is somewhat standard in the industry. Furthermore, such a single bobbin
      winding would not overcome another disadvantage of a layer wound coil
      having a very large number of turns, namely the scrap loss incurred when
      the wire breaks while winding, such breakage being a fairly common
      occurrence with the high speed winding machines presently used.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a transformer winding having a
      very large number of turns of wire comprises a plurality of series
      connected bobbin windings, wherein each bobbin is wound with a portion of
      the transformer winding. Improved methods of series connecting the bobbin
      winding portions are also disclosed.
PAR  In one preferred embodiment of the invention, the secondary winding of an
      ignition transformer comprises eight identical bobbin winding portions.
      Each winding portion has a start end wrapped several times around an
      anchoring tab which extends radially from one of the bobbin flanges, and a
      finish end wrapped several times around an opposed anchoring tab which
      extends radially from the other bobbin flange. The bobbin winding portions
      are mounted end to end on spaced parallel legs of an iron core in a pair
      of banks of four adjacent portions, with the anchoring tabs aligned, and
      electrically connected in series. The electrical connection is
      accomplished by wrapping a continuous wire around the adjacent pairs of
      tabs and the single end tabs over the start ends and finish ends, applying
      solder at the tabs to join the continuous wire structurally and
      electrically with the start ends and the finish ends, and cutting off and
      removing the portions of the continuous wire extending between the flanges
      of each bobbin.
PAR  An object of the present invention is to provide improved winding means and
      methods for a transformer winding having a very large number of turns of
      wire, in which such winding means and methods are automatable and
      economical.
PAR  A further object is to provide such a winding means in which a plurality of
      bobbins are individually wound with a portion of the transformer winding,
      each portion having a start end and a finish end; in which means extending
      radially from the periphery of each bobbin provides means for securing the
      start end and the finish end of each winding portion; and in which the
      finish ends are connected to the start ends so that all winding portions
      are connected in series.
PAR  A further object is to provide improved methods for series connecting such
      bobbin winding portions.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description when read in connection with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially sectionalized front elevation view of an ignition
      transformer utilizing the bobbin winding means and methods of the present
      invention;
PAR  FIG. 2 is a top plan view of the ignition transformer of FIG. 1 with the
      base plate removed and shown prior to potting, and having sections of an
      insulator broken away to show the connections of secondary lead wires to
      the bobbin-wound secondary winding;
PAR  FIG. 3 is a cross-sectional view of the ignition transformer taken along
      line 3--3 of FIG. 1, with the potting compound, insulator, grounding
      plate, and secondary lead wires removed;
PAR  FIG. 4 is a cross-sectional view of the ignition transformer taken along
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of the ignition transformer taken along
      line 5--5 of FIG. 3;
PAR  FIG. 6 is an enlarged front elevational view of the bank of individual
      bobbin winding portions taken along line 6--6 of FIG. 3, shown prior to
      being mounted on the core and prior to being series connected;
PAR  FIG. 6A shows a step in one preferred embodiment of the method of series
      connecting the bobbin winding portions of FIG. 6; and
PAR  FIG. 7 is an enlarged cross-sectional view of portions of two adjacent
      individual bobbin winding portions with conductive anchoring tabs
      connected by solder, illustrating an alternate means for series connecting
      the individual bobbin winding portions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the invention is illustrated by reference to an
      ignition transformer device indicated generally at 10, comprising
      transformer 11 enclosed in a generally rectangular-shaped housing 12
      having an open end attached to a base plate 13 by any suitable means such
      as by screws 14. The purpose of the ignition transformer device 10 is to
      supply a high voltage, approximately 10,000 volts, to spark-producing
      electrodes (not shown) to ignite vaporized oil in an oil burning unit (not
      shown). The base plate 13 is provided with mounting means (not shown) for
      mounting to such an oil burning unit.
PAR  Transformer 11 is embedded in an insulative potting compound 15, out of
      which insulated primary windings 16 and 17, insulated secondary winding
      leads 18 and 19, see FIG. 2 for location of lead 18, and a grounding
      bracket 20 exit. Bracket 20, base plate 13, housing 12, and the top
      surface 21 of potting compound 15 define a primary wiring chamber 22 in
      which primary leads 16 and 17 are connected to power leads (not shown)
      from a suitable 120-volt alternating current power source (not shown), and
      a secondary wiring chamber 23 in which secondary lead wires 18 and 19,
      provided with connecting means 24, are connected to a high voltage
      insulative bushing 25. Referring to FIGS. 1 and 2, bushing 25 is mounted
      in one side of housing 12 and secured by means of a clip spring 26 which
      passes through a hole 27 in bushing 25 and bears against the inside wall
      of housing 12. Bushing 25 is adapted to receive high voltage lead wires
      (not shown) for connection to the spark producing electrodes (not shown).
      It is to be understood that the bushing 25 and the connection means 24 on
      secondary leads 18 and 19 may be of any well-known suitable construction,
      the details of which are beyond the scope of this invention.
PAR  Referring now to FIG. 3, transformer 11 comprises a primary winding
      indicated generally at 28 and a secondary winding indicated generally at
      29, both mounted on a magnetic core member 30 having a plurality of U-l
      laminations. As shown more clearly in FIG. 4, the laminations are securely
      sandwiched between keeper plates 31, which extend along and on both sides
      of parallel spaced legs 32 and 33 of core member 30, by rivets 34 passing
      through apertures in the laminations and keeper plates 31, rivets 34 being
      counterbored at their coined ends for a reason to be hereinafter
      explained.
PAR  Primary winding 28 comprises two identical winding portions 35 and 36
      mounted in opposed relationship on legs 32 and 33, respectively, of core
      member 30. Each of the winding portions 35 and 36 is wound with
      approximately two hundred and fifty turns of number 22 gauge wire on
      identical bobbins 37 and 38, which are preferably made of a polyester
      material. Each of the bobbins 37 and 38 has end flanges 39 and 40 defining
      a winding space for the winding portions 35 and 36.
PAR  The start end 42 of winding portion 35, insulated from the remainder of
      winding portion 35 by any suitable means, such as a piece of tape 43, is
      connected to a stripped end of primary lead wire 17 by a crimp-type
      connector 44. Similarly, the start end 45 of winding portion 36 is
      insulated from the remainder of winding portion 36 by a piece of tape 46
      and is connected to a stripped end of the other primary lead wire 16 by
      connector 47. The finish end 48 of winding portion 35 is connected to the
      finish end 49 of winding portion 36 by a crimp-type connector 50, so that
      the flux produced when current flows through the series connected winding
      portions 35 and 36 will be in the same direction in core member 30.
PAR  Referring now to FIG. 4, a spacing tab 51 extends radially from a
      peripheral edge 52 of end flange 40 of each of the primary winding bobbins
      37 and 38. Tab 51 rests on the bottom wall of housing 12 to provide the
      desired spacing between housing 12 and the winding portions 35 and 36 on
      bobbins 37 and 38. A multi-slotted tab 53 extends radially from the
      opposite peripheral edge 54 of each of the bobbins 37 and 38 for purposes
      to be hereinafter described. A first portion 55 of tab 53 is defined by
      one of the sides 56 of tab 53 and a tapered slot 57. The respective finish
      ends 48 and 49 are wrapped several times around the first portions 55
      prior to being joined by connector 50, so that the wire in winding
      portions 35 and 36 will not unravel during subsequent handling. A second
      portion 58 of tab 53, defined by the other side 59 of tab 53 and tapered
      slot 57, is provided with a slot 60 which is open to the top edge of
      portion 58 and is narrower than the diameter of insulated primary lead
      wires 16 and 17, which are insulated with a slightly compressible
      insulation such as a thermoplastic. The insulation on leads 16 and 17 is
      therefore compressed as they are forcibly inserted into slots 60 so that a
      considerable pulling force on leads 16 and 17, tending to remove the leads
      from slots 60, is resisted, thereby preventing such pulling force from
      being transmitted to start ends 42 and 45. It should be noted that pulling
      force on leads 16 and 17 is also resisted by the knotting of leads 16 and
      17 below the top surface 21 of potting compound 15, as shown in FIG. 1.
PAR  As shown in FIGS. 3, 4, and 5, disposed between primary winding 28 and
      secondary winding 29 is a flat plate 61 apertured to receive legs 32 and
      33 of core member 30. The outer edges of plate 61 extend beyond the outer
      ends of the primary winding 28 and secondary winding 29 so as to provide
      an electrostatic shield to eliminate radio interference due to the high
      frequency waves generated by secondary winding 29 when sparking occurs
      across the electrodes.
PAR  As shown in FIG. 3, sandwiched between legs 32 and 33 of core member 30 and
      between plate 61 and an insulator 62, and insulated therefrom by a
      wrap-around insulator 63, is a laminated magnetic shunt 64. The
      laminations, secured together by a rivet 65, are at a ninety-degree angle
      with respect to the U-l laminations of core member 30, see FIG. 1. After
      conduction has started across the electrodes, shunt 64 provides a leakage
      flux path to limit the secondary current.
PAR  Secondary winding 29 comprises eight identical winding portions
      electrically connected in series to produce the desired secondary voltage
      between secondary leads 18 and 19. As shown in FIG. 3, four winding
      portions 66 to 69 are mounted end to end on leg 32 of core member 30, and
      four winding portions 70 to 73 are mounted end to end in opposed
      relationship to portions 66 to 69 on leg 33. Each of the winding portions
      is wound on identical bobbins 74, 75, 76, 77, 78, 79, 80, and 81, which
      are preferably made of a polyester material.
PAR  Referring now to FIG. 6, the bank of winding portions 66 to 69 is shown
      prior to connecting the winding portions in series. Each of the bobbins 74
      to 77 has a rectangular axial opening 82 to receive leg 32 of core member
      30 and is formed with flanges 83 and 84 at opposite ends to define a
      winding space. A spacing tab 85 extends radially from a peripheral edge 86
      of flange 84 of each of the bobbins to provide the desired spacing between
      housing 12 and winding portions 66 to 69, as shown in FIG. 5 for winding
      portion 69. A short anchoring tab 87 extends radially from the opposite
      peripheral edge 88 of flange 84. Another anchoring tab 89, identical to
      tab 87, extends radially from peripheral edge 90 of flange 83 in opposed
      relationship to tab 87, so that adjacent tabs 87 and 89 of winding
      portions 66 to 69 are aligned.
PAR  Each of the winding portions 66 to 69 is identically wound with
      approximately 5,250 turns of number 41 gauge wire, wherein the start end
      91 is wrapped around tab 87 and the finish end 92 is wrapped around tab
      89. Any suitable means, such as a piece of tape 93, is used to insulate
      each start end 91 from the remainder of each of the respective winding
      portions 66 to 69. After being individually wound, winding portions 66 to
      69 are then mounted end to end, as shown in FIG. 3, on leg 32 of core
      member 30 through axial opening 82 in each of the bobbins 74 to 77. The
      other bank, comprising winding portions 70 to 73, is rotated 180.degree.
      with respect to the bank of winding portions 66 to 69 and is mounted on
      leg 33 of core member 30.
PAR  Referring now to FIG. 6A, to connect all winding portions in series, a
      continuous strand of wire 94, having a start end 95 is wrapped several
      times around single end tab 87 over at least a portion of start end 91 of
      winding portion 69. Wire 94 is then wrapped several times around adjacent
      tabs 89 and 87 of winding portions 69 and 68, over at least a portion of
      finish end 92 of winding portion 69, and over at least a portion of start
      end 91 of winding portion 68. Similarly, wire 94 is wrapped around
      adjacent tabs 89 and 87 of winding portions 68 and 67, around adjacent
      tabs 89 and 87 of winding portions 67 and 66, and around single end tab 89
      of winding portion 66.
PAR  Referring to FIG. 3, wire 94 is then routed between keeper plate 31 and the
      adjacent lamination of leg 32 of core member 30, for a reason to be
      hereinafter explained, and wrapped around single end tab 87 of winding
      portion 70. In the same manner as wire 94 is wrapped around the tabs 87
      and 89 in winding portions 66 to 69, wire 94 is wrapped around adjacent
      pairs of tabs 89 and 87 of adjacent winding portions 70-71, 71-72, 72-73,
      and around single end tab 89 of winding portion 73, leaving a finish end
      96.
PAR  The connections at the single end tabs 87 and 89 and at adjacent tabs 89
      and 87 are then soldered, preferably by wave soldering, wherein solder
      joins wire 94 structurally and electrically to the portions of the start
      ends 91 and finish ends 92 which are wrapped around tabs 87 and 89. Wave
      soldering is preferred because it is an automatable process and thus is
      more economical.
PAR  It should be noted that wave soldering is facilitated by the arrangement of
      winding portions 66 through 73 in a pair of opposed banks and by the
      bobbin construction wherein tabs 87 and 89 extend radially from peripheral
      edges 88 and 90 of bobbins 74 through 81 a sufficient distance so that
      solder can be applied exclusively to the vicinity of tabs 87 and 89. After
      the soldering operation, those portions of the continuous strand of wire
      94 between tabs 87 and 89 in each winding portion 66 through 73 is cut and
      removed, leaving only the start end 95, the finish end 96, and the portion
      between tab 89 of winding portion 66 and tab 87 of winding portion 70, and
      resulting in all winding portions 66 through 73 being electrically
      connected in series between start end 95 and finish end 96.
PAR  An alternate construction which enables another method of electrically
      connecting winding portions 66 through 73 in series is illustrated in FIG.
      7, wherein parts similar to those previously described are indicated by
      like reference numerals followed by the reference letter "A." Instead of
      tabs 87 and 89, a metal terminal 97, having claw-like barbs 98 formed on
      one end, is securely embedded in an opening 99 in each of the bobbin
      flanges 83A and 84A. Terminals 97 extend radially from peripheral edges
      88A and 90A to provide conductive anchoring tabs for each respective start
      end 91 and finish end 92. With this construction, solder 100 will adhere
      to metal terminals 97 and to at least a portion of start ends 91 and
      finish ends 92, and the globule of solder is sufficiently large to bridge
      the gap between terminals 97. Therefore, this construction negates
      wrapping wire 94 around adjacent terminals 97 and the subsequent cutting
      of wire 94 between terminals 97 in each winding portion 66 through 73, and
      wire 94 need only provide start end 95, finish end 96, and the portion
      connecting the two banks of winding portions 66 through 73.
PAR  The portion of wire 94 clamped between keeper plate 31 and the adjacent
      lamination of leg 32 of core member 30 effectively grounds the midpoint of
      secondary winding 29 to housing 12. Referring to FIGS. 1 and 2, grounding
      bracket 20 is secured to core member 30 by means of screws 101 threadedly
      engaged into the counterbored coined end of two of the tubular rivets 34,
      rivets 34 being shown more clearly in FIG. 4, and bracket 20 is secured to
      housing 12 by means of a screw 102. By grounding the midpoint of the
      secondary winding 29, the highest voltage potential between any of the
      winding portions and core member 30 will be one-half what it would be if
      secondary winding 29 were grounded at either end, thus reducing the
      insulating requirements of each of the bobbins 74 through 81. Referring to
      FIG. 3, the maximum secondary voltage between start end 95 and finish end
      96 of wire 94 is approximately 10,000 volts. Because of grounding the
      midpoint of secondary winding 29, the maximum voltage between winding
      portion 69 and core member 30 and, alternately, between winding portion 73
      and core member 30 is 5,000 volts.
PAR  Referring to FIG. 3, a folded-over central portion 103 of insulator 62
      prevents arcing between the bank of winding portions 66 to 69 and the
      opposing bank of winding portions 70 to 73. Flat, opposing legs 104 and
      105 of the insulator 62 extend perpendicular to central portion 103, and
      each of said legs is apertured to receive a metal eyelet 106. Eyelets 106
      provide a relatively fixed means, remote from winding portions 66 through
      73, for connecting secondary lead wires 18 and 19 to the start end 91 of
      winding portion 69 and the finish end 92 of winding portion 73. Referring
      to FIGS. 3 and 5, the start end 95 of wire 94 is inserted through eyelet
      106 in leg 105 and the finish end 96 of wire 94 is inserted through eyelet
      106 in leg 104.
PAR  Referring to FIG. 2, start end 95 and finish end 96 are wrapped around
      stripped ends of secondary leads 18 and 19, and the stripped ends of leads
      18 and 19 are then inserted through eyelets 106. Solder (not shown) is
      then applied at eyelets 106 which structurally and electrically connects
      start end 95 and finish end 96 to secondary leads 18 and 19 and to eyelets
      106, so that a considerable pulling force on leads 18 and 19 is prevented
      from being transmitted to tab 89 of winding portion 73, tab 89 being
      wrapped with finish end 92 of winding portion 73, and to tab 87 of winding
      portion 69, tab 87 being wrapped with start end 91 of winding portion 69.
PAR  Referring to FIGS. 1 and 2, secondary leads 18 and 19 are preferably
      positioned for a desired exit location from the potting compound 15 by a
      pair of opposed U-shaped slots 107, approximately as wide as the diameter
      of leads 18 and 19, in the horizontal portion 108 of an L-shaped insulator
      109. Prior to potting, the leads 18 and 19 are inserted into slots 107 so
      that leads 18 and 19 are seated in the bottom of slots 107 so as to
      provide a predetermined spaced relationship between leads 18 and 19.
      Preferably, the leads 18 and 19 are then knotted above the insulator 109
      so as to bias leads 18 and 19 against the bottom of slots 107 until the
      potting compound 15 is sufficiently cured to maintain the spaced
      relationship. Insulator 109 is itself prevented from movement prior to
      potting in that one end 110 of the horizontal portion 108 is located
      beneath a portion of grounding bracket 20, a section of the horizontal
      portion 108 extends substantially the width of housing 12, and a portion
      111 perpendicular to the horizontal portion 108 is clamped between housing
      12 and core member 30.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, it will be recognized that many
      changes and modifications will occur to those skilled in the art. It is
      therefore intended, by the appended claims, to cover any such changes and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a transformer, a primary winding, a secondary winding, an iron core
      having spaced parallel portions, both said windings being mounted in
      inductive relationship with said iron core, said secondary winding being
      wound on a plurality of insulative bobbins apertured for receiving therein
      said core, each of said bobbins being formed with flanges at opposite ends
      to define a winding space for a portion of said secondary winding, each of
      said winding portions having a start end and a finish end, a first
      anchoring tab extending radially from the peripheral edge of one of said
      flanges of each of said bobbins and around which said start end of each of
      said winding portions is wrapped, a second anchoring tab extending
      radially from the peripheral edge of the other of said flanges of each of
      said bobbins and around which said finish end of each of said winding
      portions is wrapped, said bobbins and winding portions being mounted end
      to end in a pair of banks on said parallel iron core portions with said
      radial tabs in alignment, a first means for electrically connecting said
      finish ends and start ends on said adjacent second and first tabs so that
      said adjacent winding portions in each of said banks are connected in
      series, a second means for electrically connecting said finish end on said
      second tab of a last bobbin in one of said banks to said start end on said
      first tab of a first bobbin in the other of said banks so that said banks
      are connected in series, and a third means for electrically connecting
      said start end on said first tab of a first bobbin in said one of said
      banks to a secondary winding lead and for electrically connecting said
      finish end on said second tab of a last bobbin in said other of said banks
      to another secondary winding lead so that said banks are connected in
      series between said secondary leads.
NUM  2.
PAR  2. The transformer claimed in claim 1 which further includes means disposed
      between said third connecting means and said secondary winding leads for
      securing said third connecting means and said secondary winding leads and
      thus protecting said start end on said first tab of said first bobbin in
      said one of said banks and said finish end on said second tab of said last
      bobbin in said other of said banks from a mechanical pull.
NUM  3.
PAR  3. The transformer claimed in claim 1 in which said primary winding is
      wound on a pair of insulative bobbins apertured for receiving therein said
      core, each of said primary winding bobbins being formed with flanges at
      opposite ends to define a winding space for a portion of said primary
      winding, each of said primary winding portions having a start end and a
      finish end, said finish ends being connected to each other, and said start
      ends being connected to a pair of primary winding leads.
NUM  4.
PAR  4. The transformer claimed in claim 3 which further includes means in one
      of said flanges of each of said primary winding bobbins for securing said
      primary winding leads and thus protecting said start ends from a
      mechanical pull.
NUM  5.
PAR  5. The transformer claimed in claim 3 which further includes means in one
      of said flanges of each of said primary winding bobbins for securing said
      finish ends of said primary winding portions before being connected to
      each other.
NUM  6.
PAR  6. In a transformer, a primary winding, a secondary winding, an iron core
      having spaced parallel portions, both said windings being mounted in
      inductive relationship with said iron core, said secondary winding being
      wound on a plurality of insulative bobbins apertured for receiving therein
      said core, each of said bobbins being formed with flanges at opposite ends
      to define a winding space for a portion of said secondary winding, each of
      said winding portions having a start end and a finish end, a first
      conductive anchoring tab extending radially from the peripheral edge of
      one of said flanges of each of said bobbins, means securing said start end
      of each of said winding portions to said first tabs, a second conductive
      anchoring tab extending radially from the peripheral edge of the other of
      said flanges of each of said bobbins, means securing said finish end of
      each of said winding portions to said second tabs, said bobbins and
      winding portions being mounted end to end in a pair of banks on said
      parallel iron core portions with said radial tabs in alignment, a first
      means for electrically connecting said adjacent second and first tabs so
      that said adjacent winding portions in each of said banks are connected in
      series, a second means for electrically connecting said second tab
      extending from a last bobbin in one of said banks to said first tab
      extending from a first bobbin in the other of said banks so that said
      banks are connected in series, and a third means for electrically
      connecting said first tab extending from a first bobbin in said one of
      said banks to a secondary winding lead and for electrically connecting
      said second tab extending from a last bobbin in said other of said banks
      to another secondary winding lead so that said banks are connected in
      series between said secondary leads.
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PAL  A coil shape comprising:
PAL  A. an H-shaped ferromagnetic core
PAL  B. a coil former of synthetic material.
PAL  The coil former is moulded about the H-shaped core and is provided with
      grooves such that the mechanical stresses produced by the shrinking of the
      coil former are completely or substantially removed.
BSUM
PAR  The invention relates to a coil frame, comprising, an H-shaped
      ferromagnetic coil core having a central connecting piece on both sides of
      which a leg is formed, and a coil former of synthetic material which is
      moulded about the said coil core and which comprises a coil can which
      envelops the central connecting piece, on both sides of the coil can a
      U-shaped trough being formed which encloses each leg of the coil core on
      three sides of each leg, an uninterrupted side adjoining the central
      connecting piece of the coil core being maintained free from synthetic
      material.
PAR  The moulding in of H-shaped coil cores of ceramic ferromagnetic material is
      known from Netherlands Pat. No. 289,500. The moulded-in cores, however,
      are very liable to be influenced by the moulding process such that the
      desired magnetic properties are lost to a substantial degree. The
      shrinkage occurring during the cooling of the synthetic coil former will
      produce mechanical stresses in the enveloped core, thus giving rise to
      deterioration of the desired magnetic qualities and even to breaking of
      the coil core. Therefore, the coil former is usually made of at least two
      parts which are glued about the coil core. This involves an additional
      operation and hence additional cost.
PAR  An object of the invention is to solve the said problems and to make it
      possible to manufacture an inexpensive coil or transformer of good quality
      in large series.
PAR  To this end, the coil according to the invention is characterized in that
      the ends of the legs are maintained free from synthetic material, the coil
      can is provided with at least one groove which extends over the entire
      length of the coil can, and at least two grooves are provided in the
      troughs of synthetic material on the outside and transverse to the
      longitudinal direction of the legs of the coil core. The provided grooves
      permit non-elastic stretching in the coil former so that the stresses
      produced by the shrinkage of the coil former are fully or substantially
      removed.
DRWD
PAR  The invention will be described in detail hereinafter with reference to the
      accompanying drawing in which
PAR  FIG. 1 is a perspective view of a preferred embodiment of the coil frame
      according to the invention.
PAR  FIG. 2 is a bottom view of the embodiment shown in FIG. 1 and
PAR  FIG. 3 is a vertical sectional view through the embodiment shown in FIG. 1.
DETD
PAR  The coil frame shown in FIG. 1 comprises an H-shaped coil core 1 about
      which a synthetic coil former 3 is moulded and which is adapted to
      cooperate with a rectangular annular portion 5. The H-shaped coil core 1
      comprises a central connecting piece (not visible), on both sides of which
      a leg 7 is formed. One or more windings can be provided about the coil
      former 3, the windings not being shown for the sake of clarity.
PAR  The coil former 3 comprises a coil can 9 which is provided on its lower
      side with a groove 11, as shown in FIG. 2, which has been recessed as far
      as the coil core 1. For the benefit of the windings to be provided, the
      coil can 9 comprises two flanges 13 which are provided with recesses 15,
      as shown in FIG. 3, for the passage of connection wires.
PAR  On the same side of the coil former 3 U-shaped troughs 17 are formed on the
      coil can 9 which envelop the legs 7 of the H-shaped core and in which
      connection pins 19 are provided for connection of the connection wires of
      the winding (windings). The connection pins 19 are provided on one side
      with a head 21 which ensures proper locking in to the bottom of the
      U-shaped trough 17. The U-shaped trough need not cover the leg 7 as far as
      the non-covered side of the leg 7. The U-shaped trough has an outer side
      23 in which three grooves 25 are provided.
PAR  The groove 11 prevents the occurrence of shrinkage stresses in the coil can
      9 which encloses the central connecting piece of the H-shaped coil core 1.
PAR  The outer sides 23 are provided to obtain the same pressure on both sides
      of the legs 7 of the coil core 1 during and after the moulding in of the
      coil core 1, so that the risk of cracking is eliminated.
PAR  The grooves 25 are provided to prevent stresses due to shrinkage of the
      coil former 3 in the longitudinal direction of the coil core 1.
PAR  Therefore, the ends of the legs 7 of the coil core 1 are not enclosed by
      the coil former 3 either, so that the legs 7 of the coil core 1 are not
      clamped in the longitudinal direction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coil frame comprising an H-shaped ferromagnetic coil core having a
      central connecting piece on both sides of which a leg is formed, a coil
      former made of synthetic material which is moulded about said coil core
      and comprising a coil can which envelops the central connecting piece and
      a U-shaped trough formed on both sides of the coil can, each leg of the
      coil core being located within a trough so that each trough encloses a
      respective leg of the coil core on three sides whereby an uninterrupted
      side of each leg of the coil core is maintained free from synthetic
      material, the ends of the legs being maintained free from synthetic
      material, the coil can including at least one groove recessed therein and
      extending over the entire length of the coil can, and at least two grooves
      recessed in each trough of synthetic material on the outside with the
      grooves extending transverse to the longitudinal direction of the legs of
      the H-shaped coil core.
NUM  2.
PAR  2. A coil frame as claimed in claim 1, wherein the groove in the coil can
      is recessed as far as the central connecting piece of the coil core.
NUM  3.
PAR  3. A coil frame as claimed in claim 1 wherein the grooves in the outer side
      of the U-shaped troughs are recessed as far as the legs of the coil core.
NUM  4.
PAR  4. A coil frame as claimed in claim 1, on which flanges are formed, wherein
      the groove in the coil can extends to the flanges as far as the legs of
      the coil core.
NUM  5.
PAR  5. A coil core comprising an H-shaped member of ferromagnetic material
      having a pair of legs and a connecting cross bar member, a coil former
      composed of a synthetic material molded about said H-shaped member and
      comprising a first support member that closely envelops said cross-bar
      member and first and second elongate U-shaped members located on opposite
      sides of said first support member so as to partially enclose respective
      ones of said pair of legs and leaving at least one end and one surface of
      each leg uncovered, a groove recessed in said first support member and
      extending approximately parallel to the longitudinal axis of the cross bar
      member, a plurality of grooves recessed in one outside surface of each
      U-shaped member and extending transverse to the longitudinal axis of the
      respective leg of the H-shaped member thereby to materially reduce any
      mechanical stresses tending to occur in said H-shaped core during the
      molding process of the coil former.
NUM  6.
PAR  6. A coil core as claimed in claim 5 wherein the coil former is formed by a
      molding process such that the first support member and the first and
      second U-shaped members together form a single integral unit in close
      contact with the H-shaped ferromagnetic member.
NUM  7.
PAR  7. A coil core as claimed in claim 5 wherein said one surface of each of
      said legs lie in a single plane.
NUM  8.
PAR  8. A coil core as claimed in claim 5 further comprising a polygonal ring of
      ferromagnetic material having two parallel legs arranged to mate with the
      legs of said H-shaped member along the uncovered leg surfaces thereof.
NUM  9.
PAR  9. A coil core as claimed in claim 5 further comprising a plurality of
      parallel spaced electrode pins molded into said first and second elongate
      U-shaped members in surfaces lying in the opposite direction from said
      uncovered leg surfaces.
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PAL  A circuit interrupting device comprising a vacuum fuse having an evacuated
      envelope wherein one or more fusible elements electrically connect spaced
      open ends of aligned tubular electrodes which have respective sealable
      ends external of the envelope and provide means for facilitating assembly
      and processing of the fuse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to current limiting means for protecting
      electrical apparatus and is concerned more particularly with a vacuum fuse
      for interrupting an electrical circuit in response to a current overload.
PAR  Components of an electrical circuit usually are protected from damage due
      to current overloads by a suitable type of circuit interrupting device,
      such as a vacuum fuse, for example. A vacuum fuse generally comprises an
      evacuated envelope having therein a fusible element electrically connected
      to a supporting pair of mutually spaced electrodes which are attached to
      respective external terminals of the fuse. The fusible element is provided
      with a much smaller cross-section than the support electrodes to ensure a
      rapid response when excessive current flows through the fuse.
PAR  In operation, the vacuum fuse may be series connected, for example, in an
      alternating current circuit such that the current flowing through the
      circuit passes through the fuse. Consequently, when the current exceeds a
      predetermined value, the fusible element melts and vaporizes thereby
      interrupting the circuit. The resulting gap between the support electrodes
      may be bridged by a current arc which is extinguished when the half cycle
      of the alternating current approaches zero value. During the next half
      cycle, the arc will not be re-ignited provided that a high dielectric is
      maintained in the gap between the support electrodes. Thus, after
      vaporization of the fusible element, it is required that the dielectric
      characteristics of the vacuum remain sufficiently high to prevent voltage
      breakdown across the gap between the support electrodes.
PAR  Accordingly, the effectiveness of a vacuum fuse depends not only on the
      response accuracy of the fusible element, but also on the dielectric
      strength of the vacuum within the envelope. Consequently, during
      processing, the component parts of the tube preferably are outgassed
      before assembly. Also, it is desirable that the component parts be baked
      out while the envelope is being evacuated in order to remove substantially
      all of the occluded gases before sealing the envelope. However, the
      relatively bulky support electrodes generally are more difficult to outgas
      than the other component parts of the fuse. Furthermore, the reduced
      cross-section of the fusible element presents handling problems during
      assembly and outgassing of the fuse.
PAR  Therefore, it is advantageous and desirable to provide a vacuum fuse with a
      simple and rugged structure which facilitates handling and outgassing of
      the component parts of the fuse during production thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides a vacuum fuse comprising an evacuated
      envelope having therein one or more fusible elements electrically
      connecting spaced open ends of aligned tubular electrodes. The electrodes
      extend externally of the envelope and have respective outer end portions
      which are sealable when desired. Thus, the tubular electrodes provide
      means for assembling the entire fuse around a longitudinally extending rod
      which is slid out of the tubular electrodes prior to evacuation of the
      envelope, thereby facilitating the handling of parts during assembly of
      the fuse. The external end portion of one of the tubular electrodes then
      may be sealed off and the envelope evacuated through the external end
      portion of the other tubular electrode. During bake out, the tubular
      electrodes have both inner and outer surface areas from which occluded
      gases may evolve for evacuation from the envelope, thus facilitating the
      outgassing of the electrodes. When evacuation is completed, the external
      open end portion of the other electrode may be sealed off, thereby
      providing a high dielectric vacuum within the envelope.
PAR  A preferred embodiment of this invention comprises a cylindrical vacuum
      fuse having an evacuated tubular envelope wherein a plurality of fusible
      elements are electrically connected to mutually spaced, open ends of an
      axially aligned pair of tubular electrodes, thus providing a passageway
      which extends longitudinally through the envelope. The fusible elements
      are encircled by a spaced conductive shield which is electrically
      connected to an annular terminal insulatingly disposed in the envelope.
      The tubular electrodes extend longitudinally out of respective opposing
      ends of the envelope, each of the electrodes having a radial collar which
      is hermetically attached to a respective radial flange at the associated
      end of the envelope. External end portions of the respective electrodes
      are sealed off during processing of the fuse. The dielectric
      characteristics of the vacuum environment within the envelope may be
      tested by connecting a polarized voltage source between one of the
      electrodes and the annular terminal of the shield.
PAR  An alternative embodiment of this invention comprises a cylindrical vacuum
      fuse having an evacuated tubular envelope wherein first and second arrays
      of fusible elements are electrically connected to respective open ends of
      a centrally disposed tubular conductor and to respective adjacent open
      ends of axially spaced first and second tubular electrodes, thus providing
      a passageway which extends longitudinally through the envelope. The
      centrally disposed, tubular conductor is supported by a terminal disc
      which also supports a shield in spaced encircling relationship with the
      fusible elements. The first and second tubular electrodes extend
      longitudinally out of respective opposing ends of the envelope, each of
      the tubular electrodes having a radial collar hermetically attached to a
      respective radial flange at the associated end of the envelope. External
      end portions of the respective tubular electrodes are sealed off during
      processing of the fuse. An inner axial portion of one of the tubular
      electrodes is insulatingly encircled by an annular gas electrode having an
      outer peripheral portion external of the envelope. The dielectric
      characteristics of the vacuum environment within the fuse envelope may be
      tested by connecting a polarized voltage source between one of the tubular
      electrodes and the annular gas electrode.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of this invention, reference is made in the
      following more detailed description to the accompanying drawing wherein:
PAR  FIG. 1 is an axial sectional view of one embodiment of this invention; and
PAR  FIG. 2 is an axial sectional view of an alternative embodiment of this
      invention.
DETD
PAC  DECRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing wherein like characters of
      reference designate like parts, there is shown in FIG. 1 a cylindrical
      vacuum fuse 10 having an evacuated tubular envelope 12. Envelope 12
      includes axially aligned hollow cylinders, 14 and 16 respectively, which
      may be made of dielectric material, such as ceramic, for example. The
      respective adjacent ends of cylinders 14 and 16 are sealed, in a
      well-known manner, to opposing surfaces of an annular disc 18 made of
      conductive material, such as Kovar, for example.
PAR  Disc 18 extends radially inwardly of envelope 12 and is supportingly
      attached, as by welding, for example, to a longitudinally extending
      tubular shield 20. The shield 20 preferably comprises a thin sleeve of
      conductive material, such as aluminum, for example, having opposing open
      ends provided with respective rounded edges. Shield 20 insulatingly
      encircles axially disposed end portions of aligned tubular electrodes, 22
      and 24, respectively, which are made of rigid conductive material, such as
      copper, for example. The electrodes 22 and 24 extend substantially along
      the axial centerline of envelope 12 and project longitudinally out of
      respective opposing ends of the envelope.
PAR  Within envelope 12, the respective adjacent ends of electrodes 22 and 24
      abut axially aligned, electrode face rings 26 and 28, respectively, and
      are attached thereto, as by brazing, for example. Electrode face rings 26
      and 28 are made of suitable conductive material, such as zone refined
      copper, for example, and are spaced a predetermined distance from one
      another thereby forming a gap 30 therebetween. The electrode face rings 26
      and 28 may extend radially outwardly of the attached electrodes 22 and 24,
      respectively, to facilitate arc quenching after burnout and to minimize
      the possibility of voltage breakdown across the gap 30. Preferably, the
      respective inner diameters of tubular electrodes 22-24 and electrode face
      rings 26-28 are approximately equal to one another so as to provide a
      generally uniform passageway 32 which extends longitudinally through the
      envelope 12.
PAR  Each of the electrode face rings 26 and 28, respectively, may have axially
      disposed in the annular body thereof an array of arcuately spaced
      apertures, 34 and 36 respectively. Preferably, the apertures 34 extend
      through the material of ring 26 and are substantially aligned with
      corresponding apertures 36 which extend through the material of ring 28.
      Axially disposed between the respective rings 26 and 28 may be a plurality
      of fusible elements 38 made of suitable conductive material, such as
      tungsten wire, for example. Each of the fusible elements 38 may have
      opposing end portions inserted into respective apertures 34 and 36, and be
      suitably secured, as by welding, for example, to the electrode face rings
      26 and 28, respectively.
PAR  The fusible elements 38, preferably, have respective lengths greater than
      the distance between electrode face rings 26 and 28, in order to provide
      greater flexibility in compensating for unequal thermal expansion and
      contraction in the connecting component parts of fuse 10.
PAR  Although two fusible elements 38 have been shown for purposes of
      illustrating this invention, it is to be understood that any desired
      number of fusible elements may be disposed between the electrode face
      rings 26 and 28 respectively. Furthermore, the fusible elements 38 may be
      suitably connected to the electrode face rings 26 and 28, respectively, by
      means other than the described apertures 34 and 36, respectively.
PAR  A thin band 40 of getter material, such as silver palladium for example,
      may be suitably attached, as by welding, for example, to an outer surface
      of one of the tubular electrodes, such as 24, for example. Alternatively,
      a sleeve (not shown) of getter material may be slidably inserted into one
      of the tubular electrodes, 22 and 24, respectively.
PAR  Adjacent the opposing ends of envelope 12, respective radially extending
      collars 42 and 44 have inner peripheral portions hermetically attached, as
      by brazing, for example, to outer surfaces of the tubular electrodes, 22
      and 24, respectively. The collars 42 and 44 are made of suitable thin
      conductive material, such as Kovar, for example, and have respective outer
      peripheral rims 46 and 48, respectively, which extend longitudinally
      outwardly of the envelope 12. The rims 46 and 48 are circumferentially
      sealed, as by welding, for example, to respective juxtaposed peripheral
      rims 50 and 52 of inwardly extending, annular flanges 54 and 56,
      respectively. The flanges 54 and 56 are made of suitable thin conductive
      material, such as Kovar, for example, and have outer peripheral portions
      sealed, in a well-known manner, to adjacent ends of the dielectric
      cylinders, 14 and 16, respectively.
PAR  Thus, in combination, annular flange 54 and radially extending collar 42
      constitute a rugged lightweight end cap 58 at one end of envelope 12,
      through which the electrode 22 longitudinally extends. Also, in
      combination, annular flange 56 and radially extending collar 44 constitute
      a rugged lightweight end cap 60, at the other end of envelope 12 through
      which the electrode 24 longitudinally extends. The external end of tubular
      electrode 24 is hermetically sealed by any convenient means, as by welding
      a copper plug 62 therein, for example. The external end of tubular
      electrode 22 is vacuum sealed, in a well-known manner, to an exhaust
      tubulation 64 made of suitable material, such as copper, for example. The
      tubulation 64 is pinched-off, by conventional means, when evacuation of
      the envelope 12 is completed.
PAR  Accordingly, it may be seen that the tubular electrodes 22 and 24,
      respectively, provide means for readily assembling and processing the fuse
      10. The fusible elements 38, respective electrode face rings 26-28,
      respective tubular electrodes 22-24, respective collars 42-44, and the
      exhaust tubulation 64, all may be assembled to one another, as described,
      while supported on an axially disposed fixture rod (not shown). The
      respective cylinders 14-16, annular disc 18, tubular shield 20, and
      respective flanges 54-56 all may be preassembled to one another, as
      described, and slid longitudinally over the subassembly prefabricated on
      the fixture rod. Then, the respective juxtaposed rims 46-50 and 48-52 may
      be heliarc welded. Subsequently, the fixture rod is withdrawn from the
      passageway 32, as by way of exhaust tubulation 64, for example; and the
      plug 62 may be welded into the external open end of electrode 24, as
      described. The exhaust tubulation 64 then provides means for mounting the
      assembled fuse 10 on a conventional exhaust machine (not shown) for
      evacuation of envelope 12.
PAR  The component parts of fuse 10 are preferably outgassed, in a conventional
      manner, prior to assembly. Also, it is desirable that the assembled parts
      be thoroughly baked-out, while mounted on the exhaust machine, to further
      remove occluded gases which then may be readily evacuated from the
      envelope 12. Generally, the electrodes supporting the fusible elements in
      vacuum fuses of the prior art are relatively bulky in comparison with
      other metallic component parts and, consequently, are usually more
      difficult to out-gas. However, in the described vacuum fuse 10, the
      tubular support electrodes 22 and 24 provide respective inner and outer
      cylindrical surface areas from which occluded gases may be evolved during
      bake-out and evacuated from envelope 12. In this manner, the required high
      dielectric characteristics of the vacuum environment within the fuse
      envelope may be readily achieved, and the exhaust tubulation 64
      pinched-off, as described. Thus, it may be seen that the axially aligned,
      tubular support electrodes of this invention facilitate the handling and
      processing of the vacuum fuse 10.
PAR  The dielectric characteristics of the vacuum within the sealed envelope 12
      may be tested by electrically connecting a polarized voltage source (not
      shown) between the external end of one of the tubular electrodes 22 and
      24, respectively, and the annular disc 18. The polarized voltage source
      preferably is connected such that the fusible elements 38 are electrically
      positive with respect to the shield 20. Consequently, residual gas
      molecules within the fuse envelope may be ionized whereby positive gas
      ions will flow to the shield 20 and electrons will flow to the fusible
      elements 30. Also, an axially directed magnetic field may be employed for
      intensifying any resulting current flow. The current, thus produced, may
      be detected externally of envelope 12 by current indicating means, such as
      a suitable ammeter (not shown) connected in series with the voltage
      source, for example. Thus, the value of the measured current is indicative
      of the dielectric quality of the vacuum within the fuse envelope.
PAR  An alternative embodiment shown in FIG. 2 comprises a cylindrical vacuum
      fuse 10a having an evacuated tubular envelope 12a. Envelope 12a includes
      axially aligned, hollow cylinders 14a, 70, and 16a, respectively, which
      may be made of dielectric material, such as ceramic, for example.
      Cylinders 14a and 70 have respective adjacent ends peripherally sealed to
      outwardly extending, annular flanges 72 and 74, respectively, which may be
      made of suitable conductive material, such as Kovar, for example. The
      flanges 72 and 74 are hermetically attached to respective opposing flat
      surfaces of an annular disc 18a which extends radially within the envelope
      12a. Adjacent the inner surfaces of cylinders 14a and 70, the disc 18a has
      attached to opposing flat surfaces thereof respective adjacent end
      portions of axially aligned sleeves 76 and 78 which are made of suitable
      rigid material, such as aluminum, for example. The sleeves 76 and 78, in
      combination, comprise a longitudinally extending shield 20a, and having
      opposing open ends which may be provided with respective rounded edges.
PAR  The inner periphery of disc 18a is supportingly attached to a centrally
      disposed, tubular conductor 80 which longitudinally extends substantially
      along the axial centerline of envelope 12a. Tubular conductor 80 is made
      of rigid conductive material, such as copper, for example, and has fixedly
      attached to opposing ends thereof respective axially aligned, electrode
      face rings 82 and 84. The electrode face rings 82 and 84 are made of
      suitable conductive material, such as zone refined copper, for example,
      and are spaced respective predetermined distances from axially aligned,
      electrode face rings 26a and 28a, respectively. Electrode face rings 26a
      and 28a are fixedly attached to axially aligned ends of tubular support
      electrodes 22a and 24a, respectively. The electrodes 22a and 24a extend
      substantially along the axial centerline of envelope 12a and project
      longitudinally out of respective opposing ends of the envelope.
PAR  Thus, there is provided between the electrode face rings 82 and 26a a
      respective gap 31, and between the electrode face rings 84 and 28a a
      respective gap 33. The gaps 31 and 33 provide a combined voltage drop
      which is capable of withstanding a higher breakdown voltage than the
      voltage drop provided by gap 30 shown in FIG. 1. Also, the electrodes face
      rings 82, 84, 26a and 28 may extend radially outward of the tubular
      supporting members in order to facilitate arc quenching after burnout and
      to minimize the possibility of voltage breakdown across the gaps 31 and
      33. The respective inner diameters of tubular electrodes 22a, 24a, central
      tubular conductor 80, and electrode face rings 26a, 82, 84, 28a,
      preferably, are approximately equal to one another to provide a generally
      uniform passageway 32a which extends longitudinally through the envelope
      12a.
PAR  Axially disposed between the annular bodies of electrode face rings 26a and
      82, respectively, is a first plurality of fusible elements 37, each of
      which has opposing end portions electrically connected, as by welding, for
      example, to respective rings 26a and 82. Similarly, axially disposed
      between the annular bodies of electrode face rings 84 and 28a,
      respectively, is a second plurality of fusible elements 39, each of which
      has opposing end portions electrically connected, as by welding, for
      example, to the respective rings 84 and 28a. The fusible elements 37 and
      39, respectively, are made of suitable conductive material, such as copper
      wire, for example, and preferably have respective lengths greater than the
      distances across the associated gaps 31 and 33, respectively.
PAR  Although only two gaps 31 and 33, respectively, have been shown, it will be
      appreciated that any desired number of electrode gaps may be disposed in
      series with one another between the opposing ends of the tubular envelope
      12a. Also, each of the gaps may be spanned by any desired number of
      fusible elements having respective opposing end portions electrically
      connected to opposing electrode faces which define the gap.
PAR  A thin band 40a of getter material, such as silver palladium for example,
      may be suitably secured, as by welding, for example, to an outer surface
      of one of the tubular electrodes, such as 22a, for example. An axially
      extending portion of tubular electrode 24a may be insulatingly encircled
      by a spaced inner peripheral portion of a radially extending, gas
      electrode annulus 86. Annulus 86 is made of suitable conductive material,
      such as Kovar, for example, and has an outer peripheral portion sealed, in
      a well-known manner, between adjacent ends of cylinders 70 and 16a
      respectively. Cylinder 16a may be made of dielectric material, such as
      ceramic, for example, and has an opposing end sealed, in a well-known
      manner, to an outer peripheral portion of flange 56a which extends
      radially inwardly of the envelope 12a. Similarly, at the opposing end of
      tubular envelope 12a, the adjacent end of cylinder 14a is sealed, in a
      well-known manner, to an outer peripheral portion of a flange 54a which
      extends radially inwardly of the envelope.
PAR  The flanges 54a and 56a are made of suitable conductive material, such as
      Kovar, for example, and have respective inner peripheral rims 50a and 52a
      which extend longitudinally outwardly of the envelope 12a. The rims 50a
      and 52a are circumferentially sealed, as by welding, for example, to
      respective juxtaposed rims 46a and 48a of inwardly extending, annular
      collars 42a and 44a, respectively. The collars 42a and 44a are made of
      suitable conductive material, such as Kovar, for example, and have
      respective inner peripheral portions hermetically attached, as by brazing,
      for example, to axially extending portions of tubular electrodes, 22a and
      24a, respectively. Thus, the combination of flange 54a and collar 42a
      constitute a rugged light-weight end cap 58a at one end of the envelope
      12a, and the combination of flange 56a and collar 44a constitute a rugged
      light-weight end cap 60a at the opposing end of the envelope.
PAR  The external end of tubular electrode 24a may be hermetically sealed, in
      any convenient manner, as by welding a copper plug 62a therein, for
      example. The external end of tubular electrode 24a is vacuum-sealed, in a
      well-known manner, to an exhaust tubulation 64a which is made of suitable
      material, such as copper, for example. The tubulation 64a is pinched-off,
      by conventional means, when evacuation of the envelope is completed.
PAR  Accordingly, it may be seen that the tubular electrodes 22a, 24a, and the
      tubular center conductor 80 respectively, provide means for readily
      assembling and processing the fuse 10. The center conductor 80 having disc
      18a preassembled thereto, respective electrode face rings 82, 84, 26a,
      28a, respective arrays of fusible elements 37-39, respective tubular
      electrodes 22a-24a, respective collars 42a-44a, and the exhaust tubulation
      64a, all may be assembled to one another, as described, while supported on
      an axially disposed fixture rod (not shown). The sleeve portions 76 and 78
      of shield 18a then may be suitably attached to opposing flat surfaces of
      the disc 18a. Cylinder 14a having the flange 54a preassembled thereto may
      be passed longitudinally over one end of the components assembled on the
      fixture rod until the flange 72 abuts the adjacent surface of disc 18a.
      The cylinder 70, gas electrode annulus 86, cylinder 16a, and the flange
      56a may be preassembled and passed longitudinally over the other end of
      the components assembled on the fixture rod until the flange 74 abuts the
      adjacent surface of disc 18a.
PAR  Then, the flanges 72 and 74 may be hermetically attached to disc 18a, as by
      heliarc welding, for example. Similarly, the juxtaposed rims 46a-50a, and
      48a-52a may be hermetically attached to one another to form end caps 58a
      and 60a respectively. Finally, the fixture rod may be withdrawn from the
      longitudinally extending passageway 32a, as by way of the exhaust
      tubulation 64a, for example; and the plug 56a then may be welded into the
      external open end of electrode 24a. The exhaust tubulation 64a then
      provides means for mounting the assembled fuse 10a on a conventional
      exhaust machine (not shown) for evacuation of the envelope 12a.
PAR  The tubular electrodes 22a, 24a and the tubular center conductor 80 provide
      respective inner and outer cylindrical surfaces whereby occluded gases may
      be evolved from the materials thereof during bake-out and evacuation.
      Consequently, the required high dielectric characteristics of the vacuum
      environment within the fuse envelope 12a may be readily achieved and the
      exhaust tubulation 64a pinched off. Thus, it may be seen that the axially
      aligned, tubular electrodes 22a, 24a and center conductor 80 provide an
      axially extending passageway 32a which facilitates handling and processing
      of the vacuum fuse 10a.
PAR  The dielectric characteristics of the vacuum within the sealed envelope 12a
      may be tested by electrically connecting a polarized voltage source (not
      shown) between the external end of tubular electrode 24a and the outer
      peripheral portion of the gas electrode annulus 86. Preferably, the
      polarized voltage source is connected such that the tubular electrode 24a
      and the connected components of the fuse 10a are positive with respect to
      the gas electrode annulus 86. As a result, positive ions of any residual
      gas molecules within the envelope 12a will be drawn to the gas electrode
      annulus 86, and the electrons will flow to the axially disposed electrode
      24a. Also, an axially directed magnetic field (not shown) may be employed
      for intensifying the resulting current flow. Any current, thus produced,
      may be detected externally of the envelope by a suitable ammeter connected
      in series with the source. The value of the current, thus measured, is
      indicative of the dielectric quality of the vacuum within the envelope of
      fuse 10a.
PAR  From the foregoing, it will be apparent that all of the objectives of this
      invention have been achieved by the structures shown and described herein.
      It also will be apparent, however, that various changes may be made by
      those skilled in the art without departing from the spirit of the
      invention as expressed in the appended claims. It is to be understood,
      therefore, all matter shown and described herein is to be interpreted as
      illustrative and not in a limiting sense.
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STM  I claim:
NUM  1.
PAR  1. A circuit interrupting device comprising:
PA1  an evacuated envelope;
PA1  tubular conductive means including a pair of tubular electrodes having
      spaced inner end portions open to one another within the envelope and
      sealable outer end portions external of the envelope for providing a
      passageway through the envelope; and
PA1  conductive fusible means disposed within the envelope for electrically
      connecting the spaced inner end portions of the tubular electrodes to one
      another.
NUM  2.
PAR  2. A circuit interrupting device as set forth in claim 1 wherein the spaced
      inner end portions of the tubular electrodes are disposed in opposing
      relationship, and the fusible means comprises a plurality of fusible
      elements connected therebetween.
NUM  3.
PAR  3. A circuit interrupting device as set forth in claim 1 wherein the
      tubular conductive means includes at least one tubular conductor disposed
      within the envelope and having opposing open ends aligned with respective
      spaced inner ends of the pair of tubular electrodes.
NUM  4.
PAR  4. A circuit interrupting device as set forth in claim 3 wherein the
      fusible means comprises first and second arrays of fusible elements, each
      array being connected to a respective end of the tubular conductor and the
      adjacent inner end portion of one of the tubular electrodes.
NUM  5.
PAR  5. A circuit interrupting device comprising:
PA1  an evacuated tubular envelope;
PA1  a pair of axially aligned tubular electrodes having respective open ends
      within the envelope disposed in spaced opposing relationship with one
      another and respective sealable open ends external of the envelope; and
PA1  current responsive fusible means within the envelope electrically connected
      to the spaced electrode ends therein.
NUM  6.
PAR  6. A circuit interrupting device as set forth in claim 5 wherein the
      electrode open ends within the envelope have respective outwardly extended
      annular flanges attached thereto.
NUM  7.
PAR  7. A circuit interrupting device as set forth in claim 6 wherein the
      fusible means comprises an array of spaced fusible elements axially
      disposed between the respective annular bodies of the flanges, each of the
      fusible elements having opposing end portions attached to the respective
      flanges.
NUM  8.
PAR  8. A circuit interrupting device as set forth in claim 7 wherein the
      fusible elements have respective lengths greater than the distance between
      the spaced electrode ends.
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ABST
PAL  A re-usable electrical fuse having an elongaged, non-electrically
      conductive, normally vertically extending capsule and a pair of electrical
      switch contacts extending inwardly of the capsule at each end thereof, the
      upper pair of contacts being normally close-circuited by a charge of
      fusable metal within the capsule and adapted to open circuit and
      close-circuit the lower pair of contacts by gravity action upon melting of
      the fusable metal charge due to a current overload being imposed upon an
      electrical circuit to be fuse-protected in series connection with the
      upper pair of electrical switch contacts, thereby permitting the re-use of
      the fuse by rotating the capsule through 180 circular degrees so that the
      now close-circuited lower pair of electrical switch contacts is in the
      upper position and in series circuit connection with the protected
      circuit.
BSUM
PAR  This invention relates to electrical fuses and is directed particularly to
      an electrical circuit-breaking fuse that is re-usable indefinitely simply
      by change from one position to the other of two opposed positions after
      "burn-out" due to current overload in the associated electrical circuit.
PAR  The use of fusable high resistance metal elements as circuit-breaking
      devices protecting against electrical circuit overload is well known.
      Heretofore, such electrical fuses have commonly been manufactured in the
      form of screw plugs or electrode-capped, cylinrical cartridges receivable
      in appropriate receptacles in fuse boxes and the like for
      series-connection in branch electrical circuits to be protected. Such
      fuses, particularly such cartridge fuses that have heretofore been devised
      were usable only once, since "burn-out" of the fusable element therein
      permanently open-circuited the fuse.
PAR  While plug type fuses having a small plurality of fusable elements which
      could be successively switched in the plug fuse circuit after each
      burn-out have been devised, they have been found to be generally
      unsatisfactory and fallen into disuse. It is, accordingly, the principal
      object of this invention to provide a novel and improved electrical
      circuit-breaking fuse that is re-usable indefinitely simply by changing
      its position back and forth between two opposed operative positions,
      selectively, in the associated fuse box or fuse receptacle each time a
      burn-out due to circuit overload occurs.
PAR  A more particular object of the invention is to provide a re-usable
      electrical fuse of above nature wherein the fusable element is in the form
      of a charge or globule of high-resistance, low melting temperature metal
      incapsulated in an elongated capsule having a pair of fuse circuit switch
      electrodes projecting inwardly thereof at each end for electrical short
      circuiting by the solidified fusable metal globule when disposed at the
      corresponding end of the capsule, and being adapted to fall by gravity to
      the other end of the capsule for open-circuiting the first pair of
      electrodes and close-circuiting the other pair of electrodes at the lower
      end of the capsule upon melting thereof upon circuit overload, whereby,
      after such open circuiting, the fuse device can be replaced so that its
      now closed-circuited switch contacts are connected in the circuit to be
      protected until such time as the next overload and consequent circuit
      breaking occurs, etc.
PAR  Yet another object of the invention provides a re-usable fuse of the above
      nature including a housing and rotary switching means carrying the
      incapsulated fusable element, and so arranged as to switch the alternate
      switch contact pairs in the fuse circuit as the rotary member is turned
      180 circular degrees after each fuse burn-out to re-establish fuse
      protection.
PAR  Yet another object of the invention is to provide a re-usable electrical
      fuse device of the character described and in the form of a cylindrical
      cartridge wherein fuse renewal is accomplished by simply reinserting the
      cartridge after rotating it through 180 circular degrees end-for-end in
      its vertical position in the cartridge receptacle.
PAR  Yet another object of the invention is to provide a re-usable electrical
      fuse of the character described which will be simple in construction,
      compact in form, inexpensive to manufacture, dependable in operation and
      durable in use.
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PAR  Other objects, features and advantages of the invention will be apparent
      from the following description when read with reference to the company
      drawings. In the drawings, wherein like reference numerals denote
      corresponding parts throughout the several views:
PAR  FIG. 1 is an oblique elevational view of a cartridge type re-usable fuse
      embodying the invention, shown fitted for use between typical electrical
      contact receptacle members;
PAR  FIG. 2 is a longitudinal cross-sectional view of the cartridge type
      re-usable fuse illustrated in FIG. 1, shown separately, and illustrating
      details of the internal circuitry;
PAR  FIG. 3 is a vertical cross-sectional view similar to that of FIG. 2 but in
      an inverted position, and illustrating operation of the circuitry to
      re-establish fuse protection after a "burn-out" effected while the fuse
      device is used in the relatively inverted position of FIG. 1;
PAR  FIG. 4 illustrates, in front elevation, a modification of the invention
      wherein fuse renewal is effected simply by manually turning a rotary
      member between 180 circular degrees opposed positions of use; and
PAR  FIG. 5 is a longitudinal cross-sectional view taken along the line 5--5 of
      FIG. 4 in the direction of the arrows.
DETD
PAR  Referring now in detail to the drawings, reference numeral 10 designates,
      generally, a cartridge type re-usable fuse embodying the invention, the
      same being illustrated in FIG. 1 as inserted for use between contact
      receptacles 11, 12, which are typically mounted in a fuse box 13
      (partially illustrated) enclosing the circuitry for the electrical branch
      circuit, or the like, in which the fuse is connected by means of said
      receptacles. As illustrated in FIGS. 2 and 3, the cartridge type re-usable
      fuse 10 comprises a non-electrically conductive tubular housing member 14
      capped at each end with cylindrical metal contact or terminal members 15
      and 16.
PAR  The housing member 14 contains a first elongated switching capsule 17 and a
      second elongated switching capsule 18 which are of a non-electrically
      conductive material such as high temperature resistant glass, for example.
      Each of the elongated switching capsules 17, 18 has embedded in each end
      thereof a pair of electrical switch contact members 17a,  17b; 17c, 17d
      and 18a, 18b; 18c, 18d, respectively. The inner or interior ends of these
      switch contact member pairs are slightly spaced from one another to be
      shunted or electrically closed from time to time in the manner and for the
      purposes hereinafter more particularly described.
PAR  As best illustrated in FIG. 2, the switch contact members 17a, 17b and 18c,
      18d, are connected in series between the terminal contact members 15 and
      16 of the cartridge re-usable fuse 10 by means of electrical conductors
      19, 20 and 21. Similarly, the electrical switch contact members 17c, 17d
      of the first elongated switching capsule 17 and the electrical switch
      contact members 18a, 18b of the second elongated switching capsule 18 are
      connected in series with said terminal contact members by means of
      electrical conductors 22, 23 and 24.
PAR  The elongated switching capsule 17 contains a charge of metallic mercury 25
      which, being liquid at ordinary temperatures will always fall to the
      bottom of its container to close-circuit the switch contact pairs thereat,
      i.e. the switch contact members 17c, 17d as illustrated in FIG. 2.
PAR  The elongated switching capsule 18 contains a small charge of a
      high-resistance, low melting temperature metal 26 such as woodsmetal,
      serving as a fusable element in breaking the fuse circuit upon current
      overload. This charge or globule of fusable metal will be disposed in
      switch-shorting relation either at the upper or lower end of its capsule
      depending upon the condition of the fuse, as is hereinbelow more
      particularly explained.
PAR  Considering now the operation of the re-usable cartridge fuse 10 and
      referring first to FIG. 2, it will be seen that a circuit is established
      through the fuse between the terminal cap members 15, 16 by conductor 22,
      now closed switch contact members 17c, 17d through mercury charge 25,
      conductor 23, now closed-circuited electrical switch contact pair 18a,
      18b, through fusable metal charge 26 and conductor 24. After the fuse is
      placed in service as illustrated in FIG. 1 in a vertical position as
      illustrated in FIG. 2, it serves to energize the associated electrical
      branch circuit. If an overload should occur in this circuit, the resulting
      increase in current flowing through the charge of fusable metal 26 in the
      series circuit as described above, would instantly fuse or melt this
      charge of metal whereupon it will drop and solidify at the lower end of
      its capsule 18 to close-circuit switch contact member pair 18c, 18d. Since
      this closed switch is in series with now open switch contact pair 17a, 17b
      associated with mercury charge capsule 17, as described above, the circuit
      through the re-usable cartridge fuse 10 will remain open circuited, so as
      to denergize the associated branch circuit. To re-use the cartridge fuse
      10, it is only necessary to remove it from its vertical position in its
      receptacle and rotate it 180.degree. end for end, as illustrated in FIG.
      3, whereupon, after re-insertion in a branch circuit receptacle or the
      like, it will again serve as an operative, closed-circuit fuse. In this
      instance, as illustrated in FIG. 3, the fusable circuit now extends
      between terminal end caps 15 and 16 through conductor 19, now closed
      switch terminal contact pairs 17a, 17b, electrical conductor 20, now
      closed electrical switch contact pairs 18c, 18d and electrical conductor
      21. Thus, to whichever end the charge of fusable metal 26 falls in its
      capsule 18 upon fuse "burn-out," a fusable circuit can again being
      re-established for re-use of the fuse simply by turning it end-for-end in
      a vertical position. It will be understood of course that the "size" or
      amperage at which the fuse operates or open circuits can readily be
      controlled by the particular alloy and/or size of the charge of fusable
      metal 26 used in its capsule 18.
PAR  Preferably, the fusable metal charge capsule 18 will be disposed for
      viewing through a central elongated opening 27 in the cylindrical housing
      member 14 whereby it can be readily determined if the fuse has
      open-circuited or "blown" due to circuit overload. In this connection it
      will be noted that if the fusable metal charge is in its upper end
      position within its associated transparent capsule 18, the fuse is in
      operating condition, whereas if it has melted and fallen to the bottom
      position, the fuse can readily be observed to be in non-operative of
      burn-out condition, whereupon, as hereinabove described, it can be re-used
      simply by turning it end-for-end so that the fusable metal appears to be
      at the upper end of its capsule enclosure.
PAR  FIGS. 4 and 5 illustrate an alternative form of re-usable fuse embodying
      the invention which is adapted to permanent plug-in connection into an
      appropriate receptacle in an electrical branch circuit fuse box, for
      example, and wherein renewal after fuse "blow-out" is effected simply by
      rotating in a rotary member comprising the device through 180 circular
      degrees.
PAR  The renewable fuse device of FIGS. 4 and 5, designated generally by
      reference numeral 10a, comprises a rectangular back plate 28 molded of an
      non-electrically conductive material such as a tough synthetic plastic, a
      rectangular front plate 29 of the same material and peripheral size
      secured against said back plate as by corner rivets 30, and a rotary
      member 31 extending centrally through said front cover plate and
      constrained to rotary motion with respect to said assembled front and back
      plates as is hereinafter more particularly described.
PAR  The inside of the back plate 28 is formed with a first circular recess 32
      and a second, coaxial circular recess 33 of somewhat decreased diameter.
      The annular shoulder 34 defined by the recesses 32 and 33 serve as an
      abutment slide surface against which the rotary member 31 rotates. The
      rotary member 31 comprises an integrally formed, central, peripheral
      flange portion 35 constrained for sliding rotary motion in an annular slot
      36 defined by a peripheral coaxial recess 37 formed at the inside of the
      rotary member 31. The rotary member 31, at the outside, is integrally
      formed with a horizontal, diametrically-extending handle 38 by means of
      which said rotary member may be turned into reverse position for renewal
      of the fuse in the manner hereinbelow more particularly described.
PAR  The front face of the rotary member 31 is provided with a
      vertically-extending opening 39 within which is disposed an elongated
      capsule of high temperature resistant glass, for example, identified by
      reference numeral 40, which contains, at the upper end thereof as
      illustrated in the drawings, a charge of fusable, low melting temperature
      metal 41 having high electrical resistance, such as a woodsmetal alloy,
      for example.
PAR  Extending through the glass capsule 40 at each end thereof are respective
      pairs of electrical contact members 41a, 41b and 42a, 42b, respectively,
      the outer ends of which extend outwardly of the back surface of the rotary
      member 31 and terminate in a common plane parallel with said back surface.
      As illustrated in FIGS. 4 and 5, when the rotary member 31 is in the
      rotative position as illustrated in FIGS. 4 and 5 of the drawings, the
      electrical contact members 41a, 41b are in brush contact with respective
      switch terminal plug members 43a, 43b, respectively, thereby establishing
      through circuit connection with the charge of fusable low melting
      temperature 41 which, when in the upper position as illustrated in the
      drawings, completes a circuit through said switch terminal plug members.
PAR  In use of the rotary fuse device 10a, it is installed in position in the
      fuse box having an appropriate receptacle for connection with the switch
      terminal plug members 43a, 43b, thereby placing the device in series
      connection with an associated electrical branch circuit to be protected
      against overload. Should an overload occur, the fusable metal charge 41
      comprising the fuse circuit will be heated to molten temperature,
      whereupon it will fall by gravity to the lower end of its capsule 40 to
      internally shunt the electrical contact members 42a, 42b, whereat it will
      solidify. It will be noted that such operation or blow-out of the fuse can
      readily be observed at the front of the rotary member 31 whereupon, as
      soon as the fault resulting in the blow-out in the circuit has been
      corrected, fuse protection can be reinstated simply by turning the rotary
      handle 38 through 180.degree. so that the now electrically shunted
      electrical contact members 42a, 42b will be in series with the fuse switch
      terminal plug members 43a, 43b to re-establish continuity in the branch
      circuit protected.
PAR  While I have illustrated and described herein only two forms in which my
      invention can conveniently be embodied in practice, it is to be understood
      that these forms are presented by way of example only and not in a
      limiting sense. The invention, in brief, comprises all the embodiments and
      modifications coming within the scope and spirit of the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A re-usable electrical fuse comprising, in combination, an elongated,
      non-electrically conductive, normally vertically-extending, transparent
      hollow capsule of high temperature resistant glass, a first pair of
      electrical switch contacts extending inwardly of said capsule at one end
      thereof, a second pair of electrical switch contacts extending inwardly of
      said capsule at the other end thereof, a charge of fusable metal within
      said capsule and normally disposed within the upper end portion thereof
      and in close-circuiting relation with respect to said first pair of
      electrical switch contacts, a first fuse circuit connector means in series
      with said first pair of electrical switch contacts, and a second fuse
      circuit connector means in series with said second pair of electrical
      switch contacts, whereby, upon a current overload occurring in an
      electrical load circuit connected in series with said first fuse circuit
      connector means, said charge of fusable metal will be brought to molten
      temperature to fall by gravity into the lower end portion of said capsule
      to solidify in close-circuiting relation with respect to said second pair
      of electrical switch contacts while at the same time open-circuiting said
      first pair of electrical switch contacts, as will be readily observable
      upon visual inspection of said capsule, whereupon said re-usable
      electrical fuse can be re-used simply by rotating it through 180 degrees
      end-for-end in a second normal position and connecting the electrical load
      circuit in series with said second pair of electrical switch contacts.
NUM  2.
PAR  2. A re-usable electrical fuse as defined in claim 1, and further
      comprising a non-conductive back plate, a non-conductive, circular front
      plate carried in face-to-face relation with respect to said back plate,
      means constraining said front plate to rotary motion about its rotary axis
      and with respect to said back plate, said capsule being centrally affixed
      with respect to the front of said front plate with its longitudinal axis
      substantially parallel with said back face of said front plate, a pair of
      electrically conductive switch terminal plug members extending through
      said back plate and being adapted for plug-in connection with a fuse
      circuit receptacle, said first and second fuse circuit connector means
      each comprising a pair of electrical contact members extending outwardly
      of the rear of said back plate and being so positioned as to make
      electrical brush contact, selectively, with said pair of electrical plug
      members as said front plate is rotated through 180 circular degrees with
      respect to said back plate.
NUM  3.
PAR  3. A re-usable electrical fuse as defined in claim 2, and further
      comprising a diametrically-extending handle at the front of said front
      plate for manually rotatively turning said front plate with respect to
      said back plate.
NUM  4.
PAR  4. A re-usable electrical fuse as defined in claim 3, wherein said handle
      extends perpendicularly with respect to the longitudinal axis of said
      capsule and in overlying relation with respect to a central portion of
      said capsule, whereby end portions of said capsule will remain visible for
      determining the end position of said charge of fusable metal therein.
NUM  5.
PAR  5. A re-usable electrical fuse as defined in claim 1, including means for
      automatically connecting the electrical load circuit in series with said
      second pair of electrical switch contacts operative upon the rotation of
      said re-usable electrical fuse through 180 degrees end-for-end into said
      second normal position.
NUM  6.
PAR  6. A re-usable electrical fuse as defined in claim 5, and further
      comprising a non-electrically conductive tubular housing member and a
      conductive cylindrical terminal member capping each end of said housing
      member, said first and second circuit connector means each being in series
      connection with said automatically connecting means and said conductive
      cylindrical terminal members, and a sidewall opening in said tubular
      housing and in register with said first capsule for observing the end
      position of said charge of fusable metal therein.
NUM  7.
PAR  7. A re-usable electrical fuse as defined in claim 6, wherein said
      automatically connecting means comprises a second elongated,
      non-electrically conductive, normally vertically-extending, hollow
      capsule, a third pair of electrical switch contacts extending inwardly of
      said second capsule at one end thereof, a fourth pair of electrical switch
      contacts extending inwardly of said capsule at other end thereof, a charge
      of metallic mercury within said second capsule and operative to fall to
      the lower end of said second capsule for close-circuiting the pair of
      electrical switch contacts thereat, said first fuse circuit connector
      means being series-connected with said fourth pair of electrical switch
      contacts, and said second fuse circuit connector means being connected in
      series with said third pair of electrical switch contacts.
NUM  8.
PAR  8. A re-usable electrical fuse as defined in claim 7, wherein said first
      and second hollow capsules and said first and second fuse circuit
      connector means are enclosed within said tubular housing member and
      wherein the longitudinal axes of said first and second capsules are
      parallel with the longitudinal axis of said tubular housing member.
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ABST
PAL  A printed resistor is proposed which has a laminated structure comprising a
      substrate and a foil current-carrying pattern attached to the substrate
      and provided with two current terminals and with at least one potential
      terminal. The current-carrying pattern is made as a network of
      series-parallel arms. A section of one of the parallel arms of the pattern
      is made of a material whose temperature coefficient of resistance exceeds
      that of the material of the rest of the current-carrying pattern. One side
      of said section is connected to one of the current terminals and the
      other, to one of the potential terminals. Proposed also is a method of
      manufacturing such printed resistors which consists in that, first, an
      area of the foil with a size sufficient for the temperature compensating
      element of the resistor to be accommodated thereon is coated with a metal
      layer whose temperature coefficient of resistance and the rate of solution
      in an etching substance are higher than those of the foil material. Then,
      the foil together with its coating is heat-treated at a temperature high
      enough for the diffusion process at the boundary between the foil and said
      coating to be completed. After that the foil is glued to the substrate so
      that its coated side is attached to the latter. The current-carrying
      pattern is formed as a network of series-parallel arms so that a section
      of at least one of the parallel arms is located on the foil area bearing
      the metal coating.
BSUM
PAR  The present invention relates to the technology of manufacturing printed
      components of electrical circuits and in particular, to printed resistors
      and methods of manufacturing thereof.
PAR  Widely known at present are printed resistors made as laminated structures
      comprising a rigid base, called substrate, and a current-carrying pattern
      of foil. The pattern is usually made as a certain electrical circuit and
      is provided with two current terminals and with at least one potential
      terminal.
PAR  As a rule the procedure of manufacturing such resistors consists of a
      number of steps, such as heat treatment of the foil, glueing the foil to
      the substrate, forming the pattern of a resistive alloy by photoprinting,
      etching the item in a solution and adjusting the resistor rating to the
      required value by altering the electrical circuit of the current-carrying
      pattern.
PAR  One of the major problems facing specialists involved in the development
      and production of printed resistors is to reduce the dependence of the
      ratings of the latter on temperature using methods of temperature
      compensation.
PAR  Usually the problem is solved by means of selecting proper materials to
      manufacture a printed resistor, viz. a resistive material having the
      required temperature coefficient of resistance, substrate, isolation and
      glueing materials having certain linear expansion ratios, as well as by
      means of selecting the thickness of layers of these materials and the
      sequence of their arrangement in the common structure. However, special
      attention is paid to the temperature coefficient of resistance of the
      resistive material and to the linear expansion ratios of said resistive
      material and the substrate (base).
PAR  One of the known methods of ensuring the temperature compensation of a
      printed resistor (see U.S. Pat. Nos. 3,405,381 and 3,517,436) consists in
      selecting proper materials for the substrate and the current-carrying
      pattern.
PAR  The temperature ratio of linear expansion of the substrate material
      selected for this resistor is substantially lower than that of the
      resistive material selected for the current-carrying pattern. Thus, the
      substrate was made of glass whose temperature ratio of linear expansion
      was 3 .times. 10.sup..sup.-6 /.degree.F.
PAR  The design of this resistor, however, suffers from two drawbacks. First, it
      requires that the material used for its manufacture should have quite
      precise and stable technical parameters.
PAR  Second, it fails to ensure a high long-period stability of resistors, since
      the great difference in temperature ratios of linear expansion between the
      epoxy resin (glueing substance) the resistive material and the glass used
      in the resistor results in mechanical strains in the resistive material of
      the current-carrying pattern which cause irreversible changes of the
      latter.
PAR  Widely known also are circuits where temperature compensation is ensured by
      means of discrete sections connected in series and having opposite
      temperature coefficients of resistance (TCR).
PAR  However, a resistive material with a negative TCR is not yet known at
      present. Hence, a semiconductor material is used to make resistor pattern
      sections with the negative TCR.
PAR  There is a printed resistor design (see U.S. Pat. No. 3,434,206) using
      materials whose temperature ratios of linear expansion are almost equal.
      The design of this resistor ensures a high long-period stability but fails
      to solve the problem of temperature compensation.
PAR  A low temperature coefficient of resistance in the resistive material can
      be obtained only with the help of particular metalurgical processes with
      subsequent heat treatment of the foil. It is the value of the foil's
      temperature coefficient of resistance that determines mainly the
      dependence of the resistor on temperature variations.
PAR  The above discussion makes it evident that neither of the attempts makes it
      possible to obtain printed resistors that would have maximum temperature
      compensation and long-term stability without requiring careful selection
      of materials with proper technical parameters.
PAR  The principal object of the present invention is to design a printed
      resistor whose rating would depend on temperature variations in the lowest
      possible manner and that could be made of materials having various
      temperature coefficients of resistance and simultaneously provide for a
      high long-period stability.
PAR  Another object of the present invention is to develop a method of
      manufacturing the printed resistor that would not require high
      expenditures for its realization.
PAR  The above object is achieved by means of providing a printed resistor made
      as a laminated structure consisting of a substrate with a current-carrying
      pattern of foil attached to it and provided with two current leads and
      with at least one potential lead in which, according to the invention, the
      current-carrying pattern is formed as a network of series-parallel arms
      where a section of at least one of the parallel arms is made of a material
      whose temperature coefficient of resistance is higher than that of the
      rest of the current-carrying pattern made of a resistive alloy, one side
      of said section being connected to one of the current leads and the other
      side, to one of the potential leads.
PAR  The above object is also achieved by means of providing a method of
      manufacturing the printed resistor described above which consists in heat
      treating the foil, glueing it to the substrate and forming the resistor's
      current-carrying pattern and in which, according to the invention, an area
      of the foil the size of which is sufficient for a temperature compensating
      element of the resistor to be accommodated thereon is coated, prior to the
      heat treatment procedure, with a layer of metal whose temperature
      coefficient of resistance exceeds that of the foil material and whose rate
      of solution in an etching substance is rather high, the foil together with
      the coating thereof is heat treated at a temperature high enough for the
      diffusion at the boundary between the foil and said coating to be
      completed, the foil is glued to the substrate so that its coated side is
      attached to the latter and the current-carrying pattern is formed as a
      series-parallel network of arms so that a part of at least one of the
      parallel arms of the network is located on the coated area of the foil.
PAR  Preferably the resultant temperature coefficient of resistance of the
      printed resistor is adjusted to the required value by means of varying the
      resistance of the temperature compensating element of the resistor after
      the current-carrying pattern has been formed.
PAR  Preferably also the resultant temperature coefficient of resistance of the
      printed resistor is adjusted to the required value by means of varying the
      resistance of the non-compensating element of the resistor.
PAR  The rating of the printed resistor made according to the present invention
      has low dependence on temperature even when it uses a resistive material
      with a high temperature dependence of resistance. The printed resistor may
      have any preset value of the temperature coefficient of resistance
      irrespective of the parameters of the initial resistive material. The
      manufacturing procedure of the resistor does not require that the
      parameters of the resistive material and those of the foil should be
      carefully selected, due regard being paid to the conditions of temperature
      compensation. The resistor is peculiar for the high stability of its
      rating, high heat transfer properties and good mechanical strength.
PAR  The proposed procedure for manufacturing the printed resistor described
      above consists of technological steps effected with the use of simple and
      available equipment.
DRWD
PAR  The invention will be better understood from the following description of
      its embodiments given by way of example with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 shows a cross section of the printed resistor in the form of an
      intermediate product;
PAR  FIG. 2 shows a cross section of the printed resistor according to the
      invention;
PAR  FIG. 3 shows an enlarged electrical diagram of the current-carrying pattern
      of the printed resistor according to the invention;
PAR  FIG. 4 shows the same for a version of the printed resistor;
PAR  FIG. 5 shows a circuit diagram of the current-carrying pattern of the
      printed resistor presented in FIG. 3.
PAR  FIG. 6 shows the same after the temperature coefficient of resistance has
      been adjusted.
DETD
PAR  The printed resistor shown as an intermediate product in FIG. 1
      (cross-sectional view) consists of a resistive material foil I an area of
      which is coated with a metal layer 2 and a rigid substrate 3 attached to
      the foil I, via a dielectric interlayer 4, with the help of glueing sheets
      5 and 6.
PAR  Nichrome or manganine may be used as the resistive material, the metal
      layer 2 may be made of nickel or silver, the substrate 3 may be made of
      steel but also of aluminium, manganine, etc. The dielectric interlayer 4
      is made of a glass fabric.
PAR  FIG. 2 presents the cross section of a printed resistor which differs from
      the intermediate product of FIG. 1 in that it has a current-carrying
      pattern 7 etched out in the foil I and divided into areas 8, 9 and 10. The
      area 10 serving as a temperature compensating element of the resistor
      carries the metal coating 2.
PAR  FIG. 3 presents an enlarged electrical diagram of the current-carrying
      pattern 7. The areas 8, 9 and 10 of the current-carrying pattern 7 are
      interconnected electrically in such a way that they form parallel arms
      with respect to current terminals I.sub.I and I.sub.2, one of the arms
      comprising the area 8 and the other, the area 10 in series with the area 9
      made of the basic resistive material. The area 10 carries the metal
      coating 2 whose temperature coefficient of resistance exceeds that of the
      resistive material. In addition the resistor is provided with two
      potential terminals V.sub.I and V.sub.2. The area 10 of the resistor is
      connected between one current terminal I.sub.2 and one potential terminal
      V.sub.2.
PAR  FIG. 4 presents an enlarged electrical diagram of the printed resistor
      which differs from its version in FIG. 3 in that its current-carrying
      pattern has an area II connected in series to the parallel arms of the
      resistor. The area II has a higher resistance than the area 9 and 8 (the
      longer area of the current-carrying pattern). The areas 9, 8 and 11 are
      the resistor elements for which no temperature compensation is provided.
PAR  FIG. 5 presents a circuit diagram of the current-carrying pattern of the
      resistor from which it is evident that each of the areas 8, 9 and 10
      comprises a number of sections 12 interconnected in series and formed of
      parallel arms. The area 11, which is not shown in FIG. 5 is arranged in
      the same manner.
PAR  FIG. 6 presents the same circuit diagram of the resistor after its
      temperature coefficient of resistance has been adjusted. It is seen that
      certain parallel arms in some of the sections 12 are cut at points 13.
PAR  The procedure of manufacturing the printed resistor described above is as
      follows.
PAR  A preset area of the foil I produced by means of a metallurgical process is
      coated with a metal layer 2 in any of the known ways, e.g. electroplating,
      spraying, etc. The temperature coefficient of the resistance of the layer
      2 should be much higher than that of the foil I and its rate of solution
      in an etching substance should exceed that of the foil I. The thickness
      and size of the layer 2 are determined by the relationship between the
      resistivites and temperature coefficients of resistance of the foil I and
      the layer 2, but they should be sufficient for the temperature
      compensating element of the resistor to be accommodated thereon.
PAR  The procedure of placing the metal coating 2 being over, the intermediate
      product is heat treated in a manner which is optimal to obtain the
      required temperature coefficients of resistance of the foil I and of the
      metal coating 2 and which is sufficient for the process of diffusion at
      the boundary between the foil I and the metal coating 2 to be completed.
      It is preferable that the heat treatment of the foil I should follow the
      process of laying the metal coating 2 because this procedure makes it
      possible not only to reduce the temperature coefficient of resistance of
      the foil I, but at the same time to raise many-fold the temperature
      coefficient of resistance of the metal coating 2 and to increase its
      adhesion to the foil I. The process of diffusion, when completed, results
      in achieving a high degree of long-term stability of the printed resistor.
PAR  The next step of the technological procedure consists in glueing the foil I
      to a rigid base (substrate 3) so that it is attached to the latter with
      its coated side. A dielectric interlayer 4 should be used.
PAR  Thus, a laminated structure (an intermediate product) is obtained which
      comprises (see FIG. 1): foil I, metal coating 2, glue layers 5 and 6,
      dielectric interlayer 4 and a rigid base (substrate 3).
PAR  The following step of the resistor manufacturing procedure consists in
      forming the current-carrying pattern 7 (FIG. 2) by photolithographic
      means. The result is that extra areas of the foil I and of the metal
      coating 2 are removed. The extra areas are etched out and the
      current-carrying pattern 7 is formed in such a manner that the arms become
      connected in a series-parallel network while a section of at least one of
      the parallel arms of the pattern 7 is located on that area of the foil I
      which carries the coating 2. After the etching procedure is over the
      resistor appears to have a certain current-carrying pattern. Certain
      sections 8, 9, 10 of the pattern 7 have the required resistance and are
      interconnected electrically. FIGS. 3 and 4 present examples of electrical
      interconnections between sections of a temperature compensated resistor
      where certain sections, e.g. sections 8, 9 and 11, bear no metal coating
      while one of the sections, namely section 10, is provided with a metal
      coating. The sections 8, 9 and 10 of the current-carrying pattern
      (cross-sectional view) are shown graphically in FIG. 2. The section II of
      the resistor is not shown in FIG. 2.
PAR  After the etching process is over the item is washed and dried.
PAR  The next step of the technological procedure -- the adjustment of the
      resistor rating to the nominal value -- is effected by means of altering
      the resistance of the sections 8, 9 and 11.
PAR  After the resistance rating is adjusted to the nominal value the printed
      resistor is subjected to the procedure of adjusting the resultant
      temperature coefficient of resistance to the required value in accordance
      with the principle of temperature compensation which consists in the
      following.
PAR  The resistor sections 8, 9 and 10 (FIG. 3) form a network of parallel arms
      with respect to current terminals I.sub.I and I.sub.2. The section 10
      bearing the metal coating 2 is connected to one of the arms in series with
      the section 9 which is required to provide a fixed voltage drop
      irrespective of variations of the temperature of the printed resistor.
PAR  In case the temperature changes redistribution of currents in parallel arms
      of the resistor will be observed. For instance a rise of the temperature
      brings about an increase of the resistances in all sections of the
      resistor with the subsequent change of the voltage across them. But since
      the temperature coefficient of resistance of the metal coating 2 of the
      section 10 is much higher than that of the foil I the resistance of the
      section 10 increases sharply, which results in a drop of the current
      flowing through its arm. A fall of temperature brings about a sharp
      decrease of the resistance of the section 10 as compared with that of the
      section 8, which results in redistribution of currents in parallel arms
      and, in particular, in an increase of the current flowing through the
      section 9. Hence, the dependence of the voltage drop at the section 9 of
      the resistor becomes low.
PAR  If a high rated but small sized resistor is required it is preferable that
      the resistor should have four sections connected as shown in FIG. 4, only
      one section II having a high resistance.
PAR  The temperature coefficient of resistance and the resistance rating are
      adjusted to the required values in a similar manner, i.e. by means of
      cutting the shunting arms.
PAR  If it is required that the temperature coefficient of resistance of a
      printed resistor should be zero the following relationship (for the
      circuit shown in FIG. 3) must hold
      ##EQU1##
      where R.sub.8, R.sub.9, R.sub.10 are resistances of the sections 8, 9 and
      10
PA1  .alpha..sub.8,9 is the temperature coefficient of resistance of the initial
      resistive material respectively,
PA1  .alpha..sub.10 is the temperature coefficient of resistance of the section
      10 bearing the coating 2.
PAR  Therefore, it is necessary to select materials so that
EQU  .alpha..sub.10 &gt;&gt; .alpha..sub.8,9
PAR  Usually, when the current-carrying pattern 7 has been formed (for instance,
      by means of etching) the initial resistance values R.sub.8, R.sub.9 and
      R.sub.10 are much lower than the required nominal ratings, while the
      values of .alpha..sub.8,9 and .alpha..sub.10 are set by the
      characteristics of initial materials, the procedure of laying down the
      coating 2 and parameters of the heat treatment. After the etching
      procedure, these values, therefore, remain unchanged. Hence, their
      adjustment is effected by increasing the resistances of the sections 8, 9
      and 10. There are several methods of increasing the resistances of the
      sections 8, 9 and 10 of the current-carrying pattern. One of them consists
      in altering the interconnections between certain short sections 12 of the
      pattern 7 by cutting parallel arms at points 13. It should be noted that
      the temperature coefficient of resistance and the rating of the resistor
      are adjusted with the use of different sections of the pattern.
PAR  The equivalent resistance of the printed resistor with respect to terminals
      V.sub.I and V.sub.2 is determined mainly by the ratio of the resistances
      of the sections 8 and 9. The resistance of the section 10 is negligibly
      small.
PAR  In contrast to the above, the resultant temperature coefficient of
      resistance of the printed resistor with respect to the same terminals
      V.sub.I and V.sub.2 is determined by the ratio of the resistance of the
      section 10 to the sum of the resistances of the sections 8 and 9.
PAR  The temperature coefficient of resistance of the printed resistor can be
      adjusted by means of manipulating with the section 10 (the temperature
      compensating element of the resistor).
PAR  To this end it is necessary to have a current flowing through the terminals
      I.sub.I and I.sub.2 and, while measuring the voltage across the terminals
      V.sub.I and V.sub.2, adjust the rating of the resistor to the required
      value. The resistance of the section 10 in this case will remain rather
      small while the resultant temperature coefficient of resistance of the
      printed resistor will be approximately equal to that of the resistive
      material .alpha..sub.8,9. Then, it is necessary to start increasing the
      resistance of the section 10 and to continue doing so while monitoring the
      voltage at two temperatures, e.g. at 20.degree.C and 30.degree.C until the
      voltage incrmment in either zero or is equal to the required value, i.e.
      U.sub.20.sub..degree.C = U.sub.30.sub..degree.C or U.sub.30.sub..degree.C
      -  U.sub.20.sub..degree.C = .DELTA.U, where .DELTA.U is the required
      value. Then, by varying slightly the resistances of the sections 8 and 9
      it is possible to adjust the rating of the resistor to the nominal value
      with the required precision. The temperature coefficient of resistance in
      this case will remain unchanged.
PAR  The temperature coefficient of resistance of the printed resistor can also
      be adjusted by means of manipulating either with the section 8 or with the
      section 9 (the elements of the resistor having no temperature
      compensation).
PAR  After the etching procedure, just as in the previous case, the resistances
      of the sections 8 and 9 are lower than the required values while the
      resistance of the section 10 approaches the required value. This will
      correspond to the relation
      ##EQU2##
      while the intermediate product will appear to be overcompensated. To
      obtain optimal compensation it is necessary to adjust its value by means
      of increasing the resistances of the sections 8 and 9. The adjustment
      procedure is carried out until again one of the required relations is true
      (U.sub.20.sub..degree.C =  U.sub.30.sub..degree.C or
      U.sub.30.sub..degree.C -  U.sub.20.sub..degree.C = .DELTA. U). The
      resistance of the section 10, however, remains unchanged.
PAR  A clearer understanding of the essence of the present invention may be
      obtained from the following example of the procedure of manufacturing
      printed resistors according to the invention.
PAC  EXAMPLE
PAR  1. Cut blanks 210 mm long and 70 mm wide out of a foil sheet 0.02 mm thick
      of a resistive alloy of the nichrome type (each blank will serve to
      manufacture three resistors).
PAR  2. Use a template to mark the outlines of three areas 10 .times. 15 mm for
      metal coating.
PAR  3. Apply a layer of varnish resistant to a nickel electrolyte onto the
      whole of the blanks surface leaving out the three areas mentioned above.
PAR  4. Coat the varnish-unprotected areas with a layer of nickel 0.01 mm thick
      by means of electroplating.
PAR  5. Subject the nickel coated blanks to heat treatment at a temperature from
      400.degree.C to 600.degree.C.
PAR  6. Cut each blank 210 mm long into three intermediate products 70 mm long.
PAR  7. Using a stamp make a mark on every intermediate product with respect to
      the nickel coated area.
PAR  8. Glue the foil intermediate product to a steel substrate so that it is
      attached with its coated side to the latter having placed between them an
      insulation interlayer of glass fabric.
PAR  9. Coat the foil with a photoresist layer.
PAR  10. Print the image of a current-carrying pattern with terminals fixing the
      phototemplate with the help of the above mentioned mark.
PAR  11. Form the current-carrying pattern by means of etching.
PAR  12. Use varnish to protect the etched current-carrying pattern from
      mechanical damage.
PAR  13. Adjust the ratings of manufactured resistors to their nominal values.
PAR  14. Adjust the temperature coefficient of resistance to the required value.
PAR  Temperature compensated resistors manufactured in this way may be used as
      precision references having exact values of electrical resistance, as
      elements of various electric circuits providing temperature compensation
      of errors induced by other circuit elements, e.g. in A.C. and D.C. voltage
      regulators.
PAR  The field of applications of such temperature compensated resistors may be
      widened if they are provided with supplementary terminals so that an
      external variable resistor can be connected in parallel to one of the
      sections (8, 9 or 10). In this case it becomes possible to vary the
      temperature coefficient of resistance of the printed resistor in the
      course of operation.
PAR  Temperature compensated resistors manufactured industrially show a high
      accuracy of the required rating of about .+-.0.002 percent, temperature
      coefficients of resistance .alpha.= + 0.5 .times. 10.sup..sup.-6
      /.degree.C, .beta.= -0.05 .times. 10.sup..sup.-6 /.degree.C while their
      stability is better than .+-.0.001 percent per year.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A printed resistor comprising: a rigid substrate, a current-carrying
      pattern made of resistive alloy foil and fixed to said substrate, two
      current terminals electrically connected to said current-carrying pattern
      and at least one potential terminal electrically connected to said
      current-carrying pattern, in which said current-carrying pattern is made
      as a network of series-parallel arms, a section of at least one of siad
      series-parallel arms serving as a temperature-compensating element of the
      resistor is made of a material whose temperature coefficient of resistance
      is higher than that of the material of the rest of said current-carrying
      pattern, one side of said section is connected to one of said
      current-carrying terminals and the opposite side of said section is
      connected to said potential terminal.
PATN
WKU  039478009
SRC  5
APN  4390342
APT  1
ART  213
APD  19740204
TTL  Variable resistance control
ISD  19760330
NCL  2
ECL  1
EXP  Reynolds; Bruce A.
NDR  1
NFG  3
INVT
NAM  Van Benthuysen; John D.
CTY  Elkhart
STA  IN
INVT
NAM  Flanders; Thomas W.
CTY  Edwardsburg
STA  MI
ASSG
NAM  CTS Corporation
CTY  Elkhart
STA  IN
COD  02
CLAS
OCL  338163
XCL  338174
XCL  338202
EDF  2
ICL  H01L 1034
FSC  338
FSS  174;162;163;167;175;202;118;160;75;196;197
UREF
PNO  3032734
ISD  19620500
NAM  Zunker et al.
OCL  338163
UREF
PNO  3205466
ISD  19650900
NAM  Youngbeck et al.
OCL  338163
UREF
PNO  3343116
ISD  19670900
NAM  Budd et al.
OCL  338174
UREF
PNO  3375478
ISD  19680300
NAM  Benthuysen et al.
OCL  338174
UREF
PNO  3421133
ISD  19690100
NAM  Benthuysen et al.
OCL  338174
UREF
PNO  3585559
ISD  19710600
NAM  Rozema et al.
XCL  338174
UREF
PNO  3772630
ISD  19731100
NAM  Falco
OCL  338174
ABST
PAL  A variable resistance control comprises a resistance element supported on
      an electrically conductive supporting plate. A driver connected to the
      supporting plate is provided with a knob and with an integral stabilizing
      and particle excluding skirt. The ratio of the diameter of the stabilizing
      skirt to the diameter of the knob is relatively high. The stabilizing
      skirt rotatably engages the resistance element and encloses a contactor
      carried by the driver and prevents foreign particles from engaging the
      contactor. Indicator means integral with the stabilizing skirt and
      projecting beyond a truncated portion of the knob visually indicate the
      angular position of the contactor. The indicator means also engages a stop
      integral with the supporting plate and extending between the legs of the
      resistance element to arrest rotation of the contactor. Terminals provided
      with staggered ears are secured to the legs of the resistance element.
BSUM
PAR  The present invention relates to electrical controls, and, more
      particularly, to a preset variable resistance control of the type provided
      with a movable contactor.
PAR  More and more types of electronic equipment require preset variable
      resistance controls having a wattage rating of one/eighth watt or less.
      Small preset controls ten and fifteen millimeters in diameter are
      currently available for use in such equipment. Certain types of preset
      variable resistance controls shown in U.S. Pat. Nos. 3,343,116 and
      3,375,478 and assigned to the same assignee as the present invention
      describe a skirt concentric with the shaft and appended to one side of a
      rotatable knob. The skirt disposed near the shaft defines a nest between
      the skirt and the shaft for receiving the contactor and also stabilizes
      rotation of the knob. With the skirt disposed near the shaft, i.e., the
      skirt diameter being relatively small when compared to the diameter of the
      rotatable knob, maximum stabilization of the knob is not provided. It
      would, therefore, be desirable to provide a variable resistance control
      having a stabilizing means with a relatively large diameter with respect
      to the diameter of the rotatable knob.
PAR  In many electronic applications using preset variable resistance controls,
      it is important that the controls be provided with means for minimizing
      the amount of foreign particles entering the control. For example, after a
      control is mounted on a printed circuit board and partially dipped in
      molten solder for connecting the terminals of the control into a circuit,
      solder and flux splashing toward the contactor can cause malfunction of
      the control. In the controls shown in the above-identified patents, the
      contactor projects outwardly from the skirt and is exposed to the spashing
      solder and flux. It would, therefore, be desirable to provide a variable
      resistance control having a stabilizing skirt that minimizes passageways
      and shields foreign particles from the contactor.
PAR  To facilitate adjustment of many variable resistance controls, an indicator
      is often provided on the face of the rotatable member to indicate the
      angular position of the contactor, i.e., to indicate the amount of
      resistance in and out of the circuit. One type of indicator is described
      in the above-mentioned patents. Additionally, many variable resistance
      controls require a stop for limiting the angular rotation of the
      contactor. The provision of an indicator and a stop generally requires
      different component parts. It would, therefore, be desirable to provide a
      variable resistance control having a readily visible indicator wherein the
      indicator also arrests rotation of the contactor.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved variable resistance control having the various desirable features
      set forth above.
PAR  Another object of the present invention is to provide a new and improved
      variable resistance control having a relatively high ratio of the diameter
      of the stabilizing means to the diameter of the rotatable member.
PAR  A further object of the present invention is to provide a variable
      resistance control with a rotatable member having an integral stabilizing
      means extending toward the resistance element, the stabilizing means
      depending from the rotatable member in close proximity to the periphery of
      the rotatable member.
PAR  Another object of the present invention is to provide an improved variable
      resistance control having a rotatable member with a depending skirt
      enclosing the contactor thereby minimizing passageways for foreign
      particles to the contactor.
PAR  Still an additional object of the present invention is to provide a
      variable resistance control employing a support plate carrying a post, a
      rotatable member with a truncated portion, and a skirt integral with the
      rotatable member, an indicator integral with the skirt and projecting
      beyond the truncated portion of the rotatable member for providing an
      indicator means and for engaging the post to arrest rotation of the
      rotatable member.
PAR  Yet a further object of the present invention is to provide a variable
      resistance control having a U-shaped resistance element provided with a
      pair of legs wherein terminals are provided with folded, staggered ears
      received in corresponding notches in the legs for electrically connecting
      the resistance element into a circuit.
PAR  Further objects and advantages of the present invention will become
      apparent as the following description proceeds and the features of novelty
      characterizing the invention will be pointed out with particularity in the
      claims annexed to and forming a part of this specification.
PAR  Briefly, the present invention is concerned with a variable resistance
      control comprising a supporting plate, a resistance element mounted on the
      supporting plate, a collector spaced from the element and a contactor
      engaging the element and the collector. A rotatable member provided with
      an integral stabilizing means depending from near the periphery thereof
      encloses the contactor. The closed perimeter of the stabilizing means
      minimizes passageways for the ingress of foreign particles to the
      contactor. A relatively high ratio of the diameter of the stabilizing
      means with respect to the diameter of the rotatable member provides
      maximum stabilization of the rotatable member. An indicator projecting
      radially outwardly from the rotatable member indicates the angular
      position of the contactor and also engages a post integral with the
      supporting plate to arrest rotation of the contactor. The resistance
      element is provided with a pair of legs and terminals provided with
      staggered ears are received in corresponding notches provided in the legs
      and folded over the legs for electrically connecting the resistance
      element into a circuit.
DRWD
PAR  For a better understanding of the present invention, reference may be had
      to the accompanying drawings wherein the same reference numerals have been
      applied to like parts and wherein:
PAR  FIG. 1 is an isometric view of an improved variable resistance control
      built in accord with the present invention;
PAR  FIG. 2 is a sectional view of the control shown in FIG. 1; and
PAR  FIG. 3 is an exploded view of the variable resistance control shown in FIG.
      1.
PAR  Referring now to the drawings, there is illustrated a variable resistance
      control, generally indicated at 10 comprising a supporting plate 11, a
      U-shaped resistance element 20, a rotatable member 30, and a contactor 40
      constrained to rotate with the rotatable member 30 and wipably engaging
      the resistance element 20.
PAR  The supporting plate 11, preferably, comprises a one-piece sheet metal
      stamping of circular configuration having a collector 12 and a flat center
      portion 13 with a segment removed. The collector 12 preferably embossed
      from the flat center portion 13 of the supporting plate 11 extends
      inwardly thereof, as best seen in FIGS. 2 and 3 of the drawings. The outer
      periphery 12a of the collector is positioned adjacent to the edge 23 of an
      opening 21 of the U-shaped resistance element 20 for aligning the
      resistance element with the collector 12. If the collector 12 is not
      embossed from the center portion 13, then other means such as not shown
      locating ears can engage the lower edge 23 of the opening 21. As best
      shown in FIG. 2, a sufficient gap is provided between the upper edge 27 of
      the opening 21 and the collector by forming a bevel 12b between the outer
      periphery 12a and the top surface 12c of the collector 12. The gap should
      be sufficient to withstand the ground test voltage applied to the control
      10 after assembly.
PAR  The resistance element 20 defined by an arcuate portion and a pair of
      spaced legs 20a, 20b comprises a base of insulating material having a
      resistance film 22 deposited on one side thereof defining an arcuate
      resistance path. Conductive pads 22a as shown in FIG. 1 of the drawings
      are deposited on each of the legs in overlapping relationship with the
      ends of the resistance film 22.
PAR  To prevent relative rotation between the U-shaped resistance element 20 and
      the supporting plate 11, a pair of ears 14 are disposed along the
      periphery of the flat center portion 13 of the supporting plate 11 and
      engage suitable notches 26 in the resistance element 20. The ears 14 not
      only prevent relative rotation between the resistance element 20 and the
      supporting plate 11 but also function as stop ears for restricting outward
      movement of the legs 20a, 20b with respect to each other. A terminal 15
      integral with the supporting plate 11 and extending normal from the
      periphery of the flat center portion 13 connects the collector 12 into an
      electrical circuit.
PAR  A pair of terminals 25a, 25b are secured to the legs 20a, 20b of the
      U-shaped resistance element 20 for connecting the resistance film 22 into
      an electrical circuit. Each of the legs of the resistance element are
      defined by an inner edge 27a, 28a and an outer edge 27b, 28b. A pair of
      outer notches 27c, 28c are provided in the outer edges of the legs and a
      pair of shoulders 27d, 28d projecting from the inner edges of the legs
      define a pair of inner notches. Each of the terminals 25a and 25b is
      provided with a pair of staggered clinching ears 29 folded over each of
      the respective legs 20a and 20b securing the terminals thereto. By
      staggering the ears of the terminals and the corresponding notches in the
      legs, longer ears can be employed for securing the terminals to the legs
      of the resistance element without causing the folded ears to overlap each
      other thereby increasing the clamping pressure between the terminals and
      the conductive pads 22a deposited on the legs. Moreover, protuberances 29a
      project inwardly from the terminals and are embedded in the conductive pad
      disposed on each leg for electrically and mechanically connecting the
      terminals to the conductive pads and to the resistance element.
PAR  The rotatable member or driver 30 comprises a knob 33 defined by the crests
      33a of the undulations and preferably is molded of an electrically
      nonconductive heat deformable material such as nylon. A hollow stub shaft
      32 extending inwardly of and integral with the rotatable member 30 is
      journaled in an aperture 12d provided in the collector 12. The parts of
      the variable resistance control 10 therefore can be readily held together
      after assembly by inserting the end of the stub shaft 32 into the aperture
      12d of the collector 12 and flaring and swaging the end of the shaft 32
      projecting outwardly from the collector 12. Since the collector 12 is
      coaxially mounted with the resistance film 22, the rotatable member 30 is
      also in axial alignment with the resistance film 22 deposited on the base.
PAR  According to the present invention, a stabilizing means or annular skirt 31
      having an outer edge or peripheral lip 31a, an outer circumferential
      surface 31b, and an inner circumferential surface 31c depends from and is
      integral with the knob 33. The peripheral lip 31a of the stabilizing means
      31 forms a bearing surface and rotatably engages the top surface 29a of
      the resistance element 20. The diameter of the skirt is greater than the
      inner diameter but less than the outer diameter of the arcuate portion of
      the arcuate resistance path, thereby providing an arcuate resistance path
      portion between the terminals 25a, 25b and exterior of and unscrubbed by
      the skirt 31. Preferably the stabilizing means or annular skirt 31 should
      not be substantially equal to the diameter of the resistance path since
      such relationship causes the skirt to scrub the conductive pads. Usually
      the resistance path is of suitable hardness to prevent change to the
      resistivity when a usual small number of revolutions are made with the
      rotatable member 30. The conductive pads however generally are of a softer
      material than the resistance path and extended scrubbing of the conductive
      pads with the annular skirt 31 could result in removal of the conductive
      material from the conductive pads and transfer of such conductive material
      onto the resistance path thereby drastically altering the resistivity
      thereof. Moreover, removal of the conductive material from the conductive
      pads 22a will substantially increase the minimum resistance obtainable
      when the contact is at the end of the resistance path adjacent to or
      engaging one of the conductive pads. It is to be understood that if the
      conductive pad is of suitable hardness, there is then little chance of
      removal of the material and therefore no transfer of the material would
      result.
PAR  The diameter of the stabilizing means defined by the outer circumferential
      surface of the arcuate portion of the stabilizing means 31b is relatively
      large with respect to the diameter of the knob 33 resulting in a high
      degree of stabilization of the knob 33. Specifically, in the present
      invention the ratio of the diameter of the stabilizing means to the
      diameter of the rotatable knob is 82.0 percent. By contrast, in the
      control shown in U.S. Pat. No. 3,375,478 the ratio of the diameter of the
      skirt to the diameter of the rotatable knob is 56.4 percent resulting in a
      much lower stabilization factor than in the control of the present
      invention. Preferably and in accord with tests conducted, the ratio should
      be in excess of 60 percent with the diameter of the knob greater than the
      diameter of the skirt.
PAR  In accord with the present invention, as best seen in FIGS. 2 and 3, the
      stabilizing means 31 encloses the contactor 40 and provides a continuous
      barrier protecting the contactor 40 from foreign particles. The inner
      circumferential surface 31c of the stabilizing means and the outer
      circumferential surface 31b connected by the peripheral lip 31a enclose
      the contactor 40. A pair of diametrically opposed recesses 39, as seen in
      FIG. 3, are provided in the stabilizing means 31. To constrain the
      contactor 40 to rotate with the rotatable member 30, a pair of
      diametrically opposed lugs 45 integrally connected to a pair of arms 43 of
      the contactor 40 are disposed within the opposed recesses 39 of the
      rotatable member 30. The contactor 40, having a pair of contacts 41 and
      42, is nestedly received in an annular cavity 35 formed by the shaft 32
      and the inner circumferential surface 31c of the stabilizing means 31. The
      contact 41 is disposed a greater distance from the axis of the shaft 32
      than the contact 42 of the contactor 40 for making electrical engagement
      with the resistance film 22, the contact 42 engaging the collector 12. The
      arms 43 of the contactor 40 are preformed into a V cross section by
      forming a crease 46 extending through both arms for biasing the contacts
      41 and 42 against the film 22 and the collector 12.
PAR  In accord with the present invention, an indicator 37 having a pointer
      portion 37a and stops 37b and 37c projects radially outwardly from the
      stabilizing means. As seen in FIG. 3, the indicator 37 defines a portion
      35a of the cavity 35 for receiving the contact 41 of the contactor 40. The
      pointer portion 37a extends radially outwardly from the indicator 37 and
      indicates the angular position of the contact 41, i.e., the amount of
      resistance in the circuit. Thus, as the knob 33 and the contactor 40 are
      rotated, the pointer portion 37a of the indicator 37 indicates the point
      of engagement of the contact 41 on the resistance film 22. The rotatable
      member 30 contains a truncated portion defined by the boundary 30a and the
      indicator 37 projects beyond the truncated portion to facilitate visual
      observation of the indicator 37.
PAR  The supporting plate 11 contains an L shaped post 16 integral therewith and
      extending between and beyond the legs 20a and 20b of the U-shaped
      resistance element 20 adjacent to the skirt 31. The post 16 specifically
      comprises a leg 16a extending radially outwardly from the center portion
      13 of the supporting plate 11 and a leg 16b perpendicular to the leg 16a
      and extending toward the rotatable knob 33. The indicator 37 engages the
      post 16 upon rotation of the knob 33, specifically the stop 37b of the
      indicator 37 engages the post 16 during counterclockwise rotation and the
      stop 37c engages the post 16 during clockwise rotation of the knob 33 for
      halting rotation of the rotatable member.
PAR  In order that the variable resistance control 10 can be quickly adjusted
      with a tool such as a screw driver, a slot 34 is provided on the front
      surface of the rotatable member. The undulated periphery of the knob 33
      manually facilitates rotation of the rotatable member without a tool.
PAR  While there has been illustrated and described what is at present
      considered to be a preferred embodiment of the present invention, it will
      be appreciated that numerous changes and modifications are likely to occur
      to those skilled in the art and it is intended in the appended claims to
      cover all those changes and modifications which fall within the true
      spirit and scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A variable resistance control comprising an electrically conductive
      supporting plate, a U-shaped resistance element mounted on the supporting
      plate, the element comprising an electrically nonconductive base having an
      arcuate portion and a pair of spaced legs and an arcuate resistance path
      on one side of the base, the other side of the base engaging the
      supporting plate, a collector integral with the supporting plate, a driver
      rotatably secured to the supporting plate, a contactor wipably engaging
      the resistance element and the collector and constrained to rotate with
      the driver, the resistance element being sandwiched between the driver and
      the supporting plate, an annular skirt depending from the driver and
      defining a cavity, the skirt engaging the resistance element, the
      contactor being disposed within the cavity defined by the skirt, a knob
      integral with the skirt, the diameter of the knob being larger than the
      diameter of the skirt, a post integral with the supporting plate and
      projecting upwardly between the legs of the resistance element and
      intersecting a plane of the base, the post being disposed outside of the
      skirt, and stop means integral with and projecting radially outwardly from
      the driver and engageable with the post for limiting angular rotation of
      the driver and the contactor, said stop means providing a portion of the
      skirt enclosure and lying above the plane of the base, the portion of the
      contactor wipingly engaging the resistance element being in registry with
      the stop means visually indicating the angular position of the contactor.
NUM  2.
PAR  2. The control of claim 1, wherein each of the legs has an inner edge and
      an outer edge, the outer edge of each leg is provided with an outer notch,
      a shoulder projects from the inner edge of each of the legs and defines an
      inner notch, a terminal is secured to each of the legs, and a pair of ears
      integral with each of the terminals, said ears being in a staggered and
      unoverlapped relationship, one of the ears is received in the outer notch,
      the other of the ears is received in the inner notch adjacent to the
      shoulder, the ears of each terminal being folded around the leg toward
      each other.
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PAL  A laser-trimmed film resistor wherein the laser kerf terminates in an area
      outside the electrical current path across the resistor.
PAC  FIELD OF THE INVENTION
PAR  This invention relates to film resistors. More particularly, this invention
      relates to laser-trimmed thin and thick film resistors containing a laser
      kerf which terminates outside the electrical current path across the
      resistor.
PAC  BACKGROUND OF THE INVENTION
PAR  Film resistors are commonly used in hybrid circuits and include thick film
      resistors which are conventionally formed by screen-printing a resistive
      material on an insulating substrate and then firing the material, and thin
      film resistors which are conventionally formed by sputtering or
      vacuum-depositing a resistive material on an insulating substrate.
PAR  In hybrid circuits it is often necessary to adjust the resistance of the
      film resistors in the circuit. To increase the resistance of a film
      resistor the resistor is "trimmed" by forming a kerf, i.e., a cut or
      ditch, across the electrical current path in the resistor to make the
      effective width of the resistor smaller and thereby increase the
      resistance. The kerf may be formed by mechanical abrasion, chemical
      etching, or laser vaporization of the resistor material. The advantages of
      laser-trimming over mechanical- or chemical-trimming include very high
      production rates, greater flexibility in functional trimming, and tighter
      tolerances.
PAR  The greatest disadvantage of laser-trimmed resistors with conventional kerf
      configurations (which will be described hereinafter) is that they exhibit
      appreciably greater drift, i.e., change in resistance per unit time or
      temperature, than mechanically- or chemically-trimmed resistors.
      Consequently, the inherent advantages of laser-trimming can be outweighed
      by the undesirable drift characteristics of the laser-trimmed resistor.
      Therefore, it is important to develop laser-trimmed resistors with low
      resistor drift.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that directing the terminus of a laser kerf in a
      laser-trimmed film resistor into an area outside the electrical current
      path across the resistor results in less resistor drift.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevated view of a film resistor with a "plunge cut" laser
      kerf found in the prior art.
PAR  FIG. 2 is an elevated view of a film resistor with an "L cut" laser kerf
      found in the prior art.
PAR  FIG. 3 is an elevated view of a film resistor on an insulating substrate
      illustrating one embodiment of the present invention.
PAR  FIG. 4 is an elevated view of a film resistor on an insulating substrate
      illustrating another embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, a conventional laser-trimmed resistor is made by
      depositing a film 10 of a resistive material, e.g., a carbon, metal, or
      cermet film, on an insulating substrate (not shown), e.g., an alumina
      substrate, between two conductive means 12 and 14, e.g., conductive metal
      films of gold, copper, and the like. A kerf 16 is vaporized in the
      resistive film 10 with a laser beam (not shown). The kerf 16 starts on one
      side 18 of the resistive film 10, extends substantially perpendicular to
      the electrical current path between the conductive means 12 and 14, and
      terminates in the resistive film 10 at a terminus 22, i.e., a terminal
      crater. This type of kerf 16 is referred to as a plunge cut. The terminus
      22 of the kerf 16 defines an area 24 for the electrical current path
      across the resistive film 10. By narrowing the width of the electrical
      current path, the kerf 16 increases resistance of the film 10. The
      terminus 22 of the kerf 16 of a plunge cut is defined as being "inside"
      the electrical current path across the resistive film 10. By "inside" it
      is meant the terminus 22, i.e., the terminal crater, of the laser kerf 16
      is directly adjacent to, contiguous with, or bordering on the electrical
      path defined in the resistive film 10 by the kerf 16.
PAR  FIG. 2 illustrates a second conventional laser-trimmed resistor found in
      the prior art. Referring now to FIG. 2, a kerf 26 is vaporized in a
      resistive film 30 with a laser beam (not shown). The kerf 26 starts on one
      side 28 of the resistive film 30, extends perpendicular to the electrical
      current path between two conductive means 32 and 34, then reflexes
      parallel to the electrical current path, and terminates in the reflexed
      portion 38 of the kerf 26. This type of kerf 26 is referred to as an L cut
      and is used for precise adjustment of the area 40 for the electrical
      current path and, thereby, precisely adjusts the resistance of the
      resistor. Again, the terminus 42 of the kerf 26 is defined as being inside
      the electrical current path across the resistive film 30, i.e., the
      terminus 42 is abutting the electrical current path.
PAR  FIGS. 3 and 4 illustrate embodiments of the present invention. However, it
      is understood that the present invention is not limited to these two
      specific embodiments.
PAR  Referring now to FIG. 3, a resistive paste is screen-printed onto an
      insulating substrate 44, e.g., an alumina substrate, between two
      conductive means 46 and 48, e.g., conductive metal films of gold, copper,
      and the like. A resistive paste is a complex mixture of glass, metal, and
      semiconductive oxide particles suspended in an organic vehicle containing
      solvents, surfactants, and flow control agents. The resistive paste is
      then fired to form a resistive film 50 between the conductive means 46 and
      48. Firing temperatures for typical resistor pastes are from 800.degree.C
      to 900.degree.C for 6 to 12 minutes. Alternatively, the resistive film 50
      may be deposited by other techniques well-known to those skilled in the
      art, e.g., evaporating or sputtering.
PAR  A kerf 52 is formed by vaporizing material from the resistive film 50 with
      a laser beam. The kerf is started at one side 54 of the resistive film 50
      not connected to the conductive means 46 and 48 and is extended
      substantially perpendicular to the electrical current path across the
      resistive film 50. The kerf 52 is continued until an area 56 which defines
      a desired current path across the resistive film 50 is delineated in the
      resistive film 50. Then the kerf 52 is reflexed substantially parallel to
      the electrical current path in the resistive film 50 for a short distance
      58. Finally, the kerf 52 is reflexed substantially perpendicular to and
      away from the electrical current path for a short distance 60. The kerf 52
      is terminated in a terminus 62, i.e., a terminal laser crater, in the last
      reflexed portion 60 of the kerf 52. The final reflexed portion 60 of the
      laser kerf 52 may be in any direction away from the electrical current
      path so long as the terminus 62 of the kerf 52 is "outside" the electrical
      current path defined by the kerf 52 and may extend any desired distance in
      the resistive film 50. If desired, the final portion 60 of the laser kerf
      52 may extend to the side 54 of the resistive film 50 where the kerf 52
      originated, forming a "loop" in the resistive film 50. Again, the
      terminuss of the kerf would be "outside" the electrical current path
      across the resistive film, i.e., not abutting or contiguous with the
      electrical current path.
PAR  A laser kerf of the configuration shown in FIG. 3 is termed a
      "plunge-hook." It is understood that a plurality of plunge-hook kerfs may
      be formed in the resistive film and that the kerfs may extend from either
      or both of the sides of the resistive film not connected to the conductive
      means.
PAR  FIG. 4 illustrates another embodiment of the present invention. Referring
      now to FIG. 4, a kerf 72 is formed in a resistive film 64 deposited on an
      insulating substrate 66 between two conductive means 68 and 70. The kerf
      72 is started on a side 74 of the resistive film 64, extended
      substantially perpendicular to the electrical current path across the
      resistive film 64, reflexed substantially parallel to the electrical
      current path to precisely define an area 78 for the electrical current
      path, then reflexed substantially perpendicular to and away from the
      electrical current path, and finally the kerf 72 is terminated in a
      terminus 80 in a reflex parallel to the electrical current path and toward
      the first portion of the kerf 72. A kerf of the configuration shown in
      FIG. 4 is termed an "L-hook cut". The terminus of the L-hook cut lies
      outside the electrical current path defined by the kerf 72.
PAR  Laser-trimmed resistors employing the kerf configurations of the present
      invention, i.e., hook-cut kerfs, exhibit a marked improvement in
      stability, i.e., a marked decrease in resistor drift. To illustrate this
      improvement tests were performed comparing the drift characteristics of
      resistors with conventional kerfs to the drift characteristics of
      resistors with hook cut kerfs.
PAR  In order to compare the laser-trimmed resistors with conventional kerfs to
      those with hook cut kerfs a standard test pattern was selected which
      contained 0.100 inches .times. 0.100 inches (0.254cm .times. 0.254cm) film
      resistors. The resistors were formed from films of DuPont series 1400 1
      .times. 10.sup.6 .OMEGA./square resistor paste, available from DuPont
      Electronic Products Division, Niagara Falls, N.Y., screen-printed with a
      200 mesh screen on a standard 1 inch .times. 1 inch .times. 0.025 inches
      (2.54cm .times. 2.54cm .times. 0.063cm) 614 (96%Al.sub.2 0.sub.3)
      substrate, available from American Lava Corporation, Chattanooga, Tenn.
      The screen-printed resistor paste had an emulsion thickness of about 0.7
      mil (1.8 .times. 10.sup.-.sup.3 cm) and was fired at about 850.degree.C
      for about 6-12 minutes.
PAR  A plunge-cut kerf measuring about 0.09 inches (0.23cm) long was formed in
      one resistor. A plunge-hook cut kerf was formed in a second resistor. The
      first portion of the plunge-hook cut kerf, perpendicular to the electrical
      current path, measured about 0.09 inches (0.23cm) long. The portion of the
      kerf parallel to the electrical current path was about 0.005 inches
      (0.0127cm) long, and the final hook portion of the kerf was about 0.020
      inches (0.051cm) long. The control resistor was an untrimmed-resistor
      formed in a manner identical to the trimmed-resistors described above.
PAR  The kerfs were formed in the resistive films using a Teradyne W-311 laser
      trimmer, available from Teradyne, Inc., Chicago, Ill. The laser parameters
      were:
TBL  Linear energy density                                                     
                      = 1 joule/cm                                             
     Repetition rate  = 1 KH.sub.Z                                             
     Trim Speed       = 0.254 cm/sec.                                          
     Bite Size        = 2 (0.1 mil/pulse)                                      
     Kerf Width       = about 20 .mu.m                                         
PAR  The electrical resistance of the resistors was measured with a Teradyne
      bridge, which is part of the trimmer, immediately before and after
      trimming, within 1 second after trimming, 5 seconds after trimming, and
      more than one week after trimming. After one week the resistor has
      stabilized at its final resistance.
PAR  A second series of resistors were produced according to the process
      described above. The resistance of these resistors was measured 5 seconds
      after trimming. Then these resistors were exposed to 5 cycles of a thermal
      shock treatment. The thermal shock treatment is used to determine resistor
      stability and involves raising the temperature of the resistor surface
      from room temperature to approximately 400.degree.C in 300 msec.
      (1200.degree.C/sec. heating rate) by exposing the resistor to a heated air
      blast. After each heated air blast the samples were immersed in deionized
      water at 22.degree.C. The thermal shock treatment closely simulates actual
      thermal excursions in normal production environments. These thermal
      excursions include exposures to hot stages for chip-bonding and solder
      reflow steps. In addition, in certain applications, resistors are exposed
      to electrical current surges which cause rapid temperature increases. The
      final resistance of the shocked resistors was measured more than one week
      after the shock treatment.
PAR  Because of film thickness variations in each resistor the actual lengths of
      the portion of the kerfs perpendicular to the current paths varied.
      Consequently, direct comparison of the resistance drift of each resistor
      to that of another resistor is not meaningful. Previous experience has
      shown that resistors which show the least drift at the shortest distance
      from the untrimmed edge are the most stable. From this experience a Figure
      of Merit (FOM), i.e., an arbitrary internal comparison scale, was derived
      to compare the relative stability of the resistors. The Figure of Merit
      used in this analysis is
EQU  Figure of Merit (FOM) = (1000/% .DELTA.R .times. distance from the
      untrimmed edge of the resistor in .mu.m)
PAL  The higher the Figure of Merit the more stable the resistor.
PAR  The following table gives the results of the measurements described above.
TBL  __________________________________________________________________________
            Control                                                            
                  Plunge      Hook                                             
                  Unshocked                                                    
                        Shocked                                                
                              Unshocked                                        
                                    Shocked                                    
     __________________________________________________________________________
     Distance to   376   352   360   378                                       
     Untrimmed                                                                 
            --                                                                 
     Edge (.mu.m)                                                              
     R.sub.i                                                                   
            0.77M.OMEGA.                                                       
                  2.362M.OMEGA.                                                
                        2.424M.OMEGA.                                          
                              2.503M.OMEGA.                                    
                                    2.411M.OMEGA.                              
     R.sub.f                                                                   
            0.772M.OMEGA.                                                      
                  2.368M.OMEGA.                                                
                        2.431M.OMEGA.                                          
                              2.511M.OMEGA.                                    
                                    2.415M.OMEGA.                              
     %.DELTA.R                                                                 
            0.28  0.25  0.30  0.16  0.17                                       
     Ratio  --    2.92  2.96  3.18  3.16                                       
     Figure of                                                                 
            --    10.6  9.5   17.4  15.6                                       
     Merit                                                                     
     __________________________________________________________________________
      In this table                                                            
      R.sub.i = the resistance 5 seconds after trim;                           
      R.sub.f = the final resistance (the resistance more than one week after  
      processing);                                                             
      % .DELTA.R = [(R.sub.f -R.sub.i)/R.sub.i ] .times. 100; and              
      Ratio = the ratio of the resistance immediately after trimming to the    
      resistance immediately before trimming.                                  
PAR  The data presented above shows that resistors with a hook-cut kerf are more
      stable than resistors with a conventional plunge cut kerf.
PAR  Resistors with hook cut, plunge cut, and L cut kerfs were formed from
      different resistor pastes. The L cut kerfs were about 0.09 inches (0.23cm)
      long perpendicular to the current path and about 0.040 inches (0.1cm) long
      parallel to the current path. The dimensions for both the plunge cut and
      hook cut resistors were nearly identical to those described above. The
      laser parameters were identical to those described above.
PAR  While direct comparisons between plunge cut, hook cut and L cut kerfs in
      resistors formed from the same paste often showed discrepant results, an
      overall statistical improvement in the resistor drift was shown for both
      hook cut and L cut resistors when compared with plunge cut resistors. The
      formulas for determining this improvement were
EQU  (Hook FOM-Plunge FOM) 100 .div. Plunge FOM for "hook cuts"
PAL  and
EQU  (L FOM-Plunge FOM) 100 .div. Plunge FOM for "L cuts".
PAR  The improvement of the unshocked and shocked L cuts over the unshocked and
      shocked plunge cuts was 1.9 and 23.9 percent, respectively. The
      improvement of the unshocked and shocked hook cuts over the unshocked and
      shocked plunge cuts was 38.5 and 63.0 percent, respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. A film resistor comprising a resistive material disposed between
      conductive means, said resistive material containing one or more kerfs
      defining the path for an electrical current in said resistive material,
      said kerf having one end at an edge of the resistive material and a second
      end terminating in an area outside and away from said electrical current
      path.
NUM  2.
PAR  2. A resistor according to claim 1 wherein said kerf originates on a side
      of said resistor substantially parallel to said electrical current path,
      extends substantially perpendicular to said electrical current path,
      reflexes substantially parallel to said electrical current path, and
      terminates in an area outside and away from said electrical current path.
NUM  3.
PAR  3. The resistor according to claim 2 wherein said kerf reflexes
      substantially perpencidular to and away from said current path following
      said reflex substantially parallel to said current path.
NUM  4.
PAR  4. A resistor according to claim 3 wherein said kerf terminates on said
      originating side of said resistor.
NUM  5.
PAR  5. A resistor according to claim 1 wherein said resistive material is
      disposed on an insulating substrate.
NUM  6.
PAR  6. In a method for trimming a film resistor having an electrical current
      path there accross by forming one or more kerfs in said resistor with a
      laser beam, the improvement comprising forming the kerf by starting the
      kerf at an edge of the film resistor and terminating said laser kerf in an
      area outside and away from said electrical current path.
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PAL  A piezoelectric ceramic transducer assembly for broadband noise-measuring
      drophone. A longitudinally polarized lead zirconate-titanate cylinder
      provided with end caps is sealed by O-rings within a circumferentially
      polarized lead zirconate-titanate cylinder providing high sensitivity,
      smooth response, omnidirectionality, and stability with temperature and
      hydrostatic pressure variations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Considering the current interest in the exploration of the sea, a need has
      come about for more sophisticated underwater monitoring equipment.
      Specifically, there has been a long felt requirement for an
      omnidirectional hydrophone capable of braodband noise measurement while
      having a self-noise level of at least 10 dB below that of sea state zero.
PAR  The heart of the hydrophone is the sensing transducer, and therefore the
      sensitivity of the hydrophone essentially depends upon the particular
      construction of the transducer.
PAR  Artificial piezoelectric materials such as barium titanates, lead
      zirconates, etc. provide an excellent sensing material and have greatly
      advanced the studies in underwater research.
PAR  Many techniques of assembling the piezoelectric sensor have resulted in the
      increased sensitivity however, the present invention further advances the
      sensitivity by using two crystals, each supporting the other, so that both
      crystals are exposed to the same acoustic pressure.
PAR  The present state of the art of hydrophone low-noise preamplifiers requires
      that the open-circuit voltage level of a piezoelectric transducer be in
      the range of -185 to 180 dB re 1 volt per micropascal -85 to -80 dB re 1
      volt per microbar) to enable the self-noise level of the total hydrophone
      to be sufficiently low.
PAC  SUMMARY OF THE INVENTION
PAR  An improved piezoelectric ceramic transducer assembly for a broad-band
      noise-measuring hydrophone. A longitudinally polarized lead
      zirconate-titanate tube provided with end caps is sealed by O-rings within
      a circumferentially polarized lead zirconate-titanate cylinder. The
      arrangement provides high sensitivity and smooth response to 100 kHz;
      omnidirectionality to 60 kHz and stability with temperature and pressure.
PAC  OBJECT OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      transducer for use in broad-band noise-measuring hydrophones.
PAR  Another object is to provide a transducer which is useful in low noise
      measurement.
PAR  Yet another object is to provide a transducer with high sensitivity, smooth
      response, omnidirectionality, and stability with temperature and
      hydrostatic pressure.
PAR  While still another object is to provide a dual element hydrophone with an
      improved frequency range.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 illustrates a side view of the transducer assembly.
PAR  FIG. 2 illustrates a typical free-field voltage sensitivity of the
      transducer.
PAR  FIG. 3 illustrates a typical directivity pattern in the XY (Horizontal)
      plane.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 which shows a sectional side view of the transducer
      assembly, the transducer assembly consists of two concentrically mounted
      piezoelectric elements in a unique configuration. A circumferentially
      polarized lead zirconate-titanate ceramic cylinder 1 serves as one element
      and also as the housing for a longitudinally polarized lead
      zirconate-titanate cylinder 2 that supports diaphragms 3 which are sealed
      in the ceramic cylinder as well as tubular in shape as shown. Further the
      cylinder 1 may have metallic rings attached thereto to provide improved
      sealing by O-rings 4 (as shown in copending application to same inventors,
      U.S. application Ser. No. 256,864, now U.S. Pat. No. 3,827,023.
PAR  The air 5 hermetically sealed within the transducer isolates the inner
      surfaces of the cylinder 1 and 2 from the sound field. This arrangement
      yields the maximum available sensitivity from each element. The smooth
      response in sensitivity of the hydrophone is the result of combining the
      sensitivity of the individual elements. The circumferentially polarized
      cylinder 1 operates in the end-exposed mode which is not the case in the
      prior art transducers where the end conditions vary with pressure while
      cylinder 2 operates in the end-capped mode. The method of construction
      does not require the use of pressure release materials. The diaphragms 3
      are secured to the ends of cylinder 2 by conducting adhesive 6.
PAR  Cylinders 1 and 2 are wired electrically in parallel for example as shown
      wire 7 is conductively epoxyed to the negative diaphragm and to the
      negative connections of cylinder 1 to connect the end of cylinder 2 to the
      negative connections of cylinder 1. Wire 8 is epoxyed to the positive
      diaphragm of cylinder 2 and connected to wire 9 which has been epoxyed to
      the positive connections of cylinder 1. The elements could of course also
      be connected in series which would increase the impedance while giving
      greater sensitivity.
PAR  Thus it is seen that there has been invented a transducer which employs two
      cylindrical piezoelectric elements, the inner element being longitudinally
      polarized and provided with end caps. The inner element and its end caps
      are concentrically mounted within the second element which
      circumferentially polarized. The mounting of the inner cylinder and end
      caps within the outer cylinder allows the outer cylinder to operte in the
      end exposed mode and the outer cylinder thereby is relatively uneffected
      by the changing end conditions which would occur as operating pressures
      increased.
PAR  It has been found that the ratios of the areas of the diaphragms 3 to that
      of the end cross section of the cylinder 2 is 4 to 1, which provide a 12
      dB increase in sensitivity. Cylinder 2 supports the diaphragms 3 in such a
      manner that extraneous flexures resonances of the diaphragms within the
      design frequency range are eliminated.
PAR  FIG. 2, shows the open circuit voltage at the transducer output terminals
      10 and 11. The free-field sensitivity is smooth in variation from 10 Hz to
      100 kHz; and constant in sensitivity within 1 dB to 35 kHz. The transducer
      is stable in temperature within 1 dB from 3 to 30.degree.C over a
      frequency range of 10 Hz to 100 kHz; and in Hydrostatic pressure to 500
      psig (3447 kPa) within 1 dB from 10 Hz to 60 kHz and within 2 dB from 60
      kHz to 100 kHz. The transducer remains stable within Hydrostatic pressure
      and 1000 psig (6895 kPa) within 1.5 dB from 10 Hz to 60 kHz.
PAR  The transducer is omnidirectional within 1 dB in the XY (horizontal) plane
      from 10 Hz to 80 kHz.
PAR  FIG. 3 shows a typical directivity pattern for 60 kHz in the XY
      (horizontal) plane.
PAR  While the transducer is described as a sensing transducer it may as well be
      used as a sound source.
PAR  The transducer is also stable within .+-. 1 dB in the XY (horizontal) plane
      within hydrostatic pressure to 1000 psig (6895 kPa).
PAR  For the characteristics described the cylinder 1 has the best outside
      diameter of between 1.27 and 1.58 cm. The diaphragms 3 which control the
      broadband response of the transducer may be made of aluminum oxide,
      beryllium, beryllium oxide or titanium.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. An electroacoustic transducer which comprises,
PA1  a circumferentially polarized piezoelectric cylinder,
PA1  a longitudinally polarized piezoelectric cylinder sealingly capped by two
      concentric imperforate diaphragms,
PA1  and isolation means sealingly mounting said longitudinally polarized
      cylinder and diaphragms concentrically within said circumferentially
      polarized cylinder,
PA1  said isolation means cooperating only radially between said diaphragms and
      the inner ends of said circumferentially polarized cylinder.
NUM  2.
PAR  2. The electroacoustic transducer of claim 1 wherein,
PA1  said diaphragms have a radius less than the inner radius of said
      circumferentially polarized cylinder and said isolation means are O-rings
      mounted on the rims of said diaphragms.
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PAL  An apparatus and method for determining the range and bearing of an object
     rom a reference position. Sound energy emanating from the object and
      travelling through a water medium strikes spaced hydrophones located at
      the reference position. The signals produced in each hydrophone are
      correlated with the signals in each of the remaining hydrophones. The
      signals are correlated with a variable time delay between signals and the
      resulting maximum correlation output determines the range and bearing of
      the object.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of application Serial No. 459,561 filed
      September 30, 1954 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved direction-finding system and method
      utilizing detection by underwater listening, radio frequency or microwave
      detection in air or transduction of other electro-magnetic energy of a
      character permitting suitable time delay of signal intelligence.
PAR  Prior detection systems for listening have incorporated the comparison of
      nulling signals obtained from at least a pair of microphones of a
      detection array system by connection thereof either in series opposition
      to provide a subtractive output, or by connection thereof in a series
      aiding relationship to provide an additive comparison. The subtractive and
      additive outputs of the two arrangements may thereafter be compared to
      obtain the direction indication. These prior systems have presented
      certain shortcomings in that ambient noise intelligence which is present
      in the signals of each of the microphones, or hydrophones in the case of
      underwater placement thereof, tends to mask the nulling signal and the
      desired signal intelligence indication obtained by nulling is only valid
      to the extent that it shows a null down to the background level in the
      case of a subtractive system or shows the value of the nulling signal plus
      the background signal in an additive comparison system. Also these prior
      detection systems, whether they use a pair of individual microphones or a
      system utilizing an array of microphones combined in an overall or
      composite pair, tend to pick up interferring noises and indicate
      additional null points as the hydrophones of the array are swung or
      effectively swung about a central base point of ranging. This makes it
      difficult to discriminate between spurious and desired sound sources.
      Further difficulty is frequently encountered where attempts are made to
      analyze the information obtained by such nulling methods to determine if
      the primary signal source produced a certain null or whether the null was
      produced by wave lengths of other frequencies originating in the same
      general direction as the noise source of interest.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to extend the range and
      accuracy of listening devices, to improve the determination of bearing
      angle and/or range from the detection system and to eliminate the effects
      of interfering noise.
PAR  Another object of the invention to provide an improved direction finding
      and ranging method by listening in which interfering noises and sounds
      reaching the receiver are correlated in a manner to prevent obscuring of
      the direction or bearing determinations of desired signal intelligence.
PAR  Still another object of the invention resides in providing an improved
      direction finding system providing for bearing determination of a sound
      source to angles in the order of tenths of a degree.
PAR  Briefly, in accordance with one embodiment of the present invention these
      and other objects are attained by providing a system utilizing correlation
      of the sound or other signal intelligence presented to each microphone, or
      antenna as the case may be, of a detecting pattern system comprising a
      plurality of microphones or the like, and includes a system for
      multiplication of the transduced electrical signals from a first
      microphone for example by the electrical signals from at least a second
      thereof, and as will hereinafter become apparent, from a plurality of
      microphones. The output of the multiplier system is integrated for a
      predetermined period of time and indicated by suitable indicating devices
      to provide improved direction or bearing angle determinations and if
      desired, range indications of a higher order than systems heretofore or
      now in general use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding and many of the attendant advantages of this
      invention will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic illustration of a sound detecting arrangement of
      prior systems;
PAR  FIG. 2 is a block diagram of an improved direction finding system for
      underwater sounds and directed to a preferred embodiment of the instant
      invention;
PAR  FIG. 3, is a diagrammatic illustration of a test setup in air by which the
      data for the curves of FIGS. 4 and 5 were derived;
PAR  FIG. 4 is a graphical representation of direction signal plotting derived
      from additive and subtractive nulling detector systems of FIG. 1;
PAR  FIG. 5 is a graph showing the plotting of a received and correlated
      direction indicative signal as derived from a system embodying the method
      of this invention as shown in FIG. 2;
PAR  FIG. 6 is a diagram illustrating the geometry of the plottings for range
      and bearing of a sound source by the instant invention;
PAR  FIG. 7 is a characteristic curve of the power spectrum showing changes of
      s(f) with frequency obtained by the instant system; and
PAR  FIG. 8 is a typical characteristic curve of the voltage changes of the
      correlation signal E with respect to .tau..
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings there is shown a direction finding
      set up of prior art systems in which the location of the source of the
      underwater sound intelligence from a sound generator such as a torpedo
      propeller or the like is obtained at the instantaneous position indicated
      at S by the pair of hydrophone detectors M.sub.1 and M.sub.2 which are
      spaced along a base line in a well-known triangulation arrangement. The
      pair of microphones are arranged to be moved, or effectively swung as by
      the introduction of time delays in the respective signals, about a point T
      to set up an isosceles triangle relationship for determining the location
      and bearing of the sound source with respect to the perpendicular to point
      T of the system.
PAR  In such a system the signals from each of the hydrophones are amplified by
      suitable amplifiers A.sub.1 and A.sub.2 and mixed in a manner well-known
      in the art to provide either an additive output to an indicating device at
      10 or a substractive output, or a combination of additive and subtractive
      arrangements for presentation to the indicating or recording device as the
      case may be. The indicating device may be any of suitable type of
      indicator or recorder such as a magnetic tape recorder of the Esterline
      Angus variety, or an output meter, or the signal may be presented to a
      cathode ray tube system for instantaneous visual observation. A pair of
      representative curves derived from such a system are shown in FIG. 4
      wherein the solid line curve represents the signal derived from a
      subtractive mixing of the outputs of the two amplifiers and the broken
      line curve represents the plotting of signal level output from output
      meter indications from a signal additive mixing arrangement. It is pointed
      out that with either the subtractive system or the adding system the peak
      is broad and does not provide a high degree of accuracy as to the bearing
      or direction determinations of the sound source. Moreover with the
      combination of both the subtractive and the additive system curves of FIG.
      4 the limitations still exist in both cases that the output includes the
      ambient noise level. It is thus deemed apparent that the response obtained
      by combining the additive and subtractive system outputs is inherently
      masked by noise signals.
PAR  It will become apparent upon reference to FIG. 5 that an improved sound
      detection and bearing indication is provided by the system of this
      invention herein it will be noted that the effects of noise in the signal
      have been substantially eliminated because of a much narrower peak of a
      nature giving a higher degree of bearing angle determination of the order
      of tenths of a degree indication. A test set up by which the curves of
      FIGS. 4 and 5 were determined is shown in FIG. 3 wherein an audio
      frequency signal generator is shown at 4 which signal is amplified at 5
      and transduced in air at 6. This signal is picked up by the pair of
      microphones M.sub.1 and M.sub.2 which are spaced along the base line of
      the detection system. The output of each of these microphones is amplified
      at 7 and 8 respectively and in the case of curves of FIG. 4 are compared
      by subtractive and additive mixers at 9 and indicated by indicator 10'.
      With respect to the curve of FIG. 5 signals from M.sub.1 and M.sub.2, FIG.
      3 are amplified at 7 and 8 and multiplied in the auto correlator 9' in a
      manner as shown by FIG. 2 as hereinafter setforth in greater detail and
      presented for visual display on a magnetic recording tape of a recorder or
      indicator at 10". The actual apparatus set up for deriving the curve of
      FIG. 5 is somewhat more complex than is apparent from the showing in FIG.
      3 and reference is now made to FIG. 2 for a more detailed description of
      an actual detection arrangement.
PAR  Referring now to FIG. 2 there is shown a source of sound signals at S' and
      a system of hydrophones at H.sub.1, H.sub.2 and H.sub.3 with H.sub.1 and
      H.sub.3 being disposed in a mutually spaced relation with respect to
      H.sub.2 for reasons as will hereinafter become more apparent as the
      description proceeds. The hydrophone H.sub.2 which is for purposes of
      obtaining range of the sound source may be omitted if range to the target
      is not desired, while still maintaining a high degree of bearing and
      direction sensitivity. However, the system shown diagrammatically in FIG.
      2 is a preferred embodiment of the instant invention. The signal from
      S.sub.1 presented to hydrophone H.sub.1 is multiplied by the time-delayed
      signal from H.sub.2 after passage of the latter signal through the time
      delay network TDN.sub.1. The multiplied combination of the signals
      received by the hydrophones H.sub.1 and H.sub.2 provides a correlated
      output signal at the multiplier X.sub.1. This signal is then passed
      through the integrator I and displayed for visual observation or recording
      at an indicating device 11. In like manner the signal from H.sub.2 is
      passed through a time delay network TDN.sub.2 to be multiplied by the
      signal voltage from H.sub.3. These signals are multiplied at X.sub.2 and
      the output thereof is integrated at I' for subsequent presentation at 12.
      A further comparison is provided by comparing the signals from H.sub.1
      with a time-delayed signal voltage from H.sub.3 as passed through the time
      delay network at TDN.sub.3 and multiplied in X.sub.3. The output of
      multiplier X.sub.3 is integrated at integrator I" and presented for visual
      recording at 13.
PAR  Referring now to FIG. 6 for the geometry of ranging and direction finding
      in a system of FIG. 2, wherein the following relationships of the system
      will become more apparent from a graphical presentation thereof; and with
      respect to which:
PA1  Distance = velocity in medium x Time
PA1  V = velocity of sound in water
PA1  S represents the source of soond
PA1  H.sub.1, h.sub.2, and H.sub.3 are the hydrophones of FIG. 2; and the time
      delay network effects are indicated as TDN.sub.1, TDN.sub.2, TDN.sub.3.
PAR  SH.sub.1 and SH.sub.2 + V .times. TDN.sub.1 produces an isosceles triangle
      with bearing line Sa, V .times. TDN.sub.1 = H2e. SH.sub.3 + V .times.
      TDN.sub.3 and SH.sub.1 produces an isosceles triangle with bearing line
      Sb, V .times. TDN.sub.3 = H3f. SH.sub.2 + V .times. TDN.sub.2 and SH.sub.3
      produces isoceles triangle with bearing line Sc.
PAR  These bearing lines pass through S giving range from H.sub.2 of SH.sub.2 or
      range from H.sub.1 of SH.sub.1 or range from H.sub.3 of SH.sub.3.
PAR  While the determination is shown here as a plotting board solution, the
      trigonometric computer indicated in block form at 14 of FIG. 2 functions
      to read out the bearing and range from any arbitrary position from H.sub.1
      to H.sub.3 using parallax methods from the three time delay values
      TDN.sub.1, TDN.sub.2, and TDN.sub.3 and the known surveyed positions of
      H.sub.1, H.sub.2 and H.sub.3. The bearing indication is obtained at 14 and
      the range indication is presented at 15. The advantages of the instant
      system will be more apparent from a mathematical approach as hereinafter
      setforth.
PAR  A mathematical analysis of the relationship existing between the
      conventional listening systems and the instant system will be apparent
      from the relationships found in FIG. 1 wherein a sound source S is located
      by swinging the two hydrophones M.sub.1, M.sub.2 until the comparison
      device C indicates a null. If the output of the sound source is f(t) where
      this represents a noise arising from the ship propulsion equipment aand
      propellers, the performance near balance can be expressed as:
EQU  E = f(t) - f(t .+-. .tau.)
PAR  Where E is the correlation signal voltage', f(t) is the time function of
      the sound source, .tau., the time displacement equals d sin .phi., d =
      hydrophone spacing, .phi. = angular deviation from true bearing. For
      angles up to 10.degree., .phi. in radians may be taken equal to sin .phi..
PAR  Using Taylor's expansion on f(t + .tau.)
EQU  f(t + .tau.) = f(t) + .tau. f'(t) + .tau. 2/2 f" (t)
PAL  for small values of .tau., f(t + .tau.) = f(t) + .tau. f' (t); hence E =
      f(t) - f(t) - .tau. f' (t) = .tau. f' (t)
PAR  Since .tau. is proportion to .phi. for small angles, the quantity E
      observed is proportional to the deviation of the bearing angle observed
      from the true bearing angle, and proportional to the derivative of the
      instantaneous noise voltage. It is unfortunate that all other noise E (t)
      reaching the hydrophones is modified only slightly by the comparison
      process, and provides only a slight dip in the curve E(t) - E(t .+-.
      .tau..sub.1) + f(t) - f(t .+-. .tau.) which stil tends to mask the null as
      shown by FIG. 4.
PAR  There is little to be gained by averaging since the noise E(t) averages in
      approximately the same way as the signal .tau. f' (t). If the array is
      phased to produce an additive result as represented by E = f(t) + f(t +
      .tau.) no improvement is noticed.
PAR  Treating this by expansion E = 2 f(t) + .tau. f' (t). Since f(t) does not
      change for small values of .tau. the signal itself interfers with the
      observation of the change of bearing voltage E as well as all other noises
      not being ranged upon.
PAR  The solution, to which this invention relates, resides in the correlation
      of the hydrophone outputs. If the array is phased to produce through a
      multiplying circuit the function
      ##EQU1##
      the form of the function for small values of .tau. depends on the power
      spectrum of the noise. For example, if the power spectrum has the form
      s(f) = Kf.sup.2 e-.sup.f.spsp.2  and has the property of random phase
      relations between the frequency components then E will have the form +
      2e.sup.-.sup..tau..spsp.2 -4 .tau. 2e.sup.-.sup..tau..spsp.2. These two
      functions are plotted in FIGS. 7 and 8. The accuracy of bearing
      determination is now determined by the difficulty of locating the maximum
      value of E at .tau. = 0. Since .tau. = d sin .phi., this can be controlled
      by making the spacing as large as practical. Noise is no longer a
      controlling factor since the function E is zero for all values of
      .tau.&gt;.tau..sub.o . It is assumed of course, that T, the integrating time
      is large enough so that f(t) can be considered as equivalent to a
      stationary time series i.e., (that it is invariant in time
      transformation). A rough estimate indicates from 40 to 50db improvement in
      signal to noise ratio of this method over the previously described null
      balancing.
PAR  The test setup of FIG. 3 shown in dotted outline is a simplified variation
      for testing one section of FIG. 2, by which means the curve of FIG. 5 is
      obtained. The test setup is intended to be illustrative only, for
      obtaining the curves of FIG. 4 and FIG. 5. It is generally similar as to
      the block arrangements for the sound source and the placement of the
      microphones in air for obtaining the null curve tests and the auto
      correlation system tests of the instant invention with the exception that
      the block represented as 9 is the mixer of the null system and 9' in the
      dotted outline is the correlator of the improved system. In the null
      system the mixer 9 feeds the indicator 10' while the correlator 9' takes
      the form of the time delay circuit and multiplier of FIG. 2, the output of
      which is integrated when applied to an integrating circuit not
      specifically indicated on FIG. 3 and thereafter fed to a recording
      indicator at 10". The time delay networks TDN.sub.1, TDN.sub.2, TDN.sub.3
      of FIG. 2 are utilized for the purpose of obtaining the equivalent to
      swinging the base line of the hydrophones about a midpoint on the base
      line when it is desired to obtain isosceles triangulation with respect to
      the pair of hydrophones.
PAR  It is to be noted that the system of FIG. 2 as arranged approaches a
      hyperbolic line of position finder with a sort of inverted Loran
      coordinate system rather than a more general triangulation system
      indicated by FIG. 3. Search is made by sweeping .tau.) at a slow rate and
      hyperbolically triangulating to plot the position of all noise sounds
      within range.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A sound direction finding system for determining the location of a sound
      source comprising:
PA1  first, second and third sound transducers for converting sound signals into
      electrical signals, said first and said third sound transducers disposed
      in a mutually spaced relation with respect to said second sound transducer
      to form an isosceles triangle therewith:
PA1  a first variable time delay network for introducing a first predetermined
      variable time delay into the electrical output signal from said second
      sound transducer;
PA1  a second variable time delay network for introducing a second predetermined
      variable time delay into the electrical output signal from said second
      sound transducer;
PA1  a third variable time delay network for introducing a third predetermined
      variable time delay into the electrical output signal from said third
      sound transducer;
PA1  a first multiplier for multiplying the electrical output signal from said
      first sound transducer and the output signal from said first variable time
      delay network;
PA1  a second multiplier for multiplying the electrical output signal from said
      third sound transducer and the output signal from said second variable
      time delay network;
PA1  a third multiplier for multiplying the electrical output signal from said
      first sound transducer and the output signal from said third variable time
      delay network;
PA1  a first integrator for integrating the output of said first multiplier with
      respect to time;
PA1  a second integrator for integrating the output of said second multiplier
      with respect to time;
PA1  a third integrator for integrating the output of said third multiplier with
      respect to time;
PA1  a first visual indicator coupled to the output of said first integrator for
      visually displaying the output signal from said first integrator;
PA1  a second visual indicator coupled to the output of said second integrator
      for visually displaying the output signal from said second integrator;
PA1  a third visual indicator coupled to the output of said third integrator for
      visually displaying the output signal from said third integrator; and
PA1  a trigonometric computer coupled to said first, said second, and said third
      visual indicators for computing the range and bearing of said sound
      source.
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PAL  1. In an electro-mechanical bearing computer in which the bearing angle of
      target relative to a predetermined line is computed from the time interval
      between the arrivals of a wave front at two spaced locations and a
      constant voltage proportional to the distance of separation of the spaced
      locations, the velocity of propagation of the wave front, and the angle of
      inclination formed by the intersection of a line drawn through the spaced
      locations and a horizontal plane through one of the spaced locations,
PA1  A. means for generating a first signal proportional to said time interval,
PA1  B. means for generating a second signal proportional to said constant
      voltage,
PA1  C. first resolving means connected to said first and second signal
      generating means for providing an unmodified third signal equal to the
      difference between said first and second signals,
PA1  D. third signal detecting means connected to said resolving means for
      providing an error signal when said third signal is not a predetermined
      value and for providing a null signal when said third signal is said
      predetermined value,
PA1  E. means connected to said resolving means for modifying said third signal
      and providing an indication of the bearing angle relative to said target
      and a predetermined line,
PA1  F. means connected to said third signal detecting means and said
      modifying-indicating means for mechanically controlling said signal
      modifying-indicating means in response to said null and error signals.
BSUM
PAR  The present invention relates to a special purpose computer for solving
      trigonometric equations and more particularly to an electro-mechanical,
      analogue computer to solve two trigonometric equations which are
      indicative of the bearing and range of a target.
PAR  Those concerned with the development of target position computers have long
      recognized the need for stabilization of the various components
      incorporated in the servo systems of such computers. The present invention
      fulfills this need.
PAR  The general purpose of this invention is to provide a target position
      computer which embraces all the advantages of similarly employed range and
      bearing computers but which does not possess the aforedescribed
      disadvantage of instability. To attain this, the present invention
      contemplates a unique feedback loop built into the servo system providing
      the desired stabilization. The feedback which is derived from the output
      of the servo system is utilized to vary the gain of an active element in
      the servo system so that the sensitivity of the active element is
      substantially constant over a wide range of input values.
PAR  An object of the present invention is the provision of a new and improved
      target position computer which determines both the range and bearing of a
      target by solving two trigonometric equations.
PAR  Another object is to provide a range-bearing computer having a new and
      novel feedback arrangement which is used to stabilize a servo loop of the
      computer.
PAR  A further object of the invention is the provision of a new and improved
      electro-mechanical analogue computer to solve two trigonometric equations.
PAR  Still another object is to provide a range-bearing computer which computes
      the range and bearing of a target from known input data and controls the
      firing system of a ballistic missile.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following description when considered in connection with the
      accompanying drawings in which like reference numbers designate like parts
      throughout the figures thereof and wherein:
PAR  FIG. 1 shows the geometry of the range-bearing problem to be solved as a
      general proposition;
PAR  FIG. 2 shows the geometry of a specific problem to be solved where the
      range and bearing must be modified because of misalignment of one sensing
      device along the axis formed by a plurality of sensing devices;
PAR  FIG. 3 shows the geometry of a problem similar to that shown in FIG. 2 but
      where misalignment occurs because the sensing devices are not all
      positioned in a straight line;
PAR  FIG. 4 shows the geometry of a problem which necessitates compensation
      because the axis of the sensing devices forms an angle with a horizontal
      plane projected through one of the sensing devices;
PAR  FIG. 5 is a diagram illustrative of a computer for solving the problems set
      forth in FIGS. 2, 3 and 4; and
PAR  FIG. 6 is a graph representing the feedback bias and error signal inputs to
      an amplifier in the bearing servo circuitry.
DETD
PAR  Referring now to the drawings, wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 the geometry of the general problem to be solved. A radiating
      source of acoustical signals such as those which emanate from a ship or
      submarine is shown located at position P. Positions a, b and c, designate
      the locations of three stations where acoustical signaling sensing
      devices, such as hydrophones, may be attached along the axis d of a
      submarine, or the like. The hydrophones a and c are shown to be
      equidistantly spaced from hydrophone b by a distance l. Assuming that
      position b is the origin from which a ballistic missile is to be fired,
      then the range from the missile launcher to the target is defined by the
      straight line R. In like manner the bearing angle .theta. is defined as
      the angle formed by the intersection of the range line R and the axis d of
      the submarine. Since the propagation velocity v of water is substantially
      constant at any given time, an acoustical signal emanating from point P
      will arrive at the three positions a, b, and c delayed by measurable
      periods of time. From the measurement of the relative times of arrival of
      a given acoustical signal at the positions a, b, c, the range R and
      bearing .theta. to the target P may be determined in the following manner:
PAR  Assume
PA1  v = velocity of propagation
PA1  t.sub.1 = delay in arrival time between location a and location b
PA1  t.sub.2 = delay in arrival time between location b and location c
PA1  R = range from b to P
PA1  .theta. = bearing of P relative to the axis d
PA1  l = distance between the receivers (t.sub.2 - t.sub.1) = .DELTA.t
PAR  The solution to the problem may be obtained by using the cosine law, which
      defines the third side of a triangle when two sides and the inclined angle
      are given. In general form this is represented by:
EQU  x.sup.2 = y.sup.2 + z.sup.2 - 2yz cos .theta.
PAL  where .theta. is the angle included by the sides y and z; or,
EQU  2yz cos .theta. = y.sup.2 + z.sup.2 - x.sup.2              (1)
PAR  Referring to the upper triangle in FIG. 1 which has vertices P, a and b it
      may be seen that the distance from point P to location a is (R - v
      t.sub.1) and the substitution in the above equation (1) has the following
      result:
EQU  2lR cos .theta.=l.sup.2 + R.sup.2 - (R - vt.sub.1).sup.2 ;
PAL  or
EQU  2lR cos.theta.=l.sup.2 + 2Rvt.sub.1 - v.sup.2 t.sub.1.sup.2 (2)
PAR  In like manner from the lower bottom triangle in FIG. 1 which has vertices
      P, b and c the following equation may be derived:
EQU  - 2lR cos.theta. = l.sup.2 - 2Rvt.sub.2 - v.sup.2 t.sub.2.sup.2 (3)
PAR  Adding (2) and (3) yields:
EQU  O = 2l.sup.2 + 2Rv (t.sub.1 - t.sub.2) - v.sup.2 (t.sub.1.sup.2 +
      t.sub.2.sup.2)                                            (4)
PAR  Solving (4) for the range, R:
      ##EQU1##
PAR  From equation (2) above, it follows that:
      ##EQU2##
PAR  Since R, the range, in most instances is very much larger than l, which is
      approximately 1/2 of the length of a submarine, it follows:
      ##EQU3##
PAR  Referring to equation (5) and assuming that t.sub.1 is approximately equal
      to t.sub.2 as it will be within the capabilities of the present art
      measuring devices, and substituting cos .theta. from equation (6), the
      range R may be rewritten as:
      ##EQU4##
PAR  Thus it may be seen from the above derivation that the bearing .theta. and
      the range R may be represented in terms of known quantities as follows:
      ##EQU5##
PAR  Because of the design of the modern submarine it is not practical to
      position acoustical signal sensing devices, such as hydrophones, exactly
      and precisely as shown in FIG. 1 along the axis d of the submarine.
      Instead, in practice it is usually found necessary to position the center
      hydrophone as shown at position b to one side or the other of the axis d
      and it is also often necessary to move the hydrophone along the axis d in
      one direction or the other. Should this be the case, the derivation of the
      range R and bearing .theta., as derived from the simple case set forth in
      FIG. 1, is obviously incorrect. To compensate for misaligned positioning
      of the central hydrophone, the range and bearing equations must be
      modified in such a manner so as to bring position b back into alignment.
      Explanation of the mathematics involved to bring about the proper
      modification of the range and bearing equations is set forth with
      reference to FIG. 2 and FIG. 3. Explanation of the mathematics involved
      for modification of the range and bearing equations where the submarine is
      diving or ascending is set forth with reference to FIG. 4.
PAR  In FIG. 2 the condition is shown wherein the hydrophone is actually
      attached to the submarine at positon e rather than position i. The
      position e must be mathematically moved back to position b in order that
      the general solution of the range and bearing still prevails.
PAR  This is accomplished by assuming that an arc, having as its origin the
      point P, when drawn through position e would result in substantially a
      straight line which intersects the extension of the range line R at
      position f. The distance that the range line R is extended is denoted by
      g. Therefore: g = m cos .theta., where m is the distance that the
      hydrophone is actually displaced along the axis from the theoretically
      ideal position b.
PAR  The time necessary for the acoustic signal to travel this distance g is the
      time by which the general range equation must be modified. This modifying
      time may be represented:
      ##EQU6##
      On FIG. 3 is shown the condition where the actual positioning of the
      hydrophone is some perpendicularly measured distance h at position i from
      the ideal axis d. If an arc which has its radius at point P is drawn
      through the position i of the hydrophone in the manner described in
      reference to FIG. 2, the distance traveled by the acoustical signal must
      be modified by the distance j, or correspondingly the time traveled must
      be likewise modified. Since the distance j equals h sin .theta., the
      corresponding time modification t.sub.4 will be:
      ##EQU7##
PAR  Modification necessary to adapt the generalized range equation (8) so as to
      return the hydrophone to the ideal location b is given below:
EQU  l.sup.2 must be replaced by (l +m) (l - m) and,
EQU  .DELTA.t must be modified by t.sub.3 and t.sub.4 ;
PAL  (equations (9) and (10) above.)
PAR  The final range equation by substitution then becomes:
      ##EQU8##
PAR  Referring to FIG. 4 where the axis of the submarine is shown as being
      inclined to a horizontal plane k by some angle .alpha., it may be seen
      that the projection of the line representing the distance between
      locations b and c is l cos .alpha. along the horizontal line k.
      Modification of l in the general range and bearing equations is also
      necessary where as discussed above the axis of the hydrophones d is not
      level but inclined at some angle .alpha. with respect to a horizontal
      plane k. Making all the modifications of the general range and bearing
      equations results in the following equations which must be solved by the
      electro-mechanical analogue computer:
      ##EQU9##
      where .alpha. = the angle that the hydrophone axis d makes by the
      intersection with a horizontal plane K;
PA1  K.sub.1 = a constant related to the hydrophone misalignment along the axis
      d;
PA1  .GAMMA./l  = a constant related to the displacement of the hydrophone along
      the axis at some distance, m, from the ideal location b;
PA1  K.sub.2 = a constant related to the amount the hydrophone ideally located
      at position b is misaligned on one side or the other of the hydrophone
      axis d.
PAR  Having mathematically derived the equations which provide the solution for
      the bearing and range, it may be seen that the bearing equation can be
      solved independently by circuitry illustrated in FIG. 5, while the range
      equation is dependent upon the bearing solution. This being the case, the
      analogue computer must first compute the bearing from the given input data
      and then supply this bearing as an input to the range solution circuitry.
PAR  Referring to FIG. 5 there is shown essentially a block diagram form of the
      invention. The invention is shown in this form to aid in the simplicity of
      description of essential elements of this invention. A detail explanation
      of each and every component such as the resolvers, amplifiers, and gear
      trains, of this invention is considered unnecessary since many well known
      circuits and mechanical devices may be employed in the invention to
      perform the necessary operations as set forth in the block diagrams and
      the descriptions.
PAR  In FIG. 5, VR refers to the 400-cycle reference voltage which undergoes a
      substantial filtering process (not shown) before being supplied to the
      input of the computer. This reference voltage is supplied to the three
      autotransformers AT.sub.1, AT.sub.2, AT.sub.3 and the switch SW.sub.1.
      Switch SW.sub.1 is mechanically ganged to the switch SW.sub.2, a
      port-starboard switch that the computer operator throws either to the port
      or starboard position depending on the target position as indicated on the
      radar or sonar display tube. This multiple-throw switch allows the
      computer to solve the bearing .theta. on either the port or starboard side
      of the submarine by interjecting the proper sign (.+-.) values to the
      input signals. The T.sub.1 control circuit and T.sub.2 control circuit
      shown in FIG. 5 provide the inputs t.sub.1 and .DELTA. T, respectively.
      The autotransformers are energized by the reference voltages VR and
      voltages proportional to t.sub.1 and .DELTA. t are obtained at
      autotransformers AT.sub.1 and AT.sub.3 by the adjustment of the operator's
      hand cranks H1 and H2 in such a manner that these inputs are matched to
      the target spikes displayed on the cathode-ray-tube of the target
      detection circuitry (not shown).
PAR  A third input to the computer circuitry is derived from the autotransformer
      AT.sub.2. This input is provided by the operator's adjustment of hand
      crank H3 such that a voltage l/v, which is a function of the hydrophone
      spacing l divided by the velocity v of sound in the water, is applied from
      autotransformer AT.sub.2 to the isolation amplifier A4. The voltage signal
      l/v  is amplified by isolation amplifier A4 and supplied as an input to
      resolver RS1. The shaft of resolver RS1 is mechanically coupled to the
      bearing gear train GT.sub.1 which at any given time will rotate the shaft
      to the position corresponding to the derived bearing angle. A third input
      to the resolver RS1 is t.sub.1, which is derived from autotransformer
      AT.sub.1, as described heretofore. The compensating winding of resolver
      RS1 feeds back a voltage t.sub.1 cos .theta. through a trim network TA1.
      This feedback loop compensates for the phase and amplitude variations of
      the resolver-amplifier combination. A voltage l/v  cos .theta., which is
      derived from the inputs to the resolver RS1 is subtracted from the input
      t.sub.1 to provide a second output voltage (t.sub.1 -  l/v  cos .theta.).
      This voltage is applied to the second target position switch SW.sub.2 for
      determining the target position, port or starboard.
PAR  It should be understood at this point that if the hydrophone axis d is
      inclined at some angle .alpha. to a horizontal plane as shown in FIG. 4,
      then the voltage supplied by the autotransformer AT.sub.2 will be l/v  cos
      .GAMMA. instead of merely l/v. Therefore the voltage appearing as an input
      to the variable gain amplifier A3 will be either of the following:
EQU  t.sub.1 - l/v cos .theta.; or ps
EQU  t.sub.1 - l/v cos .theta. cos .alpha..
PAL  In either event, when the bearing equation is solved this input voltage
      applied to the variable gain amplifier A3 must be zero. Therefore, the
      variable gain amplifier A3 is a comparator which compares the voltage
      t.sub.1 with either voltage l/v  cos .theta., or l/v  cos .theta.  cos
      .alpha.. If t.sub.1 is unequal to the voltage with which it is compared,
      the input to amplier A3 will be some value other than zero or some
      predetermined reference voltage. An error voltage proportional to the
      difference between the voltage t.sub.1 and the voltage to which it is
      compared is generated at the output of amplifier A3 and supplied to
      resolver RS2 and synchro-servo-amplifier A1.
PAR  Synchro-servo-amplifier A1 further amplifies the error voltage and drives
      motor-tachometer MG1. The motor is mechanically linked to the bearing gear
      train GT1 which guides the shaft of resolvers RS2 and RS1 to the proper
      bearing position. The tachometer feeds back a signal to
      synchro-servo-amplifier in order to stabilize the operation of the
      amplifier A1 and motor-tachometer MG1. Resolver RS2 feeds back a voltage
      proportional to the sine of the bearing angle .theta. to the variable gain
      amplifier A3. This voltage is fed back through a cam operated switch which
      reverses the polarity or sign of the feedback at 0.degree. and 180.degree.
      respectively so that it will always be a positive feedback. By feeding
      back K.sub.3 .vertline.sin.theta..vertline. to bias the variable gain
      amplifier A3, the gain is varied in such a manner that large surges of
      input voltages which are a function of cos .theta. are prevented from
      causing oscillation and instability of the bearing servo circuitry.
PAR  Referring to FIG. 6 it may be seen that when K.sub.3
      .vertline.sin.theta..vertline. is a maximum, the input cosine voltage is
      minimum, as an absolute value. Therefore, the error signal generated will
      not be unduly amplified, and overdriving of gear-train GT1 is prevented.
      On the other hand, when the cosine input voltage is maximum in absolute
      value, indicating a relative large error voltage and necessitating a large
      correction of bearing train GT1, the feedback voltage K.sub.3
      .vertline.sin .theta..vertline. will be minimum thus allowing a greater
      degree of compensation to occur via the bearing servo circuitry.
PAR  The bearing gear train GT1 is mechanically coupled to a course gear train
      C1 and a fine gear train F1. The course and fine gearing trains control
      the course and fine synchros which drive the firing system. When the
      gearing train GT1 drives the bearing shaft of resolver RS1 to the proper
      position, t.sub.1 will equal the voltage to which it is compared, and a
      null signal will appear at the input of the amplifier indicating that the
      bearing equation is solved.
PAR  Turning now to the range solving circuitry which is also shown in FIG. 5,
      the voltage t.sub.1 is supplied to an amplifier-resolver network A7-RS3
      where the time modifying voltage (.GAMMA./l)t.sub.1, is generated. This
      voltage is supplied to a transformer T3 where it is added to the voltage
      .DELTA.t supplied by autotransformer AT.sub.3. The output of transformer
      T3 is a voltage .DELTA.t .+-. (.GAMMA./l)t.sub.1 which is supplied as an
      input to transformer T4 where it is added to the voltage (l/v) sin .theta.
      derived from the resolver RS1 of the bearing solution circuitry. The
      output of transformer T4 is .DELTA.t .+-. (.GAMMA./l)t.sub.1 .+-. K.sub.2
      sin .theta. which is supplied to autotransformer AT4 where it is
      multiplied by the range R. One of the inputs to the variable gain
      amplifier A5 is therefore the product R (.DELTA.t .+-. (.GAMMA./l)t.sub.1
      .+-. K.sub.2 sin .theta.).
PAR  An isolation amplifier A6 amplifies the input voltage (l/v) provided by
      autotransformer AT.sub.2 and supplies the amplified signal as an input to
      resolver RS3. The resolver RS3 is also provided with an input which is the
      product 2 .theta. and is derived from the bearing gear train GT1. One of
      the outputs of the resolver is fed back through the trim adjustment
      network TA2 to provide stabilization for the amplifier-resolver circuit
      while the other output is the product 2 (l/v)sin.sup.2 .theta.. The
      resolver RS3 actually provides the voltage (l/v) - (l/v) cos 2.theta.) but
      this can be reduced by trigonmetric identities to (l/v)(1 - cos 2 .theta.)
      which in turn is reducible to the voltage 2 (l/v) sin.sup.2 .theta..
      Voltage divider V1 multiplies the output of the resolver RS3 thereby
      introducing the constant (K.sub.1 /v) and providing the second input to
      comparing amplifier A5.
PAR  When the signal (K.sub.1 /v) sin.sup.2 .theta. is unequal to R.DELTA.t .+-.
      (.GAMMA./l)t.sub.2 .+-. K.sub.2 sin .theta.), the difference provides an
      error signal which is amplified and fed to solution servo-amplifier A2.
      The output of solution servo-amplifier A2 drives motor-tachometer MG2
      which mechanically drives the range gear train GT2. The tachometer output
      of MG2 is fed back to solution servo-amplifier A2 to insure proper
      dampening of the motor tachometer servo loop and is also heavily fed back
      to variable gain amplifier A5 to reduce amplifier gain variations. This
      feedback system assures that the range counter will be driven at a
      relatively low speed and reduces the possibility of mechanical damage due
      to surges of mechanical power.
PAR  When the signal voltages appearing at the input of amplifier A5 are equal
      in amplitude, a null is produced and the range equation is solved.
PAR  The range gear train GT2 is mechanically coupled to course gear train C2
      and fine gear train F2 which transmit the range data to the firing system
      servos. A bearing dial and a range counter are mechanically coupled to the
      gear trains C1-F1 and C2-F2, respectively, so that a visual indication of
      the bearing and range is available and can be utilized by the computer
      operator.
PAR  The operation of the range-bearing analogue computer may be briefly
      summarized as follows: Input signals representing known conditions are
      supplied to the bearing solution circuitry where a mathematically derived
      comparison of the known and the unknown (i.e., the bearing .theta.) is
      made. The result of this comparison is used to vary the unknown condition
      until a null signal is produced by such comparison. In this manner the
      bearing .theta. is derived by the bearing solution circuitry. Once the
      bearing .theta. has been determined, a similar technique for determining
      the range is employed by the range solving circuitry. The bearing .theta.
      is used as one of the known conditions in the range solution circuitry
      because the range is a dependent function.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention and that numerous
      modifications or alterations may be made without departing from the spirit
      and the scope of the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electro-mechanical bearing computer in which the bearing angle of
      a target relative to a predetermined line is computed from the time
      interval between the arrivals of a wave front at two spaced locations and
      a constant voltage proportional to the distance of separation of the
      spaced locations, the velocity of propagation of the wave front, and the
      angle of inclination formed by the intersection of a line drawn through
      the spaced locations and a horizontal plane through one of the spaced
      locations,
PA1  a. means for generating a first signal proportional to said time interval,
PA1  b. means for generating a second signal proportional to said constant
      voltage,
PA1  c. first resolving means connected to said first and second signal
      generating means for providing an unmodified third signal equal to the
      difference between said first and second signals,
PA1  d. third signal detecting means connected to said resolving means for
      providing an error signal when said third signal is not a predetermined
      value and for providing a null signal when said third signal is said
      predetermined value,
PA1  e. means connected to said resolving means for modifying said third signal
      and providing an indication of the bearing angle relative to said target
      and a predetermined line,
PA1  f. means connected to said third signal detecting means and said
      modifying-indicating means for mechanically controlling said signal
      modifying-indicating means in response to said null and error signals.
NUM  2.
PAR  2. The combination defined in claim 1 characterized further by the addition
      thereto of
PA1  a. sine generating means connected to said third signal detecting means and
      said signal modifying-indicating means for continuously providing a
      stabilizing feedback signal to said third signal detecting means.
NUM  3.
PAR  3. The combination defined in claim 2 characterized further by the addition
      thereto of,
PA1  a. switching means connected to said sine generating means and said
      detecting means for maintaining a positive polarity feedback signal.
NUM  4.
PAR  4. In an electro-mechanical range and bearing computer in which the bearing
      angle, relative to a target and a predetermined line and range of the
      target are computed from arrival times of a wave front at three spaced
      sensing devices and a constant voltage proportional to the distance
      between the sensing devices, the velocity of propagation of the wave
      front, and an angle of inclination formed by the intersection of a line
      drawn through said spaced locations and a horizontal plane passed through
      one of said spaced locations,
PA1  a. means for generating a first signal proportional to a first time
      interval corresponding to the difference between the time of arrival of a
      wave front at a first sensing device and a second sensing device,
PA1  b. means for generating a second signal proportional to a second time
      interval corresponding to the difference between said first time interval
      and a third time interval which is the difference between the time of
      arrival of a wave front at said second sensing device and a third sensing
      device,
PA1  c. means for generating a third signal proportional to said constant
      voltage,
PA1  d. means connected to said first and third signal generating means for
      computing the bearing angle relative to a target and a predetermined line,
PA1  e. means connected to said bearing angle computing means for indicating the
      bearing angle,
PA1  f. means connected to said bearing angle computing means and said second
      signal generating means for computing the range of said target, and
PA1  g. means connected to said range computing means for indicating the range
      of the target.
NUM  5.
PAR  5. In an electro-mechanical range and bearing computer in which the bearing
      angle relative to a target and a predetermined line and the range of the
      target are computed from arrival times of a wave front from the target and
      received at three spaced sensing devices and a constant voltage
      proportional to the distance between said sensing devices, the velocity of
      propagation of the wave front, and the angle of inclination formed by the
      intersection of a line drawn through the spaced devices and a horizontal
      plane passed through one of said spaced devices,
PA1  a. means for generating a first signal proportional to a first time
      interval which is the difference between the time of arrival of the wave
      front at a first sensing device and a second sensing device,
PA1  b. means for generating a second signal proportional to a second time
      interval which is the difference between said first time interval and a
      third time interval which is the difference between the time of arrival of
      the wave front at said second sensing device and a third sensing device,
PA1  c. means for generating a third signal proportional to said constant
      voltage,
PA1  d. first resolving means connected to said first and third generating means
      for providing an unmodified fourth signal equal to the difference between
      said first and third signals,
PA1  e. first detecting means connected to said resolving means for selectively
      providing a first error signal when said fourth signal is not a
      predetermined value and a first null signal when said fourth signal is
      said predetermined value,
PA1  f. first indicating means connected to said resolving means for modifying
      said fourth signal and providing an indication of the bearing angle of the
      target,
PA1  g. first drive means connected to said first detecting means and said first
      indicating means for mechanically controlling said indicating means in
      response to said first null and error signals,
PA1  h. second resolving means connected to said third generating means and said
      first indicating means for providing a fifth signal proportional to said
      third signal and the bearing angle,
PA1  i. second detecting means coupled to said second generating means and said
      second resolving means for selectively providing a second error signal
      when said fifth signal is not equal to said second signal and a second
      null signal when said fifth signal is equal to said second signal,
PA1  j. second indicating means connected to said second detecting means for
      modifying said second signal and providing an indication of the range of
      the target,
PA1  k. second drive means connected to said second detecting means and said
      second indicating means for mechanically controlling said second
      indicating means in response to said second null and error signals.
NUM  6.
PAR  6. The combination defined in claim 5 characterized further by the addition
      thereto of;
PA1  a. sine generating means connected to said first detecting means and said
      first indicating means for providing a stabilizing feedback signal to said
      first detecting means.
NUM  7.
PAR  7. The combination defined in claim 6 characterized further by the addition
      thereto of,
PA1  a. switching means connected to said sine generating means and said first
      detecting means for maintaining a positive polarity feedback signal.
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ABST
PAL  Device for determining the direction of a plane wave comprising P detectors
      regularly spaced out on a rectilinear base, a clock whose frequency is
      1/.tau. and several channels, each connected with a determined direction.
      The channel m comprises a device sampling all the m.tau. signals of the
      detectors whose outputs are connected to an adder followed by m - 1 delay
      cells in series, the output of the last one being applied to the input of
      the adder. Each adder supplies a signal depending on the difference
      between the direction m and the direction of the plane wave. Application
      is to sonars.
BSUM
PAR  The present invention relates to a device for determining the direction of
      a plane wave.
PAR  To determine the direction of propagation of a plane wave in an isotropic
      medium, a method which consists in checking if that propagation is being
      effected in a predetermined direction or in one of several predetermined
      directions is frequently used.
PAR  According to U.S. Pat. No. 3,691,514 of Sept. 12, 1972, it is a known
      practice to use detectors supplying analog signals which, after binary
      coding, are sampled at instants which correspond to the presumed instants
      of the passing of the plane wave at the level of each of the detectors
      when the wave moves in the predetermined direction. The sampled signals
      are then added together and a value corresponding to a predetermined
      direction is obtained. The values thus obtained for each of the
      predetermined directions are compared one with another, the maximum value
      corresponding to the direction which coincides the best with the true
      direction of the wave.
PAR  Such devices are used for example in submarine detection.
PAR  Using a rectilinear base comprising P places which are equally spaced out,
      N of which are taken up by a detector, the periods separating the sampling
      instants of the signals coming from two successive places are equal, the
      place without a detector being considered as supplying permanently a zero
      signal. The sampling instants for a determined propagation direction of
      the plane wave are determined by a clock sending out a series of pulses
      whose period is m .tau., .tau. being the minimum period which it is
      possible to produce and m being a positive whole number. To effect a
      measuring relative to a determined direction, the signals coming from the
      P places must be sampled and added together, so that with conventional
      devices, the measuring period will be equal to P .times. m .tau..
PAR  The device according to the invention makes it possible to bring that
      measuring period to the value P.tau..
PAR  The device according to the invention is characterized in that it
      comprises:
PAR  A RECTILINEAR BASE, COMPRISING P places numbered from 1 to P regularly
      spaced on that base, P being a prime number, N of which each comprise a
      detector (N .ltoreq. P) the P - N others being without a detector;
PAR  A CLOCK SENDING OUT A SEQUENCE OF PULSES HAVING A FREQUENCY OF 1/.tau.;
PAR  SEVERAL CHANNELS, EACH CORRESPONDING TO A PREDETERMINED DIRECTION;
PAR  EACH OF THE CHANNELS COMPRISING A SAMPLING DEVICE TO WHICH ARE APPLIED THE
      SIGNALS COMING FROM THE PLACES, THE OUTPUT OF THE SAMPLING DEVICE BEING
      CONNECTED UP TO THE INPUT OF A LOOP, THE SAID LOOP COMPRISING AN ADDER
      HAVING TWO INPUTS, THE FIRST OF WHOSE INPUTS IS CONNECTED TO THE OUTPUT OF
      THE SAMPLING DEVICE AND A DELAY LINE CONSTITUTED BY M - 1 CELLS CONNECTED
      TOGETHER IN SERIES, M BEING A POSITIVE WHOLE NUMBER WHICH IS DIFFERENT FOR
      EACH CHANNEL, THE INPUT OF THE FIRST CELL BEING CONNECTED UP TO THE OUTPUT
      OF THE ADDER AND THE OUTPUT OF THE LAST CELL BEING CONNECTED UP TO THE
      SECOND INPUT OF THE ADDER;
PAR  BINARY CODING MEANS ARRANGED BETWEEN THE OUTPUTS OF THE PLACES AND THE
      INPUTS OF THE LOOPS;
PAR  THE PULSES WHOSE FREQUENCY IS 1/.tau. COMING FROM THE CLOCK USED FOR
      CONTROLLING THE SAMPLING DEVICES AS WELL AS THE PROGRESSION OF THE DIGITAL
      SIGNALS DISCHARGED FROM THE ADDER C of each channel along the loop of the
      channel;
PAR  the signals depending on the comparison between the direction of the plane
      wave and the predetermined direction corresponding to m being obtained at
      the output of one of the elements of the loop of the channel m.
PAR  According to one embodiment of the invention, the binary coding means may
      comprise one binary coding device per channel arranged between the output
      of the sampling device and the input of the corresponding adder. According
      to a preferred embodiment of the invention, the binary coding means are
      constituted by a coding device connected to the outputs of the places.
PAR  When m is less than P, the P signals coming from the P places are sampled
      in a cyclic manner in the following order: signals coming from the places
      numbered 1, 1+R, 1+2R, . . . , 1+WR, (W being a positive whole number),
      1+WR being counted modulo P numerical system having a base of P where R
      corresponds to the following formula:
PA1  m R = q P + 1 (q being a positive whole number).
PAR  When m is greater than P and is not a multiple of P, the P signals coming
      from the P places are sampled in a cyclic manner in the following order:
      signals coming from the places numbered 1, 1+R, 1+2R, . . . , 1+WR, (W
      being a positive whole number), 1+WR being counted modulo P in a numerical
      system having a base of P, where R corresponds to the following formula:
PA1  (m - P) R = q P + 1 (q being a positive whole number or zero).
PAR  When m has the form BP (B being a positive whole number) the signals coming
      from the P places are samples in the following order: signals coming from
      the places 1, 1+R, 1+2R, . . . , 1+WR (W being a positive whole number),
      1+WR counted modulo P' in a numerical system having a base of P', P' being
      the smallest prime number greater than P, the signals numbered from P + 1
      to P' being taken as zero figures (R corresponding to the following
      formula):
PA1  B P R = q P' + 1 (q being a positive whole number) where BP P' and (B - 1)
      P R = q P' + 1 (q being a positive number or zero) where B P &gt; P'.
PAR  In the device according to the invention, the sampling pulses have a
      frequency of 1/.tau. and not 1/m.tau. as in the state of the art, so that
      during the time necessary for a measuring in a determined direction
      corresponding to the channel m, m sampling of the signal coming from each
      of the places of the base and not a single sampling of each of these
      signals are effected.
PAR  By arranging suitably these samples in the cells of the memory, it is
      therefore possible to effect m measuring with the device accorrding to the
      invention during the time necessary for one measuring by the device
      according to the state of the art.
DRWD
PAR  The following description with reference to the single FIGURE which
      illustrates an example of a device according to the invention will make it
      easier to understand how the invention may be implemented.
DETD
PAR  The device according to the invention comprises a rectilinear base 1
      comprising P places such as 2 regularly spaced, numbered from 1 to P, P
      being a first number, which, in the example illustrated, is equal to 5.
PAR  N of these places comprise a detector such as 3, the others comprising
      none; in the example illustrated, N is equal to 4 and the fifth place is
      empty.
PAR  Each of these places 2 comprises an output connected to an input of a
      binary coder 4 comprising P inputs to which P outputs correspond. The P
      outputs of the coder 4 are applied to the P inputs of a sampling device 5
      whose output 6 is connected to the input of a loop 7. The loop 7 comprises
      an adder 8 having two inputs 9 and 10, the first of these inputs 9 being
      connected to the output 6 of the sampling device 5, and a delay line 11
      constituted by (m - 1) memory cells 12 connected in series, m being a
      positive whole number which, in the example illustrated, is equal to 3. In
      the example illustrated, the cells are therefore 2 in number. The input of
      the first cell is connected to the output of the adder 8 and the output of
      the last cell is connected to the second input 10 of the adder 8.
PAR  The cells 12 and the adder 8 are controlled at the rhythm .tau. by a clock
      13 sending out a sequence of pulses whose frequency is 1/.tau.. That clock
      13 also controls the sampling device 5.
PAR  The sampling device 5 and the loop 7 comprising (m - 1) memory cells
      constitute a channel 14.
PAR  The P outputs of the coder 4 are connected to several other channels. In
      the figure, a second channel 14' has been shown comprising a sampling
      device 5' and a loop 7' comprising an adder 8' and (m' - 1) memory cells
      12' (in the example m' = 6); and a third channel 14" has been shown
      comprising a sampling device 5" and a loop 7" comprising (P - 1) memory
      cells 12" and an adder 8" (in the example P = 5). All the sampling devices
      and the loops of the various channels are controlled by the clock 13.
PAR  The operation of the device according to the invention is as follows:
PAR  When a plane wave V comes from the direction D, the places numbered 1, 2,
      3, 4 and 5 are successively reached. Each of the places supplies an analog
      signal which is applied to one of the P inputs of the binary coder 4. The
      signal supplied by the fifth place is obviously zero.
PAR  The binary signals coming from the coder 4 are applied to all the channels.
      In the channel 14, the signals coming from P places are applied after
      binary coding to the sampling device 5 which is controlled by the clock
      13. Sampling is effected at the frequency 1/.tau. and in a certain order,
      as will be specified subsequently, on the various outputs of the coder 4.
PAR  The various samples which are separated by a time .tau. leave sequentially
      on the output 6 and are applied to the input 9 of the adder 8. The adder 8
      and the cells 12 are controlled by the clock 13 and the data constituted
      by the samples at every period of time moves by one element in the loop 7.
      Thus, by sampling the outputs of the coder 4 in a certain order, the sum
      of the samples extracted from each of these outputs at instants spaced by
      m.tau., this sum of binary signals being in the form of a digital signal,
      may be obtained at the output of the adder 8.
PAR  In the example illustrated for the channel 14, m = 3. The outputs will be
      sampled in the order 1, 3, 5, 2, 4, 1, 3 . . . corresponding to the places
      1, 3, 5, 2, 4, 1, 3 . . . .
TBL                                    TABLE I                                 
     __________________________________________________________________________
     INSTANTS                                                                  
     1     2 3 4 5 6 7 8 9 10                                                  
                             11                                                
                               12                                              
                                 13                                            
                                   14                                          
                                     15                                        
                                       16                                      
                                         17                                    
                                           18                                  
                                             19                                
                                               20                              
                                                 21                            
                                                   22                          
                                                     23                        
     __________________________________________________________________________
       1 X         X         X         X         X                             
     L                                                                         
       2       X         X         X             X                             
     A                                                                         
       3   X         X         X         X         X                           
     C                                                                         
       4         X         X         X           X                             
     E                                                                         
       5     X         X         X               X   X                         
     S                                                                         
                                 S3              S3  S3                        
     __________________________________________________________________________
PAR  In the above table, the various sampling instants separated by .tau. have
      been arranged horizontally and the numbers of the places have been
      arranged vertically.
PAR  In the adder. at the instant 1, the signal coming from the place 1 is
      obtained; at the instant 4, the signal coming from the place 2 is applied
      to the input 9 of the adder and the signal coming from the place 1 which
      has transited through the memory cells 12 is applied to the input 10 so
      that the sum of the signals sampled at instants differing by 3 .tau.
      coming from the places 1 and 2 are obtained at the output of the adder. At
      the instant 7, the adder sends out the sum of the samples extracted from
      the signals coming from the places 1, 2 and 3 at instants spaced 3 .tau.
      apart.
PAR  At the instant 13, the adder sends out the sum S3 of the samples extracted
      from the signals coming from the 5 places at instants spaced 3 .tau. apart
      before being reset to zero.
PAR  A new sum S3 of the samples extracted from the signals coming from the 5
      places is obtained at the instant 18, then at the instant 23 etc., that
      is, the sum S3 is obtained every 5 .tau..
PAR  More generally, the adder sends out, every P .tau., a sum signal S3 of the
      samples extracted from the signals coming from the P places at instants
      spaced apart by m.tau. before being reset to zero. For that purpose, the
      sampling of the signals coming from the places numbered from 1 to P is
      effected in the following order: 1, 1+R, 1+2R, . . . , 1+WR (W being a
      positive whole number), 1+WR being counted modulo P in a numerical system
      having a base P where R corresponds to the following formula:
PA1  When m &lt; P, m R = q P + 1, (q being a positive whole number or zero) (1).
PAR  When m &gt; P and different from BP (B being a positive whole number), the
      formula giving R is (m - P) R = q P + 1 (2).
PAR  This latter formula will be applied to the channel 14' for which m = 6 and
      whose loop 7' comprises therefor 5 memory cells 12' behind the adder 8'.
PAR  The sampling device 5' and the loop 7' are controlled by the clock 13 since
      m is greater than P, formula (2) is applied, m being equal to 6, P being
      equal to 5, assuming that q = 0, the result obtained as R = 1.
PAR  This means that the signals coming from the P outputs of the coder 4 must
      be sampled in the following order: 1, 2, 3, 4, 5, 1, 2, . . .
      corresponding to the places 1, 2, 3, 4, 5, 1, 2, . . . .
PAR  On re-establishing the table of correspondences between the sampling
      instants and the sampled places, a check is made to see that a signal
      whose sum is S6 of the samples drawn off at instants spaced 6.tau. apart
      on the signals coming from the 5 places is obtained at every 5.tau. at the
      output of the adder 8'.
      ##TBL2##
PAR  Where m = P, that is, in the example illustrated, m = 5, P' is assumed to
      be the prime number greater than P and the result than obtained is m &lt; P',
      P' being chosen in this case as equal to 7. It is sufficient to add
      fictitiously, on the basis, 2 places (n.degree. 6 and n.degree. 7 shown in
      discontinuous lines in the figure) without a detector supplying the zero
      signals. By transposition of formula (1) with P' in the place of P, the
      result obtained is m R = q P' + 1, assuming that q = 2, R is equal to 3.
PAR  It is sufficient to sample the places in the following order: 1, 4, 7, 3,
      6, 2, 5, 1, 4, . . . to obtain a sum signal S5 at every 7.tau. at the
      output of the adder 8" of the channel 14" corresponding to m = 5, that is,
      comprising 4 cells 12".
PAR  More generally, when m = P B (B being a positive whole number), P' is
      assumed to be the prime number greater than P and P' - P places without a
      detector are added fictitiously on the base following the P places.
PAR  The P' places are sampled in the sampling device of the channel P B in the
      order 1, 1+R, . . . 1+WR, W being a positive whole number, 1+WR being
      counted modulo P' in a numerical system having a base of P' with R
      corresponding to the following formula:
PAR  When B P &lt; P'.
EQU  b p r = q P' + 1.
PAR  when B P &gt; P'.
EQU  (b - 1) p r = q P' + 1.
PAL  where q is a positive whole number or zero.
PAR  As, in the general case where m is different from P, the P places must be
      sampled sequentially without omitting any of them, P should be taken as a
      prime number so that whatever m may be, the highest common factor of P and
      of m be 1.
PAR  Each channel may be produced in the form of a card, each card comprising a
      sampling device and a loop constituted by an adder and a delay line having
      m - 1 cells.
PAR  On referring to table 2, it will be seen that 2 loops -- a loop such as 7'
      comprising 5 memory cells making it possible to obtain a sum of samples
      extracted at instants spaced apart by 6.tau. and a loop constituted by an
      adder followed by no memory cell making it possible to obtain a sum S' of
      the samples extracted at instants spaced by .tau., may be connected with
      each sampling device such as the device enabling the sampling of the
      outputs of the places in the following order: 1, 2, 3, 4, 5, 1, 2, . . .
      (such as 5').
PAR  More generally, the loop having m - 1 cells (forming the channel m) and the
      loop having P + m - 1 cells (forming the channel P + m) may be connected
      with the sampling device of the channel m (where m &lt; P).
PAR  The period .tau. has a lower limit connected with the technology of the
      circuits used. If that limit leads to a measuring period P.tau. greater
      than the value imposed by the signals to be processed, circumstances lead
      to the alternate use for each channel, of 2 or more sampling devices each
      followed by their loop.
PAR  Although the device which has just been described appears to afford the
      greatest advantages for implementing the invention, it will be understood
      that various modifications may be made therein without going beyond the
      scope of the invention, it being possible to replace certain of its
      elements by others capable of fulfilling the same technical function or an
      equivalent technical function therein.
CLMS
STM  What we claim:
NUM  1.
PAR  1. Device for determining the direction of propagation of a plane wave
      comprising:
PA1  a rectilinear base, comprising P places numbered from 1 to P regularly
      spaced on that base, P being a prime number, N of which each comprise a
      detector (N .ltoreq. P) the P - N others being without a detector;
PA1  a clock sending out a sequence of pulses having a frequency of 1/.tau.;
PA1  several channels, each corresponding to a predetermined direction, each of
      the channels comprising a sampling device to which are applied the signals
      obtained from the places P, the output of the sampling device being
      connected to the input of a loop, the said loop comprising an adder having
      two inputs, the first of whose inputs is connected to the output of the
      sampling device and a delay line constituted by m - 1 cells connected
      together in series, m being a positive whole number which is different for
      each channel, the input of the first cell being connected to the output of
      the adder and the output of the last cell being connected to the second
      input of the adder;
PA1  binary coding means arranged between the outputs of the places and the
      inputs of the loops;
PA1  the pulses whose frequency is 1/.tau. coming from the clock used for
      controlling the sampling devices as well as the progression of the digital
      signals obtained at the output of the adder of each channel along the loop
      thereof; and
PA1  the signals depending on the comparison between the direction of the plane
      wave and the predetermined direction corresponding to m being obtained at
      the output of one of the elements of the loop of the channel m.
NUM  2.
PAR  2. Device for determining the direction of propagation of a plane wave
      according to claim 1, characterized in that the binary coding means are
      constituted by a coding device connected to the outputs of the places.
NUM  3.
PAR  3. Device for determining the direction of propagation of a plane wave
      according to claim 1, characterized in that when m is less than P, the P
      signals coming from the P places are sampled in a cyclic manner in the
      following order: signals coming from the places numbered 1+R, 1+2R, . . .
      , 1+WR, (W being a positive whole number), 1+WR being counted modulo P in
      a numerical system having a base of P where R corresponds to the following
      formula:
EQU  m R = q P + 1 (q being a positive whole number).
NUM  4.
PAR  4. Device for determining the direction of propagation of a plane wave
      according to claim 1, characterized in that when m is greater than P and
      is not a multiple of P, the P signals coming from the P places are sampled
      in a cyclic manner in the following order: samples coming from the places
      numbered 1, 1+R, 1+2R, . . . , +WR (W being a positive whole number), 1+WR
      being counted modulo P in a numerical system having a base of P, where R
      corresponds to the following formula:
EQU  (m - P) R = q P + 1 (q being a positive whole number or zero).
NUM  5.
PAR  5. Device for determining the direction of propagation of a plane wave
      according to claim 1, characterized in that when m has the form BP (B
      being a positive whole number) the signals coming from the P places are
      sampled in the following order: signals coming from the places 1, 1+R,
      1+2R, . . . , 1+WR, (W being a positive whole number), 1+WR being counted
      modulo P' in a numerical system having a base of P', P' being the smallest
      prime number greater than P, the signals numbered from P + 1 to P' being
      taken as zero figures R corresponding to the following formula:
PA1  B P R = q P' + 1 (q being a positive or zero whole number) where B P &lt; P'
      and (B - 1) P R = q P' + 1 (q being a positive number or zero) where B P &gt;
      P'.
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ABST
PAL  This is a seismic digital recording system for use where the seismic
      amplifiers are placed near the geophone locations and their outputs
      transmitted by common cable to the recording truck or recorded on magnetic
      tape at the geophone location. In such a digital recording system, it is
      impractical to use a high-speed, high gain-ranging amplifier of 15 or 16
      bits range. In our design the gain-ranging amplifier is high-speed but
      employs fewer bits total range. The extra range is made up in a
      preamplifier which has a variable range of gain, which can be
      automatically set, but at slower speed. The invention involves a control
      system which is responsive to the output of an A/D converter which is
      connected to the output of the gain-ranging amplifier. This control
      examines the bit output of the A/D converter throughout the whole record
      and, depending on whether the most significant bit is a 0 or 1, and
      whether the less significant bits are 0 or 1, it acts to control the gain
      of the preamplifier on the suceeding record by increasing the gain,
      decreasing the gain, or leaving the gain set at its instant value. The
      gain of the preamplifier can be adjusted by 6-db steps for each succeeding
      record until it reaches a value for which the operation of the
      gain-ranging amplifier is optimum.
BSUM
PAC  CROSS REFERENCES TO RELATED PATENT
PAR  This application is related to U.S. Pat. No. 3,806,864, issued Apr. 23,
      1974, to Robert A. Broding and Francis R. Freeman.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of seismic exploration systems. More
      particularly, it lies in the field of seismic recording systems, in which
      the recording amplifiers are positioned at the geophone locations and
      their outputs are either transmitted by common conductors to the recording
      trucks or recorded on a tape recorder at the geophone location.
PAR  In the prior art, seismic recording systems have traditionally involved
      setting out a plurality of geophone groups at spaced locations and
      connecting each of these geophone groups by separate conductor pairs to
      separate amplifier channels in a recording truck at some distance from the
      geophone locations. (See Milton Dobrin, "Introduction to Geophysical
      Prospecting". McGraw-Hill, 1952, pp. 201-208.) In the recording truck, a
      complex amplifier system was provided in which the gain could be ranged
      (automatically changed) over a wide range. Such a system is described in
      U.S. Pat. No. 3,315,223. This gain-changing was done in steps differing by
      a factor of 2.sup.n (where n is an integer) at a high rate of speed.
PAR  With the advent of recording systems requiring many more channels, up to 96
      to 200 or more, it has become convenient to provide simpler amplifiers at
      each of the geophone locations or more usually to serve a small group of
      geophone locations. One such system is described by U.S. Pat. No.
      3,806,864, in which two seismic recording channels are provided at the
      location of two adjacent geophone groups and the outputs of the amplifiers
      are locally recorded on magnetic tape cassettes. Because of the difficulty
      (in size, weight, and power drain) of having very complex high-speed,
      gain-ranging amplifiers, these newer amplifiers are of lesser total gain
      range. However, there are adjustable or present types of preamplifiers
      that can be set manually to provide adjustable gain in addition to the
      gain range set by the amplifier itself.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of this invention to provide a field seismic
      recording system of reduced range of high-speed gain-ranging amplifier
      with a preamplifier that has a selected range of gain which can be
      automatically adjusted at a lower speed than the rate of gainranging of
      the amplifier itself.
PAR  This and other objects are realized and the limitations of the prior art
      are overcome in this invention by providing a recording system having a
      preamplifier in which there are a selected number of steps of gain
      automatically adjustable at a slow rate, and a gain-ranging amplifier of
      lesser total gain range than the conventional field amplifier. The
      preamplifier leads into the gain-ranging amplifier and the output of the
      gain-ranging amplifier goes to an analog-to-digital converter, which then
      goes to a local recording means or by a transmission system to the
      multichannel recording truck.
PAR  The essence of this invention lies in a control system which automatically
      examines or scans the output of the analog-to-digital converter throughout
      the entire record and, dependent on whether the output of the various bits
      of the converter is a logical 0 or a logical 1, throughout the record; one
      or the other of two latches may be set. The combination of setting of one
      or both latches, controls an up/down counter to close or open certain
      switches. The preamplifier is of a design in which the gain can be changed
      by predetermined, fixed amounts. For example, the gain can be changed by
      connecting a feedback resistance of selected value from the output to the
      input. Preferably, four such switches are provided, which control the
      shunting of four different resistances, one at a time, from the output to
      the input of the preamplifier. Other equivalent systems of fixed gain
      change could be employed.
PAR  The output of the up/down counter has four output leads which are connected
      to the four switches in the preamplifier and, dependent on the set
      condition of the two latches, responsive to the analog-to-digital
      converter, the counter is raised, or lowered, or maintained the same, so
      far as count is concerned, and dependent on the count of the counter, one
      or another of the four switches in the preamplifier is closed.
PAR  The operation of the up/down counter is carried out only each record under
      the control of the end-of-record pulse. (Equipment to produce such a
      signal at the end of the record has been used for years in recorders, so
      no effort is made here to illustrate it.) Therefore, at the end of a
      record, the end-of-record pulse enables the counter to move up, or down,
      or stay the same, dependent on the condition of the two latches. If there
      is a change in count, then a different switch is closed in the
      preamplifier, adjusting the gain to a value which will make the operation
      of the gain-ranging amplifier more nearly optimum for the following and
      succeeding records.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objectives and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings, in which:
PAR  FIG. 1 represents a schematic diagram of the overall seismic recording
      system;
PAR  FIG. 2 shows in detail the construction of the control system for
      automatically adjusting the gain of the preamplifier; and
PAR  FIG. 3 illustrates the way in which the gain control of the preamplifier is
      automatically carried out.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular to FIG. 1, there is shown a
      schematic diagram illustrating the essential parts of a single channel of
      seismic recording system. There are one or more geophones 12 connected to
      a variable gain preamplifier 18 (VGPA) which is connected by means 14 to a
      filter 16 and by means 20 to a gainranging amplifier 22 (GRA), which is
      connected by means 24 to an analog-to-digital converter 26 (A/DC). The
      output of the analog-to-digital converter comprises a plurality of leads
      38, each of which represents a bit in the total number of bits in the
      digital word representative of the seismic signal level. These leads 38
      are connected to a shift register 30 where they are stored until required
      to be sent to a local magnetic tape recorder or to a transmission line 32
      to the recording truck, where they are recorded on magnetic tape.
PAR  The gain-ranging amplifier 22 also has a group of leads 36, which is
      connected to the shift register 30. The signals on these leads represent
      the number of steps of gain ranging, each of 6 db, through which the
      amplifier has ranged in gain, while the remaining amplitude of the signal
      output on lead 24 is converted in the analog-to-digital converter 26 to
      additional digital bits representative of the remainder signal amplitude.
      The combination of the digital signals on leads 36 and 38 represent the
      total number of bits of amplitude of the signal on lead 20 entering the
      gain-ranging amplifier 22.
PAR  The variable gain preamplifier 18 has a group of outputs indicated by leads
      34, which also go to the shift register. The signals on leads 34 represent
      6-db steps of gain change in the preamplifier, which, in addition to the
      gain steps indicated by leads 36 and the amplitudes indicated by the leads
      38, represent the total absolute amplitude of the seismic signal on lead
      17 entering the preamplifier 18.
PAR  The normal way of initially handling the gain settings in the preamplifier
      18 is by manual control of switches or by remote manual control, which
      operate to change the gain of the preamplifier.
PAR  There is shown a box 42 which is a control system and which will be
      described in detail in connection with FIG. 2. This box 42 takes inputs
      from the leads 38 on the output of the A/D converter, which are grouped
      together as multiple lead 40 going into the box 42. For this illustration
      the inputs to box 42 are taken from the output of the A/D converter 26,
      however, the input to box 42 may also be taken from the appropriate leads
      36 representing the gain of the gain ranging amplifier, keeping in mind
      that a low gain value is the equivalent of a large A/D converter output
      bit value. The outputs of the control box 42 are a plurality of up to four
      or more leads. These represent signal lines which are connected to
      appropriate connections in the variable gain preamplifier 18, as will be
      explained in greater detail in connection with FIG. 3. The signal on the
      leads 44, 46, 48, and 50 go to electronic switches which connect
      appropriate resistors between the output and the input of the variable
      gain preamplifier to change its gain in a preselected manner.
PAR  Referring now to FIG. 2, there is shown on the left side a portion of the
      box 26 representing the analog-to-digital converter, and on the right a
      box 18 which represents the variable gain preamplifier. The dashed line 42
      represents the boundary of the control box 42 of FIG. 1. The leads 52 to
      58 on the output of the analog-to-digital converter 26 corresponds to the
      leads 38 of FIG. 1. Lead 52 represents the most significant bit, lead 53,
      the second most significant bit, 54, 55, 56, etc., intermediately
      significant bits, etc., preselected as desired to establish the signal
      level at which an increase in preamplifier gain is to occur. Leads 52 and
      53 go to an AND gate 60, the output of which goes by lead 63 to the set
      terminal of a first latch 66. A latch is a device such as a flip-flop
      which has two operating positions. A slower-acting version would be a
      latching relay. A potential at the set terminal S sets the latch in a
      first position, and a corresponding voltage on a reset terminal R (on lead
      82) resets the latch back to its original position. There are two
      terminals on the output, a Q and a Q terminal. When the latch is in its
      original position, that is, its reset position, the Q terminal has a
      logical O, and the Q terminal has a logical 1. In the set condition, after
      the voltage on lead 63 to the S terminal sets latch 1, the Q terminal
      carries a logical 1, and the Q terminal a logical O. Similarly, there is a
      second latch 68 with the set and reset terminals, and Q and Q terminals.
      This latch 2 is set by the output on lead 64 from the OR gate 62. There
      can be 1, 2, 3, or more, input connections to the OR gate 62. However, the
      configuration of leads 52, 53 to the AND gate 60, and 54, 55, and 56 to
      the OR gate 62 are based on a certain philosophy which will be explained
      later in the description. Suffice to say that during the recording of a
      record on the system of FIG. 1, if any one of the leads 52, 53, 54, 56 has
      a logical 1, then the corresponding latch 66 or 68, or both, will be set.
      If none of the leads 52 to 56 has a logical 1 during the record, then
      neither of the latches will be set.
PAR  The presence of a logical 1 on the leads 52 and 53, which represent the
      most significant bits, indicates that the signal level had been very high,
      and probably too high, and therefore the gain of the amplifier should be
      reduced. If none of the leads 52-56 carries a logical 1 throughout the
      record, it means that the amplitude of the signal coming to the
      gain-ranging amplifier had been to low, and therefore the gain of the
      preamplifier should be raised. The design of the control box 42 is such
      that when the appropriate signals, such as a logical 1 or a logical 0, are
      on the leads 52 to 56, appropriate signals are sent from the latches 66,
      68 through the Q and Q terminals, and through additional logic, to an
      up/down counter means 86. This is an electronic device in which a pulse on
      the C (clock) terminal, and a corresponding signal on lead 87 to the U/D
      terminal will cause the counter to go up one step or down one step. If the
      counter is to retain its present count, the logic prevents the pulse on
      the C terminal. The decision to change the gain up or down is made only
      when there is a logical 1 on the clock terminal C. The voltage on this
      terminal is provided from an AND gate 80, which has two inputs. One input
      on lead 84 comes from a detector that recognizes a pulse representing the
      end of the record. In other words, only when a complete record has been
      recorded, a pulse is put on the tape, and that end-of-record pulse then
      goes to the gate 80, and, if the gate is enabled by the signal from the
      gate 74 through inverter 78, then the pulse will go to the clock terminal
      C, and then, depending on the signal on the line 87, the counter will
      adjust its count.
PAR  The latches 1 and 2 are responsive to the logical 1 or 0 on each of the
      output leads on the A/D converter 26. Assume that the signal is a large
      one and is probably too large for the gain-ranging amplifier. In this
      case, all of the leads 52, 53-56, will have a logical 1 at some time
      during the recording of the record. Thus, there will be at some time a
      logical 1 on leads 52 and 53, which will enable the AND gate 60 and put a
      logical 1 on the lead 63 and will set the latch 66. When latch 66 is set,
      the Q terminal carries a logical 0. Assuming also that at least one of the
      leads 54, 55, 56 carries a logical 1 at some time during the record, then
      a logical 1 will be present on the lead 64, and that will set the latch
      68, and will put a logical O on the Q terminal.
PAR  Consider the AND gate 76, having two input leads, 71 and 72 going,
      respectively, to the Q terminals of latches 66 and 68. If these are
      logical 0 ', then the output will be a logical O on lead 87. Also, if the
      Q signal of latch 66 is logical O and the Q signal of latch 68 is a
      logical 1, then the two leads 69 and 70 going to gate 74 will produce a
      logical O output of the gate and the inverter 78 will cause a logical 1 to
      be present on its output going to gate 80. Consequently, the logical 1
      from the inverter 78 and the logical 1 from the end-of-record signal will
      enable the gate 80 and put a logical 1 on the clock terminal C and, since
      the voltage on the up/down terminal is a 0, it will cause the counter to
      count down by 1 count.
PAR  Consider now the case where all of the leads 52 to 56 carry a logical O. In
      that case, the latch 66 will not be set and the latch 68 will not be set,
      so that the Q outputs will each carry a logical 1. The AND gate 74 carries
      a logical 1 on terminal 69 and a logical 0 on terminal 70 and therefore
      has a logical 0 output, which is converted to a logical 1 by the inverter
      78, and so the gate 80 is enabled and the end-of-record signal will put a
      logical 1 on the clock terminal C. At the same time, there are logical 1
      signals on lead 71 and 72, making a logical 1 on lead 87. Then, when the
      clock pulse comes in, the U/D counter will count up one step.
PAR  For a condition where the leads 52 and 53 do not have a logical 1, whereas
      one or the other of leads 54, 55, or 56 does have a logical 1, then latch
      66 will not be set, but latch 68 will be set. When that happens, the Q
      terminal of latch 66 carries a logical 1, and the Q terminal of latch 68
      carries a logical 1, so the gate 74 passes a logical 1 and the inverter
      makes that a logical 0, so the gate 80 is not enabled, and therefore the
      end-of-record pulse coming in on line 84 does not reach the clock terminal
      of the counter, and so no change is made in the count of the counter.
PAR  Thus, it can be seen that by appropriate recognition of the presence of a
      logical 1 or 0 at some time during the recording of a complete record, one
      or the other, or neither, or both of the latches 66 and 68 can be set, and
      therefore the appropriate action of the up/down counter will be carried
      out. The U/D counter is a commercial device, which can be purchased off
      the shelf. It is manufactured by a number of companies, such as the Radio
      Corporation of America, for example. The particular counter which has been
      used (an RCA COS/MOS presettable Up/Down Counter CD 4029A) has four counts
      and is provided with three terminals numbered 1, 2, and 4, which represent
      the appropriate bits. There are four lines out of the control 42, namely
      44, 46, 48, and 50, which go to the preamplifier 18. These four
      connections are derived from the three terminals 1, 2, and 4 of the U/D
      counter 86 by means of the logic units shown. For example, there is an AND
      gate 92. One input 88 is connected to terminal 1, representing the count
      of the first bit. A second lead 91 is connected through an inverter 90 to
      the terminal 2, representing the count of 2. With a 1 on the first
      terminal and a  0 on the second terminal, the gate 92 is enabled, and a
      logical 1 goes on line 44 to terminal 1 of the preamplifier 18, which
      closes electronic switch 1 for a certain gain setting of the preamplifier.
PAR  For a count of 2, the terminal 2 carries a logical 1, and is connected
      directly, by lead 46, to terminal 2 of the preamplifier. For a count of 3,
      an AND gate 94 is used which has one lead going to each of the terminals 1
      and 2. In other words, a logical 1 on each of the terminals 1 and 2, will
      cause the gate 94 to carry a logical 1 on the output line 48, going to
      switch 3 of the preamplifier. Line 50 goes directly from the terminal 4 of
      the counter to the terminal 4 of the preamplifier, and to the switch 4.
PAR  Referring now to FIG. 3, there is shown in schematic form an amplifier 100,
      which has an input to terminal 106. This is supplied with appropriate
      power by leads 102 and 104. This is served by a line 17 which, as shown in
      FIG. 1, is the input to the variable gain preamplifier 18. The other input
      terminal 108 is gounded through resistance 110. The output of the
      amplifier 100 is on lead 112, which is marked by the arrow 20, which in
      FIG. 1 shows the outgoing lead to the gain-ranging amplifier. Therefore,
      amplifier 100 of FIG. 3 corresponds to VGPA 18. Line 114 is connected to
      the input of the amplifier 100, and line 148 to the output of the
      amplifier. There are four resistors, 140, 142, 144, 146 connected between
      these two lines 114 and 148, through electronic switches 124, 126, 128,
      and 130, lines 116, 118, 120, and 122, lines 132, 134, 136, and 138, and
      resistors 140, 142, 144, and 146. These are conventional devices, such
      that when a positive voltage is placed on the base or actuating contact,
      that is, on lead 44, 46, 48, or 50, the appropriate switch 124, 126, 128,
      or 130 will close, thus individually changing a feedback resistance to
      change the preamplifier gain a predetermined amount. In the figure shown,
      the switches thus are connecting the appropriate resistor in shunt between
      the output line 148 of the amplifier and the input line 114. EAch of the
      leads 132, 134, 136, and 138 from the switches to the resistors is
      connected through a diode, such as 150, 152, 154, 156, and line 158 to
      ground 160. This type of control is quite conventional and the leads 44,
      46, 48, and 50, going to the variable gain preamplifier 18 in FIG. 1 would
      correspond to the leads 44, 46, 48, and 50 of FIG. 3. Appropriate voltage
      on one or the other of these four leads causes throw of the appropriate
      switch, and sets the gain of the preamplifier to a selected value.
PAR  FIG. 1 has been patterned after FIG. 4 of the U.S. Pat. No. 3,806,864, of
      Broding and Freeman.
PAR  While the field of application of this seismic recording system has been
      indicated as primarily for use with a seismic system in which the recorder
      is placed at the seismometer location and its output is recorded on
      magnetic tape at that point, there are many other fields of application of
      this type of amplifier. It can be used with any type of seismic recording
      system in which it is decided that a gain-ranging amplifier of less total
      gain range than conventional amplifiers is desired. In such case, a
      plurality of stages of gain can be placed in the variable gain
      preamplifier, as indicated in the description in connection with FIGS. 1,
      2, and 3.
PAR  While there has been shown a system in which there are four stages of gain,
      of 6 db each, in the preamplifier, which stages are operated automatically
      at a low rate of speed, namely, one step for each record recorded, there
      can be fewer or more steps of gain (or of different db amounts), as
      desired, by providing additional counts in the counter and appropriate
      logic according to that which has already been described.
PAR  In FIG. 1 it has been shown that all digital signals on leads 34, 36, 38,
      go to a shift register 30. Such shift register is only symbolic of many
      combinations of digital storage and transmission elements which might be
      used. The digital signals on leads 36, 38 are redetermined at each
      digitizing interval, and therefore rapid signal handling, storage, and
      transmission means, such as shift register 30, are required. Conversely,
      the signal on leads 34 are reevaluated once for each record that is
      recorded, and need be recorded on the tape only once per record, instead
      of once per digitizing interval. Therefore, the digital signals on leads
      34 can be handled in many other ways to be recorded on tape, in addition
      to the manner indicated through the shift register 30.
PAR  what has been described is a recording system in which the gain-ranging
      activity is divided between a very rapidly acting part in the
      floating-point, gain-ranging amplifier, and a slower-acting part in a
      preamplifier. Since it is not necessary to range through the full gain of
      the system each digitizing interval, part of that gain-ranging can, in
      effect, be automatically preset for a succeeding record, based on the gain
      required in the preceding records. These extra stages of gain-ranging can
      be provided in the preamplifier at a fraction of the cost in money, power,
      and space required for a comparable range of gain in the gain-ranging
      amplifier. The prior art has utilized manual gain settings in the
      preamplifier. It is therefore obvious that the automatic setting of gain
      in the preamplifier, based on the gain requirement of the previous record,
      is more advantageous than the manual setting, or the incorporation of an
      equivalent gain range in the gain-ranging amplifier.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific language used, or the
      specific embodiments set forth herein by way of exemplifying the
      invention, but the invention is to be limited only by the scope of the
      attached claim or claims, including the full range of equivalency to which
      each element or step thereof is entitled.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a digital seismic recording system having at least one recording
      channel responsive to a first geophone group and including therein a
      preamplifier, a gain-ranging amplifier, and an analog-to-digital
      converter, all connected in series, said preamplifier including switching
      means to vary the gain of said preamplifier in a plurality of steps, said
      gain-ranging amplifier including means to vary the gain in steps at a
      relatively high rate, over a selected plurality of steps, said
      analog-to-digital converter adapted to produce a digital word representing
      the instantaneous amplitude of the signal output of said gain-ranging
      amplifier at each digitizing interval, said digital word comprising at
      least
PA1  1. a most significant bit,
PA1  2. a second most significant bit, and
PA1  3. an intermediately significant bit, the improvement comprising:
PA2  a. a first latch and means responsive to said digital word output of said
      analog-to-digital converter to set said first latch when said most
      significant bit is a logical 1 at any time during the time of recording of
      a complete record;
PA2  b. a second latch and means responsive to said digital word output of said
      analog-to-digital converter to set said second latch when at least one
      intermediately significant bit is a logical 1 at any time during the time
      of recording of a complete record; and
PA2  c. means responsive respectively to said first and to said second latches
      to modify the gain of said preamplifier.
NUM  2.
PAR  2. The seismic recording system as in claim 1 including means to increase
      the gain of said preamplifier one step when neither said first nor said
      second latches is set during recording of a complete record, to decrease
      said gain one step when both said first and said second latches are set
      during such recording, said means being inoperative to change said gain
      when said first latch is not set and said second latch is set during such
      recording.
NUM  3.
PAR  3. The seismic recording system as in claim 2 in which said means to modify
      the gain of said preamplifier comprises:
PA1  a plurality of electronic switch means each separately operable to change a
      resistance in said preamplifier whereby the preamplifier gain is changed a
      predetermined amount, and an up/down counter means responsive to said
      first and said second latches and acting through a plurality of outputs to
      control said plurality of said electronic switch means.
NUM  4.
PAR  4. The seismic recording system as in claim 3 in which said up/down counter
      means has a clock input and an up/down input including
PA1  an AND gate the two inputs to which are the Q output of said first latch
      and the Q output of said second latch,
PA1  an inverter connected to the output of said AND gate,
PA1  a second AND gate, the two inputs to which are the Q output of said first
      latch and the Q output of said second latch, the output to said second AND
      gate being connected to said U/D input of said counter,
PA1  means to produce an end-of-record electric signal at the end of said
      complete record, and
PA1  a third AND gate the two inputs to which are the end-of-record signal and
      the output of said inverter, the output of said third AND gate being
      connected to said clock terminal of said counter.
NUM  5.
PAR  5. The seismic recording system as in claim 4 in which said up/down counter
      means has at least 3 output terminals representing in binary code the
      number of the count, including:
PA1  a. a second inverter, the input of which ic connected to the terminal of
      said counter representing the count of 2,
PA1  b. a fourth AND gate, the two inputs to which are connected to the output
      of said second inverter and to the terminal of said counter representing
      the count of 1, and the output of which is connected to actuate the first
      of said electronic switch means,
PA1  c. the terminal of said counter representing the count of 2 additionally
      being connected to actuate the second of said electronic switch means,
PA1  d. a fifth AND gate, the two inputs to which are connected respectively to
      the count of 1 and the count of 2 terminals of said counter and the output
      of which is connected to actuate the third of said electronic switch
      means, and
PA1  e. the terminal of said counter representing the count of 4 being connected
      to actuate the fourth of said electronic switch means.
NUM  6.
PAR  6. The seismic recording system as in claim 1 including means responsive to
      a start-of-record signal to reset said first and said second latches.
NUM  7.
PAR  7. The seismic recording system as in claim 1 including an AND gate, the
      output of which goes to the set terminal of said first latch, the two
      inputs of said AND gate being connected, respectively, to the most, and
      the second most significant bit terminals of said analog-to-digital
      converter.
NUM  8.
PAR  8. The seismic recording system as in claim 7 including an OR gate with its
      output connected to the set terminal of said second latch, the input
      terminals of said OR gate being connected, respectively, to said third and
      said fourth most significant bit terminals of said analog-to-digital
      converter.
NUM  9.
PAR  9. The seismic recording system as in claim 8 including a third input lead
      to said OR gate connected to the fifth most significant bit terminal of
      said analog-to-digital converter.
NUM  10.
PAR  10. The seismic recording system as in claim 1 including:
PA1  a. a second recording channel responsive to a second group of geophones
      near in position on the earth to said first geophone group, and
PA1  b. means to connect the switching means in the preamplifier of said second
      channel in parallel with the switching means of the preamplifier in said
      at least one channel.
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ABST
PAL  A vehicle location system for vehicles travelling over a predetermined
      route in which the vehicle sends to a base station information concerning
      the distance travelled from a predetermined starting point and the turns
      made, from which information the base station computes the route between
      road junctions, on which the vehicle is travelling.
PARN
PAR  This is a continuation-in-part of U.S. Application No. 410,267, filed on
      Oct. 26, 1973 now abandoned.
BSUM
PAR  This invention relates to vehicle location systems and more particularly to
      systems for locating vehicles travelling over a predetermined network of
      roads.
PAR  While particularly applicable to wheeled vehicles travelling over networks
      of roads, the invention is not limited to this application.
PAR  According to this invention a vehicle location system for locating a
      vehicle travelling over a predetermined network of routes comprises
      vehicle borne means for deriving information signals relating to the
      distance travelled by the vehicle, means for deriving information signals
      relating to changes in the direction of travel of the vehicle and means
      for transmitting both information signals to a base station, and at said
      base station means for receiving said information signals, and means for
      computing from said received information signals and from stored signals
      representing distance between route junctions the route between junctions
      on which the vehicle is travelling.
PAR  Preferably means are provided at said base station for determining the
      distance of the vehicle from the junction to which the vehicle is heading.
PAR  Preferably said last mentioned means comprises a store, means for entering
      into said store a binary signal representing the distance between a
      junction being negotiated by said vehicle and a junction towards which the
      vehicle is heading, and means for emptying said store in response to
      distance travelled information signals received from said vehicle.
DRWD
PAR  The invention is illustrated in and further described with reference to the
      accompanying drawings in which,
PAR  FIG. 1 is a diagram of a simple road network,
PAR  FIG. 2 is a block diagram of a vehicle borne arrangement co-operating with
      a base station,
PAR  FIG. 3 is a block diagram of a base station in a simple system in
      accordance with the present invention,
PAR  FIG. 4 schematically represents in greater detail the turn detector
      referenced 7 in FIG. 2, the digital distance log referenced 5 in FIG. 2
      and the arrangement of the serialising encoder referenced 9 in FIG. 2,
PAR  FIG. 5 schematically represents in greater detail "distance from junction"
      store referenced 15 in FIG. 3,
PAR  FIG. 6 schematically represents in greater detail programmed junction
      identity store referenced 14 in FIG. 3 and
PAR  FIG. 7 schematically represents in greater detail each individual logic
      circuit in FIG. 6.
DETD
PAR  Referring to FIG. 1, the network consists of a number of roads such as 1, 2
      extending between junctions N1 to N5 at which two or more roads join. S is
      an arbitrarily chosen starting point, which may or may not be the location
      of the base station of FIG. 3, from which a vehicle or vehicles
      co-operating with the system is or are to be tracked.
PAR  Referring to FIG. 2, the vehicle borne equipment consists of a receiver 3
      provided to receive interrogating signals from the base station of FIG. 3.
      The receiver 3 is connected to trigger a transmitter 4 upon receipt of
      such interrogating signals. Thereupon transmitter 4 transmits to the base
      station a code signal consisting of "distance travelled" information and
      "direction of turn" information. The distance travelled information is
      derived from a digital distance log 5 driven, as represented by the arrow
      6, in synchronism with the road wheels of the vehicle (assuming the
      vehicle to be wheeled). Turn information is derived from a turn detector 7
      which in the simplest case may be connected to the steering gear of the
      vehicle to provide indication of left or right turn and the extent, in
      terms of degrees of such turn. Output from the turn detector 7 is stored
      in a store 8. Information signals from the turn store 8 and the digital
      distance log 5 are serialised in a serialising encoder 9 before being
      applied to the transmitter 4. In a practical case where more than one
      vehicle is to be tracked, the receiver 3 of each vehicle would include a
      code detector so as to ensure that the vehicle borne equipment responded
      only to interrogating signals, suitably coded, intended for that vehicle.
PAR  Referring to FIG. 3, it will be assumed for the moment that only a single
      vehicle is to be tracked. A receiver 10 is provided to receive information
      signals transmitted by the vehicle borne equipment of FIG. 2. The output
      of receiver 10 is connected in parallel to a turn information detector 11
      provided to detect turn information signals originating from turn store 8
      and a distance travelled information detector 12 provided to detect
      signals originating from the digital distance log 5. Output from the turn
      information detector 11 is applied via a gate 13, which is normally
      closed, to a programmed junction identity store 14, the nature of which
      will be apparent presently.
PAR  Output signals from the distance travelled information detector 12 is
      connected to a "distance from junction" store 15 in order to cause this
      store to count down. The initial count of store 15 is representative of
      the distance from a junction the vehicle last negotiated to the junction
      the vehicle is approaching. An output signal is derived from the "distance
      from junction" store 15 when the count in that store becomes zero, which
      output signal is applied to open gate 13.
PAR  The initial count written into store 15 is derived from one of a number of
      permanent memory stores 16 to 20, via AND gates 21 to 25, when those gates
      are opened under the control of the programmed junction identity store 14.
      Permanent memory store 16 records the distance between the starting point
      S and the first junction N1, stored 17 the distance between junction N1
      and junction N2, store 18 the distance between junction N1 and N3, store
      19 the distance between junction N3 and N4 and store 20 the distance
      between junction N2 and N5.
PAR  Programmed junction identity store 14 is programmed such that from the
      initial starting point S, and assuming a heating towards N1, output
      signals are provided to open gate 21 and so write into "distance from
      junction" store 15, a count representing the distance between the starting
      point S and the junction N1. At the same time an indication is provided,
      visually for example, that the junction to which the vehicle is heading is
      junction N1. Upon receipt of turn information received from turn
      information detector 11, via gate 13, programmed junction identity store
      14 computes the junction to which the vehicle is now heading, e.g.
      junction N2, and opens the appropriate AND gate, in this case AND gate 22,
      in order to enter into "distance from junction" store 15, a count
      representing the distance between junctions N1 and N2. At the same time
      the indication of the junction to which the vehicle is heading is changed
      from N1 to N2.
PAR  As has already been mentioned, gate 13 is only opened as the count of
      "distance from junction" store 15 is reduced to zero. This provides, as it
      were, a range gate with the object of ensuring that the turn information
      applied to programmed junction identity store 14 is turn information
      relating to the vehicles maneuver at the junction. In practice the turn
      information derived at the vehicle is integrated over a distance such that
      the turn information transmitted to the base station relates to the
      overall maneuver and tends to ignore any unavoidable changes in steering
      direction which may be made during the maneuver. Thus at any time junction
      identity store 14 provides an indication of the junction to which the
      vehicle is heading and "distance from junction" store 15 an indication of
      the distance the vehicle has to travel to reach the junction.
PAR  Where, as would normally be the case in practice, a plurality of vehicles
      are to be tracked over a given network of roads, use would be made of a
      "round-robin" interrogation and reply technique (for example as set out in
      our co-pending application No. 38416/69, British Pat. No. 1,310,679), in
      which each of the vehicles is interrogated in turn. At the base station
      turn information detectors such as 11, distance travelled information
      detectors such as 12, "distance from junction" stores such as 15, gates 13
      and 21 to 25 would be provided in respect of each vehicle. Programmed
      junction identity store 14 would also, of course, increase in complexity
      in order that the appropriate ones of the individual sets of gates 21 to
      25 were opened as required to upgrade the "distance from junction"
      information stored in the appropriate "distance from junction" stores 15.
PAR  In a practical example of the arrangement the average interrogation time
      allocated to each vehicle was 26.7 milliseconds. During this time up to 18
       digital bits of useful information were received by the base station. The
      upper limit of the number of vehicles which may be associated with the
      system is therefore limited more by saturation of the communication
      channel, than by saturation of the data processing equipment at the base
      station.
PAR  The time interval between successive interrogations of the same vehicle if
      a "round-robin" interrogation technique is used is given by the product of
      the average interrogation time and the number of vehicles. The time
      interval should, of course, be sufficiently short to make it possible to
      follow the progress of the vehicle along a network branch and in
      particular to detect its arrival at the junction to which the vehicle is
      heading, where a turn is to be made. In practice the system would be
      designed to account for "worst case" conditions, looking at the shortest
      length of road between two junctions and the maximum speed which would be
      attained by the fastest vehicle so as to set the maximum value on the time
      interval between successive interrogations of the same vehicle. In
      practice is is believed that this should not be longer than 3 to 4 seconds
      and for practical purposes no more than 100 to 150 vehicles should be
      associated with one data processing system as shown in FIG. 3.
PAR  These figures could be extended in a number of different ways. For example,
      the vehicles may be allowed to traverse several road junctions, thereby
      possibly effecting a number of turns between interrogations, the storage
      facilities at the vehicle being extended to store this information until
      the vehicle is interrogated. In addition the time interval between
      interrogations could be arranged differently for different vehicles so as
      to take into account different likely attainable speeds, or pre-knowledge
      of the distance between junctions over the route that the vehicle should
      be following. Furthermore a number of radio link channels could be
      provided feeding the one data processing arrangement.
PAR  So far as the digital distance log 5 of FIG. 2 is concerned in a practical
      case, the use of a shaft encoder is envisaged which would provide 1,024
      increments every 5 miles, so as to provide a resolution in the distance
      indication of approximately 26 feet for a change of 1 unit in the least
      significant digit. In order to reduce the amount of data transmission time
      utilized by any one vehicle, the change of heading during maneuver may be
      regarded as a step function. In some cases, for example, in addition to
      indicating whether the turn is to the left or to the right, it may only be
      necessary to identify the degree of turn in steps of 221/2.degree., or
      even 45.degree., in order for the programmed junction identity store 14 to
      compute the junction to which the vehicle is heading after a maneuver.
      While the turn detector 7 may be driven directly from the steering
      mechanism of the vehicle as previously described, an alternative method
      would be to compare the difference in wheel revolutions between an inside
      and an outside wheel, which occurs as a vehicle is involved in a turning
      maneuver.
PAR  Referring to FIG. 4, the turn detector 7 of FIG. 2, in this particular
      example is such as to provide electrical signals representative of turns
      from 15.degree. to 45.degree. left, of greater than 45.degree. left, from
      15.degree. to 45.degree. right and of greater than 45.degree. right. To
      achieve this a rotary switch is provided, which has a wiper 26 movable
      clockwise or anti clockwise from a median position shown in dependence
      upon movement of the steering gear of the vehicle to contact one of four
      arcuate contacts 27, 28, 29 and 30. Each of the arcuate contacts 27 to 30
      is connected to an input of a "hex latch" otherewise called a D type flip
      flop, (74 series TTL logic circuit reference 74174) which corresponds to
      the turn store 8 of FIG. 2. The output of hex latch 8 is connected to lead
      31 which is connected to one input of serialising encoder 9.
PAR  The digital distance log 5 in this particular example in essence consists
      of a perforated disc 32 which is rotated in synchronism with the road
      wheels of the vehicle. The apertures 33 in the disc 32 are arranged to
      move between an illuminating source 34 and a photo-electric detector 35,
      which latter thus produces a series of pulses whose pulse repetition
      frequency corresponds to the speed of the vehicle. The output of
      photoelectric detector 35 is connected to a pulse counter 36, which may,
      for example be a 74 series TTL logic circuit reference 74193. The output
      of pulse counter 36 is connected to lead 37 which is connected to the
      second input of serialising encoder 9.
PAR  The serialising encoder 9 itself consists of a hex latch 38 which again may
      be constituted by a 74 series TTL logic circuit reference 74174; a 16 bit
      data selector 39 constituted by a 74 series TTL logic circuit reference
      74150; and a counter 40 constituted by a 74 series TTL logic circuit
      reference 74193. The input of hex latch 39 is connected to the
      aforementioned second input of the serialising encoder 9 and thus receives
      input from pulse counter 36 in digital distance log 5. Both hex latch 38
      and hex latch (turn store) 8 are addressed by the 16 bit data selector 39
      under the control of counter 40 which is also utilised to provide clock
      signals to hex latch 38 and pulse counter 36.
PAR  Referring to FIG. 5, in this particular example distance travelled
      information detector 12 consists of a detector 41 which detects the start
      code of the distance travelled data signal received by receiver 10 and
      which is connected to a cascaded shift register 42 (constituted by a
      required number of 74 series TTL logic circuits reference 74198 connected
      in cascade) which will thus be loaded upon detector 41 recognising the
      distance travelled information start code.
PAR  Within the "distance from junction" store 15, there is a counter 43
      constituted by a 74 series TTL logic circuit reference 74191  which
      receives distance travelled information from shift register 42 in four
      bits parallel binary form which information is loaded into counter 43 by a
      strobe signal applied to lead 44 and derived from distance travelled
      information detector 12. Clock signals for causing counter 43 to count
      downwards are provided by a 1 MHz (approx.) oscillator 80 through a gate
      45. The same clock signals are used to cause a second counter 46 to count
      down so that counters 43 and 46 are clocked down in parallel. Counter 46
      is constituted by a required number of 74 series TTL logic circuits
      reference 74191 connected in cascade. Counter 46 derives its initial count
      an inter-junction distance from input lead 47 which, as represented, is
      connected to each of the AND gates 21 to 25 to FIG. 3.
PAR  When the count of counter 43 reaches zero indicating that the distance
      travelled information has been effectively substracted from the distance
      to next junction contained in counter 46, the counter 43 provides a
      control signal to gate 45 to inhibit the supply of clock pulses from
      oscillator 80 to both counters 43 and 46 This inhibit is removed as soon
      as counter 43 is reloaded with new distance travelled information from
      shift register 42.
PAR  When the count of counter 46 reaches zero, indicating that the vehicle is
      at a node of junction, counter 46 provides a control signal to gate 45 to
      temporarily inhibit clock signals from oscillator 80 and a control signal
      to gate 13 of FIG. 3 to open the same. Following the opening of gate 13,
      programmed junction identity store 14 of FIG. 3 causes the appropriate one
      of gates 21 to 25 to FIG. 3 to open in order to load counter 46 with a
      count corresponding to the next inter-junction distance.
PAR  Referring to FIGS. 6 and 7, these show in detail logic circuitry which may
      form an implementation of programmed junction identity store 14 of FIG. 3.
      Alternatively of course this store may be realised by a suitably
      programmed computer. The circuit shown in FIG. 7 represents the logic
      which would be required for each of the "node" blocks 81 to 88 in FIG. 6.
      One node block would be provided for each road junction. In this example,
      for ease of showing, only direction of turn (to left or right) is
      considered without distinction being made between degrees of turn. The
      additional logic required to take into account degrees of turn will, it is
      believed, be self-evident. Each node is allowed four ports (A,B,C,D as
      shown in FIG. 6) which may or may not all be used. One circuit as shown in
      FIG. 7 would be provided for each node block and these circuits would be
      connected together as exemplified in FIG. 6 to form a pattern
      corresponding to the road network.
PAR  Referring specifically to FIG. 7, it will be seen that each input A,B,C and
      D is connected directly to the J input, and via an inverter 54, 55, 56 and
      57 respectively to the K input of a JK bistable circuit 58, 59, 60 and 61.
      The Q output of JK bistable circuit 58 is connected to one input terminal
      of each of three AND gates 62, 63 and 64. The Q output terminal of JK
      bistable circuit 59 is similarly connected to one input of each of three
      AND gates 65, 66 and 67. The Q output terminal of JK bistable circuit 60
      is connected to one input of each of three AND gates 68, 69 and 70. The Q
      output terminal of JK bistable circuit 61 is connected to one input
      terminal of each of three AND gates 71, 72 and 73. The second input
      terminal of each of AND gates 62, 65, 68 and 71 is connected to the "left
      turn signal" line 48. The second input terminal of each of AND gates 63,
      66, 69 and 72 is connected to the "no turn signal" line 50. The second
      input of each of AND gates 64, 67, 70 and 73 is connected to the "right
      turn signal" line 49. Four output AND gates 74, 75, 76 and 77 are
      provided, the outputs of which are connected respectively to output
      terminals A, B, C and D. Each AND gate 74 to 77 has three input terminals.
      The input terminals of AND gate 74 are connected respectively to the
      output terminals of AND gates 67, 69 and 71. The input terminals of AND
      gate 75 are connected respectively to the output terminals of AND gate 62,
      70 and 72. The input terminals of AND gate 76 are connected respectively
      to the output terminals of AND gates 63, 65 and 73. The input terminals of
      AND gate 77 are connected respectively to the output terminals of AND
      gates 64, 66 and 68.
PAR  The E terminal of each of the JK bistable circuits 58 to 61 is connected to
      a "Clear" lead in order to enable the bistable circuits to be cleared for
      initialisation purposes.
PAR  Each of the inverters 54 to 57 may comprise one type SN 7404 logic circuit.
      Each JK bistable circuit 58 to 61 may comprise two type SN 74107 logic
      circuits. Each AND gate 62 to 73 may comprise a type SN 7400 logic
      circuit. Each AND gate 74 to 77 may comprise two type SN 7410 logic
      circuits. The left turn signal lead 48, right turn signal lead 49 and no
      turn signal lead 50 are also connected via an OR gate and inverter to the
      CK terminals of the bistable circuits 58 to 61. Within the system of FIG.
      6, of the bistable circuits 58 to 61 in all of the node blocks 81 to 88
      only one bistable circuit would be energised (Q output logically true).
      This indicates that the vehicle is approaching the junction to which
      corresponds the node block containing that bistable circuit. The
      particular bistable circuit within the node block denotes the particular
      entry route to the junction. When a vehicle arrives at a junction either
      the "turn left" line 48 or the "turn right" line 49 or the "no turn" line
      50 would be energised depending upon which of three detectors 51, 52 or 53
      responded to the output of gate 4. Detector 51 is a left turn code
      detector, detector 52 is a right turn code detector and detector 53 is a
      no turn code detector. This energises, via the matrix, one of the outputs
      of the node block in which the bistable circuit is set which will in turn
      energise another bistable circuit in another node block and de-energise
      the original. Thus bistable circuits will be energised sequentially and
      will follow the process of the vehicle.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vehicle location system for locating a vehicle travelling over a
      predetermined network of routes comprising vehicle borne means for
      deriving information signals relating to the distance travelled by the
      vehicle, means for deriving information signals relating to changes in the
      direction of travel of the vehicle and means for transmitting both
      information signals to a base station and at said base station means for
      receiving said information signals, means for storing information
      representing distance between route junctions in said predetermined
      network, and means for computing from said received information signals
      and from said stored information the route between junctions on which the
      vehicle is travelling.
NUM  2.
PAR  2. A system as claimed in claim 1 and wherein means are provided at said
      base station for determining the distance of the vehicle from the junction
      to which the vehicle is heading.
NUM  3.
PAR  3. A system as claimed in claim 2 and wherein said last mentioned means
      comprises a store, means for entering into said store, a binary signal
      representing the distance between a junction being negotiated by said
      vehicle and a junction towards which the vehicle is heading and means for
      emptying said store in response to distance travelled information signals
      received from said vehicle.
NUM  4.
PAR  4. A vehicle location system for locating a vehicle travelling over a
      predetermined network of routes comprising, carried by said vehicle, means
      for deriving information signals relating to the distance travelled by the
      vehicle, means for deriving information signals relating to changes in the
      direction of travel of said vehicle and means for transmitting both
      information signals to a base station and, at said base station, means for
      receiving both information signals, means for storing information relating
      to the turn characteristics of junctions in said network, means for
      storing information relating to the distances between junctions and means
      for computing, from both said information signals received from said
      vehicles and from said stored information, data concerning the location of
      said vehicle on said network.
NUM  5.
PAR  5. A system as claimed in claim 4 and wherein said means carried by said
      vehicle for deriving information signals relating to the distance
      travelled by said vehicle is such as to provide a digital output and, at
      said base station, said computing means includes a digital "distance from
      junction" store which is arranged initially to contain a count appropriate
      to the distance between a junction last negotiated by the vehicle and the
      junction to which the vehicle is heading, means being provided for causing
      digital information signals relating to the distance travelled by said
      vehicle and received by said base station to reduce the count in said
      "distance from junction" store.
NUM  6.
PAR  6. A system as claimed in claim 5 and wherein, at said base station, there
      is connected to said receiving means a gate to which received information
      signals relating to changes in the direction of travel of said vehicle are
      applied, said gate being arranged to be opened when the count of said
      "distance from junction" store attains a zero value and said gate being
      connected to apply, when opened, said last mentioned information signals
      to a programmable junction identity store which is programmed with signals
      relating to the turn characteristics of junctions in said network and
      which is arranged, in dependence upon the characteristics of said last
      mentioned information signals received from said gate, to provide an
      output which is indicative of the junction towards which the vehicle is
      then heading.
NUM  7.
PAR  7. A system as claimed in claim 6 including a plurality of permanent stores
      and wherein said programmed junction identity store is arranged to control
      the writing into the "distance from junction" store of a count from an
      appropriate one of said plurality of permanent stores each storing a
      digital number corresponding to the distance between a different junction
      and the junction which precedes it.
NUM  8.
PAR  8. A vehicle location system for locating a vehicle travelling over a
      predetermined network of routes having a plurality of junctions,
      comprising in combination:
PA1  a vehicle borne system comprising means for deriving first information
      signals relating to the distance travelled by the vehicle, means for
      deriving second information signals relating to change of direction of the
      vehicle at said junctions, means for serializing said first and second
      information signals, and means for transmitting the serialized first and
      second information signals; and
PA1  a base station system comprising means for receiving said serialized first
      and second information signals, a programmed junction identity store means
      for identifying each junction-to-junction route of said network based upon
      arrival and direction of turn or each junction, a plurality of
      junction-to-junction distance stores having separate outputs for
      junction-to-junction distances, gate means connected to said
      junction-to-junction on distance stores and so controlled by said
      programmed junction identity store means as to transfer, when a junction
      is passed, a selected one of said junction-to-junction distances as an
      initial distance from junction information, distance from junction store
      means connected to said gate means for receiving said initial distance
      from junction information therefrom, and connected to said receiving means
      for receiving said first information signals and for operating on said
      distance from junction information contained in said distance from
      junction store means in accordance with said distance travelled as
      indicated by said first information signals, and second gate means between
      said receiving means and said programmed junction identity store means and
      so controlled by said distance from junction store means as to open said
      second gate means only when said distance from junction information
      indicates that said vehicle has arrived at a junction.
NUM  9.
PAR  9. A vehicle location system as defined in claim 8 wherein said distance
      from junction means is a counter which receives said initial distance from
      junction information from a junction-to-junction distance store as
      controlled by said programmed junction identity store and which is
      successively counted down from said initial distance from junction
      information by each reception of said first information signal.
NUM  10.
PAR  10. A vehicle location system for locating a vehicle travelling over a
      predetermined network of routes comprising vehicle borne means for
      deriving first information signals relating to the distance travelled by
      the vehicle, vehicle borne means for deriving second information signals
      relating to changes in the direction of travel of said vehicle, means for
      storing first data relating to the turn characteristics of junctions in
      said network, means for storing second data relating to the distance
      between junctions and means for computing, from said first and second
      information signals and said first and second data, a result concerning
      the location of said vehicle on said network.
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ABST
PAL  In a system that compares the rate of descent of an aircraft with its
      altitude above ground and generates a warning signal when the sink rate
      exceeds a predetermined limit for a particular altitude, the maximum
      warning time is limited to a specified value in order to minimize nuisance
      warnings at higher altitudes. At a descent rate above a certain value, the
      excessive sink rate warning signal is inhibited for combinations of
      descent rates and aircraft altitudes which would provide a warning greater
      than a selected time to impact, such as 30 seconds.
BSUM
PAC  BACKGROUN OF THE INVENTION
PAR  The invention relates to the field of aircraft ground proximity warning
      systems and more particularly to systems providing warnings of excessive
      aircraft descent rates.
PAR  In a prior art system, as represented by the U.S. patent application of
      Bateman, Ser. No. 480,727, entitled "Aircraft Ground Proximity Warning
      Instrument, " filed June 19, 1974, and assigned to the assignee of this
      application, there is a linear relationship between the aircraft altitude
      above ground and the descent rate that will generate a warning signal. For
      example, at an altitude of 2500 feet, a descent rate of 3500 feet per
      minute is tolerated without generating a warning, whereas at 50 feet, a
      descent rate of 1300 feet per minute or less is tolerated. In other words,
      the greater the altitude, the greater the rate of descent that is
      tolerated by the warning system.
PAR  However, there are certain circumstances where normal operating procedures
      will call for the aircraft to descend at a rate sufficient to trigger the
      warning system that is based on this particular relationship between
      aircraft altitude and rate of descent. For example, under visual operating
      conditions, aircraft are occasionally cleared for landing approach well
      above the normal 3.degree. descent angle thereby tending to require that
      the aircraft descend at a relatively rapid rate. As a result, an aircraft
      attempting to get down to a normal, stabilized approach angle will
      occasionally trigger the warning system and, in effect, generate a
      nuisance warning. It is considered important to reduce the number of this
      type of nuisance warnings due to the fact that air crews will tend to
      discount the seriousness of the warnings thereby reducing the overall
      effectiveness and credibility of the ground proximity warning systems.
PAR  It has been determined that preventing the triggering of an alarm for a
      calculated time to ground impact of greater than a predetermined duration,
      for example 30 seconds, will tend to eliminate the type of nuisance
      warnings described and, at the same time, have a minimal effect on warning
      times when the aircraft is in actual danger. By using a "time line" of 30
      seconds to limit warnings, the general credibility of the system is
      enhanced. In addition, a 30 second time line will not only prevent
      nuisance warnings at higher altitudes but will not affect the warning
      system at lower altitudes where the aircraft may be in actual danger of
      impacting the ground.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide an excessive descent
      rate warning system wherein the warning signal is inhibited by a function
      representing a predetermined time to impact.
PAR  It is an additional object of the invention to provide an excessive descent
      rate warning circuit that alters the relationship between descent rate and
      altitude above a predefined descent rate in order to limit the generation
      of a warning signal to a predetermined function of the time to ground
      impact.
PAR  The excessive sink rate warning circuit functions by comparing the aircraft
      rate of altitude, change as measured by a barometric altimeter, and the
      aircraft actual altitude above the ground, as measured by a radio
      altimeter. As the aircraft altitude above ground is reduced, the rate of
      descent required to trigger a warning is similarly reduced on a linear
      basis. However, above certain altitudes the combination of distance to the
      ground and the aircraft rate of descent that triggers a warning, as in the
      prior art systems, would provide an excessive warning time, i.e., time to
      potential ground impact.
PAR  In order to eliminate these excessive warning times at greater altitudes, a
      characteristic of the relationship between rate of descent and altitude is
      changed so as to provide a maximum warning time. This is accomplished by
      changing the slope of the rate of descent vs. altitude relationship above
      a selected altitude.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphic representation of the relationship between descent rate
      and altitude above ground that will cause an excessive sink rate warning
      signal to be generated.
PAR  FIG. 2 is a functional block diagram of the circuitry for implementing the
      warning characteristic shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The graphic representation of the warning envelope illustrated in FIG. 1,
      is provided to show the preferred warning characteristics of the excessive
      sink rate warning system. The shaded area 10 of the graph, represents the
      combinations of descent rate and altitude above ground that will generate
      a warning signal. The first portion 12 of the curve illustrates the
      boundary relationship between altitude and rate of descent for lower
      altitudes. The warning is inhibited for altitudes of 50 feet or below in
      order to prevent warnings from being sounded as the aircraft is landing.
      From altitudes of 50 feet along the portion 12 of the curve to the point
      14, the relationship between altitude and descent rate is linear. At point
      14 the slope of the warning boundary curve changes to correspond to a
      constant time line 16 representing those combinations of descent rates and
      altitudes that will cause the aircraft to impact the ground at a constant
      time. The time line shown at 16 represents 30 seconds to impact, e.g.,
      with a descent rate of 2500 fpm a warning is given at an altitude of 1250
      feet. At altitudes above point 14 on the warning curve it is considered
      that a 30 second warning would give the crew of an aircraft ample time to
      maneuver in order to avoid impacting the ground.
PAR  The preferred embodiment of circuitry for generating the warning curves
      shown in FIG. 1 is provided in FIG. 2 of the drawings. The aircraft
      descent rate in terms of barometric altitude is represented by the signal
      h.sub.B, which can be generated with a barometric altimeter and rate
      circuit in the manner disclosed in the Application of Batemen, Ser. No.
      480,727. The h.sub.B signal, which is negative when the aircraft is
      descending, is an input to one of the positive terminals of the summing
      junction 20. The other input to the summing junction 20 is a signal of
      positive polarity that represents an increase in altitude of 1300 feet per
      minute. The sum of these two signals is then applied to the limiter 22.
      The function of the limiter 22 is to limit the magnitude of the biased
      h.sub.B signal from the summing junction 20 to a maximum absolute value.
      In the preferred embodiment, this will be a signal equal to a minus 1057
      fpm. The scaling amplifier 24 serves to multiply the output of the limiter
      22 by a factor of 1.11. The biased h.sub.B signal, so scaled, is
      transmitted through the summing junction 26 to the summing junction 28
      where it is combined with the h.sub.R signal representing the aircraft
      altitude above ground. The h.sub.R signal is preferably obtained from a
      radio altimeter in order to given an accurate measure of the aircraft
      altitude above the ground.
PAR  When the magnitude of the scaled h.sub.B signal from the amplifier 24
      exceeds the magnitude of the positive h.sub.R signal, the output of the
      summing junction 28 will be negative, which in turn, causes the detector
      30 to generate a positive output or logic signal to the AND gate 32.
      Therefore, when the AND gate 32 is enabled, a negative output from the
      summing junction 28 will generate a warning signal on the line 34 to
      activate an alarm.
PAR  The h.sub.B signal is also utilized as input to the summing junction 36.
      Here the h.sub.b signal is biased by a positive signal representing a rate
      of altitude change of 2357 fpm. The rectifier 38 eliminates any positive
      voltage or signal from being applied to the second scaling amplifier 40.
      As a result, the scaling amplifier 40 will only have a signal applied to
      it when the aircraft rate of descent is greater than 2357 fpm. Point 14 on
      the warning curve of FIG. 1 is on the 30 second ground impact line and has
      coordinates of 2357 fpm and 1178 feet. The biased h.sub.B  signal from the
      rectifier 38 is then scaled by a factor of 0.5 which corresponds to the
      slope of the 30 second time to impact line 16, of FIG. 1. The scaled
      h.sub.B signal from the second scaling amplifier 40 is combined with the
      limited h.sub.B signal from the first scaling amplifier 24 in the summing
      junction 26. The combined h.sub.B signals are added to the h.sub.R signal
      in the summing junction 28 to produce the warning curve of FIG. 1. When
      the aircraft rate of descent is greater than 2357 fpm, corresponding to
      point 14 on the curve, the upper portion 18 of the warning curve will
      correspond to the 30 second time line 16.
PAR  With a descent rate h.sub.B less than 1300 fpm, the output of scaling
      amplifier 24 is 0. The output increases linearly for greater descent rates
      to a maximum with a descent rate h.sub.B of 2357 fpm, point 14 on the
      curve. This corresponds with a limiter input of 1057 fpm. The output of
      scaling amplifier 24 establishes the segment 12 of the warning boundary.
      The output of scaling amplifier 40 is 0 for descent rates less than 2357
      fpm. It increases linearly with greater descent rates and is added to the
      output of amplifier 24 establishing segment 18 of the warning boundary.
PAR  The AND gate 32 has a second input which enables the gate whenever the
      aircraft is within 2450 feet of the ground. In addition to being the
      appropriate maximum range of most radio altimeters, it is considered
      unnecessary to provide excessive sink rate warnings at altitudes of
      greater than 2500 feet.
PAR  The invention has been described in terms of specific rates of descent and
      altitudes which are preferred. It will be understood that the invention
      may utilize other values.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for warning of an excessive rate of aircraft descent, having
      means for generating a signal representing the rate of descent of the
      aircraft, means for generating a signal representing altitude of the
      aircraft above ground, means for combining the descent rate signal with
      the altitude signal and means for detecting a predetermined combination of
      said signals to initiate a warning, the improvement, comprising:
PA1  means for scaling one of said descent rate and altitude above ground
      signals so that the combination of descent rate and altitude for which
      said detector means initiates a warning establish a warning condition
      boundary representing at least in part a constant time to ground impact if
      the descent rate is unchanged.
NUM  2.
PAR  2. The system of claim 1 additionally including means to enable said
      scaling means above a predefined descent rate.
NUM  3.
PAR  3. The system of claim 1 additionally including means to inhibit initiation
      of a warning above a predetermined altitude.
NUM  4.
PAR  4. A warning system utilizing aircraft altitude signals and rate of change
      in aircraft altitude signals for warning of excessive descent rates,
      comprising:
PA1  first signal means responsive to the altitude and the altitude rate signals
      for generating a warning signal in conformity to a first predetermined
      relationship between descent rate and altitude;
PA1  a limit means for restricting the operation of said first signal means to a
      predetermined range of aircraft altitude rate signals; and
PA1  second signal means responsive to the altitude and altitude rate signals
      for generating the warning signal in conformity with a second
      predetermined relationship between descent rate and altitude for a second
      range of altitude rate signals.
NUM  5.
PAR  5. The warning system of claim 4 wherein said second signal means includes
      means for scaling the altitude rate signal in said second range so that
      the combination of altitude and altitude rate signals for which said
      second signal means generates a warning signal represents a predetermined
      time to impact the ground.
NUM  6.
PAR  6. The warning system of claim 4 wherein said first signal means includes:
PA1  a biasing circuit for biasing the altitude rate signal by a signal
      representing a first constant descent rate; and
PA1  a circuit operatively connected to said biasing circuit for scaling said
      biased rate signal to represent a first descent rate versus altitude
      characteristic.
NUM  7.
PAR  7. The warning system of claim 6 wherein said limit means includes a
      limiter circuit to limit said biased rate signal to a predetermined value.
NUM  8.
PAR  8. The warning system of claim 6 wherein said second signal means includes:
PA1  a biasing circuit for biasing the altitude rate signal by a signal that
      represents a second constant descent rate; and
PA1  a circuit operatively connected to said biasing circuit for scaling said
      biased rate signal to represent a second descent rate versus altitude
      characteristic.
NUM  9.
PAR  9. The warning system of claim 6 wherein said first signal means includes a
      summing circuit for combining said first scaled rate signal with the
      aircraft altitude signal.
NUM  10.
PAR  10. The warning system of claim 9 additionally including a detector circuit
      operatively connected to said summing circuit for generating a logic
      signal for activating an excessive descent warning.
NUM  11.
PAR  11. The warning system of claim 10 wherein said second signal means
      includes:
PA1  a biasing circuit for biasing the altitude rate signal by a signal that
      represents a second constant descent rate;
PA1  a circuit operatively connected to said biasing circuit for scaling said
      biased rate signal to represent a second descent rate versus altitude
      characteristic;
PA1  a summing circuit, operatively connected to said summing circuit in said
      first signal means, for combining the scaled rate signals from both said
      first and second signal means for input to said summing circuit; and
PA1  a rectifier circuit operatively connected between said biasing circuit and
      said scaling circuit to prevent biased rate signals of a predetermined
      polarity from being applied to said scaling circuit.
NUM  12.
PAR  12. The warning system of claim 11 additionally including a logic gate
      operatively connected to said detector circuit and responsive to an
      altitude signal representing a maximum altitude for inhibiting said logic
      signal above said maximum altitude.
NUM  13.
PAR  13. A warning system for use in aircraft for generating a warning when the
      descent of the aircraft exceeds a predetermined rate for a given altitude,
      comprising:
PA1  an electronic circuit for generating an altitude signal from a radio
      altimeter representing the aircraft altitude above ground;
PA1  a rate circuit for generating a signal representing the aircraft rate of
      descent from a barometric altimeter;
PA1  a first computational circuit for combining said barometric rate signal
      with said altitude signal to generate a warning signal as a first function
      of descent rate versus altitude; and
PA1  a second computational circuit connected to said first computational
      circuit and operative only at descent rates exceeding a selected descent
      rate, for altering said function of descent rate versus altitude of the
      warning signal to a fixed time to ground impact.
NUM  14.
PAR  14. The warning system of claim 13 wherein said second computational
      circuit includes a biasing circuit and a rectifier effective to limit its
      output below said selected descent rate.
NUM  15.
PAR  15. An electronic circuit, having radio altimeter and rate of change in
      barometric altitude signal inputs, for generating a logic signal to
      activate an excessive descent rate alarm, comprising:
PA1  a first summing circuit for adding the altitude rate signal to a first bias
      signal;
PA1  a limiter operatively connected to said first summing circuit;
PA1  a first scaling amplifier operatively connected to said limiter;
PA1  a second summing circuit for adding the altitude rate signal to a second
      bias signal;
PA1  a rectifier operatively connected to said second summing circuit effective
      to limit said second biased rate signals to a predetermined polarity;
PA1  a second scaling amplifier operatively connected to said rectifier;
PA1  a third summing circuit operatively connected to both said first and second
      scaling amplifiers for summing the outputs of said amplifiers;
PA1  a fourth summing circuit operatively connected to said third summing
      circuit and to the radio altimeter to combine the output of said third
      summing circuit with the radar altitude signal; and
PA1  a detector circuit operatively connected to said fourth summing circuit to
      generate the logic signal for a predetermined signal output of said fourth
      summing circuit.
NUM  16.
PAR  16. The electronic circuit of claim 15 additionally including a logic gate
      operatively connected to said detector and to a source of altitude signal
      representing a maximum altitude for inhibiting the logic signal above said
      maximum altitude.
NUM  17.
PAR  17. A warning instrument for alerting the pilot of an aircraft to a
      condition of undesired excessive descent rate in proximity to the ground,
      comprising:
PA1  a source of signal representing the rate of descent of the aircraft;
PA1  a source of signal representing the altitude of the aircraft above the
      ground;
PA1  means operative below a selected descent rate to scale the descent rate
      signal by a first factor;
PA1  means operative above said selected descent rate to scale the descent rate
      signal by a second factor;
PA1  means for comparing the scaled descent rate signal with the signal
      representing the altitude of the aircraft above the ground; and
PA1  means responsive to the comparator to actuate a pilot warning when the
      scaled descent rate signal exceeds the altitude signal.
NUM  18.
PAR  18. The warning signal instrument of claim 17 in which the signal from the
      first scaling means establishes a warning boundary with a first slope
      below said selected altitude, and said second scaling means establishes a
      warning boundary with a second slope, less than the first slope, above
      said selected altitude, to minimize the incidence of unnecessary pilot
      warnings at altitudes above said selected altitude.
NUM  19.
PAR  19. The aircraft warning instrument of claim 18 in which the first warning
      boundary slope represents a time-to-ground intercept which is longer for
      higher altitudes and greater descent rates than it is for lower altitudes
      and lesser descent rates.
NUM  20.
PAR  20. The aircraft warning instrument of claim 19 in which the second warning
      boundary slope represents a selected time-to-ground intercept for any
      combination of descent rate and altitude if the aircraft maintains such
      descent rate.
NUM  21.
PAR  21. The aircraft warning instrument of claim 20 in which said selected time
      is 30 seconds.
NUM  22.
PAR  22. A warning system for generating a warning indicating an excessive
      aircraft descent rate with respect to the ground that utilizes a signal
      representing the aircraft barometric descent rate and a signal
      representing the aircraft altitude above the ground, comprising:
PA1  means responsive to the altitude signal and the descent rate signal for
      generating, at an altitude above ground of approximately 50 feet or
      greater, a warning signal as a first substantially linear function of
      descent rate versus altitude wherein said warning signal is generated for
      descent rates of approximately 1300 fpm and greater at an altitude of 50
      feet, and at descent rates of approximately 2357 fpm and greater, at an
      altitude of 1178 feet above ground;
PA1  means responsive to the altitude signal and the descent rate signal for
      generating said warning signal at altitudes above approximately 1178 feet
      above ground as a second substantially linear function of descent rate
      versus altitude wherein said warning signal is generated at descent rates
      greater than 2357 fpm at an altitude of approximately 1200 feet above
      ground, and at descent rates of approximately 4900 fpm and greater at an
      altitude of 2450 feet above ground; and
PA1  means for inhibiting said warning signal at altitudes of above
      approximately 2450 feet above the ground.
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ABST
PAL  For use in an aircraft warning system which measures the descent below a
      radio glideslope and compares it with the aircraft's altitude above ground
      to generate a warning when the descent below glideslope exceeds predefined
      limits for a particular altitude, circuitry is provided to generate an
      advisory warning above a predefined altitude and a hard warning, or
      command to take immediate action, below the predetermined altitude.
PARN
PAC  CROSS REFERENCE
PAR  This application is a modification of my copending application Ser. No.
      480,727 filed June 19, 1974, entitled "Aircraft Ground Proximity Warning
      Instruments" and assigned to the same assignee as the instant application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to aircraft ground proximity warning systems and in
      particular to warning systems utilizing a glide slope radio beam wherein a
      warning is generated when the aircraft's descent below glide slope exceeds
      a predetermined value for a particular altitude.
PAR  In the prior art, specifically the U.S. Pat. application of Bateman Ser.
      No. 480,727, entitled "Aircraft Ground Proximity Warning Instrument,"
      filed on June 19, 1974 and assigned to the assignee of this application, a
      warning is generated whenever the aircraft is not in a safe zone of
      operation below a predefined altitude such as 650 feet above ground level.
      This safe zone of operation, or the distance below the glide slope, will
      vary depending upon the aircraft's altitude above ground. For example,
      between 650 feet and 150 feet above ground the aircraft must stay within a
      predefined angular distance, measured in dots, of the glide slope or a
      warning signal will be triggered. This feature allows the pilot to adjust
      the absolute altitude of the aircraft with somewhat greater latitude at
      greater altitudes where such maneuvers are inherently safer.
PAR  However, there are certain conditions under which the crew of an aircraft
      may wish to descend below the glide slope sufficiently to trigger the
      warning where such a descent would be in conformity with safe operating
      procedures. For example, there are a number of runways where the glide
      slope beam is substantially displaced from the threshold toward the middle
      of the runway. Thus, under visual operating conditions, it is not unusual
      for the crew of an aircraft to make use of this additional runway which in
      turn necessitates descending sufficiently below the glide slope to trigger
      a warning. A warning triggered under these conditions, especially at
      higher altitudes such as 650 feet, can be considered advisory at best and
      as a practical matter most crew members will consider it a nuisance
      warning with a resultant loss in credibility of the system as a whole.
PAR  However, in a majority of cases it is still considered desirable to have
      the warning envelope of the same general type provided by the system in
      Bateman 480,727 so that the aircraft's crew may be apprised of a
      potentially dangerous descent under the glide slope even at these greater
      altitudes.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a glide slope warning
      system with an advisory only warning above a predetermined altitude and a
      positive or hard warning below that predetermined altitude.
PAR  It is another object of the invention to provide a system for generating an
      advisory warning envelope above a predetermined altitude and a hard
      warning envelope below the predetermined altitude.
PAR  An additional object of the invention is to provide a glide slope warning
      system that generates a first type of warning when the aircraft descends
      below a first angular limit from a glide slope above a predefined altitude
      and generates a second type of warning when it descends below a second
      angular limit below the predefined altitude.
PAR  The glide slope warning system utilizes the combination of a glide slope
      signal from an instrument landing system (ILS) which indicates the
      aircraft's angular position with respect to a glide slope radio beam and
      an altitude above ground signal which is most commonly derived from a
      radio altimeter. The polarity and amplitude of the glide slope signal
      indicate the aircraft's relative position with respect to the glide slope
      radio beam. For example, if the aircraft is below the beam the glide slope
      signal will be positive, indicating "fly-up" condition.
PAR  The advisory warning is generated when the combination of the glide slope
      signal and the altitude signal exceeds a predetermined value above a
      predefined altitude. Normally the advisory portion of the warning system
      is activated between a maximum altitude, for example, 1000 feet and the
      predetermined lower altitude of 300 feet. The glide slope signal and the
      altitude signal are scaled to represent the number of dots, representing
      the angular distance that the aircraft is below the glide slope beam. When
      the air craft is in the advisory region, between 1000 feet and 300 feet,
      and the aircraft is below the predefined number of dots, an advisory
      warning signal is triggered.
PAR  By the same token, below the advisory level, 300 feet, a command warning,
      for example, a command to the crew to "pull up" will be generated when the
      combination of the glide slope signal and the altitude signal exceeds a
      value that represents a predefined number of dots. The number of dots of
      deviation from the glide slope is increased as compared to the number of
      dots allowed in the advisory area.
PAR  Once the aircraft descends below a certain altitude, such as 150 feet, it
      is assumed that the aircraft is fairly close to the end of the runway and,
      hence, the source of the glide slope beam. As the aircraft approaches the
      source of the glide slope beam, even a minor change of actual altitude
      above ground will result in a fairly substantial angular change. So, in
      order to reduce the sensitivity of the warning system, in terms of the
      number of dots required to trigger a warning, as the aircraft approaches
      the end of the runway, the sensitivity of the system is reduced on a
      linear basis from 150 feet to 50 feet. Below 50 feet the system is
      inhibited entirely in order to prevent nuisance warnings as the aircraft
      approaches touchdown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphical illustration of the advisory and command warning
      envelopes with respect to altitude and glide slope deviation.
PAR  FIG. 2 is a functional block diagram of the glide slope warning system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 the advisory and command warning envelopes are set forth in terms
      of glide slope deviation and the aircraft's altitude above ground. The
      horizontal axis of FIG. 1 represents the aircraft's deviation below the
      glide slope as represented in dots. The vertical axis of FIG. 1 represents
      the aircraft's altitude above ground, as preferably measured by a radio
      altimeter. The shaded area 10 representing the advisory portion of the
      envelope extends from a maximum atitude of 1000 feet to a cut off altitude
      of 50 feet. The command warning area represented by the shaded portion 12
      of the warning envelope extends from a maximum altitude of 300 feet above
      ground to the cut off altitude of 50 feet. The graph in FIG. 1 illustrates
      that an advisory warning will be generated when the aircraft is one dot or
      more below the glide slope at an altitude of 150 to 1000 feet and
      similarly will generate the command warning when the aircraft is two dots
      or greater below the glide slope, anywhere from 150 to 300 feet above the
      ground.
PAR  The preferred embodiment of the circuitry for carrying out the invention
      and generating warnings in conformity with the graph in FIG. 1 is set
      forth in FIG. 2. Both the altitude above ground signal h.sub.R and the
      glide slope signal G/S are generated in a manner similar to that described
      in the application of Bateman Ser. No. 480,727. The altitude signal
      h.sub.R is a direct current signal with the amplitude representing the
      aircraft's altitude above the ground. The altitude signal h.sub.R, having
      a negative polarity, is an input to the negative terminal of the summing
      junction 20. A bias signal representing a minus 150 feet is also an input
      to the summing junction 20 at its positive terminal. The resulting signal
      is then applied to the limiter 22, which limits the output of the summing
      junction 20 to a maximum of zero for altitudes of 150 feet or greater.
PAR  The limited altitude signal is then utilized as an input to the scaling
      amplifier 24, which produces a signal proportional to 1.17 dots per 100
      feet of altitude. The scaled altitude signal is utilized as an input to
      the summing junction 26. The other input to the summing junction 26 is the
      glide slope deviation signal G/S, which also has its amplitude scaled in
      terms of dots. The scaling of the G/S signal in terms of dots, corresponds
      with the typical glide slope display utilized in conjunction with standard
      instrument landing systems in which a pointer is associated with a field
      of dots. Normally, a three dot indication is provided for indicating
      maximum "fly up" or "fly down" conditions. This C/S signal representing
      the number of dots the aircraft is below the glide slope is combined with
      the scaled altitude signal in the summing junction 26. The detector 28
      will generate a positive signal, or a logic 1, on the line 30 when the sum
      of these two signals is greater than 1.0 dots. When the aircraft is
      between 1000 feet and 50  feet above ground and a valid G/S signal is
      received, the positive signal on line 30 will be transmitted through the
      AND gates 32 and 34 to an advisory alarm system. Typically, the advisory
      alarm will be a flashing light indicating to the crew that the aircraft
      has entered the advisory warning portion of the glide slope area.
PAR  The determination as to whether the glide slope signal is valid or not is
      provided by the glide slope signal filter 36, which is disclosed in detail
      in Batemen Ser. No. 480,727. The AND gate 32 also has an input 38 which
      serves to inhibit the gate when the aircraft is not utilizing an ILS
      system. The AND gate 34 is inhibited by a signal on line 40 indicating
      that the aircraft's altitude is less than 50 feet above the ground and is
      also inhibited by a signal on line 42 indicating the aircraft's flight
      configuration. For example, if the landing gear of the aircraft is up, a
      low signal will be produced on line 42 thereby inhibiting the glide slope
      advisory warning. In addition, the AND gate 34 receives a positive signal
      on line 44 whenever the aircraft is below 1,000 feet, which has the effect
      of activating the advisory warning system.
PAR  The function of the flip-flop 46 is to permit both the testing and the
      inhibiting of the warning system. Since it is occasionally desirable to be
      able to inhibit the system during flight, for example, if the aircraft's
      crew knows that it will be making a descent sufficiently below the glide
      slope to trigger a warning, the inhibit circuitry of FIG. 2 has been
      provided. The inhibiting of the warning system in the preferred embodiment
      of the invention can only occur when the aircraft is below 1,000 feet
      above ground and is not within the command warning portion 12 of the
      warning envelope. Under these conditions a positive inhibit signal will be
      transmitted from the OR gate 48 through the AND gate 50 having the effect
      of setting the flip-flop 46. The resulting positive signal from the Q
      terminal of the flip-flop 46 will inhibit the AND gate 32 thereby
      preventing either an advisory warning or a command warning signal from
      being generated.
PAR  The command warning signal 12 of FIG. 1 is generated only when the aircraft
      is below 300 feet. The altitude signal h.sub.R, as limited by the limiter
      22, is scaled by the scaling amplifier 52 by a ratio equal to 1.33 dots
      per 100 feet of altitude. It should be noted here that the function of the
      scaling amplifier 52 can be accomplished with the scaling amplifier 24,
      thereby eliminating the amplifier 52. As with the advisory warning signal
      10 of FIG. 1, the scaled altitude signal is combined with the G/S signal
      at the summing junction 54. The detector 56 generates a positive signal,
      or logic 1, on line 58 whenever the output of the summing junction 54 is
      equivalent to 2.0 dots or more. The AND gate 60 inhibits the command
      warning whenever the aircraft's altitude above ground is greated than 300
      feet or whenever the aircraft is outside advisory warning area 10. It can
      therefore be appreciated that, as in conformity with the graph in FIG. 1,
      there will always be an advisory warning before the command warning signal
      is activated. The command warning alarm itself can be generated in a
      manner similar to the type alarm disclosed in Bateman Ser. No. 480,727.
PAR  It will be understood that the various altitudes and deviations from the
      glide slope, represented in dots, were provided to illustrate the
      preferred embodiment of the invention and are not in any way intended to
      limit the concepts disclosed or claimed in any manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a glide slope warning system for use by aircraft at airports having a
      glide slope radio beam, having means for generating a signal representing
      the deviation of the aircraft from the glide slope, and means for
      generating a signal representing the altitude of the aircraft above
      ground, improved means for generating a warning signal when the glide
      slope deviation exceeds predetermined limits, said improved warning signal
      generating means comprising:
PA1  means for generating a first warning signal, in response to the deviation
      signal; and
PA1  means for generating a second warning signal, in response to the deviation
      signal, when the aircraft is below at least one predefined altitude.
NUM  2.
PAR  2. The warning system of claim 1 wherein said first warning signal means
      includes:
PA1  means responsive to the deviation signal for generating a signal indicative
      of aircraft descent below a first predetermined distance below the glide
      slope; and
PA1  means for inhibiting said first warning signal above a first altitude.
NUM  3.
PAR  3. The warnings system of claim 2 wherein said first warning signal means
      includes means for inhibiting said first warning signal in accordance with
      a predefined aircraft flight configuration.
NUM  4.
PAR  4. The warning system of claim 2 wherein said second warning signal means
      includes:
PA1  means responsive to the deviation signal for generating a signal indicative
      of aircraft descent below a second predetermined distance below the glide
      slope; and
PA1  means for inhibiting said second warning signal above said predefined
      altitude.
NUM  5.
PAR  5. The warning system of claim 4 wherein said warning improved signal means
      additionally includes:
PA1  means for inhibiting both said first and said second warning signals below
      a minimum altitude; and
PA1  means for inhibiting said first and said second warning signals in
      accordance with a predefined aircraft flight configuration.
NUM  6.
PAR  6. The warning system of claim 5 additionally including means responsive to
      the altitude signal for incresaing the deviation required from the glide
      slope to trigger said first and said second warning signals with
      decreasing altitude.
NUM  7.
PAR  7. An aircraft instrument for warning of excessive descent below a radio
      glide slope beam, comprising:
PA1  a glide slope beam receiver for generating a deviation signal indicative of
      the angular displacement of the aircraft below the glide slope;
PA1  a radio altimeter for generating a radio altitude signal;
PA1  means for combining the signal indicating the displacement of the aircraft
      below the glide slope with the radio altitude signal to provide an
      altitude biased deviation signal;
PA1  a first detector connected with said combining means for generating a first
      excessive deviation signal when said biased deviation signal exceeds a
      first value;
PA1  a second detector connected with said combining means for generating a
      second excessive deviation signal when said biased deviation signal
      exceeds a second value;
PA1  first warning means, responsive to said first excessive deviation signal
      for generating an advisory warning below a first predefined altitude; and
PA1  second warning means, responsive to said second excessive deviation signal,
      for generating a command warning below a second predefined altitude.
NUM  8.
PAR  8. The aircraft instrument of claim 7 additionally including:
PA1  filter means for determining the validity of the glide slope beam received
      by said glide slope receiver;
PA1  means responsive to said radio altitude signal for inhibiting said warning
      signals below a minimum altitude;
PA1  means responsive to said filter means for inhibiting said warning signals
      when an invalid glide slope beam is being received;
PAL  and
PA1  means for inhibiting said warning signals when said aircraft is in a
      predetermined flight configuration.
NUM  9.
PAR  9. A glide slope deviation warning system for use in aircraft having a
      glide slope deviation signal means and a radio altitude signal means,
      comprising:
PA1  a first summing means for combining the altitude signal with a bias signal
      representing a minimum altitude;
PA1  a scaling amplifier for converting said biased altitude signal into a
      signal scaled to represent a predefined ratio of units of glide slope
      deviation to units of altitude;
PA1  second summing means for combining the glide slope deviation signal with
      said scaled altitude signal;
PA1  third summing means for combining the glide slope deviation signal with
      said scaled altitude signal;
PA1  a first signal detector circuit operatively connected to said second
      summing means for generating an advisory warning signal when the output of
      said second summing means exceeds a first predetermined value;
PA1  a first gate circuit operatively connected to said first detector for
      inhibiting said advisory signal above a predetermined maximum altitude and
      below a predetermined minimum altitude;
PA1  a second signal detector circuit operatively connected to said third
      summing means for generating a command warning signal when the output of
      said third summing means exceeds a second predetermined value;
PA1  a second gate means operatively connected to said second detector circuit
      for inhibiting said command warning signal above a predetermined altitude.
NUM  10.
PAR  10. The warning system of claim 9 additionally including a limiter circuit
      operatively connected between said first summing means and said scaling
      amplifier to limit said biased altitude signal.
NUM  11.
PAR  11. The warning system of claim 10 wherein the output of said first gate is
      operatively connected to said second gate to inhibit said command warning
      signal whenever said advisory warning signal is inhibited.
NUM  12.
PAR  12. The warning system of claim 11 wherein said first gate is operatively
      connected to a signal source representing the aircraft's flight
      configuration for inhibiting said advisory warning when the aircraft is in
      a predetermined flight configuration.
NUM  13.
PAR  13. An aircraft warning instrument for alerting the pilot of an aircraft of
      excessive descent below a radio glide slope beam during a landing
      approach, comprising:
PA1  a source of signal representing the altitude of the aircraft above the
      ground;
PA1  a source of bias signal representing a selected altitude;
PA1  a first summing circuit for adding the altitude signal to the bias signal;
PA1  a limiter connected to the output of said summing circuit for limiting the
      sum signal to a zero value for an altitude signal greater than said bias
      signal;
PA1  means for scaling connected to said limiter for scaling the limited
      altitude sum signal with predetermined ratio of glide slope deviation
      units to altitude units for altitudes below said selected altitude;
PA1  a source of signal representing the glide slope deviation signal;
PA1  a second summing circuit for adding the scaled altitude signal to the glide
      slope deviation signal;
PA1  a first detector circuit operatively connected to the output of said second
      summing circuit effective to generate an advisory warning logic signal
      when the output signal from the second summing circuit exceeds a
      predetermined value representing an excessive aircraft descent below the
      radio glide slope beam for a given altitude;
PA1  an indicator for providing an advisory warning;
PA1  a source of signal representing the minimum advisory altitude signal;
PA1  a first logic gate having one input operatively connected with the said
      first detector circuit, another input connected with the source of minimum
      advisory altitude signal and an output connected with the advisory warning
      indicator, said first logic gate acting to inhibit an output to the
      advisory warning indicator in the presence of an advisory logic signal
      when the aircraft is below the minimum advisory altitude;
PA1  a third summing circuit for adding the scaled altitude signal to the glide
      slope deviation signal;
PA1  a second detector circuit connected to the output of said third summing
      circuit effective to generate a command logic signal when the output
      signal of the third summing circuit exceeds another predetermined value,
      greater than said predetermined value of the first detector, representing
      an excessive descent of the aircraft below the radio glide slope beam for
      a given altitude;
PA1  an indicator for providing a command warning;
PA1  a source of signal representing the maximum command altitude;
PA1  a second logic gate having one input operatively connected to said second
      detector, another input connected to said source of maximum command
      altitude and an output connected with the command warning indicator, said
      second logic gate acting to inhibit an output to the command warning
      indicator in the presence of a command logic signal when the aircraft is
      above the maximum command altitude;
PA1  a source of signal representing an upper limiting altitude;
PA1  means for inhibiting both said advisory and command logic signals above
      said upper limiting altitude; and
PA1  means for inhibiting said command logic signal unless the advisory logic
      signal is being generated.
NUM  14.
PAR  14. The aircraft warning instrument as defined in claim 13, wherein the
      scaling means includes a first scaling amplifier providing said second
      summing circuit with a first predefined ratio of scaled altitude signal
      and a second scaling amplifier providing said third summing circuit with a
      second predefined ratio of scaled altitude signal.
NUM  15.
PAR  15. The aircraft warning instrument of claim 13 further including:
PA1  means actuated by an operator in the aircraft and operative only below said
      upper limiting altitude and without a command logic signal being
      generated, to inhibit both said advisory and command logic signals when
      the operator intends to maneuver the aircraft below the glide slope
      sufficient to produce an advisory or command warning by the warning
      instrument; and
PA1  means for terminating the operator actuated advisory and command warning
      inhibit above said upper limiting altitude.
NUM  16.
PAR  16. An aircraft warning instrument for alerting the pilot of excessive
      descent below a radio glide slope beam, comprising:
PA1  a source of signal representing the angular deviation of the aircraft
      position from the radio glide slope beam;
PA1  means operative above and below a selected altitude and responsive to said
      below glide slope deviation signal in excess of a first threshold value
      for generating an adivsory warning signal; and
PA1  means operative below said selected altitude and responsive to said below
      glide slope deviation signal representing a below glide slope condition in
      excess of a second threshold value for generating a command warning
      signal.
NUM  17.
PAR  17. The aircraft warning instrument of claim 16 including:
PA1  a source of signal representing the altitude of the aircraft above the
      ground; and
PA1  means for effectively varying the below glide slope first and second
      threshold values as a function of said altitude signal.
NUM  18.
PAR  18. The aircraft warning instrument of claim 17 wherein said threshold
      varying means includes:
PA1  a scaling amplifier for increasing the first and second threshold values of
      the advisory and command warning signals respectively as the altitude
      signal decreases below 150 feet; and
PA1  means for inhibiting said scaling amplifier above 150 feet for altitude.
NUM  19.
PAR  19. The aircraft warning instrument of claim 16 in which said selected
      altitude is 300 feet above ground.
NUM  20.
PAR  20. The aircraft warning instrument of claim 16 including means to inhibit
      said advisory warning signal above an upper altitude limit of 1,000 feet.
NUM  21.
PAR  21. An aircraft warning instrument for alerting the pilot of excessive
      descent below a radio glide beam, comprising:
PA1  a source of signal representing the radio altitude of the aircraft above
      ground;
PA1  a source of signal representing the deviation of the aircraft position from
      the glide slope beam;
PA1  means operative below a selected altitude and above a minimum altitude and
      responsive to a signal representing a deviation of the aircraft below the
      glide slope beam in excess of a first threshold value to generate an
      advisory warning signal; and
PA1  means operative below a predetermined altitude within said selected and
      minimum altitude range of the advisory warning signal and responsive to a
      signal representing a deviation of the aircraft below the glide slope beam
      in excess of a second threshold value greater than said first threshold
      value to generate a command warning signal.
NUM  22.
PAR  22. The aircraft warning instrument of claim 21 in which said minimum
      altitude is 50 feet, said predetermined altitude is 300 feet and said
      selected altitude is 1,000 feet, said warning instrument further
      including:
PA1  means for effectively varying the below glide slope first and second
      threshold values as a function of said radio altitude signal causing an
      increase in both threshold values as aircraft altitude decreases below 150
      feet; and
PA1  means for maintaining the below glide slope first and second threshold
      values constant above 150 feet.
NUM  23.
PAR  23. In a warning instrument for alerting the pilot of an aircraft to a
      condition of undesired proximity to the ground at an airport equipped with
      a glide slope radio beam transmitter, the warning instrument including a
      source of signal in the aircraft responsive to the glide slope radio beam,
      the signal representing the magnitude of the angular deviation of the
      aircraft position from the glide slope radio beam, a source of signal
      representing the aircraft altitude above the ground, and detector means
      responsive to a first angular deviation and altitude criteria to generate
      an advisory warning and to a second angular deviation and altitude
      criteria to generate a command warning, a glide slope warning inhibit
      circuit, comprising:
PA1  a source of inhibit signal;
PA1  means responsive to the inhibit signal for preventing generation of either
      said advisory warning or said command warning; and
PA1  means responsive to occurrence of said command warning to prevent operation
      of the inhibit signal responsive means.
NUM  24.
PAR  24. The glide slope warning inhibit circuit of claim 23 in which said
      inhibit signal responsive means is inoperative above an upper altitude
      limit.
NUM  25.
PAR  25. The glide slope warning inhibit circuit of claim 23 in which said
      warning instrument includes an advisory warning detector having an output,
      a command warning detector having an output, an advisory warning AND gate
      having as an input the output of the advisory warning detector, a command
      warning AND gate having as an input the output of the command warning
      detector and the output of the advisory warning AND gate, the inhibit
      signal responsive means including an inhibit AND gate having as an input
      the inhibit signal and an inversion of the command warning signal from the
      command warning AND gate, to prevent operation of the inhibit signal
      responsive means on occurrence of the command warning and an inversion of
      the output of the inhibit AND gate being an input to the advisory warning
      AND gate to prevent generation of either warning.
NUM  26.
PAR  26. The glide slope warning inhibit circuit of claim 25 including a
      bistable inhibit flip-flop, the output of the inhibit AND gate being
      connected with the set input of the flip-flop and the output of the
      flip-flop being connected with an input of the advisory warning AND gate
      to prevent generation of the warnings, and means providing a signal
      representing the altitude of the air-craft above the glide slope warning
      zone, connected with the reset input of said flip-flop.
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PAL  In a warning system for aircraft that generates a warning signal when the
      aircraft is descending during a take-off or missed approach phase of
      operation, the warning is inhibited for a predetermined loss of altitude
      in order to allow the aircraft to descend a short distance without
      triggering a nuisance warning. Specifically, a circuit is provided to
      integrate a signal representing the aircraft's rate of descent until the
      integrated signal is equal to a predetermined drop in altitude whereupon
      the warning signal is triggered.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of aircraft ground proximity warning
      systems and, in particular, to systems that warn of a negative rate of
      climb after takeoff or during a missed approach.
PAR  In the prior art systems, as specifically represented by the U.S. Pat.
      application of Bateman, Ser. No. 480,727, filed on June 19, 1974, entitled
      "Aircraft Ground Proximity Warning Instrument," assigned to the assignee
      of this application, a warning signal is sounded during the takeoff or
      missed approach phase of aircraft operation whenever there is an
      indication of a negative rate of climb, i.e. a momentary descent toward
      the ground. In the prior art system, the takeoff or missed approach phase
      of operation is indicated to the warning instrument by means of signals
      representing the flight configuration of the aircraft, such as flap and
      landing gear settings. In addition, this particular warning mode is
      operative only at altitudes of from 50 feet to 700 feet above ground where
      it is assumed that in normal operation the aircraft will be climbing.
      However, there are circumstances under which during a normal takeoff and
      climbout the aircraft will level off below this 700 feet level. In the
      prior art systems even a momentary negative climb rate of 100 feet per
      minute triggers the warning signal. In addition to takeoff, a missed
      approach procedure, where this particular warning mode is also operative,
      would also tend to generate warnings if the pilot does not follow the
      missed approach procedure precisely as directed. Both of these
      circumstances will give rise to unnecessary or nuisance warnings which may
      reduce the confidence that air crews place in the warning system.
PAR  One approach to eliminating this problem would involve increasing the
      required negative climb rate to a value greater than 100 feet per minute,
      for example 500 feet per minute, but this would have the undesired effect
      of eliminating valid warnings where the aircraft continues to descent
      toward the ground at a relatively low descent rate.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a negative climb
      warning system that is operative only after a predetermined loss of
      altitude.
PAR  It is another object of the invention to provide a circuit that will
      inhibit a negative climb warning signal until the aircraft has descended a
      predetermined amount of altitude.
PAR  It is a further object of the invention to provide an integrating circuit
      responsive to a rate of change a barometric altitude signal for measuring
      the distance that the aircraft has descended and inhibiting the negative
      climb warning until the predetermined descent has occurred.
PAR  In order to eliminate the above described nuisance warnings in a negative
      climb warning system the distance that the aircraft descends during a
      negative climb is measured. During this time the warning signal is
      inhibited so as not to produce nuisance warnings for very small or short
      term descents of the aircraft during a takeoff or missed approach phase of
      operation. The distance that the aircraft has descended is measured by
      integrating a signal that represents the rate of change in the aircraft's
      barometric altitude. When the integrated barometric rate of change signal
      exceeds a predetermined amount for a particular altitude, for example the
      equivalent of a 75 foot descent at an altitude of 200 feet, the system
      will enable the signal generating means. The enabling response is scaled
      so that the greater the altitude above ground the greater the descent
      required to remove the inhibit from the warning signal. By using this
      particular method of enabling the warning signal, the aircraft may descend
      for a brief period and still not trigger the warning system, thereby
      eliminating this type of nuisance warning.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphic illustration of the operation of the warning system for
      an aircraft flight path.
PAR  FIG. 2 is a functional block diagram of the circuit for implementing the
      warning system.
PAR  FIG. 3 is a graph illustrating the relationship between radio altitude and
      the amount of altitude the aircraft must descend before the inhibit is
      removed from the warning signal.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An illustration of the operation of the negative climb warning signal
      inhibiting function with respect to a hypothetical aircraft flight path is
      provided in FIG. 1 of the drawings. As the aircraft gains altitude to
      point 10, as shown in the aircraft flight path portion of FIG. 1, the
      output of the integrator circuit which serves to measure the amount of
      altitude that the aircraft has descended will remain zero. This amount of
      altitude that the aircraft has descended, or the net loss in altitude, is
      indicated in the figures as .DELTA.h.sub.B. As the aircraft begins to
      descend from point 10 to point 12 on its flight path, the electronic clamp
      on the integrator is removed and the integrator circuit begins to generate
      a voltage representing the total amount of descent in feet. Assuming at
      this point, point 12 of the aircraft flight path, that the aircraft has
      not descended sufficiently for the output of the integrator to remove the
      inhibit from the warning signal, no negative climb warning will be
      generated as shown on the warning signal portion of FIG. 1.
PAR  As the aircraft begins to regain altitude, starting from point 12 to point
      14, the output voltage of the integrator will gradually decrease until the
      aircraft has reached approximately the same altitude, at point 14, that it
      began its descent. At this point, the output of the integrator again
      becomes and remains zero because the clamp is applied as the aircraft
      continues to climb along its flight path to point 16.
PAR  At point 16 of the aircraft flight path, the aircraft again begins to
      descend until it reaches a point 18, which is approximately 65 feet below
      point 16. As the aircraft descends from point 16 to 18, the clamp is
      removed and the integrator circuit's output increases in voltage until at
      the point 18 in its flight path, the integrator output voltage is
      sufficient to exceed the permissible altitude loss threshold thereby
      permitting the warning signal to be generated. This warning signal will
      continue to be generated as the aircraft descends to its lowest point, 20
      of FIG. 1, where the warning signal is terminated. The increase in
      altitude from point 20 to 22 along the flight path will cause the
      integrator to reduce its voltage output until the output has been
      decreased, at point 22, to a value that will reimpose the inhibit on the
      warning signal. As the aircraft continues to climb past point 24 in its
      flight path, the voltage output of the integrator will return to zero and
      remain zero.
PAR  A functional block diagram presenting the preferred embodiment of the
      invention is set forth in FIG. 2 of the drawings. A signal h.sub.B,
      representing the rate of change of the aircraft altitude, is applied to
      the circuit on line 28. This signal can be generated and will have similar
      characterisitcs to the rate of change in barometric altitude signal
      disclosed in the Bateman Application Ser. No. 480,727. The h.sub.B signal
      provides the primary input to an integrating amplifier 30. The time
      constant of the integrating amplifier is governed by the values of the
      resistor 32 and the capacitor 34, which in the preferred embodiment have
      values to provide the integrator amplifier with a time constant of
      approximately one second, so that the output of the amplifier 30 on line
      36 will represent approximately the absolute amount of the change in
      barometric altitude in feet.
PAR  The integrating amplifier 30 also has a clamp which is represented by the
      switch 38. The clamp 38 wil maintain the output of the amplifier 30 at
      zero as long as the clamp switch 38 is closed. When the clamp switch 38 is
      open, the amplifier 30 is free to generate a voltage on line 36 that will
      approximately represent the change in the aircraft barometric alitude.
PAR  The clamp switch 38 of the integrator amplfier 30 is controlled by signals
      generated by the comparator amplifier 40 transmitted through the OR gate
      42. The h.sub.B signal is applied to the negative terminal of the
      comparator amplifier 40. As soon as the aircraft begins to descend, for
      example point 10 of FIG. 1, the h.sub.B signal will become negative
      thereby causing the comparator amplifier 40 to emit a positive signal. The
      positive signal, as emitted by the comparator amplifier 40 will, in
      effect, be inverted by the OR gate 42 and serve to open the clamp switch
      38, thus permitting an output voltage representing a change in altitude to
      be generated on line 36. The output voltage on line 36 is combined with
      the output of the comparator 40 in the summing junction 44 which, in turn,
      serves as a positive feedback loop to the positive terminal of the
      comparator amplifier 40. The primary effect of the positive feedback loop
      of the comparator 40 is to maintain the integrating amplifier in an
      integrating mode until the output voltage on line 36 essentially returns
      to a zero value. The operation of the comparator 40 is illustrated in FIG.
      1, where at point 10 the comparator 40 generates a positive output serving
      to remove the clamp from the integrating amplifier 30. The comparator 40
      will remain in a positive state until the aircraft returns to
      approximately its original altitude at point 14 whereupon the approximate
      zero voltage on line 36, in combination with a positive h.sub.B signal,
      will cause the comparator 40 to switch back to a zero output. The inverted
      comparator output at an input to OR gate 42 provides an output closing
      integrator clamp switch 38.
PAR  The signal on line 36 representing the change in altitude is applied to the
      positive terminal of the comparator 46. The h.sub.R signal, representing
      the aircraft radio altitude above ground, is transmitted through the
      scaling amplifier 37 and combined with a 5 foot bias signal in the summing
      junction 48. The resulting signal is applied to the negative terminal of
      the comparator amplifier 46. Whenever the voltage applied to the positive
      terminal of the comparator 46 is greater than the voltage applied to the
      negative terminal, the comparator will produce a positive signal on line
      50 tending to enable the AND gate 52. The comparator 46 includes a
      positive feedback loop including the resistor 54 that, in combination with
      the voltage representing the change in altitude on line 36 and the biased
      radio altitude signal on the negative terminal, will produce the
      operational characteristic defined by the line 55 in the graph of FIG. 3.
      As indicated in FIG. 3, the greater the radio altitude, the larger the
      altitude loss must be to trigger the comparator 46 and hence remove the
      inhibit from the negative climb warning signal.
PAR  As a result, the greater the aircraft altitude above the ground the greater
      the aircraft's descent will have to be in order to remove the inhibit from
      the negative climb warning signal. The shaded area to the right of line 55
      of FIG. 3 indicates the conditions of altitude versus descent of the
      aircraft which will remove the inhibit from the warning signal.
PAR  The other inputs to the AND gate 52 illustrate the other conditions in
      which this particular warning signal is inhibited. For example, the
      aircraft must be between 50 feet and 700 feet from the ground. In
      addition, the aircraft must be in a takeoff mode.
PAR  The takeoff mode is indicated by a positive output from the Q terminal of
      the flip-flop 56. The flip-flop 56 is set just as the aircraft is about to
      land when the flaps are down and the landing gear are down, generating a
      positive output from the AND gate 58. This can occur only below 480 feet
      which allows the flip-flop 56 to set with a positive output on its Q
      terminal. The flip-flop 56 will remain set through the takeoff and climb
      out of the aircraft until it reaches an altitude greater than 700 feet
      where, since the flaps and the landing gear will be in an up position, the
      gate 58 will be off and the signal indicating that the aircraft altitude
      is above 700 feet serves to reset the flip-flop. It should be noted at
      this point that during the last stages of landing where the flip-flop 56
      is set, the negative climb warning signal will be inhibited by gate 62
      because the landing gear must be up to unclamp the integratar 30 whereas,
      as indicated by the AND gate 58, the gear must be down to set the
      flip-flop 56.
PAR  The AND gate 62 will, in effect, inhibit the negative climb warning signal
      unless the landing gear is up, the aircraft is in a takeoff mode and is
      above 50 feet in altitude, by transmitting a positive signal through the
      OR gate 42 to clamp the inegrator amplifier 30. This particular feature
      permits the negative climb warning signal to become active during a missed
      approach procedure since the aircraft will generally be below 700 feet but
      above 50 feet in a takeoff mode and with the landing gear and flaps raised
      in order to permit the aircraft to go around for another approach.
PAR  Another inhibit signal is received at the AND gate 52 from the comparator
      64, which prevents the warning signal from being generated when the
      aircraft is climbing. The h.sub.B signal on line 28 is applied to the
      negative terminal of the comparator 64 and the positive terminal is
      connected to ground. This will result in a low signal, or negative output,
      from the comparaor 64 to the AND gate 52 whenever the aircraft is
      climbing, thus inhibiting the warning signal. This feature is particularly
      useful since it eliminates the requirement for the aircraft to regain most
      of its lost altitude before the warning will shut off. The operation of
      this warning signal inhibit is illustrated at point 20 of FIG. 1.
PAR  The various altitudes and descent rates described herein are provided in
      order to illustrate the preferred embodiment of the invention and are not
      intended to limit the scope of the disclosure or the invention claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an aircraft instrument for warning the pilot of an excessive descent
      following a climb during a takeoff or a missed landing approach maneuver,
      said instrument having a source of signal representing the vertical motion
      of the aircraft, improved means establishing a warning criteria,
      comprising:
PA1  means responsive to said vertical motion signal for establishing a signal
      representing the net altitude loss of the aircraft from the high point of
      the flight path;
PA1  means for establishing an excessive altitude loss signal;
PA1  means for comparing said net altitude loss signal with said excessive
      altitude loss signal, the comparing means output indicating whether the
      net altitude loss which has occurred is excessive; and
PA1  means responsive to an output of the comparing means indicating an
      excessive net altitude loss for initiating a pilot warning.
NUM  2.
PAR  2. The aircraft warning instrument of claim 1 in which the instrument
      includes a source of signal representing the altitude of the aircraft
      above the ground and the means establishing an excessive altitude loss
      signal is responsive to the altitutde above ground signal.
NUM  3.
PAR  3. The aircraft warning instrument of claim 2 in which the excessive
      altitude loss signal is directly related to the altitude above the ground
      signal.
NUM  4.
PAR  4. The aircraft warning instrument of claim 1 in which the source of signal
      representing the vertical motion of the aircraft is a source of barometric
      altitude rate signal and said means to establish a signal representing the
      net altitude loss is an integrator.
NUM  5.
PAR  5. The aircraft warning instrument of claim 1 in which the means for
      initiating a pilot warning is connected with said source of vertical
      motion signal and is enabled when said aircraft is descending.
NUM  6.
PAR  6. A negative climb warning system for use in aircraft in a nonlanding
      configuration comprising:
PA1  rate means responsive to a barometric altimeter and including an electronic
      circuit to differentiate the signal from the barometric altimeter with
      respect to time for generating a signal representing the rate of change in
      aircraft altitude;
PA1  configuration means responsive to signals indicating the operative
      condition of the aircraft flaps and landing gear for generating signals
      representing the aircraft flight configuration;
PA1  measuring means responsive to said rate means for measuring the descent of
      the aircraft; and
PA1  warning means responsive to said measuring means and said configuration
      means for generating a warning signal indicating that the aircraft is
      descending after descending a predetermined distance.
NUM  7.
PAR  7. The system of claim 6 wherein said measuring means includes an
      electronic circuit for integrating said differentiated barometric signal
      and generating a signal representing a net loss of altitude.
NUM  8.
PAR  8. The system of claim 7 wherein said warning means is additionally
      responsive to a radar altimeter signal for generating said warning signal
      as a function of both said net loss of altitude signal and the aircraft's
      altitude above ground.
NUM  9.
PAR  9. The system of claim 8 wherein said warning means generates said descent
      warning signal as a linear function of the increase in said net loss
      signal as compared to increasing aircraft altitude.
NUM  10.
PAR  10. A negative climb warning system for an aricraft having a barometric and
      radio altimeter comprising:
PA1  means for measuring the aircraft's net loss in barometric altitude;
PA1  means for comparing said net loss of altitude with the radio altitude;
PA1  means responsive to said comparing means for generating a warning signal
      when said net loss exceeds a predetermined amount for a predetermined
      altitude.
NUM  11.
PAR  11. Th system of claim 10 additionally including means to inhibit said
      warning signal above a first predetermined altitude and below a second
      predetermined altitude.
NUM  12.
PAR  12. The system of claim 11 additionally including means to inhibit said
      warning signals during predetermined phases of aircraft operation.
NUM  13.
PAR  13. The system of claim 10 additionally including means to inhibit said
      warning signals when the aircraft is gaining altitude.
NUM  14.
PAR  14. A system for warning of aircraft descent while in a non-landing
      configuration comprising:
PA1  a circuit for generating a signal representing the rate of change in the
      aircraft's barometric altitude;
PA1  configuration means for generating a plurality of signals representing the
      aircraft's flight configuration;
PA1  a warning signal generator, responsive to said configuration means and said
      rate of change in barometric altitude signal, for generating a warning
      signal when the aircraft is descending in a predefined configuration;
PA1  inhibit means for inhibiting said warning signal; and
PA1  an integrating circuit for integrating said barometric rate of change
      signal and removing said warning signal inhibition after a predetermined
      descent.
NUM  15.
PAR  15. An electronic circuit, responsive to rate of change in barometric
      altitude signals and altitude signals from a radar altimeter, for
      generating a negative climb warning signal in an aircraft comprising:
PA1  an integrating amplifier for integrating the rate of change in barometric
      altitude signal thereby producing a signal representing the descent of the
      aircraft;
PA1  a clamp circuit operatively connected to said integrating amplifier for
      preventing the output of said descent signal from said integrating
      amplifier;
PA1  a first comparator circuit responsive to said rate of change in said
      barometric signal and said descent signal for activating said clamp
      circuit;
PA1  a summing junction for combining the radar altitude signal with a biasing
      signal;
PA1  a second comparator circuit, operatively connected wtih said integrating
      amplifier and said summing junction, to generate a logic signal indicating
      that said descent signal has exceed a predefined value with respect to
      said biased altitude signal;
PA1  a first logic circuit, operatively connected to said second comparator
      circuit and responsive to the altitude signal, to inhibit said logic
      signal above and below predefined altitudes; to inhibit said logic signal
      above and below predefined altitudes; and
PA1  means responsive to said logic signal for generating the negative climb
      warning.
NUM  16.
PAR  16. The circuit of claim 15 additionally including:
PA1  a flip-flop circuit for indicating the phase of flight operation of the
      aircraft;
PA1  a second logic circuit, responsive to signals indicating flap, landing
      gear, and altitude condition of the aircraft, for setting said flip-flop
      circuit;
PA1  a third logic circuit responsive to signals indicating the altitude of the
      aircraft for resetting said flip-flop; and
PA1  a circuit element for transmitting the logical setting of said flip-flop to
      said clamp circuit.
NUM  17.
PAR  17. The circuit of claim 15 additionally including a circuit element to
      transmit the logical setting of said flip-flop to said first logic
      circuit.
NUM  18.
PAR  18. The circuit of claim 15 additionally including a third comparator
      circuit, responsive to the rate of change in barometric altitude signal
      and operatively connected to said first logic circuit, to inhibit said
      logic signal in response to an increase in barometric altitude.
NUM  19.
PAR  19. An aircraft warning instrument for alerting the pilot of an aircraft to
      a condition of excessive descent following takeoff or a missed landing
      approach, comprising:
PA1  a source of signal representing the rate of change of altitude of the
      aircraft;
PA1  a source of signal representing the altitude of the aircraft above the
      ground;
PA1  means responsive to the rate signal for generating a signal representing
      the net loss in aircraft altitude from the high point of the flight path;
PA1  means for directly comparing the aircraft altitude net loss signal with the
      altitude above ground signal; and
PA1  means responsive to said comparing means to actuate a pilot warning device
      when the net distance which the aircraft has descended is excessive for
      the aircraft altitude above ground.
NUM  20.
PAR  20. The aircraft warning instrument of claim 19 including means responsive
      to the aircraft rate of change of altitude signal for inhibiting the pilot
      warning so long as the aircraft is climbing.
NUM  21.
PAR  21. The aircraft warning instrument of claim 19 in which the means for
      generating the aircraft altitude change signal is an integrator having its
      input connected with the source of altitude rate signal and having an
      output representing the change of aircraft altitude.
NUM  22.
PAR  22. The aircraft warning instrument of claim 21 including means for
      clamping the integrator output to a reference level.
NUM  23.
PAR  23. The aircraft warning instrument of claim 22 in which said integrator
      clamp means is responsive to the aircraft configuration to unclamp the
      integrator from the reference level on takeoff.
NUM  24.
PAR  24. The aircraft warning instrument of claim 22 in which said integrator
      clamp means is responsive to the aircraft configuration to unclamp the
      integrator from the reference level on missed landing approach.
NUM  25.
PAR  25. The aircraft warning instrument of claim 22 in which said integrator
      clamp means is responsive to an extended condition of the aircraft landing
      gear or flaps to clamp the integrator to the reference level on landing
      approach.
NUM  26.
PAR  26. The aircraft warning instrument of claim 22 in which said integrator
      clamp means is responsive to a retracted condition of the aircraft landing
      gear or flaps to unclamp the integrator from said reference level on
      takeoff or a missed landing approach.
NUM  27.
PAR  27. The aircraft warning instrument of claim 22 in which said integrator
      output clamp means is responsive to a combination of a change of aircraft
      altitude signal representing a climb of the aircraft and to an integrator
      output representing no accumulated descent to clamp the integrator to the
      reference level.
PATN
WKU  039478114
SRC  5
APN  5095522
APT  1
ART  234
APD  19740926
TTL  Fault indicating systems in vehicles
ISD  19760330
NCL  2
ECL  1
EXP  Waring; Alvin H.
NDR  1
NFG  1
INVT
NAM  Hodgson; Duncan Barry
CTY  Whitnash near Leominington Spa
CNT  EN
ASSG
NAM  The Lucas Electrical Company Limited
CTY  Birmingham
CNT  EN
COD  03
CLAS
OCL  340 52F
XCL  340183
XCL  340324R
XCL  340413
EDF  2
ICL  G08B 1900
FSC  340
FSS  52 F;412;413;415;183;181;324
FSC  307
FSS  9;10 R
UREF
PNO  3651454
ISD  19720300
NAM  Venema et al.
OCL  340 52F
UREF
PNO  3835450
ISD  19740900
NAM  Reck
XCL  340412
UREF
PNO  3846639
ISD  19741100
NAM  Veda et al.
XCL  340 52F
LREP
FRM  Olson, Trexler, Wolters, Bushnell & Fosse, Ltd.
ABST
PAL  A fault indicating system in a vehicle includes a d.c. source, a plurality
      of electrically operated devices operated by the d.c. source and a
      plurality of fault indicating units, one for each device. Each fault
      indicating unit is operable by a predetermined address signal, and on
      being operated produces after a delay an output representative of the
      operation condition of its device, each fault indicating unit having a
      different delay. A monitoring unit produces the predetermined address
      signal and receives the output signals from the fault indicating units.
      The monitoring unit operates in cycles, in each of which it has a
      transmission period in which it feeds the address signal to all the fault
      indicating units, and a plurality of receiving periods during which it
      receives the output signals from the fault indicating units in turn,
      warning means being operable by the monitoring unit to indicate a fault in
      any of the devices.
BSUM
PAR  This invention relates to fault indicating systems in vehicles,
      particularly road vehicles.
PAR  A system according to the invention includes a d.c. source, a plurality of
      electrically operated devices operated by said d.c. source, a plurality of
      fault indicating units, one for each device, each fault indicating unit
      being operable by a predetermined address signal, and on being operated
      producing after a delay an output representative of the operational
      condition of its device, each fault indicating unit having a different
      delay, a monitoring unit for producing said address signal and receiving
      said output signals, said monitoring unit operating in cycles, in each of
      which it has a transmission period in which it feeds the address signal to
      all the fault indicating units, and a plurality of receiving periods
      during which it receives the output signals from the fault indicating
      units in turn, and warning means operable by the monitoring unit to
      indicate a fault in any of the devices.
PAR  Preferably, each receiving period is in two parts. Receipt of a signal
      during the first and second parts indicates respectively satisfactory
      operation and the need for attention, the absence of a signal during both
      the first and second parts indicate failure of the device.
PAR  In the preferred arrangement, the monitoring unit feeds the address signal
      to the fault indicating units, and receives the outputs from the fault
      indicating units, by way of the supply leads from the battery to the
      devices. The address signal is preferably in the form of a burst of pulses
      of frequency such that no radio or other interference is produced, and of
      length such that the address signal cannot be confused with any extraneous
      signals in the system.
DRWD
PAR  The accompanying drawing is a circuit diagram illustrating one example of
      the invention.
DETD
PAR  Referring to the drawing, a vehicle battery 11 has its negative terminal
      earthed, and supplies power in the usual way to all the electrically
      operated devices on the vehicle. Two such devices are indicated at 12 and
      12a, and are connected to the positive terminal of the battery through
      switches 13 and 13a. However, some of the devices may be connected to the
      battery through more than one switch, or directly.
PAR  Between the battery and the switches 13, 13a is the primary winding 14 of a
      current transformer 15, the secondary winding 16 of which has one end
      connected to the positive terminal of the battery, and its other end
      connected to a supply line 17. Connected between the supply line 17 and
      earth are an address oscillator 18, an answer detector 19, a correlator
      20, and a display unit 21.
PAR  The switch 13 supplies power to a line 22, the device 12 being connected
      between the line 22 and earth. Also connected between the line 22 and
      earth are an address detector 23, a preset delay network 24, an oscillator
      25, and an answer unit 26. The device 12 provides an output to a condition
      monitor 27 which varies the delay provided by the unit 24. Each of the
      devices 12 has a similar set of components associated therewith, those
      associated with the device 12a being indicated with the same reference
      numerals as those associated with the device 12, but with the suffix a.
PAR  The normal electrical system of the vehicle is unaffected by the fault
      indicating system, and operates in a conventional manner. However, in
      addition to the normal current flow in the various parts of the system,
      the fault indicating system superimposes an alternating wave form
      consisting of a burst of pulses of predetermined frequency and length
      provided by the oscillator 18. This burst of pulses is fed by way of the
      transformer 15 to the various supply lines, and is received by each of the
      detectors 23, 23a. It will of course be appreciated that the components 23
      to 27 associated with the device 12 constitute a fault indicating unit,
      whilst the components 18 to 21 constitute a monitoring unit. The
      monitoring unit operates in a cycle starting with the production of the
      burst of pulses for a period of time referred to as the transmission
      period. The remainder of the cycle is then divided into a plurality of
      receiving periods, the number of receiving periods being equal to the
      number of devices 12, 12a being monitored. During the transmission period,
      the detector 23 receives the signal from the oscillator 18, the detector
      23 including a frequency-sensitive filter to ensure that it is only
      operated by the address signal. On receipt of the signal, the detector 23
      operates an answer unit 26 after a fixed delay determined by the unit 24.
      For the sake of explanation, assume that there are nine devices 12 being
      monitored, then the cycle of operation of the oscillator 18 is in ten
      parts, the first of which is a transmission period, and the following nine
      of which are receiving periods. The delay inserted into the system by the
      unit 24 is such that the answer unit 26 is capable of producing an output
      on the line 22 during the first receiving period. During this period, the
      answer detector 19 receives the signal transmitted by the unit 26, but the
      time during the first receiving period at which the signal is received by
      the detector 19 is determined by the condition of the device 12. The
      receiving period can be considered in three parts. If the device 12 is
      operating satisfactorily, the monitor 27 introduces no further delay, and
      the signal is received by the detector 19 during the first part of the
      first receiving period. If the device 12 is faulty, then the monitor 27
      imposes such a delay that the unit 26 produces no output whatsoever during
      the first receiving period, and the detector 19 recives no signal. If the
      device 12 requires attention, then the monitor 27 imposes a delay such
      that the unit 26 produces an output during the second part of the first
      receiving period. The correlator 20 ensures that the display unit 21
      indicates the condition of the device being monitored during a given
      receiving period.
PAR  The fault indicating unit associated with the device 12a operates in the
      same way, except of course that the delay unit 24a introduces a longer
      delay so that a signal is received back from the answer unit 26a by way of
      the transformer 15 during the second receiving period. The other fault
      indicating units all have different delays so that the answer detector 19
      receives replies from the fault detector units in turn during the cycle.
PAR  In many cases it will not of course be possible to give one of three
      signals, but the system can readily be used in a two-state mode indicating
      whether a device is functioning or not functioning.
PAR  The detector 19 is preferably a transformer detecting current, or volttage,
      on the line 17, and each answer unit 26 may simply be an extra load
      connected between its line 22 and earth. Although in the example shown the
      signals are fed along the normal supply lead, a special lead could be used
      for this purpose.
PAR  The type of address detector 23 used will depend upon the load being
      monitored, but in the case of a lamp, can simply be a winding of a
      transformer in series with the lamp. Current will flow through the winding
      if the lamp is operating satisfactorily, but no current will flow if the
      lamp has broken. The oscillators 18, 25 may take the form of unijunction
      timers, each including a capacitor which is charged and then turns on a
      unijunction transistor.
PAR  The pre-set delay may conveniently be formed by a counter which is pre-set
      to a different value for each of the devices being monitored. The
      condition of the device may also be used to modify the pre-set number. A
      clock signal is conveniently constituted, where a counter is used, by the
      local oscillator 25. In such an arrangement, when the address signal is
      recognised, then the counter is pre-set to a number determined by the
      particular device being monitored and by the state of that device. The
      counter then counts the local oscillator until an output occurs, that is
      the counter has counted a number of cycles of the local oscillator and
      hence produced a time delay.
PAR  The condition monitor 27 will have a form dependent on the particular
      device being monitored, but as one example, in the case of a bulb the
      monitor 27 could simply indicate that a bulb has failed, so that the
      address signal is not detected and no answer is given. As a second
      example, fluid levels may be detected by float switches, one of which can
      be designated a warning level switch and the other a danger level switch.
      It will be appreciated that such a pair of switches could be used to give
      one of two answers depending on whether attention is needed, or a
      dangerous situation exists.
PAR  The answer detector 19 also has to generate information to determine which
      of the devices is giving an answer. The circuit between the line 17 and
      earth generates a series of delays equal to those of each of the delay
      circuits 24 and opens a gate at each delay period. The oscillator 18
      output is fed into a counter, the counter steps on and the output of a
      decoder moves on in sequence to open each gate in turn. The information at
      the gate can indicate whether the display device at 21 should be activated
      and also the state of the device being monitored. An output can be made to
      occur if no answer signal is received during the period when an
      appropriate gate is opened and if intermediate signals are required
      indicating need for attention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fault indicating system in a vehicle including a d.c. source, a
      plurality of electrically operated devices operated by said d.c. source, a
      plurality of fault indicating units, one for each device, each fault
      indicating unit being operable by a predetermined address signal and, on
      being operated, producing after a delay an output representative of the
      operational condition of its associated device, each fault indicating unit
      having a different delay, a current transformer having its primary winding
      connected to said devices and said fault indicating units, a monitoring
      unit for producing said address signal and receiving said output signal,
      said monitoring unit operating in cycles, in each of which it has a
      transmission period in which it feeds the address signal to all the fault
      indicating units by way of the supply leads from the d.c. source to said
      devices, and a plurality of receiving periods during which it receives the
      output signals from said fault indicating units in turn by way of said
      supply leads, and warning means operable by the monitoring unit to
      indicate a fault in any of said devices, said warning means and said
      monitoring unit being connected to the secondary winding of said current
      transformer.
NUM  2.
PAR  2. A fault indicating system in a vehicle including a d.c. source, a
      plurality of electrically operated devices operated by said d.c. source, a
      plurality of fault indicating units, one for each device, each fault
      indicating unit being operable by a predetermined address signal and, on
      being operated, producing after a delay an output representative of the
      operational conditon of its associated device, each fault indicating unit
      having a different delay, a monitoring unit for receiving said output
      signals and for producing said address signal in the form of a burst of
      pulses of a frequency such that no radio or other interference is
      produced, and of a length such that the address signal cannot be confused
      with any extraneous signals in the system, said monitoring unit operating
      in cycles, in each of which it has a transmission period in which it feeds
      the address signal to all the fault indicating units, and a plurality of
      receiving periods during which it receives the output signals from the
      fault indicating units in turn, and warning means operable by the
      monitoring unit to indicate a fault in any of the devices.
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ABST
PAL  A message actuating system for automobiles includes a key operated ignition
      switch which is movable between a first position and a second position,
      the automobile ignition system being operative when the ignition switch is
      in either the first or second position. A message device, such as a tape
      player with a prerecorded message, is activated when the switch is in the
      first position. The message device is selectively deactivated, and the
      tape rewound, when the switch is turned to the second position.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a message actuating system for automobiles, and
      more particularly, to a message device which is automatically activated by
      the ignition switch of the automobile.
PAR  In recent years automobiles have been equipped with mandatory warning
      devices which are activated when the ignition key is turned on to remind
      the driver to fasten his seat belts. Such systems have included the
      mandatory ignition switch interlock which prevents the ignition system
      from starting the automobile until the seat belts are fastened.
PAR  It has recently been proposed to rescind Federal legislation requiring such
      devices because of general public dissatisfaction with them and the
      ability of drivers to circumvent them if they so desire. However, safety
      officials have objected to eliminating mandatory warning devices because
      of figures showing large reductions in automobile fatalities resulting
      from the use of seat belts.
PAC  SUMMARY
PAR  One embodiment of this invention provides a message actuating system for
      automobiles which can provide a reminder to fasten the seat belts, but in
      which the reminder can be selectively deactivated by the driver of the
      automobile after he has received the reminder.
PAR  Briefly, the message actuating system includes a key-operated ignition
      switch connected to the automobile ignition system and movable between a
      first position and a second position. The automobile ignition system is
      operative when the ignition switch is in either the first or second
      position. A message device in the interior of the automobile is activated
      when the ignition switch is in the first position. The ignition switch can
      be moved to the second position in which the automobile engine will still
      be operative, but in this position the message device will be deactivated.
PAR  The message device can be a flashing light on the dashboard of the
      automobile, such as a flashprint message warning the driver to fasten his
      seat belts. It can also be a buzzer for providing an audible reminder to
      fasten the seat belts.
PAR  In the preferred form of the invention, the message device comprises a tape
      player which can be used separately or in combination with the flashprint
      message device. The tape player includes foward tape drive means activated
      when the ignition switch is in the first position. Tape rewind means are
      activated when the ignition switch is moved to the second position. Thus,
      a suitable message, such as a reminder to fasten the seat belts, bring
      your briefcase, lock the house, and so forth, can be prerecorded on the
      tape. After the engine has started, the key will revert to the first
      position in which the taped message will be activated to provide the
      recorded reminder. Once the taped message has been played, the switch can
      be moved voluntarily to the second position, in which the automobile
      engine will still be running, to deactivate the message and rewind the
      tape. The tape player is removable from the tape drive so that the message
      can be changed at will to suit the driver's needs.
PAR  Thus, the driver has voluntary control over the content of the messages
      provided by the message device, and a reminder to fasten the seat belts
      can be provided without requiring mandatory fastening of the seat belts.
DRWD
PAC  DRAWING
PAR  These and other aspects of the invention will be more fully understood by
      referring to the following detailed description and the accompanying
      DRAWING which shows a schematic circuit diagram illustrating the
      automobile ignition switch controlled message device according to this
      invention.
DETD
PAC  DESCRIPTION
PAR  Referring to the drawing, a message actuating system 10 for automobiles
      includes an automobile ignition lock 12 mounted on an instrument panel or
      dashboard (not shown) of an automobile (not shown). The ignition lock is
      adapted to open and close an ignition switch 14 in response to the
      rotation of an ignition key (not shown) which fits into a key slot in a
      key barrel 16 of the ignition lock. The key barrel 16 rotates between
      "lock", "off", "on (2)", "on (1)" and "start" positions.
PAR  The ignition switch 14 controls the supply of the electrical energy from a
      conventional automobile storage battery 18 to the automobile ignition
      system 20. Thus, when the ignition switch 14 is turned to the start
      position, the automobile starter motor 22 cranks the automobile in the
      well-known manner.
PAR  After the automobile engine has started, the ignition switch 14
      automatically reverts to the on (1) position where an appropriate message
      is provided to the driver from the message actuating system of this
      invention. This message is automatically provided when the ignition system
      is operative and the automobile engine is running. The ignition switch 14
      also can be manually turned by the automobile driver to the on (2)
      position in which the automobile engine will continue to run, but which
      will deactivate the message device. An interlock (not shown) is provided
      in the ignition system to keep the ignition system operating continuously
      while the ignition switch is turned from the on (1) to the on (2)
      position.
PAR  Operation of the message actuating system will be understood best by
      referring to the schematic circuit diagram of the drawing which represents
      only schematically a relay controlled electrical system for controlling
      operation of the message device, it being recognized that other electrical
      systems, such as a transistor controlled electrical system, or other more
      complex electrical control systems, and can be used without departing from
      the scope of the invention.
PAR  In the electrically controlled message actuating system shown in the
      drawing, the ignition switch being in the on (1) position activates a seat
      belt flashprint warning device 23 preferably located on the dashboard of
      the automobile so it can be seen by the driver. Such a device includes a
      flashing lamp which illuminates an appropriate printed message on the
      dashboard, such as "fasten seat belts", or the like. Alternatively, the
      seat belt flashprint 23 can be replaced by or combined with a buzzer (not
      shown), or other audible warning device, to remind the driver to fasten
      the seat belts.
PAR  When the ignition switch is in the on (1) position, it also activates a
      taped message on a prerecorded tape 24 dispsed in a tape player 26
      preferably located in the interior of the automobile. The tape player 26
      includes a tape drive spindle 28 driven in forward and reverse directions
      by a tape drive motor 30, a capstan 32, and a take-up spindle 34.
      Preferably, the tape drive unit receives a tape cassette (not shown) in
      which the tape is prerecorded with an appropriate message, such as a
      reminder to fasten the seat belts, bring your briefcase, check the gas or
      oil, lock the house, stop at the market, or whatever other prerecorded
      message or reminder is desired by the driver. The tape can be removed from
      the tape player and a new message or reminder recorded on it whenever
      desired.
PAR  The tape player 26 is controlled by a tape forward drive relay 36 which
      includes a normally open contact 38 which moves from its open position to
      a closed position to run the tape drive motor 30 in the tape forward
      position when the relay 36 is energized by the driver's turning the
      ignition switch to the on (1) position.
PAR  When the driver wishes to stop the tape message, or to turn off the seat
      belt flashprint message, the ignition switch is turned manually from the
      on (1) position to the on (2) position.
PAR  In the on (2) position, a tape rewind relay 40 is energized, which closes a
      normally open contact 42 to run the tape drive motor 30 in the reverse
      direction to rewind the tape 24 to the beginning of the message. While the
      automobile is being operated, the ignition switch can stay in the on (2)
      position to thereafter run the car without the taped message or seat belt
      warning device being activated.
PAR  The electrical system shown in the drawing is only in schematic form, and
      other control elements can be added without departing from the scope of
      the invention. For example, the electrical control system can include
      certain interlock devices known to those skilled in the art for the
      purpose of completely rewinding the tape and then cutting off electricity
      to the tape drive motor even after the ignition switch has been turned to
      its off position. Moreover, the system can include means for cutting off
      electricity to the tape drive motor once the tape message has been
      completed and the driver leaves the ignition switch in the on (1)
      position.
PAR  As a further alternative, the ignition switch can be combined with a ball
      override device similar to that disclosed in my U.S. Pat. No. 3,755,777.
      The ball override device can be arranged to operate the reminders, such as
      tape message, flashprint message, or buzzer, as long as the key is in the
      key barrel. When the key is removed from the key barrel, even though the
      key barrel is in the on position, the reminders can be deactivated, and
      the tape rewound. This can be accomplished by means for activating the
      reminders when the key is in contact with a conductive ball, or the like,
      which is part of the current for operating the reminders. Once the key is
      removed, the ball drops out of contact with the circit, opening the
      circuit to cut off the reminders. This can also activate a circuit for
      rewinding the tape.
PAR  Thus, the present invention provides the driver of an automobile with a
      reminder to fasten his seat belts, but the reminder can be voluntarily
      turned to the off position once the reminder has been given. Moreover, the
      system includes means for providing preselected audible reminders which
      can be recorded by the driver and which are automatically played when the
      automobile is started.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for providing a message to the operator of an automobile, the
      system comprising a keyoperated ignition switch connected to the
      automobile ignition system, the ignition switch including a key barrel
      movable between a first position and a second position, means for
      activating the automobile ignition system when the key barrel is in either
      the first or second position, so the automobile engine will be operative
      in either the first or second position of the key barrel, a message device
      in the interior of the automobile, the message device comprising a tape
      player including forward tape drive means and tape rewind means, and
      further including means for activating the forward tape drive means when
      the key barrel is in the first position, and means for activating the tape
      rewind means when the key barrel is in the second position.
NUM  2.
PAR  2. A system according to claim 1 in which the tape player includes means
      for receiving a removable tape cartridge having an appropriate message
      recorded on it.
NUM  3.
PAR  3. A system according to claim 1 in which the tape rewind means completely
      rewinds the taped message after the key barrel has moved from the first
      position.
NUM  4.
PAR  4. A system according to claim 1 in which the key barrell is movable
      automatically from a start position, which actuates the automobile starter
      motor, to the first position, and is movable manually from the first
      position to the second position, so the message device is automatically
      activated after the automobile is started.
NUM  5.
PAR  5. A system according to claim 1 which further includes an audible warning
      device, means for activating the audible warning device when the key
      barrel is in the first position, and means for deactivating the audible
      warning device when the key barrel is in the second position.
NUM  6.
PAR  6. A system according to claim 1 which further includes a visible warning
      device, means for activating the visible warning device when the key
      barrel is in the first position, and means for deactivating the visible
      warning device when the key barrel is in the second position.
NUM  7.
PAR  7. A system for providing a taped message in an automobile having
      electrical circuit means for conducting electric current for starting or
      running the automobile engine, the system comprising a key-operated
      ignition switch electrically connected to said electrical circuit means
      and having a key barrel which is movable between a first position and a
      second position, the ignition switch conducting electrical current for
      starting or running the engine when the key barrel is in either the first
      or second position, tape player means in the interior of the automobile
      including forward tape drive means and tape rewind means each electrically
      connected to the electrical circuit means, means for conducting electric
      current to the forward tape drive means when the key barrel is in the
      first position, and means for conducting electric current to the tape
      rewind means when the key barrel is in the second position.
NUM  8.
PAR  8. A system according to claim 7 in which the tape rewind means completely
      rewinds the taped message after the key barrel is moved to the second
      position.
NUM  9.
PAR  9. A system according to claim 7 in which the electrical circuit means
      includes an automobile engine starter motor, and in which the key barrel
      is movable automatically from the first position, which activates the
      automobile starter motor, to the second position, in which the automobile
      engine is running, the electrical current being conducted to the tape
      player when the key barrel is in the start position.
NUM  10.
PAR  10. A system according to claim 7 which further includes an audible warning
      device, means for activating the audible warning device when the key
      barrel is in the first position, and means for deactivating the audible
      warning device when the key barrel is in the second position.
NUM  11.
PAR  11. A system according to claim 7 which further includes a visible warning
      device, means for activating the visible warning device when the key
      barrel is in the first position, and means for deactivating the visible
      warning device when the key barrel is in the second position.
NUM  12.
PAR  12. A system according to claim 7 in which the tape player includes means
      for receiving a removable tape cartridge having a selected message
      recorded on it.
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ABST
PAL  A liquid level reduction alarm device for a braking liquid reservoir vessel
      in communication with a brake master cylinder wherein the reservoir is
      closed at its upper open end by an elastic cover member and an elongated
      hollow case member is suspended from the cover member into the interior
      space of the reservoir a magnetically operated reed switch is mounted
      within the interior of the case member and connected with an alarm circuit
      including an alarm lamp.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a liquid level reduction alarm device for a
      liquid reservoir vessel kept in liquid communication with a braking master
      cylinder, preferably in automotive use and adapted for delivery of alarm
      signal to the vehicle driver, if the liquid level in the reservoir vessel
      should reduce to an excessive degree, so as to warn him to replenish the
      brake oil.
PAR  It is a main object of the present invention to provide a substantially
      shock-proof electric and built-in alarm system highly effective in the
      aforementioned field of engineering.
PAR  A further object is to provide an effective alarm system of the above kind
      which is operable magnetically and automatically responsive to the liquid
      level contained in the reservoir vessel.
PAR  A still further object is to provide an alarm system of the above kind
      which is highly effective to avoid misoperation caused by outside vehicle
      shocks.
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following detailed description of the
      invention by reference to the accompanying drawing illustrative of a
      preferred embodiment of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single DRAWING is a partially sectioned elevational view of a preferred
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the following, a preferred embodiment of the invention will be described
      in detail by reference to the accompanying drawing.
PAR  Numeral 1 represents an automotive master cylinder having a rigid branch
      neck 1a through which the interior space of the master cylinder is kept in
      fluid communication with interior space 4 of a liquid reservoir 2 rigidly
      connected with the branch neck. The open upper end of reservoir 2 is
      closed by a cap member 3 which is made preferably of a plastic material as
      shown. The space 4 is partially filled with a braking liquid, preferably
      oil as shown at 5.
PAR  The cap member 3 is attached fixedly, yet detachably at the flanged top end
      2a of the reservoir vessel 2 in the form of a tongue-and-groove
      connection. The cap member is provided at its center portion with a hollow
      cylindrical depending projection 3a to which a depending elongated case
      member 6 is fixedly, yet detachably attached. This case member has an open
      upper enlarged and flanged end and a closed lower end, said upper end
      being attached fixedly, yet detachably, to the said depending projection
      3a at a tongue-and-groove connection 15.
PAR  Within the interior space of the case member 6, a reed switch 7 is arranged
      which comprises a pair of switching contacts 7a and 7b, while the upper
      open end of the case member is sealingly closed by means of a lead-in
      insulator plug 6a through which lead-in conductors 11a and 11b
      electrically and mechanically are connected with said contacts 7a and 7b,
      respectively, so as to establish an electric circuit including these
      contacts and to fixedly position the reed switch 7 as a whole.
PAR  A ring float 9 carrying at its inner periphery a permanent ring magnet 8
      and freely enclosing the said case member 6 is floating on the free liquid
      surface of said braking liquid mass 5. The reed switch 7 and the permanent
      ring magnet 8 are so designed and arranged that when the quantity of
      liquid 5 is of the predetermined value, the switch 7 is magnetically
      closed from its normally open position and in addition it is kept at its
      closed position even when the liquid quantity reduces from the
      predetermined optimum value and by virtue of the magnetic force of the
      permanent magnet 8. For this purpose, the case member 6 is provided with a
      stop member 10 at a proper level for preventing excess lowering movement
      of the float 9. The stop member 10 may be provided, if necessary, on the
      inside wall surface of the strainer vessel 14 having a straining material
      at 14' and fixedly attached at its upper end portion to the inside wall of
      the reservoir vessel 2.
PAR  The lead-in conductors 11a and 11b extend and complete a electric circuit
      including a current source 12 and an alarm lamp 13 series-connected
      therewith, and further the reed switch contacts 7a and 7b as referred to
      hereinbefore. Thus, when the reed switch 7 is closed, the lamp 13 ignites.
PAR  The cap member 3 is formed at its center top with an inlet opening 16
      through which oil can be supplemented when necessary. The thus introduced
      oil will flow down through a passage opening 17 formed between the
      depending projection 3a and the upper end portion of the case member 6,
      and then it flows along the upper curved surface of a guide ring
      projection 18 made integral with the case member 6. In this way, the
      supplemented oil can be introduced into the interior space of the strainer
      vessel 14 which communicates with the outer ring space of the reservoir
      vessel 2 through the strainer element 14' adapted for preventing foreign
      matters included in the supplemented oil from reaching the hydraulic
      braking system, not shown, which includes the master cylinder 1 as
      commonly known.
PAR  Numeral 19 represents a dust-preventing cover which is detachably attached
      to the cap member 3 for protecting the inlet opening 16. When oil is to be
      supplied, the cover 19 must be removed and when the oil-replenishing job
      has been finished, the cover is reset in position.
PAR  It will be therefore well understood from the foregoing description that
      when the reservoir vessel 2 is filled with oil more than the predetermined
      minimum value, the reed switch 7 is opened so that current does not flow
      through the lamp 13 which is thus extinguished.
PAR  On the contrary, if oil quantity is reduced from the predetermined value
      and by the lowering movement of the float 9, permanent magnet 8 approaches
      towards the switch 7, thereby the latter being switched on, so as to
      ignite the lamp 13.
PAR  If the oil should be reduced excessively from the predetermined liquid
      level, an excessive lowering motion of the float 9 where the magnetic
      fluxes emanating from the permanent magnet became too much weak to keep
      the reed switch at its closed position is positively prevented from
      occurrence, by the engagement of the float with the stop member. In this
      way, and even under excessive reduction of the oil level, the switch 7
      will maintain its closed state and the lamp 13 continues to ignite for
      alarming.
PAR  Since the case member suspended from the cap member and has an elastic
      nature, and thus in an elastic manner, the contained lead switch is
      prevented from outside shock arriving from the vehicle chassis side.
      Otherwise, the normally open switch elements of the reed switch may be
      accidentarily closed by severe outside mechanical shocks so as to ignite
      erronously the alarm lamp. Under extreme and occasional conditions, the
      switch elements may be removed from each other far from the prescribed
      distance, when subjected to severe mechanical shocks. In this case, even
      when the liquid level should be lowered from the prescribed one, the reed
      switch can not be closed by the magnetic force. According to this
      invention, however, such defects may be prevented in an effective way.
PAR  The aforementioned alarm lamp may be replaced, if necessary, by an audio
      alarm means such as a buzzer.
PAR  If a large amount of oil should be supplemented, the cap member, the case
      member and the float can be removed from the reservoir vessel, and then
      the oil can be introduced into the interior of the strainer vessel.
      Normally, the passage 17 and opening 16 may serve as air vent which is
      effective to compensate with the liquid level fluctuation which occurs
      during the service of the automotive braking system.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are as follows:
NUM  1.
PAR  1. A liquid level reduction alarm device for a braking liquid reservoir
      vessel kept in liquid communication with a brake master cylinder, said
      reservoir vessel being closed at its upper open end by an elastic cap
      member from which a case member is suspended to extend into the interior
      of the reservoir, said case member receiving a magnetically operated reed
      switch electrically connected through said cap member to an alarm circuit.
NUM  2.
PAR  2. The liquid level reduction alarm device of claim 1, wherein a ring float
      carrying a permanent magnet is arranged slidably along the case member,
      the position of the float depending upon the liquid level of oil contained
      in the reservoir vessel.
NUM  3.
PAR  3. The liquid level reduction alarm device of claim 2, wherein a stop means
      is provided on said case member for engagement with said ring float to
      prevent excess lowering movement of the float.
NUM  4.
PAR  4. The liquid level reduction alarm device of claim 3, wherein said cap
      member is formed with an opening to allow communication of the chamber
      defined by said reservoir vessel and said cap member with the exterior of
      said chamber.
NUM  5.
PAR  5. The liquid level reduction alarm device of claim 4, further including a
      cover member detachably mounted on an outer surface of said cap member for
      covering said opening.
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ABST
PAL  An audio-tachometer system including an electronic tachometer having a
      first pointer for indicating engine speed, and a second pointer that is
      manually settable to a desired engine speed for shifting gears, wherein
      the engine speed corresponds to the speed at which the second pointer is
      set, an electrically conductive edge of the first pointer will bridgeably
      interconnect a pair of contacts mounted upon the second pointer to close
      an electrical circuit and thereby supply power to energize a signal means,
      e.g., audio tone generator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is generally related to tachometers for
      indicating engine speed, and is more specifically related to tachometer
      systems which emit an audible signal when a desired engine speed is
      attained.
PAR  In auto racing, drag racing, or other vehicle operation, wherein the
      attainment of maximum speed or optimum efficiency is desired, the
      transmission of the vehicle must be shifted at specific engine speeds. A
      driver of such a vehicle must monitor a tachometer to insure that he
      shifts the gears at optimum engine speeds. If the tachometer provides only
      visual indications of speed, the driver is distracted from observing the
      roadway in order to monitor the tachometer. Thus, for both safe and
      efficient operation of such vehicle, it is therefore desirable that the
      driver be given a signal indicating the proper time to shift gears, where
      thereby avoids distracting him from observing the roadway. An audible
      signal is ideally suited for that purpose.
PAR  A number of tachometer systems have been devised in the prior art for
      emitting an audible "alert" signal, when an engine has attained a specific
      speed. For example, Magid, U.S. Pat. No. 2,728,072, discloses a
      speedometer having an uninsulated speedometer needle 4 electrically
      grounded through a hair spring 8, the needle being movable to indicate
      vehicle speed upon a dial graduated in miles per hour. A contact member 18
      is rotatably mounted on a shaft 16, wherein the contact 18 also serves as
      a pointer to permit it to be manually set at a desired speed. A free end
      of the pointer like contact member 18 is bent ninety degrees from its
      longitudinal axis, the free end being bent into the path of travel of the
      needle 4. When the needle 4 moves to the vehicle speed graduation at which
      contact 18 has been set, an edge portion of the needle 4 will engage the
      bent end of the contact member 18 to provide a ground path for an external
      circuit. Upon engagement of the needle 4 and contact member 18, current
      will flow from the external circuit, through the contact member 18, the
      needle 4, a shaft 6 to which the needle is attached, a hairspring 8 also
      attached to the shaft 6, and from the hairspring to ground. The external
      circuit includes an electrical buzzer 26, which is energized whenever
      needle 4 engages contact member 18, whereupon an audible buzz is emitted
      from the buzzer 26 to alert a driver that the vehicle has attained the
      speed at which contact member 18 is set.
PAR  The Magid patent also discloses a tachometer, as shown in FIG. 6, which is
      similar in construction to his speedometer, but includes two manually
      settable contact members 62 and 66 for engaging a needle 68 at different
      times to complete a ground path for an external circuit whenever the
      engine speed drops to a magnitude equal to that indicated by contact
      member 62, or increases in speed to a magnitude equal to or greater than
      that indicated by contact member 66. The Magid patent further discloses
      the use of a microswitch as his contact means, or the use of photoelectric
      means, in cooperation with a meter needle.
PAR  Baron, U.S. Pat. No. 2,963,694, discloses a speed alarm for vehicles
      including a cable driven speedometer having a manually settable pointer 32
      mounted upon a mounting block 30. The mounting block 30 is rotatably
      mounted upon a shaft 24. A cantilever-like contact carrying member 36 has
      an end rigidly attached to the mounting block 30. The free end of the
      contact carrying member 36 has a button contact 38 rigidly mounted
      thereto. The speedometer also has a speed indicating needle 46 mounted
      upon another mounting block 44, the mounting block 44 being rigidly
      affixed to shaft 24. Also, another contact carrying member 42 is rigidly
      attached at one end to block 44 and has a button contact 40 attached to
      its free end. The contact carrying members 36 and 42 are aligned so that
      when their respective manually settable pointer 32 and needle 46 are
      indicative of identical vehicle speeds, their respective contacts 40 and
      38 are closed upon one another thereby completing a series electrical
      circuit including a bell, whereupon the bell is energized to provide an
      audible signal to the vehicle driver indicating that a certain vehicular
      speed has been attained.
PAR  Prior art audio tachometer systems are characterized by a number of
      drawbacks, depending upon the system design. For instance, such systems
      utilizing cable and gear driven tachometers tend to be inaccurate due to
      backlash in the gearing and cable.
PAR  Systems using tachometers having driven needle or pointer speed indicators,
      which incorporate an electrical contact assembly with the driven needle
      must supply an inordinate magnitude of rotational force to the needle
      speed indicator and contact assembly to move the composite assembly to the
      dial graduation which indicates the actual engine speed. Such systems
      suffer from poor response time to abrupt changes in the speed of the
      engine, decreased reliability due to the extra wear upon moving parts, and
      increased assembly costs. Reliabilty is also decreased by the continual
      flexing of the wire connected to the electrical contact assembly that must
      move back and forth as the speed indicating needle moves in accordance
      with the changes in the engine speed.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, with the problems of the prior art given above taken into
      consideration, it is a significant object of this invention to provide an
      improved audio tachometer system.
PAR  Another object is to provide an audio tachometer system including a
      tachometer having a speed indicating pointer of low mass.
PAR  A further object is to provide an improved and simplified audio tachometer
      system.
PAR  A still further object is to provide an audio tachometer system having
      improved accuracy and reliability thereby enabling the motor vehicle
      operator to operate his vehicle most efficiently and economically.
PAR  To accomplish the above objects, the audio tachometer system includes an
      electronic tachometer having a speed indicating pointer with an
      electrically conductive edge to bridgeably interconnect two elongated
      electrical contacts affixed to manually settable pointer. Whenever the
      indicating needle rotates to the engine speed position of the settable
      pointer, an electrical circuit is then completed thereby energizing an
      audio tone generator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following detailed description of the invention,
      as illustrated in the accompanying drawings, wherein like items are
      designated by the same numeral, in which:
PAR  FIG. 1 illustrates the interconnection of a prior art electronic tachometer
      to a vehicle's electrical system;
PAR  FIG. 2 illustrates the interconnection of the audio tachometer system of
      the invention to a vehicle's electrical system;
PAR  FIG. 3 is a frontal view of the tachometer included in the audio tachometer
      system of the invention;
PAR  FIGS. 4(a) and (b) are edge views of the engine speed indicating pointer,
      and the manually settable pointer, respectively, of the audio tachometer
      system of the invention; and
PAR  FIGS. 5 (a) and (b) show the speed indicating pointer of the tachometer of
      the invention in non-bridging and bridging positions respectively, with
      the contacts of the manually settable pointer as viewed from the back of
      the tachometer.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Prior art electronic tachometer systems merely required, as shown in FIG.
      1, the interconnection of the tachometer 11 between a source of power such
      as the vehicle battery 13 and vehicle ground, and to a source of pulses
      having a pulse repetition frequency analogous to the engine speed such as
      the terminal of the ignition coil 15 that is wired to the points of the
      vehicle distributor.
PAR  The subject invention with reference to FIG. 2, includes a modified
      electronic tachometer 17 and an audio tone generator 19. The audio tone
      generator 19 can be interconnected between the modified tachometer 17 and
      the vehicle ground. Similar to the prior art electronic tachometer 11, the
      modified electronic tachometer 17 is interconnected to a power source such
      as the vehicle battery 13, the vehicle ground, and to a source of pulses
      having a pulse repetition frequency analogous to the engine speed.
PAR  The modified electronic tachometer 17 is illustrated in FIG. 3, and
      includes a bezel 18, a dial plate 20, a speed indicating pointer 21, a
      manually settable pointer 23 and a knob 25 for setting the manually
      settable pointer 23 to a desired engine speed. Numerals 27 and graduations
      28 are printed on dial plate 20 to provide markings for measuring engine
      speed. The speed indicating pointer 21 is mounted between the dial plate
      20 and settable pointer 23.
PAR  The knob 25 may be secured to the manually settable pointer 25 and a clear
      face plate (not shown), the face plate being located between the outer
      knob 25 and the inner settable pointer 23. Also, speed indicating pointer
      21 may be secured to the drive means of the tachometer 17 in any one of a
      number of ways well known in the prior art.
PAR  As illustrated in FIG. 4(a), the speed indicating pointer 21 has an
      electrically conductive edge or edge portion 22. The speed indicating
      pointer 21 may be fabricated from an electrically conductive material with
      at least edge portion 22 left uninsulated. If desired, the speed
      indicating pointer 21 can also be fabricated from a non-electrically
      conductive material with edge portion 22 made electrically conductive by
      an appropriate coating, impregnation, inlay, or coverings utilizing any of
      the method known in the prior art.
PAR  FIG. 4(b) shows an edge view of the manually settable pointer 23. Two
      elongated electrical contacts 29 and 31 are rigidly secured at their ends
      to the upper portion of the inner transverse face of the settable pointer
      23, near the edge of the settable pointer 23 that normally faces away from
      the conductive edge portion 22 of the indicating pointer 21 (see FIG. 3).
      The contacts 29 and 31 are electrically isolated from one another, and
      vertically juxtaposed. FIG. 3 clearly shows the relation of the conductive
      edge 22 of indicating pointer 21 to the elongated contacts 29 and 31 of
      the settable pointer 23. Two wires 33 and 35 are individually connected to
      electrical contacts 31 and 29 respectively. The wires 33 and 35 are each
      secured to the inner transverse face of the manually settable pointer 23
      in an appropriate manner.
PAR  An audio tone generator 19 is connected between the other end of wire 33
      and the vehicle ground or power source return. The power source is
      preferably the vehicle battery 13. The other end of wire 35 is connected
      to the power source.
PAR  In operation, the speed indicating pointer 21 is rotated to the dial plate
      20 graduation 28 indicative of the engine speed of the vehicle at a given
      time. It is assumed that the manually settable pointer 23 has been
      previously set to a desired engine speed by manually rotating knob 25.
PAR  If the engine speed is less than the engine speed to which the usually
      settable pointer 23 has been set, the conductive edge 22 of the indicating
      pointer 21 will not bridge the electrical contacts 29 and 31 of the
      settable pointer 23 (see FIG. 5(a)). However, when the engine speed
      increases to a speed that is equal to or greater than the engine speed to
      which the manually settable pointer 23 has been set, the speed indicating
      pointer 21 will rotate to a position where it will be overlapped by
      settable pointer 23 wherein the conductive edge 22 of the speed indicating
      pointer 21 will bridge the electrical contacts 29 and 31 of the settable
      pointer 23 (FIG. 5(b)). When the bridging occurs, the power source or
      battery 13 will be interconnected through a series circuit including wire
      33, contact 29, the electrically conductive edge 22, contact 31, and wire
      33 to the power input terminal 18 of the audio tone generator 19 whereupon
      the tone generator will be energized to emit an audible tone. The tone
      emitted by the generator 19 will alert the driver of the motor vehicle
      that the engine has reached a desired speed or shifting point.
PAR  Although one particular embodiment and use of the subject invention has
      been described, it is not intended that the invention be so limited. As is
      evident to one skilled in the art, many other uses and embodiments of the
      invention are rendered obvious by the above detailed disclosure within the
      scope and spirit of the invention. For example, the audio tone generator
      19 could be replaced by or used in conjunction with signal lights. Also,
      the meter switch means including the indicating pointer 21 with a
      conductive edge 22 and the manually settable pointer 23 could be used in
      any other meter system incorporating a means for moving a pointer to a
      given scale graduation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An audio tachometer system comprising:
PA1  an electronic tachometer including a first pointer and a second pointer,
      said first pointer being indicative of engine speed, said second pointer
      being manually settable to a desired engine speed;
PA1  an audio tone generator having a voltage input terminal;
PA1  a voltage source;
PA1  a pair of electrical contacts, each being electrically isolated form the
      other and rigidly mounted upon said second pointer, one of said contacts
      being interwired to said voltage source, the other of said contacts being
      interwired to said voltage input terminal of said audio tone generator;
      and
PA1  electrically conductive means upon said first pointer for bridgeably
      interconnecting said pair of contacts whenever said first pointer is
      positioned at the engine speed indicated by the second pointer, thereby
      interconnecting said voltage source to said voltage input terminal of said
      audio tone generator to energize said tone generator.
NUM  2.
PAR  2. The audio tachometer system of claim 1, wherein each one of said pair of
      electrical contacts are shaped, dimensioned and oriented to extend from a
      transverse face of said second pointer, so as to be within the path of
      travel of said electrically conductive means upon said first pointer, and
      are juxtapositioned one to the other.
NUM  3.
PAR  3. The audio tachometer system of claim 1, wherein said electrically
      conductive means upon said first pointer is an uninsulated edge of said
      first pointer, said first pointer being fabricated from an electrically
      conductive material.
NUM  4.
PAR  4. The audio tachometer system of claim 1, wherein said electrically
      conductive means upon said first pointer is an electrical conductor
      rigidly mounted along its length to an edge of said first pointer, said
      conductor being uninsulated along its length.
NUM  5.
PAR  5. The audio tachometer system of claim 1, which further includes a pair of
      flexible wires, each one of said pair of wires having a portion rigidly
      attached to said second pointer, said pair of flexible wires being used to
      electrically connect said pair of contacts to said voltage source and to
      said voltage input terminal of said audio tone generator, respectively.
NUM  6.
PAR  6. A tachometer system comprising:
PA1  an electronic tachometer including a first pointer and a second pointer,
      said first pointer being indicative of engine speed, and said second
      pointer being manually settable to a desired engine speed;
PA1  means for providing a signal, said signal means having a voltage input
      terminal:
PA1  a voltage source;
PA1  a pair of electrical contacts, each being electrically isolated form the
      other and rigidly mounted upon said second pointer, one of said contacts
      being interwired to said voltage source, the other of said contacts being
      interwined to said voltage input terminal of said signal means; and
PA1  electrically conductive means upon said first pointer for bridgeably
      interconnecting said pair of contacts whenever said first pointer is
      positioned at the engine speed indicated by the second pointer, thereby
      interconnecting said voltage source to said voltage input terminal of said
      signal means to energize said signal means.
NUM  7.
PAR  7. The tachometer system of claim 6, wherein each one of said pair of
      electrical contacts are shaped, dimensioned, and oriented to extend from a
      transverse face of said second pointer, so as to be within the path of
      travel of said electrically conductive means upon said first pointer, and
      are juxtapositioned one to the other.
NUM  8.
PAR  8. The tachometer system of claim 6, wherein said electrically conductive
      means upon said first pointer is be uninsulated edge of said first
      pointer, said first pointer being fabricated from an electrically
      conductive material.
NUM  9.
PAR  9. The tachometer system of claim 6, wherein said electrically conductive
      means upon said first pointer is an electrical conductor rigidly mounted
      along its length to an edge of said first pointer, said conductor being
      uninsulated along its length.
NUM  10.
PAR  10. The tachometer system of claim 6, which further includes a pair of
      flexible wires, each one of said pair of wires having a portion rigidly
      attached to said second pointer, said pair of flexible wires being used to
      electrically connect said pair of contacts to said voltage source and to
      said voltage input terminal of said signal means, respectively.
NUM  11.
PAR  11. The tachometer system of claim 6, wherein said means for providing a
      signal includes an audio tone generator.
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ABST
PAL  An emergency alarm system for automobiles for signalling passerbys and
      police that the driver or the occupant of the car needs immediate help due
      to a sudden attack of illness, heart trouble, stroke, or intrusion by
      burglars or other criminals is described. The system comprises an alarm
      and light-flashing device actuated by manually-operated switches located
      at various readily-accessible parts of the car, or triggered automatically
      from an alarm-triggering device carried on the shirt pocket of the car
      driver or occupant. The system also serves to keep the driver awake during
      a long-distance and tiresome driving trip by intermittently sounding an
      alarm contained in a driver's cap and connected to the present emergency
      alerting system, when the driver has the tendency to become drowsy.
BSUM
PAR  The present invention is related to safety and security alarm systems and
      more particularly it is concerned with a system for alerting from an
      automobile other people, passerbys, and observers that the driver or an
      occupant of the car is in trouble arising from failure of his car engine,
      or he is in danger due to sudden attack of illness, or to some criminal
      act taking place in the car and the occupant is in need of emergency help
      from passerbys, police, or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Every driver, one time or another, finds himself or herself faced with car
      trouble, physical illness that prevents him from continuing his travel,
      assault by criminals, or emergency driving at a faster speed at a zone
      than the law permits, in order to get his occupant to a hospital. Most of
      the presently manufactured cars have flashing lights that can be turned on
      at four corners of the car while the car is parked at one side of the road
      with the driver waiting for help from others. For emergency driving to a
      hospital, the driver at times turns on his headlights and blows his car
      horn and speeds his car to his destination; the procedure may not even be
      legal in some or most of the States because of the danger of collision
      with other cars due to speeding.
PAR  While these methods may help the driver in alleviating the emergency state,
      they do not insure his safety and the safety of the other drivers and
      pedestrians. For instance, when parked on a side of a freeway or a road
      with his flashing lights on, the driver cannot convey the intent of his
      parking to other drivers or observers; he may be reading a news item from
      a newspaper, studying a road map, removing some needed objects from his
      glove compartment, or possibly needing a mechanic, a policeman, or other
      help. Since the reason for the driver's parking is not known, almost no
      one stops to investigate if there is any need for help.
PAR  Thus the drivers park on the side of a road for numerous reasons, and one
      of the most critical reasons is the driver's or the occupant's safety
      which must be informed to the drivers of the passing cars or police, when
      help is needed. Certain of the daily car drivers are inflicted with
      various illnesses, such as heart trouble, fainting spells due to diabetic
      condition, or a sudden stroke. A parked car may have its occupant
      undergoing an assault and battery by a criminal; the latter condition may
      also occur in various city parking lots without the knowledge of the
      public until the crime has been comitted and the criminal has escaped.
      These and other incidents are being reported every day in newspapers, on
      the radio or television.
PAR  It should therefore be recognized that continuous flashing of the car
      lights, if the emergency permits the victim to turn on his lights, while
      the car is parked on a road, freeway, or parking lot of a supermarket,
      city library, or even in a private parking lot, is not a safe measure for
      obtaining help when essential to the safety of a car driver or a car
      occupant. Thus, having scrutinized these problems and conditions under
      which they occur and the ineffectiveness of the mere flashing of the car
      lights to bring help, the present invention has been devised to eliminate
      the disadvantages of the present method of flashing light to obtain help.
      The invention has only a single emergency alerting system which is visible
      as well as audible for nearly a mile at daytime and somewhat farther at
      nighttime. The system flashes a bright red light with letters HELP on its
      display panel together with a high-dB alarm sounds in synchronism with
      each flash of the red light, thus ensuring that the car driver or the
      occupant of the car needs help from others outside of the car.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is related to my copending application on an Alarm
      System for Signalling for Emergency Help, Ser. No. 503,446, filed Sept. 5,
      1974, which has received final action pending issuance of a Notice of
      Allowance, the principal difference residing in the present system is its
      exclusive application and construction for use on passenger cars and
      trucks. The invention is a security system for alerting other people that
      the occupant of the car is in need of some type of help, whether it is car
      trouble or physical danger. It comprises a display unit with a housing
      adapted to be mounted on the trunk lid of a car or at a suitable location
      that is easily visible to passerbys from a distance, a flashing light
      source in said housing, a transparent front panel having the letters HELP
      die-cut through one layer of the panel, a red and transparent sheet of
      plastic disposed behind the word HELP and a prismatic lens plate over the
      word HELP, whereby when the light flashes, the word HELP radiates a red
      light and at the same time a loud alarm sounds to alert other people. When
      the system is not operating, the word HELP is invisible because of the
      total internal reflection of the ambient light due to the prismatic nature
      of the lens plate, with the prismatic side of the plate facing the red
      sheet.
PAR  The flashing light source, consisting of electric lamps for the display,
      and the alarm device are energized from the car's battery connected
      thereto through a plurality of cables terminating in normally open-circuit
      switches implanted at various accessible points of the car's interior. The
      system receives energizing current from the cables already connected to
      the cigaret receptacle of the car, without affecting the cigaret-lighter
      operation. The system circuit is also provided with receptacles (telephone
      jacks) built into the instrument panel of the car during manufacture
      thereof; these jacks are for use with two other car accessories, to be
      described.
PAR  The two accessories referred to are a sleep-preventive cap and an
      illness-alerting device, each of which plugs into the respective jack
      especially provided on the instrument panel (dashboard) during manufacture
      of the car. The sleep-preventive cap contains an alarm means, such as a
      small buzzer, and a position-sensitive electric switch (mercury switch),
      which becomes actuated when the driver, wearing the cap and having plugged
      the cable therefrom into the respective jack on the dashboard, begings to
      become drowsy while driving. The driver's head tilts forward, closing the
      mercury switch and thereby energizing the alarm means to arouse the
      driver. The illness-alerting device is also provided with a
      position-sensitive switch means contained in a sealed receptacle which is
      carried, for example, in the shirt pocket of a driver and positioned in an
      upright position therein. The position-sensitive switch in the upright
      position is in an electrically open state. A cable extends from the
      position-sensitive switch means and terminates in a plug which inserts
      into the respective jack on the dashboard. When the wearer of the device
      faints or falls to one side due to a sudden illness or stroke, the
      position-sensitive switch closes, energizing the light display unit with
      the intermittent alarm in synchronism with the flashing light, the light
      displaying the word HELP on the display unit during each successive
      flashing of the light.
PAR  To achive these functions, a principal object of the invention is to
      provide a display unit on an easily noticeable part of a car, said display
      unit having an illuminable front panel externally visible to other cars or
      persons nearby.
PAR  A further object of the invention is to provide the display unit with a
      display panel containing the word HELP illuminated from the interior of
      the display unit by means of one or more electric lamps with a flasher
      connected in series therewith, and the display panel, a red optical grade
      plastic sheet interposed between the electric lamp and the plastic front
      panel plate, thereby radiating a red signal in the form of the word HELP.
PAR  Another object of the invention is to provide an alarm device connected in
      parallel with the electric lamp, said alarm device becoming actuated in
      synchronism with the flashing word HELP, thereby catching the attention of
      the passerbys.
PAR  A still another object of the invention is to provide a plurality of
      switches permanently installed in various parts of the interior sides of
      the car so that any one switch is easily accessible to the occupant from
      any part of the car during an emergency as described hereinabove.
PAR  A further object of the invention is the provision of two separately
      located jacks in the dashboard of the car, one of which jacks being used
      for insertion of a plug with a cord extending from an illness-alerting
      device worn by the driver or the occupant of the car, and the other jack
      being connected through a plug with a cord to a sleep-preventive cap means
      worn by the driver during a long-distance driving.
PAR  Another object of the invention is to provide a motor-driven acoustic means
      having a prerecorded magnetic tape or an acoustic memory means to
      intermittently sound the word HELP at a high dB each time the word HELP is
      illuminated by the electric lamp in the display panel.
PAR  A still other object of the invention is to energize the entire emergency
      alerting system with its accessory devices from the battery of the car by
      connection of the system to the wires carrying current to the
      cigaret-lighter receptacle of the car.
PAR  One other object of the invention is to provide such a system as
      hereinabove described in a self-contained assembly unit for use on cars
      which are already manufactured without being equipped with said system, by
      the provision of an alarm and light-display unit attachable by
      pressuresensitive adhesive to the dashboard of the car and a display unit
      with suction cups attachable to the body of the car externally thereto,
      the system having a single plug member for insertion into the
      cigaret-lighter receptacle to receive current therefrom.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      specification taken in conjunction with the accompanying drawing, in
      which:
PAR  FIG. 1 shows the built-in emergency display unit on a car equipped during
      manufacture thereof.
PAR  FIG. 2 shows the schematic circuit diagram of the entire emergencyalerting
      system.
PAR  FIG. 3 is the sleep-preventive cap means with a cord terminating in a plug
      which is adapted to be inserted into the respective jack.
PAR  FIG. 4 is the position-sensitive switch means for illness-alerting scheme
      to be employed in the system.
PAR  FIG. 5 is the alarm-actuating device (with front panel removed for
      illustration) for the sleep-preventive cap means.
PAR  FIG. 6 is the perspective view of the HELP indicating display unit prior to
      the installation thereof on a car during manufacture.
PAR  FIG. 7 is the front panel view of the display unit.
PAR  FIG. 8 is a sectional view of the front panel of the display unit.
PAR  FIG. 9 is a schematic view of the acoustic device that sounds HELP in
      spoken words intermittently with each flash of the electric lamp disposed
      within the display unit, the acoustic device being a modification of the
      horn shown in FIG. 2.
PAR  FIG. 10 is a self-contained emergency-alerting system attachable to any car
      already manufactured without being equipped with the present alerting
      system.
PAR  FIG. 11 shows the configuration of the interchangeable front panel.
DETD
PAR  Referring to the drawing, FIG. 1 shows the emergency-alerting display unit
      1 mounted on the trunk lid of a car at a suitable and visible section
      thereof during manufacture of the car at the factory. The unit has a
      housing 2 with a display front panel 4, which consists of a red plastic
      sheet 6, a template 8 with die-cut letters spelling the word HELP therein,
      and a prismatic plastic sheet 10; the dimensions of the front panel 4 is
      preferably 4 inches high and 10 inches long typically. The design of the
      plastic prismatic lens plate 10 is selected so that when the device is not
      operating the letters HELP are invisible to prevent false indication of an
      emergency help. Other words, such as EMERGENCY, DISTRESS, DANGER, WARNING,
      and similar notifying words can be used as emergency-signals in the
      display panel, if desired. When the system display housing is built into a
      car at the factory, as shown in FIG. 1, the housing 2 tapers in its
      posterior section so as to form a triangular side wall; this design
      eliminates any possible obstruction from the rear view of the driver. The
      dotted lines indicating HELP on the display panel shown in FIG. 7 are only
      illustrative and are invisible until the display panel is illuminated by
      the electric lamp or lamps disposed within the housing 2.
PAR  FIG. 2 represents the entire schematic circuit diagram of the system with
      its attachment points to the car instrument panel 12 and to the sides of
      the car. Numeral 13 points to the cigaret-lighter receptacle on the
      dashboard. The instrument panel (dashboard) 12 also contains a jack 14 for
      connection to the illness-alerting switch mechanism 16 (FIG. 4), and
      another jack 18 for connection to the sleep-preventive cap means 20, shown
      in FIG. 3. The illness-alerting switch mechanism 16 is provided with a
      housing 17 which includes therein a position-sensitive switch (mercury
      switch) 22 sealed therein in an upright position so that if by any
      unsuspected manner the glass envelope of the mercury switch 22 breaks no
      mercury can spill out therefrom, for safety of the user. The front wall of
      the housing 16 is removed in FIG. 4 to illustrate the position of the
      mercury switch. The lower electrode 24 is longer than the upper electrode
      26 so that when the housing 17 is held upright (normal position) in a
      vertical plane the mercury contacts the lower electrode 24 only, thus
      maintaining an open circuit therein. The electrodes 24 and 26 terminate in
      a normally open push-on push-off pushbutton switch 28 at the upper wall of
      the housing 17; a double-wire electric cord 29 extends from push-button
      switch 28 to a plug member 30 at the termination of the core 29. During
      use the plug member 30 is inserted into jack 14. When the wearer of the
      switch mechanism 16 falls on one side of the car seat, the mercury switch
      22 tilts with respect to the vertical plane (of the car), causing the two
      electrodes 24 and 26 to become electrically connected. This action
      triggers the emergency-alerting system to operation. Therefore, the switch
      mechanism 16 operates merely as an automatic switch when the wearer faints
      and falls to one side due to some illness, or inclines sideways due to a
      criminal assault thereupon by an intruder. Declination of the switch
      mechanism 16 at any angle from the vertical plane (of the car) will
      actuate the mercury switch 22.
PAR  The cap member 20 used for the prevention of dozing during driving a car
      comprises a golfer's cap with holes 32 for circulation of air
      therethrough, a support member or enclosure 33 which includes an alarm
      device 34 and a mercury switch 36 connected in series with the alarm
      device 34. A lead 38 from the alarm device 34 and a lead 40 from the
      mercury switch 36 connect to a double-wire cord 42 which terminates in an
      electric plug member 44. The enclosure 33 is attached to the cap member 20
      with a bolt and nut attachment through the holes 32 and 46, and 48 and 49.
      The enclosure 33 may be an arcuate sheet of plastic with the mercury
      switch 36 and the alarm means 34 attached thereto by means of an adhesive
      tape or similar attaching means. Attached to the cap member 20 these
      components are positioned between the cap member 20, at the anterior side
      thereof, and the plastic enclosure; thus no part of the plastic enclosure
      is exposed to or touches the head of the wearer, since the front portion
      of the cap member 20 is usually provided with more cap material than the
      rear portion, whereby a reasonably large cavity is formed therein to
      conveniently accommodate the switch-and-alarm assembly therein. The plug
      member 44 is inserted into the jack 18 during use of the sleep-preventive
      cap member 20, for connection thereof to the system circuit.
PAR  The schematic circuit diagram shown in FIG. 2 comprises a battery 50 (the
      car battery) one terminal 52 of which is connected to one side of the
      cigaret-lighter receptacle 13 through lead 54 as well as to one side of
      jack 14 through lead 56 and to jack 18 through lead 58. The other terminal
      lead 60 of battery 50 is connected to a solenoid coil 62 of a relay member
      64. The other end of solenoid coil 62 connects through lead 66 to the
      opposite side of jack 14 through sectional leads 110, 108, and 109. Lead
      66 also connects to pushbutton switches 68, 70, and 72 through leads 74,
      76, and 78, respectively. The pushbutton switches also connect to the
      battery 50 through sectional leads 80, 81, and 82, respectively, and
      through the common lead 84. The pushbutton switches 68, 70, and 72 are
      accessibly located in various sections of the car interior; for example,
      one switch is adjacent to each of the rear elbow holder and one near the
      front right elbow holder or rest. Also, a fourth pushbutton (not shown in
      FIG. 2) may be installed on the driver's side of the elbow rest. In this
      arrangement, the occupant can reach the nearest switch when an emergency
      arises.
PAR  The lead 84 also extends from the battery 50 through sectional leads 86,
      88, and 90 to the electric lamp 92 and alarm means 94 connected in
      parallel with the lamp 92. The terminal portion 96 of the lead 90 connects
      to the open side of the relay switch 98, which continues through lead 100
      and lead 102 to terminate in jack 18. The lead 100 also branches off and
      connects to one side of a flasher 104, from which the sectional lead 106
      connects to lead 60, terminating in the opposite side of the battery 50,
      the receptacle 13 being in an open-circuit position. If desired, the horn
      of the car may be substituted for the horn means 94, by making connections
      at terminals 93 and 95 after removing the horm 94.
PAR  In operation, let it be supposed that an occupant of the car, seated in the
      rear left side, is in danger of an assault by a criminal, with the driver
      absent. Let it further be assumed that the pushbutton 72 is the nearest
      switch to the occupant. Without the knowledge of the criminal, the
      occupant can press the pushbutton 72, which action immediately sets off
      the alarm and the flashing light synchronously outside the car, calling
      for HELP. The sounding of the alarm and the flashing of the light for HELP
      may result in the forfeiture of the criminal's intention and his escape
      from the car. Since the relay 64 is a latching relay, the alarm and the
      flashing of the light for HELP continue until stopped by resetting the
      relay 64 by button 99 moving in the direction of the arrowhead, FIG. 2.
      The relay 64 may be selected from a commercial latching relay provided
      with a reset button thereon or remotely controlled through a cable
      therefrom. The location of the reset button 99 can be concealed and only
      known to the driver or his frequent occupant so that the alarm and the
      flashing light cannot be turned off by an intruder.
PAR  The circuit operation in this emergency section proceeds from the normally
      open pushbutton switch 72, which momentarily closes (by the car victim),
      permitting a current to flow from battery 50 through lead 84, and
      sectional leads 78, 82, 108, and 110 to solenoid 62 through lead 66. From
      the solenoid coil 62, the current is led through leads 112 and 60 to the
      battery 50, thus completing a full circuit cycle. The flow of current
      through the solenoid coil 62 produces a magnetic effect on the relay
      switch blade 114, which closes the relay switch 98. Closing of the relay
      switch 98 causes a current to flow from battery 50 through lead 84,
      sectional leads 86, 88, and 90 to electric lamp 92, alarm means 94, lead
      96 and through now closed switch 98, lead 100, the flasher 104, sectional
      lead 106, and the terminal lead 60 back to the opposite side of battery
      50, actuating the alarm 94 and the flashing light 92. The relay switch 98
      will remain closed indefinitely until it is manually reset to an open
      position by means of a button 99. The circuit operation will be identical
      for pushbutton switches 70 and 68, or for any additional switches that may
      be installed in parallel connection in the other parts of the car, if
      desired, during manufacture of the car with the present system. It will be
      seen that the flasher 104 causes the intermittent operation of both the
      light bulb 92 and alarm means 94 in synchronism.
PAR  For a driver who frequently lapses into a coma, stroke, or faints due to a
      diabetic condition (there bing about 6-million persons with this condition
      in the United States), the use of the automatic switch mechanism 16 will
      be very helpful, since time in such emergencies would be the essential
      factor. Such a driver then may provide himself with a switch mechanism
      unit 16 by supporting it in his shirt pocket in an upright position in the
      vertical plane of the car. A cord 29 extending from switch mechanism unit
      16 terminates in a plug 30 which is inserted into jack 14 located on the
      instrument panel 12 of the car. Upon declination of the driver from the
      vertical plane and falling to one side of the car seat due to a sudden
      attack of illness, the switch mechanism 16 closes and triggers the
      alarm-light combination. The switch mechanism 16 is enclosed in a
      miniature box 17 of a dimension 3/4 inch wide, 3/4 inch deep, and 2 inches
      in height, and is provided with a fastening means for attachment thereof
      in an upright position to a suitable region of a wearer's chest, such as
      shirt pocket. The operation of this device is similar to that of
      pushbutton switch 72.
PAR  For long-distance driving or for driving in a congested freeway wherein the
      content of carbon monoxide is sufficiently high to cause the driver to
      feel drowsy, whereby the ordinary conduct of his driving is affected
      adversely, the cap means 20 is worn by the driver to prevent him from
      dozing and thereby losing his control of the car. The cap containing the
      buzzer 34 and the position-sensitive switch 36 is plugged through cable 42
      plug 44 into the jack 18 located in the instrument panel 10. In this case,
      instead of utilizing the display panel unit 1 the device alerts the drowsy
      driver by means of the position-sensitive switch-buzzer combination (33)
      in the cap member 20. The current to the buzzer 34 connected in series
      with the position-sensitive switch 36 is furnished from the car's battery
      50 through leads 52 and 58, and when the switch 36 is closed by the
      forward tilting of the driver's head during a drowsy driving, the current
      through the switch 36 is fed to the flasher 104 through lead 102 and out
      therefrom through leads 106 and 60 to the opposite terminal of battery 50,
      completing the circuit cycle. Thus the alarm in the cap member 20 sounds
      intermittently due to flasher 104. It should be noted that in actual
      tests, an intermittent sounding of the alarm has been found more effective
      than a continuous sounding in arousing the driver from his drowsiness. For
      this reason, the cap member 20 utilizes the system flasher 104.
PAR  In FIG. 9, a system of acoustic loudspeaker is shown, which may be
      substituted for the alarm horn 94 of FIG. 2. In this system, the low-speed
      motor 116 is driven by a current from leads 118 and 120 respectively
      connected to leads 90 and 96. The speed of the motor 116 is synchronized
      with the repetition rate of the flasher 104 so that every time the flasher
      104 is turned on the motor 116 drives the magnetic tape 122 by means of
      pulley 124 connected thereto. The magnetic tape 122 is prerecorded thereon
      with the word "HELP" so that every time the tape 122 makes a complete
      rotation and passes adjacent the magnetic pickup 126 the work HELP is
      picked up thereby, amplified by amplifier 128, and the amplified acoustic
      signal is fed to the horn 130, which then sounds at approximately 120 dB
      loudness so that the sound can be heard at a reasonably long distance or
      in noisy environment of the speeding cars on the road.
PAR  FIG. 10 represents a self-contained emergency-alerting system which is
      intended for use on cars and trucks which are not equipped with the
      emergency-alerting system during the manufacture of the vehicle at the
      factory. This system comprises a boxlike housing 132, of a size 1 1/2
      inches wide, about 1 inch deep, and 2 1/2 inches long. The housing 132
      contains in its front wall 133 two jacks 134 and 136, into which jacks the
      position-sensitive switch mechanism 16 and the cap means 20 are inserted,
      respectively. On the opposite and rear wall of the housing 132 and
      externally thereto is a pressure-sensitive adhesive tape whereby the
      housing 132 can be attached to a suitable part of the dashboard of any car
      which is not factory-equipped with the emergency-alerting system. A plug
      138, insertable into the standard cigaret-lighter receptacle of a car,
      furnishes current to the system from the car's battery, such as the
      battery 50 shown in FIG. 2, through a cable 140 with leads 142 and 144
      included therein. The lead 144 connects to the jacks 134 and 136 through
      leads 146 and 148, respectively. The lead 142 connects to the coil of a
      relay solenoid 150 and is led therefrom to jack 134 through lead 152. The
      lead 146 connects the jack 134 to the opposite terminal of the car battery
      through lead 144 and plug 138. The leads 142 and 144 respectively
      correspond to leads 54 and 149 of the circuit diagram shown in FIG. 2.
PAR  When it is desired to wear the position-sensitive switch mechanism 16, its
      plug 30 is inserted into the jack 134. When the position-sensitive switch
      mechanism 16 is closed, as by an emergency action described for the system
      shown in FIG. 2, a current flows from the car battery through plug 138 and
      leads 144 and 146 to jack 134 and through position-sensitive switch
      mechanism 16 and lead 152 into the coil of relay solenoid 150, from which
      the current returns to the battery through lead 142 of plug 138. This
      action of the current magnetizes the relay solenoid 150 and closes the
      relay switch 154, whereupon a current flows from the battery through lead
      144 of plug 138, lead 156 into an emergency-alerting unit 158, lead 157,
      relay switch 154, flasher 160, and back to the opposite terminal of the
      battery through lead 142 of plug 138, thus energizing the lamp and the
      alarm means within the emergency-alerting unit 158, which contains the
      identical parts and operates identically with the operation of the
      emergency-alerting unit 1, as shown in FIG. 2. It should be noted herein
      that the plug 138 which receives its current from any car battery through
      the car's cigaret-lighter receptacle, the receptacle is already wired to
      the battery of the car in the factory during manufacture of the vehicle.
PAR  The system shown in FIG. 10 principally comprises two units -- the housing
      132 and the emergency-alerting unit 158, to both of which the plug 138 is
      connected as shown in the circuit diagram of FIG. 10. However, in order to
      simplify the assembly into a compact system the flasher 160 is located in
      the housing 132 and the solenoid relay (150, 154) is disposed in the
      emergency-alerting unit 158 preferably. All wirings are included in one
      multiple-lead cable. The cable containing the leads 156 and 157 can be 10
      to 12 feet long for convenience of the user (driver). The suction cups 162
      located at the bottom section of the emergency-alerting unit 158 attach
      said unit to any part of the car that is most visible to the passerbys,
      preferably to the trunk lid of the car, as in the area shown for the
      display unit 1 presented in FIG. 1.
PAR  For long-distance and tiresome driving, the driver may use the cap member
      20 shown in FIG. 3. In this case, the driver inserts the plug 44 into the
      jack 136. When the driver's head tilts due to his getting drowsy the
      mercury switch 36 tilts and closes the circuit. Then a current passes from
      the car's battery through plug 138, lead 144, and lead 148 through the
      alarm means 34 and out through lead 164, flasher 160, and lead 142 back to
      the opposite terminal of the car battery. The alarm 34 then will sound
      intermittently at the repetition rate of the flasher 160, to arouse the
      driver.
PAR  When the occupant of the car is subject to frequent fainting during riding
      the car, he may use the automatic switching mechanism 16 by placing it in
      the shirt pocket in a verticle position so that the mercury switch 22 is
      open. The plug 30 is inserted into the jack 134, and when the wearer
      becomes ill and reclines to one side of the car seat by passing out or by
      infliction of the illness, the mercury switch tilts togather with the body
      of the wearer and closes the circuit. This action starts the alarm and the
      light in the emergency-alerting system 158. The circuit operation is
      similar to that shown in FIG. 2, as explained for pushbutton switch 72.
PAR  The system shown in FIG. 10 may be provided with interchangeable signs in
      addition to the word HELP as in the system shown in FIG. 2, in which once
      the display word is selected and installed during manufacture, the word
      remains permanently in the display unit 1, although changes to the sign
      may be made by the car user by removing the front panel screws and
      replacing the template of the panel 4 and reassembling the unit. Other
      words that can be employed are: STALLED CAR, EMERGENCY, ILL PERSON, CALL
      POLICE, DANGER, etc. These words can be die-cut in a heavy paper and used
      in the display panel accessory shown in FIG. 11, wherein a framework 166
      holds the die-cut template for the word selected and a red sheet of
      plastic 168. This framework 166 is inserted around the front panel of
      emergency-alerting system 158, so that any word desired can be inserted
      rapidly into the framework 166 and mounted on unit 158, in accordance with
      the type of emergency situation. For instance, another word that may be
      used for rushing a lady to the hospital may be MATERNITY CASE, whereby the
      police observers may understand why the car is moving at a higher speed
      than the zone in which it is traveling permits.
PAR  The disclosure of the invention described herein represents the preferred
      embodiments of the invention; however, varidations thereof in the form,
      construction, and arrangement of the various components thereof are
      possible, such as templates of different word signals can be made on a
      rolled tape and the selected word sign can be rolled over the display
      panel 4 in place of inserting different frameworks as shown in FIG. 11,
      without departing from the spirit and scope of the appended claims. Cap 20
      may also be used, without cord 42, by a golf player to stabilize his head
      at a ball.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automobile emergency-alerting system, comprising: an acoustic and
      visual display means adapted to be mounted on an automobile body readily
      visible from a distance and operable from the battery of said automobile,
      said acoustic and visual display means having an electric circuit system
      connected to the battery of said automobile for receiving energization
      current therefrom through a continuously-repeating current interrupter
      disposed in the circuit of said electric circuit system, a plurality of
      normally-open current-switching means connected theretogether in
      electrically parallel relations in said electric circuit system, and
      electric receptacles disposed on the dashboard of said automobile and
      connected to said electric circuit system in open-circuit relation
      thereto; said plurality of normally-open current-switching means being
      disposed in the seating area of said automobile at various
      readily-accessible points thereof, whereby when any one of said plurality
      of normally-open current-switching means is actuated to a closed-circuit
      position during an emergency situation within said automobile, said
      acoustic and visual display means becomes energized for alerting
      passerbys, police, and the like that the automobile occupant is in need of
      immediate help, by repetitive acoustic and visual signalling thereof; a
      position-sensitive switch means having a housing with said
      position-sensitive switch means sealed therein, said housing being adapted
      to be carried in a shirt pocket of the automobile occupant and positioned
      in said shirt pocket in an upright, vertical plane and in an open-circuit
      position thereof; said position-sensitive switch means being provided with
      electric conductors extending from the housing thereof and terminating in
      a connector means adapted to be inserted into one of said electric
      receptacles, whereby when said position-sensitive switch means is closed
      as by tilting thereof, with respect to the vertical plane of said
      automobile, resultant from the occupant's body declination due to sudden
      attack of illness thereof, said acoustic and visual display means projects
      a repeating visual distress signal therefrom and sounds an alarm in
      synchronism with said repeating distress signal to bring help to the
      occupant; and, a headwear means, adapted to be worn by the automobile
      driver, having therein an open-circuit position-sensitive switch means and
      an alarm means electrically coupled thereto in series relation thereof,
      said open-circuit position-sensitive switch means having a dual-wire cable
      with a plug member at the termination thereof for insertion into the other
      of said plurality of open-circuit electric receptacles, whereby when the
      wearer's head of said headwear means tilts, due to drowsiness during
      driving, with respect to the vertical plane of the automobile said
      position-sensitive switch means tilts therewith and closes the circuit to
      said alarm means in said headwear, causing a current to flow from said
      battery through said current interrupter to the alarm means in said
      headwear means, whereupon a repetitive acoustic signal is produced by said
      alarm means to arouse the driver.
NUM  2.
PAR  2. An automobile emergency-alerting system as defined in claim 1, wherein
      said acoustic and visual display means adapted to be mounted on an
      automobile body comprises a housing having a transparent window with means
      representing a distress-word signal and a prismatic-plastic transparent
      sheet disposed thereon, a source of light disposed in said housing in the
      posterior relation of said window to illuminate said means representing a
      distress-word signal for calling for emergency help.
NUM  3.
PAR  3. An automobile emergency-alerting system as defined in claim 2, wherein
      said means representing a distress-word signal comprises a die-cut pattern
      in an opaque sheet in the form of a distress-designating word, said opaque
      sheet being backed by a red-color plastic sheet material, whereby when
      said means representing a distress-word signal is illuminated from one
      side thereof the distress-designating word becomes visible through the
      transparent prismatic plastic sheet thereon to long distances therefrom.
NUM  4.
PAR  4. An automobile emergency-alerting system as defined in claim 1, where
      said electric circuit system connected to the battery of said automobile
      and operable by said battery comprises a multiple-conductor electric cable
      from which emerge a plurality of electrical conductors in pairs, a
      solenoid-type latching relay disposed therein with the coil thereof
      connected to a pair of said electric conductors, a light source and alarm
      means having a common housing connect to a pair of said electric
      conductors, a plurality of current control means disposed in said electric
      circuit system and connected respectively to a plurality of electric
      conductors in pairs therein, a flasher means connected in series relation
      with said light source and said alarm means through a pair of said
      electric conductors, and three pairs of said electric conductors terminate
      in open-circuit electric receptacles disposed in the dashboard of said
      automobile, whereby any one of said current control means when actuated to
      a closed-circuit position causes the energization of said light source and
      alarm means therein.
NUM  5.
PAR  5. An automobile emergency-alerting system as defined in claim 4, wherein
      the first of said three pairs of electric conductors terminating in
      open-circuit electric receptacles disposed in the dashboard of said
      automobile is connected directly to the battery of said automobile, a
      second pair of electric conductors which terminate at and connect to a
      second of said open-circuit electric receptacles, said second of said
      open-circuit electric receptacles being adapted to receive an electric
      plug member from an electric means for alerting the passerbys with respect
      to an illness of an occupant in said automobile, and a third pair of
      electric conductors which terminate at and connect to a third open-circuit
      electric receptacle which is adapted to receive an electric plug member
      connected to a cord leading to a drowsiness-preventive device worn by a
      driver of said automobile during a long-distance travel.
NUM  6.
PAR  6. An automobile emergency-alerting system as defined in claim 5, wherein
      said one pair of conductors connected directly to the battery of said
      automobile are channeled to said battery through the cigaret-lighter
      receptacle ordinarily equipped on said automobile.
NUM  7.
PAR  7. An automobile emergency-alerting system as defined in claim 4, wherein
      said plurality of current control means disposed in said electic circuit
      system are distributed throughout the automobile interior and located
      adjacent the front and rear seats of said automobile in readily accessible
      points thereof and consist of momentary pushbutton switches.
NUM  8.
PAR  8. An automobile emergency-alerting system as defined in claim 1, wherein
      said continuously repeating current interrupter is a flasher which becomes
      connected in series with the acoustic and visual display means upon
      closing of any one of the normally-open current-switching means and
      becomes isolated from the circuit of said normally-open current-switching
      means upon energization of said acoustic and visual display means.
NUM  9.
PAR  9. An automobile emergency-alerting system as defined in claim 2, wherin
      said means representing a distress-word signal comprises one of the group
      of distress-designating words characterized by HELP, DANGER, EMERGENCY,
      DISTRESS, WARNING, and the like.
NUM  10.
PAR  10. An automobile emergency-alerting system as defined in claim 1, wherein
      the acoustic section of said acoustic and visual display means comprises
      an electronic horn operable directly from the battery of the automobile
      through a flasher disposed in the electric circuit system thereof.
NUM  11.
PAR  11. An automobile emergency-alerting system as described in claim 1,
      wherein said headwear means connected to one of said plurality of
      open-circuit electric receptacles through a cable means to said electric
      circuit system thereof comprises a golfer's cap containing therein a
      carrier means provided thereon a mercury switch normally in open-circuit
      position when positioned in a vertical plane and becomes closed when
      tilted with respect to the vertical plane thereof, and a buzzer means
      connected therein in series relation with said mercury switch, said cable
      means having dual conductors therein with one conductor thereof connected
      to said mercury switch and the other conductor thereof to said buzzer
      means, said conductors terminate in a plug connector to connect said
      buzzer means to the battery of said automobile for receiving energization
      current therefrom through the current interrupter disposed in the circuit
      of said electric circuit system between said battery and the electric
      circuit of said buzzer to thereby produce a repeating sound signal
      therein.
NUM  12.
PAR  12. An automobile emergency-alerting system as defined in claim 1, wherein
      the acoustic portion of said acoustic and visual display means comprises a
      loudspeaker, an amplifier connected to said loudspeaker and intermittently
      moving magnetic tape means with spoken words recorded thereon to produce
      word signals and to feed said word signals to said amplifier for
      amplification thereby, and an electric motor for driving said magnetic
      tape means and connected thereto through pulleys thereof, said motor
      receiving current from the battery of the automobile through a current
      interrupter disposed in series relation thereof in a section of said
      electric circuit system that occurs between said battery and said electric
      motor to become actuated at the repetition rate of said current
      interrupter.
NUM  13.
PAR  13. An automobile emergency-alerting system as defined in claim 1, wherein
      one of said normally-open current-switching means is closed manually
      during an emergency situation, a current flows from the battery of the
      automobile through said current-switching means to the coil of a latching
      relay means disposed in series connection between said current-switching
      means and said battery, closing the switch means of said latching relay
      means, whereupon the current from the battery is diverted by said relay
      switch means to an acoustic and visual display means connected in series
      with the relay switch means and with a current interrupter means in the
      circuit thereof to produce continuously interrupted signals therefrom for
      an indefinite period until manually stopped by means of a reset switch
      means disposed in said electric circuit system, said reset switch means
      being concealed in said automobile in a section thereof unknown to an
      intruder.
NUM  14.
PAR  14. An automobile emergency-alerting system as defined in claim 1, wherein
      said acoustic and visual display means comprises a housing with a window
      on a side thereof for projecting distress signals therethrough, said
      window comprising a transparent plastic plate having a detachable
      framework adapted to be mounted on said window over the transparent
      plastic plate, said frameword having in the open-section thereof a thin
      sheet of template die-cut in the form of a distress word therein and a red
      sheet of plastic permanently attached with said sheet of template to said
      framework whereby during an emergency situation characteristic of said
      distress word said framework together with its constituents is mounted
      over the transparent plastic plate of said window for projecting the
      distress signal therethrough; said framework having the template and the
      red plastic sheet is interchangeable with other frameworks of similar
      dimensions having therein templates die-cut with different distress words,
      whereby any one of said frameworks with their contents can be attached
      over the window of said acoustic and visual display means in accordance
      with the need of the respective emergency situation.
NUM  15.
PAR  15. An automobile emergency-alerting system as defined in claim 2, wherein
      said transparent screen disposed in said window comprises a prismatic
      plastic plate, whereby when the automobile emergency-alerting system is
      not in operation said means representing a distress-word signal within
      said window is invisible because of the total reflection and thereby
      extinction of the ambient light shining externally upon said window, by
      the individual prisms comprising one surface of said prismatic plastic
      plate, the prismatic surface thereof being disposed to face inwardly of
      said window.
NUM  16.
PAR  16. An automobile emergency-alerting system as defined in claim 1, wherein
      said system comprises a maze of electrical circuits interlinked
      theretogether, said maze of electrical circuits having in a section
      thereof open-circuit electric receptacles mounted in the dashboard of an
      automobile and connected to an electric flasher, a latching relay means, a
      plurality of momentary-action pushbutton switches disposed in parallel
      relation theretogether in said circuit, and means for visual signalling
      and alarm sounding connected therein in series with said electric flasher;
      said maze of electrical circuits being connected to the battery of an
      automobile to receive energization current therefrom; a
      drowsiness-preventive means with an alarm means and an automatic switch
      means disposed therein being connected through a cable therefrom to one of
      said open-circuit electric receptacles mounted in the dashboard of said
      automobile, whereby when said automatic switch means is closed a current
      flows from the battery through said one of said open-circuit electric
      receptacles on said dashboard, said alarm means and automatic switch means
      in said drowsiness-preventive means, said electric flasher, and back to
      said battery, whereupon a repeatedly interrupted alarm is produced in said
      drowsiness-preventive means; and, an illness-alerting means having a
      housing with a mercury switch disposed therein and positioned in a
      vertical plane, whereby to maintain an open-circuit condition therein, and
      electrical coupling means extending from said mercury switch to connect
      said illness-alerting means to one of the other of said open-circuit
      electric receptacles disposed on the dashboard of said automobile, whereby
      when the mercury switch closes during an emergency situation a current
      flows from said battery through said illness-alerting means, into the coil
      of said latching relay means back to the battery, closing the switch of
      said latching relay means and thereby diverting the current from said
      battery into the acoustic and visual signalling means, through the relay
      switch, said flasher, and to the opposite side of said battery, thus
      actuating said acoustic and visual signalling means for emergency help.
NUM  17.
PAR  17. An automobile emergency-alerting system as defined in claim 1, wherein
      said system comprises a portable unit of emergency-alerting means adapted
      with means to be attached to an automobile and operable from the battery
      thereof, said unit of emergency-alerting means comprises a quadrangular
      housing provided with first and second electric receptacles disposed in
      one wall thereof and a pressure-sensitive adhesive material affixed on the
      opposite wall thereof for attachment of said housing to the dashboard of
      an automobile by means of said adhesive material thereon; electric
      conductors extending from each of said electric receptacles for connection
      to a connector means adapted to be inserted into a cigaret-lighter
      receptacle of a car equipped therewith for receiving energization current
      from the car's battery through said cigaret-lighter receptacle, a flasher
      disposed in the circuit of said unit of emergency-alerting means and
      connected to both of said electric receptacles, an emergency-alerting
      means comprising an acoustic means and a light source connected in series
      relation with said flasher in said unit of emergency-alerting means, and a
      latching relay means with the energizing coil thereof being connected in
      the circuit of said unit of emergency-alerting means in series relation
      with the first of said electric receptacles and the battery of said
      automobile, whereby when said first of said electric receptacles is
      electrically closed by an external means inserted thereinto said latching
      relay means becomes energized, closing the switch means thereof, whereupon
      a current flows from the battery through said first of said electric
      receptacles, through said emergency-alerting acousting and visual means
      and said flasher means back to the opposite side of the battery, actuating
      said emergency alerting acoustic and visual means in a repeatedly
      interrupted mode of action by the repetitive action of said flasher,
      thereby alerting the passerbys for the need of emergency help.
NUM  18.
PAR  18. An automobile imergency-alerting system as described in claim 17,
      wherein said second electric receptacle is adapted to receive a plug means
      having an electric cord with dual wires therein and extending from said
      plug means, a cap means, adapted to be worn on a driver's head, having
      therein an alarm means and a position-sensitive switch means electrically
      connected thereto in series and coupled to the dual-wire electric cord to
      receive an energizing current from the battery of said automobile through
      said second electric receptacle; when said position-sensitive switch means
      closes as a result of tilting thereof with respect to the vertical plane
      of said automobile and the tilting of the driver's head therewith due to
      drowsiness during driving, a current flows from said battery through said
      second receptacle and said flasher into said alarm means to actuate said
      alarm means in interrupted intervals due to said flasher action therein,
      arousing said driver.
NUM  19.
PAR  19. An automobile emergency-alerting system as defined in claim 1, wherein
      the housing of said position-sensitive switch means being adapted to be
      carried in a shirt pocket is provided with push-on push-off push-button
      switch to control the current through said position-sensitive switch
      means, whereby the position-sensitive means can be cut off from the
      battery when said position-sensitive switch means is not in use.
NUM  20.
PAR  20. An automobile emergency-alerting means as defined in claim 1, wherein
      said open-circuit position-sensitive switch means and an alarm means
      electrically coupled thereto and disposed in the headwear means worn by a
      driver is provided with a carrier means adapted to be attached to said
      headwear means in a fixed position with respect to a vertical plane to
      maintain an open-circuit position therein, whereby when said headwear
      means is tilted by the driver's head said open-circuit position-sensitive
      switch means closes, causing the energization of said alarm means therein.
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PAL  U.S. Published Patent Application-B382,783, Bowen et al., "Omnidirectional
      Optical Scanner", 1-28-75.
LREP
FR2  Roush; George E.
ABST
PAL  An omnidirectional optical system is arranged for scanning bar coded labels
      passing a rectangular scanning window with a plurality of interlaced scans
      in a plurality of differing directions whereby the labels are completely
      scanned irrespective of orientation. The interlaced and plural directive
      scanning rays are generated by directing a beam of light, from a laser or
      like light source, onto a rotating multi-faceted mirror for deflecting the
      light beam in a line extending in a given direction. A set of fixed
      mirrors is positioned to deflect the light beam in a number of laterally
      displaced scanning segments all parallel to the line extending in the
      given direction. A pair of fixed end mirrors are arranged for reflecting
      the light from half of the segments back onto the other half of the
      segments to provide the intersecting scanning pattern. Beam splitting
      mirrors are interposed in the light beam from the laser for providing
      additional light beams directed onto the rotating mirror to provide an
      interlaced raster.
BSUM
PAR  The invention disclosed herein parallels that merchandizing optical
      omnidirectional scanning system disclosed in the copending U.S. Patent
      application Ser. No. 382,783 of Arlen J. Bowen et al filed on the 26th day
      of July 1973 for "An Omnidirectional Optical Scanner" and thereafter
      issued on the 11th day of November 1975 as U.S. Pat. No. 3,919,527.
PAR  The invention relates to optical scanning systems and more particularly to
      omnidirectional optical scanning systems.
PAR  The invention finds particular application for scanning randomly oriented
      bar coded labels, which for example, are attached to consumer items being
      checked out at a counter. The check out clerk, or checker, merely passes
      the item across the scan window insuring that the label is within the
      scanning window as the item is being placed into a box or bag. Except for
      some relatively small items, little attention need be paid to the
      orientation of the items as they are moved across the scanning window.
PAR  Omnidirectional scanning systems have been suggested as particularly
      suitable for scanning systems where the checker passes the items across a
      scanning window. The prior art also discloses optical systems and
      components which those skilled in the art will consider in the design and
      development of a point-of-sale item scanning system.
PAR  The more pertinent arrangements in the prior art are to be found in the
      following U.S. Pat. Nos.
     3,414,731  12/1968    Sperry      250/219                                 
     3,456,997  7/1969     Stites et al                                        
                                       350/7                                   
     3,553,437  1/1971     Boothroyd   235/61.11                               
     3,600,556  8/1971     Acker       235/61.11                               
     3,684,867  8/1972     Acker       235/61.11                               
     3,701,098  10/1972    Acker       340/146.3                               
     3,718,761  2/1973     Meyer       178/7.6                                 
     3,728,677  4/1973     Munson      340/146.3P                              
PAR  The patents to Sperry and U.S. Pat. No. 3,600,556 to Acker are directed to
      circular labels which are readable without orientation; the arrangements
      shown are for the centering of the label before the scanning is begun. The
      U.S. Pat. No. 3,701,098 to Acker is directed to an arrangement for
      orienting the item by rotation of optical system components to coincide
      with each other after which scanning is begun. The patents to Stites,
      Boothroyd and the U.S. Pat. No. 3,684,867 to Acker are directed to
      arrangements for accommodating skew, which is a relatively slight
      misalignment in orientation, and the arrangements are not readily
      applicable to the solution of the problem with which the invention is
      concerned.
PAR  The patents to Meyer and Munson are more pertinent but they are directed to
      systems limited to a square scanning window rather than a narrow
      rectangular scanning window of the invention. The square scanning window
      for a given width requires a greater reach on the part of the checker and
      is not as desirable from a human factors point of view as is a narrow
      rectangular scanning window. The narrow rectangular scanning window;
      however, does require multiple trace scanning patterns for insuring that
      the coded label will be properly scanned. The multiple trace scanning
      patterns are produced according to the invention by deflected light beam
      patterns, which have a subtle safety advantage in that the average laser
      power entering a fixed aperture (laser power times aperture diameter
      divided by length of scan) is less. The desired light patterns according
      to the invention are generated by relatively simple and inexpensive
      optical apparatus.
PAR  The objects of the invention indirectly expressed hereinbefore and those
      that will appear as the specification progresses are attained in an
      optomechanical system having an intense, substantially non-divergent light
      source, such as a laser, and fixed and rotating mirrors that deflect the
      beam from that source to a narrow rectangular scanning window. The
      rotating mirror is arranged with respect to fixed beam-forming mirrors so
      that the beams trace out an overlapping and crossing pattern. Beam
      splitting apparatus is interposed to provide an interlaced pattern.
DRWD
PAR  In order that all the advantageous aspects of the invention obtain in
      practice, a specific embodiment, given by way of example only, is
      described in the remainder of this text with reference to the accompanying
      drawing, also forming a part of the specification, and in which:
PAR  FIG. 1 is a schematic diagram of omnidirectional optical scanning apparatus
      according to the invention;
PAR  FIG. 2 is a perspective view illustrating a setting for the omnidirectional
      scanning apparatus of the invention;
PAR  FIG. 3 depicts a typical label for which the omnidirectional scanning
      apparatus of the invention is arranged;
PAR  FIG. 4 is a diagram illustrating one complete scanning pattern;
PAR  FIG. 5 is a schematic diagram illustrating the layout of light scanning
      segments for omnidirectional scanning;
PAR  FIGS. 6a and 6b are plan and evaluation views of optical scanning segment
      dividing apparatus according to the invention;
PAR  FIG. 7 is another diagram showing scan segments reflected for producing
      crossed scanning segments;
PAR  FIG. 8 is a diagram illustrating optical scanning beam splitting apparatus
      for producing an interlaced scan according to the invention;
PAR  FIG. 9 is a diagram of a mirror arrangement according to the invention;
PAR  FIG. 10 is a schematic diagram illustrating an alternate displacement of
      scan segments according to the invention; and
PAR  FIG. 11 is a diagram illustrating another complete scanning pattern.
DETD
PAR  A schematic overall view of an optical scanning system according to the
      invention is given in FIG. 1. A laser 20 is employed as a light source for
      generating an intense narrow beam of light. This beam of light is directed
      through optical apparatus 22 which includes lenses for expanding the laser
      beam onto a beam splitting arrangement 24 which in turn directs a multiple
      of beams onto a multifaceted rotating mirror 26 driven by an electric
      motor 28. The beam splitting arrangement 24 is provided for effecting an
      interlaced pattern where desired and otherwise may be omitted. Each beam
      swept out by the rotating mirror 26 is divided into a multiple of beam
      scanning segments, each parallel to the other scan segments by a fixed
      mirror assembly 30 composed of a multiplicity of mirrors disposed in
      slightly different angular orientations about a common imaginary straight
      line 31 in the plane of each mirror in response to the infringing "fan" of
      light translated by a lens 32. The line 31 is parallel to the plane of the
      window 35 and each mirror is arranged at an angle of approximately
      45.degree. to the longitudinal axis of the window 35. A pair of end
      mirrors 34 are arranged to reflect some of the beam scan segments so that
      there will be scan segments at right angles to the first (non-reflected)
      scan segments. Thus, a series of X-shaped or crossed scans will be
      produced in the aperture of a scanning window 35. Photoelectric devices 36
      and 38 are arranged below the scanning window 35 and in such positions
      that light from the scanning beams as reflected by the label will impinge
      upon the photosensitive devices 36 and 38 which are connected to video
      signal processing circuitry 40 for analyzing the electric signal to
      identify the information presented at the scanning window 35. An output
      electric signal is delivered at output terminal 42 for application to the
      utilization circuitry.
PAR  A setting for the invention is shown in FIG. 2. The scanning window 35 is
      located at the top of an enclosure 50 forming a market checkout stand
      housing the previously described components. The scanning window 35 is a
      narrow rectangular aperture ideally about 2.5 by 25 centimeters, formed in
      the housing 50 and covered by glass or other suitable material transparent
      to the light generated by the laser 20.
PAR  An item of merchandise 70 bearing a bar coded label 71 is transported by a
      conveyor belt 15 to the scanning area. The checkout clerk passes the item
      70 with the label 71 face down over the scanning window 35 just prior to
      placing the item 70 into a paper bag 55 which is supported on a shelf 56.
PAR  The label 71 is a bar coded label of the type shown in FIG. 3. The label 71
      is printed with a plurality of bars 72 which have a reflectance less than
      the background area 73. Thus, as the light beam scans across the label 71,
      it is modulated by the difference in reflectance between the background 73
      and the printed ink bar 72. The modulated reflected light is collected by
      the photosensitive devices 36 and 38 (FIG. 1) which deliver an electric
      signal to the video signal processing circuitry 40 where it is analyzed to
      identify the information represented by the bars 72 on the label 71. The
      scanning pattern at the window 35 is arranged to interpret the bars of the
      label 71 so that the data will be recovered irrespective of the
      orientation of the label 71 to the scanning window 35.
PAR  In order to make the operation of the optomechanical scanning system
      according to the invention clear and to enable those skilled in the art to
      practice the invention, the system will be described hereinafter in a
      step-by-step progression.
PAR  A schematic diagram of the desired scanning pattern to appear in the window
      35 is shown in FIG. 4. In this embodiment, the window 35 was 2.8 by 25.4
      centimeters. The scanning lines were developed as follows. One beam from
      the laser 20 is deflected by the rotating mirror 26 through the lens 32
      that focuses the beam in the scan area. Referring to FIG. 5, a line 76
      produced by the rotating mirror 26 is divided into eight segments 81 . . .
      88 laterally displaced with respect to the line 76, as shown in FIGS. 6a
      and 6b by an assembly 30 of fixed mirrors 91 . . . 98 that fold the fan of
      light produced by the rotating mirror 26. Each mirror 91 . . . 98 is set
      at its own unique angle in order to reflect light from the laser 20 as
      directed by the rotating mirror 26 through the lens 32 to its respective
      line segment in order to produce scanning line segments. A pair of end
      mirrors 110 and 112 are placed to reflect four of the eight segments back
      onto the other four as shown in FIG. 7. The mirror images 102, 101, 108,
      107 of line segments 81, 82, 87, 88 then form scan segments intersecting
      scan segments 83, 84, 85 and 86 to form four X's. The end mirrors must be
      long in the direction normal to the plane of the drawing in order to
      intercept the beams directed to what, in the absence of the end mirrors
      110 and 112, would be the outer two scan segments 81, 82, and 87, 88 at
      each end.
PAR  Thus far four crossed scanning line segments have been produced. Three
      additional sets of cross line scanning segments are interlaced between
      each of the existing pairs of cross scanning line segments 83, 102; 84,
      101; 85, 108 and 86, 107. Three additional scanning beams from the laser
      20 are generated by the arrangement shown in FIG. 8. Three beam splitting
      mirrors 114, 116, and 118 are interposed between the laser 20 and a "
      reflecting mirror 120 all of which mirrors are arranged to direct the
      component beams produced thereby onto the rotating mirror 26. Each of the
      four beams is incident upon the rotating mirror 26 at a different angle
      such that only one of the beams, when reflected by the rotating mirror 26
      is operable in the field of view of the remainder of the optical system
      for a given angular position of mirror 26. Thus, one beam is scaanning
      while the other three are 37 flying back". Thus, the angular field of view
      of mirror assembly 30 as seen in the space between lens 32 and mirror 26
      should be less than, or just equal to 720/(nxm), where n is the number of
      facets on mirror 26 and m is the total number of beams generated by the
      beam splitter assembly 24. From the diagram, it is apparent that each of
      the beams reflected from a given segment of the segmented mirror assembly
      30 will produce an image somewhat displaced from that produced by the
      other beams. If the direction of the beams out of the plane of diagram is
      different, there will also be an image displacement in the direction
      normal to the plane of the drawing. Hence, the interlaced cross scan line
      segments can be positioned relative to each other as desired, by adjusting
      the position (relative to each other) at which the beams are reflected
      from the rotating mirror 26. This is done in the proper orientation of
      laser 20 and the beam splitting mirrors 114, 116, and 118 and the
      reflecting mirror 120 that give rise to the four separate scanning beams.
PAR  Since the optical path length from the segmented mirror assembly 30 to the
      image surface at the scanning window is greater for the outer segments 81
      and 88, it may be desirable to use slightly convex mirrors for the
      segments near the end of the array in order to increase the focal length
      of the system slightly for these segments.
PAR  With a a line of segmented mirrors 81 . . . 88 set at different angles to
      produce the displaced scanning line segments as described above, the exact
      relative position of the scanning line segment will be somewhat the
      function of the longitudinal position of the scanning window 35. If a
      slight change in relative positions of the scanning line segments produced
      by moving the observing screen longitudinally is objectionable, the
      assembly 30 of segmented mirrors 91 . . . 98 are replaced by a series of
      mirrors that each reflect the scanning beam 90.degree. and where the
      mirrors are staggered in order to produce the scanning line segments. This
      arrangement will greatly reduce, but will not eliminate, the change in
      relative scanning line segments positions as the window is moved.
PAR  FIG. 9 is a geometric diagram of the system as described useful to those
      skilled in the art in designing the optical system described.
PAR  The number of scanning beams necessary in the system as described can be
      reduced to three with a significantly greater overlap in the scanning line
      segments by reducing the off-set or lateral displacement of the scanning
      line segments as shown in the diagram of FIG. 10. The amount of interlace
      is less than that described before because the scanning lines form angles
      of 35.degree. with the side of the scanning window 35 rather than the
      angle of 45.degree. shown before. With the lower angle, the scanning lines
      overlap more and thus less interlace is necessary.
PAR  FIG. 11 shows a scanning window 35 approximately 22 .times. 2.4 centimeters
      having such 35.degree. scanning line segments.
PAR  While the invention has been shown and described particularly to reference
      to a preferred embodiment thereof, and alternatives have been described,
      it should be understood that those skilled in the art will make further
      changes without departing from the spirit and scope of the invention as
      defined in the apended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. Omnidirectional optical scanning apparatus for scanning bar coded
      labels, comprising
PA1  an elongated scanning window at which said labels are presented in random
      orientation,
PA1  optical means for generating a beam of light,
PA1  optical means arranged with respect to said generating means for deflecting
      said beam of light along a line in a given plane intersecting the plane of
      said scanning window at a predetermined angle to the longitundinal axis of
      said window,
PA1  optical means interposed between said deflecting means and said scanning
      window for dividing said deflected beam of light along said line into
      scanning segments and offsetting said segments with respect to each other
      intersecting the plane of said scanning window at the same predetermined
      angle for producing a multiple of scans across said scanning window, and
PA1  optical means intercepting a portion of said deflected light beam scanning
      segments and reflecting the intercepted scanning segments over to and
      intersecting the other scanning segments within said scanning window.
NUM  2.
PAR  2. Omnidirectional optical scanning apparatus as defined in claim 1 and
      incorporating
PA1  optical means interposed between said light beam generating means and said
      optical deflecting means for splitting said beam into a plurality of like
      beams arranged at different angles for producing a multiple of interlaced
      scans across said scanning window.
NUM  3.
PAR  3. Omnidirectional optical scanning apparatus as defined in claim 1 and
      wherein
PA1  said predetermined angle is one at which said scanning segments overlap one
      another within said scanning window.
NUM  4.
PAR  4. Omnidirectional optical scanning apparatus for scanning bar coded labels
      comprising
PA1  an elongated scanning window at which said labels are presented in random
      orientation,
PA1  a light source providing a beam of light,
PA1  a multifaceted mirror arranged for continuous rotation,
PA1  said light source and said rotating mirror being arranged with respect to
      said scanning window in angular relationship at which said beam of light
      is deflected over a line lying at a predetermined angle to the
      longitudinal axis of said window is scanned by said beam of light, and
PA1  a multiple of fixed mirrors arranged along said line and interposed between
      said multifaceted mirror and said scanning window for dividing the
      deflected beam of light at said line and offsetting the divisional
      segments thereof into segments scanning consecutively across said window
      at said predetermined angle.
NUM  5.
PAR  5. Omnidirectional optical scanning apparatus as defined in claim 4 and
      incorporating
PA1  an optical beam splitting mirror assembly interposed between said laser and
      said multifaceted mirror for producing a plurality of beams projected onto
      said mirror at different angles at which the scanning beams across said
      scanning window are interlaced.
NUM  6.
PAR  6. Omnidirectional optical scanning apparatus as defined in claim 4 and
      wherein
PA1  two of said multiple mirrors are arranged at the ends of said window and
      depend thereform parallel to each other.
NUM  7.
PAR  7. Omnidirectional optical scanning apparatus as defined in claim 6 and
      wherein
PA1  the remainder of said multiple mirrors are arranged on a line at the center
      thereof at an angle of substantially 45.degree. to the longitudinal axis
      of said scanning window, and
PA1  each mirror is also arranged at an angle with respect to the other mirrors
      on said line.
NUM  8.
PAR  8. Omnidirectional optical scanning apparatus as defined in claim 7 and
      wherein
PA1  the mirrors of said remainder of multiple mirrors at the ends of said line
      are slightly convex for increasing the focal length.
NUM  9.
PAR  9. Omnidirectional optical scanning apparatus as defined in claim 4 and
      incorporating
PA1  a photoresponsive device arranged for intercepting light from said scanning
      window as reflected by said label, and
PA1  electric signal translating circuitry coupled to said photoresponsive
      device for producing an electric signal indicative of the information
      borne by said label.
NUM  10.
PAR  10. Omnidirectional optical scanning apparatus as defined in claim 4 and
      wherein
PA1  said scanning window is an elongated rectangle having an aspect ratio of
      10:1.
NUM  11.
PAR  11. Omnidirectional optical scanning apparatus as defined in claim 10 and
      wherein
PA1  sixteen crossed scans appear in said scanning window.
NUM  12.
PAR  12. Omnidirectional optical scanning apparatus as defined in claim 10 and
      wherein said scanning segment intersect at angles of 90.degree. within
      said scanning window.
NUM  13.
PAR  13. Omnidirectional optical scanning apparatus as defined in claim 10 and
      wherein said scanning segment intersect at angles of 80.degree. within
      said scanning window.
NUM  14.
PAR  14. Omnidirectional optical scanning apparatus for scanning bar coded
      labels comprising
PA1  an elongated scanning window at which said labels are presented in random
      orientation,
PA1  a light source providing a beam of light,
PA1  a multifaceted mirror arranged for continuous rotation,
PA1  said light source and said rotating mirror being arranged with respect to
      said scanning window in angular relationship at which said beam of light
      is deflected over a line lying at a predetermined angle to the
      longitudinal axis of said window is scanned by said beam of light, and
PA1  a multiple of fixed mirrors arranged along said line and interposed between
      said multifaceted mirror and said scanning window for dividing the
      deflected beam of light at said line and offsetting the divisional
      segments thereof into segments scanning consecutively across said window
      at a rate imparting the appearance to the eye of scanning substantially
      simultaneously across said window at said predetermined angle.
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ABST
PAL  An optical data reader and processor utilizing a two dimensional array of
      photosensitive elements operated at a high frame rate; a shift register of
      one character width, and greater than one character height to store the
      binary representation of the character image; unique black/white threshold
      detection and character recognition logical circuitry; and timing means to
      overcome inaccuracies arising from the loosely constrained movement of a
      hand-held scanning device.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a system and method for optical character
      recognition of merchandise labels at point of sale. In a more specific
      aspect, the invention relates to a scanning system for manual sweep of a
      scan head over alphanumeric data fields and automatic input thereof to a
      dispensing inventory system.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Systems for automatically reading alphanumeric data have been developed for
      various uses. However, in general the systems are large and complex. In
      large measure they are of the type through which documents of various
      sizes are passed, with the documents moving through a reading zone. The
      scanned field is then converted into either analog or digital form, and
      processed to identify the characters occupying the scanned field.
PAR  In such systems, registration between the scanning system and the document
      can be controlled. Control of both the document and the scan head
      minimizes reading problems.
PAR  In merchandising operations, a goal is the realization of a system which
      comprises a hand-held wand to scan data fields on merchandise or tags, and
      which automatically feeds into accounting and inventory systems the data
      fully describing sales or dispensing transactions. Because of the
      variations in the relative movement between the scan unit and the data
      field as well as misregistrations, skew and the like, the use of a
      hand-held and hand-operated wand multiplies the problems involved in
      recognition of the data.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an optical character recognition
      system is provided which allows manual scanning of the character data by
      means of a hand-held sensing unit attached by flexible means to a
      processing and recognition unit. An optical sensor captures video data of
      a two-dimensional image, relieving the operator of severe scan velocity
      restrictions. Video information is amplified in a gain-controlled system
      which performs a basic dynamic image correlation function. The amplified
      video signal is converted to digital form, processed to enhance the image,
      and a black/white thresholding process is performed. After thresholding,
      the data is reconstructed to an image and character recognition is
      attempted. A line tracker senses vertical positioning of the character in
      order to separate character strings to correspond to multiple lines of
      characters in the field of view of the sensor. A blanking circuit prevents
      multiple acquisition of a single character. For the application of
      acquiring character strings of limited length, the recognition of the
      first character initiates a time interval of the order of one second, at
      the conclusion of which generalized character string data is examined to
      ascertain whether or not an acceptable character string has been acquired.
      If a checksum digit is provided in the character string, a summing network
      and registers determine check sum acceptability. The character strings are
      examined for character count and/or special characters, which may reveal
      character string significance as well as whether the sensor was passed
      from right to left or from left to right by the operator. At the end of
      the time interval, an audio-visual indication of the success or failure of
      the operation is given. If a failure, the system is automatically cleared
      for another attempt. If successful, output of the data is enabled. Data
      may be sent to displays, point-of-sale terminals, credit verifiers, and
      other devices, such as data multiplexers, calculators, data gathering
      devices, speech synthesizers, parcel and/or letter mail routing equipment,
      printers, and all manner of data processing equipment.
PAR  Further, in accordance with the present invention, a field of data to be
      read is focused onto a two-dimensional array of photosensitive elements
      whose output is digitized and analyzed to sense black segments and white
      voids which are uniquely combined for character recognition.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the hand-held wand in operation;
PAR  FIG. 2 is a side view of the wand of FIG. 1 with the side cover removed;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a block diagram of the wand system;
PAR  FIG. 5 is a block diagram showing the image assembler and character decoder
      in an expanded form;
PAR  FIGS. 6, 7, 8, 10, 11, 12, and 13 are detailed circuit diagrams of a
      simplified version of the system of FIG. 4; and
PAR  FIGS. 9a-9f illustrate various segments and voids employed in combinational
      logic for identification purposes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  FIG. 1
PAR  In FIG. 1, a hand-held wand 10 is provided for movement across a data field
      such as a tag 11 as along path 11a. Wand 10 has an aperture through which
      light passes to illuminate the tag 11 in order that the tag 11 may be
      viewed by an optical system. The wand 10 is connected by way of cable 12
      to a processing unit which serves to identify alphanumeric data on tag 11.
PAR  It will be recognized that the sweep of wand 10 across the tag 11 may not
      be at a uniform velocity, and may follow a non-linear path 11a which does
      not correspond with the lines of data printed on tag 11. Further, the
      aperture in wand 10 may be skewed during all or part of its course across
      tag 11.
PAR  The present invention is directed to provision of reliable automatic
      reading of printed data such as that on tag 11, even though all of the
      problems introduced by variable velocity, skew, depth of field, and cross
      track sweep or misregistration by the wand are present.
PAC  FIGS. 2 and 3
PAR  One embodiment of the wand is illustrated in FIGS. 2 and 3. In this
      embodiment the wand tip 20 is provided with an aperture 21, FIG. 3.
      Aperture 21 normally would extend the width of a numeral or character to
      be read. The height 22 of the aperture would span several times the normal
      height of the characters to be read. A lamp 23 is mounted in the upper
      portion of wand 10 with suitable optical means such as fiber optic member
      25 directing light through the aperture onto the field to be viewed. The
      image in aperture 21 is then reflected by a mirror 27 onto a
      two-dimensional, monolithic self-scanned large size integrated circuit
      photodiode array 30. Array 30 is then connected by way of circuitry 32 and
      cable 12 to processing units.
PAC  FIGS. 4 and 5
PAR  FIG. 4 illustrates in block form one embodiment of the present invention.
      In this system, unit 40 represents the self-scanned array 30 of FIG. 3 and
      the drive circuit therefor. A line 41 extends from unit 40 by way of a
      video amplifier 42 to an analog-to-digital converter 43.
PAR  Video amplification includes a gain control circuit which performs a
      dynamic image data correlation function. The amplified video signal and a
      constant AGC reference are compared in a comparator 46a. The output of
      said comparator drives an AGC amplifier 46b with a time constant of the
      order of several frame scanning periods. This time constant results in the
      amplified video signal being normalized to a nearly constant average value
      for a wide range of document background reflectivities. Since the total
      area covered by character strokes is much less than the area of the field
      of view, the presence or absence of character strokes within the field of
      view of the sensor has only a minor effect on the gain setting. The
      resultant narrow range of the average amplified video signal allows a
      reduced range capacity in the analog-to-digital converter, preprocessing,
      and thresholding circuits. After amplification the analog video signal is
      converted to digital form by the analog-to-digital converter 43. Digital
      video information is sent to the preprocessor and thresholder circuits 44.
      The functions of these circuits are the enhancement and further
      correlation of the data, and the thresholding of the data to a black or
      white binary quantity. The thresholded data enters the Image Assembler 45
      in the form of serial data corresponding to eight black or white points
      (cells) along a line passing horizontally through the image. Eight bits
      are shifted into a serial-to-parallel converter (SIPO) 45a, FIG. 5. Then
      the data on each said parallel output is clocked into the serial input of
      one of eight 16-bit serial-to-parallel converters 45b. Serial data
      corresponding to an adjacent line through the image is then clocked into
      the eight bit SIPO 45a, and the above process continually repeated. The
      contents of the eight 16-bit SIPO's 45b may be visualized as a 16 cell
      high, eight cell wide, enhanced and thresholded portion of the image
      within the field of view of the sensor. Decoding circuitry attached to the
      parallel outputs of the SIPO array detects character stroke segments, and
      void or all-white regions. The correct combination of stroke segments and
      voids constitutes the decoding of a character. The scanning and SIPO
      clocking technique result in the apparent vertical movement of the entire
      image, or frame, through the SIPO array image assembler in one cell width
      increments. Apparent horizontal motion of the image through the image
      assembler is due to motion of the hand-held sensing unit across the
      subject. In a preferred embodiment with a frame rate of 3,500 per second
      and a sweep velocity of 45 centimeters per second, the scanner sweeps 45
      .div. 3,500 = 0.13 millimeters per frame, or about half the thickness of a
      character stroke. With a sensor length of 64 cells, the image is clocked
      vertically through the image assembler at a rate of 64 .times. 3,500 = 224
      kilohertz, which allows over 4 microseconds for the settling of the
      character decode logic. This speed allows use of metal oxide semiconductor
      LSI for the character decode logic and most of the image assembler.
PAR  Character skew is allowed by use of logical ORs in the character decode
      logic. Since an entire frame is clocked vertically through the image
      assembler, vertical character registration is not important to the
      character decoder so long as the entire character is within the optical
      field of view.
PAR  Line 50, FIG. 4, leading from unit 40 provides a sync pulse to unit 44.
      Line 50 is also connected to a line tracker and blanking circuit 51, to a
      summing network and register 52 and to a character string storage unit 53.
      The output of unit 45 is connected by way of line 54 to units 52 and 53,
      and to a delay unit 55. Units 52, 53 and 55 are connected to a logic
      circuit 56. Output line 57 leading from unit 56 is connected to a
      confirmation unit 58 which will provide a signal acknowledging a
      successful reading of a given string of characters. Line 59 of unit 53 may
      be connected to a system such as inventory control, point of sale
      terminals, and similar systems to utilize the results of a scanning
      operation.
PAR  To allow line following, the vertical positioning of a character is allowed
      to differ by a small amount .DELTA.V from the previous character in a
      given line. Thus, a line may begin at one extremity of the field of view
      and be tracked gradually across the field of view to the opposite
      extremity. This capability is required for human swept scanning in a
      loosely constrained environment such as the point of sale. The line
      tracking circuit 51 is a counter and logic which provides a binary number
      V.sub.c corresponding to the vertical position of the character in the
      field of view. Each of a plurality of character string storage registers
      53 is identified by binary number V.sub.n corresponding to the vertical
      positioning of the last character detected for that character string. Upon
      detection of a character, said binary number V.sub.c is compared with the
      binary numbers V.sub.n identifying the existing character strings. Where
      .DELTA.V = .vertline. V.sub.n .vertline. - .vertline.V.sub.c .vertline.,
      and .DELTA.V is less than approximately one-half of the height of a
      character, the new character is added to the character string.
PAR  Because each character may be recognized in more than one snapshot, a
      blanking circuit 51 is required to avoid multiple loading of a given
      character into a character string register 53.
PAR  For the application of reading more than one line at a time, each character
      string register must have its own blanking circuit. The preferred
      embodiment is a down-counter which is reset to a constant K whenever a
      character is recognized. The down-counter count input is the end-of-frame
      sync. When the down-counter counts down to zero, K frames have been
      searched with no character being recognized. This constitutes a decision
      that the sweeping motion has moved the latest character out of the field
      of character recognition. The loading of a character into a character
      string register is enabled only when the down-counter identified with said
      register is in a zero count state. Character strings are analyzed for
      special character content in unit 53. The location within the string of a
      special character reveals the direction of manual sweep of the wand. The
      special character reveals the significance of the character string, and
      reveals how many characters are needed to satisfy the fixed field length
      requirement. The length of the character string is examined for compliance
      with the field length requirement. For custom LSI implementation of this
      function, full parallel logic may perform the preceding storage and
      analyses. For low volume production, a general purpose microprocessor is
      sufficient. Checksum acceptability for a character string is calculated by
      arithmetic networks and registers in a conventional manner in unit 52.
PAR  For limited length data fields, a fixed time interval is initiated in unit
      55 by the detection of the first character. At the end of the interval,
      the checksum, special character, and character count acceptability outputs
      are logically ANDed in unit 56. If any is unacceptable, the system is
      cleared for another manual scan. If all are acceptable, an audio-visual
      indication of success is given to the operator by unit 58, a "data ready"
      signal is sent through line 57 to the external data processing or other
      system, and the character string storage registers are enabled to transmit
      the data in the proper order. In lieu of the fixed delay period, a delay
      of the order of two hundred milliseconds is initiated or reinitiated by
      unit 55 upon detection of any character. A period exceeding the delay
      period without a character recognition occurring, constitutes the "end of
      data field" decision.
PAR  FIGS. 6-8 and 10-13 show one embodiment of the system of FIG. 4. Before
      turning to details of the construction of the various elements which in
      FIG. 4 are shown in block form, it will be helpful to keep in mind that
      the present description involves the use of an LSI integrated circuit
      photodiode array having a matrix of 32 .times. 32 photodiodes on 100
      micrometer centers. Only a portion of this array will be used, namely a
      portion six cells wide and 32 cells high. The particular photodiode array
      that will be here described was of the type manufactured by Reticon
      Corporation, Mountain View, Calif., and identified as RA 32 .times. 32
      Self Scanned Photodiode Array.
PAC  FIG. 6
PAR  FIG. 6 includes the photodiode array 30, FIG. 2, shown in block form with
      the drive circuits and output amplifier-gain control provisions connected
      thereto. A clock line 60 leads by way of a D type flip-flop 61 to the
      clock input of array 30. The Q and Q outputs of flip-flop 61 are connected
      by way of capacitors 62 and 63 to the clock driver unit 64 which includes
      a pair of inverters 65 and 66 to drive array 30. Line 68 is connected to
      the preset terminal of flip-flop 61 as well as to preset terminal of a
      second flip-flop 69. The Q output of flip-flop 61 is connected to the
      clock input terminal of flip-flop 69. The Q output of flip-flop 69 is
      connected by line 70 to the start input terminal of the array 30. Line 71
      leads from the array 30 by way of a transistor 72 to a line 73 to provide
      an end of frame sync pulse. Line 74 is the common power connection leading
      to array 30. Line 75 is the video signal output line. The video signal is
      passed by way of amplifier modules 76 and 77 to a dual comparator 78. Unit
      78 is of conventional known construction providing a reference voltage on
      output line 79. The unit 80 in comparator 78 compares the signal voltage
      on line 81 with the reference voltage on line 79. If the signal voltage
      exceeds the reference voltage, transistor 82 with output line 82a is
      turned on, thereby reducing the gain in amplifiers 76 and 77.
PAR  Unit 83 compares the voltage on line 81 with the reference voltage on line
      79. By this means there are produced on output lines 84 and 85
      complementary voltage states which indicate the absence or presence of
      data pulses. A data pulse indicates that a given cell in unit 30 as viewed
      was white or was background. Absence of the data pulse indicates that the
      area viewed by a given cell in unit 30 was black. The gain control circuit
      including transistor 82 operates with the array 30 most of the time during
      the viewing of the white background. The transistor 82 will be just barely
      conducting on a white background.
PAR  The gain control circuit has a relatively long time constant, of the order
      of several frame periods. Thus, when a given photocell in unit 30 views a
      black area, the threshold will not be exceeded and line 84 will be low
      with line 85 high. This indicates no data pulse or a black area.
PAC  FIG. 7
PAR  Referring now to FIG. 7, the data lines 84 and 85 are terminated in a line
      receiver and level shifter circuit 100. The output of the circuit 100 is
      applied to a D flip-flop 101 whose Q output is connected to the input of a
      flip-flop 102. Thus the black/white data appears on the Q and Q outputs of
      flip-flop 102. The Q output is connected by way of a NOR gate 103 and
      inverter 104 to a gated data line 105.
PAR  The second input to NOR gate 103 is supplied by line 106 from a cell count
      and start generator unit 107. A gate voltage on line 106 serves to enable
      NOR gate 103 only during the scan of the fraction of the cells of array
      30, i.e., six cells wide, that are to be used in each row. The remainder
      of the scan period is not utilized.
PAR  This embodiment includes such gating for the sole reason that a 32 .times.
      32 array is presently available and found to be satisfactory. As arrays of
      dimension 6 .times. 32 or the like become available, then the circuitry
      shown herein would be somewhat simplified, and all of the elements of the
      array would be used. However, in the present case the control of NOR gate
      103 by way of line 106 is provided from the master clock unit 107a, which
      feeds a flip-flop 108 to provide clock pulses on lines 109 and 110. Line
      110 is connected to counters 111 and 112 which are cascaded to provide
      various control and timing pulses hereinafter noted. Line 106 is connected
      from NAND gate 113 which is fed from units 111 and 112 by way of NAND gate
      114 and inverter 115, respectively.
PAR  Line 106 is connected by way of an inverter 117 to a NAND gate 118, the
      second input of which is supplied by way of line 109 to provide on line
      120 a serial clock pulse.
PAR  Line 110 is connected by way of flip-flop 121 to a row clock line 122. The
      data input terminal of flip-flop 121 is connected to line 106. In this
      embodiment, one pulse will appear on line 122 for every six pulses
      appearing on line 120.
PAC  FIG. 8
PAR  Lines 105, 120 and 122, FIG. 7, are connected to a set of shift registers
      illustrated in FIG. 8. In FIG. 8, line 105 is connected to the data input
      terminal of a six bit serial input, parallel output shift register 130.
      The serial clock line 120 is connected to the clock input of register 130.
PAR  The six output lines from register 130 are connected to the input lines of
      six serial input, parallel output shift registers 131-136. Register 131 is
      connected at its last output terminal 1E to the input to a similar shift
      register 131a. Similarly, shift registers 132-136 are connected to shift
      registers 132a-136a. Registers 131-136 and 131a-136a are each eight bit
      registers, but only a portion of the outputs are employed. The outputs are
      labeled, for example, 1X, 1Y, 1Z, 1A-1N for registers 131 and 131a.
      Similarly, registers 132 and 132a have outputs labeled 2X, 2Y, 2Z, 2A-2N.
      Registers 133-136 and 133a-136a are similarly labeled and are similarly
      employed.
PAR  With serial clock pulses appearing on line 120 and row clock pulses
      appearing on line 122, the data on line 105 is clocked into register 130
      in synchronism with the scan of a row of photodiodes in array 30, FIG. 6.
      The row clock pulse line 122 is connected by way of inverter 122a and line
      122b to the clock input terminal of all of the shift registers 131-136a.
      Thus, at the occurrence of any given row clock pulse, there may be
      captured in the registers 131-136a a set of binary bits which will
      describe the presence of a character viewed by the array 30.
PAR  The outputs 1X-6N, 1P-6P, so labeled in FIG. 8, are then applied to logic
      networks which combine to detect the presence of character segments in
      certain predetermined areas of the field viewed by the array 30, and also
      to detect voids between character portions of the field viewed by array
      30. Binary signals representing the character segments and character voids
      are combined logically to provide an identification of the presence of
      each of the given characters that may be present in the field. Particular
      segments and voids that have been found to be particularly useful in
      permitting accurate identification of alphanumeric characters are shown in
      FIGS. 9a-9f.
PAC  FIGS. 9a-9f
PAR  FIG. 9a segments are labeled Seg A, Seg B, Seg C, Seg D, Seg E, Seg F and
      Seg J. Points corresponding to locations of cells in the 6 .times. 32
      array employed herein are designated by coordinates wherein columns are
      labeled by numerals 1, 2, 3, etc., and rows by characters A, B, C, etc.
      Seg A, for example, includes six cells, namely cells 1B and 2B, 1C and 2C,
      1D and 2D in an array of cells which is six cells wide and 10 cells high.
      In contrast, Seg F includes cells 9B, C, D and E and 10B, C, D and E.
PAR  The logic employed is such that for the segment A to be indicated present,
      at least one cell in each of the three pairs of cells must be black. Cells
      1B and 2B are ORed together as are cells 1C and 2C, and as are cells 1D
      and 2D. The OR outputs are then ANDed. Requirements for defining the
      segments of FIG. 9a will be best understood by referring to the logic
      diagrams later to be explained in connection with FIG. 10. However, before
      turning to FIG. 10, it should be noted that in addition to detecting the
      presence of segments as in FIG. 9a, a set of voids are detected. The voids
      employed are primarily illustrated by FIG. 9b, and are outlined in
      connection with a matrix six bits wide and 16 bits high. The voids in FIG.
      9b are characterized as voids 1-8, 11, 12, 13 and BRACKET. Voids are so
      connected by way of logic that in order for the circuitry to indicate the
      presence of a void, all of the cells within the given area must be white.
      An exception, however, is that void 12 allows cells pairs to be ORed for
      white output and the ORed outputs to be then ANDed. Both void 13 and void
      8 will be indicated present if all eight cells in the central void and one
      or two of the two cells above the central void and one or two of the cells
      below the central void are white.
PAR  FIG. 9c illustrates Seg K and Seg F together with voids 14 and 15 employed
      to sense the numeral one.
PAR  FIG. 9d illustrates void 12 employed to sense the numeral four.
PAR  Seg H occupies a significant location in the array. Thus, the logic
      employed imposes further limitations before the presence of Seg H will be
      indicated. These limitations are in the alternative and are illustrated by
      FIGS. 9e and 9f. In FIG. 9e if the condition is satisfied that at least
      one of each of the three pairs of cells within the solid rectangle is
      black and two cells above and two cells below the solid rectangle as
      indicated in the dotted outline are all white, then a Seg H will be
      indicated.
PAR  In FIG. 9f if at least one of each of the four pairs of cells in the solid
      outline is black and if two or more of the four cells in the dotted
      outline above the solid black outline and two or more of the four cells in
      the dotted outline below the solid black outline are white, then Seg H
      will be indicated.
PAC  FIGS. 10 and 11
PAR  Logic for utilizing the data from FIG. 8 to carry out the logical decision
      for identification of the alphanumeric data represented by states in the
      shift registers of FIG. 8 is shown in FIGS. 10 and 11.
PAR  In FIG. 10, the input terminals to an input bank 140 of logic elements are
      labeled to correspond with the output lines leading from the shift
      registers 131-136a of FIG. 8. In the order in which they appear on FIG.
      10, the presence of segments and the presence of voids will be indicated
      by the output lines being high or true. The absence of a segment or the
      absence of a void will be indicated by the output line being low or false.
      The logic outputs labeled in FIG. 10 are thus provided by the
      combinational logic illustrated through the use of symbols, the identity
      and meaning of which is clear, except for the fact that two adder units
      142 and 143 are employed in the determination of the validity of the set
      of FIG. 9f. There appears on the output line 142a a one state if two or
      more of the four cells 3C, 3D, 4C and 4D are white. Similarly, there
      appears on line 143a a one state if two or more of the four input lines
      3H, 3J, 4J and 4H are white.
PAR  With the logic circuit connected as shown in FIGS. 10 and 11, there will be
      produced on output line 151, FIG. 11, a low or false state if the
      character represented by the states in the shift register of FIG. 8 is a
      one. There will be produced on line 150 a true or high state if brackets
      have been found to be present. The additional numerals 2-9 and 0 will be
      indicated by low states on output lines 152-160 of FIG. 12. The output
      lines 150-160 are then connected to the logic circuitry shown in FIG. 13.
PAR  While the foregoing description has been limited to the identification of
      numerals 1-9, 0 and a bracket, it will be apparent that similar logic
      networks can be provided for identifying uniquely the letters of the
      alphabet.
PAC  FIG. 13
PAR  In FIG. 13, 10 data lines 151-160 and a "bracket" line 150 denote a
      character and a continuous void immediately above and below the character.
      The character is encoded into Binary Coded Decimal (BCD) by the logic
      network 170. The 10 data lines are ORed together by units 171-173, then
      ANDed in unit 174 with the bracket signal on line 150 to cause the BCD to
      latch into a register 175 via a flip-flop 176. The latch enable state on
      line 177 occurs after the outputs of the character recognition logic of
      FIGS. 10-12 have settled.
PAR  The latched BCD data is then applied by bus 180 to ten digital display
      devices, the number ten being assumed for purposes of this description and
      not as a limitation. A counter 181 counts frames which have been scanned
      with no character being recognized. At the end of eight consecutive such
      frames, the BCD data on lines 180 is strobed into one of the digital
      numeric display devices by a state appearing on one of lines 182.
PAR  When the first of a string of characters is recognized, a time interval of
      the order of six hundred milliseconds is initiated in units 190-192 of
      FIG. 7. At the end of this interval, if exactly 10 characters have been
      recognized, a short audible tone is generated by a unit 195, FIG. 7, and a
      line 196 is energized leading to a light emitting diode 197, FIG. 6,
      located on the hand-held wand to indicate a "good read" to the operator.
PAR  A second embodiment of the function provided by counters 190-192 is the
      initiation or re-initiation of a time interval of the order of 100
      milliseconds each time a character is recognized. If the time interval
      lapses without reinitiation, and exactly 10 characters have been
      recognized, the audible tone is generated and the light emitting diode is
      illuminated.
PAR  Lines 182, FIG. 13, lead from an eleven bit shift register 200. All of the
      output lines 182 initially are set at one except the first output line
      182a. The shift register 200 operates in response to the output of counter
      181 to shift the zero on the first output line 182 successively to each of
      the additional output lines through output line 182k. The counter 181
      counts noncharacter frames for the purpose of generating a strobe pulse on
      output line 181a. This output line is then connected to the clock input of
      shift register 200. The counter 181 provides an output on line 181a each
      time the counter completes its cycle of m counts. In one embodiment the
      counter 181 counted eight consecutive frames without a character
      recognition occurring. The purpose for such operation is to be certain
      that the same character is not recognized more than once during a given
      sweep of the wand across the data field. Thus, the output of the counter
      181 shifts to zero initially on line 182a and finally to the last output
      line 182k. Line 182k then is connected to the data input of a flip-flop
      210. The Q output of flip-flop 210 is then connected to line 196 and also
      enables NAND gate 211 of FIG. 7, initiating a time interval by the tone
      timer 212. Thus, the tone generator 195 will be activated for the period
      determined by time 212. Counters 220 and 221, FIG. 7, count down the clock
      signal on line 222 so that pulses will appear at the output lines 223 and
      224 at relatively low rates, adequate for operation of tone timers 212 and
      of the character string window generator 190-192. For example, the input
      pulse rate on line 222 is of the order of 2 to 4 kilohertz. The output on
      line 224 is divided down by a factor of 256. The signal on line 223 is
      divided down by a factor of 128.
PAR  The specific embodiment in the foregoing description involves focusing a
      field to be read onto a two-dimensional, self-scanned photodiode array;
      converting the video signal to digital form; thresholding the digital data
      to black or white binary quantities; storing the binary quantities in a
      register or array width and greater than character height; analyzing the
      register contents to sense black segments and white voids; and uniquely
      combining the segments and voids for character recognition.
PAR  The operations described herein involving the simulation of vertical
      movement in connection with scanning and recognition of characters is
      described and claimed in copending application Ser. No. 462,743, filed
      Apr. 22, 1974.
PAR  Certain aspects of the recognition operation to accommodate
      misregistration, skew, etc. and to prevent multiple character readout is
      described and claimed in copending application Ser. No. 431,376, filed
      Jan. 1, 1974.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art, and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for optically reading alphanumeric characters including a hand
      held wand, the combination comprising:
PA1  a large scale integrated circuit two dimensional array of light sensitive
      elements in said hand held wand and having a multiple element width and
      spaced optically to span the widest of said characters and having an
      element height about three times the element width to produce output
      signals as said array moves across a field on which alphanumeric
      characters may appear,
PA1  means for scanning each element in said array at a scan rate to generate
      more than one complete set of output signals of a character on the field,
PA1  a character recognition logic matrix responsive to successive subsets of
      each complete set of output signals from said array,
PA1  means to shift successive subsets of output signals from said array through
      said recognition logic matrix at a shift rate greater than the scan rate
      to simulate vertical movement of said wand across the field, and
PA1  control means to cause said recognition logic matrix to attempt recognition
      of a character at the shift rate for all successive subsets of a character
      on the field.
NUM  2.
PAR  2. The system of claim 1 wherein said control means includes means to shift
      each of said successive sets of signals through said logic in a time
      interval corresponding to movement of said wand of not more than about an
      element width.
NUM  3.
PAR  3. The system of claim 1 wherein said array is an X-Y matrix of sensors of
      the order of six by eighteen elements.
NUM  4.
PAR  4. The system of claim 1 wherein said array is a self-scanned array.
NUM  5.
PAR  5. The system of claim 1 wherein said means for scanning operates at a scan
      rate to generate from three to ten complete sets of output signals.
NUM  6.
PAR  6. The system as set forth in claim 1 wherein said shift rate is no less
      than the number of vertical positions in said logic matrix multiplied by
      the number of generated complete sets.
NUM  7.
PAR  7. A method of reading alphanumeric characters by means of a hand held
      wand, comprising the steps of:
PA1  moving an optical scan array along a line of alphanumeric characters to
      optically sense the black/white variations of a character on said line,
PA1  generating a multiplicity of successive two dimensional sets of black/white
      signals in a time interval that said wand moves a distance less than that
      spanned by one of said characters,
PA1  shifting subsets of each successive two dimensional sets of signals through
      recognition logic in a time interval much less than the first time
      interval in steps and in a direction to simulate vertical movement of said
      array relative to a character, and
PA1  attempting character recognition of subsets in the recognition logic each
      time signals are shifted relative to said logic.
NUM  8.
PAR  8. The method of claim 7 wherein generation of successive sets of said
      signals is repeated at time periods corresponding to movement of said head
      not more than about a character strobe width.
NUM  9.
PAR  9. The method of claim 7 wherein generation of successive sets of said
      signals is repeated at time periods corresponding to movement of said head
      of a fraction of the character strobe width.
NUM  10.
PAR  10. The method of claim 7 wherein the shifting time interval is related to
      the number of vertical positions in the recognition logic multiplied by
      the number of generated successive two dimensional sets of black/white
      signals.
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ABST
PAL  A bus-coupler or bus window in an information transport system for
      connecting a plurality of buses, to each of which a plurality of
      arithmetic units, a plurality of memory or storage units and a plurality
      of input-output units are connected separately through stations. The bus
      coupler includes a dead-lock control circuit for preventing a dead-lock
      which could possibly occur in communication between the buses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to an apparatus for controlling
      communications among computer systems wherein a plurality of arithmetic
      units, memory or storage units and input-output units are coupled to
      associated buses for mutual communication and in particular to an
      inter-bus coupling control apparatus for effecting the communications
      among the computer systems through the buses with a minimized number of
      required hard wares. More specifically, the present invention concerns a
      dead-lock control apparatus for excluding dead-locks which may possibly
      occur in the communications among the buses.
PAR  2. Description of the Prior Art
PAR  Lately, a so-called multi-computer system in which a plurality of computers
      are interconnected in a network is employed in an effort to enhance the
      reliability as well as the processing capability of the computer.
PAR  However, because the communications between the computers through the buses
      can not be effected more than one at a time, there arises a disadvantage
      in the system composed of more than two computers that the throughput of
      the overall system is reduced. To evade such disadvantage, it is
      conceivable that the system comprising a plurality of computers is divided
      into more than two subsystems which are adapted to operate independently
      of one another and are coupled to one another only when communications are
      desired among the different subsystems.
PAR  In the hitherto known systems, the communication between the buses, i.e.
      the inter-bus communication is performed with the aid of a computer by
      utilizing the buses to which a plurality of arithmetic units, storage
      units and the input-output units are connected. This system is certainly
      advantageous in that a flexiblity as well as a wide utility for general
      purposes can be attained in the control of the communication between the
      subsystems. However, it can not be evaded from such disadvantages that a
      large quantity of hard wares are required and, besides, a considerable
      time is necessary for the control of the communication due to the fact
      that the communications among the subsystems are realized through the
      computer.
PAR  On the other hand, in the prior known inter-bus coupler apparatus of a
      simplified configuration in which the hard wares required for controlling
      the performance of the inter-bus communication and the time for
      controlling the communication between the buses, are minimized, there is a
      drawback that a dead-lock or jamming may occur, when the requests for the
      inter-bus communication are simultaneously called for from both buses.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an apparatus which may
      solve the trouble of the reduction in the through-put of the
      multi-computer system.
PAR  Another object of the present invention is to provide an inter-bus coupling
      apparatus which allows reliable control for the inter-bus communication
      with a minimized number of required hard wares.
PAR  Further object of the invention is to provide an inter-bus coupling control
      apparatus which is evaded from the dead-lock likely to occur in the
      conventional inter-bus coupling apparatus of a small capacity constituted
      of a minimized number of hard wares.
PAR  These and other object of the invention have been attained by the
      bus-coupler which comprises means for producing a bus-coupler request
      signal in accordance with a request for communication from a given bus to
      another bus and a dead-lock control means for inhibiting dead-lock which
      may possibly occur in the inter-bus communication, i.e. the communication
      between the buses.
PAR  The other features and advantages of the invention will become more
      apparent by examining the following description of preferred embodiments
      of the invention. The description makes reference to the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing an arrangement of two computer systems
      coupled together through a bus-coupler according to the invention.
PAR  FIG. 2a is a circuit diagram to show an examplary embodiment of the
      dead-lock control apparatus for use in the bus-coupler according to the
      invention.
PAR  FIG. 2b is a circuit diagram to show another exemplary embodiment of the
      dead-lock control apparatus for use in the bus-coupler according to the
      invention.
PAC  DETAILED DESCRIPTIONS OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an arithmetic unit (CPU) 1a, a memory or storage unit
      (M/D) 2a and an input-output unit (I/O) 3a, each of which units may be
      provided in plurality, are coupled to an associated bus 5a through
      respective stations (ST) 4(1)a, 4(2)a and 4(3)a. A bus controller (B.C.)
      6a is provided for each of buses to control the occupation thereof in
      accordance with the requests for communication from the units. The bus
      controller may be a part of the computer.
PAR  In FIG. 1, affixes a and b are attached to reference numerals to
      discriminate two systems coupled to the bus from each other.
PAR  In FIG. 1, an arrangement of the station is typically shown in the station
      block 4 (1)a, while an arrangement of a bus coupler 7 for interconnecting
      two buses 5a and 5b is illustrated in a dotted block 7. It is to be noted
      that all the stations do not necessarily have the same configuration but
      may incorporate therein components or arrangements unique to the
      individual stations.
PAR  Further, the buses 5a and 5b comprise, respectively, address lines 51a and
      51b, data lines 52a and 52b, function lines 53a and 53b, timing signal
      lines 54a and 54b and bus busy lines 55a and 55b which serve to signal
      that a requested bus is busy or occupied.
PAR  Operations of the bus coupler will be made apparent from the following
      description.
PAR  Assuming, for example, that a call or request for communication from one
      arithmetic unit 1a to another arithmetic unit 1b is produced, a
      communication request signal discriminator apparatus 41a provided in the
      station 4(1)a for discriminating the communication requests will supply a
      communication call or request signal to the bus controller 6a which
      responds to the communication request signal from the corresponding
      stations of the untis under the control thereof to allot the occupation of
      the bus in accordance with the priority order of the requests for
      communication and transmit a bus occupation authorizing signal to the
      station which is allowed to use the bus.
PAR  There is provided a bus busy signalling apparatus 45a in the station which
      also responds to the bus occupation authorizing signal to fed a bus busy
      signal to the bus busy line 55a of the bus 5a. So far as the bus busy
      signal appears in the bus busy line 55a, all the other communications
      through the bus 5a are inhibited. The bus occupation authorizing signal is
      also transmitted to a timing apparatus 44a in the station which then
      produces a timing signal on the timing line 54a. Further, a driver control
      apparatus 43a is provided in the station which receives the bus occupation
      authorizing signal and a function signal transmitted from a line 4331a to
      the function line 53a of the bus 5a to thereby produce a signal which
      enables drivers 431a, 432a and 433a to send the corresponding signals to
      the lines of the bus 5a.
PAR  In the bus-coupler 7, a comparator 73a is connected to the address signal
      line 51a, which comparator serves to determine whether the requested
      communication is to be made across two different buses and suplies an
      inter-bus communication request signal to one of the inputs of an AND gate
      72a, which has other input connected to the timing signal line 54a of the
      bus 5a. The AND gate 72a thus provides timing for the inter-bus
      communication signal from the comparator 73a to supply the same signal to
      a dead-lock control apparatus 70. The function of the dead-lock control
      apparatus 70 is to allow the use of an inter-bus coupler apparatus 71 for
      the first incoming inter-bus communication request signal and at the same
      time to supply the bus occupation request signal to the other bus
      controller 6b. When an inter-bus communication request signal is supplied
      to the dead-lock control apparatus 70 during the use of the inter-bus
      coupler apparatus 71, the dead-lock control apparatus 70 will produce a
      bus-coupler busy signal indicating that the inter-bus coupler apparatus is
      being used, to thereby make the inter-bus communication request signal
      cancelled. In case the two inter-bus communication request signals are
      applied simultaneously to the dead-lock control apparatus 70, the
      dead-lock control apparatus 70 allows the use of the inter-bus coupler
      apparatus 71 for one of the inter-bus communication request signals by
      transmitting the bus occupation request signal to the other bus controller
      6b, while the bus-coupler busy signal indicating the inter-bus coupler
      apparatus 71 being used is produced for the other inter-bus communication
      request signal, whereby the latter signal is rejected or cancelled. The
      arrangement as well as operations of the dead-lock control apparatus will
      be described in more detail hereinafter. Input lines 80a and 80b to the
      dead-lock control apparatus 70 serve to reset the apparatus 70, the
      operation of which lines will be also described in detail hereinafter in
      conjunction with the dead-lock control apparatus 70.
PAR  The bus controller 6b, on the other hand, receives the bus occupation
      request signals from the dead-lock control apparatus 70 to allow the
      occupation of bus for the bus occupation request signals in accordance
      with the priority order thereof. When a bus occupation request is once
      allowed, the bus occupation authorizing signal is transfered to the
      inter-bus coupler apparatus 71 from the bus controller 6b. The inter-bus
      coupler apparatus is now in the position to allow the inter-communication
      between two buses by interconnecting the lines of the buses. During the
      inter-bus communication, the bus busy signal is sent to the buses 5a and
      5b, whereby other communication through the bus 5b is inhibited.
PAR  In the station of the arithmetic unit 1b which is called for the
      communication, a coincidence circuit 444b and a decoder 445b connected to
      the address line 51b and the function line 53b through respective
      receivers 441b and 442b will operate to determine whether the
      communication request is directed to themselves and provides a timing
      signal to an AND gate 48b through a timing control circuit 46b connected
      to the timing signal line 54b to produce a signal supplied to a register
      446b for allowing the communication or transfer of data. It will be noted
      that the register 446b is connected to the data line 52b through a
      receiver 443b.
PAR  Upon the termination of the inter-bus communication, an apparatus 42a for
      discriminating the termination of communication produces a signal to clear
      the bus busy signal for the bus busy apparatus 45a, whereby the
      occupations of the bus 5a as well as the bus 5b are cleared and the system
      is now in the state ready for a next communication.
PAR  The bus-coupler busy signal which is produced for the inter-bus
      communication request signal fed to the dead-lock control apparatus 70
      during the occupation of the inter-bus coupler apparatus, as hereinbefore
      described, is transfered to a communication request cancelling apparatus
      40b which produces an output signal fed to the bus busy apparatus 45b to
      make the inter-bus communication request signal to be withdrawn or
      cancelled.
PAR  From the foregoing description, the general outline of operations of the
      bus coupler, the stations of the associated buses and the bus controller
      will be understood. Further, the manner of the communication effected
      through a single bus will be easily appreciated for those skilled in the
      art from the above description.
PAR  Next, the description will be made on the arrangement and operation of the
      dead-lock control apparatus 70 provided in the bus-coupler by referring to
      FIG. 2a, in which the reference numerals used for indicating the input and
      the output lines for the dead lock control apparatus are the same as those
      utilized in the case of FIG. 1.
PAR  Referring to FIG. 2a, there are provided a first and a second flip-flops
      753 and 754 each having reset input connected to the output line of a NOR
      gate 759 to which the bus busy lines 55a and 55b of the buses 5a and 5b
      are connected through reset input lines 80a and 80b so that the first and
      the second flip-flops 753 and 754 are reset by the reset inputs from these
      lines 80a and 80b. In this way, these flip-flops are reset upon the
      termination of the bus busy signal.
PAR  When the inter-bus communication request signal from the AND gate 72a
      appears on the input line 81a, this signal is applied to the input of a
      first AND gate 751 together with the reset output from the second
      flip-flop 754. The first AND gate 751 then produces an output signal
      applied to the set input of the first flip-flop 753 to thereby set the
      latter, which in turn produces the bus occupation request signal for the
      bus 5b from the set output thereof to the output line 83a. In this state,
      when another inter-bus communication request signal appears subsequently
      on the input line 81b, this signal is applied to one input of the second
      AND gate 752. However, since the other input of the AND gate 752 is
      connected to the reset output of the first flip-flop 753 which is in the
      set state, the second AND gate 752 will produce no output signal, whereby
      the second flip-flop 754 remains in the reset state. The inter-bus
      communication request signal appearing on the input line 81b is, on the
      other hand, applied to one input of a fifth AND gate 758 which has other
      input coupled to the set output of the first flip-flop 753. The fifth AND
      gate 758 thus produces the bus-coupler busy signal on the output line 82b.
      Upon the termination of the inter-bus communication, the first and the
      second flip-flop circuits are both reset by the signals on both the bus
      busy lines 80a and 80b.
PAR  To the contrary, when the inter-bus communication request signal from the
      AND gate 72b incomes to the dead-lock control apparatus 70 through the
      input line 81b, the second AND gate 752 applied at its inputs with the
      inter-bus communication request signal and the reset signal from the first
      flip-flop circuit 753 is enabled to produce an output signal which resets
      the second flip-flop 754. As a result, the third AND gate 756 is applied
      with the set output from the second flip-flop 754 and the reset output
      from the first flip-flop 753 to thereby output the bus occupation request
      signal for the bus 5a on the output line 83b. When another inter-bus
      communication request signal appears subsequently on the input line 81a,
      the signal is applied to one input of the first AND gate 751. However,
      since the other input of this gate 751 is connected to the reset output of
      the second flip-flop 754 which is in the set state, the first AND gate 751
      is not enabled. On the other hand, the fourth AND gate 757 having inputs
      connected to the input line 81a and the output line 83b can produce the
      bus-coupler busy signal on the output line 82a to the communication
      request cancelling apparatus 40a. When the communication between buses is
      terminated, both of the first and the second flip-flops 753 and 754 are
      reset by the signals on both the bus busy lines 80a and 80b.
PAR  FIG. 2b shows another embodiment of the dead-lock control apparatus
      according to the present invention. In this drawing, same reference
      numerals as those in FIG. 1 are used to designate the input and the output
      lines for the dead-lock control apparatus.
PAR  Referring to FIG. 2b, the bus busy lines 55a and 55b of the buses 5a and 5b
      are connected to a NOR gate 711 through the input lines 80a and 80b, which
      NOR gate has an output connected to the reset input of a first flip-flop
      circuit 702. There is provided also a second flip-flop 701 which may be in
      the set or reset state, as will be understood from the following
      description on the operation.
PAR  Assuming that the second flip-flop circuit 701 is in the reset state and
      the inter-bus communication request signal appears on the input line 81a,
      a first AND gate 705 having inputs connected to the input line 81a and the
      reset output of the first flip-flop 702 will produce an output signal
      which sets the second flip-flop 701. Simultaneously, an OR gate 710
      applied with the output signal from the first AND gate 705 produces an
      output signal which is fed to the first flip-flop 702 to set it, while a
      fourth AND gate 708 adapted to receive the set outputs from the first and
      the second flip-flops will produce the bus occupation request signal for
      the bus 5b on the output line 83a. The fifth AND gate 709 having inputs
      connected to the reset output of the second flip-flop 701 and the set
      output of the first flip-flop 702 will produce no output signal. In this
      state, a delayed appearence of another inter-bus communication request
      signal on the input line 81b can not enable the second AND gate 702 having
      an input connected to the input line 81b, since the other input of the AND
      gate 706 is connected to the reset output of the first flip-flop 702 which
      is set at that time. On the other side, a seventh AND gate 704 having
      inputs connected to the input line 81b, the set output of the first
      flip-flop 702 in the set state and the set output of the second flip-flop
      701 also in the set state can produce the bus coupler busy signal on the
      output line 82b. Upon termination of the communication between buses,
      signals on the bus busy lines 80a and 80b will reset the first flip-flop
      circuit 702.
PAR  Next, it is assumed that the inter-bus communication request signal appears
      on the input line 81b when the second flip-flop 701 is in the set state.
      Then, the second AND gate 706 receives the inter-bus communication request
      signal and the reset signal of the first flip-flop circuit 702 which is in
      the reset state, to thereby produce an output signal which will set the
      first flip-flop 702 through the OR gate 710. On the other hand, the first
      AND gate 705 having an input applied with the reset signal from the first
      flip-flop circuit 702 which is now in the set state will produce no
      output, which results in the production of an output signal from a NOT
      gate 712 connected to the output of the first AND gate 705. The output
      from the NOT gate 712 is applied to the third AND gate 707 together with
      the output from the second AND gate 706, whereby an output signal is
      produced by the third AND gate 707 to reset the second flip-flop circuit
      701. The fourth AND gate 708 destined to receive the set outputs of the
      second flip-flop 701 in the reset state and the first flip-flop in the set
      state produced no output, while the fifth AND gate 709 can respond to the
      reset output from the second flip-flop 701 in the reset state and the set
      output from the first flip-flop 702 to thereby produce the bus occupation
      request signal for the bus 5a on the output line 83b. In this state,
      another inter-bus communication signal appearing lately on the input line
      81a will be applied to an input of the first AND gate 705 which, however,
      is not enabled, since the other input thereof is connected to the reset
      output of the first flip-flop circuit 702 in the set state. On the other
      hand, the sixth AND gate 703 having inputs connected to the input line
      81a, the set output of the first flip-flop 702 in the set state and the
      reset output of the second flip-flop 701 in the reset state can produce
      the bus-coupler busy signal on the output line 82a. When the inter-bus
      communication comes to the end, the first flip-flop circuit 702 is then
      reset by the signal on both the bus busy lines 80a and 80b.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bus-coupler in an information transport system for connecting a
      plurality of buses, to each of which a plurality of arithmetic units, a
      plurality of storage units and a plurality of input-output units are
      connected through respective associating stations, comprising:
PA1  first means provided for each of the buses for generating a first signal in
      response to an inter-bus communication request signal from one of the
      associating stations of each of the buses;
PA1  second means generating a second signal requiring occupation of one of the
      other buses in response to the first incoming first signal from one of
      said first means of the one bus and for generating third signals rejecting
      the inter-bus communication request signal from respective ones of the
      associating stations of the other buses in response to the succeedingly
      incoming first signals from others of said first means of the other buses,
      and when at least two of the first signals occur simultaneously, said
      second means generating a second signal requiring occupation of one of the
      other buses in response to one of the at least two first signals from one
      of said first means of the one bus and also generating third signals
      rejecting the inter-bus communication request signals from respective ones
      of the associating stations of the other buses in response to the others
      of the at least two first signals from others of said first means of the
      other buses;
PA1  third means for interconnecting the one bus with the one of other buses in
      response to the second signal from said second means; and
PA1  fourth means provided for each of the buses for cancelling the inter-bus
      communication request signals from the respective ones of the associating
      stations of the other buses in response to the third signals from said
      second means.
NUM  2.
PAR  2. A bus-coupler in an information transport system for connecting a pair
      of buses, to each of which a plurality of arithmetic units, a plurality of
      storage units and a plurality of input-output units are connected through
      respective associating stations, comprising:
PA1  a bus controller provided for each of the buses for registering
      communication request signals from the associating stations of one bus and
      for generating an authorization signal allowing occupation of the one bus
      for one of the associating stations in accordance with priority order of
      the communication request signals from the associating stations;
PA1  a driver control apparatus provided in each of the associating stations for
      sending a group of signals to the one bus in response to the authorization
      signal from said bus controller;
PA1  a comparator provided for each of the buses for discriminating an inter-bus
      communication request signal from the group of signals from the one of
      said drive control apparatuses and generating a first signal requiring
      inter-bus communication with one of the associating stations of the other
      bus;
PA1  a dead-lock control apparatus for generating a second signal allowing
      occupation request for the other bus in response to the first incoming
      first signal from one of said comparators and generating a third signal
      rejecting occupation request for the one bus in response to the
      succeedingly incoming first signal from the other of said comparators, and
      when the two first signals simultaneously occur, said dead-lock control
      apparatus generating a second signal allowing occupation request for the
      other bus in response to one of the two first signals from one of said
      comparators and also generating a third signal rejecting occupation
      request for the one bus in response to the other of the two first signals
      from the other of said comparators, said bus controller further generating
      a fourth signal authorizing occupation of the other bus in response to the
      second signal from said dead-lock control apparatus;
PA1  a communication request cancelling apparatus for cancelling the inter-bus
      communication request signal from one of the associating stations of the
      other bus in response to the third signal from said dead-lock control
      apparatus; and
PA1  an inter-bus coupler apparatus for connecting the one bus with the other
      bus in response to the fourth signal from said bus controller of the other
      bus.
NUM  3.
PAR  3. A bus-coupler as set forth in claim 2, wherein said dead lock control
      apparatus comprises:
PA1  a bus busy line provided for each of the buses to which a bus busy signal
      of the group of signals is fed during the occupation of the buses from one
      of the associating stations of the buses;
PA1  a NOR gate having an input applied with the bus busy signal from said bus
      busy line of the one bus;
PA1  a first AND gate having an input applied with first signal from the one
      bus;
PA1  a first flip-flop circuit having a set output connected to the output of
      said first AND gate, a reset input connected to the output of said NOR
      gate and a set output producing the second signal allowing occupation
      request for the other bus;
PA1  a second AND gate having inputs applied with the first signal from the
      other bus and the reset output from said first flip-flop circuit;
PA1  a second flip-flop circuit having a set input connected to the output of
      said second AND gate and a reset input connected to the output of said NOR
      gate for producing a reset output applied to the other input of said first
      AND gate;
PA1  a third AND gate having inputs applied with the reset output from said
      first flip-flop circuit and the set output from said second flip-flop
      circuit for producing the second signal allowing occupation request for
      the one bus;
PA1  a fourth AND gate having inputs applied with the output of said third AND
      gate and the first signal from the one bus for producing the third signal
      rejecting occupation request for the other bus;
PA1  a fifth AND gate having inputs applied with the set output from said first
      flip-flop and the first signal from the other bus for producing the third
      signal rejecting occupation request for the one bus.
NUM  4.
PAR  4. A bus-coupler as set forth in claim 2, wherein said dead-lock control
      apparatus comprises:
PA1  a bus busy line provided for each of the buses to which a bus busy signal
      of the group of signals is fed during the occupation of the buses from one
      of the associating stations of the buses;
PA1  a NOR gate having an input applied with the bus busy signal from said bus
      busy line of the one bus;
PA1  a first AND gate having an input applied with the first signal from the one
      bus;
PA1  a second AND gate having an input applied with the first signal from the
      other bus;
PA1  an OR gate having inputs applied with outputs from said first and second
      AND gates;
PA1  a first flip-flop circuit having a set input connected to the output of
      said OR gate and a reset input connected to the output of said NOR gate
      for producing a reset output applied to the other inputs of said first and
      second AND gates, respectively;
PA1  a NOT gate for negating the output of said first AND gate;
PA1  a third AND gate having inputs applied with the output of said NOT gate and
      the output of said second AND gate;
PA1  a second flip-flop circuit having a set input connected to the output of
      said first AND gate, a reset input connected to the output of said third
      AND gate;
PA1  a fourth AND gate having input applied with the sey output of said first
      flip-flop circuit and the set output of said second flip-flop circuit to
      thereby produce the second signal allowing occupation request for the
      other bus;
PA1  a fifth AND gate having inputs applied with the set output of said first
      flip-flop circuit and the reset output of said second flip-flop circuit to
      thereby produce the second signal allowing occupation request for the one
      bus;
PA1  a sixth AND gate having inputs applied with the reset output of said second
      flip-flop circuit, the set output of said first flip-flop circuit and the
      first signal from the one bus to thereby produce the third signal
      rejecting occupation request for the other bus;
PA1  a seventh AND gate having inputs applied with the set output of said second
      flip-flop circuit, the set output of said first flip-flop circuit and the
      third signal rejecting occupation request for the one bus.
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ABST
PAL  A plurality of channel expander devices is operated in response to the
      channel outputs of a programmer. Means are provided for detecting
      information in the output channels of the programmer. The programmer
      output channel information is stored in a first storage means. The channel
      expander devices are energized one at a time in response to the stored
      information. A reset signal is generated in response to predetermined
      information in the programmer output channels, and the first storage means
      are reset in response to the reset signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for expanding the channel output
      capacity of a control device such as a programmer used in automated
      audio-visual performances. In particular, the present invention relates to
      apparatus for expanding the channel output capacity of a programmer by
      selectively energizing a plurality of channel expander devices.
PAR  A programmer is a device which controls the states of a plurality of output
      devices such as slide projectors, tape recorders, and so forth. Automatic
      audio-visual performances using output devices such as slide projectors
      and tape recorders are made possible by the programmer. The programmer
      automatically controls the output devices in accordance with a preselected
      program. The preselected program is stored in a storage medium such as a
      paper tape.
PAR  More specifically, the program is stored in the form of punched holes in
      the tape. The programmer includes a tape reader which electro-optically
      scans the tape and detects the presence of punched holes therein. For
      purposes of storing the program in the tape, the tape is divided into a
      fixed number of channels which run along the length of the tape and a
      fixed number of lines or "cues" running along the width of the tape. The
      tape reader scans a fixed number of tape cues per second. Depending upon
      the information to be stored in the program, different holes are punched
      in different combinations of tape cue channels. A typical programmer is
      described in detail in pending U.S. Application Ser. No. 486,805 filed
      July 9, 1974, entitled Programmer Expander for a Plurality of Devices and
      pending application Ser. No. 537,750, filed Dec. 31, 1974, entitled Method
      and Apparatus for Interrupting a Device for a Preselected Interval of
      Time, both of which are incorporated herein by reference. In general, the
      channel output capacity of the programmer severely limits the flexibility
      and effect of an audio-visual performance. In particular, the greatest
      number of output devices that a programmer can directly control is equal
      to the number of channels on the tape. In order to expand the channel
      output capacity of the programmer, the programmer may be connected to a
      channel expander device which controls the output devices in response to
      the information stored in the programmer tape. Such a channel expander
      device is disclosed in U.S. Application Ser. No. 486,805. Using such a
      channel expander device, the output of an eight channel programmer can be
      expanded to 40 channels.
PAR  Although the channel expander device greatly increases the flexibility and
      effect of an audio-visual performance by significantly increasing the
      channel output capacity of the programmer, only one channel expander
      device can be connected to the programmer. Consequently, the channel
      output capacity of the programmer in combination with the channel expander
      device, although permitting the control of a large number of output
      devices, may be of limited application in large scale performances which
      employ hundreds of output devices.
PAR  Obviously, by way of partial solution to the problem of limited channel
      output capacity, a channel expander device may be designed to provide
      sufficient output channel capacity to control the expected number of
      output devices employed in audio-visual performance. This approach,
      however, is somewhat self-limiting since, should the channel output
      capacity of the combined programmer and channel expander device be
      exceeded in the future, the system cannot be augmented by other channel
      expander devices to further increase the channel output capacity of the
      programmer. Instead, a channel expander device having still greater
      channel output capacity must be designed. Needless to say, the foregoing
      approach to solving the problem of limited programmer channel output
      capacity entails increasing complexity and cost.
PAR  The primary advantage of the present invention is that the channel output
      capacity of the programmer can be expanded without redesigning the channel
      expander devices.
PAR  Another advantage of the present invention is that it permits the
      interconnection of a plurality of existing channel expander devices in a
      simple and direct manner.
PAR  A still further advantage of the present invention is that it permits
      automatic control of a multitude of output devices without operator
      intervention.
PAR  Further advantages of the present invention will appear in the ensuing
      disclosure.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Information in the output channels of a programmer is detected, and a set
      of output signals is generated in response thereto. The set of output
      signals is stored in a first storage means. The channel expanders are
      energized one at a time in response to the stored set of output signals. A
      reset signal is generated in response to pedetermined information in the
      programmer output channels. The first storage means is reset in response
      to the reset signal.
PAR  In an alternative embodiment of the invention, a plurality of circuits are
      interconnected to further increase the channel output capacity of the
      programmer. Each circuit includes means for detecting information in the
      output channels of the programmer and for generating a set of output
      signals in response to the programmer output channel information. First
      storage means store the set of output signals. The channel expanders are
      energized one at a time in response to the set of storage signals. A reset
      signal is generated in response to the predetermined information in the
      programmer output channel. The means for detecting information in the
      output channels of the programmer are disabled in response to the reset
      signal. Each circuit is provided with means for enabling the means for
      detecting programmer output channel information in the next adjacent
      circuit in response to the reset signal. The last circuit is provided with
      means for generating a predetermined digital signal which resets the next
      adjacent circuit and which causes the latter circuit to generate a
      predetermined digital signal which resets the still next adjacent circuit,
      and so forth, until all circuits are reset.
PAR  For the purpose of illustrating the invention, there are shown in the
      drawings forms which are presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B together show the basic timing circuitry of the present
      invention.
PAR  FIG. 2 shows a set of relay circuits which control the channel expander
      devices in conjunction with the circuits shown in FIGS. 1A and 1B.
PAR  FIG. 3 shows a set of voltage isolation devices for providing the proper
      voltage levels for operation of the circuits shown in FIGS. 1A and 1B.
PAR  FIG. 4 shows the circuits in FIGS. 1A, 1B, 2 and 3 connected to the
      programmer and a plurality of channel expander devices.
PAR  FIG. 5 shows the interconnection of a plurality of circuits constructed in
      accordance with FIGS. 1A, 1B, 2 and 3 for further increasing the
      programmer channel output capacity.
PAR  FIG. 6 is a timing diagram showing various signals developed in the circuit
      constructed in accordance with the principles of the present invention and
      connected as shown in FIG. 4.
PAR  FIG. 7 is a timing diagram showing various signals developed in the circuit
      constructed in accordance with the principles of the present invention and
      interconnected as shown in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings in detail, wherein like numerals indicate like
      elements, the channel register outputs of a programmer (not shown) are
      designated by the numerals 1'-5', 6', 7' and 8' in FIG. 3. The programmer
      controls the states of a limited number of devices according to a program
      stored in a storage medium such as a tape. By way of example, a programmer
      may control eight devices based on the information contained in an eight
      channel tape. A typical programmer is described in greater detail in
      pending U.S. Application Ser. No. 486,805 entitled Programmer Expander for
      a Plurality of Devices and Application Ser. No. 537,750 entitled Method
      and Apparatus for Interrupting a Device for a Preselected Interval of
      Time, both of which are incorporated herein by reference. It should be
      understood, however, that the programmer, per se, does not form part of
      the present invention. The channel register outputs are generated in the
      programmer and they indicate the information contained in the tape. In
      particular, for an eight channel tape, each of the channel register
      outputs indicates the information stored in one of the eight channels on a
      single line, hereinafter referred to as a "cue," of the tape.
PAR  The operation of a programmer is keyed to a tape reader (not shown). The
      tape reader scans the tape cue by cue. The information stored in each cue
      on the tape is detected by the tape reader and transferred to the channel
      registers in the programmer. Each of the channel register outputs
      indicates the information stored in a particular channel on a tape. For
      ease of reference in the ensuing portions of the disclosure, channel
      register output 8' corresponds to the eighth channel of the tape, channel
      register output 7' corresponds to the seventh channel of the tape, and so
      forth.
PAR  For the typical programmer described in U.S. Application Ser. No. 486,805,
      the channel register outputs 1'-8' vary between voltage levels of + 24
      volts and 0 volts. Information in a channel of a tape cue is indicated by
      a punched hole at the location of the channel in a cue. When information
      in the form of a punched hole is contained in a particular channel of the
      tape cue, the channel register output associated with that channel is at
      the 0 volt level. At all other times, the channel register output is at
      the + 24 volts level.
PAR  Referring to circuit 10A shown in FIG. 3, channel register outputs 1'-5'
      are connected through a diode and a resistive network to a voltage
      isolation device Q.sub.1 comprising a light emitting diode and a
      phototransistor. The voltage isolation device Q.sub.1 may be a TIL 111
      integrated circuit or any other suitable device for performing the
      function described hereinafter. Voltage isolation device Q.sub.1 provides
      noise immunity and scales down the 0 volt to + 24 volt fluctuations at the
      channel register outputs to 0 volt to + 5 volt fluctuations.
PAR  If each of the channel register outputs 1'-5' are at the + 24 volt level,
      the diodes D1-D5 will be reverse biased and the voltage isolation device
      Q.sub.1 will be "off." Accordingly, the junction of resistors R6 and R7
      will be at the + 5 volt level. On the other hand, if any of the channel
      register outputs are at the 0 volt level, at least one of the diodes D1-D5
      will be forward biased. Current, therefore, will flow from the + 24 volt
      terminal through voltage isolation device Q.sub.1 and the forward biased
      diode. Voltage isolation device Q.sub.1, then, will go "on," and the
      voltage at the junction of resistors R6 and R7 will fall to 0 volts. Thus,
      if information is contained in any of the channels 1-5, voltage isolation
      device Q.sub.1 will go "on" and the junction at resistors R6 and R7 will
      be 0 volts. But if no information is contained in any of the channels 1-5
      transistor Q.sub.1 will be "off" and the junction at resistors R6 and R7
      will be at the + 5 volt level. For purposes of explanation of the
      operation of the circuit shown in FIGS. 1A and B, the + 5 volt level will
      be referred to as a "high" digital level and the 0 volt level will be
      referred to as a "low" digital level. The "high" digital level corresponds
      to a binary 1, in digital logic nomenclature, and the "low" digital level
      corresponds to a binary 0. Strictly speaking, the "low" digital level
      includes a finite range of voltages and need not be precisely 0 volts. In
      addition, the "high" digital level includes a finite range of voltages and
      need not be precisely + 5 volts. However, for purposes of explanation, the
      + 5 volt level may be thought of as the "high" digital level and the 0
      volt level may be thought of as the "low" digital level.
PAR  From the foregoing, it should be apparent that the interconnection of
      diodes D1-D5 and the voltage isolation device Q.sub.1 provides the logical
      AND operation on the channel register outputs 1'-5'. In particular, the
      junction of resistors R6 and R7 provides "high" and "low" digital levels
      in accordance with the logic formula 1'2'3'4'5'.
PAR  The voltage isolation devices Q.sub.2 -Q.sub.5 perform functions identical
      to the Q.sub.1 device. For instannce, voltage isolation device Q.sub.2
      provides a "high" digital level of + 5 volts at the junction of resistors
      R10 and R11 when the channel register output 7' is at + 24 volts, and
      provides a "low" digital level of 0 volts when the channel register output
      7' is at 0 volts. That is, the voltage isolation device Q.sub.2 shifts the
      voltage fluctuations of channel register output 7' from 0-+ 24 volts to
      0-+ 5 volts. It should be appreciated, then, that the voltage isolation
      devices Q.sub.2 - Q.sub.5 perform no logical functions with respect to the
      channel register outputs 6'-8' and the Clock signal, to be described
      hereinafter.
PAR  The output signals 12345, 6, 7 and 8 are logically equivalent to the
      channel register outputs 1'2'3'4'5' and 6', 7' and 8', respectively but
      are based on the 0-+ 5 volt levels rather than the 0-+ 24 volt levels at
      the channel register outputs. Output signals 12345, 6, 7 and 8 are applied
      to circuit 10C shown in FIGS. 1A and B. Circuit 10C is a digital circuit
      designed for operation between the 0 volt and + 5 volt levels provided by
      voltage isolation devices Q.sub.1 -Q.sub.5 in circuit 10A. It should be
      appreciated, however, that circuits 10A and 10C may be modified to operate
      at voltage levels other than 0 volts and + 5 volts without affecting the
      functions of the circuits. More particularly, although circuits 10A and
      10C are described hereinafter with respect to digital components which
      function with respect to a "high" digital level of + 5 volts and a "low"
      digital level of 0  volts, the same digital function may be performed by
      other commercially available digital components which function at voltage
      levels other than 0 volts and + 5 volts. The voltage levels themselves are
      not, per se, part of the present invention.
PAR  As already mentioned, each cue on a tape contains information in the form
      of punched holes. The information may be used by the programmer for
      determining the operational states of a plurality of devices. In addition,
      the information may be used for increasing the channel capacity of the
      programmer. In pending U.S. Application Ser. No. 486,805 entitled
      Programmer Expander for a Plurality of Devices, apparatus is described for
      expanding the channel capacity of a programmer. Hereinafter, that
      apparatus will be referred to as an "expander." In particular, the
      expander described in U.S. Application Ser. No. 486,805 may be used to
      increase the channel capacity of a programmer using an eight channel tape
      from eight channels to forty channels. To increase the channel capacity of
      the programmer further, the expanders described in U.S. Application Ser.
      No. 486,805 may be connected together. For example, in FIG. 4, n expanders
      are shown connected to an eight channel programmer through a circuit
      designated generally as 10. Circuit 10 includes circuits 10A, 10B and 10C
      shown in FIGS. 1A, 1B, 2 and 3. The operation of circuit 10A has already
      been described. The operation of circuits 10B and 10C will be described
      hereinafter. Circuit 10 automatically steers program commands from the
      programmer to each of the expanders 1 through n. Accordingly, the
      resultant channel capacity of expanders 1 through n is 40 .times. n
      channels. Thus, whereas the programmer has only eight channels and,
      therefore, can only control the states of eight devices, circuit 10
      permits the programmer to control 40 .times. n devices. In other words,
      the present invention increases the channel output capacity of the eight
      channel programmer by a factor of 40n.div. 8 or 5 n.
PAR  Further, as shown in FIG. 5, two or more of the circuits 10, each
      constructed in accordance with the principles of the present invention,
      may be connected in cascade to further increase the channel output
      capacity of the programmer. For example, where m circuits 10 are connected
      in cascade, as many as 40 .times. .times. (n-1) .times.m devices may be
      controlled by the programmer. Thus, the channel output capacity of the
      programmer may be increased by a factor of 40(n-1)m.div.8 or 5(n-1)m. When
      the circuits are connected in cascade, the output #n of each circuit 10 is
      not connected to any external circuitry, that is, the output #n is
      floating. Each circuit 10, therefore, uses only outputs #1-#(n-1) to
      expand the channel capacity of the programmer. The operation of the
      present invention in this mode is described more fully hereinafter.
PAR  Referring to FIG. 2, there is shown a circuit 10B for energizing the
      expanders shown in FIGS. 4 and 5, one at a time. More specifically, each
      of the expanders shown in FIGS. 4 and 5 requires a source of + 24 volts in
      order to operate. Circuit 10B distributes this voltage to each of the
      expanders based on the outputs Q.sub.1 -Q.sub.n of decoder/driver 118, see
      FIG. 1A. The decoder/driver outputs vary between 0 volts and + 24 volts,
      as described more fully below. Thus, the outputs of decoder/driver 118
      determine the operating states of diodes D15-D20. For purposes of
      explanation, it will be assumed that six expanders are to be connected to
      circuit 10 as shown in FIG. 4, that is, it will be assumed that n=6. It
      should be understood, however, that circuit 10 may be modified to
      accommodate more than six expanders, that is, n may be greater than six,
      within the spirit and scope of the invention.
PAR  If the decoder/driver outputs Q.sub.1 -Q.sub.5 are all at + 24 volts, each
      of the diodes D15-D20 in FIG. 2 will be reverse biased, each of the relays
      S1-S6 will be open, and outputs #1-#6 will be floating. Accordingly, none
      of the expanders #1-#6 will be energized. As will be explained more fully
      hereinafter, no more than one of the decoder/driver outputs will be at the
      0 volt level at any given time. Assuming that one of the decoder/driver
      outputs is at the 0 volts level, the associated relay will close, thereby
      supplying a voltage of +  24 volts to one of the expanders.
PAR  Relays S1-S6 are conventional relays which close when current flows through
      a coil inside the relay. The relays are conventional devices, and their
      structure and operation need not be described further in disclosing the
      present invention. The relays are connected through a transistor Q.sub.6
      in circuit 10B to the + 24 volt supply. Transistor Q.sub.6 provides a + 18
      volt output at its emitter terminal and prevents excessive current from
      flowing through the relays. Transistor Q.sub.6 is necessary when relays
      S1-S6 are of the low resistance coil reed type to prevent the coil from
      overheating and burning out. However, if relays other than the low
      resistance coil reed type are used, transistor Q.sub.6 may be eliminated
      and the + 24 volt supply may be directly connected to the relays.
PAR  If decoder/driver output Q.sub.1 is at 0 volts while decoder/driver outputs
      Q.sub.2 -Q.sub.6 are at + 24 volts, diode D15 will be forward biased while
      diodes D16-D20 will be reverse biased. As a result, current will flow
      through relay S1, causing that relay to close, while relays S2-S6 remain
      open. When relay S1 closes, + 24 volts is transmitted through the relay S1
      contacts to output #1. At the same time, however, outputs #2-#6 are
      floating, that is, outputs #2-#6 are not energized. Similarly, if
      decoder/driver output Q.sub.2 is at 0 volts while decoder/driver outputs
      Q.sub.1 and Q.sub.3 -Q.sub.6 are at + 24 volts, only output #2 will be
      energized. In Table 1, below, the states of the expanders #1-#6 are
      supplied for each combination of the outputs of decoder/driver 118.
TBL                TABLE 1                                                     
     ______________________________________                                    
                                Expander                                       
     Decoder Driver Outputs     Energized                                      
     Q.sub.1                                                                   
           Q.sub.2 Q.sub.3 Q.sub.4                                             
                                 Q.sub.5                                       
                                       Q.sub.6                                 
     ______________________________________                                    
     0v    24v     24v     24v   24v   24v    #1                               
     24v   0v      24v     24v   24v   24v    #2                               
     24v   24v     0v      24v   24v   24v    #3                               
     24v   24v     24v     0v    24v   24v    #4                               
     24v   24v     24v     24v   0v    24v    #5                               
     24v   24v     24v     24v   24v   0v     #6                               
     ______________________________________                                    
PAL  As will be shown in greater detail hereinafter, the decoder/driver outputs
      Q.sub.1 -Q.sub.6 are uniquely determined by the signals 6, 7, 8, and
      12345, generated by voltage isolation devices Q.sub.1 -Q.sub.5.
PAR  The operation of circuit 10 depends upon the particular connection of its
      inputs and outputs. As shown in FIGS. 4 and 5, circuit 10 can be connected
      either directly to n expanders or to (n-1) expanders and another circuit
      10. That is, circuit 10 may be connected to a programmer either singly in
      cascade. For purposes of the following description, it will be assumed
      that circuit 10 is connected as shown in FIG. 4 where n = 6 and the
      programmer is an eight channel programmer.
PAR  Refering to FIG. 1A, the signal 6 is connected to the input 12 of a NOR
      gate 14. The output 16 of NOR gate 14 is connected to the input 18 of a
      NOR gate 20. Another input of NOR gate 20, input 22, is connected to the
      output 24 of a NOR gate 26. The signal 7 is connected to the input 28 to
      NOR gate 26. The second inputs to NOR gates 14 and 26, inputs 30 and 32,
      respectively are connected together to the output 34 of a NAND gate 36.
PAR  The signal 8 is connected to the input 88 of a NOR gate 90. The second
      input, input 89, of NOR gate 90 is connected to the output 92 of NOR gate
      20. The signal 12345 is connected to an input 38 to NAND gate 36.
PAR  In the preferred embodiment described herein, the channel register outputs
      in the programmer fluctuate between 0 volts and + 24 volts. If a channel
      on a tape contains information, in the form of a punched hole, the channel
      register output corresponding to that channel will be 0 volts. Otherwise,
      the channel register output will be + 24 volts. As already explained, the
      0 volt to + 24 volt variation of the channel register outputs is scaled
      down to a 0 volt to + 5 volt variation by voltage isolation devices
      Q.sub.1 -Q.sub.5. Thus, the signals 6, 7, 8 and 12345 fluctuate between 0
      and + 5 volts depending on the presence or absence of information in the
      tape channel.
PAR  If all of the inputs to NAND gate 36 are "high," that is, at + 5 volts, the
      NAND gate output 34 will go "low," that is, the NAND gate output 34 will
      go to 0 volts. When NAND gate output 34 goes "low" it enables NOR gates 14
      and 26. Input 40 to NAND gate 36 is connected to the output 42 of a
      transistor Q.sub.7. The base of transistor Q.sub.7 is connected, through a
      resistor R21, to the collector of a transistor Q.sub.8. The base of
      transistor Q.sub.8 is connected, through a resistor R23 and a diode D33,
      to an In Use input. The In Use input is floating when only one circuit 10
      is connected to the programmer and expanders as shown in FIG. 4. By
      floating, it is meant that the In Use input is not connected to an
      external circuitry. The base of transistor Q.sub.8 is also connected to a
      + 9.1 volt supply through resistors R23 and R24. When the In Use input is
      floating, the + 9.1 volt supply biases transistor Q.sub.8 "off," and the
      collector of transistor Q.sub.8 will be at 0 volts. Since, at this time,
      the collector of transistor Q.sub.8 is at 0 volts, it biases transistor
      Q.sub.7 "off." The collector of transistor Q.sub.7 is connected through
      resistor R20 to a + 5 volt supply. Accordingly, when transistor Q.sub.7 is
      "off," its collector will be at + 5 volts and output 42 will be at a
      "high" digital level.
PAR  The output 42 of transistor Q.sub.7 is also connected to the input 44 of a
      peripheral driver 46. Peripheral driver 46 is a conventional device,
      well-known in the art, for driving a load such as a display lamp.
      Peripheral driver 46 is connected through a resistor R25 to an In Use
      display lamp, see FIG. 1B. When the In Use display lamp is energized, it
      indicates that the circuit 10 is in use. When inputs 44 and 48 to
      peripheral driver 46 are both "high," peripheral driver 46 drives the In
      Use Display lamp "on." The input 48 to peripheral driver 46 is connected
      to the output 50 of a NAND gate 52 by means of line 54. The NAND gate
      output 50 is "high" whenever either of the inputs 56 and 58 to NAND gate
      52 are "low."
PAR  The input 58 to NAND gate 52 is connected to the output 60 of an inverter
      62. The input 176 of inverter 62 is connected to the Enable Input. The
      Enable Input is connected to the junction of resistors R17 and R18, see
      FIG. 2. Referring to FIG. 2, resistor R18 is connected to relay S7. Relay
      S7 is connected, through diodes D21 and D22, to the + 24 volt supply. In
      addition, relay S7 is connected, through diode D23, to input terminal T.
      When circuit 10 is connected directly to the programmer and the expanders,
      as shown in FIG. 4, terminal T is floating. Accordingly, no current flows
      through relay S7 and relay S7 stays open. As a result, the junction of
      resistors R17 and R18 will be at + 5 volts, that is, will be "high." The
      Enable Input of circuit 10, then, will also be "high." Since the Enable
      Input is connected to the input 176 of inverter 62, the output of inverter
      62 will be "low," causing the NAND gate output 50 to go "high." As a
      result, the input 48 to peripheral driver 46 will be "high," and
      peripheral driver 46 will drive the In Use display lamp "on" to indicate
      that circuit 10 is in use. NAND gate output 50 is also connected to an
      input 68 to NAND gate 36. Accordingly, input 68 will be "high" at this
      time.
PAR  The input 70 to NAND gate 36 is connected, through line 72, to the output
      74 of an inverter 76. The input of inverter 76 is connected, through
      transistors Q.sub.9 and Q.sub.10, to the Q output of a retriggerable
      one-shot 78. One-shot 78 may comprise a Texas Instruments 74123
      retriggerable resettable one-shot having external timing components R26
      and C14 connected thereto, according to principles well-known in the art,
      for achieving a predetermined pulse duration at the Q output of the
      one-shot. It should be understood that the external timing components R26
      and C14 form part of the one-shot 78.
PAR  One-shot 78 is provided with two inputs 80 and 82. Input 80 is tied to the
      + 5 volt supply through a resistor R27 and, therefore, it is permanently
      clamped to a "high" level. Input 82 is connected to a Scan Clock input.
      The Scan Clock input is a series of digital pulses having a pulse
      repetition frequency corresponding to the rate at which the cues of the
      tape are scanned by the tape reader.
PAR  The Scan Clock input is generated by the programmer. Typically, the tape
      reader can automatically scan the tape at either 20 cues per second or 60
      cues per second. At a scan rate of 20 cues per second, the Scan Clock
      input will be at 0 volts for 30 millisec and at + 24 volts for 20
      millisec, and there will be twenty such pulses every second. For a scan
      rate of 60 cues per second, the Scan Clock input will be at 0 volts for 10
      millisec and + 24 volts for 6.666 millisec, and there sill be sixty such
      pulses every second. During the 0 volt intervals, the channel register
      outputs will appear at terminals 1'-8', see FIG. 3. The 0 volt to + 24
      volt fluctuations of the Scan Clock are scaled down to 0 to + 5 volts
      fluctuations, without affecting the timing, by voltage isolation device
      Q.sub.3.
PAR  When a + 5 volt to 0 volt transition occurs at the Scan Clock input, it
      triggers the one-shot input 82, causing one-shot 78 to generate a "high"
      pulse at its Q output. The Q output of one-shot 78 is connected, through
      resistor R28, to a loop comprising resistors R29 and R30 and capacitor
      C15. The purpose of this loop is to prevent the transitor Q.sub.10 from
      changing states if the one-shot 78 is triggered by high frequency moise.
      In the preferred embodiment of the present invention, the elements R26 and
      C14 are chosen to produce a pulse at the Q output of one-shot 78 which is
      approximately 5 millisec long. The loop comprising resistors R29 and R30
      and capacitor C15 will prevent transistor Q.sub.10 from turning "on" in
      response to the Q output of one-shot 78 unless the input signal at
      terminal 82 is "low" for 30 millisec, for a scan rate of 20 cues per
      second, or for 10 millisec, for a scan rate of 60 cues per second.
PAR  Assuming a scan rate of 20 cues per second, the + 5 volt to 0 volt
      transition of the Scan Clock input pulse, that is, the leading edge of the
      Scan Clock input pulse, will trigger one-shot 78. In response, one-shot 78
      will produce a 5 millisec "high" pulse at its Q output. Prior to the
      leading edge of the Scan Clock input pulse, the input 82 of one-shot 78 is
      "high." Accordingly, prior to the leading edge of the Scan Clock input
      pulse, current will flow through resistors R29 and R30 to the base of
      transistor Q.sub.10, turning transistor Q.sub.10 "on." When the Scan Clock
      input pulse drops to 0 volts, the Q output of one-shot 78 goes "high,"
      keeping transistor Q.sub.10 "on." When, however, one-shot 78 times out,
      its Q output goes "low." If the triggering signal at input 82 of one-shot
      78 is a valid Scan Clock input pulse, when one-shot 78 times out the input
      82 of one-shot 78 will be "low" since the Scan Clock input pulse stays
      "low" for more than 5 millisec. As a result, when one-shot 78 times out,
      transistor Q.sub.10 is driven "off." Should, however, the triggering
      signal at input 82 of one-shot 78 be "low" for less than 5 millisec, that
      is, should the triggering signal at input 82 of one-shot 78 be "noise,"
      when one-shot 78 times out the input signal at input 82 will have already
      returned to the "high" level. Accordingly, although the Q output of
      one-shot 78 goes "low" after 5 millisec, the input 82 will be "high,"
      keeping transistor Q.sub.10 "on." Thus, one-shot 78 will not turn
      transistor Q.sub.10 "off" unless the triggering signal at input 82 is a
      valid Scan Clock pulse.
PAR  As mentioned previously, transistor Q.sub.10 is initially "on." As a
      result, the collector of Q.sub.10 is initially at 0 volts. When, however,
      one-shot 78 times out to turn transistor Q.sub.10 "off," the collector of
      transistor Q.sub.10, which is connected to the + 5 volts applied to
      resistor R31, rises to the + 5 volt level. The 0 volt to + 5 volt
      transition at the collector of transistor Q.sub.10 is differentiated by
      capacitor C16 and resistor R32 to produce a 1 millisec "high" pulse at the
      base of transistor Q.sub.9. Prior to the 1 millisec "high" pulse, the base
      of transistor Q.sub.9 is "low," that is, transistor Q.sub.9 is "off." In
      response to the 1 millisec "high" pulse appearing at its base, transistor
      Q.sub.9 goes "on" for 1 millisec, generating a "low" pulse 1 millisec long
      at its collector. The collector of transistor Q.sub.9 is connected to the
      input of inverter 76. The output 74 of inverter 76, then, goes "high" for
      1 millisec when one-shot 78 times out.
PAR  The 1 millisec "high" pulse at the output 74 of inverter 76 is transmitted,
      by line 72, to the input 70 of NAND gate 36. As already explained, at this
      time, inputs 40 and 68 are "high." Assuming that none of the channel
      register outputs numbered 1'-5' are at 0 volts, input signal 12345
      appearing at the input 38 to NAND gate 36 will be "high" at this time.
      Consequently, NAND gate 36 generates a 1 millisec "low" pulse at its
      output 34. Since NOR gate inputs 30 and 32 are connected together to NAND
      gate output 34, NOR gates 14 and 26 will be enabled for 1 millisec.
PAR  Assuming that only the seventh channel on the tape contains information,
      signals 6 and 8 at NOR gate inputs 12 and 88 will be "high" and signal 7
      will be "low" for the duration of the Scan Clock input pulse, that is, for
      30 millisec. Accordingly, if only tape channel 7 contains information, NOR
      gates 14 and 90 will be disabled. By disabled, is meant that the NOR gate
      outputs will remain "low" despite the signals appearing at the other NOR
      gate inputs. Consequently, both inputs 28 and 32 of NOR gate 26 will be
      "low" for a 1 millisec interval. NOR gate 26, therefore, will generate a 1
      millisec "high" pulse at output 24. Since NOR gates 14 and 90 are disabled
      at this time, NOR gate outputs 94 and 16 will be "low" during the 1
      millisec interval.
PAR  NOR gate output 16 is connected to the D input of flip-flop 94; NOR gate
      output 24 is connected to the D input of flip-flop 96; and NOR gate output
      95 is connected to the D input of flip-flop 98. Flip-flops 94, 96 and 98
      may be Texas Instruments 7474 D-type edge triggered flip-flops having
      separate reset and preset inputs. The preset inputs of each of the
      flip-flops are connected together and permanently tied to a positive
      potential + V.sub.p. Consequently, the preset input of each of the
      flip-flops is permanently disabled. The reset inputs of the flip-flops are
      connected together and permanently tied, through a resistor R34 to the + 5
      volt supply. The reset inputs of the flip-flops, however, are not
      permanently disabled since they are connected to the output 224 of NOR
      gate 210. When the 1 millisec "high" pulse appears at the NOR gate output
      24, the D input of flip-flop 94 will be "low," the D input of flip-flop 96
      will go "high," and the D input of flip-flop 98 woll be "low." In
      addition, at this time, the D outputs of flip-flops 94, 96 and 98 will all
      be "low."
PAR  When the D input of one of the flip-flops is "high," a positive going edge
      at the clock input of the flip-flop will cause the Q output to go from a
      "low" to a "high." The clock inputs of each of the flip-flops 94, 96 and
      98 are connected to the output 100 of a NOR gate 102. The NOR gate 102 has
      two inputs, inputs 104 and 106. Input 106 is connected to the Q output of
      a flip-flop 66 by a line 64. Input 104 is connected to the output 108 of
      an inverter 110. The input 112 of inverter 110 is connected to the output
      of a differentiating circuit comprised of capacitor C18 and Resistor R35.
      The input of the differentiating circuit C18, R35 is connected to the
      output 114 of NOR gate 86. The input 116 to NOR gate 86 is connected to
      the output 92 of NOR gate 20. The input 84 to NOR gate 86 is connected to
      the collector of transistor Q.sub.9.
PAR  As mentioned previously, when the one-shot 78 times out after being
      triggered by the Scan Clock input pulse, transistor Q.sub.9 produces a 1
      millisec "low" pulse at its collector. As a result, a 1 millisec "high"
      pulse appears at the input 70 to NAND gate 36 and, in response, NOR gate
      26 generates a 1 millisec "high" pulse at its output 24, assuming that
      only the seventh channel on the tape contains information. Since signal 6
      at input 12 to NOR gate 14 is "high" during this time, NOR gate output 16
      will be "low," enabling NOR gate 20. By enabled, is meant that the NOR
      gate output is free to respond to changes in the signal appearing at the
      other NOR gate input. The 1 millisec "high" pulse appearing at NOR gate
      output 24 is transmitted to the input 22 of NOR gate 20. Accordingly, NOR
      gate 30 produces a 1 millisec "low" pulse at its output 92. The 1 millisec
      "low" pulse at NOR gate output 92 is transmitted to the input 116 to NOR
      gate 86. Consequently, both inputs 116 and 84 to NOR gate 86 carry 1
      millisec "low" pulses when the one-shot 78 times out.
PAR  In response to the 1 millisec "low" pulses at its inputs 116 and 84, NOR
      gate 86 produces a 1 millisec "high" pulse at its output 114. The
      differentiator circuit C18, R35 differentiates the 1 millisec "high" pulse
      and produces a narrower "high" pulse of approximately 100 microsecs
      duration at the input 112 to inverter 110. Inverter 110 inverts the 100
      microsec "high" pulse and generates a 100 microsec "low" pulse at its
      output 108. This 100 microsec "low" pulse is transmitted to the input 104
      or NOR gate 102. Input 106 of NOR gate 102 is connected by line 64 to the
      Q output of flip-flop 66. At this time, the Q output of flip-flop 66 is
      "low," so NOR gate 102 is enabled. NOR gate 102, then, produces a 100
      microsec "high" pulse at its output 100 in response to the output 108 of
      inverter 110. The "high" 100 microsec pulse appearing at the output 100 of
      NOR gate 102 clocks the flip-flops 94, 96 and 98, causing the Q output of
      each flip-flop to assume the digital state of its D input. Thus, when only
      the seventh channel on the tape contains information, the "high" pulse at
      NOR gate output 100 causes the Q output of flip-flop 94 to remain "low,"
      the Q output of flip-flop 96 to go "high," and the Q output of flip-flop
      98 to remain "low."
PAR  The Q outputs of flip-flops 94, 96 and 98 are each connected to
      decoder/drivers 118 and 120. Decoder/drivers 118 and 120 may be Texas
      Instruments 7445 BCD-to-decimal decoder/drivers. Such a decoder/driver
      accepts BCD inputs and provides appropriate outputs to drive a plurality
      of devices. In a preferred embodiment, decoder/driver 118 drives the six
      relays S1-S6 which energize expanders #1-#6. Decoder/driver 120 drives six
      display lamps, each lamp being associated with one of the expanders. The Q
      outputs of the flip-flops 94, 96 and 98 are connected to the P.sub.a,
      P.sub.b, and P.sub.c inputs of the decoder/drivers 118 and 120 as shown in
      FIG. 1A. The P.sub.d inputs of each of the decoder/drivers are connected
      together to the output 122 of a NAND gate 124.
PAR  NAND gates 124 and 130 form a set/reset circuit for enabling and disabling
      the decoder/drivers 118 and 120. The input 126 to NAND gate 124 is
      connected to the input 104 of NOR gate 102. Input 127 to NAND gate 124 is
      connected through resistor R37 to the + 5 volt supply. Before the 100
      microsec "low" pulse appears at NAND gate input 104, NAND gate input 127
      is "high" and NAND gate output 122 is "low". The 100 microsec "low" pulse
      appearing at the NOR gate input 104 appears at the input 126 to NAND gate
      124, causing NAND gate output 122 to go "high." The NAND gate output 122
      is connected to the input 128 of a NAND gate 130. Another input of the
      NAND gate 130, input 132, is connected through an inverter 134 to the
      input 82 of one-shot 78. When the Scan Clock input pulse appears at the
      one-shot input 82, the inverter 134 transmits an inverted form of the
      pulse to NAND gate input 132. Thus, assuming a scan rate of 20 cues per
      second, a 30 millisec "high" pulse appears at the input 132 to NAND gate
      130. The input 128 to NAND gate 130 is connected to the + 5 volt supply
      through resistor R36 and, as previously mentioned, to the output 122 of
      NAND gate 124. Accordingly, when the NAND gate output 122 goes "high," the
      input 132 to NAND gate 130 will also be "high." The output 136 of NAND
      gate 130, therefore, will go "low" at this time. The NAND gate output 136
      is connected to the input 127 of NAND gate 124. When NAND gate output 136
      goes "low," then, it keeps NAND gate output 122 "high."
PAR  When NAND gate output 122 goes "high," it drives the P.sub.d inputs of
      decoder/drivers 118 and 120 "high." Assuming that only the seventh channel
      on the tape contains information, the Q output of flip-flop 94 will be
      "low," the Q output of flip-flop 96 will be "high," and the Q output of
      flip-flop will be "low" at this time. The Q output of flip-flop 94 is
      connected to the P.sub.a inputs of decoder/drivers 118 and 120, the Q
      output of flip-flop 96 is connected to the P.sub.b inputs of
      decoder/drivers 118 and 120, and the Q output of flip-flop 98 is connected
      to the P.sub.c inputs of decoder/drivers 118 and 120. When the P.sub.d
      inputs of decoder/drivers 118 and 120 are "high," none of the outputs of
      the decoder/drivers shown in FIG. 1A will be at 0 volts, that is, the
      decoder/drivers will be disabled. In particular, the outputs of each
      decoder/driver will all be at + 24 volts. As a result, relays S1-S6 will
      all be open and none of the expanders will be energized. When, however,
      the Scan Clock input pulse at input 82 of one-shot 78 returns to the
      "high" level, the input 132 to NAND gate 130 goes "low," causing the
      P.sub.d inputs to decoder/drivers 118 and 120 to go "low." More
      specifically, when the input 132 to NAND gate 130 goes "low," it causes
      NAND gate output 136 to go "high." This, in turn, causes the input 127 to
      NAND gate 124 to go "high." Since, at this time, the 100 microsec "low"
      pulse appearing at the output 108 of inverter 110 will have expired, that
      is, since the inverter output 108 will be "high," NAND gate output 122
      will go "low." When NAND gate output 122 goes "low," it causes input 128
      to NAND gate 130 to go "low," keeping NAND gate output 136 "high." In
      addition, when NAND gate output 122 goes "low," it drives the P.sub.D
      inputs to decoder/drivers 118 and 120 "low." Consequently, the
      decoder/drivers 118 and 120 will be enabled. Since the P.sub.a and P.sub.c
      inputs of decoder/drivers 118 and 120 are also "low" at this time, while
      the P.sub.b inputs of decoder/drivers 118 and 120 are "high," the Q.sub.1,
      Q.sub.3, Q.sub.4, Q.sub.5 , and Q.sub.6 outputs of each decoder/driver
      will be at + 24 volts while the Q.sub.2 outputs of each decoder/driver
      will be at 0 volts or "low." Accordingly, only relay S2 will be energized,
      that is, only relay S2 will close. Expander #2, therefore, will be the
      only expander to be energized at this time.
PAR  In summary, then, when only the seventh channel of a tape cue contains
      information, expander #2 will be energized, and all other expanders will
      remain inactive. When expander #2 is energized, it is free to receive
      commands from the programmer and to control the operational states of 40
      devices in response thereto, as described in U.S. application Ser. No.
      486,805 entitled Programmer Expander For A plurality of Devices,
      incorporated herein by reference.
PAR  From the foregoing, it can readily be seen that the signals 6, 7, 8 and
      12345 uniquely determine which expanders will be activated. The circuit 10
      can be analyzed, as above, to compute the particular expander which is
      energized according to particular combinations of the signals 6, 7, 8 and
      12345. The expander activated by a particular combination of the foregoing
      signals, and the corresponding conditions of the decoder/drivers 118 and
      120, are supplied below in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Signal Combinations                                                       
                   Decoder/Driver Inputs                                       
                                 Decoder/Driver Outputs  Expanders Activated   
     6  7  8  1-5  P.sub.a                                                     
                      P.sub.b                                                  
                          P.sub.c                                              
                             P.sub.d                                           
                                 Q.sub.1                                       
                                     Q.sub.2                                   
                                         Q.sub.3                               
                                             Q.sub.4                           
                                                 Q.sub.5                       
                                                     Q.sub.6                   
     __________________________________________________________________________
     low                                                                       
        high                                                                   
           high                                                                
              high high                                                        
                      low low                                                  
                             low  0v +24v                                      
                                         +24v                                  
                                             +24v                              
                                                 +24v                          
                                                     +24v                      
                                                         1                     
     high                                                                      
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           high                                                                
              high low                                                         
                      high                                                     
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                                                 +24v                          
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                                                         2                     
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                                     +24v                                      
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                                                 +24v                          
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                                                         3                     
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                                              0v +24v                          
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                                                         4                     
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              high low                                                         
                      high                                                     
                          high                                                 
                             low +24v                                          
                                     +24v                                      
                                         +24v                                  
                                             +24v                              
                                                  0v +24v                      
                                                         5                     
     low                                                                       
        low                                                                    
           low                                                                 
              high high                                                        
                      high                                                     
                          high                                                 
                             low +24v                                          
                                     +24v                                      
                                         +24v                                  
                                             +24v                              
                                                 +24v                          
                                                      0v 6                     
     __________________________________________________________________________
PAL  It should be noted that, when circuit 10 is connected as shown in FIG. 4,
      the signal combination 6-"low," 7-"low," 8-"low," referred to hereinafter
      as the "678" signal combination, causes the Q.sub.6 outputs of
      decoder/drivers 118 and 120 to go "low" while the other decoder/driver
      outputs remain "high." Thus, expander #6 is energized in response to the
      signal combination 678.
PAR  As already mentioned, if signal combination 678 is generated,
      decoder/driver 118 will cause expander #6 to be activated. In addition,
      the 678 signal combination can be used as a reset signal. If the 678
      signal combination is generated two consecutive times, the flip-flops 94,
      96 and 98 and the decoder/drivers 118 and 120 will be automatically reset,
      thereby de-energizing all six of the expanders. More specifically, NOR
      gate 210 will cause flip-flops 94, 96 and 98 to be reset when the second
      678 signal combination is generated.
PAR  The output 224 of NOR gate 210 is connected to the reset inputs of
      flip-flops 94, 96 and 98. When NOR gate output 224 is "high" the reset
      inputs of flip-flops 94, 96 and 98 are disabled. When, however, the NOR
      gate output 224 goes "low," it resets flip-flops 94, 96 and 98. Input 206
      of NOR gate 210 is connected to input 208 of NOR gate 212 and output 196
      of NAND gate 194. NAND gate output 196 is also connected, through resistor
      R38, to the + 5 volt supply. Input 214 of NOR gate 210 is connected to
      input 216 of NOR gate 212 and to output 218 of inverter 220. Output 226 of
      NOR gate 212 is connected to the + 5 volt supply, by resistor R39, and to
      the reset inputs of flip-flops 66 and 226.
PAR  Input 192 of NAND gate 194 is connected to the output of NOR gate 182.
      Input 184 of NOR gate 182 is connected to output 186 of NAND gate 188.
      Input 180 of NOR gate 182 is connected to the Q output of flip-flop 152.
      The reset input to flip-flop 152 is connected to the Q output of flip-flop
      66, and the preset input of flip-flop 152 is permanently connected to the
      positive potential + V.sub.p. Thus, the preset input of flip-flop 152 is
      permanently disabled.
PAR  Input 190 to NAND gate 188 is connected to the collector of a transistor
      Q.sub.11. The base of transistor Q.sub.11 is connected through resistor
      R40 to the collector of a transistor Q.sub.12. The base of transistor
      Q.sub.12 is connected through resistor R42 and diode D34 to the Reset
      Input terminal. In addition, the base of transistor Q.sub.12 is connected
      through resistor R43 to the + 9.1 volt supply. When the circuit 10 is
      connected to the programmer and the expanders as shown in FIG. 4, the
      Reset input terminal is left floating. Since the base of transistor
      Q.sub.12 is connected to the + 9.1 volt supply by resistor R43, when the
      Reset Input is floating, transistor 212 will be driven "off." When
      transistor Q.sub.12 is "off," to its collector will be at 0 volts.
      Accordingly, transistor Q.sub.11 will also be "off," and its collector
      will be at + 5 volts. As a result, input 190 to NAND gate 188 will be
      "high."
PAR  Initially, the Q output of flip-flop 226 will be "low," driving the input
      228 to NAND gate 202 "low." NAND gate output 200, therefore, will be
      "high," causing input 198 to NAND gate 188 to be "high." The output 186 of
      NAND gate 188, therefore, will be "low" when transistor Q.sub.11 is "off,"
      enabling NOR gate 182. Further, the Q output of flip-flop 152 is initially
      "low" so that input 180 to NOR gate 182 is also "low." The output of NOR
      gate 182, then, will be "high," driving the input 192 to NAND gate 194
      "high."
PAR  NAND gates 194 and 199 form a set/reset circuit similar in operation to the
      set/reset circuit formed by NAND gates 124 and 130 described above. Input
      193 to NAND gate 194 is connected through resistor R44 to the + 5 volt
      supply. Accordingly, both inputs 192 and 193 of NAND gate 194 will be
      "high," causing NAND gate output 196 to go "low." NAND gate output 196 is
      connected to the input 197 of NAND gate 199. When NAND gate output 196
      goes "low," so does NAND gate input 197, causing NAND gate output 201 to
      go "high," keeping NAND gate output 196 "low." When NAND gate output 196
      is "low," so are the outputs 206 and 208 to NOR gates 210 and 212,
      respectively. NOR gates 210 and 212, therefore, are enabled when NAND gate
      output 196 is "low."
PAR  As already mentioned, inputs 214 and 216 to NOR gates 210 and 212,
      respectively, are connected together and to the output 218 of inverter
      220. Inverter 220 is part of a circuit used for resetting the elements of
      circuits 10B and C when the circuits are initially connected to the power
      supplied. When the circuits are initially converted to the power supplies,
      the input 221 to inverter 220 is "low" because capacitor C25 has not yet
      charged. Accordingly, inverter output 218 is "high," causing the NOR gate
      outputs 224 and 226 to go "low." The "low" digital level at outputs 224
      and 226 resets the flip-flops 94, 96 and 98 and the flip-flops 66 and 226,
      respectively. Moreover, when flip-flop 66 resets, its Q output is "low,"
      causing flip-flop 152 to reset as well. As capacitor C25 charges to the +
      5 volt supply, input 221 to inverter 220 goes "high," driving inverter
      output 218 "low." When inverter output 218 goes "low," so do NOR gate
      inputs 214 and 216, enabling NOR gates 210 and 212. Once the inverter
      input 221 goes "high," due to the carging of capacitor C25, it is
      maintained at the "high" level by inverter 222. That is, when inverter 221
      goes "high," driving inverter output 218 "low," the output of inverter 222
      goes "high." The output of inverter 222 is connected through resistor R45
      to the input 221 of inverter 220. Accordingly, inverter 222 keeps the
      input 221 of inverter 220 "high" once capacitor 225 charges towards the +
      5 volt supply sufficiently to drive inverter output 218 "low."
PAR  After the flip-flops have been reset, and inverter output 218 has gone
      "low," the signals 6, 7, 8 and 12345 are generated to selectively activate
      the expanders #1-#6. As already mentioned, if the signal combination 678
      is generated, expander #6 is activated by decoder/driver 118, see Table 2.
      Assuming a tape reader scan rate of 20 cues per second, when the 678
      signal combination is generated 30 millisec "low" pulses appear at the
      inputs 12, 28 and 88 to NOR gates 14, 26 and 90, respectively. During the
      duration of the "low" pulse at these NOR gate inputs, a 1 millisec "low"
      pulse appears at the output 34 of NAND gate 36, as already explained.
      Accordingly, NOR gates 14 and 26 generate 1 millisec "high" pulses at
      their ouputs 16 and 24, respectively. Consequently, NOR gate 20 generates
      a 1 millisec "low" pulse at its output 92. Since input 88 of NOR gate 90
      is "low" at this time, NOR gate 90 generates a 1 millisec "high"  pulse at
      its output 94. Nor gate outputs 16, 24 and 94 are connected, respectively,
      to the inputs 144, 142 and 140 of NAND gate 138. Inputs 144, 142 and 140
      of NAND gate 138, therefore, will simultaneously go "high" for 1 millisec,
      causing a 1 millisec "low" pulse to appear at NAND gate output 146. The
      "low" 1 millisec pulse appearing at NAND gate output 146 is inverted by
      inverter 148 to a 1 millisec "high" pulse as inverter output 150.
PAR  Inverter output 150 is connected to the J input of flip-flop 66 and the D
      input of flip-flop 152. The K input of flip-flop 66 is permanently
      grounded. The clock inputs of flip-flops 66 and 152 are connected together
      to the output 154 of NOR gate 156. Input 164 of NOR gate 156 is connected
      to the output 108 of inverter 110. Input 158 of NOR gate 156 is connected
      to the output of inverter 160. The input 162 of inverter 160 is connected
      to the output 50 of NAND gate 52. Input 58 to NAND gate 52 is connected to
      the output 60 of inverter 62. The input 176 of inverter 162 is connected
      to the Enable Input terminal. As mentioned previously, when circuit 10 is
      connected as shown in FIG. 4, the Enable Input is "high." Accordingly,
      inverter output 60 will be "low," causing input 58 to NAND gate 52 to be
      "low." The output 50 of NAND gate 52, therefore, will be "high," causing
      inverter input 162 to go "high." Consequently, input 158 to NOR gate 156
      will be "low," that is, NOR gate 156 will be enabled.
PAR  The 1 millisec "low" pulse at NOR gate output 92 and the 1 millisec "low"
      pulse at the collector of transistor Q.sub.9, previously described, cause
      NOR gate 86 to generate a 1 millisec "high" pulse at its output 114. This
      1 millisec "high" pulse is differentiated and inverted by capacitor C18
      and resistor R35 and inverter 110, respectively, as previously described,
      to produce a 100 microsec "low" pulse at inverter output 108. When the 100
      microsec "low" pulse appears at the inverter output 108, it causes NOR
      gate 156 to generate a 100 microsec "high" pulse at its output 154. The
      100 microsec "high" pulse at NOR gate output 154 clocks flip-flop 66.
      Since the J input of flip-flop 66 is "high" at this time, and its K input
      is "low," the Q output of flip-flop 66 goes "high." Flip-flop 66 may be a
      Texas Instruments 74107 dual J-K flip-flop with separate clear and clock
      inputs. The "high" pulse appearing at the NOR gate output 154 and the
      clock input to flip-flop 66 also appears at the clock input of flip-flop
      152. Flip-flop 152 may be a Texas Instruments 7474 dual D-type positive
      edge-triggered flip-flop with separate clear and clock inputs. When the
      "high" 100 microsec pulse appears at the clock input of flip-flop 152, the
      D input of the flip-flop will be "high" due to the 1 millisec "high" pulse
      generated at the output 150 of inverter 148. The Q output of flip-flop
      152, however, will not change from a "low" level to a "high" level in
      response to the positive edge of the 100 microsec "high" pulse at its
      clock input because the Q output of flip-flop 66 will be "low" when the
      positive edge appears. That is, the Q output of flip-flop 66 is connected
      to the reset input of flip-flop 152, and flip-flop 152 will remain reset
      despite the 100 microsec "high" pulse at its clock input.
PAR  When the Q output of flip-flop 66 goes "high," in response to the 100
      microsec "high" pulse at its clock input, the Q output of flip-flop 66
      goes "low." The Q output of flip-flop 66 is connected to the input 164 of
      NOR gate 166. The second input of NOR gate 166, input 168, is connected to
      the output 122 of NAND gate 124. As mentioned previously, the output 122
      of NAND gate 124 goes "high" when the 100 microsec "low" pulse is
      generated at the output 108 of inverter 110. As a result, although the Q
      output of flip-flop 66 goes "low," the output 170 of NOR gate 166 will
      remain "low" due to NAND gate output 122.
PAR  When the Scan Clock input pulse at the input 82 to one-shot 78 returns to
      the "high" level, inverter 134 causes NAND gate 122 to go "low," as
      already explained. Accordingly, at this time, the output 170 of NOR gate
      166 goes "high." The NOR gate output 170 is connected to the input of an
      inverter 172. The output 174 of inverter 172 is connected through resistor
      R48 to the base of transistor Q.sub.13. When the NOR gate output 170 goes
      "high," the inverter output 174 goes "low," turning "off" transistor
      Q.sub.13. The collector of transistor Q.sub.13 is connected through
      resistor R49 to the + 9.1 volt supply. Accordingly, when transistor
      Q.sub.13 turns "off," its collector rises to the + 9.1 volt level. The
      collector of transistor Q.sub.13 is connected through resistor R50 to the
      In Use output. The In Use output, therefore, goes "high" at this time.
PAR  The In Use output is connected to a succeeding circuit 10 when the circuits
      10 are connected in cascade as shown in FIG. 5. The function of the In Use
      output will be described in greater detail hereinafter with reference to
      the cascade connection of circuits 10 shown in FIG. 5.
PAR  When the second consecutive 678 signal combination is generated, a 1
      millisec "high" pulse is again generated at the output 150 of inverter
      148. This pulse appears at the J input of flip-flop 66 and the D input of
      flip-flop 152. In addition, a 100 microsec "high" pulse is again generated
      at the output 154 of NOR gate 156. This pulse appears at the Clock inputs
      of flip-flops 66 and 152. When the 100 microsec "high" pulse appears at
      the Clock inputs of fli-flops 66 and 152, the Q output of flip-flop 66 is
      "high" since flip-flop 66 has already been clocked once by a 100 microsec
      "high" pulse, as previously explained. Flip-flop 66, therefore, does not
      change states when it is clocked a second time with its J input at a
      "high" level. That is, when flip-flop 66 is clocked a second time, its Q
      output is already "high" and cannot change.
PAR  In contrast, when flip-flop 152 is clocked a second time, its Q output will
      change from a "low" to a "high." More specifically, when flip-flop 152 is
      clocked a second time, its D-input will be "high," its Q output will be
      "low," and its reset input will be "high." The reset input of flip-flop
      152 will be "high" because it is connected to the Q output of flip-flop
      66. Thus, a second 100 microsec "high" pulse at the Clock input of
      flip-flop 152 will cause the Q output of the flip-flop to change from a
      "low" level to a "high" level.
PAR  The Q output of flip-flop 152 is connected to the input 180 of NOR gate
      182. As already mentioned, the input 190 to NAND gate 188 will be "high"
      when circuit 10 is connected as shown in FIG. 4. The input 198 of NAND
      gate 188 is connected to the output 200 of NAND gate 202. The input 228 to
      NAND gate 202 is connected to the Q output of flip-flop 226. The J input
      of flip-flop 226 is connected by line 232 to the output 234 of NOR gate
      236. The input 238 to NOR gate 236 is connected, through line 40, to the
      output 42 of transistor Q.sub.7. As previously explained, when circuit 10
      is in use, the output 42 of transistor Q.sub.7 will be "high." As a
      result, the input 238 to NOR gate 236 will be "high," driving the output
      234 of NOR gate 234 "low." The J input of flip-flop 226, then, will remain
      "low" throughout the operation of circuit 10 when circuit 10 is connected
      as shown in FIG. 4. Since the J input of flip-flop 226 remains "low," its
      Q output also remains "low." The output 200 of NAND gate 202, therefore,
      will be "high," keeping the input 198 to NOR gate 188 "high." The output
      186 of NAND gate 188, therefore, will be "low," enabling NOR gate 182.
PAR  When the flip-flop 152 is clocked a second time, its Q output changes from
      a "low" to a "high," as previously explained. This causes the input 180 to
      NOR gate 182 to go from a "low" to a "high," driving the input 192 to NAND
      gate 194 "low." The output 196 of NAND gate 194, therefore, goes "high"
      driving the outputs 224 and 226 of NOR gates 210 and 212, respectively,
      "low." Accordingly, Nor gates 210 and 212 reset flip-flops 94, 96 and 98
      and flip-flops 66, 226 and 152. Moreover, when the Scan Clock input pulse
      returns to a "high" level, and NAND gate output 122 enables
      decoder/drivers 118 and 120, the P.sub.2, P.sub.b, and P.sub.c inputs to
      the decoder/drivers will be "low," causing the decoder/driver outputs
      Q.sub.1 -Q.sub.6 to go to + 24 volts. The decoder/driver 118 outputs,
      therefore, will open relays S1-S6 to de-activate expanders #1-#6.
PAR  In summary, then, if two consecutive 678 signal combinations are generated,
      expander #6 is activated in response to the first 678 signal combination,
      and circuits 10B and 10C are reset in response to the second 678 signal
      combination. When circuit 10B is reset, each of the expanders #1-#6 is
      de-activated.
PAR  When the Scan Clock input pulse returns to a "high" level, after the Q
      output of flip-flop 152 goes "high" to cause NOR gates 210 and 212 to
      reset the flip-flops, the inverted Scan Clock input pulse appearing at the
      output of inverter 134 goes "low," causing NAND gate output 201 to go
      "high." After the flip-flops have been reset, the Q output of flip-flop
      152 will be "low," causing the NOR gate 180 to be "low." Since the input
      184 to NAND gate 182 is also "low," as previously explained, the output of
      NOR gate 182 will be "high," driving the input 192 to NAND gate 194
      "high." NAND gate output 196, therefore, returns to a "low" level. When
      NAND gate output 196 returns to a "low" level, NOR gate outputs 224 and
      226 go "high," disabling the reset inputs of flip-flops 94, 96 and 98 and
      flip-flops 66 and 226. The reset input of flip-flop 152, however, is not
      disabled at this time since it is connected to the Q output of flip-flop
      66. Since flip-flop 66 has been reset, its Q output keeps the reset input
      of flip-flop 152 "low."
PAR  When the NAND gate output 196 goes "high," after the Q output changes from
      a "low" level to a "high" level in response to the second 100 microsec
      "high" pulse appearing at its clock input, NAND gate 196 triggers a
      retriggerable one-shot 240 to generate a "low" pulse at the Reset Output
      of circuit 10C. One-shot 240 may comprise a Texas Instruments 74123 dual
      retriggerable one-shot with separate reset and trigger inputs. Resistor
      R51 and capacitor C27 are connected to the one-shot to generate a pulse of
      approximately 5 millisec duration at the Q output of the one-shot. It
      should be understood, that elements R51 and C27 are part of the one-shot
      240.
PAR  More specifically, the output 196 of NAND gate 194 is connected to the
      input 242 of one-shot 240. When the output 196 of NAND gate 194 goes
      "high," it triggers one-shot 240. In response, one-shot 240 generates a
      "high" 5 millisec pulse at its Q output. The Q output of one-shot 240 is
      connected to the base of a transistor 214 through a resistor R52. When the
      base of transistor Q.sub.14 is driven "high" by the Q output of one-shot
      240, transistor Q.sub.14 turns "on." Accordingly, the collector of
      transistor Q.sub.14 drops to 0 volts. The collector of transistor Q.sub.14
      is connected through resistor R55 to the Reset Output. The Reset Output,
      therefore, goes from a "high" to a "low" level when transistor Q.sub.14
      turns "on." When one-shot 240 times out, after 5 millisec, its Q output
      drives the base of transistor Q.sub.14 "low," causing transistor Q.sub.14
      to turn "off." As a result, the collector of transistor Q.sub.14 goes
      "high," driving the Reset Output "high." The function of the Reset Output
      is explained in greater detail hereinafter with respect to the cascade
      connection of circuits 10 as shown in FIG. 5.
PAR  The waveforms of the signals generated at particular points of the circuit
      10, when the circuit is connected to the programmer and expanders as shown
      in FIG. 4, are furnished in FIG. 6 for the two signal combinations
      described in the foregoing disclosure, namely, the signal combination 7
      and the consecutive signal combinations 678.
PAR  The foregoing description of the present invention pertains to its
      operation when connected to a programmer and a plurality of expanders as
      shown in FIG. 4. The invention, however, can also operate to expand the
      channel capacity of the programmer when connected as shown in FIG. 5. In
      FIG. 5, a plurality of circuits 10 are connected in cascade to each other
      and to a plurality of expanders. When connected as shown in FIG. 5, the
      channel capacity of the programmer can be expanded by a factor of 40 times
      (n-1)m.div.8 or 5(n-1)m, assuming that each expander has a 40 channel
      output capacity and that the programmer is an 8 channel programmer. In
      operating the cascade circuit shown in FIG. 5, only one circuit 10 is
      activated at any given instant of time.
PAR  Referring to the cascade connection shown in FIG. 5, each of the circuits
      10 is connected to the programmer channel register outputs 1'-8' and the
      Scan Clock, as previously described. In addition, the T input terminal,
      see FIG. 2, of the first circuit 10 is grounded, the In Use input of the
      first circuit 10 is floating (by floating, it is meant that the input
      terminal is not connected to any external circuitry, as already
      explained), and the Reset Input of the first circuit 10 is connected to
      the Reset output of the second circuit 10. Further, the output #6 of each
      circuit 10 is floating, and the Power In input of each circuit 10 is
      connected to a + 24 volt source located in the programmer. Each of the
      outputs #1-#5 of each circuit 10 is connected to one of five expanders.
      The Reset Output of the first circuit 10 is floating.
PAR  With regard to the second circuit 10, its T input terminal is connected to
      ground, its In Use input is connected to the In Use output of the first
      circuit 10, and its Reset Input is connected to the Reset Output of the
      third circuit 10 (not shown).
PAR  The connections of the inputs of the mth circuit 10 to the outputs of the
      (m-1)th circuit 10 are the same as the connections of the second circuit
      10 inputs to the first circuit 10 outputs with the exception that the T
      input, Reset Input, and output #6 of the mth circuit 10 are floating.
PAR  The Power In input of the first circuit 10 is connected to a + 24 volt
      power source in the programmer. When the circuits 10 are initially
      connected in cascade as shown in FIG. 5, then, the first circuit 10 will
      be in use while the other circuits 10 will not. Accordingly, various
      combinations of the signals 6, 7, 8 and 12345 will activate particular
      expanders connected to the first circuit 10, one at a time. When, however,
      the first signal combination 678 is generated, the In Use lamp of the
      first circuit 10 is extinguished. In addition, the In Use output of the
      first circuit 10 will go "high," causing the In Use lamp of the second
      circuit 10 to go "on." When the second signal combination 678 is
      generated, the In Use lamp of the second circuit 10 goes "off" and the In
      Use output of the second circuit 10 goes "high," turning the In Use lamp
      of the third circuit 10 "on." As shown in Table 3, below, when a circuit
      10 receives a 678 signal combination, the circuit is turned "off" and the
      following circuit 10 is turned "on." When the next 678 signal combination
      is received by the following circuit which has been turned "on," that
      circuit is turned "off" and the next circuit 10 is turned "on." As more
      678 signal combinations are generated, successive circuits 10 are turned
      "on" and "off." When the mth 678 signal combination is received by the mth
      circuit 10, the mth circuit 10 turns "off" and resets the (m-1)th circuit
      10. The (m-1)th circuit 10 then resets the (m-2)th circuit 10, and,
      ultimately, the second circuit 10 will be reset and will reset, in turn,
      the first circuit 10. Thus, the mth 678 signal combination causes all m of
      the circuits 10 shown in FIG. 5 to be reset.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Sequence of 678 Signal                                                    
                       States of m Circuits 10                                 
      Combinations     1      2      3    ...  m                               
     ______________________________________                                    
     No Signal 678     On     Off    Off  ...  Off                             
     First Signal 678  Off    On     Off  ...  Off                             
     Second Signal 678 Off    Off    On   ...  Off                             
       .               .      .      .         .                               
       .               .      .      .         .                               
       .               .      .      .         .                               
     (m-1)Signal 678   Off    Off    Off  ...  On                              
     mth Signal 678    On     Off    Off  ...  Off                             
     ______________________________________                                    
PAR  The 678 signal combination listed in Table 3 may be separated by other
      signal combinations such as 6, 7, 67 and so forth for energizing
      particular expanders connected to a circuit 10 which is "on." Although a
      678 signal combination has been described as switching each of the
      circuits 10 on and off, it should be understood that the present invention
      can be modified to respond in the same manner to other signal
      combinations.
PAR  As previously mentioned, when the circuits 10 are initially connected in
      cascade as shown in FIG. 5, the In Use lamp of the first circuit 10 will
      be "on" while the In Use lamps of all other circuits 10 will be "off."
      Power is supplied by the programmer to the Power In input of each circuit
      10.
PAR  The T input of the first circuit 10 is grounded when the circuits 10 are
      connected in cascade as shown in FIG. 5. As a result, the relay S7 in the
      first circuit 10 will be closed and the Enable Input will be "low." The
      inverter output 60, therefore, will be "high," enabling NAND gate 52 and
      disabling NOR gate 236. When NOR gate 236 is disabled, its output 234 is
      "low," keeping the J input of flip-flop 226 "low." The Q output of
      flip-flop 226, then, will be "low," disabling NAND gate 202. The NAND gate
      output 200, then, will stay "high."
PAR  As shown in FIG. 5, the reset input of the first circuit 10 is connected to
      the reset output of the second circuit 10. When the second circuit 10 is
      "off," its Reset output will be "high." The reset input of the first
      circuit 10, then, will also be "high," causing the NAND gate input 190 to
      be "high." The NAND gate output 186, then, will be "low," enabling NOR
      gate 182. As previously explained, NOR gate 182 controls the set/reset
      circuit comprised of NAND gates 194 and 199. The set/reset circuit
      comprised of NAND gates 194 and 199 controls the NOR gates 210 and 212.
      The NOR gates 210 and 212, when triggered, reset flip-flops 94, 96 and 98
      and flip-flops 66, 226 and 152. With NOR gate input 184 "low," the NOR
      gates 210 and 212 can reset the flip-flops in response to a "high" signal
      appearing at NOR gate input 180. NOR gate input 180 is connected to the Q
      output of flip-flop 52. Thus, a "high" signal appearing at the Q output of
      flip-flop 952 would reset circuit 10. However, as will be shown
      hereinafter, flip-flop 152 is prevented from setting, that is, its Q
      output is prevented from going "high," once the 678 signal combination is
      received by the circuit 10 including that flip-flop. Consequently, only a
      "low" signal appearing at the Reset Input of the circuit will reset the
      circuit.
PAR  When the signal combinations shown in Table 2 above are generated, the
      first circuit 10 will control the expanders #1-#5 as previously explained.
      A sixth expander is not connected to the circuits 10 in FIG. 5 to avoid
      simultaneous operation of more than one expander when a 678 signal is
      generated. The In Use input of the first circuit 10 is floating.
      Accordingly, the output 42 of transistor Q.sub.7 will be "high" and the In
      Use lamp will be "on." Additionally, since output 42 is "high," NAND gate
      input 38 will be enabled and NOR gates 14, 26, and 90 will respond to the
      signals 6, 7 and 8. When the first 678 signal combination is received by
      the first circuit 10, a 100 microsec "high" pulse is generated at the
      inverter output 150 as already explained. The 100 microsec "high" pulse
      clocks flip-flop 66, causing the Q output of the flip-flop to go "high."
      The Q output of flip-flop 66 is connected to the NAND gate input 56. When
      the Q output of flip-flop 66 goes "high,"  it enables NAND gate 52. Since
      inverter output 60 is "high" at this time, NAND gate output 50 will go
      "low." When NAND gate output 50 goes "low," it disables NAND gate 36 and
      the peripheral driver 46. When the peripheral driver 46 is disabled, the
      In Use display lamp for the first circuit 10 is extinguished.
PAR  When NAND gate 36 is disabled, its output 34 stays "high," disabling NOR
      gates 14 and 26. When NOR gates 14 and 26 are disabled, they will not
      respond to the signals 6 7, respectively. Moreover, when NOR gates 14 and
      26 are disabled, the NOR gate outputs 16 and 24 will be "low." The NOR
      gate output 92, therefore, will be "high," disabling NOR gate 90. When NOR
      gate 90 is disabled, it will not respond to the signal 8 appearing at its
      input 88. Thus, when NAND gate 36 is disabled, the first circuit 10 will
      not respond to the signals 6, 7, and 8. Accordingly, when the first 678
      signal combination is received by the first circuit 10, flip-flop 66 is
      set, that is, the Q output of flip-flop goes "high," the first circuit 10
      no longer responds to the signals 6, 7, and 8, and the In Use display lamp
      of the first circuit 10 is extinguished. Since the circuit will not
      respond to further signals 6, 7 and 8, flip-flop 152 is prevented from
      setting, that is, its Q output is prevented from going "high." As a
      result, only a "low" pulse at the Reset Input of the circuit will cause
      the circuit to be reset.
PAR  Moreover, when the first 678 signal combination is received by the first
      circuit 10, the Q output of the flip-flop 66 and the first circuit 10 goes
      "low," driving the NOR gate input 164 "low." The NOR gate input 168 is
      connected to the NAND gate output 122 in the set/reset circuit comprised
      of NAND gates 124 and 130. Since the NAND gate output 122 goes "low" when
      the Scan Clock input pulse expires, as previously explained, NOR gate
      input 168 will go "low" and NOR gate 170 will go "high," causing
      transistor Q.sub.13 to turn "off." The In Use output of the first circuit
      10, therefore, goes "high" when the Scan Clock input pulse and the first
      signal combination 678 expire. When the In Use output of the first circuit
      10 goes "high," it drives the In Use input of the second circuit 10
      "high," causing the In Use display lamp of the second circuit 10 to turn
      "on."
PAR  In summary, then, the first 678 signal combination turns the first circuit
      10, including its In Use Display lamp, "off," while causing the second
      circuit 10, including its In Use display lamp, to turn "on." All other
      circuits 10 remain "off." This condition for the cascade connection shown
      in FIG. 5 is supplied in Table 3 above.
PAR  When the second circuit 10 is turned "on," its NOR gates 14, 26 and 90 will
      respond to the signals 6, 7 and 8, as previously described. In particular,
      the second circuit 10 will receive the second signal combination 668
      whenever it is generated. When the second signal combination 678 is
      received by the second circuit 10, the second circuit 10 will turn "off"
      and the third circuit 10 will turn "on."
PAR  The T input of the second circuit 10 is connected to ground. As a result,
      the Enable input of the second circuit 10 will stay "low," and the
      inverter output 60 will stay "high," disabling NOR gate 236. The J input
      of flip-flop 226, therefore, will stay "low," as will the Q output of the
      flip-flop. The NAND gate output 200, therefore, will stay "high," keeping
      NAND gate input 198 "high."
PAR  The reset input of the second circuit 10 is connected to the reset output
      of the third circuit 10 (not shown). When the third circuit 10 is "off,"
      its reset output is "high." Since the reset output of the third circuit 10
      is "high," so is the reset of the second circuit 10. Consequently, the
      NAND gate input 190 will be "high." Since both NAND gate inputs 198 and
      190 are "high," NAND gate output 186 will be "low," enabling NOR gate 182.
      The NOR gates 210 and 212, then, would reset the flip-flops in the second
      circuit 10 when the Q output of flip-flop 152 goes "high." However, the Q
      output of flip-flop 152 is prevented from going "high," as previously
      explained, once the third circuit 10 receives a 678 signal combination,
      since the circuit will not respond to signals 6, 7 or 8 thereafter. The
      circuit, therefore, can only be reset by a "low" pulse at its Reset Input.
PAR  When the second 678 signal combination is received by the second circuit
      10, the Q output of flip-flop 66 goes "low," driving input 164 to NOR gate
      166 "low." In addition, when the Scan Clock input pulse expires, NAND gate
      output 122 goes "low," as previously explained, driving the input 168 to
      NOR gate 166 "low." NOR gate 170, therefore, goes "high," causing
      transistor Q.sub.13 to turn "off." When transistor Q.sub.13 turns "off,"
      the In Use output of the second circuit 10 goes "high." When the In Use
      output of the second circuit 10 goes "high," it drives the In Use input of
      the third circuit 10 "high," causing the In Use display lamp in the third
      circuit 10 to go "on."
PAR  The third circuit 10 will go "on" when the second signal combination 678 is
      received by the second circuit 10. Further combinations of the signals 6,
      7 and 8 will be processed by the third circuit 10, all other circuits 10
      now being "off."
PAR  The third circuit 10 will rpocess the signals 6, 7 and 8 until the third
      signal combination 678 is received. When the third circuit 10 receives the
      third signal combinations 678, the circuit 10 turns "off" and the fourth
      circuit 10 turns "on." Succeeding circuits 10 in the cascade connection
      shown in FIG. 5 are turned "on" and "off" in response to succeeding signal
      combinations 678 in accordance with the operation described above. When
      the (m-1)th signal combination 678 is rerceived by the (m-1)th circuit 10
      (not shown), the (m-1)th circuit 10 turns "off" and the mth circuit is
      turned "on." The mth circuit 10 will control the expanders #1-#5 connected
      thereto in accordance with the operation of circuit 10 previously
      described. When, however, the mth 678 signal combination is receibed by
      the mth circuit 10, the circuit resets its flip-flops and generates a
      "low" pulse as its reset output. The "low" pulse at the Reset output of
      the mth circuit 10 is transmitted to the reset input of the (m-1)th
      circuit, causing the flip-flops of the (m-1)th circuit to be reset and
      further causing a "low" pulse to appear at the reset output of the (m-1)th
      circuit 10. The "low" pulse at the Reset output of the (m-1)th circuit 10
      causes the flip-flops of the (m-2)th circuit 10 (not shown) to be reset,
      and, ultimately, the "low" pulse appearing at the Reset output of the
      third circuit 10 causes the flip-flops of the second circuit 10 to be
      reset, and the "low" pulse appearing at the Reset output of the second
      circuit 10 causes the flip-flops of the first circuit 10 to be reset.
      Thereafter, all of the m circuits 10 except the first circuit 10 will be
      "off," that is, all of the circuits 10 shown in FIG. 5 except the first
      will not respond to the signals 6, 7 and 8.
PAR  The mth 678 signal combination, then, turns "off" the mth circuit 10, all
      other circuits 10 having been turned "off," and causes the flip-flops of
      all the circuits 10 in the cascade to be reset. When the flip-flops of the
      first circuit 10 are reset, the Q output of flip-flop 66 goes "low,"
      disabling NAND gate 52 and, thereby, enabling NAND gate 36. With NAND gate
      36 enabled, the NOR gates 14, 26 and 90 of the first circuit 10 will
      respond to the signal 6, 7 and 8 as they are generated by the programmer,
      and the operation of the cascade connection, described above, can be
      repeated.
PAR  More specifically, when the mth 678 signal combination is received by the
      mth circuit 10, the Q output of flip-flop 66 will go "high," driving the
      input 204 to NAND gate 202 "high." In addition, since the T input of the
      mth circuit 10 is floating, see FIG. 5, the Enable input of the circuit
      will be "high." As a result, the NAND gate input 230 will be "high." The J
      input of flip-flop 226 is connected to the NOR gate output 234. NOR gate
      236 is enabled when the Enable input is "high," that is, NOR gate input
      239 is "low." The second input to NOR gate 236, input 238, is connected to
      the transistor output 42. Transistor output 42 will be "low" when
      transistor Q.sub.7 is "on." Transistor Q.sub.7 will turn "on" when
      transistor Q.sub.8 turns "on." Transistor Q.sub.8 will turn "on" when the
      In Use output of the (m-1)th circuit 10 goes "high" in response to the
      (m-1)th 678 signal combination. Therefore, when the mth circuit 10 is
      "on," the NOR gate input 238 will be "low." Accordingly, the NOR gate
      output 234 will be "high," driving the J input of flip-flop 226 "high."
      When any combination of the signals 6, 7 and 8, including the signal
      combination 678, is received by the mth circuit 10, the 1 millisec "high"
      pulse appearing at the inverter output 74 is transmitted by line 73 to the
      Clock input of flip-flop 226. The 100 millisec "high" pulse, therefore,
      clocks the flip-flop 226, causing the Q output of the flip-flop to go
      "high." When the Q output of flip-flop 226 goes "high," so does the input
      228 to NAND gate 202. The NAND gate output 200, therefore, goes "low,"
      causing the output 186 of NAND gate 188 to go "high." When the NAND gate
      186 goes "high," it drives the output of NOR gate 182 "high," further
      causing the output 196 of NAND gate 194 to go "high." Consequently, the
      outputs 224 and 226 of NOR gates 210 and 212, respectively, go "low,"
      resetting flip-flops 94, 96 and 98 and flip-flops 66, 226 and 152 in the
      mth circuit 10.
PAR  It should be appreciated that, for all circuits 10 except the mth circuit
      10, the Q output of flip-flop 226 will be "low" because the J input of the
      flip-flop will be "low" due to a "low" signal at the Enable Input of the
      circuit. As already explained, the Enable Input will be "low" if the T
      input is grounded. The T input of all circuits 10 except the mth circuit
      are grounded as shown in FIG. 5. Accordingly, for all circuits 10 except
      the mth circuit, the NAND gate 202 will be disabled and the circuit will
      not be reset except in response to a "low" signal at its Reset Input.
PAR  When the output 196 of NAND gate 194 in the mth circuit 10 goes "high," it
      triggers one-shot 240 which generates a "high" pulse of approximately 5
      millisec duration at its Q output. The 5 millisec "high" pulse at the Q
      output of one-shot 240 drives the transistor Q.sub.14 "on," causing the
      Reset output of the mth circuit 10 to go "low."
PAR  When the Reset output of the mth circuit 10 goes "low," it drives the Reset
      Input of the (m-1)th circuit 10 "low." The transistors Q.sub.12 and
      Q.sub.11 and the (m-1)th circuit 10, therefore, turn "on." When the
      transistor Q.sub.11 turns "on," it drives the input 190 to NAND gate 188
      "low." Since the Q output of flip-flop 226 and the (m-1)th circuit is
      always "low," as previously explained, the NAND gate output 200 will be
      "high," driving the input 198 to NAND gate 188 "high." When the NAND gate
      input 190 goes "low," therefore, the NAND gate output 186 goes "high,"
      causing NOR gate 182 to drive the input 192 of NAND gate 194 "low." In
      response, NAND gate 194 generates a "high" signal at its output 196,
      causing NOR gates 210 and 212 to reset flip-flops 94, 96 and 98 and
      flip-flops 66, 226 and 152. In addition, when NAND gate 194 generates a
      "high" signal at its output 196, it triggers one-shot 240. Accordingly, a
      "low" pulse of approximately 5 millisec duration appears at the reset
      output of the (m-1)th circuit 10.
PAR  The flip-flops of the m circuits 10 are sequentially reset according to the
      operation described above. When the flip-flops of the first circuit 10 are
      reset, the NOR gates 14, 26 and 90 are enabled, since the In Use input of
      the first circuit 10 is floating, causing NAND gate input 40 to be "high."
      In contrast, the In Use inputs of the remaining circuits 10 will be "low"
      so that NAND gate input 40 will be "low," causing NAND gate output 34 to
      be "high." When NAND gate output 34 is "high," it disables NOR gates 14
      and 26 and the circuit 10 will not respond to the 6, 7, 8 signals.
      Therefore, when the mth 678 signal combination causes all the flip-flops
      in the cascade connection of the circuits 10 shown in FIG. 5 to be reset,
      all the circuits 10 will be "off" except for the first circuit 10. This
      condition is shown in the last row of Table 3, above.
PAR  The waveforms of the signals generated at particular points of the circuits
      10, as connected according to FIG. 5, are shown in FIG. 7 for the two
      signal combinations, 7 and 678, appearing in FIG. 6.
PAR  Assuming a forty channel expander and an eight channel programmer, with the
      circuits 10 interconnected as shown in FIG. 5, the channel output capacity
      of the programmer can be expanded by a factor of m times (n-1)40 .div. 8
      or 5m(n-1). Using the connection of circuit 10 shown in FIG. 4 the
      increase in channel output capacity is less, namely, n times 50.div.8 to
      5n. Either connection, however, is a marked improvement over the increase
      in channel output capacity provided by a single expander, namely, a factor
      of 40.div.8 or 5.
PAR  Hereinafter, by way of description of the invention in the following
      Claims, certain of the signals generated in the present invention and
      described above will be referred to according to their function. For
      example, the signal generated by the transistor Q.sub.7 at its output 42
      enables the NAND gate 36 to allow the NOR gates 14, 26 and 90 to respond
      to the 6, 7 and 8 signals. This signal, therefore, may be referred to as
      an enabling signal. In addition, the signal generator at the NAND gate
      output 122 enables the decoder/drivers 118 and 120 and also may be
      referred to as an enabling signal. By way of further example, the signals
      generated by NOR gate 102, NOR gate 154, and transistor Q.sub.9 provide
      the timing necessary for the operation of the elements of each circuit 10.
      Accordingly, these signals may be referred to as timing signals. Further,
      the signal generated at inverter output 148 serves to trigger the reset
      operation of the circuit 10. This signal, then, may be referred to as a
      reset signal.
PAR  It should also be appreciated that, although in the preceding description,
      the circuits 10 were turned "on" and "off" in response to information in
      the sixth, seventh and eighth channels of the tape -- as indicated by the
      signal combination 678 -- this information can be inserted in other
      channels of the tape instead. Thus, the predetermined information for
      turning the circuit 10 "on" and "off" may be contained in channels other
      than the sixth, seventh and eighth channels of the tape. In that case, the
      circuit 10 can be modified, within the spirit and scope of the invention,
      to respond to the predetermined information in the chosen channels.
      Finally, although in the foregoing description certain signals have been
      specified to occur at predetermined time durations, the present invention
      is not limited to those particular time durations, and the signals may
      persist for other time durations within the spirit and scope of the
      invention.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for expanding the channel output capacity of a programmer
      having a plurality of output channels for controlling the states of a
      plurality of channel expander devices, said programmer including a Scan
      Clock, means for automatically reading stored information at a preselected
      rate set by said Scan Clock, and means of generating information in said
      plurality of programmer output channels indicative of such stored
      information, comprising:
PA1  means for generating a first enabling signal;
PA1  means for detecting information in the output channels of said programmer
      in response to said first enabling signal and for generating a set of
      output signals in response to said programmer output channel information;
PA1  timing means for generating a first timing signal in response to said Scan
      Clock;
PA1  first means connected to said detecting means and said timing means for
      storing said set of output signals in response to said first timing
      signal;
PA1  means for generating a second enabling signal in response to said Scan
      Clock; and
PA1  means connected to said first storage means and to said second enabling
      signal generating means for energizing one of said channel expander
      devices in response to said stored set of output signals and said second
      enabling signal.
NUM  2.
PAR  2. Apparatus according to claim 1 including means connected to said first
      enabling signal generating means for indicating that first enabling signal
      is being generated.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said timing means includes means
      for generating a second timing signal in response to said Scan Clock and
      said means for detecting information includes means for generating a reset
      signal in response to predetermined information in said programmer output
      channels, further including means connected to said reset signal
      generating means for resetting said first storage means in response to
      said reset signal and said second timing signal.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said reset signal includes first
      and second digital pulses, said second timing signal includes first and
      second digital pulses, and said means for resetting includes:
PA1  second means connected to said means for detecting information and said
      timing means for storing said first digital pulse of said reset signal in
      response to said first digital pulse of said second timing signal;
PA1  third means connected to said means for detecting information and said
      timing means for storing said second digital pulse of said reset signal in
      response to said second digital pulse of said second timing signal; and
PA1  means connected to said third storage means for resetting said first,
      second and third storage means in response to said third storage means
      storing said second digital pulse of said reset signal.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said means for detecting
      information is a digital logic gating network.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said timing means includes:
PA1  a one-shot for generating a one-shot pulse having a predetermined time
      duration in response to said Scan Clock;
PA1  means for differentiating said one-shot pulse; and
PA1  digital logic gating means for producing said first timing signal in
      response to said differentiated one-shot pulse.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said first means for storing
      includes a set of three flip-flops for storing said set of output signals,
      each of said flip-flops having an output and a Clock input, the Clock
      inputs of the three flip-flops being connected together to said timing
      means, and wherein said energizing means includes a first decoder/driver
      provided with three data inputs, each data input of said first
      decoder/driver being connected to one of said flip-flop outputs.
NUM  8.
PAR  8. Apparatus according to claim 7 including means connected to said set of
      three flip-flops for indicating which channel expander device is
      energized.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said indicating means includes a
      second decoder/driver provided with three data inputs, each data input of
      said second decoder/driver being connected to one of said flip-flop
      outputs.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein said second enabling signal
      generating means includes a set/reset circuit comprising two
      interconnected NAND gates.
NUM  11.
PAR  11. Apparatus for expanding the channel output capacity of a programmer
      having a plurality of output channels for controlling the states of a
      plurality of channel expander devices, said programmer including a Scan
      Clock, means for automatically reading stored information at a preselected
      rate set by said Scan Clock, and means for generating information in said
      plurality of programmer output channels indicative of said stored
      information, comprising a plurality of interconnected circuits, each of
      said circuits including:
PA1  an in use input terminal and an in use output terminal, said in use output
      terminal of each circuit, except the last circuit, being connected to the
      in use input terminal of the next adjacent circuit, the in use input
      terminal of the first circuit not being connected to the in use output
      terminal of any said circuit;
PA1  means for generating a first enabling signal indicating that the circuit is
      in use when a first predetermined digital signal appears at the in use
      input terminal;
PA1  means for detecting information in the output channels of said programmer
      and for generating a set of output signals in response to said programmer
      output channel information and said first enabling signal;
PA1  timing means for generating first, second and third timing signals in
      response to said Scan Clock;
PA1  first means connected to said detecting means and said timing means for
      storing said set of output signals in response to said first timing
      signal;
PA1  means for generating a second enabling signal in response to said Scan
      Clock;
PA1  means connected to said first storage means and said second enabling signal
      generating means for energizing one of said channel expander devices in
      response to said stored set of output signals and said second enabling
      signal;
PA1  means for generating a reset signal in response to predetermined
      information in said programmer output channels;
PA1  means connected to said reset signal generating means for disabling said
      means for detecting information in response to said reset signal and said
      second timing signal;
PA1  means connected to said reset signal generating means and said timing means
      for generating said first predetermined digital signal at said in use
      output terminal in response to said reset signal and said second timing
      signal;
PA1  a reset input terminal and a reset output terminal, said reset output
      terminal of each circuit, except the first circuit, being connected to the
      reset input terminal of the next adjacent circuit, and the reset input
      terminal of the last circuit not being connected to the reset output
      terminal of any said circuit;
PA1  means for resetting said first storage means when a second predetermined
      digital signal appears at said reset input terminal;
PA1  said last circuit including means connected to said reset signal generating
      means in said last circuit for resetting said first storage means in
      response to said reset signal and said third timing signal;
PA1  said last circuit including means connected to said resetting means for
      generating said second predetermined digital signal at its reset output
      terminal in response to said reset signal and said third timing signal;
      and
PA1  means for generating said second predetermined digital signal at said reset
      output terminal in response to said second predetermined digital signal
      appearing at said reset input terminal.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein said last circuit resetting
      means includes a first flip-flop connected to said timing means, a second
      flip-flop connected to said timing means and said reset signal generating
      means, and a NAND gate connected to said first and second flip-flops.
NUM  13.
PAR  13. Apparatus according to claim 11 including means connected to said first
      enabling signal generating means for indicating that said first enabling
      signal is being generated.
NUM  14.
PAR  14. Apparatus according to claim 11 wherein said means for detecting
      information is a digital logic gating network.
NUM  15.
PAR  15. Apparatus according to claim 11 wherein said timing means includes a
      one-shot for generating a one-shot pulse having a predetermined time
      duration in response to said Scan Clock;
PA1  means for differentiating said one-shot pulse; and
PA1  digital logic gating means for producing said first timing signal in
      response to said differentiated one-shot pulse.
NUM  16.
PAR  16. Apparatus according to claim 11 wherein said first means for storing
      includes a set of three flip-flops for storing said set of output signals,
      each of said flip-flops having an output and a clock input, the clock
      inputs of the three flip-flops being connected together to said timing
      means, and wherein said energizing means operates in response to said
      flip-flop outputs.
NUM  17.
PAR  17. Apparatus according to claim 12 wherein said means for generating said
      first predetermined digital signal at said In Use output terminal includes
      a NOR gate connected to said first flip-flop and said second enabling
      signal generating means.
NUM  18.
PAR  18. Apparatus according to claim 11 wherein said second enabling signal
      generating means includes a set/reset circuit comprising two
      interconnected NAND gates.
NUM  19.
PAR  19. Apparatus according to claim 11 wherein said last circuit means for
      generating said second predetermined digital signal includes a one-shot.
NUM  20.
PAR  20. Apparatus for expanding the channel output capacity of a programmer by
      controlling the operating states of a plurality of channel expander
      devices, said programmer including a storage medium containing first and
      second predetermined information, comprising:
PA1  a pluality of interconnected circuits, each of said circuits being
      connected to a plurality of said channel expander devices for controlling
      the operating states of the same;
PA1  means connected to said programmer for generating a first sequence of
      digital signals in response to said predetermined information contained in
      said programmer storage medium;
PA1  means connected to said programmer for generating a second sequence of
      digital signals in response to said second predetermined information
      contained in said programmer storage medium;
PA1  means connected to said first sequence generating means for sequentially
      energizing each of said circuits in response to said first sequence of
      digital signals; and
PA1  means connected to said first sequence generating means for sequentially
      de-energizing each of said circuits in response to the last digital signal
      in said first sequence of digital signals.
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PAL  A low cost credit card verifier unit for use in conjunction with a
      time-shared central processing unit (CPU) or computer in a credit card
      verification system. The unit includes a tone generator for generating a
      series of ten tones identifying the code on a crediti card whose status is
      to be checked. Ten adjustable digit set buttons are manually positioned in
      accordance with the code on the credit card. In one form of the invention,
      after the verifier unit is connected to the CPU via a telephone line, a
      roller is moved from a starting position sequentially over the positioned
      buttons to depress them and cause them to operate the tone generator which
      transmits to the CPU a series of ten tones corresponding to the code on
      the card. After the roller has traversed all the buttons, it is now in a
      second position. Upon receipt of the tones, the CPU sends back to the
      verifier unit a status signal which energizes indicating lamps on the unit
      to indicate the status of the credit card. Moving the roller back to its
      starting position resets the circuits of the verifier unit to permit
      another credit card code to be sent to the CPU. The verifier unit also
      contains means for accessing the CPU and a ready light which is energized
      by a ready signal transmitted by the CPU when the CPU is ready to accept
      data. A movable stop on the verifier unit normally prevents the roller
      from leaving its starting position, but the stop is depressed upon
      energization of the ready light to permit movement of the roller across
      the digit set buttons to a second position. Another stop normally prevents
      the roller from returning from its second position to its starting
      position, but this stop is depressed by energization of either a status
      lamp or repeat lamp on the verifier unit. The repeat lamp is energized by
      a repeat signal transmitted by the CPU when an invalid code is transmitted
      or upon a CPU malfunction. The repeat lamp is also energized if no signal
      is received from the CPU a predetermined time after computer access has
      been indicated. The roller may then be returned to its starting position
      where it actuates a reset button which de-energizes all the indicating
      lamps. After each status or repeat signal, the CPU also transmits a
      disconnect signal which automatically disconnects the verifier unit from
      the telephone line, thereby keeping telephone company time charges to a
      minimum. The credit card verifier unit also contains an additional foreign
      company digit set button for identifying to the CPU the name of the
      company which issued the particular credit card to be verified. This
      button is also depressed by the roller and transmits along with the credit
      card code tones an additional tone identifying the company.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of application Ser. No. 210,272, filed
      Dec. 20, 1971, now U.S. Pat. No. 3,823,308 issued July 9, 1974 which
      application is a continuation of application Ser. No. 880,265, filed Nov.
      26, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of digital data input/output units and
      more particularly to a credit card verifier unit for use in a credit card
      verification system.
PAR  2. Description of the Prior Art
PAR  The widespread use of credit cards has imposed upon the retail merchant the
      burden of determining whether the account represented by the number on a
      credit card is in good standing. The problem is an acute one for the
      merchant since he, rather than the company which issues the credit card,
      must stand the loss if he accepts a credit card for which the credit card
      company no longer will guarantee credit because of an overdue account,
      cancellation of the card, a report from the owner of the card that it has
      been lost or stolen, etc.
PAR  In large stores today, a clerk may use the telephone to check with a
      central office to determine the status of a credit card. However, with
      nationwide credit cards, such as oil company credit cards, the individual
      service station operator must rely upon long lists of invalid credit
      cards. These lists are sent to him periodically, such as weekly, by the
      credit card company. Because of the inconvenience and impracticability of
      referring to such long lists which also are not up-to-date, service
      station operators generally ignore them with the result that they accept
      invalid credit cards for sales, the amount of which is deducted by the
      credit card company from the payment made by the credit card company to
      the service station operator. Consequently, there is a great need for a
      simple low cost credit card verifier for the use of individual merchants,
      such as gasoline service station operators.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the primary object of the invention is to satisfy this need by
      providing a low cost credit card verifier unit which would permit the
      individual merchant to make an instantaneous and accurate check of the
      status of any card presented him from any number of credit card issuing
      companies.
PAR  Another object of the invention is to provide such a verifier unit which
      may be used in combination with a standard credit card imprinter.
PAR  Another object is to provide a credit card verifier unit having a
      particular structure which is more versatile and more inexpensively
      fabricated than is available in the prior art.
PAR  The invention may be summarized briefly as a credit card verifier unit to
      be used in a credit card verification system including a time-shared
      central processing unit which is adapted to be placed in communication
      with the verifier unit by means of, for example, a telephone line,
      microwave link, or direct cable. The verifier unit may contain a
      conventional telephone touch-tone generator and adjustable tone selector
      means which may be set by a merchant to positions corresponding to the
      digits in the code of a credit card. The selector means may then be
      manually or semi-automatically actuated to cause the tone generator to
      transmit code-identifying tones to the central processing unit which
      almost immediately transmits back to the verifier unit a status signal
      indicating the up-to-date status of the credit card.
PAR  In one embodiment of the invention, the tone selectors are adjustable
      buttons which are manually set by the operator. After the buttons are set,
      a roller on the verifier unit is moved by the merchant over the buttons to
      transmit a series of tones over a conventional telephone line to the CPU.
      The status signal from the CPU is also transmitted over the telephone line
      back to the verifier unit where lamps indicate the status of the credit
      card to the merchant.
PAR  Other objects, advantages and embodiments of the invention will become
      apparent from the following detailed description and accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of one type of credit card verification system in
      which the novel credit card verifier of the invention may be used.
PAR  FIG. 2 is a top view of a preferred embodiment of the novel credit card
      verifier unit.
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 in FIG. 2.
PAR  FIG. 4 is a top view of the interior of the verifier.
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 in FIG. 2.
PAR  FIG. 6 is a sectional view taken along line 6--6 in FIG. 2.
PAR  FIG. 7 is a sectional view of a digit set button.
PAR  FIG. 8 is a sectional view showing the interior of the verifier unit.
PAR  FIG. 9 is a block diagram of the electrical circuits of the verifier.
PAR  FIG. 10 is a top view of a modification of the verifier unit.
PAR  FIG. 11 is a top view of another modification of the verifier unit.
PAR  FIGS. 12 and 13 illustrate still another modification of the credit card
      verifier unit of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a block diagram of one type of credit card verification system in
      which the novel credit card verifier of the invention may be used. Tones
      representing the credit card issuing company and the number imprinted upon
      a credit card are generated in the novel credit card verifier unit 10 and
      transmitted via a telephone line 12 to a tone-to-digital converter 14
      which changes the tones to digital signals of the type used by a
      time-shared computer or central processing unit (CPU) 16. These digital
      signals are then fed to the CPU which is programmed to check the status of
      the credit card and transmit to a digital-to-tone converter 18, digital
      signals indicative of the status of the credit card. Converter 18 changes
      the digital signals to tones which are then transmitted via the same
      telephone line 12 back to the credit card verifier unit 10 to energize
      indicating means, such as lamps, which display the status of the credit
      card. Instead of a telephone line, a cable or microwave link could be used
      as the communication means between the CPU and the verifier unit.
PAR  FIG. 2 is a top view of the preferred embodiment of a credit card verifier
      unit 10 which might be used at a typical service station, for example, for
      permitting the service station operator quickly to verify the status of a
      credit card presented to him by a customer.
PAR  The verifier unit 10 consists of a main frame 20 having ten digit set
      buttons DSB 1, DSB 2 . . . DSB 9, DSB 0 which are adjustably movable in
      corresponding slots S1, S2 . . . S9, S0. Extending along the length of
      each slot are graduations representing the ten decimal numerals 1, 2 . . .
      9, 0. As will be described in more detail later, these ten digit set
      buttons correspond to the ten digit code on a standard credit card. The
      buttons are manually set or adjusted by the operator to positions opposite
      the numbered graduations corresponding to the numerical code on the credit
      card. Of course, it is to be understood that letters or other symbols
      could be used, even though numerals are the most common form of code. As
      will be described in more detail later, a conventional touch tone
      generator is located below these slots for the purpose of generating a
      series of electrical tone signals corresponding to the numbers represented
      by the positions of the digit set buttons.
PAR  Another digit set button DSB 11 is adjustably movable in a corresponding
      slot S11 and arranged to operate another tone generator. This button also
      has ten possible positions corresponding to numbered graduations 11, 12 .
      . . 19, 20, which identify ten credit card companies. DSB 11 is defined as
      a foreign card button and permits the service station operator to check
      the status of credit cards issued by other i.e., foreign credit card
      companies in addition to the company with which the service station is
      primarily associated. In other words, when the credit card operator
      transmits a credit card code to the CPU, he also will set DSB 11 in the
      position corresponding to the company which issued the credit card to be
      verified and transmit along with the credit card code a tone corresponding
      to the position of DSB 11 and identifying the company which issued the
      card.
PAR  In corresponding positions above each of the slots S11, S1, S2 . . . S9, S0
      are eleven apertures A11, A1, A2 . . . A9, A0, through which may be viewed
      the numbers corresponding to the positions of the digit set buttons. As
      will be explained in more detail below, the numbers viewed in these
      apertures are printed on drums or wheels which are rotated in synchronism
      with the movement of the digit set buttons.
PAR  Also formed in the main frame 20 are two longitudinal slots 22 and 24 in
      which a roller assembly 26 is adapted to slide. The details of this
      assembly will be presented in more detail in the following figures.
      However, it consists essentially of a roller 28 mounted for rotation in a
      roller frame 30.
PAR  Also mounted on main frame 20 is an on/off switch 32 which is actuated by
      the operator to make a connection to the telephone line 12, i.e. to obtain
      a dial tone. A CPU access button 34 is then actuated by the operator to
      access or dial the CPU to determine whether the CPU is ready to receive an
      inquiry, i.e. a credit card code, from the credit card verifier unit 10.
      Button 34 operates a special tone generator which emits a predetermined
      CPU access signal consisting of a tone or series of tones. When the CPU
      receives the access signal and it is available to receive an inquiry, the
      CPU returns a ready signal which energizes a ready lamp 36 on the verifier
      unit 10, thereby indicating to the operator that the CPU is ready to
      receive a credit card code. If the CPU is busy or otherwise not ready to
      receive an inquiry, a repeat signal is returned by the CPU to energize a
      repeat lamp 38, thereby indicating to the operator that he must once again
      attempt to gain access to the CPU by actuating the CPU access button 34.
      The CPU transmits a disconnect signal following each status or repeat
      signal. This disconnect signal automatically returns on/off switch to its
      off position, thereby disconnecting the credit card verifier unit 10 from
      the telephone line.
PAR  A left restriction 40 is spring-biased upwardly so that it normally
      protrudes upwardly from the top of main frame 20 to prevent the roller
      assembly 26 from being moved to the right. However, upon energization of
      the ready lamp 36, restriction 40 is automatically lowered to permit the
      roller assembly to be moved to the right. To verify the status of a credit
      card, the operator then transmits the credit card company identifying
      symbol and the credit card code to the CPU by moving the roller assembly
      26 to the right, thereby causing the roller 28 to depress in sequence the
      positioned digit set buttons DSB 11, 1, 2 . . . 9, 0 to cause tones
      corresponding to the positions of the buttons to be transmitted to the
      CPU. If the CPU determines that the credit card represented by the
      transmitted code has a good status, it then returns a yes signal to
      energize a green lamp 42. If the CPu determines that the credit card has a
      bad status, it returns a no signal to energize the red lamp 44. Once ready
      lamp 36 has been energized, if neither a yes, no or repeat signal is
      received after a predetermined amount of time, then the repeat lamp 38 is
      automatically energized by a timer to indicate to the operator that he
      must again access the CPU and retransmit the credit card code.
PAR  When the roller assembly 26 is moved to the right over the digit set
      buttons to transmit the code to the CPU, the assembly rides over a right
      restriction 46 which is spring-biased upwardly but which is shaped to
      permit the assembly to ride over it when the assembly is moving to the
      right. However, once the roller assembly has moved over restriction 46 to
      the extreme righthand position on frame 20, the restriction blocks the
      return of the roller assembly to its lefthand position until one of the
      lamps 38, 42 or 44 has been energized. Energization of one of these lamps
      causes restriction 46 to be lowered so that the operator may then return
      the roller assembly to its lefthand position where it is permitted to ride
      over the left restriction 40.
PAR  In returning to its lefthand position, the roller 28 actuates reset switch
      48 to de-energize any of the lamps 36, 38, 42 and 44 which may have been
      energized. As will be described in more detail below, the ready, status
      and repeat signals from the CPU energize relay holding circuits in the
      credit card verifier unit, these circuits maintaining the appropriate
      lamps energized until the reset switch 48 is operated by the return of the
      roller assembly 26 to its extreme lefthand position.
PAR  For purposes of illustration only, DSB 11 is set in the position
      corresponding to a tone or series of tones identified by the numeral 12,
      and the digit set buttons DSB 1, DSB 2 . . . DSB 9, DSB 0 are set in the
      positions corresponding to a credit card code or number of 123 456 789 0.
PAR  FIGS. 3 - 8 illustrate the structural details of a preferred form to the
      verifier unit 10. These figures illustrate the details of the roller
      assembly 26 and the digit set buttons, and also the manner in which the
      tones are generated.
PAR  As shown in FIG. 6, fixed to the undersurface of main frame 20 is a pair of
      depending support members 50 and 52 containing slots 54 and 56,
      respectively. The roller frame 30 consists of a horizontal member 58 and
      two vertical side members 60 and 62 having lower extensions 64 and 66
      respectively which project through the slots 22 and 24 in main frame 20.
      Shoulders 68 and 70 of the vertical side members 60 and 62 rest on the top
      surface of the main frame 20. The extensions 64 and 66 have outwardly
      extending flange portions 72 and 74 which fit into the slots 54 and 56
      which act as guides to keep the roller assembly 26 properly aligned during
      its movement back and forth across the surface of the main frame 20.
PAR  Formed in the side members 60 and 62 of the roller frame 30 are a pair of
      holes 76 and 78 respectively which received extensions 80 and 82 fixed to
      opposite sides of roller 28. These extensions may be mounted in suitable
      bearings to permit the roller 28 easily to rotate as the assembly 26 is
      moved longitudinally across the surface of the main frame 20. A handle 81
      is fixed to the horizontal member 58 to facilitate operation of the
      assembly 26.
PAR  FIG. 7 illustrates the details of the digit set buttons. Since these
      buttons are all identical, digit set button DSB 1 is chosen for
      illustration. An outer shell 90 is inserted in the slot S1 so that the
      edges 92 and 94 of the slot fit between pairs of flanges 96, 98 and 100,
      102, respectively, formed on the upper end of the shell 90. Such a
      structure permits the shell to slide back and forth through the slot
      across the credit card verifier unit main frame. A circular opening 104 is
      formed in the bottom of the shell 90.
PAR  Mounted within shell 90 is a pushbutton 106 having a rounded top surface
      107 and a downwardly extending rod 108. A spring 109 surrounds the rod 108
      and is confined between the bottom of the shell 90 and the shoulder 110 on
      pushbutton 106. Spring 109 normally urges pushbutton 106 upwardly, and a
      washer 111 fixed to a reduced portion of rod 108 keeps the pushbutton in
      the normal position shown, thereby preventing the pushbutton from popping
      out of shell 90 when the pushbutton is released. Through such an
      arrangement, the pushbutton 106 is depressed downwardly when a downward
      force is applied to the surface 107, thereby causing the rod 108 to move
      downwardly through the aperture 104. However, as soon as the force is
      removed, the pushbutton returns to its normal upward position which is
      determined by the engagement of washer 111 with the lower surface of shell
      90.
PAR  FIGS. 3, 4, 5, 6 and 8 illustrate the means by which the digit set buttons
      DSB 1, DSB 2 . . . DSB 9, DSB 0 actuate a conventional telephone touch
      tone generator 112. The generator 112 has ten pushbuttons PB 1, PB 2 . . .
      PB 9, PB 0 corresponding to ten different tones which the generator 112 is
      capable of generating. Ten bars B 1, B 2 . . . B 9, B0 extend
      longitudinally beneath the surface of the main frame 20 and are
      horizontally spaced (as viewed in FIG. 4) such that bar B 1 is directly
      below the "1" graduations on the slots S1, S2 . . . S9, S0, bar B 2 is
      directly under the graduations "2" on the slots, etc.
PAR  All of the bars are identically mounted and details of the mounting for bar
      B 0 as an example are illustrated in FIGS. 3 and 4. The righthand end of
      the bar has fixed thereto a pin 113 which is pivotably mounted in a
      vertical slot 114 in a support member 115 fixed to main frame 20. A spring
      116 normally biases the bar in a horizontal position as illustrated in
      FIG. 3. The bar has a downwardly extending portion 118 on its lefthand
      end. This portion is positioned directly above the touch tone pushbutton
      PB 0. The spring 116 is slightly stronger than the springs (not shown) in
      tone generator 112 and permits the rod to move downwardly in slot 114 when
      the bar is depressed by DSB 0. This downward movement compensates for the
      differences in angular deflection of the lefthand ends of the bars, which
      deflection is considerably greater for DSB 0 than for DSB 1, for example.
      Consequently, possible damage to the digit set buttons, bars, or telephone
      generator pushbuttons is prevented. The depressed position of bar B4 is
      clearly illustrated in FIG. 8.
PAR  Any one or more of the digit buttons DSB 1, DSB 2 . . . DSB 9, DSB 0 may be
      positioned above the bar B 0, but for the present illustration, we will
      assume that DSB 0 is so positioned. Consequently, when the roller 28
      slides over the surface 107 of pushbutton 106 of DSB 0, the button will be
      depressed downwardly so that the rod 108 forces bar B 0 downwardly against
      the action of spring 116 to cause the extension 118 to depress pushbutton
      PB 0, thereby generating a "0" tone. When the roller leaves DSB 1, the
      digit set button DSB 0 returns to its upward position by virtue of the
      action of spring 116. This return action permits each pushbutton of the
      tone generator 112 to be actuated by any one or more of the bars. In this
      manner, a sequence of ten tones, representing the code on the credit card,
      is transmitted to the CPU.
PAR  As shown in FIGS. 3, 4 and 6, a separate tone generator 120 is disposed
      under the slot S11 and has a linear array of ten pushbuttons PB 11, PB 12
      . . . PB 20 corresponding to the ten positions of the digit set button DSB
      11. The generator 120 is positioned so that its pushbuttons are spaced
      between the bars B 1, B 2 . . . B 0, so that the pushbuttons do not
      interfere with the downward movement of the bars. The structure of digit
      set button DSB 11 is identical to that of digit set buttons DSB 1, DSB 2 .
      . . DSB 9, DSB 0. Consequently, when the roller 28 is moved from its
      lefthand position, towards the right on main frame 20, it first passes
      over the digit set button DSB 11 to depress it and cause it to engage and
      depress one of the pushbuttons PB 11, PB 12 . . . PB 19, PB 20 which
      correspond to ten different tones which can be generated by the tone
      generator 120. This credit card company tone always precedes the ten tones
      corresponding to the credit card code.
PAR  FIGS. 5 and 6 illustrate the manner in which the credit card company
      identifying number and credit card code are presented for viewing in the
      apertures A 11, A 1, A 2, A 3 . . . A 9, A 0 in the main frame as
      illustrated in FIG. 2. Again, we would look at one digit set button and
      one aperture since they are all identical. For example, in FIG. 5 DSB 0 is
      fixed to a thin flexible metal strip 122 which passes around an idler
      roller 124 and is wound on a spool 126 fixed to a number drum 128. The
      number drum 128 is spring-biased in the direction indicated by arrow 130.
      However, the bias force is less than the frictional force resisting
      movement of DSB 0 in its slot S 0. DSB 0 is shown in its "0" position in
      the slot, and therefore the number "0" on drum 128 is displayed in
      aperture A 0. The numbers on the drum are spaced so that, as DSB 0 is
      moved to the left (FIG. 5), the drum 128 rotates to display in the
      aperture the number corresponding to the position of DSB 0. FIG. 6
      illustrates the number drum 128 connected to DSB 11 where DSB 11 is in the
      "12" position.
PAR  FIGS. 8 and 9 illustrate the locations and structure of the left
      restriction 40 and the right restriction 46. Left restriction 40 includes
      a vertical rod 132 protruding through the top of the main frame 20 and
      having an inclined top surface 134 which slants downwardly from left to
      right. Rod 132 is of magnetic material and is surrounded by a solenoid or
      coil 136 which is adapted to be energized when the ready lamp 36 is
      energized. A spring 137 normally biases rod 132 upwardly in the position
      illustrated to prevent the roller assembly 26 from moving from its
      lefthand extreme position over the restriction to the right. However, when
      the access lamp is energized, the solenoid is energized to draw the rod
      132 downwardly thereby premitting the roller assembly to move to the right
      over the restriction. Because of the inclined surface 134, the roller
      assembly may always be moved from right to left over the restriction.
PAR  Restriction 46 is constructed in the same manner as restriction 40. It also
      contains a magnetic rod 138 having an inclined top surface 140 which
      slopes downwardly from right to left. Again, a spring 142 normally biases
      the rod 138 in its upward position. A solenoid or coil 144 surrounds the
      rod 138. When either of the lamps 38, 42 or 44 is energized, the solenoid
      144 is also energized to draw the rod 138 downwardly so that the roller
      can be moved from right to left over the restriction. Because of the
      inclined surface 140, the roller assembly 26 can always overcome the force
      of the spring and ride over the restriction when the assembly is moving
      from left to right. As best illustrated in in FIGS. 2 and 5, the
      restrictions 40 and 46 are positioned in main frame 20 so that they engage
      the lower ends of the vertical extensions 60 and 62 of the roller frame
      30.
PAR  FIG. 9 is a schematic diagram of the circuits contained within the verifier
      unit 10. The same reference numerals have been used in this figure to
      identify corresponding parts illustrated in the preceding figures.
PAR  Block 150 schematically illustrates a conventional touch tone telephone. To
      gain access to the telphone line, i.e. obtain a dial tone, the on/off
      switch 32 is depressed by the operator to close the circuit between the
      power supply and the telepone terminals a and b. The actuation of switch
      32 is equivalent to lifting the receiver from a telephone. Switch 32 is of
      the bistable type and remains in the closed position until a force is
      applied to return it to its original open position. The operator then
      depresses the computer access button 34 which closes the ganged switches
      34a and 34b to connect the generator 35 to the power supply and also to
      connect the generator via the telephone transmit terminals c and d to the
      telephone line terminals e and f. Generator 35 transmits to the CPU a tone
      or combination of tones which access the CPU. Switches 34a and 34b are of
      the self-releasing type and reopen as soon as the button 34 is released.
      Alternatively, the access button 34 could actuate a card dialer which
      would then access the CPU. If the computer is ready to accept a credit
      card code, it transmits to the credit card verifier unit 10 a ready signal
      which is converted to a tone and transmitted via the receive terminals g
      and h to a tuned relay 152 of the holding type (or to an equivalent
      electronic circuit) which is designed to be energized only by the
      frequency of the ready tone. Relay 152 closes an internal circuit which
      energizes the blue ready light 36 and also the solenoid 136 to lower the
      lefthand restriction 40. After the digit set buttons DSB 11, 1, 2 . . . 9,
      0 are positioned by the operator, the operator then moves the roller
      assembly 26 across the surfaces of the digit set button to actuate the
      tone generators 120 and 112 in the manner as previously described. The
      tones are converted by the converter 14 into digital signals and applied
      to the CPU which normally returns either status signal, a yes signal or a
      no signal, which is converted by the converter 18 to a tone and applied
      via the telephone line terminals e and f to the credit card verifier unit
      10. The yes and no tones have a frequency different from each other and
      also different from the ready tone. The yes lamp 42 is connected to a
      holding relay 154 which is tuned to be energized only by the frequency of
      the yes tone. The no lamp 44 is connected to a holding relay 156 tuned
      only to the frequency of the no tone.
PAR  Therefore, one or the other of the lamps 42 or 44 is energized by the
      status signal returned by the CPU to the credit verifier unit 10. At this
      point, the roller assembly 26 is in its extreme right position.
      Energization of either lamp 42 or 44 also energizes the solenoid 144 to
      lower the righthand restriction 46 which permits the roller assembly to be
      returned to its lefthand position. Immediately following the transmission
      of either a yes or no signal, the computer also transmits a disconnect
      signal which is converted by converter 18 to a unique tone which is fed to
      a solenoid 157 tuned to be energized only by the frequency of this unique
      disconnect tone. Energization of solenoid 157 attracts the magnetic
      plunger of on/off switch 32 upwardly and returns the bistable switch
      upwardly to its normal open position, thereby disconnecting the telephone
      150 from the telephone line. After the operator has noted whether the lamp
      42 or 44 is energized, he returns the roller assembly 26 to its extreme
      left position, thereby depressing reset switch 48 and opening its normally
      closed contacts 158 to interrupt the holding circuit to the tuned relays
      152, 154 and 156 so that the lamps 36, 42 and 44 are de-energized. Since a
      spring 159 normally biases switch 48 upwardly so that the contacts 158 are
      normally closed, when the roller assembly is again moved to the right,
      switch 48 is released, and the contacts reclose to condition the holding
      circuits for acceptance of a unique tone. Therefore, the verifier unit is
      ready to transmit another credit card code.
PAR  If the CPU is unavailable or not ready to accept the credit card code when
      it receives an access signal, instead of a ready signal, it returns a
      repeat signal which is converted by converter 18 into another unique tone.
      Repeat lamp 38 is connected to another tuned holding relay 160 which is
      tuned to be energized only by the frequency of this unique tone.
      Alternatively, relay 160 may be designed to be energized by any tone other
      than those used for the ready, yes and no signals. When a repeat tone is
      received, relay 160 is operated to energize the amber repeat lamp 38,
      indicating to the operator that he must again transmit an access signal to
      obtain a ready light indication before transmitting the credit card code
      number. After every repeat signal, the computer also transmits a
      disconnect signal which opens the on/off switch 32 as previously described
      for a status signal. Reset switch 48 is depressed to interrupt the holding
      circuit of relay 160 to de-energize lamp 38.
PAR  Even after the computer has generated a ready signal to energize the ready
      light, other conditions may occur which will cause a repeat signal to be
      generated. For example, if a invalid code is transmitted or if the
      computer malfunctions, a repeat signal is automatically transmitted
      together with a disconnect signal in order to indicate to the operator
      that he must retransmit the credit card code number. In addition to
      energizing lamp 38, the repeat signal also energizes coil 144 to lower
      right restriction 46. The roller assembly is then returned to its starting
      lefthand position in which case the reset button 48 is depressed to
      de-energize the holding circuits of the tuned relays to thereby
      de-energize all of the indicating lamps 36, 38, 42 and 44. De-energization
      of the lamps also causes the coils 136 and 144 to be de-energized, thereby
      permitting restrictions 40 and 46 to be returned upwardly to their
      blocking positions.
PAR  In order to provide for the situation in which a ready signal is received
      but no other response is received from the CPU, a ten second timer 162 is
      connected between the ready lamp 36 and the repeat lamp 38. The timer
      cycle is started by energization of the ready lamp 36 and, if none of the
      lamps 38, 42 or 44 is energized within ten seconds, the timer emits an
      electrical tone signal having the same frequency as a repeat tone signal
      from the CPU. Consequently, the tuned relay 160 is energized to energize
      the repeat lamp 38 and also the right restriction coil 144. The
      energization of any one of the lamps 38, 42, or 44 resets the timer to
      prepare it for the next CPU accessing operation. If the repeat lamp 38 is
      energized by the output of timer 162, the lamp is de-energized by
      depression of the reset switch 48 to momentarily open switch contacts 158
      and interrupt the holding circuit of relay 160. Various blocking diodes
      are included in the lamp circuits to isolate them from each other.
PAR  Credit card verifier unit 10 may be conveniently mounted adjacent the
      credit card imprinter used by the retail merchant to imprint the credit
      card number on an invoice. The unit could also be bolted to the printer.
      It is also to be understood that the roller assembly 26 may be removed in
      which case the digit set buttons and reset button would be manually
      depressed by the operator.
PAR  FIG. 10 illustrates a modification of the preferred embodiment of the
      credit card verifier as described above. In the modified form, a credit
      card verifier unit 170 is attached to a conventional credit card imprinter
      172 of the type usually found at the typical service station for
      imprinting the number of a credit card 174 on an invoice 176. The normal
      imprinter roller 177 found on such a credit card imprinter is suitably
      connected to the verifier unit roller 178 which passes over the digit set
      buttons DSB 11, DSB 1, DSB 2 . . . DSB 9, DSB 0 and the reset switch
      button. The roller 177 is guided in tracks 180 and 182. When the imprinter
      roller is moved to the right to imprint the invoice with the credit card
      number, it carries with it the verifier roller which depresses the digit
      set buttons to transmit the credit card code to the CPU. Alternatively,
      the normal imprinter roller may be replaced by another roller which is
      sufficiently long to extend across both the imprinter and the verifier
      digit set buttons.
PAR  In another modification of the preferred embodiment illustrated in FIG. 11,
      the digit set buttons are not required, and the pushbuttons of a
      conventional tone generator 184 are sequentially depressed by the operator
      rather than being depressed by a roller. In this case, the credit card
      verifier unit 186 is also attached to a conventional credit card imprinter
      188. However, the normal credit card imprinter roller 187 is left intact,
      and an arm 190 is fixed to the imprinter roller assembly. When the roller
      is moved to the right to imprint the invoice 176, arm 190 actuates the CPU
      access switch 192, thereby sending an access signal to the CPU. The
      operator then depresses one of the pushbuttons of the credit card company
      tone generator 194 followed by depression in sequence of the proper
      combination of the ten pushbuttons on tone generator 184. After a status
      signal is received, the operator may move roller 187 to the left. Upon
      return to its illustrated starting position, the roller actuates reset
      switch 196 to de-energize the lamps as previously described.
PAR  FIGS. 12 and 13 illustrate still another modification of the credit card
      verifier unit of this invention. As illustrated in FIG. 12, in this
      modification, each digit set button 106 is modified to have conducting
      shorting bar 200 fixed to the end of the rod 108. An insulator 202
      insulates the bar 200 from the rod 108.
PAR  As shown in FIG. 13, in this modification, the bars B 1, B 2 . . . B 9, B 0
      have been replaced by pairs of conductors or leads L 1, L 2 . . . L 9, L 0
      which are appropriately connected in parallel with pairs of contacts
      located beneath the digit set buttons. Each pair of leads corresponds to a
      different tone generated by tone generator 112. Each pair of leads is
      connected across a different pair of the terminals or switch contacts
      located beneath the pushbuttons (PB) on the tone generator 112. For
      example, the pairs of contacts underneath digit set button DSB 1 are
      labeled as C 1, C 2 . . . C 0. The tone generator terminals corresponding
      to pushbutton PB 1 are labeled as T 1, those corresponding to PB 2 as T 2,
      etc. The contact pair C 1 below digit set button DSB 1 and the
      corresponding contact pairs C 1 under the other digit set buttons are all
      connected across or in parallel with leads L 1 which in turn are connected
      across or in parallel with the normally open terminals T 1 corresponding
      to the tone generated by actuation of the pushbuton PB 1 in the previous
      embodiments. In this modification, looking at digit set button DSB 1, as
      an example, which is in position 1, when the button is depressed by either
      the roller assembly or by the operator, the contacts C 1 are closed or
      short-circuited by the shorting bar 200, thereby closing within the tone
      generator 112 the internal circuit which causes the generation of the tone
      corresponding to pushbutton PB 1. The manner in which the leads L 1, L2 .
      . . L 9, L 0 connect corresponding contact pairs with the proper terminal
      pair is clearly illustrated in FIG. 13.
PAR  Of course, it is to be understood that a ten symbol credit card code has
      merely been chosen as an example. Fewer symbols can be used with the
      illustrated embodiments of the invention, and more symbols can be used
      merely by suitably increasing the tone capacity of the tone generator and
      the number of digit set buttons and associated elements. Furthermore, in
      the embodiments illustrated in FIGS. 2-9, 12 and 13, the roller assembly
      may be removed or not used, in which case the operator manually depresses
      the digit set buttons in sequence and manually operates the reset switch.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A credit card verification system wherein the status of a credit card
      identified by a multidigit code is verified comprising a central
      processing unit for storing the status of a plurality of credit cards, a
      credit card verifier unit, a telephone line connecting the credit card
      verifier unit to the central processing unit, the credit card verifier
      unit comprising means for veryifying a multidigit code of a credit card
      including a plurality of individual selector means corresponding in number
      to the number of digits in said code with each individual selector means
      representing a different digit, means for permitting the manual selective
      presetting of each individual selector means by manual movement thereof to
      any one of a plurality of different set positions representative of values
      of its associated digit, a plurality of individual signal generating means
      each associated with a different digital value and operative in response
      to said individual selector means for generating a different signal for
      each value, and means for manually sequentially further moving said
      plurality of preset selector means after the presetting thereof for
      sequentially operating said individual signal generating means thereby
      generating signals in sequence and value determined by presetting of said
      individual selector means.
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PAL  The disclosure describes improved techniques for using a general or
      parametered microinstruction for more than one application. A read/write
      store provides at a first address a storage location for the parametered
      microinstruction. The parametered microinstruction is calculated according
      to data values stored in a table in order to accommodate the various
      applications. In one embodiment, an arithmetic and logic unit combines
      first and second values from the table in order to form or calculate a
      microinstruction having first and second parameters. The calculated
      microinstruction then is stored in the read/write store at the first
      address. This techniques enables the calculated microinstruction to be
      carried out in the same manner as non-parametered microinstructions.
BSUM
PAC  RELATED APPLICATION
PAR  Priority is claimed in accordance with 35 U.S.C. 119 under French
      application No. 73 37868 filed Oct. 24, 1973.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to data processing and relates more
      particularly to the technique of microprogramming in a processor which has
      a central store.
PAR  Microprogramming enables a mnemonic machine code followed by a certain
      number of effective parameters to be substituted for a certain group of
      instructions in a program. Corresponding to this code is a special program
      termed a microprogram which carries out a specific function on data
      associated with the parameters and which consists of a certain number of
      instructions termed microinstructions. The meaning of the parameters is
      given by formal parameters which become apparent when the microprogram is
      drawn up. The parameters may be introduced in a number of ways and they
      generally take the form of a list of symbols separated by commas which are
      used in the microinstructions contained in the microprogram. A
      substitution is then made during operation by taking homologous symbols
      from the list of effective parameters.
PAR  Generally speaking, such microprograms are generated and recorded
      beforehand in a control store. Each microprogram corresponds to a specific
      type of application; for example, n types of applications will have
      associated with them n microprograms. Depending on the value of n and the
      size of each microprogram, the control store may become relatively full.
PAR  However, in certain cases, the general flowchart represented by a
      microprogram may be applied to a number of applications of the same type
      with only the content of certain microinstructions differing from one
      application to another.
PAR  The object of the present invention is to make it possible to have a single
      microprogram for a number of applications of the same type by using
      parametered microinstructions.
PAR  Thus, a microprogram according to the present invention may comprise a
      succession of microinstructions certain of which will be stored in
      parametered form. The parametered microinstructions are formed by
      combining data to form calculated microinstructions which are capable of
      being carried out and which differ to suit the selected application.
PAR  According to one feature of the present invention a preferred method of
      recording and carrying out microprograms would comprise the following
      steps:
PAR  RECORDING IN A READ/WRITE STORE, A GENERAL MICROPROGRAM WHICH CONTAINS AT
      LEAST ONE PARAMETERED MICROINSTRUCTION WRITTEN IN PARAMETERED FORM AND A
      DATA TABLE CONTAINING AT LEAST THE VARIOUS VALUES OF THE PARAMETERS IN THE
      PARAMETERED MICROINSTRUCTION,
PAR  WHEN THE PARAMETERED MICROINSTRUCTION IS ADDRESSED BY THE MICROPROGRAM
      BEING CARRIED OUT, CALCULATING OR CONSTRUCTING THE PARAMETERED
      MICROINSTRUCTION WITH VALUES OF THE PARAMETERS EXTRACTED FROM THE DATA
      TABLE TO FORM A CALCULATED MICROINSTRUCTION,
PAR  STORING THE CALCULATED MICROINSTRUCTION IN THE STORE, AND
PAR  CARRYING OUT THE CALCULATED MICROINSTRUCTION.
PAR  According to another feature of the invention, apparatus for recording and
      carrying out microprograms in a processor associated with a
      data-processing system would comprise:
PAR  a read/write store for storing a microprogram including microinstructions
      written in parametered form and for storing a data table containing the
      values of the parameters of the parametered microinstructions,
PAR  microinstruction address registers the outputs of which are connected to
      the selection circuits of the store,
PAR  and means which enable a parametered microinstruction to be calculated as a
      function of the corresponding values of the parameters in the data table
      and which enable this calculated microinstruction to be recorded at a
      store address that enables execution in a normal way.
PAR  One embodiment of the present invention consists of an assembly of
      registers and individual units; these being a main store, a control store
      which contains the microprograms and a control unit which controls and
      gives instructions for the operations which we requested. The instructions
      are carried out by a processing unit of the processing in question is
      logic or arithmetical, and by an exchange unit if the transfer of data to
      the outside is involved.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further advantages, details and features will become more apparent in the
      course of the explanatory description which follows and with reference to
      the accompanying schematic drawings which are given solely by way of
      example to illustrate one embodiment, and in which:
PAR  FIG. 1 is a block diagram of one embodiment of apparatus according to the
      invention; and
PAR  FIG. 2 is a flow-diagram illustrating the processing of a parametered
      microinstruction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 are shown:
PAR  a control unit 1 which comprises a register or ordinal counter 10, a
      register or microinstruction register 12, and a register 11 pointing to
      table 23 which receives signals through an AND gate A9,
PAR  a read/write or random access central store 2 comprising an address
      selection register 21, an input/output register 22 divided into two 8-bit
      fields 22A and 22B, and a data table 23 which is recorded in a zone 3 of
      the store that is accessible to the user,
PAR  a control store 4 where microprogram 41 has previously been recorded, the
      section of this control store where microprogram 41 is recorded being a
      section of the main store 2,
PAR  a logic and arithmetic unit 5 including two operand registers 51 and 52,
      which are connected to a bus 8 by AND gates A10, A11, respectively,
PAR  at least one exchange unit or connecting member 6 which is linked to
      peripherals 7.
PAR  These various units are connected together by a bus 8 which forms a
      connection between the various units.
PAR  a certain number of registers, namely:
PAR  a register 90 which is to contain the address of the microinstruction which
      is to be carried out, which address is read from store. This register is
      connected at the input side to register 10 through an AND gate A1 and at
      the output side to the input of register 21 through AND gates A2, A7,
PAR  a register 91 which is to contain the central store address of the data to
      be read in or out. At the input side this register is connected to
      register 11 through AND gate A5, and at the output side to the input of
      register 21 through AND gate A7,
PAR  an auxiliary register 92 which is intended to hold the address of a
      parametered microinstruction during the processing to which it is
      subjected and before it is executed. This register is connected at the
      input side to register 90 through AND gates A2, A3 and at the output side
      to the inputs of registers 90 and 91 through AND gates A4, A6,
PAR  an auxiliary working register 93 which is intended to hold a byte of data
      required to generate the parametered microinstruction. Register 93 has an
      input connected to bus 8 through an AND gate A12 and an output connected
      to bus 8 through an AND gate A13.
PAR  AND gates A1-A13 are controlled by the logic signals applied to conductors
      C1-C13, respectively, by control unit 1. AND gates A1-A13 have as many
      inputs as the connected portions of registers 10, 11 and 90-92 have
      storage cells or bits. AND gates A1-A13 are merely examples of logic
      circuitry which can be use to implement the present invention.
PAR  In order to initialize the system, a microprogram used to carry out a set
      of microinstructions is written into segment 41 of control store 4. The
      microprogram includes a storage location at address a1 into which a
      parametered microinstruction may be written. Data values used to calculate
      the parametered microinstruction for different applications are stored in
      table 23. As a result, the same microprogram can be used for different
      applications.
PAR  When the first microinstruction in segment 41 is to be executed, its
      address is in register 10. AND gates A1, A2, A7 are switched to their on
      states so that the address is transferred to registers 90 and 21. The
      first microinstruction is then read out of segment 41 into register 22.
      After the first microinstruction is executed, register 10 is indexed or
      incremented by 1 so that the address of the second microinstruction in
      segment 41 is stored in registers 90 and 21. Each microinstruction in
      segment 41 is addressed in the foregoing manner until address a1 is
      reached.
PAR  When parametered microinstruction M1 situated at an address a1 is reached,
      the said microinstruction will be subjected to processing to put it into a
      form capable of being carried out using parameters characteristic of a
      predetermined application.
PAR  The address a1 of the microinstruction is first of all fed into register 92
      by turning on AND gates A2, A3.
PAR  The values of the parameters associated with microinstruction M1 are found
      in a data table 23 and are then transmitted to operand registers 51 and 52
      via register 22 and bus 8, before they are processed by the logic and
      arithmetical unit 5 so as to give an executable microinstruction which is
      characteristic of the said application.
PAR  Before being carried out, this microinstruction, which at this stage is
      treated as data, needs to be stored in store 4 at address a1. This
      operation is carried out by means of register 91, which should contain the
      address at which it is desired that the data which is stored in register
      22 should be read in. For this purpose, the contents of register 92, which
      contains address a1, are fed to register 91 by switching AND gate A4 to
      its on state.
PAR  The microinstruction is thus not considered as a item of data, but rather
      as a microinstruction which is stored at address a1. The execution of this
      microinstruction is caused by register 90, which needs to contain the
      address of the microinstruction to be carried out, and thus register 90
      has fed to it the contents of the register 92 which contains address a1.
      This transfer is achieved by switching on AND gates A4, A6.
PAR  Once microinstruction M1 has been carried out, microprogram 41 carries on
      in sequence and passes on to the next microinstruction, which may or may
      not be parametered.
PAR  The present invention is applicable, inter alia, to the microdiagnosis of
      logic units connected to an input/output processor. Such logic units may
      be used to connect together various types of apparatus and may, for
      example, consist of a series of addressable registers which may be read
      into, or from, by means of microinstructions under the control of the
      processor.
PAR  A parametered microinstruction for a given type of application may equally
      well define a logic or arithmetical operation (addition, substraction,
      etc.) or an input/output operation (reading into or from a register).
PAR  As an example, let it be assumed that the structure of the
      microinstructions of the following form:
      ##SPC1##
PAL  in which T.phi. is a 4 bit character representing the nature of the
      operation, T.phi.C is a 4 bit character representing the type of
      operation, and A.sub.o - - - A.sub.7 is an 8 bit byte representing a
      register involved in the operation.
PAR  Let the type of application involved be one which calls for an input/output
      operation and in particular for a data item to be read into a register
      associated with a logic unit.
PAR  When parametered microinstruction M1 is processed, the values for the
      parameters will be found in the data table 23 and, after processing
      carried out in the logic and arithmetical unit 5:
PAR  T.phi. will assume a value equivalent to an input/output operation,
PAR  T.phi.C will specify that the operation in question is a reading in
      operation, and
PAR  A.sub.o - - - A.sub.7 will indicate the number of the register involved in
      the operation. Bit A.sub.o also many indicate a read or write operation.
      More specifically, A.sub.o - - - A.sub.7, T.phi. and T.phi.C are stored in
      table 23 at consecutive addresses A, B and C, respectively. The first of
      these addresses is stored in register 11. The non-parametered
      microinstructions in segment 41 then are executed as previously described.
      When address a1 appears in register 10, it is recognized as the address of
      a parametered microinstruction and is transferred to register 92 by
      turning on AND gates A2, A3. AND gates A9, A7 and A12 are then turned on
      so that A.sub.0 - - - A.sub.7 is read from address A of table 23 into
      register 93. Register 11 is incremented and AND gates A5, A7 and A10 are
      then turned on so that T.phi. is read from address B in table 23 into
      operand register 51. Register 11 again is incremented and AND gates A5, A7
      and A11 are then turned on so that T.phi.C is read from address C in table
      23 into operand register 52.
PAR  Unit 5 performs an arithmetic or logical operation on T.phi. and T.phi.C so
      that an 8 bit T.phi. - T.phi.C byte having the form
      ##SPC2##
PAL  is generated. The T.phi. - T.phi.C is transferred through channel CA into
      register field 22A by logic circuitry not shown. A.sub.0 - - - A.sub.7
      then is transferred through AND gate A13 and channel CB to register field
      22B. Address a1 is transferred to register 91 through AND gate A4, and is
      transferred to register 21 through AND gate A7 so that the 16 bit
      calculated microinstruction in register 22 is stored at address a1 in
      segment 41. Address a1 then is transferred from register 92 through AND
      gates A4, A6 and is stored in register 90. AND gates A2, A7 then are
      turned on so that the 16 bit calculated microinstruction stored at address
      a1 in segment 41 is read into register 22 and transferred into register 12
      for execution through AND gate A8.
PAR  FIG. 2 is a flow diagram of an alternative method in which a data item is
      read from table 23 into register 93, but is not used as part of the
      calculated microinstruction. For example, register 93 would be used to
      store data intended for storage in a register identified by A.sub.0 - - -
      A.sub.7.
PAR  The invention is thus in no way limited to the embodiment which has been
      described solely as an illustration, but covers all the technical
      equivalents of the means described if these are produced within its spirit
      and are employed within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of recording and carrying out microprograms in a processor
      associated with a data processing system in which a microprogram recorded
      in a read/write store belonging to the processor contains
      microinstructions which are to be carried out sequentially with the aid of
      a data table store, comprising the steps of:
PA1  providing a storage location for a parametered microinstruction containing
      a first parameter and a second parameter at a predetermined address in the
      read/write store;
PA1  storing in the data table store a first value corresponding to the first
      parameter and a second value corresponding to the second parameter;
PA1  combining the first and second values extracted from the data table store
      to form a calculated microinstruction;
PA1  storing the calculated microinstruction in the read/write store at the
      predetermined address; and
PA1  executing the calculated microinstruction.
NUM  2.
PAR  2. A method according to claim 1 wherein the processor includes a logic and
      arithmetic unit comprising a first operand register and a second operand
      register and wherein the step of combining the first and second values
      comprise the steps of:
PA1  transmitting the predetermined address to an auxiliary address register;
PA1  reading the first and second values from the store;
PA1  transmitting the first value into the first operand register and the second
      value into the second operand register; and
PA1  combining the first and second values in the logic and arithmetical unit to
      form the calculated microinstruction.
NUM  3.
PAR  3. A method according to claim 1, wherein the processor comprises a data
      address register for storing the addresses of data to be read from or into
      the read/write store, the output of the data address register being
      connected to the selector circuits of the read/write store, and wherein
      the step of storing the calculated microinstruction in the read/write
      store comprises the step of transferring the predetermined address from
      the auxiliary register into the data address register, so that the
      calculated microinstruction from the logic and arithmetical unit can be
      read into the store.
NUM  4.
PAR  4. A method according to claim 1, wherein the processor comprises a working
      register, wherein the parametered microinstruction comprises a third
      parameter, wherein the data table stores a third value corresponding to
      the third parameter, and wherein the method further comprises the step of
      reading out said third value from the data table into the working register
      before the calculated microinstruction is stored in the read/write store.
NUM  5.
PAR  5. Apparatus for recording and carrying out microprograms in a processor
      associated with a data processing system, said apparatus comprising:
PA1  read/write store means for providing at a first predetermined address a
      storage location for at least one parametered microinstruction containing
      a first parameter and a second parameter, for storing at a second
      predetermined address a first value corresponding to the first parameter,
      and for storing at a third address a second value corresponding to the
      second parameter;
PA1  microinstruction address register means including outputs connected to the
      store means for storing the first, second and third predetermined
      addresses:
PA1  calculating means for combining the first and second values to form a
      calculated microinstruction capable of being executed; and
PA1  control means for reading the first and second values into the calculating
      means in response to the presence of the second and third predetermined
      addresses in the address register means so that the calculated
      microinstruction is formed, and for writing the calculated
      microinstruction into the store means at the first predetermined address,
      whereby the calculated microinstruction can be executed.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein the calculating means comprise:
PA1  an arithmetical and logic unit including first operand register means for
      storing the first value and second operand register means for storing the
      second value.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein the microinstruction address
      register means comprise:
PA1  a first register for storing the first predetermined address; and
PA1  a second register for storing the second and third predetermined addresses.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the microinstruction address
      register means further comprises an auxiliary register having an input
      connected to the output of the first register and having an output
      connected to the input of the second register for storing the first
      predetermined address.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein the connection between the
      output of the auxiliary register and the input of the second register is
      made selectively conductive to allow the calculated microinstruction to be
      written into the store means.
NUM  10.
PAR  10. Apparatus according to claim 8, wherein the output of the first
      register is connected to the input of the auxiliary register by a
      connection which is made selectively conductive when the microinstruction
      to be carried out is a parametered microinstruction.
NUM  11.
PAR  11. Apparatus according to claim 8, wherein the connection between the
      output of the auxiliary register and the input of the first register is
      made selectively conductive to allow the calculated microinstruction which
      has been written into the store means to be executed.
NUM  12.
PAR  12. Apparatus according to claim 11 and further comprising:
PA1  input/out register means for storing digital signals that are written into
      or read out of the store means; and
PA1  a register connected to the input/putput register means for storing any
      additional data required to carry out a microinstruction.
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ABST
PAL  An operation control system for a micro-computer comprises a control unit
      and a register unit. A micro instruction stored in a read only memory of
      the control unit is fetched, a one word instruction is divided into six
      time stages and the divided instructions are transmitted to the register
      unit in a time-multiplexed format with each stage being a fundamental time
      unit, while the register unit decodes the micro instructions of the
      fundamental units fed thereto and executes the micro instructions of the
      fundamental units in a manner to overlap in time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to the operation control system of an
      electronic computer and, more particularly to the operation control system
      of a micro-computer.
PAR  2. Description of the Prior Art:
PAR  Advances in semiconductor integration technology have had a great impact on
      the field of electronic computers. One of these impacts is the large scale
      integration (LSI) of the logic elements constituting an electronic
      computer. Rapid strides in performance have been proven by a number of
      electronic computers already developed. Another impact is the LSI of the
      electronic computer itself. This measure has attracted attention as a
      chief section of future electronic computers conjointly with the
      development of new fields of application.
PAR  Since with a micro-computer, an operation control unit is integrated into
      one to several packages, the overall construction of the system requires
      various forms. More specifically, the micro-computer formed by LSI
      techniques is naturally restricted by the chip size (the degree of
      integration), the package size (the number of terminals), operating speed
      and power dissipations of elements, etc. It is, therefore, necessary to
      develop an overall system layout which solves these restrictions. Further
      in forming the system, it must be carefully considered that satisfactory
      function inspections be made with a limited number of terminals.
PAR  When the chip size of the LSI circuit is large, the yield of the product
      becomes inferior, and the cost becomes high. The chip size should
      accordingly, be fit for present integration techniques by taking the
      optimum degree of integration into consideration. Since the chip size and,
      accordingly, the degree of integration, is restricted in this manner, it
      is often difficult to form the operation control unit of the
      micro-computer in a single chip.
PAR  In order to solve this problem, the operation control unit may be divided
      and formed in a plurality of chips. In this case, the manner in which the
      operation control unit is divided must be considered in association with
      the number of package terminals. The number of package terminals is
      limited, and yet, terminals for supplying signals from and delivering
      signals to external input and output equipment, a main memory, etc.,
      terminals for various control signals and timing signals, power supply
      terminals, and so forth, are indispensible. Delivery and reception of
      signals between the respective chips must, therefore, be effected with the
      remaining terminals.
PAR  The performance of the micro-computer is restricted by the operating speeds
      of the constitutent elements. The operating speed is determined in
      association with the power dissipation in dependence on the speed-power
      product of the element for use. That is, the upper limit of the number of
      gates to be integrated is determined by the operating speed and the
      allowable power loss which is determined by the heat radiating capacity of
      the package for use. Consequently, for enhancing performance, the
      micro-computer must employ a logic construction in which the number of
      gates is minimized.
PAR  To be further considered in determining the overall layout of the
      micro-computer is that the logic construction must be employed with which
      satisfactory function tests can be executed among the limited number of
      terminals and which facilitates the tests in the system construction.
PAC  SUMMARY OF THE INVENTION:
PAR  An object of the present invention is to provide an operation control
      system for a micro-computer which solves the foregoing problems and which
      is suitable for large scale integration.
PAR  In order to accomplish this object, a micro instruction is divided into a
      plurality of control units, the control unit is the fundamental unit of
      control processing, and operations corresponding to the respective
      instructions of the control units are executed in a manner to overlap in
      time. Further, the instructions of the control units are transmitted from
      a control unit to an operation unit of the micro-computer in the control
      units and in a time-sharing manner. Thus, the number of terminals in the
      LSI can be sharply reduced, and the fetch cycle of the micro instruction
      can have an effective high speed.
PAR  Other objects and features of the present invention will become apparent
      from the following detailed description when read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a constructional diagram of the overall micro-computer according
      to the present invention;
PAR  FIG. 2 is a block diagram showing the construction of a control unit in the
      micro-computer of the present invention;
PAR  FIG. 3 is a block diagram showing the construction of an operation unit
      (register unit) in the micro-computer of the present invention;
PAR  FIGS. 4 and 5 are constructional diagrams of a holder and a decoder of the
      unit in FIG. 3, respectively;
PAR  FIG. 6 is a timing chart which is used for explaining the operation of the
      present invention;
PAR  FIGS. 7a, 7b and 7c are diagrams showing the types of a micro-instruction;
      and
PAR  FIGS. 8a, and 8b, 9a and 9b, 10a and 10b, and 11a and 11b are diagrams for
      explaining the aspects of operation control by the micro computer of the
      present invention.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION:
PAR  Referring to FIG. 1, the basic processor unit of a micro-computer is
      composed of two LSI chips. One of them is a register unit 1 which consists
      of an operation circuit and registers for various operations. The other is
      a control unit 2 which consists of a read only memory for storing a micro
      program, a circuit for controlling the read only memory, and a circuit for
      decoding an instruction.
PAR  To the two units 1 and 2 at the center, a main memory unit 3, and an input
      output control unit, including an interface, 4 are connected. Thus, a
      complete microcomputer system is formed.
PAR  The units 1,2,3, and 4 are commonly coupled by a bidirectional data bus
      line 5, which is used for the transmission of a memory address and read or
      write data between the register unit 1 and the main memory unit 3, for the
      transmission of an instruction word read out from the main memory 3
      between the control unit 2 and the main memory unit 3, and for the
      transmission of a device address and input or output data between the
      register unit 1 and the input output unit 4.
PAR  Between the register unit 1 and the control unit 2, there is a control bus
      6. It is used in order to transmit to the register unit 1 control
      information read out signals from the read only memory in the control unit
      2, and to send back to the control unit 2 the result of the judgement of
      condition which the register unit 1 has made on a certain test, for
      example, on the sign, carry or overflow for an operated result by the use
      of control information.
PAR  In addition, there are a memory control bus 7 coupling the control unit 2
      to the main memory 3, and an I/O control bus 8 coupling the register unit
      1 to the control unit 2 and to the input output unit 4. The memory control
      bus 7 is used for the starting of a read or write operation of the main
      memory 3 and for the transmission of interface signals, such as a signal
      for confirming the delivery of a read data and signal for reporting the
      completion of a cycle. The I/O control bus 8 is used for the transmission
      of confirmation signals necessary for the exchange of data between the
      input output unit 4 and the other units and the transmission of interrupt
      control information.
PAR  The basic processor unit of the micro-computer is divided as shown in FIG.
      1 into the two LSI chips of the operation portion or register unit 1 and
      the control portion or control unit 2, and the micro program system is
      adopted as the control system. This is for attaining effective solutions
      to the many problems attendant upon large scale integration of the
      computer. That is:
PAR  1. By the division of the basic processor unit into the two chips, it
      becomes possible to decrease the number of integrated gates per chip,
      which is advantageous for reducing the chip size (rendering the cost low)
      and diminishing the power dissipation (rendering the speed high).
PAR  2. Owing to the micro program control, it becomes possible to introduce a
      diagnostic system of high quality (micro diagnosis).
PAR  3. Since the basic processor unit is divided by the operation portion and
      the control portion, a high degree of freedom is obtained for transferring
      information in and out for the diagnosis of trouble.
PAR  On the other hand, the division into the chips results in an increase of
      the number of pins. This problem, however, is solved by the new control
      system according to the present invention.
PAR  The control method relying on the micro program has the following
      advantages:
PAR  1. Since centralization of control logic is possible, the arrangement of a
      control circuit is simplified.
PAR  2. The alteration and addition of functions are easy.
PAR  3. It is possible to effect parallel designs.
PAR  The method is therefore most suitable for the micro-computer which does not
      have a very high speed and which can be put into LSI form with the read
      only memory included.
PAR  The construction and operation of the control unit and the register unit
      will now be explained more in detail.
PAR  Referring to FIG. 2 which shows the construction of the control unit, a
      micro instruction at an address designated by an address register 21 is
      read out from a read only memory 22 and is stored in a data register 23.
      The contents of the address register 21 are determined in accordance with
      the address part of a control word read out to the data register 23 and
      the contents of a control instruction register (not shown), a subroutine
      address register (not shown) etc.; the details thereof which will be
      readily familiar to those skilled in the art are omitted here for
      explanatory simplicity. The micro instruction of one word fetched from the
      read only memory 22 consists of thirty bits, which are divided into six
      stages by an encoder 24. The instruction parts divided into these stages
      are fed time-multiplexed onto the control bus 6 through gates 25a-25f
      which are sequentially opened and closed by stage timing pulses ST.sub.1
      -ST.sub.6, shown in FIG. 6. That is, the micro instruction of one word is
      divided into the six stages each consisting of five bits, and control of
      the register unit 1 is carried out with a stage as its fundamental unit.
      With this measure, a control signal to be transmitted from the control
      unit 2 to the register unit 1 is composed of five bits, so that, at most,
      several pins suffice for the control signal delivery and reception by each
      of the units 1 and 2.
PAR  As is shown in FIG. 3, the register unit 1 is constructed of a first part
      11 which executes various operations designated by the micro instructions,
      a second part 12 which decodes the micro instruction in the stage unit as
      transmitted from the control unit 2, and a third part 13 which controls
      the timing of the register unit 1 and so forth.
PAR  As is illustrated in FIG. 4, the second part 12 includes a holder or
      holding unit 121 and a decoder unit 122. The five-bit stage information
      transmitted to the register unit 1 is delivered to holders 121a-121f
      corresponding to the respective stages in synchronism with the stage
      timings ST.sub.1 -ST.sub.6, and are stored there.
PAR  The reason for the necessity for the hold circuits 121a-121f is that, since
      the control information is transmitted in the stage unit in a time-sharing
      manner, it must be reserved at least for a required period in order to
      conduct the operation control with a plurality of stages overlapped, as
      will be explained later.
PAR  The roles of control are fixed for the respective stages. The instruction
      parts are decoded by the respectively corresponding decoder circuits
      122a-122f, and predetermined controls are effected.
PAR  FIG. 5 shows a concrete arrangement of the circuits, for example, 121a and
      122a, in the holding unit 121 and the decoder unit 122. The other holders
      121b-121f and decoders 122b-.sub.-+f have the same construction as in FIG.
      5.
PAR  In the figure, control signals of five bits C.sub.1 -C.sub.5 are entered
      through a control bus into the inputs of five AND gates 1211a-1211e on one
      side, while the stage timing pulse ST.sub.1 is commonly applied to the
      inputs of the respective gates on the other side. At the outputs of the
      AND gates 1211a-1211e, accordingly, the control signals appear only in a
      period in which the pulse ST.sub.1 is 1.
PAR  The control signals are applied to the D input terminal of a hold register
      1213, and are set in the hold register by the AND outputs between the
      stage timing ST.sub.1 and micro timings MP.sub.1 -MP.sub.4 which are
      effected by further dividing it into four parts. The relationship between
      the timing pulses ST and MP is as shown in FIG. 6. GR indicates a signal
      which is applied from the external in order to reset the computer system.
      The outputs of the AND gates 1211a-1211e and the output of the hold
      register 1213 have logical sums taken therebetween by OR gates
      1221a-1221e. With such a construction, the shortening of the effective
      stage period attributable to the setting lag of the hold register 1213 is
      prevented. The outputs of the OR gates 1221a-1221e are decoded by a
      decoder circuit 1222, to produce thirty-two control signals. By providing
      such circuits 121a and 122a in correspondence with the respective stages,
      the stage control signals sent from the control unit 2 can provide
      effective information for the first part 11 of the register unit 1 from
      the time of reception to the time at which the hold register 1213 is
      rewritten by the next micro instruction. The method of controlling the
      first part 11 by the outputs of the decoders 122a-122f will be described
      in detail later.
PAR  The first part 11 of the register unit shown in FIG. 3 has an input latch
      circuit 111 for temporarily storing operands, an arithmetic and logic
      operation unit 112, an output latch circuit 113 for temporarily storing
      the result of an operation, and a stage display register 114 for
      displaying the operation result, etc. Further, it comprises a general
      purpose register memory 115b which is made of a random access memory and
      which is used for executing operations in conformity with a program, a
      data register 115a which stores data from the register 115b and data to be
      supplied thereto, a register memory 116b of the random access memory
      construction which is used as the job area of the micro program, and a
      data register 116a which stores data fetched from the register memory 116b
      and data to be supplied thereto. The data register 116a serves also as a
      data register for the main memory 3 connected to the data bus 5. Further
      included in the first part 11 are a demultiplexer 117a and a multiplexer
      117b, which couple a program counter 118a and an instruction register and
      memory address register 118b with the bus 5, respectively. The reason why
      the demultiplexer 117a and the multiplexer 117b are required is as
      follows.
PAR  The internal data of the micro-computer consists of eight bits and,
      accordingly, eight lines in correspondence with the eight bits, whereas
      the program counter 118a and the address register 118b have a length of
      sixteen bits, so that they can directly reach the main memory 3 of 65 K
      bits at a maximun. The exchanges of information between the respective
      registers 118a and 118b and the data bus 5 must, therefore, be carried out
      separately for the upper digit bits and the lower digit bits. Numeral 119
      designates an address stack, which is a register file for storing a back
      address at a subroutine call.
PAR  The third part 13 of the register unit 1 has a control circuit 131 for
      controlling the various bus registers in the first part 11 and the
      arithmetic and logic operation unit 112, a unit 132 for controlling the
      timing of the register unit 1, and a unit 133 for controlling various I/O
      interfaces when input and output instructions are executed. The functions
      of the elements constituting the respective parts will become more
      apparent from the following description of the operation.
PAR  The micro instructions for use in the present embodiment are classified
      into four types on the basis of the control function. For the convenience
      of the explanation, the types are termed the type A, type M, type I/O and
      type T.
PAR  The type A includes instructions which mainly execute controls on the
      arithmetic and logic operation unit of the register unit 1, The type M
      includes instructions which execute the controls of the main memory 3. The
      type I/O includes instructions which execute the controls of the input
      output unit 4. The type T includes instructions which test operated
      results and control the branch of a micro program.
PAR  The micro instruction of one word of thirty bits as read out from the read
      only memory 22 is reformed into micro instructions shown in FIGS. 7a-7c,
      and every five bits are transmitted to the register unit 1 in synchronism
      with the stage timings ST.sub.1 -ST.sub.6.
PAR  The stage timings ST.sub.t -ST.sub.6 have the following functions assigned
      beforehand, and the respective micro instruction feed signals at timings
      corresponding to the necessary functions.
PAR  ST.sub.1 . . . designation of test condition, designation of memory
      referal.
PAR  ST.sub.2 . . . designation of control condition, designation of I/O.
PAR  St.sub.3 . . . designation of first source register.
PAR  ST.sub.4 . . . designation of second source register.
PAR  ST.sub.5 . . . designation of arithmetic and logic operation.
PAR  ST.sub.6 . . . designation of destination register.
PAR  It is very effective for the simplification of the control circuit to
      previously determine the control functions of the signals at the
      respective stage timings in this manner. The reason is that since all the
      micro instructions are represented as the combinations of some of the
      functions in ST.sub.1 -ST.sub.6, hardware for control corresponding to the
      respective functions may be prepared for commonly using for all the micro
      instructions.
PAR  As is illustrated in FIG. 7a, the micro instructions of the type A have the
      control functions of performing operation processings, for example,
      addition and subtraction, logical operation shifts, designated by an A
      field as to the contents of two source registers designated by X and Y
      fields, and storing the result into a register designated by a Z field.
      Moreover, where, for example, the renewal of the contents of the program
      counter 118a is designated by a C field, it is performed as a special
      control.
PAR  The fundamental sequence of the controls by the micro instructions of the
      type A will now be explained with reference to FIGS. 8 a and 8b.
PAR   a. When the first source register appointed by the X field is the
      general-purpose register memory 115b, the contents of the memory 115b are
      read out between the stages ST.sub.3 and ST.sub.4 , and they are set in
      the data register 115a. Thereafter, the data register 115a is regarded as
      the first source register (X).
PAR  b. In the period (ST.sub.3, ST.sub.4) for reading out the contents of the
      register memory 115b, the data bus 5 is idle, By utilizing the idle time,
      the contents of the data register 116a designated as the second source
      register (Y) by the Y field are set in the input latch circuit 111.
PAR  c. Between the stages ST.sub.5 and ST.sub.6 a gate G.sub.2 is opened, to
      feed as the input of the arithmetic and logic operation unit 112 the
      contents of the data register 115a designated as the first source register
      (X).
PAR  d. Since the control signal designating the operation processing (which
      operation is to be performed) is given to the operation unit 112 after the
      stage ST.sub.5, the specified operation processing is executed between
      ST.sub.5 and ST.sub.6. The result is set in the output latch circuit 113.
PAR  e. The states of the sign or zero, carry and overflow for the operation
      result are set in the state register 114.
PAR  f. At the stage ST.sub.2 of the next machine cycle, a gate G.sub.1 is
      opened, and the operation result is transmitted to the data bus 5. It is
      set in the data register 115a designated as the destination register by
      the Z field. Where the general-purpose register memory 115b is designated
      as the destination register, the address is set at the stage ST.sub.6, and
      a write starting signal is applied.
PAR  As is apparent from the above explanation, in the time slot of, for
      example, ST.sub.4, there are conducted in parallel the control by which
      the data stored in the data register 116a is set in the input latch
      circuit 111 and the control by which the necessary data is read out from
      the general purpose register memory 115b and is set in the data register
      115a.  In the other times, the control of the processing using the data
      bus 11 and the control of the processing not using the bus 11 are likewise
      conducted in parallel. By thus performing the micro instructions divided
      into six stages in parallel in point of time, the processing time can be
      remarkably shortened.
PAR  In cases of the M type micro instructions controlling the main memory 3 and
      the I/O type micro instructions controlling the input output control unit
      4, signals are respectively transmitted in the M field, C field, X field
      and Z field corresponding to the times of St.sub.1 , ST.sub.2 , St.sub.3
      and ST.sub.6 as illustrated in FIG. 7 b. The type M and the type I/O are
      distinguished by two bits of the M field.
PAR  The control sequence by the micro instructions of the type M will now be
      explained with reference to FIGS. 9a and 9b.
PAR  At the lower digit bit of the M field fed at the stage timing ST.sub.2 ,
      there is the designation whether the program counter 118a or the effective
      address register 118b is selected as the register which contains address
      information to be transmitted to the main memory. The multiplexer 117b
      transmits to the data bus 5 the address information of the counter 118a or
      the register 118b appointed by the control signal made of the signal of
      the M field. Herein, since the data bus is of the eight-bit construction
      whereas the address of the main memory 3 is of sixteen bits, every eight
      bits are dividedly transmitted twice. In actuality, the selecting control
      signal of the multiplexer 117b is so made as to transmit the eight upper
      digit bits of the address information in the period ST.sub.3 and to
      transmit the eight lower digit bits in the period ST.sub.4 . On the side
      of the main memory 3, the address information fed in the periods ST.sub.3
      and ST.sub. 4 is set in a memory address register (not shown).
PAR  In case of writing a data into the main memory 3, the source register is
      designated by the X field of the micro instruction. For example, where the
      data register 116a is designated as the source register, the contents of
      the register are transmitted to the data bus 5 through a gate G.sub.3
      which is opened in the periods ST.sub.5 and ST.sub.6 . On the main memory
      side, the data is delivered to a data register (not shown) in the latter
      half of ST.sub.5 .
PAR  Where data is read out from the main memory 3, address information is fed
      also in the times ST.sub.3 and ST.sub.4 , and the system automatically
      falls into a wait mode in the time ST.sub.5 . The main memory 3 transmits
      read data to the data bus and simultaneously feeds a data bus enable
      signal, so that the wait mode is released by this signal. The data
      transmitted to the data bus 5 is stored into the destination register
      designated by the Z field of the micro command. For example, where the
      data register 116a is designated as the destination register, a Z-load
      signal enters the register 116a in the time ST.sub.2 as in the command of
      the type A, and data on the bus 5 is stored.
PAR  Referring now to FIGS. 10 a and 10b, description will be made of the
      control sequence by the micro commands of the type I/O. With this type of
      instruction, the address of an input and output device is designated by
      the C field. Since information designating the address of the device is
      written in the address column of an input and output instruction, the
      multiplexer 117b is so controlled as to transmit the lower digit bit of
      the instruction register 118b to the data bus 5. Thereafter, the gate
      G.sub.3  is opened, and the contents of the data register 116a designated
      as the source register X are transmitted,
PAR  Where data is supplied from the input output control unit 4, information
      designating the input and output device is transmitted also in the time
      ST.sub.3 , and the system falls into the wait mode. The input and output
      device transmits the data to the data bus and simultaneously feeds the
      data bus enable signal, so that the wait mode is released by this signal.
      The data is stored in the destination register appointed by the Z field,
      for example, the data register 116a.
PAR  The register unit 1 includes therein a circuit 133 which generates input
      and output signals necessary for executing input and output instructions
      and by which various data are fed to the input output control unit 4. The
      flow of the input and output data has no essential difference from the
      case of controlling the main memory 3. However, the input output control
      unit 4 does not have the stage timings synchronized with the processor as
      in the main memory 3, so that confirmation by an answer back signal is
      necessary at every exchange of information. For this reason, the input
      output unit 4 always falls into the waiting mode and awaits the answer
      back signal at all the stages except ST.sub.6 and ST.sub.1 .
PAR  The micro instructions of the type T serve to test the state information
      for an operated result, and are transmitted in the T field corresponding
      to the time of ST.sub.1 as illustrated in FIG. 7c. As the register into
      which the state information is placed, the register 114 is prepared, in
      which are displayed the sign or zero, carry and overflow for the contents
      of an accumulator (not shown) containing the operated result. One bit of
      the register 114 is assigned to an interrupt inhibit flag, and the test is
      possible.
PAR  The T type micro instruction can appoint the next test condition by the
      four bits of the T field.
TBL  ______________________________________                                    
     (a)  0001      zero                                                       
     (b)  0010      sign              as to contents                           
     (c)  0011      carry             of accumulator                           
     (d)  0100      overflow                                                   
     (e)  0101      interrupt inhibit flag                                     
     (f)  0110      contents indicated by                                      
                    lower bit of instruction                                   
                    register 118b                                              
     (g)  0111      zero of shift counter                                      
     ______________________________________                                    
PAR  The register unit 1 is provided with a test matrix circuit 120 in order to
      test state information. The test condition are designated by the T field
      of the micro instruction and by the lower bit of the instruction register
      118b.  On the other hand, the state information to be tested is supplied
      from the register 114 to the matrix circuit 120. A test result for the
      designated test condition is sent back to the control unit 2 as an output.
      On the basis of the test result fed, the control unit 2 determines the
      address of the micro instruction to be subsequently executed.
PAR  The forms and the control functions of the various types of micro
      instructions explained above, can be summarized as in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Types and Control Functions of Micro Commands                             
               STAGE                                                           
     TYPE      ST.sub.1                                                        
                     ST.sub.2                                                  
                           ST.sub.3                                            
                                 ST.sub.4                                      
                                       ST.sub.5                                
                                             ST.sub.6                          
     __________________________________________________________________________
       A       .phi.                                                           
                   0 0 CCCC                                                    
                           XXXXX YYYYY AAAAA ZZZZZ                             
       MM READ 0000                                                            
                   1 0 CCCC                                                    
                           .phi. .phi. .phi. ZZZZZ                             
                   1                                                           
          WRITE                                                                
               0000                                                            
                   1 0 CCCC                                                    
                           XXXXX .phi. .phi. .phi.                             
     M               1                                                         
       I/O                                                                     
          READ .phi.                                                           
                   0 1 .phi.                                                   
                           .phi. .phi. .phi. ZZZZZ                             
          WRITE                                                                
               .phi.                                                           
                   0 1 .phi.                                                   
                           XXXXX .phi. .phi. .phi.                             
       T       TTTT                                                            
                   0 0 .phi.                                                   
                           .phi. .phi. .phi. .phi.                             
     FUNCTION  Test of                                                         
                     Designation                                               
                           Designation                                         
                                 Designation                                   
                                       Designa-                                
                                             Designation                       
               condition                                                       
                     of control                                                
                           of source                                           
                                 of source                                     
                                       tion of                                 
                                             of destina-                       
               (TTTT).                                                         
                     condition                                                 
                           register                                            
                                 register                                      
                                       ALU   tion register                     
                     (CCCC).                                                   
                           (XXXXX).                                            
                                 (YYYYY)                                       
                                       function                                
                                             (ZZZZZ).                          
               Designa-                (AAAAA).                                
               tion of                                                         
                     Designa-                                                  
               memory                                                          
                     tion of                                                   
               refer.                                                          
                     I/O.                                                      
                     Designa-                                                  
                     tion of                                                   
                     address                                                   
                     source.                                                   
     __________________________________________________________________________
PAR  As explained above, according to the present invention, the micro
      instruction is divided into six stages, the functions for control are
      assigned to the respective stage units, the control signal from the
      control unit to the register unit is transmitted in the stage units in the
      time-share, and the overlap processing among the stages is possible within
      the register unit. Therefore, the following advantages are achieved.
PAR  1. Since the uni-bus system is adopted, the wiring area can be reduced.
PAR  2. Since the micro instruction to be transmitted from the control unit to
      the register unit is fed in the stage unit in time-multiplexed format, the
      number of the necessary pins of both the units may be small. Consequently,
      the problem of "pin-necks" in the large scale integration can be solved.
PAR  3. In executing the micro instructions divided into the stage units,
      controls corresponding to a plurality of instructions can be made in a
      manner to overlap in time, so that an operation control of comparatively
      high speed is possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. A micro-computer having a control unit and an operation unit,
PA1  said control unit comprising:
PA2  a read only memory for storing a plurality of micro instructions,
PA2  first means, coupled to said read only memory, dividing a micro instruction
      read out therefrom into a plurality of stages, each of which corresponds
      to a fundamental unit for controlling said operation unit, and
PA2  second means, coupled to said first means, for transmitting the micro
      instructions divided into respective stages to said operation unit in a
      time-shared format;
PA1  said operation unit comprising:
PA2  third means, coupled to said second means, for storing micro instructions
      transmitted from said control unit according to the fundamental units into
      which the instructions are divided;
PA2  fourth means, coupled to said third means, for decoding the stored micro
      instructions, and
PA2  fifth means, coupled to said fourth means, for effecting the execution of
      the decoded micro instructions in a manner to partially overlap in time.
NUM  2.
PAR  2. A micro-computer according to claim 1, wherein said control unit and
      said operation unit are connected to a data bus.
NUM  3.
PAR  3. A micro-computer according to claim 2, further comprising an
      input-output control unit and a main memory coupled to said data bus.
NUM  4.
PAR  4. A micro-computer according to claim 1, wherein said first means
      comprises means for encoding a micro-instruction read out from said read
      only memory into a plurality of fields corresponding to said stages, said
      field including a first field designating a test condition of said
      operation unit, a second field designating a control condition, a third
      field designating a first source register, a fourth field designating a
      second source register, a fifth designating an arithmetic and logic
      operation of said operation unit, and a sixth field designating a
      destination register, said operation unit being controlled according to
      the instructions contained in said fields.
NUM  5.
PAR  5. A micro-computer according to claim 2, wherein said fifth means of said
      operation unit comprises
PA1  an input latch circuit, coupled to said data bus, for temporarily storing
      operands supplied thereover,
PA1  an arithmetic and logic operation unit coupled to said input latch circuit
      and said data bus,
PA1  an output latch circuit, coupled to said arithmetic and logic operation
      unit, for temporarily storing the result of the operation thereof, and
PA1  a state display register, coupled to said arithmetic and logic operation
      unit, for displaying said operation result.
NUM  6.
PAR  6. A micro-computer according to claim 5, wherein said fifth means of said
      operation unit comprises
PA1  a demultiplexer coupled to received data from said data bus,
PA1  a program counter, coupled to receive the output of said demultiplexer,
PA1  a register file, coupled to said program counter, for storing a back
      address for a subroutine request,
PA1  an address register coupled to the output of said demultiplexer and
PA1  a multiplexer coupling the contents of said program counter and said
      address register to said data bus.
NUM  7.
PAR  7. A micro-computer according to claim 6, wherein said first means
      comprises means for encoding a micro-instruction read out from said read
      only memory into a plurality of fields corresponding to said stages, said
      field including a first field designating a test condition of said
      operation unit, a second field designating a control condition, a third
      field designating a first source register, a fourth field designating a
      second source register, a fifth field designating an arithmetic and logic
      operation of said operation unit, and a sixth field designating a
      destination register, said operation unit being controlled according to
      the instructions contained in said fields.
NUM  8.
PAR  8. A micro-computer according to claim 7, wherein said fifth means of said
      operation unit comprises a test matrix circuit, coupled to said output
      latch circuit and to said address register, for testing state information
      in response to said first field and the contents of said address register,
      the output of said test matrix circuit being coupled to said control unit,
      so that said control unit determines the address of a micro instruction to
      be subsequently executed.
NUM  9.
PAR  9. A micro-computer according to claim 1, wherein said control unit is
      formed as one LSI chip and said operation unit is formed as another LSI
      chip.
NUM  10.
PAR  10. A micro-computer according to claim 8, wherein said control unit is
      formed as one LSI chip and said operation unit is formed as another LSI
      chip.
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ABST
PAL  A unique control circuit that maintains the addressability to an
      invalidated page frame until execution is completed for all current
      instructions in all CPUs of a multiprocessing system which uses
      demand-paging and virtual addressing.
PAL  A support method is also disclosed which provides an asynchronous sequence
      of operations for each CPU in the multiprocessing system to maintain the
      page in the invalidated page frame available to all CPUs and until their
      current instruction execution is completed. The last CPU to complete its
      execution moves the page, if modified, out of the page frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus and methodology which facilitates
      interaction among central processing units (CPUs) in a multiprocessing
      system in the control of page frames. The invention enables each CPU to
      complete its current use of operands in a page frame even though the page
      frame has been marked by another CPU in the multiprocessing system as not
      available for subsequent use. The invention does this by maintaining the
      addressability to each required page frame for the duration of each
      instruction regardless of any changes in the translation tables in storage
      and regardless of any changes in the translation lookaside buffer during
      that instruction.
PAR  The invention can be applied where plural CPUs independently contend for
      main store resources in a multiprocessing system using demand-paging and
      virtual storage operations. A page frame is a hardware component of main
      store in which a page can be copied from an I/O device. The number of page
      frame components in a main store are limited. Whenever an operand is
      required by the current instruction in any CPU, and the operand is not in
      main store, a page-demand interrupt is generated by the CPU so that the
      system can transfer the page containing the operand from an I/O device
      into a page frame component in main store. If all page frame components
      are then in use, the system can deallocate one of the page frames and
      reallocate it for the new page having the required operand. The
      deallocated page may also have been used by one or more other CPUs. If the
      deallocation occurs in the middle of execution of a current instruction in
      another CPU having incomplete results obtained thus far, a cessation of
      execution for that instruction may leave incorrect results. In this
      manner, incorrect data may be provided in a CPU output, due to the
      asynchronous interference of CPUs in the multiprocessing system.
      Furthermore if the system should recognize the incomplete execution, and
      later retry the instruction after the page is again brought back into main
      store, a reduction in efficiency occurs for the multiprocessing system due
      to the thrashing of this page in regard to the instruction suppressed at
      some intermediate point in its execution.
PAC  OBJECTS AND BRIEF SUMMARY OF THE INVENTION
PAR  It is therefore a general object of this invention to prevent incorrect
      results in the execution of instructions due to asynchronous operations
      among the CPUs in a multiprocessing system.
PAR  It is another object of this invention to improve the efficiency of
      multiprocessor operations by eliminating the necessity for reexecution of
      an instruction as a result of asynchronous operations of CPUs in a
      multiprocessing system.
PAR  It is a further object of this invention to eliminate one of the causes of
      interference among plural CPUs in a multiprocessing system.
PAR  It is a more specific object of this invention to force a multiprocessing
      system to continue the addressability to and the availability of a page
      frame until completion of execution of current instructions in all of its
      CPUs, even though the page frame may be invalidated for deallocation so
      that it can be allocated to another CPU which has an asynchronous
      requirement for a page frame.
PAR  This invention provides a unique control circuit with special buffer
      hardware to assure the addressability of operands needed for completing
      the execution of current instructions in the respective CPUs of a
      multiprocessing system which found the operands accessible at the
      beginning of execution of the current instructions, even though the
      addressability to the operands is lost elsewhere in the system, such as by
      asynchronous invalidation of the addressability in a translation table
      entry for these operands. As a result, the invention avoids the practice
      of simultaneously suspending processing on all CPU whenever a page demand
      interrupt occurs, and thus permits the invalidation and subsequent rollout
      of a deallocated page to be handled as a coordinated activity in the
      system after the current instruction activity is completed in all CPUs.
PAR  The "current instruction" of any CPU is defined herein as the instruction
      having its operand(s) addressed by the use of an AAB register(s).
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be more apparent from the following more particular description of
      the preferred embodiment of the invention illustrated in the accompanying
      drawings of which:
PAR  FIG. 1 illustrates a conventional virtual address type of multiprocessing
      system including novel address availability buffer (AAB) control circuits
      in each of the CPUs.
PAR  FIG. 2 is a circuit drawing of AAB control circuits.
PAR  FIG. 3 is a flow diagram of operations by any CPU initiating a page frame
      invalidation in a multiprocessing system containing this invention.
PAR  FIG. 4 is a flow diagram of operations by other CPUs in a multiprocessing
      system responding to a page frame invalidation initiated by a CPU
      executing the operations shown in FIG. 3.
PAR  FIG. 5 is a timing diagram showing a particular example of CPU coordination
      when using the invention in a multiprocessing system.
PAR  FIG. 6 shows a format for a segment table (ST) entry.
PAR  FIG. 7 shows a format for a page table (PT) entry and a table lookaside
      buffer (TLB) entry.
DETD
PAC  THE PRIOR SYSTEM USED BY THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows how the subject invention generally fits into otherwise
      commercially available multiprocessing systems, such as IBM System/370 and
      OS/VS2 Release 2. FIG. 1 includes a plurality of CPUs A, B . . . N
      connected to a shared main store 211. Each CPU includes conventional
      components, such as an instruction handling unit, an execution unit, a
      virtual address register (VAR) 100, a storage address register (SAR) 110,
      a control register 111, and a dynamic address translation mechanism (DATM)
      which includes a translation lookaside buffer (TLB). The operation of each
      of these units is well known, and they combine to provide what is commonly
      known in the digital computer arts as a virtual address demand-paging
      system.
PAR  The invention incorporates address availability buffer (AAB) control
      circuits 400 into this combination of well known circuits comprising each
      CPU. That is, the invention integrates the AAB control circuits with the
      DATM, which is the demand-paging mechanism normally found with virtual
      addressable computer systems.
PAR  Because of the dependency of this invention on the prior system, a
      substantial effort is made herein to describe the related features and
      characteristics of the prior system which are used by this invention. In
      demand-paging systems, a unit of data measure, called a page, is read from
      an I/O device into a page frame hardware component of a main store: (1) in
      response to a demand for a next instruction by the CPU when the
      instruction is not in main store, or (2) in response to a demand for an
      operand by a current instruction beginning its execution in a CPU when the
      operand is not then available in main store. A brief description of
      demand-paging is next provided in order to aid a better understanding of
      the background to this invention.
PAR  In commercial CPUs which can be virtual addressing, the addresses of
      storage operands in machine instructions are provided as virtual
      addresses, sometimes called logical addresses, when the CPU is in virtual
      address mode. Virtual address demand-paging mechanisms are currently in
      public use in commercial IBM computer systems, such as in the S/370 M158
      or M168 for example. See the "IBM System/370 Principles of Operation,"
      form number GA22-7000-3 published February 1973, which supports S/370 CPUs
      such as the IBM 3158 and 3168. Before the machine can access an operand
      with a virtual address, the machine must translate the virtual address
      into a main store address, sometimes called a real address. Commercial
      machines can usually operate in either virtual address mode or real
      address mode, which is determined by the setting of a mode bit in the
      current program status word (PSW) of the CPU.
PAR  As previously mentioned, a demand-paging operation is used to bring a
      required operand or instruction into main store from an I/O device when
      demanded by a CPU. To do this, the system locates the page on an I/O
      device and uses entries in a segment table (ST) and a page table (PT) to
      store addressability to the page after it is put in main store. This
      involves the assignment of a page frame address in main store, putting the
      page frame address into a PT entry, and transferring the page from the I/O
      device into the assigned page frame. The address of the assigned page
      frame is also transferred from the PT entry into a TLB entry in DATM which
      is used for subsequently addressing that page frame. If there is no free
      page frame available when one is needed, the system deallocates a
      least-frequently used page frame, and assigns it to receive the page.
PAR  In more detail, whenever an operand is required that cannot be accessed
      through any valid page frame address in a current TLB or PT entry, a
      page-demand interrupt signal is generated to initiate a demand-paging
      operation. This interrupt signal initiates the page frame allocation
      program to assign a page frame in the main store, moves the page into that
      page frame, and sets up a PT entry with the assigned page frame address
      and sets its flag bits to valid and assigned; see FIG. 7. That is, the PT
      entry selected to contain the new PF address has its unassigned flag bit
      and its invalidity flag bit both set off to indicate the PT entry is
      assigned and contains a valid page frame address. At a time thereafter,
      DATM hardware copies the PT entry into a TLB entry in the respective CPU.
PAR  In order to speed the allocation of page frames to pages, the memory
      allocation program attempts to keep a list of free page frames. However,
      there are far fewer page frames in main store than there are pages located
      on I/O devices, and there are times when there are no free page frames,
      i.e., all have been allocated to the different CPUs. As a result of this
      continuing CPU contention for page frames, the allocation of page frames
      to pages must be offset by deallocation of the lesser-used page frames to
      best satisfy the contention conflicts. The deallocation of a page frame
      requires making the page that occupies the page frame inaccessible for
      further translation; and then the contained page, if changed, must be
      stored on an I/O device for future use.
PAR  Upon deallocation, the PT entry for a page is flagged as invalid and
      unassigned by setting on its invalidity and unassigned flag bits; see FIG.
      7. A demand-paging request occurs for any operand or instruction using a
      PT entry that has its invalidity flag bit set on.
PAR  In commercial multiprocessing systems, the invalidation indication of a
      page frame (i.e. by setting on its PT entry invalidity bit) is
      communicated to all CPUs using that page. To do this, four things are done
      (1) each CPU in the system must be signalled to temporarily discontinue
      using any page frame which may be subjected to invalidation, and each CPU
      must wait until all others have signalled back that they have complied
      with the request; (2) the invalid flag bit for the page frame is set in
      such a way that any subsequent instruction using the page frame is
      cancelled; (3) each CPU purges its TLB of all entries; and (4) if the page
      is changed, it is read out onto an I/O device.
PAR  The overall operation of the conventional DATM is next described briefly in
      order to better understand its relationship to the invention. In response
      to a virtual address from its CPU, DATM substitutes the assigned page
      frame address in main store for the corresponding segment and page virtual
      address components. In FIG. 1, the virtual address is supplied to a
      virtual address register (VAR) 100 from the execution unit, which
      generates the virtual address in the well known manner from the operand
      address components in the current instruction supplied by the instruction
      handling unit. The DATM apparatus uses the segment tables and page tables
      which reside in the shared main store 211.
PAR  In each CPU, the content of control register 111 addresses the location of
      the segment table currently being used by that CPU. Each entry in the
      segment table (ST) has the form shown in FIG. 6, which includes a field
      containing an address of a page table (PT). The PT address in a ST entry
      is valid only if the PT invalid flag bit is set to 0 to indicte a PT is
      assigned to that ST entry. If the PT invalid flag is set to 1; the PT
      address is invalid, and a segment exception is generated to signal that no
      page table exists for the ST entry. The PT entry and TLB entry format are
      shown in FIGS. 7 and 8; they include an address of a page frame. The page
      frame (PF) address in the PT entry is valid if the PF invalid bit is set
      to 0. If this PF bit is set to 1, the contained page frame address is not
      valid, which means that the related page frame cannot be used.
PAR  Each DATM also includes the translation lookaside buffer (TLB) which is
      used by DATM to maintain the main store addresses corresponding to virtual
      addresses that have been most recently referenced, which enhances the
      speed of obtaining the most frequently used main store addresses. Hence
      the TLB hardware entity speeds up the storage accessing operations. The
      TLB is used in the referencing of all types of virtual addresses,
      including both operand and non-operand types of addresses. As a result of
      the general use of the TLB and the overlapped nature of the CPU, the
      operation of replacing entries in the TLB is such that a particular entry
      may be replaced at any time during the execution of an instruction within
      IBM System/370 CPUs.
PAR  As shown in FIG. 1, VAR 100 contains the virtual address for an operand, or
      for a non-operand such as the next instruction to be fetched from main
      store. To do this the virtual address is first translated into a main
      store address. A virtual address (VA) is comprised of a segment address
      component S, a virtual page address component P, and a byte displacement D
      in the page. The VA translation begins with the segment table (ST) located
      by the main store address in control register 111. First the segment
      address component S is used as an index in the ST to locate the required
      ST entry. The ST entry contains the main store address which locates the
      required page table (PT). The virtual page address component P is used as
      an index in the PT to locate the required PT entry; and the PT entry, if
      marked valid and assigned, contains the address of the page frame (PF) in
      main memory containing the operand or instruction. The PT entry contains
      the high order 12 bits of the main store address, and the low order bits
      of the address are all zeros. The displacement D is a byte index in both
      the virtual page and the page frame to the location of the required
      operand or instruction.
PAR  The assigned flag bit in the PT entry in FIG. 7, if set to 1, indicates
      that the addressed page frame is allocated to a CPU. If the assigned flag
      bit is set to 0, the PT entry is not assigned and it therefore can be
      assigned to any CPU. Further detail on the DATM operation may be found in
      the published literature for the commercially available IBM S/370 virtual
      storage systems.
PAR  FIG. 8 shows the TLB entry format, which include the S and P components
      needed to perform the search of the TLB to find any existing associated
      TLB.
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the illustrated embodiment of this invention contains address
      availability buffer (AAB) control circuits in each CPU of the
      multiprocessing system. The AAB control circuits contain four AAB
      registers 10, 20, 30 and 40 which receive and maintain the main store
      addresses corresponding to the virtual addresses required for the current
      instruction in execution. The AAB registers are updated synchronously with
      the instruction stream executed by the respective CPU during the pretest
      portion of the instruction execution.
PAR  The AAB control circuits can improve the efficiency of the multiprocessing
      system whenever a page frame is invalidated at a time unexpected by the
      execution state of any CPU.
PAR  AAB registers 10, 20, 30 and 40 are used to hold the page frame address(es)
      for operand(s) needed by the instruction currently being executed.
PAR  An instruction access does not require any AAB register, since execution of
      an instruction is easily cancelled if all, or a portion of the
      instruction, lies in an unavailable page. Thus the page frame address for
      an instruction is only put into SAR 110 in the conventional manner.
PAR  However, each operand has a pair of AAB registers available, i.e. registers
      10 and 20 comprise a pair for use by one operand, and registers 30 and 40
      comprise a pair for use by another operand.
PAR  Depending on the instruction type, the instruction may have zero, one, or
      two operands, which may use zero, one, two, three or four of the AAB
      registers.
PAR  The illustrated two pairs of AAB registers support instructions having up
      to two operands in the main store, in which each operand can cross a page
      boundary. That is, each pair of registers support one operand which may be
      located, for example, in two page frames in main store. This arrangement
      can support any operand starting at any location, provided it does not
      exceed one page in length. This is sufficient since the operands of most
      instructions are limited to lengths less than this, and those instructions
      which have longer operands are designed to be resumable at any point in
      the execution after an interruption. The two AAB registers in a pair may
      be designated an even register and an odd register, in relation to the
      parts of an operand found in sequential virtual pages having even and odd
      page addresses, or odd and even page addresses.
PAR  The loading of AAB registers with an operand PF address is done by the CPU
      at the time it transfers the PF address from a required PT entry to a TLB
      entry; which is also the time during which the addressed operand is
      initially accessed using the PF address in the required PT and TLB
      entries. Thereafter the operand(s) is accessed with the PF address in the
      AAB register(s).
PAR  The crossing of a page frame boundary is indicated by the changing of the
      low-order bit P.sub.L in the page virtual address component P in VAR 100.
      The crossing occurs when the VA for the next page is placed into VAR 100
      while the CPU continues to signal the same operand request. Then the main
      store address for the second page frame is placed into the other AAB
      register of the pair. If the operand's PF address cannot be obtained
      because an exception signal is encountered during the operation of DATM,
      the instruction execution is cancelled and none of its results is
      permitted to be stored.
PAR  As previously mentioned, after the AAB registers are loaded, only the valid
      PF addresses contained in the AAB are used in the execution of the current
      instruction, and no references are then made through the ST, PT or TLB as
      long as the same content validly remains in VAR 100.
PAR  The loading of the operand PF address(es) into the AAB assures the
      availability of the main store operand address(es) for the using CPU for
      the duration of the current instruction's execution, even though during
      the execution another CPU may make the corresponding PT entry invalid.
PAR  It is noted that the TLB entry is not marked invalid at the instant that
      the corresponding PT entry is marked invalid, because the marking of the
      TLB entry awaits the actuation of CPU hardware to perform the operation.
      Hence the addressability in the TLB might appear valid for a period after
      the corresponding addressability in the PT is lost. But the TLB entry's
      addressability can not be relied upon, because it may be made invalid at
      any time during the execution of the current instruction. However, the AAB
      addressability can be relied upon to be maintained throughout the current
      instruction's execution period. Hence the AAB avoids any unpredicatability
      in the results of the instruction's execution that would be caused by
      invalidation of the PT or TLB entry at a time during execution when use is
      made of the page frame designated by those table entries.
PAR  The entries in the AAB registers in FIGS. 1 and 2 (like the PT and TLB
      entries) contain only a page-frame address, which is the high-order part
      of the main store address, e.g., on the high-order 12 bits of a 24 bit
      address. The low-order part of the main store address is directly
      transferred to the SAR 110 from the byte displacement (D) field in the VAR
      100. The page frame address and the D field are combined in the main store
      address register (SAR) 110 in FIGS. 1 and 2 to generate the main store
      address of the operand or instruction, which is provided to the main store
      address hardware in order to access the operand.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The AAB control circuits are shown in FIG. 2. They are organized in such a
      way that they require a minimum amount of control lines from the CPU. In
      present commercial systems without any AAB, the CPU contains, among other
      things, the lines 3 through 60 shown in FIG. 1 provided by the CPU
      execution unit. The AAB is connected to lines 3 through 60 which are shown
      in detail in FIG. 2 as input control lines 60, 61, 62, 50 and 3. The end
      op line 60 is electrically pulsed when the execution of the current
      instruction is ended. The OPD1 VA request line 61 is pulsed when the
      current instruction makes its first operand (OPD1) request while the CPU
      is operating in virtual address mode, i.e. the execution unit is then
      outputting the first operand's virtual address to VAR 100. The OpD2 VA
      request line 62 is pulsed when the current instruction makes its second
      operand request while the CPU is operating in virtual address mode.
PAR  The non-OPD VA request line is pulsed when the CPU is requesting a
      non-operand store access, such as an instruction fetch; it uses DATM but
      does not use any AAB register. The main-store address request line 3 is
      pulsed when the address provided to VAR 100 is a main store address; and
      it therefore can be directly put into SAR 100, without using either the
      DATM or the AAB circuits. Whenever a main store access request signal is
      received on line 3 from the CPU, the signal on line 3 is applied to a gate
      9 which causes the S and P fields in VAR 100 to be gated directly into the
      PF field in SAR 100.
PAR  In FIG. 2, a virtual address in register 100 comprises the segment address
      component S, the page address component P, and the page displacement field
      D, however a real address in VAR 100 provides the page frame address in
      the S and P fields.
PAR  The content of register 100 is not affected by address translation, and it
      provides the input to a conventional address translation operation. Field
      D in VAR 100 is transferred directly into the D field of main store
      address register (SAR) 100 with no gating therebetween. The segment
      address S and page address P components of the virtual address are
      inputted to the dynamic address translation mechanism (DATM) 120 which
      translates them into a corresponding main-store page-frame address, which
      is outputted on main store PF address out line 121 to AAB register gates
      16, 26, 36 and 46.
PAR  The AAB circuits include validity triggers 11, 21, 31 and 41 which are
      respectively associated with the four registers 10, 20, 30 and 40. Each
      trigger is reset by an end op signal on line 60 upon the completion of
      execution of the current instruction, the reset state indicates that the
      associated AAB register does not contain a valid PF address.
PAR  The CPU activates required signals on control lines 3 through 60 at the
      beginning of the execution of the current instruction, so that if any
      address translation exception interrupt signal is generated by the DATM on
      its output line 101, it must occur early enough to permit all results of
      the current instruction to be cancelled. The translation exception
      interrupt signal is generated by DATM when a particular VA cannot be
      translated because no assigned or available PF address is found in the PT
      or TLB. This early portion of the instruction execution is conventionally
      called "pretesting."
PAR  During pretesting the CPU translates by means of the ST, PT and TLB entries
      all virtual addresses to be used in the instruction execution, and the AAB
      registers are used for operand accessing after pretesting for the
      remainder of the instruction execution.
PAR  Therefore the page frame address for an operand is provided by DATM to the
      AAB in the early portion of execution for the current instruction.
PAR  The choice of which AAB register in a pair is selected to be loaded with a
      currently provided address on line 121 is determined by whether the
      virtual page address in VAR 100 is even or odd, which is indicated by the
      signal on P.sub.L line 71 provided from the lowest-order bit position in
      the P field of register 100. The line 72 output of inverter 70 is
      activated by an even P field content since the P.sub.L bit is then set to
      the 0 current level; but line 71 is activated by an odd P field content
      which sets P.sub.L to the 1 current level.
PAR  A non-operand differs from an operand in that the non-operand either uses a
      main store address, e.g. its addres does not require translation, or it is
      an instruction which is fetched prior to operand pretest and hence its
      execution can be terminated at any time during its fetch which is before
      any results have been stored for the instruction.
PAR  When an instruction (or other non-operand) is to be accessed in VA mode,
      the CPU pulses a non-operand virtual address (NON-OPD VA) request signal
      on a line 50 through an OR circuit 51 to actuate the address translation
      mechanism 120.
PAR  Whenever a virtual address is put into VAR 100, the DATM 120 outputs on
      line 121 the main store page frame address corresponding to the S and P
      components of the virtual address in register 100, when a corresponding
      page frame has been assigned. This is indicated by a translation available
      signal being provided on a line 102. If no page frame was assigned, a
      translation exception signal is provided on line 101 to the CPU, so that
      the CPU can provide a page demand interrupt signal.
PAR  The virtual storage operand access request signals on line 61 and 62 are
      separately provided by the CPU to distinguish whether the address in VAR
      100 is for a first or a second operand of the current instruction. Line 61
      is activated for the first operand and enables a selection by the P.sub.L
      line 72 or 71 in the first pair of AAB registers 10 and 20. Line 62 is
      activated for the second operand and enables a selection by the P.sub.L
      line 72 or 71 in the second pair of AAB registers 30 and 40.
PAR  The following example illustrates the internal operation of the AAB
      circuits:
PAR  Assume that an end op signal has just occurred on line 60 indicating
      completion of the last instruction execution. It resets all of the
      validity triggers 11, 21, 31 and 41.
PAR  Now assume that the CPU has just pulsed a signal on OPD1 VA line 61, and
      that the P.sub.L bit in virtual address register 100 is 0 indicating an
      even-numbered content in virtual page field P. The 0 signal on line 71 to
      inverter 70 activates its output line 72. AND circuit 12 is therefore
      enabled by active lines 61 and 72, and its output line 13 provides a first
      even selection signal to condition AND circuits 17, 14 and 15.
PAR  Since trigger 11 is now in a reset state, its complementary output (c)
      enables the AND circuit 14 to energize line 73 to provide an operand
      translation request signal through OR circuit 51 to DATM 120. If the
      translation is available, line 102 is activated; but if it is not
      available, the CPU is signalled on line 101 to generate a page demand
      interruption. Assuming that the translation is available, line 102 and
      line 73 activates an AND circuit 74; and its output line 75 activates AND
      circuit 15 which then conditions gate 16 to transfer the main store PF
      address provided on bus 121 into the first even AAB register 10. The
      signal from AND circuit 74 is also delayed through delay circuit 76 and
      shortly thereafter enables AND circuit 17 to set the first even validity
      trigger 11 to its valid state, indicating the content of register 10 is
      valid. This activates the (t) output of trigger 11 (and deactivates its
      (c) output) to enable AND circuit 18 and therefore gate 19 transfers the
      valid content of the AAB register 10 into the PF field in SAR register
      110.
PAR  When the current instruction completes its execution, the execution unit
      activates the end op line 60, which resets trigger 11 to indicate an
      invalidity state for the content of AAB register 10, and AND 18
      deactivates gate 19 to block the connection between register 10 and SAR
      110.
PAR  If a subsequent instruction requests its first operand from an odd numbered
      page address P in VAR 100, its P.sub.L bit is set to 1, which will
      deactivate line 72. But now line 71 activates AND circuit 22 and the first
      odd selection line 23 which enables AND circuits 24, 74, 25, and 26, and
      then enables AND circuit 27, sets trigger 21, and enables AND circuit 28
      and gate 29 in precisely the same manner as previously described for
      circuits 12, 14, 15, 16, 17, 11, 18 and 19. As a result, gate 29
      continuously supplies the odd page frame address from register 20 to SAR
      110.
PAR  If an instruction requests a second operand, line 62 is activated, which
      enables the selection of AAB register 30 or 40 according to whether
      P.sub.L line 71 signals an even or odd P field, respectively. The circuits
      connected with triggers 31 and 41 operate in precisely the same way that
      was previously described for the circuits connected with triggers 11 and
      21.
PAR  When the operand includes a sequence of bytes, the byte address in the D
      field in VAR 100 is normally sequentially changed in the CPU, and the D
      field in SAR 110 correspondingly changes.
PAR  If the possibility exists that the operand may cross a page frame boundary,
      the CPU must make a pretest to ensure that both pages are available before
      leaving the cancelable portion of the instruction. This can be
      accomplished by accessing both the first and last byte of the operand.
      During these two accesses, the low-order P.sub.L bit in VAR 100 changes
      when the operand extends into the next sequential virtual page in the same
      segment. Then field P in VAR 100 is changed by the CPU to the next page;
      and DATM 120 provides another main store page frame address on line 121
      corresponding to the new S and P combination in VAR 100. Hence the
      reversal in the state of the P.sub.L bit signal on line 71 puts the new
      page frame address on line 121 into the other AAB register of the pair.
      The AAB circuits operate in the same manner as previously described to
      suppport a page boundary crossing, except that the end op line 60 is not
      activated, so that the first validity trigger to be set in the pair
      remains set after the second trigger is set. However the last activated
      output gate 19, 29, 39 or 49 for the first page frame is blocked, due to
      the last active selection line 13, 23, 33 or 43 being deactivated by the
      change in the state of the P.sub.L bit in VAR 100. Hence both registers of
      the pair have the valid PF addresses for the operand but after the
      boundary crossing only the second activated AAB register of the pair
      outputs into SAR 100.
PAC  METHODS OF OPERATION FOR THE DETAILED EMBODIMENT
PAR  The novel AAB circuits shown in FIGS. 1 and 2 are supported by the
      programmed methods shown in FIG. 3 and 4. The method in FIG. 3
      communicates a page invalidation to the other CPUs in a multiprocessing
      system. The method in FIG. 4 permits the other CPUs to respond in an
      asynchronous manner that permits each CPU to complete the execution of its
      current instruction even though it may be using the invalidated page
      frame. The method in FIG. 4 prohibits the removal of the corresponding
      page frame until all CPUs have completed their current instruction
      execution. That is, the AAB circuits in FIG. 2 assure that addressability
      is maintained to the page frame(s) being used by each CPU's current
      instruction; while the support programs in FIGS. 3 and 4 assure that the
      page in the addressable page frame is not removed from main store until
      all CPU's have completed execution of their current instructions. This
      combined operation assures predicatable results from the execution of
      current instructions during which PF invalidation occurs, and avoids the
      need to suppress and repeat the execution of any current instruction due
      to PF invalidation.
PAR  In FIGS. 3 and 4, a shared coordination count field (CCF) provides a means
      for assuring that the pertinent page frame is available after its
      invalidation until its use is completed by all current instructions. The
      CCF also provides a means for controlling which CPU is assigned the system
      task of doing the deallocation act of moving the page from the pertinent
      page frame to an I/O device (i.e. if the page has been modified and hence
      is different from that found on the I/O device from which it was
      originally copied into the page frame). If the page was not modified, it
      need not be moved out, since an exact copy remains on the I/O device from
      which it was obtained. Then a new page can be moved into the allocated
      page frame. The new page overlays and therefore destroys the old page in
      the page frame.
PAR  FIG. 3 shows the programmed operations by any CPU which initiates the
      invalidation of a pertinent page being used by other CPUs. (For example,
      the invalidation may be caused by a demand for a page by CPU A which
      results in the system deallocating a page frame which is currently being
      used by CPUs B and C.) When any CPU generates a page demand interrupt, it
      initiates a conventional system control interrupt handler program which
      connects to the programmed method in FIG. 3 that communicates the PT entry
      invalidation to all other CPUs in the multiprocessing system. Then the
      initiating CPU executes an S/370 purge TLB instruction (step 301) which
      erases the TLB in this CPU. This prevents the initiating CPU from using
      its TLB until it receives new entries. Then this CPU initializes the CCF
      (step 302) with a signal representing a number which is one less than the
      number of CPUs in the multiprocessing system. Then each other CPU is
      signalled (step 303) by the initiating CPU that the pertinent page frame
      is invalidated. The CPU does the signalling by executing an S/370 signal
      processor (SIGP) instruction to each of the other CPUs. The SIGP
      instruction execution transmits an order code to each of the other CPUs to
      communicate the invalidated PT entry. The SIGP communication also
      transmits an interruption request to each of the other CPUs to generate an
      interrupt upon completion of execution of its current instruction in order
      to asynchronously initiate the programmed method shown in FIG. 4.
PAR  After receiving the SIGP interrupt request and order code, each of the
      other CPUs completes its current instruction using the addressability in
      its AAB registers, which may address the invalidated page frame. Upon
      completion of its current instruction, each of the receiving CPUs is
      interrupted and thereupon senses the received order code provided by the
      initiating CPU.
PAR  Thus when each CPU receives an order code and an interrupt request from a
      SIGP instruction, the CPU completes its current instruction before it
      interrupts to sense the order code to find that a page was invalidated.
PAR  Since the CPUs are asynchronous with each other, a completion of an
      instruction by one CPU does not means that any other CPU has necessarily
      completed its current instruction, since different instructions can take
      different amounts of time to complete in the same type of CPU, and
      different CPU types operate at different rates. Hence the different CPUs
      using the invalidated page frame may complete their current instruction at
      different times and be interrupted by the SIGP instruction request at the
      asynchronous times. The method in FIG. 4 is therefore initiated by each
      CPU as it interrupts at an asynchronous time.
PAR  The method in FIG. 4 determines when the page frame can no longer be used
      by any CPU and determines which CPU will write out the page on an I/O
      device if the page has been modified.
PAR  The method in FIG. 4 starts by performing step 401 which purges the TLB in
      its CPU (e.g. executes a purge TLB instruction) to prevent its further use
      until refilled with one or more new entries. Step 402 transfers the CCF
      content to a general register R1, and step 403 loads the R1 content into
      another general register R3. Then step 404 decrements by one the CCF
      content in register R3. The CPU that decrements R3 to zero will be the
      last CPU to have needed the invalidated page, and it is the CPU which will
      be assigned the task to move out any modified page to the I/O device.
PAR  Steps 402, 403 and 404 set up the registers needed for execution of an IBM
      S/370 compare and swap (CS) instruction by step 406. Thus in steps 402 and
      403, the CPU loads the CCF contents into registers R1 and R3 and then step
      404 decrements by one the count in R3. The CS instruction is then executed
      by step 406 with the operands R1, R3 and the storage operand CCF at a
      given B.sub.2, D.sub.2 address.
PAR  Since the different CPUs asynchronously access the CCF field, it is
      possible that one or more other CPUs accessed the same CCF content,
      decremented it, and stored it back into the CCF field, which if unknown to
      the other CPUs would make the CCF value unreliable. The CCF use can be
      made reliable if the decrementing CPU knows that the CCF content has not
      been changed between the time it put the CCF content into register R1 by
      step 402 and the time the CS instruction is executed by step 406. The CS
      instruction detects if the CCF was changed between step 402 and step 406
      by comparing the CCF existing in main store at the time of step 406 to the
      earlier obtained CCF value in R1 obtained by step 402. If the CS
      instruction finds them to be the same, the CCF content could not have been
      changed by any CPU since it was obtained by step 402; and then the CS
      instruction stores into the CCF the decremented value in R3. No other CPU
      can access the main store while the CPU is executing a CS instruction;
      hence no other CPU can interfere with the CCF between the time the CS
      instruction compares R1 and CCF, and when it stores the decremented R3
      content into CCF. This assures the reliability in the use of the CCF, and
      obtains CPU coordination in the decrementing of the CCF content by the
      different CPUs.
PAR  In more detail, in one uninterruptable operation which locks out storage
      access by all other CPUs in a conventional S/370 multiprocessor, the CS
      instruction compares the contents of R1 and the CCF; and if equal, the CS
      instruction places the decremented R3 content into the CCF location in
      main store; but if R1 and CCF compare unequal, the CS instruction loads R1
      with the current value of CCF (this action indicates that in the time
      between steps 402 and 406 some one or more other CPUs has decremented the
      CCF). The S/370 condition code of the CS instruction indicates whether it
      detected an equal or unequal condition during its execution.
PAR  Step 407 detects if any CPU interference had occurred with the CCF by
      testing the condition code set by execution of the CS instruction. The
      condition code is found in the program status word of the respective S/370
      CPU. If step 407 finds the condition code is 0, no interference has
      occurred because the CCF content did not change between steps 402 and 406.
      If the condition code is found to be set to 1, interference was detected,
      and the new CCF value exists in R1. Then the execution of the CS
      instruction is repeated with this new CCF value in R1 by reentering step
      403 which places the contents of R1 into R3. The step 404 is executed and
      the CS instruction is again executed by step 406 to determine if the new
      CCF value has been interfered with by some other CPU between the last
      execution of step 406 and the current execution of the same step 406.
PAR  If step 407 again finds CPU interference, step 403 is again reentered; and
      this loop repeats until step 407 finds no interference, i.e. until it
      finds a condition code of 0.
PAR  Then step 408 tests the value in R3 to sense if the CCF content has been
      decremented to zero to determine if this CPU is the last to complete its
      current instruction. If the CCF content is not zero, the invalidated page
      frame is still being used by the current instruction in some other CPU,
      and this CPU returns to processing without the use of the invalidated page
      frame, for which it no longer has any addressability, because upon
      completion of the current instruction the end op line 60 is pulsed by this
      CPU which resets to invalid state all of the triggers 11, 21, 31 and 42 in
      FIG. 2 which blocks the outputs of all AAB registers 19, 29, 39 and 49.
PAR  When step 408 finds zero content in R3, it indicates to this CPU that all
      CPUs have completed their use of the invalidated page frame content, and
      that this CPU was the last to use it, since it did the final decrementing
      to zero. As a result, this CPU executes step 409 to test if the
      invalidated page content was modified. An IBM S/370 CPU does this by
      sensing the state of a change bit for this page frame, which is bit 6 in
      the S/370 key in storage for the invalidated storage block. One storage
      block is used for a 2048 byte page frame used in some S/370 systems, and
      two storage blocks are used for a 4096 byte page frame used in other S/370
      systems. The change bit for the pertinent storage block(s) is tested by
      executing an S/370 RRB (Reset Reference Bit) instruction for each storage
      block comprising this page frame. If a condition code of 1 or 3 results
      from the RRB execution, the change bit is set, and step 410 is entered to
      move the page in this page frame to an I/O device. If the condition code
      is 0 or 2 the page was not changed, and the NO exit is taken from step
      409, since the page frame need not then be moved out.
PAR  The method in FIG. 4 ends by the CPU returning from the last executed step
      408, 409 or 410 to the program interrupted by the PF invalidation which
      initiated the method in FIG. 3. The CPU can again obtain the moved out
      page, if it is still needed by the program, by having the page put into
      some other allocated page frame. This will automatically occur as a result
      of a page demand interrupt if a subsequent instruction requires an operand
      in the page which is not available in main store.
PAR  FIG. 5 provides a timing diagram of an example of operations in a
      multiprocessing system having CPUs A, B and C, each having its own TLB and
      AAB hardware of the type shown in FIGS. 1 and 2. The timing diagram in
      FIG. 5 represents a situation when CPU A generated a page demand interrupt
      signal which initiated the deallocation of a page frame that contained a
      page having operands being used by current instructions in CPUs B and C.
PAR  Thus CPU A invalidates a PT entry and initiates the system control routine
      previously described for FIG. 3, and CPUs B and C each respond at
      different asynchronous times by each executing the system control routine
      previously described for FIG. 4. Thus CPU A executes a purge TLB
      instruction (step 301), initializes the CCF (step 302) with the value two,
      i.e. the number of other CPUs in this multiprocessing system, and then
      executes two SIGP instructions (step 303) which send order codes and
      interruption requests to CPUs B and C. Then CPU A shifts its activity to
      the process which it interrupted before entering the method shown in FIG.
      3. The order codes and interruption requests cause each receiving CPU to
      interrupt and asynchronously initiate the system control routine shown in
      FIG. 4 as soon as it completes the execution of its current instruction.
PAR  It may be noted that it is important to purge the TLB even if the current
      instruction is not using the invalidated page frame, since the TLB may
      nevertheless contain an entry for the invalidated page frame.
PAR  In summary, CPUs B and C each operate asynchronously with each other and
      with CPU A. Hence as shown in FIG. 5, each CPU interrupts at a different
      time independent of the other CPUs in the system, and each interrupt
      occurs when a CPU completes execution of its current instruction. That
      interrupt, when it occurs in CPUs B and C, initiates the system control
      program routine shown in FIG. 4, and consequently CPUs B and C execute the
      steps in FIG. 4 at different times. In this example, CPU B is the CPU that
      decrements to zero the CCF in main storage, and accordingly CPU B senses
      that it is the last CPU which could have needed the invalidated page
      frame. Hence CPU B is selected to move out the page to an I/O device.
PAR  It is apparent that any number of pairs of AAB registers and their
      respective AAB control circuits can be used to support instructions having
      up to that number of operands, without a theoretical maximum limit on the
      number of operands.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the above and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for maintaining operand addressability to a page frame in a
      main store for current instructions in CPUs of a multiprocessing system
      using virtual storage addressing and demand-paging interruptions, in which
      each CPU has a virtual address register and an address translation means
      which provides main store addresses correspondng to virtual storage
      addresses received from the CPUs for addressing and accessing operands in
      a page within a page frame; and each CPU having lines for electrically
      signalling the CPU's requirements including a plurality of operand request
      lines, and an end operation line, apparatus in each CPU comprising
PA1  a plurality of pairs of address availability registers,
PA1  a plurality of availability control triggers respectively provided for the
      address availability registers,
PA1  means for connecting a reset input of each control trigger to the end
      operation line, in order to reset the control triggers with an electric
      current provided on the end operation line to signal the end of execution
      for the current instruction,
PA1  means for gating into a selected one of the availability registers a main
      store address provided by the address translation means,
PA1  the virtual address register containing a page component with a low-order
      bit position, true and inverted output lines provided from the low-order
      bit position, the output of the virtual address register being connected
      to the input of the address translation means, a main store address
      register receiving the output of the translation means, a displacement
      component of the virtual address register being connected to a
      displacement component of the main store address register,
PA1  a plurality of pairs of AND circuits, in which both AND circuits in each
      pair have inputs connected to a respective one of said plurality of
      operand request lines, one AND circuit in each pair also having an input
      connected to the true output line and the other AND circuit in the same
      pair also having an input connected to the inverted output line, and means
      for connecting the output of each AND circuit to a gating means at an
      input of a respective one of said address availability registers while the
      respective control trigger is in a reset state,
PA1  means for connecting a set input of a respective one of said availability
      control triggers to the output of a respective one of the AND circuits,
PA1  second gating means respectively connecting outputs of said availability
      registers to a main store address register, and the second gating means
      having an input conditioned by the set state of an associated control
      trigger.
NUM  2.
PAR  2. Apparatus as defined in claim 1 in which each CPU also has a non-operand
      request line, said apparatus also including
PA1  a gating circuit connecting a page frame address output of said address
      translation means to the main store address register, and said gating
      circuit having an input conditioned by a non-operand signal current level
      on said non-operand request line,
PA1  whereby said gating circuit permits the non-operand addresses to bypass the
      address availability registers.
NUM  3.
PAR  3. Apparatus for maintaining operand addressability to one or more page
      frames in a shared main store for current instructions in CPUs of a
      multiprocessing system after invalidation of a page frame, in which each
      CPU has a virtual address register and an address translation means which
      provides main store addresses corresponding to virtual storage addresses
      received from the CPUs for accessing operands in page frames; and each CPU
      contains a plurality of operand request lines, and an end operation line,
      apparatus in each CPU comprising
PA1  a plurality of address availability registers,
PA1  a plurality of availability control triggers respectively provided with the
      address availability registers,
PA1  means for connecting a reset input of each control trigger to the end
      operation line, in order to reset the control triggers when an instruction
      end current level is provided on the end operation line,
PA1  means for gating into a selected one of the availability registers a page
      frame address being provided by the address translation means,
PA1  the virtual address register containing a page component with a low-order
      bit position, true and inverted output lines provided from the low-order
      bit position, the output of the virtual address register being connected
      to an input of the address translation means,
PA1  a plurality of AND circuits respectively associated with said address
      availability registers, in which each AND circuit has an input connected
      to one of said plurality of operand request lines, each AND circuit also
      having an input connected to the true or inverted output line for said
      low-order bit position,
PA1  means for respectively connecting set inputs of said availability control
      triggers to output signal lines of the AND circuits,
PA1  and plural gating means having inputs conditioned by a set output of a
      respective one of said control triggers, said gating means respectively
      connecting outputs of said address availability registers to a page frame
      input of a main store address register.
NUM  4.
PAR  4. In a multiprocessing system having a plurality of CPUs requiring operand
      addressability to page frames in a shared main store for executing current
      instructions of the CPUs, in which each CPU has a virtual address register
      and an address translation means which provides main store addresses for
      accessing operands in page frames; and each CPU contains a plurality of
      operand request lines, and an end operation line, each CPU in the system
      including
PA1  a plurality of address availability registers capable of storing page frame
      addresses,
PA1  a plurality of availability control triggers respectively provided with the
      address availability registers,
PA1  means for connecting a reset input of each control trigger to the end
      operation line, in order to reset the control triggers when a signal is
      provided on the end operation line indicating an end of execution for the
      current instruction of the CPU,
PA1  means for gating into a selected one of the availability registers a page
      frame address provided by the address translation means,
PA1  the virtual address register containing a page component with a low-order
      part, respective tate output lines provided from the low-order part, the
      output of the virtual address register being connected to an input of the
      address translation means,
PA1  a plurality of groups of AND circuits, each AND circuit being associated
      with a different one of said address availability registers, in which each
      AND circuit in a group has an input connected to a respective one of said
      plurality of operand request lines, each AND circuit in each group also
      has an input connected to a different one of the respective state output
      lines,
PA1  means for connecting a set input of a respective one of said availability
      control triggers to an output signal line from an associated one of the
      AND circuits,
PA1  plural gating means respectively having inputs conditioned by a set output
      of a respective one of said control triggers to respectively connect
      outputs of said address availability registers to a page frame input of a
      main store address register,
PA1  whereby operand accessing by current instructions uses the page frame
      addresses provided to the main store address register by said address
      availability registers.
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ABST
PAL  A priority control circuit for establishing connections between a data
      handling system element and a number of subsystems wherein request signals
      from subsystems are scanned and granted service in a sequence which is
      determined by their position in a priority ranking order. The scanner
      returns to the beginning of the order immediately after a request has been
      granted, the subsystem just serviced being bypassed in the next scan until
      all of the remaining request signals have been processed. Each time a
      request signal is encountered and service granted, the scanner returns to
      the beginning of the order, a new scan is begun and all prior requests
      serviced are bypassed. In the absence of any other requests or after all
      of the request signals have been serviced the bypassed subsystems are
      unlocked and a scan of all requests is begun.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to data handling systems and more particularly to
      apparatus for controlling the granting of service to elements of the
      system in response to requests for service in accordance with a
      predetermined priority sequence.
PAR  2. Description of Prior Art
PAR  In data handling systems information transfer occurs between system
      elements such as a main system and various subsystems. Some of these
      subsystems transfer information at a rate higher than other subsystems
      and, therefore, must be granted service at a rate higher than other
      subsystem elements. This has given rise to the development of priority
      circuits for ranking subsystem elements in some predetermined priority
      order, the higher priority being given to the faster subsystem elements.
      One prior circuit places the highest priority element in the first
      priority position in a ranking order. The requests from each element are
      then examined by taking each element in sequence in the order. This type
      of circuit has the disadvantage that higher speed subsystems are not again
      tested for requests until all other subsystems have been serviced.
PAR  In order to overcome this shortcoming, priority circuits have been devised
      which grant the highest priority subsystem service and then return to the
      high end of the priority ranking order. This type of circuit has the
      disadvantage that lower priority devices may not receive service for a
      long period of time since the high priority devices will effectively lock
      them out.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to provide a priority circuit in
      which higher priority elements are given preferential service but not to
      the entire exclusion of service to lower priority elements over several
      service cycles.
PAR  It is also an object of this invention to provide a priority control
      circuit which causes a request signal of a particular priority which has
      just been serviced to be ignored for one request signal priority cycle and
      to be activated again in the next.
PAR  The above objects are accomplished in accordance with the invention by
      providing means for scanning request signals and for granting service to
      the first element in the ranking order requesting services. After a
      request signal has been serviced the scanning returns to the beginning of
      the sequence and the request just serviced is bypassed (locked out) while
      the circuit goes on to the succeeding request signals. In the absence of
      other requests or after all other request signals have been serviced, all
      locked request signals are unlocked and the cycle starts over.
PAR  The invention has the advantage that it ensures that each element emitting
      a request signal will be serviced within a predetermined time since the
      unit just serviced is bypassed until all other units have been tested for
      requests.
PAR  The priority circuit has advantages in error detection applications. When
      error signals are sequentially scanned the occurrance of permanent errors
      in one of the units may cause errors in a succeeding unit lower in
      priority. In the present invention when an error occurs in a unit the
      priority circuit returns to the higher priority units so that the error
      condition (if caused by a higher priority unit) can be corrected and not
      propagated to other units.
DRWD
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more detailed description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
PAR  FIG. 1 is a schematic drawing of a priority circuit embodying the present
      invention and
PAR  FIG. 2 is a timing circuit illustrating the timing relationship among the
      various elements of FIG. 1.
DETD
PAC  DESCRIPTION
PAR  Referring to FIG. 1, the priority circuit of the present invention is
      comprised of a number of stages V.sub.1, V.sub.2 . . . V.sub.n. The
      priority circuit stages are driven by a clock generator 40 which produces
      a series of pulses on its output 42. A clock circuit R.sub.1 is provided
      which includes a flip flop 44 which is set to its one state by the
      coincidence of a downward shift on the clock generator output 42 and a
      positive input to the set (S) input of the flip flop. The outputs 46 and
      48 from the clock circuit are used to gate the priority circuit as will be
      described subsequently.
PAR  V.sub.1 is a typical stage of the priority circuit. The stage receives a
      request on the request 1 line at the AND circuit 12. If the request-gate
      flip flop 10 is energized then priority will be granted to request 1 and
      an output service 1 is generated from stage V.sub.1.
PAR  A service interlock flip flop 14 is provided to function as a latch which
      remembers that service was granted to this stage. Flip flop 14 is turned
      on by the service 1 line going positive. The flip flop 14 is reset at the
      end of the cycle after all the stages of the priority circuit have been
      tested for service.
PAR  The AND circuits 17 and 18 feed on OR circuit 19. The function of these
      circuits is to pass priority to the next stage in the priority ranking
      order. Priority is passed to the next stage upon the condition that either
      the preceding stage does not want service or the preceding stage was
      granted service in the same cycle. This is accomplished by combining the
      output of flip flop 14 and the output of flip flop 10. If flip flop 10 is
      on, this means that the stage V.sub.1 is conditioned to grant service if a
      request is received. Normally flip flop 14 is off thereby energizing AND
      circuit 18. This allows a signal to pass through OR.sub.19 to the next
      stage, conditioning flip flop 20 to be turned on by the negative shift of
      clock output 42. Therefore, priority passes to the next stage. When a
      request is received at stage V.sub.1 an output from AND circuit 12 occurs
      and turns on flip flop 14. This causes the input to AND 18 to go negative
      thereby preventing the positive level from the output of flip flop 10 from
      passing through OR circuit 19 to the next stage. However, with flip flop
      14 now on, AND 17 is energized, and OR 49 is energized. Output 51 of OR 49
      energizes OR 47. Output 48 of OR 47 energizes the other leg of AND 17.
      This allows a signal to pass through OR 19 to the next stage, conditioning
      flip flop 20 to be turned on by the negative shift of clock output 42.
      This causes the priority to pass to the next stage thereby allowing the
      next stage to grant service if a request is received.
PAR  The purpose of the request-gate flip flops (10, 20, etc.) is to allow
      service to be granted to a stage of the priority circuit at a fixed time
      in a cycle. This is done by turning on the request-gate flip flop with a
      clock pulse that is conditioned by a line from the next preceding stage.
      If the next preceding stage or stages were granted service then the
      request gate flip flop is turned on immediately by the clock pulse without
      the previous request-gate being on.
PAR  The purpose of the service-interlock flip flop is to remember that service
      has been granted to a stage. The flip flop is turned on whenever the
      service line is energized and is turned off only after all stages have
      been tested for requests. The service-interlock flip flop bypasses the
      request-gate flip flop of a stage to condition the next stage for service,
      thereby bypassing the stage already granted service. Once a
      service-interlock flip flop is turned on, it immediately conditions the
      highest order stage to cause the cycle to start over from the top of the
      ranking order.
PAR  The clock generator 40 generates an output 42 which is fed to the input of
      flip flops 10, 20, 30 and 44. These flip flops will change state depending
      upon whether the set or reset inputs have been previously energized.
      Before the first cycle can begin the power on reset line to the clock
      circuit R.sub.1 is energized. This causes the set input of flip flop 44 to
      be energized and a pulse 46 occurs from the output of flip flop 44. The
      line 46 energizes the reset side of all flip flops in the circuits
      V.sub.1, V.sub.2 . . . V.sub.n. All the circuits remain reset until a
      request is received on one of the request lines.
PAR  Referring to the timing diagram of FIG. 2, during period 1 no request for
      service is received. The cycle is started by a power on reset which causes
      reset flip flop 44 (FFI) to turn on when a negative shift occurs from the
      output 42 of clock generator 40. Since the output 46 of the flip flop 44
      is brought back to its reset input, the flip flop stays on for only one
      cycle of the clock and is turned off with the next negative shift. With
      the output 46 energized the reset side of all of the flip flops 10, 20, 30
      is energized by means of corresponding OR circuits 11, 21, 31. At the next
      negative shift of the clock generator output flip flop 10 (FF1) is turned
      on because AND circuit 16 is energized. AND circuit 16 is energized
      because flip flop 44 is on the flip flop 14 is off. Since no request is
      received flip flop 14 remains off and the output of flip flop 10 is passed
      through AND circuit 18 and OR circuit 19 to the next stage. The output of
      OR circuit 19 energizes AND 26. Since flip flop 24 is off an output from
      AND 26 occurs and energizes flip flop 20. Since service interlock flip
      flop 24 is off in this stage the output of flip flop 20 is propagated to
      the next stage through AND circuit 28 and OR circuit 29. This process is
      repeated from stage to stage until at stage N the output from OR circuit
      39 is fed back by means of line 50 to the clock circuit R.sub.1. The line
      50 performs the same function as the power on reset so that the next cycle
      is automatically taken.
PAR  During period 2 a request is received from the Request 2 line at stage
      V.sub.2. This request may occur at any point in the cycle. As in the first
      cycle the cycle is started by an output from flip flop 44 which energizes
      AND 16. At the next negative shift of the clock generator output 42 flip
      flop 10 is turned on. Since no request has been received at stage V.sub.1
      flip flop 14 remains off and the output of flip flop 10 is passed through
      AND circuit 18 and OR circuit 19 to stage V.sub.2. The output of OR
      circuit 19 energizes AND circuit 26. Since service interlock flip flop 24
      is off an output from AND 26 occurs and energizes the set input of flip
      flop 20. The output of flip flop 20 energizes AND circuit 22. Since the
      Request 2 line is energized a service 2 output occurs granting service to
      this stage and turning on service interlock flip flop 24. Once service
      interlock flip flop 24 turns on the succeeding stages are skipped and the
      scanning sequence reverts back to stage V.sub.1. This is accomplished by
      the energization of OR circuit 49 which is energized by the output of
      service interlock flip flop 24. The output 50 of the OR circuit 49
      energizes OR circuit 47 at clock generator R.sub.1 which sets up the stage
      VI for a new cycle. The service interlock flip flop 24 being on prevents a
      signal from propagating through stage V2 to the next succeeding stages
      thereby preventing these stages from taking cycles. This is accomplished
      by the zero output of flip flop 24 which when energized degates AND
      circuit 28 thus preventing the output of flip flop 20 from passing
      therethrough.
PAR  During Period 3 stage V.sub.2 is skipped in the following manner. The cycle
      is started by an output 48 from the clock generator circuit which
      energizes AND circuit 16. Since service interlock flip flop 14 has
      remained off an output from AND 16 energizes the set input flip flop 10 so
      that it changes its state in response to clock generator output 42. Flip
      flop 10 being energized causes an output from AND circuit 18. An output
      from OR circuit 19 therefore occurs which energizes both AND circuits 26
      and 27. No output from AND circuit 26 occurs, however, because this AND
      circuit is disenergized by the zero output of service interlock flip flop
      24. In this manner stage V.sub.2 is prevented from being granted a service
      cycle. The output of OR circuit 19 also energizes AND circuit 27 and since
      service interlock flip flop 24 is on, an output from AND circuit 27 passes
      through the next stage through OR circuit 29. The request gate flip flop
      of the next stage will therefore turn on allowing this stage to grant
      service if a request is received. The cycle continues until a stage having
      a request is encountered in which event the cycle begins again at the
      first stage, or until the last stage V.sub.n is reached at which point an
      output from OR circuit 39 occurs energizing line 50. Line 50 causes a
      reset function from the clock generator circuit R.sub.1 to occur. This is
      accomplished in the same manner as described for power on reset wherein
      the OR circuit 43 is energized thus turning on flip flop 44. Once flip
      flop 44 turns on an output 46 is passed through all of the flip flops in
      the circuits V.sub.1, V.sub.2, . . . V.sub.n thus resetting the circuits
      to their initial states.
PAR  During period 4 no requests for service occur and period 4 is identical to
      period 1 wherein the cycle was initiated by a power on reset. The
      exception is that during period 4 the cycle was initiated by a reset which
      was forced by an output from the last stage V.sub.n at the end of period
      3.
PAC  SUMMARY
PAR  Briefly, this priority circuit functions in a manner in which request lines
      are scanned in a predetermined priority sequence. If a request is
      encountered on a given line when the line is scanned, service is granted
      and an interlock is turned on. As soon as the interlock turns on the
      scanning sequence reverts to the beginning of the priority order and the
      request lines are again scanned. On this second scan the request line
      which was granted service is skipped by means of a bypass circuit which is
      put into operation by the interlock device. If a request is encountered
      during this second scan, service is granted and the corresponding
      interlock for that request is turned on. This interlock also causes the
      scanning to revert back to the beginning of the priority order. On this
      third scan, all request lines for which interlocks are on are bypassed.
      This mode of operation continues until all outstanding requests have been
      honored or all request lines have been scanned. The last request line in
      the priority order when scanned causes an output which resets the circuit
      so that all interlocks are now off.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use with a plurality of system elements arranged in a ranking order,
      wherein said elements independently issue request signals for service, a
      priority circuit comprising:
PA1  means for cyclically scanning said request signals in a sequence determined
      by said ranking order;
PA1  means responsive to said scanning means in each scan cycle for granting
      service to the first element in the ranking order which emits a request
      signal;
PA1  plural interlock means associated with individual said elements and
      activated to energized condition from unenergized condition by said
      service granting means, for selectively bypassing said request signal of
      each said first element when energized; and
PA1  means responsive to said interlock means for causing said scanning means to
      reinitiate the cycle of scanning of said request signals, starting at the
      beginning of said sequence determined by said ranking order and skipping
      over requests having associated interlocks energized, when service is
      granted to one of said request signals.
NUM  2.
PAR  2. The combination according to claim 1 including means operative
      conditionally upon the scanning of the last request signal in said ranking
      order for resetting all of said interlock means to unenergized condition.
NUM  3.
PAR  3. A priority circuit comprising:
PA1  a plurality of request lines;
PA1  means for scanning said request lines cyclically in a predetermined
      scanning sequence in accordance with a predetermined priority order;
PA1  means for conditionally granting priority service to requests manifested on
      said lines;
PA1  means responsive to said scanning means for generating a first signal
      indicating that priority service has been granted to a particular said
      request;
PA1  interlocking means associated with individual said request lines for
      conditioning said scanning means for bypassing respective said lines;
PA1  means responsive to said first signal for energizing the interlocking means
      associated with said particular request line;
PA1  means responsive to said energized interlocking means for generating a
      second signal; and
PA1  means responsive to said second signal for causing said scanning means to
      revert to the beginning of its scanning sequence and initiate a new cycle
      of scanning;
PA1  whereby a service signal generated upon the granting of service to a
      request signal during the period of time the respective request line is
      scanned during said scanning cycle energizes said interlocking means to
      bypass said respective request line for the next and all succeeding scan
      cycles until all requests have been serviced.
NUM  4.
PAR  4. A priority control circuit, useful for establishing connections between
      several independent parts and one common part of a data processing system,
      in particular between the external units associated with individual
      input/output lines and the central storage, individual request signals
      from said independent parts being cyclically scanned and conditionally
      serviced in predetermined sequence in accordance with their priority,
      characterized by:
PA1  means operative after a request signal has been serviced for initiating a
      new scan cycle and returning scanning to the beginning of the
      predetermined sequence;
PA1  and means for conditioning the bypassing of a request just serviced in
      succeeding scan cycles to prevent further scanning of said request until
      all other unserviced requests have been scanned;
PA1  whereby in the absence of other unserviced requests or after all requests
      have been serviced all bypass conditions held by said conditioning means
      may be released.
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ABST
PAL  The invention concerns a system of English language abstracting used to
      increase the search rate for an Index Search machine that, as an example
      makes use of magnetic record cards each having in a typical case 50 tracks
      for recording of information. To increase the rate at which groups of
      words can be compared, an abstract of each group of words is generated. On
      the magnetic card the text or groups of words are recorded on tracks 2
      through 50 and the abstracts of these groups are recorded in track 1. When
      searching for a particular group of words, an abstract is generated for
      the group being sought. This abstract is then compared to the abstracts on
      track 1 of each card. If any of the abstracts match, the corresponding
      group of words on the card are searched in detail. For abstracts that do
      not match there is no need to search the corresponding group of words.
      Therefore, the need to search every group of words is eliminated, thus
      increasing the search rate.
PAL  The abstracts are generated from the first and third characters of each
      word in the group of words. Each character to be used in the generation of
      the abstract is encoded into one of three groups which are equally
      probable over the distribution of characters in the English Language. The
      abstract for a group of words consists of the number of characters that
      fall in each of the three groups.
PARN
PAR  This case is a continuation-in-part of U.S. patent application Ser. No.
      350,880, filed Apr. 13, 1973, which in turn is a continuation-in-part of
      U.S. patent application Ser. No. 157,565, filed June 28, 1971, both having
      the same title as the present case.
BSUM
PAR  The system provides means by which characters are encoded, the abstracts
      generated and compressed to be recorded on magnetic card, and the
      abstracts are compared to each other. A designated force search code is
      used to handle the situations in which a group of words exceeds th
      capacity of the abstracting system and a track skip code is used to handle
      groups of words which are recorded on more than one track.
PAC  REFERENCES
PAR  The following patents and applications are of interest:
PAR  U.S. Pat. No. 3,260,340, Henry C. Locklar and Donald E. Sims, inventors;
      entitled "Revision System for Data Recording and Printing Apparatus."
PAR  U.S. Pat. No. 3,297,124, Donald E. Sims, inventor; entitled "Data Recording
      and Printing Apparatus Capable of Responding to Changed Format."
PAR  U.S. Pat. No. 2,919,002, L. E. Palmer, inventor; entitled "Selection
      Mechanism for a Single Printing Element Typewriter."
PAR  U.S. Pat. No. 3,082,854, F. E. Becker, et al., inventors, entitled
      "Typewriter Input Checking Mechanism."
PAR  U.S. Pat. No. 3,309,677, C. A. Montgomery, et al., inventors; entitled
      "Automatic Information Indexing."
PAR  U.S. Pat. No. 3,577,127, David A. Bishop, et al., inventors; entitled
      "Composer System for Processing Data In Parallel Columns."
PAR  U.S. Pat. No. 3,417,379, R. S. Heard, et al., inventors; entitled "Clocking
      Circuits for Memory Accessing and Control of Data Processing Apparatus."
PAR  U.S. Pat. No. 3,674,125, with Robert A. Kolpek, inventor; entitled "Data
      System with Printing, Composing, Communications, and Magnetic Card
      Processing Facilities."
PAR  U.S. Pat. No. 3,598,396, with L. H. Robbins, inventor; entitled "Record
      Card Handling Device with Multiple Feed Paths."
PAC  OTHER REFERENCES
PAR  The following additional references are of interest;
PAR  IBM Customer Engineering Instruction Manual for the "Selectric"* Printer,
      Form Number 241-5032-2, dated January, 1966.
FNT  (*Trademark)
PAR  IBM Customer Engineering Manual of Instruction for "Selectric" Input/Output
      Keyboard Printer, Form Number 241-5159, dated 1965.
PAR  IBM Customer Engineering Universal Reference Manual for "Selectric"
      Input/Output Keyboard Printer, Form Number 241,5182, dated June 30, 1963.
PAR  IBM Customer Engineering Instruction Manual for Magnetic Tape "Selectric"
      Typewriter (MT/ST), Form Number 241-5194.
PAR  IBM Magnetic Tape "Selectric" Composer Customer Engineering Instruction
      Manual, Form Number 241-5430, copyright 1967.
PAC  BRIEF BACKGROUND OF INVENTION INCLUDING FIELD AND PRIOR ART
PAR  The present invention concerns index searching systems and particularly
      abstracting techniques for use in conjunction with such systems. In a
      typical case, an index search system incorporates a central processor or
      control unit having input means for entering information from storage
      media, such as magnetic record cards, a keyboard means for indicating to
      the system "inquiries" indicative of information required from the index
      and printing means serving as an output to provide the user of the system
      with information that is located corresponding to the inquiries put in the
      system.
PAR  A number of references of interest in the present case have been indicated
      above. These include the Locklar and Sims patents that illustrate systems
      utilizing magnetic tape record media for recording and reproducing
      information in conjunction with printing means. The principles of the
      present invention are equally applicable to tape systems. The Palmer and
      Becker references are illustrative of th IBM "Selectric" Typewriter
      printing mechanisms. Such printing mechanisms make use of a single element
      printing head with means for rotating and tilting the head in order to
      effect character selection during printing.
PAR  The Kolpek U.S. Pat. No. 3,674,125 describes a system making use of
      magnetic record cards for recording and reproducing information in
      conjunction with a printer, such as the single element printer just
      described. The Andrews case describes pack-feeding mechanisms for feeding
      a plurality of magnetic record cards at high speeds into a system for
      recording and reproducing information as may be required and such a
      pack-feed mechanism may be useful in the present system for inputting
      information into the system for use as an index.
PAR  The Montgomery patent relates to a system for abstracting information by
      utilizing an alphabetical character to designate the fact that a word
      falls within a predetermined group of words. This system classifies
      documents according to words which fall in the categories. However, the
      Montgomery system has no provision for recording key words of indefinite
      number describing an article on a search track and automatically
      abstracting the words comprising a search record by utilizing
      predetermined characters of each such words to provide information to
      group counters, the groups corresponding to groups of alphabetical
      characters having near equal distribution patterns.
PAR  The various customer engineering manuals are useful supplements in
      providing additional information concerning the IBM "Selectric" printer in
      its various forms. The IBM "Selectric" composer manual describes a
      processor having a magnetic tape as an input and incorporating a number of
      registers, accumulator circuits, various memories, address registers, and
      decode circuits that are comparable to circuits used in the system of the
      present case.
PAC  SUMMARY OF INVENTION
PAR  In accordance with the present invention, facilities are provided for
      generating an abstract and searching the abstract once it has been
      generated. As implemented, the system includes a central processor having
      a magnetic record card reading and recording facility for entering
      information into the processor and particularly in order to search the
      indexes that are on each individual card. A keyboard is provided in the
      system for making inquiries on the system concerning information required
      from the cards. An output printer is provided in the system for obtaining
      results of the index search and abstracting procedures.
PAR  The index search system is utilized by typing an inquiry on the keyboard
      and placing a card having an index recorded thereon in the card reader.
      When a search operation is begun the processor will sequentially read the
      index until a record is located that matches the inquiry. At this point
      the contents of the record containing information matching the inquiry is
      printed on the printer.
PAR  This invention pertains to the generation of an abstract by selecting the
      first and third characters of each word of a record, classifying these
      characters according to a group partition of the alphabet, and
      conditioning the resultant number of characters in each group into a
      format compatible with the recording medium. In addition, a means is
      provided for subsequently searching the said abstract to determine if a
      record abstract matches a keyboard inquiry abstract.
PAR  More specifically, the words of information contained in each magnetic
      record card are analyzed, the first and third characters of each word are
      categorized into predetermined groups that are arbitrarily selected
      predicated on frequency of use in the English Language. In a typical case,
      three groups designated A, B, C may be used with the number of characters
      falling in each group being accumulated to derive a numeric factor
      comprising three terms. For convenience, it may be desirable to translate
      the three numeric terms into two seven bit codes more easily recorded and
      sensed in the first track of each record card. The three terms comprising
      the numeric factor are the abstract for the record from which they are
      derived.
PAC  OBJECTS
PAR  Accordingly, an object of the present invention is to provide a more
      efficient technique for retrieving information that is particularly
      advantageous when used in conjunction with voluminous files as where
      information is recorded on magnetic record media.
PAR  Another object of the present invention is to provide a technique for
      developing an abstract that is highly accurate and representative of the
      information contained in a record medium, the abstract thereafter serving
      as a convenient tool for determining the substance of the information on
      the record medium.
PAR  Still another object of the present invention is to provide a technique for
      the abstracting of information that is predicated upon the probability of
      occurrence of individual characters in the language involved.
PAR  Also, the present invention has for an object the comparison of an abstract
      of the inquiry to the abstract of the record in order to determine whether
      the record in question should be searched in detail.
PAR  Still another object of the present invention is to provide special code
      capabilities in the system for insuring that a detailed search of records
      is made in the event the limitations of the abstracting scheme are
      exceeded.
PAR  An additional object of the present invention is to provide usage of a skip
      code that maintains correlation between the abstracts derived during
      searching of the records and physical locations on the record media.
PAR  In accordance with another aspect of the present invention, a special code
      is provided for indicating the presence of an abstract in the abstract
      track on the record medium to assist in determining whether an abstract
      control search is required or a detailed search is required in conjunction
      with the record medium involved.
PAR  A further object of the present invention is to provide a system in which
      compatibility with basic code configurations is assured by converting the
      number of characters in each abstract group to the same code configuration
      as the record medium itself.
DRWD
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of the
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of an index search system incorporating a control
      only, a magnetic card recorder/reader, a keyboard, and a printer.
PAR  FIGS. 2a-2k represent a logic implementation of the abstract generation
      process.
PAR  FIGS. 3a-3i represent a logic implementation of the abstract recording
      process.
PAR  FIGS. 4a-4j illustrate a logic implementation of the abstract testing
      process.
PAR  FIG. 5 is a code chart illustrating a typical probability of occurrence of
      characters in the English Language within predetermined abstract groups.
PAR  FIG. 6a illustrates a detailed logic implementation of Group A decode, one
      of several decode outputs shown in FIG. 2c, and in accordance with the
      table in FIG. 6b.
DETD
PAC  SYSTEM DESCRIPTION
PAR  FIG. 1 illustrates a typical index search system in accordance with the
      present invention. The system includes a control unit designated 1 with an
      associated magnetic card recorder/reader 25, a keyboard 26, and a printer
      27.
PAR  Reference is made to the Heard U.S. Pat. No. 3,417,379 listed in the
      reference section for description of a system that is comparable to the
      system illustrated herein in FIG. 1.
PAR  As noted previously, the Kolpek system may be utilized for initially
      recording magnetic cards responsive to entries made by an operator at a
      printer keyboard. Following preparation of the cards, a plurality of cards
      may be inserted into a high speed pack-feed device such as that described
      in the Andrews case and inputted into the system of FIG. 1. Customarily,
      only the first track of each card is read in the present system in order
      to analyze the abstract present in the first track and determine what
      further searching and processing is required. As indicated previously,
      inquiries are entered into the system by means of keyboard 26, that is
      comparable to the keyboards set forth in the various IBM "Selectric"
      patents and manuals. The IBM "Selectric" printer serves very well for the
      printer 27 as shown in FIG. 1.
PAC  INDEX SEARCH APPLICATIONS
PAR  The following diagrams are illustrative of various fields or applications
      in which index searching is useful.
PAC  INDEX SEARCH APPLICATION: PATENT FILES
PAL  General Format:
PAR  / Descriptor Field ' Primary Print Field ! Auxiliary Print Field
PAL  Specific Format:
PAR  / Name of Inventor,Attorney,Title,Key Words ' Disclosure Number ! Location
      in File,Disposition
PAC  Example
PA2  Ebs abstract of Tk 2 thru 50
PA2  / Cassada,Cooper,Abstracting System for the Index Search Machine '
PA2  No. 1-234567 ! 3455,File
PAL  Where:
PA1  Ebs is code defining the presence of an abstract
PA1  / is beginning of record code
PA1  ' (apostrophe) is beginning of primary print field code
PA1  ! is beginning of auxiliary print field code
PAC  Real Estate
PAR  / Number of Bedrooms,Number of Bathrooms,Size of Garage,Basement,Family
      Room,Entrance Foyer,Cost ' Address ! Loan Information
PA2  Ebs abstract
PA2  / BR 3,BA 2,GAR-2 CAR,BASE-YES,FR-YES,EF-YES,34,000 ' 352 Walnut ! 5% 25
      Years
PA2  / BR 4,BA 1 1/2,GAR-NO,BASE-NO,FR-YES,EF-NO,36,000 ' 102 Main ! No Loan
PAC  Personnel Files
PA2  Ebs abstract
PA2  / Name,Dept,Location,Man Number,Title,Sex,Marital Status, Number of
      Children ' Home Address ! Phone Number
PAR  Other areas making use of indexing include the following specialized files.
      In addition to the files just listed, the operating procedure for this
      general application area is similar to that for document retrieval. The
      difference is that the index information reveals the name, description or
      location of an item. The following list indicates some of these
      specialized indexing applications which could utilize the proposed new
      system.
PA1  1. Microprocessing Indexes
PA1  2. Criminal Investigations
PA1  3. Personnel Skills Inventory
PA1  4. Vendor Catalogs
PA1  5. Maintenance Scheduling
PA1  6. Insurance Customer Index
PA1  7. Medical Records Files
PA1  8. Legal Case Files
PA1  9. Management Index
PA1  10. Technical Report Files
PA1  11. Circuit Flyer Files
PA1  12. Library Index
PAC  GENERATION OF AN ABSTRACT
PAR  As previously indicated, the techniques of the present invention primarily
      involve the generation of an abstract and subsequently searching of such
      generated abstract to determine the presence of information in the index.
      As noted, FIG. 3 primarily concerns the index seach abstract operation
      while FIG. 4 is directed to generation of the abstract. It is believed
      useful to describe the generation of the abstract prior to an index search
      operation since the presence of the abstract is necessary for searching
      procedures.
PAR  First of all, it is assumed that a specific example in accordance with a
      preferred general format is as follows. The generation of an abstract is
      illustrated in conjunction with the information contained in tracks 2, 3,
      and 4 of the specific example shown.
TBL  ______________________________________                                    
     Example of An Index of A Correspondence                                   
     File On Magnetic Cards                                                    
                 1st Record Abstract                                           
                 2nd Record Abstract                                           
                 3rd Record Abstract                                           
     Specific Example                                                          
     ______________________________________                                    
     EBS        "i                                                             
     /          ANDREWS,FILE,DETAIL,OBJECTIVES                                 
     /          MAY,CARDWELL,PROJECT,PROFILES                                  
     /          GREER,BORG,COST,ESTIMATE                                       
     General Format                                                            
     ______________________________________                                    
     EBS        Abstract of tracks 2 thru 50                                   
                AUTHOR,RECIPIENT,SUBJECT                                       
     /                                                                         
     ______________________________________                                    
      Codes                                                                    
      EBS - Abstract Defining Character                                        
      / - Beginning of Record Character                                        
PAR  The following procedures are used in the generation of the abstract.
PAC  GENERATION OF AN ABSTRACT
PAR  1. Look at first and third characters of each word and classify in on of
      three groups (A, B, C) which are so divided to be equally probable over
      the English Language. (Refer to Correspondence File Example):
      ##EQU1##
PAR  2. Add up the number of characters that fall in each group:
PA2  Group A = 1
PA2  Group B = 3
PA2  Group C = 4
PAR  3. Allow 4 binary bits for each group and form two 7 bit codes that contain
      the number of characters in each group:
     Second Abstract    First Abstract                                         
       Code               Code                                                 
     7 6 5 4 3 2 1      7 6 5 4 3 2 1                                          
                                   Code Bit Number                             
     0 1 1 0 0 0 0      1 1 1 0 0 0 1                                          
     84 2 1 8 4         21 8 4 2 1 Group Bit Number                            
     Group C   Group B     Group A                                             
PAL  The sixth bit in each 7 bit code is made a 1 so that the code can not be a
      machine control code.
PAR  3. The 7 bit format is used because the magnetic card reader/recorder
      handles 7 bit characters.
PAR  4. The two abstract codes are the abstract for the first record in this
      example and are recorded in the second and third character positions of
      track 1 using the 7 bit alpha-numeric code used by the magnetic card
      reader/recorder.
TBL  ______________________________________                                    
              0 1 1 0 0 0 0 1 1 1 0 0 0 1                                      
             Second    First                                                   
             Character = "i"                                                   
                       Character = "                                           
     ______________________________________                                    
PAR  5. In a like manner, a two character abstract is generated for each record
      and recorded in two character positions on track one, with the following
      exceptions:
PA1  A. if the abstract of a record contains more than 15 characters of one
      group, the capacity of the abstracting scheme has been exceeded. In this
      case, a special "forced search" character is recorded in place of the two
      normal abstract characters. This character will force a detailed search of
      this record when an Index Search Operation is being performed.
PA1  B. if a record is on more than one track of a magnetic card, the two
      abstract characters are recorded in the appropriate position for the first
      track of the record. The character positions on track one corresponding to
      the remaining tracks of the record are filled with special "track skip"
      codes so that the spatial orientation between abstract characters and
      records is maintained.
PAL  The two special codes have been chosen so that they can not be the same as
      normal abstract codes. The following illustrates generation of the
      abstracts for the second and third records on the example card.
TBL  ______________________________________                                    
     No. 2                                                                     
     M A Y      C A R   P R O   P R O   A = O                                  
     .vertline..vertline.                                                      
                .vertline..vertline.                                           
                        .vertline..vertline.                                   
                                .vertline..vertline.                           
                                        B = 4                                  
     BC         CB      CB      CB      C = 4                                  
     No. 3                                                                     
     G R E      B O R   C O S   E S T   A = 4                                  
     .vertline..vertline.                                                      
                .vertline..vertline.                                           
                        .vertline..vertline.                                   
                                .vertline..vertline.                           
                                        B = 2                                  
     BA         AB      CC      AA      C = 2                                  
     ______________________________________                                    
PAR  The following procedures are used for searching of an abstract:
PAC  SEARCHING OF AN ABSTRACT
PAR  1. Assume a search for all documents pertaining to `cost estimates.` Type
      an inquiry of `cost estimate` on the keyboard.
PAR  2. Upon initiation of a search operation an abstract of the inquiry is
      generated.
      ##EQU2##
PAR  3. The abstract of the inquiry is compared to the record abstract in the
      following manner:
PA1  where
PA2  Ai = Group A for Inquiry
PA2  Ar = Group A for Record etc.
PA1  if
PA2  Ar .gtoreq. Ai and for a particular record,
PA2  Br .gtoreq. Bi and
PA2  Cr .gtoreq. Ci
PAL  that record is compared to the inquiry to see if record matches the
      inquiry.
PAR  If any of the three abstract criterion are not met, it is impossible for
      the record whose abstract is being compared to the inquiry abstract to
      match the inquiry. There is no reason to compare the record and the
      inquiry so that the number of records that must be read and compared to
      the inquiry is reduced, increasing the speed of the search operation.
PAR  4. For the correspondence file example the abstract search would proceed as
      follows:
PAR  For the first record:
TBL  Ar = 1 .gtoreq.                                                           
               Ai = 2  :        No     Skip this record                        
     Br = 3 .gtoreq.                                                           
               Bi = 0  :        Yes                                            
     Cr = 4 .gtoreq.                                                           
               Ci = 2  :        Yes                                            
PAR  For the second record:
TBL  Ar = 0 .gtoreq.                                                           
               Ai = 2  :        No     Skip this record                        
     Br = 4 .gtoreq.                                                           
               Bi - 0  :        Yes                                            
     Cr = 4 .gtoreq.                                                           
               Ci = 2  :        Yes                                            
PAR  For the third record:
TBL  Ar = 4 .gtoreq.                                                           
               Ai = 2  :        Yes    Compare this                            
     Br = 2 .gtoreq.                                                           
               Bi = 0  :        Yes    record to the                           
     Cr = 2 .gtoreq.                                                           
               Ci = 2  :        Yes    inquiry                                 
PAL  The subsequent comparison will show that the third record does contain the
      words "cost" and "estimate" and does match the inquiry and the requested
      information about this record will be printed on the printer.
PAR  Not all record-inquiry comparisons requested by the abstract search will
      result in a match, but the number of records that must be read and
      compared to the inquiry are reduced.
PAR  Special Codes: When a "forced search" code is encountered in the abstract
      the corresponding record is compared to the inquiry.
PAR  When a "track skip" code is encountered, it is known that a record of more
      than one track has been encountered. The "track skip" code is used to
      maintain the spacial orientation between the abstract and the records.
PAC  DETAILED DESCRIPTION OF LOGIC DIAGRAMS FOR INDEX SEARCHING OF AN ABSTRACT
      AND GENERATION OF AN ABSTRACT
PAR  An index search operation is begun by placing a first magnetic card with an
      index recorded thereon in the reader/recorder 25 and typing an inquiry on
      keyboard 26. A subsequent depression of Start Search (SS) button 2 causes
      a logic pulse to be generated on the Read New Card line 12 FIG. 1. Units 1
      and 25 are interconnected by various interface control lines 4-13. In this
      state, the magnetic card reader/recorder 25 reads the first track of the
      first card, that is, the "abstract" track. The information contained on
      track 1 of the first card is transferred to a Read Abstract shift register
      40, FIG. 4b, by way of the interface signal named RR Track 1 Input
      designated 4 in both FIGS. 1 and 4b. When the entire contents of track 1
      of the card have been transferred to Read Abstract shift register 40, the
      interface line 9 labeled Track Read, FIG. 1, is driven with a logic pulse
      that is in phase with the clock signal shown in FIGS. 2a, 2b and 4a on
      line 20.
PAR  The pulse on Track Read line 9 initiates one of two operations in the
      control unit. If the first character of the first track that has just been
      read is an EBS character which is indicative that an abstract is present,
      And circuit 41, FIG. 4a, is conditioned and control unit 1 will enter a
      "Test Abstract" operation by setting of latch 42. This will be discussed
      subsequently. An incidental matter, EBS simply signifies an internally
      recognizable code, known as "Error Correct Backspace (EBS)."
PAC  GENERATE ABSTRACT OPERATION
PAR  If the first character of the first track just read is not an EBS
      character, which is assumed in this case. And circuit 21, FIG. 2a, becomes
      conditioned instead and sets Latch 22 through Or circuit 23. Control unit
      1 then proceeds to perform a "Generate Abstract" operation. The logic
      pulse on Track Read line 9 causes a logic 1 pulse to propagate through a
      Generate Abstract shift register 30, comprising portions 30a, 30b, 30c and
      30d in FIGS. 2a and 2b. Shift register 30 comprises bits B1 through B20
      and controls the abstract generation process. Each stage of register 30
      provides an output signal, when active, such as on line 35 for stage B1.
PAR  As indicated in FIG. 2b, the logic proceeds from state B1 to state B2 only
      if the first character of a record that is being analyzed is a Start of
      Record character, line 71 to And circuit 32.
PAR  Start of Record characters are recorded at the beginning of each field of
      information, beginning with track 2, and continuing through track 50. Such
      characters are always recorded at the beginning of a track, but since a
      field may comprise more than one track of information, start of Record
      characters are not necessarily found in all tracks where information is
      present, only those tracks where a field starts.
PAR  Since in the case being described, generate abstract shift register 30 is
      assumed to be energized as the result of reading a non-EBS character in
      track 1 shift register 30 will go from state B1 directly to state B13,
      FIG. 2b, instead of to B2. Register 30 then proceeds from state B13 in
      sequence to state B20 and in the process prepares an EBS character that
      becomes the first character of the new abstract that is going to be
      generated. During state B15, And circuit 50, FIG. 3f, provides an output
      on line 51. This in turn activates a code generating circuit 52, FIG. 3h,
      having various outputs such as RA11, RA12, etc., through RA17. The Store
      EBS signal on line 51 activates circuits 53, 54 and 55 to generate an EBS
      character. Other circuits RA13-RA16, not shown, may be activated as
      necessary. The EBS code on lines RA11-RA17 is applied to load the EBS
      character in the Record Abstract shift register 60, FIG. 3i. Register 60
      comprises stages RA1-RA100. This shift register is controlled by the
      signals on line 61 labeled RA shift of, FIG. 3i. Upon a negative
      transition of the signal on line 61, the code represented by the signals
      RA11-RA17 input is stored in the RA1 section of the shift register
      desigated 56. Also, upon the negative transition of the signal RA Shift on
      line 61 the data contained in stage RA1 is transferred to stage RA2. Stage
      RA2 is transferred to stage RA3, etc. The conditions Track 1 and B15 to
      circuit 63 are sufficient to cause a logic pulse to be generated on RA
      Shift line 61.
PAR  At time B20 the Read Track signal on line 10, FIGS. 1 and 2j, is activated
      by block 17. The signal on line 10 causes magnetic card reader/recorder 25
      to read the next successive track on the magnetic card. The data contained
      in this next track is transferred to the Read/Record shift register
      designated 66, FIG. 2c. Transfer of data is effected by reader/recorder 25
      controlling the interface signal called RR Track 1 input line 5, FIGS. 1
      and 2c, and the signal RR Shift, line 6, FIGS. 1 and 2d. Read/Record shift
      register 66 is of the type in which the code represented by the interface
      signal RR Track 1 input will be stored in the section of the shift
      register labeled RRR102 when the Shift Record line 67 of FIG. 2c and 2d
      has a negative transition. A negative transition on the line 67 also
      causes data to propagate through Read/Record register 66. Reader/recorder
      25 controls the shifting of register 66 during this action by controlling
      the interface signal on the RR Shift line 6, FIG. 2d. Magnetic card
      reader/recorder 25 controls the shifting of the Read/Record shift register
      66 until the first character read from the track is located in section
      RRR1 of FIG. 2c. At this time, the interface signal Track Read, line 9 is
      again pulsed with a logical 1. This pulse again causes the Generate
      Abstract shift register 30 to be activated, this time by block 38 of FIG.
      2a. Since the first character to be encountered in Read/Record shift
      register 66 will now be a Start of Record character, shift register 30,
      FIG. 2b, will proceed from state B1 to state B2, as a result of And
      circuit 32 becoming activated. Shift register 30 then proceeds from state
      B2 to state B8 and in the process generates the portion of the abstract
      which is contributed by the first word of the first record.
PAR  The abstract generation process proceeds as follows: During state B2, the
      contents of Read/Record shift register 66 of FIG. 2c, are shifted one
      position to the right as controlled by signal on line 67, FIG. 2d. This
      shift causes the first character of the first word of the first rcord to
      be contained in the section labeled RRR1 of FIG. 2c so that this character
      can be analyzed by the combinational decode block 70, FIG. 2c. Block 70
      has output lines 71-78 provides unique 7-bit decoded outputs of a Start of
      Record character, a Separator character, an End of Track character, an End
      of Descriptor character and an End of Card character. In addition, it
      categorizes the remaining characters into one of three groups labeled A,
      B, and C which are approximately equal in probability of usage in the
      English language. In providing this categorization into groups A, B, and
      C, the combinational decode implements the allocation indicated by the
      code chart shown in FIG. 5. Thus, the current character being analyzed
      will drive one of the three output lines 73-75: Group A character, Group B
      character, or Group C character to a logical 1.
PAR  FIGS. 6a and 6b illustrate combinational logic that is useful with
      combinational decode block 70, FIG. 2c. The logic is based on the
      categorization of characters into groups A, B, and C, in accordance with
      the code chart of FIG. 5. The logic can be extended for all functions of
      the combinational decode block 70 but illustrates in particular the logic
      for categorizing characters into "Group A" with output on line 73, FIGS.
      2c and 6a. The determination of the character "B" or "b" illustrates the
      principles. Line inputs, such as lines 1-6 in FIG. 5 are illustrated at
      176 in FIG. 6a. The various conditions of the line inputs such as L1, Not
      L1, L2, Not L2, etc. are applied to blocks such as And circuits 170, 171,
      172, etc. The outputs of And circuits 170, etc. are applied to Or circuit
      173 for further output on line 73.
PAR  The status of the various lines L1, L2, etc. for the individual characters
      is illustrated in FIG. 6b. It is noted that seven lines designated L1-L7
      are used uner some conditions with position L7 indicating whether the
      character is an upper or lower case character. Insofar as determining the
      categorization of each character, however, only lines L1-L6 need be
      utilized. Thus, a "B" is represented by L3 and L7 being up while the lower
      case "b" is represented by L3 up and L7 down. Referring again to FIG. 6a,
      since either the "B" or "b" is represented by L3 being up, whenever one of
      these two characters is present, And circuit 170 is activated. The output
      of And circuit 170, in turn, activates Or circuit 173 for an output from
      terminal 73 indicative that this is a Group A character. Other Group A
      characters are illustrated in FIG. 6b, such as "K" and "k" and the related
      And circuit shown in FIG. 6a, such as And circuit 171.
PAR  In this manner, the various characters ae categorized into one of the
      groups A, B, or C in accordance with the chart of FIG. 5. Also, other
      characters encountered such as the "Start of Record" character are
      identifiable on the other output lines 71, 72, and 74-78 in a comparable
      manner.
PAR  Blocks 80, 81,and 82 of FIG. 2e represent 4-bit counters that store the
      number of characters of each group that have been decoded. At time B3 of
      register 30, one of these 4-bit counters is incremented depending upon
      whether the character contained in storage element RRR1 in register 66,
      FIG. 2c is a Group A character, Group B character, or Group C character.
      This is done under control of blocks 83-84 for Group A, 85-86 for Group B,
      and 87-88 for Group C, FIG. 2e. During time B5, the contents of
      Read/Record shift register 66 is again shifted one position to the right
      so that the second character of the first word of the first record is now
      located in the storage element RRR1, as a result of the B5 input to Or
      circuit 89, FIG. 2d. During time B6, this character is analyzed not as to
      whether it belongs to Group A, B, or C but rather as to whether it is a
      Separator character or an End of Descriptor character. The advent of
      either one of these special characters is remembered by latches 93 and 94
      in FIGS. 2g and 2h for later usage. During time B7, the contents of
      Read/Record shift register 66 are again shifted one position to the right
      so that the third character of the first word for the first record is
      located in storage element RRR1. During time B8, the 4-bit group counters
      labeled 80, 81, and 82 of FIG. 2e are again incremented according to
      whether this third character belongs to Group A, B, or C provided that
      neither a Separator character nor an End of Descriptor character has been
      encountered as the second or third character of the word being analyzed.
PAR  At this point in time, the contribution to the abstract of the first word
      of the first record has been calculated and is stored in the 4-bit
      counters labeled 80, 81, and 82 of FIG. 2e. Further, the control logic can
      be in one of two states. Either a Separator character or an End of
      Descriptor character has been encountered or neither of these characters
      have been encountered. If a Separator character has been encountered, And
      circuit 45, FIG. 2b is activated, and shift register 30 will proceed from
      state B8 through state B12 and eventually to state B2 to analyze the next
      word of the record. If neither a Separator character nor an End of
      Descriptor character have been encountered, register 30 will go from state
      B8 to state B9 and will repeatedly cycle from B9 to B12 until a Separator
      character or an End of Descriptor character is located. As indicated, the
      fact that either an End of Descriptor character or a Separator character
      has been located is stored in the appropriate latch 93 or 94 of FIGS. 2g
      or 2h during control time B11. Upon the subsequent finding of a Separator
      character, the shift register 30 will go to state B2 and proceed with
      analyzing the next word of the record. In the event of finding that an End
      of Descriptor character has been located whether in state B8 or state B12,
      register 30 will proceed to state B13 where the abstract just completed
      will be prepared for recording. A transfer from state B12 to state B13 is
      controlled by And circuit 46.
PAR  The End of Descriptor Character decode provided by block 70 of FIG. 2c will
      assure a true state for the following codes found in section RRR1 of FIG.
      2c. (1) The Beginning of Primary Print Field codes; or (2) the Beginning
      of Auxiliary Print Field code; as presented in the example on Page 9; or
      the (3) End of Track code. No unique code is defined to signify the End of
      Descriptor Condition but the beginning of either print field or the
      occurrence of the last character of a track defines the End of Descriptor
      condition.
PAR  In summarizing the action described thus far, shift register 30 will
      repeatedly cycle through the states from B2 to B12 with the intelligence
      necessary to calculate the contribution to the abstract of each word of
      the first record. An End of Descriptor character will eventually be
      located. At that time, register 30 will proceed to state B13 in order that
      the abstract may be prepared for recording.
PAC  RECORDING OF ABSTRACT
PAR  The process of preparing an abstract for recording is controlled by
      sequential movement of register 30 from state B13 in sequence to state
      B20. Related logic is shown primarily in FIGS. 3a through 3i. The first
      step in this operation occurs under control of logic in FIG. 2k during
      control time B14. Block 37 controls the action. At this time the
      information representing the abstract contained in counters 80, 81 and 82
      of FIG. 2e is transferred to the seven-bit storage elements labeled blocks
      90 and 91 of FIG. 2k. As indicated, the nature of this transfer is such
      that the four-bit quantities representing the number of group A
      characters, group B characters, and group C characters are transformed
      into two seven-bit characters which are suitable for recording in the
      magnetic card reader/recorder 25. This involves outputs AG1-AG4, BG1-BG4
      and CG1-CG4, FIGS. 2e and 2k, in particular. The prime requiement here is
      that the sixth bit of each of the seven-bit characters to be recorded on
      the magnetic card must be a logic 1 so that the codes cannot be confused
      with special codes which are used to control the magnetic card unit
      mechanisms. During control time B15, one of the logic blocks 47, 48, 49 or
      50 of FIGS. 3a, 3b, 3e, or 3f will be driven to a logical 1, depending
      upon what type of character is to be stored as a part of the abstract.
      Block 47, FIG. 3a, is driven to a logical 1 if neither of the four bit
      group counters 80-82 of FIG. 2c has equalled or exceeded 16 during the
      abstract generation process. If either of these four bit counters has
      equalled or exceeded 16 the capacity of the abstracting algorithm has been
      exceeded so that a Forced Search character would be recorded in the
      abstract rather than the actual abstract characters. This limitation of
      the number of characters of each group to 16 is not a limitation of the
      abstracting algorithm, but merely rather a limitation of the storage area
      available on track 1 of the magentic card in the illustrated case.
      Therefore, depending upon whether the output of block 47 of FIG. 3a or
      block 48 of FIG. 3b becomes a logical one, either the first character of
      the abstract or a Forced Search character will be recorded as a part of
      the abstract. The actual storage of either of these two characters is
      controlled by logic blocks in FIG. 3h, such as blocks 55, 57 and 58 in a
      manner similar to that when the EBS character was stored as previously
      described. The appropriate character, i.e., either the first abstract
      character or the Forced Search character, will be stored in the storage
      unit labeled RA1 of the Record Abstract shift register 60 FIG. 3i, just as
      in the case of storing the EBS character. Note that logic block 64 of FIG.
      3i will generate an RA shift pulse at control time B15 (And circuits 65 or
      62) to effect the storage. And circuit 62 is activated by the signal
      labeled store abstract, generated by block 59 of FIG. 3g, which is at a
      logical one when either of the two abstract characters are being stored.
      Logic block 44 of FIG. 3d indicates that the second and last character of
      the abstract is stored during control time B17 in a manner similar to the
      storing of previous characters. By the time that state B20 is reached in
      register 30, FIG. 2b, the abstract characters or a Forced Search character
      has been appropriately stored. At this time, the Read Track signal
      generated by block 17 of FIg. 2j will again be activated. This will cause
      still another track to be read from the magnetic card and the process just
      described will continue until one of a set of special conditions occurs.
PAC  NOT START OF RECORD CHARACTER
PAR  One of the special conditions that occur is that when the first character
      of a track is not a Start of Record character. This is indicative of the
      fact that a record extends over more than one track of the magnetic card.
      In this case, the generate abstract shift register 30 of FIG. 2a and 2b
      will proceed from state B1 to B13 under the control of latch 15 of FIG. 2i
      and And circuit 28, FIG. 2b. Logic block 49 of FIG. 3c indicates that for
      the case beng described currently a Skip character will be stored away at
      the control time B15 as other characters have been previously stored away.
      Again, a new track from the magnetic card will be read when the shift
      register 30 reaches state B20 and the cycles thus described will repeat
      themselves appropriately. The special Skip character just described is
      used to maintain a special orientation between the location of a record on
      a magnetic card and the location of its particular abstract in the
      abstract storage area.
PAC  END OF CARD OR COMPLETION OF ABSTRACT
PAR  Another special action which is taken is initiated by either seeing an End
      of Card character as the first character of a record or upon the
      completion of the generation of the abstract characters for a record which
      is located in track 50 of the card. In either of these cases the
      appropriate action is to store an End of Track character in the Record
      Abstract shift register 60, FIG. 3i in a manner similar to the storing of
      previous characters. The control of the storage of an End of Track
      character is accomplished by logic blocks 68 and 69 of FIG. 3c. Note that
      in the case of an End of Card character being the first character of a
      record the Generate Abstract control shift register 30 of FIGS. 2a and 2b
      will proceed from state B1 to state B13 under control of And circuit 29 so
      that the storing of the End of Track character can be eventually
      accomplished at time B19 from block 69, FIG. 3c. In the case where the
      record is located in track 50, the last track of the magnetic card, the
      Generate Abstract control shift register 30, FIGS. 2a and 2b, will proceed
      with intelligence to the states B2 through B12 to generate the appropriate
      abstract before proceeding to state B13 where the abstract and the End of
      Track character are subsequently stored in the Record Abstract shift
      register 60, FIG. 3i. The occurrence of either one of these last two
      special conditions indicates that the generation of the abstract for this
      particular card has been completed. Consequently, at control time B20 the
      record abstract interface lead 11 will be driven with a logical 1 pulse by
      block 16 of FIG. 2j. The pulsing of this interface lead causes the
      magnetic card reader/recorder 25 to take the abstract out of Record
      Abstract shift register 60 and to record such abstract in track 1 of the
      card containing the records from which the abstract was generated. This
      transfer of information is accomplished by appropriate control of the
      interface lead 13 RR Abstract Out and lead 6 RR Shift indicated in FIG. 1.
      Note that the shifting of the Record Abstract shift register is controlled
      by the RR shift signal via logic block 64 of FIG. 3i. When the recording
      of the abstract in track 1 has been completed the magnetic card
      reader/recorder will feed a new card and the process described thus far
      will repeat, as appropriate.
PAC  TEST ABSTRACT OPERATION
PAR  In the event that an EBS character is encountered as the first character of
      the first track, the control unit logic proceeds to do a Test Abstract
      operation instead of to the Generate Abstract operation previously
      described. The fact that an EBS character is present indicates that a
      valid abstract is located in track one of the card just read. Control for
      entering the Test Abstract mode is done via blocks 41-43, FIG. 4a. FIG. 4a
      includes a Test Abstract shift register 98. The Test Abstract process is
      activated by causing a logical one pulse to enter shift register 98 at
      element A1, thereafter to propagate sequentially from A1 to A7. At this
      point in time, the abstract that had been contained in track 1 of the
      magnetic card has already been transferred to the Read Abstract shift
      register 40 of FIG. 4b in such a manner that the first character is
      located in 7-bit storage element 1 RRA1. Block 39 of FIG. 4b is a
      combinational decode on 7-bits that provides the detection of special
      characters for controlling the Test Abstract process, lines 100-103.
      During control time A1, the contents of the Read Abstract shift register
      40, FIG. 4b, are shifted one position to the right so that the second and
      third characters of the abstract are present in character storage element
      1 RRA1 and 1 RRA2, positions 1 through 7. These two characters are the
      abstract for the first record of the magnetic card currently being
      analyzed. FIG. 4c indicates that at control time A2, the contents of
      storage element 1 RRA1 and 1 RRA2 are transferred to three four-bit latch
      registers 105-107 by a signal on lines 110a, b, c. After this transfer has
      taken place these four-bit latch registers will contain the number of
      group A characters, group B characters, and group C characters comprising
      the abstract for the record beng analyzed. This information is
      subsequently used in FIG. 4e as input to the algorithm which determines
      whether the abstract of the record being analyzed matches the abstract of
      the inquiry. In FIG. 4e the terms AR1 through AR4, BR1 through BR4, and
      CR1 through CR4 represent the number of characters by group for the record
      being analyzed and are generated by the logic including latches 105, 106
      and 107 in FIG. 4c. In FIG. 4e, the four-bit latch registers labeled
      blocks 120, 121, and 122 contain the abstract information which represents
      the abstract of an inquiry. That is, block 120 of FIG. 4c contains the
      number of characters in the inquiry that have fallen into group A.
      Likewise, block 121 of FIG. 4e contains the number of group B characters
      in the inquiry, and block 122 contains the number of group C characters in
      the inquiry. This information is generated when the search operation was
      initially begun by depressing the Start Search button and is stored in
      blocks 120, 121, and 122 of FIG. 4e for later usage. The algorithm for
      generating the abstract of the inquiry is identical to the algorithm used
      for generating the abstract of a record. The logic for generating the
      abstract of the inquiry is similar to the logic required to generate the
      abstract of a record which is shown in FIGS. 2a through 2i. Since the
      logic for generating the abstract of the inquiry and that for generating
      the abstract of the record are similar, the logic for generating the
      inquiry abstract is not shown. Logic blocks labeled 124, 125 and 126 of
      FIG. 4e are combinational comparison logic whose outputs are a logical 1
      when the number of characters in a particular group for the inquiry are
      less than or equal to the number of characters in that particular group
      obtained from the magnetic card. For example, the output of logic block
      124 of FIG. 4e is a 1 when the number of group A characters in the inquiry
      are less than or equal to the number of group A characters in the record,
      and so forth for the groups B and C characters as generated by blocks 125
      and 126. And circuit 130 of FIG. 4e completes the algorithm which
      determines whether a record abstract matches an inquiry abstract by
      generating a term which is a logical 1 only if the inquiry A characters
      are less than or equal to the record A characters and the inquiry B
      characters are less than or equal to the record B characters and the
      inquiry C characters are less than or equal to the record C characters.
      The output of block 130 is used at a later time to determine whether the
      record whose abstract has just been analyzed is a candidate for a detailed
      search operation.
PAR  At control time A3, a quantity 1 is added to the track counter register 131
      indicated in FIG. 4f. This register is used to remember the track location
      on the magnetic card of the particular record whose abstract is being
      analyzed at any particular time. This register is reset at the beginning
      of the analysis of a new card by And circuit 132 and consequently, will
      always remember the location of the record whose abstract was last
      analyzed throughout the complete analysis of a particular magnetic card.
PAR  Referring back to FIG. 4b, at control time A4 the contents of the Read
      Abstract shift register 40 will be shifted one position to the right
      provided that a special condition called a Forced Search has not been met
      at And circuit 134. Logic block 135 of FIG. 4b will cause the contents of
      the Read Abstract shift register 40 to be shifted again to the right one
      position at control time A6 provided that none of the special conditions
      of an Abstract Match, a Skip or a Forced Search have occurred at And
      circuit 137. The special conditions just mentioned will be described in
      more detail subsequently. The shifting of the contents of the Read
      Abstract shift register 40 to the right during control times A4 and A6 is
      necessary to condition the logic to begin the analysis of the next two
      characters located in the abstract which represent the abstract of the
      next record stored on the magnetic card. The eventual disposition of the
      Test Abstract process is determined during control times A6 and A7. This
      is accomplished in part by control of latch 42 of FIG. 4a. As indicated
      there, this latch is reset at control time A6 if an Abstract Match has
      been found, if an End of Abstract has been located, or a Forced Search
      condition has been located. See blocks 140-142. The resetting of latch 42
      indicates that there is a need to depart from the Test Abstract logic to
      perform some process other than testing the abstract. In the case of an
      Abstract Match, or the location of a Forced Search condition, the
      operation that next needs to be performed is a detailed search on the
      record whose abstract has matched the inquiry abstract or the record whose
      abstract is a Forced Search character. The logic which initiates the
      Detail Search operation is indicated in FIG. 4h, blocks 144-146.
PAC  DETAIL SEARCH
PAR  During a Detail Search operation the Detail Search logic will locate the
      track which is indicated by the track counter 131 shown in FIG. 4f and
      will compare the inquiry, word for word, with the record located in that
      track. If the inquiry matches that record, the information contained in
      that record will be printed on printer 27, FIG. 1, indicating a match
      between the inquiry and that particular record. If the inquiry does not
      match the record beng analyzed, the Detail Search logic will reactivate
      the Test Abstract logic by causing a logical one pulse on End Detail
      Search line 150 of FIG. 4a. From this point, the Test Abstract operation
      will begin again from the point at which it was previously terminated to
      perform the Detail Search operation. If in the process of performing a
      Detail Search, a match between the inquiry and the record is found, the
      Detail Search logic will, in that condition, also reactivate the Test
      Abstract logic by placing a logic one pulse on the End Detail Search line
      150. This is done to allow multiple record matches to a particular
      inquiry.
PAR  The portion of the Test Abstract process described thus far will
      continually repeat itself until an End of Abstract is located. An End of
      Abstract is designated by an End of Track character located in the
      abstract. FIG. 4d indicates that the presence of an End of Track character
      is determined by block 152 during control time A2. The output of block 152
      sets latch 153, FIG. 4d, so that it can be remembered that the logic
      should perform an End of Abstract operation. Terminating the Test Abstract
      operation is begun by resetting latch 42, FIG. 4a during control time A6
      from block 141. This prohibits the continuation of the Test Abstract
      operation. The Test Abstract process is terminated by logic block 160,
      FIG. 4g, during control time A7 when the interface line 12, Read New Card
      is activated. The magnetic card reader/recorder 25 then reads the next
      card in sequence in the magnetic card set. When the first track of the
      next card has been completely read and transferred to the Read Abstract
      shift register 40 of FIG. 4b, the card analysis operation that has been
      described to this point will begin again. That is, either a Test Abstract
      operation or a Generate Abstract operation will be performed for the next
      card, depending on whether an EBS character is found as the first
      character of the abstract.
PAC  FORCED SEARCH
PAR  There are two special conditions that can occur during a test abstract
      operation which have not been described thus far. The first is a Forced
      Search indication that requires that a Detail Search of the record to be
      done regardless of the analysis of the abstract comparison algorithm, FIG.
      4e. The Force Search condition is indicated by the location of a Forced
      Search character in the abstract. A Forced Search character is used as the
      representation of the abstract for a record which has exceeded the
      abstracting algorithm capacity as explained previously in describing the
      Generate Abstract operation. FIG. 4i indicates that during control time A2
      the presence of a Forced Search character is determined by And circuit 162
      and this fact is used to set latch 163 so that this condition may be
      remembered for subsequent control of the Test Abstract logic. As briefly
      described earlier, a Forced Search condition will cause the resetting of
      latch 42, FIG. 4a during control time A6 from And circuit 142 causing the
      Test Abstract operation to be terminated. During control time A7, a Detail
      Search operation begins on the appropriate record.
PAC  SKIP
PAR  The second special condition that can be incurred during a Test Abstract
      operation is the Skip condition. As indicated in FIG. 4j, the Skip
      condition is initiated by the recognition of a Track Skip character in the
      abstract. The determination of such a character at control time A2
      activates And circuit 165 to set latch 166 set so that the Skip condition
      can be remembered to effect subsequent control of the Test Abstract logic.
      The Track Skip character is used in the abstract to maintain a spatial
      orientation between the location of a record on a card and the location of
      the abstract for that record in the abstract tract when records are
      allowed to occupy more than one track. When a Skip condition is
      encountered the only positive action to be taken by the Test Abstract
      logic is to advance track counter 131, FIG. 4f, by one unit during control
      time A3. In addition, the shifting of the contents of the Read Abstract
      shift register 40 one position to the right is prohibited during control
      time A6 when a Skip condition has been encountered by degating block 137,
      FIG. 4b.  The searching of the remainder of the magnetic cards comprising
      the magnetic card set is accomplished by intelligently switching between
      the Test Abstract logic, the Generate Abstract logic, the Record Abstract
      logic, and the Detail Search logic in the manner that has been described
      thus far. This process will repeat itself until all of the cards in the
      magnetic card set have had their abstracts compared to the abstract of the
      inquiry and detail searches completed as appropriate depending upon the
      outcome of this comparison. When all of the magnetic cards have thus been
      searched, the index search operation has been completed and any records
      that have matched the inquiry will have been printed out on the printer.
      It should be noted here that when it is required to generate an abstract
      for a particular card the comparison of the inquiry to the information
      contained on that card can be done in one of two ways. The first is that a
      Detail Search can be performed on every record simultaneously with the
      process of generating the abstract for that card. The second means of
      comparing the inquiry to the records contained on the card for which an
      abstract is being generated is to perform the abstract generation without
      doing a Detail Search followed by a normal Test Abstract operation once
      the Generate Abstract operation has been completed.
PAR  An important aspect of the present invention is that the abstracting
      techniques enable high speed searching of a multitude of record storage
      members in an efficient manner due to the fact that only a small portion
      of each record medium need be checked, such portion storing the abstract
      for the information contained elsewhere in the record. Thus, a large file
      can be checked for information that matches an inquiry without going
      through all of the information contained in the file in its entirety.
      Basing the abstracting scheme on probability distribution of characters
      enables the establishment of abstracts comprised of groups of values
      indicative of the information contained in the records, with the
      distribution criteria leading to the development of abstract groups that
      are predicated on a more balanced distribution and that ultimately result
      in fewer members of records involved in detailed search.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment, it will be interested by those
      skilled in the art that various changes in form and detail may be made
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for generating at least one abstract that is useful during
      information searching and retrieval procedures, comprising:
PA1  1. means for sensing information comprising individual words in a selected
      language, each word comprising one or more individual characters;
PA1  2. means for categorizing selected ones only of the characters in said
      words into predefined character groups that are based on a probability
      distribution of characters in the language selected;
PA1  3. means maintaining a count of the number of characters categorized into
      each of said predefined character groups; and
PA1  4. means for storing said count as an abstract of said information.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising:
PA1  5. means for providing an inquiry word of information comprising at least
      an individual inquiry word in a selected language said word comprising one
      or more individual characters;
PA1  6. means for categorizing selected ones only of the characters in said
      inquiry word into predefined character groups that are based on a
      probability distribution of characters in the language selected;
PAR  7. count maintaining means for maintaining a count of the number of
      characters in said inquiry word categorized into each of said predefined
      character groups;
PA1  8. means for comparing said inquiry count with said abstract count; and
PA1  9. means providing an indication of a match or mismatch of said abstract
      and inquiry counts.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said count maintaining means has a
      limited count capacity of sufficient size for counting an average number
      of characters in each character group, and further comprising:
PA1  5. recognizing means for recognizing when the character count for any
      predefined character group exceeds said limited count capacity; and
PA1  6. force search means controlled by said recognizing means for generating
      and recording a force search indication rather than an abstract in order
      to signify that a search of the related information is required.
NUM  4.
PAR  4. The apparatus of claim 1 further comprising:
PA1  5. means for generating and recording an abstract control indication to
      signify the storage of one or more abstracts for use in determining
      whether an abstract search or a detailed search of the information is
      necessary.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said words of information are stored in
      storage areas in groups designated index groups, each index group normally
      occupying a predetermined area of storage but occasionally exceeding said
      predetermined area, and further comprising:
PA1  5. means for determining when an index group exceeds said predetermined
      area of storage; and
PA1  6. means for recording an area skip code for areas storing the excess of
      information in any index group.
NUM  6.
PAR  6. The apparatus of claim 1 further comprising:
PA1  5. means for categorizing the selected characters into said character
      groups based on the physical location of characters in their related
      words, such as first and third character locations of each word.
NUM  7.
PAR  7. Apparatus for generating at least one abstract that is useful during
      information searching and retrieval procedures, comprising:
PA1  1. means for sensing an inquiry of information comprising at least an
      individual inquiry word in a selected language, said inquiry word
      comprising one or more individual characters;
PA1  2. means for categorizing selected ones only of the characters in said
      inquiry word into predefined character groups that are based on a
      probability distribution of characters in the language selected,
PA1  3. means for maintaining a count of the number of characters categorized
      into each of said predefined character groups; and
PA1  4. means for utilizing said count as an inquiry during searching of said
      information.
NUM  8.
PAR  8. Apparatus for generating at least one abstract that is useful during
      information searching and retrieval procedures, comprising:
PA1  1. means for sensing information comprising individual words in a selected
      language, each word comprising one or more individual characters;
PA1  2. means for categorizing selected ones only of the characters in said
      words into predefined character groups that are based on a probability
      distribution of characters in the language selected;
PA1  3. means for maintaining a count of the number of characters categorized
      into each of said predefined character groups;
PA1  4. means for converting said count to a compressed apparatus-compatible
      abstract code form;
PAR  5. and means for storing said compressed abstract code as an abstract of
      said information.
NUM  9.
PAR  9. The apparatus of claim 8 further comprising:
PA1  6. means for providing an inquiry of information comprising at least an
      individual inquiry word in a selected language said word comprising one or
      more individual characters;
PA1  7. means for categorizing selected ones only of characters in said inquiry
      into predefined character groups that are based on a probability
      distribution of characters in the language selected;
PA1  8. means for maintaining a count of the number of characters in said
      inquiry categorized into each of said predefined character groups;
PA1  9. means for reconverting said abstract count from compressed form to a
      character group count form like said inquiry count;
PA1  10. means for comparing said inquiry count with said abstract count; and
PA1  11. means providing an indication of a match or mismatch of said abstract
      and inquiry counts.
NUM  10.
PAR  10. The apparatus of claim 8 wherein each abstract count comprises three
      non-compatible count characters, and further comprising:
PA1  6. means in said converting means for compressing each abstract count into
      two apparatus - compatible characters.
NUM  11.
PAR  11. The apparatus of claim 10 further comprising:
PA1  6. means for generating and recording a special mark in each
      apparatus-compatible character to signify that it represents an abstract.
NUM  12.
PAR  12. Apparatus for searching and retrieving information wherein said
      information is stored on a record medium in index groups each having index
      words representative of original documents and wherein a separate area is
      allotted for storage of abstracts, and an abstract count is stored for
      each said index group, said abstract count being based on individual
      characters categorized into predefined character groups based on a
      probability distributiion of said characters in a selected language; said
      apparatus comprising:
PA1  1. means for sensing said stored abstract counts from said record medium;
PA1  2. means for comparing an inquiry count with said sensed abstract counts;
      and
PA1  3. means for providing an indication of a match or mismatch of said
      abstract and inquiry counts.
NUM  13.
PAR  13. The apparatus of claim 12 wherein each index group is recorded in an
      individual storage area and wherein a particular storage area is set aside
      for storage of abstracts, and further comprising:
PA1  4. means for locating each index storage area for accessing of the index
      stored therein;
PA1  5. means for locating said particular storage area; and
PA1  6. means for sensing each abstract in said particular storage area.
NUM  14.
PAR  14. The apparatus of claim 12 wherein a force search indication is recorded
      in place of any abstract count that exceeds a predetermined number higher
      than an average number of characters in each character group, and further
      comprising:
PA1  4. means for recognizing said force search indication; and
PA1  5. means controlled by said recognizing means for searching the entire
      related index group for comparison with said inquiry.
NUM  15.
PAR  15. Apparatus for generating at least one abstract that is useful during
      searching and retrieval procedures involving information stored on a
      record medium comprising:
PA1  1. means for sensing information comprising individual words in a selected
      language stored on said record medium, each word comprising one or more
      individual characters;
PAR  2. means for categorizing selected ones only of the characters in said
      words into predefined character groups that are based on a probability
      distribution of characters in the language selected;
PA1  3. means maintaining a count of the number of characters categorized
      groups; and
PA1  4. means for storing said count on said record medium as an abstract of
      said information.
NUM  16.
PAR  16. The apparatus of claim 15, further comprising:
PA1  5. means for categorizing individual characters into said character groups
      based on the physical location of said characters in their related words,
      such as first and third character locations of each word.
NUM  17.
PAR  17. The apparatus of claim 15 wherein said count maintaining means has
      count capacity of sufficient size for counting an average number of
      characters in each character group, and further comprising:
PA1  means for recognizing when the character count for any predefined character
      group exceeds said limited count capacity; and
PA1  means controlled by said recognizing means for generating and recording a
      force search indication rather than an abstract in order to signify that a
      search of the related information is required.
NUM  18.
PAR  18. The apparatus of claim 15 further comprising:
PA1  means for generating and recording an abstract control indication to
      signify the storage of one or more abstracts for use in determining
      whether an abstract search or a detailed search of the information is
      necessary.
NUM  19.
PAR  19. The apparatus of claim 15 wherein said words of information are stored
      in storage areas in groups designated index groups, each index group
      normally occupying a predetermined area of storage but occasionally
      exceeding said predetermined area, and further comprising:
PA1  means for determining when an index group exceeds said predetermined area
      of storage; and
PA1  means for recording an area skip code for areas storing the excess of
      information in any index group.
NUM  20.
PAR  20. The apparatus of claim 15 further comprising:
PA1  5. means for providing an inquiry word of information comprising at least
      an individual word in a selected language said word comprising one or more
      individual characters;
PA1  6. means for categorizing selected ones of said characters in said inquiry
      word into predefined character groups that are based on a probability
      distribution of characters in the language selected;
PAR  7. means for maintaining a count of the number of characters in said
      inquiry word categorized into each of said predefined character groups;
PA1  8. means for sensing said abstract count stored on said record medium;
PA1  9. means for comparing said inquiry count with said sensed abstract count;
      and
PA1  10. means providing an indication of a match or mismatch of said abstract
      and inquiry counts.
NUM  21.
PAR  21. The apparatus of claim 20 further comprising:
PA1  means responsive to a match of said inquiry count and a said abstract count
      for manifesting the related information, as by printing said related
      information on a document.
NUM  22.
PAR  22. The apparatus of claim 15 wherein information is stored on said record
      medium in index groups, each having index words representative of original
      documents and wherein a separate area is allotted on said medium for
      storage of abstracts and further comprising:
PA1  means for accessing each index group on said record medium in order to
      categorize characters;
PA1  means operable to maintain an abstract count for each index group;
PA1  and means for recording each said abstract count in said allotted area on
      said record medium.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said record medium has a plurality of
      storage tracks thereon with each index group being recorded in an
      individual one of said storage tracks and wherein a particular track is
      set aside as said allotted area, and further comprising:
PA1  means for positioning each track on said record medium for accessing of the
      index stored therein;
PA1  means for positioning said particular track; and
PA1  means for recording each abstract in said particular track.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said record medium is a magnetic
      record medium and further comprising:
PA1  means for recording information on said medium by magnetic patterns.
NUM  25.
PAR  25. The apparatus of claim 23 wherein each index group normally occupies
      one storage track but occassionally exceeds one track and further
      comprising:
PA1  means for determining when an index group exceeds one track of storage; and
PA1  means for recording a track skip code for tracks storing the excess of
      information in any index group.
NUM  26.
PAR  26. Apparatus for searching and retrieving information stored on a record
      medium wherein said information is stored on said record medium in index
      groups, each having index words representative of original documents and
      wherein a separate area is allotted on said medium for storage of
      abstracts, and said record medium storing an abstract count for each said
      index group, said abstract count being based on individual characters in
      an index group that comply with predefined character groups based on a
      probability distribution of said characters in a selected language; said
      apparatus comprising:
PA1  1. means for sensing said abstract count stored on said record medium;
PA1  2. means for comparing an inquiry count with said sensed abstract count;
      and
PA1  3. means providing an indication of a match or mismatch of said abstract
      and inquiry counts.
NUM  27.
PAR  27. The apparatus of claim 26 further comprising:
PA1  means responsive to a match of said inquiry count and a said abstract count
      for manifesting the related information, as by printing said related
      information on a document.
NUM  28.
PAR  28. The apparatus of claim 26 wherein said record medium has a plurality of
      storage tracks thereon with each index group being recorded in an
      individual one of said storage tracks and wherein a particular track is
      set aside as said allotted area, and further comprising:
PA1  means for positioning each track on said record medium for accessing of the
      index stored therein;
PA1  means for positioning said particular track, and
PA1  means for sensing each abstract in said particular track.
NUM  29.
PAR  29. The apparatus of claim 26 wherein said record medium is a magnetic
      record medium and further comprising:
PA1  means for sensing information on said medium by detection of patterns on
      said medium.
NUM  30.
PAR  30. The apparatus of claim 26 wherein index groups may exceed the capacity
      of an area and wherein areas storing excess information are designated by
      an area skip indication in place of an abstract count, and further
      comprising:
PA1  means responsive to an area skip indication for skipping to the next
      abstract count during any searching and comparing of said abstract counts
      with said inquiry count.
NUM  31.
PAR  31. A method for generating in an information processing machine at least
      one abstract that is useful during information searching and retrieval
      procedures, comprising:
PAR  1. sensing by said machine information signals representative of
      information comprising individual words in a selected language, each word
      comprising one of more individual character;
PA1  2. developing in said machine, signals representative of characters in said
      system;
PA1  3. categorizing in said machine, selected ones only of the individual
      character signals into predefined character groups that are based on a
      probability distribution of the characters represented by said signals in
      the language selected;
PA1  4. maintaining an abstract count by said machine of the number of character
      signals categorized into each of said predefined character groups; and
PA1  5. storing said abstract count in said machine as an abstract of said
      information.
NUM  32.
PAR  32. The method of Claim 31 further comprising:
PA1  6. sensing by said machine information inquiry signals representative of an
      inquiry of information comprising at least an individual inquiry word in a
      selected language, said word comprising one or more individual inquiry
      characters;
PA1  7. developing in said machine character inquiry signals representative of
      said at least an individual inquiry character;
PAR  8. categorizing in said machine selected ones only of the individual
      character inquiry signals into predefined character groups that are based
      on a probability distribution of the characters represented by said
      signals in the language selected;
PA1  9. maintaining in said machine an inquiry count of the number of character
      inquiry signals categorized into each of said predefined character groups;
PA1  10. comparing in said machine said inquiry count with said abstract count;
      and
PA1  11. providing from said machine indication signals representative of a
      match or mismatch or said abstract and inquiry counts.
NUM  33.
PAR  33. The method of claim 32 further comprising:
PA1  12. manifesting in said machine the related information, as by printing
      said related information on a document, responsive to a match of said
      inquiry count and said abstract count.
NUM  34.
PAR  34. The method of claim 31 further comprising:
PA1  6. generating and recording in said machine an abstract control indication
      to signify the storage of one or more abstracts for use in determining
      whether an abstract search or a detailed search of the information is
      necessary.
NUM  35.
PAR  35. The method of claim 31 wherein said words of information are stored in
      storage areas in groups designated index groups, each index group normally
      occupying a predetermined area of storage but occasionally exceeding said
      predetermined area, and further comprising:
PA1  6. determining in said machine when an index group exceeds said
      predetermined area of storage; and
PA1  7. recording in said machine an area skip code for areas storing the excess
      of information in any index group.
NUM  36.
PAR  36. The method of claim 31 where step (3) further comprises:
PA1  3a. categorizing in said machine the selected character signals into said
      character groups based on the physical location of the related characters,
      such as first and third character locations of each word.
NUM  37.
PAR  37. The method of claim 31 wherein said machine includes counters, each
      having a count capacity of sufficient size for counting an average number
      of character signals in each character group, and further comprising:
PA1  6. recognizing in said machine when the character count for any predefined
      character group exceeds said count capacity, and
PAR  7. generating and recording in said machine a force search indication
      rather than an abstract when count capacity is exceeded in order to
      signify that a search of the related information is required.
NUM  38.
PAR  38. The method of claim 37, further comprising:
PA1  8. recognizing in said machine said force search indication; and
PA1  9. searching in said machine for the related information.
NUM  39.
PAR  39. The method of claim 31 further comprising:
PA1  6. developing in said machine abstract count signals from said abstract
      count, and
PA1  7. transferring by said machine information signals and abstract count
      signals between said machine and a record medium.
NUM  40.
PAR  40. The method of claim 39 wherein said information is stored on said
      record medium in index groups each having index words representative of
      original documents and wherein a particular storage area is allotted for
      storage of abstracts, and an abstract count is stored for each said index
      group, said abstract count being based on individual characters
      categorized into predefined character groups based on a probability
      distribution of said characters in a selected language, and further
      comprising:
PAR  8. locating in said machine each index storage area for accessing of the
      index group stored therein;
PA1  9. locating in said machine said particular storage area; and
PA1  10. sensing in said machine each abstract count in said particular storage
      area.
NUM  41.
PAR  41. The method of claim 39 wherein said record medium has a plurality of
      storage tracks thereon with each index group being recorded in an
      individual one of said storage tracks and wherein a particular track is
      set aside as said allotted area, and further comprising:
PA1  8. positioning in said machine each track on said record medium for
      accessing of the index stored therein;
PA1  9. positioning in said machine said particular track; and
PA1  10. recording in said machine each abstract in said particular track.
NUM  42.
PAR  42. The method of claim 41 wherein said record medium is a magnetic record
      medium and further comprising:
PA1  11. recording in said machine information on said medium by magnetic
      patterns.
NUM  43.
PAR  43. The method of claim 41 wherein each index group normally occupies one
      storage track but occasionally exceeds one track and further comprising:
PAR  11. determining in said machine when an index group on said record medium
      exceeds one track of storage; and
PA1  12. recording on said record medium in said machine a track skip code for
      tracks storing the excess of information in any index group.
NUM  44.
PAR  44. A method for searching and retrieving in an information processing
      machine, information stored on a record medium in response to an inquiry
      represented by an inquiry count wherein said information is stored on said
      record medium in index groups, each having index words representative of
      original documents and wherein a separate area is allotted on said medium
      for storage of abstracts, and said record medium storing an abstract count
      for each said index group, said abstract count being based on individual
      characters in an index group that comply with predefined character groups
      based on a probability distribution of said characters in a selected
      language; said apparatus comprising:
PA1  1. sensing in said machine an abstract count stored on said record medium;
PA1  2. comparing in said machine said inquiry count with a sensed abstract
      count; and
PA1  3. providing from said machine an indication of a match or mismatch of said
      abstract and inquiry counts.
NUM  45.
PAR  45. The method of claim 44 further comprising:
PA1  4. manifesting in said machine the related information, as by printing said
      related information on a document, responsive to a match of said inquiry
      count and a said abstract count.
NUM  46.
PAR  46. The method of claim 44 wherein said record medium has a plurality of
      storage tracks thereon with each index group being recorded in an
      individual one of said storage tracks and wherein a particular track is
      set aside as said allotted area, and further comprising:
PA1  4. positioning in said machine each track on said record medium for
      accessing of the index stored therein;
PA1  5. positioning in said machine said particular track, and
PA1  6. sensing in said machine each abstract in said particular track.
NUM  47.
PAR  47. The method of claim 44 wherein said record medium is a magnetic record
      medium and further comprising:
PA1  4. sensing in said machine information on said medium by detection of
      magnetic patterns on said medium.
NUM  48.
PAR  48. A method for generating in an information processing machine at least
      one abstract that is useful during searching and retrieval procedures
      involving information stored on a record medium, comprising:
PAR  1. sensing by said machine information signals representative of
      information comprising individual words in a selected language stored on
      said record medium, each word comprising one or more individual
      characters;
PA1  2. developing in said machine character signals representative of
      characters in said system;
PA1  3. categorizing in said machine selected ones of the individual character
      signals into predefined character groups that are based a probability
      distribution of the characters represented by said signals in the language
      selected;
PA1  4. maintaining in said machine an abstract count of the number of character
      signals categorized into each of said predefined character groups; and
PA1  5. storing said count by said machine on said record medium as an abstract
      of said information.
NUM  49.
PAR  49. The method of claim 48 further comprising:
PA1  6. providing in said machine information  inquiry signals representative of
      an inquiry of information comprising at least an individual word in a
      selected language said word comprising one or more individual inquiry
      characters;
PAR  7.  categorizing in said machine selected ones of the individual character
      inquiry signals into predefined character groups that are based on a
      probability distribution of the characters represented by said character
      signals in the language selected;
PA1  8. maintaining in said machine an inquiry count of the number of character
      inquiry signals categorized into each of said predefined character groups;
PA1  9. sensing by said machine said abstract count stored on said record
      medium;
PA1  10. comparing by said machine said inquiry count with said sensed abstract
      count; and
PA1  11. providing from said machine indication signals representative of a
      match or mismatch of said abstract and inquiry count signals.
NUM  50.
PAR  50. A method for generating in an information processing machine at least
      one abstract that is useful during searching and retrieval procedures
      involving information stored on a record medium, comprising:
PA1  1. providing by said machine information inquiry signals representative of
      information comprising at least an individual word in a selected language,
      said word comprising one or more individual characters;
PAR  2. developing character inquiry signals representative of selected ones
      only of said individual inquiry characters;
PA1  3. categorizing in said machine individual character inquiry signals into
      predefined character groups that are based on a probability distribution
      of the characters represented by said inquiry signals on said record
      medium in the language selected;
PA1  4. maintaining in said machine an inquiry count of the number of character
      inquiry signals categorized into each of said predefined character groups;
      and
PA1  5. referencing in said machine said inquiry count as an inquiry during
      searching of information stored on said record medium by said machine.
NUM  51.
PAR  51. A method for generating in an information processing machine at least
      one abstract that is useful during information searching and retrieval
      procedures, comprising:
PA1  1. sensing by said machine information inquiry signals representative of
      information comprising at least an individual word in a selected language,
      said word comprising one or more individual characters;
PA1  2. developing in said machine character inquiry signals representative of
      selected ones of said individual inquiry characters;
PAR  3. categorizing in said machine individual character inquiry signals into
      predefined character groups that are based on a probability distribution
      of the characters represented by said inquiry signals in the language
      selected;
PA1  4. maintaining in said machine an inquiry count of the number of character
      inquiry signals categorized into each of said predefined character groups;
      and
PA1  5. referencing in said machine said inquiry count as an inquiry during
      searching of said information by said machine.
NUM  52.
PAR  52. A method for searching and retrieving information in an information
      processing machine wherein said information is stored in index groups with
      individual characters categorized into predefined character groups and
      with each index group being represented by an abstract count that is based
      on a probability distribution of said characters in a selected language,
      comprising:
PA1  1. sensing by said machine abstract count signals representative of said
      stored abstract counts;
PA1  2. comparing in said machine an inquiry count signal with said abstract
      count signals; and
PA1  3. providing from said machine indication signals representative of a match
      or mismatch of said abstract and inquiry count signals.
NUM  53.
PAR  53. The method of claim 52 further comprising:
PA1  manifesting in said machine the index group information related to matched
      abstract count signals, as by printing said related information on a
      document, and in response to a match of said inquiry count said signal and
      abstract count signals.
NUM  54.
PAR  54. A method for generating in an information processing machine at least
      one abstract that is useful during information searching and retrieval
      procedures, comprising:
PA1  1. sensing by said machine information signals representative of
      information comprising individual words in a selected language, each word
      comprising at least an individual character;
PA1  2. developing in said machine signals representative of characters in said
      system;
PA1  3. categorizing in said machine individual character signals into
      predefined character groups that are based on a probability distribution
      of the characters represented by said signals in the language selected;
PA1  4. maintaining an abstract count by said machine of the number of character
      signals categorized into each of said predefined character groups;
PA1  5. converting in said machine said abstract count to a compressed abstract
      count form; and
PAR  6. storing said compressed abstract count in said machine as an abstract of
      said information.
NUM  55.
PAR  55. The method of claim 54 further comprising:
PA1  7. providing in said machine an inquiry of information comprising at least
      an individual word in a selected language, said word comprising at least
      an individual inquiry character;
PA1  8. developing in said machine inquiry signals representative of said at
      least an individual inquiry character;
PA1  9. categorizing in said machine individual character inquiry signals into
      predefined character groups that are based on a probability distribution
      of the characters represented by said inquiry signals in the language
      selected;
PA1  10. maintaining in said machine an inquiry count of the number of character
      inquiry signals categorized into each of said predefined character groups;
PA1  11. reconverting in said machine said abstract count from compressed form
      to a character group count form like said inquiry count;
PA1  12. comparing in said machine said inquiry count with said abstract count;
      and
PA1  13. providing from said machine indication signals representative of a
      match or mismatch of said abstract and inquiry counts.
NUM  56.
PAR  56. The method of claim 55 wherein each abstract count comprises three
      non-compatible count characters, and further comprising:
PA1  5a. compressing in said machine each abstract count into two
      apparatus-compatible characters.
NUM  57.
PAR  57. The method of claim 56 further comprising:
PA1  7. generating and recording in said machine a special mark in each
      apparatus-compatible character to signify that it represents an abstract.
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ABST
PAL  The disclosed invention provides the method and apparatus for transforming
      data, such as low time base parallel channel data produced by thermal
      imaging type systems, for example, into a second format such as high time
      base single channel data of the type required by standard television
      monitors. In accordance with the invention means are provided for storing
      the applied parallel channel data a set at a time in preselected ones of a
      plurality of memory devices and for reading out each of the lines of data
      of the set stored during the last preceding period a preselected number of
      times at a predetermined time base. Hence, the number of data lines per
      field and/or the time base of the output data, may be in accordance with
      selected parameters.
GOVT
PAR  The invention claimed herein was made in the course of or under a contract
      with the United States Navy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention relates to scan convertors in general and is
      particularly useful for changing the format of low time base parallel
      channel imaging type data into single channel high time base data of a TV
      format.
PAR  The best known prior art scan convertors usually require the storage of at
      least two fields of the applied data so that the current field of data may
      be received and stored as the previous one is scan converted. When digital
      techniques are used to implement this prior art method a very large memory
      capacity is required for the storage of two fields of data and the scan
      convertor cost is high. Analog implementations of the prior art field by
      field scan conversion techniques have been mechanized or suggested whereby
      combinations of light emitting diodes, vidicons, cathode ray tubes or
      other non-solid state devices have been utilized. In addition to the
      relatively high cost of the just listed analog devices, the non-solid
      state character thereof has caused problems with equipment reliability.
      Also the prior art scan conversion technique, whereby an entire field of
      data must be stored before scan converting, imposes a substantial time
      delay between the application of the data and the corresponding output
      signal. Such time delay is undesirable in many applications, such as
      tracker systems for missiles, for example.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the subject invention is to provide a new and improved
      method and apparatus for transforming the format of imaging type data.
PAR  Another object of the invention is to provide a new and improved scan
      convertor for transforming multiple parallel lines or channels of input
      data into single channel data.
PAR  A further object of the invention is to provide the method and apparatus
      for scan converting imaging type data which allows an increase in
      equipment reliability and a decrease in processing time delay.
PAR  A still further object of the invention is to provide a new and improved
      scan convertor for transforming multiple parallel lines or channels of
      input data having a first time base to single channel data having a
      different time base, by means readily adaptable to implementation with
      reliable solid state circuitry.
PAR  The subject invention provides for transforming first data groups, each
      comprising sets of lines of parallel channel data having a first time
      base, into second data groups each comprising lines of data having a
      preselected time base and number of channels by means of a novel
      line-by-line conversion technique which drastically reduces the amount of
      storage required by prior art field-by-field or frame-by-frame techniques.
      The invention is adapted to a wide range of implementations including
      digital implementations in which digital shift registers are used to store
      at least two sets of lines of the parallel channel input data such that a
      first memory section is loaded with data while a second memory section is
      read out. During readout each line of the stored data is reproduced a
      predetermined number of times at a predetermined time base.
PAR  In accordance with a second embodiment of the invention an even greater
      reduction in equipment complexity is obtained by the utilization of
      charge-coupled semiconductor devices to form the memory sections so that
      the requirement for analog-to-digital conversion of the data prior to
      storage and the requirement for digital-to-analog conversion in the output
      stage of the scan convertor is eliminated.
PAR  In a third embodiment of the invention provisions are made for the storage
      of a fractional line of input data per storage register whereby the
      required storage capacity of the scan convertor is less than in other
      embodiments. The fractional line storage feature is of particular
      importance in embodiments using charge-coupled devices for information
      storage inasmuch as the yield of such devices in large scale integration
      configurations is increased as the storage capacity requirement per
      register is decreased. Also by reducing the number of times a given sample
      of data must be transferred (shorter register lengths) the fractional line
      storage feature allows the use of charge-coupled devices having a lower
      "transfer efficiency" and/or improves the processing signal-to-noise ratio
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features of this invention, as well as the invention itself, will
      better understood from the accompanying description taken in connection
      with the accompanying drawings in which like reference characters refer to
      like parts and in which:
PAR  FIG. 1 is a block diagram of a scan convertor in accordance with the
      subject invention;
PAR  FIG. 2 is a diagram which depicts the video line format of input data, and
      to output data from the scan convertor shown in FIG. 1;
PAR  FIG. 3 is a timing diagram for the scan convertor shown in FIG. 1;
PAR  FIG. 4 is a block diagram of a second embodiment of a scan convertor in
      accordance with the subject invention;
PAR  FIG. 5 is a diagram depicting the video line format of input data to, and
      output data from the scan convertor of FIG. 4;
PAR  FIG. 6 is a timing diagram for the scan convertor of FIG. 4;
PAR  FIG. 7 is a block diagram of the timing control unit shown in FIG. 4;
PAR  FIG. 8 through 13 depicts waveforms of timing and control signals which are
      useful in understanding the operation of the scan converter of FIG. 4;
PAR  FIG. 14 is a block diagram of the output control unit shown in FIG. 4;
PAR  FIG. 15 is a block diagram of the blanking and sync generator shown in FIG.
      4;
PAR  FIGS. 16 and 17 are waveforms of signal amplitude versus time which are
      useful in understanding the operation of the blanking and sync generator
      of FIG. 15;
PAR  FIG. 18 is a block diagram of another embodiment of a scan convertor in
      accordance with the subject invention wherein charge transfer/storage
      registers are utilized;
PAR  FIG. 19 is a block diagram of another embodiment of a scan convertor in
      accordance with the subject invention in which fractional video lines
      storage per register is implemented; and
PAR  FIG. 20 is a timing diagram for the scan convertor of FIG. 19.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is first directed to FIG. 1 which shows in block diagram from an
      embodiment of the subject invention which is particularly adapted to
      transforming parallel channel video signals, such as produced by an
      infrared image scanner, into single channel video of the type suited for
      display by a standard television monitor. It is noted that the subject
      invention is not limited to infrared scanner applications but is directly
      applicable to most scan convertor applications, such as bandwidth
      reduction television systems, for example.
PAR  An infrared scanner of the type which generates the input data described
      above is disclosed in detail in patent application Ser. No. 346,523 filed
      Mar. 26, 1973. In the just referenced application the scanner provides
      four parallel channels of data; however, a dual channel system is first
      described herein so that the basic structural and operational aspects of
      the invention may be more clearly described. Subsequently a four parallel
      channel scan convertor implementation of the invention will be described
      with respect to the more detailed embodiment of FIG. 4.
PAR  The format of the data applied to the system of FIG. 1 may be better
      understood by referring momentarily to FIG. 2. It is assumed in the
      exemplary embodiment of FIG. 1 that the applied video is produced by two
      infrared detectors 10A and 10B, and that these detectors are optically
      scanned by means of an infrared (IR) scanner (of the general type
      described in the above cited patent application) which has 60 active
      scanning facets each of which is adapted for scanning a different
      horizontal line (per detector) of a field of view. Hence, the scanner will
      produce 60 lines of IR video from each of the detectors (10A and 10B)
      during each scanning field. The output lines from each of the detectors
      during the first field are identified by an odd integer subscript (e.g.
      A.sub.1, A.sub.3, A.sub.5, and B.sub.1, B.sub.3, B.sub.5) and the data
      resulting from the second field by even integer subscripts. As the first
      mirror facet of the scanner optically scans the detector array the video
      output signal line A.sub.1 is produced by detector 10A and the video
      output line B.sub.1 is simultaneously produced by detector 10B. The
      operation continues in a similar manner until the last active scan has
      been completed of the scanning field; and then the first mirror facet
      optically scans the pair of detectors for the first scanning period of the
      second field to produce the output data lines A.sub.2 and B.sub.2 from
      detectors 10A and 10B respectively. For the selected example there are 60
      mirror facets and therefore 120 active output data lines per field from
      the scanner i.e. 60 lines per detector.
PAR  As noted above, the exemplary purposes of the embodiment of FIG. 1 is to
      convert the just described data provided by the scanner into a format that
      is compatible to standard television monitor devices. One scanner line
      period is approximately equal to 254 microseconds (comprising two scan
      lines -- outputs from detectors 10A and 10B). The time period of one
      standard television line period is approximately 63.5 microseconds. As
      shown in the two right-hand columns of FIG. 2, each horizontal scan line
      is converted into two identical lines of output television video while
      maintaining precise synchronization between the IR scanning format and the
      output television line format. It is noted that the integer relationship
      between the seeker and TV horizontal line periods is not a generalized
      requirement for operation of the subject invention; and the integer
      relationship between the scanner line rate and the output video line rate
      was herein selected in the interest of clarity of explanation.
PAR  Referring again primarily to FIG. 1, the output video from detectors 10A
      and 10B (see FIG. 2) is applied to analog to digital (A/D) convertors 20
      and 22 respectively and their output signals are applied to a store
      commutation and control logic unit 24. The unit 24 controls the
      application of the output signals from convertors 20 and 22 to a digital
      memory device 26. The digital memory device 26 is read out in response to
      an output commutation and control logic unit 28 through a digital to
      analog convertor 30.
PAR  Horizontal and vertical synchronization (sync) pulses from the scanner (not
      shown) are applied to a sync signal generator 32 which in response thereto
      provides vertical and horizontal television (TV) sync pulses, output TV
      sample rate signals and scanner sample rate signals on output leads 34,
      36, 38 and 40, respectively. The scanner sample rate signals and the
      television sample rate signals are applied to a store/display control unit
      42 which in response thereto provides control and timing signals for units
      24, 26, and 28 as well as timing signals to digital-to-analog (D/A)
      convertor 30.
PAR  Sync and blanking pulse generator 44 responds to horizontal and vertical
      sync pulses which are applied on leads 34 and 36 to produce a composite
      sync and blanking pulse train which is combined with the output video from
      digital-to-analog convertor 30 within a sync adder 46 to produce composite
      output video (see FIG. 16) which is suitable for being displayed by a
      conventional television monitor.
PAR  The operation of the system of FIG. 1 may be better understood with
      reference to FIGS. 2 and 3; and as there indicated during the first
      horizontal scan period of the scanner video scan lines A.sub.1 and B.sub.1
      are stored in parallel in registers number 1 and number 2, respectively,
      of digital memory 26. The analog-to-digital conversion and the rate of
      storage of data into memory 26 is controlled in response to the scanner
      sample rate signal. During the second horizontal scan period data lines
      A.sub.3 and B.sub.3 are stored in parallel in registers number 3 and 4,
      respectively, of memory unit 26. During this same time period register
      number 1 is read out in accordance with the format indicated in FIG. 3,
      with the first line of data (A.sub.1) being read out of register number 1
      in the television time base, i.e. 63.5 microseconds and then the same line
      is read out a second time. The register recycles data to provide more than
      one readout. Similarly, the data B.sub.1 is read out twice from storage
      register number 2. During the third time period scanner data lines A.sub.5
      and B.sub.5 are stored in parallel in registers number 1 and 2 and the
      data previously stored therein (lines A.sub.1 and B.sub.1) is
      simultaneously discarded. During the third time period scanner line
      A.sub.3 is read out twice at the television time base, as is line B.sub.3.
      The just described sequence of reading data into the memory device 26 at
      the scanner rate and storing one set of data lines while reading out the
      previously stored set of data  lines twice is repeated for the remaining
      group of data which comprises field number 1. A similar sequence is
      repeated for data that comprises the scanning field number 2 to produce
      the scan converted TV line format shown in FIG. 2. It is noted that when
      the converted data is applied to a standard television monitor that the
      normal interlace between fields will superimpose the data of the last two
      columns of FIG. 2 so that data from the two fields will be interleaved.
      Hence, for a stationary scene, and the scan convertor of FIG. 1, each line
      of the scene will be converted into four adjacent, identical lines on the
      display.
PAR  A scan convertor in accordance with the subject invention, which is adapted
      for processing four parallel channels of applied video data into a single
      channel of composite TV format video, is shown in FIG. 4. A scanner
      suitable for providing the four parallel channels of applied input data is
      described in detail in the patent application cited hereinabove. To
      briefly summarize that scanner implementation, four detector arrays and an
      optical system are used in conjunction with a set of rotating mirror
      facets of a drum scanner to scan an IR image of a scene. The rotating drum
      scanner has an equivalent of 217/8 total mirror facets with 20 of these
      facets being used to generate the image. Since there are four detector
      arrays, each of which generate an IR scan line from each mirror facet,
      there are 80 active IR scan lines per field (one revolution of the drum
      scanner) or 160 active IR scan lines per frame (two rotations of the
      mirror drum scanner). The IR scan lines from field to field are interlaced
      by means described in the above cited patent application.
PAR  The adjacent mirror facets of the drum scanner are so inclined with respect
      to one another that the IR image is shifted by 8 scan lines between mirror
      facets. The IR lines produced by one mirror facet scan in field 1 (odd
      numbered) and one mirror facet in field 2 (even numbered) are shown in
      FIG. 5 for the above described line scan format. In FIG. 5, the letters A,
      B, C, and D correspond to the data channel (IR detector arrays) and the
      subscript 1 corresponds to the first horizontal scan period (mirror drum
      facet) in field 1 and the subscript 2 corresponds to the first horizontal
      scan period in field 2.
PAR  The scan convertor of FIG. 4 transforms the four parallel channels of IR
      video into a single channel of composite TV video which conforms to the
      EIA RS-170 specification for television signals. The relative functional
      placement of the four detectors during the field 1 and 2 as well as the
      relative placement of the TV line format at the output of the scan
      convertor are depicted in FIG. 5. It is noted in FIG. 5 that each of the
      IR scan lines is displayed three times during each TV field; and therefore
      the image on the TV display will contain 240 active lines per TV field and
      480 active lines per TV frame.
PAR  In the scanner of the above cited patent application each mirror facet is
      equivalent to one IR horizontal line period during which there are four
      parallel IR lines; and each of these four IR lines is transformed into
      three TV lines. Therefore, each revolution of the drum mirror scanner
      corresponds to 262.5 TV format lines (12 .times. 217/8  mirror facets),
      which is a standard TV field. However, during the 17/8  inactive IR scan
      periods in which the vertical retrace and the interlace actuation occurs,
      the video information is blanked. Hence, after scan conversion the output
      signals consist of 240 active lines per field.
PAR  It is again noted that in accordance with the subject invention the scan
      conversion from the seeker line format to the EIA RS-170 TV format is
      accomplished by using a line-by-line conversion technique rather than a
      field-by-field or frame-by-frame technique. This important aspect of the
      subject invention drastically reduces the amount of storage required.
PAR  The basic timing, storage and readout operation of scan convertor of FIG. 4
      is shown in FIG. 6. By selection of the scanner design parameters the
      standard TV horizontal scan rate of 15,750 lines per second is exactly 12
      times faster than the IR scanner line scan rate. One scanner line period
      is approximately 762 microseconds (corresponding to four IR scan lines) as
      compared to 63.5 microseconds for one TV line period. Therefore each IR
      scan line can be converted into three identical TV lines while maintaining
      precise synchronization between the scanner line format and the TV line
      format.
PAR  In the embodiment of FIG. 4 the total amount of line-to-line storage
      required is two IR scan periods; and with four IR lines per scan period, 8
      bits per sample word, and 256 sample words per video line, 16,384 bits of
      storage are required. In the embodiment of FIG. 4, this storage is
      implemented by two identical memory sections 50 and 52, each of which
      comprise 8,192 bits of storage. Each memory section comprises four
      parallel, 8 bits wide, 256 bits long, shift registers; and preferably
      these registers would be the dynamic metal oxide silicon (MOS) type
      because of their high density and relatively low cost.
PAR  During each IR scan period one memory section (50 or 52) is loaded in
      parallel with four lines of IR data at the load rate of 393.75 khz while
      the other memory section is being read out (and recirculated) at a 4.725
      Mhz rate. During this readout period each IR data line stored during the
      previous IR scan period is read out (single channel readout in embodiment
      of FIG. 4) three times so that for each four IR data lines stored in a
      memory section, twelve TV output data lines are produced (see FIGS. 5 and
      6). It is noted that memory sections 50 and 52 are of the dual (two phase)
      internally clocked type so that the clocking pulse CP.sub.A and CP.sub.B,
      respectively, are at one-half the data rate. For example, during the data
      load period of memory section 50, clock pulses CP.sub.A are at a 196.875
      khz rate; and during the readout and recirculation period clock pulses
      CP.sub.A are at a 2.3625 Mhz rate.
PAR  At the beginning of each IR scanner field the IR video from the first four
      scan lines A.sub.1, B.sub.1, C.sub.1 and D.sub.1 is stored in registers 1,
      2, 3 and 4 of memory section 50 (see FIGS. 4-6). During horizontal scan
      period two the next four lines A.sub.3, B.sub.3, C.sub.3 and D.sub.3 are
      stored in registers 5, 6, 7 and 8 of memory section 52. Also during
      horizontal scan period two line A.sub.1 is read out of register 1 three
      times, then line B.sub.1 is read out of register 2 three times, next line
      C.sub.1 is read out of register 3 three times and then line D.sub.1 is
      read out of register 4 three times. By commutating the scanner video lines
      into the eight identical storage registers, the currently produced IR scan
      lines are read into four of the registers of one memory section while TV
      video is read from the registers of the other memory section.
PAR  Referring now primarily to FIG. 4, the four IR video signals from four
      detectors are processed and buffered (by circuit not shown) and then are
      applied as inputs to four (8 bits, parallel) analog-to-digital convertors
      48A, 48B, 48C and 48D, respectively, wherein the applied signals are
      digitized. The analog-to-digital convertors are controlled by data shift
      (DS) and analog-to-digital initiate (ADI) signals applied from a timing
      control unit 54. Unit 54 controls the timing of the various operations of
      the scan convertor and will be described in detail subsequently relative
      to FIG. 7.
PAR  Due to physical restraints with respect to the location of the detector
      arrays within the scanner (not shown) it is sometimes required that the
      detectors be staggered (see FIG. 5); and in the embodiment of FIG. 4 means
      for compensating for this factor are incorporated. In the illustrated
      embodiment it is assumed that the video from detectors B and D (FIG. 5)
      leads the video from detectors A and C by 30.5 microseconds and
      compensation for this time offset is provided by two 8 bits wide, 12 bits
      long registers 56 and 58. Registers 56 and 58 are clocked by the DS signal
      which has a time period equal to the IR sample time and a repetition rate
      of the IR data sampling rate, e.g. 393.75 khz.
PAR  The output signals from the analog-to-digital convertors 48A and 48C and
      the output signals from shift registers 46 and 58 are applied to memory
      sections 50 and 52. Each of these memory sections comprises input data
      multiplexers and output data decoder units, four 8 bits by 256 bits shift
      registers and conventional recirculation circuitry (not shown). The memory
      sections 50 and 52 are clocked by composite clock signals CP.sub.A and
      CP.sub.D, respectively, which signals are applied from timing control unit
      54. The clock pulses are gated so that data is stored in the memory
      sections from the center 256 bits of each IR scan line. Each IR scan line
      have a time period equivalent to approximately 300 load clock pulses.
PAR  Commutation of the input IR video into memory sections 50 and 52 is
      controlled by the respective input multiplexer units in response to
      control signals B and B respectively. The IR video signals are read into
      one of the memory sections while data from the previously IR horizontal
      scan period is read from the other memory section in accordance with the
      format shown in FIGS. 5 and 6. The output decoder units of memory sections
      50 and 52 are controlled by signals M.sub.1, M.sub.2, M.sub.3 and M.sub.4
      produced by timing control unit 54 and applied in parallel on multiple
      leads (shown as single cable). The output decoder units of the memory
      sections respond to the signals M.sub.1, M.sub.2, M.sub.3 and M.sub.4 so
      as to determine the count of the 12 cycle output period. For example,
      during the first three counts register 1 is read out; during the next
      three counts register 2; during the following three counts registers 3;
      and during the final three counts of the 12 count period register 4.
      During an alternate operational cycle the registers 5, 6, 7 and 8 would be
      read out in a similar manner.
PAR  An example of one sequence of operation of the memory sections 50 and 52
      would be as follows. In response to the signals B and B during odd
      numbered IR horizontal scan period the IR data is loaded into memory 50
      and during even numbered IR horizontal scan periods into memory section
      52. During even numbered scan periods memory section 50 is read out at the
      television data rate of 4.725 Mhz and the data is recirculated by
      conventional recirculation circuits (not shown) within the memory section.
      Similarly, during the odd numbered IR horizontal scan periods when data is
      being written into memory section 50 data is simultaneously being
      circulated in and read out of memory section 52. Output control unit 60
      responds to the control signal B applied from timing control unit 54 so
      that the data from the output decoder of memory section 50 is applied to
      the digital-to-analog convertor 62 during even numbered IR horizontal scan
      periods; and the output data from the decoder of memory section 52 is
      coupled through output control unit 60 during odd numbered IR horizontal
      scan periods. Blanking and sync signals produced by a generator 64 are
      combined with the output signals from digital-to-analog convertor 62 in an
      adder 66 to form a composite scan converted video in the standard TV
      format.
PAR  Timing control unit 54 of FIG. 4 is shown in greater detail in FIG. 7 to
      which reference is now primarily directed. Unit 54 responds to three
      digital timing signals which are applied thereto from the IR scanner (not
      shown). These input signals are: the IR vertical sync (IRVS) signal; the
      IR horizontal sync (IRHS) signal; and the gyro pickoff output (GPO)
      signal. The IRVS signal occurs at the leading edge of the first mirror
      facet of the IR mirror drum scanner and is illustrated in FIG. 8. The IRHS
      signal occurs at the leading edge of each of the mirror facets of the drum
      scanner and is depicted in FIG. 9. The GPO signal is produced by a reticle
      (not shown) on the rotor of the mirror drum scanner in conjunction with an
      optical pickoff and produces a signal at twice the TV horizontal frequency
      (31.5 khz), see FIG. 10.
PAR  As shown in the upper portion of FIG. 7, the GPO signal (31.5 khz) is
      divided by 2 within a divider 70 and a phase-locked loop 72 locks the
      phase of a 4.725 Mhz voltage controlled oscillator to the 15.750 khz
      output signal from divider 70. Phase-locked loop 72 comprises phase
      detector 74, loop filter 76, voltage control oscillator 78 and a divider
      80 arranged in a conventional phase-locked loop configuration.
PAR  Divider 70 is reset by master reset (MR) signal produced by a monostable
      multivibrator or one shot (O/S) 82 which is shown in the lower left-hand
      portion of FIG. 7. One shot 82 is controlled by the output signal from a
      divider 84 which counts the IR vertical sync pulses (IRVS) down by 2. The
      IRVS sync pulses are also applied to a one shot 83 to provide field reset
      signals (FR). The master reset pulse is generated off the leading edge of
      the IR interlace sync signal (see FIG. 8) and defines the upper left-hand
      corner of field 1. The field reset pulse (see FIG. 8) is generated at the
      beginning of each field.
PAR  As shown in the upper right-hand portion of FIG. 7, divider unit 86, TV
      line decoder 88, and recirculate generator 90 are operatively coupled to
      produce the recirculate clock signal C.sub.R. As depicted in FIG. 10, TV
      line decoder 88 gates the recirculating generator 90 during the center
      54.2 microsecond interval of the 15.750 khz F signals; and during the TV
      line decoder gate interval 2.3625 Mhz clock pulses are passed through the
      generator 90.
PAR  The 4.725 Mhz output pulses (C.sub.H) from VCO 78 are processed by divider
      units 92, 94, 96, by decoder unit 98 and by IR line decoder unit 100 to
      produce the analog-to-digital initiate (ADI) signal; the data shift (DS)
      signal; the load clock (C.sub.L) signal and the load (L) signal, see FIGS.
      9 and 13.
PAR  As mentioned previously, the ADI signal (see FIG. 13) initiates the
      conversion operation of analog-to-digital convertors 48; and the DS signal
      has a sampling interval equal to the IR sampling time and precedes the ADI
      signal by about 106 nonoseconds (one-half clock pulse). As shown in FIG.
      9, the L pulse defines the central 650.24 microsecond interval of the data
      loading period. The logic control signal A is provided by elements 102 and
      104 (FIG. 7) from the applied IRHS signal and element 104 is reset by the
      master reset signal from one shot 82. As shown in FIG. 9 the A control
      signal is true during every other IR horizontal scan period.
PAR  The clock pulses CP.sub.A and CP.sub.B for memory sections 50 and 52,
      respectively, are produced by shift register clock generator 106 in
      accordance with the logic equations shown on FIG. 7 below generator 106.
      It is noted that the memory sections 50 and 52 are internally clocked at
      twice the rate of the clocking pulses applied thereto, so that the loading
      (C.sub.L) and recirculation (C.sub.R) rates of the composite clock pulses
      are 196.875 khz and 2.3625 Mhz respectively, i.e. the rate of the applied
      composite clock pulses is one-half of the IR data loading rate and
      one-half of the TV format readout rate.
PAR  As shown in the center right-hand portion of FIG. 7, divider units 108 and
      110 respond to the signal F from divider 80 to produce the B (see FIG. 12)
      and the B signals which control the input multiplexers of memory sections
      50 and 52. Also unit 108 produces control signals M.sub.1, M.sub.2,
      M.sub.3 and M.sub.4 which control the operation of the output decoders of
      the memory sections. Dividers 108 and 110 are reset by the field reset
      signal produced by one shot 83.
PAR  Output control unit 60 is shown in greater detail in FIG. 14 as comprising
      an output selected switch 112, a 1.5 line delay 114, a switch 116 and a
      buffer register 118. The output signals from memory section 50 and 52 are
      selectively coupled through switch 112, in accordance with the format of
      FIG. 6, under the control of the signal B (see FIG. 11). Due to the fact
      that in the embodiment of FIG. 11, the change from field 1 to field 2
      occurs 1.5 TV lines before the end of the last recirculate interval in
      order to obtain coherent output data a 1.5 line delay is added to the data
      during field 2. As shown in FIG. 14 this delay arrangement consists of an
      8 by 364 bits shift register which is synchronized by the signal C.sub.R.
      The delayed signal at the output of unit 114 as well as the undelayed
      signal applied along path 120 are fed to switch 116 which is controlled by
      the IR interlace signal (see FIGS. 7 and 16). During the first field of
      each frame undelayed data from path 120 is coupled through 116 to output
      buffer register 118 and during the second field of each frame delayed data
      from unit 114 is presented to the buffer register.
PAR  Blanking and sync generators 64 of FIG. 4 is shown in greater detail in
      FIG. 15 to which reference is now directed in conjunction with FIGS. 16
      and 17 which depict the waveforms of the various signals produced by the
      units of FIG. 15. The GPO signal (see FIG. 10) is counted down by a factor
      of 2 within a divider 122 (FIG. 15) and the output signal therefrom is
      used to synchronize a horizontal blanking generator 123 and a horizontal
      sync generator 124. The GPO signal is also used to synchronize an
      equalizing pulse generator 125; and the GPO signal after being counted
      down by a factor of 525 within divider 126 is used to synchronize a
      vertical blanking generator 127. The output signal from the divider 126 is
      also used as the TV vertical sync signal. The blanking pulses from the
      horizontal blanking generator 123 and vertical blanking generator 127 are
      combined in an OR gate 128; and the output signal therefrom along with the
      horizontal sync pulses, the equalizing pulses and the TV vertical sync
      pulses are combined within composite sync generator 129 to form the
      composite sync signal at the output thereof. The composite sync signal is
      combined within adder 66 (FIG. 4) with the video signal from the
      digital-to-analog convertor 62 to form the composite video at the output
      of adder 66.
PAR  An embodiment of the subject invention which is adaptable to implementation
      by solid state analog, instead of digital, techniques is shown in block
      diagram form in FIG. 18. For this illustrative embodiment the applied
      video and the output scan converted (TV line format) data are the same as
      that processed by the embodiment of FIG. 1 and shown in FIG. 2. However,
      the embodiment of FIG. 18 utilizes the "charge transfer/storage" principle
      for video storage and conversion. Significant cost reductions can be
      realized with this embodiment inasmuch as analog-to-digital and
      digital-to-analog conversions are not required. Also, the circuitry
      required to store each video element is less when using the analog
      approach of FIG. 18 because the "charge transfer/storage" circuitry
      requires only two transistors and two capacitors per video elements, and
      these components may be implemented with either discrete or integrated
      circuits. By way of contrast, the digital approach could require 8 bits of
      storage, for example, for each video element. Compared to prior art analog
      conversion techniques such as light emitting diodes, vidicons, cathode ray
      tubes, or scan convertor tubes, for example, the embodiment of FIG. 18
      offers increased reliability, smaller size, lower weight and in many cases
      lower cost.
PAR  In the embodiment of FIG. 18, dual channel parallel applied data is
      selectably loaded into one set of charge transfer/storage registers
      through dual channel switches 132 or 134; while the other set of registers
      are read out through dual channel switches 136 or 138 and OR gate 140. The
      loading operation is controlled and synchronized by scanner sample rate
      generator 142; and the read out operation is controlled and synchronized
      by TV sample rate generator 144. Both generators 142 and 146 are
      controlled in response to signals provided by a control logic unit 146. A
      generator 148 provides horizontal and vertical sync pulses, as well as
      video blanking pulses, to a sync adder 150 wherein the output video
      applied through OR gate 140 is summed with the output signals from
      generator 148 to form the composite output video.
PAR  The timing of the loading and readout operation of the scan convertor of
      FIG. 18 is as shown in FIGS. 2 and 3 and as discussed hereinabove relative
      to the embodiment of FIG. 1. The implementation of the specific gating
      signals and sampling signals for the four switches and the charge
      transfer/storage registers will be obvious to those skilled in the art in
      view of the similar timing and gating functions discussed in detail
      hereinabove relative to the embodiment of FIG. 4.
PAR  In the operation of the scan convertor of FIG. 18, at the beginning of the
      field 1 the scanner (not shown) generates video lines A.sub.1 and B.sub.1
      ; and control logic unit 146 connects the scanner sample rate generator
      142 to switch A and to registers number 1 and 2. Video line A.sub.1 is
      sampled and fed into register number 1; and video line B.sub.1 is sampled
      and fed into register number 2, with these last two operations occurring
      in parallel. As each of the samples (one video element of a line of video)
      is stored in a register, previously stored video elements are shifted
      "down the line" one element.
PAR  The charge transfer/storage registers may be formed from a cascade of
      capacitors interconnected by switches operating at the frequency of either
      the scanner sample rate generator or the TV sample rate generator. It is
      noted that the scanner sample rate would correspond to the rate of the
      load clock pulses C.sub.L of the embodiment of FIG. 4, while the TV sample
      rate signals would correspond to the rate of the recirculate clock pulses
      C.sub.R. In charge transfer/storage registers, since a new video element
      cannot be stored in a capacitor before the video element present therein
      is completely removed, only half the number of capacitors actually store
      video signals at any one time. For example, if it is assumed that video
      elements are stored in even numbered capacitors and the odd numbered
      capacitors are empty then the video data elements would be transferred to
      the adjacent odd numbered capacitor; with the odd and even numbered
      capacitors switches (not shown) being driven with half a sampling period
      phase difference. A detailed explanation of the principles and structure
      of charge transfer/storage devices may be found in the article
      "Charge-coupled Semiconductor Devices," by W. S. Boyle and G. E. Smith,
      published in the Bell System Technical Journal of April 1970 at pp. 587
      through 593; and the article entitled "Bucket-brigade Electronics-New
      Possibilities for Delay, Time Axis Conversion, and Scanning," by F. L. J.
      Sangster and K. Teer, published in the IEEE Journal of Solid State
      Circuits of June 1969, volume SC4 at pp. 131 through 136.
PAR  Continuing with the explanation of the operation of the scan convertor of
      FIG. 18, at the beginning of the horizontal scan lines A.sub.3 and B.sub.3
      (see FIGS. 2 and 3) the control logic unit 146 connects the scanner sample
      rate generator 142 to switch 134 and to registers number 3 and 4. Also
      during this time period TV sample rate generator 144 is connected to
      switch 136 and to registers number 1 and 2. Hence, video line A.sub.3 is
      sampled and fed into register number 3 and video line B.sub.3 is sampled
      and fed into register number 4 while the video that was previously stored
      in registers number 1 and 2 is read out. The readout of video in the
      embodiment of FIG. 18 is in a single channel, serial manner with each of
      the registers being read out twice at the TV sample generator rate
      frequency. It is noted that the second readout capability is achieved by
      feeding the output signal back to the input during the first readout
      period; and in the embodiment of FIG. 18 this capability is internal to
      the registers and is not shown explicitly in the figure. After the second
      readout of register number 1, register number 2 is read out twice at the
      TV sample generator frequency. During the second horizontal scan line
      period, therefore, the two parallel channels of video A.sub.3 and B.sub.3
      are stored in registers number 3 and 4 while scan line A.sub.1 is
      converted into two output TV lines and scan line B.sub.1 is converted into
      two output TV lines. This just described process continues for all the
      video lines in each seeker field such that the two parallel channels of
      scanner video are transformed into a single channel of composite video
      with a four times higher horizontal line rate.
PAR  FIG. 19 illustrates yet another embodiment of the subject invention in
      which the length of data storage per register and the method of
      commutating signals into and out of the storage registers is different
      than the previously described embodiments. For example, in the embodiment
      of FIG. 1 each storage register of memory 26 has the capacity for a full
      line of storage, whereas in the embodiment of FIG. 19 each storage
      register of memory unit 26' has the capacity of only one-half line of
      storage and six such half line storage registers are utilized.
PAR  In the embodiment of FIG. 19, the data applied to the scan convertor and
      the output data therefrom are the same as depicted in FIG. 2 and discussed
      hereinabove relative to the embodiment of FIG. 1. Also the operation of
      the elements shown in FIG. 19 are the same or similar to the corresponding
      elements discussed hereinabove relative to FIG. 1, except for the
      modifications required due to the changes in storage and readout timing
      noted hereinafter and illustrated in the timing diagram shown in FIG. 20.
      The terminology adapted with respect to FIG. 20 is as follows: A denotes
      the video produced by the detector array A; B denotes the video provided
      by detector B; A.sub.1 denotes the first half of the video line from
      detector A during horizontal scan number 1; A.sub.1 denotes the second
      half of the video from detector A during scan number 1; B.sub.1 denotes
      the first half of the video line from detector B during horizontal scan
      number 1; and B.sub.1 denotes the second half of video from detector B
      during the scan number 1.
PAR  As shown in FIG. 19, the storage of memory section 26' is implemented by
      means of 6 identical storage registers with each register having the
      capability of storing one-half a line of input video. During the first
      half of horizontal scan number 1, the video from the two scan lines
      A.sub.1 and B.sub.1 (one-half lines) are stored in registers 1 and 2; and
      during the second half of that scan period the video from the scan lines
      A.sub.1 and B.sub.1 are stored in registers number 3 and 4. During the
      first half of horizontal scan period number 2, the video from the two scan
      lines A.sub.2 and B.sub.2 are stored in registers 5 and 6. During the
      first half of the seeker scan period number 2 scan line A.sub.1 is read
      out of register number 1 followed by scan line A.sub.1 being read out of
      register number 3; and then scan line video A.sub.1 is read out of
      register number 1 a second time and scan line A.sub.1 is read out of
      register number 3 a second time. During the second half of horizontal scan
      period number 2, the video from the two scan lines A.sub.2 and B.sub.2 is
      stored in registers number 1 and number 3, respectively, while at the same
      time scan line B.sub.1 is read out of register number 2 followed by the
      read out of scan line B.sub.1 from register number 4 and then the scan
      line B.sub.1 is read out of register number 2 a second time followed by
      line B.sub.1 being read out of register number 4 a second time. The above
      described sequence continues for subsequent horizontal scanning periods
      such that video is always being written into two of the storage registers
      while scan converted video in the TV format is read out of two different
      storage registers.
PAR  The embodiment of FIG. 19 has the advantage of only requiring three full
      lines of video storage (6 registers of one-half line storage capacity
      each). Also, it is noted that the embodiment of FIG. 19 is directly
      adaptable to implementation by the analog "charge transfer/storage"
      register configuration discussed hereinabove relative to the embodiment of
      FIG. 18. The fractional line of storage implementation is particularly
      advantageous for applications which utilize large scale integration type
      charge transfer/storage registers inasmuch as the production yield of such
      devices is substantially increased as the storage requirement per register
      is decreased. Also by reducing the number of times a given sample of data
      must be transferred (shorter register lengths) the fractional line storage
      feature allows the use of charge transfer/storage devices having a lower
      "transfer efficiency" and/or improves the processing signal-to-noise
      ratio.
PAR  It is noted that the reduction in the total amount of storage resulting
      from the embodiment of FIG. 19 is counterbalanced to a certain extent by
      the increase in the complexity of the circuits required to implement the
      input 27 and output commutation of the data from memory unit 26'. However,
      the above noted advantages of circuit yield and processing efficiency
      provided by fractional line storage may be realized with only a slight
      increase in complexity of the commutation circuitry if the reduction in
      the total storage requirement provided by the embodiment of FIG. 19 is
      sacrificed. For example, in the embodiment of FIG. 18 each of the
      registers could be implemented by two (or more) fractional line registers
      with standard multiplexing techniques being employed so that the fraction
      line registers function identically to a single full line register. In
      such an implementation the first part of a line of scanner data would be
      serially loaded into the first fractional line register and then the
      second portion of the line of data into the second fractional line
      register. During readout the two fractional line registers would be
      sequentially scanned.
PAR  Although numerous embodiments of the subject invention have been described
      hereinabove, it is understood that many variations thereto may be made
      within the scope of the subject invention. For example, in applications
      having substantial "dead time" between horizontal scan periods the data
      commutation arrangement may be modified such that half (or a preselected
      percentage of) the storage registers function to receive scanner data and
      the other registers are utilized to readout the data; with data transfer
      between the receive and readout registers accomplished during the
      horizontal scan dead time. In the system of FIG. 1, channel A and B data
      would be loaded into registers 1 and 3, respectively, during the scan time
      and would be transferred to registers 2 and 4, respectively, (either in
      parallel or serially), during the horizontal dead time. During the next
      horizontal scan time registers 1 and 3 would be loaded with new data while
      the data from the previous scan period is read out of registers 2 and 4 in
      accordance with the display format of FIG. 2.
PAR  Another example of variations in the data commutation approach could
      comprise a combination of the various techniques discussed hereinabove.
      One such implementation relative to the embodiment of FIG. 1 could include
      storing channel A and B scanner data in registers 1 and 2, respectively,
      during the active horizontal scan time. During the horizontal dead time
      the data from register 1 is read out the preselected number of times and
      the data from register 2 is transferred to register 3. During the
      following horizontal scan time the next line of channel A and B data is
      stored in register 1 and 2, respectively, while register 3 is read out the
      preselected number of times. In this just described implementation the
      fourth register shown in FIG. 1 is not required inasmuch as the low scan
      efficiency (lengthy dead time period) allows sufficient storage with
      registers 1 through 3.
PAR  Another variation of the invention would be to implement the memory readout
      control logic unit such that parallel channel output data is provided.
      Parallel channel output data could be desirable for applications such as
      multiple elctron gun cathode ray tubes or parallel channel liquid crystal
      display units, for example. Such a parallel output channel configuration
      for the system of FIG. 1 would have registers 1 and 2 read out in parallel
      on alternate processing periods and registers 3 and 4 readout in parallel
      on the other processing periods.
PAR  Hence, the subject invention may be implemented for transforming applied
      data into output data having a preselected time base and number of output
      channels. The memory sections may be implemented such that registers are
      loaded with data during one processing period and read out during the
      following processing period; or with one set of registers functioning to
      receive data and a second set of registers being used for data readout,
      with series or parallel transfer of data between the receive and readout
      registers; or with a combination of the just listed register
      configurations.
PAR  Other variations of the subject invention could include changes to any of
      the following parameters or features: field and frame rates input video
      and the scan converted output video; the number of input channels; the
      number of output channels; the number of storage registers; the length of
      storage per sub-register (fractional to full line or greater); commutating
      the input data into the storage registers; input versus output speed of
      the storage registers; the type of storage (e.g. analog, digital,
      magnetic); the type of input data, e.g. TV (black and white, or color); IR
      or radar; the number of output lines identical to the number of input
      lines; the rate of the output data the same as the rate of the input data;
      or combinations of the above.
CLMS
STM  Thus having described a new and improved method and apparatus for
      transforming the format of applied data, what is claimed is:
NUM  1.
PAR  1. The method of transforming first data groups each comprising
      sequentially applied set of lines of parallel channel data having a first
      time base, into second data groups each of which contains the same
      information content as the corresponding first data group and is comprised
      of lines of single channel data having a second time base which is
      different from said first time base, said method comprising the steps of:
PA1  storing alternate sets of lines of parallel channel data of the first data
      group in alternate ones of a pair of memory sections such that different
      ones of said pair of memory sections are loaded with data during alternate
      processing periods; and
PA1  sequentially reading out a preselected plurality of times and at said
      second time base each of the lines of data of the set stored during the
      last preceding processing period;
PA1  whereby the data read from said memory sections forms said second data
      group.
NUM  2.
PAR  2. The method of transforming first data groups each comprising
      sequentially produced sets of lines of parallel channel data having a
      first time base, into second data groups each comprising lines of single
      channel data having a second time base, said method comprising the steps
      of:
PA1  storing the first set of lines of parallel channel data of a first data
      group in a first memory section;
PA1  storing the second set of lines of parallel channel data of said first data
      group in a second memory section, while reading out a preselected number
      of times and at said second time base each of the lines of data of said
      first set from said first memory section;
PA1  storing the third set of lines of parallel channel data of said first data
      group in said first memory section in place of said first set, while
      reading out said preselected number of times and at said second time base
      each of the lines of data of said second set from said second memory
      section;
PA1  storing the fourth applied set of lines of parallel channel data of said
      first data group in said second memory section in place of said second
      set, while reading out said preselected number of times and at said second
      time base each of the lines of data of said third set from said first
      memory section;
PA1  repeating the storage and readout procedure of the last two above listed
      steps for the remaining data of the first data groups such that every
      other set of lines of parallel channel data is processed by opposite ones
      of said memory sections;
PA1  whereby the data readout of said first and second memory sections forms
      said second data groups.
NUM  3.
PAR  3. The method of claim 2 wherein said preselected number of readout times
      is a preselected integer number of times which is greater than one,
      whereby the number of lines in each of said second data groups exceeds the
      number of lines in the corresponding first data group.
NUM  4.
PAR  4. The method of transforming first data groups each comprising
      sequentially produced sets of lines of parallel channel data having a
      first time base, into second data groups each comprising lines of single
      channel data having a second time base, said method comprising the steps
      of:
PA1  storing a first portion of each line of one set of said first data group in
      preselected ones of a group of data storage devices;
PA1  storing the remaining portion of each line of said set of parallel channel
      data of the first data group into other preselected ones of said group of
      data storage devices;
PA1  reading out the data from said storage devices such that the first portion
      and the remaining portion of each stored data line are contiguously read
      out a preselected number of times at said second data rate; and
PA1  repeating the above storing and readout steps for subsequent sets of
      parallel channel data such that new data is stored in said data storage
      devices following the readout of data therefrom and subsequent sets of
      parallel channel data are stored in some of said data storage devices
      while previously stored data is readout of other storage devices;
PA1  whereby the data read from said data storage devices forms said second data
      group.
NUM  5.
PAR  5. A system of transforming first data groups each comprising sequentially
      applied set of lines of parallel channel imaging type data into second
      data groups each of which contain the same information content as the
      corresponding first data group and is comprised of lines of single channel
      display type data, said system comprising:
PA1  a plurality of data storage devices;
PA1  means for storing the applied parallel channel data a set at a time in
      preselected ones of said plurality of data storage devices; and
PA1  means for sequentially reading out each of the lines of data of the set
      stored during the last preceding period a preselected number of times;
PA1  whereby the data read from said data storage devices forms said second data
      groups.
NUM  6.
PAR  6. The system of claim 5 wherein said data storage devices comprise digital
      shift register with each of said shift registers having the capacity for
      storing one line of said parallel channel data; said means for storing
      includes means for loading each data line of each set into a separate
      shift register; and said means for reading out includes means for
      sequentially reading out said shift registers said preselected number of
      times.
NUM  7.
PAR  7. The system of claim 5 wherein said data storage devices comprise charge
      transfer/storage registers.
NUM  8.
PAR  8. The system of claim 5 wherein said data storage devices comprise charge
      transfer/storage registers; and said means for storing includes means for
      loading each data line of a given set of said parallel channel data in a
      separate one of said charge transfer/storage registers at a first time
      base; and said means for reading includes means for reading out said
      charge transfer/storage registers at a second time base rate.
NUM  9.
PAR  9. A system of transforming first data groups each comprising sequentially
      applied sets of lines of parallel channel data having a first time base
      into second data groups each comprising lines of single channel data
      having a second time base, said system comprising:
PA1  a pair of memory sections;
PA1  means for storing alternate sets of lines of parallel channel data of the
      first data group in alternate ones of said memory sections such that
      alternate ones of said memory sections are loaded with data during
      alternate processing time periods; and
PA1  means for sequentially reading out a preselected number of times at the
      second time base rate each of the lines of data of the set stored in the
      memory section not loaded with data during the current processing time
      period;
PA1  whereby the data read out from said first and second memory section forms
      said second data group.
NUM  10.
PAR  10. The system of claim 9 wherein said memory sections each comprise a
      plurality of digital shift registers with each of said shift registers
      having the capacity for storing one line of said parallel channel data;
      said means for storing including means for loading at said first time base
      rate a different line of said parallel channel data into each of said
      shift registers of one memory section; and said means for reading includes
      means for sequentially reading out each of the shift registers of the
      other memory section said preselected number of times at the second time
      base.
NUM  11.
PAR  11. The system of claim 9 wherein said memory sections each comprise a
      plurality of charge transfer/storage registers; and said means for storing
      includes means for loading at said first time base rate a different line
      of said parallel channel data into each of said shift registers of one
      memory section; and said means for reading includes means for reading out
      the shift registers of the other memory section said preselected number of
      times at the second time base.
NUM  12.
PAR  12. The method of transforming first data groups each comprising
      sequentially applied sets of lines of parallel channel data into second
      data groups having a different data format, said method comprising the
      steps of:
PA1  storing the applied parallel channel data a set at a time in preselected
      ones of a plurality of memory devices such that some of the lines from
      alternate sets are stored in alternate ones of first and second memory
      sections and the remaining lines of each set are stored in a third memory
      section; and
PA1  reading out each of the lines of the stored data in accordance with said
      different data format such that said third memory section is read out
      during the time between the application of sets of data of said first data
      group, and said first and second memory sections are read out such that
      the data of the set stored during the preceding processing period is read
      out during the current processing period;
PA1  whereby the data read from said memory devices forms said second data
      groups.
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ABST
PAL  A system and a method are provided for storing high frequency signals, for
      example microwave signals, for later reproduction with any desired degree
      of fidelity. The system and method involve determining a measure of the
      phase difference between an incoming high frequency signal and a
      converting signal. The measure of the phase difference consists of a
      plurality of signals which may change rapidly. The phase difference
      signals are converted to digital frequencies and may be stored or
      transmitted in that form. Later, the digital signals may be converted to
      analog signals (if necessary) and used to control the phase of a signal
      having the frequency of the converting signal. This process reconstructs
      the incoming high frequency signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the storage and reproduction of high frequency
      signals and more specifically to systems and methods for the storage and
      accurate reproduction of pulses of microwave energy.
PAR  2. Description of the Prior Art
PAR  In the past, storage of signals at radio frequencies, and specifically
      storage of pulses of microwave energy, has been short-term storage, at
      best, and has been accomplished by means of various delay lines,
      distributed electrical parameter delay lines and recirculating delay
      lines. Further, this invention allows storage, not only of the average
      frequency of the microwave pulse, but also storage of the instantaneous
      frequency. Thus, microwave pulses having phase, frequency or amplitude
      moldulation may be stored and then recovered at a later time. Storage for
      long, indefinite periods was not possible prior to this invention, insofar
      as is known, In various situations where signal analysis is desired, for
      example in laboratory experimentation and in electronic countermeasures
      systems, it is desirable to be able to store signals for long periods of
      time and to then be able to reproduce the original signals with accuracy
      and fidelity as to amplitude, frequency and phase. Magnetic recording
      systems are limited in their frequency capabilities to 5 to 7 MHz. Today,
      radiated signals in the GHz frequency range and having complex modulations
      are of interest but equipment for long-term storage and reproduction of
      such microwave signals has not been available.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to overcome the various difficulties and
      deficiencies which have been described hereinbefore with respect to the
      processing of microwave signals.
PAR  It is a more specific object of this invention to provide a system and a
      method for storing high frequency signals in such a fashion that they can
      be reproduced later with accuracy and fidelity.
PAR  It is an additional object of this invention to provide apparatus and
      methods for storing microwave signals digitally for later restoration to
      their original analog form.
PAR  According to one embodiment of the present invention the foregoing objects
      are met when the phase difference is determined by multiplying incoming
      high frequency signals by a predetermined but arbitrary number of
      converting signals having among them a common frequency but having
      differing phases. The result of the multiplication process is two sets of
      frequencies for each multiplying signal, one set representing the sum
      frequencies and the other set representing the difference frequencies. The
      sum frequencies are eliminated by cut-off filters or by inherent,
      band-limiting characteristics of the equipment in which the multiplication
      process is performed. The phase difference signals are then quantized
      using digital techniques. The number of digital bits required to represent
      each phase difference signal depends upon the number of parameters of the
      original signal which it is desired be reproduced later. For example, if
      only the frequency of the incoming signal needs to be reproduced and the
      amplitude of that incoming signal need not be produced, only two
      converting signal phases and only one bit representing the polarity of
      each of the two resulting phase difference signals are required and the
      magnitude of the incoming signal is ignored.
PAR  Prior to actual storage, the digital signals are quantized in time. This is
      accomplished by sampling the digital signals periodically at the clock
      rate of the digital storage or transmission system, a technique which is
      well known. The clock signals applied to the two sampling and storage or
      transmission systems may be in any phase. The best results are obtained
      when the clock signals have phase relationships corresponding respectively
      to the phases of the converting signals. Digital storage may be
      accomplished by any one of several well-known techniques, such as by using
      two shift registers. Where shift registers are used, it is often desirable
      to reintroduce the shift register output back into the input of the shift
      register so that the shifted data is not destroyed. This provides
      nondestructive readout of the stored signal. The process of reconstructing
      the original involves multiplying the stored digital signals, after
      digital-to-analog conversion (if necessary), by signals having,
      preferably, the frequency and phase of the original multiplying signals.
      The resulting product signals are summed and result in the reconstruction
      of the original signal.
PAR  Simply stated, the method according to this invention and the apparatus
      involved herein convert an incoming signal down in frequency by measuring
      its phase relative to that of a converting signal. The down-converted
      signal is then digitized and stored and the stored signal is later "up
      converted", after any required digital-to-analog conversion, by utilizing
      the stored signal to control the phase of the converting signals having
      the same frequencies and phase relationships as were involved in the "down
      conversion" process. Down conversion operations may be cascaded, if
      desired. At each such down conversion the required digital system
      bandwidth is reduced by one-half. At the same time the number of digital
      channels required to store the information is doubled. Very convenient,
      long-term storage of RF signals can be achieved by following the teachings
      of the invention. Although the invention is generally described herein in
      terms of storage of microwave signals by way of example, it will be
      understood that the concept of the invention is applicable to any
      frequency signal.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention may be had from a consideration of
      the following detailed description, taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a generalized system in accordance with the
      invention for the conversion, storage and reconstruction of a high
      frequency signal;
PAR  FIG. 1A is a block diagram of a further system in accordance with the
      invention which provides for simplified amplitude storage;
PAR  FIG. 2 is a block diagram of a more specific system in accordance with the
      invention, utilizing a signal having one frequency but two phases for down
      conversion of a high frequency signal;
PAR  FIGS. 3A and 3B are diagrams showing the frequency relationship of the high
      frequency signal and the converting signal in embodiments of the present
      invention and the frequency shift resulting from conversion of the high
      frequency signal therein;
PAR  FIG. 4 is a block diagram showing the frequency products of down conversion
      and up conversion, according to the present invention;
PAR  FIG. 5 is a block diagram showing a double conversion system in accordance
      with the invention and indicating the frequency products involved;
PAR  FIGS. 6A, 6B and 6C are diagrams showing frequency relationships resulting
      from the system of FIG. 5;
PAR  FIGS. 7A and 7B are digital waveforms as stored in an embodiment of the
      invention;
PAR  FIGS. 8A-8D are diagrams illustrating phase modulation effects derived from
      the waveforms of FIGS. 7A and 7B; and
PAR  FIG. 9 is a graph illustrating plots of phase versus time for the waveforms
      of FIGS. 7A-8D.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the system 10 of FIG. 1, a converter 12 receives the signal R to be
      stored which may include a band of frequencies. In addition converter 12
      receives a plurality of conversion signals having a frequency L with
      different phases from (1) to (N) from the output terminals of multi-phase,
      single-frequency signal generator 16. If the received signal R includes a
      band of frequencies the frequency of the output signal from generator 16
      is generally set at the center of that band of frequencies. The preferred
      sets of multiplier signals from generator 16 are those whose phases are
      spaced by 180.degree./N where N is the number of phases, although this is
      not an essential requirement. Thus in the preferred system, where two
      phases are employed, they are separated by 90.degree.; where three phases
      are employed, they are separated by 60.degree., etc. Converter 12 performs
      the phase difference measurement by a multiplying process between the
      received signal and the conversion signals L(1) through L(N) with the
      result that there is a set of 2N frequencies, one half composed of the sum
      frequencies and the other half composed of the difference frequencies.
      According to this invention and at this stage in the process the sum
      frequencies are eliminated by well-known techniques such as frequency
      domain filters. When this system is operating at microwave frequencies the
      filtering action is often inherent in the structure of the equipment
      itself. The resulting phase difference signals are designated I(1) through
      I(N) in FIG. 1. These difference terms are then quantized as to amplitude
      by means of an analog-to-digital (A/D) converter 18. Such converters are
      well-known and may use techniques such as successive approximation and
      integration. The purpose of such quantizing is to convert the
      instantaneous amplitude levels of the difference terms into a digital
      representation which may be easily stored. In its simplest form the
      analog-to-digital converter 18 recognizes only the polarity of the
      incoming difference signals and ignores their magnitudes. As a result,
      upon reconstruction only the frequencies of incoming signal R are
      reproduced and the amplitude of the reconstructed signal is fixed. As more
      and more information is extracted from the difference signals by the
      converter 18, the incoming signal R is recorded with greater fidelity and
      consequently it can be reconstructed more precisely.
PAR  Prior to actual storage the digital signals must be quantized in time. This
      is accomplished in time quantizer 20. It should be noted that time
      quantizing is inherent in some methods of analog-to-digital conversion,
      but it is not inherent in the polarity sensing method utilized herein.
      Time quantizing is required only for convenience in operation of the
      digital storage or digital transmission portion of the system according to
      this invention. Time quantizing does simplify the digital storage which is
      a significant part of this invention. To time quantize the digital signals
      from converter 18, they are sampled periodically at the clock rate of the
      digital storage or transmission portion of this system, utilizing an
      N-phase clock generator 19. Each of the phase difference signals I(1) to
      I(N) is sampled in synchronism with the corresponding phases from (1) to
      (N) of multiphase clock frequency generator 19 producing digital signals
      (1) to (N).
PAR  The time quantized digital signals from quantizer 20 may be stored in the
      quantized time sequence in digital storage device 22, if desired, or the
      digital signals may be transmitted to a remote point for storage or
      reconstruction of the original signal R with or without time quantizing.
      Digital storage may be effected by any one of many well-known techniques,
      such as a sequential access memory or use of a shift register. Similarly a
      random access memory may be used if the added complexity is considered
      warranted.
PAR  To reconstruct the original signal R, the signals from digital storage 22
      are coupled to a digital-to-analog converter 24 which performs the
      opposite function of the analog-to-digital converter 18. Also a
      reconverter 26 provides phase control of the conversion signal. In this
      implementation the multiple signals from converter 24 are fed to an
      N-phase multiplier in reconverter 26 into which N signals of phases
      corresponding to those derived from generator 16 and at the frequency L
      are fed from generator 28. The resulting signals are summed in adder 30 to
      produce the signal R' which is a reproduction or reconstruction of the
      original received signal R. It should be noted that the signals from
      converter 24 may be summed first and then multiplied with substantially
      the same results. This invention is not restricted to first multiplying
      and then adding during the reconstruction process.
PAR  It should also be noted that the multiplying signals used in the
      reconstruction process need not be of the same frequency as those
      multiplying signals used in the conversion process, although the relative
      phase relationships should be retained. When different frequencies are
      used, the reconstructed signal will be translated by the difference
      between the conversion frequency used in converter 12 and the conversion
      frequency used in reconverter 26 but the modulation of the original
      received signal R will be retained. When the multiplication is being
      performed during the reconstruction process, the same phase sequence
      should be used as was used during the conversion process; that is, if in
      converter 12 multiplying signal L(1) generated signal I(1) and multiplying
      signal L(2) generated signal I(2), and so on, in increasing sequence to N,
      then, on reconstruction, linear increasing phase sequences should also be
      used. While such one-to-one matching is desirable it is not critical. That
      is, if in multiplier 26 the signal corresponding to I(1) is multiplied by
      a signal from generator 28 which is not the same as the phase at converter
      12 but is at a more advanced phase, the frequency will be correctly
      reconstructed but with an additional phase shift. However, if the
      multiplier signal at multiplier 26 is of a retarded phase so that an
      increasing sequence of signals from converter 24 is multiplied by a
      decreasing sequence of in phase multiplier signals from generator 28, the
      summation results in the difference of the signals from converter 24 and
      the multiplier frequencies, rather than the sum which is desired. This
      phenomenon of generating a so-called "image" frequency has some practical
      applications in communications systems.
PAR  In the simplest form where the system described does not keep track of
      amplitude information, an additional channel may be included to provide
      for amplitude quantization of the input signal so that the same amplitude
      relationship can be included in the reconstructed signal. FIG. 1A
      illustrates a simplified system 100 which includes provision for
      preservation and reconstruction of amplitude information as well as
      frequency information of the input signal.
PAR  In the system depicted in FIG. 1A, the frequency processing section
      comprising a "down conversion" stage 102, a memory 104, and an "up
      conversion" stage 106 represent in general form the processing stages of
      the system in FIG. 1. In parallel with the frequency processing channel is
      an "amplitude-only" channel which includes a series of stages for
      quantizing the amplitude of the input signal R. These comprise an RF
      detector 110, an analog-to-digital converter 112, a memory 114, and a
      digital-to-analog converter 116. In the system 100 of FIG. 1A, a sample of
      the signal R is applied to the RF detector 110, the output of which is
      quantized by the analog-to-digital converter 112 and stored in the memory
      114. When reconstruction of the signal is desired, the conversion to
      analog form is performed in the digital-to-analog converter 116 and the
      result is applied to modulate the amplitude of the up-converted signal
      from the stage 106 in an amplitude modulator 120. The result is the signal
      R' which constitutes a replication of the original input signal R, both as
      to amplitude and frequency, with the amplitude information having been
      processed in a much simpler fashion than when it is combined with the
      frequency information.
PAR  In this arrangement as shown in FIG. 1A, the analog-to-digital conversion
      in the stage 112 can be much slower than that employed in the frequency
      storing process, since amplitude variations of the input signal R are slow
      compared to the RF or even to the down-converted signal out of the stage
      102. Thus, stages of less complexity and cost can be employed as the
      converters 112 and 116 than may be necessary in the frequency processing
      channel comprising the conversion stages 102 and 106.
PAR  In FIG. 2, input signal R which may be designated E.sub.0 Sin (2.pi.f.sub.r
      t + .phi..sub.r) is fed to converter or mixer 32 and to converter or mixer
      34 in separate channels. As shown in FIG. 3A, input signal R may have a
      band of frequencies centered about a frequency L. Oscillator 36 may have a
      portion of its output signal phase shifted by 90.degree. so that phase
      generator 38 provides at its output terminals 40 and 42 signals L(1) and
      L(2) which have a 90.degree. phase difference between them. These signals
      are supplied to converters or mixers 32 and 34, respectively. Difference
      signals I(1) and I(2) are derived from converters 32 and 34. FIG. 3B shows
      the theoretical position of the I signals after conversion of the R
      signals in mixers 32 and 34 with the band of frequencies in the incoming
      signal R now centered about zero frequency rather than about frequency L.
      The diagram would tend to indicate that there are negative frequencies but
      as is well-known from communications theory "fold over" occurs as far as
      the negative half of the spectrum is concerned and in ordinary systems
      this "fold over"  would lead to hopeless confusion of the positive and
      negative frequencies. The difficulty is avoided in systems of this
      invention by the use of the multiphased L band signals. The relative
      phases of the I band signals contain the information by which the proper
      signal can be reconstructed.
PAR  In the signal level analog-to-digital conversion section of FIG. 2, voltage
      comparators 44 and 46 are utilized. Circuits for such voltage comparators
      are well-known in the art and need not be described here. Signals from
      voltage comparator 44 and clock 48 through phase generator 49 terminal 51
      are fed to quantizer 52. Phase generator 49 provides clock signals at
      terminals 51 and 53. Quantizers 50 and 52 may be simple flipflops, the
      circuits for which are well-known to one skilled in the art. The output
      signals from quantizers 50 and 52 are fed as data to shift registers 54
      and 56, respectively, as are also control signals from clock 48 through
      phase generator 49. Thus the difference signals I(1) and I(2) are
      converted from analog to digital form and stored. This storage may be
      maintained for any length of time. Other long-term or permanent memory
      storage mechanisms may be used if desired.
PAR  When desired, the original signal R can be reconstructed or reproduced by
      employing the digitized forms of phase difference signals I(1) and I(2)
      taken from terminals 58 and 60 of shift registers 54 and 56 to control the
      phase of a signal from generator 36. It is often desirable to reconstruct
      the high frequency signal without destroying the digital signals stored in
      the shift register, thus allowing the recorded signal to be reproduced as
      often as desired. This non-destructive read-out function is inherent in
      some forms of memory. When a shift register is used it can be accomplished
      by re-entering the data output of the shift register back to the data
      input as indicated by the loops 55 and 57 of shift registers 54 and 56.
PAR  In the simplified configuration of the embodiment of FIG. 2, the
      digital-to-analog (D/A) converter designated as number 24 in FIG. 1 is not
      expressly required since it is desired only that the frequency of the
      original signal and not its amplitude be reproduced. Oscillator 36 may be
      used as the source of the conversion signal, part of which is
      phase-shifted by 90.degree. in generator 66, as was done in generators 38
      and 49, to produce two signals L'(1) and L'(2) at the output terminals 62
      and 63 of reconstruction generator 66. Converter or mixer 68 "up converts"
      signal I(1) and converter or mixer 70 "up converts" signal I(2). The
      resulting signals from converters 68 and 70 are bi-phase modulations
      (0.degree., or 180.degree.) of the quadrature signals L'(1) and L'(2) from
      generator 66 which are summed by an adder 72, shown as a simple resistive
      network, to reproduce the reconstructed original signal R'. The "up
      conversion" process is thus one of phase modulation and can as well be
      accomplished by any phase modulation mechanism, as for example a microwave
      diode phase shifter. This system and method have been tested and have
      performed very satisfactorily, indicating that the concept may be extended
      to more complex circuits where multiple "down conversion" may be utilized
      to narrow the bandwidth of the information which is to be stored
      digitally.
PAR  FIG. 4 together with the following Tables I and II presents an analysis of
      the frequencies produced during single conversion and reconstruction of
      signal R. In order to simplify the presentation, a notation is used in
      which only the argument of the sine term is used with the function being
      assumed. In order that the functions should not be confused, the following
      identity is employed in the analysis. It requires only sine terms and no
      cosine terms:
EQU  2 Sin(A) Sin(B) = [Sin(A+B-90.degree.) + Sin(A-B+90.degree.)]
PAR  the notation has been simplified even further by presenting only the phase
      represented by functions as follows:
EQU  (A) (B) = (A + B - 90) + (A - B+ 90),
PAL  the trigonometric symbol being understood. Thus, in FIG. 4, the conversion,
      modulation or multiplication product of input signal R and the first
      conversion signal L(1) is shown to be two signals (R + L - 90) and (R - L
      + 90). The results that follow include both the sum and the difference
      terms. It should be observed that the results are unchanged if the sum
      terms, those including R + L, are removed as they would be by use of a
      frequency domain filter. This multiplication process occurs in converter
      32. In converter 34 the product multiplication is shown to be (R + L) and
      (R - L) as indicated. This information is digitized and stored in the
      processor 35 and may be called out of storage for reconstruction, as
      signal R', of the original signal R as desired. The modulation or
      multiplication products in converter 68 are shown to have phases of R + 2L
      - 180, R, R, and R - 2L + 180, and the output from converter 70 during the
      reconstruction process is shown to be R + 2L, R, R, and R - 2L, as
      indicated in the following tables:
TBL                Table I                                                     
     ______________________________________                                    
     (R + L - 90 + L - 90) +                                                   
      (R + L - 90 - L + 90)                                                    
                        = (R + 2L - 180) + R                                   
     (R - L + 90 + L - 90) +                                                   
      (R - L + 90 - L + 90)                                                    
                        = (R - 2L + 180) + R                                   
     ______________________________________                                    
TBL                Table II                                                    
     ______________________________________                                    
     (R + L + L) + (R + L - L)                                                 
                        = (R + 2L) + R                                         
     (R - L - L) + (R - L + L)                                                 
                        = (R - 2L) + R                                         
     ______________________________________                                    
PAR  When the signals of Table I are summed with those of Table II, as in the
      adder network 72, the converting signal L drops out of the equation as
      does the phase angle and the result has only one component, R (represented
      as reconstructed signal R'). Thus the original signal has been
      reconstructed as far as phase (and therefore frequency) is concerned;
      however, with this simplified circuit exact amplitude has not been
      preserved. It is possible to obtain full fidelity of the reproduced signal
      by increasing the complexity of the analog-to-digital and
      digital-to-analog converters to the extent desired.
PAR  In use, the invention as described can store and reproduce frequencies
      within a band about the multiplier frequency L. The band of operation of
      the system is limited by the frequency capability of the digital storage
      system. When the band of the input frequencies (R) is multiplied by the
      fixed frequency (L), the band of difference frequencies (I) is generated.
      In order to make the I-band small enough to allow digital storage of the
      signals, L is normally placed in the center of the desired band of input
      frequencies R. As already explained, the usual confusion encountered in
      ordinary systems from the "fold over" of the frequency band including both
      positive and negative difference frequencies is avoided in systems in
      accordance with the invention by the use of the multiphase signals. The
      relative phase of the I signals contains the information by which the
      proper signal can be reconstructed.
PAR  In this way, the system need only provide a digital bandwidth of R/2 to
      store or transmit signals having a bandwidth of R, but at least two
      digital storage channels are needed, one for each phase of I, as indicated
      in FIG. 4. The addition of more than two phases in I, as in FIG. 1 where N
      is greater than 3, does not reduce the bandwidth requirements of the
      digital storage system. However, use of multiple phases makes possible the
      cancellation of certain harmonics which would otherwise cause spurious
      responses.
PAR  Moreover, it is possible to repeat the down-conversion process to reduce
      the digital bandwidth requirements still further. A double conversion
      system is shown in FIG. 5 in which the digital bandwidth requirements are
      reduced to R/4. In this system, the original signal R is converted into
      the I signals as in FIG. 4 by multiplication in mixers 32 and 34 by
      N-phase L-frequency signals (N = 2 in this example). However, instead of
      converting these I signals to digital form, they are filtered and then
      multiplied a second time in multipliers 82, 84, 86 and 88 by a J-frequency
      signal having multiple phases M. (In FIG. 5, M = 2). The J signal
      frequency is placed in the middle of the I signal band so that the new set
      of difference frequency signals K has a bandwidth of half that of I, as
      indicated in FIGS. 6A, 6B and 6C. Since the bandwidth of the I signals was
      only half that of R, the original signal band, therefore the digital
      system bandwidth need be only R/4 where double conversion is employed.
PAR  In FIG. 5, the K signals are processed into and out of storage in the stage
      90. The reconstructed signal R' may be developed by double conversion from
      the stage 90 as indicated via multipliers 92, 94, 96 and 98, combining by
      sets in the adder stages 102 and 104, multiplying further by the
      L-frequency signals in the single conversion mixers 68 and 70
      corresponding to FIG. 4, and finally combining in the adder 72. As
      indicated in FIG. 5, the K signals resulting from the multiplication by J
      frequency signals in stages 82, 84, 86 and 88 are shown respectively in
      the following Tables III, IV, V and VI. Again the sum terms are shown in
      the Tables but they may be removed by time domain filtering without
      changing the result.
TBL                Table III                                                   
     ______________________________________                                    
              R + L + J - 180                                                  
              R + L - J                                                        
              R - L + J                                                        
              R - L - J + 180                                                  
     ______________________________________                                    
TBL                Table IV                                                    
     ______________________________________                                    
     R + L + J - 90                                                            
     R + L - J - 90                                                            
     R - L + J + 90                                                            
     R - L - J + 90                                                            
     ______________________________________                                    
TBL                Table V                                                     
     ______________________________________                                    
     R + L + J - 90                                                            
     R + L - J + 90                                                            
     R - L + J - 90                                                            
     R - L - J + 90                                                            
     ______________________________________                                    
TBL                Table VI                                                    
     ______________________________________                                    
     R + L + J                                                                 
     R + L - J                                                                 
     R - L + J                                                                 
     R - L - J                                                                 
     ______________________________________                                    
PAR  Each of the difference terms in Tables III, IV, V and VI contains both an
      R-L part and a J part. Either of these may be either positive or negative
      and hence one of the difference terms will be less than J and the other
      greater than J. Bandwidth reduction is achieved when the larger of the
      terms is removed by a time domain filter near frequency J.
PAR  In the signal reconstruction process, the signals out of the mixers 92, 94,
      96 and 98 are as indicated in the following Tables VII, VIII, IX and X:
TBL                Table VII                                                   
     ______________________________________                                    
     R + L + J - 180                                                           
                 - J + 90 =  R + L      - 90                                   
     R + L + J - 180                                                           
                 + J - 90 =  R + L + 2J - 270                                  
     R + L - J   - J + 90 =  R + L - 2J + 90                                   
     R + L - J   + J - 90 =  R + L      - 90                                   
     R - L + J   - J + 90 =  R - L      + 90                                   
     R - L + J   + J - 90 =  R - L + 2J - 90                                   
     R - L - J + 180                                                           
                 - J + 90 =  R - L - 2J + 270                                  
     R - L - J + 180                                                           
                 + J - 90 =  R - L      + 90                                   
     ______________________________________                                    
TBL                Table VIII                                                  
     ______________________________________                                    
     R + L + J - 90 + J                                                        
                    =       R + L + 2J - 90                                    
     R + L + J - 90 - J                                                        
                    =       R + L      - 90                                    
     R + L - J - 90 + J                                                        
                    =       R + L      - 90                                    
     R + L - J - 90 - J                                                        
                    =       R + L - 2J - 90                                    
     R - L + J + 90 + J                                                        
                    =       R - L + 2J + 90                                    
     R - L + J + 90 - J                                                        
                    =       R - L      + 90                                    
     R - L - J + 90 + J                                                        
                    =       R - L      + 90                                    
     R - L - J + 90 - J                                                        
                    =       R - L - 2J + 90                                    
     ______________________________________                                    
TBL                Table IX                                                    
     ______________________________________                                    
     R + L + J - 90 + J - 90                                                   
                      =      R + L + 2J - 180                                  
     R + L + J - 90 - J + 90                                                   
                      =      R + L                                             
     R + L - J + 90 + J - 90                                                   
                      =      R + L                                             
     R + L - J + 90 - J + 90                                                   
                      =      R + L - 2J + 180                                  
     R - L + J - 90 + J - 90                                                   
                      =      R - L + 2J - 180                                  
     R - L + J - 90 - J + 90                                                   
                      =      R - L                                             
     R - L - J + 90 + J - 90                                                   
                      =      R - L                                             
     R - L - J + 90 - J - 90                                                   
                      =      R - L - 2J + 180                                  
     ______________________________________                                    
TBL                Table X                                                     
     ______________________________________                                    
     R + L + J   + J        =       R + L + 2J                                 
     R + L + J   - J        =       R + L                                      
     R + L - J   + J        =       R + L                                      
     R + L - J   - J        =       R + L - 2J                                 
     R - L + J   + J        =       R - L + 2J                                 
     R - L + J   - J        =       R - L                                      
     R - L - J   + J        =       R - L                                      
     R - L - J   - J        =       R - L - 2J                                 
     ______________________________________                                    
PAR  There appears to be no reason why addition orders of conversion may not be
      employed to permit even wider frequency range application. At each step,
      the number of digital storage channels is doubled but the digital
      bandwidth of the channels is reduced by two. Alternatively, if the RF
      bandwidth is doubled, the digital bandwidth equals its original value.
PAR  As indicated in FIG. 5, the reconstruction process involves multiplying the
      stored signals from the stage 90 (now containing NM phases) by an M-phase
      J-frequency signal, J(M). In the summing process in adders 102, 104, the
      terms containing the frequencies J(M) cancel one another and an N-phase
      I-frequency signal, I(N), results. This signal is then multiplied by an
      N-phase set of L signals. The results are summed and the desired
      reconstructed signal R' results.
PAR  Mention has already been made of the capability of arrangements in
      accordance with the present invention to use signals from the digital
      storage section for modulating the phase of the multi-phase analog
      frequency signals from the signal generator employed in the conversion
      process. This capability may be explained in the case of a simplified
      version by reference to the embodiment shown in FIG. 2 and a consideration
      of FIGS. 7A-9.
PAR  The system of FIG. 2 is concerned with two difference signals I(1) and
      I(2). These signals as derived from the shift registers 54, 56 at the
      respective output terminals 58, 60 are illustrated in FIGS. 7A and 7B,
      respectively. It will be noted that the two signals are in phase
      quadrature with each other and, for convenience in reference, a single
      cycle has been divided into four 90.degree. segments designated T.sub.1,
      T.sub.2, T.sub.3, and T.sub.4 respectively. The waveform I(1) (FIG. 7A)
      may be considered either in phase (0.degree.) or 180.degree. out of phase
      with an arbitrary reference. The signal I(2) is therefore either at
      90.degree. or 270.degree. phase with the same reference. The I(1) waveform
      is mixed in the converter 68 with a zero degrees analog waveform at the
      frequency of the oscillator 36, which signal is shown as L'(1) at the
      terminal 62 of FIG. 2. The resultant output of the converter 68 is the
      waveform 130 of FIG. 8A and the 0.degree./180.degree. phase sequence is
      indicated at 132.
PAR  Similarly the waveform I(2) is mixed in the converter 70 with the
      90.degree.-phase analog waveform L'(2) at terminal 64. This results in a
      waveform 134 of FIG. 8B at the output of the converter 70. The series 136
      indicates the relative phase of the waveform 134 of FIG. 8B. After
      combination in the summing circuit 72, the waveform 138 having the
      relative phases indicated by the series 140 as shown in FIG. 8C is
      developed as the replicated signal R' at the output of the stage 72. The
      miniature vector diagrams of FIG. 8D, representing the phases of the
      series 140 (FIG. 8C), illustrate the result of the phase modulation by the
      signals I(1) and I(2) in vector presentation form.
PAR  The results are shown in graphical form in FIG. 9, which is a plot of phase
      as a function of time. Since the slope of any line on such a plot is the
      derivative of the dependent variable taken with respect to the independent
      variable (in this case, d.phi./dt) and since .phi. = 2.pi.ft, it may be
      seen that d.phi./dt = 2.pi.f.
PAR  In FIG. 9, the zigzag line 142 represents the instantaneous frequency of R'
      at the output of the stage 72. In any given interval, T.sub.1, T.sub.2,
      etc., the slope of the line 142, represented by the broken line 144,
      corresponds to the frequency of oscillator 36. The overall slope of the
      zigzag line 142, represented by the broken line 146, corresponds to the
      frequency of the signal R. The successive vectors of FIG. 8D are
      represented by the stairstep waveform 148 of FIG. 9. The overall slope of
      the waveform 148, represented by the broken line 150, corresponds to the
      frequency of the I signals. It will be understood that the phase
      modulation capabilities hereinabove explained for the arrangement of the
      invention as shown in FIG. 2 are also present in other, more complex
      arrangements in accordance with the invention.
PAR  There has thus been provided, by means of this invention, a method of and a
      system for converting received signals, on which may be imposed various
      forms of amplitude, frequency or phase modulation, to a set of digital
      signals for the purpose of storage or transmission in digital form, and
      for reconstructing the original signal from the stored digital data.
PAR  Although there have been described hereinabove specific arrangements of a
      digital storage system for high frequency signals in accordance with the
      invention for the purpose of illustrating the manner in which the
      invention may be used to advantage, it will be appreciated that the
      invention is not limited thereto. Accordingly, any and all modifications,
      variations or equivalent arrangements which may occur to those skilled in
      the art should be considered to be within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A storage and reconstruction system for high frequency signals,
      including:
PA1  a plurality of signal combining means adapted for the coupling thereto of
      high frequency signals to be stored;
PA1  means coupled to said combining means for supplying thereto a first
      plurality of reference signals having identical frequencies but different
      phases with respect to each other;
PA1  means coupled to said combining means for converting certain of the output
      signals therefrom to digital signals;
PA1  storage means for storing the digital signals from said converting means;
      and
PA1  reconstruction means coupled to said storage means for reproducing said
      high frequency signals.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said reconstruction means
      includes second signal combining means and means coupled to said second
      signal combining means for supplying thereto a second plurality of
      reference signals having identical frequencies but differing phases with
      respect to each other.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said reconstruction means
      includes a set of summing means and means for supplying to said set of
      summing means a set of summing signals having identical frequencies but
      differing phases with respect to each other, and further includes
      multiplying means for multiplying together signals from the summing means.
NUM  4.
PAR  4. Apparatus according to claim 2 in which said signal combining means in
      said second plurality are identical to corresponding ones of said first
      plurality.
NUM  5.
PAR  5. Apparatus according to claim 2 in which the reference signals in said
      second plurality are identical in phase relationship to those of the first
      plurality but differ in frequency.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said difference in frequency is
      variable as a function of time.
NUM  7.
PAR  7. Apparatus according to claim 1 in which the converting means converts
      only the difference frequency output signals from said combining means to
      digital signals.
NUM  8.
PAR  8. Apparatus according to claim 1 in which said first plurality of
      reference signals comprises two signals with phases differing by
      90.degree..
NUM  9.
PAR  9. Apparatus according to claim 1 which further includes an additional
      plurality of signal combining means coupled between said plurality of
      signal combining means and said converting means, and means coupled to
      said additional combining means for supplying thereto an additional
      plurality of reference signals.
NUM  10.
PAR  10. Apparatus according to claim 2 which includes between the storage means
      and said second signal combining means a second additional plurality of
      signal combining means and means coupled to said additional combining
      means for supplying thereto a second additional plurality of reference
      signals.
NUM  11.
PAR  11. Apparatus according to claim 1 in which said reference signals in said
      first plurality have a frequency which is centrally located in the
      spectrum of the signals to be stored.
NUM  12.
PAR  12. Apparatus according to claim 1 further including synchronized time
      quantizing means coupled to the converting means for providing time
      sequence signals for storage in the storage means in a phase sequence
      corresponding to the phase relationship of the reference signals.
NUM  13.
PAR  13. Apparatus according to claim 1 in which said reconstruction means
      includes a digital-to-analog converter coupled to said storage means.
NUM  14.
PAR  14. A storage and reconstruction system for high frequency signals,
      comprising:
PA1  means for determining the phase difference of a signal to be stored
      relative to a reference signal;
PA1  means for converting the phase difference determination to digital signals;
PA1  means for processing said digital signals;
PA1  means for converting said digital signals to analog phase difference
      signals; and
PA1  means for combining the analog signals with a reference signal to produce a
      replica of the original high frequency signal.
NUM  15.
PAR  15. Apparatus according to claim 14 wherein the phase-determining means
      comprise a plurality of multipliers which multiply a portion of the high
      frequency signal with a portion of the reference signal, each multiplier
      receiving a reference signal portion having a predetermined phase
      relationship with respect to each other portion.
NUM  16.
PAR  16. Apparatus according to claim 15 further including at least one time
      domain filter for eliminating undesired products of the multiplication.
NUM  17.
PAR  17. Apparatus according to claim 14 wherein the processing means comprise
      means for developing a sequential storage of the magnitudes of the phase
      difference determinations relative to time.
NUM  18.
PAR  18. Apparatus according to claim 14 including means for converting the
      amplitude of each phase difference to a digital representation including a
      magnitude plus polarity.
NUM  19.
PAR  19. Apparatus according to claim 14 wherein the phase determining means
      comprise a pair of multipliers for multiplying a portion of the high
      frequency signal by quadrature versions of the reference signal.
NUM  20.
PAR  20. Apparatus according to claim 14 wherein the phase determining means
      comprise means for dividing the high frequency signal into a plurality of
      different phases and means for multiplying each different phase signal by
      a reference signal.
NUM  21.
PAR  21. The method of storing high frequency signals for an indefinite period
      which includes the steps of:
PA1  combining the high frequency signals with a plurality of reference signals
      having a common frequency positioned centrally within the spectrum of the
      signals to be stored but having differing phases with respect to each
      other to develop corresponding difference frequency signals;
PA1  digitizing the difference frequency signals resulting from said combining
      step;
PA1  storing the digitized difference frequency signals; and
PA1  reconstructing the high frequency signals from the digitally stored
      difference frequency signals.
NUM  22.
PAR  22. The method of claim 21 in which the reconstructing step includes the
      steps of:
PA1  converting said digitally stored signals to representative analog signals;
PA1  combining said analog signals with a plurality of reference signals having
      a predetermined common frequency and predetermined phase relationships
      with respect to each other; and
PA1  summing the signals produced by the combination of said analog signals and
      said reference signals.
NUM  23.
PAR  23. The method of claim 21 in which the number of signals in said plurality
      of reference signals is N and the phase difference between the reference
      signals is 180.degree./N.
NUM  24.
PAR  24. The method of claim 23 wherein N equals two and the phase difference is
      90.degree..
NUM  25.
PAR  25. The method of claim 23 wherein N equals three and the phase difference
      is 60.degree..
NUM  26.
PAR  26. The method of claim 21 further including the step of developing a
      sequential storage of the amplitudes of the difference frequency signals
      relative to time.
NUM  27.
PAR  27. The method of processing high frequency signals which includes the
      steps of:
PA1  determining the phase differences of the high frequency signals relative to
      a reference frequency;
PA1  digitizing the phase differences;
PA1  processing the resulting digital signals;
PA1  converting the processed signals to analog signals; and
PA1  reconstructing the high frequency signals by combining the analog signals
      with reference signals of a single frequency but different phases.
NUM  28.
PAR  28. The method of claim 27 wherein the reconstructing step includes
      controlling the phases of the reference signals in accordance with the
      signals resulting from the processing step.
NUM  29.
PAR  29. A system in accordance with claim 14 further comprising additional
      means connected to receive the signal to be stored for separately
      quantizing the amplitude of said signal and storing said quantized
      amplitude signals.
NUM  30.
PAR  30. A system in accordance with claim 29 wherein the combining means
      further includes means for modulating said replica signal with signals
      derived from said amplitude signals.
NUM  31.
PAR  31. A system in accordance with claim 30 wherein the additional means
      comprises:
PA1  an R-F detector;
PA1  means for converting the output of said detector to digital signals;
PA1  means for storing said last-mentioned digital signals;
PA1  means for converting the stored signals to an analog signal; and
PA1  means for applying said analog signal to said modulating means.
NUM  32.
PAR  32. A system in accordance with claim 2 wherein the reconstruction means
      further includes means for modulating the second plurality of reference
      signals in accordance with the phases of the digital signals from the
      storage means.
NUM  33.
PAR  33. A system in accordance with claim 1 wherein the storage means includes
      means for maintaining the storage of said digital signals following the
      read-out thereof for the reproduction of said high frequency signals.
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PAL  An analog memory system is disclosed which uses a temperature sensitive
      device exhibiting a significant hysteresis centered about a predetermined
      transition temperature and a significant impedance change about such
      transition temperature to allow discrimination of a large number of
      identical temperature impedance levels with conventional electronic
      circuitry. The memory system comprises means for adjusting the temperature
      of such temperature sensitive device to write-in an input signal in the
      form of a predetermined impedance of said temperature sensitive device,
      means for subsequently adjusting the temperature of said temperature
      sensitive device at such transition temperature to store the input signal,
      and a converter for accurately converting the impedance of the temperature
      sensitive device to an analog of the signal stored in the memory system.
BSUM
PAR  This invention relates to an analog memory system.
PAR  The known analog memory systems are generally of the sample and hold type,
      the memistor type, or the anlaog-digital-analog type.
PAR  The sample and hold technique makes use of a capacitor to store the signal.
      These systems have the following disadvantages:
PA1  A. The capacitor always shows finite internal leakage. Because of this
      leakage, the time over which the capacitor can store a given charge is
      intrinsically limited.
PA1  B. All schemes for "reading out" the value on the capacitor cause the
      charge on the capacitor to change. This mechanism, like mechanism "a"
      above places an additional limitation on the time over which a given
      charge can be accurately stored.
PA1  C. All "refresh" schemes intended to mitigate failings "a" and "b" above
      suffer from well known control loop limitations, i.e., any control loop
      must operate on a finite error.
PAR  The memistors generally consist of an elongated container filled with an
      ionic solution and provided with contact terminals at both ends of the
      chamber. By passing low D.C. current through an ionic solution, plating or
      deplating can be made to take place. These processes respectively decrease
      or increase the number of free ions in the solution. The number of ions in
      the solution in turn affects the resistivity of the solution. A given
      resistivity is taken as the value stored in the analog memory. The
      memistor has the following disadvantages:
PA1  A. It is difficult to construct.
PA1  B. It is temperature sensitive.
PA1  C. It produces its own e.m.f.
PA1  D. It takes a long time to store the required signal.
PA1  E. The signal stored degrades with repeated cycling.
PA1  F. The memistor requires A.C. readout.
PAR  The analog-digital-analog converters provide quantized outputs which, as
      commonly known, give only an approximate reproduction of the original
      signal. In addition, they require complicated sampling, coding and
      decoding apparatus which render the system expensive.
PAR  It is therefore the object of the present invention to provide an analog
      memory system which is of simple construction, can accurately and rapidly
      store a given signal, does not degrade with repeated cycling operations,
      and is relatively inexpensive to manufacture.
PAR  The analog memory system, in accordance with the invention, makes use of a
      temperature sensitive device exhibiting a significant hysteresis centered
      about a predetermined transition temperature and a significant impedance
      change about such transition temperature to allow discrimination of a
      large number of identical temperature impedance levels with conventional
      electronic circuitry. The memory system comprises means for adjusting the
      temperature of the temperature sensitive device so as to write-in an input
      signal to be stored in the form of a predetermined impedance of such
      temperature sensitive device, means for subsequently adjusting the
      temperature of such temperature sensitive device at said transition
      temperature to store the input signal, and a converter for accurately
      converting the impedance of the temperature sensitive device to an analog
      of the signal stored in the memory system.
PAR  The means for writing-in the input signal to be stored may comprise a
      heater for heating the temperature sensitive device, a comparator having a
      first input adapted for connection to a source of input signal to be
      stored, a second input connected to the output of the converter and an
      output terminal, and switching means for connecting the output terminal of
      the comparator to the heater in the write-in mode of the memory system.
PAR  The means for adjusting the temperature of the temperature sensitive device
      at the transition temperature may comprise a source of reference signal
      representing such a transition temperature, a temperature sensor capable
      of generating a signal representing the temperature of the temperature
      sensitive device, and a second comparator having a first input connected
      to the source of reference signal, a second input connected to the source
      of sensor signal, such switching means connecting the output of the second
      comparator to the heater in the store mode of the memory system for
      adjusting the current flowing through the heater so as to maintain the
      temperature of the temperature sensitive device at such transition
      temperature. Preferably, the comparator comprises a bridge circuit which
      includes the temperature sensor as one of the legs of the bridge and an
      operational amplifier for amplifying the output of the bridge circuit.
PAR  The switching means may be a field effect transistor and means may be
      provided for enabling such field effect transistor at desired times so as
      to establish write-in or store operations.
DRWD
PAR  The invention will now be disclosed, by way of example, with reference to a
      preferred embodiment thereof illustrated in the accompaying drawings in
      which:
PAR  FIG. 1 illustrates a block diagram of an embodiment of the invention;
PAR  FIG. 2 illustrates the characteristic of the temperature sensitive device
      used in the present invention; and
PAR  FIG. 3 illustrates the detailed circuit of the block diagram of FIG. 1.
DETD
PAR  Referring to FIG. 1, there is shown the block diagram of a preferred
      embodiment of an analog memory system in accordance with the invention.
      The memory system comprises a temperature sensitive device 10 which is
      heated by a heater 12 and the temperature of which is sensed by a
      temperature sensor 14. Heater 12 and temperature sensor 14 are thermally
      coupled to temperature sensitive device 10.
PAR  The temperature sensitive device must be made of a material exhibiting a
      significant hysteresis centered about a predetermined transition
      temperature T as illustrated in FIG. 2 of the drawings. The temperature
      sensitive device must also exhibit a significant impedance change about
      such transition temperature to allow discrimation of a large number of
      identical temperature impedance levels with conventional electronic
      circuitry. One such material is vanadium dioxide (VO.sub.2) which exhibits
      a sudden change of impedance of about 100 K to about 100 ohms at about
      65.degree.C. Of course, other materials exhibiting a transition at a
      critical temperature may be used. A number of such materials are disclosed
      in Canadian patent No. 938,735 issued Dec. 18, 1973 to the same assignee
      as the present application. In saying that the useful materials must have
      a significant amount of hysteresis in their characteristic, it is meant
      that their impedance-temperature characteristic must be such that the
      return to their low temperature phase is at a slightly lower temperature
      as illustrated by arrows X and Y in FIG. 2 of the drawings. The above
      mentioned transition temperature T at which the temperature sensitive
      material is maintained in the store mode is within and preferably midway
      in the transition region.
PAR  The impedance of temperature sensitive device 10 is read by any suitable
      impedance to voltage converter 16, such as an emitter-follower, which
      provides an output voltage proportional to the impedance values .OMEGA.a,
      .OMEGA.b, .OMEGA.c.... .OMEGA.i of the temperature sensitive device 10. In
      the write-in mode, a switch 18 connects the output of a comparator 20 to
      the heater 12. Comparator 20 has two inputs, one to which is applied an
      input signal to be stored and the other the output voltage of converter
      16. Comparator 20 compares the input voltage to the output voltage derived
      from the temperature sensitive device 10 and acts to cause the output
      voltage of converter 16 to coincide with the input voltage by adjusting
      the current fed to the heater through switch 18. The temperature of the
      temperature sensitive device 10 is thus raised to T.sub.a, T.sub.b,
      T.sub.c, . . . T.sub.i depending on the input signal and the impedance
      value of the temperature sensitive device set to .OMEGA.a, .OMEGA.b,
      .OMEGA.c.... .OMEGA.i respectively.
PAR  In the store mode of the analog memory system, the heater 12 is connected
      to the output of a comparator 22 through the switch 18. The comparator 22
      has an input connected to a temperature reference signal which corresponds
      to the transition temperature T and a second input connected to the
      temperature sensor 14. In operation, the temperature sensor 14
      continuously monitors the temperature of the temperature sensitive device
      10 and produces a signal proportional to such temperature. The temperature
      sensor signal is compared to the temperature reference signal and the
      difference between the two signals is fed to heater 12 and, consequently,
      any tendency toward temperature change brings about appropriate
      modification in heater current to maintain the temperature of the
      temperature sensitive device 10 at the transition temperature T. When the
      switch 18 is returned to its store position, the temperature of the
      temperature sensitive device 10 will return to T but, because of the
      hysteresis, the impedance of the temperature sensitive device will not
      change substantially. For example, let us assume that the first value of
      the input voltage read and stored in the memory corresponded to a measured
      impedance value .OMEGA.a and that switch 18 is turned to the write-in
      position to monitor the input voltage again. If the new impedance value
      corresponding to the newly read input voltage goes up to .OMEGA.b and the
      switch is turned back to its store position, the new stored value of
      impedance will, because of hysteresis, stabilize slightly above .OMEGA.b.
      The analog memory system therefore stores the signal read everytime the
      switch 18 is turned to its write-in position. The signal stored is
      slightly above the write-in value but this is insignificant because such
      error could be compensated by any well known technique. Similarly, if a
      previously measured impedance value .OMEGA.b is stored in the memory
      system and that switch 18 is turned to the write-in position to monitor a
      new input voltage corresponding to an impedance value .OMEGA.a, the
      current to heater 12 would be reduced to a value such that the temperature
      sensitive device 10 will cool following the path illustrated by arrow Z in
      FIG. 2 and up the path illustrated by arrow Y until it gets to the value
      .OMEGA.a. When the switch 18 is turned back to its store position, the
      impedance of the temperature sensitive device will stabilize at a point
      which is slightly lower than .OMEGA.a as indicated by arrow U in FIG. 2 of
      the drawings.
PAR  FIG. 3 illustrates a detailed circuit of the embodiment illustrated
      diagrammetrically in FIG. 1. In this embodiment, the elements
      corresponding to the ones illustrated in FIG. 1 have been designated by
      the same reference characters and have not been further disclosed. The
      temperature sensitive device 10 is connected in series with a resitor
      R.sub.1 across a positive source V.sup.+ and negative source V.sup.- and
      the impedance of the temperature sensitive device is read by an
      operational amplifier 30 corresponding to element 16 of FIG. 1. Amplifier
      30 has its positive input terminal connected to a point interconnecting
      temperature sensitive device 10 and resistor R.sub.1 and its negative
      terminal connected to its output terminal. As mentioned previously in the
      description of FIG. 1, the output of the operational amplifier 30 is the
      output of the memory system.
PAR  The signal to be stored in the memory system is fed to the positive input
      terminal of an operational amplifier 32 (corresponding to comparator 20 of
      FIG. 1) through a resistor R.sub.2 whereas the output of the operational
      amplifier 30 is connected to the negative terminal of operational
      amplifier 32 through resistor R.sub.3. The output of the operational
      amplifier 32 is connected to a field effect transistor FET which acts as
      switch 18 of FIG. 1. A resistor R.sub.4 is connected between the negative
      input and the output of the operational amplifier 32 to control the gain
      thereof. Zener diodes Z.sub.1 and Z.sub.2 are connected back to back
      across resistor R.sub.4 to limit the output excursion of operational
      amplifier 32.
PAR  The current fed to heater 12 to maintain the transition temperature T in
      the store mode of the memory system is adjusted by operational amplifier
      34 the gain of which is governed, in known manner, by the value of
      resistor R.sub.5. The value of the current fed to the heater is determined
      by a bridge circuit designated generally by reference 36 and comprising
      resistors R.sub.6, R.sub.7, and R.sub.8, as well as a temperature sensor
      14. Resistors R.sub.6 and R.sub.7 are connected in series across voltage
      source V.sup.+ and ground and the point interconnecting resistors R.sub.6
      and R.sub.7 is connected to the negative terminal of operational amplifier
      34. Resistor R.sub.8 and temperature sensor 14 are also connected in
      series between source V.sup.+ and ground and the point interconnecting
      resistor R.sub.8 to temperature sensitive device 14 is connected to the
      positive terminal of the operational amplifier.
PAR  As it will be understood, the relative values of the elements of the bridge
      are chosen so as to maintain the temperature sensitive device 10,
      independent of voltage variation in source V.sup.+, at the above mentioned
      transition temperature T which, as seen previously, is in the middle of
      the transition region of the temperature sensitive device 10.
PAR  The field effect transistor FET is controlled by the enable signal 40 fed
      to the base electrode of transistor Q.sub.1. Transistor Q.sub.1 is biased
      by resistors R.sub.9 and R.sub.10 and the signal 40 fed to its base
      electrode is amplified and fed to the control electrode of the field
      effect transistor FET through diode D1. The polarity of diode D1 renders
      the field effect transistor FET conductive only during the negative
      portion of the signal 40. A resistor R.sub.11 is connected between the
      output of operational amplifier 32 and the control electrode of field
      effect transistor FET for gate referral.
PAR  The circuit of FIG. 3 operates the same way as the one of FIG. 1 except
      that manual switch 18 is replaced by an electronic switch which operates
      when desired so as to monitor the input signal fed to the operational
      amplifier 32 and store such signal in the memory. It will be easily
      understood that the output of operational amplifier 32 unbalances the
      bridge circuit to vary the current fed to heater 12.
PAR  It will be easily seen that the above disclosed analog memory system
      provides non destructive read out and indefinite storage. This is inherent
      to the nature of the temperature sensitive device used in the memory
      system. In addition, simultaneous store and read out may be performed with
      the above disclosed memory system. This is an advantage over other
      memories which require separate read and store modes to ensure the
      integrity of the stored signal.
PAR  It is to be understood that the invention is not limited to the detailed
      circuitry of FIG. 5 nor to the block diagram illustrated in FIG. 1 but
      that various modifications may be made to the above embodiments falling
      within the wording of the claims. For example, various means may be used
      to adjust the temperature of the temperature sensitive device in
      accordance with the signal to be stored in the memory. Similarly, various
      means may be used to maintain the temperature of the temperature sensitive
      device at the transition temperature in the store mode of the memory.
      Furthermore, any means may be used for accurately converting the impedance
      of the temperature sensitive device into an analog of the signal stored in
      the memory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An analog memory system comprising:
PA1  a. a temperature sensitive device exhibiting a significant hysteresis
      centered about a predetermined transition temperature and a significant
      impedance change about said transition temperature to allow discrimination
      of a large number of identical temperature impedance levels;
PA1  b. means for adjusting the temperature of said temperature sensitive device
      to write-in an input signal to be stored in the form of a predetermined
      impedance of said temperature sensitive device;
PA1  c. means for subsequently adjusting the temperature of said temperature
      sensitive device at said transition temperature to store said input
      signal; and
PA1  d. a converter for converting the impedance of said temperature sensitive
      device to an analog of the signal stored in the memory system.
NUM  2.
PAR  2. An analog memory system as defined in claim 1, wherein said means for
      writing-in the input signal to be stored comprises a heater for heating
      said temperature sensitive device, a comparator having a first input
      adapted for connection to a source of input signal to be stored, a second
      input connected to the output of said converter and an output terminal,
      and switching means for connecting the output terminal of said comparator
      to said heater in the write-in mode of said memory system.
NUM  3.
PAR  3. An analog memory system as defined in claim 2, wherein said means for
      adjusting the temperature of said temperature sensitive device at said
      transition temperature comprises a source of reference signal representing
      said transition temperature, a temperature sensor capable of generating a
      signal representing the temperature of said temperature sensitive device,
      and a second comparator having a first input connected to said source of
      reference signal, a second input connected to said source of sensor signal
      and an output terminal, said switching means connecting the output
      terminal of said second comparator to said heater in the store mode of the
      memory system for adjusting the current flowing through the heater so as
      to maintain the temperature of said temperature sensitive device at said
      transition temperature.
NUM  4.
PAR  4. An analog memory system as defined in claim 3, wherein said second
      comparator comprises a bridge circuit which includes said temperature
      sensor as one of the legs of the bridge circuit and an operational
      amplifier for amplifying the output of the bridge circuit.
NUM  5.
PAR  5. An analog memory system as defined in claim 2, wherein said switching
      means is a field effect transistor and further comprising means connected
      to said field effect transistor for enabling said field effect transistor
      at desired times to establish write-in or store operations.
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PAL  A plurality of logical control circuits each having a storage or delay
      function are driven by a writing-in clock pulse .phi.1 and a reading-out
      clock pulse .phi.2 supplied in common thereto and receiving output signals
      from a Read Only Memory constructed in the form of a matrix. This Read
      Only Memory is constituted by a plurality of logical gate circuits each
      supplied with a plurality of prescribed signals of a pulse signal group
      having a plurality of input signals I1, I2, . . . In and control pulse
      signals T8, D4, A and B different in frequency from the clock pulses
      .phi.1 and .phi.2. The logical control circuit includes a first logical
      gate supplied with a feed back signal from the logical control circuit and
      a prescribed control pulse signal and a second logical gate supplied with
      an output signal generated from the corresponding logical gate circuit of
      the Read Only Memory in accordance with the prescribed control pulse
      signal and prescribed input signals and with an output signal from the
      first logical gate the output of the second logical gate is delayed in
      response to clock pulses .phi.1 and .phi.2 and then is generated as an
      output signal from the logical control circuit.
BSUM
PAR  This invention relates to a logical circuit apparatus suitable for
      conversion into an integrated circuit, and more particularly to a
      integrated logical circuit apparatus including delay circuits such as
      shift registers or storage circuits such as flip-flop circuits and
      constituted by insulated gate field effect transistors (hereinafter
      referred to as "FET").
PAR  Recently, a prominent improvement in the technique of integrated circuit
      has enabled a considerable miniaturization of elements used in a large
      scale integrated circuit (LSI) or a middle scale integrated circuit (MSI).
      As a result, a larger number of circuits having a desired function have
      been able to be formed on a semiconductor element chip having a fixed
      area, and a large-sized semiconductor wafer has been able to be
      manufactured with high yields, enabling the formation of an LSI wherein
      several thousands of elements can be formed on one chip. Under these
      circumstances, improvement in the circuit construction and circuit pattern
      is being made in order that a larger number of circuits having a desired
      function can be constructed within a smaller area.
PAR  A logical circuit apparatus used as an operation address control circuit
      for use in the conventional electronic desktop calculator and used in an
      electronic clock apparatus is constructed as shown in FIG. 1. Referring to
      FIG. 1, logical gates G1 to G3 each having inputs I1, I2 . . . In are
      respectively connected to delay circuits such as shift registers SR1 to
      SR3, and logical gates G4 and G5 are respectively connected via inverters
      to a storage circuit such as a flip-flop circuit FF. The shift registers
      and flipflop circuit are driven by four different clock pulses .phi.1,
      .phi.2, .phi.3 and .phi.4. The logical gate G and delay circuit SR are
      constructed as shown in FIG. 2A, and the delay circuit is provided with a
      stable feedback circuit SF. This stable feedback circuit is provided in
      order that where the delay circuit is operated by the clock pulse .phi.3
      having a larger length of cycle than the clock pulses .phi.1 and .phi.2,
      it can be operated stably. The delay circuit having such stable feedback
      circuit SF requires fourteen circuit elements as apparent from FIGS. 2A
      and 2B, and when the six elements required to form such a circuit as shown
      in FIG. 2B for generating the clock pulse .phi.3 are added to the number
      of elements for use in the delay circuit, twenty circuit elements are
      required in all, which results in the drawback that the number of circuit
      elements is increased.
PAR  When the logical gates G1 to G3 and shift registers SR1 to SR3 of the
      logical circuit apparatus shown in FIG. 1 are integrated, this logical
      circuit is constructed into such a pattern as shown in FIG. 3. As
      previously mentioned, since the four clock pulses .phi.1 to .phi.4 are
      utilized, fourteen clock pulse lines are required and yet an area in which
      gate circuits for forming the clock pulses .phi.3 and .phi.4 are to be
      formed is required with the result that such conventional logical circuit
      construction as shown in FIG. 1 undesirably causes the enlargement of an
      area required for circuit formation as apparent from FIG. 3.
PAR  The object of the invention is to provide a logical circuit apparatus
      wherein a plurality of logical control circuits each having a delay or
      storage function can be operated with a reduced number of clock pulses
      thereby having a reduced pattern area.
PAR  According to the invention, a plurality of logical control circuits each
      having a desired logical function are driven by the clock pulses .phi.1
      and .phi.2 supplied in common thereto and a plurality of logical gates are
      each supplied with a plurality of prescribed signals of a pulse signal
      group including a plurality of clock signals having a frequency different
      from that of said clock pulses .phi.1 and .phi.2 and a plurality of input
      signals. The output of each logical gate is supplied to the corresponding
      logical control circuit, and is subjected there to a logical control, for
      example, delay or storage control by the output of a logical gate supplied
      with clock signals and a feedback signal from the output terminal of the
      logical control circuit.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 shows the construction of a conventional logical circuit;
PAR  FIG. 2A shows a concrete example of the conventional logical circuit having
      a desired logical function, shown in FIG. 1;
PAR  FIG. 2B shows a circuit for forming a clock pulse .phi.3;
PAR  FIG. 3 shows an integrated pattern of the conventional logical circuit of
      FIG. 1;
PAR  FIG. 4 shows a logical circuit apparatus according to an embodiment of the
      invention;
PAR  FIGS. 5A and 5B are time charts of signals generated from respective parts
      of FIG. 4;
PAR  FIG. 6 shows a concrete example of one of the logical control circuits
      shown in FIG. 4;
PAR  FIG. 7 shows an integrated pattern of the logical control circuits shown in
      FIG. 6;
PAR  FIG. 8 shows an integrated pattern of the logical circuit unit shown in
      FIG. 4;
PAR  FIG. 9 shows a logical circuit apparatus according to another embodiment of
      the invention using as control pulse signals the signals selectively drawn
      out from the input signals; and
PAR  FIG. 10 shows the logical control gate circuit of a logical circuit unit
      according to another embodiment of the invention.
DETD
PAR  As shown in FIG. 4, a logical gate circuit 15 is constituted by a Read Only
      Memory (hereinafter abbreviated to "ROM") supplied with a plurality of
      input signals I1, I2, I3, I4 . . . In and control pulse signals In, I8,
      D4, A and B. In FIG. 4, a mark o indicates the same FET as shown in G11.
      Logical gate circuit 11 is constituted by a plurality of logical gates,
      for example, by NAND gates G11, G12, G15, G16, G19 and G20. These gates
      are each constituted by MOS FET's respectively driven by prescribed
      signals of a signal group having input signals I1, I2 . . . In and control
      pulse signals T8, D4, A and B. The output of logial gate circuit G11 is
      supplied to a logical control circuit 11, for example, a delay circuit,
      i.e., shift register SR1. The output of the logical gate G12 is supplied
      to a logical control circuit 12, which is constituted by an OR gate G13
      supplied with the control pulse signal T8 and a feedback signal from the
      output terminal of the control circuit 13, an AND gate G14 connected to
      the respective output terminals of OR gate G13 and logical gate G12, and a
      delay circuit, i.e., shift register SR2 connected to the output of AND
      gate G14. The output of the logical gate G15 is supplied to a logical
      control circuit 13, which is constituted by an inverter INV for inverting
      the output of the logical gate G16 corresponding to a logical product of
      the control pulse signals T8 and D4, and OR gate G17 supplied with an
      output from inverter INV and a feedback signal from the output terminal of
      the control circuit 13, an AND gate G18 supplied with an output from OR
      gate G17 and an output from the logical gate, and a shift register SR3 for
      shifting the output of AND gate G18. The output of the logical gate G19 is
      supplied to the set terminal S of a storage circuit, e.g., flip-flop
      circuit FF included in a logical control circuit 14, and the output of the
      logical gate G20 is supplied to one input terminal of an OR gate G21 via
      an inverter INV. OR gate G21 has the other input terminal supplied with a
      feedback signal from the output teminal Q4 of the flip-flop circuit FF and
      an output terminal connected to the reset terminal R of the flip-flop
      circuit FF. The shift registers SR1, SR2, SR3 and the flip-flop circuit
      respectively included in the logical control circuits 11 to 14 are
      supplied in common with a writing-in clock pulse .phi.1 and a readingout
      clock pusle .phi.2.
PAR  The operation of the aforesaid logical circuit apparatus will now be
      described by reference to time charts shown in FIGS. 5A and 5B.
PAR  An output signal corresponding to a logical product of the input signals,
      for example, I1 and In is generated from the logical gate G11, and is
      shifted by the shift register SR1 driven by the clock pulses .phi.1 and
      .phi.2, and an output signal Q1 is generated from the logical control
      circuit 12. From the logical gate G12 is generated an output signal
      corresponding to a logical product of the input signals, for example, I1
      and I2 and the control pulse signal, for example, T8. The AND gate G14
      generates an output corresponding to a logical product of the output
      signal of the gate G12 and the output signal of the OR gate G13
      corresponding to a logical sum of the control pulse signal T8 and a
      feedback signal from the shift register SR2. The output of this gate G18
      is shifted by the shift register SR2 and then is generated as an output
      signal Q2 from the logical control circuit 12. It is to be noted here that
      in this circuit 13 the shift register SR2 is subjected to a writing-in
      control by a signal corresponding to a logical product of the control
      pulse T8 and the clock pulse .phi.1 and, since this logical product signal
      has the same waveform as that of a clock pulse .phi.3 used in the prior
      art apparatus, performs the same operation as in the case driven by the
      clock pulse .phi.3. The logical gate G15 generates an output signal based
      on a logical product of the input signals, for example, I1 and In and the
      control pulse signals, for example, T8 and D4. From the logical gate G16
      is generated a signal corresponding to a logical product of the control
      pulse signals, for example, T8 and D4. The logical gate G18 generates a
      signal based on a logical product of the gates G15 and G17, and an output
      signal Q3 is generated from the shift register SR3 in response to the
      output of said gate G18. As in the foregoing circuit 13, in the logical
      control circuit 14 the shift register SR3 is subjected to a writingin
      control by a signal corresponding to a logical product of the control
      pulse signals D4, T8 and .phi.1 and, since this logical product signal
      corresponds to a clock pulse .phi.4, generates the same output as in the
      case driven by the clock pulse .phi.4.
PAR  The logical gate G19 generates a signal based on a logical product of the
      input signals, for example, I3 and In and the control pulse signals, for
      example, T8 and D4 to control the setting operation of the flip-flop
      circuit. The logical gate G20 generates a signal based on a logical
      product of the control pulse signals, for example, T8, D4, A and B. This
      output signal is inverted by the inverter INV, and this inverted output
      and a feedback signal from the flip-flop circuit FF are supplied to the OR
      gate G21. By the output of OR gate G21, the resetting operation of the
      flip-flop circuit FF is controlled. That is, when the output of the
      logical gate G19 has a logical level of "1", the flip-flop circuit is set
      to cause an output Q4 to become  1 whereas when the output of the OR gate
      G21 has a logical level of  1 , the flip-flop circuit is reset to cause
      the output Q4 to become "0". In the foregoing description, the logical
      gates G11, G12, G15 and G19 are supplied with the input signals I, In; I1,
      I2; I2, In and I3, In, respectively. This definition, however, is given
      for convenience of explanation. Actually, a plurality of prescribed
      signals of the input signals I1 to In are supplied as inputs to each of
      said logical gates. Further, in the foregoing description, the T8 and D4
      only are given as the control signals. Actually, however, these control
      signals include, for example, bit signals T1, T2, T4 and T8 and digit
      signals, for example, D1 to D12 corresponding to the digit positions of
      the electronic desktop calculator.
PAR  FIG. 6 shows a concrete circuit including the logical control circuit 12 of
      FIG. 4 and the logical gate G12 associated with circuit 13, this concrete
      circuit, however, being such a circuit as is supplied with the input
      signals I1 to In. When the logical control circuit section of the logical
      circuit of FIG. 6 (that is logical gate section is omitted) is integrated,
      it is constructed into such an integrated pattern as shown in FIG. 7. When
      the logical circuit apparatus of FIG. 4 is subjected to such
      patternization, it is constructed into such a pattern as shown in FIG. 8.
      From the pattern of FIG. 8, however, is omitted the logical control
      circuit 15 of FIG. 4.
PAR  As apparent from FIG. 8, only four clock pulse lines respectively
      corresponding to clock pulses .phi.1, .phi.2, .phi.1 and .phi.2 are
      required, so that the present integrated pattern is simplified to an
      appreciable extent as compared with the conventional pattern of FIG. 3.
      Further, this invention does not utilize, for example, the clock pulses
      .phi.3 and .phi.4 as in the prior art, so that no circuit for forming such
      clock pulses .phi.3 and .phi.4 is required to enable the circuit elements
      to be reduced in the number to a considerable extent.
PAR  Comparing the conventional pattern of FIG. 3 having the same circuit
      function with the present pattern of FIG. 8, it is apparent that a chip
      area occupied by the logical circuit apparatus, according to the
      invention, is made small. In this embodiment, the input signals A, B, T8
      and D4 become necessary as inputs to a matrix Read Only Memory 15
      constituted by a group of input logical gates G11, G12, G15, G16, G19 and
      G20. But, an increment in an area necessary to form a circuit for
      generating signals A, B, T8 and D4 is appreciably small as compared with a
      decrement in an area reduced due to no usage of the clock pulses .phi.3
      and .phi.4, so that an area occupied by the pattern of the logical circuit
      apparatus is made appreciably smaller as previously mentioned. In
      addition, an area occupied by one bit in the Read Only Memory is by far I2
      than an area occupied by the shift registers SR, and as stated in, for
      example, the literature "IEEE ISSCC Digest of Technical Paper, 1973, pages
      58 to 59, wpm 6 : 3 Clocked CMOS Calculator Circuitry" this ratio is only
      about 1/100. Accordingly, even if control pulses being supplied to the ROM
      are increased in number, and resultant increase of a chip area will be
      almost negligible. In the clock synchronization systems used, for example,
      in an electronic desk-top calculator, clock apparatus, or automobile, the
      signals I1, I2, . . . In from the ROM 15 necessarily include signals
      corresponding to the pulses A, B, T8 and D4, in accordance with the timing
      relationship between pulse signals generated in said systems, for example,
      frequently, In-4 = T8, and In-3 = D4. In these cases, any one input signal
      from the ROM 11 is not increased, as understood from FIG. 9.
PAR  As above described, this invention enables a group of delay circuits or
      storage circuits requiring a wide variety of driving clock pulses to be
      driven by a fewer kinds of clock pulses, thereby reducing an area occupied
      by the integrated pattern.
PAR  This invention is not limited to the complementary FET circuit but can be
      applied to, for example, a PMOS circuit. Further, a group of logical gates
      included in the ROM may be constituted by NAND, NOR or AND-OR gates. In
      the circuit shown in FIG. 4, the logical gates G13 and G14 included in,
      for example, the logical control circuit 12 comprise, as shown in FIG. 10,
      for example, the gate G13 which may be formed of an AND gate and the gate
      14 which may be formed of an OR gate. Further, the circuit shown in, for
      example, FIG. 6 may be constructed by replacing the N channel type FET
      with the P channel type FET and vice versa, or may be constituted by
      single channel type FET's.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A logical circuit apparatus comprising a plurality of logical control
      circuits each having either a delay circuit or a storage circuit driven by
      a writing-in clock pulse .phi.1 and a reading-out clock pulse .phi.2
      supplied thereto; a logical gate circuit supplied with a signal group
      including a plurality of input signals and a plurality of control pulse
      signals each having a frequency different from that of said clock pulses
      .phi.1 and .phi.2 and constituted by a plurality of main logical gates
      each supplied with at least one input signal of said signal group and
      connected correspondingly to each of said logical control circuits and a
      plurality of auxiliary logical gates each supplied with at least one of
      said control pulse signals; and a plurality of logical control gate
      circuits respectively included in prescribed ones of said logical control
      circuits and connected correspondingly to each of said auxiliary logical
      gates, for making a logical control of an output from the corresponding
      logical gates in accordance with an output from a corresponding one of
      said auxiliary logical gates and a feedback signal from said logical
      control circuit.
NUM  2.
PAR  2. A logical circuit apparatus according to claim 1 wherein at least one of
      said logical control gate circuits is constituted by an OR gate supplied
      with an output from said auxiliary logical gate and a feedback signal from
      said logical circuit and an AND gate supplied with an output from said OR
      gate and an output from said logical gate circuit to supply its output to
      said either one of the delay circuit and the storage circuit.
NUM  3.
PAR  3. A logical circuit apparatus according to claim 1 wherein at least one of
      said logical control gate circuits is constituted by an AND gate supplied
      with an output from said auxiliary logical gate and a feedback signal from
      said logical circuit and an OR gate supplied with an output from said AND
      gate and an output from said logical gate circuit to supply its output to
      said either one of the delay circuit and the storage circuit.
NUM  4.
PAR  4. A logical circuit apparatus according to claim 1 wherein said logical
      gate circuit is constituted by a Read Only Memory constituted by MOS
      transistors having a prescribed channel type in the form of a matrix.
NUM  5.
PAR  5. A logical circuit apparatus according to claim 4 wherein said logical
      control circuit is constituted by MOS transistors having a channel type
      different from that of MOS transistors constituting said logical gate
      circuit.
NUM  6.
PAR  6. A logical circuit apparatus according to claim 1 wherein the main and
      auxiliary logical gates included in said logical gate circuit are
      constituted by NAND gates.
NUM  7.
PAR  7. A logical circuit apparatus comprising a plurality of logical control
      circuits each having either a delay circuit or a storage circuit driven by
      a writing-in clock pulse .phi.1 and a reading-out clock pulse .phi.2
      supplied thereto, a logical gate circuit supplied with a plurality of
      input signals and constituted by a plurality of main logical gates each
      supplied with at least one of said input signals and a plurality of
      auxiliary logical gates each supplied with at least prescribed one of said
      input signals which contain a frequency component different from that of
      said clock pulses .phi.1 and .phi.2, and a plurality of logical control
      gate circuits respectively included in prescribed ones of said logical
      control circuits and connected correspondingly to each of said auxiliary
      logical gates, for making a logical control of an output from the
      corresponding logical gate in accordance with an output from a
      corresponding one of said auxiliary logical gates and a feedback signal
      from said logical control circuit.
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PAL  Structures of soft magnetic material, such as permalloy, provide
      transitions between chevron channels and other types of channels which
      move single wall magnetic domains. The structures facilitate varying the
      size of the domains, i.e., changing the domains from strip to bubble
      configurations or vice versa, for transfer between chevron channels and
      other types of channels.
GOVT
PAR  The invention herein described was made in the course of, or under,
      contract No. DAABO7- 70-C-0258 with the Army.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to copending U.S. application Ser. No. 455,177, filed Mar
      27, 1974, entitled "Complementary Corner Structures for Magnetic Domain
      Propagation", to Peter K. George and assigned to the common assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to magnetizable overlay structures for controlling
      the movement of magnetic single wall domains using field access
      propagation techniques and, more particularly, to chevron-shaped, field
      access drive structures.
PAR  2. Description of the Prior Art
PAR  At present, devices that utilize magnetic single wall domains typically use
      soft magnetic overlay structures for propagation and storage. Examples
      include the T-bar, T-X and X-bar structures. Currently, the chevron
      structure is most frequently used only for detection, although it may also
      be used for storage and has certain advantages in this regard, as
      discussed below.
PAR  Propagation structures that are of a chevron pattern may incorporate
      redundancy. That is, the individual chevron-shaped elements are formed
      into columns trasverse to the direction of domain propagation. These
      chevron columns stretch or expand single wall domains into strip-like
      form. Because of this redundancy of elements, chevron structures are less
      sensitive to pattern defects than are structures formed from other
      patterns (which form single wall domains which more closely approximate a
      circular cross section and are frequently termed "bubble" domains).
PAR  Chevrons are also relatively insensitive to gaps between the chevrons. In
      addition, strip domains formed by chevrons are less sensitive than are
      bubble domains to fluctuations in magnetic conditions resulting from
      defects or other inhomogenities in the garnet materials that frequently
      are used in magnetic domain devices. Finally, chevrons have relatively
      high drive fields and therefore are more amenable to high frequency
      operation than other patterns.
PAR  As a result of at least these advantages, chevron structures have excellent
      potential for use as propagation structures in storage loops. In addition,
      the chevron structure will undoubtedly continue to be used for such
      functions as strip detection.
PAR  IEEE Trans. Mag., Vol. Mag. 9, No. 3, Sept. 1973, pp. 433-66, entitled
      "Magnetic Bubble Memory Chip Design", relates to structures for
      transferring domains between chevron and T-bar propagation structures.
      However, in order to fully implement chevron structures both to propagate
      domains and also in connection with strip detection, it is desirable to
      provide structures that are capable of smoothly and effectively
      transferring domains from chevron structures to other types of structures,
      such as T-X and X-bar structures, and vice versa.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention facilitates the use of soft magnetic, chevron overlay
      structures for moving single wall domains in sheets of magnetic material
      in the presence of a cyclically varying magnetic field.
PAR  Soft magnetic overlay structures provide concentrated magnetic pole
      arrangements for transferring single wall domains from chevron field
      access drive structures to other types of structures, and vice versa,
      within one period of a cyclically varying magnetic drive field.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a shift register utilizing single
      wall magnetic domain transition structures which embody the principles of
      the present invention.
PAR  FIGS. 2a-d and 3a-d are schematic representations, in chronological order,
      illustrating the configuration and path of single wall domains traversing
      transition structures shown in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 shows an exemplary shift register 10 utilizing soft magnetic, single
      wall domain drive structures which embody the principles of the present
      invention. The present invention relates to transition structures which
      transfer single wall magnetic domains between chevron structures for
      moving domains and other types of structures, such as T-X and X-bar
      structures.
PAR  The shift register 10 may comprise a sheet or layer 11 of material for
      forming single wall magnetic domains (not shown) in the presence of a
      perpendicular bias field, H.sub.b. Typically, the layer 11 may be in the
      form of a thin film of magnetic garnet material which is grown on a
      supporting substrate (not shown), to provide a garnet chip 15. The chip 15
      includes a patterned overlay 12 of soft magnetic elements, including
      chevron elements 13. The chevrons 13 may be used to form channels for
      effecting movement of the domains. As used here, the word "channels"
      includes propagation channels such as channel 14 and expansion pattern 16,
      which facilitates detection of the domains.
PAR  The single wall domains may be formed by several methods which are well
      known in the art. Illustratively, the domains may be generated by pulsing
      a current in the appropriate direction over one or more chevron elements
      13 in the presence of the bias field H.sub.b. In a manner well known in
      the art, a logic control circuit 17 controls the operation of a bias
      source 18 and generator circuitry 19 for supplying, respectively, the bias
      field H.sub.b and the current pulses. The logic control circuit 17 also
      controls domain annihilator circuitry 21 and domain detection circuitry
      22. A rotating magnetic field, H.sub.r, is effected in the plane of the
      layer 11 by a rotating field source 23 under the control of logic control
      circuit 17 to move the domains along the various portions of the overlay
      12 of patterned elements.
PAR  Referring further to FIG. 1, in addition to the chevron channels 14, the
      overlay 12 comprises T-X and X-bar channels 26 and 27, respectively. The
      overlay 12 also comprises transition structures 28 and 29 which
      interconnect chevron channels to the T-X and X-bar channels, respectively.
      Transition structures 28A and 29A are located at ends of the T-X channel
      26 and the X-bar channel 27, respectively, which are opposite the ends
      occupied by the structures 28 and 29. The transition structures 28A and
      29A are mirror images of, and provide transitions that are the reverse of
      those provided by, the structures 28 and 29. As a result, a domain can
      move from a chevron channel, such as the channel 14, to a T-X structure 26
      or an X-bar structure 27, then back to a chevron channel.
PAR  The transition structures 28, 28A, 29, and 29A each include a bar-shaped
      element 31. Using structures 28 and 29 as examples, consider a strip
      domain 32 which is located under end element 30 of chevron channel 14 and
      is moving under the influence of the rotating drive field, H.sub.r, to the
      right as indicated by the arrows in FIGS. 2a and 3a. The domain 32 is
      elongated in the direction of movement by the bar element, as shown in
      FIGS. 2b and 3b. The strip domain 32 is then transferred to the bar
      element 31 and either an end T-X element 33 (of T-X channel 26, FIG. 1),
      as shown in FIG. 2c, or an end X-bar element 34 (of X-bar channel 27, FIG.
      1), as shown in FIG. 3c. Referring further to FIGS. 2c and 3c, the strip
      domain 32 is now moving parallel to its length and is contracted along its
      length by the dense array of magnetic poles formed by the bar element 31
      and the T-X element 33 or the X-bar element 34. Finally, the strip domain
      32 is further contracted into a bubble domain 36 and is transferred
      completely to the T-X or the X-bar propagation channels (i.e., to end
      elements 33 or 34), as shown in FIGS. 2d and 3d.
PAR  Referring to FIG. 1, the converse of the above sequence applies when the
      bubble domain 36 is transferred by the transition structures 28A or 29A
      from the channels 26 or 27 to one of the chevron channels 14. Thus, the
      efficient connection of chevron structures, such as the chevron channels
      14, to other types of structures, such as the T-X and X-bar propagation
      channels 26 and 27, is made possible by the use of transition structures
      which incorporate the bar element 31.
PAR  It should be noted that none of the figures is to scale and that the
      linewidths, gaps, and other dimensions of the patterns are not intended to
      be precisely accurate. One skilled in the art will easily determine the
      dimensions that are appropriate for the structures. For example, given the
      width, w, of a strip domains 32 (FIGS. 2a or 3a), the optimum dimensions
      for linewidth (approximately 0.6w), for the gaps between elements (0.5
      .times. linewidth), and for the periodicity of the chevron channel 14
      (approximately 4w) may be quickly ascertained.
PAR  Testing of a combination structure 40 which comprised chevron channels 14,
      transition structures 28 and 28A, and T-X channel 26 indicated a
      consecutive bit operating margin of approximately 14.4 Oersteds at 100 kHz
      for a drive field of 30 Oersteds. A structure 45 comprised of chevron
      channels 14, transition structures 29 and 29A, and X-bar channel 27
      provided an operating margin of about 8.3 Oersteds at a drive field of 40
      Oersteds. However, the tested structure 45 was very poorly formed. Since
      the pole configurations during transition provided by the structures 29
      and 29A are substantially identical to that for structures 28 and 28A, it
      is to be expected that a better defined structure 45 will provide about
      the same operating margins as the structure 40. Thus, both structures
      should provide wider consecutive bit operating margins than the range of
      8-10 Oersteds which is typical of the chevron to T-bar transition
      structure described in the aforementioned IEEE article, entitled "Magnetic
      Bubble Memory Chip Design". The chevron to T-bar transition structure is
      normally operated with alternate bits, yielding a 10-15 Oersted margin.
PAR  Because the operating margin for T-X and X-bar structures can be expected
      to be wider than that for T-bar structures at high frequencies, these
      structures may be more desirable than T-bar structures for future high
      speed devices. Fortunately, the use of transition bar element 31 permits
      both the T-X and the X-bar propagation channels to be incorporated into
      devices which employ chevron structures, such as the chevron propagation
      channels 14 and the stretcher detector 16. That is, a transition bar
      element 31 is positioned between and adjacent to the ends of chevron
      channels 14 and T-X channels 26 or X-bar channels 27, and substantially
      perpendicular to the direction of domain movement. Then, as discussed
      previously, a strip domain 31 (FIG. 2a or 3a) traveling from the chevron
      channel 14 to the T-X or X-bar structures 26 or 27 is elongated in the
      direction of propagation, then contracted into a bubble domain. Similarly,
      when traveling from the T-X and X-bar channels to a chevron channel, a
      bubble domain is elongated, then contracted into a strip domain.
PAR  The use of the bar shaped element 31, and the combination of the bar-shaped
      element 31 with chevron structures (such as channels 14) and other
      efficient structures, such as those formed from columns comprising a
      plurality of pairs of intersecting elements (e.g., the T-X channel 26 and
      the X-bar channel 27), provides transition structures having
      closely-spaced arrays of magnetic poles. The dense arrays of magentic
      poles permit the use of compact transition structures. It will be noted
      from reference to FIGS. 2a-d and 3a-d that a domain traverses the
      transition structures in less than one period of the drive field, H.sub.r.
PAR  Other transition structures may be derived by those skilled in the art. In
      addition, transition structures within the present invention may be
      combined with corner structures such as those taught in the aforementioned
      copending application entitled "Complementary, Corner Structures for
      Magnetic Domain Propagation", to Peter K. George, which is hereby
      incorporated by reference. For example, a transition structure within the
      scope of the present invention may comprise a plurality of
      radially-positioned bar elements for transferring domains through
      directional changes between channels formed by a chevron structure and an
      adjoining, different type of structure.
PAR  Thus, there have been described transition structures utilizing high
      magnetic pole densities to facilitate transferrring single wall magnetic
      domains from chevron structures to other types of structures, and vice
      versa. The scope of the invention is limited, however, only by the claims
      appended hereto and equivalents thereof.
CLMS
STM  Having thus described a preferred embodiment of the invention, what is
      claimed is:
NUM  1.
PAR  1. A magnetic domain device, comprising:
PA1  a layer of magnetic material in which single wall domains can be moved;
PA1  a patterned arrangement of magnetically soft elements in juxtaposition to
      said layer and responsive to a cyclically varying magnetic field in the
      plane of said layer to form at least a pair of channels for moving
      domains, said pair of channels having adjacent end portions;
PA1  the first of said pair of channels comprising adjacent columns of
      chevron-shaped elements, one column thereof defining the first of said
      adjacent end portions;
PA1  the second of said pair of channels comprising adjacent columns of X or T-X
      elements, one column thereof defining the second of said adjacent end
      portions; and
PA1  at least one magnetically soft element interposed between said adjacent end
      portions of said pair of channels for transferring domains between said
      adjacent end portions within one period of the pattern as established by
      one period of said cyclically varying magnetic field.
NUM  2.
PAR  2. A device ad defined in claim 1, wherein said first of said pair of
      adjacent end portions includes columns having at least three
      chevron-shaped elements.
NUM  3.
PAR  3. The magnetic domain device recited in claim 1 wherein each of said
      magnetically soft elements is fabricated of permalloy.
NUM  4.
PAR  4. The magnetic domain device recited in claim 1, wherein said adjacent end
      portions are arranged in a substantially continuous line.
NUM  5.
PAR  5. A magnetic domain device comprising a patterned arrangement of
      magnetically soft elements on a layer of magnetic material which permits
      single wall domains to be formed and moved therein, in response to a
      cyclically varying magnetic field in the plane of said layer to form said
      patterned arrangement comprising at least first and second propagation
      paths for controlling motion of domains;
PA1  each of said first and second propagation paths having end portions which
      are adjacent to each other;
PA1  said first propagation path comprising a plurality of adjacent columns of
      parallel elements, one of said adjacent columns defining the end portion
      of said first propagation path;
PA1  said second propagation path comprising a plurality of adjacent columns of
      intersecting elements, said intersecting elements taken from the class
      including X-bar elements and T-bar elements, at least one of said
      intersecting elements inclined relative to the direction of propagation of
      single wall domains through the respective first and second propagation
      paths, one of said adjacent columns defining the end portion of said
      second propagation path; and
PA1  at least one magnetically soft element interposed between the adjacent end
      portions of said first and second propagation paths for transferring
      single wall domains between said end portions within one period of said
      cyclically varying magnetic field.
NUM  6.
PAR  6. The device recited in claim 5, wherein said parallel elements are
      chevron shaped elements.
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ABST
PAL  A word arrangement matrix memory of high bit density having a flux keeper
      is known in which a number of word lines provided on a flux keeper plate
      are mounted on the surface of a substrate on which a number of digit lines
      of magnetic strips each comprising a conductive strip coated with at least
      one ferromagnetic thin film is provided.
PAL  In accordance with this invention, the digit lines comprises a plurality of
      straight sections disposed in parallel at regular spaces, corresponding
      digit lines of the respective sections being interconnected to one another
      in series or in parallel. The flux keeper plate has, on the surface facing
      the said surface of the substrate, a number of parallel column grooves
      facing the sections of the digit lines and a number of parallel row
      grooves intersecting at right angles with the column grooves. The word
      lines comprise a plurality of X lines and a plurality of Y lines, the X
      lines and the Y lines being arranged so that only a group of memory cells
      on one of the digit line sections facing a position of the column grooves
      is selected by current coincidence selection of one of the X lines and one
      of the Y lines.
PARN
PAR  This is a continuation, of application Ser. No. 313,993, filed Dec. 11,
      1972, now abandoned.
BSUM
PAR  This invention relates to a magnetic thin film memory and, more
      particularly, to a matrix memory of high bit density using a magnetic flux
      keeper.
PAR  In a matrix memory, the magnetic flux keeper serves to concentrate magnetic
      fluxes from dirve conductors to selected memory cells and to decrease
      magnetic fields disturbing adjacent memory cells. Accordingly, the use of
      the magnetic flux keeper enables narrowing of bit spacings to permit
      miniaturization of the apparatus and enlargement of its memory capacity
      and further raises the efficiency of a drive current to reduce power
      consumption. Hence, the magnetic flux keeper is widely used in the matrix
      memory and the like employing magnetic thin films.
PAR  In one example of a conventional apparatus of this kind, many digit lines
      coated with a magnetic material such as permalloy, serving as memory
      cells, are disposed side by side on a glass substrate, and groups of word
      lines inserted in grooves formed in a flux keeper plate are mounted on the
      digit lines in a manner to intersect the latter at right angles with the
      former. Further, a word drive pulse and a digit drive pulse are applied to
      the word lines and the digit lines respectively, thereby to store binary
      information in the magnetic material at each intersection of the both
      lines serving as a memory cell. To read out the stored information, the
      word drive pulse is applied only to the word lines to derive the read
      outputs from the digit lines.
PAR  In the case where the above mentioned apparatus is a matrix memory for
      practical use, that is, combined as a memory plane, it is necessary to
      provide terminals corresponding in number to the word and digit lines. The
      terminals required are so many that, only for housing them, the memory
      plane becomes dozens of times as large as the memory unit. Especially, as
      the pitch of the terminals becomes narrower, printed circuit boards,
      connector and so on for use in the plane become expensive, and their costs
      become scores of times higher than that of the memory unit. Therefore, the
      pitch of the terminals, and consequently the memory capacity is inevitably
      determined by the economic limit imposed by the cost of each component.
PAR  To avoid this, such a construction has also been adopted that a matrix
      circuit formed by diodes or transistors is used as a word selection matrix
      and arranged in the form of a memory plane, thereby to prevent an increase
      in the number of terminals of the memory plane. In this construction,
      however, it is necessary to mount the same number of diodes or transistors
      as that of the word lines on the memory plane. Further, even if an IC
      module presently available is employed, it is extremely large and
      expensive, as compared with the memory unit, so that it is very difficult
      to form the memory plane small in size and at low cost.
PAR  However, even if the memory unit may have been made high in bit density,
      the existing printed circuit boards, connectors and other parts cannot yet
      make the best use of such a memory unit of high bit density in terms of
      size and cost. Such is the present situation in the art.
PAR  Therefore, an object of the present invention is to provide a word
      arrangement matrix memory of high bit density capable of extremely
      reducing the number of connection terminals connected to external
      circuitry.
DRWD
PAR  The principle, construction and operations of the present invention will
      clearly be understood from the following detailed description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a characteristic diagram explanatory of the operational principle
      of this invention;
PAR  FIG. 2 is a perspective view illustrating an example of a magnetic flux
      keeper employed in this invention;
PAR  FIGS. 3 and 5 are plan views each illustrating an example of wiring of word
      lines used in this invention; and
PAR  FIGS. 4 and 6 are plane views each illustrating an example of the pattern
      of digit lines for use in this invention.
DETD
PAR  With reference to FIG. 1, the operational principle of this invention will
      be described. In FIG. 1, a characteristic curve shows the relationship
      between a word drive current I.sub.w and a readout output voltage V of the
      memory in the case where one pulse of a value I.sub.w1 is applied to
      obtain an output V.sub.1. If a magnetic flux keeper is associated with the
      word lines, magnetic fluxes caused by the applied magnetic field are
      thereby concentrated on a selected memory cell, so that the output voltage
      V fast rises up from a small value of the word drive current I.sub.w to
      the saturated value in accordance with the increase of the current
      I.sub.w. Accordingly, if two pulses x and y each having a value equal to
      half the current I.sub.w1 in view of the characteristic shown in FIG. 1
      are employed as the word dirve current Iw, it is possible to achieve the
      so-called current coincidence selection so that only the memory cell to
      which the two pulses x and y are simultaneously applied is selected.
      Namely, no output is produced by only one of the half-selection pulses x
      and y, while the write-in or read-out operation is achieved only in the
      memory cell to which the two pulses, x and y are simultaneously applied to
      provide a value of I.sub.w1.
PAR  The present invention utilizes this principle. FIG. 2 is a perspective view
      illustrating an example of the construction of a flux keeper plate of
      ferrite for use in the present invention. In a conventional flux keeper
      plate having parallel column grooves S.sub.1, S.sub.2, S.sub.3, . . . for
      receiving the word lines, parallel row grooves T.sub.1, T.sub.2, T.sub.3,
      . . . are additionally formed so as to intersect with the column grooves
      S.sub.1, S.sub.2, S.sub.3, . . . at right angles in predetermined
      intervals to divide each column groove into a plurality of column groove
      parts or segments each defined between a pair of next adjacent row
      grooves.
PAR  FIG. 3 is a diagram showing one example of the arrangement of drive lines
      so that the flux keeper plate 3 having such grooves as shown in FIG. 2 may
      have the selecting function of the current coincidence selection system.
      As illustrated in FIG. 3, Y lines (Y.sub. 1, Y.sub.2, Y.sub.3, . . .)
      corresponding to conventional word lines are disposed in the column
      grooves S.sub.1, S.sub.2, S.sub.3, . . . , and each of X lines (X.sub.1,
      X.sub.2, X.sub.3, . . .) are disposed in a meandering line pattern to pass
      through adjacent pairs of the row grooves T.sub.1, T.sub.2, T.sub.3, . . .
      and all the column grooves S.sub.1, S.sub.2, S.sub.3, . . . .
PAR  FIG. 4 is a diagram illustrating the example of a group of parallel digit
      lines each coated with at least one magnetic thin film to provide memory
      cells therealong in combination with the flux keeper plate 3 of FIG. 3. A
      set of parallel digit lines corresponding in number to the word length is
      mounted on a substrate 1 in such a pattern as to be folded back at regular
      intervals D for the respective straight sections 4a, 4b, 4c, 4d of the
      digit line group 2. Further, the aforementioned flux keeper plate 3 is
      mounted on the substrate 1 to provide a memory and disposed, so that each
      wired part (X.sub.1, X.sub.2, X.sub.3 . . .) of the meander X line
      overlies one of the sections 4a, 4b, 4c, 4d of the digit line group 2, and
      so that the Y lines (Y.sub.1, Y.sub.2, Y.sub.3 . . .) with respect to
      respective sections 4a, 4b, 4c, 4d of the digit line group 2 at right
      angles. Similarly, the portions of each of the meandering X lines
      (X.sub.1, X.sub.2, X.sub.3. . .) which lie within a column groove are
      disposed at right angles to the straight sections (4a-4d) of the digit
      lines which overlie the X lines. Accordingly, a group of word arrangement
      memory cells is provided on the digit line sections 4a, 4b, 4c, 4d facing
      each portion (e.g. A column groove part or segment) of the corresponding
      column groove S.sub.1, S.sub.2, S.sub.3, . . . where the X line and the
      corresponding Y line run side by side. In the memory thus constructed,
      when the pulses x and y, each having a value equal to half that of the
      conventional word drive current I.sub.w1 as described previously with
      regard to FIG. 1, are applied to, for example, lines Y.sub.1 and X.sub.1
      of the Y and X lines respectively, only a group of memory cells formed by
      the plurality of digit line sections 4a facing a portion A where the lines
      Y.sub.1 and X.sub.1 run side by side, are excited while other groups of
      memory cells are not excited. Accordingly, it is possible to select a
      desired memory cell group on a desired digit line section 4a, 4b, 4c, 4d
      by coincidence of the X and Y lines utilizing the above principle. The
      outputs are derived from ends of the digit lines in group 2 having
      opposite ends grounded.
PAR  The arrangement of the X and Y lines are not limited specifically to that
      in the example of FIG. 3, but the Y lines may be arranged in a staircase
      pattern, for example, as illustrated in FIG. 5, so long as the arrangement
      enables selection of one memory cell section 4a, 4b, 4c, 4d on one digit
      line group by one X line and one Y line.
PAR  Further, the arrangement of the digit lines is not limited to that in which
      the respective sections 4a, 4b, 4c, 4d of the digit line group 2 are
      interconnected in series as shown in FIG. 4, but it may be such as shown
      in FIG. 6, in which the respective sections 4a, 4b, 4c, 4d of the digit
      line group 2 are arranged side by side, and in which corresponding ones of
      the digit lines of the sections 4a, 4b, 4c, 4d are interconnected in
      parallel with one another at the side of out-going lines.
PAR  In the foregoing description, the Y lines are arranged only in one
      direction but, in practice, the space factor can be further enhanced by
      folding back the Y lines at certain intervals. Further, the pitch of the
      grooves S.sub.1, S.sub.2, S.sub.3, . . . in FIG. 3 is shown on the
      enlarged scale for facilitating the better understanding of explanation.
PAR  In accordance with the present invention, a selection matrix of the current
      coincidence selection system can be formed on the memory cells by means of
      forming grooves intersecting each other at right angles in the
      conventional keeper and providing the X lines in addition to the
      conventional Y lines, as has been described in the foregoing. Moreover, no
      special selection matrix such as a diode matrix or transistor matrix is
      not required any longer. Accordingly in addition to the reduction of the
      number of terminals down to 2.sqroot.n of that of word lines n, the memory
      plane is made substantially as small as the memory cell unit and its cost
      is lowered. Moreover, since no connection of the word lines to selector
      circuits is required, reliability thereof increases. Further, since the
      amplitude of the pulse I.sub.w1 is reduced by half, the current capacity
      of a word driver decreases and the word driver can be made small in size
      and at low cost. Moreover, the memory matrix can efficiently be formed
      with a required word length irrespective of the shape of the memory cell
      substrate and this provides remarked advantages such as a substantially
      enhanced memory density and the increased freedom in the manufacture of
      the memory cells.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A high bit density word arrangement matrix memory comprising:
PA1  a flat substrate of insulating material;
PA1  a plurality of straight sections of parallel digit lines disposed in
      parallel at regular intervals on a flat surface of the flat substrate,
      each of the digit lines comprising a conductive strip and at least one
      ferromagnetic thin film disposed thereon, corresponding digit lines of the
      respective straight sections being interconnected to one another;
PA1  a magnetic flux keeper plate of magnetic material having a plurality of
      parallel column grooves and a plurality of parallel row grooves
      intersecting at right angles with the parallel column grooves, the
      magnetic flux keeper plate being mounted on the flat substrate so that the
      column grooves and the row grooves are adjacent the flat surface of the
      flat substrate;
PA1  a plurality of X conductors each disposed in a corresponding adjacent pair
      of the row grooves and having portions disposed in the segments of all the
      column grooves between said corresponding adjacent pair of row grooves so
      that each of the portions of the X conductors disposed in said segments of
      the column grooves overlies a corresponding one of the straight sections
      of the digit lines; and
PA1  a plurality of Y conductors each disposed in at least a corresponding one
      of the column grooves.
NUM  2.
PAR  2. A word arrangement matrix memory according to claim 1, in which the
      corresponding digit lines of the respective sections are interconnected to
      one another in series.
NUM  3.
PAR  3. A word arrangement matrix memory according to claim 1, in which the
      corresponding digit lines of the respective sections are interconnected to
      one another in parallel.
NUM  4.
PAR  4. A word arrangement matrix memory according to claim 1, in which each of
      the X lines are disposed in a meandering line pattern to alternately pass
      through respective portions of adjacent pairs of the corresponding row
      grooves and all the column grooves.
NUM  5.
PAR  5. A word arrangement matrix memory according to claim 4, in which each of
      the Y lines is disposed in a single corresponding column groove.
NUM  6.
PAR  6. A word arrangement matrix memory according to claim 4, in which each of
      the Y lines is disposed in a plurality of column grooves in a stepped
      pattern.
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ABST
PAL  Each person underground in the mine carries in his helmet lamp a
      continuously operating transmitter the signal of which is detected by a
      receiver. The receiver or the antenna thereof is installed, in one
      embodiment, in a Faraday cage that surrounds the dangerous area, such as
      the feed side of the crushing machine or the delivery end of a conveyor.
      In another embodiment, directional antennas are located at the approaches
      to a blasting area, for example. In either case, when a signal is detected
      indicating the presence of a person in the danger zone, in the case of the
      Faraday cage, or near the danger zone, the conveyor is stopped or a
      warning is sounded, as the case may be.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a system for protecting persons who are engaged in
      underground operations from dangerous areas.
PAR  An important problem of underground operations is the automatic protection
      of persons engaged in certain kinds of work against any dangers that might
      occur, or the automatic counting of persons, or the automatic location of
      persons in spite of poor visibility, as caused, for example, by fire or an
      explosion, or the automatic location of persons buried by a collapsing
      support or section.
PAR  For the location of persons buried alive in mine disasters, the German
      Petty Pat. No. 6,805,398 suggests that the headlamp of each miner should
      be equipped with a transmitter, the signal of which can be detected. This
      arrangement, however, leaves unsolved other equally important aspects of
      the problem of mine safety, such as the protection of persons in dangerous
      areas or the counting of persons to ensure that an unsafe number of
      persons do not ride in the cage.
PAC    BACKGROUND OF THE INVENTION
PAR  An object of the invention is a safety system that protects persons from
      dangerous areas underground in an effective way, such as by sounding a
      warning, by stopping the operation of some machine, or by counting.
PAR  Briefly, the invention consists of a continuously operating radio
      transmitter carried by each person, signal reception means, such as a
      radio receiver or an antenna, positioned with respect to a dangerous area
      so as to receive the signal transmitted by the transmitter whenever the
      person by his physical presence is endangered by the area, and electric
      means connected to the signal reception means for responding to a signal
      and protecting the person from the danger threatened by the area.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of one embodiment of the invention;
PAR  FIG. 2 is a view in cross-section taken along line A--A of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view taken along line B--B of FIG. 1;
PAR  FIG. 4 is a view in cross-section of a second embodiment, taken along line
      C--C of FIG. 5;
PAR  FIG. 5 is a side view of the second embodiment of the invention;
PAR  FIG. 6 is a view, in cross-section taken along line D--D of FIG. 7 of a
      third embodiment of the invention;
PAR  FIG. 7 is a top view of the third embodiment;
PAR  FIG. 8 is a top view of the fourth embodiment of the invention;
PAR  FIG. 9 is a side view of a still further embodiment of the invention;
PAR  FIG. 10 depicts a miner's helmet and head lamp provided with a continuously
      operating signal transmitter; and
PAR  FIG. 11 depicts details of the head lamp shown in FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with one advantageous embodiment of the invention, a Faraday
      shield cage partly encloses a length of the belt or scraper conveyor.
      Within the cage at least one radio receiver or antenna is placed at a
      known distance from the entrance. This arrangement ensures that workers
      are protected from a particularly dangerous part of a conveyor, such as
      the feed side of a crushing machine or the delivery end. As soon as a
      worker equipped with a radio transmitter enters the cage and so doing
      exposes himself to great danger, a radio receiver causes the conveyor to
      be stopped. If a person equipped with a transmitter passes by the cage,
      and safely remains outside of the cage, the receiver does not detect any
      signal from the transmitter, because the person is not endangered.
PAR  This embodiment of the invention is shown in FIGS. 1, 2 and 3. A protective
      screen 2, in the form of an electrostatic shield, such as a Faraday cage,
      which can be combined with the conventional mechanical protective screen
      4, is positioned in front of a coal crusher 1 and partly encloses a length
      of the belt or scraper conveyor 3. A receiver E is placed within the cage
      2. The signal of the transmitter S.sub.2 of a person passing by the cage
      is not detected by the receiver E, because of the electrostatic shielding
      of the cage 2. As soon, however, as a person enters the Faraday cage
      (because of an accident, for example), the receiver E detects the signal
      from the transmitter S.sub.1, and the conveyor 3 is stopped. In order to
      ensure that the conveyor stops in time, the length of the Faraday cage is
      determined by the path length travelled by the conveyor before it comes to
      a stop. The measurements a and b of the entrance to the Faraday cage are
      smaller than the distance c of the receiver E from the entrance, so that
      the receiver E detects only the signal of those transmitters (in the
      present instance the transmitter S.sub.1) that are already within the
      cage.
PAR  With reference to FIGS. 4 and 5, a Faraday cage, composed of the protective
      screen 2, is positioned behind a descent place 12 to surround partly a
      belt conveyor 11. A receiver E is located within the cage. If a person
      enters the cage, the signal from his transmitter S is detected by the
      receiver E, and the conveyor is stopped, so that the endangered person can
      leave the conveyor in front of the danger point, which, for example, can
      be a conveyor delivery or a bunker feed.
PAR  In a further advantageous embodiment of the invention, the Faraday cage can
      consist of an electrically conductove partition and of the top, side, and
      bottom surfaces of the underground working, which surfaces in whole or in
      part can be electrically conductive. The partition separates a roadway for
      workers from the track conveyor, which is preferably a monorail conveyor,
      the antennas being spaced along the length of the track. This embodiment
      enables the guarding of a large space, such as a long length of conveyor
      track or a loading point, so that the signal of the transmitter carried by
      anyone entering the space will be picked up by the antennas and conducted
      to a receiver, which stops the conveyor, prevents the conveyor from being
      started, or operates a warning signal.
PAR  FIGS. 6 and 7 show this embodiment, in which every person carries a
      transmitter in his helmet lamp, a radio receiver (not shown) being
      mounted, for example, in the winch control cab of the monorail conveyor.
      The receiver delivers a signal to warn or to shut off the winch drive when
      someone with the transmitter S.sub.2 enters the dangerous area of the
      conveyor track 27, which is separated from the roadway 21 by the wire
      screen 20. The conveyor track includes both the monorail conveyor 22 and
      the belt conveyor 23. The antennas A are spaced along the track near the
      roof, and the receiver is located in the winch control cab. The wire
      screen partition 20 and the surfaces 24, 25, and 26 in the conveyor tracks
      27 constitute a Faraday cage, so that the signal from the transmitter
      S.sub.1 of a person in the safe roadway 21 is not picked up by the
      antennas A. In this embodiment as in the previous ones, the Faraday
      screening ensures that only the signal from the transmitter S.sub.2 of a
      person within the danger zone can cause a warning signal or stopping of
      the conveyor.
PAR  In accordance with still another preferred embodiment of the invention,
      radio receivers with directional antennas, preferably ferrite antennas,
      can be positioned in the approaches to the dangerous areas. The
      directivity of the antennas can be parallel, perpendicular, or inclined to
      the axis of the underground working. The receiver detects only the signals
      of the transmitters of those persons who are greatly endangered as soon as
      they enter the pickup zone of the receiver, as determined by the
      directional characteristics of the antenna and the sensitivity of the
      receiver. This pickup zone constitutes the warning area that delimits the
      dangerous area. The signals of the transmitters of those persons who are
      not endangered are not received. Ferrite antennas are advantageously used
      because of their favorable directional characteristics.
PAR  This embodiment is shown in FIG. 8, in which are illustrated two
      directional antennas A.sub.1 and A.sub.2 (in the present embodiment
      ferrite antennas), the antenna A.sub.1 having a single lobe and the
      antenna A.sub.2 having two lobes, the two antennas being connected to the
      inputs of respective receivers, not shown. The receiver sends a signal to
      the detonator Sch, who is preparing to blast the holes L.sub.1, L.sub.2,
      and L.sub.3 in the floor of the length H, and/or a warning signal, when
      persons equipped with the transmitters S.sub.3 and S.sub.4 are about to
      enter the danger zone H by way of the approaches B and C. The detonator
      receives the signal and/or warning signal as soon as the persons enter the
      area, shown in dashed line, of the directional pattern of the antenna
      A.sub.1 or A.sub.2 .
PAR  In a still further embodiment of the invention, a directional antenna can
      be mounted in front of a train or of an overhead conveyor, such as a
      monorail conveyor, the directional pattern of the antenna extending in
      front of the train or conveyor and embracing a volume of which the
      cross-section is larger than the cross-section of the train or conveyor.
      When a person equipped with a transmitter is within this volume, either a
      warning is sounded or the train is stopped before harm is done.
PAR  This embodiment is illustrated in FIG. 9. When a person with a transmitter
      S is located in the path of a train, consisting of the four cars F.sub.1,
      F.sub.2, F.sub.3 and F.sub.4, either a warning is sounded or the train is
      stopped. The first car F.sub.1 carries a directional antenna A.sub.1,
      preferably a ferrite antenna, having a single lobe, the associated
      receiver E detecting the signal of the transmitter S from a predetermined
      distance x. The receiver either causes a warning signal to sound or the
      train to stop.
PAR  The design of the receivers E can be very simple, since they only control
      mechanical arrangements, warning signal generators, counters, and gates.
      Simple transistor circuits, powered by any suitable source, preferably by
      a self-contained source, are desirable.
PAR  The antennas used in the Faraday cages are preferably ferrite antennas, the
      pickup ranges of which can be varied. The directivity of the ferrite
      antenna enables the reception range of the receiver to be controlled in a
      very exact manner.
PAR  In accordance with the invention, the transmitters are preferably
      permanently mounted in the helmet lamps. This is shown in FIGS. 10 and 11.
      This ensures that all persons underground are necessarily part of the
      automatic safety system. The system is made independent of human frailties
      by having the transmitter operated all times, except when the battery of
      the helmet lamp is being recharged. The transmitter has no means that
      enables the wearer to shut it off.
PAR  The frequency of the transmitters is advantageously within the narrow range
      of 600 to 1000 kilocycles, because then the safety system of the invention
      can use the same transmitters and frequency as are suggested in the German
      Petty patent No. 6,805,398 that describes a position locator for persons
      buried alive. If the safety system of the invention is not used in
      conjunction with the aforesaid position locator, other frequencies, lying
      outside of this band, can be used.
PAR  The reliability of the safety system must be very high. A defective
      transmitter must be discovered in time and removed in order to ensure that
      the entire safety system functions in the intended manner. This can be
      done in the manner that a stationary testing receiver is installed between
      the lamp room and the shaft. The testing receiver can be contained within
      a Faraday screen cage or else provided with a directional antenna, so that
      the output from a properly operating transmitter causes the testing
      receiver to light up a sign that informs the person that his transmitter
      is operating properly. The signal from the receiver can also be used to
      unlock a turnstile, those persons with defective transmitters being
      prevented from leaving the lamp room to enter the shaft.
PAR  The arrangement, in accordance with the invention, of the receiver, or only
      one or more antennas of the receiver, within the Faraday cage or-- if the
      antennas are directional--at the approach to the danger areas ensures that
      the receiver detects a signal and operates some device to protect the
      person only when that person enters the Faraday cage or comes within the
      reception range of the receiver either voluntarily or because of an
      accident.
PAR  By variously designing and arranging the antennas within the Faraday cage
      in conjunction with the dimensions of the cage (ratio of the entrance
      width of the cage to the width of the space within the page)-- as well as
      in conjunction with the chosen sensitivity of the receiver-- the screening
      effect of the cage and thus the necessary demarcation of the space within
      which the receiver can detect a signal are adjustable between wide limits
      and can be made to suit each individual case. This adaptability is also
      present with directional antennas, which can be designed and arranged in
      conjunction with the characteristics of the receiver to suit different
      requirements. The system of the invention ensures, in a simple manner, the
      automatic protection against the larger part of all dangerous areas
      underground.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      arrangements differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      system for protecting persons underground from dangerous areas, it is not
      intended to be limited to the details shown, since various modifications
      and structural changes may be made without departing in any way from the
      spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for protecting persons engaged in underground operations from
      danger areas, comprising in combination a plurality of miner's head lamps;
      a plurality of continuously operating signal transmitters each connected
      to a respective one of said miner's head lamps in such a manner that when
      the head lamps are worn the signal transmitters must be carried along by
      the wearers; signal reception means positioned at a danger area and
      responsive to signals transmitted by said signal transmitters; means for
      establishing a definite zone within which a transmitter must be located to
      be detected by said reception means; and electric means for automatically
      initiating a safeguarding operation when a respective one of said
      transmitters enters said zone.
NUM  2.
PAR  2. The system as defined in claim 1, said means for establishing, including
      a partly open electrostatic shield cage adapted to enclose partly the
      dangerous area, and wherein said signal reception means is so positioned
      within said electrostatic shield cage that the former receives a signal
      from said radio transmitter only when one of said transmitters is also
      within said electrostatic shield cage.
NUM  3.
PAR  3. The system as defined in claim 2, wherein said signal reception means
      comprises an antenna.
NUM  4.
PAR  4. The system as defined in claim 3, wherein said antenna is directional.
NUM  5.
PAR  5. The system as defined in claim 2, wherein said signal reception means
      comprises a radio receiver.
NUM  6.
PAR  6. The system as defined in claim 2, wherein a conveyor is the object of
      danger within the dangerous area and said shield cage partly encloses at
      least a length of the conveyor, said shield cage being open at at least
      one end for the conveyor, said signal reception means being positioned
      within said cage at a predetermined distance from one end thereof, and
      further wherein said electric means is a switch for stopping the conveyor
      whenever said signal reception means receives a signal.
NUM  7.
PAR  7. The system as defined in claim 6, wherein said shield cage includes an
      electrically conductive partition located between a roadway for the
      persons underground and the conveyor, and further wherein said signal
      reception means is a plurality of antennas spaced along the length of the
      conveyor and within said shield cage.
NUM  8.
PAR  8. The system as defined in claim 7, wherein the remaining interior
      surfaces of said shield cage, aside from said partition, are composed of
      the surfaces of the underground space.
NUM  9.
PAR  9. The system as defined in claim 7, wherein the conveyor is a track
      conveyor.
NUM  10.
PAR  10. The system as defined in claim 1, wherein said signal reception means
      comprises directional antenna means.
NUM  11.
PAR  11. The system as defined in claim 10, wherein a train is the object of
      danger within the dangerous area, and said directional antenna means is
      mounted on the train in front thereof so that the range of reception is
      located in the direction of forward movement of the train.
NUM  12.
PAR  12. The system as defined in claim 11, wherein the pickup pattern of said
      directional antenna means embraces, in front of the train, a volume of
      which the cross-section is larger than the cross-section of the train.
NUM  13.
PAR  13. The system as defined in claim 11, wherein said electric means is a
      switch for stopping the train whenever said directional antenna means
      receives a signal.
NUM  14.
PAR  14. The system as defined in claim 1, wherein said signal reception means
      comprises a transistor radio receiver.
NUM  15.
PAR  15. The system as defined in claim 1, wherein said signal reception means
      includes a ferrite antenna.
NUM  16.
PAR  16. The system as defined in claim 1, wherein said radio transmitter is
      mounted in the helmet lamp of the person and powered by the battery of the
      helmet lamp, and further wherein said radio transmitter has no switch that
      can be turned off by the person wearing the helmet lamp.
NUM  17.
PAR  17. A system as defined in claim 1, wherein said electric means is a
      warning device.
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ABST
PAL  An automatic target detector for determining the probability that an object
     n water is a swimmer. An electro-optical sensor is provided for viewing a
      target in water and contrast and width of the target are measured to
      assign probabilities that a target is a swimmer. A target which shows
      acceptable contrast and width is encoded and the encoded information is
      compared with stored reference scenes to make a final determination of
      whether or not a target is a swimmer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The advent of self-contained underwater breathing (SCUBA) gear has provided
      swimmers with a capability of performing valuable military assistance in
      such areas as sabotage, reconnaisance, and clearance of obstacles which
      will prevent or hinder small landing craft. During the second World War,
      for example, frogmen were credited with sinking large tonnage of ships by
      attaching explosive devices to the sides and bottoms of ships. In order
      for a frogman or swimmer to be effective, it is necessary for him to
      remain undetected for a man in water is not capable of effective combat
      with someone on the surface, either on land, air, or on a ship. Thus a
      frogman relies mainly on darkness and camouflage to escape detection.
PAR  Various items also float in water and any automatic detection device should
      be able to discriminate between a person and other objects, such as
      floating logs. This detection might be based on size, contract, speed of
      movement, and the like. Devices that can discriminate between various
      shapes of items are known in the art and, likewise, devices that
      discriminate or measure the contrast within an item are known. For
      example, in U.S. Pat. No. 3,529,169, which issued Sept. 15, 1970, to
      Richard Heaney et al, there is shown a device for detecting the shape of a
      ware, such as a bottle. In this device, light is projected through a
      rotating ware and the ware profile in the form of a shadow is cast on an
      array of light responsive devices. Such a shadow represents the
      configuration or profile of the ware. The array of light responsive
      devices, in turn, are arranged to detect both inward and outward
      deviations from a standard or desired shadow profile or a desired
      configuration of the rotating ware. Ware with no distortion or
      configuration defect will have a stationary pattern or a preselected
      shadow profile. On the other hand, a ware with distortion or with a
      configuration defect will produce a moving shadow or a nonconforming
      shadow profile. It is the array of light responsive devices that detects
      whether the configuration of the rotating ware conforms to preselected
      conditions and controls the operation of a decision circuit for either
      signaling the reject or accept status of the rotating ware or for
      controlling the operation of a reject or accept device disposed in the
      path of travel of the ware after the ware leaves the inspection station.
PAR  In U.S. Pat. No. 3,154,625, which issued Oct. 27, 1964, to James H. Kail,
      there is shown a device for grading meat by measuring the amount of fat in
      a cut. In this method, light is reflected from a cut of meat into a
      photometer which is adapted to register light reflected from fat but not
      to register light reflected from muscle. The percentage of fat present in
      the cut is used to grade the cut of meat.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a device for first detecting an object in
      water and then making a determination as to whether that object is a
      swimmer. The present invention is based on the fact that all targets will
      exhibit a constant contrast direction, that is, either light targets on a
      dark background or dark targets on a light background. This fact is
      combined with the physical size limits of the target to define rectangular
      areas which may contain targets.
PAR  An electro-optical sensor is used to view a target and a line target
      recognizer is used to measure the contrast and width of a potential target
      and then assigns probabilities that a target is not a swimmer. It has been
      previously determined that a swimmer will show a contrast greater than 2.5
      percent and a width of between 4 inches and 6 feet. The two probabilities
      are multiplied to obtain a joint probability that a target is not a
      swimmer. When it is determined that an object could be a swimmer, the
      information received from the electro-optical sensor is encoded and stored
      and then compared with various reference scenes by correlation to make a
      final determination as to whether or not the detected target is a swimmer.
      When the detected target and a reference scene indicate that the target is
      a swimmer, a suitable alarm, such as an audible signal or a light is
      energized to alert personnel.
PAR  It is therefore a general object of the present invention to provide an
      automatic device for determining if an object in water is a swimmer by
      correlating a probable target with a reference scene.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a logic diagram of the line target recognizer shown in FIG. 1 of
      the drawings;
PAR  FIG. 3 is a schematic diagram showing circuitry for deriving field-of-view
      (FOV);
PAR  FIG. 4 is a diagram showing position bins of a video presentation;
PAR  FIG. 5 is a diagram showing a target word composition;
PAR  FIG. 6 is a block diagram showing the memory system of a line target
      recognizer and an area target recognizer;
PAR  FIG. 7 is a schematic diagram of a computer for converting target time to
      width;
PAR  FIG. 8 is a schematic diagram of a computer for determining target
      contrast; and
PAR  FIG. 9 is a schematic diagram for computing joint probability of a target.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is shown in FIG. 1, a block diagram of
      a video classifier which will operate in real time. An electro-optical
      sensor 11 is used to view a target in water, which may or may not be a
      swimmer, and the target is recognized on a video line by a line target
      recognizer 12. Line targets, in turn, are recognized as a combination,
      which makes an area target, by an area target recognizer 13. The area
      target video is converted to digital information and stored target arrays
      are compared with stylized target arrays, or reference scenes 14, in
      target classifier 15, and, when a swimmer is recognized, this decision is
      displayed on an identification display 16. By way of example, display 16
      might be a light, an audible alarm, or the like.
PAR  Line target recognizer 12 measures the contrast and width of a potential
      target and assigns probabilities that a target is not a swimmer for both
      contrast and width, if the variables are within acceptable ranges.
      Acceptable ranges, by way of example, might be a constrast greater than
      2.5 percent and width between 4 inches and 6 feet. The two probabilities
      are then multiplied to obtain a joint probability that a target is not a
      swimmer. If this joint probability falls below a threshold value a binary
      number is presented to area target recognizer 13. The binary number
      identifies the horizontal starting point of the line, the vertical line
      number, and the width of the suspected target.
PAR  Referring now to FIG. 2 of the drawings, there is shown a diagram of line
      target recognizer 12 which shows the logic functions and timing required
      to implement the device. Computer 17 accepts downlook angle (X) and
      vertical line number (n) as variables and computes the line field-of-view
      (FOV), in feet. The equations are as follows:
EQU  1 R = h/X (For small angles);
      ##EQU1##
      where:
PA1  X = downlook angle
PA1  .beta. = sensor field-of-view
PA1  h = height of sensor
PA1  n = number of vertical line
PA1  N = total number of lines; and
PA1  R = range.
PAR  Equation 5 is implemented as shown in FIG. 3 of the drawings. Since all the
      variable terms in the equation are in the denominator, the computation is
      a matter of scaling, adding, and offsets for an analogue computation
      except for the inverse function which must be performed. To form the
      inverse, a multiplier is used in conjunction with an operational amplifier
      and, as the summation cannot be performed at the input variable point,
      three operational amplifiers and a multiplier are required.
PAR  Referring now to FIG. 3 of the drawings, there is shown a circuit diagram
      for solving equation 5. The vertical sync pulse from vertical sync
      separator 18 resets capacitor 19 to zero volts by driving NPN transistor
      21 into saturation. At the end of the sync pulse, capacitor 19 is charged
      by a constant current supplied by PNP transistor 22. Amplifier 31 is
      connected as a voltage follower to prevent loading of the ramp across
      capacitor 19 and amplifier 32 inverts and scales the ramp and sums the
      downlook angle of the center of the field-of-view with the swept angle.
      The output of amplifier 32 is an analogue of the downlook angle for each
      horizontal line in a horizontally scanned raster. An analogue multiplier
      41 and amplifier 42 are connected as a divider to provide an output
      representing the instantaneous field-of-view for the electro-optical
      sensor 11. An inverting amplifier 49 is provided as multiplier 41 provides
      only a + xy/10  as an output and operation as a divider requires a -xy
      function.
PAR  The first decision in the identification of a target is based on contrast.
      A target without contrast cannot be detected and, with an active sensor
      11, the contrast will normally be positive, that is, will be a bright
      target against a dark background. The positive contrast is detected by
      averaging the video by filter 51 and then comparing by comparator 52 the
      instantaneous value of the video signal with the average value. When the
      positive difference exceeds a threshold value, a comparator output is
      generated. The video comparator 52 output allows a target width
      measurement to be made by computer 53 while the output is positive and is
      used with the horizontal clock 54 to trigger two retriggerable one-shot
      multivibrators 55 and 56. As shown in FIG. 2 of the drawing, the outputs
      of comparator 52 and clock 54 are connected to multivibrators 55 and 56
      through "AND" gate 57. The average video value is held during blanking to
      prevent an erroneous average due to the horizontal synchronizing pulses.
PAR  The sensor field-of-view is computed in feet by computer 17 and is
      available as a voltage. By converting the field of view analogue into a
      controlled current, a target time measurement can be converted to target
      width. The electronic equation is:
EQU  6 CE = Q = It or
      ##EQU2##
      where E = voltage;
PA1  Q = charge;
PA1  I = current; and
PA1  t = time
PAR  Since C is fixed, I is computed and t is measured, the equation E = It/C
      converts the measured time into a voltage analogue of target width. FIG. 7
      of the drawing is a schematic diagram of a circuit showing component value
      for providing an output scale factor of 1/3 volt per foot. It being
      understood, of course, that those skilled in the art could provide other
      component values if another scale factor is desired.
PAR  The probability that a signal is not a target is a non-linear curve with a
      minimum at the most likely target contrast for a passive system. For an
      active system either an illumination taper can be generated, a
      line-by-line automatic gain control can be included in the sensor, or the
      not-target probability can be three dimensional with a range-squared
      function as one of the inputs to computer 61. FIG. 8 of the drawings is a
      schematic diagram of a function generator for computing
      P.sub.NOT-CONTRAST. It can be seen that the two inputs are direct video
      and filtered video and the output P.sub.NC is applied to multiplier 71.
      FIG. 9 of the drawings is a schematic diagram showing component values for
      rescaling of not-target contrast probability. The multiplier scale factors
      are 10 volts full scale on each input to provide 10 volts full scale
      output. Thus 1 = 10 volts for P.sub.NC, P.sub.NW, and P.sub.NCW. The
      P.sub.NCW threshold can be either manually set or can be controlled by the
      area target memory.
PAR  The output of computer 53, which is a voltage proportional to target width,
      is applied to detectors 63 and 64. Detector 63 is set to eliminate targets
      that are too wide and detector 64 is set to eliminate targets that are too
      narrow.
PAR  Referring now to FIG. 2 of the drawings, it can be seen that the output of
      horizontal counter 81 is applied to a line target word latch 82 through a
      horizontal latch 83. A vertical counter 84 which, by way of example, might
      be an 8-bit counter, is used to generate a binary number for each line.
      Counter 84 counts horizontal synchronizing pulses and is reset by the
      vertical synchronizing pulses from vertical sync separator 18. As counter
      84 is stationary during a complete line, no vertical latch is needed. A
      clock burst from horizontal clock 54 is connected to binary ripple counter
      85 which converts target time to a binary number and, as the clock burst
      ends when target contrast falls below a threshold value, the number in the
      target width counter 85 will be stationary after a target has been
      detected. Counter 85 serves as its own memory and the output from counter
      85 is applied to line target word latch 82. The line word latch 82 is a
      temporary memory which stores the horizontal starting point of a target,
      vertical line number, and target width. After the data latch has been
      loaded, line target recognizer 12 is reset and a "data good" pulse is
      provided to area target recognizer 13.
PAR  The area target recognizer 13 and target classifier 15 are interrelated in
      that they share a large semiconductor memory. By way of example, a
      1024-bit dynamic memory might be used as such a memory is inexpensive,
      very flexible and manufactured by several different vendors. One such
      memory device is manufactured and sold by the Signetics Corp., Sunnyvale,
      California 94086, under the tradename "Signetics 1103." The "Signetics
      1103" is a 1024 word by 1 bit random access memory element using
      enhancement mode P-channel MOS devices integrated on a monolithic array.
      Information stored in the memory is nondestructively read. Refreshing of
      all 1024 bits is accomplished in 32 read cycles and is required every 2
      milliseconds. The dynamic memory is organized as 1024 words with each word
      consisting of one bit and the cycle time is a minimum of 580 nanoseconds.
      The word size required is determined by the area target recognizer 13. To
      sort targets on the basis of height, a word of 8 bits is added to the
      26-bit word from the line target recognized 12 and, to identify the lower
      boundary of a target, a check bit is added. As shown in FIG. 5 of the
      drawings, a total word length of 35 bits is required to perform the area
      target recognition function. Because of the semiconductor memory
      organization, there are 1024 words available, each of which is 35 bits
      long.
PAR  The organization into 1024 words are subdivided into a group of 32 words
      for the area target recognition, 32 words for identified area target
      storage, and 960 words for target array storage. Assigned addresses are:
PAR  a. 00000(xxxxx) 32 line data words; and
PAR  b. 00001(xxxxx) 32 area data words.
PAR  The line data words will correspond to 32 Horizontal position bins and will
      be in use during the first field scan. Each position bin will correspond
      to 53 microseconds (horizontal line video time) divided by 32 or about
      1.65 microseconds. At maximum effective range, this time is equivalent to
      5.6 inches and should provide resolution sufficient to store all line
      target recognizer outputs. The time is also adequate to perform a
      read/write cycle and a write cycle, which is required to remove a valid
      target from the line data memory and store it in the area data memory. To
      meet the data rate requirements of the system, the machine is a
      wireprogrammed parallel processor. The functions performed to recognize an
      area target are storage of line targets in a position bin, matching new
      line targets with old line targets, elimination of targets which fall
      outside of an acceptable range of vertical size, determination of the
      vertical boundary of a target, clearing a range bin of a completed or
      unacceptable target, and storage of an acceptable target in the area
      target portion of the memory.
PAR  Referring now to FIG. 4 of the drawings, there is shown a division of a
      video presentation into position bins. The position bins are areas of the
      raster, each one of which represents 16 resolution elements on a
      horizontal line. The 26-bit line target word generated by the line target
      recognizer identifies the lefthand edge (starting point) of the target
      with a 9-bit byte. By accepting only the five most significant bits of the
      9-bit byte, a position bin address for the horizontal target is generated.
      If five zeros are added preceding the position bin address, a main memory
      address results which will be the same for any target with a leading edge
      which falls on a resolution element within the position bin. A single area
      target may be made up of line targets which fall in either an earlier or
      later position bin than the preceding target. To make a vertical size
      measurement, it is therefore necessary to test the position bins on either
      side, as well as the one in which a target occurs. If a target has been
      stored in any of the three locations, it is combined with the new target
      and stored in the position bin indicated by the new target. The word
      arrangement is as shown in FIG. 5 of the drawings.
PAR  As shown in FIG. 6 of the drawings, when the position bins are read, the
      data will be transferred to a latch 92 and memory 91 will be cleared at
      that location. This is accomplished in one read/write cycle time and a
      separate cycle is not required to clear position bins as data moves from
      one bin to another. Data from the line target recognizer 12 is stored in a
      particular position bin if no prior targets are present or combined with
      any prior targets and stored in the appropriate bin. Targets that grow too
      tall have been rejected. When the lower boundary of a target has been
      reached, no more line targets will accumulate on a particular area target.
      To clear the position bin for targets which may be below the one detected,
      the completed target is transferred to an area target memory 93, which is
      simply 32 words set aside for this purpose. The information required to
      made a decision to store a target is supplied by bit number 35, the "1
      bit" shown in FIG. 5 of the drawings. By reading the position bin words
      one-half of a line behind the sweep position, every target in a position
      bin is available at the horizontal line rate. If there is a "1" present in
      the 35th bit of a detected target, the "1" is changed to a zero and the
      target is restored. If a zero is present in the 35th bit of a stored
      target, the height of the target is examined and, if it is not too small,
      the target is stored in area target memory 93. The 32 position bins allow
      both a read/write cycle and a write cycle to be performed in the time
      occupied by one position bin on the horizontal sweep. The word is read and
      the memory location cleared, and the word is then stored at the same
      location, completely rejected, or stored in the area target portion of the
      memory. The position bin address is generated by taking the five most
      significant bits from the horizontal counter in the line target
      recognizer. The most significant bit is inverted, and an address results
      which is always 16 bins away from the horizontal scan position. The "DATA
      GOOD"  pulse, which is shown in FIG. 2 of the drawings, loads the five
      most significant bits from the H position byte and causes the loaded
      counter to count down one. At the same time, the position bin scanning
      process is stopped after completion of the cycle being performed.
PAR  After the possible target areas are located and stored in area target
      memory 93, they are converted by converter 94 to digital form and stored
      in storage memory 95. As shown in FIG. 1 of the drawing, the stored target
      array in memory 95 is compared with a stylized target array stored as
      reference scenes 14. By way of example, target classifier 15 might be a
      correlator, which are well-known in the art. For example, in U.S. Pat. No.
      3,794,272, which issued Feb. 26, 1974, to Klaus J. Hecker, there is shown
      a correlator for digitally correlating a video signal viewed by a TV with
      a reference or memorized scene. Other correlators are shown in U.S. Pat.
      No. 3,591,715, which issued July 6, 1971, to David Rubin et al and in U.S.
      Pat. No. 3,646,333, which issued Feb. 29, 1972, to Cabell N. Pryor, Jr.
      The identification display 16 might be a light or an audible signal which
      is energized when a target is identified as a swimmer.
PAC  OPERATION
PAR  The operation of the target detection system herein described can be
      divided into four functions, that is, a target is recognized on a video
      line; line targets are recognized as a combination which makes an area
      target; area target video is converted to digital information and stored;
      and stored target arrays are compared with stylized target arrays to
      determine target classification. A line target recognizer 12 measures the
      contrast and width of a potential target and assigns probabilities that a
      target is not a swimmer for both contrast and width. The two probabilities
      are multiplied to obtain a joint probability that a target is not a
      swimmer. When this joint probability falls below a threshold value, a
      binary number is presented to the area target recognizer 13. The binary
      numbers which are presented to area target recognizer 13 identify the
      horizontal starting point of the line, the vertical line number, and the
      width of the suspected target.
PAR  After the possible target areas are located and stored in area target
      memory 93, they are converted to digital form and then stored in memory
      95. The stored target arrays are then compared, by a correlation
      technique, with stylized target arrays to determine whether or not the
      potential target is a swimmer.
PAR  It can thus be seen that the present invention first determines whether a
      potential target should be investigated further by first assigning a
      probability factor based on target contrast and target width. Those
      targets passing the first test are then compared with a reference scene in
      order to make a final determination as to whether the target is a swimmer.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for recognizing a swimmer in water comprising,
PA1  an electro-optical sensor providing a video display for viewing a target in
      water,
PA1  first means for measuring the contrast of said target and assigning a first
      probability factor that said target is not a swimmer and measuring the
      width of said target and assigning a second probability factor that said
      target is not a swimmer,
PA1  second means for encoding an area containing a target when said first means
      determines that said target has a probability of being a swimmer, said
      encoded target area being a portion of said video display,
PA1  memory means for retaining said encoded target area,
PA1  means providing reference scenes characteristic of a swimmer, and
PA1  classification means for comparing said encoded target area with said
      reference scenes for determining whether said target is a swimmer.
NUM  2.
PAR  2. A device for recognizing a swimmer as set forth in claim 1 having means
      for multiplying said first and second probability factors to provide a
      joint probability factor that a target is not a swimmer.
NUM  3.
PAR  3. A device recognizing a swimmer as set forth in claim 1 wherein said
      encoded target area is converted to digital form and stored in said memory
      means and wherein said reference scenes are provided in digital form.
NUM  4.
PAR  4. A device for recognizing a swimmer as set forth in claim 1 wherein said
      classification means is a digital comparator.
NUM  5.
PAR  5. A device for recognizing a swimmer as set forth in claim 4 wherein an
      identification device is energized when said digital comparator correlates
      said encoded target area and said reference scenes.
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ABST
PAL  A flexible line distributed antenna, defining a perimeter of interest,
      radiates energy supplied from a transceiver. Motion around the flexible
      line causes the reflected energy which is intercepted by the flexible
      distributed antenna to be coupled back to the transceiver as a doppler
      frequency for processing in an alarm system. Reflected energy from the
      antenna to the transceiver is amplified and rectified into a DC voltage.
      This DC voltage is integrated to produce a time varying signal to a level
      detector that responds to a predetermined value of the integrated DC
      voltage. A response by the level detector provides an actuating signal to
      an alarm indicator through alarm logic. Ambient conditions around the
      extended flexible line distributed antenna are monitored by external
      sensors having outputs for controlling amplifier gain and triggering the
      alarm logic. For improved motion detection reliability, reflected energy
      from the antenna is coupled to a transceiver providing two output signals.
      These two output signals are processed separately for coupling to a
      voltage comparator driving an alarm indicator through alarm logic.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to perimeter intrusion alarm systems, and more
      particularly to such systems using microwave energy transmitted and
      reflected to a monostatic antenna for motion detection.
PAR  Intrusion detecting devices and systems utilizing microwave energy are
      known. Many such devices and systems utilize transmission antennas and
      reflectors positioned to define a perimeter of interest. Such a series of
      antennas and reflectors requires elaborate installation and accurate
      alignment to insure reasonably reliable intrusion detection. Heretofore,
      many presently available systems did not provide the expected detection
      reliability because of the ease with which an intruder was able to
      compromise the system. The detection reliability of presently available
      systems is further reduced by the effects of ambient conditions that cause
      a disruption of a transmitted energy wave.
PAR  A feature of the present invention is to provide a perimeter intrusion
      alarm system utilizing a flexible distributed antenna. This flexible
      antenna is relatively easy to deploy around any given perimeter segment of
      interest. Operation of the antenna insures that the energy therefrom is
      confined to a narrow zone about the protected perimeter segment, thereby
      permitting authorized activities beyond the protected zone without causing
      false alarms. As a further feature of the flexible distributed antenna,
      detection is extended across perimeter gaps (such as open gates,
      driveways, etc.) by means of end lobe energy transmitted from the antenna.
PAR  Another feature of the present invention is to provide a perimeter
      intrusion alarm system wherein a flexible distributed antenna is connected
      to a transceiver providing balanced quadrature mixing. Two doppler
      frequency outputs from the mixer are processed into single sideband
      "approach" and "recede" signals to reduce the false alarm rate. These
      "approach" and "recede" signals are processed through a voltage comparator
      to trigger an alarm indicator when the differential of the two signals
      exceeds a given level.
PAR  Still another feature of the present invention is that actual radiated
      energy flow is set up perpendicularly to the direction of the perimeter
      area of interest. Hence, an intruder cannot approach the protected segment
      without generating a true doppler signal. By contrast, certain other prior
      art systems (Gaubau lines, etc.) utilize a guided energy flow moving along
      the direction of the perimeter segment. Consequently, only components of
      intruder motion parallel to the perimeter segment generate true doppler
      signals. The implication is that a knowledgeable intruder has a better
      chance of defeating systems of this prior art type.
PAR  Since false alarms tend to be the greatest single problem in perimeter
      alarm systems, yet another feature of the present invention is the
      processing technique for reducing the false alarm rate. An approaching or
      receding intruder of the perimeter segments produces a single sideband
      return either above or below a transmitted frequency. False alarm sources,
      such as blowing trees, vibrating fences, etc., tend to produce double
      sideband returns and this single sideband technique is utilized to enhance
      the legitimate intruder signals. However, provisions are made to alarm on
      abnormally high noise levels produced by these ambient conditions to
      prevent "jamming" by an intruder.
PAR  One class of motion detection systems employs a sensitive receiver in
      conjunction with a transmitter to receive and measure an electric field.
      If an intruder or foreign object disturbs the electric field, there
      results a variation in the field strength which is detected by the
      receiver and used to trigger an indicator or alarm system. Another class
      of motion detection systems is the space alarm system characterized by the
      transmitting of energy into a specified space to be protected, or the
      space surrounding an object to be detected, and subsequently receiving
      that portion of the transmitted energy that is reflected by the
      surroundings. An alarm is triggered upon the detection of a disturbance,
      i.e., a frequency change, in the reflected energy caused by an intruder
      within the area. Any frequency change of the reflected energy, as compared
      to the transmitted energy, will indicate an object is moving within the
      area being monitored. This is the principle of operation of the well-known
      "doppler" effect. This type of system detects a doppler frequency shift in
      radiation reflected by moving objects within a specified area and the
      present invention utilizes the "doppler" effect.
PAR  A drawback of many microwave doppler type of intrusion detectors is the
      need for expensive and complex systems utilizing separate transmit and
      receive antennas for protection of extended areas or, if a single antenna
      is used, expensive duplexor networks are used to protect the receiver from
      damage by the high power signals being transmitted. The microwave doppler
      system of the present invention utilizes a single transmit/receive
      (monostatic) antenna in conjunction with miniaturized RF circuitry to
      provide balanced doppler mixing without complex radio frequency devices.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an antenna for a perimeter
      intrusion alarm system for detecting motion includes a center conductor
      extending around a selected perimeter and having one end connected to the
      motion detection system and energized by an excitation frequency. An outer
      conductor coaxially spaced with respect to the center conductor includes a
      plurality of groups of radiation slots to expose the center conductor.
      These groups of radiation slots are spaced along the outer conductor at
      distances related to the excitation frequency of the motion detection
      system. Alternately, thin conducting sleeves may be placed around a
      slotted cable at various intervals.
PAR  In accordance with another embodiment of the invention, a perimeter
      intrusion alarm system includes a line antenna extending to define a
      perimeter of interest. A transceiver couples energy to the line antenna
      and responds to energy reflected therefrom to generate a doppler frequency
      signal. A circuit connected to the transceiver responds to the doppler
      frequency signal to generate a time varying voltage. This time varying
      voltage is used to actuate an alarm at a predetermined voltage level.
PAR  In accordance with yet another embodiment of the invention, a quadrature
      perimeter intrusion alarm system responds to energy from an antenna,
      wherein the energy relates to movement along a defined perimeter of
      interest. The antenna is coupled to a transceiver that supplies energy to
      the antenna and responds to energy reflected therefrom to generate first
      and second doppler frequency signals. One of these doppler frequency
      signals is phase shifted with respect to the other with both signals then
      connected to a summing network and a circuit for differentially combining
      the phase shifted doppler frequency signal and the second doppler
      frequency signal. The summing circuit provides an "approach" signal and
      the network for differentially combining the signals provides a "recede"
      signal both connected to individual integrators that provide an output to
      a voltage comparator. The voltage comparator responds to a predetermined
      differential between the approach and recede signals to actuate an alarm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention and its advantages will be
      apparent from the specification and claims and from the accompanying
      drawings illustrative of the invention.
PAR  Referring to the drawings:
PAR  FIG. 1 is a block diagram of a single channel doppler intrusion alarm
      system utilizing a flexible distributed antenna;
PAR  FIG. 2 is an enlarged view of the flexible distributed antenna with equally
      spaced groups of radiation slots for energy distribution;
PAR  FIG. 3 is a block diagram of a quadrature processing perimeter intrusion
      alarm system connected to a flexible distributed antenna;
PAR  FIG. 4 is a schematic of a microstrip balanced quadrature mixer as used in
      the transceiver of FIG. 3; and
PAR  FIG. 5 is an equivalent circuit of a microwave monostatic system
      illustrating that a matched antenna presents a resistive load with no
      target present.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a block diagram of a microwave
      intrusion alarm system including a sensing antenna 10 of a flexible
      distributed line, for example, a coaxial cable or some equivalent thereof,
      such as a modified "TV twin lead" line. The antenna 10 extends to define a
      perimeter of interest and possible locations include around porch
      railings, across patio and door thresholds or across window sills. The
      antenna 10 transmits energy from and reflects energy to a transmit/receive
      transceiver 12, the latter also coupled to a microwave frequency
      oscillator 14. A doppler frequency signal from the transceiver 12 is
      applied to a doppler amplifier 16 having an automatic gain control network
      (not shown) in accordance with usual design practices. The automatic gain
      control network of the doppler amplifier 16 is activated in accordance
      with the output of an AGC processor 18 having an input coupled to an
      external AGC sensor 20.
PAR  The external AGC sensor 20 samples noise producing parameters in the
      vicinity of the antenna 10 and includes any one of a number of electronic
      transducers responsive to a particular parameter. Examples of such ambient
      conditions that will provide noise signals are fence vibration, wind rate,
      rain rate, along with movement of large shrubbery and trees. Noise signals
      produced by these ambient conditions, as sensed by the external AGC sensor
      20, generate a signal to the AGC processor 18 to reduce the gain of the
      doppler amplifier 16. Excessive output signals from any one or all of the
      AGC sensors 20 will also cause the AGC processor 18 to drive alarm logic
      22, to be explained, and hence any attempt to desensitize the system with
      noise (jamming) will initiate an alarm.
PAR  Signals from the doppler amplifier 16 are applied to a rectifier 24 that
      develops a unidirectional voltage from the doppler signal. An output from
      the rectifier 24 is applied to an RC integrator 26 to be amplified and
      smoothed (bandwidth limited) by the inherent low pass characteristic of
      the integrator. The output of the integrator 26 varies with time in
      accordance with the amplitude and duration of the signal received. When
      the output of the integrator 26 reaches a predetermined DC level, it
      triggers a level detector 28. Activating the level detector 28 provides a
      signal to the alarm logic 22 to turn on an alarm indicator 30. As
      mentioned, the alarm logic 22 also receives an input from the AGC sensor
      18 to activate the alarm indicator 30 by an excessive noise signal from
      the external AGC sensor 20.
PAR  Referring to FIG. 2, there is shown an enlarged view of the antenna 10
      which comprises basically a flexible coaxial transmission line with short
      transverse slots cut through the outer conductor. The slots are arranged
      in groups 32, with the slots of each group spaced along the length of the
      cable. For protection, an overall jacket of polyethelene (not illustrated)
      encloses the outer conductor. The slot dimensions and spacing of each
      group are small with respect to the operating wavelength as established by
      the output of the oscillator 14 so that resonance effects are minimized.
PAR  Radiation from a single slot of each of the groups 32 may be visualized
      from the position of an external observer that "sees" a short section of
      the center conductor 34 carrying the cable current from the transceiver
      12. The observer also "sees" most of the inner surface of the outer
      conductor 36 behind the slot. This inner surface of the outer conductor
      carries a net current equal to that flowing in the center conductor 34,
      but 180.degree. out of phase. Thus, the observer "sees" a net effect of
      zero current except that the slot presence affects current flow on the
      inner surface of the outer conductor so that the total cancellation
      current will not be "seen". Also, the observer's 180.degree. phase
      difference is upset slightly by the finite spacing between the inner
      conductor 34 and the outer conductor 36. The overall result is that an
      observer does "see" a net current attributable to current flow in the
      section of the center conductor, except that a magnitude factor much less
      than unity is imposed.
PAR  Considering that the spacing between slots of each group 32 is small
      compared to the wavelength of the excitation frequency, the cable antenna
      10 may be treated as a single antenna conductor carrying a traveling
      current wave, i.e., the fractional magnitude of center conductor current
      "seen"  through the slots. The magnitude of this current wave is
      essentially constant along any selected short cable section, since the
      internal cable wave does not attenuate rapidly.
PAR  While the preceding qualitated analysis applies to direct radiation from
      the slots of each of the groups 32, another portion of cable radiation
      arises because the outer surface of the cable antenna 10 is a cylindrical
      conductor capable of supporting its own current wave. This produces the
      effect of two transmission lines, i.e., the coaxial transmission line and
      a transmission line represented by the outer surface of the conductor 36.
      The phase velocity of a wave on the outer surface of the conductor 36
      approaches free space velocity, while the phase velocity of a wave inside
      the cable is reduced by the usual cable velocity factor. In this
      situation, the slots of each of the groups 32 provide coupling between the
      two transmission lines, such that energy may be transferred into the
      surface wave. Radiation from this surface wave has been experimentally
      shown to be a significant contribution to a total traveling wave when
      compared with the direct radiation from the slots.
PAR  Considering both the surface wave radiation and the direct radiation, the
      total traveling energy wave from the antenna 10 may be derived by coupled
      wave analysis. Neglecting attenuation and assuming loose coupling, the
      following function defines the traveling surface wave:
      ##EQU1##
      where, I = surface wave, current in amperes,
PA1  K = current coupling coefficient,
PA1  I.sub.o = coaxial cable current magnitude in amperes,
PA1  .beta..sub.1 = propagation constant of a coaxial cable,
PA1  .beta..sub.2 = propagation constant of a surface wave,
PA1  x = distance along the cable from the transceiver 12 in meters, and
PA1  L = total cable length of the antenna 10 in meters.
PAR  The above function consists of a sinusoidally growing and decaying
      traveling wave moving at an average propagation constant, plus a weak
      standing wave associated with surface propagation constant .beta..sub.2.
      The energy in the traveling wave alternately grows and decays during
      alternate 90.degree. portions of a sinusoidal multiplying function. Thus,
      one method for enhancing energy flow into the traveling wave involves
      suppresion of coupling during the 90.degree. decay portions of the
      sinusoids.
PAR  Referring to FIG. 2, the slots of the groups 32 are distributed along the
      antenna 10 to take advantage of this suppression method for enhancement of
      energy transfer into the traveling wave. As shown, the groups 32 are
      uniformly distributed along the length of the antenna 10 so that coupling
      is suppressed over the decay portions of the sinusoids. This requires that
      the distribution be determined in accordance with the equation:
      ##EQU2##
      where, L.sub.o = the length of the groups 32 and the spacing between
      groups.
PAR  As a modification to the uniform suppression distribution of the groups 32,
      a nonuniform suppression distribution may provide greater enhancement of
      energy transfer into the traveling wave. By use of distributed groups of
      slots along the length of the antenna 10, energy transferred into the
      antenna from the transceiver 12 displays a more uniform distribution along
      the antenna.
PAR  An alternate method for launching strong surface waves on the cable
      involves placing thin conducting sleeves tightly around the cable jacket
      at various points along its length. The sleeve, polyethelene cable jacket,
      and slotted outer cable conductor act as an auxiliary coaxial cable
      section which is coupled to the main cable by virtue of the slots. By
      making the sleeves of resonant length, voltages developed at ends of the
      sleeves launch traveling waves on the cable surface.
PAR  In operation of the system of FIG. 1, a transmission frequency from the
      oscillator 14 is applied through the transceiver 12 to the distributed
      line antenna 10. Energy transmitted to the antenna 10 produces a traveling
      wave along the length of the antenna and an energy lobe radiating from the
      antenna as illustrated at the reference numeral 38. This end lobe extends
      the intrusion perimeter across an open space not covered by the antenna
      cable itself.
PAR  Movement of an intruder along the antenna or through the end lobe 38
      reflects energy back through the cable 34 and to the transceiver 12 to
      produce a doppler frequency output therefrom. This doppler frequency
      signal is amplified, rectified and integrated on a time basis and applied
      to the input of the level detector 28. When an input to the level detector
      28 exceeds a preestablished level, the alarm logic 22 is activated to
      provide a signal to actuate the alarm indicator 30. Thus, energy reflected
      back through the antenna 10 by movement of an intruder into the traveling
      wave pattern actuates the alarm 30.
PAR  Referring to FIG. 3, there is shown a perimeter intrusion alarm system
      wherein sideband techniques are utilized to enhance the legitimate
      intruder signals over false alarm sources such as blowing trees, vibrating
      fences, etc. that tend to produce double sideband returns. The basic
      approach of the system centers around the fact that an approaching or
      receding intruder produces a single sideband radar return either above or
      below a transmitted frequency from the transceiver 40 to the distributed
      antenna 10. The transmitted frequency of the antenna 10 is provided by an
      oscillator 42.
PAR  Utilization of the sideband technique requires that quadrature mixing be
      used in the transceiver 40. Conventional monostatic transceivers usually
      employ a circulator to separate the transmitted and received signals. The
      receive signal is split equally by a matched 90.degree. hybrid and fed to
      a pair of balance mixers. Local oscillator power for the mixer is obtained
      from the transmitter by means of a directional coupler, followed by a zero
      degree two way power divider. The transceiver 40 of FIG. 3 achieves
      balanced quadrature mixing without the need for a circulator, 90.degree.
      hybrid, directional coupler or power splitter.
PAR  Referring to FIG. 4, the transceiver 40 is shown fabricated by the use of
      microstrip techniques. The transceiver mixer 44 employs a symbolic "H"
      microstrip structure to miniaturize the assembly, reduce false alarm, and
      improve reliability and provide greater economy. Operation of the mixer 44
      may best be understood by splitting the configuration into three "half
      inverter" networks designated by the reference numbers 46, 48 and 50. The
      mixer 44 produces two output signals, doppler frequency signal E.sub.1
      coupled to a doppler preamplifier 52 and doppler frequency signal E.sub.2
      coupled to a doppler preamplifier 54. The doppler frequency signal E.sub.1
      is obtained from detector diodes 56 and 58. The diode 56 is in series with
      a capacitor 60 and the diode 58 is in series with a capacitor 62.
      Connected to each junction of diode and capacitor is a resistor 64 and 66,
      respectively, interconnected to the terminal for the output E.sub.1. The
      doppler frequency signal E.sub.2 is derived from diodes 68 and 70 with the
      former in series with a capacitor 72 and the latter in series with a
      capacitor 74. Resistors 76 and 78 are interconnected to the terminal for
      the output E.sub.2 and also connected to the diodes 68 and 70,
      respectively.
PAR  Microwave transmission frequencies from the oscillator 42 are applied to
      the "H" microstrip line 80 through a resistor 82. Tied to the output of
      the microstrip line 80 is the antenna 10 and an inductance coil 84.
      Coupled to the junction of line stubs in the main transmission line of the
      "H" microstrip line 80 are the peak detector diodes 56 and 58 for
      providing the doppler frequency signal E.sub.1. The detector diode 56
      functions as a mixer to pass doppler frequency signals through the
      resistor capacitor network including the resistor 64 and the capacitor 60.
      This is a so-called doppler frequency produced by movement in the
      traveling wave field of the antenna 10. The detector diode 58 also
      functions as a mixer to pass a phase inverted doppler frequency signal
      through the resistance capacitance network including the resistor 66 and
      the capacitor 62. Similarly, the detector diode 68 operates as a mixer to
      pass a doppler frequency signal to the resistor capacitor network
      including the resistor 76 and the capacitor 72 to provide the doppler
      frequency signal E.sub.2. The detector diode 70 is a mixer to pass a phase
      inverted frequency signal to the resistance capacitance network including
      the resistor 78 and the capacitor 74.
PAR  The transmission frequency from the oscillator 42 is applied to the input
      terminal of the balanced mixer 44 which may best be understood in
      operation by treating a moving target within the traveling wave in terms
      of a time-varying impedance reflected thereby back into the antenna 10.
      Such an approach is considered valid so long as the target speed is
      negligible with respect to the velocity of wave propagation. For intrusion
      alarm systems, this is hardly a problem. Physically, a target creates a
      weak spatial VSWR pattern which is dragged along as it moves. This pattern
      couples into the microwave antenna 10 as a time-varying impedance.
PAR  With reference to the equivalent circuit of FIG. 5, the microwave antenna
      10 presents a resistive load 10a (Z.sub.o) with no target present. If the
      antenna terminal voltage of the transmitted wave is represented by E and
      the antenna terminal voltage of a target return wave given by V, the
      microwave range equation is as follows:
      ##EQU3##
      where x = distance between the antenna 10 and a target 86,
PA1  .sigma. = microwave cross section of the target 86,
PA1  .lambda. = operating wavelength of the system, and
PA1  G = the gain of the antenna 10.
PAL  The time-varying terminal impedance Z(t) of the antenna 10 may be derived
      from the equation;
      ##EQU4##
      where
      ##EQU5##
      If the target 86 moves at a speed S then:
EQU  x = St                                                     (6)
PAL  and
      ##EQU6##
      where the term 2 S/.lambda. is the expression for doppler frequency.
PAR  Returning to the general case of time-varying impedances, the net radio
      frequency voltage "B" across the terminal impedance Z(t), see FIG. 5, is
      given by the equation:
      ##EQU7##
PAR  Solving this equation for the present impedance Z(t) results in:
      ##EQU8##
      where .omega. = 2.pi. times the doppler frequency.
PAR  From the equation (9), a doppler output frequency is obtained from the
      detector diode 56 which produces a voltage proportional to the absolute
      magnitude of the radio frequency voltage B. At the diode 56 an output is
      produced as given by the expression:
      ##EQU9##
      This expression contains a DC level signal with a weak amplitude
      modulation at the doppler frequency imposed thereon. The modulation
      intensity is inversely proportional to S.sup.2 t.sup.2, which is the
      normal range attenuation for microwave signals.
PAR  In most intrusion alarm systems of the doppler frequency type, the doppler
      signals must be amplified on the order of 90 db to bring it to a usable
      level. Since the DC level of the detector 56 can be several volts,
      capacitive coupling is employed between the detector 56 and the doppler
      amplifier chain including the preamplifier 52. This prevents DC saturation
      of the amplifier chain, however, it does not isolate amplifiers 98 from a
      time variation of the DC voltage level. Such a variation arises from
      amplitude modulation and noise on the oscillator 42 and can produce false
      alarms.
PAR  To minimize the effects of DC level variation, the detector diode 58 is
      connected to the microstrip network 80 and interconnected with the
      detector diode 56. This cancels out the DC voltage at the terminal E.sub.1
      to provide balanced mixing. It follows, that the doppler frequency signals
      will also cancel out unless the doppler output of the diode detector 58 is
      phase inverted with respect to the output of the diode detector 56. In the
      balanced mixer of FIG. 4, this is accomplished by connecting the detector
      diode 58 across the transformed radio frequency impedance Z'(t) in
      accordance with the equation:
      ##EQU10##
      This transformation is performed by a four terminal radio frequency
      network known as an impedance inverter.
PAR  Returning to FIG. 4, the "H" structure is a pseudo-lumped LC impedance
      inverter network. The diodes at the input and output of the network
      operate as high impedance detectors and draw very little RF current.
      Hence, they may be neglected as far as their effect on the RF impedance is
      concerned. Since Z(t) and Z'(t) reduce to Z.sub.o with no target present
      along the antenna 10, the RF voltage magnitude is the same at all diodes
      resulting in minimal DC levels at the output terminals E.sub.1 and
      E.sub.2, resulting in DC levels out of both detectors.
PAR  With specific reference to the output terminal E.sub.2, the operation of
      the "H" microstrip mixer and the detector diodes 68 and 70 is similar as
      heretofore explained with regard to the diode detectors 56 and 58. This
      produces the equal DC levels out of the mixer 44 at the terminals E.sub.1
      and E.sub.2 with no target present at the antenna 10.
PAR  The quadrature doppler frequency signals E.sub.1 and E.sub.2 are processed
      first in the preamplifiers 52 and 54, respectively. An output from the
      doppler preamplifier 54 is advanced by 90.degree.  in a phase shift
      network 90. This phase shifted signal is then applied to a doppler
      postamplifier 92 that generates an output signal coupled to a differential
      signature processor 94 and a summing signature processor 96. Also
      connected to the processors 94 and 96 is the output of a doppler
      postamplifier 98 receiving the output of the preamplifier 52.
PAR  In the summing processor 96 the signals from the postamplifiers 92 and 98
      are summed to provide an "approach" signal that is a maximum for
      approaching intruders to the antenna 10 and at a zero level for receding
      intruders from the antenna 10. This "approach" signal is applied to a
      rectifier 100 and integrated with respect to time in an "approach"
      integrator 102. Likewise, the two voltages from the postamplifiers 92 and
      98 are differentially combined in the differential processor 94 to provide
      a "recede" signal that is a maximum for an intruder receding from the
      antenna 10 and at a zero level for an intruder approaching the antenna.
      This differential output from the processor 94 is applied to a rectifier
      104 and then to a "recede" integrator 106.
PAR  A voltage comparator 108 receives the outputs of the integrators 102 and
      106. When the differential between the "approach" and "recede" signals
      exceed a preset unbalance, an output is generated by the comparator 108 to
      alarm logic 110. The alarm logic 110 responds to the output of a
      comparator 108 to provide an alarm signal through a multiplexer 112 to a
      communication line 114 connected to a remote alarm station of conventional
      design (not shown).
PAR  Additional perimeter intrusion alarm systems, as shown in FIG. 3, are
      connected to the multiplexer 112 over each of the lines 116. Each of these
      additional systems includes a distributed line antenna and the individual
      systems when operating as a combined system provide intrusion alarm
      protection over an extended perimeter. By utilizing well-known multiplexer
      techniques, a monitor at the alarm station easily recognizes which of the
      individual systems connected to the multiplexer 112 is producing an alarm
      signal from alarm logic. Thus, the particular location of an intruder is
      identifiable.
PAR  Considering the system of FIG. 3, a single sideband intruder signal, such
      as generated by an intruder approaching the antenna 10, will actuate only
      one of the integrators 102 or 106 and trigger the comparator 108. Double
      sideband false alarm signals, such as produced by surrounding parameters,
      tend to actuate both integrators 102 and 106 together such that the
      comparator 108 is not triggered.
PAR  In addition to driving the postamplifier 98, an output from the
      preamplifier 52 also drives an internal AGC sensor 118. Excessive noise
      signal levels out of the preamplifier 52 activate the sensor 118 to drive
      an AGC processor 120. The AGC processor 120 connects to the preamplifier
      52 to reduce the gain thereof in accordance with the output of the sensor
      118. Likewise, an output of the preamplifier 54, as phase shifted in the
      network 90, is applied to an internal AGC sensor 122 also driving the AGC
      processor 120. Thus, the output of the processor 120 also adjusts the gain
      of the preamplifier 54 in accordance with the output of the sensor 122.
PAR  Also coupled to the AGC processor 120 is an external AGC sensor 124 that
      samples such surrounding parameters as fence vibration, wind speed, rain
      rate or other external noise parameters pertinent to the installation of
      the antenna 10. Thus, the block identified as AGC sensor 124 may
      incorporate one or more sensors responsive to various external noise
      parameters. At a predetermined level of each of the measured parameters,
      the external AGC sensor 124 drives the AGC processor 120 to reduce the
      gain of the preamplifiers 52 and 54. This desensitizes the system to
      reduce the false alarm rate.
PAR  Excessive output signals from any of the sensors 118, 122 or 124 causes the
      AGC processor 120 to generate a signal to the alarm logic 110. This
      triggers the alarm monitor through the multiplexer 112 as explained.
      Hence, any attempt to desensitize the system with noise (jamming) will
      initiate an alarm.
PAR  While several embodiments of the invention, together with modifications
      thereof, have been described in detail herein and shown in the
      accompanying drawings, it will be evident that various further
      modifications are possible without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna for use with a system for detecting motion through a
      perimeter, comprising in combination:
PA1  a center conductor extending to define a perimeter of interest and having
      one end arranged to be connected to the motion detecting system and
      energized by an excitation frequency; and
PA1  an outer conductor coaxially spaced with respect to the center conductor,
PA1  said outer conductor including a plurality of groups of radiation slots to
      expose the center conductor and thereby enhance radiation along the outer
      conductor,
PA1  the groups spaced along the outer conductor at distances related to the
      excitation frequency of the motion detecting system.
NUM  2.
PAR  2. An antenna in a system for detecting motion as set forth in claim 1
      wherein the slot spacing within each group varies with the wavelength of
      the excitation frequency of the motion detecting systems.
NUM  3.
PAR  3. An antenna in a system for detecting motion as set forth in claim 1
      wherein radiation enhancement is provided by radiation slots of the outer
      conductor spaced in groups according to:
      ##EQU11##
      where L.sub.o = length of groups and space between groups, .beta..sub.1 =
      a propagation constant of the coaxially spaced conductors, and
PA1  .beta..sub.2 = a propagation constant of a surface wave on the outer
      conductor.
NUM  4.
PAR  4. An antenna in a system for detecting motion as set forth in claim 1
      wherein radiation enhancement is provided by placing thin conducting
      sleeves around the slotted cable at selected intervals.
NUM  5.
PAR  5. An antenna in a system for detecting motion as set forth in claim 1
      wherein the end of the center conductor opposite the end connected to the
      motion detecting system radiates energy in a direction substantially
      axially aligned with the center conductor.
NUM  6.
PAR  6. A perimeter intrusion alarm system, comprising in combination:
PA1  a line antenna extending to define a perimeter of interest;
PA1  a transceiver for coupling energy to said line antenna and receiving energy
      reflections therefrom to generate a doppler frequency signal;
PA1  circuit means responsive to the doppler frequency signal to generate a time
      varying signal; and
PA1  alarm means actuated by a signal of a predetermined magnitude generated by
      said circuit means.
NUM  7.
PAR  7. A perimeter intrusion alarm system as set forth in claim 6 wherein said
      circuit means includes a doppler amplifier interconnected to said
      transceiver for amplifying the doppler frequency signal.
NUM  8.
PAR  8. A perimeter intrusion alarm system as set forth in claim 7 wherein said
      doppler amplifier includes an automatic gain control, and further
      including:
PA1  an auxiliary sensor responsive to a selected surrounding parameter to
      generate a signal to said doppler amplifier to vary the gain thereof in
      accordance with the selected parameter.
NUM  9.
PAR  9. A perimeter intrusion alarm system as set forth in claim 8 including
      means responsive to said auxiliary sensor generated signal to actuate said
      alarm means at a predetermined level of the selected parameter.
NUM  10.
PAR  10. A perimeter intrusion alarm system as set forth in claim 6 wherein said
      line antenna includes:
PA1  a center conductor extending to define the perimeter of interest and having
      one end connected to said transceiver, and
PA1  an outer conductor coaxially spaced with respect to the center conductor,
PA1  said outer conductor including a plurality of groups of radiation slots to
      expose the center conductor and thereby enhance radiation along the outer
      conductor,
PA1  the groups spaced along the outer conductor at distances related to the
      excitation frequency from said transceiver.
NUM  11.
PAR  11. A perimeter intrusion alarm system as set forth in claim 10 wherein the
      slot spacing of each group varies with the wavelength of the excitation
      frequency.
NUM  12.
PAR  12. A perimeter intrusion alarm system as set forth in claim 10 wherein
      radiation enhancement is provided by radiation slots of the outer
      conductor spaced in groups according to:
      ##EQU12##
      where L.sub.o = length of groups and space between groups,
PA1  .beta..sub.1 = a propagation constant of the coaxially spaced conductors,
      and
PA1  .beta..sub.2 = a propagation constant of a surface wave on the outer
      conductor.
NUM  13.
PAR  13. A perimeter intrusion alarm system as set forth in claim 10 wherein
      radiation enhancement is provided by placing thin conducting sleeves
      around the slotted cable at selected intervals.
NUM  14.
PAR  14. A quadrature perimeter intrusion alarm system responsive to energy from
      an antenna, wherein the energy varies with movement along a defined
      perimeter of interest, the combination comprising:
PA1  a transceiver for coupling energy to said antenna and receiving energy
      therefrom to generate first and second doppler frequency signals;
PA1  phase shift means responsive to one of said doppler frequency signals to
      shift the phase thereof relative to the second doppler frequency and
      having a phase shifted doppler frequency signal output;
PA1  means for summing the phase shifted doppler frequency signal with the
      second doppler frequency signal to provide an approach signal;
PA1  means for differentially combining the phase shifted doppler frequency
      signal and the second doppler frequency signal to provide a recede signal;
      and
PA1  alarm means actuated by a difference between the approach signal and the
      recede signal greater than a predetermined magnitude.
NUM  15.
PAR  15. A quadrature perimeter intrusion alarm system as set forth in claim 14
      including a doppler amplifier for the first doppler frequency signal and a
      second doppler amplifier for the second doppler frequency signal, said
      amplifiers interconnected to said transceiver to provide amplified signals
      at outputs thereof.
NUM  16.
PAR  16. A quadrature perimeter intrusion alarm system as set forth in claim 15
      wherein said doppler amplifiers each include an automatic gain control,
      and further including:
PA1  an auxiliary sensor responsive to a selected surrounding parameter to
      generate a signal to each of said doppler amplifiers to vary the gain
      thereof in accordance with the selected parameter.
NUM  17.
PAR  17. A quadrature perimeter intrusion alarm system as set forth in claim 16
      including means responsive to said auxiliary sensor to generate a signal
      to actuate said alarm means at a predetermined level of the selected
      parameter.
NUM  18.
PAR  18. A quadrature perimeter intrusion alarm system as set forth in claim 14
      wherein said means for summing and said means for differentially combining
      each includes an integrator responsive to an input signal to generate a
      time varying signal varying with the approach signal and the recede
      signal, respectively.
NUM  19.
PAR  19. A quadrature perimeter intrusion alarm system as set forth in claim 18
      wherein said alarm means includes a voltage comparator responsive to the
      time varying signals from the integrator of the means for summing and the
      integrator of the means for differentially combining to produce an alarm
      signal when the difference between the two time varying signals exceeds a
      predetermined differential magnitude.
NUM  20.
PAR  20. A quadrature perimeter intrusion alarm system as set forth in claim 19
      wherein said alarm means includes:
PA1  a multiplexer for sequentially interconnecting one of a plurality of alarm
      signals to a central alarm station.
NUM  21.
PAR  21. A quadrature perimeter intrusion alarm system, comprising in
      combination:
PA1  a line antenna extending to define a perimeter of interest;
PA1  a transceiver for coupling energy to said antenna and receiving energy
      therefrom to generate first and second doppler frequency signals;
PA1  phase shift means responsive to one of said doppler frequency signals to
      shift the phase thereof relative to the second doppler frequency and
      having a phase shifted doppler frequency signal output;
PA1  means for summing the phase shifted doppler frequency signal with the
      second doppler frequency signal to provide an approach signal;
PA1  means for differentially combining the phase shifted doppler frequency
      signal and the second doppler frequency signal to provide a recede signal;
      and
PA1  alarm means actuated by a difference between the approach signal and the
      recede signal greater than a predetermined magnitude.
NUM  22.
PAR  22. A quadrature perimeter intrusion alarm system as set forth in claim 21
      including a doppler amplifier for said first doppler frequency signal and
      a doppler amplifier for the second doppler frequency signal, said doppler
      amplifiers interconnected to said transceiver for amplifying the doppler
      frequency signals, each of said doppler amplifiers including an automatic
      gain control and further including:
PA1  an auxiliary sensor responsive to a selected surrounding parameter to
      generate a signal to said doppler amplifiers to vary the gain thereof in
      accordance with the selected parameter.
NUM  23.
PAR  23. A quadrature perimeter intrusion alarm system as set forth in claim 22
      including means responsive to said auxiliary sensor generated signal to
      actuate said alarm means at a predetermined level of the selected
      parameter.
NUM  24.
PAR  24. A quadrature perimeter intrusion alarm system as set forth in claim 23
      wherein said means for summing and said means for differentially combining
      each includes an integrator responsive to the approach signal and the
      recede signal, respectively, and said alarm means includes a voltage
      comparator responsive to the outputs of the integrator of said summing
      means and the integrator of said means for differentially combining to
      generate an alarm signal when the outputs of the integrator exceed a
      predetermined differential magnitude.
NUM  25.
PAR  25. A quadrature perimeter intrusion alarm system as set forth in claim 24
      wherein said line antenna includes:
PA1  a center conductor extending around a selected perimeter and having one end
      connected to said transceiver and excited by a frequency therefrom; and
PA1  an outer conductor coaxially spaced with respect to the center conductor;
PA1  said outer conductor including a plurality of groups of radiation slots to
      expose the center conductor and thereby enhance radiation along the outer
      conductor;
PA1  the groups spaced along the outer conductor at distances related to the
      excitation frequency from said transceiver.
NUM  26.
PAR  26. A quadrature perimeter intrusion alarm system as set forth in claim 25
      wherein the slots spacing in each group varies with the wavelength of the
      excitation frequency from said transceiver.
NUM  27.
PAR  27. A quadrature perimeter intrusion alarm system as set forth in claim 26
      wherein radiation enhancement is provided by radiation slots of the outer
      conductor spaced in groups according to:
      ##EQU13##
      where L.sub.o = length of groups and space between groups,
PA1  .beta..sub.1 = a propagation constant of the coaxially spaced conductors,
      and
PA1  .beta..sub.2 = a propagation constant of a surface wave on the outer
      conductor.
NUM  28.
PAR  28. A quadrature perimeter intrusion alarm system as set forth in claim 26
      wherein radiation enhancement is provided by placing thin conducting
      sleeves around the slotted cable at selected intervals.
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PAL  This fence protection system comprises an elongated electret cable for
      sensing vibrations on a fence and an electronic processing circuit
      connected to the cable for discriminating against spurious signals such as
      those caused by raindrops on the fence and nuisance signals produced by
      stick dragging on the fence. This circuit comprises a charge amplifier
      connected directly to the cable transducer and series connected burst
      width and interburst discriminators in conjunction with parallel connected
      pulse counter and integrator means feeding an alarm mechanism through an
      OR gate; signals produced by an intruder climbing or cutting the fence are
      distinguished from spurious raindrop and stick dragging signals and
      produce and alarm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to intrusion detection systems and more particularly
      to a fence-type intrusion detection system using an electret cable.
PAR  The cable transducer described in U.S. Pat. No. 3,763,482 mounted on a
      chain link fence is responsive to vibrations in the fence to provide an
      output signal to processing circuits connected to the transducer. The
      system described in the foregoing patent has a voltage bandpass amplifier
      connected to the output of the cable transducer. The amplifier output is
      rectified and applied to a low pass filter or integrator and when the
      integrator output exceeds a preset threshold level, an alarm output is
      generated. Thus, one signal burst is capable of generating an alarm. False
      alarms from spurious signals can be reduced by increasing the threshold
      setting but this also reduces system sensitivity.
PAR  A signal generated by the electret cable in response to a mechanical stress
      of the outer conductor produces a minute change in capacitance and thus in
      electric charge over a small segment of the cable. The small change in
      charge thus produced must be distributed over the entire cable capacitance
      when the cable is terminated in a relatively high impedance such as the
      input to a voltage amplifier. Since cable capacitance is proportional to
      cable length, the amplifier voltage gain required to increase the signal
      level to a suitable value increases proportionally to cable length. The
      maximum length of cable that can be used with each processor is therefore
      dependent upon the maximum gain available from the amplifier. Furthermore,
      selection of different lengths of cable at the installation site requires
      time consuming field adjustments of the voltage amplifier to properly
      change its gain as required by the cable length selected.
PAR  Another problem experienced with the system described in the foregoing
      patent is difficulty in discriminating against the particular types of
      false alarm conditions to which the electret cable protected fence may be
      subjected in a normal environment. Raindrops impacting on the fence can
      produce signals that result in a false alarm. Another source of false
      alarm signals is the dragging of a stick along the fence. It is very
      desirable that the electret cable-equipped fence be capable of better
      discriminating against such false alarm signals in order that the utility
      of the system may be broadened.
PAC  OBJECTS AND SUMMARY OF INVENTION
PAR  A general object of the invention is the provision of a processor for fence
      protection system utilizing an electret cable sensor in which the
      sensitivity of the signal processor is substantially independent of the
      length of the sensor line.
PAR  An ancillary object is the provision of such a signal processor which may
      be used with different lengths of electret cable without readjustment.
PAR  A further object is the provision of an electret cable fence protection
      system with a processor capable of discriminating against signals produced
      by raindrops and by stick dragging along the fence.
PAR  Still another object is the provision of such a processor which is capable
      of discriminating against signals generated by stick dragging against the
      fence while minimizing the effectiveness of such dragging for
      intentionally masking signals produced by an intruder.
PAR  These and other objects of the invention are achieved with a processor
      having a low input impedance amplifier connected to the output of the
      coaxial electret sensor cable. Such an amplifier, called a charge
      amplifier, is particularly responsive to the charge on the cable
      (including the rate of charge, i.e., current) which parameter is
      theoretically independent of cable length, thus providing maximum signal
      detection per unit length of cable. The processor counts only signal
      bursts having widths greater than a predetermined minimum thereby to
      discriminate against characteristically narrow width raindrop signals and
      does not count bursts having less than a predetermined interburst spacing
      so as to discriminate against signals produced by stick dragging. An alarm
      is activated after a selected number of counts occur within a
      predetermined interval. A timing circuit detects continuous (non-pulse)
      signals that persist beyond a time less than that normally required to
      effect an intrusion and generates an alarm when the condition occurs to
      prevent masking of an attempted instrusion by stick dragging.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a fence protection system embodying the
      invention;
PAR  FIG. 2 is a block diagram of a fence protection processing circuit
      embodying the invention;
PAR  FIG. 3 is a schematic diagram of a charge amplifier forming part of the
      processing circuit; and
PAR  FIG. 4 is a schematic diagram of signal discriminating circuits forming
      part of the processor for the fence protection system.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A fence protection system of the type described in U.S. Pat. No. 3,763,482
      is shown in FIG. 1 and comprises a fence 10 to which an electret cable 11
      is clamped for sensing vibrations generated in the fence. Cable 11 which
      is a coaxial cable with a dielectric filler that is an electret is
      connected to processing circuits 12 which may be buried adjacent to the
      fence and which produce an output in event of an intrusion for actuating
      alarm apparatus 14 which preferably is located at a remote monitoring
      station.
PAR  Processing circuit 12 is shown in block form in FIG. 2 and comprises a
      charge amplifier 16 connected directly to the inner conductor 11a and
      outer conductor 11b of the coaxial electret cable 11. Charge amplifier 16
      comprises an operational amplifier 17, see FIG. 3, having a positive
      feedback loop 18 connecting the output of the amplifier to its input. The
      characteristic of the charge amplifier is its extremely low input
      impedance relative to the impedance of the cable connected to it, viz. a
      ratio in the order of 0.05 to 1 or less. By way of example, a charge
      amplifier having an input impedance of 100 ohms would be useful in
      accordance with this invention with 300 meters of coaxial electret cable
      having an impedance of 2,000 ohms. In contrast, a typical voltage
      amplifier for such cable has an input impedance of approximately 40K ohms,
      or a ratio of 20 to 1.
PAR  The improved performance of the charge amplifier compared to a voltage
      amplifier for a coaxial electret cable transducer will be better
      understood in the light of the following analysis of the operation of the
      cable. In one embodiment, 300 meters of a coaxial electret cable having a
      16 gauge inner conductor, a woven shield outer conductor and a 10 mil FEP
      Teflon dielectric is equivalent to a capacitor having a capacitance in the
      order of 0.075 .mu.F. The displacement of the outer conductor relative to
      the inner conductor caused by a vibration in the fence produces a change
      in capacitance at the point of displacement of approximately 0.01 PF. Thus
      the change in capacitance (.DELTA.C) due to external force is extremely
      small compared to the total distributive capacitance of the cable. In
      order to detect such small change in capacitance in the cable having
      relatively large capacitance, the amplifier is selected, in accordance
      with this invention, to have an impedance in the order of 20 to 400 times
      lower than that of the cable, thus making it extremely responsive to the
      change in charge (current) in the cable. This sensitivity of the charge
      amplifier to the transducing action of the cable is such as to make its
      detecting capability substantially independent of cable length. Thus the
      same charge amplifier is capable of use with, for example, 30 meters or
      300 meters of cable without adjustment of gain and still provides
      satisfactory results in both cases.
PAR  The output of the charge amplifier passes in succession to high pass filter
      20 and amplifier and low pass filter 21 which together comprise a bandpass
      filter having predetermined lower and upper frequency limits. For example,
      the lower frequency limit of filter 20 may be 550 Hz to reduce or
      eliminate response to noise generated by wind and to eliminate other
      unwanted interference such as 60 Hz or 120 Hz pickup. The upper frequency
      cutoff of filter 21 may fall within the range of 1500 Hz to 4000 Hz, the
      optimum bandwidth being dependent upon the characteristics of the
      particular type of cable used as a sensor.
PAR  The output of filter 21 is a signal burst indicated at 23. This signal is
      rectified in rectifier 24 to produce a signal indicated at 25 and
      thereafter passes through a low pass filter 26 which produces a pulse-like
      signal 27 that is applied to threshold circuit 28 having a threshold level
      indicated by broken line 29 on signal 27. Threshold circuit 28 produces an
      output pulse 30 on line 31 if signal 27 exceeds the threshold level 29 as
      indicated; there is no output from this circuit if the threshold is not
      exceeded.
PAR  The above-described filters 20, 21 and 26 and rectifier 24, while essential
      to the operation of the processor embodying my invention, to do per se
      constitute part of the invention. The same is true of threshold circuit
      28.
PAR  The output of the threshold circuit on line 31 passes to a brust width
      discriminator circuit 33 which produces an output signal 34 if the width
      or duration of the signal exceeds a predetermined minimum, for example
      t.sub.1. Thus circuit 33 blocks pulse having width less than t.sub.1. Each
      raindrop in a normal or heavy rainfall causes a short pulse of less than
      10 ms. when it impacts on the fence very near the cable or on the cable
      directly. The threshold circuit 28 normally eliminates raindrop pulses
      occurring successively because of their below-threshold amplitude but
      several raindrops impacting simultaneously can and do produce signals
      which exceed the threshold. However, I have determined that the raindrop
      pulse width generally does not exceed 10 ms. even if the pulse signal
      results from more than one raindrop impacting simultaneously and
      accordingly burst width discriminator 33 having a minimum width threshold
      of 10 ms. effectively screens the raindrop-caused signals as well as the
      class of spurious signals such as random noise spikes and the like.
PAR  The output of discriminator 33 passes to an interburst spacing
      discriminator which passes successive signals as pulses only if the time
      spacing between successive signals exceeds a predetermined time interval.
      Thus discriminator 36 passes successive signal bursts 37 and 38 as
      separate pulses because the interburst spacing exceeds a minimum time
      indicated as t.sub.2. If the interburst spacing is equal to or less than
      the interval t.sub.2, the output of circuit 36 is one continuous pulse. By
      way of example, time t.sub.2 may be in the order of 0.25 sec.
PAR  The output of discriminator 36 passes to both a pulse counter 40 and an
      integrator 41, the outputs from both of which are applied to OR gate 42.
      Pulse counter 40 produces an output after receiving a predetermined number
      of pulses within a set time limit. The minimum number of pulses required
      to produce an output is adjustable and is a measure of selected
      sensitivity of the system. By way of example, pulse counter 40 may be set
      to produce an output after three input pulses are applied to it within 120
      sec.; if less than the predetermined minimum of pulses is counted within
      the selected time frame, no output is produced by this circuit.
PAR  Signals produced by the dragging of a stick along a chain link fence
      protected by this type of system are generally continuous and closely
      spaced. By proper selection of the minimum interburst spacing t.sub.2,
      circuit 36 produces a single continuous pulse in response to such stick
      dragging and pulse counter 48 therefore does not produce an output to the
      OR gate 42. Thus in accordance with this invention, false alarms from such
      stick dragging activity are minimized or eliminated.
PAR  In order to protect against the possibility of the use of stick dragging on
      the fence to mask a genuine intrusion attempt as by climbing or cutting
      the fence while dragging a stick on it, integrator circuit 41 is provided
      to produce an output to the OR gate if a continuous imput signal persists
      greater than a predetermined time such as 8 seconds. Integrator 41
      comprises an RC network accumulates charge on a capacitor in the presence
      of a continuous signal until a threshold is exceeded and thereupon
      produces an output to the OR gate. The selection of the time constant for
      integrator 41 and the number of pulses required by counter 40 to produce
      an output to the OR gate is determined by a compromise of system
      sensitivity to provide maximum intrusion detection capability with a
      minimum false alarm rate.
PAR  The output of OR gate 42 on line 43 produced by an input from either
      counter 40 or integrator 42 is applied to an alarm pulse generator 44
      which produces an output that activates alarm apparatus 14 such as a bell,
      flashing light or the like.
PAR  Referring now to FIG. 4, the circuit diagram for discriminators 33 and 36,
      pulse counter 40 and integrator 41, all enclosed in broken line outlines,
      and OR gate 42 is shown. Burst width discriminator 33 comprises a
      capacitor 46 connected across the input of the first transistor stage 47a
      of differential amplifier 47 and to which the output line 31 from
      threshold circuit 28 is connected. The output of the second transistor
      stage 47b of amplifier 47 on line 48 is connected to the base of
      transistor 49, the output of which is taken at the collector lead which
      becomes output line 34. Transistor 47a is normally on (conducting) while
      transistor 47b is normally off (nonconducting).
PAR  In operation, an output pulse on line 31 from threshold circuit 28 causes
      capacitor 46 to charge as long as the pulse persists; when that capacitor
      charge reaches a predetermined level after a time interval corresponding
      to a minimum width for passable pulses, transistor 47a is biased off,
      transistor 47a is turned on and transistor 49 is turned on causing the
      voltage at lead 34 to drop from a high to a low level. If the input pulse
      on line 31 to capacitor 46 is shorter than the foregoing predetermined
      minimum width, capacitor 46 does not charge up sufficiently to turn
      transistor 47a off and there is no output from this discriminator circuit
      on line 34.
PAR  Interburst spacing discriminator 36 has a capacitor 52 which is charged
      through resistors 53 and 54 and remains in a charged state in the absence
      of an output on line 34 from burst width discriminator circuit 33. The
      charge on capacitor 52 controls the operation of differential amplifier 55
      the output of which on line 56 controls the operation of transistor 57;
      the output of transistor 57 controls the operation of transistors 58, 59
      and 60 such that the voltage at output line 39 of discriminator 36 changes
      between low level and high level voltage states when input pulses are
      passed through this circuit.
PAR  The spacing or time interval between successive input pulses to capacitor
      52 on line 34 must exceed a predetermined minimum before the output on
      line 39 can return from the high level to the original low level. This is
      effected by the charging rate of capacitor 52 through resistors 53 and 54.
      Upon passage of one pulse through the circuit, which discharges capacitor
      52, the latter charges through resistors 53 and 54 at a rate determined by
      the RC time constant. If the next pulse occurs before the capacitor is
      fully charged, amplifier 55 is inoperative to pass the second pulse and
      the capacitor is again discharged to begin its charging cycle again. Thus
      a succession of too closely spaced input pulses results in but one output
      pulse on line 39. The RC time constant is selected to be greater than the
      period between impacts of a stick against a chain link fence as it is
      dragged therealong at a normal rate so as to discriminate against this
      type of nuisance activity.
PAR  The output from discriminator 36 on line 39 is connected to counting
      capacitor 62 in counter 40 which in turn is connected across summing
      capacitor 63 and resistor 64 through coupling diodes 66 and 67. Capacitor
      63 is connected to reset diode 68 and to the first stage 70a of
      differential amplifier or comparator 70. The second stage 70b of
      comparator 70 is biased by resistors 71 which determines the threshold at
      which capacitor 63 discharges. By selection of the values of these
      resistors the number of pulses required to produce an output from counter
      40 is determined. The discharge rate of capacitor 63 through resistor 64
      determines the frequency of pulses required to produce an output from the
      counter.
PAR  The first stage 70a of comparator 70 is connected by line 73 to a switching
      transistor 74 which operates a switch 75 connected via line 76 to reset
      diode 68. When comparator stage 70a becomes operative, i.e., changes
      operating states upon the charge on capacitor 63 exceeding the threshold
      set by resistors 71, transistor 74 is actuated to cause switch 75 to open
      diode 68 to reset capacitor 63.
PAR  Integrator 41 comprises a resistor 78 and capacitor 79 connected to reset
      diode 80 and to a comparator 81 having a first stage 81a connected via
      line 73 to switching transistor 74. The bias on the second stage 81b of
      comparator 81 is set by reference voltage V.sub.R. When the input pulses
      from circuit 36 charge capacitor 79 to a value which causes stage 81a of
      comparator 81 to change states, transistor 74 activates switch 75 to
      reverse bias diode 80 and thus discharge capacitor 79 and reset the
      integrator.
PAR  The common connection of comparator stages 70a and 81a by line 73 performs
      the function of OR gate 42.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal processor for a fence protection system having an elongated
      transducer coupled to the fence and adapted to produce an electrical
      signal output comprising a succession of signal bursts in response to
      vibrations induced in the fence, said processor comprising
PA1  means responsive to the output of said transducer for passing as separate
      bursts successive bursts having an interburst time spacing greater than a
      predetermined interval, and passing as a single burst successive bursts
      having other interburst spacings.
PA1  means for counting said passed bursts and producing an output after
      counting a predetermined number of bursts within a preset time interval,
      and
PA1  alarm means responsive to the output of said counting means for producing
      an alarm.
NUM  2.
PAR  2. A processor according to claim 1 with timing means responsive to the
      output of said first named means for producing an output when the duration
      of a single burst exceeds a predetermined time limit,
PA1  said alarm means also being responsive to the output from said timing
      means.
NUM  3.
PAR  3. A processor according to claim 1 with means responsive to the output of
      said interburst circuit for integrating said passed bursts and producing
      an output when the duration of a single signal is greater than a
      predetermined limit, said alarm means also being responsive to said output
      of said integrating means.
NUM  4.
PAR  4. A fence protection system comprising
PA1  a transducer cable with a characteristic impedance and having an outer
      conductor and an inner conductor and a dielectric filler therebetween,
      said filler comprising an electret,
PA1  means for coupling said cable to said fence whereby vibrations induced in
      the fence are coupled to said cable for producing electrical signals
      across the conductors of said cable.
PA1  a charge amplifier connected across said conductors whereby to detect said
      signals, said amplifier having an input impedance 20 to 400 times lower
      than said cable impedance, and
PA1  circuit means responsive to the output of said charge amplifier for
      discrininating against unwanted signals and indicating an alarm in
      response to other signals.
NUM  5.
PAR  5. A fence protection system comprising
PA1  an electret cable with a characteristic impedance and having an outer
      conductor and an inner conductor and a dielectric filler therebetween,
      said filler comprising an electret,
PA1  means for coupling said cable to said fence whereby vibrations induced in
      the fence are coupled to said cable for producing electrical signals
      across the conductors,
PA1  a charge amplifier connected across said conductors whereby to detect said
      signals, said amplifier having an input impedance substantially lower than
      said cable impedance,
PA1  circuit means responsive to the output of said charge amplifier for
      discriminating against unwanted signals and indicating an alarm in
      response to other signals.
NUM  6.
PAR  6. The system according to claim 5 in which said circuit means comprises an
      integrator circuit also responsive to the output of said interburst
      circuit, said integrator circuit having a threshold which is exceeded when
      the duration of said single signal is greater than a predetermined limit
      whereby to produce an alarm generating output from said integrator
      circuit.
NUM  7.
PAR  7. A fence protection system comprising
PA1  an elongated coaxial cable having an inner conductor and an outer conductor
      and a dielectric filler therebetween. said filler comprising an electret
PA1  means for clamping said cable to the protected fence throughout its length
      whereby vibrations of the fence are coupled to the cable and generate
      across said conductors an electrical signal in the form of a succession of
      bursts,
PA1  a charge amplifier having an input connected across said conductors for
      detecting said signal and producing an output,
PA1  filter and rectifier circuit means connected to the output of said charge
      amplifier and passing only signal bursts having a frequency in a
      predetermined passband,
PA1  threshold circuit means responsive to the output from said filter and
      rectifier circuit means and operative to produce an output only when said
      bursts have an amplitude that exceeds a predetermined threshold,
PA1  a burst width discriminator responsive to said output from the threshold
      circuit means and passing bursts as an output only when the time duration
      of each burst exceeds a predetermined value whereby to block narrow width
      bursts, said discriminator comprising
PA2  a charging capacitor
PA2  a differential amplifier having an input connected to said capacitor and
      having a predetermined operational bias voltage controlled by the charge
      voltage on said capacitor whereby the amplifier transmits the signal burst
      when said charge voltage exceeds said bias voltage,
PA1  an interburst spacing discriminator responsive to the output of said burst
      width discriminator and operative to pass successive signal bursts
      separately only if the time interval between successive bursts exceeds a
      predetermined time limit,
PA1  said interburst spacing discriminator comprising
PA2  a normally charged capacitor adapted to be discharged upon receipt of a
      signal burst, and
PA2  differental amplifier means connected to said charged capacitor and adapted
      to change operating states after said capacitor is recharged from the
      discharged condition,
PA1  pulse counter means responsive to the output from said interburst spacing
      discriminator and adapted to produce an output after receipt of a
      predetermined number of signal bursts,
PA1  integrator circuit means responsive to the output of said interburst
      spacing discriminator for producing an output in response to a continuous
      signal input having a duration in excess of a predetermined limit, and
PA1  alarm means responsive to the outputs of said pulse counter means and said
      integrator circuit means for producing an alarm.
NUM  8.
PAR  8. A fence protection system comprising
PA1  an electret cable having an outer conductor and an inner conductor and a
      dielectric filler therebetween, said filler comprising an electret,
PA1  means for coupling said cable to said fence whereby vibrations induced in
      the fence are coupled to said cable for producing an electrical signal
      output from said cable,
PA1  a charge amplifier having an input connected across said inner and outer
      conductors and producing an output in response to a change in the
      electrical charge on the cable induced by said vibrations,
PA1  processor means connected to said charge amplifier for discriminating
      against spurious signals comprising
PA2  envelope detector and rectifier means receiving the output of said charge
      amplifier and producing a series of pulses corresponding to said
      vibrations,
PA2  threshold means responsive to the output of said detector and rectifier
      means for passing only those pulses having an amplitude greater than a
      predetermined threshold level,
PA2  burst width discriminator means responsive to the output of said threshold
      means for passing only those pulses having a width greater than a
      predetermined minimum whereby to block short width pulses,
PA1  interburst spacing discriminator means connected in series with said burst
      width discriminator means and having timing circuit means for passing as
      separate bursts successive bursts having greater than a predetermined
      interburst spacing and passing as a single burst successive burst having
      interburst spacing no greater than said predetermined spacing,
PA1  pulse counter means responsive to the outputs of said burst width
      discriminator means and said interburst spacing discriminator means and
      producing an output upon receipt of a predetermined number of pulses
      within a predetermined time, and
PA1  alarm means responsive to the output of said counter means for indicating
      an alarm state.
NUM  9.
PAR  9. The system according to claim 8 having an integrator circuit having an
      input connected in parallel with the input of said counter means, said
      integrator circuit being responsive to a continuous output signal from
      said interburst spacing discriminator means and producing an output when
      the time interval of said continuous signal output exceeds a predetermined
      value, said alarm means also being responsive to the output of said
      integrator circuit.
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ABST
PAL  Fluid pressure sensing means for sensing lubricant pressure levels. Means
      are activated to turn on a pump at regular intervals to provide
      lubrication at such intervals. It is desired to indicate failure of
      subsequent operation of the pump after a time interval greater in duration
      than the aforesaid periodic intervals. Pump operation causes closure of
      pressure switch which causes capacitance means to charge during the switch
      closure interval. As soon as the capacitance is charged beyond a
      predetermined threshold level, bistable means are set which in turn sets
      up a discharge path for the capacitor. The long-time constant of the
      discharge path, which is adjustable and which typically may be of the
      order of hours, continues until the voltage across the capacitor drops
      below a second predetermined threshold level resetting the bistable
      flip-flop. The reset operation triggers a switch means for illuminating a
      lamp which indicates that a prolonged period of time has occurred since
      the last pump operation. Recharging of the capacitance does not occur
      until the pressure switch again undergoes a switch closure operation which
      automatically sets the bistable flip-flop and turns the lamp off.
      Operation of the circuitry so as to charge the capacitor rapidly and allow
      for a slow discharge rate serves to substantially reduce capacitance
      leakage problems.
BSUM
PAR  The present invention relates to warning devices and more particularly to a
      novel warning device having an extremely long time delay period for
      monitoring a cyclic fluid pressure condition.
PAC  BACKGROUND OF THE INVENTION
PAR  In lubricant systems it is typical to provide a cyclically operable
      lubricant pumping apparatus which is periodically operated to build
      lubricant pressure to a suitable level. The lubricant under pressure is
      then metered to provide a measured flow of the lubricant to the equipment
      being so lubricated.
PAR  Since the metering of the flow of lubricant is adjusted to provide
      lubricating fluid sufficient for a substantial operating interval, the
      pump is typically operated to supply lubricant at intervals separated by
      substantially long time periods which are usually of the order of hours.
      However, it is very important to be assured that the pump is in fact
      operating properly since failure in providing adequate lubricant flow may
      cause severe damage to the equipment being so lubricated, necessitating
      the use of circuitry which is capable of developing time delays which are
      of the order of a few hours.
PAR  Various systems have been devised to ascertain whether automatically
      operating cyclic liquid dispensing apparatus is operating properly or is
      malfunctioning. A conventional sensing device for determining whether
      there has been a malfunction comprises a pressure sensing device for
      sensing system pressure after each periodic pulse of liquid pressure. Such
      devices are coupled with a timing device for generating a time interval
      that is slightly longer than the time that elapses between pump
      operations, so that if a pulse of liquid at the correct pressure is not
      sensed within a predetermined timer period, an indication is given that a
      malfunction has occurred. The pressure sensing device is associated with
      an automatic reset timer. The pressure sensing device resets the timing
      device by activating a reset device in the timing device. An indicator
      device is connected with the pressure sensing device to indicate when the
      pressure sensing device has responded to an underpressure due to a
      malfunction in the system. Such prior art systems are expensive since they
      require a pressure sensing device, a complex and expensive timer and a
      complex and expensive recycling means.
PAR  An effort to obtain similar operations through a less expensive apparatus
      led to the development of the hydraulic pressure cycle indicator described
      in U.S. Pat. No. 3,583,528. One disadvantage of this system resides in the
      fact that large time variations occur due to changes in lubricant
      viscosity with ambient temperature thereby significantly altering the
      bleed-off interval.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing a novel inexpensive
      time delay circuit capable of providing extremely long time delay periods
      before time-out, which periods are typically of the order of hours, so as
      to provide an indication in the form, for example, of a warning light, of
      the fact that the pump is operating properly and/or that the periodic flow
      of lubricant has not been terminated for a prolonged and abnormal period
      of time since its last interval of activation. Of course, alternate
      warning systems can be used or the connection could be directly to the
      apparatus being lubricated to shut it down because of the interruption of
      full lubrication, etc.
PAR  In the present invention, a pressure switch means is activated
      simultaneously with the flow of lubricant under control of a pump to cause
      rapid charging of a capacitor. Once the capacitor is charged to a
      predetermined threshold, this state is detected by a first comparator
      which serves to set a bistable flip-flop circuit. The setting of the
      bistable flip-flop circuit simultaneously actuates a switch means to
      deactivate the warning lamp, or the like, and provides a discharge path
      for the capacitor. The capacitor is coupled in series with a resistor to
      form an RC time constant having long time intervals, usually of the order
      of hours. The capacitor discharges through a discharge path comprised of a
      transistor which has been driven to the conduction state through the
      setting of the bistable flip-flop. The capacitor begins discharging at a
      very slow rate. The voltage across the capacitor is monitored by a second
      comparator circuit which serves to reset the bistable flip-flop circuit as
      soon as the voltage across the capacitor drops below a second
      predetermined threshold level. As soon as the bistable flip-flop circuit
      is reset, the discharge circuit transistor is driven into cut-off
      preventing any further discharge. The resetting of the bistable flip-flop
      circuit further causes activation of the switch means in circuit with the
      warning lamp, or the like, to cause the warning device to be activated.
PAR  When lubricant is pumped before the voltage across the capacitor drops
      below the second predetermined threshold level, the capacitor is rapidly
      recharged to its maximum level preventing the bistable flip-flop circuit
      from being reset so as to prevent the generation of an erroneous warning
      lamp indication. The first comparator circuit also serves as a means for
      indicating that the capacitor has been properly charged.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS AND OBJECTS
PAR  It is therefore one primary object of the present invention to provide a
      novel monitoring circuit including timing means for developing a warning
      indication whenever the time between intervals of lubricant flow are
      abnormally long.
PAR  The above as well as other objects of the present invention will become
      apparent from a consideration of the ensuing description and drawings.
PAR  FIG. 1 is a schematic diagram showing a monitoring circuit embodying the
      principles of the present invention.
PAR  FIG. 2 shows a detailed circuit diagram of the timing means shown in block
      diagram form in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND FIGURES
PAR  FIG. 1 shows a schematic diagram of monitoring means 10 embodying the
      principles of the present invention and which is comprised of a cyclic
      lubricating system 11. Such systems are described in U.S. Pats. No.
      3,091,306; 3,072,300; 2,856,024; 2,784,808, among others. A typical one of
      these systems comprises a continuously operating motor 11a driving a cam
      11b. Although the invention is described as being utilized in conjunction
      with a lubricating system, it should be understood that this description
      is merely exemplary and that the invention may be employed in any
      hydraulic system whether motor or non-motor driven and is especially
      advantageous for use in hydraulic systems which experience fluctuating
      pressures.
PAR  The cam 11b is a gradually increasing radius eccentric cam with a sharp
      drop-off D. As the cam 11b rotates, it engages and pivots the lever 11c
      which is pivoted at 11d. Lever 11c engages a piston 11e that is spring
      loaded by a helical spring 11f. Cam 11b rotates counterclockwise, lever
      11c rides out of drop-off D and the piston 11e is driven slowly in the
      direction shown by arrow A against the force of spring 11f. This causes
      lubricant to be gradually drawn from reservoir 12 through check valve 13a
      into pump cylinder 13b. The piston continues to rise slowly against the
      downward force of spring 11f until drop-off D engages lever 11c. Then, the
      charged spring 11f rapidly moves piston 11e in the reverse direction shown
      by arrow B, forcing lubricant from cylinder 13b through check valve 13c
      through distribution conduit 14. The discharge pressure in the conduit 14
      rapidly reaches its maximum pressure and then decreases to zero as the
      lubricant flow to bearings and the like in an apparatus 15 being
      lubricated. The pressure in conduit 14 remains essentially at zero until
      the occurrence of the next discharge cycle.
PAR  Pressure switch 21 is one constituent of the monitoring means 20 which in
      turn is comprised of an AC source 23 coupling an AC signal across a series
      path comprised of resistor R1, diode CR1 and capacitor C1. Diode CR1
      serves to half-wave rectify the AC signal source. Resistor R1 provides
      surge protection to protect diode CR1 during periods of initial turn-on of
      the equipment. The pressure switch for the electronic pressure cycle
      indicator is preferably located at the end 14a of the main line in the
      distribution system; however, it can be located at any point in the
      distribution system. The pressure switch closes charging the capacitor C2
      when the pressure in the distribution line rises at the beginning of the
      oil discharge cycle. The switch remains closed until the pressure in the
      line drops below the operating pressure of the pressure switch. The time
      that the switch remains closed will be typically of the order of one
      minute for an hour cycle time. The capacitor commences to discharge when
      the switch opens, and the circuit will time out unless another pressure
      pulse causes the capacitor to be recharged before the end of the circuit's
      time period.
PAR  Capacitor C1 serves to filter the half-wave rectified voltage. The common
      terminal between diode CR1 and capacitor C1 is coupled through a resistor
      R2 to a Zener diode CR2 whose opposite terminal is connected to ground bus
      24. Zener diode CR2 serves to regulate the DC voltage employed in the
      monitoring circuitry. The common terminal between resistor R2 and Zener
      diode CR2 is coupled to one stationary terminal 21A of swith 21. The
      opposite stationary terminal 21B is coupled through line 25 to capacitor
      C2 whose opposite terminal is connected to ground bus 24. Pressure switch
      21 is further provided with movable arm 21c which operates to provide a
      direct shunt path across stationary terminals 21a and 21b upon the
      operation of pump 12.
PAR  Capacitor C2 has its (+) terminal connected to terminal 26a of a monitoring
      circuit 26. The (+) terminal of capacitor C2 is further coupled to
      terminal 26c through resistor R3.
PAR  Terminals 26d and 26e of monitoring circuit are connected in common to the
      common terminal 27 between resistor R2 and Zener diode CR2. Terminal 26g
      of circuit 26 is coupled through capacitor C2 to reference bus 24.
      Terminal 26h is coupled directly to ground reference bus 24 through line
      28. Output terminal 26f of circuit 26 is coupled through resistor R5 to
      the trigger electrode 29a of a control switch 29 whose cathode electrode
      is connected to the ground reference 24 and whose anode electrode is
      connected to one terminal 30a of lamp 30, whose opposite terminal 30b is
      directly connected to AC source 23 through line 31.
PAR  FIG. 2 shows a detailed schematic diagram of circuit 26 whose terminals 26e
      and 26d are connected in common to terminal 27. Terminal 26a is directly
      coupled to the (+) terminal of capacitor C2. Terminals 26b and 26c are
      coupled to resistors R4 and R3, respectively. Terminal 26h is connected to
      ground reference bus 24. Terminal 26g is coupled to capacitor C3, while
      terminal 26f is coupled to resistor R5.
PAR  Terminal 26e is coupled to common bus 36 which serves to provide B+ voltage
      to circuit 26.
PAR  Transistors Q2, Q3, Q4, Q5, Q6 and Q7 form a comparator for providing an
      output when the capacitor C2 has been charged above the first
      predetermined threshold level. This threshold level is established by
      resistors R11, R15, R16 which are connected in series between B+ bus 32
      and ground. The common terminal 33 between resistors R11 and R15 is
      coupled to the base electrode of transistor Q7 and this level serves as
      the first predetermined threshold. The monitored input is coupled to input
      terminal 26b  and to the base electrode of transistor Q3. When the level
      at terminal 26b exceeds the first predetermined threshold level at
      terminal 33, transistor Q4 conducts to provide a positive output level at
      its collector circuit which is coupled through line 34 to the base
      electrode of transistor Q13. Transistors Q13 and Q14 form a bistable
      flip-flop circuit, the collector of Q13 being directly connected to the
      base of Q14, and the collector of Q14 being connected to the base of Q13
      through resistor R17.
PAR  When a positive level is applied to the base of Q13, Q13 conducts causing
      its collector to be substantially at ground. This renders Q14
      non-conductive causing its collector to be substantially at the B+ level
      thereby driving Q15 into conduction. Current flow through the Q15 emitter
      developing an IR drop across resistor R19. This positive voltage level is
      applied through line 36 and resistor R13 to the base of Q9 causing Q9 to
      conduct. The emitter of Q9 is connected to ground potential while the
      collector of Q9 is connected to terminal 26c which, in turn, is connected
      to capacitor C2 through resistor R3. Just as soon as the capacitor C2
      exceeds the first predetermined threshold level established at terminal
      33, the bistable flip-flop circuit is set causing transistor Q9 to conduct
      thereby providing a discharge path for capacitor C2. Capacitor C2
      discharges through resistor R3 and conducting transistor Q9 to ground. The
      discharge rate of capacitor C2 is established by the capacitance value of
      C2 and the resistance value of R3 which values are chosen so as to provide
      a very slow discharge rate, typically of the order of hours.
PAR  The discharge rate of capacitor C2 is monitored by a second comparator
      circuit comprised of transistors Q10 and Q11. The base of Q11 is coupled
      to the common terminal 37 between resistors R15 and R16 to establish a
      second predetermined threshold level. At this time transistor Q10 is
      non-conductive and remains in a non-conducting state until its base
      electrode drops below the aforementioned predetermined second threshold
      level. As soon as this condition occurs, Q10 conducts developing an IR
      drop across R14 to apply a positive level to the base of Q12 causing Q12
      to conduct. The collector of Q12 goes substantially to ground potential
      causing Q13, which forms a bistable flip-flop circuit with Q14, to be
      turned off causing its collector to go high. This renders Q14 conductive
      causing its collector to go substantially to ground which causes turn-off
      of transistor Q15. This causes the emitter of Q15 to drop substantially to
      zero which turns transistor Q9 off, preventing any further discharge of
      capacitor C2.
PAR  Simultaneously therewith, the turn-off of transistor Q15 causes the base of
      Q17 to go high turning Q17 on. In addition thereto, zero reference level
      at the emitter of Q15 is coupled through R18 to the base of Q19, causing
      Q19 to be turned off. This removes ground reference level from terminal
      26f. Simultaneously therewith, the turn-on of Q17 causes Q18 to be turned
      on thereby causing output terminal 26f to go high. This condition is
      coupled through R5 to the trigger electrode 29a of silicon-controlled
      switch 29 rendering the switch conductive, and establishing a closed
      circuit path between ground reference bus 24, switch 29, lamp 30 and AC
      source 23, thereby illuminating lamp 30. If desired, the circuit
      containing lamp 30 may also include an audible alarm and if further
      desired may include means for turning off the equipment 15 being
      lubricated. The triac 29 alternatively may be replaced with a normally
      closed switching means so as to illuminate lamp 30 during normal operation
      of the lubricating system. The signal appearing at terminal 26f upon
      failure would open the switch to turn off the lamp 30 during abnormal
      operation. Also using a double throw switching means, two lights may be
      provided so that one is lit during normal operation and the other is lit
      during abnormal operation. Other warning indicators, either local or
      remote, may be connected directly to the output 26f either in place of
      lamp 30 or in addition thereto.
PAR  In cases where the lubricant system 11 is functioning properly, closure of
      switch arm 21c will occur before capacitor C2 discharges below the second
      predetermined threshold level established at terminal 37, thereby causing
      the comparator comprised of transistors Q2 to Q7 to set the bistable
      flip-flop comprised of transistors Q13 and Q14, which bistable flip-flop
      serves to couple terminal 26f to ground by rendering Q19 conductive and
      which further simultaneously serves to turn on Q9 to begin another
      discharge cycle for capacitor C2. The comparator comprised of Q2-Q7 also
      serves as a means for indicating that C2 has been properly and fully
      charged upon closure of switch 21. Capacitance leakage problems are
      reduced by operating C2 and R3 to discharge over a long time period, to
      thereby establish the desired long time interval.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel monitoring circuit for monitoring the operation of a pump
      with a lubricating system by providing an extremely long time delay
      circuit which will time out only in cases where the interval between
      activations of pump 12 is abnormally long. Normally lubricant is pumped at
      intervals spaced apart in time over a range from 0.4 to 3.0 hours and in
      order to prevent danger to unlubricated components 15, the long time delay
      is set so as to be longer than the normal range of successive activation
      of the lubricating operation and shorter than a time period in which the
      production of the pressure level in the lubricating conduits 14 will drop
      to a dangerous level.
PAR  It should also be noted that by locating the pressure switch 21 near the
      apparatus 15 being lubricated, the alarm system also monitors any clogging
      or blockage in the distribution network which may be the cause of the
      problem rather than breakdown of the lubricating system.
PAR  Although there have been described preferred embodiments of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. For example, switch 21 may be maintained normally
      closed and may open upon the occurrence of flow of lubrication. In this
      arrangement C2 may be rapidly discharged upon the flow of lubrication and
      be slowly charged when the lubricant pressure drops to zero. For this
      embodiment, R3 must be connected across the (+) terminal of C2 and
      terminal 26d, all connections must be removed from terminal 26a, and
      switch 21 must be connected across the (+) terminal of C2 and bus 24. The
      lamp will be normally on and turn off indicating failure. Therefore, this
      invention is to be limited, not by the specific disclosure herein, but
      only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a lubricating system for lubricating apparatus and having a source of
      lubricating fluid; conduit means for coupling said lubricant to said
      apparatus; means for periodically and cyclically dispensing lubricant from
      said source to said conduit means, the improvement comprising a circuit
      for providing a warning indication in cases where lubricant dispensing is
      terminated for abnormal and/or prolonged time periods, said circuit
      comprising:
PA1  a capacitor;
PA1  a power source;
PA1  first switch means activated by the presence of lubricant in said conduit
      means for coupling said capacitor to said power source;
PA1  first reference means coupled to said power source for establishing a first
      predetermined threshold voltage;
PA1  first comparator means coupled to said capacitor and said first reference
      means for generating an output signal when the voltage across said
      capacitor exceeds said first predetermined threshold;
PA1  a bistable flip-flop having a set and reset state and having a first input
      coupled to said first comparator means;
PA1  said flip-flop being set when said first comparator means generates an
      output signal;
PA1  a discharge path for controlling the discharge of said capacitor;
PA1  discharge means coupled to said flip-flop for providing coupling the
      discharge path to said capacitor when said flip-flop is in the set state;
PA1  a warning device and second switch means coupled across said power source;
PA1  said second switch means having a control input coupled to said flip-flop
      and being turned off when said flip-flop is in the set state;
PA1  second means coupled to said power source for developing a second
      predetermined threshold;
PA1  second comparator means coupled to said second means and said capacitor for
      developing an output signal when the voltage across said capacitor drops
      below said second predetermined threshold;
PA1  said flip-flop having a second input coupled to said second comparator
      means and being driven to the reset state when said second comparator
      means develops an output signal;
PA1  said discharge means being rendered non-conductive when said flip-flop is
      driven to the reset state;
PA1  said second switch means being turned on when said flip-flop is in the
      reset state causing activation of said warning device.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said warning device comprises a lamp.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said warning device comprises an
      audible alarm means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said discharge path further comprises a
      resistor coupled between said capacitor and said discharge control means
      for controlling the discharge rate of said capacitor.
NUM  5.
PAR  5. The apparatus of claim 1 further comprising second (Q18) and third (Q19)
      transistor means coupled in series across said power source and each
      having a control terminal;
PA1  third switch means (Q15) having an input coupled to the output of said
      flip-flop and having first Q15 collector and second Q15 emitter outputs
      respectively coupled to the control terminals of said second (Q18) and
      third (Q19) transistor means for turning only said second transistor means
      ON when said flip-flop is in the set state to turn OFF said third switch
      means and for turning only said third transistor means ON when said
      flip-flop is in the reset state to turn ON said third switch means.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said discharge means is comprised of a
      transistor having its collector and emitter electrodes respectively
      coupled to said capacitor and ground reference, and a base electrode
      coupled to said flip-flop.
NUM  7.
PAR  7. Timing means for monitoring a condition occurring in a cyclical periodic
      fashion to provide an alarm condition when the time period between said
      periodic operations is abnormally long comprising:
PA1  a power source;
PA1  a capacitor;
PA1  first switch means being activated upon each occurrence of said condition
      to couple said power source to the capacitor;
PA1  first reference means coupled to said power source for establishing a first
      predetermined threshold voltage;
PA1  first comparator means coupled to said capacitor and said first reference
      means for generating an output signal when the voltage across said
      capacitor exceeds said first predetermined threshold;
PA1  a bistable flip-flop having a set and reset state and having a first input
      coupled to said first comparator means;
PA1  said flip-flop being set when said first comparator means generates an
      output signal;
PA1  discharge means coupled to said flip-flop for providing a discharge path
      for said capacitor when said flip-flop is in the set state;
PA1  a warning device and second switch means coupled across said power source;
PA1  said second switch means having a control input coupled to said flip-flop
      and being turned off when said flip-flop is in the set state;
PA1  second means coupled to said power source for developing a second
      predetermined threshold;
PA1  second comparator means coupled to said second means and said capacitor for
      developing an output signal when the voltage across said capacitor drops
      below said second predetermined threshold;
PA1  said flip-flop having a second input coupled to said second comparator
      means and being driven to the reset state when said second comparator
      means develops an output signal;
PA1  said discharge means being rendered non-conductive when said flip-flop is
      driven to the reset state;
PA1  said second switch means being turned on when said flip-flop is in the
      reset state causing activation of said warning device.
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ABST
PAL  A glazing unit having a plurality of plies is provided with a grid of fine
      wires electrically connected in parallel. A warning signal is activated
      upon a change in the resistance of the grid. The arrangement permits
      resetting the alarm after a partial break in the grid. A second grid may
      be used as the reference resistance in the alarm circuitry. Thermally
      induced breakage of the fine wires is avoided by providing resilient
      connections to the bus bars.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to security glazing units and to alarm systems
      particularly suitable for detecting attempts to break or tamper with
      glazing installations. The invention may be used as a burglar alarm or as
      a security system in penal institutions or the like.
PAR  Security alarm systems of the prior art conventionally include a frangible
      conductor, such as a foil tape or thin wire, typically in a serpentine or
      circumscribing path, affixed to the window glazing and through which an
      electric current is passed. When the window is broken, the conductor also
      breaks, thereby opening the circuit and triggering an alarm. A typical
      system employing thin wires may be seen in U.S. Pat. No. 1,223,583, and a
      typical system employing foil tape may be seen in U.S. Pat. No. 3,409,886.
      Such arrangements possess certain disadvantages however. In order to keep
      power consumption low, the conductor can be made relatively large in width
      or diameter so as to reduce its resistance, but the use of such obstrusive
      conductors can be unsightly, particularly if the center portion of a
      window is to be protected. Alternatively, the path of the conductor may be
      shortened in order to lower the resistance of the circuit, but large areas
      of a window may then be left unprotected, making it possible to partially
      break or cut through the window without disturbing the conductor. An
      attempt to avoid this dilemma is shown in U.S. Pat. No. 3,441,925, where a
      transparent conductive coating is applied to the entire window area. This
      arrangement still requires a relatively large break in the window in order
      to register a definite change in the resistance. Small holes and cracks in
      the glass do not produce discrete, predictable changes in the resistance,
      and when laminated glazing is used in such an arrangement (as is normally
      required to protect the conductive coating) major gaps in the circuit are
      not likely to be opened without an extraordinarily forceful and wanton
      attack. This is especially true in the case of laminated units designed to
      resist penetration.
PAR  Another disadvantage of most prior art security systems is that once one of
      the conductors has been broken, the system cannot be reset until the
      damage is repaired, which can involve a considerable lapse of time,
      particularly if a window must be reglazed. In the meanwhile no security is
      provided for the window where the break occurred, even though the damage
      may have been caused accidentally and may be slight. A system is disclosed
      in U.S. Pat. No. 1,766,500 that includes two independently actuatable
      circuits, so that if one wire is broken, a second wire still provides
      security. But that arrangement requires extra electrical components and
      provides only minor reset capability, limited to the case of only one wire
      being broken. If two wires happen to be broken instead of just one, the
      system will be put out of commission just the same. The circuit of another
      prior art system, shown in U.S. Pat. No. 2,423,649, includes two
      resistances in parallel, but there is no suggestion therein to extend a
      plurality of frangible conductors across an area of entry so as to provide
      backup protection after an attempted breach of security. Another related
      circuit is shown in U.S. Pat. No. 3,138,792 in a system that does not
      include frangible wires.
PAR  Accordingly, there is a need for a security system that can reliably detect
      security breaches in the early stages and then be reset to quickly
      re-establish security. At the same time, it is desirable that visual
      aesthetics not be sacrificed in security glazing installations.
PAC  Summary of the Invention
PAR  In accordance with the present invention, laminated security glazing is
      provided with a resistance grid comprised of a plurality of thin,
      frangible conductor wires embedded in each unit. The wires extend across
      the face of each unit in generally parallel relationship and are affixed
      to bus bars at either end to create parallel electrical paths across the
      unit. A low voltage current is passed through the unit, and the total
      resistance across the unit is monitored by means of electrical circuitry
      connected thereto. When a wire is broken, the increase in resistance is
      detected by the circuit and an alarm is triggered. Subsequently, the
      circuit may be reset so that the resistance of the remaining unbroken
      portion of the grid can be monitored. In the preferred embodiments,
      changes in resistance are measured by comparing the resistance of one
      group of wires with the resistance of a second group of wires in an
      adjacent glazing unit or in a different portion of the same unit. A novel
      arrangement for resiliently attaching the fine wires to the bus bars so as
      to permit movement of the wires relative to the bus bars, thereby avoiding
      breakage due to thermal expansion, forms another aspect of the invention.
DRWD
PAC  Detailed Description of the Invention
PAR  The invention will be fully understood from the following detailed
      description, taken together with the drawings in which:
PAR  FIG. 1 is a schematic diagram of one embodiment of the alarm system of the
      present invention;
PAR  FIGS. 2, 3, 4, and 5 are cross-sectional views taken along lines 2--2 in
      FIG. 1, showing different embodiments of the composite security glazing
      unit of the present invention;
PAR  FIG. 6 is an elevational view of a portion of a single ply of the inventive
      glazing unit prior to lamination, showing details of the bus bar
      connection;
PAR  FIG. 7 is a cross-sectional view of the ply portion of FIG. 6, taken along
      lines 7--7 in FIG. 6 showing bus bar details;
PAR  FIG. 8 is a schematic diagram of a preferred embodiment of the alarm system
      of the present invention which includes a glazing unit having two
      resistance grids; and
PAR  FIG. 9 is a schematic illustration of an alternate arrangement wherein two
      glazing units are paired in the circuitry.
DETD
PAR  Depicted in FIG. 1 is a security glazing unit, designated generally as 10,
      which consists of a composite of transparent plies having a plurality of
      fine, conductive wires 11 forming a resistance grid sandwiched between the
      plies. Each wire is affixed at each end to bus bars 12 which are also
      placed between the plies. Electrical leads 13 and 14 are connected to the
      bus bars and extend beyond the edges of the glazing unit.
PAR  The structure of the glazing unit 10 may include at least one glass ply and
      at least one transparent plastic ply in a variety of combinations, three
      examples of which are illustrated in cross-section in FIGS. 2, 3, and 4. A
      simplified embodiment, shown in FIG. 2, is comprised of a glass ply 21
      combined with a plastic ply 22. The glass may be any suitable glazing
      product including tempered or untempered, clear or tinted, and coated or
      uncoated glass. The plastic ply may be comprised of any polymeric material
      suitable for inclusion in a laminated transparency, such as
      polyvinylbutyral, polyurethane, acrylic, polyester, or polycarbonate
      resins. Polycarbonates are preferred because of their toughness. The plies
      may be bonded together using conventional laminating techniques such as
      autoclaving, or they may be loosely sandwiched in face-to-face
      relationship. Examples of the latter type of composite structure can be
      seen in U.S. Pat. No. 3,821,071. When laminating acrylics or
      polycarbonates to glass, it is usually desirable to employ an interlayer
      material between the plies. In the laminating process the wires 11 become
      embedded in the plastic ply or plies. The laminated structure is designed
      such that a substantially intact barrier remains even after the glass ply
      or plies have been broken, and such that it is improbable that all of the
      wires would be broken in a single attempted breach of security. The
      diameter and alloy of the wires will vary in accordance with the
      resistance requirements for each particular installation, which in turn
      depends upon the length of wire required to extend across a given glazing
      unit and the spacing of the wires. Because a plurality of wires are
      provided in parallel, the wires may be made so fine as to be barely
      visible without incurring excessive power consumption when passing a
      current through the unit. Copper-nickel alloy wires having a diameter of
      about 2 mils or less may be employed satisfactorily, but larger diameters
      may be used if greater visibility of the wires can be tolerated. A 3-inch
      space between adjacent wires is typical.
PAR  Because plastics are susceptible to scratching, it is preferred to protect
      the plastic with at least one glass ply. For this reason, a more practical
      embodiment is that shown in FIG. 3, where a second glass ply 23 is
      provided so as to leave no plastic surface exposed.
PAR  A preferred embodiment is depicted in FIG. 4, where two additional plastic
      plies 24 and 25 of an interlayer material such as polyurethane are
      interposed between the plastic ply 22 and the glass plies 21 and 23 to
      improve the bonds therebetween. In this case, laminating tends to press
      the wires into the interlayer material. As a specific example, the FIG. 4
      embodiment may be comprised to two 1/4 inch tempered glass plies, one 1/4
      inch polycarbonate ply, and two 0.060 inch polyurethane interlayer plies,
      all of which are laminated by autoclaving at 275.degree. F. and 200 psi.
      Details of such a laminating process may be seen in U.S. Pat. No.
      3,388,032.
PAR  It is also possible to fabricate the glazing unit from a plurality of
      plastic plies alone if scratch resistance is not a matter of concern. Such
      an embodiment is shown in FIG. 5, where two plastic plies 26 and 27, have
      been fused together. An interlayer of a more ductile plastic may
      optionally be placed between the plastic plies to form a three-layered
      lamination. Alternatively, the wires 11 may be pressed into one of the
      plastic plies and the two plies loosely retained in a face-to-face
      relationship by a common framing means. Plies 26 and 27 may be comprised
      of any rigid plastic material suitable for glazing applications. It may
      also be advantageous to apply coatings to the exposed plastic surfaces as
      is known in the art to improve their abrasion resistance.
PAR  The attachment of wires 11 to the bus bars 12 is illustrated in detail in
      FIGS. 6 and 7. The wires and bus bars are arranged in the desired
      configuration on the surface of one of the plies prior to lamination and
      are retained in place temporarily with adhesives until the wires are
      permanently embedded by the laminating process. As shown in FIGS. 6 and 7,
      plastic ply 22 is the substrate preferred for assembling the wires and bus
      bars. Similar glazing units in the automotive and aircraft fields that
      incorporate fine wires for defrosting purposes conventionally impress the
      wires onto the plastic ply in an undulatory or randomly varied pattern so
      as to prevent undesirable concentrations of light reflection from the
      wires. Since the spacing of the wires for security purposes is wider than
      for defrosting units, and since the requirements for optical distortion
      are less stringent in the case of architectural glazing than with
      automotive or aircraft glazing, the wires in the present invention may be
      laid straight across the glazing unit, thereby avoiding the complex and
      costly machinery used to lay defrosting wires. Each bus bar may be a
      composite structure built up from conductive strips 30 and 31 and adhesive
      layers 33 and 34 as shown in FIG. 7 (the thicknesses shown being greatly
      exaggerated for the sake of clarity). Strip 30 is made of a conductive
      material, e.g., copper foil, and may be adhered to ply 22 by means of a
      pressuresensitive adhesive 33. Suitable adhesive-coated foil strips are
      commercially available, such as "Scotch" brand tape number "X-1245" sold
      by the Minnesota Mining and Manufacturing Company, St. Paul, Minn., which
      is comprised of copper foil 3/8 inch wide and 0.0015 inch thick carrying a
      0.002 inch thick layer of acrylic-based adhesive.
PAR  Referring again to FIG. 6, each wire 11 is preferably provided near its end
      with a bent portion 32 extending in a generally transverse direction with
      respect to the main body of the wire and terminating in a soldered
      connection 33 to strip 30 at the distal end of the bent portion. The bent
      portions may be on the order of 3/4 inch long. The bent portions are
      desirable for preventing heatinduced breakage of the wires during the
      autoclaving step, as well as after installation, due to differing
      coefficients of thermal expansion within the units. Strip 31 and adhesive
      34 serve to preserve the shape of the bent portions until the unit is
      autoclaved and provide resilient retention of the bent portion 32 between
      the strips. Strip 31 and adhesive 34 may be the same as that described
      above in connection with strip 30 and adhesive 33, but could take the form
      of any compatible pressure-sensitive adhesive tape, since electrical
      conductivity need not be required for strip 31. Adhesive 34 should be of a
      type that will remain deformable or become deformable when heated so as to
      allow some movement of the bent portions 32 between strips 30 and 31,
      thereby relieving thermally-induced stresses on wires 11.
PAR  It will be evident to those of skill in the art that a variety of circuit
      means may be employed to detect changes in the resistance grid of the
      security glazing unit. One suitable circuit is shown in FIG. 1, connected
      to glazing unit 10 by way of leads 13 and 14. A reference resistor 40 is
      connected in series with the resistance grid of the glazing unit, and a
      pair of voltage sources 41 and 42 (preferably a low voltage, on the order
      of about ten volts each) are connected in parallel across the grid and
      resistor 40. A variable voltage divider 43 is also connected in parallel
      across the voltage sources. A bridge circuit, including leads 44 and 45
      and an amplifier 46, is wired across the tap of voltage divider 43 and the
      junction between the grid and reference resistor 40. Resistors 50, 51 and
      52 determine the gain of amplifier 46. When the voltage divider is set to
      match the ratio of the grid resistance to the reference resistance 40, the
      circuit is balanced and no current will flow through the bridge circuit.
      If one or more of the wires 11 in the grid are then broken, the change in
      grid resistance will cause the circuit to become imbalanced and a current
      will pass through the bridge circuit, whereby amplifier 46 will produce an
      output voltage in lead 53. Output lead 53 is connected to the coil of a
      relay 54, so that the output voltage from the amplifier energizes the
      relay, causing contacts 55 to close, which in turn activates an alarm
      device such as a bell 56. When security has been restored, the system can
      be quickly and easily reset by merely adjusting voltage divider 43 so as
      to again match the ratio of the resistance of the unbroken portion of the
      grid to the reference resistance.
PAR  Referring now to FIG. 8, there is shown a preferred embodiment wherein a
      glazing unit 60, otherwise having the same laminated structure as any of
      the previously described embodiments, is provided with two electrically
      independent grids of wires 11a and 11b. The wires are connected at one
      side to a bus bar 12 as in the embodiment of FIG. 1, but along the
      opposite side two separate bus bars 12a and 12b are provided. Three leads
      61, 62 and 63 extending from the glazing unit are connected to the bus
      bars. The resistance-monitoring circuitry is identical to that of FIG. 1
      except that reference resistor 40 has been omitted and grid 11b has been
      substituted in place thereof. Thus the resistance of each grid is measured
      against the resistance of the other grid and an unequal change in either
      grid will trigger the alarm. Because the wires grids are embedded in a
      tough plastic ply, it is highly improbable that the same number of wires
      could be severed in both grids at the same moment. Not only does this
      arrangement avoid the need for a separate reference resistor for each
      glazing unit, but it also prevents false alarms stemming from resistance
      changes that can be caused by temperature fluctuations. Since both grids
      are exposed to essentially the same ambient temperature conditions, any
      resulting change in resistance is the same in both grids, and therefore
      the sensing circuit remains balanced.
PAR  A variation of the two-grid arrangement is shown in FIG. 9, where two
      separate adjacent glazing units 10a and 10b, each the same as unit 10 in
      FIG. 1, are connected in series so as to be the equivalent of the two-grid
      single unit in FIG. 8. Leads 71, 72 and 73 may be connected to the FIG. 8
      circuit in place of leads 61, 62 and 63, respectively.
PAR  Although the description of the invention has heretofore dealt specifically
      with window glazing units made from glass and transparent plastics, it
      should be apparent that the inventive security system may be associated
      with opaque materials as well for use as wall panels, doors, and the like.
      Other modifications and variations as are known to those of skill in the
      art may be resorted to without departing from the spirit and scope of the
      invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A security glazing system comprising:
PA1  a resistance grid formed by a plurality of frangible, electrically
      conductive wires electrically in parallel with one another and extending
      across an area to be protected;
PA1  means for applying a voltage across said grid; and
PA1  circuit means connected across said grid, including resistance balancing
      means for comparing the resistance of said grid with a reference
      resistance and for generating an output signal in response to an
      incremental change in the grid resistance corresponding to a break in one
      or more of said wires in the grid, said resistance balancing means being
      provided with adjustment means for resetting the system by re-establishing
      a resistance balance in the circuit while a portion of the grid wires are
      broken.
NUM  2.
PAR  2. The security system of claim 1 wherein said area to be protected is a
      transparent glazing installation.
NUM  3.
PAR  3. The security system of claim 2 wherein said glazing includes a plurality
      of plies, at least one of said plies being plastic, and said grid being
      sandwiched between said plies.
NUM  4.
PAR  4. The security system of claim 3 wherein said glazing includes at least
      one glass ply, and said grid is embedded in one of said plastic plies.
NUM  5.
PAR  5. The security system of claim 4 wherein at least one of said plastic
      plies is polycarbonate.
NUM  6.
PAR  6. The security system of claim 5 wherein said glazing includes a
      polycarbonate ply laminated between two glass plies, with a ply of plastic
      interlayer material between each pair of plies.
NUM  7.
PAR  7. The security system of claim 1 wherein the ends of said wires are
      connected to bus bars and each of said bus bars includes a first strip
      overlying a second strip, and each of said connections includes a bent
      portion in one of said wires, said bent portion lying between said first
      and said second strips with a distal end of each bent portion affixed to
      one of said strips and the remainder of said bent portion resiliently
      retained between said strips.
NUM  8.
PAR  8. A security system comprising:
PA1  a first resistance grid and a second resistance grid, each formed by a
      plurality of frangible, electrically conductive wires electrically in
      parallel with one another, each grid extending across a respective area to
      be protected;
PA1  means for applying voltages across said grids; and
PA1  circuit means connected across each of said grids, including resistance
      balancing means for comparing the resistance of said first grid with the
      resistance of said second grid and for generating an output signal in
      response to an incremental change in the resistance of one of said grids
      corresponding to a break in one or more of said wires in the grid, said
      resistance balancing means being provided with adjustment means for
      resetting the system by re-establishing a resistance balance in the
      circuit while a portion of the grid wires are broken.
NUM  9.
PAR  9. The security system of claim 8 wherein said first and second grids
      extend across first and second areas, respectively, of a glazing unit.
NUM  10.
PAR  10. The security system of claim 8 wherein said first grid extends across a
      first glazing unit, and said second grid extends across a second glazing
      unit.
NUM  11.
PAR  11. A composite glazing unit comprising:
PA1  at least two transparent plies, one superimposed over the other;
PA1  bus bar means between said plies along opposite edge portions of the unit,
      each bus bar means including two strips, one strip overlying the other
      strip, at least one of said strips being electroconductive;
PA1  a plurality of frangible, electrically conductive wires between said plies,
      each wire connected at each of its ends to one of said bus bar means so as
      to place said wires electrically in parallel to each other, each wire
      terminating in a bent portion lying between said strips, said bent
      portions being resiliently retained between said strips so as to permit
      movement of said wires relative to said bus bar means.
NUM  12.
PAR  12. The glazing unit of claim 11 wherein at least one of said plies is
      glass and another of said plies is a plastic, and said wires are imbedded
      in said plastic ply.
NUM  13.
PAR  13. The glazing unit of claim 12 wherein said plies are laminated together.
NUM  14.
PAR  14. The glazing unit of claim 13 wherein said plastic ply is polycarbonate.
NUM  15.
PAR  15. The glazing unit of claim 11 wherein a layer of deformable adhesive is
      provided between said bus bar strips so as to resiliently retain said bent
      portions of said wires.
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PAL  An intrusion detection apparatus employing a pressure differential sensor
      for sensing an entry into a room, building or other enclosure. A fan
      maintains a pressure differential between the enclosure and the external
      environment and causes air flow through the sensor. Opening of doors and
      windows or other intrusions into the enclosure causes changes in sensor
      air flow and the generation of an electrical signal highly sensitive to
      the changes. A signal processor processes the signal based upon direction,
      amplitude and time-period of change to distinguish between
      intrusion-caused and non-intrusion-caused changes.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  ELECTRONIC COMBINATION SWITCH invented by Thomas S. Panages, Ser. No.
      518,967, filing date Oct. 29, 1974 and assigned to SECURITY CORPORATION OF
      AMERICA.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of alarm systems and
      particularly to an intrusion detection apparatus for use in detecting
      intrusions into homes, stores, factories and other enclosures.
PAR  Prior devices for detecting intrusions have relied upon many different
      principles. For example, contact switches have been mounted on each door
      and window of an enclosure. Upon opening the door or window, the switch is
      actuated to set off an alarm. Similarly, radiation devices have been
      employed wherein an entry into the enclosure causes the radiation to be
      interrupted thereby setting off an alarm.
PAR  The desire for an improved and more economical intrusion detection
      apparatus has lead to devices relying upon differential air pressure
      between an enclosure and the external environment. Such an apparatus is
      described in U.S. Pat. No. 3,829,851 and in patents cited and discussed
      therein. These differential pressure devices present a problem in that
      they must be both sensitive enough to detect significant changes and able
      to distinguish between intrusion-caused and non-intrusion-caused changes.
      Non-intrusion-caused changes frequently arise from changes in the external
      atmosphere such as changes in wind velocity and wind direction. Also
      flues, vents and normal leaks present problems which must receive
      compensation. Prior intrusion detection apparatus has not been adequately
      sensitive to detect changes or has not adequately distinguished between
      intrusion-caused and non-intrusion-caused changes.
PAR  In view of the above background of the invention, it is an object of the
      present invention to provide an improved differential-pressure intrusion
      detection apparatus which is highly sensitive to changes while having the
      ability to distinguish between intrusion-caused and non-intrusion-caused
      changes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an intrusion detection apparatus for detecting
      intrusions into an enclosure. A pressure differential is maintained
      between the enclosure and the external environment. A differential sensor
      provides electrical signals highly sensitive to differential pressure
      changes between the enclosure and the external environment. A signal
      processor in combination with the characteristics of the sensor
      distinguishes between intrusion-caused changes and non-intrusion-caused
      changes.
PAR  In one feature of the invention, the signal processor detects changes which
      occur within a time window which is a time-period occurring after a
      predetermined minimum time and before a predetermined maximum time.
PAR  In a further feature, the signal processor accumulates only selected
      unidirectional changes which can be caused by an intrusion.
PAR  In a still further feature, the signal processor detects only changes of a
      large enough amplitude to be caused by an intrusion.
PAR  In one preferred embodiment of the present invention, the differential
      sensor includes an unbalanced vane device where the vane operates against
      gravity and is positioned as a function of the rate of air flow between
      the enclosure and the external environment. The vane is movably located
      between a lamp and a plurality of photocells. The shadow from the vane
      allows the photocells to detect the position of the vane and changes in
      position of the vane.
PAR  A preferred differential sensor includes a vane follower for providing an
      adjustable gap between the vane and the vane follower where the static and
      dynamic characteristics of vane position as a function of air flow are
      adjustable. Additional features include surge chambers, baffles,
      non-linear throttles, and tandem sensors for adjusting and controlling
      static and dynamic characteristics.
PAR  In one preferred embodiment, a directional sensor circuit includes a
      plurality of pulse generators, one associated with each photocell in the
      differential sensor. Each pulse generator generates a pulse for each
      transition of the corresponding photocell between on and off conditions.
      The outputs from all pulse generators are connected in common and summed
      in an integrator. The voltage across the integrator is a function of the
      movement of the vane in the differential sensor and hence is a measure of
      the change in air flow and the change in differential pressure between the
      enclosure and external environment. The change in air flow may result from
      any intrusion into the enclosure or from changes in environment due to
      wind and other variables. The integrator has unilateral characteristics so
      as to accumulate a signal of polarity corresponding to the polarity of
      pulses having a direction (sign) which can be caused by an intrusion. For
      a positively pressurized enclosure, an intrusion necessarily results in a
      decrease in pressure and hence the unilateral integrator produces a signal
      resulting from the accumulation of pulses produced by reductions in
      pressure and does not produce a signal resulting from the accumulation of
      pulses produced by increases in pressure.
PAR  A feature of signal processor of the present invention is a validating
      circuit which senses that proper differential pressure conditions have
      been established before arming the intrusion detection apparatus. Another
      feature limits access to and control of the apparatus to authorized
      persons.
PAR  In accordance with the above summary of the invention, the present
      invention achieves the objective of providing an improved intrusion
      detection apparatus wherein a differential pressure sensor and signal
      processor distinguish between non-intrusion-caused changes, such as from
      wind and other variables, and intrusion-caused changes to provide reliable
      intrustion detection.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts an overall block diagram of an apparatus in accordance with
      the present invention.
PAR  FIG. 2 depicts details of the directional sensor circuit which is part of
      the signal processor of the FIG. 1 apparatus.
PAR  FIG. 3 depicts a schematic representation of a part of the singal processor
      within the FIG. 1 apparatus.
PAR  FIG. 4 depicts a plane, front view of one differential pressure sensor
      utilized in the present invention.
PAR  FIG. 5 depicts a plane, end view of the vane follower as taken along a
      section V--V in FIG. 4.
PAR  FIG. 6 depicts a plane, bottom view of the differential pressure sensor of
      FIG. 4.
PAR  FIG. 7 depicts graphs representative of vane position as a function of
      differential air pressure between the enclosure and the external
      environment.
PAR  FIG. 8 depicts an alternate embodiment of the differential sensor which
      includes a number of air flow features which may be used singly or in
      combination.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the basic system includes an enclosure 4 which is
      typically a room, house, or store but can be any substantially enclosed
      volume. While the invention is particularly directed to an intrusion
      detection apparatus for providing an intrusion alarm based upon
      differential air pressure, the invention may be used in many applications
      utilizing other gases or liquids as the medium which supports the pressure
      difference.
PAR  In FIG. 1, a fan 5 is utilized to maintain a differential pressure between
      the external environment outside the enclosure 4 and the volume inside
      enclosure 4. The differential pressure sensor 6 is located with an
      internal port 1 and an external port 2 for allowing air, forced by fan 5,
      to flow through sensor 6. For a positive pressure within the enclosure,
      air flow is from the enclosure, into the internal port 1 and out through
      the external port 2. Of course, the present invention can be employed with
      a fan which partially evacuates the enclosure 4 in which case, the sensor
      6 is reversed in direction with the port 1 connected to the internal
      environment.
PAC  Differential Sensor -- FIG. 1
PAR  The sensor 6 includes an unbalanced movable vane 14 connected to rotate
      around a pivot point 22. In the preferred embodiment of FIG. 1, the bottom
      6' is down with respect to gravity and the top 6" is up with respect to
      gravity so that a gravitational restoring force operates on vane 14. While
      in a preferred embodiment gravity acts as a restoring force, other forces
      can be employed. For example, springs or other elastic members,
      electrostatic forces, magnetic forces, fluid pressure, gas pressure or any
      combination of these may be applied directly or indirectly to restore vane
      14. The operation of the fan 5 causes air to flow into port 1 and out of
      port 2. In so doing, the air flow raises vane 14 up from wall 6' toward
      wall 6". The position of vane 14 is therefore a measure of the
      differential pressure which determines the rate of air flow through sensor
      6.
PAR  In FIG. 1, the differential sensor 6 includes a vane follower 24 which is
      fixed in a position which substantially describes an arc about the pivot
      point 22. Follower 24 therefore establishes a gap 25 between follower 24
      and the vane 14. The size of the gap 25 and the variation in the gap width
      as a function of vane position partially determine the static and dynamic
      characteristics of the vane position as a function of air flow. Many other
      factors also control the characteristics, particularly vane mass, vane
      shape, and amplitude of the restoring force. Vane follower 24 has a
      plurality of photocells 41--1 through 41--8 which are positioned to detect
      light from a lamp 23. Of course, any plurality of photocells can be
      employed. Lamp 23 illuminates those of the photocells 41 that are not
      within the shadow of vane 14. The detecting and non-detecting light
      condition of the photocells 41--1 through 41--8 define the position of
      vane 14 and responsively provide output signals on lines L1 through L8
      indicating the detecting (light) or non-detecting (dark) states of the
      photocells.
PAR  The operation of the present invention relies upon an air pressure
      differential, typically established by fan 5, between the interior and
      exterior of the enclosure 4. When a differential air pressure has been
      established, air flows through the sensor 6 causing vane 14 to overcome
      the restoring force of gravity and to be positioned at an equilibrium
      point which, for example, is somewhere above photocell 41--4.
PAR  In a typical example, enclosure 4 has windows 11, doors 12 in the external
      walls which, when closed, still are a source of air leaks between the
      enclosure and the external environment. Additional sources of the air
      leaks, such as joints between framing and siding and such as fireplace
      flues, are frequently present. Notwithstanding these leaks, however, fan 5
      is operated to establish sufficient air flow into the structure 4 and
      through sensor 6 to cause vane 14 to assume an equilibrium position.
PAR  The enclosure 4 typically includes one or more internal walls such as wall
      32 which tends to separate the fan 5 from the sensor 6. Under normal
      conditions, the air leaks around internal doors such as door 13 are
      sufficient to provide sufficient air-flow between fan 5 and sensor 6 so
      that no additional openings are required. Of course, if the air leaks
      normally existent through the internal walls of enclosure 4 do not permit
      sufficient air-flow, the bottoms of doors can be trimmed or ports may be
      inserted through walls or doors to provide sufficient air flow.
PAR  After air flow through sensor 6 has established vane 14 at an equilibrium
      position, any new opening, such as by opening a door, between the
      enclosure 4 and the external environment will disturb the air flow through
      sensor 6 and hence will cause vane 14 to move down from its equilibrium
      position. Since any entry to the enclosure 4 requires some opening,
      detector 6 readily identifies the change from the equilibrium condition
      and responsively provides output signals on lines 42.
PAR  The sensor circuit 7 functions to detect the signals on lines 42 and inputs
      them to the digital processor 15 which, under appropriate conditions,
      causes one or more alarm signals to be generated.
PAR  While an unauthorized entry into the enclosure 4 will cause a change in the
      equilibrium condition and will be detected by sensor 6, other
      non-intrusion phenomena can cause changes from the equilibrium condition
      which are detected by sensor 6. Of particular interest is the behavior of
      the external atmosphere surrounding the enclosure 4. Wind direction and
      wind velocity strongly affect the differential air pressure between the
      inside and outside of an enclosure. For some buildings, wind in one
      direction tends to raise the internal pressure while wind in another
      direction tends to decrease it. Of course, many combinations between the
      maximum increase and the maximum decrease are possible. Generally wind
      gusts resulting from rapid changes in wind velocity or direction make
      correspondingly rapid but generally unpredictable changes in the
      differential air pressure. These effects tend to add or subtract
      continually from the differential pressure provided by the fan 5.
PAR  An effective intrusion detection apparatus, therefore, based on
      differential pressure must be able to distinguish between
      atmospheric-caused changes in the equilibrium condition and
      intrusion-caused changes in the equilibrium condition.
PAR  In accordance with the present invention, it has been found that with a few
      unimportant exceptions, man-made entries (e.g. through a door) into an
      enclosure cannot be accomplished in a time-period shorter than a minimum
      time and also will be completed in a period which does not exceed a
      maximum time. In accordance with the present invention, any change in the
      equilibrium condition which occurs in a shorter time than the minimum time
      or over a longer time than the maximum time is automatically classified by
      the apparatus of FIG. 1 as a non-intrusion change.
PAR  Very slow changes in the equilibrium state of sensor 6 are typically caused
      by gradual changes in wind direction. These slow changes are rejected by
      the signal processor. Similarly, the changes in equilibrium by wind
      gusting frequently are of short duration and hence are ignored by the
      signal processor. Other gusting phenomena are rejected since they cause a
      differential change from equilibrium in a direction opposite to changes
      resulting from man-made intrusions. Specifically man-made entry (for
      example through a door) to the enclosure 4 necessarily results in a
      reduction of air flow through sensor 6. Accordingly, air gusts which cause
      an increase in air flow through sensor 6 can be ignored. Additionally,
      gusting or other phenomena which cause a change in air flow through sensor
      6 which, while in the same direction as a man-made change, can be rejected
      if they are of small enough amplitude as compared with the amplitude of
      changes resulting from man-made intrusions.
PAR  In order to account for the above factors, the apparatus of FIG. 1 operates
      on the basis of time response, amplitude, and direction of changes from an
      equilibrium condition to distinguish between changes caused by intrusions
      into the enclosure 4 and changes caused by atmospheric or other
      conditions.
PAC  Directional Sensor -- FIG. 1
PAR  In FIG. 1, the directional sensor circuit 7 is responsive so as to
      accumulate directionally signals from sensor 6. Circuit 7 functions to
      sense the photocell outputs on lines 42 to provide a differential pressure
      (dP) signal on line 50. The eight lines L1 through L8 connect to
      comparators (COMP) 8--1 through 8--8, respectively. Comparators 8 function
      to detect the on (light) or off (dark) condition of the photocells 41.
      Each time vane 14 passes one of the detectors 41, a corresponding
      comparator 8 produces an output pulse (high to low or low to high). The
      outputs from comparators 8--1 through 8--8 are input to the
      differentiators 9--1 through 9--8, respectively. The differentiators
      differentiate pulses from comparators 8 and have their outputs connected
      in common as an input to the unilateral integrator 10. Integrator 10 sums
      the pulses from differentiators 9 to provide the signal dP on line 50.
PAR  By way of example, it is assumed that an intrusion occurs into the
      enclosure 4, and that vane 14 responsively crosses three photocells 41
      causing them to go from on to off. The corresponding comparators and
      differentiators 8 and 9 produce three output positive pulses to integrator
      10. Those three pulses are summed in integrator 10 to produce a signal dP
      of amplitude 3. The amplitude of positive 3 indicates a movement of vane
      14 across three photocells. By way of another example, it is assumed that
      a change in environmental condition causes vane 14 to move across two
      photocells turning them from off to on and producing two negative-going
      pulses. Integrator 10 is unilateral and cannot store a negative signal. If
      the integrator 10 stored zero change at the time it received the two
      negative pulses, the charge would remain zero. If it stored a positive 4
      which initially would cause an output from comparator 16 to enable gate 20
      then it would be reduced thereafter to positive 2. The directional nature
      of integrator 10 is significant in that it will not accumulate in a
      direction opposite to the direction of an intrusion and hence an intrusion
      cannot be missed because of accumulated signals in the wrong direction.
      The dP signal output from the integrator 10 on line 50 is a function of a
      unidirectional (downward) change in position of the vane 14. The
      directional sensor 7 is a means responsive to the differential sensor 6
      for directionally detecting changes in differential pressure in a
      direction in which intrusions cause changes in differential pressure.
PAC  Digital Processor -- FIG. 1
PAR  The output signal on line 50 is input to the digital processor 15. In
      processor 15, the dP signal is detected by the comparator (dP AMPL) 16 to
      determine if its amplitude is above a predetermined threshold and
      therefore is large enough to signify an intrusion. In a typical example,
      comparator 16 is set to detect a signal resulting from movement of the
      vane 14 past a predetermined number of photocells where the total number
      of photocells in an array is eight, the predetermined number for detection
      is typically three. Where a larger number of photocells is employed for
      greater resolution, the predetermined number required for detection is
      changed, for example, to five. Of course, the number of photocells
      required can be varied to adjust the sensitivity of the system and the
      variance is made by varying the threshold amplitude input to comparator
      16. When vane 14 has moved past the selected number of photocells,
      comparator 16 outputs a signal to NAND gate 20. Comparator 16 is,
      therefore, a means for detecting changes in an electrical signal from
      sensor 7 which exceed a predetermined amplitude.
PAR  the dP signal on line 50 from sensor 7 is also input to a comparator 17
      which is set at a level to detect movement of vane 14 past one or more
      photocells. When vane 14 has moved past at least one photocell, comparator
      17 outputs a signal to the time window generator 19. Generator 19
      responsively produces an output to NAND gate 20 after a minimum delay time
      and ending at a maximum delay time. The output from generator 19 therefore
      provides a time window (between the minimum and maximum times) during
      which the output from the amplitude comparator 16 can satisfy NAND gate
      20. The comparator 17 and generator 19 are time window generator means for
      providing an intrusion detection period between a minumum time and a
      maximum after the electrical signal from the sensor 7 indicates a change
      in flow through the differential sensor 6.
PAR  NAND gate 20 becomes satisfied to produce an output to alarm delay (ALR
      DELAY) 21 only when the movement of the vane 14 of sensor 6 has satisfied
      three conditions. The first condition is that the vane 14 must move in a
      direction which can be caused by intrusion. This first condition is
      detected by the directional sensor circuit 7. The second condition is that
      the amplitude of the movement must exceed a predetermined amplitude (for
      example, movement past 3 photocells). This second condition is determined
      by the amplitude comparator (dP AMPL) 16. The third condition is that a
      movement satisfying the first two conditions must produce an input to gate
      20 from comparator 16 at a time which is within a time window period
      determined with respect to an initial movement. The third condition is
      provided for by comparator 17 which detects an initial movement and the
      time window generator 19. When the three conditions have been met, NAND
      gate 20 energizes the delay circuit 21 which produces an output signal for
      a fixed period which is, for example, 30 seconds. Delay 21 is selected to
      have a delay period useful for allowing an authorized person to disable
      the apparatus when it is not desired to produce an alarm. Of course, the
      duration of delay 21 can be changed at will or removed entirely. The
      output from delay 21 is connected through inverter 63 to NAND gate 34 (an
      OR gate with inverting inputs). NAND gate 34 has its other input from the
      VALIDATING CIRCUIT 55. Validating circuit 55 enables the NAND gate 34 to
      actuate oscillator 44 to produce a warning tone and to pass an alarm
      signal from the alarm delay 21 and inverter 63 to set the alarm store (ALR
      I STORE) 35. The warning tone and setting of store 35 are described
      hereinafter.
PAC  Validating Circuit -- FIG. 1
PAR  The validating circuit 55 is set with a 1 output to enable NAND gate 34
      when basically two conditions are met. The first condition is that vane 14
      of sensor 6 be initially positioned in the equilibrium state. The position
      of vane 14 in the equilibrium state is detected by sensing that a
      preselected one of the photocells 41 receives light. In a preferred
      embodiment, the fourth photocell 41--4 is the preselected photocell but,
      of course, any one of the photocells may be selected depending upon the
      air flow characteristics of sensor 6 and depending upon the total number
      of photocells in the array. The output from comparator 8-4 provides a
      signal dPV on line 54 which indicates when vane 14 has been raised to the
      equilibrium condition above photocell 41--4. This dPV signal is input to
      the pressure valid comparator (dP VALID) 18. Comparator 18 produces a 1
      output whenever vane 14 of sensor 6 is properly in the equilibrium state.
      In this condition, comparator 18 provides one input to NAND gate 30.
      Comparator 18 is a means for detecting when a predetermined flow of air
      has been established in the sensor 6.
PAR  Gate 30 receives its other input from the ENABLE STORE 29 in validating
      circuit 55. Store 29 is set through a one-shot 28 by means of a DECODE*
      signal from the access control (ACCESS CTRL) 3. Control 3, in one
      preferred embodiment, is a coded push-button lock which, when properly
      sequenced, outputs the DECODE* signal. Alternatively, control 3 may be a
      key operated lock or other switch mechanism which is operated when it is
      desired to provide the DECODE* signal and enable the apparatus of FIG. 1.
      Control 3 also outputs an OFF* signal which may be operated to disable the
      apparatus of FIG. 1. Further details of one preferred embodiment of
      control 3 are described in the above cross-referenced application which
      application is herein incorporated by reference in its entirety for the
      purpose of teaching a control suitable for generating the input signals
      employed in the present invention.
PAR  The DECODE* signal from control 3 is immediately propagated through the
      one-shot 28 to set the enable store 29 and thereby to enable NAND gate 30,
      to produce the FAN* signal which starts fan 5, and to remove the clear
      input from stores 26, 27, 31, 35 and 36. When comparator 18 signifies that
      energization of fan 5 has caused sensor 6 to be in the equilibrium state,
      gate 30 is satisfied and clocks VALID ENABLE STORE 31 to store a 1. At the
      same time that store 31 is clocked, the output from NAND gate 30 is input
      to the ARM I STORE 26. At the time that store 26 is clocked, store 31 has
      not stored a 1 and hence store 31 provides a 0 input to store 26.
      Accordingly, store 26 does not change states at this time and continues to
      provide a 1 for the ARM* signal to lamp 46. With a 1 for the ARM* signal,
      lamp 46 is not illuminated indicating that the FIG. 1 apparatus is not yet
      armed. Prior to the pulse from NAND gate 30, store 26 remains cleared
      since store 26 was originally held cleared by enable store 29. At this
      time, the 1 for the ARM* signal from store 26 is input to enable NAND gate
      39 and to hold time window generator 19 and delay 21 cleared. At the time
      that store 31 becomes set by NAND gate 30, store 31 provides a 1 to NAND
      gate 39 which together with the 1 from store 26 produces a 0 for the
      READY* signal. A 0 READY* signal illuminates lamp 47 thereby indicating
      the ready condition of the FIG. 1 apparatus.
PAR  The ARM II STORE 27 like store 26 is also clocked to store the contents of
      the valid enable store 31. Store 27, however, is clocked later than store
      26 by the trailing edge output from the one-shot (OS) 28 through a delay
      detector (DELAY DET) 33. Detector 33 functions to produce an output only
      on a trailing edge of the one-shot 28. The purpose of one-shot 28 and
      detector 33 is to provide a delay sufficient for the fan 5 to pressurize
      the enclosure 4 and move the vane 14 above photocell 14--4 to an
      equilibrium position. In one typical example, one-shot 28 is nine seconds
      so that detector 33 provides an output pulse nine seconds after the enable
      store 29 has enabled the fan 5 via the FAN* signal. Of course, any delay
      period may be selected provided it is long enough to insure that the
      initial equilibrium state has been reached. By the time that the
      nine-second delay has occurred to produce an output from detector 33, the
      valid enable store 31 has been clocked to store a 1. The 1 from store 31
      is inverted as a 0 input to store 27 so that store 27 continues to provide
      a 1 on its inverted output. The 1 from store 27 enables NAND gate 34 and
      via the NOT SECURE* signal keeps lamp 49 extinguished. If comparator 18
      had not detected the equilibrium condition for sensor 6, gate 30 would not
      have been satisfied, store 31 would have remained at 0, and store 31 would
      not have been clocked to provide a 0 on its inverted output. Under these
      conditions, the not secure lamp 49 would have been illuminated. Also a 0
      from store 27 forces NAND gate 34 to produce a 1 output which generates a
      warning sound through oscillator (OSC) 44 as hereinafter described.
PAR  When enable store 31 has been clocked and stores a 1, the apparatus of FIG.
      1 is ready to be switched from the ready state to the armed state. The
      apparatus can be armed in one of two ways. It can be manually armed by a
      MAN* signal from the access controller 3 or with an opening into enclosure
      4, for example, by opening a door. In either case, a negative-going pulse
      on the output from comparator 18 occurs which is input as a 1-0-1
      transition to NAND gate 30. Gate 30 responsively has a 0-1-0 transition on
      its output which again clocks stores 26 and 31. Since store 31 already
      stores a 1, its output does not change. Store 26, however, now stores a 1
      as input from store 31. The inverted output ARM* signal is therefore
      switched to 0 thereby disabling NAND gate 39 forcing the READY* signal to
      1 and extinguishing the lamp 47. A 1 for the ARM* signal removes the clear
      signal from the window generator 19 and the delay 21 so that they are now
      enabled to process signals from the directional sensor circuit 7. Also, a
      0 from the ARM* signal store 26 illuminates lamp 46 thereby indicating
      that the apparatus is armed.
PAC  Alarm Circuit -- FIG. 1
PAR  Whenever an intrusion occurs into enclosure 4 so as to allow air to escape
      and hence be diverted from flowing through sensor 6, the intrusion is
      detected by the sensor 6 which provides signals to circuit 7. If the
      intrusion satisfies the directional condition of directional sensor 7, the
      amplitude condition of comparator 16, and the time window condition of
      generator 19, a signal is propagated through NAND gate 34 to the ALARM
      CIRCUIT 43 provided gate 34 is enabled with a 1 by the validating circuit
      55. When enabled with a 1 from circuit 55, the signal from gate 34 is
      initially 1 to enable oscillator 44 followed by a negative-going
      transition which clocks ALARM I STORE 35 to store the alarm condition.
      Store 35 outputs a 0 ALARM* signal which energizes the alarm generator
      (for example a bell or a horn) 52. At the same time, the ALARM* signal is
      input to an alarm timer (ALR TIMER) 37 which functions to reset store 35
      after a predetermined period. When the output from validating circuit 55
      and store 27 is 0 as occurs when vane 14 does not reach equilibrium above
      photocell 41--4, gate 34 is forced to provide and maintain a 1 output
      which continuously enables oscillator 44 and does not clock store 35.
PAR  The alarm timer 37 is typically set for 10 minutes thereby allowing the
      alarm 52 to sound for 10 minutes. Of course, any time period desired can
      be selected. After the delay period of timer 37, store 35 is reset thereby
      switching the ALARM* signal to 1 which terminates the operation of
      generator 52. The initial 0 for the ALARM* signal is also input to ALARM
      II STORE 36. Store 36 unlike store 35, is not reset by the operation of
      timer 37 but is reset only by a clear signal which is a 0 from enable
      store 29. As long as enable store 29 stores a 1, store 36 provides an
      output to an oscillator (OSC) 38. Oscillator 38 is typically of 1Hz
      frequency and operates to provide a FLASH ALARM* signal which causes lamp
      48 to flash on and off at a 1Hz rate. Even though the alarm 52 is turned
      off by a alarm store 35, the flashing lamp 48 continues to flash thereby
      indicating that the alarm has been previously sounded.
PAR  The output from NAND gate 34 functions to clock the store 35 on a
      negative-going output from gate 34. A negative-going transition is
      provided by delay 21. During the period when delay 21 is active its output
      is 1. That 1 is inverted in inverter 63 to 0 thereby forcing the output
      from gate 34 to 1. A 1 output from gate 34 enables the oscillator 44.
      Oscillator 44 is typically a 3KHz oscillator for providing a tone signal
      to speaker (SPKR) 45. During the period when delay 21 is active (1), the
      output from gate 34 is 1 and hence speaker 45 is active with a warning
      signal to warn that an alarm is about to be sounded. Delay 21 in one
      preferred example is 30 seconds. Of course, any delay period can be
      selected during which a warning tone signifies that an alarm is to be
      sounded. The alarm actually is sounded at the trailing edge of the output
      from delay 21. The trailing edge causes a 1 to 0 transition from gate 34
      which clocks store 35 to sound the alarm. The output from gate 34 can also
      be utilized to sound the warning tone from speaker 45 if the output from
      ARM II store 27 is 0. A 0 occurs from store 27 if comparator 18 fails to
      detect the equilibrium condition for sensor 6. NAND gate 30 is not
      satisfied and store 31 is not clocked so that it remains cleared and
      provides a 1 input to store 27. When store 27 is clocked, it stores the 1
      so that its inverted output is 0. The 0 output from store 27 forces the
      output from gate 34 to 1 thereby triggering the speaker 45 warning tone.
PAR  During the 30 second warning period, intervention by the access control
      circuitry may disable the system and prevent the alarm. If the DECODE*
      signal is again energized with a 0, one-shot 28 fires and again clocks
      store 29. Store 29 switches states on each input clock and since it was
      storing a 1 it switches its output to 0. The 0 output from store 29 clears
      the stores 26, 27, 31, 35 and 36 thereby preventing an alarm from
      occurring until the system is again enabled and armed.
PAR  The alarm system of FIG. 1 is also capable of sounding alarms from external
      controls. For example, a panic switch 53 is provided for setting the alarm
      store 35 for triggering the alarm generator 52 provided valid enable store
      31 is set. Also a firealarm system generally indicated by box 51 may be
      interconnected to utilize the alarm generator 52 and the flashing alarm
      lamp 48.
PAC  Directional Sensor -- FIG. 2
PAR  In FIG. 2, details of the directional sensor circuit 7 of FIG. 1 are shown.
      Comparator 8--8 is typical of all the comparators in FIG. 1. Comparator
      8--8 is a conventional amplifier which provides a high output whenever the
      corresponding photocell is dark and a low output whenever the
      corresponding photocell is illuminated. Transitions from light to dark and
      from dark to light are differentiated by differentiator 9--8 which in a
      typical embodiment is a 0.22 microfarad capacitor. The output from
      capacitor 9--8 is a positive-going spike for light to dark transitions of
      the corresponding photocell and is a negative-going spike for dark to
      light transitions. The output from the differentiator 9--7 is input
      through summing node 57 to the unilateral integrator 10. Summing node 57
      receives the input from each of the differentiators 9--1 through 9--8 of
      FIG. 1.
PAR  The unilateral integrator 10 is comprised of the parallel connection of a 1
      microfarad capacitor, a 3.9M ohm resistor and a diode. Negative-going
      spikes into node 57 from anyone of the differentiators 9 tend to place a
      negative charge across capacitor 65. The diode 66 acts as a short circuit
      to ground preventing the voltage on capacitor 65 from going more negative
      than approximately ground. Positive-going pulses from differentiators 9,
      however, are input to the capacitor 65 and are accumulated to provide a
      positive voltage. The positive voltage, however, decays through the 3.9M
      resistor 67 and the other circuit components at a rate of about 1/3
      reduction in three seconds. The output signal from integrator 10 is input
      to the signal processor of FIG. 1 which is shown in greater detail in FIG.
      3.
PAC  Digital Processor -- FIG. 3
PAR  In FIG. 3, the conventional comparator 16 is biased, on its negative input,
      to detect input signals on line dP which represent a change in
      differential pressure which exceeds a predetermined amplitude. In a
      preferred embodiment, the predetermined amplitude is one which results
      when vane 14 causes at least three photocells to have a light to dark
      transition. When three such transitions have occurred, the output from
      comparator 16 is a logical 1 which is input to NAND gate 20 as previously
      described in connection with FIG. 1. The variable resistor tap input to
      comparator 16 may be adjusted to select a different number of photocell
      transitions.
PAR  In FIG. 3, the conventional comparator 17 also receives the dP signal on
      line 50. The comparator 17 is set to a threshold level to produce a
      negative-going output whenever the sensor 6 of FIG. 1 causes a photocell
      to go from light to dark. A negative-going transition from comparator 17
      triggers the one-shot 58. The one-shot 58, in one preferred embodiment,
      has a 3.5 second time out. One-shot 58 has a positive-going output, when
      triggered by the amplifier 17, which remains positive for 3.5 seconds and
      falls with a negative-going output. The negative-going output from
      one-shot 58 triggers the one-shot 59 which, in one preferred embodiment,
      has a 15 second time out. One-shots 58 and 59 together form the time
      window generator 19.
PAR  The output from the one-shot 59 remains 1 for a period of 15 seconds after
      being triggered by the negative-going transition from one-shot 58. During
      this 15-second period, a time window is provided during which NAND gate 20
      is enabled. If gate 20 receives a 1 from amplifier 16 during this
      15-second period, the output from gate 20 is responsively a negative going
      spike which triggers one-shot 21. The output from one-shot 21 will
      therefore be 1 for 30 seconds. That 1 is inverted in inverter 63 to
      provide a 0 input to NAND gate 34. The 0 input to gate 34 holds the gate
      34 output at 1 for 30 seconds. Provided gate 34 also receives a 1 from the
      Q* output of JK flip-flop 27, gate 34 will have a negative-going
      transition after the 30 second time out of one-shot 21.
PAR  Flip-flop 27 is a conventional JK flip-flop and provides an output from the
      validating circuit 55 as previously discussed in connection with FIG. 1.
      The validating circuit 55 receives MAN*, DECODE*, and OFF* signals from
      the access control 3 of FIG. 1. Also the validating circuit 55 receives
      the dPV signal from the comparator 8--4 of FIG. 1. The dPV signal is input
      to the conventional comparator 18 which produces a 1 output when the
      photocell 41--4 receives light and a 0 output when the photocell 41--4 is
      dark. The 1 or 0 at the output from comparator 18 can also be controlled
      by the MAN* signal. Comparator 18 produces a 1 output whenever the vane 14
      is above the diode 41--4 for validating that the desired differential
      pressure is present.
PAR  The other input to NAND gate 30 derives from conventional JK flip-flop 29.
      When the DECODE* signal appears as a negative-going pulse it triggers the
      one-shot 28 which in one preferred embodiment has a 9-second time out. The
      output from one-shot 28 is a positive pulse the leading edge of which is
      inverted in inverter 62 to clock the conventional JK flip-flop 29.
      Flip-flop 29 initially stores a 0 on its Q output as initially established
      by a 0 OFF* signal. The 0 OFF* signal is provided either by control 3 of
      FIG. 1 or through capacitor 68 at power on time. Since the J and K inputs
      of flip-flop 29 are both 1's, flip-flop 29 changes state each time it is
      clocked. When clocked by one-shot 28, flip-flop 29 produces a 1 on its Q
      output which is input to NAND gate 30 and which removes the clear input
      from conventional flip-flops 26, 27, 31, 35 and 36.
PAR  Whenever NAND gate 30 becomes satisfied with a 1 from comparator 18 and a 1
      from flip-flop 29, its output has a negative-going transition which clocks
      conventional JK flip-flops 26 and 31. Just prior to receiving a clock
      signal from NAND gate 30, flip-flops 26 and 31 have been held cleared by
      the Q output from flip-flop 29. The J and K inputs to flip-flop 26 are
      derived from Q and Q* outputs of flip-flop 31. On the first negative-going
      pulse from gate 30, the 0 and 1 from the Q and Q* outputs from flip-flop
      31 are clocked into the J and K inputs of flip-flop 26 so that flip-flop
      26 does not change states leaving a 1 on its Q* output and a 0 on its Q
      output. At the same instance, flip-flop 31 is clocked and changes states
      to provide a 1 on its Q output and a 0 on its Q* output.
PAR  The delay detector 33 includes a NAND gate connected as an inverter. The
      input to the gate is biased positive so that the positive-going transition
      output from one-shot 28 in response to a DECODE* signal does not change
      the 0 output from detector 33. The negative-going transition, after 9
      seconds at the trailing edge of the output from one-shot 28, momentarily
      drives the inputs to the NAND gate of detector 33 to 0. The output from
      detector 33 is responsively a 1 to 0 to 1 transition and the
      negative-going transition triggers the flip-flop 27. The negative-going
      position of the transition from detector 33 occurs after the 9-second time
      out of one-shot 28.
PAR  Flip-flop 27 is clocked by detector 33 to store a 1 or 0 as determined by
      flip-flop 31. Since flip-flop 31 has a 1 and a 0 on its Q and Q* outputs,
      the K and J inputs receive a 1 and 0, respectively. Accordingly, flip-flop
      31 does not change state and the Q* output remains a 1 after being clocked
      by circuit 33. If flip-flop 31 is set with a 0 and a 1 on its Q and Q*
      outputs, respectively, then flip-flop 27 stores a 0 on its Q* output when
      clocked by circuit 33. That 0, of course, causes the warning tone to be
      generated.
PAR  The operation of the NAND gate 34 in FIG. 3 is the same as previously
      described in connection with FIG. 1. When the output from gate 34 is a 1,
      it enables the conventional oscillator 44 and associated circuitry to
      provide a 3K Hz signal on the SPKR line to generate the warning tone. A
      negative-going transition from gate 34 clocks conventional JK flip-flop 35
      which responsively provides a 0 output for the ALARM* signal all in the
      manner previously described in connection with FIG. 1.
PAR  The output from flip-flop 35 clocks the conventional JK flip-flop 36
      causing it to store 1 on its Q output and to energize the oscillator 38
      all in the manner previously described. The output from flip-flop 35 also
      clocks the 10-minute one-shot 37 which has its output connected as the
      clear input to flip-flop 35. After the 10-minute time out of one-shot 37,
      flip-flop 35 is cleared to produce a 1 on its Q* output.
PAR  All of the circuits in FIG. 3 are conventional and are one preferred
      embodiment of the digital processor 15 of FIG. 1. The circuitry of FIG. 3
      can be implemented in many different ways and equivalent substitutions can
      be made by those skilled in the art. For example, the conventional
      comparators 16, 17 and 18 can alternatively be constructed with FET's,
      UJT's or other devices which provide a binary output as a function of the
      input level. In the description of FIG. 3, the operations of the coupling
      capacitors C, the pull-up resistors R1, the pull-down resistors R2 and
      other standard components have been generally ignored since their
      functions and operations are well known.
PAC  Differential Sensor -- FIG. 4, FIG. 5 and FIG. 6
PAR  In FIG. 4, one preferred embodiment of the differential pressure sensor 6
      of FIG. 1 is shown in greater detail. The sensor 6 includes a chamber
      bounded by a bottom wall 6'  and a top wall 6" where the chamber is
      approximately 10 inches high. The chamber is also enclosed by two end
      walls about 14 inches apart. The front and back walls are about 2 inches
      apart. Within the inner chamber, a vane 14 is rotatably mounted at a pivot
      point 22. Vane 14 is approximately 12 inches long by 2 inches wide and is
      designed to fit and move within the sensor 6 chamber. In one embodiment
      vane 14 is constructed with an aluminum frame around its perimeter which
      is 1/2 inch wide and 0.01 inch thick. The open space in the center of the
      frame is covered with an aluminum foil approximately 0.0005 inch thick.
      The sensor walls and the vane are constructed to provide approximately a
      0.040 inch clearance between the vane and the front and back walls.
PAR  Sensor 6 also includes a vane follower 24 which describes an arc about the
      pivot point 22. Follower 24 provides a means for adjusting the equilibrium
      position of vane 14 for a given differential pressure. Follower 24 is
      displaced from the arc described by vane 14 about pivot point 22 with a
      gap of between a clearance near zero up to approximately 0.375 inch. Vane
      follower 24 includes an adjustment bolt 71 which operates against stop 72
      to adjust the gap between vane 14 and follower 24. Follower 24 is rigidly
      fixed to the bottom wall 6' and by its own spring action is urged in the
      direction of stop 72. Adjustment of bolt 71 therefore adjusts the gap 25
      between the vane follower 24 and the vane 14. The adjustment is made to
      insure that vane 14 is rotated with its end above photocell 41--4 for a
      given equilibrium differential pressure for a particular enclosure.
PAR  Attached to the vane follower 24 are eight photocells 41--1 through 41--8
      which could, of course, be a greater or lesser number. FIG. 5 is an end
      view of the vane follower along the section line V--V of FIG. 4. The
      photocells 41 are spaced apart approximately 1.25 inches. For greater
      sensitivity, more photocells with closer spacing can be employed.
PAR  In the bottom wall 6' of sensor 6, intake ports 1' are located for allowing
      air into the chamber of sensor 6 below vane 14. An exit port 2' is located
      above vane 14. Each of the ports has a diameter of about 1.25 inches. A
      differential pressure between the enclosure and the external environment
      causes air to enter ports 1', flow past vane 14, and exit through port 2'.
      The opening of the exit port 2' is adjusted by an adjustable sliding valve
      70 which changes the rate of air flow through sensor 6 for a given
      differential pressure. The entry ports 1' are shown more clearly in the
      bottom view of FIG. 6. Sliding valves or other adjustable throttling means
      can be employed over the entry ports if desired.
PAR  Vane 14 having dimensions of 12 by 2 inches provides a high degree of
      sensitivity. Other vane shapes can be employed also. In general, the
      length to width ratio of the vane determines the sensitivity of the vane
      to changes in air flow. The higher the length to width ratio (6 in the
      above embodiment) the greater the sensitivity of the vane for a given
      change in air flow. The linearity of the vane position as a function of
      the differential pressure between the input port 1' and the output port 2'
      can be altered by adjusting the gap 25 between vane 14 and follower 24.
      For example, when the top of vane follower 24 is moved to the right, a
      larger gap is created near photocell 41--8 than the gap near photocell
      41--4. Similarly, the gap at photocell 41--4 is greater than the gap at
      41--1. The variation in vane position as a function of differential
      pressure for various gaps 25 is understood with reference to FIG. 7.
PAR  In FIG. 7, curves A, B and C represent the angular displacement, D, of the
      vane 14 around pivot 22 versus the differential pressure, dP, between the
      intake port 1' and the exhaust port 2' for different size gaps 25. Curve A
      represents a follower which is uniformly close to the arc described by the
      end of vane 14. Curve B depicts a follower which is farther away from the
      arc described by the vane at photocell 41--8 than it is at photocell
      41--1. Curve C depicts an even greater displacement between the vane
      follower 24 at photocell 41--8 than at a photocell 41--1. It is evident
      from FIG. 7 that the pressure displacement characteristics of sensor 6 may
      be adjusted in a non-linear manner by adjustment of the gap between vane
      and follower.
PAR  The need for adjustments in the pressure displacement characteristics
      arises because each building or enclosure is likely to have different
      differential pressure characteristics with respect to its external
      environment. For a particular enclosure in a particular environment, the
      equilibrium position of the vane must be initially adjusted. The different
      characteristics arise for example because of different wind patterns which
      can be present around different buildings, because of the differences in
      the number of leaks in the structure and because of the different sizes of
      enclosures.
PAR  It has been found that for a 1,500 square foot building (12,000 cubic feet)
      a fan which displaces 500 cubic feet of air per minute is satisfactory for
      use with the differential sensor of FIG. 4. The size of the fan is not
      critical, however, and fans ranging from 250 cubic feet per minute to
      1,500 cubic feet per minute are also satisfactory. The differential
      pressure produced is frequently less than 0.001 inch of water.
PAC  Differential Sensor Controls -- FIG. 8
PAR  Although the control elements in FIG. 4 are generally adequate, the
      additional controls of FIG. 8 are also useful. The use of non-linear
      controls, like the gap adjustment in FIG. 4 or additional controls to be
      described in FIG. 8, permits the differential sensor to operate over a
      large range of pressure differences that would not be possible with a
      practical linear system. In addition, when properly phased, the
      non-linearity of the response assists in reducing those wind gust effects
      which occur within the "time window" period of generator 19 in FIG. 1.
PAR  Coordinated choices of vane dimensions (length and width), mass, stiffness,
      side clearance, angular travel, stop placement and restoring force permit
      optimizing static sensitivity and dynamic response characteristics for a
      particular application. By balancing the characteristics of the
      differential sensor with the electronic characteristics of the signal
      processing circuitry, the intrusion detection apparatus is made operable
      over a wide variety of operating conditions.
PAR  In FIG. 8, the enclosure 4, the fan 5, the input port 1 and the output port
      2 are all the same as generally described in connection with FIG. 1. The
      input port 1 and output port 2 are additionally partially covered by
      baffles 79 and 80 which are useful in reducing the effects of gusts. The
      differential sensor includes a first stage 76 and a second stage 77
      followed by a pressure reference chamber (plenum) 78.
PAR  In the two-stage tandem vane system of FIG. 8, stage 76 acts as a
      throttling, non-linear flow control device for stage 77. Stage 76 is
      selected to have a non-linear response characteristic with vane 14' having
      a large mass (inertia), having damping or having both. Stage 76 therefore
      provides a nearly uniform average pressure differential for the second
      stage 77 thus permitting stage 77 to have high sensitivity to minor
      variations in pressure difference. The non-linear characteristic of vane
      14' results from throttle valve 81. Valve 81 is rigidly connected to and
      moves with vane 14' to occlude inlet port 1" as a function of vane
      position. The throttle valve 81 is an alternative for or can be used in
      conjunction with a non-uniform gap between follower 24' and vane 14'.
PAR  The pressure chamber 78 in FIG. 8 is typically 1 cubic foot or larger. For
      example, the spacing between studs in a wall of a typical house is
      particularly suitable, that is, a space of approximately 8 feet, by 3.5
      inches by 15 inches.
PAR  While in the preferred differential sensor of FIG. 4, a thin, light
      aluminum vane of low inertia is employed, heavier materials can be used to
      produce greater inertia. To achieve a similar effect, the vane can be
      connected to a damper. One such damper is, for example, a magnet attached
      to move with the vane and to couple magnetically a conducting material
      fixed with respect to the vane. The magnetic coupling between the moving
      magnet and the fixed conducting material functions as a drag on vane
      movement. Of course, the conducting material can be attached to the vane
      and the magnet located in a non-moving position.
PAR  While a number of variations in the differential sensor and in the air flow
      system have been suggested for adjustment and control, other variations
      are of course possible and will be appreciated by those skilled in the
      art. These variations are employed both to establish a selected
      equilibrium condition and to control response to non-intrusion-caused
      differential pressure changes. If the differential pressure sensor is
      allowed to respond to all differential pressure changes, undesirable false
      alarm signals are generated. The mechanical control of air flow
      characteristics is particularly useful in eliminating the effects of high
      frequency components of differential pressure changes. Not all
      non-intrusion-caused changes, however, are eliminated by air flow
      controls. In order to provide reliable intrusion detection, additional
      filtering of the electrical signal output from the differential sensor
      desirable as previously described in connection with FIGS. 1 through 3.
PAR  While the differential sensor in the preferred embodiment of FIG. 4 employs
      discrete detectors (8 photocells), the detection of vane position can be
      achieved using well known position measuring transducers. For example,
      capacitance variation, infra-red sensing, laser beams ultrasonic
      reflection, electromagnetic fields, potentiometers, synchros, or resolvers
      can be employed. When discrete detectors are employed, the number of
      detectors can be increased or decreased to adjust the sensitivity of
      detection.
PAR  It should be noted in connection with the present invention that the
      initial position of the vane is moved above some predetermined level
      (photocell 41--4) in order to set the validating circuit. Once the
      validating circuit has been set, however, the equilibrium position of the
      vane is free to float up or down. Changes in environmental conditions
      frequently cause the equilibrium position of the vane to move from its
      initial location to some new equilibrium location. These changes in the
      equilibrium position do not distrub the proper operation of the system.
      The directional sensor is operative to detect changes in the position of
      the vane relative to its most recent equilibrium position. As is apparent
      in FIG. 2, capacitor 65 in the unilateral integrator 10 is continuously
      discharging through the resistor 67. Although changes in the equilibrium
      position may result in a signal across the capacitor 65, that signal is
      discharged through resistor 67. The mechanical damping and the electrical
      signal processing of the FIG. 1 apparatus are effectively a band pass
      filter. Only those changes in differential pressure which have sufficient
      amplitude within the frequency of response of the apparatus are allowed to
      trigger the alarm signal.
PAR  While in a preferred embodiment, the pressurizing means is a positive
      pressure fan for causing a higher pressure inside the enclosure than out,
      other pressurizing means can be employed. For example, a fan can be
      connected to partially evacuate the enclosure. The pressurizing means can
      be a pressurized tank which discharges into the enclosure to raise the
      pressure in the enclosure relative to the external environment. Further,
      the pressurizing means can be a passive device such as wind funnel having
      a small opening into the enclosure and a large opening in an external
      environment where the air flow (wind) into the funnel elevates the
      pressure within the enclosure.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An intrusion detection apparatus for detecting intrusions into an
      enclosure wherein a pressure differential in a medium is maintained
      between the enclosure and the external environment, the improvement
      comprising:
PA1  sensor means connected between the enclosure and the external environment
      for providing an electrical signal which varies over a plurality of values
      within the extreme values of a range as a function of changes in the
      differential pressure between the enclosure and the external environment,
PA1  signal processing means for detecting predetermined properties in said
      electrical signal to distinguish between intrusion-caused changes and
      non-intrusion-caused changes in said differential pressure.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said signal processing means includes
      time window generator means for providing a period for detecting said
      electrical signal for intrusion-caused variations.
NUM  3.
PAR  3. The apparatus of claim 1 including directional sensor means for
      generating said electrical signal with an amplitude proportional to those
      changes in differential pressure which are in the direction of
      intrusion-caused changes in differential pressure.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said signal processing means includes
      amplitude detector means for detecting changes in said electrical signal
      which exceed a predetermined amplitude.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said apparatus includes alarm means for
      generating an alarm signal in response to said signal processing means
      detecting predetermined properties in said electrical signal and includes
      validating circuit means for selectively inhibiting said alarm signal.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said validating circuit means includes
      means for detecting when a predetermined differential pressure has been
      detected by said sensor means.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said validating circuit means includes
      enable store means for storing an enable signal, armed stored means for
      storing an armed signal when set to enable said alarm means, means for
      initially setting said enable store means while said armed store means is
      not set to produce a ready signal, and means for thereafter setting said
      armed store means and removing said ready signal.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said validating circuit means includes
      means to set said armed store means in response to a differential pressure
      change detected by said sensor means.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said sensor means includes an
      unbalanced vane urged in one direction by a restoring force and urged in
      the opposite direction as a function of said differential pressure.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said sensor means includes a vane
      follower positioned in close proximity to said vane whereby a gap is
      formed between said vane and said vane follower, adjustment means for
      adjusting said gap whereby the equilibrium position of said vane is
      adjustable by adjusting said gap.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said adjustment means includes means
      for adjusting said vane follower to produce a variable gap between said
      vane and said vane follower where said gap varies as a non-linear function
      of vane position whereby vane position varies as a non-linear function of
      said differential pressure.
NUM  12.
PAR  12. The apparatus of claim 9 further including a throttle valve connected
      to said vane for adjusting the flow through said sensor means as a
      function of the vane position.
NUM  13.
PAR  13. The apparatus of claim 1 wherein said sensor means includes a vane
      positioned as a function of said differential pressure and includes a
      plurality of detector means energized as a function of the position of
      said vane for producing said electrical signal.
NUM  14.
PAR  14. The apparatus of claim 1 wherein said sensor means includes,
PA1  a first differential sensor having a first unbalanced vane urged in one
      direction by a restoring force and urged in the opposite direction as a
      non-linear function of said differential pressure, said first differential
      sensor having a reduced differential pressure on its output which is a
      non-linear function of said differential pressure,
PA1  a second differential sensor, fluidly connected in tandem with said first
      differential sensor between the enclosure and the external environment,
      having a second unbalanced vane urged in one direction as a function of
      said reduced differential pressure.
NUM  15.
PAR  15. The apparatus of claim 1 including access control means for enabling
      and disabling said signal processing means.
NUM  16.
PAR  16. The apparatus of claim 1 including pressurizing means connected between
      said enclosure and said external environment operable for establishing
      said differential pressure between said enclosure and said external
      environment.
NUM  17.
PAR  17. An intrusion detection apparatus for detecting intrusions into an
      enclosure wherein a differential pressure in a medium is maintained
      between the enclosure and the external environment comprising:
PA1  sensor means connected to conduct a medium between the enclosure and the
      external environment with a rate of flow which is a function of said
      differential pressure, said sensor means including a movable vane urged in
      one direction by a restoring force and urged in the opposite direction by
      the flow of said medium whereby the movement of said vane from an
      equilibrium position is a function of said rate of flow, including
      electrical means for providing detection signals as a function of said
      movement, said electrical means including integrator means for integrating
      said detection signals to form an integrated signal having an amplitude
      proportional to changes in position of said vane, said integrator means
      including means for discharging said integrator at an exponential rate and
      means for limiting integration unilaterally with respect to a
      predetermined amplitude level,
PA1  signal processing means including means for producing a threshold signal
      when the amplitude of said integrated signal exceeds a predetermined
      amplitude, including means for generating a time window for a
      predetermined duration commencing a predetermined time after a change in
      position of said vane, and including means for producing an alarm signal
      when said threshold signal occurs during said time window in order to
      indicate an intrusion-caused change in said differential pressure.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said apparatus includes validating
      circuit means for selectively inhibiting said alarm signal.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said validating said circuit means
      includes means for inhibiting said alarm signal until said vane is in said
      equilibrium position.
NUM  20.
PAR  20. The apparatus of claim 18 wherein said validating said circuit means
      includes enable store means for storing an enable signal; armed store
      means for storing an armed signal, when set, to enable said alarm means;
      means for initially setting said enable store means while said armed store
      means is not set to produce a ready signal, and means for thereafter
      setting said armed store means and removing said ready signal.
NUM  21.
PAR  21. The apparatus of claim 17 wherein said sensor means includes a vane
      follower positioned in close proximity to said vane to form a gap between
      said vane and said vane follower and includes adjustment means for
      adjusting said gap whereby said equilibrium position is moved by adjusting
      said adjustment means.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said adjustment means includes means
      for adjusting said gap as a non-linear function of vane position whereby
      the movement of said vane is a non-linear function of said differential
      pressure.
NUM  23.
PAR  23. The apparatus of claim 1 wherein said sensor means includes means urged
      in one direction by a restoring force and urged in the opposite direction
      as a function of said differential pressure.
NUM  24.
PAR  24. The apparatus of claim 1 wherein said sensor means includes a vane
      urged in one direction by a restoring force and urged in the opposite
      direction as a function of said differential pressure.
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ABST
PAL  A system is disclosed herein for advising an operator of a towing vehicle
      of the relative angular position of a towed load such as a trailer with
      respect to the longitudinal centerline of the towing vehicle. The system
      includes a trailer tongue and ball hitch coupling device for
      interconnecting the towing vehicle with the trailer. The coupling device
      includes a rotary sensor for determining angular displacement of the
      trailer tongue with respect to the ball hitch and an electrical wiper arm
      device for converting the mechanically sensed displacement into an
      electrical signal for application to an operator warning indicator mounted
      on the dashboard. The indicator has a visual display of the relative
      angular position of the trailer with respect to the towing vehicle and
      further includes a dynamic indication of whether the angular relationship
      is increasing or decreasing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to signaling devices for trailer vehicles and more
      particularly to a novel angular direction or position sensor and indicator
      for alerting the vehicle operator to the angular displacement of the
      towing vehicle with respect to the towed load.
PAR  In the past, many situations have been encountered wherein the driver of a
      towing vehicle does not know the exact angular relationship of the towed
      load with respect to the towing vehicle. For example, it is frequently
      necessary to cause reverse movement of the trailer vehicle and the tow
      vehicle to move the trailer vehicle to a desired location. During the
      backing procedure, the towed load or trailer sometimes decreases the
      angular displacement between the vehicles and a condition known as "jack
      knife" is produced. Obviously, such a condition is undesirable and will
      cause damage to both trailer vehicles. Also, even when the towing vehicle
      is proceeding in a forward direction, it often happens that the trailer
      will fishtail causing unnecessary wear on the vehicles and particularly
      the tires. Again, this is a condition to be avoided.
PAR  Some attempts have been made to provide indicating devices for drawing the
      vehicle operator's attention to the fact that the trailing vehicle may be
      fishtailing or about to jack knife. Such prior attempts are disclosed in
      U.S. Pat. Nos. 3,605,088; 3,237,177 and 3,588,809. Although these devices
      have been operable for some of their objects, these devices do not
      indicate or display to the vehicle operator the direction of angular
      displacement during travel so that the operator can take corrective
      action. Also, these devices do not permit wide angular displacement up to
      90.degree. and these devices are not entirely successful for indicating to
      the operator angular displacements during the reversing or backing
      procedures. Some of the prior art devices are extremely complex and
      require substantial alteration of either the towing vehicle or the
      trailing vehicle.
PAR  Therefore, there has been a long standing need to provide a simple sensing
      device and indicator system for displaying direction of angular
      displacement as well as actual angular position of a trailing vehicle with
      respect to the towing vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the problems and difficulties encountered with prior art
      vehicle sensing devices are obviated by the present invention which
      provides a novel detecting and indicating system incorporating a rotatable
      mechanical element operably mounted within the ball of a ball hitch
      coupling mechanism and which is operated by the hitch component carried on
      the tongue of the trailer whereby angular movement of the trailer with
      respect to the towing vehicle is translated into rotary movement of the
      rotary element. An electrical detector means is connected to the rotary
      element which, in one form, includes a wiper arm and a multiplicity of
      electrical contacts arranged in a semi-circle so as to be contacted by the
      rotary element during rotation thereof. An indicator is connected to the
      wiper mechanism so as to receive the electrical signals therefrom for
      actuating a display to be observed by the vehicle operator. The display
      includes a plurality of lights arranged in a semi-circle and electrically
      connected so that two or three of the lights are illuminated to show
      direction of angular displacement.
PAR  Therefore, it is among the primary objects of the present invention to
      provide a novel warning system for a vehicle operator towing a load which
      not only indicates the angular position of the towed load but displays the
      direction of angular displacement of the load with respect to the
      centerline of the towing vehicle.
PAR  Another object of the present invention is to provide a novel detector and
      indicating system for displaying angular position and displacement of a
      trailer vehicle with respect to the towing vehicle.
PAR  Still another object of the present invention is to provide a novel
      indicator and display means for indicating angular position and
      displacement of a towed load which is incorporated into the
      interconnecting trailer hitch mechanism between the towed load and the
      towing vehicle.
PAR  A further object of the present invention is to provide a novel rotary
      detector and display system that may be incorporated into a conventional
      ball hitch coupling for indicating trailer angular displacement and
      direction which is economical to manufacture and easy to install.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a top plan view of a towing vehicle connecting a trailer by means
      of a conventional ball hitch coupling;
PAR  FIG. 2 is a front plan view of the novel display for the system of the
      present invention;
PAR  FIG. 3 is a side elevational view, partly in sections, of the trailer hitch
      coupling incorporating the present invention; and
PAR  FIG. 4 is a sectional view of the trailer hitch coupling as taken in the
      direction of arrows 4--4 of FIG. 3.
PAR  FIG. 5 is a transverse cross-sectional view taken in the direction of
      arrows 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an automobile 10 is employed as a towing vehicle for a
      load such as a trailer 11. The trailer 11 includes a draw bar 12 having a
      tongue on which is located a portion of a hitch coupling while the other
      portion of the hitch coupling is carried on a piece connected to the
      bumper 13 of the towing vehicle 10. The hitch coupling incorporating the
      sensor or detector of the present invention is indicated in the general
      direction of arrow 14 and as the conventional case serves as a pivot about
      which the trailer 11 can rotate with respect to the vehicle 10. For
      example, when the vehicle is backing or proceeding in a reverse direction,
      the trailer 11 may angle to the right or left of the centerline of the
      vehicle 10 as indicated in broken lines. Obviously, this is a disadvantage
      since the angular displacement of the trailer with respect to the towing
      vehicle centerline can cause jack kniving which damages both trailer and
      towing vehicle. However, it is to be understood that in some instances it
      is desired by the vehicle operator to position the trailer in such angular
      displacement and in such circumstances, the driver must be skillful in
      rotating the front wheels of the vehicle 10 in order to gain the proper
      angular displacement desired. In this instance, the device of present
      invention is extremely helpful and the indicator therefore is shown in
      FIG. 2.
PAR  With respect to FIG. 2, the indicator is identified by numeral 15 and
      includes a display of lights arranged in a semi-circle throughout
      approximately 180.degree.. Preferably, the indicator 15 is located on the
      dashboard in full view of the vehicle operator. A line 16 represents the
      longitudinal centerline of the towing vehicle 10 while other lines, such
      as line 17, are angularly disposed with respect to the centerline 16 in a
      radiating fashion from a center 18. The angular line 17 extends from the
      center point 18 at one end to a light at its opposite end and each of the
      lights is of a selected color. For example, the light at the end of the
      centerline 16 may be white indicating that the trailing vehicle 11 is on
      the centerline with the towing vehicle 10. However, when the vehicle is at
      an angular displacement with respect to the vehicle 10 centerline, green
      light 20 may be lit and when an extreme angular displacement is
      encountered, red light 21 may be lit. It is also to be understood that the
      direction of angular displacement is placed on display by the indicator 15
      in that at least two of the lights are lit at all times. When three lights
      are lit, the indication of angular displacement with respect to direction
      is indicated. For example, if the angle between the trailer and the towing
      vehicle is decreasing so that the trailer is drawing closer to the rear
      end of the towing vehicle, the green light will turn in the direction of
      the red light so that the observer will know that the angle is decreasing.
      However, when the vehicle being towed is increasing its angular
      displacement so that is in the direction of solid lines in FIG. 1, the red
      light will extinguish and the green light will come on. As the direction
      of the trailer changes, it can happen that perhaps one red light will be
      on and two green and the next instance three greens will be on and then as
      the trailer approaches extension on the centerline of the vehicle 10, two
      green lights and one white light until finally the two green lights on
      opposite sides of the white light will be lit and the driver will know
      that the vehicle is directly behind him.
PAR  Referring now in detail to FIG. 3, the novel hitch coupling 14 of the
      present invention includes a ball 25 fixedly secured to a piece 26
      rearwardly extending from the bumper or other structural support of the
      towing vehicle 10. The ball is formed with a horizontal slot 27 through
      which a pin 28 travels in a semi-circular direction. The pin is
      cantilevered outwardly from a shaft 30 that is rotatably mounted through
      the ball 25 and extends downwardly through a piece 26 into a wiper switch
      box 31. The wiper arm switch box 31 is connected to the display indicator
      15 via cable 32. It is understood that electrical power for operating the
      light display on indicator 15 is supplied from the 12 volt battery supply
      incorporated into the ignition and lighting of the towing vehicle 10. The
      cabling system 32 is electrically connected to a wiper arm 33 carried on
      the end of rotating shaft 30 as illustrated in FIG. 3. The extreme end of
      the contact arm 33 includes a contact button which engages with a
      semi-circular contact bar 34 which includes a plurality of fixed
      spaced-apart contacts such as is indicated by contacts 35. The spacing
      between the fixed contacts is such that the physical dimension equals the
      distance between the light 20 and 21 carried on the display surface of the
      indicator 15.
PAR  As the draw bar 12 moves either to the right or left of the ball hitch, the
      arm 28, which projects through a vertical slot 36 formed in the end of the
      ball coupling unit 37 causes the arm to move to the left or right
      following the angular movement of the trailing vehicle. The arm 28 is
      permitted to move in the horizontal plane by means of slot 27 formed in
      the ball 25. The opposing edges of the vertical slot 36 engage with the
      side of arm 28 and therefore cause the arm to move accordingly. As the arm
      moves, rotation is transferred to wiper arm 33 via the rotatably mounted
      shaft 30. Shaft 30 is, in one form, rotatably carried in a mounting sleeve
      38 which includes a nut or collar 39 for securing the shaft and sleeve in
      place. In order to prevent any binding when the trailing vehicle 11 is in
      a different vertical attitude from that of the towing vehicle 10, the arm
      28 will permit vertical angular displacement of the draw bar ball
      receiving end 37 to move over the ball 25 while the arm 28 dos not engage
      with the coupling member 37. However, any horizontal angular displacement
      of the draw bar with respect to the ball will be reflected in a rotational
      movement of arm 28, shaft 30 and a corresponding rotational movement of
      contact arm 33 over the electrical contacts 35.
PAR  The trailer hitch 14 includes a releasable mechanism for interconnectiing
      the ball 25 with portion 37 of the draw bar 12. The releasable mechanism
      includes a conventional pivotal handle 40 having a cam 41 which operates
      against an element 42 which includes a semi-circular portion corresponding
      to the sphere or ball 25. The handle 40 when pivoted so that the cam 41
      engages the elements 42, forces the elements into engagement with the ball
      25. A spring 43 maintains a resilient bias to element 42 and the spring is
      compressed between the underside of portion 37 of draw bar 12 and the
      upperside of the element 42. The piece 42 is slidably carried on a bolt 44
      which is carried on portion 37 by a nut 45 and the opposite end of shaft
      or bolt 44 includes a nut 46 which is on the opposite side of element 42
      from the side against which spring 43 is biased. It is to be understood
      that the release for lock mechanism does not form a part of the present
      invention and that any other form of releasable coupling or lock mechanism
      may be employed.
PAR  Therefore, it can be seen that when the vehicle 10 is towing a trailer 11
      and the trailer is on the centerline of the vehicle 10, the white display
      light 19 on indicator 15 will be illuminated and, the adjacent green light
      may also be illuminated. Should the trailer 11 start to fishtail or
      otherwise move to the right or the left of the centerline, the white light
      will extinguish and the green light will be illuminated. Also, should the
      vehicle 10 be backed up or reversed and should the trailer 11 be angularly
      displaced to the right or left of the centerline the display lights will
      also indicate the angle and direction of displacement. As the portion 37
      of draw bar 12 moves, arm 28 will engage with the opposite sides of slot
      36 and the arm will move in a following manner through slot 27. Any
      vertical movement of the draw bar 12 will cause the arm 28 to move in the
      vertical slot 36. Rotating movement of arm 28 is translated into rotary
      contact arm 33 movement and such will cause illumination of the respective
      lights. The device is simple to install and requires minimal alteration of
      component parts for modification to incorporate the detector and display
      unit of the present invention. The portion 37 represents a fork member
      having slot 36 for receiving the sensing arm 28 therein. In this manner,
      angular movement or displacement of the draw bar with reference to the
      towing vehicle is reflected in angular displacement of the arm and ball of
      the hitch.
PAR  A feature of the invention resides in displaying the direction of angular
      displacement. This is achieved by constructing the width of the rotary
      wiper contact 33 equal to the width of one fixed contact 35 plus
      approximately 21/2 times the width of space between or separating adjacent
      fixed contacts. Also, audible alarm means may be incorporated as well as
      visual.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A trailer angular direction indicator comprising the combination of:
PA1  a releasable hitching device interconnecting the rear of a towing vehicle
      with the draw bar of a trailer;
PA1  a sensing means operably connected on said hitching device for detecting
      angular displacement of said trailer with respect to said towing vehicle;
PA1  an indicator means operably connected to said sensing means including
      display means for presenting a visual indication of said angular
      displacement and the direction of said angular displacement with reference
      to increasing and decreasing of said angular displacement;
PA1  wherein said sensing means includes:  a sensing arm rotatably carried on
      said towing vehicle;
PA1  a portion fixedly carried on the draw bar of said trailer insertably
      receiving said sensing arm in a slot of said portion so that said sensing
      arm follows the said angular displacement of said trailer with respect to
      said towing vehicle;
PA1  said sensing means further includes a wiper contact arm carried on said
      sensing arm and a plurality of wiper contacts fixed with respect to said
      wiper contact arm whereby the width of the contact carried on said wiper
      arm is at least equal to the width of one fixed contact plus approximately
      two and one half times the width of space separating adjacent ones of said
      fixed contacts;
PA1  said indicator means includes a plurality of lights whereby a centermost
      light represents coextensive centerlines of said trailer and said towing
      vehicle;
PA1  said hitching device includes a ball carried on said towing vehicle and
      said sensing arm is rotatably carried thereon; and
PA1  said ball includes a horizontal slot for accommodating rotation of said
      sensing arm.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said fork member includes a
      vertical slot formed therein permitting said draw bar to rotate on said
      ball about either vertical or horizontal axis.
NUM  3.
PAR  3. A trailer angular direction indicator comprising the combination of:
PA1  a releasable hitching device interconnecting the rear of a towing vehicle
      with the draw bar of a trailer;
PA1  a sensing means operably connected on said hitching device for detecting
      angular displacement of said trailer with respect to said towing vehicle;
PA1  an indicator means operably connected to said sensing means including
      display means for presenting a visual indication of said angular
      displacement and the direction of said angular displacement with reference
      to increasing and decreasing of said angular displacement;
PA1  wherein said hitching device includes:
PA1  a ball carried on said towing vehicle;
PA1  a coupler carried on said draw bar for attachable connection with said
      ball;
PA1  said sensing means including a rotatable arm carried on said ball;
PA1  said ball having a horizontal slot and said coupler having a vertical slot;
PA1  said arm projecting through said horizontal slot for rotation about a
      vertical axis and projecting through said vertical slot for rotation about
      a horizontal axis; and
PA1  said indicator means including a display of lights arranged in a
      semi-circle wherein a centermost light represents coextensive alignment of
      center lines of said towing vehicle and said trailer and having scribed
      lines of equal length radiating in a converging manner from each of said
      lights to a center point in spaced relationship to said centermost light.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein the placement of said
      indicator means is on the dashboard of said towing vehicle immediately to
      the front of the operator whereby said center point represents said
      hitching device about which said trailer pivots.
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ABST
PAL  An integrated LED display array wherein light is emitted and observed
      through a light-transmissive substrate, i.e., single crystal, which
      carries a plurality of optically isolated LED assemblies. Scattering of
      light from individual assemblies is prevented by an optically absorbing
      doped region which optically isolates each assembly. Light is generated at
      the back of the single crystal and viewed through the crystal. The LED
      assemblies, preferably multicolor, are directly mated to energizing
      electronic circuitry, e.g., a monolithic integrated circuit, via
      appropriate interconnections sandwiched between the two. The energizing
      electronic circuitry comprise an array of circuit elements which provide
      the energizing currents for respective ones of the LED assemblies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to visual display devices and, more
      particularly, to a composite integrated LED (light-emitting diode) display
      array, the LED devices being in planar array in a monolithic crystal
      wherein light is generated at a back surface of the crystal but
      transmitted through it and observed from the front surface of the crystal.
PAR  Heretofore, semiconductor light-emitting devices (whether of discrete,
      matrix, or array types) have been utilized in a fashion in which light was
      generated at or close to a "front" surface which is viewed by the
      observer. It has recently been proposed to construct LED devices from a
      transparent crystal in which light is generated at the "back" surface of
      the crystal but is transmitted through it and viewed from the "front" of
      the crystal. It is herein proposed to utilize this concept in a composite
      semiconductor array which includes an integrated circuit. The array
      disclosed is of an X-Y addressable configuration, i.e., a solid state
      planar array.
PAR  In the past, a variet of devices for non-permanent visual presentation of
      information has been available. Perhaps one of the most widely used and
      accepted visual display devices is the cathode ray tube. While the cathode
      ray tube has served admirably in many dieverse applications, it does
      suffer many disadvantages which limits its future use in many
      applications. These include high-voltage requirements (usually of the
      order of 15,000 volts or more) and x-ray and radio frequency emissions
      which are attendant to such high voltages requiring shielding in order to
      reduce radio-frequency interference. In addition, cathode ray tubes are
      expensive owing to their complexity of manufacture and their relatively
      short lifetime requireing periodic replacement. The low light output of
      cathode tube displays requires care to prevent glare from the ambient
      surroundings from preventing the readability of the display. Even under
      ideal conditions, cathode ray tube displays being analog in nature have
      poor resolution with accuracies achievable only to about 2%. Furthermore,
      the large size and weight and the nonruggedness of the cathode ray
      displays prevent their use in many environments where space is at a
      premium and rugged, dependable construction is a prerequisite.
PAR  Another type of display is the so-called plasma discharge (or simply "gas
      discharge") display, in which gas between planar electrodes in a
      gas-filled envelope is excited by voltages across the electrodes provides
      emission of light. Such devices require relatively high energizing
      voltages, are somewhat bulky, and have limited lifetime. Because of their
      higher energizing voltages, they are not directly compatible with
      semiconductor circuitry of the type employed in integrated circuits.
PAR  These and other type of displays are described, and their relative merits
      noted, in the article entitle "Circuit/System Building Blocks" by Lapidus,
      G., in IEEE Spectrum, Vol. 11, No. 1, January, 1974, p. 54.
PAR  Recently, semiconductor light-emitting diodes ("LED's") and other
      semiconductor light-emitting devices have been developed. While LED's were
      predicted to lend themselves to fabrication in a form amenable to X-Y
      scanning, a simple X-Y matrix of solid-state light-emitting devices has
      many drawbacks. One major disadvantage to X-Y scanning of a large array is
      that high-peak currents are required for very short periods of time.
      Further, where a large number of LED's are simply arrayed, as in the form
      of an integrated semiconductor display chip, optical crosstalk often
      occurs, i.e., a manifestation in which an LED which is energized scatters
      light to adjacent non-energized LED's, making the latter appear to be
      energized, or reducing the contrast, resolution and general optical
      quality of any image displayed by the array. Moreover, the use of LED's in
      a multicolor display array presents formidable problems, particularly as
      to the difficulties of providing electrical interconnection between
      electronic circuit elements (e.g., memory and drive circuits) and the
      individual LED's. Prior art approaches have not satisfactorily solved such
      problems and have not facilitated the desirable integration of the display
      array with integrated circuitry for energizing the LED's.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the invention may be noted the provision of an
      improved LED display array; the provision of such an array which is of
      planar configuration having a plurality of LED's arrayed in rectangular
      row-and-column format; the provision of such an array which is multicolor
      and which permits mixed color displays; the provision of a composite
      integrated circuit LED display array having an LED array sandwiched or
      integrally interconnected with a monolithic integrated circuit for
      energizing the LED's of the array; the provision of such display arrays
      which provide high contrast, brightness and resolution and are
      substantially free of optical crosstalk; and the provision of such display
      arrays which require only low voltages and currents for operation.
PAR  Briefly, a composite integrated circuit LED display array of the invention
      comprises an LED array formed in a light-transmissive monolithic planar
      substrate, the arrayed LED devices of this array being adapted when
      energized to emit light at the back surface of the substrate. The LED
      devices, which may be multicolor, are optically isolated from one another
      by a light-absorbing doped region between the devices which absorbs light
      emitted by the individual devices. The LED array is useful when integrally
      associated and interconnected with a monolithic integrated circuit array
      of circuit elements corresponding to and adapted for energizing the
      respective LED devices. The electrical interconnection is effected by
      interconnection means sandwiched between the LED and circuit arrays. The
      circuit elements are selectively operable, as by X-Y addressing, for
      energizing the LED devices. The LED devices emit light at the back surface
      of the substrate but the light is observed at the front surface of the
      substrate.
PAR  Other objects and features will be in part apparent and in part pointed out
      hereinbelow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A to 1H are cross-sectional views illustrating a process of forming
      an array of optically isolated multicolor LED assemblies in accordance
      with the present invention.
PAR  FIG. 1I is a top view of a certain LED assembly mesa.
PAR  FIG. 2 is a simplified schematic circuit diagram illustrating a combination
      of certain circuit elements and LED's in accordance with the present
      invention.
PAR  FIG. 3 is a simplified schematic circuit diagram illustrating a LED current
      source in accordance with the present invention used in the combination
      illustrated in FIG. 2.
PAR  FIG. 4 is a cross-sectional view of a composite integrated circuit LED
      display array in accordance with the present invention.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several view of the drawings.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The formation of an array of optically isolated, multicolor LED's in
      accordance with the present invention will firstly be illustrated in
      detail with reference to FIGS. 1A to 1I.
PAR  The preferred processing sequence exemplified can be summarized as follows:
PAR  1. Epitaxial growth of a single crystal layer, in which green LED's are to
      be formed, on a single crystal substrate.
PAR  2. Diffusion of optical isolation zones into the epitaxial single crystal
      layer and substrate.
PAR  3. Formation of red LED's in the epitaxial single crystal layer.
PAR  4. Formation of green LED's in the epitaxial single crystal layer.
PAR  5. Framing the individual LED assemblies of the red and green LED's.
PAR  6. Defining LED assembly mesas.
PAR  The completed array is then directly mated to a monolithic integrated
      circuit, which can be considered step 7, at the light generating side
      thereof.
PAR  The fabrication sequence will now be illustrated in detail.
PAC  1. GROWTH OF THE EPITAXIAL SINGLE CRYSTAL LAYER, IN WHICH THE GREEN LED'S
      ARE TO BE FORMED ON THE SINGLE CRYSTAL SUBSTRATE.
PAR  In the following discussion the LED array will be exemplified with
      reference to the formation of a module comprising 16 LED assemblies (in 4
      .times. 4 rectangular format, i.e., with four rows and four columns) for
      purposes of later brevity in describing the mating energizing electronic
      circuitry. As will be apparent to one skilled in the art, however, the LED
      array of the present invention can be produced in the monolithic state
      containing a substantially greater number of LED assemblies as desired,
      or, alternatively, a number of smaller replaceable LED modules can be
      joined to provide a quasi-monolithic array. Thus, the configuration is
      such that the LED assemblies are arranged in rows and columns in a
      rectangular format of the type disclosed in copending, co-assigned U.S.
      application Ser. No. 498,142 filed in the name of P. T. Bailey et al. on
      Aug. 16, 1974 entitled Integrated Semiconductor Light-Emitting Display
      Array Having LED's and Selectively Addressable Memory Elements, hereby
      incorporated by reference.
PAR  The preferred substrates are bulk-grown, single-crystal III/V compounds
      (i.e., having elements selected from atomic groups III and V) having
      n-type conductivity with GaP doped with Te or Se being most preferred.
PAR  Feasible alternative substrates are sapphire and spinel, both of which have
      a sufficiently wide band gap.
PAR  Feasible alternative dopants include the group VI materials such as S and
      the Group IV materials such as Si and Ge.
PAR  The doping level in the substrate should not be so high as to interfere
      with the light transmission, since viewing is through the substrate, but
      should be sufficiently high to permit adequate current transmission
      through the substrate to appropriate contact(s) when such is desired.
      These two parameters can obviously be varied widely depending upon user
      requirements, and thus the exact doping level is not overly critical.
      Usually substrate doping levels of about 10.sup.16 to about 10.sup.18
      atoms/cc are preferred.
PAR  The substrate thickness is not overly critical from the viewpoint of device
      performance, and is established by a balance of the following factors:
      thicker substrates are more easily handled without fear of breakage;
      thinner substrates provide the benefits of lower cost and better light
      transmission. Typically, the substrate will be on the order of 6 mils or
      thicker.
PAR  The epitaxial single crystal layer grown on the substrate in which the
      green LED's are to be formed is preferably nitrogen-doped single crystal
      GaP, as the isoelectronic trap nitrogen is an efficient light-emitting
      center. This growth step can be carried out by vapor or liquid epitaxial
      techniques, but vapor epitaxial techniques are preferred.
PAR  The vapor epitaxial growth techniques disclosed in co-assigned U.S. Pat.
      No. 3,218,205 (R. A. Ruehrwein) and U.S. Pat. Application Ser. No. 313,227
      (A. S. Epstein and W. O. Groves), filed Dec. 8, 1972, and now abandoned,
      entitled "Gallium Phosphide Light Emitting Diodes" or the liquid epitaxial
      techniques disclosed in U.S. Pat. No. 383,646,406 (Logan et al.) can be
      used with success to form this nitrogen-doped GaP layer.
PAR  The thickness of the nitrogen-doped, single crystal GaP layer is not overly
      important so long as it is sufficiently thick to contain the LED
      junctions. Typically, thicknesses of the order of 10 microns to 6-8 mils
      will be used, with most preferred thicknesses being 1/2 mil to about 3
      mils for ease of fabrication.
PAR  The nitrogen-doping level is most preferably 10.sup.18 to 5 .times.
      10.sup.20 atoms/cc for optimum green LED performance.
PAR  A specific exemplification of the module at this fabrication step is
      illustrated in FIG. 1A where an n-type Te or Se doped GaP substrate 10
      [dopant concentration 1 .times. 10.sup.17 atoms/cc] 15 mils thick has
      formed thereon a 3 mil thick layer 11 of nitrogen-doped GaP [dopant
      concentration 1 .times. 10.sup.19 atoms/cc]. The vapor epitaxial technique
      described in U.S. Pat. application Ser. No. 313,227 referenced above was
      used to form the nitrogen-doped single crystal GaP layer.
PAR  If desired, "graded" substrates, for example, graded from GaAsP to GaP, can
      be used. Techniques for forming such graded substrates are well known in
      the art.
PAR  Further, if desired, it is possible to delete the nitrogen-doped single
      crystal epitaxial layer and nitrogen-dope directly into the substrate,
      thereby forming a region equivalent to the grown nitrogen-doped epitaxial
      layer. Known techniques can be used to practice this modification of the
      invention. It is preferred, however, to use the nitrogen-doped single
      crystal epitaxial layer for purposes of ease of process control.
PAC  2. DIFFUSION OF OPTICAL ISOLATION ZONES
PAR  Following the growth of the nitrogen-doped, single crystal GaP layer,
      optical isolation zones are diffused into the spaces between the
      individual LED assemblies which will later be formed.
PAR  The preferred optical isolation diffusion impurity is zinc. Feasible
      alternatives which illustrate a suitable absorption coefficient are, e.g.,
      the group II metals such as Cd and Be, but these suffer from the faults of
      inferior optical properties and high toxicity, respectively.
PAR  To achieve optimum optical isolation of the individual LED assemblies, the
      zinc diffusion is preferably performed to a concentration in excess of
      about 10.sup.18 atoms/cc, but less than about 10.sup.20 atoms/cc.
PAR  The volume occupied by the optical isolation diffusion is not overly
      important, subject to two precautions: the optical isolation diffusion
      should not contact the junctions of the LED's and lateral optical
      crosstalk will potentially occur unless the optical isolation diffusion
      extends vertically through the substrate and nitrogen-doped, single
      crystal GaP layer. If some optical crosstalk is acceptable, the optical
      isolation diffusion need not extend completely through the substrate.
PAR  The optical isolation diffusion essentially absorbs light generated in one
      LED assembly which is scattered by the transparent substrate, preventing
      optical crosstalk between separate LED assemblies.
PAR  In a specific exemplification of the module at this state of fabrication
      given with reference to FIG. 1B, a silicon nitride masking layer 12 which
      is resistant to diffusion of zinc is formed on the nitrogen-doped, single
      crystal GaP layer 11 and a thin window 13 etched or scribed therein to
      expose the nitrogen-doped, single crystal GaP layer 11.
PAR  Since the diffusion of zinc into the GaP substrate 10 is essentially
      isotropic, the window 13 can essentially be viewed as a line or infinite
      point diffusion source, the zinc diffusing equally in all directions to
      provide the semicircular shape shown by 14 in the cross-sectional view
      presented in FIG. 1B.
PAR  Since the face of the substrate 10 remote from nitrogen-doped, single
      crystal GaP layer 11 is later to be lapped in this exemplification, the
      diffused zinc regions 14 extend only about 7 mils below the surface of the
      substrate 10, are spaced 45 mils center-to-center and have a maximum width
      of about 15 mils at the nitrogen-doped, single crystal GaP layer 11.
PAR  Diffusion is at 800.degree.-900.degree. C. for about 250 hours using
      ZnP.sub.2 as the zinc source. Typically, diffusion will be at such
      temperatures for about 100 to about 400 hours to perform the optical
      isolation diffusion. The diffused zinc region 14 (dopant
      concentration.about.10.sup.19 atoms/cc) have an absorption coefficient of
      about 40 cm.sup.-.sup.1, compared with that of the "undiffused" substrate
      (dopant concentration.about.10.sup.17 atoms/cc) absorption coefficient of
      about 0.5 cm.sup.-.sup.1, for the light generated from the red and green
      LED's to be formed.
PAR  The substrate 10 is then lapped to the zinc optical isolation regions 14,
      as shown in FIG. 1C. This lapping step is optional, and if used can occur
      at subsequent processing stages.
PAR  The silicon nitride mask 12 is removed subsequent to the zinc diffusion.
PAR  If the substrate 10 is to serve as a common conductor for all LED's so that
      only one other connection is required to each LED, the heavy zinc
      isolation zones 14 reduce the efficiency of the substrate in this regard,
      but a later described metal mask 18 applied when the LED assemblies are
      framed overcomes this problem.
PAC  3. FORMATION OF RED LED'S IN SINGLE CRYSTAL LAYER
PAR  The red LED's are preferably formed in the nitrogen-doped, single crystal
      GaP layer from a binary or ternary single crystal material by a liquid or
      vapor phase epitaxial growth technique. Liquid epitaxial techniques are
      preferred. Exemplary of such single crystal materials are GaP, GaAsP,
      GaInP, GaAlP, GaAlAs, InAlP, AlS, and the like. Zinc and oxygen doped
      single crystal GaP is most preferred.
PAR  Suitable epitaxial growth techniques are disclosed in Proceedings of the
      IEEE, Vol. 61, No. 7, "Vapor Phase Epitaxial Materials for LED
      Application", M. G. Craford and W. O. Groves, page 862.
PAR  The thickness or depth of the red LED is not overly important so long as
      the requisite junction is formed in the nitrogen-doped, single crystal GaP
      layer. Typically a fraction of a mil to a few mils suffices.
PAR  The zinc doping level is preferably about 10.sup.16 to about 10.sup.20
      atoms/cc and the oxygen doping level is preferably about 10.sup.16 to
      about 10.sup.18 atoms/cc.
PAR  A specific exemplification will now be given with reference to FIG. 1D,
      where the upper surface of the nitrogen-doped GaP layer 11 and zinc
      optical isolation regions 14 are first masked with a silicon nitride mask
      15 and parallel grooves 16 etched in the nitrogen-doped, single crystal
      GaP layer 11 using aqua regia. Single crystal zinc and oxygen doped GaP 17
      which is to form the red LED are then grown in the grooves 16 using the
      liquid epitaxial technique disclosed by R. H. Saul et al, "GaP Red
      Electroluminescent Diodes With an External Quantum Efficiency of 7%",
      Appl. Phys. Lett., Vol. 15, pp 229-331, October, 1969.
PAR  Grooves 16, which are filled with zinc and oxygen doped GaP, are 3 mils
      wide, about 1.5 mils deep and spaced 45 mils center-to-center. The zinc
      and oxygen doping densities are about 1 .times. 10.sup.18 and 1 .times.
      10.sup.17 atoms/cc, respectively.
PAR  The module is then generally lapped to remove the silicon nitride mask 15
      and to ensure the site of the red and green LED's next formed will
      constitute a flat back surface of the crystalline substrate. The wafer is
      not shown at this stage in the attached drawing in a separate figure.
PAC  4. FORMATION OF GREEN LED'S
PAR  The green LED's are formed by a diffusion into the epitaxially grown single
      crystal layer adjacent the red LED's. While not mandatory, to achieve good
      color mixing and color uniformity each green LED is preferably made in two
      halves which flank a red LED. These two halves are subsequently
      electrically joined to behave as one green LED, for example, by horseshoe
      or U-shaped metallurgy which connects both halves of the green LED.
PAR  Most preferably, the two LED halves are simultaneously formed by a zinc
      diffusion into the nitrogen-doped, single crystal GaP layer through an
      appropriate mask.
PAR  In a specific exemplification given with reference to FIG. 1E, a silicon
      nitride mask 18 is formed over the module and windows 19 etched therein.
      Thereafter, using zinc metal as the source, zinc is diffused at
      875.degree. C. for 15 minutes to a depth of 5.about.10 microns into the
      nitrogen-doped, single crystal GaP layer 11 to provide green LED "halves"
      20 flanking red LED's 17.
PAR  The green LED halves are each 1.5 mils wide and are spaced from the red LED
      2 mils.
PAR  The silicon nitride mask 18 is removed after the zinc diffusion to form the
      green LED's.
PAC  5. FRAMING THE INDIVIDUAL LED ASSEMBLIES
PAR  Since the light is viewed through the substrate, i.e., at its front
      surface, a conductive metal mask 21 is evaporated onto the side of the GaP
      substrate remote from the LED's, the mask defining open frames centered on
      each red-green pair of LED's on the other side of the wafer, as is shown
      in FIG. 1F.
PAR  In a specific exemplification given with reference to FIG. 1F, the frames
      21 are aluminum and 18 .times. 18 mils on 45 mil centers above the LED
      assemblies. As earlier indicated, the metal mask 21 can function with the
      substrate 10 as a common conductor for all LED's so that only one
      additional connection is required for each LED.
PAR  The exposed GaP surface within each frame 18 is then preferably sandblasted
      in order to render the surface a diffusing surface. When the light from
      the two LED's strikes, the surface becomes a lambertian light-emitting
      surface, 18 .times. 18 mils, whose color varies from pure red, through
      yellow, to pure green, depending on the relative outputs of the pair of
      LED's behind the frame. Following sandblasting, the lambertian surface is
      generally indicated by 22 in FIG. 1F.
PAR  Both framing and sandblasting are optional, but preferred operations.
PAR  As alternatives, the frame could be replaced by a transparent thin film of
      tin oxide or a metal mesh, or, conductive metallurgy can be provided on
      the side of the LED array which contains the LED's.
PAC  6. DEFINING LED ASSEMBLY MESAS
PAR  The final step in fabricating the monolithic LED array is a masking and
      etching step to define LED assembly containing mesas. This step serves two
      purposes: Firstly, it defines the size of the red LED's and electrically
      isolates the red LED's in the same groove from one another; secondly, it
      can assist to reduce crosstalk between one red-green pair of LED's in an
      individual LED assembly and adjacent similar pairs, and at the same time
      channel the light into the desired forward direction through the
      substrate. This step in the fabrication procedure of the module is
      illustrated in FIG. 1G, where a suitable mask 23 of silicon nitride is
      shown applied over the LED assembly, leaving the remainder of the surface
      exposed.
PAR  In a specific exemplification, etching is with aqua regia to a depth of
      about 2.5 mils beneath the original nitrogen-doped, single crystal GaP
      surface, providing a module as shown in cross-section in FIG. 1H after
      mask 23 has been removed, the mesas being generally indicated by numeral
      24. The direction of light emission is indicated by arrows thereon.
PAR  An upper view of an individual LED assembly mesa is shown in FIG. 1I.
PAR  The mesa surface is about 10 mils in length parallel to the LED's and about
      12 mils in width perpendicular to the LED's.
PAR  The green LED's emit light peaking between 550 and 560 nanometers and the
      red LED's emit light of equal brightness with a broad peak near 690
      nanometers.
PAR  The reduced junction area, with respect to the front-face emitting area
      (within the frames 18), results in a higher current density in the LED for
      a given surface brightness. This is desirable, particularly for the case
      of the green emitting diode. For example, if a full 18 .times. 18 mil LED
      were formed and operated at 30 ft.-lamberts surface brightness, low
      current densities are used which are in the diode performance region where
      light output is superlinear with current density, whereby power is wasted
      and heat unnecessarily generated.
PAR  The smallest possible LED size is desired so that the best color mixing
      will result and so that the total LED area subtends the smallest possible
      solid angle at the diffusing front-face emitter, thus reducing loss of
      light at the front-face.
PAR  The lower limit on the LED assembly size (total LED active area) is
      primarily established by the fact that if the assembly size is too small
      the current density is not in the linear operating region but in the
      region where light output varies sublinearly with current density.
      Sublinear operation can be determined using techniques available to one
      skilled in the art.
PAR  The monolithic LED array thus fabricated is composed of many integrated
      red-green-red LED assemblies in modular wafers of GaP, which can provide
      not only green, red and yellow radiation, but different shades of red and
      green, depending on the green-red mixing ratio.
PAR  Immediately behind each LED assembly will be an integrated circuit
      consisting of a flip-flop memory, a drive transistor plus an AND gate, the
      whole being integral with the monolithic LED array.
PAR  The overall integration of the monolithic LED array mated to integrated
      memory-drive circuitry at the light generating side of the array enables
      several substantial benefits to be realized as compared to prior art large
      area displays.
PAR  First, a simple array suffers from the major drawback that extremely large
      peak currents are required for very short time durations, e.g., assuming 1
      million LED's requiring 2 mA to give 30 ft. L and a frame rate of 10 Hz,
      the pulse current will be 2,000 A and the pulse duration 100nS.
PAR  The display array of the present invention enables these requirements to be
      substantially decreased and the radio frequency interference to be reduced
      by the use of a display array comprising a monolithic LED array with
      memory-drive circuitry mated to the light generating side, the whole being
      addressed in parallel or series parallel fashion.
PAR  The LED-with-memory combination also contains a minimum of wire connections
      and bonds. For example, assuming a modular GaP wafer with 16 LED
      assemblies (4.times.4), all LED assemblies can share one connection (to
      the substrate) which is common. The second connection will be to the
      energizing electronic circuitry so that the total display will have random
      write and erase features and will display data identically regardless of
      the position on the display or the number of modules involved.
PAR  The following discussion exemplifies appropriate integrated memory drive
      circuitry as briefly discussed above.
PAR  The energizing electronic circuitry is basically a MOS integrated circuit
      chip which supplies decoding, memory and LED drive capability. The chip is
      organized in a four-by-four array of 16 total display elements, each with
      three color capability.
PAR  The electronics for a multicolor display element is shown in FIG. 2. The
      element has the following states: (a) Off, (b), RED, (c) GREEN, and (d)
      YELLOW. The electronics contains individual circuits to generate the color
      RED or GREEN, and combines both to generate the color YELLOW.
PAR  Logic elements Q.sub.1, Q.sub.2, Q.sub.7 and Q.sub.8 are AND circuits. The
      common inputs to these elements are the element select signals X and Y,
      which are decode outputs of 1/16 Word Decoders in the associated display
      module electronics. The other inputs R, R*, G and G* contain the "Action"
      information.
PAR  When inputs X, Y and R are coincident in time at the logical AND gate
      Q.sub.1, Flip-Flop Q.sub.3 is set to the logical ONE state. In the event
      that Flip-Flop Q.sub.9 was not previously set and in the absence of G
      action bit at this decode time, Flip-Flop Q.sub.9 will be in the reset
      state. For this condition, LED 1 (RED) will be driven by a current I equal
      to I.sub.1 + I.sub.2 from the current sources Q.sub.5 and Q.sub.6. Current
      source Q.sub.5 is driven by the 1 output of Q.sub.3 and current source
      Q.sub.6 is driven by the logical AND gate Q.sub.4 whose true inputs are
      the 1 state of Q.sub.3 and 0 state of Q.sub.9. Hence the color RED is
      produced.
PAR  If Flip-Flop Q.sub.9 was previously set or the G action bit is present at
      this decode time, Flip-Flop Q.sub.9 will be in the set state. This
      condition together with Q.sub.3 being set simultaneously will inhibit the
      outputs of both Q.sub.4 and Q.sub.10 allowing current source Q.sub.5 to
      drive I.sub.1 current through LED 1 and Q.sub.11 to drive I.sub.4 current
      through LED 2. Since both the RED and GREEN diodes are driven, the YELLOW
      color will be produced. It should be noted that the color YELLOW is
      achieved without pulse or power modulation techniques and memory
      capability is exhibited.
PAR  The color GREEN is produced in an identical way as the color RED using
      elements Q.sub.7 through Q.sub.12 with LED 2.
PAR  The brightness of the three colors can be made equal by proper design of
      the currents I.sub.1, I.sub.2, I.sub.3 and I.sub.4.
PAR  Action bits R* and G* are required to reset Q.sub.3 or Q.sub.9 by the
      logical AND gates Q.sub.2 or Q.sub.8 at an element decode time. The reset
      action extinguishes the respective LED 1 or LED 2.
PAR  The Flip-Flops Q.sub.3 and Q.sub.9 operate as memories since they retain
      their states until altered during a decode time by any of the inputs R,
      R*, G, G*. It will be apparent that decode time is defined by the presence
      of inputs X and Y.
PAR  Conventional thick oxide, P-channel MOS technology is capable of holding ON
      resistance variations to about .+-. 30% which is an order of magnitude
      higher than can be allowed for. The "brute force" approach to this problem
      would be to insert an accurate thin film resistor in series with the
      uncertain FET resistance. Normal device geometry for driver transistors
      give ON resistances in the neighborhood of 300 ohms, so a 3,000 ohm
      resistor would be necessary to "swamp out" the FET variations. This
      resistance would dissipate 5.1 mw at 1.3 ma, or several times the power in
      the LED. (Larger FET devices can be built, the penalty being lower yield).
PAR  The problem of large ON resistance variations is solved by including
      relatively simple current sources alongside the memory elements. These
      current sources are shown as Q.sub.5, Q.sub.6, Q.sub.11 and Q.sub.12 in
      FIG. 2 and are shown in detail in FIG. 3. Here, the voltage drop across an
      accurate thin film resistor R.sub.1 is sensed by a differential amplifier
      comprising transistors T.sub.2, T.sub.3 and T.sub.4 and an analog error
      signal is sent to the driver transistor T.sub.5. The voltage required
      across the current set resistor (and thus the power dissipation) is lower
      than the "brute force" approach gives and only enough voltage need be
      developed to be sensed unambiguously by the differential amplifier. For a
      device compatible with the earlier exemplified monolithic LED array, in
      the present design this voltage could be 650 mv.
PAR  Should more than three discrete colors be required in a LED assembly, for
      example, RED, YELLOW-RED, YELLOW, YELLOW-GREEN, and GREEN, it would be
      necessary to add an additional memory, AND gate and current source
      element. The addition of this extra element would provide for four
      additional states where the remaining two might be used for additional
      brightness to one of the above colors for added emphasis.
PAR  If BLUE LED's are utilized, the additional element above will be needed for
      controlling this LED and would give the following color capabilities: RED,
      GREEN, BLUE and various mixes of these three colors.
PAR  An exemplification of a light-emitting display array according to the
      invention is shown in cross-section in FIG. 4 where the numerology of FIG.
      1 is used to identify like elements. In this array, however, the
      nitrogen-doped single crystal layer 11 is shown removed in all areas other
      than mesa areas. This is accomplished by extending the etch time for mesa
      formation.
PAR  The array is a sandwich structure comprising a monolithic array of
      light-emitting devices 30 and a monolithic silicon large-scale integrated
      circuit 40 with a multi-layer metallization and interconnections generally
      indicated at 50 sandwiched between the two. The monolithic silicon circuit
      comprising the array of memory elements can be mounted on a metallic heat
      sink to provide both rigidity and even thermal distribution, if desired.
PAR  A characteristic feature of this invention resides in the fact that the
      light is generated at the back of the crystal of the array 30, or adjacent
      the interconnections 50 with the monolithic silicon circuit 40, with the
      light generated by the LED assemblies being observed from the front
      surface as indicated by the arrows in the drawing.
PAR  Spherical or hemispherical metal contacts 51 and 52 are preferably used
      between the pads 53 of multilayer metallization 50 and the individual
      green and red LED's, respectively, to provide good electrical contact
      between the LED's and their associated memory elements in the monolithic
      silicon circuit 40. U-shaped surface metallurgy (not shown) joins the two
      green LED halves 20. This sandwiched construction and electrical
      interconnection, involving what is referred to in the art as flip-chip
      bonding, permits an extremely compact fabrication of the integrated
      semiconductor display array according to the invention.
PAR  Contact 60 to the framing mask 18 is also shown in FIG. 4 to complete the
      electrical circuitry. Alternative techniques for completing the circuitry
      have been earlier discussed. A further alternative would be to form LED's
      only in every other mesa and to use the mesa free of LED's for the same
      purpose as contact 60. In this case, such mesas could be mated to pads 53
      using a spherical contact similar to spherical contacts 51 and 52.
PAR  Alternatively, such mesas could be directly mated to the pads 53, but in
      such a case it is necessary to insure these mesas extend further from the
      substrate than the LED containing mesas.
PAR  Although the above discussion has been in terms of green and red
      light-emitting LED's, it should be clear that, if desired, LED's
      generating other colors can be formed if desired, e.g., nitrogen-doped
      GaAsP (orange, yellow), Zn, O and nitrogen-doped GaP (yellow) and the
      like.
PAR  Appropriate addressing means which can be used in combination with the
      display arrays of the present invention is disclosed in copending,
      co-assigned U.S. application Ser. No. 497,991, filed in the name of A. G.
      Findlay on Aug. 16, 1974 and entitled "Integrated Semiconductor
      Light-Emitting Display Array," hereby incorporated by reference.
PAR  In view of the foregoing, it will be seen that the several objects of the
      invention are achieved and other advantages are attained.
PAR  As various changes could be made in the constructions herein described
      without departing from the scope of the invention, it is intended that all
      matter contained in the foregoing description or shown in the accompanying
      drawings shall be interpreted as illustrative rather than in a limiting
      sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite integrated circuit LED display array comprising:
PA1  a light-transmissive monolithic planar substrate of a single III-V crystal
      including a plurality of LED devices carried in the body of said substrate
      and forming an array of LED devices, each of said LED devices being
      adapted when energized to emit light at the back surface of said
      substrate, said LED devices being optically isolated from one another, the
      optical isolation being affected by a light-absorbing doped region between
      said LED devices, said doped region being adapted to absorb light emitted
      by the individual LED devices, each of said LED devices being constituted
      by at least one diode having a separate p-n junction at which said light
      is radiated, said junction being at the back surface of said crystal, said
      light being transmitted through said crystal for being observed at the
      front surface of said crystal;
PA1  a monolithic integrated circuit array of circuit elements corresponding to
      and adapted for energizing respective ones of said LED devices, said
      integrated circuit array being adjacent the back surface of said crystal;
      and
PA1  interconnection means sandwiched between said arrays for providing
      electrical interconnections between respective ones of said LED devices
      and circuit elements at said back surface, said circuit elements being
      selectively operable for independently energizing corresponding ones of
      said LED devices to emit light at said back surface, said light being
      transmitted through said substrate for being observed at the front surface
      of said substrate.
NUM  2.
PAR  2. A composite LED display array as set forth in claim 1 wherein said
      substrate is a monocrystalline III/V compound.
NUM  3.
PAR  3. A composite LED display array as set forth in claim 2 wherein said
      substrate comprises a monolithic crystal of GaP doped to have n-type
      conductivity.
NUM  4.
PAR  4. A composite LED display array as set forth in claim 3 wherein said GaP
      is doped with Te or Se.
NUM  5.
PAR  5. A composite LED display array as set forth in claim 3 wherein said LED
      devices are formed in a single crystal nitrogen-doped GaP epitaxial layer
      on said substrate of GaP.
NUM  6.
PAR  6. A composite LED display array as set forth in claim 5 wherein said LED
      devices are adapted to emit light of a plurality of colors, there being at
      least one LED for each color.
NUM  7.
PAR  7. A composite LED display array as set forth in claim 6 wherein said LED
      devices comprise a plurality of LED assemblies, each assembly comprising
      at least one green LED and at least one red LED.
NUM  8.
PAR  8. A composite LED display array as set forth in claim 7 wherein the red
      LED comprises a p-n junction formed by a zinc and oxygen doped GaP area at
      the surface of said nitrogen-doped GaP epitaxial layer.
NUM  9.
PAR  9. A composite LED display array as set forth in claim 8 wherein each LED
      assembly comprises a central red LED flanked by a green LED.
NUM  10.
PAR  10. A composite LED display array as set forth in claim 9 wherein the green
      LED comprises a zinc diffusion area on each side of the red LED at the
      surface of said nitrogen-doped GaP epitaxial layer.
NUM  11.
PAR  11. A composite LED display array as set forth in claim 2 wherein said
      light-absorbing doped region is characterized by zinc doping having a
      concentration greater than 10.sup.18 atoms/cc but less than 10.sup.20
      atoms/cc.
NUM  12.
PAR  12. A composite LED display array as set forth in claim 1 wherein said
      light-absorbing doped region extends through said substrate.
NUM  13.
PAR  13. A composite LED display array as set forth in claim 1 wherein said
      doped region comprises a metal selected from atomic group II.
NUM  14.
PAR  14. A composite LED display array as set forth in claim 13 wherein the
      group II metal is zinc and is doped to a concentration greater than
      10.sup.18 atoms/cc.
NUM  15.
PAR  15. A composite integrated circuit LED display array comprising:
PA1  a light-transmissive planar substrate of a single III-V crystal carrying on
      the back side thereof of a plurality of optically isolated LED devices,
      the optical isolation being effected by a light-absorbing doped region
      between individual LED devices, said doped region being adapted to absorb
      light emitted by the individual LED devices, each of said LED devices
      being constituted by at least one diode having a separate p-n junction at
      which said light is radiated, said junction being at the back surface of
      said crystal, said light being transmitted through said crystal for being
      observed at the front surface of said crystal; and
PA1  a planar integrated circuit array comprising memory and drive circuit
      elements corresponding to respective ones of said LED devices, said
      integrated circuit array being integrally joined to said
      light-transmissive substrate at the back side of said crystal, said memory
      circuit elements being selectively addressable to cause said drive circuit
      elements to independently energize the respective LED devices to emit
      light at said back surface, said light being transmitted through said
      substrate for being observed at the front surface of said substrate.
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ABST
PAL  A device for digitalizing oscilloscope traces of fast transient signals is
     rovided in which a plurality of channel electron multipliers are arranged
      with their cathodes in a coordinate array in the path of a cathode ray
      beam such that the trace of the beam thereacross energizes those channel
      electron multipliers in the path of the oscilloscope trace. These
      multipliers remain energized until their anodes and associated anode
      circuits are scanned by a digital indexing device in a predetermined
      raster, synchronized with the oscilloscope, by which the respective
      coordinates of the energized multipliers are determined and stored in a
      memory so that the trace can be reproduced at any given time for
      subsequent analysis.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the United States Government for governmental purposes without the
      payment to me of any royalty thereon.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  This invention relates to digitalization of fast transient electric signals
      and more particularly to the direct digitalization of a single sweep
      oscilloscope trace of such signals.
PAR  2. Description of Prior Art
PAR  In the prior art, fast transient waveforms, in order to be digitized for
      analysis, first were photographed to scale and then digitized and placed
      in appropriate storage devices for subsequent analysis.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide new and novel means to
      automatically digitize transient signal waveforms of random duration and
      store the digitized signal directly in a memory device without
      intermediate photography and without the use of digitizing means which
      require human intervention.
PAR  It is another object of the present invention to provide new and novel
      means to automatically digitize transient signal waveforms of random
      duration and store the digitized signal directly in a memory device
      wherein said means includes an array of electron multiplier devices
      scanned by an electron beam modulated by said transient signal waveform.
PAR  Still another object of the present invention is to provide means for
      automatically digitizing a single sweep oscilloscope trace of a transient
      signal.
PAR  Yet another object of the present invention is to provide means for
      automatically digitizing a single sweep oscilloscope trace of a transient
      signal and directly storing the digitized result in a memory device.
PAR  These and other objects of the present invention are achieved in a
      preferred embodiment of the invention by replacing the phosphor screen of
      a cathode ray tube of an oscilloscope device with an array of electron
      mulitplier devices such as channeltrons or Spiraltron Electron
      Multipliers, the latter being known in the trade, for example, as an
      SEM4219 of Bendix Corporation, said array being defined by a Cartesian
      coordinate system defining the respective positions in the array of the
      input and output ends of the electron multiplier devices which are in the
      basic shape of elongated cylinders arranged in stacked parallel
      juxtaposition such that they resemble a group of fiber optics. An
      oscilloscope sweep of a cathode ray beam across the input ends of the
      array causes certain ones of the electron multipliers to be energized in a
      pattern definitive of the waveform shape of the transient signal traced by
      said oscilloscope beam.
PAR  The output of each electron multiplier in the array is monitored and a
      square wave output generated by a suitable generating means in response to
      the energization thereof, with the duration of the square wave being
      sustained until monitored by an analog-to-digital converter which strokes
      the display according to a predetermined coordinate raster. The X and Y
      coordinates (row and column) locations of the output ends of the energized
      electron multipliers are thus determined by sensing the square wave
      outputs in any suitable manner well known in the art and the said
      coordinates then stored in memory locations correlated to the coordinate
      raster for subsequent retrieval and analysis. Upon sensing by the a
      digital indexing device (ADC hereinafter), the square wave generator
      associated with each energized electron multiplier is reset, also by any
      suitable means well known in the art. Once the transient waveform has been
      digitized and placed in the memory device, the latter can be programmed to
      drive any suitable visual display for reproducing the waveform and/or any
      suitable computing device for analytical purposes.
PAR  The device of the present invention can also be utilized to digitize and
      store any type of image developed in the array for subsequent
      reproductions and analysis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding and appreciation of the invention and the
      many attendant advantages thereof will be had by reference to the
      following detailed description when considered in connection with the
      accompanying drawings which are as follows:
PAR  FIG. 1 is a block diagram of the present invention;
PAR  FIG. 2 is a schematic illustration of a matrix of electron multiplier
      devices in a predetermined row and column coordinate disposition;
PAR  FIG. 3 is a schematic illustration of a waveform trace superimposed on a
      pattern of the input ends of a matrix of electron multipliers;
PAR  FIG. 4 is a schematic of the discrete energized electron multiplier devices
      in the matrix of FIG. 3 resulting from the waveform trace shown therein;
PAR  FIG. 5 is a schematic of the circuitry of biasing and operating a single
      electron multiplier device;
PAR  FIG. 6 is a schematic illustration of the connections between the digital
      indexing device, the square wave generating means and the oscilloscope of
      the present invention; and
PA1  Fig. 7 is a schematic illustration of several detection channels including
      a graphic portrayal of the parameters utilized to effect a coded
      digitalized storage of a given waveform.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in detail to the drawings and with initial reference to FIG. 1,
      the present invention is shown as embodying a square matrix 10 of closely
      spaced or juxtaposed channel electron multipliers 12 having the cathode
      ends thereof disposed in a common plane 10A of the matrix 10 for
      impingement by the electron beam 14 of an oscilloscope 16 having the said
      common plane 10A of cathode ends of the channel electron multipliers 12 in
      the position normally occupied by the phosphor screen of the cathode ray
      tube of the oscilloscope 16.
PAR  The anode ends of the channel electron multipliers 12 (hereinafter referred
      to as CEMs 12), are connected by respective output leads 18 to the inputs
      of a square wave generating network 20 including a pulse responsive square
      wave generating circuit for each of the CEMs 12.
PAR  A digital indexing device 22 (hereinafter referred to as ADC 22) is coupled
      with the square wave generating network 20 by a connection 24 to
      sequentially sample the status of each individual square wave generator
      means in the network 20 by suitable strobe and detecting means well known
      in the art under the control of a conventional synchronizing or trigger
      circuit interconnection 26 from the oscilloscope 16. This synchronizes and
      coordinates the strobe and sample rate of the ADC 22 with the scan rate of
      the electron beam 14 in the oscilloscope 16.
PAR  The ADC 22 provides an output indication of the status of each CEM 12
      through a data output 28, the latter feeding a suitable memory device 30
      such as a random access computer memory (RAM) or a magnetic tape storage
      device in an address sequence correlated to predetermine coordinates of
      the common plane 10A of the matrix 10.
PAR  Referring next to FIG. 2, a rectangular array 10A of CEMs 12 is shown in a
      row and column configuration with a Cartesian coordinate (x, y) system
      having N.sub.y CEMs 12 per column and N.sub.x CEMs 12 per row, each CEM 12
      comprising an individual electron multiplier channel.
PAR  Now, the y location of a given CEM 12 can be defined by an integer,
      I.sub.y, where 1 .ltoreq. I.sub.y .ltoreq. N.sub.y and the x location of a
      given CEM 12 can be defined by an integer, I.sub.x, where 1 .ltoreq.
      I.sub.x .ltoreq. N.sub.x.
PAR  Accordingly, with the foregoing coordinates and the integers I.sub.x and
      I.sub.y as the defining parameters for the location of any given CEM 12 in
      the rectangular array 10A, the x-parameter I.sub.x defines an address in
      the memory 30 of FIG. 1 designating a given column of the array 10A and
      the y-parameter I.sub.y defines the information to be stored in that
      address to designate a given row in the array 10A.
PAR  Thus, both the I.sub.x and I.sub.y parameters can be generated by counters
      in a manner well known in the art.
PAR  Referring to FIG. 3 there is shown as small 8 .times. 8 matrix 10A1 of CEMs
      12 on which an electron beam trace 14A has been superimposed, representing
      an oscilloscope trace of a monitored signal. The x coordinate is
      proportional to the real time t of the trace and the y coordinate is
      proportional to the deflection voltage V of the electron beam 14, as
      shown.
PAR  The graphic representation of FIG. 4 illustrates those CEM's 12 in the
      array 10A1 of FIG. 3 which have been energized by the trace 14A of FIG. 3.
      It is this pattern in the array 10A1 that lends itself to analysis for
      digitizing the trace 14A.
PAR  Each CEM 12 will produce an output voltage in response to even one electron
      impinged thereon by the electron beam 14. A typical biasing schematic for
      each CEM 12 is shown in FIG. 5 in which the cathode end 12A of a CEM 12 is
      connected to ground and the anode end 12B is coupled to a positive bias of
      200 volts and capacitance coupled to an output terminal 12C at which
      output voltage pulses appear in response to the impingement of the
      electron beam 14 on the cathode end 12A of the CEM 12.
PAR  Referring now to FIG. 7, three CEMs are shown with the output 12C of each
      connected to respective pulse-to-square wave converter circuits 20A, 20B
      and 20C.
PAR  Each of these converter circuits 20 (A,B,C) produce a square wave output
      signal voltage which remains on for a duration determined by the sampling
      or strobe rate of the ADC22, the latter acting to reset each converter
      circuit 20 to zero immediately after sampling the output thereof by any
      suitable manner well known in the art. The interconnection of converter
      circuits 20, digital indexing device 22, and line 26 coupled to
      oscilloscope 16 is illustrated in FIG. 6.
PAR  Thus, one pulse-to-square wave converter circuit 20 (A,B,C . . . ) is
      connected with the anode 12C of each of the CEMs 12 in the array 14A1 and
      the output of each converter 20(A,B,C . . . ) is scanned and sampled by
      the ADC22 in synchronism with the rate of scan of the oscilloscope 16 (and
      electron beam 14) as constrained by the timing connection 26 previously
      described with reference to FIG. 1.
PAR  The presence or absence of a square wave output from the respective
      converter circuits 20 (A,B,C . . . ) can be designated by a digital "one"
      or "zero" by the ADC 22 and the memory 30 thus receives a digitized
      indication of which of the CEMs 12 in the matrix 10A1 have been energized
      by the trace 14A. In other words, the trace pattern of FIG. 4 is thus
      stored in the memory 30.
PAR  For example, if the memory 30 includes a storage matrix coinciding with the
      array 14A1, then each column address (I.sub.x) will contain a series of 1s
      or 0s corresponding to the corresponding number of row addresses (I.sub.y)
      associated with each column (I.sub.y) with the stored 1s defining the
      pattern of FIG. 4.
PAR  The contents of the memory 30 can subsequently be read out in a
      predetermined sequence to drive a CRT display or other visual readout
      devices to reconstruct the trace 14A at a desired future time. Also, by a
      similar process, the same data can be used for mathematical analysis of
      the now recorded trace 14A1.
PAR  Of course, the size of any given array of CEMs 12 can be greatly expanded
      from that of the example of FIGS. 3 and 4. One suitable carry array size
      is N.sub.x = N.sub.y = 1024 which would include 1,048,876 CEMs 12.
      Resolutions of 25 or more CEMs 12 to the inch are contemplated. In this
      example, the ADC 22 would have to sample all 1,048,876 CEMs 12 with the
      various scanning techniques known in the art for large arrays being
      contemplated to reduce the number of circuit components required.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications can
      be made by a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Means for digitizing oscilloscope traces of transient waveforms and the
      like defined by the path of travel of an electron beam, comprising:
PA1  oscilloscope means having a predetermined scan rate generating said
      electron beam, said oscilloscope having a main envelope;
PA1  a plurality of channel electron multipliers within said main envelope
      having anodes and cathodes with said cathodes arranged in a substantially
      planar array defined by coordinate parameters in the path of said electron
      beam;
PA1  a stable output responsive means at each of said anodes generating an
      output signal in response to the impingement of said electron beam on a
      corresponding cathode;
PA1  converter means for strobing said output responsive means to sample said
      output signals in a predetermined sequence correlated to said coordinate
      parameters and generating digital signals indicating the presence or
      absence of a said output signal; and
PA1  memory means driven by said converter means for storing said digital
      signals in said predetermined sequence to thereby store a digital
      representation of the path of travel of said electron beam across said
      cathodes as a function of said coordinate parameters.
NUM  2.
PAR  2. The invention defined in claim 1, wherein said channel electron
      multipliers produce an output pulse at the respective anodes thereof in
      response to impingement of said electron beam on corresponding ones of
      said cathodes; and
PA1  wherein each of said output responsive means comprises pulse responsive
      means generating said output signal for an indeterminate duration in
      response to a said output pulse at a corresponding one of said anodes.
NUM  3.
PAR  3. The invention defined in claim 2, wherein there is further provided
      means for constraining each of said output responsive means to terminate
      its output signal when said converter means samples said output signal.
NUM  4.
PAR  4. The invention defined in claim 1, including circuit means
      interconnecting said converter means and said oscilloscope means to
      synchronize the strobe rate of said converter means with said scan rate of
      said oscilloscope means.
NUM  5.
PAR  5. The invention defined in claim 1, wherein said channel electron
      multipliers produce an output pulse at the respective anodes thereof in
      response to impingement of said electron beam on corresponding ones of
      said cathodes;
PA1  wherein each of said output responsive means comprises pulse responsive
      means generating said output signal for an indeterminate duration in
      response to a said output pulse at a corresponding one of said anodes; and
PA1  including circuit means interconnecting said converter means and said
      oscilloscope means to synchronize the strobe rate of said converter means
      with said scan rate of said oscilloscope means.
NUM  6.
PAR  6. The invention defined in claim 5, wherein there is further provided
      means for constraining each of said output responsive means to terminate
      its ouput signal when said converter means samples said output signal.
NUM  7.
PAR  7. The invention defined in claim 1, wherein said coordinate parameters
      comprise an X, Y Cartesian coordinate system defining said substantially
      planar array of cathodes in rows and columns designated, respectively, by
      said X and Y coordinates.
NUM  8.
PAR  8. The invention defined in claim 7, wherein said coordinates define
      addresses in said memory means correlated with said predetermined strobe
      sequence of said converter means.
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ABST
PAL  An electro-optic display system comprises a plurality of display elements
      each capable of producing an optical display signal in response to
      electrical operating energy, a separate channel to each of said display
      elements, each of said channels incorporating a photosensitive element for
      the purpose of opening the channel in which that photosensitive element is
      incorporated for a given period to enable electrical operating energy to
      be applied during the given period via that channel to an appropriate one
      of said display elements, a generator of electromagnetic radiation signals
      arranged to irradiate in response to electrical control signals selected
      ones of said photosensitive elements and a generator of electrical control
      signals arranged to feed electrical control signals to said generator of
      electromagnetic radiation signals. The display elements may be arranged in
      a straight line which may be one row or column of a matrix array of the
      elements. The photosensitive elements may be photoconductors or
      photovoltaic elements and they may be part of a single patch formed as an
      integrated structure with the display elements on a common substrate. The
      display elements may for example be electroluminescent elements or liquid
      crystal elements. The first mentioned generator may be a plurality of
      semiconductor light-emitting diodes.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The present invention relates generally to electro-optic display systems
      and particularly to addressing such systems.
PAR  For many years the conversion of information from an electrical form into
      an optical form has been carried out using displays based upon vacuum tube
      devices such as the cathode ray tube. Such displays have proved to be very
      convenient and reliable in many applications. However some modern
      applications require displays having an adaptable shape and size which can
      be operated using relatively low voltages and low power and which can be
      manufactured relatively cheaply; as a result of these requirements much
      interest in the display field has been diverted from conventional displays
      based upon vacuum tube devices towards other kinds of display such as
      those based upon solid state devices and upon liquid crystals.
PAR  These other kinds of display have produced problems not previously
      encountered with conventional displays. One such problem is that of
      addressing the displays, i.e., feeding them with electrical information to
      convert into an optical form. Displays not using conventional vacuum tube
      devices consist typically of an array of display elements each of which
      can be addressed individually. Addressing the elements typically involves
      activating drive circuits with electrical control signals fed from logic
      circuits. The drive circuits act as electrical switches; when activated
      they gate electrical energising signals from an electrical source to the
      appropriate display element to energise those elements.
PAR  In certain cases these drive circuits cannot be made in integrated
      electronic circuit form because conventional integrated circuits do not
      have the appropriate voltage or power handling capability. As a result
      they have to be assembled from discrete electronic components, and their
      assembly is considerably time-consuming.
PAR  It is therefore an object of the invention to make the drive circuits in an
      integrated form so that they may be fabricated together in large numbers
      but in such a form that they have a reasonably high voltage or power
      handling capability if required.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention an electro-optic display system includes
      a plurality of display elements each capable of producing an optical
      display signal in response to electrical operating energy, a separate
      channel to each of the said display elements, each of the said channels
      incorporating a photosensitive element for the purpose of opening the
      channel in which that photosensitive element is incorporated during the
      given period via that channel to an appropriate display element, a
      generator of electromagnetic radiation signals arranged to irradiate in
      response to electrical control signals selected ones of the said
      photosensitive elements and a second generator of electrical control
      signals arranged to feed electrical control signals to the generator of
      electromagnetic radiation signals.
PAR  The plurality of display elements is conveniently arranged in a line. In
      that case the line may be one row in a row and column matrix array of
      display elements; each channel may be common to all of the display
      elements in a given column.
PAR  The display elements may be either active, i.e. of the kind generating
      light; for instance they can be miniature plasma discharge elements or
      semiconductor or phosphor electroluminescent elements. Alternatively the
      display elements may be passive, i.e. of the kind modulating light; for
      instance they may be liquid crystal elements, electrochromic elements or
      electrophoretic elements.
PAR  The photosensitive elements may be photoconductors such as cadmium sulphide
      or cadmium selenide or photovoltaic elements and they may each be an
      integral part of a single patch (or strip) of photoconductor material.
      Preferably, the photosensitive elements and the array of display elements
      are formed integrally on a common substrate.
PAR  The generator of electromagnetic radiation signals may incorporate an array
      of light emitting elements, such as electroluminescent elements, or an
      array of light modulating elements such as liquid crystal elements.
PAR  The generator or electrical control signals may be arranged to irradiate
      the photosensitive elements via a plurality of fibre-optic radiation
      guides.
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PAC  BRIEF SUMMARY OF THE DRAWINGS
PAR  Embodiments of the present invention will be described by way of example
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic representation of a known display panel.
PAR  FIG. 2 is a schematic representation of a display system embodying the
      present invention.
PAR  FIG. 3 is a cross-sectional diagram illustrating a physical construction of
      part of the system illustrated in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a schematic representation of a known display panel. The panel,
      denoted by the reference numeral 1, contains a matrix of display elements
      3. Conductors X1, X2, X3, X4 . . . Xm, collectively referred to herein as
      X conductors, are respectively connected to all of the elements 3 in the
      first, second, third, fourth . . . mth rows of the matrix. Conductors Y1,
      Y2, Y3, Y4 . . . Yn, collectively referred to herein as Y conductors, are
      respectively connected to all of the elements 3 in the first, second,
      third, fourth . . . nth columns of the matrix. The elements 3 may for
      instance be electroluminescent phosphor elements, such as elements which
      are responsive to unidirectional operating voltages, for instance those
      made from zinc sulphide doped with manganese and copper.
      Electroluminescent phosphor panels made in such a way are described in
      copending United Kingdom Patent application Nos. 54853/72 and 8707/73. The
      elements 3 may also be, for instance, electrochemicl-luminescent elements,
      (so called) light-emitting diodes, i.e., semiconductor p-n junctions which
      emit light when forward biased, miniature plasma discharge elements,
      liquid crystal elements, electrochromic elements or electrophoretic
      elements. If they are liquid crystal elements, electrochromic elements or
      electrophoretic elements they are used to modulate light generated from a
      separate source (not shown).
PAR  When appropriate voltages are applied between selected X conductors and Y
      conductors the elements 3 at the intersections of those conductors are
      operated, i.e., are caused to emit light or modulate light as appropriate,
      to give a display. Alphanumeric characters can conveniently be displayed
      by operating selected groups of the elements 3 together.
PAR  One known way of applying the operating voltages is to apply an electrical
      potential pulse of one polarity to the conductor X1 whilst applying an
      electrical potential pulse of the opposite polarity to selected Y
      conductors, then to apply an electrical potential pulse of the first
      polarity to the conductor X2 whilst applying an electrical potential pulse
      of the opposite polarity to further selected Y conductors, and so on.
PAR  The two kinds of pulses, i.e., of opposite polarities, have magnitudes such
      that they are not capable of causing significant operation of the elements
      3 alone but are so capable when combined together. The elements 3 may each
      incorporate a non-linear electrical resistor, or latch, for this purpose.
PAR  If the voltages are applied in the way described then in order to apply
      electrical potential pulses to the selected Y conductors two particular
      addressing functions have to be carried out. The first of these functions
      is to select the appropriate Y conductors to which an electrical potential
      pulse must be applied contemporaneously with the pulse applied to each
      separate X conductor. The second function is to generate an electrical
      potential pulse and to gate it to the appropriate Y conductors selected as
      a result of the first function. In general two distinct units are required
      to carry out the two functions. Typically, in known systems, the unit for
      carrying out the first function is an arrangement of integrated circuit
      logic elements and the unit for carrying out the second function is a
      source of electrical energy and an arrangement of electronic switches for
      periodically connecting the source to the appropriate Y conductors, the
      electronic switches being controlled by the output signals from the logic
      elements.
PAR  Normally integrated circuit logic elements handle only low voltage (about 4
      to 5 volts) signals. In comparison, electronic switches which are used to
      address electroluminescent phosphor panels have to handle voltages up to
      about 100 volts. As a result, these electronic switches have to be made
      from discrete electronic components, and their assembly is considrably
      time consuming and hence relatively expensive when a large number are
      involved.
PAR  In accordance with an embodiment of the present invention the electronic
      switches used in the prior art are replaced by optoelectronic switches.
      Each optoelectronic switch includes a photosensitive element, such as a
      photoconductor, for periodically connecting the source of electrical
      potential to a separate Y conductor, and a photoelectric element for
      generating in response to a control signal from the logic elements an
      optical signal capable of periodically converting the photosensitive
      element into the state in which it connects the source of electrical
      energy and the appropriate Y conductor.
PAR  FIG. 2 is a schematic representation of a display system embodying the
      present invention. The system incorporates the known display panel 1
      described with reference to FIG. 1 and a series of optoelectronic
      addressing switches. A patch (strip) 5 of photoconductor material such as
      cadmium sulphide or selenide is located adjacent to one end of the panel
      so as to make contact with all of the Y conductors of the panel 1. The
      patch 5 and the panel 1 may (if appropriate) both be formed on a single
      substrate indicated by reference numeral 21.
PAR  The patch 5 may be considered as having a row of discrete channels 10 each
      attached individually to a corresponding Y conductor. Alternatively the
      patch 5 may be scribed or etched to produce the channels 10 in a
      physically isolated form. A conductor 6 is attached to all of the channels
      10. When optical radiation of sufficient intensity is incident on any one
      of the channels 10 a conductive bridge is formed between the conductor 6
      and the appropriate Y conductor through that channel 10. The intensity of
      the optical radiation depends on the particular panel 1 and the switching
      speed required but the intensity is typically 1,000 ft Lamberts for a
      rapidly switched electroluminescent phosphor panel. The conductor 6 is
      connected to a voltage source 8. An optical signal generator module 9 has
      a row of optical signal generatng elements 7 which can each be operated
      selectively, i.e., when required, to produce an individual pulse of fixed
      intensity optical radiation. For the purpose of illustration, three such
      pulses are denoted in FIG. 2 by wavy lines and the symbol h.nu.. Each
      individual pulse of optical radiation is incident on an appropriate
      individual channel 10 of the patch 5 of photoconductor material. A
      conventional optical guide plate (not shown) incorporating a series of
      fibre-optic radiation guides can be used to direct the pulses of radiation
      from the selected elements 7 to the appropriate channels 10. The module 9
      is not in general coplanar with the patch 5 (or substrate 21).
      Conveniently, the module 9 is arranged so that the pulses of radiation are
      incident on the patch 5 in a direction perpendicular to the plane of the
      patch 5.
PAR  The module 9 is conveniently operated using electrical signals supplied
      from conventional logic 17 via a shift register 15. The outputs of the
      various stages of the shift register 15 are applied individually to the
      elements 7 of the module 9 by conductors 11.
PAR  In operation, the logic 17 supplies a series of electrical pulses which
      appear to be randomly spaced to the shift register 15. The apparent
      randomness of the spacing represents the selection of elements 3 in any
      given row in the panel 1 to which elements 3 an operating voltage pulse is
      to be applied via the appropriate Y conductors. Therefore the series of
      pulses from the logic 17 constitutes a series of `0` (no pulse) and `1`
      (pulse) digits applied to the shift register 15. When all the pulses in
      the series have been applied to the shift register 15 selected stages of
      the shift register are in the `1` state and unselected stages are in the
      `0` state. An output command pulse is then applied to the shift register
      15 from the logic 17. This causes the selected stages of the shift
      register 15 to emit a voltage pulse (typically 4 to 5 volts). This voltage
      pulse is transferred via the appropriate conductors 11 to the appropriate
      elements 7 and causes those elements 7 to emit a pulse of optical
      radiation. Each pulse of optical radiation is incident on the appropriate
      one of the channels 10 causing conductive bridge to form through that
      channel 10 and between the conductor 6 and the appropriate Y conductor.
      The conductive bridge lasts for the period during which optical radiation
      is emitted from the appropriate one of the elements 7, which period is the
      duration of the output pulses from the shift register 15, plus the period
      required for the photoconductor material of the patch 5 to relax back into
      its high resistance state. Each conductive bridge allows the voltage
      developed by the voltage source 8 to be applied separately to the selected
      Y conductors. The voltage developed by the voltage source 8 and applied to
      the selected Y conductors may be steady, pulsed or alternating according
      to the kind of display panel 1 used.
PAR  When the panel 1 is continuously operated a significant voltage can be
      built up across unselected elements 3, particularly when the panel 1
      consists of an array of liquid crystal elements, which have a relatively
      high resistance. This occurs when a fraction of the full operating voltage
      is repeatedly applied across those unselected elements 3. To avoid this
      problem the elements 3 may all be discharged at some suitable time, for
      example after all the elements 3 in a given row or all the elements 3 in
      the panel 1 have been addressed, by applying an optical radiation pulse to
      all of the channels 10 to make them conducting for a short period.
      Alternatively, the problem may be avoided if conductivity through the
      channels 10 is suitably non-ohmic, eg if the channels 10 have a much
      higher resistance for a voltage of one polarity than for a voltage of the
      opposite polarity or have a much higher resistance for a high voltage than
      for a low voltage. One way of achieving a non-ohmic characteristic is
      described below.
PAR  The module 9 may be a row of elements of any known kind which are
      responsive to voltages of about 4 to 5 volts (the output from the logic 17
      and the shift register 15). It may for instance be a row of liquid crystal
      optical modulating elements, together with a source (not shown) of fixed
      intensity optical radiation continuously irradiating them; or a row of (so
      called) light-emitting diodes preferably formed from a III-V compound or
      alloy system, such as gallium arsenide, gallium arsenide phosphide or
      indium gallium phosphide; or a thin film electroluminescent phosphor panel
      such as a panel made from II-VI material doped appropriately with a
      conducting material such as copper and an activating agent such as
      manganese, together with voltage amplifying means to make the module 9 in
      that case responsive to the pulses from the shift reister 15. If the
      module 9 is required to emit high intensity radiation, light-emitting
      diodes fabricated in a known way in the form of semiconductor lasers may
      be used.
PAR  The module 9 does not necessarily have to be addressed using the shift
      register 15. It can be addressed using any known means which is suitable.
PAR  The photoconductor material of the patch 5 is preferably cadmium sulphide
      or cadmium selenide, although it can be any material which has a high
      ratio of light conductivity to dark conductivity and which is suitable for
      use with the particular module 9 used.
PAR  FIG. 3 is a cross-sectional diagram illustrating one form of physical
      construction of part of the system described with reference to FIG. 2. The
      panel 1 (not shown in FIG. 3) is fabricated on one part of a glass block
      constituting the substrate 21. Each Y conductor leading from the panel 1
      is in the form of a strip 23 (one shown) of conducting material, such as
      tin oxide, running across the surface of the block 1. The patch 5 of
      photoconductor material is deposited in a known way, such as by r.f.
      sputtering, across the surface of the block 1 and over the ends of each of
      the strips 23. The conductor 6 is deposited in a known way in the form of
      a strip of opaque material such as gold running across the surface of the
      block 1 parallel to the patch 5. A separate layer 25 (one shown) of
      transparent conducting material is deposited in a known way over the patch
      5 at each place where the patch 5 overlies one of the strips 23. Each of
      the layers 2 extends over a discrete part of the conductor 6. A layer 27
      of silica, which is optically transparent, is deposited in a known way
      over the conductor 6, the patch 5 and each layer 25 for the purpose of
      encapsulation. A fibreoptic guide plate (not shown) may be attached or
      located across the surface of the finished structure on top of the patch
      5, so that the fibre-optic guides optically connect individual elements 7
      (FIG. 2) and channels 10.
PAR  The module 9 (not shown in FIG. 3) is arranged so that pulse of optical
      radiation from its elements 7 are incident on each channel 10 of the patch
      5 in a direction perpendicular to the plane of the patch 5. The conductor
      6 is opaque so that the layers 25, which can act as optical radiation
      guides, are optically isolated from one another.
PAR  In another embodiment of the invention the part of each strip 23 in contact
      with the patch 5 is coated with a metal, such as gold, to provide a
      Schottky barrier. If selected strips 23 are biased negatively to produce
      operation of appropriate elements 3 the conductivity through the various
      channels 10 of the patch 5 is then significantly non-ohmic, i.e. has a
      rectifying characteristic.
PAR  In another embodiment of the invention the strips 23 and the layers 25 may
      be mutually arranged to form the digits of an interdigital comb structure.
PAR  In another embodiment of the invention the X conductors of the panel 1
      described with reference to FIG. 1 can be optoelectronically addressed in
      the same way as that used for addressing the Y conductors.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electro-optic display system comprising a panel incorporating a
      matrix of rows and columns of display elements each capable of producing
      an optical display signal in response to electrical operating energy, a
      series of row addressing conductors electrically connected to those of
      said display elements in each row of said matrix, a series of column
      addressing conductors electrically connected to those of said display
      elements in each column of said matrix, a separate channel to each
      separate addressing conductor belonging to one of said series of
      addressing conductors, each of said channels comprising a photosensitive
      element for the purpose of opening the channel in which that
      photosensitive element is incorporated for a given period to enable
      electrical operating energy to be applied during the given period via the
      channel to an appropriate one of said addressing conductors, a generator
      of electro-magnetic radiation signals arranged to irradiate in response to
      electrical control signals selected ones of said photosensitive elements
      and a generator of electrical control signals arranged to feed electrical
      control signals to said generator of electromagnetic radiation signals,
      wherein said photosensitive elements are defined by a linear structure of
      photosensitive material deposited on said panel adjacent but distinct from
      said matrix of display elements and wherein a conductor structure for
      connecting said photosensitive elements to a source of electrical
      operating energy is deposited on said panel symmetrically with respect to
      said linear structure.
NUM  2.
PAR  2. A display system as claimed in claim 1 wherein said linear structure of
      photosensitive elements comprises a strip of photoconductive material
      deposited adjacent an edge of said matrix parallel to said row addressing
      conductors and wherein said conductor structure comprises a strip of
      conductive material deposited adjacent and parallel to said strip and a
      plurality of individual connections from said strip to individual
      photosensitive elements in said strip.
NUM  3.
PAR  3. A display system as claimed in claim 1 wherein said generator of
      electromagnetic radiation signals comprises a row of elements each capable
      of producing an optical radiation signal in response to output voltages
      from integrated circuit logic and wherein said generator of electrical
      control signals comprises integrated circuit logic connected directly to
      said generator of electromagnetic radiation signals.
NUM  4.
PAR  4. A display system as claimed in claim 3 wherein said logic is such as to
      operate said generator of electromagnetic radiation signals in a selective
      manner whereby some of said elements of said generator of electromagnetic
      radiation signals are selected for operation by said logic while others
      are not selected, said selected elements being operated together.
NUM  5.
PAR  5. A system as claimed in claim 1 wherein said generator of electromagnetic
      radiation signals comprises a row of semiconductor light-emitting diodes.
NUM  6.
PAR  6. A system as claimed in claim 5 wherein said diodes are semiconductor
      lasers.
NUM  7.
PAR  7. A system as claimed in claim 1 wherein said display elements are
      electroluminescent phosphor elements.
NUM  8.
PAR  8. A system as claimed in claim 4 wherein said display elements are
      electroluminescent phosphor elements.
NUM  9.
PAR  9. A system as claimed in claim 1 wherein said display elements are liquid
      crystal elements.
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ABST
PAL  The displacement of a first element relative to a second element in a
      predetermined direction is measured by a code display which has sets of
      code markings, each set representing a predetermined unit of displacement,
      spaced at predetermined distances from each other in said predetermined
      direction. The code display also has control markings each of which
      indicates the center of the set of code markings taken in the
      predetermined direction. Transducers sense the code markings and the
      control markings and furnish, respectively, corresponding data and control
      signals. An output circuit furnishes output signals corresponding to the
      data signals only upon simultaneous receipt of the control signals and the
      data signals, thereby assuring that the read-out means are substantially
      at the center of the code markings during read-out. The output signals may
      be stored until receipt of the next subsequent control signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to equipment capable of measuring linear,
      angular, or combined linear and angular displacement. In particular, it
      relates to such devices which are operated on a digital basis and wherein
      the magnitude of such displacement is directly displayed or recorded in a
      prearranged digital code through suitable read-out and output means. The
      need for such systems, and in particular for such systems wherein the
      read-out is carried out without possibility of ambiguity and in a reliable
      manner, is very wide. A particular field of application to be discussed
      herein is the field of aerial and photogrammetry and of the taking of
      forest inventories. The system is, of course, in no respect limited to
      these applications.
PAR  As regards the taking of forest inventories, it has been found that the
      efficiency of such inventories can be increased by minimizing the tedious
      and expensive ground work required to correlate photo and ground
      estimates. Current research, therefore, is aimed at developing methods
      which will increase the reliability of photogrammetric measurements and
      estimates of tree characteristics. One technique which is becoming
      established is forest sampling by air photography from low altitudes
      (typically at scales between 1:1000 and 1:3000), which provides sufficient
      detail for accurate photo measurements of tree height and tree-crown
      dimensions which permit the estimation of tree diameter, volume and other
      statistics. But the conversion of these measurements to actual values
      requires exact knowledge of the photographic scale. Conventional methods
      based on ground controls are inefficient.
PAR  A radar altimeter has been developed which is capable of measuring distance
      between aircraft and the ground with a precision of .+-.1 percent,
      regardless of intervening vegetation. This continuous measurement is
      recorded on each photographic frame through the secondary optics of the
      camera. From the aircraft-to-ground distance and the focal length of the
      camera, the true dimensional relationship between the object and its image
      can be computed, provided the camera was vertical at the time of the
      exposure. Unfortunately, this is seldom the case and serious errors can be
      introduced by tilt. For example, when using small format (70mm) cameras
      and lenses of long focal length, a longitudinal tilt difference of only
      one degree between successive frames might cause a base deformation and
      height error of more than 20 percent. To overcome this difficulty, an
      airborne gyrostabilizer system can be used to continuously measure and
      record aircraft pitch and roll angles and the corresponding angles on the
      aerial camera which is rigidly mounted to the airframe. The longitudinal
      and lateral tilt angles measured at the gimbals of the gyroscope are
      recorded on each photographic frame through the secondary optics of the
      camera. Thus, the angles at which each exposure was made are immediately
      known. With the system of the present invention wherein a lack of
      ambiguity in the read-out is accomplished even at very high resolution,
      the required degree of accuracy of the tree measurements mentioned above
      can readily be achieved.
PAR  The present invention can, of course, find application also in conjunction
      with airborne gyrostabilizer systems wherein it is merely required to
      furnish an indication of the longitudinal and lateral tilt angles to the
      pilot. In this case, these angles are not recorded by a camera, but are
      displayed directly for the pilot's information.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises displacement measuring apparatus for
      measuring displacement in a predetermined direction of a first element
      relative to a second element. It comprises code display means coupled to
      said first element, said code display means having digital code markings
      representing predetermined units of displacement, spaced at predetermined
      intervals from each other in said predetermined direction. It further
      comprises control markings on said code display means, said control
      markings being arranged in predetermined positions relative to said code
      markings. The invention further comprises read-out means including at
      least one code read-out means and one control read-out means for reading,
      respectively, code markings and control markings passing in operative
      proximity thereto and furnishing corresponding data and control signals.
      The invention further comprises output circuit means connected to said
      read-out means for furnishing output signals corresponding to said data
      signals only upon receipt of said control signals, whereby said output
      signals are furnished only when said read-out means is in predetermined
      positions relative to said code markings.
PAR  More specifically, when said code markings are arranged side-by-side, each
      of said control markings are positioned relative to said code markings in
      such a manner that said control markings indicate the center of said code
      markings in said predetermined direction. In this way, the output signals
      are furnished only when the read-out means are substantially in the center
      of the code markings in the displacement direction, thereby preventing
      ambiguities which might occur when the read-out means are in a position
      wherein two code markings may be overlapped or wherein slight oscillations
      might cause a change from one code marking to the next.
PAR  It should be noted that the term "center" in the present application is
      used in a broad sense for indicating any position along said width of said
      code markings where no read-out ambiguity can occur. It thus includes, but
      is not limited to, the geometric center of the code markings in said
      predetermined position.
PAR  In a preferred embodiment of the present invention, the output signals
      furnished at the occurrences of one control signal are stored and continue
      to be displayed until receipt of the next subsequent control signal.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows the code display means of the present invention mounted for
      measurement of angular displacement;
PAR  FIGS. 2a, 2b and 2c show preferred embodiments of code display means
      including control markings;
PAR  FIG. 3 shows a block diagram of the overall system of the present
      invention;
PAR  FIG. 4 is a schematic diagram of the code readout means of the present
      invention;
PAR  FIG. 5a is a schematic diagram of the control read-out means of the present
      invention;
PAR  FIG. 5b shows waveforms at various points of the circuit of FIG. 5a.
PAR  FIG. 6 is a schematic diagram showing a gyroscope with digital tilt angle
      pickoffs.
PAR  FIG. 7 shows the arrangement for furnishing the shutter signal utilized in
      FIG. 3; and
PAR  FIG. 8 shows the pulse sequences generated by the code and control read-out
      means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the drawings.
PAR  In FIG. 1, an arrangement for measuring angular displacement is shown.
      Shaft 1 rotates in direction a--a. Attached to shaft 1 is an armature 2
      which at its rim is fitted with the code display means, here a perforated
      or otherwise encoded screen 3 suitably curved in a circular curve
      concentric with the axis of shaft 1.
PAR  The embodiment shown in FIG. 1 is a photoelectric embodiment, which is a
      preferred embodiment of the present invention. For this embodiment a light
      source, here a light-emitting diode 4, is placed on one side of a screen
      and a photosensor, here a phototransistor 5, is placed on the other side.
      As shaft 1 rotates, the angular position of armature 2 changes accordingly
      and, if the angular change is sufficient, the light beam emitted by diode
      4 will be interrupted, causing a change in the light impinging upon
      phototransistor 5, thereby changing the output of said phototransistor.
      Thus the angular rotation of the shaft is digitized in a sequence of
      pulses which, in the simplest case, may be counted to constitute a measure
      of the total angular displacement.
PAR  Arrangements using the single pulse line described are known. However, the
      arrangement of FIG. 1 may utilize code display means according to the
      present invention such as shown in FIGS. 2a, 2b and 2c which differ from
      the above-described single line arrangements in two respects. First,
      because in actual practice a single pulse line is impractical, a
      multi-line code is used as represented by lines D.sub.1 -D.sub.4. This
      allows each displacement angle to be represented by a predetermined code
      combination. Thus, if a light source is used whose width in the direction
      in which the displacement is to be measured is equal to the width of one
      digit and whose length encompasses four lines and, if further, four
      phototransistors are used arranged in a single vertical line, the
      simultaneous read-out of all four phototransistors would result in a
      digital count for every angular position. The total actual digit count for
      the disk shown is fifteen and the resolution is the angular displacement
      represented by the width of one digit. The digit count may, of course, be
      extended by additional lines, depending upon the total angular rotation to
      be measured and the resolution requirements.
PAR  However, the above technique suffers from the drawback that it is virtually
      impossible to obtain a perfectly aligned array of phototransistors or a
      perfectly aligned light source. Any slight misalignment will, off course,
      produce ambiguity in the read-out if the angle that is measured is close
      to the line separating two digits. Further, of course, if the shaft
      rotates or oscillates by very small angular amounts around the digit
      separation line, a superimposed display may occur which may completely
      change the angular reading. For example, in the code display shown in FIG.
      2, oscillation between the values of 7 and 8 may result in a read-out of
      15.
PAR  To prevent the above-mentioned ambiguities and inaccuracies, in accordance
      with the present invention a control line marked K is added. This control
      line comprises a plurality of control markings each of which has a
      predetermined position relative to the code markings. It is the purpose of
      these code markings to furnish control signals after suitable processing,
      which control signals allow the data signals resulting from the read-out
      of the code markings to become effective only when the read-out means
      (photosensors) are in a predetermined position relative to the code
      markings, and more specifically are at the center of such code markings
      where the term "center," as previously mentioned, includes, but is not
      limited to, the geometric center. As will be described in detail below,
      the processing includes differentiation of the signals derived from the
      phototransistors consittuting control read-out means. The control signals
      derived by such differentiation, of course, occur substantially at the
      geometric center of each of the code markings for the embodiments shown in
      FIGS. 2a, 2b and 2c.
PAR  It will be noted that FIGS. 2a and 2b show embodiments of the code display
      means of the present invention used for measuring angular rotation and
      FIG. 2c shows an embodiment of the code display means for measuring of
      linear displacement, all three of the code display means having additional
      control lines which prevent ambiguity of the read-out mentioned above.
PAR  In the embodiments shown in FIGS. 2a, 2b and 2c, the read-out means for the
      control line and code line are assumed to be positioned in a straight line
      perpendicular to the direction in which displacement is to be measured.
      The control markings could of course be aligned with the code markings in
      the direction of displacement if the control read-out means were displaced
      half the width of a code marking from the code read-out means. For the
      purpose of the present invention, it is only important that the control
      pulse is furnished when the code read-out means are correctly positioned
      relative to the code markings.
PAR  The overall system utilizing the code display means described above will
      now be discussed with reference to FIG. 3. Light and dark inputs are
      received at terminals C.sub.1 -C.sub.4 in dependence on the code markings
      in lines D.sub.1 -D.sub.4, respectively, of FIG. 2. The code read-out
      means each comprise a a phototransistor which forms the input to a circuit
      such as shown in FIG. 4. The output of each of the code read-out circuits
      is applied to the inverters labelled 21-24, respectively. The data signals
      appearing at the input and output of each of these inverters are applied
      to the J and K inputs of flip-flops 31-34, respectively. By applying a
      data signal (for example a "1") to the J input and its inverse ("0")
      simultaneously to the K input of any one flip-flop, a reliable setting of
      the flip-flop in accordance with the data signal is assured. The signals
      are transferred from the inputs of the flip-flops to the outputs (labelled
      Q.sub.1 -Q.sub.4 in the Figure) only upon occurrence of a clock signal at
      the clock input, which is so labelled in the Figure. Thus, any signal
      which is applied at the input of each of the flip-flops remains at the
      input until receipt of the clock signal, at which time it is transferred
      to the output. It is stored at the output until receipt of the next
      subsequent clock signal.
PAR  In the simplest embodiment of the present invention the clock signal would
      be derived directly from the output of the control read-out circuitry. The
      control read-out circuitry is responsive to the light change generated by
      control line K as described above. Details of this circuitry are shown in
      FIG. 5A.
PAR  However, when the present invention is utilized in the arrangement for
      measuring camera tilt, and when it is desired to record the tilt angles at
      the instant of each exposure, further circuitry is required as shown in
      the block diagram of FIG. 3. Before this circuitry is discussed, it should
      be noted that in the aerial photography system in which this invention is
      to be utilized, the reference is provided by a conventional vertical
      gyroscope with two built-in optoelectronic sensing units 100 and 101. (See
      FIG. 6.) The gyroscope is compensated for drift and utilizes an electrical
      caging facility to rest the gyro. The sensing units are, of course, used
      for measuring and displaying the angles of forward and lateral tilt of the
      camera lens axis at the instant of exposure. Thus, two rigid structures
      are firmly attached to the gimbals of the gyroscope, on the longitudinal
      and lateral axes, respectively. Each holds a suitably mounted encoded mask
      specifically designed for opto-electrical read-out. These masks may, for
      example, be the masks shown in FIG. 2. Two code read-out units, each
      consisting of a series of light-emitting diodes constituting a light
      source and opposed by an equal number of phototransistors are mounted on
      the gyroscope main chassis and the longitudinal axis gimbal, respectively.
      A gap between the light sources and the corresponding phototransistors
      allow free movement of the code display as a function of aircraft attitude
      change. Thus, the code display means are rigidly related to the roll and
      pitch axes of the vertical gyroscope (constituting first elements) whereas
      the code read-out units are correspondingly related to the roll and pitch
      axes of the camera lens (second elements). Any change in the relative
      positions of the stable gyroscope axes and that of the camera lens induces
      a change in the data read-out. The use of the control read-out, of course,
      eliminates any ambiguity or overlap in the read-out as mentioned above.
PAR  It is desired that the output signals be recorded by the secondary optics
      of the camera. Thus, as shown in FIG. 3, a series of light-emitting diodes
      LED.sub.1 -LED.sub.4 is energized through amplifiers A.sub.1 -A.sub.4,
      respectively, by the output of flip-flops 31-34, respectively. The
      light-emitting diodes are suitably mounted into the data chamber of the
      camera. Also mounted within the camera is a cutout disk 118 fixed
      concentrically on one of the camera gears which is synchronized with the
      shutter. (See FIG. 7.) An opto-electronic sensor 119, for example such as
      described with reference to the code read-out means, is mounted to receive
      light through this cutout disk and furnishes a signal when the shutter is
      traveling across the field of the secondary optics. This signal, after
      suitable processing in the shutter signal circuit 26, described in more
      detail with reference to FIG. 7, forms one input to a NAND-gate 27 whose
      other input is furnished by control read-out circuit 25. The output signal
      of NAND-gate 27 constitutes the input to the clock inputs of flip-flops
      31-34.
PAR  It is seen that by use of the gating means, namely NAND-gate 27, the
      signals at the outputs Q.sub.1 -Q.sub.4 of flip-flops FF1-FF4 remain
      unchanged in the absence of the control signal and when the shutter is
      passing across the field of the secondary optics in the camera. Thus, the
      display recorded on the camera will not be subject to any ambiguity which
      might result if a change in read-out occurred during the shutter movement
      across the field of the secondary optics.
PAR  The code read-out, control read-out and shutter signal circuits will now be
      described in greater detail.
PAR  The code read-out circuit shown in FIG. 4 includes phototransistor 40,
      whose output is applied through an RC-filter comprising a resistor 41 and
      a capacitor 42 to the base of transistor 43. Transistor 43 is connected as
      an emitter-follower stage, the signal across its emitter resistor 44 being
      applied to the base of transistor 45. The emitter of transistor 45 is
      connected to ground potential through the parallel combination of
      capacitor 46 and resistor 47. It is further connected to the positive
      supply line through resistor 48. The collector of transistor 45 is
      connected to the base of transistor 49 through resistor 50. The base of
      transistor 49 is further connected to ground potential through resistor
      51, while its emitter is directly connected to the positive line and its
      collector is connected to ground potential through a voltage divider
      comprising resistor 52 and resistor 53. The output of the reading circuit
      is taken from the common point of resistors 52 and 53.
PAR  The circuit operates as follows. Light falling on phototransistor 40 causes
      a rise in voltage at the base of transistor 43. This rise in voltage is
      transmitted to its emitter and therefore to the base of transistor 45.
      When transistor 45 becomes conductive, current can flow through the
      emitter-base circuit of transistor 49 causing this transistor to switch to
      the conductive state. Thus, a positive voltage will appear at the terminal
      marked "output" in FIG. 4.
PAR  The control read-out circuit is shown in FIG. 5a. This comprises a
      phototransistor 60 whose output is connected to the base of a transistor
      61 through a filtering network comprising a resistor 62 and a capacitor
      63. Transistor 61 is connected as an emitter-follower whose output
      controls the input to a Schmitt trigger 64. The output of Schmitt trigger
      64 is differentiated by means of a differentiating circuit comprising a
      capacitor 55 and a resistor 66. Capacitor 65 is connected to the output of
      the Schmitt trigger, while one terminal of the resistor 66 is connected to
      ground potential. The other side of resistor 66 is connected through a
      diode 67 to an output terminal. The output voltage of Schmitt trigger 64
      is further applied to the base of an inverting transistor 68. The voltage
      at the collector of transistor 68 is differentiated by means of a
      differentiating circuit comprising a capacitor 69 connected to the
      collector of transistor 68 and a resistor 70 connected between the other
      terminal of capacitor 69 and ground potential. The voltage at the common
      point of capacitor 69 and resistor 70 is applied to the output terminal
      mentioned above through a diode 71.
PAR  Schmitt trigger 64 shapes the signals supplied by phototransistor 50 into
      substantially rectangular signals. as shown in line A of FIG. 5b. These
      rectangular signals are differentiated and the so-differentiated signals
      are applied through the above-mentioned diode 67 to the output terminal.
      While both the positive- and negative-going edges of the pulses of line A
      are differentiated, the negative pulses at the differentiation circuit
      output are suppressed by diode 67, so that only the positive pulses shown
      on line D appear at the output.
PAR  The inverted pulse sequence at the collector of transistor 68 (line B, FIG.
      5b) is similarly differentiated, the resulting signal at the cathode of
      diode 71 being shown in line C of FIG. 5b. Of course, the signal at the
      output (FIG. 5a) comprises the signals of both lines C and D. Thus, the
      use of the inverting amplifier causes both the positive-going and the
      negative-going edges of the output of the Schmitt trigger to be
      differentiated and an output signal comprising a series of positive
      pulses, each signifying one edge of the output waveform of the Schmitt
      trigger 64 to be generated.
PAR  FIG. 7 shows the arrangement used to furnish the shutter signal, that is an
      obturator disk 118 is shown passing between the light source LED1 and the
      phototransistor 119. As previously mentioned, disk 118 operates in
      synchronism with the shutter. Specifically, light from LED1 is permitted
      to impinge upon phototransistor 119 while an exposure takes place.
      Referring now to FIG. 7, light falling on phototransistor 119 causes the
      voltage at the base of transistor 123 to become more positive. This causes
      transistor 123 to become conductive, causing the voltage at the base of
      transistor 125 to become more negative, therefore causing transistor 125
      to become conductive also. When transistor 125 becomes conductive,
      base-emitter current flows through transistor 127 causing this transistor
      to become conductive, thereby changing the voltage at its collector from a
      voltage substantially corresponding to the positive supply line voltage to
      substantially ground potential.
PAR  The signal at the output of the collector of transistor 127 is the signal
      appearing at the output of the "shutter signal circuit" of FIG. 3. As long
      as the voltage at the collector of transistor 127 is high, any signals
      from the control read-out circuit 25 appearing at the second input of
      NAND-gate 27 are transmitted through NAND-gate 27, since NAND-gate 27 is
      then conductive. When the voltage at the collector of transistor 127 goes
      negative, NAND-gate 27 is blocked, thereby preventing any signals from the
      control read-out circuit 25 from reaching the clock input of flip-flops
      31-34. Thus, no change in the read-out can occur while the shutter of the
      camera is open.
PAR  FIG. 8 shows the signals generated at the outputs of the shutter signal and
      read-out circuits. Specifically, the line labeled "Control Line Pulses"
      shows the output of the control read-out circuits, while the lines labeled
      1, 2, 4, and 8 constitute the signals at the outputs of inverters 21-24 of
      FIG. 3.
PAR  Finally, FIG. 6 will be described in greater detail in relation to a system
      wherein it is desired to display the aircraft roll and pitch angles to the
      pilot. A gyroscope is used to measure the pitch and roll angles of the
      aircraft. The gyroscope has a spin motor 102 whose axis of rotation is
      indicated by "H vector". The inner gimbal 105 rotates within bearings 101
      and 104. Rigidly connected to the outside of bearings 101 and 104 is the
      outer gimbal 106 which, in turn, rotates within bearings 100 and 103. Code
      signals signifying the pitch and roll angles, respectively, and the
      control signals which, as previously explained, assure that the read-out
      takes place only when the read-out means are in a predetermined position
      relative to the code markings, may be derived from the inner and outer
      gimbal pickoffs, respectively. The so-furnished signals from the inner
      gimbal pickoff are applied to inputs K and C1, C2, C3 and C4 of FIG. 3.
      Since it is desired merely to furnish an indication of the pitch angle to
      the pilot, NAND-gate 27 is eliminated, the output of control circuit 25 is
      directly connected to the clock input of flip-flops processed. and the
      indications read on the light-emitting diodes LED1-LED4 serve as an
      indication of the pitch angle. The pickoffs from the outer gimbal is, of
      course, similarly processed. Thus, pitch and roll angles are indicated to
      the pilot.
PAR  While the preferred embodiment of the invention has been described as
      utilizing a photoelectric read-out, other types of read-outs such as
      magnetic and electromechanical read-outs may also be used. The main
      distinguishing feature of the present invention is the use of the control
      markings which prevent the ambiguity in the digital read-out.
PAR  While the invention has been illustrated and described as embodied in a
      specific sensing and processing arrangement for the data and control
      markings, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit or basic concept of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of the present
      invention and, therefore, such modifications and adaptations should and
      are intended to be comprehended within the meaning and range of
      equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by letters patent is set
      forth in the appended claims:
NUM  1.
PAR  1. Displacement measuring apparatus for measuring displacement in a
      predetermined direction of a first element relative to a second element,
      comprising, in combination, code display means coupled to said first
      element, said code display means having a plurality of digital code
      markings each representing a predetermined unit of displacement spaced at
      predetermined distances from each other in said predetermined direction,
      said code display means further having control markings arranged in
      predetermined positions relative to said code markings; read-out means
      coupled to said second element and comprising code read-out means and
      control read-out means mounted in predetermined positions relative to each
      other, for respectively reading out code markings and control markings
      passing in operative proximity thereto and furnishing corresponding data
      and control signals; means for providing said control signals only when
      said code readout means are positioned relative to the central portion of
      said code markings; output circuit means connected to said read-out means
      for furnishing output signals corresponding to said data signals only upon
      receipt of said control signal and for storing said output signals until
      receipt of the next-subsequent one of said control signals thereby
      furnishing stored output signals; a plurality of light sources connected
      to said output circuit means for energization by said stored output
      signals; camera means for photographing said light sources, said camera
      means having a shutter and secondary optics for recording said light from
      said light sources; means for furnishing a shutter signal when said
      shutter is travelling across said secondary optics; and gating means
      interconnected between said means for furnishing a shutter signal, said
      control read-out means, and said output circuit means for furnishing said
      control signals to said output circuit means only in the presence of said
      control signals and the absence of said shutter signals.
NUM  2.
PAR  2. An apparatus as set forth in claim 1, wherein each of said code markings
      has a predetermined width extending in said predetermined direction and a
      predetermined central portion within said width wherein read-out is
      unambiguous; and wherein said control markings are positioned relative to
      said code markings in such a manner that said output signals are furnished
      only when said predetermined positions of said read-out means relative to
      said code markings are within said predetermined central portion.
NUM  3.
PAR  3. An apparatus as set forth in claim 2, wherein said code read-out means
      are aligned with said control read-out means in a direction perpendicular
      to said predetermined direction; and wherein said code markings are
      displaced a predetermined distance from said control markings in said
      predetermined direction.
NUM  4.
PAR  4. An apparatus as set forth in claim 2, wherein said code markings are
      aligned with said control markings in a direction perpendicular to said
      predetermined direction; and wherein said control read-out means are
      displaced a predetermined distance relative to said code read-out means in
      said predetermined direction.
NUM  5.
PAR  5. An apparatus as set forth in claim 1, wherein each of said code markings
      has a predetermined width extending in said predetermined direction; and
      wherein said control markings are positioned relative to said code
      markings in such a manner that said control signals are furnished only
      when said read-out means is substantially at the geometric center of said
      code markings in said predetermined direction.
NUM  6.
PAR  6. An apparatus as set forth in claim 2, wherein each of said predetermined
      units of displacement is further represented by a second plurality of code
      markings arranged in a direction perpendicular to said predetermined
      direction; and wherein said code read-out means comprise a plurality of
      code read-out means corresponding in number to said second plurality of
      code markings and arranged in a direction perpendicular to said
      predetermined directions.
NUM  7.
PAR  7. An apparatus as set forth in claim 2, wherein each of said control
      markings has a leading edge positioned for indicating a predetermined
      position within said predetermined central portion of a corresponding one
      of said code markings; and wherein said control read-out means comprise
      differentiating circuit means for furnishing said control signals in
      response to said leading edges.
NUM  8.
PAR  8. Apparatus as set forth in claim 2, wherein each of said control markings
      has a width in said predetermined direction corresponding to said width of
      said code markings, whereby each of said control markings has a trailing
      edge for indicating the corresponding predetermined position of the next
      subsequent one of said code markings; and wherein said differentiating
      circuit means furnish said control signals in response to said leading
      edges and said trailing edges of said code markings.
NUM  9.
PAR  9. Apparatus as set forth in claim 8, wherein said read-out means comprise
      photoelectric read-out means; and wherein said code markings and said
      control markings comprise light-transmissive slots.
NUM  10.
PAR  10. Apparatus as defined in claim 1, wherein said output circuit means
      comprise a plurality of flip-flops each having a data input connected to a
      corresponding one of said code read-out means, a clock input connected to
      said control read-out means and an output connected to said clock and data
      inputs in such a manner that said output changes state only upon
      simultaneous receipt of a signal at said data and clock inputs.
NUM  11.
PAR  11. Apparatus as set forth in claim 10, wherein said plurality of light
      sources comprise a plurality of light sources each connected to a
      corresponding one of said flip-flop outputs.
NUM  12.
PAR  12. Apparatus as set forth in claim 11, wherein each of said light sources
      is a light-emitting diode.
NUM  13.
PAR  13. Apparatus as defined in claim 1, wherein said gating means comprise a
      NAND-gate having a first input connected to the output of said control
      read-out means, a second input connected to said means for furnishing a
      shutter signal and an output connected to said clock inputs of said
      flip-flops.
NUM  14.
PAR  14. Apparatus as set forth in claim 1, wherein said control read-out means
      comprise transducer means for sensing said control markings and furnishing
      corresponding electrical control signals; Schmitt trigger means connected
      to said transducer means for shaping said electrical control signals into
      substantially rectangular signals; and differentiator circuit means for
      differentiating said substantially rectangular signals, said
      so-differentiated signals constituting said control signals.
NUM  15.
PAR  15. Apparatus as set forth in claim 14, further comprising inverter means
      connected to the output of said Schmitt trigger means; and wherein said
      differentiator circuit means comprise first differentiator circuit means
      connected to said Schmitt trigger means, first diode means connected to
      the output of said first differentiator circuit means, second
      differentiator circuit means connected to the output of said inverter
      means, second diode means connected to the output of said second
      differentiator circuit means, and means directly connecting the output of
      said first diode means to the output of said second diode means.
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ABST
PAL  A character board carrying a number of characters is placed in face-to-face
      relationship with a light source matrix comprising light sources of the
      same number as that of the characters so that one character may be
      illuminated by one light source. Each character is divided into a
      predetermined number of sections or dots. A photodetector matrix
      comprising photodetectors of the same number as that of the sections into
      which the character is divided is provided in connection with the
      character board. Optical fibers of the same number as that of the sections
      are provided for each character to transmit the light passing through the
      character to the photodetectors of the photodetector matrix. The
      corresponding sections of the respective characters are connected with the
      same photodetector by means of optical fibers so that every photodetector
      may receive signals from the sections in the same position of the
      different characters. The photodetectors are connected with a scanning
      line selecting circuit by way of amplifiers. In accordance with the output
      of the character generator as constructed above, characters are displayed
      in a display such as a cathode ray tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a character generator, and more particularly to a
      device for generating signals for indicating characters in a display using
      for instance a cathode ray tube, light emitting diodes or electric lamps.
PAR  2. Description of the Prior Art
PAR  It is already known that a read-only memory, a monoscope tube and a vidicon
      can be used as a character generator in a display using character
      displaying means such as a cathode ray tube, light emitting diodes or
      electric lamps. However, these character generators of conventional type
      have drawbacks as described hereinbelow. The read-only memory which is in
      the form of an integrated circuit and the monoscope tube are
      disadvantageous in that the kind and form of the characters displayed
      cannot be easily changed since the kind and form of the characters handled
      thereby are particularly predetermined when they are manufactured.
      Further, since the monoscope is a kind of cathode ray tube, it has a large
      size and needs a high voltage for operation. The vidicon which takes an
      image of a photographic film bearing characters to be displayed is
      advantageous in that the kind and form of the characters can easily be
      changed by changing the film, but is disadvantageous in that it has a
      large size and needs a high voltage for operation since it is also a kind
      of cathode ray tube.
PAC  SUMMARY OF THE INVENTION
PAR  In the light of the foregoing observations and description of the
      conventional character generators, the primary object of the present
      invention is to provide a character generator which can be operated with a
      comparatively low voltage.
PAR  Another object of the present invention is to provide a character generator
      in which the kind and form of characters can easily be changed.
PAR  Still another object of the present invention is to provide a character
      generator which is compact in size.
PAR  The character generator in accordance with the present invention employs a
      changeable character board which carries a number of characters to be
      displayed. A light source matrix comprised of a number of light sources of
      the same number as that of the characters carried on the character board
      is provided in face-to-face relationship with the character board so that
      only one character may be illuminated by only one light source. The
      character is divided into a number of dots or sections and optical fibers
      of the same number as that of the dots are provided in front of each
      character with one end thereof faced to each dot or section of the
      characters. The other end of the optical fibers are connected with
      photodetectors of a photodetector matrix comprised of photodetectors of
      the same number as that of the dots or sections into which the character
      is divided. The optical fibers one end of which is located at the
      corresponding part or dot of the characters are all connected with the
      same photodetector in the photodetector matrix. The photodetector matrix
      is connected with an amplifier matrix, which in turn is connected with a
      scanning line selecting circuit.
PAR  Since the character board employed in the character generator in accordance
      with the present invention can easily be changed, the character generator
      of this invention is particularly suitable for a display in which the kind
      or form of characters is frequently desired to be changed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram showing a control circuit which includes a
      character generator and operates a display to display characters in
      accordance with the output from the character generator,
PAR  FIG. 2 is a partial front view showing the face plate of a cathode ray tube
      on which characters are displayed,
PAR  FIG. 3 is a perspective view of the character generator in accordance with
      the present invention,
PAR  FIG. 4 is an enlarged partial side view showing the construction of a part
      of the character generator including a character board, light transmitting
      fibers, and a photodetector matrix, and
PAR  FIG. 5 is a circuit view showing the electrical connection between the
      photodetector matrix and a scanning line selecting circuit employed in the
      character generator in accordance with the present invention.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The character generator in accordance with an embodiment of the present
      invention will now be described in detail with reference to an example in
      which the character generator is employed in connection with a television
      display to display characters on a cathode ray tube. In this embodiment,
      160 characters are displayed on the cathode ray tube in which sixteen
      characters are arranged in the direction of the scanning lines and 10
      lines of characters are arranged in the direction perpendicular to the
      scanning lines. Each character is comprised of a dot matrix of
      12.times.12=144 dots and adjacent characters are spaced from each other by
      the space corresponding to four dots.
PAR  Referring to FIG. 1 which shows in a block diagram a control circuit
      including a character generator 3 for operating a cathode ray tube 5, two
      refresh memories 1 and 2 are connected with the character generator 3. The
      second refresh memory 2 has a capacity of one line of characters, i.e., 16
      characters, and the first refresh memory 1 has a capacity corresponding to
      the characters displayed at once on the cathode ray tube minus one line of
      characters, i.e., 144 characters. As for the refresh memory, a shift
      register, a magnetostrictive delay line memory, a random access memory and
      the like can be used as well known in the art. In this embodiment, shift
      registers are used for the refresh memories 1 and 2. A 12-bit shift
      register 4 is connected with the character generator 3 to receive parallel
      output signals of 12 bits from the character generator 3. The output of
      the shift register 4 is transmitted to the cathode or grid of the cathode
      ray tube 5. A first counter 6 which controls the position of the light
      spot scanning on the face plate of the cathode ray tube 5 is connected
      with the refresh memories 1 and 2 and the character generator 3 to control
      the recirculation of the refresh memories 1 and 2. A second counter 7
      which selects the scanning line to be displayed is connected with the
      first counter 6. The units of the system of counting of the second counter
      7 are powers of sixteen. (The decimal system is a counting system the
      units of which are powers of ten.)
PAR  The characters are displayed on the face plate 50 of the cathode ray tube 5
      as shown in FIG. 2, in which characters "U" and "T" are indicated with
      brightening spots 51 at the selected positions corresponding to the
      positions of the dots on scanning lines 52.
PAR  The character generator in accordance with the present invention is
      illustrated in detail in FIG. 3 together with accompanying circuits.
      Referring to FIG. 3, a character codde decoder 31 which is connected with
      said second refresh memory 2 is connected with a light souce matrix 32
      comprising a number of light sources such as light emitting diodes or
      flash lamps, so that the output of the character decoder 31 may be
      transmitted to the light source matrix 32 to selectively energize the
      light sources.
PAR  A character board 33 bearing a number of characters 330 is located in front
      of and close to the light source matrix 32 so that the respective
      characters 330 may be located immediately in front of the respective light
      sources and only one character 330 may be illuminated with the light from
      one light source in the light source matrix 32. As for the character board
      33, can be used for instance a photographic film on which characters such
      as alphabets, numerals and symbols are recorded as well known in the art.
      Each character 330 recorded on the character board 33 is divided into 144
      (12.times.12) dots or sections. Every character 330 is provided with 144
      optical fibers 34 one end of which is in front of and close to each dot of
      the character. The other end of the 144 optical fibers 34 is close to or
      connected with each photodetector 350 of a photodetector matrix 35
      comprising 144 photodetectors. The 144 photodetectors correspond to the
      144 dots of the characters and one photodetector 350 is provided with the
      optical fibers of the same number as that of the characters carried on the
      character board 33. Further, one end of the optical fibers 34 the other
      end of which is connected with a photodetector 350 is located at the
      corresponding section or dot of the characters 330 of the character board
      33. For instance, optical fibers 34 one end of which is connected with the
      left top part or dot of the respective characters 330 are connected with
      the left top photodetector 350 of the photodetector matrix 35.
PAR  The connection between the characters 330 and the photodetectors 350 made
      by means of the optical fibers 34 is illustrated in more detail in FIG. 4.
      The character board 33 carries characteers 331, 332, 333 . . ., and the
      photodetector matrix 35 includes photodetectors 351, 352, 353 . . ., and
      the characters and the photodetectors are connected with each other by way
      of optical fibers 34. The uppermost dots in the left end line of dots in
      the respective characters 331, 332, 333 are connected with the left end
      uppermost photodetector 351. The dots next to the uppermost dots in the
      respective characters 331, 332, 333 are connected with the photodetector
      352 which is next to the uppermost photodetector 351. The third dots from
      the upper end of the respective characters 331, 332, 333 are connected
      with the third photodetector 353 as shown in FIG. 4. Thus, all the 144
      dots of the respective characters on the character board 33 are connected
      with the 144 photodetector matrix 35.
PAR  As for the photodetectors 350, various kinds of photoresponsive elements
      such as photodiodes or photocells can be used. The photodetector matrix 35
      is connected with an amplifier matrix 36 comprising 144 amplifiers which
      are connected with the respective photodetectors 350. The output of the
      photodetectors 350 is amplifiers 360 and converted to binary signals, "0"
      or "1." The amplifier matrix 36 is connected with a scanning line
      selecting circuit 37. The scanning line selecting circuit 37 detects on
      which scanning line the cathode ray tube is scanning and picks up signals
      of 12 dots of the character to be indicated on the detected scanning line,
      and sends the signal of 12 bits to the shift register 14.
PAR  The connection between the above described photodetector matrix 35,
      amplifier matrix 36 and scanning line selecting circuit 37 is illustrated
      in greater detail in FIG. 5. In FIG. 5, a part of the amplifier matrix 36
      comprising 144 amplifiers is shown with several groups of amplifiers 361,
      362 and 363. The uppermost group of amplifiers 361 is composed of twelve
      amplifiers which are connected with the photodetectors in the uppermost
      line of the photodetector matrix 35 including said left end uppermost
      photodetector 351. The second group of amplifiers 362 illustrated next to
      said uppermost group of amplifiers 361 in FIG. 5 is composed of 12
      amplifiers which are connected with the photodetectors in the second line
      of the photodetector matrix 35 including said second photodetector 352.
      Similarly, the third group of amplifiers 363 is composed of 12 amplifiers
      connected with the photodetectors in the third line of the photodetector
      matrix 35 including said third photodetecctor 353. In every group of the
      amplifiers, one amplifier is connected with one photodetector. A part of
      the scanning line selecting circuit 37 is illustrated with several groups
      of AND gates 371, 372, 373 . . . and OR gates 374, 375, 376 and a decoder
      377. The decoder 377 receives 4-bit signals from the second counter 7 and
      generates signals corresponding to 0 to 11 of the signals of counting
      system the units of which are power of 16. The 12 signals corresponding to
      the signals of 0 to 11 are transmitted through 12 signal lines. The first
      AND gate group 371 is composed of 12 AND gates which generate a logical
      product of the output of the first amplifier group 361 and the output
      signal from the decoder 377 corresponding to the signal 0 of said 12
      signals 0 to 11. The second AND gate group 372 is composed of 12 AND gates
      which generate a logical product of the output of the second amplifier
      group 362 and the output signal from the decoder 377 corresponding to the
      signal 1 of said 12 signals 0 to 11. Similarly the third AND gate group
      373 composed of 12 AND gates makes a logical product of the output of the
      third amplifier group 363 and the signal from the decoder 377
      corresponding to the signal 2 of said 12 signals 0 to 11. Similarly, the
      other AND gate groups make logical products of the output of the
      amplifiers in the fourth to twelfth lines of the amplifier matrix 35 and
      the output signals of the decoder 377 corresponding to the signals 3 to 11
      of the counting system the units of which are powers of 16.
PAR  The Or gate 374 makes a logical sum of the AND outputs of the twelve
      amplifiers connected with the 12 photodetectors in the first row of all of
      the lines of photodetectors in the photodetector matrix 35 as shown in
      FIG. 5. The OR gate 375 makes a logical sum of the AND outputs of the 12
      amplifiers connected with the 12 photodetectors in the second row of all
      the lines of photodetectors in the photodetector matrix 35. Similarly, the
      OR gate 376 makes a logical sum of the AND outputs of the 12 amplifiers
      connected with the 12 photodetectors in the 12th row of all the lines of
      photodetectors in the photodetector matrix 35. Quite similarly, OR gates
      between the second OR gate 375 and the twelfth or the last OR gate 376
      make logical sums of the AND outputs of the 12 amplifiers connected with
      the 12 photoconductors in the third to eleventh rows of all the lines of
      photodetectors in the photodetector matrix 35. The output of the OR gate
      374 is put into the first place of the shift register 4, the output of the
      OR gate 375 is put into the second place of the shift register 4, and the
      output of the OR gate 376 is put into the last place of the shift register
      4. Similarly, the outputs of the OR gates between the second OR gate 375
      and the last OR gate 376 are put into the third to eleventh places of the
      shift register 4.
PAR  The operation of the above described embodiment of the invention will be
      described in detail hereinbelow. If the clock frequency is selected to be
      6024 KHz, one light spot brightens on the face plate 50 of the cathode ray
      tube 5 for a period of 166ns. Since the horizontal length of one character
      corresponds to twelve spots for indicating the character plus four spots
      for the space between characters, the time for scanning one character is
      about 2.66.mu.s which corresponds to sixteen spots.
PAR  Now assuming that character codes corresponding to two characters, "U" and
      "T" are stored in the second refresh memory 2 and the first scanning line
      on the cathode ray tube 5 is on the point of being scanned, the output of
      the second refresh memory 2 is decoded by the character code decoder 31
      and only one light source in the light source matrix 32 is energized to
      illuminate only the character of "U" among the number of characters
      recorded on the character board 33. The pattern of the character "U" is
      transmitted through the light transmitting optical fibers 34 to the
      photodetector matrix 35 consisting of 144 photodetectors, and the amount
      of light transmitted to the photodetectors of the photodetector matrix 35
      is amplified through the amplifiers of the amplifier matrix 36 and
      represented by the output of "0" or "1" thereby.
PAR  Since the first scanning line is on the point of being scanned now, only
      the signal corresponding to the signal 0 of the signals of the counting
      system having the units which are powers of 16 among the outputs of the
      decoder 377 is in the state of "1" of the binary signal, and the other 11
      signals are in the state of "0". Therefore, only the output of the
      amplifier group 361 passes through the AND gate group 371 and is put into
      the OR gates 374, 375 and 376. The output of the amplifier groups
      connected with the photodetectors in the second to twelfth lines of the
      photodetector matrix 35 is blocked by the other AND gates 372, 373 . . .
      which are partly shown in the drawing. Therefore, in the first to twelfth
      places of the shift register 4 are set binary signals of 110000000011
      which indicate a part of the character of "U" in the first scanning line.
      The signals set in the shift register 4 are shifted by the clock signals
      of the frequency of 6024 KHz and 12 spots are indicated on the first
      scanning line from left to right as bright, bright, dark, dark, dark,
      dark, dark, dark, dark, dark, bright, bright. The succeeding four spots
      corresponding to the space between the adjacent characters are
      automatically made dark by the operation of the first counter 6. During
      the period for indicating the four spots, i.e., 664ns, the signals from
      the second refresh memory 2 are shifted by one character and the output
      signals from the second refresh memory 2 is switched from the character
      "U" to the character "T." Similarly to the character illuminating step in
      the above described process to generate the signals for displaying the
      character of "U," only the character of "T" on the character board 33 is
      illuminated by a light source. Further, since only the signal
      corresponding to the signal 0 of the counting system having units which
      are powers of 16 is in the state of "1" of the binary signal, the shift
      register 4 is set to have binary signals of 111111111111 which indicate a
      part of the character of "T" in the first scanning line
PAR  When the seventeenth spot on the first scanning line is indicated on the
      cathode ray tube, the signals from the shift register 4 is shifted by the
      clock signal of frequency of 6024 KHz and the next character starts to be
      displayed. Similarly, the shift of the signals from the shift register 4
      is repeated sixteen times for indicating sixteen characters on the cathode
      ray tube 5. When the 16 characters are indicated in the first scanning
      line on the cathode ray tube, the output of the shift register 4 is again
      changed to that of the character of "U." The repetition of the signal
      shift of the refresh memory is conducted by the frequency of 15.75 KHz.
      Therefore, it takes about 42.6.mu.s to display sixteen characters on the
      cathode ray tube. The time corresponding to the difference between the
      period for scanning the sixteen characters in a scanning line and the
      period for scanning one scanning line, i.e., 63.5.mu.s (15.75 KHz) -
      42.6.mu.s = 20.9.mu.s, is used for the fly-back of the scanning line and
      for indicating the dark marginal part on the face plate of the cathode ray
      tube 5.
PAR  Then, when the second scanning line becomes to be displayed in the cathode
      ray tube 5, only the first character "U" is illuminated with light and the
      output of the decoder 377 comes to a state wherein only the signal line of
      the signal "1" of the counting system having the units which are powers of
      16 becomes to be in the state of "1" of the binary signal. Therefore,
      spots on the second scanning line indicating a part of the character "U"
      are indicated on the cathode ray tube. In this case, only the output of
      the second amplifier group 362 corresponding to the photodetectors in the
      second line of the photodetector matrix 35 is put into the shift register
      4, and the shift register 4 is set to have the signals of 110000000011 for
      the second scanning line of the cathode ray tube to display the character
      of "U." Thus, spots on the twelve scanning lines are all indicated in the
      cathode ray tube to indicate the whole view of the sixteen characters in
      the first line of characters.
PAR  After the signals in the second refresh memory 2 are recirculated therein
      12 times, the character codes of the next 16 characters are shifted from
      the output-side of the first refresh memory 1 to the input-side of the
      second refresh memory 2 while the thirteenth to sixteenth scanning lines
      are scanned on the cathode ray tube 5. Simultaneously, the signals in the
      second refresh memory 2 are shifted into the first refresh memory 1 from
      the input-side thereof. Therefore, at the time when the shift operation is
      finished, a character code of the character located just under the
      character "U" among the 16 characters to be displayed by the seventeenth
      scanning line comes to the output-side of the second refresh memory 2. By
      repeating the foregoing operations, 160 characters are all displayed on
      the cathode ray tube 5.
PAR  It will be noted that the number of the dots constituting the characters,
      the number of the photodetectors and the number of characters displayed on
      the cathode ray tube are not limited to those indicated in the above
      described embodiment of the invention, but may be properly selected in
      accordance with the use of the display. Further, the direction of the
      scanning lines may not be horizontal, but may be vertical. It will further
      be noted that the character generator in accordance with the present
      invention can be used for displaying characters not only in the cathode
      ray tube but also in a printing device and in various other types of
      display means such as a display employing light emitting diodes or
      electric lamps.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for generating signals corresponding to characters to be
      displayed comprising, in combination, a changeable character board
      provided with a plurality of characters to be displayed, each of said
      characters being divided into a plurality of sections, a light source
      matrix comprising a plurality of light sources corresponding in number and
      position to said plurality of characters disposed adjacent said character
      board, each of said light sources being associated with one of said
      characters for illuminating said associates character only, means for
      selectively energizing each of said light sources, a photodetector matrix
      comprising a plurality of photodetectors corresponding in number to the
      plurality of sections in each of said characters, a plurality of light
      transmitting fibers corresponding in number to the plurality of sections
      in each of said characters disposed between said character board and said
      photodetector matrix, said fibers having one end associated with a section
      of said characters and the other end with one of said photodetectors for
      transmitting light signals between said character board and said
      photodetector matrix, said fibers being arranged in associated groups to
      interconnect in light transmitting relationship all of the corresponding
      sections throughout said plurality of characters to one of said plurality
      of photodetectors, whereby all of the sections in each of said characters
      are optically connected to all of said photodetectors, character display
      means, and means for detecting the output of said photodetectors in
      response to the selective illumination of said characters on said
      character board to generate signals for displaying said character on said
      display means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said character board
      comprises a photographic film containing said characterss.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 wherein said light sources comprise
      light emitting diodes arranged in a planar configuration.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said photodetectors
      comprise photodiodes arranged in a planar configuration.
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ABST
PAL  In a cooperative collision avoidance system for aircraft, an altitude
      encoding system serves as a discriminant to insure orderly sequence of
      data exchange between cooperative aircraft, particularly, in a dense
      traffic environment. The system includes means for generating pairs of
      pulse-interval coded signals spaced to represent altitude addresses from
      interrogator to responder aircraft. Responder aircraft reply with a single
      pulse to such an altitude address only if the responder aircraft is at the
      altitude corresponding to the address.
PARN
PAC  CROSS REFERENCE OF RELATED APPLICATIONS
PAR  Of interest are the following copending applications: Ser. No. 269,536,
      filed July 7, 1972, entitled "Digital Tracker," based on the invention of
      Bernard Case now U.S. Pat. No. 3,803,604, issued Apr. 9, 1974; Ser. No.
      269,535, entitled "Digital Range Rate Computer," , now U.S. Pat.
      3,803,602, issued Apr. 9, 1974 Ser. No. 269,538, entitled, "A Track Gate
      Movement Limiter," both based on the inventions of Bernard Case and
      Jeffrey Ellis Miller, and Ser. No. 269,537, entitled "Asynchronous Pulse
      Receiver," , now U.S. Pat. 3,848,191, issued Nov. 12, 1974 based on the
      invention of L. H. Anderson, all filed respectively on July 7, 1972; Ser.
      No. 355,448, entitled "Correlator and Control System for Vehicular
      Collision Avoidance," filed Apr. 30, 1973, now U.S. Pat. 3,887,916, issued
      June 3, 1975 based on the invention of Ronald Bruce Goyer, and all
      assigned to the same assignee of the present invention.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a control circuit for a vehicle to process
      signals useful in a vehicular collision avoidance system, more
      particularly, of the SECANT type for aircraft.
PAR  2. Description of the Prior Art
PAR  The present invention is concerned with improvements to and extensions of
      the signalling system disclosed and claimed in the above-identified
      copending patent applications relating to the basic principles of SECANT,
      which is a signalling system for avoiding midair collision between
      aircraft.
PAR  A detailed description of the basic principles of SECANT are disclosed in
      U.S. Pat. No. 3,755,811, issued Aug. 18, 1973, entitled "Discriminating
      Signalling System" and U.S. Pat. No. 3,803,608, issued Apr. 9, 1974,
      entitled "Separation Control of Aircraft by Non-Synchronous Techniques,"
      both based on the inventions of Jack Breckman, assigned to the common
      assignee as the present application.
PAR  In air traffic control systems, it is advantageous if not essential to
      provide a means of determining the relative if not the absolute altitudes
      of aircraft in the vicinity of each respective aircraft. Various
      techniques are known for providing such altitude information as by the use
      of converting barametric altimeter or radar altimeter information into
      appropriate signals for transmission to cooperative aircraft and ground
      stations and for comparing comparable altitude information from remote
      aircraft and ground stations.
PAR  The problems concerning the determination of such altitude information
      becomes increasingly more acute as the speed of cooperative aircraft
      increases and the density of traffic caused by cooperative aircraft
      increases. The SECANT system described in detail in the above patents and
      copending applications is based on a statistical correlation of an
      exchange of interrogation and reply signals that provides a means for
      determining range and tau (the ratio of range to range rate which is an
      indication of possible or potential time to collision) between the
      cooperating aircraft. The SECANT system utilizes two basic discriminants
      to achieve a high order of accurate correlation with a minimum chance of
      statistical error. The discriminants are based on the concept of frequency
      hopping and frequency jitter. Frequency hopping is achieved by providing a
      plurality of different signal frequencies for transmitting and receiving
      signals between the aircraft. Frequency jitter provides for the
      discriminant that minimizes the chance of false signals being received in
      the correlation of the frequency-hopped signals by jitter of the time of
      transmission relative to a fixed repetition rate of each signal.
PAR  In one prior art system as described in U.S. Pat. No. 3,603,993, issued
      Sept. 7, 1971, entitled "Control Apparatus," and assigned to Honeywell,
      Inc., for developing altitude information signals, there is provided means
      that utilizes a pulse position encoder wherein a first pulse is
      transmitted at a given time followed by a second pulse which is positioned
      relative to the first pulse proportional to the exact altitude of the
      encoding aircraft based on an altitude sensor. Such a sensor may be a
      barometric type or a radar type of sensor for absolute altitude. In such a
      system the means for positioning the second pulse, or to position the pair
      of pulses by techniques known as pulse position modulation (PPM), analog
      techniques in some portion of the control circuitry is required in order
      to develop a signal that is proportional to the exact altitude. Such a
      procedure requires instruments that are extremely sensitive to altitude
      variations and, in addition, some form of analog to digital conversion is
      required if the signal processing circuits are in digital form.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a control system is provided for
      exchanging data between aircraft. A pair of pulses are transmitted on a
      regular basis but time-shifted in random amounts from an interrogating
      aircraft seeking replies from aircraft in the vicinity of the altitude of
      interrogating aircraft or from aircraft whose altitude is within a
      predetermined altitude layer. The interval between each pulse of the pair
      of interrogating pulses is a predetermined value plus a variable interval
      defined in fixed or discrete intervals of a finite value in steps
      corresponding to predetermined bands of altitude.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of the altitude coding functions as
      provided on the transmitting aircraft according to the invention.
PAR  FIG. 2 is a functional block diagram of the altitude decoding functions of
      the receiving aircraft according to the invention.
PAR  FIG. 3 is a block diagram of the altitude encoder in more detail.
PAR  FIG. 4 is a block diagram of the altitude decoder in more detail.
PAR  FIG. 5 is a timing diagram illustrating the intervals between the pair of
      pulses used for coding and decoding the altitude information according to
      the invention.
PAR  FIG. 6 is a block diagram of the synchronization logic used for block 82 of
      FIG. 4.
PAR  FIGS. 7 and 8 are charts illustrating the altitude layers and the manner in
      which the altitude information is used for scanning the environment for
      potential threats of cooperating aircraft.
PAR  FIGS. 9a, 9b, and 9c are wave form diagrams illustrating the relative time
      sequences of the control and coded signals.
DETD
PAC  BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  According to the invention, in order to exchange data between two or more
      aircraft in a high traffic environment, the transmitting ("interrogating")
      aircraft should be able to interrogate only those aircraft of interest in
      terms of their relative altitude regardless of the relative direction of
      travel. In order to achieve this manner of discrete interrogation, signals
      probes from the transmitting (interrogating) aircraft are "addressed" such
      that only the receiving aircraft whose "address" corresponds to that being
      transmitted may or should reply. One form of collision avoidance system
      known as SECANT includes as a criteria for addressing the respective
      aircraft the relative altitude information. According to this invention,
      this altitude information is defined by the interval between two pulses. A
      minimum spacing of the pulses is utilized being a predetermined value of
      34 microseconds. Reference is now made to FIG. 1 wherein a functional
      block diagram illustrating the transmitting portion of the system is
      shown. A transmitter 10 through a suitable switch 12 is arranged (in the
      mode shown) for transmitting an interrogation signal through a three port
      circulator 14 to an upper antenna 16 for transmission to surrounding
      aircraft. Reply signals from these aircraft are received over upper
      antenna 16 through circulator 14 through a receiver 22b, of the type
      described in the patent application, Ser. NO. 269,537, now U.S. Pat.
      3,848,191, for the pulse receiver, for processing by a tracker 24 of the
      type described in the above-identified copending tracker applications. A
      random probe selector circuit 26 provides a signal for encoding by the
      encoder 28 for transmission over the transmitter 10. The random probe
      selector 26 may be of the type also described in the above cited patents
      and copending applications. Similarly when an interrogating signal is
      transmitted through the lower antenna a different set of frequencies
      related to the replies are received on the lower antenna 18, circulator
      20, and receiver 22a as the receiving channel for processing by the
      tracker.
PAR  Interrogating signals that are received by remote aircraft are processed in
      the decoding portion of the system as illustrated in FIG. 2. Signals are
      received over antennae 30 and 32 and coupled to circulators 34 and 36 to a
      pair of receivers 38a and 38b for decoding in decoders 42 and 44. The
      decoder provides signals to a reply channel selector 46 for transmitting
      the reply signal required back to the interrogating aircraft by
      transmitter 48 and depending upon the position of switch 50 through upper
      antenna 32 or lower antenna 30.
PAR  The system is arranged to be switched from transmitting to receiving modes
      by switch 12 or 50, depending on the condition of the signals. Receiving
      modes are arranged to preempt transmitting modes in the SECANT system. The
      transmitting or interrogating function as illustrated in FIG. 1 represents
      a system in practice wherein a pair of antennae are provided on each
      aircraft for scanning the environment in an upper and lower scan to
      thereby provide a discriminant of cooperative aircraft replying to
      interrogation signals which are thereby identified to be above or below
      the interrogating aircraft.
PAR  Reference is now made to FIGS. 3 and 4 wherein the probe encoder 28 of FIG.
      1 and either of the altitude decoders 42 and 44 of FIG. 2 are illustrated
      in block diagram form.
PAR  The probe encoder 28 includes an altimeter 50a providing the barametric
      altitude of the aircraft in binary form. The output signals of altitude
      are coupled over path 52 to an up/down counter 54 receiving additional
      signals to modify the actual altitude by any changes that may be occurring
      as indicated by a suitable rate of climb/or descent device. These signals
      are determined according to the present invention by a computer device 59
      formed of F/F registers 59a and 59c and a subtractor 59b.
PAR  Probe selector circuits 26 are suitably provided with a preprobe timing
      pulse 126a prior to probe signals over path 26a to gate a suitable delay
      such as a shift register 65 having a first output pulse 165a delayed
      2.mu.s following the preprobe signal 26b and a second output pulse 165b.
      The probe signal 126b, which is the first pulse (pulse "A") of the pair of
      altitude probe pulses according to the invention, is provided over path
      26b to a variable length shift register 74. A minimum of 6.mu.s is
      provided before pulse 126b so that the system is stabilized. See FIG. 9a
      for a timing chart illustrating the relative sequences of these pulses.
PAR  Register 59c is loaded by the rate of altitude change from subtractor 59b
      in response to pulse 165a, which pulse also provides the altitude load
      signal for counter 54 and clocks a modulo-5 counter 70 to its next state.
      Pulse 165b is applied to an AND gate 67 and also provides the load control
      for register 59a to receive altitude data from altimeter 50a. If the rate
      of altitude change from register 59c exceeds the value of a reference 61,
      as determined by comparator 58, then AND gate 67 is enabled and pulse 165b
      will clock counter 54 in the direction determined by path 60 from the most
      significant bit (MSB) of register 59c, which represents the direction of
      altitude change. A logic zero, for example may be used to indicate that
      altitude data on path 52 is greater than the previous altitude data stored
      in register 59a, and, that therefore, an altitude change occurred to a
      higher altitude. Thus, counter 54 is arranged to count up. Also, if the
      condition on path 60 is a logic one, then the altitude changes manifests a
      lower altitude and the counter 54 counts down.
PAR  The output of subtractor 59b represents the rate of altitude change, "rate"
      being "distance" divided by "time." Subtractor 59b determines the
      difference in altitude ("distance") between data on path 52 and the output
      of register 59a on path 102, which is the altitude at the time of the last
      pulse 165b, which is the "time" interval between pulses 165b. Any suitable
      time sequence may be used. Here the time delay is 2.mu.s. However, a delay
      of as much as one minute may be adequate for some purposes, the delay
      being suitably provided as desired. The output of counters 70 and 54 on
      path 68 and 64 represent a combined address to ROM 66. ROM 66 on path 72
      provides a binary word to register 74 to select the clock periods C of
      delay between input 74a and output 74b. This delay represents the delay
      between the pulse pair (pulses A and B) for the interrogation or probe
      address. Thus, as the altitudes change to higher or lower altitudes, then
      the counter 54 functions to count up or count down accordingly. The output
      of variable length shift register 74 is coupled through OR gate 76 to the
      transmitter 10 with the probe request signal 126b from selector circuit 26
      received over path 80, which, as shown, is also coupled to the second
      input of OR gate 76. The output of shift register 74, the second pulse,
      pulse "B" of the coded altitude probe pulses, is also coupled to the
      tracker 24 for the start of the range measurement as the start pulse
      (T.sub.o) shown in the copending application, Ser. No. 269,536 for a
      "Digital Tracker, now U.S. Pat. No. 3,803,604.
PAR  Referring now to FIG. 4, a decoder which represents either of the P or the
      Q portions of the decoders 42 or 44 shown in FIG. 2 on the replying
      aircraft is arranged to receive a signal from its altimeter 50b over a
      path 53 carrying binary altitude information to a variable length shift
      register 75. An incoming probe or interrogation signal (P or Q) is
      received from antenna 32 to its associated receiver 38a whose output pulse
      84 is coupled over path 84a for the upper receiving channel (FIG. 2) and
      path 84b for the lower receiving channel through a logic circuit 82, the
      output pulse 85 from which is in turn coupled over path 85a and also
      through an AND gate 86. The output pulse 86a from AND gate 86 is coupled
      over path 88 to channel selection reply circuitry 46. Clock 90b provides
      clock pulses 91 to logic 82 as will be described in detail hereafter. The
      reply circuitry serves to conduct the identified P or Q probe signals to
      provide command signals for transmitting reply signals to the
      interrogating aircraft. Such circuits are described in detail the
      above-identified application, Ser. No. 355,448 relating to the SECANT-type
      correlator now U.S. Pat. 3,887,916. The decoder circuit of the present
      invention thus serves as a pulse filter in the correlator to inhibit all
      probe signals unless the altitude address is accepted by the decoder.
PAR  It should be understood that FIGS. 1 and 3 illustrate the functional
      organization of the system for the transmitting or encoding operations of
      the invention carried by the probing or interrogating aircraft, while
      FIGS. 2 and 4 illustrate the receiving or decoding operations carried on
      the replying aircraft. In practice, each aircraft carries all the
      equipment required to both encode and decode the signals to provide
      thereby the means to participate in the cooperative SECANT system as
      described in the cited patents and copending applications, each aircraft
      operating both as an interrogating as well as a replying aircraft.
PAR  Before describing the operation of the coding system, according to the
      invention, further description of the various components will first be
      given. The components and circuitry thereof required to provide the
      various logic and control functions of the encoder (FIG. 3) and decoder
      (FIG. 4) may be selected from any of the available components known in the
      art readily available from manufacturers of such devices.
PAR  The modulo-5 counter 70 serves the purpose to provide a repeating sequence
      of a 5-binary address for the look-up table 66. Counter 70 is typically a
      modulo-m counter, the value for m being a chosen value depending on the
      system design requirements. There are various known methods of making
      modulo-m counters all of which require that after attaining the mth binary
      address, the next address reached is the first address. For example, one
      method of providing such a counter is to utilize a synchronous reset input
      four-bit binary counter and decode the binary (M-1), i.e, 4(" 0100.sub.2
      "). The decoded binary is fed back to the synchronous reset input such
      that the next state is binary zero ("0000.sub.2 "). If the counter has a
      synchronous load input rather than a synchronous reset input, then the
      parallel data inputs may be grounded and the load input may be used in the
      place of the reset input. If both the load and reset inputs are
      asynchronous, then it will be necessary to decode a binary m, i.e., 5
      ("0101.sub.2 ") and fed such a decoded binary back to the reset input.
      Such a procedure causes a momentary transition or glitch through a sixth
      (m+1) state. However, such a glitch may be eliminated by suitable timing.
      Various other forms of devices to provide a m-binary address counter will
      be apparent to those skilled in the art.
PAR  The purpose of the look-up table 66 is to provide a read only memory to
      serve the function of converting the modulo-m counter address and the
      up/down counter output into a binary word representing the number of
      discrete delays or intervals that are to be used as a control of the
      variable length shift register 74. The table 66 may be formed of any of
      the known read only memories (ROM) which is a matrix array wherein for
      each input address there is a memory location containing the binary word
      which is used to control the variable length shift register 66. The memory
      66 is a read-only device so that the contents are nonvolatile with power
      turned on and off. Accordingly, any nonvolatile memory load with the
      proper stored information may be used.
PAR  The address to ROM 66 over path 64 includes altitude data from altimeter
      50a which is preloaded into the up/down counter 54. In addition the
      up/down counter is provided with carry information from comparator 58
      which compares the rate of altitude change from device 59. As shown in the
      diagram of the encoder in FIG. 3, the altimeter 50a in addition to
      providing the binary altitude data to the up/down counter 54 also provides
      the altitude data to a flip-flop register 59a and a subtractor 59b over
      path 52. Flip-flop register 59a is clocked by the load clock signal 165b
      from shift register 65 as previously described. Flip-flop register 59a
      provides a control pulse to the subtractor 59b as input C and the
      subtractor also receives from the altimeter an input D. The subtractor
      provides the arithmetic calculation of D minus C. The output of the
      subtractor 59b is applied to a flip-flop register 59c whose output is
      applied as the A input to comparator 58. The flip-flop register 59c is
      under control of load clock signal 165a to provide clearance or reloading
      depending on the condition of subtractor 59b.
PAR  In operation, the rate of altitude change by device 59 is achieved as
      follows. As the altitude output is applied to flip-flop register 59a and
      subtractor 59b, any changes in altitude will be indicated by the output of
      the subtractor 59b once per clock signal. The output from subtractor 59b
      is the altitude change in feet per minute which is loaded to the register
      59c. Thus, once per clock period the condition or status of register 59c
      is unloaded into the comparator 58 as input A.
PAR  Rate reference 61 is a suitable presettable coding source to provide a
      predetermined word of binary inputs to comparator 58 to establish the
      altitude change rate reference that the actual rate provided to input A is
      to be compared with. For example, 6 bits of binary data may be used to
      represent 1,000 or 1,200 feet per minute as the criterion that is to be
      compared to the actual rate of altitude change.
PAR  The variable length shift register 74 is a suitable known shift register of
      length K where K is the maximum value of incremental delays required. The
      input address to the shift register 74 determines through selective gating
      how many altitude intervals of 2.mu.s each are included between the input
      and output terminals 74a and 74b, respectively. Shift register 74 may be
      implemented in the form of a tapped delay line of length K with taps
      spaced two microseconds apart and suitably gated to select a particular
      tap (74b) in accordance with the length required as indicated by the
      output from ROM 66. A similar shift register 75 as shift register 74 is
      duplicated for the receiver portion of the system as illustrated in FIG. 4
      to provide as a reply signal the altitude of the replying aircraft as
      conducted over path 53 (FIG. 4) from the single, common altimeter (50) of
      the aircraft. Note that for convenience the altimeter is designated 50a
      for the probing aircraft and 50b for the replying aircraft.
PAR  The synchronization logic 82 (FIG. 4) serves to maintain the position of
      the leading edge of the incoming probe signals 84a (or 84b) while fixing
      the variable width of the pulse 85 on path 85a to a value greater than or
      equal to a value of N but less than N + 1 periods of the receiving
      system's clock 90b. A suitable logic arrangement, as illustrated in FIG.
      6, will be described later.
PAR  The leading edge of the incoming probe 84 on path 84a or 84b must be
      maintained and, further, must not be "retimed" otherwise a wider
      acceptance window than two microseconds (N clock periods) would be
      required. By not being "retimed" is meant that the incoming probe signals
      84 after passing through the synchronization logic 82 (FIG. 6) will not be
      shifted in accordance with the local clock 90b, but will be maintained in
      an absolute time sense relative to the probe signal as received through
      the receiver 38. Any known synchronization circuit functioning as
      described will be satisfactory but a preferred circuit will be described
      with reference to FIG. 6 hereafter.
PAR  The pulse width of pulse 85 should be maintained between N and N + 1
      periods of the clock so that when it is shifted through the variable
      length shift register 75 (FIG. 4) it will produce an output pulse which is
      always N clock periods wide. Such a pulse 85 is then used as the
      "acceptance" window to determine whether the pulse pair spacing was the
      proper "address" for the receiving system. The synchronization logic 82 is
      preferably arranged to set a logic level high on the leading edge of the
      input pulses, and subsequently, N clock periods later, arrange the logic
      to reset that logic level from high to low.
PAR  According to the preferred embodiment being described, the clock 90b
      provides a clock signal 91 at approximately 500 KHz.
PAC  OPERATION OF THE SYSTEM ILLUSTRATED IN FIGS. 3 AND 4
PAR  In operation in order to exchange data between two aircraft in a high
      traffic environment, the transmitting aircraft functioning to provide
      probes or interrogations must be able to interrogate only those aircraft
      of interest as indicated above. The binary altitude from the altimeter 50a
      of the interrogating aircraft is loaded into the up/down counter 54 once
      per scan of all altitude addresses of interest.
PAR  In the description following, reference should be made to the timing
      diagrams shown in FIGS. 9b and 9c. FIG. 9b illustrates a typical altitude
      probe scan for an interrogating aircraft at 7,000 feet and one at 12,500
      feet. The sequence of scan are as shown each probe comprising an "A" pulse
      followed by a "B" pulse positioned according to the ROM 66 program. For
      aircraft below 10,000 feet the probes on lines b-k would be followed,
      while for aircraft above 10,000 feet lines l through q would be followed.
      A scan is sequenced by altitude layer probing and tracking of all aircraft
      contained in the altitude layers of interest, depending on flight path
      (level, climbing, descending). See FIGS. 7 and 8 for a typical sequence
      pattern.
PAR  The sequencing of the modulo-5 counter steps the system through the address
      zones being interrogated by changing the pulse pair codes out of the
      look/up table ROM 66.
PAR  If the rate of altitude change is greater than or equal to a predetermined
      reference signal (input B) from rate reference 61, then the up/down
      counter is incremented (input A) by one count if the altitude is
      increasing, or decremented by one count if the altitude is decreasing. In
      the preferred form of the output as implemented for the SECANT system
      described above, the reference rate 61 is set for a rate of 1,200 feet per
      minute. The purpose of incrementing or decrementing is to bias the
      altitude "addresses" in the direction in which the altitude of the
      aircraft in its interrogating mode is changing. If the rate of altitude
      change is less than the predetermined reference 61, then the counter 54
      will remain static and not count in either direction retaining thereby the
      altitude reading of the altimeter 50.
PAR  Comparator 58 provides a carry-in control to counter 54 to adjust the
      actual altitude reading from altimeter 50a according to the rate of climb
      or descent exceeding the preset reference. This adjusted altitude as
      loaded into counter 54 is used as part of the address for the look-up
      table in ROM 66. Modulo-5 counter 70 provides the remainder of the address
      to ROM 66 for controlling the data which is read-out from ROM 66 as this
      part of the address cycles through its possible states. Repetitively,
      based on the five binary addresses, the ROM 66 provides the data word
      representing the number of two microsecond pairs representing the zones of
      altitude which are to be interrogated in each scan.
PAR  The output of ROM 66 is a binary word (N) representing the number of
      2-microsecond intervals which are added to the minimum interval of
      34-microseconds to define thereby the total interval between the two
      pulses A and B, (FIG. 5) of the probe.
PAR  Reference is made to FIG. 5 showing a single specimen of a pulse pair (A
      and B) and the range of various spacings between those pulses that are
      provided in accordance with the present embodiment. The first pulse A is
      transmitted in accordance with the interrogation probe patterns described
      in detail in the above-identified copending application and patents. In
      the SECANT system, in general, pulse A is an RF pulse of a frequency
      determined by the P or Q probe of the interrogator aircraft and whether it
      is transmitted from the upper (16 - FIG. 1) or lower (18) antenna. The
      responding aircraft receiving a pulse A replies to it and retransmits a
      signal of a frequency corresponding to the P or Q character received. The
      transponding (interrogator) aircraft upon the receipt of a plurality of
      such replies from one or more aircraft, by correlation techniques,
      described in said above patent applications, determines which of such
      replies identifies threatening aircraft as a candidate for potential
      collision.
PAR  In accordance with the present invention, in addition to such an
      interrogation pulse A, a second pulse B, is transmitted a predetermined
      interval later depending on the altitude and change in altitude of the
      aircraft for addressing probes, so that only the aircraft in the specified
      altitude layer will respond thereby reducing the number of signals that
      must be processed in high traffic density.
PAR  As shown in FIG. 5, pulse A is delayed initially a precise amount, namely,
      34 microseconds as indicated by the delay interval between references 93
      and 92. Any other interval between the probe pulse A transmitting time 93
      and the interval 92 may be used depending on multipath conditions. As
      discussed above, the interval of 34 microseconds has been determined by
      tests and calculations in consideration of multipath problems between the
      transmitting aircraft, ground reflections, and other aircraft to avoid the
      possibility of a pair of pulses being improperly decoded. The interval
      between the end of the first predetermined fixed interval 92 and the
      maximum interval 94 of 120 microseconds determines the length of shift
      registers 74 (FIG. 3) and 75 (FIG. 4). The first interval for the
      transmission of the B pulse occurs at time reference 92, which corresponds
      to a 500-feet or 1,000-feet altitude layer address.
PAR  According to the system being described, means are provided to establish
      two-microsecond spacings for each 500-feet increment of the altitude layer
      address for aircraft flying below 10,000-feet and for each 1,000-foot
      increment in altitude for aircraft flying above 10,000 feet. For all
      aircraft flying above 30,000 feet, a fixed spacing of 120 microseconds is
      used. This single universal code interrogates all aircraft above that high
      altitude. Thus, it will be seen from an inspection of FIG. 5 that 44
      incremental values are provided between reference interval 92 and
      reference interval 94 of 2-microseconds difference to provide 44 discrete
      altitude layers for address purposes. Pulse A is transmitted approximately
      once every millisecond in accordance with the signalling principle of the
      SECANT system described in the above-identified patents and applications,
      pulse A being a "start" pulse indication for the replying aircraft to
      process in its transponder and the B pulse defining the altitude band to
      be interrogated. The pair of pulses A and B are transmitted either over
      antenna 16 or 18 as shown in FIG. 1 once every millisecond the spacing
      between each of pulse pair A and B being determined by the reading of
      altimeter 50 and a altitude layer scan program as preset in ROM 66 of the
      transmitting or integrating aircraft.
PAR  The incoming probes or interrogations represented by the pulse pairs A and
      B are received by a receiving aircraft over its corresponding upper
      antenna 32 and lower antenna 30 as illustrated in FIGS. 2 and 4 and passed
      through receivers 38a and 38b to the synchronization logic 82 and AND gate
      J of the decoders 42 and 44. The logic circuit 82 provides output signal
      pulse 85 for each of pulses A and B which signal pulses have leading edges
      corresponding to the leading edges of the incoming pulses A and B. Pulses
      85 are made of substantially uniform width (between N and N + 1 clock
      periods, usually 2 - 3 microseconds.) In addition, logic circuit 82
      synchronizes the trailing edge of pulses A and B to the clock 90 of the
      receiving aircraft for use in the receiving variable length shift register
      75. As indicated previously, any suitable logic circuit will serve to
      provide the synchronization functions required for synchronization logic
      block 82 of FIG. 4. Such logic may be formed with an array of flip-flops
      arranged as indicated in FIG. 6. Thus, N flip-flops 93 such as the known
      D-type flip-flops are arranged such that the first or lowest order of the
      flip-flops is clocked or started by the input pulses A and B over
      conductors 84a (top) or 84b (bottom) from its associated receiver 38a or
      38b. Each subsequence flip-flop 93a, 93b, . . . 93n is under control of
      the system clock 90b receiving the clock pulses over the C bus to the C or
      clock input of each flip-flop. In addition, the Q output of each of the
      flip-flops 93 except the last (93n) is coupled to the D input of the
      subsequent flip-flop, the last flip-flop having its Q output provide the
      synchronizing pulses to shift register 75 over conductor 85a. As shown,
      the Q output of the last flip-flop 93n is coupled back to the reset (R)
      input of the first flip-flop 93 over conductor 94. In operation, in
      response to the input pulses A or B the logic circuit 82 provides a
      synchronize pulse which is equal to or greater than N, but less than N + 1
      clock periods wide, which, as previously explained, defines the "window"
      during which the decoder in the responding aircraft is enabled to reply.
PAR  Both pulses of the probe pulse pair A and B are processed through shift
      register 75 the delay for both of which is determined by the barometric
      altitude of the receiving aircraft as indicated by its altimeter 50b.
      Shift register 75 is arranged to shift the pulses in steps of 2
      microseconds each as previously explained, each 2-microseconds interval
      representing either 500 feet of 1,000 feet discussed above. The output of
      the shift register 75, at terminal 75b, provides an enabling window or
      pulse 75c, 2 microseconds wide, for gating the AND gate 86 so that the
      second pulse of the probe pulse pair is passed to the reply circuitry 46
      (FIG. 2) for channel selection for the proper frequency of the reply
      signals (P, Q).
PAR  The reply circuits 46 function to generate the appropriate P or Q frequency
      for transmission, through transmitter 48, a single reply pulse in the
      manner of the SECANT reply signalling principle described in the earlier
      patents and copending applications. The modifications of that system, it
      should be understood, in accordance with the principle of the present
      invention, is that a reply pulse is transmitted only if the addressed
      probe pulses A and B define the altitude of the reply aircraft. If the
      address altitude is not that of the replying aircraft, no reply pulse will
      be transmitted.
PAR  To indicate the manner in which altitude layers are scanned, reference is
      made to FIGS. 7 and 8. FIG. 7, shows three modes of scans in ten 500-foot
      altitude layers. When climbing or descending at greater than 1,200-feet
      per minute, the layers being scanned are shifted in the direction of the
      vertical motion by two altitude layers (1,000 feet).
PAR  Above 10,000 feet of altitude, six 1,000 foot layers are scanned as shown
      in FIG. 8. For an aircraft climbing or descending at a rate greater than
      1,200 feet per minute, the layers being scanned are either not altered or
      shifted in the direction of the vertical motion by two altitude layers
      (2,000 feet) depending on whether the altitude of the aircraft in
      thousands of feet is an odd or even number. The shift is suitably
      restricted to even numbered 1,000 feet altitudes. Thus, there is an upward
      shift of 2,000 feet for a climbing aircraft, if it is an upper
      (odd-numbered) half of the 2,000 feet zone between even numbered 1,000
      feet altitudes and no shift if it is in the lower (even-numbered) half.
      Similarly, there is a downward shift of 2,000 feet for a descending
      aircraft if it is in the lower (even numbered) half of the 2,000 feet zone
      and no shift if it is in the upper (odd numbered) half.
PAC  OVERALL SYSTEM OPERATION
PAR  Assuming an aircraft in flight at a barometric altitude less than 10,000
      feet, provided with a SECANT transponder and altitude coder according to
      the invention, a pair of interrogation signals (probes) of a P or Q
      character are transmitted approximately once every millisecond from either
      the upper (16) or lower (18) antenna of the aircraft. The probe selector
      26 determines on a random basis whether the probe is a P or Q. Switch 12
      includes means (not shown) for transferring the probe signals from the
      upper to lower antenna in accordance with the layers being probed. The
      encoder 28 (FIG. 3) establishes the spacing between the pulse pair A and B
      in accordance with the program of ROM 66, whose address includes the
      altitude of the probing aircraft and the modulo-5 scan sequence so that
      the various layers are probed for aircraft in the sequence shown in the
      tables of FIGS. 7 and 8. Ten scans in sequence are made for the 10
      altitude bands as illustrated in FIG. 7. It should be understood that the
      program of scanning is based on a modification of the altimeter output as
      a function of the altitude changes that, if any, are signalled over path
      56 as previously explained (FIG. 3). The spacing is generated by each
      single pulse from the probe selector 26 being transmitted without delay
      through OR gate 76 and thence to the transmitter 10, as the A pulse. The
      same probe pulse is delayed through shift register 74, having both a first
      fixed delay of 34 microseconds added to a variable delay in 2 microsecond
      steps determined by the output of ROM 66.
PAR  Aircraft in the vicinity within range as much as 50 miles from an
      interrogating aircraft will receive probe signals comprising pulse pair A
      and B at signal levels proportional to the range between each respective
      aircraft. The signals are detected by either the upper (32) or lower (30)
      antennae through the receiver and associated filters (not shown) to be
      either an upper or low antenna signal and either a P or Q. The decoder 42
      or 44 will receive the pulses A and B in sequence. Pulse A will not be
      passed through AND gate 86 and is prevented from activating the reply
      circuitry 46.
PAR  B pulse is thereafter received and passed to reply circuitry 46 if the
      spacing matches the delay of the decoder over the appropriate path 88
      (FIG. 2). In the meantime, pulse A is passed through synchronization logic
      82 (FIGS. 4 and 6) to generate a synchronized pulse at output path 85a as
      an input to shift register 75. The sync pulse will be N clock periods wide
      to provide a "WINDOW" gate pulse for the shift register. The shift
      register 75 is controlled by altimeter 50b to delay the sync pulse by an
      amount equal to two-microsecond steps according to the barometric altitude
      of the receiving aircraft. The A pulse is then passed to AND gate 86 and
      only if the following B pulse is in synchronism with it indicating thereby
      a match or coincidence of the altitude of the receiver aircraft with the
      probing aircraft's addressed altitude layer will the B pulse be passed
      through. If a B pulse is not in coincidence with the processed A pulse,
      the (FIG. 9c) receiving aircraft will not respond. However, if there is
      coincidence, the receiving aircraft is thereby in the altitude band
      addressed by the probe which requires thereby a single reply signal to be
      transmitted back to the probing aircraft. This is accomplished as
      previously described by the reply selection circuit 46, generating a reply
      signal encoded in accordance with the frequency assigned for the reply.
PAR  The interrogation aircraft then receives such replies in a manner more
      fully described in the above-identified patents and applications to
      correlate the replies and identify aircraft of potential threat. Such
      signals of potential threat are passed to the trackers 24 for subsequent
      tracking.
PAR  The scan cycle of transmitting and seeking replies is continually repeated
      in sequence such that the entire field above, below, and co-level is
      scanned. Threatening aircraft are identified by coded signals using the P
      and Q reply signals in a manner described in said patents.
PAR  It should now be appreciated that in accordance with the present invention,
      a system is provided with an altitude discriminant for use in an air
      traffic control system or collision avoidance system utilizing
      interrogating responding techniques wherein a pair of probe pulses that
      are pulse position modulated provides an altitude address between
      cooperative aircraft. The address defines co-altitude as well as altitude
      differences between the interrogator and responder aircraft in 500 or
      1,000 feet increments. In the preferred form of the invention, the pulse
      pairs are spaced a minimum of 34 microseconds to avoid multipath problems
      for use in airborne equipment with additional spacings in 2-microsecond
      steps each for each additional 500 foot interval of altitude difference of
      the address up to 10,000 feet of flight levels and 1,000 foot intervals
      for altitudes above 10,000 feet.
PAR  It will be appreciated and understood that the invention as used in an air
      traffic control system may be arranged such that the interrogating pulse
      pair encoder is situated in a ground station. Probes of the altitude
      address are transmitted to remote airborne aircraft to seek replies only
      from aircraft flying at predetermined altitudes or within predetermined
      altitude bands. The airborne aircraft receiving the altitude probe
      addressed only to its altitude will reply with an appropriate reply or
      other identification signals in accordance with the air traffic control
      signalling system in use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An encoder for use at an interrogator station to provide an altitude
      address for transmission to a remote aircraft for reply thereto by the
      aircraft if the altitude of the remote aircraft corresponds to the
      address, comprising in combination;
PA1  a. means for generating a pair of pulses having spacing between each pulse
      of said pair of pulses corresponding to a particular altitude address,
PA1  b. means for periodically changing the spacing between said pair of pulses
      in accordance with a predetermined program to provide a scan of altitudes
      of predetermined bands, said pulse pair generating means including means
      for providing said spacing between said pulses in accordance with discrete
      changes in altitude of said interrogator station that occur during periods
      of transmission of said pulses, said discrete changes having a value
      greater than a predetermined value whereby said pulse pair spacing changes
      in discrete increments only with altitude changes exceeding said
      predetermined value.
NUM  2.
PAR  2. An encoder according to claim 1 including a digital read-out altimeter
      and means for computing the rate of change of altitude in response to the
      digital data output of said altimeter.
NUM  3.
PAR  3. An encoder according to claim 2 including a memory device and a modulo-m
      counter wherein said program is provided by said memory device,
PA1  the address of said memory device being determined by data corresponding to
      the output of said digital altimeter and said modulo-m counter.
NUM  4.
PAR  4. An encoder according to claim 3 further including a variable output
      digital delay device wherein said memory device provides output control
      signals to vary the delay of said device in accordance with the program of
      said memory,
PA1  said pulse pair generating means including said delay device arranged to
      receive and delay a probe signal an interval according to said program,
PA1  said pulse pair generating means including means to transmit said probe
      signal as said first pulse of said pair of pulses and subsequently
      transmit said delayed probe signal as said second signal of said pair of
      pulses manifesting thereby said altitude address.
NUM  5.
PAR  5. A collision avoidance system for use with interrogator and responder
      aircraft wherein an altitude discriminant is provided in accordance with a
      predetermined altitude scan schedule comprising in combination:
PA1  means on an interrogator aircraft for transmitting in accordance with a
      predetermined schedule of addressed altitudes a pair of probe pulses
      spaced in accordance with a fixed interval and a variable interval
      depending upon the barometric altitude of the interrogating aircraft, said
      pulse pair transmitting means including means for providing said spacing
      between said pulses in accordance with discrete changes in altitude of
      said interrogator aircraft that occur during periods of transmission of
      said pulses, said discrete altitude changes having a value greater than a
      predetermined value whereby said pulse pair spacing changes in discrete
      increments only with altitude changes exceeding said predetermined value,
PA1  means on responder aircraft for receiving said pair of probe pulses, said
      receiving means including means for delaying said first received pulse of
      said pair of probe pulses an interval proportionate to the barometric
      altitude of the replying aircraft,
PA1  and further means on said responding aircraft for transmitting a reply
      signal only if the second received pulse of said pair of probe pulses is
      received at a time substantially corresponding to the end of said delay of
      said first received pulse.
NUM  6.
PAR  6. A system according to claim 5 including a digital read-out altimeter on
      said interrogator aircraft and means for computing a rate of change of
      altitude of said interrogator aircraft in response to the digital data
      output of said altimeter.
NUM  7.
PAR  7. An encoder according to claim 6 including on said interrogator aircraft
      a memory device and modulo-m counter wherein said program is provided by
      said memory device responsive to an input control address,
PA1  the input control address of said memory device being determined by control
      signals corresponding to the output of said digital altimeter and said
      modulo-5 counter.
NUM  8.
PAR  8. An encoder according to claim 7 wherein said pair of pulses are spaced
      in accordance with the output of a variable delay line on said
      interrogator aircraft, said delay line being responsive to signals
      representing a memory storing a predetermined program of fixed discrete
      steps of intervals,
PA1  each interval representing said predetermined increments of altitude for
      encoding said address.
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ABST
PAL  1. A limiter circuit for limiting the voltage amplitude of a circuit
       comping:
PA1  A circuit to be limited with respect to a fixed potential thereof;
PA1  An electron emission device having a control electrode and two conductiton
      electrodes, one of said conduction electrodes being coupled to said
      circuit to be limited and the other of said conduction electrodes being
      coupled to said fixed potential;
PA1  A Zener diode having its anode connected to said other conduction electrode
      of said electron emission device and its cathode coupled to said fixed
      potential; and
PA1  A voltage biasing source from said fixed potential connected to said
      control electrode of said electron emission device to establish a voltage
      amplitude limit for said circuit to be limited.
BSUM
PAR  This invention relates to anti-jamming circuits for angle tracking radar
      systems and more particularly to a thyratron limiter for eliminating
      countermeasure jamming signals of enemy inverse gain jammer radars in the
      detector circuits of own angle tracking radar.
PAR  Radar systems using the conical scanning or lobing principle of angle
      tracking are susceptible to inverse gain jammers of target objects
      carrying countermeasure radar systems. A conical lobe angle tracking radar
      depends for its operation on the principle that, as the antenna beam is
      nutated or lobed, any target not lying directly on the nutation or lobe
      axis will produce a target return signal which is amplitude modulated at
      the lobing frequency. The amplitude of the modulation is a function of the
      distance of the target off the nutation axis, and the phase angle is a
      function of the direction of the target off the nutation axis. This signal
      modulation is used by the angle tracking radar to control the antenna
      tracking servo system of own radar to track the target.
PAR  The inverse gain jammer radar, expected to be carried by enemy radar,
      receives the pulsed radio frequency (RF) signal from the tracking radar,
      amplifies it, and retransmits this signal back to the angle tracking
      radar. The inverse gain jammer radar, upon receiving the amplitude
      modulated RF signals, shifts them in phase of 180.degree. and uses them to
      modulate the output of the inverse gain jammer to transmit back jamming
      signals to own angle tracking radar. This causes own angle tracking radar
      tracking loop to be driven in the wrong direction by the error signals and
      results in own angle tracking radar unlocking from the target or of the
      antenna circling the actual target bearing.
PAR  In the present invention own radar angle tracking system includes a
      thyratron limiter circuit coupled to the output of a boxcar detector or
      demodulator in own radar tracking circuits so that jamming signals will
      become clipped and ineffective to drive the angle tracking radar in an
      erroneous manner for loss of target tracking. In this invention the range
      gating signals, which are in synchronism with the pulsed RF signals,
      produce a detected boxcar envelope of the amplitude modulation echo
      signals of the target providing error signals which are conducted through
      a cathode follower to the angle tracking radar circuits. Whenever jamming
      signals are detected in the boxcar detector or modulator, the amplitude of
      the jamming signals will greatly exceed the amplitude of the normal
      modulated echo error signals and the thyratron limiter will clip these
      high amplitude jamming signals to render them ineffective in the detector
      circuit of the angle tracking radar system. Since the jamming signals are
      of high amplitude over 180.degree. of each amplitude modulated echo error
      signal cycle for the purpose of gate stealing in own angle tracking radar,
      the limiting or clipping of these jam signals will not entirely render the
      angle tracking radar system ineffective since tracking can still be
      obtained for the remaining 180.degree. of each amplitude modulated error
      signal cycle. Accordingly, it is a general object of this invention to
      provide a voltage amplitude limiting circuit for limiting the amplitude of
      jamming echo error amplitude modulated RF signals of a conical scanning
      radar system to render ineffective the jamming effects and range gate
      stealing of these amplitude jamming signals.
DRWD
PAR  These and other objects and the attendant advantages, features, and uses of
      the invention may become more apparent to those skilled in the art of
      radar countermeasures and anti-jamming when considered along with the
      accompanying drawing, in which:
PAR  FIG. 1 illustrates in circuit schematic diagram the environment in which a
      thyratron limiter circuit, enclosed in dashed lines, is coupled to provide
      an anti-jamming angle tracking radar;
PAR  FIG. 2 illustrates a waveform of a normal amplitude modulated echo error
      signal of a target off the nutation axis of a conical scanning angle
      tracking radar;
PAR  FIG. 3 illustrates a waveform envelope of the normal echo error signal of
      FIG. 2 with jamming signals superimposed thereon; and
PAR  FIG. 4 illustrates the waveform envelope of the jammed RF signal of FIG. 3
      with the thyratron limiter incorporated in the radar circuit.
DETD
PAR  Referring more particularly to FIG. 1, with occasional reference to FIGS.
      2, 3, and 4 as they become appropriate to the description, a video input
      of an angle tracking radar system is adapted to be coupled to terminal 10
      to apply stretched video input error signals to a detector shown herein
      preferably as a boxcar detector, demodulator, or generator, as it is
      referred to by those skilled in the art. Video input at terminal 10 may
      take the form of an amplitude modulated echo error signal, as shown in
      FIG. 2, or a jammed signal, as shown in FIG. 3. The boxcar demodulator is
      illustrated as having a pair of diodes 11 and 12 with the terminal 10
      coupled in common to the cathode of diode 11 and anode of diode 12. While
      the boxcar demodulator is illustrated as having a pair of diodes 11 and
      12, it is to be understood that the diodes may consist of a single double
      diode tube, such as a 6AL5, or the like. The cathode of the diode 11 and
      the anode of diode 12 are coupled through a resistance 13 and a capacitor
      14 in series to a fixed potential, such as ground. The common terminal of
      resistance 13 and capacitor 14 is connected to the cathode of the diode 12
      which cathode is coupled to the adjustable tap of a delay control
      potentiometer 15. The resistance element of potentiometer 15 is coupled
      across a positive direct current voltage source in series with resistors
      16 and 17 to produce an adjustable positive direct current voltage output
      on the adjustable tap of the potentiometer 15. The anode of the diode 11
      and the cathode of diode 12 are coupled to the opposite plates of a
      storage capacitor 18 to complete the boxcar demodulator circuit. This
      boxcar demodulator is an electrical circuit that clamps the potential of
      the storage capacitor 18 to the video pulse amplitude each time the pulse
      is received. The boxcar demodulator receiving the amplitude modulated echo
      error video signals, as shown by FIG. 2, on the terminal 10 would produce
      on the anode of diode 11, and consequently on the upper plate of the
      storage capacitor 18, stepped voltages which are stepped in accordance
      with the amplitude of each pulse as shown in FIG. 2; that is, the
      amplitude modulated voltage represented by the waveform of FIG. 2 would
      have steps along the sine wave or curve of the envelope shown.
PAR  The boxcar demodulator of radar angle tracking systems can be used only on
      gated systems or, at least, on systems from which an accurately timed
      clamping pulse is available. This is accomplished by a discharge triode 19
      having the grid thereof under the control of range gate signals applied at
      terminal 20 from a range gate signal source in the angle tracking radar.
      The common coupling of the cathode of diode 12 and the lower electrode of
      the storage capacitor 18 is coupled directly to the anode of the discharge
      triode 19, and the common coupling of the anode of the diode 11 and the
      upper electrode of 18 is coupled directly to the cathode of the discharge
      triode 19. The control grid of the discharge triode 19 is coupled through
      a parallel network of a coupling capacitor 21 and resistor 22 to one
      terminal of a secondary winding 24 of a coupling transformer 23, the other
      terminal of the secondary winding 24 being coupled directly to the cathode
      of discharge triode 19. A resistor 25 is coupled in parallel with the
      secondary winding 24 of transformer 23. The range gate signal input 20
      establishes a circuit through the primary winding 26 of the coupling
      transformer 23 and this coupling transformer is controlled in a damping
      operation of a network including a secondary 27 and a resistance 28 in
      circuit. The resistor 25 is of low impedance to load the secondary 24 of
      transformer 23 while the resistance 22 is of high impedance and used as a
      biasing resistor for the control grid of the discharge triode 19. The
      range gate signals of the angle tracking radar applied to the terminal 20
      are in synchronism with the video pulses represented by A in FIG. 2
      applied to the video input 10 to cause the discharge triode 19 to
      completely discharge the storage capacitor 18 after completion of each
      pulse A. This causes each pulse A to be returned to the base line B of
      predetermined voltage after each pulse to produce the envelope as shown in
      FIG. 2 with the curve C boxed in accordance with the output of the boxcar
      demodulator. The cathode of the discharge triode is coupled to the grid of
      a cathode follower tube 30, the anode of which is directly coupled to a
      positive direct current voltage source and the cathode of which is coupled
      through a cathode load resistor 31 to a negative direct current voltage
      source. The cathode of the cathode follower tube 30 is also coupled in
      series through resistors 32, 33, and 34, and in series through a capacitor
      35 to the fixed potential, such as ground. Resistors 33 and 34 and the
      capacitor 35 have a capacitor 36 coupled in parallel therewith to provide
      an automatic gain control voltage output 37 from the common terminal of
      resistors 33 and 34. The cathode of the cathode follower tube 30 is
      coupled to an angle error voltage output circuit 38 through a coupling
      capacitor 39. While the discharge triode 19 and the cathode follower are
      shown and described herein as separate tubes, it is to be understood that
      a single twin triode may be used with similar results. The circuit above
      described is the boxcar demodulator circuit and cathode follower output of
      one illustrated type used in angle tracking radar and sets out one
      environment of use for which this invention may be used.
PAR  The invention consists in using a thyratron limiter circuit, as shown in
      the dash-lined block 40, in which a thyratron tube 41 has its cathode
      coupled directly to the common terminal of the anode of the boxcar
      demodulator diode 11 and the upper terminal plate of the storage capacitor
      18. The screen grid of the thyratron tube 41 is coupled to the cathode in
      a manner well understood by those skilled in the art of circuiting
      tetrodes. The anode of the thyratron is coupled to the anode of a Zener
      diode 42 and the cathode of this Zener diode is coupled to the fixed
      potential. The control grid of the thyratron 41 is coupled to a voltage
      divider network consisting of resistors 43 and 44 connected between a
      negative direct current voltage source and the fixed potential.
PAC  OPERATION
PAR  In the operation of the device, let it be assumed for the purpose of
      example that the direct current voltage applied across the potentiometer
      15 and its related resistors 16 and 17 is of the order of 150 volts, that
      the anode voltage of the cathode follower 30 is in the order of 300 volts,
      that the cathode voltage applied to the resistor 31 is in the order of
      -250 volts, and that the voltage applied to the voltage divider circuit
      43, 44 is of the order of -250 volts. The potentiometer 15 may be adjusted
      as desired for the purpose of adjusting the delay control voltage and also
      the automatic gain control voltage conducted to the output 37, but let it
      be assumed, for the purpose of example herein, that this potentiometer is
      adjusted to establish approximately 80 volts of the cathode of diode 12
      and the lower plate of the storage capacitor 18. In the absence of a
      stretched video input signal on the anode of the diode 11 and,
      consequently, the upper plate of storage capacitor 18, the voltage on the
      cathode of discharge triode 19 and on the grid of cathode follower 30 will
      be established at approximately 80 volts. This quiescent voltage on the
      anode of diode 11 can be raised or lowered by adjusting the potentiometer
      15. This establishes the base line B as shown in FIGS. 2, 3, and 4 which,
      for the purpose of example, is 80 volts as shown. The anode of the
      discharge triode 19 will likewise have 80 volts thereon whereupon the
      range gating signals will be ineffective in producing conduction of the
      discharge triode 19. The boxcar demodulator circuit and the related
      discharge triode 19 and cathode follower 30 will be in a quiescent state
      under the circumstances. Upon receiving a stretched video input signal at
      terminal 10 as represented by the echo RF pulses A to produce the
      amplitude modulated envelope C showing that a target has been intercepted
      off the lobing axis of the angle tracking radar, the cathode voltage of
      diode 11 and the anode voltage of diode 12 will drop to a negative voltage
      which, by way of example only, is shown as -20 volts in FIGS. 2 and 4.
      This voltage envelope will be reproduced on the upper plate of the storage
      capacitor 18 to reproduce the amplitude modulated signal C with the
      exception that the curve C will be boxed by the boxcar demodulator in
      accordance with the repeated pulses A as well understood by those skilled
      in the art and as described, supra. Let it further be assumed for the
      purpose of example, that the voltage divider circuit 43, 44 establishes a
      negative 100 volts on the control grid of the thyratron 41. With this
      negative grid bias on the thyratron 41, the amplitude modulated signal
      illustrated in FIG. 2 on the upper plate of the storage capacitor 18 will
      not be limited or affected in any way and will be conducted directly to
      the grid of the cathode follower tube 30 which will be reproduced on the
      output 38 as the angle tracking error voltage for the angle tracking
      circuits of own radar. The moment that enemy radar returns jamming
      signals, represented by D in FIG. 3, to apply the voltage envelope
      represented in FIG. 3 to the stretched video terminal 10, the boxcar
      detector circuit will detect these voltage jamming signals which, without
      the thyratron limiter circuit 40, will be effective through the cathode
      follower tube and on the output 38 to produce erroneous tracking in the
      angle tracking circuits. These jamming signals are always of greater
      amplitude than -100 volts to insure range gate stealing and as soon as
      such jamming signals as D appear, the cathode voltage of the thyratron 41
      will become negative with respect to its control grid voltage and
      thyratron 41 will fire and immediately discharge the storage capacitor 18
      to a voltage equal to the voltage drop across the thyratron 41 and the
      Zener diode 42. The voltage level illustrated by the character X will vary
      in accordance with the jamming signal-to-normal signal ratio. The
      thyratron 41 and the Zener diode 42 can readily be picked to have
      approximately a 13 volt drop and a 12 volt drop, respectively, for this
      example to produce a voltage drop of 25 volts which would limit the
      negative voltage on the upper electrode of storage capacitor 18 to -25
      volts. Thus, there is established on the upper electrode of capacitor 18 a
      voltage wave pattern as shown by FIG. 4 wherein the jamming signals D
      shown in FIG. 3 would be clipped to eliminate the effects of these jamming
      signals on the control grid of the cathode follower tube 30. While
      one-half of each cycle of error signal voltage is eliminated and rendered
      ineffective for the angle tracking circuits, the remaining one-half of
      each cycle of the error signal voltage is effective in the angle tracking
      circuits so that angle tracking may be maintained although jamming signals
      will be received by the angle tracking radar. The thyratron limiter
      therefore renders ineffective the jamming signals of an enemy inverse gain
      jamming radar and enables own radar to continue in its angle tracking
      operation.
PAR  While many modifications and changes may be made in the constructional
      details of the thyratron limiter and while this thyratron limiter may be
      utilized for limiting the amplitude of voltage signals in other than
      boxcar demodulator circuit environments as disclosed herein, it is to be
      understood that we desire to be limited only in the scope of the appended
      claims. It is to be further understood that the voltage suggested for the
      various terminal points of the circuit to provide an operable example may
      be changed to meet other applications and that these voltages are not
      intended to in any way limit the scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A limiter circuit for limiting the voltage amplitude of a circuit
      comprising:
PA1  a circuit to be limited with respect to a fixed potential thereof;
PA1  an electron emission device having a control electrode and two conduction
      electrodes, one of said conduction electrodes being coupled to said
      circuit to be limited and the other of said conduction electrodes being
      coupled to said fixed potential;
PA1  a Zener diode having its anode connected to said other conduction electrode
      of said electron emission device and its cathode coupled to said fixed
      potential; and
PA1  a voltage biasing source from said fixed potential connected to said
      control electrode of said electron emission device to establish a voltage
      amplitude limit for said circuit to be limited.
NUM  2.
PAR  2. A limiter as set forth in claim 1 wherein said biasing source is from a
      point in a voltage divider circuit coupled between a voltage source and
      said fixed potential.
NUM  3.
PAR  3. A limiter circuit for limiting the voltage amplitude of a detector
      circuit comprising:
PA1  a thyratron having a cathode coupled to said detector circuit, an anode,
      and a control grid;
PA1  a diode serially connected between said thyratron anode and a fixed
      potential; and
PA1  a biasing source from said fixed potential coupled to said thyratron grid
      to establish a voltage amplitude limit on said cathode at which time said
      thyratron will change from nonconduction to conduction whereby said
      detector circuit will be limited in voltage amplitude at the conduction
      level of said thyratron.
NUM  4.
PAR  4. A limiter circuit as set forth in claim 3 wherein said diode is a Zener
      diode with the anode thereof coupled to the anode of said thyratron and
      its cathode coupled to said fixed potential.
NUM  5.
PAR  5. A limiter circuit as set forth in claim 4 wherein said biasing source is
      a voltage divider circuit coupled across a direct current voltage one
      terminal of which is said fixed potential with a contact on the divider
      coupled to said thyratron grid to establish the biasing voltage.
NUM  6.
PAR  6. A thyratron limiter for limiting the error voltage of a conical scanning
      target tracking radar to eliminate jam signals comprising:
PA1  a thyratron having a cathode coupled to the detector circuit of a tracking
      radar, an anode, and a control grid;
PA1  a Zener diode having an anode coupled to the anode of said thyratron and a
      cathode coupled to a fixed voltage; and
PA1  a voltage divider coupled across a voltage source and said fixed voltage,
      said voltage divider having a contact therein coupled to the control grid
      of said thyratron to establish a voltage bias thereon and a voltage level
      at which said thyratron will conduct, said conduction being maintained
      until the voltage drop across said thyratron and Zener diode is reached
      whereby the voltage amplitude of error voltage signals in said radar
      detector circuit will be limited to eliminate jam signals.
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ABST
PAL  Tracking of a target by a radar possessing electronically controlled
       nutan (conical scan) is difficult when the target employs pulse jamming
      techniques, since pulsing of the jammer at or near the nutation frequency
      causes the radar to break lock on the target. In the present concept, the
      lobing reference signals for azimuth and elevation are periodically
      reversed in phase, the reversals of the two signals bearing a quadrature
      relationship to one another. By thus reversing the direction of nutation
      in synchronism with the radar pulse-rate switching signal, the deleterious
      effects of countermeasures on the radar's angle-tracking capabilities are
      minimized.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When a target-tracking radar, or a missile seeker assembly, incorporating
      electronically generated (that is, inertialess) nutation is operated in a
      countermeasures environment, difficulty is often experienced in
      maintaining lock-on. This is especially true when the target employs pulse
      jamming either at the nutation frequency or at a harmonic or sub-harmonic
      thereof. Such pulsing by the jammer in severe cases causes the radar to
      "break lock" on the target and in any event results in deterioration of
      radar performance, while a slight difference between the lobing frequency
      and the harmonic or sub-harmonic of the pulsing rate can cause the radar
      boresight to spiral around the target at this difference frequency.
PAR  An analysis of the effect of amplitude modulation on the radar return
      signal from a target shows that a first, or spurious, modulation may
      result from (1) a jammer of the barrage or repeater type, (2) from
      amplitude scintillation, or (3) from the amplitude component of jet engine
      modulation. Insofar as a pulsed jammer is concerned, practically any
      harmonic of the pulsing rate may contain sufficient modulation to cause
      difficulty. It is possible to utilize a balanced modulator to supply the
      radar nutation control signal and thus suppress modulation at the spurious
      frequency, but this expedient also suppresses the carrier. To recover the
      phase of the nutation (which is necessary to derive the antenna error
      signals) the carrier must be added to the suppressed carrier modulation;
      but, before re-insertion, the carrier must be limited to remove the
      spurious modulation. However, even with balanced modulation, spurious
      modulation at or near the nutation frequency is present if the spurious
      frequency is at or near twice the lobing frequency. Furthermore, the
      additional circuitry required to implement a balanced modulation network
      is not only costly but reduces overall system reliability.
PAC  SUMMARY OF THE INVENTION
PAR  The present concept has as its fundamental characteristic a periodic phase
      reversal of the reference signals applied both to the radar modulator and
      to the phase-sensitive detectors. This has the effect of periodically
      reversing the phase of any spurious modulation which may be present and
      reducing its amplitude to a level where it no longer adversely affects
      system response. These reference signal phase reversals are synchronized
      with a control signal, such as the pulse-rate switching signal of the
      radar, so that either the azimuth or elevation signal reversal coincides
      with the control signal switching. Reversal of the two lobing reference
      signals in quadrature causes the direction of nutation to be reversed at
      each signal reversal.
PAC  OBJECTS OF THE INVENTION
PAR  One object of the present invention, therefore, is to improve the
      performance of a target-tracking radar of the type described in the
      presence of pulse jamming.
PAR  A further object of the invention is to improve the performance of a
      target-tracking radar by periodically reversing the phase of the
      respective lobing reference signals for elevation and azimuth.
PAR  Another object of the invention is to maintain radar lock-on to a target in
      the face of spurious amplitude modulation in the radar return signal.
PAR  Other objects, advantages, and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a preferred form of the present invention as
      applied to a radar system possessing electronically controlled nutation
      for tracking a target;
PAR  FIG. 2 is a set of waveforms useful in explaining the operation of the
      system of FIG. 1; and
PAR  FIG. 3 is a block diagram showing details of one of the components making
      up the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order to fully understand the principles underlying the present concept,
      it will be helpful to consider a carrier signal e = E sin(.omega.t), which
      is amplitude-modulated by two separate sinusoidal modulating signals. The
      first modulating signal is M sin (.theta.t + .alpha.), where:
PA1  .theta. is modulating angular frequency
PA1  .alpha. is the phase of the modulating signal
PA1  M is the fractional modulation (% mod. .div. 100)
PAL  This signal, already modulated as above, is amplitude-modulated by the
      second modulating signal, N sin(.phi.t + .beta.), where:
PA1  .phi. is the modulating angular frequency
PA1  .beta. is the phase of the modulating signal
PA1  N is the fractional modulation
PAL  The first modulation, which is not desired, is referred to below as
      "spurious." The second, or applied, modulation is the wanted one. The
      objective is to minimize the spurious moduoation.
PAR  Applying the first (spurious) amplitude modulation:
EQU  e.sub.o /E = [1 + M sin(.theta.t + .alpha.)]sin(.omega.t)  (1)
PAL  Expanding this:
      ##EQU1##
      Applying the second, or "applied" amplitude modulation to equation (2):
      ##EQU2##
      Expanding this:
      ##EQU3##
      Amplitude modulation sidebands of both modulation frequencies, and of
      their sum and difference frequencies, are present.
PAR  If the two modulation frequencies are equal, such that (.theta. = .phi.):
      ##EQU4##
PAR  It will be observed that the sidebands of the applied modulaton frequency
      have a considerable spurious component, with a phase unrelated to that of
      the applied modulation.
EQU  If .theta. = 2.phi. :
      ##EQU5##
      There is spurious modulation at the applied modulatiion frequency.
PAR  If the signal e.sub.o (with spurious modulation only) is modulated by a
      phase-reversed applied modulation signal, and the resultant signal e.sub.2
      is subtracted from e.sub.1, the result is equivalent to the output of a
      balanced modulator:
      ##EQU6##
PAR  Subtracting equation (7) from equation (3) (and dividing by 2, to keep the
      relative signal level equal to that of equation (3)):
      ##EQU7##
      Expanding this:
      ##EQU8##
PAR  The carrier and the spurious sidebands have been suppressed, but sidebands
      at the sum and difference of the two modulation frequencies are present.
EQU  If .theta. = .phi.:
      ##EQU9##
PAR  A component of carrier frequency, in phase with the original carrier, has
      been added (assuming that the two frequencies are exactly equal). There is
      no spurious modulation at the applied modulation frequency.
EQU  However, if .theta. = 2.phi.:
      ##EQU10##
PAR  Spurious modulation at the applied modulation frequency, of the same
      magnitude as that which is present with unbalanced modulation (equation
      (6)) is present; therefore, the case where .theta. = 2.phi. appears to be
      unsuitable for suppression of spurious modulation.
PAR  From the above analysis, it will be seen that, although use of a balanced
      modulator to apply the nutation modulation suppresses modulation at the
      spurious frequency, it also suppresses the carrier (equation 9). To
      recover the phase of the nutation, the carrier must be re-inserted after
      limiting to remove the spurious modulation.
PAR  Shown within the broken lines in FIG. 1 of the drawings, is a radar system
      of the nature discussed above. It is identified as the AN/AWG-9, and
      includes an electronically-nutated antenna 10 from which azimuth and
      elevation difference signals .DELTA..sub.1 and .DELTA..sub.2 are developed
      in a circuit 12 for application to a modulator 14 of the ferrite type. The
      output of modulator 14 is a suppressed-carrier signal, amplitude-modulated
      at the nutation frequency. The amplitude and phase of this modulation are
      proportional to the magnitude and direction, respectively, of the antenna
      boresight error. The carrier (sum signal) is re-inserted in a variable
      coupler 16 which feeds into the receiver 18.
PAR  IF a spurious modulation is present in the received signal, this gets into
      the output of the variable coupler 16 both through unbalance of the
      ferrite modulator output as well as through modulation of the sum signal.
      Generation of a balanced output (equation 9, above) would require a
      duplicate balanced modulator, modulated by phase-reversed reference
      signals. Also, a limited carrier (sum signal) would have to be derived for
      re-insertion in the variable coupler 16.
PAR  A lobing signal reference generator 20 produces two output waves, (1) an
      elevation lobing reference signal, shown as (A) in FIG. 2. and (2) an
      azimuth lobing reference signal shown as (B) in FIG. 2, representing the
      output of the 90.degree.phase shifter 22. These waves (A) and (B) are
      normally both applied to the modulator 14, while wave (A) is additionally
      applied to the phase-sensitive detector 24 and wave (B) to the
      phase-sensitive detector 26 to yield the respective antenna error signals.
PAR  In accordance with a preferred embodiment of the present invention, the
      phase of these reference signals (A) and (B) is periodically reversed,
      thereby reversing the phase of any spurious modulation which may be
      present in the radar return signal and minimizing its effect. This is
      accomplished by reversing the phase of the azimuth and elevation signals
      in quadrature. In one complete cycle of phase reversal (period T in FIG.
      2) the elevation and azimuth reference signals (A) and (B) are each
      reversed twice, such action being brought about by means illustrated in
      the lower portion of FIG. 1 of the drawings, whicn means will now be
      described.
PAR  A commutation signal generator 28 develops a sine wave output synchronized
      with some phase of radar operation, such as pulse-rate switching. A
      portion of this output is applied through a wave shaper 30 to result in a
      rectangular wave designated as (D) in FIG. 2 and representing the azimuth
      lobing phase. Another portion of the output of generator 28 is fed to a
      second wave shaper 32 through a 90.degree.phase shifter 34 to result in
      the rectangular wave (C) of FIG. 2 representing the elevation lobing
      phase. Both the elevation lobing reference signal (A) from generator 20
      and the commutation signal wave (C) from wave shaper 32 are applied to a
      phase reverser 36, while the azimuth lobing reference signal wave (B) from
      phase shifter 22 and the commutation signal wave (D) from wave shaper 30
      are applied to a second phase reverser 38.
PAR  The details of the phase reversers 36 and 38 are shown in FIG. 3. These two
      units may be identical in design, and each includes a pair of phase
      inverters 40 and 42 acting to develop two output waves one of which (44,
      46) is similar to the input wave and the other of which (48, 50) is of
      inverted phase. The wave 46 is applied to a keyed amplifier 52 which acts
      to periodically gate the wave 44 therethrough to yield an output wave 54,
      as illustrated in FIG. 3. Similarly, the keyed amplifier 56 receives the
      wave 50, and acts to gate the wave 48 therethrough to yield an output wave
      58. The two waves 54 and 58 are combined in a mixer 60, the output of
      which is either the wave (E) or (F) in FIG. 2, representing either the
      commutated elevation lobing reference signal or the commutated azimuth
      lobing reference signal. Referring back to FIG. 1, it will be seen that
      the former, from unit 36, is applied both to the modulator 14 and to the
      phase-sensitive detector 24. The latter, from unit 38, is applied both to
      the modulator 14 and to the phase-sensitive detector 26. From FIG. 2 it
      will be noted that the elevation lobing reference signal (A) is
      periodically reversed in phase by wave (C) to yield a commutated elevation
      lobing reference signal (E), while the azimuth lobing reference signal (B)
      is periodically reversed in phase by wave (D) to yield a commutated
      azimuth reference signal (F).
PAR  Because of the spiralling motion of the antenna 10 when the spurious
      frequency differs slightly from the nutation frequency, it also appears
      desirable to periodically reverse the direction of nutation as shown by
      wave (G) in FIG. 2, where this reversal is indicated as occuring four
      times within period T.
PAR  Certain radar systems (such as the AN/AWG-9 mentioned above) avoid the
      problem of "eclipsing" or "blind ranges" when in the single target track
      mode by switching the PRF between two values at a rate of 6 Hz, dwelling
      for 83.33 milliseconds at each value. When the present invention is used
      in such an environment, the commutation of nutation phase (curve (G), FIG.
      2) should be synchronized with the PRF switching, one of the phase
      reversals occuring at the time the PRF is switched. If one complete
      nutation cycle of period T occurs during one PRF period, the direction of
      nutation is reversed each 20.83 milliseconds. Since the nutation frequency
      might lie in the range between 205 and 600 Hz, there will be 12.50
      nutation cycles in one nutation period of T/4 at 600 Hz, while there will
      be 4.25 nutation cycles at 205 Hz. Obviously there should be a sufficient
      number of nutation cycles per nutation period to generate the servo error
      signals.
PAR  As an alternative to the above, the period T can be increased so that one
      complete PRF switching cycle of 166.67 milliseconds occupies each nutation
      period of T/4. At the lowest nutation frequency there will be 34 nutation
      cycles in the period T/4, or 17 cycles at each PRF. The complete period T
      is 0.667 sec., which is comparable to the antenna response time of
      approximately 0.5 sec.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a radar of the type possessing an electronically nutated antenna from
      the output of which azimuth and elevation difference signals are obtained
      and applied to a modulator for development of a suppressed-carrier wave
      which is amplitude-modulated at the nutation frequency and which has an
      amplitude and phase proportional to the amplitude and direction of antenna
      boresight error, and in which a lobing reference signal generator develops
      an elevation lobing reference signal and an azimuth lobing reference
      signal for application to said modulator and also for respective
      application to two phase-sensitive detectors in order to generate a pair
      of antenna error signals, the improvement which comprises
PA1  apparatus for improving the target-tracking capabilities of said radar in a
      pulse-jamming environment, where said pulse jamming is at or near the
      antenna nutation frequency,
PA1  said apparatus including means for periodically reversing the phase of the
      said two lobing reference signals so as to minimize the effect of any
      jamming energy which may be present in the return signal from the target,
PAL  wherein said means for periodically reversing the phase of the said two
      lobing reference signals including means for developing a pair of
      rectangular commutating waves 90.degree. out of phase with one another, a
      pair of phase reversers, means for applying to the other of said phase
      reversers said azimuth lobing reference signal and the other of said
      commutating waves, means for applying the output of said one phase
      reverser both to said modulator and to one of said phase-sensitive
      detectors, and means for applying the output of the other of said phase
      reversers both to said modulator and to the remaining one of said
      phase-sensitive detectors.
NUM  2.
PAR  2. A radar as set forth in claim 1, in which each of said phase reversers
      includes a pair of amplifiers keyed by one of said commutating waves so as
      to control the passage therethrough of one of said lobing reference
      signals.
NUM  3.
PAR  3. The combination of claim 2, in which each of said phase reversers
      includes means for combining the signals constituting the respective
      outputs of said pair of amplifiers.
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ABST
PAL  This invention relates to anti-jam radar circuitry and more particularly to
      dual channel video cancellation circuit for removing the power advantage
      of a jamming signal compared to a target echo signal, and to a delay line
      and clamper circuit to provide cancellation of signal for a duration at
      least equal to the system pulse width for a period immediately following
      the trailing edge of a true target echo signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of radar and particularly pulsed radar systems for range and angle
      tracking of target objects have proved heretofore to be the best means of
      tracking enemy objects. Such pulsed radar systems, however, are vulnerable
      to electronic countermeasures (ECM) of enemy repeater radars which foils
      own radar system. The transmission of pulses from own radar to range upon
      or angle track an enemy object carrying a repeater countermeasure radar
      system enables the enemy radar to pick up each transmitted pulse and send
      it back to own radar at high power to cause the tracking gates of own
      radar to follow this higher power false echo pulse. The enemy repeater
      radar system thereafter produces a progressively increasing delay in the
      repeated pulses which causes the range tracking gate of own radar to be
      pulled away from the actual target and on to a decoy signal. Consequently,
      own radar is caused to track a false signal which will produce a target
      indication far removed from the actual target whereupon own radar becomes
      useless in tracking the enemy object. Anti-jam circuits therefore become
      essential to a range and angle tracking radar system to guard against the
      deceptive repeated jamming signals of an ECM repeater radar system.
PAR  In the present invention it is recognized that two things must be
      accomplished to nullify the effects of ECM radar equipment:
PAR  First, the system must remove the power advantage of the jamming signal
      compared to the target echo signal, and
PAR  Second, the system must provide a cancellation signal of duration at least
      equal to the system pulse width and of amplitude at least equal to the
      reduced jamming signal. The cancellation signal must occur in time
      immediately following the trailing edge of the true target echo signal.
PAC  SUMMARY OF THE INVENTION
PAR  These are accomplished in the present invention by using main and auxiliary
      receiver channels from main and auxiliary fixed antenna horns. The main
      and auxiliary receiver channels include logarithmic receivers each of
      which produces a voltage proportional to the logarithmic function of
      received signals, the voltage from the auxiliary receiver channel being
      subtracted from the voltage from the main receiver channel in a difference
      circuit producing an output that eliminates the power advantage of any
      jamming or interference signal. The output of the difference circuit is
      applied to a delay line and through a clamper network to the angle and
      range tracking circuits of own radar, this delay line and clamper circuit
      producing the cancellation of any and all signals for a signal pulse width
      following each true target echo to nullify the possibility of even an
      equal amplitude jamming signal from pulling the range gate circuits from
      the true target echo signal. It is therefore a general object of this
      invention to provide an anti-jam dual channel video cancellation circuit
      for a pulsed type range and angle tracking radar system that is immune to
      deceptive jamming signals to an enemy ECM repeater radar system.
DRWD
PAR  These and other objects and the attendant advantages, features, and uses
      will become more apparent to those skilled in the art as the description
      proceeds with reference to the several figures of drawing providing
      workable examples of the invention in which:
PAR  FIG. 1 is a block circuit diagram of a preferred example of the invention,
PAR  FIG. 2 is a block circuit diagram of one of the block circuit components
      illustrated in FIG. 1,
PAR  FIG. 3 is a block circuit diagram of another of the block circuit
      components in FIG. 1,
PAR  FIG. 4 is power distribution wave pattern of the main and auxiliary antenna
      beams,
PAR  FIG. 5 is a characteristic chart of the logarithmic receiver illustrated in
      FIG. 2,
PAR  FIG. 6 illustrates examples of target echo and jamming signal waveforms,
      and
PAR  FIG. 7 illustrates the idealized waveforms at the output of the system of
      this invention.
DETD
PAR  Referring more particularly to FIG. 1 of the drawings, a main antenna 10 is
      illustrated as being coupled to a mixer 12 which has oscillations mixed
      from a local oscillator 13 therewith to produce intermediate frequency
      (IF) for the IF stages of the receiver. The IF stages include a linear
      preamplifier 14 and a logarithmic receiver 16, the output of which is over
      the conductor means 18. The antenna 10, mixer 12, preamplifier 14, and
      logarithmic receiver 16 constitute the main receiver channel of this
      system. An auxiliary fixed antenna 10' is coupled to a mixer 12' which is
      fed beat frequency from the local oscillator 13. The mixer produces on its
      output the IF which is applied through a linear preamplifier 14' and a
      logarithmic receiver 16' to an output conductor 18'. The mixers, linear
      preamplifiers, and logarithmic receivers may be identical in both channels
      and, accordingly, are identified by the principal reference characters in
      the main receiver channel and by the same reference characters primed in
      the auxiliary receiver channel for a ready recognition of the similarity
      of the two channels. The main antenna 10 is the normal high gain parabolic
      type having conical scanning and a pencil beam. The auxiliary antenna 10'
      is a fixed antenna horn for a lower gain and a wider beam width than the
      main antenna 10. Hence, for any signal appearing in the main beam of the
      main antenna 10, the same signal in the auxiliary channel is smaller by a
      fixed ratio. To realize the full anti-jam advantages of this system, angle
      tracking considerations dictate that the auxiliary antenna gain at any
      angle off beam center is at least as great as the gain of the main antenna
      in that direction.
PAR  The linear preamplifiers are of well-known and conventional design but must
      have a linear dynamic range which is equal to that of the logarithmic
      receivers and of sufficient gain to raise the receiver thermal noise to
      the level where the logarithmic operation takes place in the logarithmic
      amplifiers of the logarithmic receiver soon to be described. Since the
      bandwidth of the logarithmic amplifiers in the logarithmic receivers
      increases with an increase of signal amplitude, the overall receiver
      bandwidth should be determined in the preamplifiers or in an associated
      bandwidth switching unit.
PAR  The function of each logarithmic amplifier is to provide an output voltage
      proportional to the input signal-to-noise ratio. Except for a scale-factor
      difference, the output voltage is a measure of the input signal-to-noise
      ratio in decibels (db). For practical reasons the logarithmic
      characteristic is mechanized over a restricted range of input
      signal-to-noise ratios. For voltage inputs below a specific level the
      receiver operates as a conventional linear amplifier, and hence requires
      that the system noise voltage be amplified at least to this minimum level
      for proper operation. The non-linear gain characteristics required of the
      logarithmic receiver may be obtained by a suitable number of straight line
      approximations to the logarithmic curve. At radar IF frequencies one of
      the most practical methods of achieving this is by the use of a successive
      detection amplifier soon to be described with reference to FIG. 2. For the
      purpose of completing the description of FIG. 1 let it be assumed that the
      logarithmic receivers 16 and 16' produce the respective logarithmic
      voltage output on the output conductors 18 and 18' from the main and
      auxiliary receiver channels. The output of 18 and 18' are conducted to a
      difference amplifier 20 in which the logarithmic voltage output from the
      auxiliary receiver channel over the output conductor 18' is subtracted
      from the logarithmic voltage output over conductor 18 from the main
      channel in a difference amplifier 20.
PAR  Because the output of each IF channel is proportional to the logarithm of
      the channel signal-to-noise ratio, a method of canceling input power
      variations is available. The signal-to-noise ratio (S/N) in the main
      channel is greater than that of the auxiliary channel by a fixed ratio
      equal to the difference in antenna gains since the noise figure of each
      channel is made very nearly equal by using identical preamplifiers 14 and
      14'. If the S/N ratio in the main channel is divided by that of the
      auxiliary channel, then the result would be a constant as shown in the
      following:
PAR  Let
PA1  S = signal field strength
PA1  S.sub.m = signal in main channel
PA1  S.sub.a = signal in auxiliary channel
PA1  N = system noise level
PA1  G.sub.m = gain of main antenna
PA1  G.sub.a = gain of auxiliary antenna
PAL  Then
      ##EQU1##
PAR  The ratio R  of signals out of each channel is thus
      ##EQU2##
      Hence,
      ##EQU3##
      From this it is seen that the ratio of the signls out of each channel is
      independent of the input signal amplitude, and depends only on the antenna
      gain difference. Thus, if this ratio of signals could be utilized instead
      of the absolute value of the signal, the resulting output would be the
      same for all signal strengths.
PAR  This ratio is obtained in the disclosed system by using logarithms for
      computation. If the log of equation (1) is taken, the result is
      ##EQU4##
      The two quantities on the right side of equation (2) are precisely the
      outputs of the two logarithmic amplifiers, so that the desired ratio can
      be obtained by merely subtracting one signal from the other.
PAR  The difference signals for both received interference or jamming signals
      and true target echo signals being of equal amplitude may be sufficient to
      prevent range gate stealing. But to overcome possible conditions arising
      from unbalance in range tracking circuits of own radar or certain aircraft
      maneuvers of an aircraft carrying own radar, a delay line driver 22 and a
      clamping circuit 24 are coupled between the output 21 of the difference
      amplifier 20 and an output conductor 25 adapted to be connected to the
      angle and range tracking circuits (not shown) of own radar system. The
      delay line driver 22 is short circuited to ground through a delay line 23
      and has a delay equal to the transmitted pulse width. The delay line
      driver 22 and delay line 23 produce an inversion of the delayed pulse
      which is reflected back to the clamper circuit 24 making a pulse equal in
      amplitude to the incident pulse but opposite in polarity and delayed by a
      pulse width which inverted reflected pulse, or negative pulse, is clipped
      or clamped by the clamper network 24. In this manner each input pulse to
      the delay line reflects a pulse of opposite polarity and of nearly equal
      amplitude such that, when a jamming signal is timed coincident with a
      target, it merely augments the received target echo; but when a jamming
      pulse is received that is delayed from the true target echo by one pulse
      width, it is completely cancelled by the true target echo which has been
      reflected through the delay line. Consequently, the jamming pulse of equal
      amplitude is completely cancelled for a full pulse width following the
      true target echo pulse and is accordingly ineffective to lock on or steal
      the range gate of the range angle and target tracking system.
PAR  Referring more particularly to FIG. 2 there is shown a successive detection
      logarithmic amplifier using N stages identical in design and with a stage
      gain of G. A signal of level e.sub.1 is chosen such that the last detector
      N gives an output of E.sub.1. If the input is increased to G times its
      original value the next to last detector will not be operating under the
      conditions at which the last detector was originally operating and will
      have an output of E.sub.1. Also, if the original input signal level
      e.sub.1 was reasonable, the last detector will now be operating under the
      conditions at whicih the last detector was originally operating and will
      have an output of E.sub.1. Also, if the original input signal level
      e.sub.1 was reasonable, the last detector will now be operating at
      saturation and will have an output E.sub.s. Since the detector outputs are
      added linearly, the receiver output will be E.sub.s + E.sub.1. By similar
      reasoning, for another increase in input to G.sup.2 e.sub.1 , the output
      will increase to 2E.sub.s + E.sub.1 or, in the general case, for an input
      signal (e = G.sup.n e.sub.1) the output signal will be (E =  nE.sub.s +
      E.sub.1). This is the desired logarithmic response produced on the outputs
      18 and 18' of the logarithmic receivers 16 and 16'. It can be shown
      mathmetically that the root means square (RMS) output of a logarithmic
      receiver is independent of the RMS value of desired input assuming the
      input to be white Gaussian noise and that the logarithmic characteristic
      is ideal. The average value of the noise does change, however, and appears
      as a direct current shift at the output of the logarithmic receiver.
PAR  Referring more particularly to FIG. 3 with the gain G equal to zero by
      adjustment of the gain control 30 on the linear amplifier 14, no noise
      will appear at E.sub.o on the output 18 of the logarithmic receiver 16.
      The same would be true for the linear preamplifier 14' and logarithmic
      receiver 16' through the output 18' in the auxiliary channel. As G
      increases, the noise from the thermal noise source 31 will increase on the
      output 18 at E.sub.o linearly with G until the logarithmic portion of the
      logarithmic receiver 16 is reached. When the logarithmic portion is
      reached, the RMS value of noise at E.sub.o will remain constant for any
      further increase of G. If operation occurs on the logarithmic curve, a
      change in gain of the preamplifier will have no affect on the RMS output,
      the RMS output being determined uniquely by the slope (volts/db) of the
      logarithmic receiver. This simplifies mechanization since the radar
      frequency gain of one channel in the system does not have to be identical
      with the gain of the other channel for precise subtraction of the video
      signal. The slopes of the logarithmic amplifiers and not the gain of the
      preamplifiers determine system accuracy.
PAR  To demonstrate a little more clearly that the accuracy of this system
      depends upon the slope characteristics of the logarithmic receivers 16 and
      16' and is independent of the preamplifier (14 or 14') gain or direct
      current output of the receiver, reference is made to FIG. 5. This figure
      shows an idealized and simplified characteristic of each stage as well as
      the resultant from summing the detected outputs. Each stage characteristic
      is illustrated in dashed lines and overlap to an extent such that there
      are at least two or three stages contributing slope to the output
      characteristic. This is simplified for purposes of explanation by the
      illustrated solid line. Let it be assumed that the output E.sub.o of FIG.
      3 is such that the output of the logarithmic receiver 16 lies between 2
      and 3 along the summing line of all stages in FIG. 5. This is a change of
      1 unit in FIG. 5. This represents the RMS input which lies between 100
      microvolts and 1 millivolt. Increasing the preamplifier gain by some
      arbitrary factor, say 100 times, will position the input between 10
      millivolts and 100 millivolts. In FIG. 5 an output will occur between 4
      and 5, a change of still only 1 unit. Any difference in direct current
      levels between the two channels may be easily removed by capacitor
      coupling. A preamplifier is used ahead of the logarithmic receiver to
      amplify receiver thermal noise to the point where RMS fluctuations of the
      noise fall on the logarithmic portion of the logarithmic amplifier. This
      ensures that any signal appearing above thermal noise will be on the
      logarithmic portion of the receiver curve.
PAR  The system thus described prevents the operation of any high amplitude
      jamming signal or other interference signal from producing deceptive
      signals in the IF circuitry of the receiver to cause stealing of the range
      gates in the part of the radar system not shown herein. The manner in
      which this is accomplished may best be understood by a description of
      operation.
PAC  OPERATION
PAR  In the operation of this device reference is made to the several figures
      and particularly to the FIGS. 4, 6, and 7 providing illustrated examples
      of radar antenna patterns and probable received signals. Let it be assumed
      that the main and auxiliary antennas 10 and 10' produce antenna wave
      patterns as shown in FIG. 4 wherein the main beam is illustrated in its
      extreme positions, one in solid line and the other in broken line,
      illustrating the high amplitude and narrow bandwidth of the main antenna
      10. The auxiliary beam is illustrated by a dot-and-dash line which shows
      its lower amplitude and wider beam width relative to the main beam. As
      illustrated in FIG. 6, strong and weak echo signals S1 and S2 are shown as
      they would appear at the points indicated by the reference characters 18,
      18' and 21 in the circuit of FIG. 1. The signals S1 and S2 are shown of
      greater amplitude in the main channel output 18 than that at auxiliary
      channel output 18' by virtue of the difference in gain of the main and
      auxiliary antennas 10 and 10'. Upon subtraction of the signals on 18' from
      the signal on 18 in the difference amplifier 20, the output signals on the
      output 21 from the difference amplifier are of equal amplitude as shown.
      The extent to which a signal appears above receiver noise is a function of
      antenna gain. Let it also be assumed that the larger echo is increased at
      the antenna inputs by 20 db and the weaker echo is increased by 10 db.
      Using FIGS. 5 and 6, these signals can be traced through the two receiver
      channels. For simplicity, assume that each logarithmic receiver has a
      scale factor of 0.1 volt/db change in S/N ratio. The larger echo will
      increase by 2 volts at both the main and auxiliary channel outputs since
      the db increase is equal in both channels. Similarly, the weaker echo
      increases by 1 volt on the output of each channel, corresponding to 10 db
      increase in input level. If now the auxiliary channel output is subtracted
      from that of the main channel output, the resulting amplitude of the video
      difference pulses at 21 corresponding to the strong and weak echo pulses
      are equal. In addition, after the larger echo signal is increased by 20 db
      and the smaller echo signal is increased by 10 db the two sets of pulses
      after subtraction are still equal in amplitude as before the input signals
      were increased. As would be expected, this constant amplitude level of the
      difference signal output at 21 is only a function of antenna gain
      differential between the two channels. The difference output at 21 to the
      delay line driver 22 therefore will always be of equal amplitude and
      accordingly, provide at this point signals which are substantially
      ineffective to produce range gate stealing because jamming signals have no
      greater power than true target echo signals to give the jamming signals an
      advantage of controlling the range gate positions.
PAR  Referring more particularly to FIGS. 1 and 7, when the difference signals,
      such as those shown in FIG. 6 (21), are applied to the delay line driver
      22, each signal will pass through the delay line driver 22 to the clamper
      24 and at the same time this signal will be reflected in the delay line 23
      and inverted to produce the signal in one polarity and another signal in
      opposite polarity one full width in time later to the clamper network 24.
      The clamper network 24 will clip or clamp the delayed signal to
      substantially zero such that only the original positive output signal will
      be conducted on the output circuit 25 to the angle and range tracking
      circuit of the radar system. Idealized waveforms at the output 25 are
      shown in the series of waveforms (a) through (d) of FIG. 7. FIG. 7(a)
      illustrates the normal appearance of a target from a single pulse, shown
      in zone 1, the effects of the delay line and clamper network being shown
      in zone 2 following this single pulse. FIG. 7(b) represents a target which
      is being tracked with the added pulse from a range gate stealer or from
      ECM enemy radar. Due to a dual channel video cancellation system described
      hereinabove for FIG. 1, the amplitude of this video signal will not be
      altered regardless of jammer power. If the pulse from the range gate
      stealer of the ECM radar moves out in range, it is rapidly attenuated as
      shown in FIG. 7(c). When the ECM pulse which is the same size as the
      target (it can be greater only when the echo is not strong enough to
      appear in the auxiliary channel) is added to the negative half of the
      bi-polar video, the resultant output is substantially zero. Addition of
      the interfering or ECM signal with the target echo signal occurs at the
      delay line terminal. If we assume that the interfering or ECM pulse is
      equal in width and delayed one pulse width from our transmitted pulse, it
      can be seen in zone 2 of FIG. 7(c) that the interfering pulse is positive
      but is added to the reflected negative pulse of the target signal to
      produce nearly zero amplitude. In zone 3 of FIG. 7(c) the delay line
      output is a negative reflected interfering pulse which is clamped. The ECM
      pulse again appears the same size as the target when it is more than two
      pulse widths away from the target as illustrated in FIG. 7(d).
      Accordingly, it may be seen that ECM or interfering jamming signals are
      rendered ineffective to lock on and pull the range gates of own radar
      system away from true target echo position by virtue of being blanked out
      for a full pulse width following the true target pulse position. A pulse
      type radar system incorporating the circuit shown and described in this
      invention will accordingly be immune from jamming signals of ECM enemy
      repeater radars and will be able to maintain range and angle tracking of
      the target despite the reception of high power jamming signals.
PAR  It should be pointed out that the circuit of this invention incorporated in
      a pulse type radar system will not prevent gate stealing when the range
      gate stealer pulse is moved in the direction of decreasing range. However,
      this deficiency can be overcome by using a jittered pulse repetition
      frequency which is already incorporated in about all of the modern pulse
      radar systems. A pulse radar system utilizing the circuit of this
      invention is also immune to angle deception jammers or the combination of
      angle deception and gate stealing types. It will not acquire or track a
      pulse repeater in the side lobes. Interference signals such as altitude
      line and mutual interference is cancelled and will not appear on an
      indicator. Since the horn of the main beam antenna is nutating, its gain
      pattern changes with rotation and so provides two-way modulation on main
      channel echoes. The auxiliary horn being fixed receives only one-way
      modulation. Subtracting the video signals results in a difference signal
      with a one-way modulation, used for angle track information. Thus the
      system is sensitive to "positional" modulation (antenna pattern movement)
      of a signal but is immune to amplitude modulation of the signal from a
      given position. It is this property that defeats the angle deception
      repeater radar.
PAR  While many modifications and changes may be made in the constructional
      details and features of this invention to adapt the radar system for
      different types and applications, it is to be understood that we desire to
      be limited in the construction and functions of our invention by the scope
      and spirit of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dual channel video cancellation anti-jam circuit of a radar tracking
      system comprising:
PA1  a high gain, narrow beam antenna;
PA1  a low gain, wide beam antenna;
PA1  a logarithmic receiver channel coupled to each antenna to produce
      logarithmic functions of received signals on outputs thereof;
PA1  a difference circuit coupled to receive the output of both logarithmic
      receiver channels to subtract the logarithmic function of the signals from
      the low gain antenna from those of the high gain antenna to produce a
      difference signal output;
PA1  a delay line coupled to said difference circuit output to produce delayed
      signals on an output thereof; and
PA1  a clamper circuit coupled to said delay line output to clamp said delayed
      signals at a predetermined voltage whereby desired echo signals and
      interference signals received are equalized in amplitude on the output of
      said difference circuit and the output of said clamper circuit prevents an
      interfering signal from appearing one pulse width from a desired echo
      signal thereby preventing signals to appear that could steal the range
      gates of a radar system.
NUM  2.
PAR  2. A dual channel video cancellation anti-jam circuit as set forth in claim
      1 wherein
PA1  said logarithmic receiver channels each include a mixer and a linear
      preamplifier in the channel between said antenna and the receiver, said
      mixers being applied a mixing frequency by a local oscillator in common
      thereto.
NUM  3.
PAR  3. A dual channel video cancellation anti-jam circuit as set forth in claim
      2 wherein
PA1  said linear preamplifier in each channel has a gain sufficient to raise the
      signal level to the range of logarithmic operation in the logarithmic
      receivers.
NUM  4.
PAR  4. A dual channel video cancellation anti-jam circuit as set forth in claim
      3 wherein
PA1  said logarithmic receivers each include a plurality of logarithmic
      amplifier and detector stages operative over the logarithmic curve of the
      amplifier whereby increased gain does not further increase the root means
      square value of noise signals.
NUM  5.
PAR  5. A dual channel video cancellation anti-jam circuit of a radar first
      target tracking system comprising:
PA1  a main antenna of high gain and narrow beam width;
PA1  an auxiliary antenna of low gain and wide beam width;
PA1  a mixer, a linear preamplifier, and a logarithmic receiver, in that order
      in each of two channels, coupled to each antenna to produce a logarithmic
      function output signal in each channel from each received signal;
PA1  a difference amplifier coupled to the output of each logarithmic receiver
      to subtract the logarithmic function signal received through the auxiliary
      antenna from the logarithmic function signal received through the main
      antenna to produce difference signals, said difference signals being of
      equal amplitude for varying amplitude signals received; and
PA1  means coupled to receive said difference signals to produce delay signals
      one pulse width following said difference signals and to clamp said
      delayed signals at a fixed potential in negative polarity whereby
      interference signals intended to jam are cancelled and desired echo
      signals of a target are conducted through the dual channels to prevent the
      interference signals from jamming the radar tracking system.
NUM  6.
PAR  6. A dual channel video cancellation circuit as set forth in claim 5
      wherein
PA1  said mixer in each channel is coupled to a common local oscillator for
      providing a beat frequency thereto; and
PA1  said linear preamplifiers each provide a gain to signals conducted
      therethrough to raise them to voltage levels for application to the
      respective logarithmic receiver for amplification and detection over the
      logarithmic characteristic curve of said receivers to produce said
      logarithmic function output signals.
NUM  7.
PAR  7. A dual channel video cancellation circuit as set forth in claim 6
      wherein
PA1  said means is a short circuited delay line network and a clamper network
      coupled in that order from said difference amplifier to an output to
      produce a delay of each applied signal one pulse width which is clamped at
      a fixed potential by said clamping network to produce a substantially zero
      amplitude signal for one pusle width following a desired echo signal.
NUM  8.
PAR  8. A dual channel video cancellation anti-jam circuit of a radar first
      target tracking system comprising:
PA1  a main antenna of high gain and narrow beam width;
PA1  an auxiliary antenna of low gain and wide beam width;
PA1  a mixer, a linear preamplifier, and a logarithmic receiver coupled in that
      order from each antenna to an output, forming two channels to produce a
      logarithmic function output signal in each channel from each
      simultaneously received echo signal and interference jamming signal;
PA1  a difference amplifier coupled to the output of each channel to subtract
      the logarithmic function signal received through the auxiliary antenna
      from the logarithmic function signal received through said main antenna to
      produce difference signals of echo and interference jamming signals, said
      difference echo signals being of equal amplitude with said difference
      interference jamming signals;
PA1  a delay line coupled to receive the difference output of echo and
      interference signals from said difference amplifier to pass said
      difference signals as well as to delay and invert said signals a pulse
      width thereof following each said difference signal; and
PA1  a clamper network coupled to said delay line to clamp said delayed and
      inverted signals at substantially zero potential whereby interference
      jamming signals coincident with or following an echo signal are cancelled
      and ineffective to saturate or steal the target tracking gates of the
      target tracking system.
NUM  9.
PAR  9. A dual channel video cancellation anti-jam circuit as set forth in claim
      8 wherein
PA1  said logarithmic receiver includes a plurality of stages of logarithmic
      amplifiers and detectors to produce said logarithmic function signals.
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ABST
PAL  An integrated receiver and navigation instrument receives RF navigation
      signals and performs hyperbolic coordinate conversions utilizing a
      specially programmed computer to control the measurement modes and
      sequences and to improve the accuracy of the navigational information
      produced. An RF unit processes the incoming signal for use by a Digital
      Measurement unit which makes digital measurements at preselected points on
      the incoming signal waveform, and which can operate in various modes. The
      specially programmed computer controls the operating modes of the Digital
      Measurement unit, performs coordinate conversions, and provides
      navigational information using various parameters obtained in the receiver
      section of the instrument. The Digital Measurement unit modes permit a
      search for a desired signal, positioning of the measurement points on the
      signal and continuous tracking of the signal.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of the Navy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Loran-C is a well-known, long-range, high-power, precision navigation
      system employing automatic envelope detection and radio frequency cycle
      comparison techniques. A Loran-C chain consists of one master and at least
      two secondary transmitters, with each individual chain being identified by
      a specific group repetition interval (GRI). The signals which are radiated
      by the transmitters are pulsed electrical signals that are very accurately
      timed, and phase coded for identification. These signals are propagated
      both as groundwaves and as skywaves reflected from the ionosphere. The
      standard measurement technique consists of measuring the times of arrival
      of signals from two secondary transmitters, A and B, relative to the time
      of arrival of the signal from a third transmitter M (master). These two
      time differences TDA and TDB identify two hyperbolas that intersect at the
      receiving antenna. The precision of position location available from Loran
      service may then be seen to be dependent upon the precision of the time
      difference measurements. However, while the need for measurement accuracy
      may seem obvious a further requirement is speed of measurement. When Loran
      is being used for marine navigation there is a relatively large amount of
      time in which to acquire the signals and perform the measurements, but
      when Loran is being used for aircraft navigation the high speed makes
      rapid signal acquisition and speedy measurement taking a necessity.
PAR  When used on high-speed aircraft it is probable that the flight will pass
      through any number of Loran triads and chains. Triads are referred to
      because three transmitters are required to produce the two hyperbolic
      lines of navigation. A further system limitation currently exists because,
      since present Loran receivers operate on only one group repetition
      interval at one time, all three transmitters must be members of the same
      Loran chain. Also, most present receivers require the master transmitter
      to be a member of each triad.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present Loran Receiver/Navigator comprises three major units; the Radio
      Frequency Unit (RFU), the Digital Measurement Unit (DMU) and the Computer,
      Control and Display Unit (CCDU). The basic function of the Radio Frequency
      Unit is to process the incoming Loran signal so that the signal is
      available to the Digital Measurement Unit at a specified voltage level and
      with negligible distortion. The RF Unit also provides cancellation of
      continuous wave interference without distorting the desired Loran signal.
PAR  The Digital Measurement Unit performs the conversion of analog voltage
      measurements, made at preselected points on the waveform received by the
      RFU, into binary form. The DMU further serves to control measurement
      sequences and the transfer of data into the navigation computer. The DMU
      operates in three different modes; Search, Settle, and Track. When
      operating in the Search mode, the binary data are preprocessed prior to
      transfer to the computer, while in all other modes data are transferred
      directly. The DMU can provide navigation measurements using only three
      transmitters, none of which is a master transmitter.
PAR  The Computer, Control and Display Unit consists of a digital computer and
      its associated input/output interfaces. These interfaces are of two types;
      a control/indicator interface provides the human interface, and the
      guidance and control subsystems provide guidance displays, autopilot
      signals, etc. The computer contains the software programs embodying the
      receiver and navigation functions, as well as the overall control program.
PAR  It is therefore an object of the invention to provide an integrated
      receiver and navigation instrument performing hyperbolic coordinate
      conversion for rapidly producing accurate navigation information.
PAR  It is another object of the invention to provide a receiver-navigator
      instrument utilizing a specially programmed computer to control the
      operation of the instrument, to perform coordinate conversions, and to
      provide navigational information using various parameters obtained from
      the receiver.
PAR  It is a further object of the invention to provide an integrated
      receiver-navigator utilizing Loran signals and having a digital
      measurement unit under the control of a specially programmed computer.
PAR  It is still a further object of the invention to provide an integrated
      Loran receiver-navigator utilizing a specially programmed computer to
      control measurement modes and sequences and to perform coordinate
      conversions for producing navigation information.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the preferred embodiment of the present receiver/navigator in
      block diagram form.
PAR  FIG. 2 is a block diagram of the computational software used in the
      computer of the preferred embodiment of FIG. 1.
PAR  FIGS. 3a, 3b and 3c are plots of the three data input modes required by the
      preferred embodiment of FIG. 1.
PAR  FIGS. 4a and 4b are respectively plots of a typical cycle of search data
      before and after preprocessing preparatory to being fed to the computer of
      the preferred embodiment.
PAR  FIG. 5 is a waveform of a single Loran-C pulse.
PAR  FIG. 6 is a block diagram of a portion of the measurement processor of the
      preferred embodiment.
PAR  FIG. 7 is a block diagram of the measurement sequence generator of the
      preferred embodiment.
PAR  FIG. 8 is a block diagram of the synchronous preset counter of the
      preferred embodiment.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the receiver/navigator system of the present
      invention is shown in block diagram form. The system is divided into three
      major units; the RF Unit 10, the Digital Measurement Unit 12 and the
      Computer, Control and Display Unit 14. Loran signals are received by a
      conventional antenna 16 and are applied to an antenna coupler 18 where
      they are amplified with only a small amount of filtering. The antenna
      coupler 18 output signal is suitable for driving a balanced low impedance
      transmission line 20. Therefore, the antenna coupler 18 can be located
      near the antenna 16 and signals will be transferred to the receiver
      section on line 20 without loss or interference by local undesired
      signals. The signal is then fed to a bandpass filter 22 which provides
      attenuation of undesired signals which are outside of the Loran-C signal
      bandwidth.
PAR  The received signal is then fed to a signal canceller unit 24, which may be
      of the type described and claimed in copending patent application Ser. No.
      477,410 filed June 7, 1974, now U.S. Pat. No. 3,916,320, having a common
      assignee with the present invention. The signal canceller 24 is a phase
      lock device which attenuates undesired signals within the Loran-C signal
      bandwidth. When a command to operate is received through an RF mode file
      26 from a computer located in the Computer Control and Display Unit 14,
      the signal canceller 24 automatically searches for continuous wave or
      frequency shift keyed signals and phase locks to the first signal
      encountered. The phase lock loop output signal is adjusted to the proper
      amplitude and added out-of-phase to the undesired input signal, thereby
      producing attenuation through cancellation.
PAR  The received Loran signal on line 28 is unaffected by the signal canceller
      24 and is fed to a step attenuator 30. The step attenuator 30 sets the
      overall gain of the radio frequency unit 10 by attenuation of the received
      signal. The attenuator setting is controlled again by the computer of the
      computer control unit 14 through a gain control file 32. The step
      attenuator 30 is a very wide bandwidth device producing extremely small
      signal phase shift over a large attenuation range. The signal is then fed
      to a bandpass amplifier 34 which is a fixed gain device which provides the
      majority of the RF unit 10 signal amplification. The output of the
      bandpass amplifier 34 on line 36 is suitable for driving the digital
      measurement unit 12. THe bandpass amplifier 34 also serves to provide
      additional attenuation of undesired signals which are outside of the
      Loran-C signal bandwidth.
PAR  The signal produced by the RF unit 10 on line 36 is now fed through a
      sample and hold device 38 to an analog/digital converter 40. The
      digitizing portion of the measurement unit 12 consists of the sample and
      hold device 38 which selects and holds an analog voltage sample point
      value, and a ten-bit analog-to-digital converter 40 which converts the
      sample point value to a negative two's complement binary number on line
      42. The signal on line 42 is passed through a measurement processor 44
      which is designed for conventional pipe line synchronous preprocessing in
      the Search mode, and is shown in more detail in FIG. 6. The output signal
      on line 46 of the measurement processor 44 is transferred to either of two
      buffer registers, an I buffer register 48 or a Q buffer register 50. The I
      buffer register 48 is for the in-phase voltage component and the Q buffer
      register 50 is for the quadrature voltage component. The names do not
      literally apply until sample point timing adjustments make Q (quadrature
      voltage) values small and I (in-phase voltages) values large in an
      absolute sense.
PAR  After each measurement sequence a signal is produced by a measurement
      sequence generator 52, shown in more detail in FIG. 7, on line 54 which
      permits the I buffer 48 and the Q buffer 50 to fill, and a direct memory
      access computer input-output logic and file buffers unit 56 transfers the
      contents of the I buffer 48 and the Q buffer 50 to a preselected table in
      the computer memory located in the computer control unit 14. When the
      table in the computer memory is filled, a counter in the direct memory
      access logic 56 which was preset by the navigation computer program,
      overflows and signals the end of a measurement sequence group file by a
      signal appearing on line 58 which is fed to the measurement sequence
      generator 52. Each file contains a group of up to four measurement
      sequences. At this time the next measurement file words are transferred
      from the file buffers located in the direct memory access computer
      input/output logic and file buffers unit 56 to the RF mode file 26, the
      gain control file 32, an interval file 60, and sequence mode control file
      62 by a signal on line 64. The transfer of the file words from the file
      buffers 56 to the file registers 26, 32, 60, 62 initiates a new group of
      measurement sequences. Simultaneously an interrupt is sent to the computer
      section 14, signalling that the preselected measurement tables for the
      preceeding group file are now filed in the computer memory, the current
      sequence group file is in progress, and the computer program must fill the
      file buffers for the next sequence group.
PAR  Timing is provided by a 51.2 MHz crystal oscillator 66. The 51.2 MHz
      frequency is chosen to give the optimum interface between a 16-bit
      synchronous preset counter 68 and the computer Search, Settle and Track
      routines which calculate in binary the numbers for the synchronous preset
      counter 68 which is shown in more detail in FIG. 8.
PAR  The measurement sequence generator 52 provides the control and clock
      signals on line 54 to the sample and hold circuit 38, the
      analog-to-digital converter 40 and the measurement processor 44. The
      measurement sequence generator 52 also signals the direct memory access
      computer input/output logic and file buffers 56 on line 69 when the end of
      one measurement sequence and the beginning of the next measurement
      sequence has occurred, thereby sending the contents of the I buffer 48 and
      the Q buffer 50 to the computer memory. At the end of a measurement
      sequence, the next mode word in the mode file is selected by the
      measurement sequence generator 52 and the next interval word is inserted
      into the synchronous preset counter 68 thereby beginning a new measurement
      sequence.
PAR  The digital measurement unit 12 is controlled by the computer/control unit
      14 which comprises a control/indicator 70, a computer 72 and a guidance
      and control subsystem unit 74, all of which communicate with the digital
      measurement unit 12 via multiple lines shown at 76. The computer 72 is a
      16-bit digital processor having a direct access memory unit. The
      control/indicator 70 operates to permit the operator to exercise control
      over the entire navigator-receiver system. It accepts inputs from the
      operator and indicates the status of the system, as well as specific data
      requested by the operator. The guidance and control subsystems 74 are
      dependent on the type of aircraft or ship using the receiver-navigator,
      i.e., the type of autopilot or the type of guidance computer in use.
PAR  All of the Loran receiver-navigator functions, except those performed by
      the radio frequency unit 10 and the digital measurement unit 12, are
      embodied in a program of computation and logic instructions. The computer
      72 of the computer/control unit 14 contains this program, a block diagram
      of which is shown in FIG. 2. The total program is divided into various
      subroutines and an overall control program 100. The subroutines include
      the following: Search 102, Settle 104, Track 106, Station Identification
      108, Navigate 110, New Track 112, Warnings 114, and the subroutine 116
      used to operate the signal canceller 24 of FIG. 1. Referring to FIG. 2,
      the Control Program 100 serves to call the particular subroutine to be
      executed, and to specify the initial conditions of such subroutine. It
      also accepts and stores the initial conditions imposed by external sources
      and monitors lists of data pertinent to the various functions being
      executed, e.g., a file of stations in track together with pertinent data.
      The Control Program 100 also generates signals used to control the signal
      canceller 24, the step attenuator 30 and the Digital Measurement Unit 12,
      all shown in FIG. 1. The signal canceller may exist in three modes: off,
      on with Loran signals present, and on with Loran signals not present. The
      on or off modes will be based on analysis of data rejected by the Track
      subroutine 106, and the two "on" states will be controlled by the Digital
      Measurement Unit, 12 of FIG. 1. The step attenuator is controlled by the
      Control Program 100 in accordance with an anticipated value of the
      in-phase component (I) of each signal which is in track. The Control
      Program 100 also serves to specify the mode of the Digital Measurement
      Unit 12 of FIG. 1 and to position the measurement gates for each signal in
      track, based on an estimate of the time of arrival of the next signal.
PAR  The first subroutine to be called by the Control Program 100 is the Search
      subroutine 102. This subroutine serves to detect and locate the Loran
      pulse groups having the required Group Repetition Interval (GRI) with
      respect to a local clock 118. Whenever Search has located one of the
      desired Loran pulse groups, the Settle subroutine 104 is called for and
      initiated with respect to that group. The Settle subroutine 104 serves to
      identify the groundwave and the desired cycle to be tracked, and adjusts
      the timing of the measurement sequence generator 52 of FIG. 1, to
      establish tracking of the zero crossing of the cycle to be tracked. The
      Track subroutine 106 serves to edit raw data with respect to both in-phase
      (I) and quadrature (Q) components. If the value of either I or Q of a
      related pair violates a predetermined criterion of acceptability, the IQ
      pair will be rejected. The initial criterion of acceptability at the time
      the receiver is turned on will be somewhat lower than the steady-state
      criterion. Subsequently, this criterion will be adjusted based on an
      assessment of the immediate past performance of the receiver.
PAR  It has been found through experimentation and analysis that noise in the
      Loran bandwidth is not Gaussian. It is then reasonable to conclude that an
      assumption of Gaussian noise as the basis for optimization of tracking
      loop parameters is not valid. Consequently, the Track subroutine 106
      incorporates non-linear time domain filtering of the inputs to the
      tracking loops to effectively cope with noise. When called by the Control
      Program 100, the Track subroutine 106 produces the best estimates of the
      time of arrival of the Loran signal.
PAR  The Station Identification subroutine 108 is called into play when three or
      more signal tracks are established. It serves to label each track with a
      standard designator indicating that the signal originates from a specific
      station. These stations may be identified by the letters, M, U, V, W, X,
      Y, Z, where M is the master and the remaining letters signify secondary
      stations in the chain. Identification is based on a comparison of the
      receiver's known initial or updated position and its position as computed
      from the measured time differences.
PAR  The Navigate subroutine 110 performs the required mathematical
      calculations, using the time difference data, necessary for horizontal
      navigation. Navigation is accomplished by steering a preselected course
      with the aid of computed cross track error and its time rate, along track
      distance and its time rate, and also the heading error. The time
      differences for the Loran transmitters designated by the Control Program
      100 for navigation will also be computed. These time differences will then
      be adjusted so as to apply to the simultaneous arrival of signals from all
      transmitters.
PAR  As the receiver/navigator travels through a Loran chain, signals which are
      in track will necessarily fade. When called for by the Control Program
      100, the Newtrack subroutine 112 will position the Settle subroutine 104
      sample points on the stations of the chain which are not in track, thereby
      replacing stations which have faded with those which may be tracked.
PAR  The Warnings subroutine 114 serves to produce signals indicating various
      system malfunctions, such as Jamming, Skywave, Internal Malfunction, or
      Transmitter Malfunction. As mentioned previously the Signal Canceller
      subroutine 116 determines the state of the signal canceller 24 located in
      the RF unit 10. Moreover, after the Settle subroutine 104 has been
      completed the Signal Canceller subroutine 116 commands the signal
      canceller to ignore any further input signals during Loran pulse
      reception. In other words, once the signal canceller is phase-locked onto
      the interfering signal it performs its cancelling function in a manner
      which is synchronized to the Loran pulse occurrence through signals which
      are originated by the Signal Canceller subroutine 116.
PAR  As will be obvious to a person having ordinary skill in the art, the
      various subroutines employed in the illustrated embodiment of the present
      invention may be implemented in different ways depending upon the
      requirements of practice. Accordingly, in order to simplify the disclosure
      of the invention, but at the same time render it sufficient for a person
      of ordinary skill in the art, a detailed description of the various
      subtasks involved in each subroutine will be presented.
PAR  As mentioned previously, the task of the Search subroutine 102 is to detect
      Loran pulse groups in the data measured by the Digital Measurement Unit 12
      of FIG. 1; and to locate in time the groups in the Group Repetition
      Interval (GRI). In order to achieve this task, there are five subtasks
      which must be performed. These five subtasks are:
PAR  1. Detect a Loran pulse.
PAR  2. Detect a pulse group (at least six pulses of the eight available must be
      detected).
PAR  3. Detect and identify the Loran pulse group phase code.
PAR  4. Detect the absence of cross rate interference, i.e., two pulse groups in
      time proximity but moving with respect to each other.
PAR  5. File data pertinent to the new pulse group detection. When any one of
      these five subtasks cannot be completed, or when all five are completed,
      program control is returned immediately to the Control Program 100. Upon
      successful completion of these subtasks, the Search subroutine 102 assigns
      a table of values for that detected pulse group in preparation for the
      execution of the subsequent subroutines. The data input to Search consists
      of two data points from the Digital measurement Unit every 100
      microseconds. This is illustrated on the voltage waveform of FIG. 3a. The
      data points consist of one I and one Q value of the Loran signal
      components and are identified as I data (amplitude) and Q data (phase).
      The voltage values at V.sub.1, V.sub.2, V.sub.3, and V.sub.4 of FIG. 3a
      are preprocessed in the Digital Measurement Unit to provide an in-phase
      and quadrature data input to the Search subroutine every 100 microseconds.
      The location of the data points are also shown in FIG. 4a. The data are
      preprocessed in accordance with the equations:
PAC  I.sub.i  = V.sub.1 + V.sub.2 - V.sub.3 - V.sub.4
PAC  Q.sub.i = V.sub.1 - V.sub.2 - V.sub.4 + V.sub.3.
PAL  The resultant preprocessed waveforms are shown in FIG. 4b.  The Search
      subroutine supplies two data words to the direct memory access portion of
      the computer every 100 microseconds, however, data transfer may also take
      place at the rate of four data words every 200 microseconds or six data
      words every 300 microseconds, etc. Each pair of input values (an I and a
      Q) is subjected to the first subtask, i.e., pulse detection. If the data
      fail this subtask, a zero is stored in the I portion of the memory and a
      zero is stored in the Q portion of the memory, and control is passed
      immediately back to the Control Program. If the data pass this test, the I
      and Q values are stored in the memory. Upon successful completion of this
      first subtask, the second subtask begins and examines the I and Q memory
      portions in order to find at least six of the eight pulses in a pulse
      group. If six pulses of the pulse group are not found, program control is
      again passed back to the Control Program. When six or more pulses in a
      pulse group have been detected, subtask 3 tests each detected pulse to
      ascertain if the group consists of a master pulse group (phase code
      interval GRI-A or GRI-B), a secondary pulse group (phase code interval
      GRI-A or GRI-B), or none of these.
PAR  As is well known, a Loran-C pulse group consists of eight phase-coded
      pulses from any secondary transmitter or nine from a master transmitter.
      Phase coding consists of inverting the phase of the RF cycle relative to
      the transmitter frequency standard on a pulse to pulse basis in accordance
      with a standardized code pattern. During one Group Repetition Interval,
      Loran-C transmits the GRI-A phase code; then during the next GRI, the
      GRI-B phase code, then the A phase code, etc. Referring once again to
      subtask 3, if the pulse group does not fall within one of the four
      categories, program control is returned immediately to the Control Program
      100. Upon successfully passing the phase code test, subtask 4 performs a
      cross rate test to make sure that the two consecutive pulse group
      detections are really not two different transmitters with different GRIs.
      Only if the two detections occur at the same time in the GRI and are of
      opposite phase code can this test be passed. As before, failing this test
      control is returned immediately to the Control Program 100. Subtask 5
      tests the pulse group detection time of the GRI. If the time of occurrence
      is within plus or minus 200 microseconds, the second pulse group is
      ignored and control of the program returns to the Control Program 100.
      Failing this test, all pertinent data are stored in the track table in
      chronological order within the local Group Repetition Interval, and
      control then returns to the Control Program 100.
PAR  The next subroutine to be called by the Control Program 100 is the Settle
      subroutine 104. The purpose of Settle is to position the two Track data
      sample points at preselected time positions on the Loran pulse. For
      Loran-C these preselected time positions are 30 and 32.5 microseconds into
      the Loran pulse. To accomplish this purpose, the Settle subroutine 104
      moves a group of eight data sample points, which had initially been
      positioned by the Search subroutine 102, forward or backward on the pulse.
      These points are so moved until the sample points are located on the first
      four cycles of the pulse. This is shown in FIG. 3b. The position in time
      of the third cycle is then transmitted to the Track subroutine 106 which
      then continues to position its pair of data sample points so that one of
      the pair precisely tracks the zero crossing at the end of the third cycle
      of the pulse. FIG. 5 shows a single Loran pulse with the zero crossing of
      the third cycle indicated at 120. The other data point of the pair samples
      the amplitude of the positive half cycle of the fourth cycle and is
      indicated at 122.
PAR  In order to perform the task of the Settle subroutine, six subtasks are
      involved. These are:
PAR  1. Remove the Loran pulse group phase code.
PAR  2. Check the in-phase (I) data for consistency within a selected tolerance.
PAR  3. Check the quadrature (Q) data for consistency within the same selected
      tolerance.
PAR  4. Sum both paired sets of four sample voltages over all accepted pulses.
PAR  5. Compare the summed, squared data to detect the leading edge of the pulse
      envelope.
PAR  6. Compare the ratios of the summed, squared data to detect the pulse shape
      at the location of the sample points. Upon successful execution of these
      six subtasks, control is returned to the Control Program 100 immediately
      after setting the two parameters (obtained from the data pair) in the
      Track status table portion of the computer memory.
PAR  Referring once again to FIG. 3b, the input data to the Settle subroutine
      104 consists of four pairs of amplitude and phase data from each Loran
      pulse. The pairs of data samples are numbered 1 and 2, 3 and 4, 5 and 6, 7
      and 8 in FIG. 3b, and occur on four consecutive cycles of a Loran pulse.
      Each pair of voltage sample points (1 and 2, 3 and 4 for example) is
      separated in time by 10 microseconds. Since there are eight pulses per
      group in Loran-C, the Settle subroutine 104 operates on two sets of 32
      data points per pulse group.
PAR  The first subtask removes the pulse group phase code for all 32 pairs of
      input data points. After decoding, the second subtask is performed and the
      I (amplitude) data are compared among the pulses for a pulse-to-pulse
      consistency test of the amplitudes. If any data are found to be
      inconsistent, then all the data from the pulse associated with the
      inconsistent point are removed from further consideration. The amplitude
      data (I) from at least four pulses must be within the tolerance and
      consistent with respect to each other or this second subtest is deemed to
      have failed. Upon failure, control is returned to the Control Program 100.
      Upon successful completion of subtask 2, subtask 3 begins which performs
      the same type of comparisons and pulse rejections as subtask 2 except on
      quadrature data (Q) points. Only those quadrature data points are tested
      which are part of pulses which passed subtask 2. The same criteria for
      success are used as in subtask 2.
PAR  Subtask 4 consists of summing the square of the data from each of the four
      amplitude samples from all of the pulses that were not rejected due to
      inconsistencies. When all of the amplitude data have been squared and
      summed, subtask 5 begins, which detects the shape of the envelope of the
      pulse. If the envelope slope is negative, the group of Settle sample
      points is moved toward the leading edge of the pulse on the next data
      taking cycle of the Digital Measurement Unit. If the group of sample
      points is detected as having progressed forward of the leading edge of the
      pulse, the group is wholly positioned on the leading edge following the
      next Settle data tracking cycle. Subtask 5 is completed and subtask 6 may
      begin only when the whole group of sample points is located on the leading
      edge of the pulse. Until this goal has been achieved, Settle returns
      control to the Control Program after each adjustment.
PAR  Subtask 6 serves to adjust the position of the group of sample points on
      the pulse so that they are properly located on the first four cycles of
      the pulse. This is accomplished as in subtask 5 with the ratios of the
      summed and squared data samples determining the exact position.
PAR  The purpose of the Track subroutine 106 is to produce the best possible
      estimate of the time of a zero crossing at the end of the third cycle of
      the Loran carrier signal. To accomplish this purpose, Track moves a pair
      of two data sample data points, which was initially positioned by the
      Settle subroutine 104, forward or backward on the pulse as required until
      the quadrature data sample point is as close to the zero crossing as
      possible. The other data sample point is then used to sample the amplitude
      of the positive half of the fourth cycle. These points are shown as 120
      and 122 in FIG. 5. In order to accomplish this purpose Track must perform
      the following subtasks:
PAR  1. Remove the Loran pulse group phase code.
PAR  2. Compute the predicted values of the in-phase and quadrature data sample
      voltages.
PAR  3. Compute the errors between the actual and predicted values of the
      voltages.
PAR  4. Compare these computed errors to established tolerances and reject all
      data from those pulses for which any error exceeds the tolerance.
PAR  5. Sum the accepted errors and count the number of accepted pulses.
PAR  6. Compute smoothed values of in-phase and quadrature voltages and voltage
      rates according to predetermined second order filter equations.
PAR  7. Predict the time of arrival of the zero crossing being tracked with
      improved resolution over that associated with the clock pulses by
      interpolating between the clock pulses.
PAR  8. Adjust the time position of the next set of data sample points for the
      next voltage measurement.
PAR  9. Set the AGC level of the RF unit of the receiver, and adjust the
      expected values of the data sample points for the next measurement cycle.
PAR  10. Adjust the tolerance level on errors between predicted and measured
      voltage samples to establish new tolerances for the next measurement
      cycle. Upon successful completion of these subtasks, Track returns control
      to the Control Program 100. Subtask 1 consists of multiplying the in-phase
      and quadrature data sample points by the Loran pulse group phase code, so
      that the effects of the phase code are removed. Subtask 2 into
      consideration the step in time between this pulse and the reference pulse
      in the previous GRI and computes the predicted values for both in-phase
      and quadrature voltages. In subtask 3 the errors for each component are
      computed, based on the new data just read in. In subtask 4 the in-phase
      and quadrature voltage component errors are compared to a voltage
      tolerance level. If either voltage component falls outside of this
      tolerance, the pulse is rejected. Subtask 5 sums the component errors when
      the I and Q component errors fall within this tolerance. In the event that
      subtask 4 is not successfully completed that pulse is completely rejected,
      subtask 5 is skipped, and data from the next pulse are processed starting
      with subtask 1. After all pulses in a pulse group have been processed, the
      smoothed values of in-phase and quadrature voltages and voltage rates are
      computed in subtask 6. If necessary, subtask 7 adjusts the time position
      of the next set of data sample points for the next voltage measurement. In
      subtask 8 the low pass filtered value of the in-phase voltage is tested
      against the automatic gain control tolerance and if necessary the RF gain
      is adjusted so that the in-phase data will be within this tolerance. The
      expected values of the data sample are adjusted accordingly in synchronism
      with the RF gain adjustments. If necessary, subtask 9 consists of
      adjusting the tolerance between computed and measured data sample
      voltages, according to the average number of pulses accepted.
PAR  The Station Identification subroutine 108 is to create a table of values,
      designated ID, which identifies the transmitting stations being tracked by
      the Track subroutine 106. To accomplish this the following subtasks are
      performed:
PAR  1. Generate a table of transmitters organized chronologically in the order
      of the transmitting station's reception after the reception of the
      reference transmitter.
PAR  2. Compute the time difference for the transmitters in the table.
PAR  3. Identify the transmitters by comparing the computed position of the
      receiver/navigator of the present invention based on each combination of
      transmitters in track taken three at a time, with the known location of
      the receiver/navigator.
PAR  The identities of the transmitters which satisfy these tests are stored in
      a table called ID. More specifically, subtask 1 begins by searching for
      the master transmitter in the phase codes of the transmitters in track. If
      a master is found to be present, a chronologically ordered transmitter
      table is created with the master as the first entry. If a master
      transmitter is not present, the phase codes of all the secondary
      transmitters are searched for a change of phase code. If a phase code
      change is found, a chronologically ordered transmitter table is created
      having as its first entry the first secondary transmitter which exhibits
      the phase code change. If neither a master transmitter nor a phase code
      change is detected, the first transmission received in the local GRI
      becomes the first entry in the chronologically ordered transmitter table.
      Subtask 2 consists of the computation of two time differences using the
      first entry in the chronologically ordered transmitter table as the
      reference transmitter and two other transmitters as the secondaries.
      Subtask 3 selects combinations of three transmitters at a time and, using
      the time differences computed in subtask 2, computes the present location
      of the receiver. The computed location is compared to the known location
      previously entered or updated into the computer. If the computed position
      of the receiver does not agree with the known location of the receiver for
      a given combination of three transmitters, another combination of
      transmitters is selected and the receiver location is recomputed for
      another comparison. When the two locations agree within a selected
      tolerance, the transmitters have then been identified and are entered into
      the above mentioned ID table. This procedure continues until all
      transmitters in Track have been identified, then control is returned to
      the Control Program 100.
PAR  The purpose of the Navigate subroutine 110 is to compute fixed course
      navigational information such as heading error, cross-track error and
      error rate, along-track distance to go, and along-track distance rate. To
      achieve this purpose the Navigate subroutine uses 13 subtasks.
PAR  1. Convert from earth orthogonal coordinates to planar coordinates for each
      Loran transmitter.
PAR  2. Compute the effective propagation velocity for the Loran signal.
PAR  3. Compute the geometry-dependent coordinate conversion parameters.
PAR  4. List the rate parameters for all transmitters in track.
PAR  5. Reorganize the time-of-arrival list to be relative to the reference.
PAR  6. Compute time and distance differences for all transmitters in track.
PAR  7. Convert the present receiver position from hyperbolic coordinates to
      Loran Rectangular Coordinates.
PAR  8. Compute and test the geometric dilution of precision (GDOP) limit to
      actuate baseline extension proximity warning.
PAR  9. Determine "easting" and "northing" rates and frequency offset
      correction.
PAR  10. Compute time differences of waypoints.
PAR  11. Compute Loran Rectangular Coordinates of waypoints.
PAR  12. Compute fixed course guidance navigational information.
PAR  13. Test for time to switch to next waypoint.
PAR  Subtask 1 sets up the triad coordinate system by finding the centroid of
      the location of all transmitting stations of the chain and then converting
      to planar coordinates centered at the centroid. Subtask 2 uses the
      appropriate baseline lengths between transmitters (in microseconds) and
      the coordinates computed in subtask 1 to compute the effective propagation
      velocity of the Loran signal.
PAR  Subtask 3 uses a well-known procedure to compute the geometry dependent
      coordinate conversion parameters. Subtask 4 computes, then lists, the rate
      parameters for every transmitter being tracked. Subtask 5 reorganizes the
      list containing the times of arrival, modulo one GRI time, so as to be
      relative to the reference transmitter. Note that due to the computations
      performed in subtask 3, the reference transmitter need not be a master
      transmitter. Subtask 6 then computes the time and distance differences for
      all transmitters in track. Subtask 7 then converts present receiver
      position in time difference to Loran Rectangular Coordinates. Coordinate
      conversion techniques typically result in two possible receiver positions,
      which are dependent on the sign of the square root of a quantity appearing
      in the computation. Selection of the proper sign of the square root to be
      used is based upon comparison of the three computed
      receiver-to-transmitter ranges with the three pre-established
      receiver-to-transmitter ranges. Another set of ranges is then computed for
      use when the Control Program 100 calls for Navigate 110 in a new triad.
      Subtask 8 computes the conventional GDOP determinant based on ranges,
      distances and the Loran Rectangular coordinates. The determinant is then
      tested against a limit to effect a base-line extension proximity warning.
      The "easting" and "northing"  rates and frequency offset computations are
      performed in subtask 9 using previously calculated rate and geometrical
      parameters. Subtask 10 computes the time differences of the waypoints
      which are then used in subtask 11 to compute the Loran Rectangular
      Coordinates of the waypoints. The number of waypoints which may be
      utilized in the receiver/navigator of the present invention is limited
      only by the amount of memory storage available. In subtask 12 the
      direction of the fixed course and the fixed course guidance navigational
      information is computed. Subtask 13 tests the along-track-distance against
      a limit in order to begin computations on the next fixed course leg.
PAR  The purpose of the Newtrack subroutine 112 is to position the Settle data
      sample points, at an appropriate time position into the local GRI of a
      Loran transmitter which is in the current chain but is not presently being
      tracked. To accomplish this purpose, Newtrack computes the number of clock
      counts into the local GRI for each transmitter not already in track.
      Newtrack then re-orders the Track status table and sets the appropriate
      parameters so that the Settle data sample points are properly positioned.
      Newtrack requires only four subtasks to accomplish this purpose.
PAR  1. Determine whether a transmitter is scheduled to be transmitting.
PAR  2. Compute time of arrival of a signal at the receiver and the number of
      clock counts into the local GRI.
PAR  3. Determine count and phase code rollover with respect to the Loran
      reference transmitter.
PAR  4. Reorganize to Track status table. When these subtasks have been
      successfully completed control is returned to the Control.
PAR  Determination of whether a transmitter is scheduled to be transmitting as
      performed in subtask 1, is accomplished by checking the coding delay array
      for positive values. If the coding delay is positive, subtask 2 then
      computes the planar coordinates of the transmitter, the time of arrival of
      the Loran signal from that transmitter to the receiver, and the number of
      clock counts into the local GRI for that transmitter. Subtask 3 then tests
      the clock count number for rollover, modulo the count per GRI. If rollover
      has occurred, the count for that transmitter is decreased by the count per
      GRI, and the phase code is increased by 16. The phase code is then tested
      for rollover and decreased by 32 if rollover has occurred. When the
      computed count for this transmitter differs by more than 200 microseconds
      from all the others in the table the Track status table is reorganized by
      subtask 4. In other words, the values for each entry in the table are
      remembered in time and moved upward until the proper slot is created for
      the new transmitter. When all transmitters have been processed control is
      returned to the control program.
PAR  Referring now to FIG. 6, a portion of the measurement processor, 44 of FIG.
      1, is shown in more detail. This processor is a 16-bit parallel processor,
      but since no shift operations are required, the logic for 1 bit position
      will define the logic for the remaining 15 bits. The only linkage between
      bits is the carry output (C out), shown on line 130 for the I component
      and on 132 for the Q component, of each adder bit position. Each adder,
      134 for I and 136 for Q, is connected to receive the carry input (C in) on
      lines 138 and 140 from the next higher order bit position, that is, the
      carry output of the highest bit position is used. The carry input of the
      lowest bit position is raised when the analog-to-digital converter output
      signal on line 42 is fed to a D register 142 whose output signal is
      inverted in inverters 144 and 146 and is passed through adders 134 and 136
      to form the two's compliment of the contents of the D register 142.
      Separate adders 134 and 136 are used for the I and Q processors to
      minimize sequence control logic complexity.
PAR  Referring to FIG. 7, the measurement sequence generator 52 of FIG. 1, is
      shown in more detail. The main component of the measurement sequence
      generator 52 is a read only memory 160, which in this preferred embodiment
      is 256 words by 8 bits. The read only memory 160 is used as the
      microprogram controller for the measurement processor 44 and the I and Q
      buffers 48 and 50, shown in FIG. 1, control instructions are outputted on
      the lines shown at 162. The mode control file 62 of FIG. 1 supplies the
      address inputs shown at 164 to the read only memory 160. These four inputs
      at 164 are the mode control words which define the type of measurement
      mode. The two inputs at 166 are the outputs from the synchronous preset
      counter 68 of FIG. 1, which define the four possible sample points in one
      cycle of the Loran signal. The remaining two address inputs 168 and 170 to
      the read only memory 160 represent first cycle 168 and last cycle 170.
      These are required since the control sequence for a measurement may be
      different for the first cycle than for intermediate cycles or the last
      cycle. If the measurement sequence only occurs over one cycle the first
      and last cycles will be the same. The read only memory 160 is enabled by a
      signal on line 172, which is the logic OR function from device 174. The
      inputs to the OR device 174 are the first cycle signal 168, the last cycle
      signal 170 and a run flip/flop signal on line 176. The first cycle signal
      on line 168 may be generated by a start comparator 178, which may be a
      gated 4-bit comparator, which is enabled by a signal on line 180 from a
      logical AND device 182 having as input the last three stage outputs 166 of
      the synchronous preset counter 68 of FIG. 1. The next four stages of the
      synchronous preset counter 68 supply the four inputs on lines 166 to the
      comparator 178. The mode control file 62 of FIG. 1 supplies the other four
      inputs, shown generally at 184. This arrangement permits the first cycle
      signal to be generated under control of the mode control word at from one
      to sixteen cycles before the end of the measurement cycle. The number of
      cycles before the end of the measurement interval cannot be made longer
      than the number of cycles in the measurement interval.
PAR  The first cycle signal on line 168 is also used to Set the run flip/flop
      186. The run flip/flop 186 is Reset by the last cycle signal on line 170.
      The last cycle signal is generated by a logical AND device 188 having as
      inputs four stages of the synchronous preset counter 68.
PAR  Referring to FIG. 8, the synchronous preset counter 68 of FIG. 1, is shown
      in more detail. The synchronous preset counter is a 16-bit device and is
      divided in three main sections, which serve to transfer the interval word
      from the interval file 60 into the synchronous preset counter. The first
      section 200 comprises four high speed stages parallel accept paralle input
      data on line 202 and which operate by count deletion. Also input to the
      first four stages 200 of the synchronous preset counter 68 is the 51.2 MHz
      oscillator signal on line 204. The output of this 4-bit delete counter 200
      is a 3.2 MHz signal on line 206 which is fed to the 12 lower speed stages
      208. These remaining 12 stages 208 of the synchronous preset counter 68
      are constructed from three synchronous 4-bit counters. These three
      circuits form a 12 stage synchronous binary up-counter with 12 individual
      stage outputs on line 166, 12 parallel data inputs on line 210 and the 3.2
      MHz signal on line 206. The transfer logic is provided by 12-bit parallel
      adder 212 and 12 inverters 214. Since the deletion method employed in the
      first four high speed stages 200 amounts to direct subtraction, the four
      least significant bits of the interval word need not be complemented. The
      resultant transfer logic then consists of the 12-bit parallel adder 212
      and the 12 inverters 214 operating with the high speed delete counter 200
      and the low speed preset counter 208. The twelve inverters 214 serve to
      complement the 12 most significant bits of the interval word while the
      parallel adder 212 with the raised carry input adds 16 counts to the
      complement interval number.
PAR  Various other modifications, adaptations and alternations are of course
      possible in light of the above teachings. Therefore, it should be
      understood at this time that within the scope of the appended claims the
      invention may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for producing navigation information from the coded signals of
      an existing network of radio transmitting stations each of which transmits
      a navigation signal in the form of a pulse group distinctively coded in
      accordance with the identity of that transmitting station, said apparatus
      comprising:
PA1  receiver means for receiving said transmitted coded navigation signals,
PA1  measuring means having search, settle, and track modes connected to said
      receiver means for making measurements at selected points on the waveform
      of each of said received coded signals and producing output signals
      representing the signal in-phase and quadrature amplitudes at said
      selected points on said signal waveform,
PA1  said search mode involving the use of said measurements of said waveform to
      identify a group of said transmitting stations,
PA1  said settle mode involving the use of said measurements of said waveform to
      locate a track point on the waveform for the received signal from each
      transmitting station of said station group,
PA1  said track mode involving the use of said measurements to adjust the
      location of said track point on the waveform of said received signal from
      each transmitting station of said station group, to maintain said track
      point coincident with the point at which said quadrature amplitude is
      measured, only if said quadrature amplitude remains within a preselected
      tolerance between successive pulses of a pulse group,
PA1  control means responsive to said output signals from said measuring means
      for selectively switching said measuring means to its search, settle, and
      track modes, and
PA1  means rendered effective when said measuring means is in its track mode for
      generating from the output signals from said measuring means data
      demarcating the times of arrival of said coded signals for navigation
      purposes.
NUM  2.
PAR  2. The navigation apparatus specified in claim 1 further including means
      responsive to the average number of times said quadrature amplitude falls
      within said preselected tolerance during a predetermined time interval for
      subsequently adapting said preselected tolerance for said quadrature
      amplitude dependent upon the existing environment through which said coded
      navigation signals are transmitted.
NUM  3.
PAR  3. The navigation apparatus specified in claim 1 wherein said track mode
      involves adjustment of the location of said track point on the waveform of
      said received signal from each transmitting station of said station group,
      to maintain said track point coincident with the point at which said
      quadrature amplitude is measured, only if both said in-phase and said
      quadrature amplitudes fall within the same preselected tolerance.
NUM  4.
PAR  4. Apparatus for producing navigation information from the coded signals of
      existing network of radio transmitting stations each of which transmits a
      navigation signal in the form of a pulse group distinctively coded in
      accordance with the identity of that transmitting station, said apparatus
      comprising:
PA1  receiver means for receiving said transmitted coded navigation signals,
PA1  measuring means having search, settle, and track modes connected to said
      receiver means for making measurements at selected points on the waveform
      of each of said received coded signals and producing output signals
      representing the signal in-phase and quadrature amplitudes at said
      selected points on said signal waveform,
PA1  said search mode involving the use of said measurements of said waveform to
      identify a group of said transmitting stations,
PA1  said settle mode involving the use of said measurements of said waveform to
      locate a track point on the waveform for the received signal from each
      transmitting station of said station group,
PA1  said track mode involving adjustment of the location of said track point on
      the waveform of said received signal from each transmitting station of
      said station group, to maintain said track point coincident with the point
      at which said quadrature amplitude is measured, only if said in-phase
      amplitude remains within a preselected tolerance between successive pulses
      of a pulse group,
PA1  control means responsive to said output signals from said measuring means
      for selectively switching said measuring means to its search, settle, and
      track modes, and
PA1  means rendered effective when said measuring means is in its track mode for
      generating from the output signals from said measuring means data
      demarcating the times of arrival of said coded signals for navigation
      purposes.
NUM  5.
PAR  5. The apparatus specified in claim 3 wherein said search mode employs a
      test internal to a pulse group requiring that a preselected number of
      pulses of said pulse group be consistent with one another within a
      preselected tolerance, and
PA1  said settle mode employs a test using only those in-phase and quadrature
      amplitudes which fall within a preselected tolerance.
NUM  6.
PAR  6. The apparatus specified in claim 5 wherein the preselected tolerance
      becomes increasingly more stringent as said measurement means is switched
      successively from its search mode to its settle mode and from its settle
      mode to its track mode.
NUM  7.
PAR  7. Apparatus for producing navigation information from the coded signals of
      an existing network of master and slave Loran transmitting stations each
      of which transmits a navigation signal in the form of a pulse group
      distinctively phase coded in accordance with the identity of that
      transmitting station, said apparatus comprising:
PA1  receiver means for receiving said transmitted coded navigation signals,
PA1  measuring means having search, settle, and track modes connected to said
      receiver means for making measurements at selected points on the waveform
      of each of said received coded signals and producing output signals
      representing the signal amplitude at said selected points on said signal
      waveform,
PA1  said search mode involving the use of said measurements of said waveform to
      identify a group of Loran transmitting stations,
PA1  said settle mode involving the use of said measurements of said waveform to
      locate a track point on the waveform of the received signal from each
      Loran transmitting station of said station group,
PA1  said track mode involving the use of said measurements to adjust the
      location of said track point on the waveform of said received signal from
      each Loran transmitting station of said station group, to maintain said
      track point coincident with a preselected point on said waveform provided
      the signal magnitude at said preselected point remains within a
      predetermined tolerance,
PA1  control means responsive to said output signals from said measuring means
      for selectively switching said measuring means to its search, settle, and
      track modes,
PA1  means rendered effective when said measuring means is in its track mode for
      generating from the output signals from said measuring means data
      demarcating the times for navigation purposes,
PA1  means responsive to the times of arrival demarcating output data from said
      generating means for establishing a station identity file listing in
      chronological order commencing with a selected reference Loran
      transmitting station the identity of the Loran transmitting stations from
      which coded signal have been received and tracked, and
PA1  means for selecting any pair of Loran stations from said station identity
      file for generating data indicating the difference in times of arrival of
      said coded signals from said selected pair of Loran stations relative to
      the coded signals from said selected reference Loran station.
NUM  8.
PAR  8. The apparatus specified in claim 7 wherein said station identity file
      establishing means selects said reference Loran transmitting station using
      the following criteria:
PA1  1. a master Loran station is used as said reference station if signals
      therefrom are being received and tracked,
PA1  2. if a master Loran station is not being tracked, a slave Loran station is
      used as said reference station if the coded signals therefrom indicate
      that a phase code change has been detected in said coded signals, and
PA1  3. if neither a master Loran station is being tracked or a phase code
      change has been detected in the coded signal from a slave Loran station,
      the slave Loran station from which coded signals are first received is
      used as said reference station.
NUM  9.
PAR  9. The apparatus specified in claim 7 wherein the said track point on the
      waveform of said received signal is adjusted into coincidence with the
      point at which the quadrature amplitude of said received signal is
      measured only if said quadrature amplitude falls within a predetermined
      tolerance.
NUM  10.
PAR  10. The apparatus specified in claim 9 further including means responsive
      to the average number of times said quadrature amplitude falls within said
      preselected tolerance during a predetermined time interval for
      subsequently adapting said preselected tolerance for said quadrature
      amplitude dependent upon the existing environment through which said coded
      navigation signals are transmitted.
NUM  11.
PAR  11. The apparatus of claim 1, wherein said transmitted coded navigation
      signals are in the form of Loran pulse groups phase coded in accordance
      with the identity of the associated Loran transmitting station and wherein
      said control means responsive to said output signals from said measuring
      means for selectively switching said measuring means to its search, settle
      and track modes comprises in said search mode:
PA1  means responsive to said output signals for detecting a Loran pulse
      contained in said output signals,
PA1  means responsive to the number of said detected pulses for detecting a
      group of Loran pulses,
PA1  means responsive to said detected Loran pulse group for identifying the
      phase code of said detected Loran pulse group, and
PA1  means responsive to said identified phase code for storing the in-phase and
      quadrature amplitudes of said signal waveform at said selected points for
      each Loran pulse within said detected pulse group.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said control means responsive to said
      output signals from said measuring means for selectively switching said
      measuring means comprises in said settle mode:
PA1  means responsive to said output signals for removing said phase code from
      said coded signals to produce uncoded Loran pulses,
PA1  means responsive to said uncoded signals for detecting whether the in-phase
      and quadrature amplitudes of each of said uncoded Loran pulse is
      consistent within a preselected tolerance throughout the detected Loran
      pulse group,
PA1  means rendered effective when Loran pulses of consistent in-phase and
      quadrature amplitudes are detected throughout the detected Loran pulse
      group for detecting the shape of the envelope of a Loran pulse to
      demarcate the leading edge of the Loran pulse envelope, and
PA1  means rendered effective when said leading edge has been demarcated for
      positioning the selected points at which said measurement means measures
      in-phase and quadrature amplitudes relative to said leading edge for the
      purpose of locating a desired track point on each detected Loran pulse.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said control means responsive to said
      output signals from said measuring means for selectively switching said
      measuring means comprises in said track mode:
PA1  means responsive to said output signals for detecting whether the in-phase
      and quadrature amplitudes of said signals remain within a selected
      tolerance, and
PA1  means for adjusting the location of said track point on each of said
      detected Loran pulses into coincidence with the point at which said
      quadrature amplitude is measured only if both said in-phase and quadrature
      amplitudes fall within said selected tolerance.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said receiver means includes means
      for removing interference from said received coded navigation signals.
NUM  15.
PAR  15. The apparatus of claim 13 wherein said control means is a programmed
      general purpose computer.
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PAL  A notch fed electric microstrip dipole antenna consisting of a thin
       electally conducting, rectangular-shaped element formed on one surface of
      a dielectric substrate, the ground plane being on the opposite surface.
      The length of the element determines the resonant frequency. The feed
      point is located in a notch along the centerline of the antenna length and
      the input impedance can be varied by moving the feed point along the
      centerline of the antenna without affecting the radiation pattern. Of all
      the many types of microstrip antennas built to date, this antenna offers
      the best advantages as far as arraying of the elements are concerned. The
      notched antenna can be arrayed using microstrip interconnecting
      transmission lines. The corner losses in the clad material and the width
      of the notch determines how narrow the element can be made. The purpose of
      the notch feed system is to interconnect any array of elements at the
      elements' optimum feed point using microstrip transmission lines.
BSUM
PAR  This invention is related to copending U.S. patent applications:
PA0  Ser. No. 571,154 for DIAGONALLY FED MICROSTRIP DIPOLE ANTENNA;
PA0  Ser. No. 571,156 for END FED MICROSTRIP QUADRUPOLE ANTENNA;
PA0  Ser. No. 571,155 for COUPLED FED MICROSTRIP DIPOLE ANTENNA;
PA0  Ser. No. 571,152 for CORNER FED MICROSTRIP DIPOLE ANTENNA;
PA0  Ser. No. 571,157 for OFFSET FED MICROSTRIP DIPOLE ANTENNA;
PA0  Ser. No. 571,158 for ASYMMETRICALLY FED ELECTRIC MICROSTRIP DIPOLE ANTENNA;
PAL  all filed together herewith on Apr. 24, 1975 by Cyril M. Kaloi.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to antennas and more particularly to a low physical
      profile antenna that can be arrayed to provide near isotropic radiation
      patterns.
PAR  In the past, numerous attempts have been made using stripline antennas to
      provide an antenna having ruggedness, low physical profile, simplicity,
      low cost, and conformal arraying capability. However, problems in
      reproducibility and prohibitive expense made the use of such antennas
      undesirable. Other type antennas could not be flush mounted on a missile
      or airfoil surface. Slot type antennas required more cavity space, and
      standard dipole or monopole antennas could not be flush mounted.
PAC  SUMMARY OF THE INVENTION
PAR  The present antenna is one of a family of new microstrip antennas and uses
      a very thin laminated structure which can readily be mounted on flat or
      curved irregular structures, presenting low physical profile where minimum
      aerodynamic drag is required. The specific type of microstrip antenna
      described herein is the "notch fed electric microstrip dipole." This
      antenna can be arrayed with interconnecting microstrip feed lines as part
      of the element. Therefore, the antenna element and the feed lines can be
      photo-etched simultaneously. Using this technique, only one coaxial to
      microstrip adapter is required to interconnect an array with a transmitter
      or receiver. In addition, this antenna can be easily matched to most
      practical impedances by varying the location of the feed point along the
      length of the element. Of all the many types of microstrip antennas built
      to date, this antenna offers the best advantages as far as arraying of the
      elements are concerned. Reference is made to the "electric microstrip
      dipole" instead of simply the "microstrip dipole" to differentiate between
      two basic types; the first being the electric microstrip type, and the
      second being the magnetic microstrip type. The notch fed electric
      microstrip dipole antenna belongs to the electric microstrip type antenna.
      The electric microstrip antenna consists essentially of a conducting strip
      called the radiating element and a conducting ground plane separated by a
      dielectric substrate. The length of the radiating element is approximately
      1/2 wavelength. The width may be varied depending on the desired
      electrical characteristics. The conducting ground plane is usually much
      greater in length and width than the radiating element.
PAR  The magnetic microstrip antenna's physical properties are essentially the
      same as the electric microstrip antenna, except the radiating element is
      approximately 1/4 the wavelength and also one end of the element is
      grounded to the ground plane.
PAR  The thickness of the dielectric substrate in both the electric and magnetic
      microstrip antenna should be much less than 1/4 the wavelength. For
      thickness approaching 1/4 the wavelength, the antenna radiates in a
      monopole mode in addition to radiating in a microstrip mode.
PAR  The antenna as hereinafter described can be used in missiles, aircraft and
      other type applications where a low physical profile antenna is desired.
      The present type of antenna element provides completely different
      radiation patterns and can be arrayed to provide near isotropic radiation
      patterns for telemetry, radar, beacons, tracking, etc. By arraying the
      present antenna with several elements, more flexibility in forming
      radiation patterns is permitted. In addition, the antenna can be designed
      for any desired frequency within a limited bandwidth, preferably below 25
      GHz, since the antenna will tend to operate in a hybrid mode (e.g., a
      microstrip/monopole mode) above 25 GHz for most commonly used stripline
      materials. However, for clad materials thinner than 0.031 inch, higher
      frequencies can be used. The design technique used for this antenna
      provides an antenna with ruggedness, simplicity, low cost, a low physical
      profile, and conformal arraying capability about the body of a missile or
      vehicle where used including irregular surfaces, while giving excellent
      radiation coverage. The antenna can be arrayed over an exterior surface
      without protruding, and be thin enough not to affect the airfoil or body
      design of the vehicle. The thickness of the present antenna can be held to
      an extreme minimum depending upon the bandwidth requirement; antennas as
      thin as 0.005 inch for frequencies above 1,000 MHz have been successfully
      produced. Due to its conformability, this antenna can be applied readily
      as a wrap around band to a missile body without the need for drilling or
      injuring the body and without interfering with the aerodynamic design of
      the missile. In the present antenna, the antenna element is not grounded
      to the ground plane. The antenna is easily matched to most practical
      impedances by varying the location of the feed point along the length of
      the element.
PAR  Advantages of the antenna of this invention over other similar appearing
      types of microstrip antennas is that the present antenna can be fed very
      easily from the ground plane side and has a slightly wider bandwidth for
      the same form factor.
PAR  The notch fed electric microstrip dipole antenna consists of a thin,
      electrically-conducting, rectangular-shaped element formed on the surface
      of a dielectric substrate. The element has a notch extending from one end
      thereof along the centerline of the length. The ground plane is on the
      opposite surface of the dielectric substrate and the microstrip antenna
      element is fed from a coaxial to-microstrip adapter, with the center pin
      of the adapter extending through the ground plane and dielectric substrate
      to the antenna element. The length of the antenna element determines the
      resonant frequency. The feedpoint is located along the centerline of the
      antenna length. While the input impedance will vary as the feed point is
      moved along the centerline between the antenna center point and the end of
      the antenna in either direction, the radiation pattern will not be
      affected by moving the feed point. The antenna bandwidth increases with
      the width of the element and the spacing (i.e., thickness of dielectric)
      between the ground plane and the element; the spacing has a somewhat
      greater effect on the band-width than the element width. The radiation
      pattern changes very little within the bandwith of operation.
PAR  The copper losses in the clad material and the width of the notch
      determines how narrow the element can be made. The notch feed system
      allows interconnection of any array of elements at the optimum feed point
      of each element, using microstrip transmission lines.
PAR  Design equations sufficiently accurate to specify the important design
      properties of the asymmetrically fed electric dipole antenna are also
      included below. These design properties are the input impedance, the gain,
      the bandwidth, the efficiency, the polarization, the radiation pattern,
      and the antenna element dimensions as a function of the frequency.
      Calculations have been made using these equations, and typical notched fed
      electric microstrip dipole antennas have been built using the calculated
      results. The design equations for this type antenna and the antennas
      themselves are new.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is an isometric planar view of a typical square notch fed electric
      microstrip dipole antenna.
PAR  FIG. 1B is a cross-sectional view taken along section line B--B of FIG. 1A.
PAR  FIG. 2A is an isometric planar view of a typical rectangular notch fed
      electric microstrip dipole antenna.
PAR  FIG. 2B is a cross-sectional view taken along section line B--B of FIG. 2A.
PAR  FIG. 3 shows a typical rectangular notch fed electric microstrip dipole
      antenna where the coaxial-to-mircrostrip adapter is at a location other
      than the optimum feed point and a microstrip feed line is used to connect
      the optimum feed point to the center pin of the adapter.
PAR  FIG. 4 is a plot showing the return loss versus frequency for a square
      element antenna having the dimensions shown in FIGS. 1A and 1B.
PAR  FIG. 5 is a plot showing the return loss versus frequency for a rectangular
      element antenna having the dimensions as shown in FIGS. 2A and 2B.
PAR  FIG. 6 shows the antenna radiation pattern (XY--Plane plot) for the square
      element antenna shown in FIGS. 1A and 1B.
PAR  FIG. 7 shows the antenna radiation pattern (XZ--Plane plot) for the square
      element antenna shown in FIGS. 1A and 1B.
PAR  FIG. 8 shows the antenna radiation pattern (XY-Plane plot) for the
      rectangular element antenna shown in FIGS. 2A and 2B.
PAR  FIG. 9 shows the antenna radiation pattern (XZ-Plane plot) for the
      rectangular element antenna shown in FIGS. 2A and 2B.
PAR  FIG. 10 illustrates the alignment coordinate system used for the notch fed
      electric microstrip dipole antenna.
PAR  FIG. 11 illustrates the general configuration of the near field radiation
      when fed along the centerline of the antenna.
PAR  FIG. 12 shows a general arraying configuration using a plurality of notch
      fed antenna elements.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  FIGS. 1A and 1B show a typical square notch fed electric microstrip dipole
      antenna of the present invention. FIGS. 2A and 2B show a rectangular notch
      fed electric microstrip dipole antenna. The only physical differences in
      the above antennas are the element width and notch length (i.e., the
      location of the feed point). The electrical difference is that the wider
      antenna element has a slightly greater bandwidth. Two typical antennas are
      illustrated with the dimensions given in inches, as shown in FIGS. 1A and
      1B, and 2A and 2B, by way of example, and curves shown in later figures
      are for the typical antennas illustrated. The antenna is fed from a
      coaxial-to-microstrip adapter 10, with the center pin 12 of the adapter
      extending through the dielectric substrate 14 and to the feed point on
      microstrip element 15 or 16. If it is desired to have the
      coaxial-to-microstrip adapter at a location other than the optimum feed
      point (e.g., at the end), a microstrip feed line 18 can be used to bridge
      this gap between the optimum feed point and the center pin 12 of the
      adapter, as shown by way of example in the configuration of FIGS. 3A and
      3B. The microstrip antenna can be fed with most of the different types of
      coaxial-to-microstrip launchers presently available. The dielectric
      substrate 14 separates the element 15, 16 or 17 from the ground plane 19
      electrically.
PAR  FIGS. 4 and 5 show plots of return loss versus frequency (which are
      indications of bandwidth) for the square element 15 and rectangular
      element 16, respectively. The square type element is the limit as to how
      wide the element can be without exciting higher order modes of radiation.
      With a square element, as in FIGS. 1A and 1B, mode degeneracy may occur if
      the feed point is not located at the center of the width. The result of
      mode degeneracy is undesired polarization. The copper losses in the clad
      material and the width of the notch determine how narrow the element can
      be made. The length of the element determines the resonant frequency of
      the antenna, about which more will be mentioned later. It is preferred
      that both the length and the width of the ground plane be at least one
      wavelength (.lambda.) in dimension beyond each edge of the element to
      minimize backlobe radiation.
PAR  FIGS. 6 and 7 show antenna radiation patterns for the square element of
      FIGS. 1A and 1B. FIGS. 8 and 9 show similar patterns for the rectangular
      element of FIGS. 2A and 2B. Only E-plane (XY-plane) plots and H-plane
      (XZ-plane) plots are shown. Cross-polarization energy was minimal and is
      therefore not included. The E-plane plot is the measurement made in the
      plane parallel to the E field (i.e., polarization field). The H-plane plot
      is the measurement made normal to the E field. The H-plane plots show that
      the rectangular element has a narrower beam width than the square element.
      Note that the beam width narrowing effects are due to ground plane
      effects.
PAR  Since the design equations for this type of antenna are new, pertinent
      design equations that are sufficient to characterize this type of antenna
      are therefore presented.
PAC  DESIGN EQUATIONS
PAR  To a system designer, the properties of an antenna most often required are
      the input impedance, gain, bandwidth, efficiency, polarization, and
      radiation pattern. The antenna  designer needs to know the above-mentioned
      properties and also the antenna element dimension as a function of
      frequency.
PAR  The coordinate system used and the alignment of the antenna element within
      this coordinate system are shown in FIG. 10. The coordinate system is in
      accordance with the IRIG Standards and the alignment of the antenna
      element was made to coincide with the actual antenna patterns that were
      shown earlier. The B dimension is the width of the antenna element. The A
      dimension is the length of the antenna element. The H dimension is the
      height of the antenna element above the ground plane and also the
      thickness of the dielectric. The AG dimension and the BG dimension are the
      length and the width of the ground plane, respectively. The y.sub.o
      dimension is the location of the feed point measured from the center of
      the antenna element. The S dimension is the width of the notch. The angles
      .theta. and .phi. are measured per IRIG Standards. The above parameters
      are measured in inches and degrees.
PAC  Antenna Element Dimension
PAR  The equation for determining the length of the antenna element is given by
EQU  A = [1.18 .times. 10.sup.10 - F .times. 4 .times. H .times.
      .sqroot..epsilon.]/[2 .times. F .times. .sqroot.1 + 0.61 .times.
      (.epsilon. - 1) .times.  (B - S/H).sup.0.1155 ]           (1)
PAL  where
PA1  x - indicates multiplication
PA1  F = center frequency (Hz)
PA1  .epsilon. = the dielectric constant of the substrate (no units).
PAL  In the above equation, the term (B-S) is referred to as the effective width
      of the element. As mentioned earlier, a greater bandwidth is observed when
      using a wider B dimension. For a wider bandwidth, it would be best to
      maintain a narrow notch dimension.
PAR  The main purpose of the notch feed system is to interconnect an array of
      elements at the elements optimum feed point using microstrip transmission
      lines. Tests have shown that a notch width equal to twice the microstrip
      transmission line width has very little effect on the antenna properties.
PAR  In most practical applications, B, F, H and .epsilon. are usually given.
      However, it is sometimes desirable to specify B as a function of A as in a
      square element. As seen from equation (1), a closed form solution is not
      possible for the square element. However, numerical solution can be
      accomplished by using Newton's Method of successive approximation (see
      U.S. National Bureau of Standards, Handbook Mathematical Functions,
      Applied Mathematics Series 55, Washington, D.C., GPO, Nov. 1964) for
      solving equation (1) in terms of B when B is a function of A. Equation (1)
      is obtained by fitting curves to Sobol's equation (Sobol, H., "Extending
      IC Technology to Microwave Equipment," ELECTRONICS, Vol. 40, No. 6 (20 Mar
      1967), pp. 112-124). The modification was needed to account for end
      effects and also the effects of the notch when the microstrip transmission
      line is used as an antenna element. Sobol obtained his equation by fitting
      curves to Wheeler's conformal mapping analysis (Wheeler, H., "Transmission
      Line Properties of Parallel Strips Separated by a Dielectric Sheet," IEEE
      TRANSACTIONS, Microwave Theory Technician, Vol. MTT-13, No. 2, Mar 1965,
      pp. 172-185).
PAC  Radiation Pattern
PAR  The radiation patterns for the E.sub..theta. field and the E.sub..phi.
      field are usually power patterns, i.e.,
      .vertline.E.sub..theta..vertline..sup.2 and
      .vertline.E.sub..phi..vertline. .sup.2, respectively.
PAR  The electric field for the notch fed electric microstrip dipole is given by
      ##EQU1##
      and
      ##EQU2##
      where U = (U2 - U3)/U5
PA1  t = (t3 - t4/t8
PA1  u2 = p sin (A .times. P/2) cos (K .times. A .times. sin .theta. sin .phi.
      /2)
PA1  U3 = k sin .theta. sin .phi. cos (A .times. P/2) sin (k .times. A .times.
      sin .theta. sin .phi. /2)
PA1  U5 = (P.sup.2 -  k.sup.2 sin.sup.2 .theta. sin.sup.2 .phi.)
PA1  T3 = P sin (P .times. B/2) cos (k .times. B .times. cos .theta./2)
PA1  T4 = k cos .theta. cos (P .times. B/2) sin (k .times. B .times. cos
      .theta./2)
PA1  T8 = (P.sup.2 -  k.sup.2 cos.sup.2 .theta.)
PA1  .lambda. = free space wave length (inches)
PA1  .lambda..sub.g = waveguide wavelength (inches)
PA1  j = (.sqroot.- 1)
PA1  I.sub.m = maximum current (amps)
PA1  P = 2.pi. /.lambda..sub.g, k = 2.pi. /.lambda.
PA1  e = base of the natural log
PA1  r = the range between the antenna and an arbitrary point in space (inches)
PA1  Z.sub.o = characteristic impedance of the element (ohms)
PAL  and Z.sub.o is given by
      ##EQU3##
      Therefore
      ##EQU4##
      and
      ##EQU5##
      Since the gain of the antenna will be determined later, only relative
      power amplitude as a function of the aspect angles is necessary.
      Therefore, the above equations may be written as
EQU  .vertline.E.sub..phi..vertline..sup.2 = Const .times. [U .times. cos .phi.
      + T .times. sin .theta.].sup.2                            (6)
PAL  and
EQU  .vertline.E.sub..theta..vertline..sup.2 = Const .times. [U .times. sin
      .phi. cos .theta.].sup.2                                  (7)
PAL  The above equations for the radiation patterns are approximate since they
      do not account for the ground plane effects. Instead, it is assumed that
      the energy emanates from the center and radiates into a hemisphere only.
      This assumption, although oversimplified, facilitates the calculation of
      the remaining properties of the antenna. However, a more accurate
      computation of the radiation pattern can be made.
PAC  Polarization
PAR  The polarization of the notch fed microstrip dipole antenna is linear along
      the Y axis when the B dimension is less than the A dimension and also when
      the feed point is located dead center in the B dimension. If the feed
      point is not located dead center, cross polarization can occur.
PAC  Efficiency
PAR  Calculation of the efficiency entails calculating several other properties
      of the antenna. To begin with, the time average Poynting Vector is given
      by
TBL  P.sub.av =                                                                
               R.sub.e (E X H*)/2                                              
                                   (8)                                         
     =         (.vertline.E.sub..theta..vertline..sup.2 + .vertline.E.sub..phi.
               .vertline..sup.2)/(2 .times. Z.sub.o)                           
PAL  where
PA1  * indicates the complex conjugate when used in the exponent
PA1  R.sub.e means the real part and
PA1  X indicates the vector cross product.
      ##EQU6##
      The radiation intensity, K, is the power per unit solid angle radiated in
      a given direction and is given by
EQU  K = r.sup.2 .times. P.sub.av                               (10)
PAR  The radiated power, W, is given by
      ##EQU7##
PAR  The radiation resistance, R.sub.a, is given by
EQU  R.sub.a =  W/I.sub. eff.sup.2                              (12)
PAL  where
EQU  I.sub.eff =  I.sub.m /.sqroot.2                            (13)
PAL  therefore
EQU  R.sub.a = 2 .times. W/I.sub. m.sup.2                       (14)
      ##EQU8##
PAR  Numerical integration of the above equation can be easily accomplished
      using Simpson's Rule. The efficiency of the antenna can be determined from
      the ratio of the Q (quality factor) due to the radiation resistance and
      the Q due to all the losses in the microstrip circuit. The Q due to the
      radiation resistance, Q.sub.R, is given by
EQU  Q.sub.R = (.omega.  .times. L .times. A)/(2 .times. R.sub.a)
PAL  where .omega. = 2.pi.F and L is the inductance of a parallel-plane
      transmission line and can be found by using Maxwell's Emf equation, where
      it can be shown that
EQU  L =  Z.sub.o /(F .times. .lambda. .sub.g)
PAL  and
EQU  .lambda..sub.g .apprxeq. 2 .times. A + (4 .times. H/.sqroot..epsilon.)
PAR  the Q due to the radiation resistance, Q.sub.R, is therefore given by
EQU  Q.sub.R = (.pi. .times. Z.sub.o .times.  A)/(.lambda..sub.g .times.
      R.sub.a)
PAR  The Q due to the copper losses, Q.sub.c, is similarly determined.
EQU  Q.sub.c = (.omega. .times. L .times.  A)/(2 .times. R.sub.c)
PAL  where R.sub.c is the equivalent internal resistance of the conductor. Since
      the ground plane and the element are made of copper, the total internal
      resistance is twice R.sub.c. R.sub.c is given by
EQU  R.sub.c = (R.sub.s .times. A/B) (ohm)
PAL  where R.sub.s is the surface resistivity and is given by
EQU  R.sub.s = .sqroot.(.pi. .times. F .times. .mu.)/.sigma. (ohm)
PAL  where .sigma. is the conductivity in mho/in. for copper and .mu. is the
      permeability in henry/in. .sigma. and .mu. are given by
EQU  .sigma. = 0.147 .times. 10.sup.7, .mu. =  0.0319 .times. 10.sup..sup.-6
PAL  therefore
EQU  Q.sub.c = (.pi. .times. Z.sub.o .times.  B)/(.lambda..sub.g .times.
      R.sub.s)
PAR  The loss due to the dielectric is usually specified as the loss tangent,
      .delta.. The Q, resulting from this loss, is given by
EQU  Q.sub.D =  1/.delta.
PAR  the total Q of the microstrip antenna is given by
      ##EQU9##
PAR  The efficiency of the microstrip antenna is given by
EQU  eff = Q.sub.T /Q.sub. R
PAC  bandwidth
PAR  The bandwidth of the microstrip antenna at the half power point is given by
EQU  .DELTA.f = F/Q.sub. T
PAR  the foregoing calculations of Q hold if the height, H, of the element above
      the ground plane is a small part of a waveguide wavelength,
      .lambda..sub.g, where the waveguide wavelength is given by
EQU  .lambda..sub.g .apprxeq. 2 .times. A + (4 .times. H/.sqroot..epsilon.)
PAL  if H is a significant part of .lambda..sub.g, a second mode of radiation
      known as the monopole mode begins to add to the microstrip mode of
      radiation. This additional radiation is not undesirable but changes the
      values of the different antenna parameters.
PAC  Gain
PAR  The directive gain is usually defined (H. Jasik, ed., Antenna, Engineering
      Handbook, New York McGraw-Hill Book Co., Inc., 1961, p. 3) as the ratio of
      the maximum radiation intensity in a given direction to the total power
      radiated per 4.pi. steradians and is given by
EQU  D =  K.sub.max /(W/4.pi.)
PAR  the maximum value of radiation intensity, k, occurs when 0 = 90.degree. and
      .phi. = 0.degree.. Evaluating K at these values of .theta. and .phi., we
      have
      ##EQU10##
      since
EQU  W = (R.sub.a .times.  I.sub.m.sup.2)/2
      ##EQU11##
      and for A = B
EQU  D = (4 .times. Z.sub.o .times.  A.sup.2)/(R.sub.a .times. .lambda..sup.2
      .times. .pi.)
PAL  Typical calculated directive gains are 5.7 db. The gain of the antenna is
      given by
EQU  G = D .times. efficiency
PAC  Input Impedance
PAR  To determine the input impedance at any point along the notch fed
      microstrip dipole antenna, the current distribution may be assumed to be
      sinusoidal. Furthermore, at resonance the input reactance at that point is
      zero. Therefore, the input resistance is given by
      ##EQU12##
      Where R.sub.t is the equivalent resistance due to the radiation resistance
      plus the total internal resistance or
EQU  R.sub.t =  R.sub.a +  2R.sub.c
PAL  The equivalent resistance due to the dielectric losses may be neglected.
PAR  The foregoing equations have been developed to explain the performance of
      the stripline antenna radiators discussed herein and are considered basic
      and of great importance to the design of antennas in the future.
PAR  Typical antennas have been built using the above equations and the
      calculated results are in good agreement with test results.
PAR  The near field radiation configuration, when the antenna is fed in the
      notch at the center of the width of the antenna and where the length of
      the element is approximately 1/2 the waveguide wavelength
      (.lambda..sub.g), is shown in FIG. 11. If the feed point is moved off the
      center of the width, the field configuration will change to include
      cross-polarization radiation.
PAR  A plurality of microstrip antenna elements can be arrayed on a dielectric
      substrate 14 by using microstrip transmission line 20, such as
      diagrammatically illustrated in FIG. 12, and fed from a single
      coaxial-to-microstrip connector at 21.
PAR  The advantages of the notch fed electric microstrip dipole antenna are that
      it can be fed at the optimum feedpoint, can easily be arrayed with
      microstrip transmission line, and the element width can be made as wide as
      the element length, thus permitting wider bandwidth without incurring
      cross-polarization fields.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A notch fed electric microstrip dipole antenna having low physical
      profile and conformal arraying capability, comprising:
PA1  a. a thin ground plane conductor;
PA1  b. a thin rectangular radiation element having a notch extending into said
      element from one end thereof along the centerline of the element length,
      said element being spaced from said ground plane;
PA1  c. said radiating element being electrically separated from said ground
      plane by a dielectric substrate;
PA1  d. said radiating element having an optimum feed point located along the
      centerline of the length thereof at the inner end of said notch;
PA1  e. said radiating element being fed from a coaxial-to-microstrip adapter,
      the center pin of said adapter extending through said ground plane and
      dielectric substrate to the plane of said radiating element;
PA1  f. the length of said radiating element determining the resonant frequency
      of said antenna;
PA1  g. the antenna input impedance being variable to match most practical
      impedances as said feed point is moved along said centerline without
      affecting the antenna radiation pattern;
PA1  h. the antenna bandwidth being variable with the width of the radiating
      element and the spacing between said radiating element and said ground
      plane, the width of said notch being a factor as to the effective width of
      said element, said spacing between the radiating element and the ground
      plane having somewhat greater effect on the bandwidth than the element
      width.
NUM  2.
PAR  2. An antenna as in claim 1 wherein the ground plane conductor extends at
      least one wavelength beyond each edge of the element to minimize any
      possible backlobe radiation.
NUM  3.
PAR  3. An antenna as in claim 1 wherein said thin rectangular radiation element
      is in the form of a square, said square element being the limit as to how
      wide the element can be without exciting higher order modes of radiation.
NUM  4.
PAR  4. An antenna as in claim 1 wherein a plurality of said radiating elements
      are arrayed with microstrip transmission lines to provide a near isotropic
      radiation pattern.
NUM  5.
PAR  5. An antenna as in claim 1 wherein the length of said radiating element is
      approximately 1/2 wavelength.
NUM  6.
PAR  6. An antenna as in claim 1 wherein said antenna element feed point is
      connected directly to said adapter center pin.
NUM  7.
PAR  7. An antenna as in claim 1 wherein said antenna element optimum feed point
      is connected to said adpater center pin by means of microstrip
      transmission line.
NUM  8.
PAR  8. An antenna as in claim 1 wherein said thin rectangular radiating element
      is formed on one surface of said dielectric substrate.
NUM  9.
PAR  9. An antenna as in claim 1 wherein the length of the antenna radiating
      element is determined by the equation:
EQU  A = [1.18 .times. 10.sup.10 - F .times. 4 .times. H .times.
      .sqroot..epsilon.]/[2 .times. F .times. .sqroot.1 + 0.61 .times.
      (.epsilon. - 1) .times. (B-S/H).sup.0.1155 ]
PAL  where
PA1  A is the length to be determined
PA1  F = the center frequency (Hz)
PA1  B = the width of the antenna element
PA1  H = the thickness of the dielectric
PA1  .epsilon. = the dielectric constant of the substrate
PA1  S = the width of the notch
PA1  B-s = the effective width of the antenna element.
NUM  10.
PAR  10. An antenna as in claim 1 wherein the radiation patterns are power
      patterns, .vertline.E.sub..theta..vertline..sup.2 and
      .vertline.E.sub..phi..vertline..sup.2, polarization field E.sub..phi.  and
      the field normal to the polarization field E.sub..theta., and are given by
      the equations:
      ##EQU13##
      and
      ##EQU14##
      where U = (U2 - U3)/U5
PA1  t = (t3 - t4/t8
PA1  u2 32  p sin (A .times. P/2) cos (k .times.  A .times. sin .theta. sin
      .phi./2)
PA1  U3 = k sin .theta. sin .phi. cos (A .times. P/2) sin (k .times. A .times.
      sin .theta. sin .phi./2)
PA1  U5 = (P.sup.2 -  k.sup.2 sin.sup. 2 .theta. sin.sup.2 .phi.)
PA1  T3 =  P sin (P .times. B/2) cos (k .times.  B .times. cos .theta./2)
PA1  T4 = k cos .theta. cos (P .times. B/2) sin (k .times. B .times. cos
      .theta./2)
PA1  T8 = (P.sup.2 - K.sup.2 cos.sup.2 .theta.)
PA1  I.sub.m = maximum current (amps)
PA1  P = 2.pi./.lambda..sub.g, k = 2.pi./.lambda.
PA1  .lambda. = free space wave length (inches)
PA1  .lambda..sub.g = waveguide wavelength (inches)
PAL  and
PA1  .lambda..sub.g .apprxeq.  2 .times. A + (4 .times. H/.sqroot..epsilon.)
PA1  r = the range between the antenna and an arbitrary point in space (inches)
PA1  Z.sub.o = characteristic impedance of the element (ohms)
PAL  and Z.sub.o is given by
      ##EQU15##
      H = the thickness of the dielectric B = the width of the antenna element
PA1  S = the width of the notch
PA1  .epsilon. = the dielectric constant of the substrate (no units).
NUM  11.
PAR  11. An antenna as in claim 1 wherein the minimum width of said radiating
      element is determined by the equivalent internal resistance of the
      conductor plus any loss due the dielectric.
NUM  12.
PAR  12. An antenna as in claim 1 wherein the input impedance, R.sub.in, is
      given by the equation
      ##EQU16##
      where R.sub.a the radiation resistance
PA1  2R.sub.c = the total internal resistance
PA1  Z.sub.o = characteristic impedance of the element, and
PA1  y.sub.o = distance of feed point from the center of the element.
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ABST
PAL  Method of recording with a stream of marking fluid drops in which a
      predetermined plurality of successively formed drops in a stream each have
      the same electrical charge induced therein so that, when subsequently
      subjected to an electrostatic field, all drops of one commonly charged
      plurality will impact a record member at approximately the same spot. Drop
      charges are induced therein by asynchronously applied charging signal
      levels, each having a duration which is a function of the drop formation
      frequency and equal to at least two drop periods.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of making a record member with drops of charged fluid,
      difficulty has been encountered in inducing the desired charge on a drop
      because of the drift in phase relationship between applied charging
      signals and the instant of drop formation when induced charges are created
      within the drop. The loss of synchronization between the applied charge
      and drop formation results in the drops attaining either insufficient or
      excessive charge and thus subsequently achieving an erroneous trajectory
      when subjected to an electrostatic deflection field. Misplaced drops on a
      receiving record member are noticeable and the printing thereon assumes a
      smudged or fuzzy appearance.
PAR  The customary corrections used to overcome the loss of synchronization have
      been to install sensors along the drop path or to use a multi-compartment
      sensing gutter for discarded drops and detect departure from some
      pre-established norm in electrical signal. The change in signal level is
      then used as an error signal to alter the phase relation between drop
      formation and charging. Corrections are made in drop formation time and
      location by altering fluid pressure or temperature. Charging signal timing
      is varied by changing electrical circuit delay by either analog or digital
      controls. These controls obviously add structure and complexity to the
      drop charging and forming apparatus.
PAR  A further difficulty experienced in marking with charged fluid drops is
      that of obtaining density control of the deposited liquid. Techniques to
      accomplish this have included variable dispersion of drops directed toward
      a recording surface through an opening in a shield. By producing a fine
      spray with variable dispersion there is control over the amount of marking
      fluid impacting the recording surface. This technique requires that the
      shield opening serve to limit or control the diameter of the formed mark.
PAR  Another technique is that of recording in small advancing increments
      between marking jet and rotating recording surface to enable selected drop
      placement in a matrical position. A varying number of these positions can
      be impacted through jet control to create the desired density effect.
PAR  Another technique is that of controlling the merging of formed drops in
      flight by establishing mutually atractive charges on adjacent drops. Drop
      merging requires complicated switching circuits in order to control the
      charging signal and to obtain the proper ultimate drop size. These
      techniques of density control necessitate either additional structure or
      complex data handling and storage arrangements, adding to the cost and at
      times impairing recording efficiency.
PAR  It is accordingly a primary object of this invention to provide a method of
      marking with charged drops of marking fluid in which synchronization
      between charging signals and drop formation is not required.
PAR  A further object of this invention is to provide a method of marking with
      charged drops in which a plurality of similarly charged drops are used to
      create a single mark on a recording surface.
PAR  Another important object of this invention is to provide a method of
      marking with charged drops in which each charging signal level induces
      similar charges on a plurality of successive drops.
PAR  A still further object of this invention is to provide a method of marking
      with charged drops of marking fluid in which the drop generation frequency
      is an integral multiple of the charging signal or data frequency.
PAR  A further object of this invention is to provide a method of marking with
      charged drops of fluid in which a range of density of marking fluid on a
      recording surface is attained by varying the number of successively and
      similarly charged drops impacting each predetermined recording area.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are attained in accordance with the invention by
      generating a stream of drops of electrically conductive marking fluid of
      uniform size and spacing, directing said drops toward a recording surface,
      and selectively charging a plurality of successive drops with each
      charging signal having a constant magnitude and a duration equal to at
      least two drop periods. These charged drops are then subjected to a
      constant electrostatic field so that the charged drops are deflected from
      their original trajectory according to the charges carried thereby. Drops
      in a plurality follow nearly identical trajectories and impact the
      recording surface in succession at approximately the same location. The
      recording surface may be moved continuously or incrementally during
      recording along an axis orthogonal to the direction of drop deflection.
PAR  Each recorded mark can be varied in size by varying the number of
      originally formed drops that are deflected to the particular marking area.
      In character generation, the number of drops directed to each recording
      spot is usually the same, while for non-coded information, such as in
      facsimile generation, the number of drops per recording signal may vary in
      accordance with the desired spot size and, hence, density. The invention
      is also readily adapted to recording in the binary or on-off mode in which
      recorded drops are either those charged or those uncharged.
PAR  Drops are generally produced at a frequency which is an integral multiple
      of the data rate or charging signal rate so that at least two, and
      optionally a greater number, of drops form each recorded mark
      corresponding to each recording signal. Drops are produced of smaller
      diameter and volume than usual to allow for the recording of multiple
      drops per mark. When the disclosed technique is used for recording, the
      synchronization of charging signals with drop generation is unnecessary
      since the small drops are not readily discernible to the naked eye. Some
      single drops can receive partial charges during the transition of the
      charging signal levels and impact recording surface at unwanted location
      virtually unnoticed. The ommission of synchronizing elements and circuits
      simplifies drop control without significant degradation of printing
      quality.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a liquid drop recording apparatus operated
      in accordance with the principles of the invention;
PAR  FIG. 2 is an enlarged view of recorded marks resulting from the operation
      of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a schematic illustration of the drop charging technique for
      liquid drops to form marks which are composites of a plurality of charged
      liquid drops;
PAR  FIG. 4 is an illustration of a charging signal for liquid drops when using
      the binary charging technique; and
PAR  FIG. 5 is an illustration of a charging technique for liquid drops in which
      the recorded marks can be varied in size.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a stream of drops 10 of conductive marking fluid such
      as ink, issues from nozzle 11 of print head 12 which is supplied with
      fluid under pressure from a suitable source 13. The stream issues
      initially as a filament of fluid and later, due to the surface tension and
      non-uniform cross-section, breaks into drops. However, to insure that the
      drops form of uniform size and spacing, the print head 12 and issuing
      fluid are acted upon by means 14 such as a commonly used piezoelectric
      vibratory circuit 15 to form drops at a desired constant frequency.
PAR  Located proximate the point of transition from fluid filament to drops is a
      charging electrode 16 connected to a video signal generator 17. This
      generator controls the magnitude and duration of charging voltage levels
      applied to electrode 16 and, hence, the induced charges on newly formed
      drops 10. The charged drops thereafter pass through an electrostatic field
      established between deflection plates 18 and 19 connected to a suitable DC
      potential, not shown. Each drop 10 is deflected during progression within
      the field according to the respective charge each carries and follows the
      attained trajectory to impact the surface of recording member 20. Drops to
      be discarded are left uncharged or only slightly charged so that they are,
      in effect, undeflected by the electrostatic field and impact a gutter 21
      for subsequent return to source 13.
PAR  Accurate drop placement in the past has required close synchronization
      between the applied charging signal levels and drop formation time within
      electrode 16. Control of the synchronization is usually accomplished by
      using charge detection devices, comparing circuits, and adjustable signal
      delays to maintain the rigid control. In this invention, no attempt is
      made to maintain such synchronization; drop charging signals are applied
      from video generator 17 independently of drop formation. The size of
      individual drops is made smaller and individual charging signals occur at
      a frequency equal to one-half or less of the drop generation frequency. In
      other words, the duration of each charging signal is equal to at least two
      drop periods. The result of such charging is that a plurality of
      successive drops receive the same charge and will impact the record member
      at substantially the same point. There is some negligible misalignment of
      likecharged drops when the record member is continuously moving during
      printing; however, this is not noticeable as the displacement of the
      record member during the time interval of drop-to-drop period is extremely
      small.
PAR  The nozzle used to produce the fluid filament and drops 10 is of smaller
      cross-section than those conventionally used and ranges in size from 0.7
      mil to 1.0 mil or less. This produces drops of 1.4 to 2.1 mils in diameter
      that usually result in independently produced recorded marks of 2 to 3.5
      mils in diameter. The drops are preferably produced at a frequency which
      will permit a relatively high data rate such as 80 to 120 KHz in charging
      level frequency. Thus, if two drops are to be charged with each charging
      signal, this would require a drop frequency of 160 to 240 KHz. In the
      event it is desirable to charge three drops per charging signal level,
      then, of course, the data rate is reduced or drop frequency is increased;
      a drop frequency of 240 KHz would be necessary to maintain a data
      frequency rate of 80 KHz. The drop size and generation frequency can be
      varied to meet particular recording requirements. In FIG. 1 the drops are
      schematically indicated as being charged in groups of three. FIG. 2 is an
      enlarged view of the generation of a vertical line segment as it is formed
      by similarly charged drops in each plurality.
PAR  The synchronization between drop formation and charging signal application
      is not critical because the drop size produces a relatively small recorded
      mark in the event a drop receives a charge intermediate that of the
      preceding or succeeding mark. Referring to FIG. 3, there is illustrated a
      charging signal with several levels of selected values having a rise time
      designated Tr. The drops of marking fluid in Row 1 will be seen to be in
      synchronism with the charging signal as they formed so that for one
      particular charging level three drops 30, 31 and 32 are charged in this
      case. Marks 38 indicate relative impact locations for the charged drop
      pluralities. Upon considering the generation of drops in Row 2, however,
      it will be seen that drops 33 and 36 are produced during the transition
      between charging signal levels. Only two drops 34 and 35 will receive the
      same full charge, since they were produced during the time that the
      charging voltage was constant. As all drops pass through the deflection
      field, drops 33 and 36, which were charged during a transition period will
      be deflected differently than the drops 34 and 35 therebetween.
      Accordingly, these drops which received improper charges will impact the
      recording medium at a slightly different location than that intended.
PAR  When printing a line or segment thereof, drops partially charged during a
      signal transition to a greater level are not apparent since they fall on
      previously recorded drops. However, when the charging level changes from
      one value to another which omits one or more of the intervening drop
      composites, then there is a possibility that the partially charged drop
      will be noticeable, since its charge will dictate that it will fall in a
      relatively clear record area. By using the smaller nozzle sizes such as
      the 0.7 mil, drop size is 1.4 mil in diameter and alone will produce a
      mark on a record member of approximately 2.1 mils in diameter. In the
      conventional 100 mil by 80 mil character such drops are not readily
      discernible to the human eye and go relatively unnoticed. In addition, if
      each drop plurality is increased to contain a larger number of drops then
      drops mischarged during a signal transition will make a mark smaller in
      relative size.
PAR  The invention is also readily adaptable to the binary type of drop control
      shown in FIG. 4 in which drops are either charged or uncharged. Charged
      drops each receive the same charge. When recording with charged drops 40,
      the charging signals may be applied asynchronously in the same manner as
      described above for several charging levels. If only uncharged drops are
      used for recording then, of course, the drops used for marking are merely
      left uncharged for the desired length of the line segment.
PAR  The invention also lends itself to generation of non-formatted recording
      because of the ability to provide a variable density recording. This
      capability is valuable in achieving the production of unusual character
      fonts or half-tone images for uncoded data such as facsimile production.
      Because of the asynchronous technique of charging pluralities of
      successive drops, the charging signal can be easily varied in duration to
      produce like charges on variable numbers of drops in a plurality such as
      three, four, five, etc. The result is that the recorded mark can be
      altered in size according to the number of drops used to form the
      composite mark. Merely by changing the duration of the charging signal as
      shown in FIG. 5, diameters of recorded marks 50-53 are varied. This allows
      a density signal from a sensing device to be directly converted into a
      digital value which is thereafter used to produce an equivalent duration
      for the charging signal. This process of achieving gray scale simplifies
      the circuitry formerly required when a recording system necessitated
      numerous conversion and storage facilities. The variable number of drops
      used to form a recorded mark can be used in either the multi-level
      charging signal or the binary type of recording and, hence, can be used
      with either the fixed matrix or analog type recording.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments therefor, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of recording with a jet of marking fluid on a recording surface
      comprising the steps of:
PA1  generating a stream of drops of marking fluid of substantially uniform size
      and spacing directed toward a nonrecording location;
PA1  inducing electrical charges in selected pluralities of successive drops for
      deposit on said recording surface with each drop in a selected plurality
      having the same charge as each other drop in said plurality and successive
      selected pluralities having different induced charge values thereon; and
PA1  subjecting all said drops to an electrostatic field to deflect said drops
      in each selected plurality along substantially the same trajectory toward
      said surface according to the said induced charge thereon whereby the
      range of density of marking fluid on said recording surface is attained by
      varying the number of said successively and similarly charged drops
      impacting each predetermined recording area.
NUM  2.
PAR  2. A method according to claim 1 including the further step of producing
      relative movement between said record member and the drop generating
      source during the generation of said drops.
NUM  3.
PAR  3. A method according to claim 1 wherein said charging signals are equal to
      at least three drop periods.
NUM  4.
PAR  4. A method according to claim 1 wherein said charging signals have
      variable durations greater than two drop periods.
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ABST
PAL  An optical or photon image is converted by a photocathode to an electron
       ge. A semiconductor plate receives the electron image on a first side
      thereof. For an electronically controlled time, the image is integrated
      and stored in thousands of reversed biased PN junctions connected to
      micro-sized conductors, in the plate. An intensified image is then
      transfered from a second side of the plate at an electrically controlled
      time to adjacent moving film which is exposed to intensified images from
      the plate.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the United States Government for governmental purposes without the
      payment to me of any royalty thereon.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to electron image photography for low light
      level or high resolution applications.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Recorders utilizing Electron Image Integration Intensifier Tubes operate on
      a different principal but are related to high frame rate camera systems
      involving image intensifiers, optics to transmit optical image from output
      plate of image intensifier to film, and intermittent action film
      transports which will hereafter be referred to as the intermittent action
      camera or IAC. The 70mm IAC approaches its limiting frame rate at 100
      frames per sec. The 35mm IAC approaches it's limiting frame rate at 400
      frames per sec. One of the objectives of the electrical image recorder
      (EIR) is to allow frame rates in excess of 300 frames per sec for 70mm
      cameras and 500 frames per sec for 35mm cameras and corresponding
      improvements for other size film cameras. The EIIIT camera allows the film
      to travel smoothly without intermittent action. The primary difference
      between the EIIIT camera and the IAC are given below; where EIIIT stands
      for electron image integration intensifier tube.
TBL  ______________________________________                                    
                  Intermittent Action                                          
     Function        Camera      EIIIT Camera                                  
     ______________________________________                                    
     Image        Mechanical     Image Intensified                             
     Integration  Shutter        Electronically                                
                                 Turned on                                     
     Maximum      About 50% of period                                          
                                 Almost 100% of                                
     Integration  between frames period between                                
                                 frames                                        
     Film         Film must be stopped                                         
                                 Film is in                                    
     Motion       for entire image                                             
                                 continuous                                    
                  integration time                                             
                                 constant speed                                
                                 motion                                        
     Film Exposure                                                             
                  Mechanical shutter                                           
                                 Electronic gating                             
     Frames per sec                                                            
                  About 100      In excess of 300                              
     for 70mm film (Max)                                                       
     ______________________________________                                    
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention utilizes an image integration and transfer plate
      which receives an electron image on one side of the plate. The image is
      integrated and stored, for an electronically controlled time, in thousands
      of micro-sized PN junctions backbiased to form capacitors. The image is
      then transfered forward at an electronically controlled time. Uses of the
      device in tubes and recording systems satisfy specific applications for
      low light level image recording and/or where frame rates and image
      resolution must be high.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a cutaway view of an entire tube assembly which utilizes an
      integration and storage semiconductor plate.
PAR  FIG. 2a is a perspective view of the integration and storage plate, with a
      portion of the periphery cut away to indicate interior detail. FIG. 2B is
      a magnified detail view showing the sectional construction of the
      semiconductor plate of FIG. 2A.
PAR  FIG. 3 is a schematic diagram indicating the bias conditions across the
      plate surfaces.
PAR  FIG. 4 is a cutaway view of an electron image recorder, utilizing a
      semiconductor integrating and storage plate.
PAR  FIG. 5 is a partial sectional view of an image integration and flash
      transfer plate, somewhat similar in construction to the integration and
      storage plate of FIG. 2A, 2B.
PAR  FIG. 6 is a perspective view illustrating the overall appearance of the
      image integration and flash transfer plate.
PAR  FIG. 7 is a magnified, sectional view of the detail which comprises the
      image integration and flash transfer plate.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Electron Image Integration Intensifier Tube
PAR  Referring to the figures and more particulary FIG. 1 thereof, an image
      intensifying tube is generally indicated by reference numeral 10. The tube
      includes a cylindrical glass envelope or housing 12. The left end of the
      envelope has a tranversely mounted photocathode 16 thereat. The
      photocathode is a conventional device and marketed by RCA and
      Westinghouse, among others. Structurally, the photocathode includes an
      outward side which is transparent and is coated with a conductor. The
      inward side of the photocathode is coated with a material which is
      sensitive to photons. Photons passing through the outward side of the
      photocathode, to the photon sensitive material causes an electron to be
      emitted for each photon that is absorbed by the photon sensitive material.
      As a result, an electron image is generated at the inward side of the
      photocathode, this image being projected axially along the inside of the
      tube. The photocathode 16 is provided with a lead 14 so that an
      accelerating voltage may be applied between the photocathode 16 and lead
      15, from the image output member 38, at the opposite end of the tube.
PAR  Electrostatic focus anodes 18 and 22 are concentrically mounted within the
      tube, at the left end portion thereof. Leads 20 and 24 are connected to
      the anodes 18 and 22, respectively, to apply potentials thereto. The
      purpose of the anodes is to keep the image order, as projected by the
      photocathode.
PAR  In the center of the tube is a transversely mounted integration and storage
      plate, generally indicated by reference numeral 26. The plate has two
      leads 25 and 27 extending therefrom, so that a voltage may be applied
      between opposite sides of the plate. The particular construction of the
      plate 26 will be dealt with in greater detail hereinafter. However,
      suffice it to say at this point, the plate is capable of integrating and
      storing an electron image for a relatively long period of time, after
      which it quickly strobes this image toward the image output end of the
      tube. The result of course, is an intensified image. As shown in FIG. 1,
      the integration and storage plate 26 is received within a circular recess
      28 where it may be securely fastened.
PAR  Additional focus anodes 30 and 34 are positioned at the right of the plate
      26. Leads 32 and 36 are respectively connected to the anodes 30 and 34 to
      apply potentials thereto. The function of the anodes 30 and 34 is the same
      as the previously discussed anodes 18 and 22.
PAR  In the embodiment illustrated in FIG. 1, the image output takes the form of
      a phosphor plate 38 against which the electrons impinge after traveling
      the length of the tube. A lead 15 is connected to the phosphor plate 38 to
      provide additional gain in accelerating electron flow through the tube. A
      circular recess 40 is provided to receive the output tube 38.
PAC  IMAGE INTEGRATION AND TRANSFER PLATE
PAR  FIG. 2A illustrates in perspective, the disc shape nature of the plate 26.
      The plate is bounded by a circular periphery 42 and opposite parallel
      sides 46 and 48. As will be discussed hereinafter, semiconductor elements
      are located within a generally rectangular area 44, on both sides 46 and
      48 of the plate. A section 50 is indicated through the plate 26 and FIG.
      2B indicates the detail in magnified form.
PAR  The right side of the plate, as shown in FIG. 2B includes a conducting grid
      52, which is identical to the side 46 of the plate shown in FIG. 2A. An
      oppositely disposed conducting grid 60 in FIG. 2B is identical with the
      left side 48 of the plate, as illustrated in FIG. 2A. The conducting grids
      52 and 60 are composed of a conducting material with a series of regularly
      spaced and adjacent apertures formed therein. The P semiconductor grid 54
      is spaced from the N semiconductor grid 58, the two being separated by an
      insulative member 56. The semiconductor grids are in direct contact with
      the conducting grids and have apertures that are in line with but smaller
      than the conducting grid apertures. A P semiconductor cap makes a direct
      PN interface with the N semiconductor grid and a N semiconductor cap makes
      a direct PN interface with the P semiconductor grid in each aperture. Each
      P cap is electrically connected to an opposite N cap through a conducting
      fiber. By forward biasing the PN junctions through the conducting grids
      52, 60, they maintain nearly the same potential, so that any electron
      image input that has been integrated and stored is erased. The electron
      image input is indicated by reference numeral 62. The integration and
      storage process takes place between the P caps and the N grid of PN
      materials 58, 70. An electrically conducting fiber 68 is positioned
      between the PN junction 66, 70.
PAR  In order to better appreciate the operation of plate 26, reference is made
      to FIG. 3. Double pole, double throw switches 72, 74 determine two
      conditions of biasing the conducting grids 52, 60. At the end of an image
      transfer operation, the image is to be erased. In order to accomplish
      this, the switches 72, 74 are set across the potential 76. This forward
      biases the PN junctions 58-70 and 66-54 essentially shorting the
      conducting grids 52, 60.
PAR  A second condition is set when the switches 72, 74 are switched across the
      potential generally indicated by reference numberal 78. Under these
      voltage conditions the PN junctions 58-70 and 66-54 are backed biased
      causing the PN junctions to be capacitors which permits the integration
      and storage of an electron image input in the PN interface between caps 70
      and the semiconducting grid 58 therebetween.
PAR  During the image integration process, electrons strike the N cap 66 with an
      impact equivalent to about 10,000 ev. For each electron which strikes the
      N cap 66, about 2,000 electronhole pairs are created. The elecrons migrate
      to the PN junction between 70 and 58 while the holes migrate to the PN
      junction between N cap 66 and P grid 54. The electrons are held and stored
      in the PN interfaces capacitive effect during image integration. A low
      light, relatively static image can be integrated for one-half minute, or
      more.
PAR  In order to transfer the image axially away from the plate, in the
      direction of the electron image output 64 (FIG. 2B), an additional
      potential is applied at the image transfer terminal 80 (FIG. 3), while the
      switches 72, 74 are in the image integration mode. Electrons are emitted
      from the conducting grid 60 in an intensified pattern corresponding with
      the original image.
PAR  Referring to FIG. 1, a typical electrical sequence of events are outlined
      as follows:
PAR  Image output off - Photocathode 16 at potential E.sub.1. Storage plate grid
      52 at potential E.sub.2. Transfer grid 60 at potential E.sub.3. Output
      plate 38 at potential E.sub.4.
PAR  Fiber Electron Optics Zeroing (Erase) - Voltage pulse across storage plate
      26 causes conducting fibers 68 (FIG. 3) to go to a common potential due to
      forward biasing of PN Junctions 58-70 and 66-54 (FIG. 3).
PAR  Image Integration - Photocathode 16 at potential E.sub.1. Storage plate
      grid 52 at potential E.sub.2. Transfer grid 60 at potential E.sub.3 +
      E.sub.on. Output plate 38 at potential E.sub.4. E.sub.on is the voltage
      applied in excess of E.sub.3, necessary to achieve image integration.
PAR  Image Transfer - Photocathode 16 at potential E.sub.1. The storage plate
      grid 52 at potential E.sub.2. The transfer grid 60 at potential E.sub.3 +
      E.sub.transfer. The latter mentioned potential is applied at terminal 80
      of FIG. 2. The output plate 38 is maintained at potential E.sub.4.
TBL  ______________________________________                                    
     A typical sequence of events may be as follows:                           
     Fiber Electron Optics Zeroing (Erase)                                     
                            --    499    microsec.                             
     Image Integration      --    2000   microsec.                             
     Image Transfer         --    1      microsec.                             
     Total Time for Frame   --    2500   microsec.                             
     Frame rate             --    400    FPS                                   
     ______________________________________                                    
PAC  ELECTRON IMAGE RECORDER
PAR  Referring to FIG. 4, a cutaway view of an electron image recorder is shown.
      As will be observed, the assembly within the glass envelope 12 is
      identical with the assembly of components in FIG. 1, to the left and
      including the integration and transfer plate 26. Adjacent to the right
      side of the plate 26 is a film backplate 86 which is mounted in parallel
      spaced relationship to the integration and transfer plate 26, as well as
      transverse end 82 of the glass envelope 12. An electron sensitive film 84
      is moved between the backplate 86 and the transverse end 82. In order to
      maximize electron exposure of the film and minimize air or gas
      interference on the electrons, the distance between the integration and
      transfer plate 26 and the film 84 should be minimized. Conventional photon
      sensitive films may be used, although modern film technology permits a
      further optimization of electron images by a more sensitive electron film.
      Electrostatic type film or paper can also be used. The film 84 may include
      sprocket holes 85 that permit the film 84 to be moved by a continuous
      sprocket drive mechanism (not shown). The backplate potential for photon
      sensitive films must be considerably higher than electrostatic film.
PAR  The primary function of the electron image recorder is to permit continuous
      recording of electron images on the film 84 by electronically controlling
      the transfer of an electron image from the plate 26 to the film 84, in
      lieu of mechanical shutter movement of conventional high speed
      intermittent action cameras.
PAR  It is most important that the electron image be stored on plate 26 and
      quickly transfer therefrom in order to prevent image blur on the film.
      Conventional photon sensitive film 84 will be exposed by the electron
      image if the electron image accelerates high enough to have the required
      electron volts for photon exposure. This is achieved by biasing the film
      plate 86, at lead 87 in a manner to accelerate electrons from the plate 26
      toward the backplate 86.
PAR  The following sequence of events summarize the electrical conditions for
      the various modes of operation:
PAR  Image Off - Photocathode 16 at potential E.sub.1. Storage plate grid 52 at
      potential E.sub.2. Transfer grid 60 at potential E.sub.3. Backplate at
      potential E.sub.4.
PAR  Image Integration - Photocathode 16 at potential E.sub.1. Storage plate
      grid 52 at potential E.sub.2 + E.sub.on. The transfer grid 69 is
      maintained at potential E.sub.3. the backplate 86 is maintained at
      potential E.sub.4.
PAR  Image Transfer - Photocathode 16 at potential E.sub.1. Storage plate grid
      52 at potential E.sub.2. The transfer grid 27 is at potential E.sub.3 +
      E.sub.transfer. The backplate is maintained at potential E.sub.4.
PAR  As will be appreciated, the aforementioned potentials correspond to those
      previously described in connection with the operation of the image
      integration intensifier tube of FIG. 1. The only difference in the
      discussion of potentials relates to the potential on the backplate 86.
      While discussing FIG. 1, this potential was discussed in connection with
      the output plate 38.
PAR  A time sequence for the aforementioned steps is typically as follows:
TBL  Image Integration   4000    microsec.                                     
     Image Transfer to Film                                                    
                         1       microsec.                                     
     Image Off           999     microsec.                                     
     Total Time          5000    microsec.                                     
     Frame Rate          200     FPS                                           
PAC  IMAGE INTEGRATION FLASH TRANSFER PLATE
PAR  In lieu of the phosphor output plate 38, in FIG. 1, a different type of
      output plate may be employed. It is referred to as an Image Integration
      Flash Transfer Plate 88 (IIFTP). As can be seen in FIG. 6, the overall
      contour of the output plate is disc-shaped, similar to the phosphor plate
      38 (FIG. 1). A detail sectional view of the portion generally indicated by
      reference numeral 90 is shown in FIG. 7. In this regard, it will be
      observed that the sectional structure is quite similar to the image
      integration and transfer plate of FIG. 2B.
PAR  Referring to FIGS. 5 and 7, the electron image input 110 impinges upon
      semiconductor N caps 98. PN material 98, 94, form a single layer, as in
      the case of the image integration and transfer plate (FIG. 2B).
      Semiconductor grid 94 makes direct contact with conductor grid 92 with the
      apertures of 94 smaller than the apertures of 92. N semiconductor caps 98
      are in the grid 94 apertures and form PN junctions with the grid.
PAR  An electron image may, hypothetically, cause more electrons to be stored in
      the conductor 102, than conductor 104. With a deformographic film 106
      capping the conductors 102 and 104, the difference in the electron
      densities will cause a deformation of the film. The film may be fabricated
      from a rubber polymer. In order to make use of the deformographic film as
      a light scattering device, it is coupled with a reflective conductive
      metal film 108 which will conform to the deformations of the
      deformographic film 106. The deformations in the reflective film 108 will
      correspond to the electron image impinging upon the flash transfer plate,
      which will in turn correspond with the original image input at the
      photocathode 16 (FIG. 2). An optical image may be retrieved by shining
      light upon the outer surface of the reflective film 108. More light will
      scatter from reflection off the film 108, above the conductor 102 than 104
      due to the hypothetical greater concentration of electron storage in the
      left conductor 102 when compared with conductor 104. If the reflected
      images were passed through a pin hole, the scattered light would be lost
      and the viewing screen placed behind the pin hole would reconstruct the
      original image input.
PAR  The flash transfer plate 88 may be utilized as the output plate of an image
      intensifier tube, microchannel intensifier, or proximity focused
      intensifier. Each high energy electron, from an impinging electron image,
      striking the N semiconductor caps 98 create many low energy (up to 2,000)
      electron - hole pairs. The caps receive most of the high energy electrons
      because the surrounding P semiconductor components 94 and metal conductor
      grids 92 are negative with respect to the caps. During image integration
      the thin film conductor 108, on the output side of the plate, is positive
      with respect to the conducting grid 92 on the input side of the plate.
      This biases the PN junctions in reverse, causing them to act like
      capacitors. The output thin film conductor 108, the deformographic film
      106, and the fiber conductors 102 form capacitors in series parallel with
      the input PN capacitors. The freed electrons migrate toward the
      deformographic film 106 and the holes toward the PN interface where they
      are stored. The electron image released at a photocathode, in an
      intensifier tube, integrates upon the conductor fibers at their interface
      with the deformographic film. The electron charges cause the film to
      deform. The deformation is an indirect and amplified image of the photon
      image striking a photocathode of an image intensifier tube, where the
      present flash plate 88 is to be used. A short flash of light through
      suitable optics is reflected off the deformographic film 108 and focused
      on a screen or photographic film. The flash plate 88 may the be zeroed or
      erased by forward biasing the low plate. The forward bias causes the PN
      junctions to become low impedance resistive devices and bias voltage is
      predominantly across the fiber-conductor-thin film capacitances. The bias
      is then reduced to an optimum level across the capacitors for best
      operation of the plate. The reverse bias is then reinitiated and the next
      integration of an electron image begins.
PAR  In the event the flash plate 88 is utilized in a high frame image recorder,
      such as that described in connection with FIG. 4, the output image is
      flashed on continuous motion film for a very short interval of time so
      that the film appears to be motionless. A typical example of timing is as
      follows:
TBL  erasing previous image stored                                             
     in the plate          99      microsec.                                   
     integrate image on fiber                                                  
     output capacitors     900     microsec.                                   
     flash image onto film 1       microsec.                                   
     film motion           70      mm/ms                                       
     frame rate            1000    frames/sec                                  
PAR  As indicated in FIG. 6, leads or electrodes 114 and 116 are respectively
      connected to the conducting grid 92 and the reflective conductive metal
      film 108. FIG. 7 indicates the electron image input along direction 110
      and the electron image output along direction 112.
PAR  In summary, the aforementioned specification has explained the utilization
      of a semiconductor plate to achieve integration and transfer of an
      electron image to permit the continuous recording of images under
      electronic control, rather than mechanical shutter control. As previously
      mentioned, electron image optics has particular application for low light
      level image recording and/or where frame rates and image resolution must
      be high.
PAR  It should be understood that the invention is not limited to the exact
      details of construction shown and described herein for obvious
      modifications will occur to persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electron image recorder comprising:
PA1  means for converting an input image to an electron image;
PA1  means positioned in the path of the electron image for storing and
      integrating the image during a first time interval, and transferring an
      intensified electron image therefrom during a second time interval; and
PA1  means, positioned in a path receiving the transferred electron image, for
      supporting electron sensitive film;
PA1  further, the integratng and storing means comprising:
PA1  first and second spaced conducting grids;
PA1  P and N semiconductor caps positioned in aligned spaced relationship to
      each other, the N caps located in a first plane while the P caps are
      located in a second plane, the P and N semiconductor caps further being
      positioned inwardly of the conducting grids and insulated from the
      conducting grids;
PA1  conductor means located inwardly of the conducting grids and connected
      between the P and N semiconductor caps;
PA1  P and N semiconductor biasing means connected between the conductor grid
      and respectively adjacent N and P semiconductor caps creating respective
      PN junctions therebetween for storing electrons therein during the first
      time interval; and
PA1  means connected to the conductor grids for biasing the grids and causing
      emission of stored electrons into space during the second time interval.
NUM  2.
PAR  2. The subject matter of claim 1 wherein the P and N biasing means
      comprises P and N semiconductor grids positioned in insulated relation to
      each other, the P semiconductor grids being mounted in the first plane and
      the N semiconductor grids being mounted in the second plane.
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PAL  Techniques are described for producing superscripts (half indexing),
      subscripts, and character height reduction for an ink jet printer.
PARN
PAR  This is a continuation, of application Serial No. 297,115 filed October 12,
      1972 now abandoned.
BSUM
PAC  PATENT APPLICATION OF INTEREST
PAR  U.S. Pat. application Ser. No. 266,790 filed June 27, 1972, entitled "Ink
      Jet Synchronization and Failure Detection System," and having James D.
      Hill, et al, as inventors, now U.S. Pat. No. 3,769,630.
PAC  BACKGROUND OF INVENTION AND PRIOR ART
PAR  No superscripting or subscripting for an ink jet apparatus is known.
PAC  SUMMARY OF THE INVENTION
PAR  Ink jet printing apparatus described herein produces normal character
      blocks as matrices of 40 drops high (Y direction) by 24 drops wide (X
      direction). A normal upper case character utilizes a height of 28 drops
      evenly spaced in the 40 .times. 24 matrix in the vertical direction. A
      change of drop charging voltage of 4.1 volts, as an example, will move a
      drop one drop spacing.
PAR  A superscript of subscript character uses the same number of drops used to
      form a like normal character. However, in generating a superscript of
      subscript character, the normal drop charging voltage is reduced by 1/4,
      resulting in a character 3/4 as high as a normal character, but just as
      wide. This occurs because nothing is changed in the character matrix in
      the X direction. If nothing else is done to the superscripting or
      subscripted characters, their base line will be below that of the base
      line of similar normal characters. The squashed superscript or subscript
      character is positioned by superimposing some DC voltage on the drop
      charging voltages representing such character.
PAR  Typically, the minimum charging voltage used on a subscript character must
      be 20V to get the drop out of the gutter. Font voltages are increased to
      accomplish this.
PAR  Provision is made in the apparatus for producing superscript characters or
      subscript characters in various circumstances such as when accenting
      and/or underlining is required, as well as when those operations are not
      required.
PAC  OBJECTS
PAR  As a prime object, the present case is concerned with automatically
      producing superscript and subscript characters intermixed with characters
      of normal height when required during printing by an ink jet printing
      apparatus.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of the
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  DRAWINGS
PAC  In the Drawings
PAR  FIG. 1 illustrates an ink jet printing system having provision for printing
      normal characters as well as superscript and subscript characters.
PAR  FIG. 2 illustrates an output circuit for controlling charge electrode
      voltages during printing of characters, as arranged in the Hill, et al,
      U.S. Pat. No. 3,769,630 referred to previously.
PAR  FIG. 3 represents a modified output circuit arranged with proper switching
      and a divider network to produce normal characters, superscript
      characters, and subscript characters.
PAR  FIGS. 4, 5, and 6 illustrate various character printing situations
      involving normal height characters, superscript characters, and subscript
      characters when accent and underlining is required.
PAR  FIG. 7 illustrates the situation during printing of characters with normal
      height, superscript characters, and subscript characters when accenting
      and underlining are not required.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is made to the Hill, et al, U.S. Pat. No. 3,769,630 for a typical
      ink jet printing apparatus and for a more detailed description of some of
      the circuits and hardware involved. However, for an understanding of the
      present case, FIG. 1 illustrates elements derived from the Hill, et al,
      application and arranged for the present purpose.
PAR  In FIG. 1, a nozzle assembly 1 is arranged to project a stream of ink drops
      2 toward a record medium 3 for printing of characters. Ink is supplied
      from a reservoir 5 by means of a pump 7 to a nozzle structure 9 comprising
      a crystal 10 and a nozzle orifice element 11 arranged in a known manner to
      project a stream of ink drops toward record medium 3. Drops not required
      for printing are directed to a gutter 14 for return to reservoir 5.
PAR  Crystal 10 is excited in a known manner at high frequencies by crystal
      driver circuit 16. As an example, excitation of crystal 10 forms drops in
      stream 2 at a 100 kiloHertz rate. The timing of the drop formation, as
      well as other activities in the system, is under control of master clock
      20 that drives crystal driver 16, as well as control logic 22. Control
      logic 22 in turn drives a character generator 24 and as illustrated more
      completely in other drawings, a divider network 26 and an offset current
      generator 27. The outputs of circuits 26 and 27, in turn, are applied to a
      charge electrode driver 30 and ultimately to a charge electrode 31 through
      which drops 2 pass on their way to paper 3. Variable signals are produced
      that impart variable charges to drops 2 as they pass through charge
      electrode 31. Deflection plates 33 are arranged in the path of travel of
      drops 2 beyond charge electrode 31. These plates have a constant high
      voltage potential applied between them causing drops to be deflected, the
      amount of deflection depending upon the amount of charge induced on the
      individual drops by charge electrode 31.
PAR  A stairstep generator and a D-A converter (DAC) both have essentially the
      same output stage as shown in FIG. 2. I.sub.1 is the input current which
      directly controls and determines the output voltage, V out. The voltage +V
      at terminal 40 is -200 Volts D.C. Output voltages of 20 volts cause drops
      to appear at the bottom of the 40 drop high by 24 drop wide character box,
      while output voltages of 180 volts cause drops to appear at the top of the
      character box. This situation requires a change in output voltage of 4.1
      volts [(180-20) /39 = 4.1] to move a drop one position vertically. The
      circuit in FIG. 2 includes an amplifier circuit 41 controlling a
      transistor 42 and has various resistor elements 43-45. In the present
      system, the charge electrode driver output circuit of FIG. 2 is modified
      as shown in FIG. 3 to facilitate superscripting, subscripting and
      character height compression.
PAR  This circuit includes elements 40a-45a corresponding, respectively, to
      elements 40-45 in FIG. 2. The circuit of FIG. 3 further incorporates three
      analog switch elements 50-52 with associated resistors 54-56, a negative
      potential source at terminal 57, and additional resistors 58 and 59.
PAR  Current I.sub.1 is the input current from the stairstep generator or D-A
      converter which controls drop charging during character formation. A
      current divider is formed by resistors 58, 59, and 54, and is controlled
      by analog switch 50. With switch 50 closed, 25% of I.sub.1 is diverted to
      ground and character height is reduced to 75% of its normal size, thereby
      reducing the output voltage difference, and hence the spacing between
      drops. Analog switches 51 and 52, along with resistors 55 and 56 and
      reference voltage from terminal 57 shift the DC output voltage level, as
      required, when printing superscripted and subscripted characters. Table I
      below summarizes circuit operation.
TBL                TABLE I                                                     
     ______________________________________                                    
     Summary of Operation of Circuit of Figure 3                               
     Character Character  Switch    Switch  Switch                             
     Type      Size       50        51      52                                 
     ______________________________________                                    
     Superscript                                                               
               3/4        Closed    Open    Open                               
     Normal    Normal     Open      Closed  Open                               
     Subscript 3/4        Closed    Closed  Closed                             
     ______________________________________                                    
PAC  Illustration of Typical Character Printing Situations
PAR  FIGS. 4-7 illustrate various character printing situations encountered in
      practicing the present invention. FIGS. 4-6 in particular illustrate
      character printing when accenting and underlining all characters is
      required while FIG. 7 illustrates character printing without accenting or
      underlining the subscripted and superscripted characters. All of the FIGS.
      4-7 illustrate superscripting and subscripting in accordance with the
      present invention. In general, it is desired to shift characters up or
      down approximately one half of a character box for superscripting and
      subscripting. It is also desired to reduce the vertical height of these
      shifted characters, by perhaps 25%. It is expensive to have a separate
      font for smaller characters; therefore the easiest way to reduce character
      height is to reduce the vertical distance between drops. This is
      accomplished by reducing the output voltage difference between any two
      adjacent drop positions from 4.1 volts to 3 volts.
PAR  Reducing the center to center distance between drops by 25% (but not
      reducing the number of drops per vertical scan) causes the vertically
      compressed character box to be 30 normal drop positions high. An example
      is shown in FIG. 5. This scheme requires an increase in charge electrode
      voltage to accommodate those portions of the subscripted and superscripted
      characters which extend beyond the limits of the normal 40 drop high
      character box. This additional voltage is from FIG. 5, the sum
      .DELTA.V=(V.sub.5 -V.sub.4)+(V.sub.2 -V.sub.1). As can be seen from the
      figure, this amounts to 51/2 normal drop positions above and 51/2 normal
      drop positions below the normal character box. Therefore, the charge
      electrode driver supply voltage must be increased by 45 volts (11 position
      .times. 4.1 volts/position).
PAR  A character with accenting and underlining is illustrated in FIG. 4. By
      recognizing the fact that subscripts and superscripts are not normally
      underscored and not normally accented, the height of the
      subscript/superscript character box can be reduced to 28 drops, the height
      of such a character which requires the maximum number of drops vertically.
      FIG. 6 further illustrates specific dimensional relationships of
      characters with the character "D" shown and typical voltages encountered
      in a system of this nature.
PAR  If the bottom of the reduced size superscripted character is printed
      starting from the center line of the normal character box, then 28 drops
      spaced with 3/4 of the standard drop separation, will extend 21 standard
      drop positions above the center line, as shown in FIG. 7. Only one
      standard drop position of additional charge electrode voltage is thus
      required (4.1 volts) for a superscripted character. An additional 4.1
      volts is required for subscripts, for a total of 8.2 volts additional
      voltage required by the charge electrode supply voltage.
PAR  A 25% reduction in character height for subscripted and superscripted
      characters is not necessarily optimum. However, it is in a reasonable
      range and, as shown above, requires only a very small (approx. 5%)
      increase in charge electrode driver output voltage.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment, it will be understood by those
      skilled in the art that various changes in form and detail may be made
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ink jet printing apparatus for characters along a common base line
      and of normal height, superscript characters, subscript characters, and
      compressed characters, on a record medium, and wherein during printing of
      normal characters, successive drops are separated by a predetermined
      inter-drop spacing at said record medium established by predetermined
      inter-drop charge increments, comprising:
PA1  means for forming and propelling a stream of ink drops toward said record
      medium;
PA1  charging means operable to variably charge said drops in said stream, and
      constant deflection means for deflecting said drops in accordance with the
      charge on said drops in order to form on said record medium at least a
      line of characters having a normal height range, said characters normally
      being printed so that they are positioned along a normal common base line
      and said characters generally extending above said common base line, but
      some of said characters also normally subtending below said base line each
      of said characters comprising a series of vertical columns of drops
      serving to form said characters within a predetermined normal character
      height range;
PA1  driving means for applying a predetermined range of potentials to said
      charging means in order to deflect drops in said stream from a lower
      extremity of said normal character height range to an upper extremity of
      said normal character height range;
PA1  supplementary potential means for superimposing a supplementary deflection
      potential to said charging means in order to establish a different
      character base line level and thereby print certain characters along a
      base line that differs from said normal character base line;
PA1  compression means interconnected with said supplementary potential means to
      establish a smaller inter-drop spacing between successive drops directed
      to said record medium by reducing said inter-drop charge increments
      whereby each vertical column of drops occupies a shorter range of
      character height, thereby achieving compression of characters during
      printing.
NUM  2.
PAR  2. An ink jet printing apparatus for printing characters along a common
      base line and of normal height, superscript characters, on a record
      medium, comprising:
PA1  means for forming and propelling a stream of ink drops toward said record
      medium;
PA1  charging means operable to charge said drops in said stream, and deflection
      means for deflecting said drops in accordance with the charge on said
      drops in order to form on said record medium at least a line of characters
      having a normal height range, said characters normally being printed so
      that they are positioned along a normal common base line and said
      characters generally extending above said common base line, but some of
      said characters also normally subtending below said base line each of said
      characters comprising a series of vertical columns of drops serving to
      form said characters within a predetermined normal character height range;
PA1  driving means for applying a predetermined range of potentials to said
      charging means in order to deflect drops in said stream from a lower
      extremity of said normal character height range to an upper extremity of
      said normal character height range;
PA1  supplementary potential means for superimposing a supplementary deflection
      potential to said charging means in order to establish a different
      character base line level and thereby print certain characters along a
      base line that differs from said normal character base line;
PA1  a driving circuit incorporated in said driving means for producing a range
      of charging potentials from a base line reference level during printing of
      characters;
PA1  reference voltage switching means interconnected with said driving means
      for switching the base line reference level of said charging potentials
      during printing of characters other than said normal characters.
NUM  3.
PAR  3. The apparatus of claim 2, further comprising:
PA1  a superscript reference potential circuit interconnected with said charging
      means;
PA1  an analog switch for activating said superscript reference circuit; and
PA1  superscript control means for activating said analog switch when
      superscript characters are required during printing.
NUM  4.
PAR  4. The apparatus of claim 2, further comprising:
PA1  a subscript reference potential circuit interconnected with said charging
      means;
PA1  an analog switch for activating said subscript reference circuit; and
PA1  subscript control means for activating said analog switch when subscript
      characters are required during printing.
NUM  5.
PAR  5. The apparatus of claim 2 further comprising:
PA1  a current divider network interconnected with said driving circuit for
      producing a potential in order to reduce inter-drop spacing for
      compression of characters; and
PA1  switching means for activating said current divider circuit when
      compression of characters is required.
NUM  6.
PAR  6. An ink jet printing apparatus for printing characters on a record
      medium, comprising:
PA1  an ink drop source, said ink drop source forming and propelling a stream of
      ink drops toward said record medium;
PA1  charging means positioned along the path of travel of said ink drop stream
      for variably charging selected drops in said stream in accordance with
      intelligence signals;
PA1  deflection means interconnected with said ink drop source and operable to
      deflect drops from said stream onto said record medium within a
      predetermined normal range of character height from a lower extremity to
      an upper extremity of said normal range and each character normally being
      printed along a normal character base line;
PA1  character generating means including at least a first analog switch means
      interconnected with said charging means to form on said record medium at
      least a line of said characters having a normal range of character height
      along said normal character base line; and
PA1  supplementary means including at least a second analog switch means
      interconnected with said character generating means and operable during
      print operations to control said charging means to selectively establish a
      character base line position on said record medium that differs from said
      normal character base line in order to print characters above or below
      said normal character base line.
NUM  7.
PAR  7. The apparatus of claim 6, wherein:
PA1  said first and second analog switch means are operable in a superscript
      mode to control said charging means in order to form superscript
      characters along a base line which is above the normal character base
      line.
NUM  8.
PAR  8. The apparatus of claim 6, wherein:
PA1  said first and second analog switch means are operable in a subscript mode
      to control said charging means in order to form subscript characters along
      a base line which is below the normal character base line.
NUM  9.
PAR  9. The apparatus of claim 6, further comprising:
PA1  compression means including at least a third analog switch means
      interconnected in said character generating means with said first analog
      switch means to compress characters in relation to said normal range of
      character height during printing.
NUM  10.
PAR  10. The apparatus of claim 6 wherein each character comprises a series of
      vertical columns of drops within said predetermined normal range of
      character height, and further comprising:
PA1  driving means interconnected with said charging means for applying a
      predetermined range of potentials to said charging means in order to
      deflect drops in said stream by uniform increments within said
      predetermined normal range of character height from said lower extremity
      to said upper extremity of said normal character height range.
NUM  11.
PAR  11. The apparatus of claim 10, wherein during printing of normal
      characters, successive drops in each vertical column are separated by a
      predetermined inter-drop spacing at said record medium, and further
      comprising:
PA1  compression means including at least a third analog switch means
      interconnected with said character generating means and operable to
      provide potentials with smaller uniform inter-drop deflection increments
      in order to establish a smaller inter-drop spacing between successive
      drops directed to said record medium whereby each vertical column of drops
      occupies a shorter range of character height, thereby achieving
      compression of characters during printing.
NUM  12.
PAR  12. The apparatus of claim 11, wherein:
PA1  said compression means and said character generating means are operable to
      compress only superscript characters and subscript characters, but not
      normal characters, as they occur during printing.
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PAL  The thermal printer system is comprised of a means for generating heated
      air and a means for controlling the application of the heated air to a
      thermally sensitive recording medium. In an embodyment of the invention
      there is provided a means for ionizing a column of gas and a means for
      attracting or repelling the ionized column of gas along a desired path in
      response to a control signal. Interposed along the desired path is a means
      for heating the gas and a thermally sensitive recording medium positioned
      to intercept the column of heated gas such that a record is made on the
      recording medium which record is a function of the control signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to systems for thermal printing which
      systems involve the controlled directing of a heated gas against a
      thermally responsive record medium.
PAR  The following list of patents attempts to set forth the state of the prior
      art:
TBL  1,765,448     3,177,800     3,312,979                                     
     1,770,493     3,179,042     3,409,904                                     
     2,100,204     3,179,946     3,495,070                                     
     3,063,050     3,187,669     3,545,374                                     
                                 3,681,778.                                    
PAR  The device disclosed in U.S. Pat. No. 1,765,448 entitled "Recorder For
      Facsimile Systems", by R. H. Ranger, utilizes a heating tube to heat a
      flow of gas and a shutter positioned at the open end of the heating tube
      to modulate the heated gas flow as a function of the vibrations associated
      with a telephone receiver. The modulated hot gas is then directed to a
      thermally sensitive recording medium to provide a visual record.
PAR  In U.S. Pat. No. 1,770,493, entitled "Method And Apparatus for
      Pyro-Recording", by R. H. Ranger, a similar device is shown wherein the
      heated gas from the heating tube is modulated by a blast of cold air.
PAR  The system disclosed in U.S. Pat. No. 2,100,204 entitled "Facsimile
      System", by H. Shore, utilizes the shutter arrangement, of the general
      type, shown in the above referenced U.S. Pat. No. 1,765,448. In
      combination with this shutter arrangement there is employed multiple
      heaters which are positioned along the flow path of a vaporized ink to
      reduce condensation. A reduction in the condensation of the ink vapors
      permits the use of higher pressures on the ink flow and a greater density
      of ink. Both of which result in a clearer and darker recorded image.
PAR  The device of U.S. Pat. No. 3,179,042, entitled "Sudden Steam Printer" by
      M. Naiman, utilizes a matrix comprised of individual print means each of
      which consists of a pair of electrodes immersed in an ink. Application of
      a voltage to the electrodes causes a current to flow through the ink,
      which current heats the ink and causes part of the ink to vaporize. The
      vaporized ink creates a pressure on the ink directly above it, forcing the
      ink droplets onto a recording medium.
PAR  In U.S. Pat. No. 3,409,904, entitled "Printer Having Piezoelectric Crystal
      Printing Means" by K. Maiershofer, an impact hammer is used to make marks
      on a pressure sensitive record medium. The hammer is formed from a
      piezoelectric crystal using a bender bimorph configuration. A potential
      applied to the crystal causes the crystal to bend and impact a hammer head
      against a pressure sensitive recording medium.
PAR  The device of U.S. Pat. No. 3,545,374, entitled "High-Speed Printer
      Employing A Gas Discharge Matrix" by C. D. Hendricks, Jr., is comprised of
      an insulating material having a number of perforations within which are
      positioned inner electrodes. The inner electrodes are used to initiate
      ionization of the gas within the perforations in response to an electrical
      signal. One end of each perforation is closed which results in the ionized
      gas exploding from the perforations at the open end to impinge upon a
      record medium that is placed in proximity to the open ends.
PAR  From the foregoing descriptions of prior art devices it can be seen that
      there exists a need for a simple inexpensive thermal type printer system
      that can respond quickly to digital type signals and provide a permanent
      record of the response. The systems of the present invention attempt to
      fill that need.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to improvements in thermal printing systems.
PAR  In a first embodiment of the invention means are provided for generating a
      flow of heated gas. A thermally sensitive recording medium is positioned
      in the flow path of the heated gas. A piezoelectric deflecting means is
      positioned in the heated gas flow path to deflect the heated gas from the
      thermally sensitive recording medium. A means for applying an electrical
      potential to the piezoelectric deflecting means, when activated, causes
      the deflection means to deflect from the flow path of the heated gas
      thereby allowing the heated gas to impinge on the thermally sensitive
      recording medium.
PAR  In a second embodiment of the invention there is provided a means for
      ionizing a column of gas and a means for attracting or repelling the
      ionized column of gas along a desired path in response to a control
      signal. Interposed along the desired path is a means for heating the gas
      and a thermally sensitive recording medium positioned to intercept the
      column of heated gas such that a record is made on the recording medium
      which record in a function of the control signal.
PAR  In a third embodiment of the present invention a substrate of insulating
      material having a plurality of holes therethrough with resistive material
      deposited on the walls of the holes is used to generate jets of heated
      gas. Electrodes are positioned on either side of the substrate in
      electrical contact with the resistive material. Means are provided for
      applying an electrical potential to selected electrodes. Current flow
      through the resistive material connected to the selected electrodes causes
      a heating of the resistive material and the ambient gas within the hole
      thereby effecting a rapid expansion of the gas. A temperature sensitive
      recording means positioned adjacent the plurality of holes records the
      impact of the heated gas on its surface.
PAR  In a fourth embodiment of the invention a thermally conductive stencil
      mask, defining a to be recorded pattern, is positioned in the flow path of
      the heated gas and in proximity to the thermally recording medium. The
      stencil mask directs the heated gas to the recording medium in the defined
      pattern. The edges of the stencil mask, defining the pattern, are tapered
      to a knife edge so as to facilitate the transfer of heat from the
      recording medium to the knife edges to the remainder of the stencil mask.
      The quick transfer of heat from the recording medium to the knife edges
      minimizes blurring of the recorded pattern.
PAR  In a fifth embodiment of the invention a plurality of channels are formed
      in an electrically insulated substrate. Each channel is coated with a
      layer of electrically resistive material. Means are provided for applying
      an electrical potential across selected layers of electrically resistive
      material so as to cause the resistive material to heat. A flow of air is
      directed thru each of the channels.
PAR  The portion of the flow passing thru a channel wherein the resistive
      material is heated will in turn be heated. A thermally sensitive recording
      medium is positioned in the path of the heated air flow to record the
      patterns of heated air.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved system for thermal printing.
PAR  It is another object of the present invention to provide a thermal printing
      system which is simple and inexpensive.
PAR  The foregoing and other objects of the present invention will become more
      apparent and better understood when taken in conjunction with the
      following description and the accompanying drawings, throughout which like
      characters indicate like parts, and which drawings form a part of this
      application.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the invention;
PAR  FIG. 2 is a second view of a portion of the embodiment shown in FIG. 1;
PAR  FIG. 3 is a perspective view of a second embodiment of the invention;
PAR  FIG. 4 is a perspective view partially sectioned of a third embodiment of
      the invention;
PAR  FIG. 5 is a partially cut-a-way perspective view of a fourth embodiment of
      the invention; and
PAR  FIG. 6 is a perspective view of a fifth embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, a pressurized source of air, or other type gas,
      10 provides a stream of air to a conduit 11, which conduit directs the
      stream of air to a distribution module 25. Heated air exits from the
      distribution module by means of individual writing channels 26. Each
      writing channel collimates an individual blast of air 28. A heating
      element 15 heats the air within each channel to a temperature which is
      sufficient to activate a thermally sensitive recording medium. The number
      of writing channels determines the number of channels of information that
      can be written simultaneously. Each of the heated air blasts 28 are
      directed towards a thermally sensitive recording medium 50. Interposed in
      the path of each heated air blast 28 is an L-shaped projection 32, which
      projection is affixed to one end of a controllably deflectable element 30
      such as a bi-metallic element. The plurality of bi-metallic elements 30
      are physically connected at one end to the distribution module 25. Each
      bi-metallic element is formed from two thermally dissimilar metallic
      segments 29 and 31. A common electrical conductor 34 connects all of the
      segments 29, of each of the bi-metallic elements 30, in a common circuit
      to a control box 40. Operator selection keys 41, on the control box 40,
      apply power to selected electrical conductors 35. Each conductor 35 is
      electrically connected to an individual metallic segment 31. A potential
      applied across a bi-metallic element will cause the element to flex,
      displac the L-shaped projection 32 from the path of the heated air blast
      28. The thermally sensitive recording medium 50 intercepts the heated air
      blast 28, and changes color in the areas that are heated. The thermally
      sensitive recording medium 50 may be moved past the distribution module in
      the direction shown by the action arrow D, by any well known means. A
      visual pattern is thus created which corresponds to the keys that have
      been depressed. An oil can dimple 33 may be formed in the bi-metallic
      element 30 to facilitate its flexing.
PAR  The bi-metallic element 30 may be replaced with a piezoelectric crystal
      using a bender bimorph configuration to decrease the response time between
      the application of the electrical signal to element 30 and its actual
      deflection.
PAR  Referring to FIG. 3, in a second embodiment of the invention unheated air
      is allowed to enter an ionization chamber 58. The chamber 58 is formed
      from an electrically non-conductive material. An electrically conductive
      support section 56 projects into the chamber 58. Electrically attached to
      the end of section 56 which projects into chamber 58 is a plurality of
      conductive whiskers 59. A suitable high voltage is applied to the whiskers
      59 to cause the air within the chamber 58 to become ionized. A reducing
      cylinder 61, which may be electrically conductive, connects one end of
      chamber 58 to a tube 62 so as to collimate the ionized air. The thermally
      sensitive material 50 is positioned below the open end of tube 62. A
      conductor 60 is electrically connected to tube section 56. A conductor 63
      extends into the open area of the tube section 62, and is electrically
      insulated from the tube section 62. Conductor 63 is connected to a source
      of control voltage 96 or to ground by means of a switch 95. The control
      voltage from source 96 is of such a potential and magnitude that it will
      repel the ionized air from the tube 62 towards the chamber 58. With the
      switch 95 in the ground position the charge on the air molecules will be
      removed and the air will flow through the tube 62. Electrical conductors
      64 and 65 are inserted through one wall of tube 66, to extend into the
      tube defined passageway traversed by a resistive material, or a heating
      element 55, which is affixed to the inner wall of tube section 62 and is
      connected in circuit with conductors 64 and 65. A potential applied across
      conductors 64 and 65, by means of a power source 53 and an off-on switch
      54, will cause a current to flow through the resistive material thereby
      heating the air flowing thru tube 62. The heated air is directed to the
      thermally sensitive material 50 causing a change in color of the areas
      which are hit. Air flow is achieved without pressure sources by an "ion
      wind" phenomenon.
PAR  Referring now to FIG. 4, another embodiment of the invention is shown
      formed from an electrically insulating substrate 70, having a plurality of
      holes 71 formed therethrough in a matrix pattern, with each of the holes
      being plated through with a layer of resistive material 72. A plurality of
      electrically conductive strips, 73a to 73n, are positioned parallel and
      separated from each other on one surface of the insulated surface 70,
      effectively closing one end of the holes 71 while making electrical
      contact with the resistive material 72. A plurality of electrical
      conductive strips, 75a to 75n, having openings therethrough corresponding
      in number and location to the holes covered by the conductors, 73a to 73n,
      are positioned on the opposite surface of the substrate 70, parallel and
      separate from each other. The conductors 73a and 73n form column selection
      electrodes and the conductors 75a and 75n form row selection electrodes. A
      potential applied to a selected column and row electrode will cause a
      current to flow through the resistive material 72 connecting the selected
      column and row electrode at the crossover point. The current flowing
      through the resistive material will heat the resistive material which in
      turn will heat the air within the hole. The heated air will quickly expand
      causing a blast of heated air to exit from the open end of hole 71. The
      thermally sensitive material 50 which is positioned adjacent the
      insulating substrate 70 on the side facing the open ends of the holes 71
      will receive the blast of heated air and change color in the area hit by
      the blast. A means, not shown, can be used to move the thermally sensitive
      material into recording positions with respect to holes 71. The row
      electrodes, 75a to 75n, are individually connected by means of conductors,
      81a to 81n, to individual switches, 77a to 77n, which switches when closed
      connect the respective row electrodes to ground. The column electrodes,
      73a to 73n, are individually connected by means of conductors, 79a to 79n,
      to individual switches, 78a to 78n, which switches when closed connect the
      respective column electrodes to the potential source 80.
PAR  Referring to FIG. 5, another embodiment of the invention is shown which
      embodiment may be used in conjunction with the embodiment shown in FIG. 3;
      heated air from, for example, the tube 62 of FIG. 3, is directed to a
      stencil mask 67 by means of a manifold 90. The manifold 90 is made from
      two hollow sections, 91 and 92. Section 92 is rectangular in shape.
      Section 91 is shaped to form a smooth transition between the rectangular
      shape of section 92 and tube 62. The stencil mask if formed of a flat
      thermally conductive plate 84 including two portions 81 and 82. One edge
      of portions 81 and 82 is tapered to a knife edge 83 and bent downward at
      an angle. The knife edges, of portions 81 and 82, are spaced apart a
      distance corresponding to the width of a desired bar image. The thermally
      sensitive material 50 is positioned below and in close proximity to the
      edges of plates 81 and 82. In operation the heated air from the manifold
      90 is directed to the thermally sensitive material, via the space between
      the edges of the plates 81 and 82. The knife edges 83 are used to
      facilitate the transfer of heat from the edge area to the non-tapered
      portion of the plates 81 and 82. The quick transfer of heat from the edge
      area minimizes the smudging of the bar image on the thermally sensitive
      material that would normally occur with heating of the plates.
PAR  Referring to FIG. 6, another embodiment of the invention is shown wherein
      the pressurized source of air 10 provides a stream of air to the conduit
      11, which conduit directs the stream of air to a distribution module 13.
      The distribution module 13 may be comprised of a substrate 19 formed from
      an electrically insulative material such as a glass or a ceramic. The
      substrate 19 has a plurality of parallel groves 14 which extend along its
      length and which communicate with the conduit 11. The grooves 14 are
      coated with a film of electrically resistive material 17, such as tin
      oxide, chromium, cermet, or other suitable material so as to form
      electrical heating elements. Electrically conductive tabs 18 are connected
      to the resistive material 17 at each end of the grooves 14. A power supply
      20 is connected in common by lead 21 to all of the tabs 18 located at one
      end of the grooves 14. The power supply 20 is connected in circuit with a
      selected resistive film 17 by means of lead 22 and the closing of a
      selected switch 23. Heat is produced by the passage of a current through
      the selected resistive film 17. A flat cover plate 16 covers the grooves
      14 to form air channels. Air passing through the formed channels is heated
      by the resistive film 17. The heated air exiting from a channel forms a
      pattern 52 on the thermally sensitive recording medium 50. The thermally
      sensitive recording medium 50 may be moved past the distribution module 13
      in the direction shown by the action arrow D.
PAR  While there has been shown what are considered to be the preferred
      embodiments of the invention, it will be manifest that many changes and
      modifications may be made therein without departing from the essential
      spirit of the invention. It is intended, therefore, in the annexed claims
      to cover all such changes and modifications as fall within the true scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermal printer for printing on thermally sensitive material
      comprising in combination:
PA1  means for ionizing a gas to cause said gas to flow in a path directed to
      impinge on said material;
PA1  electrode means positioned in the flow path of said ionized gas for
      controlling the flow of said ionized gas;
PA1  a first potential source having a polarity and magnitude sufficient to
      repel said ionized gas;
PA1  a second potential source having a polarity and magnitude sufficient to
      de-ionize said ionized gas; and
PA1  switch means for selectively connecting said electrode means to either said
      first or said second potential source; and
PA1  heating means for heating said gas.
NUM  2.
PAR  2. A thermal printer according to claim 1 wherein said heating means is
      comprised of;
PA1  a tube for encompassing and directing the flow of said gas to said
      thermally sensitive material;
PA1  resistive means affixed to the inner wall of said tube; and
PA1  potential means for applying a potential to said resistive means, so as to
      heat said gas.
NUM  3.
PAR  3. The printing apparatus according to claim 1 and further comprising:
PA1  a stencil means positioned in proximity to said thermally sensitive
      material so as to intercept the flow of heated gas to said thermally
      sensitive material, said stencil having at least one opening therethrough
      to define a desired character, the edges of said at least one opening
      being tapered to a knife edge so as to facilitate heat transfer from said
      knife edge to the remainder of said stencil means.
NUM  4.
PAR  4. The printing apparatus according to claim 3 wherein said stencil means
      angles towards said thermally sensitive material in the area forming said
      taper.
NUM  5.
PAR  5. A thermal printer for printing on thermally sensitive material
      comprising in combination:
PA1  an ionization chamber for ionizing a gas, said chamber having at least one
      opening therein such that ionization of the gas within said chamber causes
      ionized gas to flow in a path directed to impinge on said thermally
      sensitive material through said at least one opening;
PA1  electrode means positioned in the flow path of said ionized gas for
      controlling the flow of said ionized gas;
PA1  a first potential source having a polarity and magnitude sufficient to
      repel said ionized gas;
PA1  a second potential source having a polarity and magnitude sufficient to
      de-ionize said ionized gas;
PA1  switch means for selectively connecting said electrode means to either said
      first or said second potential source; and
PA1  heating means for heating the de-ionized gas.
NUM  6.
PAR  6. The printing apparatus according to claim 5 and further comprising:
PA1  a stencil means positioned in proximity to said thermally sensitive
      material so as to intercept the flow of heated gas to said thermally
      sensitive material, said stencil having at least one opening therethrough
      to define a desired character, the edges of said at least one opening
      being tapered to a knife edge so as to facilitate heat transfer from said
      knife edge to the remainder of said stencil means.
NUM  7.
PAR  7. The printing apparatus according to claim 6 wherein said stencil means
      angles towards said thermally sensitive material in the area forming said
      taper.
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ABST
PAL  An electric shutter means which comprises a voltage checking circuit
      connected to an exposure time control circuit including an electromagnet
      for controlling the time of closing shutter blades so that, when the
      voltage of a power source battery for said exposure time control circuit
      has dropped to be below a predetermined level, the passage of electricity
      to said electromagnet may be forcibly interrupted by said voltage checking
      circuit.
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to electric shutter means, and more
      particularly to an electric circuit to be applied to an electric shutter
      arranged so that, when the power source voltage has dropped to be below a
      predetermined level, the exposure time may be mechanically controlled with
      a specific shutter speed.
PAR  B. Description of the Prior Art
PAR  A camera equipped with an electric shutter is generally provided with a
      voltage checking means. An electric shutter of a system wherein, when the
      voltage of a power source battery has dropped to be below a predetermined
      level and an electromagnet to control the time of closing shutter blades
      is no longer well energized, the exposure time will be automatically
      switched to be mechanically controlled with a specific shutter speed has
      been suggested, for example, by U.S. Pat. No. 3,777,646 and others.
PAR  However, in the electric shutter of this system, the judgement of whether
      the exposure time is to be controlled by an electronic means or to be
      controlled by a mechanical means depends on whether the attraction of the
      electromagnet is sufficient or not, therefore the switching time is
      unstable and, as a result, there have been defects that, though the
      voltage checking means indicates that the power source voltage has dropped
      to be below a predetermined level, the exposure time will not be switched
      to be controlled by the mechanical means and that, though the voltage
      checking means indicates that the power source voltage is above the
      predetermined level, the exposure time will be controlled with a specific
      shutter speed by the mechanical means. This fact is likely to give an
      unnecessary confusion to the photographer and to lead the photographing to
      a failure.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, a primary object of the present invention is to provide an
      electric shutter means arranged so that, when a voltage checking means
      indicates that the voltage of a power source battery has dropped to be
      below a predetermined value, the exposure time may be positively switched
      to be controlled at a specific shutter speed by a mechanical means.
PAR  Another object of the present invention is to provide an electric shutter
      means made so that a voltage checking means may accurately check the
      voltage of a power source battery as it is while being used.
PAR  According to the present invention, the above mentioned objects can be
      attained by connecting a voltage checking circuit with an exposure time
      control circuit and pre-setting the check level of the voltage checking
      circuit so as to be somewhat higher than the voltage level of the limit at
      which an electromagnet can operate properly so that, when the voltage of a
      power source battery has come to be below the above mentioned check level,
      the passage of electricity to the above mentioned electromagnet may be
      forcibly interrupted by a signal issued from said voltage checking circuit
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing an embodiment of the electric shutter
      means according to the present invention; and
PAR  FIG. 2 is a circuit diagram showing another embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  First of all, in FIG. 1, reference symbol E signifies a power source
      battery, symbol S.sub.1 signifies a power source switch, symbols C and Rx
      signify respectively a condenser and photoconductive element forming a CR
      delay circuit for controlling the exposure time, symbol S.sub.2 signifies
      a switch for starting the operation of said delay circuit, symbol Q.sub.1
      signifies a switching transistor, symbol Q.sub.2 signifies an amplifying
      transistor, symbol M signifies an electromagnet for controlling the
      exposure time and the above components are of a formation of an exposure
      time control circuit of a very common electric shutter. Symbols R.sub.1
      and R.sub.2 signify resistors for dividing the power source voltage E,
      symbol D.sub.1 signifies such constant voltage element as, for example, a
      Zener diode, symbol Q.sub.3 signifies a switching transistor for checking
      the power source voltage E, symbols Q.sub.4 and Q.sub.5 signify amplifying
      transistors, symbol L signifies a lamp for indicating the state of the
      power source voltage E and the above components form a voltage checking
      circuit. Symbol S.sub.3 signifies a voltage checking switch for operating
      said voltage checking circuit independently and singly. Symbol Q.sub.6
      signifies an amplifying transistor by whose on-operation the transistor
      Q.sub.2 is forcibly switched off so that no current may flow to the
      electromagnet M.
PAR  By the way, the electromagnet M will attract and hold a shutter closing
      control member when energized, will be de-energized after a time
      determined by the above mentioned CR delay circuit has elapsed and will
      serve to control the exposure time. However, in case the power source
      voltage E becomes below a certain level and the electromagnet M can no
      longer attract and hold the control member, a mechanical mechanism for
      controlling the exposure time of the shutter with a specific shutter speed
      will be automatically operated. By the way, this kind of electric shutter
      mechanism, that is, an electric shutter mechanism arranged so that, when
      the voltage of a power source battery has dropped to be below a
      predetermined level, the exposure time may be automatically switched so as
      to be mechanically controlled with a specific shutter speed is disclosed
      in detail, for example, in U.S. Pat. No. 3,777,646 and therefore shall not
      be particularly explained here.
PAR  Further, the values and characteristics of the resistors R.sub.1 and
      R.sub.2, constant voltage element D.sub.1 and transistor Q.sub.3 are so
      selected that, in case the voltage somewhat higher than the voltage of the
      limit at which the above mentioned electromagnet M can operate properly is
      V.sub.M, the Zener voltage of the constant voltage element D.sub.1 is
      V.sub.D, the voltage between the base and emitter of the transistor
      Q.sub.3 is V.sub.BE and the divided voltage at the connecting point of the
      resistors R.sub.1 and R.sub.2 is V.sub.R =(R.sub.1 E/(R.sub.1  +
      R.sub.2)), when the power source voltage E is higher than the voltage
      V.sub.M, V.sub.R &gt; V.sub.D + V.sub.BE and the transistor Q.sub.3 may be on
      and, when the power source voltage E is lower than V.sub.M, V.sub.R &lt;
      V.sub.D + V.sub.BE and the transistor Q.sub.3 may be off.
PAR  Therefore, when the power source switch S.sub.1 is closed in the initial
      stage of the releasing operation of the camera, in case the power source
      voltage E is higher than the above mentioned voltage V.sub.M, as described
      above, due to the relation of V.sub.R &gt; V.sub.D + V.sub.BE, the transistor
      Q.sub.3 will be on, therefore the transistor Q.sub.4 will be off, the
      transistor Q.sub.5 will be on and the transistor Q.sub.6 will be off. In
      case the transistor Q.sub.6 is off, the operation of the voltage checking
      circuit will have no influence at all on the exposure time control
      circuit. Further, when the transistor Q.sub.5 is on, the lamp L will light
      to indicate that the power source voltage E is of a value sufficient to be
      able to properly operate the electromagnet M, that is to say, that the
      exposure time is properly controlled by the inherent operation of the
      electric shutter.
PAR  In case the power source voltage E is lower than the reference voltage
      V.sub.M, as described above, due to the relation of V.sub.R &lt; V.sub.D +
      V.sub.BE, the transistor Q.sub.3 will be off, therefore the transistor
      Q.sub.4 will be on, the transistor Q.sub.5 will be off and the transistor
      Q.sub.6 will be on. When the transistor Q.sub.6 is thus on, the base
      potential of the transistor Q.sub.2 will be dropped to the zero level,
      therefore the transistor Q.sub.2 will not be able to be on independently
      of the state of the exposure time control circuit and no electricity will
      be passed to the electromagnet. As a result, the electromagnet will not be
      energized at all, the exposure time will be switched to be controlled by a
      mechanical means in the course of the releasing operation and the shutter
      blades will be opened and closed at a specific shutter speed. When the
      transistor Q.sub.5 is off, the lamp L will not light and will indicate
      that the power source voltage E is so low that the exposure time is not
      controlled by the inherent electronic means of the electric shutter but is
      controlled at a specific shutter speed by a mechanical means.
PAR  Further, by the operation of the voltage checking switch S.sub.3, the state
      of the power source voltage E and whether the exposure time is controlled
      by the electronic means or is controlled by the mechanical means can be
      known before the releasing operation.
PAR  In the embodiment in FIG. 2, a luminous diode D.sub.2 is used as an
      indicating element and is provided also with a function as of a constant
      voltage element by utilizing its joint voltage and a variable resistor
      R.sub.1 is used for the correction of the fluctuation of the
      characteristic of said luminous diode D.sub.2. The same symbols are
      attached respectively to the other elements operating the same as in FIG.
      1 and their operations are substantially the same as in the embodiment in
      FIG. 1 and therefore shall not be particularly explained.
PAR  By the way, the operation in the case that the power source voltage E is a
      little higher than the proper operation limit voltage shall be explained
      with FIG. 2 as an example.
PAR  First of all, as the electromagnet M (coil) which is a retarding component
      is included in the control circuit formed of the transistors Q.sub.1 and
      Q.sub.2, the responding speed of the voltage checking circuit formed of
      the transistors Q.sub.3, Q.sub.4 and Q.sub.6 is higher than of the above
      mentioned control circuit.
PAR  Therefore, in such case that the power source voltage E is a little higher
      than the operation limit voltage, in the initial period of closing the
      switch S.sub.3, the luminous diode D.sub.2 will light but electricity will
      be passed to the electromagnet M somewhat later, therefore the load
      current of the power source will increase and the voltage between the
      terminals of the power source battery will reduce. When the power source
      voltage E becomes lower than the operation limit voltage, the transistor
      Q.sub.3 will be off and the luminous diode D.sub.2 will be out. On the
      other hand, when the transistor Q.sub.3 is off, the transistor Q.sub.6
      will be on, the transistor Q.sub.2 will be off and therefore the passage
      of electricity to the electromagnet M will be interrupted. As a result,
      the load current of the power source will quickly reduce and the voltage
      between the terminals of the power source battery will again rise and,
      when it becomes higher than the operation limit voltage, the luminous
      diode D.sub.2 will again light. Therefore, when the power source voltage E
      approaches the usable limit voltage, the above mentioned operation will be
      repeated and the luminous diode D.sub.2 will flicker to be able to
      positively inform the photographer that the power source battery will soon
      become unusable. Therefore, the embodiment in FIG. 2 will be effective
      particularly in the case of using a battery (such as, for example, an
      alkali battery) wherein the discharge characteristic has a diminishing
      characteristic.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric shutter means comprising an exposure time control circuit
      including an electromagnet for controlling the movement of closing shutter
      blades, a voltage checking circuit connected to said exposure time control
      circuit, a power source battery connected to said exposure time control
      circuit and voltage checking circuit, a power source switch connected
      between power source battery and said circuits and capable of
      simultaneously bringing said exposure time control circuit and voltage
      checking circuit into an operating condition, and interrupting means
      responsive to a checking signal issued from said voltage checking circuit
      when the voltage of said power source battery has dropped to be below a
      predetermined level for forcibly interrupting the passage of electricity
      to said electromagnet.
NUM  2.
PAR  2. An electric shutter means according to claim 1, in which said voltage
      checking circuit includes an indicating lamp and a constant voltage
      element.
NUM  3.
PAR  3. An electric shutter means according to claim 1, in which said voltage
      checking circuit includes a luminous diode and a variable resistor
      connected to said luminous diode.
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ABST
PAL  A bath container for liquid treatment of a photographic emulsion carrier
      has a refill bottle which automatically adds fresh liquid to maintain the
      liquid level. An overflow maintains the maximum liquid level. A pump
      having an intake as far removed as possible from the refill bottle serves
      to circulate the liquid. It further serves to forceably remove liquid from
      the container corresponding to the quantity of emulsion carrier processed.
      The signal signifying the quantity of processed emulsion carrier is
      furnished by a selector switch while scanning the emulsion carrier and
      connects a capacitor to a constant current source in the presence of the
      emulsion carrier and to a discharge circuit, in turn connected to circuits
      which energize the exhaust pump operation, in the absence of the emulsion
      carrier. Further circuits directly connected to the capacitor serve to
      energize the exhaust pump operation when the voltage across the capacitor
      has reached a predetermined voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to equipment for liquid treatment of photographic
      emulsion carriers. Such equipment comprises a bath container having a
      refill arrangement and an overflow for maintaining a particular liquid
      level. It further has a regenerative arrangement for adding treatment
      agent corresponding to the amount of surface area of the photographic
      emulsion carrier which is to be treated or has been treated.
PAR  In conventional equipment of the above-described type, the refill
      arrangement serves to maintain a minimum liquid level while the overflow
      prevents an excessive liquid level from existing. The desired level can
      thus be maintained relatively exactly. The refill arrangement is, in
      general, controlled by a scan arrangement in the path of the photographic
      emulsion carrier, so that corresponding liquid quantities may be added,
      for example by a metering pump. However, these metering pumps are very
      expensive. In simpler equipment of the above-described type, the refill
      arrangement is limited to replacing the liquid lost by being carried away
      by the emulsion carrier. In this type of arrangement of course the amount
      of liquid added per unit of surface of the emulsion carrier depends upon
      how much liquid is carried away by the emulsion carrier. The quantity of
      fresh concentrate can thus not be reliably determined.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to furnish a system wherein any
      arbitrary desired amount of fresh liquid per unit of emulsion carrier,
      that is per unit of surface of the emulsion carrier or per unit quantity
      of emulsion carrier being processed may be added to the bath in which the
      processing of the emulsion carrier takes place.
PAR  In accordance with the present invention, scan means are provided which
      scan the emulsion carrier and furnish a control signal when the quantity
      of so-scanned emulsion carrier has reached a predetermined quantity.
      Further, means are provided for forceably removing a determined quantity
      of liquid corresponding to the quantity of so-scanned emulsion carrier
      from the bath container in response to the control signal. Refill means
      are then provided which refill the bath container with a quantity of fresh
      liquid corresponding to the determined quantity of liquid removed from the
      bath container.
PAR  The removal of liquid from the bath container by means of removing means
      such as, for example, a pump, may be readily accomplished under control of
      the scan means. The refill arrangement is of course present in any case
      and automatically then replaces the so-removed quantity of liquid.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 shows a portion of the liquid treatment arrangement for emulsion
      carriers, including a circulating arrangement and a refill system;
PAR  FIG. 2 shows a lengthwise section of the arrangement of FIG. 1, along lines
      II--II;
PAR  FIG. 3 shows a circuit diagram for control of the equipment shown in FIGS.
      1 and 2; and
PAR  FIG. 4 is a plot capacitor voltage against time, showing the voltage across
      a storage capacitor in FIG. 3 and including the cut-in points of the
      liquid removing pump.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  A preferred embodiment of the present invention will now be described with
      reference to the drawing.
PAR  In FIG. 1, reference numeral 1 refers to a machine frame which has a
      trough-shaped container 1a as a treatment chamber. Positioned within the
      chamber are pairs of cylinders which serve to transport the emulsion
      carrier through the container. Only cylinder 2 is shown. The cylinders and
      the drives for the cylinders are conventional and need not be shown in
      detail here. Positioned within container 1a is a guide element 3 which
      allows liquid exiting a pipe 4 in the direction of the lengthwise axis of
      the equipment to circulate on one of the walls of the container until the
      stream of liquid is reflected by the container end to the intake side of
      the circulating arrangement. As shown in FIG. 2, the circulator means, in
      a preferred embodiment of the present invention, is a centrifugal pump 5
      having a vertical axle. The pump has substantially radial vanes and is
      covered by housing portion 1b. Axle 5 passes through a bearing 6 at a
      determined height over housing 1b and, at its upper end, has a bevel gear
      7 which cooperates with a further bevel gear 8 driven by a motor.
PAR  The AC motor driving the pump has two windings which, in a preferred
      embodiment of the present invention, have different number of turns. The
      windings are separately connectable to a current source so that, depending
      upon the connection, the motor furnishes a smaller or greater output thus
      causing pump 5, for a corresponding backpressure, to furnish a greater or
      lesser pump output.
PAR  Housing 1b is a volute chamber, whose exit pipe 4 is tangential to the axle
      of the pump in a predetermined region. A screw 9 serves to adjust the
      cross-section of exit or exhaust pipe 4 shortly before the final exit into
      the treatment chamber 1a. Decreasing the cross-sectional area by means of
      screw 9 causes a backpressure to be developed between pump 5 and set screw
      9 which varies with the pump output power. Screw 9 is herein referred to
      as adjusting means. Further, in this region, a branch connection is
      furnished which is connected to a riser 10. This riser or ascending pipe
      terminates above the liquid level and ends in an open discharge channel 11
      which in turn conducts the fluid to a container for used up liquid.
PAR  A refill arrangement 13 is also positioned within the frame 1, but at the
      maximum possible distance away from pump 7. These refill means or refill
      arrangement comprise a bottle having an opening at the bottom, the flow of
      liquid through the opening being controlled by a spring-loaded valve.
      Specifically, the bottle is inserted through the inside surface of a bore
      and mounted on spoke-like supporting surfaces 13a, b, c and d. A key 14,
      mounted in the housing and vertically in the center of the bore serves to
      push the valve upward so that liquid can flow from the bottle. Surfaces
      13a-d are arranged at a level which corresponds to the level of treatment
      liquid in container 1a. The chamber with pump 5 and refill arrangement 13
      serves as an antechamber and is separated from the trough-like chamber 1a
      by an overflow baffle 15. This arrangement of separating the liquid
      containers into an antechamber and trough with a pump which pumps the
      liquid from the antechamber into the trough serves, as taught in German
      patent No. P 22 19 110.2, to effect a very constant liquid level with
      respect to time in the trough, while also serving to effect a circulation
      of all the liquid with very economical and exactly dosed addition of
      liquid to the trough.
PAR  FIG. 3 shows a circuit for controlling the motor driving pump 5. Not shown
      in FIGS. 1 and 2 is a switch whose moving arm is activated as soon as a
      photographic emulsion carrier is present within the equipment. This switch
      is herein referred to as scan means. It is shown as switch 16 in FIG. 3.
      As shown in FIG. 3, it is a selector switch which has a normally closed
      position in which a capacitor 17 is connected to ground through a normally
      closed contact 20a of a relay 20, and a variable resistor 18 connected in
      series with a fixed resistor 19. In its normally open condition switch 16
      connects capacitor 17 to a constant current source. This comprises a
      battery 21, a Zener diode 22, a transistor 23 and emitter resistors 25 and
      24 connected between the emitter of transistor 23 and the positive side of
      battery 21.
PAR  The circuit means for interconnecting the scan means (16) to the removing
      means (pump) comprise a first transistor 26 whose base is connected to one
      terminal of capacitor 17 when switch 16 is in its normally closed
      position. Transistor 26 together with a second transistor 27 forms a
      bistable stage, herein referred to as a first bistable stage. Connected to
      the collector of transistor 27 is the base of a transistor 28 which serves
      as output amplifier and has a relay coil 29 connected in its emitter
      circuit. Connected in parallel with relay coil 29 is a diode 30 which
      serves to suppress sparks.
PAR  Further, the base of a transistor 31 which serves as input transistor of a
      second bistable stage is directly connected to one terminal of capacitor
      17. Connected to transistor 32 and 33 is transistor 31 to form the second
      bistable stage. Transistors 34 and 35 serve as power amplifiers, relay
      coil being connected into the emitter circuit of transistors 35. Further,
      connected in parallel with the emitter-collector circuit of transistor 35
      is a pair of normally open contacts 29a and 20b, connected in series, and
      controlled, respectively, by relay 29 and 20. Relay 29 further controls a
      pair of normally open contacts 29b which, when closed, connect the second
      winding of motor 36, namely the winding which serves to increase the
      output of the motor, to the source of power.
PAR  The arrangement shown in FIGS. 1 and 2 cooperate with the circuitry shown
      in FIG. 3 to control relay 29 as follows: In the normally closed position
      of selector switch 16, as shown in FIG. 3, the photographic emulsion
      carrier is not present in bath container and motor 36 operates at a speed
      which corresponds to power being applied to only one of the windings. At
      this power output, liquid is taken in in the upper portion of the
      antechamber above centrifugal pump 5 and is pushed through the pipe 4 into
      the bath container 1a. Screw 9 is turned upward sufficiently so that the
      increase in pressure resulting from the decrease in cross-sectional area
      at the bottom of riser 10 is sufficiently small that the liquid level does
      not reach the run-off or discharge channel 11. Under these conditions, the
      treatment liquid circulates within through 1a, a quantity of fluid
      corresponding to the fluid entering the chamber in pipe 4 reaches the
      antechamber via overflow baffle 15 thus again arriving at the intake of
      the pump. Refilling from the bottle only occurs when the liquid level in
      the antechamber becomes less than the level of the supporting surfaces
      13a-d so that air gets into the bottle from below. This can occur, for
      example, because of evaporation.
PAR  Under the above conditions, capacitor 17 is fully discharged through
      resistors 18 and 19. If the photographic emulsion carrier is now inserted
      between the transport cylinders 2 and is thus transported through the
      bath, switch 16 is switched to the position in which the collector of
      transistor 23 is connected to one terminal of capacitor 17. This
      connection is maintained for the whole time that the emulsion carrier is
      in the bath, the time in which the contact of switch 16 is in this
      position thus depending upon the transport velocity and the length of the
      emulsion carrier. The capacitor is charged linearly since, as explained
      above, it is charged from a constant current source. If it is first
      assumed that the effect of the second bistable stage is to be disregarded,
      this condition prevails until switch 16 is returned to the position shown
      in FIG. 3, that is until the emulsion carrier has passed completely
      through the bath. At this point switch 16 returns to the position shown in
      FIG. 3 causing capacitor 17 to be discharged through resistors 18 and 19.
      The resistance of resistors 18 and 19 is so chosen that the rate of
      discharge substantially exceeds the charging rate of capacitor 17. This
      causes the time at which the pump is operated at higher power output to be
      relatively short compared to the total operation of the equipment. This
      has the advantage that even for very small quantities of regenerating
      liquid per unit surface of the emulsion carrier the quantity of liquid
      being pumped is sufficient to prevent blocking of the apparatus even for
      relatively large cross-sections of pipe 4.
PAR  The switching of the first bistable stage to the second stable state when
      switch 16 returns to the position shown in FIG. 3 causes relay 29 to be
      energized and motor 36 to be switched to high power output for a time
      corresponding to the time during which capacitor 17 has a voltage which is
      still sufficiently high to prevent the first bistable stage from returning
      to the first stable state. Thus the voltage existing on capacitor 17 at
      the beginning of the discharge period serves as a measure of the amount of
      fresh liquid to be added. In the embodiment wherein the second bistable
      stage is disregarded, this quantity of liquid is added at one time after
      the emulsion carrier has passed through the bath. This is because, while
      motor 36 is operating at high power, the back pressure at the location of
      screw 9 causes the liquid level in riser 10 to increase so that a
      determined quantity of liquid passes through discharge channel 11 to a
      container for used liquid. The refill means mounted on surfaces 13a-d then
      cause liquid to be added in the antechamber until the liquid level in the
      antechamber again reaches the same level as in trough 1a.
PAR  This embodiment has the disadvantage that the pump is operated at a high
      output for a relatively long time. Since fresh liquid is reaching the
      arrangement for a relatively long time, it is possible that this fresh
      liquid reaches the intake opening of the pump and then is discharged
      immediately over riser 10.
PAR  To prevent this it is first of all desirable to keep the distance between
      the opening of the bottle and the intake of the pump the maximum possible.
      This in practice has been found not to be sufficient in all cases. For
      this reason the remainder of the circuitry shown in FIG. 3 was added in
      order to cause the operation at high power to take place in a pulsating
      manner only.
PAR  Under these conditions, that is also using the second bistable stage, the
      equipment operates as follows: Previously, capacitor 17 is assumed first
      to be completely discharged. This corresponds to the time axis in FIG. 4.
      When the photographic emulsion carrier is inserted, switch 16 then returns
      to the position not shown in FIG. 3. The resulting charging of capacitor
      17 causes a voltage to appear at the base of transistor 31. The threshold
      voltage of this stage is, however, considerably higher than the threshold
      voltage of the first bistable stage. Relay 20 is thus energized only when
      the capacitor voltage reaches the level indicated by Ucl in FIG. 4.
      Energization of relay 20 causes the switching of contact 20a to the
      position not shown in FIG. 3. This causes the first bistable stage
      including transistor 26 to switch to the second stable state thus
      energizing relay 29. Further, holding contact 20b of relay 20 is also
      closed. Energization of relay 29 causes the switching to the high power
      output by means of closing of relay 29b. It further serves to close
      holding contact 29a so that relay 20 now remains energized independent of
      the voltage on capacitor 17. Capacitor 17 of course starts to discharge
      through resistors 18 and 19 because contact 20a is now closed. This
      corresponds to the descending linear portion of the curve shown in FIG. 4.
      It should be noted that the discharge curve of the capacitor is
      approximated as a straight line curve; this is an acceptable approximation
      in this operating region of the equipment.
PAR  The discharge of capacitor 17, with simultaneously high pump output,
      continues until the voltage across the capacitor is less than the
      threshold voltage for the first bistable stage. This causes relay 29 to be
      deenergized and switch 29a to open. The opening of switch 29a causes relay
      20 to be deenergized, thus causing contact 20a to return to the position
      shown in FIG. 3. This causes capacitor 17 to be recharged, while the
      opening of contact 29b causes a reduction in the motor power. This cycle
      of charging of the capacitor and a subsequent discharge with a
      simiultaneous increase in the pump power continues until switch 16 returns
      to its original position when the emulsion carrier is no longer in the
      bath. It can of course happen that at this point capacitor 17 is below the
      level Ucl shown in FIG. 4. However, when switch 16 returns to the position
      shown in FIG. 3 capacitor 17 will discharge through resistors 18 and 19,
      causing the first bistable stage (transistors 26, 27) to switch to the
      second stable state energizing relay 29 as long as the voltage across
      capacitor 17 exceeds the level indicated by U.sub.2 in FIG. 4. While relay
      20 is not energized, the pump is still operated at a higher power because
      of the closing of switch 29b.
PAR  Instead of a pump operated at two different power outputs it is of course
      possible to use two separate pumps, one as circulating pump and the other
      as an exhaust pump. The exhaust pump is of course then connected to the
      contact 29b in FIG. 3.
PAR  Of course it is entirely within the teachings of the present invention that
      other circuits than the ones shown in FIG. 3 can be used to control the
      operation of the removing means. Integrated circuits can readily be used.
      Further, of course the AC motor of the present invention can be replaced
      by a DC motor which, to achieve a higher power, is connected to a higher
      voltage.
PAR  While the invention has been illustrated and described as embodied in using
      particular pumping and control circuit arrangements, it is not to be
      limited to the details shown, since various modifications and circuit
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In equipment for liquid treatment of photographic emulsion carriers,
      said equipment having a bath container for holding liquid for treating
      said emulsion carriers, said bath container having an overflow for
      limiting the maximum liquid level therein, an arrangement for adding fresh
      liquid to said bath container, comprising, in combination, scan means for
      sensing said emulsion carrier when in said bath container and furnishing a
      control signal when the quantity of so-sensed emulsion carrier has reached
      a predetermined quantity; removing means coupled to said scan means for
      forceably removing a determined quantity of liquid corresponding to said
      quantity of so-sensed emulsion carrier from said bath container in
      response to said control signal; and refill means operatively associated
      with said bath container for adding a quantity of fresh liquid
      corresponding to the so-removed quantity to said bath container.
NUM  2.
PAR  2. In equipment for liquid treatment of photographic emulsion carriers,
      said equipment having a bath container for holding liquid for treating
      said emulsion carriers, said bath container having an overflow for
      limiting the maximum liquid level therein, an arrangement for adding fresh
      liquid to said bath container, comprising, in combination, scan means for
      sensing said emsulion carrier when in said bath container and furnishing a
      control signal when the quantity of so-sensed emulsion carrier has reached
      a predetermined quantity; removing means coupled to said scan means for
      forceably removing a determined quantity of liquid corresponding to said
      quantity of so-sensed emulsion carrier from said bath container in
      response to said control signal; and refill means responsive to the height
      of liquid in said bath container for adding a quantity of fresh liquid
      required for maintaining a predetermined minimum liquid level to said bath
      container whenever the liquid level therein is less than said
      predetermined minimum liquid level.
NUM  3.
PAR  3. In equipment for liquid treatment of photographic emulsion carriers,
      said equipment having a bath container for holding liquid for treating
      said emulsion carriers, said bath container having an overflow for
      limiting the maximum liquid level therein, an arrangement for adding fresh
      liquid to said bath container, comprising, in combination, scan means for
      sensing said emulsion carrier when in said bath container and furnishing a
      control signal when the quantity of so-sensed emulsion carrier has reached
      a predetermined quantity; removing means coupled to said scan means for
      forceably removing a determined quantity of liquid corresponding to said
      quantity of so-sensed emulsion carrier from said bath container in
      response to said control signal, said removing means comprising pumping
      means for circulating said liquid in said bath container in response to a
      first power input and for removing said liquid from said bath container in
      response to a second power input exceeding said first power input; and
      refill means operatively associated with said bath container for adding a
      quantity of fresh liquid corresponding to the so-removed quantity to said
      bath container.
NUM  4.
PAR  4. Equipment as set forth in claim 3, wherein said pumping means comprise a
      pump for pumping said liquid in said bath container, and a motor for
      driving said pump, said motor having a first and second winding; further
      comprising a power source; and means for connecting said first winding of
      said motor to said power source to effect said first power input and said
      second winding to said power source to effect said second power input.
NUM  5.
PAR  5. Equipment as set forth in claim 3, wherein said pumping means comprise a
      pump, and a motor coupled to said pump for driving said pump, said motor
      having a first and second winding; further comprising a power source; and
      means for connecting only said first winding to said power source to
      effect said first power input and both said first and second winding to
      said power source to effect said second power input.
NUM  6.
PAR  6. Equipment as set forth in claim 3, further comprising adjusting means
      for adjusting the quantity of liquid removed from said bath container by
      said pumping means per unit time.
NUM  7.
PAR  7. Equipment as set forth in claim 6, wherein said pumping means comprise a
      pump having an exhaust pipe for furnishing circulated liquid; wherein said
      exhaust pipe has a branch connection; further comprising a riser connected
      to said branch connection and a drain for said liquid removed from said
      bath container connected to said riser; and wherein said adjusting means
      comprise means for adjusting the cross-sectional area of said exhaust pipe
      at a location following said branch connection in the direction of flow of
      said liquid.
NUM  8.
PAR  8. An arrangement as set forth in claim 3, wherein said pumping means has
      an intake; and wherein said intake is positioned a maximum possible
      distance away from said refill means.
NUM  9.
PAR  9. Equipment as set forth in claim 8, further comprising circuit means for
      connecting said scan means to said removing means in such a manner that
      said second power input is applied pulsatingly to said removing means for
      determined short time intervals during the time said scan means senses
      said emulsion carrier in said bath container.
NUM  10.
PAR  10. Equipment as set forth in claim 9, wherein said circuit means connect
      said scan means to said removing means in such a manner that said second
      power input is applied to said removing means periodically for determined
      short time intervals, each of said short time intervals being less than
      the average time interval required for liquid to flow from said refill
      means to said intake of said pumping means.
NUM  11.
PAR  11. Equipment as set forth in claim 10, wherein said scan means comprise a
      selector switch having a first state when sensing said emulsion carrier
      and a second state in the absence of said emulsion carrier, a capacitor
      connected to said selector switch, a constant current source connected to
      said capacitor when said selector switch is in said first state, and a
      discharge circuit connected to said capacitor when said selector switch is
      in said second state.
NUM  12.
PAR  12. Equipment as set forth in claim 11, further comprising a bistable stage
      connected to said discharge circuit of said capacitor, said bistable stage
      having a first and second state and an input for receiving an input
      voltage, said bistable stage being in said first state when said input
      voltage is less than a predetermined threshold voltage and in said second
      state when said input voltage is greater than said predetermined threshold
      voltage; further comprising means connected to said bistable stage and
      said removing means for applying said second power input to said removing
      means when said bistable stage is in said second stage.
NUM  13.
PAR  13. Equipment as set forth in claim 12, wherein said means for applying
      said second power input comprise a relay.
NUM  14.
PAR  14. Equipment as set forth in claim 12, further comprising a second
      bistable stage having a first and second state and having an input
      connected to said capacitor, said second bistable stage having a first
      state when voltage across said capacitor is less than a predetermined
      capacitor voltage and said second state when the voltage across said
      capacitor is greater than a predetermined capacitor voltage; and a relay
      connected to said second bistable stage in such a manner that said relay
      is energized when said second bistable stage is in said second state and
      is deenergized when said second bistable stage is in said first state,
      said relay having contacts connected in parallel with said contacts of
      said selector switch.
NUM  15.
PAR  15. Equipment as set forth in claim 14, wherein said discharge circuit has
      a variable resistor for varying said determined time interval.
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PAL  A magnetic release mechanism comprises an electromagnet excited by means of
      a release signal, a release auxiliary lever releasable out of engagement
      directly or indirectly by means of an exciting force of said electromagnet
      and forced to be rotated in a unidirection, and a release lever adapted to
      release the regenerating condition of a shutter driving lever in response
      to the rotation of said release auxiliary lever. Said engagement of said
      release auxiliary lever is effected at a sufficiently lengthy extremity
      from a rotative axis, and said release auxiliary lever is positioned, when
      engaged, apart at a small distance from said release lever.
BSUM
PAR  This invention relates to a device for magnetically releasing an operating
      mechanism in a camera such as a shutter mechanism.
PAR  Conventional cameras have an operating mechanism which when set for the
      action of photographing is mechanically engaged. In order to effect
      photographing, the operating mechanism is so designed that it may be
      released by depressing a release button suitably located externally of the
      camera body.
PAR  For the purpose of remote operation of the camera of the type as described
      above, a solenoid plunger is secured to an outer body of camera and a
      current flowing through the solenoid is controlled thereby magnetically
      depressing the release button.
PAR  The current flowing through the solenoid may be controlled by employment of
      a method such that the solenoid plunger is disposed integral with a
      receiver, a radio wave being transmitted from a transmitter remotely
      provided. According to another method of controlling the current, a
      conductor is installed, which extends from the solenoid to the operating
      site remotely located, the operation is carried out by controlling a
      switch.
PAR  In either case as described above, the solenoid plunger must be provided
      other than the camera body, and the solenoid plunger must further have a
      force and a stroke enough to depress the release button, which requires a
      considerably bulky plunger. However, the position of the release button,
      the stroke of the release button, and the force required to depress the
      release button are different depending upon the type of camera, and
      therefore it is not easy to mount means externally operated as described
      above on the camera body and adjustment thereof becomes necessary
      accordingly.
PAR  The present invention provides an improved mechanism in which a magnetic
      device is provided within a body of camera, a current flowing through said
      magnetic device being controlled to thereby operate various operating
      mechanisms in camera, for example, raising a mirror in a single lens
      reflex camera, performing diaphragm of the lens prior to photographing,
      initiating operation of a shutter mechanism, and the like.
PAR  The operating mechanism of the present invention possesses various
      advantages as noted below since it is not operated by mechanically
      depressing the release button as previously described.
PAR  First, since the release button for the camera as described may be operated
      merely by imparting a force enough to control a switch on the magnetic
      device, it can be operated by a force smaller than is required by the
      conventional release button and can be operated with a short stroke.
      Consequently, blur may be avoided to a greater extent when taking a
      picture.
PAR  Second, in remote controlling, the structure of the invention requires no
      special plunger to depress the release button to be mounted externally of
      the camera which has been required in prior art cameras, but such
      controlling may be made by the provision of the same effect as the closing
      operation of a switch. Therefore, an auxiliary device for the remote
      control photographing can be simplified, thus facilitating the remote
      control photographing.
PAR  However, in designing such cameras as described above, various problems
      must be solved as mentioned below.
PAR  Since the magnetic device is to be incorporated into a body of camera, it
      should be constructed small in size. Needless to say, the device is so
      designed as to make operation for releasing a shutter mechanism even if it
      may be formed into a small size. For this reason, it is important to
      consider the relationship between the device and the shutter mechanism.
PAR  Further, in order to obtain a desired force from a small-sized magnet, a
      considerable current, for example, 6V, 200 milliampere, must be supplied.
      This current is about 10 times the current required by a conventional
      electric shutter circuit employed for the exposure control, and the supply
      of such excessive current causes a battery voltage to instantaneously be
      dropped. Accordingly, an individual battery may well be provided each for
      an electromagnet and other circuits, for example, the electric shutter
      circuit as mentioned above. However, this arrangement is not so
      recommended in terms of space for accommodating a battery as well as way
      of handling. And, if the same battery is used to apply an electric power
      to both elements, a voltage drop occurs when the electromagnet is used,
      and as a result, other circuits, for example, a shutter time controlling
      circuit are affected to fail to obtain a proper exposure.
PAR  The present invention has been proposed to overcome these drawbacks as
      noted above with respect to prior art devices and has as its object to
      provide a magnetic release device for cameras which can effectively
      utilize an ability of a magnetic device incorporated in the camera, or in
      other words, which uses a relatively small-sized magnetic device.
PAR  It is another object of the invention to provide a controlling device which
      can effectively control electric circuits within the camera in association
      with the above-described magnetic release device.
PAR  According to the present invention, the above-described objects may be
      accomplished by connecting the shutter means or the like to the
      electromagnet through a mechanical release mechanism. Within the release
      mechanism is provided means for mechanically increasing a driving force of
      the electromagnet device so as to substantially increase the driving force
      of the electromagnet device. Further, a switch to be operated in
      conjunction with a lever in the release mechanism is disposed so that one
      power source may be used to switch both the power source of the
      electromagnet device and the power source of other circuits.
DRWD
PAC  In describing the invention in detail, reference will be made to the
      accompanying drawings, in which:
PAR  FIGS. 1, 2 and 3 are views showing the operation of the magnetic release
      device for cameras in accordance with the present invention, FIG. 1
      showing the state where the shutter of camera has completed its operation,
      FIG. 2 showing the state where the shutter has been set, and FIG. 3
      showing the state where the shutter has been released;
PAR  FIG. 4 is a circuit diagram of a control circuit operated in association
      with the devices described above; and
PAR  FIG. 5 is a diagram showing the relationship between the operation of the
      switch in the above-described circuit and the source voltage.
DETD
PAR  A mechanical construction of a magnetic release device for cameras of the
      present invention will now be described with reference to FIGS. 1, 2 and
      3.
PAR  A preferred embodiment of the device according to the invention shown in
      the drawings is one applied to a single lens reflex camera. Generally, the
      single lens reflex camera is so designed that a signal adapted to operate
      a shutter, said signal being normally generated by depressing a release
      button on the camera, is fed to raise a mirror disposed within a mirror
      box in the camera at an angle of 45.degree. to an optical axis of the
      lens, and after the mirror has been raised, the shutter is released. The
      shutter may be released by movement of the mirror in the vicinity of time
      when the mirror has been raised. When the shutter has been operated, the
      mirror is returned to its original position.
PAR  Similarly, in this embodiment, the mirror is raised by a signal operating
      the shutter, said signal causing a current to be flown into the
      electromagnet. When the mirror has been raised, the shutter is likewise
      released. The construction, such that when the mirror is raised the
      shutter is released, is well known to those skilled in the art, and
      therefore, the description therefor is not further discussed herein.
PAR  Turning now to FIGS. 1, 2 and 3, a driving lever 2 and a charge lever 3 are
      rotatably mounted by a screw 4 on the side wall of a mirror box 1
      incorporated in the camera. The charge lever 3 comprises an inverted
      Y-shaped plate member. To the upper portion 3a of the charge lever 3 two
      ends of tension springs are attached, one tension spring 5 being passed
      between the charge lever 3 and the driving lever 2 and the other tension
      spring 7 being passed between the charge lever 3 and a pin 6 planted on
      the mirror box 1. A pin 8 is mounted to be projected from the back of the
      charge lever 3 so as to define an angular position with respect to the
      driving lever 2. The end of the upper portion 3a is formed with an
      engaging portion 10 placed into an engaging relation with a hook lever 9
      rotatably supported to the mirror box 1 and forced to be rotated
      clockwise. On the other hand, in the right-hand lower portion 3b of the
      charge lever 3 there is provided a projection 11 which limits rotation of
      an auxiliary release lever 17 on which description will be made later,
      while the left-hand lower portion 3c thereof is brought into contact with
      a part 12 of a charge mechanism interlocked with a winding lever (not
      shown) of the camera. The driving lever 2 is of substantially Y-shape, the
      upper portion 2a thereof having the other end of the tension spring 5
      secured thereto while the lower end of the lower portion 2b thereof is
      bent at a right angle and comes into engagement with a hook 13a of a
      release lever 13. At the upper side of the left-hand portion 2c of the
      driving lever 2 there is disposed a pin 14 of the operating mechanism,
      adapted to effect a movement of the mirror. The release lever 13 is
      rotatably supported to the mirror box 1 and forced to be rotated
      counterclockwise by means of a spring 15.
PAR  At the upper part of the other end of the release lever 13, a release
      auxiliary lever 17 is rotatably supported to the mirror box 1 and is
      forced to be rotated counterclockwise by means of a spring 16. This
      auxiliary lever 17 has the end of the longer side portion 17b engaged by a
      release hook lever 18 in such a way that the end of the shorter portion
      17a thereof is positioned apart at a small distance from the release lever
      13. The length of the longer side portion 17b of the auxiliary lever 17 is
      designed as long as possible so that an operating force produced in the
      end of the longer side by a returning force of the spring 16 may be
      minimized and an engaging force thereof with the hook may be minimized. A
      change-over switch 24 has its base secured to the side wall of the mirror
      box. This switch has, in the normal condition, contacts 24a and 24b being
      placed in contact, while contacts 24a and 24c are disengaged. The contact
      24a of the switch is located on a passage of a pin 17c planted on the
      release auxiliary lever 17 and is urged as the pin 17c rotates
      counterclockwise so that contacts 24a and 24b are disengaged while
      contacts 24a and 24c are engaged. The operation and function of the
      above-described switch will be later described in detail in conjunction
      with a circuit.
PAR  The release hook lever 18 is forced to be rotated clockwise by means of a
      spring 19, and the opposite end of a hook 18a formed at one end thereof,
      to hold the auxiliary lever 17, is brought into an engaging relation with
      an armature 21 of an electromagnet 20 mounted on the mirror box 1. In the
      condition where the electromagnet is not energized, the armature 21 is
      positioned under the pin 22 planted on the release hook lever 18.
PAR  In the embodiment of the present invention, the magnetic release mechanism
      has its components placed in the condition shown in FIG. 1 prior to the
      charge, that is, after the preceding photographing operation has been
      completed. Simultaneously when the winding lever (not shown) is operated,
      the part 12 of the charge mechanism causes the left-hand lower side 3c of
      the charge lever 3 to be pushed up as shown in FIG. 2, the charge lever 3
      being rotated clockwise. Thus, the engaging portion 10 of the upper side
      3a of the charge lever 3 is brought into engagement with the hook lever 9
      to prevent a counterclockwise rotation thereof. Since the driving lever 2
      is stopped from its rotation by the hook 13a of the release lever 13, it
      may be urged clockwise by means of the spring 5, thus completing the
      charging operation.
PAR  When the electromagnet 20 is energized by the release signal, the armature
      21 is attracted as shown in FIG. 3 to kick the pin 22 upwardly at the
      opposite side thereof. When the pin 22, that is, the release hook lever 18
      is rotated counterclockwise, the end of the longer side 17b of the release
      auxiliary lever 17 is disengaged from the hook 18a to allow the auxiliary
      lever 17 to be rotated counterclockwise. In this case, the engagement of
      the end of the longer side 17b with the hook 18a is effected by an
      extremely small force in terms of torque of the auxiliary lever 17 and the
      length of the longer side 17b, and as a result, the hook 18a is disengaged
      by an extremely small force. Even when the auxiliary lever 17 is rotated,
      the end of the shorter side 17a will not immediately be engaged with the
      release lever 13 because of the provision of a spacing formed between the
      release lever 13, but impinges upon the release lever 13 after obtaining a
      kinetic energy through the rotational movement, thus causing the release
      lever 13 to be rotated clockwise. From this reason, the auxiliary lever 17
      enables the lever 13 to be rotated by the force in excess of a returning
      force of the spring 16. When the release lever 13 is rotated, the hook 13a
      is disengaged from the driving lever 2 and the driving lever 2 is rotated
      clockwise by the returning force of the spring 5 to cause the pin 14 to be
      pushed up by its left-hand side 2c, thus raising the mirror.
PAR  At the final stage of the rise of the mirror, the shutter is released as
      before-mentioned.
PAR  When the shutter has been operated, the release lever 23 is pushed down and
      the hook lever 9 is rotated counterclockwise. This rotation of the hook
      lever 9 causes the charge lever 3 to be disengaged from the engaging
      portion 10 and returned counterclockwise by the spring 7. At this time,
      the driving lever 2 is returned by the projection 8 and simultaneously the
      auxiliary lever 17 is returned by the projection 11, restoring the
      condition as shown in FIG. 1.
PAR  As is apparent from the foregoing description, the use of the sufficiently
      lengthy release auxiliary lever, which is apart at a small distance from
      the release lever adapted to actually initiate the release operation and
      which is engaged at the extremity, can minimize the engaging force of the
      release auxiliary lever, and in addition, the release lever may be
      operated by a force larger than a turning force of the release auxiliary
      lever, thereby providing a magnetic release mechanism which uses an
      electromagnet of a driving force (a magnetic force) far smaller than an
      operating force of the release lever.
PAR  FIG. 4 schematically illustrates a form of a circuit connection operable in
      relation to the mechanism hereinabove described.
PAR  In this circuit a power source B is one common to an exposure control
      circuit and a magnetic releasing electromagnet 20, said source B in this
      specific embodiment being a 6V battery.
PAR  A change-over switch 24 is provided to switch the power of the battery B
      into the magnetic releasing electromagnet 20 or into the exposure control
      circuit, and the change-over switch is controlled by a change-over switch
      controlling mechanism. A release switch Sr is designed to be turned on or
      off by operation externally of the camera, and if this switch Sr is closed
      when contacts 24a and 24b of the aforementioned switch 24 are in contact
      position, the power is supplied to the solenoid 20 of the electromagnet
      through the switch Sr. There are shown a main switch Sm and a switch Sn,
      which is to be turned off when the shutter has been operated while turned
      on when winding has been completed. It is however to be assumed in the
      following description that the switch Sn is normally in the on position
      during operation.
PAR  The operation of these circuits will now be explained in conjunction with
      the release mechanism previously described in detail.
PAR  The magnet 20 attracts the armature 21, causing it to be rotated clockwise.
      As a result, the release hook lever 18 is urged counterclockwise and
      disengaged from the auxiliary lever 17, which is then rotated
      counterclockwise to cause the pin 17c to push and disengage the contact
      24a from the contact 24b, thereby having the contact 24a placed in contact
      with the contact 24c. At this time, power is supplied into the exposure
      control circuit through the switch contacts 24a and 24c. The release lever
      13 is forced to be rotated clockwise as the auxiliary lever rotates to
      allow then the driving lever to be rotated clockwise. As a result, the pin
      14 is pushed upwardly to initiate the rise of the mirror as well as
      performing diaphragm of lens and shutter releasing (FIG. 3). When the
      shutter is closed after a release for a predetermined period of time
      through the action of the exposure control circuit, the lever 23
      associated with completion of shutter operation is urged downward to
      disengage the hook lever 9 from the charge lever 3, thus returning the
      change-over switch control mechanism to the state shown in FIG. 1 and
      placing the change-over switch in the state where the contact 24a is
      brought in contact with the contact 24b.
PAR  The relationship between the release switch Sr, the change-over switch 24,
      and the voltage of the source B will now be described with reference to
      FIG. 5.
PAR  It is assumed that at the time (a) the change-over switch driving mechanism
      is in the state shown in FIG. 2. At this time, the switch 24 has the
      contacts 24a and 24b placed in contact while contacts 24a and 24c being
      disengaged from each other. The release switch Sr is not yet depressed,
      and so the power is not supplied from the battery B to the exposure
      control circuit nor the magnet circuit, thus the battery being in the
      condition unloaded and accordingly no voltage drop being occurred between
      output terminals of the battery, maintaining the terminal voltage at 6V.
PAR  When the release switch Sr is depressed and turned on at the time (b), a
      circuit comprising the battery B -- 24a-24b of the change-over switch 24
      -- the release switch Sr -- electromagnet 20 -- the battery B is
      completed, and a relatively great current is supplied to the solenoid of
      the electromagnet 20 to thereby rapidly drop the battery voltage V. When
      the current is supplied to the electromagnet 20, the armature 21 is
      attracted as shown in FIG. 3 to result in rotation of the auxiliary lever
      17 counterclockwise, and the switch contact 24a is then disengaged from
      the contact 24b (time c).
PAR  On the other hand, since the supply of power to the electromagnet 20 from
      the battery B is cut off, the battery voltage is restored and at the time
      (d) after a lapse of a short time from time (c), the switch contact 24a is
      brought into contact with the contact 24c to form an exposure control
      circuit. Thereafter the current is supplied into the circuit, and
      consequently the voltage is somewhat dropped. This drop of voltage however
      is not so great that the exposure control circuit may sufficiently be
      operated. The levers 13 and 11 have a small amount of inertia so that
      after the exposure control circuit reached to a complete operating state,
      the pin 14 is pushed up to start raising of the mirror and the shutter
      mechanism is then released. At the time (e), even when the release switch
      Sr is turned off, the change-over switch has already been switched to the
      side of exposure control circuit so that there occurs no change in voltage
      applied to the exposure control circuit. When the shutter has been
      operated, the lever 23 moves down and the change-over switch controlling
      mechanism is shifted from the state of FIG. 3 to the state of FIG. 1.
      Whereupon, the switch contacts 24a and 24c are first turned off to
      disengage the exposure control circuit (time f), thus the battery B coming
      into an unloaded state and then contacts 24a and 24b being turned on.
PAR  From the above, it will be understood in the present invention that since
      the circuits may be controlled in a manner as hereinabove described,
      effective use of one battery may be realized.
PAR  As is apparent from the preferred embodiments as described above, the
      supply of power to the electromagnet 20 may be cut off in a shorter time
      by operation of the change-over switch and the exposure control circuit
      may be formed successively, which eliminates the requirement of use of two
      sets of power supply. Furthermore, immediately after the electromagnet has
      completed its necessary operation, the circuit of magnet is opened to
      thereby provide a rational utilization of power of battery, and in
      addition the device of the invention provides such advantages as avoidance
      of reduction in life of the battery due to the continuous supply of a
      great current to the electromagnet more than the amount as ordinarily
      required and no influence on the exposure control circuit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic shutter release mechanism for cameras comprising:
PA1  an electromagnet adapted to be excited by means of a release signal;
PA1  a release hook lever operatively associated with said electromagnet and
      adapted to be pivoted when said electromagnet is excited;
PA1  a release auxiliary lever having a portion engageable with said release
      hook lever and adapted to be disengaged from said release hook lever and
      pivoted under the influence of spring biasing means when said release hook
      lever is pivoted upon excitation of said electromagnet.
PA1  said release auxiliary lever being substantially L-shaped and including a
      long leg and a short leg, said long leg including said portion engageable
      with said release hook lever, and said spring biasing means being disposed
      upon said release auxiliary lever substantially at the junction of said
      long leg and said short leg so as to be positioned at a location remote
      from said portion of said release auxiliary lever engaged with said
      release hook lever;
PA1  a release lever operatively associated with said release auxiliary lever
      and adapted to be pivoted by said release auxiliary lever when said
      release auxiliary lever is disengaged from said release hook lever, said
      release lever being normally spaced apart from said release auxiliary
      lever and adapted to be contacted by said short leg of said release
      auxiliary lever after said release auxiliary lever is disengaged from said
      release hook lever and pivoted by said spring-biasing means; and
PA1  a shutter driving lever engageable with said release lever and adapted to
      be disengaged therefrom and pivoted under the influence of spring biasing
      means when said release lever is pivoted by said release auxiliary lever
      and also engageable with a mirror of said shutter mechanism whereupon
      being pivoted by said spring biasing means, said shutter driving lever
      actuates said mirror and releases said shutter mechanism.
NUM  2.
PAR  2. A magnetic shutter release mechanism for cameras according to claim 1,
      including a switch dipsosed in a power source circuit of said
      electromagnet, said switch being turned on when said release auxiliary
      lever is engaged with said release hook lever while being turned off when
      said release auxiliary lever is released out of engagement with said
      release hook lever for initiation of said pivotal movement, a supply of
      power to the electromagnet being cut off after said electromagnet has been
      activated by means of the release signal and said release auxiliary lever
      has been disengaged.
NUM  3.
PAR  3. A magnetic shutter release mechanism for cameras according to claim 2,
      further including a switch disposed in a power source circuit of an
      exposure control circuit, said switch being turned off when said release
      auxiliary lever is engaged with said release hook lever while being turned
      on when said release auxiliary lever is released out of engagement with
      said release hook lever, current therefore being supplied to said exposure
      control circuit after said electromagnet has been activated by means of
      the release signal.
NUM  4.
PAR  4. A magnetic shutter release mechanism for cameras according to claim 3,
      wherein said switches are included within electromagnet, a change-over
      switch mechanism, said supply of power to said electromagnet being cut off
      after said electromagnet has been activated by means of the release signal
      so as to supply the power to the exposure control circuit.
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ABST
PAL  An electronic camera shutter having a single spring that biases an armature
      lever in a direction for applying an electromagnet armature supported
      thereon against the electromagnet until the electromagnet, which is a part
      of an exposure time control circuit, is energized so that the armature is
      attracted. This same spring cooperates with a holding lever biasing it in
      a direction for engaging with the armature lever and driving it in a
      direction for separating the armature from the electromagnet to initiate
      closing of the shutter upon de-energization of the electromagnet at the
      end of the exposure time period controlled by the exposure time control
      circuit. A release lever for taking exposures has a rest position in which
      it holds the holding lever against the action of the spring upon actuation
      of the release lever the holding lever is released but the exposure time
      control circuit is closed by actuation of the release lever so that the
      electromagnet is energized and the armature is held in an attracted
      condition. This precludes driving of the armature lever by the holding
      lever although the holding lever has been released by the release lever.
      Upon completion of the exposure time the armature is released and the
      single spring drives the holding lever which separates the armature from
      the electromagnet and initiates closing of the shutter with the armature
      lever. The shutter has a safety device in that the release lever is
      provided with a lateral notch into which a projection on the holding lever
      is insertable to precule complete actuation of the release lever to
      preclude taking of an exposure in the event that the electromagnet is not
      completely energized and in which case the holding lever is immediately
      released when the release lever is actuated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electronic shutter for a camera having
      an electromagnet which is controlled for terminating the exposures by an
      exposure control circuit by means of which the shutter will be closed.
PAR  In such a type of electronic shutter the electromagnet is finished
      actuating the shutter at the time of completion of an exposure as
      described above, it must be provided with a means for holding an armature
      lever to the electromagnet before actuation of the electromagnet and of
      making it move apart from the electromagnet after completion of its
      actuation. The armature lever must thus be imparted actuations contrary to
      each other before and after actuation of the electromagnet. To assist
      that, therefore, the electromagnet should be actuated first by a release
      operation thereby allowing the armature lever to be attracted thereto and
      the holding lever should be made to part from the armature lever in the
      next step of the release operation. Accordingly, the electric shutter
      provided with both an armature lever and holding lever as set forth above
      have had to have different springs for each of them.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention referrable to an electronic shutter provided with an
      armature lever and holding lever as mentioned above is intended to provide
      an electronic shutter for a camera such that each of the armature lever
      and holding lever is devised to perform its required actuation by means of
      the movable end of a single spring fitted between the respective levers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing an embodiment of a shutter provided with the
      present invention.
PAR  FIG. 2 is a plan view showing the state of hindering release of the shutter
      in FIG. 1.
PAR  FIG. 3 is a schematic of an exposure time control circuit.
PAR  FIG. 4 is another embodiment of a shutter according to the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An explanation is made below according to the embodiment as shown. FIG. 1
      and FIG. 2 are views of one embodiment of a shutter control device
      provided with the present invention and it can be actuated by the exposure
      control circuit as shown in FIG. 3. A detailed description of the circuit
      is omitted as it is well-known. It is an embodiment of an exposure control
      circuit including a detection circuit for alarming of the condition of a
      high brightness range by means of a light receiving element 16 and a
      comparison resistor R3.
PAR  In explaining FIG. 1, 1 shows an open lever for activating shutter blades
      to open them. 2 shows a close lever for closing the shutter blades, not
      shown. 3 is a release member for a shutter supported on a base plate with
      long slots 4 for guidance on pins 5, and is continuously being pulled or
      biased upwardly by a compression spring 6 the upper end of which is firmly
      fixed on the base plate. A holding lever 8 is pivoted on a fixed shaft 7,
      on which a first protusion 3a of the release member 3 and a protusion 8a
      of the holding lever 8 join in contact. The holding lever 8 has a pin 8b
      set on it urging a biasing spring 9 in a counterclockwise direction. An
      armature lever 10 with a pin 10a and a movable armature 10b is pivoted on
      a fixed shaft 7, and the movable end of the spring 9 in a charged state
      presses against the pin 10a of the armature lever 10 under pressure,
      through which the armature lever 10 has exerted thereon a force in a
      counterclockwise direction and the movable armature 10b is held against an
      electromagnet 11. Releasing of the shutter is accomplished by depressing
      the release lever or member 3. The release member 3 first closes a power
      supply switch 12 and thus energizes the electromagnet 11. Then, the
      protusion 8a of the holding lever 8 being subjected to the force of the
      biasing spring 9 is taken off from the first protusion 3a of the release
      member 3.
PAR  A large radius part of the pin 8b of the holding lever 8 contacts with a
      notched part 10c of the armature lever 10 and can turn clockwise no
      further because the armature lever 10 is then being attracted by the
      electromagnet 11. Since the touching part or protusion 8a of the holding
      lever 8 does not lock with the second protusion 3b which is slightly
      shorter then the first protusion 3a of the release member 3, the release
      member 3 descends further, and causes the opening lever 1 to turn
      clockwise by pin 3c and opens the shutter blades. Then, it stops
      energization of the electromagnet by means of the aforesaid exposure time
      control circuit, while the armature lever 10 turns by spring 9 through
      holding lever 8 clockwise and closes the shutter by actuating the closing
      lever 2 counterclockwise. The release member 3 rises and is restored by
      eliminating of the state of its being pressed, whereby the holding lever 8
      is made to turn counterclockwise, armature lever 10 is allowed to turn
      counterclockwise through biasing spring 9 and the movable armature 10b  is
      held to the electromagnet 11.
PAR  The actions of what has been mentioned above are relevant to where the
      electromagnet works normally or effects an appropriate exposure and when
      the power supply has its required voltage. However, if the electromagnet
      fails to work under control of the afore-mentioned detection circuit and
      if power voltage is insufficient, the electromagnet 11 does not attract
      the armature lever 10, by reason of which the first protusion 3a of the
      release member 3 turns the holding lever 8 clockwise by the biasing spring
      9 as it passes over the contacting part 8a of the holding lever 8 as shown
      in FIG. 2, and the large radius part of the pin 8b contacts with the
      notched part 10c of the armature lever 10, thus the holding lever 8 turns
      further clockwise. The contacting projection part 8a of the holding lever
      8 locks the second protusion 3b of the release member 3 thereby prevents
      the relese member 3 from descending. As a result, the activating pin 3c of
      the release member 3 does not turn the opening lever 1 clockwise,
      consequently the shutter will not open. As compared with those shown in
      FIG. 1 and FIG. 2, the embodiment as shown in FIG. 4 is composed of a
      forward-travelling or axially travelling member 23 in lieu of a release
      member, a release button 25 and a locking pawl 24 are provided, and a
      spring 29 mounted on a spring-hook shaft 30 is provided separate from
      shaft 7, and the other actions of this embodiment are the same as the
      embodiment shown in FIG. 1 and FIG. 2.
PAR  According to the present invention as mentioned above, separating the
      armature lever apart from the electromagnet during the release operation
      and when exposure time is finished and pushing it on to electromagnet
      before the release operation of the shutter can be carried out by only a
      single spring fitted between the holding lever and the armature lever.
PAR  This can save one spring, which leads to savings of not only the number of
      parts, space and the quantity of man-hours for assembling, etc. but also
      the friction due to slipping provided that respective levers can be
      installed on the same shaft. Since it is not necessary to charge the
      spring for pulling apart when in release operation, the amount of working
      force is made lighter, thereby achieving most stable actuation, which can
      better practical effects in a shutter for a camera requiring high accuracy
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electronic camera shutter, an electromagnet for closing the
      shutter upon termination of the exposure time and de-energization thereof,
      an exposure time control circuit for energizing the electromagnet and the
      de-energizing thereof upon termination of the exposure time determined by
      said exposure time control circuit, a movable release lever cooperative
      with said exposure control circuit actuatable for initiating energization
      of said electromagnet and initiating opening of the shutter for taking an
      exposure, means biasing said release lever to a rest position, an
      electromagnet armature engagable with said electromagnet, an armature
      lever pivotally mounted supporting said armature, a holding lever
      engagable with said armature lever and cooperative with said release lever
      in said rest position to preclude said armature lever from separating said
      electromagnet armature from said electromagnet, a single spring
      intermediate the holding lever and the armature lever and coactive
      therewith constantly biasing the holding lever in a direction for engaging
      with said armature lever and driving it in a direction for separating said
      armature from said electromagnet for initiating closing of the shutter by
      actuation of said armature lever in said direction, said release lever
      having a part bearing on said holding lever holding said holding lever
      against the biasing of said spring while in the rest position of said
      release lever, a part of said holding lever biasing the spring in a
      direction for biasing the armature lever in a direction for applying said
      armature to said electromagnet when said release lever is in said rest
      position means for closing the exposure time control circuit when the
      release lever is actuated, whereby upon actuation of said release lever
      said exposure time control circuit is energized and the electromagnet is
      energized to retain said armature attracted thereto and said holding lever
      is released for driving said armature lever for separating said armature
      from said electromagnet when said electromagnet is deenergized unde
      control of said exposure time control circuit.
NUM  2.
PAR  2. In an electronic camera shutter according to claim 1, including a
      closing lever for closing the shutter activated by said armature lever
      when driven by said holding lever.
NUM  3.
PAR  3. In an electronic camera shutter according to claim 2, including an
      opening lever actuated by said release lever for opening the shutter.
NUM  4.
PAR  4. In an electronic camera shutter according to claim 3, in which said
      release lever comprises a lateral notch, and in which said holding lever
      comprises a projection insertable into said notch under control of said
      biasing spring when the release lever is actuated and the holding lever is
      released thereby and said electromagnet is not energized sufficiently to
      attract said armature for holding said armature lever in position for
      precluding release of said holding lever until said exposure time expires.
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PAL  A remote-controlled circuit breaker apparatus has a pulse generator
      operable to provide a single output pulse. A change over switch is
      operable to select the polarity of the pulse applied to a conductor. A
      circuit breaker device has two electro-magnets arranged to be responsive
      to conductor pulses of respective opposite polarities to open and close
      the circuit breaker device. It is arranged that in the absence of a pulse,
      and with the circuit breaker device open a constant voltage signal appears
      on the conductor. A visual indicator is responsive to this signal to
      provide an open-circuit warning. The circuit breaker device also becomes
      open circuit in response to thermal overload, thereby causing the visual
      indicator to be energized.
BSUM
PAR  This invention relates to electric circuit breaker apparatus.
PAR  It is known to provide electric circuit breaker apparatus which can be
      remotely controlled by means of electro-magnetic actuators, an indicating
      device being energized at the remote operating position when the circuit
      breaker is in one of its operated conditions.
PAR  Such known apparatus requires at least two conductors interconnecting the
      operating position and the circuit breaker device itself, one of these
      conductors carrying the operating or control signals, and the other
      carrying signals to energise the indicating device. Where a very large
      number of circuit breaker devices are to be operated from a single
      operating position, the resulting number of interconnecting conductors can
      impose severe penalties with regard to space, and particularly in the case
      of aircraft, a weight penalty in addition.
PAR  It is an object of the present invention to provide a remotely controlled
      circuit breaker apparatus in which a single connecting cable serves for
      both the control and indication signals.
PAR  According to the invention a remotely controllable circuit breaker
      apparatus comprises means for generating electrical control pulses of
      substantially constant duration and current, a conductor along which said
      control pulses can pass, a change-over switch operable to select the
      polarity of said pulses applied to said conductor, a circuit breaker
      device including a first contact element movable to an open circuit
      position in response to the heating effect of a current therethrough, a
      second contact element movable with said first element and respectively
      open and closed in closed and open positions of said first element, and an
      electro-magnetic actuator arrangement responsive to respective opposite
      polarities of pulses in said conductor to open and close said first
      contact element, said second contact element being operable, in one of its
      positions and in the absence of a control pulse, to apply a voltage signal
      to said conductor, and said apparatus further includes an indicator device
      responsive to said voltage signal.
DRWD
PAR  Examples of the invention will now be described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of an arrangement including several circuit
      breakers,
PAR  FIG. 2 shows a block diagram of a pulse generator forming part of the
      arrangement of FIG. 1,
PAR  FIG. 3 shows part of a circuit breaker apparatus according to the
      invention, and
PAR  FIG. 4 shows an alternative form of the apparatus of FIG. 3.
DETD
PAR  The arrangement shown in FIG. 1 has a -15 volt D.C. power supply system 10
      having its positive terminal 11 connected to earth. A generator 12, later
      to be described in detail with reference to FIG. 2, is arranged to supply,
      on lines 13, 14, pulses which are respectively positive-going and
      negative-going. The pulses on lines 13, 14 are arranged to have constant
      durations of 30 milliseconds and constant current amplitudes of 4 amps.
PAR  A plurality of circuit-breaker devices 15, shown in details in FIGS. 3 and
      4, are arranged to control the supply of current from a main power bus-bar
      42 to respective ones of a corresponding number of external loads (not
      shown). Devices 15 are responsive to pulses on conductors 26 from the
      generator 12, supply of these pulses being controlled by respective
      control and indication units 16. Units 16 are powered by the supply system
      10 and include indicator lamps which provide a signal when the
      corresponding ones of circuit breaker devices 15 are open-circuit, with
      respect to the external loads.
PAR  As shown in FIG. 2 the pulse generator 12 is powered via a line 17 from a
      voltage source separate from the system 10. The generator 12 comprises, in
      fact, two identical pulse generator arrangements, only one of which is
      shown, these two arrangements being selectively energisable by means of a
      change-over circuit 18 to which the power on line 17 is supplied.
PAR  A sensing circuit 19 is responsive to an earth potential on either of lines
      13, 14 to provide control signals to a timer 20. The timer 20 then
      activates the remainder of the pulse generator 12 for a period which is
      slightly longer than that of the pulse being generated. A pulse forming
      and shaping circuit 21 is responsive to the output from the timer 20 to
      provide an appropriate pulse on a line 22 to a power output amplifier 23,
      from whence the positive-going pulses pass to output line 13. A feedback
      signal from the output amplifier 23 is supplied to a comparator 24 which
      is also responsive to the output of the forming and shaping circuit 21.
      The output of comparator 24 is combined with that of circuit 21 in a
      summing junction 25, so that signal on line 22 maintains the amplitude,
      shape and width of the output pulses substantially constant.
PAR  A detector circuit 27 is responsive to a short circuit between the lines 13
      and 14, or between any selected conductor 26 and earth, to provide a
      control signal to an inhibit circuit 28 which stops operation of the pulse
      forming circuit 21 and, by setting a bistable element 29, energizes a
      fault warning device 30. Device 30 is also responsive to a similar part of
      the corresponding duplicate arrangement.
PAR  A further detector circuit 31 is responsive to an open circuit on any
      selected conductor 26, and similarly operates to inhibit operation of the
      pulse forming circuit 21 and provide a fault warning. The fault warning
      device 30 can be reset by means of a reset signal applied via a line 90 to
      bistable element 29.
PAR  A further sensing circuit 32 and a timer 33, identical with circuits 19, 20
      respectively, are responsive to operation of a change-over switch 40 in
      any of the control and indication units 16. Circuit 32 and timer 33
      provide signals to respective malfunction sensing circuits 34, 35.
      Circuits 34, 35 are both responsive to the output from power amplifier 23.
      If, after energisation of sensing circuit 32 there is no corresponding
      pulse from amplifier 23, circuit 34 provides a signal on a line 36 which
      causes change-over circuit 18 to energize the other of the pulse generator
      arrangements. The signal on line 36 also energizes a malfunction warning
      device 37.
PAR  If, after energisation of circuit 32 and timer 33, the output of power
      amplifier 23 is maintained for longer than the period set by timer 33,
      circuit 35 similarly provides a signal on line 36 to energize device 37
      and to bring the other pulse generator arrangement into operation.
PAR  Change-over circuit 18 may be operated manually to select either one of the
      two indentical pulse generator arrangements. Circuit 18 is also responsive
      to a signal on a line 38, corresponding to line 36, if the aforesaid other
      pulse generator arrangement malfunctions.
PAR  As shown in FIG. 3 the change-over switch 40 in unit 16 is operable to
      connect either one of lines 13 or 14 to the associated conductor 26 and to
      connect the other of these lines to earth. Switch 40 is biased to a
      center-off position (shown), to which position it returns when not subject
      to any operating force. The circuit breaker device 15 includes a main
      contact element 41 which can trip, in response to the heating effect of a
      current passing therethrough, to isolate the associated load from bus-bar
      42. Element 41 may also be tripped by energisation of a solenoid 43, or
      closed by energisation of a solenoid 44. Device 15 further includes an
      auxiliary contact element 45 which is movable with the main element 41 and
      which is closed to complete a control circuit when element 41 is tripped
      open.
PAR  Element 45 is connected in series between solenoid 43 and the cathode of a
      diode 46 whose anode is connected to earth. The terminal of solenoid 43
      remote from element 45 is connected to conductor 26. A diode 47 is
      connected in series with solenoid 44 between conductor 26 and earth, diode
      47 being connected so that a positive voltage on conductor 26 can cause
      current flow in solenoid 44. The cathodes of diodes 46, 47 are
      interconnected and auxiliary contact element 45 is shunted by a Zener
      diode 48 which has a breakdown voltage of 15 volts to permit current flow
      from earth to conductor 26 via solenoid 43.
PAR  Control and indicator unit 16 includes a diode 50 and two resistors 51, 52
      connected in series between the conductor 26 and the negative terminal of
      the -15 volt supply 10, the arrangement being such that current can flow
      when conductor 26 is more positive than -15 volts. Connected in series
      between earth and the -15 volt terminals are a light-emitting diode 53, a
      resistor 54 and an n-p-n transistor 55. The base of transistor 55 is
      connected to the junction of resistors 51, 52.
PAR  In use, assume contact element 41 is open circuit, element 45 thus being
      closed. Operation of switch 40 to connect line 13 to conductor 26 also
      earths line 14. The earth potential on line 14 initiates operation of the
      pulse generator 12, which delivers a single positive-going pulse on
      conductor 26. The positive pulse on conductor 26 causes current flow
      through diode 47, which effectively shorts out solenoid 43, and through
      solenoid 44 to close contact element 41 and open element 45. After this
      pulse has ceased current flow from earth via Zener diode 48, diode 50 and
      resistors 51, 52 to the -15 volt terminal, since the total voltage which
      will be required to break down Zener diode 48 and to bias the diode 50 is
      greater than 15 volts. There is thus no voltage to bias transistor 55 on,
      and the light-emitting diode 53 remains unenergized.
PAR  If switch 40 is now operated to connect line 14 to conductor 26 and line 13
      to earth, the consequent negative pulse on conductor 26 causes current
      flow through diode 46, which shorts out solenoid 44, and through Zener
      diode 48 and solenoid 43 to open contact element 41 and close element 45.
      Zener diode 48 is thereby shorted and, after the negative pulse, current
      can flow through diode 50 and resistors 51, 52. Transistor 55 is biased on
      and light-emitting diode 53 is energized.
PAR  If contact element 41 is opened as a result of current overload, the
      light-emitting diode 53 is energized in the same way as if element 41 had
      been operated by switch 40. Operation of switch 40 in an attempt to close
      contact element 41, while a current overload condition continues is
      ineffective, element 41 being maintained open by its thermal response.
PAR  FIG. 4 shows an apparatus having a modified form of control and indicator
      unit 16, parts corresponding to the unit 16 shown in FIG. 3 being
      allocated identical numbers. The light-emitting diode 53 is connected, in
      series with a resistor 60 and a silicon controlled rectifier (S.C.R.) 61,
      between conductor 26 and the -15 volt terminal of supply system 10, the
      arrangement being that a forward bias applied to S.C.R. 61 permits current
      flow through diode 53 from conductor 26 to the -15 volt terminal. Diode 53
      is shunted by a diode 62 which permits current flow in the opposite
      direction.
PAR  A further resistor 64 and a further S.C.R. 65 are arranged in series and
      are connected in parallel with diode 53, resistor 60 and S.C.R. 61. A
      capacitor 66 is connected between the anodes of S.C.R.'s 61, 65. Connected
      between earth and the -15 volt terminal of supply systems 10 are a series
      arrangement of a resistor 67, a unijunction transistor 68 and a resistor
      69. Also connected between earth and the -15 volt terminal is yet another
      series arrangement of a p-n-p transistor 70, and two resistors 71, 72.
PAR  The gates of S.C.R.'s 61, 65 are commonly connected to the connection
      between transistor 68 and resistor 69. A further S.C.R. 73 is connected in
      parallel with S.C.R. 61 and has its gate connected to the junction of
      resistors 71, 72.
PAR  A diode 74, a resistor 75 and a capacitor 76 are connected in series
      between conductor 26 and the -15 volt supply terminal of system 10. The
      emitter of unijunction transistor 68 is connected to the common connection
      of resistor 75 and capacitor 76.
PAR  A diode 77, a resistor 78 and a Zener diode 79 are connected in series
      between conductor 26 and the gate of S.C.R. 73, the arrangement being such
      that a positive voltage on conductor 26 causes current flow via resistor
      72 to the -15 volt terminal of supply system 10. A diode 80, a resistor 81
      and a Zener diode 82 are connected in series between the conductor 26 and
      the base of transistor 70, the arrangement being such that a negative
      voltage on conductor 26 renders the base of transistor 70 negative. A
      resistor 83 is connected between the base and emitter of transistor 70.
PAR  In use, assume contact element 41 is closed, element 45 thus being open
      circuit. There is thus no voltage on conductor 26 and neither transistor
      68 nor transistor 70 conducts. The S.C.R.'s 61, 65, 73 have no supply
      voltage and the light-emitting diode 53 is not energised.
PAR  If switch 40 is operated to provide a negative-going pulse on conductor 26,
      opening contact element 41 and closing element 45, this pulse causes
      transistor 70 to conduct. After the pulse on line 26 has ceased, line 26
      reverts to earth potential. However, the response-time of transistor 70
      causes S.C.R. 73 to remain forward-biased until this earth potential is
      established on line 26. S.C.R 73 thus conducts and the light-emitting
      diode 53 remains energised while the earth potential remains on line 26.
PAR  If, however, contact element 41 opens as a result of thermal overload,
      there is, on conductor 26, as above described, a voltage which is positive
      with respect to the negative terminal of supply system 10. This positive
      voltage passes via diode 74 to charge capacitor 76 at a rate depending on
      the value of resistor 75. At a critical voltage transistor 68 conducts,
      discharging capacitor 76 and rendering transistor 68 once again open
      circuit. There are thus a series of equi-spaced pulses applied to the
      gates of S.C.R.'s 61, 65, which combine with resistors 60, 64 and
      capacitor 66 to form a bistable network, as follows.
PAR  A pulse across resistor 69 switches S.C.R. 61 on, energizing the
      light-emitting diode 53 and charging capacitor 66 so that the anode of
      S.C.R. 65 is at earth potential. The next subsequent pulse across resistor
      69 switches S.C.R. 65 on, reducing its anode to -15 volts and momentarily
      (since capacitor 66 has not had time to discharge) placing -30 volts on
      the anode of S.C.R. 61. S.C.R. 61 thus switches off, extinguishing diode
      53. Diode 53 thus flashes as long as the positive voltage remains on
      conductor 26.
PAR  If, with element 41 open as a result of thermal overload, a positive-going
      pulse is then applied by switch 40 to conductor 26, this pulse passes via
      diode 77, resistor 78 and Zener diode 79 to forward-bias S.C.R. 73. The
      thermal overload causes element 41 to remain open, and element 45 to
      remain closed. The earth potential remaining on conductor 26, after the
      switching pulse, causes S.C.R. 73 to remain switched on, and
      light-emitting diode is continuously energized.
CLMS
STM  We claim:
NUM  1.
PAR  1. A remotely-controllable circuit breaker apparatus comprising means
      responsive to an input signal for generating a single electrical control
      pulse of known duration and current, a conductor along which said control
      pulse can pass, switch means for selecting the polarity of said pulse
      applied to said conductor, said switch means including means, responsive
      to each operation of said switch means, for applying said input signal to
      said pulse-generating means, a circuit breaker device including a first
      contact element movable to an open circuit position in response to the
      heating effect of a current therethrough, a second contact element movable
      in unison with said first element and being respectively open and closed
      in closed and openn positions of said first element, and an
      electro-magnetic actuator means responsive to pulses of respective
      opposite polarities in said conductor for setting said first contact
      element in respective open and closed positions, said second contact
      element being operable, when in one of its operating positions and in the
      absence of a control pulse, to apply a voltage signal to said conductor,
      said circuit breaker apparatus further including an indicator device
      connected to said conductor and responsive to said voltage signal.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 in which said actuator arrangement
      comprises a first actuator element operable to close said first contact
      element, a second actuator element in parallel with said first actuator
      element and operable to open said first contact element, and first and
      second diodes in series with said first and second actuator elements
      respectively, whereby said contact elements are energisable in response to
      respective opposite polarities of said pulses.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 in which said second contact element
      is connected in series between one of said actuator elements and the one
      of said diodes with which said one actuator element is in series, and a
      Zener diode is connected across said second contact element, said Zener
      diode being connected so as to breakdown and cause said one actuator
      element to be energized in response to a pulse of negative polarity on
      said conductor.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 in which said one actuator element is
      provided by said second actuator element.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 in which said indicator device
      comprises an indicating element and switching means responsive to said
      voltage signal to cause said indicating element to be energized.
NUM  6.
PAR  6. An apparatus as claimed in claim 5 in which said switching means
      includes a bistable circuit responsive to said voltage signal to energize
      said indicating element intermittently.
NUM  7.
PAR  7. An apparatus as claimed in claim 6 in which said voltage signal is
      provided by an earth potential.
NUM  8.
PAR  8. An apparatus as claimed in claim 6 which includes means responsive to
      said voltage signal for generating a plurality of pulses, and in which
      said bistable circuit comprises a pair of switch devices respectively
      operable by alternate ones of said plurality of pulses, one of said switch
      devices being in series with said indicator device, and the other of said
      switch devices shunting said indicator device.
NUM  9.
PAR  9. An apparatus as claimed in claim 6 in which said indicator device
      includes a further switching means responsive to a pulse of one polarity
      on said conductor to energise said indicator element continuously.
NUM  10.
PAR  10. An apparatus as claimed in claim 9 in which said further switching
      means is also responsive to a pulse of the other polarity to energize said
      indicator element continuously.
NUM  11.
PAR  11. An apparatus as claimed in claim 5 in which said indicating element is
      a light-emitting diode.
NUM  12.
PAR  12. An apparatus as claimed in claim 1 in which said generating means has
      two output terminals at respective ones of which control pulses of
      opposite polarity are provided, and in which said change-over switch is
      operable to connect a selected one of said terminals to said conductor and
      to connect the other of said terminals to a reference voltage.
NUM  13.
PAR  13. An apparatus as claimed in claim 12 in which said generating means is
      responsive to said reference voltage on said other terminal to provide a
      control pulse at said one terminal.
NUM  14.
PAR  14. An apparatus as claimed in claim 1 which includes a d.c. power supply
      system having one terminal connected to said circuit breaker actuator
      arrangement and the other terminal connected to said indicator device.
NUM  15.
PAR  15. An apparatus as claimed in claim 1 which includes a plurality of said
      conductors, a plurality of said change-over switches, a plurality of
      circuit breaker devices and a plurality of indicator devices.
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ABST
PAL  A remote focusing device for cameras is disclosed in which a focusing ring
      is rotatably disposed around the shutter release button coaxially thereof
      and is operatively coupled to a mechanism for moving the camera lens in
      such a way that when the focusing ring is rotated, the camera lens may be
      moved in the direction of the optical axis thereof for focusing.
PARN
PAR  This is a continuation of application Ser. No. 419,524 filed Nov. 28, 1973,
      now abandoned.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a remote focusing device for cameras.
PAR  With a conventional still camera, an operator rotates by one hand the lens
      barrel while he is holding the camera body by the other hand, so that he
      cannot hold the camera in a stabilized manner without difficulty and as a
      result the camera may shake.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide a
      remote focusing device simple in construction yet reliable in operation.
PAR  According to one preferred embodiment of the present invention, the
      focusing may be accomplished by rotating a focusing ring disposed in
      spaced apart relation with the camera lens and rotatably around a shutter
      release button and operatively coupled to a focusing mechanism. Since the
      focusing mechanism, the shutter release mechanism and the shutter release
      button locking mechanism are concentrated in one position, these
      mechanisms may be made compact in size, and easy, quick and correct
      operation of a camera may be greatly faciliated.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of the
      preferred embodiments thereof taken in conjunction with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a first embodiment of the present
      invention; and
PAR  FIG. 2 is a perspective view of a second embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  First Embodiment, FIG. 1
PAR  Referring to FIG. 1, a camera lens 2 held by a lens barrel mount 1 having a
      focusing pin 1a is adapted to move forward and backward as the lens barrel
      mount 1 is rotated through a suitable conventional mechanism such as a
      cylindrical cam and a cam follower. A shutter release button 3 in the form
      of a cylinder is vertically slidably fitted into a sleeve 5 at the upper
      end of which is securely fitted a focusing ring 4 upon which are marked
      focusing marks 4a and a release button lock mark 4b. At the lower end of
      the sleeve 5 is securely fixed a cam plate 6 having a cam groove 6a, an
      upright connecting arm 6b and a depending hook arm 6c. The upper end of
      the upright connecting arm 6a of the cam plate 6 is fitted into a groove
      4c formed in the side surface of the focusing ring 4 so that the cam plate
      6 may be rotated in unison with the focusing ring 4. A connecting member 7
      has a cam follower pin 8 extending from one end thereof to be fitted into
      the cam groove 6a of the cam plate 6, an inversed L-shaped and bifurcated
      arm 7a in engagement with the focusing pin 1a of the lens barrel mount 1,
      and a pointer 7b extending into a viewfinder frame 12.
PAR  When the focusing ring 4 is rotated, the cam plate 6 is also rotated
      through arm 6b so that the connecting member 7 is caused to slide to the
      right or left because the cam follower pin 8 is moved by the cam groove 6a
      of the cam plate 6. Therefore the lens barrel mount 1 maybe caused to
      rotate in the clockwise direction or counterclockwise direction to move
      the camera lens 2 for focusing by rotation of focusing ring 4. In this
      case, the pointer 7b of the connecting member 7 indicates one of the
      focusing marks 11 marked in a picture frame mark 12a of the viewfinder
      frame 12. More particularly, an operator rotates the focusing ring 4 in
      such a way that one of the focusing marks 4a may coincide with an index
      mark X marked on a stationary member of the camera body depending upon the
      distance to a subject to be photographed. Thus the desired focusing may be
      obtained and indicated in the field of the viewfinder.
PAR  When the focusing ring 4 is so rotated that the shutter release button lock
      mark 4b coincides with the index mark X, the shutter release button 3 is
      locked so that the shutter cannot be released as will be described in more
      detail hereinafter. The cam profile of the cam groove 6a is so designed
      that when the focusing ring 4 is rotated from the position shown in FIG.
      1, that is the position at which the infinity focusing mark is aligned
      with the index mark X, to the position at which the lock mark 4b is
      aligned with the index mark X, the cam groove 6a does not move the cam
      follower pin 8. More particularly, the section of the cam groove 6a
      corresponding to the above described rotation of the focusing ring 4 is an
      arc of a circle whose center coincides with the axis of the cam plate 6 so
      that the lens 2 remains in the infinity focusing position.
PAR  Next the release button locking mechanism will be described hereinafter. A
      shutter release member 9 has a horizontally bent upper portion 9a which is
      made to contact the lower end of the shutter release button 3. The shutter
      release member 9 is normally biased upwardly by means of a spring or the
      like (not shown) so that the release button 3 is also normally upwardly
      biased. The upper end portion 9a has a projection 9aa. When the release
      button 3 is depressed, the release member 9 is lowered against the spring
      or the like to release the shutter through a mechanism (not shown). When
      the focusing ring 4 is rotated to lock the shutter release button 3, the
      depending hook arm 6c of the cam plate 6 is also rotated so that the hook
      portion 6ca is moved below the projection 9aa. Therefore the downward
      movement of the shutter release button 3 may be prevented. According to
      one of the features of the present invention in this case, the depending
      arm 6c is also adapted to release a movable contact 10a of an on-off
      switch 10 for an exposure meter (not shown) from its stationary contact
      10b so that a power source (not shown) of the exposure meter may be
      prevented from being wasted by supplying power for nothing.
PAR  Second Embodiment, FIG. 2
PAR  The second embodiment shown in FIG. 2 is substantially similar in
      construction and mode of operation to the first embodiment described
      hereinbefore with reference to FIG. 1 except that a focusing pin 2aa is
      fixed to the front end of a lens barrel 2a in parallel with the optical
      axis. The lens barrel 2a is then screwed into a stationary member 1b such
      as a helicoid ring.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A remote focusing device for a camera comprising:
PA1  a. means rotatable for moving a camera lens in the direction of the optical
      axis thereof for focusing,
PA1  b. a connecting member slidably disposed for rotating said camera lens
      moving means,
PA1  c. a focusing ring rotatably and coaxially disposed around a shutter
      release button and provided with focusing marks marked around the
      periphery of its top surface,
PA1  d. a cam plate provided with a focusing cam and coupled so as to be
      rotatable in unison with said focusing ring,
PA1  e. a cam follower in engagement with said focusing cam of said cam plate
      and drivingly coupled to said connecting member so as to slide the same in
      accordance with the movement of said focusing ring, and
PA1  f. a focus index mark marked upon a camera body in association with said
      focusing marks.
NUM  2.
PAR  2. A remote focusing device as in claim 1 further comprising:
PA1  g. a shutter release member having a projection thereon and movable in
      unison with said shutter release button,
PA1  h. a shutter release button lock mark marked upon the top surface of said
      focusing ring, and
PA1  i. a hook arm formed integral with said cam plate such that when said
      focusing ring is so rotated as to align said lock mark with said focus
      index mark, said hook arm of said cam plate is moved into cooperation with
      the projection on said shutter release member, thereby preventing the
      downward movement of said shutter release button.
NUM  3.
PAR  3. A remote focusing device as in claim 2 further comprising
PA1  a switch having a movable contact and a stationary contact and wherein when
      said focusing ring is so rotated as to align said lock mark with said
      focus index mark, said hook arm of said cam plate engages the movable
      contact, thereby releasing said movable contact from the stationary
      contact of said switch to open said switch.
NUM  4.
PAR  4. A remote focusing device as in claim 1 further comprising:
PA1  g. focusing marks corresponding to said focusing marks upon said focusing
      ring disposed so as to be viewed in the field of a viewfinder, and
PA1  h. a pointer for indicating one of said focusing marks in said viewfinder
      disposed on said connecting member, whereby the focusing set by said
      focusing ring may be indicated in the viewfinder.
NUM  5.
PAR  5. A remote focusing device as in claim 1 wherein said focusing cam
      comprises a cam groove in said cam plate having a portion thereof in the
      form of the arc of a circle whose center coincides with the axis of the
      cam plate.
NUM  6.
PAR  6. A remote focusing device as in claim 1 wherein said camera lens moving
      means comprises a focusing pin on the lens barrel mount.
NUM  7.
PAR  7. A remote focusing device as in claim 1 wherein said camera lens moving
      means comprises a focusing pin on the lens barrel.
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ABST
PAL  A counting device in a still camera for indicating the exact number of
      frames of long-footage film exposed during regular photography includes a
      numerical counter and a drive gear rotatable in response to film movement
      for increasing the count in the counter by one for each frame of film
      advance, the drive gear being effective to change the count only after
      advance of the leader portion of the film. A cam which is incrementally
      rotated by an escapement mechanism in response to each frame of film
      advance moves a release lever to a first position for preventing counting
      during advancement of the leader portion of the film and thereafter to a
      second position for permitting counting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved film frame counting device in a still
      camera using long-footage film, and is more particularly directed to a
      device which indicates the exact number of film frames exposed during
      regular, as opposed to idle, photography.
PAR  2. Description of the Prior Art
PAR  Recent advances in motor drive systems for still cameras have made popular
      the use of 250-frame films and have led to the development of 800-frame
      films and the possible development of films having even longer footage.
PAR  The number of exposed frames of such long-footage film has heretofore been
      indicated by a counter plate of relatively large diameter and a mechanism
      for incrementally moving the counter plate one scale division for every
      two, five, or even ten frames of film movement, the number of exposures
      being indicated in multiples of a single frame because of the limited area
      available for the indicator. However, indication of exposures in multiples
      of a single frame does not enable the photographer to know the exact
      number of frames exposed.
PAR  It has been proposed to utilize a multi-digit numerical counter of the type
      employed in tape recorders or the like as an indicator. However, in still
      cameras a leader portion of the film must undergo idle photography during
      loading before regular photography can be commenced. For example, in the
      case of a 250-frame film, a leader portion corresponding to about five
      frames must undergo idle photography, and in case of an 800-frame film, a
      leader portion corresponding to seven or eight frames must undergo idle
      photography. As a result, when a multi-digit numerical counter of the type
      described above is utilized in a still camera, the counter is
      incrementally advanced after each idle shot so that the counter does not
      indicate the exact number of frames exposed during regular photography.
PAR  Indicator systems for indicating the presence of film in the camera have
      been proposed, but none of these systems clearly indicates whether or not
      the leader portion of the film has been taken up during loading.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, an object of the present invention to provide an
      improved film frame counting device which indicates the exact number of
      frames exposed during regular photography.
PAR  Another object of the present invention is to provide a counting device of
      the above-described type which indicates whether or not idle photography
      has been completed.
PAR  A film frame counting device in accordance with the invention employs a
      numerical counter, means for changing the count in the counter each time
      the film is advanced a predetermined amount, and means for rendering the
      numerical counter ineffective during advance of the leader portion of the
      film and for thereafter rendering the numerical counter effective. In the
      preferred embodiments, a cam, which is incrementally rotated by an
      escapement mechanism responsive to film movement, holds a release lever in
      a first position for preventing counting during advancement of a
      predetermined number of initial frames corresponding to the leader portion
      of the film and thereafter moves the release lever to a second position
      for permitting counting. Means is provided for resetting the cam to a
      predetermined starting position prior to advancement of the leader portion
      of the film.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a first embodiment of a film frame counting
      device in accordance with the invention, this view showing the
      relationship of parts when the film magazine is open and with the release
      lever partly broken away;
PAR  FIG. 2 is a fragmentary perspective view showing the relationship of parts
      during idle photography;
PAR  FIG. 3 is a perspective view similar to FIG. 1, this view showing the
      relationship of parts during regular photography;
PAR  FIG. 4 is a fragmentary perspective view showing the relative positions of
      a release cam and a counter cam employed in the frame counting device
      during closing of the film magazine;
PAR  FIG. 5 is a fragmentary perspective view showing the relative positions of
      the release cam and the counter cam after the film magazine has been
      closed completely;
PAR  FIG. 6 is a fragmentary perspective view showing the relative positions of
      the release cam and the counter cam during opening of the film magazine;
      and
PAR  FIG. 7 is a perspective view showing a second embodiment of the invention,
      this view showing the relationship of parts with the film compartment
      cover of the camera open and before a film spool has been forced into the
      film compartment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 through 6, which show a first embodiment of a film
      frame counting device in accordance with the present invention, reference
      numeral 1 designates a control knob for rotating a shaft 2 to open and
      close the film magazine 20 of the camera, and reference numeral 3
      designates a release cam formed integrally with shaft 2. The cam is
      provided with a recessed portion 3a and a semicircular slot 3b. The
      recessed portion 3a is formed so that it faces a pin 11 on a
      later-described release lever 8 when the film magazine 20 is open. A
      counter cam 4 is mounted for rotation relative to shaft 2 and is provided
      with a recessed portion 4a and an interlocking pin 5 which is received by
      slot 3b of release cam 3. The recessed portion 4a is formed so that it is
      engaged by end 8a of a later-described release lever 8 during regular
      photography. Regular photography occurs after idle photography, which
      consists of feeding the number of film frames which corresponds to the
      leader portion of the film. A counter ratchet plate 6 formed integrally
      with the counter cam 4 is provided with a number of teeth related to the
      number of frames providing the leader portion of the film. The counter cam
      4 and the counter ratchet plate 6 are loosely and concentrically mounted
      on the shaft 2, and are biased clockwise by a return spring 7, which is
      connected at one end to the body of the camera (not shown). The release
      lever 8, which is biased for counterclockwise rotation about a shaft 9 by
      a spring 10, has a pin 11 formed at end 8a thereof for engagement with the
      release cam 3, the end 8a of the lever being engageable with the counter
      cam 4. A release pin 12, formed at another end of release lever 8, is
      engageable with a later-described first restraining lever 15. The release
      lever 8 has a further end 8b engageable with a release pin 17 on a
      later-described second restraining lever 16, and has a counter-associated
      lever arm portion 13 (shown broken away).
PAR  The end 13a of lever arm portion 13 engages an idle gear shaft 29
      (described later) and carries an indicator element or mark 14 (shown
      broken away) for indicating whether or not regular picturetaking can be
      effected. The restraining levers 15 and 16 have pawls 15a and 16a,
      respectively, for restraining rotation of the counter ratchet plate 6 by
      spring 7. Restraining levers 15 and 16 are biased clockwise and
      counterclockwise, respectively, about a shaft 18 by a spring 19 which is
      not as strong as spring 10 for release lever 8. A limit pin 19' is
      provided to limit clockwise and counterclockwise rotation of the
      restraining levers 15 and 16, respectively. The elements 15 through 19 and
      19' cooperate with the ratchet plate 6 and spring 7 (in a manner to be
      described in detail later) to form an escapement mechanism for permitting
      the spring to rotate the ratchet plate by one tooth for advancement of
      each of the film frames which provide the leader portion of the film.
PAR  A film magazine receiver 21 has a cut away portion 21a for engaging
      magazine pins 20' of film magazine 20, thereby permitting opening and
      closing of the film magazine by control knob 1. A sprocket 22 engages the
      film perforations (in phantom) to cause a counter drive shaft 23 to effect
      one counterclockwise revolution for each frame of film advance. A disc 24
      mounted for rotation with the counter drive shaft 23 is provided with a
      pin 24'. Pin 24' serves to rotate the first and second restraining levers
      15 and 16 alternately, thereby alternately moving pawls 15a and 16a out of
      engagement with the teeth of the ratchet plate 6. A worm 25 provided at
      the end of shaft 23 meshes with a worm wheel 26 which is formed integrally
      with a counter drive gear 27. The drive gear and one of a plurality of
      numbered counter dials 30 are engageable by idle gears 28 on idle shaft 29
      to rotate the counter dials to change the displayed count, which may be
      observed through a window (not shown) in the camera body. The elements 25
      through 30 together constitute a conventional numerical counter.
PAR  Operation of the above-described embodiment will now be described. FIG. 1
      shows the frame counting device after the film magazine 20 has been
      inserted into the camera and after the opening-closing knob 1 has been
      rotated in the direction of the arrow designated "Open" to the position
      shown in FIG. 1 for opening the film magazine. Because recess 4a of
      counter cam 4 is not in receiving engagement with end 8a of release lever
      8, the release lever is held in the position shown in FIG. 1 in which end
      13a of the lever arm portion 13 positions the idle gear shaft 29 to
      disengage the idle gears 28 from the counter drive gear 27 and from
      counter dials 30. Thus, rotation of the worm wheel 26 in response to
      subsequent film movement will be ineffective to change the count in the
      counter, which has been reset to zero in a manner described in detail
      later. When the release lever is in the position shown in FIG. 1, the
      indicator mark 14 appears in the display window (not shown) of the
      numerical counter, thereby indicating to the photographer that idle
      photography has not been completed. Alternatively, the indicator mark may
      be provided at other locations on the release lever 8. However, in that
      case a separate display window must then be provided to enable viewing of
      the mark.
PAR  Before the film is advanced to effect idle photography, the pin 24' on disc
      24 is in the position shown in FIG. 1. Pawl 15a on the first restraining
      lever 15 enters halfway between a pair of ratchet teeth of the counter
      ratchet plate 6, while pawl 16a on the second restraining lever 16 engages
      one of the ratchet teeth to prevent clockwise rotation of the counter
      ratchet plate 6 and the counter cam 4 from the starting position shown in
      FIG. 1 by return spring 7.
PAR  When the film is initially advanced to effect idle photography, sprocket
      22, shaft 23 and disc 24 are caused to rotate counterclockwise one
      revolution for each frame of film advance. During the first quarter of one
      full rotation of disc 24, pin 24' rotates the second restraining lever 16
      clockwise from its position in FIG. 1 to the position shown in FIG. 2. The
      pawl 16a is thus disengaged from the ratchet tooth of the counter ratchet
      plate 6, which is then rotated clockwise by an amount corresponding to
      one-half the distance between adjacent ratchet teeth by the return spring
      7 until pawl 15a of restraining lever 15 engages a ratchet tooth, as shown
      in FIG. 2. The next quarter of a revolution of rotatable disc 24 enables
      restraining lever 16 to be rotated clockwise by spring 19, causing the
      pawl 16a of restraining lever 16 to enter halfway between two ratchet
      teeth. When the pin 24' on the rotatable disc 24 has been rotated
      three-quarters of a revolution from the position of FIG. 1, pin 24'
      engages restraining lever 15 to rotate this lever counterclockwise.
      Thereupon, the pawl 15a is disengaged from the ratchet tooth of the
      counter ratchet plate 6, which permits the ratchet plate to be rotated
      clockwise by an amount corresponding to one-half the distance between
      ratchet teeth by the return spring 7, until a tooth of the ratchet plate 6
      is engaged by the pawl 16a of restraining lever 16.
PAR  When the disc 24 has been rotated through the final quarter of one full
      revolution to the position shown in FIG. 1, spring 19 returns restraining
      lever 15 to the position shown in FIG. 1, wherein pawl 15a enters halfway
      between two ratchet teeth. At this time, the film has been advanced one
      frame and the counter ratchet plate 6 and associated counter cam 4 occupy
      positions displaced clockwise from the positions of FIG. 1 by an amount
      corresponding to one ratchet tooth of the ratchet plate. The zero count
      indicated by dials 30 is not changed in response to the film advance
      because drive gear 27 is disconnected from the counter dials 30.
PAR  The above-described sequence of operation is repeated for subsequent full
      rotations of the sprocket 22 (i.e., each time the film is advanced one
      frame), the counter ratchet plate 6 and the counter cam 4 being rotated
      clockwise by an amount corresponding to one ratchet tooth for each such
      rotation.
PAR  Referring to FIG. 3, the recessed portion 4a of the counter cam is designed
      to receive end 8a of release lever 8 when the counter ratchet plate 6 and
      the cam have been incrementally rotated by the number of ratchet teeth
      equal to the number of film frames corresponding to the leader portion of
      the film. Therefore, the number of teeth on the ratchet plate and the
      location of the recessed portion 4a of the counter cam 4 are selected in
      accordance with the length of the leader portion of the film used. Thus,
      the cam holds the release lever in position for preventing changing of the
      count in the counter during advancement of the leader portion of the film.
PAR  The engagement of end 8a of the release lever with recessed portion 4a of
      the counter cam permits the release lever to be rotated counterclockwise
      by spring 10 from the position of FIG. 1 to the position shown in FIG. 3,
      pin 11 on the release lever 8 being received by the recessed portion 3a of
      release cam 3. Movement of the release lever to this position causes end
      13a of lever arm portion 13 to move idle gear shaft 29 for causing idle
      gears 28 to engage drive gear 27 and counter counter dials 30, thereby
      permitting rotation of sprocket 22 in response to film advance to be
      effective to change the count indicated by dials 30. At the same time,
      indicator mark 14 disappears from the display window (not shown) of the
      numerical counter to indicate that idle photography has been completed and
      that regular photography can be commenced.
PAR  During the above-described movement of release lever 8, end 8b of the
      release lever acts against release pin 17 on restraining lever 16 for
      rotating restraining lever 16 clockwise to the position shown in FIG. 3,
      thereby disengaging the pawl 16a from the teeth of ratchet wheel 6. In
      similar fashion, release pin 12 on the release lever rotates restraining
      lever 15 counterclockwise to the position shown in FIG. 3 to disengage
      pawl 15a from the ratchet wheel teeth. Although both restraining members
      are disengaged from the ratchet wheel, thereby disabling the escapement
      mechanism which includes the restraining levers, the ratchet wheel and
      spring 7, the ratchet wheel and counter cam are prevented from rotating
      under the influence of spring 7 because spring 10 maintains end 8a of the
      release lever in engagement with notch 4a of counter cam 4. With the
      escapement mechanism thus disabled, further rotation of disc 24 in
      response to subsequent film movement will not change the position of
      counter cam 4 from the position of FIG. 3.
PAR  During regular photography (in which elements 1 to 21 remain in the
      positions shown in FIG. 3), idle gears 28 on idle shaft 29 couple the
      drive gear 27 to counter dials 30 so that the count indicated by dials 30
      is incrementally advanced by one count for each frame of film advance.
      Thus, the counter always indicates the exact number of film frames fed
      during regular photography (i.e., the number of frames exposed).
PAR  After the desired amount of regular photography has been completed, film
      magazine 20 may be removed from the film compartment of the camera, but
      this must occur with the film magazine closed prior to such removal.
      Referring to FIG. 3, the control knob 1 is rotated counterclockwise (in
      the direction of the arrow designated "Close") to close the film magazine.
      This counterclockwise rotation moves the recessed portion 3a of release
      cam 3 out of engagement with pin 11 on release lever 8, causing the
      release lever to be rotated clockwise to the position shown in FIG. 1. End
      13a of the lever arm portion 13 of the release lever actuates the idle
      gear shaft 29 to move idle gears 28 out of engagement with drive gear 27
      and counter dials 30. Simultaneously therewith, a reset lever (not shown)
      integral with the idle gear shaft 29 engages a heart cam (not shown)
      provided by dials 30 to reset the numerical counter to its initial zero
      count position, as is well-known. Also, the disengagement of the pin 11 on
      the release lever 8 from the recessed portion 3a of the release cam moves
      the end 8a of the release lever out of engagement with the recessed
      portion 4a of the counter cam. This enables the counter cam 4 and the
      counter ratchet plate 6 to be rotated counterclockwise with release cam 3,
      thereby to be reset to the starting positions shown in FIG. 1 by the
      cooperation between the slot 3b of the release cam and the interlocking
      pin 5 of the counter cam, as shown in FIG. 4. Movement of the release
      lever to the position of FIG. 1 also causes the restraining levers 15 and
      16 to be returned to the positions shown in FIG. 1. When control knob 1
      has been rotated fully counterclockwise to completely close the film
      magazine, the release cam 3 and the counter cam 4 assume the positions
      shown in FIG. 5.
PAR  After a new film magazine 20 is placed in the film compartment of the
      camera, magazine control knob 1 is rotated clockwise (in the direction of
      the arrow designated "Open") to open the film magazine. Referring to FIG.
      6, this rotation of the control knob causes release cam 3 to be rotated
      clockwise relative to counter cam 4 and counter ratchet plate 6, which are
      held in position be restraining levers 15 and 16. When the film magazine
      20 has been completely opened, the elements of the film frame counting
      device of the invention have the positions shown in FIG. 1, and the
      sequence of operations described above may be repeated.
PAR  FIG. 7 shows a second embodiment of the present invention which employs a
      film spool or magazine 117 of the type which does not require opening and
      closing. As a result, this embodiment eliminates the control knob 1, the
      release cam 3, the interlocking pin 5 and the magazine receiver 21, which
      are employed in the first embodiment. Elements which are functionally
      identical to elements in the first embodiment are designated by the same
      reference characters.
PAR  Designated by 2' is a shaft about which the counter cam 4 and the counter
      ratchet plate 6 are rotatable. A flange 100 at the bottom of the shaft
      supports a set lever 101 which is loosely fitted around the shaft. The set
      lever, which is biased clockwise by a spring 102, has a depending portion
      103 engageable by the film spool and has a shaft 104 which supports a
      charge lever 105 at the end thereof. The charge lever 105 is provided for
      rotating the counter cam 4 and counter ratchet plate 6 by a predetermined
      amount, and is rotatably mounted on the shaft 104 and biased
      counterclockwise by a spring 106 which has an end hooked to a pin 108 on
      shaft 104. The charge lever 105 has a release pin 107 at one end thereof,
      the other end 105a being engageable with a pawl 109a of a charge cam 109
      which is formed integrally with the counter cam 4 and counter ratchet
      plate 6, which are loosely, concentrically mounted on shaft 2' and biased
      clockwise by a return spring 7 connected at one end to the body of the
      camera.
PAR  An interlocking lever 110 is biased for clockwise rotation about a shaft
      111 by a spring 112, and has one end engageable with the cover 118 (in
      phantom) of the film compartment of the camera and the other end
      engageable with the release pin 107 for controlling engagement of the
      charge lever 105 with charge cam 109.
PAR  Another interlocking lever 113 is biased for clockwise rotation about a
      shaft 114 by the force of a spring 115, which is stronger than spring 10
      acting on release lever 8. Lever 113 is engageable with cover 118 and with
      a counter release pin 116 provided on the release lever 8 for rotating the
      release lever clockwise when cover 118 is opened. The counter release pin
      116 is functionally equivalent to pin 11 in the first embodiment.
PAR  FIG. 7 shows the second embodiment of the invention with the cover 118 open
      and before the film spool 117 is forced into the film compartment. When
      the film spool 117 is forced into the film compartment, a portion of the
      film spool engages depending portion 103 of set lever 101 to cause set
      lever 101 to be rotated counterclockwise about shaft 2'. As a result,
      charge lever 105, which is loosely fitted around the shaft 104, is also
      rotated about shaft 2'. Because spring 106 causes end 105a of charge lever
      105 to engage pawl 109a of charge cam 109, the charge lever 105 rotates
      charge cam 109, counter cam 4 and counter ratchet plate 6 in
      counterclockwise direction to reset the counter cam to the starting
      position prior to feeding the leader portion of the film.
PAR  After the film spool has been forced into position, the cover 118 is
      closed, which causes cam release lever 110 to be rotated counterclockwise
      into engagement with release pin 107 on charge lever 105, thereby rotating
      the charge lever clockwise out of engagement with the charge cam 109.
      However, counter cam 4 and counter ratchet plate 6 are inhibited from
      rotating under the influence of spring 7 by pawls 15a and 16a of
      restraining levers 15 and 16, respectively. Closing cover 118 also causes
      lever 113 to be rotated counterclockwise out of engagement with counter
      release pin 116. However, because recessed portion 4a of counter cam 4 has
      been rotated out of engagement with end 8a of the release lever by the
      charge lever 105, the counter cam holds the release lever in the position
      shown.
PAR  Idle photography and regular photography may then be effected in the same
      manner as described above with respect to the first embodiment.
PAR  When regular photography has been completed, end 8a of the release cam is
      in engagement with recessed portion 4a of the counter cam and idle gears
      28 are in engagement with worm wheel 26 and counter gear 27, as described
      previously with respect to the first embodiment. When the cover 118 is
      opened to remove the film spool 117, cam release lever 110 and lever 113
      are rotated clockwise by the springs 112 and 115, respectively. Thus,
      lever 113 acts against pin 116 on release lever 8 to rotate the release
      lever 8 clockwise to the position shown in FIG. 7, which causes end 13a of
      lever arm portion 13 to move the counter gear shaft 29 for disengaging the
      idle gears from drive gear 27 and counter dials 30 and for resetting the
      numerical counter to its zero (start) position. The rotation of cam
      release lever 110 permits charge lever 105 to be rotated counterclockwise
      about shaft 104 by spring 106 to bring the end 105a thereof into
      engagement with the outer periphery of charge cam 109.
PAR  When the film spool 117 subsequently is removed from the camera, the set
      lever 101 is rotated clockwise about shaft 2' by spring 102, with end 105a
      of the charge lever keeping contact with the outer periphery of the charge
      cam 109 until it moves into engagement with pawl 109a. The positions of
      the element of the film frame counting device at this time are illustrated
      by FIG. 7 and the sequence of operations described above may be repeated.
PAR  With the construction of the present invention, there are provided film
      frame counting devices in which the numerical counter is not advanced
      during feeding of the leader portion of the film (i.e., during idle
      photography), but is advanced only during regular photography so that the
      exact number of film frames exposed may be indicated in single frame
      units.
PAR  Furthermore, the present invention permits such indication to be effected
      by a conventional numerical counter and readily permits changes in design
      which would result from changes in the type of numerical counter employed.
PAR  Also, because the release lever 8 prevents restraining levers 15 and 16
      from engaging the pin 24' on the rotatable disc 24 during regular
      photography, the drag on the film caused by the sprocket 22 is minimized.
PAR  Finally, the provision of an indicator mark 14 which is operatively
      associated with the release lever 8 enables the photographer to ascertain
      whether or not idle photography has been completed.
PAR  It is believed that the advantages and improved results furnished by the
      film frame counting devices of the invention will be apparent from the
      foregoing description of several preferred embodiments of the invention.
      Various changes and modifications may be made without departing from the
      spirit and scope of the invention as sought to be defined in the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A film frame counting device in a camera for indicating the number of
      film frames exposed during regular photography, the device comprising:
PA1  a numerical counter;
PA1  count-changing means for changing the count in the counter each time the
      film is advanced a predetermined amount;
PA1  a release member movable between a first position for preventing changing
      of the count in said counter and a second position for permitting changing
      of the count;
PA1  a cam; and
PA1  means for rotating the cam in response to advancement of film in said
      camera;
PA1  the cam having means cooperable with the release member for holding the
      release member in said first position during a predetermined amount of
      rotation of the cam corresponding to advancement of leader portion of the
      film and for moving the release member from said first position to said
      second position upon completion of said predetermined amount of rotation.
NUM  2.
PAR  2. A device as set forth in claim 1, further comprising means for resetting
      the cam to a predetermined starting position prior to advancement of the
      leader portion of the film.
NUM  3.
PAR  3. A device as set forth in claim 2, wherein the camera has means for
      opening and closing a film magazine containing the film, and wherein the
      resetting means comprises means for returning the cam to said starting
      position upon closing of the film magazine.
NUM  4.
PAR  4. A device as set forth in claim 3, wherein the means for opening and
      closing the film magazine comprises a knob which is rotatable to opening
      and closing positions, and wherein the resetting means comprises an
      additional cam rotatable with the knob, the additional cam having means
      for rotating the first-mentioned cam to said starting position when the
      knob is rotated from opening to closing position.
NUM  5.
PAR  5. A device as set forth in claim 4, wherein said additional cam has means
      for moving the release member from said second to said first position when
      the knob is rotated from opening to closing position.
NUM  6.
PAR  6. A device as set forth in claim 2, wherein the resetting means comprises
      means for moving the cam to said starting position when a film spool
      containing the film is loaded into the film compartment of the camera.
NUM  7.
PAR  7. A device as set forth in claim 6, wherein the resetting means comprises:
PA1  a charge cam having the first-mentioned cam mounted for rotation therewith;
PA1  a set lever having means engageable by the film spool for pivoting the set
      lever when the film spool is loaded into the film compartment;
PA1  a charge lever pivotally mounted on the set lever and having one end
      engageable with the charge cam for rotating the charge cam to return the
      first-mentioned cam to its starting position when the set lever is pivoted
      by loading of the film spool; and
PA1  an interlocking member associated with the cover of the film compartment
      for moving said end of the charge lever into engagement with said charge
      cam when the cover is opened and for moving the end of the charge lever
      out of engagement with the charge cam when the cover is closed.
NUM  8.
PAR  8. A device as set forth in claim 7, further comprising additional
      interlocking means associated with the cover to move the release member
      from said second position to said first position when the cover is opened.
NUM  9.
PAR  9. A device as set forth in claim 1, wherein the leader portion of the film
      comprises a predetermined number of initial film frames, and wherein the
      means for rotating the cam comprises an escapement mechanism including a
      ratchet plate having the cam mounted for rotation therewith, means for
      biasing the ratchet plate for rotation in a first direction, and means for
      permitting the biasing means to rotate the ratchet plate by one tooth for
      advancement of each of said predetermined number of initial film frames.
NUM  10.
PAR  10. A device as set forth in claim 9, wherein the release member has means
      for disabling the escapement mechanism when the release member is in said
      second position.
NUM  11.
PAR  11. A device as set forth in claim 1, further comprising means for
      indicating whether the release member is in said first or said second
      position.
NUM  12.
PAR  12. A device as set forth in claim 1, wherein the release member has means
      for resetting the counter to zero when the release member is in said first
      position.
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ABST
PAL  In one arrangement, the exposure multiplication indicating means includes
      an exposure multiplication selector dial having a small window cut therein
      and numerals marked thereon representing exposure multiplication, a film
      sensitivity dial, and an indicium. Numerals marked on said film
      sensitivity dial for representing the film sensitivity are observed, one
      by one, through said small window cut in the exposure multiplication
      selector dial, and the exposure multiplication is indicated by the numeral
      which is marked on the exposure multiplication selector dial in alignment
      with said indicium. In another arrangement, a main switch energizes the
      automatic exposure setting circuit and also energizes an element
      indicating the exposure multiplication setting. A source voltage
      confirming circuit enables the exposure multiplication indicating means to
      operate only when the source voltage is of a predetermined value.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of pending U.S. Pat. application Ser. No.
      397,938, filed Sept. 17, 1973, now abandoned.
BSUM
PAR  This invention relates to an exposure multiplication setting means for
      manually varying the exposure determining factor which has been set
      automatically on the automatic exposure setting camera and, more
      particularly, to means for indicating that the exposure multiplication has
      been varied.
PAR  Many modern cameras adopt a program system, shutter speed value selection
      system or a diaphragm value selection system for obtaining automatic
      exposure settings. A disadvantage of these systems is that they provide a
      light measurement corresponding to average brightness in the object field
      which is not necessarily the exposure value desired by the photographer.
      For example, when a person is to be shot against the background of a
      back-light condition such as bright sky by the use of a camera of average
      light measuring type, the person that is the main subject to be shot will
      be underexposed due to the influence of the bright background. On the
      other hand, at night when shooting, for example, a neon sign against the
      dark background, the neon sign will be overexposed due to the darkness of
      the background. Also, there is sometimes a case that even when the subject
      is being illuminated almost evenly over the entire area and the automatic
      exposure setting is set normally, the photographic wishes to vary the set
      exposure to some improper value and carry out a photographing operation to
      obtain a peculiar effect.
PAR  To affect such an exposure correction or to vary the correct exposure value
      which has been set automatically, photographers have commonly varied the
      film sensitivity (ASA) setting value to some value other than the correct
      setting for the film actually employed. Since each of the exposure
      determining factors for a camera is represented by a series of multiple
      numbers (for example, the shutter speed is expressed by 1, 1/2, 1/4, 1/8,
      1/15, 1/30, 1/60, 1/125, 1/250, 1/500, 1/1000; the film sensitivity is
      expressed by ASA 25, 50, 100, 200, 400, 800, 1600 and 3200), the
      aforementioned device for intentionally correcting the exposure value or
      for varying the exposure setting will be called herein an exposure
      multiplication selecting means.
PAR  When shooting a person against a bright background by use of a camera of
      average light measuring type in which is loaded an ASA 200 film, the
      person will be underexposed if the shutter is released under automatic
      setting conditions. In such a case, the person can be shot with better
      exposure by varying the film sensitivity setting value to ASA 100, as if
      the film sensitivity were reduced, thereby increasing the exposure
      quantity by 2.
PAR  Such a conventional exposure correcting method, however, includes a
      critical disadvantage. When the photographer uses ASA 200 and ASA 100
      films alternately at almost equal frequency, he may confuse or forget the
      sensitivity value of the film used with the sensitivity value having been
      varied unless he records the sensitivity value when loading the film. To
      eliminate such confusion, some cameras are provided with a holder for
      retaining a piece of paper cut from a box in which the film is packed.
      However, it is troublesome to cut the paper box to a correct size and
      insert it into the holder.
PAR  Accordingly, a need exists for an exposure multiplication indicating means
      not having the disadvantage of the conventional method and which is
      automatically operated as the exposure multiplication means, such as the
      film sensitivity setting, is varied. In one arrangement of the invention,
      there is provided an exposure multiplication selector dial having numerals
      marked thereon which correspond to the exposure multiplication when
      aligned with a fixed marker or other suitable indicium. A yet more
      convenient arrangement is to have the selector dial positioned over a film
      sensitivity dial with a window cut in the selector dial through which the
      film sensitivity can be observed. Thus, the photographer can tell at a
      glance the sensitivity of the film in the camera and the exposure
      multiplication selected.
PAR  In another arrangement, there is provided in addition to the automatic
      exposure setting means and the means for indicating the setting, an
      exposure multiplication indicating means which is adjusted by a means for
      multiplying the exposure. Thus, for example, the exposure multiplication
      indicating means may be an electrical circuit including one or more lamps
      which are selectively connected in the circuit by a switch which is
      connected to the means for varying the film sensitivity in the camera.
      This circuit may be connected to the main switch which controls the
      energization of the means for making the automatic exposure setting. Thus,
      when a multiplication setting has been made, an indication to that effect,
      such as a lamp being energized, is made during the light measurement
      operation so as to call this to the users's attention.
PAR  By employing a voltage confirming circuit to control energizing of the
      multiplication indicating means, energization of the indicating means may
      be made to occur only when there is sufficient voltage to operate the
      automatic exposure control means. Thus the lack of a multiplication
      indicating light warns the photographer that more voltage is needed.
DRWD
PAR  For a more thorough understanding of the invention, reference may be had to
      the following description and drawings wherein:
PAR  FIGS. 1A and 1B are plan views for explaining the conventional exposure
      multiplication varying method;
PAR  FIGS. 2A-2D are plan views of the exposure multiplication indicating means
      according to one embodiment of this invention;
PAR  FIG. 3 is a fragmented perspective view of a portion of the device shown in
      FIG. 2, the view illustrating the relation between the film sensitivity
      setting resistor in the camera body and the exposure multiplication
      indicating means of the invention;
PAR  FIG. 4 is a circuit diagram of another embodiment of the present invention;
      and
PAR  FIG. 5 is a graph showing the characteristic of current in the essential
      part of the example shown in FIG. 4.
DETD
PAR  Referring first to the conventional arrangement of FIG. 1, there is shown a
      film sensitivity setting dial 1 which is arranged around the film
      rewinding knob 2. To set the sensitivity of the film loaded as an exposure
      determining factor for automatic exposure setting, any corresponding
      numeral marked on said film sensitivity dial can be brought into alignment
      with an indicium 4 marked on the camera body. For example, in using an ASA
      100 film, the film sensitivity dial 1 can be set as shown in FIG. 1a; when
      using an ASA 200 film, the film sensitivity setting dial 1 can be set as
      shown in FIG. 1b. Under conditions when an ASA 100 is loaded as shown in
      FIG. 1a, and it is desired to reduce the exposure quantity by 50% at an
      early stage, the film sensitivity setting dial has to be set in such
      position as if an ASA 200 film is being loaded. The dial position after
      such setting is identical to that as shown in FIG. 1b and it is utterly
      indistinguishable whether such position is an initial setting position, an
      ASA 200 film or a setting position for any other film having varied the
      exposure multiplication.
PAR  On the other hand, when using an ASA 200 film as in FIG. 1b, the film
      sensitivity setting dial may be rotated so as to obtain an exposure
      quantity increased by two times. The position of dial 1 after having
      varied the exposure multiplication in this fashion, is utterly
      indistinguishable from the initial dial setting position for an ASA 100
      film as shown in FIG. 1a. Therefore, unless the sensitivity of the loaded
      film is recorded or memorized correctly, the photographer will confuse the
      initial dial setting position with the dial setting position after having
      varied the exposure multiplication. Under these conditions, if the
      photographer fails to reset the dial to the original position, all the
      film frames thereafter will be over or underexposed.
PAR  In contrast with this, the embodiment of this invention shown in FIG. 2
      involves no such confusion. In FIG. 2, the parts corresponding to those of
      FIG. 1 are indicated with like reference numbers. The numerals marked on
      the film sensitivity dial 1 can be observed only through a small window 6
      cut in an exposure multiplication selector dial 5 which is positioned over
      the film sensitivity dial 1, to be separately rotatable. In this
      embodiment, the indicium 4 is used not for setting the film sensitivity
      but for setting an exposure multiple number. FIG. 2a illustrates an
      initial dial setting position for an ASA 100 film, that is, the indicium 4
      is aligned with 1X on the selector dial 5 indicating that there is no
      multiplication factor. Similarly, FIG. 2b illustrates an initial dial
      setting position for an ASA 200 film; FIG. 2c illustrates a dial position
      for an ASA 100 film after having varied the exposure multiplication to one
      half; and FIG. 2d illustrates a dial position for an ASA 200 film after
      having varied the exposure multiplication by two times.
PAR  To vary the dial position from A to C of FIG. 2 corresponds to varying the
      dial position from A to B of FIG. 1; whereas to vary the dial position
      from B to D of FIG. 2 corresponds to varying of the dial position from B
      to A of FIG. 1. Since the dial positions A, B, C and D of FIG. 2 show in
      the window 6 the inherent film sensitivity values at any time, the
      photographer will not be confused in distinguishing whether the actual
      dial position is an original dial setting or a setting after having varied
      the exposure multiplication. To effect a regular automatic exposure
      setting, the photographic needs only to bring the indicium 1X on the
      exposure multiplication selector dial 5 into alignment with the indicium
      4.
PAR  FIG. 3 illustrates the operational association between a film sensitivity
      setting resistor 7 arranged in the camera body 3, the film sensitivity
      setting dial 1 and the exposure multiplication selector dial 5. Again, the
      parts corresponding to those of FIG. 2 are indicated with like reference
      numbers. Indicated at 8 is a slide member which is operative in
      association with the film sensivitity setting dial 1 by means of a
      cylinder 9 arranged coaxially with the rewinding shaft (not shown). The
      slide member 8 is slidable over the film sensitivity member 7. The
      resistance value set is transferred to an automatic exposure setting
      circuit 10 by way of lead wires 11 so that the film sensitivity value is
      calculated in the automatic exposure setting 10. The thusly calculated
      film sensitivity value is then used as an exposure determining factor to
      control the exposure quantity.
PAR  As is seen from FIG. 3, the exposure multiplication selector dial 5 is
      arranged on top of the film sensitivity dial 1 and mounted to be
      independently rotated. When setting the film sensitivity, the photographer
      needs to rotate only the film sensitivity dial 1 without rotating the
      exposure multiplication selector dial 5 so that a numeral value
      representing the sensitivity of the film loaded can be observed through
      the small window 6 cutting the exposure multiplication selector dial 5.
      Simultaneously with rotating the film sensitivity setting dial 1 the slide
      member 8 slides over the film sensitivity setting resistor.
PAR  To vary the exposure multiplication, the photographer needs to rotate the
      film sensitivity setting dial 1 and the selector dial 5 simultaneously
      until any desired exposure multiplication numeral comes in alignment with
      the indicium 4. Such operation of varying the exposure multiplication
      accompanies a sliding movement of slide member 8 and hence changes the
      film sensitivity setting resistance. As a result, a calculation different
      from that which may otherwise be obtained in the original dial setting
      position will be obtained in the automatic exposure setting circuit 10 and
      the exposure quantity will be correspondingly varied. It is preferred to
      arrange a click mechanism or to impart a suitable friction between the
      exposure multiplication selector dial 5 and the camera body 3 and also
      between the selector dial 5 and the film sensitivity setting dial 1 so as
      to prevent the dials 5 and 1 to be rotated unintentionally during a
      photographing operation or while carrying the camera.
PAR  While the invention is described with reference to a preferred embodiment
      which is so designed as to be arranged around the film winding knob 2, the
      device of this invention may be arranged at any other suitable positions.
      Although in the shown and described embodiment the multiplication selector
      5 is arranged on top of the film sensitivity setting dial, the dials 1 and
      5 may be arranged separately so that they are operative in association
      with each other by use of gears or nay other suitable motion transmitting
      means. Furthermore, it is not essential to make the film sensitivity
      setting resistor in the form of a slide resistor, but a rotary switch may
      be employed conveniently for selecting an exposure multiplication.
PAR  It is also possible to provide a warning device by suitably arranging a
      string or any other motion transmitting means in association with the
      above described device arranged outside of the camera body 3 so that a
      preselected condition (for example, a red colored mark) appears in the
      viewfinder only when the exposure multiplication selector 5 is set to any
      position other than 1X. In such a case, the warning indication may be
      given in the viewfinder by use of the light from the subject. A schematic
      illustration of such a warning device is shown in FIG. 3 wherein a red
      warning disc 13 is rotated in either direction by a string 14 driven by
      the selector dial 5. The edge of the disc 13 overlaps a viewfinder 15. A
      notch 13a in the disc 13 is aligned with the viewfinder when the
      multiplication is 1X or normal, but movement of the disc 13 in either
      direction will put a red disc surface in the viewfinder, thus warning the
      photographer.
PAR  For a description of another exposure multiplication indicating means,
      refer now to FIG. 4 where there is shown a known exposure control circuit
      21 containing a light measurement circuit, a computing circuit and an
      electrical-mechanical transformation circuit (for example, a magnet of
      diaphragm value selection type electronic shutter). Also illustrated is a
      current source 22, a circuit 25 for detecting the voltage of the current
      source 22 and controlling the operation of an indication circuit 26
      including elements 20-1, 20-2 and 20-3, such as luminous diodes, an
      exposure indicating ammeter 24, a main switch 23, and a rotary switch 27
      connected by a shaft 31 to a knob 32 having a reading plate 28 thereon,
      which components form an exposure multiplication means.
PAR  The reading plate 28 is located outside the camera body at some convenient
      location to be easily visible while the shaft 31 extends into the inside
      of the camera body. On the plate 28 two groups of indicating scales, i.e.,
      2, 3, 4 . . . and 1/2, 5/8, 1/4. . . are formed with a normal point N
      dividing the two scales. On the camera body a pointer 29 is provided to
      indicate the exposure multiplication selected.
PAR  The specific means for producing exposure muliplication is not shown; but
      there are known arrangements for doing this, one mentioned above being to
      alter the shutter time through film sensitivity variation means, such as
      that explained in connection with FIG. 3. The shaft 31 may be connected
      directly or indirectly to such film sensitivity variation means inside the
      camera.
PAR  In accordance with the embodiment of FIG. 4, when the main switch 23 is
      closed, such as by operating shutter control means (not shown), exposure
      control circuit 21 operates so that a proper exposure value is
      automatically determined. This value is indicated by the ammeter 24, and
      thus the user can know this automatically determined value. If this value
      is different from the value desired by the user, he can obtain such
      desired value by operating the exposure multiplication reading plate 28,
      and establishing the exposure multiplication value. Manually operating the
      reading plate 28 also operates the rotating switch 27 to mate with one of
      the switch contacts 27-1, 27-2, or 27-3 leading to the indication circuit
      26.
PAR  As the manner of indication, the circuit 26 and the rotary switch 27 are so
      arranged that the exposure multiplication value is directly indicated by
      energization of one of the light emission diodes 20-1, 20-2 or 20-3.
PAR  Alternatively, a lamp may be lit for indicating only that the exposure
      multiplication means is set other than normally. As one example, the
      indicating element may be lit when multiplication changes in such a manner
      as 2, 3, 4, etc. and it may be flickered when multiplication changes in
      such as 1/2, 1/3, 1/4, etc. Yet another alternative method of indicating
      the exposure multiplication condition is to have one light lit only when
      the multiplication changes in such a manner as 2, 3, 4, etc. and another
      light lit only when the multiplication changes in such a manner as 1/2,
      1/3, 1/4, etc.
PAR  The indicating lights may be physically located in any convenient location
      visible from the outside of the camera. However, as suggested above, the
      most effective arrangement is to locate the lights inside the viewfinder.
      Adjacent the eyepiece of the viewfinder is also a convenient location.
PAR  The circuit 25 is a voltage detecting switch circuit which so acts that the
      indication circuit 26 is operative with current i0, referring to FIG. 5,
      only when the voltage of the current source 22 is higher than a certain
      value E0. Thus the circuit 25 in cooperation with the circuit 26 and the
      switch 27 confirms the source voltage for the exposure control circuit 21.
      That is, if a luminous diode 20 is lit, there is sufficient source voltage
      for proper performance of the shutter control means including the
      automatic exposure determining means. Various arrangements may be employed
      in the circuit 25 to perform the desired function. For instance, a
      transistor may be utilized with the emitter collector electrodes in series
      in the base and the transistor is given bleeder output of the current
      source controlled by a constant voltage diode. Alternatively, a common
      Schmitt trigger circuit may be employed. An additional circuit for
      temperature compensation may also be needed.
PAR  Thus, when the above mentioned exposure multiplication indicating means
      according to the present invention, is attached to the automatic exposure
      control cameras, alarm is given for such erroneous manual operation as
      wrong exposure multiplication establishment, or forgetting of operation
      exposure multiplication. Accordingly, the user can operate the exposure
      multiplication means with a greater feeling of confidence.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a camera the inventive combination comprising:
PA1  an automatic exposure setting means;
PA1  means for indicating the exposure setting determined by said exposure
      setting means;
PA1  means for multiplying the exposure setting so as to set the exposure at
      some value other than that automatically determined;
PA1  means for indicating the multiplication of said exposure setting by said
      exposure multiplying means; and
PA1  means connecting the exposure multiplying means and the multiplication
      indicating means so that the multiplication indicating means automatically
      indicates the multiplication as the multiplying means is set.
NUM  2.
PAR  2. A camera comprising:
PA1  an exposure control circuit;
PA1  means for indicating the exposure setting;
PA1  an exposure multiplication indicating circuit connected to be energized
      with said exposure control circuit;
PA1  adjustable exposure multiplication means to modify the camera exposure
      setting;
PA1  switch means operated by said multiplication means connected to said
      exposure multiplication indicating circuit to control the indicating
      circuit in accordance with the setting of said multiplication means; and
PA1  main switch means connected to control the energization of said circuits.
NUM  3.
PAR  3. The camera of claim 2 including luminous indicating means energized by
      said exposure multiplication indicating circuit to correspond to the
      setting of said multiplication means.
NUM  4.
PAR  4. The camera of claim 3 including a voltage confirming circuit connected
      to said exposure multiplication indicating circuit to enable said
      indicating circuit to be energized only when a predetermined voltage is
      available so that the camera operator is warned by the absence of the
      luminous indicating means that the voltage for operating the circuits is
      inadequate.
NUM  5.
PAR  5. A method of indicating the condition of a camera exposure multiplication
      setting, comprising:
PA1  modifying an automatic exposure control setting by adjusting the setting of
      exposure multiplication means; and
PA1  automatically indicating the setting of the exposure multiplication means
      as the exposure multiplication means is set, in addition to indicating the
      exposure control setting.
NUM  6.
PAR  6. The method of claim 5 wherein the exposure multiplication is indicated
      by energizing light means located on the camera.
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ABST
PAL  A monolithic two-phase charge coupled MNOS device having on a substrate an
      oxide layer having alternate relatively thin and thick regions thereof and
      a nitride layer thereon. Alternate electrodes for distributing,
      respectively, first and second phase clock signals are provided on the
      nitride layer. Each electrode overlays both a thin region and an adjacent
      thick region in the oxide layer. The MNOS devices formed by an electrode,
      the nitride layer, a thin oxide region in the oxide layer, and the
      substrate have electrically alterable threshold voltages, which permits
      electrical alteration of the surface potential pattern, so that the
      direction of transfer of a charge packet during the shifting operation may
      be electrically predetermined.
PARN
PAR  This is a continuation, of application Ser. No. 375,254, filed June 29,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to charge coupled memory devices, and more
      particularly to two-phase charge coupled devices wherein the direction for
      shifting a charge packet is electrically alterable.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Charge coupled devices operate by transferring charge, which represents
      information, between potential wells created at the surface of the
      semiconductor under the oxide. This operation is based on storing and
      transferrring minority carriers between closely spaced MOS capacitors
      which are pulsed into a deep depletion mode by a multi-phase clock
      voltage. Basically, charge coupled devices (CCDs) are dynamic shift
      register devices, and can be used wherever a serially accessed memory is
      required. CCDs can also be utilized to sense images. Whether the devices
      are used as memory or as image sensors, information in the form of
      minority carrier charge concentrations may be stored in a potential well
      created in the semiconductor at the interface between the dielectric and
      the semiconductor. This charge is then transferred along the semiconductor
      surface in shift register fashion by manipulation of the voltages on the
      MOS capacitor gate electrodes.
PAR  Several versions of charge coupled devices have been described in the
      literature, including four-phase, three-phase and two-phase devices. A
      brief descriiption of prior art charge coupled devices is found in
      Electronics, June 21, 1971, pp. 50-59. The prior art devices have a number
      of disadvantages, including the large number of clock voltages required
      for the three-phase and four-phase devices. The prior art two-phase charge
      coupled devices require a relatively complex overlapping gate electrode
      structure to provide asymmetrical potential wells which determine the
      direction of shift. The direction of shifting of the minority carrier
      charge packet is controlled by the connections between the clock lines and
      the gate electrodes and by the relative magnitudes of the clock voltages.
      However, none of the prior art devices provide electrically alterable
      direction of shift of the minority carrier charge packet.
PAR  The present invention solves problems of the prior art charge coupled
      devices by providing a simple, non-overlapping gate electrode structure
      and by providing a dielectric structure which permits electrically
      altering the direction of shift of the charge packet.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved charge coupled
      device.
PAR  It is another object of this invention to provide a charge coupled device
      having a first dielectric layer of varying thickness on a body of
      semiconductor and a second dielectric layer thereon for providing an
      electrically alterable direction of charge transfer.
PAR  It is another object of this invention to provide a two-phase charge
      coupled device utilizing non-overlapping gate electrodes.
PAR  Briefly described, the invention is a monolithic charge coupled device
      having on a semiconductor body a first dielectric layer having first and
      second regions therein of different thickness and a second dielectric
      layer on the first dielectric layer. A plurality of spaced conductive gate
      electrodes each overlays a first region and an adjacent second region of
      the first dielectric layer. Each MOS capacitor which is formed by a
      conductive electrode, the second dielectric layer, and a thin region of
      the first dielectric layer, has an electrically alterable threshold
      voltage, which may be preset to determine the direction of the transfer of
      surface charge of the charge coupled device. The first dielectric layer
      may be silicon dioxide and the second dielectric layer may be silicon
      nitride.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional diagram of an embodiment of the invention
      including thereon a graphical representation of the surface potential
      distribution at the semiconductor surface for a particular combination of
      electrode voltages.
PAR  FIG. 2 is a cross-sectional diagram similar to that of FIG. 1 except that a
      shift of the charge packet is illustrated corresponding to a change in one
      of the clock voltages and in the resulting surface potential distribution.
PAR  FIG. 3 is a cross-sectional diagram similar to those of FIGS. 1 and 2 and
      shows the shift in the charge packet as the clock voltages are returned to
      their original values.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, which is a cross-sectional diagram of a preferred
      embodiment of the invention, monolithic charge coupled device 10 includes
      semiconductive body 12 having a major surface 13 thereof. Semiconductive
      body 12 may, for example, be N type silicon having a resistivity typically
      in the range from 3 to 10 ohm-centimeters. A first dielectric layer 14,
      which advantageously is silicon dioxide, is provided on surface 13.
      Dielectric layer 14 has a plurality of adjacent, alternating relatively
      thick regions 18 and relatively thin regions 20, the thickness of regions
      20 being substantially less than that of regions 18. Second dielectric
      layer 16 is formed on the upper surface of dielectric layer 14. The
      thicknesses of regions 20 may be in the range from 15 - 200 angstrom
      units, while the thicknesses of regions 18 may be typically greater than
      200 angstrom units. Dielectric layer 16 may be silicon nitride, and may be
      in the range of 200 - 1000 angstrom units in thickness. It should be
      recognized that the drawings are not drawn to scale, and that the relative
      thickness of regions 18 and 20 are exaggerated in FIGS. 1 - 3, and that
      the thickness of layer 16 is essentially constant. A plurality of
      conductive electrodes 22, 24, 26, 28, 30, and 32 is provided on the upper
      surface of dielectric layer 16. Conductive electrodes 22, 26, and 30 are
      connnected to terminal 60, which has clock voltage .phi..sub.1 applied
      thereto, while the alternate electrodes 24, 28, and 32, are connected to
      conductor 62, which has clock voltage .phi..sub.2 applied thereto.
PAR  Still referring to FIG. 1, the plurality of alternating first and second
      regions 18 and 20 are depicted as having boundaries 23, 25, 27, 29, 31,
      and 33 therebetween. Conductive electrodes 22, 24, 26, 28, 30, and 32 are,
      respectively, substantially symmetrically positioned in FIG. 1 over
      boundaries 23, 25, 27, 29, 31, and 33. The structure may be considered to
      form a plurality of MNOS capacitors, some of which have fixed threshold
      voltages and others of which have alterable threshold voltages. The
      threshold voltage characteristics of MOS (or MNOS) capacitors are widely
      described in the literature, and will be only briefly described
      hereinafter to facilitate description of the operation of preferred
      embodiments of the invention.
PAR  From FIG. 1 it can be seen that a plurality of MNOS capacitors are formed
      by the above-described structure, namely, MNOS capacitors 34, 36, 38, 40,
      42, 44, 46, 48, 50, 52, 54, and 56. Each of the MNOS capacitors formed by
      a portion of one of the conductive electrodes, a portion of dielectric
      layer 16, and a portion of one of the regions 18 of dielectric layer 14
      and the semiconductive body 12 is a fixed threshold MNOS capacitor, since
      the thickness of region 18 is sufficiently great to prevent substantial
      movement of charge therein. However, the remaining MNOS capacitors, which
      include a portion of one of the thin regions 20 of dielectric layer 14,
      have a threshold voltage which is electrically alterable. Thus, it is seen
      that MNOS capacitors 34, 40, 42, 48, 50, and 56 are fixed threshold
      devices, while MNOS capacitors 36, 38, 44, 46, 52, and 54 are alterable
      threshold devices.
PAR  A packet of positive charge, designated by the letter A, may be introduced
      into a charge storage site in the semiconductive body at surface 13 by
      forward biasing input device 70, which is a P type region formed in
      semiconductor body 12 at surface 13. Sensing device 72, which is also a P
      type region formed in semiconductor body 12 at surface 13, undergoes a
      voltage transition when a packet of positive charges is transferred
      thereto. Sensing device 72 may also be part of a regeneration device, as
      described in the previously referenced article in Electronics, and in
      "Charge Coupled Digital Circuits", W. F. Kosonocky and J. E. Carnes, IEEE
      Journal of Solid State Circuits, Vol. SC6, No. 5, Oct., 1971, pp. 314-321.
      The dotted line graph superimposed in semiconductive body 12 designates
      the distribution of the surface potential .phi..sub.s in the X direction
      along surface 13 when the voltages .phi..sub.1 and .phi..sub.2 are both
      near V.sub.TO. V.sub.TO is the threshold voltage of the fixed threshold
      devices 34, 40, 42, etc., and may, for example, be approximately -2 volts.
      The voltage-capacitance characteristics for a
      metal-insulator-semiconductor structure are well described in the
      literature. For Example, see "Charge Transport and Storage in
      Metal-Nitride-Oxide-Silicon (MNOS) Structure", Journal of Applied Physics,
      Vol. 40, No. 8, July 1969, pp. 3307-3319, and also see "Switching and
      Storage Characteristics of MIS Memory Transistors", RCA Review, Vol. 30,
      June 1969, pp. 335-365.
PAR  It is well known that the threshold voltage of MNOS structures can be
      electrically altered if the oxide in region 20, for example, is
      sufficiently thin and the voltage applied between the corresponding gate
      electrode and the semiconductor body are sufficiently large. The mechanism
      by which the threshold voltage may be shifted in the MNOS structure is
      believed to be due to either the tunneling of electrons across the oxide
      insulator, if it is sufficiently thin (approximately 15 - 35 angstrom
      units) or by drift of ions across the thin oxide for somewhat larger
      thicknesses, for example, 50 - 200 angstrom units.
PAR  In the diagram of FIG. 1 it may be assumed for purposes of explanation of
      operation that the threshold voltage of MNOS devices 36, 44, and 52 have
      been electrically altered to be equal to approximately +4 volts by
      applying a large negative voltage to terminal 60 for a sufficiently long
      time to cause an accumulation of negative trapped charge at the
      corresponding interface surface between dielectric 16 and regions 20 for
      the case when dielectric region 20 is 50 - 200 angstrom units thick.
      Similarly, by applying a sufficiently positive pulse to conductor 62, it
      may be assumed for purposes of illustrating operation, that the threshold
      voltages of MNOS devices 38, 46, and 54 have been electrically altered to
      be equal to approximately -8 volts, and that the threshold voltage of MNOS
      devices 36, 44, and 52 have been electrically altered to be equal to
      approximately +4 volts.
PAR  Also illustrated in FIG. 1 is a second packet of positive charge,
      designated by the letter B. In the present discussion, it is assumed that
      charge packet B has been previously shifted to the indicated charge
      storage site during the normal shifting operation of the device.
PAR  With .phi..sub.1 and .phi..sub.2 both equal to approximately -2 volts, the
      surface potential well pattern at surface 13 is designated by the dotted
      line in FIG. 1. Positive charge packet A resides at the site of a
      potential minimum on the dotted line, designated by the letter C, since
      MNOS device 34 is in the depletion region and MNOS device 36 is in the
      inversion region, since it is turned on by an overdrive voltage of 6
      volts. (The overdrive voltage is the excess magnitude of gate to
      semiconductor voltage over the magnitude of the threshold voltage). MNOS
      device 38, having a threshold voltage of approximately -8 volts, but only
      having -2 volts on its gate electrode, is off and in fact is in the
      accumulation region. (For a thorough discussion of the depletion,
      accumulation and inversion regions of an MOS structure, see "Physics and
      Technology of Semiconductor Devices", A. S. Grove, John Wiley and Sons,
      1967.)
PAR  Thus, charge packet A is forced to remain at the location indicated by the
      Letter C, since the surface potentials both to the right and the left of
      region C are more positive, and the positive charge packet seeks a
      potential minimum. The same situation holds with regard to charge packet B
      at the position indicated by letter E on the dotted graph representing the
      surface potential distribution.
PAR  Referring to FIG. 2, it is now assumed that the voltage .phi..sub.2 on
      conductor 62 is changed to a sufficiently negative value to invert MNOS
      device 38 more strongly than MNOS device 36, thus causing a surface
      potential at surface 13 in device 38 to be reduced to a value lower than
      that indicated at point C in FIG. 1, i.e., to be reduced to the point
      indicated by the letter I in FIG. 2. Then, the surface potential
      corresponding to potential minimum J in FIG. 2 is even more negative than
      for the region designated by the letter I, since the threshold voltage of
      device 42 is only -2 volts, causing device 40 to be more strongly inverted
      than device 38. The positive charge packets will move to the most strongly
      inverted surface regions in the absence of potential barriers. An entirely
      analogous argument is valid for explaining the surface potential
      corresponding to points L and M on the surface potential distribution.
      Thus, it is seen that charge packets A and B shift to the right as
      indicated in FIG. 2 when .phi..sub.2 undergoes a sufficiently large
      negative voltage transition.
PAR  Referring to FIG. 3, it is assumed that the voltage of .phi..sub.2 has
      returned to approximately -2 volts, causing the surface potential
      distribution to return to the same configuration as originally shown in
      FIG. 1. It is seen that points E and G of the surface potential
      distribution graph again become potential minima, causing the charge
      packet A to shift further to the right to charge storage sites
      corresponding to points E and G on the potential distribution graph.
PAR  Thus, it is seen that shifting of information has been accomplished in a
      device having only two clock lines and non-overlapping gate conductors.
      This has not been achieved by the devices of the prior art.
PAR  After a bit of reflection, it is clear that the direction of shifting could
      be reversed if the voltage pattern applied to the terminals 60 and 62 is
      reversed and the corresponding threshold voltages written into the
      alterable threshold MNOS devices are reversed. However, in the two-phase
      charge coupled devices of the prior art, which have overlapping gate
      electrodes, the electrode interconnection scheme would have to be
      modified, and would be feasible only by fabricating new devices having
      different photolithographic masking patterns utilized in manufacturing of
      the devices; the shift direction of the prior art devices cannot be
      electrically altered after they are fabricated.
PAR  Thus, the present invention distinguishes over the prior art by
      incorporating the fixed threshold and alterable threshold MNOS capacitor
      structures in a single monolithic structure to produce the surface
      potential well pattern necessary for charge coupled device shifting
      operation using two-phase clock voltages and a single level of interlaced
      conductive electrodes.
PAR  It is seen that the monolithic charge coupled device of the invention
      provides a device with a low number (two) of clock voltages required and
      having the advantages of utilizing a lower cost, simpler technology, i.e.,
      metal gate technology rather than the silicon gate technology (which
      requires both metal electrodes and doped polycrystalline silicon gate
      electrodes which overlap). Further, the size of each charge coupled device
      cell is reduced, since only half of the number of conductive electrodes
      are required. Further, the charge coupled device of the invention has the
      additional advantage that the direction of charge transfer may be altered
      by electrically presetting the threshold voltages of the alterable
      threshold MNOS devices to produce the desired potential well pattern
      desired during the shift operation.
PAR  While the invention has been described in relation to a preferred specific
      embodiment thereof, those skilled in the art will recognize that various
      changes in the placement of parts may be made to suit specific
      requirements without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monolithic charge coupled device for storing and sequentially
      transferring information in a predetermined direction comprising:
PA1  a semiconductor body having a major surface;
PA1  a first dielectric layer on said major surface, said first dielectric layer
      including a plurality of first regions of a first thickness and a
      plurality of second regions of a second thickness, said second thickness
      being substantially less in magnitude than said first thickness, said
      first and second regions being alternately positioned along said major
      surface;
PA1  a second dielectric layer on said first dielectric layer;
PA1  a plurality of spaced first conductive electrodes on said second dielectric
      layer;
PA1  a plurality of spaced second conductive electrodes on said second
      dielectric layer, said first and second conductive electrodes being,
      respectively, alternately positioned on said second dielectric layer, each
      of said first and second conductive electrodes disposed above a portion of
      one of said first regions and one of said second regions, said portion
      including the boundary of the regions and adjacent edges of said first and
      second electrodes overlying like thicknesses of said first dielectric
      layer;
PA1  input means on said semiconductive body for transferring information into
      said charge coupled device;
PA1  receiving means on said semiconductive body for receiving said transferred
      information;
PA1  clocking means connected to said first and second conductive electrodes for
      sequentially biasing said first and second conductive electrodes to
      produce an asymmetrical potential well configuration in said
      semiconductive body beneath said major surface to establish the direction
      of transfer of said information; and
PA1  said predetermined direction being electrically alterable by electrically
      altering the charge at interface regions between said dielectric layer and
      said second region of said first dielectric layer.
NUM  2.
PAR  2. The monolithic charge coupled device as recited in claim 1 wherein said
      first dielectric layer is silicon dioxide and said second dielectric layer
      is silicon nitride.
NUM  3.
PAR  3. The monolithic charge coupled device as recited in claim 1 wherein first
      thickness is greater than 200 Angstrom units, and said second thickness is
      in the range from 15 to 200 Angstrom units.
NUM  4.
PAR  4. The monolithic charge coupled device as recited in claim 1 wherein said
      first and second conductive electrodes are aluminum.
NUM  5.
PAR  5. The monolithic charge coupled device as recited in claim 1 wherein the
      thickness of said second dielectric layer is from 200 to 1000 Angstrom
      units.
NUM  6.
PAR  6. The monolithic charge coupled device as recited in claim 1 wherein said
      second dielectric is silicon nitride.
NUM  7.
PAR  7. A monolithic MNOS charge coupled device for storing sequentially
      transferring information in an electrically predetermined direction
      comprising:
PA1  a semiconductive body having a major surface;
PA1  a silicon dioxide layer on said major surface, said silicon dioxide layer
      including a plurality of first regions of a first thickness and a
      plurality of second regions of a second thickness, said first region being
      in the range from 15 to 200 Angstrom units and said second thickness being
      greater than 200 Angstrom units, said first and second regions being
      alternately positioned along said major surface;
PA1  a silicon nitride layer on said silicon dioxide layer, said silicon nitride
      layer being approximately 200 to 1000 Angstrom units thick;
PA1  a plurality of spaced first metal electrodes on said silicon nitride layer;
PA1  a plurality of spaced second metal electrodes on said silicon nitride
      layer, said first and second metal electrodes being, respectively,
      alternately positioned on said silicon nitride layer, each of said first
      and second metal electrodes disposed above a portion of one of said first
      regions and one of said second regions, said portion including the
      boundary of the regions and adjacent edges of said first and second
      electrodes overlying like thicknesses of said first dielectric layer;
PA1  input means on said semiconductive body for transferring information into
      said charge coupled device;
PA1  receiving means on said semiconductive body for receiving said transferred
      information;
PA1  clocking means connected to said first and second metal electrodes for
      sequentially biasing said first and second conductive electrodes to
      produce an asymmetrical potential well configuration in said
      semiconductive body beneath said major surface to establish the direction
      of transfer of said information; and
PA1  said predetermined direction being electrically alterable by electrically
      altering the charge at interface regions between said silicon nitride
      layer and said first region of said silicon dioxide layer.
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ABST
PAL  A diode-integrated thyristor comprising a region having a function of a
      thyristor and a region having a function of a diode which are integrated
      in the same semiconductor substrate and whose rectifying directions are
      opposite to each other, the carriers in the region having the function of
      a diode having a longer life time than the carriers in the region having
      the function of a thyristor.
BSUM
PAR  The present invention relates to a diode-integrated thyristor in which a
      thyristor and a diode are integrated in a semiconductor substrate, in a
      reversely parallel connection.
PAR  In a chopper or an inverter circuit used for the speed control of an
      electrically driven vehicle or in a horizontal deflection circuit for a
      television receiver, for example, a combination of a thyristor and a diode
      connected reversely in parallel with each other is used. If such a
      combination is replaced by a diode-integrated thyristor having such a
      structure as described above, then the overall circuit can be reduced in
      the number of circuit elements, and therefore in size and cost can be
      reduced. Moreover, such a replacement can make the circuit ready for use
      in high frequency application where the inductances of and between the
      wirings of the discrete circuit elements incur fatal effects. The
      diode-integrated thyristor in question, however, a problem of "erroneous
      turn-on" must first be solved. Namely, if the thyristor is forwardly
      biased while the diode is within its recovery time after its forward
      conduction, then the thyristor may erroneously conduct without any gate
      signal, due to the influence by the diode. How the wrong turn-on is caused
      will be described with the aid of FIG. 1 (PRIOR ART).
PAR  In FIG. 1a, a semiconductor substrate 1 consists of four layers, i.e., an N
      emitter layer N.sub.E, a P base layer P.sub.B, an N base layer N.sub.B and
      a P emitter layer P.sub.E, the letters N and P indicating the N- and
      P-type conductivities, respectively. The N emitter layer N.sub.E, the P
      base layer P.sub.B, the N base layer N.sub.B and the P emitter layer
      P.sub.E define a thyristor region 11, while the N base layer N.sub.B and
      the P base layer P.sub.B constitute a diode region 12. A pair of main
      electrodes 2 and 3 are formed on and in ohmic contact with the surfaces of
      the N emitter and the P base layers N.sub.E and P.sub.B and the surfaces
      of the P emitter and the N base layers P.sub.E and N.sub.B, and connect
      the thyristor region 11 and the diode region 12 in reversely parallel with
      each other. A gate electrode 4 is formed on the P base layer P.sub.B of
      the thyristor region 11. FIG. 1b is an equivalent circuit of the
      diode-integrated thyristor shown in FIG. 1a.
PAR  In the diode-integrated thyristor of this type, when a voltage is applied
      between the main electrodes 2 and 3 with the electrode 3 maintained at a
      higher potential than the electrode 2 (i.e. the thyristor region 11 is
      forwardly biased and the diode region 12 reversely biased), the P-N
      junction between the P base layer P.sub.B and the N base layer N.sub.B is
      reversely biased so that both the thyristor region 11 and the diode region
      12 are cut off since they now have high inpedances. If a signal for gating
      is additionally applied to the gate electrode 4, the thyristor region 11
      is driven into conduction. Now, when the polarity of the voltage between
      the main electrodes 2 and 3 is inverted, only the diode region 12 is
      conductive since the PN junctions between the N emitter layer N.sub.E and
      the P base layer P.sub.B and between the P emitter layer P.sub.E and the N
      base layer N.sub.B are inversely biased while the PN junction between the
      P base layer P.sub.B and the N base layer N.sub.B is forwardly biased. The
      current characteristic in this case is as shown in FIG. 1c. Then, let the
      case be considered where the polarity of the voltage between the main
      electrodes is so inverted that the diode region 12 may change from its
      conducting state to its cut-off state. In the conducting state, in the
      diode region 12, a great many holes are injected from the P base layer
      P.sub.B into the N base layer N.sub.B and stored as excess minority
      carriers in the N base layer N.sub.B. Some of those carriers still remain
      in the N base layer N.sub.B, forming residual carriers, even after the
      current through the diode region 12 has ceased. Also, some of the residual
      carriers are drawn back to the main electrodes due to the voltage applied
      between the main electrodes while the others diffuse in every direction
      and vanish through recombination. When all the residual carriers are
      disappeared, the diode region 12 recovers its cut-off state. In this case,
      however, some of the residual carriers reach and diffuse into the
      thyristor region 11 before vanishing through recombination, so that they
      exert an influence, like one of the gate signal, upon the thyristor region
      11, turning the region 11 on before reception of the gate signal. Thus,
      the thyristor region 11 is said to have been erroneously turned on. The
      greater are the current decreasing rate di/dt and the peak current through
      the diode region 12, the more often this erroneous turn-on operation
      occurs. For, it the current decreasing rate di/dt is greater, the time
      during which the current decreases to zero is shorter so that a larger
      part of the stored carriers is left behind while if the peak current is
      larger, the number of the stored carriers is greater so that the number of
      the residual carriers is greater. This erroneous turn-on phenomenon lowers
      the ratings in current and voltage of the diode integrated thyristor and
      deters the recovery time of the diode region 11 from being shortened, so
      that the control capacity and efficiency of the circuit using the
      diode-integrated thyristor is degraded. The conventional method to prevent
      such an erroneous turn-on is to provide an isolation portion between the
      thyristor region 11 and the diode region 12 to isolate one from the other.
      Such an isolation portion may be formed, for example, by (1) extending one
      of the emitter layers of the thyristor region farther toward the diode
      region side than the other emitter layer by a sufficient distance, (2)
      forming a high impurity concentration layer in at least one of the bases
      of the diode region, spaced apart from the thyristor region by a
      sufficient distance or (3) splitting at least one of the main electrodes
      into two electrode portions near the boundary in such a manner that the
      two electrode portions are separated from each other by a sufficient
      distance. The details of such techniques are disclosed in U.S. patent
      application Ser. No. 55,313, filed July 16, 1970.
PAR  The provision of the isolation portion, however, does not lead directly to
      the realization of a diode-integrated thyristor well adapted for use in a
      chopper circuit, an inverter circuit or a horizontal deflection circuit of
      a television receiver. There still remain a few problems to be solved. The
      first problem is that of the isolation effect due to the isolation
      portion. Namely, in order to completely prevent the residual carriers from
      diffusing into the thyristor region, the width of the isolation portion,
      i.e. the distance of the isolation between the thyristor region and the
      diode region, must be extremely large, or the PN junction between the P
      and N bases must be split into two portions, i.e. a thyristor PN junction
      and a diode PN junction. Accordingly, the current and voltage capacities
      and the maximum operating temperature of the element are limited to rather
      small values. The second problem is that of excess recovery current
      through the diode region. In the actual operation of the diode-integrated
      thyristor, it often occurs that the thyristor region is forwardly biased
      again just after a large current has flowed through the diode region. When
      forwardly biased, the thyristor region need to have an ability to block
      the forward voltage. The ability to block the forward voltage applied
      again to the thyristor region during the commutation period depends on the
      rate dv/dt of increase in the applied voltage and the smaller is the rate
      dv/dt, the easier is the blocking of the voltage. It is therefore
      necessary to design the circuit in such a manner that the rate dv/dt is as
      small as possible. Usually, in order to reduce the rate dv/dt, a series
      circuit of a capacitor and a resistor is connected in parallel between the
      main electrodes of the diode-integrated thyristor, as shown in FIG. 2.
      (PRIOR ART). The recovery current which flows from the main electrode 3
      toward the main electrode 2 after a large current has flowed through the
      diode region, tends to increase until the PN junction in the diode region
      recovers the blocking ability. As soon as the blocking ability has been
      restored, the recovery current begins attenuating and simultaneously the
      circuit current takes its route through the C-R series circuit so that the
      capacitor C starts to be charged. At this time, a forward voltage having a
      steep rising appears across the main electrodes of the thyristor region
      due to the voltage drop across the resistor R. This forward voltage can be
      small if the resistance of the resistor R is small. However, if the
      resistance is made small, then the current due to the charges released
      from the capacitor C, when the thyristor region turns on by a gating
      signal, becomes large and the induced heat may injure the thyristor
      region, Therefore, the resistance of the C-R series circuit connected in
      parallel to the diode-integrated thyristor cannot be made too small
      without regard to the power to be switched on and off by the thyristor
      region. In the diode-integrated thyristor in which a large current flows
      through the diode region, the erroneous turn-on associated with dv/dt
      cannot be prevented by the mere provision of the C-R series circuit in
      parallel with the element. Consequently, the commutating characteristic
      cannot be improved to a satisfactory extent.
PAR  A saturable reactor may be connected in series with the diode-integrated
      thryistor, to reduce the peak value of the recovery current and the rate
      di/dt of change in current during the recovery time of the diode region.
      The saturable reactor serves to reduce the rate di/dt of decrease in
      current flowing through the diode region near the time when the current is
      commutated, the number of residual carriers existing during the recovery
      time and the peak level of the recovery current so that dv/dt after the
      recovery of the diode region (dv/dt of the voltage applied to the
      thyristor region) is also decreased. In this case, however, the recovery
      time in the diode region is rather long and therefore the commutation
      period is prolonged so that the range of controllable frequencies is
      limited to a low frequency. Moreover, if the number of the stored carriers
      in the diode region is so large, the saturable reactor is saturated during
      the recovery time of the diode region. Accordingly, from the time of
      saturation on, the recovery current increases rapidly and the thyristor
      region is erroneously turned on.
PAR  The second problem of the diode-integrated thyristor is the unevenness of
      the recovery times of the diode regions. If a plurality of
      diode-integrated thyristors connected in series which have different
      recovery times are operated, an excessive voltage is imposed upon a
      diode-integrated thyristor having the shortest recovery time, leading the
      thyristor to destruction. On the other hand, if a plurality of
      diode-integrated thyristors are used, connected in parallel, then the
      rates dv/dt of increase in the forward voltages applied to the respective
      thyristor regions vary and that thyristor region which has the longest
      recovery time is erroneously turned on. If a large current flows through
      each diode region and/or if the rate di/dt of decrease in the current is
      large, there are left a great many residual carriers, as described above.
      The residual carriers largely affect the recovery times of diode regions
      and the diodes having residual carriers will have a variety of recovery
      times. Moreover, in the case where a saturable reactor is connected with
      each diode-integrated thyristor, the recovery times increase, as described
      above, so that the unevenness of them will also be accompanied. In
      conclusion, the problem of the uneveness of the recovery times cannot be
      prevented where several diode-integrated thyristors are used, connected in
      series or parallel.
PAR  It is a first object of the present invention to provide a novel
      diode-integrated thyristor which is free from the adverse influence on the
      thyristor region during commutation by the residual carriers in the diode
      region.
PAR  A second object of the present invention is to provide a novel
      diode-integrated thyristor in which the recovery time is reduced by
      reducing the residual carriers in the diode region.
PAR  A third object of the present invention is to provide a novel
      diode-integrated thyristor which has a rather constant recovery time.
PAR  A fourth object of the present invention is to provide novel
      diode-integrated thyristors which can be used in series or parallel
      connections with one another.
PAR  A fifth object of the present invention is to provide a novel
      diode-integrated thyristor well adapted for use in a chopper or an
      inverter circuit, or a horizontal deflection circuit of a television
      receiver.
PAR  A sixth object of the present invention is to provide a novel
      diode-integrated thyristor which can withstand the very rapid rate of
      increase in the forward voltage applied across the thyristor region during
      the commutation from diode to thyristor region.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following description of the embodiments as shown in the
      accompanying drawings, in which:
PAR  FIGS. 1 and 2 are included for the purpose of explaining the prior art
      diode-integrated thyristor, FIG. 1a being a cross section of a
      conventional diode-integrated thyristor, FIG. 1b being an electrical
      equivalent circuit of the thyristor shown in FIG. 1a and FIG. 1c showing
      the voltage-current characteristics of the thyristor shown in FIG. 1a, and
      FIG. 2 illustrating a means for decreasing dv/dt during commutation;
PAR  FIG. 3 is a plan view of a diode-integrated thyristor as one embodiment of
      the present invention;
PAR  FIG. 4 is a cross section taken along line III - III in FIG. 3;
PAR  FIGS. 5, 6, 7, 8 and 9 are modifications of the embodiment shown in FIG. 3;
      and
PAR  FIGS. 10, 11, 12 and 13 are the cross sections of other embodiment of the
      present invention.
DETD
PAR  In the following, the present invention will be described by way of
      embodiments with the aid of the accompanying drawings.
PAR  FIGS. 3 and 4 show a first embodiment of the present invention. In this
      embodiment, the atoms of a material to form a recombination center are
      distributed only in the diode region of the diode-integrated thyristor so
      that the life time of the carriers in the diode region is shorter than
      that of the carriers in the thyristor region. Namely, a semiconductor
      substrate 21 has two principal surfaces 211 and 212 parallel to each other
      and is in a four-layer structure consisting of four layers having
      alternate conductivity types, i.e. P emitter layer P.sub.E, N base layer
      N.sub.B, P base layer P.sub.B and N emitter N.sub.E. PN junctions J.sub.1,
      J.sub.2 and J.sub.3 are formed between the layers having different
      conductivity types.
PAR  The P emitter layer P.sub.E and N emitter layer N.sub.E are so formed in
      the surfaces of the N and P base layers N.sub.B and P.sub.B and near
      peripheries of them that one surface of each of the N and P emitter layers
      N.sub.E and P.sub.E may be exposed. Moreover, the layers N.sub.E and
      P.sub.E are formed so as to approximately overlap when projected in the
      extending direction of the pair of principal surfaces. Thus, a four-layer
      region (referred to as a thyristor region) 21T consisting of such layers
      P.sub.E, N.sub.B, P.sub.B and N.sub.E as described above and having a
      function of thyristor and a two-layer region (referred to as a diode
      region) 21D consisting of the P and N base layers P.sub.B and N.sub.B and
      having a function of a diode, are defined. The P emitter layer P.sub.E in
      the thyristor region 21T has an extended portion 21S, which together with
      the N and P base layers lying thereon forms a three-layer isolation
      portion between the thyristor and diode regions 21T and 21D. In the diode
      region 21D, the atoms of a material for forming a recombination center for
      carriers, such as Au, Pt, Ni, Cu, Mn, In or Fe, are distributed. A first
      main electrode 22 on the principal surface 211 is in ohmic contact with
      the P emitter layer P.sub.E and the N base layer N.sub.B while a second
      main electrode on the principal surface 212 is in ohmic contact with the N
      emitter layer N.sub.E and the P base layer P.sub.B, and a gate electrode
      24 is provided on the surface of the P base layer P.sub.B in the thyristor
      region 21T. That portion of each principal surface which is occupied by
      the diode region 21D is usually 1 to 1/5 times that which is occupied by
      the thyristor region. The adoption of these dimensions is due to the fact
      that as soon as the diode region has been forwardly biased, current flows
      through the entire cross sectional area thereof while it takes a certain
      constant time for the turn-on region to occupy the whole domain of the
      thyristor region even after a portion of the domain has been turned on by
      means of the gate electrode. If the circuit current is small or if the
      rate  di/dt of increase in the current when the thyristor region is turned
      on is small, then it is unnecessary to take into consideration the time
      during which the turn-on region expands through the thyristor region. In
      this case, therefore, the areas occupied in the principal surface by the
      diode and the thyristor regions can be made equal. However, as the circuit
      current and di/dt increase, the relative area of the thyristor region must
      be increased accordingly. It has revealed through experiments for
      applications to various fields that the ratio of the area of the thyristor
      region to that of the diode region should be preferably chosen to be 1 : 1
      - 1/5.
PAR  With this structure, the life time of the carriers in the diode region 21D
      can be made shorter than that of the carriers in the thyristor region 21T.
      The reduction of the life time of the carriers in the diode region 21D
      causes not only the decrease in the residual carriers stored in the diode
      region but also the increase in the speed of the residual carriers
      vanishing through recombination. Accordingly, the residual carriers, which
      are diffused from the diode region 21D to the thyristor region 21T upon
      re-application of forward voltage to the thyristor region 21T and might
      cause the thyristor region 21T to be erroneously turned on, decreases so
      that an erroneous turn-on during commutation can be prevented. Moreover,
      the recovery current in the diode region 21D decreases in accordance with
      the decreases in the stored residual carriers and the life time of the
      carriers so that it is possible to decrease the rate dv/dt of increase in
      the voltage induced upon the re-application of the forward voltage, which
      could not be moderated through circuit design. This means, therefore, that
      the withstanding ability against the rate dv/dt of increase in the forward
      voltage applied to the thyristor region of the diode-integrated thyristor,
      is improved. In addition, as the number of the stored residual carriers
      decreases, the unevenness of the recovery times of the diode regions 21D
      of the completed devices is reduced, so that such a problem of connecting
      plural devices in series or parallel as described above can be eliminated.
PAR  As described above, the present invention has hitherto been described as
      applied to a diode-integrated thyristor having an isolation portion of
      three-layer lamination structure consisting of a P emitter layer P.sub.E,
      and N base layer N.sub.B and a P base layer P.sub.B, between its diode and
      thyristor regions. However, the present invention can also be applied to
      the following modifications.
PAC  [MODIFICATION 1]
PAR  As shown in FIG. 5, a high impurity concentration layer is formed in the N
      base layer N.sub.B of the diode region 21D of a diode-integrated
      thyristor, separated apart from the P emitter layer P.sub.E of the
      thyristor region 21T by a pretetermined distance, and the atoms of a
      material for forming a recombination center for carriers are distributed
      through the diode region 21D. Alternatively, such a high impurity
      concentration layer can be formed in the P base layer P.sub.B or in both
      the N and P base layers N.sub.B and P.sub.B instead of the N base layer
      N.sub.B.
PAC  [MODIFICATION 2]
PAR  As shown in FIG. 6, the main electrode 23 is split into two electrode
      portions 231 and 232, the former being in ohmic contact with the thyristor
      region while the latter being in ohmic contact with the diode region, and
      the gap between these electrode portions has a predetermined distance so
      that an isolation portion 21S is formed, and the atoms of a material for
      forming a recombination center are distributed throughout the diode region
      21D. Alternatively, the other main electrode 22 may be split instead of
      the one 23. The gap is filled with an oxide layer 25. These electrode
      portions are connected electrically with each other by means of a
      conducting member 26 kept in contact with or welded to them. Further, in
      this case, instead of splitting the main electrode, the main electrode may
      be so shaped as to be embossed at the portion which lies on the oxide film
      25 so as to receive the film in the resultant recess.
PAC  [MODIFICATION 3]
PAR  As shown in FIG. 7, a groove 213 having a predetermined width is cut
      between the diode region 21D and the thyristor region 21T of a
      diode-integrated thyristor to form an isolation portion 21S and the atoms
      of a material for forming a recombination center for carriers are
      distributed throughout the diode region 21D. Another groove may also be
      formed in the opposite principle surface. In this case, it is unnecessary
      to split the main electrode and it is only necessary to coat the inner
      surface of the groove with insulating film or to fill the groove with
      insulating material, with the insulating film or material overlaid with
      the electrode.
PAC  [MODIFICATION 4]
PAR  As shown in FIG. 8, the atoms of a material for forming a recombination
      center for the carriers are distributed throughout the diode region 21D
      and the isolation portion 21S. The structure of the isolation portion is
      not limited to that shown in FIG. 8 but may assume one of those shown in
      FIGS. 5, 6 and 7.
PAC  [MODIFICATION 5]
PAR  As shown in FIG. 9, the semiconductor substrate 21 has the thyristor region
      21T in its central portion and the diode region 21D in its peripheral
      portion and the atoms of a material for forming a recombination center for
      carriers are distributed throughout the diode region. The structure of the
      isolation portion 21S is not limited to that shown in FIG. 9 but may take
      one of those shown in FIGS. 5, 6 and 7. In addition, the atoms of a
      material for forming a recombination center for carriers may be doped also
      in the isolation portion.
PAC  [MODIFICATION 6]
PAR  This modification can be obtained by inverting the conductivity types of
      the respective layers of the diode-integrated thyristor shown in FIG. 3,
      4, 5, 6, 7, 8 or 9.
PAC  [MODIFICATION 7]
PAR  In the examples shown in FIGS. 3, 4, 5, 6, 7, 8 and 9, the diode region 21D
      surrounds the thyristor region 21T or vice versa, but the diode-integrated
      thyristor may be constructed in such a manner that the diode region and
      the thyristor region are disposed adjacent side by side to each other.
PAC  [MODIFICATION 8]
PAR  An isolation portion is formed by doping the atoms of a material for
      forming a recombination center in an intermediate portion between the
      diode and thyristor regions, having a predetermined width. Throughout the
      diode region are doped the atoms of a material for forming a recombination
      center for carriers, the concentration of the atoms being less than that
      of the atoms in the isolation portion.
PAR  The predetermined width or distance referred to in the descriptions of the
      first embodiment of the invention and is modifications is defined as the
      distance long enough to prevent the residual carriers stored in the diode
      region from diffusing into the thyristor region and causing the thyristor
      region to erroneously drive conductive.
PAR  FIG. 10 shows a second embodiment of the present invention. In the divice
      of this embodiment, a diode region 21D and the thyristor region 21T are
      disposed side by side and the atoms of a material for forming a
      recombination center for carriers are doped only in the diode region so
      that the life time of the carriers in the diode region may be shorter than
      that of the carriers in the thyristor region. If the current through the
      circuit in which the device is inserted (i.e. through the diode region) is
      small or if the rate di/dt of decrease in the current through the diode
      region is small, then the commutation characteristic can be improved by
      merely forming an isolation portion between the diode and thyristor
      regions. A diode-integrated thyristor used in a circuit which carries a
      small current and in which the rate of decrease in the current is small,
      usually has a small capacity and the provision of the isolation portion
      reduces the area through which current flows so that the utility factor of
      the semiconductor substrate becomes small. This is a drawback accompanying
      the provision of the isolation portion which improves the commutation
      characteristic. Since in this embodiment, the life time of the carriers in
      the diode region is made shorter than in the thyristor region, the
      commutation characteristic can be improved without forming any isolation
      portion and therefore the drawback inherent to the isolation portion can
      also be eliminated. The structure of this embodiment is not limited to
      that shown in FIG. 10 but several other modifications will be readily
      thought of by anyone skilled in the art in view of the preceding
      embodiment and its modified forms.
PAR  FIG. 11 shows a diode-integrated thyristor as a third embodiment of the
      present invention. This device is similar to that shown in FIGS. 3 and 4.
      In this case, however, the whole semiconductor substrate 21 is doped with
      the atoms of a material for forming a recombination center for carriers,
      the concentration of the material in the diode region being higher than in
      the thyristor region. With this structure, the life time of carriers in
      the diode region 21D can be shorter than that of the carriers in the
      thyristor region so that this embodiment can enjoy the same effect as the
      first embodiment. Since in this embodiment, the whole substrate is doped
      with the material for forming recombination centers, the device can be
      used in a circuit which is operated at a high frequency (high speed). It
      is also possible to modify this embodiment as in the case of the first
      embodiment. Namely, in each of the structures of the diode-integrated
      thyristors as the first to ninth modification of the first embodiment, the
      whole semiconductor substrate can be doped with a material for forming a
      recombination center for carriers in such a manner as followed in this
      third embodiment.
PAR  FIG. 12 shows a diode-integrated thyristor as a fourth embodiment of the
      present invention. In this embodiment, the diode region 21D and the
      thyristor region 21T are disposed adjacent to each other and both of them
      are doped with the same material for forming a recombination center, the
      concentration of the doped material being higher in the diode region 21D
      than in the thyristor region 21T. This embodiment has the same function as
      the second one and can be operated at a higher speed. It is possible also
      in this embodiment to provide various modifications in view of the second
      embodiment.
PAR  FIG. 13 shows a diode-integrated thyristor as a fifth embodiment of the
      present invention. In this case embodiment, as shown in the figure, the
      diode region 21D is made thinner by the width of the P emitter layer
      P.sub.E plus the N emitter layer N.sub.E than the thyristor region and
      each of the main electrodes 22 and 23 is split into the electrode portions
      respectively for the diode and thyristor regions, and the diode region 21D
      is doped with the material for forming a recombination center. Oxide films
      25 are provided around the peripheries of the electrode portions of the
      diode region. Moreover, in this embodiment, the isolation portion 21S is
      formed by extending the P emitter layer P.sub.E onto the surface of the N
      base layer of the diode region but it can also be formed in various
      manners described with the first embodiment. Further, only the diode
      region is doped with a material for forming a recombination center but it
      is also possible for the whole substrate to be doped with the same
      material so that the concentration of the material may be higher in the
      diode region than in the thyristor region. Also, the isolation portion 21S
      formed between the diode and thyristor regions 21D and 21T is not always
      needed, depending upon the field of application. Furthermore, the relative
      structures of the diode and thyristor regions are not limited to those
      shown in FIG. 13 in which the diode region 21D is surrounded by the
      thyristor region 21T, but it is possible either to surround the thyristor
      region 21T by the diode region 21D or to dispose the regions adjacent side
      by side to each other.
PAR  In the preceding embodiments and their modified forms, for the purpose of
      making the life time of the carriers in the diode region shorter than that
      of the carriers in the thyristor region, only the diode region is doped
      with a material to form a recombination center or the whole substrate is
      doped with the same material, with the concentration of the doped material
      in the diode region higher than that of the doped material in the
      thyristor region. However, other method such as the irradiation of the
      substrate by neutron rays and the getter effect can also be used for the
      same purpose. When the substrate is exposed to radiation from radioactive
      material recombination centers are formed in the substrate. Accordingly,
      by casting the radiation only upon the diode region or by exposing the
      whole substrate to the radiation but controlling the times of exposure so
      that the time of exposure for the diode region may be longer than for the
      thyristor region, the same effect as in the first to fifth embodiments can
      be obtained. On the other hand, a thin phosphorus layer or strain layer
      formed on the surface of the semiconductor substrate has in high
      temperature atmosphere an effect of a getter in which the atoms of a heavy
      metal to cause a recombination center in the substrate are absorbed.
      Therefore, if such a layer if formed on the surfaces of the thyristor
      region and subjected to heating, the number of the atoms of heavy a metal
      in the thyristor region is smaller than in the diode region, so that a
      diode-integrated thyristor having the same effect as in the first to fifth
      embodiments is obtained.
PAR  Moreover, in the preceding embodiments, a gate electrode is provided in the
      P base layer P.sub.B to fire the thyristor region but the firing means is
      not limited to one of those described above and shown in the figures. For
      example, a gate electrode provided on a layer other than the P base layer
      P.sub.B may be employed or an optical, electromagnetic or mechanical
      signal which needs no gate electrode may be used instead of an electric
      signal which must be applied through the gate electrode.
PAR  Now, the result attained according to the present invention will be
      numerically described below.
PAR  In a diode-integrated thyristor having a structure as shown in FIGS. 2 and
      3, operated at the ratings of 1250 V and 400 A, in which the whole
      substrate is uniformly doped with gold at a concentration of 5 .times.
      10.sup.13 atoms/cm.sup.3, the life time of carriers in either the diode or
      thyristor region was 10 .mu. sec. and the rate dv/dt of change in the
      voltage generated due to the C-R series circuit was 200 - 300 V/ .mu. sec.
      On the other hand, if the concentration in the diode region is increased
      up to 1 .times. 10.sup.14 atoms/cm.sup.3 while that in the thyristor
      region is kept unchanged, then the life time of carriers in the diode
      region is 1 - 2 .mu. sec and the rate dv/dt is 40 - 60 V/ .mu. sec. Thus,
      if the life time carriers in the diode region is made equal to a third to
      tenth of that of carriers in the thyristor region, then dv/dt of the
      voltage generated due to the C-R circuit is reduced by a factor of less
      than 1/5 so that the maximum allowable temperature of the diode-integrated
      thyristor can be increased by about 25 %. Moreover, in this case, the
      undesirable influence on the thyristor region by the residual carriers in
      the diode region can also be decreased, the commutation capacity can be
      doubled or the width of the isolation portion can be halved if the
      capacity is kept constant, and the unevenness of the life times, otherwise
      lying within a range of 1 to 10 .mu. sec., can be decreased to 0.5 to 2
      .mu. sec.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A diode-integrated thyristor device comprising:
PA1  i. a semiconductor body having two opposing principle surfaces and four
      layers of alternate conductivity type including
PA2  a. a first inner layer of a first conductivity type, having a portion
      exposed to one of said principal surfaces,
PA2  b. a second inner layer of a second conductivity type opposite said first
      conductivity type, having a portion exposed to the other principal surface
      and adjoining said portion of said first inner layer, thereby forming a
      first PN junction which laterally extends throughout said semiconductor
      body, said first inner layer being highly conductive relative to said
      second inner layer,
PA2  c. a first outer layer of said second conductivity type, formed in said
      first inner layer, thereby forming with said first inner layer a second PN
      junction the edge face of which is exposed to said one principal surface
      adjacent said portion of said first inner layer, and
PA2  d. a second outer layer of said first conductivity type, formed in said
      second inner layer at a position opposing to said first outer layer,
      thereby forming with said second inner layer a third PN junction the edge
      face of which is exposed to said other principal surface, whereby a four
      layer region is defined by said four adjacent layers and a two layer
      region juxtaposed with said four layer region is defined by said portions
      of said two inner layer;
PA1  ii. a first electrode in ohmic contact with the surfaces of said portion of
      said first inner layer and said first outer layer, at said one principal
      surface;
PA1  iii. a second electrode in ohmic contact with the surfaces of said portion
      of said second inner layer and said second outer layer, at said other
      principal surface; and
PA1  iv. control electrode means for triggering said device, in contact with the
      surface of one of said four layers, apart from both said first and second
      electrodes and said two layer region,
PA2  wherein said four layer region and said first and second electrodes and
      said control electrode means define a thyristor which conducts current in
      a first direction,
PA2  said two layer region and said first and second electrodes define a diode
      rectifier which conducts current in a second direction, and
PA2  said two layer region has recombination centers distributed
      therethroughout, the concentration of recombination centers in said two
      layer region being higher than that in said four layer region.
NUM  2.
PAR  2. A diode-integrated thyristor device as claimed in claim 1, wherein one
      of said four layer region and said two layer region surrounds the other of
      said four layer region and said two layer region.
NUM  3.
PAR  3. A diode-integrated thyristor device comprising:
PA1  i. a semiconductor body having two opposing principal surfaces and four
      layers of alternate conductivity type including
PA2  a. a first inner layer of a first conductivity type, having a portion
      exposed to one of said principal surfaces,
PA2  b. a second inner layer of a second conductivity type opposite said first
      conductivity type, having a portion exposed to the other principal surface
      and adjoining said portion of said first inner layer, thereby forming a
      first PN junction which laterally extends throughout said semiconductor
      body, said first inner layer being highly conductive relative to said
      second inner layer,
PA2  c. a first outer layer of said second conductivity type, formed in said
      first inner layer, thereby forming with said first inner layer a second PN
      junction the edge face of which is exposed to said one principal surface
      adjacent said portion of said first inner layer, and
PA2  d. a second outer layer of said first conductivity type, formed in said
      second inner layer at a position opposing said first outer layer, thereby
      forming with said second inner layer a third PN junction the edge face of
      which is exposed to said other principal surface, whereby a four layer
      region is defined by said four adajcent layers, and a two layer region
      juxtaposed with said four layer region is defined by said portions of said
      two inner layers;
PA1  ii. a first electrode in ohmic contact with the surfaces of said portion of
      said first inner layer and first outer layer, at said one principal
      surface;
PA1  iii. a second electrode in ohmic contact with the surfaces of said portion
      of said second inner layer and said second outer layer, at said other
      principal surface; and
PA1  iv. control electrode means for triggering said device, in contact with the
      surface of one of said four layers, apart from both said first and second
      electrodes and said two layer region;
PA2  wherein said two layer region includes an isolation region adjoining said
      four layer region and separating the remainder of said two layer region
      from said four layer region, said isolation region having such a large
      distance that a load current is prevented substantially from flowing in
      said isolation region and the charge concentration due to current flow in
      said remainder of said two layer region does not substantially extend into
      said four layer region,
PA2  said four layer region and said first and second electrodes and said
      control electrode means define a thyristor which conducts current in a
      first direction, and said remainder of said two layer region and said
      first and second electrode means define a diode rectifier which conducts
      current in a second direction and
PA2  said remainder of said two layer region has recombination centers
      distributed therethroughout, the concentration of recombination centers in
      said remainder of said two layer region being higher than that in said
      four layer region.
NUM  4.
PAR  4. A diode-integrated thyristor device as claimed in claim 3, wherein said
      second outer layer has an extension extending through said isolation
      region in said portion of said second inner layer to said remainder of
      said two layer region, whereby said isolation region is defined by said
      two inner layers and said extension.
NUM  5.
PAR  5. A diode-integrated thyristor device as claimed in claim 4, wherein one
      of said four layer region and said two layer region surounds the other of
      said four layer region and said two layer region.
NUM  6.
PAR  6. A diode-integrated thyristor device as claimed in claim 3, wherein said
      remainder of said two layer region has a layer of said second conductivity
      type, exposed to said other principal surface, said layer being higher in
      conductivity relative to the adjoining exposed portion of said isolation
      region.
NUM  7.
PAR  7. A diode-integrated thyristor device as claimed in claim 6, wherein one
      of said four layer region and said two layer region surrounds the other of
      said four layer region and said two layer region.
NUM  8.
PAR  8. A diode-integrated thyristor device as claimed in claim 3, wherein the
      thickness of at least one of said first inner layer and said second inner
      layer belonging to said isolation region is less than those belonging to
      said remainder of said two layer region and said four layer region.
NUM  9.
PAR  9. A diode-integrated thyristor device as claimed in claim 8, wherein one
      of said four layer region and said two layer region surrounds the other of
      said four layer region and said two layer region.
NUM  10.
PAR  10. A diode-integrated thyristor device as claimed in claim 3, wherein said
      isolation region has recombination centers the concentration of which is
      higher than that in said remainder of said two layer region.
NUM  11.
PAR  11. A diode-integrated thyristor device as claimed in claim 10, wherein one
      of said four layer region and said two layer region surrounds the other of
      said four layer region and said two layer region.
NUM  12.
PAR  12. A diode-integrated thyristor device comprising:
PA1  i. a disc-shaped semiconductor body having two opposing principal surfaces
      and including
PA2  a. a first inner layer of a first conductivity type having a first portion
      exposed to one of said two opposing principal surfaces,
PA2  b. a second inner layer of a second conductivity type, opposite said first
      conductivity type, having a first portion exposed on the other of said two
      opposing principal surfaces and disposed in contact with said first inner
      layer and defining therewith a first PN junction which extends laterally
      throughout said body,
PA2  c. a first ring-shaped outer layer of said second conductivity type, formed
      in said first inner layer and defining therewith a second PN junction
      which terminates at said one principal surface and adjoins said first
      portion of said first inner layer;
PA2  d. a second outer layer of said first conductivity type, formed in said
      second inner layer and defining therewith a third PN junction, an edge
      portion of which terminates at said other principal surface, adjoins said
      first portion of said second inner layer, and is circularly shaped;
PA1  ii. a first electrode in ohmic contact on said one principal surface with
      said first portion of said first inner layer and with the surface of said
      first outer layer;
PA1  iii. a second electrode in ohmic contact on said other principal surface
      with said first portion of said second inner layer and with the surface of
      said second outer layer; and
PA1  iv. control means, coupled to one of the first and second inner layers, for
      supplying a trigger signal thereto; and wherein
PA2  a four layer body region is defined by those portions of each of said inner
      and outer layers, the projections of which onto said principal surfaces
      overlap one another,
PA2  a two layer body region is defined by those portions of each of said inner
      layers exclusive of said outer layers, the projections of which onto said
      principal surfaces overlap one another, o
PA2  said four layer body region, said first and second electrodes and said
      control means defining a thyristor which conducts current through said
      body in a first direction,
PA2  said two layer body region and said first and second electrodes defining a
      diode rectifier which conducts current through said body in a second
      direction, opposite said first direction,
PA2  an isolation body region is defined by those portions of each of said inner
      layers and said second outer layer, the projections of which onto said
      principal surfaces overlap one another adjoin both said four layer body
      region and said two layer body region, and
PA2  said two layer body region and said isolation body region contain
      recombination centers distributed therethroughout to a concentration
      higher than that of recombination centers in said four layer body region.
NUM  13.
PAR  13. A diode-integrated thyristor device according to claim 12, wherein said
      second outer layer is ring-shaped.
NUM  14.
PAR  14. A diode-integrated thyristor device according to claim 12, wherein said
      second outer layer is disc-shaped.
NUM  15.
PAR  15. A diode-integrated thyristor device comprising:
PA1  i. a disc-shaped semiconductor body having two opposing principal surfaces
      and including
PA2  a. a first inner layer of a first conductivity type having a first portion
      exposed to one of said two opposing principal surfaces,
PA2  b. a second inner layer of a second conductivity type, opposite said first
      conductivity type, having a first portion exposed to the other of said two
      opposing principal surfaces and disposed in contact with said first inner
      and defining therewith a first PN junction which extends laterally
      throughout said body,
PA2  c. a first ring-shaped outer layer of said second conductivity type, formed
      in said first inner layer and defining therewith a second PN junction
      which terminates at said one principal surface and adjoins said first
      portion of said first inner layer;
PA2  d. a second outer layer of said first conductivity type, formed in said
      second inner layer and defining therewith a third PN junction, an edge
      portion of which terminates at said other principal surface, adjoins said
      first portion of said second inner layer, and is circularly-shaped;
PA1  ii. a first electrode in ohmic contact on said one principal surface with
      said first portion of said first inner layer and with the surface of said
      first outer layer;
PA1  iii. a second electrode in ohmic contact on said other principal surface
      with said first portion of said second inner layer and with the surface of
      said second outer layer; and
PA1  iv. control means coupled to one of the first and second inner layers, for
      supplying a trigger signal thereto; and wherein
PA2  a four layer body region is defined by those portions of each of said inner
      and outer layers, the projections of which onto said principal surfaces
      overlap one another.
PA2  a two layer body region is defined by those portions of each of said inner
      layers exclusive of said outer layers, the projections of which onto said
      principal surfaces overlap one another,
PA2  said four body region, said first and second electrodes and said control
      means defining a thyristor which conducts current through said body in a
      first direction,
PA2  said two layer body region and said first and second electrodes defining a
      diode rectifier which conducts current through said body in a second
      direction, opposite said first direction,
PA2  a portion of second inner layer within said two layer body region includes
      a first surface region of said second conductivity type and having an
      impurity concentration greater than the remainder of said second inner
      layer, disposed in said second principal surface of said body, and
PA2  said two layer body region including said first surface region contains
      recombination centers distributed therethroughout to a concentration
      higher than that of recombination centers in said four layer body region.
NUM  16.
PAR  16. A diode-integrated thyristor device according to claim 15, wherein a
      portion of said first inner layer within said two layer body region
      includes a second surface region of said first conductivity type and
      having an impurity concentration greater than the remainder of said first
      inner layer, disposed in said first principal surface of said body.
NUM  17.
PAR  17. A diode-integrated thyristor device according to claim 16, wherein said
      second outer layer is ring-shaped and said first and second surface
      regions are disc-shaped.
NUM  18.
PAR  18. A diode-integrated thyristor device according to claim 15, wherein said
      second outer layer is disc-shaped and said first surface region is
      ring-shaped.
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ABST
PAL  A collector-up binary structure of the type having spaced semiconductor
      regions forming a plurality of active devices for interconnection as a
      binary circuit is disclosed. The structure includes a semiconductor body
      of one conductivity having a planar surface, and spaced first, second,
      third and fourth transistors formed in said body. Fifth, sixth, seventh
      and eighth transistors are included, said fifth and sixth transistors
      being formed in the base regions of said second transistor and said
      seventh and eighth transistors being formed in the base region of said
      fourth transistor. Lead means provides ohmic contact to each of the
      respective regions of the respective transistors and interconnecting means
      is provided for connecting the plurality of active devices as a binary
      circuit. A structure further including ninth and tenth source transistors
      is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a bipolar semiconductor switching
      structure including the combination of a plurality of switching
      transistors. More particularly, this invention relates to a bipolar
      semiconductor switching structure suitable for collector-up or integrated
      injection logic circuitry and the interconnection of a plurality of active
      devices as a binary circuit.
PAR  Although binary semiconductor switching structures have heretofore been
      provided, such structures have generally required excessive semiconductor
      area, have consumed excessive power, do not successfully combine
      integrated injection logic and conventional transistor circuitry and have
      slow operating speeds. Thus there is a need for a high performance
      collector-up binary structure for interconnection as a binary circuit to
      perform logic functions.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide an
      improved performance, collector-up logic semiconductor structure which
      performs binary circuit functions.
PAR  It is a particular object of the present invention to provide an improved
      semiconductor collector-up injection logic structure which may be formed
      in relatively high density arrays and which is capable of greatly improved
      switching speeds.
PAR  The foregoing and other objects of the invention are achieved in a
      collector-up binary structure of the type having spaced semiconductor
      regions forming a plurality of active devices suitable for interconnection
      as a binary circuit. The structure includes a semiconductor body of one
      conductivity having a planar surface and spaced first, second, third and
      fourth transistors formed in said body. Fifth, sixth, seventh and eighth
      transistors are included said fifth and sixth transistors being formed in
      the base region of said second transistor. The seventh and eighth
      transistors are formed in the base region of said fourth transistor. Lead
      means is provided for ohmic contact to the respective regions of each of
      the respective transistors. Interconnection means is provided to connect
      the respective regions as a binary circuit.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the semiconductor structure interconnected
      as a binary circuit.
PAR  FIG. 2 is a top view of a semiconductor structure showing the respective
      device regions interconnected as a binary circuit.
PAR  FIG. 3 is a cross-sectional view of the FIG. 2 semiconductor structure.
PAR  FIG. 4 is a schematic diagram of the semiconductor structure interconnected
      as a binary circuit and including additional source transistors.
PAR  FIG. 5 is a top view of the semiconductor structure interconnected to form
      a binary circuit.
PAR  FIG. 6 is a cross-sectional view of the FIG. 5 semiconductor structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A plurality of collector-up binary structures are shown in the accompanying
      FIGS. 1-6. Briefly, the binary structure includes integrated injection or
      collector-up semiconductor structures uniquely combined in an integrated
      circuit structure. Collector-up structures are disclosed in co-pending
      applications COLLECTOR-UP SEMICONDUCTOR STRUCTURE AND METHOD, Ser. No.
      454,789, filed Mar. 26, 1974, invented by Lewis K. Russell and assigned to
      the present assignee. The collector-up structure uniquely integrates a
      switching transistor in combination with a source transistor which injects
      carriers into the switching transistor. The collector-up structure
      utilizes the uppermost regions formed in the semiconductor body as
      collector regions, hence the designation "collector-up" structures.
PAR  Collector-up binary structures have been disclosed in co-pending
      application COLLECTOR-UP LOGIC TRANSMISSION GATES, Ser. No. 487,756, filed
      July 11, 1974, invented by Lewis K. Russell and assigned to a common
      assignee. The binary circuit therein disclosed when implemented in a
      semiconductor structure occupies a substantial portion of the
      semiconductor body. In the present invention the binary circuit has been
      uniquely implemented in a semiconductor structure with a significant
      reduction in the required active regions and thus a reduction in the
      semiconductor area required.
PAR  Collector-up structures are preferred in the present invention because they
      may be formed in relatively high density arrays which operate at greatly
      reduced power levels. In a collector-up structure a relatively high gain
      source transistor is provided capable of efficiently injecting carriers
      into the base region of the switching transistor. For example, an NPN
      switching transistor may have an associated PNP source transistor. The
      source transistor may be vertically configured and provide betas from 40
      to 250. A supply voltage of 0.8 volts provides logic levels of
      approximately 0.7 volts and 0.02 volts. Collector-up structures may be
      uniquely combined to form a binary semiconductor structure as will now be
      seen.
PAR  Referring to FIG. 1, a schematic diagram of the collector-up binary circuit
      is shown. Control input terminal 13 is connected to bases 17 and 28 of
      transistors 16 and 26 respectively, and input terminal 14 is connected to
      bases 24 and 32 of transistors 21 and 29 respectively. The collectors 19
      and 22 of transistors 16 and 21 are connected to the input of the
      collector-up device 36. The connection is shown as a heavy line to
      indicate that the connection is physically accomplished by use of a single
      semiconductor region as will be seen. Collector-up device 36 is shown
      symbolically as a transistor having an open circle at base 39 indicating a
      source of injection via an associated source transistor. The emitter of
      the collector-up device is shown using an unshaded NPN transistor symbol,
      thereby indicating the conductivity of the switching transistor included
      in said collector-up device and further indicating that the emitter 38 is
      connected to the common semiconductor body or substrate. Collector-up
      device 36 has an equivalent circuit discussed in the previously referenced
      co-pending application COLLECTOR-UP SEMICONDUCTOR STRUCTURE AND METHOD,
      Ser. No. 454,789, filed Mar. 26, 1974. The equivalent circuit of device 36
      may thus be viewed as an NPN switching transistor having a base terminal
      39, an emitter 38 connected to the body and a collector 37. An additional
      associated source transistor may be a P-N-P transistor having an emitter
      connected to voltage supply means, a base connected to the semiconductor
      body and a collector connected to base 39 of the NPN switching transistor.
      Collector-up device 36 has a collector 37 connected to a base 43 of
      collector-up device 41. Device 41 has an emitter 44 connected to said body
      and a collector 42. Emitter 18 of transistor 16 and emitter 27 of
      transistor 26 are connected to collector 42. Collectors 29 and 31 are
      respective transistors 26 and 29 are connected to the base terminal 48 of
      collector-up device 46, said connection being via a common semiconductor
      structural region as will be seen. Collector-up device 46 includes an
      equivalent circuit as was previously discussed in conjunction with device
      36, and has an emitter 49 connected to said body and a collector 47
      connected to the base 53 of collector-up device 51. Collector 47 is also
      connected to emitter 23 of transistor 21 and to output terminal 71.
      Collector-up device 51 has an emitter 54 connected to said body and a
      collector 52 connected to output terminal 72. Emitter 33 of device 29 is
      connected to output terminal 72.
PAR  Referring to FIGS. 2 and 3, the top and cross-sectional views of the
      semiconductor binary structures are shown. The prime reference numbers
      correspond to the reference numbers of the FIG. 1 schematic diagram.
      Starting with a N conductivity body 11' plural P spaced regions 53' and
      the combination region including region 22', region 19' and region 39' are
      formed, said region 53' said combination region being formed in said body
      11' extending to surface 12'. Simultaneously P region 43' and the P type
      combination region of regions 48', 31' and 29' are formed in body 11'
      extending to surface 12'.
PAR  Next N spaced regions 24', 17' and 37' are formed entirely within the first
      combination region including regions 22', 19' and 39' extending to surface
      12'. Simultaneously N regions 32', 28' and 47' are formed in the second
      combination region including regions 48', 31' and 29' extending to surface
      12'. At the same time, spaced substantially parallel N-type stripe regions
      63' and 68' are formed in body 11' extending to substantially planar
      surface 12'. The regions extend laterally to overlap respective portions
      of regions 53' and 43', and the combination regions of (22', 19', 39') and
      (48', 31', 29'). Simultaneously N-type regions 52' and 42' are formed
      entirely within respective P-type regions 53' and 43' extending to surface
      12'. Next P-type regions 23' and 18' are formed within respective regions
      24' and 17' extending to surface 12'. Simultaneously P-type regions 33'
      and 27' are formed within regions 32' and 28' extending to surface 12'. At
      the same time P-type stripe source regions 62' and 67' are formed entirely
      within respective N-type regions 63' and 68' extending to surface 12'. P
      regions 62' and 67' extend laterally within the portions of respective
      stripe regions 63' and 68' which overlap portions of regions 53', 43',
      (22', 19', 39'), and (48', 31', 29').
PAR  Lead means and interconnect means is provided to contact and interconnect
      the various respective regions. Lead means may comprise ohmic metal
      contacts such as the formation of aluminum contacts with each of the
      respective regions, and interconnect means may comprise a patterned
      aluminum layer. The aluminum layer may be formed to simultaneously contact
      the respective regions and subsequently patterned to provide
      interconnection. Electrical interconnection is as previously described in
      conjunction with the FIG. 1 schematic diagram.
PAR  Turning to operation, an input signal having a first period T and having
      input C and complement C is provided at terminal 13 and 14 respectively.
      The signal is caused to propagate with time via the respective transistor
      pairs 16 and 26 and alternately 21 and 29, passing via collector-up
      structures 36 and 41 and alternately collector-up structures 46 and 51 to
      thereby provide an output signal at terminals 71 and 72 having a period
      2T. Suitable voltage means for operation of the circuit may be provided by
      connecting first terminal of a voltage supply to stripe regions 62' and
      67' and the second voltage supply terminal to the semiconductor body 11'.
PAR  Referring to FIGS. 4, 5, and 6, an additional embodiment of the binary
      structure is shown wherein the source transistors previously associated
      with collector-up structures 36 and 46 may be omitted and additional PNP
      devices 61 and 66 are provided. PNP device 61 includes emitter 62,
      connected to voltage supply terminal 58, base region 63 connected to the
      common ground or semiconductor body, and collector 64 connected to
      collector 42 of collector-up device 41. Similarly, device 66 has an
      emitter 67 connected to voltage supply terminal 58, a base 68 connected to
      the common ground or semiconductor body and a collector 69 connected to a
      collector 52 of collector-up device 51. It is to be noted in operation
      that the respective devices 61 and 66 are source transistors providing
      current for the respective collector-up devices for improved switching
      operation.
PAR  Referring to FIGS. 5 and 6, it is to be noted that the first P type
      combination region including regions 48', 31' and 29' and the P type
      second combination region including regions 22' and 19' and 39' have been
      spaced from the respective N type regions 63' and 68'. Moreover,
      additional P type regions 64' and 69', formed simultaneously with the
      previously described combination regions and regions 43' and 53' have been
      added to the structure. P regions 69' is formed in body 11' and extends to
      surface 12'. The combination of regions 67' and 68' extends laterally to
      overlap a portion of region 69'. Similarly, P type region 64' is formed in
      body 11' extending to surface 12'. The combination of regions 62' and 63'
      extends laterally to overlap a portion of regions 64'. The respective PNP
      devices 61 and 66 thus formed have lead means and interconnecting means
      connected to the respective regions thereof to interpose respective
      transistors 61' and 66' as previously discussed in conjunction with the
      schematic diagram of FIG. 4.
PAR  Thus it is apparent that there has been provided an improved performance,
      collector-up logic semiconductor structure for performing binary circuit
      functions. It is further apparent that the present invention provides an
      improved semiconductor collector-up logic structure which may be formed in
      relatively high density arrays and which is capable of greatly improved
      switching speeds.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a collector-up binary circuit structure of the type utilizing
      vertical active devices the structure comprising, a semiconductor body of
      one conductivity type having a planar surface, spaced first, second, third
      and fourth vertical transistors formed in said body including opposite
      conductivity base regions formed in said body extending to said surface,
      and one conductivity collector regions formed in the respective base
      regions extending to said surface, said body forming the emitter region
      for said transistors, fifth, sixth, seventh and eighth vertical
      transistors, and fifth and sixth transistors formed in the base region of
      said second transistor including spaced one conductivity regions formed in
      said base region and extending to said surface, said second transistor
      base region forming the collectors of said fifth and sixth transistors,
      said spaced one conductivity regions forming the respective base regions
      of said fifth and sixth transistors, and opposite conductivity regions
      formed in the respective base regions of said fifth and sixth transistors
      extending to said surface to form the emitter regions of said fifth and
      sixth transistors, said seventh and eighth transistors formed in the base
      region of said fourth transistor including spaced one conductivity regions
      formed in said base region and extending to said surface, said base region
      forming the collectors of said seventh and eighth transistors, said spaced
      one conductivity regions forming the base regions of said seventh and
      eighth transistors, and opposite conductivity regions formed in the
      respective base regions of said seventh and eighth transistors and
      extending to said surface to form the emitter regions of said seventh and
      eighth transistors and interconnecting means for connecting said structure
      as a binary circuit having first and second voltage supply terminals, said
      interconnecting means including means for connecting the base regions of
      said fifth and seventh transistors to a binary input, connecting the base
      regions of said sixth and eighth transistors to the complement of said
      binary input, connecting the collector region of the said third transistor
      to the emitter regions of said sixth and eighth transistors, connecting
      the collector region of said fourth transistor to the base region of said
      third transistor, connecting the base regions of said first and third
      transistors and the collector regions of said fifth, sixth, seventh and
      eighth regions to the first terminal of a voltage supply and the
      semiconductor body to the second terminal of a voltage supply, connecting
      the collector of said seventh transistor, the collector of said second
      transistor and the base of said first transistor to the binary output
      terminal, connecting the collector of said fifth transistor and the
      collector of said first transistor to the binary complement output
      terminal, so that a binary circuit is provided.
NUM  2.
PAR  2. A semiconductor structure as in claim 1 together with lead means for
      providing ohmic contact to each of the respective regions of each of the
      respective transistors.
NUM  3.
PAR  3. A semiconductor structure as in claim 1 together with means formed in
      said semiconductor body for injecting the carriers into said first,
      second, third and fourth transistors.
NUM  4.
PAR  4. A semiconductor structure as in claim 3 wherein said means includes
      source transistors formed in said body and associated with each of said
      first, second, third and fourth transistors.
NUM  5.
PAR  5. A semiconductor structure as in claim 4 wherein said first, second,
      fifth and sixth transistors are positioned along a first line at said
      surface, said third, fourth, seventh and eighth transistor are positioned
      along a second line at said surface substantially parallel to said first
      line and together with spaced stripe source transistors formed at right
      angles to said first and second lined devices and overlapping said first
      and seventh and said fourth and sixth transistors.
NUM  6.
PAR  6. A structure as in claim 5 together with ninth and tenth transistors
      interposed between said first terminal of said voltage supply, said ninth
      transistor including a one conductivity region formed in said body and
      extending to said surface, spaced from said collector region of said fifth
      and sixth transistors, said collector region forming the collector of said
      ninth transistor, the one conductivity region spacing said opposote
      conductivity region from the base region, and the opposite conductivity
      region connected to said first terminal of said voltage supply, the
      emitter region of said ninth transistor, and said tenth transistor.
PATN
WKU  039478661
SRC  5
APN  4751280
APT  1
ART  254
APD  19740531
TTL  Ion implanted resistor having controlled temperature coefficient and
      method
ISD  19760330
NCL  7
ECL  1
EXP  James; Andrew J.
NDR  1
NFG  11
INVT
NAM  Stellrecht; Hans H.
CTY  San Jose
STA  CA
ASSG
NAM  Signetics Corporation
CTY  Sunnyvale
STA  CA
COD  02
RLAP
COD  72
APN  373458
APD  19730625
PSC  03
CLAS
OCL  357 51
XCL  357 91
XCL  357 88
XCL  357 40
XCL  338 35
EDF  2
ICL  H01L 2702
FSC  357
FSS  40;91;51;88
FSC  338
FSS  35
UREF
PNO  3387193
ISD  19680600
NAM  Donald
OCL  357 40
UREF
PNO  3548269
ISD  19701200
NAM  MacDougall et al.
OCL  357 91
UREF
PNO  3578514
ISD  19710500
NAM  Lesk
OCL  357 40
UREF
PNO  3596347
ISD  19710800
NAM  Beale
OCL  357 40
UREF
PNO  3629782
ISD  19711200
NAM  Sahni
OCL  357 40
UREF
PNO  3683306
ISD  19720800
NAM  Bulthuis et al.
OCL  357 91
UREF
PNO  3697827
ISD  19721000
NAM  Simon
OCL  357 91
UREF
PNO  3725136
ISD  19730400
NAM  Morgan
OCL  357 91
UREF
PNO  3739237
ISD  19730600
NAM  Shannon
OCL  357 91
UREF
PNO  3796929
ISD  19740300
NAM  Nicholas et al.
OCL  357 91
UREF
PNO  3829890
ISD  19740800
NAM  Perloff et al.
OCL  357 91
OREF
PAL  Masking Technique for Ion Implantation, by Fairfield, IBM Technical
      Disclosure Bulletin, Vol. 13, No. 3, Aug. 1970, p. 806.
PAL  Trimming of Ion Implanted Resistor, by Wilbarg, IBM Technical Disclosure
      Bulletin, Vol. 13, No. 6, Nov. 1970, p. 1698.
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PAL  Ion implanted resistor having a semiconductor body of one conductivity type
      and having a planar surface with a region of opposite conductivity type
      formed in the semiconductor body which is defined by a PN junction
      extending to the surface. One portion of the region of opposite
      conductivity type in cross-section has a greater depth than the remaining
      portion whereby there is provided a resistance whose effective value is
      the value given by the parallel resistance of said one portion and the
      remaining portion to thereby provide a resistor having a controlled
      temperature coefficient.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 373,458
      filed June 25, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ion implanted resistors have heretofore been provided but in such resistors
      it has been very difficult to provide a resistor whose temperature
      coefficient was not dependent upon a number of conditions as, for example,
      the implantation dose, the anneal temperature and perhaps even the energy
      of implantation. In such prior art processes, it has been possible to
      obtain a negative temperature coefficient of approximately 5% to a
      positive temperature coefficient of possibly up to 20%. In addition, with
      such prior art processes, it has not been possible to provide two
      different resistors with two different temperature coefficients on the
      same die in the same circuit. There is, therefore, a need for a new and
      improved ion implanted resistor and a method for making the same.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The ion implanted resistor having a controlled temperature coefficient is
      comprised of a semiconductor body of one conductivity type and having a
      planar surface. A region of opposite conductivity type is formed in the
      body and is defined by a PN junction extending to the surface. One portion
      of said region of opposite conductivity in cross-section having a greater
      depth than the remaining portion of the region of opposite conductivity
      whereby there is provided a value of resistance whose effective value is
      the value given by the parallel resistance of said one portion and the
      remaining portion to provide a resistor having a controlled temperature
      coefficient.
PAR  In general, it is an object of the present invention to provide an ion
      implanted resistor having a controlled temperature coefficient and a
      method for making the same.
PAR  Another object of the invention is to provide a resistor and method of the
      above character applicable to integrated circuits.
PAR  Another object of the invention is to provide a resistor and method of the
      above character in which it is possible to provide two resistors with
      different temperature coefficients on the same chip or die.
PAR  Another object of the invention is to provide a resistor and method of the
      above character in which the resistor has an increased voltage capability.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments are set forth in
      detail in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-6 are cross-sectional views showing the steps in the process or
      method for making the ion implanted resistor.
PAR  FIG. 7 is a plan view of the completed ion implanted resistor shown in FIG.
      6.
PAR  FIGS. 8 and 10 are cross-sectional views showing alternative embodiments of
      the invention.
PAR  FIGS. 9 and 11 are graphs showing the temperature coefficients of the
      embodiments of the invention shown in FIGs. 8 and 10, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The ion implanted resistor incorporating the present invention is
      fabricated by taking a semiconductor body 11 which can be in wafer form of
      one conductivity type as, for example, N conductivity type having a
      resistivity of 5 ohm cm. The semiconductor body can be formed of a
      suitable semiconductor such as silicon. The semiconductor body 11 is
      provided with a planar surface 12 upon which there is formed a layer 13 of
      an insulating material as, for example, silicon dioxide, to a suitable
      thickness such as 2000 Angstroms. By way of example, the insulating layer
      13 can be formed of a thermally grown oxide which can be produced in a
      manner well known to those skilled in the art.
PAR  An opening or hole 14 is provided in the insulating layer 13 conventional
      photolithographic techniques to expose an area of the surface 12. The
      opening 14 can have any desired geometry as, for example, rectangular. For
      reasons hereinafter explained, it is desirable that the opening 14 have a
      size which is larger than the first ion implanted mask as hereinafter
      described. A thermally grown layer 13a of silicon dioxide is then formed
      in the opening 14 to a suitable depth as, for example, 2000 Angstroms. At
      the same time, the depth of the remaining portions of the insulating layer
      13 increases so that there still remains a recess 16 in the oxide layer 13
      which is in registration with the opening 14.
PAR  Means is then provided for forming a mask 17 on the surface of the
      insulating layer 13. The mask can be formed of any suitable material such
      as of a photoresist or aluminum. If aluminum is utilized, the aluminum can
      be evaporated onto the surface 17. Typically, the thick oxide layer 13 can
      have a thickness of approximately 3500 Angstroms, the thin layer 13a can
      have a thickness of approximately 1500 Angstroms, and the aluminum layer
      17 can have a thickness of approximately 1 micron.
PAR  A region 21 of opposite conductivity is then formed in the semiconductor
      body and is defined by a PN junction 22 extending to the surface 12. The
      region of P type impurity is formed by ion implantation as shown in FIG. 4
      by implanting boron to provide a dose of approximately 1.times.10.sup.15
      impurities per cubic cm. An ion implantation energy of 75 kev was
      utilized. However, energies ranging from 50 kev to 200 kev can be utilized
      if desired. The structure shown in FIg. 4 was annealed at a temperature of
      600.degree.C. for a period of 20 minutes. An annealing temperature ranging
      from 400.degree.C. to 950.degree.C. for a period of 1 minute to several
      hours can be utilized if desired.
PAR  From FIG. 4 it can be seen that the region 21 in cross-section varies in
      depth. As hereinafter pointed out, the temperature behavior of the
      semiconductor structure is dependent upon the depth of the ion implanted
      region 21. By way of example, one portion 21a having a width in
      cross-section designated by the letter a has a significantly greater depth
      as, for example, 1 micron than the depth of the other remaining portion
      21b of the region 21 and having a width indicated by the letter b and
      having a depth of approximately one-half micron. The effective combined
      resistance of the region 21 is given by the parallel resistance of the
      portion 21a and the portion 21b. The portion 21a, because of its greater
      depth, will have a lower temperature coefficient than the shallower
      portion 21b. Generally, the relative difference in temperature coefficient
      of these two portions is determined by the differences in depth of the two
      portions although there are other factors which have some effect upon the
      temperature coefficient.
PAR  The region 21 in cross-section having varying depths is obtained by
      implanting through different thicknesses of oxide masks as shown. Thus,
      the region of greatest depth is obtained where the oxide layer 13a is the
      thinnest, the other portion of the region 21 having a shallower depth is
      obtained because the ions must travel through a thicker oxide layer 13.
      The aluminum layer 17 serves to prevent ions from being implanted below
      the aluminum layer.
PAR  Prior to ion implantation, a suitable impurity such as boron is diffused
      through the openings (not shown) to form P+ contact regions 27 which
      extend into the semiconductor body 11 from the surface 12 to provide P++
      contact regions 27 which are positioned so that the extremities of the
      region 21 come into contact with the regions 27 when the region 21 is
      thereafter formed as shown in FIG. 5 which is a cross-setional view at
      right angles to the views shown in FIGS. 1-4. After ion implantation and
      annealing have been carried out, the aluminum layer 17 can be removed.
      Similarly, the oxide layer 13 can be removed to thereby strip the surface
      12.
PAR  Thereafter, another oxide layer 28 is grown on the surface 12 as shown in
      FIG. 6. Constact openings 29 are then formed in the oxide layer 28 which
      overlie the P+ regions 27. Metallization is then evaporated on the surface
      of the oxide 28 and then by suitable photolithographic techniques, the
      undesired metal is removed so that there remains metal leads 31 which are
      adherent to the oxide layer 28 and which extend through the openings 29 to
      make contact to the P+  regions 27 at the surface 12 which are at opposite
      ends of the P+ resistive region 21 to provide a completed resistor.
PAR  It should be appreciated that in conjunction with the foregoing the portion
      of the semiconductor body 12 shown in the drawing is merely a portion of
      the wafer which is being utilized in the fabrication of the resistor
      device and that the resistor can be one of a plurality of resistors and,
      in addition, the resistor can be a part of an integrated circuit comprised
      of a plurality of active and passive devices as, for example, transistors,
      diodes and capacitors to provide all the necessary elements for
      fabricating an integrated circuit.
PAR  In making the present invention, it has been found that it is possible to
      provide a resistor which has a controlled temperature coefficient. Thus,
      by providing the proper ratio of deeper regions to shallow regions, it is
      possible to provide a resistor having an effective zero TC. The specific
      value of the resistance is primarily determined by the geometry of the
      resistor as well as the annealing conditions utilized. By annealing at
      lower or higher temperatures, it is possible to obtain a relatively wide
      variation of resistance values. The annealing temperature will also have
      some effect upon the temperature coefficient and generally the temperature
      coefficient will increase with an increasing anneal temperature. With the
      present invention, it is posible to provide two resistors in the same chip
      while giving each resistor its own temperature coefficient. Alternatively,
      it is often desirable to have two resistors which have the same
      temperature coefficient so that they will track each other very
      accurately.
PAR  It also has found that in addition to being able to control the temperature
      coefficient of the resistor, it is possible to increase the voltage
      breakdown of the resistor. The increase voltage capability of the resistor
      is obtained by the fact that the junction curvature of the ion implanted
      resistor is flattened out to thereby provide a higher breakdown voltage.
      The junction curvature is the slope of the curve of the portion of the PN
      junction that extends to the surface. The curved portions have an average
      slope which is significantly reduced in the present invention. In
      addition, the curved portions extend over a relatively wide region. Each
      curved portion has at least one step therein. Thus, the breakdown voltage
      of a resistor can be increased or decreased depending on the surface
      concentration and also depending upon the thickness of the ion implanted
      regions. In certain cases, it may be desirable to provide a resistor
      having a lower breakdown voltage in parallel with other devices in the
      integrated circuit as, for example, an amplifier so that in the event of
      an excess voltage, the resistor would break down to protect the amplifier.
PAR  AS also pointed out previously, by utilizing the present invention it is
      possible to obtain negative and positive temperature coefficients. In FIG.
      8 there is shown a cross-sectional view of an ion implanted resistor which
      has a relatively narrow deeper portion 36a of an ion implanted region 36
      which is much narrower than the relatively wide shallower portion 36b of
      the same ion implanted region 36. For this reason, the properties of the
      shallower region dominate the characteristics of the temperature
      coefficient and, therefore, a positive temperature coefficient which is
      shown by the curve in FIG. 9 is obtained. Conversely, in FIG. 10, the
      deeper region 37a has a much greater width than the shallower region 37b
      of an ion implanted region 37, and for that reason the characteristics of
      the deeper region 37a dominate so that there is provided a negative
      temperature coefficient as shown by the curve in FIG. 11.
PAR  It is apparent from the foregoing that there has been provided a new and
      improved ion implanted resistor having a controlled temperature
      coefficient and a method for making the same. By the use of ion
      implantation, it is possible to provide such resistors having temperature
      coefficients ranging from a negative 5% to approximately a positive 20 %
      temperature coefficient. In addition to being able to control the
      temperature coefficient, it is found possible to obtain other desirable
      characteristics as, for example, to control the breakdown voltage of the
      resistor. In addition, it is possible to provide pairs of resistors in the
      same die which, if desired, can have the same temperature coefficients so
      that tracking is obtained or, alternatively, can have different
      temperature coefficients.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a semiconductor structure having an ion implanted resistor formed
      therein with controlled temperature coefficient, a semiconductor body of
      one conductivity type and having a planar surface, a region of opposite
      conductivity type formed in the body by ion implantation and being defined
      by a PN junction extending to the surface and serving as a resistor, one
      portion of said region in cross-section having a greater depth than the
      remaining portion of the region whereby there is provided a resistor
      having a resistance whose effective value is given by the parallel
      resistance of said one portion and the remaining portion which has a
      controlled temperature coefficient.
NUM  2.
PAR  2. A structure as in claim 1 together with a layer of insulating material
      on said surface of said body, and leads carried by said layer of
      insulating material and extending through said layer of insulating
      material and in contact with said region of opposite conductivity type.
NUM  3.
PAR  3. A semiconductor structure as in claim 1 wherein said other portion of
      said region of opposite conductivity type has a width which is greater
      than the width of the deeper one portion so that said region of opposite
      conductivity type has a negative temperature coefficient.
NUM  4.
PAR  4. A semiconductor structure as in claim 1 wherein said other portion of
      said region of opposite conductivity type has a width which is
      substantially greater than the width of the deeper one portion so that
      said region of opposite conductivity tpe has a positive temperature
      coefficient.
NUM  5.
PAR  5. A semiconductor structure as in claim 1 wherein said PN junction has
      curved portions extending to the surface which extend over a relatively
      wide region to provide greater voltage breakdown capabilities.
NUM  6.
PAR  6. A semiconductor structure as in claim 5 where said curved portion has
      steps therein.
NUM  7.
PAR  7. A semiconductor structure as in claim 2 together with contact regions
      formed in said semiconductor body and being of the same conductivity type
      as said region of opposite conductivity type and making contact with said
      region of opposite conductivity type and wherein said leads make contact
      with said contact regions.
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PAL  Semiconductor devices containing integrated circuits are attached directly
      to external package leads by pressing simultaneously a plurality of groups
      of leads against bonding pads on a plurality of face-up semiconductor dice
      and heating the composite structures. Solder bumps on the bonding pads
      contain hard pedestals which prevent the overlying leads from being pushed
      into the faces of the semiconductor devices while the solder on the solder
      bumps melts to form the bonds between the leads and the underlying
      semiconductor dice. The process for carrying out this operation lowers
      significantly the cost of each packaged semiconductor device and the
      resulting structure is more reliable than structures of the prior art.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to semiconductor devices and in particular to a
      process for bonding a semiconductor device directly to the leads from the
      package containing the device without the use of lead wires, and to the
      resulting structure.
PAR  2. Description of the Prior Art
PAR  One of the most expensive steps in the production of a semiconductor
      device, and in particular in the production of an integrated circuit, is
      electrically connecting the semiconductor chip to the leads from its
      package. Typically this is done by bonding the semiconductor chip to the
      bottom part of the package and then bonding lead wires from bonding pads
      (sometimes called contact pads) on the chip to the corresponding leads
      from the package. To form each connection between a bonding pad and the
      corresponding lead, a person must first direct a bonding tool to the pad
      and form a bond between the lead wire and the pad, and then direct the
      bonding tool to the package lead and bond the other end of the lead wire
      to this package lead. The formation of such electrical connections between
      the chip and the package leads is an expensive, time-consuming operation.
      After these bonding operations are completed, the top is placed on the
      package.
PAR  Automatic techniques to carry out this bonding have been proposed. One such
      technique places the semiconductor chip face down on the surface of a
      substrate having electrically-conductive package leads placed thereon.
      Bonding pads on the chip, which typically support solder bumps, are
      located above the ends of the package leads. Unfortunately, the fact that
      the solder bumps are face down and thus not visible makes it expensive to
      accurately align the bumps with the underlying leads and impossible to
      inspect visually the resulting bonds. Moreover, the thermal contractions
      of the package leads after the bumps have been melted and soldered to the
      package leads can induce thermal stresses in the device which reduce its
      reliability.
PAR  Another proposed technique places the semiconductor die onto package leads
      contained in a lead frame. An operator, using a split microscope showing
      both the bottom and top of the die, visually aligns the bumps on each die
      with the corresponding leads. The die and leads together are then heated
      to solder the die to the leads. Again, however, the leads are such that
      stresses are often induced in the bumps, leads or die after the leads have
      been soldered to the bumps. In addition, the operator must place each die
      onto its corresponding set of leads and then heat the die separately to
      form the bonds. Although not as time-consuming as having the operator form
      lead-wire connections between each die and its package leads, this is
      still an expensive and time-consuming operation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention overcomes some of the disadvantages of the prior attempts to
      reduce the cost of electrically connecting semiconductor dice to package
      leads. The technique of this invention requires only an initial
      calibration by an operator and then each set of package leads is
      automatically aligned with the appropriate dice.
PAR  According to this invention, a plurality of semiconductor dice are
      simultaneously bonded to corresponding groups of package leads by first
      placing the dice in a jig with their bonding pads up so as to be visible.
      Then, a plurality of groups of package leads contained in a set of such
      leads are placed over the dice and the set is aligned so that regions of
      the terminal portions of the leads in each group of package leads are just
      above the bonding pads on a corresponding underlying die. The dice in the
      jig have the same spacings as the lead groups in the lead set. Weights are
      then placed over each group of package leads in the set thus forcing
      selected parts of the terminal portions of the leads into contact with the
      underlying bonding pads. The jig with the dice, leads, and weights is then
      heated thereby to form permanent electrical connections between the leads
      and the underlying bonding pads.
PAR  To relieve thermal stresses, each lead contains a selectively bent section.
      In one embodiment this bend is U-shaped but bends of other shapes are also
      used. Each bent section deforms to relieve thermal stresses which
      otherwise would remain in the associated bonding pad or in the underlying
      semiconductor die to decrease the reliability of the packaged
      semiconductor device.
PAR  The dice, with leads attached, are then encapsulated in a selected
      packaging material. In accordance with this invention, each packaged
      semiconductor die is then either used as it is or further packaged in a
      second packaging material. This allows great flexibility in the uses to
      which the method and structure of this invention are put.
PAR  In an alternative embodiment of this invention, the semiconductor device
      with the leads attached can be used as an extended lead device. Different
      metals or their alloys can be used for the extended leads. Thus, for
      example, nickel, copper or plated metals can be used for the leads. Then
      the leads can be attached directly to outside package connections.
PAR  During the formation of the electrical connections between the package
      leads and the semiconductor dice, the leads wet and pull the solder
      contained in the bonding pad solder bumps along the leads, thus preventing
      solder from falling onto the faces of the dice. The actual bonding between
      the package leads and the semiconductor dice is carried out in an inert or
      non-oxidizing atmosphere. Minimum oxidation occurs in this atmosphere and
      thus the package lead surface completely wets. The resulting bonds have
      high pull strength. The resulting package-lead, semiconductor-die
      structure is corrosion resistant as very small amounts of corrosion
      susceptible metal such as aluminum (only that contained in the pedestals
      of the solder-bumps) are exposed. The wetting of the package leads ensures
      that solder electrically contacts at least one side of each package lead
      and usually all sides of each package lead in a spherical ball.
PAR  Once a set of package leads has been aligned such that part of the terminal
      portion of each lead in each group of leads falls above a corresponding
      bonding pad on a given size semiconductor die, the operator does not have
      to realign each subsequent set of leads. Thus this process is fast and
      efficient. The cost of a package containing devices bonded to the package
      leads by the method of this invention is considerably beneath that of
      prior art packages.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR   FIGS. 1a through 1d show plan and top views of two lead configurations
      suitable for use in this invention;
PAR  FIG. 2a shows a jig suitable for use in this invention to hold
      semiconductor dice;
PAR  FIG. 2b shows an isometic exploded view of a section of the jig shown in
      FIG. 2a together with a group of leads from a lead set and a weight to be
      placed on the lead group;
PAR  FIG. 2c shows an alignment tool used to align a set of leads 10 (FIG. 1c)
      with the bonding pads on semiconductor dice placed in the jig 20 of FIG.
      2a;
PAR  FIGS. 3a and 3b show in cross-section a portion of jig 20 (FIG. 2a)
      containing a semiconductor die, leads placed above this die and a weight
      on the leads;
PAR  FIG. 4a shows a semiconductor die with leads attached by the process of
      this invention;
PAR  FIG. 4b shows the semiconductor die and attached leads of FIG. 4a
      encapsulated in a first package;
PAR  FIG. 4c shows the package of FIG. 4b connected to a second set of leads;
PAR  FIG. 4d shows a second package formed around the first package shown in
      FIG. 4c to yield the familiar dual in-line package;
PAR  FIGS. 5a to 5c show typical cross-sections of solder connections to leads
      obtained using the process of this invention; and
PAR  FIGS. 6a and 6b show alternative stress relieving bends in leads
      appropriate for use with the process and structure of this invention.
DETD
PAC  DETAIL DESCRIPTION
PAR  A set of leads 10 -- placed in what is called a lead frame strip --
      suitable for use with this invention is shown in FIG. 1a. Strip 10
      contains N groups of leads 11-1 through 11-N, where N is a selected
      integer. Typically N is 10 although N can have other values as desired.
      However, when the number of lead groups in the strip becomes large,
      distortions introduced by the processing required to form the lead groups
      makes the dimensional accuracy of the strip less controllable. For
      convenience, this invention will be described using a lead frame strip.
      However, the groups of leads in each set can be arranged in other
      configurations so long as the jig in which the dice are placed conforms in
      configuration to the arrangement of the lead set. Thus groups of leads
      placed in square, rectangular or polar arrays, for example, are also
      appropriate for use with this invention. While this invention will be
      described in terms of each group of leads in a set containing 14 leads,
      other numbers of leads can also be used in each group.
PAR  As shown in FIG. 1a, each group of leads 11-n in strip 10 has 14 leads. n
      is an integer given by 1.ltoreq.n.ltoreq.N. As shown by lead group 11-1,
      leads 16-1 through 16-14 are equally spaced around the circumference of a
      circle. FIG. 1b shows this lead group in cross-section. As shown with lead
      16-1, a U-shaped bend 16b provides a relaxation joint for relief of
      thermal stresses. Bend 16b rises above the plane of the lead strip and
      allows the lead to contract or expand without unduly stressing the bond
      formed between the lead and the corresponding bonding pad on the die.
PAR  FIGS. 1c and 1d show an alternative technique for relieving stresses. As
      shown in lead group 11-2, lead 17-1 contains a U-shaped portion 17b
      formed in the plane of the lead frame strip. Portions 17b and 17c of each
      lead 17 are much narrower than section 17a of each lead to facilitate
      placing of the leads above the bonding pads on a semiconductor die. This
      structure has some advantages over the structure shown in FIGS. 1a and 1b
      in that the U-shaped section 17b can be formed simultaneously with the
      formation of the leads without requiring the bending of a lead after it
      has been formed. On the other hand, bend 16b -- shown in FIG. 1b
      associated with lead 16-1 -- is formed after lead 16-1 has been formed.
      Bend 16b thus shortens the lead by the amount of material moved out of the
      plane of the lead strip and also creates stress points in the lead by
      stretching the material on the outside of each bend and compressing the
      material on the inside of each bend. This leads to earlier fatiguing of
      the leads.
PAR  FIGS. 6a and 6b show a number of different lead configurations which can be
      used to relieve thermal stresses. For illustrative purposes only, the
      different configurations are shown all formed in one lead group in each
      figure.
PAR  FIG. 2a shows a jig suitable for use with a lead frame strip according to
      the principles of this invention. Jig 20 contains a plurality of
      receptacles 23-1 through 23-N which could be, for example, pins, hollows,
      slots, or flat-bottomed rectangular depressions, for receipt of a
      corresponding plurality of semiconductor dice 24-1 through 24-N. Shown as
      flat-bottomed rectangular depressions, each receptacle is oriented so that
      two of the corners (corners 28-1 and 28-3, FIG. 2b) of the receptacle fall
      on the longitudinal axis of the jig while the remaining two corners
      (corners 28-2 and 28-4, FIG. 2b) of each receptacle fall on a line
      perpendicular to this axis. These latter two corners are actually removed
      by thin channels 22-1 through 22-N formed perpendicular to the
      longitudinal axis of the jig and to the same depth as the receptacles.
      Channels 22-1 through 22-N allow removal of any small dirt particles which
      may fall into the receptacles. Semiconductor dice 24-1 through 24-N are
      placed in the receptacles, bonding pads up, and then are moved, typically
      by vibrating the jig, into one selected corner of the receptacle.
      Optionally, a longitudinal channel 26 of the same depth as receptacles
      22-1 through 22-N can be formed, as shown by the dashed lines, to the same
      depth as cross channels 22-1 through 22-N.
PAR  Holes 29-1 and 29-2 in jig 20 are designed to receive two pilots on an
      aligning tool. The inside diameters of holes 29-1 and 29-2 are
      considerably larger than the outside diameters of the pilots thereby
      allowing the pilots to move within these holes without moving jig 20.
PAR  Once the semiconductor dice have been placed in receptacles 23-1 through
      23-N and all similarly oriented, a lead frame strip 10, such as the strip
      shown in either of FIGS. 1a and 1c, is placed over jig 20. As shown
      schematically in FIG. 2b, the leads 17-1 through 17-14 in one lead group
      are oriented above bonding pads 27-1 through 27-14 on a corresponding
      underlying semiconductor die 24-i. Strip 10 is placed directly over the
      dice. Then jig 20 with strip 10 thereon is placed on alignment tool 70
      (FIG. 2c). Jig 20 is held against stops 73a, 73b and 73c. Pilots 72a and
      72b protrude through holes 29-1 and 29-2 in jig 20 and through
      corresponding smaller diameter holes 13b and 14(N-1) in strip 10. An
      operator moves pilots 72a and 72b by turning knobs 71a, 71b, 71c and 71d
      to align properly each group of leads 11-1 through 11-N with the bonding
      pads on the corresponding semiconductor dice contained in jig 20. Once
      pilots 72a and 72b have been properly positioned to secure this alignment,
      all subsequent lead frame strips placed on jig 20 will be properly aligned
      with respect to the underlying semiconductor dice of the same type when
      jig 20 is placed in aligning tool 70. Periodic checks by an operator can
      verify this alignment.
PAR  After the lead frame strip 10 has been aligned with the semiconductor dice
      held by jig 20, weights 30 (FIG. 2b) are placed over the lead frame strip
      to hold the leads firmly against the underlying bonding pads on the
      semiconductor dice. Typically weight 30 contains an opening 31 with a
      beveled edge 32 to prevent shadows from hindering a visual check of the
      alignment of the leads with the underlying bonding pads. Flanges 30a and
      30b on weight 30 center this weight on, and prevent this weight from
      sliding off, lead strip 10.
PAR  FIG. 3a shows in cross-section the n.sup.th section of jig 20 containing
      die 24-n. Shown on die 24-n are combination bonding pads and solder bumps
      27-1 through 27-14. The solder bumps are preferably of the type disclosed
      in U.S. Pat. No. 3,480,412 issued Nov. 25, 1969, to E. F. Duffek Jr. and
      I. A. Blech, and assigned to Fairchild Camera and Instrument Corporation,
      the assignee of this invention. The bump disclosed in the Duffek et al
      patent contains a hard pedestal on which is formed a selected solder. The
      hard pedestal prevents the die from collapsing onto the leads or vice
      versa during the soldering of the leads to the die. Without the hard
      pedestal, as the solder melts, the leads would be forced by the weight to
      the surface of the die. This would lead to possible short circuits and
      failures. The hard pedestal ensures that the leads, such as leads 17-4 and
      17-12 shown in cross-section in FIG. 3a, are held a carefully controlled
      distance above the surface of the die throughout the soldering process. As
      shown in FIG. 3a, leads 17-4 and 17-12 are pressed against the tops of
      bumps 27-4 and 27-12. Similar leads (unnumbered for simplicity) are shown
      on the tops of bumps 27-1, 27-2, 27-3, 27-13 and 27-14. Weight 30 presses
      against the roots of leads 17 and the structural rigidity of leads 17 is
      such that these leads are held firmly against the tops of the bumps.
PAR  FIG. 3b shows leads 17-4 and 17-11 after the soldering process. Solder on
      top of bump 27-4 has melted and wet the surface of lead 17-4. This solder
      runs along the surface of lead 17-4 preventing wet solder from dropping
      onto the surface of the die. When this solder solidifies, a firm bond is
      formed between the solder -- which ideally surrounds one whole portion of
      the lead -- and the lead. The U-shaped bend 17b in lead 17-4 expands to
      absorb the stresses induced by the cooling following the soldering
      operation. Weight 30 has ensured that leads 17 are firmly pressed against
      bumps 27 throughout the soldering operation.
PAR  It should be noted that it is not essential that the tips of the leads in
      each lead group fall directly over the bonding pads on a die. Rather, so
      long as the bonding pads on the dice are properly aligned along the radii
      occupied by the leads, a given lead strip can be used with a range of
      semiconductor die sizes. All that is required is that some portion of the
      lead between U-shaped bend 17b in the lead and the tip of the lead contact
      the underlying bonding pad. Thus a given jig and lead frame strip are to
      some extent universal, capable of being used with a variety of die sizes.
      Furthermore, the rectangularly-shaped receptacles 23 in jig 20 will
      accommodate a wide variety of different die sizes. Thus only a small
      number of different lead frame strips need be used with the jig of this
      invention to accommodate widely different die sizes.
PAR  FIG. 4a shows a semiconductor die with leads 17 attached to the die by
      means of solder bumps. Leads 17-1 through 17-14 are firmly attached to
      bumps 27-1 through 27-14. It should be noted that the tip of lead 17-2
      extends beyond bump 27-2 (not shown) and thus this lead is attached to its
      bump somewhere between its tip and the U-shaped bend. Leads 17 extend from
      the chip and when separated from the lead frame in which they are held,
      will remain cantilevered beyond the edge of the semiconductor die. Thus
      the die, with the leads attached, is a die with extended (i.e.,
      cantilevered) leads attached thereto. The material of the leads can be any
      electrically conductive material desired which is compatible with the
      underlying metallurgy of the semiconductor die and with the package
      materials.
PAR  As shown in FIG. 4a, package leads 17 are attached to the semiconductor die
      through solder bumps 27. The surface of the die is typically protected
      with vapox, a vapor deposited silicon oxide layer. The solder bump
      metallurgy is such that only a very small amount of aluminum is not
      covered either with solder or vapox. Hence the opportunity for package
      failure due to corrosion of aluminum is greatly reduced using the
      packaging technique and structure of this invention over prior art
      packaging techniques and structures.
PAR  Carrying out of the soldering operation in an inert atmosphere minimizes
      oxidation of the lead surfaces and thus ensures excellent wetting of these
      surfaces by the solder. Surface oxides impede such wetting. Leads 17 have
      a high pull strength, pull strengths two to three orders of magnitude
      higher than with prior art wire bonds being common. This bond makes an
      excellent electrical contact.
PAR  FIGS. 5a through 5c shows in cross section several of the bonds produced
      using the method of this invention. A portion of lead 17 is completely
      surrounded, as shown in FIG. 5a, by solder 61. This solder has melted and
      wet the surfaces of the lead and run along the lead to form the bond with
      the lead. Solder 61 rests on a nickel barrier layer 62 which in turn is
      formed on an aluminum pedestal 63. The aluminum 63 makes contact with the
      underlying region of a semiconductor device. As shown in FIGS. 5a through
      5c, only a very small portion of aluminum 63 is visible, the remaining
      exposed structure comprising solder, nickel or insulation on the top
      surface of the semiconductor die. FIGS. 5b and 5c show the resulting
      structure when lead 17 is slightly misaligned with the underlying bump and
      when lead 17 is drastically misaligned with the underlying bump,
      respectively. As shown in FIG. 5c, drastic misalignment still does not
      prevent the solder from flowing around the lead thereby forming a strong
      mechanical bond and good electrical contact with the lead.
PAR  FIG. 4b shows a package 40 formed around semiconductor die 24-n bonded to
      lead group 11-n. In this case, the leads shown protruding from package 40
      are leads 17-1 through 17-14 shown in FIG. 1c. This package is typically
      formed in a transfer molding operation using a plastic. Junction coating
      is usually, though not necessarily, applied to the semiconductor die prior
      to the transfer molding operation to protect the die.
PAR  The small package of FIG. 4b, typically called a "pill", can be used as it
      is, or alternatively, bonded, as shown in FIG. 4c, to leads contained in a
      larger lead frame of the type used in the so called dual-in-line or "dip"
      package. When used with the dip package, the leads 17-1 through 17-14
      protruding from package 40 are attached (a wide variety of ways, ranging
      from mechanical bonds to solder joints and combinations of these, can be
      used to carry out this attachment) to corresponding leads 51-1 through
      51-14 contained within lead frame strip 50. Next, the pill package is
      further encapsulated so as to cover the pill and leads 17-1 through 17-14
      protruding from the pill with a second packaging material, again typically
      another plastic. The resulting package 60, shown in FIG. 4d, has seven
      leads protruding from each side. These leads can be bent and the strip
      connecting adjacent leads removed so as to form the familiar dip package.
PAR  While several embodiments of this invention have been shown, it should be
      understood that other embodiments incorporating the principles of this
      invention will be obvious in view of this disclosure. In particular,
      embodiments using leads with other shapes as shown in FIGS. 6a and 6b to
      prevent thermal stresses from being induced in the bonds to the
      semiconductor die will be obvious in view of this disclosure.
PAR  Furthermore, the semiconductor die with leads attached as shown in FIG. 4a
      can be encapsulated directly into the dual-in-line package shown in FIG.
      4d if desired without use of the intermediate pill package shown in FIG.
      4b.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device which comprises:
PA1  a semiconductor die containing on one face thereof a plurality of solder
      bumps;
PA1  a corresponding plurality of electrically-conducting first leads attached
      to and held on the face of said die by said solder bumps, each lead
      containing a selectively shaped bend therein in a portion of the lead
      beyond the solder bump, said bend relieving thermal stresses induced in
      said lead;
PA1  first packaging material surrounding said semiconductor die and said leads
      to beyond said bends thereby providing a package for said semiconductor
      die from which protrude selected portions of said first leads;
PA1  a second group of leads attached on a one-to-one basis to said selected
      portions of said first leads protruding from said package, and
PA1  second packaging material surrounding and contacting on all exposed
      surfaces said first packaging material and covering all of the exposed
      surfaces of said first group of leads and portions of each lead in said
      second group.
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ABST
PAL  An air cooled converter assembly employing disc thyristors in which the
      disc thyristors are clamped between conducting heat sinks, arranged in
      pairs side-by-side transversely to their common axis, with the disc
      thyristor thereby clamped essentially parallel to the front surface of the
      arrangement with the heat sinks as viewed from the front having
      essentially the outline of an isosceles right triangle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to air-cooled converter assemblies employing disc
      thyristors in general, and more particularly, to an improved arrangement
      which permits arranging the disc thyristors such that they are essentially
      parallel to the front surface of the arrangement.
PAR  Air-cooled converter assemblies using disc thyristors have previously been
      developed. For example, in British Pat. No. 992,442, a plurality of disc
      thyristors are clamped together between heat sinks arranged in tandem. The
      power connections are made using terminal lugs on the conducting heat
      sinks. Because of the nature of the design, the disc thyristors are
      parallel to each other with their contact surfaces and all contact
      surfaces are at right angles to the front surface of the converter
      assembly. Clearly, this does not lead to ease of connection and requires
      large amounts of space.
PAR  Also previously known are liquid-cooled converter assemblies employing disc
      thyristors in which are individually clamped and arranted with their
      contact surfaces parallel to the front surface of the arrangement. An
      example of such a device is that disclosed in German Offenlegungsschrift
      No. 1,924,011. This type of design, with the disc thyristor surfaces
      parallel to the front surface and which has not been heretofore common in
      air-cooled converter assemblies is possible since, with liquid-cooled disc
      cells, heat sinks required are not as large as those required for
      air-cooled operation. A typical design of an air-cooled converter assembly
      using the thyristors arrangement of German Offenlegungsschrift No.
      1,924,011 is disclosed in detail in German Offenlegungsschrift No.
      1,913,546. From the arrangement disclosed therein, it is evident that the
      juxtaposition of large heat sinks results in a bulky design. Furthermore,
      from this disclosure, it is obvious that only threaded-stud thyristors
      with ratings smaller than those typically found in disc thyristors can be
      conveniently used. Using disc thyristors in this type of design would
      require even larger heat sinks and thus, more space.
PAR  Thus, there is a need for an air-cooled converter assembly employing disc
      thyristors which includes heat sinks which are large enough to dissipate
      the heat produced by the thyristors and at the same time are arranged in a
      space saving design.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides such an arrangement. In accordance with the
      present invention, a converter assembly having disc thyristors clamped
      between heat sinks, and which is air-cooled, has pairs of heat sinks
      arranged side-by-side in such a manner that the axes penetrating from the
      front surfaces of the heat sinks of a pair are essentially parallel to
      each other with a disc thyristor clamped between two heat sinks of a pair
      with its contact surfaces essentially parallel to the front surface of the
      pair of heat sinks and of the overall arrangement. Furthermore, the heat
      sinks are constructed so that as seen from the front surface, they have an
      outline which is essentially that of an isosceles triangle.
PAR  Preferably, in an arrangement of this type it is advantageous if two disc
      thyristors are jointly clamped with a respective two pairs of heat sinks
      to form an assembly which comprises essentially a retangular block having
      an essentially square base area. With such an arrangement, the heat sink
      in the rear can be made of a single piece and used for two disc
      thyristors. As seen from the front, it will then have an essentially
      square outline. In the preferred embodiment, the two disc thyristors of an
      assembly are clamped between their heat sinks using a spring element which
      is placed in an insulated manner across the front surfaces of the two heat
      sinks with an insulated screw brought to the center of the spring element
      from the front surface to a fastening device on the rear side of the
      assembly with the whole block-shaped assembly pressed together using the
      spring element and the screw connection.
PAR  With a design such as this with the parallel arrangement of the contact
      surfaces of the disc thyristors and the front surface of the apparatus,
      the equipment is easy to maintain permitting replacement of the thyristors
      of each pair without necessity of loosening the clamping of other
      thyristors while doing so. Each thyristor pair is individually accessible
      without affecting adjacent units. By dividing the rectangular,
      approximately square front surface for two adjacent pairs of heat sinks
      diagonally, a very compact design is obtained. In addition, a central
      arrangement of the disc thyristors with optimized heat removal is
      obtained. The thermal paths are approximately equal in all directions. By
      jointly clamping two adjacent disc thyristors, which in the case of a
      bridge circuit are usually used with a common current phase, it becomes
      possible to obtain substantially equal contact pressure for the two disc
      thyristors of a current phase, using the diagonally arranged leaf spring
      and screw connection. At the same time, using a common rear heat sink
      allows a single unit to provide individually clamped bridge elements
      belonging to a single current phase, thereby greatly simplifying the
      installation and making diverse applications of the assembly possible.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a plan view, partially in cross section illustrating two sets of
      two disc thyristors each, along with their heat sinks and associated fuses
      and connecting bus bars.
PAR  FIG. 2 is a front view of the arrangement of FIG. 1.
PAR  FIG. 3 is a second side view of a portion of the arrangement of FIG. 1,
      partially schematic in form, illustrating various interconnections.
PAR  FIG. 4 is a front view of a heat sink and thyristor arrangement of the
      present invention, showing the joint clamping of two disc thyristors.
PAR  FIG. 4a. is a partial sectional view of the clamping arrangement of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates two of what would normally be three assemblies according
      to the present invention. Although only two assemblies are shown,
      assemblies such as that to be described will normally be found in groups
      of three, particularly when used in three-phase bridge circuits. In the
      illustrated embodiment, the front of the overall assembly is in the left
      and the back to the right. A piece of insulating material 4 serves as the
      base member for the arrangement. The base 4 is provided with a plurality
      of feedthroughs 41 for connecting to the power bus bars 7 or power cables.
      The power bus bars are either connected directly to bosses 21 of the heat
      sinks 2, or to current carrying bars 8 which are arranged in an insulated
      manner running from the front of the assembly to the rear. At the front,
      for covering the thyristor assemblies at that point, plates 5, made of
      insulating material are installed, which plates have cutouts 51 for
      bringing out the connection bosses 22 of the heat sinks 2, along with the
      current carrying bars in a manner such that they are insulated. The heat
      sinks 2 between which the disc thyristors 1 are clamped, are thus situated
      between two plates of insulating material. As illustrated, the current
      carrying bar 8 is led in an insulated manner from the front to the rear.
      In order to permit insulation of the individual assemblies from each
      other, plates 6 of insulating material are also installed. When used in a
      bridge circuit, the two disc thyristors clamped between a pair of heat
      sink 2 will preferably be assigned to one current phase. In that case, the
      heat sink 2 at the rear can be made of a single piece for two disc
      thyristors so that the overall assembly will have an essentially square
      shape as seen from the front. This shape is more clearly illustrated on
      FIGS. 2 and 4, to be described in detail below. Also illustrated on FIG. 1
      are branch fuses 3. Branch fuses herein refer to fuses associated with the
      individual branches of the converter (in contrast to phase fuses which are
      fuses for each a-c circuit.) As shown, the branch fuses 3 are attached to
      the connection bosses of the heat sink 2. The fuses 3 are then connected
      by their connecting lugs 31 to lugs 81 of the current carrying bars 8 by
      means of a cable 32. By using the current carrying bar 8 running to the
      rear of the assembly, all power connections can be made from the rear and
      all control connections from the front.
PAR  FIG. 2 is a front view of the arrangement of FIG. 1. In this figure, the
      fuses have been omitted in the assembly to the right for sake of clarity.
      FIG. 2 illustrates clearly that the two pairs of heat sinks are arranged
      side-by-side in such a manner that the axes 24 of FIG. 1, which pass
      through the front surfaces 23 of the heat sinks of a pair, are parallel to
      each other. From this figure it is also clearly seen that the heat sinks
      as viewed from the front have an outline which is essentially that of an
      isosceles right triangle. The heat sinks, which are located below the
      plate of insulating material 5 (see FIG. 1) are shown in dotted lines. The
      connection bosses 22 of the heat sinks along with the current carrying
      bars 8 are brought through the cutouts 51 of the front insulating plate 5.
      The lugs 33 of the fuses 33 are connected to the connection bosses 22 of
      the heat sinks. With their second terminal 31, the fuses 3 are connected
      to the lugs 81 of the current carrying bars 8 through current carrying
      cables 32. The geometrical arrangement of the disc thyristors 1 is best
      illustrated by the assembly to the right where the disc thyristors are
      shown in broken lines. The indication on this figure of the cross section
      I-I shows the plane of the cross section of FIG. 1.
PAR  FIG. 3 is a side view of the arrangement of FIG. 1. Again, the geometrical
      position of the disc thyristors 1 is illustrated. The insulating plates 4
      and 5 insulate the arrangement at each side. The individual polarity of
      the bus bars 7 is shown to illustrate the fact that all power connections
      can be made from the rear. This figure illustrates particularly well the
      attachment of the fuse 3 which has its one lug 33 connected to a
      connection boss 22 of the heat sink and its other lug 31 connected to a
      lug 81 of the current carrying bar 8 through a current carrying cable 32.
      As illustrated, underneath the heat sinks 2, a separate space 30 is
      provided in which associated circuitry subassemblies may be placed. In
      this regard, it is also possible to assign a circuit separately to each
      disc thyristor. The dot-dash frame of the box 20 is indicated to
      schematically illustrate the fact that a driver group can be attached
      directly to the thyristor assembly. The driver assembly will
      advantageously be constructed, as a common assembly for driving all
      thyristors, on a single circuit board.
PAR  FIG. 4 illustrates the mechanical device used for clamping the disc
      thyristors between two heat sinks as viewed from the front. FIG. 4a. is a
      side view of a screw 91 and associated spring element 92. In assembling a
      thyristor assembly, the rear plate of insulating material 4 along with the
      rear heat sink made of a single piece serves as the base element. To this
      space element are then mounted in succession, the heat sinks and the disc
      thyristors. The heat sinks in front are covered at their front surface 23
      with plates 52 of insulating material to provide insulation for the spring
      element. At least one spring element 92 is placed over these cover plates
      with the spring element having a screw connection 9 provided in its center
      as viewed from the front. The front side of the thyristor assembly is
      tensioned against the rear side using the screw 91, the spring element 92
      and the insulating plates 52. Because of the design of the spring element,
      which is supported at three points, a uniform contact pressure for both
      disc thyristors of an assembly is achieved. The pressure provided by the
      screw connection 9 is distributed uniformly over both halves of the
      assembly by means of the spring element 92. After clamping, the front
      surface of the assembly is insulated from the outside by a plate of
      insulating material 5, as illustrated on FIGS. 1 and 3.
PAR  As illustrated on FIG. 1, the fins of the heat sinks 2 are arranged so that
      they are at right angles to the front surface 23 and to the bottom side 25
      of the arrangement, thereby forming air ducts through which cooling air
      may be passed, the ducts being formed by the heat sinks in combination
      with the front and rear insulating plates 5 and 4 respectively.
PAR  Thus, an improved air-cooled converter arrangement in which disc thyristors
      are clamped between pairs of heat sinks with the heat sinks having
      essentially the outline of an isosceles right triangle has been shown.
      Although a specific embodiment has been illustrated and described, it will
      be obvious to those skilled in the art that various modifications may be
      made without departing from the spirit of the invention which is intended
      to be limited solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an air-cooled converter assembly in which disc thyristors are clamped
      between electrically conductive heat sinks, an arrangement which saves
      space and permits ease of connection comprising:
PA1  a. a plurality of heat sinks each having a front surface, a back surface
      and a plurality of side surfaces, at least some of said heat sinks having
      front and back surfaces essentially in the shape of an isosceles triangle;
PA1  b. a plurality of disc thyristors each disc thyristor clamped between two
      heat sinks at least one of which has front and back surfaces in the shape
      of an isosceles triangle, said disc thyristors having their surfaces
      clamped in contact with the back surfaces of the heat sinks between which
      they are clamped, the heat sinks having essentially parallel front and
      back surfaces so that the contact surfaces of said disc thyristors are
      essentially parallel to the front surfaces of said heat sinks between
      which they are clamped; and
PA1  c. said disc thyristors grouped in pairs with each pair of disc thyristors
      jointly clamped between their associated pairs of heat sinks so that their
      associated heat sinks having front and rear surfaces shaped as an
      isosceles triangle lie adjacent each other along their hypotenuses.
NUM  2.
PAR  2. A converter assembly according to claim 1 wherein the two disc
      thyristors are clamped by means comprising:
PA1  a. at least one spring element placed over and contacting the front
      surfaces of the two front heat sinks of the thyristors;
PA1  b. means insulating said spring from said heat sinks;
PA1  c. a screw passing through the center of the spring element from the front
      surface and extending to the rear;
PA1  d. a fastening device engaging said screw at the rear whereby the
      block-shaped assembly is pressed together using said spring element and
      said screw connecting and fastening device.
NUM  3.
PAR  3. A converter assembly according to claim 2 wherein said fastening device
      is at the rear side of a heat sink made of one piece and which is common
      to two disc thyristors.
NUM  4.
PAR  4. A converter assembly according to claim 2 and further including a plate
      of insulating material, insulating said fastening device from said rear
      heat sink.
NUM  5.
PAR  5. A converter assembly according to claim 4 wherein said means for
      insulating said spring element from the front surfaces of said heat sinks
      comprises an individual insulating member covering each of said heat sink
      front surfaces.
NUM  6.
PAR  6. A converter assembly according to claim 5 and further including a first
      insulating plate covering each thyristor assembly at the front surface,
      and a second insulating plate covering each thyristor assembly at the rear
      surface.
NUM  7.
PAR  7. A converter assembly according to claim 6 wherein the cooling fins of
      the heat sinks are arranged at right angles to the front surface of the
      arrangement and to the bottom side thereof so as to form air ducts for
      cooling air between the first and second plates of insulating material.
NUM  8.
PAR  8. A converter assembly according to claim 7 and further including
      additional insulating plates insulating individual thyristor assemblies
      from each other. of each sink.
NUM  9.
PAR  9. A converter assembly according to claim 1 and further including current
      carrying bars running from the front surface to the rear surface of the
      assembly and means insulating said current carrying bars.
NUM  10.
PAR  10. A converter assembly according to claim 1 wherein each disc thyristor
      is clamped between a rear heat sink having front and back surfaces which
      are essentially square shaped and a front heat sink having front and back
      surfaces essentially shaped as an isosceles triangle, two of said front
      heat sinks being used to clamp the two disc thyristors to a single rear
      heat sink, with a plurality of said pairs of clamped disc thyristors and
      their associated heat sinks arranged side by side in said converter
      assembly.
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ABST
PAL  A semiconductor device composed of a semiconductor body having two zones
      which define a pn-junction between them, which device includes, for
      improving the high frequency characteristics of the device, a layer of
      insulating material disposed within the semiconductor body and separating
      the two zones from one another in the region surrounding the pn-junction.
BSUM
PAR  The invention relates to the production of a semiconductor device, and
      particularly to a transistor device consisting of a semiconductor body
      which is wholly or partially enclosed by insulating layers.
PAR  In the semiconductor art, transistors are produced primarily by the planar
      method. According to this method, a p-type base zone and an n-type emitter
      zone are usually produced by successive diffusion into an n-type silicon
      semiconductor body by means of the photo-mask technique, and then contact
      is made to these zones. The maximum oscillation frequency of a transistor,
      that is to say the frequency at which its maximum available gain has
      dropped to 1, is generally given by the expression
      ##EQU1##
      In this equation, r.sub.b represents the total base resistance, c.sub.c
      the collector capacitance and t.sub.ec the transit time of the charge
      carriers from the emitter to the collector terminal. In order to obtain a
      high maximum oscillation frequency for a transistor, it is therefore
      necessary to make the product r.sub.b c.sub.c t.sub.ec as small as
      possible.
PAR  The emitter-to-collector transit time t.sub.ec is composed additively of
      the emitter charging time t.sub.e, the base transit time t.sub.b and the
      collector transit time t.sub.c. The emitter charging time t.sub.e is known
      to be inversely proportional to the emitter current density and can easily
      be reduced to values below 10.sup.-.sup.10 sec. by the application of a
      large emitter current. However, since the emitter current also flows
      through the collector path resistance, its value must be maintained
      sufficiently low in order to avoid generating unnecessary heat. The base
      transit time t.sub.b is directly proportional to the square of the base
      thickness w and inversely proportional to the diffusion coefficient
      D.sub.n, for the case where electrons serve as minority charge carriers.
      In silicon, base transit times below 10.sup.-.sup.10 sec. are achieved
      when the base has a thickness of about 1 .mu. and is not too heavily
      doped. A light base doping is favorable for the reduction of the base
      transit time because the diffusion coefficient D.sub.n then approaches
      more closely to that of a pure lattice scattering of the electrons and
      which, in silicon for example, is higher by more than one order of
      magnitude than the value associated with Coulomb scattering at impurity
      centers. The collector transit time t.sub.c is directly proportional to
      the depletion layer width of the collector barrier layer and inversely
      proportional to the maximum velocity of the charge carriers. Since maximum
      electron velocities of some 10.sup.6 cm/sec. can be expected in silicon,
      for example, without causing carrier multiplication, the collector transit
      time through small barrier layer widths of, for example, about 10 .mu.
      assumes values of some 10.sup.-.sup.10 sec. Thus heavy doping of the base,
      and particularly the building-in of a drift field in a known manner,
      contributes to reducing the collector transit time by creating small
      barrier-layer thicknesses.
PAR  With regard to the base resistance r.sub.b, it is sufficient to rely on the
      base lead-in resistance inasmuch as the internal base resistance is in any
      case negligible. This is true because, with very high frequency
      transistors, the charge-carrier emission takes place, as is known, at the
      boundary of the emission region. In consequence, the base resistance can
      be kept low if either the base region is heavily doped outside the base
      drift area, or the base electrode is brought sufficiently close to the
      emitting emitter edges. In this connection, methods are already known for
      reducing the base lead-in resistance by heavy doping of the base region.
      It also has been proposed to produce a base groove by etching and to apply
      the low-resistance base contact at the bottom of the groove in the
      immediate vicinity of the emitting emitter edge.
PAR  In connection with the above formula, the collector capacitance c.sub.c
      deserves special attention. When the usual planar technique is employed,
      this capacitance is automatically predetermined by the base diffusion. An
      increase in the depletion layer width of the collector barrier layer, and
      hence a reduction in the collector barrier-layer capacitance, can
      certainly be achieved by effecting a base diffusion with a very flat
      diffusion profile. But in this case a collector diffusion capacitance is
      simultaneously added to the static collector capacitance so that the net
      collector capacitance c.sub.c is not reduced by this procedure. In
      addition, the last-mentioned measure has the disadvantage that it causes
      the base lead-in resistance and the collector transit time to be increased
      to an undesirable extent.
PAR  It is therefore an object of the present invention to increase the maximum
      oscillation frequency of semiconductor devices.
PAR  It is a more specific object of the present invention to reduce the
      collector capacitance of a semiconductor device, and particularly a
      transistor, in order to increase the maximum oscillation frequency of the
      device.
PAR  It is another object of the present invention to provide a novel method for
      manufacturing semiconductor devices, and particularly transistors.
PAR  According to the present invention, these objects are achieved by the
      provision of a semiconductor device including a semiconductor body having
      at least one zone defining a pn-junction formed in one surface thereof and
      at least one layer of insulating material disposed on the semiconductor
      body, which layer at least partially encloses the body and covers the
      edges of the junction defined by the at least one zone for bounding and
      passivating this junction.
PAR  In further accordance with the present invention, the transistors of the
      above-described type are produced by providing a monocrystalline
      semiconductor body having a first type of conductivity, disposing a layer
      of insulating material on the body in at least each region where a
      transistor pn-junction is to be formed, providing one opening in the layer
      for each pn-junction to be formed, and diffusing a region of the opposite
      conductivity type from that of the body through each opening to form a
      transistor pn-junction whose edges are bounded and passivated by the
      insulating material.
DRWD
PAR  Additional objects and advantages of the present invention will become
      apparent upon consideration of the following description when taken in
      conjunction with the accompanying drawings in which:
PAR  FIGS. 1a, 1b and 1c are partial, cross-sectional views showing three stages
      in the production of a transistor according to one embodiment of the
      present invention.
PAR  FIGS. 2a, 2b, 2c, 2d and 2e are cross-sectional views showing various
      stages in the production of a transistor according to a second embodiment
      of the present invention.
PAR  FIG. 3 is a cross-sectional view of a further transistor produced according
      to the present invention.
PAR  FIG. 4 is a cross-sectional view of a transistor produced according to yet
      another embodiment of the present invention.
PAR  FIG. 5 is a cross-sectional view of a transistor produced according to
      still another embodiment of the present invention.
DETD
PAR  One example of an embodiment of the semiconductor device produced according
      to the invention is shown in various stages of fabrication in FIGS. 1a to
      1c. Referring specifically to FIG 1a, there is shown a monocrystalline
      semiconductor body 1, for example a silicon semiconductor body of n-type
      conductivity, provided on one entire surface, preferably by thermal
      oxidation, with an insulating layer 2, for example of silicon oxide. Then
      the insulating layer 2 is partially removed, with the aid of a suitable
      mask, to leave isolated portions, as shown in FIG 1a, which lie upon the
      required emitter zones and which are somewhat larger than these zones.
      Then a p.sup.+-type diffusion of boron, for example, is carried out to the
      greatest depth possible (about 10 .mu.) and with the highest possible
      surface concentration, so that the diffusion zones 3 are formed in the
      semiconductor body 1. The presence of the remaining portions of layer 2
      leave the undiffused regions 4 of n-type conductivity, as shown in FIG.
      1a.
PAR  Thereafter, the remaining portions of the insulating layer 2 are removed
      and a base diffusion is carried out over the whole upper surface of the
      semiconductor device, for example by the diffusion in impurity atoms
      producing p-type conductivity, so that a diffusion layer 5 is formed,
      which layer may have a thickness of 4 .mu. for example, as can be seen in
      FIG 1b. Then the surface of the device is covered with an insulating layer
      6, preferably by thermal oxidation, followed by a polycrystalline
      semiconductor layer 7, preferably by deposition from the gaseous phase.
      Material is then removed from the underside of the semiconductor body 1,
      without disturbing its lattice structure, up to the level of the dash line
      in FIG. 1b. Since this removal extends somewhat into the p.sup.+-diffusion
      layer 3, the lower edges of the pn-junctions between regions 3 and 4
      become exposed.
PAR  Now, as is shown in FIG. 1c, the surface thus exposed is provided with an
      insulating layer 8, preferably by thermal oxidation, and windows are then
      formed in this layer by an etching process, which windows are precisely
      below the n-type collector regions 4 and are as large as, or slightly
      larger than, these regions. An n.sup.+-doped low-resistance semiconductor
      layer 9, for example, is now precipated, preferably from the gaseous
      phase, on to the last-mentioned side of the semiconductor device, and then
      the entire upper polycrystalline semiconductor layer 7 is removed, for
      example with the aid of selective etchants, down to the insulating layer
      6, as is shown in FIG. 1c. During the precipitation of the heavily doped
      semiconductor layer 9 and during the subsequent thermal stages of the
      process, the zone 10 diffuses out of the heavily doped semiconductor
      material of layer 9 and acts to passivate the exposed ends of the
      pn-junctions between regions 3 and 4. Then emitter windows 11 are etched
      in the insulating layer 6 above the n-type regions 4, and through these
      windows the emitter zones 12 are produced by a diffusion in of impurity
      atoms, of phosphorous for example, producing for example n-type
      conductivity down to such a depth that a base 13 having a thickness of
      about 0.2 to 0.5 .mu. is obtained. Finally, windows 14 are provided in the
      upper insulating layer for providing contacts for the base zone.
PAR  The semiconductor device produced in the manner described above has the
      great advantage that the thickness of the layer of the monocrystalline
      semiconductor body no longer represents the base thickness. In addition,
      it has the advantage of possessing a low-resistance base connection. In
      order to avoid the difficulties which would arise if the deep
      p.sup.+-diffusion of layers 3 required a long diffusion time or in order
      to obtain an even deeper p-type zone, and hence a greater layer thickness
      of the semiconductor body used, it is possible, according to the invention
      to effect a further p-type diffusion from the underside of the
      monocrystalline semiconductor body prior to the application of the
      insulating layer 8. Care must be taken, however, to ensure that this
      diffusion zone is re-doped again by the subsequently produced zone 10 in
      the collector region. On the other hand, if the doping concentration
      produced by the p-type diffusion from the underside of the semiconductor
      device is so great that redoping can not easily be carried out, then,
      according to the invention, the collector zone 4 may be masked during the
      last-described p-diffusion.
PAR  According to the invention, it is also possible to effect the production of
      the base zone after the removal of the semiconductor layer 7 by a
      diffusion through the windows in the insulating layer 6 prior to the
      emitter diffusion.
PAR  Another example of the invention is illustrated in FIGS. 2a to 2e. Diffused
      into a monocrystalline semiconductor body 21, for example of p-type
      conductivity, is a substance producing the same type of conductivity in
      such a manner that a diffusion profile is produced in the semiconductor
      body. A plurality of lines 22 indicating varying concentration levels are
      shown in FIG. 2a. Following this diffusion process, the surface of the
      semiconductor body is covered on all sides with an insulating layer 23,
      for example by thermal oxidation, for effecting the passivation of body
      21. Then the semiconductor device is covered with polycrystalline
      semiconductor material 24 in an epitaxial reactor in such a manner that
      the insulating layer covering one surface of the body 21 remains exposed.
PAR  Then portions are removed from that side of the resulting device which is
      not covered with polycrystalline material, for example by mechanical
      and/or chemical means, so that only a thin layer with a thickness of, for
      example, 10 .mu. remains of the body 21, as illustrated for a portion of
      the device in FIG. 2b.
PAR  The surface of the resulting thin semiconductor layer is then coated with a
      new insulating layer 25, for example a layer of silicon oxide, and windows
      26 are then formed in this layer, by etching for example with the aid of
      the photo-mask technique, as shown in FIG. 2c.
PAR  Then the device is again introduced into an epitaxial reactor and
      semiconductor material which, for example, is heavily doped far into the
      degenerate region of the opposite type of conductivity from that of
      semiconductor body 21, such as heavily doped n-type silicon, is deposited
      particularly on the insulating layer 25 and in the windows 26. This
      operation acts to create the supporting body 27 and, at least partially,
      the collector zones 28. According to the invention, it is possible to
      cause the collector zones 28 to penetrate still further into the
      semiconductor by means of an additional heat treatment. The auxiliary
      supporting layer 24 is then removed, for example by means of selective
      etchants which do not attack the insulating layer 23, so that a device as
      shown in FIG. 2d is obtained. During the removal of the layer 24, it is
      necessary to protect the epitaxially deposited layer 27, for example by
      coating the layer 27 with an insulating layer which is not attacked by the
      etchant. This insulating layer may, for example, be a thermally grown
      oxide of the semiconductor material which is later wholly or partially
      removed in order to permit contact to be made to the collector zone 28.
PAR  The following processing steps are then carried out in accordance with the
      usual planar technique: windows 29 are formed in the insulating layer 23,
      for example by etching, and then, for example, an n-type substance such as
      phosphorous is diffused into the semiconductor body through these windows
      to form emitters 30 for the transistors to be produced, as illustrated in
      FIG. 2e. Finally, windows 31 and 31' are etched in the insulating layer 23
      for contacting the base. Ohmic contacts 32 and 32' are then produced, for
      example by alloying in aluminium to form recrystallization zones.
PAR  The description of the embodiment of FIGS. 2 again indicates the essence of
      the invention, namely the "insertion" of an insulating layer in the
      collector path region and the production of the collector base pn-junction
      independently of the diffusion producing the base region. The collector
      base pn-junction is constructed in a known manner, in accordance with the
      planar technique, in the form of a passivated junction, i.e. it is
      disposed under the embedded insulating layer 25 opposite the emitter.
      Among the advantages possessed by a transistor device produced according
      to the method of the present invention are: a very low collector path
      resistance, and accordingly a high power dissipation or a low saturation
      voltage; a small collector junction area, and accordingly a low collector
      capacity; and the avoidance of a channel formation between the emitter and
      collector regions.
PAR  A technological difficulty encountered in the practice of the method of the
      present invention consists in giving the semiconductor layer 21 (FIG. 2b)
      a uniform thickness across the entire semiconductor arrangement. This
      problem is not critical, however, because it is known that it is possible
      to compensate for minor variations in the thickness of a transistor base
      by adjusting the working voltage level, i.e. by applying a suitable
      collector voltage.
PAR  Another example of a transistor device according to the present invention
      is illustrated in FIG. 3. The arrangement shown in FIG. 3 differs from
      that of FIG. 2 in that, for producing the FIG. 3 arrangement, a p-type
      substance is diffused into the semiconductor body 41, which has a p-type
      conductivity for example, through the base window 53 produced in
      insulating layer 43 in accordance with the usual planar technique, the
      concentration profile 42 being produced. Windows 46 and 46', through which
      the collector regions 48 and 48' are introduced, are produced by etching
      in the insulating layer 45. In this example of the transistor device
      according to the invention, therefore, the collector region is reduced to
      such an extent that the collector-to-base pn-junctions are only opposite
      the emitting edges of the emitter 50. Layer 47 is identical with the layer
      27 of FIGS. 2d and 2e.
PAR  A further example of the invention is shown in FIG. 4. It differs
      essentially from the example illustrated in FIG. 3 only in that base
      grooves 74 and 74' are provided in the semiconductor body and the bottoms
      of the grooves are coated with a conductive layer to form a base electrode
      in order to reduce the base resistance, and the base region is given a
      doping profile 62 across its entire extent prior to the application of
      insulating layer 43.
PAR  According to the invention, it is also possible to fabricate the proposed
      semiconductor device directly in a solid-state circuit, as indicated with
      reference to FIG. 5. For this purpose, a semiconductor body 81 having a
      doping profile 82, which is provided with an insulating layer 97 and a
      subsequently removed supporting body over it, is provided at its underside
      with recesses and then covered with an insulating layer 85 in which the
      windows 86 are then etched for permitting the diffusion of a collector 88.
      Then the semiconductor device is covered with heavily doped semiconductor
      material 87 which is subsequently worked to give it the form shown. Then
      the resulting layer 87 is covered with a fresh insulating layer 95 and
      with a fresh layer 96 of polycrystalline semiconductor material, and then
      the first-mentioned supporting body is removed from the semiconductor
      device in a known manner to such an extent that the arrangement shown in
      FIG. 5 is obtained. Windows are then formed in insulating layer 97 for the
      diffusion of emitter 50 and for making contact to the base 81. It is also
      possible to remove the upper supporting body and layer 97 and to then
      apply another insulating layer in which windows are formed for effecting
      the emitter diffusion and the making of contact to the base.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes, and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transistor comprising in combination: a body of semiconductor material
      of a first conductivity type having opposed planar major surfaces; an
      emitter region of the opposite conductivity type disposed in said
      semiconductor body adjacent one of said major surfaces and forming an
      emitter-base pn-junction with said body which extends to said one major
      surface; a layer of insulating material disposed on the opposite surface
      of said semiconductor body and having an aperture opening therein beneath
      said emitter region and having approximately the same lateral dimensions
      as said emitter region; a diffused collector region of said opposite
      conductivity type disposed within said semiconductor body adjacent said
      opposite surface and forming a collector-base pn-junction with said body
      which extends to said opposite major surface adjacent the edges of said
      aperture opening and beneath said insulating layer; a substrate member of
      low resistivity conductive material of said opposite conductivity type
      deposited upon said layer of insulating material and making ohmic contact
      to said collector region via said aperture opening at least one channel
      formed in said one major surface in said semiconductor body adjacent the
      emitting edge of said emitter-base pn-junction; and a conductive layer
      disposed at the bottom of said channel and ohmically contacting said
      semiconductor body to form a base electrode for said transistor.
NUM  2.
PAR  2. A transistor semiconductor device comprising in combination:
PA1  a semiconductor body including a monocrystalline collector zone of a first
      conductivity type and a completely monocrystalline base zone of the
      opposite conductivity type which extends to an upper surface of said
      semiconductor body, both of said zones defining a collector-base
      pn-junction; said semiconductor body further including an emitter zone of
      said first conductivity type disposed in said base zone and defining an
      emitter-base pn-junction therewith; at least one layer of insulating
      material disposed within said semiconductor body, said layer of insulating
      material separating said collector zone from said base zone except for a
      limited area beneath said emitter zone in which said collector-base
      pn-junction is defined; at least one channel formed in said upper surface
      of said semiconductor body within said completely monocrystalline base
      zone and adjacent the emitting edge of said emitter-base pn-junction; and
      a conductive layer disposed at the bottom of said channel and contacting
      said base zone to form a base electrode for said transistor.
NUM  3.
PAR  3. An arrangement as defined in claim 1, wherein said semiconductor body
      has a low-resistance part of said completely monocrystalline base zone
      surrounding at least its emitter junction.
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ABST
PAL  There is provided a receiving system for receiving the video signal for
      each one frame. The video signal is divided into line signals each
      corresponding to the horizontal scanning period and transmitted
      sequentially in such a manner that each line signal is inserted in a
      television signal during each vertical blanking period.
PAL  The line signals inserted in the transmitted television signal are
      separated therefrom and the separated line signals are selectively
      recorded on the odd and even field tracks of a rotary recording medium.
PAL  Switches for selectively recording the line signals on the even field and
      odd field tracks are controlled by the output of an odd/even field
      selection signal generating circuit. The number of revolutions of the
      rotating recording medium is determined so that the line signals
      selectively recorded on the even field and odd field tracks of the
      rotating recording medium are arranged in the correct order and without
      leaving any spaces between the line signals or causing the line signals to
      overlap with each other. When the video signals for one frame have been
      recorded on the rotating recording medium, the one-frame video signals
      recorded on the rotating recording medium are repeatedly read out to
      reproduce a still picture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a receiving system whereby a series of
      information signals divided into unit information signals, e.g., scanning
      line signals of a television signal and transmitted by being inserted in
      another signal, e.g., another television signal during predetermined time
      intervals (e.g., vertical blanking periods) are received, the unit
      information signals inserted in a time-division manner are separated from
      the second signal, the separated unit information signals are successively
      recorded on an endless type recording device to reconstruct the series of
      information signals, and these signals are then supplied to a reproducing
      device, e.g., a cathode ray tube or speaker to reproduce the original
      series of information signals.
PAR  More particularly, the present invention relates to a receiving system by
      which is received the information signal for each picture frame which is
      divided into line signals corresponding to the scanning lines in the frame
      and transmitted by being inserted in another television signal during the
      vertical blanking periods. The received scanning line signals are
      separated from the second television signal and are recorded on an endless
      type recording device, whereby the recorded signals are read out to
      reproduce the picture frame on an image display apparatus.
PAR  2. Description of the Prior Art
PAR  Heretofore, it has been known in the art to transmit the facsimile signal
      for one or several scanning lines by inserting the signal in a television
      signal during a portion of each vertical blanking period. At a receiving
      system, the facsimile signals transmitted during the vertical blanking
      periods are separated from the television signal and are then reproduced
      on a sheet of paper.
PAR  According to the Japanese Standard Television System, the vertical blanking
      period of a television signal is 1/60 second. To eliminate any
      deteriorating effects on the synchronizing signal regeneration circuit of
      a receiver for receiving the television signal, the maximum time interval
      that can be utilized for the insertion of such information signal during
      each vertical blanking period is on the order of several horizontal
      scanning periods. Consequently, a considerable time will be required, if
      the facsimile signals for one picture frame are transmitted by utilizing
      the vertical blanking periods. However, since the receiver for the
      facsimile signals is required only to successively record on a sheet of
      paper the facsimile signals received during the vertical blanking periods,
      the facsimile signals transmitted during the vertical blanking periods on
      a time-division basis can be easily reproduced.
PAR  However, when one still picture frame transmitted by being inserted in a
      television signal during its vertical blanking periods is to be received
      to reproduce the still picture, if the video signal for about one to five
      horizontal scanning lines which was inserted in the television signal at
      intervals of 1/60 second are supplied to an image display apparatus in the
      order of receiption, it is impossible to reproduce the still picture due
      to the peristance characteristic of the image display apparatus that last
      only for a very short period of time.
PAR  To obtain a still picture, it is necessary that the video signal for one to
      five horizontal scanning periods which is transmitted during each vertical
      blanking period be recorded on an endless type recording device such as a
      magnetic disc in such a manner that no space is left between the
      successively transmitted signals or the signals successively transmitted
      are not allowed to overlap with each other. In other words, generally a
      magnetic disc is rotated at a constant speed, and the video signal
      transmitted during each vertical blanking period must be recorded on the
      magnetic disc rotating at the constant speed in such a manner that no
      space is left between the signals or the signals are not allowed to
      overlap with each other. However, no system or apparatus is known in the
      art whereby signals transmitted during predetermined time intervals are
      recorded on such a magnetic disc or the like in the manner just described.
      The signals recorded on the magnetic disc are read out repeatedly to
      reproduce a still picture on an image display apparatus. In this case, it
      is essential that interlacing of the odd and even fields be accomplished
      satisfactorily. In addition, when transmitting the color still picture
      signals for one frame during the vertical blanking periods, the phase of
      the chrominance subcarrier must be varied continuously for each horizontal
      scanning period. However, no receiving system is known in the art which
      solves all of these deficiencies and in which video signals transmitted
      during predetermined time intervals are recorded on an endless type
      magnetic disc, whereby the recorded signals are read out to reproduce a
      still picture on an image reproducing apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a receiving system for
      receiving the information signal for each picture frame which is divided
      into unit information signals and which is transmitted in such a manner
      that the unit signals are inserted in a television signal during the
      vertical blanking periods, whereby a still picture is reproduced from the
      received unit information signals.
PAR  It is another object of the present invention to provide a receiving system
      whereby of the static still picture signals for one picture frame which
      are transmitted at predetermined time intervals, the signals each
      corresponding to one or several horizontal scanning periods are
      continuously recorded on an endless type recording and reproducing
      apparatus and the recorded signals are then reproduced.
PAR  It is still another object of the present invention to provide a receiving
      system whereby of the color still picture signals for one picture frame
      which are transmitted at predetermined time intervals, the signals each
      corresponding to one or several horizontal scanning periods are
      continuously recorded on an endless type recording and reproducing
      apparatus and a color still picture is reproduced from the recorded
      signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a signal waveform diagram showing an exemplary form of a
      transmitting signal suitable for reception by a receiving system according
      to the present invention.
PAR  FIG. 2(a) is a diagram showing the order in which the still picture signals
      for one frame are transmitted;
PAR  FIGS. 2(b) and 2(c) are diagrams showing the signal arrangement in which
      the line signals transmitted in a time-division manner are recorded on a
      recording device; and
PAR  FIG. 2(d) is a diagram showing the arrangement of the line signals recorded
      on the recording device.
PAR  FIG. 3 is a block diagram showing an embodiment of the receiving system
      according to the invention illustrated with reference to FIG. 2.
PAR  FIG. 4 is a signal waveform diagram showing an exemplary form of the
      picture index signal used with the embodiment of FIG. 3.
PAR  FIG. 5 is a block diagram showing an exemplary form of the picture index
      signal detecting circuit used in the embodiment of FIG. 3.
PAR  FIG. 6 is a block diagram showing an exemplary form of the delayed
      synchronization generating circuit used in the embodiment of FIG. 3.
PAR  FIG. 7(a) is a diagram showing the order in which the still picture signals
      for one frame are transmitted;
PAR  FIGS. 7(b) and 7(c) are diagrams showing the signal arrangement in which
      the line signals transmitted in a time-division manner are recorded on a
      recording device; and
PAR  FIG. 7(d) is a diagram showing the arrangement of the signals recorded on
      the recording device.
PAR  FIG. 8 is a block diagram showing a second embodiment of the receiving
      system of this invention illustrated with reference to FIG. 7.
PAR  FIG. 9 is a diagram showing the phase relations of the chrominance
      subcarrier of the color video signals recorded on the rotary recording
      medium used in the embodiment of FIG. 3.
PAR  FIG. 10 is a block diagram showing the arrangement useful for restoring the
      continuity of the chrominance subcarrier having the phase relations shown
      in FIG. 9.
PAR  FIG. 11 is a diagram showing the phase relations of the chrominance
      subcarrier signal in the color video signals recorded on the rotary
      recording medium used in the embodiment of FIG. 8.
PAR  FIG. 12 is a block diagram showing the arrangement for restoring the
      continuity of the chrominance subcarrier having the phase relations shown
      in FIG. 11.
PAR  FIG. 13 is a signal waveform diagram useful for explaining the operation of
      the circuitry shown in FIG. 12.
PAR  FIG. 14 is a block diagram showing an exemplary form of an even field pulse
      separation circuit used in the arrangement of FIG. 12.
PAR  FIG. 15 is a signal waveform diagram useful for explaining the operation of
      the even field pulse separation circuit shown in FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will now be described in greater detail with
      reference to the illustrated embodiments.
PAR  Referring first to FIG. 1, there is illustrated an exemplary form of the
      transmitted signal which was obtained when a series of information signals
      took the form of the video signal for one frame and the video signal for
      only one horizontal scanning period of the frame was inserted in a
      television signal during the vertical blanking period. In FIG. 1, numeral
      1 designates a vertical blanking period, 2 and 3 equalizing pulse
      intervals, 4 a vertical synchronizing interval, 5 a blanking interval.
      Numeral 6 designates a picture index signal used as an identification
      signal for determining the identity of a particular one of the video
      signals for several frames which are transmitted in a time-division
      manner, and it is added to the beginning and the end of each of the video
      signals transmitted in a time-division manner. This picture index signal
      may be composed for example of a seven-bit pulse train 1010101. When it is
      desired to transmit the video signals from a plurality of channels in a
      time-division manner, the arrangement of pulses in the picture index
      signal 6 may be changed to receive the video-signal from the desired
      channel. Numeral 7 designates an identification signal for a line video
      signal 8 corresponding to one horizontal scanning line period in the
      frame, that is, a line index signal which is composed of the same pulse
      train 1010101 as the picture index signal 6. If the line video signal is
      added in the proper time relation following the picture index signal 6,
      the line index signal 7 may be eliminated by the insertion of the picture
      index signal 6 in each vertical blanking period of the television signal.
      Numeral 9 designates a television video signal which has no bearing on the
      information signal received by the system of this invention. In this case,
      since the line signal 8 represents the signal for one scanning line period
      in the still picture signal for one frame, it does not always consist of a
      signal representing video information, but it may consist of a vertical
      synchronizing signal or one which represents the vertical blanking period.
      With the transmitting signal composed as described, the video signal for
      one frame may be transmitted within a time period of 525/60 .apprxeq. 9
      seconds.
PAR  When this transmitting signal is received at the receiving side, the
      picture index signal 6 is discriminated to detect the beginning of a
      particular picture frame and the succeeding line signals for one frame are
      stored in a line sequential manner on a rotary recording medium.
PAR  The still picture signal for one frame is divided into line signals 8
      including H.sub.1 to H.sub.525. Where the still picture signal for one
      frame is transmitted by inserting the odd field line signals 8 in the
      vertical blanking periods for the odd fields and the even field line
      signals 8 in the vertical blanking periods for the even fields, as shown
      in FIG. 2(a), the line signals H.sub.1 to H.sub.525 are transmitted at
      intervals of 262.5 T.sub.H (where T.sub.H = one horizontal scanning
      period) in the order of H.sub.1, H.sub.263, H.sub.2, H.sub.264, . . . ,
      H.sub.262, H.sub.525. The line signals 8 thus transmitted are recorded on
      an endless recording device such as a rotary recording medium. This rotary
      recording medium may be either of the one-frame-per-one-track
      configuration or the one-field-per-one-track configuration, i.e., one
      including two tracks of an odd field track and an even field track. FIGS.
      2(b) and 2(c) show the signal arrangement in which the line signals are
      recorded on the rotary recording medium having the odd field and even
      field tracks. With this rotary recording medium, in order that the line
      signals H.sub.1, H.sub.2, H.sub.3, . . . , H.sub.262 inserted in the
      vertical blanking periods for the odd fields may be continuously recorded
      on the odd field track and the line signals H.sub.263, H.sub.264,
      H.sub.265, . . . , H.sub.525 inserted in the vertical blanking periods for
      the even fields may be recorded on the even field track, the revolution
      period T.sub.M of the rotary recording medium must be selected shorter
      than the vertical blanking period T.sub.V = 262.5 T.sub.H  of the
      transmitted television signal by 0.5 T.sub.H. In other words, it must be
      selected so that T.sub.M = 524/525 T.sub.V. Thus, as shown in FIGS. 2(b)
      and 2(c), the deviation of just one horizontal period is provided on the
      odd and even tracks for every two revolutions of the rotary recording
      medium, and the succeeding line signals in the transmitted signal can be
      stored in the proper order without any overlapping between the line
      signals. In FIG. 2, the arrow lines from FIG. 2(a) to FIGS. 2(b) and 2(c)
      show the recording of the line signals H.sub.i. FIG. 2(d) shows the line
      signals for one frame which were stored on the respective tracks in a line
      sequential manner. In this case, although the last line signal H.sub.525
      of the line signals H.sub.1 to H.sub.525 in the transmitted signal would
      not be stored as will be seen from FIG. 2, this does not give rise to any
      practical problem.
PAR  While, in the arrangement described above, one line signal, i.e., the
      signal for one horizontal scanning line period is transmitted during each
      vertical blanking period of a television signal, a number of signals which
      is an odd multiple of the signal for the horizontal scanning period, i.e.,
      an odd multiple of the line signal for the horizontal scanning period may
      be transmitted during each vertical blanking period. In this case, it will
      be readily understood from FIG. 2 that the revolution period T.sub.M of
      the rotary recording medium must be selected as
      ##EQU1##
      where n is the number of line signals (an odd number) transmitted during
      each vertical blanking period.
PAR  Referring to FIG. 3, there is illustrated a block diagram of an embodiment
      of the receiving system according to the invention. In FIG. 3, numeral 11
      designates a picture index signal detecting circuit for detecting the
      picture index signal 6 from the transmitted signal and generating a
      picture index pulse at it output to control recording and reproducing
      switches 20 and 21. Numeral 12 designates a line index signal detecting
      circuit for detecting the line index signal 7 from the transmitted signal
      land generating a line index pulse at its output to control a line signal
      separation circuit 15.
PAR  The picture index signal detecting circuit 11 may comprise for example the
      circuit shown in FIG. 5. While the picture index signal 6 may take the
      form of any one of various patterns of pulses, it is assumed in this
      embodiment that the signal takes the form of a fixed pattern of pulses,
      i.e., a seven-bit pulse train as shown in FIG. 4. The picture index signal
      detecting circuit 11 shown in FIG. 5 comprises a shift register 101, a
      voltage setting circuit 102 having a voltage pattern of 1010101,
      comparators 103a, 103b, . . . , 103h and an AND circuit 104. When the
      television signal including the picture index signal 6 shown in FIG. 4 is
      applied to a terminal 10, the television signal is supplied to the shift
      register 101. The output of the shift register 101 is compared with the
      output of the voltage setting circuit 102 through the comparators 103a
      through 103h so that when the output voltage pattern of the shift register
      101 coincides with that of the voltage setting circuit 102, each of the
      comparators 103a to 103h generates a pulse at its outptut. The output
      pulses of the comparators 103a to 103h are applied to the AND circuit 104
      so that only when the output pulses of the comparators 103a to 103h are
      applied simultaneously to the AND circuit 14, it is turned on to generate
      a picture selection pulse at its output. In other words, since the frame
      selection pulse is generated at the output of the AND circuit 104 only
      when the pulse pattern supplied to the shift register 101 through the
      terminal 10 coincides with the pulse pattern of the voltage setting
      circuit 102, there is no danger of the AND circuit 104 being caused by
      noise or the like to generate the picture selection pulse at its output.
PAR  The line index signal detecting circuit 12 may also comprise the similar
      circuit as the picture index signal detecting circuit 11 shown in FIG. 5.
      To use the circuit shown in FIG. 5 as the line index signal detecting
      circuit 12, it is necessary only to use a shift register having the same
      number of output terminals as the number of bits in the pattern of pulses
      constituting the line index signal 7 and a voltage setting circuit whose
      output voltage pattern is preset to coincide with the pulse pattern of the
      line index signal 7.
PAR  On the other hand, the transmitted input signal is modulated in an FM
      modulator 13, and then only the line signals H.sub.1, H.sub.263, H.sub.2,
      . . . , are separated from the transmitted signal in the line signal
      separation circuit 15 in accordance with the output signal of the line
      index signal detecting circuit 12. Further, the vertical synchronizing
      signal is separated from the transmitted signal by a vertical
      synchronizing signal separation circuit 14 and the separated vertical
      synchronizing signal is then applied to an odd/even field selection signal
      generating circuit 16 to generate a selection signal. A selector switch 17
      is controlled in accordance with the selection signal so that the switch
      17 is thrown to engage a terminal 17a for the odd field, while it is
      thrown to engage a terminal 17b for the even field. The odd/even field
      selection signal generating circuit 16 may be comprised of a circuit
      employing the same principle as an odd/even field discrimination circuit
      that will be described in detail later. This odd/even field discrimination
      circuit generates a pulse when there is a transition from the even field
      to the odd field, and therefore it is possible to generate a selection
      pulse which is synchronized with the output pulse of the odd/even field
      discrimination circuit and whose pulse width corresponds to one field.
      Consequently, this selection pulse may be utilized so that the switch 17
      comes into contact with the contact 17a when the selection pulse is
      applied to the switch 17, while the switch 17 engages with the contact 17b
      when there is no selection pulse at the output of the circuit 16.
PAR  Numerals 18 and 19 designate writing amplifiers, 20 an odd field writing
      and reading selector switch, 21 an even field writing and reading selector
      switch. The selector switches 20 and 21 are gang controlled in accordance
      with the field selection signal from the picture index signal detecting
      circuit 11. Terminals 20c and 21c of the selector switch 20 and 21 are
      writing terminals and terminals 20d and 21d are reading terminals.
      Consequently, the outputs or the line signals from the line signal
      separation circuit 15 are supplied through either the amplifier 18 or 19
      so that the odd field signals are stored on an odd field track 23 and the
      even field signals are stored on an even field track 24 of a rotary
      recording medium 22.
PAR  Numeral 26 designates a motor for driving the rotary recording medium 22
      and its operation is controlled in the following manner. The horizontal
      synchronizing signal in the transmitted signal is separated by a
      horizontal synchronizing separation circuit 27 and the frequency
      (1/T.sub.H) of this horizontal synchronizing signal is demultiplied by a
      frequency divider circuit 28 to 1/262 which is in turn applied to a phase
      comparison circuit 29. On the other hand, a rotary pulse track 25 provided
      on a portion of the rotary recording medium 22 is designed to generate a
      pulse for every rotation thereof and the pulses are detected and applied
      to the phase comparison circuit 29. Numeral 30 designates a voltage
      controlled oscillator whose output pulse frequency may be varied to
      control the rotational speed of the motor 26. With this arrangement, it is
      possible to obtain 1/T.sub.H .times. 1/262 = 1/T.sub.M, that is, T.sub.M =
      262 T.sub.H = 524/525 T.sub.V. Thus, the period (one revolution) of the
      rotary recording medium is made shorter than the vertical blanking period
      (262.5 T.sub.H) by 0.5 T.sub.H, that is, the reduction of just one T.sub.H
      for every two revolutions of the rotary recording medium, and thus the
      line signals can be recorded in the correct order in a line sequential
      manner according to the principle described in connection with FIG. 2.
PAR  The video signal for one frame which was stored in the manner described
      above is read out as follows. The next picture index signal 6 immediately
      following the first picture index signal 6 that initiated the recording is
      utilized as a reproduction command signal (e.g., at the expiration of 9
      seconds, if the signal for one horizontal scanning line is inserted in
      each field as shown in FIG. 1), and the recording and reproduction
      selector switches 20 and 21 are respectively thrown to the reproducing
      terminals 20d and 21d. Consequently, the signals stored on the odd and
      even tracks are respectively amplified by readout amplifiers 31 and 32,
      are passed through a switch 33 opeprated in accordance with the selection
      signal from an odd/even field readout selection signal generating circuit
      36 and are then demodulated into the basehead signals in an FM demodulator
      34. The odd/even field readout selection signal generating circuit 36 is
      identical in construction as the odd/even field selection signal
      generating circuit 16.
PAR  An odd/even field discrimination circuit 35, a 1/20 T.sub.H delay circuit
      37 and a vertical synchronizing reinsertion circuit 38 constitute a
      vertical synchronizing signal regeneration circuit. As shown in FIG. 2(d),
      the recorded video signal for one frame includes 524 line signals.
      Therefore, if the signals are regenerated as such, no interlacing is
      effected. Consequently, the vertical synchronizing signal in the odd field
      period is substituted by one advanced 1/2 T.sub.H by the odd/even field
      discrimination circuit 35, the delayed synchronization generating circuit
      37 and the vertical synchronization reinsertion circuit 38. In this case,
      since the delayed synchronization generating circuit 37 generates its
      output pulse only for each frame, no substitution takes place for the even
      fields. With this arrangement, it is possible to deliver the interlaced
      video signal to a terminal 39.
PAR  More specifically, the odd/even discrimination circuit 35 which may for
      example be constructed as will be described later, discriminates the odd
      field from the even field so that a pulse is generated when there is a
      transition from the even field to the odd field. The repetition frequency
      of this output pulse is 30 Hz and it is applied to the odd/even field
      readout selection signal generating circuit 36. The odd/even field readout
      selection signal generating circuit 36 includes an oscillator which
      generates a signal having a repetition frequency of 60 Hz, and this
      oscillator is synchronized by the 30 Hz pulse to control the switching
      operation of the selector switch 33. The output pulse of the
      discrimination circuit 35 is supplied to the delayed synchronization
      generating circuit 37. The circuit 37 is synchronized with the output
      pulse of the odd/even field discrimination circuit 35 and it generates a
      pulse which leads 1/2 T.sub.H only when there is a transition from the
      even field to the odd field. The delayed synchronization generating
      circuit 37 may for example be comprised of the circuit shown in FIG. 6. In
      FIG. 6, numeral 111 designates a phase detector for receiving the output
      pulse of the odd/even field discrimination circuit 35 which is generated
      upon transition from the even field to the odd field. The phase detector
      111 also receives the 30 Hz output signal of a voltage controlled
      oscillator 112 which was supplied through the 1/2 T.sub.H delay circuit
      113. The voltage controlled oscillator 112 receives the output signal of
      the phase detector 111, i.e., the output signal corresponding to the phase
      difference between the two signals applied to the phase detector 111. The
      voltage controlled oscillator 112 is controlled by the output signal of
      the phase detector 111 so that the output signal of the voltage controlled
      oscillator 112 is advanced 1/2 T.sub.H with respect to the output signal
      of the odd/even field discrimination circuit 35. This output signal of the
      voltage controlled oscillator 112 is applied to the vertical
      synchronization reinsertion circuit 38 where it is substituted for the
      vertical synchronizing signal inserted in the output signal of the FM
      demodulator 34 during the odd field period. In the embodiment of FIG. 3,
      the frequency of the horizontal synchronizing signal in the regenerated
      video signal is the same as that of the horizontal synchronizing signal in
      the initially transmitted signal, and the vertical synchronizing signal
      frequency has the following relation with that of the initially
      transmitted signal.
PA1  regenerated vertical sync frequency = 525/524
PA1  x transmitted vertical sync frequency =  1.0019
PA1  x transmitted vertical sync frequency
PAL  Namely, there is an error of about 2% which is well within the lock in
      range on vertical synchronization for the ordinary television receiver,
      and therefore it does not give rise to any problem.
PAR  FIG. 7 illustrates the principle of the present invention applied to a
      transmitted signal of a type which differs somewhat from the transmitted
      signal shown in FIG. 2, i.e., a transmitted signal in which a
      time-division line-sequential signal is inserted during each field. FIG.
      7(a) shows the transmitted signal. The line signals 8 are inserted in the
      order of H.sub.1, H.sub.2, . . . , and H.sub.525 irrespective of the odd
      and even fields. FIGS. 7(b) and 7(c) show the manner in which the line
      signals are selectively stored on the odd and even field tracks of the
      rotary recording medium. In this case, the revolution period T.sub.M of
      the rotary recording medium is selected to be shorter than T.sub.V /2 just
      by 1 T.sub.H. Namely, it is selected so that
EQU  T.sub.M = (262.5- 1)T.sub.H = 523/525 T.sub.V
PAL  where T.sub.V is the vertical blanking period in the transmitted signal.
      The line signals 8 in the transmitted signal are stored on the rotary
      recording medium in such a manner that the line signal is delayed by 1/2
      T.sub.H on every other field as shown in FIG. 7. In this way, as shown in
      FIG. 7(d), one half of each of the line signals H.sub.262 and H.sub.263 as
      well as the line signal H.sub.523 are omitted. In this case, one frame
      contains 523 T.sub.H 's and thus the fully interlaced signals are
      obtained.
PAR  On the other hand, if n line signals 8 are inserted in the vertical
      blanking period for each field, it is necessary to select the revolution
      period T.sub.M of the rotary recording medium as follows
      ##EQU2##
      In this way, the line signals 8 may be selectively stored on the odd and
      even field tracks 23 and 24 of the rotary recording medium as shown in
      FIG. 7(d).
PAR  FIG. 8 illustrates a block diagram of another embodiment of the invention
      for realizing the principle described with reference to FIG. 7.
PAR  For purposes of simplicity, it is assumed that the receiving system
      according to the embodiment of FIG. 8 is designed to receive a transmitted
      signal, i.e., a television signal in which the information signal for each
      horizontal line is inserted during each vertical blanking period.
PAR  The second embodiment of FIG. 8 is identical in construction with the
      embodiment of FIG. 3 except that there are further included a 1/2 T.sub.H
      delay circuit 40, a field selector switch 41 and an odd/even signal
      selector switch 91, that a frequency divider circuit 28' demultiplies the
      frequency of the horizontal synchronizing signal to 2/523 to control the
      rotation of the rotary recording medium 22, and that the delayed
      synchronization generating circuit 37 and the vertical synchronization
      reinsertion circuit 38 are eliminated since there is no need for
      interlacing.
PAR  In the embodiment of FIG. 8, the field selector switch 41 is controlled in
      accordance with the output signal of the odd/even field selection signal
      generating circuit 16 so that the switch 41 engages with a contact 41a
      when the transmitted television signal includes the odd field line signal,
      whereas when the transmitted television signal includes the even field
      line signal the switch 41 engages with a contact 41b to thereby delay by
      1/2 T.sub.H the phase of the line signal 8 inserted during the vertical
      blanking period. The odd/even signal selector switch 91 is controlled by
      the output signal of the picture index signal detecting circuit 11 so that
      the switch 91 engages with a contact 91a until the arrival of the line
      signals H.sub.1 to H.sub.261 and the line signal H.sub.262 for the first
      1/2 T.sub.H, after which the switch 91 engages with a contact 91b until
      the arrival of the line signal H.sub.262 for the latter 1/2 T.sub.H and
      the line signals H.sub.263 to H.sub.524. Since the picture index signal
      detecting circuit 11 generates a pulse upon arrival of the picture index
      signal 6, this pulse is shaped to generate a pulse of a pulse width
      corresponding to the H.sub.1 - H.sub.262 + 1/2 T.sub.H, and it is used to
      engage the switch 91 with the contact 91a. When no pulse is generated from
      the picture index signal detecting circuit 11, the switch 91 engages with
      the contact 91b. In this way, the line signals H.sub.1 to H.sub.261 and
      the line signal H.sub.262 for the first 1/2 T.sub.H are recorded on the
      odd field track 23 through the amplifier 18, while the line signal
      H.sub.262 for the latter 1/2 T.sub.H and the line signals H.sub.263 to
      H.sub.524 are recorded on the even field track 24 through the amplifier
      19.
PAR  The remaining operation of the embodiment of FIG. 8 will not be described,
      since it will be readily understood from the corresponding description of
      the embodiment shown in FIG. 3.
PAR  The above described principles of the present invention and the video
      signals in the illustrated embodiments are in principle independently of
      whether the signals used are monochrome signals or color signals. In the
      case of color signals, however, there is a problem of the continuity of
      chrominance subcarrier.
PAR  FIG. 9 illustrates the phase relationships of the chrominance subcarrier of
      the signals stored on the rotary recording medium employing the principle
      of FIG. 2 and the embodiment of FIG. 3. FIG. 9(a) shows the odd field and
      FIG. 9(b) shows the even field. The phase of the chrominance subcarrier
      for the line signals in the transmitted signal has a 180.degree. phase
      difference between the frame periods. Therefore, the line signals stored
      on the rotary recording medium has the phase relationship shown in FIG. 9
      (the arrows show the direction of phase), that is, the phase of the
      chrominance subcarrier at the beginning of each line signal differs by
      180.degree. from that at the beginning of the next line signal. Moreover,
      since the ratio of the chrominance subcarrier frequency to the line signal
      repetition frequency (horizontal synchronization frequency) is 455/2, the
      phases at the beginning and end of each line signal differ from each other
      by 180.degree.. Thus, there is a continuity in the chrominance subcarrier
      phase between the line signals. However, as shown in FIG. 9, the phase
      varies by 180.degree. at the instant that a transition occurs from the odd
      field to the even field or vice versa and the chrominance subcarrier phase
      becomes discontinuous.
PAR  The circuit construction shown in FIG. 10 may be employed as a means for
      restoring the required continuity and properly frequency interlacing the
      luminance signal and the chrominance signal components. In FIG. 10,
      numeral 39 designates the video output terminal 39 in FIG. 3 and the
      signals shown in FIGS. 9(a) and 9(b) are applied to the terminal 39.
      Numeral 42 a luminance/chrominance separation circuit for dividing the
      video signal into the luminance signal and the chrominance signal which
      are respectively supplied to an adder circuit 43 and a phase splitting
      circuit 44. The phase splitting circuit 44 delivers at its outputs the
      input chrominance signal and the one whose phase was reversed and the two
      output signals are applied to a selector switch 45. The selector switch 45
      is actuated by the output of the odd/even field readout selection signal
      generating circuit 36 in the regenerating section of the embodiment of
      FIG. 3 so that the adder circuit 43 receives the 0.degree. phase signal
      for the odd field or the 180.degree. phase signal for the even field, and
      the applied signal is combined with the luminance signal to generate an
      output signal at a terminal 46. In this way, the output signal having the
      chrominance subcarrier phase restored and fully frequency interlaced is
      generated at the terminal 46.
PAR  FIG. 11 illustrates the phase relationship of the chrominance subcarrier of
      the signals stored on the rotary recording medium employing the principle
      of FIG. 7 and the embodiment of FIG. 8. FIG. 11(a) shows the odd field and
      FIG. 11(b) shows the even field. In this case, as shown in FIG. 8, the
      line signal is delayed by 1/2 T.sub.H field by field and thus the
      chrominance subcarrier phase of the stored line signals has the 90.degree.
      phase relationship between the line signals as shown in FIGS. 11(a) and
      11(b). To obtain signals having the continued chrominance subcarrier from
      the signals shown in FIG. 11, the restoring method shown in FIG. 12 may be
      employed.
PAR  In FIG. 12, the chrominance signal separated by the luminance/chrominance
      separation circuit 42 is supplied to a phase shifter 47. The phase shifter
      47 generates at its outputs the chrominance signal which is in phase with
      the input signal and the chrominance signal which is phase shifted by
      -90.degree. relative to the input signal. The chrominance signal shifted
      in phase by -90.degree. is applied to a phase splitting circuit 48 which
      produces from this input signal two signals which are respectively shifted
      in phase by -270.degree. and -90.degree.. In other words, the phase
      splitting circuit 48 has a terminal to which is delivered the -90.degree.
      phase shifted input signal and another terminal to which is delivered the
      input signal further shifted in phase by -180.degree.. The chrominance
      signal which was not shifted in phase in the phase shifter 47 is applied
      to a phase splitting circuit 49 from which are generated the chrominance
      signal that was not phase shifted and the chrominance signal shifted in
      phase by -180.degree.. In conclusion, the phase splitting circuits 48 and
      49 generate the chrominance signals respectively shifted in phase by
      0.degree., -90.degree., -180.degree. and -270.degree..
PAR  On the other hand, a horizontal synchronizing separation circuit 54
      separates the horizontal synchronizing signal from the video signal
      applied to the terminal 39 and the signal is applied to a four-phase
      reversible counter 56. The four-phase reversible counter 56 is designed so
      that for the odd field pulses are generated with the timing shown in FIG.
      13(a) to successively open gating circuits 50 through 53. In this case, as
      will be seen from FIG. 13, the chrominance subcarrier phases of the line
      signals H.sub.1, H.sub.2, H.sub.3 and H.sub.4 are respectively shifted by
      0.degree., -90.degree., -180.degree. and -270.degree. thus providing the
      continued chrominance subcarrier.
PAR  In the case of the even field, as shown in FIG. 13(b), the four-phase
      reversible counter 56 generates its gating pulses with the opposite timing
      to that of the odd field, i.e., in the reverse order of .phi..sub.1,
      .phi..sub.4, .phi..sub.3, .phi..sub.2 and .phi..sub.1. This may be
      accomplished by separating the even field pulse by an even field pulse
      separator circuit 55 and applying the pulse to the four-phase reversible
      counter 56 to effect the reverse timing operation to that of the odd
      field.
PAR  The even field pulse separator circuit 55 will be described further with
      reference to FIGS. 14 and 15. In FIG. 14, the horizontal synchronizing
      signal separated by the horizontal synchronizing separation circuit 54 is
      reshaped in a horizontal synchronizing regeneration circuit 126 into
      horizontal synchronizing pulses. FIG. 15(a) shows the vertical
      synchronizing signal and equalizing pulses during a transition from the
      even field to the odd field, and FIG. 15(b) is a pulse waveform diagram
      showing the vertical synchronizing signal and equalizing pulses during a
      transition from the odd field to the even field. FIG. 15(d) shows the
      horizontal synchronizing pulses regenerated from the pulses shown in FIG.
      15(a) by the horizontal synchronizing regeneration circuit 126, and FIG.
      15(e) shows the horizontal synchronizing pulses regenerated from the
      pulses shown in FIG. 15(b) by the horizontal synchronizing regeneration
      circuit 126. On the other hand, a vertical synchronizing separation
      circuit 121 responds to the vertical synchronizing signal contained in the
      input signal and generates at its output the signal shown in FIG. 15(c)
      which is the integrated vertical synchronizing signal. As will be seen
      from FIGS. 15(c), 15(d) and 15(e), the regenerated synchronizing signal
      exactly coincides with the peak of the integrated waveform of the vertical
      synchronizing signal during the transition from the even field to the odd
      field. During the transition from the odd field to the even field,
      however, the position of the horizontal synchronizing pulse deviates from
      the peak of the integrated waveform of the vertical synchronizing signal.
      Consequently, if the horizontal synchronizing signal regenerated by the
      horizontal synchronizing regeneration circuit 126 and the vertical
      synchronizing signal integrated by the vertical synchronizing separation
      circuit 121 are added in an adder 122 whose output level is in turn
      detected by a threshold amplifier 123 to generate an output only when the
      output level is high, a pulse may be generated at the output terminal of
      the amplifier 123 only during the transition from the even field to the
      odd field. By using this pulse to synchronize a synchronous oscillator 124
      which oscillates at 30 Hz, it is possible to detect the transition from
      the even field to the odd field. The output of the oscillator 124 is
      supplied to a reshaping circuit 125 so that the pulse which is switched on
      for the even field and which is switched off for the odd field is reshaped
      and applied to the reversing gate of the four-phase reversible ring
      counter 56. When no pulse is applied to the reversing gate of the
      four-phase reversible ring counter 56, the timing pulses are generated in
      the order of .phi..sub.1, .phi..sub.2, .phi..sub.3 and .phi..sub.4,
      whereas when there is the input pulse at the reversing gate, i.e., when
      there is the odd field, the timing pulses are generated in the reverse
      order of .phi..sub.4, .phi..sub.3 , .phi..sub.2 and .phi..sub.1.
      Accordingly, by using the four-phase reversible ring counter 56, it is
      possible to adjust the phase of the chrominance subcarrier to suit it for
      regeneration. The four-phase reversible ring counter 56 may be of a type
      which is commercially available. The chrominance subcarrier having its
      phase adjusted in the manner described above is added to the luminance
      signal in the adder 43 to produce a color video signal.
PAR  Further, the odd/even selection signal generating circuit 16 used in the
      embodiments of FIGS. 3 and 8 and the odd/even field discrimination circuit
      35 used in the embodiment of FIG. 3 may be provided by using the circuitry
      shown in FIG. 14, i.e., by arranging the horizontal synchronizing
      separation circuit 54, the horizontal synchronizing regeneration circuit
      126, the vertical synchronizing separation circuit 121, the adder 122, the
      threshold amplifier 123, the synchronous oscillator 124 and the reshaping
      circuit 125 as shown in FIG. 14.
PAR  In the embodiments of the present invention described hereinabove, a rotary
      recording medium of one-field-per-track type is employed and the
      revolution period of the rotary recording medium is selected so that it is
      shorter than the vertical blanking period T.sub.V by 0.5 T.sub.H when each
      line signal is inserted in the transmitted signal during each frame,
      whereas it is shorter than T.sub.V by 1 T.sub.H when each line signal is
      inserted during each field. However, it will be readily apparent to those
      skilled in the art that in case a rotary recording medium of
      one-frame-per-track type is employed, the revolution period of the rotary
      recording medium may be similarly selected so that it is shorter than 2
      T.sub.V by 1 T.sub.H when each line signal is inserted in the transmitted
      signal during each frame, whereas it is shorter than 2 T.sub.V by 2
      T.sub.H when each line signal is inserted during each field, thereby
      ensuring efficient recording of the line signals on the track or tracks
      without allowing any overlapping and spaces between the line signals.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for receiving a first television signal divided into a
      plurality of line signals each thereof corresponding to a horizontal
      scanning period and transmitted in such a manner that at least one of said
      line signals is inserted in a second television signal during each
      vertical blanking period thereof, the combination comprising: means for
      detecting said vertical blanking periods and generating an odd/even field
      selection signal; means for separating said line signals of said first
      television signal from said second television signal; memory means
      comprising a rotary recording medium having an odd field television signal
      recording track and an even field television signal recording track; means
      responsive to said odd/even field selection signal for storing said
      separated line signals of the odd field on said odd field signal recording
      track of said memory means and said separated line signals of the even
      field on said even field signal recording track of said memory means; and
      means for controlling the speed of revolutions of said memory means to
      rotate said memory means at a predetermined speed of revolutions whereby
      said line signals are recorded on the tracks of said memory means in
      regular sequency and without leaving spaces between said line signals.
NUM  2.
PAR  2. A receiving system according to claim 1, wherein said first television
      signal consists of an NTSC color television signal, and the line signals
      of odd field are inserted in said second television signal during the
      vertical blanking period of one of alternating fields thereof and the line
      signals of even field are inserted in said second television signal during
      the vertical blanking period of the other of the alternating fields
      thereof, further comprising: means for reading out stored signals from
      said memory means repeatedly and continuously; means for dividing each of
      video signals read out from said memory means into a luminance signal and
      a chrominance signal; means for splitting the phase of said chrominance
      signal by 0.degree. and 180.degree., respectively; means for separating
      the vertical synchronizing signals from said video signals read out from
      said memory means and generating an odd/even field selection signal;
      selector means responsive to said selection signal for alternately
      selecting one or the other of said phase-splitted chrominance signals in
      accordance with the classification of odd and even fields; and means
      whereby said odd field chrominance signals and said even field chrominance
      signals are respectively added to said luminance signal to generate video
      signals having a restored chrominance subcarrier phase.
NUM  3.
PAR  3. A receiving system according to claim 1, wherein said first television
      signal consists of NTSC color television signal, and said line signal is
      inserted in said second television signal during each field thereof,
      further comprising: means for reading out stored signals from said memory
      means repeatedly and continuously; means for dividing each of video
      signals read out from said memory means into a luminance signal and a
      chrominance signal; four-phase phase shifting means for splitting the
      phase of said chrominance signals to provide four chrominance signals
      having a 90.degree. phase difference therebetween; means for separating
      the horizontal synchronizing signals and an even field pulse from said
      video signals read out from said memory means; a four-phase reversible
      counter adapted to be actuated by said horizontal synchronizing signals
      and said even field pulse as clock pulses for generating four phase gating
      pulses; a plurality of gating circuits each thereof responsive to
      corresponding one of said four phase gating pulses for gating said four
      chrominance signals having the 90.degree. phase difference therebetween;
      and means whereby the output chrominance signals of said gating circuits
      are added to said luminance signal to generate video signals having a
      restored chrominance subcarrier phase.
NUM  4.
PAR  4. A receiving system according to claim 1, wherein said means for
      separating said line signals include line index signal detecting means for
      detecting a line index signal inserted in the second television signal and
      line signal separation circuit means responsive to said line index signal
      detecting means for separating said line signals of the first television
      signal from the second television signal.
NUM  5.
PAR  5. A receiving system according to claim 1, wherein said means for
      controlling the speed of revolution of said memory means rotates said
      memory means at a predetermined speed of revolutions whereby said line
      signals are recorded on the odd field television signal recording track
      and the even field television signal recording track of said memory means
      in regular sequence and without leaving spaces between said line signals.
NUM  6.
PAR  6. A receiving system according to claim 5, wherein said memory means is a
      disc memory.
NUM  7.
PAR  7. A receiving system according to claim 6, wherein said disc memory is
      provided with rotary pulse track means for generating a pulse for each
      rotation thereof, said means for controlling the speed of revolution of
      said memory means including horizontal synchronizing separation circuit
      means, frequency divider circuit means responsive to the output of the
      horizontal synchronizing separation circuit means and phase comparison
      circuit means responsive to the output of said rotary pulse track
      generating means and said frequency divider circuit means for controlling
      the speed of revolutions of said memory means.
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ABST
PAL  In a color video signal reproducing apparatus having a plurality of
      magnetic heads, chrominance signals contained in color video signals
      respectively reproduced by the plurality of magnetic heads are separately
      subjected to level or gain control with a view to being equal in level,
      the levels of the respective chrominance signals are discriminated or
      detected and, when the level of any one or more of the chrominance signals
      is outside the control range of the above level or gain control, a
      so-called color killer operation is carried out.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a color video signal reproducing
      apparatus, and more particularly to a color video signal reproducing
      apparatus in which an automatic chroma (color) control (which will be
      hereinafter referred simply to as an ACC) operation is positively
      performed and also in which erroneous operation of a color killer caused
      by the ACC operation is avoided.
PAR  2. Description of the Prior Art
PAR  In the recording operation of a prior art VTR (color video signal magnetic
      recording and/or reproducing apparatus or video tape recorder), a
      luminance signal is converted into an FM signal which may occupy the
      higher portion of a band which is recordable, a chrominance signal is
      frequency-converted to occupy a portion of the recordable band at the
      lower side of the band of the FM luminance signal, and the
      frequency-converted chrominance signal and the FM luminance signal are
      combined to form a combined signal which is recorded.
PAR  The reproducing system of such prior art VTR is formed as shown in FIG. 1,
      in which reference numerals or symbols 1A and 1B indicate rotary magnetic
      heads which altermately reproduce mixed or combined signals from a
      magnetic tape (not shown) during successive fields and apply the
      reproduced signals through amplifiers 2A and 2B to a switching circuit 3.
      Simultaneously, a magnetic head 4 reproduces a control signal from the
      magnetic tape and applies the reproduced control signal to a servo circuit
      (not shown) which preforms a tracking servo operation for the magnetic
      heads 1A and 1B. The control signal from head 4 is also applied to a
      waveform shaping circuit 5 to produce pulses which are reversed for
      successive fields and which are supplied to the switching circuit 3 as a
      control signal for the latter. Thus, the switching circuit 3 is changed
      over at the commencement of every field and hence delivers therethrough
      the reproduced signals from the heads 1A and 1B alternately in successive
      fields. That is, the switching circuit 3 delivers therethrough the
      reproduced signals continuously.
PAR  The reproduced signals from the switching circuit 3 is supplied to a high
      pass filter 6 which passes therethrough the FM luminance signal and
      applies the same through a limiter 7 to a demodulator circuit 8 for
      obtaining the original luminance signal. The original luminance signal is
      then applied to a mixing circuit 9.
PAR  The reproduced signal from the switching circuit 3 is also applied to a low
      pass filter 11 which passes therethrough the frequency-converted
      chrominance signal. The chrominance signal from the low pass filter 11 is
      then applied through an amplifier 12 to a frequency converter 13 by which
      its carrier is frequency-converted back to the carrier frequency of the
      chrominance signal of the original frequency band. The converted
      chrominance signal from convertor 13 is applied through a color killer
      circuit 14 to the mixing circuit 9 which combines the converted
      chrominance signal with the luminance signal to produce the original color
      video signal at an output terminal 10 connected to the mixing circuit 9.
PAR  Thus, the color video signal is reproduced by the prior art apparatus.
      However, since there is generally a scattering in the reproducing
      sensitivity of the heads 1A and 1B and there is also a lack of uniformity
      in the contact pressure of the heads 1A and 1B with the tape, the level of
      the reproduced combined or mixed signal reproduced by the head 1A (refer
      to FIG. 2A) may be higher than that of the mixed signal reproduced by the
      head 1B (refer to FIG. 2B). For this reason, the mixed signals from the
      switching circuit 3 may be changed in level for the successive fields as
      shown in FIG. 2C. As a result, the level of the chrominance signal from
      the low pass filter 11 may change for successive fields and, accordingly,
      the level of the chrominance signal contained in the color video signal
      delivered to the output termonal 10 may also change for successive fields
      to produce color flicker in a reproduced color video signal.
PAR  In order to avoid such a defect, there is provided in the prior art VTR an
      ACC circuit 20 which consists of a burst gate circuit 21, a detector
      circuit 22 and an integrator circuit 23. More specifically, the
      chrominance signal from the frequency converter 13 is fed to the burst
      gate circuit 21 which separates or extracts a burst signal. The burst
      signal is then applied to the detector circuit 22 to be peak-detected and
      the detected signal is applied to the integrator circuit 23 to provide a
      DC voltage which corresponds to the peak value of the burst signal and is
      maintained for one field interval. The DC voltage is applied to the
      amplifier 12 as its gain control signal. The gain of the amplifier 12 is
      so controlled by the voltage from circuit 23 that the burst signal
      contained in the output of the amplifier becomes constant in level.
      Accordingly, when the burst signal in the chrominance signal from the
      amplifier 12 is controlled to be constant in level, the chrominance signal
      is also constant in level. As a result, it would be expected that the
      level of the chrominance signal in the color video signal delivered to the
      output terminal 10 is kept constant and hence no flicker would appear in
      the reproduced picture.
PAR  In the prior art VTR, however, since the ACC circuit 20 must correct the
      level difference between the chrominance signals for successive fields,
      its response speed is required to be high. However, the burst signal is at
      most produced at the field frequency and there is a limit on the S/N
      ratio, so that if the integrator circuit 23 is provided with a short time
      constant to give the ACC circuit 20 a rapid response, a transient level
      variation is produced at the initial portion of the chominance signal of
      each field as shown in FIG. 2D, and such transient level variation appears
      as color flicker in the reproduced picture. This is uncomfortable for a
      viewer.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a color
      video signal reproducing apparatus free from the above described defects
      inherent in the prior art.
PAR  It is another object of the present invention to provide a color video
      signal reproducing apparatus which positively performs the ACC operation.
PAR  It is further object of the present invention to provide a color video
      signal reproducing apparatus which avoids erroneous operation of a color
      killer that may result from the ACC operation.
PAR  In accordance with an aspect of this invention, a color video signal
      reproducing apparatus having a plurality of rotary heads operative in a
      cyclically repeated order to successively reproduce recorded color video
      signals containing luminance and chrominance components or signals and a
      circuit for transmitting the successively reproduced signals from the
      rotary heads to an output terminal; is provided, in such circuit, with
      variable gain means operative on at least the chrominance component of the
      reproduced signals, and with color killer means operative to eliminate the
      chrominance component from the reproduced signals received at the output
      terminal; and the apparatus further comprises gain control means having a
      plurality of gain control elements respectively corresponding to the
      plurality of rotary heads and each being operative to apply a respective
      gain control signal to the variable gain means during reproducing of the
      recorded signals by the respective rotary head, and color killer control
      means for effecting operation of the color killer means when the level of
      the reproduced signals from any one or more of the rotaty heads is below a
      predetermined level at which the variable gain means is effective to
      equalize the level of the reproduced signals transmitted to the output
      terminal from the plurality of heads.
PAR  The above, and other objects, features and advantages of the present
      invention, will become apparent from the following description taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing a prior art color video
      signal reproducing apparatus;
PAR  FIGS. 2A, 2B, 2C and 2D are waveform diagrams to which reference is made in
      explaining the prior art apparatus shown in FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram showing an embodiment of a color
      video signal reproducing apparatus according to the present invention;
PAR  FIG. 4 is a detailed connection diagram of a portion of the apparatus shown
      in FIG. 3; and
PAR  FIG. 5 is a schematic circuit diagram showing another embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An embodiment of a color video signal reproducing apparatus according to
      the present invention will now be described with reference to FIG. 3 in
      which components corresponding to those included in the prior art
      apparatus of FIG. 1 are identified by the same reference numerals and
      hence their detailed description will be omitted.
PAR  Generally, in the embodiment of the present invention shown in FIG. 3, two
      integrator circuits 23A and 23B are provided in the ACC circuit 20. During
      the field time period within which reproduction is carried out by the head
      1A, the integrator circuit 23A is used to achieve the ACC operation, and,
      during the field time period within which reproduction is carried out by
      the head 1B, the integrator circuit 23B is used to achieve the ACC
      operation. Output signals from the integrator circuits 23A and 23B,
      respectively, are subjected to level detection, and when the level of one
      or both of such output signals is lower than the operating level of the
      ACC circuit 20, the color killer operation is carried out.
PAR  More specifically, in the embodiment of the present invention shown in FIG.
      3, the detected output signal from the detector circuit 22 is applied to a
      switching circuit 24 which is controlled by the head switching pulses,
      which are reversed for successive fields, from the waveform shaping
      circuit 5. Thus, during the field time interval within which reproduction
      is carried out by the head 1A, the detected signal from the detector 22 is
      applied to the integrator circuit 23A, whereas, during the field time
      interval within which reproduction is carried out by the head 1B, the
      detected signal from the detector circuit 22 is applied to the integrator
      circuit 23B. Thus, each of the integrator circuits 23A and 23B provides a
      DC voltage signal which holds or retains a level, substantially during at
      least one field period, corresponding to the peak value of the burst
      signal detected by the detector 22 during the respective field period.
PAR  The DC voltages from the integrator circuits 23A and 23B are supplied to a
      switching circuit 25 which is also controlled by the head switching pulse
      from the waveform shaping circuit 5. As a result, the switching circuit 25
      delivers therethrough the DC voltage from the integrator circuit 23A
      during the field interval when the reproduction is carried out by the head
      1A, whereas, the DC voltage from the integrator circuit 23B is delivered
      through switching circuit 25 during the field interval when the
      reproduction is carried out by the head 1B. The DC voltages alternately
      derived from the switching circuit 25 are fed to the amplifier 12 as its
      gain control signal.
PAR  Accordingly, the embodiment of the present invention shown in FIG. 3
      achieves the ACC operation substantially in the same manner as apparatus
      shown in FIG. 1. However, in the case of the apparatus of FIG. 3, due to
      the fact that the levels of the reproduced signals from the heads 1A and
      1B are changed at the field frequency as shown in FIG. 2C, even if the
      level of the detected signals from the detector circuit 22 is similarly
      changed with the field frequency, the integrator circuit 23A is supplied
      with only the detected signal corresponding to the signal reproduced by
      head 1A which level is not changed rapidly. Similarly, the integrator
      circuit 23B is supplied with only the detected signal corresponding to the
      signal reproduced by head 1B which detected signal is not changed rapidly.
      As a result, there is no need to provide the integrator circuits 23A and
      23B with short time constants so as to give them rapid responses.
      Therefore, there is no danger that the level of the chrominance signal
      from the amplifier 12 will have transient variations, as shown in FIG. 2D,
      and hence there is avoidance of color flicker, and particularly of color
      flicker all over the reproduced picture.
PAR  However, the possibiity that the color killer circuit may operate
      erroneously is not avoided by the above described portion of the circuit
      according to this invention. In other words, when the heads 1A and 1B have
      very low reproduction levels, the ACC circuit 20 can not sufficiently
      correct the level of the chrominance signal. Therefore, in the event that
      there is a sensitivity difference of large degree between the heads 1A and
      1B, for example, the head 1A has a very high reproduction level while the
      head 1B has very low reproduction level, even if the ACC circuit 20
      operates to correct the level of the chrominance signal from the head 1A,
      the ACC circuit 20 may not operate for the chrominance signal from the
      head 1B and hence no level correction is carried out for the chrominance
      signal from the head 1B. As a result, during the field interval when
      reproduction is carried out by the head 1B, the color killer circuit 14
      operates and, therefore, the color video signal and a black and white
      video signal appear at the output terminal 10 during alternate fields.
PAR  In order to avoid this defect, in the embodiment of the invention shown in
      FIG. 3, the output signals from the integrator circuits 23A and 23B are
      subjected to level detection, and when the level of any one or both such
      output signals becomes lower than the operating level (lock level) of the
      ACC circuit 20, the color killer operation is realized. More specifically,
      in the embodiment of FIG. 3, the DC voltage from the integrator circuits
      23A and 23B are respectively applied to level discriminator or detector
      circuits 31A and 31B which detect whether the respective DC voltages are
      higher than the operating level of the ACC circuit 20 or not. When both DC
      voltages are higher than the operating level of the ACC circuit 20, an
      AND-curcuit 32 is supplied with signals of "1" from the level detectors
      31A and 31B respectively. The output signal from the AND-circuit 32 is
      applied to the color killer circuit 14, so that when the output signal of
      the AND-circuit 32 is 1, the color killer circuit 14 stops its operation.
      As a result, at this time only the color video signal is delivered to the
      output terminal 10. In this case, the time constants of the integrator
      circuits 23A and 23B are selected so that each of the integrator circuits
      will hold the peak value of the detected signal from the detector circuit
      22 for at least two field intervals.
PAR  With the circuit construction described above, in the event that the head
      1B, by way of example, is very low in reproduction level and hence the
      level of the chrominance signal from the head 1B does not reach the
      correction level of the ACC circuit 20, since the DC level of the signal
      from the integrator circuit 23B is low, the detected level of the level
      detector 31B becomes "0". Accordingly, even if the head 1A has a high
      reproduction level and the level of the chrominance signal from the head
      1A is higher than the operating level of the ACC circuit 20, the output of
      the AND-circuit 32 becomes 0. Thus, the color killer circuit 14 achieves
      its color killer operation. As a result, only the black and white video
      signal is delivered to the output terminal 10, that is, the color video
      signal and the black and white video signal are not alternately obtained
      at the output terminal 10. Further, in the event that the levels of the
      signals from the heads 1A and 1B are both lower than the operating level
      of the ACC circuit 20, the output of the AND-circuit 32 again becomes 0,
      so that the color killer circuit 14 performs its color killer operation.
PAR  As described above, the present invention carries out the ACC operation
      positively, reproduces a fine color picture with no color flicker and
      prevents the color killer circuit 14 from being operated erroneously.
PAR  Referring now to FIG. 4, it will be seen that, in a pratical embodiment of
      the circuit arrangement of FIG. 3, the detector circuits 31A, 31B and the
      AND-circuit 32 may be all constituted by transistors 41A and 41B. When the
      level of the chrominance signal sufficiently high to be within the
      operating level of the ACC circuit 20, the DC voltages from the integrator
      circuits 23A and 23B, respectively, are sufficient to turn OFF the
      transistors 41A and 41B, and hence transistors 42 and 43 are both made OFF
      with the result that no color killer operation is carried out.
PAR  However, when the level of the chrominance signal from the head 1B is low
      and does not reach the operating level of the ACC circuit 20, the DC
      voltage from the integrator circuit 23B also has a low level. Therefore,
      the transistor 41B is turned ON and hence the transistors 42 and 43 are
      both turned ON to make the color killer circuit 14 perform its color
      killer operation. When the levels of the chrominance signals from both the
      heads 1A, that is, 1B are low and lower than the operating level of the
      ACC circuit 20, the DC voltages from the integrator circuits 23A and 23B
      are both small. Accordingly, the transistors 42 and 43 are both turned ON
      and hence the color killer circuit 14 again operates to perform its color
      killer operation. It will be apparent that the operating level of the
      color killer circuit 14 can be adjusted by changing the emitter voltage of
      the transistors 41A and 41B by suitably selecting or adjusting the
      resistance values of resistors 44 and 45.
PAR  FIG. 5 shows a further embodiment of the present invention in which the
      elements corresponding to those described above with reference to FIGS. 1
      and 3 are identified by the same reference numerals and symbols. In the
      embodiment of FIG. 5, AGC or ACC circuits are provided for the amplifiers
      2A and 2B, respectively. That is, the outputs from the integrator circuits
      23A and 23B are directly supplied to the amplifiers 2A and 2B,
      respectively, to control the level of the chrominance signals which are
      included in the respective reproduced combined signals. This embodiment is
      otherwise similar to, and can achieve the same effect as the embodiment of
      FIG. 3.
PAR  It will be apparent that many variations and modifications can be effected
      by one skilled in the art in the above described specific embodiments of
      the invention without departing from the spirit or scope of the novel
      concepts of the present invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A color video signal reproducing apparatus comprising
PA1  a plurality of rotary heads operative in a cyclically repeated order to
      successively reproduce recorded color video signals containing luminance
      and chrominance components;
PA1  an output terminal;
PA1  circuit means for transmitting the successively reproduced signals from
      said rotary heads to said output terminal and including variable gain
      means operative on at least said chrominance component of the reproduced
      signals, and color killer means operative to eliminate said chrominance
      component from the reproduced signals as received at said output terminal
PA1  gain control means including a plurality of control signal elements
      respectively corresponding to said plurality of rotary heads and each
      being operative to apply a respective gain control signal to said variable
      gain means during reproducing of the recorded color video signals by the
      respective one of said rotary heads; and
PA1  color killer control means for effecting continuous operation of said color
      killer means so long as the level of the reproduced signals from any of
      said rotary heads is below a predetermined level.
NUM  2.
PAR  2. A color video signal reproducing apparatus according to claim 1; in
      which said gain control means further includes means for detecting a peak
      level of the signals successively reproduced by said rotary heads, and
      means for applying the detected peak level selectively to said plurality
      of control signal elements in synchronism with the operation of the
      respective rotary heads; and in which each of said control signal elements
      is operative to establish the respective gain control signal in
      correspondence to said detected peak level applied thereto during the
      reproducing of signals by said respective one of the rotary heads, and to
      hold said respective gain control signal in correspondence substantially
      to said detected peak level during the reproducing of signals by the other
      of said rotary heads.
NUM  3.
PAR  3. A color video signal reproducing apparatus according to claim 2; in
      which said gain control means further includes a burst gate for separating
      burst signals from said chrominance component of the reproduced signals
      after operation thereon of said variable gain means, said means for
      detecting a peak level of the successively reproduced signals detects the
      peak level of the separated burst signals, and switching means is operated
      synchronously with said rotary heads to selectively apply the detected
      peak level of the burst signals to said control signal elements; and in
      which each of said control signal elements is constituted by a respective
      integrating circuit.
NUM  4.
PAR  4. A color video signal reproducing apparatus according to claim 1; in
      which said color killer control means includes a plurality of level
      detectors respectively corresponding to said plurality of rotary heads and
      each being operative to detect a signal corresponding to the level of the
      reproduced signals from the respective one of said rotary heads, and a
      signal processing circuit connected to said plurality of level detectors
      for providing a color killer signal effecting operation for said color
      killer means whenever any of said plurality of level detectors detects a
      signal level which corresponds to reproduced signals below said
      predetermined level.
NUM  5.
PAR  5. A color video signal reproducing apparatus according to claim 1; in
      which said signal processing circuit is constituted by an AND gate to halt
      operation of said color killer means only when all of said plurality of
      level detectors detect signal levels corresponding to reproduced signals
      above said predetermined level.
NUM  6.
PAR  6. A color video signal reproducing apparatus according to claim 4; in
      which said gain control means further includes means for detecting a peak
      level of the signals successively reproduced by said rotary heads, and
      means for applying the detected peak level selectively to said plurality
      of control signal elements in synchronism with the operation of the
      respective rotary heads; and in which each of said control signal elements
      is operative to establish the respective gain control signal in
      correspondence to said detected peak level applied thereto during the
      reproducing of signals by said respective one of the rotary heads, and to
      hold said respective gain control signal in correspondence substantially
      to said detected peak level during the reproducing of signals by the other
      of said rotary heads.
NUM  7.
PAR  7. A color video signal reproducing apparatus according to claim 6; in
      which each of said plurality of level detectors of said color killer
      control means is connected with a respective one of said control signal
      elements of the gain control means for detecting the respective gain
      control signal.
NUM  8.
PAR  8. A color video signal reproducing apparatus according to claim 7; in
      which said gain control means further includes a burst gate for separating
      burst signals from said chrominance component of the reproduced signals
      after operation thereon of said variable gain means, said means for
      detecting a peak level of the successively reproduced signals detects the
      peak level of the separated burst signals, and switching means is operated
      synchronously with said rotary heads to selectively apply the detected
      peak level of the burst signals to said control signal elements; and in
      which each of said control signal elements is constituted by a respective
      integrating circuit.
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PAL  A process for thermoremanent duplication of a magnetic recording tape,
      which comprises recording magnetic signals by thermoremanent duplication
      on a slave tape consisting of a polyester film base and a layer of a
      ferromagnetic material coated thereon, and then heat-treating said
      magnetic recording slave tape without stretch at a temperature of at least
      40.degree.C. but less than the Curie point of said ferromagnetic material.
      Dimensional changes of the slave tape after thermal duplication are
      thereby reduced.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for thermoremanent duplication of
      magnetic recording tapes. More specifically, it relates to a process for
      thermoremanent duplication of magnetic recording tapes which comprises
      thermoremanently duplicating the magnetic signals of a magnetic recording
      master tape (on which the magnetic signals to be duplicated are recorded)
      on a magnetic recording tape (to be referred to as a slave tape)
      consisting of a polyester film base and a magnetic layer coated thereon,
      characterized in that after the thermoremanent duplication step, the slave
      tape is heat-treated in an unstretched state under specific conditions,
      thereby to reduce the dimensional changes of the slave tape after the
      thermal duplication.
PAC  BACKGROUND OF THE INVENTION
PAR  The rate of magnetization of a ferromagnetic material abruptly increases at
      a temperature in the vicinity of its Curie point (T.degree.C.), and
      therefore, it is easily magnetized even in a weak signal magnetic field.
      By cooling it directly, the magnetization can be fixed. Thermoremanent
      duplication is a technique developed by applying this theory, and has
      already been known in the art. Usually, the thermoremanent duplication
      process is carried out by heating a slave tape to a temperature above the
      Curie point of the ferromagnetic material contained in its magnetic layer,
      removing the heat source, then bringing the slave tape into intimate
      contact with a master tape, and cooling the slave tape to a temperature
      below the Curie point while maintaining this intimate contact. When the
      slave tape is then separated from the master tape, a magnetic signal of
      the same shape as in the master tape is recorded in the magnetic matrix of
      the slave tape.
PAR  Various materials can be used as a base film of the slave tape, but
      actually, polyester films are used. When a magnetic recording tape based
      on a polyester film is used as a slave tape, and subjected to the
      above-mentioned thermoremanent duplication, the slave tape is placed under
      some tension when heated to a temperature above the Curie point of the
      magnetic material and then brought into intimate contact with the master
      tape. Owing to this stretching tension under heating, the polyester base
      film stretches, although to a slight degree, and as a result, strain
      occurs in the slave tape. The extent of the strain depends mainly upon the
      tension to be exerted on the base film at the time of thermoremanent
      duplication. Generally, slave tapes which have thus developed strain do
      not return to the original length within a short period of time, but some
      strain still remains there even when the slave tape is allowed to cool to
      room temperature after the thermoremanent duplication step. This residual
      strain decreases very slowly at room temperature, and therefore the length
      of the thermoremanently duplicated slave tape becomes shorter with time at
      a very slow rate. Such a slow change in dimension of the slave tape, even
      to a slight extent presents serious problems especially when it is used
      for video magnetic recording. When video slave tapes are commercially
      produced by the thermoremanent duplication method using a master tape, a
      playing test of the slave tape must be carried out after a lapse of a
      certain period of time from the thermoremanent duplication in order to
      examine whether normal images are recorded in the slave tape. Even if the
      reproduction of normal images is confirmed at this time any subsequent
      change in the dimension of the slave tape ascribable to the reduction of
      the residual strain of the slave tape would cause skew in the reproduced
      images corresponding to the extent of the dimensional change of the tape
      when the user reproduces the tape after a long period of time. Such a skew
      greatly impairs the commercial value of the slave tape. Dimensional
      changes of the slave tape of course occur even in a time interval between
      the thermoremanent duplication and the playing test, but can be
      compensated by suitably controlling the thermoremanent duplication step.
      Accordingly normal images can be recorded at the time of the playing test,
      and therefore, this does not pose a serious problem. What matters is a
      dimensional change in slave tapes which occurs after the playing test.
      This troublesome dimensional change could be avoided by providing a
      tape-tension controller or skew controller in a video tape recorder, but
      this adds to the cost of the reproducing apparatus. It is very desirable
      therefore to maintain normal images ensured by the playing test without
      resorting to such means. In order to realize such a desire, it is
      necessary to minimize the dimensional change that may occur after the
      playing test so that no substantial skew occurs in the reproduced images
      at whatever time the user reproduces the slave tape. With the conventional
      thermoremanent duplication processes, there has been no way to avoid the
      dimensional change of the slave tape which proceeds slowly over very long
      periods of time after the thermoremanent duplication. However, if the
      playing test for quality examination is carried out after a very long
      period of time, for example, one week or 10 days, from the end of the
      thermoremanent duplication, the dimensional change of the slave tape that
      occurs after the playing test would be able to be reduced to an extent
      sufficient to cause no detrimental skew to the reproduced images. However
      the lengthening of the time duration between the thermoremanent
      duplication step and the playing test in this manner is not only
      uneconomical, but also makes it difficult to control the step of producing
      slave tapes.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a novel process for
      thermoremanent duplication which resolves this problem. Another object of
      this invention is to provide a process for thermoremanent duplication
      which makes it possible to perform the playing test at any desired time
      after the thermoremanent duplication.
PAR  According to a preferred embodiment of this invention, even when the
      playing test is performed immediately after the thermoremanent
      duplication, the dimensional change of the slave tape that may occur after
      the playing test can be reduced to an extent sufficient to cause no
      substantial skew to the reproduced images.
PAR  The present invention provides a process for thermoremanent duplication of
      a magnetic recording tape, which comprises recording magnetic signals by
      thermoremanent duplication on a slave tape consisting of a polyester film
      base and a layer of a ferromagnetic material coated thereon, and then
      heat-treating said magnetic recording slave tape without stretch at a
      temperature of at least 40.degree.C. but less than the Curie point of said
      ferromagnetic material, preferably at a temperature ranging from
      70.degree.C. to a point 10.degree.C. lower than the Curie point of said
      ferromagnetic material.
PAC  DESCRIPTION OF THE INVENTION
PAR  The polyester film used as a base of the slave tape in accordance with this
      invention is a film of a polyester in which at least 90 mol%, preferably
      substantially 100 mol%, of the entire recurring units consists of ethylene
      2,6-naphthalenedicarboxylate, ethylene terephthalate or 1,4-cyclohexane
      terephthalate. Usually, such films are biaxially oriented and heat-set. A
      biaxially oriented film of poly(ethylene 2,6-naphthalenedicarboxylate) (to
      be referred to as PEN-2,6) is especially preferred for use as a base film
      of the slave tape. The base film usually has a thickness of 10 to 35
      microns.
PAR  The ferromagnetic material to be coated on the base film is one suitable
      for thermoremanent duplication. Usually chromium dioxide-type
      ferromagnetic materials are used. The chromium dioxide-type materials per
      se are known, and available in various compositions. Any of these
      ferromagnetic materials can be used in the process of this invention.
      These chromium dioxide-type ferromagnetic materials have a Curie
      temperature of 110.degree. to 155.degree.C. Usually, those having a Curie
      point of 120.degree. to 130.degree.C. are used. The method of measuring
      the Curie point of a ferromagnetic material is well known to those skilled
      in the art, and in performing the present invention, The Curie point of
      the ferromagnetic material coated on the slave tape can be determined by
      this known method.
PAR  The thermoremanent duplication step per se carried out as a first step in
      the process of this invention is also known, and disclosed, for example in
      U.S. Pat. No. 3,364,496.
PAR  The novel feature of the present invention is that after magnetic signals
      have been transferred thermally from a master tape to a slave tape, the
      slave tape is heat-treated without stretch, thereby to stabilize the slave
      tape dimensionally.
PAR  The term "heat-treatment without stretching or stretchless heat-treatment",
      as used in the present specification and the appended claims, denotes a
      heat-treatment comprising continuously feeding the slave tape after
      thermoremanent duplication into a heat-treating zone by means of a roller
      unit, allowing it to pass through the zone, and then withdrawing it from
      the zone, in which slave tape is fed at an overfeed rate (k), as defined
      by the following equation, of 0 to 2%, preferably 0.02 to 2%
      ##EQU1##
      wherein V.sub.1 is the rate of feeding the slave tape into the
      heat-treating zone, and V.sub.2 is the rate of withdrawing the slave tape
      from the heat-treating zone. The above stretchless heat-treatment can be
PAL  effected either by contacting the slave tape with a heat source (a
      contact-type heat-treatment), or by heat-treating the slave tape without
      contacting it with a heat source (a non-contact-type heat-treatment).
PAR  The contact-type heat-treatment can be performed, for example, by passing
      the slave tape while its non-coated surface is in contact with a hot plate
      heated at a predetermined temperature. The non-contact-type heat-treatment
      can be performed, for example, by passing the slave tape through a slot
      formed in a plate heater or cylindrical heater kept at a predetermined
      temperature without keeping the tape in contact with the slot; or by
      blowing hot air at a predetermined temperature to the slave tape in a
      heat-treating zone from at least one side of it, preferably from that side
      of the tape which is not coated with the ferromagnetic material; or by
      heating the slave tape in the heat-treating zone by means of an infrared
      lamp or infrared heater from at least one side of the tape, preferably
      from that side of the tape on which the ferromagnetic material is not
      coated.
PAR  In the process of this invention, the heat-treating temperature required is
      at least 40.degree.C. but less than the Curie temperature (Tc.degree.C.)
      of the ferromagnetic material coated on the slave tape, preferably
      70.degree.C. to (Tc.degree.-10).degree.C. Temperatures of the Curie point
      or higher are unsuitable since the ferromagnetic material on the slave
      tape may possibly be demagnetized. On the other hand, if the temperature
      is lower than 40.degree.C., the effect of reducing the dimensional change
      of the slave tape with time is not sufficient.
PAR  In the present invention, the heat-treating temperature means the
      temperature of the heat-treating zone. In the case of the contact-type
      heat-treatment using the above hot plate, the temperature of the surface
      of the hot plate is the heat-treating temperature. In the non-contact-type
      heat-treatment, the heat-treating temperature is the atmospheric
      temperature of the heat-treating zone through which the slave tape is
      passing.
PAR  The time during which the slave tape is heated in the heat-treating zone is
      usually at least 0.1 second, preferably at least 0.5 second. It is usually
      sufficient that the upper limit of the heating time is set at about 3
      seconds.
PAR  The time of performing the stretchless heat-treatment in the process of
      this invention may be immediately after the thermoremanent duplication by
      coupling the thermoremanent duplication step with the stretchless
      heat-treating step, or after a certain time interval from the
      thermoremanent duplication by performing the thermoremanent duplication
      step and the stretchless heat-treatment step separately. In the latter
      method, the time interval between the thermoremanent duplication and the
      stretchless heat-treatment may be several hours, for example, less than 5
      hours, or as long as 24 to 48 hours.
PAR  The slave tape heat-treated without stretch in accordance with the process
      of this invention is dimensionally stabilized to a great extent, and its
      subsequent dimensional change is reduced to an extent sufficient to cause
      no substantial skew in the reproduced images. Accordingly, the slave tape
      can be subjected to a playing test at any desired time after the
      stretchless heat-treatment, for example, immediately after the stretchless
      heat-treatment. In view of the fact that with the conventional
      thermoremanant duplication methods, a playing test must be performed after
      a lapse of a long period of time, for example, one week to 100 days, from
      the thermoremanent duplication to ensure the quality of the slave tape,
      the present invention has provided a sufficiently significant improvement
      over the conventional methods in that even when the stretchless
      heat-treatment is performed 48 hours after the end of the thermoremanent
      duplication and immediately then, the playing test is performed, no
      trouble occurs in the quality of the slave tape.
PAR  The slave tapes subjected to thermoremanent duplication by the process of
      this invention have mechanical properties quite comparable to those of
      slave tapes not subjected to stretchless heat-treatment after
      thermoremanent duplication, and on the other hand, their dimensional
      change with time can be markedly reduced.
DETD
PAR  The following Examples illustrate the present invention more specifically.
PAC  EXAMPLE 1
PAC  Preparation of Polymer
PAR  A reactor equipped with a rectification column was charged with 5,000 parts
      of dimethyl 2,6-naphthalenedicarboxylate, 2,600 parts of ethylene glycol,
      3.50 parts of calcium acetate monohydrate and 1.80 parts of antimony
      trioxide. The contents were heated for about 4 hours during which the
      temperature was raised from 165.degree. to 230.degree.C. After distilling
      off the methanol formed, 0.840 part of phosphorous acid was added to the
      reaction mixture. The reaction mixture was transferred into a
      polymerization tank, and the inside temperature of the tank was raised to
      260.degree.C. At this temperature, the product was reacted for 10 minutes
      at atmospheric pressure. Then, 49.60 parts of an ethylene glycol slurry
      containing 10% of china clay (average particle size 0.8 micron) was added,
      followed by reaction for an additional 40 minutes at 275.degree.C. and 20
      mmHg, and for an additional 170 minutes at 290.degree.C. and 0.5 mmHg.
      Thus, a polymer (PEN-2,6) having an intrinsic viscosity of 0.63 and a
      china clay content of 0.1% was obtained.
PAC  Preparation of Base Film
PAR  Pellets of PEN-2,6-polymer obtained above were dried for 3 hours in a hot
      air current at 170.degree.C., melted at 298.degree.C. in an extruder,
      filtered through sintered stainless steel with a pore size of 20 microns,
      and extruded onto a casting drum at 60.degree.C. through a T-die. The
      extrudate was quenched and solidified to form an unstretched film having a
      thickness of about 290 microns. The film was stretched longitudinally
      between a pair of rolls of different peripheral speeds at 130.degree.C. at
      a stretch ratio of 4.5, and then stretched transversely as tentered at
      128.degree.C. at a stretch ratio of 2.6. Then, the stretched film was
      heat-treated at 190.degree.C. for 20 seconds under tension. There was
      obtained a biaxially oriented film having a thickness of about 20 microns.
PAC  Preparation of Magnetic Tape
PAR  100 Parts by weight of ferromagnetic chromium dioxide (a product of Du
      Pont), 17 parts by weight of DESMOPHEN 1200 (a polyester produced by Bayer
      AG), 1 part by weight of dioctyl sodium sulfosuccinate, 30 parts by weight
      of ethyl acetate, 20 parts by weight of methyl isobutyl ketone and 40
      parts by weight of toluene were mixed by a ball mill for about 30 hours,
      and then 79 parts by weight of DESMODUR L (an isocyanate produced by Bayer
      AG), 55 parts by weight of ethyl acetate, 16 parts by weight of methyl
      isobutyl ketone and 30 parts by weight of toluene were further added and
      mixed to form a magnetic coating composition. This ferromagnetic material
      had a Curie point of about 125.degree.C.
PAR  The base film of polyethylene-2,6-naphthalenedicarboxylate obtained above
      (thickness 20 microns) was coated with the above magnetic coating
      composition using a gravure coater, and in the undried state, passed
      between two permanent magnets to orient the magnetic particles in the
      longitudinal direction of the film. Then, the coated film was dried at
      140.degree.C. The magnetic layer had a thickness of 6 microns. This coated
      film was slit to a size of one-half inch to form a slave tape.
PAC  Operation of Thermoremanent Duplication
PAR  For the thermoremanent duplication operation, there was used a
      thermoremanent duplication apparatus including delivery and take-up rolls
      for the master tape and the slave tape, drive devices for both of these
      rolls, a heating head comprising a hot plate for heating the slave tape at
      its magnetic layer surface whose temperature can be controlled and which
      has a dull curvature, a nip roll portion for contacting the magnetic layer
      of the master tape with that of the slave tape, and a device for measuring
      the tension of the slave tape. The temperature of the heating head was set
      at 150.degree.C., and the slave tape was allowed to run while keeping the
      heating head in contact with the magnetic layer surface of the slave tape.
      At this time, the running speed of the tape was adjusted so that the
      contact time became 0.1 second, and a tension of 50 Kg/cm.sup.2 was
      exerted on the tape in its longitudinal direction. Then, the master tape
      was brought into contact with the slave tape by means of nip rolls, and
      these tapes were wound up on separate take-up reels. This completed the
      thermoremanent duplication of the slave tape. The slave tape which was
      would up on a windup reel without the stretchless heat-treatment after the
      thermoremanent duplication, and then allowed to cool to room temperature
      was designated the slave tape of Run No. 1.  This tape is outside the
      scope of the present invention, and was used as a comparison.
PAC  Stretchless Heat-treatment
PAR  A heat-treating zone was provided between the nip roll portion and the
      windup reel for slave tape in the above thermoremanent duplication
      apparatus. The slave tape after the thermoremannet duplication was
      immediately subjected to the stretchless heat-treatment in accordance with
      this invention, and then taken up on a take up reel. Then, it was allowed
      to cool to room temperature.
PAR  In the heat-treating zone, a plate electric heater containing a slot with a
      width of 10 mm was used. The slave tape which had been subjected to the
      same thermoremanent duplication step as in Run No. 1 was rapidly passed
      through heat-treating zone kept at 80.degree.C., 100.degree.C., and
      115.degree.C. respectively at the overfeed indicated in Table 1 to heat
      treat it for about 5 seconds without stretch. The slave tapes so obtained
      were designated slave tapes of Runs Nos. 2, 3, and 4, respectively.
PAR  Separately, a slave tape which had been subjected to the same
      thermoremanent duplication step as in Run No. 1 was passed, immediately
      after the thermoremanent duplication, through a heat-treating zone at
      100.degree.C. at an overfeed rate as shown in Table 1 to heat-treat it for
      about 60 seconds without stretch. The resulting slave tape was designated
      the slave tape of Run No. 5. The dimensional changes of these five slave
      tapes of Runs Nos. 1 to 5 were measured by the following method.
PAR  Two indicator points were marked on the slave tape with the distance
      between the two points being kept at about 1500 mm. Immediately after the
      thermoremanent duplicating step, a load of 2.5 Kg/cm.sup.2 was exerted on
      the slave tape of Run No. 1. On the other hand, a load of 2.5 Kg/cm.sup.2
      was exerted on each of the slave tapes of Runs Nos. 2 to 5 immediately
      after the stretchless heat-treatment. Each of these slave tapes was then
      allowed to stand in an atmosphere at 20.degree.C. and a relative humidity
      of 65% while it was kept under the load. The load of 2.5 Kg/cm.sup.2 was
      exerted merely for the purpose of removing the loosening of the tape, and
      no substantial stretching of the tape occurred by the influence of this
      load. The distance between the indicator points was measured after
      standing in the above atmosphere for 1 hour and 100 hours respectively,
      and expressed as l.sub.1 and l.sub.100. The dimensional change (.DELTA. l)
      is given by the following equation.
      ##EQU2##
PAR  It was confirmed that in any of the samples, the amount of dimensional
      change shows a substantially straight-line variation with respect to the
      logarithmic value of the time. Accordingly, by the dimensional change
      defined above, the extent of dimensional change of the samples can be
      compared with one another.
PAR  The results obtained are given in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Run No.   Stretchless heat-treatment                                      
                                 Dimensional                                   
             Temp-  Time    Overfeed change (.DELTA.l)                         
             erature                                                           
                    (sec.)  rate (k) (%)                                       
             (.degree.C)    (%)                                                
     ______________________________________                                    
     1         --       --      --     0.028                                   
     2          80      5       0.03   0.010                                   
     3         100      5       0.05   0.008                                   
     4         115      5       0.07   0.006                                   
     5         100      60      0.09   0.001                                   
     ______________________________________                                    
PAR  The dimensional changes of the sample of Runs Nos. 2 to 5 which were
      subjected to the stretchless heat-treatment were outstandingly low as
      compared with that of the sample of Run No. 1 which was not subjected to
      the stretchless heat-treatment, and this clearly demonstrates the great
      effect of the stretchless heat-treatment of this invention.
PAC  EXAMPLE 2
PAR  The same base film as produced in Example 1 was slit to a width of 6.3 mm,
      and used without coating a magnetic layer instead of the slave tape. The
      experiment was performed under the same conditions as in Example 1 except
      that the nip roll portion was removed and the master tape was not used.
      The base film was caused to run while keeping it in contact with the same
      heating head as used in Example 1 of which surface temperature was
      150.degree.C. At this time, the tape was caused to run at a speed such
      that the time of contact between the heating head and the base film was
      0.1 second, and a tension of 50 Kg/cm.sup.2 was exerted on the tape in its
      longitudinal direction. Then, the film was allowed to cool to room
      temperature. A sample of Run No. 1 was prepared without performing the
      stretchless heat-treatment after the above heating under tension. On the
      other hand, sample of Runs Nos. 2 to 5 were prepared by performing the
      stretchless heat-treatment under the conditions shown in Table 2
      immediately after the heating under tension. The dimensional changes
      (.DELTA.l) of these base films were measured, and the results are shown in
      Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Run No.  Stretchless heat-treatment                                       
                                     Dimen-                                    
            Temp-   Time       Overfeed  sional                                
            erature (seconds)  rate (k)  change                                
            (.degree.C)        (%)       (.DELTA.l)                            
                                         (%)                                   
     ______________________________________                                    
     1        --        --         --      0.034                               
     2         80       5          0.05    0.016                               
     3        100       5          0.07    0.014                               
     4        115       5          0.09    0.008                               
     5        100       60         0.12    0.001                               
     ______________________________________                                    
PAR  Since the dimensional change with time of the slave tape in a
      thermoremanent duplication process is scarcely affected by the magnetic
      layer, but affected mainly by the base film, almost similar experimental
      results to those in Example 1 were obtained in the present Example in
      which a base film not coated with a magnetic layer was used instead of the
      slave tape. This clearly demonstrates that the stretchless heat-treatment
      of this invention has an effect of markedly reducing the dimensional
      change of the tape.
PAC  EXAMPLE 3
PAC  Preparation of Film
PAR  Chips of polyethylene terephthalate having an intrinsic viscosity of 0.63
      and a china clay content of 0.13% were dried for 3 hours in a hot air
      current at 170.degree.C. The dried chips were melted at 285.degree.C.,
      filtered, and extruded through a T-die onto a casting drum at
      40.degree.C., followed by quenching and solidification to form an
      unstretched film having a thickness of about 280 microns. The film was
      stretched longitudinally at a stretch ratio of 4.4 at 80.degree.C. between
      a pair of rolls having different peripheral speeds, and then stretched
      transversely at a stretch ratio of 2.8 at 85.degree.C. using a tenter. The
      stretched film was heat-treated for about 20 seconds in a hot air current
      at 190.degree.C. under tension. There was obtained a biaxially oriented
      film having a thickness of about 20 microns.
PAC  Preparation of Magnetic Tape
PAR  100 Parts by weight of ferromagnetic chromium dioxide (product of Du Pont),
      17 parts by weight of an epoxy resin (EPON 1001, the tradename for a
      product of Shell Oil Corporation, having a melting point of 64.degree. to
      74.degree.C., an epoxide equivalent of 450 to 500, and an average
      molecular weight of 900), 12 parts by weight of a polyamide resin
      (VERSAMIDE No. 115, the tradename for a product of General Mill
      Corporation, having an amine value of 210 to 230 and an average molecular
      weight of 100 to 4000), 9 parts by weight of a polyvinyl butyral (BL-2, a
      product of Sekisui Chemical Co., Ltd., having a degree of polymerization
      of 450 and a degree of butyralization of 60 to 70), 0.9 part by weight of
      dodecylbenzenesulfonic acid, 0.9 part of stearic acid, 40 parts by weight
      of ethyl methyl ketone, 20 parts by weight of methyl isobutyl ketone, and
      40 parts by weight of toluene were mixed by a ball mill for about 30
      hours. Furthermore, 30 parts by weight of ethyl methyl ketone, 15 parts by
      weight of methyl isobutyl ketone and 30 parts by weight of toluene were
      added, and they were mixed for 2 hours to form a magnetic coating
      composition. The Curie point of this ferromagnetic material was about
      125.degree.C.
PAR  The polyethylene terephthalate base film (about 20 microns) obtained above
      was coated with the magnetic coating composition using a gravure coater,
      and passed in the undried state between two opposing permanent magnets to
      orient the magnetic particles in the longitudinal direction of the film,
      and then dried at 130.degree.C. The thickness of the magnetic layer was 6
      microns. The coated film was slit to a width of one-half inch to form a
      slave tape.
PAR  The operation of thermoremanent duplication was carried out in quite the
      same way as in Example 1. A sample of Run No. 1 was prepared without
      performing the stretchless heat-treatment after the thermoremanent
      duplication in the same way as in Run No. 1 of Example 1.
PAR  On the other hand, samples of Runs Nos. 2 and 3 were prepared by performing
      the stretchless heat-treatment under the conditions shown in Table 3 using
      the same apparatus as in Example 1 except that a hot air oven adapted to
      permit the running of the tape therethrough was used as the heat-treating
      zone instead of the plate electric heater. The dimensional changes
      (.DELTA.l) of the slave tapes of Runs Nos. 1 to 3 were measured by the
      same method as used in Example 1, and the results obtained are shown in
      Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Run No.  Stretchless heat-treatment                                       
                                     Dimen-                                    
            Temp-   Time       Overfeed  sional                                
            erature (seconds)  rate      (.DELTA.l)                            
            (.degree.C)        (%)       (%)                                   
     ______________________________________                                    
     1        --        --         --      0.033                               
     2         75       3          0.06    0.022                               
     3        115       3          0.12    0.014                               
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Runs Nos. 1 to 6 were carried out under the conditions shown in Table 4
      using the same slave tapes as used in Example 1 and the same apparatus as
      used in Example 3. In Table 4, the samples of Runs Nos. 5 and 6 are tapes
      which were heat-treated with stretch instead of the stretchless
      heat-treatment in accordance with this invention, and therefore outside
      the scope of the present invention.
TBL                Table 4                                                     
     ______________________________________                                    
     Run No.  Heat-treatment         Dimen-                                    
            Temp-   Time       Overfeed  sional                                
            erature (seconds)  rate (k)  change                                
            (.degree.C)        (%)       ( )                                   
                                         (%)                                   
     ______________________________________                                    
     1         75       7          0.03    0.010                               
     2         75       7          0       0.016                               
     3        115       8          0.05    0.008                               
     4        115       8          0       0.018                               
     5         75       7          -0.06*  0.032                               
     6        115       8          -0.05*  0.036                               
     ______________________________________                                    
      *This symbol shows the case where the withdrawal rate (V.sub.2) of the   
      slave tape was higher than its feed rate (V.sub.1).                      
PAR  It can be seen from the experimental results shown in Table 4 that is Runs
      Nos. 5 and 6 in which the overfeed rate (k) is negative, the dimensional
      change is higher than in Run No. 1 of Example 1, and there is no effect of
      reducing the dimensional change. In Runs Nos. 2 and 4 in which the
      withdrawal rate (V.sub.2) is the same as the feed rate (V.sub.1) (that is,
      k=0), the effect of reducing the dimensional change is somewhat lower than
      Run No. 1 in which the overfeed rate is 0.03 and Run No. 3 in which the
      overfeed rate is 0.05, but a sufficient effect of reducing the dimensional
      change is observed as compared with Run No. 1 of Example 1 in which no
      stretchless heat-treatment was performed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for thermoremanent duplication of magnetic signals of a
      magnetic recording master tape on a magnetic recording slave tape
      consisting of a polyester film base and a layer of a ferromagnetic
      material coated thereon, which comprises the following steps of
PA1  i. heating said slave tape above the Curie point of said ferromagnetic
      material,
PA1  ii. contacting said master tape and said slave tape,
PA1  iii. cooling said slave tape below its Curie point while contacted with
      said master tape,
PA1  iv. separating said master tape and said slave tape, and then
PA1  v. heat-treating said slave tape without stretch at a temperature of at
      least 40.degree.C. but less than the Curie point of said ferromagnetic
      material for at least 0.1 second.
NUM  2.
PAR  2. The process of claim 1 wherein the heat-treating temperature is
      70.degree.C. to a point 10.degree.C. lower than the Curie point of said
      ferromagnetic material.
NUM  3.
PAR  3. The process of claim 1 wherein said polyester is a member selected from
      polyesters at least 90 mol% of which recurring units consist of ethylene
      2,6-naphthalene dicarboxylate, ethylene terephthalate and 1,4-cyclohexane
      terephthalate.
NUM  4.
PAR  4. The process of claim 1 wherein said ferromagnetic material is a chromium
      dioxide-type ferromagnetic material.
NUM  5.
PAR  5. The process of claim 1 wherein said stretchless heat-treatment comprises
      continuously feeding the slave tape after thermoremanent duplication into
      a heat-treating zone by means of a roller unit, allowing it to pass
      through the zone, and then withdrawing it from the zone, wherein the slave
      tape is fed at an overfeed rate (k), as defined by the following equation,
      of 0 to 2%
      ##EQU3##
      in which V.sub.1 is the rate of feeding the slave tape into the
      heat-treating zone, and V.sub.2 is the rate of withdrawing the slave tape
      from the heat-treating zone.
NUM  6.
PAR  6. The process of claim 5 wherein the overfeed rate is 0.02 to 2%.
NUM  7.
PAR  7. The process of claim 1 wherein said stretchless heat-treatment is
      performed immediately after the thermoremanent duplication.
NUM  8.
PAR  8. The process of claim 1 wherein said stretchless heat-treatment is
      performed within 5 hours after the thermoremanent duplication.
NUM  9.
PAR  9. The process of claim 1 wherein said stretchless heat-treatment is
      performed 24 to 48 hours after the thermoremanent duplication.
NUM  10.
PAR  10. The process of claim 1 wherein said heat-treating is for at least 0.5
      seconds.
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ABST
PAL  A circuit for use in a magnetic video tape recorder/playback system capable
      of detecting not only amplitude loss due to tape defects or loss of
      head-tape contact, but also zero crossing loss due to an increase of
      sideband amplitude with respect to carrier amplitude in the playback
      signal. The circuit comprises a high speed voltage comparator coupled to a
      one-shot and OR gate arrangement to cause the insertion of a compensating
      video signal should the FM playback signal fail to have a zero crossing
      and pass through a threshold level within a predetermined time period.
BSUM
PAC  BACKGROUND
PAR  Signal irregularities during the operation of a video tape
      recorder/playback system of the type disclosed in pending U.S. Pat.
      application Ser. No. 388,929, filed Aug. 16, 1973, allowed July 7, 1975,
      may result in visually detectable disturbances as a result of the low tape
      speed and small recording headgap used in these systems. Similar problems
      occur in the use of video disc recorder/playback systems of the type
      disclosed in German Published Patent Specification DAS No. 2,216,100. The
      disturbances may result from defects in the recording medium or from loss
      or reduction of contact between the playback head and the tape or disc.
      Another possibility is a loss of a zero crossing when a video transition
      from sync black to white is recorded. The result is demodulation of the
      signal as if a very low frequency had been recorded instead of the high
      frequency of peak white as intended. Disturbances of short duration may be
      rendered virtually imperceptable, however, by the insertion of a
      compensating video signal to span the time period during which the signal
      is lost or an erroneous interpretation would otherwise result. One example
      of such a compensating signal is a grey-level signal. Another example
      would be a repetition of the preceding line through the use of delay lines
      as discussed in pending U.S. Pat. application Ser. No. 507,433, filed
      Sept. 19, 1974.
PAR  In order to insert the compensating signal at the appropriate times it is
      known to use a detector to sense signal defects and to trigger a
      compensating signal generator. Some known detectors, however, are of the
      envelope type which only sense the dropping of the signal amplitude below
      a specified level. An example of such a detector is disclosed in U.S. Pat.
      No. 3,328,521. This type detector performs satisfactorily on the first
      class of problems mentioned above when the signal is lost due to a tape
      defect or reduction of contact pressure. The envelope type detector,
      however, is not capable of detecting the second class of problems, for
      monitoring the amplitude of the signal does not detect the loss of a zero
      crossing.
PAR  In the above referenced German Published Patent Specification DAS No.
      2,216,100, a circuit for suppression of distortions during recording or
      playback of FM-modulated video signals in a video recording/playback
      system is disclosed. Such distortions consist of a loss of at least one
      portion of the FM-modulated video signal as occurs for instance, in a loss
      of zero crossings. To accomplish the suppression, this known circuit uses
      a special high pass filter inserted before the demodulator in the playback
      channel. The filter has a frequency limit lying lower than but close to
      the lowest frequency of the side bands of the modulated carrier frequency
      to be transmitted by the recording/playback system. This known circuit is
      only useful in suppressing such distortion and cannot be used to detect
      and compensate and cannot be used for dropouts and zero crossing defects.
PAR  A drop out detector is required, therefore, to detect all classes of signal
      irregularities. The present invention is such a drop out detector.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The primary object of this invention is to provide a circuit to detect not
      only amplitude losses but also losses of zero crossings in order to
      trigger the insertion of a replacement signal to minimize the visual
      disturbance which would otherwise result from the defective signal.
PAR  This and other objects will be readily apparent from the summary and
      description of the invention which follow.
PAR  The invention utilizes a high speed voltage comparator with a binary output
      (or outputs, depending on the embodiment) dependent upon whether the
      playback signal crosses zero and is above or below a threshold voltage. By
      coupling the output or outputs to a re-triggerable one-shot and OR gate
      arrangement, a binary output which goes low only if the FM playback signal
      does not have a zero crossing and pass through a threshold level within a
      predetermined period is generated. Should this output go low, a
      compensation signal is inserted into the playback signal, which has been
      delayed to permit the timely insertion of the fill-in signal.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic of one embodiment of the detection/compensation
      circuit.
PAR  FIG. 2 shows a typical playback signal, a dropout and distortion.
PAR  FIG. 3 indicates the voltage levels at various points in the circuit shown
      in FIG. 1 when the playback signal of FIG. 2 is applied to the circuit.
PAR  FIG. 4 is a schematic of a second embodiment of the detection/compensation
      circuit.
PAR  FIG. 5 indicates the voltage levels at various points in the circuit shown
      in FIG. 4 when the playback signal of FIG. 2 is applied to the circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The operation of one embodiment of the detection/compensation circuit may
      be shown by reference to FIGS. 1, 2 and 3. FIG. 1 is a schematic of the
      first embodiment of the circuit, while FIG. 2 is a typical FM playback
      signal, defects A and B of which serving to illustrate the capabilities of
      the invention. Defect A is a loss of amplitude which would be detected by
      a known amplitude detection scheme as well as by the present invention.
      Defect B, however, is of the type produced at a change from low to a
      considerably higher frequency as occurs when a video transition from black
      to white is being recorded. A known amplitude detection circuit would
      never detect this defect because it is responsive only to envelope
      dropouts. FIG. 3 indicates the voltage levels at various points in the
      circuit of FIG. 1 when the signal of FIG. 2 is applied as playback signal
      e.sub.1.
PAR  Referring to FIG. 1, the playback signal e.sub.1 follows two paths. Along
      the upper path, the signal is applied to the negative input of high speed
      voltage comparator 1 with positive feedback where it is compared to a
      preset threshold voltage e.sub.3. In the embodiment shown, if the incoming
      voltage e.sub.1 is sufficiently negative the output voltage e.sub.2 will
      be at its maximum level (+4 volts, for example) and due to the positive
      feedback, the reference voltage e.sub.3 will be slightly positive (+25 mv,
      for example). See FIG. 3. This means that the input signal e.sub.1 would
      then have to exceed reference voltage e.sub.3 before the output e.sub.2
      would switch to its minimum level (0 volts). Upon the switching of e.sub.2
      to its minimum level, reference voltage e.sub.3 would in turn go slightly
      negative (-25.mv). This arrangement ensures that the comparator output
      e.sub.2 switches only when the input voltage has definitely gone through
      zero and exceeded the reference voltage e.sub.3 on the other side.
PAR  The switching of the output voltage e.sub.2 of the comparator 1 is detected
      by two one-shots, 2 and 3. One-shot 2 is triggered by a positive-going
      edge, while one-shot 3 is triggered by a negative-going edge. Since the
      lowest frequency used in the FM recording is well defined, setting the
      output of each one-shot for a time period, T.sub.1, greater than half the
      period of the lowest frequency assures that when monitoring a signal
      without defects at least one of the one-shots 2 and 3 will at all times
      provide an input, e.sub.4 or e.sub.5, to OR gate 4. Should the switching
      of the output voltage e.sub.2 not occur within the time period T.sub.1,
      however, the output e.sub.6 of the OR gate 4 will go low.
PAR  A look at the system voltages in FIG. 3 at the time when defects A and B of
      FIG. 2 are encountered illustrates this operation. Since the magnitude
      playback signal voltage e.sub.1 at defect A is less than the threshold
      voltage e.sub.3 for a period of time T.sub.2 which is longer than T.sub.1,
      OR gate output e.sub.6 switches to its minimum level as shown in FIG. 3.
      Similarly, due to the missed zero crossing at defect B, the time period
      T.sub.3 between zero crossings is longer than T.sub.1 and the output
      e.sub.6 of OR gate 4 again switches to its minimum level.
PAR  The period during which the output e.sub.6 of OR gate 4 is at its minimum
      level corresponds approximately to the period during which a compensating
      signal should replace defective playback signal. To further assure a
      signal replacement eliminating as completely as possible the effects of
      the defective signal, the output e.sub.6 of OR gate 4 is extended by a few
      hundred nanoseconds at 5 before being connected to compensating signal
      generator 6.
PAR  Referring again to FIG. 1, the lower path of playback signal e.sub.1
      followed during the detection process described above includes a delay
      line 7 to provide the delay (400 nanoseconds, for example) prior to signal
      processing in order to allow the detector enough time to react and to
      synchronize the insertion of the compensating signal just prior to the
      time when the defective signal would otherwise appear on the screen.
PAR  Following the delay 7, the signal passes through an FM signal limiter 8
      which switches at a much lower threshold (&lt;5 mv, for example) than the
      threshold voltage e.sub.3 (25 mv in this example) to ensure that voltage
      comparator 1 will detect a loss of zero crossing before the FM system
      stops operating.
PAR  After FM demodulation at demodulator 9, the signal is connected to a
      compensating signal generator 6 which, if distortion or a drop-out has
      been detected, is energized to replace the erroneous demodulated signal
      with a compensating signal such as grey-level signal or a repeated line,
      as explained above.
PAR  A second embodiment of the invention is shown in FIG. 4. As in the first
      embodiment a voltage comparator 10 compares playback signal e.sub.8 to
      threshold voltage e.sub.9. The voltage comparator 10 has dual outputs
      e.sub.10 and e.sub.11. The output e.sub.10 in this embodiment is identical
      to the single output e.sub.2 in the first embodiment. The binary output
      e.sub.11 is the inverse of e.sub.10. The outputs e.sub.10 and e.sub.11 are
      coupled through capacitors 11 and 12, respectively, to OR gate 13. The OR
      gate inputs e.sub.12 and e.sub.13 are grounded through resistors 14 and
      15, respectively. This arrangement produces peaks in the respective input
      each time the outputs of the voltage comparator 10 switch from their
      minimum level to their maximum level. FIG. 5 shows the various voltage
      levels which result when the playback signal of FIG. 2 is applied to the
      circuit. As shown, a step followed by an exponential decay results each
      time there is an e.sub.8 zero crossing followed by a voltage exceeding the
      magnitude of threshold voltage e.sub.9. As indicated, the OR gate output
      e.sub.14 switches to its maximum at each zero crossing for a period of
      time dependent upon the RC time constant associated with the OR gate
      inputs e.sub.12 and e.sub.13. Each time the OR gate output e.sub.14
      switches to its maximum level, retriggerable one-shot 16 switches from its
      minimum level to its maximum level for the same period of time T.sub.1
      used in the first embodiment. Or, if one-shot 16 has been previously
      triggered within the period of time T.sub.1, the receipt of a
      re-triggering signal simply cause the output e.sub.15 to remain high for a
      new period of time T.sub.1  beginning from the receipt of the second
      signal. In this manner the output e.sub.15 of one-shot 16 will remain at
      its maximum level at all times except when a defect in the signal
      exceeding the time period T.sub.1 occurs.
PAR  As illustrated in FIG. 5, the one-shot output e.sub.15 indicates a need for
      signal compensation when both defect A and defect B of FIG. 2 are sensed
      in the same way in which OR gate 4 indicated the signal defects in the
      first embodiment (see FIG. 3). The second embodiment has the advantage of
      requiring only one one-shot instead of two.
PAR  The description in specific detail may suggest various changes and other
      departures within the spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit, primarily for use with magnetic media video playback
      apparatus, to detect both signal drop-out and distortion in a frequency
      modulated signal, said circuit comprising:
PA1  a sensing means to detect and indicate when the voltage level of said
      frequency modulated signal passes from positive to negative and attains a
      threshold negative level and also to detect and indicate when the voltage
      level of said playback signal passes from negative to positive and attains
      a threshold positive level, said positive and negative threshold level
      being of substantially the same magnitude;
PA1  a timing means to indicate when the time period between said indications of
      threshold voltage level attainments exceeds a predetermined length;
PA1  a demodulator to demodulate said frequency modulated signal; and
PA1  a signal replacement means to generate a fill-in signal to replace that
      portion of the demodulated signal corresponding to the portion of the
      frequency modulated signal which resulted in the indication of excessive
      time lapse between said zero crossings and threshold level attainments;
PA1  said sensing means comprising a dual output high speed positive feedback
      voltage comparator and said timing means comprising a logic gate having at
      least two inputs and one output, the inputs of said logic gate being
      coupled to the outputs of said voltage comparator in such a manner to
      provide short duration signals each time the respective outputs go
      positive and the output of which is connected to a retriggerable pulse
      generator whereby a signal of said predetermined length from said pulse
      generator to activate said signal replacement means is produced only when
      the time period between zero crossings and threshold level attainments
      exceeds said predetermined time.
NUM  2.
PAR  2. A circuit as set forth in claim 1 wherein the coupling of said voltage
      compensator output and of said logic gate imputs is by capacitors grounded
      through resistors.
NUM  3.
PAR  3. A circuit as set forth in claim 1 wherein the coupling of said voltage
      compensator outputs and of said logic gate inputs is through short
      duration pulse generators.
NUM  4.
PAR  4. A circuit, primarily for use with magnetic media video playback
      apparatus, to detect both signal drop-out and distortion in a frequency
      modulated signal, said circuit comprising:
PA1  a sensing means to detect and indicate when the voltage level of said
      frequency modulated signal passes from positive to negative and attains a
      threshold negative level and also to detect and indicate when the voltage
      level of said playback signal passes from negative to positive and attains
      a threshold positive level, said positive and negative threshold level
      being of substantially the same magnitude;
PA1  a timing means to indicate when the time period between said indications of
      threshold voltage level attainments exceeds a predetermined length;
PA1  a demodulator to demodulate said frequency modulated signal; and
PA1  a signal replacement means to generate a fill-in signal to replace that
      portion of the demodulated signal corresponding to the portion of the
      frequency modulated signal which resulted in the indication of excessive
      time lapse between said zero crossings and threshold level attainments;
PA1  said sensing means comprising a high speed positive feedback voltage
      comparator and said timing means comprising (a) two pulse generators, the
      first of which is triggered by a positive going edge in the output from
      said voltage comparator, the second of which is triggered by a negative
      going edge in the output from said voltage comparator, and (b) a logic
      gate, a maximum level signal from which is generated during the excess
      over said predetermined time period between said zero crossings and
      threshold level attainments.
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ABST
PAL  Time base instability of signals in a train thereof is corrected by use of
      analog shift registers. As employed in the correction of time base
      instability of video signals, plural analog shift registers are used. The
      same clock rate is used, respectively, to clock video signals into and out
      of analog shift registers. The clock rate is set so that samples of a
      video signal which has a normal duration may load all stages of an analog
      shift register within the duration of the normal signal. Thus, samples of
      a stretched signal fully load all stages of the analog shift register, the
      trailing part of such stretched signal being discarded. Conversely, a
      video signal which has been compressed, although being fully loaded into
      the analog shift register, loads less than all of the analog shift
      register stages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to apparatus for modifying the time base
      of signals in a train thereof; more particularly, the invention is
      concerned with apparatus for correcting a time base instability in TV-type
      signals.
PAR  2. Description Relative to the Prior Art
PAR  While the invention is not so restricted, its utility as a flutter
      compensator in a video tape recorder dramatically indicates its
      significance. The playback of a taped video recording requires faithful
      replay of recorded signals without causing such signals to shift
      unwantedly and continuously in frequency. Unwanted frequency modulation of
      playback video signals can, among other things, cause (1) the sync
      information content of the video signal to become unstable, and (2) the
      color information content of the video to become, at best, faulty, i.e.,
      color information may not be detectable at all, since unstable playback of
      recorded color burst information within the video signal may cause the
      color content of the video signal to be lost entirely.
PAR  The degree of unwanted frequency shift during playback of the video signal
      is measured in terms of "percent flutter", it being recognized that even
      fractional percent flutter will prevent the AFC circuits of most TV's from
      tracking the fluttering sync signal, resulting in the tearing apart of the
      visual display that corresponds to the playback signal. Percent flutter
      may be defined as 100 times a change in frequency divided by a nominal
      frequency, the nominal frequency in the present case being 15750 Hz.
PAR  To assure against instantaneous time base instability of played back TV
      signals which are derived from a video tape recorder, present practice is
      to employ extremely close tolerances in the precision parts of the
      recorder and to complement such tolerances with various servo controls
      which actively prevent flutter from occurring during playback. Such
      practices greatly add to the cost of manufacturing video tape recorders
      and, indeed, have prevented video recorders from being cost-wise within
      reach of many who would otherwise want them. This being the case, various
      proposals have been made to utilize variable delay lines, e.g., U.S. Pat.
      Nos. 2,960,568; 3,238,300; and 3,580,991, as a way to nullify flutter
      within playback signals: flutter within the played-back signals is
      detected; the "flutter" signal is then used to vary the delay of a delay
      line through which the fluttering signal is passed, thereby causing the
      output of the delay line to be, hopefully, a flutter-free equivalent of
      the fluttering input to the delay line.
PAR  Copending U.S. Pat. application Ser. No. 432,363, filed Jan. 10, 1974,
      discloses a departure from the above-noted delay line concept, having, at
      the heart thereof, and analog shift register. Basically, copending Ser.
      No. 432,363 teaches (1) the clocking (sampling) of a fluttering signal
      into an analog shift register at a rate dependent on the degree of
      flutter, and (2) the clocking of such signal samples out of such analog
      shift register at a desired rate. If the desired rate is constant, flutter
      is nullified. On the other hand, the clock-out rate may be variable,
      whereby the signal output of the analog shift register may be modified
      according to choice.
PAR  In utilizing the teaching of Ser. No. 432,363 to process signals such as
      TV-type signals, i.e., signals which are continuous and which have a
      nominal periodicity, plural analog shift registers, say two, are used and
      so cooperate that while one TV signal is clocked into one register at a
      flutter-dependent rate, the signal within the other register is clocked
      out of such register at a known, but stable, rate, and vice versa.
PAR  As is known, analog shift registers may take a variety of forms such, for
      example, as charge coupled and charge injection devices, various serially
      disposed sample-and-hold circuits, and even A/D and D/A converters which
      functionally sandwich digital shift registers.
PAR  Recognizing that time base stability in the lead portion of, say, a TV-type
      signal is of more consequence than time base stability in the mid or
      trailing parts of such a signal (i.e., the lead signal portion contains
      the color burst information and also critically affects horizontal
      synchronization of a TV set, whereas time base shift in mid or trailing
      signal portions causes the mere shift of visual scene content -- which
      will frequently occur off the face of the TV, and/or be relatively
      unnoticeable, anyway), copending application Ser. No. 477,583, filed June
      10, 1974, taught an invention which obviated the need, as in Ser. No.
      432,363, for a variable frequency clock to load an analog shift register
      at a flutter dependent rate and, instead employed a fixed clock in
      combination with variable loading of an analog shift register(s). In a
      somewhat broad sense, then, the invention of Ser. No. 477,583 proposed the
      following as a way to nullify the effects of time base instability:
      Successively clock periodically occurring signals which may be subject to
      time base instability, and which have a nominal duration and periodicity,
      into an analog shift register by means of a fixed clock having a frequency
      which is just sufficient to shift the first sample of each signal to the
      output stage of the analog shift register within the duration of each such
      signal whereby, for each periodic signal, samples will appear in a number
      of the stages of the analog shift register in proportion to the degree
      that each such signal is stretched time-wise. Then, in response to a
      reference pulse train having time base stability, unload the analog shift
      register of its samples at a clock rate which will unload all stages of
      the analog shift register within the nominal duration, thereby causing (1)
      the lead part of all of the periodically occurring signals to have time
      base stability, and (2) those periodic signals, which before processing
      were stretched, to have the nominal duration after processing, all other
      post-processed signals having durations which are less than the nominal
      duration by tolerable amounts.
PAR  In a preferred embodiment of the invention of Ser. No. 477,583, as might be
      employed to remove flutter from a TV signal train derived from the
      playback of magnetic tape or the like, three analog shift registers, e.g.,
      charge coupled devices (CCDs) are employed to store, respectively, samples
      of every third video line signal (which signals shall be taken to include
      both video and sync information) in a signal train: The first video signal
      is clocked into the first CCD at a first clock rate; then the second video
      signal is clocked into the second CCD at the first clock rate, and while
      such occurs, the signal in the first CCD is clocked out of the first CCD
      at a second rate which will assuredly clear all stages of the first CCD
      during the time of an unfluttered video signal; then the third video
      signal is clocked into the third CCD at the first clock rate, and while
      such occurs, the signal in the second CCD is clocked out of the second CCD
      at the second clock rate; then the signal in the third CCD is clocked out
      of the third CCD at the second clock rate, and while this occurs, the
      fourth video signal is clocked into the first CCD at the first clock rate,
      and so on. By so selecting the first clock rate that a "worst case"
      stretched video signal fully loads all stages of a CCD with signal samples
      within the duration of the worst case signal, each CCD is more or less,
      starting with its output stage, periodically loaded with signal samples,
      the number of which is in proportion to the degree of stretch that the
      corresponding video signal experiences. As the CCDs are successively
      unloaded at the horizontal sync rate, there is no flutter of the critical
      sync portions of the video signals clocked out of the CCDs; and whatever
      flutter remains within the clocked-out signals virtually unnoticeably
      occurs in the visual part of, and more particularly off the right-hand
      side of, the TV picture.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is similar to the invention of Ser. No. 477,583 in
      that the concept of clocking each periodic signal, so that its lead part
      gets stored prior to utilization thereof in the output stage of an analog
      shift register, is retained. However, whereas the invention of Ser. No.
      477,583 operates to assure that even a worst case stretched signal is
      stored in an analog shift register (thus, all parts of each signal in a
      train thereof are analog shift register-processed with the invention of
      Ser. No. 477,583), the present invention teaches variable loading of an
      analog shift register depending on the degree of "compression" that a
      signal experiences with respect to a reference duration; and for signals
      which experience time-wise stretching, the invention teaches the variable
      "discarding" of those signal parts which occur after the reference
      duration. With such a technique, the need, as in Ser. No. 477,583, for a
      relatively slow clock to load an analog shift register, and a faster clock
      to unload the analog shift register, is obviated. Rather, apparatus
      according to the invention employs the same clock for clocking signals
      into and out of an analog shift register, the clock being sufficient to
      unload an analog shift register in the reference duration.
PAR  In the case of a TV-type signal, the reference duration is, typically, 63.5
      microseconds; and the clock is selected so that all stages of an analog
      shift register to which a properly "durationed" signal is applied are
      loaded with samples of such signal. Therefore, were a compressed signal to
      be applied to the analog shift register, the lead end of the signal would
      be clocked to the output stage of the analog shift register, but the
      signal would only partially load the analog shift register. And, in the
      event a stretched signal is applied to the analog shift register, all of
      the stages of the analog shift register would be loaded, but only part of
      the signal would be stored. In any event, whether the signal is properly
      durationed, or stretched, or compressed, the critical lead (sync) part of
      the signal is stored at the output end of the analog shift register, ready
      for unfluttered clock-out thereof.
PAC  OBJECTIVES OF THE INVENTION
PAR  To provide apparatus for modifying the time base of signals.
PAR  To provide a technique for stabilizing the time base of critical signals in
      a train thereof and, more particularly, to provide a technique for
      stabilizing the time base of sync signals in a TV signal train.
PAR  To provide apparatus for nullifying the effects of flutter during the
      playback of recorded video information.
DRWD
PAR  The invention will be described with reference to the figures, wherein:
PAR  FIG. 1 is a diagram useful in describing the invention; and
PAR  FIG. 2 is a schematic diagram illustrating a presently preferred embodiment
      of the invention.
DETD
PAR  Before embarking on an apparatus-oriented description of the invention, the
      basic philosophies employed in implementing the invention will be
      discussed in relation to FIG. 1. A TV signal waveform is depicted as
      having, in succession, line signals (H - .DELTA.H) that are compressed in
      duration, line signals (H) having normal durations, and line signals (H +
      .DELTA.H) that are stretched in duration an amount ( .DELTA.H), which in
      the case of an NTSC signal format is nominally 63.5 .mu.sec. Three analog
      shift registers A, B, C are pictorially indicated as storing respective
      samples of the compressed (H - .DELTA.H), normal (H), and stretched (H +
      .DELTA.H) signals. Given that the clock which samples and feeds the three
      signals respectively into the analog shift registers A, B, C is the same,
      and has a clock rate that is sufficient to load the normal signal fully
      into the analog shift register B within the duration of such signal, the
      compressed signal (H - .DELTA.H) will get shifted to occupy less than all
      of the stages of its analog shift register A, from output end toward input
      end, in proportion to its duration relative to the duration of the normal
      signal. In the case of the stretched signal (H + .DELTA.H), however, the
      clock shifts the signal so that its lead edge resides at the output stage
      of the analog shift register C, the clock turning off at that time so that
      the trailing part of the stretched signal gets discarded. With the
      sync-identifying start of each signal (H - .DELTA.H), (H), and (H +
      .DELTA.H) so defined by the analog shift registers, i.e., at the output
      stage of each analog shift register, the signals in the analog shift
      register are, as will be described below in detail, successively clocked
      out at the input clock rate, which attendantly fully unloads all stages of
      each analog shift register within the nominal period of the video line
      signal, i.e., 63.5 .mu.sec. Thus, the sync information reappears precisely
      at the nominal frequency, and whatever flutter remains in the clocked-out
      video information content of each line signal causes, when displayed by a
      TV, either no apparent visual shift of scene content, or a shift which
      appears just behind the right-hand side of the mask found on most TV sets.
PAR  It is known that approximately 200 evenly-spaced samples of video
      information per horizontal scan line will provide good resolution of the
      TV image at normal viewing distance. Because of the relative availability
      of 256-stage CCDs (i.e., 256 = 2.sup.8), the invention employs such CCDs
      as analog shift registers. Assuming that a 256-stage CCD is to store a
      normal signal of 63.5 .mu.sec., then 256 stages per 63.5 .times.
      10.sup.-.sup.6 seconds will define the frequency (4.03 Mhz.) necessary to
      clock such signal into, and fully load, the CCD; which is to say that a
      frequency of 4.03 Mhz. will shift a video signal which is compressed so
      that the sync portion of such signal resides at the output stage of the
      CCD. To unload the 256-stage CCD in 63.5 .mu.sec. requires, naturally, a
      clock-out rate of 4.03 Mhz.
PAR  Keeping in mind the clock-in/clock-out frequency as defined above, and the
      teaching which was characterized in relation to FIG. 1, reference should
      now be had to FIG. 2: A video signal train -- including sync information
      -- as may be supplied during playback of a video tape recorder, and which
      may be subject to flutter, is applied to first second, and third CCDs (1,
      2, 3) respectively, via an amplifier 10. The syn information (sync
      separator 11) is also applied to a three-bit ring counter 12 which serves
      as a basic control for clocking discrete line representative signals in
      the video signal train, respectively, and successively, into the first,
      second, third, first, second, etc, CCDs. In other words, the output of the
      ring counter 12 tracks whatever flutter is in the incoming video signal
      train. When, for example, the ring counter 12 has an output on its lead
      14, a flip-flop 16 is set, removing an INHIBIT signal from a gate 18 and
      causing clock-in pulses at 4.03 Mhz. to be applied to a 256-stage counter
      20, and to the CCD 1 via AND and OR gates 22 and 24, respectively. As soon
      as 256 shift-producing pulses have been applied to the CCD 1, at which
      time the lead portion of the first video line signal will have been
      shifted to the output stage of the CCD 1, the counter 20 carry-output
      resets the flip-flop 16 to end the application of clock-in pulses to the
      CCD 1. Thus, the first video line signal gets so clocked into and shifted
      within the CCD 1 that the sync portion of the first video line signal
      lodges at the output stage of the first CCD 1, irrespective of how much
      the video line signal has been stretched or compressed. Similarly, the
      second video line signal is clocked into the second CCD 2 by means of
      circuit components 23, 24, 26, 28, 30, and 32; and the third video line
      signal is clocked into the third CCD by means of circuit components 33,
      34, 36, 38, 40, and 42; after which the fourth video signal is applied to
      the CCD 1, and so on.
PAR  In accordance with the invention, clock-out of a CCD does not occur until
      the lead sync portion of each discrete video line signal is assuredly
      stored in the output stage of that CCD. And, such clock-out is triggered
      in response to a train of flutter-free sync-derived gating signals:
PAR  Troublesome flutter is effectively removed from the horizontal sync pulse
      output of the sync separator 11 by a low-pass filter (DC to 0.1 Hz.) 46
      within a phase lock loop including a voltage controlled oscillator (VCO)
      48, the output of which is divided (50) by 256 to provide a signal
      frequency for comparison with the fluttering output of the delay 44. Thus,
      the VCO 48 provides a 4.03 Mhz. output signal frequency, and the divider
      50 provides an H-rate signal frequency, both signal frequencies being
      without troublesome flutter frequencies.
PAR  The output of the oscillator 50 is applied to operate a three-bit ring
      counter 54 which, unlike the flutter-influenced output of the ring counter
      12, produces an output that changes at precisely the H rate. The ring
      counter 54, via AND gates 56, 58, 60, causes the clock (4.03 Mhz.) from
      the oscillator 52 to be applied successively to the CCDs 1, 2, 3, via OR
      gates 25, 32, 42, whereby each CCD gets fully unloaded, via logic 70, in
      the 63.5 .mu.sec. which occurs between the signals produced by the
      oscillator 50; and since each CCD unloads the lead portion of its stored
      sync signal at precisely the H rate, flutter is efficiently removed from
      the critical sync portion of each CCD-processed video signal. Indeed, by
      means of the invention, a TV responsive to such CCD-unloading will appear
      to embody a "driven" sync circuit. As noted above, those portions of video
      signals which are stored in CCD stages nearest the CCD inputs cause, when
      clocked out, only slight and relatively unnoticeable shift of visual scene
      content which, as stated above, will ordinarily occur behind the
      right-hand side of the mask found on most TV sets.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention. For example, in the case of a signal which is subject to
      time-wise compression, the sync pulse corresponding to the next subsequent
      line signal may -- unless steps are taken to prevent it -- get stored in
      the CCD. This could prove to be a nuisance and, if so, a blanking circuit
      could easily be incorporated in the circuit of FIG. 2 to block, say, the
      last five percent of each line signal from appearing in the output of the
      FIG. 2 circuit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for removing flutter from video signals having a nominal
      periodicity, said apparatus comprising:
PA1  a. a plurality of analog shift registers;
PA1  b. means for successively clocking video signals into said analog shift
      registers at a rate sufficient to load an analog shift register fully with
      samples of a video signal that has a predetermined normal duration within
      the duration of said signal;
PA1  c. means for clocking video signals out of said analog shift registers,
      said clock-out rate being the same as said clock-in rate; and
PA1  d. logic means cooperative with said analog shift registers for enabling
      samples of one video signal to be clocked into one analog shift register
      and for simultaneously enabling signal samples of a previously occurring
      video signal which are stored within another analog shift register to be
      clocked out of said other analog shift register.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said analog shift registers are charge
      coupled devices.
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PAL  An improved magnetic tape test article includes a plurality of
      longitudinally spaced-apart test sections. Some of the test sections are
      repeated to facilitate recorder tests under different tape wrap
      conditions. One of the tests is a compound test enabling several
      simultaneous measurements of several parameters of the recorder. The tests
      are particularly adaptable for helical scan digital signal recorders. The
      tests measure parameters such as head to medium spacing, tracking (skew,
      servo offset and the like), readback circuit performance, including
      clocking, phase tolerances, error detection and correction operations,
      response to dropouts, resynchronization response and amplitude tolerances.
      Profile of the spacing between the record medium and the head is measured
      over the length of the recorded path around the cylindrical mandrel.
BSUM
PAC  DOCUMENTS INCORPORATED BY REFERENCE FOR INFORMATION ONLY
PAR  U.S. Pat. No. 3,711,691 shows programmable controllers for operating
      diagnostic procedures, which procedures and controls may be adapted to use
      test sections of the present invention.
PAR  U.S. Pat. No. 3,400,371 shows a CPU usable to control tests conducted in
      accordance with the present invention.
PAR  U.S. Pat. Nos. 3,550,133 and 3,303,476 show connections between a CPU and a
      controller for automatic implementation of test procedures.
PAR  U.S. Pat. No. 3,654,617 shows a programmable controller.
PAR  IBM Maintenance Program, IBM 3803-3420 Magnetic Tape Subsystem, Online
      Tests User's Guide, Document D99-3420A-09, copyright 1973 International
      Business Machines Corporation, Ninth Edition (March 1974), shows
      implementations of various automatic tests procedures.
PAR  U.S. Pat. No. 3,818,501 shows a readback system having a detector circuit
      usable to detect signals described herein.
PAC  BACKGROUND
PAR  The present invention relates to test articles for use with digital signal
      magnetic recorders, particularly those of the helical scan type, and to
      methods employing the test sections on such test articles.
PAR  Diagnostic procedures and master test tapes have been used for years in
      diagnosing, testing, calibrating and adjusting digital signal magnetic
      recorders. Such digital signal magnetic recorders have usually been the
      so-called one-half inch tape drives, such as those tape drives sold by
      International Business Machines Corporation and identified by Model Nos.
      2400, 2420 and 3420. Such magnetic tape drives or magnetic tape units
      employ vacuum columns for decoupling the reels of one-half inch magnetic
      tape from a tape driving capstan and recording-reproducing transducers. As
      such, the reel characteristics are isolated from tape driving performance
      with respect to the recording and reproducing transducers. Additionally,
      the vacuum columns of such tape units apply a positive pressure such that
      the one-half inch tape is usually held fairly close to the transducing
      gaps. Even with such favorable operations, difficulties arise in
      transducing operations because of debris on the magnetic tape, creases on
      the tape and variations of many parameters in such tape units. To that
      end, extensive diagnostic procedures have been employed in the maintenance
      programs as set forth in the above-referenced maintenance programs for the
      IBM 3803-3420 magnetic tape subsystem. These automatically employable test
      and diagnostic procedures usually require the recorder to be tested to
      record signals and then read such recorded signals back using particular
      procedures for analyzing tape unit performance, including readback and
      recording circuits. Also, a master tape was produced using stringent
      parameter control conditions for calibrating such tape units for
      facilitating recorded tape interchange between users of such tape units.
      That is, a tape may be recorded by one tape drive and the signals read
      from such tape by another tape drive. Tape drives may be manufactured by
      diverse manufacturers, hence, calibrating all of the tape drives by all
      manufacturers to a single master tape facilitates interchange of records
      between users having equipment made by such diverse manufacturers.
PAR  The so-called 1/2 inch tape has an aspect ratio of 2400 feet to 1/2 inch.
      Data processing requirements, with which such 1/2 inch tapes are widely
      used, have a high demand for rapid access to large amounts of data.
      Accordingly, it was desirable to change the aspect ratio by employing a
      shorter wider tape. Such tape has been incorporated into a tape-containing
      data cartridge as shown in commonly assigned U.S. Pat. No. 3,825,208, Ser.
      No. 318,954 filed Dec. 27, 1972, for reducing access time to a given set
      of signals recorded on a tape contained in the above-mentioned data
      cartridge. Automatic storage and retrieval techniques for such cartridges
      are employed. Such techniques are described in co-pending commonly
      assigned U.S. Patent application Beach et al, Ser. No. 198,877 filed Nov.
      15, 1971. In such an apparatus, data cartridges are not only fetched from
      data cartridge storing storage cells but are also automatically loaded and
      threaded onto tape drives. Such automatic procedures indicate that some
      form of automatic diagnostics and parameter measurements are desirable for
      ensuring that the tape drives are properly functioning.
PAR  It also became apparent that the character of recording and reproducing had
      to change. While longitudinal tape transport, as used for 1/2 inch tapes,
      could be employed, cost and performance factors determined that a rotating
      head type of device, such as used on the well known video recorders and
      often termed helical scan recorders, were found to be more advantageous.
      Digital signal recording differs substantially from video recording in
      that an error condition cannot be tolerated in digital signal recording,
      as it is in video recording. Further, video recording uses frequency
      modulation techniques, while most digital signal recording uses so-called
      baseband recording. That is, the signals being recorded are not modulated
      onto a carrier before recording. Because of these substantial differences
      and the operational requirements for digital signals being substantially
      different from video recording, operation of digital signal helical scan
      recorders can be entirely different from the operation of video recorders.
      Accordingly, diagnostic procedures used for maintaining video recorders
      would not be necessarily applicable to digital signal recorders. Further,
      the error inducing or failure modes of such helical scan digital signal
      recorders appears to be substantially different from error modes of the
      longitudinally transported 1/2 inch tapes. Accordingly, new diagnostic
      procedures suitable for the new set of problems is required.
PAR  Some prior test techniques include logically arranging test procedures in
      an analytical array. For example, in 1/2 inch test tapes for 1/2 inch tape
      drives, one-hundred test records constituted a test file; several test
      files were serially recorded in one tape reel or volume. A set of signal
      perturbations of a first parameter were varied in a record-to-record
      manner within one test file. A second signal parameter was held constant
      in each such test file, but varied between successive files. In logically
      analyzing the test results, the test file varied parameter results were
      arranged along rows while the record to record changed parameters were
      arranged in columns. The records and files were read serially.
PAR  In unit record equipment, hole positions of test type unit record or
      tabulating (punched) cards were varied along orthogonal axes of the card.
      Only one parameter, hole position, was varied.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved test article for a
      helical scan recorder which includes test procedures and articles suitable
      for use with other types of digital signal recorders and to provide an
      improved master test tape particularly adapted for a helical scan
      recorders or other form of reel-to-reel tape transports.
PAR  In accordance with one aspect of the invention, a test tape includes a
      plurality of first types of recorded test sections which are spaced apart
      along the length of the tape, such test sections exhibiting
      characteristics usable to measure parameters and test operation of the
      recorder for determining transducer-to-medium relationships. In a second
      aspect of the invention, the first type test section can include
      tracking-test type of recorded signals. In another aspect, such first type
      of test section can include a multiple test-type test section, including a
      plurality of record tracks having transversely erased portions enabling
      measurement of transducer-to-medium relationships.
PAR  In another aspect of the invention, a test section includes electrically
      recorded signals having a compensation adjusting phase shift (phase
      trigger) followed by at least one test phase shift. A plurality of pairs
      of such phase shifts constitute a test section capable of testing readback
      circuits of a digital signal recorder.
PAR  Other test sections in a test tape constructed in accordance with the
      invention may include head-to-medium spacing tests using high frequency
      components for measuring spacing, dropout tests, resynchronization tests,
      error pointer tests and error correction tests.
PAR  In another aspect of the invention, a test section constitutes a
      rectangular array of parallel spaced apart tracks having variable
      amplitude (a first parameter) along one direction and varying phase shifts
      (a second parameter) along another direction. In one described form, the
      array is used to generate pointers usable with error correction systems
      for calibrating the sensitivity of such pointers and error correction
      systems while in a second described form timing response (clock) of
      readback circuits is tested.
PAR  It is a further aspect of the invention to employ methods in testing
      digital signal recorders using the above-described test sections as well
      as methods relating to such test sections employing other types of test
      tapes.
PAR  A further aspect of the invention is the measurement of a tape-to-head
      profile in a helical scan recorder wherein the recorder employs a
      cylindrical mandrel and the tape is helically wound about the mandrel. A
      test method measures head spacing along a helical scan track for
      generating the profile of tape-to-mandrel spacing along the helical path
      of the tape.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawing.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a diagrammatic illustration of a test tape layout constructed in
      accordance with the teachings of the present invention. The legend relates
      the various test sections with respect to tests described later in the
      specification.
PAR  FIG. 2 is a diagrammatic showing of a helical scan recorder with which the
      present invention may be advantageously practiced.
PAR  FIG. 2A is a simplified diagrammatic showing of a tape-to-mandrel spacing
      profile which is measurable by using the present invention.
PAR  FIG. 3 is a diagrammatic illustration of a tracking test section A as
      recorded on the FIG. 1 illustrated tape.
PAR  FIG. 3A is a showing of a computer print-out resulting from test conducted
      with the test section illustrated in FIG. 3.
PAR  FIG. 4 is a diagrammatic showing of a test section B having a plurality of
      helical scan tracks dissected by a large plurality of longitudinally
      extending erasure tracks. The resulting section is termed a compound test
      section facilitating measurement of a variety of recorder operating
      parameters.
PAR  FIG. 4A is a simplified and enlarged diagrammatic showing of one portion of
      a helical scan track in test section B. FIG. 4B is a diagrammatic showing
      of a readback signal envelope derived from reading recorded signals from a
      test section B.
PAR  FIG. 4C is a simplified diagrammatic showing of a portion of a test section
      B with geometric parameters of an erasure dissecting a track in section B
      being accented to illustrate how the single test section is usable to
      measure various recorder parameters.
PAR  FIG. 4D is a diagrammatic showing of a second version of test section B.
PAR  FIG. 4E - 4I represent composite computer printouts based on tests
      conducted using the FIG. 4 illustrated test section B.
PAR  FIG. 5 shows a partial set of idealized waveforms taken from 50 tracks of a
      test section C for measuring flying height for determining
      medium-to-mandrel spacing profiles in a helical scan recorder.
PAR  FIG. 5A is a representative computer printout based upon test methods
      usable with test section C recorded signals.
PAR  FIG. 6 shows an idealized partial set of signals from one track of a test
      section D usable to measure peak shift sensitivity of readback circuits of
      a helical scan or other type of digital signal recorder.
PAR  FIG. 6A is a showing of a computer printout based upon test methods of the
      present invention when used in connection with the FIG. 6 illustrated test
      section signals.
PAR  FIG. 7 shows an idealized partial set of signals from test section E used
      to test the sensitivity of readback circuits of a digital recorder to
      signal dropouts.
PAR  FIG. 7A is a computer printout based upon a test employing the signals
      illustrated for test section E.
PAR  FIG. 8 shows an idealized partial set of signals from a single track of a
      test section F usable as a VFC or clocking test wherein the readback
      circuits employ phase equalization circuits.
PAR  FIG. 8A is a partial reproduction of a computer printout based upon a test
      conducted in accordance with the present invention and using the signals
      shown in FIG. 8.
PAR  FIG. 9 is a diagrammatic showing of a rectangular array arranged clocking
      test using the principles shown in FIG. 8.
PAR  FIG. 10 is a simplified showing of a record track of a tape usable with a
      helical scan recorder having resynchronization points.
PAR  FIG. 11 shows an idealized partial set of signals for test section I having
      orthogonally varying phase and amplitude parameters for testing error
      detection and correction circuits, as well as sensitivity of readback
      circuits to combine phase and amplitude variations.
PAR  FIG. 11A is a diagrammatic showing of phase shift to bit period
      relationship for test section I.
PAR  FIG. 11B is a simulated computer printout for tests to be conducted with
      test section I.
DETD
PAC  THE PRESENTLY PREFERRED EMBODIMENT OF THE INVENTIVE TEST ARTICLE
PAR  Referring now more particularly to FIG. 1, a test tape article of the
      present invention includes a magnetically coated web 10 on which a
      plurality of test sections A through I are recorded, together with control
      tracks used in connection with the FIG. 2 illustrated helical scan
      recorder. A pair of servo tracks 11 and 12 precisely indicate the center
      lines of the helical scan tracks later described in more detail. Servo
      tracks 11 and 12 are constructed in accordance with known techniques and
      are not further described for that reason. A helical scan track
      identification track (ID) track 13 contains longitudinal addresses of each
      and every track position identified by servo tracks 11 and 12. Track 13 is
      read by the helical scanning rotor carried transducer, as are servo tracks
      11 and 12.
PAR  While the test sections A through I are shown as being equally spaced and
      have an equal longitudinal extent, in a practical test tape such may not
      be the case. From examination of FIGS. 3 through 12, it will become
      apparent that different test sections have different spatial requirements.
      One interesting aspect of the FIG. 1 test tape is that the tracking test
      section A, a first type of test section, is located at the beginning of
      tape as at 14, at the center of tape as at 15, and at the trailing or end
      of tape as at 16. Such spaced apart requirements arise in helical scan
      reel-to-reel recorders because a helical wrap of the tape is not
      mechanically decoupled from the tape spools. As a result, different wrap
      on a tape take-up spool causes different operating parameters to be
      imposed upon the helical wrap of tape around the tape mandrel. As a
      result, tracking of the rotating head with respect to the record tape can
      vary. Accordingly, tracking test section A is disposed as shown for
      measuring variation of transducer-to-tape relationships imposed by varying
      tape wrap. A second type of test section, type B, is also disposed in
      juxtaposition to test sections A as at 21 and 22. Test section B contains
      signals capable of facilitating measurement of several parameters
      including tracking, head-to-tape spacing, skew and the like. Other test
      sections, C through I, can be spaced anywhere along the test tape or can
      be repeated. In those situations where tape wrap in a particular magnetic
      recorder has a significant effect on a given parameter, each of such test
      sections can be repeated. The location of other test sections C through I
      on the tape in the FIG. 2 illustrated recorder are not affected by tape
      wrap, hence location is arbitrary and capricious.
PAR  FIG. 2 diagrammatically shows a rotating head digital signal recording
      apparatus to be tested using the FIG. 1 illustrated test tape. The tape
      has a helical wrap around an air bearing mandrel consisting of two halves
      30 and 31, the mandrel being stationary. Precisely coaxially aligned with
      the cylindrical mandrel 30, 31 is a single axially thin rotor 32 which
      carries transducing gaps W and R, gaps W, R scan record tracks disposed at
      17.5.degree. with respect to the longitudinal edges of web 10. A rotary
      transformer (not shown) of usual design is included in rotor 32 to provide
      electrical connections over lines 33 and 34, respectively, between gaps W
      and R and recording circuits 54, readback circuits 65 and the later
      described control circuits.
PAR  Rotor 32 is driven at a constant angular velocity by motor 40. Motor 40
      also includes precisely constructed tachometer disk 41. Disk 41 has
      fiducial mark 42 precisely aligned with the angular position of gaps R and
      W such that sensor 43, supplying a signal indicative of sensing fiducial
      mark 42, provides a precise relationship of the angular location of gaps W
      and R for use in connection with the medium record format shown in FIGS. 1
      and 4. Sensor 43 supplies its fiducial signal to reset angular position
      counter 44 to a reference state, such as all 0's. In addition, sensor 45
      senses the positional marks evenly distributed around the circumference of
      disk 41. Sensor 45 supplies corresponding angular position-indicating
      signals to counter 44 to tally same for indicating the present angular
      position of gaps R and W. For example, if the counter is set to all 1's by
      the reset, then the tally signals from sensor 45 decrement the counter
      toward zero as motor 40 rotates rotor 32 and tachometer disk 41. In the
      alternative, when counter 44 is set to all 0's, the tally signals from
      sensor 45 may increment the counter. Other reference states may be used in
      the counter in accordance with known machine design principles.
PAR  The present count in counter 44, i.e., the indication of the angular
      position of gaps R and W, passes head-switching positions represented by
      signals on the lines 50, 51, and 52.
PAR  Since the apparatus is employed for recording digital data signals, a
      computer (not shown) is usually connected to the apparatus, no limitation
      thereto intended. The computer supplies the usual control signals for
      digital signal recorders and digital signals to be recorded. Recording
      circuits 54 receive the computer-supplied signals and convert them to a
      form suitable for recording on web 10. Such a form may be NRZI digital
      signals, as taught by Phelps in U.S. Pat. No. 2,774,646. Such NRZI
      recording, as taught by Phelps, is preferably encoded for reducing the
      charge effects in the rotary transformer. To this end, the record code
      taught by Patel in U.S. Pat. No. 3,810,111 may be advantageously employed
      for recording signals in a data signal receiving area between servo tracks
      14, 15. Such recording usually includes a preamble clock synchronizing set
      of signals, such as those employed in phase-encoded recording.
PAR  Signals to be recorded are supplied by recording circuits 54 through AND or
      coincidence circuit 55; thence, over line 33 to gap W. AND 55 passes such
      signals only when the gap W is scanning that portion of web 10
      corresponding to the digital data signal receiving area. Angular position
      counter 44 is constructed to decode the counts for defining such data
      signal receiving area by supplying a relatively low amplitude signal over
      line 50; i.e., the signal on 50 represents a series of tachometer counts
      from disk 41 corresponding to the scan portion represented by helical scan
      record tracks or stripes 24, 25, etc. (FIG. 4). The signal on line 50 goes
      through inverting amplifier 56 to AND 55 for enabling recording signals
      through gap W. At all other times, coincidence circuit 55 is disabled,
      thereby protecting the integrity of the signals recorded at a
      manufacturing plant in servo areas 11, 12 in accordance with the Harr
      patent 3,666,899.
PAR  Gap W scans the servo areas 11, 12, which have a predetermined relationship
      with the above-mentioned data receiving area, such that a second
      predetermined set of counts from tachometer disk 41, as manifested in
      counter 44, open AND circuit 57 to pass signals from line 33 to servo
      circuits 60. In this regard, whenever ID track 13 is not to be altered,
      the signal on line 50 passes through OR circuit 61 to enable AND 57
      whenever AND 55 is disabled. Hence, in this manner, the signals on line 33
      are passed to servo circuits 60 whenever the gap W is scanning a portion
      of the tape outside the data signal receiving area. Servo circuits 60 are
      constructed to ignore the data signal type of readback signals.
PAR  Gap R supplies signals over line 34 to readback circuits 65. Readback
      circuits 65 supply such readback signals to the computer whenever gap R is
      scanning signals in the data signal receiving area. At other times, gap R
      is scanning ID track 13, which is indicated by the signal on line 51. In a
      similar manner, the signal on line 52 indicates gap R is scanning a
      nondata area of the tape. Similarly, the signal on line 52 disables
      readback circuits 65 whenever gap R is not scanning the signal receiving
      area. The test tape of the present invention test operation of the
      recorder in the readback mode; i.e., test operation of gap R and readback
      circuits 65.
PAR  Recording or reproducing operations for the data signal area are initiated
      only after the article has been accurately positioned and such positioning
      verified, i.e., all data tracks are precisely aligned with the
      corresponding portions of the servo track areas 11, 12 and ID address
      signals at 13. Positioning control 70 coordinates web 10 transport with
      rotor 32 position in a known manner. Supply or payout reel 71 driven by
      motor 72 and machine-reel or takeup reel 73 via motor 74 are also
      coordinated in operation in accordance with Phillips U.S. Pat. No.
      3,781,490. A vacuum column buffer (not shown) may be interposed between
      supply reel 71 and mandrels 30, 31. Tachometer 75 supplies position data
      signals to positioning control 70. Translation of machine-reel 73 rotation
      to actual linear tape motion is calculated by the computer in accordance
      with tape wrap radius on machine-reel 73. Threading web 10 from reel 71 to
      reel 73 is in accordance with established automatic threading techniques.
PAR  FIG. 2A is a diagrammatic sectional view taken in the direction of the
      arrows along line 2A--2A of FIG. 2 showing a possible tape error condition
      in the illustrated digital signal recorder. Ideally, web 10 circumscribes
      a circular helix about mandrels 30, 31 and as represented by circle 10A of
      FIG. 2A. Under certain conditions beyond the scope of the present
      description, web 10 can be perturbed such that the helical wrap is not
      perfectly circular but is somewhat eliptical as indicated by line 10B. As
      a result, the transducer W, R to web 10 relationship or spacing is greater
      than what is desired. It is well known that an increased spacing between a
      transducer and a magnetic record medium substantially reduces the quality
      of signal exchanging therebetween. This is particularly true at a higher
      recording density wherein shorter wavelengths are employed for recording
      signals on a record medium. Hence, an eliptical path as represented by
      line 10B can cause readback errors as well as recording errors. One of the
      primary features of the present invention is to enable measuring that
      profile for facilitating returning the tape path to the idealized circular
      helix represented by line 10A. The adjustment of such tape drive apparatus
      following the measurements and parameter identifications made in
      accordance with the present invention is beyond the scope thereof and is
      not described for that reason. Many known engineering design principles
      may be employed for such adjustment. Calibration of each of a plurality of
      such helical scan tape recorders or drives is possible in accordance with
      the teachings of the present invention.
PAR  It is anticipated that the illustrated record medium may be used by several
      different tape units as diagrammatically shown in FIG. 2. Such tape units
      usually will have different tape-guiding characteristics yielding slightly
      different record stripe angles--such angle differences are termed "skew."
      Such skew can result in readback errors or unintended overwriting of
      existing records resulting in obliteration of such records. In spite of
      this skew problem, it is commercially imperative that record tracks be
      changeable without unintentionally obliterating other recorded signals.
      For achieving such a re-recording with multiple recorders, the FIG. 1 test
      tape facilitates recorder parameter measurements as now described.
PAR  The tracking test section A is shown in diagrammatic form in FIG. 3. As
      previously mentioned, the record areas on web 10 consist of helical scan
      type of stripes disposed at an angle of 17.5.degree. with respect to a
      longitudinal edge of web 10 as thus seen in FIG. 4. Each of these track
      areas contain a large plurality of signal transitions generated in
      accordance with the Phelps patent, supra. Because of the addressing and
      the servo track signals in tracks 11, 12 and 13 of FIG. 1, the space
      between servo tracks 11 and 12 are clearly delineated as record track
      areas as represented by the narrow rectangles 80 of FIG. 3. Ideally, each
      digital signal recorder operating on web 10 causes its transducing gaps to
      scan transversely to web 10 through each of rectangles 80, with the center
      of the gap along the center lines 81 of the respective helical scan record
      track or stripe areas. As mentioned above, because of varying parameters
      in helical scan recorders, such idealized operation is not always
      achievable. Accordingly, test section A facilitates measurement of the
      tracking fidelity of various digital signal recorders and the sensitivity
      of readback circuits to such tracking errors.
PAR  Test section A enables identification of mechanical tracking problems by
      displacing the track center of the actual tracks in each section A from
      the idealized center line 81 in 1 percent increments. Track T0 is
      displaced zero, i.e., is located in the idealized location. Track 1 is
      displaced to the left as viewed in FIG. 3 by 1 percent. Other tracks are
      similarly displaced. Track T20 is displaced 20 percent as indicated by the
      hatched area 82 superposed over the idealized tracking area 80. In similar
      manner, track T40 is displaced to the left 40 percent as indicated by
      hatched area 83; track T60, 60 percent as indicated by hatched area 84;
      while track T100 is displaced 100 percent such that the actual recorded
      track 85 is adjacent and abutting the idealized location of track T100.
PAR  In one recorder employing the present invention, adjacent tracks abutted
      each other such that actual recorded track 85 represents an idealized
      track in position T101. The tracking pattern of section A then can be
      viewed as a no-error tracking condition in tracks T0 and T101 with
      increasing offsets reaching a maximum at track T50. Hence, one would
      expect no tracking errors to be found at tracks T0 and T101. For zero
      servo offset (error), the failure pattern between tracks T0 and T50, and
      between tracks T101 and T50, should be symmetrical. However, if the error
      pattern is offset by five; i.e., the failures between track T0 and T50
      begin at T20, while the errors between tracks T101 and T50 begin at T75
      (25 tracks from the end), servo offset of 21/2 percent is indicated.
PAR  Further, if the error pattern in each track is determined and plotted as
      will be described, this error pattern illustrates whether or not the
      transducing gap travel path is precisely aligned or skewed from the
      idealized recording areas 80 if web 10 is incorrectly wrapped about
      mandrel 30, 31, the actual scanned track may have an S-shaped curve. This
      indicates a problem which can be corrected by adjusting the mandrel. A
      third parameter that is shown by this test relates to the longitudinal
      extent or width of the error zone which relates to the degree of
      cross-talk or effective width of guardband between tracks. An optimum
      guardband yields a minimum failure zone width (minimum printout area).
PAR  FIG. 3A illustrates an exemplary computer printout showing error analysis
      based upon readback signals from a second embodiment test section A. Such
      second embodiment included 51 tracks, the spacing between adjacent tracks
      having a 2 percent adjustment rather than a 1 percent adjustment as
      described above. Each alphanumeric symbol in the printout area represents
      signal quality as detected by readback circuits 65 for thirty-two 8-bit
      bytes. The coding is in accordance with the number of bytes in error from
      1 to 32. For an error-free 32 byte group, there is no printout. Hence, the
      white space represents error-free readback. The coding is set forth below
      in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Bytes in Error   Print Symbols                                            
     ______________________________________                                    
     1                1                                                        
     2                2                                                        
     3                3                                                        
     4                4                                                        
     5                5                                                        
     6                6                                                        
     7                7                                                        
     8                8                                                        
     9                9                                                        
     10               A                                                        
     11               B                                                        
     12               C                                                        
     13               D                                                        
     14               E                                                        
     15               F                                                        
     16               G                                                        
     17               H                                                        
     18               I                                                        
     19               J                                                        
     20               K                                                        
     21               L                                                        
     22               M                                                        
     23               N                                                        
     24               O                                                        
     25               P                                                        
     26               Q                                                        
     27               R                                                        
     28               S                                                        
     29               T                                                        
     30               U                                                        
     31               V                                                        
     32               W                                                        
     ______________________________________                                    
      As above mentioned, the tracks at the longitudinal extremities of each
      test section A should be relatively error free as is the case in the FIG.
      3A illustration. The horizontal coordinate of FIG. 3A corresponds to the
      length of the tracks transverse to the tape. It is seen that the recorder
      being tested corresponding to the printout of FIG. 3A has a relatively
      sharp cutoff between the relatively error-free condition and errors
      induced by tracking. Between helical scan tracks 24 and 29, essentially no
      readback is successful. The center of the error-indicating printout band
      of tracks (26.5) is nearly centered between beginning track 0 and ending
      track 50. Such centering indicates proper track servo adjustment. Such
      tests were conducted at the beginning of tape, end of tape, as well as at
      MOT. By conducting a series of such tests, variation of the tracking due
      to tape wrap on a takeup spool is easily measurable to a precise degree,
      i.e., down to one or two helical scan tracks. Also, the sensitivity of a
      given recorder to such tape wrap and other conditions is also
      ascertainable.
PAR  An additional aspect of the tracking test which is exemplified by the FIG.
      3A printout is that the linearity or the curvature of a given track is
      measurable. This can relate the relationship of a travel path of the
      rotating head with respect to the tape medium. In FIG. 3A, a generally
      U-shaped configuration can be perceived in the relationship of the path of
      the rotating head to the medium at MOT. In a plural recorder system as
      shown in Beach et al, supra, using test section A for all recorders can
      result in significantly different results from the various recorders. Such
      differences indicate the recorders are handling tapes so differently that
      using a common tape for the recorders results in errors. This aspect of
      the tracking test of section A affords additional analytical power for
      calibrating and adjusting a plurality of commonly used helical scan type
      digital signal recorders.
PAR  The compound test section B is described in detail with particular
      reference to FIGS. 4 through 4C. A plurality of helical scan tracks,
      including tracks 24, 25, are recorded in the data receiving area between
      servo tracks 11 and 12, each track containing a squarewave of maximum
      frequency, no limitation thereto intended. After the tracks are recorded,
      approximately 100 erasures are made longitudinally along the tape through
      all of the stripes such as at 100, each longitudinally extending erasure
      track creating a narrow angled erasure through the recorded track as seen
      in FIG. 4A as at 101, 102. Such erasures create erased portions or gaps
      between the squarewave signal sections 104, 105, and 106, respectively. In
      the illustrated embodiment, the actual angle of the erased portions 101,
      102 is at 17 1/2.degree. with respect to the angle of the track. The width
      of the track 24 is equal to the width of the write gap 108 which was
      originally used to record the squarewave tracks. In a preferred system
      employing the present invention, for skew compensation purposes, the read
      gap 111 is substantially narrower than the write gap.
PAR  For optimum test purposes, the erasure width should have a relationship to
      the angle of the erasure and the extent of read gap 111 such that the
      readback signal envelope is generally of triangular shape and shown in
      FIG. 4B, wherein the readback signals 104R, 105R and 106R correspond to
      signal sections 104, 105 and 106.
PAR  When test section B is constructed to obtain the FIG. 4B illustrated
      readback signal envelope, several recorded parameters can be readily
      measured. These include the skew of the read gap 111 travel path with
      respect to the longitudinal extent of a helical scan track. The track
      profile, that is, a tape or web 10 may not form a circular helix about the
      mandrel, resulting in perturbations in the apparent geometry of the track
      with respect to the read gap 111 travel path; the spacing between the gap
      111 and the web 10 and finally the head spacing profile around the
      mandrel. A high degree of accuracy in such measurements compared to prior
      techniques of inside measurements is afforded. The compound test section
      eliminates necessity of external apparatus for measuring gap-to-medium
      spacing by using external apparatus such as shown by Chow et al in the IBM
      TECHNICAL DISCLOSURE BULLETIN, "Measurement of Head to Tape Spacing,"
      Volume 13, No. 8, January 1971, page 2259.
PAR  It will be remembered that a squarewave was recorded in each of the tracks
      in this section. By equally spacing erased portions 101, 102, 103, each
      signal section 104, 105, 106 has an equal known number of bits and can be
      programmed in connection with conducting the test for this section B. In
      this regard, refer to FIG. 4C where each of the vertical lines 112
      represent a transition of a squarewave, every other line being a positive
      going transition with the alternate intermediate lines representing
      negative going transitions. By counting these transitions between signal
      pickup and dropout, all of the above-described parameters, plus servo
      offset, are measurable and indicatable. It should be remembered that the
      readback circuit should be carefully calibrated such that circuit
      variations can be accounted for in the event that absolute measurements
      are desired. Another procedure is to have a reference recorder of the
      helical scan type. All other helical scan recorders can be calibrated to
      reference for making absolute measurements. In the alternative, relative
      measurements, i.e., how one recorder compares to another recorder, can be
      used to great advantage for facilitating multiple recorder record media
      usage.
PAR  Referring again to FIG. 4C, as read gap 111 traverses from the left to the
      right, it is seen that an ever-reducing flux linkage occurs between signal
      section 105 and gap 111. Depending upon the sensitivity of the readback
      circuits associated with gap 111, signal dropout occurs. Signal dropout;
      i.e., the signal no longer can be detected, may occur as at 113.
PAR  The dimension A is proportional to the minimum signal required for
      detection and may be a different value for different recorders. It is a
      function of many variables in the transducer and readback circuits. For a
      given recorder, the same value A determines the point 115 where detection
      begins as well as 113 where detection ends. It can be observed from FIG.
      4C that an increase in the value of A symmetrically shifts point 113 left
      and point 115 right. This symmetrical property enables calculation of a
      transition count T;
      ##EQU1##
      which is the average of the transition counts S and U and is independent
      of the A dimension. S is the count at signal dropout and U is the count at
      the onset of signal recovery. It will be shown how count T indicates
      tracking.
PAR  FIG. 4A shows erasure tracks intersecting a written track at equal
      intervals along the written track. For each erasure track a unique
      transition count for S, T and U is determined by counting transitions
      sequentially from beginning to end of the track. This is practical to do
      because the nondetected dropout widths are short enough that the system
      clock does not lose synchronization with the readback signal. By reading
      this tape on a helical scan digital recorder, a set of values T1, T2, . .
      . Tn are determined which are characteristic of tracking of that recorder.
PAR  Referring again to FIG. 4C, let 111A be the position of the read gap on a
      given read pass. A different set of transition count values S', T', and U'
      result from any lateral displacement (D) of the read head from the
      previous read pass. It can be shown by geometry that the difference in
      values (T-T') relates to the difference in tracking (D) by the
      relationship
      ##EQU2##
      where .phi. is the angle between the write track and the erase track and R
      is the transition density in number of transitions per inch. It was
      previously shown that A may differ in value from A' without affecting the
      value of T. Therefore T-T' truly reflects tracking differences, even
      between recorders with different electronic or magnetic gains.
PAR  It follows that since each erasure intersection provides a tracking
      measurement (D), the simple subtraction of the vector T1, T2, . . . Tn
      from a subsequent read T1', T2', . . . Tn' provides a profile of tracking
      difference along the track length. The reference vector T1, T2, . . . Tn
      may be derived in a variety of ways depending on the required test
      results. It may result from reading the test tape on a reference recorder.
      If measured deviation from a norm is required, it may be the statistical
      average of a large number of helical scan recorders. It may result from
      very accurate calibration of recording device used to create the test
      tape. In many applications the references may not be required where only
      differences from one read to another read are of interest.
PAR  FIG. 4E shows typical track profiles. The reference, line 130, in this
      illustration is the average of 10 tracks read on the same recorder.
      Therefore, the top profile shows track 1 referenced to the average of the
      10 tracks. The middle profile shows track 5 and the bottom profile shows
      the average of 10 track which is the reference. Both the profile and the
      average position of the profile with respect to the reference are
      significant. The average position relates to servo offset while the shape
      relates to the helical wrap of the web. FIG. 4G shows the same test tape
      read on a different recorder. Here the bottom profile is the average of 10
      tracks on the second recorder with respect to the reference 130. This
      relates to the true tracking differences between the two recorders.
PAR  Again referring to FIG. 4C, the value of A has been described to vary
      between recorders. The only significant parameter known to cause a change
      in the value of A for a given recorder during the reading of a track is
      the head to tape spacing. It can be shown by geometry that the dimension A
      is directly proportional to the quantity S-U which is directly available
      from the previously described test data. Therefore, for each tracking
      profile a second profile relating to head to tape spacing is available.
PAR  FIG. 4F shows head to tape spacing corresponding to the tracking profiles
      of FIG. 4E. The reference average 132 is simply a constant which relates
      to the required total electronic and magnetic gain of the read system.
      Hence, this test checks a recorder for proper gain and uniform tape to
      head spacing.
PAR  First referring to FIG. 4D, a similar test section to that described, with
      respect to FIG. 4, is shown in diagrammatic form. The helical scan tracks
      126 on a web 10 are constructed in the same manner as described for FIG.
      4. The erasure tracks indicated by dash lines 127 are disposed at
      supplementary angles to helical scan tracks 126 rather than being disposed
      longitudinally, as in FIG. 4. In the FIG. 4D illustration, the angle of
      erasure tracks 127 with respect to the longitudinal edges of web 10 is
      supplemental to the track 126 angles, no limitation thereto intended. The
      FIG. 4D illustrated configuration yields a different angle of erasure with
      respect to the length of the helical scan tracks 126; hence, different
      calibrations and result are attainable by varying the erasure track's
      direction from being longitudinal to any selected other angle with respect
      to the helical scan tracks being dissected. Various test results can be
      achieved, all within the teachings of the present invention.
PAR  As above partially described, FIGS. 4E through 4I are composite graphs
      derived from computer printouts using test section B as source data to
      different digital signal magnetic recorders. The first recorder is termed
      a reference recorder such that the second recorder, entitled "Unit A4,"
      may be calibrated thereto. FIGS. 4E and 4F are illustrative of calibrating
      reference in that the reference recorder was tested during the second
      rotation of a rotating head; that is, as a tape was moved with respect to
      the rotating head travel path, one rotation of the head elapsed after
      reaching a desired transducing relationship before the tests were
      conducted. This allows the web 10 to stabilize before tests are conducted
      for calibration purposes. In FIG. 4E, two of the tracks, tracks 1 and 5 of
      the tracks 0 through 9 in the test band, are shown for illustrating the
      type of readout obtained, together with the average of all readings from
      all tracks 0 to 9. Track 0 corresponds to helical scan track address
      00700; track 1 is 00701, etc. Such a track number is closed to the
      beginning of tape, such as at 20 of FIG. 1. In FIG. 4E it is seen that
      track 1 has a generally positive offset from the idealized tracking
      position indicated by horizontal line 130. The positive offset indicates
      that the tape path is reading toward the end of tape side of track 1. Such
      measurement is accomplished as indicated in FIG. 4C. In a similar manner,
      track 5 indicates that its offset is toward the beginning of tape, i.e., a
      negative offset, from idealized track center 130'. Since the recorder is a
      reference recorder, the average is a straight line at an idealized
      calibration reference for other digital signal recorders with which the
      reference recorder serves as a standard.
PAR  In a similar manner, FIG. 4F is a composite graph showing error lengths,
      i.e., number of bits between T and L, as shown in FIG. 4B. Again, tracks 1
      and 5 of tracks 0 to 9 were selected for illustration purposes. Starting
      track is still 00700, with track 1 being 00701, etc. In track 1, the
      average dropout has oscillated about 30 bits long. The same is true for
      track 5 which varies between 32 and 26 error bit dropout lengths. The
      average also varies, indicating a profile of the recorded track with
      respect to the rotating transducer travel path.
PAR  The above two composite charts can be compared favorably with FIGS. 4G and
      4H, respectively. The average plot in FIGS. 4G and 4H shows the
      relationship between unit A4 and the reference unit. Note the offset for
      recorder A4 is substantially greater than that for the reference recorder.
      The average shows the track offset is roughly 40 bit positions with
      respect to the average offset of a reference recorder. Note also that
      graphs 4G through 4H were made on the first rotation of recorder A4
      yielding less desirable results than that set forth in the calibration. A
      better comparison is shown in FIG. 4I which is a composite of the average
      error length and the average track offset for recorder A4 on the second
      rotation. It is seen from FIG. 4I that the rotating head tape path to
      track relationship has improved over the first rotation relationship.
PAR  Test section C is for measuring head-to-medium spacing based upon a series
      of energy reduced signals mixed among the test stripes numbered 0 through
      99. The pulse duration reductions are in 1 percent steps for the 100
      tracks, such as shown in FIG. 5. One reduced pluse is located in each of
      the 32-byte test groups. In test track 00 full amplitude is provided. At
      test track 50, half energy is provided by pulse slimming unitl track 99,
      which has essentially very little duration for the energy reduced pulse.
      In FIG. 5A, the error pattern is shown from track 99. The error pattern
      from track 89 through track 96 shows the sensitivity and the sharp cutoff
      of the readback circuits of the digital signal recorder being tested. For
      FIG. 5A, the test was conducted on the reference recorder such as shown
      for FIGS. 4F and G. FIG. 5A, therefore, shows a reference printout for
      calibrating digital signal recorders. If a particular digital signal
      recorder started dropping out at track 80, it would indicate that the
      tape-to-head spacing is too great; that is, the helix wound by the tape
      over the rotating head is too loose. In a similar manner, offset head
      spacing, i.e., a non-circular helix, such as shown in FIG. 2A, can be
      detected. For example, referring to FIG. 5A, if the left-hand portion of
      the figure indicated errors started at track 99 and then diminished in
      error rate to track 89 indicates a particular profile of head-to-medium
      spacing is indicated. Corrective action then can be obtained based upon
      critical analysis of the printout; such analysis is beyond the scope of
      the present invention.
PAR  The peak shift test of section D can take several forms as a function of
      the data recording modulation code. For example, a run-length limited
      modulation code may have a minumum run-length of two and a maximum
      run-length of four zeroes in a row (no transitions). Various peak shift
      characteristics occur based upon a data content. FIG. 6 illustrates a peak
      shift test using a 1-3-1 test pattern, wherein the 1 represents the
      smallest allowable one-half wavelength, while 3 represents the maximum
      allowable wavelength. It is well known in magnetic recording that the
      longer wavelengths tend to be reduced because of recording characteristics
      while the narrower adjacent wavelengths tend to be lengthened. This has
      the effect of moving the critical transitions such as at 137 and 138 to a
      position wherein the transition is out of a detection window. As shown in
      FIG. 6, transitions 137 and 138 are almost to the next allowable
      transition position at 140 and 141, respectively. At the half-way point,
      the electronic detectors of readback circuits cannot tell which cell the
      peak shifted or phase shifted transition belongs to. That is, transition
      137 can either represent a transition at 140 or at 142, while transition
      138 can represent a transition either at 141 or at 143. Transition
      positions 142 and 143, of course, would be the desired location of
      transitions 137 and 138. The phase shift or peak shift test of section D
      tests the sensitivity of a digital signal recorder to such phase shifting
      and error inducing perturbations of readback signals. The phase shifted
      test pattern is included in each 32-byte test group; i.e., for each
      possible symbol position of the computer printout. The reason for this is
      that in recording such test patterns, certain tolerances may occur
      resulting in different phase shifts than that precisely desired as well as
      variations in the readback signals reacting differently to such phase
      shifted test signals.
PAR  In the digital signal recorders tested in accordance with this invention,
      the readback circuit 65 included phase equalization circuitry such that
      phase errors as recorded on a tape would be phase compensated to
      facilitate error free detection. In order to afford a true test of a
      digital signal recorder having such phase equalization circuitry, a lead
      phase trigger consisting of a phase leading shift as at 148 shifts the
      transition from desired transition position 149. This lead phase trigger
      causes the phase equalization circuits (not shown) of readback circuit 65
      to be saturated such that a more accurate response of the peak shifts at
      137, 138 can be measured in the digital signal recorders.
PAR  Hence, in accordance with the present invention, peak or shift is tested in
      a digital signal recorder by test patterns following a lead phase trigger
      shift for initially introducing perturbations in readback signals. For
      stressing the operation of such readback circuits, the maximum for a given
      phase shift in each of the test patterns, such lead phase trigger shift is
      incrementally varied from nominal to failure. Following each test pattern
      such as 137, 138, a lagging phase trigger as at 150 restores the phase of
      the readback signal to the desired ideal transition position. Instead of a
      lead phase trigger as at 148, a lag phase trigger as at 151 may also be
      employed. For example, the desired transition position is at 152. However,
      the actual transition position is moved to 151, a 25 percent phase shift.
      A phase test pattern as at 153 follows the lag phase trigger by several
      cycles in the same manner that test pattern 137, 138 followed the lead
      phase trigger. Phase recovery after the test pattern is afforded at 154.
      It is preferred that all signals, other than the test patterns and the
      phase triggers, be a squarewave at maximum frequency of the signal to be
      used with the recorder being tested.
PAR  In one embodiment of the present invention, test section D included
      different combinations of test patterns. In the exemplary embodiment, two
      was the minimum wavelength corresponding to one as described above, and
      four units was the maximum wavelength. Test patterns used are 4-2-4, 2-4,
      4-4 and 3-3. In the second pattern, the 2-4 pattern, the preceding
      wavelength could be a 2 but not a 4.
PAR  FIG. 6A is a partial computer printout based upon tests constructed as set
      forth in FIG. 6 but for a 4-2-4 pattern. The test pattern began at track
      00 out of 50 tracks with a maximum lag phase shift trigger such as at 146
      of FIG. 6, half-way between transition 147 and desired transition position
      142. This results in errors throughout track 0, such as is indicated in
      the printout by numeral 3. That is, all three phase shifts resulted in
      errors; the phase trigger, the phase shift and phase return. Phase shift
      is decreased in small steps until there is zero phase shift at track 25.
      It is seen that tracks 18 through 36 are substantially error free,
      indicating the zone of phase shift tolerance of the digital signal
      recorder being tested. In tracks 09 through 17, the error pattern
      indicates polarity sensitivity to such phase shift. The term "polarity"
      refers to the direction of the phase shifted transition, going positive or
      going negative. That is, while one polarity of phase-shifted transition
      results in an error, the opposite is recoverable. The illustrated FIG. 6A
      computer printout resulted from tests conducted on the reference digital
      signal recorder used above in other tests.
PAR  FIG. 7 illustrates dropout test section E. It is preferred that a high
      frequency squarewave be recorded outside of the dropout sections. Each
      dropout consists of an erased portion of predetermined length in each of
      the multiple-byte test groups, starting out with a minimum dropout on
      track 00 with a maximum dropout at track 49. As seen in FIG. 7, the
      dropout begins at 160 and continues for one byte length to position 161,
      whereupon a squarewave is again recorded. The second dropout consists of
      2-byte lengths beginning at 162, continuing through 163. The 2-byte
      dropout is recorded in track 01 in each of the 32-byte sections. It is
      seen that 1 byte is in error in track 0 for the 1 byte time dropout while
      2 bytes are in error for the 2-byte dropout. In a similar manner, tracks 2
      through 49 have increments of one byte length, increased dropout lengths.
      Accordingly, the number of errors should increase. It should be noticed
      that the error rate increases faster than the dropout length, indicating
      that the readback circuits do not recover from the elongated dropouts.
      Dropout tests, therefore, show the sensitivity of a given digital signal
      recorder to dropout lengths. The FIG. 7A illustrated computer printout
      resulted from a test on reference recorder. For a full 50-byte dropout
      type of test, each of the columns in FIG. 7A represents one signal dropout
      test. As readily seen, each test track has multiple equal length signal
      dropouts spaced along the track length.
PAR  Referring next to FIG. 8, a selected waveform from one track of test
      section F is shown. Test section F and test section D are somewhat similar
      in that each have an initial phase trigger for perturbing the readback
      circuit phase equalization circuits (not shown). In FIG. 8 transition 170
      is downstream (phase lag) shifted a fixed amount from the idealized
      transition position 171.
PAR  A varying number of maximum length half wavelengths, which are all
      downstream shifted to the same degree that transition 170 is phase
      shifted, follow the phase trigger shift. At 172 the transition is phase
      shifted in incremental amounts between the phase forward position at 173
      to a phase lagging position at 174, to test the sensitivity of the
      clocking system of readback circuit 65 to a downstream shifted signal
      followed by a severe phase shift at 172.
PAR  In accordance with the above, this test section enables a test of the
      response of a readback clock to the initial phase shift trigger. A
      readback clock, such as shown in Crumb et at U.S. Pat. No. 3,562,661,
      follows the frequency and phase of a readback signal to generate data
      detection timing pulses synchronized with the readback signal. By varying
      the initial phase shift and the number of intervening signal transitions
      to a next severe phase shift in the same direction, a measure is obtained
      of how a readback clock recovers from the first phase shifts. Whenever the
      number of intervening transitions are insufficient for phase recovery, the
      partially recovered clock responds poorly to the next severe phase shift.
      Hence, the test allows a measurement of the number of intervening signal
      transitions required for a given clock to recover from a given phase shift
      trigger.
PAR  The transition 176, following the test area at 172, is shown as being
      downstream shifted in the same amount as transition 170. In the
      alternative, transition 175 may return to the idealized nondownstream
      shifted transition position as at 175.
PAR  In order to obtain a more informative profile of clock response than
      achievable by the FIG. 8 illustrated signal pattern, an array of signal
      patterns in a plurality of helical scan tracks, having two varying
      parameters as shown in FIG. 9 is preferably used in test section F. In
      each of the several tracks, the number of transitions between the
      downstream shift 170 of FIG. 8 and the clocking phase perturbation, such
      as at 172 of FIG. 8, is varied. For example, the first bit displacement
      between the initial downstream shift in all the tracks as at 180, eight
      transition positions from 180, a unique phase shift amount is introduced
      in the respective tracks as at 181, having a maximum lagging phase shift
      to zero phase shift in track 25 at 182, and continuing on for increasing
      leading phase shifts at 183 in track 49. Each of the tracks have the
      identical phase shifts as shown respectively at 181, 182, 183. Further
      along the tracks, the initial downstream shift for another test group of
      bytes at 185 has the same magnitude downstream shift as at 180, but is
      separated from the clocking phase test portions 186 by 110 transition
      positions. Intermediate sections 180, 181 and 185, 186, displacement
      between the downstream shift and phase test portion will vary. In using
      test section F, it would be expected that the clock of a readback circuit
      65 would fail in test section 180, 181, 180, 182, 180, 183 and would
      successfully recover in the last test section 185, 186. However,
      generation of timing signals from a readback signal is subject to amount
      of phase shift. Accordingly, more error would occur in track 00 than in
      track 25. Similarly, more errors would occur in track 49 than in track 25.
      A clock response profile representing responsiveness to two successive
      phase changes of varying degrees would be produced similar to that shown
      in FIG. 6A; that is, a central zone of clocking success around track 25
      would appear to the center of the printout. At each extremity, phase lag
      and phase lead, respectively, in tracks 00 and 49, a high failure rate
      would be expected.
PAR  The above-described profiling is obtained from test section F because a
      delay (first parameter) between successive phase changes is varied along
      one orthogonal dimension and a degree of phase shift (second parameter) is
      varied along a second orthogonal direction; i.e., between the tracks. Such
      array approach to test section generation provides the most flexibility in
      profiling and predicting operation of apparatus being tested. In a helical
      scan recorder, such array being formed within the test section itself
      provides a compact and rapid tool for testing helical scan recorders at a
      given tape location. The same principle is followed with respect to error
      correction tests described later with respect to FIG. 11.
PAR  FIG. 8A is one-half a computer printout showing an error pattern derived
      from a test section F clocking test using the FIG. 9 illustrated signal
      arrangement. One-hundred tracks having 1 percent changes from
      track-to-track were used rather than the FIG. 9 illustrated fifty tracks
      with 2 percent increments. As predicted, tracks 00-20 induce clock
      failures along the entire track lengths. From tracks 21-34, the clock
      failure varies along the track lengths yield tape spacing profile
      indications. The other half of the printout had a complementary error-free
      to error transition.
PAR  FIG. 10 shows the principles used in connection with construction
      resynchronization test section G. This particular test section relates to
      testing apparatus shown in commonly assigned copending patent application
      Marshall Ser. No. 372,389 filed June 21, 1973 and Patel patent, supra. The
      terms A and B sequence refer to those sequences set forth in those
      co-pending patent applications. In FIG. 10, serial strings of data as at
      190 and 192 are separated at predetermined intervals by a
      resynchronization set of signals R. The actual rephasing, reframing or
      resynchronizating of the readback circuit 65 is accomplished by a center
      portion labeled CHAR which is the actual resynchronization character which
      carries information unique within the recording system for informing the
      readback circuits of the precise phase of the signals for representing
      data in a proper manner. CHAR bracketed by a set of frequency
      synchronizing signals P and P' used to frequency synchronize the readback
      circuits in a known manner may sequence a reading or recording. Data
      portion 190 is first hand, followed by R, then section 192. In accordance
      with test section G, extra transitions are inserted into portion P' or
      deleted from portion P' to introduce phase errors on data section 192. In
      accordance with the referenced patent applications, two transitions
      represent one data bit. If the phase of the readback signal is the
      so-called A sequence, then the data is read correctly. If the readback
      signal is in a so-called B sequence, then the data readback is shifted
      with respect to the data being represented. According to Marshall supra,
      error correction is achieved by shifting B sequence readback signals into
      A sequence readback signals. Test section G, inter alia, tests this
      ability as well as the ability of the readback circuit 65 to detect such
      errors. If an extra transition is inserted, then the actual signals in
      section 192 will phase lag the clock of readback circuit 65. If
      transitions are deleted, then these readback signals from section 192 will
      lead the phase of the readback circuit operation. Such changes are set
      forth below in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Transition Change Sequence Shift                                          
     ______________________________________                                    
     +1                A .fwdarw. B Lag                                        
     +2                A .fwdarw. A Lag                                        
     -1                A .fwdarw. B Lead                                       
     -2                A .fwdarw. A Lead                                       
     ______________________________________                                    
PAR  Error pointer test section H merely contains a plurality of helical scan
      record tracks with selected signal perturbations designed to assuredly
      obtain error pointers based upon reading such tracks. Such pointers may be
      those pointer signals described by Hinz, Jr. in U.S. Pat. No. 3,639,900.
      In addition to single pointer signal generation, this pointer signal test
      section may include a plurality of signal perturbations for insuring that
      readback circuit 65 can accomodate a plurality of pointer signals. Such
      pointer signals are used in connection with error detection and correction
      operations as described by Hinz, Jr. supra. Such multiple pointer signals
      are useful for ensuring that algorithmic pointer signal handling is in
      accordance with logic design of readback circuit 65.
PAR  Test section I, an error array for error tests, employs the orthogonally
      changing dual parameter type of test section for facilitating profiling
      operation of readback circuits 65 in this regard. Along each of the
      plurality of tracks in test section I, as shown in FIG. 11, selected phase
      changes from +2 percent (lead) to +18 percent then -18 percent to -2
      percent along the length of each track as tabulated in FIG. 11B. The
      amplitude of the signals in the respective tracks decrease from a maximum
      amplitude in track 00, for example, one-half of the maximum desired
      amplitude of the recorder to a minimum amplitude in track 49. The array
      printout from the array arranged test section as shown in FIG. 11B with
      the error conditions again being selected to bracket the boundaries of the
      printout for circumscribing acceptable readback operations of the helical
      scan digital signal recorder being tested. The phase shifts in the
      respective tracks begin with a minimum leading phase shift which should
      generate a pointer signal as above referred to for test section F. Such
      leading phase shifts are adjusted toward a maximum phase shift in nine
      steps from test group 0 to test group 8 along each of the respective
      tracks. Test group 8 actually is within a detection zone of the bit period
      of the signal recorded on test section. For example, referring to FIG.
      11A, it is seen that each bit period is divided into a detection zone
      bracketed by a pointer zone. Any signal transition which is phase shifted
      out of the detection zone into a pointer zone should generate a pointer
      signal. Accordingly, phase errors occur at the beginning of each track and
      finally a readback circuit 65 should accommodate the signal at the middle
      of each of the tracks. The phase shift within detection zone has skipped
      from test group 8 to test group 9 since no errors are expected in this
      area. Then a lagging phase shift is continued onward from a maximum
      lagging to a minimum lagging at the end of each of the tracks.
      Accordingly, test section I contains phase shifts through the pointer
      zones for varying amplitudes.
PAR  It is to be expected that readback circuits 65 may respond to lowered
      amplitude phase-shifted signals for producing errors more quickly than for
      maximum amplitude identically phase-shifted signals. In addition, lowering
      amplitude also introduces additional phase shifts, as is well known in the
      art. Hence, the phase shift of test group 00 in track 49 effectively will
      be greater than the phase shift of track 00 because of such reduced
      amplitude and resultant addition signal perturbations.
PAR  In some readback circuits, pointer signals are combined to provide error
      location pointers. For example, no pointer signal may be provided unless
      both amplitude and phase shift errors are detected. Such readback circuits
      to be tested in accordance with the FIG. 11 illustrated error array would
      result in the simulated printout shown in FIG. 11B. At the lower numbered
      tracks, there was sufficient amplitude such that amplitude errors did not
      occur, even though phase errors did occur. As a result, because of the
      absence of these error pointer signals, the error correction circuits of
      readback circuit 65 could not correct the data resulting in two errors per
      test byte group. That is, the Hinz, Jr. patent and invention could not be
      employed because of the high amplitude. As the track number was increased
      and the amplitude decreased, pointer signals were generated which enabled
      correction. This is represented by the no-print spaces at the bottom edge
      portions 196, 197 of FIG. 11B. Additionally, the reduced amplitude would
      result in data errors along the length of the track to such an extent that
      uncorrectable errors occurred. This is reflected in the higher numbered
      track printouts such as in tracks 39 to 49. From examining FIG. 11B, it is
      seen that successful error pointer operation occurs only at reduced
      amplitude (which is usually the case when there is a phase error) and for
      lesser phase shifts, i.e., in those portions 196, 197 of the pointer zones
      bracketing the detection zones. If the phase shift is close to the bit
      period boundary as in byte test groups 00 and 19, errors still occur.
PAR  From the above, it is seen that the orthogonally varied dual parameter
      array results in precise profiles for analyzing error correction and other
      circuit operations.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test tape for helical scan recorder having an elongate flexible
      substrate with a magnetic layer for receiving signals, a plurality of
      recorded helical scan test sections spaced along said tape and said test
      sections having recorded signals for inducing errors, each said section
      including helical scan type record tracks,
PA1  the improvement including in combination:
PA1  a first type of said test sections having recorded signals exhibiting
      measurable head-to-helical track error-inducing characteristics at least
      one of which relates to a given head-to-tape error inducting condition,
      and
PA1  a plurality of said first type test sections in said type including one
      section adjacent each tape end and another section centrally of the length
      of said tape.
NUM  2.
PAR  2. The test tape set forth in claim 1 wherein one of said first type test
      sections includes signal patterns to facilitate measuring tracking
      characteristics of a helical scan recorder,
PA1  said one test section comprising a plurality of longitudinally spaced apart
      helical scan type record tracks, with the spacing between said tracks
      being varied in incremental steps along the length of the tape from
      approximately an expected spacing to a spacing at least equal to the width
      of said helical type record track along the length of the tape.
NUM  3.
PAR  3. The test tape set forth in claim 1 wherein one of said test sections
      includes a plurality of longitudinally spaced apart helical scan type
      record tracks, each said record track in said one section having a signal
      pattern repeated throughout its length which is identical to all signal
      patterns in the tracks and having a predetermined repetitiveness along
      each said record track in said one section, and
PA1  a multiplicity of erasure tracks disposed transversely to and dissecting
      said helical scan type record tracks having said predetermined patterns
      such that each said helical scan type record track in said one section is
      divided into a multiplicity of track record portions separated from
      adjacent track record portions by said erasure tracks.
NUM  4.
PAR  4. The test tape set forth in claim 3 wherein the said predetermined
      pattern in said helical scan type record tracks in said one section
      consist of a squarewave signal with a predetermined number of squarewave
      transitions disposed between each and every erasure track in each and
      every one of said helical scan record tracks in said one section.
NUM  5.
PAR  5. The test tape set forth in claim 4 wherein said erasure tracks are
      equally spaced apart and have a width narrower than the width of said
      helical scan record tracks.
NUM  6.
PAR  6. The article set forth in claim 1 wherein one of said test sections is
      adapted to measure the head-to-medium spacing, such one test section
      including in combination:
PA1  a plurality of elongate helical scan one record tracks, each one track
      having like recorded signals and each with a plurality of head-to-medium
      spacing test portions for facilitating head-to-medium spacing
      measurements, each said test portion extending transversely to said one
      tracks,
PA1  first and second full signal amplitude portions bracketing each said test
      portion along each of said one track lengths, and
PA1  each said test portion extending transversely to said one tracks and having
      varying energy contents for inducing errors during readback at a given
      energy content level for a given head-to-medium spacing such that location
      of said error indicates the energy content at which said error was induced
      for indicating head-to-medium spacing.
NUM  7.
PAR  7. The article set forth in claim 6 wherein said one test section has test
      portions in each of said plurality of one tracks having a substantially
      identical energy content, track adjacent one longitudinal end of said one
      test section having a maximum energy content in its respective test
      portions, and each adjacent one track toward the opposite longitudinal end
      of said test section having decreasing energy content in its respective
      test portions, such that failure location by said one tracks indicates an
      average head-to-medium spacing along the one track and failures along a
      given one track indicating profile of head-to-medium spacing along the
      respective one tracks.
NUM  8.
PAR  8. The article set forth in claim 1 further including,
PA1  a one test section having longitudinal signal perturbations in a one track
      for measuring the sensitivity of a digital recorder to such longitudinal
      signal perturbations,
PA1  the improved test section including in combination:
PA1  such one test section having at least one track for said longitudinal
      signal recorded wherein at a given frequency, said longitudinal signal
      having a plurality of phase shift triggers for inducing perturbations in
      readback circuits read in the article, and immediately adjacent downstream
      from said phase trigger shift, a test portion having predetermined
      longitudinally phase shifts, and
PA1  a plurality of such phase shift triggers followed by said longitudinally
      phase shifts of varying degrees being disposed in said test section for
      enabling testing of a recorder to such longitudinal signal perturbations
      preceded by a phase trigger shift.
NUM  9.
PAR  9. The article set forth in claim 8 wherein said one test section
      longitudinally extends along the article with a plurality of parallel test
      tracks, each said parallel test track having a plurality of test portions,
PA1  a one of said parallel test tracks at one longitudinal end of said test
      section having a plurality of error inducing phase-leading type of signal
      perturbations, and a second one of said parallel test tracks at a second
      longitudinal end of such test section having an error inducing
      phase-lagging type of signal perturbations, and
PA1  said parallel test tracks intermediate said one parallel test tracks having
      decreasing signal phase shifts to a zero signal shift at a longitudinal
      center of said section whereby the reading of all of said tracks by a
      digital signal recorder shall bracket any phase error tolerance of said
      recorder with respect to the recorded signal phase perturbations.
NUM  10.
PAR  10. The article set forth in claim 9 wherein said one test portion includes
      at least one relatively long one-half wavelength, said signal
      perturbations being in said long one-half wavelength such that the length
      of said long one-half wavelength varies in length from track-to-track, and
PA1  said first mentioned one track having a maximum length long wavelenths
      while said second one having a minimum length of said long wavelengths.
NUM  11.
PAR  11. The test article set forth in claim 9 wherein the number of transitions
      between said signal perturbations and a phase shift section in a given
      track increases along the track length.
NUM  12.
PAR  12. The test article set forth in claim 8 including a plurality of phase
      test triggers each followed by a like plurality of peak shift test
      portions separated therefrom by a equal number of transition positions.
NUM  13.
PAR  13. The test article set forth in claim 8 having plurality of test portions
      each having a phase test trigger separated from a phase test portion by
      variable number of transition positions and further having differing phase
      shifts for each of said given number of transition positions.
NUM  14.
PAR  14. The test article set forth in claim 1 wherein one of said test sections
      has a plurality of parallel spaced apart helical scan tracks with a first
      signal parameter variation along each of said tracks and a second signal
      parameter variation between said individual tracks, and
PA1  one of said signal parameter variations being phase shift.
NUM  15.
PAR  15. The test article set forth in claim 14 wherein said plurality of tracks
      have a gradation of amplitudes beginning from one longitudinal end at a
      maximum amplitude to a minimum amplitude at an opposite longitudinal end,
      and all phase shifts being along a given track being substantially
      identical.
NUM  16.
PAR  16. A test article for a magnetic recorder consisting of a record member
      having a magnetic record portion, recorded test indicia consisting of a
      plurality of longitudinally spaced apart helical scan tracks each having
      repeated signal patterns and a plurality of spaced apart erasure portions
      dissecting said helical scan tracks, and extending transversely to the
      extent of said tracks.
NUM  17.
PAR  17. The test article set forth in claim 16 wherein said erasure portions
      are equally spaced apart along the lengths of said tracks.
NUM  18.
PAR  18. The test article set forth in claim 17 wherein each said erasure
      portions have a width not greater than the width of each of said helical
      scan tracks.
NUM  19.
PAR  19. The test article set forth in claim 17 wherein each said dissected
      helical scan tracks has alternate erasure and recorded portions of similar
      extents along the track lengths such as to yield a substantial
      triangularly-shaped readback signal envelope.
NUM  20.
PAR  20. The test article set forth in claim 16 wherein each track except for
      said erasure portions has substantially all recorded equally spaced-apart
      transitions between oppositely poled magnetic remanence whereby any tests,
      using the test article, are calibratable to counts of said transitions.
NUM  21.
PAR  21. The test article set forth in claim 20 wherein said erasure portions
      extends longitudinally of said test article to dissect said tracks at an
      angle substantially equal to an angle supplemental to the angle of said
      tracks with respect to a longitudinally extending edge of said article.
NUM  22.
PAR  22. For testing readback circuits of a digital signal magnetic recording
      system, a sheet-like article having a magnetic signal record portion,
PA1  said record portion having a plurality of substantially parallel elongated
      signal tracks, each track having a signal with transitions between two
      magnetic states recorded therein,
PA1  said tracks extending along a first direction and being spaced along a
      second direction which is transverse to said first direction,
PA1  each said recorded signal having bit cells and ideally a fixed phase
      relationship to said bit cells,
PA1  the improvement including in combination:
PA1  said phase of said signals varying in a predetermined phase change
      precession along one of said directions, and
PA1  said signals having a second signal parameter varying in a predetermined
      change pattern along said second one direction such that combined phase
      and second parameter relationships exist as a predetermined array in said
      plurality of tracks.
NUM  23.
PAR  23. The article set forth in claim 22 wherein said second signal parameter
      is signal amplitude, and
PA1  the phase of said signals varying along the lengths of said track with the
      amplitude in each of said tracks being substantially constant, and the
      amplitude of the various tracks varying in a predetermined change pattern.
NUM  24.
PAR  24. The article set forth in claim 22 wherein each of said tracks have a
      substantially constant signal amplitude which said predetermined change
      pattern being along said second one direction transversed to the track
      length, and
PA1  said signal phase being repeatedly shifted along the length of said tracks
      with spacing between successive ones said phase shifts along each of side
      tracks being of a constant number of signal transitions with the spacing
      between said transitions being varied in said second one direction.
NUM  25.
PAR  25. For testing readback circuits of a digital signal magnetic recorder, a
      sheet-like article having a magnetic signal record portion,
PA1  said portion having a plurality of substantially parallel elongated signal
      tracks, each track having a signal with transitions between at least two
      magnetic states recorded therein,
PA1  said recorded signal having bit cells and ideally a fixed phase
      relationship to said bit cells,
PA1  the improved article including in combination:
PA1  at least one of said tracks having a test pattern characterized by an
      initial phase shift, a predetermined number of transitions phase shifted
      in accordance with said initial phase shift, and additional phase shifted
      transition having a phase shift substantially different than said initial
      phase shift whereby digital signal recorders having equalized readback
      circuits can be phase shift tested.
NUM  26.
PAR  26. The article set forth in claim 25 wherein said initial phase shift
      constitutes a phase trigger, and said second mentioned phase shift being a
      peak shifted replica whereby elongated one-half wavelengths become shorter
      and adjacent shorter wavelengths become longer such that digital signal
      recorder can be tested for peak shift sensitivity.
NUM  27.
PAR  27. A test section for an article used to test digital signal magnetic
      recorders,
PA1  the improvement including in combination:
PA1  a plurality of elongate record tracks each having like recorded signals and
      each record track having a plurality of test portions for facilitating
      measurement of head-to-medium spacing, said test portions aligned
      transversely to said tracks,
PA1  first and second full signal amplitude portions bracketing along the track
      length of each said test portions, and
PA1  said test portions extending having differing energy contents for inducing
      errors during readback at a given energy content for a given
      head-to-medium spacing in accordance with track location of said given
      energy content test portion on said article.
NUM  28.
PAR  28. The method of determining spacing between a transducing element and a
      record member, said record member having recorded signals along a record
      track in spaced-apart bursts of said signals with each burst having end
      portions disposed at an angle substantially other than 90.degree. to or
      aligned with the record track length such that signals in said portions
      have different widths whereby energy content of said signals in both said
      portions varies along record track length, including the steps of:
PA1  relatively moving said member having said recorded signals and said element
      over so as to produce readback signals exhibiting a triangulated signal
      amplitude envelope shape with the triangulated portions corresponding to
      said end portions, respectively,
PA1  detecting said readback signals having an amplitude greater than a given
      threshold amplitude, and
PA1  measuring distance on said record member between said signals having said
      given threshold amplitude as a measure of said transducing element to
      record member spacing.
NUM  29.
PAR  29. The method set forth in claim 28 wherein said recorded signal has
      substantially evenly spaced signal transitions along a given direction,
PA1  the method further including the steps of:
PA1  relatively moving said element and said member along said given direction,
PA1  sensing said recorded signal transitions, and
PA1  counting the sensed transitions between said thresholds as measure of said
      transducing element to record member spacing.
NUM  30.
PAR  30. The method set forth in claim 28 wherein said record member recorded
      signals are along a track dissected by plural erasures at an angle other
      than a right angle so as to provide graded energy content in signal
      portions abutting said erasures,
PA1  the method further including the steps of:
PA1  relatively moving said element and member along said track,
PA1  sensing said recorded signal intermediate two of said erasures and
      measuring elapsed time signal exceeds said given threshold between two of
      said triangulations for ascertaining length of the corresponding recorded
      signal between two points of said recorded signals as an indicia of
      transducing element to record member spacing.
NUM  31.
PAR  31. The method set forth in claim 30 wherein each said track is dissected
      by a plurality of erasures transversed to said track and are substantially
      evenly spaced apart along the length of the track,
PA1  the method further including the steps for generating an element to member
      spacing profile along the length of the track,
PA1  sensing said recorded signal portions between each of said erasures
      substantially along the entire length of said track, and
PA1  repeating said measurement step for each of said portions to generate
      indicia of spacing of each portion to yield a spacing profile.
NUM  32.
PAR  32. The method of measuring transducing element to record member spacing,
      said record member having a plurality of parallel record tracks each with
      recorded signals, each track including a plurality of signal test portions
      of predetermined energy content, said predetermined energy content being a
      maximum in one of said tracks and of decreasing energy content by
      predetermined increments in tracks disposed remote from said one track,
PA1  the method including the steps of:
PA1  relatively moving said transducing element along each of said parallel
      record tracks for sensing recorded signals therein, and
PA1  detecting signal sensing errors in each said test portions and indicating
      element to record member spacing in accordance with onset of error
      detection.
NUM  33.
PAR  33. The method of testing a signal processing circuit,
PA1  the steps of:
PA1  supplying a signal to said circuit,
PA1  supplying an initial phase trigger phase shift as a part of said signal to
      perturb said signal processing circuit, and
PA1  supplying a second phase disturbance in said signal a predetermined time
      after said initial phase trigger for testing recovery of said signal
      processing circuit from said initial phase trigger.
NUM  34.
PAR  34. The method of testing set forth in claim 33 further including the step
      of:
PA1  varying said predetermined time for a given initial phase trigger phase
      shift for measuring time of circuit recovery for said given phase shift.
NUM  35.
PAR  35. The method of testing set forth in claim 33 further including the steps
      of:
PA1  supplying a plurality of initial phase trigger phase shifts of varying
      phase-shift magnitudes, and
PA1  for each of said phase-shift magnitudes varying said predetermined time
      within a given range of elapsed time for measuring response of the circuit
      to varying phase-shift magnitudes.
NUM  36.
PAR  36. The method of stressing a helical scan recorder for obtaining data
      useful for error analysis and calibration,
PA1  the improved method including the steps of:
PA1  sensing a record member in a recorder, said record member having evenly
      spaced apart signal marks some of which have equally spaced sensible
      indicia therebetween, said marks being graded in energy content to
      facilitate variable sensing,
PA1  establishing a sensing threshold, and counting said equally spaced indicia.
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ABST
PAL  A dual density read circuit for a digital magnetic tape transport
      selectively responds to information recorded on magnetic tape in either an
      800 bpi NRZI format or a 1,600 bpi phase encoded format. The read circuit
      includes a differentiating circuit coupled to differentiate and square the
      read head signal, a latch circuit coupled to latch an NRZI output data
      signal only when the differentiated read head signal has a change of
      polarity after being at a given polarity for a predetermined minimum
      period of time, and first and second gating circuits coupled to
      selectively pass the NRZI output data signal and the differentiated read
      head signal when enabled by NRZI and phase encoded read signals
      respectively. The read circuit advantageously uses common circuit
      components while providing excellent noise immunity for either the NRZI or
      phase encoded data formats.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a read circuit for a digital magnetic tape
      transport and more particularly to a dual density read circuit for reading
      data in either an 800 bpi NRZI format or a 1600 bpi phase encoded format.
PAR  2. Description of the Prior Art
PAR  Digital magnetic tape transports receive and store digital information in
      any one or more of a variety of formats and densities. A frequently
      offered tape transport arrangement is one in which information may be
      recorded or read in either an 800 bpi NRZI standard format or a 1600 bpi
      phase encoded format. Separate read circuitry is conventionally used for
      reading each recording format.
PAR  As information recorded in an 800 bpi NRZI format is being read from tape a
      pulse is generated on a read head signal for each occurrence of a one and
      no pulse is generated for the occurrence of a zero. A one pulse may be of
      either polarity and the polarity alternates for each occurrence of a one.
      Data bits have a nominal position spacing of 800 bits per inch on the
      magnetic tape with a flux transition occurring at each one bit position
      and no flux transition occurring at each zero bit position.
PAR  The 1600 bpi phase encoded recording format is considerably different from
      the 800 bpi NRZI format. The tape is divided into successive data bit
      intervals with a nominal density of 1600 data bit intervals per inch. A
      flux transition occurs at the boundary between each adjacent pair of data
      bit intervals with the polarity of the transition indicating a one or a
      zero. A phase transition may occur at the middle of a data bit interval
      where necessary to enable a subsequent data flux transition at the end of
      the interval to have a desired polarity.
PAC  SUMMARY OF THE INVENTION
PAR  A dual density read circuit for digital magnetic tape transports in
      accordance with the invention uses common circuitry for reading either 800
      bpi NRZI or 1600 bpi phase encoded information with excellent noise
      immunity. The read circuit includes a differentiating circuit coupled to
      differentiate a read head signal and square the differentiated read head
      signal, a latch circuit coupled to latch an NRZI output data signal only
      when the differentiated read head signal has a change of polarity after
      being at a given polarity for a predetermined minimum period of time, and
      first and second gating circuits coupled to selectively pass the NRZI
      output data signal and the differentiated read head signal when enabled by
      NRZI and phase encoded read signals respectively.
PAR  The latching circuit includes a level detector and an EXCLUSIVE-OR gate
      which permits inversion of the differentiated read head signal when a
      negative NRZI pulse is being read. This selective inversion permits use of
      a polarity sensitive integrator which slowly integrates the leading edge
      of an NRZI data pulse to enable the latch only after the pulse is present
      for a minimum period of time and then rapidly resets at the trailing edge
      of the pulse. Improved noise discrimination is thus attained while reading
      NRZI data. While reading phase encoded data, an envelope detector circuit
      responds to the level detector to inhibit phase encoded data output if
      several data bit intervals pass without the occurrence of a flux
      transition. The generation of noise on the output data signal is thus
      prevented within an interrecord gap or in the event that there is a lapse
      of data on a given channel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention may be had from a consideration of
      the following detailed description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic representation of a dual density read circuit for
      reading 800 bpi NRZI and 1600 bpi phase encoded data from digital magnetic
      tape;
PAR  FIG. 2 is a graphical representation of several signal waveforms which are
      helpful in understanding the operation of the read circuit shown in FIG. 1
      when reading 800 bpi NRZI data; and
PAR  FIG. 3 is a graphical representation of several signal waveforms which are
      helpful in understanding the operation of the read circuit shown in FIG. 1
      when reading 1600 bpi phase encoded information.
DETD
PAC  DETAILED DESCRIPTION
PAR  A dual density read circuit 10 for a digital magnetic tape transport in
      accordance with the invention receives a read head signal designated CH(X)
      for one of a plurality of parallel channels from a read head transducer 12
      and a preamp 14. The read head transducer 12 generates output pulses as
      flux transitions appear on magnetic tape moving relative thereto.
      Preamplifier 14 amplifies these output pulses to generate the read head
      signal, CH(X). While the read circuit 10 is suitable for operation at a
      variety of operating speeds with suitable adjustment of component values
      to account for different data rates, the particular read circuit 10 is
      presented by way of example for reading data in either an 800 bpi NRZI
      format or a 1600 bpi phase encoded format as tape moves passed the read
      head transducer 12 at a velocity of 45 inches per second.
PAR  The read circuit 10 includes a differentiating circuit 16 having a
      capacitor 18 with an input coupled to the read head signal, CH(X), and an
      output coupled through a resistor to ground. The output of capacitor 18 is
      also coupled to the input of a high gain squaring circuit 22 which
      amplifies and clips differentiated read head signals appearing at the
      output of the capacitor 18 to provide a squared, differentiated read head
      signal at an output 24 of squaring circuit 22. The essentially digital,
      but noisy, squared differentiated read head signal from output 24 is
      coupled to one input of an EXCLUSIVE-OR gate 26. EXCLUSIVE-OR gate 26 has
      a second input coupled to receive a PE-RVS signal which goes active or
      true to cause EXCLUSIVE-OR gate 26 to invert the squared, differentiated
      read head signal only when phase encoded information is being read while
      tape is moving in a reverse direction. Normally, EXCLUSIVE-OR gate 26 has
      substantially no effect upon the squared, differentiated read head signal.
      An inverter 28 has an input coupled through a low pass filter 30 having a
      0.0022 .mu.f capacitor 31 and a 1K resistor 32 to the output of
      EXCLUSIVE-OR gate 26 and an output coupled to a first input of a second
      EXCLUSIVE-OR gate 34. Inverter 28 has a Schmitt trigger input which causes
      the output to go low only when a signal at the input exceeds a first,
      relatively high voltage level of about 1.6 V and causes the output to
      return high only when a signal at the input drops below a second,
      relatively low voltage level of about 0.8 V. This hysteresis effect of
      inverter 28, coupled with filter 30 helps eliminate low amplitude noise
      signals superimposed upon a data signal to improve the noise
      discrimination of read circuit 10. The filter 30 imposes a minimum time of
      approximately 1/20 of a data bit period (the time between two adjacent
      data bits) between changes in the input. EXCLUSIVE-OR gate 34 has an
      output 35 and a second input 40 which is coupled to a Q output of a
      toggling flip-flop 36. The second input is utilized during the course of
      reading NRZI data to selectively invert the squared, differentiated read
      head signal so that the squared, differentiated read head signal appearing
      at output 35 of EXCLUSIVE-OR gate 34 is always at logic 1 or positive
      during the reading of the leading edge of an NRZI logic 1 pulse with a
      transition to logic 0 or zero volts during the reading of the trailing
      edge of a logic 1 NRZI pulse. During the course of reading phase encoded
      data, the second input of gate 34 remains continuously true or at a high
      voltage potential to cause EXCLUSIVE-OR gate 34 to invert the signal
      provided by inverter 28 and in effect nullify the inversion provided by
      inverter 28. Thus, the signal occurring at the output of EXCLUSIVE-OR gate
      26 appears substantially unchanged, except for the noise discrimination
      provided by the filter 30 and Schmitt trigger input of inverter 28, at the
      output 35 of EXCLUSIVE-OR gate 34 during the course of reading phase
      encoded data.
PAR  An integrator circuit 40 has an input connected to receive signals
      appearing at output 35 of EXCLUSIVE-OR gate 34 and an output connected to
      drive a J input of a JK edge triggered flip-flop 42. Integrator circuit 40
      includes a capacitor 44 having one terminal connected to ground and
      another terminal connected to the output of integrator circuit 40, through
      a resistor 46 to output 32, and also through a diode 48 and a resistor 50
      to input 32. Diode 48 has an anode thereof coupled to capacitor 44 and a
      cathode coupled through a 10K resistor 52 to ground as well as through the
      330 ohm resistor 50 to output 35.
PAR  Flip-flop 42 is a latching flip-flop which latches a logic 1 output data
      signal during the course of reading 800 bpi NRZI data. An inverting, edge
      triggered clock input to flip-flop 42 is connected to the output 35 of
      EXCLUSIVE-OR gate 34 and the K input is connected to ground. An inverting
      clear input to flip-flop 42 is connected for selective resetting of
      flip-flop 42 by a tape transport read register reset signal, RESETR. The Q
      output of flip-flop 42 is coupled through an isolation diode 56 to provide
      a DATA IN REG signal which drives the appropriate channel input for a tape
      transport data in register (not shown). When reading NRZI data, a tape
      transport waits for a small, predetermined period of time after logic 1
      data is first indicated by one of the channels, and then loads the state
      of a flip-flop 42 for each channel into an appropriate bit position of a
      data in register. A logic 0 is presumed for a given bit position on any
      channel for which the corresponding flip-flop 42 is not set. A NAND gate
      58 has one input connected to the Q output of flip-flop 42 and a second
      input connected to receive an NRZI signal which indicates that a tape
      transport is reading data in an 800 bpi NRZI data format. When enabled by
      the NRZI signal, NAND gate 58 passes the Q output of flip-flop 42 through
      an inductor 60, which limits the rate of change of current to reduce
      ground noise to generate a CH(X) DATA OUT signal which goes low in
      response to the setting of flip-flop 42 to indicate to an associated tape
      transport that a logic 1 bit has been detected on the particular channel.
PAR  A level detector circuit 70 includes a first comparator 72 and a second
      comparator 74. A non-inverting input of comparator 72 is coupled to the
      read head signal while an inverting input is coupled through a low pass RC
      filter network 76 having a high cut off frequency to a signal + CLIP,
      which determines the detection level for comparator 72. Whenever the read
      head signal, CH(X), goes positive with a magnitude greater than the
      voltage of the + CLIP signal, the output of comparator 72, if enabled,
      goes to logic 1 or high to indicate the detection of a positive logic 1
      NRZI data pulse. Similarly, comparator 74 has an inverting input coupled
      to the read head signal, CH(X), and non-inverting input coupled through an
      RC network 78 to a signal - CLIP. If enabled, comparator 74 generates a
      logic 1 or high output signal whenever the read head signal has a negative
      polarity and a magnitude greater than the magnitude of the voltage of
      signal - CLIP. The separate + and - CLIP signal inputs to level detector
      70 permit the positive and negative detection levels to be separately
      selected and to be selectively changed for different operating conditions.
      For example, the detection levels might be set relatively high within an
      interrecord gap to provide greater noise immunity and then rapidly lowered
      within a fraction of a bit time once data is encountered to provide
      greater data sensitivity.
PAR  The use of the separate level sensing circuit 70 permits differentiation of
      the read head signal without prior clipping. Many conventional read
      circuits for NRZI recording permit only a portion of the read head signal
      which exceeds a threshold magnitude to be passed to the differentiator
      circuits. As a result, the time delay imposed by the differentiator
      circuits varies considerably with pulse magnitude and skew problems are
      increased. However, differentiator circuit 16 differentiates the read head
      signal itself and the time delay between read head signal pulse peaks and
      differentiated read head signals remains substantially constant.
PAR  The outputs of comparators 72 and 74 are coupled together and through an
      inverter 80 to the JK toggling inputs of flip-flop 36. A Q output of
      flip-flop 36 is coupled back to an enable input of comparator 72 and
      permits the output of comparator 72 to go to logic 1 only when the Q
      output of flip-flop 36 is at logic 1. Similarly, the Q output of flip-flop
      36 is coupled back to an enable input of comparator 74 to permit the
      output of comparator 74 to go to logic 1 only when the Q output of
      flip-flop 36 is at logic 1. A complementing, edge triggered clock input to
      flip-flop 36 is coupled to a square wave signal, OSC, having a frequency
      which is preferably in the range of 5-10 MHz for 45 ips operation. During
      the course of reading NRZI data, and in the absence of an output from
      either of the comparators 72, 74, the output of inverter 80 is at logic 1
      to enable the JK inputs to flip-flop 36 which successively toggles under
      control of clock signal OSC. At the occurrence of a logic 1 data pulse,
      the outputs of one of the comparators 72, 74 goes high to disable the
      toggle input of flip-flop 36 and prevent further toggling even though the
      clock signal continues. If flip-flop 36 is at state logic 1 at the time
      toggling ceases, only comparator 72 is enabled and a positive logic 1 data
      pulse has necessarily occurred. Similarly, if flip-flop 36 is at logic 0
      at the time toggling ceases, only comparator 74 is enabled and a negative
      logic 1 pulse has necessarily occurred. If a positive logic 1 pulse
      occurs, this pulse is inverted by inverter 28, and then inverted again by
      EXCLUSIVE-OR gate 34 so that the squared, differentiated read head signal
      appearing at output 35 is positive during the reading of the leading edge
      of the pulse and then switches to logic 0 during the reading of the
      trailing edge. On the other hand, if a negative pulse is encountered, the
      squared, differentiated read head signal is inverted by inverter 28 and
      unchanged by EXCLUSIVE-OR gate 34 so that the signal appearing at output
      35 is again a high or logic 1 signal at the leading edge of the read head
      pulse followed by a low or logic 0 signal at the trailing edge. Both
      complementing preset and complementing clear inputs to flip-flop 36 are
      coupled to a phase encoded signal, PE, to constrain both the Q and Q
      outputs of flip-flop 36 to the true state during the reading of phase
      encoded information. Comparator 72 and 74 are thus both continuously
      enabled when reading phase encoded data and the second input to
      EXCLUSIVE-OR gate 34 is continuously enabled to nullify the inversion
      provided by inverter 28. The squared, differentiated read head signal thus
      appears substantially unchanged at output 35 during the course of reading
      phase encoded information unless the signal is inverted by EXCLUSIVE-OR
      gate 26 when the tape transport is operating in reverse.
PAR  An envelope detector 82 is coupled to the output of inverter 80 to go low
      when either positive or negative signals are encountered during the
      reading of phase encoded information. A 470 ohm resistor 84 is coupled
      between the input and output of envelope detector circuit 82 and the
      output is coupled through a 0.047 .mu.f capacitor 86 to ground, through a
      4.7 K resistor 88 to a -10 volt source, and to the Schmitt trigger input
      of an inverter 90 which is identical to inverter 28. The time constant of
      envelope detector 82 is chosen such that the output goes low enough to
      trigger the Schmitt trigger input of inverter 90 only after two or three
      frames of data information have been encountered. Since 40 zeros occur in
      the preamble and postamble of each phase encoded format data block, there
      is no danger that data information will be lost during the two or three
      data frames required for the output of envelope detector 80 to go low
      enough to activate the Schmitt trigger input of inverter 90. The output of
      envelope detector 82 also goes high enough to activate the Schmitt trigger
      input of inverter 90 after the occurrence of two or three data frames
      without data information.
PAR  An AND gate 92 has one input connected to receive the squared,
      differentiated read head signal at output 32 of EXCLUSIVE-OR gate 30 and a
      second input coupled to the output of inverter 90. When enabled by
      envelope detection circuit 82, the output of inverter 90 goes high to
      enable AND gate 92 and pass the squared, differentiated read head signal
      to a NAND gate 94 which has an output connected to the output of NAND gate
      58 and drives the CH(X) DATA OUT signal when enabled by the phase encode
      signal, PE, which is generated by the output of an inverter 96 having the
      input thereof connected to signal PE.
PAR  The operation of read circuit 10 when reading data information and 800 bpi
      NRZI data format may be further understood with reference to the waveforms
      shown in FIG. 2. Waveform A represents the read head signal CH(X) when
      reading the data information "01010". It will be observed that no pulse
      occurs at a zero bit, that a pulse occurs for a one bit and that the
      pulses for successive one bits are of alternating polarities. A one bit is
      deemed to occur at the peak of a one bit pulse. The differentiated read
      head signal at the output of differentiator circuit 16 is shown in curve B
      and the squared, differentiated signal appearing at output 24 of squaring
      circuit 22 is shown in curve C. The inverted squared differentiated signal
      at the output of inverter 28 is represented by curve D. It will be
      observed that considerable noise may appear on the squared, differentiated
      signal represented by curve C between logic 1 data pulses but that the
      Schmitt trigger input to inverter 28 and filter 30 limit the rate of
      transitions in the output of inverter 28, as represented by curve D. At
      least 1/20th of a bit time interval must occur between successive
      transitions. The output of level detector circuit 70 and the Q output of
      toggle flip-flop 36 are indicated by waveforms E and F respectively.
      During the course of reading the first logic 0 bit, the read head signal
      remains at a 0 voltage level, level detector 70 generates no output and
      flip-flop 36 continues to toggle. (For purposes of clarity the toggling
      frequency is represented in curves F, G and H as being much slower than
      the recommended frequency.) Upon encountering a positive polarity one bit,
      the positive input to comparator 72 becomes greater than the negative
      input and as soon as flip-flop 36 toggles to the set state, comparator 72
      becomes fully enabled and generates a logic 1 output indicated at portion
      100 of curve E. The logic 1 output at 100 drives the output of inverter 80
      to logic 0 to inhibit further toggling of flip-flop 36 which remains in
      the set state as indicated at portions 102 of curve F. The Q output of
      flip-flop 36 drives the second input of EXCLUSIVE-OR gate 34 active to
      invert the signal represented by waveform D to generate the signal at
      output 35 which is represented by waveform G and is at logic 1 or high at
      portion 104 during the reading of a leading edge 106 of the logic 1
      positive pulse on read head signal CH(X) and is low or at logic 0 as
      indicated by portion 108 during the reading of a trailing edge 110 of a
      positive logic 1 pulse on the read head signal. Integrator circuit 40
      provides further noise immunity by integrating the signal appearing at
      output 35 to drive the J input of flip-flop 42 with a signal which
      gradually increases in magnitude until an activation threshold indicated
      by line 110 is crossed prior to the occurrence of a high to low transition
      in output signal 35. At time 112, a high to low transition 114 occurs in
      the signal at output 35 to clock flip-flop 42 to the set state and the low
      signal at output 35 causes capacitor 44 to rapidly discharge through diode
      48 and the relatively small resistor 50. Integrator circuit 40 clamps the
      signal at output 35 slightly negative during the trailing edge 110 of the
      logic 1 read head pulse until the pulse diminishes in magnitude to a point
      below the detection level and comparator 72 becomes disabled. Flip-flop 36
      then begins toggling again and the signal at output 35 of EXCLUSIVE-OR
      gate 34 tends to toggle with flip-flop 36. Each time the signal at output
      35 goes positive integrating capacitor 44 starts to charge toward a
      positive voltage, but the rapid clocking of flip-flop 36 always causes the
      signal at output 35 to return low and reset integrator circuit 40 before
      the output thereof becomes sufficiently positive to activate the J input
      to flip-flop 42. Because the toggling frequency of flip-flop 36 is higher
      than the maximum frequence of the output of inverter 28, there is no
      chance that the two inputs to EXCLUSIVE-OR gate 34 can become synchronized
      out of phase between data pulses and cause integrator circuit 40 to
      generate an improper threshold magnitude voltage. Upon the occurrence of a
      logic 1 negative pulse having a leading edge 116, operation of read
      circuit 10 is substantially the same as for a positive pulse, except that
      flip-flop 36 ceases toggling in the reset state as indicated in portion
      118 of curve F and the signal appearing at the output of inverter 28
      passes through EXCLUSIVE-OR gate 34 without inversion. The signal at
      output 35 of EXCLUSIVE-OR gate 34 is thus again positive during the
      leading edge 116 of the logic 1 pulse as indicated at portion 120 of curve
      G and negative during the trailing edge 122 of the logic 1 pulse as
      indicated at portion 124 of curve G. The integrating circuit 40 thus
      operates in a similar manner to charge the J input of flip-flop 42 up to
      an activating voltage prior to the occurrence of a transition 126 at
      output 35 which clocks flip-flop 34 to the set state. The Q output of
      flip-flop 42 is indicated at curve I. Once set, flip-flop 42 remains set
      until the occurrence of a reset signal which is generated by the tape
      transport after reading information thereof. The reset signal is indicated
      by curve J.
PAR  A more complete understanding of the operation of the read circuit 10 while
      reading information from magnetic tape which is recorded in a phase
      encoding format may be better understood from a consideration of the
      waveforms shown in FIG. 3. Phase encoded information is recorded on
      magnetic tape in approximately uniform data frame intervals at a density
      of 1600 data frame intervals per inch on each track. A flux transition
      occurs at each boundary between adjacent pairs of data frame intervals
      with a high to low flux transition indicating a one bit and a low to high
      flux transition indicating a zero bit. In order to provide the proper
      polarity of flux transition at the boundary between adjacent data frame
      intervals, an additional phase flux transition must occur near the center
      of a data frame interval whenever the same data information bit occurs at
      both boundaries of an interval. As shown in curve A, a high to low flux
      transition results in negative peak for each one bit and a low to high
      flux transition results in a positive peak for each zero bit. When the
      read head signal is differentiated as shown in curve B and then squared as
      shown in curve C, the voltage of the squared, differentiated read head
      signal goes from low to high at each occurrence of a one bit and from high
      to low at each occurrence at a zero bit. The squared, differentiated read
      head signal, which is represented by curve C, provides the basic data out
      signal which may be further processed by circuitry not shown to convert
      the positive and negative data transitions to binary ones and zeros
      respectively.
PAR  During the course of reading phase encoded information, both the preset and
      clear inputs to flip-flop 36 are activated, causing both the Q and Q
      outputs to go high. Both comparator 72 and comparator 74 are thus
      continuously enabled and the level detector output, which is represented
      by curve E, goes high at each occurrence of either a positive or negative
      pulse on the read head signal. The output of the level detector 70 is thus
      high most of the time and the output of inverter 80 is thus driven low
      most of the time when data is being read. Envelope detector 82 is
      essentially an integrating circuit with a relatively long time constant.
      In the absence of a data pulse, for instance within an interrecord gap,
      the output of level detector 70 is low and the output of inverter 80 is
      high to drive the output of envelope detector 70 high and trigger the
      output of inverter 90 low to disable AND gate 92. Any noise appearing on
      the differentiated read head signal is thus prevented from passing to the
      output. Upon reaching a preamble, a sequence of 40 zeros followed by a one
      is encountered. The pulses on the read head signal which represent the
      zeros cause the output of level detector 70 to become active and drive the
      input to envelope detector 82 low. After two or three data frame intervals
      the output of level detector 82 becomes sufficiently low to trigger
      inverter 90 and enable the passage of data information to the output
      through AND gate 92. Between each data pulse on the read head signal the
      output of inverter 80 goes high and the output of the envelope detector 82
      begins to charge positively as representatively indicated at small pulses
      130 and 132 toward the Schmitt triggering level of inverter 90 which is
      represented by line 134. However, before the output of envelope detector
      82 can reach the trigger level 134, a new pulse such as phase transition
      pulse 136 occurs to cause a pulse 138 at the output of level detector 70
      to drive the output of envelope detector 82 low before the pulse 130
      reaches a magnitude sufficient to trigger the input to inverter 90. Only
      after data pulses have been absent for a period of time equal to two or
      three data frame intervals can the output of envelope detector 82 charge
      sufficiently positive to trigger the output of inverter 90 to logic 0
      state and inhibit the further passage of data. Envelope detector 82 thus
      inhibits the occurrence of any noise on the data out signal within the
      interrecord gap without interference with the detection of data within a
      data block.
PAR  When reading tape backwards in a phase encoded format, high to low flux
      transitions, which create a negative peak on the read head signal for a
      one bit in the forward direction, appear as low to high flux transitions
      and create a positive peak at a one bit when reading tape in the reverse
      direction. This inversion of the read head signal also causes the
      differentiated read head signal represented by curves B and C to be
      inverted. For this reason, a phase encode reverse signal, PE-RVS, drives a
      second input to EXCLUSIVE-OR gate 26 to reinvert the squared,
      differentiated read head signal so that at the output of EXCLUSIVE-OR gate
      26 the squared, differentiated read head signal always has the same
      polarity with a low to high transition representing a one and a high to
      low transition representing a zero. It thus becomes possible for the same
      circuitry to process the squared, differentiated read head signal to
      detect binary zeros and ones regardless of tape direction.
PAR  While there has been shown and described above a particular arrangement of
      a read circuit for a digital magnetic tape transport for the purpose of
      enabling a person of ordinary skill in the art to make and use the
      invention, it will be appreciated that the invention is not limited
      thereto. Accordingly, any modifications, variations, or equivalent
      arrangements within the scope of the attached claims should be considered
      to be within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A read circuit for a digital tape transport comprising:
PA1  a differentiator connected to receive a read head signal and generate a
      differentiated read head signal as an output;
PA1  an integrator circuit which is biased toward a predetermined no signal
      condition, the integrator circuit being connected to integrate the
      differentiated read head signal and generate an integrated differentiated
      read head signal as out output;
PA1  a latch connected to generate a latched first output signal when a
      transition occurs in the differentiated output signal while the integrated
      differentiated read head signal exceeds a selected threshold magnitude
      with respect to the no signal condition;
PA1  a gating circuit coupled to pass the differentiated read head signal as a
      second output signal when enabled; and
PA1  an envelope detector coupled to enable the gating circuit when the time
      between successive read head pulses of predetermined minimum magnitudes
      does not exceed a selected minimum time.
NUM  2.
PAR  2. The read circuit according to claim 1 above, wherein the output of the
      integrator circuit is biased toward a first digital logic voltage level
      and moves toward a second digital logic voltage level when the
      differentiated read head signal indicates the leading edge of a logic "1"
      NRZI data signal.
NUM  3.
PAR  3. The read circuit according to claim 2 above, wherein the latch is a
      flip-flop having a data input responsive to the output of the integrator
      and a clock input responsive to a transition of the differentiated read
      head signal.
NUM  4.
PAR  4. The read circuit according to claim 3 above, further comprising a
      squaring circuit coupled between the differentiator and the integrator to
      drive the integrator with a squared differentiated signal.
NUM  5.
PAR  5. The read circuit according to claim 4 above, further comprising an
      inverter circuit coupled to selectively invert the squared differentiated
      signal to always drive the integrating circuit with the same polarity
      signal at the leading edge of a logic "1" NRZI data signal and an opposite
      polarity signal at the trailing edge of a logic "1" NRZI data signal.
NUM  6.
PAR  6. The read circuit according to claim 5 above, wherein the integrator
      circuit integrates the selectively inverted differentiated output of the
      inverter at the leading edge of a logic "1" NRZI data signal to drive the
      input of the flip-flop with a logic "1" data level at the time a
      transition occurs in the differentiated read head signal to clock the
      flip-flop.
NUM  7.
PAR  7. The read circuit according to claim 5 above, wherein the inverter
      circuit includes a bipolar level detector circuit, a toggle flip-flop
      which is connected to successively toggle in the absence of an output from
      the level detector circuit and an EXCLUSIVE-OR gate having one input
      responsive to the squared differentiated read head signal, a second input
      responsive to an output of the toggle flip-flop and an output coupled to
      drive the integrator circuit, the level detector being coupled to generate
      an output when the read head signal exceeds first or second magnitudes
      with first or second polarities while the level detector is enabled by
      first or second output signals of the toggling flip-flop respectively.
NUM  8.
PAR  8. The read circuit according to claim 5 above, further comprising a filter
      circuit coupled in series between the squaring circuit and the integrating
      circuit, the filter circuit having an output which changes in response to
      an input with a predetermined minimum time between successive changes in
      the output, and wherein the toggle flip-flop is connected to toggle
      sufficiently fast that more than two changes must occur in the output of
      the toggle flip-flop for every change in the output of the filter circuit.
NUM  9.
PAR  9. The read circuit according to claim 1, further comprising a gate coupled
      to selectively pass the differentiated read head signal as output data
      only when enabled by a phase encode read enable signal which indicates
      that information is to be read from magnetic tape in a phase encoded
      format.
NUM  10.
PAR  10. The read circuit according to claim 9 above, further comprising an
      envelope detector coupled to inhibit the differentiated read head signal
      in the absence of the reading of information having the same general
      frequency and magnitude as phase encoded data.
NUM  11.
PAR  11. The read circuit according to claim 5 above, wherein the inverter
      circuit includes a pair of opposite polarity level detector circuits which
      are separately enableable, each being connected to generate an output when
      the read head signal exceeds a selected clipping level while enabled, the
      two outputs being logically ORed, and a toggling flip-flop connected to
      toggle in the absence of an output from the level detector circuits and to
      cease toggling in response to an output from the level detector circuits,
      the toggling flip-flop having one output coupled to enable one inverter
      circuit and an inverted output opposite the one output coupled to enable
      the other level detector, the toggling flip-flop being further coupled to
      activate both outputs in response to a phase encode signal indicating that
      information is to be read from magnetic tape.
NUM  12.
PAR  12. The read circuit according to claim 11 above, further comprising a
      first output gating circuit coupled to pass the latched output signal only
      in response to an NRZI signal and a second gating circuit coupled to pass
      the differentiated read head signal only in response to the phase encode
      signal when enabled by an envelope detector which indicates phase encoded
      data is being read.
NUM  13.
PAR  13. The read circuit according to claim 1 above, further comprising a
      digital logic element coupled between the differentiator and the
      integrator circuit, the digital logic element having an output and a
      Schmitt trigger input which controls the output thereof and permits the
      output to respond to a low to high input change only when the input
      exceeds a first, relatively high, threshold and permits the output to
      respond to a high to low input change only when the input decreases below
      a second, relatively low, level.
NUM  14.
PAR  14. The read circuit according to claim 13 above, further comprising a low
      pass filter having an input coupled to receive the differentiated read
      head signal and an output connected to the Schmitt trigger input of the
      digital logic element.
NUM  15.
PAR  15. A read circuit for selectively processing phase encoded and NRZI
      information generated by a read head of a digital magnetic tape transport,
      the read circuit comprising:
PA1  a differentiating circuit connected to receive and differentiate a read
      head signal;
PA1  a squaring circuit connected to receive and square the differentiated read
      head signal;
PA1  a first EXCLUSIVE-OR gate having one input coupled to receive the squared
      differentiated signal, a second input coupled to receive a reverse signal
      which indicates that reading is occurring in a phase encoded format while
      tape is moving backwards, and an output;
PA1  a first inverter having an input coupled to the output of the first
      EXCLUSIVE-OR gate and an output;
PA1  a second EXCLUSIVE-OR gate having a first input coupled to the first
      inverter, a second input connected to a Q output of a toggling flip-flop
      and an output;
PA1  an intergrating circuit coupled to integrate a signal output by the second
      EXCLUSIVE-OR gate and generate an integrated differentiated read head
      signal as an output;
PA1  a latching flip-flop connected to latch a logic 1 data signal when clocked
      by a high to low transition of a signal output by the second EXCLUSIVE-OR
      gate while the integrated differentiated read head signal exceeds a
      selected threshold, the latching flip-flop being further coupled to be
      reset by a reset signal;
PA1  a first gating circuit coupled to pass an output from the latching
      flip-flop only when enabled by an NRZI signal indicating that information
      is being read from magnetic tape in an NRZI format;
PA1  a level detector circuit connected to generate an output signal when a read
      head signal exceeds a first threshold magnitude with a first polarity
      while enabled by a Q output of a toggling flip-flop and to generate an
      output signal when a read head signal exceeds a second threshold magnitude
      with a second polarity while enabled by a Q output of a toggling
      flip-flop;
PA1  a toggling flip-flop connected to successively toggle in the absence of an
      output signal from the level detector circuit, the toggling flip-flop
      having a Q output coupled to enable first polarity level detection by the
      comparator circuit and also coupled to the second input of the second
      EXCLUSIVE-OR gate and a Q output coupled to enable second polarity level
      detection by the level detection circuit; the toggling flip-flop having
      both its Q and Q outputs active in response to a phase encode signal which
      indicates the reading of information from magnetic tape in a phase encoded
      format;
PA1  an envelope detector coupled to indicate by an output signal the appearance
      of signals at the output of the level detector which are consistent with
      the reading of phase encoded data from magnetic tape;
PA1  and a second gating circuit coupled to pass signals appearing at the output
      of the second EXCLUSIVE-OR gate only when enabled by an output signal from
      the envelope detector and by the phase encode signal.
NUM  16.
PAR  16. The read circuit according to claim 15 above, wherein the integrator
      circuit includes a capacitor which is connected to charge relatively
      slowly in response to a logic one output from the second EXCLUSIVE-OR gate
      and discharge relatively rapidly in response to a logic zero output from
      the second EXCLUSIVE-OR gate.
NUM  17.
PAR  17. A read circuit for selectively reading information from digital
      magnetic tape which is recorded in either a standard 1600 bpi phase
      encoded format or a standard 800 bpi NRZI format, the read circuit
      comprising: a differentiating circuit coupled to differentiate a read head
      signal and generate a differentiated read head signal as an output; a
      latch circuit coupled to generate and hold an NRZI output data signal when
      the differentiated read head signal changes polarity after assuming a
      given polarity for at least a predetermined minimum period of time, the
      latch being selectively cleared by a reset signal; the output of the latch
      being available as an NRZI data signal and the differentiated read head
      signal being available as a phase encoded data signal.
NUM  18.
PAR  18. The read circuit according to claim 17 above, wherein the
      differentiator circuit includes a high gain amplifier which amplifies and
      clips the derivative of the read head signal before outputting the
      amplified and clipped derivative as the differentiated read head signal.
NUM  19.
PAR  19. The read circuit according to claim 18 above, further comprising a
      first gating circuit coupled to pass the NRZI output data signal only when
      enabled by an NRZI signal indicating the reading of data in an 800 bpi
      NRZI format and a second gating cirucit coupled to pass the differentiated
      read head signal only when enabled by a phase encode signal indicating the
      reading of data in a 1600 bpi phase encoded format.
NUM  20.
PAR  20. A read circuit for use in a digital magnetic tape transport having a
      read head which detects flux transitions on magnetic tape, the read
      circuit comprising:
PA1  a differentiator responsive to a read head signal which generates a
      differentiated read head signal as an output;
PA1  a gating circuit having first and second inputs and an output generating a
      binary output signal which changes with each change of one of the first
      and second inputs relative to the other, the first input being a Schmitt
      trigger input which changes from low to high at a first, relatively high
      threshold, and changes from high to low at a second, relatively low
      threshold;
PA1  a filter having an input coupled to receive the differentiated read head
      signal and an output coupled to drive the first input of the gating
      circuit, the filter circuit permitting successive changes in the first
      input only with a predetermined minimum time therebetween,
PA1  means for changing the second input at a sufficiently high rate that at
      least two changes in the second input occur for each change in the first
      input;
PA1  means for inhibiting changes in the second input during the occurrence of a
      data pulse on the read head signal;
PA1  an integrator circuit coupled to receive and intergrate the binary output
      signal from the gating circuit, the integrator circuit generating an
      integrated, differentiated read head signal as an output;
PA1  a latch coupled to be set at the occurrence of a transition of the binary
      output signal from the gating circuit when the magnitude of the integrated
      differentiated read head signal is greater than a predetermined threshold
      magnitude.
NUM  21.
PAR  21. The read circuit according to claim 20 above, wherein the filter
      permits successive changes in the first input only with a predetermined
      minimum time of at last one-twentieth of the nominal time between adjacent
      data bits.
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ABST
PAL  A magnetic information recording and reading device is embodied in an
      electronic equipment for the data processing. On a plurality of parallel
      tracks of a magnetic tape are recorded information blocks aligned at the
      starting point so as to form a matrix of information blocks. Each column
      of information blocks is addressable by a corresponding address recorded
      in a further track of the tape. Each address block comprises a timing
      character sequence for the addressing of an information block and for
      synchronizing the reading and/or the recording of data. The energization
      of a recording head is controlled by the readinng of timing character
      included in the corresponding address block so that the recording starting
      point of each of the information blocks are perfectly aligned
      independently from the speed of the tape.
PARN
PAR  This is a continuation of application Ser. No. 378,355 filed July 11,1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates to a magnetic information recording-reading
      device serially recorded in separate information blocks on a magnetic
      support having a plurality of tracks, one of said tracks being reserved to
      record separate address blocks of said information blocks and including a
      multichannel recording and reading head.
PAR  2. Description of the prior art
PAR  In the prior art recording and reading devices, firstly is recognized
      address of an information block in which data are to be recorded
      thereafter, the starting point of the recording operation is defined by
      means of timing devices which energize the recording circuits after a
      fixed delay time starting from the reading of the address of the block.
      The main problem of such devices is that the alignment of the information
      blocks are depending on the speed of the tape at the moment of the
      recording operation. More particularly because of the fixed delay time,
      the gap length between the address block and the starting point of the
      recording operation is directly proportional to the tape speed. Such
      timing devices complicate the structure of the recording devices and to
      increase the cost thereof. OBJECTS AND SUMMARY OF THE INVENTION
PAR  The disadvantages of such known devices are overcome by the magnetic
      information recording-reading device and method according to the invention
      by providing for each of said address blocks a timing character sequence
      for timing the energization of the recording head after the reading of a
      corresponding address character so that the recording starting point of
      each of said information blocks is perfectly defined and is independent
      from the speed of the tape.
PAR  This and other features of the invention will become apparent from the
      following description of a preferred embodiment and accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a block diagram of an electronic equipment using a magnetic
      information recording and reading device according to the invention;
PAR  FIG. 2 shows a part of a magnetic tape the tracks whereof are set up blocks
      of the recorded data;
PAR  FIG. 3 used by the device of FIG. 1; ation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The recording and reading device according to the invention is embodied in
      a digital data processing unit, and comprises a magnetic tape storage 10
      (FIG. 1), a control unit 13 for performing input-output functions and a
      central unit 11 for operating the control unit 13.
PAR  A particular embodiment of the control unit 31 is described in U.S. Patent
      Ser. No. 3,505,600. a plurality of parallel recording tracks 14. The first
      track 16 includes a program control section 20 and a block address 19. The
      other tracks 15 are reserved for storing data disposed in block 17 of
      constant length. All the data are stored on each track 14 serially per
      bit, and serially per characters. The blocks 17, or information blocks,
      are recorded on the tracks 15 and they store data to be processed. The
      blocks 19, or the address blocks, are recorded on the track 16 and they
      store block addresses, and the blocks 20 or program blocks, are recorded
      on the same track 16 and store the programs. Blocks 17 are spaced by a gap
      18, the blocks 19 and 20 are spaced by a gap 21. Gaps 18 and 21 are
      defined by a magnetization of constant polarity of the track.
PAR  The information blocks 17 (FIG. 2) are orderly arranged on each track in
      such a manner that the start of each block 17 corresponds to the start of
      the corresponding blocks 17 on the other tracks 15. In this way the
      information blocks 17 relating to the same address block are aligned
      therewith and transversely disposed on the tape.
PAR  Moreover to the start of each block 20, is aligned to the start of other
      blocks 17 on the tracks 15. Therefore, such arrangement in columns of the
      blocks 17 determines an information block matrix on the tape 10.
PAR  The recording of the bits on the blocks 17, 19, 20 is accomplished
      according to a known technique, as well as the recording of the gaps 18,
      21.
PAR  Each recording head 23 records information sent by the central unit 11 on
      the corresponding track 17 under the control of the control unit 13.
PAR  The access to a given block 17 (FIG. 2) both in the recording and in the
      reading operations is operated by the control unit 13 (FIG. 1), which is
      not described in details, because it is already known in the art of data
      processing by means of the addressing data recorded in a block 19 (FIG.
      2). The control unit 13 causes the reading head 24 of the head 22,
      corresponding to the track 16 of the magnetic tape 10, to read the
      addresses contained in the blocks 19, until the address corresponding to
      the required block 17 is recognized. The way of recognizing the selected
      address is commonly known, particularly it is performed by comparing the
      address read by the head 24 with the address stored in the C P U.
      Subsequently, the control unit 13 selects the recording head 23 or the
      reading head 24 corresponding to the track 15 whereon the data are to be
      recorded or read.
PAR  According to the invention, each address block 19 comprises 25 characters,
      while each program block comprises 70 characters.
PAR  The blocks 17 have all the same lenght and comprises 90 characters whereby
      its length is less than the total length of the blocks 19 and 20. The gaps
      18 are therefore of 17 characters.
PAR  In particular, the 25 characters of each block 19 are recorded serially
      according to a predetermined order as shown in the FIG. 3. The first three
      characters P of a block 19 are equal and are called the preamble as they
      identify an address block 19 instead of a program block 20. The further
      character I is the addressing character, and it is used by the central
      unit 11 (FIG. 1) in every addressing operation. There follow then four
      filling characters F (FIG. 3). The ninth character is a preamble character
      P or first service character which is equal to the first three characters
      P as considered above, and the function whereof is to define the starting
      point of the gap 18 before each block 17. The tenth and eleventh character
      are two characters C or erasing characters controlling the erasing
      operation of the gap 18 (FIG. 2) of the addresses block 15, the remaining
      characters are filling characters the first of these filling characters is
      used as a second service character for enabling the recording of data.
PAR  For a good understanding of this address format is to be noted that the
      head 23 is separated from the corresponding reading head 24 (FIG. 2) by a
      space equal to 17 characters,. The position of the recording head 23 and
      the reading head 24 during the reading operation of a block 19 is shown in
      FIG. 3, in which the recording head 23 precedes the reading head 24 with
      respect to the movement of the tape. Now is described the method according
      to the invention.
PAR  For recording the data on a particular information block 17 (FIG. 2), the
      magnetic tape 10 is displaced so that the reading head 24 as the track 16
      sequentially reads the blocks 19, 20. Each address block 19 is selected by
      the control unit 13 with respect to each program block 20 by means of the
      three first preamble characters P. Thereafter, the address character I of
      the information block 19 is read. If the character I read corresponds to
      the address character of the required information block 17, being set up
      on the unit 13, the central unit 11 (FIG. 1) and the control unit 13
      predispose their circuits in a known way, for the recording operation.
PAR  The recording head 23 (FIG. 2) corresponding to the tracks 15 is located,
      at the same instant, in correspondence with the twenty-first character of
      the block 19 (FIG. 13). After the reading of the four filling characters F
      following the address character I, the reading head 24, recognizes the
      ninth preamble character P wherefore it starts the erasing operation of
      the gap 18.
PAR  The duration of the erasing stage is defined by the two characters C
      following the ninth character. The length of the erasing gap is equal to 3
      characters since the erasing stage starts at the time instant whereat the
      ninth character P is read, and ends at the time instant whereat the first
      filling character F next following the characters C is read. In the time
      instant whereat the erasing stage has started the recording head 23 has
      just surpassed the twenty-fifth character of the address-block 19.
PAR  At the end of the twelveth character of the block 19, the recording head 23
      (which is displaced 17 characters from the reading head 24) of the
      selected track 15 is located exactly at the starting point of the block 17
      to be recorded.
PAR  Therefore, the first filling character F causes the recording head 23 to
      immediately record the data after the erasing gap just recorded. In such a
      way the thirteenth character (F) determines the starting point of each
      information block 17 of the same column on the tape 10. The thirteenth
      character of the block 19 being in a fixed location, assures also a fixed
      starting point of each block 17 of the column, independently from the
      speed of the tape.
PAR  Therefore these thirteen characters of each address block 19, constitute a
      timing character sequence adapted to control the recording operation after
      a fixed delay represented by the time interval comprised between the
      reading of the character I and the thirteen character F.
PAR  The remaining filling characters F after the thirteen character F of each
      block 19 are used to prevent the reading by the head 24 of the addressed
      block 17 or program block 20 until this head 24 is carried in front of the
      respective starting point. In fact, the reading operation of a block 17 is
      started after the last of the characters F was recognized, that is, when
      the reading head 24, is on the gaps 18, near each starting point of a
      column of blocks 17.
PAR  In this way twenty-five characters of each address block 19 are linear
      references for the head 22 for timing the read-write operations on the
      magnetic tape and, more particurarly, for the exact definition of the
      recording start point of the blocks 17. By the foregoing it is clear that
      the method and the device now described control the reading/recording
      operations independently from the speed of the tape in an inexpensive way.
PAR  It is to be understood that the magnetic information recording and reading
      device herein described may be changed or modified without departing from
      the scope of the invention which is to be measured from the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for timing the data recording and reading operation in a
      recording-reading device using a magnetic tape having a plurality of
      parallel tracks for storing data in blocks of characters separated by
      constant gaps and a track for storing addresses of said data blocks,
      comprising a reading head and a recording head preceding said reading head
      with respect to the movement of the tape, the method comprising the steps
      of:
PA1  -- recording in said addressing blocks an addressing character identifying
      the blocks aligned therewith transversely disposed on said tape,
PA1  -- recording a first service character at a fixed distance from said
      addressing character to arrange said recording head to record the gap
      corresponding to said addressing character,
PA1  -- recording at least one erasing character following said first service
      character for defining a period proportional to the speed of the tape
      during which said recording head is enabled to record said gap according
      to the length of said erasing character on said magnetic tape, and
PA1  -- recording a second service character following said erasing character
      for enabling said recording head to record said data on the block
      corresponding to said address, whereby the interval before the start of
      the recording of data in a block is proportional to the speed of the tape.
NUM  2.
PAR  2. A method as in claim 1 wherein the step of recording a first service
      character at a fixed distance from said addressing character comprises the
      step of:
PA1  -- recording at least one filling character between said address character
      and said first service character thereby defining said fixed distance.
NUM  3.
PAR  3. A method as in claim 1 further comprising the step of:
PA1  -- recording after said second service character at least one successive
      filling character, the last of which enabling said reading head to start
      the reading of the block of data identified by said address character.
NUM  4.
PAR  4. A method as in claim 3 further comprising the step of:
PA1  -- positioning said recording head at a distance from said reading head at
      least equal to the distance between said first service character and said
      last filling character.
NUM  5.
PAR  5. In combination: an apparatus for reading and recording data on a
      magnetic tape comprising a plurality of parallel tracks for storing data
      in blocks separated by constant gaps and a track for storing addresses of
      said data block, the apparatus comprising a reading head and a recording
      head preceding said reading head with respect to the movement of the tape;
      and means for controlling the start of said reading and said recording in
      dependence on the speed of said tape comprising a first service character
      recorded at a fixed distance from an addressing character previously
      recorded on said tape for enabling said recording head to record the gap
      corresponding to said addressing character, at least one successive
      erasing character recorded after said first service character and defining
      a period proportional to the speed of the tape for enabling said recording
      head to record the gap defined by said period and a second service
      character recorded after said erasing character for enabling said
      recording head to record data on the block corresponding to said
      addressing character.
NUM  6.
PAR  6. A combination according to claim 5, wherein the controlling means
      further comprises: at least one successive filling character recorded
      after said second service character, the last of said filling characters
      enabling said reading head to start the reading of the block of data
      corresponding to said character address.
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ABST
PAL  A magnetic recording and reading system wherein data is written into a
      magnetic medium in an NRZ code which is interrupted for the insertion of a
      guaranteed flux transition after each series of eight data cells. On
      readout, the guaranteed sync transition is used to generate a read clock
      for strobing purposes. The read clock is compensated to account for
      physical migration of the sync transition in the medium due to crowding
      effects or interaction with adjacent flux transitions.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a divisional application of application Ser. No. 235,583, filed on
      Mar. 17, 1972, for SELF-CLOCKING NRZ RECORDING AND REPRODUCTION SYSTEM now
      U.S. Pat. No. 3,852,810.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to data recording and reproduction systems of the
      type using a bulk magnetic storage medium, such as a disc or a drum, and
      more particularly to the accurate synchorization of a read clock signal
      with the recorded data cells.
PAC  BACKGROUND
PAR  It is well known to those skilled in the magnetic recording systems art
      that two principal design objectives in any mass or bulk recording system
      are high data storage density and high data retrieval accuracy. Recording
      density is substantially a function of the physical proximity with which
      magnetic flux transitions can be placed in the bulk nagnetic medium
      whereas accuracy of readout involves, among other things, the
      establishment of an accurate timing signal so as to determine those points
      at which the read circuitry should be sensitized so as to observe a flux
      condition or a transition between flux conditions.
PAR  A number of data recording codes and systems have been developed to satisfy
      one or both of these basic design objectives in varying degrees. The
      highest density recording cam be achieved using a so-called non-return to
      zero (NRZ) code wherein all binary ZEROS are represented by one flux
      condition and all binary ONES are represented by another flux condition.
      While this code is efficient, it has the inherent disadvantage of
      requiring auxiliary clocking signals since a long string of data cells of
      one or the other value presents no flux transitions to develop clock
      pulses. Other recording codes have been worked out which are of lesser
      efficiency; that is, codes which require more than one flux transition per
      recorded data bit, but which are self-clocking in nature and, thus,
      eliminate some complexity in the timing system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, data is recorded according to an
      NRZ code which in itself is not self-clocking, but which presents a very
      high recording efficiency. Unlike the typical NRZ data train, the recorded
      code of the present invention is periodically interrupted by the insertion
      of a guaranteed flux transition which is employed for synchronization
      purposes. This transition is detected in a periodic fashion and employed
      to restart or resynchronize a data read clock which has the responsibility
      for periodically sensitizing or "strobing" the read system elements to
      detect the flux conditions in the medium and, thus, the values of the bit
      cells being read.
PAR  A particular feature of the present invention is the capability for
      compensating for time errors that might be introduced into the data read
      clock signal by a physical shift in the position of the guaranteed sync
      transition in the data train. As will be apparent to those skilled in the
      magnetic recording art, flux transitions in a bulk magnetic recording
      medium tend to influence one another when they occur very close together
      in the serially-arranged data track. Thus, to closely-spaced data
      transitions may shift away from one another.
PAR  With this in mind, the compensation technique of the present invention is
      accomplished by determining the flux transition pattern immediately
      surrounding the guaranteed sync transition in the data train and adjusting
      the position in time of the start of each read clock sequence in
      accordance with the transition pattern which is detected. Accordingly, a
      principal object of the present invention is to guard against a false
      start in the read clock sequence signal arising out of a shift in the sync
      transition under crowded transition conditions in the recording medium.
PAR  In accordance with a specific embodiment of the invention which is
      disclosed in detail hereinafter, data is recorded in a magnetic recording
      medium, such as a disc or drum, according to an NRZ code wherein data
      values are represented by first and second discrete flux conditions in the
      medium. Moreover, the data is recorded such that a guaranteed flux
      transition for synchronization purposes is inserted after every eight data
      bit cells. During readout, means are provided for detecting and storing
      sync transitions as well as the data transitions, if any, immediately
      surrounding the sync transition. In addition, means are provided for
      analyzing the pattern of transitions to determine whether an adjustment in
      the next read clock signal sequence is necessary and, if so, whether the
      adjustment should be one of advance or one of delay.
PAR  As will be hereinafter described in greater detail, the analysis and
      adjustment functions may be carried out by logic means to detect and
      decode the pattern of data bit cell transitions including and immediately
      surrounding the sync transition and introducing various delays between the
      occurrence of the sync transition and the restart or resynchronization of
      the pulse which establishes the next later occurring read-clock timing
      sequence. A first delay of one time-length is employed where the
      transition pattern indicates no need for compensation or adjustment; a
      second delay shorter in time-length than the first is introduced where the
      bit transition pattern indicates the need for adjustment by advance; and a
      third delay of loner time-length is introduced where the bit transition
      pattern indicates a need for adjustment by delay. In this fashion, the
      occurrence of the read clock signals is accurately positioned near the
      center of the data bit cells so as to obtain an average accuracy which is
      at least no worse than the equivalent of a single peak shift effect in the
      actual data pattern.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention as well as the various features and advantages
      thereof will be best understood from a reading of the following
      specification which describes in detail an illustrative embodiment of the
      invention. This specification is to be taken with the accompanying
      drawings of which:
PAR  FIG. 1 is a schematic circuit diagram of a subsystem which provides certain
      basic timing signals during read and write operations and is constructed
      in accordance with the present invention;
PAR  FIG. 2 is a timing diagram illustrating the operation of the circuit of
      FIG. 1 and having signal legends corresponding to those appearing in FIG.
      1;
PAR  FIG. 3 is a schematic circuit diagram of a read system embodying the
      compensation technique of the present invention and adapted to operate on
      data recorded with the circuit of FIG. 1;
PAR  FIG. 3a is a detailed schematic diagram of a portion of the circuit of FIG.
      3;
PAR  FIG. 4 is a timing diagram illustrating the operation of the circuit of
      FIG. 3; and,
PAR  FIG. 5 is a simplified logic table illustrating the various bit transition
      patterns and the compensation delays introduced by the circuit of FIG. 3
      according to the transition pattern.
DETD
PAR  Referring now to FIG. 1, there is shown a timing circuit 10 operative
      according to the signal pattern of FIG. 2 to interrupt a write data clock
      signal after each sequence of eight data bits for the purpose of inserting
      a guaranteed flux transition for synchronization purposes. The circuit of
      FIG. 1 has no direct bearing on the compensation function of the circuit
      of FIG. 3 other than to insert a guaranteed flux transition after every
      eight data bits this sync transition to be used for timing purposes. It
      will also be appreciated by those skilled in the art that the choice of
      inserting the sync transition after every eight data cells as opposed to
      some other number of data cells is at least in part one of convenience in
      the use of digital circuit components and theoretically any other number
      might be employed, keeping in mind the basic objectives of high recording
      efficiency and accurate read timing. FIG. 1 is involved in both the write
      and read operations and, thus, it might be said that the circuit 10 is a
      hybrid device designed for standardization of circuit boards. It will be
      apparent, however, that where duplication of components is of low
      priority, the write portion of FIG. 1 may be constructed separately from
      the read portion of the system of FIG. 1 in a straightforward fashion.
PAR  In FIG. 1 a basic bit clock signal (BC) is applied by way of line 12 to
      NAND gate 14 and thence through NOR gate 16 to a nine-bit ring counter 18
      which establishes the basic sequence count for the system hereinafter
      described. As will be apparent to those of ordinary skill in the art, the
      ring counter 18 is constructed using a conventional shift register having
      a feedback line. The timing signal NBW appears on line 20 from the output
      of the ring counter 18 and is applied to NAND gate 22 to delete a selected
      clock pulse to the data controller 24. The gated bit clock pulse is
      designed GWC in FIG. 1, the letters denoting a "gated write clock" signal.
      NRZ data is also applied to the controller 24 from a business machine or
      the like by way of input terminal 26. As indicated in FIG. 2, either the
      gated write clock GWC or its complement GWC may be used as a timing signal
      to the controller 24, the selection being made such that the gate signals
      arrive at gates 38 and 40 at the proper time. It will also be understood
      that the particular ring counter output NBW is also selected to achieve
      the proper timing at gates 38 and 40. In the present illustrated
      embodiment, the NBW signal is 7BW because the propagation time of GWC
      through controller 24 is 2bit times. In other systems, other choices may
      be made.
PAR  The bit clock signal on line 12 is also applied directly to a flip-flop 28
      to time the basic toggling operation of the flip-flop 28. The
      complementary outputs WAD and WAD from the flip-flop 28 appear on lines 30
      and 32 and, as shown in FIG. 2, WAD represents the signal to be written
      into the magnetic recording medium including the particular sequences of
      eight data bits spaced in each case by a guaranteed flux transition for
      synchronization purposes. The data cell containing the guaranteed
      transition is indicated in FIG. 2 by the letter "X".
PAR  The raw data is applied to flip-flop 28 by the controller 24 over lines 34
      and 36, as shown in FIG. 1. Line 34 carrying the write data WD signal is
      applied to the flip-flop 28 by way of NAND gate 38 whereas the complement
      of the write data signal WD on line 36 is applied to the opposite input of
      the flip-flop 28 by way of NAND gate 40. The second signal to each of the
      NAND gates 38 and 40 appears on line 42 from the output of the ring
      counter 18 and represents the 9BW negative going pulse every ninth bit
      cell as best shown in FIG. 2. The propagation time of the GWC signal
      through controller 24 is equal to 2bit times and thus the WD signals which
      are derived from the GWC signals arrive at the gates 38 and 40 at the same
      time as the 9BW signal as explained above. Accordingly, the data to be
      written is applied in NRZ form to the flip-flop 28 at the frequency of the
      bit clock signal appearing on line 12, and controller 24 operating in the
      normal fashion to produce the time correlation between the bit clock and
      the data signals as will be apparent to those skilled in the art. The
      nine-bit ring counter 18 operates to interrupt the data bit train after
      each sequence of eight consecutive bits to insert the guaranteed sync
      transition. Regardless of which flux condition obtained during the
      eightbit cell in each eight-cell sequence, flip-flop 28 is toggled to the
      opposite flux condition for the guaranteed sync transition.
PAR  The write enable (WE) signal on line 44 is applied to NAND gate 14 to
      enable gate 14 during the write process and also to NOR gate 46 and the
      inverter 48 to reset the nine-bit ring counter 18 at the beginning of each
      write process.
PAR  During a read operation, the nine-bit ring counter is actuated by the CS
      and RE signals on lines 50 and 52 which are applied through NAND gate 54
      and the NOR gate 16 to the input of the ring counter to shift the single
      bit in the circulating fashion just as the bit clock signal BC
      accomplishes that function during the write process. Lines 56, 58, 60, and
      62 are also operative only during the read process andthe various signals
      identified by legend in FIGS. 1 and 2 on those lines are also applied to
      the circuit of FIG. 3 at the places indicated and for reasons to be
      hereinafter to be made apparent. The same is true for the 9BW signal on
      line 42 which is also applied via line 128 to the read circuit of FIG. 3
      as indicated in FIG. 1.
PAR  Looking now to FIG. 3, the operation of the read circuit illustrated
      therein will be described with reference to the interrupted data train RAD
      containing the guaranteed sync transition X, as illustrated in FIG. 4. As
      will be hereinafter described in detail, the principal functions of the
      circuit of FIG. 3 are to provide a synchronized read clock signal (RC) for
      the reading of the data cells in the bulk recording medium, the effective
      elimination of the guaranteed sync transition in the final output data
      train, and the compensation for any shift in the guaranteed sync
      transition so that each periodically resynchronized series of read clock
      signals occurs in the proper time relationship to the actual data.
PAR  Referring more specifically to the circuit diagram of FIG. 3, the NRZ data
      with the guaranteed sync transition after each group of eight data cells
      is detected by conventional read head and read amplifier circuitry and
      applied to the circuit of FIG. 3 by means of lines 100 and 102. The signal
      sequence read from the memory is identified in FIGS. 3 and 4 as RAD and
      its complement RAD. This signal corresponds the written sequence of flux
      transitions identified in FIGS. 1 and 2 as WAD and WAD which, as
      previously described , is the signal sequence applied to the conventional
      write amplifier and write head. The only differences between WAD and RAD
      are due to transition shifting in the recording medium. The actual
      implementation of the read and write heads and associated drive amplifiers
      has been omitted from this description because of its conventionality.
PAR  The signal sequence read from memory is applied by way of lines 100 and 102
      to a differentiator circuit 104 which provides an output consisting of a
      series of spike-like pulses each pulse corresponding in time to a flux
      transition in the input waveform. The differentiated output is applied to
      a circuit section 106 which provides short, normal and long time delays
      between the occurrence of the sync pulse in the read sequence and the
      start of the next clock timing sequence in accordance with the need for
      compensation indicated by the flux transition pattern immediately
      surrounding the sync transition. The acual selection of the appropriate
      dely, either short, normal or long is made by circuit section 108 which
      also is connected to receive the differentiated output of the read data
      differentiator 104. The circuit section 108 includes a transition pattern
      decoder 110, described in greater detail in FIG. 3a, the outputs of which
      are connected back into the delay circuit section 106 to accomplish the
      desired end result as hereinafter described in greater detail.
PAR  The read data signal on lines 100 and 102 are also applied to an output
      flip-flop 112 having complementary output lines 114 and 116. The timing
      for the switching of flip-flop 112 is controlled by circuit section 118
      which includes voltage controlled oscillators 120 and 122. These
      oscillators are alternatingly actuated to provide the necessary nine-bit
      read clock sequences. The start time of each of these sequences is
      adjusted by the particular delay from circuit section 106 which is
      selected by the circuit section 108 in response to the input flux
      transition pattern. Accordingly, the RD and RD outputs on lines 114 and
      116 correspond with the RAD and RAD signals on lines 100 and 102 from the
      read head amplifier as indicated in FIG. 4, except that the transition
      migration effect evident in the RAD signal of FIG. 4 is eliminated from
      the RD signal by the operation of the circuitry of FIG. 3.
PAR  The other fundamentally important output signal from the circuit of FIG. 3
      is the read clock (RC) signal appearing on line 124 and which is also
      illustrated on the bottom line of FIG. 4. The read clock (RC) signal is
      generated in AND gate 126 by the combination of the circuit section 118
      which, as previously described, generates the basic read timing signals,
      and the 9BW signal on line 128 which is generated by the nine-bit ring
      counter 18 of FIG. 1 during the read operation. At this point it should be
      recalled that the circuit of FIG. 1 is employed both during read and write
      operations and that the signals appearing on lines 42, 56, 58, 60, and 62
      are connected directly into the circuit of FIG. 3. The 9BW signal operates
      in combination with the AND gate 126 to delete every ninth read clock
      pulse as is evident in FIG. 4, the deleted clock pulse being that pulse
      which corresponds with the occurrence of the sync transition in the RD
      signal sequence. Accordingly, when the RD and RC signals are applied to
      the controller 24 during a read operation, the combination of the two
      signals is effective to automatically delete the sync transition from the
      output data sequence.
PAR  Referring more specifically to the circuit of FIG. 3 and also to the
      detailed waveform timing diagram of FIG. 4, it can be seen that the series
      of pulses from the differentiator 104 representing flux transitions in the
      read amplifier output RAD and RAD is applied to a group of AND gates 124,
      126, and 128 in the circuit section 106 by way of line 130. In addition,
      the AND gates 124, 126, and 128 are connected to receive the 9BW timing
      pulse which appears on line 62 of the nine-bit ring counter 18 in the
      circuit of FIG. 1. This combination of signals, thus, is effective to
      apply the differentiated pulse representing the sync transition to each of
      the three voltage controlled delay devices 134, 136, and 138. The voltage
      controlled delay devices 134, 136, and 138 are preferably implemented in
      the form of one-shot multivibrators having short, medium, and long output
      pulse times, respectively. The voltage-controlled aspect of these devices
      is significant only in that the variable amplitude dc output signal of a
      bit clock rate tachometer 140 is commonly connected to the devices 134,
      136, and 138 to proportionately vary each delay in accordance with the
      rate of rotation of the drum or disc memory. This speed signal from
      tachometer 140 is also applied to the voltage-controlled oscillators 120
      and 122 of the circuit section 118, as illustrated in FIG. 3, so as to
      proportionately affect all of the timing factors in the circuit of FIG. 3
      in accordance with the rotational speed of the physical storage medium.
PAR  The long, medium, and short term pulses from the delay devices 134, 136,
      and 138 represent read clock sequence advance, normal, and delay
      functions, respectively, and are applied to NAND gates 142, 144, and 146
      which operate under the control of circuit section 108 to select the
      appropriate timing compensation in accordance with the transition pattern
      recognized and decoded by decoder 110. Gates 142, 144, and 146, thus,
      operate in combination with the circuit section 108 to carry out the
      transition migration compensation technique of the present invention. The
      selected delay time from the NAND gates 142, 144, and 146 is directed
      through the NOR gate 148 to a fixed delay device 150 the output of which
      is connected by way of line 152 to the input of a flip-flop 154 and the
      circuit section 118. Flip-flop 154, when enabled by the read enable (RE)
      signal, simply toggles back and forth to select first voltage controlled
      oscillator 120 and then voltage controlled oscillator 122 to initiate the
      nine-bit read clock sequence. The initiation point for each sequence is
      set by the occurrence in time of the sync transition as compensated by the
      transition pattern analysis and delay selection process. NAND gates 156
      and 158 operate in combination with the flip-flop 154 and the PCS signal
      from delay device 150 to perform the process of alternately actuating the
      voltage controlled oscillators 120 and 122.
PAR  Looking back to the transition pattern analysis technique which is carried
      out by the circuit portion 108 of FIG. 3, it can be seen that the series
      of differentiated flux transition pulses from differentiator 104 are
      applied to flip-flops 160 and 162. In addition, flip-flop 160 is connected
      to receive as a timing signal the 1BW pulse which is generated on output
      line 56 of the nine-bit ring counter 18 in the circuit of FIG. 1. In a
      similar fashion, the 8BW pulse on line 60 is applied to the input of
      flip-flop 162 to operate as a basic timing signal. The result is that the
      outputs 1BF and 1BF from flip-flop 160 advises the decoder 110 whether or
      not a flux transition occurred during the first data cell; that is, the
      data cell immediately following the sync transition, and the 8BF and 8BF
      signals from flip-flop 162 advise the decoder 110 whether a flux
      transition occurred during the eighth data cell; that is, the data cell
      immediately preceding the guaranteed flux transition for sync purposes.
      Both flip-flops 160 and 162 are reset by the 4BW signal appearing on line
      58 which is numbered to correspond with the appropriate output line in the
      nine-bit ring counter 18 in the circuit of FIG. 1.
PAR  The decoder 110 in the circuit section 108 responds to the pattern of flux
      transitions in the sync bit cell and the first and eighth data bit cells
      to select a delay in accordance with the table of FIG. 5. If, as indicated
      on line 164 of FIG. 3 and in line B of FIG. 5, a transition occurs in the
      first data bit cell but not in the eighth data bit cell, gate 142 is
      enabled to select the long delay of delay device 134. This is based on the
      assumption that the pattern of transition indicated in line B of FIG. 5
      causes the sync transition to migrate to the left from its proper
      position. A failure to introduce the long delay would result in each of
      the read clock pulses in the next read clock sequence occurring too early
      and, thus, giving rise to a read data error possibility. If, as indicated
      on line 166 of FIG. 3 and on line A of FIG. 5, transitions occur both in
      the eighth and first data cells, gate 144 is enabled to select the normal
      or medium length delay represented by device 136. The reasoning for this
      case is that the transitions on opposite sides of the sync transition
      illustrated in line A of FIG. 5 have equal and counterbalancing effects on
      the position of the sync transition and, accordingly, no compensation is
      necessary. A similar situation exists where, as illustrated on line D of
      FIG. 5 and as indicated again on line 166 of FIG. 3, no transition occurs
      either before or after the guaranteed sync transition. In this case, no
      significant migration in the position of the sync transition is likely to
      occur and again no compensation is necessary. Thus, output line 166 from
      decoder 110 represents two conditions which do not require compensation
      and enables gate 144 to select the normal delay time. The third and last
      case is represented on line 168 of FIG. 3 and on line C of FIG. 5 wherein
      a transition occurs in the eighth data cell, but no transition occurs in
      the first data cell immediately following the sync transition. In this
      case, the signal on line 168 enables gate 146 to select a short delay time
      from device 138 to effectively advance the read pulses in the next clock
      sequence. As illustrated in FIG. 5, line C, the transition in the eighth
      data cell produces a migration of the sync transition to the right, that
      is, toward the first data cell position. Accordingly, the short delay
      operates to produce the effect of negating the sync transition migration
      caused by the crowding of pulses in the magnetic storage medium.
PAR  The decoder 110 may be straightforwardly implemented using well known logic
      elements, as illustrated in FIG. 3a. In FIG. 3a, all NAND gates are used,
      however, it will be appreciated by those skilled in logic circuit
      synthesis that other types of gates can be employed to accomplish the same
      end result. In FIG. 3a, gate 170 is connected to receive the 1BF and 8BF
      signals whereas gate 172 is connected to receive the 8BF and 1BF signals
      from the flip-flops 160 and 162 of FIG. 3. The output of gate 170 is
      connected to the input of gate 174 which selects the long delay and the
      gate 176 which operates to select the normal delay under the proper
      condition. Similarly, the output of gate 172 is connected to gate 176 and
      also to gate 178 to select the short delay time. The output of gate 176
      which is enabled only when the conditions represented by lines A and D of
      FIG. 5 are satisfied is connected to gate 180 to produce the normal delay
      time selection previously described.
PAR  Looking again to FIG. 3, the STF output of flip-flop 154 is connected to
      the inputs of NAND gates 156 and 182 whereas the STF output is connected
      to NAND gates 158 and 184, this cross connection being effective to select
      the voltage controlled oscillators 120 and 122 in alternating fashion. The
      outputs of the gates 182 and 184 are connected through the NOR gate 186 to
      the input of gate 126 and also to the input of output flip-flop 112 to
      control the timing of the data train RD and the read clock pulses RC on
      line 124. As previously described, the gate 126 operates to delete the
      read clock pulse which corresponds to the sync transition, thus, to
      effectively eliminate the sync transition from the final output data
      representation which is presented to the controller.
PAC  OPERATION
PAR  Summarizing the operation of the invention as described with reference to
      the illustrative embodiments of FIGS. 1 through 5, data is recorded in a
      magnetic medium in an NRZ code which is interrupted after each sequence of
      eight data cells by the occurrence of a guaranteed flux transition for
      read syncronization purposes. This is carried out in the circuit of FIG. 1
      through the use of a nine-bit ring counter 18 which inserts the guaranteed
      flux transition by way of the write output flip-flop 28. The resulting
      data sequence is represented by the WAD signal waveform of FIG. 2 and is
      applied to the write amplifier for direct recording into the magnetic
      medium.
PAR  During readout, the circuit of FIG. 3 in combination with the appropriate
      portions of the circuit of FIG. 1, operates to decode the waveform RAD
      from the read amplifier to recover the data read from memory and to
      eliminate the guaranteed flux transition which has no data value. This is
      accomplished by generating a read clock signal (RC) in which the read
      clock pulse corresponding to the guaranteed flux transition is deleted and
      also by generating a compensated read data waveform RD in which the
      effects of transition migration due to pulse crowding have been
      substantially eliminated.
PAR  In the circuit of FIG. 3 the waveform RAD from the read amplifier is
      differentiated to provide pulses representing the flux transitions in the
      RAD waveform. The pulse representing the sync transition is applied to
      circuit section 106 to select one of three possible delays between the
      occurrence of the sync transition and the start of the next read clock
      sequence. The pulse representing the sync transition is applied along with
      the pulses representing the data transitions in the first and eighth data
      cell positions to circuit section 108 which contains decoder 110. This
      decoder operates to analyze the transition pattern in accordance with the
      table of FIG. 5 and to select one of the three delays either long, normal,
      or short to compensate for the physical migration of the sync transition
      in the magnetic recording medium. If the sync transition is presumed to
      have shifted so as to result in a delay, the short delay is selected for
      compensation; if the sync transition is presumed to have occurred early, a
      long delay is selected for compensation; if the sync transition has not
      shifted, the normal or medium delay is selected. In any event, the
      transition occurrence signal, after compensation as necessary, is applied
      to circuit section 118 which generates the read clock pulses and which
      toggles the output flip-flop 112 in accordance with the data pattern from
      the read amplifier. Gate 126 operates to delete every ninth read clock
      pulse such that when the combination of the RD signal from output
      flip-flop 112 and the RC signal from gate 126 is applied to the
      controller, the flux transition in the RD waveform is effectively deleted.
PAR  It will be understood that the foregoing description of the invention is is
      illustrative in nature, particularly with respect to circuit details, and
      is not to be construed in a limiting sense.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a data storage system of the type wherein data is stored in a bulk
      medium according to a binary code in which opposite bit values are
      represented in bit cells by respective levels and wherein the sync
      transition occurs every n data bit cells: a readout system comprising
      clock means responsive to the occurrence of a sync transition for
      generating a sequence of timing signals representing the position in time
      of successive data cells being read, means for reading the bit values in
      the successive bit cells, means for counting the successive bit cells to
      identify each occurrence of n data bit cells, and compensation means
      responsive to particular patterns of the level transitions associated with
      the data cells preceding and following each identified sync transition of
      n data bit cells for adjusting the time relationship between the sync
      transition and said sequence of reading the bit values in the successive
      bit cells in accordance with such particular patterns to compensate for
      shifting of said sync transition as read from said medium by said readout
      system.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein means are included for
      comparing the characteristics of the signals read out by the readout
      system at the bit cells immediately preceding and immediately following
      each sync transition of n data bit cells, and means are responsive to the
      signals from the comparing means, in accordance with each comparison, for
      adjusting the time for reading the data bits after the sync transition of
      n data bit cells.
NUM  3.
PAR  3. In a magnetic data storage system of the type wherein data is stored in
      a bulk medium according to a binary code in which opposite bit values are
      represented in bit cells by respective flux levels and wherein the sync
      flux transition occurs every n data bit cells: a readout system comprising
      clock means responsive to the occurrence of a sync transition for
      generating a sequence of time signals representing the position in time of
      successive data cells being read, and compensation means responsive to the
      flux level transitions associated with the data cells preceding and
      following the sync transition for adjusting the time relationship between
      the sync transition and said sequence to compensate for shifting of said
      sync transition in said medium, the compensation means comprising a
      plurality of delay means having inputs connected to receive said sync flux
      transitions and outputs connected to said clock means and representing
      respective time delays, decoder means responsive to data and sync
      transitions for producing output signals representing sync transition
      shifts, and logic means responsive to the output signal from said decoder
      means to operatively connect one of said plurality of delay means in
      operative input relationship with said clock means to select a time delay
      for compensation of the sync transition shift.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein the delay means include a first
      delay of median time, a second delay of a time longer than said median,
      and a third delay of a time shorter than said median.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said decoder means includes
      inputs responsive only to the sync transition and the data transitions
      corresponding to the data cells immediately preceding and following the
      sync transition.
NUM  6.
PAR  6. Apparatus as defined in claim 4 including means for proportionately
      varying all of the delay times of said first, second, and third delays
      according to memory medium displacement rate.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein said clock means includes a
      first oscillator, and input means for resetting the oscillator, said delay
      means being connected to said input means for resetting the oscillator
      after each of said sync transitions.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said clock means includes a
      second oscillator, an output gate, and means for alternatingly connecting
      the first and second oscillators to the output gate.
NUM  9.
PAR  9. In combination for use with apparatus for storing bit values in bit
      cells wherein changes in bit values are represented by changes in voltage
      levels and wherein a sync transition is provided every n bit cells,
PA1  first means for reading the voltage levels to reproduce the bit values,
PA1  second means for counting the bit cells to produce a signal indicating each
      sync transition of n bit cells,
PA1  third means responsive to the operation of the first and second means for
      producing clock signals to synchronize the operation of the first and
      second means, and
PA1  fourth means responsive to the bit values read by the first means in the
      bit cells immediately preceding and immediately following each signal
      produced by the second means for adjusting the time for the production by
      the third means of the clock signals in accordance with the relative bit
      values in such immediately preceding and immediately following bit cells.
NUM  10.
PAR  10. In the combination set forth in claim 9,
PA1  the fourth means including a decoder for adjusting the time for the
      production by the third means for the clock signals when the bit value for
      the immediately preceding bit cell is different from the bit value for the
      immediately following bit cell.
NUM  11.
PAR  11. In the combination set forth in claim 10,
PA1  the fourth means including logical circuitry for providing for an increase
      in the delay for the production by the third means of the clock signals
      when the first means reads a change in the voltage level in the
      immediately following bit cell.
NUM  12.
PAR  12. In the combination set forth in claim 10,
PA1  the fourth means including logical circuitry for providing for a decrease
      in the delay for the production by the third means of the clock signals
      when the first means reads a change in the voltage level in the
      immediately preceding bit cell.
NUM  13.
PAR  13. In the combination set forth in claim 9,
PA1  means for providing for an adjusting in the time for reading the bit values
      for the bit cells and means responsive to a comparision between the bit
      values for the bit cells immediately preceding and immediately following
      each sync transition of n bit cells for energizing the adjusting means to
      adjust the time for reading the bit values for the data cells.
NUM  14.
PAR  14. In the combination set forth in claim 13, the clock means including
      oscillator means and the fourth means including means responsive to the
      energizing of the adjusting means for resetting the oscillator means after
      each of the sync transitions in accordance with the adjustments provided
      in the adjusting means.
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ABST
PAL  A multi-color recording medium responsive to a magnetic or an electrostatic
      recording field for recording an input signal thereon and having a
      continuous web of a transparent encapsulating material containing a
      suspension of highly reflective flakes with these flakes being selectively
      orientable between two incident light reflecting states. These flakes are
      distributed in individual micro-capsules with each capsule having a
      predetermined response to an applied force field to allow orientation of
      the suspended particles therein from one light reflecting state to
      another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a recording medium and means for recording
      on the recording medium. More specifically, the present invention is
      directed to a recording medium which responds to recording force fields in
      a manner corresponding to a predetermined response of portions of the
      recording medium exposed to the force fields.
PAR  2. Description of the Prior Art
PAR  A recording medium having a transparent web member containing a plurality
      of transparent capsules with each capsule containing a suspension of a
      plurality force field actuable, highly reflective and flake-like particles
      is shown in U.S. Pat. No. 3,683,382 of Dale O. Ballinger and assigned to
      the same assignee of the present invention. However, in that patent the
      recording medium is a uniformly responsive medium wherein the flakelike
      particles in each capsule respond to the same force field applied to the
      recording medium. Thus, only a single contrasting appearance, i.e., color,
      for the recorded area is available from that recording medium to produce a
      final visible record on the recording medium. In order to provide a
      recording medium, having an improved utility it is desirable to have a
      recording medium which is capable of recording in a plurality of
      contrasting representations, i.e., colors, on the surface of the recording
      medium whereby a plurality of recording traces on the recorded medium may
      be quickly and easily identified.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved force field
      responsive recording medium for producing a multi-color recording and
      recording apparatus for recording on the medium.
PAR  In accomplishing this and other objects, there has been provided, in
      accordance with the present invention, a recording medium having a
      continuous transparent web of an encapsulating material containing a
      plurality of individual transparent capsules with each capsule having
      therein a suspension of highly reflective, force field actuable, and
      flake-like particles. Each of the capsules is arranged to have a
      predetermined force field responsive characteristic whereby the recording
      medium may be recorded thereon with differing visual results as a
      consequence of the response of the flake-like particles in individual
      capsules to a particular force field applied to the recording medium. A
      recording apparatus for producing a predetermined force field to effect a
      desired contrast for a recording on the recording medium is correlated
      with the force field responsive characteristic of the resulting recording
      trace.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had when the
      following detailed description is read in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 is a pictorial illustration of a recording medium and recording
      system embodying the present invention; and
PAR  FIG. 2 is a pictorial illustration of a modification of the recording
      medium and recording system shown in FIG. 1 and also embodying the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 in more detail, there is shown a recording system
      having a transparent recording medium web member 2, supported on a
      substrate 4, with a plurality of transparent capsules containing a
      suspension of force-field actuable, highly reflective and flake-like
      particles therein. The method of making such a recording medium is
      generally disclosed in the aforesaid U.S. Pat. No. 3,683,382. However, in
      that patent, there is disclosed only a recording medium having a uniform
      response throughout to an applied force field wherein each of the
      transparent capsules contains a uniformly responsive suspension of
      particles. In the present invention shown in FIG. 1, the particles in one
      recording medium are shown as being divided into two different types.
      However, it is to be noted that this is merely for purposes of
      illustration since the number of types of capsules may be extended to
      additional types of capsules within a recording medium to produce
      additional responses to corresponding recording force fields. A first type
      of capsule 6 having an oil of a first viscosity suspending the flake-like
      particles 8 therein is arranged in juxtaposition to a second type of
      capsule 10 having a suspension oil of a second viscosity for suspending
      similar flake-like particles therein. The process for making the recording
      medium shown in FIG. 1 would include the step of separate encapsulation of
      the particles 8 in corresponding capsules with a suspension oil of a
      respective viscosity. Subsequently and prior to coating the capsules on
      the recording medium substrate 4, the capsules are mixed whereby the
      capsules of both oil viscosities are substantially uniformly distributed
      over the substrate 4 throughout the recording medium.
PAR  An apparatus for recording on the recording medium 2 is shown as a magnetic
      field producing means, although electrostatic field producing means may
      also be employed. A magnetically responsive core 16 having a winding 18
      thereon is arranged with a recording end 19 adjacent to the surface of the
      recording medium with the recording end 19 encompassing a plurality of the
      capsules 6 and 10. A pulse generator 20 is connected to the winding 18 to
      apply a selected output signal thereto. A color selector 22, e.g., a pair
      of parallel switches connecting a signal source to respective output
      terminals, is connected to the pulse generator 20 to select an output
      signal from the pulse generator 20 corresponding to a desired pulse
      duration for application to the winding 18. The pulse generator 20 may be
      any suitable pulse generating circuit capable of supplying a plurality of
      output signals with each output signal having a corresponding pulse width,
      or duration.
PAR  In operation, the different viscosity oils used in the capsules 6 and 10
      are effective to produce a flake suspension which has a predetermined
      reaction to the duration of an applied magnetic field, i.e., a high
      viscosity oil requires a long duration magnetic field to be applied to the
      capsule to reorient the flakes 8 therein and vice versa. The flakes 8 in
      both types of capsules 6 and 10 are initially oriented to provide a
      uniform surface response of the recording medium to ambient incident
      radiation using, for example, the prealigning technique shown in U.S. Pat.
      No. 3,045,499 of Dale O. Ballinger and assigned to the same assignee as
      the present application. The magnetic field used in the prealigning would,
      of course be selected to similarly affect both types of capsules 6 and 10.
      The particles 8 may be either prealigned to initially reflect incident
      radiation away from the recording medium while the recording process
      aligns the particles 8 to absorb incident radiation, or vice versa.
PAR  The color selector 22 is selectively operated to produce an output signal
      on one of a pair of output lines 24 and 26 to select a corresponding
      duration of an output signal from the pulse generator 20 for application
      to the winding 18. Specifically, in order to produce an orientation of the
      particles in the low viscosity oil, a short duration output signal from
      the pulse generator is applied to the winding 18. This short duration
      pulse affects only the particles in the low viscosity oil since the
      particles in the high viscosity oil do not experience a magnetic field for
      a time sufficient to change their initial orientation. Conversely, a
      different color, or contrast, recording is produced by selecting a long
      duration output signal from the pulse generator 20 by the color selector
      22 for application to the winding 18. This long duration pulse is
      effective to orient not only the particles 8 in the low viscosity oil
      capsules 6 but also the particles 8 in the capsules 10 having a high
      viscosity suspension oil. This combined orientation produces a different
      appearance to the recorded trace which may be enhanced by coating the
      particles in the two different types of oils with a respective surface
      color during the preparation of the recording medium.
PAR  In FIG. 2, there is shown a pictorial illustration of a second embodiment
      of the present invention wherein the particles are of a different magnetic
      characteristic, i.e., nickel and stainless steel. For example, using two
      types of particles for purposes of illustration only, the flake-like
      particles of a first magnetic characteristic are located in a first type
      of capsule 30 while particles having a second type of magnetic
      characteristic are located in a second capsule 34. The first particles 32
      are characterized with respect to the second particles 36 in that the
      particles 32 have a response to a lower field strength than the particle
      36 whereby a recording orientation for a recording process is achieved at
      a lower field strength than that required for a recording orientation of
      the second particles 36.
PAR  A recording apparatus suitable for recording on the recording medium has a
      core member 40 with a recording end 42 arranged adjacent to the recording
      medium. A first winding 44 is arranged on the core member 40 and is
      connected to the output of a first pulse generator 46. A second winding 48
      is also positioned on the core member 40 and is connected to the output of
      a second pulse generator 50. The windings 44 and 48 are wound to produce
      magnetic fields which are additive to produce a combined magnetic field at
      the core end 42 adjacent to the recording medium. A color selector means
      32, which may be similar to the color selector 22 discussed above, is
      connected to the pulse generator 46 and 50 to select one or both of the
      pulse generators to produce corresponding magnetic field strengths at the
      recording end 42 of the core member 40.
PAR  In operation, the particles 32 and 36 are initially prealigned as discussed
      above while the recording realignment is achieved by a selection of either
      one or both of the pulse generators 46 and 50 by the color selector 52 to
      provide either a low or a high magnetic field strength from the core 40,
      respectively. The selection of a lower field strength by the selection of
      one of pulse generators 46 and 50 is effective to realign the first type
      of magnetic particles 32 which are sensitive to a lower field strength
      while the particles 36 are not affected by this magnetic field strength.
      The selection of both of the pulse generators 46 and 50 by the color
      selector 52 to produce an output signal for application to their
      respective windings is effective to produce a higher strength magnetic
      field from the core member 40 and to effect a realignment of both types of
      the particles 32 and 36. The realignment of both types of particles is
      effective to produce a different appearance to the recording trace than
      that produced by a selection, or realignment, of only one type of
      particle. As in the embodiment showing FIG. 1, this appearance may be
      enhanced by having the surface areas of the particle exhibit different
      colors.
PAR  Accordingly, it may be seen that there has been provided, in accordance
      with the present invention, a multi-color recording medium and apparatus
      for recording on the recording medium.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A recording medium responsive to a force field comprising:
PA1  a continuous web member, said continuous web member being formed from a
      transparent material having a first plurality of capsules therein and a
      second plurality of capsules therein, said first and second plurality of
      capsules being substantially uniformly mixed throughout said transparent
      material,
PA1  first force field responsive means responsive to a first force field in
      said first plurality of capsules, said first responsive means exhibiting a
      first response to incident electromagnetic radiation,
PA1  second force field responsive means responsive to a second force field in
      said second plurality of capsules, said second responsive means exhibiting
      a second response different from said response of said first responsive
      means to incident electromagnetic radiation, said first and said second
      force field responsive means each including highly reflective, and
      flake-like particles suspended within said capsules and being selectively
      orientable by an applied force field from a first position wherein
      flake-like particles scatter incident electromagnetic energy into said
      continuous web member into a second position wherein said flake-like
      particles reflect incident wave lengths of electromagnetic energy from
      said continuous web member thus forming a contrast between areas of said
      continuous web member having particles in said first orientation from
      areas of said continuous web member having particles in said second
      orientation in accordance with said first and second response to incident
      electromagnetic energy.
NUM  2.
PAR  2. A recording medium as set forth in claim 1 wherein said first force
      field responsive means includes a suspension medium for said particles
      having a first viscosity and said second force field responsive means
      includes a suspension medium for said particles having a second viscosity
      different from said first viscosity.
NUM  3.
PAR  3. A recording medium as set forth in claim 2 wherein said first and second
      response of said particles within said first and second capsules are
      respective colors.
NUM  4.
PAR  4. A recording medium as set forth in claim 1 wherein said particles in
      said first force responsive means have a first force field response
      characteristic and said particles in said second force field responsive
      means have a second force field response characteristic different from
      said first response characteristic.
NUM  5.
PAR  5. A recording medium as set forth in claim 1 wherein said first and second
      response characteristics of said particles within said first and second
      capsules are respective first and second colors.
NUM  6.
PAR  6. A recorder for recording on a web member having a first and a second
      force field responsive means therein and including highly reflective and
      flake-like particles suspended within said web member in said first and
      second means, said first and second means responding to first and second
      force fields respectively to produce a reorientation of said particles
      from a first position to a second position and said particles within said
      first means having a response characteristic to incident electromagnetic
      energy different from a response characteristic of particles in said
      second means comprising
PA1  means for generating said first force field in said first and second means,
PA1  means for generating said second force field in said first and second
      means, and
PA1  means for selectively energizing said last two-mentioned means.
NUM  7.
PAR  7. A recorder as set forth in claim 6 wherein said first force field has a
      field strength different from said second force field.
NUM  8.
PAR  8. A recorder as set forth in claim 6 wherein said first force field has a
      longer duration than said first force field.
NUM  9.
PAR  9. A recorder as set forth in claim 6 wherein said first and said second
      force fields are magnetic fields.
NUM  10.
PAR  10. A recorder as set forth in claim 6 wherein said first and second
      response of said particles within said first and second means are
      respective colors.
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ABST
PAL  In a magnetic tape recording system of the type in which the tape is wound
      helically on a drum and a rotating recording head is provided at the
      periphery of the drum, auxiliary signals are recorded on separate tracks
      of the tape before and after it passes the drum. The auxiliary signals are
      reproduced and compared during playback in order to produce a control
      signal for controlling the tension of the tape.
PARN
PAR  This application is a continuation of application Ser. No. 190,314, filed
      Apr. 26, 1962 and now abandoned.
BSUM
PAR  This invention relates to apparatus for recording and reproducing high
      frequency signals such as television signals; it relates in particular to
      such apparatus wherein the signals are recorded on a magnetic tape which
      is wound helically around a rotating cylinder and is moved along a
      rotating recording head or reproducing head in a manner such that one
      image raster of the video signal is recorded and read during one
      revolution of the head.
PAR  This type of recording apparatus is disclosed in German Pat. No. 927,999,
      May 23, 1955 and U.S. Pat. No. 2,998,495.
PAR  This system, in which during the recording process the head writes narrow
      tracks in the form of long lines lying obliquely on the tape, is extremely
      sensitive to elongation or shrinkage of the tape. If, for example, the
      tape has a shrinkage of 1% at the instant of reading as compared with the
      instant of recording the information recorded during a complete revolution
      of the cylinder is read in 99% of the revolution, the other 1% having
      become waiting time; the figure of 1% is of course an exaggeration and is
      given for illustrative purposes only.
PAR  In accordance with one aspect of the invention apparatus is provided which
      is adapted to read signals from the tape and measures variation of length
      of the tape which may have occurred after recording has taken place;
      apparatus is also provided which converts this variation into a control
      quantity which compensates the effect of said variation of length. It is
      thus possible to shift the irregularity produced by the aforesaid waiting
      time to the period of the image synchronizing pulses, where it has no
      disturbing effect. This provides an additional advantage in that it is
      also possible to place the irregularities occurring in each revolution
      when the head passes by the edge of the tape within the said period
      between the separate rasters.
PAR  The control quantity may be caused, to affect the tensile stress in the
      stretch of the tape which is in contact with the cylinder, preferably by
      causing the control quantity to action a braking member for the tape
      arranged in front of the cylinder.
PAR  According to a further aspect of the invention, two recording heads fed by
      the same auxiliary signal are arranged in front of and behind the
      cylinder; these two heads record two auxiliary tracks on the tape which
      are read by two similarly arranged reading heads, the latter having as
      outputs two signals the relative phase-shift of which depends on the
      variation of length of the tape. This relative phase-shift is then
      converted by a phase-sensitive device into a control quantity which
      counteracts the said variation of length.
DRWD
PAR  The invention will now be described more fully with reference to the
      drawing.
PAR  FIG. 1 shows diagrammatically a device according to the invention for
      recording a television signal on a tape.
PAR  FIG. 2 shows the same or a similar device for reproducing the recorded
      signal.
DETD
PAR  FIG. 1 shows a magnetic tape 1, driven from a supply reel 2, to a takeup
      reel 4; the tape is wound around a drum or cylinder 3 in the form of a
      helix over its whole circumference; the drive may be a capstan or any
      known driving means. A recording head 5 is located inside the cylinder,
      and the television signal is fed to the head 5 from a camera 6, the signal
      being recorded in known manner in a narrow track on the tape in the form
      of straight lines lying obliquely on the tape.
PAR  The cylinder 3 is driven so that its rotation is in synchronism with the
      image synchronizing pulses of the television signal and the cylinder 3
      performs a full revolution in the period between two consecutive
      synchronizing pulses. For this purpose the driving device (not shown) for
      the cylinder is controlled by the image synchronizing pulses in such a
      way, that the small irregularities in recording occurring in each
      revolution of the cylinder at the instants when the track written by the
      head passes by the edge of the tape fall in the image fly-back period,
      where they have a minimum disturbing effect.
PAR  Two additional recording heads 7 and 8 are provided just in front of and
      just behind the cylinder respectively, the tape 1 passing by these heads.
      These heads are both supplied with an alternating-current signal from an
      A-C supply source 9, the signals from the source 9 being recorded by heads
      7 and 8 in two separate tracks.
PAR  In order to reproduce the signals thus recorded use is made of the
      apparatus shown in FIG. 2. It can be seen that this apparatus is
      substantially similar to that shown in FIG. 1. The heads 5, 7 and 8 of
      FIG. 2 now serve, however, as reading heads. The head 5 is connected to a
      television display tube 10 and both of the heads 7 and 8 are connected to
      an element 11, which converts any phase difference between the signals
      supplied by these heads into a control-voltage which is fed to a braking
      device 12; the tape 1 passes by and co-acts with the braking device 12 as
      it moves to the cylinder. The braking device may also be arranged on the
      reel 2 to co-act therewith.
PAR  If the tape does not exhibit elongation or shrinkage at the time of
      reproduction with respect to the time of recording, no phase difference
      will occur between the signals obtained from the reading heads 7 and 8.
      However, if such elongation or shrinkage has occurred, the element 11 will
      produce a control-voltage which is fed to the braking device 12. Depending
      on whether the control-voltage is produced due to elongation or shrinkage,
      its magnitude will be more or less positive or be more or less negative
      respectively and the braking effect on the tape produced by the device 12
      will be increased or attenuated to a greater or smaller extent. The
      tensile stress in the tape is thus magnified or diminished, so that any
      shrinkage or elongation will be compensated.
PAR  A further method of compensating at least shrinkage consists in measuring
      the duration of the interval occurring in each revolution of the cylinder
      in the case of shrinkage of the tape and in producing a control-voltage
      varying with the duration of the said interval.
PAR  The control-voltage produced in response to elongation or shrinkage may
      also be caused to act upon the driving member of the takeup reel 4 instead
      of upon the braking device 12. When used in this manner, however, the
      control operates slower than when the braking device 12 is utilized.
PAR  While the invention has been described with respect to a specific
      embodiment, many modifications and variations thereof will be ready to
      those skilled in the art without departing from the inventive concept, the
      scope of which is set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for compensating for elongation or shrinkage of a magnetic tape
      occurring after information signals have been recorded on the tape,
      comprising: a magnetic tape wound helically on a drum and adapted to
      co-act with a recording/reproducing magnetic head for
      recording/reproducing information signals on the tape located
      substantially at the periphery of the drum, recording means for recording
      auxiliary signals on the tape, reproducing means for reproducing said
      auxiliary signals, means responsive to the phase difference of said
      reproduced auxiliary signals for producing a control signal, and means
      energized by said control signal to change the tension on the tape during
      the reading of the information signals.
NUM  2.
PAR  2. A system for compensating for elongation or shrinkage of a magnetic tape
      occurring after information signals have been recorded on the tape,
      comprising: a magnetic tape wound helically on a drum and adapted to
      co-act with a recording/reproducing magnetic head for
      recording/reproducing information signals on said tape located
      substantially at the periphery of the drum, recording means for recording
      auxiliary signals on the tape, reproducing means for reproducing said
      auxiliary signals, means responsive to said reproduced auxiliary signals
      for producing a control signal, a braking device co-acting with said tape
      and located at the portion of the tape preceding the drum in the direction
      of movement of the tape, said braking device being energized by said
      control signal to change the tension on the tape during the reading of the
      information signals.
NUM  3.
PAR  3. A system for compensating for elongation or shrinkage of a magnetic tape
      occurring after information signals have been recorded on the tape,
      comprising: a magnetic tape wound helically on a drum and adapted to
      co-act with a recording/reproducing magnetic head for
      recording/reproducing information on said tape located substantially at
      the periphery of the drum, means for producing auxiliary signals and for
      applying said auxiliary signals to first and second auxiliary magnetic
      recording heads, said auxiliary heads being arranged adjacent to the
      moving tape to record said auxiliary signals thereon, a pair of
      reproducing magnetic heads for reproducing said auxiliary signals, means
      responsive to the phase difference of said reproduced auxiliary signals
      for producing a control signal, and means energized by said control signal
      to change the tension on the tape during the reading of the information
      signals.
NUM  4.
PAR  4. A system for compensating for elongation or shrinkage of a magnetic tape
      occurring after information signals have been recorded on the tape,
      comprising: a magnetic tape wound helically on a drum and adapted to
      co-act with a recording/reproducing magnetic head for
      recording/reproducing information on said tape in oblique tracks located
      substantially at the periphery of the drum, means for producing auxiliary
      signals and for applying said auxiliary signals to first and second
      stationary auxiliary magnetic recording heads, said auxiliary heads being
      arranged in front of and behind said drum respectively adjacent to the
      tape to record said auxiliary signals in separate longitudinal tracks
      thereon, a pair of stationary reproducing magnetic heads for reproducing
      said auxiliary signals, means responsive to the phase difference of said
      reproduced auxiliary signals for producing a control signal, and means
      energized by said control signal to change the tension on the tape during
      the reading of the information signals.
NUM  5.
PAR  5. A control system for use in a system of the type in which a movable
      record medium describes a helical path comprising, in combination
PA1  means for driving said medium through a first helical path,
PA1  said means for recording a pair of control tracks on said medium during a
      first passage of said medium through said first helical path,
PA1  said control tracks having information recorded thereon as to the tension
      in said medium as it describes said first helical path,
PA1  said second means being arranged to reproduce said information recorded on
      said control tracks during a second passage of said medium through a
      second helical path similar to said first helical path, and
PA1  means responsive to said reproduced information for controlling the
      operation of said driving means to cause the tension in said medium during
      said second passage to be substantially the same as during said first
      passage of said medium irrespective of the velocity of said medium during
      said second passage.
NUM  6.
PAR  6. A control system for use in a system of the type in which a movable
      record medium describes a helical path,
PA1  said medium having recorded thereon a pair of control tracks which include
      information as to the proper tension to be exerted on said medium as it
      describes said helical path,
PA1  said control system comprising, in combination,
PA1  means for driving said medium through helical path,
PA1  means for reproducing said information recorded on said control tracks, and
PA1  means responsive to said reproduced information for controlling the
      operation of said driving means to cause said proper tension to be exerted
      on said medium as it describes said helical path irrespective of the
      velocity of said medium as it describes said helical path.
NUM  7.
PAR  7. A control system for use in a signal recording and reproducing system of
      the type in which a movable record medium describes a helical path as it
      is driven past the signal recording and reproducing device comprising, in
      combination,
PA1  means for driving said medium through a first helical path,
PA1  second and third signal recording and reproducing devices arranged to
      record in a pair of control tracks on said medium information as to the
      tension in said medium as it describes said first helical path,
PA1  said second and third devices being arranged to reproduce said information
      recorded on said control tracks during a second passage of said medium
      over a second helical path similar to said first helical path, and
PA1  means coupled between said second and third devices and said driving means
      during said second passage and responsive to said reproduced information
      for controlling the operation of said driving means to cause the tension
      in said medium during said second passage to be substantially the same as
      during said first passage of said medium irrespective of said medium's
      velocity during either said first or second passages.
NUM  8.
PAR  8. A control system for use in a system of the type in which a movable
      record medium describes a helical path as it is driven past a signal
      recording and reproducing device,
PA1  said medium having recorded thereon a pair of control tracks which include
      information as to the proper amount of tension to be exerted on said
      medium as it describes said helical path,
PA1  said control system comprising, in combination,
PA1  means for driving said medium over said helical path,
PA1  second and third signal reproducing devices arranged to reproduce said
      information recorded on said control tracks, and
PA1  means responsive to said reproduced information for controlling the
      operation of said driving means to cause said proper amount of tension to
      be exerted on said medium as it describes said helical path irrespective
      of the velocity of said medium as it describes said helical path.
NUM  9.
PAR  9. A control system for use in a system including means for driving a
      record medium over a helical path comprising, in combination,
PA1  a first signal recording and reproducing device positioned in signal
      transferring relationship with said medium near the point at which said
      medium begins to describe said helical path,
PA1  a second signal recording and reproducing device positioned in signal
      transferring relationship with said medium near the point at which said
      medium completes said helical path,
PA1  means to apply a control signal to said devices so that said devices record
      in a pair of control tracks on said medium information as to the tension
      in said medium as it describes said helical path,
PA1  said devices being arranged to reproduce said information recorded on said
      control tracks during a second passage of said medium over said helical
      path, and
PA1  means coupled to said devices during said second passage and responsive to
      said reproduced information for controlling the operation of said driving
      means to cause the tension in said medium during said second passage to be
      substantially the same as during said first passage of said medium over
      said helical path irrespective of said medium's velocity during either of
      said first or second passages.
NUM  10.
PAR  10. A control system for use in a system including means for driving a
      record medium over a helical path,
PA1  said record medium having recorded thereon a pair of control tracks which
      include information as to the proper tension on said medium as it
      describes said helical path,
PA1  said control system comprising, in combination,
PA1  a first signal reproducing device positioned near the point at which said
      medium begins to describe said helical path for reproducing the
      information recorded on one of said control tracks,
PA1  a second signal reproducing device positioned near the point at which said
      medium completes said helical path for reproducing the information
      recorded on the other one of said control tracks, and
PA1  means coupled to said first and second signal reproducing devices and
      responsive to said reproduced information for controlling the operation of
      said driving means to cause said proper tension to be exerted on said
      medium irrespective of the medium's velocity as it describes said helical
      path.
NUM  11.
PAR  11. A control system for use in a system including means for driving a
      record medium having information recorded thereon over a helical path,
PA1  said control system comprising, in combination,
PA1  a first signal pick-up device positioned near the point at which said
      medium begins to describe said helical path for producing a first control
      signal from said recorded information,
PA1  a second signal pick-up device positioned near the point at which said
      medium completes said helical path for producing a second control signal
      from said recorded information,
PA1  said first and second control signals being of the same frequency but
      differing in phase according to change in the tension on said medium as it
      describes said helical path,
PA1  and means responsive to said control signals for controlling the operation
      of said driving means according to the phase error between said control
      signals so that a controlled tension is exerted on said medium
      irrespective of said medium's velocity as it describes said helical path.
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ABST
PAL  In a magnetic disk file head positioning control system, the servo loop
      controlling the fine positioning of magnetic heads for a particular head
      track is responsive to a servo error signal. The servo error signal
      consists of a low pass filtered head position error signal summed with a
      pseudo velocity signal derived from the same head position error signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to magnetic disk file systems of the type used
      primarily in connection with computer systems as memory storage. More
      particularly this invention relates to the fine positioning control system
      for the magnetic heads in such magnetic disk files. A head control system
      is provided in which a fine position feedback control signal is derived
      solely from a head position error signal.
PAR  An earlier effort at providing a position responsive servo feedback loop in
      a magnetic disk file is illustrated by U.S. Pat. No. 3,246,307. This
      patent relates to a disk system having comparitively low track density
      compared to present day, state of the art, systems. Consequently, the
      patent implies that when the position error signal is at a zero value, the
      fine tracking characteristics of the head with respect to the magnetic
      disk track is fully corrected. This is not the case, however, since even a
      position error signal having a zero value, based on its history, can have
      a velocity component which requires a position correction component. This
      further correction component is required in high track density disks
      representative of the present state of the art.
PAR  Typically, the manner in which the present state of the art high track
      density, magnetic disk files obtain velocity information for head position
      correction purposes is by use of a velocity transducer such as a
      stationary coil in proximity to a magnet mounted on the head arm assembly
      or by measuring current changes in the voice coil actuator for the head
      arm assemblies. Thus, typical present state of the art system would have
      two separate signals generated in order to control head positioning.
PAR  One problem with a second source of head information is that it is
      typically obtained from a location remote from the head. Where this
      information is obtained from a remote transducer, such as a velocity
      transducer associated with the rod that passes through the voice coil,
      extraneous signals are introduced partially because of mechanical
      couplings and linkages. Where the requirement is to position the head and
      obtain information about head position, it is desirable to get the
      information directly from the head.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a fine positioning servo control mechanism for use
      with high density disks in which all of the required position control
      signals for the servo mechanism are developed from a single position error
      signal derived from information received by an individual magnetic head in
      relation to the magnetic tracks on a servo disc.
PAR  The position error control signal developed according to the present
      invention consists of the sum of the position error signal passed through
      a low pass filter which provides a second order roll-off of frequency
      response and a pseudo velocity signal. The pseudo velocity signal is
      formed by inverting the position error signal and integrating the result.
DRWD
PAR  In the figures:
PAR  FIG. 1 is a schematic diagram of a servo error control according to the
      present invention, and
PAR  FIG. 2 is a schematic diagram of the system function of the system
      functioning with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a magnetic disk pack 10 is shown schematically
      rotating on a spindle 12, shown schematically. The disk pack has a servo
      disk 10a and a record disk 10b. One of the servo disk surfaces has
      prerecorded tracks which provide information concerning where information
      is written and retrieved on the record disks. A head and arm assembly 14
      is positioned in operable relation to the rotating disk. An
      electromechanical actuator 16 is provided to support and move the head
      assembly 14. In turn, the electromechanical actuator 16 is controlled by a
      servo driver 18. It is the object of this invention to provide an
      electrical control means for the servo driver 18.
PAR  From the head assembly 14 an electrical connection is made to conventional
      electrical circuits 20 for reading and deriving the electrical information
      magnetically recorded on the tracks on the disk pack 10. From the error
      and data signal read circuit box 20 a data channel 22 is derived
      containing the information from record disk 10b. The position information
      signals derived from servo disk 10a are transferred to a position error
      signal box 24 which derives the required position error signal information
      for use in controlling the servo driver. The position error signal box 24
      may contain elements such as those disclosed in U.S. Pat. No. 3,534,344
      for the purpose of providing position error signal information. The
      position error signal is transferred to the elements within servo error
      control unit 26 shown in a dotted line box according to one form of the
      present invention. The output from box 26 is a position control signal
      connected with the servo driver 18.
PAR  The position error signal from box 24 is applied to an input resistor 28
      which is connected with an inverter 30. The output of the inverter 30 is
      connected with an integrator amplifier 32 through a variable resistor 34
      which is adjustable to adapt the specific values of the circuit to
      individual units with which it is used. Capacitor 36 is connected between
      ground and the input to amplifier 32. Resistor 34 and capacitor 36
      determine the characteristic of the integration function. Both the
      inverter 30 and the integrator 32 are formed by conventional operational
      amplifiers as indicated with the triangular symbol and the associated
      circuit components as shown to provide the desired circuit
      characteristics. Inverter 30 is associated with resistors 38 and 40. The
      output of integrator amplifier 32 is coupled through resistor 42 to
      summing amplifier 44, whose characteristics are controlled by feedback
      resistor 46 and bias resistor 48. The output of amplifier 42 constitutes
      the output signal of the servo error control unit 26 which is connected
      with the servo driver 18.
PAR  Derived from the input to inverter 30 is the input to a low pass filter 50
      having a second order roll-off of amplitude with respect to frequency.
      This input passes through series resistors 52 and 54. Capacitor 56 is
      connected to ground from the junction of resistors 52 and 54. Capacitor 58
      serves as a feedback capacitor for filter amplifier 50. The roll-off
      filter characteristics are determined by capacitors 56 and 58 in
      combination with resistors 52 and 54. The roll-off characteristics are
      determined so that the servo control is more responsive to low frequency
      position error signals than to high frequency position error signals.
      Typically the frequency of error signals of greatest interest in
      controlling the servo driver are those in the range under 500 Hz.
PAR  A coupling resistor 60 connects the output of this low pass filter to the
      input of summing amplifier 44. Resistor 46 controls the gain of summing
      amplifier 44 together with resistor 48. The ratio of the component of the
      low pass filter 50 signal to the pseudo velocity component in the summed
      servo control signal is inversely proportional to the ratio of values of
      resistors 60 and 42.
PAR  Referring now to FIG. 2, reference numeral 62 designates a dotted line box
      showing the system characteristics derived for the mechanical and
      electrical components of the magnetic disk system. The electrical
      characteristics of the head positioning coil which is equivalent to the
      actuator 16 shown in FIG. 1 is designated by reference numeral 64. The
      servo driver 18 from FIG. 1 is represented by the system function shown in
      box 66. The mass components and coil interaction with the mass of the
      system is designated in combination by boxes 68 and 70. The position of
      the head with respect to the disk is designated by the crossed symbol 72.
      The system function of the mechanism according to the present invention is
      shown by boxes 74 and 76 referring to the pseudo velocity signal and the
      second order position roll-off filter signal respectively.
PAR  Referring again to FIG. 1, some specific examples will be given. In a
      machine of the type designated by Control Data Corporation as a Model 9756
      where the head position error signal is at a sensitivity of 1000
      volts/inch the second order position roll-off amplifier 50 has a unity
      gain at approximately 1400 Hz. Resistors 52 and 54 have values of 3.4 K
      Ohm. Capacitor 56 has a value of 0.01 .mu.fd. and capacitor 58 has a value
      of 0.1 .mu.fd. Resistor 60 has a value of 7.3 K Ohm. Amplifiers 30 and 32
      have a gain of unity. Resistor 34 is adjusted to have a value of
      approximately 6.8 K Ohm and capacitor 36 has a value of 0.1 .mu.fd.
      Resistor 42 has a value of 8.3 K Ohm and resistor 46 has a value of 20 K
      Ohm.
PAR  In a different type of machine where the head position error signal has a
      sensitivity of 2500 volts/inch such as Control Data Corporation Model
      9770, all of the above values would be identical except that resistors 34,
      42, 46 and 60 would have the values 2.4 K Ohm, 4.8 K Ohm, 5 K Ohm and 3.7
      K Ohm, respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a magnetic disk memory storage system comprising a head assembly for
      use with a disk pack having at least one record disk and a servo track
      disk, an actuator assembly for said head assembly, and means for
      developing a head position error signal from signals received from said
      head assembly, the improvement comprising a servo error control for
      developing signals to control said actuator from signals received from
      said means for developing a head position error signal:
PA1  means for receiving head position error signals from said means for
      developing a head position error signal,
PA1  means, connected with said means for receiving, for providing a low pass
      filter signal as an output signal,
PA1  means, connected with said means for receiving, for inverting said head
      position error signals to produce an inverted head position error signal,
PA1  means, connected with said means for inverting, for integrating said
      inverted head position error signal to produce a pseudo velocity signal,
      and
PA1  means, connected with said means for integrating and with said means for
      providing a low pass filter signal, for summing said pseudo velocity
      signal and said low pass filter signal in a predetermined proportion as an
      output signal adapted to control said actuator.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for providing a low pass
      filter signal provides a second order roll-off of amplitude with
      frequency.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means has unity gain at
      approximately 1400 Hz.
NUM  4.
PAR  4. The apparatus of claim 1 in which said means for summing provides a
      greater proportion of said low pass filter signal in said output signal
      than said pseudo velocity signal.
NUM  5.
PAR  5. The structure of claim 1 in which the system function of said pseudo
      velocity signal is of the form
      ##EQU1##
      where K and T are predetermined constants.
NUM  6.
PAR  6. The structure of claim 1 in which the system function of the low pass
      filter signal is of the form
      ##EQU2##
      where K and .xi. are predetermined constants.
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ABST
PAL  A vending system includes a central station at which various information
      stored on master recordings can be selectively accessed by purchasers from
      any of multiple remote vending machines, the accessed information being
      reproduced on cartridge-type storage media at that vending machine. The
      cartridge, upon receiving all of the selected information, is ejected from
      the vending machine for the permanent use of the purchaser. In a preferred
      embodiment the master recording medium comprises a plurality of
      rack-mounted endless master tapes continuously driven by a common capstan.
      The endless tapes are contained in a cartridge which includes a tape
      transport and playback head and is readily removable from the rack. The
      vending machine includes a storage magazine in which blank tapes receive
      recorded information and are then automatically ejected.
PARN
PAC  CROSS REFERENCE
PAR  This application is a division of U.S. patent application Ser. No. 148,714,
      now U.S. Pat. No. 3,718,906, filed June 1, 1971, entitled "Vending System
      for Remotely Accessible Stored Information".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus employing a vending
      machine concept to permit large scale rapid dissemination of centrally
      stored information. More particularly, the present invention relates to a
      system wherein purchasers at various vending machine locations can obtain
      recordings of selected information stored at a central station. The
      preferred embodiment of the present invention is described herein as
      utilized for the sale of commercial audio recordings; it is to be
      understood however that the present system is applicable to the
      distribution and sale of virtually any stored information, be it audio,
      video, etc.
PAR  The commercial recording industry, while immensely profitable, has a number
      of logistics problems. For example, the recording companies often cannot
      produce and distribute sufficient copies of extremely popular recording
      within a period of time that is fast enough to take advantage of the
      popularity peak for the recording. Invariably there are lost sales by
      virtue of the fact that some consumers cannot obtain copies of a recording
      until after the popularity of that recording has ebbed. Another problem
      for the recording companies is the large investment required in materials,
      labor and equipment for reproducing thousands and sometimes millions of
      copies of a recording.
PAR  On another scale, the retailer of commercial recordings, in order to
      provide his customers with a large selection, must have a considerable
      inventory investment. Quite often, because of changes in the popularity of
      various types of music, the retailer is left with stock that can only be
      sold below the retailer's cost.
PAR  Another phase of the problem in the recording industry may be viewed from
      the point of view of the consumer. Often, in the case of very popular
      recordings, the consumer must wait to obtain his copy because the retailer
      is temporarily sold out. Another problem faced by the consumer is his lack
      of choice in selecting the recordings he wishes to purchase. Specifically,
      the vast majority of recordings are albums containing a number of musical
      selections. If the consumer wishes to obtain copies of only one or two of
      the selections in an album, he is often forced to purchase the entire
      album because the desired selections are not available as single records.
      From the consumer's point of view it would be highly desirable to permit
      him to group various individual recordings to form an album of his own
      choosing.
PAR  It is therefore a broad object of the present invention to provide a system
      and method for distributing recorded information to consumers wherein the
      aforementioned problems are eliminated.
PAR  It is another object of the present invention to provide a system and
      method whereby a recording company can place its product on the market
      almost immediately while only producing a relatively small number of
      recording copies.
PAR  It is another object of the present invention to provide a system and
      method for distributing commercial recordings to the public which permits
      the retailer to avoid large investments in record copies.
PAR  It is still another object of the present invention to provide a system and
      method for distributing recordings to the public wherein the consumer can
      always obtain a copy of a currently popular recording.
PAR  It is still another object of the present invention to provide a system and
      method for distributing recordings to the public which permit the consumer
      to group individual recorded selections into an album of his own choice.
PAR  It is another object of the present invention to provide a system and
      method for rapidly and efficiently disseminating advertising messages.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a central computer master tape
      center is installed in each major market area and services a multiplicity
      of remote vending machines distributed throughout that area. The master
      tape center includes storage media, such as endless tapes, on which a
      large selection of recordings can be easily and rapidly stored and
      changed. The master tape center communicates with the various vending
      machines by means of any suitable transmission media. Each vending machine
      offers to the consumer a selection of anything stored in the master tape
      center. The vending machine includes a high speed duplicator and a
      quantity of recordable media, such as blank tape cassettes. The data
      selected by the consumer is transmitted from the master tape center to the
      vending machine where it is copied by the duplicator onto the cassette
      which is then ejected from the machine. Payment by the consumer may be in
      the form of currency, tokens, or credit cards which permit the consumer to
      maintain an account that is maintained current by a computer at the master
      tape center.
PAR  In a preferred embodiment of the invention, the master tape center includes
      multiple endless tapes which are arranged to be continuously driven by a
      common capstan. Each tape is individually accessible from any vending
      machine serviced by the master tape center.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a functional block diagram of a preferred embodiment of the
      present invention;
PAR  FIG. 2 is a front view in plan of a master tape transport cavity rack
      employed in the system of FIG. 1;
PAR  FIG. 3 is a top view in plan of a single master tape transport assembly
      utilized in the rack of FIG. 2;
PAR  FIGS. 4 and 4a are diagrammatic illustrations of the cassette changer
      employed in the system of FIG. 1, wherein the modifications of a
      commercially available cassette changer are specifically represented;
PAR  FIG. 5 is a side view in plan of a cassette vending machine mechanism
      employed in the present invention;
PAR  FIGS. 6 and 7 are top and bottom views respectively of a cassette storage
      magazine turret employed in the mechanism of FIG. 5;
PAR  FIG. 8 is a partial view in perspective of the mechanism of FIG. 5 wherein
      the loading of cassettes into a duplicator is diagrammatically
      illustrated;
PAR  FIG. 9 is a functional block diagram illustrating transmission and
      multiplexing of signals between the master tape station and the vending
      machines in the system of FIG. 1;
PAR  FIG. 10 is a logic diagram illustrating functional operation at each
      vending machine in the system of FIG. 1;
PAR  FIG. 11 is a functional block diagram illustrating the operation of control
      circuits located at the master tape center of the system of FIG. 1;
PAR  FIG. 12 is a functional block diagram of an alternative approach to signal
      transmission between the master tape center and the various vending
      machines; and
PAR  FIG. 13 is a functional block diagram illustrating a second alternative
      approach to signal transmission between the master tape center and the
      various vending machines.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 1 of the accompanying drawings there is
      illustrated a system comprising a multiplicity of vending machines 10(1),
      10(2), . . . 10(n), all serviced by a common master tape system 11 and a
      common computer system 12. Signal transmission and switching between the
      vending machines 10 and the computer and master tape systems is effected
      by unit 13, which in the preferred embodiment represents an American
      Telephone and Telegraph special wide band XY picture phone switching
      exchange, such as is presently employed in the Pittsburgh, Pennsylvania
      area for picture phone transmission. The picture phone transmission system
      responds to dialed instructions entered at each vending machine to connect
      that vending machine to a selected master tape so that the contents of the
      latter can be transmitted to the vending machine. Appropriate interface
      circuits 14(a), 14(b), 14(c) . . . 14(N), are employed to render the
      system compatible with the signal requirements for the picture phone
      system.
PAR  Each vending machine 10 includes a touch tone dialing device 15 from which
      standard telephone dial lines extend to the central picture phone office
      exchange 13. In addition a picture phone trunk line extends from each
      vending machine 10 to the central office exchange 13.
PAR  The master tape system includes a plurality of endless tapes, each
      associated with a respective playback head, as described below. Each
      playback head communicates with the central office exchange 13 by means of
      an appropriate picture phone trunk line and an interface circuit 14. The
      computer system communicates with central office exchange 13 via a
      plurality of dial lines, one dial line for each master tape in master tape
      system 11.
PAR  The standard telephone dial lines control the special wide band XY picture
      phone switching circuits at central office exchange 13, thereby
      cross-connecting any incoming wide band picture phone trunk line to any
      outgoing wide band picture phone trunk line. In broad terms, a consumer
      pushes pre-established combinations of buttons at touch tone device 15 in
      order to select which master tape, or portion thereof, he wishes to have
      reproduced on a blank cassette located at the vending machine.
PAR  Each of the master tapes may comprise one album of recorded selections,
      each master tape running continuously to permit multiple access to every
      album from any of vending machines 10. Tone signals, recorded after each
      selection in every album, signal vending machines waiting to receive that
      album so that reproduction may commence between selections rather than in
      the middle of a selection. Some of the master tapes, rather than have
      complete albums recorded thereon, store only one selection; this permits a
      customer at a vending machine to select that song, in addition to other
      singularly recorded selections, to compose an album of his favorite
      selections.
PAR  The finished product cassette ejected from the vending machine may be of
      any format including two channel stereo quarter track format, or four
      channel quadraphonic four track in-line format, depending upon the program
      format on the master tapes. The electronics and heads for both systems are
      preferably four channels so that either format may be employed in the
      loading of the desired master tape. In a two channel, quarter track format
      the two stereo channels are duplicated simultaneously at the vending
      machine for both directions of playback. This cuts the duplicating time in
      half, thereby allowing a 30 minute cassette to be duplicated (all four
      tracks, two in each direction) in the same time that a 15 minute cassette
      would normally require. Importantly, duplicating can be effected even
      though two tracks are running backwards without adversely effecting the
      quality of playback. In the preferred embodiment of the invention the
      standard C-30 (35 minute) cassette is vended at vending machines 10. In
      the four-channel quadraphonic format, playing time of the finished tape is
      half that of the finished quarter stereo tape because all four tracks are
      played back at the same time in the quadraphonic format. For such a system
      it is preferable that the standard C-60 cassette (70 minutes) be employed.
      Clearly, any length cassette or other tape cartridge may be utilized.
PAR  Referring now to FIGS. 2 and 3 of the accompanying drawings, the master
      tape system includes a plurality of flat rectangular master tape transport
      units 21 which are adapted to be stacked in a tape transport cavity rack
      20. By way of example only, rack 20 is illustrated as being capable of
      receiving thirty transport units 21, each at a respective shelf 22;
      however, it is to be understood that any number of transport units 21 may
      be stacked in a single cavity rack 20.
PAR  Master tape transport unit 21 includes a section of endless tape 23 stored
      in a bin 24 having an egress opening 25 and an ingress opening 26 between
      which a section of tape 23 extends exteriorly of bin 24. A master tape
      transport path extending between egress opening 25 and ingress opening 26
      includes the following elements: A guide channel 27 defined between a
      portion of the wall of bin 24 and the exterior wall of transport unit 21;
      a series of tape guides 28; a four channel playback head 29; and pinch
      roller 30. Pinch roller 30 is urged into driving position by spring 32
      attached to pinch roller pivot arm 31. The four output channels from
      playback head 29 are electrically connected to respective contact pins 33
      extending outwardly from the rear edge of the transport unit 21.
PAR  The rear edge of transport unit 21 includes a recessed portion which
      extends to the point at which master tape 23 passes pinch roller 30. This
      permits the master tape to be engaged between the pinch roller 30 and a
      capstan 34 when the master tape transport unit 21 is slid into rack 20 in
      one of shelves 22. Capstan 34, as viewed in FIG. 2, extends along the
      entire vertical length of rack 20 so as to engage each of the master tapes
      installed in the rack. A capstan drive motor 36 provides continuous rotary
      drive for capstan 34. A capstan shield 35 surrounds a portion of the
      capstan periphery and prevents master tape 23 from wrapping around the
      capstan or pinch roller 30. A connector strip 37 extends vertically along
      the rear interior wall of rack 20 and includes a series of four female
      connectors each adapted to receive a set of four contact pins 33 from a
      respective master tape transport unit 21 mounted in the rack. The output
      signals from each master tape transport unit are amplified and multiplexed
      in the manner described hereinbelow.
PAR  Each of the remote vending machines includes a cassette changer 40 of the
      same general type as Norelco Model No. 2502. However, the Norelco cassette
      changer is modified as illustrated in FIGS. 4 and 4a for purposes of its
      utilization in the present invention. Specifically the changes to the
      cassette changer are as follows: (1) the playback head is removed and
      replaced by a four channel cassette duplicator head 41; (2) a second motor
      M2 is provided along with existing motor M1; (3) the drive belt 43
      connected to the cassette duplicator fly wheel 44 is moved from motor M1
      to the newly added motor M2; (4) a pause solenoid 45 is added; (5) the
      eject button is removed; and (6) the eject relay, formerly actuated by the
      eject button, is driven by logic circuitry illustrated in detail in FIG.
      10. Motor M2 thus drives capstan 46 which in turn drives idler 47 to drive
      the take up reel 48 of the cassette currently in the duplicator 49. Motor
      M1 is left to drive the changer mechanism alone in the same manner as in
      the Norelco cassette changer.
PAR  Operation of the vending machine is more clearly understood with reference
      to FIGS. 5, 6, 7 and 8. More specifically, the vending machine includes a
      frame having a base plate 54 below which is mounted substantially all of
      the electronic circuits required for operation of the vending machine. A
      generally circular turret frame 53 is supported above and spaced from base
      plate 54. Turret frame 53 has a plurality of holes 60 defined therethrough
      and forming a circle about the center of the frame. A flat circular turret
      member 50 is rotatably supported by turret frame 53 for rotation about an
      axis extending through the centers of both turret member 50 and turret
      frame 53. A plurality of index holes 61 are defined through turret member
      50 and form a circle of size identical to the circle formed by guide holes
      60. The guide holes are equal in number to the index holes and in the
      example illustrated fifteen of each set of holes are provided.
PAR  A plurality of rectangular holes 52 are defined through turret member 50
      and form a circular path adjacent the periphery of the turret member. The
      number of rectangular holes 52 is equal to the number of index holes 61.
      The size of rectangular holes 52 is slightly greater than the size of a
      tape cassette to be employed with the vending machine of the present
      invention. Extending upwardly from each rectangular hole 52 is a cassette
      storage magazine 63 arranged to support a stack of tape cassettes. The
      bottom cassette in each stack is supported on the upper surface of turret
      frame 53 and slides along that surface as turret member 50 rotates. For
      this purpose, the spacing between turret member 50 and turret frame 53 is
      less than the thickness of a cassette. A single rectangular hole 62, also
      slightly larger than the size of a cassette, is provided in turret frame
      53 as best illustrated in FIG. 7. When turret member 50 is rotated so that
      a stack of casettes overlies hole 62 in turret frame 53, the lowermost
      cassette in the stack is free to fall through the turret frame. Located
      immediately below rectangular hole 62 is the duplicator mechanism 49 which
      is arranged to receive cassettes from the turret member.
PAR  A turret timing solenoid 55 is disposed beneath turret frame 53 and
      includes an armature in the form of turret alignment rod 56. Alignment rod
      56 extends upwardly through turret frame 53 and turret member 50 through a
      pair of aligned holes 60, 61. In this manner rod 56 prevents relative
      rotation between the turret member and the turret frame. When solenoid 55
      is energized rod 56 is axially retracted a distance sufficient to clear
      turret member 50 and thereby permit rotation of turret member 50 relative
      to frame 53. A flange 58 is secured to rod 56 at a location below frame 53
      and acts to compress a spring 57 against the main frame of solenoid 55.
      Retraction of rod 56 upon energization of the solenoid is accomplished
      against the bias of spring 57 which continually urges the rod upwardly.
PAR  When flange 58 is retracted with rod 56 it actuates a microswitch 59 to
      supply energization current to motor M3. In addition flange 58 is arranged
      to actuate a motor lever 64 when solenoid 55 is energized, the lever in
      turn actuating a tension rod 65 to pull turret motor M3 toward turret 50
      against the action of bias spring 66. This causes turret drive wheel 51 to
      peripherally engage the turret member 50 to effect a rim-drive operation.
PAR  A channel 66 of rectangular cross section extends downwardly from a
      rectangular hole 62 in turret frame 53 toward the cassette duplicator
      mechanism 49 and thereby provides a loading guide channel for the
      duplicator. A cassette sensing switch 67 is arranged in guide channel 66
      to detect the presence or absence of a cassette in the storage magazine 63
      aligned with duplicator 40.
PAR  When a storage magazine is aligned over opening 62 and guide channel 66,
      the lowermost cassette is in position to be recorded upon whereas the
      second lowermost cassette actuates cassette sense switch 67. This removes
      a ground signal from solenoid 55, maintaining the solenoid deenergized
      with turret alignment rod 56 engaging an appropriate one of index holes 61
      in turret 50. When the duplication of information on the cassette in the
      duplicator is completed, a signal, generated in the manner described
      hereinbelow in relation to FIG. 10, actuates the eject mechanism to cause
      the full cassette to be ejected via port 68 and be taken by the consumer.
      Ejection of the cassette is effected in the same manner as in the Norelco
      Model 2502 Cassette Changer when the eject button therein is actuated.
PAR  When the last cassette of the storage magazine 63 is in the duplicator, the
      cassette sensing switch 67 is released to provide a ground for turret
      timing solenoid 55. The latter is energized thereby, causing alignment rod
      56 to retract and unlock turret 50 relative to frame 53. In addition
      flange 58 actuates microswitch 59 and lever 64 to energize motor M3 and
      bring motor drive wheel 51 into engagement with turret 50. The turret is
      rotated at the rate of approximately 1/6 revolution per minute.
      Approximately 1/2 inch before the next storage magazine 63 is aligned with
      hole 62 and guide channel 66, the lowermost cassette in that magazine
      drops into channel 66 to actuate switch 67. This removes the ground signal
      from solenoid 55 which nevertheless is maintained in a condition with rod
      56 retracted due to the fact that the rod is not yet aligned with an index
      hole 61. The turret therefore continues to rotate, as driven by motor M3,
      until index hole 61 is aligned with rod 56 which thereupon is pushed by
      spring 57 through index hole 61 to lock the turret in place.
PAR  In the manner described in the preceding paragraphs, turret member 50 is
      sequentially stepped one magazine position at a time as each storage
      magazine 63 is emptied.
PAR  Audio signal transmission between a master tape playback head and a vending
      machine is illustrated functionally in FIG. 9. The four audio output
      signals from a typical playback head 29 at the master tape center are
      applied to respective playback amplifiers 71. Each of amplifiers 71 may
      comprise a Telex Model TDA-1, and is preferably mounted integrally with
      the master tape transport cavity rack 20 of FIG. 2. One set of amplifiers
      71 is provided for each master tape. Transmission from the master tape
      center is assumed to be accomplished by means of American Telephone and
      Telegraph picture phone trunks. To save the number of lines which must be
      switched, the four amplified playback signals are multiplexed into a
      single line for each master tape. Audio playback channel No. 1 is
      FM-modulated on a 276 KHz carrier at modulator 72. Channels No. 2 and No.
      3 are time division modulated with a 76 KHz clock at modulator 73. Channel
      No. 4 is FM-modulated on a 368 KHz carrier at modulator 74. The three
      output signals from modulators 72, 73 and 74 are resistively mixed at
      mixer 75 and terminated at zero db level at American Telephone and
      Telegraph picture phone PBF interface unit 76. The composite signal is
      transmitted through an American Telephone and Telegraph picture phone wide
      band trunk, as described in relation to FIG. 1, to the picture phone wide
      band switching central office exchange 13. The composite signal is then
      switched to the appropriate calling picture phone trunks and transmitted
      to the vending machine stations. Each station terminates the received
      signal in American Telephone and Telegraph picture phone PBF interface
      unit 77 which in turn delivers the signal to a decoder unit 78 which
      separates the 276 KHz carrier, the 368 KHz carrier and the 76 KHz time
      divided signals. The 276 KHz signal is demodulated by FM-demodulator 82 to
      restore the channel No. 1 audio signal. Likewise the 368 KHz signal is
      demodulated by FM-demodulator 84 to restore the channel No. 4 signal. The
      channels No. 2 and No. 3 signals are restored by time division demodulator
      83. The four demodulated audio signals are then delivered to signal
      conditioning circuits 81 which by way of example may be Dolby Model 320
      signal conditioners. The conditioned signals are then delivered to record
      amplifiers 85 before being applied to the vending machine duplicator head
      41. Amplifiers 85 may be Telex Model TDA-1 amplifiers.
PAR  The demodulated channel No. 4 signal, in addition to providing audio
      information from one of the master tape tracks, serves a control function
      in that it also carriers an 80 Hz tone which is recorded between
      selections on the master tape. This signal is employed in FIG. 10, in the
      manner described below, as a start/stop control signal.
PAR  Referring now to FIG. 10 of the accompanying drawings there is illustrated
      a logic circuit employed in each vending machine to control operation in
      response to deposit of currency or insertion of a credit card into the
      vending machine by a consumer. For purposes of illustration only, a
      positive logic convention is employed in FIG. 10 whereby a relatively
      positive signal is considered binary 1 and a relative negative signal is
      considered binary 0. Initiation of operation at a vending machine occurs
      upon deposit of currency in a currency receiver 91 or insertion of a
      credit card in credit card terminal 92. Currency receiver 91 is a
      conventional currency receiver of the type which gives a positive voltage
      signal upon receipt of a preestablished amount of currency. Credit card
      terminal 92 is also conventional and may for example be the type
      manufactured by IBM as Model 2730-1. Assuming first the receipt of the
      proper amount of currency at receiver 91, a binary 1 signal is applied to
      the preset terminal of flip-flop 93 to force a binary 1 signal at the Q
      output terminal of that flip-flop. Flip-flop 93, as well as all of the
      flip-flops described herein, may be of the type manufactured by Texas
      Instruments Model SN7476. The binary 1 Q signal from flip-flop 93 actuates
      relay driver 94, which is simply a binary inverter, to energize the power
      relay 95. Energization of power relay 95 closes the normally open contacts
      of that relay to apply power to the electronics and control circuits of
      the vending machine. Application of power to the vending machine circuits
      energizes line relay 96 through a path provided by the normally closed
      contacts of line interrupt relay 97. Energization of line switch relay 96
      connects the telephone dial lines for the vending machine to a
      conventional touch tone dialing device 15. In addition the dial tone from
      the telephone dial lines is connected through contacts of relay 96 to a
      pair of dial tone band pass filters 101 and 102, which filters include
      detection circuits which provide binary 1 output signals whenever a signal
      at the standard dial tone frequency is received. The output signals from
      filters 101 and 102 actuate AND gate 103 which in turn actuates relay
      driver 104 to energize dial tone relay 105. When relay 105 is energized
      its normally open contacts close to light the "dial for selection" lamp
      106 on the front panel of the vending machine. The customer is now able to
      push an appropriate combination of push buttons at touch tone device 15 to
      select whichever master tape he wishes duplicated at the vending machine.
      A number code for each master tape will normally be provided at each
      vending machine to facilitate selection by the customer.
PAR  In addition to turning on the power and actuating the touch tone device 15
      insertion of the proper amount of currency in currency receiver 91
      generates an enable signal which is applied to an 80 Hertz band pass
      filter 111. The enable signal effectively provides power to the band pass
      filter rendering it responsive to pass signals within a band centered
      about 80 Hertz. The input signal to the 80 Hertz filter is the start/stop
      control signal derived from input channel No. 4 in FIG. 9. There is an 80
      Hertz control tone recorded between selections on each master tape. In
      order to prevent initiation of master tape duplication in the middle of a
      selection, the 80 Hertz tone, in the manner to be described below, permits
      access to the master tape by the vending machine. Thus the currency
      receiver 91, by virtue of its generation of the enable signal, puts the
      vending machine in a mode whereby it is awaiting access to the master tape
      selected at touch tone device 15.
PAR  Operation of the vending machine by credit card is substantially the same
      as that described for currency, with the exception that credit card
      operation requires credit checking and billing operations at the computer
      12 before the vending machine is permitted access to the selected master
      tape. These credit checking and billing operations are described below in
      reference to FIG. 11. For purposes of describing the remainder of FIG. 10
      it is assumed that the proper amount of currency has been received by
      receiver 91 or that a valid credit card has been inserted in credit card
      terminal 92. In either case, both currency receiver 91 and credit card
      terminal 92 generate the start and enable signals mentioned above.
PAR  If the vending machine is awaiting access to a selected master tape,
      receipt of the 80 Hertz tone signal at filter 111 is detected by detector
      112 to provide a binary 1 signal to preset flip-flop 113. The resulting
      binary 1 Q output signal from flip-flop 113 actuates relay driver 114 to
      energize pause relay 115. This closes the normally opened contacts of
      relay 115 to remove energization voltage from pause solenoid 45, causing
      the latter to release whereby capstan idler 47 is biased into engagement
      with capstan 46 (see FIG. 4a) and take up reel 48 to drive the latter and
      start the duplicator tape in motion. The recorded information transmitted
      by the selected master tape is thereby duplicated on the cassette
      currently in duplicator 49.
PAR  The transition from binary 0 to binary 1 at flip-flop 113 actuates a five
      second time delay 116 which, five seconds later, presets flip-flop 117,
      thereby priming AND gate 118. The five second delay before setting
      flip-flop 117 is necessary to prevent the clear leader portion of the
      cassette tape 120 to proceed past light source 122 and aligned photo cell
      121 before AND gate 118 is primed. More specifically, there is clear
      (transparent) leader at both ends of the cassette tape 120. Light from
      lamp 122 passes through the clear leader to actuate photo cell 121,
      thereby rendering the resistance of the photo cell low. The actuated photo
      cell thereby provides a binary 1 end of tape signal to AND gate 118 which
      is thereby actuated when primed by flip-flop 117. If the clear leader at
      the beginning of the cassette tape 120 were permitted to actuate AND gate
      118, the latter would clear flip-flop 113 to eventually disengage capstan
      idler 47 from the take up reel in the duplicator and thereby stop the tape
      before reproduction can begin. Once the clear leader portion of tape 120
      is transported past photo cell 121 the end of tape signal is maintained
      binary 0 and AND 118 is inhibited.
PAR  Assuming the consumer wishes to duplicate an entire album recorded on a
      single master tape, duplicating of the master tape contents continues
      until the clear leader at the end of the cassette tape is detected by the
      photocell 121. It is assumed of course that the album on the master tape
      is of sufficient length to approximately fill the cassette. When the end
      of tape clear leader is detected AND gate 118 is actuated and provides a
      binary 1 signal to clear flip-flops 113 and 117. The clear pulse for both
      of these flip-flops is of relatively short duration since the clearing of
      flip-flop 117 provides a binary 0 Q output signal therefrom which disables
      AND gate 118.
PAR  Clearing of flip-flop 113 deactivates relay driver 114 to de-energize pause
      relay 115. The normally open contacts of relay 115 serve to complete the
      energization path for pause solenoid 45 which retracts its armature to
      remove the capstan idler 47 from contact with the take up reel in
      duplicator 49. Tape transport in the duplicator is thereby stopped. The
      end of tape pulse provided by AND gate 118 presets flip-flop 123 which
      responds by providing a binary 1 Q output signal. This Q output signal is
      applied to a two second delay circuit 124 which, two seconds later, clears
      flip-flop 123 so that the binary 1 state of the Q output signal is
      permitted to subsist for only 2 seconds. During that 2 second interval the
      binary 1 Q output signal actuates relay driver 125 to energize the eject
      relay 126 which operates latch 127 at the duplicator to eject the cassette
      through ejection port 68.
PAR  The end of tape output pulse from AND gate 118 also clears flip-flop 93 to
      de-energize power relay 95. Power is thereby removed from the control
      circuits in the vending machine until currency or a credit card is once
      again received. Removal of power de-energizes the line switch relay 96 to
      break contact between touch tone device 15 and the telephone dial line.
PAR  Assume now that the consumer, once having inserted the proper credit card
      or proper amount of currency, wishes to compose his own album from
      specially prepared solo selections on various ones of the master tapes. On
      these master tapes each selection is followed by a 140 Hertz control tone
      which, after a suitable interval, is in turn followed by the 80 Hertz
      control tone. If duplication has been initiated in the manner described
      above, before the end of tape signal terminates duplication, a 140 Hertz
      control tone is received after the first selection has been duplicated.
      This tone is received on the start/stop control signal line from FIG. 9
      and is passed by the 140 Hertz band pass filter 131 to AND gate 139. The
      latter is controlled by the Q output signal of flip-flop 113 which will
      normally be binary 0 at this time. AND gate 139, therefore, is not enabled
      by a 140 Hz tone until an 80 Hz tone has been received. The first 140 Hz
      tone following an 80 Hz tone is then passed by gate 139. The passed tone
      is detected at detector 132 and applies a binary 1 signal to one input
      terminal of AND gate 133. In addition, the output signal from detector 132
      is applied to the J and K input terminals of flip-flop 134, and to the CLK
      input terminals of each of flip-flops 134, 135, 136, and 137. These four
      flip-flops are connected as a binary counter which is preset by each end
      of tape signal from AND gate 118 to a count of twelve. Each detected 140
      Hertz tone at detector 132 adds a count to the counter. Since a count of
      twelve is preset into the counter, the Q output signal from the most
      significant bit stage 137 is binary 1 when the first 140 Hertz tone is
      detected. Consequently both input signals to AND gate 133 are binary 1 and
      the gate is actuated to clear flip-flop 113. Clearing of flip-flop 113, as
      described above, retracts capstan idler 47 from the take up reel in the
      duplicator to inhibit transport of the cassette tape. In addition,
      clearing of flip-flop 113 provides a binary 1 Q to one shot multivibrator
      141 which provides a binary 1 pulse of 5 seconds duration to actuate relay
      driver 142 for that period. Line interrupt relay 97 is therefore
      momentarily energized to in turn de-energize the line switch relay 96 and
      remove the telephone dial lines from the vending machine circuits for the
      5 second period of one shot multivibrator 141. After the 5 seconds the
      output signal from one shot multivibrator 141 goes to binary 0, inhibiting
      line interrupt line relay 97 to thereby re-energize line switch relay 96.
      The telephone dial lines are once again connected to the circuit, the dial
      tone returns, and the dial for selection lamp 106 is lit in the manner
      described above. The consumer may then choose his next selection by
      pressing the proper combination of buttons at the touch tone device 15.
      When the master tape containing the selection is connected to the vending
      machine by the switching circuitry, the circuitry awaits the next 80
      Hertz tone from that tape. If that master tape is in the middle of a
      selection when the vending machine is connected, the 140 Hz stop tone at
      the end of the selection is precluded from having any effect by AND gate
      139. Specifically, gate 139 is inhibited by flip-flop 113 until the next
      80 Hz start tone is received. When the 80 Hz tone is received flip-flop
      113 is preset once again to prime AND gate 139 for the next 140 Hz control
      tone. In addition, flip-flop 113 initiates cassette tape transport and
      primes the end-of-tape AND gate 118.
PAR  At the end of the current selection the 140 Hertz tone appears once again
      to suspend cassette tape transport in the manner described above. In
      addition the 140 Hertz tone adds a count to the binary counter comprising
      flip-flops 134 through 137. Operation proceeds as described to permit the
      consumer to make a series of selections. At the end of the fourth
      selection the 140 Hertz tone recycles the counter comprising flip-flops
      134 through 137 to all zero states. Thus at the end of the fifth selection
      AND gate 133 is disabled by the binary Q signal from flip-flop 137. The
      140 Hertz tone at the end of the fifth selection is therefore unable to
      clear flip-flop 113. Instead, the cassette tape is permitted to run to the
      end at which point photo cell 121 detects the clear leader and disconnects
      the vending machine from the master tape center in the manner described
      above.
PAR  Considering the operation of the system in response to insertion of a
      credit card in terminal 92, the start signal presets flip-flop 93 to
      energize power relay 95 and apply power to the system. Line switch relay
      96 is energized by the applied power to in turn apply the telephone dial
      lines to touch tone device 15. Telephone line coupling to the computer is
      illustrated in FIG. 11 and is effected by a data coupler circuit 151 and
      terminal control unit 152, one each for each computer telephone line. The
      data coupler unit 151 may be a conventional Western Electric CBS Model and
      the terminal control unit 152 may for example be the IBM Model 2968-9
      unit. A common audio response unit 153 for all of the telephone lines at
      the computer responds to a call up from a vending machine by sending an
      interrogate pulse over the telephone lines to the credit card terminal 92
      at the vending machine. The credit card terminal responds by reading the
      magnetic strip on the inserted credit card and transmits the numbers in
      digital form back over the telephone line to audio response unit 153. The
      computer 12 checks the received credit card number and verifies the status
      of the card. If the credit card is verified as a valid card, audio
      response unit 153 transmits an indication to the credit card terminal via
      the telephone dial lines. The credit card terminal responds by generating
      the enable signal to actuate the 80 Hertz band pass filter 111 and permit
      duplication to proceed upon receipt by the vending machine of the next 80
      Hertz control tone. In addition the computer adds the cost of the album or
      selections being recorded to the appropriate file in the computer storage
      disks 154 and 155. The accumulated billings for each customer can be
      accessed and billed at a specified period of each month. In addition the
      computer stores the number of the album or selections duplicated for
      internal records for payment of royalties to recording companies. Another
      important feature of the system is its capability of providing
      instantaneous popularity ratings for the various records. These ratings
      are easily computed by computer 12.
PAR  Computer 12 is preferably an IBM 360 computer, Model 25. It utilizes a key
      board printer 156 which is preferably IBM Model No. 1052, a card reader
      157, which for example may be IBM Model 1402, and a line printer 158,
      which for example may be IBM Model No. 1403, are employed in conjunction
      with computer 12. Storage disks 154 and 155 may for example be IBM Model
      No. 2311.
PAR  In the foregoing description a four track system is assumed whereby each
      master tape contains four recorded tracks and each vending machine
      cassette contains four recorded tracks. The recorded format may be two
      channel stereo or four channel quadraphonic as desired. Those master tapes
      containing a complete album are provided with 80 Hertz tone signals
      between each selection as described above. Those master tapes from which
      individual selections may be chosen to compose a unique album have only
      the one selection stored repetitively on that tape. For the album tapes
      the two channel stereo programs are specially arranged so that the two
      tracks on the one side of the album have a selection of approximately the
      same timed length as the selection recorded on the adjacent two tracks of
      the other album side. This feature permits access to all four tracks
      simultaneously at a master tape location between selections. It is to be
      noted that all four tracks are transmitted to the vending station
      simultaneously to minimize the duplicating time. Since the cassette which
      receives the master tape information must be turned over when playing back
      different sides of the album, the simultaneous four track duplication
      requires that two of the tracks be duplicated while running backwards. In
      duplicating there is no quality deterioration if tracks are running
      backwards.
PAR  Where the four channel quadraphonic format is used, it is obvious that the
      relative lengths of adjacent track pairs takes care of itself
      automatically since the same selection is recorded on all four tracks.
PAR  For the two channel stereo format the standard C-30 cassette can be
      employed at the vending machines. In the four channel quadraphonic system,
      playing time of the finished tape is half that for the two channel stereo
      format; in such case the standard C-60 cassette may be employed.
PAR  The standard master tape uses the Dolby A-Parameter Noise Reduction System
      and is recorded at 3 3/4 ips real time and played on the master transport
      at 15 ips. The cassette duplicator slave recorder in the vending machine
      converts the information to the B-Parameter Dolby Noise Reduction System
      which is compatible with consumer tape players and records at 7 1/2 ips.
      The vending process time would be 3 3/4 minutes on a C-30 cassette. Using
      the new cromium dioxide tape and the Dolby A-Parameter Noise Reduction
      System, the master tape is recorded at 1 7/8 ips real time speed and
      played on the master transport at 15 ips. The cassette duplicator slave
      recorder in the vending machine would run at 15 ips. The vending process
      time for a C-30 cassette would be 1 7/8 minutes. The masters may also be
      recorded using the B-Parameter Dolby Noise Reduction System in which case
      conversion processing would not be required in the vendor duplicator, but
      the quality of reproduction would not be quite as high as in the
      A-Parameter master processed to B-Parameter finished product cassette.
      Crystal ferrite record, reproduce heads are used in this system to
      compensate for the increased wear factor using the higher performance,
      more abrasive cromium dioxide tape running at higher speeds. Standard
      Telex 235 Series duplicator electronics designs may be used in both
      systems. Special line matching transformers are metered, adjustable output
      voltage preamps are used to meet AT&T transmission specifications to
      interface with AT&T transmission lines. The speed can be increased to 60
      ips with present technology applied by any qualified audio design engineer
      using CATV transmission cable, privately installed wideband coaxial cable
      or AT&T wideband facilities if new technology in transmission makes it
      economically feasible. Duplicator process time would be less than 30
      seconds on a C-30 cassette.
PAR  It will be appreciated, of course, that the multiplexing frequencies
      specified in relation to FIG. 9 are intended to be by way of example only
      and not limiting on the scope of the invention. The specified frequencies,
      in fact have been correlated with the illustrative duplicating speed
      mentioned in the preceding paragraph to minimize distortion. The
      utilization of different duplicating speeds will usually require a
      suitable change in the multiplexing frequencies.
PAR  In addition, the use of the AT&T picture phone system, as that system
      presently exists, requires that the transmitted signals be in analog form
      due to the relatively limited system bandwidth. The projected color
      picture phone system has a wider bandwidth than the present
      black-and-white system; consequently, the projected picture phone system
      will be able to handle digital signal transmission whereby digital to
      analog and analog to digital converter would be incorporated in a
      conventional manner in the system of the present invention.
PAR  The program format, tape size, and cartridge style may obviously be varied
      as desired. For example, eight channel eight-track cartridge duplicating
      is possible. Such a system would in effect require the doubling of the
      electronics in the system described above for four channel duplicating.
      Whereas the four channel cassette masters employ 1/2 inch tape, the eight
      track cartridge masters would employ 1 inch tape. In fact, master tape
      transports can be expanded to any tape width desired or any number of
      channels desired. The important factor is not the number of channels or
      the program format but rather the concept of remotely vending
      cartridge-type storage components on which centrally stored information is
      duplicated on command. Naturally, for the eight track vending machine the
      operation would be substantially the same as for the four track machine
      described above except that the four track cassette duplicator would be
      replaced by an eight track cartridge duplicator, the turret storage
      magazines would be enlarged to accommodate the larger eight track
      cartridges, the multiplexing equipment would be expanded to include eight
      multiplexed channels, and the vending machine audio circuits would be
      effectively doubled in number.
PAR  In addition to variations in the format and configuration of the storage
      media, signal transmission between the vending machine and the central
      station can be effected in a number of alternative ways. For example,
      reference being made to FIG. 12, alternative microwave tansmission may be
      effected by using the Jerrold SRL-1 microwave system or equivalent. This
      system may be employed in point to point transmission when transmitting
      four channels on each microwave link for as many as eight miles without
      the necessity for relay stations. The four signal channels delivered from
      each master tape at tape center 11 are applied to respective Jerrold Model
      SRL-1 exciters 161, 162, 163 and 164. The resulting four output signals
      are applied to the Jerrold Model SRL-1 transmitter 160 and transmitted by
      a microwave link 165. The transmitted signal is received by Jerrold Model
      SRL-3 receiver converter unit 166 where it is separated into four channels
      which are delivered to four standard VHF tuners 167, 168, 169 and 170. The
      tuner output signals are then applied to the vending machine in the same
      manner described above for the picture phone transmission system.
PAR  Alternatively, and reference is made to FIG. 13, CATV transmission may be
      employed for the vending machine system of the present invention. The
      present system may use existing CATV cable facilities without interferring
      with existing TV programs by connecting each master tape channel to a
      respective FM modulator such as the Jerrold AFM-2 FM modulator, designated
      by the numerals 171, 172, 173 and 174 in FIG. 13. The output signals from
      the FM modulators are combined and transmitted via CATV cable 175 to the
      appropriate vending machine location where the signal is applied to four
      FM tuners 176, 177, 178 and 179. The FM tuners may for example be McIntosh
      Model MR77 tuners utilized in their monaural mode (i.e. -- multiplex
      switched off) and selected because of their excellent phase linearity at
      high frequencies. Standard FM broadcast frequencies of 88 to 108 MHz are
      employed for transmission in the approach of FIG. 13. The channels are
      placed 200 KHz apart thereby permitting 50 channels for each CATV system.
PAR  The central master tape center may be expanded to include any number of
      master tapes containing any mix of programs desired or necessitated by
      market conditions. The cartridges or video cassettes may be vended by
      employing the same concepts described herein. under such circumstances the
      master tape transport head would be replaced with a moving rotary
      helical-scan head for increased frequency response, the capstan speed
      would be changed to meet video tape speed format and the electronics would
      be changed to video type electronic systems. The vending machine
      duplicator transports would be changed in the same manner.
PAR  Of course, the most important concept of the present invention is the
      remote vending of centrally stored information, with payment being made at
      the vending location. For purposes of the present invention, the term
      "payment" is intended to main deposit of currency and/or use of an
      appropriate credit identification element, such as a credit card. In
      addition, it is contemplated that advertising messages may be included on
      vended cassette or cartridge, thereby providing another revenue-raising
      aspect of the system. Such advertising messages would be recorded on the
      master tapes along with the commercial recordings or other information.
PAR  While I have described and illustrated specific embodiments of my
      invention, it will be clear that variations of the details of construction
      which are specifically illustrated and described may be resorted to
      without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A central information distribution facility of the type in which
      information stored on plural individual endless tapes is selectively
      retrievable, said facility comprising:
PA1  a multiple cavity rack, each cavity adapted to receive a tape cartridge;
PA1  plural electrical connectors secured to said rack at each cavity location;
PA1  a drive capstan having a longitudinal axis lengthwise through all of said
      multiple cavities;
PA1  means for continuously rotating said drive capstan about its longitudinal
      axis;
PA1  multiple tape cartridges each comprising:
PA2  a housing arranged to fit in and be received by any of said multiple
      cavities, said housing comprising first and second spaced walls defining
      an interior region therebetween, said interior region having a thickness
      which is slightly larger than the width of said endless tapes, said
      housing being arranged to be received in a cavity with the housing
      thickness extending in the direction of the longitudinal axis of said
      drive capstan;
PA2  a relatively large tape storage bin defined within said interior region;
PA2  a relatively small transient tape bin defined within said interior region;
PA2  an ingress opening and an egress opening for said transient tape bin;
PA2  an ingress opening and an egress opening for said tape storage bin, said
      ingress opening for said tape storage bin being the same opening as the
      egress opening for said transient tape bin;
PA2  a guide channel defined about a portion of the peripheries of said tape
      storage bin and said transient tape bin and extending from the egress
      opening of said tape storage bin to the ingress opening of said transient
      tape bin;
PA2  an endless tape having its major portion disposed in multiple folds within
      said tape storage bin and extending therefrom through the tape storage bin
      egress opening, along said guide channel, through the ingress opening for
      said transient tape bin, along a predetermined path through said transient
      tape bin and back into said tape storage bin through the ingress opening
      therefor, said tape being disposed with its width extending in the
      direction of the thickness of said housing;
PA2  a recessed portion of said housing arranged to receive said drive capstan
      adjacent said predetermined path when said housing is received by a
      cavity;
PA2  wherein said predetermined path in said transient tape bin comprises a
      playback head, a plurality of tape guide means for maintaining said
      endless tape taut as it passes said playback head, and pinch roller means
      urged toward said predetermined path to co-operatively and continuously
      engage said endless tape in driving relationship with said drive capstan;
      and
PA2  connector means electrically connected to said playback head and arranged
      to mate with said plural electrical connectors at the cavity in which said
      housing is received.
NUM  2.
PAR  2. The combination according to claim 1 wherein each of said endless tapes
      has a plurality of information segments recorded thereon and spaced from
      one another along the length of said endless tape, the tape spaces between
      information segments having control signals recorded therein.
NUM  3.
PAR  3. The combination according to claim 1 wherein the information recorded on
      at least some of said endless tapes is a single information record,
      recorded repetitively, there being control signals recorded at the start
      and termination of each repetitive portion of the record.
NUM  4.
PAR  4. The combination according to claim 1 wherein said cartridges are devoid
      of record and erase heads.
NUM  5.
PAR  5. The combination according to claim 1 wherein each of said tapes has
      multiple information tracks extending parallel to one another along its
      length, each track having a plurality of spaced information segments
      recorded thereon and spaced from one another by information gaps in which
      control signals are recorded, the gaps in each track being co-extensive.
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ABST
PAL  A slot-in type cassette tape recorder/player unit of the type in which a
      tape cassette is laterally inserted into the recorder/player unit through
      an opening provided on the front panel thereof includes a movable cassette
      holder shifted between first and second vertical positions so that the
      tape cassette can be brought into and released from operable engagement
      with the tape transport mechanism and magnetic heads of the device. An
      indicator plate is carried by the cassette holder and is moved into
      position to cover the opening for the cassette insertion when the tape
      cassette is brought into the operable position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is in general directed to an improvement in a
      cassette tape recorder/player of the so-called "slot-in" type in which a
      tape cassette is inserted laterally into the recorder/player unit through
      an opening provided on the front panel of the unit, and more particularly
      to a "play" indicator for the cassette tape unit.
PAR  A disadvantage of the slot-in type cassette tape recorder/player unit is
      that the opening in the front panel for cassette insertion usually remains
      open after a tape cassette has been inserted and placed in operating
      position. This opening often makes it difficult to tell whether or not a
      tape cassette is already inserted into the unit. Furthermore, when a tape
      cassette is in operating position, the interior of the unit may be seen
      through the opening, which detracts from its appearance, and also permits
      dust and dirt to get into the unit which is detrimental to its operation.
PAR  It is, therefore, desirable to provide a slot-in type cassette tape
      recorder which is not subject to this disadvantage when a tape cassette is
      loaded in operating position.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved
      cassette tape recorder/player.
PAR  It is an additional object of this invention to provide an improved
      "slot-in" type cassette tape unit.
PAR  It is an additional object of this invention to provide an improved
      "slot-in" type cassette tape unit in which the cassette receiving opening
      is closed when a cassette is inserted and placed in operating position in
      the unit.
PAR  It is a further object of this invention to provide an improved "slot-in"
      type cassette tape unit in which the tape cassette receiving opening is
      closed by an indicator panel when the cassette is placed in an operating
      position.
PAR  In accordance with a preferred embodiment of this invention, a "slot-in"
      type cassette tape recorder/player housing has a front panel with a
      cartridge receiving opening in it. The cassette holder is located in a
      first position aligned with the cartridge receiving opening and has a
      pivoted door in it for permitting entry of a cassette cartridge into the
      holder. After the cartridge is inserted into the holder, the holder is
      movable vertically from its cartridge receiving position to second
      position behind the front panel of the housing to cause the cassette
      cartridge to engage the tape drive mechanism of the unit in an operative
      relationship. An indicator panel is attached to the cassette holder and
      moves with it; so that when the cassette holder is moved to its second
      position, the indicator panel is aligned with the cartridge receiving
      opening in the front panel. This substantially closes the front panel and
      provides an indication that a cassette is in the unit in a record/play
      position.
PAR  The novel features which are considered as characteristics of the present
      invention are set forth in particular in the appended claims. The improved
      "slot-in" type cassette tape recorder itself, however, both as to its
      construction and to its mode of operation, together with additional
      features and advantages thereof, will be best understood upon perusal of
      the following detailed description of a specific embodiment with reference
      to the accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a slot-in type cassette tape
      recorder/player unit in accordance with a preferred embodiment of the
      present invention, in which tape cassette is not inserted, and
PAR  FIG. 2 is a cross-sectional view of the slot-in type cassette tape recorder
      illustrated in FIG. 1 with a tape cassette inserted and placed in
      operating position.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the accompanying drawing, wherein the same reference
      numerals are used in both figures to denote the same components, there is
      shown a slot-in type cassette tape unit 1 having an opening 2 for cassette
      insertion in the front panel of the unit 1. A movable cassette holder is
      located inside the unit 1 and accepts an inserted cassette 10. The holder
      4 shifts up and down vertically to place the cassette into or release it
      from an operating position. A flap or door 3 is pivotally hinged across
      the end of the holder 4 which is adjacent the opening 2. An indicator
      plate 5 is formed integrally with the cassette holder 4, so that when the
      cassette holder 4, carrying an inserted cassette 10, is moved upwardly,
      the indicator plate 5 also moves up with the cassette holder to cover the
      opening 2 in the front panel of the unit. A lamp 6 is located behind the
      plate 5 for illuminating the plate to cause it to be visible through the
      opening 2. A supply reel and a take-up reel 7 and 8, respectively, and a
      capstan 9 are located in the unit for operative engagement with a cassette
      10 in the holder 4.
PAR  The operation of the slot-in type cassette tape recorder/player constructed
      as disclosed above will now be described with reference to the drawings.
PAR  FIG. 1 illustrates the state in which a tape cassette 10 is about to be
      inserted. Accordingly, the cassette holder 4 is located in a first
      position so that the flap 3 thereof is opposite the opening 2. As a result
      the indicator plate 5 is out of sight below the opening 2 behind the front
      panel of the unit.
PAR  With insertion of a tape cassette 10 into the cassette holder 4 through the
      opening 2, the flap 3 is pivoted upwardly in the counter-clockwise
      direction (as viewed in FIGS. 1 and 2) by the tape cassette 10. When the
      tape cassette 10 is completely inserted, a suitable shifting mechanism for
      the cassette holder 4 is energized to shift the tape cassette 10 up to the
      operating position in which the tape cassette 10 engages with the supply
      reel tape transport means 7 and 8, magnetic transducer heads and other
      conventional parts necessary for recording or reproducing. Although the
      shifting mechanism is not described in detail in this disclosure, one
      example of a suitable mechanism is disclosed in Japanese Pat. No.
      47-49010.
PAR  As the cassette holder 4 is shifted up, the indicator plate 5 is
      simultaneously shifted up to a position to cover the opening 2, and thus
      the indicator plate 5 now can be seen from outside the unit through the
      opening 2 and indicates that a tape cassette is in operating position.
PAR  In order to release the cassette 10 after it is placed in operating
      position, a suitable conventional means (not shown) such as an operation
      lever or eject button is operated. This causes the tape cassette 10 to be
      disengaged from the tape transport mechanism 7, 8; and the cassette holder
      4 is shifted down to its original position wherein the tape cassette 10
      may be pushed out through the opening 2.
PAR  From the foregoing, it is apparent that when the slot-in type cassette tape
      recorder/player unit in accordance with the illustrated embodiment is in a
      play mode, the indicator plate 5 is placed behind the opening 2 and is
      illuminated by the lamp 6. This improves the appearance of the unit and
      also gives a distinct indication. Furthermore, such construction reduces
      the amount of dust and dirt that can enter the unit when it is operating.
      The indicator plate 5 may carry any desired indicia or decoration on it.
PAR  Although in the embodiment described above, the indicator plate 5 is
      integral with the cassette holder 4, it can be separate from the cassette
      holder as long as the indicator plate 5 may be moved to cover the opening
      2 when the tape cassette 10 is in operating position.
PAR  Though the present invention has been described with respect to a certain
      specific embodiment, it will be appreciated by those skilled in the art
      that modifications and changes may be made without departing from the true
      spirit and scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cassette tape player including a tape drive mechanism comprising in
      combination:
PA1  a housing;
PA1  a panel in said housing having a cassette cartridge receiving opening
      therein;
PA1  a cassette holder located within said housing in a first position aligned
      with said cassette cartridge receiving opening and having a door pivotally
      mounted thereon to close said opening with no cassette therein, said door
      pivoted to permit entry of a cassette into said cassette holder, said
      holder being movable from said first position to a second position wherein
      a cassette in said holder engages the tape drive mechanism of said player;
      and
PA1  an indicator means mounted for movement with said cassette holder so that
      when said cassette holder moves to said second position, said indicator
      means is aligned with said receiving opening in said panel to indicate the
      presence of a cassette in playing position.
NUM  2.
PAR  2. The combination according to claim 1 wherein said indicator means is
      attached to said cassette holder immediately adjacent said panel in said
      player housing.
NUM  3.
PAR  3. The combination according to claim 2 wherein said cassette holder moves
      from said first position to said second position in a direction parallel
      to the plane of said panel having said cassette cartridge receiving
      opening therein.
NUM  4.
PAR  4. The combination according to claim 1 further including means for
      illuminating said indicator means with said cassette holder in said second
      position.
NUM  5.
PAR  5. The combination according to claim 4 wherein said indicator means
      comprises an indicator plate having indicia thereon and said means for
      illuminating is located on the opposite side of said indicator plate from
      the cartridge receiving opening in said panel.
NUM  6.
PAR  6. The combination according to claim 1 wherein the tape drive mechanism in
      said tape player housing is located above said cassette holder and said
      indicator means is mounted on said cassette holder immediately below said
      door therein and located adjacent said housing panel, with said second
      position of said cartridge holder being located a predetermined distance
      above the first position thereof, said predetermined distance being
      sufficient to cause engagement of the tape drive mechanism with a cassette
      located in said cassette holder and sufficient to cause said indicator
      means to substantially cover the opening in said housing panel.
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ABST
PAL  A tape recorder in which the middle part of a locking lever which engages
      and disengages with the engaging part of a slide piece provided on the
      recorder frame and the end of a suspending piece are loosely pivoted to
      the moving frame of which one end is pivotally attached to the deck of the
      recorder frame, a projection which engages with one end of said suspending
      piece as well as with the engaging portion formed on the moving frame is
      provided at the end of said locking lever, a toggle spring is hooked
      between said suspending piece and moving frame thereby forming a guide
      portion, and wherein a cassette is inserted with its reproduce side or
      longer side inward requiring only a short stroke to automatically assume a
      reproducing or recording condition, and allowing easy removal of the
      cassette.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the contrivance of a tape recorder, and
      especially to a tape recorder of the cassette type, in which a tape pack,
      i.e., cassette, is inserted into the driving shafts provided on the
      recorder frame through the front side of said recorder frame, and the
      reels mounted on said cassette are fitted to said driving shaft to drive
      the tape, thereby allowing smooth loading of cassette with shorter stroke,
      as well as allowing stably loaded state of the cassette.
PAR  Cassettes used in tape recorders may be divided into those of the so-called
      lear-jet type in which the tape is wound on the reel in an endless manner
      to feed the tape to the front of the head and thereby taking up the tape
      withdrawn from the innermost part of the tape layer onto the outermost
      layer, and those of the so-called cassette type having two reels in a tape
      pack, running the tape between these two reels, withdrawing the tape from
      the reel by driving the other reel and, at the same time, winding the tape
      thereof to obtain tape running. By the way, regarding the cassettes of the
      latter type, provision of the driving shafts are required for the
      above-mentioned two reels. And in those miniaturized tape recorders,
      especially those types designed to be installed in the cab of automobiles
      and other vehicles, it is a modern trend to insert the cassette in the
      front side of the tape recorder horizontally or maintaining nearly a
      horizontal state, thereby enabling engagement and disengagement of the
      driving shaft, and thereby allowing for the cassette to assume a stable
      reproducing condition by utilizing the motion at the time of pushing in
      the cassette. However, with the earlier devices, the force at the time of
      inserting or loading the cassette is consumed for fitting the driving
      shaft to the reel of cassette, and moving the moving frame, slide member,
      and all other springs related and other related members for stably holding
      the cassette to the reproducing condition; hence insertion of the cassette
      requires a considerable force. Especially, miniaturized cassette makes its
      smooth loading rather difficult, and the loading at the time of
      establishing a reproducing condition, i.e., at the last moment of cassette
      loading, lacks smoothness.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to remove the above-mentioned
      disadvantages and drawbacks inherent to the earlier tape recorders. That
      is, the principal object of this invention is to establish the reproducing
      or recording condition requiring only a short insertion or loading stroke
      of the cassette and allowing smooth insertion of the cassette, as well.
      For this purpose, this invention provides a cassette loading mechanism
      utilizing the reproduce side and the stepped portion formed on the
      reproduce side of the cassette, and more concretely, employing a
      suspending piece which engages with said reproduce side and the stepped
      portion, aiding to desirable changing operation. As has been commonly
      known, the cassette of which size being minimized and thinned has a
      thicker portion on the reproduce side over the areas where the head and
      pinch roller come into engagement to give pressure to the tape; hence a
      step has been formed between such a thickened portion and the thin
      portion. According to this invention, it is intended to perform easy
      loading of the cassette by utilizing such a reproduce side and the stepped
      portion. As has been known, such a reproduce side occupies the longer side
      of the cassette; hence loading stroke may be shortened greatly. And the
      mechanism can be made up relatively compact, allowing reliable cassette
      loading.
PAR  Another object of this invention is to establish a reproducing or recording
      condition by automatically pulling the cassette sufficiently into the tape
      recorder frame through the door provided at the front of the tape recorder
      housing utilizing a short loading stroke of the cassette, and to establish
      a removable state by automatically pulling the cassette out of the
      reproducing or recording position simply by opening the door of said
      recorder housing with one operation.
PAR  By setting up as mentioned above, the substantial operation by the operator
      requires only a small range where the cassette has been protruding
      sufficiently out of the recorder housing; insertion and removal of the
      cassette are very easy. Hence in spite of a small sized cassette, no
      difficulty is presented, and in addition, the cassette being inserted
      assumes a stable condition in the tape recorder, allowing reliable
      reproduction or recording.
PAR  A further object of this invention is to press the tape onto the reproduce
      side of the cassette by pressing the head and pinch roller toward the
      reproduce side of the cassette by utilizing the cassette which has been
      fallen onto the recording or reproduce position, thereby establishing a
      recording or reproducing relation.
PAR  Accordingly, the aimed recording or reproducing condition can be effected
      only by the initial cassette loading operation.
PAR  Yet another object of this invention is to return the cassette which has
      been in the recording or reproducing condition back to an easily removable
      state by a single operation by means of an eject piece provided on the
      recorder frame. For this purpose, this invention provides a special
      engaging resilient piece for the eject piece, in order to pull back the
      suspending piece which has secured the insertion of the cassette during
      the returning stroke of the eject piece and to release the engagement of
      the engaging resilient piece from the suspending piece at the final
      stroke. By doing so, the cassette which has been in the reproducing or
      recording position can be easily pulled out by utilizing a simple
      operation - pushing in of eject piece.
PAR  A still further object of this invention is to provide a new tape recorder
      which can start its operation always maintaining a definite tape feeding
      direction and having the above-mentioned features. For this purpose, a
      control part of the tape-feed changing means is plungeably provided on the
      moving area of the slide piece that will be actuated by the eject piece.
      With the control part of the tape-feed changing means being protruding
      onto the moving area of the slide piece, and by moving the eject piece and
      slide piece, said tape-feed changing means is returned. That is, with the
      eject piece having been operated, the tape-feed changing means assumes a
      constant state, so that the tape is fed in a definite direction.
PAR  Yet further object of this invention is not to create a recording condition
      during the tape reproduction or tape rewinding. For this purpose, this
      invention provides a special locking means on the recording lever which
      establishes a recording condition, and locks the recording lever by means
      of this locking means when the tape is being reproduced or rewound. An
      electric circuit is also provided, which allows the recording only when
      the tape is being fed in the forward direction. By such a setup, erroneous
      recording can be prevented completely, and proper recording can be always
      permitted.
PAR  Many other excellent technical advantage and concrete effects would become
      apparent by the following description of embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings show embodiments of this invention, in which;
PAR  FIG. 1 is a perspective view showing the appearance of the tape recorder
      which is one of the embodiments of this invention,
PAR  FIG. 2 is a plan view before the cassette is loaded, with the housing being
      removed,
PAR  FIG. 3 is a side view as viewed from the right side in FIG. 2,
PAR  FIG. 4 is a side view where the cassette is loaded in the state of FIG. 3,
      and the moving frame has been lowered down,
PAR  FIG. 5 is a side view as viewed from the left side in FIG. 2,
PAR  FIG. 6 is a side view as viewed from the opposite side of FIG. 4 where the
      cassette has been loaded in the state of FIG. 5 and the moving frame has
      been lowered down,
PAR  FIG. 7 is a perspective view of the moving frame portion,
PAR  FIG. 8 is a perspective view showing the disassembled state of the
      constituent parts which will be arranged on the deck,
PAR  FIG. 9 is a perspective view showing the disassembled state of the support
      plate, slide piece and eject piece mounted on the moving frame and on the
      side of the deck, as well as the constituent parts arranged around said
      members,
PAR  FIG. 10 is a perspective view showing the disassembled state of the head
      mounting plate and the constituent parts arranged around said plate,
PAR  FIG. 11 is a perspective view showing the disassembled state of a recording
      lever and the constituent parts arranged around said lever,
PAR  FIG. 12 is a cross-sectional view showing the disposition of the dust-tight
      door and the related inner constituent members in the housing of the tape
      recorder of this invention, and
PAR  FIG. 13 is a diagram showing the circuit for preventing the duplicated
      recording.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  The invention is illustrated below with reference to the above-mentioned
      accompanying drawings. FIG. 1 is a perspective view showing a general
      appearance, in which the tape recorder housing 300 assumes a square shape
      having a front frame 301 in front. Said front frame 301 forms a step 302
      at the middle portion. And above the step 302 has been formed a cassette
      insertion port 281 having a dust-tight door 280. The side protruding
      toward the front and below said middle step 302 is a control member panel
      having, from one side, a recording lever control 287, indicator lamp 288,
      tone control 289, tape-feed changing member 9, volume control 290, 291,
      and eject control 297. The inner construction, having removed the housing
      300 and front frame 301, is shown in FIG. 2. The deck 100 has at its both
      sides a relatively long support plate 105 and a short support place 102
      being held by a step pin 101, and between the support plate 105 and the
      support place 102 is pivotally supported 104, 104, the ends of a moving
      frame 1. To the end of the moving frame 1 is linked a cassette guide
      member 12 by means of revet 200 via resilient plates 11, 11. Both side of
      the cassette guide member 12 are bent downward to form a cassette holding
      portion 120. And at the tip of the cassette holding portion 120, the
      cassette receiving portion 121 is bent downward to come into contact with
      the tip of the cassette P inserted. Said holding portion 120 in the
      cassette guide member 12 has guide pieces 122 of a synthetic resin at both
      sides as shown in FIG. 8 to receive the protrusion formed on both sides of
      the assette P. On the upper surface of the moving frame 1 is formed a cut
      13 of which recessed portion is being bent to form an engaging step 13a.
      Also, on one side of the cut 13 is formed a guide portion 14 as well as a
      push-up step 15 at the foremost edge. On the upper surface of such a
      moving frame 1 are provided a locking lever 16 and a suspending piece 17.
      The locking lever 16 of a bell crank shape is pivotally held at its bent
      portion by the shaft 105a secured to the upper edge of said support plate
      105 which is fastened to one side of the deck 100. One end of the locking
      lever 16 is forming a locking portion 161 and the other end is bent
      downward to form a projection 162. With the hole 163 on one side of the
      locking lever 16 and with the hole 1e punched on the moving frame 1 have
      been engaging the ends of a spring 18 held by said shaft 105a to energize
      the locking lever 16 counterclockwise as shown in FIG. 2. The
      above-mentioned suspending piece 17 is of T shape as shown, and its end is
      loosely pivoted by a pivot 1b to the upper surface of the moving frame 1.
      At both sides and on the back of the other end of the suspending piece 17
      are provided a relatively long engaging piece 171 which engages with the
      front edge of the cassette P inserted and a relatively short engaging 172
      which engages with the engaging step P' shown in FIG. 5. The engaging
      piece 172 has an appropriate rotor 173, and at the position near the
      engaging piece 172 is formed a guide portion 174 bending upward, and on
      the opposite engaging piece 171 side is formed a connection projection
      175. Furthermore, with the projection 176 provided at the upper surface
      midway between said two engaging pieces 171, 172, is engaged the working
      end 191 of a spring 19 which is of a toggle type, and the base end 192 is
      rotatably held by the projection 1a attached to the upper surface of the
      moving frame 1. Also at the middle upper surface of the suspending piece
      17 is provided a connection piece 177 that will engage with the resilient
      piece 108 which is attached to the eject piece 107 which will be mentioned
      later, at the time of removing the cassette P, (details of which will be
      mentioned laster.
PAR  On the outer side of said support plate 105 is provided a slide piece 106.
      At the front and lower side of the slide piece is formed a first
      projection 207 bent out outward, and at the rear and lower side is formed
      a second projection 106b being bent outward. The second projection 106b
      has a vertical shaft 123 directing downward, and said vertical shaft 123
      has a rotor 124. The slide piece also has the first to third horizontal
      guide holes 125, 125, 125 to accept the projections 115, 115a, and guide
      pin 115b, which are provided on the outer side of said support plate 105.
PAR  The central part of the slide piece has the fourth sloped guide hole 126
      which is aslant at its middle part. And on the forward side is also
      provided a horizontal cut 127 which accepts the another projection 115c of
      the support plate 105, and to the top edge of the slide piece 106 is
      attached a locking pin 128, and on the forward end is formed a spring hook
      129.
PAR  Positioned at the opposite side of the spring hook 129 is also a spring
      hook 131 at the rising part 130 protruding upward of the efect piece 107.
      Between the two spring hooks 129 and 131 is expanded a pulling spring 132,
      and since a strong spring 136 has been expanded between the spring hook
      133 at the lower end of the eject piece 107 and the guide pin 115b
      attached to the support plate 105, the eject piece 107 always work to pull
      the slide piece 106 forward. The support plate 105 has another guide pin
      115d, and these guide pins 115b and 115d are inserted in the guide holes
      137 and 137 of the eject piece 107 to guide the sliding action, as shown.
      Separately, at the upper edge near the end of the eject piece 107 is
      formed a hitting part 135 with which will engage an engaging portion 22
      formed on one side of the changing plate 2 (mentioned later) on the deck
      100.
PAR  The setup of the deck 100 on which are arranged the above-mentioned moving
      frame 1, changing plate 2, etc. is as shown in FIG. 8 (disassembled
      diagram). On one side is provided on open hole 111 formed by erecting the
      base plate 111a to attach an electromagnetic plunger 110, and on the other
      side opposite to said open hole 111 is formed an open hole 113 formed by
      pushing the motor-mounting place 113a downward a little to mount a motor
      50. Midway between these two holes 111 and 113 is punched an opening 112
      for introducing a guide portion 23 formed by bending down the middle part
      of said changing plate 2. Said changing plate 2 with its hole 21 is
      pivotally attached to the deck 100 by means of a pivot 116, and has a
      connection rod 25 at the center as well as projections 24, 24 and recesses
      26, 26 on the back side to assure smooth sliding on the surface of the
      deck 100. On the forward side of said deck 100 is opened an opening 114 of
      a considerably large area for accepting reel driving shafts. On the upper
      surface of said opening 114 will be arranged a head mounting plate 5 and
      its interlocking plate 51 shown in FIG. 10, and on the lower side of the
      opening 114 will be secured a reel-shaft plate 4 having driving shafts 41,
      41 to support drive rotors 40, 40 that rotate together with the reel
      driving part 240. To the back side and forward portion of said reel-shaft
      plate 4 has been secured a back plate 3 via a spacer 30 by means of screws
      31. That is, between the reel-shaft plate 5 and the back plate 3 are
      positioned two fly-wheels 35, 35 in the space being defined by the spacer
      30, maintaining a freedom of rotation by means of resilient support
      members 34, 34 and bearing member 33 which are provided on the supports
      32, 32 formed on the back plate 3, and at the center of the fly-wheels 35,
      35 are erected a capstan shaft 36. Around the pulley 150 of said motor 50,
      an intermediate pulley 151 attached to the back surface of the deck 100,
      and said fly-wheels 35, 35 is expanded a resilient belt 152, to transmit
      the driving force of the motor 50 to the fly-wheels 35, 35.
PAR  The head mounting plate 5, as shown in FIG. 10, has spring hooks 56, 56 on
      both forward sides, and between these spring hooks 56, 56 and the
      springhooks 156, 156 at the forward side of the deck are expanded springs
      55, to always urge the head plate 5 forward. The spring 55 has been
      positioned in the spring-placing hole 155. At the forward side of the head
      mounting plate 5 are provided pinch-roller attaching shafts 58 in an
      opposing manner and between said pinch-roller attaching shaft 58 is formed
      a connection part 59 which will engage with the connection rod 25 of the
      changing plate 2, i.e., the connection part is rotatably connected by the
      connection rod 25. End portions of the support frame 149 having a pinch
      roller 10 are rotatably supported by said attaching shaft 58, an on the
      attaching shaft 58 is loaded a spring 39 in such a manner that the tip of
      the support frame 149, i.e., the pinch roller 10 side can always be pushed
      forward, so that the stop rod 153 attached to said tip portion may engage
      with the engaging part 5a formed at the front edge of the head mounting
      plate 5. Furthermore, at the front central portion of the head mounting
      plate 5 is attached a recording and reproducing head 20, one side of which
      being held by a screw 157 and the other side of which being adjustable via
      a spring 158. Provided adjacent to the recording and reproducing head 20
      is an erasing head 88 which is so positioned via a washer plate 89 that
      its head face is nearly in the same face as that of the recording and
      reproducing head 20. These heads 20, 88 and pinch rollers 10, 10 are
      mounted on the head mounting plate 5 to proceed and retreat in parallel
      with the tape running area of the cassette loaded. In order to define the
      proceeding position of such a head mounting plate 5 before the loading of
      cassette P and against the tensile force of the springs 55, 55, the end of
      a resilient plate 181 is secured by stop pins 184, 184 at the bottom of
      the deck 100 as shown in FIG. 8, and at the middle part of said resilient
      plate 181 is attached a projection 180 that will appropriately protrude
      through the extension part 187 of the opening 114 which accepts the reel
      driving shafts and through the opening 188 of the head mounting plate 5.
      Moreover, at the end of the resilient plate 181 is punched a hole 182, and
      at the tip side of said hole 182 is formed an engaging part 183 being bent
      downward, and with the engaging part 183 will detachably engage an
      engaging rod 185 provided at the bottom and central area of the head
      mounting plate 5, as shown in FIG. 10. To ease such engaging and
      disengaging motion, an engaging face 186 is formed on one side of the
      engaging rod 185. That is, with the cassette P not in a reproducing
      position, the above-mentioned projection 180 assumes an appropriately
      protruded state beyond the upper surface of the opening 188 due to the
      resilient force of the resilient plate 181, and the engaging face 186 of
      the engaging rod 185 engages with the engaging part 183 of the resilient
      plate 181. Hence the head mounting plate 5 is retained at the stopped
      position in spite of the tensile force of the springs 55, 55. In this way,
      the heads 20, 88 and pinch rollers 10, 10 all assume the retreated state
      suited for loading the cassette P. Under such a condition, the cassette P
      will be loaded as mentioned later, and as the reels come into engagement
      with the drive rotors 40, 40, the lower surface of the cassette P pressed
      onto the head mounting plate 5 or the deck 100 causes the projection 180
      to be pushed down against the resilience of the resilient plate 181, so
      that the engagement between the engaging part 183 of the resilient plate
      181 and the engaging rod 185 will be released. The head mounting plate 5
      is then pulled out forward due to the tensile force of the springs 55, 55,
      and the engaging rod 185 runs into the upper surface of the resilient
      plate 181 (surface contacting with the bottom of the deck 100), and said
      heads 20, 88 and the pinch rollers 10, 10 proceed into the cassette P to
      come into contact with the tape, and establishes a tape feeding condition
      with the help of a capstan shaft 36. Also, if the eject piece 107 is
      pushed forward under such reproducing condition, a hitting portion 135
      pushes the engaging portion 22 of the changing plate 2, and said changing
      plate 2 and the head mounting plate 5 are retreated together, so that the
      engaging rod 185 retreats to fall on the hole 182, and the resilient plate
      181 restores itself to the state as to come into contact with the lower
      surface of the deck 100, thereby establishing again an engageable
      condition between the engaging surface 186 of the engaging rod 185 and the
      engaging part 183.
PAR  On the deck 100 are provided a pair of through holes 37 for the capstan
      shaft 36 and the position defining pin 38 in an opposing relation for
      defining the position of the cassette P, and said pairs are positioned in
      openings 57, 57 provided at the central areas of the head mounting plate
      5. The capstan shaft 36 and the position defining pin 38 inserted in the
      through hole 37 are allowed to protrude through the opening 57. On the
      forward side of the deck 100 is mounted a change control member 9 through
      a pivot shaft 90, and on both sides of said change control member 9 are
      opposingly provided engaging projections 91, and at the back is provided a
      control projection 92. Also, the interlocking plate 51 engages with its
      engaging projection 51a provided at the tip with the guide portion 52
      formed on the central forward side of the head mounting plate 5, and the
      projections 51b provided on both forward sides at the back come to
      protrude toward the back surface through the forward side extended part
      114a in said hole 114 of  the deck 100, and come into embracing engagement
      with the engaging projection 91 of said change control member 9,
      respectively. The projection 93 protruded at the back side in concentric
      with said control projection 92 is positioned in the U-shaped resilient
      member 95 attached to the change control piece 94 together with the
      projection 94a, and holds said change control piece 94 held by the pivot
      shaft 42 of the reel-shaft plate 4 always at a neutral position. To the
      end of said change control piece 94 are attached rotatably and
      concentrically the first rotor 96 that comes into contact with either one
      of the drive rotors 40, and the second rotor 97 that comes into engagement
      with either one of the fly-wheels 35. To the spring hooks 43, 43 protruded
      at the back surface of the reel-shaft plate 4 are hooked a spring 98 which
      is working to the projection 94a of said change control piece 94 in such a
      manner as to push it forward. The another spring 99 hooked to the spring
      hooks 99a, 99a provided at the upper surface of the deck 100 is
      functioning to the projection 53 provided at the middle forward side of
      said interlocking plate 51 to always pull said interlocking plate 51
      forward. And according to the construction relating to such a change
      control member 9, said change control member 9 is always held at the
      neutral position due to the action of said U-shaped resilient member 95.
      By rotating such a control member 9 toward right or left to change itself
      toward the feed direction, the control projection 92 and the projection 93
      are moved in the opposite direction, so that the change control piece 94
      via the projection 93 is tilted in the direction opposite to the tilting
      direction of the control member 9, and engagement of either one of the
      projections 91, 91 and either one of the engaging projections 51b, 51b
      cause the guide plate 51 to be pushed forward a little, and is tilted in
      the same direction as that of the change control piece 94 with the
      engaging projection 51a as the center. Accordingly, both the first and the
      second rotors 96, 97 are brought into contact with either one of the
      fly-wheel 35 or the drive rotor 40. The rotational force of the so engaged
      fly-wheel is transmitted to the drive rotor 40 to perform the tape
      feeding. With the control projection 92 of such a change control member 9
      is engaged a fork-shaped projection 20 formed at the center of the brake
      control piece 8 shown in FIG. 8. On both sides of the brake control piece
      8 are opposingly provided long guide holes 81, for engagement with the
      guide pin 82 protruded from the bottom of the deck 100. At the side edge
      of the long guide holes 81 of the brake control piece 8 are formed control
      protrusions 83, respectively. With respect to these control protrusions 83
      is provided a resilient plate 84 at the lower surface of the deck 100 by
      means of a screw 87. At the middle part of the resilient plate 84 is
      formed a passive protrusion 85 which instantaneously engages with the
      control protrusion, and at the tip of the resilient plate 84 is attached a
      brake member 86. Hence by effecting the above-mentioned brake control
      piece 8 is moved toward right and left directions, and the brake member 86
      is pushed out at the moment when the control protrusion 83 came into
      contact with the passive protrusion 85, so that braking action could be
      given to the periphery of the drive rotor 40 mounted on the position where
      the brake member 86 will be pushed out. That is, the drive rotor 40 which
      is rotating in one direction continues to rotate due to the rotating
      inertia of a series of interlocking members even when the switching
      operation is effected, but such a rotation due to inertia will be stopped
      soon by the braking action of said brake member 86 and will then get the
      aimed driving force.
PAR  At the forward portion of the reel-shaft plate 4 are provided two
      protrusions 44, 44, and to these protrusions 44, 44 are pivotally attached
      the base end of a moving piece 46 having a pulley 45, and at the ends of
      the moving piece 46 are formed a contact part 47 and a spring hook 48.
      Across the spring hook 48, 48 is expanded a spring 49a, and the spring
      hook 48 is fitted to the reel-shaft plate 4 by being held by the support
      portion 49 formed being bent upward at the front portion of the reel-shaft
      plate 4. Contact parts 47 of the so assembled moving pieces 46, 46 are
      faced to the recess 60 at the central side of the tape-feed changing plate
      6. Said tape-feed changing plate 6 has guide holes 61 on both sides, and
      is attached with the guide holes 61 to the lower surface of the deck 100
      by means of guide pins 160 and is slidable toward right and left
      directions. And at one side of the tape-feed changing plate 6 is formed a
      tilted edge 62, and on the other side is formed an aslant guide 63. The
      engaging portion 64 formed being protruded at the center of the tape-feed
      changing plate 6 will be engaged with an engaging rod 165 of changing
      operator 164 caused by the electromagnetic plunger 110. The engaging pin
      167 of an interlocking piece 166 pivotally attached to the electromagnetic
      plunger 110 has an upper end 167a to which is hooked a spring 118 from the
      rod 117 secured to the deck 100, and its lower end 167b is inserted in the
      cam hole 168 of said changing operator 164. The changing operator 164 is
      rotatably supported to the shaft support 119 of the deck 100 and has, on
      its one side, the abovementioned engaging pin 167 that is engaging with
      the engaging part 64 of said tape-feed changing plate 6 at the back
      surface of the deck 100 through an arc hole 109 on the deck 100. In the
      engaging hole 65 punched through the side of the engaging portion 64 of
      the tape-feed changing plate 6 is inserted a vertical piece 145 fastened
      by a screw 144 to the change control piece 143 below the printed board 103
      shown in FIG. 2, through the opening 146 of the deck 100, in order that
      the electric circuits for the heads 20, 88 and electric circuit for
      channel indication may be changed in connection with the changing
      operation of the abovementioned tape-feed changing plate 6. If the
      electromagnetic plunger 110 is operated by the detected signal such as one
      obtained by the tape end of the cassette being inserted, the changing
      operator 164 is operated via the interlocking piece 166, so that the
      engaging rod 165 causes the tape-feed changing plate 6 to move toward
      right or left; either one of the two contact parts facing the recess 60 is
      allowed to be positioned in the recess 60 and the other one is positioned
      outside the recess 60. The moving piece 46 having a contact part 47 being
      positioned in the recess 60 is allowed to rotate by the amount equal to
      the depth of the recess 60 due to the pulling force of the spring 49a with
      the protrusion as the center, and the pulley 45 which is in contact with
      the shell 134 of either one of the flywheels wheels 35 supported in the
      through hole 37 transmits its rotative force, while the other pulley is
      away from the shell 134. Also, since the pulley 45 which has proceeded to
      come into contact with the shell 134 is also in contact with the
      corresponding drive rotor 40, either one of the drive rotors 40 (one
      corresponding to the proceeded pulley 45 as mentioned) transmits the
      rotative force through the fly-wheel 35 and other drive rotor assumes the
      idling state, so that the drive rotor 40 receiving the rotative force will
      perform tape winding, i.e., tape running. And under such condition, if the
      electromagnetic plunger 110 is actuated, the engaging relation will be
      established in the opposite set, i.e., among pulley 45, drive rotor 40,
      and the fly-wheel shell 134, resulting in the reversed tape running
      direction.
PAR  When feeding the tape in the reverse direction, the tilted edge 62 of the
      tape-feed changing plate 6 is caused to protrude greatly from the cut 140
      of the slide piece 106 via the opening 138 formed on one side of the deck
      100 and the opening 139 of the support plate 105. Said slide piece 106 has
      a rotor 124 by means of a vertical shaft 123 at the side of the cut 140 as
      shown in FIG. 9. Hence by the changing operation of said tape-feed
      changing plate 6, when the tape is running in the reverse direction, the
      tilted edge 62 will protrude to the moving area of the rotor 124 due to
      the slide piece 106 which has forwarded being interlocked with the eject
      piece 107 which will be mentioned later, and said rotor 124 pushes back
      the tapefeed changing plate 6 to restore the forward tape feeding
      direction. The restoration into forward tape feeding direction by the
      operation of the eject piece 107 also secures that when the cassette P is
      withdrawn by eject piece 107 and another cassette is inserted for
      reproduction, the tape will start its running necessarily in the forward
      running direction; no attention to make sure the tape running direction
      just prior to starting the operation is needed. The aslant guide 63 on the
      other side of the tape-feed changing plate 6 is always protruding through
      another opening 141 provided opposite to said opening 138 of the deck 100,
      but its protruding degree will be changed depending on the rightward or
      leftward operation of the tape-feed changing plate 6. Provided through
      such an opening 141 is a recording lever 7 shown in FIG. 11. Said
      recording lever 7 is bent for its push button attaching part 70 as shown
      and is positioned inside the side wall 147 of the deck and is protruded
      outward through the cut 142 of said side wall 147. At the outer portion
      which slides on the side wall 147 are provided two long guide holes 71, 71
      through which are penetrating the stop pins 72, 73 attached to the two
      side walls 147. The stop pin 72 is screwed into the shaft hole 66 of the
      rotary piece 67 energized, in FIGS. 5 and 6, to rotate clockwise being
      loaded with a spring 68 at the shaft 170. The stop pin 72 is inserted in
      the long guide hole 71 through fitting 74. The above-mentioned rotary
      piece 67 is provided with the first engaging part 27 and the second and
      the third engaging parts 28, 29 as shown in FIG. 11. The first engaging
      part 27 is detachably positioned to the locking part 75 of the recording
      lever 7, the second engaging part 28 is faced to the aslant guide 53 at
      the other side of the head mounting plate 5 shown in FIG. 9 on the deck
      100, and the third engaging part 29 is releasably engaged with said aslant
      guide 63 of the tape-feed changing plate 6. The recording lever 7 has a
      mounting place 76 at its middle part. To the mounting place 76 is fastened
      a recording switch control piece 77 having a suitable resiliency by means
      of stop pin 78 and engaging part 79. And across the tip of the recording
      lever 7 and the spring hook 148 near the cut 142 of the deck side wall 147
      is expanded a pulling spring 69. Although not shown, a recording switch is
      attached to the front side of said recording switch control piece 77. And
      with the recording switch being held at the forward position, the
      recording switch will be turned ON as shown by imaginary lines in FIG. 5
      to effect recording.
PAR  Operation concerning the above-mentioned recording lever 7 is illustrated
      below. With the cassette P being removable shown in FIG. 5, the head
      mounting plate 5 proceeds so that the aslant guide 54 pushes down the
      engaging part 28. The rotary piece 67 will then be rotated
      counterclockwise against the resiliency of the spring 68, and under a
      condition, even if the recording lever 7 is pushed forward, the locking
      part 75 of the rotary piece 67 at the time of returning will not engage
      with the engaging part 27 and release the pushing force. The recording
      lever 7 will return immediately without establishing a recording
      condition. This means that with the cassette being inserted and with the
      reproducing condition not being established, the recording condition is
      then not established. Also under the condition of FIG. 6 in which the
      cassette P is inserted and is assuming a reproducing condition, the
      locking part 75 will be in engagement with the engaging part 27 of the
      rotary piece 67. Hence it is not allowed to push the recroding lever 7
      itself; under such a condition, even if a pushing force is erroneously
      applied to the recording lever 7, the recording condition will not be
      established. In order to make recording under such reproducing condition,
      the change control member 9 have to be rotated toward right or left to
      form a changed state prior to pushing the recording lever 7. In such a
      case when the tape feeding is in the reverse direction, i.e., the
      tape-feed changing plate 6 is being moved leftward and the aslant guide 63
      is pushing down the engaging part 29, the rotary piece 67 will assume the
      state of being rotated counterclockwise, and will not establish an engaged
      relation between the locking part 75 of the recording lever 7 and the
      engaging part 27, like the above-mentioned instance where the reproducing
      condition has not been assumed. Whereas, when the tape is running in the
      forward direction, the engaging part 27 of the rotary piece 67 will have
      been provided with a rotative force in the clockwise direction, and under
      such a condition if the change control member 9 is rotated, the guide
      plate 51 will be forwarded against the resilient force of the spring 99,
      so that the engaging protrusion 51a pushes forward the head mounting plate
      5 against the resilient force of the springs 55, 55. The aslant guide 54
      will then pushes down the engaging part 28 a little, thereby raising a
      little the engaging part 27 of the rotary piece 67 from the engaging
      condition with respect to the locking part 75 and forming a condition in
      which the recording lever 7 can be pushed in. Under such a condition, if
      the recording lever 7 is pushed and the pushing force to the change
      control member 9 is released, the guide plate 51 will return due to the
      resiliency of the spring 99, and the rotary piece 67 rotates
      counterclockwise so that the engaging part 27 is fallen down in front of
      the locking part 27 to be engaged, thereby interrupting the recording
      lever 7 from being returned and forming locked condition to establish
      recording condition. That is, since the recording switch can hold the
      state of being pushed due to the control piece 77, it is possible to
      effect the aimed recording. After the recording has finished, said change
      control member 9 may be operated to cause the interlocking plate 51 to
      proceed forward again, so that the head mounting plate proceeded pushes
      down the engaging part 28; the rotary piece 67 will then rotate
      counterclockwise to release the locked state of the engaging part 27 and
      the locking part 75, permitting the recording condition to return to the
      reproducing condition.
PAR  The resilient piece 108 has been secured by stop pins 159, 159 to the
      mounting plate 154 formed by bending horizontally the upper part of the
      rising part 130 of the eject piece 107, and the tip of the resilient piece
      108 is bent in L-shape and has been extended toward the upper part of the
      moving frame 1, especially toward the push-up step 15 and the suspending
      piece 17 under the conditions in which the cassette can be inserted or
      removed as shown in FIG. 2. The resilient piece 108 has an opening 178 at
      its extended part as well as the two guides 179 and 189 aslant forward,
      and another guide 188 aslant and protruded backward via the horizontal
      projection 193. That is, the guides 179, 189 and opening 178 are
      positioned on the moving area of the engaging rod 177 of the suspening
      piece 17, and the guide 188 is positioned on the push-up step 15 which is
      formed to protrude upward on the moving frame 1. Also, to the lower
      surface of said mounting plate 154 has been attached a projection 190 to
      be in contact with the upper surface of the cassette guide member 12
      connected via the above-mentioned resilient plates 11, 11 to the moving
      frame 1, for the purpose that when inserting or removing the cassette, the
      guide member 12 will guide the cassette P to the proper inserting and
      removing position.
PAR  Said resilient piece 108 creates sophisticated functions mainly with regard
      to the suspending piece 17 when removing the cassette. Under the condition
      of FIG. 2 where the cassette is inserted or removed, the horizontally
      protruding part 193 which is a base for the guide 189 is on the push-up
      step 15. Accordingly, at least the opening 178 and guides 179 and 189 of
      the resilient piece 108 are being pushed up above the surface of the
      suspending piece 17 and maintaining some clearance therebetween. Hence as
      far as such a clearance is maintained, no function will be created between
      the resilient piece 108 and the suspending piece 17. If now the cassette P
      is inserted under such condition and the moving frame 1 is fallen from the
      state shown in FIG. 5 to the state shown in FIG. 6, the contacting
      relation between said resilient piece 108 and the horizontal projection
      193 is released. The suspending piece 17 is then rotated by the cassette P
      until stop projection 201 of the suspening piece 17 hits the back of the
      cut 13. If the push button 200 of eject piece 107 is pushed to restore the
      cassette P from the so established reproducing condition to the inserting
      or removing condition, the resilient piece 108 is forwarded together. On
      the other hand, the rising part 130 comes into contact with the engaging
      protrusion 207 of the slide piece 106 and causes said slide piece 106 to
      proceed together. Due to the slide piece 106 which has proceeded or
      forwarded, the rotor 202 which engages with the aslant guide hole 126 is
      pushed upward. The moving frame 1 is then rotated with the shaft 210 as a
      center thereby pulling up the rotor shaft 211 in the through hole 209 by
      virtue of the action of the spring 212 expanded across the rotor shaft 211
      and the guide pin 115a. The suspending piece 17 is then caused to rise so
      that the engaging rod 177 provided thereon is positioned in the opening
      178 of the resilient piece 108 which is in the advanced position. If the
      pushing force of the eject piece 107 is released under such condition, the
      eject piece 107 only is restored due to the resilience of the spring 136,
      and the back edge of the opening 178 being engaged with the engaging rod
      177 is pulled forward. Accordingly, the suspending piece 17 is pulled back
      and rotated until the stop projection 201 hits the stop portion 103
      protruding at the front of the cut 13. At the time when the pulling motion
      of the suspending piece 17 has finished, the guide 174 being guided by the
      aslant push-up portion 213 formed on the inlet side of the cut 13 of the
      moving frame 1 pushes up the engaging piece 172 of the suspending piece
      17, causing said engaging piece 172 to engage with the step P' of the
      cassette P to be released, and at the same time, the resilient piece 108
      rises with its guide 188 over the push-up step 15, and floats over the
      suspending piece 17, and causes the engagement between opening 178 and
      engaging rod 177 to be released. Also in the drawings, 204 is a resilient
      piece being secured firmly by a stop pin 205 at both forward sides of the
      deck 100 and serves to hold in place the front edge of the cassette P
      being inserted and lowered down on the moving frame 1. On the back of the
      support plate 105 is mounted a mounting member 195 by means of a stop pin
      194, and on the mounting plate 198 of the mounting member 195 is mounted a
      power switch 197. Also the springs 132 and 136 are covered by a protection
      tube 199 made of a synthetic resin pipe. In FIG. 7, what is shown on the
      side of the reel-shaft plate 4 is a terminal plate 214 which is fastened
      onto the reel-shaft 4 by means of stop pin 215. A U-shaped contact piece
      216 is equipped on the terminal plate 214 to hold and come into contact
      with the rotary portion having alternately the non-conductive portion and
      the conductive portion, and to detect the rotating state of said drive
      rotor as well as to obtain the desired signals.
PAR  At the front frame 301 of the recorder housing 300 of this invention has
      been attached a dust-tight door 280 as mentioned earlier. The dust-tight
      door 280 is held inside the upper edge of the loading port 281 by means of
      pivot shaft 282 as shown in FIG. 12, and to the pivot shaft 282 has been
      attached a spring 183 to keep the loading port 281 always closed. If the
      reproduce side of the cassette P is inserted, the dust-tight door 280 is
      opened inward against the force of said spring 283, and the cassette is
      inserted freely. According to this invention, between the back and middle
      part of such a dust tight door 280 and the stop pin 190 attached to the
      mounting place 154 at the rising part 130 of said eject piece 107, is
      attached a spring 284, with a loose slide part 285 formed by bending the
      spring into U-shape on the stop pin 190 side and a bending part 286 being
      provided therebetween. When said dust-tight door 280 is being opened
      toward inside of the loading port 281, the spring 284 advances along the
      lower surface of the mounting plate 154 within the limit of the loose
      slide part 285, and then the bending part 286 is bent to allow the
      dust-tight door 280 to be opened almost without any resistance. On the
      contrary, when being closed, as the restoration force of said spring 283
      closes the dust-tight door 280, the bending part 286 is extended straight,
      and the loose slide part 285 slides to restore the position shown.
      Further, when an ejecting force is being applied to the control part 297,
      the mounting place 154 of the rising part 130 is caused to move forward,
      so that the dust-tight door 280 is opened appropriately via said spring
      284. By allowing the cassette P to rise up from the reproducing position
      with the dust-tight door 280 being opened a little, said dust-tight door
      280 can be opened up to the position shown by imaginary lines or better as
      shown, thus smoothly establishing the condition in which cassette P can be
      removed.
PAR  FIG. 13 shows an electric circuit according to this invention for
      preventing the duplicate recording. According to this invention, as
      mentioned already a recording switch member 220 has been attached at the
      front of the recording lever 7, and a changing switch member 230 has been
      attached to the lower surface of the printed board 103. It will be clear
      that the recording switch member 220 receives the changing operation due
      to the recording lever 7 which has advanced, and the changing switch
      member 230 receives its changing operation being interlocked to the
      above-mentioned changing operation of said tape-feed changing plate 6 that
      is caused to move by the engagement of the vertical piece 145 fastened by
      a screw 144 to the change control piece 143 with the engaging hole 65 of
      the tape-feed changing plate 6. An electric circuit setup concerning these
      switch members 220, 230 is shown in FIG. 13. On the circuit from the
      terminal 221 for connecting the recording microphone to the low-frequency
      amplifier 222 is provided a first changing switch S.sub.1 for changing the
      recording operation and reproducing operation, and on the circuit from the
      low-frequency amplifier 222 via power amplifier 225 to the speaker 226 is
      provided a third changing switch S.sub.3. On the head elements H.sub.1,
      H.sub.2  governing the first and the second channels is provided a fifth
      changing switch S.sub.5. The fifth changing switch S.sub.5 and said first
      switch S.sub.1 are connected to a branch circuit having resistance R and
      are linked to the second changing switch S.sub.2. The second changing
      switch S.sub.2 is connected to the recording amplifier 223 and the
      recording bias oscillator 224 provided in parallel with the power circuit
      with respect to said head elements H.sub.1, H.sub.2. On the power circuit
      231 connected to the amplifier 223 and the oscillator 224 are provided the
      fourth and sixth changing switches S.sub.4 and S.sub.6. The abovementioned
      first to sixth changing switches S.sub.2 -S.sub.6 have b contact on one
      side and c contact on the other side with a contact at the center.
      Changing operation of contact pieces is effected among these contacts a-c,
      and the first to ourth changing switches S.sub.1 -S.sub.4 are incorporated
      in said recording switch system 220, and the fifth and the sixth changing
      switches S.sub.5 and S.sub.6 are incorporated in the changing switch
      system 230, and receives the changing operation from said recording lever
      7 or tape-feed changing plate 6.
PAR  According to the above-mentioned setup shown in FIG. 13, if the recording
      switch system 220 is operated to close the contacts a and b of the
      switches S.sub.1 -S.sub.4, the signals from the microphone connected to
      the connection terminal 221 are fed to the recording amplifier 223 through
      the low-frequency amplifier 222 and the switch S.sub.3, On the other hand,
      since the power supply is connected to the recording bias oscillator 224
      via the switch S.sub.4, a bias signal is produced. And with the contacts
      of the switches S.sub.5 and S.sub.6 being closed across a and c due to the
      tape-feed changing plate 6 in such a manner that the magnetic tape of the
      cassette runs in the forward direction under the above-mentioned
      conditions, the output signals of the amplifiers 223 and 224 are fed to
      the head element H.sub.1 of the first channel side, and the signals
      recovered from the amplifier 223 are recorded on the corresponding track
      of the magnetic tape.
PAR  If the magnetic tape is fed to its end, the tape-feed changing plate 6 is
      operated, causing the switches S.sub.5 and S.sub.6 to close their a and b
      contacts. By such a contact change, the head element H.sub.1 is separated
      from the amplifier 223 and the oscillator 224, and the head element
      H.sub.2 is connected, and at the same time, the running direction of the
      magnetic tape is reversed thereby continuing the running. But since the
      switch S.sub.6 has contacts a and c which are open, the power supply to
      the amplifier 223 and to the oscillator 224 is opened. Accordingly, the
      signals introduced from the terminal 221 are not recorded on the magnetic
      tape, thus preventing duplicate recording. When the recorded signals are
      to be reproduced, the switches S.sub.1 -S.sub.4 are changed to close
      contacts a and c; the signals detected by the head elements H.sub.1,
      H.sub.2 are fed to the amplifier 222 through switches S.sub.5 and S.sub.1,
      and the signals amplified are fed to the power amplifier 225 through
      switch S.sub.3 and converted into sound from the speaker 226. In short,
      according to the above-mentioned setup, the switches S.sub.4 and S.sub.6
      which turn on or off the power circuit that energizes the recording bias
      oscillator 224 and the recording amplifier 223, are incorporated in the
      switch system 230 and the recording switch system 220 interlocked to the
      tape-feed direction reversing mechanism. And if the tape-feed direction is
      reversed under the condition where the recording switch system 220 is
      changed into the recording condition due to the recording lever 7, the
      switch S.sub.6 is changed to automatically stop the recording, in order to
      avoid duplicate recording.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tape recorder comprising a frame, a deck provided with a pair of reel
      drive shafts, a motor, means connecting said motor to selectively drive
      either one of said reel drive shafts, a cassette guide member having an
      opening for receiving the reproduce side of a cassette, a pivotally
      movable frame means including a pivot shaft and resilient plates pivotally
      attaching said cassette guide means to said deck for lowering the cassette
      guide member to a predetermined lower operative position and to raise it
      to an inoperative position, said pivotally movable frame having a
      protrusion, a head mounting plate provided with a recording and
      reproducing head and at least one pinch roller, a slide piece having a
      pin, means slidably mounting said slide piece on said deck; a suspending
      piece having a tip, means loosely pivoting said suspending piece at one
      end to said pivotally movable frame, a toggle spring hooked across the tip
      of said suspending piece and the pivot shaft of said pivotally movable
      frame, a locking lever, means pivotally attaching said locking lever to
      said frame, said slide piece having a guide hole that engages with the
      protrusion provided on said pivotally movable frame, a spring expanded
      between said locking lever and said pivotally movable frame and forming a
      locking part releasably engaging the pin of said slide piece and further
      having an engaging part that engages with said suspending piece, said
      suspending piece having a pair of downwardly extending protrusions
      engaging with the reproduce side and the step formed on said reproduce
      side of a cassette, said pivotally movable frame formed with a cut-out for
      receiving said downwardly extending protrusions, and further having a
      guide member engaging the tip of said suspending piece in said cut-out for
      guiding the motion of said suspending piece, and further having an
      upwardly tilted part in said cut-out for pushing-up said suspending piece
      when moved, said suspending piece further having a contact part which
      releasably engages with said tilted push-up part whereby when the cassette
      is being inserted, the reproduce side pushes the protrusion on one side of
      the suspending piece and then the contact part is released from the tilted
      push-up part, so that other protrusion of the suspending piece comes into
      contact with the step of the cassette, and under this condition the
      restoring action of the toggle spring in passing its dead point
      automatically pulls the cassette into the front opening.
NUM  2.
PAR  2. A tape recorder according to claim 1 including an eject piece, springs
      expanded between said deck and the slide piece, means slidably attaching
      said eject piece to said slide piece , an engaging resilient piece being
      provided on said eject piece, said engaging resilient piece having a
      free-end positioned over said suspending piece and said free-end forming
      an opening, the wall of which forms front and back guides, another guide
      formed on the free end of said engaging resilient piece, said suspending
      piece having an engaging rod at the positions corresponding to said
      opening and guides, said pivotally movable frame having a push-up step
      which engages with said another guide, whereby when the eject operation is
      effected by pushing the eject piece, the wall of the opening in said
      engaging resilient piece proceeds and engages with the engaging rod of the
      suspending piece which has ascended to pull back said suspending piece by
      overcoming the resilient force of the toggle spring, and in the final step
      the push-up part of the moving frame acts to guide the horizontal
      protrusion of the engaging resilient pieces thereby causing said opening
      to be released from the engaging rod.
NUM  3.
PAR  3. A tape recorder according to claim 2 including a slide plate on the
      deck, a hitting part provided at the tip of the eject piece to hit the
      slide plate mounted on the deck, a changing plate means for moving the
      head mounting plate having an engaging part which is a tip of the changing
      plate, and means pivotally attaching said changing plate with its end to
      the deck facing said hitting part, the center of the head mounting plate
      provided with said head, and means pivotally supporting said head
      including an engaging rod provided at the center of said changing plate,
      whereby when an eject operation is effected by means of the eject piece,
      the changing plate is operated by said hitting part to pull back said head
      and said at least one pinch roller on the head mounting plate.
NUM  4.
PAR  4. A tape recorder according to claim 1 including a movable mounting plate
      means mounting a head, a spring expanded between the head mounting plate
      and the deck, spaced mounting shafts on the mounting plate, a support
      frame means mounting said pinch roller rotatably on each of said mounting
      shafts, spring means for moving the support frames so that the pinch
      rollers will be pushed out, a resilient plate having means fastening its
      end to the lower surface of the deck, a protrusion in the center of the
      resilient plate, a hole punched at the tip of said resilient plate, an
      engaging part formed on and bent downward at the tip of said hole, an
      engaging rod which releasably engages with said engaging part being
      provided at the lower surface and center of the head mounting plate, an
      engaging face being formed on said engaging rod, whereby under the
      condition in which the cassette is not positioned in the reproducing
      position, said engaging rod protrudes beyond the head mounting plate due
      to the resilient force of the resilient plate, the engaging face of the
      engaging rod thereby engaging with the engaging part of said resilient
      plate to maintain said head mounting plate, head and pinch rollers in
      retracted position, said protrusion being pushed down by a cassette loaded
      on said pivotally movable frame due to the lower side of the cassette
      which has lowered down causing the engaging part of said resilient plate
      to be released from the engaging face of the engaging rod, the head
      mounting place being thus pulled forward, said engaging rod thereby riding
      on the upper surface of said resilient plate, and the head and the pinch
      roller on the head mounting plate being moved to press against the tape of
      the cassette.
NUM  5.
PAR  5. A tape recorder according to claim 4 wherein a guide is formed on the
      head mounting plate, a spring expanded across said guide and the deck, a
      control projection provided on each side of said deck, a pair of capstan
      shafts each having a flywheel, a change control member have engaging
      projections on opposite sides thereof and means pivotally attaching said
      change control member to said deck, a brake control piece having a control
      protrusion, said control projections being engageable with the protrusion
      on the brake control piece for braking each of the two drive rotors of the
      reel shafts and one of the two flywheels on the capstan shafts, a U-shaped
      resilient member cooperating with the change control piece to retain it in
      neutral position, said change control piece having first and second rotors
      that releasably engage with said drive rotors and flywheels, a guide plate
      slidably mounted on the deck, rods provided on both sides and lower
      surface of said guide plate, one of said engaging projections being
      engageable with said rods and having a spring which operates to pull the
      guide forward, engaging projections provided at the tip of said guide
      plate being engageable with said head mounting plate, whereby the fast
      feeding and winding back of the tape in the cassette is effected by
      converting the engagement of said first and second rotors with the
      flywheels and the rotors by operation of said change control member, the
      head mounting plate being moved rearwardly via the guide plate by the
      engaging projections on both sides of the change control member, the head
      and pinch roller mounted on said head mounting plate being released from
      the pressing condition against the tape of the cassette.
NUM  6.
PAR  6. A tape recorder according to claim 4, wherein said deck is provided with
      a recording lever and a tape-feed changing member, a locking member
      provided between said recording lever and said tape-feed changing member,
      a cam engageable with said pinch roller, a tilted guide that releasably
      engages with said lock member being formed on said tape-feed changing
      member, a locking part that releasably engages with the locking member
      being formed on said recording lever, an engaging part that engages with
      the head mounting plate together with said tilted guide being formed on
      one side of said locking member, and another engaging part that engages
      with said locking part being formed on the other side of said locking
      member, whereby the recording lever is locked when the tape is being
      reproduced or wound back.
NUM  7.
PAR  7. A tape recorder according to claim 6 including an interlocked switch, a
      recording switch, selection switches, a power supply, bias oscillator and
      recording amplifier, said tape-feed changing member being engageable with
      said interlocked switch, circuit means linking said interlocked switch,
      recording switch power supply, bias oscillator and recording amplifier
      whereby the power supply is fed to said bias oscillator and to the
      recording amplifier only when the tape is running in the forward direction
      and only during the recording condition.
NUM  8.
PAR  8. A tape recorder according to claim 1 wherein said deck has a tape-feed
      changing means slidably mounted thereon, said slide piece provided with a
      change control member, said tape-feed changing means being formed with a
      tilted end engageable with each change control member, whereby operation
      of said slide piece to effect eject under the condition in which the
      tape-feed changing means is moved in one direction and said tilted end
      protrudes onto the change controlling member, said tape-feed changing
      means is pushed back toward the opposite direction, so that the tape can
      start running invariably in the desired direction.
NUM  9.
PAR  9. A tape recorder according to claim 1 including a cassette loading port
      formed in the frame, a dust-tight door and means mounting said door on the
      frame normally biased to close the loading port, a pulling member provided
      between the eject piece attached to said slide piece and the dust-tight
      door whereby when an eject operation is being effected, said dust-tight
      door is opened and then the cassette which has been in the reproducing
      position is pulled up.
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ABST
PAL  A flexible disk magnetic recording device wherein a large number of disks
      are separated by mechanical splitting means to form a space between any
      two selected disks for the insertion of a read/write transducing head. A
      restraint device is placed in bearing contact with the outer surface of
      the deflected portion of the disk stack at the periphery to create a
      bending moment in the deflected disks to buckle the disks. The restraint
      is placed at approximately 90 degrees subsequent to the splitting means in
      the direction of disk rotation, subtends an arc at the disk periphery of
      approximately 10.degree.-40.degree. and extends inwardly from the
      periphery one-half to two-thirds the radius.
BSUM
PAR  This invention relates to data storage devices typically for use in data
      processing systems and more particularly to improvements in flexible
      magnetic disk storage devices.
PAC  CROSS REFERENCE TO RELATED PATENT APPLICATIONS
PAR  U.S. patent applications Ser. Nos. 375,985; 375,986; 375,987;375,988;
      375,989; and 414,614 all disclose the basic device of this invention and
      all have been indicated allowable except for Ser. No. 414,614, recently
      filed. Specifically the disclosure of Ser. No. 375,987 is incorporated
      herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  Flexible disk magnetic storage devices provide large easily accessible,
      randomly accessible storage at low cost. One such device, for example,
      might contain as many as 300 flexible disks or more on one rotating shaft.
      When a particular disk is selected for reading or writing data and a
      flexible disk stack is opened by a splitter for insertion of a read/write
      transducing head, it has been found that the forces generated from the
      weight of the deflected part of a large stack moved by the splitter tends
      to overcome the air bearing between the splitter and the directly adjacent
      rotating disk, creating a crinkling effect in the directly adjacent disk
      leading to seizure. To avoid seizure, it has been necessary to limit the
      number of disks which are mounted on one rotating shaft in order to limit
      the weight of the deflected stack. Thus, it is the general object of this
      invention to facilitate the partitioning of a flexible disk stack to
      enable the use of large numbers of disks in the flexible disk storage
      device without creation of seizure conditions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein provides for a bending moment to be induced in the
      deflected portion of a disk stack by providing a restraint on the outer
      surface of the outer disk of the deflected portion. The restraint is
      positioned in non-contacting close juxtaposition to the outer surface
      prior to insertion of the stack splitter and is positioned approximately
      80.degree. to 100.degree. subsequent to the position of the splitter in
      the direction of disk rotation. The restraint, in a particular embodiment,
      extends from the outer periphery of the disk inwardly to approximately
      one-half to two-thirds the radius of the disk and covers an arcuate
      portion of the disk of approximately 20.degree.. The restraint is most
      effective when the disk contacting surface is provided with an airfoil
      shape to facilitate the formation of an air bearing when the outer disk is
      moved against the restraint. During the separation operation the outer
      disk is moved into bearing contact with the restraint and since the
      restraint is positioned only along the perimeter of the disk a bending
      moment condition is established which causes the outer disk (and the other
      deflected disks) to buckle between the axial direction of the splitter
      induced force on the disks and the forces imposed on the disks by the
      restraint. Typically the outer disk in the device is thicker than the
      other disks in order to provide a more suitable bearing surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following detailed description of a preferred
      embodiment of the invention as illustrated in the accompanying drawings
      wherein:
PAR  FIG. 1 is a front view of the disk rotating device showing the restraint in
      position.
PAR  FIG. 2 is an end view of the rotating device showing the relationship of
      splitter blade to the restraint.
PAR  FIG. 3 is a view of the restraint in cross section.
PAR  FIG. 4 is an end view of the device with the splitter blade moved into
      separating position.
PAR  FIG. 5 is a front view of the device showing the forces which buckle the
      deflected portion of the flexible disks.
PAR  FIGS. 6-8 show the disk device when a restraint is not used.
PAR  FIG. 9 shows the desired opening condition in the disks, which condition is
      facilitated by use of the restraint.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT
PAR  The magnetic disk device into which the present restraint is incorporated
      is basically shown and described in the aforenamed incorporated reference.
      However, certain modifications to the device disclosed therein are
      necessary. FIGS. 4 and 5 thereof show a partial shroud 4b and a series of
      flexible "washer disks" 4c which are not included in the device when the
      instant invention is utilized. Instead, referring to FIGS. 1 and 2 herein,
      a restraint device 200 is positioned in close juxtaposition (approximately
      1/32 inch) from the outer surface 210 of outer disk 220. Restraint device
      200 is removably adjustably attached in position to the frame of the disk
      device by any suitable clamping mechanism.
PAR  FIG. 1 shows a flexible disk stack 230 mounted on a horizontal spindle 11
      driven by motor 12. The disk stack is held in place between an outer clamp
      10a and an inner or motor end clamp 10b. A stationary metal disk backing
      plate 4a is shown in position and provides a stabilizing surface at one
      end of the disk stack. It should be noted that rotating backing plates may
      also be used. Porous spacing washers 320 are shown between each disk in
      the disk pack 230 to provide for the creation of a fluid environment
      between each disk. Such an environment may occur from the blowing of air
      out of slots in hollow spindle 11 as disclosed in above-named patent
      application Ser. No. 414,614.
PAR  FIG. 2 shows an end view of the device in FIG. 1 and includes a splitter
      blade 28 shown in a non-insertion position.
PAR  FIG. 3 shows a cross section of the restraint device 200 taken along line
      3--3 in FIG. 2 illustrating the airfoil shape of the inner surface 240 of
      the restraint device. By providing such a shape to the surface 240 the
      formation of an air bearing between the rotating disk surface 210 and the
      surface 240 is facilitated.
PAR  FIG. 4 shows the position of the splitter blade 28 when it has been
      inserted into the disk stack between any two selected recording disks. The
      break line 250 discloses generally the outline of the area of disk
      separation 260 into which the transducing head is inserted for reading and
      writing data.
PAR  FIG. 5 shows the device from the same perspective as FIG. 1 illustrating
      the deflected portion 270 of the disk stack and the buckle therein when
      the splitter 28 is inserted. Note that a pressure area on the deflected
      portion 270 is set up by the splitter 28 and is illustrated by force
      indicator 280 to be in the axial direction outwardly. Restraint 200 sets
      up a pressure area on the deflected portion 270 and is illustrated by the
      force indicator 290 to be in the axial direction inwardly. The presence of
      these two oppositely directed axial forces, one positioned near the center
      line of the disks while the other is positioned near the periphery of the
      disks, creates a bending moment in the disks, causing a buckle therein.
      Note also from FIG. 4 that the two oppositely directed axial forces are
      positioned approximately 90.degree. from one another in the direction of
      disk rotation 14 thus creating a separation area 260 in the quadrant shown
      by break line 250.
PAR  Experimentation has revealed that the placement of the splitter 28 and the
      restraint 200 need not be exactly 90.degree. from one another, but the
      device works best when these two force inducing mechanisms are positioned
      within a range of 80.degree. to 100.degree.. Also, it has been found that
      the device works best when the position of the restraint 200 follows the
      position of the splitter 28 in the direction of disk rotation 14.
PAR  FIG. 4 shows that the restraint 200 extends to a tip 300 which is
      positioned at approximately two-thirds the radius of the disk. This
      distance is not critical but the device works best when the restraint tip
      300 is positioned generally in the range of one-half to two-thirds the
      radius. Dimension 310 is indicative of the width of the restraint and is
      illustrated to cover approximately 20.degree. of the disk surface at the
      periphery. Again, this dimension is not critical but is given by way of
      example only. When using an airfoil design sufficient arc coverage must be
      provided to establish a smoothly flowing air bearing. Generally, arc
      coverage in a range of 10.degree.-40.degree. is sufficient and desirable
      when the splitter and the center line of the restraint are at 90.degree..
PAR  To illustrate the value of the invention, refer to FIGS. 6-8 which show a
      splitter 28 in separating position where the disk device does not
      incorporate the restraint. The result, especially for large numbers of
      deflected disks, is the condition shown in FIG. 8 where the deflected
      disks are shown as wrapping closely around the leading edge 28b of the
      splitter. Such a condition may cause seizure of the directly adjacent disk
      in the deflected portion 270. The desired opening condition is illustrated
      in FIG. 9 where the opening of the stack occurs well above the leading
      edge 28b of the splitter. The restraint disclosed herein, creating the
      buckle in the deflected disks as previously illustrated in FIG. 5,
      considerably reduces the stiffness and resistance to bending of the stack
      thus assisting the formation of the desired opening illustrated in FIG. 9.
      As a consequence of using the restraint, the insertion of the splitter is
      accomplished more easily, experimentation has shown that the forces needed
      to open the stack decrease by approximately two-thirds when the restraint
      is used; disks are not ruined by seizure; and the size of disk stacks may
      be large.
PAR  It has been found that the seizure problem occurs much more frequently in a
      spaced stack where a fluid environment is present between each of the
      disks. This is apparently due to the loss of the mutual support in a
      spaced stack which closely spaced or unspaced disks provide one another.
      Consequently, FIG. 1 is shown with porous spacing washers 320 between each
      disk in the disk stack facilitating the creation of a fluid filled space
      between each disk. The restraint, however, is also effective in the
      unspaced stack illustrated in the incorporated reference.
PAR  Various alternative restraint devices have been the subject of
      experimentation. Alternates include an airfoil device such as herein with
      pressurized air fed into the device with outlets placed along the airfoil
      surface. Another alternative is a roller restraint which is capable of
      attaining the speed of the rotating disks. However, the roller restraint
      produces considerable friction and concommitant wear on the outer disk
      surface in bringing the roller up to speed.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a flexible disk recording device wherein a stack of flexible disks
      are mounted for rotation on a spindle and a splitter means is provided for
      spreading apart any two directly adjacent disks by deflecting a portion of
      said stack toward one end of the spindle, the improvement comprising:
PA1  a restraint means for developing a restraining force to counter the forces
      of deflection, said restraint means situated in juxtaposition to a small
      arcuate portion of the outer surface of the end disk in said stack at the
      end toward which said portion is deflected, said restraint means angularly
      positioned subsequent to said splitter means in the direction of disk
      rotation.
NUM  2.
PAR  2. The device of claim 1 wherein said restraint means is angularly
      positioned within a range of 80.degree.-100.degree. subsequent to said
      splitter means in the direction of disk rotation.
NUM  3.
PAR  3. The device of claim 1 wherein said restraint means extends from the
      periphery of said disks inwardly to a tip located from said periphery in a
      range of approximately one-half to two-thirds the radius.
NUM  4.
PAR  4. The device of claim 1 wherein said small portion of said outer disk
      surface covered by said restraint means subtends an arc in the range of
      approximately 10.degree.-40.degree. at the periphery.
NUM  5.
PAR  5. The device of claim 1 wherein said restraint means is angularly
      positioned within a range of 80.degree.-100.degree. subsequent to said
      splitter means in the direction of disk rotation, and
PA1  wherein said restraint means extends from the periphery of said disks
      inwardly to a tip located in a range of approximately one-half to
      two-thirds the radius from said periphery.
NUM  6.
PAR  6. The device of claim 5 wherein said small portion of said outer disk
      surface covered by said restraint means subtends an arc in the range of
      approximately 10.degree.-40.degree. at the periphery.
NUM  7.
PAR  7. The device of claim 6 wherein said restraint means is of an airfoil
      shape on the surface facing said disks.
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ABST
PAL  In electromagnetically reading or writing information on a flexible
      recording medium, commonly referred to as a "floppy" disc, a read/write
      head is permanently secured for translational movement with respect to
      each of a succession of discs which are brought into position beneath the
      head, the disc being rotated until its recording surface is raised into
      close proximity to the head for reading and writing information thereon.
      An airflow pattern is established between the disc and a flat reference
      plate to form an air bearing interface therebetween which will maintain
      the disc in a flat plane of rotation directly beneath the head. A second
      air bearing is formed between the head and the disc to maintain a slight,
      precise separation therebetween so as to prevent direct contact in close
      proximity between the head and disc to facilitate electromagnetic
      recording.
BSUM
PAR  This invention relates to a disc storage unit, and more particularly
      relates to a novel and improved method and means for mounting a recording
      head with respect to a series of flexible recording discs which are
      successively brought into registration with the head.
PAR  Flexible or "floppy" discs are becoming increasingly popular as a storage
      medium in the data processing field. Typical applications are as
      data-entry buffers, program loaders and mini-computer mass memories.
      Generally, the flexible disc memories take the form of an extremely thin
      sheet of plastic, such as, Myler which is coated with a magnetic oxide and
      is provided with a centrol opening for mounting on a drive spindle. When
      not rotated the flexibility of the disc is such that it will tend to sag
      or fold downwardly from its center. However, under sufficiently high
      speeds of rotation, for example, in excess of 900 rpm, the centrifugal
      force will raise the disc into a flat plane of rotation. Usually the disc
      is mounted in a disc cartridge provided with an opening through which a
      head can be positioned in close proximity to the recording surface
      sufficient for reading or writing information from or onto the recording
      surface of the disc. In the past, however, difficulties have attended the
      use of floppy discs for data storage, particularly with respect to precise
      registration of the read/write head with respect to the disc, so as to
      precisely control disc medium to head spacing and/or wear or damage to the
      disc and the head due to contact between the disc and head during
      operation. Also, introduction of contaminants to the disc surface during
      the process of loading the disc into the disc drive due to the disc medium
      being exposed to ambient conditions, and damage to the disc itself during
      normal handling due to the disc cartridge not providing adequate
      protection from operator handling have been problems.
PAR  In addition, in the conventional moving head disc drives which offer high
      reliability of operation and long recording medium life, in particular
      those units using the "flying head" technology, it has been necessary to
      provide special mechanical and electronic interlock hardware to retract or
      unload the recording head from the disc before the rotational velocity of
      the disc was allowed to decrease or to reach zero, such as, when it is
      desired to insert another disc or in the event of a power outage.
PAR  It is therefore desirable to provide a disc drive for flexible disc
      recording mediums in which the recording head can be precisely positioned
      with respect to the disc such that the spacing between the recording head
      and the plane of rotation of the flexible disc is precisely controlled,
      and in such a way as to obviate movement of the head into and away from
      registration with each different disc as it is loaded and unloaded. At the
      same time, it is important that proper orientation be automatically
      established and maintained between the recording head and the spin axis of
      each different disc so that the magnetic recording gap of the head is
      precisely aligned on a radial line originating at the center of the drive
      axis of the disc. It is also desirable that the disc drive accommodate a
      disc cartridge that can be inserted into the disc drive and the disc
      medium loaded onto the drive spindle without exposing the disc medium to
      ambient conditions and that the disc medium, when spinning at high
      rotational velocity, not contact the recording head but be in close
      proximity to the recording head sufficient for electromagnetic recording.
PAR  It is therefore an object of the present invention to provide for a novel
      and improved recording apparatus for reading and writing information on a
      flexible disc recording medium in a positive and reliable manner.
PAR  It is a further object of the present invention to establish a unique form
      of air bearing interface between the read/write head and a disc brought
      into registration with the head for storage and retrieval of information
      thereon.
PAR  It is a still further object of the present invention to provide a
      simplified, low cost flexible disc storage unit in which an airflow
      pattern is formed between the disc and head for most efficient high speed
      storage and retrieval of information.
PAR  It is an additional object of the present invention to provide for a novel
      and improved guide mechanism for orientation and translational movement of
      a read/write head with respect to a flexible disc recording medium which
      will permit ready interchangeability of the disc and further permit close
      adjustment and orientation of the head with respect to the disc in
      operation.
PAR  It is a further object of the present invention to present a unique and
      improved means for establishing a precisely controlled air bearing
      interface between a read/write head and a spinning flexible disc brought
      into registration with the head so as to maintain a very small and precise
      separation between the head and disc, preventing relative contact between
      the head and disc and providing for the storage and retrieval of
      information.
PAR  It is a still further object of the present invention to provide for a disc
      recording apparatus which eliminates the necessity of head loading and
      unloading mechanisms and permits the recording head to be isolated from
      the entry of foreign particles while being capable of movement with
      respect to a flexible disc recording medium in the storage and retrieval
      of information on the disc.
PAR  In accordance with the present invention, a read/write head is suspended
      from a movable head carrier for extension through a recording slot which
      extends radially of a drive spindle for a flexible recording disc. As each
      flexible disc is mounted on the drive spindle and driven at high speeds of
      rotation, it is raised into a flat plane of rotation in sufficiently close
      proximity to the recording head to permit electromagnetic reading and
      writing of information on the disc. In this way, it is necessary only for
      the head to be movable in a direction radially of the center axis of the
      disc recording medium as it traverses the recording surface on the
      recording medium. A novel form of bearing or suspension arrangement is
      provided between the head carrier and base plate for the head carrier
      which enables the head to become self orienting with respect to the disc
      recording surface so as to precisely adjust the azimuth of the recording
      head relative to the recording surface.
PAR  More specifically, the head carrier is constrained to allow movement of the
      head only in a direction radially of the center axis of the disc recording
      medium. A novel form of bearing or suspension arrangement is provided
      between the head carrier and the base plate for the carrier which
      precisely registers and orients the head with respect to the disc drive
      spindle, to which each different disc automatically registers as it is
      loaded, such that the desired, precise head to disc spacing is achieved
      and maintained and the magnetic recording gap of the head is aligned with
      a radial line originating at the center of the disc spindle. The head is
      permanently in registration with respect to the reference plate and
      aligned with respect to the spindle. Each different disc, when loaded into
      the disc drive, is brought into registration with the spindle and mounted
      on the spindle from beneath the base or reference plate and when spinning
      at high rotational speeds, the disc stabilizes in a rotational plane just
      beneath the base plate, obviating the traditional requirement of loading
      and unloading the head.
PAR  The read/write head can therefore be effectively isolated from entry of
      foreign particles since it obviates removal or exposure of the head each
      time that a disc is to be replaced. In addition, an important feature of
      the present invention resides in the manner in which an airflow pattern is
      created across the upper recording surface of the disc and specifically
      between the disc, base plate and recording head so as to form an air
      interface between the disc and undersurface of the base plate as well as
      between the disc and head itself.
PAR  The above and other objects, advantages and features of the present
      invention will become more readily appreciated and understood from the
      following detailed description of a preferred embodiment of the invention
      when taken together with the accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a side elevational view of a preferred form of magnetic head
      registration unit in accordance with the present invention.
PAR  FIG. 2 is a top plan view of the unit shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken about lines 3--3 of FIG. 2.
PAR  FIG. 4 is another cross-sectional view taken about lines 4--4 of FIG. 2.
PAR  FIG. 5 is a top plan view of the head carrier portion of the magnetic head
      registration unit.
PAR  FIG. 6 is a somewhat schematic view illustrating the airflow pattern formed
      between the magnetic head registration unit and the disc; and
PAR  FIG. 7 is another schematic view illustrating disc cartridge receiver
      mounted beneath the head registration unit and the airflow pattern
      established therethrough.
DETD
PAR  Referring in detail to the drawings, there is illustrated in FIGS. 1 and 2
      a preferred form of magnetic head registration unit 10 wherein broadly a
      read/write head 12 is suspended from a head carrier 13, the latter being
      disposed for advancement along a base or reference plate 14 under the
      control of a drive mechanism generally designated 15. A flexible disc, as
      represented at D is mounted on a drive spindle 18 projecting downwardly
      from a spin motor 20 through the base plate 14 by means of a conventional
      hub assembly 22. In the relationship established, the flexible disc D may
      be an extremely thin sheet of plastic which in its normal disposition on
      the drive spindle 18 would tend to flop or fold downwardly as represented
      in dotted lines at D'; however, when under high speed rotation by the spin
      motor 20 the disc will be raised into a flat plane of rotation directly
      beneath the recording head 12. In turn, the recording head 12 is driven by
      the carrier through a recording slot 24 in the base plate 14 in a
      direction radially of the center drive axis of the disc D. The head is
      guided in its translational movement radially of the drive axis by bearing
      means between the head carrier 13 and base plate 14, the bearing means
      including the spaced bearing surface portions 26 and 27 located on
      opposite sides of and parallel to the recording slot 24 to receive bearing
      pads, to be hereinafter described, on the head carrier.
PAR  The head carrier assembly 13 is seen in more detail in FIGS. 3 to 5 to
      consist of an upper horizontal plate 30 which is spring-loaded downwardly
      toward the base plate 14 by leaf spring 31. The spring 31 has an upper
      convex central portion 31' bearing against a stationary load bar 32.
      Opposite ends of the load bar 32 are affixed to a front limit stop 34 and
      a rear limit stop 35, each of the limit stops being permanently affixed to
      the base plate 14 for the purpose of limiting radial movement of the
      recording head in a manner to be described. The read/write head 12 may
      suitably be affixed or clamped as at 38 to downward extension 39 at the
      leading edge of the carrier plate 30 for projection through the recording
      slot 24 to a point just beneath the under side of the base plate 14.
PAR  Referring to the bearing or suspension means between the carrier 13 and
      base plate 14, the bearing surface portion 26 is formed by a generally
      rectangular, open slot 40 in the upper surface of the base plate 14, and
      an elongated bearing plate 42 of rectangular cross-section is positioned
      in the slot 40 to present an upper flat bearing surface 26. An enlarged
      circular bearing pad 44 is mounted at the lower end of the support pin 45
      which is mounted in the carrier plate 30 for downward extension of the pad
      44 into the slot 40. The pad 44 is tapered downwardly and terminates in a
      slightly curved bearing surface 46 which contacts the upper flat bearing
      surface 26 in the slot.
PAR  On the side of the recording head opposite to the bearing slot 40 a
      rectangular slot 48 receives a bearing plate 50 which presents an upwardly
      facing, generally V-shaped bearing surface 27. A pair of front and rear
      bearing pads 53' and 53, respectively, are aligned for movement along the
      bearing surface 27. The bearing members 53 and 53' are similar in
      construction and accordingly like parts are correspondingly enumerated
      except that those of the front bearing pad are enumerated by prime
      numbers. Specifically, each bearing pad 53 and 53' is mounted for downward
      extension from the carrier plate 30 by a support pin 55 and 55', and each
      pad includes a downwardly convergent, rounded end surface 56 or 56' which
      is adapted to be received in the V-shaped bearing surface 27 so as to ride
      along the sides of the bearing surface, as best seen in FIG. 4. The
      V-shaped bearing surface 27 will in cooperation with the bearing members
      53 and 53' guide the head carrier 13 in its radial path of movement such
      that the magnetic recording gap of the recording head core 12 moves
      precisely on a radial line from the centerline of the spindle 18 extending
      through the recording slot 24. The magnetic recording gap of the head 12
      is aligned with the radial line by means of an adjustment feature on rear
      bearing member 53. Rear bearing member 53 eccentrically mounted with
      respect to support pin 55, and a screwdriver slot 58 or other suitable
      means of rotation on pin 55 permits adjustment of the carrier 13 relative
      to the recording head 12 so as to precisely align the magnetic recording
      gap of the read/write head 12 with respect to the aforementioned radial
      line. Thus, rotation of the rear bearing 53 will cause lateral or
      horizontal shifting of the head carrier 13 about the front bearing pad 53'
      until the magnetic recording gap of the head 12 is stationed directly
      along the radial line extending from the axis of the drive spindle. The
      width of the bearing surface 26 is such as to permit the pad 45 to shift
      laterally with respect to the bearing surface.
PAR  The drive mechanism 15 may be suitably comprised of an endless drive cable
      60 having a take-up spring 62, and the cable is trained for advancement
      over a drive pulley 63 and driven pulley 64. Drive pulley 63 is keyed for
      rotation on a motor drive shaft 65 extending from a conventional form of
      DC drive motor 66, the latter being provided with an inertia wheel 68. As
      shown in FIGS. 3 to 5, an intermediate length of the cable between the
      pulley 63 and 64 extends through a sleeve 67 which is provided with a
      mounting plate extension 69 affixed by suitable screws 70 to the upper
      surface of the carrier plate 30. The sleeve 67 is clamped over the cable
      to anchor the cable to the sleeve whereby rotation of the drive pulley 63
      will impart linear movement from the cable 60 and sleeve 68 to the head
      carrier 13 and head 12. Suitable circuit control means, not shown, and
      which form no part of the present invention, may be utilized to control
      the motor 66 to reversibly drive the head carrier and head in a linear
      direction so as to position the head at any desired location between the
      limit stops 34 and 35.
PAR  The maximum speed of travel of the head through its recording slot 24 is
      dictated by the speed of rotation of the disc in establishing the air
      bearing interface, as previously described, between the head and disc.
      Accordingly, as the disc is rotated by its spin motor 20 the head is
      advanced radially along the disc at the predetermined speed designated
      until it reaches any specified point on the recordable surface of the
      disc. After the disc is removed from engagement or registration with the
      head, the head may be advanced or reversed to another point, or reversed
      and returned to its starting point adjacent to the limit stop 35.
PAR  The airflow pattern which is established between the disc and head is
      illustrated somewhat schematically in FIG. 6 for the preferred embodiment
      of the present invention shown in FIGS. 1 through 5. As shown, a casing 75
      is mounted on the base plate 14 to completely cover the read/write head
      12, carrier 13 and that portion of the drive mechanism 15 extending
      between the drive pulley 63 and driven pulley 64. Spinning of the disc D
      induces air to flow downwardly through an air intake having a filter
      represented at 76 on the topcover portion of the casing 75. The air is
      then constrained to flow through a small diameter air control orifice 77
      located in mounting block 78 for the spin motor 20, the orifice
      establishing communication between the interior of the casing 75 and the
      central cavity area 79 surrounding the drive spindle 18 between the spin
      motor 20 and the hub assembly 22 for the disc D and limiting the volume
      rate of flow into the cavity. From the central cavity 79 the air is drawn
      past hub assembly 22 and between the upper surface of the disc D and
      undersurface of the base plate 14 to establish a primary air bearing
      interface therebetween. The limited space between the disc D and base
      plate 14 will cause a substantial reduction in pressure of the air and
      greatly increased velocity whereby the differential pressure between the
      upper and lower surfaces of the disc will aid in maintaining the disc in a
      flat plane of rotation and in close proximity to the undersurface of the
      base plate. In addition, a secondary air bearing interface is formed
      between the upper surface of the disc and the read/write head 12, as
      illustrated in FIGS. 1, 3 and 4, the disc being sufficiently flexible to
      be deflected downwardly a slight degree in that area directly beneath the
      head.
PAR  In the form of invention illustrated in FIG. 7 a disc receiver housing 80
      is affixed to the underside of the base plate 14 and is adapted to receive
      a disc cartridge H for the purpose of loading a disc D onto the drive
      spindle of the spin motor 20. The head registration system and drive
      mechanism are identical to that disclosed in the embodiment of FIGS. 1 to
      5, the modification residing solely in utilization of a receiver housing
      80 by which a disc may be inserted into position beneath the head by a
      disc cartridge. The particular form of loading mechanism for the disc
      cartridge forms no part of the present invention and therefore is not
      described. Suffice it to say that the disc cartridge may be inserted
      through a cartridge slot represented at 82 which may also serve as an air
      outlet for air during the recording operation. In addition, feet 84 for
      the housing may have limited air spaces represented at 85 to permit
      discharge of air therethrough. The airflow pattern established through the
      cover casing 75 and filter intake 76 through air control orifice 77 and
      across the upper surface of the disc is identical to that described with
      reference to FIG. 6 where according to Bernoulli's principle, a
      differential pressure is established on opposite sides of the disc to
      assure precise alignment of the disc in a flat plane of rotation directly
      adjacent to the undersurface of the base plate. As a result, due to the
      natural laws that control the characteristics of a spinning flexible disc
      in close proximity to a flat surface, when the spin motor 20 is activated,
      the disc will seek its stable spinning position beneath the base plate
      without contacting either the base plate or the recording head 12
      projecting through the slot 24.
PAR  In the system described, while the rotation of the disc at relatively high
      speeds will raise it into a flat plane of rotation, the differential
      pressure established on opposite sides of the disc is essential to
      maintain the disc in a flat plane of rotation. As stated, the air is
      directed from the air intake through the air control orifice 77, which
      reduces the volume of airflow passing across the upper surface of the
      disc. In this connection, the size of air control orifice will determine
      flatness of plane of rotation as well as head to disc spacing. In the
      limited space formed between the disc and base plate, the air velocity is
      increased so that a greater pressure is applied beneath the disc
      maintaining it in a flat plane of rotation and in closely spaced relation
      to the base plate. For the purpose of illustration, for a disc which is
      driven at a speed of 3600 rpm by the spin motor 20, the space established
      between the base plate and disc may be on the order of 10 mils and the
      size of the orifice 77 may be on the order of 1/16 inch diameter.
PAR  From the foregoing, whether the disc is rigidly attached to the motor drive
      spindle 18 by the hub assembly or is done automatically, the recording
      head 12 can be attached to the head carrier and advanced along the
      recording slot to read or write information on the disc under the control
      of the drive mechanism 15. Of course if desired, one or more heads may be
      mounted in different fixed positions for projection through the base
      plates at different radial and angular locations for reading or writing
      information on one or more recording discs. In the manner described, the
      system eliminates costly mechanisms required for loading and unloading the
      recording head.
PAR  It will be understood that while the preferred form of the invention has
      been illustrated and described, changes in construction and arrangement
      may be made without departing from the spirit and scope of the invention
      as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a magnetic head positioning apparatus for reading and writing
      information, the combination comprising:
PA1  drive means having a drive shaft extending therefrom,
PA1  a reference plate having said drive means attached in fixed relation on one
      side thereof with said drive shaft extending axially through a port
      located centrally of said reference plate, said reference plate having an
      elongated slot therethrough positioned in spaced relation from said port
      but radially oriented relative thereto, and said port communicating with
      an air flow orifice adjacent to said port,
PA1  a flexible disc recording medium,
PA1  a read/write head,
PA1  a head carrier mounted on said one side of said reference plate and
      including bearing means supporting said head for extension through said
      elongated slot for linear movement over a selected distance corresponding
      to the radial distance of the recordable surface on said flexible disc
      recording medium,
PA1  means for securing said flexible disc recording medium on said drive shaft
      into position adjacent to a flat surface portion on the other side of said
      reference plate opposite to said head carrier and into operative
      engagement with said drive means whereby to spin said disc at a speed
      sufficient to raise said disc into a substantially flat plane of rotation
      in proximity to the flat surface on the other side of said reference
      plate,
PA1  a housing having an opening thereinto but otherwise being attached to said
      reference plate in air-tight enclosing relation to said reference plate
      slot and the intake of said air flow orifice, air filter means covering
      said housing opening, and
PA1  means establishing a flow of air from said one side of said reference plate
      through said reference plate port for establishing a first air bearing
      interface between said disc and the flat surface of said reference plate
      to maintain said disc in its flat plane of rotation in close proximity to
      said reference plate and to establish a second air bearing interface
      between said disc and said head to establish a slight spacing therebetween
      in reading and writing information on said recording medium.
NUM  2.
PAR  2. In the magnetic head positioning apparatus according to claim 1, said
      reference plate including a pair of spaced bearing surface portions on
      said one side thereof extending in a direction parallel to and on each
      side of said slot, one of said bearing surface portions being generally
      V-shaped and the other being flat, and spaced bearing members on said head
      carrier including a pair of first bearing members provided with forwardly
      convergent bearing surfaces adapted to be received by said V-shaped
      bearing surface and a second bearing member provided with a downwardly
      facing, slightly curved bearing surface aligned with the flat bearing
      surface portion on said base plate, at least one of said first bearing
      members being eccentrically mounted by a support member in said head
      carrier.
NUM  3.
PAR  3. In a magnetic head positioning apparatus according to claim 1, including
      means for applying a continuous closure force to said head carrier toward
      said one side of said reference plate, said bearing means including spaced
      bearing surface portions in the upper surface of said one side of said
      reference plate extending in a direction parallel to said reference plate
      slot, and bearing members on said head carrier movable along said bearing
      surface portions.
NUM  4.
PAR  4. In the magnetic head positioning apparatus according to claim 3,
      including a cross bar attached in fixed relation to said reference plate
      on said one side thereof spaced so as to overlie said slot, said closure
      force applying means including spring means attached between said head
      carrier and said cross bar for exerting a biasing force therebetween.
NUM  5.
PAR  5. In the magnetic head positioning apparatus according to claim 3, one of
      said bearing surface portions being of generally V-shaped cross-section,
      and at least two bearing members riding in said generally V-shaped bearing
      surface and having forwardly convergent sides contacting the divergent
      sides of said V-shaped bearing surface.
NUM  6.
PAR  6. In the magnetic head positioning apparatus according to claim 5, another
      of said bearing surface portions being defined by a flat bearing surface,
      at least one other bearing member having a flat leading end surface riding
      on the flat bearing surface.
NUM  7.
PAR  7. A flexible disc recording apparatus for reading and writing information
      on a flexible disc recording medium, comprising in combination:
PA1  a base plate,
PA1  a disc drive motor attached to a first side of said base plate and
      including a drive shaft projecting downwardly through said base plate,
PA1  a read/write head,
PA1  a head carrier mounting said head on said first side of said base plate for
      extension downwardly through a recording slot in said base plate for a
      limited distance, bearing means between said head carrier and said base
      plate supporting said head for linear movement over a predetermined
      distance radially toward and away from the axis of said drive shaft and
      for a distance corresponding to the radial distance of the recordable
      surface on the disc recording medium,
PA1  selectably operable head drive means attached to said first side of said
      base plate for linearly moving said head carrier for radially positioning
      said head in said recording slot relative to the axis of said drive shaft,
PA1  limit stop means attached to said base plate at opposite ends of said
      recording slot for limiting the distance of movement of said head under
      the control of said head drive means,
PA1  biasing means including a stationary member attached in fixed relation to
      said base plate and positioned in spaced relation above said head carrier
      and a spring member interposed between said stationary member and said
      head carrier,
PA1  means for mounting said flexible recording disc on said drive shaft beneath
      said read/write head and on the side of said base plate opposite to said
      first side whereby upon energization of said disc drive motor said disc is
      driven at a speed sufficient to raise said disc into a flat plane of
      rotation in close proximity to said head, and
PA1  airflow means including air intake means mounted on said base plate having
      an air-controlled orifice for establishing a flow path of air downwardly
      through said base plate and across the upper surface of said disc between
      said disc and said base plate to form a bearing surface therebetween.
NUM  8.
PAR  8. A flexible disc recording apparatus according to claim 7, including a
      disc receiver housing positioned beneath said base plate, said disc
      receiver housing provided with an outlet means to exhaust air passing into
      said housing by said airflow means.
NUM  9.
PAR  9. A flexible disc recording apparatus according to claim 8, said bearing
      means for said head carrier being adjustable to align said head with a
      radial line extending from the axis of said drive shaft bisecting said
      recording slot.
NUM  10.
PAR  10. A flexible disc recording apparatus for reading and writing information
      on a flexible disc recording medium, comprising in combination:
PA1  a base reference plate,
PA1  a disc drive motor attached to a first side of said plate and including a
      drive spindle projecting downwardly through said base plate,
PA1  a read/write head,
PA1  a head carrier on said first side of said plate mounting said read/write
      head for extension downwardly through a recording slot in said base plate
      and for a limited distance beneath said base plate,
PA1  bearing means between said head carrier and said base plate being operative
      to guide said head for linear movement over a predetermined distance
      rearwardly toward and away from the center of said drive spindle and for a
      distance corresponding to the radial distance of the recordable surface on
      the disc recording medium, said bearing means including a pair of spaced
      bearing surface portions on said base plate extending in a direction
      parallel to the direction of movement of said head, one of said bearing
      surface portions being generally V-shaped and the other being flat, and
      spaced bearing members on said head carrier including a pair of bearing
      members provided with forwardly convergent bearing pads adapted to be
      received by said V-shaped bearing surface and a bearing pad provided with
      a downwardly facing slightly curved bearing surface aligned with the flat
      bearing surface portion on said base plate, said bearing means further
      including means for adjusting the position of one of said bearing pads in
      a direction transverse to the associated said V-shaped bearing surface for
      aligning said read/write head in a radial direction in said recording
      slot,
PA1  support means for mounting said flexible recording disc on said drive
      spindle beneath said read/write head whereby upon energization of said
      disc drive motor said disc is driven at a speed sufficient to raise said
      disc into a flat plane of rotation on the other side of said plate and in
      close proximity to said head, and
PA1  air delivery means establishing a flow path of air downwardly through said
      base plate and across the upper surface of said disc between said disc and
      said base plate to form a bearing interface therebetween.
NUM  11.
PAR  11. A flexible disc recording apparatus according to claim 10, said air
      delivery means including an air intake mounted on said first side of said
      base plate and an air passage in communication with said air intake for
      directing air downwardly through said base plate adjacent to said drive
      spindle and outwardly between said disc recording medium and the said
      other side of said base reference plate.
NUM  12.
PAR  12. A flexible disc recording apparatus according to claim 11, including a
      housing enclosing said head and said head carrier, said air intake being
      located in said housing and provided with an air filter.
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ABST
PAL  A head assembly for reading and writing data upon the magnetizable surface
      of passing tape. In its initial form the contour of the head comprises
      four bearing areas separated by three grooves or depressions. The outboard
      two of the four bearing areas are defined by a pair of contiguous, arcuate
      surfaces which blend into ramps which extend from opposing sides of the
      areas. The inboard pair of bearing surfaces each surround and are flush
      with the ends of a plurality of magnetic transducers adapted to be
      inductively coupled to a length of magnetic tape passing over the head
      surfaces. The inboard bearing surfaces are each formed by a major,
      centrally-disposed arc with second and third contiguous arcuate surfaces
      located at both ends of the central arc.
PAL  The above-described contours are initially formed in the head assembly by
      grinding according to conventional methods. The contours are then modified
      by lapping with an abrasive tape having predetermined characteristics in
      accordance with specified procedure to produce a surface which will
      maintain the stability of the hydrodynamic bearing existing between the
      tape and the head, and thus the consistency of the separation
      therebetween, when the tape is accelerated in a reverse direction. The
      consistent separation thus achieved assures the detection of information
      on the tape during periods of reverse acceleration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to magnetic transducer assemblies, and more
      particularly to the surface configuration of magnetic heads adapted to
      read or write information upon a passing magnetic tape.
PAR  The principle of placing information upon a moving magnetizable surface,
      and subsequently deriving the information therefrom, has been utilized for
      many years in various types of apparatus. Paramount among these is the
      computer, which makes use of magnetizable tape for storing and recording
      information in digital form. Typically, the recorded signals take the form
      of small areas of tape surface, the microscopic magnetic domains of which
      have been reoriented to form a magnetized area of one of two polarities.
      As the tape is transported by a reading mechanism these areas are sensed
      and a digital "1" or "0" is inferred. By appropriately combining the
      digital signals in a manner now well known to those skilled in the art
      vast amounts of information can be stored in a relatively small volume.
PAR  In order to derive blocks of digital information from a length of magnetic
      tape, a tape transport apparatus is required to accelerate the tape to a
      working velocity, transport the tape past an appropriate read or write
      transducer, and then bring the tape to a halt. Since the area of tape
      required for blocks of information may be relatively small, it will be
      appreciated that relatively high rates of acceleration and deceleration
      are needed in order to keep the unused area of tape to a minimum. Thus, it
      is highly desirable to be able to accelerate the magnetic tape medium to a
      working velocity as quickly as possible. Further, since it is often
      desired to read or write signals in the reverse direction, the system must
      also have the capability of accelerating the tape in the reverse as well
      as the forward direction.
PAR  One problem which has plagued prior art tape transport systems,
      particularly those in which the rate of acceleration of the transported
      tape was relatively high, is a temporary instability in tape position
      which arises upon reverse acceleration thereof. It has long been
      recognized that in rapidly transporting a length of foil, such as magnetic
      tape, over a bearing surface a hydrodynamic effect occurs wherein a thin
      layer of air forms between the tape and the bearing surface. The thickness
      of this gap, or layer of air, varies with tape speed and bearing surface
      characteristics. In order to take advantage of this effect, attempts are
      commonly made to provide a tape drive head with a surface or bearing
      configuration which supports a consistent gap between the tape and the
      head surface.
PAR  While this desideratum has been achieved in varying degrees in prior art
      systems, the theory which explains both steady-state and transient
      characteristics of the hydrodynamic bearing is neither fully developed nor
      completely understood. The contours of many head designs, while performing
      acceptably under many conditions, nonetheless support a transient
      instability when te transported tape is accelerated in a reverse
      direction. While the specifics of the phenomenon are not completely
      understood it appears that, at least with some head configurations, the
      tape bulges away from the head surface at some point while undergoing
      acceleration in the reverse direction. In a single capstan drive system
      wherein a capstan in effect "pushes" the tape across the head during
      reverse drive mode, a temporary lessening of tape tension occurs during
      the reverse acceleration period. The lessened tension and the drag forces
      acting on the tape give rise to a momentary outward bulging of the tape
      surface, away from the head surface. In cases where the aforementioned
      bulge occurs adjacent the reading or writing transducer an increased
      separation occurs between the tape and the transducer surface. The
      separation then continues until the system stabilizes, usually some time
      after the desired terminal velocity of the tape is achieved.
PAR  Since information is transferred to and from the magnetizable areas on the
      tape by means of inductive coupling with ones of the transducers in the
      head, the proximity of the tape to the head is critical. It will be
      understood that, as the separation between the tape and heads increases a
      severe lessening of the lines of magnetic flux linking the transducer and
      tape areas occurs with an accompanying probability that information will
      be incompletely transferred between head and tape. Should the separation
      become great enough, no information will be transmitted to or from the
      tape and the information comprising the initial portions of the block of
      information to be transmitted will be lost.
PAR  With the advent of improved tape compositions capable of being magnetized
      in smaller areas, and therefore of encoding information in a much higher
      density than previously, the criticality of coupling between the tape and
      tranducers is increased still further. Transient separations occurring at
      the beginning of a block of information, and which may have been tolerated
      in the past, can be sufficient to vitiate the entire block where densely
      packed information is present on the tape. For all of the foregoing
      reasons, it should be understood that it would be highly desirable to
      provide a tape transducer head assembly having a contour which does not
      support transient increases in tape-to-head gap during accelerative
      intervals of tape transport.
PAR  It is therefore an object of the present invention to provide a transducer
      head for interacting with magnetic tape which produces only insignificant,
      if any, increased separation during tape reverse acceleration.
PAR  It is another object of the invention to provide a method for forming the
      bearing surfaces of an improved magnetic tape transducer which will
      substantially preclude undue separation between the tape and transducer
      surface during reverse acceleration of the tape.
PAC  Summary of the Invention
PAR  Briefly stated, in accordance with one aspect of the invention the
      foregoing objects are achieved by providing a head assembly comprising
      four upstanding bearing areas separated by three grooves or depressions.
      The outboard bearing areas comprise elongate ramps which extend inwardly
      to contiguously meet first arcuate surfaces generated by a relatively
      large radius, and then second arcuate surfaces having radii of 0.015
      inches or less. The inboard pair of bearing areas are initially formed in
      an essentially symmetrical manner, each area comprising a central arcuate
      surface generated by a radius of 0.5 to 0.7 inches. The central surface is
      flanked by second arucate surfaces having radii of substantially 0.10 to
      0.18 inches, and terminating in third arcuate surfaces generated by radii
      of 0.015 inches or less.
PAR  The gap between the inboard and outboard bearings last encountered by a
      forward moving tape is large enough to facilitate the hydrodynamic action
      of the bearings, but small enough to prevent buckling of the tape bridging
      the bearings during reverse acceleration conditions. The above-described
      initial configuration is then modified by drawing lengths of fresh and
      used abrasive lapping tape thereover in both the forward and reverse
      directions in a prescribed manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention will be better understood from the
      following description of a preferred embodiment taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 represents a tape transducer head assembly of a generalized type;
PAR  FIG. 2 shows the velocity of a transported tape, and the degree of coupling
      between the tape and a juxtaposed transducer, as a function of time;
PAR  FIG. 3 is a cross-sectional illustration of contour of a magnetic head
      assembly formed in accordance with one aspect of the present invention;
      and
PAR  FIG. 4 is an enlarged view of a section of the contour shown in FIG. 3.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is shown in cross-sectional form a magnetic
      transducer recording head assembly 10 of a type which is commonly used in
      digital tape drive systems. With a system of the type contemplated
      "forward" tape travel is in a direction indicated by the arrow and is
      motivated by a drive capstan (not shown) located to the left of the
      illustrated head assembly.
PAR  The head assembly 10 is conventionally provided with a read head 12 and a
      write head 14. Within the read and write heads are disposed magnetic core
      assemblies 16 and 18, respectively. As is familiar to those skilled in the
      art the upper ends of each core assembly are isolated from the surrounding
      head material by segments of a conductive intermediate material, such as
      copper. A winding upon each core serves to inductively couple the core to
      appropriate read/write circuitry (not shown). A plurality of aligned core
      assemblies may be provided in a single head for sensing multiple tracks
      upon a single tape.
PAR  Each of the heads 12, 14 comprise a raised portion of the head assembly
      body material, which is configured to form a bearing surface over which a
      web or tape having a magnetic coating is transported. The surfaces of the
      read and write head assemblies are considered to form the central or
      inboard bearing surfaces of the illustrated head assembly.
PAR  Disposed at either side of the read and write heads are additional raised
      areas of the head assembly which comprise outboard bearings 17 and 19. A
      length of tape being transported across the head assembly is drawn or
      wrapped over the four bearing surfaces, the supplement of the included
      angle formed by the approaching and departing tape being termed the wrap
      angle.
PAR  Due to the relatively high velocity at which the tape is transported a
      hydrodynamic bearing effect is created inasmuch as the tape separates
      slightly from the head bearing surfaces. This separation is restrained to
      the range of 10 to 15 micro-inches by judicious design of the bearing
      surfaces. Designers of tape head assemblies have learned to provide the
      various head bearing surfaces with contours which will aid in producing a
      desired separation for given tape transport conditions. While a
      substantial amount of effort has been devoted to the analysis of the
      hydrodynamic properties of various transducer head contours, for instance
      as set forth in U.S. Pat. No. 3,821,813, the successful operation of a
      given head contour is not completely predictable and often its final
      development must proceed by trial and error.
PAR  Part of the difficulty in designing a satisfactory head contour is due to
      the varying speeds and accelerations which are undergone by the tape. For
      instance, with the assembly of FIG. 1 in one transport mode the tape is
      pulled across the head assembly at high speed by a capstan. The tape is
      thus under constant tension, both during acceleration and steady-state
      operation. When the tape direction is reversed, however, the tape must be
      rapidly accelerated in a left-to-right direction. In this mode the tape is
      actually pushed, rather than pulled, by the driving capstan such that the
      tape does not experience the same tensioning forces as in the former case.
PAR  It has been found that under reverse acceleration the tape tends to buckle
      upwardly between the first two bearing surfaces encountered, corresponding
      to bearings 17 and 12 in FIG. 1. While this phenomenon may have been
      acceptable to a degree in prior art equipment, recently developed high
      speed transport apparatus operating at substantially increased speeds
      require greatly increased acceleration rates in order to bring the tape up
      to speed in the requisite time.
PAR  FIG. 2 is a graphic representation of the voltage induced in a typical head
      by a magnetized area of a length of tape undergoing acceleration. As will
      be understood by those skilled in the art, the induced voltage in an
      inductive transducer provides a ready measure of the degree of inductive
      coupling between the magnetizable layer of the tape and the adjacent
      transducer. According to the familiar relationship
      ##EQU1##
      where V.sub.1 is head output at some head-to-tape separation h.sub.1 ;
PA1  V.sub.2 is head output at another head-to-tape separation h.sub.2 ; and
PA1  .lambda. is the distance between successive flux reversals
PAL  it can be seen that head output decreases with the density of recorded
      data, and with increased head-to-tape separation.
PAR  The latter effect is responsible for the departure of a broken line, which
      represents induced voltage e and thus the degree of coupling, from the
      solid line which represents tape velocity.
PAR  It will now be understood from an inspection of FIG. 2 that as the tape
      accelerates in a reverse direction, considered herein to be in a direction
      away from a drive capstan, the coupling between the tape and transducer
      declines drastically due to a sudden, increased separation between the
      tape and the transducer. As represented by the curves of FIG. 2 this
      increased separation, though transient, continues even after acceleration
      of the tape ceases and maximum velocity is attained.
PAR  During the period when the increased separation occurs it is difficult and
      often impossible for the inductive transducer and in the heads of digital
      tape transport equipment to detect all of the signals, which take the form
      of magnetic flux reversals in the tape coating. This is particularly true
      with respect to recently developed high density digital tape equipment in
      which it is possible to produce over 9000 flux reversals per inch. In such
      equipment even a brief period of undue tape separation can result in
      severe errors in machine operation. Further, such equipment typically
      requires a much smaller separation than previously and is therefore far
      more sensitive to instability of the hydrodynamic bearing.
PAR  While the presence of the above-described effect has been recognized and
      some theories advanced to explain it, the actual workability of a given
      contour can only be ascertained through experiment. In fact, most useful
      designs are arrived at through a process of trial and error.
PAR  In the case of the present invention it has been found impractical to
      attempt to define the contour of the superior head assembly produced in
      accordance with the teachings set forth herein. Rather, an initial
      unprocessed "as ground" contour will be set forth along with a sequence of
      steps which will render such subtle modifications in the contour as will
      cause it to be substantially impervious to increased separation between
      head assembly and tape during reverse acceleration.
PAR  Referring now to FIG. 3, there is shown a general outline of a head
      assembly surface of the type with which the present invention is
      concerned.
PAR  It will be noted that the outboard ones of the bearing surfaces 20 and 22
      have elongate ramps extending from opposite sides thereof. The ramps
      assist in setting up the desired hydrodynamic bearing effect upon the
      outboard bearings. A pair of inboard bearing surfaces 24, 26 are also
      provided and defined by three depressions as is the case with certain of
      the prior art designs.
PAR  An enlarged view of a head assembly contour of the type illustrated in FIG.
      3 is shown in FIG. 4. As it is assumed that the assembly is substantially
      symmetrical it is necessary only to show one half. At this juncture it is
      important to note that the head contour of FIG. 4 is a semifinished or as
      ground contour. As will be set forth hereinafter the as ground
      configuration must be finished by a lapping procedure in order to achieve
      the contour necessary for proper operation.
PAR  Outboard bearing 20 terminates at its inner end in a small radius. In
      operation, it has been found that a radius no greater than 0.015 inch is
      desirable. The outermost surface of the bearing, termed a ramp, may be
      planar or may have a large radius, the specific configuration of the ramp
      not being critical to the operation of the inventive head assembly.
      Between the small inner radius and the ramp of each outer bearing is an
      intermediate arcuate portion having a radius of approximately 1/2 inch.
      The ramp area and the small, inner radiused surface are both tangent to
      the intermediate portion so that the surface formed thereby is smooth and
      presents no abrupt changes.
PAR  The inboard bearings are formed as is shown by bearing 24. The outer
      shoulders of each inboard bearing are relatively sharp, having radii of
      0.015 inch or less. The central portion of the bearing is generated by a
      radius about an axis located along the centerline of the bearing. The
      radius of the central area is relatively large, and shoud be in the range
      of 0.5 to 0.7 inches. In a successfully tested embodiment a radius of 0.64
      inches was found to be optimal, the radiused surface subtending an arc of
      2.5.degree. as shown in the figure.
PAR  On either side of the large, central area are second arcuate surfaces
      generated by radii of approximately 0.1 to 0.18 inches. In the
      successfully implemented embodiment referred to above a radius of 0.125
      inch was selected, the surfaces then produced subtending arcs of
      1.5.degree. as shown.
PAR  It should be understood that adjacent arcuate surfaces of the bearings are
      contiguous and form a smooth, continuous surface. This may be accomplished
      by locating the axes of the various surfaces so that the arcs they
      describe are tangent to their neighbors.
PAR  The distance L between the "trailing" inboard and outboard bearings is of
      great importance. The bearings described are those which are last
      encountered by a length of tape being transported in a forward direction.
      The length of distance L determines the beam stiffness of the tape
      extending between the bearings. The stiffer the tape beam (lesser
      dimension L) the less the tape will buckle. Dimension L should be small
      enough so that upon reverse acceleration the tape will continue to
      approach the inboard bearing surface in the region of the smaller radius.
      Typically, this means that the point of contact cannot be allowed to shift
      more than 0.1.degree. on the arcuate surface during reverse acceleration.
PAR  For typical 1/2 inch wide, 0.0015 inch thick polyester backed tape operated
      under a tension of from 0.75 to 1.3 pounds per inch, the distance L should
      not exceed 0.030 inches. In addition, dimension L must be at least 0.007
      inches or more in order to allow the desired hydrodynamic bearing effects.
PAR  The foregoing as ground configuration may be produced in a head assembly by
      appropriate machining techniques, such as grinding with a formed wheel.
      While such a process produces fairly smooth surfaces, it is often
      necessary to blend or smooth the as ground surface by a lapping procedure.
      In addition, it is usually necessary to form a hardened surface upon the
      bearings. Hardening methods such as chrome plating are well known, and
      will not be described in detail herein as they do not relate to the
      subject matter of the present invention.
PAR  The proper finishing of the as ground configuration described above
      comprises an integral and very important aspect of the present invention.
      The surfaces are finished by a lapping procedure using a lapping tape
      whose pliability approximates that of the magnetic tape which is to be
      used with the completed head assembly. In one procedure, successful
      results were obtained using a lapping tape manufactured by the Minnesota
      Mining and Manufacturing Corp. and designed 3M Imperial Lapping Film. The
      material selected utilized 3 micron silicon carbide abrasive disposed in a
      relatively soft organic binder. The tape backing comprised a polyester
      web.
PAR  The lapping tape was wrapped over the head bearing surfaces in the same
      manner as the magnetic tape to be used and is tensioned in the same
      degree, approximately 90% of the lowest tension to be encountered during
      tape transport activities. The lapping tapes were then transported over
      the as ground head assembly as follows:
PA1  1. 1 pass new tape
PA1  2. 3 passes used tape
PA1  3. 1 pass new tape
PAR  As certain lapping tape characteristics, particularly the coarseness of the
      abrasive surface, change as the tape is used it as been necessary to
      differentiate between "new" and "used" lapping tape. For present purposes
      new tape may be defined as tape which has been used for 5 passes or less,
      and used tape as that which has experienced over 5 passes. It should be
      understood, however, that since the newness characteristic eludes strict
      definitional terms and due to variation in characteristics between various
      lapping tapes the present invention ought not be rigidly restricted to the
      0 to 5 pass-and-over 5 pass dichotomy recited herein.
PAR  Further, for present purposes it has been found useful to define a pass as
      a traversal of the lapping tape in a forward direction at approximately
      200 inches per second (ips) and in a reverse direction at 600 ips. The
      length of tape thus transported is usually 1800 feet since this is the
      length in which lapping tapes are generally sold. It is believed, however,
      that passes of approximately 1500 to 2000 feet of tape will produce
      acceptable results.
PAR  As set forth above, the changes which are wrought in the head contours by
      the described lapping procedure are so subtle that available
      instrumentation is inadequate for properly identifying either the changes,
      or the final contour achieved. It is believed that the described lapping
      method operates in conjunction with the as ground surface to maintain a
      generous radius upon the trailing side of the second inboard bearing
      encountered by a forward-running tape. It is this surface which first
      encounters the tape when it is traveling in the reverse direction.
PAR  When the direction of the tape is abruptly reversed the portion of the tape
      bridging the first outboard and inboard bearings bulges slightly outward
      so that the point at which the tape first meets the inboard head moves
      inwardly toward the center of the head. It is believed that the novel head
      assembly produced by the above-described technique allows the head contour
      which is normally first encountered by the tape to be extended further
      inwardly upon the head surface. This in turn creates an entrance
      configuration which militates against an unstable tape-to-head gap and
      allows consistently accurate information transfer between the tape and
      head immediately after reverse direction acceleration of the tape has
      begun.
PAR  As will be evident from the foregoing description, certain aspects of the
      invention are not limited to the particular details of the examples
      illustrated, and it is therefore contemplated that other modifications or
      applications will occur to those skilled in the art. It is accordingly
      intended that the appended claims shall cover all such modifications and
      applications as do not depart from the true spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of forming the working surface of a transducer head assembly
      for receiving a transported magnetic tape, comprising the steps of:
PA1  grinding the working surface to form three depressions extending across the
      head assembly transverse to the direction of tape travel to define four
      upstanding bearing areas,
PA1  the outer two of said bearing areas each comprising a arcuate surface
      having a radius of no greater than substantially 0.015 inch substantially
      tangent to the outer edge of ones of said depressions, a second arcuate
      surface having a radius of substantially 0.5 inch contiguous with said
      first arcuate surface, and an elongate ramp-like surface extending from
      said second arcuate surface;
PA1  the inner two of said bearing areas each having core means generally
      centrally located therein for interacting with magnetized areas on said
      tape;
PA1  the inner two of said bearing areas each comprising a first generally
      central arcuate surface having a radius of from 0.5 to 0.75 inches, second
      arcuate surfaces contiguous with said first surface and having radii of
      substantially from 0.1 to 0.2 inches, and third generally arcuate surfaces
      contiguous with said second surfaces and having radii of up to 0.015 inch;
PA1  abrading said arcuate surfaces of said bearing areas with an elongate web
      having an abrasive surface and oriented in substantially the same position
      as a tape to be transported by the steps of:
PA1  placing said web under a tension of substantially 90% of the lowest tension
      to be encountered by said tape during a drive cycle;
PA1  i. passing a new length of said web over said bearing surfaces in a forward
      tape transport direction at approximately 200 ips and in a reverse tape
      transport direction at approximately 600 ips;
PA1  ii. passing a used length of said web over said bearing surfaces in a
      forward tape transport direction at approximately 200 ips and in a reverse
      tape transport direction at approximately 600 ips;
PA1  iii. repeating step (ii) twice; and
PA1  iv. repeating step (i) once.
NUM  2.
PAR  2. A transducer head assembly for interacting with magnetizable areas upon
      a length of magnetic tape to be transported thereacross in a forward and a
      reverse direction and having a working surface produced by the steps of:
PA1  forming a working surface upon the head assembly having at least three
      depressions extending in a direction transverse to the direction of travel
      of the magnetic tape to define four bearing areas;
PA2  the outer two of said bearing areas each terminating at the inward end
      thereof in an edge having a radius no greater than 0.015 inch, terminating
      at the outward end thereof in an elongate ramp-like surface, and having an
      arcuate surface extending between said edge and said ramp-like surface;
PA2  the inner two of said bearing areas each terminating at either end thereof
      in edges having radii no greater than 0.015 inch, having a central arcuate
      surface having a radius in the range of approximately 0.5 to 0.7 inches,
      and a pair of lesser arcuate surfaces extending between the ends of said
      central arcuate surface and said edges and having radii in the range of
      approximately 0.1 to 0.2 inches; and
PA1  abrading said working surface by passing thereover a length of
      approximately 1500 to 2000 feet of abrasive tape at approximately 200 ips
      in a forward tape transport direction and at approximately 600 ips in
      reverse tape transport direction, said abrading to be conducted once with
      new tape, three times with used tape and once again with new tape.
NUM  3.
PAR  3. The transducer head assembly defined in claim 2, wherein adjacent ones
      of said arcuate surfaces are continuous.
NUM  4.
PAR  4. The transducer head assembly defined in claim 3, wherein adjacent ones
      of said arcuate surfaces are tangent.
NUM  5.
PAR  5. The transducer head assembly as defined in claim 4, wherein said
      abrasive tape is placed under a tension which is approximately 90% of that
      of a magnetic tape to be transported.
NUM  6.
PAR  6. A transducer head assembly as defined in claim 5 wherein the gap between
      the inboard and outboard bearing surfaces last encountered by a tape
      transported in a forward direction is broad enough to support a
      hydrodynamic bearing action by the inboard bearing and is sufficiently
      narrow to prevent the point of tangency of said tape and said inboard
      bearing surface from shifting substantially when said tape is subjected to
      reverse acceleration.
NUM  7.
PAR  7. A transducer head assembly according to claim 6 wherein said point of
      tangency is prevented from shifting by more than 0.1.degree..
NUM  8.
PAR  8. A transducer head assembly according to claim 7 wherein said gap is
      between 0.007 inches and 0.030 inches in length.
NUM  9.
PAR  9. The method of forming the working surface of a transducer head assembly
      for hydrodynamically supporting a transported magnetic tape thereon,
      comprising the steps of:
PA1  grinding the working surface to form at least three depressions extending
      transverse to the direction of tape travel and defining four upstanding
      bearing areas;
PA1  the outer two of said bearing areas each terminating at the inner end
      thereof in an edge having a radius of no more than 0.015 inch, terminating
      at the outer edge thereof in an elongate ramp-like surface, and having
      intermediate said ends an arcuate surface having a radius of approximately
      1/2 inch;
PA1  the inner two of said bearing areas each being adapted to receive a
      plurality of core means for interacting with magnetized areas upon length
      of tape transported over said bearing areas;
PA1  the inner two of said bearing areas each terminating in edges having radii
      of no more than 0.015 inch, having a central, arcuate surface generated by
      a radius of from substantially 0.5 to 0.75 inches and a pair of lesser
      arcuate surfaces disposed at either end of said central arcuate surface
      having radii of substantially from 0.1 to 0.2 inches;
PA1  abrading said bearing areas with a length of abrasive tape oriented in
      substantially the same position as a magnetic tape to be transported, by
      sequentially subjecting the ground working surface to a single pass of new
      tape, three passes of used tape, and another single pass of new tape; and
PA1  each of said passes comprising transporting a length of approximately 1500
      to 2000 feet of said abrasive tape over said working surface at
      approximately 200 ips in a forward tape transport direction, and at
      approximately 600 ips in a reverse transport tape direction.
NUM  10.
PAR  10. The method set forth in claim 9, further including the step of:
PA1  placing the abrasive tape under a tension of approximately 90% of the
      lowest tension to be encountered by magnetic tape during the transport
      thereof.
NUM  11.
PAR  11. The method defined in claim 10, wherein the depression between the
      inboard and outboard bearing surfaces last encountered by a tape
      transported in a forward direction is of sufficient breadth to support a
      hydrodynamic bearing action by the inboard bearing surface, and
      sufficently narrow to prevent the point of tangency between a transported
      tape and said inboard bearing surface from shifting substantially when
      said tape is subjected to reverse acceleration.
NUM  12.
PAR  12. The method defined in claim 11, wherein said point of tangency is
      prevented from shifting by more than 0.1.degree..
NUM  13.
PAR  13. The method defined in claim 12 wherein the abrasive tape comprises an
      abrasive surface of 3 micron silicone carbide particles.
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ABST
PAL  A player for video disc includes a vacuum reading head to "read" recorded
      information from a thin, flexible video disc. A rotating turntable
      provides a fluid cushion bearing to support the disc and the vacuum
      associated with the transducing head assembly "draws" the disc toward the
      head and maintains an optimum head-to-disc spacing.
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PAC  RELATED PATENT APPLICATIONS AND PATENTS
PAR  "Articulated Mirror" by James E. Elliott, Ser. No. 333,559, filed Feb. 20,
      1973, now U.S. Pat. No. 3,794,410; "Video Disc Mastering System" by John
      S. Winslow, Ser. No. 333,560, filed Feb. 20, 1973, now abandoned; "Video
      Disc Player" by James E. Elliott, Ser. No. 314,082, filed Dec. 11, 1972,
      now U.S. Pat. No. 3,914,541; "Video Disc Player" by James E. Elliott, Ser.
      No. 299,893, filed Oct. 24, 1972, now U.S. Pat. No. 3,829,622; "Video
      Recording and Recording and Reproducing System" by Kent D. Broadbent, Ser.
      No. 299,892, filed Oct. 24, 1972; "Drop-Out Compensator" by Wayne Ray
      Dakin, Ser. No. 299,891, filed Oct. 24, 1972; "Video Record Disc and
      Process for Making Same" by David P. Gregg, Ser. No. 735,007, filed Jan.
      27, 1969; "Duplicating Process for Video Disc Records" by Kent D.
      Broadbent, U.S. Pat. No. 3,658,954, issued Apr. 25, 1972; "Video Signal
      Transducer Having Servo Controlled Flexible Fiber Optic Track Centering"
      by David P. Gregg and Keith O. Johnson, U.S. Pat. No. 3,530,258, Issued
      Sept. 22, 1970; "Video Recording Medium and Transport" by David P. Gregg,
      U.S. Pat. No. 3,430,966, issued Mar. 4, 1969; "Photoelectric Transducer
      Head" by David P. Gregg, U.S. Pat. No. 3,349,273, issued Oct. 24, 1967;
      "Video Disc Playback Assembly" by Keith O. Johnson, U.S. Pat. No.
      3,518,442, issued June 30, 1970; "Duplicating Process for Video Disc
      Records" by Kent D. Broadbent, U.S. Pat. No. 3,687,664, issued Aug. 29,
      1972; "Method of Creating a Replicating Matrix" by Manfred H. Jarsen, Ser.
      No. 402,636, filed Oct. 1, 1973; "Fluid Cushion Turntable for Video Disc
      Player", by Manfred H. Jarsen, Ser. No. 402,634, filed Oct. 1, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to information retrieval apparatus and, more
      particularly, to an improved transducer head adapted to recover the video
      information which has been stored on the surface of a video disc.
PAR  2. Description of the Prior Art
PAR  It has been known that color video programs can be stored on magnetic tape
      for subsequent playback, utilizing appropriate video tape reading
      apparatus. It has also been disclosed that the same information can be
      recorded on a disc, either through photographic or other processes which
      achieve a physical defomation of the disc in a predetermined pattern,
      which can then optically "read" to recover a video signal suitable for
      application to a standard TV receiver.
PAR  In the teachings of the prior art, and especially the patents to Gregg and
      Johnson and the application of Elliott, supra, apparatus has been
      disclosed which is adapted to cooperate with the video disc disclosed by
      Gregg, Johnson, Broadbent, et al, supra. Continued experimentation has led
      to the development of video disc having a surface upon which information
      is stored as "holes" or depressions in a surface.
PAR  On a typical video disc, a given hole may be approximately 1 micron in
      width. A plurality of such holes of varying lengths are placed in a more
      or less continuous track on a surface of a disc. The disc is adapted to
      rotate at approximately 1800 rpm for playback. In alternative
      configurations, the disc may either have a continuous spiral track
      containing information or may include a plurality of discrete, circular
      tracks. In either embodiment, a track-to-track spacing of approximately 2
      microns is maintained. At such rotational speeds, approximately 20 minutes
      of program can be accommodated on a 12 inch diameter disc.
PAR  In order to provide a commercially successful system, several requirements
      must be simultaneously satisfied. The video disc which contains the
      program material must be easily mass produced, able to take a certain
      amount of handling and must function on a playback instrument which must
      be reasonable in cost and sufficiently simple and rugged so that it might
      function in the environment of a home.
PAR  Techniques are available to mass produce discs using techniques which are
      analogous to those employed in the phonograph record industry. It has been
      determined that a video disc can be made of thin material without
      substantial lateral rigidity. Such a disc can accept information in a
      "hole-no-hole" pattern which can be optically recognized by suitable
      playback equipment. However, the flexibility of the thin plastic disc
      imposes certain requirements on the playback equipment. Because of the
      microscopic size of the tracks and the information recorded therein, an
      optical system must be provided which can discriminate between the
      presence or absence of a "hole" 1 micron wide in a series of similar
      holes.
PAR  The series of holes of interest is separated from an adjacent series of
      holes or track by approximately 1 micron, since the distance between the
      centers of adjacent tracks is in the preferred embodiment approximately 2
      microns.
PAR  Sufficient energy must be applied to and recovered from the surface to
      distinguish between the surface states that represent information, and to
      provide an error signal which enables a control system to maintain the
      transducer in alignment with the track of interest in an environment of
      shocks and vibration.
PAR  In order to resolve, optically, a spot that is 1 micron in width, the
      distance between the object plane and the optical system should be held
      constant to within approximately a micron. If now the surface of the disc
      cannot be held planar within a micron, it is necessary to provide some
      mechanism that will preserve the spacing between the disc surface and a
      predetermined point in the optical system.
PAR  In the prior art, utilizing a substantially rigid disc, a reading head
      assembly had been disclosed which included a hydrodynamic or fluid bearing
      which, in conjunction with a mechanical force biasing the head towards the
      disc surface, maintained the head at a fixed distance from the disc with
      acceptable accuracy. With a nonrigid, flexible disc, it is necessary first
      to define the object plane in which the information track is found and
      then to provide a mechanism that maintains the spacing between that object
      plane and the optical system.
PAC  SUMMARY OF THE INVENTION
PAR  An improved playback system has been developed for reproducing video
      information from a flexible video disc. This improved system includes a
      turntable which provides a hydrodynamic fluid bearing which affords a
      noncontact support for the entire disc and, according to the present
      invention, an improved reading head which utilizes a negative pressure
      differential in the vicinity of the head.
PAR  The head may be considered substantially "rigid" and the disc may be deemed
      "compliant" in maintaining a predetermined spacing between the disc
      surface and the head. A fluid pressure system is responsive to the
      relative radial location of the playing arm to vary the pressure
      differential with radial location thereby maintaining a constant
      head-to-disc spacing independent of relative surface speeds. In
      alternative embodiments, a stationary back plate provides a partial fluid
      bearing support to the rotating, thin disc.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof, will be better understood from the
      following description considered in connection with the accompanying
      drawings in which several preferred embodiments of the invention are
      illustrated by way of example. It is to be expressly understood, however,
      that the drawings are for the purpose of illustration and description only
      and are not intended as a definition of the limits of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side-section view of a player arm employing the vacuum reading
      head of the present invention;
PAR  FIG. 2 is a side-section view of the reading head of the present invention
      and associated apparatus of the player arm of FIG. 1 enlarged to show
      greater detail;
PAR  FIG. 3 is a bottom view of the vacuum head of FIG. 2 taken along the line
      3--3 in the direction of the appended arrows;
PAR  FIG. 4 is a side-section view of an air cushion turntable;
PAR  FIG. 5 is a bottom view of the turntable of FIG. 4 taken along the line
      5--5 in the direction of the appended arrows; and
PAR  FIG. 6 is an idealized side view, not to scale, showing the cooperative
      relationship among the head of FIG. 2, the turntable of FIG. 4, and a thin
      video disc.
DETD
PAR  Turning first to FIG. 1, there is shown in the elements of a player arm 10
      illustrated in operable cooperation with a turntable 12. As seen, the
      turntable 12 has a video disc 14 mounted thereon. The player arm 10
      includes a radiant energy source 16 shown here as a laser whose output
      beam is directed through first and second mirrors 18, 20 to the upper half
      of the player arm 10.
PAR  The optical path includes a beam splitter 22, a quarterwave plate 24, and
      an articulated mirror assembly 26. The articulated mirror assembly 26
      directs the laser beam through a lens assembly 28, which is an integral
      part of the reading head 30 of the present invention.
PAR  The head 30, as shown, is supported from the player arm 10 by a pair of
      flexible leaf springs 38. These leaf springs 38 are insufficient by
      themselves to support the weight of the reading head 30, and accordingly,
      additional apparatus is provided to support the head 30 when information
      is not being read from the disc 14.
PAR  A lever arm 40 which is coupled to the reading head 30 and which operates
      through a linkage 42 coupled to a dash pot 44, normally supports the
      reading head 30. When it is desired to release the head 30, a solenoid
      (not shown) operates upon the linkage 42 which rotates the lever arm 40,
      lowering the head 30 until a stop member carried by the head 30 engages a
      supporting plate 48 of the player arm 10.
PAR  The head 30 is then constrained to ride at some fixed distance from the
      player arm 10 which is controlled by the adjustment of the stop member 46.
      A tab 50 is carried by the lever arm 40 which enables the arm to cam the
      head 30 upwards. A bias lever 52 is coupled through a bias spring 54 which
      is fastened to the reading head 30 and urges the head downward toward the
      disc 14.
PAR  The vacuum pump 36 is coupled to the vacuum orifice 32 through the tube 34.
      The amount of the vacuum drawn from the head 30 is determined by a cam
      follower apparatus 56 cooperating with a vacuum system control 58 which
      regulates the vacuum as a function of arm 10 radial travel, comparable to
      the cam controlled bias shown in the Elliott application, supra.
PAR  Turning next to FIGS. 2 and 3, there is shown in greater detail the reading
      head 30 according to the present invention. As seen, the reading head 30
      includes a lens assembly 28 which is basically a microscope objective lens
      system that directs an illuminating beam to a focus at the surface of the
      disc 14. Reflected light from the disc 14 returns through the same optical
      path.
PAR  The reading head 30 includes a foot portion 60. The interior of the head 30
      is substantially hollow to accommodate the lens assembly 28. A vacuum
      orifice 32 is coupled through tubing 34 to a suitable vacuum pump 36. The
      open, interior are 62 above the foot portion 60 can be considered a vacuum
      chamber which communicates to the vacuum pump 36 through the tube 34.
PAR  The surface of the foot portion 60 includes a step 64 which is capable of
      creating a hydrodynamic bearing between the video disc 14 and the foot 60.
      Such a bearing created when the disc 14 rotates, is capable of supporting
      head 30 on the area of a sole plate portion 66 of the foot portion 60.
PAR  As is better seen in FIG. 3, the sole plate 66 is provided with a plurality
      of orifices 68, one of which, orifice 70, also functions as the "window"
      through which the radiant beam travels between the lens assembly 28 and
      the disc surface 14. As in the earlier, copending Elliott application, the
      hydrodynamic bearing formed by step 64 would be sufficient to support the
      weight of the entire reading head assembly 30 were it not for the vacuum
      system. To assure appropriate spacing, various bias forces may be brought
      to bear upon the head assembly 30, uring it toward the surface of the disc
      14. This mode of operation is, of course, necessary and desirable when
      dealing with the rigid video disc of the prior art or a master disc.
PAR  The alternative and preferred embodiment of the video disc comprises a
      flexible disc member 14, which is itself supported on the turntable 12 by
      an air bearing as is more fully described in the copending Jarsen
      application, supra. The disc 14 therefore "floats" between the turntable
      12 on the one side and the sole plate 66 of the head assembly 30 on the
      other.
PAR  FIGS. 4 and 5 illustrate the turntable 12 which creates such a support
      bearing for the disc 14. The turntable 12 includes a central opening 70
      which is adapted to receive a spindle 72. A central rim or shoulder 74 is
      provided about the inner area which supports the center portion of the
      video disc, when it is clamped in place on the spindle 72.
PAR  An annular groove 76 is placed on the surface of the turntable 12 and is
      outwardly displaced from the rim or shoulder 74. An orifice 78 connects
      the groove 76 to the opposite side of the turntable 12 and acts as a
      conduit to supply air into the groove 76.
PAR  Depending upon the mass of the disc 14 and the characteristics of the
      turntable 12 at its normal rotational speed of 1800 rpm, additional,
      secondary orifices 80 can be located at more remote radial locations of
      the turntable 12, to provide an additional air supply into the area
      between the turntable 12 and the disc 14.
PAR  Rotation of the turntable 12 and normal hydrodynamic forces causes a flow
      of fluid, that is air, through the orifices 78, 80 and between the
      turntable 12 and the disc 14. The air flow is directed to the outer
      periphery of the turntable 12 and is adequate to provide a fluid cushion
      under the disc 14 which can support the disc against its own weight.
PAR  Turning next to FIG. 6, there is shown, in somewhat idealized form and
      enlarged, but not to scale, the manner in which the head 30, the disc 14
      and the turntable 12 cooperate to maintain a constant predetermined
      spacing between the lens assembly 28 and the surface of the disc 14. It
      will be noted that the lens assembly 28 is positioned to be at a
      predetermined spacing from the interior surface of the sole plate portion
      66.
PAR  A fixed and predetermined distance then exists to the exterior surface of
      the sole plate portion 66. Based upon the optical parameters of the
      system, it is desirable that the surface of the disc 14 be at some equally
      fixed and predetermined distance from the surface of the sole plate 66 for
      optimum resolution of the illuminating spot.
PAR  As the turntable 22 revolves, the air cushion created between the surface
      of the turntable 12 and the disc 14 supports the disc 14. At the same
      time, the open area vacuum chamber 62 is connected to the vacuum pump 36
      which evacuates the chamber and creates a negative pressure differential
      relative to the surface of the video disc 14.
PAR  Accordingly, as an incremental area of the disc 14 comes into proximity of
      the head 30, the negative pressure differential causes the disc 14 to be
      locally deformed from its normally planar shape. The relatively higher air
      pressure supporting the disc 14 on the turntable 12 and the relatively
      lower pressure in the vicinity of the sole plate 66 causes the disc to
      approach the sole plate 66, as shown. The magnitude of the vacuum within
      the chamber 62 determines the distance between the disc 14 and the sole
      plate 66.
PAR  Since the circumferential velocity of any increment of the disc 12 is a
      function of the radial distance of that increment from the center, and
      since the bearing created is directly related to circumferential velocity,
      it is ncessary to vary the magnitude of the vacuum as a function of radial
      displacement of the head 30. To that end, assembly 56 cooperates with a
      vacuum system control 58 so that for each radial location of the head, a
      predetermined vacuum can be created in the vacuum chamber 62, thereby
      maintaining a substantially constant spacing between the surface of the
      disc 14 and the sole plate portion 66 of the head 30.
PAR  In operation, as contrasted with the earlier Elliott application, the disc
      14 is the relatively complaint member and the "defeat" of the air bearing
      between the head 30 and the disc determines the amount of deformation of
      the disc and the operational distance to the recorded track. However, the
      actual amount of mass affected remains substantially constant.
PAR  The deformation is in actuality, more like a "dimple" than the "hump"
      pictured in FIG. 6 which has been purposely exaggerated for purposes of
      description and explanation. The "coarse" adjustment for the reading head
      can be achieved by adjusting the position of the stop member 46. The
      "fine" adjustment is then controlled by the vacuum system and the negative
      pressure differential created.
PAR  Thus there has been shown an improved combination for maintaining a fixed
      head to surface spacing to optimize an optical, noncontact scanning system
      to bring a sharply focused illuminating beam to the disc surface and to
      return a reflected image from the surface, as affected by the surface
      deformations representing information.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an information handling system including an information bearing
      medium having indicia established therein and having a surface, and a
      transducer head assembly for communicating with the medium and adapted to
      access the surface, the transducer head assembly having a surface for
      generating a hydrodynamic bearing and being supported at a predetermined
      distance interval from the surface by a hydrodynamic bearing created by
      relative motion between the medium surface and the transducer hydrodynamic
      bearing generating surface while being immersed in a fluid medium,
      apparatus for modifying the interval between the transducer and the medium
      surface comprising:
PA1  a. a source of fluid under less than ambient pressure; and
PA1  b. communicating means between said less than ambient pressure fluid source
      and the area between the transducer head assembly and the medium surface,
      said means being coupled to the transducer head assembly and carried
      thereby,
PA1  whereby the relative spacing defining the interval between the transducer
      head assembly and the medium surface is changed by modifying the fluid
      pressure existing in the interval between the transducer head assembly and
      the medium surface.
NUM  2.
PAR  2. The apparatus of claim 1, above, wherein said communicating means
      include an orifice in the transducer head assembly adjacent the interval
      between the transducer and the medium surface for affecting the fluid
      pressure in the interval.
NUM  3.
PAR  3. The apparatus of claim 2, wherein the information handling system
      operatively includes said orifice to transmit information between the
      medium and the head assembly.
NUM  4.
PAR  4. The apparatus of claim 1, above, wherein said communicating means
      include an orifice located in the hydrodynamic fluid bearing surface.
NUM  5.
PAR  5. The apparatus of claim 1, above, wherein said communicating means
      include a chamber interior to the transducer head assembly and further
      include means coupling said chamber to said source of fluid at less than
      ambient pressure and to the interval between the transducer head assembly
      and the medium surface.
NUM  6.
PAR  6. The apparatus of claim 1, wherein said communicating means include an
      orifice in the transducer head assembly adjacent the interval between
      transducer and medium surface; a chamber interior to the transducer head
      assembly communicating with said orifice including a conduit coupling said
      chamber to said source of less than ambient pressure fluid for modifying
      the hydrodynamic pressure in the interval to change the magnitude of the
      interval.
NUM  7.
PAR  7. The system of claim 1, in which the information bearing medium is a
      relatively flexible member capable of translational motion with respect to
      the transducer head assembly and wherein a reduction of the fluid pressure
      in the area of the interval causes the flexible member to approach the
      transducer head assembly.
NUM  8.
PAR  8. The system of claim 1, in which the information bearing medium is a
      relatively inflexible member capable of translational motion with respect
      to the transducer head assembly and wherein a reduction of the fluid
      pressure in the area of the interval causes the transducer head assembly
      to approach the information bearing medium.
NUM  9.
PAR  9. For use with an information handling system including an information
      bearing medium having indicia established therein and having a surface, a
      source of fluid under less than ambient pressure, a transducer head
      assembly for communicating with the medium and adapted to access the
      surface, the transducer head assembly being supported at a predetermined
      distance interval from the surface by a hydrodynamic bearing created by
      relative motion between the surface and the transducer while being
      immersed in a fluid medium, the transducer head assembly comprising:
PA1  a. a transducer head body including a hydrodynamic bearing surface adjacent
      the information bearing medium for creating a hydrodynamic bearing between
      said head assembly and the medium surface;
PA1  b. a chamber interior said transducer head body coupled to the source of
      fluid under less than ambient pressure;
PA1  c. at least one orifice in said hydrodynamic bearing surface connecting the
      hydrodynamic bearing surface and the chamber for establishing fluid
      communication between the source of fluid under less than ambient pressure
      and the interval between the hydrodynamic bearing surface and medium
      surface; and
PA1  d. information transmission means operatively employing said orifice for
      transmitting information between the information bearing medium and the
      information handling system,
PA1  whereby changes in the fluid pressure within said chamber are communicated
      to the interval between said hydrodynamic bearing surface and the medium
      surface for changing the magnitude of the interval.
NUM  10.
PAR  10. The transducer head assembly of claim 9, above, further comprising
      additional orifices in said hydrodynamic bearing surface communicating
      between said chamber and the area of the interval between the medium and
      said hydrodynamic bearing surface.
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ABST
PAL  An electromagnetic transducer based on the magnetoresistive effect is made
      of a stack of members each of which comprises a magnetoresistive layer
      enclosed, with interposition of non-magnetic insulating layer, between two
      thicker high permeability layers, so that these layers are in leakage
      field magnetostatic coupling. The members are stacked with interposition
      of non-magnetic layers such that they are in relative edge effect
      magnetostatic coupling relation. Each magnetoresistive layer has its easy
      magnetization axis 45.degree. to the direction of passage of an electrical
      current therethrough and said axes are 90.degree. to each other in any two
      of the consecutive members of the stack.
BSUM
PAC  THE PRIOR ART
PAR  The present invention concerns improvements in or relating to
      electromagnetic transducers which, for the detection or sensing magnetic
      transitions on a magnetic carrier in close proximity on one edge of the
      transducer, is based on the magnetoresistive property of thin layer
      magnetic materials. Such materials are responsive to an application of an
      external magnetic field by a variation of electrical resistance which may
      be sensed by the passage of an electrical current applied under constant
      voltage to the magnetoresistive member of the transducer. An illustrative
      disclosure of such magnetoresistive materials, mainly comprising
      iron-nickel ferromagnetic alloys, in anisotropic condition thereof, may
      for instance be found in an article by M. C. Van ELST in "PHYSICA", vol.
      XXV, 1959, pp.702-720, entitled "The anisotropy in the magnetoresistance
      of some nickel alloys".
PAR  The electromagnetic transducers based on such magnetoresistive materials
      are fundamentally responsive to the absolute value of the external
      magnetic flux and not merely to the variations of said flux. They
      consequently enable a read-out from a magnetic digital record at any speed
      of travel, including zero. They have a frequency response from zero to
      some tens of megahertz. They issue a read-out signal which may be
      definitely higher than that of conventional transducers which can respond
      only to magnetic flux changes.
PAR  Such magnetoresistive transducers present two drawbacks. Firstly, they are
      not responsive to the direction of the external magnetic flux. This first
      drawback can be avoided by establishing the easy axis of magnetization of
      the layer 45.degree. to the direction of passage of the electrical current
      through it. One may refer, for instance, in this respect to U.S. Pat. No.
      3,848,217 in the name of the same inventor as the present application.
      Secondly, the resolution factor of the magnetoresistive transducers is low
      so that it does not enable separation of localized sources of magnetic
      flux in close proximity, as is the case for successive magnetic
      transitions in high density digital records, wherein, for instance, the
      storage locations are each under 3 microns width, and the spacings between
      them do not reach more than about 15 microns. This second drawback mainly
      results from the fact that the rotation of the magnetization vector is not
      coherent along the height of the layer from the edge which is the nearer
      to the external source of magnetic field, whereas it is the amplitude of
      this rotation which measures the value of said external field, up to the
      saturation of the material of the layer according to its difficult axis of
      magnetization. The saturation of the layer occurs when the value of the
      external field reaches the value of the field of anisotropy H.sub.K of the
      material of the layer. The value of H.sub.K is about 3 oersteds for a
      layer the thickness of which is from 200 to 300 A and which is made in a
      nickel-iron alloy such as permalloy. Such a layer presents a
      magnetoresistive response. This second drawback is actually reduced when,
      according to above patent, the magnetoresistive layer is placed between
      two thicker high permeability magnetic layers, from about 1000 A to more
      than 5 microns. Said thicker layers, made of an anisotropic material, are
      magnetostatically coupled with the magnetoresistive layer through
      insulating films, illustratively silica films a few hundreds Angstroms
      thick. Said thicker layers guide the lines of force of the external
      magnetic field and the value of the flux reaches a maximum when the
      transverse axis of the thus created window coincides with the
      perpendicular plane wherein the source of the external field is located.
PAR  With such a structure, one may use magnetoresistive layers of appreciably
      high demagnetizing fields because such fields are short-circuited by the
      thicker layers. When no external field is applied, the magnetization
      vectors of the thicker layers align on the direction of the easy axis of
      magnetization of the magnetoresistive layer though the orientation of the
      vector in one of the thicker layers is reverse with respect to the
      orientation of said vector in the other one. When an external field is
      applied to the member, the magnetization vectors of the thicker layers
      rotate and the value of their angle of rotation may be adjusted to
      45.degree. by adjusting their thickness. Due to the magnetostatic
      coupling, the rotation of the magnetization vectors of the thicker layers
      drives the magnetization vector of the magnetoresistive layer into a
      corresponding coherent rotation.
PAR  In U.S. Pat. No. 3,879,760 by the same Applicant, another thin film
      magnetoresistive transducer is described which comprises a pair of
      parallel magnetostatically coupled magnetoresistive layers with crossed
      axes of easy magnetization each of which substantially is 45.degree. to
      the direction of passage of an electrical current and 45.degree. to the
      direction of the external magnetic field. The layers are jointly fed under
      constant voltage and are differentially interconnected for summation of
      their response electrical signals. The read-out signal has a value
      proportional to that of the external field seen through a window of a
      breadth equal the distance across the planes of the layers. The layers may
      be made of a magnetostrictive free nickel-iron alloy of about 600 A
      thickness, and they may be spaced apart by a silica layer about 0.8 micron
      thick. Each layer may be about 60 microns high. This structure may read a
      magnetic track about 1 millimeter wide.
PAC  SHORT SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a new and improved structure of a
      magnetoresistive electromagnetic transducer having an increased
      localization power for an external magnetic field source and, essentially,
      a much wider frequency response than the structures of the prior art, with
      an undiminished efficiency:- the narrower the window, the higher the
      frequency response, the lesser is the efficiency and consequently the
      lower is the level of the output signal, and a structure according to the
      present invention obviates such drawback.
PAR  For obtaining such high efficiency, high localization power and wide
      frequency response, recourse is made in the invention to two distinct
      magnetostatic couplings between thin magnetic layers. A leakage field
      coupling between a magnetoresistive layer and a high permeability thicker
      layer, is achieved by enclosing a magnetoresistive member within two high
      permeability thicker layers. Secondly, an edge effect coupling has been
      found to exist between adjacent thicker layers in a stack of such
      magnetoresistive members. In each member the easy axis of magnetization of
      the magnetoresistive layer is 45.degree. to th flow direction of the
      read-out electrical current and, from member to member in the stack, the
      easy axes of magnetization are crossed at 90.degree. in regular
      alternation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of the drawings shows in partial perspective view, one
      embodiment wherein, for the sake of clarity the layers are shown in planar
      shapes and without true scale ratios in the relative dimensions thereof.
      Actually, as the layers will be successively forced on a substrate,
      through evaporation process for instance, it must be understood that the
      layers will progressively warp. The insulating layers are formed for also
      insulating the edges of the magnetic layers with the exception of the ends
      of the magnetoresistive layers on which are provided the electrical
      connections for placing said layers in a series or a parallel electrical
      circuit as the case may be.
DETD
PAC  DETAILED DESCRIPTION
PAR  The structure is shown illustratively restricted to two stacked members, I
      and II. Any number of such members may be provided as required. The member
      I comprises a magnetoresistive layer 1 sandwiched between two thicker
      layers 2 and 3 of a high permeability material. Non-magnetic insulating
      layers 4 and 5 ensure a field leakage magnetostatic coupling of the
      magnetoresistive layer with the high permeability thicker layers. The
      member II is identically formed, a magnetoresistive layer 11 sandwiched
      between two high permeability thicker layers 12 and 13 and coupled thereto
      by non-magnetic insulating layers 14 and 15. Between the layers 3 and 12
      is a non-magnetic layer 16 which ensures an edge effect magnetostatic
      coupling between the said magnetic layers 3 and 12.
PAR  The magnetoresistive layers may be made of permalloy or the like. Each of
      them may have a thickness of about 300 A. Their axes of easy magnetization
      are respectively shown at A for the magnetoresistive layer 1 and at B for
      the magnetoresistive layer 11. They are crossed at 90.degree. and each of
      which is slanted at 45.degree. to the direction of flow of an electrical
      current J and also at 45.degree. to their lower edge which, when the
      transducer is used as a magnetic record head, will be parallel to the
      record travelling along the direction of the arrow F in close proximity to
      said edge.
PAR  In the example shown in the drawing, the two magnetoresistive layers 1 and
      11 are commonly fed with an electrical current J under constant voltage
      from an input not shown and the current passes in parallel through said
      layers and is outputted at S. In other cases, it may be preferred to
      provide a series connection of the layers across the input and the output
      S.
PAR  Each one of the layers 2,3 and 12,13 is made of a magnetic material which,
      at the thickness of such layers, presents a high permeability of the order
      of 10.sup.-.sup.3 or more when, at least, the magnetic material is used
      according to its difficult axis of magnetization. The thickness provided
      is about 10 times the thickness of the magnetoresistive layers, or more
      than this when needed.
PAR  Each of the layers 4,5 and 14,15 is made of a non-magnetic and insulating
      material as, for instance, silica. The thicknesses of these layers are
      such that they ensure a leakage field coupling between the
      magnetoresistive layer, 1 or 11, and the thicker magnetic layers, 2 and 3
      for 1, 12 and 13 for 11. For such thicknesses as indicated above for the
      layers 1, 11 and 2,3 and 12,13 (which may be made of iron-nickel or
      iron-nickel-chromium for instance), a leakage field coupling is obtained
      with silica layers of the order of 1000 A thick. Such a coupling relation
      aligns th easy magnetization axis of each thicker high permeability layer
      on the corresponding axis of the magnetoresistive layer. The leakage
      fields which are locally generated within the magnetoresistive layer from
      the dispersion of the spins of its magnetization influence the orientation
      of the spins of the enclosing thicker layers according to the biassing
      field. The latter is defined by the induced axis of the magnetoresistive
      layer so that, without any external field, the interaction energetic
      equilibrium is reached. In each member of the transducer, the two high
      permeability layers are in contact on both sides of the magnetoresistive
      layers, which is actually coated by the insulating non-magnetic material.
      The magnetization vectors of the two layers are parallel and of same
      amplitude. As the easy magnetization axes of the layers 1 and 11 are
      crossed, the magnetization vectors of the high permeability layers are
      also crossed from member to member of the transducer. Consequently, the
      vertical components of said vectors are of opposite directions from member
      to member as indicated by corresponding arrows in the drawing.
PAR  The transducer members I and II are in relative magnetostatic coupling
      based on the edge effect of their high permeability layers. To explain
      such an effect, each pair of layers 2-3 of member I and 12-13 of member II
      must be considered as an integral single magnetic layer having the
      thickness of the complete member. The coupling is ensured from an
      adjustment of the thickness of the intervening layer 16 which is
      non-magnetic and which may or not be conductive, though for the sake of
      simplicity, it may be made of the same material as the layers 4-5 and
      14-15. This coupling favors anti-parallel orientations of the
      magnetizations in the coupled layers and is due to the demagnetizing
      fields which appear near the edges of the layers. The thickness of the
      intervening layer is made such that the difference between the values of
      the demagnetizing fields at most equals the value of the coercive field of
      each of them. A definition of the edge effect coupling and the computation
      of its thickness are for instance disclosed in an article of J. M.
      DAUGHTON & H. CHANG in "Journal of Applied Physics", vol.36, No.3, March
      1965, page 1124. Referring to the herein above thickness values, the
      thickness of the coupling layer between the members I and II may be from
      about 1000 to about 3000 A.
PAR  The structure which is shown in the figure facilitates an understanding of
      the advantages of the invention. Each transducer member is considered as a
      high permeability homogeneous magnetic layer. The anisotropic field of
      each such homogeneous layer has a low value, of about 1 to 5 oersteds and
      the permeability along the difficult axis of magnetization is high, about
      10.sup.3 to 10.sup.4 for the materials and the thicknesses hereinabove
      defined. The two "homogeneous" layers together define a read-out window
      the width of which equals twice their own thickness plus the thickness of
      the intervening coupling layer. The structure suitably guides the lines of
      the magnetic field generated by such an external source as a magnetic
      transition of a magnetic recording layer. The amplitude of the resulting
      rotation of the magnetization is proportional to the value of the said
      external field, except, perhaps, near the edge of the layers opposite to
      the airgap edge, which is not important since the magnetoresistive layers
      do not reach said opposite edge.
PAR  The width of the window (which is the full equivalent of the breadth of the
      airgap in a conventional magnetic transducer head) must be, in order to
      avoid a magnetic saturation which will render the read-out erroneous,
      higher than a value which may be defined as follows. Assuming assuming
      that the magnetic recording layer, which is thicker than the layers of the
      transducer, say 2 microns, presents a remanent induction of the order of
      1000 Gauss, it generates a leakage flux approximately one-third of the
      product of the remanent induction and the thickness. The magnetic flux
      which the read-out window can accept is the product of the remanent
      induction of the magnetic material and the width of the window (which
      constitutes a magnetic discontinuity between the substrate and an
      insulating protective layer on the other side of the stack). The value of
      the remanent induction of the structure described is about 10,000 gauss.
      It is apparent that the window would necessitate a width of about 0.06
      micron to be saturated, which is much lower than the width of a magnetic
      transition in any high density record which is presently possible on a
      tape, a disc or a drum. A window of a transducer structure according to
      the present invention can be made as narrow as is necessary for avoiding
      saturation of its material. The frequency response of such a transducer
      will consequently be broader than that of the prior art structures and the
      localization capability can be ensured with as high precision as required.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electromagnetic transducer member comprising the combination of:
PA1  a magnetoresistive layer having its easy magnetization axis 45.degree. to
      the direction of passage of an electrical current and having an edge
      90.degree. to said direction,
PA1  a pair of high permeability thicker magnetic layers enclosing the said
      magnetoresistive layer and contacting each other on both sides of the
      height of the magnetoresistive layer 90.degree. to said edge, and,
PA1  means coupling each of said thicker layers to said magnetoresistive layer
      in leakage field magnetostatic coupling relation.
NUM  2.
PAR  2. Electromagnetic transducer device comprising the combination of:
PA1  a plurality of members each comprising a magnetoresistive layer having its
      easy magnetization axis 45.degree. to the direction of passage of an
      electrical current and having an edge 90.degree. to said direction and a
      pair of high permeability thicker magnetic layers each of which is in
      leakage field magnetostatic coupling relation to said magnetoresistive
      layer and contacting each other on both sides of the height of the
      magnetoresistive layer 90.degree. to said edge,
PA1  said members being stacked with the easy magnetization axes of alternate
      magnetoresistive layers in the members 90.degree. to the other easy
      magnetization axes of the other magnetoresistive members,
PA1  means coupling the adjacent high permeability layers in the stack in edge
      effect magnetostatic coupling relation, and,
PA1  means feeding the magnetoresistive layers of the stack with a single
      electrical current.
NUM  3.
PAR  3. Electromagnetic transducer device according to claim 2, wherein the
      thickness of each of the high permeability layers is at least ten times
      the thickness of each of the magnetoresistive layers.
NUM  4.
PAR  4. Electromagnetic transducer device according to claim 2, wherein the
      leakage field magnetostatic coupling in each member is achieved by means
      of a non-magnetic insulating coating on the magnetoresistive layer
      thereof.
NUM  5.
PAR  5. The electromagnetic transducer device according to claim 2 including a
      non-magnetic layer interposed between adjacent members to effect edge
      magnetostatic coupling between adjacent members.
NUM  6.
PAR  6. An electromagnetic transducer member comprising in combination:
PA1  a. a magnetoresistive layer having its easy magnetization axis 45.degree.
      to the direction of passage of an electrical current therethrough and
      having an edge which is 90.degree. to said direction;
PA1  b. a high permeability magnetic layer thicker than said magnetoresistive
      layer; and
PA1  c. means mutually coupling said two layers in flux leakage magnetostatic
      relation.
NUM  7.
PAR  7. An electromagnetic transducer member according to claim 6, wherein said
      high permeability magnetic thicker layer surrounds said magnetoresistive
      layer except side edges thereof 90.degree. to said direction.
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ABST
PAL  A method and apparatus are disclosed for retrieving magnetically recorded
      information by optical means. The magnetic recording is irradiated by a
      beam of coherent light whose plane of polarization is periodically varied.
      The light which is transmitted or reflected from the recording medium is
      analyzed in order to retrieve the magnetically recorded information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to retrieval of magnetically recorded information by
      optical means using the property of a magnetic field to rotate the plane
      of polarization of a beam of coherent light. This property is commonly
      known as the Faraday Effect where the light is transmitted through the
      recording medium and the Kerr Effect where the light is reflected
      therefrom.
PAR  2. Description of the Prior Art
PAR  A technique for retrieving magnetically recorded information by use of the
      Kerr or Faraday Effects is disclosed in U.S. Pat. No. 3,284,785, issued to
      Kornei. In the apparatus described by Kornei, a "rotator" (driven by a
      fixed frequency signal) periodically oscillates the direction of
      polarization of a beam of coherent polarized light which has been
      reflected from a magnetic recording medium. A phase detector measures the
      difference between the phase of the signal driving the rotator and the
      phase of the oscillated light beam.
PAR  One problem with this approach is that optical non-homogeneities which are
      present in the recording medium also influence the phase difference which
      is measured. Such influence is particularly troublesome because the shifts
      in the direction of the polarized beam which result from the magnetic
      recording (Kerr or Faraday Effect shifting) are quite small. In fact, if
      severe optical non-homogeneities are present in the recording medium,
      relative phase changes in the reflected light beam caused by the magnetic
      recording may be masked entirely by noise resulting from optical
      modulation of the beam.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus according to the invention utilizes the Kerr or Faraday Effects
      in producing a periodic signal having an asymmetry characteristic
      representative of the magnetic recording on a record medium. By
      electronically analyzing the asymmetry of the periodic signal, the
      information of the magnetic recording is extracted and produced in a
      signal form suitable for a utilization device such as a loudspeaker or
      computing apparatus.
PAR  With the use of waveform asymmetry to represent recorded information, phase
      comparisons between a modulated and a fixed frequency signal are not
      required. The magnetic record is represented by the asymmetric signal
      alone. No comparison to a signal which has not been influenced by the
      record medium occurs, and the problems of phase shifts resulting from
      optical non-homogeneities in the recording medium are to a large measure
      avoided.
PAR  In accordance with a preferred implementation of the invention, a polarized
      beam is periodically oscillated and then subjected to Faraday Effect
      rotation by a magnetic recording. The range of the oscillation is
      preferably chosen to be greater than the expected range of the magnetic
      rotation. A photodetector in combination with a polarizer then produces a
      signal according to the component of the light beam perpendicular to the
      original polarization of the beam. This signal is periodic and exhibits an
      asymmetry characteristic representative of rotations caused by the
      magnetic recording.
PAR  According to a significant aspect of this implementation of the invention,
      the periodic signal is selectively filtered to pass the frequency at which
      the beam is oscillated (say N) and the first even harmonic of that
      frequency (2N). A new signal is then produced by summing the filtered
      signals, which new signal exhibits less noise than the original waveform
      yet includes essential asymmetry information. (This filtering of the
      periodic signal takes recognition of the significance of the fundamental
      and first even harmonic components in Fourier analysis of an asymmetric
      periodic signal.)
PAR  Finally, a signal output is produced based on a comparison of zero
      crossover intervals for the waveform of the new signal.
PAR  In accordance with the foregoing, it is a purpose of the invention to
      provide an optical "reader" for a magnetic recording which is relatively
      insensitive to noise in the form of phase delays resulting from optical
      non-homogeneities in the record medium.
PAR  Moreover, it is a purpose of the invention to provide such a reader where
      the magnetically recorded information is extracted and reproduced in the
      form of a periodic signal wherein asymmetry of the signal waveform is
      representative of that information.
PAR  It is a further purpose of the invention to provide such a reader wherein
      selected dominant frequency components of the asymmetrical periodic signal
      are utilized in analyzing that signal for the information content thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a diagram, generally in block form, which illustrates the
      preferred apparatus according to the invention; and
PAR  FIG. 2 is a set of waveforms representative of typical signals appearing at
      different points in the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  In FIG. 1, there is shown a device according to the invention, adapted for
      reading magnetically recorded data carried by a sample of magnetized
      material, which may be a magnetic tape. The device comprises a laser 1
      which generates a luminous beam on whose axis are placed, in order, a
      polarizer 2, an electro-optic modulator 3, a lens 22, a sample of a
      magnetized material 5, which is, in the present case, a magnetic tape
      transparent to luminous radiation that crosses it, a lens 24, an analyzer
      7 in a crossed position with respect to the polarizer 2, a photosensitive
      receiver 8, and an electronic circuit 9. The sample is situated in such a
      manner that its magnetization vector displays a component on the axis of
      the laser beam.
PAR  The laser 1, the polarizer 2, and the modulator 3 constitute a source of a
      linearly polarized luminous beam in which modulator 3 causes the direction
      of the polarization plane to oscillate according to the formula:
EQU  .alpha. = .alpha..sub.o sin .omega. t
PAL  .alpha..sub.o being the amplitude of the oscillation
EQU  .omega. = 2.pi.N
PAL  n being the frequency of oscillation.
PAR  If the sample 5 is not magnetized, it does not rotate the polarization
      plane of the beam that crosses it, and the intensity I of the radiation
      that reaches receiver 8 is then, according to the law of Malus,
EQU  I = K sin.sup.2 (.alpha..sub.o sin .omega.t)
PAR  K being a constant
PAR  If the sample is magnetized, it produces a .beta. rotation of the
      polarization plane, proportionate to its magnetization; the intensity of
      the radiation that reaches the receiver 8 is:
EQU  I = K sin.sup.2 (.beta. + .alpha..sub.o sin .omega.t)
PAL  The photosensitive receiver 8 then provides at its output a current i of
      formula:
EQU  i = K' sin.sup.2 (.beta. + .alpha..sub.o sin .omega.t)
PAR  K' being a constant proportional to K
PAR  A mathematical processing of the latter formula shows that current i has a
      continuous component and an alternating component. The wave shape of the
      alternating component is represented by waveform a in FIG. 2. When the
      sample under consideration is a magnetic tape, the .beta. rotation is
      small, often much less than a degree. Then, if the modulation .alpha. =
      .alpha..sub.o sin.omega.t, applied to the position of the polarization
      plane of the beam by modulator 3, is selected in such a manner than
      .alpha..sub.o is also small (on the order of a degree), it can be shown
      using trigonometric identities that the successive positive halfwaves of
      the alternating component of i have respectively as durations (see FIG. 2,
      a):
      ##EQU1##
      where
      ##EQU2##
PAR  Consequently, in the case whtn .beta. and .alpha..sub.o are small, it is
      easy to extract .beta. from the above formulas (I), knowing .DELTA.t.sub.1
      and .DELTA.t.sub.2.
PAR  Since the measurement of which is taken only at the moments when the
      alternating component of i passes through zero, is not affected by the
      "noise" due to the variations of the amplitude of this component, since
      this amplitude is not present in Equations 1 and 2.
PAR  Laser 1 may be a helium-neon laser. Its luminous beam is polarized
      rectilinearly by a polarizer 2 which may be a Glazebrook prism. Modulator
      3 comprises a crystal 3' of KD*P (deuterated monopotassium phosphate), the
      axes of which are oriented by 45.degree. with respect to the path of the
      light beam from the polarizer 2, to a quarter-wave plate 3", one of the
      neutral axes of which is parallel to the direction of the polarizer prism.
      Crystal 3' is energized by an oscillator 3'" at a frequency N which, for
      the preferred implementation, is 100 KHz.
PAR  Thus, at the output of the modulator, the luminous beam has a constant
      amplitude and the direction of its polarization plane oscillates at the
      frequency N around the direction of polarizer 2, at an angle .alpha..sub.o
      which is adjusted to a value on the order of a degree.
PAR  The beam exiting from the quarter-wave plane 3" is passed through lens 22
      which focuses it on the sample 5. A driving mechanism (not shown) advances
      the sample through the beam. The sample unwinds from a spool 4, and is
      taken up onto another spool 4' after having passed around two guides 6,
      6', which arrange that portion of the sample which intersects the beam at
      an angle to the beam axis. Thus, the magnetizing vector of the sample
      (assumed to be recorded longitudinally) has a component along the axis of
      the beam, this component causing the position of the polarization plane of
      the beam to rotate by an amount .beta., by means of the Faraday Effect.
PAR  The beam that emerges from the sample is passed through lens 24 and
      analyzer 7 (which may be another Glazebrook prism) to be finally received
      by the photosensitive receiver 8, which may be a silicon photodiode.
PAR  Photosensitive receiver 8 delivers a first signal which feeds electronic
      circuit 9, which in turn processes the signal so as to form a second
      signal proportionate to .beta., the rotation of the plane of polarization
      due to the magnetization of the sample.
PAR  Circuit 9 comprises, in series, an amplifier 10, a selective filter 11, a
      pair of amplifiers 12, 12' in parallel, an adder 13, a comparator 14, a
      flip-flop 15, a logic unit 16, a wide band differential amplifier 19, an
      integrator 20, and a low-frequency amplifier 21. Elements 10, 11, 12, 12',
      and 13 constitute an input sub-circuit, whereas elements 15, 16, and 19
      constitute a processing arrangement. The logic unit 16 comprises two
      electronic gates 17, 17' with logical function NAND, and two electronic
      gates 18, 18' of logical function NOT. Gates 17 and 18 are connected, in
      series, between an output Q of flip-flop 15, and an input of differential
      amplifier 19. Gates 17' and 18' are connected, in series, between the
      other output Q of flip-flop 15 and the other input of differential
      amplifier 19. Gates 17 and 17' each have their other input fed by the
      output of comparator 14.
PAR  Electronic circuit 9 functions as follows: The first signal formed by the
      receiver 8 is supplied to amplifier 10. The signal formed by the amplifier
      10 feeds the selective filter 11 which separates the components at the
      frequency N and at the frequency 2N so as to direct them toward the
      amplifiers 12 and 12', respectively. Such separation of frequencies may
      also be achieved by using amplifiers with selective bandpass
      characteristics. The signal under study is then recomposed by adder 13. At
      the output terminal a, a signal appears which, when a .beta. rotation of
      the polarization plane of the luminous beam is induced by the sample 5,
      displays the wave shape represented in a of FIG. 2.
PAR  Comparator 14 delivers, at the input of the flip-flop 15, a rectangular
      pulse for each positive half-wave of the output signal of the adder 13.
      Thus, at the input of the flip-flop 15 there is a signal represented by b
      in FIG. 2, which takes the shape of a train of rectangular pulses. Signals
      c and d (FIG. 2) appear at the outputs Q and Q of flip-flop 15.
PAR  Logic unit 16 is thus fed by the signals represented by b, c, and d in FIG.
      2. The NAND gate 17 combines signals b and c so that at the output of NOT
      gate 18 a signal appears represented by e formed from alternate pulses of
      signal b and having a pulse width .DELTA.t.sub.2. Likewise, NAND gate 17'
      combines signals b and d so that at the output of NOT gate 18', signal f
      of FIG. 2 appears, formed of the other pulses of signal b and having a
      pulse width .DELTA.t.sub.1.
PAR  Signals e and f feed the differential amplifier 19, the output of which
      provides the auxiliary signal g which assumes the shape of a second train
      of retangular pulses of the same amplitude, alternately positive and
      negative, and of .DELTA.t.sub.1 and .DELTA.t.sub.2 width, respectively.
      Integrator 20 is fed by signal g and produces a signal directly
      proportionate to (t.sub.1 -  t.sub.2). Which quantity is found by
      differencing Equations 1 and 2 to be:
EQU  t.sub.1 -  t.sub.2 =  2 k' .beta.
PAC  (Equation 3 )
PAR  Therefore, a signal proportionate to .beta. is obtained. Since .beta. in
      turn is proportionate to the magnetization of the sample passing through
      the luminous beam of the device, the obtained signal makes it possible to
      "read" the magnetically recorded data on the sample. Amplifier 21, fed by
      the output of the integrator, may then be used to feed a transducer (not
      shown), such as a loudspeaker.
PAR  As seen above, the preferred embodiment of the invention comprises a
      modulator 3 consisting of a deuterated KDP crystal, energized by an
      electrical oscillator, and of a quarter-wave plate. This crystal may be
      replaced by an electrically birefringent material or with a piezoelectric
      material energized by an acoustical wave. Furthermore, a modulator usuable
      in the device according to the invention may be formed from a material
      displaying the Faraday Effect when it is placed in an alternating magnetic
      field, or with a polarizer oscillated mechanically.
PAR  Although the preferred embodiment of the invention involves the Faraday
      Effect, it is obvious that the Kerr Effect could also be used,
      particularly for retrieving information from a sufficiently reflecting
      magnetic recording medium.
PAR  The invention has been described in detail with particular reference to a
      preferred embodiment thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical apparatus for reading magnetic records on a recording medium,
      comprising:
PA1  a. means for beaming light, which is polarized in a first direction, onto
      such a recording medium whereby there is caused a rotation of the
      direction of polarization of said beam in accordance with the magnetic
      characteristics of the magnetic records thereon;
PA1  b. oscillator means for causing a periodic oscillation in the direction of
      beam polarization at a preselected oscillator frequency;
PA1  c. detector means, located in the path of said light beam after said
      recording medium and said oscillator means, for receiving said beam and
      for producing a first substantially periodic signal having alternating
      components in accordance with the angle of the instantaneous polarization
      direction of said beam in relationship to said first direction; and
PA1  d. circuit means for receiving said first signal and for producing a second
      signal based thereon which is representative of the characteristics of the
      magnetic record, said circuit means being responsive to the relative
      duration intervals for adjacent similar-polarity segments of the
      alternating component of said first signal.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said circuit means includes:
      (1) means for selectively filtering said first signal, which filtering
      means preferentially passes signal components in frequency bands around
      the oscillator frequency and the first even harmonic of the oscillator
      frequency; (2) means for combining the signal portions passing through
      said filtering means to produce a composite signal; and (3) means
      responsive to the polarity of said composite signal for producing said
      second signal in accordance with the relative time intervals for adjacent
      positive-going sections of the composite signal waveform.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said detector means includes
      (1) polarizing means, located on the path of said light beam after said
      oscillating means and said record medium, for intercepting said polarized
      beam and for preferentially passing that component thereof having a
      direction substantially perpendicular to said first direction; and (2)
      photosensitive means, located on the path of said light beam after said
      polarizing means, for producing a signal output in accordance with the
      intensity of the light beam component passing through said polarizing
      means.
NUM  4.
PAR  4. For use in reading a magnetic record on a recording medium, a
      magneto-optical apparatus comprising:
PA1  a. means for beaming light, which is polarized in a first direction, onto
      such a recording medium, whereby there is caused a rotation of the
      direction of polarization of said beam which is representative of the
      magnetic characteristics of the record stored thereon;
PA1  b. oscillator means for causing a periodic oscillation in the direction of
      polarization of said beam at a preselected oscillator frequency;
PA1  c. detector means, located on the path of said polarized beam beyond said
      oscillator means and beyond the recording medium for receiving said beam,
      said detector means including (1) analyzer means for attenuating the
      polarized beam in accordance with the instantaneous angle of polarization
      of said beam, and (2) photosensitive means for receiving the output beam
      of said analyzer means and for producing a first signal in accordance with
      the intensity thereof, which first signal by virtue of the magnetic
      rotation and the oscillation of said beam is characterized by an
      asymmetric periodic waveform; and
PA1  d. circuit means, responsive to the relative durations of adjacent positive
      polarity segments of the alternating component of said first signal, for
      producing a second signal which is representative of the magnetic
      characteristics of the record.
NUM  5.
PAR  5. A magneto-optical apparatus according to claim 4 wherein said analyzer
      means is a polarizer which is arranged with a polarization direction which
      is at right angles to said first direction.
NUM  6.
PAR  6. For use in a magneto-optic readout apparatus of the type having means
      for directing a beam polarized in a first plane onto a sample bearing a
      magnetic record to thereby cause rotation of the plane of polarization of
      such beam in accordance with such magnetic record, and means for
      oscillating the angle of the plane of beam polarization at a preselected
      oscillator frequency, an apparatus comprising:
PA1  a polarizer arranged in the beam path with a polarization plane at
      substantially right angles to said first beam polarization plane;
PA1  photosensitive means for receiving the output beam of said polarizer and
      for producing a first signal in accordance with the intensity thereof;
PA1  means for filtering said first signal to preferentially retain components
      in frequency bands around the oscillator frequency and the second harmonic
      of the oscillator frequency, the resulting filtered first signal being
      characterized by changes of polarity which occur in accordance with the
      relative contributions of the retained frequency components; and
PA1  circuit means for receiving the filtered first signal and for producing
      based thereon a second signal which is representative of the magnetic
      record, which means includes first means for producing pulses in response
      to one polarity of the filtered first signal, second means for alternating
      the polarity of such pulses, and means for integrating the output pulses
      of said second means to produce said second signal.
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ABST
PAL  The present invention relates to an erasing head for a magnetic recording
      apparatus using a static magnetic field. The erasing head consists of a
      plurality of magnetic poles having surfaces which confront the recording
      tape. The first and second poles have polarities opposite to each other.
      The first pole is arranged to engage a recording track along its full
      width and magnetizes it to a given polarity. The second pole is arranged
      to engage the upper half of the track and magnetize it to the opposite
      polarity. Each half track is magnetized to opposite polarities so that the
      distortion of output signals is reduced, when the signal is reproduced by
      a reproducing head engaging both half tracks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The present invention relates to a magnetic erasing head employing a static
      magnetic field and being suitable for use in a magnetic recording
      apparatus to erase signals so that a new magnetic record may be made
      thereon. The invention particularly involves the disposition of means for
      creating static magnetic fields of different polarity with relation to the
      width of the tape.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  There are two types of methods for erasing residual magnetization of a
      magnetic recording medium, such as a magnetic recording tape. One involves
      alternating current demagnetization, and the other involves the use of a
      static magnet. The alternating current demagnetization is one involving
      flow of an alternating current through a coil wound on the magnetic
      erasing head. As the magnetic medium passes the magnetic gap of the
      erasing head, it is magnetized up to its magnetic saturated condition. As
      it leaves the gap, it is remagnetized in the reverse direction, and the
      process is repeated over and over again. The magnitude of magnetization
      gradually becomes small and at last reaches a neutral or zero point where
      the residual magnetization becomes zero. This method is widely used in the
      field of magnetic recording and reproducing apparatus and is effective in
      completely erasing residual magnetization. However, it is not particularly
      desirable in connection with the use of magnetic materials having high
      coercive force in which case the electric power consumed for the erasing
      head becomes high. Such a high power loss causes the core of the erasing
      head to be easily saturated as a result of which the erasing effect is
      decreased.
PAR  The second method, involving static magnetic erasing, employs a strong
      static magnetic field provided by a permanent magnet or a magnetic core
      having a coil thereon, the field being directed toward the magnetic
      recording medium. The medium is magnetized from a state of residual
      magnetization to the saturated state. This method is used for relatively
      small magnetic recording and reproducing apparatus such as a tape recorder
      operated by a battery because of its simplicity. The difficulty of the
      second method is that it tends to distort the output signal at the
      reproducing step when the apparatus is used.
PAR  There have been suggestions of improving the static magnetic erasing method
      in the prior art. It has been suggested to use a permanent magnet in which
      the magnetized polarity is reversed repeatedly so that the magnitude
      decreases towards zero along the scanning direction of the magnetic tape.
      This improved erasing head has an advantage similar to the alternating
      current method, but has the disadvantage that it requires a large number
      of magnetic poles which causes the length of the head to be long.
      Accordingly, the improved erase head is not available for a small magnetic
      recording apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a magnetic
      erasing head which comprises at least two magnetic poles which are
      arranged sequentially to scan the recording track and provide static
      magnetic fields to be track. The first pole faces the recording track to
      its full width and provides a static magnetic field sufficient to saturate
      the residual magnetization of the magnetic recording medium to one
      polarity. The second pole provides a static magnetic field stronger than
      the maximum coercive force of the various magnetic recording media which
      may come in contact with the head, and magnetizes the same to a second
      polarity opposite to the first-mentioned polarity. The magnetic poles are
      disposed so that the distortion of output signals caused by the track
      shift along a direction perpendicular to the track scanning direction and
      by the variety of coercive forces of magnetic media is reduced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAR  FIGS. 1 and 2 are illustrated rather schematically and are illustrations of
      the disposition of magnetic heads to explain the principles of the present
      invention;
PAR  FIGS. 3A, 3B, 3C and 4A, 4B, 4C are the signal wave shapes used in the
      explanation;
PAR  FIG. 5 is an illustration of the disposition of magnetic poles included in
      the erase head of the present invention;
PAR  FIG. 6 is another diagram used to explain the principles of the present
      invention;
PAR  FIG. 7 is an illustration of the disposition of magnetic poles and magnetic
      heads which can be used in the present invention;
PAR  FIGS. 8, 9 and 10 are additional diagrams explaining the present invention;
PAR  FIG. 11 is an illustration of the manner of disposing the magnetic heads in
      a preferred embodiment of the invention;
PAR  FIGS. 12 and 13 are diagrams illustrating the experimental results obtained
      from a system of the type shown in FIG. 11;
PAR  FIG. 14 is a perspective view of one erasing head of the present invention;
PAR  FIGS. 15 and 16 are diagrams of the results of tests made on the head of
      FIG. 14;
PAR  FIGS. 17, 18 and 19 are perspective views of various modified forms of the
      present invention;
PAR  FIG. 20 is an illustration of the disposition of magnetic poles included in
      the erasing head of the present invention;
PAR  FIGS. 21 and 22 illustrate the dispositions of magnetic poles included in
      the erase head of the present invention for a double track;
PAR  FIGS. 23, 24 and 26 are illustrations of modified dispositions of the
      magnetic poles of the present invention;
PAR  FIG. 25 is an illustration of a modified disposition of magnetic poles for
      a double track;
PAR  FIG. 27 is an illustration explaining the positions of the magnetic poles;
PAR  FIGS. 28A, 28B and 28C are diagrams explaining the magnetic
      characteristics;
PAR  FIG. 29 is a diagram of the results obtained with the type of assembly
      shown in FIG. 27;
PAR  FIGS. 30, 31 and 32 are illustrations of modified dispositions of magnetic
      poles according to the invention; and
PAR  FIGS. 33 to 37 show other embodiments of the erasing head of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of static erasing can be explained by dividing the erase
      head into two portions. One of these portions, called the first portion,
      is that in which the recording tape is partially magnetized to a first
      polarity, for example, to a north pole. The other portion is that in which
      the recording tape is partially magnetized to a second polarity, for
      example, a south pole. The function of the first portion of the erasing
      head is explained in FIGS. 1 and 3, and that of the second portion in
      FIGS. 2 and 4.
PAR  Regarding the first portion, shown in FIG. 1, three heads are arranged in
      the order of erasing head H.sub.E, a recording head H.sub.R and the
      playback or reproducing head H.sub.P, from left to right, respectively.
      These three heads are arranged to engage a magnetic recording tape T. The
      erasing head H.sub.E is shown in a simple manner such as a bar magnet with
      its north pole facing the tape.
PAR  FIG. 2 is similar except that the erase head H.sub.E has a south pole
      facing the tape. In both FIGS. 1 and 2, the two magnetic poles of the
      erasing head H.sub.E provides sufficient magnitude of magnetic field to
      saturate the residual magnetization of the recording tape.
PAR  The magnetic tape T is scanned along the direction indicated by the arrow a
      and first passes by the erasing head H.sub.E then the recording head
      H.sub.R and finally across the reproducing head H.sub.P. Assume that a
      sine wave signal, illustrated in FIGS. 3A and 4A is applied to the
      recording head H.sub.R of FIGS. 1 and 2 to record a signal on the magnetic
      recording medium. Subsequently, the recorded signal is reproduced by the
      reproducing head H.sub.P of FIGS. 1 and 2, respectively. If the output
      signals are observed, they have distortions which appear different from
      each other, as illustrated in FIGS. 3B and 4B.
PAR  We have found that the distorted output signal is caused by a superposition
      of sine waves, that is, the first wave having the same frequency as the
      input signal and illustrated by a solid line in FIGS. 3C and 4C, and a
      second wave corresponding to the second harmonic, illustrated by a dotted
      line in FIGS. 3C and 4C. The phase difference between the second harmonic
      waves is 180.degree.. Consequently, the output signals illustrated in
      FIGS. 3B and 4B are distorted and the distortions are different from each
      other.
PAR  In the present invention, the two portions of the erasing head H.sub.E
      shown in FIGS. 1 and 2 are formed in a common erasing head or in some
      manner adjacent to each other and facing to the same recording track. The
      recording head H.sub.R and the reproducing head H.sub.P are arranged to
      engage the full width of the track. In the reproducing head, both output
      signals shown in FIGS. 3B and 4B are superposed and both second harmonic
      waves shown by the dotted lines cancel each other. As a result, an output
      signal without distortion is obtained.
PAR  The first embodiment of the invention is illustrated in FIG. 5 where an
      erase head H.sub.E a recording head H.sub.R, a reproducing head H.sub.P,
      and a recording tape having a recording track t are illustrated in a
      simplified manner. The recording head H.sub.R and the reproducing head
      H.sub.P are shown only with dotted lines of their head gaps g,
      respectively. The recording track t is bisected into two semi-tracks
      t.sub.1 and t.sub.2 by a centerline L.sub.O. The magnetic erasing head
      H.sub.E includes two poles having different polarities and positions with
      respect to each other. These polarities and positions are important to the
      present invention. The first pole P.sub.1 is arranged and positioned to
      face or contact over the whole width of the recording track t, and has a
      polarity, for example, of a south pole. The pole P.sub.1 provides a
      sufficiently strong magnetic field to saturate the recording tape. The
      second pole P.sub.2 is arranged to contact one of the bisected
      semi-tracks, for example, track t.sub.1 and has the polarity of a north
      pole. The second pole P.sub.2 provides a stronger magnetic field than the
      coercive force of the recording tape which is determined by the magnetic
      material used in the tape. The two poles of the erasing head H.sub.E are
      arranged with a small distance between them along the direction of the
      recording track t in the scanning direction of the recording tape which is
      shown by an arrow a. The first step is the magnetization which saturates
      the recording track t by the pole P.sub.1 over the entire width. The
      second step is the reverse magnetization of the bisected recording track
      t.sub.1 by the second pole P.sub.2. According to this erasing process, the
      reproducing signal obtained by the head H.sub.P has little distortion by
      virtue of the cancellation of the secondary high frequency signals with
      their 180.degree. phase difference.
PAR  In the above-described embodiment, the track t is bisected, however, the
      principle can be generalized as follows. When the width of the recording
      track t is divided into n (an integral number more than 2) parts, and the
      polarity of the residual magnetization of each of the divided tracks is
      south, north, south, FIG. 6 shows the amount of residual magnetization
      versus the position of the recording track along the direction
      perpendicular to the scanning direction in which the magnetization is
      produced by a plurality of magnetic poles of the erasing head. For the
      erasure to occur without distortion, it is necessary that the amount of
      divided tracks magnetized to the first polarity, i.e., to the south pole
      is substantially equal to that of the other divided tracks magnetized to
      the north pole. If the maximum values of the ordinates of each divided
      track are substantially equal to each other, the amount of residual
      magnetization can approximate the total widths of the divided tracks. In
      other words, the sum of the widths of the divided tracks which is
      magnetized to the first polarity is equal to that of the second divided
      tracks which is magnetized to the second polarity. Accordingly, the
      distortion of the reproduced output signals can be minimized.
PAR  The relation between the distortion of the reproducing signal and the
      effective width, W, W.sub.1, and W.sub.2 of the recording track t and the
      divided tracks t.sub.1 and t.sub.2 illustrated in connection with FIG. 7.
      In that figure, W is the effective width of the recording track t, W.sub.1
      is the effective width of the first semi-track t.sub.1, and W.sub.2 is the
      effective width of the second divided semi-track t.sub.2. The recording
      tape with its track t is scanned from the left to the right as shown in
      that figure.
PAR  After the saturation of the recording track t by the north pole or south
      pole of the erasing head H.sub.E as explained in FIGS. 1 to 4, a sine wave
      signal M sin .OMEGA.t is applied and recorded on the track by the
      recording head H.sub.R with its head gap g, M being a constant, .OMEGA.
      being the angular velocity and t being the time. Reproduced output signals
      e.sub.N and e.sub.S can be represented as follows:
EQU  e.sub.N = E.sub.1 sin .OMEGA.t + E.sub.2 sin 2 .OMEGA.t    (1)
EQU  e.sub.S = E.sub.1 sin .OMEGA.t + E.sub.2 sin 2 .OMEGA.t    (2)
PAR  In the above equations, E.sub.1 and E.sub.2 are constants. Accordingly, the
      total reproduced signal e of the recording track t, as shown in FIG. 7 is
      given by equation (3)
      ##EQU1##
EQU  E.sub.2 sin 2 .OMEGA.t                                     (3)
PAR  If we define E.sub.2 ' as equal to
      ##EQU2##
      E.sub.2 and x as equal to
      ##EQU3##
      this equation can be written as follows:
      ##EQU4##
PAR  As indicated in FIG. 7, x represents the shift of the borderline L which
      marks off the different polarities of the residual magnetization by the
      magnetic erasing head H.sub.E from the bisecting line L.sub.O of the
      recording track t. Therefore, the distortion factor (D) of the reproducing
      signal is expressed by the equation (5)
      ##EQU5##
PAR  These equations are plotted in FIGS. 8 and 9, respectively. In practice,
      the absolute value of
      ##EQU6##
      is equal to or greater than 1, and E.sub.1 is much greater than E.sub.2,
      the distortion factor D can be written by the following equation as an
      approximation:
      ##EQU7##
      Therefore, when the maximum permitted distortion factor is D.sub.a ' and x
      = x.sub.a at D = D.sub.a, x.sub.a can be written by equation (7):
      ##EQU8##
PAR  Equation (7) is plotted in FIG. 10. This figure indicates the permitted
      range of shift of the borderline L from the bisecting line L.sub.O.
PAR  Secondly, the effect of the position of the erasing head along the width of
      the recording track, perpendicular to the scanning direction of the tape,
      and the intensity or magnitude of the magnetic field of the erasing head,
      on the distortion of the reproducing signal was determined on the basis of
      an experiment with two separate erasing heads having opposite polarity
      from each other. FIG. 11 shows the positioning of the magnetic heads
      against the magnetic tape for this experiment. The magnetic tape T was
      engaged by the magnetic heads H.sub.1, H.sub.2, the magnetic recording
      head H.sub.R, and the magnetic reproducing head H.sub.P in that order. The
      tape T was scanned in the direction of the arrow a. The magnetic erasing
      head H.sub.E comprised the magnetic heads H.sub.1 and H.sub.2. Both heads
      included coils through which direct current flowed in directions opposite
      to each other so that the magnetic flux from the erasing heads had
      opposite directions. The letter g indicates the gaps of the magnetic heads
      H.sub.1, H.sub.2, H.sub.R and H.sub.P, respectively, extending at right
      angles to the tape scanning direction.
PAR  The frequency of the recording bias current was 34 kilohertz with a bias
      point that had a peak at 1 kilohertz, the recording signal was a single
      frequency signal of 333 hertz in the form of a sine wave whose level was
      11db lower than the saturation magnetization level. The coercive force of
      the magnetic tape T was 1036 oersteds, its magnetic layer thickness was
      3.35 microns and the scanning speed was 4.8 centimeters per second. As
      shown in FIG. 11, the magnetic head H.sub.1 and the magnetic recording
      head H.sub.R were arranged with respect to the recording track t having a
      width W so that each of the gaps g covered the whole width of the
      recording track t. The magnetic head H.sub.2 engaged a part of the
      recording track t and had a portion extending beyond the width of the
      track, as shown. The distance from the centerline L.sub.O of the recording
      track to the bottom end of the gap g is designated  x. The magnetic
      reproducing head H.sub.P was arranged to engage the magnetic tape T so
      that the center of the gap g of the reproducing head H.sub.P coincides
      with the centerline L.sub.O of the recording track t.
PAR  In the first experiment, a direct current strong enough to saturate the
      magnetic tape T was passed through both coils of the magnetic heads
      H.sub.1 and H.sub.2. While varying the value of x, the distortion factor
      of the reproduced signal was measured. The results are shown on the
      diagram of FIG. 12 in which the ordinates represent the distortion factor
      in percent, and the abscissa refers to the distance x in millimeters. From
      FIG. 12 it will be seen that the distortion factor is at a minimum where x
      is equal to zero, i.e., where the bottom end of the gap of the magnetic
      head H.sub.2 coincides with the centerline L.sub.O of the track t in FIG.
      11.
PAR  In the second experiment, a DC current which was strong enough to saturate
      the magnetic tape T was passed only to the magnetic head H.sub.1. The
      magnetic head H.sub.2 was fixed at a position where x was equal to O, and
      the direct current flow to the magnetic head H.sub.2 was varied to vary
      the strength of the magnetic field H.sub.2 against the magnetic tape T,
      while the distortion factor of the reproducing signal was measured. The
      results from this experiment are shown in the diagram of FIG. 13, where
      the ordinate represents the distortion factor in percent, and the abscissa
      represents the strength of the magnetic field of the magnetic head H.sub.2
      against the magnetic tape T. H.sub.C is the coercive force of the magnetic
      tape T. From the diagram of FIG. 13, it will be seen that the distortion
      factor rapidly decreases above the point where the strength of the
      magnetic field of the magnetic head H.sub.2 against the magnetic tape T is
      more than the coercive force H.sub.C of this magnetic tape, and is almost
      constant at the point where the strength of the magnetic field of the
      magnetic head H.sub.2 is more than 1.5 times the coercive force H.sub.C of
      the recording tape T.
PAR  The general arrangement of the erasing head of the present invention is as
      follows. The first and second magnetic poles which are parts of the
      magnetic erasing head are arranged on the same track of the magnetic
      recording medium. The first magnetic pole has the same or longer length to
      a direction perpendicular to the scanning direction of the track than the
      width of the recording track, and enough intensity of magnetic field to
      saturate the magnetic recording medium. The second magnetic pole is less
      in length in a direction perpendicular to the scanning direction of the
      track than the width of the recording track, and it has more intensity
      produced by its static magnetic field that the coercive force of the
      magnetic recording medium, and preferably stronger than 1.5 times the
      coercive force. The components of the static magnetic field produced by
      these heads along the scanning direction of the track have directions
      opposite to each other but preferably have absolute values which are equal
      to each other.
PAR  FIG. 14 illustrates one specific embodiment of the present invention as
      explained in FIG. 5. The magnetic erasing head H.sub.E which can be used
      in a two-track type cassette tape recorder comprises first and second bar
      magnets M.sub.1 and M.sub.2 embedded in a common head block BL of
      non-magnetic material such as brass.
PAR  The erasing head H.sub.E has a cylindrical surface ST which faces the
      magnetic recording tape T and in which are located the ridges of first and
      second magnetic poles P.sub.1 and P.sub.2 of bar magnets M.sub.1 and
      M.sub.2. The first and second bar magnets M.sub.1 and M.sub.2 are
      polarized such that poles P.sub.1 and P.sub.2 have opposite polarity. The
      first and second magnetic poles P.sub.1 and P.sub.2 have rectangular faces
      with their long sides at right angles to the tape scanning direction. The
      shape of the magnet, of course, is not critical to the purposes of the
      present invention.
PAR  The first magnetic pole P.sub.1 is longer in the direction at right angles
      to the tape scanning direction than the width of the recording track so
      that it overlaps the upper recording track. The excess length of the
      magnetic pole P.sub.1 may extend out from the upper edge of the recording
      track, but should not extend downwardly into another recording track.
PAR  The second magnetic pole P.sub.2 has a length in the direction at right
      angles to the tape scanning direction greater than the width of the
      bisected width of the recording track so that it can engage the upper
      portion of the bisected track as explained in FIG. 5. The edge of the
      second magnetic pole P.sub.2 may extend beyond the upper edge of the
      recording track, but must not extend into the bisected lower recording
      track.
PAR  The magnetic tape T first passes across the magnetic pole P.sub.1 and then
      on to the magnetic pole P.sub.2, scanning in the direction of arrow a. The
      magnetic field distribution of this magnetic erasing head H.sub.E is shown
      in FIG. 15. The component of the magnetic flux density in the thickness
      direction of the magnetic tape T is plotted against the position along a
      line 1 shown in FIG. 14 along the scanning direction. The line 1 is
      selected so that it engages both poles. When the magnetic erasing head
      H.sub.E is at a direction at right angles to the scanning direction of the
      magnetic track, the distortion factor in percent of the reproduced signal
      is measured, with the result being shown in FIG. 16. This figure is
      similar to that of FIG. 12 and shows that where x = 0, i.e., where the
      lower edge of the second magnetic pole P.sub.2 is on the centerline of the
      recording track, minimum distortion is observed. The magnetic recording
      head H.sub.R and the magnetic reproducing head H.sub.P used in this
      experiment had gap widths of 1.4 microns and 1.5 millimeters,
      respectively. The frequency of the recording bias current was 34 kilohertz
      with a bias point having a peak of 1 kilohertz. The recording signal was a
      single frequency signal of 333 hertz in the form of a sine wave, which
      level was 11db lower than the saturation magnetization level. The coercive
      force of the tape was 974 oersteds and its magnetic layer thickness was
      1.89 microns. The scanning speed was 4.8 centimeters per second.
PAR  Several specific examples are also illustrated in FIGS. 17 to 19. The
      magnetic erasing head H.sub.E of FIG. 17 includes a first magnetic pole
      P.sub.1 and a second magnetic pole P.sub.2 embedded in a head block BL
      which is formed predominantly of magnetic material and a non-magnetic part
      BL.sub.a. The first pole P.sub.1 is a bar-type magnet and the second pole
      P.sub.2 is a magnetic pole which is selectively magnetized at the
      cylindrical surface ST of the magnetic material. The opposite N-pole is
      embedded in the block and is not shown in the drawings. The position and
      magnitude of both poles are arranged to be as described in connection with
      the previous examples shown in FIGS. 5, 11 aand 14.
PAR  A further example of the present invention is shown in FIG. 18. This
      structure includes a head block BL consisting of magnetic material. Both
      poles, poles P.sub.1 and P.sub.2 are formed by selective magnetization
      against a cylindrical surface ST of the head block BL of magnetic
      material. Opposite poles for each of the poles are embedded in the block
      and are not shown in the drawings. This example is considered to be the
      simplest structure employing the principles of the present invention and
      is suitable for small recording apparatus.
PAR  A further example is shown in FIG. 19. Here, the magnetic erasing head
      H.sub.E consists of a magnetic ring core common to two heads RH.sub.1,
      RH.sub.2, and the coil C which is wound on the center leg of the core. The
      gaps g.sub.1, g.sub.2 extend at right angles to the scanning direction of
      the tape. The heads RH.sub.1, and RH.sub.2 can be considered as
      corresponding to the heads H.sub.1 and H.sub.2 of FIG. 11. The two head
      gaps g.sub.1 and g.sub.2 of FIG. 19 may be considered the same as the
      first and second poles of FIG. 5. Thus, the principles of the present
      invention include the use of a head gap formed of a ring core which
      produces magnetic flux in opposite directions.
PAR  The combination of a permanent magnet with an electromagnet can also be
      used in accordance with the present invention. In the erasing head H.sub.E
      mentioned in conjunction with FIGS. 14, 17, 18 and 19, the length of the
      first magnetic pole P.sub.1 is longer than the width W of the magnetic
      recording track t as shown in FIG. 20. The length of the second magnetic
      pole P.sub.2 is longer than the width W/2 divided by two of the magnetic
      recording track t. A second embodiment of pole arrangement is shown in
      FIG. 21 where the recording track t is used both as a single track and as
      a double track. As shown in FIG. 21, when the recording track t is used as
      a single track, the whole track width W is used, and when used as a double
      track, the recording track t is divided into tracks t.sub.1, track t.sub.2
      and guard band t.sub.g having widths of W.sub.1, W.sub.1, and W.sub.2,
      respectively. In this case, the magnetic erasing head H.sub.E comprises
      the first magnetic pole P.sub.1 which covers the recording track t over
      the whole width W while the second magnetic poles P.sub.21 and P.sub.22
      cover half widths of the tracks t.sub.1 and t.sub.2, respectively. The
      total effective length of poles P.sub.21 and P.sub.22 on the recording
      track as approximately W.sub.1 +W.sub.2 /2. This erasing head can be
      considered as the combined head of two erasing heads of FIG. 20, with the
      residual magnetization on the recording track t being divided into four
      portions having alternating polarities. The total residual magnetization
      of one polarity is equal to that of the other and as a result, the
      distortion factor is low.
PAR  A third embodiment of magnetic pole arrangement for a magnetic erasing head
      is shown in FIG. 22, wherein the recording track t is also used both as a
      single and as a double track. A first pole P.sub.1 is disposed in the same
      manner as in FIG. 21. A second pole piece P.sub.2 is disposed so that it
      covers the track t.sub.1 along its full width and also covers 1/2 of the
      track t.sub.2. Third and fourth poles P.sub.3 and P.sub.4 are arranged in
      the manner of the poles shown in FIG. 20. This type of arrangement,
      however, may lead to increased distortion of the reproduced signal.
PAR  The embodiments of the invention which resolve this problem are shown in
      FIGS. 23 and following. The magnetic erasing head H.sub.E of FIG. 23
      includes a first magnetic pole piece P.sub.1 which has a length along the
      direction perpendicular to the tape scanning direction greater than the
      width W of track t. A second magnetic pole P.sub.2 has a length just a
      half width of the recording track, that is, W/2. The center points of the
      first and second poles are on the centerline L.sub.O of the recording
      track t. In the case of using this magnetic erasing head, the absolute
      value of the total residual magnetization of N polarity of the erased
      track is equal to that of S polarity, regardless of any shift of the
      recording track along its width. As a result, the distortion of the
      reproduced signal is close to zero.
PAR  In the magnetic erasing head H.sub.E of FIG. 24, the second magnetic pole
      P.sub.2 is circular in cross-section with a diameter of W/2. This head
      H.sub.E has the advantage that it can be formed from a wire-type magentic
      material of very fine size.
PAR  In FIG. 25 there is shown an erasing head H.sub.E which uses both single
      and double tracks. A first magnetic pole P.sub.1 of a first polarity is
      arranged to engage the entire width of the recording track t. Second
      magnetic poles P.sub.21, P.sub.22 and P.sub.23 have their center points
      arranged on the centerlines L.sub.1, L.sub.2 and L.sub.O of the tracks
      t.sub.1, t.sub.2 -- and the guard band t.sub.g, respectively. These poles
      are of opposite polarity from pole P.sub.1. The lengths of the second
      poles along the width direction are W.sub.1 /2, W.sub.1 /2, and W.sub.2
      /2, respectively, so that the absolute values of the residual
      magnetization of erased tracks of north and south polarity are
      approximately equal.
PAR  The magnetic erasing head H.sub.E shown in FIG. 26 has the same function as
      the magnetic erasing head of FIG. 23. The head H.sub.E includes a first
      magnetic pole P.sub.1 which engages the track t over its entire width, a
      second magnetic pole P.sub.2 and a third magnetic pole piece P.sub.3. The
      second magnetic pole piece P.sub.2 has a polarity opposite to that of
      P.sub.1 and a length which is effectively W/2 longer than that of the
      third magnetic pole P.sub.3 along the direction at right angles to the
      scanning direction of the recording track t. The third magnetic pole
      P.sub.3 has a polarity the same as that of the first magnetic pole P.sub.1
      and a length which is shorter than W/2.
PAR  In the previous embodiments, we have assumed that the boundary between the
      areas of magnetized polarity is the locus of the bottom end of the second
      magnetic pole, but, in practice, this boundary may be shifted downward as
      shown in FIG. 27 according to the correlation between the magnitude of the
      magnetic field of the magnetic pole P.sub.2 and the coercive force of the
      magnetic tape. In a diagram of FIG. 28A, the magnitude of the magnetic
      field of the magnetic pole P.sub.2 perpendicular to the scanning direction
      is plotted. H.sub.m is the maximum value of the magnetic field of the
      magnetic pole P.sub.2 which value must be greater than the coercive force
      of the magnetic tape. The magnitude of the magnetic field of the magnetic
      pole piece P.sub.2 decreases with the increment of x which is the distance
      downwardly from the bottom end of the magnetic pole P.sub.2. When the
      maximum value H.sub.m of the magnetic field of the pole P.sub.2 is a
      little more than the coercive force of the magnetic tape, the boundary
      between the areas of both polarities of the recording track nearly
      coincides with the locus of the bottom end of the magnetic pole P.sub.2.
      However, if the maximum value H.sub.m is sufficiently larger than the
      coercive force of the magnetic tape, the shift of the boundary downward
      from the centerline L.sub.O of the magnetic recording track increases
      according to the value of H.sub.m.
PAR  When the width W of the recording track is small, the second pole P.sub.2
      must be arranged so that its boundary is close to the centerline L.sub.O
      of the track by disposing it a little higher than the centerline L.sub.O.
      If the magnetic tapes have hysteresis characteristics of substantially
      square shape as shown in FIGS. 28B and 28C and the coercive force values
      are H.sub.C1 and H.sub.C2, H.sub.C1 being larger than H.sub.C2, the
      boundaries between the areas of both polarities of the recording track are
      L' and L" in FIG. 27, and x.sub.1 and x.sub.2 in FIG. 28A. The positions
      of the boundaries L' and L" also shift according to the maximum magnetic
      field H.sub.m.
PAR  The effect of the coercive force of the magnetic tape on the distortion of
      the reproduced signal can be explained as follows. From the diagram of
      FIG. 28A, it will be seen that the gradient of the magnetic field near the
      point where x = 0 of the magnetic pole P.sub.2 is more abrupt than that of
      points removed from that end. Therefore, in order to decrease distortions
      in a polarity of different magnetic tapes having various coercive forces,
      the value of the maximum magnetic field H.sub.m of the magnetic pole
      P.sub.2 is selected to be slighty larger than the highest value of maximum
      coercive force used among these magnetic tapes. This theory can also be
      applied in the magnetic erasing head H.sub.E of FIGS. 23 or 24.
PAR  As shown in the diagram of FIG. 29, the distortion factor of the reproduced
      signal was measured, varying x which is the distance in millimeters
      between the boundary L' and the bottom end of the magnetic pole P.sub.2.
      The coercive forces of the magnetic tapes were 960 oersteds and 470
      oersteds, respectively. The magnetic field on the track produced by
      magnetic pole P.sub.1 was 2700 oersteds and that produced by magnetic pole
      P.sub.2 was 1050 oersteds, corresponding to H.sub.m in FIG. 28A. The full
      line 2 in FIG. 29 illustrates the characteristics of the tape having a
      coercive force of 960 oersteds, and the dotted line 1 shows the
      characteristics of the tape having a coercive force of 470 oersteds. The
      position -x.sub.1 on the abscissa indicates the position of the end of the
      magnetic pole P.sub.2, where the boundary L' of the first magnetic tape
      coincides with the centerline L.sub.O. It will be seen from FIG. 29 that
      the shift of x representing the minimum distortion was negligibly
      dependent upon the coercive force of the tapae.
PAR  The embodiment shown in FIG. 30 can be used to overcome the problem when
      different tapes of various coercive force values are used. The erasing
      head H.sub.E includes a first magnetic pole P.sub.1 which engages the
      recording track t over its entire width. The second magnetic pole P.sub.2
      having a polarity opposite to that of P.sub.1 and a third magnetic pole
      P.sub.3 of polarity the same as that of magnetic pole P.sub.1 are arranged
      in sequence. The magnetic field of pole P.sub.2 and P.sub.3 must be
      greater than the greatest coercive force among the various magnetic tapes
      to be used. As shown in FIG. 30, the boundaries made by P.sub.2 on the
      recording tracks with the various magnetic tapes were L.sub.2.sub.'  and
      L.sub.2.sub.",  respectively, and the boundaries made by the pole P.sub.3
      on the recording track with two tapes were L.sub.1.sub.'  and
      L.sub.1.sub."  respectively. The symbol W.sub.d1 and W.sub.d2 are the
      widths of the track between L.sub.1.sub.'  and L.sub.2.sub.', and
      L.sub.1.sub." and L.sub.2.sub.', respectively. In order to decrease the
      distortion of all magnetic tapes of various coercive forces, the distances
      must be fixed such that
      ##EQU9##
PAR  A modified form of the erasing head of FIG. 30 is shown in FIG. 31. With
      the polarities of P.sub.1, P.sub.2, and P.sub.3 the same as those of FIG.
      30, the relationships of the distances between boundaries are
      ##EQU10##
PAR  FIG. 32 illustrates an erasing head usable for both single and double track
      recording. This erasing head H.sub.E is essentially the combination of the
      head of FIG. 30 with the head of FIG. 22 or FIG. 25. The magnetic polarity
      of the second magnetic poles P.sub.21 and P.sub.22 is opposite to that of
      magnetic pole P.sub.1, and the magnetic polarity of the third magnetic
      poles P.sub.31 and P.sub.32 is the same as that of the magnetic pole
      P.sub.1. In this case, W.sub.d011 =W.sub.1 /2. W.sub.d012 =W.sub.1 /2, and
      W.sub.d02 =W.sub.2 /2, where W.sub.1 is the width of track t.sub.1 or
      t.sub.2 and W.sub.2 is the width of the guard band t.sub.g.
PAR  FIGS. 33 to 36 show further examples of magnetic poles disposed relative to
      the recording track t having a width W. The dotted line L.sub.O represents
      the center of the track t, and the magnetic tape is scanned from left to
      right along the direction of the line L.sub.O.
PAR  In FIG. 33, three magnetic tapes are disposed against the magnetic track t.
      The first and third poles, P.sub.1 and P.sub.3 are north poles and the
      second pole P.sub.2 is the south pole. The first and third poles, P.sub.1
      and P.sub.3 extend from both edges of the track t toward the inner
      portions of the track, respectively. The second pole P.sub.2 is disposed
      almost at the center of the track t and has a length W.sub.1 running along
      the perpendicular to the line L.sub.o. The length W.sub.1 of the second
      pole P.sub.2 is made smaller than the width W of the track t. The locus of
      the tape area magnetized by the second pole P.sub.2 is determined by the
      length W.sub.1 in this embodiment. Preferably, W.sub.1 is equal to
      one-half of W.
PAR  The inner edges of the first and third poles P.sub.1 and P.sub.3 are closer
      to the centerline L.sub.O than the outer edges of the second pole P.sub.2.
      The edges of the poles P.sub.1 and P.sub.3 extend beyond the track width
      W. The magnitude of the three magnetic poles is sufficiently strong to
      magnetize the tape up to its saturated state.
PAR  FIG. 34 illustrates another magnetic tape pattern. The difference between
      this embodiment and that of FIG. 33 is the disposition of the third pole
      P.sub.3 which is now disposed at the right of both the first pole P.sub.1
      and the second pole P.sub.2. In this embodiment, the locus of the area
      magnetized by the pole P.sub.2 becomes the area or zone between the lines
      L.sub.1 and L.sub.2. The line L.sub.1 is defined by the upper edge of the
      second pole P.sub.2, and the line L.sub.2 is defined by the upper edge of
      the third pole P.sub.3. The width W.sub.1 is defined by the upper edge of
      the second and third poles and is chosen to be approximately half of the
      track width W.sub.1.
PAR  FIG. 35 shows a third embodiment in which the first pole P.sub.1 and the
      third pole P.sub.3 are disposed at angles with respect to the second pole
      P.sub.2.
PAR  than 36 shows another embodiment where three magnetic poles, P.sub.1,
      P.sub.2 and P.sub.3 are arranged in parallal to each other and are
      inclined to the direction perpendicular to the centerline L.sub.O.
PAR  FIG. 37 shows another embodiment where a second pole P.sub.2 is inclined to
      the respect tothe other two poles. The total dimension of the poles can be
      made smaller than that of the embodiment of FIG. 34. When the inclined
      arrangements are used as shown.
PAR  It should be evident that various modifications can be made to the
      described embodiments without departing from the scope of the present
      invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A magnetic erasing head comprising at least two magnetic poles arranged
      to contact a track of a traveling magnetic recording medium, the first of
      said poles having one magnetic polairty and engaging substantially the
      full width of said track, and the second of said poles being of lesser
      width than said first pole and engaging less than full width of said track
      and being of opposite polarity, said first pole providing a magnetic field
      sufficient to magnetize said track to saturation, and the second of said
      poles providing a magnetic field greater than the coercive force of said
      mgnetic recording medium.
NUM  2.
PAR  2. An erasing head according to claim 1 in which said first pole engages at
      least the full width of said track and said second pole engages
      approximately one-half the width of said track.
NUM  3.
PAR  3. An erasing head according to claim 2 in which one edge of both said
      poles extends beyond a lateral edge of said medium.
NUM  4.
PAR  4. An erasing head according to claim 1 which further includes a third
      pole, said three poles being spaced prallel in the direction of travel of
      said medium with said second pole between said first and third poles, said
      three poles being of progressively decreasing width, said third pole being
      of the same polarity as said first pole providing a magnetic field greater
      than the coercive force of said magnetic recording medium.
NUM  5.
PAR  5. An erasing head according to claim 1 in which said poles are formed of
      bar-type magnets ebedded in parallel relation in a head block.
NUM  6.
PAR  6. An erasing head according to claim 1 in which said poles consist of
      magnetized areas along a magnetizable head block.
NUM  7.
PAR  7. An erasing head according to claim 1, said poles comprisng a ring core
      having two opposed pole pieces, a center leg having one end disposed
      between said two pole pieces and the other end connected to said ring
      core, said two pole pieces and said one end forming two gaps which provide
      said poles a winding about said center leg and means for energizing said
      winding with a direct current.
NUM  8.
PAR  8. An erasing head according to claim 1 in which said second pole provides
      a magnetic field of an intensity at least 1.5 times the coercive force of
      said magnetic medium.
PATN
WKU  039478920
SRC  5
APN  4743474
APT  1
ART  235
APD  19740529
TTL  Helical scan type tape cassette having tape threading means
ISD  19760330
NCL  4
ECL  1
EXP  Tupper; Robert S.
NDR  3
NFG  8
INVT
NAM  Saito; Teruo
CTY  Saijo
CNT  JA
INVT
NAM  Seki; Hideki
CTY  Saijo
CNT  JA
INVT
NAM  Hiroyasu; Mamoru
CTY  Saijo
CNT  JA
ASSG
NAM  Matsushita Electric Industrial Company, Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730530
APN  48-61301
PRIR
CNT  JA
APD  19730530
APN  48-61302
PRIR
CNT  JA
APD  19730530
APN  48-61303
PRIR
CNT  JA
APD  19730530
APN  48-61304
CLAS
OCL  360132
XCL  360 85
EDF  2
ICL  G11B 2304
ICL  G11B 1566
FSC  360
FSS  132;85;130
UREF
PNO  3510605
ISD  19700500
NAM  Ottens
OCL  360132
UREF
PNO  3639697
ISD  19720200
NAM  Koguma
OCL  360130
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  A tape cassette for a helical scan type recording and reproducing apparatus
      comprising upper and lower cylindrical members capable of engaging with
      each other and adapted to accept a magnetic head therein, and movable
      poles connected with the upper cylindrical members and capable of
      stretching a tape outward to prevent contact with various parts of the
      recording and reproducing apparatus in loading and retrieving the tape
      cassette. The upper cylindrical member has a helical projection to engage
      with a helical groove formed in a support member so that it moves also
      vertically with the rotation thereof so as to expose the magnetic head and
      take up the tape.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a tape cassette for a magnetic recording and
      reproducing apparatus of the helical scan type in which a magnetic tape is
      wound and run helically on a rotating magnetic head along the rotating
      trace of the head, being slanted by a certain angle, whereby signals are
      successively recorded on or reproduced from the tape with a certain angle
      slanted with respect to the longitudinal direction of the magnetic tape.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In magnetic recording and reproducing apparatus, assembling a magnetic tape
      in a cassette is convenient for loading and retrieving a tape into and
      from an apparatus and advantageous for the protection of a tape. Thus,
      various cassette type tapes are brought into practical use in magnetic
      recording and reproducing apparatus of the fixed head type.
PAR  In magnetic recording and reproducing apparatuses of the helical scan type,
      however, it is necessary to wind a magnetic tape at a predetermined angle
      around a cylindrical tape guide including a rotating magnetic head and a
      complicated mechanism is necessary in the main body of the recording and
      reproducing apparatus for this winding; therefore, assembling a tape in a
      cassette has been difficult.
PAR  Especially in a helical scan type recording and reproducing apparatus of
      one head structure, it is necessary to wind a magnetic tape helically for
      360.degree. along the rotational trace of the magnetic head and therefore,
      adaptation of the cassette system has been very difficult.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a tape cassette for a helical
      scan type recording and reproducing apparatus which does not require a
      complicated mechanism for winding a tape in a recording and reproducing
      apparatus.
PAR  Another object of this invention is to provide a tape cassette effective
      for use in one-head type recording and reproducing apparatus of a helical
      scan system.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an embodiment of the tape cassette according to
      this invention with an upper plate removed.
PAR  FIG. 2 is a partially cut-away side view of the tape cassette of FIG. 1.
PAR  FIG. 3 is a front view of the tape cassette of FIGS. 1 and 2.
PAR  FIG. 4 is a plan view of the main body of a recording and reproducing
      apparatus.
PAR  FIG. 5 is a plan view of a magnetic recording and reproducing apparatus
      loaded with a tape cassette according to this invention showing the
      positional relationships of a magnetic tape and various parts of the
      recording and reproducing apparatus.
PAR  FIG. 6 is a plan view of a magnetic recording and reproducing apparatus
      showing the positional relationships and engagements of a magnetic tape
      and the various parts of the apparatus in reproducing a record.
PAR  FIG. 7 is a schematic view showing the engagement of a tape cassette and
      the apparatus.
PAR  FIG. 8 is a schematic view showing the main parts of a tape cassette.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1, 2 and 3 show a tape cassette, FIG. 1 illustrating the cassette
      with its upper plate removed in FIG. 1. As shown in these figures, an
      upper plate 1 and a lower plate 2 are held separated by a certain gap with
      four support members 3, 4, 5 and 6. These supports 3 to 6 are hollow and
      have respective openings on the lower surface of the lower plate 2. Into
      these openings, pins projecting from the main body of a tape recorder, to
      be described later, are arranged to engage. Between the two plates 1 and
      2, a supply reel 8 and a take-up reel are superposedly disposed to rotate
      independently in a manner similar to that of a conventional tandem type
      cartridge.
PAR  On these reels 8 and 9, a magnetic tape 10 is wound. Guide posts 11 and 12
      guide the tape 10. A through-hole is provided in the upper plate 1 in
      which a support ring 14 is attached and provided with a groove on the
      inner surface for allowing the vertical motion of a cylindrical member 13.
      A helically projecting screw 15 to engage with the screw groove of the
      ring 14 is formed on the outer surface of the cylindrical member 13, as is
      shown in FIG. 8. The cylindrical member 13 can be moved up and down by
      rotating a knob 16 provided on the upper end of the cylindrical member 13.
      A stepped portion 17 is formed in the lower end portion of the cylindrical
      member 13. A uniform slope 18 is formed from the upper portion of this
      stepped portion 17 around the lower periphery of the cylindrical member 13
      to the lower portion of the stepped portion 17. A through hole is formed
      in the lower plate in a portion registered with the cylindrical member 13.
      Around this through hole, a cylindrical member 19 to engage with said
      cylindrical member 13 is attached. On the top end of the cylindrical
      member 19, a slope 20 and a stepped portion 21 are formed to engage with
      the lower end of the other cylindrical member 13 (see FIG. 2). This
      cylindrical member 19 is rotatable for a certain angle and is energized to
      rotate in the counter-clockwise direction by a spring. Thus, when a force
      is applied in the clockwise direction, the cylindrical member 19 rotates
      in the clockwise direction up to the certain angle. Mobile poles 22 and 23
      are provided on the lower plate 2 on the both sides of the cylindrical
      member 19. These mobile poles 22 and 23 are mounted on pivot levers 26 and
      27 which are rotatable about supports 24 and 25 and provided on the lower
      plate 2. These levers 26 and 27 are energized by springs (not shown) in
      such a direction that the mobile poles 22 and 23 are driven to approach
      the cylindrical members 13 and 19. The other ends of the levers 26 and 27
      are coupled with said cylindrical member 19 with wires 28 and 29. These
      wires 28 and 29 may be replaced with levers. A tape guide of a circular
      cylinder shape including a rotating head of the video tape recorder can
      penetrate into the insides of said cylindrical members 13 and 19 from a
      lower position. A magnetic tape 10 fed from the supply reel 8 is wound
      around the outer periphery of the cylindrical member 13 helically for one
      round through the guide post 12, and then taken up by the take-up reel 9
      through the guide post 11.
PAR  Description will now be made of a main apparatus such as video tape
      recorder. As shown in FIG. 4, poles 30, 31, 32 and 33 are provided on a
      chassis 29, onto which the support poles 3 to 6 are superposed. A tape
      guide 34 of a circular cylinder shape including one rotating head and a
      reel table 35 for driving the reel in a cassette are provided on the
      chassis 29. Poles 36, 37 and 38 and a capstan 39 for guiding a tape are
      provided on the two sides of the tape guide 34. A pinch roller 40 is
      provided for this capstan 39. A record reproducing head 41 for the audio
      and control signals and an erasing head 42 are also shown.
PAR  The operation of these mechanisms will be described hereinbelow. In a
      cassette, the tape 10 is wound on the cylindrical members 13 and 19 as is
      shown in FIG. 3 and the cylindrical member 13 is entirely contained
      between the upper and the lower plates 1 and 2. When the cylindrical
      member 13 is energized to rotate in the clockwise direction through
      manipulation of the knob 16, since the stepped portions 17 and 21 of the
      cylindrical members 13 and 19 are engaged the cylindrical member 19 is
      applied with a force and rotated by a certain angle. When the manipulation
      of the knob 16 is released, the cylindrical member 19 holds its state.
      Since the spring force energizing the cylindrical member 19 in the
      counter-clockwise direction is not so strong, the cylindrical member 19
      does not return to the original position even if the manipulation of the
      knob 16 is released. It is apparent that if the cylindrical member 19 is
      not engaged with the other cylindrical member 13 it returns to the
      original position. When the cylindrical member 19 is rotated by a certain
      angle in the clockwise direction, the wires 28 and 29 are pulled to rotate
      the levers 26 and 27 and the tape 10 is held stretched to the outside by
      the mobile poles 22 and 23. In this state, the cassette is loaded in a
      video tape recorder. Loading can be done by superposing the support poles
      3 to 6 of the cassette onto the poles 30 to 33. FIG. 5 shows the state
      when a cassette is loaded in a video tape recorder. Since the tape 10 is
      pulled outwards by mobile poles 22 and 23, it is prevented from contacting
      the poles 36, 37 and 38, the capstan 39 and the heads 41 and 42. Here,
      there are provided through holes in the lower plate 2 in such positions
      that correspond to the poles 36, 37 and 38, the capstan 39 and the heads
      41 and 42. The cylindrical members 13 and 19 cover the tape guide 34 and
      the reels 8 and 9 are mounted on the reel table 35.
PAR  In this state, the cylindrical member 13 is rotated in the
      counter-clockwise direction by manipulating the knob 16. Then, the
      cylindrical member 13 rises above the upper plate 1, but the tape 10
      remains under the upper plate 1 and is now wound around the tape guide 34.
      Since the engagement between the cylindrical members 13 and 19 is solved
      by the elevation of the cylindrical member 13, the cylindrical member 19
      is allowed to rotate by the certain angle in the counter-clockwise
      direction and stops there. As a result, the levers 26 and 27 are rotated
      to release the mobile poles 22 and 23 from the tape 10 and thereby the
      tape 10 contacts the poles 36, 37 and 38, the capstan 39, and the heads 41
      and 42, as is shown in FIG.6. In this state, the recording and reproducing
      apparatus is ready to play. FIG. 7 shows the state in which the
      cylindrical member 13 is raised and the tape 10 is transferred around the
      tape guide 34 including a head.
PAR  Next, description will be made on the operation for retrieving the cassette
      from the video tape recorder when playing is over. When playing has
      finished, the cylindrical member 13 may be rotated by manipulating the
      knob 16 to drive the cylindrical member 13 downward. Then, the stepped
      portion 17 of the cylindrical member 13 goes between the tape 10 and the
      tape guide 34. Then the tape 10 is successively wound around the
      cylindrical member 13 by the rotation of the member 13. By completely
      taking up the tape and further rotating the cylindrical member 13 to
      rotate the other cylindrical member 19 by a certain angle so as to support
      the tape 10 with the poles 22 and 23, the tape 10 is released from the
      poles 36, 37 and 38, the capstan 39, and the heads 41 and 42. In this
      state, the cassette can be retrieved from the video tape recorder.
PAR  In the above embodiment, a projecting screw 15 was formed helically on the
      outer surface of the cylindrical member 13. The vertical movement of the
      cylindrical member 13 can also be achieved by forming a concave groove on
      the member 13 and a projecting screw on the support ring. However, when a
      projecting screw 15 is provided on the cylindrical member 13 and the pitch
      of the projecting screw 15 is set to a width in which a tape 10 can be
      contained, taking-up of the tape 10 can be done effectively. Namely,
      contact between the lower edge of the upper tape and the upper edge of the
      lower tape wound around the cylindrical member 13 is prevented to
      eliminate possible damage to the edge of the tape.
PAR  Although only one head was provided in the tape guide 34 in the above
      embodiment, this invention is similarly applicable to those having a
      rotating head including a plurality of heads.
PAR  As has been described above, according to this invention a cassette tape
      can be used also in a video tape recorder having only one head and since
      the pitch of a projecting screw provided on the cylindrical member is of
      such a width as to contain a tape therein the tape is free from damage and
      can be smoothly transferred onto a rotating head.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tape cassette for use with a main tape recording apparatus having a
      tape guide of a circular cylindrical shape housing a rotating head,
      comprising:
PA1  a. an upper plate and a lower plate each having a through hole;
PA1  b. support members, connecting said upper plate and said lower plate with a
      predetermined gap between said upper and lower plates to form an inner
      space therebetween, said support members connecting said upper and lower
      plates to align the through holes;
PA1  c. a first rotatable cylindrical member consisting of a single cylinder and
      having a hollow opening facing said lower plate for accomodating the tape
      guide;
PA1  d. holding means for rotatably holding said first cylindrical member on
      said upper plate to enable said first cylindrical member to freely enter
      and exit said inner space through said through hole in said upper plate on
      rotation of said first cylindrical member, said through hole in said lower
      plate being positioned such that the tape guide is introduced into said
      inner space through said lower plate through hole when the tape cassette
      is mounted on the main tape recording apparatus;
PA1  e. a supply reel and a take-up reel respectively rotatably connected in
      said inner space to one of said upper and lower plates; and
PA1  f. a magnetic tape fed from said supply reel, wound helically on said
      single cylinder and taken up by said take-up reel, said single cylinder
      including on its outer surface a helical projection having a pitch
      approximately equal to the width of the magnetic tape, said holding means
      including a support ring, around said upper plate through hole, having a
      screw groove to engage said helical projection.
NUM  2.
PAR  2. The tape cassette according to claim 1, further comprising:
PA1  a. a second rotatable member provided in the vicinity of said through hole
      in said lower plate and being rotatably engageable with said first
      cylindrical member by the rotation of said first member;
PA1  b. means rotatably mounting said second rotatable member on said lower
      plate;
PA1  c. levers on two sides of said lower plate through hole;
PA1  d. poles provided on said levers, respectively, and engageable with said
      magnetic tape,
PA1  e. means pivotally mounting said levers to move said poles to and away from
      said second member; and
PA1  f. means for transmitting the rotation of said second member to said
      levers, wherein said levers are rotated by the rotation of said second
      member to move said poles away from said second member.
NUM  3.
PAR  3. A tape cassette according to claim 1, wherein said first cylindrical
      member has a stepped portion in a lower end portion, and the direction of
      rotation in which said first cylindrical member moves into said inner
      space coincides with the direction in which the tape is wound around said
      single cylinder.
NUM  4.
PAR  4. A tape cassette according to claim 1, wherein said supply reel is
      disposed coaxially with and above said take-up reel.
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ABST
PAL  A novel magnetic disc recording cassette is provided as a thin polygonal
      cassette housing containing a disc of flexible magnetic recording media. A
      drive hub attached to the media is exposed through the cassette and
      cooperates with a complementary drive hub in a deck which receives the
      cassette in slot-loading fashion into a carriage which in turn positions
      the cassette for driving of the recording disc. The cassette and disc may
      be single or double sided, and includes access opening for a magnetic
      transducer to follow different circular tracks, or a helical track. The
      thin magnetic disc is provided with backing in the cassette to assure
      compliant interface of the transducer with the magnetic recording disc.
      The backing may be a backing sheet, discs of backing material, or felt
      surfaced shims adjacent the region of interface with the transducer.
      Passages are provided for air flow in response to rotation of the
      recording disc to provide a continuing smooth and minimum friction
      rotation of the disc within the cassette. The cassette is supported either
      on the base of the carriage or by a separately adjustable three point
      suspension system.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 305,355, filed Nov.
      10, 1972, now U.S. Pat. No. 3,833,926, issued Sept. 3, 1974, which in turn
      is a continuation-in-part of U.S. application, Ser. No. 266,582, filed
      June 27, 1972, now abandoned, entitled Magnetic Disc Recorder and Magnetic
      Disc Cassette.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In general, magnetic recording discs can be classified as of the rigid and
      the flexible or non-rigid type, with the predominance being toward the
      rigid type which generally comprises a magnetizable coating or surface
      placed on a rigid plate or platter. Various suggestions have been made for
      flexible recording discs, but in general these have been of a type where
      the flexible material was mounted or fastened to a more rigid platter or
      plate, and various arrangements were provided to move the flexible
      magnetic disc at some point on its surface toward a magnetic transducer.
PAR  The rigid recording discs are expensive and are subject to damage due to
      "crashes" when the transducer accidentally makes heavy enough contact with
      the surface so as to mar or scratch the surface, thereby destroying the
      magnetizable coated surface. Furthermore, it is difficult and expensive to
      provide such discs which run true in a plane, and continue to do so when
      exposed to changing conditions of temperature and/or humidity, and which
      have a uniform magnetizable coating thereon. The mounting and handling of
      flexible magnetic recording discs has been given little attention. There
      has been little or no progress in interchangeability of such discs, with
      the attendant problems of concentricity, proper tracking, and proper
      interfacing between the transducer and the recording surface of the disc.
      On the other hand, there is a need for a relatively inexpensive, but
      accurate, magnetic disc recorder, and particularly recording disc units
      which are inexpensive to manufacture, but still accurate enough to achieve
      high fidelity recording, preferably with bandwidth sufficient to record
      and reproduce video information, for example, in the order of 2 to 4 MHz.
      bandwidth.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a magnetic disc recorder and a magnetic
      recording cassette which is of simple and relatively inexpensive
      construction, which accurately loads and unloads the recording cassette in
      a simple but straightforward manner, and which readily accepts inexpensive
      cassettes interchangeably. Provision is made for compliant interfacing of
      the transducer with the flexible recording disc contained within a
      cassette, such that high fidelity recording and reproduction is possible.
PAR  The recorder comprises a slot-loading type of unit in which the cassette is
      received in a carriage, and the carriage locates the cassette generally
      with respect to a drive hub, then by movement of the carriage into playing
      position the recording disc is accurately positioned on the drive hub and
      coupled thereto. The flexible recording disc within the cassette is
      accessible through an appropriate opening to a transducer which is mounted
      for movement along a radius of the recording disc, so as to follow
      different circular paths, or if desired to follow a helical path, under
      the control of an appropriate motor. The head is mounted under the
      influence of an inertial mass which tends to bring the head and the
      transducer therein into a compliant interface with the flexible recording
      disc in the cassette. The flexible disc is backed by compliant devices
      which also achieve the desired interface with the transducer, while
      allowing the recording disc to deviate locally from its normal plane of
      rotation, without damaging the recording surface of the flexible disc.
PAR  The cassettes may be constructed as two-sided devices, if desired, and may
      be changed simply by lifting the carriage away from the drive hub,
      withdrawing the cassette and inverting it before reinsertion in the
      carriage. Friction between the thin (0.001 inch) recording disc and the
      adjoining compliant membranes and other parts of the cassette is kept to a
      minimum by inducing a flow of air along the surface of the disc during its
      rotation. This is accomplished in a simple fashion by providing intake
      openings for air near the hub structure of the cassette, whereupon
      rotation of the disc will initiate a centrifugal pumping action that
      causes air entering these openings to flow outwardly along the disc and
      exit near its periphery.
PAR  The cassette preferably is constructed of simple rigid or semi-rigid parts
      which may conveniently be made of molded plastic materials, and defining a
      cavity within which the thin recording disc is mounted to rotate, being
      attached to a special driving hub which is accessible through an opening
      near the center of the cassette. The construction and arrangement of the
      cassette and the recording disc therein is of such a simple nature that
      these cassettes can be inexpensively mass produced and still achieve the
      desired high fidelity recording and reproduction.
PAR  The primary object of the invention is, therefore, to provide a novel
      magnetic disc recorder of simple and efficient design, and to provide a
      novel magnetic recording cassette which is readily and interchangeably
      adaptable for use in the recorder.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a magnetic recording system embodying the
      invention, showing a cassette which contains a recording media in position
      to be loaded into the housing of the device;
PAR  FIG. 2 is a cross-sectional view taken generally through the center of the
      housing, with some parts broken away or omitted for purposes of clarity;
PAR  FIG. 3 is a cross-sectional view of the cassette carriage and related
      portions of the drive, taken on line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged view showing a fragment of the teeth on the drive
      hub;
PAR  FIG. 5 is a detailed cross-sectional view, on an enlarged scale, showing
      the cassette retaining mechanism which is mounted to the top of the
      carriage;
PAR  FIG. 6 is a plan view of the central portion of the carriage and drive
      mechanism, with portions of the carriage and of the cassette broken away
      to show the face of the drive hub and the general arrangement of the
      transducer mounting and controls;
PAR  FIG. 7 is an enlarged cross-sectional view of the mounting and controls for
      the transducer, showing the carriage and a cassette therein in the playing
      position;
PAR  FIG. 8 is a perspective view of the transducer mounting and the
      counterbalanced support therefor;
PAR  FIG. 9 is an exploded perspective view illustrating the component parts of
      a cassette and the recording media contained therein;
PAR  FIG. 10 is a foreshortened cross-sectional view, on an enlarged scale,
      showing details of the assembled cassette and its driven parts;
PAR  FIG. 11 is a plan view of the driven hub within the cassette;
PAR  FIG. 12 is an enlarged view showing a fragment of the teeth on the driven
      hub;
PAR  FIG. 13 is an exploded view of a modified form of cassette;
PAR  FIG. 14 is a cross-sectional view of a portion of the cassette shown in
      FIG. 13;
PAR  FIG. 15 is a cross-sectional view similar to FIG. 2 of a modified form of
      the magnetic recording system;
PAR  FIG. 16 is a perspective view of the cassette carriage shown in FIG. 15;
PAR  FIG. 17 is a perspective view of the FIG. 15 carriage support panel showing
      the three point cassette suspension supports mounted thereon;
PAR  FIG. 18 is a perspective view of the modified form of cassette shown in
      FIG. 15;
PAR  FIG. 19 is a cross-sectional view taken on lines 19--19 of FIGS. 16, 17,
      and 18, and showing the carriage in the lowered position resting on the
      carriage support panel and the cassette therein being supported and
      located on one of the vertically adjustable points of the three point
      cassette suspension system;
PAR  FIG. 20 is a cross-sectional view similar to FIG. 19 taken on lines 20--20
      of FIGS. 16 and 17;
PAR  FIG. 21 is a foreshortened cross-sectional view of the cassette of FIG. 18
      taken on line 21--21 thereof, on an enlarged scale, and showing details of
      the assembled cassette and its driven parts;
PAR  FIG. 22 is a cross-sectional view of the FIG. 18 cassette taken on line
      22--22 thereof, and showing the shims adjacent the transducer access
      opening guiding the recording disc thereacross in compliant interface with
      a magnetic transducer;
PAR  FIG. 23 is a cross-sectional view similar to FIG. 22 of a modified form of
      cassette similar to that of FIG. 22, and
PAR  FIG. 24 is an exploded view of the cassette shown in FIG. 18.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, and more particularly to FIGS. 1-5, the
      recording system provided by the invention is contained within a housing
      10 having a top 11, sides 12, a rear panel 14, and a front panel or face
      15. Within this structure there is fastened an inner mounting bracket 16
      which is generally U-shaped in configuration, with its base portion
      resting behind the front panel 15, one of its sides adjacent to one side
      panel 12, and the other of its sides extending front to back of the
      housing between the sides forming a partial partition. A base panel 18 is
      secured to all three sides of the bracket 16 and is supported within the
      housing elevated somewhat above its bottom.
PAR  The base panel 18 provides support for a drive motor 20 having an output
      shaft 21 which extends vertically, its axis of rotation being generally
      parallel to the front and rear of the housing. Attached to the motor shaft
      21 is a tachometer 22 which forms part of a control loop to regulate the
      motor output speed. Above the tachometer, also fastened to shaft 21, there
      is a flywheel 24, and immediately above it is the output or drive hub 25.
      The end of shaft 21, in the particular construction shown, extends
      somewhat through the drive hub and provides a locating means 26 which
      functions to align the drive hub with elements to be driven. The top or
      upper face of drive hub 25 has a plurality of radially extending undercut
      teeth 28 which face coaxially of the shaft 21 arranged in a circle around
      the face of drive hub 25. These teeth rotate in a fixed plane when motor
      20 is running, and the elements of a recording cassette are brought into
      contact with the drive hub, as will be explained.
PAR  Immediately above the motor and its drive hub there is a cassette receiving
      carriage 30 which comprises top and bottom walls 31 and 32 secured
      together to define a thin elongated chamber 35 into which a thin
      rectangular, preferably square, cassette 40 may be inserted. Details of
      the cassette are described hereafter, and for purposes of the present
      explanation, it should merely be noted that the cassette includes an
      exposed rotatable driven hub 135, also having undercut teeth 140, the
      driven hub constructed as a complement to the driving hub 25 so that the
      two hubs may readily engage for the purpose of moving a recording media
      within the cassette 40. In one successful embodiment, the cassette 40 was
      constructed as a hollow essentially rigid member of about ten inches
      square, having a thickness of less than 1/4 inch.
PAR  The carriage 30 is supported at its rear by a pivot or hinge rod 45 which
      extends through suitable bushings 46 in the sides of the support bracket
      16. This supports the carriage for pivotal movement between a playing
      position which is shown in full lines in FIG. 2, and a loading or
      unloading position shown in dash lines, where the cassette receiving
      chamber 35 is generally aligned with a loading opening 47 in the front
      panel 15. In the playing position an upward extension 48 of the carriage
      top wall 31 provides a cover for the opening 47. A control handle 50
      extends through a slot 51 in the front panel 15 and is fastened to a small
      bracket 53 on the bottom wall 32 of the carriage. Leaf spring 55, which is
      fixed to the base panel 18, presses against the underside of carriage 30,
      urging it toward the loading position. This slot 51 includes a lateral
      extension into which a portion of the handle 50 can engage, locking the
      carriage in the playing position.
PAR  A retaining mechanism, shown in greater detail in FIG. 5, functions to
      locate the cassette in the chamber 35 against the force of an ejector
      spring 60 which is secured to the rear of carriage 30 and includes a
      portion 61 projecting into the rear of the chamber 35 to engage and press
      against an edge of the cassette 40. The retainer mechanism includes a
      latch 62 having a corner 64 which is normally urged through an opening in
      the upper wall 31 of the carriage to engage within a notch 65 formed in
      the cassette 40. The latch member 62 is mounted on a pivot pin 67 which in
      turn is supported on a mounting block 68 fastened to the top wall 31 of
      the carriage. A small leaf spring 69 is secured within the mounting block
      68 and presses against the pivoting latch member 62, urging it into the
      retaining position shown in FIG. 4. The upper panel 70, which is supported
      beneath the top 11 of the housing, has a depending stop 72 aligned with
      the latch member 62 such that when the carriage is raised to the loading
      position, the latch member 62 will engage stop 72, pivot against the
      spring 69, and move the corner 64 out of the notch in the cassette,
      permitting the ejector spring 60 to eject the cassette partially through
      the loading opening 47 as the open front end of the carriage comes into
      alignment with the loading opening. To reverse the procedure for loading,
      it is necessary only to hold the cassette in the chamber 35 as the
      carriage begins to be lowered, and the retainer mechanism will engage the
      notch 65 as the carriage leaves the loading position.
PAR  Referring to FIGS. 6, 7, and 8, a transducer 73, preferably in the form of
      a single magnetic recording/playback head having a very narrow width and a
      small gap width in the order of 40 microinches, is mounted for cooperation
      with the recording media (later described) within the cassette 40 when the
      carriage supports the cassette in the playing position as shown
      particularly in FIG. 7. The transducer 73 is suitably fixed within a
      supporting block 74 which is arranged for interchangeable mounting on a
      supporting slide 75 that is vertically movable within a support 76, being
      guided for strict vertical movement by a guide pin 77 which protrudes from
      the slide 75 through a slot 78 in the support 76.
PAR  A further pin 80 extends from a lower portion of slide 75 through an
      aperture in the support, and in position to engage one end of a control
      arm 82. This arm is pivotally mounted to the support 76 through a hinge
      block 83, and a counterweight 84 is threaded into the outer end of the arm
      82. Adjustment of the counterweight toward and away from the hinge block
      83 determines the force with which the transducer 73 is urged upward to
      interface with the recording media in the cassette.
PAR  The entire transducer holding mechanism is supported for movement in a
      direction radially of the cassette by means of a main supporting block 85
      to which the support 76 is fastened. This block contains suitable holes
      which are received into parallel guide rods 87 that support the block 85
      for precise sliding movement. A lead screw 90 is threaded to a nut (not
      shown) fixed within the block 85, such that rotation of the lead screw
      produces a translational movement of the block 85 radially of the carriage
      30 (and a cassette therein) as shown generally in FIGS. 6 and 7. The
      transducer and its supporting mechanism are shown in full lines in the
      outermost position and in dash lines in the innermost position, indicating
      generally the range of movement of the transducer.
PAR  The rods 87 and lead screw 90 are supported parallel to each other on a
      bracket 92 which extends parallel to a radius of the carriage 30 and which
      includes a pair of upstanding ears 93 to which opposite ends of the rods
      87 are secured. The lead screw 90 is mounted within bushings 94 within
      these ears, and extends through a further bushing 95 at the outermost end
      of the bracket, that bushing being supported within a further upstanding
      ear 96.
PAR  The lead screw is supported for limited longitudinal movement within the
      bushings, being shown in its outermost position where a spring 98 presses
      against a snap ring 99 on the lead screw, biasing it to that position. A
      steppping motor 100 is supported on the bracket to one side of the rods
      and block 85, as shown in FIG. 6, and is connected to rotate the lead
      screw through a pair of meshing gears 102 and 103, the former of which is
      fixed to the output shaft of the stepping motor, while the gear 103 is
      fixed to the end of the lead screw 90. Suitable stepping motor controls
      (not shown) are provided to step the motor so as to cause the transducer
      to follow different circular paths on the recording disc.
PAR  The tip 105 of the lead screw projects beyond gear 103 and engages with an
      adjustment cam 108 which is rotatably mounted on a supporting pivot pin
      109 extending upward from the base panel 18. An adjustment arm 110 extends
      from cam 108 through an aperture in the front panel 15 (and a
      corresponding aperture in the front of bracket 16) to control rotation of
      cam 108. Cam 108, in turn, presses against the end 105 of lead screw 90
      and provides a fine adjustment of the position of block 85 and the
      transducer mechanism, to peak the transducer output signal by bringing the
      transducer to the center of the selected circular path on the recording
      disc. Bracket 92 is fastened to panel 18 by bolts 112, enabling the
      transducer, its mounting, and its drive all to be replaced as a
      sub-assembly.
PAR  FIG. 9 illustrates the components, and their method of assembly, making up
      a single sided cassette which may be used with the mechanism described
      above, and which constitutes a further feature of the invention. The
      cassette comprises an outer case consisting of an upper section 120 having
      a rim 121 and a lower section 122 having a rim 123. The rims 121 and 123
      separate the cassette sections 120 and 122 to provide each of them with an
      internal shallow central opening or cavity, preferably of circular
      configuration, the cavity in the lower section 122 being shown in FIG. 9
      on the upwardly facing portion of the lower section 122.
PAR  When the sections of the case are assembled, the cavities in sections 120
      and 122 cooperate to define a shallow internal chamber 124, within which a
      disc 125 of thin flexible material is supported for rotation. This disc
      has a magnetic recording surface on its underside (as viewed in FIG. 9)
      and constitutes the recording media of the cassette. In general it is
      constructed of a thin flexible substrate on which a coating of iron oxide
      particles (or equivalent) is formed to produce the magnetizable surface,
      and in general the disc 125 is constructed of the same thin material as
      used for magnetic tape recording.
PAR  In order to provide some support for this thin flexible disc, a backing
      disc of slightly thicker material, such as silk-screen cloth, is provided
      at 127, and in one successful embodiment, a further backing disc 128 was
      provided in the form of another disc of the recording material, although
      it is not necessary that the magnetizable coating be employed thereon. A
      stationary flexible backing sheet 130 is secured across the cavity in the
      underside of the case upper section 120. The member 130 preferably is
      constructed of a thin cloth-like material, such as a porous silk-screen
      cloth, and it is stretched across the cavity in the upper section 120
      before the case is assembled, preferably by securing the cloth divider 130
      to the upper case section with a suitable adhesive, such that the
      resultant sub-assembly is similar to a drum head with the cloth secured
      taughtly over the cavity. In the assembled cassette, the member 130 acts
      as a flexible divider extending almost entirely across the internal
      chamber 124.
PAR  The three disc members 125, 127, and 128 are assembled to each other by
      fastening them to the back side of a driven hub 135 which is provided with
      an upper circular extension 136 that passes through the apertures in the
      three discs. The clamp ring 138 is fastened through a number of screws 139
      to the driven hub 135, assembling the discs to the hub for rotation
      therewith. The undersurface of hub 135 is provided with a plurality of
      radially extending undercut teeth 140 which face along the axis of the hub
      and the discs assembled thereto, arranged in a circle around the face of
      the hub 135. The toothed configuration of hub 135 is complementary to the
      toothed arrangement on the face of the drive hub 135 such that these two
      parts have a tendency to draw together in one direction of rotation as
      they are brought into contact.
PAR  Central holes are provided in the flexible divider 130, and at 120a in the
      upper case section and at 122a in the lower case section, providing access
      to the hub from the exterior of the cassette. The hole 120a is not
      essential, but from a practical standpoint it is desirable since the
      driven hub assembly together with the discs attached thereto and the
      central portion of the flexible divider 130, are all movable transversely
      of the case to a limited extent, and the hole 120a prevents unwanted
      friction between the back side of the driven hub and the adjacent upper
      section of the cassette case. A locating bushing 142 is received within
      the driven hub 135, to receive the locating end 26 of the drive shaft, and
      thus to align the toothed faces of the drive and driven hubs. In a typical
      embodiment of the cassette, the upper and lower case sections were
      constructed of a thin essentially rigid synthetic material, capable of
      being molded to adapt the parts to mass production, and the hub drive
      teeth 140 were located substantially flush with the parts of section 122
      surrounding the drive opening 122a. A number of assembly screws 144 are
      used to retain the case sections to each other, containing the other parts
      within the cassette case. An elongated access opening 145 is provided in
      the lower section 122, extending radially of the central opening 122a, and
      forming an access for the transducer 73 to the recording surface of the
      disc 125.
PAR  Inwardly of the access opening there are one or more air access or entrance
      openings 146. When the disc assembly is spinning, a flow of air will be
      induced through these openings and outwardly along the disc, providing a
      film of air between the disc and the inner surface of the cassette section
      122. The opening 145 provides egress for the air flow, hence the flow is
      continuous during operation.
PAR  The recording media disc 125 is quite thin and in a static (not rotating)
      condition it is incapable of sustaining itself in a plane. A typical
      material used for this purpose is standard recording tape, which may be of
      a specially prepared type as disclosed in copending U.S. patent
      application Ser. No. 224,187, filed Feb. 7, 1972, and having a thickness
      of about 1 mil (0.001 inch). The somewhat thicker disc 127 provides some
      backing support for the disc 125 to prevent it from wrinkling,
      particularly during starting and stopping of rotation. The stationary
      divider or membrane 130 is sufficiently flexible to provide a compliant
      stationary backing for the rotating disc assembly, and the tape disc 128
      is provided between the stationary divider 130 and the cloth disc 127
      primarily as a convenient form of device to minimize friction between
      these parts during rotation. The surface of the film disc 128 has a smooth
      and somewhat slippery surface which minimizes friction against the
      membrane or divider 130 during rotation of the disc members. It is
      possible, however, to provide a smooth lubricating coating on the backing
      disc 127, or even to form the magnetizable coating on a somewhat thicker
      and more self-supporting member which also has a suitable non-friction
      coating, thereby providing the disc assembly as a single but more complex
      piece which can be attached to the driven hub.
PAR  In any event, the transducer 73 projects through the slot or access opening
      145 into contact with the recording surface of the disc 125, and the force
      of the counterweight system urges the transducer into an intimate
      interface with the recording surface, the other parts of the disc assembly
      or the flexible divider 130 providing a compliant backing or resistance
      which keeps the recording disc 125 in close association with the
      transducer. In addition, centrifugal force on the recording disc 125
      itself, considering that the disc assembly is commonly driven at speeds in
      the order of 1800 rpm, also functions to urge the disc into a plane, and
      to resist the indenting force of the transducer into this plane of
      rotation.
PAR  FIGS. 13 and 14 disclose a modified form of cassette and enclosed disc
      assembly, particularly adapted for two-sided interchangeable use. Case
      sections 150 and 152, which may be identical in arrangement, are each
      provided with shallow circular openings that combine when the sections are
      assembled to form a circular cavity 153 within the cassette. Each of these
      circular depressions may include an annular peripheral shoulder 154 which
      cooperate to form a shallower edge of the chamber for receiving the
      periphery of the recording discs. The divider 155 is stretched between the
      case sections and fastened thereto, and it together with each of the case
      sections is provided with a central aperture for surrounding the hub
      assembly.
PAR  Suitable discs of recording media 157 and 158, each having a magnetizable
      surface thereon facing toward the adjacent case section, are fastened to a
      similar hub assembly which comprises upper and lower toothed driven hub
      sections 160 and 162, each having a toothed configuration of the same type
      disclosed in FIGS. 11 and 12. These hub sections are fastened together and
      clamp the center of the recording discs 157 and 158, however, the central
      aperture 155a in the divider is of a greater diameter, hence the two disc
      assemblies together with the assembled hub parts, is loosely supported at
      its center on the flexible divider 155, retaining the hub assembly
      generally within the openings 150a and 152a of the case sections. A
      locating spindle or bushing 164 extends through the hub sections, and may
      be staked to hold these parts in an assembled condition.
PAR  Each of the case sections is provided with an elongated access opening or
      slot 150b and 152b, together with appropriate retaining notches such as
      165a, these openings being located in symmetrical fashion such that the
      appropriate access opening will be facing the transducer, and the
      appropriate retainer notch will engage the retainer arm 62, depending upon
      which side of the cassette is facing downward when it is inserted in the
      carriage. It is understood that appropriate additional disc members can be
      added to this form of the cassette, as may be required for support and/or
      anti-friction purposes.
PAR  FIGS. 15-24 disclose another modified form of cassette and a modified
      carriage and suspension system for supporting the cassette within housing
      10. A carriage support panel 170 (FIGS. 15 and 17) is attached to the
      inner mounting bracket 16 by screws 171 which pass through screw holes 172
      in panel 170. Panel 170 has two locator points 175 threadably mounted on
      threaded shafts 176 near the front of panel 170. The locator points may be
      adjusted vertically with respect to panel 170 by turning the points
      inwardly or outwardly on their shafts 176. A corresponding support pad 177
      is similarly threaded into panel 170 on a shaft 178 near the rear of the
      panel. Points 175 and pad 177 form a vertically adjustable three point
      suspension system on the carriage support panel 170.
PAR  The cassette carriage 180 is attached to bracket 16 of housing 10 by means
      of parallel arms 182 having appropriate bushings 183 thereon. Arms 182
      support the carriage for movement between a lower operative position
      (solid lines in FIG. 15) in which carriage 180 rests upon carriage support
      panel 170 and an upper or loading position (dotted lines) in which the
      opening or loading slot 184 into the carriage chamber 185 is brought
      adjacent the housing loading opening 47 for insertion and removal of the
      tape cassette.
PAR  The cassette carriage 180 has a pair of locator point openings 188 and a
      support pad opening 189 in the bottom 190 of the carriage, opposite the
      corresponding locator points 175 and pad 177, allowing the points and pad
      to pass into the carriage chamber 185 when the carriage rests upon support
      panel 170. The cassette carriage 180 and carriage support panel 170 also
      have respective drive hub openings 194 and 195 to provide access for the
      drive hub 25 to the corresponding cassette driven hub 200 within chamber
      185. Similarly, transducer access slots 202 and 203 in the carriage 180
      and panel 170, respectively, provide access for the transducer 73 to the
      cassette recording disc.
PAR  The tape cassette 210 includes a cassette frame 212 having an inner rim 213
      which separates a cassette upper cover portion 214 and a cassette lower
      cover portion 215 attached to the cassette frame 212. Each of the upper
      and lower cover portions 214 and 215 is fabricated of an appropriate
      lightweight, rigid material, which in the illustrated case is an
      aluminum-cardboard-aluminum sandwich. The upper cover portion 214 thus has
      outer and inner thin sheets of aluminum 214a (e.g. approximately 0.010
      inch thick) adhered to a thin layer of cardboard 214b (e.g. approximately
      0.060 inch thick). The lower cover portion 215 similarly comprises
      aluminum inner and outer sheets 215a and a cardboard center layer 215b of
      the same dimensions as those of cover portion 214. An optional vinyl
      decorative cover 217 may be attached to the top of the cassette 210 if
      desired.
PAR  Suspension receiving openings 220 having metallic liners 221 are located in
      the cassette near the front corners thereof to receive the locator points
      175 of the cassette suspension system when the cassette is placed within
      carriage chamber 185 and lowered into the operative position adjacent
      carriage support panel 170. The carriage chamber 185 is of a height
      greater than the thickness of the cassette 210 so that the three point
      suspension system 175 and 177 may lift the cassette off the floor of the
      carriage and support the cassette entirely independently of the carriage
      180. By this means the cassette may be located very precisely with respect
      to the base panel 18 on which the drive motor 20, drive hub 25, and
      transducer 73 are mounted. The vertical position is adjusted by turning
      the supports 175 and 177 inwardly or outwardly of the support panel 170,
      and the horizontal position of the cassette 210 is precisely determined by
      entry of the locator points 175 into the metallic liners 221. The fit of
      the locator points 175 and support pad 177 in panel 170 should therefore
      be tight in order to maintain these points in the proper vertical
      adjustment.
PAR  The cassette internal chamber 225 is lined adjacent the upper and lower
      cover portions 214 and 215, respectively, by a compliant liner material
      228 and 229, such as a cotton fabric which is available under the name
      Velveteena. The fabric consists of a woven base of cotton thread onto
      which short cotton fibers are applied by a flocking process. Each fabric
      layer, approximately 0.035 inch thick, provides a resilient and compliant,
      low friction liner for the recording disc 230, and keeps the disc clean
      without creating a static electrical charge on the disc. The recording
      disc 230 itself is the same as recording discs 125, 157, and 158, and is
      made accessible to the transducer 73 through a transducer access slot or
      opening 232 passing through the cassette lower cover portion 215 and liner
      229.
PAR  In order to enhance the compliant interface between the recording disc 230
      and the transducer 73, Mylar shims 235 (FIG. 18), approximately 0.018 inch
      thick and 1/4 inch wide, are provided on either side of access slot 232 to
      cause the liner 229 thereadjacent to lift the recording disc 230 as it
      passes across slot 232. A similar shim 236 is attached to cover portion
      214 opposite slot 232, and between aluminum sheet 214a and the attached
      liner 228, to bias the recording disc 230 toward the transducer opening
      232, thus supporting disc 230 across slot 232 and across shims 235 for a
      highly compliant interface with the transducer 73. The interface which is
      achieved is generally the same as that achieved with the apparatus
      disclosed in copending U.S. application Ser. No. 183,856, Filed Sept. 27,
      1971, now U.S. Pat. No. 3,731,292, and assigned to the assignee of the
      present application.
PAR  A torque transmission disc 240 of Mylar material (approximately 0.009 inch
      thick) is adhered to the recording disc 230 and is also attached to the
      cassette driven hub 200 to assist in transmitting drive torque from the
      driven hub to recording disc 230. The torque transmission disc 240 is thus
      of a diameter greater than cassette hub 200 but of a diameter smaller than
      the distance to innermost edge of the transducer access opening 232.
PAR  An orientation notch 245 may be provided in the rear of cassette 210 to
      receive a corresponding boss or projection (not shown) in the carriage 180
      to prevent cassette 210 from being inserted in the wrong position. The
      cassette may also be provided with a selectable erase lock-out control, as
      desired, to prevent accidental erasure of the recorded program.
PAR  FIG. 23 shows a modification of the cassette 210. In this case, the Mylar
      shims 235 and 236 are replaced by cotton fabric shims 250 and 251,
      respectively, in the same locations as the Mylar shims 235 and 236, and
      the cassette cover portion chamber surfaces 214a and 215a are unlined.
PAR  While the forms of apparatus herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of apparatus, and that changes may be
      made therein without departing from the scope of the invention which is
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic recording cassette comprising
PA1  a rotatable hub including means for driving engagement with a rotatable
      driving member,
PA1  a recording disc of thin flexible material incapable of sustaining itself
      in a plane, said recording disc having a front and a back surface, at
      least the front surface being a magnetizable surface, said disc being
      attached to said hub near the disc center and free of any attachment at
      the outside thereof,
PA1  flexible backing disc means separate from and in supportive contact with
      substantially the entire back surface of said flexible recording disc and
      attached near its center to said hub for rotation with said hub and
      recording disc to provide additional support for said recording disc to
      provide a compliant backing for said flexible recording disc for compliant
      interfacing with such a transducer,
PA1  a hollow cassette surrounding and enclosing said discs and having a thin
      chamber therein within which said discs are freely rotatable,
PA1  said cassette including an upper section and a lower section at least one
      of which has a drive opening surrounding said hub and providing access
      thereto, and
PA1  said cassette having a further opening adjacent to the magnetizable surface
      and elongated crosswise of said recording disc for providing access for a
      transducer to a wide band around said surface upon rotation of said disc
      within said cassette.
NUM  2.
PAR  2. A recording device as defined in claim 1 wherein said cassette is a thin
      polygonal substantially rigid structure.
NUM  3.
PAR  3. A recording device as defined in claim 1 wherein said cassette includes
      separator means for separating said upper and lower sections, said
      separator means defining a large central opening which surrounds said
      discs and forming circular sides of said thin chamber confining said discs
      for limited movement in said chamber and for free rotation of said discs
      within said chamber.
NUM  4.
PAR  4. A recording device as defined in claim 1 wherein said cassette includes
      a cassette frame, separator means on said cassette frame separating said
      upper and lower sections, said separator means defining a large central
      opening which surrounds said discs and forming circular sides of said thin
      chamber confining said discs for limited movement in said chamber and for
      free rotation of said discs within said chamber.
NUM  5.
PAR  5. A recording device as defined in claim 1, wherein said hub includes a
      face having radially extending drive teeth located substantially flush
      with the parts of the section surrounding said drive opening.
NUM  6.
PAR  6. A recording device as defined in claim 1, including a stationary
      flexible backing member supported on the opposite side of said discs from
      said magnetizable surface and opposite said elongated opening providing a
      further resistance to flexing of said discs in response to interfacing of
      said magnetizable surface with a transducer extended into said elongated
      opening.
NUM  7.
PAR  7. A recording device as defined in claim 6, wherein said stationary
      backing member is a flexible sheet mounted to span said chamber and
      supported in a taut condition within said cassette.
NUM  8.
PAR  8. A recording device as defined in claim 7 wherein both said sections of
      the cassette have drive openings and elongated openings for transducer
      access,
PA1  said flexible backing member serving to divide said chamber and also having
      a central aperture surrounding said hub,
PA1  and a second recording disc on the other side of said flexible backing
      member from said first recording disc, said second recording disc being
      attached to said hub and having a magnetizable surface facing outward of
      the cassette toward the adjacent section.
NUM  9.
PAR  9. A recording device as defined in claim 8, wherein said hub includes at
      least two parts joined together and clamping said recording discs between
      them, said hub having symmetrical drive teeth facing through each of said
      drive openings.
NUM  10.
PAR  10. A recording device as defined in claim 1, including a second recording
      disc like the first and located on the opposite side of said flexible
      backing disc means and being attached to said hub, said backing disc means
      providing a flexible support for both said recording discs and being
      movable therewith.
NUM  11.
PAR  11. A recording device as defined in claim 1, including at least one air
      flow opening through said one section located outwardly of said hub and at
      a lesser radius than said elongated opening whereby rotation of said disc
      will induce a flow of air into said chamber through said air flow opening.
NUM  12.
PAR  12. A magnetic recording cassette comprising
PA1  a rotatable hub including means for driving engagement with a rotatable
      driving member,
PA1  a recording disc of thin flexible material incapable of sustaining itself
      in a plane, said disc being attached to said hub and having a front
      surface and a back surface, at least the front surface being a
      magnetizable surface,
PA1  flexible backing disc means in contact with substantially the entire back
      surface of said flexible recording disc and attached to said hub for
      rotation with said hub and recording disc to provide additional support
      for said recording disc, said flexible backing disc means providing the
      sole additional support for said flexible recording disc when rotating and
      engaged with a transducer to provide a compliant backing for said flexible
      recording disc for compliant interfacing with such a transducer,
PA1  a hollow cassette surrounding and enclosing said discs and having a thin
      chamber therein within which said discs are freely rotatable,
PA1  said cassette including an upper section and a lower section at least one
      of which has a drive opening surrounding said hub and providing access
      thereto, and
PA1  said cassette having a further opening adjacent to the magnetizable surface
      and elongated crosswise of said recording disc for providing access for a
      transducer to a wide band around said surface upon rotation of said disc
      within said cassette.
NUM  13.
PAR  13. A recording device as defined in claim 12, including a second recording
      disc like the first and located on the opposite side of said flexible
      backing disc means and being attached to said hub, said backing disc means
      providing a flexible support for both said recording discs and being
      movable therewith.
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ABST
PAL  A mode selecting device for a tape recording and/or reproducing apparatus
      includes a plurality of push-button members which are selectively actuable
      from rest positions to active positions for selecting corresponding
      operating modes of the apparatus, an electrically energizable driving
      means, such as, a solenoid, which is momentarily energized in response to
      the actuation of a selected one of the push-button members to its active
      position, an operating member movable by said driving means from an
      inoperative position to an operative position in response to the momentary
      energizing of the solenoid and being urged to its inoperative position
      upon deenergizing of the solenoid, a plurality of transmission members
      each being coupled with the operating member in response to the actuation
      of a respective one of the push-button members for establishing the
      corresponding operating mode of the apparatus by the movement of the
      operating member to its operative position, a locking assembly for locking
      the operating member in its operative position upon the movement to such
      position by the momentary energizing of the solenoid, and a lock release
      operative, for example, by actuation of a stop push-button member, to
      release the locking assembly and permit the return of the operating member
      to its inoperative position for halting a previously selected operating
      mode.
PAL  In a preferred embodiment, the transmission members are mounted in
      superposed relation to each other for independent movement parallel to the
      movement of the operating member, and a plurality of couplings
      respectively corresponding to the push-button members are provided. Each
      coupling is displaceable, by actuation of the respective push-button
      member to its active position, from a disengaged condition, in which the
      operating member is movable independently of the respective transmission
      member, to an engaged condition in which the respective transmission
      member is coupled with the operating member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to tape recording and/or reproducing
      apparatus, and more particularly is directed to improvements in operating
      mode selecting devices of the so-called "feather-touch" type for such
      apparatus.
PAR  2. Description of the Prior Art
PAR  Mode selecting devices of the "feather-touch" type have been provided for
      audio or video tape recording and/or reproducing apparatus in which the
      operator selectively actuates any desired one of a plurality of
      push-buttons corresponding to the various operating modes of the
      apparatus, for example, the modes for normal-forward transport of the tape
      as during recording and reproducing operations, for fast-forwarding of the
      tape and for rewinding of the tape, and such actuation of any selected
      push-button causes closing of a switch for energizing an electrically
      powered drive and also displaces a corresponding transmission member to an
      active position where it can be driven by the energized driver for
      establishing the selected operating mode of the apparatus. Further, in the
      existing mode selecting devices, each of the push-buttons for selecting an
      operating mode of the apparatus is locked in its active position upon its
      actuation to such active position from a rest position so as to maintain
      the selected operating mode of the apparatus until the locking action is
      released in response to either the actuation of a stop push-button or the
      actuation of another one fo the operating mode selecting push-buttons,
      whereupon the previously actuated push-button is free to be spring-urged
      to its rest position for halting the operation of the apparatus in the
      respective operating mode.
PAR  Mode selecting devices of the above described type are advantageous in that
      only a relatively light force need be applied by the operator to a
      selected push-button for actuating the latter as such manually applied
      force is only required to close the switch and to displace the
      corresponding transmission member to its active position, while the major
      force for establishing the selected operating mode is applied by the
      electrically powered driver through the active transmission member.
      However, in such existing mode selecting devices, the electrically powered
      driver, for example, constituted by a solenoid, is continuously energized
      for so long as a selected operating mode of the apparatus is maintained
      and thus consumes substantial electrical power. The foregoing is
      particularly disadvantageous when the associated tape recording and/or
      reproducing apparatus is battery powered.
PAR  Furthermore, existing mode selecting devices of the "feather-touch" type,
      and in which a single solenoid is employed to provide the motive force for
      establishing any selected one of a plurality of operating modes of a tape
      recording and/or reproducing apparatus in response to the actuation of a
      respective mode selecting push-button, are relatively bulky, complex and
      expensive to produce, and thus are not ideally suited for incorporation in
      relatively low cost or portable tape recording and/or reproducing
      apparatus.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a mode selecting
      device of the "feather-touch" type employing a solenoid or other
      electrically powered driver to provide the motive force for establishing a
      selected operating mode of a tape recording and/or reproducing apparatus,
      and in which the power consumed by such electrically powered driver is
      minimized so as to adapt the mode selecting device for inclusion in a
      battery powered apparatus.
PAR  More specifically, it is an object of this invention to provide a mode
      selecting device of the "feather-touch" type, as aforesaid, in which the
      solenoid or other electrically powered driver is only momentarily
      energized for establishing the seleted operating mode of the tape
      recording and/or reproducing apparatus in response to actuation of a
      respective push-button, and, thereafter, the selected operating mode is
      maintained mechanically until such time as a stop push-button is actuated
      for terminating operation of the apparatus in the selected operating mode.
PAR  Another object is to provide a mode selecting device of the "feather-touch"
      type which employs a single solenoid or other electrically powered driver
      to provide the motive force for establishing any selected operating mode
      of a tape recording and/or reproducing apparatus, and which is relatively
      simple, inexpensive and compact so as to be ideally suited for
      incorporation in a portable apparatus.
PAR  A further object is to provide a mode selecting device, as aforesaid, which
      is reliable in operation, and which incorporates several features for
      preventing mal-functioning of the device.
PAR  In accordance with an aspect of this invention, a mode selecting device for
      a tape recording and/or reproducing apparatus includes an electrically
      energizable driver, such as, a solenoid, which is momentarily energized in
      response to the actuation of a selected push-button from its rest position
      to an active position, an operating member movable by the driver from an
      inoperative position to an operative position in response to the momentary
      energizing of the driver and being urged, as by a spring, to its
      inoperative position upon deenergizing of the driver, a plurality of
      transmission members each being coupled with the operating member in
      response to the actuation of a respective push-button for establishing the
      correponding operating mode of the apparatus by the movement of the
      operating member to its operative position, a locking assembly for locking
      the operating member in its operative position upon the movement thereto
      by the momentary energizing of the driver, and a lock release operative,
      for example, by actuation of a stop push-button, to release the locking
      assembly and permit the return of the operating member to its inoperative
      position for halting a previously selected operating mode.
PAR  It is a further feature of this invention to mount the several transmission
      members in superposed relation to each other for independent movement
      parallel to the movement of the operating member, and to provide a
      plurality of couplings respectively corresponding to the various operating
      mode selecting push-buttons, with each coupling being displaceable, by
      actuation of the respective push-button to its active position, from a
      disengaged condition, in which the operating member is movable
      independently of the respective transmission member, to an engaged
      condition in which the respective transmission member is coupled with the
      operating member.
PAR  The above, and other objects, features and advantages of the invention,
      will be apparent in the following detailed description of an illustrative
      embodiment thereof which is to be read in connection with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a mode selecting device for a tape recording
      and/or reproducing apparatus according to one embodiment of this
      invention;
PAR  FIG. 2 is a side elevational view of the mode selecting device of FIG. 1;
PAR  FIG. 3 is a front elevational view of the mode selecting device of FIG. 1;
PAR  FIG. 4 is a vertical sectional view taken along the line IV--IV on FIG. 1,
      and with certain elements of the mode selecting device being removed for
      exposing details of the push-button members located therebehind;
PAR  FIG. 5 is a sectional view taken along the line V--V on FIG. 1;
PAR  FIG. 6 is a sectional view taken along the line VI--VI on FIG. 1;
PAR  FIG. 7 is an exploded perspective view of some of the elements included in
      the mode selecting device of FIG. 1;
PAR  FIG. 8 is an exploded perspective view of the operating member,
      transmission members and couplings included in the mode selecting device
      of FIG. 1;
PAR  FIG. 9 is a fragmentary sectional view taken along the line IX--IX on FIG.
      6, but showing the mode selecting device conditioned for selecting one of
      the operating modes of the associated tape recording and/or reproducing
      apparatus;
PAR  FIG. 10 is a bottom plan view of the mode selecting device of FIG. 1
      illustrating the electrically powered driver, locking assembly and lock
      release thereof; and
PAR  FIG. 11 is a circuit diagram illustrating the electrical control circuits
      for the mode selecting device of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, and initially to FIGS. 1-3 thereof, it
      will be seen that a mode selecting device according to this invention for
      a tape recording and/or reproducing apparatus includes push-button
      assembly which, as shown, includes four push-buttons 1, 2, 3 and 4
      arranged in a row for selecting various operating modes of the apparatus,
      for example, the fast-forward operating mode, the normal-forward operating
      mode for either reproducing or recording operations, the rewind operating
      mode and the ejecting operating mode for ejecting a tape cassette from an
      operative position on the associated apparatus, respectively. The
      illustrated push-button assembly is further shown to include a stop
      push-button 5 disposed in back of the row of push-buttons 1-4 and being
      actuable for returning the associated tape recording and/or reproducing
      apparatus from any one of the previously mentioned operating modes to a
      stop or neutral mode. The mode selecting device according to this
      invention may be provided with additional push-buttons for controlling
      other functions of the associated tape recording and/or reproducing
      apparatus, for example, a recording push-button (not shown) which, when
      actuated simultaneously with the normal-forward push-button 2, selects the
      recording operating mode while actuation of push-button 2 alone selects
      the reproducing operating mode.
PAR  The illustrated push-buttons 1, 2, 3, 4 and 5 are respectively secured on
      the upper ends of associated push-button members or slides 7, 8, 9, 10 and
      11 which are slidably received in respective pairs of holes 17a and 17b
      formed in upper and lower plates 6a and 6b, respectively, of a chassis 6
      so as to guide push-button members 7-11 for substantially vertical
      movement between elevated rest positions and depressed active or operative
      positions. Compression springs 12 (FIGS. 4 and 6) are installed in cutouts
      within the lower end portions of push-button members 7-11 so as to bear,
      at their opposite ends, against lower chassis plate 6b and the upper ends
      of the respective cutouts for urging push-button members 7-11 upwardly to
      their rest or elevated positions.
PAR  In the illustrated mode selecting device, any selected one of the operating
      mode selecting push-buttons 1-4 which is depressed to its active position
      is retained or locked in that active position so as to maintain the tape
      recording and/or reproducing apparatus in the corresponding operating mode
      until the stop push-button 5 is actuated to return the apparatus to its
      stop or neutral condition. In order to achieve the foregoing, each of the
      push-button members or slides 7-10 has a bracket 13 (FIGS. 6 and 7)
      secured to its upper portion and extending rearwardly therefrom, with each
      bracket 13 having a rearwardly directed locking projection 13a. A locking
      plate 14 extends laterally in back of brackets 13 on push-button members
      7-10 and is directed upwardly from a pivoting axis defined by an axle 15
      journalled, at its opposite ends, in side walls 6c of chassis 6 so that a
      forwardly directed keeper flange 14a extending along the upper edge of
      locking plate 14 is movable toward and away from brackets 13 in response
      to swinging of the locking plate about axle 15. A tension spring 16 is
      connected between an arm extending from locking plate 14 and an anchor
      suitably secured to the chassis for yieldably urging the locking plate to
      swing in the counterclockwise direction, as viewed on FIG. 6, that is, in
      the direction urging keeper flange 14a against back edges of brackets 13.
      It will be noted that the free edge of keeper flange 14a and the underside
      of each locking projection 13a have complementary bevels or inclined
      surfaces so that, when any one of push-button members 7-10 is moved
      downwardly from its normal elevated or rest position, in which the
      respective locking projection 13a is disposed above keeper flange 14a, to
      its depressed active position, locking plate 14 is rocked rearwardly
      against the force of spring 16 until the respective locking projection 13a
      is disposed below keeper flange 14a, whereupon spring 16 returns locking
      plate 14 forwardly to engage keeper flange 14a over locking projection 13a
      and thereby retain or lock the actuated push-button 1, 2, 3 or 4 and the
      respective member or slide 7, 8, 9 or 10 in its active position. In order
      to effect the release of keeper flange 14afrom the locking projection 13a
      associated with one of the push-button members or slides 7-10 that has
      been previously depressed to its active position, an arm 14b extends
      rearwardly from locking plate 14 below an abutment 11a on the slide 11
      associated with stop push-button 5. It will be apparent that, when stop
      push-button 5 is actuated or depressed to its active position, abutment
      11a acts downwardly on arm 14b to swing locking plate 14 rearwardly and
      thereby permit a previously actuated push-button 1, 2, 3 or 4 to return to
      its elevated rest position.
PAR  Rubber cushions or bumpers 18 (FIGS. 4 and 6) are provided on lugs struck
      from the upper end portions of push-button members 7-11 so as to be
      engageable against the underside of upper plate 6a of the chassis for
      limiting the upward movement of such members 7-11 at the active positions
      thereof, and for cushioning the return movements of members 7-11 to such
      active positions under the influence of the respective springs 12.
PAR  In order to prevent the actuation of any one of the operating mode
      selecting push-buttons 1-4 to its active position  at a time when another
      one of such push-buttons 1-4 is already in its active position, the
      illustrated mode selecting device according to this invention is shown to
      further include first and second slides 22 and 23 (FIGS. 2,4,6 and 7)
      arranged one in back of the other and extending laterally across the
      chassis in front of push-button members 7-10. The end portions of slides
      22 and 23 are slidably received in elongated openings 24a and 24b provided
      in the opposite side plates or walls 6c of chassis 6 so that slides 22 and
      23 can slide laterally independently of each other. Each of push-button
      members 7-10 has a lug 25 struck forwardly therefrom so as to extend over
      slides 22 and 23. The slides 22 and 23 have cutouts 26 and 27 in their
      upper edges 22a and 23a, respectively, at locations spaced apart along
      slides 22 and 23 corresponding to the push-button members 7-10. Further,
      the cutouts 26 have inclined edges 26a at one side or the other thereof
      with such inclined edge at least partly overlapping the respective cutout
      27 when slides 22 and 23 are disposed in central positions, as shown in
      full lines on FIG. 4. Further, with slides 22 and 23 in their central
      positions, the rectangular cutouts 27 are shown to be vertically
      registered with the lugs 25 on the respective push-button members 7-10.
PAR  It will be seen that, when the normal-forward push-button 2 is depressed,
      the lug 25 of the associated member 8 acts against the inclined edge 26a
      of the respective cutout 26 in slide 22 so as to effect movement of the
      latter from its central position in the direction of the arrow a on FIG.
      4. Similarly, when the rewind push-button 3 is depressed, the lug 25 of
      the associated member 9 acts downwardly on the inclined edge 26a of the
      respective cutout 26 in slide 22 so as to laterally move the latter from
      its central position in the direction of the arrow b on FIG. 4. When the
      fast-forward push-button 1 is depressed, the lug 25 on the associated
      member 7 acts against the inclined edge 26a of the cutout 26 in the slide
      23 for moving the latter from its central position in the direction of the
      arrow a, whereas, when the ejecting push-button 4 is depressed, the lug 25
      on the associated member 10 acts against the inclined edge 26a of the
      respective cutout 26 in the slide 23 for moving the latter from its
      central position in the direction of the arrow b. Thus, when any one of
      the push-buttons 1-4 is depressed to its active position, either the slide
      22 or the slide 23 is laterally moved from its central position in the
      direction of either the arrow a or the arrow b. When either of the slides
      22 and 23 is laterally displaced, in either direction, from its central
      position in response to the actuation of any one of the push-buttons 1-4
      to its active position, the cutouts 26 or 27 in the laterally displaced
      slide 22 or 23 no longer register with the lugs 25 on the push-button
      members associated with the other operating mode selecting push-buttons,
      and thus such lugs 25 are engageable with the top edge 22a or 23a of the
      slide 22 or 23, respectively, to prevent actuation of the other
      push-buttons to their active positions. Furthermore, it will be apparent
      that, by reason of the described arrangement of slides 22 and 23, two or
      more of the push-buttons 1-4 cannot be simultaneously actuated to their
      respective active positions. Accordingly, the mode selecting device
      according to this invention permits the selection of only one operating
      mode of the apparatus at any time and ensures that the operating mode of
      the apparatus can be changed only after the stop push-button 5 has been
      actuated to halt a previously selected operating mode.
PAR  In order to yieldably urge slides 22 and 23 to their central positions,
      leaf-springs 28 and 29 are mounted on the opposite side plates 6c of
      chassis 6, as by screws 30 and dowels 31 (FIGS. 2 and 7). Leaf-spring 28
      is shown to include upper and lower resilient fingers or spring strips 28a
      and 28b which extend forwardly along the outer surface of the respective
      side plate 6c. Similarly, leaf-spring 29 has forwardly directed upper and
      lower resilient fingers or spring strips 29a and 29b. The opposite end
      portions of slide 22 are provided with inverted L-shaped openings 32a and
      32b, while the opposite end portions of slide 23 are provided with
      L-shaped openings 33a and 33b. As shown particularly on FIG. 7, the free
      end portions of resilient fingers 28a and 28b project forwardly through
      openings 32a and 33a in the adjacent end portions of slides 22 and 23,
      while the free end portions of resilient fingers 29a and 29b similarly
      project forwardly through the openings 32b and 33b in the adjacent end
      portions of slides 22 and 23. Further, the upper resilient fingers 28a and
      29a are laterally aligned with the laterally extending portions 34a and
      34b of the inverted L-shaped openings 32a and 32b, respectively, while the
      lower resilient fingers 28b and 29b are laterally aligned with the
      laterally extending portions 35a and 35b of the L-shaped openings 33a and
      33b, respectively.
PAR  By reason of the foregoing arrangement, lateral displacements of slide 22
      from its central position in the directions of the arrows a and b are
      resisted by the lower resilient fingers 28b and 29b, respectively, while
      the upper resilient fingers 28a and 29a are merely received in the lateral
      portions 34a and 34b of openings 32a and 32b during such displacements so
      as to continue to hold slide 23 in its central position. Conversely,
      lateral displacements of slide 23 from its central position in the
      directions of the arrows a and b are resisted by the resilient fingers 28a
      and 29a, and, during such displacements of slide 23, resilient fingers 28b
      and 29b are received in the lateral portions 35a and 35b of openings 33a
      and 33b so as to continue to hold slide 22 in its central position. Thus,
      leaf-springs 28 and 29 are effective to yieldably urge slides 22 and 23 to
      their central positions independently of each other. It will further be
      noted that the resilient fingers of leaf-springs 28 and 29, in extending
      through the openings 32a and 32b of slide 22 and the openings 33a and 33b
      of slide 23 are engageable by the end portions 22b and 23b of slides 22
      and 23 for limiting the displacements of such slides in the directions of
      the arrows b and a, respectively.
PAR  As shown on FIGS. 3 and 6, a normally open micro-switch MSW is mounted in
      front of push-button members 7-10 on a bracket 38 which extends laterally
      between the upper portions of side plates 6c of the chassis. Further,
      laterally spaced apart slide switches SW.sub.1,SW.sub.2,SW.sub.3 and
      SW.sub.4 respectively corresponding to the push-button members 1,2,3 and 4
      are mounted in front of the latter on a mounting plate 39 which extends
      between side chassis plates 6c below micro-switch MSW, and may include
      various contacts by which the circuits of the associated tape recording
      and/or reproducing apparatus are controlled for the respective operating
      modes of the latter. A base or substrate 40 of a printed circuit may be
      mounted in front of slide switches SW.sub.1 -SW.sub.4, as shown. A
      rockable switchoperating member 41 may extend laterally across chassis 6
      in back of push-button members 7-10 and be mounted at its opposite ends,
      as by pivot pins 42 carried by the adjacent side plates 6c for rocking
      about a horizontal axis (FIGS. 6 and 7). Laterally spaced apart fingers
      41a project forwardly from switch operating member 41 along side member
      7-10, respectively, and a spring 43 is connected between switch operating
      member 41 and a suitable anchor on the chassis (FIG. 7) so as to urge
      fingers 41a upwardly towards engagement with lugs 44 extending laterally
      from the upper portions of the respective members 7-10. A leaf-spring or
      resilient extension 45 extends forwardly from one of the fingers 41a and,
      at its free end portion, is disposed above the actuator MSW' of
      micro-switch MSW. When all of push-buttom members 7-10 are in their
      elevated rest positions, spring 43 urges switch operating member 41 to the
      position shown on FIG. 6 in which leaf-spring 45 is disengaged from switch
      actuator MSW' so that micro-switch MSW can be in its normally open
      condition. However, during the initial downward movement of any one of
      push-button members 7-10 from its rest position toward its active
      position, the respective lug 44 depresses the finger 41a engaged therewith
      with the result that leaf-spring 45 acts downwardly against the switch
      actuator of micro-switch MSW for changing over the latter to its closed
      condition.
PAR  Slide switches SW.sub.1, SW.sub.2, SW.sub.3 and SW.sub.4 are shown to have
      vertically movable switch actuators SW'.sub.1, SW'.sub.2, SW'.sub.3 and
      SW'.sub.4, respectively, which extend rearwardly through respective,
      vertically elongated openings in mounting plate 39 (FIG. 7) and which are
      received in vertically elongated openings 48 formed in the respective
      push-button members 7-10 (FIG. 4). Further, each of push-button members
      7-10 carries a spring holder 49 which positions a helical compression
      spring 50 in the respective cutout 48 above the switch actuator SW'.sub.1,
      SW'.sub.2, SW'.sub.3 or SW'.sub.4 extending into the respective opening
      48. It will be noted that the slide switches SW.sub.1 -SW.sub.4, which are
      normally in open condition, are located so that, upon actuation of one of
      the push-button members 7-10 to its depressed active position, the
      respective spring 50 will act on the switch actuator therebelow so as to
      change over the associated slide switch to its closed or ON condition only
      as the displaced push-button member reaches its active position, that is,
      subsequent to the closing of micro-switch MSW by the action of the
      leaf-spring 45 thereon. Of course, when stop push-button 5 is depressed to
      permit the return to its elevated rest position of one of the push-button
      members 7-10 which was previously locked in its active position, such
      return movement of the push-button member will first permit the return of
      the associated one of the slide switches SW.sub.1 -SW.sub.4 to its open
      condition and finally the return of micro-switch MSW to its open
      condition.
PAR  Referring not to FIGS. 5-9, it will be seen that the mode selecting device
      according to this invention further includes transmission members
      53,54,55, and 56 respectively corresponding to the push-button members
      7,8,9 and 10 for establishing the fast forward, normal forward, rewind and
      ejecting operating modes of an associated tape recording and/or
      reproducing apparatus when the respective push-button member is depressed
      to its active position. The transmission members 53-56 are shown to be in
      the form of elongated plates which are superposed one above the other and
      extend laterally across the chassis in back of push-button members 7-10.
      The mode selecting device further has an operating member 57 made up of
      upper and lower elongated plates 57a and 57b which are joined in parallel,
      spaced relation, for example, by means of flanges 57a' and 57b' which
      extend from the back edges of plates 57a and 57b and which are joined in
      overlapping relation, as by screws 58 (FIG. 6). The superposed
      transmission members 53-56 are positioned between plates 57a and 57b of
      operating member 57, and grooved rollers 59 are rotatably mounted on
      bottom plate 6b of the chassis and engage the opposite longitudinal edges
      of transmission members 53-56 and of plates 57a and 57b so as to mount the
      operating member 57 and the transmission members 53-56 for independent
      longitudinal movements in lateral directions with respect to chassis 6,
      for example, in the directions indicated by the arrows c and d on FIG. 9.
PAR  The transmission members 53,54,55 and 56 are shown to have staggered
      extensions 53a,54a,55a and 56a, at one end, which are respectively
      connected with or act upon, suitable conventional mechanisms of a tape
      recording and/or reproducing apparatus by which the fast-forward,
      normal-forward, rewind and ejecting operating modes of the apparatus are
      respectively established. For example, if the mode selecting device
      according to this invention is associated with a tape recording and/or
      reproducing apparatus of the type in which the tape is wound on supply and
      take-up reels within a cassette and a magnetic recording or reproducing
      head is engageable with a run of the tape between such reels exposed at a
      window of the cassette housing only during recording or reproducing
      operations, then the driving of transmission member 54 in the direction of
      the arrow c on FIG. 9 causes the associated mechanism (not shown) to
      displace the magnetic head to an operative position against the tape, to
      engage a pinch roller against a rotated capstan with the tape therebetween
      for moving or transporting the tape in the direction toward the take-up
      reel at the normal-forward speed for recording or reproducing, and to
      drive the take-up reel at a relatively slow speed for winding the tape
      thereon. On the other hand, when the transmission member 53 is moved in
      the direction of the arrow c from the position thereof shown on FIG. 9,
      the associated mechanism (not shown) is effective to cause the relatively
      high speed rotation of the take-up reel in the direction for winding the
      tape thereon while the magnetic head remains in its inoperative position
      spaced from the tape and the pinch roller is spaced from the capstan.
      Similarly, when transmission member 55 is driven in the direction of the
      arrow c from the position thereof shown on FIG. 9, the associated
      mechanism (not shown) is effective to cause the relatively high speed
      rotation of the supply reel in the direction for rewinding the tape
      thereon, while the magnetic head and pinch roller are again maintained in
      their inoperative positions. Finally, when transmission member 56 is
      driven in the direction of the arrow c from its position shown on FIG. 9,
      the associated mechanism (not shown) may be effective to eject the
      cassette from its operative position within the tape recording and/or
      reproducing apparatus.
PAR  As shown particularly on FIG. 8, the end portions of transmission members
      53-56 remote from extensions 53a-56a are provided with rearwardly directed
      projections 53b-56b, and the adjacent ends of upper and lower plates 57a
      and 57b of operating member 57 have similar rearwardly directed
      projections 57a" and 57b". Such rearwardly directed projections 53b-56b,
      57a" and 57b" are all disposed at the outside of the adjacent side plates
      6c of chassis 6 and are engageable against a cushion 60 (FIG. 2) on such
      side plate 6c for limiting the movements of transmission members 53-56 and
      of operating member 57 in the direction of the arrow d on FIG. 9 at
      positions corresponding to an inoperative position of operating member 57.
      Further, the lower plate 57b of operating member 57 has an upstanding lug
      57b'" (FIGS. 6, 8 and 9) at the end thereof remote from extensions 53a-56a
      of transmission members 53-56. It will be apparent that, when operating
      member 57 is moved in the direction of the arrow d drom its operative
      position shown on FIG. 9, lug 57b'" will engage the adjacent end of any
      one of the transmission members 53-56 which has previously been moved to
      its operative position with operating member 57, and thereby cause the
      return of such transmission member to its inoperative position in response
      to the movement of operating member 57 in the direction of the arrow d.
PAR  Coupling 64,65,66 and 67 respectively corresponding to push-button members
      7,8,9 and 10 are arranged behind the latter and provided for selectively
      coupling transmission members 53,54,55 and 56, respectively, for movements
      with operating member 57 between the inoperative and operative positions
      of the latter. The couplings 64-67 are shown to be generally in the form
      of coupling pins having enlarged heads 64b-67b from which reduced diameter
      stems 64a-67a, respectively, depend. The coupling pins 64-67 are shown to
      be pivotally connected, as at 68, to the lower end portions of links 69
      (FIGS. 8 and 9), while the upper end portions of the links 69 are shown to
      have longitudinally elongated slots 70 (FIG. 5) which slidably receive
      pins 71 carried by the brackets 13 secured on the respective push-button
      members 7-10 (FIG. 7). Further, a spring 73 is connected between the upper
      end of each link 69 and an arm 72 on the associated bracket 13 for urging
      each link 69 upwardly to a position in which the respective pin 71 engages
      the lower end of slot 70 (FIGS. 5 and 7).
PAR  The couplings 64,65,66 and 67 are further shown to include coupling sleeves
      74,75,76 and 77, respectively, which are fixed to transmission members
      53,54,55 and 56 and arranged vertically to slidably receive stems
      64a,65a,66a and 67a of the respective coupling pins. As shown particularly
      on FIG. 8, transmission members 53-56 have longitudinal slots 78 therein
      so that each of the coupling sleeves 74-77 secured to transmission members
      53-56, respectively, can slide along the slots 78 of the other
      transmission members. The upper plate 57a of operating member 57 is shown
      to have four spaced apart apertures 59 which are dimensioned to receive
      the enlarged heads 64b-67b of the respective coupling pins, while the
      lower plate 57b of the operating member is shown to have four relatively
      small spaced apart apertures 80 which are dimensioned to receive the lower
      end portions of stems 64a-67a in the engaged conditions of the respective
      couplings, as hereinafter described in detail. Further, each of the
      apertures 79 in upper plate 57a is shown to have an extension 81 of
      reduced width opening from the respective aperture 79 in the longitudinal
      direction, and along which the stems 64a-67a of the coupling pins are
      adapted to be relatively slidable in the disengaged conditions of the
      respective couplings.
PAR  When push-buttons 1-4 are in their raised or rest positions, the respective
      couplings 64-67 are in their disengaged conditions in which the lower end
      portions of the respective stems 64a-67a engage in the respective sleeves
      74-77 and the heads 64b-67b of the coupling pins are disposed above upper
      plate 57a of operating member 57, for example, as shown on FIG. 9 in
      respect to couplings 64,66 and 67. When any one of pushbuttons 1-4 is
      depressed to its active position, for example, when push-button 2 is
      depressed to its active position for selecting the normal forward
      operating mode of the apparatus, the engagement of the respective pin 71
      against the lower end of the slot 70 in the respective link 69 causes
      corresponding downward movement of the coupling pin of the respective
      coupling 65 to establish the engaged condition of the coupling. As shown
      on FIG. 9, in the engaged condition of coupling 65, the stem 65a of the
      coupling pin extends axially through sleeve 75 secured to transmission
      member 54, and the lower end of stem 65a is received in the respective
      aperture or hole 80 in the lower plate 57b of operating member 57.
      Further, in the engaged condition of coupling 65, the head 65b of its
      coupling pin extends into the respective aperture 79 in upper plate 57a of
      operating member 57. Thus, in the engaged condition of coupling 65, the
      respective transmission member 54 is coupled to the operating member 57
      for movement longitudinally with the latter in the direction of the arrow
      c on FIG. 9 from the inoperative position of operating member 57 to the
      illustrated operative position of the latter. During such movement of
      transmission member 54 with operating member 57, the other transmission
      members 53,55 and 56 can remain stationary at the positions shown on FIG.
      9, as coupling sleeve 75 on transmission member 54 slides along slots 78
      in transmission members 53,55 and 56 and the stems 64a,66a and 67a of
      disengaged couplings 64,66 and 67 enter the respective extensions 81 of
      the holes or apertures 79 in the upper plate 57a of operating member 57 to
      permit movement of the latter independently of transmission members 53,55
      and 56.
PAR  Referring now to FIG. 10, it will be seen that an electrically energizable
      driving means for the operating member 57 may generally include a solenoid
      84 suitably secured to lower plate 6b of the chassis, and a three-armed
      lever 86 which is pivoted approximately at its center on a pivot pin 85
      depending from lower plate 6b. The armature 84a of solenoid 84 is
      connected with lever 86, for example, by a pin 87 extending from armature
      84a and received in an elongated opening 88 formed in a laterally directed
      arm 86c of lever 86. A forwardly directed arm 86a of lever 86 is pivotally
      connected to operating member 57, for example, by a pin 89 depending from
      the lower plate 57b of operating member 57 through a laterally elongated
      opening 90 in the lower chassis plate 6b and being received in an
      elongated opening 91 formed in the free end portion of lever arm 86a. A
      spring 92 is connected between the third arm 86b of lever 86 and the
      housing of solenoid 84 for urging lever 86 in the clockwise direction to
      the position shown in full lines on FIG. 10 which corresponds to the
      inoperative position of operating member 57. It will be apparent that the
      energizing of solenoid 84 to retract its armature 84a will be effective to
      angularly displace lever 86 in the counter-clockwise direction, for
      example, to the position shown in broken lines on FIG. 10 which
      corresponds to the operative position of operating member 57.
PAR  As hereinafter described in detail, it is an important feature of the mode
      selecting device according to this invention that the solenoid 84 thereof
      is only momentarily energized for moving operating member 57 to its
      operative position and thereby providing the motive force for establishing
      a selected mode of operation of the associated tape recording and/or
      reproducing apparatus. In order to ensure that the selected mode of
      operation established by means of the movement of operating member 57 to
      its operative position will be maintained until such time as stop
      push-button 5 is actuated for returning the apparatus to its stop or
      neutral mode, the mode selecting device according to this invention
      further includes a locking assembly having a normal locking condition for
      locking the operating member 57 in its operative position and a released
      condition in which the operating member 57 is free to be returned to its
      inoperative position by the force of spring 92 acting on lever 86. In the
      illustrated embodiment of the invention, such locking assembly is shown to
      include a locking lever 96 having angularly related arms 96a and 96b and
      being pivotally mounted, intermediate such arms, on a pivot pin 98 carried
      by lower chassis plate 6b. A spring 104 is connected between lever arm 96a
      and an anchor on lower chassis plate 6b for urging lever 96 in the
      clockwise direction to the position shown in full lines on FIG. 10, and in
      which a locking pin 99 carried by lever arm 96b is urged against a hooked
      latching element 100 which is pivoted, as at 101, on the free end of arm
      86b of lever 86. Further, a spring 102 is connected between latching
      element 100 and lever arm 86b for urging latching element 100 in the
      counter-clockwise direction about pivot 101 to the position shown in full
      lines at which latching element 100 engages against a stop 103 on arms
      86b.
PAR  It will be apparent that, when solenoid 84 is energized to angularly
      displace lever 86 to the position shown in broken lines on FIG. 10, a nose
      100a on latching element 100 rides past locking pin 99 with latching
      element 100 being pivotally deflected against the force of spring 102
      until nose 100a moves past locking pin 99, whereupon spring 102 returns
      latching element 100 to its position against stop 103 so that nose 100a of
      the latching element is disposed to be engaged by locking pin 99, as shown
      in broken lines on FIG. 10, for holding lever 86 in the position shown in
      broken lines, that is, the position corresponding to the operative
      position of operating member 57, even through solenoid 84 is deenergized.
PAR  In order to release the above described locking assembly, lever 96 is
      pivoted in the counter-clockwise direction, for example, to the position
      shown in broken lines on FIG. 10, in response to the actuation of stop
      push-button 5. Such movement of lever 96 withdraws locking pin 99 from
      engagement with the nose 100a of latching element 100, and thereby permits
      spring 92 to return lever 86 to the position shown in full lines on FIG.
      10, and which corresponds to the inoperative position of operating member
      57. In the illustrated embodiment, the pivoting of lever 96 for releasing
      the locking assembly is effected by the energizing of a solenoid 95 which
      is suitably mounted on lower plate 6b of the chassis and which has its
      armature 95a pivotally connected, as by a link 97, to the arm 96a of lever
      96. As will be hereinafter described in detail, the energizing of solenoid
      95 is effected in response to the actuation of stop push-button 5 so that
      the armature 95a of armature 95 is retracted for angularly displacing
      lever 96 to the position shown in broken lines on FIG. 10.
PAR  Referring now to FIG. 11, it will be seen that control circuits of the mode
      selecting device according to this invention for effecting momentary
      energizing of solenoid 84 in response to the actuation of any one of
      push-button 1-4 to its active position may include switching transistors
      Tr.sub.1 and Tr.sub.2 and amplifying transistors Tr.sub.3 and Tr.sub.4.
      The normally open micro-switch MSW is connected in a series circuit with a
      parallel arrangement of normally open contacts of slide switches SW.sub.1,
      SW.sub.2, SW.sub.3 and SW.sub.4 and with resistors R.sub.1 and R.sub.2
      between a DC voltage source +V and ground. A connection point or junction
      between resistors R.sub.1 and R.sub.2 is connected through a capacitor
      C.sub.1 to the base electrode of switching transistor Tr.sub.1, and such
      base electrode is connected to ground through a parallel arrangement of a
      resistor R.sub.3 and a diode D.sub.1 which is polarized to conduct in the
      direction toward the base electrode of transistor Tr.sub.1. The collector
      electrode of transistor Tr.sub.1 is connected through a resistor R.sub.4
      to micro-switch MSW, and through a resistor R.sub.5 to the base electrode
      of transistor Tr.sub.2. The emitter electrode of transistor Tr.sub.1 is
      connected directly to ground, while the base electrode of transistor
      Tr.sub.2 is connected to ground through a resistor R.sub.6. The collector
      electrode of transistor Tr.sub.2 is connected to micro-switch MSW through
      a resistor R.sub.7 and to the base electrode of amplifying transistor
      Tr.sub.3 through a resistor R.sub.8, while the emitter electrode of
      transistor Tr.sub.2 is connected directly to ground. Further, as shown,
      solenoid 84 is connected in a series circuit with micro-switch MSW and the
      collector-emitter path of amplifying transistor Tr.sub.4 between the DC
      voltage source +V and ground, and the collector and emitter electrodes of
      amplifying transistor Tr.sub.3 are respectively connected to the collector
      electrode and base electrode of transistor Tr.sub.4. Further, as shown on
      FIG. 11, solenoid 95 for releasing the lock assembly may be connected in a
      series circuit with micro-switch MSW and with a normally open switch
      SW.sub.s between the DC voltage source +V and ground. The normally open
      switch SW.sub.s may be suitably actuated to its closed condition for
      energizing solenoid 95 in response to the downward movement of push-button
      member or slide 11 when stop push-button 5 is actuated.
PAR  It will be seen that, when all of the push-buttons 1-5 of the mode
      selecting device according to this invention are in their elevated or rest
      positions, micro-switch MSW is open so that no current is drawn from the
      DC voltage source +V which may be a battery. When one of the operating
      mode selecting push-buttons 1-4 is actuated or depressed for selecting the
      respective operating mode of the associated apparatus, the initial
      downward movement of the selected push-button is effective to cause
      closing of micro-switch MSW. In response to the closing of micro-switch
      MSW, a suitable voltage is applied from between the resistors R.sub.5 and
      R.sub.6 to the base electrode of switching transistor Tr.sub.2 for turning
      ON the latter. When transistor Tr.sub.2 is turned ON, amplifying
      transistors Tr.sub.3 and Tr.sub.4 are rendered substantially
      non-conductive with the result that solenoid 84 remains deenergized. As
      the selected one of push-buttons 1-4 which is being actuated nears its
      active position, the respective one of the slide switches Sw.sub.1
      -SW.sub.4 is closed to complete the circuit for charging capacitor
      C.sub.1. During the charging of capacitor C.sub.1, a voltage is applied to
      the base electrode of switching transistor Tr.sub.1 for turning ON the
      latter. So long as transistor Tr.sub.1 is turned ON, substantially the
      ground potential is applied to the base electrode of transistor Tr.sub.2
      so that the latter is turned OFF. With transistor Tr.sub.2 turned OFF,
      amplifying transistors Tr.sub.3 and Tr.sub.4 are effective to cause
      energizing of solenoid 84. However, when capacitor C.sub.1 is fully
      charged, switching transistor Tr.sub.1 is again turned OFF so that
      transistor Tr.sub.2 is restored to its ON condition and the energizing of
      solenoid 84 is terminated. Accordingly, it will be seen that, upon closing
      of any one of the slide switches SW.sub.1 -SW.sub.4, solenoid 84 is
      energized only momentarily, that is, for the period of time required for
      charging of capacitor C.sub.1 even though the micro-switch MSW and the
      selected one of the slide switches SW.sub.1 -SW.sub.4 remain closed so
      long as the actuated one of the push-buttons 1-4 is maintained in its
      active position by the engagement of the locking plate 14 with the
      projection 13a on the respective bracket 13.
PAR  When the stop push-button 5 is actuated to release the locking plate 14 and
      thereby permit the return of the previously actuated one of the
      push-buttons 1-4 to its elevated rest position, the respective one of the
      switches SW.sub.1 -SW.sub.4 is opened to permit the relatively rapid
      discharge of capacitor C.sub.1 through the circular path constituted by
      the resistor R.sub.2 and the diode D.sub.1. As the previously actuated one
      of the push-buttons 1-4 nears its rest position, micro-switch MSW is again
      opened so as to disconnect the illustrated control circuits from the
      voltage source.
PAR  The operation of the above described mode selecting device according to
      this invention will now be summarized with particular reference to the
      selection of the normal forward operating mode of the associated
      apparatus.
PAR  Starting with the control circuits in the condition shown in full lines on
      FIG. 11 and with all of the push-buttons 1-5 in their elevated or rest
      positions, the normal forward operating mode is selected by depressing
      push-button 2 so as to move the respective slide or member 8 downwardly
      toward its active position indicated in broken lines on FIG. 4. In the
      course of such downward movement of slide or member 8, switch operating
      member 41 is pivoted to cause the spring 45 thereon to close micro-switch
      MSW and the associated coupling 65 is engaged so as to securely connect or
      couple the respective transmission member 54 with operating member 57.
      When member or slide 8 nears its fully depressed or active position, that
      is, after the respective coupling 65 has been engaged, switch SW.sub.2 is
      closed so as to effect the momentary energizing of solenoid 84, as
      previously described. The energizing of solenoid 84 causes turning of
      lever 86 to the position shown in broken lines on FIG. 10 with the result
      that operating member 57 is driven to its operative position by the motive
      force of solenoid 84. Since the coupling 65 is engaged to connect or
      couple transmission member 54 with operating member 57, transmission
      member 54 is moved with operating member 57 to establish the normal
      forward operating mode of the associated apparatus. Since the other
      couplings 64,66 and 67 remain disengaged, transmission members 53,55 and
      56 remain stationary and do not interfere with the movement of
      transmission member 54 with operating member 57. When operating member 57
      is driven to its operative position in response to the momentary
      energizing of solenoid 84, the nose 100a of latching element 100 engages
      locking pin 99, as previously described, for locking lever 86 in its
      position corresponding to the operative position of operating membere 57
      even though solenoid 84 is thereafter deenergized. Accordingly, the
      selected normal forward operating mode of the apparatus is maintained
      without requiring the continuous energizing of solenoid 84 and the
      consequent drain of energy from the DC voltage source. So long as the
      apparatus remains in its normal forward operating mode, the respective
      push-button 2 is retained in its depressed or active position by the
      engagement of locking plate 14 with the locking projection 13a on its
      respective bracket 13. When transmission member 54 is moved with operating
      member 57 to the operative position of the latter for establishing the
      normal forward operating mode of the associated apparatus, the associated
      coupling 65 moves with transmission member 54, for example, to the
      position indicated in broken lines on FIG. 5 and in full lines on FIG. 9,
      so that the respective link 69 is inclined with movement of the pin 71
      along slot 70 and stretching or tensioning of the spring 73. Accordingly,
      it will be seen that the spring 73, when stretched or tensioned, tends to
      return the respective link 69 to its normal vertical position with pin 71
      engaging against the lower end of the slot 70.
PAR  When it is desired to terminate the normal forward operating mode of the
      associated apparatus, stop push-button 5 is depressed or actuated. The
      actuation of push-button 5 causes the energizing of solenoid 95, as
      previously described, for releasing the locking assembly and thereby
      permitting spring 92 acting on lever 86 to effect the return movement of
      operating member 57 to its inoperative position. During such return
      movement of operating member 57 to its inoperative position, the lug
      57b'"at an end of lower plate 57b of the operating member can act against
      the adjacent end of transmission member 54 for moving the latter with the
      operating member 57 back to the inoperative position of the latter. The
      movement of transmission member 54 back to its inoperative position is
      further induced by the force of the respective spring 73 urging the link
      69 back to its normal vertical position.
PAR  The actuation of stop push-button 5 to its active position further releases
      locking plate 14 from the locking projection 13a on bracket 13 secured to
      slide or member 8 with the result that the respective spring 12 can return
      member 8 upwardly to its rest position. During such return of member 8 to
      its elevated rest position, switches SW.sub.2 and MSW are successively
      opened so as to return the control circuits of FIG. 11 to their starting
      or original condition. Finally, upon the release of stop push-button 5 the
      spring 12 associated with the respective slide or member 11 returns the
      latter upwardly to its rest position so that solenoid 95 is deenergized
      for returning locking lever 96 to the position shown in full lines on FIG.
      10.
PAR  Although the operation of the mode selecting device according to this
      invention has been specifically described above in connection with the
      selection of the normal forward operating mode of the associated
      apparatus, it will be apparent that any other of the mentioned operating
      modes of such apparatus may be similarly selected and established by
      actuation of the respective push-buttons 1, 3, and 4.
PAR  It will be noted that, with the mode selecting apparatus according to this
      invention, only a relatively light force has to be manually applied to any
      one of the push-buttons 1-4 for selecting the respective operating mode,
      as the motive force for establishing the selected operating mode is
      provided by the energized solenoid 84. Further, since the solenoid 84 is
      only momentarily energized for driving operating member 57 to its
      operative position and thereby moving one of the transmission members
      53-56 corresponding to the selected operating mode, the mode selecting
      device consumes a minimum amount of electrical power, and thus is ideally
      suited for use in connection with a battery powered apparatus. Further, by
      reason of the arrangement of switches MSW and SW.sub.1 -SW.sub.4, solenoid
      84 is energized only following the secure engagement of a selected one of
      the couplings 64-67 for ensuring that the movement of operating member 57
      to its operative position will be accompanied by the corresponding
      movement of one of the transmission members 53-56 for establishing the
      selected operating mode. Finally, it will be seen that, in the mode
      selecting device according to this invention, the superposed arrangement
      of the transmission members 53-56 between the upper and lower plates 57a
      and 57b of operating members 57 and the described arrangement of the
      couplings 64-67 for selectively coupling the transmission members 53-56
      with operating member 57 provides a compact assembly so that the mode
      selecting device according to this invention is particularly suited for
      use with a portable tape recording and/or reproducing apparatus.
PAR  Although an illustrative embodiment of the invention has been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to that precise embodiment,
      and that various changes and modifications can be effected therein by one
      skilled in the art without departing from the scope and spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mode selecting device for a tape recording and/or reproducing
      apparatus: comprising a plurality of operating mode selecting push-button
      members which are selectively actuable from rest positions to active
      positions for selecting corresponding operating modes of the apparatus; a
      stop push-button member actuable from a rest position to an active
      position for halting any previously selected operating mode of the
      apparatus; an electrically energizable driving means; circuit means for
      momentarily energizing said driving means in response to the actuation of
      any one of said operating mode selecting push-button members to the active
      position of the latter; an operating member connected with said driving
      means and being movable from an inoperative position to an operative
      position in response to the momentary energizing of said driving means and
      being urged to return to said inoperative position upon deenergizing of
      said driving means; locking means having a normal locking condition for
      locking said operating member in said operative position and a released
      condition for freeing said operating member to return to said inoperative
      position; lock releasing means for establishing said released condition of
      said locking means in response to the actuation of said stop push-button
      member to said active position thereof; and a plurality of transmission
      members respectively corresponding to said operating mode selecting
      push-button members and each being coupled with said operating member in
      response to actuation of the corresponding push-button member for
      establishing the corresponding operating mode of the apparatus by the
      movement of said operating member to said operative position of the
      latter.
NUM  2.
PAR  2. A mode selecting device according to claim 1; in which said transmission
      members are mounted for independent movement parallel to the movement of
      said operating member between said inoperative and operative positions of
      the latter; and further comprising a plurality of coupling means
      respectively corresponding to said operating mode selecting push-button
      members and each being displaceably from a disengaged condition, in which
      said operating member is movable independently of the respective
      transmission member, to an engaged condition in which said coupling means
      couples the respective transmission member to said operating member for
      movement with the latter; and means connecting each of said coupling means
      with the corresponding operating mode selecting push button member for
      displacement of said coupling means from said disengaged condition to said
      engaged condition in the course of said actuation of said corresponding
      push-button member from said rest position to said active position
      thereof.
NUM  3.
PAR  3. A mode selecting device according to claim 2; in which said circuit
      means includes normally open switch means which is closed to commence the
      momentary energizing of said driving means only when a selected one of
      said operating mode selecting push-button members is actuated to attain
      said active position thereof, whereby said momentary energizing of the
      driving means commences only after one of said coupling means has been
      displaced to said engaged condition for coupling the respective
      transmission member to said operating member.
NUM  4.
PAR  4. A mode selecting device according to claim 1; in which said lock
      releasing means is electrically energizable to establish said released
      condition of the locking means; and further comprising circuit means for
      energizing said lock releasing means in response to said actuation of the
      stop push-button member.
NUM  5.
PAR  5. A mode selecting device according to claim 1; in which said operating
      member includes a pair of elongated plates which are joined in parallel,
      spaced relation and longitudinally movable between said inoperative and
      operative positions, and said transmission members are also elongated and
      mounted parallel to each other between said plates for longitudinal
      movement independently of each other parallel to the longitudinal movement
      of said plates; and further comprising a plurality of coupling means
      respectively corresponding to said operating mode selecting push-button
      members and each being displaceable from a disengaged condition, in which
      said operating member is movable independently of the respective
      transmission member, to an engaged condition in which said coupling means
      couples the respective transmission member with said operating member for
      movement with the latter; and means connecting each of said coupling means
      with the corresponding operating mode selecting push-button member for
      displacement of said coupling means from said disengaged condition to said
      engaged condition in the course of said actuation of said corresponding
      push-button member from said rest position to said active position
      thereof.
NUM  6.
PAR  6. A mode selecting device according to claim 5; in which said transmission
      members have longitudinal slots therein, and at least one of said plates
      of the operating member has a plurality of apertures respectively
      corresponding to said operating mode selecting push-button members and
      being spaced apart along said one plate; and in which each of said
      coupling means includes a coupling sleeve secured to the corresponding
      transmission member and being slidable along said slots of the other
      transmission members, and a coupling pin which, in said engaged condition,
      extends through the respective aperture of said one plate and axially in
      said sleeve of the respective transmission member and, in said disengaged
      condition, is axially withdrawn from said sleeve.
NUM  7.
PAR  7. A mode selecting device according to claim 6; in which said coupling pin
      of each coupling means has a head and a reduced diameter stem extending
      from said head to fit in said sleeve of the respective transmission member
      in said engaged condition, and each of said apertures of said one plate
      receives said head of the respective coupling pin, in said engaged
      condition, and has an extension of reduced width opening from the aperture
      in the longitudinal direction and along which said stem is relatively
      slidable in said disengaged condition.
NUM  8.
PAR  8. A mode selecting device according to claim 7; in which the other of said
      plates of the operating member has a plurality of apertures aligned with
      said apertures in said one plate, and each adapted to receive said
      coupling pin stem of the respective coupling means in said engaged
      condition of the latter.
NUM  9.
PAR  9. A mode selecting device for a tape recording and/or reproducing
      apparatus; comprising a plurality of push-button members which are
      selectively actuable from rest positions to active positions for selecting
      corresponding operating modes of the apparatus; an electrically
      energizable driving means which is energized in response to the actuation
      of a selected one of said push-button members to said active position
      thereof; an operating member connected with said driving means and being
      movable from an inoperative position to an operative position in response
      to the energizing of said driving means; a plurality of transmission
      members respectively corresponding to said push-button members and being
      mounted in superposed relation to each other for independent movement
      parallel to the movement of said operating member between said inoperative
      and operative positions of the latter; a plurality of coupling means
      respectively corresponding to said push-button members and each being
      displaceable from a disengaged condition, in which said operating member
      is movable independently of the respective transmission member, to an
      engaged condition in which said coupling means couples the respective
      transmission member to said operating member for movement with the latter
      to establish the corresponding operating mode of the apparatus by the
      movement of said operating member to said operative position of the
      latter; and means connecting each of said coupling means with the
      respective push-button member for displacement of said coupling means from
      said disengaged condition to said engaged condition in the course of said
      actuation of said respective push-button member from said rest position to
      said active position.
NUM  10.
PAR  10. A mode selecting device according to claim 9; in which said operating
      member includes a pair of elongated plates which are joined in parallel,
      spaced relation and longitudinally movable between said inoperative and
      operative positions, and said transmission members are also elongated and
      mounted parallel to each other between said plates of the operating
      member.
NUM  11.
PAR  11. A mode selecting device according to claim 10; in which said
      transmission members have longitudinal slots therein, and at least one of
      said plates of the operating member has a plurality of apertures
      respectively corresponding to said operating mode selecting push-button
      members and being spaced apart along said one plate; and in which each of
      said coupling means includes a coupling sleeve secured to the
      corresponding transmission member and being slidable along said slots of
      the other transmission members, and a coupling pin which, in said engaged
      condition, extends through the respective aperture of said one plate and
      axially in said sleeve of the respective transmission member and, in said
      disengaged condition, is axially withdrawn from said sleeve.
NUM  12.
PAR  12. A mode selecting device according to claim 11; in which said coupling
      pin of each coupling means has a head and a reduced diameter stem
      extending from said head to fit in said sleeve of the respective
      transmission member in said engaged condition, and each of said apertures
      of said one plate receives said head of the respective coupling pin, in
      said engaged condition, and has an extension of reduced width opening from
      the aperture in the longitudinal direction and along which said stem is
      relatively slidable in said disengaged condition.
NUM  13.
PAR  13. A mode selecting device according to claim 12; in which the other of
      said plates of the operating member has a plurality of apertures aligned
      with said apertures in said one plate, and each adapted to receive said
      coupling pin stem of the respective coupling means in said engaged
      condition of the latter.
NUM  14.
PAR  14. A mode selecting device according to claim 9; in which said push-button
      members are arranged in a row and movable parallel to each other between
      said rest and active positions; and further comprising first and second
      slides extending across said row and being each movable between centered
      and laterally displaced positions, each of said slides having cutouts
      respectively corresponding to said push-button members, projections on
      said push-button members each entering the respective cutouts of said
      slides in said centered positions of the latter upon movement of the
      respective push-button member to its active position for displacing one of
      said slides from its centered position and thereby blocking the movement
      of the other push-button members from their rest positions, and spring
      means for yieldably urging said slides to said centered positions.
NUM  15.
PAR  15. A mode selecting device according to claim 14; in which said first
      slide has L-shaped openings in its opposite end portions, said second
      slide has inverted L-shaped openings in its opposite end portions, and
      said spring means includes a pair of leaf-spring members each having upper
      and lower spring strips, one of said leaf-spring members having said upper
      and lower spring strips thereof extending through said openings at one end
      of said first and second slides, and the other of said leaf-spring members
      having said upper and lower spring strips thereof extending through said
      openings at the other end of said first and second slides.
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ABST
PAL  The function control levers of a magnetic tape recorder are selectively
      locked into place by a locking lever which is movable transversely to the
      direction of movement of the control levers. A stop lever which moves in
      parallel to the direction of movement of the other function control levers
      includes a cam engaging projection thereon for engaging a cam surface on
      the locking lever to effect release of the locking lever from a previously
      locked control lever to stop the operation of the tape recorder with which
      the apparatus is employed. A pivoted cam is mounted on the stop lever and
      whenever a function control lever is locked into place, the pivoted end is
      pushed out of engagement with a cartridge ejection lever by a projection
      on the locking lever. When the locking lever releases, the cam is placed
      in position to engage the cartridge ejection lever; so that a second
      depression of the stop function lever operates through the cam to eject a
      cartridge or cassette in the recorder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to magnetic tape recorders, and more
      particularly to an improvement in which the stop lever serves a dual
      function to operate the cartridge or cassette ejection lever.
PAR  In cassette or cartridge magnetic tape recorders a number of function
      control levers are employed to determine the mode of operation of the
      recorder. For example, depression of one function control lever operates
      to place the recorder in its record mode of operation. A similar operation
      of a different function lever operates to place the recorder in its
      play-back mode of operation, etc. In addition, most such recorders also
      include a "stop" function lever which, when it is depressed, releases all
      previously depressed function levers and returns the recorder to a standby
      or stop mode of operation.
PAR  In addition to the function control levers for controlling the mode of
      operation of the recorder, there generally also is provided an additional
      user-operated ejection lever for ejecting the cassette or cartridge from
      the tape recorder. Requirement for a separately operated ejection lever,
      however, results in a more complex construction and causes such recorders
      to be less economical to manufacture than would be the case if no separate
      ejection lever were required.
PAR  It is desirable to construct a magnetic tape recorder in such a manner as
      to use one of the function control levers to perform a dual function of
      effecting a selected control and also to operate to eject a cartridge or
      cassette from the recorder when desired.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved tape
      recorder.
PAR  It is an additional object of this invention to provide an improved
      magnetic tape recorder in which one function control lever performs a dual
      function for additionally operating to effect ejection of a cassette or
      cartridge from the recorder.
PAR  It is an additional object of this invention to provide an improved
      magnetic tape recorder which is simple in operation and economical to
      manufacture.
PAR  It is a further object of this invention to utilize the stop function
      control lever of a magnetic tape recorder in conjunction with a locking
      plate and a cam arrangement to perform the dual functions of controlling
      the stopping of the operation of the recorder and ejection of a cartridge
      or cassette from the recorder when desired.
PAR  In accordance with the preferred embodiment of this invention, several
      function control levers are employed in a magnetic tape recorder in
      conjunction with a locking plate which is movable transversely across them
      for controlling the operation of the recorder. Whenever any one of the
      function control levers is depressed, a projection on it engages a cam
      surface on the locking plate to move the locking plate across the function
      control levers to a position where the function control lever falls into a
      notch on the locking plate to hold the recorder in the selected mode of
      operation. A stop function control lever has a cam member pivotally
      mounted on it, and a projection on the locking plate which extends in a
      different plane from the plane of the locking plate engages the cam member
      to rotate it from a first position to a second position when the locking
      plate is displaced from a first position to a second position by operation
      of one of the other function control levers. Subsequent depression of the
      stop lever then causes the locking plate to release a previously locked
      function control lever and return to its first position whereupon the cam
      member also rotates back to its first position. In this condition, a
      second depression of the stop lever causes the cam member to engage an
      ejection lever for ejecting a cassette or cartridge from the tape
      recorder. The cam member in its second position cannot engage the ejection
      lever; so that ejection of a cartridge or cassette takes place only upon
      two consecutive operations of the stop lever.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of a tape recorder using an
      embodiment of the present invention; and,
PAR  FIG. 2 is a perspective view of a similar portion of a tape recorder using
      another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the following description, the words "tape recorder" are intended to
      cover tape players and recorder/players as well as tape recorders.
PAR  Referring now to FIG. 1, showing a first embodiment of the present
      invention, there is provided a combination stop and ejection lever 1
      slidably attached to a structural frame (not shown) of a switching (or
      control) mechanism in a tape recorder. The lever 1 is used to control the
      stopping of the recording or reproducing operation of the tape recorder
      and also to control ejection of the cassettes or the like out of the tape
      recorder. A cam member 2 of a substantially triangular configuration is
      pivotally supported on the lever 1 through a pivot pin 9 for selective
      engagement with a driving member 3 having two end portions 19 projecting
      laterally upwardly in the plane of the member 3. The driving member 3 is
      slidably attached to the structural frame of the switching mechanism in a
      suitable manner (not shown) for movement in the same direction (arrow A)
      as the lever 1.
PAR  An ejection lever 4 also is located for selective engagement with the cam
      member 2 to eject the cassette or the like out of the tape recorder. Other
      function control levers 6 are disposed in parallel to the lever 1 and are
      used to control the mode of operation of the tape recorder, such as
      recording, reproducing, fast feeding of the tape, etc. A locking plate 7
      extends transversely across all of the levers 1 and 6 and is normally
      urged to the left (as viewed in FIG. 1) by means of a spring 8 attached to
      the frame. The plate 7 carries cam extensions 10, each comprising an
      oblique surface 17 and a notch 18, at positions opposing corresponding
      upright projections 16 on the levers 6. Another oblique surface 20 without
      a notch is located on the plate 7 at a position opposing an end 19 of the
      driving member 3.
PAR  The locking plate 7 has the edge opposite the cam surfaces 10 and 20 bent
      upwardly to form a projection 21, an end 13 of which is caused to abut
      against an end 12 of the cam member 2 when the cam member 2 is rotated
      around the pivot pin 9 under the action of a spring 5 extended between a
      tab 21' on the projection 21 of the locking plate 7 and the cam member 2.
PAR  The tape recorder of the above described construction operates as follows:
PAR  In FIG. 1, the example of the tape recorder is indicated in the
      nonoperative state, wherein a shoulder portion 14 of the cam member 2
      pivotally mounted on the lever 1 engages the lower end (as viewed in FIG.
      1) of the cassette ejection lever 4. Assume now that a cassette is
      inserted into the tape recorder. Then the desired one of the function
      control levers 6 is depressed (moved upward in FIG. 1) so that the
      projection 16 thereof abuts against the oblique surface 17 of a cam
      extension 10 aligned with the depressed lever 6. This shifts the locking
      plate 7 rightwardly against the force of the spring 8 until the projection
      16 of the lever 6 falls into the notch 18 formed in the cam extension 10.
      As a result, the lever 6 is locked to the depressed position (as shown by
      broken line 6') for placing the tape recorder in the desired operating
      state.
PAR  Furthermore, since the locking plate 7 has been shifted rightwardly to the
      position indicated by broken lines after the depression of a lever 6, the
      cam member 2, is rotated counter-clockwise around the pivot pin 9 by the
      end 13 of the projection 21 to a position, also indicated by broken lines,
      where the cassette ejection lever 4 is disengaged from the shoulder 14 of
      the cam member 2, while the shoulder 15 of the cam member 2 abuts against
      one of the projecting ends 19 of the driving member 3.
PAR  When it is desired to stop the selected function or operation of the tape
      recorder, the lever 1 is depressed (upwardly as viewed in FIG. 1). Upon
      depression of the lever 1, the shoulder 15 of the cam member 2 mounted on
      the lever 1 shifts the driving member 3 in the same direction as the lever
      1 is depressed. Thus the other projecting end 19 of the driving member 3
      abuts against the oblique surface 20 of the locking plate 7 to shift the
      locking plate 7 further to the right. As a result, the projection 16 of
      the lever 6 which was locked in a notch 18 is released from the notch 18
      and automatically returns to its original position under the action of a
      retracting spring (not shown) thereby stopping the previously selected
      function or operating mode of the tape recorder.
PAR  When the depressing force of the lever 1 is released, the lever 1 is
      retracted to its original position under the action of retracting spring
      (not shown), and the driving member 3 is also retracted to the original
      position under the action of the projecting portion 11 of the lever 1,
      which now abuts against the upper projecting end of the driving member 3.
      After retraction of the lever 1, the locking plate 7 is also retracted to
      the original position indicated by full lines, and the cam member 2 is
      retracted from the position indicated by broken lines to the position
      indicated by the full lines, where the shoulder 14 of the cam member 2 is
      opposite the end of the cassette ejection lever 4.
PAR  If the lever 1 is again depressed in this state, the shoulder 14 of the cam
      member 2 now abuts against the ejection lever 4, and the cassette is
      ejected from the tape recorder under the operation of a cassette ejection
      mechanism (not shown). Furthermore, the driving member 3 for the locking
      plate 7 is not shifted by this second depression of the lever 1 so that
      the locking plate 7 is held in its retracted position; and the shoulder 14
      of the cam member 2 remains in engagement with the cassette ejection lever
      4.
PAR  When the lever 1 is again released after ejection of the cassette, the
      lever 1 and the cassette ejection lever 4 are retracted to their original
      positions (by return springs, not shown). Thus, the stopping of the
      recording or reproducing operation of the tape recorder and the ejection
      of the cassette can be effected by a single lever.
PAR  In FIG. 2, there is indicated another example of the switching mechanism in
      a tape recorder according to a second embodiment of the present invention.
      In this example, a driving member projection 3a corresponding to the
      driving member 3 in the above described example is now provided integrally
      with the lever 1. The driving member projection 3a engages the oblique
      surface 20 of the locking plate 7 when any one of the control levers 6 is
      depressed; but the projection 3a passes freely to the right of the
      extension with the surface 20 when none of the control levers 6 is
      depressed. Furthermore, only a single shoulder 14 is provided for the cam
      member 2, and the shoulder 14 is engaged and disengaged with the cassette
      ejection lever 4. The arrangements and constructions of other members are
      quite similar to those described in the previous example.
PAR  In operation of the apparatus of FIG. 2, if a lever 6 for recording or
      reproducing is depressed, the lever 6 is locked to the depressed position
      when the locking plate 7 is shifted rightwardly under the action of the
      projection 16 of the lever 6. This rightward displacement of the locking
      plate 7 brings the oblique surface 20 thereof to a position which is
      opposite the driving member 3a, while the end 13 of the projection 21 of
      the locking plate 7 causes the cam member 2 to rotate to the dotted
      position thereby placing the shoulder 14 of the cam member 2 out of
      alignment with the cassette ejection lever 4.
PAR  Then if the lever 1 is depressed for stopping the operation of the tape
      recorder, the driving member 3a formed as an integral part of the lever 1,
      shifts the locking plate 7 further to the right, releasing the previously
      depressed lever 6 to its original position. When the lever 1 is then
      released, the plate 7 is pulled to the left by the spring 8. Then when the
      lever 1 is again depressed, the driving member 3a passes to the right of
      extension 20 and the shoulder 14 of the cam member 2 causes the cassette
      ejection lever 4 to be shifted (upwardly as viewed in FIG. 2) to eject the
      cassette or the like.
PAR  The cam member 2 is pivotally mounted on the lever 1 which is operable for
      stopping the operation of the tape recorder and for ejecting the cassette
      or the like from the tape recorder. The spring 5 provided between the cam
      member 2 and the tab 21' causes the cam member 2 to abut against the end
      13 of the projection 21, so that the entire switching mechanism can be of
      a simple construction. In addition, since the cam member 2 is mounted on
      the lever 1, its attachment can be achieved in a compact manner,
      minimizing the size of the tape recorder. In addition, since a single
      lever 1 is used both to stop the operation of the tape recorder and to
      eject the cassette or the like from the tape recorder, the operation of
      the tape recorder is much simplified.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tape recorder having a plurality of function control levers
      associated with a locking plate used for controlling the operation of a
      tape recorder, an improvement including in combination:
PA1  a cam member pivotally mounted on one of said control levers;
PA1  a projection on said locking plate extending in a different plane from the
      plane of said locking plate;
PA1  spring means interconnecting said cam member and said locking plate, urging
      the cam member into abutment with the projection on said locking plate
      thereby to rotate the cam member from a first position to a second
      position with the locking plate being displaced from a first position to a
      second position; and
PA1  means operated by said cam member for ejecting a cassette from the tape
      recorder when said one control lever is moved from a first to a second
      position thereof with said locking plate in the first position thereof.
NUM  2.
PAR  2. The combination according to claim 1 further including a driving member
      for moving said locking plate from the second position thereof to a third
      position, wherein said locking plate has a cam extension thereon with a
      cam surface for engagement by a projection on another one of said
      plurality of control levers such that when said another control lever is
      moved from a first position to a second position, the projection thereon
      engages the cam surface on the extension of said locking plate to cause
      said locking plate to be shifted from its first position to the second
      position thereof, locking said another control lever in its second
      position and causing the cam member to rotate to its second position to
      disengage said cam member from said cassette ejecting means; so that upon
      subsequent movement of said one control lever from the first position to
      the second position thereof, such control lever causes said driving member
      to shift the locking plate to the third position thereof, whereby said
      another control lever is released and the operation of the tape recorder
      is thereby stopped.
NUM  3.
PAR  3. The combination according to claim 2 wherein said driving member is a
      separate member having laterally extending ends, one of which is
      engageable with said cam member and the other of which is operable to
      shift said locking plate to said third position thereof.
NUM  4.
PAR  4. The combination according to claim 2 wherein said driving member is
      formed as an integral part of said one control lever.
NUM  5.
PAR  5. The combination according to claim 2 further including a second spring
      means coupled to said locking plate for retracting said locking plate to
      the first position thereof upon movement of said one control lever from
      the second position thereof to the first position thereof.
NUM  6.
PAR  6. The combination according to claim 5 wherein the projection on said
      locking plate is located so that when said locking plate is returned to
      the first position thereof, said cam member is rotated under the action of
      said first spring means to the first position thereof with a portion of
      the cam member engaging said cassette ejecting means.
NUM  7.
PAR  7. The combination according to claim 6 wherein the relative arrangement of
      the parts of said locking plate and said driving member is such that said
      driving member does not move said locking plate to the third position
      thereof when said locking plate is in its first position upon movement of
      said one control lever from the first position to the second position
      thereof, so that said cassette ejecting means is engaged by said cam
      member when said one control lever is so moved to eject a cassette from
      the tape recorder.
